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

Introduction

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

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

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

Policy  on  the  Use  of  Animals  in
Neuroscience  Research

Neuroscience research uses complicated, often invasive meth-
ods, each of which is associated with different problems, risks 
and specific technical considerations. An experimental method 
that would be deemed inappropriate for one kind of research 
may be the method of choice for another kind of research. It 
is, therefore, impossible for the Society to define specific poli-
cies and procedures for the care and use of all research ani-

mals and for the design and conduct of every neuroscience 
experiment.

The U.S. Public Health Service's Policy on Humane Care 
and Use of Laboratory Animals (PHS policy) and the Guide 
for the Care and Use of Laboratory Animals (the Guide) 
describe general policies and procedures designed to ensure 
the humane and appropriate use of live vertebrate animals in 
all forms of biomedical research. The Society finds the poli-
cies and procedures set forth in the PHS policy and the Guide 
to be both necessary and sufficient to ensure a high standard 
of animal care and use and adopts them as its official Policy 
on the Use of Animals in Neuroscience Research (Society pol-
icy). All Society members are expected to conduct their ani-
mal research in compliance with this policy. Members are 
required to verify that they have done so when submitting 
abstracts for presentation at the Annual Meeting or manu-
scripts for publication in The Journal of Neuroscience. 
Adherence to the Society policy is also an important step 
toward receiving help from the Society in responding to ques-
tions about a member's use of animals in research. A com-
plete description on what to do if your research is questioned 
is included on the Society's Web site: <http://www.sfn.org>. 
Also, a complete description of SFN's policy and procedures 
for defending members whose research comes under attack 
can be obtained by contacting the Sdciety's Central Office.

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

Other Laws, Regulations and Policies
In addition to complying with the policy described above, 
Society members who reside in North America must also 
adhere to all relevant national, state or local laws and/or regu-

V



lations that govern the use of animals in neuroscience 
research. Thus, U.S. members must observe the U.S. Animal 
Welfare Act (as amended in 1985) and its implementing regu-
lations from the U.S. Department of Agriculture. Canadian 
members must abide by the January 1993 Guide to the Care 
and Use of Experimental Animals. Members in Mexico must 
comply with the "Seventh Title of the Regulations of the 
General Law of Health Regarding Health Research." In addi-
tion to complying with the laws and regulations of their home 
countries, foreign members of the Society should adhere to 
the official Society policy outlined here.

Recommended References
Canadian Council on Animal Care. Guide to the Care and Use 
of Experimental Animals Vol. I. 2d ed. Ontario, Canada: 
CCAC, 1993. WWW:http://www.ccac.ca/

Foundation for Biomedical Research. The Biomedical 
Investigator's Handbook for Researchers Using Animal Models. 
Washington, D.C.: FBR, 1987. WWW:http://www.fbresearch.org/

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

National Academy of Sciences. Guide for the Care and Use of 
Laboratory Animals, 7th ed. Washington, D.C.: National 
Research Council, Institute for Laboratory Animal Research, 
NAS, 1996. WWW:http://www2.nas.edu/ilarhome/

National Institutes of Health. OPRR Public Health Service 
Policy on Humane Care and Use of Laboratory Animals. 
Rockville, MD: NIH/Office for Protection from Research Risks, 
1996. WWW:http://www.nih.gov/grants/oprr/library_animal.htm

National Institutes of Health. Preparation and Maintenance of 
Higher Mammals During Neuroscience Experiments. Report of 
a National Institutes of Health Workshop. NIH Publication No. 
94-3207. Bethesda, MD: NIH/National Eye Institute, 1994. 
WWW:http://www.nei.nih.gov/

Society for Neuroscience. Handbook for the Use of Animals in 
Neuroscience Research. Washington, D.C.: SFN, 1991. 
WWW:http ://www. sfn.org/pubs/handbook/

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

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

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

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

• Procedures with animals that may cause more than momen-
tary or slight pain or distress should be performed with appro-
priate sedation, analgesia or anesthesia. Surgical or other 
painful procedures should not be performed on unanesthetized 
animals paralyzed by chemical agents. Postoperative care of 
animals should minimize discomfort and pain and, in any 
case, should be equivalent to accepted practices in schools of 
veterinary medicine.

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

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

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

Policy  on  the  Use  of  Human  Subjects  in  
Neuroscience  Research

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

Recommended References
"Declaration of Helsinki." Adopted by 18th World Medical 
Assembly, Helsinki, 1964; revised by 29th World Medical 
Assembly, Tokyo, 1975; Venice, 1983; and Hong Kong, 1989. 
WWW:http://www.opt.auckland.ac.nz/public/staffpgs/myap/ 
helsinki.html

"Federal Policy for the Protection of Human Subjects: Notes 
and Rules." Federal Register. (June 18, 1991) 56: 28001-32. 
WWW:http://www.pub.whitehouse.gov/WH/EOP/OSTP/html/ 
OSTP4.html

Varga, Andrew C., Ed. The Main Issue in Bioethics Revised 
Edition. New York: Paulist Press, 1984. 
WWW:http://www.paulistpress.com/
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Policy  on  Ethics
It is expected that authors submitting papers or abstracts will have conducted their work in strict accordance with the following state-
ment on ethics approved by the Society for Neuroscience in November 1989 and amended in November 1993.

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

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

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

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

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

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

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

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

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

In the event that a published article or abstract is to be 
retracted, a statement of retraction will be published in The 
Journal of Neuroscience or in the Abstracts for the next 
Annual Meeting.
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Number & Title

Chronological  List  of  Sessions
(See page xxi for Thematic List of Sessions)

Session
Page Number & Title Page

28.
Saturday , October  23, 1999

29.
Decade of the Brain Lecture—8:00 P.M.

1. Automatic Brains/Interpretive Minds 30.
M.S. GAZZANIGA.................................................. No abstract

31.
Sunday , October  24,1999 32

Symposia—8:00 A.M. 33.
2. Molecular Mechanisms of Cell Death 34.

Chaired by: M.V. CHAO........................................................... 1 35.
3. Mechanisms Underlying Pacemaker Activity in Neuronal 36.

Networks 37.
Chaired by: D.A. MCCORMICK.............................................. 1 38.

Special Lecture—10:00 A.M. 39.
4. LTP and LTD: A Decade of Progress?

R.C. MALENKA.......................................................No abstract 40.

Warner-Lambert Lecture—11:15 A.M. 41.
5. A Deep Look Into Eye Morphogenesis and Evolution

W. GEHRING...........................................................No abstract 42.

Slide Sessions—8:00 A.M. 43.
6. Visual cortex: extrastriate—attention and cognition.................1
7. Visual cortex: striate—neurons and perception..........................  3 44.
8. Oculomotor and vestibular system .......................................... 5 45.
9. Process outgrowth, growth cones and sprouting I.................... 7 46.

10. Glia and other non-neuronal cell specification and
differentiation............................................................................. 9 47.

11. Cardiovascular regulation: central control I...........................  10 48.
12. Degenerative disease: Alzheimer's—beta amyloid: 49.

neurotoxicity I.......................................................................... 13 50.
13. Degenerative disease: Alzheimer's—other: behavior 51.

diagnosis—clinical studies........................................................ 15 52.
14. Neuropsychiatric disorders I..................................................  17 53.
15. Ischemia: hormones, cerebral blood flow and vascular 54.

dysregulation............................................................................. 19 55.
16. Genetic models I........................................................................21 56.
17. Excitatory amino acid receptors................................................23
18. Biological rhythms and sleep: sleep......................................... 26 57.

Poster Sessions—8:00 A.M. 58.
19. Aging I.....................................................................................  28 59.
20. Aging: inflammation and cell death......................................... 30 60.
21. Aging II.......................................................................................31 61.
22. Drugs of abuse: opioids—molecular and cellular 62.

mechanisms............................................................................... 34 63.
23. Drugs of abuse: amphetamines—methamphetamine:

neuroadaptations......................................................................  37 64.
24. Infectious diseases....................................................................  40 65.
25. Infectious diseases: HIV and relatives..................................... 43
26. Degenerative disease: other I.................................................... 46 66.
27. Parkinson's disease I................................................................. 49 67.

Denegerative disease: Alzheimer's—other: cognitive
function....................................................................................52
Degenerative disease: Alzheimer’s—presenilin: cell
biology..................................................................................... 55
Behavioral pharmacology: social behavior, learning and
disorders................................................................................... 58
Neuropeptides and behavior: stress.........................................62
Monoamines and behavior: aggression and genetic
bases..........................................................................................67
Reproductive behavior: experience..........................................71
Stress: monoamines...................................................................74
Ingestive behaviors: feeding and energy expenditure.............. 77
Learning and memory: pharmacology—dopamine.................. 79
Learning and memory: pharmacology—adrenergic................ 81
Learning and memory: physiology—eye blink
conditioning............................................................................... 83
Learning and memory: systems and functions—hippocampus
and nonspatial learning I.........................................................85
Learning and memory: systems and functions—hippocampus
and nonspatial learning II.........................................................87
Learning and memory: systems and functions—basal
ganglia...................................................................................... 90
Learning and memory: systems and functions—rhinal
cortex...................................................................................... 91
Learning and memory: systems and functions—eye blink
conditioning............................................................................... 94
Cognition: higher functions—memory and imagery................ 97
Cognition: human learning and memory—emotion................ 99
Cognition: human learning and memory—
miscellaneous......................................................................... 100
Comparative neuroanatomy.................................................... 102
Posture and balance.................................................................107
Posture and movement: animal studies....................................110
Posture and movement: reach and grasp 1............................... 113
Spinal cord and brainstem...................................................... 116
Reflex function: human studies.............................................. 120
Reflex function: animal studies.............................................. 122
Chemical senses: invertebrate olfaction..................................124
Chemical senses: olfactory bulb.............................................. 127
Auditory, vestibular and lateral lines: peripheral response
dynamics.........................................................................  131
Retina and photoreceptors: anatomy and gene
expression............................................................................... 134
Retina and photoreceptors: photoreceptors............................138
Pain modulation: human brain imaging..................................140
Pain modulation: human studies............................................ 142
Pain pathways: brainstem, thalamus and cortex................... 144
Pain pathways: spinal dorsal horn..........................................148
Somatosensory cortex and thalamocortical
relationships I......................................................................... 150
HPA regulation: central control.......... ................................... 154
Second messengers and phosphorylation: G protein
signaling................................................................................. 157
Transporters: dopamine I........................................................ 159
Transporters: dopamine II.......................... 162
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Chronological  List  of  Sessions

Session
Number & Title Page

Session
Number & Title Page

68. Transporters: GABA and glycine........................................ 165
69. Transmitters in invertebrates I.............................................. 166
70. Other neurotransmitters: NO, histamine and purines.......... 169
71. Serotonin: gene expression and neural modulation...............174
72. Serotonin: metabolism and distribution................................. 176
73. Opiate receptors 1..................................................................... 179
74. Peptide receptor structure and function: orphan receptors and

others........................................................................................ 182
75. Acetylcholine receptors: nicotinic I........................................186
76. Acetylcholine I....................................................................... 189
77. Potassium channels: physiology 1............................................191
78. Calcium channels: molecular studies......................................194
79. Calcium channels: T-type.........................................................197
80. Ligand-gated ion channels: glutamate receptors.....................199
81. Ligand-gated ion channels: nicotinic ACh and 5HT3

receptors..................................................................................201
82. Excitatory postsynaptic mechanisms: glutamate

receptors..................................................................................202
83. Neuroglia and myelin I.......................................................... 204
84. Staining, tracing and imaging techniques: ICC, insites and gene

transfer....................................................................................207
85. Transplantation: spinal cord.................................................... 210
86. Transplantation: human cells..................................................212
87. Transplantation I.....................................................................214
88. Regeneration: gene expression 1..............................................215
89. Regeneration: gene expression II............................................219
90. Activity in sensory system development: effects and

mechanisms..............................................................................222
91. Motor systems......................................................................... 225
92. Hormones and development: structure................................... 227
93. Neurotrophic factors: receptors and cellular

mechanisms 1........................................................................... 230
94. Other neurotrophic factors: localization and effects on

proliferation and differentiation..............................................233
95. Neurotrophin signaling............................................................ 236
96. Development of the neuromuscular junction: receptor

clustering..............................................  239
97. Axon guidance mechanisms and pathways: semaphorins,

neurophilins, ephrins and Eph receptors................................. 241
98. Cell migration I....................................................................... 244
99. Cell migration II.....................................................................246

100. Neuronal specification and differentiation: regulation of gene
expression II............................................................................ 248

101. Neuronal specification and differentiation: transcription
factors......................................................................................250

102. Proliferation............................................................................. 253

History and Teaching Posters will be posted the entire week.)
103. History of neuroscience............................................................... 256
104. Teaching of neuroscience.............................................................261

Symposia—1:00 P.M.
105. Of Calcium Channels, Mice, Migraines, and Mutations

Chaired by: M.W. MCENERY................................................274
106. Neural Substrates of Stimulus-Reward Associations in 

Nonhuman Primates
Chaired by: B.J. RICHMOND................................................274

107.

108.

109.
110. 
111. 
112.
113.
114.
115.

116.
117.
118.

119.

120.

121.

122.

123.
124.
125.

126.

127.

128.
129.
130.
131.
132.
133.
134.

135.

136.

137.
138.
139.
140.

Special Lecture—1:00 P.M.
Wiring the Brain: Molecular Mechanisms of Axon Guidance in
Vertebrates
M. TESSIER-LAVIGNE..........................................No abstract

Presidential Special Lecture—4:15 P.M.
Mood Disorders and Suicide
K. REDFIELD JAMISON......................................No abstract

Slide Sessions—1:00 P.M.
Visual cortex: extrastriate—motion processing.......................274
Visual cortex: striate—functional organization.......................276
Respiratory regulation............................................................ 278
Excitatory amino acids: excitotoxicity and cell death 1..........281
Transporters............................................................................. 283
Acetylcholine receptors: nicotinic II....................................... 284
Neural basis of behavior: cognition—attention: attention to
sensory system.........................................................................287
Neuronal death: signal transduction and apoptosis................ 289
Synaptic plasticity I....................... 291
Other neurotrophic factors: cell survival, injury responses and
intracellular signaling............................................................. 293
Cognition: human learning and memory—memory
formation................................................................................ 294
Degenerative disease: Alzheimer's—beta amyloid:
neuropathology and diagnosis...............................................296
Ischemia: free radicals, growth factors and cell
proliferation............................................................................299
Degenerative disease: Alzheimer's—beta amyloid: APP 
processing 1............................................................................. 301

Poster Sessions—1:00 P.M.
Drugs of abuse: cocaine—pharmacological regulation..........303
Drugs of abuse: cocaine—behavioral models 1........................306
Drugs of abuse: amphetamines—cellular and molecular
studies..................................................................................... 309
Trauma: models, mechanisms and outcome of brain injury in
animals I................................................................................. 310
Trauma: models, mechanisms and outcome of brain injury in
animals II................................................................................. 312
Ischemia: blood flow, vasculative and inflammation.......... 315
Ischemia: behavior, clinical outcome and imaging................ 319
Degenerative disease: other II................................................323
Parkinson's disease II.............................................................. 326
Parkinson's disease III............................................................ 329
Parkinson's disease IV............................................................ 333
Degenerative disease: Alzheimer's—other: oxidative
stress....................................................................................... 336
Degenerative disease: Alzheimer's—beta amyloid: oxidative
stress and calcium homeostasis..............................................339
Degenerative disease: Alzheimer's—beta amyloid:
neuroprotection.......................................................................343
Reproductive behavior: neuroanatomy................................... 344
Stress: cellular responses........................................................ 346
Stress: other neurotransmitters......................... 348
Biological rhythms and sleep: melatonin and
neurophysiology...............•...................................................350

ix
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Session
Number & Title

Session
Page Number & Title Page

141. Cognition: higher functions—visual....................................... 353
142. Neural basis of behavior: cognition—attention: auditory,

somatosensory and cross-modal attention...............................355
143. Cognition: language—lexical processing and

production............................................................................... 357
144. Cognition: language—auditory processing.............................358
145. Association cortex and thalamocortical relations.................. 360
146. Invertebrate motor and sensory systems 1...............................363
147. Oculomotor system: cortex and cognition.............................366
148. Cerebellum: human studies....................................................369
149. Cerebellum: physiology and behavior................................... 371
150. Basal ganglia: human studies and disease models.................. 374
151. Dopamine and DA receptors I................................................377
152. Cerebral cortex: premotor areas..............................................380
153. Cerebral cortex: plasticity and recovery function.................. 383
154. Chemical senses: olfactory receptors and epithelium.......... 386
155. Chemical senses: pheromones................................................389
156. Central auditory physiology: plasticity and

development........................................................................... 391
157. Central auditory physiology: spectro-temporal coding........ 394
158. Sensory systems: visual psychophysics—motion.................. 398
159. Pain modulation: visceral afferents......................................... 400
160. Spinal and subcortical somatosensory pathways.................... 402
161. Somatic afferents: anatomy and transduction........................ 405
162. Somatic afferents: innocuous mechanoreceptors.................. 406
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164. Visceral afferents.....................................................................411
165. Neuroendocrine regulation: leptin......................................... 412
166. Neuroendocrine regulation: energy balance...........................415
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168. Signal transduction: gene expression—CRE-mediated

transcription. ............................................................................420
169. Second messengers and phosphorylation: protein
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171. Transporters: EAAII.............................................................. 429
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others........................................................................................440
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178. Acetylcholine II.......................................................................450
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180. Ligand-gated ion channels: glycine and GABAa
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181. Ligand-gated ion channels: P2X receptor...............................459
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183. Synaptic plasticity: long-term potentiation II........................ 463
184. Synaptic plasticity: long-term potentiation III...................... 467
185. Excitatory postsynaptic mechanisms: protein

dynamics................................................................................. 470
186. Excitatory postsynaptic mechanisms: protein-protein

interactions............................................................................. 472
187. Presynaptic mechanisms: physiology, biophysics and
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188. Presynaptic mechanisms: physiology, biophysics and
imaging II............................................................................... 476

189. Presynaptic mechanisms: physiology, biophysics and
imaging III............................................................................... 479

190. Neuroglia and myelin II.......................................................... 481
191. Developmental disorders: environmental and genetic

models..................................................................................... 485
192. Developmental disorders: clinical syndromes and related
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193. Regeneration: trophic factors, grafts and function................ 491
194. Regeneration: neurons, GAP-43 and other factors................ 495
195. Visual system development: responses to injury and lesions,

plasticity and recovery of function......................................... 499
196. Cerebral cortex and limbic system: early development I......... 501
197. Hormones and development: estrogen and maternal

influences............................................................................... 505
198. Neurotrophic factors: receptors and cellular

mechanisms II.........................................................................508
199. Neurotrophins in injury responses and regeneration............... 511
200. Expression and regulation of neurotrophic factors:

neurotrophins I.......................................................................513
201. Neurotransmitter and channels 1............................................. 515
202. Functional studies of developing synapses.............................. 518
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microglia...................................................................................520
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cell types................................................................................. 521
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(History and Teaching Posters will be posted the entire week.)
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Animals in Research Panel—5:30 P.M.
206. 1999 Animal Panel: Training Young Investigators in

Responsible Conduct in Research With Respect to Animal 
Experimentation.........................................................No abstract

Presidential Symposium—8:00 P.M.
207. The Thalamus: At the Threshold of Consciousness 

Dynamics of Thalamocortical Function
D.A. MCCORMICK................................................ No abstract
Feedback Draws the Lateral Geniculate Nucleus Into the Visual 
Cortical Game
A.M. SILLITO........................................................... No abstract
The Dynamic Architecture of Thalamocortical Resonance 
R.R. LLINAS........................... ................................. No abstract

Monday , October  25,1999

Symposia—8:00 A.M.
208. Synapse Elimination: A Molecular Perspective

Chaired by: E. FRANK........................................................528
209. Basal Ganglia, Cerebellum, and Motor Control

Chaired by: M. GLICKSTEIN............................................ .528
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Special Lecture—10:00 A.M.
210. Visceral Neuroplasticity during Postnatal Development and after

Neural Injury
W.C. de GROAT.......................................................No abstract

Special Lecture—11:15 A.M........................................................
211. The Architecture of the Glutamatergic Postsynaptic Membrane

M.B. KENNEDY.......................................................No abstract

Slide Sessions—8:00 A.M.
212. Visual cortex: extrastriate—ventral stream.............................528
213. Potassium channels.....................  531
214. Ingestive behaviors: peptides 1................................................533
215. Brain metabolism and blood flow: animal models................ 535
216. Trauma: mechanisms and therapies....................................... 537
217. Epilepsy: basic mechanisms 1..................................................539
218. Degenerative disease: other III................................................541
219. Degenerative disease: Alzheimer’s—presenilin: proteolytic

activities..................................................................................543
220. Degenerative disease: Alzheimer's—other: oxidations, stress and

inflammation........................................................................... 545
221. Oculomotor system: cortex and behavior...............................547
222. Cardiovascular regulation: central control II...........................549
223. Neuronal death: growth factors and apoptosis.......................550
224. Neural patterning, specification, proliferation and

differentiation......................................................................... 552
225. Peptide receptor structure and function................................. 555

Poster Sessions—8:00 A.M.
226. Drugs of abuse: opioids—neural and pharmacological

mechanisms 1..........................................................................556
227. Drugs of abuse: cocaine—neural systems...............................559
228. Drugs of abuse: cocaine—serotonergic mechanisms.............. 561
229. Drugs of abuse: amphetamines—amino acid

mechanisms............................................................................. 564
230. Neurotoxicity: gpl20, ethanol and anticholinesterases........ 566
231. Neurotoxicity: triggers of fast and slow death.......................569
232. Neuropsychiatric disorders: schizophrenia—functional

studies.................................................................................... 571
233. Neuropsychiatric disorders: schizophrenia—postmortem

studies 1.................................................................................. 573
234. Ischemia: neuroprotection I.................................................... 575
235. Ischemia: neuroprotection II .................................................. 579
236. Ischemia: neuroprotection III.................................................. 583
237. Degenerative disease: other IV................................................587
238. Degenerative disease: Alzheimer's—human studies:

neuropathology and clinical.................................................590
239. Degenerative disease: Alzheimer's—beta amyloid: diagnosis

and treatment..........................................................................594
240. Degenerative disease: Alzheimer's—beta amyloid: APP

processing II..................................... 595
241. Excitatory amino acids: excitotoxicity and cell

death II....................................................................................599
242. Epilepsy: human studies and animal models I...................... 601
243. Neuropeptides and behavior: social behavior and

other........................................................................................605
244. Monoamines and behavior: learning and experience.............. 608

245. Reproductive behavior: steroids..............................................611
246. Stress: glucocorticoids............................................................ 614
247. Stress: neonatal period............................................................ 615
248. Ingestive behaviors: peptides II..............................................618
249. Neuroethology: hearing.......................................................... 621
250. Biological rhythms and sleep: neurophysiology of

sleep....................................................................................... 625
251. Learning and memory: pharmacology—nicotine and

amphetamine...........................................................................628
252. Learning and memory: pharmacology—cognitive enhancers and

recovery................................................................................... 630
253. Learning and memory: pharmacology—glutamate................ 632
254. Learning and memory: physiology—mouse models.............. 635
255. Learning and memory: systems and functions—

plasticity................................................................................. 637
256. Learning and memory: systems and functions—

genes 1..................................................................................... 640
257. Learning and memory: systems and functions—

genes II................................................................................... 643
258. Cognition: human learning and memory—encoding.............. 646
259. Cognition: human learning and memory—episodic

retrieval................................................................................... 647
260. Cognition: human learning and memory—spatial

memory................................................................................... 649
261. Limbic system and hypothalamus I....................................... 651
262. Spinal cord and brainstem: motor control...............................653
263. Oculomotor system: human performance...............................656
264. Vestibular system: human and modeling studies .................. 658
265. Vestibular system: animal studies........................................... 661
266. Vestibular system: cellular mechanisms.................................664
267. Central auditory physiology: sound localization and frequency

tuning..................................................................................... 667
268. Visual cortex: extrastriate—depth, disparity and optic

flow..........................................................................................670
269. Visual cortex: extrastriate—motion....................................... 672
270. Visual cortex: -striate—response properties and

perception............................................................................... 675
271. Pain modulation: anatomy and physiology—substance P and

NK-1....................................................................................... 679
272. Pain modulation: anatomy and physiology—

nociceptors.............................................................................683
273. Pain modulation: chronic pain................................................686
274. Pain modulation: capsaicin receptors—molecular

studies..................................................................................... 688
275. Somatosensory cortex and thalamocortical

relationships II.........................................................................691
276. Respiratory regulation: pre-Botzinger complex and in vitro

studies..................................................................................... 694
277. Neural-immune interactions: disease processes.................... 697
278. Neural-immune interactions: stress......................................... 699
279. Neuroendocrine regulation: magnocellular neurons.............. 702
280. HPA regulation: feedback control........................................... 705
281. Signal transduction: gene expression—API: mediated

transcription.............................................................................709
282. Second messengers and phosphorylation: cAMP pathway

signaling.................................................................................710
283. Serotonin: transporters and antidepressants...........................712
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284. Catecholamines: transport......................................................715
285. Adrenergic receptors.............................................................. 717
286. Calcium channels and diseases................................................721
287. Calcium channels: physiological studies.................................722
288. Sodium channels: modulation................ 726
289. Sodium channels: physiological studies.................................730
290. Synaptic plasticity: long-term potentiation IV...................... 731
291. Synaptic plasticity: long-term potentiation V........................ 735
292. Neuroglia and myelin III........................................................ 737
293. Staining, tracing and imaging techniques: optics

and dyes....................................................................................740
294. Transplantation: models of Parkinson's disease.................... 744
295. Regeneration: effects of glia....................................................747
296. Cerebral cortex and limbic system: early

development II.........................................................................750
297. Proliferation, differentiation and anatomical development of

sensory systems.......................................................................752
298. Neuronal death: hypoxia and ischemia...................................754
299. Neuronal death: axotomy........................................................757
300. Neurotrophic factors: receptors and cellular

mechanisms III.......................................................................760
301. Other neurotrophic factors: effects on neuron survival and

neurite growth.........................................................................763
302. Neurotrophins and cell survival..............................................767
303. Neuregulin............................................................................... 770
304. Presynaptic elements.............................................................. 772
305. Axon guidance mechanisms and pathways 1...........................773
306. Process outgrowth, growth cones and sprouting II................ 775
307. Cell migration: cell adhesion..................................................777
308. Glia and other non-neuronal cell specification and differentiation:

astroglia...................................................................................779
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Symposia—1:00 P.M.
309. Developmental Mechanisms in the Pathogenesis of 

Neurodegenerative Diseases
Chaired by: M.F. MEHLER.................................................. 782

310. Astrocytes as Active Participants in Synaptic Transmission
Chaired by: M. NEDERGAARD..........................................782

Special Lecture—1:00 P.M.
311. Genes, Environment and Olfactory Behaviors in C. Elegans

C. BARGMANN.......................................................No abstract

Social Issues Roundtable—3:30 P.M.
312. Perspectives on Gender in Neuroscience.................No abstract

Slide Sessions—1:00 P.M.
313. Visual cortex: striate—optical and functional imaging........ 782
314. Synaptic plasticity II.............................................................784
315. Cortex and thalamus.............................................................786
316. Learning and memory: systems and functions.....................788
317. Degenerative disease: Alzheimer's—other: tau.....................790
318. Ischemia: nitric oxide.............................................................792

319. Degenerative disease: Alzheimer's—beta amyloid: APP
processing III...........................................................................794

320. HPG regulation I...........................  796
321. Serotonin receptors................................................................ 798
322. Somatosensory cortex and thalamocortical

relationships III.......................................................................800
323. Presynaptic mechanisms: electrophysiological

investigations........................................................................... 802
324. Oculomotor system: cortex, superior colliculus and

cognition................................................................................. 804
325. Axon guidance mechanisms and pathways II.........................806

Poster Sessions—1:00 P.M.
326. Aging III................................................................................. 808
327. Drugs of abuse: cocaine—molecular mechanisms................ 810
328. Drugs of abuse: cocaine—amino acid mechanisms.............. 813
329. Neuropsychiatric disorders: schizophrenia—postmortem

studies II....................... 816
330. Trauma: molecular mechanisms of head trauma 1................... 819
331. Trauma: molecular mechanisms of head trauma II................. 821
332. Ischemia: signal transduction and gene expression................ 823
333. Ischemia: gene and protein expression, and differential

susceptibility........................................................................... 826
334. Degenerative disease: other V................................................829
335. Degenerative disease: Alzheimer's—other: human studies—

gene expression and genetics................................................ 832
336. Degenerative disease: Alzheimer's—beta amyloid: gene

expression and genetics.........................................................835
337. Degenerative disease: Alzheimer's—beta amyloid: human

studies—neuropathology and biochemistry......................... 837
338. Excitatory amino acids: excitotoxicity and cell

death III ................................................................................840
339. Epilepsy: basic mechanisms II................................................842
340. Epilepsy: human studies and animal models II.......................845
341. Genetic models: animal models and behavior.........................848
342. Genetic models II.....................................................................851
343. Stress: anxious and depressive behaviors............................... 854
344. Stress: hippocampus.................................................................856
345. Stress: prenatal period............................................................ 857
346. Ingestive behaviors: peptides III..............................................858
347. Invertebrate learning and behavior 1....................................... 861
348. Neuroethology: seasonal and chemical mechanisms.............. 864
349. Biological rhythms and sleep: circadian................................. 867
350. Motivation and emotion: animal models I............................. 871
351. Motivation and emotion: animal models II............................. 873
352. Learning and memory: physiology—other: cortical.............. 876
353. Learning and memory: physiology—fear

conditioning............................................................................. 879
354. Learning and memory: physiology—synaptic

plasticity................................................................................. 881
355. Learning and memory: physiology—prefrontal

cortex........................................................................................883
356. Learning and memory: physiology—behavior

correlations............................................................................. 887
357. Learning and memory: systems and functions—

cortex....................................................................................... 889
358. Cognition: higher functions—lesion/patient studies.............. 892
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359. Cognition: human learning and memory—patient
studies.................................................................................... 894

360. Cognition: human learning and memory—cytoarchitectonics
and neurochemical effects.......................................... : ... . 895

361. Brain metabolism and blood flow: metabolism and energy
sources.................................................................................... 897

362. Brain metabolism and blood flow: vasoregulation—hypoxia
and ischemia........................................................................... 899

363. Limbic system and hypothalamus: electrophysiology 1..........901
364. Invertebrate motor and sensory systems II....................... .. . 904
365. Posture and movement: disorders and rehabilitation.............. 907
366. Posture and movement: locomotion....................................... 910
367. Cerebellum: manipulations in rodents................................... 912
368. Cerebellum: models and networks......................................... 914
369. Visual cortex: extrastriate—ventral stream: attention and

cognition..................................................................................915
370. Visual cortex: extrastriate—ventral stream: anatomy and

physiology............................................................................... 917
371. Pain modulation: pharmacology—NMD A.............................920
372. Pain modulation: pharmacology—5HT.................................922
373. Pain modulation: pharmacology—cannabinoids and

opioids......................................................................................924
374. Pain modulation: pharmacology—opioids I...........................926
375. Pain modulation: pharmacology—opioids II.........................929
376. Pain modulation: pharmacology—excitatory amino

acids........................................................................................932
377. Respiratory regulation: chemoregulation...............................934
378. Respiratory regulation: modulation of pattern...................... 936
379. Respiratory regulation: neuroanatomy................................... 938
380. Gastrointestinal regulation...................................................... 939
381. Neural-immune interactions: immune cell regulation ...... 942
382. Signal transduction: gene expression—regulation of gene

expression............................................................................... 943
383. Second messengers and phosphorylation: NO and cGMP

signaling..................................................................................946
384. Dopamine: efflux characterization and measurement...........947
385. Dopamine: modulation by intracellular and extracellular factors

and drugs..................................................................................950
386. Dopamine receptors: D2........................................................ 953
387. Peptides: anatomy and physiology 1....................................... 955
388. Peptides: anatomy and physiology II..................................... 959
389. GABA receptors: steroids, benzodiazepenes and

ethanol......................................................................................963
390. GABA receptors: second messengers..................................... 966
391. Excitatory amino acid receptors: ligand-gated

channels I............................................................................... 968
392. Excitatory amino acid receptors: ligand-gated

channels II............................................................................... 972
393. Excitatory amino acid receptors: metabotropic III................ 975
394. Acetylcholine receptors: nicotinic III ................................... 978
395. Potassium channels: protein interactions...............................982
396. Potassium channels: gating....................................................984
397. Synaptic plasticity: long-term potentiation VI...................... 985
398. Synaptic plasticity: long-term potentiation VII .................... 989
399. Excitatory postsynaptic mechanisms..................................... 992
400. Membrane structure and cytoskeleton: traffic, turnover and

development........................................................................... 995

401. Neuroglia and myelin IV.......................................................998
402. Regeneration: effects of myelin and grafts......................... 1000
403. Visual system development: effects of transmitters, transmitter

receptors, nitric oxide.............................................................1003
404. Neurotrophic factors: receptors and cellular

mechanisms IV.....................................................................1006
405. Other neurotrophic factors: disease states, metabolic effects

and biodelivery................................................................. .1008
406. Effects of neurotrophins on synaptic function.......................1010
407. Expression and regulation of neurotrophic factors:

neurotrophins II.....................................................................1013
408. Neurotransmitter and channels II..........................................1016
409. Development of the neuromuscular junction: modulatory

influences and signaling........................................................ 1020
410. Process outgrowth, growth cones and sprouting:

growth cones....................................................................... 1022
411. Process outgrowth, growth cones and sprouting:

cytoskeleton.............. 1025
412. Neuronal specification and differentiation: regulation at the cell

surface....................................................................................1027
413. Neuronal specification and differentiation: signals................1028
414. Neural induction and patterning 1.......................................... 1031

(History and Teaching Posters will be posted the entire week.)
103. History of neuroscience............................................................... 256
104. Teaching of neuroscience.............................................................261

Grass Foundation Lecture and Award—8:00 P.M.
415. Mechanisms of Visual Attention in Human Cortex

L.G. UNGERLEIDER ............................................No abstract

Tuesday , October  26,1999

Symposia—8:00 A.M.
416. Repercussions of Early Brain Insults and Maldevelopment

Chaired by: J. BACHEVALIER..........................................1034
417. Insulin and Related Factors in CNS Development and

Degeneration
Chaired by: K. TALBOT.................................................... 1034

Special Lecture—10:00 A.M.
418. Maintaining the Accuracy of Gaze Shifts—Plasticity of Rapid

Eye Movements
A.F. FUCHS.............................................................No abstract

Special Lecture—11:15 A.M.
419. The Neural Basis of Vocal Learning in Songbirds

A.J. DOUPE.............................................................No abstract

Slide Sessions—8:00 A.M.
420. Opiate receptors II...............................................................1034
421. Uptake and transporters: transporters..................................1036
422. Circuitry and pattern generation..........................................1038
423. Neurotrophic factors and cytokines: regulation and cellular 

mechanisms.................................... 1039
424. Retina and photoreceptors: neurophysiology and

models 1................................................................................1041
xiii



Chronological  List  of  Sessions

Session
Number & Title Page

Session
Number & Title Page

425. Pain pathways: modulation................................................ 1043
426. Degenerative disease: Alzheimer's—presenilin: animal models

and other..............................................................................1045
427. Visual cortex: striate—LGN and striate receptive fields . . . 1047
428. Chemical senses..................................................................... 1050
429. Sensory systems: visual psychophysics............................... 1052
430. Catecholamines: receptors, synthesis and function.............. 1054
431. Calcium channels................................................................... 1056
432. Degenerative disease: Alzheimer's—other: APOE and

genetics..................................................................................1058
433. Ischemia: signal transduction and apoptosis.........................1060

Poster Sessions—8:00 A.M.
434. Aging IV................................................................................1062
435. Pharmacological agents: gene expression changes.............. 1065
436. Drugs of abuse: others—nicotine..........................................1067
437. Drugs of abuse: cocaine—catecholaminergic

mechanisms........................................................................... 1070
438. Alcohol: adenosine, acetylcholine, dopamine and

glutamate................................................................................1073
439. Alcohol: sensitization, tolerance, dependence, learning and

reward....................................................................................1077
440. Alcohol: taste aversion and regulation of intake...................1080
441. Alcohol: effects across the life span..................................... 1082
442. Neurotoxicity: excitatory amino acid antagonists and

agonists..................................................................................1084
443. Neurotoxicity: nitric oxide and amyloid............................... 1087
444. Trauma: human studies........................................................ 1090
445. Trauma: therapy of experimental brain trauma.....................1092
446. Degenerative disease: other VI..............................................1094
447. Degenerative disease: Alzheimer's—other: tau 1...................1097
448. Degenerative disease: Alzheimer's—other: tau II..................1100
449. Degenerative disease: Alzheimer's—other: inflammation and

other.................................................................................... 1102
450. Degenerative disease: Alzheimer’s—beta amyloid:

inflammation and cytokines................................................ 1105
451. Excitatory amino acids: excitotoxicity and cell

death IV................................................................................1108
452. Epilepsy: basic mechanisms III............................................1109
453. Epilepsy: human studies and animal models III.................. 1113
454. Genetic models III.................................................................1116
455. Neuropeptides and behavior: feeding and other.................. 1118
456. Monoamines and behavior: arousal, feeding and

locomotion............................................................................. 1121
457. Stress: physiological responses..............................................1125
458. Invertebrate learning and behavior II................................... 1128
459. Biological rhythms and sleep: molecules photic input .... 1130
460. Biological rhythms and sleep: transmitters and hormones in

sleep.................................................................................... 1134
461. Cognition: higher functions—methods................................. 1137
462. Cognition: higher functions—elective functions...................1139
463. Cognition: human learning and memory—working

memory 1................................................................................1141
464. Brain metabolism and blood flow: imaging.........................1143
465. Muscle and motor units........................................................ 1145
466. Muscle, motor units and models............................................1149

467. Spinal cord and brainstem: locomotion................................. 1151
468. Basal ganglia: transmitters and receptors............................. 1154
469. Basal ganglia: afferents and transmitters............................... 1157
470. Basal ganglia: behavior........................................................ 1160
471. Visual cortex: extrastriate—dorsal stream I......................... 1163
472. Somatosensory cortex and thalamocortical

relationships IV.....................................................................1166
473. Urogenital regulation..................  1169
474. Cardiovascular regulation: central control III.......................1173
475. Cardiovascular regulation: central control IV.......................1175
476. Neural-immune interactions: CNS studies I..........................1177
477. Neural-immune interactions: CNS studies II. ... ................. 1180
478. Neuroendocrine regulation: prolactin.....................................1183
479. HP(£ regulation II................................................................... 1186
480. Second messengers and phosphorylation: Ca2+

signaling................................................................................1190
481. Interactions between neurotransmitters: other .....................1193
482. Cannabinoid receptor ligand.................................................. 1196
483. Serotonin receptors: 5HT2C.................................................. 1199
484. Serotonin receptors: 5HT2A.................................................. 1201
485. Serotonin receptors: 5HT3-5HT7..........................................1205
486. Catecholamines: norepinephrine..........................................1208
487. Catecholamines: enzyme regulation and mutation.............. 1210
488. Dopamine: pathways, currents and behavior......................... 1214
489. Dopamine receptors: DI and D5..........................................1217
490. Opiate receptors: kappa........................................................ 1220
491. GABA receptors: physiology................................................1222
492. GABA receptors: development.............................................. 1227
493. Excitatory amino acid receptors: metabotropic IV...............1229
494. Excitatory amino acid receptors: metabotropic V.................1231
495. Excitatory amino acid receptors: ligand-gated

channels III......................................................................... 1234
496. Excitatory amino acid receptors: ligand-gated

channels IV........................................................................... 1236
497. Acetylcholine receptors: nicotinic IV................................... 1240
498. Potassium channels: inward rectifiers ................................. 1243
499. Inhibitory postsynaptic mechanisms I................................. 1245
500. Inhibitory postsynaptic mechanisms: calcium

dynamics................................................................................1248
501. Presynaptic mechanisms: calcium and other

modulars I............................................................................. 1251
502. Presynaptic mechanisms: calcium and other

modulars II........................................................................... 1254
503. Presynaptic mechanisms: calcium and other

modulars III........................................................................... 1257
504. Neuroglia and myelin V........................................................ 1260
505. Regeneration: gene expression III........................................1263
506. Visual system development: receptive field properties, synaptic

physiology and spontaneous activity....................................1266
507. Hormones and development: spinal cord and more.............. 1268
508. Effects of neurotrophins on development and plasticity of

connections........................................................................... 1271
509. Expression and regulation of trophic factors: cytokines and

others I................................................................................. 1272
510. Postsynaptic proteins in developing synapses....................... 1276
511. Axon guidance mechanisms and pathways III...................1280
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512. Neuronal specification and differentiation: intracellular
signaling................................................................................1283

513. Neuronal specification and differentiation: cortex..................1286

(History and Teaching Posters will be posted the entire week.)
103. History of neuroscience............................................................... 256
104. Teaching of neuroscience.............................................................261

Symposia—1:00 P.M.
514. Attention and Neglect

Chaired by: C.R. OLSON.................................................... 1288
515. Synaptic Organizing Molecules

Chaired by: J.R. SANES...................................................... 1288

History of Neuroscience Lecture—1:00 P.M.
516. Genetic and Environmental Interplay in Initial Formation and 

Subsequent Remodeling of the Mammalian Brain
R.L. SIDMAN........................................................... No abstract

Presidential Special Lecture—4:15 P.M.
517. Neuronal Mechanisms of Oscillations During States of

Vigilance: The Intact and Sliced Brain
M. STERIADE.........................................................No abstract

Slide Sessions—1:00 P.M.
518. Cognition: human learning and memory—working

memory II..............................................................................1289
519. Degenerative disease: Alzheimer's—beta amyloid: animal

models—general................................................................... 1291
520. Neuropsychiatric disorders II................................................ 1293
521. Neurotoxicity: mechanisms of cell death............................. 1295
522. Drugs of abuse: cocaine—general........................................1297
523. Degenerative disease: Alzheimer's—presenilin: interacting

proteins I................................................................................1299
524. Posture and movement...........................................................1300
525. Degenerative disease: other VII............................................1303
526. Cerebral cortex and limbic system........................................1305
527. Function of developing synapses and molecules guiding

synapse formation................................................................. 1307
528. Transplantation II................................................................... 1309
529. Synaptic plasticity III.............................................................1311
530. Invertebrate learning and behavior III................................. 1313
531. Visual cortex: striate—plasticity: neurons and models .... 1315

Poster Sessions—1:00 P.M.
532. Aging: oxidative stress...........................................................1317
533. Pharmacological agents: anxiety and mood drugs—

neuropathology, clinical and preclinical studies...................1319
534. Drugs of abuse: opioids—behavioral models.......................1322
535. Alcohol: gene expression and mutation............................... 1325
536. Trauma: experimental spinal trauma I................................. 1328
537. Trauma: experimental spinal trauma II................................. 1330
538. Trauma: therapy of experimental spinal trauma...................1332
539. Degenerative disease: other VIII..........................................1335
540. Parkinson's disease V.............................................................1338
541. Parkinson's disease VI...........................................................1341
542. Degenerative disease: Alzheimer's—other: APOE.............. 1345

543. Degenerative disease: Alzheimer's—beta amyloid: apolipoprotein
E, LRB and alpha 2M........................................................... 1348

544. Epilepsy: basic mechanisms IV............................................1350
545. Epilepsy: human studies and animal models IV...................1353
546. Reproductive behavior: maternal behavior and

progesterone......................................................................... 1354
547. Stress: gender differences...................................................... 1357
548. Ingestive behaviors: taste aversion........................................1358
549. Ingestive behaviors: salt and water intake............................. 1360
550. Neuroethology: comparative sensory systems.......................1361
551. Neuroethology: vocal mechanisms....................................... 1365
552. Biological rhythms and sleep: SCN....................................1369
553. Motivation and emotion: reward pathways ......................... 1373
554. Learning and memory: pharmacology—acetylcholine I ... 1376
555. Learning and memory: pharmacology—acetylcholine II. . . 1378
556. Learning and memory: physiology—hippocampal: spatial/place

cells...................................................................................... 1380
557. Learning and memory: physiology—other: subcortical. . . . 1383
558. Learning and memory: physiology—hippocampal: non-spatial

and oscillations..................................................................... 1385
559. Learning and memory: systems and functions—cholinergic

modulation..............................................................................1387
560. Neural basis of behavior: cognition—attention: other........ 1389
561. Limbic system and hypothalamus: electrophysiology II... 1391
562. Spinal cord and brainstem: neurophysiology.....................1394
563. Oculomotor system: smooth pursuit and ocular

responses................................................................................1397
564. Oculomotor system: vergence, accommodation and

blink....................................................................................  1400
565. Cerebellum: anatomy and tracing studies............................. 1402
566. Cerebellum: neurophysiology and functional

organization........................................................................... 1404
567. Motor thalamus and cortex.................................................... 1407
568. Cerebral cortex: analysis and sensorimotor function...........1410
569. Sensory systems: multisensory processing—superior colliculus

and vision-related...................................................................1413
570. Sensory systems: multisensory processing, analysis and

other......................................................................................1415
571. Auditory systems: central anatomy....................................... 1417
572. Visual cortex: striate—functional architecture and

projections............................................................................. 1421
573. Subcortical visual pathways: thalamus................................. 1425
574. Subcortical visual pathways: circuitry................................. 1428
575. Retina and photoreceptors: neurophysiology and

models II................................................................................1429
576. Pain modulation: peptides.................................................. 1434
577. Pain modulation: pharmacology—descending control .... 1437
578. Pain modulation: pharmacology, cytokines, peripheral.... 1439
579. Pain modulation: pharmacology, cytokines, central ...... 1442
580. Neural-immune interactions: CNS studies III....................... 1445
581. Neuroendocrine regulation: neuroprotection and

plasticity................................................................................1448
582. HPG regulation III.................................................................1451
583. HPA regulation: plasticity and other......................................1454
584. Second messengers and phosphorylation: regulation of receptor

sensitivity............................................................................. 1457
585. Cannabinoid receptors...........................................................1459
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586. Serotonin receptors: 5HT1A—genetic analysis.....................1462
587. Serotonin receptors: 5HT1A—pharmacology and cell

biology.................................................................................... 1464
588. Dopamine receptors: D3 and D4..........................................1467
589. Catecholamine receptors: receptor interactions.....................1469
590. Opiate receptors III...............................................................1472
591. Opiate receptors: mu I...........................................................1476
592. GABA receptors: pharmacology............................................1479
593. Excitatory amino acid receptors: ligand-gated

channels V..............................................................................1484
594. Excitatory amino acid receptors: ligand-gated

channels VI............................................................................1488
595. Acetylcholine receptors: nicotinic V......................................1490
596. Synaptic plasticity: long-term potentiation VIII...................1493
597. Inhibitory postsynaptic mechanisms II................................. 1497
598. Presynaptic mechanisms: modulation of transmitter

release....................................................................................1499
599. Presynaptic mechanisms: receptor modulation of transmitter

release....................................................................................1502
600. Neuroglia and myelin VI...................................................... 1505
601. Staining, tracing and imaging techniques:

reconstruction....................................................................... 1508
602. Transplantation: models of human diseases.........................1511
603. Regeneration: anatomical and physiological changes.......... 1512
604. Visual system development: effects of electrical activity and

visual experience 1.................................................................1515
605. Neuronal death: molecular mechanisms............................... 1518
606. Neuronal death: oxidative stress, zinc and

mitochondria......................................................................... 1522
607. Neuronal death: growth factors............................................1525
608. Neurotrophic factors: receptors and cellular

mechanisms V....................................................................... 1528
609. Other neurotrophic factors: injury responses and

regeneration........................................................................... 1531
610. Expression and regulation of trophic factors: cytokines and

others II ................................................................................1534
611. Neuronal specification and differentiation: stem cells.......... 1537
612. Proliferation: intracellular mechanisms................................. 1540
613. Neural induction and patterning II........................................1543

(History and Teaching Posters will be posted the entire week.)
103. History of neuroscience............................................................... 256
104. Teaching of neuroscience.............................................................261

Wednesday , October  27,1999

Symposia—8:00 A.M.
614. Dendritic Protein Synthesis: Implications for Synaptic

Development and Plasticity
Chaired by: W.T. GREENOUGH........................................1545

615. Molecular, Cellular and Physiological Consequences of Stress
Chaired by: H. SOREQ.......................................................1545

Special Lecture—10:00 A.M.
616. How Does Evolution Build a Complex Brain?

L. KRUBITZER.........................................................No abstract

Presidential Special Lecture—11:15 A.M.
617. Neural Mechanisms of Tactile Perception

K.O. JOHNSON.......................................................No abstract

Slide Sessions—8:00 A.M.
618. Visual cortex: extrastriate—dorsal stream II...................... 1546
619. Visual cortex: striate—response properties and latency . . . 1548
620. Cognition: higher functions............................................... 1550
621. Cognition: human learning and memory—episodic

recognition...........................................................................1552
622. Ingestive behaviors: central and peripheral mechanisms. . . 1554
623. Development of peripheral synapses . ..................................1556
624. Neural-immune interactions................................................1558
625. Cerebellum.........................................................................1560
626. Degenerative disease: Alzheimer's—other: APP—structure and

processing...........................................................................1561
627. Drugs of abuse.................................................................... 1563
628. Degenerative disease: other IX........................................... 1565
629. Degenerative disease: Alzheimer's—presenilin: processing,

expression and biochemistry............................................. 1567

Poster Sessions—8:00 A.M.
630. Pharmacological agents: typical and atypical antipsychotics—

preclinical studies............................................................... 1569
631. Drugs of abuse: opioids—neural and pharmacological

mechanisms II..................................................................... 1572
632. Drugs of abuse: cocaine—behavioral models II.................1573
633. Alcohol: miscellaneous biological effects. . ........................1575
634. Alcohol: GABA, anxioloytic effects and withdrawal........ 1577
635. Neuropsychiatric disorders: animal models......................... 1580
636. Ischemia: apoptosis...............................................................1583
637. Ischemia: heat shock proteins and tolerance....................... 1587
638. Degenerative disease: other X.............................................. 1591
639. Parkinson's disease VII.........................................................1594
640. Parkinson's disease VIII........................................................ 1597
641. Degenerative disease: Alzheimer's—presenilin: interacting

proteins II............................................................................. 1600
642. Excitatory amino acids: excitotoxicity and cell death V . . . 1602
643. Epilepsy: basic mechanisms V.............................................. 1606
644. Genetic models IV............................................................... 1609
645. Invertebrate learning and behavior IV................................. 1610
646. Biological rhythms and sleep: experience and adenosine in

sleep......................................................................................1613
647. Learning and memory: systems and functions—amygdala and

conditioned fear..................................................................... 1616
648. Learning and memory: systems and functions—conditioned

fear........................................................................................ 1619
649. Learning and memory: systems and functions—hippocampus

and spatial learning I.............................................................1622
650. Learning and memory: systems and functions—hippocampus

and spatial learning II...........................................................1625
651. Cognition: higher functions—language: auditory.................1628
652. Neural basis of behavior: cognition—attention: attention to

objects and features...............................................................1630
653. Neural basis of behavior: cognition—attention: visuospatial

orienting............................................................................... 1632
654. Cognition: language—mapping and aphasia studies.......... 1635
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655. Brain metabolism and blood flow: diseases.........................1637
656. Brain metabolism and blood flow: somatosensory and

others...................................................................................... 1638
657. Limbic system and hypothalamus: theta rhythm...................1640
658. Circuitry and pattern generation: invertebrates 1...................1641
659. Circuitry and pattern generation: invertebrates II.................1644
660. Oculomotor system: eye and head movement.....................1647
661. Oculomotor system: brainstem and cerebellum...................1651
662. Dopamine and DA receptors II............................................1653
663. Basal ganglia: electrophysiology..........................................1655
664. Cerebral cortex: cellular and circuit properties.....................1659
665. Cerebral cortex: primary motor............................................ 1661
666. Central auditory physiology: thalamus, cortex, imaging . . . 1665
667. Auditory, vestibular and lateral lines: hair cells and ganglion

cells........................................................................................ 1668
668. Pain modulation: hyperalgesia and dorsal horn.....................1671
669. Pain modulation: brainstem organization............................. 1674
670. Pain modulation: descending control....................................1676
671. Pain pathways: neuropathic pain..........................................1678
672. Pain pathways: trigeminal.................................................... 1681
673. Somatosensory cortex and thalamocortical

relationships V....................................................................... 1683
674. Gastrointestinal and urogenital regulation:

pathophysiology..................................................................... 1686
675. Neuroendocrine regulation: pituitary control and other. . . . 1689
676. Osmotic and thermal regulation and fever........................... 1692
677. Signal transduction: gene expression—neurotrophic factor:

mediated transcription...........................................................1695
678. Transporters: serotonin...........................................................1699
679. Transmitters in invertebrates II.............................................. 1702
680. Opiate receptors: mu II.........................................................1705
681. GABA receptors: molecular biology......................................1709
682. Excitatory amino acid receptors: ligand-gated

channels VII............................................................................1713
683. Excitatory amino acid receptors: ligand-gated

channels VIII..........................................................................1717
684. Acetylcholine receptors: nicotinic VI....................................1720
685. Acetylcholine receptors: muscarinic 1....................................1723
686. Potassium channels: modulation............................................1726
687. Sodium channels: molecular studies I................................. 1730
688. Sodium channels: molecular studies II................................. 1732
689. Synaptic plasticity: long-term potentiation IX.....................1734
690. Synaptic plasticity: long-term potentiation X.......................1736
691. Excitatory postsynaptic mechanisms: spike generation and

firing...................................................................................... 1739
692. Presynaptic mechanisms: presynaptic protein

machinery I............................................................................1742
693. Presynaptic mechanisms: presynaptic protein

machinery II..........................................................................1745
694. Presynaptic mechanisms: presynaptic protein

machinery III..........................................................................1748
695. Gene structure and function: transcription factors and

identification of regulatory sequences..................................... 1751
696. Gene structure and function: detection and regulation of gene

expression changes................................................................. 1754
697. Blood brain barrier I.............................................................1756

698. Blood brain barrier II.............................................................1758
699. Blood brain barrier III...........................................................1761
700. Neuroglia and myelin VII.................................................... 1764
701. Transplantation: stem cells.................................................... 1766
702. Visual system development: gene expression.......................1768
703. Functional and structural responses to injury in developing

sensory systems..................................................................... 1770
704. Neuronal death: spinal cord.................................................. 1772
705. Neuronal death: development................................................ 1775
706. Neuronal death: cerebellum.................................................. 1778
707. Neurotrophic factors: receptors and cellular

mechanisms VI................................................................... 1781
708. Effects of neurotrophins on proliferation, differentiation and

early development.................................................................1783
709. Expression and regulation of neurotrophic factors:

neurotrophins III................................................................... 1785
710. Neurotransmitter and channels glutamate: GABA and

glycine....................................................................................1787
711. Axon guidance mechanisms and pathways IV.....................1790
712. Glia and other non-neuronal cell specification and differentiation:

glial reactivity......................................................................... 1793

(History and Teaching Posters will be posted the entire week.)
103. History of neuroscience............................................................... 256
104. Teaching of neuroscience.............................................................261

Symposia—1:00 P.M.
713. Basic Neurobiologic Mechanisms Regulating Sleep

Chaired by: M. GILLETTE.................................................. 1795
714. Genetic and Pharmacologic Approaches to Neuropeptide

Function
Chaired by: I. LINDBERG.................................................. 1795

Slide Sessions—1:00 P.M.
715. Synaptic mechanisms.............................................................1795
716. Neuro-oncology..................................................................... 1797
717. Neuropsychiatric disorders III.............................................. 1798
718. Degenerative disease: Alzheimer’s—other:

neuropathology..................................................................... 1800
719. Trauma: basic mechanisms of nervous system injury........ 1802
720. Degenerative disease: Alzheimer's—beta amyloid: interacting

proteins and fibrillogenesis.................................................. 1804
721. Visual system development: effects of electrical activity and

visual experience II...............................................................1806
722. GABA receptors I.................................................................1808
723. Second messengers and phosphorylation: general.................1810
724. Cognition: language—imaging.............................................. 1812
725. Learning and memory: physiology........................................1814
726. Gene structure and function.................................................. 1816

Poster Sessions—1:00 P.M.
727. Pharmacological agents: antipsychotics—glutaminergic and

pathological effects...............................................................1817
728. Drugs of abuse: amphetamines—monoaminergic

mechanisms..............................................  1819
729. Drugs of abuse: amphetamines—methamphetamine:

pharmacology....................................................................... 1821
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730. Neurotoxicity: exogenous toxins I......................................1824
731. Neurotoxicity: exogenous toxins II........................................1826
732. Neurotoxicity: heavy metals.................................................. 1829
733. Neuropsychiatric disorders: pharmacology........................... 1832
734. Neuromuscular diseases: ALS.............................................. 1834
735. Neuromuscular diseases.........................................................1838
736. Ischemia: nitric oxide and free radicals............................. 1841
737. Ischemia: metabolism, mitochondria and zinc.....................1845
738. Ischemia: hormones, cytokines and growth factors.............. 1848
739. Degenerative disease: other XI ............................................1852
740. Degenerative disease: Alzheimer’s—presenilin: PS animal

models.................................................................................... 1856
741. Degenerative disease: Alzheimer's—beta amyloid: animal

models—AB deposition.........................................................1857
742. Degenerative disease: Alzheimer's—beta amyloid: animal

models—behavior................................................................. 1860
743. Excitatory amino acids: excitotoxicity and cell 1860

death VI.................................................................................. 1863
744. Epilepsy: anticonvulsant drugs..............................................1867
745. Epilepsy: basic mechanisms VI............................................1869
746. Behavioral pharmacology: drug discrimination and

reward.................................................................................... 1871
747. Behavioral pharmacology: locomotion and arousal.......... 1875
748. Reproductive behavior: neurotransmitters........................... 1879
749. Ingestive behaviors: nonpeptide mediators........................... 1882
750. Biological rhythms and sleep: neurotransmitters...................1886
751. Learning and memory: systems and functions—

thalamus................................................................................1889
752. Learning and memory: systems and functions—

development..........................................................................1891
753. Cognition: higher functions—motor and tactile...................1893
754. Neural basis of behavior: cognition—attention: rodent models

of attention..............................................................................1895
755. Cognition: human learning and memory—implicit memory and

priming..................................................................................1896
756. Cognition: human learning and memory—motor and skill

learning..................................................................................1897
757. Limbic system and hypothalamus II......................................1900
758. Circuitry and pattern generation: vertebrate locomotion . . . 1903
759. Circuitry and pattern generation: vertebrates, network and data

analysis..................................................................................1907
760. Posture and movement: reach and grasp II........................... 1910
761. Posture and movement: reach and grasp III.........................1913
762. Spinal cord and brainstem: neurotransmitters.......................1916
763. Oculomotor system: superior colliculus, substantia nigra and

models.................................................................................... 1919
764. Basal ganglia: anatomy.........................................................1922
765. Basal ganglia: neural activity and circuits............................. 1926
766. Visual cortex: extrastriate—mapping and connectivity .... 1929
767. Visual cortex: striate—response properties, analysis methods

and models..............................................................................1931
768. Visual cortex: striate—plasticity............................................1936
769. Subcortical visual pathways: superior colliculus and

tectum.................................................................................... 1938
770. Pain modulation: pharmacology—adrenergic

peripheral/central................................................................... 1940

771. Pain modulation: pharmacology—GABApentin and
others...................................................................................... 1943

772. Pain modulation: pharmacology—growth factors.................1945
773. Pain modulation: pharmacology—Na+/GABA ...................1947
774. Cardiovascular regulation: central control V................... .. . 1948
775. Cardiovascular regulation: central control VI............. 1952
776. Cardiovascular regulation: central control VII ......................1955
777. HPG regulation IV................................................................. 1958
778. Signal transduction: gene expression—other transcription

factors.......................................................................  1961
779. Transporters: norepinephrine................................................ 1962
780. Transporters: vesicular. ............................................  1965
781. Transmitters in invertebrates III..........................................  1966
782. Peptide receptor structure and function: expression, evolution

and others...........................................................................   1968
783. GABA I..................................................................................1972
784. GABA receptors: anatomy.....................................................1974
785. Excitatory amino acid receptors: ligand-gated

channels IX............................................................................1977
786. Acetylcholine receptors: nicotinic VII..................................1980
787. Acetylcholine receptors: muscarinic II...........................  1983
788. Potassium channels: pharmacology.................................. . 1985
789. Potassium channels: expression I.......................................... 1987
790. Calcium channels: homeostasis............................................ 1989
791. Calcium channels: store-operated and capacitative...............1990
792. Synaptic plasticity: modulation............................................ 1991
793. Synaptic plasticity: presynaptic mechanisms........................ 1994
794. Gene structure and function: cloning, gene characterization and

miscellaneous........................................................................1997
795. Gene structure and function: gene manipulation by various

techniques............................................................................ 2001
796. Membrane structure and function: transport and synaptic

organization.........................................................................   2003
797. Neuroglia and myelin VIII................................................... 2006
798. Transplantation: gene delivery............................................  2009
799. Motor systems: mouse models..............................................2010
800. Neuronal death: neurodegeneration I................................... 2012
801. Neuronal death: neurodegeneration II................................... 2015
802. Nutritional and prenatal factors...........................................2019
803. Neurotrophic factors: receptors and cellular

mechanisms VII...................................................................  2023
804. Expression and regulation of trophic factors: cytokines and

others III.............................................................................. 2025
805. Dendritic development......................................................... 2028
806. Process outgrowth, growth cones and sprouting: sprouting and

regeneration.......................................................................... 2029
807. Process outgrowth, growth cones and sprouting: neurite

outgrowth............................................................................ 2033
808. Cell migration III.................................................................  2035
809. Glia and other non-neuronal cell specification and differentiation:

cell lineage...........................................................................  2037
810. Glia and other non-neuronal cell specification and differentiation:

oligodendrocytes and Schwann cells...................................... 2039
811. Neuronal specification and differentiation: gene

isolation................................................................................ 2042
812. Proliferation: extracellular signals......................................  2043
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(History and Teaching Posters will be posted the entire week.)
103. History of neuroscience..............................................................256
104. Teaching of neuroscience........................................................... 261

Thursday , October  28,1999

Symposia—8:00 A.M.
813. Localization of Ion Channels in Myelinated Axons

Chaired by: J.L. SALZER..................................................  2047
814. Exciting New Advances in Pain Research and Treatment Using 

Receptor Internalization Technologies
Chaired by. D.A. THOMAS................................................  2047

Slide Sessions—8:00 A.M.
815. Neuropsychiatric disorders: schizophrenia, depression and drug

mechanisms.......................................................................... 2047
816. Drugs of abuse: alcohol.......................................................2049
817. Ischemia: ischemic tolerance and neuroprotection............. 2050
818. Degenerative disease: Alzheimer's—beta amyloid: animal

models—neurotoxicity......................................................... 2052
819. Parkinson's disease VIII....................................................... 2055
820. Neuronal death: mitochondria, nitric oxide and estrogen . . 2057
821. Visual cortex: extrastriate—functional organization........... 2059
822. GABA receptors II...............................................................  2061
823. Staining, tracing and imaging techniques...........................  2063
824. Biological rhythms and sleep: rhythms................................ 2064
825. Stress.............................................................   2066
826. Cognition: human learning and memory—procedural

memory................................................................................  2067
827. Presynaptic mechanisms: molecular bases of transmitter

release..................................................................................  2069

Poster Sessions—8:00 A.M.
828. Aging V................................................................................  2071
829. Pharmacological agents: St. John's Wort and Ginseng .... 2072
830. Pharmacological agents: clinical, neuropathological and animal

studies of schizophrenia ..................................................... 2073
831. Drugs of abuse: others—NMDA antagonists and

cannabinoids........................................................................ 2076
832. Drugs of abuse: cocaine—prenatal exposure.....................  2078
833. Drugs of abuse: amphetamines—behavioral studies........... 2081
834. Neuro-oncology: treatment approaches................................ 2083
835. Neuro-oncology: pathogenesis..............................................2085
836. Neurotoxicity: Dopa, vulnerability of striatum, NPA,

methamphetamine...............................................................  2087
837. Neurotoxicity: oxidative stress............................................  2090
838. Neuropsychiatric disorders: other disorders.......................  2094
839. Neuropsychiatric disorders: depression................................ 2095
840. Neuropsychiatric disorders: imaging.................................. 2099
841. Ischemia: calcium homeostasis..............................................2100
842. Ischemia: excitability changes..............................................2104
843. Ischemia: non-neuronal cells................................................2106
844. Degenerative disease: other XII............................................2110
845. Parkinson's disease: physiology........................................... 2112
846. Parkinson's disease IX.......................................................... 2114

847. Degenerative disease: Alzheimer's—neuropharmacology and
neurotransmitters 1............................................................... 2116

848. Degenerative disease: Alzheimer's—neuropharmacology and
neurotransmitters II........ ................................................ 2119

849. Degenerative disease: Alzheimer's—presenilin: expression,
toxicity and other.................................................................2122

850. Degenerative disease: Alzheimer's—beta amyloid:
neurotoxicity........................................................................2124

851. Degenerative disease: Alzheimer's—beta amyloid: clearance and
degradation..........................................................................2127

852. Degenerative disease: Alzheimer's—beta amyloid:
fibrillogenesis..................................................................... 2129

853. Excitatory amino acids: excitotoxicity and cell
death VII............................................................................... 2130

854. Behavioral pharmacology: anxiety and depression............... 2132
855. Monoamines and behavior: social behaviors and

disorders............................................................................... 2136
856. Ingestive behaviors: CNS pathways..................................... 2140
857. Biological rhythms and sleep: cholinergics and NDS in

sleep..................................................................................... 2142
858. Motivation and emotion: clinical studies.............................2146
859. Motivation and emotion: limbic pathways...........................2149
860. Learning and memory: pharmacology, NO stress, abuse and

other..................................................................................... 2153
861. Learning and memory: physiology—other...........................2156
862. Learning and memory: systems and functions—hippocampus

and spatial learning III.......................................................... 2158
863. Learning and memory: systems and functions—

hormones............................................................................... 2161
864. Learning and memory: systems and functions—hippocampus,

aging and spatial learning......................................................2163
865. Neural basis of behavior: cognition—attention: divided

attention, response selection and interference...................... 2166
866. Cognition: language—other..................................................2169
867. Limbic system and hypothalamus III................................... 2171
868. Invertebrate motor and sensory systems III.........................2173
869. Motor learning and development......................................... 2176
870. Posture and movement: sensorimotor integration................ 2179
871. Chemical senses: taste.......................................................... 2182
872. Chemical senses: piriform cortex......................................... 2186
873. Sensory systems: visual psychophysics—other.................... 2187
874. Visual cortex: striate—synapses and circuits...................... 2189
875. Retina and photoreceptors: pathophysiology and

disease................................................................................... 2192
876. Somatosensory cortex and thalamocortical

relationships VI..........................................................  2194
877. Cardiovascular regulation: peripheral control.......................2197
878. Neuroendocrine regulation: other........................................  2200
879. Second messengers and phosphorylation: neurotrophic signaling

pathways.............................................................................. 2202
880. Second messengers and phosphorylation: phospholipid

signaling.............................................................................. 2205
881. Transporters: other............................................................... 2207
882. Interactions between neurotransmitters: dopamine.............. 2210
883. Opiate receptors: delta, mu....................................................2215
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884. Peptides: anatomy and physiology III................................... 2217
885. Peptides: anatomy and physiology IV...............................  2221
886. Peptides: biosynthesis metabolism and biochemical

characterization...................................................................  2223
887. GABA II.............................................................................. 2227
888. Excitatory amino acids 1....................................................... 2229
889. Excitatory amino acids II..................................................... 2232
890. Excitatory amino acids III..................................................  2234
891. Acetylcholine receptors: nicotinic VIII...............................  2238
892. Acetylcholine receptors: nicotinic IX.................................. 2240
893. Other ion channels...............................................................  2242
894. Potassium channels: expression II...................................... 2246
895. Calcium channels: modulation............................................  2249
896. Calcium channels: pharmacology........................................ 2253
897. Ligand-gated ion channels: protons, cyclic nucleotides, and

vanilloids.............................................................................. 2254
898. Synaptic plasticity: neuronal models.................................. 2256
899. Excitatory postsynaptic mechanisms: modulation............... 2259
900. Transplantation: sensory systems........................................ 2262
901. Visual system development: circuit assembly and

models....................................................................................2263
902. Cerebral cortex and limbic system: cat, monkey and

human..................................................................................  2265
903. Cerebral cortex and limbic system: electrophysiology and

response to injury.................................................................  2267

904. Gene and protein expression in sensory systems during normal
development and following injury......................................  2269

905. Motor systems: various species..........................................  2271
906. Neuronal death: other........................................................... 2272
907. Neurotrophic factors: receptors and cellular

mechanisms VIII.................................................................  2275
908. Other factors: neurophysiological effects and intracellular

signaling.............................................................................. 2277
909. Neurotrophins, biodelivery, disease states and behavior . . . 2279
910. Specificity in pattern of connections.................................... 2282
911. Adhesion molecules............................................................. 2284
912. Process outgrowth, growth cones and sprouting:

dendrites.............................................................................. 2286
913. Process outgrowth, growth cones and sprouting:

GAP-43................................................................................. 2287
914. Neuronal specification and differentiation: human stem

cells......................................................................................  2289
915. Neuronal specification and differentiation: peripheral nervous

system.................................................................................. 2290
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Activity in sensory system development: effects and mechanisms .
Adhesion molecules .....................................................................
Axon guidance mechanisms and pathways I...............................
Axon guidance mechanisms and pathways II .............................
Axon guidance mechanisms and pathways III.............................
Axon guidance mechanisms and pathways IV.............................
Axon guidance mechanisms and pathways: semaphorins,
neurophilins, ephrins and Eph receptors ......................................
Cell migration I ............................................................................
Cell migration II............................................................................
Cell migration III ..........................................................................
Cell migration: cell adhesion.........................................................
Cerebral cortex and limbic system ..............................................
Cerebral cortex and limbic system: cat, monkey and human ....
Cerebral cortex and limbic system: early development I.............
Cerebral cortex and limbic system: early development II ..........
Cerebral cortex and limbic system: electrophysiology and
response to injury..........................................................................
Dendritic development .................................................................
Development of peripheral synapses............................................
Development of the neuromuscular junction: modulatory
influences and signaling ...............................................................
Development of the neuromuscular junction: receptor clustering . 
Developmental disorders: clinical syndromes and related studies 
Developmental disorders: environmental and genetic models . . . 
Effects of neurotrophins on development and plasticity of
connections....................................................................................
Effects of neurotrophins on proliferation, differentiation and early
development..................................................................................
Effects of neurotrophins on synaptic function.............................
Expression and regulation of neurotrophic factors: neurotrophins I . 
Expression and regulation of neurotrophic factors: neurotrophins II

Expression and regulation of trophic factors: cytokines and others II 
Expression and regulation of trophic factors: cytokines and others III 
Function of developing synapses and molecules guiding synapse
formation ......................................................................................
Functional and structural responses to injury in developing
sensory systems ............................................................................
Functional studies of developing synapses ..................................
Gene and protein expression in sensory systems during normal
development and following injury................................................
Glia and other non-neuronal cell specification and differentiation 
Glia and other non-neuronal cell specification and differentiation:
astroglia ..................................................................................
Glia and other non-neuronal cell specification and differentiation:
microglia ................................................................................
Glia and other non-neuronal cell specification and differentiation:
oligodendrocytes and Schwann cells......................................
Glia and other non-neuronal cell specification and differentiation: 
cell lineage..............................................................................
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712. Glia and other non-neuronal cell specification and differentiation: 
glial reactivity.................................................................................. Poster Wed AM

197. Hormones and development: estrogen and maternal influences . . . Poster Sun PM
507. Hormones and development: spinal cord and more....................... Poster Tue AM
92. Hormones and development: structure .......................................... Poster Sun AM
91. Motor systems ................................................................................ Poster Sun AM

799. Motor systems: mouse models ...................................................... Poster Wed PM
905. Motor systems: various species...................................................... Poster Thu AM
414. Neural induction and patterning I .................................................. Poster Mon PM
613. Neural induction and patterning II ................................................ Poster Tue PM
205. Neural induction and regional patterning: signals and transcription 

factors ............................................................................................... Poster Sun PM
224. Neural patterning, specification, proliferation and differentiation . Slide Mon AM
303. Neuregulin ...................................................................................... Poster Mon AM
299. Neuronal death: axotomy ............................................................... Poster Mon AM
706. Neuronal death: cerebellum ........................................................... Poster Wed AM
705. Neuronal death: development........................................................ Poster Wed AM
607. Neuronal death: growth factors...................................................... Poster Tue PM
223. Neuronal death: growth factors and apoptosis............................... Slide Mon AM
298. Neuronal death: hypoxia and ischemia .......................................... Poster Mon AM
820. Neuronal death: mitochondria, nitric oxide and estrogen............... Slide Thu AM
605. Neuronal death: molecular mechanisms ........................................ Poster Tue PM
800. Neuronal death: neurodegeneration I.............................................. Poster Wed PM
906. Neuronal death: other..................................................................... Poster Thu AM
606. Neuronal death: oxidative stress, zinc and mitochondria............... Poster Tue PM
116. Neuronal death: signal transduction and apoptosis ....................... Slide Sun PM
704. Neuronal death: spinal cord ........................................................... Poster Wed AM
513. Neuronal specification and differentiation: cortex......................... Poster Tue AM
811. Neuronal specification and differentiation: gene isolation............. Poster Wed PM
914. Neuronal specification and differentiation: human stem cells .... Poster Thu AM
512. Neuronal specification and differentiation: intracellular signaling . Poster Tue AM
915. Neuronal specification and differentiation: peripheral nervous 

system ............................................................................................ Poster Thu AM
412. Neuronal specification and differentiation: regulation at the 

cell surface...................................................................................... Poster Mon PM
100. Neuronal specification and differentiation: regulation of gene ■

expression II.................................................................................... Poster Sun AM
413. Neuronal specification and differentiation: signals ....................... Poster Mon PM
204. Neuronal specification and differentiation: specific cell types .... Poster Sun PM
611. Neuronal specification and differentiation: stem cells................... Poster Tue PM
101. Neuronal specification and differentiation: transcription factors . . Poster Sun AM
201. Neurotransmitter and channels I.................................................... Poster Sun PM
408. Neurotransmitter and channels II .................................................. Poster Mon PM
710. Neurotransmitter and channels glutamate: GABA and glycine . . . Poster Wed AM
423. Neurotrophic factors and cytokines: regulation and cellular 

mechanisms .................................................................................... Slide Tue AM
93. Neurotrophic factors: receptors and cellular mechanisms I .......... Poster Sun AM
198. Neurotrophic factors: receptors and cellular mechanisms II.......... Poster Sun PM
300. Neurotrophic factors: receptors and cellular mechanisms III........ Poster Mon AM
404. Neurotrophic factors: receptors and cellular mechanisms IV........ Poster Mon PM
608. Neurotrophic factors: receptors and cellular mechanisms V.......... Poster Tue PM
707. Neurotrophic factors: receptors and cellular mechanisms VI........ Poster Wed AM
803. Neurotrophic factors: receptors and cellular mechanisms VII .... Poster Wed PM
907. Neurotrophic factors: receptors and cellular mechanisms VIII .... Poster Thu AM
95. Neurotrophin signaling................................................................... Poster Sun AM

302. Neurotrophins and cell survival....................................................... Poster Mon AM
199. Neurotrophins in injury responses and regeneration ..................... Poster Sun PM
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909. Neurotrophins, biodelivery, disease states and behavior ............... Poster Thu AM
802. Nutritional and prenatal factors....................................................... Poster Wed PM
908. Other factors: neurophysiological effects and intracellular 

signaling........................................................................................... Poster Thu AM
118. Other neurotrophic factors: cell survival, injury responses and 

intracellular signaling..................................................................... Slide Sun PM
405. Other neurotrophic factors: disease states, metabolic effects and 

biodelivery...................................................................................... Poster Mon PM
301. Other neurotrophic factors: effects on neuron survival and

neurite growth.................................................................................. Poster Mon AM
609. Other neurotrophic factors: injury responses and regeneration .... Poster Tue PM
94. Other neurotrophic factors: localization and effects on proliferation 

and differentiation............................................................................ Poster Sun AM
271. Pain modulation: anatomy and physiology—substance P

and NK-1 ........................................................................................ Poster Mon AM
510. Postsynaptic proteins in developing synapses ............................... Poster Tue AM
304. Presynaptic elements........................................................................ Poster Mon AM

9. Process outgrowth, growth cones and sprouting I......................... Slide Sun AM
306. Process outgrowth, growth cones and sprouting II ....................... Poster Mon AM
913. Process outgrowth, growth cones and sprouting: GAP-43............. Poster Thu AM
411. Process outgrowth, growth cones and sprouting: cytoskeleton .... Poster Mon PM
912. Process outgrowth, growth cones and sprouting: dendrites .......... Poster Thu AM
410. Process outgrowth, growth cones and sprouting: growth cones . . . Poster Mon PM
807. Process outgrowth, growth cones and sprouting: neurite outgrowth Poster Wed PM
806. Process outgrowth, growth cones and sprouting: sprouting •

and regeneration.............................................................................. Poster Wed PM
102. Proliferation.................................................................................... Poster Sun AM
297. Proliferation, differentiation and anatomical development of 

sensory systems .............................................................................. Poster Mon AM
812. Proliferation: extracellular signals.................................................. Poster Wed PM
612. Proliferation: intracellular mechanisms.......................................... Poster Tue PM
603. Regeneration: anatomical and physiological changes ................... Poster Tue PM
295. Regeneration: effects of glia........................................................... Poster Mon AM
402. Regeneration: effects of myelin and grafts .................................... Poster Mon PM
88. Regeneration: gene expression I..................................................... Poster Sun AM

.89. Regeneration: gene expression II .................................................. Poster Sun AM
505. Regeneration: gene expression III.................................................. Poster Tue AM
194. Regeneration: neurons, GAP-43 and other factors......................... Poster Sun PM
193. Regeneration: trophic factors, grafts and function......................... Poster Sun PM
910. Specificity in pattern of connections.............................................. Poster Thu AM
208. Synapse Elimination: A Molecular Perspective ......................... Symp Mon AM
87. Transplantation I....................... ...................................................... Poster Sun AM

528. Transplantation II............................................................................ Slide Tue PM
798. Transplantation: gene delivery ....................................................... Poster Wed PM
86. Transplantation: human cells........................................................... Poster Sun AM

294. Transplantation: models of Parkinson's disease............................. Poster Mon AM
602. Transplantation: models of human diseases.................................... Poster Tue PM
900. Transplantation: sensory systems .................................................. Poster Thu AM
85. Transplantation: spinal cord ........................................................... Poster Sun AM

701. Transplantation: stem cells ............................................................. Poster Wed AM
901. Visual system development: circuit assembly and models............. Poster Thu AM
604. Visual system development: effects of electrical activity and 

visual experience I .......................................................................... Poster Tue PM
721. Visual system development: effects of electrical activity and visual 

experience II.................................................................................... Slide Wed PM
403. Visual system development: effects of transmitters, transmitter 

receptors, nitric oxide..................................................................... Poster Mon PM
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702. Visual system development: gene expression ............................... Poster Wed AM
506. Visual system development: receptive field properties, synaptic

physiology and spontaneous activity.............................................. Poster Tue AM
195. Visual system development: responses to injury and lesions,

plasticity and recovery of function ................................................ Poster Sun PM

Theme  B: Cell  Biology

697. Blood brain barrier I....................................................................... Poster Wed AM
698. Blood brain barrier II ..................................................................... Poster Wed AM
699. Blood brain barrier III..................................................................... Poster Wed AM
614. Dendritic Protein Synthesis: Implications for Synaptic

Development and Plasticity ................................................................ Symp Wed AM
726. Gene structure and function ........................................................... Slide Wed PM
794. Gene structure and function: cloning, gene characterization and

miscellaneous.................................................................................. Poster Wed PM
696. Gene structure and function: detection and regulation of gene

expression changes......................................................................... Poster Wed AM
795. Gene structure and function: gene manipulation by various

techniques........................................................................................ Poster Wed PM
695. Gene structure and function: transcription factors and identification

of regulatory sequences................................................................... Poster Wed AM
400. Membrane structure and cytoskeleton: traffic, turnover and

development.................................................................................... Poster Mon PM
796. Membrane structure and function: transport and synaptic

organization .................................................................................... Poster Wed PM
2. Molecular Mechanisms of Cell Death ............................................. Symp Sun AM

83. Neuroglia and myelin I................................................................... Poster Sun AM
190. Neuroglia and myelin II ................................................................. Poster Sun PM
292. Neuroglia and myelin III................................................................. Poster Mon AM
401. Neuroglia and myelin IV ............................................................... Poster Mon PM
504. Neuroglia and myelin V ................................................................. Poster Tue AM
600. Neuroglia and myelin VI................................................................. Poster Tue PM
700. Neuroglia and myelin VII............................................................... Poster Wed AM
797. Neuroglia and myelin VIII ............................................................. Poster Wed PM
823. Staining, tracing and imaging techniques ...................................... Slide Thu AM
84. Staining, tracing and imaging techniques: ICC, insites and gene

transfer............................................................................................ Poster Sun AM
293. Staining, tracing and imaging techniques: optics and dyes .......... Poster Mon AM
601. Staining, tracing and imaging techniques: reconstruction ............ Poster Tue PM

Theme  C: Excitable  Membranes  and  Synaptic
Transmission

310. Astrocytes as Active Participants in Synaptic Transmission .., Symp Mon PM
431. Calcium channels ........................................................................... Slide Tue AM
286. Calcium channels and diseases...................................................... . Poster Mon AM
79. Calcium channels: T-type ................................................................ Poster Sun AM

790. Calcium channels: homeostasis...................................................... . Poster Wed PM
895. Calcium channels: modulation ...................................................... . Poster Thu AM
78. Calcium channels: molecular studies.............................................. . Poster Sun AM

896. Calcium channels: pharmacology ................................................ . Poster Thu AM
287. Calcium channels: physiological studies...................................... . Poster Mon AM
791. Calcium channels: store-operated and capacitative ..................... . Poster Wed PM
399. Excitatory postsynaptic mechanisms............................................ . Poster Mon PM
82. Excitatory postsynaptic mechanisms: glutamate receptors.......... . Poster Sun AM

899. Excitatory postsynaptic mechanisms: modulation....................... . Poster Thu AM
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185. Excitatory postsynaptic mechanisms: protein dynamics................. Poster Sun PM
186. Excitatory postsynaptic mechanisms: protein-protein interactions . Poster Sun PM
691. Excitatory postsynaptic mechanisms: spike generation and firing . Poster Wed AM
499. Inhibitory postsynaptic mechanisms I............................................ Poster Tue AM
597. Inhibitory postsynaptic mechanisms II .......................................... Poster Tue PM
500. Inhibitory postsynaptic mechanisms: calcium dynamics ............... Poster Tue AM
181. Ligand-gated ion channels: P2X receptor ...................................... Poster Sun PM
80. Ligand-gated ion channels: glutamate receptors ........................... Poster Sun AM
180. Ligand-gated ion channels: glycine and GABA^ receptors.......... Poster Sun PM
81. Ligand-gated ion channels: nicotinic ACh and 5HT3 receptors . . . Poster Sun AM

897. Ligand-gated ion channels: protons, cyclic nucleotides, and
vanilloids ........................................................................................ Poster Thu AM

813. Localization of Ion Channels in Myelinated Axons..................... Symp Thu AM
3. Mechanisms Underlying Pacemaker Activity in Neuronal

Networks................................................................................................... Symp Sun AM
105. Of Calcium Channels, Mice, Migraines, and Mutations............ Symp Sun PM
893. Other ion channels .......................................................................... Poster Thu AM
213. Potassium channels.......................................................................... Slide Mon AM
789. Potassium channels: expression I .................................................. Poster Wed PM
894. Potassium channels: expression II.................................................. Poster Thu AM
396. Potassium channels: gating............................................................. Poster Mon PM
498. Potassium channels: inward rectifiers ............................................ Poster Tue AM
686. Potassium channels: modulation.................................................... Poster Wed AM
788. Potassium channels: pharmacology................................................ Poster Wed PM
77. Potassium channels: physiology I.................................................. Poster Sun AM
179. Potassium channels: physiology II ................................................ Poster Sun PM
395. Potassium channels: protein interactions........................................ Poster Mon PM
501. Presynaptic mechanisms: calcium and other modulars I ............... Poster Tue AM
502. Presynaptic mechanisms: calcium and other modulars II............... Poster Tue AM
503. Presynaptic mechanisms: calcium and other modulars III............. Poster Tue AM
323. Presynaptic mechanisms: electrophysiological investigations . . . . Slide Mon PM
598. Presynaptic mechanisms: modulation of transmitter release ........ Poster Tue PM
827. Presynaptic mechanisms: molecular bases of transmitter release . . Slide Thu AM
187. Presynaptic mechanisms: physiology, biophysics and imaging I . . Poster Sun PM
188. Presynaptic mechanisms: physiology, biophysics and imaging II. . Poster Sun PM
189. Presynaptic mechanisms: physiology, biophysics and imaging III . Poster Sun PM
692. Presynaptic mechanisms: presynaptic protein machinery I .......... Poster Wed AM
693. Presynaptic mechanisms: presynaptic protein machinery II.......... Poster Wed AM
694. Presynaptic mechanisms: presynaptic protein machinery III........ Poster Wed AM
599. Presynaptic mechanisms: receptor modulation of transmitter

release ............................................................................................. Poster Tue PM
288. Sodium channels: modulation......................................................... Poster Mon AM
687. Sodium channels: molecular studies I............................................ Poster Wed AM
688. Sodium channels: molecular studies II .......................................... Poster Wed AM
289. Sodium channels: physiological studies ........................................ Poster Mon AM
715. Synaptic mechanisms ..................................................................... Slide Wed PM
515. Synaptic Organizing Molecules ..................................................... Symp Tue PM
117. Synaptic plasticity I ....................................................................... Slide Sun PM
314. Synaptic plasticity II....................................................................... Slide Mon PM
529. Synaptic plasticity III ..................................................................... Slide Tue PM
182. Synaptic plasticity: long-term potentiation I ................................. Poster Sun PM
183. Synaptic plasticity: long-term potentiation II................................. Poster Sun PM
184. Synaptic plasticity: long-term potentiation III............................... Poster Sun PM
290. Synaptic plasticity: long-term potentiation IV............................... Poster Mon AM
689. Synaptic plasticity: long-term potentiation IX............................... Poster Wed AM
291. Synaptic plasticity: long-term potentiation V ............................... . Poster Mon AM
397. Synaptic plasticity: long-term potentiation VI............................... . Poster Mon PM

XXV



Thematic  List  of  Sessions

Day and TimeSession
Number Session Title Type Sun. Mon. Tue. Wed. Thu.

398. Synaptic plasticity: long-term potentiation VII .............................
596. Synaptic plasticity: long-term potentiation VIII.............................
690. Synaptic plasticity: long-term potentiation X ...............................
792. Synaptic plasticity: modulation......................................................
898. Synaptic plasticity: neuronal models..............................................
793. Synaptic plasticity: presynaptic mechanisms.................................

Theme  D: Neurotransmitters , Modulators , 
Transporters , and  Receptors

76. Acetylcholine I................................................................................
178. Acetylcholine II ..............................................................................
685. Acetylcholine receptors: muscarinic I............................................
787. Acetylcholine receptors: muscarinic II ..........................................
75. Acetylcholine receptors: nicotinic I................................................
114. Acetylcholine receptors: nicotinic II..............................................
394. Acetylcholine receptors: nicotinic III ............................................
497. Acetylcholine receptors: nicotinic IV ............................................
892. Acetylcholine receptors: nicotinic IX ............................................
595. Acetylcholine receptors: nicotinic V..............................................
684. Acetylcholine receptors: nicotinic VI ............................................
786. Acetylcholine receptors: nicotinic VII............................................
891. Acetylcholine receptors: nicotinic VIII..........................................
285. Adrenergic receptors.......................................................................
482. Cannabinoid receptor ligand...........................................................
585. Cannabinoid receptors ...................................................................
589. Catecholamine receptors: receptor interactions.............................
487. Catecholamines: enzyme regulation and mutation.........................
486. Catecholamines: norepinephrine....................................................
430. Catecholamines: receptors, synthesis and function .......................
284. Catecholamines: transport...............................................................
489. Dopamine receptors: DI and D5....................................................
386. Dopamine receptors: D2.................................................................
588. Dopamine receptors: D3 and D4....................................................
384. Dopamine: efflux characterization and measurement.....................
385. Dopamine: modulation by intracellular and extracellular

factors and drugs ............................................................................
488. Dopamine: pathways, currents and behavior.................................
17. Excitatory amino acid receptors ....................................................

391. Excitatory amino acid receptors: ligand-gated channels I ............
392. Excitatory amino acid receptors: ligand-gated channels II.............
495. Excitatory amino acid receptors: ligand-gated channels III..........
496. Excitatory amino acid receptors: ligand-gated channels IV..........
785. Excitatory amino acid receptors: ligand-gated channels IX..........
593. Excitatory amino acid receptors: ligand-gated channels V.............
594. Excitatory amino acid receptors: ligand-gated channels VI..........
682. Excitatory amino acid receptors: ligand-gated channels VII ........
683. Excitatory amino acid receptors: ligand-gated channels VIII........
176. Excitatory amino acid receptors: metabotropic I...........................
177. Excitatory amino acid receptors: metabotropic II .........................
393. Excitatory amino acid receptors: metabotropic III.........................
493. Excitatory amino acid receptors: metabotropic IV.........................
494. Excitatory amino acid receptors: metabotropic V .........................
888. Excitatory amino acids I.................................................................
889. Excitatory amino acids II ...............................................................
890. Excitatory amino acids III................................................ ..............
783. GABA I ..........................................................................................
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887. GABA II........................................................................................... Poster Thu AM
722. GABA receptors I............................................................................ Slide Wed PM
822. GABA receptors II .......................................................................... Slide Thu AM
784. GABA receptors: anatomy ............................................................. Poster Wed PM
492. GABA receptors: development....................................................... Poster Tue AM
681. GABA receptors: molecular biology.............................................. Poster Wed AM
592. GABA receptors: pharmacology..................................................... Poster Tue PM
491. GABA receptors: physiology ......................................................... Poster Tue AM
390. GABA receptors: second messengers ............................................ Poster Mon PM
389. GABA receptors: steroids, benzodiazepenes and ethanol............... Poster Mon PM
714. Genetic and Pharmacologic Approaches to Neuropeptide

Function........................................................................................... Symp Wed PM
882. Interactions between neurotransmitters: dopamine ....................... Poster Thu AM
481. Interactions between neurotransmitters: other............................... Poster Tue AM
73. Opiate receptors I............................................................................ Poster Sun AM

420. Opiate receptors II .......................................................................... Slide Tue AM
590. Opiate receptors III.......................................................................... Poster Tue PM
883. Opiate receptors: delta, mu............................................................. Poster Thu AM
490. Opiate receptors: kappa . ./.............................................................. Poster Tue AM
591. Opiate receptors: mu I . .................................................................. Poster Tue PM
680. Opiate receptors: mu II................................................................... Poster Wed AM
70. Other neurotransmitters: NO, histamine and purines..................... Poster Sun AM

172. Other neurotransmitters: other......................................................... Poster Sun PM
225. Peptide receptor structure and function.......................................... Slide Mon AM
782. Peptide receptor structure and function: expression, evolution

and others......................................................................................... Poster Wed PM
175. Peptide receptor structure and function: genetics and others ........ Poster Sun PM
74. Peptide receptor structure and function: orphan receptors and

others............................................................................................... Poster Sun AM
387. Peptides: anatomy and physiology I .............................................. Poster Mon PM
388. Peptides: anatomy and physiology II.............................................. Poster Mon PM
884. Peptides: anatomy and physiology III............................................ Poster Thu AM
885. Peptides: anatomy and physiology IV............................................ Poster Thu AM
886. Peptides: biosynthesis metabolism and biochemical characterization . Poster Thu AM
480. Second messengers and phosphorylation: Ca^+ signaling............. Poster Tue AM
65. Second messengers and phosphorylation: G protein signaling .... Poster Sun AM
383. Second messengers and phosphorylation: NO and cGMP signaling Poster Mon PM
282. Second messengers and phosphorylation: cAMP pathway signaling Poster Mon AM
723. Second messengers and phosphorylation: general......................... Slide Wed PM
879. Second messengers and phosphorylation: neurotrophic signaling

pathways........................................................................................... Poster Thu AM
880. Second messengers and phosphorylation: phospholipid signaling . Poster Thu AM
169. Second messengers and phosphorylation: protein phosphatases . . . Poster Sun PM
584. Second messengers and phosphorylation: regulation of receptor

sensitivity........................................................................................ Poster Tue PM
321. Serotonin receptors.......................................................................... Slide Mon PM
586. Serotonin receptors: 5HT1A—genetic analysis ............................. Poster Tue PM
587. Serotonin receptors: 5HT1A—pharmacology and cell biology .... Poster Tue PM
484. Serotonin receptors: 5HT2A ........................................................... Poster Tue AM
483. Serotonin receptors: 5HT2C............................................................. Poster Tue AM
485. Serotonin receptors: 5HT3-5HT7..................................................... Poster Tue AM
71. Serotonin: gene expression and neural modulation ....................... Poster Sun AM
72. Serotonin: metabolism and distribution.......................................... Poster Sun AM
173. Serotonin: neuroendocrine functions.............................................. Poster Sun PM
174. Serotonin: neurophysiology ........................................................... Poster Sun PM
283. Serotonin: transporters and antidepressants.................................... Poster Mon AM
281. Signal transduction: gene expression—API: mediated transcription . Poster Mon AM
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168. Signal transduction: gene expression—CRE-mediated transcription . 
677. Signal transduction: gene expression—neurotrophic factor:

Poster Sun PM

mediated transcription..................................................................... Poster Wed AM
778. Signal transduction: gene expression—other transcription factors . 
382. Signal transduction: gene expression—regulation of gene

Poster Wed PM

expression........................................................................................ Poster Mon PM
69. Transmitters in invertebrates I......................................................... Poster Sun AM

679. Transmitters in invertebrates II...................................................... Poster Wed AM
781. Transmitters in invertebrates III .................................................... Poster Wed PM
113. Transporters .................................................................................... Slide Sun PM
170. Transporters: EAAI ....................................................................... Poster Sun PM
171. Transporters: EAA II ..................................................................... Poster Sun PM
68. Transporters: GABA and glycine .................................................. Poster Sun AM
66. Transporters: dopamine I ............................................................... Poster Sun AM
67. Transporters: dopamine II............................................................... Poster Sun AM

779. Transporters: norepinephrine........................................................... Poster Wed PM
881. Transporters: other ......................................................................... Poster Thu AM
678. Transporters: serotonin................................................................... Poster Wed AM
780. Transporters: vesicular ................................................................... Poster Wed PM
421. Uptake and transporters: transporters ............................................ Slide Tue AM

Theme  E: Endocrine  and  Autonomic  Regulation

11. Cardiovascular regulation: central control I.................................... Slide Sun AM
222. Cardiovascular regulation: central control II................................. Slide Mon AM
474. Cardiovascular regulation: central control III ............................... Poster Tue AM
475. Cardiovascular regulation: central control IV ............................... Poster Tue AM
774. Cardiovascular regulation: central control V................................. Poster Wed PM
775. Cardiovascular regulation: central control VI ............................... Poster Wed PM
776. Cardiovascular regulation: central control VII............................... Poster Wed PM
877. Cardiovascular regulation: peripheral control ............................... Poster Thu AM
12. Degenerative disease: Alzheimer's—beta amyloid: neurotoxicity I Slide Sun AM

674. Gastrointestinal and urogenital regulation: pathophysiology........ Poster Wed AM
380. Gastrointestinal regulation ............................................................. Poster Mon PM
64. HPA regulation: central control....................................................... Poster Sun AM

280. HPA regulation: feedback control.................................................. Poster Mon AM
583. HPA regulation: plasticity and other .............................................. Poster Tue PM
320. HPG regulation I ........................................................................... Slide Mon PM
479. HPG regulation II........................................................................... Poster Tue AM
582. HPG regulation III ......................................................................... Poster Tue PM
777. HPG regulation IV ......................................................................... Poster Wed PM
624. Neural-immune interactions ........................................................... Slide Wed AM
476. Neural-immune interactions: CNS studies I.................................... Poster Tue AM
477. Neural-immune interactions: CNS studies II................................. Poster Tue AM
580. Neural-immune interactions: CNS studies III ............................... Poster Tue PM
277. Neural-immune interactions: disease processes............................. Poster Mon AM
381. Neural-immune interactions: immune cell regulation ................... Poster Mon PM
278. Neural-immune interactions: stress................................................ Poster Mon AM
675. Neuroendocrine regulation: pituitary control and other................. Poster Wed AM
166. Neuroendocrine regulation: energy balance.................................... Poster Sun PM
167. Neuroendocrine regulation: estrogen.............................................. Poster Sun PM
165. Neuroendocrine regulation: leptin.................................................. Poster Sun PM
279. Neuroendocrine regulation: magnocellular neurons....................... Poster Mon AM
581. Neuroendocrine regulation: neuroprotection and plasticity .......... Poster Tue PM
878. Neuroendocrine regulation: other .................................................. Poster Thu AM
478. Neuroendocrine regulation: prolactin ............................................ Poster Tue AM
676. Osmotic and thermal regulation and fever...................................... Poster Wed AM
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111. Respiratory regulation..................................................................... Slide Sun PM
377. Respiratory regulation: chemoregulation........................................ Poster Mon PM
378. Respiratory regulation: modulation of pattern............................... Poster Mon PM
379. Respiratory regulation: neuroanatomy............................................ Poster Mon PM
276. Respiratory regulation: pre-Botzinger complex and in vitro

studies ............................................................................................. Poster Mon AM
473. Urogenital regulation ..................................................................... Poster Tue AM

Theme  F: Sensory  Systems

514. Attention and Neglect .......................................................................... Symp Tue PM
571. Auditory systems: central anatomy................................................ Poster Tue PM
667. Auditory, vestibular and lateral lines: hair cells and ganglion cells Poster Wed AM
56. Auditory, vestibular and lateral lines: peripheral response

dynamics ......................................................................................... Poster Sun AM
156. Central auditory physiology: plasticity and development............... Poster Sun PM
267. Central auditory physiology: sound localization and frequency

tuning............................................................................................... Poster Mon AM
157. Central auditory physiology: spectro-temporal coding................... Poster Sun PM
666. Central auditory physiology: thalamus, cortex, imaging ............... Poster Wed AM
428. Chemical senses.............................................................................. Slide Tue AM
54. Chemical senses: invertebrate olfaction.......................................... Poster Sun AM
55. Chemical senses: olfactory bulb .................................................... Poster Sun AM
154. Chemical senses: olfactory receptors and epithelium..................... Poster Sun PM
155. Chemical senses: pheromones......................................................... Poster Sun PM
872. Chemical senses: piriform cortex .................................................. Poster Thu AM
871. Chemical senses: taste ................................................................... Poster Thu AM
814. Exciting New Advances in Pain Research and Treatment Using

Receptor Internalization Technologies ........................................... Symp Thu AM
615. Molecular, Cellular and Physiological Consequences of Stress . Symp Wed AM
272. Pain modulation: anatomy and physiology—nociceptors............... Poster Mon AM
669. Pain modulation: brainstem organization........................................ Poster Wed AM
274. Pain modulation: capsaicin receptors—molecular studies ............. Poster Mon AM
273. Pain modulation: chronic pain......................................................... Poster Mon AM
670. Pain modulation: descending control.............................................. Poster Wed AM

59. Pain modulation: human brain imaging.......................................... Poster Sun AM
60. Pain modulation: human studies .................................................... Poster Sun AM

668. Pain modulation: hyperalgesia and dorsal horn............................. Poster Wed AM
576. Pain modulation: peptides............................................................... Poster Tue PM
579. Pain modulation: pharmacology, cytokines, central....................... Poster Tue PM
578. Pain modulation: pharmacology, cytokines, peripheral ................. Poster Tue PM
372. Pain modulation: pharmacology—5HT.......................................... Poster Mon PM
771. Pain modulation: pharmacology—GABApentin and others.......... Poster Wed PM
371. Pain modulation: pharmacology—NMD A .................................... Poster Mon PM
770. Pain modulation: pharmacology—adrenergic peripheral/central . . Poster Wed PM
373. Pain modulation: pharmacology—cannabinoids and opioids........ Poster Mon PM
577. Pain modulation: pharmacology—descending control................... Poster Tue PM
376. Pain modulation: pharmacology—excitatory amino acids............. Poster Mon PM
772. Pain modulation: pharmacology—growth factors ......................... Poster Wed PM
374. Pain modulation: pharmacology—opioids I.................................... Poster Mon PM
375. Pain modulation: pharmacology—opioids II.................................. Poster Mon PM
773. Pain modulation: pharmacology: Na+/GABA............................... Poster Wed PM
159. Pain modulation: visceral afferents................................................ Poster Sun PM
61. Pain pathways: brainstem, thalamus and cortex............................. Poster Sun AM

425. Pain pathways: modulation............................................................. Slide Tue AM
671. Pain pathways: neuropathic pain.................................................... Poster Wed AM
62. Pain pathways: spinal dorsal horn.................................................. Poster Sun AM
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672. Pain pathways: trigeminal............................................................... Poster Wed AM
57. Retina and photoreceptors: anatomy and gene expression............ Poster Sun AM

424. Retina and photoreceptors: neurophysiology and models I ........... Slide Tue AM
575. Retina and photoreceptors: neurophysiology and models II.......... Poster Tue PM
58. Retina and photoreceptors: photoreceptors .................................... Poster Sun AM

570. Sensory systems: multisensory processing, analysis and other .... Poster Tue PM
569. Sensory systems: multisensory processing—superior colliculus

and vision-related............................................................................ Poster Tue PM
429. Sensory systems: visual psychophysics.......................................... Slide Tue AM
158. Sensory systems: visual psychophysics—motion ......................... Poster Sun PM
873. Sensory systems: visual psychophysics—other............................. Poster Thu AM
161. Somatic afferents: anatomy and transduction ............................... Poster Sun PM
162. Somatic afferents: innocuous mechanoreceptors........................... Poster Sun PM
163. Somatic and visceral afferents......................................................... Poster Sun PM
63. Somatosensory cortex and thalamocortical relationships I............. Poster Sun AM

275. Somatosensory cortex and thalamocortical relationships II.......... Poster Mon AM
322. Somatosensory cortex and thalamocortical relationships III ........ Slide Mon PM
472. Somatosensory cortex and thalamocortical relationships IV ........ Poster Tue AM
673. Somatosensory cortex and thalamocortical relationships V.......... Poster Wed AM
876. Somatosensory cortex and thalamocortical relationships VI ........ Poster Thu AM
160. Spinal and subcortical somatosensory pathways ........................... Poster Sun PM
574. Subcortical visual pathways: circuitry............................................ Poster Tue PM
769. Subcortical visual pathways: superior colliculus and tectum........ Poster Wed PM
573. Subcortical visual pathways: thalamus .......................................... Poster Tue PM
164. Visceral afferents ............................................................................ Poster Sun PM
618. Visual cortex: extrastriate—dorsal stream II ................................. Slide Wed AM
212. Visual cortex: extrastriate—ventral stream .................................... Slide Mon AM

6. Visual cortex: extrastriate—attention and cognition ..................... Slide Sun AM
268. Visual cortex: extrastriate—depth, disparity and optic flow.......... Poster Mon AM
821. Visual cortex: extrastriate—functional organization ..................... Slide Thu AM
766. Visual cortex: extrastriate—mapping and connectivity ................. Poster Wed PM
269. Visual cortex: extrastriate—motion................................................ Poster Mon AM
109. Visual cortex: extrastriate—motion processing............................. Slide Sun PM
270. Visual cortex: striate—response properties and perception .......... Poster Mon AM
370. Visual cortex: extrastriate—ventral stream: anatomy and

physiology ...................................................................................... Poster Mon PM
369. Visual cortex: extrastriate—ventral stream: attention and cognition Poster Mon PM
471. Visual cortex: extrastriate—dorsal stream I.................................... Poster Tue AM
427. Visual cortex: striate—LGN and striate receptive fields ............... Slide Tue AM
572. Visual cortex: striate—functional architecture and projections . . . Poster Tue PM
110. Visual cortex: striate—functional organization ............................. Slide Sun PM

7. Visual cortex: striate—neurons and perception............................. Slide Sun AM
313. Visual cortex: striate—optical and functional imaging ................. Slide Mon PM
768. Visual cortex: striate—plasticity.................................................... Poster Wed PM
531. Visual cortex: striate—plasticity: neurons and models................... Slide Tue PM
619. Visual cortex: striate—response properties and latency................. Slide Wed AM
767. Visual cortex: striate—response properties, analysis methods and

models ............................................................................................ Poster Wed PM

Theme  G: Motor  Systems  and  Sensorimotor
Integration

469. Basal ganglia: afferents and transmitters........................................ Poster Tue AM
764. Basal ganglia: anatomy................................................................... Poster Wed PM
470. Basal ganglia: behavior................................................................... Poster Tue AM
209. Basal Ganglia, Cerebellum, and Motor Control ......................... Symp Mon AM
663. Basal ganglia: electrophysiology.................................................... Poster Wed AM
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150. Basal ganglia: human studies and disease models......................... Poster Sun PM
765. Basal ganglia: neural activity and circuits................................... . . Poster Wed PM
468. Basal ganglia: transmitters and receptors.................................... . . Poster Tue AM
625. Cerebellum.................................................................................. Slide Wed AM
565. Cerebellum: anatomy and tracing studies ................................... . . Poster Tue PM
148. Cerebellum: human studies......................................................... . . Poster Sun PM
367. Cerebellum: manipulations in rodents........................................ . . Poster Mon PM
368. Cerebellum: models and networks ............................................ . . Poster Mon PM
566. Cerebellum: neurophysiology and functional organization .... . . Poster Tue PM
149. Cerebellum: physiology and behavior........................................ . . Poster Sun PM
568. Cerebral cortex: analysis and sensorimotor function................. . . Poster Tue PM
664. Cerebral cortex: cellular and circuit properties ......................... . . Poster Wed AM
153. Cerebral cortex: plasticity and recovery function....................... . . Poster Sun PM
152. Cerebral cortex: premotor areas ................................................. . . Poster Sun PM
665. Cerebral cortex: primary motor................................................... . . Poster Wed AM
422. Circuitry and pattern generation ................................................ Slide Tue AM
658. Circuitry and pattern generation: invertebrates I ....................... .. Poster Wed AM
659. Circuitry and pattern generation: invertebrates II....................... . . Poster Wed AM
758. Circuitry and pattern generation: vertebrate locomotion .......... . . Poster Wed PM
759. Circuitry and pattern generation: vertebrate scratch, breathing

and other....................................................................................... . . Poster Wed PM
315. Cortex and thalamus.................................................................... Slide Mon PM
151. Dopamine and DA receptors I..................................................... . . Poster Sun PM
662. Dopamine and DA receptors II................................................... . . Poster Wed AM
146. Invertebrate motor and sensory systems I.................................. . . Poster Sun PM
364. Invertebrate motor and sensory systems II ................................ . . Poster Mon PM
868. Invertebrate motor and sensory systems III................................ . . Poster Thu AM
869. Motor learning and development................................................ . . Poster Thu AM
567. Motor thalamus and cortex......................................................... . . Poster Tue PM
465. Muscle and motor units............................................................... . . Poster Tue AM
466. Muscle, motor units and models................................................ . . Poster Tue AM

8. Oculomotor and vestibular system ............................................ Slide Sun AM
661. Oculomotor system: brainstem and cerebellum......................... . . Poster Wed AM
221. Oculomotor system: cortex and behavior .................................. Slide Mon AM
147. Oculomotor system: cortex and cognition.................................. . . Poster Sun PM
324. Oculomotor system: cortex, superior colliculus and cognition . . Slide Mon PM
660. Oculomotor system: eye and head movement........................... . . Poster Wed AM
263. Oculomotor system: human performance .................................. . . Poster Mon AM
563. Oculomotor system: smooth pursuit and ocular responses........ . . Poster Tue PM
763. Oculomotor system: superior colliculus, substantia nigra and

models ......................................................................................... . . Poster Wed PM
564. Oculomotor system: vergence, accommodation and blink........ . . Poster Tue PM
48. Posture and balance .................................................................... . . Poster Sun AM
524. Posture and movement ............................................................... Slide Tue PM
49. Posture and movement: animal studies...................................... . . Poster Sun AM
365. Posture and movement: disorders and rehabilitation ................. . . Poster Mon PM
366. Posture and movement: locomotion .......................................... . . Poster Mon PM
50. Posture and movement: reach and grasp I.................................. . . Poster Sun AM

760. Posture and movement: reach and grasp II ................................ . . Poster Wed PM
761. Posture and movement: reach and grasp III................................ . . Poster Wed PM
870. Posture and movement: sensorimotor integration ..................... . . Poster Thu AM
53. Reflex function: animal studies................................................... . . Poster Sun AM
52. Reflex function: human studies................................................... . . Poster Sun AM
51. Spinal cord and brainstem........................................................... . . Poster Sun AM

467. Spinal cord and brainstem: locomotion...................................... . . Poster Tue AM
262. Spinal cord and brainstem: motor control.................................. . . Poster Mon AM
562. Spinal cord and brainstem: neurophysiology............................. . . Poster Tue PM
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762. Spinal cord and brainstem: neurotransmitters ............................... Poster Wed PM
265. Vestibular system: animal studies .................................................. Poster Mon AM
266. Vestibular system: cellular mechanisms ........................................ Poster Mon AM
264. Vestibular system: human and modeling studies ........................... Poster Mon AM

Theme  H: Other  Systems  of  the  CNS

145. Association cortex and thalamocortical relations........................... Poster Sun PM
215. Brain metabolism and blood flow: animal models......................... Slide Mon AM
655. Brain metabolism and blood flow: diseases.................................... Poster Wed AM
464. Brain metabolism and blood flow: imaging.................................... Poster Tue AM
361. Brain metabolism and blood flow: metabolism and energy sources Poster Mon PM
656. Brain metabolism and blood flow: somatosensory and others .... Poster Wed AM
362. Brain metabolism and blood flow: vasoregulation—hypoxia 

and ischemia.................................................................................... Poster Mon PM
47. Comparative neuroanatomy ........................................................... Poster Sun AM

261. Limbic system and hypothalamus I................................................ Poster Mon AM
757. Limbic system and hypothalamus II .............................................. Poster Wed PM
867. Limbic system and hypothalamus III ............................................ Poster Thu AM
363. Limbic system and hypothalamus: electrophysiology I................. Poster Mon PM
561. Limbic system and hypothalamus: electrophysiology II ............... Poster Tue PM
657. Limbic system and hypothalamus: theta rhythm........................... Poster Wed AM

Theme  1: Neural  Basis  of  Behavior

713. Basic Neurobiologic Mechanisms Regulating Sleep ................... Symp Wed PM
854. Behavioral pharmacology: anxiety and depression ....................... Poster Thu AM
746. Behavioral pharmacology: drug discrimination and reward.......... Poster Wed PM
747. Behavioral pharmacology: locomotion and arousal....................... Poster Wed PM
30. Behavioral pharmacology: social behavior, learning and disorders Poster Sun AM

552. Biological rhythms and sleep: SCN................................................ Poster Tue PM
857. Biological rhythms and sleep: cholinergics and NDS in sleep . . . . Poster Thu AM
349. Biological rhythms and sleep: circadian ........................................ Poster Mon PM
646. Biological rhythms and sleep: experience and adenosine in sleep . Poster Wed AM
140. Biological rhythms and sleep: melatonin and neurophysiology . . . Poster Sun PM
459. Biological rhythms and sleep: molecules photic input................... Poster Tue AM
250. Biological rhythms and sleep: neurophysiology of sleep............... Poster Mon AM
750. Biological rhythms and sleep: neurotransmitters........................... Poster Wed PM
824. Biological rhythms and sleep: rhythms.......................................... Slide Thu AM
18. Biological rhythms and sleep: sleep .............................................. Slide Sun AM

460. Biological rhythms and sleep: transmitters and hormones in sleep . Poster Tue AM
620. Cognition: higher functions............................................................. Slide Wed AM
462. Cognition: higher functions—elective functions ........................... Poster Tue AM
651. Cognition: higher functions—language: auditory ......................... Poster Wed AM
358. Cognition: higher functions—lesion/patient studies....................... Poster Mon PM
44. Cognition: higher functions—memory and imagery ..................... Poster Sun AM

461. Cognition: higher functions—methods .......................................... Poster Tue AM
753. Cognition: higher functions—motor and tactile............................. Poster Wed PM
141. Cognition: higher functions—visual.............................................. Poster Sun PM
360. Cognition: human learning and memory—cytoarchitectonics and 

neurochemical effects..................................................................... Poster Mon PM
45. Cognition: human learning and memory—emotion....................... Poster Sun AM

258. Cognition: human learning and memory—encoding..................... Poster Mon AM
621. Cognition: human learning and memory—episodic recognition . . Slide Wed AM
259. Cognition: human learning and memory—episodic retrieval........ Poster Mon AM
755. Cognition: human learning and memory—implicit memory and 

priming............................................................................................. Poster Wed PM
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119. Cognition: human learning and memory—memory formation .... Slide Sun PM
46. Cognition: human learning and memory—miscellaneous ............. Poster Sun AM
756. Cognition: human learning and memory—motor and skill learning Poster Wed PM
359. Cognition: human learning and memory—patient studies............. Poster Mon PM
826. Cognition: human learning and memory—procedural memory . . . Slide Thu AM
260. Cognition: human learning and memory—spatial memory .......... Poster Mon AM
463. Cognition: human learning and memory—working memory I . . . . Poster Tue AM
518. Cognition: human learning and memory—working memory II . . . Slide Tue PM
144. Cognition: language—auditory processing .................................... Poster Sun PM
724. Cognition: language—imaging....................................................... Slide Wed PM
143. Cognition: language—lexical processing and production ............. Poster Sun PM
654. Cognition: language—mapping and aphasia studies ..................... Poster Wed AM
866. Cognition: language—other ........................................................... Poster Thu AM
856. Ingestive behaviors: CNS pathways .............................................. Poster Thu AM
622. Ingestive behaviors: central and peripheral mechanisms ............... Slide Wed AM
35. Ingestive behaviors: feeding and energy expenditure..................... Poster Sun AM

749. Ingestive behaviors: nonpeptide mediators .................................... Poster Wed PM
214. Ingestive behaviors: peptides I ....................................................... Slide Mon AM
248. Ingestive behaviors: peptides II....................................................... Poster Mon AM
346. Ingestive behaviors: peptides III..................................................... Poster Mon PM
549. Ingestive behaviors: salt and water intake...................................... Poster Tue PM
548. Ingestive behaviors: taste aversion ................................................ Poster Tue PM
347. Invertebrate learning and behavior I .............................................. Poster Mon PM
458. Invertebrate learning and behavior II ............................................ Poster Tue AM
530. Invertebrate learning and behavior III............................................ Slide Tue PM
645. Invertebrate learning and behavior IV............................................ Poster Wed AM
860. Learning and memory: pharmacology, NO stress, abuse and other Poster Thu AM
554. Learning and memory: pharmacology—acetylcholine I................. Poster Tue PM
555. Learning and memory: pharmacology—acetylcholine II............... Poster Tue PM
37. Learning and memory: pharmacology—adrenergic....................... Poster Sun AM

252. Learning and memory: pharmacology—cognitive enhancers and
recovery........................................................................................... Poster Mon AM

36. Learning and memory: pharmacology—dopamine ....................... Poster Sun AM
253. Learning and memory: pharmacology—glutamate ....................... Poster Mon AM
251. Learning and memory: pharmacology—nicotine and

amphetamine .................................................................................. Poster Mon AM
725. Learning and memory: physiology ................................................ Slide Wed PM
356. Learning and memory: physiology—behavior correlations.......... Poster Mon PM
38. Learning and memory: physiology—eye blink conditioning........ Poster Sun AM
353. Learning and memory: physiology—fear conditioning ................. Poster Mon PM
558. Learning and memory: physiology—hippocampal: non-spatial and

oscillations....................................................................................... Poster Tue PM
556. Learning and memory: physiology—hippocampal: spatial/place

cells ................................................................................................. Poster Tue PM
254. Learning and memory: physiology—mouse models ..................... Poster Mon AM
861. Learning and memory: physiology—other .................................... Poster Thu AM
352. Learning and memory: physiology—other: cortical....................... Poster Mon PM
557. Learning and memory: physiology—other: subcortical................. Poster Tue PM
355. Learning and memory: physiology—prefrontal cortex ................. Poster Mon PM
354. Learning and memory: physiology—synaptic plasticity ............... Poster Mon PM
316. Learning and memory: systems and functions............................... Slide Mon PM
647. Learning and memory: systems and functions—amygdala and

conditioned fear .............................................................................. Poster Wed AM
41. Learning and memory: systems and functions—basal ganglia . . . . Poster Sun AM
559. Learning and memory: systems and functions—cholinergic

modulation...................................................................................... Poster Tue PM
357. Learning and memory: systems and functions—cortex................. Poster Mon PM
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752. Learning and memory: systems and functions—development .... Poster Wed PM
43. Learning and memory: systems and functions—eye blink

conditioning .................................................................................... Poster Sun AM
256. Learning and memory: systems and functions—genes I ............... Poster Mon AM
257. Learning and memory: systems and functions—genes II............... Poster Mon AM
39. Learning and memory: systems and functions—hippocampus and

nonspatial learning I....................................................................... Poster Sun AM
40. Learning and memory: systems and functions—hippocampus and

nonspatial learning II ..................................................................... Poster Sun AM
649. Learning and memory: systems and functions—hippocampus and

spatial learning I.............................................................................. Poster Wed AM
648. Learning and memory: systems and functions—conditioned fear .

learning I ........................................................................................ Poster Wed AM
650. Learning and memory: systems and functions—hippocampus and

spatial learning II ............................................................................ Poster Wed AM
862. Learning and memory: systems and functions—hippocampus and

spatial learning III............................................................................ Poster Thu AM
864. Learning and memory: systems and functions—hippocampus,

aging and spatial learning............................................................... Poster Thu AM
863. Learning and memory: systems and functions—hormones .......... Poster Thu AM
255. Learning and memory: systems and functions—plasticity............. Poster Mon AM
42. Learning and memory: systems and functions—rhinal cortex .... Poster Sun AM

751. Learning and memory: systems and functions—thalamus............. Poster Wed PM
32. Monoamines and behavior: aggression and genetic bases ............. Poster Sun AM

456. Monoamines and behavior: arousal, feeding and locomotion........ Poster Tue AM
244. Monoamines and behavior: learning and experience..................... Poster Mon AM
855. Monoamines and behavior: social behaviors and disorders.......... Poster Thu AM
350. Motivation and emotion: animal models I...................................... Poster Mon PM
351. Motivation and emotion: animal models II .................................... Poster Mon PM
858. Motivation and emotion: clinical studies........................................ Poster Thu AM
859. Motivation and emotion: limbic pathways...................................... Poster Thu AM
553. Motivation and emotion: reward pathways .................................... Poster Tue PM
142. Neural basis of behavior: cognition—attention: auditory,

somatosensory and cross-modal attention ...................................... Poster Sun PM
652. Neural basis of behavior: cognition—attention: attention to objects

and features .................................................................................... Poster Wed AM
115. Neural basis of behavior: cognition—attention: attention to sensory

system ............................................................................................. Slide Sun PM
865. Neural basis of behavior: cognition—attention: divided attention,

response selection and interference................................................ Poster Thu AM
560. Neural basis of behavior: cognition—attention: other................... Poster Tue PM
754. Neural basis of behavior: cognition—attention: rodent models of

attention........................................................................................... Poster Wed PM
653. Neural basis of behavior: cognition—attention: visuospatial

orienting........................................................................................... Poster Wed AM
106. Neural Substrates of Stimulus-Reward Associations in

Nonhuman Primates.............................................................................. Symp Sun PM
550. Neuroethology: comparative sensory systems............................... Poster Tue PM
249. Neuroethology: hearing................................................................... Poster Mon AM
348. Neuroethology: seasonal and chemical mechanisms ..................... Poster Mon PM
551. Neuroethology: vocal mechanisms ................................................ Poster Tue PM
455. Neuropeptides and behavior: feeding and other............................. Poster Tue AM
243. Neuropeptides and behavior: social behavior and other................. Poster Mon AM
31. Neuropeptides and behavior: stress................................................ Poster Sun AM

416. Repercussions of Early Brain Insults and Maldevelopment .. Symp Tues AM
33. Reproductive behavior: experience................................................ Poster Sun AM

546. Reproductive behavior: maternal behavior and progesterone........ Poster Tue PM
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137. Reproductive behavior: neuroanatomy .......................................... Poster Sun PM
748. Reproductive behavior: neurotransmitters...................................... Poster Wed PM
245. Reproductive behavior: steroids ..................................................... Poster Mon AM
825. Stress ............................................................................................... Slide Thu AM
343. Stress: anxious and depressive behaviors ...................................... Poster Mon PM
138. Stress: cellular responses ................................................................ Poster Sun PM
547. Stress: gender differences............................................................... Poster Tue PM
246. Stress: glucocorticoids ................................................................... Poster Mon AM
344. Stress: hippocampus........................................................................ Poster Mon PM
34. Stress: monoamines ........................................................................ Poster Sun AM

247. Stress: neonatal period ................................................................... Poster Mon AM
139. Stress: other neurotransmitters ....................................................... Poster Sun PM
457. Stress: physiological responses....................................................... Poster Tue AM
345. Stress: prenatal period..................................................................... Poster Mon PM

Theme  J: Disorders  of  the  Nervous  System  and  
Aging

19. Aging I............................................................................................. Poster Sun AM
21. Aging II ........................................................................................... Poster Sun AM

326. Aging III........................................................................................... Poster Mon PM
434. Aging IV ......................................................................................... Poster Tue AM
828. Aging V ........................................................................................... Poster Thu AM
20. Aging: inflammation and cell death .............................................. Poster Sun AM

532. Aging: oxidative stress................................................................... Poster Tue PM
634. Alcohol: GABA, anxioloytic effects and withdrawal..................... Poster Wed AM
438. Alcohol: adenosine, acetvlcholine, dopamine and glutamate........ Poster Tue AM
441. Alcohol: effects across the life span .............................................. Poster Tue AM
535. Alcohol: gene expression and mutation.......................................... Poster Tue PM
633. Alcohol: miscellaneous biological effects...................................... Poster Wed AM
439. Alcohol: sensitization, tolerance, dependence, learning and reward Poster Tue AM
440. Alcohol: taste aversion and regulation of intake ........................... Poster Tue AM
13. Degenerative disease: Alzheimer's—other: behavior

diagnosis— clinical studies............................................................. Slide Sun AM
122. Degenerative disease: Alzheimer's—beta amyloid: APP 

processing I .................................................................................... Slide Sun PM
240. Degenerative disease: Alzheimer's—beta amyloid: APP 

processing II.................................................................................... Poster Mon AM
319. Degenerative disease: Alzheimer's—beta amyloid: APP 

processing III .................................................................................. Slide Mon PM
741. Degenerative disease: Alzheimer's—beta amyloid: animal 

models—AB deposition................................................................. Poster Wed PM
818. Degenerative disease: Alzheimer's—beta amyloid: animal 

models—neurotoxicity ................................................................... Slide Thu AM
742. Degenerative disease: Alzheimer's—beta amyloid: animal 

models—behavior............................................................................ Poster Wed PM
519. Degenerative disease: Alzheimer's—beta amyloid: animal 

models—general.............................................................................. Slide Tue PM
543. Degenerative disease: Alzheimer's—beta amyloid: apolipoprotein

E, LRB and alpha 2M..................................................................... Poster Tue PM
851. Degenerative disease: Alzheimer's—beta amyloid: clearance and 

degradation...................................................................................... Poster Thu AM
239. Degenerative disease: Alzheimer's—beta amyloid: diagnosis and

treatment........................................................................................... Poster Mon AM
852. Degenerative disease: Alzheimer's—beta amyloid: fibrillogenesis . Poster Thu AM
336. Degenerative disease: Alzheimer's—beta amyloid: gene expression 

and genetics .................................................................................... Poster Mon PM
XXXV
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337. Degenerative disease: Alzheimer's—beta amyloid: human 
studies—neuropathology and biochemistry................................... Poster Mon PM

450. Degenerative disease: Alzheimer's—beta amyloid: inflammation 
and cytokines .................................................................................. Poster Tue AM

720. Degenerative disease: Alzheimer's—beta amyloid: interacting 
proteins and fibrillogenesis............................................................. Wed PMSlide

120. Degenerative disease: Alzheimer's—beta amyloid: neuropathology 
and diagnosis .................................................................................. Slide Sun PM

136. Degenerative disease: Alzheimer's—beta amyloid: neuroprotection Poster Sun PM
850. Degenerative disease: Alzheimer's—beta amyloid: neurotoxicity . Poster Thu AM
135. Degenerative disease: Alzheimer's—beta amyloid: oxidative stress 

and calcium homeostasis................................................................. Poster Sun PM
238. Degenerative disease: Alzheimer's—human studies:

neuropathology and clinical ........................................................... Poster Mon AM
847. Degenerative disease: Alzheimer's—neuropharmacology and 

neurotransmitters 1 ......................................................................... Poster Thu AM
848. Degenerative disease: Alzheimer's—neuropharmacology and 

neurotransmitters II......................................................................... Poster Thu AM
317. Degenerative disease: Alzheimer's—other: tau ............................. Slide Mon PM
542. Degenerative disease: Alzheimer's—other: APOE......................... Poster Tue PM
432. Degenerative disease: Alzheimer's—other: APOE and genetics . . . Slide Tue AM
626. Degenerative disease: Alzheimer's—other: APP—structure and 

processing........................................................................................ Slide Wed AM
335. Degenerative disease: Alzheimer's—other: human studies—gene 

expression and genetics................................................................... Poster Mon PM
718. Degenerative disease: Alzheimer's—other: neuropathology.......... Slide Wed PM
220. Degenerative disease: Alzheimer's—other: oxidations, stress and 

inflammation ............................................................................ Slide Mon AM
134. Degenerative disease: Alzheimer's—other: oxidative stress.......... Poster Sun PM
740. Degenerative disease: Alzheimer's—presenilin: PS animal models Poster Wed PM
426. Degenerative disease: Alzheimer's—presenilin: animal models and 

other ................................................................................................. Slide Tue AM
849. Degenerative disease: Alzheimer's—presenilin: expression, toxicity 

and other.......................................................................................... Thu AMPoster
523. Degenerative disease: Alzheimer's—presenilin: interacting 

proteins 1 ........................................................................................ Tue PMSlide
641. Degenerative disease: Alzheimer's—presenilin: interacting 

proteins II........................................................................................ Wed AMPoster
629. Degenerative disease: Alzheimer's—presenilin: processing, 

expression and biochemistry......................... ................................. Slide Wed AM
219. Degenerative disease: Alzheimer's—presenilin: proteolytic 

activities.......................................................................................... Slide Mon AM
449. Degenerative disease: Alzheimer’s—other: inflammation and other . Poster Tue AM
26. Degenerative disease: other I ........................................................ Poster Sun AM
130. Degenerative disease: other 11......................................................... Poster Sun PM
218. Degenerative disease: other III ...................................................... Slide Mon AM
237. Degenerative disease: other IV ...................................................... Poster Mon AM
628. Degenerative disease: other IX...................................................... Slide Wed AM
334. Degenerative disease: other V........................................................ Poster Mon PM
446. Degenerative disease: other VI ...................................................... Poster Tue AM
525. Degenerative disease: other VII .................................................... Slide Tue PM
539. Degenerative disease: other VIII.................................................... Poster Tue PM
638. Degenerative disease: other X........................................................ Poster Wed AM
739. Degenerative disease: other XI ...................................................... Poster Wed PM
844. Degenerative disease: other XII .................................................... Poster Thu AM
447. Degenerative disease: Alzheimer’s—other: tau I........................... Poster Tue AM
448. Degenerative disease: Alzheimer’s—other: tau II ......................... Poster Tue AM
xxxvi
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28. Denegerative disease: Alzheimer's—other: cognitive function .... Foster Sun AM
29. Degenerative disease: Alzheimer’s—presenilin: cell biology........ Foster Sun AM

309. Developmental Mechanisms in the Pathogenesis of
Neurodegenerative Diseases................................................................ Symp Mon PM

627. Drugs of abuse........ ....................................................................... Slide Wed AM
816. Drugs of abuse: alcohol ................................................................. Slide Thu AM
229. Drugs of abuse: amphetamines—amino acid mechanisms............. Foster Mon AM
833. Drugs of abuse: amphetamines—behavioral studies ..................... Foster Thu AM
125. Drugs of abuse: amphetamines—cellular and molecular studies . . Foster Sun PM
23. Drugs of abuse: amphetamines—methamphetamine:

neuroadaptations.............................................................................. Foster Sun AM
729. Drugs of abuse: amphetamines—methamphetamine: pharmacology Foster Wed PM
728. Drugs of abuse: amphetamines—monoaminergic mechanisms . . . Foster Wed PM
328. Drugs of abuse: cocaine—amino acid mechanisms....................... Foster Mon PM
124. Drugs of abuse: cocaine—behavioral models I ............................. Foster Sun PM
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533.11
MIRTAZAPINE ENHANCES DOPAMINERGIC AND ADRENERGIC, BUT 
NOT SEROTONERGIC, TRANSMISSION IN RATS: AN ELECTRO-
PHYSIOLOGICAL AND DIALYSIS COMPARISON TO FLUOXETINE.
A Gobert*, F. Lejeune, A. Adhumeau and M. J. Millan, Institut de Recherches 
Servier, 125 Chemin de Ronde, 78290 Croissy-sur-Seine, France

The mechanism of action of mirtazapine is unclear, an issue addressed herein in 
comparison to the selective serotonin (5-HT) re-uptake inhibitor, fluoxetine. The 
techniques employed have been described in detail elsewhere '.

DRN VTA LC
MED % MOE MED % MOE MED % MOE

Mirtazapine > 1.0 77 ± 13 0.016 171 ±34 0.031 181 ± 13
Fluoxetine 0.06 8±3 >4.0 106 ±25 >4.0 94 ±9
Vehicle - 98+1 - 98 + 2 - 96 + 3
Doses in mg/kg, i.v.; MED = minimal effective dose (p < 0.05 to paired vehicle); % 
MOE = % maximal observed effect vs baseline (= 100 %); DRN = dorsal raphe 
nucleus; VTA = ventral tegmental area and LC = locus coeruleus

Fluoxetine inhibited serotonergic neurones in the DRN, an action reversed by the 
5-HT1A antagonist, WAY-100,635 (0.031), but it did not significantly affect 
dopaminergic (VTA) or adrenergic (LC) neurones. Mirtazapine did not significantly 
influence serotonergic neurones, but markedly enhanced the activity of both 
dopaminergic and adrenergic neurones. In parallel, as compared to vehicle (100 %), 
mirtazapine (10 mg/kg, s.c.) increased dialysate levels of dopamine (240%) and 
noradrenaline (360 %), but not 5-HT (110 %), in frontal cortex of freely-moving rats, 
whereas fluoxetine (10 mg/kg, s.c.) increased levels of each (160, 190 and 210%, 
respectively). In conclusion, in contrast to fluoxetine, and reflecting antagonist 
properties at 5-HT2c and a2-adrenergic receptors, mirtazapine reinforces 
frontocortical dopaminergic and adrenergic, but not serotonergic, transmission.
1 Millan M.J. etal., J. Pharmacol. Exp. Ther., 286: 1342-1355, 1998.
This study was supported by Servier Pharmaceuticals.

533.12
CLOMIPRAMINE-INDUCED DOWN-REGULATION OF BETA-ADRENERGIC 
RECEPTORS: POTENTIATION BY ADRENALECTOMY. F. Bouirad1. F. 
Dauphin2, R. deBeaurepaire3*. IINSERMU320, 2UMR 6551 CNRS, Universite de 
Caen, 14074 Caen, France, 3CH Paul-Guiraud, 94806 Villejuif, France.

Chronic treatment with tricyclic antidepressants consistently decrease beta- 
adrenergic receptors (fi-ARs) in the frontal cortex of the rat. Corticosterone interacts 
with brain neurotransmitters, and, in a previous study, we have shown that prefrontal 
fi-ARs are up-regulated in adrenalectomized (ADX) rats (Soc Neurosci Abs 
1995;21:257.2). The purpose of the present study was to determine whether 
corticosterone related alterations in brain 6-ARs could cross-react with antidepressant- 
induced 6-AR desensitization. Five groups of six female Sprague-Dawley rats were 
used: ADX and non-ADX rats were daily injected with clomipramine (CMI, 10 
mg/kg i.p.), or with a control solution, during 2 weeks. The fifth group of rats was 
ADX and supplemented with corticosterone (25 mg/1 in drinking water), and treated 
with the control solution. After treatment, 6-ARs were assayed in the frontal cortex 
(FC) and hippocampus (Hpc), through the use of [3H]-dihydroalprenolol ([3H]-DHA) 
saturation binding on brain crude membranes. Chronic CMI treatment in control rats 
significantly decreased fi-ARs in the hippocampus, compared to controls (Bmax, 
mean ± SEM, 67 ± 15 vs 30 ± 11 fmol/mg prot, p<0.05, ANOVA + Fisher PLSD) 
and non significantly in the prefrontal cortex (-37%, p = 0.34). In ADX rats, CMI 
significantly decreased the Bmax in both sites (-54% and -62% respsectively in FC 
and Hpc, p<0.01). Neither treatment did modify the affinity of [3H]-DHA in FC and 
Hpc. In the group of supplemented ADX rats, 6-ARs were normalized by 
corticosterone. This study shows that ADX potentiates CMI-induced 6-AR down-
regulation. Studies are in progress with other antidepressants, more specifically those 
which usually do not down-regulate fi-ARs.

533.13

CHLORDIAZEPOXIDE/d-AMPHETAMINE INDUCED HYPERACTIVITY IN 
RATS: ASSESSMENT AS A MANIA MODEL USING AUTOMATED ACTIVITY 
CHAMBERS. K. A. Serpa* and L. T. Meltzer. Parke-Davis Pharmaceutical Research 
Div. Warner-Lambert Co. Ann Arbor, MI 48105.

The hyperactivity induced by co-administration of chlordiazepoxide (CDP) and d- 
amphetamine (AMP) has been proposed as an animal model of mania. We report on 
the utility of using automated locomotor activity (LMA) chambers for evaluating 
potential anti-manic compounds.

Rats were dosed with saline, AMP 1 mg/kg, CDP 10 mg/kg, or a mixture of AMP 
and CDP (C+A) SC 30 minutes prior to being placed into plexiglass open field 
chambers equipped with infrared photobeams. LMA (cm traveled) was recorded for 12 
minutes. C+A induced a hyperactivity significantly greater than that seen after AMP 
alone: SAL 102! ± 215; CDP 957 ± 230; AMP 4085 ± 258; C+A 5340 ± 620. This 
hyperactivity was selectively antagonized by the anti-manic drugs lithium chloride (LI, 
1 mEq/kg IP, -28, -4h), and sodium valproate (V, 100 mg/kg IP, -3 to -1 days, -1H), at 
doses which had no effect on spontaneous LMA (SLMA) when given alone, and which 
had no effect on AMP stimulated LMA. All groups N=6.

SALINE AMP C+A
SALINE 1143 ±202 2887 ± 243 7761 ±740
LITHIUM 1352 ± 194 2886 ± 347 4386 ±484
VALPROATE 1061 ±278 2669 ±219 4961 ±760

False positives could be differentiated from the effects of LI and V by the profile of 
effects on SLMA, with AMP, and with C+A. Haloperidol antagonized C+A only at
doses which decreased SLMA and which antagonized AMP. CDP given 30 min before 
C+A, antagonized the hyperactivity, but potentiated AMP stimulated LMA. 
Compounds which antagonize C+A-induced hyperactivity, without affecting either 
SLMA, or AMP-stimulated LMA could be potential anti-manic drugs. Supported by 
Warner-Lambert.

533.14

GLYCOGEN SYNTHASE KINASE-3p, (J-CATENIN, AND TAU IN 
POSTMORTEM BIPOLAR BRAIN AND HUMAN SH-SY5Y CELLS. 
A. J. Greendorfer1*, M. Lesort1, C. A. Grimes1, P. De Samo1,
C. Stockmeier2, G, V. W. Johnson1, and R. S. Jope1 'Department of
Psychiatry, University of Alabama at Birmingham, Birmingham, AL 
35294, department of Psychiatry, Case Western Reserve University, 
Cleveland, OH 44106
Therapeutic concentrations of the anti-bipolar drug lithium inhibit the 
activity of glycogen synthase kinase-3 p, which raises the possibility that 
this enzyme and its substrates may be altered in the brain of subjects with 
bipolar disorder. In human SH-SY5Y neuroblastoma cells, stable 
overexpression of glycogen synthase kinase-3 (3 resulted in reduced levels 
of p-catenin. Treatment of cells with high concentrations of lithium 
resulted in transient increases in p-catenin levels. In prefrontal cortical 
samples from subjects with bipolar disorder and age-matched control 
subjects, we examined the levels of glycogen synthase kinase-3p and of 
two proteins modified by it, P-catenin and the microtubule associated 
protein tau. There were no significant differences between subject groups 
among these measurements, but there was a tendency for the tau isoform 
profile to be modified in bipolar tissue. Thus, while there are no 
differences between bipolars and controls in prefrontal cortical levels of 
glycogen synthase kinase-3p, p-catenin, or tau, tau isoform levels or 
phosphorylation states may be modified in bipolar disorder.

Supported by NIH grants MH38752, NS27538, MH45488

533.15

ER STRESS PROTEINS IN MOOD DISORDERS
C. Bown *. J-F Wang, G, MacQueen, L.T, Young
Mood Disorders Program, McMaster University, Hamilton, Ontario, Canada

Identifying lasting changes in gene expression caused by mood 
stabilizing drugs, such as valproate (VPA), may assist in our understanding 
of the pathophysiology of mood disorders. Using differential display PCR, 
we found that VPA increased GRP78 expression and in subsequent 
experiments found that both mRNA and protein expression of GRP94 and 
calreticulin are also upregulated by VPA in rat C6 glioma cells treated with 
therapeutically relevant concentrations of VPA (0.5 - ImM). GRP78, 
GRP94 and calreticulin all belong to a family of proteins known as 
endoplasmic reticulum stress proteins. These ER stress proteins are known 
to assist in protein folding and bind Ca2+, both of which may be important in 
protecting cells from damage. Regulation of ER stress proteins by chronic 
treatment with mood stabilizing drugs suggests that this family of proteins 
may be involved in the pathophysiology of mood disorders. Indeed, 
increased levels of GRP78, GRP94 and calreticulin were found in temporal 
cortex of subjects with major depressive disorder who died by suicide 
compared with controls and subjects who died by other means. No such 
differences were found in subjects with other psychiatric disorders such as 
bipolar disorder or schizophrenia. These data suggest a potential role for ER 
stress proteins in severe depression that merits further study.

This work was supported by the Stanley Foundation (LTY) and the Medical 
Research Council of Canada (LTY).

533.16

Increased Premenstrual Dosing of Nefazodone Relieves Premenstrual 
Magnification of Depression: A Double-blind, Crossover Study MN Miller. BE 
Miller*. R Chinouth. BR Coyle. GR Brown. Dept. of Psychiatry, JH Quillen 
College of Medicine, East Tennessee State University, Johnson City, TN 37614- 
0421.

Many women who suffer from major depression experience worsening of their 
depressive symptoms premenstrually. This may lead to “breakthrough” 
symptoms during the luteal phase for women who are otherwise responding to 
treatment with an antidepressant. This study was designed to evaluate the benefit 
of increased premenstrual dosing of nefazodone for women who experience 
premenstrual magnification of major depression. Three subjects were evaluated as 
having major depression which worsened premenstrually and were begun on 
nefazodone. During the six month study, subjects were given supplements of 
either additional nefazodone or placebo during the ten days prior to the expected 
onset of menses (double-blind crossover design). Symptoms were assessed using 
the Beck Depression Inventory, Symptom Checklist-90 (given during the late 
luteal and follicular phases), a daily Menstrual Symptom Diary and monthly 
clinical interview. AH measures showed that overall mood throughout the month 
was significantly improved for the months in which subjects received nefazodone 
supplements compared with placebo. In addition, premenstrual magnification of 
depressive symptoms was eliminated when the supplement was nefazodone but 
not when it was placebo.
Conclusions: Premenstrual dose increase is a clinically promising intervention for 
women who experience premenstrual magnification of depression. It appears to be 
an efficacious focused alternative to a generalized increase in dosage.___________
Supported in part by an unrestricted grant from Bristol-Myers Squibb Company
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533.17

Serotonin Transporter Promoter Polymorphism and Response to 
Nortriptyline in Geriatric Major Depression. R.C.Young*, M. Karayiorgou,
B.Kalavam, J.Hull, G.S.Alexopoulos, Department of Psychiatry, Weill 
Medical College of Cornell University, and Rockefeller University, New 
York, New York.
Rationale: In geriatric major depression, better predictors of treatment 
outcomes are needed. Serotonergic mechanisms, including transporter 
function, have been implicated in the neurobiology of recovery. We have 
begun to test the hypothesis that the short (s) allele of the serotonin 
transporter promoter gene (5HTTLPR) predicts poorer antidepressant 
response to pharmacotherapy in this population.
Methods: Major depressives were studied who were aged > 60 years and 
were not psychotic. Symptoms were measured before and weekly during 
treatment, using the Montgomery Asberg Depression Rating Scale 
(MADRS) and Hamilton Depression Rating Scale (HDRS). Patients were 
treated with nortriptyline for six weeks at a maximum dose of 75 mg/day. 
Random regression, mixed-effects modeling was used in this preliminary 
analysis.
Results: Among twenty-six patients, the rate of change of symptoms in 
the combined group homozygous s/s or heterozygous (n=17) was less than 
that of the group homozygous for the long allele (1/1) (MADRS: z=2.419, 
p <.01; HDRS: z=1.635,p <.O5).
Conclusions: Preliminary support was obtained for 5HTTLPR genotype 
as a predictor of improvement in depression; the nature of this association 
in geriatric patients remains to be examined in larger samples. This 
finding is congruent with a report in young depressed patients (Smeraldi 
et al, 1998).
Supported by MH40726, MH49762 and MH01192.

DRUGS OF ABUSE: OPIOIDS—BEHAVIORAL MODELS

534.1
FEAR-POTENTIATED STARTLE IS ENHANCED DURING NALOXONE 
PRECIPITATED MORPHINE WITHDRAWAL. M. Fendt1*, V. Hambrecht1, and 
R.F. Mucha2. 1 Animal Physiology, University of Tubingen, Auf der Morgen- 
stelle 28, D-72076 Tubingen, Germany. 2 Inst. Med. Psychol. & Behav. Neuro- 
biol., University of Tubingen, GartenstraBe 29, D-72074 Tubingen, Germany.

Discomfort produced by drug withdrawal remains a clinical problem despite 
extensive animal data on its substrates. However, the contribution of the indi-
vidual mechanisms of withdrawal to the maintenance of drug intake can not be 
addressed without efficient cross-species models allowing direct comparisons 
of data from humans and animals. The acoustic startle response (ASR) is a 
simple test that is modulated in predictable ways by motivational aspects of 
non-drug reinforcers (e.g., anxiety, fear) in both animals and humans.

The present study investigated the effect of naloxone precipitated morphine 
withdrawal in rats on baseline startle amplitude, fear-potentiated startle and 
prepulse inhibition of startle, as well as on several behavioral indices which are 
known to be increased during withdrawal. There was a clear increase in fear- 
potentiated startle during naloxone precipitated morphine withdrawal. This 
effect was not due to nonspecific excitatory effects or attentional effects of 
withdrawal since neither baseline startle magnitude nor prepulse inhibition of 
startle were affected. The effect is also biphasic, since there was no potentia-
tion at a higher dose of naloxone. Moreover, the effect was seen to be attenu-
ated by ST-91, an analog of clonidine, which is used to treat opiate withdrawal.

Therefore, it could be concluded that opiate withdrawal produced fear-like 
effects in the fear-potentiated startle model. Together with the efficiency of the 
startle test, these finding indicates for the first time the value of the startle 
model and its well-developed literature for providing interdisciplinary and phar-
macological information on motivational processes associated with drugs of 
abuse. Currently, we are testing the effects of conditioned withdrawal on fear- 
potentiated startle.

Supported by the DFG (SFB 307/C2 and Tubingen Center for Addiction Research)

534.2

ONE TRIAL NALOXONE-PRECIPITATED MORPHINE 
WITHDRAWAL-INDUCED PLACE AVERSION: 
EFFECTS OF NALOXONE AT 6, 24 AND 48 HR POST-
MORPHINE. L.A. Parker * and J. A, Cvr. Dept of 
Psychology, Wilfrid Laurier University, Waterloo, Ontario, 
N2L3C5.

The place conditioning paradigm was used to measure 
the aversive properties of naloxone-precipitated morphine 
withdrawal in a single conditioning trial. Rats were 
administered morphine (20 mg/kg) pretreatment 6, 24 or 48 
hr prior to naloxone (1 mg/kg) or saline treatment. 
Treatment was paired with a distinctive environment. In a 
subsequent drug-free place preference test, naloxone 
treated rats displayed a stronger place aversion for the 
treatment paired environment than did saline treated rats. 
The place aversion was not evident in rats that were 
injected with saline prior to naloxone treatment. Results 
provide behavioral evidence that a single morphine 
exposure induces biological adaptational changes that may 
represent the initial developmental stage of dependence.

534.3

EFFECTS OF J3-FNA ON THE UNCONDITIONED AND 
CONDITIONED LOCOMOTOR STIMULANT EFFECTS OF 
MORPHINE. S.B. Phillips and M.T. Bardd*Dept. Psychology, 
University of Kentucky, Lexington, KY 40506.

Previous evidence from our laboratory has shown that the 
non-selective opiate antagonist naloxone blocks completely both the 
unconditioned and conditioned locomotor stimulant effects of 
morphine. To determine the specific involvement of the p-opioid 
receptor in this blockade, the selective antagonist p-funaltrexamine 
(p-FNA) was substituted for naloxone in a paradigm similar to that 
conducted previously. In one experiment, p-FNA (10 or 20 mg/kg, 
SC) attenuated, but did not block completely, the unconditioned 
hyperactive locomotor response to an acute injection of morphine (4 
mg/kg, SC, given 20 h after p-FNA). In another experiment, rats 
were conditioned by repeated pairings of morphine (4 mg/kg) with 
the locomotor apparatus; unpaired control rats received morphine in 
the home cage and saline in the apparatus. To test for conditioning, 
rats were placed in the locomotor apparatus 20 h after being 
pretreated with either p-FNA (20 mg/kg, SC) or saline. While 
morphine paired rats were significantly more active than unpaired 
controls, p-FNA had no significant effect on the conditioned 
response. These results indicate that the unconditioned and 
conditioned stimulant effects of morphine may involve separate 
receptor mechanisms. (Supported by USPHS grant DA07746)

534.4
CHRONIC MORPHINE AUGMENTS REWARD COMPARISON IN 
RATS. R.A. Wheeler*, S.M. Ballard, C.S. Freet, and P.S. Grigson. 
Penn State College of Medicine, Hershey, PA 17033.

Intake of a saccharin solution is decreased when it is followed by 
either access to a more palatable sucrose solution or administration 
of a drug of abuse. Our preliminary studies have shown that these 
effects are greater in reward-preferring Lewis rats than in both 
Fischer 344 and Sprague-Dawley rats. Therefore we hypothesized 
that known differences in the VTA-NAc pathway (Nestler, 1995) are 
mediating these behavioral differences. In order to test this, 
Sprague-Dawley rats were subcutaneously (sc) administered with a 
75 mg morphine pellet or placebo for 5 days to induce “Lewis-like” 
brain changes in the VTA-NAc pathway (Nestler, 1995). These rats 
were then tested in two reward comparison experiments using 
parameters known to yield small suppressive effects. (1) Food 
deprived rats were presented with a light cue and then given access 
to 0.15% saccharin followed by either 0.15% saccharin or 32% 
sucrose for 16 days. (2) Water deprived rats were given 0.15% 
saccharin followed by either a saline or cocaine (8mg/kg,sc) injection 
every other day for 16 days. The results showed that while the 
placebo treated rats failed to suppress intake, rats chronically treated 
with morphine avoided the natural saccharin reward in favor of the 
preferred sucrose solution or the drug of abuse. The findings in both 
experiments mirror previous findings with Lewis rats, implicating the 
mesolimbic dopamine system in these reward comparison processes. 
Supported by DA 05932 and DA 09815.
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534.5

INTRAPERITONEAL HEROIN AND COCAINE SUPPRESS SACCHARIN 
INTAKE IN THE "CTA" PARADIGM IN RATS.
R.C. Twining1, K.L. Cornelius1, F. Gomez1. R.M. Carelli2 and P.S. Grigson1*.
1Dept. Behavioral Science, Penn State College of Medicine, Hershey, PA 
17033;2Dept. Psychology, Univ. of North Carolina, Chapel Hill, NC 275992.

Rats suppress intake of a saccharin conditioned stimulus (CS) when paired 
with either an aversive unconditioned stimulus (US), such as LiCI, or a highly 
rewarding sucrose solution. These phenomenon are known as conditioned 
taste aversions (CTAs) or anticipatory contrast effects respectively. Rats also 
will suppress intake of a saccharin CS when it is paired with drugs of abuse 
(e.g., morphine, amphetamine, cocaine, marijuana, alcohol etc.) but it is still 
not clear whether the aversive or the rewarding properties mediate this 
suppression. Several factors have a profound influence on the degree to 
which drugs of abuse suppress intake of a saccharin CS, three of which are 
the particular drug of abuse tested, the route of administration, and the 
deprivation state of the animal. Oddly, multiple doses of heroin are reportedly 
ineffective as USs in the CTA paradigm where morphine is effective 
(Switzman, Hunt, & Amit, 1981) and cocaine has been found to be less 
effective when administered interperitoneally (ip) rather than subcutaneously 
(Ferrari, O'Connor, & Riley, 1991). The following experiments were designed 
to evaluate this issue using parameters known to generate robust 
suppressive effects. Free-feeding and water-deprived rats were given 5 min 
access to a novel 0.15% saccharin CS and, after a 5 min interval, were 
injected ip with either saline, cocaine (10 or 20 mg/kg) or heroin (8 mg/kg). 
There were 7 such taste-drug pairings every other day followed by a CS only 
test on the final day. The results indicate that ip administered heroin and 
cocaine will induce robust suppressive effects in both free-feeding and 
water-deprived animals. Supported by DA 09815 and DA 10006.

534.6

Morphine-Induced Suppression of Saccharin Intake is Correlated with 
Elevated Corticosterone (CORT) Levels. F, Gomez* p.s. Grtgann 
and R. A. Wheeler Dent, of Behavioral Science, College of Medicine, 
Penn State Univ., Hershey, PA 17033.

Individual predisposition is thought to accentuate the perceived 
rewarding properties of drugs of abuse and thereby facilitate abuse and 
addiction. The present experiments were designed to determine 
whether similar individual differences would affect avoidance of a 
natural saccharin reward in anticipation of the availability of a 
preferred drug of abuse. In experiment 1, water-deprived Sprague- 
Dawley rats were given 5 min access to 0.15% saccharin and, after 5 
min interval, were injected with either saline or cocaine (lOmg/kg, sc). 
There was one taste-drug pairing every other day for a total of 8 trials. 
The results showed that while all animals received the same number of 
pairings, only 60% avoided the saccharin conditioned stimulus (CS). 
Experiment 2 was conducted similarly, except that morphine (15 
mg/kg, ip) served as the unconditioned stimulus and blood samples 
were taken from the tail for a CORT assay before trial 1 and after CS 
access on trial 7. The results showed that 50% of the rats demonstrated 
a strong reduction in CS intake following saccharin-morphine parings 
and that these animals exhibited a robust increase in circulating CORT 
following access to the saccharin CS on trial 7. Thus, individual 
differences affect the tendency to avoid a natural reward that predicts 
drug availability. Supported by NIH grants DA 09815 and MH 02016.

534.7

RUNNING BEHAVIOR IN SIX INBRED MOUSE STRAINS.
S.Brene*1, M.Werme1, L. Olson1, Pl, Thoren2. !Depts. of Neurosci-
ence, and 2Physiology & Pharmacology, Karolinska Institutet, 171 77 
Stockholm, Sweden.

The rodent running-wheel model offers possibilities as an experi-
mental method to study natural reward. We compared voluntary run-
ning behavior of six genetically inbred mouse strains given access to 
running wheels. The distance and circadian rhythm of running was as-
sessed using a computerized system which registered running distance 
every 20 minutes. There were substantial differences in both distance 
and temporal distribution of running between strains, allowing group-
ing into high, intermediate and low runners. CBA mice were high run-
ners, BALB/c, C57 and C3H intermediate, whereas DBA and 129 were 
low runners. The CBA mice ran constantly 8 h/day and rested 16 
h/day. The other mouse strains did not exhibit such strict running and 
resting periodicity. To study mechanisms of natural reward by running, 
opioid receptor antagonists were administered to the addiction-prone 
C57 mouse. We found differential effects on running after (+- and K-re- 
ceptor antagonists, suggesting that endogenous opioid peptides (dynor- 
phin and p-endorphin) might exert different roles controlling running 
behavior. In this putative experimental model for natural reward, we 
thus demonstrate a differential pattern of running in six genetically in- 
bred mouse strains and show running is modulated by opioid receptor 
antagonists. (Supported by grants from the Swedish MRC.)

534.8
SOME FEATURES OF THE ANIMAL MODEL OF ANESTHETIC ABUSE. V.M. 
Pogorelov* and G.I Kovalev. Lab. of Radioisotopic Res., Inst, of Pharmacology, 
Rus. Acad, of Med. Sci., Moscow, Baltiyskaya 8., 125 315,Russia.
Every model of human pathology has to meet some principles of generality. 

Abuse of many psvchoactive substances comes under control of external and 
internal factors and it is what animal models can simulate. Recently we have 
reported on the effects of amphetamine and haloperidol on inhalation self-
administration of diethyl ether vapors (DEV) in rats (Neurosei. Abs, 23(2): 
726.14, 1997). To further explore the biological bases of this process we studied 
rats with direct acting dopamine (DA) agonist apornorphine, and in stressful 
situations.
Wistar rats had a choice between inhalation of DEV (about 25000 ppm) and 

clean air by nose-poking in two opposite holes. The holes opened into 
evaporation chambers through a valve. Each nose-poke opened the valve allowing a 
rat to inhale Time of DEV inhalation (TEI) was counted for 30 min daily. During 
48 h food deprivation animals received only 5 g of rat chow in home cages after 
experiments. Active avoidance was a variant of Sidman’s procedure with auditory 
condition stimulus (10 sec). Learning to criterion of 5 traverses continued for 4 
days. Average number of footshocks ( 1 mA, 50 V, duration 1 sec) was 21.9. 
Apornorphine 0.01 mg/kg significantly decreased TEI from 5 5+10 sec to

1.9+0.4 sec with peak effect on the next drug-free day (0,4+0.2 sec). Doses of
0.1 and 1.0 mg/kg slightly depressed vapor intake. There was a "rebound effect” 
after the highest dose; TEI rose from 3.5+0.4 sec (apornorphine) to 21.3+3.5 sec 
(saline) 6-hydroxydopamine 8jig-',2p.g-/side injected into nucleus aceumbens or 
medial profrontai cortex didn’t change TEI level for up to 3 weeks. Food 
deprivation significantly increased vapor intake by 120%: interaction Feeding 
Conditions x Days was F(4,48)=6.3, P<0.007. Learning active avoidance had no 
effect on basal TEI values. However, on the first day after vapor deprivation for 2 
days “deprivation effect” was augmented: before stress: 4.8+0.6 sec, after stress: 
9.4+1.8 and 13.4+2.6 sec one week later It is concluded mesolimbic DA doesn’t 
play a critical role in the self-administration of the anesthetic. The importance of 
single independent variables such as food deprivation and psychological stress 
demonstrates their generality among diverse addictive behaviors.

534.9

CHOICE TESTS BETWEEN HEROIN AND COCAINE INDICATE 
HIGHER DOSES ARE PREFERRED REGARDLESS OF DRUG.
A.M. Manzardo*, L. Stein, and J.D. Belluzzi, Dept. of Pharmacology, 
College of Medicine, University of California, Irvine, CA 92697.

In previous choice tests, rats preferred high over low cocaine doses. 
Here we report a similar high-dose preference in heroin vs cocaine choice 
tests. Daily 3-hr tests were made in a 2-lever box. During training, heroin 
(10 pg/kg/inj, i.v.) was available at either the right or left lever and the 
active side was alternated daily until rates stabilized (±10% for 2 days). 
When heroin doses (5, 15, and 45 pg/kg/inj) were compared, a preference 
for the high over the low dose was observed (p<0.03). No preference was 
indicated verses the 15-pg dose. Subsequent choice tests compared the 
preferred and non-preferred doses of heroin (45 & 5pg) to those of cocaine 
(801 & 267pg). Testing consisted of 2 no-choice baseline sessions offering 
each test drug alone followed by 1 choice session offering both. Results 
show a preference for the high cocaine dose over the low heroin dose (Fig., 
p<0.03) and the high heroin dose
over the low cocaine dose. Rats 
failed to choose between the high 
doses, responding instead at one- 
lever as previously described for 
high-dose cocaine choices. This 
high-dose preference, independent 
of drug type, is consistent with 
theories proposing convergence on 
a single reinforcement pathway.
(Supported by N1DA grant DA05107)

534.10

METHADONE: A COMPARISON OF ACUTE AND CUMULATIVE 
DOSE EFFECTS ON OPERANT RESPONDING AND DRUG 
DISCRIMINATION. R,E, Vann*, S.A, Yaivek and J.H. Porter, 
Psychology Dept., Virginia Commonwealth University, 
Richmond, VA 23184.

Methadone (METH) is one of the primary treatments for opiate addiction; 
however, there are relatively few preclinical studies in which METH is the 
primary drug of interest (in contrast to the large number of studies that have 
focused on morphine or heroin). Experiment 1 compared acute and 
cumulative dose effects of METH on fixed ratio (FR) 30 responding in rats. No 
significant differences were found between the acute and cumulative dose 
effect curves. FR responding was significantly suppressed by the 5.6 and 
10.0 mg/kg doses of METH. A time course study with the 5.6 mg/kg dose of 
METH found a significant reduction in response rates at 15, 30, 60, and 120 
min post injection, with response rates recovering to baseline levels by 240 
min.

In Experiment 2, rats were successfully trained to discriminate 1.0 mg/kg 
METH from vehicle in a two-iever drug discrimination procedure for food 
reward. Acute dosing with METH yielded a relatively flat generalization curve 
with maximal drug lever responding (98.7%) seen at the 1.0 mg/kg training 
dose. A 100-fold decrease in dose (0.01 mg/kg) still produced 37.7% METH- 
appropriate responding. The cumulative dose effect curve is currently being 
conducted, but is expected to yield results similar to the acute dose effect 
curve (as was seen in Exp. 1 with FR responding). After completion of Exp. 2, 
the underlying mechanisms of methadone’s discriminative stimulus 
properties will be examined to determine how similar they are to morphine’s 
discriminative stimulus properties.
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534.11
NALTREXONE DECREASES ACOUSTIC STARTLE RESPONSE IN THE RAT 
AFTER A SINGLE DOSE OF MORPHINE. M. Kalinichev* and S.G. Holtzman 
Dept. of Pharmacology; Emory University School of Medicine; Atlanta, GA 30322.

Exposure of otherwise drug-free subjects to a single dose of morphine followed by 
an opioid antagonist a few hours later elicits behavioral changes indicative of a 
withdrawal syndrome and acute physical dependence. Decrease in the acoustic startle 
response (ASR) is one of the signs of the withdrawal syndrome in rats chronically 
dependent on morphine. The objective of the present study was to determine if the 
opioid antagonist naltrexone (NTX) causes a decrease in ASR in adult male rats that 
were pretreated (4 hr) with only a single dose of morphine. Each startle test session 
consisted of exposure to 18 discrete (30 ms) auditory pulses of varying intensities (90, 
105 and 120 dB), presented in a random order over a 20 min period. On a test day, 
rats (n=8) were exposed to a baseline session, following which half of the animals 
were pretreated with morphine (10 mg/kg) and the half were pretreated with saline. 
Four hours later, rats received an injection of saline, SC, followed at 30-min intervals 
by injections of NTX in cumulative doses (0.01, 0.1, 1.0, and 10 mg/kg). Startle 
sessions began immediately after each injection. In response to 105dB, but not 90 or 
120 dB startle stimuli, NTX produced a significant decrease in startle amplitude in 
rats that had received morphine, compared to the saline-pretreated animals. For 
example, although 0.01 mg/kg NTX had no effect on startle, doses of 0.1 mg/kg or 
higher produced more than a 50% decrease in the startle amplitude in morphine- 
pretreated animals. These results indicate that change in ASR is one of the signs and 
symptoms that characterize the state of antagonist-precipitated withdrawal in subjects 
treated with morphine either acutely or chronically. They provide additional evidence 
that a single dose of morphine induces a state of acute physical dependence that 
shares many characteristics with the state of chronic physical dependence.

(Supported by N.I.H. Grants DA00541 and KO5 DA00008)

534.12

REDUCTION OF THE DISRUPTIVE EFFECTS OF METHADONE 
ON SHORT TERM MEMORY ABILITIES IN RATS WITH 
TACRINE. M.C. Fratzke*, K. Newsham. E. Yudko, J.K. Shepherd 
and HX. Roitblat. University of Hawaii, Psychology 
Department, Honolulu, HI 96822

Recent data suggest that methadone disrupts short-term memory in 
humans (Fratzke et aL 1995; 1996) and in rats(Fratzke et al. 1998). Clearly, 
this may be detrimental to the effectiveness of substance abuse counseling for 
opiate dependence, and possibly contributes to a poor prognosis.

To provide a better understanding of the effects of exposure to methadone, 
this study compared the short-term memory abilities of fifteen well trained 
Sprague-Dawley rats (398-450g) in each of the following drug conditions: 
saline, methadone HCL: 225mg/kg, Tacrine 0.1 mg/kg and a simultaneous 
administration of methadone and Tacrine.The method employed to assess 
learning and memory was a spatial-delayed-matching-to-sample (SDMTS) 
test Subjects who were administered methadone exhibited an impairment of 
their ability to remember the location of the appetitive reward. Subjects who 
were administered Tacrine with methadone exhibited less impairment. These 
results call for an evaluation of the possible use of a “cognitive enhancer” to 
reduce the potentially disruptive effects of methadone on memory. Thus, 
improving the efficacy of the use of methadone as an adjunct to substance 
abuse counseling for opiate dependence.

534.13

PERSISTENT INCREASE IN THE MOTIVATION TO TAKE 
HEROIN IN RATS WITH A HISTORY OF DRUG ESCALATION, 
S.H. Ahmed*, JR- Walker, and G.F. Koob. Department of 
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037

The effect of drug availability on the pattern of intravenous heroin 
self-administration (40 pg per infusion) was directly assessed in male 
Wistar rats. With 1 hour of access to heroin per session (Short Access 
or ShA rats), rats limited their heroin consumption at a given level, that 
was very stable over a period of 3 weeks. However, heroin 
consumption was dramatically and persistently altered after a sudden 
increase in availability. In rats for which access to heroin is increased to 
11 hours per session (Long Access or LgA rats), both the total and first 
hour intake gradually escalated over time and eventually stabilized at a 
level 200% of that prior to escalation. This observation suggests that 
the set point which determines the individual preferred level of heroin 
effects has been altered during escalation. After escalation, both ShA 
and LgA rats were tested for stress-induced reinstatement of heroin-
seeking behavior. The data show that LgA rats were slower to 
extinguish heroin-seeking behavior and tended to respond more to the 
reinstating effect of stress after a prolonged period of extinction (i.e., 
25 sessions). These findings suggest that the change in set point 
responsible for escalation in heroin consumption is associated with a 
persistent increase in the motivation for taking heroin.
This work was supported by grants DA-04398 and DA-08647 to
G.F.K.

534.14

ALTERATION OF THE DOPAMINERGIC SYSTEM IN ADULT RAT BRAINS 
EXPOSED TO HEROIN PRENATALLY. J.H. Zhu1, S. Ali2 and A Stadlin1 (SPON. 
The Hong Kong Society of Neurosciences). ’Dept. of Anatomy, The Chinese 
University of Hong Kong, Shatin, N.T., Hong Kong and 2Div. of Neurotoxicology, 
NCTR/FDA, Jefferson, AR 72079.

The dopaminergic system has been implicated in the motivational state, stress 
responses and locomotor-activating effects of many drugs of abuse. Our previous 
work demonstrated that prenatal heroin exposure decreases dopamine transporter 
(DAT) and DI receptor density in striatum and hypothalamus of the newborn in 
association with neonatal withdrawal symptom (Soc. Neurosci. Abstr, 23: 2143, 
1997). The present study examined the effects of prenatal heroin exposure on the 
dopaminergic system of the adult offspring rat brain at postnatal 3 months. Pregnant 
Sprague-Dawley rats were administered with heroin (lOmg/kg/day, s.c.) from 
gestational days 8 to 20. Receptor ligand binding assays were used to study changes 
in the DAT, DI and D2 receptors, p receptor and serotonin transporter in the frontal 
cortex, striatum, hippocampus, hypothalamus, cerebellum, olfactory bulb, brainstem 
and midbrain of male and female offspring. Results showed that prenatal heroin 
exposure caused a 33% (p<0.01) and 30% (p<0.05) increase in DAT binding in 
liippocampus and hypothalamus respectively, in male and female offspring when 
compared to saline-treated or pair-fed groups. There was a 37% (p<0.05) and 39% 
decrease in DI and D2 receptor binding respectively, in frontal cortex of female rats 
only. Furthermore, there was a 51.7% (p<0.05) increase in D2 receptor binding in 
female hypothalamus. This study suggests that prenatal heroin exposure may result in 
long-term changes in the dopaminergic system and that these alterations are region 
specific and sexually dimorphic. Such changes may result in long-term impairment in 
learning, memory and sexual behavior in these animals since the dopaminergic 
system is involved in the modulation of feeding, neuroendocrine secretion, sexual 
behavior, learning and memory by regulating other neurotransmitter systems. 
(Supported by the Ear-marked grant CUHK 237/96M awarded to A S.)

534.15

PRENATAL OPIATE EXPOSURE AND POSTNATAL WITHDRAWAL DOES NOT 
AFFECT BASAL CORTICOSTERONE (CORT), BUT CAUSES SENSITIZATION 
TO A MILD STRESS IN THE YOUNG CHICKEN. L.M. Schrott* and S.B. Sparber. 
Dept. of Pharmacology, Univ. of Minnesota., Minneapolis, MN 55455.

Prenatal exposure (and/or subsequent withdrawal) to opiates may alter neural 
and endocrine responses to a variety of challenges. Eggs with viable embryos 
were injected with 0, 2.5, 5, or 10 mg/kg egg of the long-acting opiate l-a- 
noracetylmethadol (NLAAM) on embryonic day 4. NLAAM treatment significantly 
decreased hatching compared to controls, without affecting hatch weight. Chicks 
were housed in heated brooders with ad lib water on hatch day (DO) and ad lib 
food on D2. They were weighed daily from DO to D4. NLAAM treated-chicks 
displayed evidence of opiate withdrawal manifest as failure to gain weight. The 
NLAAM treated chicks weighed less than controls on D2-D4. On D4 basal 
temperature was measured at 3 h intervals. Chicks treated prenatally with 10 
mg/kg NLAAM were hypothermic, with a body temperature 0.5 °C below the 
other groups (p<0.05), further indicating opiate withdrawal. On D5, chicks were 
left undisturbed, injected with saline (mild stress), or the immunostimulant 
lipopolysaccharide (LPS; 7.5 mg/kg) followed 2 h later by sera collection. CORT 
concentrations were analyzed to determine the status of the chicks’ neuro-
endocrine axes. Basal CORT concentrations were unaffected by the prenatal 
NLAAM exposure and postnatal withdrawal. However, the 2 highest NLAAM 
doses sensitized the chicks to the saline injection, increasing CORT 2.5-3 fold 
relative to non-NLAAM treated chicks (p<0.05). LPS appeared to maximally 
stimulate CORT, increasing concentrations 8-10 fold, masking the differential 
effect of the mild saline stress. Thus, long-term prenatal opiate exposure followed 
by spontaneous withdrawal at hatching affects the CORT response to a mild 
stress. Supported in part by USPHS grants K01 DA00362 and R37 DA04979.

534.16

NEONATAL MATERNAL SEPARATION PRODUCES A PROFILE 
OF ALTERED CORTICOSTERONE LEVELS AND SENSITIVITY 
TO MORPHINE. K.W. Easterling*, M. Kalinichev, S.G. Holtzman. Dept. of 
Pharmacology, Emory University School of Medicine; Atlanta, GA 30322.

Recent studies have shown that rat pups separated from their dam for 3 hr daily 
over the first two weeks of life (MS rats) show exaggerated behavioral and endocrine 
responses to stressors as adults (> 90 days) compared to non-handled (NH) or 
handled (H) controls. Our aim was to determine whether the behavioral effects of 
morphine would also be enhanced in 90-120 day old Long-Evans MS rats. Prior to 
behavioral testing, we verified that the MS rats produced in our facility had higher 
(2.5x) plasma corticosterone levels (105 p.g/100 ml) after gentle handling than H or 
NH controls (n = 8 each group). We then compared the three groups (n = 8 each) in 
a radiant heat antinociceptive assay (tail-flick). NH rats loosely wrapped in a towel 
during initial testing (mild/no stress condition) had significantly longer pre-drug 
baseline latencies than the comparable H or MS rats, but there were no between- 
group differences in morphine dose-response curves (ED50 = 2.37 + 0.27 mg/kg). 
Separate groups of rats (n = 8 each) were tested while tightly restrained in an acrylic 
cylinder. The restraint stress selectively potentiated the antinociceptive effects of 
morphine only in the MS group (ED50 = 1.31 + 0.61 mg/kg). One week of s.c. 
morphine infusion by mini osmotic pump (n =24) produced equivalent tolerance 
(ED50 = 3.22 + 0.15 mg/kg) to the antinociceptive effects of morphine in rats from all 
three handling conditions. In contrast, rats with saline-filled pumps showed no pre- 
vs. post-pump changes in the effects of morphine. These results suggest that 
neonatal maternal separation produces changes in adult opioid responsiveness that 
are dependent on the presence of environmental stressors at the time of testing.

(supported in part by NIH grants DAI 1384 and K05/DA00008)
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535.1
GENE EXPRESSION PATTERN IN THE CNS OF ALKO AA RATS VS. 
CONTROLS UNDER BASELINE AND STIMULATED CONDITIONS: A 
DIFFERENTIAL DISPLAY RT-PCR STUDY. W.Sommer*, C.Arlinde, 
A.Thorsell, and M.Heilig. Department of Clinical Neuroscience, Occupational 
Therapy and Elderly Care Research, Karolinska Institutet, Stockholm, Sweden

Some animal models of genetic alcoholism (e.g. Alko AA rats, P-rats) 
correlate with subnormal levels of experimental anxiety. Alko AA animals 
display an abnormally disinhibited behavior when exposed to moderate stress. 
This behavioral constellation is similar to that seen in sons of male alcoholics 
and may therefor reflect some of the conditions seen in human alcoholism, 
mainly in type II alcoholics according to Cloninger's nomenclature. 
Furthermore, antisense blockade of c-fos expression in central amygdala of 
regular rats reduces experimental anxiety with a high degree of specificity, 
suggesting that transcriptional regulation of late response genes are involved in 
adaptive processes leading to pathological fear and/or anxiety.

We have characterized the AA line using established models of experimental 
anxiety, the elevated plus-maze and a punished drinking test, as well as alcohol 
self administration. Here, we are comparing gene expression in the AA rat with 
two groups of control animals, the alcohol non-preferring ANA line and 
heterogeneous Wistar animals under baseline condition and 3 hours after 
exposure to a stressor (punished drinking). Total RNA was prepared from 
cortex and striatum, and subjected to differential display RT-PCR. We 
identified several differentially expressed bands, potentially related to the 
'subanxious' phenotype. Sequence and northern hybridization analysis 
demonstrated that most of the bands represent presently unknown, brain 
mRNA species. Their functional role is currently under investigation.

Supported by the Swedish MRC (MH).

535.2

CHARACTERIZATION OF GENES CHANGED BY CHRONIC 
ETHANOL INTAKE IN THE RAT HIPPOCAMPUS. WS Choi/ JH 
Kim, YM Lee, SS Kang, GJ Cho, and BJ Lee.1 Depts. of Anatomy and 
Neurobiology, Coll, of Medicine, Gyeongsang National University, 
Chinju-si, Kyungnam, 660-280; 1Dept. of Biological Science, University 
of Ulsan, Ulsan, 680-749, Korea.

Alcohol is a neurotoxin associated with significant morbidity and 
mortality. The effect on the brain of alcohol appears to be determined 
by complex, multiple and variable vulnerability factors. However, the 
molecular and cellular bases of this effect are not well understood. 
The present study aims to detect differentially expressed genes in the 
hippocampus from adult male rats after chronic ethanol intake. To 
examine this, partly, the technique of differential display PCR was 
used to compare changes of mRNAs expression. Ethanol was given at 
a dose of 3 gm/kg of body weight for 10 days. Total RNA samples 
from the individual hippocampus were reverse transcribed and PCR 
amplified in the presence of 32P-dCTP. Radioactive PCR products 
were electrophoresed in a 6% polyacrylamide gel. To exclude the 
possibility of false PCR products, we performed the reverse northern 
blot analysis for all reamplified genes. We harvested several positive 
signals after chronic ethanol treatment. Among these, 18 of signals 
were shown to increased and 12 of signals were shown to decreased 
patterns. These signals were confirmed by the northern blot analysis. 
CL2-4 was a ethanol-induced gene and was shown sequence 
homology to mitochondrial cytochrome c oxidase subunits. C8-3 was 
shown similarity to E46 protein that related to regulation of 
developmental pattern in the mouse brain. We will investigate a 
distribution and density of these genes in the rat brain, sequently.

535.3

GENE EXPRESSION PROFILES IN RESPONSE TO ETHANOL IN 
HUMAN SH-SY5Y NEUROBLASTOMA CELLS USING HIGH- 
DENSITY OLIGONUCLEOTIDE ARRAYS. 'C. Thibault. 2C, Lai. ’FL 
Wilke. 'B, Duong. 'S, Rahman. *F. Olive. 'L. Wang. 'J. Grossman. 2P.J, 
Lockhart. ’M.F. Miles*. ’The Ernest Gallo Clinic and Research Center, 
University of California at San Francisco, San Francisco, CA 94110, and 
2Affymetrix, Santa Clara, CA 95051

Cellular responses to ethanol, in contrast to other drugs of abuse, are 
not initiated by functional coupling to one specific receptor, but rather 
involve changes in the abundance or function of numerous membrane 
proteins such as G-coupled receptors, transporters and ion channels. 
Alterations of these signaling molecules are believed to further trigger 
changes in gene expression that may underlie CNS adaptation to ethanol.
As a step toward understanding the complex cellular effects of ethanol, we 
monitored simultaneously the expression level of over 6000 genes in 
response to ethanol in human SH-SY5Y neuroblastoma cells. High-density 
oligonucleotide arrays were used to generate gene expression profiles after 
72hr treatment with 50, 100 or 150 mM ethanol. We have identified over 40 
genes differentially regulated by ethanol in this cell line. We have further 
characterized the effect of ethanol on the expression of several genes such 
as those encoding for dopamine ^-hydroxylase and noradrenaline 
transporter. The results presented here show that oligonucleotide arrays 
should prove valuable for the discovery of potential therapeutic and 
diagnostic targets of ethanol. This work was supported by grants from 
NIAAA and by funds provided by the State of California for medical 
research on alcohol and substance abuse through the University of 
California, San Francisco.

535.4

DIFFERENTIAL GENE EXPRESSION IN THE FRONTAL 
CORTEX OF HUMAN ALCOHOLICS. J.M. Lewohl.1* M.F. Miles.2
L. Wang.2 N. Wilke? L, Fan,3 P.A, Wilce? P.R, Dodd? and R.A,
Harris!. Neurobiology Inst. Cell. Mol. Biol., U. Texas, Austin, TX
78712, 2Gallo Center, UCSF, San Francisco, CA 94110,3Dept. 
Biochem., U. Queensland, Brisbane 4072, Australia.

Chronic alcohol abuse results in tolerance, dependence and neuro-
psychological and cognitive defects. The mechanisms underlying these 
changes may be mediated, at least in part, by changes in gene 
expression. Most evidence for the effects or alcohol on gene expression 
have been obtained from animal models or by exposing cells in culture 
to ethanol. A critical question is whether alterea gene expression also 
occurs in human alcoholics. In this study, differential expression was 
monitored by microarray hybridization. Two independent groups of 
controls and alcoholics were selected and matched for analysis. 
Alcoholics were defined on the basis of ethanol intake (>80 g per day); 
controls were defined by a consumption of less than 20 g/day of 
ethanol. Cases were matched for age at death, post-mortem delay and 
gender. Alcoholics with cirrhosis of the liver, Korsakoff psychosis, 
Wernicke or hepatic encephalopathies, or a history of polydrug abuse, 
were excluded from the study. Differential expression between control 
and alcoholic samples was measured in duplicate using 40K human 
gene oligonucleotide arrays (Affymetrix) and the Unigems I, II and V 
(Incyte/Genome Systems). This represents the most detailed analysis of 
brain gene expression changes associated with alcoholism to date. This 
report also provides a comprehensive comparison between these 
microarray technologies. Some genes identified in this study have been 
found to be alcohol-responsive in human alcoholics and animal models 
of alcohol abuse, but many represent new targets.
Supported by funds from NIAAA, TCADA and NH&MRC.

535.5

ADENYLYL-CYCLASE (AC) TYPE V IN HUMAN LYMPHOCYTES: A 
POSSIBLE TRAIT MARKER FOR ALCOHOLISM? T. Pauly. U. Schmitt. N. 
Dahmen. A, Szegedi and C. Hiemke*. Department of Psychiatry, University of 
Mainz, D-55131 Mainz, Germany

Using quantitative Western-blot analysis we investigated the AC-system in 
lymphocytes of male alcoholic patients (n=29) at the day of admittance to the hospital 
(DO; blood alcohol concentrations (BAC); range: 38-100mM), during detoxification 
in the state of withdrawal (D2) and at the day of release (DE). As control, age- 
matched healthy males were included (n=29). We used specific antibodies for AC- 
isoforms II, IV, V and VI as well as for G-proteins Gas, Gai, Gp. Normalized 
immunoreactivity data (NID) showed that G-proteins Gas and Gai were unaffected t 
whereas Gp was significantly increased (DO: 7.6, D2: 7.4, DE: 8.0) compared to 
controls (C: 4.5). Expression of ACII, IV and VI was significantly reduced at DO, D2 
and DE, compared to controls, but a state dependent expression of ACV, which 
paralled our previous findings of AC-activity, was observed (DO: 43.43, D2: 34.73, 
DE: 48.79)’. Moreover, ACV correlated negatively with the BAC, reflecting our 
previous findings of reduced forskolin stimulated AC-activity under BAC2. 
Furthermore, ACV seemed to be the predominant isoform in controls and patients (C: 
72% vs. 88% DO, 86% D2, 88% DE). Our results show that the AC-system in 
lymphocytes is differentially affected in alcoholism. The data indicate state- 
dependent alterations in ACV expression. The high portion of ACV after 
detoxification in the patients (88% DE) compared to the controls (72%), gives 
evidence for a disease related upregulation and a tendency towards a possible role of 
ACV in human lymphocytes as a trait marker for alcoholism.
’Szegedi et al. (1998) and 2Pauly et al. (1999)
(BMBF grant 01EB9416/0)

535.6

REDUCTION OF THE mRNA LEVELS OF TWO SUBTYPES OF ADENYLYL 

CYCLASE AND STIMULATORY G PROTEIN IN ALCOHOLICS.
E. Hashimoto1, H. Sohma2, T. Shirasaka3, H. Ozawa' and T. Sai to1* 1 Dcpt. of 

Neuropsychiatry and biochemistry2, School of Medicine, Sapporo Medical 

University, Sapporo 060-8543 Japan, Ishibashi Hospital3

We have previously shown an attenuation of the stimulatory G protein 

(Gs)-mediated adenylyl cyclase (AC) activity and quantitative reductions of type I 

AC (AC I) and Gs in the cerebral cortices of the postmortem brains of alcoholics. 

In the present stuck', we examined the mRNA levels of two subtypes of human AC 

(AC I and AC VIII) and Gs in blood cells from 8 alcoholics (seven men, one 

woman) who met DSM-IV enteria for alcohol dependence and had been abstinent 

from alcohol for at least six months and 8 control subjects (six men, two women) 

with no history of substance abuse or dependence. The stuck' procedures were fully 

explained to the subjects and informed consent was obtained The relative amounts 
of mRNA were estimated by RT-PCR using [«-32PjdCTP. The amounts of 

amplified DNAs of both AC I and AC VIII were significantly smaller in alcoholics 

than in controls, whereas those of the tyactin DNA were almost equal between 

alcoholics and controls. Moreover, the amount of Gs DNA was also significantly 

reduced in alcoholics. These findings suggest that a reduction in the level of mRNA 

of these ACs and Gs in blood cells may be a biological marker for alcoholics.

This study' was supported by research grants from Ministry of Health and Welfare 

of Japan, the Santory Foundation of Japan, the Hokkaido Wine Foundation of 

Japan and the Sapporo Medical University Foundation for Research Promotion.
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535.7

GENERATION OF TRANSGENIC MICE THAT OVEREXPRESS TYPE 7 
ADENYLYL CYCLASE AND THE RESPONSE OF THESE MICE TO ETHANOL
M. Yoshimura. P.H. Wu, R.K. Freund*. M.R. Palmer. P.L. Hoffman and B. Tabakoff.
Dept. of Pharmacology, Univ. of Colorado Health Sciences Center; Denver, CO 
80262.

Adenylyl cyclase (AC) and the cAMP signaling system have been implicated in 
mediating a number of physiological and behavioral responses to ethanol. We have 
previously shown that ethanol enhances Gs-stimulated accumulation of cAMP and that 
the extent of such enhancement depends on the isoform of AC present in the cells. The 
type 7 AC (AC7) is the most ethanol sensitive of the eight isoforms tested. To study 
the role of AC in an animal’s response to ethanol, we generated transgenic mice that 
overexpress AC7 in a neuron specific manner by using the synapsin I promotor. The 
expression of this transgene, as detected by RNase protection assay, was limited to the 
brain and the spinal cord. A statistically significant difference was found in the AC 
activity in the brains of transgenic mice compared to that of wild type litter mates. The 
transgenic mice were compared with wild type litter mates in several measurements of 
their response to ethanol including the dowel test for ataxia, the test for loss of righting 
reflex, hypothermia and electrophysiological responses of Purkinje neurons to ethanol. 
All three lines of transgenic mice (2; C57/SJL, 1; FVB/N) so far examined showed 
differences in ethanol sensitivity compared to the corresponding wild type litter mates. 
However, each line of transgenic mice exhibited line specific changes. Our findings 
suggest that AC and cAMP signaling play an important role in determining an animal’s 
sensitivity to ethanol in both behavioral and electrophysiological tests. Differences 
among the three lines of transgenic mice may reflect differences in their genetic 
background, in the level of AC7 expression or in the brain distribution of AC7 
expression. Supported by NIAAA and The Banbury Foundation.

535.8
CHRONIC DAILY ALCOHOL AND WITHDRAWAL CYCLES: EFFECTS ON 
FOREBRAIN PROOPIOMELANOCORTIN (POMC) GENE EXPRESSION. 
D.D.Rasmussen1'3'4, C.W. Wilkinson24*, D.R. Mitton3. ‘Mental Health Service and 
2GRECC, VA Puget Sound Health Care System and Depts of ’Medicine and 
4Psychiatry, University of Washington, Seattle, WA 98195.

Forebrain POMC-derived opiomelanocortin peptides, including the potent opioid 
B-endorphin, likely have important roles in mediating or modulating acute responses 
to ethanol. However, the potential roles of these POMC peptides during chronic 
ethanol and withdrawal are unclear. For this study we developed a modified ethanol 
liquid diet paradigm which: 1) produced daily increases in male rat plasma ethanol 
concentrations to 135±10 mg/dl at the midpoint of the night followed by daily with-
drawals to 0 mg/dl during the day, and 2) induced chronically increased adrenal glu-
cocorticoid activity as revealed by small increases in morning plasma corticosterone 
levels coupled with increased adrenal weights and decreased thymus and spleen 
weights (all p<0.05 vs ad lib-fed and isocaloric pair-fed controls). After 7 weeks of 
daily alcohol/withdrawal, evening mediobasohypothalamus cytoplasmic POMC 
mRNA concentrations were suppressed 24% (p<0.01) vs both ad lib-fed and pair-fed 
controls, which were not significantly different. Morning cytoplasmic POMC mRNA 
concentrations were also suppressed (36%, p<0.01) vs ad lib-fed controls and tended 
to be decreased (18%, p=0.06) vs pair-fed controls. These results suggest that chronic 
daily alcohol/withdrawal cycles decreased forebrain opiomelanocortinergic activity, 
and that this decrease may be related to chronic moderate hypothalamo-pituitary- 
adrenal activation. In contrast, we have demonstrated (Rasmussen et al., Alco- 
hol.Clin.Exp.Res. 22:789, 1998) that acute atraumatic induction of similar plasma 
ethanol levels activated the forebrain opiomelanocortinergic opioid system. The cur-
rent results thus further suggest that repetitive alcohol/withdrawal cycles may induce 
chronic deficits in basal opiomelanocortinergic function which could potentially favor 
acute alcohol self-medication to temporarily restore more ‘normal’ opiomelanocortin-
ergic activity. (Dept of Veterans Affairs and NIH AA10567 to DDR).

535.9

EFFECTS OF ETHANOL ON GLUCOSE TRANSPORTER 
EXPRESSION IN RAT HIPPOCAMPAL CULTURES. J.J. Catlaci, S. 
Ehmann, and A.K. Snyder*. Department of Cellular and Molecular 
Pharmacology, Finch University of Health Sciences/The Chicago 
Medical School, North Chicago, IL 60064.
Although the developing brain is especially vulnerable to alcohol, the 
molecular mechanisms underlying this damage are not yet understood. 
We have previously shown that exposure of rat hippocampal neurons 
to ethanol in culture reduces glucose uptake and expression of the 
ubiquitous glucose transporter, GLUT1. Glucose transporter 
expression is regulated developmentally, and the primary neuronal 
transporter, GLUT3, is in low abundance in cultures of hippocampal 
neurons initiated on gestational day 18. Nevertheless, steady state 
GLUT3 mRNA can be detected by northern analysis after 4 days in 
culture. Exposure to ethanol for 5 hours induced significant increases 
in GLUT3 mRNA in the absence of any effect on the control probe for 
glyceraldehyde 3-phosphate dehydrogenase (G3PDH). When 
normalized to the control probe, GLUT3 mRNA increased 42 ± 18 and 
43 ± 6 % in the presence of 50 and 100 mM EtOH, respectively. At the 
same time, GLUT3 protein levels, determined by western analysis, 
decreased. Moreover, GLUT3 mRNA decreased when the exposure 
period was lengthened to 18 hours. This pattern of changes is similar 
to those induced on the expression of GLUT1. These disturbances in 
glucose transporter expression in the brain may contribute to 
impairments in energy metabolism or in the ability to respond to free 
radical production during ethanol metabolism. Supported by NIAAA

535.10
SEROTONIN TRANSPORTER GENOTYPE EFFECTS ON OVERALL 
SEROTONERGIC ADAPTATION IN HUMAN ALCOHOLICS: A POST 
MORTEM STUDY
Lian Zhang*,Umesh Patel, Huailing Zhong, Karley Y. Little 
Department of Psychiatry, University of Michigan, Ann Arbor VAMC

The monoamine transporters appear to be dynamically regulated, which perhaps 
influences synaptic signaling, as well as neuronal sodium kinetics. Previous 
experiments have found that a SERT promoter region polymorphism affects 
SERT mRNA expression and binding site density in human midbrain nuclei. It 
has also been found that this SERT genotype affects the SERT response in human 
subjects with ethanol dependence. Alcoholic subjects with the short genotype 
demonstrate an increase in dorsal raphe [ 125I]]RTI-55 binding.

The present experiments further examined the status of serotonin neurons in the 
same alcoholic subjects. There were significant increases overall found in 5-HTIA 
binding ([3H]8-OH-DPAT) in the dorsal subnuclei of the dorsal raphe. There was 
a complementary effect of SERT genotype on 5-HT!A binding. In contrast to 
those alcoholic subjects with the short or mixed SERT genotype (who displayed 
increased SERT, but no 5-HT,A changes), alcoholic subjects with the long SERT 
genotype accounted for all the increased 5-HT!A receptor binding. In additon, 
there were significantly increased 5-HT levels in alcoholic striatum, independent 
of SERT genotype, or SERT or 5-HT1A binding levels. The increase in 5-HT 
levels were inversely related to signs of dopamine neuronal loss. The 
complementary effect of SERT genotype on SERT and 5-HT1A function suggests 
that SERT expression may have marked effects on the overall adaptation of the 
serotonin neuron with perturbed by ethanol exposure. Individual response to 
SSRI and 5-HT1A against treatments may be related to SERT genotype.
Alcoholics appear to have increased striatal 5-HT levels, perhaps as a reaction to 
lost dopamine function. (NIDA 09491)

535.11

ETHANOL POTENTIATES THE FUNCTION OF THE HUMAN 
DOPAMINE TRANSPORTER EXPRESSED IN XENOPUS 
OOCYTES. N R. ZahniserH*. and R.D. MayfieldL iDept. Pharmacol, and 
2Neurosci. Prog., Univ. Colorado Hlth. Sci. Ctr., Denver, CO 80262.
Central dopamine (DA) systems are thought to be critical for the motor and 

reinforcing effects of ethanol. Recently, in vivo electrochemical studies 
demonstrated that ethanol attenuates potassium-evoked DA overflow from 
rat dorsal striatum (Wang et al., Alcohol 14:593-601, 1997) suggesting that 
ethanol's action on central DA systems may involve modulation of DA 
transporter (DAT) activity. Here, we used biochemical (pH]DA uptake) and 
electrophysiological (two-electrode voltage-clamp) techniques to examine 
the effects of ethanol on DAT function in oocytes expressing cRNA 
encoding the human DAT (hDAT). Accumulation of [3H]DA (100 nM) into 
individual hDAT expressing oocytes was approximately 0.5 fmol/sec under 
control conditions. Ethanol (10-300 mM) significantly increased [3H]DA 
uptake in a concentration-dependent manner (EC50 =120 mM; Hill slope = 
0.95). pH]DA uptake was increased approximately 30% by 100 mM ethanol. 
In voltage-clamp experiments, ionic conductances associated with substrate 
translocation (transport-associated currents) were also significantly enhanced 
by ethanol. These effects were concentration- and voltage-dependent. At a 
holding potential of -60 mV, ethanol concentrations as low as 10 mM 
significantly enhanced transport-associated currents by 10-20%, while higher 
ethanol concentrations (100 mM) enhanced these currents by as much as 
80%. These experiments demonstrate that DAT-mediated substrate 
translocation and substrate-associated ionic conductances are sensitive to 
intoxicating concentrations of ethanol and suggest that DAT may represent 
an important site of action for ethanol's effects on central DA transmission. 
(Supported by DA04216 and DA00174)

535.12
UPREGULATION OF THE D2 RECEPTORS IN THE NUCLEUS
ACCUMBENS OF THE RAT USING A D2 ADENOVIRUS VECTOR 
(AdCMV.DopD2R) AND ITS EFFECT ON ALCOHOL AND COCAINE ABUSE. 
P.K. Thanos*1-2- N.D. Volkow1’2. P. Freimnth2. B. Hitzemann1. H. Umegaki4. H.
Tkari4. G. Roth3. D.K. Ingram3 and R Hiteemann1 ‘Dept. of Psychiatry, SUNYStony 
Brook,-3Depts. of Medicine and Biology, Brookhaven National Laboratory; 3 Gerontology Res. 
Center, NIA; ‘Dept. of Geriatrics, Univ. of Nagoya School ofMed. Japan.

Disruptions of the dopamine circuit and more specifically a decline in the dopamine 
D2 receptors has been associated with aging and neurodegenerative disorders such as 
Parkinson’* and Huntington’s disease. Recently, our center has demonstrated in 
cocaine addiction clinical studies that the dopamine D2 receptor may play an 
important role in addiction (Volkow et al.,1993). Specifically, cocaine abusers 
irrespective of age consistently had lower D2 levels when compared to the control 
subjects. These studies however were not able to address the issue of whether this 
difference in D2 is a characteristic of chronic cocaine abuse, or is it a predisposing 
condition of those individuals that use cocaine.

In order to examine whether D2 receptor levels are a common feature of ethanol 
and cocaine abuse we tested the effects of upregulating D2 levels on several 
behavioral drug paradigms such as: ethanol vs. water preference drinking, 
conditioned place preference, and prepulse inhibition to the Acoustic Startle 
Response (ASR). This was done by microinjecting an adenoviral vector carrying the 
rat cDNA for the dopamine D2 receptor (AdCMV.DopD2R) into the rat nucleus 
aceumbens core (NAcc). We hypothesized that animals with upregulated dopamine 
D2 levels would show corresponding behavioral changes in the level of their ethanol 
vs. water preference drinking, conditioned place preference for ethanol or cocaine, 
and prepulse inhibition to the ASR. Autoradiography showed that microinjection of 
the AdCMV.DopD2R into the NAcc produced a 52% increase in D2 levels 4 days 
post injection, although this D2 upregulation decreased with time. D2R levels were 
then correlated with the observed effects on alcohol and cocaine abuse. Supported by 
AA 11034& AA07574,
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535.13

G-PROTEIN-COUPLED INWARDLY RECTIFYING POTASSIUM 
CHANNELS (GIRKs): TARGETS OF ALCOHOL ACTION.
RA Morrisett1’2*. JM Lewohr, WR Wilson1 . RA Harris12. 
Pharmacology and Neurobiology2, U. Texas, Austin, TX, 78712.

GIRK channels and other inwardly rectifying potassium 
channels regulate the resting membrane potential and neuronal 
excitability. Because of this key role in brain function, we asked 
if these potassium channels are targets of alcohol action.

We tested the effect of ethanol on native GIRK function and 
observed a dose-related enhancement of Ba-sensitive GABAb 
receptor-mediated GIRK currents in cerebellar granule cells 
(135-41% of control currents in 35-75 mM ethanol, respectively). 
We next performed an analysis of ethanol-GIRK interactions in 
Xenopus oocytes expressing homomeric or heteromeric 
channels. The function of all GIRK channels was enhanced by 
intoxicating concentrations of ethanol with GIRK2 channels 
showing the greatest response. Other inwardly rectifying 
potassium channels (IRK1, R0MK1-3) showed no ethanol 
sensitivity at concentrations 10X that which enhanced GIRK 
function. Methanol and propanol also enhanced the function of 
GIRK channels but longer chain alcohols did not.

Hence, alcohol effects GIRKs selectively (versus other IRKs) in 
a manner critically dependent on chain length. These data 
suggest that alcohol may interact with a hydrophobic pocket 
specific to the GIRK channel. Targeted and random 
chimeragenesis as well as site-directed mutagenesis will be used 
to identify sites of alcohol action in GIRK2 channels.

Supported by funds from NIAAA and TCADA.

535.14
MUTATION IN THE TM2 DOMAIN OF THE 5HT3 RECEPTOR ALTERS BOTH 
KINETIC PROPERTIES OF THE ION CHANNEL AND SENSITIVITY TO 
TRICHLOROETHANOL. J.S. Sessoms-Sikes, Yingchun Yu, Tina K. Machu, and 
P.M. Lovinger* Dept. Mol. Physiology & Biophysics, Vanderbilt University, 
Nashville,TN 37232-0615. Texas Tech Univ Health Sci Ctr., Lubbock, TX 79430.
The pore-lining TM2 domain is a conserved feature of the ion channel family including 
the 5-HT3, nACh, GABAa , and glycine receptors. Site-directed mutagenesis studies 
have identified individual amino acids of the TM2 domain of the GABAa  and glycine 
receptors that alter the sensitivity of these ion channels to alcohols (Mihic et al.,1997). 
Based on the homology of these ion channel family members, we have identified and 
begun characterization of an TM2 amino acid that is predicted to alter the alcohol 
sensitivity of the 5-HT3 receptor. The seventh amino acid of the TM2 domain, 1294 
has been replaced on the 5-HT3A subunit by a threonine (I286T) using traditional site- 
directed mutagenesis techniques (Machu et. al.,in preparation). Homomeric wild-type 
5-HT3 receptors were expressed transiently in Xenopus oocytes, and asssayed for their 
sensitivity to trichloroethanol(TCEt). TCEt (0.1-ImM) potentiated currents (67-316%) 
elicited by 5-HT (0.25pM) in wild-type receptors. In contrast, 5-HT-activated currents 
in the mutant I294T receptors were inhibited by TCEt(23-48%). Further 
characterization of both wild-type and mutant receptors, transiently expressed in 
HEK293 cells, yielded qualitatively similar results. Dose-response relationships 
indicate a similar apparent affinity of 5-HT for the mutant I294T receptors (EC50 = 
2.3pM, n=2) in comparison with wild-type 5-HT3 receptors (EC50= 3.9pM, n=3). 
Similarly, Hill slopes for wild-type and mutant receptors were each steeper than 1(1.5 
vs. 2.3), respectively. Current amplitude at the end of an 8sec. application of 10 pM 
5HT was 62.5% of the peak current in I294T receptors in comparison to wild-type 
(10.9%), indicating a change in the desensitization properties of the mutant receptor. 
Future experiments will address the effects of TCEt on the fast kinetic properties of the 
I294T mutant 5-HT receptors in both homomeric and heteromeric assemblies with the 
5HT3B subunit. It is possible that altered receptor channel kinetics underlie the loss of 
alcohol potentiation in the I294T mutant receptor. Support: AA08986 and ABMRF.

535.15

CHRONIC ETHANOL INTAKE IN RATS IS ASSOCIATED WITH 
HIPPOCAMPAL NGFI-A AND 5HT1A RECEPTOR mRNA 
EXPRESSION E.C. Lindblad, T, Olsson, L. Hedlund', G. Wahlstrom1, K.G. 
Westberg*2 Dept. of Public Health and Clinical Medicine, ‘Dept. of Pharmacology 
and Clinical Neuroscience, and 2Dept. of Integrative Medical Biology, Umea 
University Hospital, SE-901 85 UmeS, Sweden

Excessive ethanol intake may decrease neuronal plasticity. 5HT 1A 
receptor, BDNF and NGFI-A gene expression are tightly linked to 
plasticity-related phenomena. We explored possible associations 
between 5HT receptor (1A, 2A and 2C), BDNF and NGFI-A mRNA 
expression and chronic ethanol intake. Sprague-Dawley rats (n=16) 
with stable voluntary intake of ethanol and age matched controls 
(n=10) were studied. Dependence was induced by free choice of 
ethanol for 24h, ending with ethanol (2 mg/kg) i.p, once a week during 
54 weeks. A free choice of 10% ethanol for 35 weeks was then given. 
Food and water was provided ad libitum. 5HT1A mRNA expression, 
studied by in situ hybridization at the dorsal hippocampal level, was 
significantly decreased in ethanol consuming rats (22-27% in all 
subregions) with no change in the dorsal raphe. Hippocampal NGFI-A 
gene expression was negatively associated with the amount of ethanol 
intake (r=-0.67 to -0.73, p<0.001). No alterations in BDNF, 5HT2A or 
5HT2C receptor gene expression was found.

The notable downregulation of 5HT1A receptor and NGFI-A mRNA 
expression indicates specific disturbances of neuronal plasticity after 
chronic ethanol intake.
Supported by: The Swedish Medical Research Council, Anna och Edwin Bergers 
foundation and Swedish Systembolagets Fund for Alcohol.

535.16

PERIPHERAL-TYPE BENZODIAZEPINE RECEPTORS IN HEAVY 
ALCOHOLICS. N.Wodarz*1, G.A.Wiesbeck, H G.Weiiers, P. 
Riederer, J.BOning. 1Deot. of Psychiatry, Univ. of Regensburg, 93052 
Regensburg, Germany; Dept. of Psychiatry, Univ. of Wuerzburg, Germany.

The "peripheral-type" benzodiazepine receptor (pBZD-R) is 
supposed to have a regulatory role in (neuro-)steroidproduction and 
can be found in high concentrations in the outer mitochondria, 
membrane of several central and peripheral tissues.
In animal experiments, chronic ethanol exposure increased ZNS 
pBZD-R and stimulates receptor-related mRNA expression of 
diazepam binding inhibitor (DBI), its putative endogenous ligand. 
Therefore, it has been hypothesized that these receptors might be 
involved in the development of adaptive biochemical changes, 
resulting in tolerance and withdrawal-syndromes. Recently, a 
regulatory role of the pBZD-R in the production of toxic radicals has 
been proposed.
Therefore, we evaluated the characteristic binding parameters 
(Bmax, Kd) of the granulocytic pBZD-R by means of a filter binding 
assay, using the selective ligand 3H-PK 11.195. We examined 
detoxified heavy drinkers, fulfilling at least 5 diagnostic DSM-IV 
criteria of dependence after completion of a 6 week in-patient 
abstention program.
Preliminary results suggest a predominant influence of smoking on 
pBZD-R binding capacity (Bmax).

(supported by BMBF grant 01EB9410)

535.17

DECREASED RESPONSES TO ETHANOL IN p OPIATE 
RECEPTOR I£NOCKOUT ftjlCE. F. S.^alljK I. Sora1, X.-F. Li1, N. 
Karmacharya-, N. Goodman-, G.R. UhH~. Molecular Neurobiology, 
IRP, NIDA, Baltimore, MD 21224; Depts. Neurol. & Neurosci., Johns 
Hopkins Univ. School Medicine, Baltimore, MD 21218.

To aid assessment of the p opiate receptor roles in rewarding effects 
of ethanol (ETOH), responses to ETOH were examined in wild type, 
and heterozygote and homozygote p opiate receptor gene knockout 
mice (MU KO). Voluntary ETOH consumption was determined using 
a home-cage consumption paradigm with free access to ETOH (2%, 
4%, 8%, 12%, 16%, 24%, 32% presented in ascending order for 2-3 
days), water and food. Both heterozygotc and homozygote MU KO 
mice consumed less ETOH and preferred ETOH less than wild type 
mice at all concentrations less than 24% ETOH. Less locomotor 
stimulation by ETOH administration (0.0, 0.5,1.0, 2.0 g/kg IP) was 
found in heterozygous and homozygous knockouts. ETOH conditioned 
place preference (CPP: 2.0 g/kg IP paired 4 times with the initially 
nonpreferred side) was also altered in initial studies of knockout mice. 
Reduced p opiate receptor gene expression is sufficient to attenuate 
ETOH reward and locmotion. (Funding: NIDA/IRP)
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536.1
CONFOCAL MICROSCOPIC ANALYSIS OF SPROUTING SMALL-DIAMETER PRIMARY 
AFFERENT FIBRES AFTER SPINAL CORD INJURY. S.T. Wong, B.A, Atkinson, and L.C. 
Weaver*. Neurodegeneration Research Group, John P. Robarts Research Institute, London, 
Ontario, Canada N6A 5K8.

We have shown that spinal cord injury in rats provokes significant enlargement of the 
terminal arbour of calcitonin gene-related peptide (CGRP)-immunoreactive, small-diameter 
primary afferent fibres in laminae lll-V of the dorsal horn. This terminal field enlargement 
likely represents afferent sprouting in the dorsal horn that coincides with increased CGRP 
expression. These changes lead to exaggerated transmission through spinal circuits, 
contributing to post-injury complications such as autonomic dysreflexia and pain. To 
evaluate changes in the afferent arbour independently of CGRP expression, we assessed 
the terminal fibre distribution in the dorsal horn of control and cord-injured rats using 
transganglionic transport of wheat germ agglutinin conjugated to the fluorochrome Texas 
Red (WGATR). WGATR was injected into the sciatic nerve of intact control rats, and rats 11 
days after complete cord transection at the 4th thoracic spinal segment. After 4 days of 
WGATR transport, rats were perfused and lumbar segments 2-6 were examined by confocal 
microscopy for the presence of WGATR. Motor neurons were robustly labeled, fine terminals 
were evident throughout laminae l-ll, and both terminals and fibres were found in laminae 
lll-V and the adjacent white matter. WGATR also transported trans-synaptically to small 
interneurons dispersed throughout laminae l-V. In each rat, z-stack series of 20 confocal 
images were recorded from transverse 30 pm spinal cord sections. Areas of labeled fibres 
and cell bodies in laminae lll-V were quantified by computer image analysis, and fibre areas 
were corrected by excluding the area occupied by cell bodies. The area of afferent fibres in 
control animals ranged from 5231-8797 pm2 (95% confidence interval) whereas the mean 
value for cord-injured rats was 10895±2319 pm2, demonstrating afferent arbour 
enlargement. The advantages of quantitative confocal microscopy include higher resolution 
images and rapid examination of large numbers of samples compared to regular light 
microscopy. This study further documents primary afferent fibre terminal field enlargement 
that potentially mediates autonomic dysreflexia and pain after spinal cord injury.
Funding: Ontario Neurotrauma Foundation, Ontario Heart and Stroke Foundation.

536.2
CYCLOSPORIN A ATTENUATES MITOCHONDRIAL DYSFUNCTION 
FOLLOWING TRAUMATIC BRAIN INJURY. P.G. Sullivan*, M, B. 
Thompson, S. W. Scheff. Sanders-Brown Center on Aging, University of 
Kentucky, Lexington, KY. 40536

Experimental traumatic brain injury (TBI) results in a rapid and significant 
necrosis of cortical tissue at the site of injury. Recent reports from our lab and 
others have demonstrated that the immunosuppressant cyclosporin A (CsA) is 
neuroprotective following TBI. The opening of the mitochondrial permeability 
transition pore (MPTP) is inhibited by CsA, thereby maintaining the 
mitochondrial membrane potential and calcium homeostasis in isolated 
mitochondria. In the present study we utilized a unilateral controlled cortical 
impact model of TBI to assess mitochondrial dysfunction and to elucidate the 
neuroprotective role of CsA. The results demonstrate that administration of 
CsA 15 min post injury significantly attenuates mitochondrial dysfunction.

Mitochondria isolated from the injured cortex of animals treated with CsA 
demonstrate a significant increase in mitochondria membrane potential and are 
resistant to the induction of mitochondrial permeability transition compared to 
vehicle-treated animals. Similarly, synaptosomes isolated from CsA-treated 
animals demonstrate a significant increase in mitochondria membrane 
potential, accompanied by lower levels of intramitochondrial Ca2+ and reactive 
oxygen species production compared to vehicle-treated animals. These results 
suggest that the neuroprotective properties of CsA are mediated through 
modulation of the MPTP and maintenance of mitochondria homeostasis. 
Amelioration of cortical damage with CsA indicates that pharmacological 
therapies can be devised which will significantly alter neurological outcome 
after injury. Supported by NS 31220.

536.3

CYCLOSPORIN A (CsA) DOES NOT REDUCE TISSUE DAMAGE AFTER 
SPINAL CORD INJURY IN THE RAT. A.G. Rabchevsky*, I. Fugaccia, P.G. 
Sullivan and S.W, Scheff. University of Kentucky, Sanders-Brown Center on 
Aging, Lexington, Kentucky, 40536-0230.

Our laboratory has recently demonstrated that peripheral administration of 
cyclosporin A (CsA), following a moderate controlled cortical contusion injury, 
significantly reduces cortical lesion volume. The mechanism appears to be 
amelioration of mitochondrial dysfunction after traumatic brain injury. In the 
present study we assessed the efficacy of CsA in tissue sparing following a 
contusive spinal cord injury (SCI) using the NYU impactor. Adult SD rats 
received a moderate contusive SCI followed by: 1) bolus injections of 20mg/kg 
CsA 15 min and 24 hr post injury, 2) a bolus injection of 20mg/kg CsA 15 min 
post injury and implantation of an osmotic pump designed to deliver 2.5mg of 
CsA per day for 7 days, or 3) bolus injections of saline 15 min and 24 hr post 
injury. After two weeks, an 8mm segment centered at the injured TlO level was 
dissected and examined histologically for morphological evidence of tissue 
sparing. Quantitative image analysis was employed to identify the lesion epicenter, 
defined as that section in each cord demonstrating the least spared tissue. The 
mean percentage of spared tissue for each cord was then calculated using 4 serial 
sections, rostral and caudal to the epicenter, each separated by 500 pm. After 
group means were derived, a one-way ANOVA revealed no significant effect for 
CsA treatment on tissue sparing, regardless of route of administration. The 
mechanisms by which CsA produces its beneficial effects after contusive brain 
injury do not appear to abrogate the tissue destruction seen following moderate 
SCI. These disparate results may reflect both anatomical, as well as physiological 
differences in these CNS regions which serve distinctive roles. Supported by 
KSCHIRT #7-18.

536.4

A CERVICAL SPINAL CORD INJURY MODEL IN THE RAT: 
BEHAVIORAL, PHYSIOLOGICAL AND HISTOLOGICAL 
EVALUATIONS. J.S. Soblosky*, D.H. Dinh ,J.-H, Song and C.J. 
Fontana, Dept. Neurosurgery, Tulane Univ. Medical School, New 
Orleans, LA 70112
We have examined a cervical spinal cord contusion injury model in rats 
using behavioral, histological and physiological examinations. We 
constructed a weight drop device with a 2 mm (dia.) impounder. Rats 
were deeply anesthetized using isoflurane then placed in a stereotaxic 
frame. A laminectomy was performed on the left side at the C3/C4 
level, then the spinal cord was rotated 25 degrees. The impounder 
rested freely upon the exposed dural surface. The spinal cord was 
injured by dropping a 10.5 gm weight from either 5, 10, 15 or 20 cm.
The injury produced an ipsilateral fore- and hindlimb deficit. Recovery 
of function was evaluated using a paw preference test and the 
horizontal ladder beam. Evoked potentials were taken pre- and post 
injury on both injured limbs. Results indicated that there was a graded 
response to the injury levels in the behavioral outcomes, the evoked 
potentials and the histological analyses (all p<05). Behavioral tests 
indicated that rats injured using the 5 cm distance showed only forelimb 
deficits, while those injured using the 20 cm distance showed 
permanent deficits in both the fore- and hindlimb. Rats injured using 10 
or 15 cm distances also showed deficits in both the fore- and hindlimb, 
however the deficits were graded compared to rats injured at 5 and 20 
cm distances. The results indicate that this model is useful for the 
study of therapeutic treatments, as graded injuries can be important for 
evaluating the effectiveness of treatments for different severity’s of 
injury.

536.5

A MODEL FOR AVULSION INJURY IN THE RAT BRACHIAL 
PLEXUS USING PASSIVE ACCELERATION. R.J. Spinner, A. 
Khoobehi, S. Kazmi. S. Zhao. P.G. Kline*. Z. Zhang. R.W. Beuerman.
Dept of Neurosurgery, LSU Eye Center, Neuroscience Center of 
Excellence, LSU Medical Center School of Medicine in New Orleans; 
New Orleans, LA 70112.

We have developed an experimental model for brachial plexus injuries 
in the rat that closely simulates the characteristics of human injury and 
produces avulsion injuries in a non-invasive manner. A prototype 
apparatus was designed which allowed a force to be transmitted to a 
restrained limb with passive acceleration; this model facilitated a 
quantitative determination of the physical and mechanical parameters of 
the injury. The relationship between the test weight and the number of 
roots avulsed was found to be highly correlated and consistent over a 
body weight of 350 gm to 450 gm (correlation 0.92, p<0.05). Of the four 
roots affected ( C5, C6, C7, and C8), C6 was avulsed in 29 animals 
(90.6%), C7 in 24 animals (75%), C8 in 9 animals (28.1%), and C5 in 5 
animals (15.6%). The amount of force correlated to both the particular 
root(s) and the number of root(s) avulsed. This model of brachial plexus 
injury may be useful to further our understanding of the cellular response 
to this incapacitating injury and to develop therapeutic strategies with 
behavioral correlates EY04074 (NIH, NEI); DAMD17-93-V-3013 
(Department of the Army, DOD).

536.6
QUANTIFICATION OF SPONTANEOUS ACTIVITY FOLLOWING SPINAL 
CORD INJURY IN RAT. C.D. Mills*, K.M. Chastain, and C.E. Hulsebosch. 
Department of Anatomy and Neuroscience and Marine Biomedical Institute, 
University of Texas Medical Branch, Galveston, TX 77555-1069.

Spinal cord injury (SCI) produces a cascade of events that leads to locomotor and 
somatosensory deficits and abnormal pain syndromes which include restlessness 
and sleep disturbances. In an effort to assess spontaneous pain, we quantified 
spontaneous activity in two groups of adult male Sprague-Dawley rats (200-250 g), 
subjected to either sham surgery (laminectomy only) or impact injury' at TlO 
produced with an NYU impactor (25 mm drop, 10 gram rod of 2 mm diameter). 
Rat activity was determined pre-surgically and at post-surgical days (PSD) 28 and 
70. Distance traveled, rest time, active time and total movement were measured 
with small rodent activity boxes (San Diego Instruments). Rats were housed on a 
12-hr light/dark cycle and activity was measured during the middle two hours of 
each cycle. By PSD 70 there were significant differences between sham and 
spinally injured groups in all parameters. During the dark cycle (awake time) the 
spinally injured rats had a significant decrease in total rest time and an increase in 
active time which translated into a significantly greater distance traveled and total 
number of movements (p<0.05) compared to fee sham group. Surprisingly, during 
fee light cycle (sleep time) fee spinally injured rats demonstrated significant 
increases in rest time and a decrease in active time (p<0.05) which was evident by a 
decrease in total distance traveled and total movements. Additionally, fee spinally 
injured group demonstrated responses consistent wife fee development of 
mechanical and thermal allodynia compared to pre-surgical and sham groups as 
determined by somatosensory tests. These results suggest that spinally injured rats 
are more active during normal activity times and less active during fee sleep cycle. 
These experiments demonstrate feat activity measures can be used as a tool for 
studying rodent pain models.

Supported by fee Kent Waldrep, RGK and Spinal Cord Research Foundations, fee 
Neuroscience Graduate Program, Mission Connect of TIRR and NS 11255.
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536.7
DEVELOPMENT OF CHRONIC CENTRAL PAIN IN A SCI CONTUSION 
MODEL. C.E. Hulsebosch1*, G-Y. Xu?, J.R. Perez-Polo,2, K.N. Westlund,1 
and D.J. McAdoo1,2. ’Marine Biomedical Institute, 2Dept. of Human 
Biological Chemistry & Genetics, University of Texas Medical Branch, 
Galveston, TX 77555-1069.

Spinal cord injury (SCI) often results in abnormal pain syndromes in 
patients. We present a recently developed mammalian model of chronic 
central pain induced by SCI. Male Sprague-Dawley rats (175-200 gm, N=10) 
were contused at T8 using the NYU impactor device (10 gm rod, 2.0 mm 
diameter, 12.5 mm drop height), an injury which is characterized behaviorally 
as moderate. Recovery of locomotor function was assessed in an open field 
test and scored using the BBB scale. Somatosensory tests of paw withdrawal 
responses (accompanied by supraspinal responses) to both mechanical 
punctate (von Frey hairs) and non-punctate (finger probe) as well as thermal 
(radiant heat) peripheral stimuli were performed. Comparisons at the level of 
the individual animal between postcontusion and precontusion found 
significant increases in responses for low threshold punctate mechanical 
stimuli, non-punctate stimuli and thermal stimuli (p<0.05). To demonstrate 
the validity of this model as a central pain model, gabapentin (in trials for 
clinical central pain) was given i.p. at 10 or 30 mg/kg. Results indicate a 
significant and reversible change in the responses, consistent with the 
attenuation of the abnormal sensory behavior, that lasted the duration of the 
drug effect (up to 6 hours). These results support the use of the rodent spinal 
contusion model in the study of chronic central pain after SCI. Supported by 
the Spinal Cord Research Foundation, Mission Connect of TIRR and NS 
11255.

536.8
NITROTYROSINE EXPRESSION AFTER TRAUMATIC SPINAL CORD 
INJURY. G M. Kim,1* P. Yan,2 S. W. Chen,1 J. Xu,1 X.M. Xu,2 and C.Y. Hsu,1. 
’Dept of Neurology, Washington Univ.; St. Louis, MO 63110. 2Dept. of Anatomy 
and Neurobiology, St. Louis Univ.; St. Louis, MO 63104

The induction of inducible nitric oxide synthase (iNOS) and consequent 
overproduction of peroxinitrite has been implicated in the central nervous system 
pathologies including trauma, ischemia and neurodegenerative disorders. 
Peroxynitrite, generated by the reaction of nitric oxide with superoxide, is a potent 
oxidant that can cause cell injury through tyrosine nitration of proteins. We 
examined the expression of iNOS and nitrotyrosine in a spinal cord injury (SCI) 
model in rats. A contusion trauma to the rat spinal cord was produced by 25 g-cm 
weight drop to the dorsal surface of T10 using an NYU impactor. Time courses of 
iNOS and nitrotyrosine expression and cellular localization after SCI were 
characterized. We found an increase in iNOS expression at 24 hr that peaked at 
day 7 after SCI. Nitrotyrosine expression, accompanied the induction of iNOS 
protein, peaked at day 7 and persisted through day 14. By double labeling, 
nitrotyrosine immunoreactivity was localized to microglia/macrophage, astrocytes, 
endothelial cells and neurons. Cellular distribution of iNOS protein was similar to 
those seen with nitrotyrosine except for the markedly increased iNOS 
immunoreactivity in ependymal cells around the central canal. These results 
indicate that peroxinitrite production leading to tyrosine nitration is likely a 
consequence of iNOS induction. Collectively, these findings raise the possibility 
that iNOS expression may contribute to cell injury after SCI. (Supported by NIH 
grants NS 37230, NS 36350, the Paralyzed Veterans of America and the 
International Spinal Research Trust)

536.9

TRANSNEURONAL LABELING OF CNS NEURONS AFTER INJECTION OF 
THE BARTHA STRAIN OF PSEUDORABIES VIRUS INTO THE SCIATIC 
NERVE OF ADULT RATS FOLLOWING SPINAL CORD INJURY. E.-S. Kim. > 
X. Lu? K.R. Smith.2* G.-M. Kim.3 C.Y. Hsu.3 and X.M. Xu Departments of 1 Anatomy 
& Neurobiology,2 Surgery, Saint Louis Univ. School of Medicine, St. Louis, MO 63104; 
’Department of Neurololgy, Washington Univ. Sch. of Moi., St. Louis, MO 63110.

To investigate the change in neural circuitry after spinal cord injury (SCI), the distribution 
of retrograde and transneuronal labeling of Bartha strain of pseudorabies virus (PRV) was 
studied in the central nervous system (CNS) following a spinal cord contusion injury. Adult 
Long Evans rats received a laminectomy, followed by a spinal cord impact injury at the T9 
level by dropping a 10-gm rod at a height of 12.5mm using a New York University impact 
device, 30 days prior to the injections of PRV into the right sciatic nerve. Rats receiving 
laminectomy alone served as controls. On the 5th day after viral injection, rats were 
sacrificed and sections of the brain and spinal cord were processed immunohistochemically 
to identify PRV labeled neurons. In both control and SCI groups, PRV-labeled cells were 
found in the spina] cord rostral and caudal to the injury site, predominantly in the ipsilateral 
gray matter, indicating the preservation of spinal neural circuitry following injury. However, 
the number of PRV labeled cells considerably decreased after SCI. In the brains of the SCI 
group, transneuronal PRV labeling was observed in the ventral reticular nuclear groups and 
in A5 cells, although the number of labeled cells were much fewer than those in the control 
group. Other cell groups, such as the gigantocellular reticular nucleus and the 
paraventricular hypothalamic nucleus, were strongly labeled in controls but showed either 
sparse or no PRV-labeling in the SCI group. Our results indicate that 1) a part of neural 
circuitry after contusive cord injury remains intact, 2) intact spinal axons are capable of 
transporting PRV across the injury, and 3) the intensity and distribution of neural circuitry 
is dependent upon the severity of injury. (Supported by NIH NS 36350, NS 37230, the 
Paralyzed Veterans of America, and the International Spinal Research Trust)

536.10

CELLULAR LOCALIZATION OF TNF-a EXPRESSION IN THE SPINAL CORD 
FOLLOWING TRAUMATIC INJURY IN ADULT RATS. P, Yan1. QunLi1-2, J. Xu2,
C.Y. Hsu2. and X.M. Xu1*. 'Depts. Anat. & Neurobiol., St. Louis Univ. Sch. of Med.. St. 
Louis, MO 63104; ’Center for the Study of Nervous System Injury and Dept. Neurol., 
Washington Univ. Sch. of Med., St. Louis, MO 63110.
Tumor necrosis factor-a (TNF-a), a key inflammatory mediator, has been reported to be 

expressed following spinal cord injury (SCI). It is not clear, however, what cell types in the 
spinal cord are responsible for the TNF-a expression. In the present study, cellular sources 
of TNF-a were examined in rats receiving SCI. Adult Long Evans rats received a spinal 
cord impact injury at the T9 level by dropping a 10-gm rod at a height of 12.5mm using a 
New York University impact device. The rats were sacrificed at 8 h (n=4) post-injury for 
immunofluorescence confocal microscopy and at 4 h (n=2) or 3 d (n=2) post-injury for 
immuno-electron microscopy (EM). Sham-operated rats (n=2/group) receiving only a 
laminectomy were used as controls. We demonstrate increased TNF-a expression in 
neurons and axons at the site adjacent to the epicenter of the SCI, evidenced by a double 
fluorescence labeling for TNF-a and NSE or SMI-31, specific markers for neurons and 
axons, respectively. In addition, resident glial cells such as astrocytes (GFAP positive), 
oligodendrocytes (RIP positive), and microglia (OX-42 positive) were also labeled with 
TNF-a. In sham-operated rats, very low levels of TNF-a immunoreactivity (ER) was 
observed. At the EM level, TNF-a ER was further confirmed in neurons and glial cells. One 
novel finding is that oligodendrocytes which expressed TNF-a were undergoing 
demyelination. These results suggest that neurons and resident glial cells in the lesioned 
spinal cord are the main sources of TNF-a following traumatic SCI (Supported by NIH 
NS37230, NS36350, Paralyzed Veterans of America’s Spinal Cord Research Foundation 
and The Daniel Heumann Fund for Spinal Cord Research).

536.11

INFLAMMATION AFTER SPINAL CORD TRAUMA: GOOD OR BAD?
Lisa Schnell1, Eveline Frei1, Isabel Klusman’, Christian Brosamle1*, V. Hugh Perry2.
and Martin E. Schwab1. ’Brain Research Institute, University of Zilrich and
Swiss Federal Institute of Technology, Zurich, Switzerland; 2CNS Inflammation 
Group, University of Southampton, UK

A pronounced inflammatory response occurs after mechanical damage to the spinal 
cord, the consequences of which are poorly understood. Since inflammatory 
cytokines can kill oligodendrocytes in vitro, we have used Lewis rats to examine 
oligodendrocyte cell death as a possible consequence of the presence of inflammatory 
cells in a model of mild spinal cord contusion, affecting the dorsal white matter and 
the gray matter, but sparing the ventral white matter tracts. Oligodendrocytes were 
revealed by in situ hybridization for PLP and counted in normal and lesioned animals 
from 1 day up to 2 weeks after trauma. No oligodendrocyte loss could be found in 
intact white matter and in the immediate surrounding of the lesion, except for areas of 
Wallerian degeneration.

In a second set of experiments we decreased the recruitment of inflammatory cells 
into the lesioned spinal cord by i.p. injection of antisera against neutrophils and 
macrophages into C57BL/6J mice prior to lesioning. This intervention resulted in a 
large reduction of inflammatory cells, the extent of secondary tissue damage, 
however, was not smaller compared to control sera injected mice. Surprisingly, the 
control experiments showed that cell death was enhanced by i.p. injection of normal, 
non-depleting rabbit serum and, to a smaller extent, also by Ringer solution or 
thioglycolate. Our results show that the invasion of the spinal cord by inflammatory 
cells is not correlated with the occurrence of secondary cell death, but that a systemic 
inflammatory challenge can exacerbate the outcome of a mechanical spinal cord 
injury.

Supported by the International Spinal Research Trust (ISRT) and the American 
Paralysis Association (APA)

536.12

THERE IS RAPID ONSET OF OXIDATIVE STRESS FOLLOWING 
COMPRESSION-INDUCED SPINAL CORD INJURY. H, Kamencic.1* A.W. 
U.PP? P-G- PatSTSOD? R,W-.. Gri^|4..an,(f B.HJ, Jyyrljnk'. 'Dept. Anat. Cell 
Biol.; 2Dept. Pathol.; ’Coll. Pharm. Nutrit.; 4Dept. Neurosurg.; Univ. of 
Saskatchewan, Saskatoon, SK, S7N 5E5, Canada.

Oxidative stress is recognized as mediator of secondary injury in neurotrauma. 
Reduction of oxidative stress should result in decreases in trauma-induced tissue 
damage. Little research, however, has been directed towards quantifying oxidative 
stress following trauma. In this study, using an extradural aneurism clip model of 
spinal cord injury, we quantified oxidative stress by measuring reduced-glutathione 
(GSH), glutathione reductase (GR) activity, and protein carbonyl formation. The 
compressive force used (50 g for 5 sec) at the T6 vertebral level results in paraplegia 
with minimal locomotory recovery. Within 30 min GSH dropped at the site of 
injury from the normal 1.33 ± (0.06) gmoles/g ww to less than 0.6 |imoles/g ww 
and remained this low over the next 24 hr. GR, an enzyme very susceptible to 
oxidative damage and necessary to reduce oxidized-glutathione (GSSG) back to 
GSH, decreased in activity from the normal 20.22 ± 0.79 U/min/mg protein to 
11.49 ± 0.83 U/min/mg protein over the first 24 hr. Also during the first 24 hr 
protein carbonyl content significantly increased. Significant decreases in GSH and 
decreases in GR activity was seen even in spinal cord 3-5 segments away from 
injury. Our results indicate that the oxidative stress after spinal cord trauma is rapid 
in onset and severe. In our next set of experiments we propose to examine whether 
promotion of GSH synthesis by administering compounds that are readily converted 
to cysteine (rate-limited amino acid for GSH synthesis) can inhibit the development 
of oxidative stress following spinal cord trauma. Supported by Neurotrauma 
Initiative, Saskatchewan and The College of Medicine, University of Saskatchewan.
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536.13 536.14

ANGIOGENESIS AFTER MODERATE CONTUSION OF ADULT RAT 
SPINAL CORD. G. Casella, M.B. Bunge, N. Kleitman*, A. Marcillo, H. 
Nagashima, A. Weber, P. Wood. The Miami Project to Cure Paralysis, Depts 
Anat. and Cell Biol, and Neurol. Surg., Univ. Miami Sch. Medicine, Miami, FL 
33136.

We have studied the angiogenic response to a contusion injury to the spinal 
cord of 25 adult Fischer rats at 2, 4, 7and 14 days and in 5 nonlesioned controls. 
A moderate weight drop injury (10 g x 12.5 cm) was produced at T8 using an 
NYU impactor. Blood vessels (BVs) were visualized by anti-laminin (LN) 
immunostaining, astrocytes by SMI 22 antibody against glial fibrillary acidic 
protein (GFAP), and macrophages/microglia by anti-EDl. In uninjured cord, 
GFAP+ processes were closely associated with all vessels, which exhibited 
smooth, homogeneous LN staining. ED1+ cells were absent. Two days after 
injury, BVs in grey matter were drastically diminished in number and 
dissociated from GFAP+ processes. ED1+ cells, but few astrocytes, were 
present in the lesion center; GFAP staining was increased in the margin and 
adjacent to the lesion. By 4 days, a larger area was occupied by BVs in grey 
matter, reflecting angiogenesis, and more BVs were seen in the margins of the 
lesion but not in the white matter. These newly formed vessels were irregular, 
larger in diameter and exhibited a thicker than normal wall. ED1+ cells were 
increased in this central necrotic zone, but GFAP+ processes were absent. By 
day 7, LN reactivity was greatly increased, associated with long cords of 
densely packed endothelial cells, often without lumina. Away from the center of 
the lesion, newly formed BVs exhibited abnormally large lumina. Astrocytic 
presence around the lesion remained high, while the center was devoid of 
GFAP. Abundant ED1+ cells occupied the same areas as the newly formed BVs. 
At day 14, GFAP+ cells were observed entering the margins of the central 
lesion. We conclude that, following a moderate contusion injury, 1) massive 
endothelial cell death occurs within the first two days, 2) the characteristic 
astrocyte/endothelial cell relationship is disrupted and remains so for at least two 
weeks after injury, and 3) vigorous growth of new vessels is observed between 
day two and day seven after injury. [Supported by the Miami Project, Hollfelder 
Fdn; GC, Lois Pope LIFE Fellow],

HINDLIMB SENSORIMOTOR FUNCTION OF NEONATAL AND 
ADULT RATS FOLLOWING MID-THORACIC SPINAL CORD 
COMPRESSION. M.L. McEwen* and D.J. Stehouwer. Department of 
Psychology, University of Florida, Gainesville, FL 32611.

Compression/contusion of the adult rat spinal cord models spinal cord injury 
(SCI) in adult humans; little is known on effects of such injuries to developing 
cords. Mid-thoracic spinal cords of 15 and 60-day-old rats were compressed 
to widths 5% (severe), 15% (mild) or 100% (sham) of the initial width with 
forceps. On post-operative days 1, 7, 14, 21 and 28, rats walked overground 
and across 2.2- and 3-cm wide beams. The BBB rating scale was used to 
assess overground walking; hindlimb slips were counted during beam-walking. 
Rats were also tested for maintenance of position on an inclined plane and for 
latency to hindpaw lick on a hotplate. Overground walking was identical in 
rats that received mild SCI or sham surgery on postnatal day (PN) 15, but was 
impaired after severe SCI. Similar injury-related relationships were noted for 
performances on inclined plane and hotplate. However, rats with mild SCI had 
more hindlimb slips during beam-walking than shams; no rat that received 
severe SCI on PN 15 crossed beams. In contrast, rats that received any SCI on 
PN 60 were severely impaired immediately post-injury during overground 
walking; rate and amount of recovery were inversely related to severity of 
injury. Similar injury-related relationships were noted on inclined plane, but 
latency to hindpaw lick was severely impaired in rats of both injury groups. 
Few rats crossed beams after mild SCI on PN 60 and had more hindlimb slips 
than shams. Results reveal ontogenetic changes in effects of compressive SCI 
on hindlimb function and suggest that numerous tests should be used to 
accurately assess sensorimotor function post-injury. (Supported by MH15737)

TRAUMA: EXPERIMENTAL SPINAL TRAUMA II

537.1
VELOCITY DEPENDENT SPASTICITY OF THE LOWER LIMB IN THE RAT: 
MIDTHORACIC CONTUSION INJURY - TIME COURSE. P. Bose ,
F.J. Thompson, C.J. Vierck^and P.J. Reier,. Dept. of Neuroscience, University of 
Florida Brain Institute, Gainesville, FI 32610.

Progressive neurophysiological changes in the excitability of the pathways that 
subserved ankle extensor stretch reflexes were observed following midthoracic 
contusion (Thompson et al., 1992; 1998). The purpose of the present study was to 
determine nature and time course of velocity dependent changes in the excitability 
of the ankle stretch reflex following Tg contusion injury. These studies were 
conducted in adult Sprague-Dawley (Zivic Miller) rats using a 10 gram 12.5mm 
weight drop onto the exposed thoracic spinal cord (NYU injury device). Velocity 
dependent ankle torques and triceps surae EMGs were measured in awake animals 
over a broad range of rotation velocities (48°/sec - 612°/sec) using instrumentation 
and protocol previously reported (Thompson et al., 1996). EMGs and ankle torques 
were measured before and at weekly intervals following injury. Statistical test of the 
data included within group repeated measures (ANOVA) and between group 
(ANOVA) comparisons with time-matched control animals. An alternating pattern 
of significant increase followed by a significant decrease in velocity dependent ankle 
torque was observed during the first postinjury month. An increase of 35% in the 
peak torque at 612 °/sec was observed during this period. EMG burst amplitudes, that 
were time-locked to the dynamic phase of the rotation, were observed to increase 
and decrease in a manner which indicated that the changes in torque included 
stretch-evoked active contractions of ankle extensors. During the second postinjury 
month, consistent 20 - 30% increases in the peak torques at the highest velocity were 
observed. No significant increases in torque were observed at the slowest rotation 
velocity. Supported by, NIH R01-NS33333, NIH P01-NS35701, and UF Brain Institute.

537.2
VELOCITY DEPENDENT SPASTICITY OF THE LOWER LIMB IN THE RAT: 
MONOAMINE RELATED BASIC MECHANISMS. F.J. Thompson* R. Parmer,1
P. Bose,1 C.J. Vierck ', and R.G. Wiley 2. 1 Dept. of Neuroscience, University of 
Florida Brain Institute, Gainesville, FI 326101 and Neurological Service, VA Medical 
Center, Nashville, Tenn 37212 2

Changes in the excitability of the pathways that subserved ankle extensor stretch 
reflexes observed following midthoracic contusion (Bose et al. 1999) correlated with 
previously reported neurophysiological changes following midthoracic contusion 
injury (Thompson et al., 1992; 1998). The present study evaluated changes in the 
excitability of the ankle stretch reflex following changes in monoamine levels in 
normal adult Sprague-Dawley rats. General levels of monoamines were altered by 
10 mg/kg i.p. injection of reserpine. Specific changes in noradrenergic levels in the 
lumbar spinal cord were targeted using lumbar i.t. anti-dopamine-B-hydroxylase 
(DBH)-saporin, a toxin that selectively destroys noradrenergic neurons. Velocity 
dependent ankle torques and triceps surae EMGs were measured in awake animals 
over a broad range of rotation velocities (48°/sec - 612°/sec) before and following 
treatment. Neurophysiological studies were performed in ketamine anesthetized 
animals. Animals tested at 1 hr and at 1 day following reserpine treatment revealed 
significant increases in ankle torques throughout the range of test velocities from 
48°/sec to 612°/sec velocities. EMGs were also elevated at nearly all rotation 
velocities. A similar torque pattern was observed at one month following DBH- 
saporin treatment suggesting the prominent participation of a stiffness component 
that was not velocity dependent. Neurophysiological analysis of tibial MSRs, 
revealed a significant differences in the reserpine compared to DBH-saponin 
treatments. Reserpine treatment resulted in increased MAR. amplitude but no change 
in rate-depression. Whereas, animals tested at 1 mo following D.B.H.-saponin 
treatment, revealed no change in MAR. amplitude but significant decreases in rate- 
depression. Supported by, NIH R01-NS33333, NIH P01-NS35701, and UP Brain Institute.

537.3

EXPRESSION OF A NOVEL MEMBER OF CREB/ATF FAMILY, OASIS, 
IN THE SPINAL CORD INJURY MODEL. T. NIKAIDO12. T. MORI1. S. 
YOKOYA1.. K, KANAZAWA1. J. TAKEDA1. H. KIYOSAWAL^M.
TAKEUCHI1. S, KIKUCHI2. H. YAGINUMA3*. AKIO WANAKA1
‘Department of Cell Science, Institute of Biomedical Sciences, department of 
Orthopedic Surgery, 3Department of Anatomy, Fukushima Medical University 
School of Medicine, Fukushima 960-1295, Japan
We identified a novel member of CREB/ATF transcriptional factor family in 
the long-term cultured astrocyte that is employed as an in vitro gliosis model. 
We named the gene as OASIS, which codes a protein consisted of 646 amino 
acids. OASIS protein was most homologous to Drosophila BBF-2/dCREB-A 
in its bZIP domain, but remaining portion showed little homology to known 
proteins. OASIS gene expression was upregulated in the cryo-injured cerebral 
cortex and the distribution of the OASIS-positive cells resembled that of 
GFAP-immunopositive cells. In the present study, we examined expression 
pattern of OASIS mRNA in the spinal cord injury model. One week after the 
injury, mice were perfused with fixative and the wounded segments were 
dissected out. Sections were cut and subjected to in situ hybridization analyses 
of OASIS mRNA and immunocytochemistry for GFAP. OASIS mRNA was 
not only detected in the cells of injured site (dorsal tracts), but also observed in 
the gray matter. We are currently examining time-course of the OASIS 
upregulation.

This work is supported in part by a Grant-in-Aid for Scientific Research on 
Priority Areas from the Ministry of Education, Science, Sports and Culture and 
by a Grant-in-Aid for Scientific Research from the Ministry of Health and 
Welfare, Japan.

537.4
STUDY OF THE INFLAMMATORY RESPONSE FOLLOWING SPINAL 
CORD INJURY. DN. Reynolds,1 Y.-P. Zhang,2 C.B. Shields,2
D.J. Morassutti,2 and G.J. Kotwal1*. ‘Department of Microbiology and 
Immunology, University of Louisville School of Medicine; Louisville, KY 
40202; department of Neurological Surgery, University of Louisville School of 
Medicine, Louisville, KY 40202.

Acute spinal cord injury (SCI) is a highly debilitating and complicated 
disease to understand and manage. Our interest is in studying the influence of 
the inflammatory response following SCI at the site of injury, in remote organs, 
and on the behavior of the animal. In addition, we plan to characterize the 
effects of modulation of the inflammatory response following SCI with an agent 
such as cowpox inflammation modulatory protein (IMP). Using the NYU 
impactor device to produce graded mid-thoracic SCI in the adult rat, we have 
conducted initial experiments in which the inflammatory response was measured 
as indicated by neutrophil influx (MPO assay) following mild and severe 
contusive SCI. We found a marked increase in MPO activity following both 
mild and severe injuries, with the peak at 24 h post-injury. In order to determine 
the tissue distribution of a potential therapeutic agent such as IMP, we 
biotinylated BSA (69 kD), which has a MW similar to the dimerized form of 
IMP. Injection of 5 pi of biotinylated BSA into the normal rat lateral gray matter 
resulted in diffusion up to 3-4 mm rostral and caudal to the injection site. We 
have determined that bilateral 5 pi injections at 4 injection sites will give a 
volume of distribution within the gray matter spanning 10-12 mm in length, 
which should encompass the area of injury. Repeat diffusion experiments with 
biotinylated IMP will determine whether IMP injected into the rat spinal cord 
just prior to/following contusion injury can decrease the inflammatory response 
and enhance the area of spared tissue.

Funding for this research was awarded by the Kentucky Spinal Cord and 
Head Injury Research Trust.
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537.5
Characterization of Kv 1.4 K+ Channel Expression After Spinal Cord Injury.
L. Mutsaers*1,2, R. Nashmi1,2,0.T. Jones2, PH. Backx3, C.A. Becker4, L.E. Becker4 
and M.G. Fehlings1,2. Division of Neurosurgery1, Playfair Neuroscience Unit1, 
Department of Medicine and The Center for Cardiovascular Research3, The Toronto 
Hospital, University Health Network, and Division of Pathology, Hospital for Sick 
Children4, Toronto, Ontario, Canada.

Spinal cord injury (SCI) is characterized by a central cavitation with surviving axons 
in the subpial rim. These axons show disruption of the myelin sheath and abnormal 
activation of kinetically fast K+ channels, which may contribute to axonal conduction 
failure. In this study we used molecular techniques to investigate the expression and 
cellular localization of the K+ channel protein Kv 1.4 after SCI.

Injury was performed on adult Wistar rats by compressing the spinal cord at T7-T8 
with a modified aneurysm clip (closing force of 23 g) for 1 minute. Localization of Kv
1.4 protein was investigated by immunocytochemistry. Western blotting was used to 
quantify Kv 1.4 protein expression in a time course manner after SCI.
Immunoelectron microscopy was used to quantify single cell Kv 1.4 protein 
expression. In Situ hybridization was performed to quantify Kvl .4 mRNA expression 
as well as to determine the distribution of expression after SCI.

Immunocytochemical staining for Kv 1.4 showed the protein is localized to Gal C 
positive oligodendrocytes and GFAP positive astrocytes in the white matter, and 
NF200 positive neuronal soma in the gray matter of both normal and injured spinal 
cords. Western blotting revealed that Kv 1.4 protein increased 24hr post injury, 
peaked at 1 week and remained significantly increased compared to controls 6-8 
weeks post injury. Immunoelectron microscopy showed Kv 1.4 protein levels in 
oligodendrocytes was increased 6-fold. In situ hybridization showed that Kv 1.4 
mRNA was increased by 2-4 fold in a clustered manner in the subpial rim of the 
spinal cord 6 weeks post injury. This study shows that Kv 1.4 is transcriptionally 
upregulated in glia after chronic SCI. The MRC provided funding for this work. L. 
Mutsaers is funded by a MRC MD/PhD studentship. Dr. M. Fehlings is funded by the 
Ontario Ministry of Health Career Scientist Award.

537.6
ABNORMAL AXONAL PHYSIOLOGY IS ASSOCIATED WITH 
UPREGULATION AND ALTERED DISTRIBUTION OF Kvl.l AND Kvl.2 
K+ CHANNELS FOLLOWING CHRONIC SPINAL CORD INJURY. R 
Nashmi*, O.T. Jones, M.G. Fehlings. Playfair Neuroscience Unit, The Toronto 
Hospital Research Institute, University of Toronto,Toronto, M5T 2S8, Canada.

Dysfunction of surviving axons which traverse the site of spinal cord injury (SCI) 
has been linked to altered sensitivity to the K+ channel blocker 4-aminopyridine (4- 
AP) and appears to contribute to posttraumatic neurological deficits although the 
underlying mechanisms remain unclear. In this study, sucrose gap electrophysiology 
in isolated dorsal column strips, Western blotting and confocal immunofluorescence 
microscopy were used to identify the K+ channels that may be involved in axonal 
dysfunction after chronic (6-8 weeks postinjury) clip compresssion SCI of the 
thoracic cord at T7 in rats.

The K+ channel blockers 4-AP and a-dendrotoxin (a-DTX), which block “fast” 
(rapidly activating) K+ channels, resulted in a significant relative increase in the 
compound action potential (CAP) amplitude of chronically injured dorsal column 
axons in comparison to control noninjured preparations. In contrast, TEA and CsCl 
which block “slow” and inwardly rectifying K+ channels respectively, had similar 
effects on injured and control spinal cord axons. Western blotting and quantitative 
immunofluorescence microscopy showed an upregulation of Kvl.l and Kvl.2 K’ 
channel proteins on spinal cord axons following injury. In addition, Kvl.l and 
Kvl.2 showed a dispersed staining pattern along injured axons in contrast to a 
paired juxtaparanodal localization in uninjured spinal cord axons. Furthermore, 
labelled a-DTX co-localized with Kvl. 1 and Kvl.2 along axons.

In conclusion, these findings suggest a novel mechanism of axonal dysfunction 
after SCI whereby an increased 4-AP and a-DTX sensitive K+ conductance 
mediated, in part, by increased Kvl.l and Kvl.2 K+ channel expression contributes 
to abnormal axonal physiology. (Supported by MRC Canada, Easter Seal Research 
Institute, Ontario Neurotrauma Foundation/Rick Hansen Institute).

537.7
TEMPERATURE DEPENDENCE OF MEMBRANE SEALING IN 
MAMMALIAN SPINAL CORD AXONS R. Shi* and J, D. Prvor, Department 
of Basic Medical Sciences, Center for Paralysis Research, Purdue University, West 
Lafayette, IN 47907-1244

The most significant structural damage of nerve axons following various 
types of mechanical injury is the disruption of the cell membrane, the 
consequences of which are the likely cause of axonal degeneration and cell death. 
Membrane sealing is therefore an important part of the neuronal response to injury. 
The sealing of axons following transection was studied as a function of temperature 
in isolated adult guinea pig spinal cords using sucrose gap recording to monitor 
membrane potential changes, and uptake of horseradish peroxidase (HRP) to 
examine the permeability to large molecules. Sealing, as measured by recovery of 
the resting membrane potential following transection, normally occurred within 60 
minutes at 37°C, and 2mM extracellular calcium activity (fCa?+]o). Almost all 
axons at this temperature excluded HRP by 1 hour following transection. Sealing 
was not affected by lowering the temperature to 31 °C; however, more marked 
hypothermia (25°C) inhibited sealing significantly. At40°C, which is similar to 
a fever condition in man, approximately 50% of cords sealed to an extent similar to 
that in physiological temperature. In contrast, the balance of the cords displayed a 
rapid collapse of membrane potential after initial repolarization. These 
electrophysiological findings were confirmed by quantitative analysis of HRP 
uptake. The present data suggest that marked hypothermia is detrimental to 
membrane sealing and thus neuronal survival. Since 50% of the cords deteriorated 
in 40°C, this too can not be recommendable for treatment. Moderate hypothermia 
(31 °C) was not shown to enhance or degrade the sealing process, but may have a 
protective effect against secondary injury such as ischemia.

537.8
OLIGODENDROCYTE PROGENITOR CELLS PROLIFERATE 
AND DIFFERENTIATE AFTER TRAUMATIC SPINAL CORD 
INJURY. X.Z. Liu* A. Majid, J.W. McDonald G.J. ZipfeL J-M. Lee, 
and D.W. Choi. Center for the Study of Nervous System Injury and 
Dept. of Neurology, Washington Univ. School of Medicine, St. Louis, 
MO 63110.

Endogenous oligodendrocyte progenitors (OPs) proliferate in 
response to different insults and growth factors. Here, we examined 
the response of OPs to traumatic SCI. Adult female Long-Evans rats 
were subjected to SCI using the NYU impacter device (10 g weight,
1.25 cm fall). To assess for oligogenesis, BrdU was injected 24 hrs 
prior to sacrifice. OP genesis (defined by double-labeling with BrdU 
and NG-2 antibody) was observed at day 1, reaching a maximum at 
day 7, followed by a decrease. To assess the fate of newly bom 
cells, 6 consecutive daily BrdU injections were performed prior to 
sacrifice. Between 7-14 d after injury, an increase in newly bom 
mature oligodendrocytes (defined by double-labeling with BrdU and 
APC antibody) was observed, suggesting differentiation of OPs to 
mature oligodendrocytes. Endogenous OPs may proliferate and 
differentiate following traumatic SCI, possibly contributing to 
remyelination and recovery following SCI. Supported by NIH grants 
NS37927 (JWM), NS32636 (DWC) and the American Paralysis 
Association (DWC).

537.9

TEMPORAL EXPRESSION OF MATRIX METALLOPROTEINASES (MMPs) 
FOLLOWING SPINAL CORD INJURY T. A. Signoracci* and J. D. Houle. Dept. of 
Anatomy, Univ. of Arkansas for Medical Sciences, Little Rock, AR 72205

Matrix metalloproteinases (MMPs) have been implicated in wound healing responses 
such as inflammatory cell infiltration, angiogenesis and degradation of extracellular 
matrix components. Little is known about the role of MMPs following a spinal cord 
injury. As a first step, this study examined the temporal expression of MMPs in adult 
female Sprague Dawley rats that received a hemisection lesion of the spinal cord at the 
third cervical level. Sham animals had their dura opened but no direct contact with the 
spinal cord was made. MMP expression at the lesion site was detected using western 
blotting techniques and MMP activity was assayed by gelatin zymography. For western 
blotting, animals were sacrificed 1, 3 or 10 days after injury. Constitutive MMP-2 
expression decreased 1 day after injury relative to the sham and began to increase at 3 
days post injury, returning to normal levels by 10 days. MMP-9 expression was not 
detected in sham controls, however it was detectable at 1 day post injury. At 3 days post 
injury, MMP-9 expression began to decline. Between 3 and 10 days, MMP-9 expression 
returned to undetectable levels. For gelatin zymography, animals were sacrificed at 12 
hours, 1, 3 or 5 days after injury. Within 12 hours, there was a decrease of the inactive 
form of MMP-2 and a large increase of both the active and inactive forms of MMP-9 
Over the next 5 days, expression of both the active and inactive forms of MMP-2 
increased, and expression of both MMP-9 forms gradually decreased. It appears that 
there is a defined time course of expression and activation of MMPs following spinal 
cord injury; MMP-2 decreases initially and then rapidly returns to constitutive levels, 
while MMP-9 increases shortly after injury before a return to undetectable levels. The 
lack of longterm MMP expression may result in insufficient proteolytic activity of the 
surrounding extracellular matrix, which may influence efforts to reorganize the injured 
spinal cord. Sponsored by NINDS Grant NS26380 and UAMS Graduate Student 
Research Fund.

537.10
EARLY INDUCTION OF CYTOKINE mRNAs FOLLOWING SPINAL 
CORD INJURY. Ronald P. Hart1*, Ni Li1, Li Yang1, Marcel Bros Ramer2, 
Wencheng Huang^and Wise Young*, *Dept Biol. Sci.. Rutgers Univ..
Newark, NJ and 2Center for Collaborative Neuroscience* Rutgers Univ., 
Piscataway, NJ.

The antiinflammatory drug methylpredisolone (MP) reduces tissue damage and 
improves functional recovery if it is given sufficiently early after spinal cord 
injury (SCI). Yet the early inflammatory events following SCI have been 
underexplored. 30 Long-Evans Hooded rats (half male and half female) were 
contused using the NYU standard weight drop impactor with a 10-gram weight 
dropped 25.0 mm onto T9-10 spinal cord exposed by laminectomy. At several 
times after injury, cytokine mRNA expression was examined using a multiple- 
probe RNase protection assay. We detect significantly increased levels of IL-la, 
IL-lp, IL-6 and TNFa mRNAs by 15 min after injury. Levels of all four cytokine 
mRNAs reach their peaks within 1-6 hrs after injury and drop to near-control 
levels by 24 hrs. Interestingly, mRNAs specific for IFNy and IL-2 are 
undetectable, arguing for a relatively minimal contribution by T cells to cytokine 
mRNA levels throughout the 24 hrs after injury. Expression of cytokine mRNAs 
is most pronounced at the site of injury with much lower levels 4 mm rostral or 
caudal of the impact site throughout the first 24 hrs. Identical cytokine mRNA 
profiles were observed using a two hour culture model of SCI. In culture, addition 
of dexamethasone inhibited cytokine mRNA accumulation when added up to 60 
min after explanting, but not at 90 min after explanting, consistent with a window 
of therapeutic effectiveness. Protein synthesis inhibitors enhanced expression of 
IL-la, IL-1 P and TNFa, but inhibited IL-6, consistent with a standard cytokine 
cascade. Expression of inflammatory cytokine mRNAs so quickly after SCI 
suggests that these regulatory mechanisms may be exploited for improved 
therapeutic potential.
Supported by: American Paralysis Association
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537.11

ZINC-INDUCED NEURONAL DEATH AFTER TRAUMATIC SPINAL 
CORD INJURY. S W- Suh14*, G. Danscher2. S.M, Jo2, M. Motamedi’ and
C.J. Frederickson1, ’Biomedical Engineering and Neuroscience, UTMB, 
Galveston, TX 77555. 2Dept. of Neurobiology, U. of Aarhus, 8000, 
Denmark.

A sudden release of Zn2+from zinc-containing terminals contributes to 
neurodegenerational changes following ischemia and seizures. In this study 
we present data indicating that release of Zn2+ also contributes to the 
neuronal death prod uced by mechanical trauma in the spinal cord.

Laminectomy was performed at vertebral levels T9-T10, exposing the 
cord without disrupting the dura. Traumatic injuries were induced by a weight 
of 10 g dropped from 10 mm height. One hour later, TSQ (N-(6-methoxy- 
8-quinolyl)-para-toluenesulfonamide) fluorescence staining for zinc started 
to appear in numerous neurons in the dorsal horn beneath the impact site. Six 
hours later, the number of zinc-fluorescent neurons and the intensity of the 
staining had increased. At this time, there was a precise one-to-one 
correlation between TSQ-positive neurons and eosinophilic (damaged) 
neurons. The TSQ positive neurons had disappeared in the core of the impact 
area 24 hr after trauma. At this time a few scattered TSQ positive neurons 
were seen peripheral to the lesion. The ventral horn beneath the impact site 
contained many fewer TSQ stained neurons than the dorsal horn, a result 
possibly due to the lower density of zinc-containing terrminals ventrally. 
Sections from uninjured sham-operated rats were devoid of TSQ positive 
neurons.

The present data support the hypothesis that sudden release of zinc from 
Zinc Enriched (ZEN) terminals causes neuronal death.

537.12

EXCITATORY AMINO ACID RELEASE AND EXCITOTOXICITY 
FOLLOWING CONTUSION SPINAL CORD INJURY G.-Y. Xu, G. Robak, 
M.G. Hughes and D.J. McAdoo*. Marine Biomedical Institute, University of 
Texas Medical Branch, Galveston, TX 77555-1069.

Reduction of damage due to spinal cord injury (SCI) by excitatory amino 
acid (EAA) receptor antagonists and substantial elevation of EAAs following 
SCI are strong evidence that excitotoxicity is important in spinal cord injury. 
We previously showed by microdialysis sampling that for 20-30 min 
following injury EAA concentrations in the center of the impact zone are 
above the threshold for damage to normal spinal cord neurons, but that EAA 
do not appear to reach the threshold for damage at several mm from the edge 
of the impact zone. We will present a refined characterization of EAA release 
over time and distance from the impact region. From our results, we conclude 
that excitotoxicity is confined to within about 1 mm from the region of 
mechanical damage. Also, the operation of the cascade damage -> EAA 
release -> damage -> etc. probably operates for at most 10’s of minutes 
following the moment of impact. NBQX, an AMPA receptor antagonist, 
decreases the dimensions of the lesion produced by spinal cord injury.1 This, 
in combination with our results, suggests that excitotoxicity is important 
following SCI over a distance of only about 1 mm from the edge of the region 
of mechanical trauma.
1. J.R. Wrathall, Y.D. Teng, and R. Marriott. 1997. Exp. Neurol. 145: 565-573. 
Supported by the Spinal Cord Research Foundation, Mission Connect of 
TIRR and NS 11255.

537.13

IMPROVED RECOVERY OF HIND LIMB FUNCTION AFTER SPINAL CORD 

INJURY IN ICAM-l/P-SELECTIN -I- MICE BUT NOT IN ICAM-I -/- MICE.

J.Isaksson*, M. Farooque and Y. Olsson Dept of Genetics and Pathology, Uppsala 

University Hospital, S-751 85 Uppsala, Sweden

Endothelial adhesion molecules, such as ICAM-1 and P-selectin, have been 

implicated in secondary injuries after ischemic and traumatic insults to the central 

nervous system. In two separate studies we have evaluated the pathogenetic role of 

these endogenous molecules by investigating the hind limb motor deficits following a 

compression-type spinal cord injury (10 g/mm2) at the Th8-level in wild-type mice 

and mice deficient of ICAM- 1/P-selectin and ICAM-1 respectively. Hind limb motor 

score decreased after injury in all animals but the groups of injured ICAM-l/P- 

selectin-/-animals had a better hind limb motor function during the entire observation 

period of 14 days. This difference was statistically significant on day 1. ICAM-1-/- 

mice, however, did not differ significantly from controls at any time-point. 

Histopathological evaluation of the spinal cords 14 days after injury revealed that 

ICAM-1/P-selectin double knockouts showed significant sparing of white-matter 

longitudinal tracts compared to controls as measured by luxol-staining of transverse 

sections of the cord. In contrast, the extent of damage to nerve cell bodies and 

dendrites of the grey matter, assessed by MAP2-immunohistochemistry, did not 

significantly differ between groups. Our results indicate that mechanisms exerted by 

adhesion molecules, i.e. rolling, adhesion and transendothelial migration of leukocytes 

aggravate a spinal cord injury. Blocking of adhesion molecules may prove to be a 

valuable therapy in treatment of SCI. Supported by Tore Nilssons stiftelse
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538.1

ENRICHED HOUSING IMPROVES FUNCTIONAL RECOVERY AFTER 
SPINAL CORD CONTUSION INJURY IN ADULT FEMALE WISTAR RATS.
A.J. Lankhorst1, T.J. van Laar1, N.L.U. van Meeteren1,2, J.C.M.J. de Groot3,
L.H. Schrama1, F.P.T. Hamers13*, W.H. Gispen1 1Dept. of Med. Pharmacol., 
2Dept. of Physical Therapy, 3Dept. of Oto-Rhino-Laryngol., Utrecht University 
and University Hospital, Utrecht, The Netherlands.

In recent years evidence has accumulated that the lesioned spinal cord can 
compensate for loss of supraspinal input. Exercise training has been shown 
to enhance this compensatory process in the spinalized rat and cat.
Therefore, we investigated the effects of enriched housing, with herein a 
voluntary not quantifiable exercise training, on functional recovery and spinal 
cord integrity in a spinal cord contusion injury model in adult female Wistar 
rats. After induction of moderate contusion injury (Th8, 12.5mm, MASCIS- 
device) rats were randomly assigned to either standard or enriched housing 
conditions. Functional recovery was monitored weekly using a.o. the BBB- 
locomotor rating scale and the Gridwalk test. Fourteen weeks post injury, 
rubrospinal motor evoked potentials were measured to study rubrospinal tract 
integrity, whereafter animals were sacrificed for histological analysis.

Our data show that enriched housing resulted in a marked enhancement of 
recovery on both the BBB-scale and the gridwalk test whereas no 
improvement was observed on evoked potentials or area of spared white 
matter. This contrasts with studies using neuroprotective agents, suggesting a 
more important role for local modulatory processes below the lesion than for 
neuroprotection at the lesion site or possible long tract regeneration, within 
this experimental setup.

This work was supported by a grant from the Glaxo Research Fund 
(GRN95016)

538.2

INFLUENCE OF ANGIOGENETIC AND ANTIANGIOGENE- 
TIC DRUG DELIVERY ON FUNCTIONAL OUTCOME AFTER 
SPINAL CORD INJURIES IN RATS. J. Widenfalk*1, A. LipsonL 
Y.Cao2, L. Olson1. 'Dept. of Neuroscience, 2Microbiology and Tumor 
Biology Center, Karolinska Institutet, S-171 77 Stockholm, Sweden.

We investigated whether local injections of angiogenetic VEGF or 
antiangiogenetic angiostatin would improve functional outcome after 
SCI. Spinal cord injury (SCI) leads to acute local hypoxia. Hypoxia sti-
mulates angiogenesis through a cascade of events, involving angioge-
nesis stimulatory substances, such as VEGF. The complex response 
program in activated endothelial cells include synthesis of cytokines, 
growth factors (aFGF and bFGF), extracellular matrix molecules, ma-
trix metalloproteinases and serine proteases. To test the importance of 
injury-induced angiogenesis for functional outcome in SCI, VEGF or 
angiostatin was delivered locally immediately following a contusion 
injury produced using the NYU impactor and a 25-mm drop. Different 
behavioral tests were used to monitor functional outcome. Preliminary 
data indicate that angiogenesis is positively related to functional out-
come. Blood vessel density is being determined.

Supported by the Swedish MRC, AFA, AMF, Hedlunds stiftelse, 
Swiss IRP, and USPHS.
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538.3
EFFECT OF METHYLPREDNISOLONE TREATMENT ON GLUTAMATE 
AND GLUTAMINE LEVELS FOLLOWING SPINAL CORD INJURY IN 
RATS. R.L. Benton*1, K.E. Miller1 and C.D. Ross2. Depts. of 'Cell Biology and 
2Otorhinolaryngol., University of Oklahoma Health Sciences Center, Oklahoma 
City, OK. 73190.

Glutamate has been shown to be an important in the spinal cord as an excitatory 
neurotransmitter as well as a precursor for other important compounds such as y- 
aminobutyric acid (GABA) and glutamine. If glutamate levels are pathologically 
increased, widespread neuronal death may occur as a result of excitatory 
neurotoxicity, as may occur following spinal cord injury (SCI). Methylprednisolone 
(Solu-Medrol™/MPSS) treatment is currently the most promising therapy for SCI. 
However, little is known about its impact on glutamate metabolism in the spinal 
cord. Therefore, this study was undertaken to determine if glutamate levels, as well 
as related metabolites, are altered by MPSS treatment for SCI.

Rats were anesthetized, complete spinal transections were made at T4-T5 spinal 
segments and MPSS (41 mg/kg) was given. Rats survived for 7 (n=24) and 30 
(n-^24) days. Spinal segments, rostral and caudal to the injury, were sectioned 
(30pm), freeze-dried and microdissected into discrete areas of white matter (dorsal, 
ventral and lateral funiculi) and gray matter (dorsal and ventral gray). Glutamate and 
glutamine concentrations in microdissected samples were obtained by HPLC 
analysis. The most significant effects of MPSS were found in segments caudal to the 
lesion. In both white and gray matter, glutamate levels decreased 7 days following 
SCI but were returned to normal with MPSS treatment. Additionally, levels of 
glutamine are elevated in all areas of spinal tissue in response to MPSS treatment. 
These results suggest that MPSS treatment may specifically alter glutamate 
metabolism following SCI. Experiments are currently ongoing to elucidate the 
metabolic mechanisms responsible for these alterations in glutamate/glutamine 
levels. Supported by NIH# - NS 27213, HL 52986 (KEM)

538.4
THE PLATELET-ACTIVATING FACTOR ANTAGONIST, WEB 
2170, INCREASES TISSUE SPARING IN TRAUMATIC SPINAL 
CORD injury . M,E,.IlQSleJtkr*.and S,L« Carlson. Department of 
Anatomy & Neurobiology, University of Kentucky Medical Center, 
Lexington, KY 40536, USA.

Inflammatory responses develop rapidly after injury to the spinal 
cord, and are likely to be involved in the spread of secondary injury through 
such mechanisms as edema, recruitment of inflammatory cells, and 
production of reactive oxygen species. Secondary injury progresses for 
several days after contusive spinal cord injury and expands the lesion far 
beyond the initial contusion site. The lipid metabolite, platelet-activating 
factor (PAF), is a potent inflammatory mediator which is upregulated in 
spinal cord tissue after injury. PAF is associated with increased edema, 
breakdown of the blood-brain barrier, and the extravasation and activation of 
inflammatory cells in the spinal cord tissue. To investigate the effects of 
blocking PAF, the PAF receptor antagonist, WEB 2170, was administered 
via osmotic minipump to female Long-Evans rats for 1, 3, and 7 days 
following contusive injury at T10 using the NYU impactor device (lOg, 
25mm drop). Myelin staining one week after injury revealed that treatment 
for 3 days resulted in a statistically significant increase in the percent tissue 
intact al the lesion center, as well as in the actual white matter spared. These 
results suggest that PAF is a contributor to secondary injury mechanisms. 
We are currently investigating whether treatment with WEB 2170 results in 
improved behavioral outcomes following spinal cord injury. [Supported by 
The Kentucky Spinal Cord and Head Injury Research Trust, and NIH 
HD35645 toS.C.]

538.5

PROGRESSIVE INCREASE OF CALPAIN EXPRESSION IN LESION WITH 
VARYING DEGREES OF SPINAL CORD INJURY (SCI). K. Schaecher, S. 
Rav, D, Shields, D. Matzelle, G, Wilford. E. Hoaan*, N, Banik. Neurology, 
Medical University of South Carolina, Charleston SC 29445 USA.

Increased calpain immunocytochemical expression and activity have been 
previously demonstrated in the lesion concomitant with cytoskeletal protein 
degradation and neuronal loss following severe SCI. This finding delineated 
a role for calpain in tissue destruction and cell death in SCI. Since the chance 
for cell survival is higher in injury of moderate severity when treated with 
calpain inhibitors, we examined calpain expression in the lesion with varying 
degrees (5,10,15,20,25 and 40gm-cm f) of trauma. SCI was induced in rats 
by the weight drop method. We investigated the translational expression of 
calpain in GFAP+ astrocytes via fluorescent staining of tissue slices in various 
impact injuries relative to sham control. In a 5g injury we found no significant 
differences with regard to calpain and GFAP+ cells in the lesion cord relative 
to sham control. However, in the 10g, 15g, and 40g injury, we found 
increasing qualitative expression of both calpain single positive and calpain/ 
GFAP double-positive cells with the increasing degree of injury in the lesion 
relative to sham. The morphology of calpain single positive cells seems to 
correspond to that of infiltrating phagocytes and/or activated microglial cells. 
This will be confirmed by staining with the appropriate cell marker antibodies. 
In conclusion, the findings of progressive increase of calpain expression in the 
lesion may be correlated with the degree of trauma and extent of cell damage 
in spinal cord following injury. If treated early with calpain inhibitors, the 
partially damaged cells may be rescued and may lead to functional recovery. 
Supported by NIH-NINDS (NS-31622), NMS Society (RG-2130), and AHAF 
Glaucoma Foundation.

538.6

THE ROLE OF COOLING IN THE RAT SPINAL CORD INJURY. C, Shields1*, Y. 
Zhang', D, Burke', G, Raque1, D. Magnuson1, J, Dimar2. Depts of 'Neurological 
Surgery and 2Orthopedic Surgery, University of Louisville School of Medicine, 
Louisville, KY 40292

The role of local cooling in the treatment of neurological disorders has been 
controversial. We have studied its role in the rat of non-reversible spinal cord injury 
(NYU Impactor), reversible injury (spinal acute stenosis) and their combination. Male 
S-D rats (n=52, weight=277±20g) were anesthetized and underwent laminectomy at 
T9-10. Four groups of rats had 1) 1.2 mm spacer placed in the epidural space n=16;
2) moderate, 25 gm-cm, spinal cord contusion n= 16; 3) 1.2 mm spacer in combination 
with cord contusion n= 16; and 4) control n=4. Half of each group was tested under 
normothermia (37°C) and the other half under hypothermia (19°C). Epidural 
controlled surface cooling was performed by irrigating the exposed dura to cold Hank’s 
solution for 2 hr after the cord contusion or during acute spinal acute stenosis. All the 
animals underwent behavior test (BBB score) before cord injury and weekly thereafter 
for 5 weeks, and neurophysiological evaluation using the transcranial magnetic motor 
evoked potentials (tcMMEP) before surgery and at week 1 and week 5. Statistic 
methods consisting of Student’s t-test, one way ANOVA, Tukey post hoc t-test (BBB), 
and chi square test (tcMMEP) were utilized to determine the efficacy of the local 
cooling. Rats with acute spinal stenosis alone demonstrated significant improvement 
following exposure to hypothermia as compared to normothermia. In both groups with 
the spinal cord contusion no behavior and neurophysiological improvement was 
obtained. The results demonstrated the cooling of the compressed spinal cord during 
stenosis was in favor of neurological recovery and the short term hypothermia failed to 
show the protection in the case of spinal cord contusion. In the combined spinal cord 
injury that included both cord contusion and stenosis, the protective effect of cooling 
on spinal cord ischemia may be diminished by the prominent cord contusion damage.

538.7

PROGESTERONE-INDUCED CHANGES OF NADPH-DIAPHORASE AND 
GLIAL FIBRILLARY ACIDIC PROTEIN (GFAP) IN ASTROCYTES FROM 
NORMAL AND INJURED RAT SPINAL CORD. F Labombarda12. 
S. Gonzalez1,2. P. Roig1. A, Lima1. R. Guennoun3, M. Schumacher3* and
A. F. De Nicola1,2’4. 1 Institute de Biologia y Medicina Experimental, Buenos Aires, 
2 Dept. of Biochemistry, Faculty of Medicine, University of Buenos Aires, Argentina; 
3INSERM U488, 80 Kremlin-Bicetre, France; 4Fundacion Barcelo, Buenos Aires, 
Argentina.

Recent reports show that progesterone (P4) can be synthesized in both central 
(CNS) and peripheral nervous system (PNS) and exerts trophic effects in PNS. To 
study its potential effects in the CNS, we investigated P4 modulation (4 mg/kg/day 
for 3 days) of two proteins of the spinal cord responding to injury: NADPH- 
diaphorase (NADPH-d), a marker of nitric oxide synthase activity, and glial fibrillary 
acidic protein (GFAP), a marker of astrocyte reactivity. The proteins were studied at 
three levels of the spinal cord from rats with total transection (TRX) at T10: above 
(T5), below (LI) and caudal to the lesion (L3) and in equivalent levels in sham- 
operated controls. The number and area of astrocytes /0.1 mm2 expressing NADPH-d 
activity or GFAP immunoreactivity in white matter (lateral funiculus) or gray matter 
(Lamina IX) were measured by computerized image analysis. In control animals, P4 
did not change NADPH-d activity while it increased the number and area of GFAP- 
expressing astrocytes in gray and white matter at all levels analysed. After TRX there 
was up-regulation of GFAP but no change in NADPH-d. In transected animals, P4 
did not change the already high GFAP expression while it increased the number and 
area of NADPH-d active astrocytes in white and gray matter immediately above and 
below, but not caudal to the lesion. The response of the two proteins to P4 was 
conditioned by environmental factors: P4 modulates NADPH-d after injury and 
GFAP expression in non injured animals (Supported by CONICET PIP 4103, ECOS- 
SECYT, UBA TM13, FONCYT PICT 00438 and Fundacion Barcelo).

538.8

TREATMENT WITH 5HT1A RECEPTOR AGONISTS REVERSES 
RESPIRATORY ABNORMALITIES IN SPINAL CORD INJURED RATS. Y D. 
Teng1'2*, M. Bingaman2, A.M. Taveira-DaSilva3, PP, Pace3, R.A. Gillis2, & J.R.
Wrathall1. Depts. Cell Biol.1, Pharmacol.2 & Medicine3, Georgetown University 
Washington DC 20007.

Contusive spinal cord injury (SCI) at T8 produces impaired respiratory function 
in conscious rats breathing room air and challenged with CO? (Teng et al., J. 
Neurotrauma 15:899, 1998). In seeking ways to restore normal respiratory' function 
to SCI animals, we tested drugs that stimulate serotonin 1A (5HT1A) receptors, 
based on earlier findings that those agents can counteract impaired respiratory 
function produced by morphine overdose (Ferreira et al., FASEB J. 12:A495, 
1998). Respiratory function was measured with a head-out plethysmograph system 
in conscious rats. T8 SCI rats (n=5) showed decreased tidal volume (Vt; 0.90±0.02 
to 0.66±0.03 ml; P<0.05) and increased respiratory rate (/; 91±3.7 to 132±5.7; 
P<0,05) under room air ventilation at 24 h post injury (p i ). In addition, these 
animals exhibited a diminished response to the respiratory stimulating effect of 7% 
CO2: minute ventilation (Ve) changed from 250±17 ml/min prior to SCI to 162±15 
ml/min at 24 h p.i. (P<0.05). Similar respiratory' deficits were also observed in the 
SCI rats at 7 d (n=3) p.i. Treatment with the 5IIT1A receptor agonist. 8-OH-DPAT 
(250 ng/kg; i.p.) given at 24 h or 7 d p.i. restored Vt, f and the respiratory 
stimulating effect of 7% CO2 to pre-injury levels. Results identical to those 
obtained with 8-OH-DPAT were observed with another 5HT1A receptor agonist, 
buspirone (1.5 mg/kg, i.p., n=3). In contrast, i.p. administration of saline vehicle 
(n=5) showed no beneficial effect on SCI-induced respiratory impairment. Finally, 
pretreatment with a specific antagonist of 5HT1A receptors, p-mPPI (3mg/kg, i.p.; 
n=3) given 20 min before 8-OH-DPAT administration, prevented 8-OH-DPAT 
from restoring respiratory' function to normal. Our results demonstrate that drugs 
which stimulate 5HT1A receptors improve respiratory function in conscious rats 
after SCI. (Supported by NIH P01-NS28130).
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538.9
Reduction of Spinal Cord White Matter Injury with Tetrodotoxin (TTX): 
Effect Of Time Of TTX Administration. L.J. Rosenberg* and J.R. Wrathall. 
Dept. of Cell Biology, Division of Neuroscience, Georgetown Univ. Medical 
Center, Washington, DC 20007.

Hindlimb function is highly correlated to white matter sparing after contusive 
spinal cord injury (SCI). Thus, understanding the time course and mechanisms 
involved in secondary axonal injury is critical. Our previous studies have suggested 
that 1) much of the secondary injury to white matter occurs within the first 4 h after 
injury (Rosenberg and Wrathall, J. Neurotrauma 14:823-38) and 2) that TTX- 
sensitive Na+ channels are involved (Rosenberg et al., J. Neuroscience, in press). 
To further investigate these hypotheses, we compared acute axonal pathology in 
four groups of rats (n = 5-6) subjected to a standardized spinal contusion at T8 
(lOg X 2.5cm weight-drop), that were treated with TTX (0.15 nmol microinjected 
into the injury site) either 15 min prior to or, 5 min or 4 h after SCI, and injured 
controls. At 24 h pi, tissue was processed for electron microscopy and the axonal 
pathology assessed in the ventromedial white matter at the lesion epicenters. 
Overall axonal pathology, as assessed with the Axonal Injury Index (All), was 3.8 
± 0.2 in untreated controls and significantly reduced in the groups treated 15 min 
prior to (2.1 ± 0.1) and 5 min post-injury (2.2 ± 0.3). However, TTX treatment at 4 
h pi was ineffective (All = 3.4 ± 0.59). The number of axons without axoplasmic 
pathology in the 5 min post- and the 15 min pre-injury groups averaged 60-64% 
compared to 30% in injured controls. The proportion of axons with abnormal 
periaxonal space was significantly reduced in the these groups; 7.8% ± 1.6 and 
7.0% ± 2.8 vs. 17.2% ± 2.0 in injury controls. These findings support our 
hypothesis that TTX-sensitive Na+ channel play a key role in the acute 
development of secondary white matter pathology. However, their role is largely 
accomplished by 4 h pi at the lesion epicenter. (Supported by NIH RO1 NS35647).

538.10
DUAL EFFECTS OF DEXAMETHASONE ON NOCICEPTIVE NEURONS AND ALPHA- 
MOTONEURONS AFTER SPINAL CORD INJURY S.L.Gonzalez’-2, M.C.Gonzalez 
Deniselle12 ALima1, R.Guennoun3 ‘ and A.F.De Nicola1-2. ’Institute de Biologla y Medicina 
Experimental.Obligado 2490, 1428 Buenos Aires, Argentina; Tacultad de Medicina UBA, 
Argentina;3INSERM U-488,80 rue General Leclerc, 94276 Kremlin-Bic6tre, France.

In the spinal cord, somatic motoneurons use the classical neurotransmitter acetylcholine, 
and the detection of acetylcholine-synthesizing enzyme (ChAT) has been employed as a 
marker of their functional activity. Another messenger, nitric oxide (NO) plays an important 
role in spinal cord neurons processing nociceptive information in response to tissue injury. 
Our goal was to study the potential effects of dexamethasone (DEX) treatment on these two 
different functional groups of neurons after spinal cord lesion. First, we describe the effects of 
DEX on ChAT protein expression in motoneurons from lesioned spinal cords processed tor 
immunocytochemical detection. Rats with sham operation or spinal cord transection (TRX) at 
thoracic level (Tz-Ta) received vehicle or 5 mg/kg DEX at 5 min, 6,18, and 46 h post lesion 
and sacrificed 48 h after surgery. Quantitative analysis of immunoreaction intensity 
(expressed as ILIGV/area) and the number of immunoreactive motoneurons were studied 
using a computerized image analysis. The number of ChAT-expressing motoneurons 
(9.85±0.65 neurons/Lamina IX) and the ILIGV/area (0.406±0.02 units) after TRX were 
reduced compared to controls (14.57±0.83 neurons/Lamina IX, p<0.05 and 0.816±0.04 units, 
p<0.01). DEX treatment restored neuronal number to control levels (15.25±1.29, p<0.05 vs. 
TRX) and prevented the reduction in ChAT intensity (0.690±0.103, p<0.05 vs TRX). Second, 
DEX treatment reduced the number of NADPH-diaphorase active neurons around the central 
canal (TRX: 8.9±0.9 neurons/Lamina X vs.TRX+DEX 3.6±0.4, p<0.01) and the density of 
histochemical reaction product in the dorsal horn (TRX: 0.421 ±0.02 vs.TRX+DEX: 
0.287±0.01, p<0.01) areas associated with NO production and pain transmission. We 
suggest that DEX effects on alpha-motoneuronal ChAT affords neuroprotection and beneficial 
effects on neuromuscular transmission. At the same time, DEX attenuation of NO production 
may limit the hyperalgesic reaction during the acute phase of spinal cord lesion. (Supported 
by CONICET PIP 4103, UBA TM13, Agenda PICT-97 00438 and Fundacidn Barceto grants)

538.11

NEW COCKTAIL OF BONE MORPHOGENIC PROTEINS PROMOTES 
FUNCTIONAL MOTOR RECOVERY IN A MODEL OF TRAUMATIC SPINAL 
CORD INJURY. 5. Feldblum*1, S, Amaud1, P, Bittmann2 andD, Braeuzlia2 
1 NEUROLAB, Paris, France; 2 SULZER INNOTEC , Winterthur, Switzerland. 
Providing new compensatory networks after spinal cord injury (SCI) is one 
therapeutic option to promote motor recovery. This study evaluates the efficacy of 
Bone Protein (BP), a new cocktail of bone morphogenic proteins (BMPs) isolated 
from bovine long bones (WO95/13767), on the injured rat spinal cord. The BMPs 
(members of the TGF-p superfamily) mediate developmental processes including 
morphogenesis, differentiation, cell survival and apoptosis. BMPs promote bone 
regrowth and the presence of their receptors in the CNS suggested an ability for 
stimulating regrowth processes after neurotrauma. In vitro, BP significantly enhanced 
PC 12 neurite extension and differentiation into their neuronal phenotype (comparable 
to NGF), promoted dramatic survival of embryonic chick ciliary ganglions and 
significantly rescued embryonic telencephalic neurons from glutamate induced 
excitotoxicity. In vivo. BP was assessed using a standardized model of rat spinal coid 
contusion, that shares homologies with human SCI. Controlled compression induced 
an immediate paraplegia that was progressively and spontaneously reversible within 
an average of 13 + 2 days (n= 6). BP was injected at 100 pg/ml in the fourth ventricle 
(10 min. post-injury and then daily for 7 days). It improved the animal performance 
and rats regained a stable alternate stepping behavior within 10+1 days (n=6), 
though BP injection was not as effective as an acute i.v. administration of an NMDA 
receptor antagonist such as thienyl-phencyclidine (TCP, 1 mg/kg) (7 ± 1 days, n=6). 
The neuroprotective effect of BP was also visible at a cellular level: similarly to the 
TCP-treated group, the cystic cavity associated with this contusion model was 2 fold 
smaller than in the vehicle-treated group. This in vivo neuroprotective effect is 
probably associated with BP’s anti-excitotoxic and growth factor properties. Due to its 
combined action on critical steps involved in both neuronal cell death and regrowth 
activity, BP shows promise for new strategies against neurotrauma.

538.12

EFFICACY OF CYCLOSPORIN-A COMPARED WITH 
METHILPREDNISOLONE UPON LIPID PEROXIDATION INHIBITION AND 
CLINICAL IMPROVEMENT AFTER SPINAL CORD INJURY. A. Ibarra1'2*, A. 
Diaz-Ruiz1,2,1, Duarte1,2, C. Rios3, D. Correa4, and I. Madrazo1,2. ’Unidad de 
Invest. Med. en Enf. Neurologicas. H.E., CMN Siglo XXI, IMSS ; 2Proyecto 
Camina A.C. ; 3Inst. Nal. de Neurologia; 4Instituto Nacional de Diagnostico y 

Referencia Epidemiologicos; Mexico, D.F. , Mexico.
Lipid peroxidation (LP) plays an important role among the auto destructive events 

observed after an injury of the spinal cord (SC). Thus attempts have been made to 
inhibit LP after lesion. Methilprednisolone (MP) has demonstrated to be useful to 
reduce post-traumatic LP. Cyclosporin-A (CsA) a potent and selective 
immunosupressive agent also showed an inhibitory effect upon LP after SC injury. In 
order to determine the efficacy of CsA upon lipid peroxidation inhibition and 
clinical improvement as compared with MP after SC lesion, four groups of female 
Wistar adult rats were treated with vehicle, CsA, MP or CsA+MP after 1 hour of 
SC trauma by low thoracic (T8-T9) spinal cord contusion. Lipid peroxidation was 
analyzed at die lesion area 24 h after injuiy by the Triggers and Willmore method, 
while clinical recovery was evaluated during 30 days by the Tarlov's scale test. Lipid 
peroxidation was inhibited in the same manner in all treated groups (p>0.05. 
ANOVA, followed by Tukey’s test). On the other hand, clinical recovery was similar 
in CsA or MP treated animals, however it was significantly better in the group with 
CsA+MP treatment (p< 0.05 Kruskall Wallis followed by the Mann Whitney U test). 
This work provides evidence that CsA has similar effects compared to MP. 
However, it must be taken in consideration some things about CsA: a) it was 
noteworthy that CsA treated rats presented less side effects (i.e. infections) than MP 
treated animals and b) CsA may be useful to promote neural regeneration besides of 
neuroprotection.

538.13

DIAPHRAGMATIC MOTOR RECOVERY INDUCED BY CHRONIC 
INTRATHECAL ADMINISTRATION OF A METABOTROPIC GLUTAMATE 
RECEPTOR AGONIST (ACPD) IN RATS PREVIOUSLY SUBJECTED TO 
SPINAL CORD INJURY. F. Castro-Moure?* H.Goshgarian2. ’Dept of Surgery, 
Div of Neurosurgery. UC Davis East Bay. 2Dept. of Anatomy and Cell Biology, 
Wayne State University; Detroit. MI 48201.

A metabotropic glutamate receptor (mGluR) agonist (ACPD) can 
enhance medullary respiratory descending drive output by subarachnoid injection 
in the proximity of the retrotrapezoid nucleus of the rat. Furthermore, the 
increased medullary respiratory descending drive induced in the above manner 
results in hemidiaphragmatic recovery in hemispinalized rats.

In the present study we describe a new surgical technique to chronically 
implant a device which delivers a mGluR agonist in the subarachnoid space of the 
rat in the proximity of the retrotrapezoid nucleus in the ventral medulla. 
Subsequently, this study assess the ability of the chronic subarachnoid infusion of 
the mGluR agonist to not only induce, but also maintain hemidiaphragmatic motor 
recovery in the previously paralyzed muscle of a hemisected rat. Six Sprague- 
Dawley rats were hemisected and subsequently subjected to chronic infusion of 3 
mM ACPD solution using the above technique. Phrenic neurography was 
performed at 24 hours, 48 hours and 1 week after the continuous infusion was 
started. Phrenic nerve output ipsilateral to the hemisection was 4 to 6 times higher 
in experimental animals than in controls that received infusion of saline solution 
only. Clinical applications of this technique may follow since the proposed 
studies demonstrate that pharmacological agents can induce significant post- 
traumatic muscle recovery in spinal cord injury subjects by enhancing the 
function of latent motor pathways. Project 841. American Paraplegia Society.
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539.1
LOCALIZATION OF ATAXIN-2 IN PURKINJE CELLS OF NORMAL RAT 
BRAIN. F. R. Fusco1*. M. Molinari1, M.T. Viscomi1. G. Saneesario1. and G. 
Bemardi1,2. ‘Laboratorio di Neuroriabilitazione Sperimentale IRCCS Santa Lucia, 
Rome Italy, and 2Clinica Neurologica University of Rome Tor Vergata, Rome Italy.

Spinocerebellar ataxia type 2 (SCA-2) is caused by a polyglutamine stretch in the 
protein ataxin-2, that is due to an expansion of a CAG repeat in the SCA-2 gene. 
The function of wild-type ataxin-2 has not yet been clarified. A widespread 
distribution of the protein throughout the brain has been recently reported. The aim 
of this study was to investigate whether the abundance of ataxin-2 was related to cell 
susceptibility to SCA-2. We examined the distribution of ataxin-2 in Purkinje cells 
containing the intracellular calcium binding protein calbindin, which are neurons that 
promptly degenerate in SCA-2. In the Purkinje cells layer, we also compared the 
distribution of ataxin-2 among calbindin positive cells to that of cells containing the 
calcium binding protein parvalbumin. We performed single and double label 
immunohistochemistry on 40 urn thick rat brain slices that we incubated with a 
monoclonal antibody against ataxin-2 (msaAx-2) (Imochem, New Zealand) and with 
msaAx-2 and either anti-parvalbumin or anti-calbindin antibodies. We examined the 
immunolabeled tissue using an Zeiss epi-illumination fluorescence microscope and a 
Zeiss confocal laser scanning microscope. Our single label study showed that Ataxin- 
2 immunoreactivity had a peculiar weak and strong alternating parasagittal band 
pattern in Purkinje cells layer. Our dual label studies showed that all calbindin 
immunoreactive Purkinje cells were labeled for ataxin-2 and that the few cells that 
were weakly labeled for calbindin were devoid of ataxin-2. We did not observe 
ataxin-2 immunoreactivity among parvalbumin immunoreactive Purkinje cells. The 
presence of ataxin-2 in calbindin immunoreactive Purkinje cells, that are prone to 
SCA-2 degeneration, suggests a role of this protein in the biochemical alterations 
that lead to cell death in SCA-2.

Supported by Ministero della Sanita # RC97C Neuroscienze Sperimentali

539.2
SEX-LINKED TRANSMISSION OF THE SHAKER MUTATION IN HEREDITARY 
ATAXIC RATS. B.R. Clark,*1 and D. L.Tolberf.1 Program in Physical Therapy, 
Washington University School of Medicine; TDept. Anatomy and Neurobiology, School 
of Medicine, Saint Louis University, St Louis, MO 63108.

The mutant shaker strain was initially identified in Sprague-Dawley outbred 
stock. Due to fertility problems, the mutation was subsequently bred onto a 
Wistar/Furth background. Through a series of backcross and intercross matings we 
have detennined the mode of inheritance to be X-linked via histological confirmation 
of Purkinje cell degeneration and presence of ataxia and tremor in affected animals. 
Backcross mating pairs (affected homozygous female and normal male Wistar) produce 
heterozygous carrier female offspring and heterozygous affected male offspring. 
Intercross mating pairs (carrier females and affected males) result in affected phenotype 
for one-half of the females and males. The remaining female offspring of the intercross 
mating are carriers and the remaining males are normal.

Affected, ataxic male and female mutants have a characteristic temporal/spatial 
pattern of Purkinje cell degeneration that begins around 6 weeks of age. Behaviorally, 
affected mutants begin to exhibit a wide hindlimb stance/gait and whole body tremor (3- 
5Hz) at 8-9 weeks of age. By 12 weeks of age all Purkinje cells in the anterior lobe and 
many Purkinje cells in restricted lobules in the posterior lobe have degenerated. Carrier 
females are characterized by a limited expression of the phenotype; limited numbers of 
Purkinje cells randomly degenerate and tremor and gait ataxia are not present.

We believe this animal may be an important model for correlative anatomical 
and behavioral studies of hereditary cerebellar ataxia. In addition, this model which 
displays a predictable spatial and temporal pattern of adult onset degeneration may be 
used for studies of the mechanisms of heredodegeneration.
Supported by the National Ataxia Foundation

539.3

ISOLATION OF A NOVEL PURKINJE-CELL SPECIFIC CLONE US-
ING THE pcd MOUSE MODEL OF CEREBELLAR DEGENERATION.
K.D. Minoofar 12, N.B. Akhmedov *, D.B. Farber 12. 1 Jules Stein Eye Institute,2IDP 
Neuroscience,University of California, Los Angeles, CA 90095

Purkinje Cell Degeneration (pcd) is an autosomal recessive mutation in mice 
which causes the complete degeneration of cerebellar purkinje cells by P45, the 
slow degeneration of retinal photoreceptors within the first year, and abnormali-
ties in other cell types. We used Suppressive Subtractive Hybridization (SSH) 
of P45 normal and purkinje cell-less pcd cerebella to generate a subtracted 
purkinje-cell enriched cDNA library. Normal and pcdSpcd cDNAs were both 
tester and driver in forward and reverse subtraction reactions. 98 random colo-
nies from the subtracted library were differentially screened with the forward- 
and reverse-subtracted cDNA probes. 49 clones showed a different hybridiza-
tion signal. Northern blot analysis showed one clone, PC 19, to hybridize to a 
message of approximately 4.7 kb in normal cerebellar RNA but not in the pcd 
cerebellar RNA of P30-P100 mice. Furthermore, this message is present in both 
the normal and pcd cerebella at younger ages, and its levels decrease in the latter 
with the progression of purkinje cell degeneration. Tissue blot analysis shows 
this message to be strongly expressed in the cerebellum and not in any other 
tissue tested, including cortex. Partial sequence analysis shows no homology to 
any known sequences in genbank databases. Thus, clone PC 19 is potentially a 
novel purkinje-cell specific message. Supported by NIH training grant EY07026

539.4

THE STERO-SPECIFIC EFFECT OF D-SERINE ETHYLESTER AND THE D- 
CYCLOSERINE IN ATAXIC MUTANT MICE K.SaigohW.Nishikawa 2
T.Matsui3___M.Kihara3* T.Takahashi3 and K.Wada J. ‘Dept of Degenerative
Neurological Diseases, and ,2Dept of Mental Disorder Research, National. Insti of 
Neuroscience, NCNP Tokyo; 3Dept of Neurology, Kinki Univ.Med, Osaka, 589- 
8511, Japan

Spinocerebellar ataxia is one of the most common neurological disorders. 
However, few therapeutics are effective for the treatment of this disorder. In the 
present stud}', we investigated the efficacy of D-serine ethylester and a related 
substance, D-cycloserine, as therapeutic agents for ataxia in a murine model. Both 
compounds are known to stereospecific modulate N-methyl-D-aspartate type 
glutamate receptors, and impaired glutamate-mediated signaling has been implicated 
in spinocerebellar ataxia. Using a microdialysis method, we found that intraperitoneal 
administration of D-serine ethylester increases the extracellular content of 
endogenous D-serine in the mouse cerebellum for at least 3 hr. Maximum elevation 
of the extracellular D-serine was observed at 40 min after injection. An open-field 
stud}’ was used to assay the effect of the D-serine derivatives on movement and ataxia. 
In mice exhibiting cytosine arabinoside-induced ataxia, D-serine ethylester reduced the 
falling index in a dose-dependent manner. The effect of D-serine ethylester was stereo-
specific in that L-serine ethylester had no effect on the falling index at the maximum 
doses tested, and was partially inhibited by 5,7-dichlorokynurenate, an antagonist that 
binds to the glycine-binding site. Locomotor activity was not changed by the D- 
serine ethylester treatment. D-cycloserine also significantly reduced the falling index 
of the mice. Both D-serine ethylester and D-cycloserine had longer lasting effects 
than other potential therapeutic reagents for ataxia. Growing evidence suggests the 
essentia] involvement of endogenous D-serine in mammalian brain function, and our 
results suggest that D-serine derivatives may represent an effective new therapeutic 
for the treatment of spinocerebellar ataxia.

539.5

CHEMOABLATION OF THE INFERIOR OLIVE ACCELURATES PURKINJE 
CELL HEREDODEGENERATION IN SHAKER MUTANT RATS. D.L. Tolbert1*.
J. Burkg1 and B,R. Clark2.

‘Dept. Anatomy & Neurobiology, School of Medicine, Saint Louis University; 
2Program in Physical Therapy, Washington University School of Medicine; St. Louis, 
MO 63104

Shaker mutant rats are characterized by adult-onset degeneration of cerebellar 
Purkinje cells (PCs). The hightly predictable spatial and temporal pattern of cell 
death allows for testing hypotheses as to the role of olivocerebellar-climbing fiber 
afferents on mutant Purkinje cell survival. In one series of experiments the inferior 
olive (IO) in <7 week old mutant and normal rats was chemoablated using a 
sequential 3-acetylpyridine/harmaline/nicotinamide intraperitoneal injection regimen. 
Surviving PCs were identified by their calbindin and parvalbumin immunoreactivity. 
IO ablation accelerated the onset of Purkinje cell death in a spatial pattern similar to 
the natural progression of neuronal death. One week after the injections all IO 
neurons and many PCs had degenerated. Two weeks post ablation all PCs have 
degenerated in those cortical areas where PCs always die. In other areas where PCs 
always survive, some cell death also occurred. Compared to sham-operated mutants, 
ablation of the IO accelerated both the onset and rate of PC death following a spatial 
pattern typically seen in the shaker phenotype, hi another series of experiments the 
IO was ablated in 3.5 week old rats to determine if the effects of IO ablation on PC 
survival is age dependent. These earlier injections accelerated even further the onset 
and rate of degeneration of PCs. The results of these studies infer that IO afferents 
may either support PC survival (a trophic affect) or chemoablation induced 
hyperexcitability in olivocerebellar afferent accelerates PC heredodegeneration (an 
excitotoxic affect).

539.6

CLONING AND EXPRESSION OF MURINE ASPARTOACYLASE.
M.A.A. Namboodiri,1,2*M. Rollag2 and I. Provencio2. 'Section on Neuroendo-
crinology, Laboratory of Developmental Neurobiology, NICHD, NIH and 
department of Anatomy, Cell Biology and Physiology, USUHS, Bethesda, MD.

Canavan disease is a human autosomal-recessive neurodegenerative disorder that 
primarily affects the white matter. It develops after birth and results in death 
mostly before age 10. Canavan disease is caused by mutations in the enzyme 
aspartoacylase that degrades N-acetylaspartate, a highly abundant (5-10 mM) and 
nervous system specific metabolite, into acetate and aspartate. Neither the 
pathogenesis of Canavan disease nor the functions of N-acetylaspartate have been 
defined. Furthermore, no animal model for the exploration of potential treatments 
for Canavan disease is available. Toward this goal, we have cloned the murine 
aspartoacylase cDNA and have expressed it in bacteria as a fusion protein with 
thioredoxin. At least four mouse expressed sequence tags with high homology to 
human ASPA exist in the Genbank (accession numbers AA068581, AI047823, 
AI048629, and All54325). The mouse aspartoacylase start and stop codons were 
identified in the expressed sequence tags by comparing them to the human cDNA 
(accession number S67156). Primers were designed to amplify the entire mouse 
aspartoacylase coding sequence minus the stop codon. The coding sequence was 
PCR amplified from mouse brain cDNA, the 938 bp product purified, cloned into 
pCRII-TOPO (Invitrogen) and sequenced. The deduced amino acid sequence is 
86% identical and 94% similar to human aspartoacylase, and the putative catalytic 
site domains are completely conserved. The PCR product was cloned into the 
pBAD/Thio-TOPO expression vector and overexpressed in E.coli by inducing 
with arabinose. The expressed protein was confirmed to be aspartoacylase by 
measurement of the enzyme activity following purification using nickel affinity 
chromatography. Supported by USUHS grant R07049.
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539.7

PD CYBRIDS CONTAIN INCLUSION BODIES THAT SHARE 
ANTIGENIC DETERMINANTS WITH LEWY BODIES. P.A. Trimmer* 
Center for the Study of Neurodegenerative Diseases and Dept. of 
Neurology, Univ. of Virginia, Charlottesville, VA.

The sporadic form Parkinson’s (PD) disease has been linked to defects in 
mitochondrial DNA (mtDNA). To study how defective mitochondrial 
function adversely affects the neuronal cells they occupy, human 
neuroblastoma cells (SH-SY5Y) that are deficient in mtDNA (Rho°) were 
repopulated with mitochondria from PD patients or age-matched controls 
(CNT). Ultrastructural examination showed that PD cybrids contained 
spherical, dark inclusion bodies. These large inclusion bodies reached 15pM 
in diameter, and consisted of dense granular or vesicular cell debris. Smaller 
inclusion bodies were more irregular in shape. The cybrid inclusion bodies 
stained positively with antibodies to ubiquitin and a-synuclein and labeled 
with mitochondrial markers (MitoTracker). Tau immunoreactivity was 
virtually absent from the inclusion bodies. Ubiquitin and a-synuclein are 
characteristic features of Lewy bodies, the inclusion body diagnostic for PD 
and other neurodegenerative diseases. These data suggest that transfer of PD 
mtDNA with impaired function into Rho° cells resulted in the expression of 
inclusion bodies that share antigenic determinants with Lewy bodies. How 
or Why Lewy bodies form is unknown. Analysis of these cybrid inclusion 
bodies may help foster a better understanding of how Lewy bodies form in 
PD and other neurodegenerative diseases. Supported by the NLA grant 
AG14382.

539.8

CYBRID ANALYSIS OF CONTURSI KINDRED MTDNA. W.D, Parker?
L.I. Golbe.2 J.K. Parks.1 G, Di Iorio? G.F, Wooten.1* and R.H. Swerdlow1.
’Center for the Study of Neurodegenerative Diseases and Dept. of Neurology, Univ.of 
Virginia, Charlottesville, VA 22908; ’Dept. Of Neurology, Univ. of Medicine and 
Dentistry of New Jersey, New Brunswick, NJ 08901; ’Dept. of Neuroscience, Seconds 
Universita degli Studi di Napoli, Naples, Italy.

Although the etiology of Parkinson’s disease (PD) is largely unknown, multiple 
genetic factors may contribute to its manifestation. An autosomal dominant mutation 
of the a-synuclein gene on chromosome 4 appears to cause PD in the Italian Contursi 
kindred. This mutation is rare in sporadic PD patients, who are suggested by cybrid 
studies to possess mutation of mitochondrial DNA (mtDNA). Cybrid studies of 
sporadic PD patients do not, however, address whether such putative mtDNA mutation 
is inherited or acquired.

To further explore whether putative mtDNA mutation in sporadic PD is likely a 
primary or secondary event, we transferred platelet mtDNA from members of the 
Contursi kindred to p° SH-SY5Y neuroblastoma cells (p° 118/5.0, MitoKor, San 
Diego, CA). We then assayed complex I activity in the resultant cybrid cell lines since 
several studies show complex I activity is reduced in cybrids expressing sporadic PD 
subject mtDNA. Mean complex I activity in the Contursi kindred cybrids (n=4) was 
29.3 nmol/min/mg protein, and in the control cybrid lines (n=10) it was 30.3 
nmol/min/mg protein (no difference).

These data do not address whether or not mutant a-synuclein induces mitochondrial 
dysfunction in vivo, but do suggest mutant a-synuclein does not cause generalized 
mtDNA degradation. These results also suggest that in sporadic PD, mtDNA- 
dependent mitochondrial dysfunction constitutes a primary pathophysiologic event.

Supported by the NIA, APDA, and Society for PSP.

539.9

MOLECULAR CHARACTERIZATION OF AN MTDNA- DEPLETED 
TERATOCARCINOMA CELL LINE. R.H, Swerdlow*, J.N, Davis, D, 
Binder, and W. Davis Parker. Center for the Study of Neurodegenerative 
Diseases and Dept. of Neurology, University of Virginia; Charlottesville, 
VA 22908.

Depletion of mitochondrial DNA (mtDNA) from cultureable cell lines 
provides a resource for studying mitochondria-cellular interactions. 
Elimination of mtDNA to undetectable levels confers “p°" status to the 
manipulated cell line, but no standardized method exists for the 
determination of such status. We used PCR technology to screen genomic 
DNA from ethidium bromide-exposed NT2 teratocarcinoma cells for the 
presence of residual mtDNA. Several mtDNA primer sets failed to 
produce any DNA amplification at all, while other primer sets with less 
separation between upper and lower primers produced bands that were 
considerably less dense than those produced from amplification of native 
NT2 genomic DNA. We then determined that these bands arose from 
amplification of nuclear embedded mtDNA pseudogenes, and used these 
pseudogene products to statistically estimate the likelihood that our 
mtDNA-depleted cells were p° cells. Our pseudogene analysis provides 
collateral evidence of mtDNA depletion in this cell line. This strategy 
protects against the risks of only using a “negative result” (ie. lack of 
mtDNA amplification) to declare a particular cell line is p°.

Funded by grants from the NIA and APDA.

539.10

Mitochondrial Dependence of Activation by MPP+ of MAPKinase pathways and 
NF-kappaBeta Early Transcription Factor in SH-SY5Y Cells and Parkinson’s 
Disease Cybrids. E.M. Halvorsen, D.S. Cassarino, T.M. Sturgill, J.P. Bennett, Jr.* 
University of Virginia Health Sciences Center. Charlottesville VA 22908.

The neurotoxin N-methylpyridinium ion (MPP+) elicits the pathological and 
biochemical defects associated with PD in several animal and cellular models. We used 
this drug model of Parkinson’s disease in SH-SY5Y human neuroblastoma cells to 
explore potential signaling pathways involved in the neuronal cell loss. We observed a 
biphasic activation of the c-Jun NH2-terminal kinase (JNK/SAPK) after incubation 
with MPP+, with a maximal activity of 3-4 fold at 30 min-lhr, and a second smaller 
peak of activity at 12 hrs. The early peak of JNK activation was almost completely 
inhibited by the mitochondrial transition pore (MTP) inhibitor Bongkrekic acid (BA), 
suggesting a role for the opening of the MTP in the activation of JNK by MPP+. BA 
was unable to block the late phase of JNK activation by MPP+, or to alter in any way 
the JNK activity caused by exposure of SH-SY5Y cells to UV light. Western blot 
analysis of the signaling proteins Raf-1 and MEKK-1 showed a progressive loss of the 
full length proteins after exposure to either the parkinsonian MPP+ toxin or UV light, 
and that the MTP inhibitor BA was unable to block or alter the time course of this loss. 
MPP+ also increased nuclear activation of the early transcription factor NF-kappaBeta 
(NF-kB) in a biphasic manner. The early (15-30 min) peak was dependent on MEK 
and p38 MAPK activity, whereas the later (4-8 hr) peak was dependent on intact ETC. 
NF-kB also mediated the increase in MnSOD activity after MPP+. Basal NF-kB 
activation was increased in PD cybrids.

Our work identifies JNK as a kinase that becomes activated by the 
parkinsonian neurotoxin MPP+ in a manner that may be dependent on the opening of 
the mitochondrial transition pore. Over the course of apoptosis in this cellular model 
the signaling proteins Raf-1 and MEKK-1 become cleaved in an apparent MTP- 
independent manner. NF-kB is activated through MAPKinase modules, appears to be 
protective in this model, and is elevated in cybrids populated with PD mitochondria. 
(Supported by NS35325, AG 14373)

539.11

Inhibition of Cell Death Pathways by S(-) and R(+) Pramipexole in 
Pharmacological Models of Parkinson’s and Alzheimer’s Disease. J. Dennis*, 
S.M. Khan, D.S. Cassarino, N. Abramova, C. Krebs, J.P. Bennett, Jr. Center for the 
Study of Neurodegenerative Diseases. University of Virginia Health Sciences Center. 
Charlottesville, VA 22908.

Sporadic neurodegenerative diseases such as Alzheimer’s (AD) and 
Parkinson’s (PD) have specific defects in electron transport chain (ETC) function. 
Using cybrid technology, we have demonstrated that AD and PD mitochondria 
generate increased oxidative stress and have reduced mitochondrial membrane 
potential (A1?), identifying regulation of AH' as a therapeutic target for developing 
neuroprotective therapies. We have identified pramipexole (PPX) as such an agent 
and have studied its ability to influence cell death in human SH-SY5Y neuroblastoma 
cells brought about by treatment with either methylpyridinium (MPP+) or neurotoxic 
25-35 beta amyloid fragment. PPX exists as two stereosiomers, with the S(-) 
enantiomer having potent activity at the D2 family of dopamine receptors, and the 
R(+) enantiomer having <1% of D2 receptor activity compared to S(-). We observed 
that both MPP+ and 25-35 beta amyloid fragment caused appearance of cytochrome 
C in cytoplasm by 2-4 hours, followed by activation of caspase 9 and caspase 3 within 
4 hours, PARP cleavage (12 hours) and biphasic appearance of large DNA-histone 
complexes. Caspase activation was blocked by bongkrekic acid, demonstrating the 
dependence on adenine nucleotide translocator function in these cell death models. 
We found that both S(-) and R(+) PPX inhibited permeability transitions in isolated 
rat liver mitochondria and were capable of blocking cytochrome C release and 
activation of all subsequent cell death pathways in SH-SY5Y cells. Thus, the 
neuroprotective properties of PPX do not correlate with potency at D2 dopamine 
receptors in these cell models, and appear to derive from the ability of PPX to inhibit 
mitochondrial release of cytochrome C. Because of its reduced interaction with D2 
receptors, R(+) PPX has potential as a neuroprotective agent in AD and PD. 
(Supported by NS35325, AG 14373 and Pharmacia and Upjohn)

539.12

Oxidative Stress Reduces the Mitochondrial Membrane Potentials in 
Parkinson’s and Alzheimer’s Disease Cybrids. D.S. Cassarino*, P.M. Kenney, J.P. 
Bennett, Jr. Center for the Study of Neurodegenerative Diseases. University of 
Virginia Health Sciences Center. Charlottesville, VA 22908.

Cytoplasmic hybrid (cybrid) technology has allowed the isolation and 
amplification of functional abnormalities arising from mitochondrial DNA (mtDNA) 
defects in tissues from subjects with neurodegenerative diseases, including 
Alzheimer’s disease (AD) and Parkinson’s disease (PD). We have previously shown 
that cybrids from AD and PD mitochondria are subjected to increased oxidative stress 
(Cassarino, et al, 1997). We now explored the hypothesis that one of the major 
targets of that oxidative stress is the mitochondrial transition pore complex (MTPC), 
which is the multi-protein complex that opens in a high-conductance mode during 
permeability transitions, and can initiate apoptosis pathways.

Using 3H-tetraphenylphosphomium (3H-TPP+) accumulation as a measure of 
mitochondrial membrane potential (AT), we found that both AD and PD cybrids had 
reduced AT compared to matched control cybrids. Further, treatment of cybrids with 
trolox (a water-soluble vitamin E analogue), or S(-) pramipexole, a free radical 
scavenger that inhibits permeability transition, or the combination, elevated the 
reduced AT in AD and PD cybrids. The results with 3H-TPP+ were supported by 
confocal imaging with the potentiometric dye JC-1.

These results identify the MTPC or related components as critical targets of 
increased oxidative stress in AD and PD. Reduced mean AT might mean greater 
probability of mitochondrial depolarization and altered mitochondrial participation in 
intracellular Ca+2 signaling. Mitochondrial-permeant free radical scavengers can 
reverse this abnormality and are meaningful therapeutic targets for development and 
testing. (Supported by NS35325, AG 14373, and Pharmacia and Upjohn)
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539.13

TFAM EXPRESSION RELATES TO MITOCHONDRIAL 
FUNCTION: D.B. Binder1, J. N.Davis II1, W.D. Parker1* R. H. 
Swerdlow1. ‘Department of Neurology and Center for the Study of 
Neurodegenerative Diseases, Univ. of Virginia; Charlottesville, VA, 
22908.

It has been established that the level of Tfam, a nuclear encoded 
protein, is positively correlated with mitochondrial replication both 
in vivo and in vitro. It is thought that the protein functions as a 
mitochondria] replication signal which the nucleus upregulates 
during times of increasing metabolic demand in a “normal” cell.
We hypothesized that the levels of Tfam mRNA and the correlating 
protein would be altered in cells lacking mitochondrial DNA and in 
cells containing mitochondrial DNA from individuals with known 
mitochondria-related diseases. Tfam mRNA levels were established 
utilizing RT-PCR and northern blot analysis. Protein levels are to 
be analyzed utilizing western blot analysis. The results indicate an 
increase of Tfam mRNA in mtDNA devoid cells, which could 
possibly result as the consequence of a cell attempting to counteract 
for a lack of functional mitochondria. Support: NIH grant 
GMO8328-07 and NIA AG 14373.

539.14

CELLULAR MODEL OF CHRONIC REDUCTIONS IN MITOCHONDRIAL 
COMPLEX I ACTIVITY. T.B. Sherer*. M.K. Borland. J.K. Parks. P.A.
Trimmer, and J.B. Tuttle, Depts of Neurology and Neuroscience, Center for the 
Study of Neurodegenerative Diseases, University of Virginia, Charlottesville, VA 
22908.

SH-SY5Y neuroblastoma cells were exposed for up to 5 wks with low doses (5- 
20nM) of rotenone, an inhibitor of Complex I of the electron transport chain, to 
create a model that may mimic the reduced Complex I activity of Parkinson’s 
disease. Treatment with 5 or 20nM rotenone resulted in a 15-30% or 40% 
reduction in Complex I activity, respectively. Inhibition of Complex I activity 
was evident at 24 h of rotenbne exposure and maintained over the 5 wk period. 
Complex IV activity was not affected by rotenone treatment. Free radical levels 
were measured using a DCFA assay normalized to Hoechst staining for DNA.
The rotenone treatment caused an elevation in free radical levels at 2 wk but not at 
other time points. Calcium imaging studies used fura-2 imaging and carbachol 
(lOOpM) as a calcium mobilizing agent. Reduced Complex I function had little 
impact on calcium handling up to 2 wks. However, starting at the 2 wk time 
point, 25-50% of cells with decreased Complex I function showed multiple 
calcium peaks following carbachol exposure. No control cells expressed these 
multiple calcium transients. This calcium ‘waving’ in response to carbachol was 
not inhibited by 10 pM ryanodine but was dependent upon extracellular calcium. 
These results suggest are the impact of acute impairment of Complex I activity 
differs substantially from that of chronic impairment. Chronic reductions in 
Complex I function may have unexpected effects on free radical production, cell 
signaling events and the regulation of gene expression. Supported by research 
grants from NIA.

539.15

DECREASED NADH UBIQUINONE OXIDOREDUCTASE IN FRONTAL 
CORTEX IN PARKINSON’S DISEASE. J. K. Parks*. R.H. Swerdlow,
W. D. Parker, Jr. Center for Study of Neurodegenerative Diseases, 
Dept. of Neurology, Univ. of Virginia, Charlottesville ,VA 22908.

Significant reduction of Complex I has been observed in multiple 
Parkinson Disease tissues including mitochondria from blood platelets 
and muscle and in substantia nigral homogenates. Furthermore, transfer 
of mitochondria from donor PD platelets into SH-SY5Y neuroblastoma 
cells depleted of mtDNA results in cytoplasmic cybrids that also express 
a Complex I defect. We here examine a non-substantia nigra tissue, 
frontal cortex, for the presence of changes in electron transport chain 
catalytic activities. Complexes I, IV and Citrate Synthase were assayed 
in homogenates and in crude and mixed population gradient purified 
mitochondria. Only purified mitochondria demonstrate a significant 
decrease in Complex I when assayed with either Ubiquinone 1 or 
Decylubiquinone. Complexes II, III and Citrate Synthase are not 
significantly reduced when compared to non-neurodegenerative 
controls, matched for age and post-mortem conditions. Complex IV 
showed a decrease that did not reach significance in this small series (5 
each). These data further support the hypothesis that there is a specific 
global complex I defect in Parkinson’s Disease that is not limited to the 
target tissues. Supported by NIA AG 14373 and AG 14382

539.16

AN IMMUNOHISTOCHEMICAL STUDY OF BCL-X,, BCL-2 AND 
BAX EXPRESSION IN SPINOCEREBELLAR DEGENERATION.
Y. Sugita *, M. Mori, H. Mochizuki, E. Kato, T. Kondo and
Y. Mizuno. Dept. of Neurology, Juntendo Univ., Tokyo, Japan

Apoptosis has been implicated as an important mechanism of 
neuronal death in many neurodegenerative disorders. Recently, we 
showed by an immunocytochemical study, that the expression of the 
apoptosis-related protein, Bcl-xL is downregulated in the neurons of the 
substantia nigra in patients with Parkinson’s disease compared to 
control (CTL) subjects.

Spinocerebellar degeneration (SCD) is a neurodegenerative disorder 
characterized by progressive loss of neurons in the cerebellum 
with/without progressive loss of neurons in the brain stem, spinal cord 
and basal ganglia. We report on the expression of Bcl-xL, Bcl-2 and 
Bax proteins in cerebellar granular (CG) cells, Purkinje (Pr) cells and 
neurons of the pontine nucleus (PN) in patients with SCD and CTL 
subjects as determined by immunohistochemical analysis. In the CTL 
subjects, Bcl-xL was expressed at weak or moderate intensity in most 
Pr cells and some neurons of the PN, whereas Bcl-2 and Bax were 
only expressed in a few neurons of the PN at weak intensity. In the 
patient with SCD, expression of Bcl-xL was apparently increased in 
some Pr cells compared with the CTL subjects. Bcl-2 was clearly 
expressed in some CG cells at moderate or high intensity, and in some 
neurons of the PN at moderate intensity. Bax was also expressed in 
some neurons of the PN in some SCD patients. These findings suggest 
that these apoptosis-related proteins play an important role in the 
regulation of apoptotic death of neurons in patients with SCD.

539.17

EXPRESSION OF INDUCIBLE NITRIC OXIDE SYNTHASE AND CD8 
MOLECULE IN THE MOUSE BRAIN AFTER INTRACEREBRO- 
VENTRICULAR INJECTION OF INTERFERON-?. (SPON: Society of 
Neuroscientists of Africa) G.-Y. Kong, Z.-C. Peng, M, Bentivoglio. Dept. of 
Morphological-Biomedical Sciences, University of Verona, Italy.
Studies in vitro have demonstrated that the pro-inflammatory cytokine interferon-y 
(IFN-y) is a most potent inducer of the release of nitric oxide (NO) from cells of 
the macrophage/microglia lineage. The CD8 molecule, originally found on a 
subset of T lymphocytes, can also be expressed by cells of the 
macrophage/microglia lineage, in which it stimulates NO production. We here 
investigated in vivo the effect of IFN-y circulating in the cerebrospinal fluid (CSF) 
on inducible NO synthase (iNOS) and CD8 in the brain. Recombinant IFN-y (4 pi) 
was injected stereotaxically in the lateral ventricle of 129/SV/Hsd mice which 
were perfused after 24 h. The same volume of saline was injected in control cases. 
Sections throughout the brain were processed for immunohistochemistry using 
polyclonal rabbit anti-iNOS and monoclonal anti-OX8 antibodies. In the IFN-y- 
treated cases, numerous iNOS-immunoreactive cells, mostly exhibiting the 
features of ramified or amoeboid microglia, were found in several fields of the 
cerebral cortex, in the main fiber tracts (such as the corpus callosum and internal 
capsule), as well as in the parenchyma surrounding the entire ventricular system. 
Numerous CD8+ cells were also seen in the same cases in periventricular 
structures. These findings were not observed in control cases. Our data point out in 
vivo an active role of IFN-y circulating in the CSF in eliciting potentially a 
cytotoxic and immune response in the brain. (Supported by the Multiple Sclerosis 
Project of the Italian Institute of Health - ISS)

539.18
INHIBITION OF PROTEIN KINASE C BY RILUZOLE. J.Y. Koh*. K.M, Noh. 

and J.Y. Hwang. National Creative Research Initiative Center for the Study of 

CNS Zinc, Univ. of Ulsan Coll. Med., Seoul 138-736, Korea

Riluzole attenuates non-excitotoxic oxidative neuronal death induced by 

arachidonic acid. Since arachidonic acid activates proitein kinase C (PKC) that has 

been implicated in oxidative neuronal injury, we examined the possibility that 

riluzole inhibits PKC. Riluzole (30 pM) completely blocked increases in 

membrane PKC activity of cultured cortical cells by phorbol esters. Suggesting the 

direct action, riluzole added to the reaction mixture inhibited the activity of 

purified PKC. In addition, PKC depletion in cortical cultures induced by exposure 

to 1 pM phorbol 12-myristate 13-acetate (PMA) or neuronal death induced by 48 h 

exposure of200 nM PMA, was markedly attenuated by riluzole. The site of action 

by riluzole on PKC was not likely the diacylglycerol binding site, since radio- 

labeled phorbol ester binding was not changed by the addition of riluzole. Present 

results demonstrate that riluzole directly inhibits PKC, which action may 

contribute to its direct anti-oxidative neuroprotective effects.

Supported by Creative Research Initiatives of the Korean Ministry of Science and 

Technology.

Society  for  Neuroscience , Volume  25, 1999



1338 DEGENERATIVE DISEASE: OTHER VIII TUESDAY PM

539.19

CLONING, TISSUE DISTRIBUTION AND FUNCTIONAL TEST 
OF A HUMAN PEPTIDE METHIONINE SULFOXIDE 
REDUCTASE Lioba Kusche!1, Alfred Hansel1, Roland Schonherr1, Toshinori 
Hoshi2*, Stefan H. Heinemann1. 'Arbeitsgruppe Molekulare und zellulare 
Biophysik am Klinikum der Friedrich-Schiller-Universitat Jena, Drackendorfer 
Strasse 1, D-07747 Jena, Germany. 2Dept. of Physiology and Biophysics, Iowa 
University, Iowa City, USA.

Free as well as protein bound methionine sulfoxides can be reduced to 
methionines by means of a peptide methionine sulfoxide reductase (MsrA). We 
cloned an MsrA encoding cDNA (hMsrA) from a human lung cDNA library 
which comprises 235 amino acids and shares 88% protein sequence identity to 
the bovine version. RNA dot blot analysis suggests that hMsrA is ubiquitously 
expressed, with highest expression level in kidney and cerebellum, followed by 
liver, heart ventricles, bone marrow, and hippocampus in descending order. In 
embryonic tissue hybridization signal was strongest in liver, where it was in the 
same range as in adult liver. Expression in fetal kidney, heart and whole brain 
was lower than in the corresponding adult tissues.

The reducing capacity of hMsrA was investigated in vitro by mass 
spectrometry using a synthetic peptide containing the inactivation motif IFM of 
voltage-dependent Na+ channels. Purified GST-hMsrA fusion protein reduced 
methionine sulfoxide in the peptide KIFM(O)K using dithiothreitol as electron 
donor. To test the function of hMsrA in vivo we assayed its effect on the 
inactivation time course of the voltage dependent potassium channel 
ShakerC/B. When coexpressed with ShakerC/B in Xenopus oocytes, hMsrA 
accelerated N-type inactivation of the channel by keeping a critical methionine 
in the N-terminus in the reduced state. Modulation of electrical signal 
transduction by accelerating inactivation of voltage-dependent Na+ or K+ 
channels could be an important physiological function of the enzyme.

This work was supported by DFG (He2993) and NIH (GM 57654).

539.20

ASSOCIATION OF ATROPHIN-1, THE DRPLA GENE PRODUCT, 
WITH TRANSCRIPTIONAL REPRESSION COMPLEXES. J.D. 
Wood1*, K. Duan1, F.C. Nucifora Jr.!, Y. Kim1, J. Wang2, J.M. Lui2
and C.A. Ross1. 'Department of Psychiatry and Behavioral Sciences, 
The Johns Hopkins University School of Medicine, Baltimore, MD 
21205. 2Hematology Branch, NHLBI, National Institutes of Health, 
Bethesda, MD 20892.

It has recently been demonstrated that truncated fragments of 
atrophin-1 containing the polyglutamine repeat accumulate in selective 
neuronal nuclei in a transgenic mouse model of Dentato-rubral and 
pallido-luysian atrophy (DRPLA). Seemingly identical fragments were 
identified in human DRPLA post-mortem brain. These fragments may 
underlie the pathogenesis of DRPLA and we have sought to identify the 
functions of atrophin-1 in the nucleus.

Using the yeast two-hybrid system, we have found that the N- 
terminus of atrophin-1 interacts with ETO - a protein which has 
recently been shown to associate with the N-CoR/mSin3/HDAC 
transcriptional repression complex. When cotransfected into Neuro-2a 
cells, atrophin-1 and ETO colocalize in discrete nuclear structures. 
These structures immunostain for endogenous HDAC2 and are 
associated with the nuclear matrix fraction. Furthermore, we 
demonstrate that atrophin-1 is itself capable of repressing transcription 
of a reporter gene in a cell transfection based assay system. We 
hypothesize that the nuclear accumulation of truncated atrophin-1 
fragments in DRPLA leads to neuronal dysfunction by altering 
transcriptional control mechanisms.

This work was supported by the Huntington’s Disease Society of 
America (HDSA) and by NIH grants NS34172 and NS 16.375.

PARKINSON’S DISEASE V

540.1

MODAFINIL INCREASES LOCOMOTOR ACTIVITY IN A MODEL OF 
PARKINSON’S DISEASE. A M. DiCamillo, J.A. Gruner*, M S. Miller. 
Dept. of Pharmacology, Cephalon, Inc. 145 Brandywine Parkway, West 
Chester, PA 19380.

Modafinil [(diphenyl-methyl)sulphinyl-2-acetamide] is a novel wake- 
promoting and neuroprotective agent that has recently been approved for use 
in humans to treat excessive daytime sleepiness associated with narcolepsy. 
Parkinson’s disease is a neurodegenerative disorder characterized by degen-
eration of the nigrostriatal pathway in which excessive fatigue is common. 
To evaluate the potential for use of modafinil in the treatment of fatigue in 
Parkinson’s disease, the ability of modafinil to enhance locomotor activity in 
C57BL/6 mice was examined 2 to 3 weeks after treatment with the selective 
toxin l-methyl-4-phenyl tetrahydropyridine (MPTP; 40 mg/kg s.c.). This 
dose of MPTP produces a 90% loss of dopaminergic neurons in the substan-
tia nigra and up to 30% loss in the ventral tegmentum. Locomotor activity 
was assessed by counting square crossings for one minute and by subjective 
rating 15 and 30 minutes following administration of modafinil (30-55 
mg/kg, i.p.). Dose-dependent increases in locomotor activity were observed 
in both sham and MPTP lesioned mice following modafinil administration. 
Vehicle treated mice evaluated under the same conditions were quiescent or 
went to sleep. The dopaminergic lesion produced by MPTP neither inhibited 
nor potentiated modafinil-induced increases in locomotor activity. These 
data indicate that modafinil-induced CNS activation is independent of intact 
dopaminergic systems, and provide a rationale for clinical evaluation of 
wakefulness-promoting doses of modafinil for the ability to treat fatigue as-
sociated with Parkinson’s disease.

540.2
SEROTONIN (5-HT) AND ACETYLCHOLINE INTERACTIONS IN A RAT 
MODEL OF PARKINSONIAN TREMOR: B.B. Carlson*, J.T, Trevitt and J.D. 
Salamone. Dept. of Psychology, University of Connecticut, Storrs, CT, USA 06269- 
1020.

Tremulous jaw movements in rats are characterized by periodic, vertical 
deflections of the lower jaw that resemble chewing but are not directed at any 
stimulus. It has been suggested that tremulous jaw movements in rats have many of 
the characteristics of parkinsonian tremor. This model has been used to explore the 
neurochemical and pharmacological interactions that generate tremulous motor 
activities, and recent work has focussed upon interactions between dopamine, 
acetylcholine and GABA. The present work employed the jaw movement model to 
investigate the interaction between acetylcholine and serotonin (5-HT). Considerable 
research has shown that cholinomimetic drugs such as muscarinic agonists and 
anticholinesterases induce a very high level of jaw movement activity. In the present 
studies, jaw movements were induced by the anticholinesterase tacrine (5.0 mg/kg). 
Risperidone, an atypical antipsychotic with antagonist effects at 5-HT-2x receptors, 
was very potent at reversing tacrine-induced tremulous jaw movements. To further 
investigate the involvement of 5-HT in tremulous jaw movements, the effects of 
acute mianserin, a nonselective 5-HT2 receptor antagonist, were assessed. Mianserin 
was administrered IP in doses of 1.25, 2.5, 5.0, 10.0 mg/kg. Mianserin significantly 
reduced tacrine-induced tremulous jaw movements, with an EDjq  of 2.77 mg/kg. In 
view of the fact that mianserin does not distinguish between 5-HT-2A and 5-HT-2c 
receptors, future work should explore compounds with greater selectivity for these 
5-HT receptors. Furthermore, the interaction between 5-HT and ACh should be 
explored in greater detail. This work has implications for the unique motor properties 
of atypical antipsychotic drugs, such as risperidone, clozapine and olanzapine, which 
bind with high affinity to 5-HT receptors.

540.3

NEUTRAL AMINO ACID TRANSPORTER MEDIATES BLOOD-BRAIN 
BARRIER PENETRATION OF PARAQUAT BUT NOT MPP+. K. Shimizu1, K. 
Ohtaki2. K. Matsubara2. T. Uezono1, N. Hayase2. H. Mizukami1, Y. Saito3>* and 
H. Shiono1 Depts. of 1 Legal Med. and 2Hospital Pharm. & Pharmacol., Asahikawa 
Medical College, Asahikawa 078-8510, and 3Dept. of Anesthesiology, Shimane 
Medical Univ., Izumo 693-8501, Japan

According to epidemiological studies, environmental factors may contribute to 
the etiology of Parkinson's disease. Although controversial, paraquat is a possible 
herbicide to induce Parkinson's disease, since a strong correlation has been found 
between the incidence of the disease and the amount of paraquat used. Because of its 
structural similarity to MPP+, paraquat might induce dopaminergic toxicity in the 
brain. However, its BBB penetration has not been well documented. In this study, 
we examined the manner in the BBB penetration of paraquat using a brain 
microdialysis technique in rats. After subcutaneous administration, paraquat appeared 
dose-dependently in the dialysate. On the contrary, MPP+ could not penetrate the 
BBB in either control or paraquat pre-treated rats. This indicates that the penetration 
of paraquat into the brain would be mediated by a certain carrier mediated process, but 
not due to the destruction of the BBB structure by paraquat itself. To test if paraquat 
was carried through the BBB on the a certain amino acid transporter, valine or lysine 
was pre-treated. We found that valine strikingly reduced the BBB penetration of 
paraquat and elevated blood paraquat levels. Valine is a high affinity substrate for 
neutral amino acid transporter, which mediates the transport of several neutral amino 
acids in a Na+-dependent manner. Thus, paraquat is possibly taken up into the brain 
by the neutral amino acid transport system. However, it is not certain whether the 
exposure to paraquat for a long period induces parkinsonian symptoms or other 
neurological dysfunctions in human.

540.4
EFFECTS OF NMDA AND AMPA GLUTAMATE ANTAGONISTS ON LEVODOPA-INDUCED MOT OR 
ALTERATIONS IN 6-HYDROXYDOPAMINE-LESIONED RATS. A. Jimenez, C.Marin, M. Bonastre, E. 
Toiosa*. Laboratoride Neurologia Experimental, Fundado Clinic, IDIBAPS, Barcelona, Spain.

Increasing evidence suggests that chronic nonphystologic stimulation of dopaminergic receptors on 
striatal medium spiny neurons enhances the synaptic efficacy of juxtaposed glutamate receptors of the 
N-methyl-D-aspartate (NMDA) subtype. Striatal neurons also express other glutamatergic receptors 
including those of AMPA subtype. Thus, AMPA receptors might also undergo functional alterations 
similar to those appearing to affect NMDA. To evaluate this possibility, we have compared the effects 
of a non-selective inhibitor of glutamatergic transmission against those of drugs that act competitively 
or noncompetitively to selectively block NMDA or AMPA receptors, on the motor response alterations 
produced by the chronic levodopa administration to 6-hydroxydopamine (6-OHDA)-lesioned rats. Male 
Sprague-Dawley rats received a 6-OHDA injection (8 pg) into the left medial forebrain. Following a 
three-week recovery period, rats exhibiting a vigorous rotational response to apomorphine (0.05 mg/kg, 
sc) were selected for further study. Two sets of experiments were designed assessing reversion or 
prevention of levodopa-induced motor alterations. In the first, the effect of acute administration of 
glutamate antagonists on rotational response to levodopa was assessed. Rats were injected twice 
daily with levodopa (25 mg/kg with 6.25 mg/kg benserazide, ip) for 22 days, on day 23 the animals 
were randomly distributed in four groups which received the following treatments just prior to levodopa: 
the non-competitive NMDA receptor antagonist dextromethorphan (DM, 20, 30 or 40 mg/kg, ip), the 
competitive NMDA glutamate receptor antagonist CPP (6.25 mg/kg, ip), the AMPA receptor antagonist 
LY293558 (5 mg/kg, i.p) or the glutamate release inhibitor riluzole (5 mg/kg, ip). Rotational behavior 
was recorded on day 1,22 and 23 of treatment On the second set, groups of rats were concomitantly 
treated with levodopa and: DM (20, 30 or 40 mg/kg/twice at day), MK801, a non-competitive NMDA 
antagonist (0.1 mgAg/twioe at day) or LY293558 (5 mg/kg/twice at day) during 22 days. Rotational 
behavior was recorded weekly. Chronic levodopa treatment induced a shortening of the motor response 
duration after 22 days of treatment (p<0.05) as expected. On day 23, acute administration of low doses 
of DM (20 mg/kg), CPP and LY293558 reversed the reduction in the duration of levodopa response 
(p<0.05). Chronic administration of MK801 orLY293558,butnotDM, prevented levodopa effect. These 
findings suggest that ievodopa-induced motor alterations is not a specific NMDA receptor-dependent 
phenomena and that NMDA and AMPA glutamate antagonists might have beneficial effects in 
preventing levodopa-induced motor fluctuations.
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540.5
DELTA OPIOID PEPTIDE (DADLE) IMPROVES DOPAMINERGIC CELL 
GRAFT VIABILITY AND FUNCTIONAL EFFECTS AND PROTECTS 
AGAINST 6-OHDA NEUROTOXICITY. T.A. Bell? T.-P, Su, Y. Wang and C.V, 
Borlongan. Cellular Neurobiology Branch, National Institute on Drug Abuse, 
NIH, 5500 Nathan Shock Drive, Baltimore, MD 21224.

Delta opioid peptide [D-Ala2,D-Leu5] enkephalin (DADLE) ameliorates 
neuronal damage induced by chronic methamphetamine or ischemia- 
reperfusion injury. We now demonstrate the efficacy of DADLE in neural 
transplantation therapy. In our in vitro experiments, cultured fetal rat brain 
cells (embryonic ages 14-16 days old) were stored over time (1-7 days) in a 
minimum essential hibernation medium (0.35% glucose in sterile saline) with 
or without DADLE (0.0025-0.01 g/ml). Viability tests using tryphan blue 
exclusion method showed that DADLE dose-dependently enhanced viability 
of treated cells over time compared to those cells grown in the non-treated 
medium. This observation indicates that DADLE can increase the window of 
survival between the harvesting and the subsequent utilization of fetal cells. 
Accordingly, we transplanted ventral mesencephalic (VM) cells in the 6- 
hydroxydopamine (6-OHDA) rat model of Parkinson's disease and 
demonstrated that grafted cells previously stored in DADLE-treated medium 
promoted markedly more robust behavioral recovery (using the rotational 
test, elevated body swing test and general locomotor activity test) than those 
grafted cells stored in the non-treated medium. Interestingly, when animals 
were pretreated with DADLE just prior to 6-OHDA lesion surgery, a 
reduction in lesion severity of VM tyrosine hydroxylase immunoreactivity 
was noted at 1 week post-surgery. These results indicate the efficacy of 
DADLE as a therapeutic agent in neural transplantation therapy. [Supported 
by IRP and DBR, NIDA/NIH]

540.6
INTRANIGRAL TRANSPLANTATION OF FETAL VM CELLS AND 
NIGROSTRIATAL TRANSPLANTATION OF FETAL KIDNEY TISSUE 
RESTORE THE NIGROSTRIATAL TYROSINE HYDROXYLASE PATHWAY IN 
6-OHDA-LESIONED RATS. M, Morales1*. Y.H, Chiang2 C.V, Borlongan1, B.J. 
Hoffer1 and Y.Wang1.‘National Institute on Drug Abuse, NIH, Baltimore, MD 21224; 
2Dept. Neurosurgery, National Defense Medical Center, Taipei, Taiwan

We have previously demonstrated that intranigral transplantation of fetal VM 
tissue and nigrostriatal administration of glial cell line derived neurotrophic factor 
(GDNF) regenerate the nigrostriatal dopaminergic pathway and restores striatal 
dopamine release in hemiparkinsonian rats. It has been found that GDNF mRNA and 
other TGFJ3 trophic factors are highly expressed in the fetal, but not adult, kidney.
The purpose of this study was to examine if fetal kidney tissue could be used as a 
bridging substrate to restore the nigrostriatal pathway in 6-OHDA lesioned animals. 
Adult Sprague-Dawley rats were anesthetized and unilaterally injected with 6-OHDA 
into the medial forebrain bundle. Completeness of the lesion was evaluated by 
measuring amphetamine -induced rotation. One month after 6-OHDA lesioning, 
fetal VM tissues were grafted into the lesioned nigral area followed by transplantation 
of fetal kidney tissue along a pathway from nigra to striatum. Animals receiving 
these transplants showed a significant decrease in amphetamine-induced rotation one 
to three months after grafting. Immunocytochemical studies indicated TH (+) fiber 
tracts grew into the lesioned striatum. Control animals grafted with fetal VM and 
adult kidney tissue showed no alternations in amphetamine-induced turning. These 
results indicate that combinations of fetal nigral and kidney transplants may restore 
the nigrostriatal DA pathway in Parkinsonian rats. As fetal kidney contains a variety 
of trophic proteins, it may provide a synergistic mixture to optimally promote DA 
fiber outgrowth. (Supported by National Institute on Drug Abuse)

540.7

FETAL KIDNEY TRANSPLANTS DECREASE 6-OHDA -INDUCED 
TOXICITY IN RATS. A.F. Hoffman1*. F.C. Zhou2, C.V, Borlongan1. 
Y.Wang1 and B.J, Hoffer1. ‘National Institute on Drug Abuse, Baltimore, 
MD; 2Dept Anatomy, Univ. Indiana School of Medicine, Indianapolis, IN

Previous studies have indicated that neurotrophic factors, such as GDNF, 
protect against 6-hydroxy dopamine (6-OHDA) -induced lesions in rats. It has 
also been reported that GDNF mRNA is highly expressed in the fetal, but not 
adult kidney, suggesting that fetal kidney has GDNF -containing cells in 
vivo. In this study, we examined if grafting of fetal kidney cells lowers the 
toxicity induced by 6-OHDA. Fetal or adult kidney tissues (1mm3), together 
with 9 pg 6-OHDA, were injected into right medial forebrain bundle of 
chloral hydrate-anesthetized Sprague-Dawley rats. One or three weeks 
post-surgery, animals were evaluated on the elevated body swing, 
amphetamine-induced rotation, and general locomotor activity tests. At both 
time periods, animals that received fetal, but not adult, kidney cells exhibited 
markedly reduced biased swing activity, fewer rotations, and increased 
general locomotor activity compared to those that received adult kidney cells. 
Immunostaining revealed that stronger TH activity was found in the striatum 
of animals receiving fetal, as compared to adult, kidney cell grafts. ELISA 
analysis indicates that fetal kidney contains high levels of GDNF protein. No 
GDNF was found in adult kidney tissue. Since fetal kidney may provide not 
only sustained GDNF release but also other neuroprotective trophic factors, 
such as OP1, neurturin, and TGF P, which synergistically interact with 
GDNF, the protection induced by fetal kidney transplantation may be more 
efficacious than exogeneous application of GDNF alone. In conclusion, our 
data indicate that fetal kidney grafts diminished 6-OHDA-induced toxicity, 
possibly through the release of neurotrophic factors.

540.8

MUTATED HUMAN CATECHOL-O-METHYLTRANSFERASE 
GENE WAS DETECTED IN CG-RICH ISLAND OF ITS 5’ 
PROMOTER REGION

Feng Zhehui1 and Wu Huaian2. (SPON: The Hong Kong Society 
of Neuroscience). 'Division of Neurology, University Department 
of Medicine, University of Hong Kong, Queen Mary Hospital, 
Hong Kong, 2Shenzhen Institute of Mental Health, Kang Ning 
Hospital, 1080 Cui Zhu Road, Shenzhen, 518003, P.R. China

Catechol-O-methyltransferase (COMT) gene is a ubiquitous 
enzyme crucial to the metabolism of circulating catechol 
hormones, catechol neurotransmitters, catecholamines, and 
dopamine. By using non-radioactive Single Strand Confirmation 
Polymorphism Analysis, we found mutations in the promoter 
region of the human COMT gene. One of them changed the 
nucleotide residue in the CG-rich island from patients of 
Parkinson’s disease. Since the methylation of CG-rich island in 
the promoter region plays an important role in the regulation of the 
transcription, the result suggests that the COMT mutation might 
change the COMT transcription.

540.9

NIGROSTRIATAL DEGENERATION, PARKINSONISM AND 
DYSKINESIA IN THE SQUIRREL MONKEY. D.A, Di Monte*. G.M. 
Estzinger, A.L, McCormack. A.M, Janson. M, Ouik and J,W, Langston, The
Parkinson’s Institute, Sunnyvale, CA 94089.

The relationship between striatal dopamine depletion, nigral cell loss and 
behavioral signs of parkinsonism and dyskinesias was evaluated in squirrel 
monkeys injected with a single dose (2 mg/kg, s.c.) or multiple doses 
(cumulative doses ranged from 6 to 10.75 mg/kg, s.c.) of MPTP. After single-
dose treatment, monkeys (n=3) fully recovered behaviorally and no signs of 
parkinsonism were present one year after MPTP exposure. However, when 
these animals were injected with L-dopa, dyskinesias became evident in all 
three monkeys. From the neurochemical point of view, the single-dose 
treatment with MPTP was characterized by 60 to 70% striatal dopamine 
depletion. Nigral cell loss was approximately 40%. Repeated administration 
of MPTP caused persistent parkinsonism always associated with dyskinesias 
after L-dopa exposure. Striatal dopamine depletion was 95% and was 
consistently more pronounced in the putamen as compared to the caudate 
nucleus. Nigral cell loss caused by the multiple-dose regimen of MPTP 
administration was approximately 70%.

Taken together, these data indicate that (i) dyskinesias appear to be a 
consequence of nigrostriatal damage, even when this damage is not associated 
with behaviorally manifest parkinsonism, (ii) there appears to be a different 
threshold of striatal dopamine depletion for parkinsonism and dyskinesias in 
squirrel monkeys, (iii) the putamen is particularly vulnerable to MPTP injury, 
and (iv) the extent of striatal dopamine depletion caused by MPTP treatment 
always exceeds that of nigral cell loss, suggesting that even residual neurons 
are functionally impaired. Supported by NIH/NINDS.

540.10
A RADICAL HYPOTHESIS FOR THE PHYSIOLOGICAL ROLE OF AVIDIN: A 
METHOD FOR DETECTING DNA DAMAGE. Thomas. S.M.*, Benn, T.M., 
Struthers, L. Dept Biological Sciences, University of Warwick, Coventry, UK

We have observed that avidin has potential for identifying oxidative DNA damage 
in neurodegenerative and other disorders since it binds to the oxidatively modified 
nucleoside, 8-oxodeoxyguanosine (8-oxo-dG). The biological basis of this observation 
is not immediately clear. Avidin is used extensively in biotechnology however, its 
physiological role is unknown. It has been proposed that it has an antibiotic role due 
to its extraordinarily strong binding to the vitamin biotin. Avidin is a basic 
glycoprotein found in avian, reptilian and amphibian egg white, and a non- 
glycosylated, evolutionarily unrelated homologue with similar binding properties is 
produced by the bacterium, Streptoccocus avidinii. Our hypothesis is that avidin may 
be a sacrificial antioxidant sequestering oxidatively damaged DNA during 
development and in response to stress. Repair mechanisms allow the excision of 
oxidatively modified nucleosides, including 8-oxo-dG, therefore, from a teleological 
perspective it seems likely that a molecule should exist, to sequester damaged DNA. 
Expression of avidin is induced in avian oviduct by progesterone, expression is also 
induced in other tissues (with the exception of the brain) in a non-progesterone- 
dependent manner by a variety of conditions including toxic agents, infection, 
thermal injury and trauma. A large proportion of native avidin exists as a water 
insoluble complex which contains 10% (by weight) of nucleic acids which lends 
support to this theory. Avidin may therefore have two functional roles with respect to 
sequestration of oxidatively damaged DNA, the first being in a developmental role 
related to the elimination of DNA during programmed cell death, the second being 
related to sequestration of oxidatively modified DNA under conditions of oxidative 
stress. Although the unmodified bases and nucleosides bear little structural 
resemblance to the supposed natural ligand, biotin, the keto forms of oxidatively 
modified purine bases and nucleosides are remarkably similar in structure to biotin.
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540.11

TYROSINE NITRATION LEADS TO DECREASED TYROSINE 
HYDROXYLASE LEVELS VIA PROTEOSOMAL DEGRADATION 
PATHWAY J. Horwitz*, J. Ara. H. Ischiropoulos Dept. of 
Pharmacology, MCP Hahnemann University, Philadelphia, PA 19129; 
Stokes Research Institute, Children’s Hospital of Philadelphia, 
Philadelphia, PA 19104.
The neuropathology of degenerative disorders such as Parkinson’s 
(PD) is associated with excessive production of reactive species. 
Previous work from this laboratory has shown that peroxynitrite can 
account for the oxidative damage that occurs in an animal model of PD. 
In PC12 cells, peroxynitrite leads to the immediate inactivation of the 
rate limiting enzyme in catecholamine synthesis, tyrosine hydroxylase 
(TH). The mechanism for this inactivation is nitration of a single 
tyrosine residue per molecule of TH. Nitration of TH appears to 
initiate proteolytic degradation of the protein as indicated by die loss of 
immunoreactive TH 4-8 hours after nitration. To investigate the 
pathways involved, we used several inhibitors of proteolytic pathways. 
Only lactacystin beta-lactone is able to prevent the decline in TH level. 
Lactacystin is a selective and irreversible inhibitor of the 26S 
proteosomal pathway for protein degradation. Consistent with this 
observation, immunoblot with anti-ubiquitin antibodies indicates that 
TH is ubiquinated after peroxynitrite exposure. Thus, it appears that 
the ubiquitin-proteosome pathway is responsible for the degradation of 
TH. Nitration of proteins may represent a selective post translational 
modification responsible for loss of function and proteolytic removal of 
proteins. Both events may contribute to the pathogenesis of PD. (NIH 
grant AG 13966)

540.12
PRIOR INJECTION OF GDNF CAN PROMOTE FUNCTIONAL 
AND MORPHOLOGICAL PROTECTION IN SPONTANEOUS 
MOTOR BEHAVIORS IN THE PARTIAL LESION MODEL OF 
PARKINSON'S DISEASE. D. Kirik*, C. Rosenblad and A. Bjbrklund. 
Wallenberg Neurocentrum, Lund University, Solvegatan 17, 22362. Lund, Sweden. 

GDNF has been shown to be a potent neurotrophic factor for nigrostriatal 
dopaminergic neurons in vitro and in vivo. In this study, we investigated the 
protective potential of the GDNF given prior to an intrastriatal 6-OHDA lesion. 
GDNF (12.5 pg/pl) was injected into the right substantia nigra (SN, 25pg), striatum 
(STR, 25 pg), or the lateral ventricle (ICV, 50 pg) 6 hours prior to the injection ol 
6-OHDA (20 pg of free base in 3 pi). Functional assessment of the animals at 3 to 0 
weeks post lesion revealed that GDNF administered into the STR can to a major 
extent protect development of the behavioral impairments both in drug-induced and 
spontaneous motor tests. These animals showed minimal motor asymmetry when 
injected with apomorphine (apo, -1.0 ± 0.8 turns/min) or d-amphetamine (amph. 1 .8 
± 1.1). Animals that received vehicle injection followed by 6-OHDA showed clear 
side bias both to apo (-4.9 ± 0.8) and amph (15.3 ± 3.0). Interestingly, the SN- 
GDNF group had significantly higher amph (23.8 ± 3.2) and apo (8.3 ± 1.5) 
rotations, whereas the ICV-GDNF group did not differ from the vehicle group. In the 
stepping test, all groups had unimpaired forelimb performance on the intact side 
(between 11.3 ± 0.4 and 12.3 ±0.4 steps). On the lesioned side the STR-GDNF 
group had significantly better performance than the vehicle treated animals (8.2 ± 1. 3 
vs. 3.7 ± 1.0 steps, p<0.01). The ICV and SN groups were not different from 
vehicle. TH immunohistochemistry showed that functional protection in the STR 
group was associated with near complete protection of the nigrostriatal dopaminergic 
projection. We conclude that intrastriatal administration of GDNF is the most 
efficient site of administration for protection against retrograde degeneration ol 
nigrostriatal dopaminergic fibers.

540.13

A DUAL-HIT MODEL OF PARKINSON’S DISEASE: EXPOSURE TO 
PARAQUAT AND DITHIOCARBAMATE. B.J. Brockel1*. M, Thiruchelvam2, and
D.A. Cory-SIechta1. 'Dept. of Environmental Medicine and 2Interdepartmental 
Program in Neuroscience, Univ. Rochester Sch. Med. and Dent., Rochester, NY 
14642.

The absence of any compelling data for a solely hereditary etiology for 
Parkinson’s Disease has focused attention on environmental exposures as causative 
agents or as factors which act in conjunction with genetic predisposition. The 
herbicide paraquat has surfaced as a primary candidate for such exposure. This 
restricted focus on paraquat, however, has virtually ignored the fact that human 
exposure to agricultural chemicals is not isolated to a single compound but to 
mixtures. In fact, dithiocarbamates used frequently on crops in conjunction with 
paraquat, can potentiate the neurotoxic effects of MPTP on behavior and on 
nigrostriatal dopamine systems. Thus, it may be that environmental exposure to 
paraquat alone is insufficient by itself to evoke Parkinson's disease, but combined 
exposures to paraquat and dithiocarbamates may produce a "two-hit" model of this 
neurodegenerative disorder. These studies examined the hypothesis that both 
paraquat and dithiocarbamate administered at sub-toxic doses can enhance the 
toxicity of the other. C57BLZ6 mice were exposed i.p. to either compound alone or 
in combination using a sub-chronic dosing regime, and the effects on locomotor 
activity were quantified. Paraquat alone had no effect on activity measures; 
whereas, the high dose of dithiocarbamate reduced locomotor activity. Given 
together, these compounds potentiated the effects of either compound given alone. 
These findings have significant implications for the environmental etiology of 
Parkinson's disease which could involve multiple mechanisms. Supported by 
ES05017, ES05903, ES01247.

540.14

TNFa-INDUCED TOXICITY IN MESENCEPHALIC DOPAMINE (DA) 
NEURONS IS DOSE AND TIME DEPENDENT. S.O. McGuire*. Z.D. Ling, H, 
Frischer & P M, Carvev. Depts of Pharmacology and Neurological Sciences. Rush- 
Presbyterian-St. Luke’s Medical Center, Chicago, IL 60612

Tumor necrosis factor a (TNFa) is produced in low levels in the CNS. Although 
it plays a role in embryonic development it is also associated with Parkinson’s 
Disease. We previously reported that a 96 hr exposure of E14.5 rat mesencephalic 
cultures to TNFa dose-dependently decreased tyrosine hydroxylase immunoreactive 
(THir) cells. Here, we show that this effect is also time dependent with greater than 
70% of the total 96 hr decrease occurring within the first 24 hr of treatment. Cultures 
grown in serum-containing medium for 7 days before the 96 hr exposure also 
exhibited a time-dependent effect with 82% of the total decrease in THir cell counts 
occurring within the first 24 hr although they lost 15.5% fewer total THir cells. In 
order to test the effect of altered oxidant status on TNFa toxicity, 5 pM 
BCNU(glutathione reductase blocker), 1 pM glutathione (GSH) or 10 pM n-acetyl 
cysteine (NAC) were added with TNFa. BCNU potentiated TNFa toxicity whereas 
GSH ameliorated it and NAC afforded only partial protection( 57%). In a separate 
experiments, the ability of GSH and NAC to block TNFa toxicity during the first 24 
hrs was further investigated. A comparable dose-dependent decrease in THir cell 
counts was observed, but in contrast to 96 hr treatment of cells, NAC was not able to 
block TNFa effects and GSH afforded only a partial protection (32%). Effects were 
specific to THir cells with no change observed in numbers of MAP2ir cells. There 
was no general cytotoxicity since no increases in lactate dehydrogenase release were 
observed. Further, human TNFa which binds only to the p55 TNFa receptor, reduced 
THir cell counts more than rodent TNFa which binds to both the p55 and p75 
receptors. Taken together, these data suggest that DA neurons are susceptible to 
TNFa-induced cell death with a portion of this effect being mediated by oxidants and 
through the p55 receptor. (Supported by NIA Training Grant T32A600257).

540.15

ROLE OF Fc RECEPTOR IN THE NIGRAL CELL INJURY INDUCED BY 
PARKINSON DISEASE IMMUNOGLOBULINS. Y. He, W. D. Le, S. H. Appel*. 
Dept. of Neurology, Baylor College of Medicine, One Baylor Plaza, Houston, TX 
77030.

Nigral degeneration is the main pathology of Parkinson’s disease (PD). Recently, 
immuno/inflammatory factors have been implicated as one of the mechanisms of 
degeneration. Antibodies to dopaminergic neurons have been found in the cerebro-
spinal fluid and sera of patients with PD. Further study has suggested protein 
modified by dopamine oxidation as possible antigens. In our previous study, 
stereotactic injection of PD immunoglobulin G (IgG) into rat substantia nigra (SN) 
resulted in specific cytotoxicity of dopaminergic cells in the pars compacta of SN 
(SNpc), accompanied by activation of microglia. The question addressed here is 
whether microglial activation is involved in mechanisms of dopaminergic cell death 
following injection of PD IgG. To study this issue, we analyzed microglial activation 
and dopaminergic cell loss after intranigral injection of PD IgG in Fc receptor (FcR) 
knockout (Taconic) and wild type mice. Microglial activation was estimated by 
counting CD lib immunopositive cells, and dopaminergic cell loss was evaluated by 
tyrosine hydroxylase (TH) immunopositive cell counting in the SNpc. At 1 day after 
the injection in wild type mice, there was a 27% (p<0.05, t-test) increase in the 
number of microglia, but no significant change in TH positive cells in the ipsilateral 
vs contralateral SNpc. At 14 days after injection of wild type mice, the increase of 
microglia rose to 42% (p<0.01, t-test), accompanying a 40% (p<0.01, t-test) loss of 
TH positive cells in the SNpc. However, in FcR knockout mice, there were no 
significant microglial activation and no significant dopaminergic cell loss in the 
ipsilateral SNpc at all time points. These results suggest that PD IgG is not cytotoxic 
per se, but that dopaminergic cytotoxicity is mediated by PD IgG induced activation 
of microglia through the microglial FcR.

Supported by Claude and Marie Hamill Fundation and Houston Parkinson Disease 
Research Foundation

540.16
NEURONAL DEGENERATION IN RAT SUBSTANTIA NIGRA AFTER 
REPEATED LOCAL INJECTIONS OF MALONATE AND L-THREO- 
HYDROXYASPARTATE L.D. Loopuijt*, Dept. Neuropharmacology, Zoological 
Institute, University of Tuebingen, D-72074 Germany.

In Parkinson's disease, degeneration of neurons in the substantia nigra, pars 
compacta (SNC) is accompanied by rigidity and akinesia. To study mechanisms of 
degeneration of these neurons, we repeatedly, over a 3 week period, infused the 
succinate dehydrogenase inhibitor malonate, simultaneously elevating endogenous 
levels of the excitatory neurotransmitter glutamate bilaterally into the SNC of rats 
and tested the rats for rigidity. Then we assessed loss of cells in SNC and substantia 
nigra, pars lateralis (SNL) quantitatively in cresyl violet stained frontal sections at 
the right side of the train of these rats with stereological methods.

Carrier injected rats, not showing rigidity, had 0,321 x 106 (rat 1) and 0,361 x 
106 (rat 2) neurons and 1,26 x 106 (rat 1) and 1,21 x 106 (rat 2) glial cells in SNC 
and SNL. In L-lhreo-hydroxyaspartate (LTHA;837pM) plus malonate (25mM) 
infused rats, that scored positively for rigidity, 0,299 x 106 (rat 3) and 0,293 x 106 
(rat 4) neurons and 1,67 x 106 (rat 3) and 1,50 x 106 (rat 4) glial cells were present 
in SNC and SNL, indicating a 13% loss of neurons and a 28% increase in glial 
cells after LTHA/malonate treatment as compared to carrier injected controls.

Distinghuishing between neurons with a nucleolus diameter larger than 2 pm and 
smaller than or equal to 2 pm, 77% (rat 3) or 30% (rat 4) of the neurons in 
LTHA/malonate treated rats showed a shrunken nucleolus, whereas 13% of the 
neuronal nucleoli in carrier injected controls showed a small diameter. Given the 
moderate neuron loss and, in contrast, the significant rigidity in treated animals, 
neurons with a shrunken nucleolus probably have an impaired physiological 
function. Because of the high proportion of damaged neurons, this animal model 
seems to be well suited to study mechanisms of neuronal degeneration.

Supported by the deutsche Forschungsgemeinschaft (SFB 430).
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540.17

PROPARGYLAMINES PROTECT DOPAMINE CELLS FROM APOPTOSIS 
INDUCED BY A PARKINSONISM-INDUCING NEUROTOXIN. N- 
METHYL(/?)SALSOLINOL W. Maruvama1*. MBH Youdium2. Y, Akao3.Y. 
Nakagawa .̂ M. Naoi^ ^Lab. Biochem. & Metab., Dept. Basic Gerontol., NILS, Obu, 
474-8522, Aichi, 3Gifu International Inst. Biotech, ^The 2nd Dept of Internal Med., 
Osaka Med. Coll., Osaka, ^Dept. Brain Sci., Inst. Applied Biochem., Gifu, Japan. 
2Technion-Eve Topf & Nat. Parkinson Foundation Rappaport Family Res. Inst., Haifa, 
Israel.

;V-Methyl(/?)salsolinol [AM(7?)Sal] is a dopamine-derived isoquinoline and induced 
parkinsonism in rodents after continuous injection in the striatum. The biochemical 
and histopathological changes indicated selective depletion of dopamine neurons in the 
striatum. AM(/?)Sal was found to be synthesized enantio-selectively by enzymes in 
situ in the human brain and to accumulate in the nigro-striatum. Recently, activity of a 
neutral (7?)salsolinol A-methyltransferase was proved to increase in parkinsonian 
patients. AM(7?)Sal induced apoptotic cell death in human dopaminergic 
neuroblastoma SH-SY5Y cells and (A)-enantiomer was more potent than (S). 
Apoptosis by NM(7?)Sal was confirmed to be initiated by generation of hydroxyl 
radicals, and mediated by decrease in mitochondrial membrane potential and finally by 
activation of caspase 3. A caspase 3-inhibitor completely suppressed the DNA 
damage induced by NM(/?)Sal. A(+)-N-Propargyl-l-aminoindane (rasagiline) is a new 
inhibitor of type B monoamine oxidase structurally similar to (-)deprenyl. Rasagiline, 
(-)deprenyl and other propargylamines reduced apoptosis by A'M(7?)Sa!. For their anti- 
apoptotic capacity, a propargyl residue was essential and simple aminoindane did not 
reduce, but even enhanced DNA damage. Rasagiline was found to maintain 
mitochondrial membrane potential and inhibit DNA fragmentation by .YM(A)Sal and 
the mechanism was different from the inhibition of caspase activation or monoamine 
oxidase inhibition. Rasagiline and other propargyl amine might be applicable as 
neuroprotective drugs to reduce the progression of neurodegenerative disorders such as 
Parkinson's disease, through the suppression of apoptosis.

540.18

PRE-CLINICAL ASSESSMENT IN NON-HUMAN PRIMATES OF GDNF 
DELIVERY FOR PARKINSON’S DISEASE BASED ON ENCAPSULATED 
XENOGENEIC CELLS. P. AebischerT A.D, Zurn1, N. Deglon1, J. Bloch1, P. 
Hantraye2, N, Leenders3. 1 Division of Surgical Research and Gene Therapy Center, 
CHUV, Lausanne, Switzerland, 2 Hopital Joliot-Curie, CNRS Unite 2210, Orsay, 
France,3 Groningen University Hospital, Groningen, Netherland

Glial cell line-derived neurotrophic factor (GDNF) exerts neuroprotective and 
regenerative properties on the nigro-striatal dopaminergic system. Encapsulated BHK 
(hamster) or C2C12 (mouse) cells genetically engineered to release human GDNF are 
being evaluated as a way to continuously deliver GDNF in non-human Parkinson’s 
disease models. Encapsulated BHK cells releasing GDNF placed in the lateral 
ventricles of 3 baboons chronically pre-intoxicated with MPTP were able to improve 
their behavioral deficits as assessed by a video-tracking analysis system. Sprouting of 
tyrosine hydroxylase fibers were observed both at the level of the striatum and 
substantia nigra. Additionally, an increase of the endogenous striatal tyrosine 
hydroxylase positive neurons was observed in the animals that received GDNF 
implants as compared to control animals intoxicated with MPTP only. Three 
additional cynomologous primates were stereotaxically implanted with 2 capsules 
within each striatum. On one side the implants contained GDNF releasing cells (~ 30 
pg/capsule), whereas on the other side, they were loaded with C2C12 control cells. 
The primates were subsequently exposed to systemic MPTP injections. Fluoro-dopa 
PET-scan data suggest a sparing effect on the GDNF releasing side. Capsules 
retrieved 6 months post-implantation secreted approximately 80% of their initial 
release values. Based on these data, a clonal cell bank was made out of C2C12 cells 
engineered to release human GDNF. The bank is currently being tested for its 
biosafety and toxicology prior to initiation of a clinical trial in stage III/IV Hoehn & 
Yahr patients.
Supported in part by the Swiss National Science Foundation

540.19

(±)-KAVAIN ANTAGONIZES MPTP-INDUCED NEUROTOXICITY IN 
BLACK MICE. N. Schmidt and B, Ferger*. Institute of Pharmacology and 
Toxicology, University of Marburg, D-35032 Marburg, Germany.

Kavapyrones are highly lipophilic substances which easily penetrate the blood- 
brain-barrier. In a previous microdialysis study (±)-kavain reduced the 
veratridine-induced glutamate release [Ferger et al., (1998) Eur. J. Pharmacol. 
347:211-214], Here, we demonstrate for the first time the potential protective 
effects of the natural drug (±)-kavain on l-methyl-4-phenyl-l,2,3,6- 
tetrahydropyridine (MPTP)-induced neurotoxicity.

Male C57BL/6 mice (n=45) were treated with (±)-kavain (50 and 100 mg/kg 
i.p.) or vehicle (neutral oil) 60 min before and after administration of MPTP (30 
mg/kg s.c.) or saline. MPTP-induced hypomotility was investigated one day after 
MPTP treatment during a 60 min test session using activity cages measuring 
photo-beam interruptions. For neurochemical analysis the mice were sacrificed 
after 7 days and the striatum was dissected out and analyzed for dopamine, 
serotonin and their metabolites using HPLC with electrochemical detection.

(±)-Kavain by its own did not alter striatal dopamine levels. MPTP treatment 
alone led to a significant depletion (p < 0.001, ANOVA, Duncan-test) of striatal 
dopamine levels to 13 % of saline controls. (±)-Kavain (100 mg/kg i.p.) led to a 
significant attenuation of MPTP-induced dopamine depletion to 34 % of saline 
control values (p < 0.001, ANOVA, Duncan-test). The lower dosage of (±)- 
kavain showed a non-significant attenuation of MPTP-induced dopamine 
depletion. Although (±)-kavain reduced the spontaneous locomotor activity in 
the non-MPTP treated controls, it completely antagonized the MPTP-induced 
hypomotility compared with the vehicle treated MPTP group. Furthermore, (±)- 
kavain improved functional recovery indicated by an accelerated increase of 
MPTP-induced loss of body-weight.

In conclusion, (±)-kavain partly antagonized the MPTP-induced neurotoxicity 
and improved functional recovery which might be related to its effects on 
glutamatergic neurotransmission or other mechanisms to be investigated. 
(Supported by the DFG FE 465/1-1 and 465/1-2).

540.20

l -DOPA-SENSITIZED turning  behavior  is  attenuated  by  
YOHIMBINE, BUT NOT BY RX821002 OR BY a2C-KNOCKOUT: 
IMPLICATIONS FOR PARKINSON’S DISEASE W. Zhang and G.A. 
Ordway*. Departments of Psychiatry & Human Behavior and Pharmacology & 
Toxicology, University of Mississippi Medical Center, Jackson, MS 39216.

Long-term treatment of Parkinson’s disease with l -DOPA often results in 
debilitating dyskinesias. Unilateral lesions of nigrostriatal dopamine neurons 
with 6-hydroxydopamine (6-OHDA) results in contraversive circling that is 
progressively enhanced by repeated treatment with l -DOPA, representing a 
model of L-DOPA-induced dyskinesia in Parkinson’s disease. In this study, 
mice with targeted inactivation of the a2C-adrenoceptor gene (Adra2c'KO 
mice) were used to study the role of thea2C-adrenoceptor in modulating turning 
behavior of mice with unilateral 6-OHDA lesions of the substantia nigra. 
Turning behavior was assessed between 20-45 min following l -DOPA 
administration (twice daily i.p. injections:l -DOPA 6.6 mg/kg, benserazide 1.5 
mg/kg), beginning 3 weeks after 6-OHDA lesions. Repeatedl -DOPA treatment 
progressively enhanced contraversive turning in both KO and WT mice. Onset 
of turning enhancement occurred after fewer days of l -DOPA treatment in KO 
mice relative to WT mice. The magnitude of L-DOPA-induced enhancement of 
turning was greater in KO relative to WT mice. Initiation of co-treatment with 
yohimbine (5 mg/kg i.p.), but not RX821002 (0.4 mg/kg i.p.), dramatically 
reduced L-DOPA-induced turning behavior in both KO and WT mice. These 
data imply that the a2C-adrenoceptor plays a permissive role in development of 
L-DOPA-induced dyskinesias. Moreover, the protection afforded by co-
administration with yohimbine may be mediated by an action other than at a2- 
adrenoceptors. Supported by a gift from Hoechst Marion Roussel.

PARKINSON’S DISEASE VI

541.1

DOPAMINE SYSTEM IN PERIPHERAL BLOOD LYMPHOCYTES IN 
PARKINSON’S DISEASE. F.E. Pontieri1*, B. Caronti1, G, Tanda2. C. Calderaro1, 
C. Colosimo1, S, Ruggieri3, G. Palladini1, G. Di Chiara2. ’Dept. Neuroscience, 
University “La Sapienza”, Rome, 2Dept. Toxicology, University of Cagliari, 3INM 
“Neuromed”, Pozzilli, Italy.

The early clinical symptoms of Parkinson’s disease (PD) may be difficult to 
perceive and are frequently overlloked. Moreover, there is evidence that the process 
of degeneration of dopamine-containing neurons in the brain begins much in advance 
with respect to the clinical onset of the disease. Thus, there is increasing interest in 
the discovery of biological or instrumental tools that may contribute to the early 
diagnosis of PD. It has been reported previously that D3 receptor mRNA is reduced 
in peripheral blood lymphocytes (PBL) of PD patients. There is also indication that 
these cells synthesize catecholamines. In this study we investigated the content of 
dopamine and the immunoreactivity for tyrosine hydroxylase and dopamine 
transporter in PBL of PD patients and healthy controls matched for age and sex. 
High-pressure liquid chromatography with electrochemical detection was used for 
the quantification of dopamine content in PBL. Semi-quantitative 
immunocytochemistry was applied for the determination of tyrosine hydroxylase and 
dopamine transporter immunoreactivities. Dopamine content in PBL of PD patients 
in the early clinical stages, who were levodopa naive, was significantly lower with 
respect to healthy subjetcs. Conversely, PD patients treated with levodopa had very 
high levels of dopamine in PBL. The immunoreactivities for tyrosine hydroxylase 
and dopamine transporter were significantly reduced in PD patients as compared to 
healthy subjects. These findings suggest the impairment of dopamine markers in 
PBL during the early clinical stages of PD. If confirmed on larger set of patients, 
these results may indicate that PBL represent a useful tool with which to identify 
precociously the impairment of dopamine function in PD.

541.2

TYROSINE HYDROXYLASE-IMMUNOREACTIVE NEURONS IN THE CEREBRAL 
CORTICES OF PARKINSON’S DISEASE. T. Fukuda * J, Takahashi, I, Tanaka, Div. of Neuropa 
thology, Dept. of Neuroscience, The Jikei Univ. Schl. of Med.; Minato-ku, Tokyo, 105-8461, JAPAN

Introduction: Tyrosine hydroxylase (TH) is a rate-limiting enzyme in the synthesis of 
catecholamines. TH-immunoreactive (IR) neurons with morphological features of intemeurons 
were reported to be observed in the normal cortices of the rat and human, and highly concentrated 
in the deep infragranular layers of some limbic related cortical areas. TH- IR neurons and fibers in 
the cortex were investigated in Parkinson’s disease (PD), Amyotrophic lateral sclerosis (ALSi, 
Progressive supranuclear pqdsy (PSP), Alzheimer disease (AD), and Dementia with Lewy bodies 
(DLB). Materials and Methods: Using anti-TH antibody, we evaluated the substantia nigra, the 
corpus striatum and the cerebral cortices included frontal, temporal, parietal and occipital lobes 
from 18 autopsy cases of PD, 13 ALS, 6 PSP, 2 AD, 2 DLB and 16 controls. The numbers of TH- 
IR neurons were counted in twenty fields (field size, 1 mm2) along the deeper layer of each 
cerebral cortex and then used to calculate the total numbers of TH-IR neurons/20mm2 in each 
cerebral cortex. Results and Discussion: TH-IR neurons were found in all areas of cortices 
sampled in control groups and were located in the deeper layers. Most TH-IR neurons, being 
uniformly small or medium in size, had monopolar or bipolar dendrites, but a few had multipolar 
dendrites. The appearance of TH-IR neurons was suggestive of non-pyramidal intemeurons. In all 
of cerebral cortices, the numbers of TH-IR neurons and the density of TH-IR fibers in PD groups 
were significantly decreased in comparison with control groups, similarly in the substantia nigra 
and the corpus striatum. The numbers of TH-IR neurons and the density of TH-IR fibers were 
well preserved in the cerebral cortices, the substantia nigra and the corpus striatum of DLB 
groups. The damage to dopaminergic neurons in DLB, being less severe than that in PD. implied 
that DLB might differ in the pathogenesis from PD. The numbers of cortical neurons, included 
TH-IR neurons, were significantly decreased in AD groups, however, the TH-IR neurons and 
fibers were preserved in the substantia nigra and the corpus striatum. The numbers of TH-IR 
cortical neurons and the density of TH-IR fibers varied among ALS and PSP groups. The cases 
having ischemic changes in CNS showed the decreased TH-IR neurons and fibers in the cerebral 
cortices. TH-IR cortical neurons were suggested to be vulnerable to ischemic stress.

Society  for  Neuroscience , Volume  25, 1999



1342 PARKINSON’S DISEASE VI TUESDAY PM

541.3
GABAa  RECEPTOR SUBUNIT EXPRESSION IN DOPAMINERGIC NEURONS IN 
INTRASTRIATAL MESENCEPHALIC TRANSPLANTS. J, Rodri guez-Pallares1. H, 
Caruncho*2, A. Munoz1, M.J, Guerra1 and J.L. Labandeira-Garciar. l.Dept of Mor- 
phological Sciences; 2. DepL of Fundamental Biology, Univ. of Santiago, Spain.

To study the expression of GABAa  receptor subunits in fetal mesencephalic 
neurons ectopically transplanted into the striatum, we have employed a double 
immunocytochemical approach using tyrosine hydroxylase and al, a2, a3 and (32/3 
GABAa  receptor subunit specific antibodies. Tyrosine hydroxylase immunoreactive 
neurons (TH-ir) in the pars compacta of the rat substantia nigra (SNc) showed a 
high expression level for the a3 subunit, while al, a2 and (32/3 showed only a faint 
labeling. In intrastriatal mesencephalic grafts, TH-ir neurons were mostly observed 
in the border areas of the graft. Both al and [32/3 subunits labeled all the graft, 
although the highest level of labeling intensity was associated with the graft 
peripheral areas. The a2-subunit labeled mostly neurons in the central part of the 
graft, while neurons immunopositive for the a3 were located mostly in the graft 
peripheral region. Double-labeling of TH and GABAa  receptor subunits in the 
grafts showed colocalization of TH-ir and a3 immunostaining, while it appeared as 
evident a lack of neuronal colocalization for TH and a2. Although al and P2/3 
were highly expressed in the graft border areas, we observed a lack of colocaliza-
tion for these markers with TH-ir. This was due to the labeling of these two subunits 
being associated with neuronal processes close to TH-ir neurons, but not to labeling 
in these neurons. These results show that TH-ir neurons in the SNc express GABAa  
receptors including the a3 subunit, and these neurons show the same pattern of 
GABAa  receptor expression when tliey are ectopically grafted into the striatum. 
This could be due to the similarity of GABAergic afferents to these neurons in the 
SNc and in the graft, although it could also be possible that the GABAa  receptor 
subtype expression in these neurons is independent both of their location and the 
GABAergic innervation upon them. Supported by Spanish CICYT and XUGA.

541.4
PLASTICITY OF THE GABAa  a, SUBUNIT IN THE BASAL GANGLIA OF 
THE 6-HYDROXYDOPAMINE-LESIONED RAT. A. Chadha and S. Duty. 
(SPON: British Neuroscience Association). Neurodegenerative Disease Research 
Centre, King’s College London, Manresa Road, London, SW3 6LX, UK.

In the parkinsonian rodent, loss of striatal dopamine innervation produces 
changes in GABAergic activity downstream in the basal ganglia. We have 
previously reported that 6-hydroxydopamine (60HDA) lesioning alters GABAa  
receptor ai subunit mRNA expression in the globus pallidus (GP) and substantia 
nigra pars reticulata (SNr). The aim of this study was to determine whether these 
changes in a] subunit gene expression are translated into changes in expression of 
the ai subunit protein in the native GABAa  receptors in this parkinsonian model. 
Male Sprague Dawley rats (250-270g) were rendered hemiparkinsonian by 
injection of 6OHDA into the right median forebrain bundle. Three weeks later, 
rats were sacrificed and the brains cryosectioned. Autoradiography studies with 
[3H] flumazenil, a benzodiazepine site ligand with high affinity for a,-a3 and a5 
subunits and [3H] zolpidem, the ai subunit specific ligand were performed. Levels 
of expression were semi-quantified using image analysis and comparisons between 
lesioned and intact regions were made using paired t-tests (n=6). Following 
60HDA lesioning, levels of [3H] zolpidem and [3H] flumazenil binding were both 
significantly decreased (p<0.05) in the lesioned GP (20 and 18%, respectively) and 
increased in the lesioned SNr (14 and 26%, respectively). No significant changes 
were observed in sham-lesioned rats. The changes observed here are of similar 
magnitude to our previously reported changes in ai gene expression. Taken 
together, these results suggest that translation of the plasticity of the a, subunit 
gene underlies the pathological changes in native GABAa receptors under 
parkinsonian conditions. The direction of these changes implies a potential 
compensatory role of this plasticity in response to known changes in GABAergic 
transmission in the GP and SNr in Parkinson’s disease.
AC is supported by a Medical Research Council (UK) Studentship.

541.5

GLUTAMATERGIC COMPENSATORY MECHANISMS FOLLOWING MPTP- 
LESIONING: CHANGES IN AMPA RECEPTOR EXPRESSION IN THE BASAL 
GANGLIA OF THE MOUSE. Michael W, Jakowec* and J. W. Langston.
The Parkinson’s Institute. Sunnyvale, CA, 94089.

Recent evidence suggests that glutamatergic compensatory 
mechanism may be involved in the pre-clinical stage of Parkinson’s 
disease prior to the onset of symptoms. Following lesioning with the 
neurotoxicant 1 -methyl-4-phenyl-l ,2,3,6-tetrahydropyridine (MPTP) 
the mouse strain C57BL/6 has a remarkable ability to reverse the 
depletion of striatal dopamine within 1 to 2 months providing an 
excellent model of this phenomenon. To better understand the 
potential role of the glutamatergic system in this model we 
determined changes in the pattern of expression of the AMPA 
subtype of glutamate receptor (GluRl to GluR4) throughout the basal 
ganglia using antibody specific probes for immunocytochemistry and 
western immunoblotting in tissue collected 1,4, 7, 14, 28, 60, and 
100 days after MPTP-lesioning. Our results indicate that there is 
increased expression of GluRl and GluR2 at the level of the caudate- 
putamen (striatum), entopeduncular nucleus, subthalamic nucleus, 
and substantia nigra within the first week following the lesion. These 
changes precede the return of dopamine transporter and tyrosine 
hydroxylase immunoreactivity and may reflect neurochemical 
compensatory events. Supported by PDF, Lesch-Nyhan Children’s RF.

541.6
EVIDENCE OF DAMAGE TO THE GLOBUS PALLIDUS PARS INTERNA AND 
PEDUNCULOPONTINE NUCLEUS IN PARKINSON’S DISEASE: IMPLICATIONS 
FOR NEUROPROTECTION. C.W. Olanow1* PF. Good2, D.P. Perl2. Departments of 
Neurology^ and Pathology (NeuropathologyjVMount Sinai School of Medicine; New 
York, NY 10029

Parkinson’s disease (PD) is characterized by degeneration of dopaminergic neurons in 
the substantia nigra pars compacta (SNc). Recent studies indicate that PD is associated 
with disinhibition and increased firing of the subthalamic nucleus (STN) which uses 
glutamate as its neurotransmitter. An increase in firing rate of STn neurons might cause 
excitotoxic damage in its target structures which include the globus pallidus pars interna 
(GPi), the pedunculopontine nucleus (PPN) and the SNc. We have thus hypothesized 
that STN-mediated excitotoxicity might accelerate progression of PD and contribute to 
the development of parkinsonian features that do not respond to levodopa (Rodriguez 
M, Obeso J, Olanow CW, Ann. Neurol. 1998; 44: 175-188). In support of this concept, 
we recently reported an increase in 3-nitrotyrosine immunostaining in the SNc of PD, 
consistent with excitotoxic damage (Good, PF, et al. J. Neuropathol. Exp. Neurol. 1998; 
57: 338-342). We now report that there is evidence of damage to the GPi and PPN in 
cases of PD. Immunostaining with antibodies to glial fibrillary acidic protein (GFAP) 
revealed increased numbers of glia with prominent GFAP positive cytoplasm and 
processes consistent with ongoing gliosis in the GPi of 7/7 PD brains. Affected regions 
also contained HLA-dr immunoreactive cells with irregular elongated branching 
processes, consistent with activated microglial cells in PD. This was not seen in 6 age- 
matched control cases. Similar changes were encountered in the PPN of PD cases but 
not the controls. These findings provide evidence of ongoing damage to the GPi and 
PPN, both targets of STN projections, and are consistent with the hypothesis that STN 
overactivity can contribute to the progression of PD. Therapeutic strategies aimed at 
inhibiting STN overactivity might be neuroprotective. Supported, in part, by NIH grants 
AG-02219, AG-05138, the Lowenstein Foundation and the National Parkinson 
Foundation.

541.7

LOCALIZATION OF GDNF IN ORGANOTYPIC CO-CULTURES OF CORTEX, 
STRIATUM, AND MESENCEPHALON. S. M, Pearl1\ J.D. Jaumotte1, C.L. 
Achim2. R.E. Whitehead2. M.G. White2. M. J. Zigmond' Departments of Neurol-
ogy' and Pathology2, University of Pittsburgh, Pittsburgh, PA 15213.

Degeneration of the nigrostriatal dopamine projection is the central cause of 
Parkinson’s disease. Several studies suggest that some behavioral and neuropa-
thological symptoms of this disease in animal models may be attenuated by glial 
cell line-derived neurotrophic factor (GDNF). GDNF mRNA is high in substantia 
nigra and striatum in embryonic and neonatal rat but very low in adults. In the pres-
ent study, we used double immunofluorescent laser confocal microscopy to exam-
ine the distribution of GDNF in an organotypic co-culture containing striatum 
(STR), mesecephalon (MES) and cortex (CTX). Coronal slices were prepared from 
E20-P3 rats and maintained on a membrane held with plasma and thrombin in a 
rolling tube incubator for up to 60 days (Plenz & Kitai, Neurosci. Lett. 209:177- 
180, 1996). In all cultures we observed tyrosine hydroxylase positive cells (TH+) in 
the MES with substantial outgrowth into STR but not CTX. GABA-positive cells 
also were observed in the MES and to a much greater extent in STR and CTX. We 
observed GDNF protein labeling in all regions, although the type of cell labeled 
depended on the age of the culture. In young cultures (<13 days in vitro; DIV), 
GDNF was found predominantly in glia in the MES and in both glia and neurons 
(as evidenced by co-localization with SMI312 and morphological observations) in 
STR and CTX. In older cultures (>17 DIV) GDNF was found in both glia and neu-
rons in all regions. Our results with TH are consistent with those previously re-
ported by Plenz and Kitai. Our observations with GDNF are consistent with in vivo 
localization studies of GDNF mRNA and with the role of GDNF as a trophic factor 
for dopaminergic neurons. This preparation will now permit us to explore in detail 
the expression of GDNF as a function of age, specific brain regions, and injury. 
(Supported by NS 19608, MH29670, MH45156, MH00058, and MH18903).

541.8

EFFECT OF MPTP-INDUCED DENERVATION AND DOPAMINOMIMETIC 
TREATMENTS ON 125I-CGP 64213 BINDING TO GABAb RECEPTORS IN 
MONKEYS. F. Calon1, M. Morissette1*, R Grondin12, M. Goulet1, P.J. 
Blanchet2, P.J. Bddard2, and T. Di Paolo3 ’Centre de Recherche en 
Endocrinologie Moldculaire et ftJnite de Recherche en Neuroscience, 
CHUQ, Pav. CHUL, G1V 4G2, and Vac. of Pharmacy and 2Medicine, 
Laval Univ., Quebec, Qc, Canada, G1K 7P4.

Abnormal GABA neurotransmission may be implicated in the 
pathophysiology of Parkinson’s disease (PD) and dopaminomimetic- 
induced dyskinesias (DID). In this study, autoradiography using l-CGP 
64213 was performed to investigate GABAb receptor density in the basal 
ganglia and thalamus of monkeys with MPTP-induced nigrostriatal 
depletion. Three MPTP monkeys received pulsatile administration of the 
D1 dopamine (DA) receptor agonist SKF 82958, which relieved 
parkinsonian symptoms but also caused DID in two of three animals. A 
long acting D2 DA receptor agonist, cabergoline, was given to another 
three animals and induced good motor recovery without DID. Untreated 
MPTP as well as naive control animals were also included. MPTP 
induced a decrease (-40%) of 12SI-CGP 64213 binding to GABAb receptors 
in the substantia nigra pars compacta (SNc) and an increase (+29%) in 
the internal segment of the globus pallidus (GPi). This increase in the 
GPi was not affected by pulsatile SKF 82958 but partly reversed by 
cabergoline. No change was seen in the striatum, the thalamus, the 
external segment of the globus pallidus and the substantia nigra pars 
reticulata. These results suggest that; 1) The GABAa receptors in the SNc 
are located on the soma of DAergic cells since no MPTP-induced 125l- 
CGP 64213 binding alteration was observed in the striatum 2) 
Upregulation of GABAb receptors in the GPi may play a role in the 
pathophysiology of PD and DID. The authors wish to thank Novartis for the 
gift of 1"I-CGP 64213. Supported by the MRC of Canada.
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541.9
MANGANESE POTENTIATES NITRIC OXIDE PRODUCTION BY 
MICROGLIA LY, Chang* and L, Liu Dept of Anatomy, Univ. Arkansas 
for Medical Sciences, Little Rock, AR 72205

Manganese toxicity has been associated with clinical symptoms of 
neurotoxicity which are similar to the symptoms observed in Parkinson's 
disease. Earlier reports indicated that reactive microglia was present in 
the substantia nigra of patients with Parkinson's disease. Using N9 
microglial cells, the current study was designed to determine whether 
high levels of manganese were associated with microglial activation. 
Results indicated that manganese significantly increased the bacterial 
lipopolysaccharide-induced nitric oxide production. This potent activity 
of manganese was not shared by other transition metals tested, including 
iron, cobalt, nickel, copper and zinc. Immunohistochemical staining and 
Western blot analysis indicated that manganese increased the cellular 
production of inducible nitric oxide synthase. Northern blot analysis 
indicated that manganese likely increased iNOS gene transcription since 
this agent increased the mRNA level of the inducible nitric oxide 
synthase. In contrast to other transition metals tested, manganese did 
not appear to be cytotoxic to microglial cells. These results suggested 
that manganese could induce sustained production of neurotoxic nitric 
oxide by activated microglial cells, which might cause detrimental 
consequences to surrounding neurons.

541.10
PROTEIN PHOSPHORYLATION CASCADES ASSOCIATED WITH 
NEUROTOXICANT-INDUCED GLIAL ACTIVATION M.A. Hebert* and J. P. 
O’Callaghan Toxicology and Molecular Biology Branch, National Institute for 
Occupational Safety and Health, Morgantown, West Virginia 26505

Protein phosphorylation is considered to be the primary molecular mechanism 
through which extracellular signals exert effects on their cellular effectors. While 
neurons are most often viewed as the locus of these signaling events, altered protein 
phosphorylation has been implicated in a number of pathological and toxicological 
situations, circumstances in which glia play a prominent role. Here we delineated the 
temporal relationship between alterations in protein phosphorylation, in vivo, and the 
induction of reactive gliosis due to neurotoxic exposures. At various timepoints 
following l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine- (MPTP, 12.5 mg/kg, s.c.) or 
methamphetamine- (METH, 8 mg/kg, s.c.) treatment, female C57BL/6J mice were 
sacrificed by focused microwave irradiation to preserve steady state phosphorylation. 
Target (striatum) and non-target (hippocampus) tissue homogenates were assayed for 
levels of glial fibrillary acidic protein (GFAP) and dopamine (DA), as well as alterations 
in protein phosphorylation and kinase activity. A 3-fold increase in striatal GFAP was 
measured in MPTP- and METH-treated mice, 48 hours after dosing. Striatal DA 
depletion occurred within hours following treatment. Alterations in phosphoproteins, as 
detected by phospho-state specific antibodies, were observed as early as one hour 
following neurotoxic insult and persisted for weeks. Significant increases in the 
phosphorylated state of MAPK, SAPK/JNK, MEK1/2, CREB and Stat3 were observed 
in the treated mice at the onset of GFAP upregulation. These data are suggestive of the 
induction of growth associated protein kinases as early events in toxicant-induced glial 
activation. These kinase/substrate pathways may serve as potential targets for 
modulation of glial response to neural damage.

541.11

LEVODOPA-INDUCED CHANGES IN STRIATAL EXTRACELLULAR LEVELS 
OF DOPAMINE AND METABOLITES IN NIGROSTRIATAL-LESIONED RATS IN 
VIVO : EFFECTS OF (±)-IDAZ0XAN. J.C. Martel*. F.C. Colpaert and M. Marien 
Neurobiologie I, Centre de Recherche Pierre Fabre, 81106 Castres, France.

The a2-adrenoceptor antagonist (±)-idazoxan has been shown to ameliorate some 
symptoms of parkinsonism and to reduce levodopa-induced dyskinesia in rat and 
primate models of Parkinson’s disease as well as in human patients. In order to study 
the possible mechanisms underlying these effects, we evaluated the effect of (±)- 
idazoxan on levodopa-induced changes in extracellular striatal levels of dopamine 
(DA) and metabolites, as measured in vivo by microdialysis, in rats with 6-OHDA 
lesions of the nigrostriatal pathway. Three weeks after unilateral 6-OHDA lesioning of 
the medial forebrain bundle, animals were bilaterally implanted with microdialysis 
probes in the right (intact) and left (DA-denervated) striata. The following day, 
animals were injected with carbidopa/levodopa (2.5 mg/kg i.p. and 10 mg/kg s.c., 
respectively), followed 20 minutes later by an injection of either saline (10 ml/kg, i.p.) 
or (±)-idazoxan (2.5 mg/kg, i.p.). Dialysate levels of DA, levodopa and metabolites 
were measured by HPLC with electrochemical detection. Baseline levels of striatal DA 
on the intact side were 33.8 ± 5.9 pg/20 min (mean ± SEM ; 9 animals). In the DA- 
denervated striatum, basal extracellular DA levels were reduced by more than 90% 
compared to the intact striatum, and were below the limit of detection (~ 2 pg/20 min). 
The systemic levodopa treatment increased extracellular DA levels in tlie lesioned but 
not the intact striatum ; DOPAC and HVA levels were increased in both striata, but to 
a lesser extent in the lesioned striatum. Idazoxan co-treatment did not significantly 
alter these effects. Striatal extracellular levels of levodopa and its metabolite 3-MeO- 
DOPA were both elevated following the systemic injection of levodopa ; these levels 
were not significantly affected by the (±)-idazoxan co-treatment. These results indicate 
that (±)-idazoxan does not significantly alter the bioavailability or biotransformation of 
systemically administered levodopa in the rat striatum in vivo, and suggest that the 
antiparkinsonian and antidyskinetic effects of (±)-idazoxan involve other striatal or 
extrastriatal mechanisms.

541.12

LEVODOPA-INDUCED ALTERATIONS IN REGIONAL BRAIN 
CONCENTRATIONS OF NOREPINEPHRINE, SEROTONIN AND 
THEIR METABOLITES IN 6-OHDA HEMILESIONED RATS.
D.A, Loeffler1*^ P.M, Camp1. M. Mendiratta1, H, Yagiela1. P.A. 
LeWitt1, and K. Hyland2. Clinical Neuroscience Program, Sinai 
Hospital, Detroit, MI, 48235 and 2Baylor University Medical Center, 
Institute of Metabolic Disease, Dallas, TX, 75226.

Though the major effect of systemic levodopa (LD) administration 
is to increase dopamine (DA) metabolism, we recently reported that 
repeated LD treatment increases serotonin (5HT) turnover in the 
striatum of normal rabbits (Neurochem. Res. 23, 1998, 1521-1525). 
The present study examined the influence of acute and repeated (21 
day) LD administration (50 mg/kg) on 5HT and norepinephrine (NE) 
metabolism in striatum, ventral midbrain, frontal cortex, hippocampus, 
and cerebellum of rats with unilateral 6-hydroxydopamine-induced 
nigrostriatal lesions. LD exerted similar effects on 5HT and NE 
metabolism in the intact and lesioned hemispheres; results were also 
similar between acute and repeated LD administration. Compared to 
saline-treated controls, 5HT concentrations decreased and its major 
metabolite, 5-hydroxyindoleacetic acid, increased following LD 
treatment. NE was largely unchanged (except for an increase in 
hippocampus following repeated LD), while its metabolite, 3- 
methoxy-4-hydroxyphenylglycol, was significantly increased by LD 
treatment. These results indicate that LD administration increases 5HT 
and NE metabolism in multiple brain regions in hemilesioned animals. 
LD-induced alterations in non-dopaminergic neurotransmission may 
contribute to its side effects in chronic treatment of Parkinson's 
disease. (Supported by the National Parkinson Foundation.)

541.13

PET STUDIES OF PARKINSONIAN FEATURES AND THE
NIGROSTRIATAL DOPAMINE PATHWAY IN MPTP-LESIONED 
MONKEYS. J.L. Eberling12 *, P. Pivirotto1, J, Bringas1, W.J, Jagust2 andK.S. 
Bankiewicz3. 'Center for Functional Imaging, Lawrence Berkeley National 
Laboratory, University of California, Berkeley, CA 94720; 2Dept. of Neurology, 
Univ. California, Davis, CA; ’Molecular Therapeutic Section, LMNN, NINDS, 
NIH, Bethesda, MD

Unilateral intracarotid artery (ICA) MPTP infusion along with sequential 
systemic doses of MPTP produces near complete degeneration of the nigrostriatal 
pathway on the side of infusion (ipsilateral) and variable levels of damage in the 
contralateral hemisphere accompanied by varying levels of parkinsonism 
(overlesioned hemiparkinsonian model), depending upon the total dose of MPTP. 
Positron emission tomography (PET) and the dopamine (DA) metabolism tracer,
[18F]6-fluoro-L-m-tyrosine (FMT) were used to evaluate the relationship between 

DA metabolism and clinical features of parkinsonism in 14 overlesioned 
hemiparkinsonian monkeys. Monkeys were rated on a parkinsonian scale that 
included ratings of bradykinesia, fine motor skills (fms), and tremor. Because the 
monkeys tended to show more severe clinical signs on the side of the body 
contralateral to ICA MPTP infusion, we calculated asymmetry scores for each of 
the clinical features as well as for FMT uptake (ki) in the caudate and putamen. 
Tremor asymmetry was associated with FMT uptake asymmetry in the putamen (r 
= 0.962, p< 0.0001). No such relationship was observed for fms or bradykinesia. 
In addition, the overall severity of tremor (moderate, severe) was associated with 
FMT uptake (averaged over both hemispheres) in the caudate (t = 2.54, p < 0.05) 
and putamen (t = 2.34, p < 0.05). These findings support the idea that nigrostriatal 
degeneration can produce rest tremor, perhaps by altering afferent activity to the 
subthalamic nucleus. Supported by US DOE Contract DE-ACO3-76SFOOO98.

541.14

PERSISTENCE OF PATCHES OF DOPAMINERGIC AXONS IN RATS 
LESIONED WITH INTRASTRIATAL 6-HYDROXYDOPAMINE 
C.W. ShultsL2* and K. TsuboiL2. 1 Department of Neurosciences, 
University of California, San Diego, 2 VA Med. Ctr., San Diego, CA 
92161

In a series of studies of potential neuroprotective agents, control 
female Sprague Dawley rats received an intrastriatal injection of 15 
pg of 6-hydroxydopamine (6-OHDA) and either four subcutaneous 
injections of DMSO in saline (n=10), two intrastriatal injections of 
DMSO (n=5) or no other treatment (n=8). The animals were tested 
for apomorphine and amphetamine-induced rotation weekly for three 
weeks and then sacrificed. The brains were immunolabelled for 
tyrosine hydroxylase (TH). Inspection of the lesioned striatum in 
each animal revealed that the loss of TH-IR axons was not uniform.
In 22/23 of the animals studied, we noted patches of relatively dense 
TH-IR axons surrounded by areas of sparse TH-IR axons. These 
patches of relatively dense TH-IR axons were most commonly noted 
in the striatum dorsal and caudal to the site of 6-OHDA injection. 
Further immunohistochemical characterization of these patches will 
be presented. Our observation suggests that certain components of 
the nigrostriatal dopaminergic system may be relatively resistant to 
injury induced by 6-OHDA. Supported by grants from the VA Merit 
Review Program and the Natl. Parkinson Fndn.
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541.15
CSF DOPAC LEVEL AS AN INDICATOR OF STRIATAL DOPAMINE 
METABOLISM AFTER TOLCAPONE ADMINISTRATION. C. Thiffault*. J.W. 
Langston and D.A. Di Monte. The Parkinson's Institute, Sunnyvale, CA 94089.

Tolcapone is found to be effective as an adjunct to L-dopa therapy for the 
symptomatic treatment of Parkinson’s disease (PD). The beneficial effects of 
tolcapone are related to the peripheral inhibition of 3-O-methyldopa formation 
from L-dopa catalyzed by catecholamine-O-methyltransferase (COMT). By 
reducing peripheral L-dopa metabolism, tolcapone improves the central 
bioavailability of L-dopa. Animal studies indicate that tolcapone may also inhibit 
COMT activity in the CNS, thus increasing striatal dopamine (DA) levels from 
exogenously administered L-dopa. However, whether the plasma 
concentrations of tolcapone in patients are sufficient to elicit a central effect 
remains unclear. The purpose of this study was to evaluate the effects of 
tolcapone on the central dopaminergic system in non human primates. 3,4- 
Dihydroxyphenylacetic acid (DOPAC) levels were monitored in the 
cerebrospinal fluid (CSF) of squirrel monkey as markers of dopamine 
metabolism using an HPLC technique coupled with eight amperometric sensors 
to improve sensitivity and selectivity. Tolcapone, when administered at 15 
mg/kg (p.o., 2 doses at 4 hrs interval), induced a 2.5 fold increase (p<0.01) in 
CSF DOPAC levels 2 hours after its last administration. This observation is 
consistent with an inhibition of striatal COMT activity. No significant alteration 
in homovanillic acid (HVA) levels were detected, indicating that CSF levels of 
this metabolite may not accurately reflect changes in striatal DA metabolism. 
In conclusion, our results indicate that tolcapone has indeed a direct effect on 
striatal COMT activity and this effect may occur at doses in the therapeutical 
range. Our results also provide further insight into the mechanisms that underly 
the therapeutical efficacy of tolcapone in PD. Supported by grant # 1R03 ES 
08627-01 from the NIEHS (D.D.) and a fellowship from the Fonds de la 
Recherche en Sante du Quebec (C.T.).

541.16
ENHANCED SENSITIVITY TO MPTP IN AGED SQUIRREL MONKEYS 
A.L. McCormack1. D.A. Di Monte1, K. Delfani2, I, Irwin', L.E. DeLanney1*’J.W
Langston1 and A.M. Janson2. ’The Parkinson’s Institute, Sunnyvale, CA 94089; 
2Dept. Neuroscience, Karolinska Institute, Stockholm, Sweden.

Administration of MPTP to rodents and non-human primates provides a close 
model for Parkinson’s Disease (PD). The effects of aging on MPTP neurotoxicity are 
directly relevant to the human disease, as aging is the only unequivocal risk factor for 
PD. In the rodent, an age-related effect of MPTP has been clearly demonstrated. This 
has been attributed to increasing monoamine oxidase (MAO) B levels with age, 
resulting in increased conversion of MPTP to its toxic metabolite MPP+. We have 
recently shown that MAO B activity does not increase with age in the brain of 
squirrel monkeys, raising the possibility that these animals may not be effected by 
MPTP in an age-related fashion. The following experiments were designed to test this 
possibility. Squirrel monkeys aged from 6 to 22 years were heated with a single 
subcutaneous injection of 1.5 mg/kg MPTP. One month after treatment, 
neurochemical analysis of dopamine and its metabolites was performed on striatal 
tissue and stereological cell counts carried out in the substantia nigra pars compacta. 
In control animals untreated with MPTP, declining levels of dopamine (DA) and its 
metabolites were seen in both the caudate and putamen with increasing age. This was 
most pronounced in the putamen. No change in the total number of tyrosine 
hydroxylase-immunoreactive neurons was shown by cell counting during normal 
aging. Following MPTP treatment, a significant age-related loss of DA was seen in 
the striatum, again most prominently in the putamen. Stereological’ counts 
demonstrated significant declines in all age groups studied, with the decline 
becoming increasingly pronounced with advancing age. These data indicate that, 
even in the absence of increased MAO B levels, older squirrel monkeys are more 
vulnerable to nigrostriatal damage by MPTP. They represent, therefore, an excellent 
model in which to study mechanisms that make the nigrostriatal system more 
vulnerable to neurodegeneration with aging. This work was supported by grants from 
the Retirement Research Foundation and the Lookout Fund.

541.17

MULTIPLE SIGNAL TRANSDUCTION MECHANISMS OF DOPAMINERGIC 
CELL DEATH BY OXIDATIVE STRESS AND ENVIRONMENTAL 
NEUROTOXINS:JNK/P38 MAP KINASES, ROS AND CASPASES H.S.CHUN*. 
L.A.DEGIORGIO. C.PENG, H.ZHANG1. G.E.GIBSON1, J.H. SON Lab of 
Molecular Neurobiology, ’Dementia Research, Weill Medical College of Cornell 
University, Burke Medical Research Institute, White Plains, NY 10605

Idiopathic Parkinson's disease (PD) results from the greater than normal selective 
cell death of substantia nigra (SN) dopaminergic neurons during aging. Although 
the initial cause of SN dopaminergic neuronal degeneration is unknown in 
nonfamilial PD, multiple pathogenic mechanisms involving oxidative stress are 
strongly suspected. Oxidative stress could be enhanced by mitochondrial 
dysfunction, inflammatory cytokines and nitric oxide released from activated 
microglia, oxidative dopamine metabolism and diminished antioxidants. However, 
the intracellular signaling mechanisms in the dopaminergic neurons, which are 
triggered by oxidative stress and involved in the apoptotic cell death, are not well 
characterized at the molecular levels due to the lack of an appropriate model 
neuronal cell line. Previously we have established a substantia nigra-derived 
dopaminergic neuronal cell line by targeted immortalization in transgenic mouse 
embryos (Son et al. J. Neurosci. 19: 10-20, 1999). Using this dopaminergic cell line 
as a model system, we have identified robust activation of stress-activated JNK/p38 
MAP kinase pathways, significant increase of ROS production, specific activation 
of Caspases cascade and frequent apoptotic cell death following treatment with free 
radical generator, mitochondrial inhibitors and suspected environmental neurotoxins 
including H2O2, rotenone, MPP+, paraquat, salsolinol, manganese and dieldrin. 
This study elucidates the multiple signaling pathways and pathological molecular 
indicators that occur during the dopaminergic cell death in PD. Supported by NIH 
Grant RO1 AG 14093 (JHS).

541.18
MODIFICATION OF STRIATAL DOPAMINE RELEASE AFTER 
ELECTRICAL STIMULATION OF THE SUBTHALAMIC NUCLEUS IN 
NORMAL AND PARTIALLY DOPAMINERGIC DENERVATED RATS: A 
MICRODIALYSIS STUDY. N, Bruet. F, Windels. A. Bertrand. C. Chatellard- 
Causse*. C. Feuerstein. A.L, Benabid and M, Savasta. INSERM-LAPSEN U.318, 
University Joseph Fourier, Pavilion de Neurologie, CHU de Grenoble, BP 217, 
38043 Grenoble Cedex 9, France.

The high frequency electrical stimulation of the subthalamic nucleus (STN) 
proves to be a very efficient therapeutic for alleviating motor symptoms and 
levodopa-induced complications of parkinsonian patients. However, the mechanisms 
of action of this neurostimulation in the basal ganglia circuitry in terms of 
neurochemical changes are not known. To try to understand these mechanisms 
intracerebral microdialysis allowing collection of very small samples of extracellular 
fluid has been used in this study. We focused only on dopamine (DA) release and its 
metabolites (DOPAC and HVA) in the striatum of normal and of partially 
dopaminergic denervated rats where only lateral DA neurons of the substantia nigra 
pars compacta had been previously destroyed by unilateral stereotaxic injection of 6- 
hydroxydopamine. Animals were anesthetized with halothane (1%). The microdialysis 
probe was stereotaxically and bilaterally implanted in the striatum and an 
electrophysiological stimulation probe was unilaterally implanted in the STN. 
Striatal extracellular concentrations of dopamine and metabolites were assayed by 
HPLC with electrochemical detection. Samples were collected every 20 minutes 
before (2h baseline), during (lh) and after (2h recovery) the neurostimulation of the 
STN at high frequency (130 Hz). The results show that after the high frequency 
stimulation of STN, there is a significative increase of DA striatal concentration in 
normal rats while in partially DA lesioned animals this DA level is decreased. These 
results confirm that neurostimulation of STN directly and/or directly acts on striatal 
DA. Further investigations are in progress to confirm these modifications and to get 
insights about the mechanisms involved in these modulations. (Supported by 
INSERM U.318 and Region Rh6ne-Alpes, France)

541.19

MODIFICATION OF EXCITATORY AND INHIBITORY AMINO ACID 
RELEASE IN EXTERNAL GLOBUS PALLIDUS AND SUBSTANTIA NIGRA 
RETICULATA AFTER ELECTRICAL STIMULATION OF THE 
SUBTHALAMIC NUCLEUS : A MICRODIALYSIS STUDY. F. Windels. N,
Bruet. A. Poupard. C, Feuerstein. A.L, Benabid and M, Savasta*. INSERM- 

LAPSEN U.318, University Joseph Fourier, Pavilion de Neurologie, CHU de 
Grenoble, BP 217, 38043 Grenoble Cedex 9, France.

The high frequency electrical stimulation of the subthalamic nucleus (STN) 
proves to be a very efficient therapeutic for alleviating motor symptoms of 
parkinsonian patients. However, the mechanisms of action of this neurostimulation 
in the basal ganglia circuitry in terms of neurochemical changes are not known. To 
try to understand these mechanisms intracerebral microdialysis allowing collection of 
very small samples of extracellular fluid has been used in this study. We focused only 
on excitatory and inhibitory amino add (AAE and AAI) release in the two main 
targets of the STN: the external Globus Pallidus (GPe) and the Substantia Nigra 
(SN). Male rats (280 - 320 g) were anesthetized with halothane (1%). The 
microdialysis probe was stereotaxically and bilaterally implanted in the GP or the 
SN and an electrophysiological stimulation probe was unilaterally implanted in the 
STN. Pallidal and nigral extracellular concentrations of AAE (glutamate and 
aspartate) and AAI (GABA) were assayed by HPLC with fluorescent detection. 
Samples were collected every 15 minutes before (lh30 baseline), during (lh) and after 
(2h recovery) the neurostimulation of the STN at high frequency (130 Hz). The 
results show that after the high frequency stimulation of STN, there is a significative 
increase of pallidal concentrations of glutamate (+ 100%) and Aspartate (+50%) while 
GABA remains unchanged. In the SNr the preliminary results observed show that the 
neurostimulaton of STN induces an increase of extracellular levels of GABA (+ 70%) 
and glutamate (+50%). These results confirm that neurostimulation of STN acts 
directly on the release of AAE and AAI. Further investigations are in progress to 
confirm these modifications and to get insights about the mechanisms involved in 
these modulations. (Supported by INSERM U.318 and Region Rhone-Alpes, France)

541.20

JP 1730, A NOVEL <x2- ADRENOCEPTOR ANTAGONIST, 
ENHANCES APOMORPHINE- AND L-DOPA-INDUCED 
CIRCLING BEHAVIOR IN THE RAT. A Honkanen*3, K Ingman3, 
ER Korpi3 and J-M Savolab, department of Pharmacology and 
Clinical Pharmacology, University of Turku, Kiinamyllynkatu 10, 
FIN-20520 Turku, Finland, bJuvantia Pharma Ltd., Tykistokatu 6A, 
BioCity, FIN-20520 Turku, Finland.

Blockade of ct2-adrenoceptors enhances the effects of L-dopa in a rat 
model of Parkinson’s disease. Furthermore, ct2-antagonist yohimbine 
attenuates L-dopa-induced dyskinesias in animal models. We studied 
whether JP-1730, a novel a2-receptor antagonist, modulates the 
circling behavior induced by apomorphine (0.5 mg/kg, s.c.) and the 
circling response to L-dopa following sensitization to repeated L-dopa 
administration in rats with unilateral substantia nigra 6-OHDA lesion. 
JP-1730 and atipamezole (0.3/1.0 mg/kg, s.c.) similarly enhanced 
apomorphine-induced circling. Animals treated with L- 
dopa+benserazide (50/25 mg/kg, i.p.) for 12 days showed a sensitized 
response to acute L-dopa. JP-1730, atipamezole (0.3-1.0 mg/kg) and 
yohimbine (1.0 mg/kg) slightly increased the L-dopa effect. In 
contrast, 3 mg/kg dose of yohimbine transiently attenuated the L- 
dopa-induced circling. These findings suggest that ot2-antagonists 
enhance the therapeutic effects of L-dopa in Parkinson’s disease. 
However, attenuation of dyskinesias by large doses of yohimbine in 
this model is probably due to its non-<X2-adrenoceptor actions.
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542.1

THE TH1/E47CS APOE PROMOTER POLYMORPHISM IS 
ASSOCIATED WITH BOTH ALZHEIMER'S DISEASE AND 
MYOCARDIAL INFARCTION RISK. P. Amouyel*, J.-C. Lambert T. 
Brousseau, M.-C. Chartier-Harlin and the collaborative study group.
INSERM U508, Institut Pasteur de Lille, 59019 LILLE cedex.

Numerous environmental and genetic determinants have been reported to be 
shared by Alzheimer's disease (AD) and vascular pathologies. Among these 
determinants, the apolipoprotein (APOE) s4 allele has been consistently associated 
with increased risk of AD and myocardial infarction (MI). Recently, together with 
the qualitative modification of the APOE structure related to the APOE s2/e3/£4 
polymorphisms, APOE mRNA expression variations could be potentially implicated 
in AD process. Subsequent analyses of the APOE promoting region allowed to 
identify several polymorphisms (-491 AT, -427 TC and Thl/E47cs GT), which 
could modify risk of developing AD.

Another indirect argument of the potential functionality of these polymorphisms 
may be obtained in testing them in another pathology involving the APOE locus. 
The study was conducted in a large case-control study of MI (567 cases vs 678 
controls), the ECTIM study, and data were compared to those obtained for AD (573 
cases vs 509 controls).

Results indicated that the presence of the Thl/E47cs T allele, in addition to the 
APOE c2/e3/s4 polymorphisms, was independently associated with increased risk of 
both MI and AD. These data reinforced the hypothesis of the putative functionality 
of the Thl/E47cs polymorphism in pathological mechanisms involved in 
cardiovascular and neurodegenerative disorders.
The collaborative study group: V. Defosse; A. Evans, D. Arveiler, J-B. Ruidavets, J- 
C. Fruchart, F. Cambien, F. Pasquier, B. Frigard, D. Cottel.

542.2
ALTERED LIPID METABOLISM IN HUMAN APOE4 KNOCK-IN MICE
H. Hamanaka*', Y. Katoh-Eukui', K. Suzuki2, R. Suzuki1, Y. Motegi1 Y. 
Nakahara1, A. Takeshita1, K. Ishiguro1, M. Yokovama1, and S. C. Fujita'
'Mitsubishi Kasei Institute of Life Sciences, J1 Minami-Ooya, Machida-shi, 
Tokyo 194-8511. Mitsubishi Chemical Corporation Yokohama Research 
Center, 1000 Kamoshida-cho. Aoba-ku, Yokohama 227-8502

The £4 allele of apolipoprotein E (apoE) is associated with an increased 
risk for Alzheimer’s disease (AD). To accurately examine the isoform-
specific effects of human apoE on brain functions in physiological and 
pathological situations, we created mice expressing each human apoE 
isoforms in place of mouse apoE utilizing the gene targeting technique 
(knock-in). The apoE4 homozygous (4/4) mice express human apoE4 
virtually in the same manner as the wild-type (+/+) mice express mouse apoE 
in the brain and serum. In the brain of 4/4 mice, apoE4 waspredominantly 
expressed in astrocytes. It was shown that the serum cholesterol level in the 
4/4 mice was 2.5-fold that of the +/+ mice on a regular diet. Analysis of 
serum lipoproteins showed that this marked elevation of serum cholesterol 
levels was primarily due to the accumulation of very low and low density 
lipoproteins. On the other hand, in the 4/4 mouse brain, the amounts of 
total cholesterol and phospholipids were significantly decreased compared 
to the +/+ mice. These results suggest that lipid and cholesterol 
metabolisms in the apoE4 knock-in mice are altered in comparison with 
those in the wild-type mice, possibly due to a reduced binding affinity of the 
human apoE4 to the mouse apoE receptor (s). The human apoE4 
knock-in mice will be usuful in clarifying the role of apoE in the etiology of 
AD and cardiovascular diseases in terms of lipid and cholesterol 
metabolisms.

542.3

REDUCED SYNAPTIC CONNECTIVITY IN THE DENTATE 
GYRUS OF AGED APOE4 TRANSGENIC MICE. K.A.Cambon. 
ELAJlavies and M.G.Stewart: SPON; British Neuroscience Association*. Dept. of 
Biology, The Open University, Milton Keynes,MK7 6AA, UK

In Alzheimer's disease (AD), synaptic pathology is a major lesion that has been 
correlated to cognitive impairment. The molecular layer of the dentate gyrus (DG) 
in the hippocampus is one of the first regions affected by synaptic loss. The three 
forms of human Apolipoprotein E (ApoE2, E3 and E4) are associated with 
differences in the age of onset of AD. However, little is known of the role that 
ApoE plays in normal brain function and pathology.

To investigate whether there was any relationship between the 3 isoforms of 
ApoE and the integrity of the synaptic circuitry in the DG, we have estimated 
synapse per neuron (spn) ratio and mean apposition zone area per synapse (m AZ/s) 
at the electron microscope level in the DG of human ApoE transgenic mice and 
ApoE KO mice (obtained from Glaxo-Wellcome UK and Duke University, N.C.) 
at ages from 6 to 24 months.

The spn ratio significantly decreased with age only in hApoE4 mice; and when 
compared with other genotypes, aged hApoE4 had the lowest spn ratio. However, 
ApoE genotype did not affect m NTJs. There were no major differences between 
Wild Type and ApoE KO mice.

At age 17- 19 months, there was no statistically significant difference in 
hippocampal or brain volumes (measured by Cavalieri method) between hApoE2, 
E3 and E4 mice although there was a trend for a decreased hippocampal volume in 
hApoE4 mice. Our data suggest that possession of the ApoE4 allele has a 
detrimental effect on the synaptic circuitry in the DG of transgenic mice, even in 
the apparent absence of synaptic degeneration, amyloid deposition or neurofibrillary 
pathology. Supported by MRC foresight grant G9535597.

542.4
THE EFFECTS OF APOE ALLELIC VARIATION AND ESTROGEN 
DEPRIVATION ON SYNAPTO-DENDRITIC RELATIONSHIPS IN THE 
HIPPOCAMPUS OF AGING FEMALE TRANSGENIC MICE L.W. 
Shaughnessy*1, S. Lee1, R. Kedem1, E. Lahnsteiner*, D.E. Schmechel1'2 and G.
Einstein1,2. Dept. of Neurobiology1 and Bryan Alzheimer’s Disease Research 
Center2, Duke Univ. Med. Ctr., Durham, NC 27710.

Alzheimer's disease (AD) is marked by a devastating decrease in cognitive ability 
which is correlated with a decline in the number of synapses in the hippocampus 
and neocortex. One of the risk factors for development of AD is the gene coding 
for the E4 allele of a lipid carrier protein, apolipoprotein E (APOE, gene). The 
APOE E4 allele is a risk factor for late-onset, familial and sporadic AD while the 
APOE3 and E2 alleles are either neutral (E3) or protective (E2). Another risk 
factor is sex; both the incidence and prevalence of AD is greater in females than in 
males. Since hormone replacement therapy (HRT) decreases the risk and cognitive 
decline of AD, cessation of secretion of ovarian steroids may contribute to the 
greater risk for females. To explore the possibility that allelic variation and 
estrogen deprivation interact, we compared hippocampal spine and synapse density 
in human transgenic APOE4 and E3 mice ovariectomized (OVX) or sham OVX at 
14 months of age. Using intracellular dye injections and synaptophysin 
immunoreactivity, we found that, when compared to their sham OVX siblings, 15 
month old E4 mice deprived of estrogen for 5 weeks showed a statistically 
significant decrease in CA1 pyramidal neuron spine density and synaptophysin 
staining in the stratum radiatum. In contrast, there were no significant differences 
between the E3 OVX mice and their sham OVX siblings. These data suggest that 
APOE4 females deprived of estrogens are at a greater risk for the pathology of AD 
than E3 females and underscore the need for early intervention with HRT. 
(Supported by NIH 5 T32 AG00029, P5OAGO5128 [Project 2], and Alzheimer’s 
Association IIRG-95136.)

542.5

IMPAIRED BLOOD-BRAIN BARRIER IN APOLIPOPROTEIN E 
KNOCKOUT MICE. S, M, Fullerton1*. G, A. Shirman2, W. J. 
Strittmatter1,2,4, W. D. Matthew1,2,3 Departments of ‘Neurobiology, 2Medicine 
(Neurology), ’Pediatrics and ‘The Deane Laboratory, Duke University 
Medical Center, Durham, North Carolina 27710.

Apolipoprotein E is a 39kD plasma lipoprotein that also plays a significant 
role in the central nervous system. It is well established that APOE 
genotype affects susceptibility to Alzheimer’s Disease (AD) and recovery 
from neurological insults. However, the function of apoE within the brain 
remains undefined. To gain insight into the role of apoE within the 
nervous system we examined apoE deficient mice (apoE KO). We find 
that apoE KO mice have an impaired blood-brain barrier (BBB). Using 
extravasation of Evans blue (EB) dye in the brain as a diagnostic for BBB 
integrity, we find dye leakage within apoE KO brains. Extravasation of 
EB was found extensively in cerebellum but is also observed in cortical 
and subcortical locations. This BBB breakdown is specific for the apoE 
KO compared to wild-type (WT) mice and is confirmed by the presence of 
immunoglobulin in apoE KO brain tissue using both immunocyto-
chemistry and Western blotting. These observations support a role for 
apoE in maintaining the integrity of the BBB and may provide insight into 
the relationship between apoE and neural injury. Supported by the Deane 
Laboratory Association, the Zeist Foundation, Duke University Department of 
Neurobiology, Duke Neonatal Perinatal Research Institute, the Joseph and 
Kathleen Bryan Alzheimer’s Disease Research Center and Glaxo-Wellcome.

542.6
TRUNCATED APOE IN HUMAN BRAIN: FACT OR ARTIFACT?
J..-A. M. McQuade, D.S, Zhang, and K.A. Crutcher *. Dept. of Neurosurgery, U. 
of Cincinnati, Cincinnati, OH. 45267-0515

Apolipoprotein E (apoE) has been identified as an isoform-specific risk factor 
for the development of Alzheimer’s Disease (AD). One hypothesis asserts that 
truncated N-terminal apoE (t-apoE), which is detected in AD and control brain 
tissue, is a source of neurotoxicity (Crutcher et al., 1997). This study was designed 
to test the hypothesis that t-apoE is produced in vivo.

Human brain samples ( confirmed AD and control cases ) were obtained from the 
Research Unit in Brain Aging at the U. of California, Irvine. The tissue was 
separated into gray and white matter and homogenized in RIPA buffer containing 
protease inhibitors (Marques, 1997). In addition, tissue from temporal lobe 
resections from epilepsy cases (U. of Cincinnati) was used for experiments in 
which exogenous apoE was added to homogenates in the presence or absence of 
protease inhibitors. Following Western blotting and SDS-PAGE, apoE- 
immunoreactive bands were visualized with both polyclonal and monoclonal anti- 
apoE antibodies and quantitated with NIH Image software. Immunohistochemistry 
was performed on fixed cryostat sections and the percent area stained (“apoE 
load”) was determined as described by Cummings et al., 1995 for amyloid.

Western blots revealed that t-apoE is unlikely to be an artifact because there is 
no correlation between postmortem delay and the ratio of full-length apoE to t- 
apoE. Incubation of epilepsy homogenates with exogenous apoE, up to 48 hours, 
did not lead to the appearance of t-apoE. Furthermore, the ratio of t-apoE to full- 
length apoE is greater in the white matter than in the gray matter. ApoE staining 
on AD and control sections was associated with astrocytes, as well as plaques in 
AD sections. “ApoE load” in AD cases was found to correlate positively with 
apoE genotype and disease duration. In addition, “apoE load” was found to 
correlate negatively with cognitive status. Supported by The Alzheimer’s 
Association and The Fraternal Order of Eagles.
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542.7

THE ROLE OF APOE POLYMORPHISM ON SLEEP. H. Kadotani1*,
T. Young2, L. Finn2, E. Mignot1. Sleep Disorders Center, Stanford 
Univ., Stanford, CA 94305; 2Dept. of Preventive Medicine, Univ. of 
Wisconsin-Madison, Madison, Wis 53705.

The ApoE4 allele is an established genetic marker for late onset 
Alzeimer's disease. One or two copies of this allele dose dependently 
increases the risk of developing the disorder. Changes in sleep and 
EEG spectra have also been reported in patients of Alzheimer's 
disease, including sleep fragmentation, REM sleep changes and EEG 
slowing. However, little is known about effects of ApoE
polymorphism on sleep in the general population. In this study, a 
population-based random sample of 512 middle-aged adults was 
analyzed for EEG changes and ApoE polymorphism. Current results 
indicate no changes in REM latency or amount of REM sleep but a 
slight ApoE4 dose dependant decreases in stage 4 sleep. Well- 
established effects of the ApoE4 and ApoE2 alleles on LDL and HDL 
were also observed.
Supported by NIH P01-NS23724, RR03186 and AG00164.

542.8
APOLIPOPROTEIN-E-ISOFORM LEVELS IN HIPPOCAMPI STAGED FOR 
ALZHEIMER'S DISEASE-RELATED NEUROPATHOLOGY 
W. Rockl, U, Hamker, F. Koster, V. Meske, T.G. Ohm*
Department of Clinical Cell- and Neurobiology, Institute of Anatomy, Charite, 
Humboldt University, 10098 Berlin

Alzheimer's disease (AD) is characterized by a progressive degeneration of 
projection neurons and the deposition of protein agglomerations forming intraneuronal 
neurofibrillary tangles and extracellular AB-amyloid plaques. Especially the 
neurofibrillary tangles spread along anatomical pathways in a predictable manner from 
cortical to cortical area. This spread was used in order to distinguish six stages (Braak 
and Braak, 1991). In rat brain, apolipoprotein E (ApoE), a 34 kDa molecular weight 
protein known to direct lipids, is primarily synthesised in astrocytes. The expression of 
apoE is induced following both PNS and CNS injuries and is thought to be associated 
with re-distribution of lipids during plastic modelling of cells. In humans, three major 
isoforms (ApoE2, E3, E4) differing by a single amino acid can be expressed from the 
alleles e2, e3 and s4. The frequency of the apoE4 alieie is markedly increased in AD, 
and a gene-dosage effect has been observed with regard to the risk of developing the 
disease. The present study was designed to examine apoE protein levels in the 
hippocampus of staged human post mortem brains (Braak and Braak, 1991) carrying 
different apoE genotypes. Using Western blot-techniques of hippocampal protein 
homogenates (n=36) we examined the relationship between the apoE polymorphism 
and AD-related histopathological events. The Braak-staging system allowed us to 
correlate the apoE levels in various genotypes with the progression of the AD disease. 
We found an inverted correlation between the apo E level and the number of the e4 
alleles. With regard to the progression of AD, the apoE level decreased significantly in 
the absence of the e4-allele, whereas no correlation between apo E level and the AD 
progression was detectable in the case of e4 hetero- and homozygotes.
This work was supported by the DFG SFB 507-C2 and OH48/4-2 and 1-4.

542.9

HUMAN APOE ISOTYPES DIFFERENTIALLY MODULATE 
MOSSY FIBER SPROUTING IN ORGANOTYPIC 
HIPPOCAMPAL SLICE CULTURE B. Teter*, J. R. Gilbert1, A.
D. Roses2, P-T, Xu1, D. Galasko3, G. Bu4, G. M. Cole. Veterans 
Administration Medical Center-GLAHS and Department of Medicine, 
University of California, Los Angeles; 'Duke University; 2Glaxo- 
Wellcome R&D; 3Univ. Cal. San Diego; 4Washington University.

The function of apolipoprotein E (ApoE) in neuronal sprouting may 
contribute to its isotype-specific risk for Alzheimer's disease. The in 
vitro organotypic hippocampal slice culture (OHSC) system shows 
granule cell mossy fiber sprouting in response to deafferentation of 
the entorhinal cortex, as revealed by quantitative Timm’s staining. 
ApoE knockout (ApoE-KO) OHSC show defective sprouting which 
was completely rescued by expression of a human ApoE3 transgene, 
while incompletely rescued by ApoE4. The defect in ApoE4 is a gain- 
of-deleterious-function as shown by reduced sprouting when its 
expression level is doubled. Mossy fiber sprouting was inhibited by 
the ApoE receptor antagonist RAP, implicating a receptor-mediated 
mechanism. These studies may facilitate pharmacogenetic 
optimization of therapeutics that target human ApoE, like antioxidants 
and antiinflammatories, and estrogen which increases ApoE 
expression in the human ApoE genomic promoter-driven transgenic 
OHSC. Supported by UCLA Claude Pepper Older Americans’ 
Independence Center funded by the NIA (AG-10415) and VA 
MERIT to B.T.

542.10
MODULATION OF AB DEPOSITION IN HIPPOCAMPAL SLICE 
CULTURES BY TRANSFORMING GROWTH FACTOR BETA AND 
APOLIPOPROTEIN E. M.E. Harris-White*, Z.Balverde, G.M. Cole, G. 
Bu1, J.R. Gilbert2, A.D. Roses3, P.T. Xu2, D. Galasko4 and S.A. Frautschy.
Veterans Administration Medical Center-GLAHCS and Department of 
Medicine, UCLA, Sepulveda, CA 91343; 'Washington University; 2Duke 
University; 3Glaxo-Wellcome R&D; 4UCSD, Department of Neurology 
and VAMC, La Jolla.

In the Alzheimer disease (AD) brain, senile plaques contain several 
proteins and cytokines, such as beta-amyloid protein (AB), transforming 
growth factor beta (TGFB), and apolipoprotein E (ApoE), which may 
contribute to the process of neurodegeneration. It has previously been 
reported that TGFB can increase ApoE mRNA and secretion. A sizable 
pool of AB rides on carrier proteins, particularly high density lipoproteins 
containing ApoE. We hypothesize that there is an interaction between 
ApoE, TGFB and AB deposition. We have previously shown that all three 
isoforms of TGFB (1,2 and 3) can increase AB accumulation within slice 
cultures. However, there are striking differences in the pattern of AB 
immunoreactivity (ir) among the three isoforms. TGFB 1 or 3 target ABir 
mostly to microglia cells whereas TGFB2 targets ABir to neurons. Using the 
ApoE receptor antagonist RAP, cellular targeting of AB within slice cultures 
was disrupted, implicating a receptor-mediated mechanism. We will also 
discuss the results of slice culture studies using Apo E knockout and human 
ApoE3 and E4 transgenic mice. Supported by a VA Merit Award to
M.E.H.W.

542.11

EXPRESSION AND REGULATION OF APOLIPOPROTEIN E 
RECEPTORS IN THE CELLS OF THE CENTRAL NERVOUS SYSTEM 
IN CULTURE
Q-W, Fan'*, I, Jogbe', H. A$ou2, K. Yanagisawa', and M, Michikawa1
1) Dept. of Dementia Res., Natl. Inst, for Longevity Sci., 36-3 Gengo, 
Morioka,Obu, Aichi 474-8522, Japan, 2) Dept of Neuro-cell Biol., Tokyo 
Metropolitan Inst, for Gerontol., Tokyo, Japan.

The importance of apoliporotein E (apoE) in the central nervous system 
(CNS) has become increasingly clear with reports in 1993 describing the 
possession of the apoE allele e4 as being a major risk factor for Alzheimer's 
disease. ApoE is one of the major apolipoproteins that acts as a ligand for 
the cellular uptake of lipoproteins via apoE receptors in the CNS. However, 
the pattern of expression of apoE receptors in the CNS has not yet been 
determined in detail. The low-density lipoprotein receptor (LDLR), very low- 
density lipoprotein receptor (VLDLR), LDLR-related protein (LRP), and apoE 
receptor 2 (apoER2) are known to bind to and internalize apoE-containing 
lipoproteins. In the current study, we examined the expression of these apoE 
receptors in cultured neurons and glial cells isolated from rat brain by in situ 
hybridization and RT-PCR. Consistent with previous reports, all of these 
receptors were expressed in both neurons and astrocytes. In addition, the 
four types of receptors were also found to be expressed in microglia and 
oligodendrocytes. We further examined the regulation of the expression of 
these receptors by altering the cholesterol metabolism. Among the receptors 
examined, only LDLR expression was down-regulated following 
internalization of lipoprotein cholesterol and up-regulated following 
suppression of cholesterol biosynthesis with compactin, in neurons and 
astrocytes. These data suggest that LDLR, VLDL, LRP and apoER2 could be 
involved in apoE-mediated lipid uptake in the cells of the CNS.

542.12
PEPTIDES CORRESPONDING TO THE RECEPTOR BINDING REGION OF 
APOLIPOPROTEIN E EVOKE INTRACELLULAR CALCIUM TRANSIENTS 
IN SK-N-SH NEUROBLASTOMA CELLS. C.R, Gutman1*, W.D. Matthew124, 
S.V, Pizzo3. P.T. Laskowitz4 Depts. of ‘Neurobiology, 2Pediatrics, 3Pathology and 
4Medicine (Neurology) Duke Univ. Med. Ctr., Durham, NC 27710
Apolipoprotein E (apoE) is a 299 amino acid protein with a wide range of in vitro 
and in vivo effects on neuronal and glial cells. These biologic actions include: 
potentiating growth factor function, altering neurite outgrowth, reducing TNFa 
secretion in microglial cultures, and effecting the course of recovery after acute 
brain injuries and susceptibility to developing Alzheimer’s Disease. The 
mechanisms by which apoE exerts these effects remain undefined. To investigate 
the possibility that apoE functions by intracellular signaling we examined apoE 
evoked changes in [Ca2+]i in the human SK-N-SH neuroblastoma cell line. We used 
recombinant human protein to show that 50nM apoE evokes a transient increase in 
[Ca2+]i- To determine if it is the receptor binding region of apoE that evokes this 
Ca2+ signal, we used synthetic peptide corresponding to the receptor binding region 
of apoE (residues 130-149). This peptide produced comparable increases in [Ca2+]p 
but required a higher concentration, (lOpM). A scrambled peptide of residues 130- 
149 did not induce any change in [Ca2+]j. To further determine which residues of the 
receptor binding region are necessary for this Ca2+ signal, we designed peptides 
truncated at the carboxy- and amino-termini. Peptide 133-149 evoked increased 
[Ca2+]| at 100pM, while peptide 130-146 had no effect at 200p.M. Our results 
suggest that the receptor binding region of apoE may mediate its biologic effects, 
and that residues 147-149 are critical for Ca2+ signaling. Supported by: the Joseph 
and Kathleen Bryan Research Foundation to CRG; Neonatal Perinatal Research 
Institute, the Zeist Foundation and the Deane Laboratory to WDM, HL-24066 to 
SVP; and the Charles Culpeper Biomedical Research Initiative and NIH 
IKO8NS01949 to DTL.
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542.13

NEURONAL INJURY-INDUCED EXPRESSION AND RELEASE OF GLIAL 
APOLIPOPROTEIN E: EVIDENCE FOR A SOLUBLE NEURONAL MEDIATOR.
J.Saura1*, V.PetegnieF. N.de Gregorio-Rocasolano3, Y.Liang2 and S.M.Paul1'2. 1 Dept 
of Pharmacology and Toxicology and Psychiatry, I.U. School of Medicine, 
Indianapolis, IN 46202; 2Neuroscience Discovery Research, Lilly Research 
Laboratories, Indianapolis, IN 46285; 3 Neurobiology Unit, Institut d'Investigacions 
Biomediques de Barcelona, CSIC, 08034 Barcelona, Spain.
Apolipoprotein E (apoE), a secreted lipid-binding glycoprotein produced 
predominantly by glial cells in the CNS, plays a key, yet unknown, role in the 
pathogenesis of Alzheimer’s disease (AD). In the APPv7l7F transgenic mouse the lack 
of murine apoE dramatically reduces Ap deposition and plaque formation. Head 
injury, a condition leading to increased apoE secretion in brain is also a risk factor for
AD. Both observations suggest that increased apoE levels may be involved in the 
pathogenesis of AD and that reducing glial apoE expression/release could represent a 
new approach to AD therapy. To better understand the cellular mechanisms involved 
in neuronal injury-induced apoE expression/release we have characterized an in vitro 
model in which an increase in glial apoE production is triggered by neuronal injury. 
Exposure of fetal rat cortical neuron/glia cultures to 100 fiM N-methyl-D-aspartate 
(NMDA) results in a time-dependent increase in apoE mRNA followed by increases in 
intracellular and secreted apoE. NMDA-induced neuronal injury is accompanied by 
an up-regulation by 3 days of GFAP and ED-1, astroglial and microglial markers 
respectively. No increased glial proliferation, measured by bromodeoxyuridine 
incorporation, is observed until day 5 post-lesion. In order to establish whether the 
increase in glial apoE expression/release induced by neuronal injury is due to the loss 
of neuronal-glial cell contact or is mediated by a soluble factor(s) released from 
dead/dying neurons, conditioned media from NMDA-treated neurons was transferred 
to glial cultures. A soluble neuronal extract was also prepared and added to glial 
cultures. In both cases, a marked increase in secreted apoE was observed with 
concomitant increases in NO release and apolipoprotein J secretion and NFk B 
activation. This factor(s) is currently being characterized and preliminary data suggest 
it is of relatively high Mw (>100 kDa).

542.14
Effect of Apolipoprotein E on calcium homeostasis. I. Veinbergsb, V. J. 
Sandersa*. M. Mallorya, E. Masliahab. University of California, San Diego, 
School of Medicine, Depts of Neurosciencesa and Pathology.
Increased risk of Alzheimer’s Disease is related to the presence of allele 4 of 
apolipoprotein E (apoE). Recent studies suggest that apoE plays a neurotrophic 
function in the central nervous system and that altered functioning of this 
molecule could result in neurodegeneration. Even though the role which apoE 
plays in the central nervous system to protect neurons against injury is not 
fully understood, recent studies have suggested that apoE might be involved 
through the regulation of cholesterol content in the neuronal plasma membrane, 
stabilization of the cytoskeletal structure and/or regulation of neuronal calcium 
homeostasis. As to the latter mechanism, recent studies have shown that apoE 
might regulate synaptic function via elevation of neuronal cytoplasmic calcium 
through the mobilization from intercellular calcium stores and influx of calcium 
into neurons. To further determine the function of apoE in calcium 
homeostasis, we studied the effects of recombinant apoE on the expression of 
the calcium-binding protein, Calbindin-D K28 (CB) and intercellular calcium 
levels in PC 12 cells. In vitro administration of low levels of recombinant apoE 
altered CB expression and intercellular calcium levels. Several studies support 
the contention that CB is involved in the regulation of calcium homeostasis, 
either by buffering intracellular calcium or by modulating calcium influx 
through voltage dependant calcium channels. In this context, we hypothesize 
that differential expression of the apoE isoforms might be associated with 
changes in the expression of calcium-binding proteins such as CB, and altered 
calcium homeostasis Supported by NIH A610869, The Alzheimer’s Foundation 
and The Broad Foundation.

542.15

APOLIPOPROTEIN E-MEDIATED LIPID EFFLUX FROM NEURONS 
AND ASTROCYTES IS ISOFORM-SPECIFIC.
M. Michikawa*, O -W, Fan, and K. Yanagisawa
Department of Dementia Research, National Institute for Longevity Sciences,
36-3 Gengo, Morioka, Obu, Aichi, 474-8522 Japan.

The mechanisms and pathways of lipids removal from intracellular sites 
of accumulation to extracellular acceptors in the central nervous system 
(CNS) remain poorly understood. We examined apoE-mediated cholesterol 
(Choi) and phosphatidylcholine (PQ efflux from cultured neurons and 
astrocytes. Cultured neurons and astrocytes in 12-well dishes were prepared 
from the cerebral cortices of E17 fetal rats. The cultures were labeled with 
[14Cjacetate in DMEM containing 10 % FBS for 24 h. The cultures were then 
washed in DMEM and incubated with human recombinant apoE2, E3 and E4 
at various concentrations. The media were collected after appropriate 
incubation times and the released lipids extracted by chloro fomrmethanol 
(2:1, v/v). The lipids of the cells were extracted by hexaneisopropanol (32, 
v/v). The extracted lipids were evaporated, reconstituted in chloroform and 
separated by TLC The radioactivity associated with Choi and PC was 
quantified by BAS-2500. The typical density profile of the released lipids and 
apoE was examined by density gradient ultracentrifugation. ApoE-mediated 
Choi and PC efflux from both neurons and astrocytes occurred inadose- and 
time-dependent manner, and was inhibited by concurrent treatment with 
brefeldin A and protein kinase C inhibitor, H7. The order of potency of apoE 
in acting as the acceptor of Choi and PC was apoE2>apoE3>apoE4. The 
effluxed Choi and PC assodated with apoE formed HDL-like partides in the 
conditioned medium. The present data indicate that cholesterol metabolism 
is not only regulated by apoE-mediated lipid uptake, but also by apoE- 
mediated lipid efflux in an isoform-specific manner.

542.16
ALPHA-2-MACROGLOBULIN (A2M*) ACTIVATION OF LOW 
DENSITY LIPOPROTEIN RECEPTOR RELATED PROTEIN (LRP) 
INCREASES INTRACELLULAR CALCIUM IN CORTICAL NEURONS. 
B.J. Bacskai1, MQ. Xia1, D.K. Strickland2, G.W. Rebeck1, and B.T.
Hyman1*. Alzheimer Research Unit, Dept. of Neurology, Massachusetts
General Hospital East, Charlestown, MA 02129 and 2 American Red Cross, 
Rockville, MD 20855.

Several candidates implicated in the pathology of plaque formation and 
Alzheimer’s disease, including ApoE, lactoferrin, APP and A2M* converge 
on the receptor LRP. We tested the role of A2M* and it’s ability to elicit a 
calcium signal in primary cultures of mouse cortex using 2-photon confocal 
imaging of indo-1 fluorescence. A2M* (35' nM) evoked a relatively slow 
increase in calcium which required several seconds to peak, and which was 
often prolonged for up to several tens of minutes. This response could be 
blocked by pretreatment with 500 nM RAP. Native a2M, which has not been 
activated by methylamine, was not able to elicit a calcium response in these 
cultures. Although all cells in the mixed cultures were LRP immunopositive, 
only cells with neuronal morphology responded to A2M*. Consistent with 
this, A2M* responsive cells also responded to NMDA and were MAP-2 
immunoreactive. Removal of extracellular calcium or pre-exposure to NiCl2 
abolished the effect of A2M* on intracellular calcium. Therefore, the 
calcium response required extracellular calcium, and was probably mediated 
by activation of calcium channels. Calcium entry was not blocked with the 
calcium channel blockers co-agatoxin IVA, co-conotoxin, verapamil, 
nimodipine, or co-conopeptide MVIIC , suggesting a novel source of calcium 
entry. These results demonstrate a novel signaling role for the 
multifunctional receptor LRP in neurons. Supported by NIH AG 12406.

542.17

CEREBRAL EXPRESSION OF APOC-I AND APOC-III DECREASES IN ALZHEIMER'S 
DISEASE, YET IS NOT INFLUENCED BY APOE GENOTYPE.
C.Petit-Turcotte*, U.Beffert, J.S.Cohn, H.Dilhuydy and J.Poirier.
Douglas Hospital Research Center, Department of Neurology and Neurosurgery, McGill 
University; Clinical Research Institute of Montreal; Institut de Geriatrie de Montreal; McGill 
Center for Studies in Aging.

The cause of sporadic Alzheimer’s disease (AD) is still elusive, although some risk factors 
and key players involved in the onset of the disease have been identified. The association of 
the apolipoprotein E (apoE) 4 allele with AD has given renewed interest in the 
comprehension of cholesterol and lipoprotein metabolism, both in healthy and AD situations. 
Our group has been at the forefront of the interest in apoE, and we are now looking into the 
possible physiological modulators of the homeostasis of apoE, with respect to lipid transport 
necessary for neuronal compensation of cell death occuring in AD. Previous reports of a 
modulating action by apoC-l and apoC-lll on apoE-containing lipoproteins in the periphery, 
as well as reports attributing apoC-l as a risk factor for AD prompted us to determine the 
importance of apoC-l and apoC-lll in AD brain structures. By using immunofluorescent 
histochemistry and confocal microscopy, we were able to determine the presence of these 
apolipoproteins in and around cerebral vasculature. Determination of brain tissue levels of 
apoC-l and apoC-lll were done by ELISA and reveals lower levels of apoC-l in AD 
hippocampus, and lower levels of apoC-lll for both AD hippocampus and frontal cortex. 
ApoE genotype has little or no effect on the levels of either of these apolipoproteins in the 
CNS. We are currently genotyping tissue samples of various neurodegenerative diseases 
(AD, Parkinson's disease, amyloid angiopathy) to determine if there is an association 
between apoC-l genotype, apoC-l levels, apoE levels and disease.
Supported by Alzheimer's Society of Canada and Medical Research Council of Canada.

542.18
ROLE OF THE LOW DENSITY LIPOPROTEIN RECEPTOR-RELATED 
PROTEIN (LRP) IN APP PROCESSING. C.U. Pietrzik, D.E. Kang, M.Z. 
Kounnas, R. Katzman* and E.H. Koo, Department of Neurosciences, 
University of California San Diego, La Jolla, CA 92093-0691.

The low density lipoprotein receptor-related protein (LRP) is genetically 
associated with Alzheimer’s disease and binds a large number of extracellular 
ligands including apolipoprotein E and a2Macroglobulin (a2M), both of which 
are known to form complexes with Ap peptides. LRP has been shown to clear 
Ap - a2M complexes in vitro, but whether this property affects Alzheimer’s 
disease pathogenesis is still uncertain. Since LRP is a receptor for APPs and 
may indirectly associate with full length APP by the adaptor protein FE65, we 
asked whether LRP is directly or indirectly involved in APP processing. To 
address this question, we cultured mouse fibroblasts with (+/-) or without (-/-) 
LRP expression and stably transfected them with human APP 695. To 
characterize LRP dependent APP processing, we measured Ap peptide levels 
in the media of these cells. In the presence of a2M there was a significant 
decrease of Ap levels in the media of LRP expressing cells. When RAP, a 
well characterized antagonist of LRP binding, was added to the cells, equal 
amounts of Ap levels were detected in the media of the different cell types. 
These findings therefore confirmed published reports of Ap clearance but 
more importantly, showed that Ap production and release is not dependent on 
LRP. We are currently characterizing the trafficking of APP in the LRP +/- and 
-/- cells to determine if subtle changes in APP processing are present.
Supported by grants from the Deutsche Forschungsgemeinschaft and Allied Signal Award.
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543.1
APOLIPOPROTEIN E-CHOLESTEROL LIPOSOMES INHIBIT EPISODIC 
SHORT-TERM MEMORY IN APOLIPOPROTEIN E-KNOCKOUT MICE.
T. Laksafoss1, G.R.J. Christoffersen2 and O S. Jorgensen1*. 1 Laboratory of Neuro-
psychiatry, Rigshospitalet-6102, DK-2100 Copenhagen, Denmark and NeuroSci- 
ence PharmaBiotech, 2 Neuroscience Centre for Cognition & Memory, Univ. of 
Copenhagen, DK-2100 Copenhagen, Denmark.

An important histopathological marker of Alzheimer's disease (AD) is the depo-
sition of p-amyloid (AP) fibrils in the cerebral cortex mainly composed of Ap(l-40) 
and Ap(l-42). The E4 allele of apolipoprotein E (ApoE4) is a risk factor in AD. 
ApoE4 binds to the Ap fibrils and may participate in Ap-mediated cytotoxicity.

It has been shown previously that ApoE-knockout mice are impaired in episodic 
short-term memory tests. In order to study the effect of aggregated Ap and its possi-
ble synergy with recombinant ApoE3 and ApoE4 in ApoE-knockout mice, we im-
planted cannulas in both dorsal hippocampi of 9-15 months old ApoE-knockout 
mice (C57BL/6Jtm,Unc from Jackson Lab ). 5 days later each hippocampus received 
one 0.8 pi injection of 3.5 pg AP(l-40) or AP(40-l) in combination with either 
vehicle (50 mg/L cholesterol suspension in saline) or with 5.5 ng ApoE3 in vehicle 
or with 5.5 ng ApoE4 in vehicle. All solutions were pre-reacted at 37 °C for 24 h. 
On five consecutive days following the injection the memory of the mice was tested 
twice a day in a water-maze with submerged platform. The difference between swim 
distance in first and second trial of each session was used as memory score. The 7 
control mice injected with only AP(40-l) did not improve the score during the 10 
sessions. The 8 AP(l-40) injected mice were initially unable to find the platform in 
the second trial but eventually performed like tlie controls. However, the 27 mice 
injected with the various ApoE3 and ApoE4 combinations never learned to find the 
submerged platform but were floating and wall-bumping. Thus, the findings suggest 
that ApoE-cholesterol liposomes have toxic properties in the brain of ApoE- 
knockout mice.

543.2
LIPOPROTEIN PROFILES OF NORMAL HUMAN CEREBROSPINAL FLUID 
OF KNOWN APOE GENOTYPE. A.M. Fagan1*, L.H.Younkin2, J.C. Morris', 
K, Phillips1, S.G. Younkin2 and D.M. Holtzman1. 'Dept. of Neurology, 
Washington University School of Medicine, St. Louis, MO 63110; 2Mayo Clinic 
Jacksonville, Jacksonville, FL 32224.

The e4 allele of apolipoprotein E (apoE) is a risk factor for Alzheimer’s 
disease (AD) via an unknown mechanism(s). ApoE is a major apoprotein in 
cerebrospinal fluid (CSF) where it is found within lipoproteins (LP) the size of 
plasma high density lipoproteins (HDL). Since apoE phenotype (E2, E3, E4) is 
known to affect plasma lipid profiles, and apoE3 and apoE4 preferentially 
associate with different classes of plasma LPs in vitro, we investigated whether 
CSF LPs from cognitively normal individuals differ in their lipid profiles as a 
function of apoE genotype. CSF (30ml) and plasma of known apoE genotype (3/3, 
3/4, 4/4) was obtained from cognitively normal elderly subjects (mean age 74.4 ± 
4.27 years) (Clinical Dementia Rating=0) after overnight fasting. CSF LPs were 
isolated via gel filtration chromatography, and fractions were analysed for 
phospholipid (PL), triglyceride (TG), total cholesterol (TC), free (FC) and 
esterified (CE) cholesterol, apoE, and amyloid-(3 (A(3). ApoE levels in CSF and 
plasma did not differ as a function of apoE genotype. Interestingly, there was no 
correlation between lipid (TC, TG) levels in CSF and plasma, suggesting 
independent regulation of LP metabolism within the blood-brain barrier. CSF LPs 
were HDL-like in size, composed of ~48%PL, ~33%FC, ~15%CE, and ~4%TG. 
With the number of samples processed to date, this profile did not differ as a 
function of apoE genotype. Endogenous soluble A(34o and Af342 were found to co-
elute with CSF LPs. Experiments are under way to investigate whether levels of 
A(340 and A(J42 which associate with CSF LPs differ according to apoE genotype. 
(Support: NIH AG00861-01, AG05681-16, AG03991-16, AG13956, and a grant 
from the University of MO Alzheimer’s Disease and Related Disorders Program)

543.3

INCREASED LEVELS OF APOLIPOPROTEIN E4 ACCELERATES 
AMYLOID DEPOSITION IN APPSW TRANSGENIC MOUSE BRAIN 
D.B. Carter^B. Dunn, D.D. McKinley, T.P. Boyle, S.L. Kuiper, R.J. Weaver,
T.J. Vidmar, J.A. Boiler, D.J.Lennon, N.C. Stratman, M.E. Gurney, A
transgenic mouse line which expresses human apolipoprotein E4 (Apoe4) 
protein in the brain and liver under the control of the human transferrin 
promoter was generated. This line was crossed with a transgenic line of mice 
overexpressing the human amyloid precursor protein with the Swedish mutation 
(APPsw) under the control of the human prion promoter developed by K. Hsiao. 
Progeny selected for characterization were: APPsw+/'xApoe4+/" and APPsw+/' 
littermates. Their brains were analyzed for 70% formic acid extractable amyloid 
beta (Ap(i.40)and AP(1_42)) by ELISA, immunohistochemistry and by thioflavin S 
fluorescence to detect and measure A(3 deposition as a function of age. When 
the AP brains of the APPxApoe4 was compared by ELISA to Ap extracted from 
the brains of the APP singly transgenic animals at 4.8, 6, 8, 10 and 12 months, 
the 8 and 10 month groups showed robust statistically significant increases. 
Immunohistochemical stain with the monclonal antibody 4G8 and thioflavin S 
stain in brains collected at 10.5 months showed statistically significant increases 
in the cortex, olfactory bulb and hippocampus of the double transgenic versus 
the APP single transgenic animals. These data indicate that higher brain levels 
of Apoe accelerates the accretion of Ap in transgenic mouse brain. The data 
support the hypothesis that Apoe is involved mechanistically in the deposition 
or clearance of Ap from transgenic mouse brain.

543.4

APOLIPOPROTEIN E4 ACCERELATES DEMENTIA AND INCREASES 

CEREBROSPINAL FLUID TAU LEVELS IN ALZHEIMER’S DISEASE. 

M, Kanai1*, M, Shizuka1. K, Urakami2. E. Matsubara1. Y. Igeta. Y. 

TomidokorQ.M, Ikeda, K. Ishiguro, Y, Harigava1. K. Okamoto1 and M,

SilQjiS ’Dept. of Neurology, Gunma Univ., Maebashi, Gunma, 371-8511; 

’Division of Neurology, Tottori Univ., Yonago, Tottori, 683-8504; JAPAN.

To examine the effect of apolipoprotein E (ApoE) 4 on the progression of 

Alzheimer's disease (AD), the clinical course (a mean period of 20 months) of 

33 AD patients (17 cases with ApoE e4 (ApoE 4 group) and 16 cases without 

ApoE e4 (non-ApoE 4 group)) was evaluated with the Mini-Mental State 

Examination (MMSE) and cerebrospinal fluid (CSF) biological markers. 

The decline of MMSE scores to zero was shortened in the ApoE 4 group 

(p<0.05). During a mean follow-up of 20 months, a significant increase of 

CSF tau levels was observed in the ApoE 4 group (p<0.05). A lower level of 

CSF Af)l-42(43) was found in both the ApoE 4 and non-ApoE 4 groups than 

in age-matched normal controls (p<0.01). The ApoE £4 allele accelerates 

the progression of dementia and increases the levels of CSF tau in AD 

patients.

543.5

LIPIDATION OF APOE INFLUENCES ISOFORM SPECIFIC INTERACTION WITH 
ALZHEIMER'S Ap PEPTIDES
T. Tokuda? M. Calero,1 E. Matsubara? R, Vidal,1 S.Ferris?* J. Smith,4 M. Ladu? A.
Rostagno? B. Frangione' and J. Ghiso1 Dept. of 'Pathology and ’Psychiatry. NYU 
School of Medicine, New York, NY 10016? Dept Neurology . Gunma Univ., Gunma 
371-8511, Japan; ’Biochemical Genetics & Metabolism, The Rockefeller Univ., New 
York, NY 10021. and 5Scios Inc.. Sunnyvale. CA 94086.

Genetic studies have shown that inheritance of apoE4 is a significant risk factor for 
Alzheimer’s disease (AD), decreasing the age of onset and duration of disease. In 
addition, apoE colocalizes with cerebral amyloid deposits in these patients. Its three 
major isoforms in humans (E2, E3 and E4) are products of three alleles at a single gene 
locus. The isoforms bind AB peptides in vitro and in vivo, leading to the formation of 
complexes. Differences in their binding as well as in their biological significance have 
been reported. Recent studies suggested that the lipid-association of apoE may have an 
important effect on its interaction w ith AB. We examined the binding of lipid-associated 
and delipidated apoE3 and E4 isoforms to AB utilizing a solid-phase binding assay and 
estimated the dissociation constants for the interaction of various apoE and AB species. 
When produced by RAW 264 and HEK 293 transfected cells, apoE3 had greater affinity 
than apoE4 for both AB1-40 and AB1-42. Delipidation decreased their affinity for AB 
peptides by 5- to 10-fold and abolished the isoform-specificity. Conversely, 
incorporation of delipidated apoE isoforms from baculovirus-infected Sf9 cells into 
reconstituted human HDL particles restored the affinity values for AP peptides and 
resulted in preferential binding of apoE3. The data demonstrate that lipid-associated 
apoE3 binds to Ap peptides with 2 to 3 fold higher affinity7 than lipid-associated apoE4. 
Since the isoforms binding efficiency inversely correlate inversely with the risk of 
developing late-onset Alzheimer’s disease, the results suggest a possible involvement 
of apoE E3 in the sequestration and/or clearance of AB as one of the mechanisms 
underlying the pathology of the disease.

543.6
APOE AND AMYLOID/APO E EFFECTS ON HUMAN 
NEUROBLASTOMA SKNSH-SY 5Y CELLS. C. Soulie1, S. Ferreira2, A. 

Delacourte2 and M.L. Caillet-Boudin2^. 1 : CNRS UMR8602 156, rue de 

Vaugirard 75730 Paris cedex 15, France.2: INSERM U422, 1 place de Verdun 

59045 Lille cedex, France.
Apolipoprotein E (apo E) is the major apolipoprotein synthesized in the 

central nervous system, and its role is preponderant in neurobiology : it seems 
to be involved in repair, maintenance of myelin, and integrity of the central 

nervous system. Apo E is recognized as a risk factor for Alzheimer’s disease 

and immunolocalized with the two hallmarks of the disease : neurofibrillary 
tangles and amyloid plaques. Here, we report the effects of the different apo E 
isoforms on the viability of the human NGF-differentiated SKNSH-SY 5Y 

cells. Cell viability was affected by these apo E treatments and this toxicity 
was accompagnied by neurites shrinkage. Apo E toxicity was amplified by co 
incubation with lOpM amyloid peptide (A() 1-42) which was not toxic at this 

concentration in our SY 5Y cell model. During these experiments, apo E was 
partially proteolyzed in 22 and 10 kDa fragments found in the medium culture. 

In conclusion, this work shows that apo E can be toxic for neuronal cells in 

some conditions. This toxicity affected cell morphology and resulted in apo E 

proteolysis like in vivo since these products were identified in brain or CSF of 

Alzheimer’s patients.
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543.7
SPECIFIC DOMAINS OF (3-AMYLOID INFLUENCE ITS ASSOCIATION WITH 
APOLIPOPROTEIN E3. G,W, Mhnsflik'. A-E-RoW Y,-M, Kuo,2 .SM Gilligan,1 
C.A, Reardon,‘G.S, Getz1 and MJ, LaD.U3*- ‘Dept. of Pathology, Univ. of Chicago, 
Chicago, Illinois 60637; 2Sun Health Research Institute; and 3Scios, Inc.

Extracellular senile plaques composed predominantly of fibrillar p-amyloid (A (3) are 
a major neuropathological feature of Alzheimer’s disease (AD). Genetic evidence 
and in vivo studies suggest that apoE may contribute to amyloid clearance and/or 
deposition. In vitro studies demonstrate that native apoE2 and E3 form a SDS-stable 
complex with A(3 (1-40) while apoE4 forms little such complex. Our current work 
extends these observations on in vitro SDS-stable apoE.Ap complex formation by 
presenting evidence that apoE3 binds to the specific forms of AP found in senile 
plaques. Approximately 50% of AP found in senile plaques is a peptide which starts 
at residue 3-Glu in the form of pyroglutamyl. Peptides starting at 1-Asp account for 
30% of the total, with 20% of this species isomerized at the 1-Asp and 7-Asp 
positions. Both of these peptides form a SDS-stable complex with apoE3, though 
with slightly less abundance than Ap (1-42). This suggests that apoE-mediated 
clearance or deposition of these amyloidogenic peptides may be feasible in vivo. In 
addition, we used apoE3 and Ap(l-40), (1-42), and various AP fragments (1-28; 12- 
28; 13-40; 17-40; 1-5; 1-12; 1-16; 13-20; and 12-42), either directly in binding assays 
or as competitors, to identify the domain(s) of Ap involved in complex formation with 
apoE. SDS-stable complex formation with apoE appears to depend on residues 12-28 
of the peptide, with complex formation further enhanced by the presence of residues 
at the C-terminus of Ap. These results contribute to our understanding of the 
biochemical basis for the SDS-stable apoE3:Ap and support the hypothesis that Ap 
may be transported in vivo as a complex with apoE.

(FUNDING: American Health Assistance Foundation; Alzheimer’s Association (RGI- 
96-053])

543.8

IMPLICATIONS FOR a2-MACROGLOBULIN IN PROTECTION AGAINST 
AB TOXICITY IN CULTURED HUMAN CEREBROVASCULAR SMOOTH 
MUSCLE CELLS.
Jx-Qayis§, R.B. ,.DeMattQs\ D,L, Williams11, and. W-E, Van Nostrand5*.
Departments of Medicine5 and Pharmacology11, State University of New 
York, Stony Brook, Stony Brook, NY 11794-8153.

Cerebrovascular deposition of the 39-43 amino acid amyloid B-peptide 
(AB) is a key 'pathological lesion of Alzheimer’s disease and hereditary 
cerebral hemorrhage with amyloidosis Dutch-type (HCHWA-D). Our 
laboratory has reported that freshly solubilized AB,.^ with the E22Q 
(HCHWA-D) mutation causes pathologic responses in cultures of primary 
human cerebrovascular smooth muscle (HCSM) cells including a robust 
decrease in cell viability and a striking increase in cellular ABPP and 
soluble AB.

While investigating factors which modulate AB toxicity in HCSM cells, 
we found that conditioned culture medium from N2A mouse 
neuroblastoma cells blocked the toxic effects of HCHWA-D AB1-40. 
FPLC size exclusion fractionation of N2A conditioned culture medium 
revealed a protein approximately the size of a2-macroglobulin (a2M) in the 
protective fractions. Subsequent immunoblotting studies supported the 
identity of this protein in the protective fractions to be a2M. Receptor 
associated protein (RAP) failed to modulate the protective activity in these 
fractions suggesting that the mechanism is not mediated through the 
receptor for a2M, LRP. Further studies are underway to elucidate the 
mechanism of a2M ability to block AB toxicity in cultured HCSM cells.

Research funded by SUNY Stony Brook Targeted Research 
Opportunity Program.

543.9

THE EFFECT OF ALPHA-2-MACROGLOBULIN (a-2M) ON 
BETA AMYLOID PEPTIDE 1-42 (AB) INDUCED 
TRANSMITTER RELEASE. J. Hall, K. Lentini and Bruce Gray*. 
Department of Biology, Simmons Colleae, Boston, Ma 02115

Exposure of various forms of the Ap peptide to cultured ciliary 
ganglion ceils from 14 day old chick embryos decreases evoked 
transmitter release, well before and separate from the effects on cell 
survival. Ap peptides (22-35, and 1-42) have also been shown 
by this lab to enhance basal non-evoked ACh release after only 
10 min of exposure to intact cholinergic synapses of the choroid 
coat of the eye. This enhancement of basal ACh release by Ap is 
reversible, calcium-dependent and appears to be receptor- 
mediated, although the nature of this putative receptor mechanism 
is unknown. Alpha-2-Macroglobulin (a-2M) is a peptide shown to 
be a necessary component in receptor-mediated internalization of 
lipids in cells, to have a high affinity binding site for the AB peptide, 
and be correlated to late onset AD in its mutated form (Tanzi et al. 
Nature Gen., 19:357-60, 1998). Here we show that a 10 min 
exposure of pre-aggregated 10 uM Ap (1-42) to intact synaptic 
terminals resulted in a greater than 50% increase of ACh release 
and this enhancement is inhibited by coincubation with 10 uM a- 
2M. This inhibition appears specific, as a-2M did not inhibit 
potassium-evoked ACh release, and competitive as a 5-fold 
increase in Ap concentration restores the enhancement of induced 
ACh release. These results support the hypothesis that the a-2M 
peptide binds to a site either on the Ap aggregate or at a 
membrane receptor where they interact. Supported by Simmons 
Fund for Research Award #399 to BG.

543.10
NF-k B Inhibitors Modulates Ap/cytokine-induced Release of a2
Macroglobulin from Glia Cells. F. Gao **, K. R. Bales2, R. C. Dodel3, B. 
Cordell4, S, M. Paul 1,2,5 and Y, Du1 ‘Departments of Pharmacology, Toxicology 
and 5Psychiatry Indiana University School of Medicine, Indianapolis, IN 46202,2 
Neuroscience Discovery Research, Eli Lilly & Co. Indianapolis, In 46285, 
department of Neurology, Phillips-University, Marburg, Germany, 4Scios, Inc., 
Sunnyvale, CA 94086

a2 Macroglobulin (a2M) is a panproteinase inhibitor which is colocalized 
immunohistochemically to neuritic plaques, a requisite neuropathological feature 
of Alzheimer’s disease (AD). Recently, mutations/polymorphisms of the a2M 
gene/protein were reported to be associated with AD. We have previously shown 
that a2M binds AP petide(s) with high affinity and have proposed that a2M may 
serve to clear Ap via an LRP-dependent mechanism (J. Neurochem 69:299).
Thus, factors which regulate the expression/release of a2M from glia may be 
important in the pathogenesis of AD. Here we show that Ap(i_40), a plaque 
component, as well as IL-la, IL-1P, and IL-6, all pro-inflammatory cytokines 
strongly stimulate release of a2M from primary rat mixed glial cells, the human 
astrocytoma cell line, U373, and the human microglia cell line, HM3. The 
Ap/cytokine-induced release of a2M is attenuated by NF-k B and IkBa/p 
inhibitors. Our data suggest that a2M responds as an acute phase protein mediated 
by activation of NF-k B in cells both rat and human glial cells. As a panprotease 
inhibitor and a NGF/cytokine binding protein, regulation of a2M may play a 
major role in maintaining homeostasis within the brain parenchyma following 
acute and/or chronic brain insults. Since AP, a2m, NF-k B, and pro-inflammatory 
cytokines are upregulated in AD brain, it is tempting to speculate that activation of 
NF-k B may mediate Ap/cytokine-induced release of a2M.

543.11

APOLIPOPROTEIN E SECRETION OF ASTROCYTES TREATED WITH pA4 
IN THE PRESENCE OF LACTOFERRIN, HEPARINASE OR RAP
U. HamkerftV. Meske, F. Albert, T.G. Ohm
Department of Clinical Cell- and Neurobiology, Institute of Anatomy, Charitd, 
Humboldt University, 10098 Berlin, Germany

In the rat brain, ApoE is mainly secreted by astrocytes in a regulated manner. A 
regulation feedback loop involving ApoE-receptors (e.g. LDL, LRP) is likely to 
exist. The peptide pA4 is known to bind to LRP and is found extracellularly in huge 
amounts in Alzheimer’s disease brains. The aim of the present study was 1. to 
demonstrate in rat primary astrocytic cultures the involvement of LDL/LRP or 
HSPG-pathways in the regulation of ApoE secretion and 2. to analyse the interaction 
with PA4. Cells were obtained from pi Wistar rats and cultivated for 14 days. Cells 
were preincubated with either 10 pg/ml lactoferrin or 10 U/ml heparinase I with 5 
mM NaClO3 or 0.1 pM receptor-associated protein (RAP). After 2 h, pA4 (aged in 
PBS for 5 d, final concentration: 10 pM) was added and cells were incubated for 72 
h. ApoE secreted into the media was determined by ELISA, the content of ApoE and 
its localisation in the astrocytes by immunocytochemistry. ApoE in the media of 
control cells was normal and immunofluorescence showed that the Golgi apparatus 
as site of its production was stained, whereas the amount of secreted “free” ApoE in 
the media was drastically reduced in incubations with PA4 and immunofluorescence 
showed a heavily reduced staining for ApoE in the Golgi-apparatus. The reduced 
ApoE in the media was partially due to ApoE scavenged by pA4. When ApoE- 
receptor binding was blocked either with lactoferrin or RAP, or binding was 
inhibited by heparinase I treatment, the ApoE-staining of the Golgi-apparatus was 
almost restored, but “free” ApoE in the media was also scavenged by pA4, as shown 
by double-immunofluorescence.
This work was supported by DFG, SFB 507-C2

543.12
EFFECTS OF CHOLESTEROL ON A0 GENERATION AND INTRACELLULAR 
LOCALIZATION OF APP. S.-J. Lee*, B. Ostaszewski, W, Xia. D.J. Selkoe. 
P.T, Lansbury Jr., and K, S- Kosik, Center for Neurologic Diseases, Harvard 
Medical School and Brigham and Women's Hospital, Boston, MA 02115.

The proteolytic processing mechanisms of amyloid precursor protein (APP), 
especially those cleavages which generate amyloid-P peptide (AP), are one of the 
central issues in the molecular pathogenesis of Alzheimer’s disease (AD). The 
importance of intramembraneous cleavage in the generation of AP suggests that 
membrane composition might play a role in modulating APP processing. 
Interestingly, one of apoE alleles has been identified as a major risk factor for 
AD, and recently, certain pools of cellular APP and AP were found in detergent- 
insoluble glycosphingolipid-enriched membrane fractions (DIG), where choles-
terol is one of the major structural components. Here, we describe the effects of 
increased cellular cholesterol on localization and metabolism of APP. When free 
cholesterol was delivered to CHO cells that were stably transfected with APP751 
using methyl-p-cyclodextrin as a carrier, cellular total cholesterol level was 
increased, whereas both secreted and intracellular AP levels, as well as APPs, 
were decreased in dose- and time-dependent manners. The generation of both a- 
and p-cleaved C-terminal fragments of APP (C83 and C99, respectively) was 
inhibited by cholesterol as well, perhaps explaining the decreased generation of 
AP and APPs. Cholesterol addition completely inhibited normal maturation of 
APP to N+O-glycosylated form through the secretory pathway, and immuno-
cytochemistry showed reduced surface expression of APP in cholesterol-treated 
cells. Subcellular microsomal fractionation confirmed the perturbed localization 
of APP and decreased N+O-glycosylation in cholesterol-treated cells. Together, 
increased cellular cholesterol levels interfere with both amyloidogenic and non- 
amyloidogenic APP metabolism, probably by disturbing normal transport and 
maturation of APP through the secretory pathway and therefore reducing contact 
of the substrate with secretases. (Supported by NIH NS 34719)
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544.1
SPONTANEOUS EPILEPTIFORM DISCHARGES IN CA3 CELLS OF 
PHOSPHOLIPASE C-p 1 MUTANT MICE. Daesoo Kim1’2, Seong Beom Lee1, 
Riccardo Bianchi2, Robert K. S. Wong2*, and Hee-Sup Shin1, J 'Center for Calcium 
and Learning, Pohang University of Science and Technology, Pohang, 790-784, 
Korea; 2Dept. of Physiology & Pharmacology, SUNY Health Science Center at 
Brooklyn, Brooklyn, NY, 11203;3 Dept. of Life Science, Pohang University of 
Science and Technology, Pohang, 790-784, Korea.

Phosphoinositide-specific phospholipase C pi (PLC pi), a major PLC isozyme in 
the hippocampus, mediates the signal transduction of Gq-coupled metabotropic 
receptors. PLC pi mutant mice displayed seizures after 3 weeks of age. 
Hippocampal slices from 38% of homozygous null PLC pi mice 2-3 weeks old 
spontaneously generated synchronized epileptiform discharges. All ictal-like 
discharges were recorded from the ventral hippocampus, interictal bursts were 
observed in dorsal (4/15) and in ventral (3/13) hippocampus. In mutant slices that 
did not demonstrate spontaneous epileptiform activity, action potentials were 
triggered at lower thresholds. Furthermore, these slices showed increased paired- 
pulse facilitation and long burst-like discharges when the paired pulse was delivered 
after a 50 Hz tetanization. We compaired calbindin-, GABA-, NPY-, somatostatin- 
and BDNF-immunoreactivity, and mossy-fiber sprouting in PLC pi null 
hippocampus with wild type according to their age. At postnatal day 14, these 
studies revealed no any difference from wild type. In contrst, the loss of 
somatostatin-positive neurons and increased NPY immunoreactivity, and mossy- 
fiber sprouting were observed only after postnatal day (PND) 30. Thus these data 
indicate that the loss of PLCpi-linked signal transduction pathway result in 
increased excitability of CA3 recurrent axon collateral system, perhaps contributing 
to the behavioral and histological phenotypes observed in PLC p1 mutant mice. 
[Supported by NIH (NS35481) and CRI prgram, Korea]

544.2
DECREASED LEVELS OF NEUROPEPTIDE Y5 RECEPTOR BINDING 
SITES IN TWO RAT EXPERIMENTAL MODELS OF EPILEPSY. G 
Bregola1, Y. Dumont2, A, Fournier3. S. Zucchini1. R Ouirion2. M. Simonato1*.
'Dept. Pharmacology, University of Ferrara, Italy; 2Douglas Hosp. Res. Ctr., 
Dept. Psychiatry, McGill University, Montreal, QC, Canada, H4H 1R3; 3INRS 
Sante, Universite du Quebec (UQAM), Pointe Claire, QC, Canada.

Neuropeptide Y (NPY) may act as an endogenous anticonvulsant. 
Additionally, Y1 receptor density decreases while Y2 increases in rat models 
of epilepsy, and it has been suggested that the anticonvulsant effects of NPY 
could be mediated by the activation of Y5 receptors. By using an 
autoradiographic approach (Dumont et al., J.Neurosci., 18:5565,1998), we 
investigated whether epilepsy models (kainate and kindling) are associated 
with changes in Y5 receptors. In sham-stimulated rats, [125I][Leu31,Pro34]- 
PYY/BIBP3226-insensitive (Y5) binding sites were unchanged in the 
hippocampus (stratum oriens and radiatum) and in the neocortex, as compared 
to naive control rats. Interestingly, we observed a 70 to 90% decrease of Y5 
receptor density in these two brain structures 1 to 6-h following a kindled 
seizure. Furthermore, Y5 receptors remained lower (50% reduction) in rats 
killed 7 days after the last stimulus-evoked seizure, while no changes in Y5 
binding sites were found in the dentate gyrus and the pyramidal cell layer of 
the hippocampus. Similar results were observed 12 and 24-h but not 6-h after 
kainate injection. As expected, Y1 binding sites were also reduced in these two 
models. These data suggest that both the Y1 and Y5 receptors could play a 
role in epilepsy. Additionally, a long-lasting decrease in Y5 receptor density 
may contribute to the development of epileptic hyperexcitability.
This study was supported by grants from MRC of Canada and CNR of Italy.

544.3

NEUROPEPTIDE Y INHIBITS OXYGEN-INDUCED SEIZURES THROUGH 
THE Y2-Y5 RECEPTOR. N.S. Nadi1’2*, M.J. Swiergosz2, and K. Khalid2 *G. 
Washington U., Washington, DC 20037; 2Nav. Med. Res. Ctr., Bethesda, MD 20889.

Neuropeptide Y (NPY) is widely distributed in the central nervous system and has 
many functions. One emerging function appears to be that of an endogenous 
anticonvulsant We used an in vitro model of seizures (hippocampal cells exposed to 
100% normobaric oxygen) and discovered NPY anticonvulsant activities via the Y2 
and Y5 receptors as determined electrophysiologically using the non-invasive 
method of [3H]-TPP+. Upon induction of seizures by 100% oxygen the release of 
endogenous NPY is increased 65% over baseline. In further experiments the addition 
of NPY to the culture medium blocked the calcium-dependent release of endogenous 
glutamate by 38% and decreased the Bmax of AMPA receptors by 52% compared to 
control cultures. NMDA receptor function was not altered by the addition of NPY to 
the neuronal cultures. Increases in NPY peptide and mRNA following incubation of 
the cell culture with 50 pM sodium valproate further suggested a role for NPY as a 
mediator of anticonvulsant actions. Tissue culture studies have shown that the 
actions of NPY can be partially blocked by antagonists. The partial reversal may be 
due to the lack of absolute specificity of the antagonists or that other factors besides 
NPY have a role as endogenous anticonvulsants. We then tested the effect of 5 pi 
intracerebroventricular (icv) injections of NPY analogs (6 nmol) on hyperbaric 
oxygen-induced seizures in rats. Preliminary findings indicate that the NPY Y2-Y5 
agonist potently delays the onset of motor seizures (64 ±7.6 min), while the Y2 
agonist has exhibited motor seizure latencies (32 ± 5.5 min) similar to controls (24 ±
2.7 min). EEG data collection is in progress and is currently showing a similar 
pattern of mean seizure latency as a fimction of icv injection. The results strongly 
suggest a role for NPY Y5 in the control of seizures and demonstrate the usefulness 
of the in vitro system for the preliminary rapid screening of anticonvulsants. 
Supported by ONR 601153 MR04101.001-1904 & 61152NMR0004.001-1820

544.4
CONTRIBUTION OF SKM2, THE RAT CARDIAC SODIUM CHANNEL, TO 
THE GENERATION OF SEIZURES. S.E. Arze, J.E. Heavner*, Dept. of 
Anesthesiology, Texas Tech Univ. HSC, Lubbock, TX 79430.

Selective blockade of the SkM2 sodium channel increased afterdischarge threshold 
(ADT) in rat amygdala by as much as did non selective sodium channel block with 
lidocaine. The cardiac sodium channel, SkM2, has previously been demonstrated in the 
limbic system of rat brain. We attempted to elucidate the possible role of SkM2 in seizure 
generation using lidocaine-N-ethyl bromide (QX-314), a selective inhibitor of cardiac 
sodium channels when applied to the external cell membrane. Afterdischarges were 
generated by electrical stimulation of the basolateral amygdala of rats in vivo. Lidocaine, 
QX-314, or mock CSF were infused into the ventricular system of three groups of male 
Wistar rats. Concentrations of lidocaine and QX-314 were lpM, 5pM, and 25pM. QX- 
314 and lidocaine produced equivalently significant (p < 0.05) increases in ADT 
(58.05% to 124.67% greater than baseline) while the control group showed no significant 
change from baseline ADT. The anticonvulsant effect of lidocaine has been suggested to 
involve depression of high frequency activation of sodium current. Our findings further 
suggest that the anticonvulsant effect may result specifically from inhibition of the SkM2 
sodium channel in the limbic brain, thus implicating SkM2 sodium channels in the 
generation of seizures.

Percent Difference from Baseline

Research funded by a grant from the American Heart Association.

544.5

BENZODIAZEPINE BUT NOT NEUROACTIVE STEROID ANTICON-
VULSANT ACTIVITY IS REDUCED IN A RAT MODEL OF CATAMENIAL 
EPILEPSY. Doodipala S. Reddy and Michael A. Rogawski*, Neuronal Excitability 
Section, Epilepsy Research Branch, NINDS, National Institutes of Health, Bethesda, 
MD 20892-1408.

Catamenial epilepsy, the cyclical variation in seizure susceptibility in some women 
with epilepsy, may in part be related to withdrawal of the progesterone metabolite 
allopregnanolone (3a,5a-P). In animal models, withdrawal of 3a,5a-P, a positive 
allosteric modulator of GABAa  receptors, results in increased seizure susceptibility. In 
the present study, we evaluated the efficacy of diazepam, phenobarbital and the 
neuroactive steroid 3a,5p-pregnanolone in a rat pseudopregnancy model of catamenial 
epilepsy. Pseudopregnancy was induced by sequential injection of pregnant mare and 
human gonadotropin in 26-day-old female rats. Withdrawal was induced by injection 
of finasteride, a 5a-reductase inhibitor which blocks the conversion of progesterone to 
3a,5a-P. Twenty-four hr after withdrawal from 3a,5a-P there was a significant shift to 
the left of the pentylenetetrazol (PTZ) dose-response curve for induction of clonic 
convulsions (CD50, 46 mg/kg) compared to diestrous controls (CD50, 60 mg/kg), 
indicating increased seizure susceptibility associated with progesterone/neurosteroid 
withdrawal. Withdrawal was associated with a marked decrease in the anticonvulsant 
activity of 4 mg/kg diazepam (PTZ CD50, 164 mg/kg) compared with non-withdrawal 
diestrous controls (PTZ CD50, 226 mg/kg). In contrast, there was no change in the 
anticonvulsant activity of 60 mg/kg phenobarbital (PTZ CD50, 403 vs. 408 mg/kg) 
and 5 mg/kg 3a,5p-pregnanolone (PTZ CD50, 235 vs. 229 mg/kg) compared to 
diestrous control rats and pseudopregnant animals not undergoing withdrawal. These 
results are consistent with recent studies showing enhanced expression of the GABAa  
receptor a4-subunit during neurosteroid withdrawal (Smith et al., Nature 392:926, 
1998), since GABAa  receptors containing this subunit are benzodiazepine-insensitive 
and neurosteroid-sensitive. We conclude that GABAa  receptor modulating neuroactive 
steroids may have utility in the treatment of catamenial epilepsy.

544.6

SEX DIFFERENCES IN HIPPOCAMPAL CA1 RESPONSES IN VITRO. M.D. 
Smith1, L.S. Jones2, and M.A. Wilson1*. 'Dept. Pharm. & Phys., 2Dept. Dev. Biol. & 
Anat., Univ. of SC Sch. of Med.; Columbia, SC 29208.

In both animal and human studies, changes in the endogenous hormonal milieu 
have been shown to alter hippocampal seizure processes. To assess sex differences 
in a functional hippocampal circuit, we compared CA1 population responses 
following Schaeffer collateral stimulation in slices from intact and gonadectomized 
male and female rats (N=6-12 rats per group). Paired pulse (PP) responses were 
tested by stimulating the same afferent twice in rapid succession and comparing the 
response of the second stimulus to that generated by the conditioning stimulus. 
Voltage and time curves were used to assess baseline slice responsiveness and 
stability. Hippocampal excitability was further assessed in each of the four groups 
using the in vitro kindling (IVK) model of slice epileptogenesis. Significant sex 
differences were detected in EPSP parameters, with males demonstrating greater 
EPSP amplitude and duration than females (F=6, P<0.02). Gonadectomy 
significantly decreased both EPSP amplitude (F=9, P<0.003) and duration (F=10, 
P<0.003). No sex difference was detected in population spike amplitude. IVK 
increased population spike amplitude and induced a significant shift in the PP 
response towards inhibition, particularly at short interstimulus intervals (F(7, 
385)=4.6, P<0.0001). The IVK-induced shift was greatest in gonadectomized 
animals and least apparent in intact males. Males showed greater spontaneous burst 
rates than females (F( 1,23)=4.7, P<0.04), a difference eliminated by gonadectomy. 
The number of afterdischarges produced did not differ between hormone groups. 
These results suggest male CA1 responses have either greater excitatory input or 
diminished inhibitory input relative to hippocampi from female rats, which 
functionally alters the regulatory mechanisms underlying epileptogenesis. (Support: 
RO1DA05932 & K02DA00249 to MAW and EFA Fellowship to MDS.)
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544.7

CORTICOSTERONE MODULATION OF LOW MAGNESIUM 
INDUCED EPILEPTIFORM ACTIVITY.
A. Foroughi,1 R.J. Hamm,3* D A. Coulter1,2.
1 Department of Physiology, department of Neurology, 
department of Psychology/Division of Neurosurgery, Medical 
College of Virginia, Virginia Commonwealth University, 
Richmond VA 23298.

Elevated levels of the stress hormone, corticosterone (CORT) 
produce alterations in the morphological and functional 
properties of hippocampal neurons. This study examined the 
effects of CORT on hippocampal excitability, assessed by 
measuring low Mg2+ induced epileptiform activity in combined 
hippocampal-entorhinal cortical slices. Extracellular field 
potentials were recorded simultaneously in dentate gyrus (DG) 
and area CA1 to compare relative changes in population spike 
(PS) amplitude elicited by low frequency stimulations under 
control conditions (n=10) and in the presence of 1 uM CORT 
(n=8). In addition, the intensity of spontaneous burst discharges 
assessed by coastline burst index was monitored upon direct 
application of 1 uM CORT (n=7). Corticosterone induced 
significant augmentation of PS amplitude and spontaneous burst 
intensity relative to controls in both DG and CA1 (ANOVA 
p<0.01). These results illustrate that acute exposure to elevated 
levels of CORT enhances excitability in hippocampal neurons, 
which in turn may contribute to the severity of ongoing 
epileptiform discharges. Supported by NIH-NS32403 to DAC.

544.8

ENHANCEMENT OF MULTISYNAPTIC TRANSMISSION THROUGH THE 
HIPPOCAMPO-ENTORHINO-HIPPOCAMPAL LOOP IN PARTIALLY 
KINDLED RATS IN VIVO. K. Wu* and L. S. Leung Dept. Physiology and Clin. 
Neurol. Sci., Univ. Western Ontario, London, N6A 5A5, Canada

Stimulation of CA3 evoked a long-latency excitation in the dentate gyrus (DG) 
through a multisynaptic hippocampo-entorhino-hippocampal (HEH) loop The 
change of transmission through the HEH loop was studied after fifteen 
afterdischages evoked in CA1 (partial kindling) or low frequency stimulations. At 1 
day, 4 and 12 weeks after stimulation, average evoked potentials in the hippocampus 
were mapped following stimulation of CA3 or medial perforant path (MPP) under 
urethane anesthesia. The monosynaptic excitatory postsynaptic potentials (EPSPs) in 
CA1 following CA3 stimulation was significantly larger in kindled (day 1 group 
only) than in control rats. The population spike (Popspike) in CA1 induced by CA3 
stimulation was not significantly different between control and kindled rats at any 
time after kindling. However, a long-latency (>20ms) Popspike in the DG following 
the 2nd pulse of paired CA3 stimulation was observed 4 and 12 weeks after kindling 
and not in control rats. Current source density analysis revealed that the long-latency 
spike corresponded to a sharp sink (presumed action currents) at the granule cell 
layer of the DG. Similarly, the trisynaptic EPSPs in CA1 following MPP stimulation 
was increased in the all kindling groups, but only statistically significant at 1 day 
after kindling as compared to controls. The trisynaptic Popspike, corresponding to a 
sharp sink in the CA1 cell layer following the 2nd pulse of paired MPP stimulation 
was observed in all kindled groups, but not in control rats. MPP stimulation resulted 
in no significant differences in monosynaptic EPSPs and Popspike in the DG. The 
data suggested that partial kindling resulted in long-lasting enhancement of 
excitatory multisynaptic transmission between the hippocampus and the entorhinal 
cortex, which may play an important role in the epileptogenesis (supported by 
NSERC and Savoy Foundation).

544.9

PHARMACOLOGICAL AND ELECTRICAL STIMULATION OF VARIOUS 
SITES OF THE SUPERIOR COLLICULUS DIFFERENTIALLY INTERRUPT 
ABSENCE-SEIZURES IN THE GENETIC ABSENCE EPILEPSY RAT FROM 
STRASBOURG (GAERS)
K. Nail-Boucherie, C. Marescaux, A. Depaulis-*
INSERM U398, Strasbourg, France.
The central nervous system is endowed with endogenous mechanisms exerting 
inhibitory control over different forms of epileptic seizures. We have previously 
shown, using a genetic model of generalized non-convulsive epilepsy in the rat 
(GAERS), that inhibition of neurons in the substantia nigra pars reticulata (SNpr) is 
capable of blocking both the behavioral and electroencephalogram aspects of these 
seizures. Several lines of evidence suggest that the nigro-collicular pathway plays a 
critical role in this control: (i) bilateral microinjections of GABA agonists in the 
SNpr suppressed absence-seizures, (ii) this effect was reversed by lesion of the 
superior colliculus (SC) and (iii) bilateral microinjections of GABA antagonists in 
the SC also suppressed absence-seizures. To decipher the neuronal circuits involved 
in the anti-epileptic effects obtained by disinhibition of SC neurons, we investigated 
the effects on absence seizures of electrical and pharmacological stimulations at 
various sites of the SC in GAERS. Local blockade of GABAa  receptors, using 
bilateral injection of picrotoxin (65pmole/side in 200 nl), was more effective in the 
posterior than in the anterior part of SC to inhibit absence-seizures. Similarly, 
electrical stimulations (50-200 |lA; 25 Hz; 5 s) applied bilaterally in the posterior 
parts of the SC inteirupted absence seizures more readily than when applied to the 
anterior SC. These results suggest that a subpopulation of collicular neurons is more 
specifically involved in the nigrocollicular control of absence-seizures.
Supported by INSERM and Eli-LILLY.

544.10
PERSISTENT INTERICTAL SPIKING INDUCED BY TRANSIENT 
EXPOSURE TO ADENOSINE ANTAGONISTS IN THE CA3 REGION OF RAT 
HIPPOCAMPAL BRAIN SLICES S. Thummler1'2*, T, V. Dunwiddie1 
1 Department of Pharmacology and Neuroscience Program, UCHSC, Denver, 
USA 2lnstitut fur Pharmakologie und Toxikologie, Universitat Leipzig, Germany 
Hippocampal slices generate epileptiform activity when treated with adenosine 
antagonists. Although some studies have suggested that this is irreversible this 
has been difficult to establish since many adenosine antagonists are difficult to 
wash out of brain slices. To resolve this issue, we studied the effect of non- 
selective (8-pSPT 50, 100 pM) and A1-selective (DPCPX 100 nM, XCC 200 
nM) adenosine antagonists in the CA3 region of rat hippocampal slices using 
extracellular recording. Superfusion with all of the adenosine antagonists 
induced bursting; the burst frequency after 30 min drug treatment was similar 
for the different adenosine antagonists. Typically, the slices showed an initial 
peak in burst frequency, followed either by stable bursting at a lower frequency 
or an oscillating burst frequency with a period of 4-5 min. Identical long-term 
bursting activity was seen whether the water soluble 8-pSPT was washed out, 
or applied continuously. Control experiments using fEPSP responses 
demonstrated that bursting continued at times when 8-pSPT had essentially 
been eliminated from the tissue. When the NMDA-antagonists AP-5 (25, 50 
pM) and MK-801 (10 pM) were applied prior to and during 8-pSPT (100 pM) 
superfusion, persistent bursting did not occur. AP-5 had no effect when applied 
following the initiation of persistent spiking. Similarly, the selective 
calcium/calmodulin-dependent protein kinase inhibitor KN-62 (3 pM)
significantly decreased the long-term effect of 8-pSPT. In conclusion, 
adenosine antagonists initiate persistent spiking in the CA3 region that can be 
blocked by treatments that prevent NMDA receptor-dependent plasticity, 
suggesting that the development of a long-term synaptic plasticity underlies the 
maintenance of epileptiform activity in hippocampal slices.
(Supported by NS 29173 and the Department of Veterans Affairs)

544.11

COLLAPSIN RESPONSE MEDIATOR PROTEIN 4 (CRMP-4) IS EXPRESSED 
VIA A NOVEL TRUNCATED mRNA IN ADULT NORMAL AND EPILEPTIC 
RAT HIPPOCAMPUS. R.C. Elliott* and D.H. Lowenstein. Dept. of Neurology, 
Univ. of California, San Francisco, San Francisco, CA 94143.

In a rat model of human temporal lobe epilepsy, newborn dentate granule 
cells (DGCs) contribute to the aberrant mossy fiber sprouting that follows pilocar-
pine-induced status epilepticus. To gain insight into the molecular mechanisms that 
influence both normal and abnormal mossy fiber pathfinding, we are studying the role 
of the CRMP family of axon guidance-associated molecules in the hippocampus. 
Previous immunocytochemical studies in our laboratory using an antibody presuma-
bly raised against CRMP-2 (TOAD-64) showed protein expression within the hippo-
campal formation that appears limited to newborn DGCs. However, Western blot 
analysis of expressed CRMP proteins indicates that TOAD-64 recognizes CRMP-4, 
not CRMP-2. Furthermore, Western blots of protein homogenates from various brain 
regions suggest that CRMP-4 is more widely expressed in the hippocampus and 
elsewhere than previously thought. To resolve the contrasting patterns of CRMP-4 
protein expression seen with immunocytochemistry and Western analysis, we 
employed in situ hybridization and PCR techniques to analyze levels of CRMP-4 
mRNA in neonatal and adult rat hippocampus. Using in situ probes and PCR primers 
specific for the distal 5' untranslated region (UTR), we found that CRMP-4 mRNA 
was abundant in dentate gyrus sections and hippocampal cDNA libraries of neonatal 
animals but was undetectable in adults; however, portions of the CRMP-4 coding 
sequence were easily amplified from the same adult hippocampal cDNA libraries. 
Further characterization of CRMP-4 mRNA in the adult has identified a novel CRMP- 
4 transcript that retains the known CRMP-4 coding sequence but lacks all but 80 
bases of the 240 base-long 5' UTR previously described. These results suggest that a 
novel CRMP-4 transcript directs CRMP-4 protein expression in the adult, and further 
investigations of the expression profile of this shorter transcript in normal and 
epileptic rat brain and its role in CRMP-4 regulation are ongoing.

This project was sponsored by the American Epilepsy Society, NINDS 
N535628, and the March of Dimes Birth Defects Foundation.

544.12

CHANGES IN THE EXPRESSION OF THE K7C1 COTRANSPORTER 
KCC2 IN A MODEL OF INTRACTABLE EPILEPSY. C. Rivera1'2*. S. 
Sipila1, Z. Emri3, J. Voipio1, M, Saarma2. J. Payne4. T. Freund3. K. Kaila1.
Dept. of Biosciences1, Institute of Biotechnology2, Univ. of Helsinki, Finland
and Hungarian Academy of Sciences3, Budapest, Hungary. Dept. of Human 
Physiology4, Univ. of California Davis , USA.

In a number of in vitro models of epilepsy a deterioration of the inhibitory 
mechanisms has been observed. In the low magnesium model this erosion of 
inhibition has been suggested to contribute to the progression of bursts in the 
rat hippocampal slice (Whittington 1995, et al. J. Physiol. 486:723). We have 
recently shown that the K+/CF cotransporter KCC2 is essential for the fast 
hyperpolarizing effect of GABAa receptors (Rivera et al. 1999, Nature 
397:251). In this study we have examined changes in the expression patterns of 
KCC2 at different time points after the onset of spontaneous activity in the low 
magnesium model. A main finding was an increase in the expression of KCC2 
in the CA3 region and a down-regulation in CA1, the latter being accompanied 
with a positive shift in the reversal potential of the GABAa  receptor-mediated 
postsynaptic current in the pyramidal neurons.
Supported by the Academy of Finland and the Epilepsy Foundation of 
America.
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544.13
ALTERED Mg2 + UNBLOCK OF THE NMDA RECEPTOR IN
HYPEREXCITABLE HIPPOCAMPAL CULTURES H. S. Ahmed1*, D. D. 
Lin1, M. A. Sarda2, S. Sombati2, R. J. DeLorenzo2, D. A. Coulter2 1 Dept. 
of Pharmacology and Toxicology, 2 Dept. of Neurology, Medical College 
of Virginia, Richmond, VA 23298

The genesis of epilepsy is multifaceted, with increased excitatory tone 
being a well documented culprit. Since the NMDA receptor makes a 
substantial contribution to maintaining excitatory tone in the CNS, 
alterations in its properties and function may play an important role in the 
pathophysiology of epilepsy. Using an in vitro model of epilepsy (Sombati 
& DeLorenzo, J. Neurophysiol. 73(4), 1995) and whole cell patch clamp 
recordings we reported previously that the NMDA receptor Mg2+ unblock 
potential of epileptic neurons occurred at significantly more depolarized 
levels than controls (-32 ±2.7 and -22.5 ±1.8 (p<0.05, t-test), 
respectively). Maximal NMDA-evoked inward currents between control and 
epileptic neurons were not significantly different (780 ±74.1 pA and 
645 ± 70.6 pA, respectively). In the present study, concentration-response 
relationships of Mg2+ block of NMDA currents were determined comparing 
neurons from control and epileptic cultures at holding potentials of -80 mV 
and -30 mV. No significant differences were evident between groups at 
-80 mV. However, at a holding potential of -30 mV, concentration- 
response curves did reveal significant differences in Mg2 + efficacy between 
control and epileptic neurons (Emax = 37.4% and 69.0%, respectively 
(p = 0.021, F-test)), consistent with the more depolarized unblock potentials 
evident in epileptic cultures. The depolarized Mg2+ unblock potential 
observed in NMDA receptors of epileptic cultures may be a compensatory 
mechanism in these cells triggered in response to their hyperexcitable state. 
Supported by NS 32403 and P01 NS 25630 to DAC.

544.14
SUPPRESSION OF A FAST TRANSIENT POTASSIUM CURRENT (lA) BY 
THE ORGANIC CALCIUM CHANNEL BLOCKER VERAPAMIL IN HIPPO-
CAMPAL CA1 NEURONS (GUINEA PIG) C. Rusckenschmidt1, H.W. Bothe2*, 
A. Gorji1, R. Kohlina1, M. Madeja1, E. Siep1, H. Straub1, E.-J. Speckmann1. 
1lnst. f. Physiologie, Klinik f. Neurochirurgie, 48149 Munster, Germany.

In previous experiments, epileptiform field potentials (EFP) elicited by 
epileptogenic agents or by changes of the ionic microenvironment were found 
to be increased in their repetition rate before being depressed. Here, it was 
tested whether a suppression of the lA by verapamil may contribute to the 
above-mentioned phenomenon.

Acutely isolated neurons were analysed in the presence of 1 pM TTX and 
10 mM TEA with the whole cell patch clamp technique before, during and 
after local application of 40 pM (±)-verapamil or its enantiomers. From a 
holding potential of -50 mV outward currents were evoked by a 100 ms 
lasting step to -140 mV followed by a 200 ms depolarizing step to 0 mV or 
+30 mV. The lA was isolated by subtracting from the current of this first 
protocol the current of a second one in which an additional 50 ms step to -50 
mV was interposed between the voltage steps.

The time constant of inactivation x, (monoexponential decay) of the lA was 
26.4 ± 3.6 ms at 0 mV (n=9) and 33.7 ± 4.5 ms at +30 mV (n=9). The peak 
amplitude was 0.4 ± 0.2 nA and 1.2 ± 0.4 nA with -10 mV (n=11) and 30 mV 
(n=11), respectively. Half maximal steady state inactivation was at -99 ± 9 mV 
(n=9). Maximal steady state activation was reached when the hyperpolarizing 
pulse lasted 74 ± 18 ms (n=5). The lA was not affected by 10 mM TEA or 1 
pM TTX. Application of 40 pM (±)-verapamil reduced ij immediately to ca. 14 
ms at 0 mV (n=4) and to ca. 17 ms at +30 mV (n=4) whereas the peak 
amplitude remained constant. After 5 minutes of appli-cation, the effect could 
be reversed immediately. There was no difference between the effect of the 
racemat (n=4), the (-)-enantiomer (n=2) or the (+)-enantiomer (n=3).

The findings show that verapamil exerts an open channel block of lA. This 
may contribute to the transient increase of EFP repetition rate with verapamil 
application.

544.15

IMPAIRMENT OF EXTRACELLULAR POTASSIUM HOMEOSTASIS 
FOLLOWING FLUID PERCUSSION INJURY: ROLE OF KIR AND 
Na+/K+-PUMP. R. D’Ambrosio*, D.O. Maris, H.R. Winn, and M.S. Grady. 
Dept. of Neurosurgery. Univ. of Washington, Seattle, WA 98104, USA.

We examined the early effects of moderate in vivo fluid percussion injury 
(FPI) on the regulation of extracellular K7 accumulation in rat hippocampal 
slices. K+-selective microelectrode recordings were performed from CA3 
stratum pyramidale in slices of young adult rats. Kynurenic acid (ImM) was 
applied to block recurrent excitation. Five minutes of low frequency (3 Hz) 
antidromic stimulation of the Schaffer collateral induced accumulation of 
extracellular K+. Slices obtained from naive rats always showed recovery of 
[K+]out to baseline values during the 3Hz stimulation, and its undershoot 
following completion of the protocol. Slices obtained from post-FPI rats 
displayed elevated baseline of [K+]out (4.8mM), no recovery [K+]ou, during 
3Hz stimulation protocol, and a reduced undershoot following its 
completion. Bath application of Ba2+ (30-200 pM) induced in control slices 
elevation of the baseline [K+]out to (4.7 mM). Ba2+ did not abolish the 
recovery of [K+]out during the 3Hz stimulation protocol, and the following 
undershoot. Bath application of di-hydro-ouabaine (DHO), at a concentration 
selective for the a2 and a3 isoforms of Na+/K+-ATPase (0.2 pM), reversibly 
induced in control slices elevation of the baseline [K+]out to 5mM. 
Furthermore, DHO (0.2-5pM) abolished the recovery of K+ during the 3Hz 
stimulation and the following undershoot. These results suggest specific 
roles for glial KIR and the neuronal/'glial Na+/K+-ATPase in the physiological 
homeostasis of extracellular K+ during neuronal activation. Furthermore, 
they suggest that FPI impairs extracellular K+-homeostasis, and alters 
neuronal excitability, by affecting both cellular mechanisms. Supported by 
the Epilepsy Foundation (RD) and NIH NS 33107 (MSG).

544.16
A CRITICAL PERIOD FOR PREVENTION OF POSTTRAUMATIC
EPILEPTOGENESIS. K.D. Graber*, D.A. Prince. Dept. Neurology & Neurological 
Sciences, Stanford University, 94305-5300

Penetrating cortical trauma frequently gives rise to delayed development of epilepsy. 
In partially isolated and undercut rat cortex, suppression of neural activity by exposure 
of the injured area to tetrodotoxin (TTX) in vivo for ~2 weeks prevents epileptogenesis 
(Graber and Prince, Ann Neurol, 1999 in press). To further examine the relationship 
between neuronal activity during the latent period following trauma and subsequent 
expression of epileptogenesis, we studied the timing of TTX-treatment necessary for 
prophylaxis. Partially isolated islands of sensorimotor cortex were made in P28-30 
male Sprague/Dawley rats. 200 pm thick sections of Elvax polymer (Dupont) 
containing TTX (TTX-Elvax) 20 mg/g, or control vehicle (Control Elvax), were placed 
subdurally over lesions. To study the effects of delayed TTX-treatment, rats receiving 
Control Elvax underwent a second surgery 1-11 days later, at which Control Elvax was 
replaced with TTX-Elvax. To study the duration of TTX-treatment required to 
suppress epileptogenesis, another group of rats had TTX-Elvax placed at the initial 
surgery and underwent a second surgery 1-5 days later when TTX-Elvax was removed. 
All rats were anesthetized 10-15 days after lesioning and 400 pm thick coronal 
neocortical slices prepared using standard techniques. Slices were incubated for at 
least 2 hrs. to wash out any residual TTX. 3 slices from each animal were assessed for 
presence of evoked epileptiform field potentials in superficial neocortical layer V 
across the area of injury and treatment. TTX-treatment for 3 days or longer, beginning 
at the time of injury effectively blocked epileptogenesis, while treatments lasting only 
for 1 or 2 days were ineffective. TTX-treatment lasting 11 days or longer could be 
delayed for up to 3 days after the injury and still block epileptogenesis, however, TTX 
application that was delayed longer than 3 days was ineffective. These data suggest 
that the first 3 days following neocortical injury are most critical for prophylactic 
treatments in this model of posttraumatic epilepsy. A hypothetical cascade of events 
leading to epileptogenesis likely is initiated at the time of injury but remains plastic 
during this critical period. (Supported by NIH grants NS 12151, NS 06477, the Pimley 
Fellowship Training Fund, and a grant from the National Epifellows Foundation.)

544.17

DENDRITIC REMODELING IN EPILEPTIC IMMATURE HIPPOCAMPAL 
NEURONS. C.E. Niesen* and S.Ge. Division of Neurology, Childrens Hospi-
tal Los Angeles, USC School of Medicine, Los Angeles, CA 90027.

Dendritic beading and spine loss are found in animal and human epileptic 
tissue, but it is uncertain whether they are primary or compensatory events. 
To address this issue, we examined the time course of dendritic remodeling 
in the tetrodotoxin (TTX) model of chronic epilepsy. Since the onset of epilep-
tiform activity occurs upon removal of TTX from the culture media, changes 
in dendritic morpholgy can be studied in a time-locked fashion. Hippocampal 
slices were isolated from 7 day old Wistar rats and incubated in stationary 
wells for one week in TTX. While still in TTX-containing solution, CA1 
neurons were filled with either 0.4% neurobiotin or 0.2% Lucifer Yellow. After 
exposure of slices to TTX-free solutions with or without ionotropic glutamate 
anagonists for brief periods of time, slices were rapidly fixed in 4% paraform-
aldehyde for later viewing.

TTX-treated neurons showed increased apical dendritic branching and 
widespread beading and dendritic spine loss compared to control neurons. 
Loss of spines occurred after 5 minutes in the TTX-free solution, but distal 
sites on dendritic branches were less affected. After another 5-10 minutes, 
spines were lost from most of the dendritic tree. This spine disappearance 
often occurred in the absence of dendritic beading which was more common 
in secondary or terminal dendritic branches. Switching from TTX- to CNQX- 
containing solutuion produced no changes in spine density, while perfusion 
of the NMDA antagonist APV offered little protection against the disappear-
ance of spines. Thus, in young epileptic neurons, dendritic spine loss 
occurred rapidly, within minutes of the onset of seizure-like activity, and was 
mediated by increased activity of AMPA glutamate receptors. Beading of 
dendrites appeared secondary to epileptic activity. Funded by NS01747.

544.18

ACTION OF 4-AMINOPYRIDINE ON EXTRACELLULAR AMINO ACIDS 
IN HIPPOCAMPUS AND ENTORHINAL CORTEX: A DUAL 
MICRODIALYSIS STUDY IN AWAKE RATS. L. Medina-Ceja l* , A. 
Morales-Villagrdn1 and R. Tapia2, iDepartamento de Biologla Celular y 
Molecular, CUCBA., Universidad de Guadalajara, AP 4-160, Guadalajara, 
Jal., Mexico; 2Departamento de Neurociencias, Instituto de Fisiologfa 
Celular, Universidad Nacional Autonoma de Mexico.

The convulsant action of the K+ channel blocker 4-aminopyridine (4-AP) 
is well known. Recently it has been found that excitatory amino acids could 
be involved in the mechanism of action of 4-AP. In order to study the role of 
amino acids in the hippocampus and the entorhinal cortex during the 
convulsive process induced by 4-AP, we have used a novel device allowing 
the simultaneous microdialysis and recording of electrical activity in both 
regions in freely moving rats. We found that infusion of 40 mM 4-AP into the 
entorhinal cortex resulted in a large increase in extracellular glutamate and 
glutamine (600% and 350%, respectively) and small increases in glycine and 
taurine levels (184% and 276%, respectively). Infusion of 4-AP into the 
hippocampus resulted in a major increase in glutamate levels (double than 
that observed in the entorhinal cortex infused) as well as slight increases in 
taurine and alanine. No significant changes were found in the non-infused 
hippocampus or entorhinal cortex of the same rats. Simultaneous 
electroencephalographic measurement showed intense epileptiform 
activity starting during 4-AP infusion and lasting for the rest of the 
experiment (lh) in both the entorhinal cortex and the hippocampus. These 
findings suggest that increased glutamatergic synaptic function in the 
circuit that connects both regions is involved in the epileptic seizures 
induced by 4-AP. Supported by CONACYT (1690P-M9507).
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544.19
THE ROLE OF PERIRHINAL CORTEX AS AN EXCITATORY RELAY POINT IN 
KINDLING SECONDARY GENERALIZATION - A SYSTEMATIC MAPPING 
STUDY USING EEG RECORDING, MICORINJECTION AND FOS 
IMMUNOCHEMICAL HISTOLOGY. N. Yamada1, Y. Matsumoto1-2. T. Sato1, M._ 
Kodama1. A. Orita1, K. Morimoto^* and S. Kuroda 1. ^Dept. of Neuropsychiatry, 
Okayama Univ. Med. Sch., Okayama, 700-8558, Japan. 2Dept of Neurology, UCLA 
Sch. of Med., Los Angeles, CA, 90095, ^Dept of Neurposychuatry, Kagawa Med.
Sch. Kagawa, Japan.

Since the perirhinal cortex (PRC) is anatomically located at a relay point between 
the neocortex and the limbic system, it Could also be a functional relay point of 
generalized epileptic activity in cooperation with the primary focus in kindling- 
induced seizures. In this study, using integrated methods we attempted to establish a 
functional map of the PRC in kindling.

(1) In vivo EEG recording in amygdala-kindled cats showed that the ipsilateral PRC 
generated an afterdischarge (AD) at the first stimulation, while the contralateral PRC 
generated an AD at stage 3 when no other region of the brain generated such 
discharges. (2) In rats, after the first PRC-kindling stimulation, FOS immunoreactivity 
appeared in broad areas in the ipsilateral temporal cortex, the parietal cortex and the 
limbic system. In contrast, FOS induction after the first amygdala-kindling stimulation 
was limited to the limbic system including the PRC. The contralateral PRC was 
primarily activated at the generalization of kindling-induced epileptic activity. (3) 
Procaine microinjection into the insular cortex but not into the PRC prevented 
amygdala-kindled stage 5 seizures. Thus, the insular cortex appears to be more 
important for the expression of stage 5 generalized seizures than the PRC.

These results indicate that, especially during kindling development, the PRC acts as 
an important relay point for the transfer of epileptic activities between the neocortex 
and the limbic system.

544.20
QUANTIFICATION OF THE TRANSMISSON INDEX OF EPILEPTIC 
ACTIVITY FROM THE ENTORHINAL CORTEX TO THE DENTATE 
GYRUS. Y. Matsumoto*, L. Mekmanee and I. Mody Dept. of Neurology, UCLA 
School of Medicine, Los Angeles, CA, 90095.

During the progression of epilepsy, particularly during the secondary generali-
zation of temporal lobe epilepsy, epileptic activity broadly spreads from the epilepto-
genic region to other areas of the brain. Although much research has been done on 
inducing and observing epileptiform activity, there has been little development in 
accurately quantifying its transmission from one region to another. In this study, we 
performed extracellular recordings on combined hippocampal-entorhinal (FIC-EC) 
slices obtained from commissural kindled and control Wistar rats to determine the 
transmission of epileptiform activity from the EC to the DG. Previous studies have 
shown that the DG may act as a filter that limits the spread of such activity to the 
hippocampal area. It is also known that kindling induces alterations in the DG that 
appear to disrupt its function as a dampening filter, thus allowing activity generated in 
the EC to propagate more easily to the hippocampal formation. We used a local 
application of carbachol (20 mM) through the recording pipette onto the layer 2/3 of 
the EC to induce periodic interictal burst-like epileptiform activity without affecting 
the local circuitry of the DG. To quantify the transmission of epileptiform activity, we 
developed a novel method using an all-point histogram of the recorded field 
potentials. This histogram plots the amplitude of all points occurring during a fixed 
segment (1 s) of continuous digitized recording. The transmission index is calculated 
by dividing the areas of the histograms obtained in the two recording sites. We have 
shown this method to give a consistent value for the transfer function of an epileptic 
field potential generated in the EC to the DG. Our results show that this method can 
be used as an efficient means of quantifying the transmission of epileptic activity from 
an epileptogenic zone to other structures, providing a better assessment of such 
transfers in the brain.
Supported by NIH Grant NS-36J42 (I.M.).
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545.1

SEX DIFFERENCES IN SENSITIVITY TO 
PENTYLENETETRAZOL IN ADULT SWISS MICE. A.E 
Medina , AC..; Manhaes*, F.; Bastos de Oliveira,, & S.L.
Schmidt Dep. Fisiologia, Universidade do Estado do Rio de 
Janeiro, Rio de Janeiro, Brazil, RJ 20551-030

In the present study we tested 71 male and 75 females adult 
Swiss mice for sex-differences in epileptic susceptibility to PTZ. 
The doses used (i.p. injected) were 40 mg/Kg (21 males, 20 
females); 50 mg/kg (35 males, 39 females); 60 mg/Kg (15 males, 
16 females). The tests were recorded with a video-camera and two 
independent observers analyzed the recordings. The behavior of 
each animal was classified in: 1) no abnormal behavior; 2) 
myoclonic jerks; 3) running bouncing (RB) clonus; 4) tonic hind 
limb extension. There was a high interobserver reliability 
(Pearson correlation coefficient; r = 0.96). A sex difference was 
observed in the 50 mg/Kg dose: males exhibited a behavior 
distribution with 48.6% normal, 11.4% myoclonic, 40% RB 
clonus and 0% hind limb extension, whereas females exhibited a 
different behavior distribution (2.6% normal, 12.8% myoclonic, 
82.1% RB clonus and 2.6% hind limb extension). These results 
suggest that females are more susceptible to PTZ induced seizures 
than males.

545.2

FEAR CONDITIONING IN EXPERIMENTAL TEMPORAL LOBE EPILEPSY.
IL i^EBai-Pen* K, Lukasiuk, J. Nissinen and A., Pjtkanen, Epilepsy Research 
Laboratory, A.I.Virtanen Institute for Molecular Sciences, University of Kuopio, 
P.O.Box 1627, FIN-70211, Kuopio, Finland.

Status epilepticus (SE) causes neuron loss in selective nuclei of the amygdala. Little 
is known, how the damage affects emotional behavior? The present study investigated 
(1) fear conditioning to tone and context and (2) its relation to the severity of 
amygdaloid damage in three models of temporal lobe epilepsy.

Three animal groups were investigated: (Group 1) Rats treated with kainic acid to 
induce SE and tested 4 months later, (Group 2) Rats, in which SE was induced by 
electrical stimulation of the lateral nucleus of the amygdala and tested at the time of 
the appearance of the first spontaneous seizures, and (Group 3) Amygdala-stimulated 
rats that were treated with diazepam to alleviate the severity of damage and tested 2 
months later. Appearance of spontaneous seizures was followed by video-EEG 
recording. Severity of neuronal damage was assessed from thionin-stained sections in 
the lateral, basal, accessory basal and central nuclei of the amygdala and in the 
amygdalostriatal transition area.

Our data show that (1) Conditioning to tone was preserved also in Group 2 despite 
only the dorsolateral division of the lateral nucleus, magnocellular and intermediate 
divisions of the basal nucleus and the central nucleus were remaining. The rest of the 
nuclei were severely damaged (including cortical areas). (2) Contiditoning to context 
was impaired also in Group 1 and Group 3 even though in these animals the damage 
was largely limitted to the caudal portion of the medial division of the lateral nucleus.

In conclusion, critical neuronal circuitries required to express fear response 
(freezing) are preserved after SE despite of widespread amygdaloid damage. In the 
epileptic brain, however, type of the stimulus (i.e., tone or context) is critical whether 
the stimulus can acquire an emotional significance as a conditioned cue.

Supported by the Academy of Finland.

545.3

KINDLED SEIZURES CAN BE INFLUENCED BY EFFECTS 
CONDITIONED TO THE STIMULATION ENVIRONMENT 
S. J. Barnes1, L. H. Francis1, D. Rapoport1, & J.P.J, Pine!1* 1 Dept. 
of Psychology, University of British Columbia, Vancouver, British 
Columbia, V6T 1Z4.

Previous attempts to condition kindled seizures in rats have 
typically searched for evidence that conditional stimuli can elicit 
seizures; these experiments have been unsuccessful. In this 
experiment, we took a different approach; we sought evidence that a 
conditional stimulus can influence the expression of seizures. 
Bipolar stimulation electrodes were implanted in the left basolateral 
amygdala of 15 male Long-Evans rats. These rats were then given 
45 stimulations in one environment randomly interspersed with 45 
sham stimulations in a different environment, over the course of 45 
days. At the end of this phase, the rats received a stimulation in the 
environment in which they had received sham stimulations. As a 
result of this switch in environment, the rats had seizures of a lower 
class, with less forelimb clonus, and fewer losses of equilibrium.

This research was funded by NSERC Canada.

545.4
LESIONS OF THE PRESUBICULUM PREVENT KAINATE-INDUCED 
NEURONAL DAMAGE IN RAT ENTORHINAL CORTEX. T. Eid, F. Du*1 
and R. Schwarcz. Maryland Psych. Res. Ctr., Baltimore, MD 21228 and 'FD 
NeuroTechnologies, Inc., Ellicott City, MD 21041.

Neurons in layer III of the medial entorhinal cortex are preferentially vulner-
able to convulsive insults. Since neurons in the medial aspects of layer III 
receive their major excitatory input from the presubiculum, this afferent path-
way may play a critical role in controlling the viability of seizure-sensitive 
entorhinal neurons. To test this hypothesis, the rat presubiculum was lesioned 
unilaterally or bilaterally by focal injections of ibotenic acid. One week later, 
the animals received a systemic injection of kainic acid (10 mg/kg, s.c.). Sev-
eral days later, the rats were killed, and their brains were prepared for micro-
scopic analysis. In horizontal Nissl-stained sections, neuronal damage in layer 
III of the medial entorhinal cortex was always evident on the side receiving a 
vehicle injection into the presubiculum (controls). In contrast, partial or com-
plete protection of entorhinal neurons was observed at the ventral level in all 
cases that presented with an ipsilateral excitotoxic destruction of the presub-
iculum. One or more other areas, including the dentate gyrus, parasubiculum, 
subiculum, and medial entorhinal cortex, were often also injured by ibotenate, 
but these lesions were not consistently linked to entorhinal neuroprotection. 
These data indicate that an intact presubicular input may be required for the 
mediation of seizure-related neuronal damage in layer III of the medial ento-
rhinal cortex.

Supported by USPHS grant NS 16102.

Society  for  Neuroscience , Volume  25, 1999



1354 EPILEPSY: HUMAN STUDIES AND ANIMAL MODELS IV TUESDAY PM

545.5
THE ACTION OF QPIOIDERGIC NEURONS OF THE DEEP 
LAYERS OF THE SUPERIOR COLLICULUS IN THE 
MODULATION OF TONIC IMMOBILITY. C.R Monassi*:, MR. 
Brentegani and L. Menescal-de-Oliveira. Lab. of Neurophysiology, 
School of Medicine of Rib. Preto, University of Sao Paulo, Brazil - 
14049-900.

Studies carried out in the last few years from our laboratory have 
investigated the neural substrates involved in tonic immobility (TI) 
modulation in guinea pigs, which is an inborn defensive behavior 
characterized by a temporary state of profound and revesible motor 
inhibition. Electrical or chemical stimulation of the deep layers of the 
superior colliculus (DLSC) elicit defensive behaviour characterized by 
autonomic reactions, alertness, freezing and escape behavior. These lines 
of evidence, associated with other reports, motivated us to investigate the 
possibility that the opioidergic stimulation of the DLSC are involved in 
the modulation of TI in guinea pigs. A guide cannula was implanted into 
die DLSC and the animals were individually submitted to five control 
maneuvers of TI induction. This procedure was performed before and 
after the microinjection of drugs. The drugs used were morphine (MS, 3 
pg/0.2 pi) and nor-binaltorfimina (nor-BNl, 1 e 10 ug/0.2 pi). The results 
showed that the microinjection of MS into the DLSC increases (p < 0.05, 
Duncan Test) the duration of TI episodes. The microinjection of nor-BNI, 
at die dose of 1 pg did not alter the duration of TI. However, the 
microinjetion of 10 pg of nor-BNI decreased (p < 0.05, Test T-Student) 
die duration of this behavior. The results also showed that the pre-
treatment with nor-BNI (1 pg) followed 25 min by MS (3 pg) blocks the 
action of MS, indicating that the opioid effects is probably mediated by k - 
opioid receptors. The present experiments have demonstrated that the 
involvement of the opioidergic neurons of the DLSC are involved in the 
modulation of TI episodes. They also suggest that the K-opioid receptors 
are involved in this process, smce the pre-treatment with nor-BNI, an 
specific antagonist of K-opioid receptors, reversed the potenciated effects 
of MS. Supported by FAPESP grants 97/08787-5 and FAEPA.

545.6
EFFECTS OF CHOLINERGIC STIMULATION OF THE MEDIAL 
SEPTUM IN THE MODULATION OF TONIC IMMOBILITY. L 
Menescal-de-Oliveira*; M.R. Brentegani; C.R.A. Leite-Panissi and C.R.
Monassi. Lab. of Neurophysiology, School of Medicine of Rib. Preto,
University of Sao Paulo, Brazil -14049-900.

Tonic immobility (TI) is an inborn defensive behavior characterized
by a temporary state of profound and reversive motor inhibition. TI 
occurs in stressful or threatening situations involving prey/predator 
confrontation and therefore represents the terminal reaction in a chain of 
antipredatory defense responses. The investigation of the neural substrates 
involved in TI modulation in guinea pigs has been a subject of study in 
our laboratory over the last few years. Tne cholinergic system participates 
in the mediation of different behaviors related to fear reactions ana it is 
mainly involved in behavioral inhibition induing freezing and TI. We have 
demonstrated that the involvement of the cholinergic system in the 
modulation of TI seems to be dependent on the neural substrate 
stimulated. Since the septum area has long been implicated in the 
modulation of emotion, especially fear and anxiety, the objective of the 
present study was to investigate the effect of cholinergic stimulation of the 
medial septum on the modulation of TI duration in guinea pigs. A guide 
cannula was implanted into the medial septum and the animals were 
individually submitted to five control maneuvers of TI induction. This 
procedure was performed before and after the microinjection of carbachol 
(CCh, 0.5, 1 e 2 pg/ 0.2 pi) and saline (0.2 pi). The results showed that 
the effect of the microinjection of CCh into medial septum depends on the 
dose. The microinjection of 0.5 pg of CCh did not alter the duration of TI. 
However, the microinjection of I jpg and 2 pg significantly decreased (p < 
0.05, T-Student) the duration of TI episodes. The results also showed that 
die pre-treatment with atropine bloqued the inhibitory effect of CCh (1 
pg/0.2 pi). The results suggest that the medial septum and the cholinergic 
system are involved in the modulation of TI episodes.
Supported by FAPESP grants 97/08787-5 and FAEPA.

545.7

EPILEPTIFORM RESPONSES IN CORTICAL SLICES AFTER 
TRAUMATIC BRAIN INJURY G. Golarai*, D. M. Feeney & J. A. 
Connor. Dept of Neurosciences, University of New Mexico, 
Albuquerque, NM, 87131

We reported earlier that traumatic brain injury (TBI) by weight- 
drop on the sensorimotor cortex (SMCX) in adult male rats leads to 
persistent susceptibility to behavioral seizures (NSA 676.5, 1998). 
We also reported that the excitability of SMCX in vitro was reduced 
3 to 7 days after TBI, relative to controls (NSA 852.9, 1997). Now, 
we have further examined cortical responses during the weeks 
after TBI to elucidate the role of the cortical circuitry in the 
development and persistence of seizure susceptibility after TBI. In 
normal slices, single shocks to layer I evoked field responses in 
layers l-lll that were ~ 15 ms long, with maximum amplitude of 1-
2.5 mV. At 7 to 10 days after TBI we observed hyperexcitability by 
field recordings in slices ipsilateral and contralateral to TBI (n=5/7). 
In these slices, single-shock activation at 0.1 Hz of layer I evoked 
“all-or-none”, abnormally large and long negative field potentials 
(~800ms, ~5 mV) that were recorded in layers III to V in normal 
ACSF. A similar hyperexcitability was found at 3 to 7 (n=6/9) & 20 
(n=1/1) weeks after TBI. The late component (>100 ms) of the 
“giant” epileptiform response was blocked by bath application of 
NMDA-receptor antagonist APV (50 pM, n=7/7). These data 
suggest that TBI induces a persistent seizure susceptibility in the 
SMCX associated with enhancement of NMDA-dependent synaptic 
transmission. Supported by NS-35644 & HD01324-01.

REPRODUCTIVE BEHAVIOR: MATERNAL BEHAVIOR AND PROGESTERONE

546.1

GABA-ERGIC INHIBITION IN THE CAUDAL, VENTROLATERAL 
PERIAQUEDUCTAL GRAY (PAG) OF KYPHOTIC NURSING AND LORDOTIC 
SEXUAL RECEPTIVITY POSTURES, BUT NOT MATERNAL AGGRESSION, IN 
LACTATING RATS. H.C. Salzberg'. J.S. Lonstein2. and J.M. Stem2*. Psychology, 
'Rutgers University, New Brunswick, NJ 08903; 2Univ. Mass., Amherst MA 01003.

Lesions of the ventrolateral caudal PAG (cPAGv)) site-specifically inhibit kyphosis — 
the suckling-induced, upright, dorsally arched nursing posture — and lordosis, while 
heightening maternal aggression (MA) toward an unfamiliar male intruder (Lonstein & 
Stem, Brain Res 804: 21 ;‘98). We tested whether the postures, but not MA, are tonically 
inhibited in this site by GABA. Two groups of rats were bilaterally implanted during 
pregnancy with guide cannulae aimed at the cP AG for subsequent microinfusions (0.25 
nl/side), first into the dorsolateral PAG (cPAGdi) on days 5 and 7 postpartum and then into 
the cPAGvl on days 9 and 11 and again post-weaning to test sexual behavior after estrogen 
+ progesterone treatments. Maternal behavior was tested for 30 min after a 4-h dam-litter 
separation, followed by a 5-min MA test. Lordosis quotient (LQ) was assessed in 
response to 10 mounts before and after infusions. In one group facilitation was tested with 
the GABAa  antagonist bicuculline (BIC; 15 ng/side) during sub-threshold conditions, i.e., 
nonsuckling pups (NSK) or insufficient hormone dosages, respectively, while inhibition 
was tested with the GABAa  agonist muscimol (MUS; 125 ng/side) during optimal 
conditions, i.e., suckling pups (SK) or adequate hormone treatments, respectively, all at 
5 min post-infusions. The control group always received saline. In the cPAGvl, but not 
the c PAG4, BIC resulted in a 4-fold increase in kyphosis duration and an increase in LQ 
from 0 to 50, while MUS resulted in a 3-fold decrease in kyphosis duration and a decrease 
in LQ from 95 to 40. MA was much greater after interaction with SK than NSK pups 
(Stem & Kolunie, Physiol Beh 54: 861 ;‘93), but it was not altered by GABA treatments. 
These results suggest that GABA neurons within the cPAGvt mediate the sensorimotor 
integration of kyphosis and lordosis by tonic inhibition, while MA is probably under 
separate neurochemical control. (Supported by MH-40459 & RU Busch Biomed Grant)

546.2

UTILIZING C-FOS IMMUNOCYTOCHEMISTRY TO IDENTIFY 
BRAIN REGIONS THAT MAY INHIBIT MATERNAL BEHAVIOR 
IN RATS. T, Sheehan*, and M, Numan. Psychology Dept., Boston 
College, Chestnut Hill, MA, 02467.
Virgin rats do not show maternal behaviors when first exposed to 
pups, whereas parturient rats do, a behavioral change induced by 
pregnancy hormones. Interestingly, disrupting olfactory processing in 
virgins induces maternal behavior, indicating that in the absence of 
pregnancy hormones, olfactory input inhibits maternal behavior. It has 
been suggested that pregnancy hormones promote maternal behavior 
by altering or eliminating this olfactory-mediated inhibition. To 
identify potential neuroanatomical components of this maternal 
behavior-inhibiting system, we used c-Fos immunocytochemistry to 
identify brain regions which become activated in non-matemal animals 
exposed to pups. In a first experiment, non-maternal virgin females 
showed pup exposure-induced c-Fos expression in the posterodorsal 
medial amygdala (MApd), ventral lateral septum (LSv), and 
ventromedial nucleus of the hypothalamus (VMN), among other 
regions. In a second experiment, we compared the pup exposure- 
induced c-Fos expression in maternal animals with that in non- 
matemal animals. Compared to non-matemal animals, maternal 
animals showed higher c-Fos expression in the medial preoptic area 
and ventral bed nucleus of the stria terminalis, two regions essential 
for the display of maternal behavior. However, non-matemal animals 
showed higher c-Fos expression in the LSv, VMN, and the MApd. 
Perhaps these brain regions are part of a neural system on which 
pregnancy hormones act to diminish the inhibition of maternal 
behavior. Supported by NSF Grants IBN 9319315 and 9728758.
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546.3
MOTHERHOOD MODIFIES NEUROGENESIS IN HIPPOCAMPUS. E.A. 
Amory, J.E. Wartella, A. Williams, A. Dillon, A, Ploszay, G. Griffin, L. Madonia,
A. Graber, S.G. Babcock, K.G. Lambert'& C.H. Kinsley*. Depts. Psych., Univ. of
Richmond, VA, 23173 & 'Randolph-Macon College, Ashland, VA, 23005.

The brain is a much more plastic organ than previously thought. For example, the
hippocampus (HI) displays hormone-induced plasticity (dendritic spine density) 
during estrus (J. Comp. Neurol., 336: 293-306; 1993). Pregnancy, which exposes a 
female to a significantly longer duration of elevated E2 and P, may result in even 
greater changes than those reported during estrus. We recently reported that 
neurons of the CA 1 region of the HI were altered, with late-pregnant and lactating 
females displaying a significantly higher concentration of apical dendritic spines. 
Also, Hl-glia (astrocytes) were increased in number and showed more and thicker 
processes in late-pregnant and lactating females. Such anatomical changes appear 
to enhance spatial learning and memory. In addition to modifying existing neural 
structures, changes in reproductive capacity may influence the rate at which new 
neurons are bom, so-called neurogenesis. Virgin, late-pregnant (day 21), 
partutition+lactating or lactating-only females were generated and multiply injected 
with the dividing-DNA marker, bromodeoxyuridine (BrdU). The dentate gyrus was 
examined for total number of BrdU-immunopositive neurons. Nulliparous females 
displayed a total of 1736 BrdU-immunopositive neurons, compared to 839, 1131 
and 1278 for late-pregnant, partutition+lactating and lactating-only, respectively. 
These data suggest that reproductive condition may interact with neurogenesis. The 
events surrounding pregnancy may focus both resources and mechanisms of 
neuronal programmed cell death on the production of a matemally-efficient brain. 
Neurogenesis may return to near pre-pregnant levels following pup stimulation. 
Pups may represent a kind of enriched environment, which has been shown by Gage 
and his colleagues to enhance neurogenesis. Females thus equipped may better 
respond to the new learning demands and challenges characteristic of motherhood. 
(Supported by NIH, UR & NSF funds).

546.4
THE EFFECTS OF ISOLATION-REARING AND STIMULATION ON LATER 
MATERNAL BEHAVIOR USING AN ARTIFICIAL REARING PARADIGM 
Fleming, A.S.*, Gonzalez, A., Ward, G. and Wainwright, P. Department of 
Psychology, University of Toronto at Mississauga, 3359 Mississauga Road North, 
Mississauga, Ontario, Canada L5L 1C6..

Normal neonatal growth and development is intimately dependent upon the care 
and support from the nursing dam. Maternal deprivations of young rats have a 
variety of endocrine, metabolic, neurochemical and behavioral effects (Hall, 1998). 
The purpose of this study was to assess the effects of neonatal isolation rearing and 
levels of early life tactile stimulation on the development of emotional, maternal 
and social behavior in juvenile and adult female rats. On postnatal day (PND) five, 
three females from each litter were implanted with a gastric cannula. From PND 5 
to PND 21 two females were artificially reared in isolation using a “pup-in-a-cup” 
paradigm; the third female (sham) was returned to the nest immediately after 
surgery. Control females were briefly removed and returned to the mother. The 
artificially reared subjects were further divided into two groups, one group received 
high level of tactile stimulation and the second group received low levels of tactile 
stimulation. On PND 21 all females were weaned and open field tests were 
conducted on all subjects on PND 22. Maternal behavior was assessed between 
PND 23 and 27 and in adulthood. Juvenile maternal behavior was induced by 
exposing subjects to foster pups and the quality of maternal care was recorded. 
Results showed that artificially reared (AR) subjects showed a higher level of 
ambulation in the open field. However, AR subjects were also less likely to retrieve 
pups during maternal tests and showed more deficits in maternal behavior than MR 
subjects. Among AR animals maximally-stimulated animals spent more time 
licking pups than minimally stimulated animals. Taken together these results 
indicate that artificial rearing produces behavioral deficits in later life. Adult 
maternal behavior tests are currently underway and the results will be reported.

546.5

FURTHER EVIDENCE FOR A ROLE OF ADRENAL GLUCOCORTICOIDS 
IN POST-HATCHING HYPERPHAGIA IN DOVES: K.A. Koch1, L. 
Eisenberg1, J.C. Wingfield2, and J.D. Buntin*1. ^Dept. Biol. Sci., U. 
Wisconsin-Milwaukee, Milwaukee, WI 53201; 2Dept. Zoology, University of 
Washington, Seattle, WA 98195.
Breeding pairs of ring doves (Streptopelia risoria) increase their food 
consumption during the post-hatching phase of the breeding cycle, and this 
increase is significantly correlated with the food demands of begging squabs. 
Previous reports and our recent studies indicate that the adrenal glucocorticoid 
corticosterone (CORT) is elevated in plasma during the post-hatching phase of the 
breeding cycle. Previous studies also indicate that ICV dexamethasone (DEX), a 
synthetic glucocorticoid, increases food intake in non-breeding male doves in a 
dose-dependent manner. In the present series of studies, we found that ICV DEX 
(1 pg/2pl twice daily for 7 days) also significantly elevates feeding in non-
breeding female doves. In addition, we examined the ability of the glucocorticoid 
receptor antagonist, RU486, to block the hyperphagic response elicited by ICV 
administration of DEX. Non-breeding male doves were implanted with osmotic 
pumps containing RU486 (100 pg/day; n=6) or propylene glycol vehicle (PG; 
n=5), which were connected to indwelling ICV cannulae. After 7 days of 
chronic ICV infusion of RU486 or PG alone, birds received an additional 5 days 
of RU486 or PG together with twice-daily ICV injections of DEX (1.0 pg/2pl). 
Food intake was monitored daily for 7 days prior to pump implantation, and 
throughout the 12-day treatment period. RU486 or PG treatment alone did not 
change food intake relative to baseline values. Although ICV DEX caused a 
significant increase in food intake in both the RU486 and PG-treated groups, 
RU486 attenuated the DEX-induced hyperphagia by 60%. Collectively, these 
findings suggest that activation of the hypothalamic-pituitary-adrenal axis 
contributes to the post-hatching hyperphagia in doves through a direct action on 
glucocorticoid receptors in the brain. (Supported by NIMH 41447 to J. B.)

546.6

ROLE OF OVARIAN HORMONES IN THE MATURATION OF THE 
MEDIAL PREOPTIC AREA (MPO?Q MEDIATION OF MATERNAL 
BEHAVIOR (MB). jatobalJlL-MogslI1 WU, Rp§enbUt_t2- 
1 Center for Molecular and Behavioral Neuroscience and 
^Dept. of Psychology, Rutgers University, Newark, NJ 07102.

The MPOA mediates the expression of MB in adult rats to a 
greater degree than in juveniles. So, while very small lesions 
are sufficient to block non-hormonally stimulated MB in 
adults, very large lesions are necessary to induce a deficit in 
juveniles. We explored whether this effect is due to ovarian 
hormones at puberty. Females were ovariectomized at 23 or 
53 days of age, submitted to N-Methyl-D-aspartate injection in 
the MPOA at 53 days, and tested for MB from 60 days. In both 
of these groups, MB was disrupted after small lesions in the 
MPOA, showing that this region is necessary for MB during 
adulthood. However, we also found that ovary-intact females 
with small lesions in the MPOA displayed MB normally. Thus, 
under hormonal stimulation, adult rats could overcome the 
effects of small lesions, but as in juveniles, not large ones. 
Two weeks after initial behavioral testing, non-maternal 
rats, were administered estrogen (EB), and further tested for 
MB. In females ovariectomized after puberty, EB treatment 
allowed them to overcome the effects of the lesions, and show 
MB. In contrast, those rats ovariectomized before puberty 
could not display MB even after 100 gg/kg of EB. We suggest 
that ovarian hormones induce neural changes during the 
period 23-53 days that facilitate the stimulatory effect of EB 
on MB. D.S. Lehrman & J&J Fellowship to D.E.O

546.7

DOES PROLACTIN AFFECT WHEN LACTATING VOLES RETURN 
TO THEIR PUPS? A. K Storey. T, M, Ralph and J. H. Evans*. Dept. Of 
Psychology, Memorial University of Newfoundland; St. John’s, Nfld, A1B 
3X9, Canada

Prolactin levels change less when nursing is continuous than when young 
are nursed in discrete bouts. It is possible that the prolactin increase during 
and after a nursing bout initiates feedback responses that affect foraging 
females’ decisions about the timing of the next return to their young. Here 
we test whether cysteamine hydrochloride, a drug that reduces prolactin 
levels, interferes with maternal attendance in meadow voles, a species where 
females alternate between nest time and foraging trips in two to three hour 
cycles. Females injected with cysteamine when their pups were two days old 
(Day 2) and housed in large enclosures spent less time with pups compared to 
(a) Day 2 females in small cages and (b) Day 12 females in large enclosures 
and (c) saline controls. Day 2 females in the large enclosures decreased nest 
time primarily by staying away longer when they left, rather then reducing 
nest bout lengths. These results suggest that changes in prolactin levels early 
in lactation affect female decisions about when to return to care for pups. It 
also appears that the greater proximity of the pups in the small cages results 
in behavioral compensation for the drug effects, suggesting that pups play a 
role in stimulating maternal behavior even during the early hormonal phase. 
RESEARCH SUPPORTED BY THE NATURAL SCIENCES AND 
ENGINEERING RESEARCH COUNCIL OF CANADA

546.8

ROLE OF NITRIC OXIDE IN MATERNAL AND MATING-INDUCED 
AGGRESSION IN MICE AND PRAIRIE VOLES. S.C.Gammie* and R.J. 
Nelson. Behavioral Neuroendocrinology Group, Departments of Psychology and 
Neuroscience, The Johns Hopkins University, Baltimore, MD 21218, USA.
Female rodents exhibit fierce aggression towards intruders when they are lactating and 
rearing pups. Because this temporal expression of aggression, termed maternal 
aggression, is highly conserved among mammals, it has been hypothesized that this 
behavior increases the likelihood of survival of the offspring. Nitric oxide (NO) has 
an inhibitory action on male aggression, but its role in maternal aggression is not 
known. We report that female mice lacking the neuronal nitric oxide synthase gene 
exhibit specific deficits in maternal aggression, suggesting a possible role for NO in 
maternal aggression. We also explore indirectly the dynamics of NO synthesis during 
maternal aggression by combining behavioral testing with immunohistochemistry for 
citrulline, an indirect marker for NO synthesis. In wild-type mice, a significant increase 
in the number of citrulline-positive cells was identified in the medial preoptic nucleus, 
the suprachiasmatic nucleus, and the sub-paraventricular zone regions of the 
hypothalamus in aggressive lactating females relative to controls. In prairie voles, 
though, a significant increase in the number of citrulline-positive cells was identified 
only in the paraventricular zone of the hypothalamus in aggressive lactating females 
relative to controls. Male prairie voles increase aggression, termed mating-induced 
aggression, following pairing and copulation with a female. Using the same paradigm 
of combining behavioral testing with citrulline immunoreactivity, males exhibiting 
mating-induced aggression showed significant increases in the number of citrulline- 
positive cells in the paraventricular nucleus relative to controls. These results suggest 
that female mice and prairie voles differ in the site of increased synthesis of NO during 
maternal aggression, but that maternal and mating-induced aggression in prairie voles 
may share common neural features. Supported by USPHS grant MH 57760.
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546.9
ENDOMORPHIN I INHIBITS MATERNAL BEHAVIOR IN POSTPARTUM 
LACTATING RATS. P.E. Mann*, B.A. Rigero and R.S. Bridges. Dept. of 
Biomedical Sciences, Tufts University School of Veterinary Medicine, N.
Grafton, MA 01536

Only opioid and endogenous opioid peptides selective for the p opioid receptor 
inhibit the display of maternal behavior in postpartum lactating rats following 
systemic and central administration (Mann et al., 1991). Even though the 
endogenous opioid, p-endorphin, binds to the p opioid receptor, it also binds 
with equal affinity to the 6 opioid receptor and was therefore not considered to be 
the endogenous ligand for the p opioid receptor. Recently, two tetrapeptides 
have been identified and isolated from bovine brain extracts, endomorphin I and 
endomorphin II. These peptides bind with high affinity and selectivity to the p 
opioid receptor in vivo and in vitro and produce naloxone-sensitive analgesia. 
The aim of the present study was determine if endomorphin I, a putative 
endogenous p opioid receptor ligand, is able to inhibit maternal behavior in 
postpartum lactating rats. Nulliparous Sprague-Dawley rats were cannulated on 
days 13-15 of gestation with cannulas directed toward the lateral ventricle. On 
days 5 and 6 of lactation animals were infused with either vehicle or 
endomorphin I (0.3, 3.0 or 30 pg/rat). Thirty minutes later maternal behavior 
testing began. An animal was considered fully maternal if it retrieved, grouped, 
and crouched over 6 pups within a 60 minute period. Central administration of 
Endomorphin I increased latencies to display full maternal behavior in 
postpartum lactating females. However, it failed to inhibit maternal behavior 
with the same degree of efficacy as equimolar doses of either morphine, (J- 
endorphin or DAMGO. (Supported by NIH Grant MH56590 [RSB])

546.10
THE EFFECT OF A PROGESTIN RECEPTOR ANTAGONIST ON THE 
EXPRESSION OF AVP mRNA. C.J, Auger*. AP Auger. G J. De Vries. Center 
for Neuroendocrine Studies, University of Massachusetts, Amherst, MA 01003.

The vasopressin (AVP)-expressing neurons in the bed nucleus of the stria 
terminalis (BST) and centromedial amygdala (CMA) are highly sensitive to gonadal 
hormones. Gonadectomy eliminates, and testosterone replacement restores, AVP 
immunoreactivity, and AVP mRNA expression in the BST and CMA. Recently, we 
have found that progestin receptor (PR) immunoreactivity is also expressed in the 
AVP-ir cells of the BST and CMA in a steroid-dependent manner. Here we test the 
hypothesis that PR influences AVP mRNA expression. Male rats were castrated and 
implanted with testosterone-filled or empty capsules, or they were sham-operated 
and implanted with empty capsules. Half of the animals in these groups were given 
daily injections of the PR antagonist ZK 98299 and the other half vehicle for three 
days. Although castrated rats had fewer cells that could be labeled for AVP mRNA 
than castrated rats that were treated with testosterone or sham-castrated rats, there 
were no differences in the number of cells that were labeled for AVP mRNA 
between rats that were treated with ZK 98299 or vehicle. Similarly, castrated rats 
had less labeling per cell than the other two groups, and again an overall ANOVA 
did not indicate differences in labeling per cell between rats treated with ZK98299 or 
vehicle. However, testosterone-treated and sham-castrated rats that were treated 
with ZK98299 had more labeling per cell than their counterparts which were treated 
with vehicle. These results suggest that if PR influences AVP mRNA expression in 
the steroid-sensitive AVP cells, it suppresses rather than stimulates AVP mRNA 
expression. Supported by NSF IBN9421658 and NIMH MH47538 to GJD.

546.11

VAGINAL-CERVICAL STIMULATION (VCS) CAUSES DOWN-REGULATION 
OF PROGESTIN RECEPTORS (PRs) IN THE BED NUCLEUS OF THE STRIA 
TERMINALIS (BST). A.L. Bennett and J.D. Blaustein*. Center for Neuroendocrine 
Studies, Neuroscience and Behavior Program, University of Massachusetts, Amherst, 
MA 01003, USA.

Mating causes an abbreviation of the period of sexual receptivity in female rats. This 
abbreviation may be related to an enhancement of the down-regulation of PRs seen in 
some brain areas after progesterone treatment. Mating potentiates progesterone- 
induced down-regulation of PRs in part of the BST and causes a strong trend toward a 
decrease in PRs in the caudal ventromedial hypothalamus (Heeb and Blaustein, 1998). 
However, it is not clear which sensory cues from mating are responsible for this effect. 
Because VCS plays an important role in mating-induced estrous termination, it was 
hypothesized that VCS is critical to the down-regulation of PRs following mating.

We compared two groups of sexually experienced, ovariectomized/ 
adrenalectomized rats. Both groups received 2 pg estradiol benzoate followed 44 
hours later by 500 pg progesterone. Four hours later, one group received VCS by 
gentle pressure with a plastic probe once a minute for ten minutes. The other group 
received control perineal stimulation at the same time intervals. Twenty-four hours 
later, animals were perfused, the brains collected, sectioned at 40 microns, and 
processed for PR immunocytochemistry. Analysis of the BST revealed a significant 
decrease in PR immunoreactivity (PR ir) following VCS. We are currently analyzing 
PR ir in other brain areas, including the ventromedial hypothalamus.

These data suggest that VCS is one of the components of mating responsible for 
mating-induced down-regulation of PRs. This down-regulation of PRs in turn, may 
result in mating-induced abbreviation of the period of sexual receptivity. One possible 
mechanism by which this might occur is through the release of dopamine following 
VCS which could cause ligand-independent activation of PRs leading to enhanced 
down-regulation of PRs in some brain areas.

(Supported by NS 19327 and K05MH01312 from the NIH)

546.12
EXPRESSION OF A NOVEL MEMBER OF THE SECRETORY CARRIER 
MEMBRANE PROTEIN FAMILY, SCAMP-25, IS REPRESSED BY 
PROGESTERONE IN THE VENTROMEDIAL HYPOTHALAMUS. C, J, Krebs,1*
E. D, Jarvis? and D, W. Pfaff1. 'Lab. of Neurobiology & Behavior and 2Lab. of 
Animal Behavior, Rockefeller University; New York, NY 10021.

Through the use of the differential display-PCR to identify behaviorally-important 
progesterone-sensitive mRNA in the female rat brain, we have discovered a novel 
transcript that is substantially reduced in the VMH after 3 hours of progesterone (P) 
treatment, following estrogen (E) priming. Northern blots indicate that this is a single 
transcript of approximately 1.7 kb. The corresponding full length cDNA was obtained 
by screening a rat hypothalamic cDNA library (Clontech). A BLAST homology 
search, revealed that this novel gene is most similar to a family of genes known as 
secretory carrier membrane proteins or SCAMPs. Based on this similarity and its 
derived molecular weight of approximately 25 kDa, we have named this novel gene 
SCAMP-25. In situ hybridization studies show that SCAMP-25 mRNA is relatively 
low throughout the brain, with the highest levels observed in the VMH, habenula and 
hippocampus. In vitro transcription/transiation of the full length SCAMP-25 cDNA 
yields a protein near the expected size of 25 kDa. Amino acid sequence analysis 
indicates that SCAMP-25 lacks the putative calcium binding and leucine zipper 
structures, which are common among other SCAMP family members, but contains a 
putative protein kinase C (PKC) phosphorylation site. To begin to understand the 
cellular role of SCAMP-25 in neurons, we cloned the cDNA in-frame with the gene 
for green fluorescent protein (GFP) and transfected the chimera into GT1-7 cells. 
Fluorescent microscopy revealed distinct fluorescence in subcellular organelles which 
may be secretory vesicles. Future work with SCAMP-25 will focus on its role in 
cellular trafficking and the mechanism by which the SCAMP-25 gene is repressed by 
P. This work will extend our ongoing efforts to define the molecular events in the 
brain that contribute to female sexual behavior. Supported by HD08389-02 to CJK.

546.13

PROGESTIN RECEPTORS IN THE HYPOTHALAMUS, AND
GABAa /BENZODIAZEPINE RECEPTOR COMPLEXES IN THE MIDBRAIN, 
ARE INFLUENCED BY HORMONAL AND REPRODUCTIVE STATE.
C, Frye*. L. Bavon and S. Platek, Dept Psychology, SUNY, Albany, NY 12222.

Endogenous variations in progestins in the midbrain and hypothalamus of female 
rodents are affected by hormonal and reproductive state, as well as mating stimuli. 
The purpose of these present experiments was to investigate whether some 
substrates (e.g. intracellular progestin receptors and GABAA/benzodiazepine receptor 
complexes) for progestin action also vary as a function of sexual receptivity in these 
regions. Hypothalamic, midbrain, and cortical tissue was obtained from non- 
receptive, ovariectomized (ovx) rats and hamsters and compared to tissue from 
estradiol- and progesterone-primed and mated rodents. Specific binding of RU5020 
revealed that progestin receptor levels in the hypothalamus were increased in 
hormone-primed compared to ovx animals, but that RU5020 binding was decreased 
in the hypothalamus following mating. Progestin receptor binding was lower in the 
midbrain and cortex and did not change in these regions as a function of hormonal 
or reproductive state. Specific binding of muscimol was increased more in the 
midbrain than the hypothalamus and cortex of mated > hormone-primed > ovx 
rodents. Immunocytochemistry for progestin receptors and GABAA/benzodiazepine 
receptor complexes revealed a similar pattern of effects in the ventromedial 
hypothalamus (VMH) and the ventral tegmental area (VTA) as was seen with 
receptor binding in dissected tissues from the larger regions. More progestin 
receptor immunoreactive neurons were seen in the VMH than in the VTA of 
receptive rats and hamsters. More GABAa  immunoreactive neurons were seen in 
the VTA than the VMH of receptive compared to non-receptive rodents. Whether 
the changes in these substrates are due to alterations in number of, or affinity of, the 
receptors remains to be determined. These data suggest that substrates for steroid 
hormone actions’ may vary with changes in receptivity, as do various ligands for 
these substrates.
Supported by a CAREER grant (98-96263) from the National Science Foundation.

546.14
ANTI-SENSE OLIGONUCLEOTIDES, FOR PROGESTIN RECEPTORS IN THE 
VMH AND GLUTAMIC ACID DECARBOXYLASE IN THE VTA, 
ATTENUATE PROGESTERONE-INDUCED LORDOSIS IN RODENTS,
J,M, Vongher*. C. Frye. R, Murphy, and J, Shorten. Department of Psychology, 
The University at Albany-SUNY, Albany, NY, 12222.

Immunocytochemical (ICC) staining for progesterone (P) receptors (PRs) and 
glutamic acid decarboxylase (GAD), the enzyme responsible for GABA production, 
reveal that there are many PRs in the ventromedial hypothalamus (VMH) and many 
GAD containing neurons in the ventral tegmental area (VTA). To investigate P’s 
action on lordosis in the VMH and VTA, anti-sense oligonucleotides (oligos) 
specific to PRs and GAD65i[67 were intracerebrally infused into the VMH and VTA 
of ovariectomized rats and hamsters. Estradiol benzoate (2pig) primed rodents were 
infused bilaterally to the VMH and the VTA with either GAD (500ng/l .0 pi 
infusion) or PR (250ng/1.0 pi infusion) oligos, their scramble controls, or saline 
vehicle at hour 0 and again at hour 24. At hr 44, subjects were tested with a male 
for lordosis responsiveness, followed by subcutaneous P (500 p,g); animals were 
retested 4 hours later. There were significant reductions in lordosis following 
bilateral PR anti-sense infusions to the VMH compared to scrambled or vehicle 
control infusions. Effects of PR anti-sense to the VMH were not different from 
combined bilateral VMH and VTA PR anti-sense infusions; however, VMH 
infusions reduced lordosis compared to VTA anti-sense infusions. GAD anti-sense 
infusions reduced lordosis when infused into the VTA, compared to scrambled or 
saline vehicle infusions. Lordosis responsiveness following bilateral VTA GAD 
anti-sense infusions was not different from combined VMH and VTA infusions, but 
was reduced compared to bilateral VMH infusions. These data are consistent with 
the hypothesis that in the VMH, PRs are important for P-facilitated lordosis, 
whereas in the VTA, GABA may be an important substrate for mediating P’s 
actions on lordosis. Supported by CAREER grant 9896262 from NSF
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547.1
GENDER DIFFERENCES IN PAIN SENSITIVITY ARE APPARENT IN 
ACTIVE AVOIDANCE OR ESCAPE FROM SIGNALLED FOOT- 
SHOCK OF PROGRESSIVELY INCREASING INTENSITY. S.M, 
Anderson*. R.A. Bauman. K.Y. Chu. S. Ghosh. G.A. Saviolakis. and
G.J. Kant. Division of Neuroseiences, Walter Reed Army Institute of 
Research, Washington, D.C. 20307-5100.

In an around-the-clock sustained performance task Sprague-Dawley rats 
were trained to avoid and escape from signalled footshock by pulling a 
chain suspended from the ceiling of an operant test chamber. Shock 
presentation trials (intertrial interval = 5 min) consisted of: 5 sec 
illumination of three cuelights, followed by a 5 sec warning tone and 5 
progressively more intense levels of 5 sec shock. Rats avoided or escaped 
98% of trials and readily adapted to this continuous performance task. In 
14 day trials, female rats avoided footshock more often and escaped from 
footshock at lower shock intensities than male rats of the same age and 
younger male rats of similar body weight. In spite of a transient disruption 
of estrous cycling in the first few days, normal cycling resumed in females 
by the fifth day of the trial. Analyses of data from trial days 6-14 suggest 
better performance in both avoidance and escape during nights following 
the morning of a proestrus vaginal smear. This behavioral model may be 
useful in clarifying physiological, biochemical, and endocrine factors 
relevant to disorders associated with chronic stress and differential pain 
perception or sensitivity, such as fibromyalgia, chronic fatigue syndrome, 
depression, and Persian Gulf War syndrome. (Intramural research funded 
by the U.S. Army Medical Research and Materiel Command).

547.2

SEX DIFFERENCES IN THE LIMBIC NEUROCHEMISTRY 
OF CHRONICALLY RESTRAINED RATS Luine, V.N.1,
Frankfurt. M.2*, & Beck. K.D.1 ’Hunter College, CUNY, NY,
NY 10021;2 Touro College, NY, NY 10010

Chronic restraint stress (6 hrs./day, 21 days) affects male and female 
rats differently in terms of behavior, morphology, and endocrinology. 
We have recently described diverse sex differences in stress-induced 
behavioral change that were modified by the subjects’ housing 
conditions (pair-housed, individual-housed, or food restricted). The 
presented data illustrate how these manipulations also affected the 
subjects’ neurochemistry. Monoamine (DA, NE, 5-HT) and amino 
acid (ASP, ASN, HIS, GLY, GABA) tissue levels were assessed in 
micropunches of the prefrontal cortex, hippocampus (CA1 & CA3), 
and amygdala by HPLC with electrochemical detection. CA3 
norepinephrine levels were higher in chronic restraint groups, in both 
sexes, although double housing was necessary for the male increase. 
Prefrontal histidine was also affected by stress in males and females, 
but the pattern was both different across sex and influenced by housing 
status in males. Female CA1 neurochemistry (5-HT, GLY, & GABA) 
showed changes solely due to housing status. These results support 
the notion that the housing environment plays an important role in 
shaping both the behavioral and physiological effects of chronic stress. 
Support provided by the H.C. RCMIRR03037 & PSC-CUNY grants.

547.3

THE INFLUENCE OF GENDER AND THE ESTROUS CYCLE ON LEARNED 
HELPLESSNESS IN THE RAT.
J.A. Jenkins1. P. Williams2, G. L. Kramer2, L. L. Davis3*, and F. Petty1,2 ^niv. of 
Texas Southwestern Med. Center at Dallas, 2Veterans Affairs Med. Center, Dallas, 
TX 75216,3Veterans Affairs Med. Center, Tuscaloosa, AL

Although the etiology of clinical depression is unknown, women are more likely 
to suffer from major depressive disorder than men are. Also, in depressed women 
mood often fluctuates during the menstrual cycle. Learned helplessness is a valid 
animal model of stress-induced behavioral depression. Surprisingly little research 
has examined gender differences and influences of the estrous cycle in this and 
other animal behavioral models of clinical depression. We therefore tested the 
hypothesis that the estrous cycle may influence learned helplessness in the female 
rat. Learned helplessness was studied in rats using an inescapable tail shock stress 
followed by a shuttle box test to determine escape latencies. Normal cycling female 
rats was studied in the estrus and diestrus phase, with males and ovariectomized 
(OVX) female rats, serving as controls. In order to mimic the cycle in the OVX 
females, a single injection of (3-estradiol (lOpg/ml, sc) was administered 12 or 72 
hours prior to inescapable tailshock. Female rats in the diestrus phase were 
significantly more helpless than female rats in the estrus phase. Male and OVX 
female rats had intermediate escape latencies that were between the two estrous 
phases. Significantly, decreased escape latencies were observed at both 12 and 72 
hours after estradiol administration in OVX females (i.e. prevented learned 
helplessness). These results suggest a role for estrogen in the development of 
stress-induced behavioral depression or “learned helplessness” but also suggest that 
other gonadal hormones in the female cycle may be involved. Supported by Sadie 
and Charlie Seay Fellowship at the University of Texas Southwestern Medical 
Center and the VA Medical Research Service.

547.4
ESTROGEN AS AN ANTIDEPRESSANT IN A CHRONIC STRESS 
ANIMAL MODEL OF DEPRESSION. J.M, Fiber*. I. Rovira and A.M. 
Etgen. Department of Neuroscience, Albert Einstein College of Medicine, 
Bronx, NY 10461.

Human females suffer from depressive disorders at a rate two times that 
of males, and symptoms of depression in women frequently occur during 
postpartum, premenstrual and perimenopausal periods, when estrogen 
levels fall. In addition, estrogen has been used as an antidepressant, as an 
adjunct to antidepressant treatment or as a prophylactic antidepressant for 
women. These experiments employ a chronic stress animal model of 
depression to examine the antidepressant efficacy of estrogen treatment. 
After two weeks of cold water stress there was a bimodal distribution of 
behavior in ovariectomized females during the Porsolt swim test. Rats 
which demonstrated high levels of immobility during this test (compared to 
non-stressed controls, n=6) were labeled as "depressed" (n=7) and 
animals that continued to show struggling behavior in the Porsolt swim test 
were labeled as "stressed" (n=7). Some animals were treated with 17-P 
estradiol for two weeks and behavior was examined again. Estrogen 
attenuated immobility in depressed rats (n=3, p < 0.05). At the end of the 
experiment, the adrenal glands were examined. Both the stressed and 
depressed rats had stress-induced adrenal hypertrophy (measured by 
adrenal gland weight) compared to controls, which is indicative of 
hypothalamic-pituitary-adrenal axis dysregulation. Estrogen reversed the 
stress-induced adrenal hypertrophy in stressed rats, but had no effect on 
adrenal weight in depressed rats (n=3-6, P < 0.05). Monoaminergic 
markers will be examined in adrenal and neural tissue to determine the 
chemical basis of variability in response to stress and the effects of 
estrogen.

Supported by MH 41414, NRSA MH 10956 and the Department of 
Neuroscience, Albert Einstein College of Medicine.

547.5

EFFECTS OF LONG-TERM OVARIECTOMY ON FORCED SWIM 
TEST BEHAVIOR. M. DeLashaw*, L. Sinclair-Worley, and L. 
Uphouse. Department of Biology, Texas Woman’s University,
Denton, TX 76204.

The forced swim test (FST) is a behavioral model that is frequently 
used to test the effectiveness of antidepressants (AD). The paradigm 
involves placing a rat in a water-filled container and scoring the rat’s 
struggling, floating, and swimming behavior. The rat is subjected to 
two swim sessions (pre-test and post-test), and ADs administered 
between the two swim sessions often alter the FST behavior in the post-
test. In general, AD treatments which increase norepinephrine decrease 
floating and increase struggling behavior, and treatments which increase 
serotonin (5-HT) decrease floating and increase swimming behavior.

Menopausal women experience hot flashes, sleep disorders, and 
depression that have been associated with a decrease in estrogen levels. 
The purpose of this study was to investigate the effect of long-term 
ovariectomy (OVX) on FST behavior. Because long-term deprivation 
of estrogen is associated with a reduction in 5-HT levels, and low levels 
of 5-HT correlate with higher levels of FST floating, long-term OVX 
rats were expected to have high floating and low swimming FST scores. 
Female rats (CDF-344) that were OVX for 8 wk floated significantly 
more than intact rats or rats that were OVX for 2 wk. Studies are in 
progress to test the hypothesis that 14 days of EB treatment will 
decrease floating and increase swimming in 8 wk OVX rats.
Research supported by MH51568, Texas Advanced Research Project 
003646-003 and F32 HD08413 to L.S-W.

547.6

RESTRAINT STRESS ACCENTUATES THE INHIBITORY 
EFFECT OF KETANSERIN ON LORDOSIS BEHAVIOR.
L. Uphouse*, Department of Biology, Texas Woman’s University, 
Denton, TX 76204.

Agonists with preference for 5-HTlA receptors inhibit lordosis 
behavior while those with preference for 5-HT2A/2C receptors facilitate 
the behavior. In the following experiment, we tested the hypothesis that 
mild immobilization stress would accentuate the effect of a 5-HT2A/2C 
receptor antagonist on lordosis behavior. Proestrous rats (CDF-344) 
were tested for 10 mounts with a sexually active male. They were then 
injected i.p. with deionized water or with 1 mg/kg ketanserin tartrate 
immediately prior to 5 min of immobilization. Additional females were 
injected with ketanserin tartrate and returned to the home cage for 5 min. 
After the 5 min interval, sexual behavior of the females was monitored 
for 15 consecutive min and 30 min and 60 min later. Rats that were 
immobilized without ketanserin and rats that received ketanserin without 
immobilization showed an increase in resistive behavior, but there were 
minimal effects on lordosis behavior. However, rats that were 
immobilized and injected with 1 mg/kg ketanserin tartrate had an 
immediate and prolonged decline in lordosis behavior. These findings 
are consistent with the speculation that 5-HT2A/2C receptors may reduce 
the negative impact of mild “stress” on female rat lordosis behavior. 
Research supported by HD28419, GM55380 and by a TWU Research 
Enhancement award.
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548.1

A POTENTIATING EFFECT OF ACUTE CORTICOSTERONE ON 
THE FORMATION OF A CONDITIONED TASTE AVERSION. 
W.D. Kent, S.K. Cross-Mellor, M. Kavaliers, K.-P. Ossenkopp*.
Neuroscience Program and Dept. of Psych., Univ. of Western Ontario, 
London, ON N6A 5C2, CANADA

Corticosterone (Cort) has been shown to rapidly alter behavior 
and to affect learning. Using the taste reactivity test (TRT), the 
present study examined the effects of acute administration of Cort on 
sucrose palatability and the development of a rapid gustatory 
conditioned aversion to the sucrose (conditioned taste aversion; CTA). 
On each conditioning day rats were injected with a low dose of 
lithium chloride (LiCl; 0.15 M, ip) or equimolar NaCl vehicle and 10 
min later, received a second injection of Cort (5 mg/kg, ip) or 
cyclodextrin vehicle. Rats were then placed in the TRT chamber, 
where 1 min intraoral infusions of 0.3 M sucrose were delivered every 
10 min for 1 hour. Orofacial and somatic responses produced during 
intraoral infusions were videorecorded and later analyzed for response 
frequency. Two consecutive conditioning days were followed, 48 h 
later, by a CTA test day. Rats treated with both Cort and LiCl showed 
enhanced aversive responding and reduced ingestive responding 
relative to the LiCl-only rats suggesting an enhancement of CTA 
formation. (Supported by NSERC)

548.2
MAGNETIC FIELD EXPOSURE INDUCES C-FOS IN BRAIN AREAS 
RELATED TO CONDITIONED TASTE AVERSION LEARNING. D.J. Snyder1*, 
J.C. Smith1, J.W. Jahng2, and T.A. Houpt1. ‘Program in Neuroscience, The Florida 
State University, Tallahassee, FL 32306-1270; department of Pharmacology, 
Yonsei University, Seoul, South Korea.

Recently, it was shown that rats given access to saccharin and then placed 
in a 9.4 Tesla magnetic field for 30 minutes develop a robust conditioned taste 
aversion (CTA) to saccharin. This implies that magnetic fields confer a 
physiological effect sufficient to produce CTA. The current study seeks to identify 
brain regions that are activated by magnetic field exposure using c-fos 
immunohistochemistry. Six rats were restrained in a plastic tube and placed in a 9.4 
Tesla magnet for 30 minutes (magnet group), while six additional rats were placed in 
the tube but not the magnet (sham group). When removed from the magnetic field, 
four of the six animals in the magnet group turned repeatedly in a counterclockwise 
direction; there was no vestibular effect in any of the sham-treated animals. Brains 
were removed, sectioned, and processed for c-fos immunohistochemistry; c-fos- 
positive cells in the nucleus of the solitary tract (NTS) and caudal medial vestibular 
nucleus (CMVN) were counted. The magnetic field induced significantly more 
labeled cells than did sham restraint in both the NTS (82+11 vs. 51+7; p<0.05) and 
CMVN (54+9 vs. 9+3; p<0.005). Labeled cells in sham-treated tissues may reflect 
stress caused by immobilization. In the NTS, the highest levels of c-fos occurred in 
caudal regions, which receive visceral afferent input. These data suggest that 
magnetic field exposure leads to neural activation that may promote CTA learning 
and vestibular disruption.

Supported by NIH DCD03198 and T32-DC00044.

548.3

Phosphorylation of MAP Kinase in the Insular Cortex and 
Amygdala During Taste Aversion Learning in Mice. M.W. Swank* 
and G.P. Smith. Bourne Lab, Weill Medical College of Cornell 
University, White Plains, NY 10605.

Recent studies have implicated MAP kinase in neuronal plasticity 
subserving learning and memory in the hippocampus. Here we 
demonstrate a robust and specific activation of MAP kinase in the 
brains of mice during taste aversion learning. Using a two-by-two 
factorial design, mice that had been trained to drink from a bottle 
were given either water or saccharin followed by an ip injection of 
either NaCl or LiCl. Thirty minutes after injection, mice were perfused 
and brains processed for immunohistochemistry using a polyclonal 
antibody (New England BioLabs) which recognizes the dually- 
phosphorylated active form of MAP kinase (ppERK). Saccharin 
produced a significant increase in ppERK immunoreactivity in insular 
cortex surrounding the rhinal fissure. LiCl also produced an increase 
in ppERK in insular cortex, but this was more pronounced in the 
ventral portion; there was no apparent synergism between LiCl and 
saccharin. In the central nucleus of the amygdala, LiCl produced a 5- 
fold increase in ppERK, but there was no effect of saccharin. In the 
ventrolateral nucleus ppERK was increased by saccharin, with no 
effect of LiCl. In the lateral nucleus, only the pairing of saccharin and 
LiCl produced a significant increase in ppERK immunoreactivity, 
suggesting the lateral nucleus of the amygdala as a site of CS-US 
associativity. (Supported by NIH MH18390)

548.4
AN ANIMAL MODEL FOR NAUSEA DISCRIMINATING FROM VOM-
ITING: EFFECTS OF NK1 RECEPTOR ANTAGONIST. N, Matsuki* and K. 
Nakanishi. Laboratory of Chemical Pharmacology, Graduate School of Phar-
maceutical Sciences, The University of Tokyo, Tokyo 113-0033, Japan.

Nausea and vomiting are generally considered as one symptom and there 
has been no animal model for nausea that can discriminate from vomiting. 
Therefore, little is known about nausea and drugs that affect nausea. The 
patients desire to control nausea as well as vomiting. Here, we tested the 
possibility that conditioned taste aversion (CTA) can be used as a marker of 
nausea in Suncus murinus. Various type of emetic stimulation (motion, 
nicotine, serotonin) was employed as unconditioned stimulus paired with su-
crose solution. These stimuli decreased the sucrose consumption regardless 
the number of vomiting episodes. The degree of CTA induced by non- 
emetogenic 0.5 Hz motion was similar to that by emetogenic 1 Hz motion 
stimulus. Vagotomy virtually prevented CTA caused by serotonin. These 
results suggest that CTA is a good marker of nausea independent of vomiting 
responses. Next we investigated effects of 3 tor 10 mg/kg CP-99,994, a 
NK1 receptor antagonist with a broad spectrum antiemetic effects, on CTA. 
CP-99,994 completely prevented vomiting episodes induced by motion 
stimulus without affecting the acquisition of CTA. The results may indicate 
that NK1 receptor antagonists are not effective for the treatment of nausea 
even though they strongly block vomiting responses. Suncus murinus can be 
a good animal model for the investigating the effects of drugs on nausea and 
vomiting separately.

548.5
COOLING THE DURA DOES NOT INDUCE CONDITIONED TASTE 
AVERSIONS IN MALE RATS. Y.Wang* and K.C.Chambers. Department of 
Psychology, University of Southern California, Los Angeles, CA 90089-1061.

Cooling lesions of the area postrema (AP) cause a malaise which can induce 
conditioned taste aversions (CTAs). This effect is not confined to the AP. Cooling 
lesions of cerebellar cortex (CBC) also can induce CTAs, although the strength of lire 
aversion is stronger after cooling tire AP than after cooling the CBC. The following 
experiment was designed to determine tire relative contributions of cooling cerebellar 
brain tissue or dura to the CTA. Thirty five Sprague-Dawley male rats were 
randomly assigned in equal numbers to one of the following groups: cooling the dura 
and the CBC (D+CBC), cooling the dura (D), cooling tire CBC (CBC), cooling tire 
tissue external to the skull (ET), and a no cooling control (NC). A cold probe was 
implanted in each male. For both the D+CBC and NC groups, the skull was cut and 
the dura and CBC were left intact, for the D group, the dura was punctured lateral to 
cold probe placement to remove the CBC underlying tire probe; for the CBC group, 
the overlying dura was removed before probe placement; and, for tire ET group, tire 
cold probe was implanted outside the intact skull. 7 days after implantation, one 
acquisition test was given. Immediately after access to a 10% sucrose solution for 1 
lir, the cold probe of each rat was attached to the cooling injection system but tire 
system was activated for 1 hr only in those rats assigned to the cooling condition. 
Two days later, post-acquisition tests were initiated; 1 lir access to sucrose was given 
daily for 4 days. Only the D+CBC and CBC groups showed decreases in sucrose 
consumption (p<.01). The consumption of these 2 groups across the 4 post-
acquisition tests did not differ. These data indicate that it is the cooling of the brain 
tissue not the dura that induces a CTA. Perhaps localized vasoconstriction of the 
circulatory system within tire brain tissue causes tire release of some factor which 
travels through the circulatory system to activate neural areas mediating CTAs. 
Supported by BNRF.

548.6
PRE-EXPOSURE TO ESTRADIOL BEFORE ACQUISITION OF A LICL- 
INDUCED CONDITIONED TASTE AVERSION ACCELERATES EXTINCTION 
AND DECREASES C-FOS EXPRESSION IN THE AREA POSTREMA.
K.C.Chambers*, U.L.Hayes, R.D.Kunz, and Y.Wang. Department of Psychology, 
University of Southern California, Los Angeles, CA 90089-1061.

Extinction of a conditioned taste aversion (CTA) is accelerated when E is present 
before acquisition (from 11 days before until 2 days before) but when E is present 
during acquisition (from 1 hour before sucrose presentation until 16 hrs after LiCl 
injection), it lias no effect on extinction. We have suggested that these effects of E on 
extinction are associated with its illness-inducing properties. E can induce a CTA and 
it is well established that exposure to illness-inducing agents before acquisition can 
attenuate the acquisition and accelerate the extinction of a CTA. It is possible that 
pre-exposure to E decreases Hie responsiveness of the neurons tliat mediate 
acquisition of LiCl-induced CTAs. The expression of c-Fos increases in Hie area 
postrema (AP) after LiCl injections and temporary cooling lesions of the AP prevent 
LiCl-induced aversions. It was hypothesized that Hie activation in the AP would be 
reduced in animals pre-exposed to estradiol before acquisition. C-Fos-like 
immunoreactivity (c-FLI) was measured in three groups of Fischer 344 female rats: 
pre-exposure to E and sucrose-LiCl pairing during acquisition (E-Li, n=3), no pre-
exposure to E and sucrose-LiCl pairing (N-Li, n=5), and no pre-exposure to E and 
sucrose-NaCl pairing (N-Na, n=3). All females were gonadectomized and the E-Li 
females were implanted sc with 10mm E-filled silastic capsules while Hie other 2 
groups were implanted with empty capsules. After 9 days, Hie capsules were 
removed from all rats and 2 days later one acquisition test was given. Immediately 
after access to a 10% sucrose solution for 1 hour, Hie rats were injected with either a 
LiCl or NaCl solution (0.15M, 10 ml/kg). Tire c-FLI in the AP of the N-Li group was 
higher than Hiat of both the E-Li (p=.05) and N-Na (p=.02) groups. The E-Li and N- 
Na groups did not differ (p= .27). These data support the hypothesis that pre-exposure 
to illness-inducing agents decreases the responsiveness of neurons mediating 
acquisition of CTAs. Supported by BNRF.
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548.7

EFFECT OF STIMULUS PRE-EXPOSURE ON INTRAORAL
CONDITIONED TASTE AVERSION IN THE RAT. R, Nardos and
T.A.Houpt*. Department of Biological Science, Florida State University, 
Tallahassee, FL 32306.

Pre-exposure to a taste stimulus attenuates the formation of a conditioned taste 
aversion (CTA) in rats independently ingesting from a bottle (Kalat and Rozin, 
1973). In this experiment, we investigate whether pre-exposure to a taste 
stimulus by intraoral infusion will attenuate CTA learning. Intraoral infusion 
allow precise control of the time and duration of orosensory stimulus 
presentation. For seven consecutive days , rats received a daily 6 minute infusion 
(1.1 ml/minute) of either 5% sucrose or water. Their weight gain during the 
infusion was recorded as a measure of intake. On day 8, all rats received a 6 
minute infusion of 5% sucrose; 30 minutes later rats were injected with LiCI 
(12ml/kg, 0.15M, i.p.). After 48 hours, all rats received a 6 minute infusion of 
5% sucrose. On the day of the pairing, the seven day sucrose pre-exposure group 
had a higher intake of 5% sucrose ( 5.5 ±0.4g) compared to the water pre-
exposure group (4.0±1.4g). Forty eight hours after pairing of sucrose and LiCI, 
the sucrose pre-exposure group had a higher intake of 5% sucrose (3.8±0.8g) 
compared to the water pre-exposure group (2.2±0.4g). Increased intake in the 
sucrose pre-exposure group may be due to decreased neophobia or formation of 
learned safety. Experiments to determine the effects of stimulus pre-exposure on 
neuronal correlates of CTA learning (eg. c-Fos expression in the iNTS) are 
underway.
Support by NIDCD 03198.

548.8
EXPRESSION OF FOS-LIKE IMMUNOREACTIVITY WITHIN THE
INTERMEDIATE NTS IS DEPENDENT UPON CTA CONDITIONING METHOD. 
K. J. Spray*, C. B. Halsell, and I. L. Bernstein. Dept. of Psychology, Univ. of 
Washington; Seattle, WA 98195.

Previous studies in our laboratory have used the appearance of Fos-like 
immunoreactivity (FLI) within intermediate nucleus of the solitary tract (iNTS) during 
expression of a conditioned taste aversion (CTA) to define neural circuits involved in 
this learning. Recent findings suggest that neural circuits underlying this learning may 
vary with the conditioning method used. Specifically, the amygdala was found to be 
necessary for both the behavioral expression of CTA and FLI in iNTS when animals 
were conditioned using intraoral infusion (I/O). In contrast, the amygdala did not 
appear necessary for behavioral expression of a CTA when conditioning involved 
access to a bottle. To further examine whether patterns of neuronal activation during 
CTA expression differ as a result of conditioning method, the present study directly 
compared FLI in iNTS in rats that were conditioned using I/O vs. bottle methods. 
Eighteen male Long-Evans rats were implanted with I/O cannulae and habituated to 
both bottle and I/O presentation methods using water. On the conditioning day 
exposure to 0.15% saccharin (CS) via bottle (30-min access) or I/O infusion (5 ml/10 
min) was paired with LiCI (US) or saline. All 4 groups were tested using I/O infusion 
of the CS, videotaped during the infusion for behavioral analysis, and perfused 2 h 
later for FLI processing. Behavioral expression of the CTA, as measured by latency to 
drip, showed that paired groups had a significantly shorter latency than unpaired 
groups and no difference between conditioning methods was observed. In contrast, 
only the I/O paired group showed a statistically reliable increase in FLI in the medial 
subdivision of the iNTS. These findings suggest that expression of a CTA acquired 
through bottle conditioning is not associated with elevations in FLI in the iNTS. This 
finding points to fundamental differences in the neural pathways involved in CTA 
learning when conditioning methods differ along lines which might conform to a 
classical vs. instrumental dimension. Supported by NIH grant NS37040.

548.9

INDUCTION OF c-FOS IN NADPH-DIAPHORASE-POSITIVE CELLS IN 
THE N. OF THE SOLITARY TRACT, PARAVENTRICULAR N., AND 
SUPRAOPTIC N. BY LITHIUM CHLORIDE. J.W, Jahng1*. D.G. Kim1, and
T.A. Houpt2, ‘Dept. Pharmacology, Coll, of Medicine, Yonsei Univ., Seoul, 
Korea; 2Dept. Biol. Sci., Florida St. Univ., Tallahassee, FL
Nitric oxide (NO) has been implicated in the central mediation of learning and 
autonomic function. NADPH-diaphorase staining (NADPH-d) reveals 
populations of nitric oxide synthase (NOS)-containing neurons in the visceral 
neuraxis, including the nucleus of the solitary tract (NTS) and hypothalamic 
paraventricular (PVN) and supraoptic (SON) nuclei. Acute LiCI activates 
these brain regions as revealed by c-Fos-like immuno-reactivity (c-FLI). To 
determine if NOS-containing neurons are activated by LiCI, adult male rats 
were injected with LiCI (0.15M, 12 ml/kg, i.p.; n= 4) or saline (n=2). One 
hour after injection, the rats were perfused and sections through the brainstem 
and hypothalamus processed first for NADPH-d (a cytoplasmic stain) and 
then for c-FLI (a nuclear stain). Double-labeled cells were observed in all 3 
regions of LiCl-treated rats. In the SON, almost all NADPH-d-cells were also 
c-FLI-positive. In the PVN, numerous double-labeled cells were found, but 
large numbers of single-labeled cells were also present. In the NTS, c-FLI 
overlapped with NADPH-d-positive cells in the intermediate NTS, but only a 
few cells were double-labeled; isolated NADPH-d-positive cells in the rostral 
NTS were double-labeled, however. Thus LiCI induced c-FLI differentially in 
NADPH-d cells of the SON, PVN, and NTS; in all 3 regions, even singly- 
labeled c-FLI-positive cells were in close proximity to NADPH-d positive 
cells or fibers. These results suggest a role for NO in the behavioral and 
autonomic response to acute LiCI injection. Supported by NIDCD 03198.

548.10
DUAL NEURONAL ACTIVATION BY LITHIUM CHLORIDE TRACKED BY 
c-FOS IMMUNOHISTOCHEMISTRY AND IN-SITU HYBRIDIZATION.
C. M. Spencer* and T.A. Houpt. Dept. of Biological Science, Florida State 
University, Tallahassee, FL 32306.

After the acquisition of a conditioned taste aversion (CTA) to sucrose by pairing 
with a toxic LiCI injection, sucrose induces c-Fos-like immunoreactivity (c-FLI) in 
many of the same brain regions that are activated by LiCI alone. It is not known, 
however, whether the same populations of cells are activated by both conditioned 
sucrose and LiCI. In order to visualize neuronal activation by two stimuli in the same 
rat, we exploited the differential lifetimes of c-Fos protein and mRNA. We have 
observed increased c-Fos mRNA expression, but not c-FLI, 20 min after LiCI 
administration. By 3 h, there is a significant increase in c-FLI but no detectable c-Fos 
mRNA. Thus, our approach is to visualize c-Fos protein by chromogenic 
immunohistochemistry and c-Fos mRNA by autoradiographic in-situ hybridization 
(ISH). Rats were given an injection of LiCI or saline (0.15 M, 12 ml/kg), followed 3 
h later with a second injection of LiCI or saline. After 20 min, rats were perfused and 
the brains processed for c-FLI followed immediately by c-Fos ISH. We observed 
increased c-FLI in rats that had received LiCI 200 min, but not 20 min, prior to 
perfusion. Expression of c-Fos mRNA was observed in rats that had received LiCI 20 
min, but not 200 min, prior to perfusion. Rats (n=2) that had received 2 injections of 
LiCI showed significant increases in both c-FLI and c-Fos mRNA in several brain 
regions, indicating that regions which were activated by the first LiCI injection were 
reactivated by the second injection. A preliminary experiment suggests that regions 
activated by conditioned sucrose are similarly reactivated by subsequent injection of 
LiCI. Thus, we are able to visualize c-Fos mRNA in tissue sections after processing 
for c-FLI and will consequently be able to determine whether two independent stimuli 
induce c-Fos in the same cells in brain regions involved in CTA acquisition. 
Supported by NIDCD 03198.

548.11

FAILURE OF SOME FREE RADICALS TO PRODUCE A CONDITIONED TASTE 
AVERSION. B. M. Rabin*, L. L. Buhler, and M. W. Nestor. Dept. of Psychology, 
University of Maryland Baltimore County, Baltimore, MD 21250.

Previous research has shown that injection of the nitric oxide donor sodium 
nitroprusside (SNP) or the free radical scavenging agent N-tert-butyl-a-phenyl nitrone 
(PBN) can produce a conditioned taste aversion (CTA) in rats. That this CTA is 
mediated by nitric oxide is shown by the fact that pretreating rats with L-nitroarginine (20 
mg/kg, ip) prevents the acquisition of a CTA. In addition to nitric oxide, the CTA 
produced by treatment with SNP or PBN also involves dopamine, because pretreatment 
with the D2 antagonist haloperidol (0.5 mg/kg, ip) attenuates the CTA produced by 
treatment with these compounds. The present experiments were designed to examine the 
generality of these results by looking at CTA learning following treatment with other 
compounds that affect nitric oxide.

Using a standard two-bottle CTA design, rats were injected with the nitric oxide donor 
S-Nitroso-N-acetylpenicillamine (SNAP, 5-20 mg/kg, ip), or the spin-trap agents 5,5- 
Dimethyl-l-pyrroline 1-oxide (DMPO, 10 or 20 mg/kg, ip) or a-(4-pyridyl l-oxide)-N- 
te/7-butylnitrone (POBN, 10 or 20 mg/kg, ip) immediately following ingestion of a novel 
10% sucrose solution. In contrast to the previous results, no taste aversions were 
produced by injection of any of these compounds.

These results suggest that treatment with nitric oxide donors or free radical scavenging 
agents may not be a sufficient condition for the production of a CTA. Rather, the 
acquisition of a CTA by compounds that affect nitric oxide systems may require 
concomitant effects on other neurochemical systems. Alternatively, these compounds 
may differ in their level of toxicity.

Supported in part by DRIF funds from UMBC.

Society  for  Neuroscience , Volume  25, 1999



1360 INGESTIVE BEHAVIORS: SALT AND WATER INTAKE TUESDAY PM

549.1
COMPARISON OF EFFECT OF SEROTONIN AGONISTS IN 
SUPPRESSION OF FOOD, WATER, AND SODIUM INTAKE 
IN RATS. N.E. Rowland* and K.L. Robertson. Dept. Psychology, 
Univ. of Florida, Gainesville, FL 32611-2250.

It is well-known that serotonin (5-HT) agonists suppress food 
intake in many species in both deprived and non-deprived conditions 
and underlies neural models of the role of 5-HT in feeding. However, 
the specificity of that action for food intake has been poorly studied.
In the present work, we compared dose-inhibition curves across three 
paradigms in adult female rats: food (chow) intake after 24-hr food 
deprivation, water intake after 24-hr water deprivation, and sodium 
appetite (intake of 0.45M NaCl) 24-hr after treatment with furosemide 
(10 mg/kg and interim access to sodium-free diet and distilled water). 
In the first study, using the putative 5-HT2c agonist m-trifluoromethyl 
phenylpiperazine (TFMPP) injected s.c. 15 min before 1-hr intake 
tests, the 50% inhibitory dose (DI50) for food and sodium intakes was 
similar (~0.2 mg/kg) and less than the DI50 for water (-0.8 mg/kg).
A second study was performed using the 5-HT releaser and uptake 
inhibitor, dexfenfluramine (DF). In this case, the DI50 for sodium 
appetite was less than 0.75 mg/kg, substantially lower than the DI 50 
for either food or water intake (-2 mg/kg). With the caveat that it is 
difficult to ensure equation of motivational strength across these three 
paradigms, it appears that sodium appetite is at least as sensitive as 
feeding to suppression by 5-HT centrally-acting agonist agents.

549.2
INTERACTIONS OF SEROTONERGIC AND CHOLECYSTOKINERGIC 
MECHANISMS IN THE PARABRACHIAL NUCLEUS AND THE 
CONTROL OF WATER AND NACL INTAKE. J.I.F. De Gobbi1. L.A. De 
Luca Jr.1. A.K. Johnson2 and J.V. Menani1*. ’Dep. Fisiologia e Patologia, 
Fac. de Odontologia, UNESP; Araraquara, SP, Brazil, and 2Dep. Psychology 
and Pharmacology and Cardiovascular Center, University of Iowa, Iowa 
City, IA, USA.

In this study we investigated the interaction between serotonergic 
(5HT) and cholecystokinergic (CCK) inhibitory mechanisms in the lateral 
parabrachial nucleus (LPBN) on the control of water and 1.8% NaCl intake. 
Male Holtzman rats with bilaterally implanted cannulas in the LPBN were 
used. Water and 1.8% NaCl intake was induced by sc furosemide (10 
mg/kg) + captopril (5 mg/kg). Bilateral injections of high doses of the 5HT 
receptor antagonist methysergide (4 pg/0.2 pi) or of the CCK receptor 
antagonist proglumide (50 pg/0.2 pi) into the LPBN, alone or in 
combination, produced similar increases in induced water and NaCl intake. 
However low doses of methysergide (0.5 pg/0.2 pi) + proglumide (20 
pg/0.2 pi) injected into LPBN enhanced NaCl intake in comparison to when 
they were injected alone. Injection of the 5HT2a/2c agonist DOI (5 pg/0.2 
pi) into the LPBN reduced water and NaCl intake, but proglumide (50 
pg/0.2 pi) abolished this effect. These data suggest that there are important 
interactions between 5HT and CCK LPBN inhibitory mechanisms in the 
control of water and 1.8% NaCl intake.

Research supported by FAPESP and CNPq

549.3

LICK RATE ANALYSIS OF SALT PREFERENCE DURING 
PREGNANCY AND LACTATION IN RATS. S.N.D.A. Clarke and I.L. 
Bernstein*, Department of Psychology, University of Washington, Box 
351525, Seattle, WA 98195, USA.

Pregnancy and lactation are characterized by increases in salt (NaCl) 
intake, as determined by long-term access consumption tests (e.g., 24h two- 
bottle choice test). Such tests, however, do not examine the relative 
contribution of taste and postingestive factors to changes in NaCl intake 
observed during reproductive episodes. Consequently, in the present study, a 
short-term access test (lickometer) was used to examine the contribution of 
taste factors to the increased intake of NaCl associated with pregnancy and 
lactation. Fourteen, nulliparous, Long-Evans, female rats were habituated to 
lickometer testing, and subsequently tested during pregnancy and lactation 
with three 30 sec exposures to each of 7 tastants. To take advantage of the 
rat's readiness to consume sucrose, we presented some of the NaCl in a 
sucrose base. The tastants used were: 0.075M sucrose (base), 0.089M 
NaCl+base, 0.158M NaCl+base, 0.281M NaCl+base, 0.5M NaCl+base,
0.158M NaCl and 0.281M NaCl. All rats were tested in a fluid- and food- 
replete state. Results indicated that the pregnant and lactating rats exhibited 
significantly increased lick rates to the 0.5M NaCl+base, 0.158M NaCl and 
0.281M NaCl solutions during late pregnancy (Day 13 and beyond) and late 
lactation (Day 13 and beyond). These findings suggest that pregnancy and 
lactation induce changes in reactivity to taste stimuli associated with NaCl 
ingestion. Such changes may be the basis of the elevated NaCl preference 
and intake associated with the reproductive episode. (Supported by NIH 
#DC00248)

549.4
PARABRACHIAL NUCLEUS LESIONS INCREASE NACL INTAKE IN 
CA++ DEPRIVED RATS. R. Norqren1*, J. Schulkin2, and P.S. Griqson1. 
1Dept. Behavioral Science, Penn State Univ., Hershey, PA, 17033; 
2Dept. Physiol, and Biophysics, Georgetown Univ., Washington, DC.

Rats with bilateral lesions of the pontine parabrachial nuclei (PBNx) 
fail to acquire a conditioned taste aversion (CTA) or to express a 
sodium appetite. Three groups each of control and PBNx rats were 
first maintained on a Ca-free diet for 30 days, then treated with 
furosemide to induce a sodium appetite, and finally tested for 
acquisition of a CTA. In the first two experiments, different groups of 
control and PBNx rats were presented with 0.5M CaCI2 and H2O, 0.5 M 
NaCl and H2O, or both salts with H2O. After the diuretic, the controls, 
but not the PBNx rats, exhibited a NaCl appetite, and neither group 
consumed significant amounts of CaCI2. After Ca++ deprivation, neither 
the controls nor the PBNx groups displayed an appetite for CaCI2. The 
controls ingested nonsignificant amounts of NaCl during the first 24 h. 
The PBNx rats also failed to drink significant quantities of NaCl when 
presented together with CaCI2 and H2O. When it was the sole choice 
with H2O, however, the PBNx rats more than doubled their intake of 
0.5M NaCl over the first 2 days of the test period. All of the controls, 
but none of the PBNx rats learned an aversion to saccharin when 
paired 3 times with LiCI (ip). Thus, rats with parabrachial lesions fail to 
respond to a Na+ deficit, but can exhibit an exaggerated preference for 
a normally aversion NaCl solution when deprived of another mineral, 
Ca++. Supported by NIH MH43787, MH00653, DC02016, DC00240.

549.5

EARLY SALT INTAKE DURING EXTRACELLULAR DEHYDRATION. 
L,A. De Luca Jr.*, A.M. Sugawara, P.N. Nozaki, J.V, Menani, Dept.
Physiological Sciences, School of Dentistry, UNESP, 14801-903 
Araraquara, SP, Brazil.

Sodium appetite, reflected by the procurement of hypertonic sodium 
solutions, occurs with a delay of several hours, and water intake occurs in 
the first hour, after the beginning of the extracellular dehydration. The 
present work investigated the preference for water and isotonic NaCl in 1) 
extracellular and intracellular dehydrated rats, and 2) rats treated with 
angiotensin II (ANG II) and carbachol (cholinergic agonist). Adult male 
Holtzman rats were used. Control animals that received vehicle ingested 0.5 
+ 0.2 ml/120 min of water and 1.3 ± 0.6 ml/120 min of 0.9% NaCl (n = 12). 
Extracellular dehydration induced by subcutaneous injection of furosemide 
(10 mg/rat) induced similar water (3.0 ± 0.6 ml) and 0.9% NaCl (4.2 +1.6 
ml) intake (n = 6). Intracellular dehydration induced by intragastric gavage 
of 12% NaCl induced only water intake (8.2 ± 0.9 ml, n = 6). 
Intracerebroventricular (i.c.v.) injection of ANG II (50 ng) induced intake of 
10.9 + 1.0 ml of water and 7.1 ± 1.7 ml of 0.9% NaCl (n - 8). I.c.v. 
injection of carbachol (3 nmol) induced 11.0 ± 1.0 ml of only water intake 
(n = 8). Therefore, 1) in addition to water intake, ingestion of dilute sodium 
solution is also induced early during extracellular dehydration, 2) ANG II is 
likely important for this early sodium intake.

Supported by: FAPESP, CNPq, PRONEX

549.6

INCREASES IN ARTERIAL BLOOD PRESSURE INHIBIT WATER 
DRINKING EVOKED BY HYPOVOLEMIA. E.M. Stricker*, S.D. 
Stocker, and A.F. Sved. Univ. of Pittsburgh, Pittsburgh, PA, 15260

Angiotensin II infused iv increases mean arterial blood pressure (MAP) 
and water intake in rats. This water intake is potentiated either when MAP 
has been kept at basal levels by simultaneous administration of a 
hypotensive agent, or when baroreceptor afferents have been removed by 
electrolytic lesions of nucleus tractus solitarius or by sinoaortic 
denervation. However, it is not known whether increases in MAP inhibit 
water intake in rats stimulated by treatments other than angiotensin II. 
Recently, we demonstrated that increases in MAP inhibit water drinking 
evoked by hypertonic saline (Stocker et al. FASEB J. 13: A780, 1999). 
The present study determined whether increases in MAP inhibit water 
drinking in response to hypovolemia. Adult male Sprague-Dawley rats 
(300-400 g) were injected sc with 5 ml of 30% (w/w) polyethylene glycol 
and denied access to water for 5 hr. Then, MAP was increased by iv 
infusion of phenylephrine (PE; 24 pg/kg/min, n=8); control rats received 
isotonic saline (ISO; 25 pl/min, n=8). Rats were allowed access to water 
for 30 min beginning 10 min after onset of these infusions. ISO did not 
affect MAP (119.8 + 4.9 mmHg) whereas PE significantly increased MAP 
(147.4 + 4.4 mmHg). Hypovolemic rats infused with PE consumed 4.1 + 
0.8 ml, whereas control rats drank 8.3 + 0.6 ml (P<0.01). Urine volumes 
did not differ between the two groups. These data provide further support 
for the hypothesis that increases in MAP inhibit water intake in rats.
This work was supported by MH25140.
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549.7
EFFECT OF SUBDIAPHRAGMATIC VAGOTOMY ON THIRST AND 
FOS-LIKE IMMUNOREACTIVITY (FOS-IR) FOLLOWING 
INTRAGASTRIC (IG) HYPERTONIC SALINE. E, M, Starbuck* and 
D, A, Fitts. Dept. of Psychology, Univ. of Washington, Seattle, 
WA 98195.

If receptors in the gut relay information about increases in 
local osmolality to the brain via the vagus nerve, then 
vagotomy should diminish this signaling and reduce both 
thirst and brain Fos-IR. Water intake in response to hypertonic 
saline (SC, IP, IG, 1% BW, 1M NaCl; IG, .5% BW, .6M NaCl) was 
reduced during 90 min in rats with subdiaphragmatic 
vagotomy sparing the hepatic branch (VGX) compared to 
sham-vagotomized rats. Brain Fos-IR was examined in 
response to both IG loads. After the smaller load, VGX greatly 
reduced Fos-IR in the supraoptic nucleus and the 
magnocellular and parvocellular areas of the paraventricular 
nucleus; labeling in the subfornical organ and organum 
vasculosum laminae terminalis were not affected. After the 
larger load, VGX had no significant effect on Fos-IR in these 
areas. Thus, decreased water intake by VGX rats was reflected 
in decreased Fos-IR following the smaller IG load only, 
indicating importance of the abdominal vagus in thirst in 
response to signaling from gut osmoreceptors. In contrast, 
absorption of the larger IG load may have activated Fos-IR 
through more rapidly increasing systemic osmolality, thereby 
obscuring a role for the vagus. Supported by NS22274.

549.8
EFFECTS OF UNLOADING BLOOD PRESSURE AND VOLUME 
ON WATER AND SALINE INTAKES DURING ANG II 
INFUSION INTO SFO OR OVLT. D.A. Fitts* and
E.M. Starbuck, Dept. of Psychology, Univ. of 
Washington, Seattle, WA 98195.

Infusions of angiotensin II (ANG II) into 
the organum vasculosum laminae terminalis 
(OVLT) of rats cause water drinkihg and salt 
appetite, but similar infusions into the 
subfornical organ (SFO) cause only water 
drinking. Two experiments tested whether 
infusions of ANG II into SFO inhibit salt 
appetite by raising mean arterial pressure 
(MAP). One used minoxidil and captopril to 
reduce MAP, and another used furosemide and 
captopril to reduce both MAP and blood volume. 
These treatments provoked saline intake during 
ANG II infusions into the OVLT or the third 
ventricle but not into SFO. The results 
support the view that, in the rat, ANG II in 
the OVLT is more potent than ANG II in the SFO 
for generating salt appetite. Supported by 
NS22274.

549.9

ROLE OF CIRCULATING ANGIOTENSIN II IN SODIUM 
APPETITE OF ADRENALECTOMIZED RATS. G. H. M. 
Schoorlemmer1. A, K. Johnson1,2,3, and R. L. Thunhorst1’3*. !Dept. of 
Psychology, 2Dept. of Pharmacology, Cardiovascular Center, 
University of Iowa, Iowa City, IA 52242, USA.

Adrenalectomized mammals, as a result of a lack of aldosterone, lose 
large amounts of sodium from the kidneys, and develop an avid sodium 
appetite to replace urinary sodium loss. We used 5 adrenalectomized 
male Long Evans rats to investigate the role of Ang II in the sodium 
intake. Rats had venous and arterial cannulas, and were allowed to 
recover from surgery for at least 10 days. After a 9 h period of no access 
to NaCl, the rats drank 14.1 ± 1.5 mL/2h of 0.3 M NaCl. However, rats 
drank only 3.1 ± 1.5 mL when the production of Ang II was blocked by 
infusing Captopril (2.5 mg/h i.v.) during the last 5 h of the depletion 
period and the 2 h drinking period. This dose of Captopril does not 
block conversion of Ang I in the brain, and does not significantly alter 
urinary sodium loss. Infusion of Ang II (15-30 ng/min i.v.) during the 
period of sodium access restored blood pressure in Captopril treated 
rats, and increased sodium intake (12.5 ± 2.1 mL). However, infusion of 
ADH (25-100 ng/min i.v.) did not stimulate sodium intake (1.8 ± 0.7 
mL), although it restored blood pressure. These results suggest that 
nearly all the sodium appetite after adrenalectomy is mediated by 
circulating Ang II. Funded by HL54292 to RLT and HL 14388 to AKJ

549.10
ESTROGEN-INDUCED CHANGES IN c-FOS EXPRESSION IN THE 
FOREBRAIN FOLLOWING CENTRAL ANGIOTENSIN II.
L.R.Kisley*, R.R.Sakai. L.Y.Ma. L.M.Flanagan-Cato, and S.J.Fluharty.
Dept. of Animal Biology, Psychology & Inst, of Neurological 
Sciences, Univ. of PA, Phila., PA 19104.

Previous studies in female rats have shown that estrogen treatment 
attenuates Angiotensin II (AngN)-induced water intake. The 
mechanism underlying this attenuation may be a decreased 
responsiveness to Angll due to a reduction in hypothalamic Angll 
binding. It has not been determined if these changes in receptor 
binding translate into changes in neuronal activity that may, in turn, 
influence behavior. Therefore, an estrogen-modulated change in 
neuronal pathways relevant to AngH-induced water intake was tested 
in ovariectomized female rats using the immediate early gene, c-Fos, 
as a marker for neuronal activation.

Immunohistochemical staining for c-Fos protein following 
intracerebroventricular injection of Angll revealed intense labeling in 
the organum vasculosum of the lamina terminalis, the median preoptic 
nucleus, the subfornical organ, the supraoptic nucleus and the 
paraventricular nucleus (PVN). Forty-eight hour estrogen 
administration increased c-Fos labeling by 30% in the lateral 
magnocellular neurons of the PVN as compared to vehicle-treated 
controls. Although the phenotype of the magnocellular neurons was 
not identified as vasopressinergic or oxytocinergic, the significance of 
the increased c-Fos labeling is discussed in terms of potential increases 
in either of these cell types as they relate to fluid balance and plasma 
osmolarity during the estrous cycle. Supported by MH 43787, DK 
52018, and DK 48061.

NEUROETHOLOGY: COMPARATIVE SENSORY SYSTEMS

550.1

THE TWISTED EYES OF TWISTED-WING INSECTS
ftJEhiaer^JEjaasshhsekf*, and R, R, Hoy

Neurobiology and Behavior, Mudd Hall, Cornell University, Ithaca NY 14853 
£ These authors contributed equally.

Twisted-wing insects (Strepsiptera) are endoparasitic insects. Along with the 
presence of functional halteres and its unresolved taxonomic status, the unusual 
appearance of the male’s eyes compels attention. They differ conspicuously from the 
compound eyes of other insects in that the about 50 large, strongly convex lenses are 
widely spaced and that behind each is a retina with over 100 receptor cells. 
Functionally this could allow each optical unit to generate and processes an entire 
image which is restricted by the resolution of the retina. Optical measurements on 
the eyes of the male Strepsiptera Xenos peckii indicate that each lens produces a well 
focused, inverted image at the level of the retina. Image formation seems neither 
limiteJ by diffraction, nor by the light gathering capacity of the lens. These findings 
lead us to a model, where each optical unit is an independent image-forming eye that 
contributes a partial image. This organization is different from conventional 
compound eyes in which each optic unit (facet) has 8 to 10 photoreceptors and 
contributes to only one sample point. Each partial image is re-inverted by optic 
chiasmata between the retinae and the lamina where the complete image is 
assembled from partial images of neighboring units. Neurohistological methods are 
used to illustrate the chiasm and receptor bundles from neighboring units 
terminating next to each other in the lamina. A comparable organization for this 
combination of simple and compound eye so far has been suggested only for some 
trilobites.

Supported by NIH (NCRRrOlrrO8688) and DFG (Eh 181/1-1)

550.2

CONVERGENCE OF VISUAL AND OLFACTORY INPUT IN 
ANT MUSHROOM BODIES.
W. Gronenberg*. Arizona Research Labs-Div. Neurobiology, University of 
Arizona, Tucson AZ 85721, USA

Ants are social insects that perform many different and complex behaviors 
including intra-specific communication, navigation, and learning and memory. 
To solve these tasks, many ant species strongly rely on olfaction while some 
species depend on their visual abilities. Vision is particularly important for 
males of most species that perform mating flights.

Such behavioral differences are reflected by the brain anatomy of different 
species and genders. Subtle differences may even exist between workers of 
the same colony that perform different tasks. The olfactory lobes are relatively 
large in all ants whereas the optic lobes are usually small, but their relative 
size varies considerably among species. The mushroom bodies (mb) are parti-
cularly prominent in ants. These central neuropils are involved in complex 
multimodal information processing and receive visual and antennal input as 
revealed by anterograde tracing experiments. The input neurons segregate into 
different mb input regions: the lip receives olfactory neurons, the collar visual 
ones, and the basal ring obtains mixed input. Morphometry shows that the re-
lative size of the lip and the collar region correspond to the particular species- 
specific behavior: the mb of species that perform complex visual behaviors 
(e.g. landmark orientation) receive more visual input neurons than species that 
rely on olfaction. Unlike olfactory information, visual input is distributed bi-
laterally in the mbs, a condition, which may assist spatial orientation.
Supported by Deutsche Forschungsgemeinschaft (Gr 933/6)
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550.3
BEHAVIOR, PERIPHERAL CHEMORECEPTION AND INFORMATION IN 
TURBULENT ODOR PLUME TRACKING: RESULTS FROM SIMULATION 
STUDIES. F.W, Grasso1 *.S.T, Gaito2 and Jelle Atema1 1 Boston University Marine 
Program, MBL, Woods Hole, MA 02543 2 Department of Engineering, Boston 
University, Boston MA 02115

An animal’s use of chemical cues to locate the source of an odor plume is 
complicated by the intermittent nature of the concentration signals that results from 
environmental turbulence. Previous studies (Grasso, Mahafiy, Reilly & Atema, 1998) 
showed that the use of certain temporal features of the concentration profile could 
guide a simulated animat (modeled on a lobster) to the source of a marine "playback" 
plume through paths that contained an order of magnitude fewer decisions than an 
animat which tracked the average concentration gradient. Theoretically, in either 
framework, increased sampling time leads to more accurate gradient estimates. 
However, the simulation studies indicated instantaneous sampling to be the preferred 
strategy because the observed the reduction in decisions did not accumulate at a 
sufficient rate to offset the increased commitment of time in gathering individual 
estimates. We report here results of further simulation studies which identify regimes 
in which faster tracking is obtained with klinotactic algorithms using non- 
instantaneous sampling in the same "playback" environment. The studies found u- 
shaped relationships between sampling time and tracking time that reflect a trade off 
between estimate accuracy and the time invested in obtaining the estimate. Our 
conclusion is that dynamic filtering, of the type that adaptation processes produce in 
peripheral chemo-receptors, of the concentration signal in a turbulent odor plume 
can lead to efficient plume tracking in turbulence provided that the CNS coordinates 
and integrates appropriate olfactory sampling behavior by the whole animal.

This work supported by NSF award IBN 9631665 to JA.

550.4
ORGANIZATION OF THE ANTENNAL MOTOR SYSTEM OF THE 
COCKROACH, Periplaneta americana. Y. Baba2* and C. M Comerl. 

1 Neurobiology Group, Dept BioSciences, & Lab of Integrative Neurosri., University of 
Illinois, Chicago IL 60607 2Neuro~Cybemetics Lab, Res. Inst, for Electronic Science, 
Hokkaido University, Sapporo, Japan

Insect antennae are complex sensory appendages that are actively moved to sense the 
environment We have begun an analysis of sensorimotor mechanisns underlying 
antennal function in the cockroach, Periplaneta americana by determining the disposition 
of the antennal muscles, the nerves supplying those muscles, and the geometry of specific 
motor neurons. Seven antennal muscles can be distinguished morphologically five 
tentorio-scapal muscles and two scapo-pedicellar muscles. There are four cerebral 
nerves related to the antennae. Nerve 1 is the main antennal nerve. It has the largest 
diameter, sub-divides within the scape, and goes to the distal segments of the antennal 
flagellum. It appears to be purely sensory in function. Nerves 2 and 3 originate just 
posterior and inferior to Nerve 1, Nerve 4 originates from the dorsal surface of the 
deutoceiebrum Nerve 3 innervates the two scapo-pedicellar muscles and one of it's 
branches, along with Nerve 4, innervates the five tentorio-scapal muscles. Up to 17 
antennal motomeurons have been visualized in the dutocerebrum by slective backfilling 
experiments This organization is generally similar to that described for related insects, 
except that the orientation of these muscles is shifted so that antennal movements in the 
vertical and horizontal planes are accomplished by different sets of muscles in Periplaneta, 
than in the cricket Gryllus This work was supported by NSF grant IBN-9604629 to 
C MC. Dr. Baba was also supported by a MONBUSHO Fellowship for Scholars from 
the Government of Japan.

550.5

ANTENNAL MOTOR BEHAVIOR AND ITS GUIDANCE BY VISUAL 
STIMULI IN THE COCKROACH, Periplaneta americana.
V. Leung*, A. Khan, and C. M. Comer. Neurobiology Group, Dept. of 
BioSciences, University of Illinois, Chicago IL 60607

In order to understand the repertoire of motor behavior involving the 
antennae of Periplaneta, we have used high speed videography and 
electrophysiological methods to characterize a) spontaneous movements 
of the antennal flagellum, and b) movements of the flagellum triggered 
by the appearance of a novel visual stimulus. Spontaneous movements 
within the horizontal plane allowed each antennal flagellum to be 
directed at various angles ranging from 60 degrees across the midline in 
front of the animal to approximately 150 degrees away from the midline 
in the caudal ipsilateral sensory field. However, each flagellum was most 
typically directed rostrally near a position 75 degrees from the midline, 
and slightly elevated. A high contrast object presented in the lateral 
sensory field (in the region 90-120 degrees from the midline) triggered a 
distinct ipsiversive antennal movement that typically resulted in the 
flagellum touching the stimulus. This response was eliminated by 
covering the compound eye ipsilateral to the stimulus or by decreasing 
the visual contrast of the object. Extracellular recordings from the neck 
connectives showed the presence of phasic unit discharges in the 
connective contralateral to such stimuli — typically beginning less than 
20 ms after stimulus presentation and always preceding the movement of 
the antenna toward the object. This phasic response consisted primarily 
of activity from one unit with relatively large amplitude impulses. 
Combined intracellular and extracellular recordings showed that this unit 
is a uniquely identifiable visual interneuron with projections as far 
caudally as the metathoracic ganglion. This work was supported by NSF 
grant IBN-9604629.

550.6
ANTENNAL DISCRIMINATION OF STIMULUS QUALITY AND THE 
TOUCH EVOKED ESCAPE OF THE COCKROACH, Periplaneta 
americana. C.M. Comer* and A. Breese Terteling . Neurobiology 
Group, Dept. of BioSciences, University of Illinois, Chicago IL 60607.

The antennae of Periplaneta possess several categories of sensory 
receptors along each flagellum, especially mechano- and 
chemoreceptors. In addition, stimuli that abruptly contact the antennae 
often elicit evasive turning and running (e.g. Comer et al., 1994; J. 
Comp. Physiol. 174:13-26). We have conducted experiments to identify 
the sensory factors that determine how a cockroach responds to an object 
touching its antennae. With high-speed videography we measured the 
responses of adult cockroaches to controlled contact with (a) 
conspecifics, or (b) natural predators [wolf spiders, genus Lycosa}. The 
cockroaches/spiders serving as test stimuli were overdosed with CO2 and 
then mounted in a natural position on a plastic support that could be 
moved by a solenoid to bring them in contact with an animal’s antenna. 
Intact Periplaneta, that approached and briefly explored one of the test 
stimuli with an antenna, responded by escaping much more often to 
subsequent abrupt contact from a spider than from a cockroach. This 
discrimination persisted following eye covering and cercectomy (p<.01). 
When animals were contacted by one of these stimuli without prior 
exploration they failed to respond differently to them. Thus, cockroaches 
acquire basic information on stimulus identity during antennal 
exploration and this influences escape behavior. The crucial sensory 
cues are textural rather than chemical. When cuticular surface chemicals 
were extracted from the test stimuli, animals still discriminated between 
conspecifics and spiders that they explored(pc.Ol). However, objects 
with similar textures, differing only in chemical cues of the two species, 
were not treated differently. This work was supported by NSF grant IBN- 
9604629 to C.M.C.

550.7

A NEW MODE OF ACTIVE ELECTROLOCATION? Gymnarchus niloticus 
MAINTAINS WEAKER ELECTRICAL ACTIVITIES DURING INTER-
RUPTIONS OF ELECTRIC ORGAN DISCHARGES. M. Kawasaki* and Y.-X, 
Guo. Department of Biology, University of Virginia, Charlottesville, VA 22903.

In response to electrical signals from conspecifics, Gymnarchus niloticus 
often interrupts its own electric organ discharge (EOD) for a prolonged time 
(-minutes). During the interruption, however, we observed a residual high- 
frequency potential around the fish. The magnitude of the potential is 
approximately 10% of the normal EOD and its frequency is close to that of 
the EOD before the interruption. Intracellular recording from the pacemaker 
complex in the medulla during the interruptions revealed that the relay 
neurons are hyperpOlarized and interrupted but the pacemaker neurons do 
not cease firing and maintain the normal firing rate during the interruption of 
the EOD. The frequency of the residual potential, however, is not exactly 
same as that of the pacemaker neurons, suggesting that the residual 
potential does not originate from the pacemaker. Moreover, we found that 
neither spinal transaction nor denervation of the lateral line nerve has any 
effect on the potential. A curarized, EOD-silenced preparation constantly 
generates the same potential at a frequency close to the animal's normal 
EOD frequency. When an artificial electrosensory stimulus (a sinusoidal 
wave) with a frequency slightly different from that of the residual potential is 
given to the preparation, the residual potential is 'entrained' by the sinusoidal 
wave as long as the amplitude of the signal is suprathreshold for 
eiectroreceptors. When the amplitude is subthreshold, the residual potential 
and the sinusoidal wave superimpose each other resulting in beating. These 
observations suggest that the origin of the residual potential is the 
eiectroreceptors. Possible involvement of this potential in electrolocation will 
be examined by recording from central neurons while presenting 
electrolocation targets in the absence of the EOD. Supported by NIMH K02 
MH01256-02, and NSF IBN-9631785 to M.K.

550.8
BEHAVIORAL CORRELATES FOR SYNAPTICALLY INDUCED CHANGES IN 
THE PACEMAKER NUCLEUS FREQUENCY OF A WEAKLY ELECTRIC FISH 
J, Oestreich, H.H. Zakon, J.L. Larimer*; University of Texas at Austin, USA 
Apteronotus leptorhynchus actively produces an electric field around its body for 
communication and location of objects in its environment. The frequency of the 
Electric Organ Discharge (EOD) in Apteronotus is controlled by a medullar 
pacemaker nucleus (PMn), which in turn receives glutamatergic input from two 
higher-order nuclei, one of which is the sublemniscal prepacemaker nucleus (SPPn). 
The neuronal activity of the SPPn is relayed over NMDA receptors and leads to an 
upward shift in the basic EOD frequency of an individual upon encounter of a 
conspecific with a closeby frequency. This is known as the Jamming Avoidance 
Response (JAR) and helps to reduce interference between both frequencies and 
therefore preserves the animal’s ability to electrolocate. A tetanic stimulation of the 
afferent fibers from the prepacemaker nuclei in an in vitro preparation of the PMn 
results in a long-term elevation (LIFE) in the spike frequency of the PMn which is 
mainly mediated by NMDA receptors (Dye 1988, 1989; Oestreich 1998). This is a 
synaptically induced, long-lasting change in the firing properties of the postsynaptic 
cells.
We proposed that a behavioral correlate for the LTFE is an elevation in the basal EOD 
frequency after strong and persistent activation of the NMDA-receptor mediated input 
from the SPPn during a JAR. We tested this hypothesis by presenting Apteronotus 
(n=18) and Eigenmannia (n=3), two closely related species, with artificial jamming 
signals of varying amplitude (0.2-5mV) and duration (30min-6hrs). After termination 
of a long-duration and/or high- amplitude stimulation the EOD frequency was 
noticeably elevated above the prestimulus frequency (3-12Hz). The elevation lasted 
for 1 to >10 hours, but usually gradually returned to the original frequency. An 
elevation in the baseline EOD frequency could also be observed after yodels, 
spontaneously displayed frequency modulations and characterized by a sharp rise in 
frequency with a gradual decline in frequency over seconds to minutes. In summary, 
these observations indicate that the PMn spike frequency shows synaptically induced 
plasticity that lasts for hours. NIH Grant MH65635
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550.9

PARVOCELLS: A RECENTLY-IDENTIFIED NEURON TYPE IN THE 
PACEMAKER NUCLEUS OF THE WEAKLY ELECTRIC FISH 
APTERONOTUS LEPTORHYNCHVS. G.T, Smith*, Y. Lu. and H.H, Zakon, 
Section of Neurobiology, University of Texas, Austin, TX 78712.

The electric organ discharge (EOD) of gymnotiform fish is controlled by 
the medullary pacemaker nucleus (Pn), which contains two well-described 
neuron types: pacemaker cells and relay cells (Bennett et al., 1967; Elekes 
and Szabo, 1980). An additional, smaller, cell type was reported in the Pn of 
the brown ghost knifefish (A. leptorhynchus', Turner and Moroz, 1995).

We used several techniques to characterize this novel cell type. These 
cells, which we have named "parvocells,” were small (5-10 pm diameter), had
1-3 fine processes, and were intensely labeled with an antibody against 
parvalbumin. Glial markers (vimentin, GFAP, and S-100 antibodies) labeled 
glial somata and processes in the Pn, but did not label the parvocells, 
indicating that the parvocells are neuronal rather than glial.

The processes of the parvocells frequently terminated in parvalbumin- 
positive puncta at the edges of relay and pacemaker neurons. These puncta 
were also immunopositive for the synaptic vesicle protein, SV-2, suggesting 
that the parvocells form chemical synapses on the relay and pacemaker cells. 
Parvalbumin commonly co-localizes in small, glycinergic neurons in the 
brainstem, and the parvocells were highly immunopositive for glycine, which 
is consistent with the hypothesis that the parvocells are glycinergic.

Two lines of evidence suggest that parvocells are electrotonically coupled 
to relay and/or pacemaker neurons: (1) Electron micrographs revealed 
frequent gap junctions on parvocell somata; and (2) Neurobiotin 
intracellularly injected into relay and pacemaker cells labeled parvocells as 
well as relay and pacemaker cells. The function of the parvocells in 
generating and/or regulating the rhythm of the EOD is unknown. Two 
possibilities are (1) that the parvocells may influence modulations of EOD 
frequency that are controlled by descending synaptic input to the Pn; or (2) 
that parvocells may provide negative feedback to relay and pacemaker cells 
to regulate EOD frequency. Supported by NIH NS 10150 and MH56535.

550.10

STIMULUS ENCODING BY MULTIPLE PYRAMIDAL CELLS IN THE ELL OF 
WEAKLY ELECTRIC FISH. R. Krahe1*, G. Kreiman2, F. Gabbiani2, C. Koch2 and
W. Metzner1. 1 Dept. of Biology, UC Riverside, CA 92521-0427 and
2 Computation and Neural Systems, Caltech, Pasadena, CA 91125.

Pyramidal cells in the electrosensory lateral line lobe (ELL) of the weakly electric
fish Eigenmannia process amplitude modulations (AMs) of the fish's own electric 
field induced by nearby objects or conspecifics. Using a combination of neuroetholo- 
gical and information theoretical methods, it has been shown that single pyramidal 
cells only poorly encode the exact time course of AMs but rather extract information 
on upstrokes or downstrokes in amplitude (E-units and I-units, respectively; Gabbiani 
etal. 1996, Nature 384:564; Metzner et al. 1998, J. Neurosci. 18:2283). Since the 
receptive fields of neighboring pyramidal cells overlap, it is conceivable that stimulus 
properties are encoded by populations of pyramidal cells. We therefore extended our 
original approach to simultaneous recordings from multiple pyramidal cells while pre-
senting random AMs of the electric field. Linear decoding from the simultaneous 
spike trains of two neurons only marginally improved the decoding from single 
neurons, still yielding a poor encoding of the stimulus waveform. To assess the fea-
ture-extraction performance of multiple neurons, we constructed the Euclidian classi-
fier for stimulus waveforms preceding bins containing no spikes and stimulus wave-
forms preceding bins containing various types of spikes. Spikes coinciding in pairs of 
E- or I-type neurons within a small time window (10 ms) indicated the occurrence of 
up- or down-strokes of the AMs more reliably than spikes coinciding within larger 
time windows (25 ms up to 500 ms). Furthermore, these coincident spikes performed 
better than spikes from bursts of a single unit, which in turn performed better than 
isolated spikes. These results confirm that electrosensory processing in the ELL does 
not preserve details of the stimulus time course. Instead, ELL neurons may signal 
behaviorally relevant features of the stimulus by burst-like spike patterns of single 
pyramidal cells and by correlated activity accross sets of neighboring neurons. 
Supported by NSF.

550.11
FREQUENCY-DEPENDENT SYNAPTIC DEPRESSION IN THE TORUS
CONTRIBUTES TO THE AM FILTER OF EIGENMANNIA, E.S. Fortune* and 
G.J. Rose. Dept. Biology, Univ. Utah, Salt Lake City, UT 84112.

In its jamming avoidance response (JAR), the weakly electric 
fish Eigenmannia changes its frequency of electric organ 
discharges (EODs) to increase the frequency difference between 
its EODs and those of a neighbor. Frequency differences (beat 
rates) of approximately 3-8 Hz elicit largest JARs. A similar 
selectivity is seen in Eigenmannia's deceleration response to 
amplitude modulations. A neural correlate of this AM 
selectivity is that spiny neurons in the torus semicircularis 
respond best to beat rates in this range and the magnitude of 
EPSPs declines for higher rates. Previously, we showed that 
passive and active membrane properties contributed to, but did 
not entirely account for, this temporal selectivity. We now 
show that frequency-dependent accommodation, involving short-
term synaptic depression in the torus, in almost all cases 
accounts for low-pass temporal filtering beyond that explained 
by the neuron's passive and active membrane properties. In 
addition, we show that briefly holding stimulus amplitude 
constant can reset the accommodation process. The role of 
frequency-dependent accommodation in the behavioral selectivity 
for beat/AM rates of 3- 8 Hz was assessed by measuring AM 
deceleration responses to stimuli of either continuous or 
discontinuous beat patterns. At beat rates of 20-30 Hz, 
discontinuous patterns elicited deceleration responses that 
were approximately 6-fold stronger than those in response to 
continuous beating stimuli. These results support the 
hypothesis that frequency-dependent accommodation is an 
important mechanism for generating the AM filter of these fish. 
Supported by NSF grants IBN-9421039 and IBN-9809913.

550.12
ANDROGEN-INDUCED CHANGES IN THE FREQUENCY RESPONSE 
PROPERTIES OF AMPULLARY ELECTROSENSORY PRIMARY AFFERENT 
NEURONS J.A. Sisneros* and T.C. Tricas Dept. of Biological Sciences, Florida 
Institute of Technology, Melbourne, FL 32901

Previous studies on the actions of gonadal steroids on sensory systems have 
focused on the electromotor and tuberous electroreceptor systems of weakly 
electric fishes in relation to reproductive behavior. Nothing, however, is 
published about the effects of gonadal steroids on ampullary electroreceptor 
systems. This study examined the response properties of ampullary electrosensory 
primary afferent neurons in adult male Atlantic stingrays (Dasvatis sabina) 
collected during annual periods associated with androgen suppression (AS), 
primary androgen increase (PIA), androgen decrease (AD), and secondary 
androgen increase (SAI) to determine whether frequency response undergoes 
annual changes that correlate with androgen levels. Our results show that during 
PIA in the early mating season electrosensory primary afferents decrease 
discharge variability and exhibit a downward shift in both best frequency (BF) and 
bandwidth. To the test the hypothesis that androgens modulate the annual change 
in the response properties of the elasmobranch ampullary electrosensory system, 
we implanted 16 adult male rays collected during AS with either 7-14 empty 
Silastic capsules (control), 7 capsules filled with dihydrotesterone (DHT) (low 
dose), or 14-21 capsules of DHT (high dose). Ten to fourteen days after 
implantation, low dose DHT treated rays had lower BFs and bandwidths than 
controls or high dose DHT treated rays. In addition, low dose DHT treatment 
increased the sensitivity of primary afferents to low frequency electric stimuli 
(0.25-5 Hz) by a factor 1.2-1.6 that observed in control and high dose DHT treated 
fish. We suggest that the androgen induced changes in the frequency response 
properties of ampullary primary afferents may represent an adaptation of the male 
elasmobranch electrosensory system to enhance the probability of mate detection 
and increase reproductive fitness during the mating season.

550.13

CUTANEOUS RECEPTOR DENSITY IN THE ATLANTIC STINGRAY: 
SEXUAL DIMORPHISMS AND FUNCTIONAL SIGNIFICANCE DURING 
COURTSHIP AND MATING. Michael Callahan, Paul Forlano and Timothy C. 
Tricas*, Department of Biological Sciences, Florida Institute of Technology, ISO W.
University Boulevard, Melbourne, Florida 32901
The morphology and spatial distribution of the cutaneous receptors of elasmobranch 
fishes is known for only a few species, and no study has examined this sensory 
system in relation to their natural ecology and behavior. The Atlantic stingray, 
Dasyatis sabina, has a protracted mating season in which males aggressively bite the 
dorsal body surface and fin margins of females prior to and during copulation. We 
examined for sexual dimorphisms in receptor density on the dorsal surface of the 
stingray to examine how this sense functions during reproductive behavior. 
Histological sections from pectoral fin margins and the dorsal surface were prepared, 
and the cross section area densities of cutaneous receptors estimated. Four classes of 
nerve endings were identified: 1) free nerve endings, 2) bulbous terminal endings, 3) 
en passent swellings, and 4) Wanderer-like corpuscles. Nerve fiber density for both 
sexes was highest within the 1-cm radial margin of the pectoral fin compared to the 
dorsal surface (P < 0.01). The cutaneous nerve density is highest along the disk 
margin for both sexes (20 - 61 fibers/mm2), but in most cases decreases to about 2 - 
4 fibers/mm2 within a few millimeters away from the margin. The exception is seen 
in the posterior margin of males where the density remains relatively high beyond 
the 1-cm disk margin band (> 9 fibers/mm2). There is no difference in fiber density 
among locations on the dorsal surface among sexes (P < 0.01). The extreme density 
of cutaneous receptors at the disk margin indicates the importance of the pectoral 
fins margins in tactile sense for both sexes during courtship and other social 
behaviors. The relatively high fiber density along the posterior margin of male rays 
may serve to reduce male - male aggressive interactions in turbid waters or at night 
during the mating season, and to reduce damage to the relatively thin male disk,

550.14

PLANKTONIC ELECTRIC FIELDS AND THE RESPONSE OF 
PADDLEFISH PRIMARY ELECTRORECEPTOR AFFERENTS TO LIVE 
PLANKTON.
Center for Neurodynamics, ‘Dept. of Biology and 2Dept. of Physics and 
Astronomy, Univ. of Missouri-St. Louis, St. Louis, MO 63121.

The elongated rostrum and ampullae of Lorenzini of paddlefish (Polyodon 
spathula) function as an antenna for detecting the electrical signals from 
planktonic prey (Wilkens et al., 1997). Plankton are detected and captured in 
the dark at distances up to 8 cm from the rostrum in juvenile fish. Here we 
characterize the weak electric field of the water flea {Daphnia), the natural 
prey of paddlefish, and the response of the electroreceptor primary afferents 
to the live plankton. Daphnia generate a steady DC electric field with a low- 
frequency AC component. The DC field is dipolar, measuring +125 ±110pV 
and -162+61 pV at the respective dorsal and ventral surfaces, with low- 
frequency (5-10 Hz) AC modulations 20-80 pV peak-to-peak in amplitude 
correlated with movements of the second antennae, abdomen and thoracic 
filtering appendages. DC amplitudes decrease approximately as the 3rd power 
of the far-field distance. Thus, a plankton drifting by an ampullae at 10 cm-s'1 
would produce a spike-like signal (half-amplitude width approx. 20 ms). 
Primary afferents are briefly excited or inhibited when Daphnia are swept 
into their receptive fields, depending on dipole orientation. Firing rates are 
modulated by the AC-components when plankton are held proximal to the 
pore of the ampullae. Neuronal responses decrease approximately 
exponentially with distance of the plankton from the rostral surface. 
Supported by the Office of Naval Research and Department of Energy.
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550.15

LOCATING THE ORIGIN OF OSCILLATION IN THE 
ELECTRORECEPTIVE SYSTEM OF THE PADDLEFISH, 
POLYODON SPATHULA. Xing Pei*. Center for Neurodynamics, Univ. of 
Missouri-St. Louis. St. Louis, Missouri 63121.

The flattened paddle shape rostrum with the ampullary organs is an antenna 
of the paddlefish to detecting electric fields of prey. Recordings were made 
from the primary afferent neurons of the paddlefish that innervate the 
electroreceptors. The neurons exhibit oscillatory behavior, generating 
endogenous action potentials at regular time intervals. The site of oscillator in 
the ampullary system is determined by an analysis based on a coarse-grained 
symbolic description of spike train recorded from the primary afferent 
neurons. The noise, inevitably present in the system, makes it possible to 
distinguish the following two cases. 1. The oscillation (regular firing patterns 
in spike trains) is due to an intrinsic oscillator. 2. The oscillation is due to an 
oscillating input and the cell itself has no internal oscillator. Shannon Entropy 
and the probability of finding alternating letter patterns in the symbol 
sequences are computed. The results show a significant difference in the letter 
compositions of symbol sequences produced in the two cases, in model 
simulation. The analyses of the experimental data from the primary afferent 
neurons conclude that the oscillation is due to an oscillating input to the cells. 
This project is supported by Department of Energy.

550.16
DETECTION AND USE OF THE GEOMAGNETIC FIELD FOR SPATIAL 
ORIENTATION BY AMPHIBIANS. J.B. Phillips! S.C. Borland, M.E. Deutschlander, J.H. 

Fischer & M.J. Freake. Dept. of Biology, Indiana University, Bloomington, IN 47405.
Behavioral and neurophysiological studies of the Eastern red-spotted newt Noto- 

phthalmus viridescens and bullfrog Rana catesbeiana have been carried out to investigate 
the geomagnetic field’s role as a source of directional (‘compass’) and of geographic- 
position (‘map’) information. Behavioral tests of shoreward compass orientation have 
shown that newts have an ‘axial’ magnetic compass [Science 233: 765 (1986)] that appears 
to be mediated by a light-dependent magnetoreception mechanism [Nature 359: 142 
(1992)]. Behavioral experiments in which small spectral filters were attached to the top of 
the newt’s head to selectively alter wavelengths of light reaching the pineal indicate that the 
magnetic compass involves extraocular photoreceptors located in or near the pineal [Nature 
(in press)]. The spectral properties of the newt’s shoreward magnetic compass response 
are remarkably similar to those of “chromatic” units in the frog frontal organ, which is part 
of the pineal complex [Dodt & Heerd. J. Neurophysiol. 25: 405 (1966)]. Suction electrode 
recordings from the frontal organ nerve of adult bullfrogs have provided preliminary 
evidence for sensitivity to the alignment of an earth-strength magnetic field. These findings 
provide support for theoretical models implicating specialized photoreceptors in 
magnetoreception [e.g., Schulten. Advan. Solid State Phys. 22: 61 (1982)].

Adult newts switch seasonally from shoreward compass orientation to map-based homing, 
i.e., true navigation [Anim. Behav. 50: 855 (1995)]. To investigate whether natural spatial 
variation in the geomagnetic field is used to derive map information, newts collected from 
ponds 40-45 km south of our testing site were exposed to small (< 2°) changes in magnetic 
inclination. Inclination values that normally would be encountered on opposite sides of their 
home ponds caused the newts to exhibit opposite directions of homing orientation, but had 
no effect on newts that were exhibiting shoreward compass orientation (indicating that the 
magnetic compass was not affected). These findings provide the first direct experimental 
evidence for the use of a ‘magnetic map’, and are consistent with evidence suggesting that 
newts have a second magnetoreception mechanism that plays a specialized role in homing 
[Science 231: 765 (1986); J. Exp. Biol. 188: 275 (1994)]. Support provided by grants 
from the National Science Foundation and U.S Department of Energy.

550.17

IMMUNOCYTOCHEMICAL LOCALIZATION OF TPEP IN FOOT 
EPITHELIUM OF TRITONIA DIOMEDEA-. IMPLICATIONS FOR 
MAGNETIC ORIENTATION BEHAVIOR. S.D. Cain1. J.H, Wang1. PB. 
Rove2*. K.J. Lohmann1 ‘Dept of Biology, Univ. of North Carolina at Chapel Hill; 
Chapel Hill, NC 27599; 2Dept of Biology, Univ. of North Carolina at 
Wilmington; Wilmington, NC 28403.

Many animals are known to detect and process information about the Earth’s 
magnetic field and to use this information in orientation and navigation. Despite 
concerted effort, the mechanisms underlying magnetic field transduction and 
processing remain elusive. The opisthobranch mollusc, Tritonia diomedea, 
possesses the only identifiable neurons known to respond to changes in earth- 
strength magnetic fields. Two pairs of neurons located in the pedal ganglia, Left 
and Right Pedal 5 and 6 (LPd5, RPd5, LPd6, RPd6), show an increased firing 
rate when exposed to a changing magnetic field. However, the function of these 
cells during magnetoreception and magnetic orientation is not known. Neurons in 
the pedal ganglia typically receive input from or provide output to the ciliated 
foot of the animal. As this animal locomotes primarily by ciliary beating of the 
ventral foot epithelium, many of these cells are involved in locomotor behavior. 
Recently, three novel, related peptides (TPeps) were isolated from the cell bodies 
of Pd5 and Pd6. Application of these peptides to the foot epithelium results in 
increases in ciliary transport rate and ciliary beat frequency. These neurons may 
therefore be stimulating cilia used for locomotion. In this study,
immunocytochemical techniques were used to localize TPeps in the foot. Both 
HRP and immunogold staining of TPep indicate that TPep is located both in 
neural processes and within membrane bound vesicles directly adjacent to ciliated 
epthilial cells. These results imply that the Pd5 and Pd6 cells are directly involved 
in the locomotor aspect of magnetic orientation behavior.

Supported by NSF Grant # IBN- 96-31951

550.18

SONG-RELEASING PROPERTIES OF VIDEO PROJECTED IMAGES IN 
ZEBRA FINCHES AND BENGALESE FINCHES: TFT MONITORS ARE 
MORE EFFECTIVE THAN CRT MONITORS. M, Ikebuchi12, and K, 
Okanoya2,3,4*. 'Japan Society for the Promotion of Science, Tokyo 102-0083, 
2Graduate School of Science and Technology, and 3Faculty of Letters, Chiba 
University, Chiba 263-8522, PRESTO, 4Japan Science and Technology, Tokyo 
105-0013.

Birds have a higher flicker-fusion frequency for visual stimulus, often 
exceeding 100 Hz. Nevertheless, CRT monitors with low refreshing rates (i.e., 
30-60 Hz) have been used in behavioral experiments examining visual 
processing in birds. We intended to establish a useful method by which we can 
effectively induce directed-singing from male zebra finches and Bengalese 
finches. For this purpose, we tested song-inducing capacities of a conventional 
CRT monitor and a flickerless TFT (thin-film transistor) monitor. When a 
female conspecific bird was projected onto the TFT monitor, both species of 
finches vigorously began singing directed songs. On the other hand, the CRT 
monitor induced few directed songs. Furthermore, in Bengalese finches each 
stimulus subject was discriminated and different behavior towards each of them 
was observed. We conclude from these results that TFT monitors should look 
much natural to bird’s eye. With this technique, we can manipulate the bird’ 
motivational status without interrupting his behavior. Thus, this technique 
should be useful when assessing neural mechanisms for directed and undirected 
singings (Supported by JST and JSPS).

550.19

CURRENT SOURCE DENSITY ANALYSIS OF THE ISTHMO-TECTAL 
PROJECTION IN THE FROG. N. Hoshino, H. Nakagawa, K. Natsume*~and N. 
Matsumoto. Dept. of Biochemical Engineering and Science, Kyushu Institute of 
Technology, Iizuka, Fukuoka 820-8502, Japan.

Nucleus Isthmi (NI) of the frog has been reported to be involved in binocular 
vision and recognition of prey/predator. The optic tectum projects ipsilateral NI. NI 
projects both ipsilateral and contralateral optic tectum. The purpose of the present 
study is to understand function of isthmo-tectal projection by means of current 
source density (CSD) analysis.

Field potential was recorded from the optic tectum at every 20 pm (0-800 pm) in 
response to electrical stimulation of the NI. CSD depth profile was calculated by 
using one-dimensional approximation to examine spatio-temporal pattern of isthmo- 
tectal projection. The first sink (latency:5ms; duration:5ms) was located at 320-360 
pm from the tectal surface, which corresponds to layers 8 and G. The second sink 
(latency: 18ms; duration:35ms) was found at the depth of 340-440 pm. The 
corresponding sources were found above and below the respective sinks.

The first sink is thought to be monosynaptic activation of tectal neurons, and the 
second one seems to be polysynaptic activation. Judging from the depth of the first 
sink, isthmic input is located at the same depth as R3/R4 (on-off/off fiber). It 
suggested that inputs from NI and retinal fiber converge on the same synaptic site. 
Supported by the Ministry of Education, Japan.

550.20
VARIATION IN MALE NUPTIAL COLORATION IN THREESPINE STICKLE-
BACK AND ITS CONSEQUENCES FOR DETECTION AND DISCRIMINATION 
BY FEMALES UNDER NATURAL ILLUMINATION M.P. Rowe,’ 3* C. L. Baube,2 
and J. B. Phillips1’3. ’Center for the Integrative Study of Animal Behavior, Indiana 
Univ.; 2Dept. of Biology, Oglethorpe Univ.; 3Dept. of Biology, Indiana Univ.

Female Threespine Stickleback (Gasterosteus aculeatus) from a freshwater popula-
tion have been reported to exhibit increased visual sensitivity to wavelengths >580 nm 
during their breeding season. It is hypothesized that this increased sensitivity might 
improve their ability to detect and/or discriminate amongst males which concurrently 
develop red coloration on their bellies. To examine this hypothesis and its implications 
for various models of the evolution of visual pigments and nuptial coloration we have 
measured for anadromous populations a) reflectance from male fish to analyze color 
signal variation, b) spectral irradiances in tidal pools where Stickleback mating occurs 
to convert the reflectance data to spectral radiances, c) average spectral radiances in the 
same tidal pools to determine the adaptation state of the females while choosing mates, 
and d) the spectral sensitivities of females from four different Gasterosteid species to 
analyze how that sensitivity may or may not have evolved in concert with the red belly 
coloration which is present only in the Threespine Stickleback. With MSP data 
provided by Ellis Loew (Cornell University) from cones of all four stickleback species 
we generated models of visual processing to assess the extent to which male nuptial 
coloration might be optimized to exploit features of the female visual system or 
females might be optimized to respond only to honest signals of male fitness. The 
spectral sensitivity data confirm the previous result that Threespine Stickleback are 
relatively more sensitive to long wavelength light. However, male belly reflectance 
variation is primarily at shorter wavelengths (< 550 nm). Thus increases in long- 
wavelength spectral sensitivity do not appear to be adaptations for enhancement of 
discrimination between males, since reflectance variations at long-wavelengths do not 
underlie the variations in "redness" of male bellies. However, our models do suggest 
that female visual pigments may be optimally placed to discriminate male redness if 
the neural output of the female's long-wave sensitive cones are weighted equally to the 
output of short-wave sensitive cones.
Supported by Sigma Xi, the RTG in Animal Behavior at Indiana University (NSF 
Grant # BIR 9413220) and the Creighton University EPSCoR Nebraska Behavioral 
Biology Group
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550.21

THE VISUAL SYSTEM OF PANTODON BUCHHOLZI, THE AFRICAN 
BUTTERFLY FISH: A NEUROETHOLOGICAL SUBSTRATE FOR DEFINING 
BEHAVIOR. William M, Saidel* and Paul T, Havnes, Dept. of Biology, Rutgers 
University, Camden, NJ 08102

The surface-feeding teleost Pantodon buchholzi, the African butterfly fish, 
inhabits an ecological niche at the water surface in which its visual system must 
contend with simultaneous vision in water and through the water surface into 
air. From the lens throughout its visual system, this fish possesses numerous 
adaptations reflecting a structural differentiation between the aerial and aquatic 
visual pathways. These adaptations start at the lens, continue through 
numerous features of retinal morphology (such as cone structure), and 
continue into the visual pathways. For instance, the diencephalic nucleus 
RostroLateralis is solely concerned with the aerial hemisphere as it receives 
direct information from the ventral retina and indirect visual input from a region 
of the tectum processing ventral retinal input. The tectum processing aerial 
vision possesses at least one cell type (as defined by Golgi staining) nearly 
absent from the region processing aquatic visual information. In a species 
lacking these specializations and which feeds throughout its visual field, these 
cells are nearly uniformly distributed throughout the tectum. These cells may be 
involved with aerial visual behaviors such as feeding because its dendrites are 
positioned appropriately for the convergence of vision and lateral line, and 
behaviorally, both are used as cues for feeding. The adaptations are only 
interpretable within its sensory and ecological niche.
Supported by NSF RUI grant IBN-9723562.

NEUROETHOLOGY: VOCAL MECHANISMS

551.1

THE CENTRAL NERVOUS SYSTEM GENERATES SEXUALLY 
DIFFERENTIATED VOCAL PATTERNS IN AFRICAN CLAWED 
FROGS (Xenopus laevis). A, Yamaguchi^nd D. B, Kelley . 
Department of Biological Sciences, Columbia University, New York, 
NY 10027

Male and female African clawed frogs (Xenopus laevis) produce 
sexually dimorphic vocalizations; for males these include advertisement, 
amplectant and growling calls while female calls include ticking. 
Previous studies have shown that the vocal organ, the larynx, of the 
sexes differs in physiological properties that parallel vocal differences. 
However, it was not clear whether these characteristics are sufficient to 
explain sex differences in vocal behavior. To examine the contribution 
of the central nervous system (CNS) to generating vocal patterns, we 
developed a preparation in which both laryngeal nerve activity and 
electromyograms can be recorded from awake, vocalizing frogs. 
Recordings reveal that the CNS of the sexes produces patterned activity 
that closely matches each vocalization while the larynx acts as a faithful 
transducer of nerve activity into sound. Thus, the CNS is the source of 
sexually differentiated vocalizations in Xenopus laevis. Further, 
detailed analyses of compound action potentials recorded from the nerve 
suggest that neuronal activity underlying different male call types is 
distinct; some calls are generated by nearly synchronous firing of a 
determined number of motoneurons whereas others are generated by 
asynchronous activity of motoneurons, a pattern shared with vocal 
production in females. These distinct neuronal activity patterns in 
males appears to be subserved by two populations of motor units in 
males that can be distinguished by the strength of neuromuscular 
synapse. NIH: NS 23684.

551.2

EFFECTS OF FISH SIZE AND TEMPERATURE ON WEAKFISH 
DISTURBANCE CALLS: IMPLICATIONS FOR THE MECHANISM 
OF SOUND GENERATION. M.A. Connaughton1, M.H, Taylor2, and
M.L. Fine3*. ’Dept. Biology, Washington College, Chestertown, MD,2 
Dept. Biol. Sci., Univ. Delaware, Newark, DE, 3Dept. Biology, Virginia 
Commonwealth University, Richmond, VA 23284-2012.

To categorize variation of disturbance calls of the weakfish Cynoscion 
regalis and to understand their generation, we recorded sounds of 
different-sized fish, of similar-sized fish at different temperatures, and 
muscle EMGs. Single, simultaneous twitches of the bilateral sonic 
muscles produce a single sound pulse consisting of a 2 to 3 cycle 
acoustic waveform. Typical disturbance calls of a 30 cm male at 18°C 
consist of trains of 4-10 pulses with a sound pressure level (SPL) of 74 
dB re: 20pPa at 10 cm, a peak frequency of 540 Hz, a repetition rate of 
20 Hz, and a pulse duration of 3.5 ms. The pulse duration suggests an 
incredibly short twitch time. SPL and pulse duration increase and 
dominant frequency decreases in larger fish, whereas SPL and dominant 
frequency increase and pulse duration decreases with temperature. The 
dominant frequency is inversely related to pulse duration and appears to 
be determined by the duration of muscle contraction. We suggest that 
the lower dominant frequency of larger fish is caused by a longer pulse 
(= longer muscle twitch) and not by decreasing resonant frequency of a 
larger swimbladder. Supported by Delaware Dept. Nat. Resources & 
Env. Control and the Virginia Marine Resources Commission.

551.3

ALTERATIONS IN VOCAL BEHAVIOR IN A MARMOSET MS MODEL. J.D. 
Newman1*, E.K, Jordan2, J.L, Stowe1, J.A, Frank2, and J.L, Norcross1. ’LCE,
NICHD, NIH, Poolesville, MD 20837; 2LDRR, CC, NIH, Bethesda, MD, 20892.

Multiple sclerosis (MS) is an autoimmune disease of the CNS with behavioral and 
neurological manifestations (NMSS, http://www.nmss.org). Development of poten-
tially therapeutic agents for MS requires the use of animal models. An experimental 
autoimmune encephalomyelitis (EAE) model using marmoset monkeys results in wide-
spread MS-like CNS lesions (C.P. Genain, et al., J. Clin. Sci., 96:2966, 1995). The 
goal of this study was to determine if vocal behavior could be used to complement con-
comitant MRI assessments of the lesions. Marmosets emit ‘phee’ calls when separated 
from familiar conspecifics, which serve as an acoustic marker for several bio-behavioral 
attributes (J.L. Norcross & J.D. Newman, Am. J. Primat.,30:37,1993). In the present 
study, 3 male and 3 female adult marmosets (Callithrix iacchus) were used. EAE was 
induced with subcutaneous injections of human white matter in Titermax. Each subject 
also received injections of inactivated Bordatella pertussis vaccine i.v on days 0 and 3 
post-induction. Subjects were evaluated with MRI before EAE induction, and every 1-2 
weeks thereafter for the remainder of the 6 month-long study, to assess the size and 
distribution of lesions. Prior to EAE induction, weekly recordings for separation phees 
commenced, and continued periodically thereafter throughout the study. Phee calls were 
digitized with a Macintosh Power PC computer, and converted to sound spec-trograms 
using Canary 1.2.1 software. The frequency and time values of 4 predetermined points 
on each sonagram were saved. A total of 18 parameters were then calculated from these 
data points for 365 calls. Repeated Measures ANOVAs comparing pre-EAE phee call 
acoustic parameters with the same parameters following EAE induction showed that 
several were significantly changed. These findings indicate that assessments of vocal 
behavior may be useful in evaluating the behavioral correlates of EAE-induced CNS 
lesions, and the efficacy of putative protective drug therapies in future studies of the 
marmoset EAE model. Supported by the NIH Division of Intramural Research.

551.4

HAIR CELL REGENERATION RESULTS IN RECOVERY OF 
DEGRADED SONG IN ADULT BENGALESE FINCHES. S. M. N. 
Woolley and E. W Rubel*. V. M. Bloedel Hearing Research Center and 
Dept. of Oto-HNS, University of Washington. Seattle, WA 98195

In male Bengalese finches, song is stereotyped and stable over time. 
However, adult song maintenance depends on auditory feedback. If 
birds are deafened by cochlear removal or by auditory hair cell 
damage, song will degrade within 1 week. In birds, auditory hair cells 
regenerate and become functional after damage to original hair cells. 
We killed auditory hair cells in adult male Bengalese finches to cause 
song degradation and then documented song changes throughout the 
period of hair cell regeneration to determine if and when birds 
reconstructed their original songs with the recovery of hearing. Birds 
were treated with Amikacin and high intensity sound for 1 week to 
cause hair cell damage across the entire basilar papilla. Song was 
recorded from treated birds weekly for 8 weeks after treatment. After 8 
weeks, hearing thresholds were determined to confirm hearing 
recovery and basilar papillas were processed for SEM to confirm hair 
cell regeneration. Birds singing degraded song after treatment showed 
significant changes in syllable order and spectral composition of 
syllables. Song recordings made during hair cell regeneration showed 
that syllable sequences recover significantly toward the composition of 
the original song. Qualitative observation indicated that spectral aspects 
of syllables also recovered, but spectrographic cross correlations with 
original syllables did not recover significantly in 8 weeks after 
treatment. This study shows that recovery of auditory feedback due to 
hair cell regeneration results in the recapitulation of original song 
patterns in birds with degraded song. Supported by NIH grants 
DC02854.
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551.5
AGE AND SEX-DEPENDENT CHANGES IN NEURONAL ACTIVITY IN A 
FOREBRAIN NUCLEUS OF THE ZEBRA FINCH. P. Adret* and D. Margoliash. 
Dept. Of Organismal Biology and Anatomy, University of Chicago; Chicago, IL 
60637.

In songbirds, the telencephalic nucleus robustus archistriatalis (RA) is a sexually 
dimorphic structure which is part of a motor pathway (Uva-NIf-HVc-RA-nXIIts) for 
the control of song. While the in vitro properties of RA neurons are characterized in 
both juvenile and adult birds, little is known regarding their firing pattern during 
development in intact birds. Here we report on changes in both the metabolic and 
neuronal activity of RA at 20, 30, 40 and 50 days of age in both male and female zebra 
finches, Taeniopygia guttata. Between day 20 and 40 post-hatch, the RA of male birds, 
but not female birds, shows a sharp increase in cytochrome oxidase (CO) activity 
relative to surrounding archistriatum. CO is a mitochondrial enzyme which is known 
to reflect the metabolic capacity of the brain. Correspondingly, we found the 
spontaneous activity of single units in the RA of urethane-anesthetized birds to undergo 
dramatic changes over the same developmental period. RA neurons have extremely 
slow, irregular firing rates in 20 day-old birds of both sexes. Thereafter, male RA 
neurons increase their firing rates and the spiking activity becomes more regular. At 
approximately 40 days of age, the strong bursts that are characteristic of drive from 
HVc input begin to be observed in males only. We also found weak, inconsistent 
auditory responses in 32-35 day-old males, increasing in strength in 40 day-old 
males. Thus, the metabolic properties of RA neurons undergo a sudden transition 
shortly after when HVc fibers first enter RA (about 23 days of age), but other 
physiological properties change later during the early phase of song development. 
The transition towards faster rates of ongoing activity coincides with a period when 
young males are making their first attempts at singing or subsong stage (around day 
30). Perhaps the occurrence of bursting activity reflects the emergence of plastic 
song (40-50 days), when morphologically distinct syllables develop. Such a scenario 
awaits further evidence from awake, behaving birds. Supported by NIH grants 
DCO3996-01 to P.A. and NS25677 to D.M.

551.6
CONTRIBUTIONS OF EXPIRATORY MUSCLES TO SONG 
PRODUCTION IN ZEBRA FINCHES. F, Goller*. Dept. of Biology, 
University of Utah, Salt Lake City, UT 84112.

Birdsong production requires coordinated activity of syringeal and 
respiratory muscles. Phonation occurs during the expiratory phase of the 
respiratory cycle, and expiratory muscles generate the pressure head for 
sound production. Together with the syringeal muscles, expiratory 
muscles may also contribute to the fine regulation of the airflow 
conditions that are required for production of stereotyped acoustic 
signals. To study the role of expiratory muscles during spontaneous song 
production in zebra finches (Taeniopygia guttata), I have recorded 
electromyograms (EMG) and muscle length changes (using sono- 
micrometry) of the M. obliquus extemus abdominis together with 
subsyringeal air sac pressure and the vocalizations.

During quiet respiration as well as song each expiratory pulse is 
accompanied by a shortening of the abdominal muscle, which is reversed 
during inspiration. Compared to quiet respiration, EMG activity and 
expiratory air sac pressure increase drastically for each expiratory pulse of 
the song, but abdominal muscle length does not decrease proportionally. 
Intersyllable inspirations are accompanied by rapid lengthening of the 
abdominal muscle such that the following contraction is initiated from a 
stretched position. Some, but not all modulations of air sac pressure 
during the course of a single expiratory pulse are correlated with 
respective changes in muscle length, suggesting a complex interplay 
between syringeal and abdominal muscles in regulating airflow and 
pressure conditions during song.

551.7

INDUCTION OF RAPID SONG IMITATION FOR STUDYING 
THE MOLECULAR BASES OF SONG LEARNING 
T.Lints, Q. Tchernichovski, F, Nottebohm*, The Rockefeller 
University Field Research Center, Millbrook NY 12545.

Song imitation is a complex process involving model 
acquisition and motor learning. In the zebra finch, imitation is 
normally achieved between the age of 30-90 days. To 
capture the molecular processes that underlay song imitation 
one needs a reliable time base of imitation to follow 
sequential changes in gene expression. This is difficult to do 
when observing natural song imitation because we do not 
know when model was acquired or when imitation starts. We 
developed a technique that allows us to induce song imitation 
within 2 days of song exposure in 40-day-old males that had 
little prior experience with conspecific song. The bird is in 
social isolation when tutoring starts and is provided daily with 
less than 30 seconds of song playback that issues from an 
artificial male model. Onset of imitation begins a few hours 
after onset of exposure and by 48h many of the model’s 
features are present in the pupil’s song. This approach allows 
us to time lock the molecular changes accompanying song 
learning to a brief window of song exposure. Support: Cary 
Charitable Trust, NIMH 18343, McKnight Foundation.

551.8

FREQUENT EXPOSURE TO A SONG MODEL INDUCES 
SELECTIVE IMITATION BY ZEBRA FINCHES.
O. Tchernichovski, T.Lintz, F. Nottebohm. The Rockefeller 
University Field Research Center, Millbrook NY 12545.
A zebra finch male kept singly with it s father develops during 
post-hatching days 30-90 a close imitation of the father’s song. 
The completeness of imitation is reduced when several male 
siblings are kept together with a single tutor, possibly a result of 
an inhibitory overabundance of the song model. When 
incomplete imitation occurs, some parts of the model are 
imitated, others not, resulting in a shorter song. Here we show 
that 30 or less seconds of taped song playback per day resulted 
in a more complete imitation than several minutes of song 
playback. When incomplete imitation occurred the more 
complex song components were more likely to be imitated than 
the simpler ones. This effect would encourage juveniles to learn 
different parts of their song from models that differ in their 
abundance, thus maintaining song polymorphism in the 
population. The effect of model abundance on imitation avoids 
fashions but ensures the continuity of a vocal tradition.
Support: NIMH 18343, Cary Charitable Trust, McKnight 
Foundation.

551.9

VOCAL IMITATION OF FEMALES IN ADULT MALE BUDGERIGARS 
Aria G. Hile*, Georg F. Striedter & Thane K. Plummer. Dept. of 
Neurobiology & Behavior and Center for the Neurobiology of Learning 
& Memory, Univ. of California, Irvine; Irvine, CA 92697.

The budgerigar (Melopsittacus undulatus), a small species of parrot, 
can learn new vocalizations throughout life and is therefore widely used 
as a model system for studying various aspects of vocal learning. It is 
not known, however, why parrots imitate sounds. Prior neurobiological 
studies of budgerigars were thus limited by the lack of a behavioral 
paradigm to elicit vocal imitation reliably. In order to test the hypothesis 
that vocal imitation in budgerigars is related to pairbonding, we recorded 
approximately 100 contact calls from each of nine male and nine female 
adult budgerigars who were unfamiliar with one another and then placed 
them into pairs. We sampled their contact call repertoire weekly and 
conducted twice-weekly behavioral observation sessions. Within an 
average of 2.1 weeks, all of the male budgerigars reliably imitated the 
contact calls of their assigned mates, while the females’ calls remained 
relatively stable. In contrast, the females never imitated the calls of the 
males. The accuracy of these imitations is positively correlated with the 
amount of courtship feeding observed. We conclude that vocal imitation 
in adult budgerigars is a component of male courtship behavior. Our 
study provides a reliable adult vocal imitation paradigm and thereby 
serves as a foundation for a broad array of subsequent studies on vocal 
imitation. Funded by NSF (IBN-9604299) and NIH (DCO-03223) grants 
to G.S.and a training grant fellowship to T.P. (#MH14599-21).

551.10
THE INDUCTION OF ADAPTATION OF SONG MOTIFS BY REPEATED 
SINGING IN ZEBRA FINCHES S. A. Helekar*, A. Botas, G. Espino and D. B. 
Rosenfield. Stuttering Center Speech Motor Control Laboratory, Department of 
Neurology, Baylor College of Medicine, Houston, Texas 77030.

Studies on the neural control of birdsong perception and production in song birds 
such as zebra finches have revealed a striking form of molecular plasticity involving the 
apparent induction of immediate early genes. For instance, female-directed singing in 
zebra finches produces an upregulation of the transcript and protein product of the proto-
oncogenes, c-fos and zenk in the song control nuclei. However, the functional 
significance of these molecular events is presently unclear. It is likely that these changes 
constitute a molecular mechanism underlying a form of song-related behavioral 
adaptation. The results of our present study support this hypothesis. Upon induction of 
multiple female-directed singing episodes in adult male zebra finches by repeated 
intermittent 20 min-exposures to females, we find that the number of motifs sung show 
a rapid decline after the first singing session. This decline in song motif production 
requires more than 18 hours to recover. The magnitude of motif reduction is as high as 
87% (down to 13.2 ± 6.9 %, n = 6). This song motif reduction or adaptation is not due 
to acclimatization to the female companion. It is not dependent on the circadian rhythm. 
The magnitude of subsequent motif reduction is not a linear function of the number of 
motifs in the initial singing session (linear regression coefficient r=0.147, n = 19), 
suggesting that song motif adaptation is unlikely to be a simple consequence of fatigue 
or exhaustion. We are investigating whether the time course of recovery from song motif 
adaptation appears to be closely correlated with the time course of return to baseline 
levels of singing-induced c-fos. Furthermore, experiments are underway to determine 
whether blockade of NMDA-subtype of glutamate receptors that are known to mediate 
c-fos induction, produces any significant attenuation of song motif adaptation. The above 
observations and ongoing experiments might reveal that the phenomenon of song motif 
adaptation in zebra finches is the behavioral reflection and the functional significance of 
singing-induced upregulation of immediate early gene products in song control nuclei. 
This work was supported by the M. R. Bauer Foundation, the Lowin Medical Research 
Foundation and the Curtis Hankamer Basic Research Fund.
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551.11

DISTINCTIVE SONG FEATURES IN ZEBRA FINCHES PRODUCING SONG 
SYLLABLE REPETITIONS D. B. Rosenfield*, G. Espino, A. Botas, N. Viswanath 
and S. A. Helekar. Stuttering Center Speech Motor Control Laboratory, 
Department of Neurology, Baylor College of Medicine, Houston, Texas 77030.

The processes of acquisition and production of birdsong in song birds may afford us 
a unique opportunity to model the neuromotor control aspects of speech dysfunction in 
humans. Our previous studies in zebra finches have revealed a variety of spontaneously 
occurring acoustic song pattern irregularities. The most striking of these is the presence 
of motifs with variable sequences of song syllable repetitions. These repetitions are 
produced by only ~7% (6 of 86) of adult male birds. The acoustic profiles of the songs 
of these birds show the following notable features: 1) Syllable repetitions are the 
predominant feature of more than 50% of their song motifs. 2) The constant portion of 
their basic song motif is comprised of 1 - 3 syllables that share a common broadband 
noisy downsweep profile. 3) Unlike the song motif profile of >95% of normally raised 
adult male birds, the basic motif in repeaters is devoid of harmonically organized 
syllables or stacks. 4) The repeated syllable, on the other hand, in five of these birds is 
a harmonically organized inverted “U” stack. 5) The repeated syllable is the terminal 
syllable in five of the six birds. Several pieces of evidence indicate that the presence of 
syllable repetitions and the observed similarities between them in all six repeaters may 
not be a consequence of learning from a single common tutor or from mutual learning. 
Of the above six repeaters, two were raised from post-hatch day 16 in a colony of finches 
without any tutors that produced syllable repetitions. One bird was raised with ten peers 
in the absence of any adult male tutors. Moreover, preliminary experiments suggest that 
males bom to non-repeater parents but raised from post-hatch day 8 only in the presence 
of syllable repeater tutors, do not produce syllable repetitions. Syllable repetitions are 
therefore unlikely to be acquired by tutor-based or peer-based learning. Instead, they may 
be dependent on alterations in neural mechanisms that are to a significant extent innate 
in origin. Consistent with the latter hypothesis, preliminary observations in two normally 
raised repeaters reveal an abnormal temporal profile of singing-induced song motif 
adaptation. These data suggest that syllable repetitions may arise from a specific defect 
in a neuroplastic mechanism. They may therefore hold some promise as a possible model 
of the pathophysiology associated with the superficially analogous part-word repetitions 
in human stuttering. This work was supported by the M. R. Bauer Foundation, the Lowin 
Medical Research Foundation and the Curtis Hankamer Basic Research Fund.

551.12

RECOVERY OF IMPAIRED SONGS FOLLOWING UNILATERAL BUT 
NOT BILATERAL LESIONS OF NUCLEUS UVAEFORMIS OF ADULT 
ZEBRA FINCHES. M.J. Coleman*, P.J. Sule, and E.T, Vu. Division of 
Neurobiology, Barrow Neurological Institute, Phoenix, AZ 85013.

Song production requires bilateral coordination of premotor activity in the two 
hemispheres. We hypothesized previously that bilateral projections from medullary 
and midbrain nuclei to the thalamic song control nucleus uvaeformis (Uva) mediate 
this interhemispheric coordination. As an initial test of this hypothesis, we 
electrolytically lesioned Uva, the first site of bilateral feedback.

Consistent with our hypothesis, when more than 80% of both Uvas was lesioned 
(n=2), the song temporal pattern was severely impaired. This impairment appeared 
to be permanent, as it persisted at least 35 days post-lesion. In these cases, the 
motivation to sing was not abolished as the birds clearly made attempts to sing 
following the lesions.

Unilateral lesions of either the left or right Uva also resulted in an immediate 
impairment of song (n=9). (We have not yet observed a quantitative difference 
between right and left Uva lesions). Surprisingly, singing recovered after less than 
10 days, suggesting a possible compensation by the unlesioned side. The 
mechanisms by which this recovery occurs remain to be determined. Although the 
acoustic structure of individual syllables recovered fully after unilateral lesioning, a 
change in the sequencing of syllables persisted. Specifically, we found that the 
relative frequency by which a specific syllable type followed another syllable 
changed after the lesion. From these results we propose that in order to coordinate 
motor commands descending from the two hemispheres during singing, an on-line 
comparison of the motor commands occurs and feedback mechanisms ascend via 
nucleus Uva to maintain the temporal concordance of the commands.
(Supported by a Sloan Fellowship and NIH MH57065 to ETV and NIH T32 

NS07309 to MJC)

551.13

LESIONS OF LMAN THAT DISRUPT SONG DEVELOPMENT ACT TRANS- 
SYNAP TICALLY TO MODIFY SYNAPTIC CONNECTIONS IN THE 
VOCAL MOTOR PATHWAY. J.M, Kittelberger*~and R, Mooney. Dept. of 

Neurobiology, Duke Univ. Med. Ctr., Durham, NC 27710.
The avian forebrain nucleus LMAN has been implicated in song learning because 

lesions of LMAN made in juvenile birds disrupt song development, but do not disrupt 
song production when made in adults. Rather than having a specific learning 
function, another possibility is that LMAN is crucial to maintaining normal vocal 
motor function in juvenile birds. To date, however, no studies have examined directly 
the effects of juvenile LMAN lesions on the micro-circuitry of the vocal motor 
pathway. We used in vitro intracellular recordings and cell fills of projection neurons 
in the vocal motor nucleus RA, with electrical stimulation of their afferent fibers 
originating in the song nucleus HVc, and extracellular BDA injections to label HVc 
terminals in RA, to characterize morphological and physiological changes in RA 
during normal development and following LMAN lesions. We report here that 
juvenile LMAN lesions have rapid and profound effects on the vocal motor pathway 
in RA, altering the synaptic connectivity between HVc and RA. Specifically, RA 
dendritic spines and HVc terminal boutons in RA both decline in LMAN-lesioned 
juveniles compared to age-matched controls. These morphological changes are 
paralleled by functional changes in synaptic transmission between HVc and RA, 
because there is a concurrent physiological strengthening of the synapse as reflected 
in the steeper stimulus to response relationship between HVc and RA following 
LMAN lesions. Overall, the structure and function of the RA microcircuit in LMAN- 
lesioned juveniles resembles that of normal adults, suggesting that LMAN lesions 
induce a premature maturation of the vocal motor pathway, which may lead to a loss 
of behavioral plasticity and abnormal song development. LMAN is thus required for 
the maintenance of the juvenile state of the vocal motor pathway, specifically at the 
HVc to RA synapse. Supported by HHMI (JMK) and NIH RO1 DC02524 (RM).

551.14
TOPOGRAPHIC MAPPING THROUGHOUT THE ANTERIOR FOREBRAIN 
PATHWAY OF THE ZEBRA FINCH SONG SYSTEM. M. Luo*, L. Ding and D.J. 
Perkel. Dept Neuroscience. Univ. of Pennsylvania, Philadelphia, PA 19104-6074.

The anterior forebrain pathway (AFP) of the song system is essential for song 
learning but not for song production. Based on anatomical and electrophysiological 
evidence, the AFP is thought to be part of the avian cortico-basal ganglia- 
thalamocortical pathway, whose mammalian counterpart contains parallel, 
topographically organized channels. Within the AFP, the projections from 1MAN to 
area X and to RA are known to be topographically organized (Vates and Nottebohm 
1995). We used fluorophore-conjugated dextran amines as bi-directional tracers to 
ask whether other projections within the AFP, from area X to DLM and from DLM 
to 1MAN, maintain topography, and whether the whole AFP forms parallel closed 
loops. We made small injections of a single tracer or two differently colored tracers 
into area X (n=12) or 1MAN (n=3) in adult male zebra finches, and examined both 
retrograde and anterograde labeling with confocal microscopy. We confirmed the 
previously described topography in projections from 1MAN to area X and to RA, and 
the lack of topography in the projection from HVc to area X (Bottjer et al., 1989). 
We found that the projections from area X to DLM and from DLM to 1MAN are 
topographically organized. The mapping within the AFP is organized in the anterior- 
posterior dimension, such that anterior regions of these nuclei are interconnected. 
The loops within the AFP thus appear to be closed. In addition, the projection from 
area X to DLM is organized in the dorsoventral dimension. Connections within area 
X appeared to be limited in range, supporting modular organization within area X.

Our data suggest that the entire AFP is organized in parallel closed loops, with 
corresponding areas in each nucleus interconnected. Since 1MAN projects to RA, 
which has myotopic organization, information processing within each AFP channel 
may be related to learning subsets of the song motor pattern. The topographic, 
modular organization of the avian AFP parallels that observed in mammalian 
cortico-basal ganglia-thalamocortical pathways. (NIH MH56646)

551.15

REORGANIZATION OF A MOTOR CORTICAL REGION DURING SONG 
LEARNING IN THE ZEBRA FINCH M.T. Sellix*, F. Johnson. Department of 
Psychology, Florida State University, Tallahassee, Florida 32306-1270

Male zebra finch song learning occurs during a critical period in development. In 
contrast, females develop without the ability to produce song. Distinct forebrain 
regions and axon pathways control the learning and production of song. The motor 
output of forebrain song processing is RA, (the robust nucleus of the archistriatum), 
a cortical region containing projection neurons that descend to the brainstem 
neurons (nXIIts) that control the organ of vocal production (syrinx). In juvenile 
male and female birds, prior to the onset of song learning, the number of neurons in 
RA is equivalent. However, during the period of song development, RA neuron 
number in males remains constant, whereas female RA neuron number decreases 
substantially via a process of programmed cell death (Konishi and Akutagawa 1985, 
Kim and DeVoogd 1989). These observations suggest that song learning in males 
involves the maintenance of a stable neuron population in RA, whereas the absence 
of learned song in females coincides with the developmental death of RA neurons.

To further characterize the relationship between song learning and RA 
development, we have used retrograde labeling techniques to measure the number 
of RA neurons projecting to nXIIts as a function of sex and age. Our data show that 
in juvenile male and female birds, approximately 63% of RA neurons project to 
nXIIts. However, as males reach adulthood, this number declines to 45%, even 
though RA neuron number remains constant. By the time female birds reach 
adulthood, only 22% of RA neurons project to nXIIts, a significantly greater decline 
than can be accounted for by the normal loss of neurons in female RA. These data 
suggest that in addition to mechanisms regulating RA neuron number, both sexual 
differentiation and song learning involve considerable reorganization in the 
population of RA neurons controlling the vocal organ. Supported by NIDCD RO1- 
DC02035

551.16

DEVELOPMENTAL REGULATION OF ZENK TRANSLATION 
SUGGESTS A ROLE IN VOCAL STEREOTYPY. O. Whitney*, K. 
Soderstrom, F. Johnson. Department of Psychology, Florida State 
University, Tallahassee, FL 32306-1270.

The zebra finch is a useful model to study neural mechanisms of learned vocal 
behavior. Juvenile males of this species imitate the song pattern of their father to 
learn song. Recent studies show that in adult males, undirected song (not intended 
for female courtship) drives mRNA and protein expression for an early-immediate 
gene (ZENK) in two brain regions for song control (HVC and RA; Jarvis et al., 
1998; Mello & Ribeiro, 1998).

To understand possible functional roles of ZENK, we used in situ hybridization 
and immunohistochemistry to characterize the expression of ZENK during song 
learning in juveniles. Juvenile song production begins with subsong, where 
individual song notes and note sequences are highly variable. Birds subsequently 
develop plastic song, where individual song notes and note sequences become less 
variable. As birds reach adulthood, song notes and the note sequence become 
stereotyped. Here we show that subsong and plastic song drive high levels of 
ZENK mRNA and high levels of ZENK protein in HVC. However, while subsong 
drives high levels of ZENK mRNA in RA, ZENK protein expression in RA is low. 
As birds develop plastic song, ZENK protein is expressed at high levels in RA. 
These observations suggest that the transition from subsong to plastic song involves 
activation of ZENK protein translation mechanisms within RA. Translation during 
plastic song and adult song suggests that ZENK protein may play a role in the onset 
and maintenance of song stereotypy.

Supported by NIDCD RO1-DC02035
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551.17
EXPRESSION OF BDNF DURING ZEBRA FINCH SONG DEVELOPMENT E 
Norstrom, K. Soderstrom, F. Johnson*. Department of Psychology, Florida State 
University, Tallahassee, FL 32306

During song learning in juvenile zebra finches, neuronal survival in a motor- 
cortical region (RA), is regulated by afferent input from neurons in another cortical 
region (IMAN). It has been speculated that brain derived neurotrophic factor 
(BDNF) may play a role in this mechanism and in the development of other song 
system nuclei. We explored BDNF expression in RA and its two main sources of 
afferent input, IMAN and HVC in male zebra finches at three stages of development; 
Early Juvenile (EJ, 20d/o), Late Juvenile (LJ, 45-65d/o), and Adult (>90d/o).

Here we show that although BDNF immunoreactive (IR) cells are present in the 
1MAN of birds prior to EJ, this IR is not present by EJ and never returns. BDNF-IR 
somata are never seen in RA at any stage of song learning. Although there are 
BDNF-IR somata in HVC, their density does not change developmentally and is not 
different than that of surrounding brain regions. Expression of BDNF mRNA 
determined through RT-PCR did not vary across developmental stage or 
telencephalic region (RA, HVC, 1MAN). These data agree with a role for BDNF in 
telencephalic development generally, but conflict with the idea of BDNF as a major 
component of song system development, though they do not negate the possible role 
of other neurotrophins.

The above observations were made using an HRP-conjugated secondary antibody. 
Under the conditions of light fixation required for good antibody labeling, use of an 
avidin-biotin complex labeling technique produced high levels of avidin binding in 
sections that were not exposed to primary and/or secondary antibodies. Such avidin 
binding was observed only in male LJs and was localized to song regions (RA 
HVC, IMAN). These observations may suggest the presence of a developmentally 
regulated avidin-binding substance (probably an endogenous biotin-dependent 
enzyme) within song regions. Funding by NIDCD R01-DC02035

551.18

SEX AND AGE-RELATED DIFFERENCES IN BDNF mRNA 
EXPRESSION IN SONG CONTROL NUCLEI. E.J. Nordeen* T.P. 
Singh, M. Bruns. F. Sohrabji, and K.W. Nordeen. Dept. of Brain 
and Cog. Sci., U. Rochester, NY. 14627.

Neural regions controlling male-typical song in zebra finches 
exhibit sexually dimorphic neuron addition, growth and survival 
during the period of song learning. This neural circuit expresses BDNF 
in a regionally-specific and developmentally-regulated manner, and 
BDNF may contribute to the neural growth associated with sexual 
differentiation and learning. A 45 base oligonucleotide complementary 
to a partial sequence of zebra finch BDNF mRNA was used for in situ 
hybridization to assess BDNF mRNA expression in 15, 40, 60, and 
>95 day-old males, and in 15 day old females. At 15 days, specific 
hybridization to BDNF mRNA is evident in the HVc, RA, and 1MAN, 
with levels in the HVc being higher in males than in females. In males, 
BDNF transcripts in the HVc increase over twofold between 15-40 
days, then decline by 60 days, and again by 95 days. In contrast to the 
HVc, the RA and 1MAN exhibit little, if any, sexual dimorphism in 
BDNF mRNA expression at 15 days. Also, in males the level of 
hybridization in these latter two regions is lower generally than within 
the HVc and varies little with age. The pattern of BDNF mRNA 
expression is consistent with this neurotrophin regulating sexually 
dimorphic neural growth and/or developmentally-regulated synaptic 
plasticity in the avian song system.
Supported by NSF IBN9507979 (EJN); NIMH MH-45096 (KWN).

551.19

EARLY SENSORY AND HORMONAL EXPERIENCE AFFECT 
AGE-RELATED CHANGES IN NMDA2B mRNA EXPRESSION IN 
ZEBRA FINCHES. TfD,„Sin&h^E.JL N.ord.ee,ni_arjdJ£^^Ldeea±, 
Dept. Brain and Cog. Sci., U. Rochester, NY. 14627

Zebra finches develop song during a critical developmental period 
whose duration is influenced by the bird’s sensory and hormonal 
experience. Neural events limiting this period are unknown, but song 
learning requires NMDA receptor (NMDAR) activation within the 
1MAN, and developmental changes in gene expression, receptor 
pharmacology, and physiology suggest alterations in NMDAR 
composition that may decrease the probability of synaptic plasticity. 
We used in situ hybridization to study how mRNA levels for 
NMDA2B subunits within the 1MAN and Area X change with age in 
males, and how early sensory and hormonal stimuli influence such 
changes. In the IMAN, NMDA2B mRNA levels decrease significantly 
across 20, 40, 60 and 80 days of age, with the steepest decline 
occurring between 20-40 days. In 60 day old males previously isolated 
from song (which extends the critical period), 2B mRNA expression is 
significantly greater than in 60 day old controls. In contrast, androgen 
treatment beginning at 20 days (which accelerates song development) 
decreases 1MAN 2B mRNA levels at 35 days relative to age-matched 
controls, consistent with androgen's effects on NMDAR physiology 
(Livingston et al, ’98). In Area X, NMDA2B transcripts also decrease 
significantly with age, but less than within the IMAN. Furthermore, 
60 day old isolates do not differ from age-matched controls in 2B 
mRNA expression within Area X. The findings support the notion that 
age-related changes in NMDAR composition within the 1MAN 
influence the propensity for vocal learning. (NIMH MH45096)

551.20

PHENOTYPIC AND QUANTITATIVE GENETIC DESCRIPTION 
OF NISSL-DEFINED VOLUMES OF SONG CONTROL NUCLEI 
IN ZEBRA FINCHES. D.C, Airev,1* H.J. Castillo/ E.J.
Poliak,2 G. Casella3 and T.J. DeVooqd.1 Departments of 
Psychology, 2Animal Science, and 3Biometry, Cornell 
University, Ithaca, NY 14853.

To better understand developmental sources of 
variance and evolutionary potential of the size of song 
control nuclei in song birds, we conducted a quantitative 
genetic study of the volumes of several Nissl-defined 
song control nuclei in zebra finches. Phenotypic variance 
for body and brain weights (g), telencephalon, HVc, RA, 
nl2ts, Area X, and IMAN volumes (mm3) from 37 families 
was partitioned with a restricted maximum likelihood 
computer program (MTDFREML). Heritabilities were 
estimated at 0.3 (both sexes), 0.5 (both sexes), 0.6 
(male), 0.4 (male), 0.7 (male), 0.5 (male), 0.2 (male) 
and 0.2 (male), respectively. Our results support four 
main conclusions. First, heritability for song control nuclei 
in the posterior song pathway is higher than in the 
anterior song pathway. Second, a significant genetic 
correlation (pleiotropy) is found between HVc and RA. 
Third, the coefficient of additive genetic variance, or 
evolvability, is highest for HVc and RA. Fourth, the 
significantly larger telencephalon (~8%) in male zebra 
finches may reflect a genetic sex difference.
Supported by MH56093 to TDV

551.21

POSSIBLE ROLES FOR GABAERGIC INHIBITION IN THE 
VOCAL CONTROL SYSTEM OF THE ZEBRA FINCH. D.S. Vicario* 
and J.N. Raksin. The Rockefeller University, New York, NY 10021.

The final common output from the forebrain vocal control system in 
songbirds is the projection from nucleus RA, which affects respiratory 
and syringeal muscles, via medullary nuclei. Microstimulation that 
raises activity in RA elicits complex vocalizations with temporal 
characteristics of the subject bird’s individual learned song. In the 
present study, we tried to raise activity in RA of male zebra finches by 
microinjecting bicuculline (20-200pmoles in 50-100nl), an antagonist of 
inhibitory GABA^ receptors, locally in RA during microelectrode 
recordings. After injection, RA units developed a pattern of rhythmic 
discharges (0.5-3Hz), often accompanied by synchronous involuntary 
vocalizations. These discharges lasted up to 30mins and may represent a 
local seizure or patterning produced by overdriving the known feedback 
paths to RA. The bicuculline-elicited vocalizations were typically 
monosyllablic and less structured than those elicited by electrical 
stimulation. Other experiments used microinjections that were below 
threshold for involuntary vocalization. When the bird sang to a female 
during the 15-30mins after the injection, song structure was degraded.

These results suggest that GABA normally contributes to down-
regulating excitability in RA. When this regulation is blocked, activity 
increases sufficiently to engage the respiratory and vocal musculature. 
Synaptic inputs that affect GABAergic interneurons in RA could thus 
play a role in initiation and control of vocalization. The abnormal 
vocalizations produced in the presence of bicuculline suggest that 
GABAergic inhibition may normally help to shape the specific structure 
of learned vocalizations, as well as to regulate overall RA activity.

(support:MH40900)

551.22

LESIONS TO THE MEDIAL PREOPTIC NUCLEUS INTERFERE WITH 
SINGING IN THE MALE EUROPEAN STARLING. L. V. Riters* and G, F, Ball 
Dent, of Psychology, Johns Hopkins Univ., Baltimore, MD 21218, USA

During the breeding season male European starlings use song in a reproductive 
context to attract females. The most vigorous singing occurs prior to sexual 
contact, and a decrease in singing is observed after a male pairs with a mate. 
Although the song control nuclei are known to regulate song learning, perception, 
and production, little is known about how this system might interact with other 
neural systems, such as those involved in sexual behavior. The aromatization of 
testosterone (T) in the medial preoptic nucleus (POM) is known from studies in 
Japanese quail and other avian species to regulate sexual behaviors such as 
copulation and behaviors expressed prior to and in anticipation of copulation. Given 
that singing is used to attract mates prior to physical sexual contact we predicted that 
the songbird POM, a structure rich in aromatase, might regulate singing in a 
reproductive context. To explore this possibility we examined tne effects of lesions 
targeting the POM on singing and courtship behavior in reproductivelv active male 
starlings. Male starlings received electrolytic lesions in either the POM, or control 
lesions just outside of mis nucleus. Each male was tested individually in an outdoor 
aviary equipped with a nest box. Singing (amount of song and song bout length) 
and the gathering of green nest material (another behavior thought to be involved in 
mate attraction during me breeding season) were recorded during 4 daily test sessions. 
Each day males were tested for 1 hour with no female present in the aviary, for 1 
hour with a female present in a small cage within me aviary, and for 1 hour with a 
female flying free within me aviary. After behavioral testing, blood samples were 
assayed for T and me distribution of gonadotropin-releasing hormone (GnRH) was 
examined using immunocytochemistry to determine whether or not me effects of 
POM lesions might be due to a disruption of T production rather than to me 
involvement of POM in sexual behavior. A significant decrease in song output was 
observed in males with lesions to POM compared to males with damage to brain 
areas outside of me POM. Additionally, POM lesioned males .gathered significantly 
less green nest material than controls when a female was flying free within the 
aviary. None of the behavioral differences were related to T levels, and GnRH 
immunoreactivity was observed within me hypothalamus and median eminence for 
each male suggesting me effects of POM lesions were related specifically to POM 
involvement m song expression rather man to a disruption of me GnRH axis. These 
results suggest a general role for me POM in the expression of behaviors related to 
sexual arousal or anticipation, including song. Links between mis system and the 
song system remain to be elucidated. Supported by NS35467 and DBI-9750301.
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551.23
SYNAPTIC MATURATION IS INPUT-SPECIFIC AND OCCURS IN TWO 
PHASES IN NUCLEUS RA OF THE ZEBRA FINCH. L.L. Stark* & D.J. Perkel. 
Dept. Neuroscience, Univ. Pennsylvania, Philadelphia, PA, 19104-6074, USA.

Song learning occurs through two experience-dependent stages, culminating in a 
loss of behavioral plasticity called crystallization. In other developing systems, the 
ends of sensitive periods for synaptic plasticity coincide with changes in 
glutamatergic synaptic transmission. Such synaptic maturation consists of two 
components: a reduction in the duration of the NMDA receptor (NMDAR)-mediated 
synaptic response, and a reduction in the contribution of NMDARs to synaptic 
transmission. We hypothesized that synaptic maturation in the zebra finch song 
system might be involved in reducing behavioral plasticity during song development.

We made whole-cell recordings in nucleus robustus archistriatalis (RA) in 
coronal brain slices of zebra finches at various ages. Holding membrane potential at 
+50 mV, we evoked glutamatergic synaptic currents from HVc and 1MAN afferents. 
We find that synaptic maturation occurs in two distinct phases. The duration (e-fold 
decay time) of isolated NMDAR-mediated EPSCs in the 1MAN pathway decreased 
from 220 ± 63 ms (mean ± SD) in hatchlings (18-23 days post-hatch (DPH), n=10) to 
94 + 31 ms in fledglings (28-38 DPH, n=9), with no further decrease through adult-
hood. The rare recordings of HVc inputs in hatchlings revealed a similar early 
synaptic maturation of NMDAR-mediated EPSC duration. The contribution of 
NMDARs to the synaptic response (NMDA:AMPA ratio) was measured using the 
ionotropic glutamate antagonists CNQX or APV. In the HVc pathway, this ratio 
decreased from 2.2 ± 1.1 in fledglings (n=6) to 0.87 ± 0.27 in adults (n=5). This form 
of synaptic maturation was observed only in the HVc pathway because the 1MAN 
pathway uses only NMDARs at all ages. While changes in NMDAR properties occur 
too early to account for song crystallization, the reduction in NMDA.AMPA ratio in 
the HVc-RA pathway occurs later and could contribute to crystallization. Thus, in 
the zebra finch song system, components of synaptic maturation are input-specific 
and temporally distinct, and may play different roles in neural and behavioral 
plasticity. Support: NIH grants F32 DCOO33O to LLS and R01 MH56646 to DJP.

551.24
PRECISE SPIKE TIMING IN NUCLEUS RA OF THE SONGBIRD: THE 
ROLE OF AN INTRINSIC SLOW HYPERPOLARIZATION. M. S. Fee* 
Bell Laboratories, Lucent Technologies, Murray Hill, NJ 07974.

Bird song can be both remarkably complex and highly stereotyped. One 
neural correlate of this stereotypy is seen in the firing patterns of the premotor 
nucleus RA. During singing, these neurons fire patterned bursts of spikes in 
which the interspike intervals are reproduced with 50-200ps accuracy across 
song renditions [Yu and Margoliash, 1996]. To study the mechanisms 
underlying the production of these precise patterns, intracellular recordings 
were made from projection neurons in RA in urethane anesthetized zebra 
finches. Brief (10 ms) electrical stimulation in nucleus HVc elicits a broad 
EPSP and a burst of spikes in RA neurons (4-7 spikes at -300 Hz) similar to 
those seen during singing. A pronounced hyperpolarization follows the bursts 
and lasts for several hundred milliseconds. In a sequence of stimulations (75 
ms intervals) the first evoked burst in a trial always shows a large spike 
timing variability (-1 ms), as measured across many trials. Later bursts, 
evoked during the period of hyperpolarization from earlier bursts, show 
increased timing precision (-100 |is). Precise spike timing within the first 
burst can be induced by hyperpolarizing the recorded neuron or by 
synchronizing the stimulation to its spontaneous oscillation. Thus, the 
increased timing precision results from the suppression of spontaneous 
activity by the slow hyperpolarization, and appears not to involve fast 
network interactions within nucleus RA. The pharmacology and reversal- 
potential of the slow hyperpolarizing current suggest that it is most likely a 
synaptically-mediated potassium current. Introductory notes may serve to 
activate this slow hyperpolarization in RA. (Funded by Lucent Technologies)

BIOLOGICAL RHYTHMS AND SLEEP: SCN

552.1
RECIPROCAL CONNECTIONS OF THE SUPRACHIASMATIC NUCLEUS IN 
THE SYRIAN HAMSTER: RELATIONSHIP TO NEUROENDOCRINE CELLS.
K. Kinzig. J.L. Nelms, C. Foradori. B. Giffin*. M.N, Lehman and L.M, Coolen.
Dept. of Cell Biol., Neurobiol. & Anatomy, Univ. Cincinnati, Cincinnati OH 45267. 

The suprachiasmatic nucleus (SCN) is the site of a circadian clock in the brain that
is critical for regulation of behavioral and endocrine rhythms. The efferent and afferent 
pathways of the SCN are well described and show significant overlap in general 
distribution. Therefore, the present study investigated the reciprocal nature of the SCN 
connections using a recently developed technique for simultaneous anterograde and 
retrograde tract tracing (Coolen et al., 1999). In addition, the reciprocity of SCN 
connections was studied in relation to neuroendocrine cells (oxytocin, GnRH, 
dopamine) that comprise putative output pathways of the SCN. A mixture of equal 
volumes of biotinylated dextran (BDA) and the 8-subunit of cholera toxin (Ctb) was 
applied by iontophoresis (+5% pA; 6 minutes) into the SCN of male Syrian hamsters 
(n=6). After a survival period of 5 days, animals were perfused and brain sections (40 
pm) processed for BDA and Ctb using a dual immunoperoxidase technique. Alternate 
sections were processed for triple-label detection of BDA, Ctb and either oxytocin 
(OT), GnRH, or tyrosine hydroxylase (TH) using a peroxidase label for BDA and a 
dual immunofluorescent procedure for detection of Ctb and either OT, TH, or GnRH. 
Tracer injections were restricted to the SCN in 3 of 6 animals. Reciprocal connections, 
defined as BDA-labeled fibers in close association with Ctb-labeled neurons, were 
present in many of the known efferent targets of the SCN. These included the 
periventricular preoptic area (POApv); the bed nucleus of the stria terminalis; the 
paraventricular nuclei of the thalamus; the inter-geniculate leaflet; and the 
subparaventricular zone of the hypothalamus. Moreover, SCN efferent fibers and 
varicosities were frequently in close association with OT and TH neurons in the PVN 
and POApv respectively; in contrast, few direct contacts with GnRH neurons were 
observed. Surprisingly, none of these neuroendocrine cells were retrogradely labeled. 
The results therefore suggest that SCN output to neuroendocrine cells is 
unidirectional, despite the presence of reciprocal connections between the SCN and 
some of its efferent targets. Supported by NIH NS 35657 (MNL).

552.2
HAMSTER SUPRACHIASMATIC NUCLEUS:
CHEMOARCHITECTURE AND TOPOGRAPHY OF
PROJECTIONS U, LeSauter*. 2R.K. Leak, 3R. Silver, and 4R.Y. Moore 
Depts. of Psychology, ^>3Barnard College, ^Columbia U., New York, NY, 10027, 
3Dept of Anatomy and Cell Biology, College of Physicians and Surgeons, 
Columbia U., New York, NY, 10032, Depts. of 2,4Neurology ,4Psychiatry, and 
^Neuroscience, U. Pitt., Pittsburgh, PA, 15261.

We have previously described core and shell regions, differing in inputs, peptide 
phenotype, and projection sites in rat SCN (Leak et al., Brain Res. 819, 1999). To 
assess the generality of this topography, we examined the hamster SCN. analyzing 
the distribution of SCN peptides, afferent inputs, localization/identification of 
retrogradely labeled cells following injections of the tracer cholera-toxin-beta in 
SCN target sites using double label immunofluorescence. The shell is delineated by 
vasopressin- (VP-) immunoreactive cells and VP, galanin, gonadotropin releasing 
hormone and tyrosine hydroxylase fibers. The core is defined by vasoactive 
intestinal polypeptide (VIP) cells, and neuropeptide-Y, enkephalin, hypocretin and 
retinal fibers. Calbindin (Calb-) ir cells lie in the core of the caudal thhird of the 
SCN, and in the shell region in the lateral anterior SCN. Following lateral septum 
and subparaventricular zone (SPVZ) injections, the majority of retrogradely labeled 
cells are in the core, where some express Calb. SPVZ-projecting cells also express 
VIP. Following injections centered in the paraventricular thalamic nucleus, the 
densest label is in the lateral shell and central core, and efferent neurons in both 
locations express Calb. SCN projection neurons to the dorsomedial hypothalamic 
nucleus and medial preoptic area arise largely from the shell, and some express VP. 
The pervasiveness of the core-shell distinction across species argues for a functional 
specialization of these two subdivisions and suggests that areas receiving SCN 
input are under more specialized control than previously recognized. Supported by 
NS 37919 (RS) and NS 16304 (RYM).

552.3

CONNECTIONS OF CALBINDIN CELLS OF THE HAMSTER SCN
R. Silver*1, J. LeSauter2, P.N. Bryant3 and M-T Romero3.
1 2

’ Departments of Psychology, Barnard College and Columbia University, New York 
10027; department of Anatomy and Cell Biology, Physicians & Surgeons, Columbia

University, NY, NY 10032.department of Psychology, SUNY at Binghampton, NY 
13902

Calbindin-D28K (CalB)-ir cells, which receive direct retinal input 
and are fos-positive in response to a light flash, form discrete 
subnuclei within the SCN of the hamster. Lesions of this compartment 
abolish locomotor rhythmicity, indicating that cells of this region 
are important pacemakers. Knowledge of the connections of these 
cells to their targets should contribute to our understanding of SCN 
coupling. This study identifies connections between the CalB-ir and 
other cells of the SCN, using epi- and confocal microscopy and 
staining for CalB and VIP, VP, GRP, CCK, or NPY, and single label 
electron microscopy for CalB. The heaviest terminals on CalB cells 
were VIP and NPY-positive, with less dense GRP, VP and CCK 
terminals. Dense CalB-ir terminals were seen on virtually all of a 
population of unidentified cells interspersed among the SCN CalB 
cells and on GRP cells. Additionally, a few terminals are seen on most 
CCK cells. Most VIP and VP cells within the SCN have no CalB 
teminals. A few CalB terminals are seen on a subset of VP cells lying 
at the border of the SCN and on VIP cells located within or above the 
optic tract. Single label electron microscopy reveals synapses among 
CalB cells. In summary, connections of the Calb cells of the SCN are 
highly topographically organized. Supported by NIH grant ns  37919 to rs .

552.4

THE HYPOTHALAMIC SUBPARAVENTRICULAR ZONE (SPVZ) AND 
PERISUPRACHIASMATIC REGION (PESCNUR.K. Leak* and 1-2.3R.Y, Moore, 
Depts. of 'Neurology, 2Psychiatry, and 3Neuroscience, U.Pitt., Pittsburgh, PA, 15261

The suprachiasmatic nucleus (SCN) has a core and a shell, which differ in intrinsic 
circuitry, afferents, efferents, and peptide phenotype (Leak et al, 1998; Moga and 
Moore, 1997; Moore, 1996). The densest projection sites of the SCN are the ill- 
defined regions designated PESCN and SPVZ, regions believed to amplify SCN 
output through more dense projections upon the same target areas (Watts, 1991). In 
this study, we describe these areas using chemo- and cytoarchitecture, organization of 
afferent inputs, and pattern of retrograde label following tracer injections in various 
SCN projections sites: paraventricular and paratenial thalamic nuclei, medial preoptic 
area, and dorsomedial and ventromedial hypothalamic nuclei. The PESCN contains 
calretinin neurons, and vasoactive intestinal polypeptide (VIP), tyrosine hydroxylase, 
gonadotropin releasing hormone, and gastrin releasing peptide fibers. It is 
functionally distinct from the SPVZ in projection patterns and, unlike the latter, 
receives a dense retinal projection. The SPVZ has a medial and a lateral component 
delineated by vasopressin and VIP fibers arising in the SCN. The lateral SPVZ, 
innervated by the SCN core, projects to the midline thalamus and ventromedial 
hypothalamic nucleus, whereas the medial component, innervated by the SCN shell, 
projects to the preoptic area. This parallel processing within the circadian timing 
system is a new observation. The data also challenge the notion that the SPVZ and 
PESCN amplify SCN output for two reasons. First, these regions are not more 
densely retrogradely labeled than the SCN itself, except following midline thalamic 
injections. Second, the differential medial vs. lateral SPVZ afferents and efferents 
indicate that the passage of information through the SPVZ is more complex than a 
unimodal amplification of pacemaker output. These data indicate that information 
flow through the circadian timing system is more precisely and topographically 
organized than previously thought. Supported by NS 16304.
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552.5 552.6
FEEDING-ENTRAINED 
HYPOPHYSECTOMIZED 
NUCLEUS LESIONS. A.

CIRCADIAN
RATS WITH 
J. Davidson

RHYTHMS IN 
SUPRACHIASMATIC 

and F. K. Stephan.
Neuroscience Program, Department of Psychology, Florida State 
University, Tallahassee, FL 32306-1270.

Several pituitary hormones are important in the regulation of 
metabolism and their release appears to be controlled by a circadian 
clock. Consequently, they may be involved in feeding-entrained 
circadian rhythms. Hypophysectomized (hypox) and sham-operated 
male Sprague-Dawley rats had access to food for 4h each day. Food- 
anticipatory activity (FAA) and core body temperature (Tb) were 
monitored. Both groups entrained to the daily meal with an increase in 
activity in the 4h preceding meal access and quickly re-entrained 
following an 8h phase-advance of food access. FAA was not disrupted 
in either group after suprachiasmatic lesions were added. Core body 
temperature increased in the sham subjects prior to mealtime, but 
hypox rats failed to show this effect. Rather, Tb declined during 
anticipation and throughout the food access period. Respiratory 
quotient (RQ), an indirect measure of metabolic rate, was measured 
for 24h in some subjects. Sham rats showed a distinct decrease in RQ 
one hour before mealtime while hypox rats showed a steadily 
decreasing RQ throughout the day. The results show that the pituitary 
hormones are not necessary for FAA and that in hypox rats the 
anticipatory rise in Tb and changes in RQ become dissociated from 
anticipatory behavior, indicating that these functions are separate 
outputs of the food entrainable circadian oscillator.
Supported by NIH grant DK 50224.

ELECTROPHYSIOLOGICAL AND NEUROPHARMACOLOGICAL 
ANALYSIS OF NEUROTRANSMISSION FROM SUPRACHIASMATIC 
NUCLEUS TO VENTROMEDIAL PREOPTIC AREA IN RAT. X. Sun12. B_. 
Rusak2,3 and K Semba1'2* Depts. of ’Anatomy & Neurobiology, Psychology, 
Psychiatry, and Pharmacology, Dalhousie Univ., Halifax, N. S., Canada B3H 4H7

The preoptic area is involved in the regulation of sleep/waking, body temperature 
and reproductive functions. The ventromedial preoptic area (VMPO) has been 
suggested to be critically involved in fever production induced by cytokines. The 
suprachiasmatic nucleus (SCN) is the site of circadian clock in mammals, and it 
innervates the preoptic area, with a particularly dense projection to the VMPO. 
These projections could play an important role in circadian regul: tion of 
homeostatic functions. To characterize the link between the SCN and the VMPO, 
extracellular recordings were made from single neurons in the VMPO in horizontal 
slices of adult rat hypothalamus. Electrical stimulation of SCN elicited short-latency 
suppression in 35/64 neurons (55%). In addition, 14 cells (22%) showed short- 
latency activation, and 15 cells (23%) were unresponsive. Bath application of 
bicuculline (5-10 pM) reversibly blocked the inhibitory responses in all cells tested, 
and in the majority of these neurons the inhibition was replaced by an activation. 
The activation in response to SCN stimulation, either in the presence or absence of 
bicuculline, comprised two temporally and pharmacologically distinct components. 
DNQX (1-10 pM) selectively and reversibly blocked the short-latency activation but 
had no effect on the long-latency activation. In contrast, the long-latency activation 
was selectively blocked by CPP (1-10 pM), but not by DNQX. These results suggest 
that the SCN provides both inhibitory (GABAergic) and excitatory (glutamatergic) 
inputs to VMPO neurons, and that these inputs may be involved in circadian control 
of sleep/ waking cyclicity, pyrogenesis and other physiological functions. 
(Supported by MRC grant MT-14035.)

552.7

EXPRESSION OF THE RAT AND HUMAN VPAC2 RECEPTOR IN THE 
SUPRACHIASMATIC NUCLEUS: ROSTRO-CAUDAL DISTRIBUTION 
AND CO-LOCALIZATION WITH VASOPRESSIN AND VIP mRNA
I. Kall6\ T. Kalamatianos3. S. Shenb, J.W. Shewardb, H. Okamurac, J.F. Powell3, I.C.
Campbell3, H.D. Pigginse, A.J. Harmarb and C.W, Coena*. aBiomedical Sciences & 
dNeuroscience, King’s College London; bMRC Brain Metabolism Unit, Edinburgh; 
‘Anatomy and Brain Science, Kobe; ‘Biological Sciences, Manchester.

The neuropeptides vasoactive intestinal peptide (VIP) and pituitary adenylate cyclase 
activating peptide (PACAP) have been shown to influence neuronal activity in the 
suprachiasmatic nucleus (SCN) of the hypothalamus. VIP and PACAP exert their actions 
through a family of G protein-coupled receptors; two (VPACj and VPAC2) respond to 
VIP and PACAP with equal affinity and one (PACi) is selective for PACAP. Radioactive 
in situ hybridization was used to detect VPAC2 receptor mRNA expression throughout 
the rostro-caudal extent of the rat SCN. Animals were sacrificed at Zeitgeber time 6, the 
time of maximal expression of this mRNA during the light phase. The hybridization 
signal was found to be widely distributed in the rostral SCN. hi the mid SCN the most 
dense accumulation of silver grains was located dorsally, but clusters were also observed 
ventrally. In the caudal SCN the dorso-medial region, rich in vasopressin (VP) neurons, 
was heavily labelled; at this level there was less signal present ventrally, the principal 
site of the VIP neurons. Transgenic mice with fi-galactosidase as a reporter gene product 
for the human VPAC2 (Shen et al. in prep.) were also studied; p-galactosidase 
immunoreactivity showed a rostro-caudal distribution in the mouse SCN comparable to 
that of VPAC2 mRNA in the rat. Double label in situ hybridization in the rat SCN 
showed that -85% of the VP neurons and -47% of the VIP neurons express VPAC2 
mRNA. These results suggest that VIP or PACAP released in the dorsal region of the 
SCN may influence VP neurons via VPAC2. Since VPAC2 mRNA was also identified in 
VIP neurons, these receptors may act as autoreceptors within the ventral SCN. 
Supported by the BBSRC, the Royal Society and the MRC.

552.8

DISTINCT LESIONS OF THE SUBPARA VENTRICULAR ZONE 
(SPZ) AFFECT CIRCADIAN RHYTHM OF SLEEP VS. 

TEMPERATURE. T, Chou*. J. Lu, Y.H, Zhang, S, Gaus, J.K. 
Elmquist, P. Shiromani, and C.B. Saper. Dept. of Neurology and 
Program in Neuroscience, Beth Israel Deaconess Medical Center, 
Harvard Medical School, Boston, MA 02115.

The SPZ is the main output zone of the suprachiamatic nucleus 
(SCN), and is believed to play a crucial role in coordinating circadian 
rhythms of sleep, body temperature (Tb), feeding, and hormone 
secretion. However, its internal structure with respect to these functions 
has not been explored. We placed small cell-specific lesions in the SPZ 
using ibotenic acid and monitored circadian rhythms of sleep, activity, 
and Tb in adult male rats. After lesions of the ventral SPZ, the 
amplitudes of circadian rhythms were decreased in an environment with 
light-dark cycles, but in constant darkness sleep and activity rhythms 
were lost, while the amplitude of Tb rhythms was further decreased. 
Lesions of the dorsal SPZ decreased the amplitude of Tb rhythms in a 
light-dark environment, and abolished them in constant darkness, but 
had no effect on sleep rhythms. More caudal lesions in the SCN output 
zone, which includes the dorsomedial nucleus, abolished sleep but not 
Tb rhythms in a light-dark environment. In constant darkness, both 
rhythms are abolished. The SPZ appears to have distinct components 
that may regulate circadian components of specific physiological 
responses. Supported by NIH NS33981, NS30140.

552.9

CIRCUITRY LINKING THE SUPRACHIASMATIC NUCLEUS (SCN) TO THE 
LOCUS COERULEUS (LC): HYPOTHALAMIC RELAYS. Y, Zhu*, R. R. 
Miselisf and G. Aston-Jones. Dept. Psychiatry, School of Medicine, and fDept. 
Anatomy, School of Vet. Medicine, Univ. Pennsylvania, Philadelphia, PA 19104.

Injection of the retrograde transynaptic tracer pseudorabies virus (PRV, Bartha 
strain) into the rat LC consistently labels neurons in the SCN (Aston-Jones et al., Soc. 
Neurosci., 1998). The time at which this labeling occurs (44 h at earliest), and the lack 
of labeling with conventional tracers, indicates an indirect projection from the SCN to 
LC neurons. Here, we used a double-labeling strategy to identify possible relays in this 
pathway. PRV (60 nl) was microinjected into the LC nucleus and in the same animal 
the conventional retrograde tracer cholera toxin subunit B (CTb, 0.05%) was 
microinjected into a possible relay. Animals were allowed to survive 54 - 60 h. In this 
approach, the SCN of animals with a CTb injection into a relay would contain dually 
labeled (PRV + CTb) neurons, whereas only singly labeled neurons in the SCN would 
indicate that the CTb injection was not made in a relay. Possible relays studied were 
areas that (i) receive projections from the SCN and (ii) were labeled by PRV from LC 
neurons at 35 h postinjection (before any labeling occurs in the SCN). Possible relays 
examined were the paraventricular and dorsomedial nuclei of the hypothalamus (PVN, 
DMH), the lateral hypothalamus (LH), and the medial and lateral preoptic areas (MPO, 
LPO). Results were tabulated for the percentages of PRV+ neurons in the SCN that 
also contained CTb. With CTb injections in the DMH, ~ 20% of PRV-labeled neurons 
in the SCN were also labeled with CTb. PVN and MPO injections of CTb yielded 
double labeling in -10% of PRV+ neurons in the SCN, and CTb in the LPO produced 
about 5% double labeling. There was almost no double labeling when injections of 
CTb were made in the LH. These results indicate that the DMH is a predominant relay 
for SCN information reaching the LC, but that other hypothalamic and preoptic relays 
exist as well. Because many of these relays are not retrogradely labeled by 
conventional tracers confined to the LC nuclear core, it appears that they may innervate 
LC extranuclear dendrites. Lesion and behavioral experiments are underway to confirm 
and extend these results. Supported by PHS grants NS24698 and GM27739.

552.10
LONG-TERM RECORDING OF ELECTRICAL ACTIVITY FROM 
INDIVIDUAL NEURONS OF ADULT RAT SUPRACHIASMATIC NUCLEUS 
IN VITRO. F. Aujard*, E.D. Herzog and G.P. Block. NSF Center for Biological 
Timing, Department of Biology, University of Virginia, Charlottesville, VA 22903.

The suprachiasmatic nucleus (SCN) contains a clock that drives circadian 
rhythms in vivo and in vitro. Recently, recordings have correlated the period of 
locomotor activity measured in adult rodents with firing rate rhythms of individual 
SCN cells from neonatal mice, rats and hamsters. Because we were interested in 
understanding the neural basis of changes in circadian behavior seen in aged 
animals, we assessed the effect of age on firing rate patterns of SCN neurons.

As a first step towards studying SCN neurons of different ages, we developed a 
method to maintain adult SCN neurons in dispersed cell culture on a 64- 
microelectrode array. SCN cells from 4-month old Long Evans rats were 
dissociated by enzymatic digestion and dispersed on electrode arrays coated with 
laminin and poly-D-lysine. Culture medium was supplemented with neonatal calf 
serum (10%) and basic fibroblast growth factor (5 ng/ml). Incubation and recording 
were performed at 36.5°C in 5%CO2/95%air. Although recovery and survival were 
lower than neonatal SCN dispersal, neurons attached to the electrode array and 
grew processes within 1 day, with approximately 30 neurons near the electrodes. 
SCN neurons exhibited spontaneous regular action potential activity (spike width: 
0.4 ms to 0.8 ms) from day 0 (first day tested) to day 8 (last day tested) in vitro. 
Firing rates, ranging from 0.5 Hz to 5.5 Hz, were recorded for up to 2 days from the 
same neuron.

Preliminary results from 8 recordings suggest that 4-month old neurons can 
exhibit a circadian rhythm in firing rate. Direct comparisons of behavioral rhythms 
with circadian rhythms from SCN brain slices and dispersed neurons from adult and 
aged animals should give new insights into the role of tissue organization and 
pacemaker function in normal and timing-related disorders.

Supported by a grant from the AFRT and the NSF Center for Biological Timing.
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552.11
DO CIRCADIAN RHYTHMS OF HEART RATE, BODY TEMPERATURE, 
DRINKING AND ACTIVITY PERSIST AFTER ISOLATION OF THE HAMSTER 
SCN? J.L. Nelms*. R. Silver1 and M.N, Lehman. Dept. Cell Biol, Neurobiol. & 
Anat., Univ. Cincinnati, Cincinnati, OH 45267; 'Dept. Psychol., Columbia Univ., 
New York, NY 10027.

The hypothalamic suprachiasmatic nucleus (SCN) is the site of a clock that 
controls circadian rhythms in behavioral, autonomic and neuroendocrine functions. 
Neural efferents are necessary for some SCN functions (e.g., reproductive responses to 
pholoperiod; Pickard & Turek, 1983), whereas a diffusible signal may be sufficient for 
others (e.g., locomotor rhythms; Silver et al., 1996). We addressed the question of 
whether heart rate, body temperature and drinking rhythms are dependent on neural 
connections by using a Halasz knife to create “SCN islands”. Heart rate, body 
temperature, and activity were monitored simultaneously in adult male hamsters by 
telemetry (DataSciences, Inc.); drinking was also recorded. After confirming 
rhythmicity under constant dim illumination (DD), “SCN islands” were made by 360° 
knife rotations (n=9); sham cuts consisted of lowering but not rotating the knife 
(n=4). Rhythms were monitored in DD for an additional 10 weeks. At that time, 
anterograde /retrograde tracers (Coolen et al., 1999) were injected bilaterally into the 
subparaventricular zone, a major target of SCN efferents, to assess the completeness of 
the knife cuts. Animals were perfused 1 week later, testes weight measured, and brains 
processed for detection of tracers, SCN neuronal and glial markers (VIP, vasopressin, 
calbindin, GFAP). Knife cuts were judged to be complete in 3 of 9 animals. In 
animals with missed or incomplete cuts, all rhythms continued to free-run. In 2 of 3 
animals with complete cuts, rhythms in heart rate, drinking and activity reappeared 
after a transient period of arhythmicity, and the SCN was intact within these islands. 
The other animal with a complete cut remained arhythrnic, but a majority of the SCN 
was destroyed. The 2 animals with complete cuts that remained rhythmic maintained 
large testes throughout the experiment, indicating lack of appropriate reproductive 
responses to photoperiod. The results suggest that whereas endocrine rhythms are 
dependent on neural connections, some behavioral and autonomic rhythms are not and, 
instead, may be driven by a common diffusible signal. Supported by NIH NS35657.

552.12
A LUCIFERASE REPORTER GENE REVEALS EXPRESSION IN CELLS 
OF THE DORSAL SUPRACHIASMATIC NUCLEUS. T.R. Chandler, L.A. 
Sigworth and M.E. Geusz*. Dept. of Biological Sciences, Bowling Green 
State University, Bowling Green, OH 43403.

Imaging expression of the luciferase gene luc under the control of the 
c-fos promoter has been reported previously in the suprachiasmatic 
nucleus (SCN) of the hypothalamus, the location of a major mammalian 
circadian pacemaker. Here we describe real-time imaging of the 
dynamics of luciferase expression in the SCN controlled by the 
immediate-early gene enhancer/promoter of the human cytomegalovirus 
(CMV). SCN brain slices from adult transgenic mice containing a 
CMV/luc reporter gene were prepared during the subjective day and 
maintained in culture medium with newborn calf serum and luciferin at 
30°C. Transgene expression in at least 100 cells or cell clusters was 
monitored for up to three days in each slice by capturing luciferase 
bioluminescence with a liquid nitrogen-cooled CCD camera. Cells 
showed changes in expression independent of signals in neighboring 
cells. Signals were as high as several thousand analog-to-digital units 
above background. Some cells showed ultradian oscillations with 3-4 h 
periods indicating that relatively fast modulation of expression can be 
resolved. Signals were particularly pronounced and persistent in the 
dorsal SCN, suggesting that cells expressing neuropeptides such as 
arginine-vasopressin are involved, which have active gene regulatory 
elements that are also found in the CMV enhancer/promoter. This 
imaging approach may provide a method for rapidly screening gene 
expression in specific cells of living SCN tissue as well as in isolated 
neurons maintained in culture. Supported by BGSU.

552.13

CALRETININ IMMUNOREACTIVITY IS NOT A 
MARKER OF A PARTICULAR SUBDIVISION IN THE 
SUPRACHIASMATIC NUCLEUS. Abel Buie Angela I. 
Fa’anunu, and Silas T. Marshall, Dept. of Biology, Middlebury 
College, Middlebury, VT 05753, USA

It has been well established that the suprachiasmatic nucleus 
(SCN) of the anterior hypothalamus is the primary circadian 
pacemaker of mammals and controls virtually all circadian rhythms 
expressed. The immunocytochemical localization of calretinin in the 
SCN has not been described in detail. We will present a detailed 
description of the immunocytochemical localization of calretinin in 
the SCN of males and females of four rodent species including three 
nocturnal species (house mouse, golden hamster, rat) and one 
diurnal species iArxdcanthis niloticus)-

Immunocytochemical staining for calretinin revealed that calretinin 
positive cells were predominantly expressed in the dorsal region of 
the rat SCN, in the ventral region of the house mouse SCN, in the 
lateral region of the hamster SCN, and homogeneously distributed 
throughout the Arvicanthis niloticus SCN. Females and males were 
very similar in their distribution and number of calretinin positive 
cells in the SCN. However, female mice might have a larger 
number of calretinin positive cells in the SCN than males and we are 
currently investigating this possibility. These findings show that 
calretinin is not a marker of a subdivision of the SCN and that it 
most likely has different functions among the species studied. This 
work was supported by a NIH grant (R15MH58453-01) to A.B.

552.14
A NOVEL PROTEIN, SCOP, EXPRESSED IN A CIRCADIAN 
MANNER IN THE RAT SUPRACHIASMATIC NUCLEUS.
Katsuya Nagai*, Kimiko Shimizu and Masato Okada.
Division of Protein Metabolism, Institute for Protein 
Research, Osaka University, 3-2 Yamada-Oka, Suita, Osaka 
565-0871, Japan

To find genes responsible for circadian rhythm, genes 
showing a circadian expression in the rat hypothalamic 
suprachiasmatic nucleus (SCN) were examined by a 
differential display method using arbitrary primers. We 
found a gene encoding a novel protein composed of 1696 
amino acids, and termed this protein SCN circadian 
oscillatory protein (SCOP). SCOP contains Pleckstrin 
homology domain, leucine rich repeats (LRR), leucine 
zipper, protein phosphatase 2C-like domain and glutamine 
rich region, and localized exclusively in the central 
nervous system. Expressions of SCOP mRNA and protein 
showed a circadian rhythm in the SCN, and the inhibition of 
the expression of SCOP in the SCN by infusing 19mer 
antisense oligodeoxynucleotide disturbed the circadian 
rhythm of locomotor activity of rats. Furthermore, we 
observed that the LRR of SCOP interacted with K-Ras, and 
that both of SCOP and K-Ras collocalized in a detergent- 
insoluble compartment, raft, and disappeared from the raft 
under a condition stimulating protein phosphorylation. 
These findings suggest that SCOP is involved in the 
mechanism of circadian oscillation in the SCN. 
(Governmental funds)

552.15

SEXUAL DIFFERENCES IN VIP IMMUNOREACTIVITY IN THE SUPRACHIASMATIC 
NUCLEUS OF ADULT RATS ARE NOT AFFECTED BY GONADECTOMY OR STEROID 
TREATMENT K.Shah*1. J. Kastelijn1, V.M. Wieqant2, E.M. van der Beek1 1 Human 
& Anim Physiol Group, Dept Anim Sci, Wageningen Agricult Univ, 2Rudolf Magnus Inst. 
Neurosci, Dept Med Pharmacol, Utrecht Univ, the Netherlands
The preoptic area, which contains numerous GnRH, dopamine (DA) and 

estrogen (ER) and progesterone (PR) receptive neurons, plays a crucial role in 
the timing of the cyclic luteinizing hormone (LH) and prolactin (PRL) surges in the 
female rodent. The suprachiasmatic nucleus (SCN), the circadian timing device 
of the brain, is critically involved in the generation of these LH and PRL surges. 
This nucleus has direct monosynaptic projections to the GnRH, DA, ER and PR 
neurons containing VIP (and possibly PHI) or arginin-vasopressin (AVP) as 
putative neurotransmitters. Recently we demonstrated a gender-specific input of 
both VIP- and VP-containing fibers onto GnRH neurons, which is likely related to 
the sexual difference in the regulation of LH release.

In the present study we investigated the effect of manipulation of gonadal status 
on the source of fibers innervating GnRH neurons, i.e. the SCN. The amount of 
VIP immunoreactivity (VIP-IR) was evaluated in SCN of intact met-estrus, short-
term OVX (14d) and OVX-EB (11d+3d) females, and in intact and castrated (14d) 
males using threshold level discrimination (SCION-image). We found that the 
amount of VIP-IR around 10:00 (lights on from 08:00-18:00) was significantly 
lower in females compared to males. Castration, OVX or OVX followed by E- 
treatment did not affect VIP-IR in the SCN.

These results show that VIP-IR in the SCN differs between males and females, 
but is not affected by short-term gonadectomy or steroid treatment during 
adulthood. Thus, the sexual difference in VIP-IR in the SCN of adult rats is most 
likely the result of gender differences that emerge during development. Further 
studies investigating the effect of gonadal status on AVP- and PHI-IR in the SCN 
of the same group of animals are being carried out.

552.16
ARGININE VASOPRESSIN (AVP) RELEASE FROM IN VITRO
SUPRACHIASMATIC (SCN) SLICES IS NOT DIFFERENT BETWEEN YOUNG 
AND OLD FEMALE RATS. K.L. Rosewelf, K. Krajnak2, E.D. Herzog3,
K. Shinohara4 and P.M. Wise1. ‘Dept Physiol., UK, Lexington, KY 40536,2Dept 
Biol., WVU, Morgantown, WV 26506,3Dept Biol., UVA, Charlottesville, VA 
22903 and 4Dept Physiol., Yokohama City University, Yokohama 236, Japan .

The SCN is the central circadian pacemaker and its ability to regulate a 
number of behavioral and physiological processes changes with age. Aging can 
result in an attenuation of rhythmic outputs such as locomotor activity, reproductive 
behavior or gene expression. We have recently reported that aging alters the 
rhythmic expression of VIP mRNA in the SCN in vivo but not AVP mRNA. When 
isolated in vitro, the SCN continues to maintain rhythms of neuronal firing and 
peptide release. To examine whether the maintenance of rhythmicity in AVP gene 
expression is translated into the maintenance of AVP peptide secretion we used an 
in vitro SCN slice preparation from either young (Y, 2-4mo) or old (O, 18-21 mo) 
female Sprague Dawley rats (maintained on 14:10 L:D). The SCN was excised from 
two 500pm sections and placed in a Hatton style chamber and continually perfused. 
Effluent was collected every 30 minutes for 60 hours. Samples were lyophilized and 
stored at -80°C until assayed by enzyme immunoassay (EIA). Initially we 
determined optimal conditions of temperature and glucose concentration for AVP 
release. Total release of AVP was maximal at 37°C and 30mM glucose. There was 
no significant age-related difference (p< 0.81) in total AVP release. Approximately 
30% of young females were rhythmic (85% confidence interval) with a mean period 
of 25.45h (n=l2, range 22-27h). The present studies, combined with our previous 
data, indicate that AVP in the SCN is not affected by aging.
Supported by NIH grant AG 13425 to PMW,
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552.17

REGULATION OF CRYPTOCHROME (CRY1 AND CRY2) GENE 
EXPRESSION IN THE MOUSE SUPRACHIASMATIC CIRCADIAN 
clock , u p. Shearman*, D„ B, Weaver, and.$,M» Fteppert Lab. of 
Developmental Chronobiology, Pediatrics, Mass. General Hospital, 
Boston, MA 02114; Harvard Medical School, Boston, MA 02115.

Two genes (Cry1 and Cry2} have been discovered in mammals with 
homology to the family of blue-light photoreceptors (cryptochromes) and 
DNA photolyases. Recent studies suggest an important role for the Cry 
genes in the mammalian circadian clock. Cry1 RNA is abundant in the 
mouse suprachiasmatic nucleus (SCN) and oscillates in a circadian 
manner (PNAS 95:6097,1998). Cry2 RNA is expressed at a low level 
in the SCN. Both Cry genes are expressed in the retina, another dock- 
containing tissue. It has been proposed that cryptochromes are 
candidate photoreceptors in mammals, but mice lacking both Cry1 and 
Cry2 proteins have an unexpected loss of free-running rhythmicity of 
locomotor behavior (Nature 398: 627, 1999). We used in situ 
hybridization to examine the photic regulation of mammalian Cry gene 
expression and the effect of the Clock mutation on Cry gene expression 
in the SCN. Exposure of wildtype mice to a 15 min light pulse 4 hours 
after lights-off did not affect Cry1 or Cry2 RNA levels in the SCN. Cry 
genes do not appear to be regulated by light at the transcriptional level. 
In mice, the Clock mutation leads to abnormal circadian behavior and 
defective transcriptional activity of CLOCK, a basic helix-loop-helix-PAS 
protein. We previously demonstrated a reduction of mPer gene 
expression in Clock mutant SCN (Cell 96: 57, 1999). Both Cry1 and 
Cry2 RNA levels were decreased in the SCN of Clock/Clock mice and 
the Cry1 RNA rhythm was abolished. Cry2 is the first constitutively 
expressed (i.e., non-rhythmic) gene whose RNA levels were significantly 
reduced in the SCN of Clock/Clock mice. The mechanism by which 
CLOCK positively regulates Cry1 and Cry2 gene expression in the 
SCN is unknown. Supported by HD14427.

552.18
IDENTIFICATION, LIGHT REGULATION AND POSTNATAL EXPRESSION 
OF AN INTERFERON-y RECEPTOR IN THE RAT SUPRACHIASMATIC 
NUCLEI. (SPON: Society of Neuroscientists of Africa) G.B. Lundkvist1, B. 
Robertson1, A. Andersson1, M.E. Rottenberg2 and K. Kristensson1. 'Department of 
Neuroscience and 2Microbiology and Tumor Biology Center, Karolinska Institutet, 

Stockholm, Sweden.
The suprachiasmatic nuclei (SCN) in the anterior hypothalamus contain the main 

pacemaker that generates and synchronizes circadian rhythms in the mammalian 
brain. In a previous study we have revealed immunoreactivity of an interferon-y 
receptor (IFN-yR) in the ventral part of the SCN and that this molecule has a daily 
rhythm in its expression under light:dark conditions, with a peak in expression at 
zeitgeber time (ZT) 15. The present study was undertaken to analyze whether or not 
the IFN-yR molecule in the nervous system shows homology to that in the immune 
system and if its oscillations are regulated by light. In addition, we studied the 
expression of the IFN-y receptor at different postnatal stages with 
immunohistochemistry. Cloning and sequencing were performed on the SCN IFN-yR 
cDNA. The sequence of the receptor cDNA was identical to the sequence of rat IFN- 
yRa mRNA. Immunoblots showed that in a dark:dark cycle the daily variation in 
expression of the receptor protein disappeared, instead there was a constant high 
expression throughout the day. The receptor was detected already at postnatal day 
(P) 1 but its appearance and localization changed gradually until P20 when the 
immunopositivity appeared in the ventrolateral part of the SCN as in adults. Our data 
confirms the identity of the IFN-yR in the SCN, indicates that the receptor expression 
is not regulated by an endogenous clock and demonstrates that the receptor appears 
already from early postnatal stages in the pacemaker. (Supported by grants from 
SMFR, UNDP/World Bank/WHO Special Program for Research and Training in 
Tropical Diseases and Stanley Foundation Research Awards Program.)

552.19

BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) MODULATES PHASE 
SHIFTS OF THE SUPRACHIASMATIC PACEMAKER TO OPTIC NERVE 
STIMULATION. S.M.Biello Dept Psychology University of Glasgow, UK G12 
8OB

The suprachiasmatic nuclei (SCN) contain a circadian clock whose activity can be 
recorded in vitro for several days. SCN neurons expressing BDNF are closely 
apposed to the TrkB positive fibers from the optic chiasm and mice with deficits in 
expression of BDNF show altered phase shifts to light.
Coronal hypothalamic slices containing the SCN were prepared from Syrian 
hamsters housed under a 14L:10D light:dark cycle. Tissue was bathed in artificial 
cerebrospinal fluid (ACSF), and 3-min recordings of the firing rate of individual 
cells were performed throughout a 12h period. Control slices receiving either no 
application or application of ACSF to the SCN showed a consistent daily peak in 
their rhythms (n= 19, mean peak (mp) = Zeitgeber Time (ZT) 6.5, SEM 0.6). 
Significance of phase shifts are determined using a Mann Whitney U rank test to 
compare peak times seen in control slices with those receiving a treatment.

BNDF induces phase shifts of the circadian clock when administered to the in vitro 
SCN. Phase delays to BDNF were seen at ZT 14 (n=8, mp = 8.0, SEM = 0.4) and 
advances at ZT 18 (n=7, mp = 4.9, SEM - 0.3). BDNF did not alter the phase of the 
clock when applied during the subjective day at ZT 6 or ZT10. Both phase delays 
and advances to BDNF could be blocked by pretreatment with the tyrosine kinase 
inhibitor K252a. K252a did not reset the clock when applied alone at ZT 14 or 18. 
Stimulation of the optic nerve (ON) centered at ZT 14 induces phase delays (n=7, 
mp = 9.8, SEM = 0.3), while stimulation centered at ZT 18 induces advances (n=6, 
mp = 4.3, SEM = 0.4). Treatment with K252a attenuated both delays (n=5, mp = 
8.1, SEM = 0.1) and advances to ON stimulation (n=6, mp = 5.4, SEM = 0.2).

This work indicates that neurotrophins may modulate photic input to the SCN. 
Support by The Scottish Royal Society and the Medical Research Council (UK)

552.20

SEROTONIN MODULATION OF CALCIUM TRANSIENTS IN CELLS 
IN THE SUPRACHIASMATIC NUCLEUS. J. Flett. C.S.Colwell*. Dept. 
of Psychiatry and Biobehavioral Sciences, Univ. of California- Los Angeles, 
760 Westwood Plaza, LA, CA 90024.

The suprachiasmatic nucleus (SCN) receives a monosynaptic, glutamatergic 
projection from the retinohypothalamic tract (RHT) that has been shown to induce 
phase-shifts of the circadian system, possibly through a Ca2+-dependent mechanism. 
The SCN also receives a dense, serotonergic projection from the median raphe into 
its retinorecipient region. Previous work indicates that serotonin (5HT) can inhibit 
the RHT pathway, though the mechanisms have not been determined. Our study 
suggests that 5HT can inhibit the glutamatergic regulation of Ca2+ in SCN neurons. 
Using ratiometric Ca2+ imaging techniques, we recorded synaptic-evoked and 
glutamate-evoked Ca2+ transients in the presence of 5HT in acutely prepared 
hypothalamic slices from neonatal rats (P10-15). 5HT (25pM) reversibly inhibited 
synaptic-evoked Ca2+ transients from 176% to 46% above baseline levels, but did 
not inhibit Ca2+ transients induced by direct application of glutamate (50 pM) or N- 
methyl-D-aspartate (NMDA) (lOOpM). These results support the idea that 5HT 
acts presynaptically to inhibit light-induced phase shifts of the circadian system. 
Interestingly, we also found that 5HT application alone causes a measurable 
increase in Ca2+ in a significant percentage of cells, and that the percentage of cells 
responding shows a dose-response; the 5HT response plateaus between 50-100pM, 
with roughly 30% of cells showing Ca2+ transients. Application of the serotonin 
antagonist, metergoline (lOpM) significantly reduced the percentage of cells that 
showed a Ca2+ transient in response to 5HT, as did application of TTX (lpM) and 
the GABAA antagonist, bicuculline (25pM). We believe that while 5HT can act 
presynaptically at the RHT/SCN synapse to inhibit the release of glutamate, it can 
also act within the SCN to alter GABAergic activity, and by this mechanism cause 
significant changes in intracellular Ca2+.
Supported by the Whitehall Foundation, #F98-15.

552.21

NEURONATIN IS HIGHLY EXPRESSED IN THE SUPRACHIASMATIC 
NUCLEUS AND HYPOTHALAMUS. N, Oda12, D, Tighe1, H, Lancero1. B, F. 
O’Hara1, H. C, Heller1 and T. S, Kilduff 13* ’Center for Sleep and Circadian 
Neurobiology, Stanford University, Stanford, CA 94305-5020; 2Lab. of 
Fundamental Life Science Research, Asahi Chemical Industry Co. Ltd., 2-1 
Samejima, Fuji-Shi, Shizuoka, 416 JAPAN; ’Molecular Neurobiology 
Laboratory, SRI International, Menlo Park, CA 94025.

To identify novel genes that are preferentially expressed in the adult mouse 
suprachiasmatic nucleus (SCN) of the hypothalamus (the location of the 
primary mammalian circadian pacemaker), we used differential tag PCR 
subtraction. As described previously (Oda et al., 1998, Society for 
Neuroscience Abstracts 24:1693), candidate clones from the subtraction were 
screened by cDNA Southern, Northern and in situ hybridization. Among the 
131 clones that were initially screened, 9 isolates, ranging in length from 160- 
382 bp, corresponded to mouse neuronatin. Neuronatin was originally 
identified by differential display as being brain-specific and found to be highly 
expressed in neonatal rat and human fetal brain (Joseph et al., 1994, Biochem 
Biophys Res Commun 201: 1227-34). In the adult mouse brain, we found 
expression of neuronatin in the SCN, surrounding anterior hypothalamus, and 
amygdala by in situ hybridization with much lower levels of expression in the 
cortex and cerebellum. To the best of our knowledge, neuronatin has not 
previously been localized in the adult brain, possibly due to observations of a 
loss of expression in adulthood and senescence (Joseph et al., 1994). 
Experiments to determine whether neuronatin is biologically active within the 
hypothalamus are ongoing. However, neuronatin mRNA levels do not appear 
to be rhythmic nor affected by photic stimulation (supported by Asahi 
Chemical Industry Co. Ltd. Japan and NIH HL58985).
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553.1

DELAY ACTIVITY OF PRIMATE ORBITOFRONTAL NEURONS 
VARYING WITH DIFFERENT REWARDS. K. Hikosaka* and M, 
Watanabe. Department of Psychology, Tbkyo Metropolitan Institute for 
Neuroscience, 2-6 Musashidai, Fuchu, Tbkyo 183-0042, JAPAN

In order to examine the significance of the orbitofrontal cortex (OFC) in 
reward expectancy, the activity of OFC neurons was recorded while the 
animal was performing the reaction time task with 5 s delay. In this task, 
various kinds of liquid and food rewards were used and the presence or 
absence of reward was indicated by the instruction cue. Every four trials 
constituted one block within which three different kinds of rewards and no 
reward were delivered in a fixed order.

Out of 235 task-related neurons, we examined 50 of them with delay- 
related activities. Four types of neurons were observed. 1) Neurons 
(n=25) showing delay-related activities in any kind of reward trials 
without nature-of-reward specificity, but not in no-reward trials. 2) 
Neurons (n=6) showing delay-related activities in no-reward trials but not 
in any reward trials. 3) Neurons (n=5) showing delay-related activities 
only before obtaining a specific reward. 4) Neurons (n=2) showing delay- 
related activities in both no-reward and the least preferred reward trials. 
The remaining 12 neurons had complex characteristics of delay-related 
activities. These delay-related activities reflected the preference by the 
animal for each kind of reward and were modulated by the motivational 
state of the animal.

It is suggested that OFC is related to motivational aspects of reward 
expectancy.

553.2

REWARD AND MOTOR CORRELATES OF VENTRAL TEGMENTAL 

AREA NEURONAL ACTIVITY IN FREELY MOVING RATS.

Tsuneyuki Kobayashi*. Gen Mmatsumoto

Brain-Operative Expression Team, Brainway Group, Brain Science 

Institute (BSI), RIK.EN, 2-1 Hirosawa, Wako, Saitama 351-0198 Japan

Many researches suggest that midbrain dopamine systems play a crucial 

role in emotional behavior, especially in processing reward information. 

In the present study, to investigate the role of the ventral tegmental area 

(VTA) in motivated behavior, rats were trained shuttling behavior in a 

circular open field, and food or water was available at each end of the open 

field. Trails of rats were monitored by a video tracking system. Single 

neuronal activities of the VTA were recorded, and the neuronal correlates 

of VTA neurons to reward delivery and movement speed were analyzed. 

During shuttling behavior some neurons increased firing depending on 

movement speed, and some neurons changes firing during and after 

ingestion of reward, and discriminated type of reward. These results 

suggest VTA is involved in emotional behavior.

553.3

REWARD ANTICIPATION NEURONS IN MEDIAL PREFRONTAL CORTEX AND 
NUCLEUS ACCUMBENS OF FREELY MOVING RAT. K. Miyazaki1*. E. Mogi'. 
K, Waki'2 and G. Matsumoto1, 'Brainway, Brain Science Institute (BSI), RIK.EN, Wako 
351-0198, Graduate School of Media and Governance, Keio University, Fujisawa 252- 
8520, Japan.

We reported that some neurons of the nucleus accumbens (NAcc) represented 
anticipation of reward and discriminated its quality' 2. We also found that they could 
change their discharge pattern during the reward acquisition task'1, concluding that the 
firing of neurons in NAcc is changeable through learning. The NAcc is well known to 
receive strong inputs from the medial prefrontal cortex (mPFC), and send polysynaptic 
feedback to the frontal cortex via the substantia nigra reticulata, the ventral pallidum, 
and the medial dorsal thalamic nucleus. These reciprocal connections imply that neural 
information from the mPFC to the NAcc might play an important role to anticipate 
future events, especially rewards. To confirm this hypothesis, we simultaneously 
recorded neuronal activities of cells in the mPFC and NAcc of freely moving rats, 
while the rats performed reward acquisition task. Rats were trained in an open-field (0 
= 1.5 m) to go and return between two windows to get a piece of pellet and a drop of 
water as reward. We found several types of neurons related to the task or reward in 
mPFC. 1) Reward-responding neurons which respond to one specific reward at the 
moment when rats actually get the reward. 2) Reward-anticipation neurons; two types 
of those neurons were so far found. The one is the neurons with their firing being 
maintained until reward is supplied. The other is the ones fired only when the rat inserts 
its head into windows and then ceased quickly after that. These both types are all 
independent of reward quality, that is quite contrasted with those found in the rat 
NAcc12 and the monkey PFC1. Further, we found that neurons of mPFC exhibited 
intermittent burst firing during the task events, quite contrasted with the experiments of 
the NAcc, in which no such burst firing were observed. These show some features of 
mPFC in emotional control of the brain function, different from those of NAcc.
1. Miyazaki K, Mogi E, Araki N, Matsumoto G (1998) Soc Neurosci Abstr 24:937.
2. Miyazaki K, Mogi E, Araki N, Matsumoto G (1998) NeuroReport 9:3943-3948.
3. Watanabe M (1996) Nature 382:629-632.

553.4
REWARDED BEHAVIOUR FOLLOWING EXCITOTOXIC LESIONS OF 
THE PEDUNCULOPONTINE TEGMENTAL NUCLEUS IN RATS: II 
PERFORMANCE ON A RUNWAY TASK. J.A, Ainge*, T.A, Jenkins, M.P. 
Latimer, P. Winn. School of Psychology, University of St. Andrews, Fife, KY16 
9JU, Scotland.

The pedunculopontine tegmental nucleus (PPTg) is widely connected to 
many frontostriatal sites and has been implicated in reward and motor tasks. 
Previous experiments have shown disinhibited sucrose drinking following 
ibotenate lesions of the PPTg when sucrose concentration was high (20%) but not 
low (4%). The present study aimed to examine the effects of bilateral ibotenate 
PPTg lesions on motivation for high and low concentrations of sucrose. It 
involved a simple runway task with two experimental groups initially receiving 
either 4% or 20% sucrose solution. Rats were trained to receive die sucrose 
reward from a burette at the end of the runway. Then followed seven days of 
testing when each rat was placed at the opposite end of the runway to the burette 
and the time taken for the rat to start drinking and the quantity of sucrose 
consumed were measured. The concentration of sucrose given to each group was 
then reversed and another seven days testing carried out with runway speed and 
sucrose consumption again being measured. PPTg lesioned rats consumed 
significantly more sucrose than sham lesioned when they were given 20% 
sucrose, but there was no difference in the amounts of 4% sucrose consumed by 
the two groups. Analysis of runway speed showed no difference between groups. 
These results confirm that lesions of the PPTg produce disinhibited behaviour 
(sucrose consumption) when rewards are large but the lack of difference in run 
speeds suggests no difference between PPTg lesioned and control rats in terms of 
motivation.
Supported by UK Biotechnology and Biological Sciences Research Council (JAA) 
and Wellcome Trust project grant 047549/Z/96/Z

553.5

REWARDED BEHAVIOUR FOLLOWING EXCITOTOXIC LESIONS OF 
THE PEDUNCULOPONTINE TEGMENTAL NUCLEUS IN RATS:
L PERFORMANCE OF A T-MAZE COST-BENEFIT TASK
H.L, Alderson*, T.A, Jenkins, M.P. Latimer, B. Spori, P, Street, S, Walker,
P.Winn. School of Psychology, University of St Andrews, Fife, KY16 9JU, 
Scotland.

The pedunculopontine tegmental nucleus (PPTg) has connections with a 
variety of frontostriatal sites and has been implicated in the performance of both 
motor- and reward-related tasks. Previous experiments have found that 
excitotoxic lesions of PPTg affect willingness to work for reward in operant 
tasks. In the present experiment we examined the effect of PPTg lesions on 
performance in a T-maze cost-benefit task. Initially, rats were trained on a T- 
maze for food reward. The low-density (LD) arm contained 2 food pellets, the 
high-density (HD) arm 4 food pellets. Once the sham group reached a criterion of 
8 or more HD choices for 3 consecutive sessions, barrier testing began. Rats were 
tested on each of 4 barriers that were placed at the entrance to the HD arm of the 
maze, so that the barrier had to be climbed in order to reach the HD reward. The 
LD arm was unobstructed. Barrier height increased over the course of testing. 
Following testing on the highest barrier, a final test was carried out with no 
barriers present. There was no effect of PPTg lesions on number of HD arm 
choices, time taken to reach reward or number of pellets consumed, either during 
acquisition or during cost-benefit barrier testing. As barrier height increased, the 
number of HD choices decreased for both sham and PPTg lesion groups, and 
when the final barrier was removed, the number of HD choices returned to 
criterion levels. These results indicate that PPTg lesions do not affect acquisition 
of the T-maze task, or performance on the T-maze following changes in the effort 
required to obtain a food reward.
Supported by Wellcome Trust Project Grants 054927/Z/98/Z (HLA) and 
Q47549/Z/96/1 (TAJ)

553.6

TEMPORARY INACTIVATION MAY PROVIDE A GREATER 
CHALLENGE TO MFB STIMULATION REWARD VALUE THAN 
DOES PERMANENT LESIONING. M. Waraczynski*, A. Acheson, 
and M. Perkins. Dept. of Psychology, Univ. of Wisconsin - 
Whitewater, Whitewater, Wl 53190.

In this presentation we demonstrate the methodological advantages of 
using lidocaine-induced temporary inactivation of brain areas to explore 
the anatomical substrate supporting medial forebrain bundle (MFB) self-
stimulation. Many investigators have examined whether a given brain 
area is important to MFB stimulation reward by lesioning that target and 
assessing changes in stimulation reward value. Although this technique 
has yielded positive results, highly similar lesions affecting highly similar 
stimulation sites often produce widely different effects, or massive 
lesions may not change stimulation reward value substantially. Recent 
work suggests that lesioning may induce hyperexcitability in intact cells 
surrounding the lesion; these cells may compensate for the loss of 
destroyed cells. To try to circumvent such compensatory mechanisms 
we have used lidocaine to temporarily inactivate rather than destroy 
target tissue. Using the rate-frequency curve shift technique to assess 
changes in stimulation reward value, we have found that lidocaine 
inactivation can produce shifts in the frequency required to maintain half- 
maximal responding by as much as 0.3 to 0.4 log units (a doubling or 
more, in natural units), a shift magnitude not commonly observed in 
studies using permanent lesioning. Moreover, this technique allows us to 
inactivate several targets simultaneously without severely debilitating the 
subject, and to observe the relationship between extent of target 
inactivation and change in reward value in a single subject.
Supported by NIMH grant #MH52588 to MW.
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553.7
FOS EXPRESSION IN CHOLINERGIC AND GABAERGIC NEURONS OF THE 
BASAL FOREBRAIN AND PONTOMESENCEPHALIC TEGMENTUM 
FOLLOWING LATERAL HYPOTHALAMIC SELF-STIMULATION.
D. Nakahara*1, M, Nakamura1, Y. Ishida2, K. Ebihara1, N. Furuno1 and T,
Nishimori3, department of Psychology, Hamamatsu University School of 
Medicine, 3600 Handa-cho, Hamamatsu 431-3192, Japan, department of Psychiatry 
and division of Biology, Miyazaki Medical College, 5200 Kihara, Kiyotake-cho, 
Miyazaki-gun 889-1692, Japan

Double immunostaining was used to examine and compare the effects of lateral 
hypothalamic self-stimulation (SS) on Fos expression within cholinergic and 
GAB Aergic neurons in different areas of the basal forebrain and pontomesencephalic 
tegmentum. Rats were killed under deep anesthesia 2 hr after receiving 1 hr of SS or 
no-SS in a test box and sections through medial septum, the diagonal band, 
magnocellular preoptic nucleus, substantia innominata, basal nucleus of Mynert, 
pedunculopontine tegmental nucleus and laterodorsal tegmental nucleus were 
processed for the combined immrmocytochemical detection of Fos and choline 
acetyltransferase (ChAT) as a marker of cholinergic neurons or Fos and GABA. 
Lateral hypothalamic SS did not induce any increase in the percentage of ChAT 
containing neurons expressing Fos within any of seven regions examined. On the 
other hand, a SS-induced increase in expression of Fos within GAB Aergic neurons 
was detected in almost all the regions, although the percentage of double labeled 
neurons differed among the regions. The results demonstrate that lateral 
hypothalamic SS induces Fos expression within GAB Aergic, but not cholinergic, 
neurons in the basal forebrain and pontomesencephalic tegmentum. Supported by a 
scientific research grant from the Ministry of Education, Science, Sports and Culture 
of Japan.

553.8
THE MAJORITY OF NADPH-DIAPHORASE POSITIVE NEURONS OF 
THE MESOPONTINE TEGMENTUM DO NOT EXPRESS FOS AFTER 
SELF-STIMULATION OF THE MEDIAL FOREBRAIN BUNDLE.
K, Oda*. A, Arvanitogiannis and P. Shizgal. CSBN, Concordia University, 
Montreal, Quebec, H3G 1M8.

It has been suggested that the cholinergic neurons of the mesopontine 
tegmentum are trans-synaptically activated by the directly stimulated neurons 
subserving self-stimulation of the medial forebrain bundle (MFB) and relay 
the output of these cells to later stages of the reward circuitry. Although Fos 
expression has been seen in the pedunculopontine (PPTg) and laterodorsal 
(LDTg) tegmental nuclei following rewarding stimulation of the lateral 
hypothalamus (LH), it is not known whether cholinergic neurons are among 
the Fos-positive cells. To address this issue, we combined Fos immunostaining 
with staining for NADPH-diaphorase, which labels mesopontine tegmental 
cholinergic neurons. Rats with electrodes in the LH or ventral tegmental area 
self-stimulated, during a 1 h session, for 0.5 s stimulation trains composed of 
0.1 ms, 800 pA pulses. Their brains were then processed for dual 
Fos/NADPH- diaphorase staining. Following stimulation of either site, Fos- 
positive cholinergic neurons could not be discerned in the PPTg, and only a 
few double-labeled neurons were evident in the LDTg. Activation of 
mesopontine tegmental cholinergic neurons has been shown to trigger Fos 
expression. Thus, our results are not easily reconciled with the notion that 
these neurons are activated trans-synaptically by rewarding MFB stimulation 
and relay the output of the directly stimulated reward substrate to efferent 
stages of the reward circuitry.

Supported by MRC (Canada) grant MT-8037 to PS

553.9

COCAINE-ASSOCIATED CUES POTENTIATE DOPAMERGIC 
AND LOCOMOTOR RESPONSES TO SELF-ADMINISTERED 
COCAINE. A. Ikegami and C. L. Duvauchelle*. College of 
Pharmacy, Division Pharmacology/Toxicology, The University of 
Texas, Austin, TX 78712.

Cocaine-associated cues can enhance the effects of cocaine, yet the 
neural mechanisms underlying this effect remain unclear. In order to 
investigate the degree to which cocaine-paired stimuli modulates 
behavioral and neurochemical responses to self-administered 
cocaine, in vivo microdialysis was performed in conjunction with a 
cocaine self-administration/discriminative stimulus paradigm. For 
12 days, animals had the opportunity to self-administer cocaine (0.5 
mg/kg/inj) or saline on alternating days (e.g., 6 days each of cocaine 
and saline) for 30 min per day. 24 hrs after the last conditioning 
session, animals were tested for dopaminergic and locomotor activity 
before and after one self-administered infusion of cocaine (3.0 
mg/kg). This test session was conducted either in the presence or 
absence of visual and olfactory stimuli that had been present during 
the initial cocaine sessions. Results revealed that cocaine-associated 
stimuli did indeed increase cocaine-induced dopaminergic and 
locomotor responses to cocaine. These data support the notion that 
stimuli accompanying cocaine use can later accentuate 
pharmacological responses to self-administered cocaine. Supported 
by the Univ. of Texas, Office of the V.P. of Research SRA to C.L.D.

553.10

BILATERAL INJECTIONS OF SCH 23390 INTO THE VTA DOSE- 
DEPENDENTLY REDUCE COCAINE REWARD IN A SELF-
ADMINISTRATION PARADIGM IN RATS.
R. Ranaldi* and R.A. Wise. Department of Psychology, Concordia 
University, Montreal Canada H3G 1M8
This study is aimed at investigating the involvement of dopamine DI receptors 
in the VTA in cocaine reward. We hypothesized that blockade of D1 receptors 
here would reduce the rewarding effect of cocaine. Forty-two rats were 
prepared with intravenous catheters and bilateral guide cannulae aimed at the 
VTA (Groups 1 and 2) or dorsal to the VTA (Group 3) or anterior to the VTA 
(Group 4). All rats were trained to self-administer intravenous injections of 
cocaine (1.0 mg/kg/injection) on a fixed-ratio 1 (FR1) schedule (Group 1; n = 
15) or a progressive-ratio (PR) schedule of reinforcement (Groups 2, 3 and 4; 
ns = 15, 5 and 7, respectively). After stable responding developed the rats 
received bilateral injections of one of various doses of SCH 23390 (1, 2 and 4 
pg/0.5 pi) and the effects of these injections on cocaine self-administration were 
observed. In groups receiving injections m the VTA SCH 23390 produced a 
significant dose-dependent increase in rate of responding on the FR1 schedule (p 
< .001) and a significant dose-dependent decrease (p < .0001) m breaking point 
on the PR schedule, suggesting that SCH 23390 in the VTA reduces cocaine 
reward. Groups receiving SCH 23390 anterior or dorsal to the VTA site 
showed significantly smaller effects. These data suggest that blockade of DI 
receptors in the VTA reduces cocaine reward and may represent an important 
step forward in understanding the neuroanatomical and neurochemical pathways 
involved in cocaine reward. Supported by NIDA.

553.11

INDIVIDUAL DIFFERENCES IN AMPHETAMINE-INDUCED 
LOCOMOTOR ACTIVATION PREDICT DIFFERENCES IN SELF-
ADMINISTRATION IN A RAT MODEL OF DEPRESSION C.V. 
Masini* and P.V. Holmes. Biopsychology Program, Psychology 
Department, The University of Georgia, Athens, GA, 30602

Olfactory bulbectomy (OBX) in rats provides a reliable and well 
validated animal model of depression. Previous experiments have 
demonstrated that dopamine receptors increase and dopamine levels 
decrease in the striatum of bulbectomized rats. This latter 
phenomenon has been observed in depressed subjects as well. 
Experiments were designed to test the hypothesis that ventral striatal 
dopamine receptor supersensitivity in bulbectomized rats would 
increase sensitivity to the stimulant and rewarding effects of 
amphetamine. The effects of acute administration of amphetamine (2 
mg/kg i.p.) or saline on several measures of activity in an open field 
were examined in bulbectomized rats and sham-operated controls. 
Oral self-administration of a 0.1 mg/ml amphetamine solution was 
subsequently measured in all subjects for three days. Results 
indicated that bulbectomized rats were not hypersensitive to the 
locomotor-stimulant effects of amphetamine compared to sham- 
operated controls. However, bulbectomized rats consumed 
significantly more amphetamine. Analyses of individual differences 
using a median split procedure revealed that bulbectomized rats 
exhibiting a higher sensitivity to the stimulant effects of amphetamine 
consumed more amphetamine than rats with a lower sensitivity. 
Further research will examine the relationship between ventral striatal 
dopamine function and behavior. The results may provide the basis 
for a potential animal model of comorbid depression and drug abuse.

553.12

ABUSE LIABILITY OF ANABOLIC STEROIDS I: STUDIES 
IN IV SELF-ADMINISTRATION OF TESTOSTERONE.JLR, 
Johnson*, D.W. Self, C. Schad, R.I. Wood. Dept of OB/GYN, Div. 
Molecular Psychiatry, Yale University, New Haven, CT 06520.

The abuse of androgenic anabolic steroids (AAS) derived from the male 
hormone testosterone has become increasingly widespread not only by 
athletes but also by adolescents (up to 5% of the senior high school male 
population). Although AAS have been declared controlled substances, 
the potential for addiction is unknown. In humans, AAS withdrawal 
induces symptoms of depression and drug craving, suggestive of AAS 
addiction. The mesolimbic dopamine system has been extensively 
implicated in substance abuse including recently, AAS. Peripheral and 
intra-accumbens testosterone both induce a place preference which can be 
blocked with D2 antagonists (Horm Behav 34:39, 1998). In this study 
we investigated whether rats would self administer testosterone iv. Male 
Sprague Dawley rats with jugular catheters were placed for 4hr/day in an 
operant chamber. Animals had access to two ‘nose pokes’. Activation of 
one was contingent with a 0.1 ml aqueous testosterone injection (10% 
cyclodextran, 0.9% NaCl). Testosterone doses were 0.2, 0.4 or 1.0 
mg/ml. Preliminary results show animals preferentially activated the nose 
poke paired to the iv infusion, averaging 10 infusions per session with a 
0.4mg/ml dose. While not all animals showed self administration (as 
found in oral self administration studies) at a dose of 0.4mg/ml, we 
observed examples of acquisition, reversal and extinction. Compared 
with highly-addictive drugs, such as cocaine, testosterone does not 
induce as much operant behavior. Nonetheless, testosterone iv does 
induce patterns of responding suggesting testosterone reward. (NIH 
HD-32669, MH-55034).
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553.13

ABUSE LIABILITY OF ANABOLIC STEROIDS 2: STUDIES 
IN ORAL SELF ADMINISTRATION OF TESTOSTERONE.
R.I. Wood* and L.R. Johnson. Department of OB/GYN, Yale 
University, New Haven, CT 06520.

The abuse of androgenic anabolic steroids (AAS) derived from the male 
hormone testosterone has become increasingly widespread not only by 
athletes but also by adolescents (up to 5% of the senior high school male 
population). Although AAS have been declared controlled substances, 
the potential for addiction is unknown. In humans, AAS withdrawal 
induces symptoms of depression and drug craving, suggestive of AAS 
addiction. The mesolimbic dopamine system has been extensively 
implicated in substance abuse including recently, AAS. Peripheral and 
intra-accumbens testosterone both induce a place preference which can be 
blocked with D2 antagonists (Horm Behav 34:39, 1998). In this study 
we investigated whether testosterone would be orally self-administered 
by Syrian hamsters. Males were singly-housed with 24hr access to 2 
water bottles. Testosterone was dissolved in water with 1% ethanol, 
0.5% Emplex and 0.05% Kool-Aid. Different Kool-Aid flavors were 
used in each bottle to act as both a taste mask and a discriminative 
stimulus. Testosterone (0.2 or 0.4mg/ml) was paired with the non- 
prefered flavor, and the change in flavor preference measured. At 
0.4mg/ml testosterone, 7/11 animals increased fluid consumption from 
the non-preferred bottle, and 5 reversed this preference when testosterone 
was switched to the opposite flavor. Neither testosterone nor cholesterol 
at 0.2mg/ml induced a significant shift in preference. These data suggest 
that animals will self administer testosterone, indicating that testosterone 
is rewarding per se, in addition to the benefits of strength and athletic 
performance. (NIH HD-32669, MH-55034).

553.14
CUES FOR SMOKING IN HEALTHY SMOKERS APPEAR TO BE 
INCENTIVES A, Geier. R, F, Mucha* & P. Pauli. Institute for Medical 
Psychology and Behavioral Neurobiology, University of Tuebingen, 
Gartenstr. 29, 72074 Tuebingen, Germany.

Different mechanisms of conditioning have been proposed to explain 
how a drug cue increases the risk for drug consumption in the addict, 
including conditioned compensatory responses and conditioned 
incentive effects. To examine their relative importance, we investigated 
healthy smokers (>15 cigs/day, no interest in quitting) presented with 
smoking-related pictures and we tested the traditional hypothesis that 
drug cues motivate behavior because of aversive properties aquired due 
to pairing with the drug effect. We first showed that compared to non-
smoking control pictures (from International Affective Picture System), 
pictures depicting smoking-related events indeed increased desire to 
smoke in smokers. However, greater desire to smoke was evoked by 
pictures of events before or at the start of a cigarette as opposed to those 
at the end of a cigarette, when one would expect the acute physiological 
effects of the cigarette to be the highest. Start smoking cues as opposed 
to end-smoking cues were also found to be more pleasureable and 
somewhat less arousing, a pattern of effects that was not found in never 
smokers (< 2 cigs ever). An acoustic startle test sensitive to the 
emotional/motivational content of control pictures confirmed that smoking 
pictures were pleasureable rather than aversive. Only in neversmokers 
was there evidence that the pictures of smoking were aversive. The data 
from our testmodel strongly suggest that drug cues are preparatory and 
encode cue approach.

Support by German Research Council (DFG Az 1136/2-2) and Addiction 
Research Center at the U. of Tuebingen

553.15

OPIATE DEPENDENCE AND WITHDRAWAL ALTERS THE MOTIVATIONAL PROPERTIES OF 
GABA-A RECEPTOR FUNCTION IN THE VENTRAL TEGMENTAL AREA. S.R. Laviolette* and 
Derek van der Kooy. Dept. of Anatomy and Cell Biology, University of Toronto, Toronto, 
Canada. M5S 1A8

Within the ventral tegmental area, opiate reward in previously opiate-naive rats is 
mediated by a dopamine-independent motivational system that is dependent upon the 
tegmental pedunculopontine nucleus (TPP). Conversely, in opiate dependent and 
withdrawn animals, VTA opiate reward is mediated by a dopamine-dependent motivational 
system, independently of the TPP. We have reported that GABA-A receptors located on 
gabaergic interneurons in the ventral tegmental area serve as a switching mechanism 
between dopamine-dependent and dopamine-independent motivational systems. Within 
the VTA, GABA-A agonists switch on a dopamine-dependent motivational system while GABA- 
A antagonists switch on a dopamine-independent motivational system, independent of prior 
drug history. Using a single-sided withdrawal place conditioning paradigm, we tested the 
motivational effects of the GABA-A agonist, muscimol, and the GABA-A antagonist, bicuculline, 
in heroin-dependent and withdrawn animals to determine the possible effects of opiate 
dependency and withdrawal on the motivational properties of VTA GABA-A receptors. VTA 
microinjections of threshold doses of 5 ng of bicuculline or muscimol did not produce 
rewarding effects or attenuate withdrawal place aversions, while in drug-naive animals this 
same dose has been shown to produce robust rewarding effects. These findings suggest 
that opiate-dependency and withdrawal alters the sensitivity of VTA GABA-A motivational 
systems to both agonists and antagonists. However, a higher dose of 50 ng of muscimol or 
bicuculline overcame the aversive properties of withdrawal and produced rewarding effects 
similar to those observed in drug-naive animals. Interestingly, pretreatment with a high dose 
(0.8 mg/kg) of the broad-spectrum dopamine receptor antagonist, a-fluptenthixol, blocked 
the rewarding effects of 50 ng bicuculline in the VTA (while in drug-naive animals, 
bicuculline reward is dopamine-independent), suggesting that opiate dependency and 
withdrawal alters the properties of the VTA GABA-A receptor motivational switching 
mechanism, rendering the dopamine-independent motivational system inaccessible to 
pharmacological manipulations of VTA GABA-A receptors. Supported by MRC.

553.16

THE D2 RECEPTOR, BUT NOT THE DI RECEPTOR, IS CRITICAL IN 
MEDIATING OPIATE MOTIVATION WHEN MICE ARE OPIATE- 
DEPENDENT AND IN WITHDRAWAL. C.L. Dockstader* M. Rubinstein2, D.K. 
Grandv3, M.J. Low3, & D. van der Koov1. ’University of Toronto, Toronto, Canada 
M5S 1A8. 2Universidad de Buenos Aires, 1428-Buenos Aires, Argentina. 3Oregon 
Health Sciences University, Portland, USA 97035.

According to the dual systems model for opiate reward, dopamine mediates opiate 
motivation when an animal is in a deprived motivational state (ie- opiate-dependent and 
in withdrawal) and not when the animal is in a non-deprived state (ie- previously drug- 
naive). Congenic (backcrossed to the C57B1/6 strain five times) D2 receptor-deficient 
mice (-/-) and their wild type siblings (+/+) were run in a non-deprived, morphine 
conditioned place preference (CPP) paradigm. These previously drug-naive mice 
demonstrated significant preferences for the morphine-paired environment regardless of 
genotype or morphine dose. In a deprived state, D2(+/+) mice acquired conditioned 
place aversions for a naloxone-paired environment as well as normal CPP for a 
morphine-paired environment whereas opiate-dependent and withdrawn D2(-/-) mice 
displayed a block in the acquisition of conditioned place aversion and preference. 
Similar paradigms were run with F2 (not backcrossed and on a mixed 129/C57 
background) DI receptor-deficient mice and their wild type siblings. While previously 
drug-naive Dl(-/-) mice demonstrated morphine CPP as well as conditioned place 
aversion when conditioned in a deprived state, the DI(+/+) showed no acquisition of 
either task. The unexpected phenotype of the Dl(+/+) mice may be due to random 
fixation of detrimental 129 alleles (theoretically it could have occurred just as easily in 
the Dl(-/-) line of mice). Mice derived from separate isogenic C57B1/6 and 129/SVJ 
strains were also tested for non-deprived morphine CPP. Although the C57B1/6 strain 
acquired a preference for the morphine-paired environment, the 129/SVJ strain showed 
no preference. We conclude that D2 receptor function is critical in mediating the 
motivational effects of opiates only when the animal is in a deprived motivational state 
whereas DI receptor function is not critical (regardless of motivational state) 
Furthermore, these findings illustrate the important contributions that background 
strains can make to a given phenotype. Research funded by NIDA and MRC grants

553.17

REPEATED NEUROTENSIN RECEPTORS ACTIVATION 
SENSITIZES TO THE BEHAVIORAL EFFECTS OF MORPHINE.
A. Blackburn*, J. Boissonneault and P.-P. Rompre. Centre de Recherche Fernand- 
Seguin & Dept. Of Psychiatry, Univ. of Montreal; Montreal, (Quebec) Canada H1N 
3V2.

In previous studies, we have shown that neurotensin (NT) plays a key role in the 
development of sensitization to the locomotor activating effect of amphetamine. 
Since repeated amphetamine is known to sensitize to the stimulant effect of 
morphine, we attempted in this study to determine whether cross-sensitization 
between NT and amphetamine generalizes to morphine (MOR). We also tested 
whether the behavioral effects of NT could be prevented by pretreatment with the 5- 
HT3/4 receptor antagonist, tropisetron. Experiments were performed on male Long- 
Evans rats implanted with a guide cannula above the left cerebral ventricle. During a 
first training phase, locomotor activity (ambulatory, non-ambulatory, and vertical 
movements) was measured for two hours on four occasions, every second day (Days
1,3,5 and 7), after an ICV injection of 18 nmol/10 pi of D-Tyr[l 1]NT, or its vehicle, 
in different groups of rats pretreated 30 min before with tropisetron (30 pg/kg, sc), or 
its vehicle. One week after the last day of the training phase (Day 14), locomotor 
responses to a single injection of morphine sulphate (2.5 mg/kg, ip) was measured in 
all the rats (sensitization test) for two hours. Results show that NT suppressed 
locomotor activity in the first 30 min post-injection, and stimulated non-ambulatoiy 
movements in the last 75 min on Day 1; these behavioral effects were not altered by 
a pretreatment with tropisetron. On Day 14, morphine produced significantly higher 
ambulatory, vertical (first 30 min) and non-ambulatory movements (first 90 min) in 
the rats pre-exposed to NT during the training phase than those pre-exposed to 
vehicle; this behavioral sensitization effect was not prevented by tropisetron. These 
results provide additional evidence that an increase in central NT neurotransmission 
can produce lasting sensitivity to drugs of abuse. Supported by MRC Canada.

553.18
EFFECT OF MORPHINE ON LICK MICROSTRUCTURE IN NEGATIVE 
CONTRAST. C. Mitchell*, S.Yoblick, D, Duyckinck, and C.F, Flaherty. 
Department of Psychology, Rutgers University.

Rats shifted from 32% to 4% sucrose consume less than rats which 
receive only 4% sucrose. This negative contrast effect is largest on the first 
postshift day (five minutes access per day) and then diminishes across a 
four-day postshift period. Benzodiazepines and ethanol facilitate recovery 
from contrast on the second postshift day but do not alter the initial degree 
of contrast (Flaherty. 1999). Corticosterone is elevated following the second 
postshift day, but not following the first postshift day (Mitchell & Flaherty, 
1998). A sequence of psychological processes has been proposed for the 
contrast cycle: detection of the change, evaluation, search, conflict, and 
recovery (Flaherty, 1999). Morphine reduces contrast on the first and 
second postshift days (Rowan & Flaherty, 1987). The present experiment 
examined the possibility that morphine affects the initial cognitive stages 
of contrast (detection or evaluation). In Experiment 1, morphine (4 mg/kg 
sc) 15 or 30 min prior to the first postshift session reliably reduced contrast 
compared to saline controls. Examination of the lick microstructure showed 
the following: burst duration was reliably smaller in the shifted rats. 
Morphine reliably enhanced burst duration with a 15 min pretreatment 
time, but not until the 3rd minute, long after contrast was reliable. With a 
30 min pretreatment time, morphine increased burst duration within the 
first minute, but did not alter the contrast effect present during the first 10 
bursts. These data suggest that morphine does not influence the initial 
cognitive stages of contrast but instead may have an effect on search or an 
earlier aspect of conflict than is the case for chlordiazepoxide. (Funded by 
NIMH #MH48835-03)
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553.19

EFFECTS OF OPIATE MANIPULATION ON SACCHARIN INTAKE 
AND ANTINOCICEPTION IN SELECTIVELY BRED RATS. K 
Nakamura? N.K. Dess,2 K.F, Green1*.
’Dept. of Psychology, Cal. State Univ., Long Beach, 90840-0901; 
Accidental College, Los Angeles, CA 90041.

Endogenous opiate systems are involved in reward, especially that from 
consummatory behaviors. Opiate agonists can increase ingestion of sweet 
solutions in rats while opiate antagonists can decrease it. The present work 
examined Occidental HiS and LoS strains of rats, bred for high vs low 
saccharin intake, to determine whether the strain difference might arise 
from endogenous opiate activity. In Experiment 1, HiS and LoS rats were 
given saccharin/water for 60 minutes under several doses of moiphine (0.0, 
0.1, 0.3, 1.0, 3.0 mg/kg sc) and naloxone (0.0, 0.1, 0.3, 1.0, 3.0 mg/kg sc) 
which were administered 20 minutes before drinking. As expected, HiS 
consumed more saccharin that LoS, and in both strains morphine enhanced 
saccharin intake while naloxone attenuated it. HiS showed a ceiling effect 
under morphine and greater reactivity to naloxone, accounting for a 
significant strain X drug interaction. Experiment 2 examined 
antinociceptive reactivity to morphine (0, 2, 4, 6, 8 mg/kg sc) using a 48.5- 
degree C hotplate. Antinociception increased with dose The strains did not 
differ at the two lowest doses, but at the higher three doses the LoS strain 
showed longer paw lick latencies. Thus the strains react differently to 
opioid manipulations in two different behavioral tests.

Funded from intramural sources at both institutions.

553.20

CENTRAL NEUROTENSIN RECEPTOR ACTIVATION
PRODUCES OPPOSITE BEHAVIORAL EFFECTS IN FISCHER 
(344) AND LEWIS RATS. P. Bauco* and P.-P. Rompre. Centre de Recherche 
Fernand-Seguin & Dept. Of Psychiatry, Univ. of Montreal; Montreal, (Quebec) 
Canada H1N 3V2.

Neurotensin, a neuropeptide known to modulate central dopamine 
neurotransmission, produces some psychostimulant-like properties when injected 
centrally. Acutely, it potentiates brain stimulation reward, and when injected 
repeatedly, it sensitizes to the locomotor stimulant effects of d-amphetamine. In this 
study, we tested the sensitivity of Fischer 344 (F344) and Lewis (LEW) rats to the 
behavioral effects of repeated central injections of NT and of its analogue, D- 
Tyr[l 1]NT; interest for these two strains of rats comes from their differential 
response to several psychostimulant drugs. Male F344 and LEW rats were first 
implanted with a guide cannula above the left cerebral ventricle. In Phase 1, 
ambulatory and non-ambulatory activity was assessed on alternate days for two 
hours following ICV injection of NT (18 nmol/10 pi), D-Tyr[ll]NT (0.18 or 18 
nmol/10 pi), or its vehicle (Days 1,3,5, and 7) in separate groups of animals. One 
week after the end of Phase 1 (Day 14), locomotor activity was assessed in all rats 
for two hours (sensitization test) following a single injection of d-amphetamine (1 
mg/kg, ip). Results show that NT (18nmol) and D-Tyr[ 11 ]NT (0.18 and 18nmol) 
produced opposite behavioral effects in the two strains of rats during Phase 1; 
activity was initially suppressed in LEW rats and substantially stimulated in F344 
rats. Results of the sensitization test (Day 14) show that repeated central injections 
of NT, and of its analogue, sensitized LEW rats, but not F344 rats, to the locomotor- 
stimulant effects of d-amphetamine. These findings suggest that the differential 
sensitivity of F344 and LEW rats to several drugs of abuse may be mediated, at least 
in part, by differences in their endogenous NT system.
Supported by Medical Research Council of Canada to PB and PPR.

LEARNING AND MEMORY: PHARMACOLOGY—ACETYLCHOLINE I

554.1
BEHAVIORAL AND NEUROCHEMICAL EFFECTS OF CHOLINERGIC 
DEAFFERENTATION ON VISUAL ATTENTION IN A 5-CHOICE SERIAL REACTION 
TIME TASK. J. McGaughy*, I. W. Dailey, B. J. Everitt, and T. W. Robbins. Dept. of 
Experimental Psychology. University of Cambridge, Cambridge, U. K. CB2 3EB.

Previous studies have shown that cholinergic deafferentation leads to severe, 
persistent impairments in sustained attention. The 5 choice serial reaction time task (CRSTT) 
has previously been shown to be sensitive to the effects of infusions of excitotoxins into the 
area of the basal forebrain. Excitotoxic lesions produced robust deficits in performance 
including substantial impairments in accuracy and increased correct response and magazine 
latencies under baseline test conditions. The current study using the more cholinergically 
selective immunotoxin 192 IgG-saporin (0.15 pg/p 1; 0.5 pi/ hemisphere) investigated the 
effects of intra-basalis infusions on performance in the 5-CSRTT which assesses sustained 
attention over an array of spatially unpredictable locations. Lesioned rats showed a small but 
reliable impairment in percent correct responding relative to sham-lesioned animals. In 
contrast to the effects found following excitotoxic lesions, correct response and magazine 
latencies did not differ between lesioned and sham-lesioned animals. Animals also underwent 
additional behavioral and pharmacological challenges including increases in the event rate, 
increases in event asynchrony, decreases in stimulus duration and administration of the 
muscarinic antagonist scopolamine to further tax attentional abilities. Increasing the event 
rate profoundly impaired the performance of the lesioned animals and decreased the percent 
correct responding.

Histological verification of the extent of the lesions was obtained by staining tissue 
for choline acetyltransferase (ChAT), and acetylcholinesterase (AchE). These assessments 
revealed a marked loss of the magnocellular neurons of the basal forebrain with 
corresponding loss of cholinergic innervation throughout the cortex. Prior to histological 
assessments, but after the conclusion of behavioral and pharmacological challenges, animals 
were implanted with dialysis probes into the area of the frontal cortex. In vivo microdialysis 
was conducted while animals performed in the 5 CSRTT under challenge conditions to 
determine the changes in cortical cholinergic efflux following increases in the attentional 
demands. Supported by HFSP LT/25-98 and tire Wellcome Trust.

554.2
DIFFERENTIAL ROLES FOR CENTRAL NICOTINIC AND MUSCARINIC 
CHOLINERGIC RECEPTORS IN LONG-TERM WORKING MEMORY IN 
MICE? : A STUDY USING A 5-ARM MAZE.
T. Maviel and T.P. Durkin* Lab. Neurosciences Comportementales et Cognitives, 
CNRS UMR 5807, Universite de Bordeaux I, 33405 Talence, France.

The 5-arm maze employed in our studies of sustained visual attention (Leblond et al, 
1998, Abs. Soc. Neurosci., 24, 171) was used to measure spatial working memory over 
long retention intervals (RI) and to investigate the respective roles of central nicotinic 
and muscarinic receptors. C57BL/6 mice were trained on a delayed matching to sample 
task in which one randomly selected baited arm is visited during a presentation phase 
and retention of this arm tested (chance = 20%) either 1 or 20 min later. Whatever the 
RI, the criterion of 80% correct was attained in 30-35 trials (5 trials per daily session). 
Using longer RI’s, mice were observed to exhibit high levels of retention for up to 4 
hrs. To evaluate central nicotinic and muscarinic intervention, mice trained with the 4 
hr RI received treatments consisting of i.p. injection of either saline, mecamylamine 
(8.0 mg/kg), scopolamine-HCl (0.8 mg/kg), or the combination of mecamylamine + 
scopolamine. Using one trial per session and a within subjects repeated design, 
injections were made either, a) 15 min pre-acquisition or, b) 30 sec, c) 15 min, d) 3 hr 
45 min post-acquisition. Significant decreases in % correct responses and increases in 
choice latencies were observed for each drug treatment but these effects varied as a 
function of time of treatment. Data from condition d) (i.e. 15 min before retention test) 
confirm previous reports of disruption by each antagonist and their combination on 
retention performance. However, conditions a-c) show a constant disruptive effect of 
scopolamine, a progressively increasing disruption by mecamylamine, whereas the 
combined treatment was without effect. Although the present data confirm both central 
nicotinic and muscarinic implication in working memory performance, they suggest 
that scopolamine-induced “amnesia” results from excessive ACh release leading to 
activation of nACh receptors and that the role of cholinergic neurones in working 
memory concerns trace access rather than disruption of attention during acquisition, or 
trace-encoding and/or maintenance mechanisms. Supported by the CNRS, UMR 5807.

554.3

REVERSAL OF AF64A-INDUCED DEFICITS IN NAVIGATIONAL MEMORY 
PERFORMANCE IN RATS BY BIS(7)-TACRINE, A NOVEL DIMERIC 
ACETYLCHOLINESTERASE INHIBITOR J. Liu, W.L. Ho, N.T.K, Lee, P.R, 
Carlier? Y.P. Pang? K.W.K. Tsim2 and Y.F. Han (SPON: The Hong Kong Society of 
Neurosciences). Dept. of Biochemistry, 'Chemistry and 2Biology, Hong Kong Univ. 
of Science and Technology, Hong Kong; 3Mayo Foundation for Medical Education 
and Research. Rochester, MN, USA

Our previous studies demonstrated that bis(7)-tacrine (l,7-A-Heptylene-bis-9,9’- 
amino-l,2,3,4-tetrahydroacridine) exhibits higher potency, selectivity and oral activity 
on acetylcholinesterase (AChE) inhibition in vivo than tacrine (Neuroreport 10: 789 
1999). In this study, bis(7)-tacrine was evaluated for its ability to reverse AF64A- 
induced spatial memory impairment in male Sprague-Dawley rats using Morris water 
maze and compared with E2020 and tacrine.

AF64A, a neurotoxic analogue of choline, produces a long-term central presynaptic 
cholinergic deficit in rats similar to some characteristics observed in Alzheimer’s 
disease (AD). Two weeks after injection of AF64A (3 nmol/per side, i.e.v.), the rats 
were trained in Morris water maze for six consecutive days. The latency to find the 
hidden platform in the water maze was used to evaluate performance. AF64A resulted 
in a substantial increase in latency period (F[l,7] = 72.59, p < 0.0001), and the 
impairment of spatial memory was paralleled with 52.1 % decrease in choline 
acetyltransferase activity in hippocampus. Oral administration of bis(7)-tacrine (0.44 
pmol/kg), E2020 (3.61 pmol/kg) or tacrine (10.65 pmol/kg) all significantly reversed 
the AF64A-induced latency delay to the level of saline control group. Bis(7)-tacrine 
was the most effective compound among the three AChE inhibitors being 8- and 24- 
fold more potent than E2020 and tacrine for shortening the escape latency. All 
compounds showed inverse U-shape dose-dependent effects. These results suggest that 
bis(7)-tacrine is a promising candidate for palliative treatment of AD. [supported by 
grants from the Research Grant Committee, Hong Kong, and the Biotechnology 
Research Institute, Hong Kong Univ. Sci. & Tech.]

554.4
MICRODIALYSIS IN FREE-MOVING RATS REVEALS 
DIFFERENTIAL EFFECTS OF SCOPOLAMINE, AF-DX 116 AND 
PIRENZEPINE DURING LEARNING BUT NOT DURING MEMORY 
OF CONDITIONED TASTE AVERSION. M. I. Miranda*. L, Ramfrez- 
Lugo and F. Bermudez-Rattoni. Depto. Neurociencias. Instituto de Fisiologla 
Celular, UNAM, Mexico D.F., 04510.

A number of studies have related cholinergic activity in the 
mediation of learning and memory. However, recently acetylcholine 
(ACh) participation has been implicated in the early stages of learning 
but not during memory retrieval. The aim of the present study is to 
evaluate the effects of different muscarinic antagonists by means of 
free-moving microdialysis technique, during acquisition and retrieval of 
conditioned taste aversion (CTA). Additionally, we evaluated the 
changes in ACh release in the insular cortex (IC) during the infusion of 
muscarinic antagonists. Bilateral microdialysis was performed in the 
IC, one hour before and after infusion of: 1) Scopolamine (a general 
muscarinic receptor blocker), 2) AF-DX 116 (a relatively selective M2 
muscarinic receptor antagonist), and 3) Pirenzepine (a relatively 
selective Mi ,4 receptor antagonist). The volume consumed by the 
animals was registered as a behavioral parameter. The ACh levels were 
analyzed from the microdialysates by a HPLC-Electochemical detector 
system. Behavioral results show that all the antagonist used disrupt the 
acquisition of CTA, but any of them have effect in the recall of this 
conditioned. Altogether, these data suggest that general muscarine 
antagonist (scopolamine) and specific related M2 (AF-DX 116) and 
Mi,4 (pirenzepine) muscarinic antagonists, have and important role in 
the early stages of memory formation but not in recalling aversive 
memories. Partially supported by Grant from Conacyt.
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554.5
HIPPOCAMPAL LTP IS NOT REQUIRED FOR THE ALLOCENTRIC PLACE 

DISCRIMINATION TASK IN THE RAT. T. KIKUSUI1. A. AOYAGI2*, F. 

ISONO2 and T. KANEKO2 ‘Dep. of Veterinary Medical Science, Univ. of Tokyo. 

2 Neuroscience Research Lab., Sankyo Co. Ltd.; Shinagawa-ku, Tokyo, 140-8710

We have used the allocentric place discrimination task (APDT) in a water 
maze to investigate spatial working memory in rats. The task highly depends on 
cholinergic system and is sensitive to age-related memory deficits. In the present 
study, we further investigated a role of the central cholinergic system, and a 
possible involvement of the hippocampal LTP in the APDT in rats in vivo. 
Intracerebroventricular injection of either pirenzepine (50pg), a muscarinic Ml 
receptor antagonist, or hemicholinium-3 (5pg), a choline uptake inhibitor, 
impaired the accuracy of the APDT without affecting sensorimotor or 
motivational system. The same treatment with pirenzepine or hemicholinium-3 
showed no effect on both basal synaptic transmission and the induction of LTP in 
the CA1 region of the hippocampus. On the other hand, intracerebro ventricular 
injection of D(-)-2-amino-5-phosphonovaleric acid (D-AP5, 200 nmol), an 
NMD A receptor antagonist, did not affect the accuracy of the APDT at all. The 
same treatment with D-AP5 completely blocked the induction of the hippocampal 
LTP with a slight reduction in the basal transmission. These results indicate that 
the central Ml receptor system is deeply involved in the APDT and that an 
induction of LTP in the hippocampus is not required for the APDT accuracy.

554.6
EFFECTS OF CORTICAL CHOLINERGIC DEAFFERENTATION UPON 
PROCESSING CAPACITY AS ASSESSED BY AN OLFACTORY SPAN 
TASK IN RATS. M. Sarter*, J. Turchi and K. Gonzalez. Department of 
Psychology & Neuroscience Program, The Ohio State University, Columbus, 
OH 43210.

Cortical cholinergic deafferentation, produced by infusions of 192 IgG-saporin 
into the basal forebrain of rats, results in impairments of processing capacity as 
measured by performance in a divided attention task (Turchi & Sarter, 1997). In 
the present experiment, processing capacity was assessed in rats by employing 
two versions of an olfactory span task (adapted from Dudchenko, Wood, Faherty 
& Eichenbaum 1998): match-to-sample (MTS) and non-match-to-sample 
(NMTS) olfactory discrimination paradigms involving multiple spices (dill, 
clove, etc.) as stimuli. Subjects for the MTS group were initially trained to select 
the sample-spice whereas subjects for the NMTS group were trained to identify 
the novel spice presented together with the sample-spice. After animals acquired 
the matching and non-matching rules, a steadily increasing number of spices 
were presented in randomized sequence configurations for successive trials 
within a daily test session, and the olfactory span of the animal was defined as 
the number of correct responses generated before the first error. Once the rats 
attained a stable performance criterion (average pre-lesion span: 16.4 ± 0.2), 
animals received basal forebrain infusions of 192 IgG-saporin. The results 
indicate that the lesion impaired NMTS rats performance following an intertrial 
delay insertion between trials. This experiment provides additional evidence 
implicating the cholinergic system in the mediation of processing capacity. 
Supported by NIH Grants NS32938, NS37026 and AG10173.

554.7

NICOTINIC RECEPTORS IN THE HIPPOCAMPUS AND 
MEMORY FUNCTION IN RATS. A, Bradley. N. SiguranL F,FL 
Brucato* and E.D. Levin, Department of Psychiatry, Duke University 
Medical Center, Durham, NC 27710
Nicotine and other nicotinic agonists have been found to improve 
memory, while nicotinic blockade impairs it. The neural mechanisms 
for nicotinic involvement with memory are still under investigation. 
The hippocampus appears to be critical. Hippocampal lesions block 
nicotine-induced memory improvement and mecamylamine induced 
impairment. Application of the nicotinic antagonist mecamylamine to 
the ventral hippocampus impairs memory in the 8-arm radial maze and 
mecamylamine impairs development of hippocampal long term 
potentiation (LTP). Ventral hippocampal infusions of high doses of 
the a4p2 nicotinic antagonist dihydro-p-erythrodine (DHpE) and the 
a7 nicotinic antagonist methyllycaconitine (MLA) impair memory 
performance on the 8-arm radial maze. In the more challenging 16- 
arm radial maze we determined the effects of lower doses of these 
drugs on memory. Adult female Sprague-Dawley rats were trained on 
a working and reference memory task in the 16-arm radial maze and 
were given acute hippocampal dose combinations of DHpE (0 and 
6.75 pg/side) and MLA (0, 6.75, 13.5 and 27 pg/side). DHpE 
significantly increased working and reference memory errors. MLA at 
a dose of 27 pg/side caused a significant increase in working memory 
errors, but had no effect on reference memory. No additive effects 
were seen with combined administration of DHpE and MLA. These 
results support the involvement of a4(32 and a7 nicotinic receptors in 
the ventral hippocampus as being critical for memory function. 
(Research supported by N1DA grant DA 11943)

554.8
CHOLINERGIC AND GLUTAMATERGIC INVOLVEMENT IN TASTE- 
INDUCED ACTIVATION OF MAP KINASE IN THE INSULAR CORTEX OF 
THE BEHAVING RAT. D.E, Berman* and Y, Dudai. The Weizmann Institute of 
Science, Rehovot 76100, Israel.

Consumption of an unfamiliar taste triggers molecular changes in the rat insular 
cortex (IC) that contains the taste cortex. These experience-dependent modifications 
involve protein synthesis, modulation of tyrosine phosphorylation of a number of 
substrates polypeptides including the 2B subunit of the NMDA receptor, and 
specific activation of the ERK and JNK signaling cascades (Rosenblum et al. J. 
Neurosci. 17: 5129, 1997, Berman et al., J. Neurosci. 23: 10037, 1998). The 
aforementioned mechanisms appear to subserve the formation of long-term taste 
memory. We set out to investigate which neurotransmitter systems mediate the 
information about taste and about its unfamilarity/familiarity in cortex. Rats were 
microinjected with selected neurotransmitter antagonists into the IC 30 min prior to 
the exposure to 10 ml of 0.1% saccharin (an unfamiliar taste) for 10 min. Thirty 
minutes after the onset of drinking, the IC was excised, homogenized and 
immunoblotted with monoclonal antibodies to the diphosphorylated, activated form 
of extracellular signal-regulated kinases 1-2 (ERK1-2). Microinjection of the 
muscarinic antagonist scopolamine or of the NMDA receptor antagonist APV, 
blocked ERK1-2 activation by the novel taste (0.98+/-0.2 fold and 0.99+/-0.15 fold 
respectively vs. 2.2+/-0.2 in controls microinjected into the IC with the vehicle 
only). In previous experiments, microinjection of scopolamine or APV to the IC 
immediately before learning was shown to block long-term taste memory. In 
contrast, the GABAergic antagonist bicuculline and the (3-adrenergic antagonist 
propranolol had no effect on the activation of ERKs by the novel taste (2.3+/-0.22 
fold and 2.0+/-0.13 fold respectively vs. 2.2+/-0.2 in vehicle-microinjected 
controls). The total level of ERK1-2 was not affected by any of the treatments. We 
propose that the sampling of a novel taste under conditions that result in long-term 
memory of that taste activates the ERK signaling pathway via muscarinic and 
NMDA receptors. (Supported by the Reich foundation, The Weizmann Institute of 
Science.)

554.9

DIFFERENTIAL INVOLVEMENT OF THE M1, M2, AND M3 MUSCARINIC RECEPTOR 
SUBTYPES IN ACQUISITION OF TASTE AVERSION LEARNING IN THE RAT.
C. Castellanos, J.A. Salas, H. Gonzalez, G. Roldan, G. L. Quirarte.* Dept. of 
Physiology, Faculty of Medicine, UNAM, PO Box 70-250, Mexico, 04510, D.F., Mexico.

It is well established that muscarinic cholinergic receptors play a critical role in 
mnemonic functions. However, little is known about the involvement of each muscarinic 
receptor subtype in learning and memory. The purpose of the present study was to 
analyze the participation of M1, M2, and M3 receptors subtypes within the gustatory 
cortex (GC) and amygdala (AM) during acquisition of taste aversion learning (TAL). 
Adult male Wistar rats were bilaterally implanted with guide cannulas aimed at the GC 
or AM. One week later, they were habituated to drink water on Days 1 and 2. On Day 3 
(acquisition), rats were exposed to a saccharin solution and 30 min later they were i.p. 
injected with LiCI. Rats were administered either into the GC or the AM 10 min before, 
acquisition with the following drugs: scopolamine (0, 30, and 60 pg), pirenzepine (0,45, 
and 90 pg), gallamine (0, 20, and 50 pg), or 4-DAMP (0, 5 and 10 pg). Two days later 
rats were tested for saccharin aversion. Results show that scopolamine and the M1 
antagonist pirenzepine produced a dose-related impairment of acquisition of TAL, while 
gallamine (M2 antagonist) was without effect. The M3 antagonist 4-DAMP also 
disrupted acquisition of TAL but with less potency. These effects were similar for both 
structures. The results indicate that the M1 and M3 receptor subtypes may be implicated 
in the mechanisms through which acetylcholine mediate acquisition of TAL, and that the 
M2 receptor subtype is not involved in this process.
supported by DGAPA grant IN 202696.

554.10
MATERNAL DILI ARY CHOLINE AVAILABILITY ALTERS 
MITOSIS, APOPTOSIS AND THE LOCALIZATION OF TOAD-64 
PROTEIN IN FETAL RAT SEPTUM C.D. Albright,1 C.B. Friedrich,1
E.C. Brown? M.-H, Mar,1 C.L. Williams2* and S.H. Zeisel1, 1 Dept. 
Nutrition, Univ. North Carolina Med. Ctr., Chapel Hill, NC 27599; 
2Dept. of Psych.: Experimental, Duke Univ., Durham, NC 27708.

Availability of choline in diet during pregnancy alters fetal brain 
biochemistry with resulting alterations in memory that persist throughout 
the offspring’s lifetime. We have described the effects of dietary choline 
on cell proliferation, migration, and apoptosis in neuronal progenitor cells 
in the hippocampus (Dev. Brain Res. 113:13-20, 1999). We now report 
data from similar studies in the fetal rat brain septum. Timed-pregnant
rats on day EI2 were fed AIN-76 diet with varying levels of dietary
choline for 6 days. We found: 1) that choline deficiency (CD)
signi llcantly decreased the rale of mitosis in the progenitor
neuroepithelium adjacent to the septum; and 2) an increased number of 
apoptotic cells in the septum of CD animals compared to controls (3.5 ± 
0.5 vs. 1.7 ± 0.5 apoptotic cells per section; p < 0.05). However, CD had 
no effect on apoptosis in the indusium griscum, a region of cortex dorsal 
to the septum. Using an unbiased image analysis method and a 
monoclonal antibody we found a decreased expression of the TOAD-64 
kDa protein, a marker of commitment to neuronal differentiation during 
fetal development, in the dorsal lateral septum of CD animals. CD also 
decreased the expression of TOAD-64 kDa protein in the indusium 
griseum and cortical plate adjacent to the septum. These results show that 
dietary choline availability during pregnancy alters the liming of mitosis, 
apoptosis and the early commitment to neuronal differentiation by 
progenitor cells in regions of fetal brain septum, as well as hippocampus, 
two brain regions known to be associated with learning and memory. 
(Supported by AGO9525).
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554.11

PRENATAL CHOLINE SUPPLEMENTATION INFLUENCES 
THE PERFORMANCE OF APOLIPOPROTEIN E-DEFICIENT, 
HETEROZYGOUS, AND WILDTYPE MICE ON A RADIAL- 
ARM MAZE TASK. E.G. Mohler*, W.H. Meek, and C.L. Williams. 
Dept. of Psychology: Experimental, Duke University, Durham, NC 
27708.

Recent work has shown that apolipoprotein E-deficient mice have 
deficits in working memory on radial-arm and watermaze tasks as well as 
deficits of the central cholinergic system. One function of apoE is to 
transport choline into neurons; therefore, apoE-deficiency may result in a 
choline deficient state. Work from our laboratory has shown that prenatal 
choline deficiency results in memory impairments and compromised 
cholinergic neurotransmission in rats. Conversely, prenatal choline 
supplementation improves visuospatial memory and alters cholinergic 
neurotransmission, possibly by increasing the stores of choline in 
neuronal membranes. The present study was designed to determine if 
prenatal choline supplementation modifies cholinergic function and 
improves memory of apoE-deficient mice. Heterozygous (apoE +/-) mice 
were bred and dams were supplemented with choline (35.6 mmol/kg in 
AIN76A diet; 4.5 times control levels) from conception to birth or not 
supplemented. Pups were cross-fostered to control dams at birth and 
genotyped at 30 days of age. Starting at approximately 5 months of age, 
apoE-deficent (-/-), heterozygous (+/-), and wildtype (+/+) mice were 
trained daily on an 8-arm radial maze with 5 baited and 3 unbaited arms. 
To discourage use of response biases prevalent in mice, our maze has 
been modified so that mice are detained on the central platform for 5s 
between arm choices. Preliminary data indicate that prenatal choline 
supplementation to these mice modifies brain development and 
performance on a radial-arm maze task. (Supported by AG09525).

554.12
PRENATAL CHOLINE SUPPLEMENTATION ENHANCES SENSITIVITY TO 
THE CS PREEXPOSURE EFFECT IN RATS. J.A. Lamoureux. C.L. Williams. & 
W.H. Meek*. Department of Psychology: Experimental, Duke University, 
Durham, NC 27708.

Previous work from our laboratory has demonstrated that manipulation of 
prenatal choline availability during embryonic days (ED) 11-17 may have long-
term effects on visuospatial memory performance as tested on a radial maze. We 
are now beginning to examine the effects of prenatal choline manipulation on the 
mechanisms of simple associative learning. We investigated the effects of 
prenatal choline supplementation and deprivation on acquisition of Pavlovian 
conditioned responding (CR) in a latent inhibition procedure. On ED 11-17, 
pregnant dams either received regular water and chow, choline-supplemented 
water and regular chow, or chow deficient in choline and regular water. Adult 
male offspring of these dams were then conditioned in a latent inhibition 
procedure in which they either received simple conditioned stimulus (CS) - 
unconditioned stimulus (US) pairings, or were conditioned after initially receiving 
40 presentations of the CS alone, in the absence of reinforcement. The conditioned 
response analyzed was the number of times rats entered the food cup during 
presentation of the CS. Although prenatal supplemented, deficient, and control 
animals did not differ in rate of acquisition of the Pavlovian CR following simple 
CS-US pairings, only prenatal supplemented rats showed slowed acquisition when 
conditioned following CS preexposure. This study suggests that prenatal choline . 
supplementation may increase the rate at which rats decrement attention to 
irrelevant punctate stimuli. A second experiment parametrically investigated the 
effect of the number of CS preexposures on latent inhibition in control rats only. 
(Supported by AG09525.)

554.13

PROTECTIVE EFFECTS OF PRENATAL CHOLINE SUPPLEMEN-
TATION ON SEIZURE-INDUCED MEMORY IMPAIRMENT. J.M, 
Cermak.2* Y. Yang? Z. Liu? P. Tandon.1 M.R. Sarkisian? C.E.
Stafstrom? J.C. Neill?’4 J.K. Blusztain2 and G.L. Holmes1. ‘Dept. of
Neurology, Harvard Med. Sch., Children’s Hospital, Boston MA 02115; 
2Dept. of Pathology, Boston Univ. Sch. of Med., Boston MA 02118; 
3Div. of Pediatric Neurology, New England Med. Ctr., Tufts Univ. Sch. 
Med., Boston, MA 02111; ^Psychobiology Program, Southampton Coll, 
of Long Island Univ., Southampton, NY 11968.

Choline is an essential nutrient for rats and humans and its availability 
during fetal development has long-lasting cognitive effects [Blusztajn,
J.K. Science 281:794]. We investigated the effects of prenatal choline 
supplementation on the cognitive deficits associated with status 
epilepticus. Pregnant rats received a control or choline-supplemented diet 
during day 11-17 of gestation. Male offspring [postnatal day (P) 29-32] 
were tested for their ability to find a platform in a water maze prior to, and 
following, administration of a convulsant dose of pilocarpine. There were 
no differences between groups in water maze performance prior to the 
seizure. One week following status epilepticus (P41-44) animals that had 
received the control diet prenatally had a drastically impaired performance 
in the water maze over a four day testing period, while prenatally choline 
supplemented rats showed no impairment. Neither the seizures nor the 
prenatal availability of choline had any effect on hippocampal choline 
acetyltransferase or acetylcholinesterase activities. This study 
demonstrates that prenatal choline supplementation can reduce cognitive 
deficits following status epilepticus. (Supported by grants from the March 
of Dimes Birth Defects Foundation to GLH and JCN and from NIH 
AG09525 to JKB.)

LEARNING AND MEMORY: PHARMACOLOGY—ACETYLCHOLINE II

555.1

ANALYSIS OF SCOPOLAMINE-INDUCED “PERSEVERATIVE ERRORS” IN 
RAT SPATIAL ALTERNATION. W. J. Wilson1* & S. A. Swinehart2, 'Albion 
College, Albion MI 49224 & 2Indiana-Purdue University, Fort Wayne IN 46805.

Scopolamine produces dose-dependent deficits in memory; low doses cause 
working memory errors and high doses yield errors in reference memory. Prior 
studies of spatial alternation in our phi-maze suggested that repetitive failures to 
alternate (perseverative errors) after high doses might reflect a functional working 
memory. We assumed that a rat’s tendency to select the just-used arm of the maze 
rather than alternating required memory of that arm. Herein we re-examine that 
assumption.

Female Sprague-Dawley rats trained to alternate between the two arms of a phi- 
maze (an automated T-mazewith goal arms that lead to the start box where the 
reinforcer is delivered) were tested following varying doses of scopolamine in a 
digram-balanced Latin square design. Scopolamine at doses as low as .3 mg/kg 
increased initial errors (first failures to alternate); higher doses caused perseverative 
errors. Perseverative errors are expected to increase along with initial errors as 
working memory deteriorates. Only if perseverative errors increase beyond what 
would be expected by chance can one conclude that compulsive perseveration is 
occurring. Such a discordant increase was apparent only at the highest dose tested 
(1.2 mg/kg - see figure). Perseverative errors reflecting a compulsive selection of 
the just-used arm would require working
memory; however a rat reverting to its pre-
training behavior of preferring one arm to the 
other would exhibit similar “perseverative” 
behavior without remembering the just-used 
arm. We conclude that the latter warrants 
serious consideration in studies that examine 
perseveration.
[Supported by IPFW and Albion College]

555.2
MEDIAL SEFfAL INFUSION OF SCOPOLAMINE DISRUPTS HIPPOCAMPAL 
NEUROPHYSIOLOGY AND LEARNING IN RABBIT JAW MOVEMENT 
CONDITIONING. Y, Asaka*. AL. Diefenbacher. K.L. Fox. J.L, Gillis, M.A,
Seager and S.D. Berry. Department of Psychology and Center for Neuroscience. 
Miami University, Oxford, OH 45056.

Dysfunction of the septohippocampal cholinergic system is often associated with 
learning impairments. A recent study from our laboratory (Seager, Asaka, & Berry. 
1999) showed that the magnitude of hippocampal neural activity during training in 
rabbits that received a systemic injection of the anticholinergic drug, scopolamine 
hydrobromide (HBr), was significantly lower than control rabbits that received a 
peripherally acting form of the drug, scopolamine methylbromide (MBr). Behav- * 
iorally, HBr rabbits took significantly longer than MBr rabbits to acquire the task.

Since cholinergic systems are distributed throughout the brain, systemic 
administration of anticholinergic drugs does not allow localization of critical areas 
responsible for the observed effects. Therefore, the current study investigated the 
effects of direct medial septal infusion of HBr on hippocampal neurophysiology' and 
behavioral learning. Control groups received medial septal infusions of saline (MS 
saline) or cortical infusions of HBr (C HBr). Rabbits were given classical jaw 
movement conditioning using a trace paradigm.

Analysis of hippocampal slow waves revealed that medial septal infusion of 
scopolamine altered slow wave activity in the hippocampus. Specifically , the 
percentage of theta in the MS HBr group decreased after the infusion but did not 
change in the control groups. Unit data showed a significant reduction in the 
magnitude of conditioning-related hippocampal neural activity in the MS HBr group 
when compared with the MS Saline and C HBr groups. During conditioning, 
animals in the MS HBr group took significantly longer to reach criterion than 
animals in the MS Saline and C HBr groups.

Supported by NIDR Grant R15 DE 12248-01 to S.D. Berry.
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555.3

SCOPOLAMINE-INDUCED CANINE MODEL OF AGE-RELATED 
COGNITIVE DYSFUNCTION: TRUE MEMORY IMPAIRMENT?
A ,D. F. Chan* and N. W. Milgram. Institute of Medical Science, University of 
Toronto, Canada, M5S 1A8

Cholinergic hypofunction is a well established correlate of dementia. 
Accordingly, scopolamine, a central muscarinic receptor agonist, has been 
widely employed as a dementia model. The present study sought to extend 
this model to the canine. A group of aged canines was over-trained on a 
delayed non-matching to position task (DNMP), using a variable delay 
paradigm. They were then administered scopolamine (5, 10, or 15 ug/kg 
SubQ) using a counterbalanced design in which every animal received 
every dose. Canines were videotaped during task sessions to determine if 
they were using overt behavioral mediating strategies to solve this task. 
Behavioral home cage activity under vehicle and scopolamine conditions 
were assessed. Results indicate that (1) scopolamine produced a marked 
deficit in performance, which was both dose-dependent and delay- 
dependent; (2) canines do not typically use readily identifiable mediating 
strategies to solve the task; (3) behavioral activity was unaffected by 
scopolamine at all dose ranges. These results indicate that DNMP 
performance can be disrupted by a low dose of scopolamine that does not 
produce obvious peripheral effects, or non-specific effects on behavioral 
activity. The impairment produced is similar to that seen in age-dependent 
cognitively dysfunctional canines.

This research was supported by the Natural Sciences and Engineering 
Research Council of Canada and the National Institute of Aging.

555.4
EFFECT OF PREGNENOLONE-SIALIC ACID GLYCOSIDE ON AMNESIA 

INDUCED BY SCOPOLAMINE IN WATER MAZE TEST IN MICE.

M, Yin.1* Z-R, Zhao.- B. Zhou.1 W-J, Li,’ S-S, Li.3 M-H, Cheng.1 Y-Y. Jiang1,
'Dept. of Pharmacology, College of Pharmacy, Second Military Medical Univ; 

Shanghai 200433, China;-’College of Pharmacy, Zhejian Univ;’Dept. of 

Pharmacology, Second Milit. Med. Univ.

Sialic acid and pregnenolone have been reported respectively to play a 

pivotal role in the regulation of membrane-membrane interaction and to 

affect the activity of the neurotransmitter systems involved in learning and 

memory processes. This study examined the pypothesis that the combined 

glycoside compound of pregnenolone and sialic acid(PSS) would be easier 

to penetrate blood brain barrier and be more effective in improving learning 

and memory deficit. In scopolamine(4 mg/kg)-induced amnesia mice, PSS 

(0.1-1.0 mg/kg) dose-dependentlv shortened the time of arriving the platform 

and reduced the errors of entering non-exit. There are significant differences 

between PSS and pregnenolone sulfate alone groups. These results suggest 

that PSS may be useful to treat the impairments in Alzheimer’ s disease.

Supported by China NSF, No39770849.

555.5

THE STRIATAL BLOCKADE OF GABAb RECEPTORS REVERSES 
SCOPOLAMINE-INDUCED-AMNESIA. S.E Cruz-Morales* and M.R.A. 
Gonzalez-Lopez. Master in Psychology and Laboratory of 
Psychopharmacology, ENEP-Iztacala, P.O.B. 314, Tlalnepantla, Edo. Mex., 
54030, Mexico.

Systemic and intrastriatal administration of scopolamine (SC), an 
anticholinergic drug, produces retrograde amnesia. Systemic administration 
of GABAa and GABAb agonists produces the same effects, and potentiate 
the amnesia induced by SC, while GABAa antagonists reverses the SC- 
induced amnesia. In order to evaluate the effects of stimulation or blockade 
of GABAb receptors in retrograde amnesia induced by SC, the effects of 
intrastriatal injection of baclofen (BA) (GABAb-agonist) and phaclofen 
(PHA) (GABAb-antagonist), were studied. Male Wistar rats (250-350 g) were 
trained in a one trial inhibitory avoidance task and they were injected into 
the dorsal striatum, five minutes later, with SC (30 ng), BA (1.3 ng), PHA 
(1.0 ng), the combination of the same doses of SC+BA or SC+PHA and 
tested for retention 24 hr later. The administration of SCP, BA and 
SCP+BA produced amnesia; PHA reversed the amnestic effect of SCP 
Present results suggest that the central cholinergic neurons are modulated 
by the GABAergic system, and give evidence regarding the inhibitory 
influence of the striatal-GABAergic system on the striatal-chQlinergic 
system.
Supported by DGAPA, UNAM (IN-301398).

555.6
THE EFFECTS OF COGNITIVE-ENHANCING AGENTS ON THE 
PERFORMANCE OF A LEARNING TASK IN RATS. A.J. Mayorga*, C.M. 
Fogle and M.G. Paule, Division of Neurotoxicology, National Center for 
Toxicological Research, U.S. Food and Drug Administration, Jefferson, AR, 
72079.

Incremental repeated acquisition (IRA) is a food-reinforced operant task 
designed to model aspects of learning. The IRA task requires subjects to 
correctly perform a “simple” (one-lever) sequence of lever presses, followed by 
progressively more “difficult” (two, three, up to six) lever sequences in the same 
test session. The current study was undertaken to determine whether the IRA 
procedure would be a useful test to characterize the effects of known and putative 
cognitive enhancing agents on learning. As an initial step in this direction, the 
cholinesterase inhibitors physostigmine (0.01-0.8 mg/kg, i.p.) and tacrine (0.1-6.0 
mg/kg, i.p.) were evaluated in adult male Sprague-Dawley rats performing the 
IRA task. Consistent with the well-documented motor effects of these 
compounds at high doses, the highest doses of physostigmine and tacrine 
decreased response rate. Low doses of physostigmine and tacrine produced 
modest (4-5%) increases in the mean accuracy of IRA performance. Inspection 
of the raw accuracy data demonstrated that the dose of physostigmine or tacrine 
that increased accuracy varied between individual subjects. These results are 
consistent with the effects of these agents in clinical studies in which 
considerable inter-individual variability was noted in the performance of tasks 
designed to model learning. The cholinesterase inhibitors, currently the only 
class of drugs approved for the treatment of Alzheimer’s disease, may provide a 
useful benchmark against which newer cognitive-enhancing therapies can be 
compared using the IRA task. (Supported by NCTR protocol #6914).

555.7

EFFECTS OF HUPERZINE A ON CA1 PYRAMIDAL NEURONS 
IN HIPPOCAMPAL SLICES X. W. Wu and M. Y. Wang*. Cell 
Electrophysiology Lab, Wannan Med. College, Wuhu, Anhui 241001, China.

To analyze the mechanisms underlying enhancement of learning and memory 
by huperzine A(Hup-A), a potent and selective cholinesterase inhibitor first 
isolated in China from herbs, the intracellular recordings were made from CA1 
pyramidal neurons in hippocampal slices of adult rats. Superfusion of Hup-A at 
0.3, 1 and 3 pM for 15 min significantly and reversibly increased area under curve 
of excitatory postsynaptic potentials(EPSP), evoked by stimulation of Schaffer 
collaterals, by 69 + 21%(mean + SD, n=5), 110 + 43%(n=7) and 187+111% (n=4) 
respectively. Hup-A did not alter electrophysiological properties of CA1 neurons 
and exogenous glutamate-induced responses(n=5), but its action on EPSP was 
blocked by atropine pretreatment(n=4). Moreover, the amplitude of EPSPs was 
potentiated by 110 + 116%(n=8) and 138 + 123% at post-tetanus 15 and 30 min of 
long-term potentiation induced in Hup-A group, while 50 + 33%(n=5) and 52 + 
35% in control group respectively. In 32% of cells tested, Hup-A induced 
spontaneous discharges which were reversible after wash, insensitive to glutamate 
receptor antagonist APV and DNQX, persistent in Ca2+-ffee solution and nullified 
by tetrodotoxin. These preliminary results indicate that Hup-A may improve the 
CA1 pyramidal neuron activity and its synaptic transmission potency to enhance 
learning and memory function. (Supported by Anhui Province Educational 
Committee of China, No. 96JL0121)

555.8

COMPARISON OF ( + /-)- AND (-)-HUPERZINE A IN RATS USING 
SCHEDULE-CONTROLLED BEHAVIOR. R.F. Genovese*and A. Pringle 
Division of Neuroscience, Walter Reed Army Institute of Research, 
Washington, D.C. 20307-5100.

Huperzine A is a novel acetylcholinesterase-inhibitor with potential 
cognition enhancing and neuroprotective properties. We examined the 
effects of the naturally occurring (-)-Huperzine A and the synthetic 
racemic form using operant conditioning. Rats were trained on a 
Variable-Interval 56-sec schedule of food reinforcement. Following 
training, the schedule produced relatively constant, and stable, rates of 
responding during daily sessions. Racemic or {-) Huperzine A was 
administered IM ( 0.1-3.16 mg/kg, n = 6 each group), 10 min before the 
start of 60 min sessions. Both compounds produced dose-dependent 
decreases in response rate with the largest doses of each compound 
producing complete, or nearly complete response suppression. Response 
rate increases were not generally observed in any rats. To compare the 
relative potency of the two compounds, doses for producing response 
rates of 50% and 25% (ED5O and ED25, respectively), relative to 
baseline performance, were interpolated from second order polynomials 
fitted to the data. ED5O values were 0.95 and 1.79 mg/kg, and ED25 
values were 1.78 and 3.06 mg/kg, for the minus and racemic 
compounds, respectively. Thus, in this respect, the minus isomer was 
approximately 1.75 times more potent than the racemic form. These 
results characterize the stereo-selective effects of Huperzine-A on 
performance and suggest that, at the doses studied, the (+ ) isomer was 
relatively inactive for producing performance deficits. (Intramural research 
funded by The US Army Medical Research and Materiel Command.)

Society  for  Neuroscience , Volume  25, 1999



1380 LEARNING AND MEMORY: PHARMACOLOGY—ACETYLCHOLINE II TUESDAY PM

555.9

IMPROVEMENT IN COGNITIVE FUNCTION BY THE ACh 
RELEASER SM-32 1C. Bellucci, C. Ghelardini, N. Galeotti, iR 
Gualtieri, A. Bartolini, - Dept. of Pharmacol., Univ. of Florence, Italy, 
'Dept. of Pharmaceutical Science,Univ. of Florence, Italy, SPON: ENA*

The effect of the ACh releaser SM-32 ((±)-2-phenylthiobutyric 
acid a-tropyl ester oxalate) on memory processes was evaluated in the 
mouse passive avoidance and in the rat social learning tests. SM-32 (5-20 
mg kg’1 i.p.) prevented amnesia induced by scopolamine and 
dicyclomine, as tested by the mouse passive avoidance test, and 
prevented memory disruption by AF-64A, as shown by the rat passive 
avoidance test. Both SM-32 enantiomers were able to abolish 
dicyclomine-induced amnesia in mice. SM-32, starting from the dose of 
10 mg kg1 i.p., antagonized the memory impairment produced by 
mecamylamine, baclofen and diphenhydramine in mice as well as the 
amnesia induced by diazepam in rats. SM-32, at the dose of 10 mg kg1 
i.p., prevented the memory reduction obtained in mice by hypoxia in the 
passive avoidance test. In the social learning test SM-32 (10 mg kg 1 
i.p.), injected in adult rats, reduced the duration of active exploration of 
thefamiliar partner in the second session of the test. SM-32 prevented 
amnesia in both mice and rats comparably to that exerted by the 
cholinesterase inhibitor physostigmine (0.2 mg kg1 i.p), the M! selective 
agonist AF-102B (10 mg kg1 i.p) and the nootropic drug piracetam (30 
mg kg1 i.p.). These results demonstrated the ability of SM-32 to 
modulate memory functions and suggest that SM-32 could be useful in 
the treatment of cognitive deficits.
This work was supported by grant from MURST.

555.10
The Memory Enhancing Effects of Glucocorticoids Given Systemically 
or into the Basolateral Amygdala Require Cholinergic Activation in the 
Basolateral Amygdala. Ann E. Power*, Benno Roozendaal and James L. 
McGaugh. Center for the Neurobiology of Learning and Memory and Department of 
Neurobiology and Behavior, University of California, Irvine, CA 92697-3800.

Studies from our laboratory have shown that memory enhancement 
induced by p-adrenergic activation is blocked by cholinergic inactivation 
in the amygdala. Additionally, glucocorticoid(GC)-induced memory 
enhancement is blocked by (3-adrenergic inactivation of the Basolateral 
Amygdala (BLA). These data suggest that GC-induced memory 
modulation may require cholinergic activation in the BLA. Two 
experiments addressed this question: The first, examined whether a 
blockade of the muscarinic cholinergic receptors in the BLA would affect 
the memory enhancing effects, on inhibitory avoidance (IA) training, of 
GC administered systemically. The synthetic GC dexamethasone, 
administered (0.3, 1.0, or 3.0 mg/kg i.p.) to rats immediately post-training, 
enhanced 48 hour retention in a dose-dependent fashion. This 
enhancement was blocked in rats given concurrent bilateral intra-BLA 
infusions of the muscarinic antagonist atropine (0.5pg in 0.2pl per side). 
The second experiment, investigated whether the intra-BLA cholinergic 
blockade of GC-induced memory enhancement was due to an interaction 
between GC and muscarinic activation within the BLA. The GC agonist 
RU38486 (1.0, 3.0, or lOng) was infused into the BLA post-training, with 
atropine or vehicle. The dose-dependent GC-induced IA memory 
enhancement was again blocked by atropine. These findings indicate that 
muscarinic activation within the BLA is critical for memory modulation by 
the GC given systemically, and that the GC acts in the BLA to enhance 
memory in a manner that is dependent on cholinergic activation within the 
BLA. [Research supported by USPHS grant from NIMH MH12526 (JLM) and 
GPOP Cota Robles Fellowship (AEP).]

LEARNING AND MEMORY: PHYSIOLOGY—HIPPOCAMPAL: SPATIAL/PLACE CELLS

556.1

A PREDICTIVE GEOMETRIC MODEL OF PLACE FIELD SHAPE AND 
LOCATION.
A. Jackson, T. Hartley, J. O’Keefe and N. Burgess
(SPON: British Neuroscience Association). Institute of Cognitive Neu-
roscience, University College London, 17 Queen Square, London WClN 3AR,
U.K.

A quantitative model of the firing rate of place cells (PCs) as a function 
of the rat’s position within environments of arbitrary shape is presented, ex-
tending that of O’Keefe and Burgess (Nature, 381, 1996). A PC is assumed 
to receive inputs from cells tuned to respond whenever a barrier is at a given 
distance along a given allocentric direction, where the breadth of the tuning 
to distance increases with distance. A PC’s firing rate is simply a thresh- 
olded sum of an arbitrary selection of such inputs. The model predicts that 
no learning is required for the formation of the PC representation of a new 
environment: place fields simply reflect the cell’s pre-existing inputs. The 
characteristics of a simulated population of PCs show a good match to ex-
perimental data. By recording in several environments of different shape, the 
model can be used to determine a set of inputs consistent with the observed 
PC firing. The fitted inputs can then be used to predict place cell firing fol-
lowing further environmental manipulations. This model makes quantitative 
predictions regarding the effects of changes in size and shape of environments 
and the introduction of barriers on place field location and shape, see also 
Lever, Cacucci, Burgess & O’Keefe (Soc. Neurosc. Abstr, 1999).
(Support: AJ: Wellcome Trust; TH, JOK, NB: MRC; NB: Royal Society)

556.2

SQUARING THE CIRCLE: PLACE FIELDS DO NOT “REMAP” BETWEEN 
ENVIRONMENTS WHICH DIFFER ONLY IN SHAPE. C. Lever, F. Cacucci, N. 
Burgess and J. O’Keefe .(SPON: British Neuroscience Association). Dept. of 
Anatomy, University College London, Gower St., London WC1E 6BT.

Several studies have indicated that place cells show different firing patterns in 
enclosures with square walls compared to those with circular walls (“remapping”; 
Muller, 1996, Neuron). We use walled enclosures deformable into various shapes. In 
the 1st experiment, place cells were recorded from rats chasing rice grains in two 
such enclosures (one square, one circular) in two non-overlapping positions within a 
room. Overall, the data suggest that place cell firing was primarily governed by two 
sets of determinants: 1) distances to the walls of the enclosure along allocentric 
directions (O’Keefe and Burgess, 1996, Nature) and; 2) position within the testing 
room. Some rats had place fields which were homotopic in both enclosures. When 
place field patterns were different in the two enclosures, probe trials showed that this 
was due to the different position of the enclosures within the testing room. The 2nd 
experiment examined place field patterns in a single deformable enclosure normally 
occupying a central position within a cue-controlled environment (CCE) surrounded 
by black curtains, with a prominent white cue card suspended on one side near the 
curtains. Following training in the enclosure configured as a square, cells were 
recorded from 3 rats in the square and circular shapes (3 trials of each, alternating), 
for up to 6 consecutive days. The results show rather similar place field patterns in 
the circle and square, and are compatible with the O’Keefe and Burgess model 
extended to consider distances in arbitrary directions to both enclosure and room 
walls (Jackson, Hartley, O’Keefe, Burgess, 1999, Soc. Neurosci Abstr.). In one rat, 
an extensive series of probe trials was conducted after the 6 day recording period. 
The dataset includes two place cells recorded over an 18 day period, providing an 
additional line of evidence against learned shape-based remapping in our CCE. 
Supported by the MRC (UK) & Wellcome Trust & Royal Society.

556.3

PLACE FIELDS OF HIPPOCAMPAL PYRAMIDAL CELLS IN RATS 
SHOW HYSTERESIS. BB. Rettenmaier, A.M. White, S. Doboli. A.A. 
Minai and P.J. Best*. Center for Neuroscience and Dept. of Psychology, 
Miami Univ., Oxford, OH 45056, Dept. of Computer and Electrical 
Engineering, Univ. Cincinnati, OH 45221.

This experiment was performed to test a model that predicts an asymmetry 
of the relationship between the activity of hippocampal place cells and the 
animal's location in the place field, i.e. a hysteresis effect. The following 
procedure was followed. The location of a place field on one arm of a three- 
arm maze was established in an environment that contained a rich variety of 
distal visual cues. The animal was encouraged to continually traverse the 
maze for food reinforcement. After two or three traverses through the place 
field, the maze was rotated a set number of degrees to one side and the 
animal was encouraged to traverse all three arms again. This process was 
repeated until place field activity disappeared on that arm. Eventually place 
field activity would appear on the adjacent arm as it was rotated into the 
original location of the place field. The maze was then rotated in the opposite 
direction until the place field activity disappeared on the new arm and 
reappeared on the original arm. The process was repeated until a large 
enough sample was obtained. Preliminary data indicate that elevated activity 
of place cells remains high for a greater number of degrees when the arm is 
rotated out of the field than when rotated into the field. Thus the place cell 
activity shows hysteresis, and the data support the model. (Supported by NSF 
grants to A.A. Minai and P.J, Best).

556.4
NAVIGATION BY REMOTE CUES INDUCES PLACE CELL FIRING IN BOTH 
THE TASK RELEVENT AND TASK IRRELEVENT REFERENCE FRAMES. A.A. 
Fenton*, L. Zinyuk, Yu. Kaminsky, S. Kubik, J. Bures. Inst. Physiology, Prague.

Hippocampal “place cells”, primarily fire in cell-specific areas called “firing fields” 
suggesting that the hippocampus organizes a global map-like construct of the 
environment. A competing, “combinatorial' view suggests that place cells encode the 
arbitrary relationships between subsets of stimuli instead of an overall organized map.

We have used navigation on a rotating arena to dissociate the spatial reference 
frames provided by the rotating arena and the enclosing room to learn that rats 
separately store and use information from the two dissociated coordinate frames. Here 
we report that almost all firing fields recorded from rats trained only to collect 
scattered food are dissipated in the room and arena reference frames by the arena 
rotation. In contrast, of 36 place cells recorded from rats trained in a room frame 
“place preference” navigation task on the rotating arena, only 4 ceased to have fields 
while 11 had fields in the room frame alone, and 16 had fields in both the room and 
arena frames. The remaining 5 had fields in the arena center where the room and arena 
frames overlap. Of the cells with fields in both the room reference frame and the arena 
reference frame, comparing fields during stable and rotating sessions showed that field 
locations in the room frame matched their stable locations while fields in the arena 
frame often had an angular (but not radial) displacement. In addition, although field 
shapes were mostly preserved, arena frame firing was limited to a smaller area with a 
higher peak rate while room frame firing had greater spatial coherence.

In accord with the “combinatorial” view, place cells were controlled by distinct 
subsets of spatial cues but, in accord with the “mapping” view, these subsets were not 
arbitrary; rather they occur in the naturally separate reference frames that may be 
useful to the rat. We suggest that to support spatial behavior the hippocampus encodes 
the distinct spatial reference frames that naturally coexist in an environment.
Support: McDonnell Foundation 98-38 CNS and GACR 309/97/0555.
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556.5
PLACE CELL RESPONSES TO A GEOMETRIC CHANGE IN THE 
ENVIRONMENT DIFFER BETWEEN AGED AND YOUNG RATS. IL

M.Gallagher P H. Eichenbaum . ’Dept.Neurology and Neuroscience, 
Univ.Kuopio, 70211 Kuopio, Finland; 2Dept. Psychology, Johns Hopkins Univ., 
Baltimore, MD, USA; 3Dept. Psychology, Boston Univ., Boston, MA, USA.

The hippocampal place cells of aged rats known to be poor in spatial 
learning are characterized by instability of firing fields in a familiar 
environment (Bames et al., Nature 388, 1997). On the other hand, these cells 
are rigid in their response to an environmental change (Tanila et al., J Neurosci 
17, 1997).

Young adult and memory-impaired aged rats were recorded in a familiar 
cylindrical frame with three prominent cue cards and in a new cubical 
frame with the same cues. The cubical frame was rotated by 90° with 
respect to the floor. In a preliminary analysis of 81 cells, cells of the young 
rats remapped more often in the new environment than did those of the 
aged rats. Fields of 38% of cells in aged rats persisted in the same room 
(floor) location despite the change. No such cells were found in young rats. 
Cells of young rats tended to follow the rotation of the cues more than those 
of aged rats. All cells in the young rats showed stable fields between the 
three runs in the familiar environment, while 17% of the cells in the aged 
rats had unstable fields.
These findings show that both instability and rigidity of place fields can be 

found in the aged rats in the same experiment.
(Supported by NIA AG09973 and the Academy of Finland).

556.6

DISCORDANT CODING OF SPATIAL LOCATION IN THE RAT 
HIPPOCAMPUS, J. E. Brown*, W. E, Skaggs, Dept. of Neuroscience and 
Center for the Neural Basis of Cognition, U. of Pittsburgh, Pittsburgh PA 15260.

Pyramidal cells in the rat hippocampus show place-related spike activity 
in a wide variety of situations, but it has been very difficult to understand the 
factors that govern this activity. A particularly important question is whether 
individual cells have identifiable correlates that can be manipulated indepen-
dently of the correlates of other cells. In recent publications, Tanila, Shapiro 
et al. {Hippocampus 7:613-642) examined the activity of small ensembles of 
hippocampal cells in rats running on a plus-maze with distinct intramaze and 
extramaze cues. When the two sets of cues were rotated 90 degrees in oppo-
site directions, some cells followed the intramaze cues, others the extramaze 
cues, and others “remapped” unpredictably; moreover, all possible combina-
tions were seen within simultaneously recorded ensembles. As a preliminary to 
further experiments, we have duplicated this paradigm (with minor variations), 
using a 48-channel (12 tetrode) Cheetah recording system that permits us to 
examine much larger ensembles. To date, with data from two rats, we have 
replicated many, but not all, of the previous observations. In agreement with 
Shapiro et al, the data show an increase in the incidence of remapping over time 
(the “Bostock effect”). In agreement with Tanila et al, the data show some 
place fields following one of the defined reference frames while others simulta-
neously remap. So far, however, the data have not shown significant numbers 
of place fields following more than one reference frame simultaneously. Unex-
pectedly, the data also indicate a significant tendency for neighboring cells to 
respond more similarly than distant cells to the cue manipulation. It remains 
to be seen whether these trends will continue as data from a larger number 
of animals becomes available. Supported by the University of Pittsburgh and 
CNBC.

556.7

COMPLEX STRUCTURE OF HIPPOCAMPAL POPULATION 
ACTIVITY DURING SLOW WAVE SLEEP IN THE RAT.
B. Jarosiewicz*, W. E. Skaggs. Dept. of Neuroscience and Center for the Neu-
ral Basis of Cognition, Univ. of Pittsburgh, Pittsburgh PA 15260.

The hippocampus of the undrugged, undamaged rat shows two global 
modes of physiological activity, commonly known as the “theta” mode and 
the “large irregular activity” (LIA) mode, according to the pattern of EEG 
waves associated with each. To examine population activity during each of 
these modes, we used a 48-channel Cheetah recording system, permitting data 
to be collected simultaneously from 12 tetrodes and 13 EEG channels in the 
CA1 layer of the hippocampus in freely behaving rats. During theta mode, 
which occurs during REM sleep and locomotion, the EEG shows strong 8-Hz 
rhythmicity and CA1 pyramidal cells show bursts of activity (which during 
locomotion correspond to place fields), surrounded by long periods of silence. 
During LIA, which occurs during slow-wave sleep and immobile wakefulness, 
there are large slow waves in the EEG, occasional “sharp waves” in which CA1 
pyramidal cell activity briefly increases tenfold, and a distribution of activity 
that is diffused across the entire CA1 pyramidal cell population. Population 
activity clearly reveals the existence of a third state, irregularly intermixed 
with LIA, during which a small group of pyramidal cells are continuously ac-
tive. The EEG amplitude briefly becomes much smaller and, when the du-
ration of this state exceeds a few seconds, slow theta-range oscillations (6-8 
Hz) sometimes appear. This state probably corresponds to the “low-voltage 
fast activity” EEG state that has occasionally been described, and may also 
correspond to “intermediate sleep” as described by Gottesmann and others. 
(Supported by U. of Pittsburgh and CNBC. Preliminary observations were 
made in B. McNaughton’s laboratory at the University of Arizona.)

556.8
A MODEL OF THETA RHYTHM PHASE PRECESSION BASED 
ON A MECHANISM FOR PATH INTEGRATION, W. E. Skaggs*, 
Department of Neuroscience and Center for the Neural Basis of Cognition, 
University of Pittsburgh, Pittsburgh PA 15260.

Pyramidal cells in rat hippocampus are strongly modulated by the 7-9 Hz 
theta rhythm, but the phase of the theta cycle at which a cell fires system-
atically advances as the rat passes through the cell’s place field (O’Keefe and 
Recce, 1993). At the population level, this “phase precession” manifests itself 
as a forward and backward shift of the internally represented spatial location 
during each theta cycle. Several computational models of this phenomenon 
have been proposed in recent years. I propose a new model relying on a mech-
anism that has not heretofore been suggested. In this model, phase precession 
arises via the workings of a neural mechanism that keeps track of the animal’s 
spatial location by integrating information about movement (a process called 
“path integration”). The model, in a minimal formulation, is comprised of two 
layers, each with “bump attractor” connectivity. The integration mechanism 
relies on offset connections, projecting from cells in the first layer representing 
the current location of the animal, to cells in the second layer representing 
locations lying ahead of the animal on its trajectory. In the model, the offset 
connections are periodically gated by external theta signals, causing the spatial 
representation in the second layer of the network to shift periodically forward 
and back. It is assumed that hippocampal pyramidal cells either constitute 
this layer, or else receive their input primarily from it. The model is consistent 
with the main features of hippocampal spatial coding, and potentially goes 
beyond other models in explaining two curious features of hippocampal activ-
ity: first, the fact that phase precession often appears bimodal rather than 
continuous; second, the fact that pyramidal cell activity varies nearly in direct 
proportion to running speed. Supported by U. of Pittsburgh and the CNBC.

556.9

HIPPOCAMPAL CELLS WITH CLEAR PLACE FIELDS ON A 
TRACK EXHIBIT NON-SPATIAL CORRELATES IN AN ODOR 
DISCRIMINATION TASK. P. A. Dudchenko*, E, R. Wood, and H. 
Eichenbaum. Department of Psychology, Boston University, Boston 
MA. 02215
To explicitly examine the non-spatial activity of hippocampal cells, we 

have adopted the standard-manipulation-standard protocol used in many 
previous place cells studies (e.g. Muller et al., 1987; J. Neurosci). Here, 
however, our manipulation involved testing in an odor discrimination 
task.
Clear and convincing place cells were first identified on a diamond-

shaped T-maze track (see abstract of Wood et al.). After running on the 
track, the animals were recorded from as they performed a go/no-go 4- 
odor discrimination in a different room. Upon completion of 50-400 
trials in the task, animals were returned to the T-maze track and their 
place cells again assessed. Our preliminary data indicate that a subset of 
the hippocampal cells with robust place fields on the track exhibited 
clear task-related correlates in the odor discrimination task. 
Specifically, we observed hippocampal cells that 1) decreased their 
firing as the animal entered the odor port and sampled the odor 2) 
increased their firing as the animal approached the port and sampled the 
odor; or 3) differentiated between individual odors or reinforced and 
non-reinforced odors. These results are consistent with earlier work 
(Wiener et al., 1989; J. Neurosci.) and suggest that the same 
hippocampal cells can code the spatial regularities available in one 
environment and task-related regularities in a second environment. 
Supported by NIH grant MH52090.

556.10

EPISODIC DETERMINANTS OF HIPPOCAMPAL PLACE CELL 
ACTIVITY DURING T-MAZE SPATIAL ALTERNATION. E.R. 
Wood*, P.A, Dudchenko and H, Eichenbaum. Department of 
Psychology, Boston University, Boston MA. 02215

Recently, it has been hypothesized that the place-related activity of 
hippocampal units reflects a specific instance of a more general coding 
of regularities in an animal’s experience (Eichenbaum et al., submitted). 
This coding may underlie episodic memory by representing both unique 
and common events across related episodes. To test this, we trained rats 
on a modified T-maze (with return arms connecting the goals and 
common start point). The animal’s task was to perform a spatial 
alternation for water reward. We examined place cell activity on the 
common center stem alleyway of the “T”, which the animals always 
traversed in the same direction. We separated episodes in which the 
animal was about to make a right turn, from those in which the animal 
was about to make a left turn. Our preliminary analysis revealed 4 types 
of activity: 1) Some cells exhibited activity in the stem alleyway during 
one type of episode but not the other (i.e. either prior to a right turn or 
prior to a left turn but not both). 2) Some cells possessed different place 
fields in the stem alleyway during the two different episodes. 3) Some 
cells had the same place field in both episodes, but the firing rate was 
higher for one episode than the other. 4) Some cells appeared to have the 
same place fields during both types of episode. There were similar 
numbers of cells in each of these classes. These data suggest that 
hippocampal cells encode not just common features of episodes (such as 
a common location and direction of movement), but also features that 
differentiate episodes that occur in the same location. These findings are 
consistent with a global role for the hippocampus in episodic memory. 
Supported by NIH grant MH52090.
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556.11
SYNAPTIC LEARNING RULES THAT SEPARATE HIPPOCAMPAL MAPS. 
M.C. Fuhs* and D.S. Touretzky. Computer Science Department & Center for the 
Neural Basis of Cognition, Carnegie Mellon University, Pittsburgh PA 15213.

When rats trained to forage in one environment are exposed to a second, highly 
similar environment, their hippocampal place code exhibits a partial remapping 
in the new environment that becomes more complete with repeated exposures 
(Tanila, Shapiro, and Eichenbaum, 1997; Bostock, Muller, and Kubie, 1991). If 
the perforant path projection to CA3 functions as a pattern completion mech-
anism, and the DG projection via the mossy fibers performs pattern separation 
(O’Reilly and McClelland, 1994), then partial remapping can be understood as 
the combined effect of these two projections.

We investigated learning rules that could be responsible for the gradual sep-
aration of the two maps, and determined two crucial features such rules must 
have. First, in order to maintain existing maps, there must be no learning in the 
absence of presynaptic activity. Simple Hebbian learning and the BCM learn-
ing rule (Bienenstock, Cooper, and Munro, 1982) satisfy this criterion. Second, 
synaptic efficacy should increase when there is substantial postsynaptic activ-
ity, but it should decrease for modest activity. Hebbian covariance learning and 
BCM satisfy this criterion. BCM is thus one learning rule that can simultaneously 
strengthen and separate hippocampal maps.

We constructed computer simulations of place cells in the Bostock et al. task 
using each of the three learning rules for connections from EC to CA3. In these 
simulations, DG shows immediate remapping upon exposure to the second of two 
similar environments, while with the BCM rule CA3 shows a partial remapping 
that becomes more complete with repeated exposure. Our model predicts that 
most of the differences between the two maps in the Bostock et al. task will be 
attributable to changes in the map for the second environment.

Supported by NSF Graduate Research Fellowship.

556.12
SYSTEMATIC VARIATION OF INTERSPIKE INTERVAL WITH POSITION IN 
HIPPOCAMPAL PLACE FIELDS. M. R. Mehta* fc M. A. Wilson. E25-236, De-
partment of Brain and Cognitive Sciences; & Center for Learning and Memory, 
Massachusetts Institute of Technology, Cambridge, MA 02139.

It is commonly believed and amply demonstrated that neurons can encode 
information about stimuli by modulating their firing rates. Some recent works 
have suggested that information may alternatively be encoded in the exact 
pattern of firing. However, it is not obvious how these firing patterns could 
arise from physiological networks, nor how the patterns could be decoded by 
the postsynaptic neuron using physiological mechanisms. The hippocampal 
pyramidal neurons typically fire at an elevated rate in a small part of the 
environment (O’Keefe and Dostrovsky 1971). It has been demonstrated using 
a purely rate code (Wilson &; McNaughton 1993) that these spatial receptive 
fields could provide an accurate estimate of the location of the rat. Here we 
show that as a rat moves through a place field on a linear track, the distribution 
of interspike intervals undergoes systematic changes such that the distribution 
is significantly different at the beginning, middle and the end of place fields. 
These patterns of spiking are contrary to that expected from the usual implicit 
assumption of symmetric place fields. It has been recently shown that (Mehta et 
al. 1998) the mean firing rate of place cells is low at the beginning, but high at 
the trailing edge of place fields. The observed firing patterns do not follow from 
such asymmetric rate modulation. It is shown that these firing patterns could 
arise via an intricate interaction between physiological mechanisms such as 
oscillations and LTP. Such location specific distribution of interspike intervals 
can be decoded by a postsynaptic neuron using physiological mechanisms and 
can provide more information than a pure rate code. This work was supported 
by MIT Center for Learning & Memory and by RIKEN-MIT Neuroscience 
Research Center.

556.13
A COMPARISON OF THE FIRING PROPERTIES OF SIMULTANEOUSLY 
RECORDED UNITS IN CA1 AND THE ENTORHINAL CORTEX.
L Frank* and M. Wilson. Center for Learning and Memory and Dept. of Brain and 
Cognitive Sciences, M.I.T.; Cambridge, MA 02139.

The entorhinal cortex (EC) provides the majority of cortical inputs to the 
hippocampus and receives the majority of cortically bound hippocampal outputs. To 
improve our understanding of the role of the hippocampus and related structures in 
learning and memory we implanted rats with an eighteen tetrode microdrive array. 
Twelve tetrodes targeted the EC and the remaining six targeted the CA1 pyramidal 
cell layer. We have recorded from over 100 units in each of the two areas as animals 
ran for food reward on a U shaped track and in a spontaneous alternation task on a W 
shaped track. As expected, CA1 units showed robust place and direction specific 
firing. Those CA1 units that were active in a particular environment tended to be 
selective for one or two relatively small subregions on the track. Those EC units that 
l ired in a place specific manner also tended to have directionally specific place fields, 
but their fields were often more elongated, covering as much as an entire side of the 
track. Some EC units fired symmetrically in that the units were active on a portion of 
both sides of the U or W shaped tracks. Overall, the place specific activity in the EC' 
appears to be more affected by the geometry of the track than place activity in CAL 
EC units showed, on average, less theta modulation than CA1 units, but those EC 
units that were clearly theta modulated tended to show place specific firing. These 
data suggest that hippocampal spatial information is further processed by downstream 
structures and that the nature of the downstream representation may clarify the role of 
the hippocampal place related activity in navigation. (Supported by the Center for 
Learning and Memory, M.I.T.)

556.14
INSTABILITY IN THE PLACE FIELD LOCATION OF HIPPOCAMPAL 
PLACE CELLS FOLLOWING LESIONS OF THE PERIRHINAL CORTEX. 
Gary M. Muir* & David K, Bilkey. Department of Psychology, University of 
Otago, PO Box 56, Dunedin, 9001, New Zealand.

Whereas the hippocampus (HPC) is involved in spatial processing, the 
neighbouring perirhinal cortex (PRC) appears to play a key role in memory. The 
purpose of this study was to investigate the contribution of the PRC to the location- 
specific firing of hippocampal complex-spike (‘place’) cells. The firing 
characteristics of dorsal CA1 place cells were examined in rats with bilateral 
ibotenic acid lesions centred on the PRC or control surgeries as they foraged in a 
rectangular environment. Unit activity was recorded in sessions separated by a 2 
minute, 1 hour, or 24 hour delay.

Initial examination of the data revealed that the number of place cells observed 
and place field size was not distinctly different between the two groups. Clearly 
defined place cells (n = 26) were recorded from 5 control animals and these cells 
exhibited stable place fields over all delays. In contrast, in 6/25 (24%) place cells 
recorded from 5 PRC lesioned animals, the location of the place field was 
completely different following the delay, or a place field appeared or shifted 
location within a 30-45 minute session (Fisher’s Exact Test (one tailed), control vs. 
lesion, p < 0.01). These data indicate that although the HPC does not rely on the 
PRC for the initial formation of place cells, under some conditions the PRC appears 
to be critical for maintaining the stability of a cell’s place field location over time. 
This instability may represent a ‘re-mapping’ of the environment, consistent with 
other findings suggesting a role for the PRC in spatial memory processing. 
(Supported by the Health Research Council of New Zealand and University of 
Otago Research Grant)

556.15

HIPPOCAMPAL UNIT FIRING PROPERTIES IN HOMING PIGEONS. II 
Siegel?* D. Nitz2 and V.P. Bingman1. ’Department of Psychology, Bowling Green 
State University; Bowling Green, OH 43403. 2Neurosciences Institute; San Diego, 
CA 92121.

Numerous lesion studies have demonstrated that the avian hippocampal 
formation (HF) is critical for spatial behavior including homing and cache recovery. 
However, how HF mediated spatial representations are structured at the neuronal or 
ensemble level has not been investigated in avian species. Given the highly visual, 
mobile nature of birds, they offer an interesting research complement to rats for 
understanding how HF unit and ensemble activity represents space. The initial 
phase of our research initiative involved surgically implanting moveable tetrodes 
into the HF of homing pigeons in order to sample and classify the firing properties 
of single units under a variety of environmental conditions. Beginning with the 
most dorsal level of the avian HF, units generally fired small potentials and had 
high firing rates relative to units in other areas of HF. The area of HF between the 
pyramidal layers (the “V”) was mostly devoid of unit activity. Any units that were 
found had highly variable inter-spike intervals and flat autocorrelograms. Most 
units encountered near the pyramidal cell layer during periods of awake inactivity 
had inter-spike-interval histograms showing a relatively flat distribution, with a 
slight tendency for units to fire with 10-50 msec inter-spike intervals.
Autocorrelograms for inactive periods were flat. In contrast, during periods of 
activity the inter-spike-interval histograms indicated a strong tendency for units to 
fire 2-3 action potentials within 10-50 msec (20-200 Hz firing rate). Furthermore, 
autocorrelograms indicated a tendency for units to fire the 2-3 action potentials with 
a 4 Hz rhythm during active periods. The preliminary data indicate some 
interesting similarities and differences compared to rats, suggesting that some 
properties of HF neuronal coding of space is conserved among all amniotes, while 
other properties may be shaped by the life history of a particular species.

Supported by the National Science Foundation

556.16

REWARD ANTICIPATION-RELATED NEURAL ACTIVITY IN THE 
RAT HIPPOCAMPUS DURING SPATIAL NAVIGATION.
H. Nishiio1*, T. Kobayashi2, R. Tamura1, G. Matsumoto2, T. Ono1.
'Dept. Physiol, Fae. Med., Toyama Med. & Pharmaceu. Univ.,
Toyama 930-0194; 2Brainway Group, Brain Science Institute, RIKEN, 
Hirosawa 2-1, Wako, Saitama 351-0198, Japan.

The hippocampal formation is essential in learning and memory and 
HF lesions severely impair acquisition of spatial learning in rodents. 
Previously we recorded hippocampal complex-spike cells from well- 
trained rats that performed 3 types of place learning tasks based on place- 
reward association in a circular open field using intracranial self-
stimulation (ICSS) as reward. The ICSS reward was delivered in the 
following 3 contexts: if the rat (1) entered an experimenter-determined 
reward place within the open field, and this place was randomly varied in 
sequential trials; or (2) entered two specific places, one within and one 
outside the place field (an area identified by change in activity of a place 
neuron); or (3) entered an experimenter-specified place outside the place 
field. The results indicated that neuronal correlates of most place 
neurons flexibly increased their sensitivity to ideothetic information 
concerning locomotion (movement speed, direction, and turning angle) 
when this information was relevant to acquire reward (i.e., in the 2nd 
task), and some place neurons changed the place field per se with place- 
reward association. In the present study, plastic changes of place 
neuronal activity were investigated using naive rats. Here we report that 
some hippocampal neurons acquired gradually spatial and reward 
correlates in parallel with formation of constant trail of spatial navigation 
(i.e., constant reward acquisition). The results suggest that reward 
anticipation affects hippocampal place neuronal activity.
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556.17
MULTI-UNIT RECORDING SYSTEM FOR FREE-MOVING ANIMAL 
USING FIELD PROGRAMMABLE ANALOG ARRAY.-NEUROSCOPEl- 
J. Yamamoto1*Y. Anzai1 and M. Tsukada2 . 'Dept. of Comp. Sci. Fac.of 

Sci. and Tech., Keio Univ., 3-14-1 Hiyoshi Kouhoku-Ku Yokohama 223-8522, 
Japan, 2Fac.of Eng., Tamagawa Univ., 6-1-1 Tamagawa Gakuen Machida 194- 
8610, Japan.

We designed a new multi-unit acquisition system for free-moving animal 
which breaks through the constraint of conventional multi-unit recording sys-
tem. To release animals from thick electronic wires while experiments, the IrDA 
infrared data communication, field programmable analog array MPAA020 and 
16bit micro processor-H8/3048 were used for the new measuring system. The 
MPAA020 is a field programmable analog array based on a general purpose 
analog cell that may be configured, either alone or in combinations, as any of 
a wide range of analog functions from simple comparators to complex filters. 
The new multi-unit recording experimental device : Neuroscope 1 consists of 
programmable analog gate array and one-chip microprocessor with 16 channel 
A/D converters and IrDA infra red communication device. The size and weight 
of the Neuroscopel is 55mm(2.17 in.) diameter and 20g without battery cell. 
Maximum sampling rate is 250k samples per second. First, we summarized the 
related works of multi-unit recording techniques and pointed out the defects of 
those old techniques. To testify the fidelity and reliability of the new system, two 
experiment has carried out. The first experiment for the system evaluation was 
measuring simple artificial oscillatory waves such as sine waves or square waves 
and verifying the fidelity and distortion of the sampled data. After checking and 
evaluating the system, the experiment proceeded to measure actual neural ac-
tivities using rat hippocampal CAl field. From the result of experiment, several 
neuron spikes in rat hippocampal CAl field are discreminated by the system.

556.18
PLACE CELLS EMERGE IN A NETWORK OF SIMULATED CA3 
PYRAMIDAL CELLS THAT RECEIVE ROBOTIC SENSOR INPUT. J.L. 
Krichmar*, T. I. Netoff, J.L. Olds. Krasnow Institute for Advanced Study, MS 
2A1, Fairfax, VA 22030-4444

Cells in the rat hippocampal subfields of CA3 and CAl tend to fire 
preferentially when the animal is a particular place. These place cells have been 
the basis of numerous computational models of spatial memory and navigation. A 
problem with these models is that they are disembodied from the physical 
environment. We developed a robot that had photodetectors to measure ambient 
light, IR LEDs to detect reflectivity of walls, odometer sensors to detect the 
distance traveled and bumper sensors to detect a collision. Robot sensory 
information was sent via a modem to a PC and stored for post-processing. Post-
processing consisted of feeding the stored robot sensor information into a 
biologically realistic neural network consisting of approximately 100 CA3 
pyramidal cells (Pinsky and Rinzel, J. Comput. Neurosci., 1994), 40 inhibitory 
interneurons and 100 sensory neurons (Wang and Buzsaki, J. Neurosci., 1996). An 
LTP-based learning rule strengthened the most active perforant path to pyramidal 
cell synapses after a presentation of robot sensory data and a heterosynaptic LTD 
learning rule weakened perforant pathway synapses that were not active. The 
robot environment was a square arena with varying reflective materials on the 
different walls of the environment. The network received 200-300 presentations of 
robot sensory data in the sequence that the robot explored its environment. 
Approximately half of the CA3 pyramidal cells showed a firing preference to a 
specific position and heading. Our results show that a biologically realistic 
hippocapipal network can develop place cells from noisy, real world data that 
contains limited information. Our results not only shed light on how the rat 
nervous systems develops an internal model of its place in the environment, but it 
also has real-world applications for robotic navigation.

This work was supported by ONR Grant N000014-98-I-0127.
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557.1

IN UPDATING THE PREFERRED DIRECTION OF HEAD DIRECTION CELLS. 
VISUAL CUES DOMINATE, BUT SELF-MOTION CUES EXERT A 
SIGNIFICANT INFLUENCE. M B. Zugaro*1, E. Tabuchi2, C.F. Fouquier1. 
S.I. Wiener1. 'CNRS-College de France, Laboratoire de Physiologie de la Perception 
et de l’Action, 11 place Marcelin Berthelot, 75005 Paris, France, department of 
Physiology, Faculty of Medecine, Toyama Medical and Pharmaceutical University.

In rats, neurons in the antero-dorsal thalamic nucleus (AD) discharge selectively 
in relation to the head direction (HD) in the horizontal plane. When the rats are 
disoriented, the preferred directions of the HD cells recalibrate on visual cues. The 
goal of this experiment is to test the influence of visual cues versus self-motion cues 
when the rats are not disoriented. We recorded from rats foraging for food pellets in 
a black cylinder (0 75cm) with a white card on its inner wall The wall and floor of 
the cylinder could be rotated separately or together in the same direction, to provide 
diverse sensory conflicts to the rats.

Twenty-two HD cells were recorded from 5 Long-Evans male adult rats. The 
wall and floor of the cylinder were rotated separately or together by 45° or 90° 
either CW or CCW (62 manipulations). Linear regression analysis showed that the 
preferred directions of the HD cells rotated by only 87% of the angle of rotation of 
the wall alone (r2=.97; p<0001), while rotations of the wall and the floor together 
led to shifts in directional selectivity of 95% of this angle (r2=0.99, p<0.0()01). 
Rotations of the floor but not the wall led to shifts in directional selectivity of 4% of 
this angle.

These results indicate that the visual cues exerted a strong but incomplete 
control over the directional selectivity of the neurons. Self-motion cues have a 
smaller but significant influence. This indicates that both visual and self-motion 
(possibly vestibular) signals are integrated in the generation of the HD signals.

This work was supported by CNES, Cogniseine, GIS.

557.2
RAT HEAD DIRECTION CELL RESPONSES IN 0-G. J.S. Taube*1.
R.W. Stackman2, C.M. Oman3. 'Dept. of Psychological & Brain Sciences, 
Dartmouth College, Hanover, NH 03755; 2Dept. of Behavioral 
Neuroscience, Oregon Health Sciences University, Portland, OR 97201; 
3Man Vehicle Laboratory, MIT, Cambridge, MA 02139.

Astronauts working in 0-g often experience visual reorientation illusions 
(VRIs). For example when floating upside down, they commonly 
misperceive the spacecraft floor as a ceiling, and have a reversed sense of 
direction. VRIs sometimes trigger bouts of space sickness and often lead to 
reaching errors. Previous studies have identified a population of neurons in 
the rat's brain which discharge as a function of the rat’s head direction (HD) 
in a gravitationally horizontal plane. Our goal was to characterize HD cell 
discharge under conditions of acute weightlessness.

HD cells in the anterior dorsal thalamus were monitored from two female 
Long-Evans rats aboard an aircraft in 0-g parabolic flight. Unrestrained 
rats locomoted in a clear Plexiglass rectangular cage that had wire mesh 
covering the floor, ceiling, and one wall. The cage and surrounding 
environment were designed so that up-down visual cues were ambiguous. 
Each HD cell was recorded across forty 25 sec episodes of 0-g and the rats 
movements were videotaped. Both cells maintained their direction-specific 
discharge when the rat was on the cage floor during the 0-g and 1.8 g pull-
out periods. The cell's preferred direction was also maintained when the rat 
crawled on the wall in 0-g. However, when the rat was placed on the ceiling 
the preferred direction frequently shifted 180°, or the cell's tonic firing in-
creased, but the cell lost its directional specificity. These responses suggest 
that the rats maintained a normal allocentric frame of reference in 0-g and
1-g when on the floor or wall, but that when placed on the ceiling, the rat 
sometimes experienced a VRI, as evidenced by the reversal of HD cell 
preferred direction across the cage axis of symmetry. Supported by NASA 
National Space Biomedical Research Institute and NIMH grant MH01286.

557.3

RETROSPLENIAL CORTEX LESIONS DISRUPT STABILITY OF 
HEAD DIRECTION CELL ACTIVITY. J.P. Bassett*, J.S. Taube. 
Psychological & Brain Sciences, Dartmouth College, Hanover, NH 03755.

Retrosplenial cortex is believed to play a role in spatial orientation and 
navigation in rats. Granular retrosplenial cortex and anterior dorsal 
thalamus (ADN) are two brain areas that contain neurons which selectively 
discharge in relation to the animal's head direction (HD) in the horizontal 
plane. One hypothesis holds that the retrosplenial cortex processes 
information about visual landmarks prior to integration with self-motion 
cues in the ADN. If true, then ablation of the retrosplenial cortex should 
disrupt the influence of visual cues to control the preferred firing direction 
of ADN HD cells, without disrupting direction-specific discharge .

ADN HD cells were recorded from female Long-Evans rats in which the 
retrosplenial cortex was ablated with electrolytic lesions. HD cells were 
monitored in a cylinder containing a salient cue card attached to the wall 
while the rats foraged for food pellets. Directional-specific firing was 
identified in some cells from all lesioned animals. Following an initial 
recording session, the rat was removed from the chamber, gently spun in 
an opaque box, and returned to the cylinder after a) the cue card was 
rotated by 90°, b) the cue card was removed, or c) the room was darkened. 
HD cell activity was monitored again. In the card rotation sessions, the HD 
cell's preferred direction shifted in accord with the cue card in many, but 
not all, cases. However, there was a significant drift in the cell's preferred 
direction within a session. This drift was most pronounced in the card 
removal and dark sessions. These results suggest that the retrosplenial 
cortex is important for maintaining stability of a HD cell's preferred 
direction. Supported by NASA National Space Biomedical Research 
Institute and NIMH grant MHO 1286.

557.4

TEMPORARY INACTIVATION OF RETROSPLENIAL CORTEX CAN 
RESULT IN HIPPOCAMPAL REMAPPING OF SPACE. B. G. Cooper & S. J. 
YJWzumori, Dept. of Psychology, University of Utah, Salt Lake City, UT 84112.

We previously demonstrated that temporary inactivation of retrosplenial 
cortex (and surrounding areas) impairs navigation in dark but not light. We 
interpret these results as impairments in mnemonic associations of the visual 
environment for use in path integration. To elucidate potential neural 
mechanisms underlying this behavioral impairment, we tested the effects of 
retrosplenial cortex inactivation on place coding by hippocampal neurons 
during performance of a spatial memory task in light and dark conditions.

Rats were trained on an 8-arm radial maze task and then implanted with 
guide cannuli in retrosplenial cortex (A/P -6.0, L,1.0 mm) and recording 
electrodes in hippocampus. Following performance of five maze trials under 
standard light conditions, animals were injected with 2.0% tetracaine (1.0 ul), 
and performed 10 more trials in light or dark testing conditions while the activity 
of complex spike cells was recorded. Inactivation of retrosplenial cortex only 
impaired maze performance in darkness, but "remapping" of hippocampal 
representations of space was observed following inactivation in light (12/23 
cells) or dark (11/13 cells) testing. Remapping was defined as a change in the 
predominate field location (12 cells in light, 9 cells in dark) or the development 
of an entirely new field (2 cells in dark). In dark testing, the correlation of the 
firing fields was 0.09 between baseline and inactivation phases and 0.14 
between baseline and recovery trials. The remapping of place fields in both 
light and dark conditions suggests that inactivation of retrosplenial cortex 
results in a change in processing of environmental context by hippocampal 
neurons; this change is spatial coding may only result in behavioral 
impairments when visual cues need to be recalled from memory. When 
memory of the visual cues is not necessary for task performance the remapping 
is not related to impaired behavioral performance. [Supported by MH11198 to 
BGC, and MH 58755 and IBN 9514880 to SJYMl.
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557.5
SIMULTANEOUS RECORDINGS OF LOCATION SELECTIVE
SINGLE-UNITS IN THE SEPTAL NUCLEI AND HIPPOCAMPUS.
S. Leutgeb,1 * E. J. Hawkins.2 and S. J. Y. Mizumori2. 1Prog. in Neurosci.; 
2Dept. of Psych., Univ. of Utah, Salt Lake City, UT 84112.

Directly connected brain regions may transiently represent shared 
information. In particular, oscillatory theta activity in the septal nuclei and 
hippocampus can provide a timed signal for integrating spatial, directional, 
movement, and motivational information. By simultaneously recording septal 
and hippocampal units, we investigated whether conditions exist during which 
neurons in these structures are functionally connected or operate 
independently. Long-Evans rats (n = 5) performed forced choice and spatial 
memory tasks while single-units in medial septum (n = 9), lateral septum 
(n = 159), and hippocampus (n = 47) were recorded. Behavioral testing 
included trials without illumination and transfers to new environments. Medial 
septal units did not change their activity during periods of dark testing and did 
not show the spatial bias that has been observed for hippocampal 
interneurons. A subset of lateral septal units (48 / 159) showed location- 
selective activity, which was on average broader than in hippocampal 
complex spike cells (p < .001), even though some fields were as confined as 
those in hippocampus. In parallel with the activity of hippocampal place fields, 
location-selective activity in a subset of lateral septal units was observed only 
in light or only in one of the recording environments. However, correlation 
analysis also revealed that the location bias of lateral septal units changed 
during testing conditions when the hippocampal fields remained in consistent 
locations. In addition, some lateral septal units were phase locked to theta 
activity in only one of the testing conditions. When integrating information 
from hippocampus and other (e. g. hypothalamic) sources, lateral septal 
neurons may only temporarily be bound to a population of hippocampal 
complex spike cells. [Supported by IBN9514880 and MH58755 to S. J. Y M.]

557.6

EFFECTS OF ENVIRONMENTAL MANIPULATIONS ON PLACE, REWARD, 
MOVEMENT, AND TASK PHASE SPECIFIC CODING WITHIN THE 
VENTRAL STRIATUM. W.E, Pratt* & S. J. Y, Mizumori. Dept. Psychol., 
University of Utah, Salt Lake City, UT 84112

Previous research has shown that single unit activity in the ventral striatum 
(VS) of rats is sensitive to spatial and reward contingencies of the environment, 
as well as movement. As part of ongoing studies designed to examine 
specifically the integration of spatial and reward information within the brain, 
single units in the VS were recorded while rats performed a spatial memory 
task on an eight arm radial maze. Four arms consistently held low reward and 
four held high reward. Of 42 histologically verified cells from 2 rats, 14 units 
were recorded over several days. Seven of these neurons demonstrated 
behavioral correlates, which were subsequently tested with environmental 
manipulations. Reward and movement-correlated units (N=3) showed little 
change during lights-off and reward reversal conditions, although differential 
anticipatory firing on high vs. low reward arms was attenuated during the dark 
and after reward reversal for one neuron. Darkness abolished place-specific 
unit activity for one spatial unit tested; reward manipulations did not alter this 
neuron's firing. Furthermore, we discovered a new variety of VS cell correlates 
in which firing rates varied systematically over the course of individual trials 
independent of the rat’s spatial location. One unit fired primarily on the first few 
maze arms of each trial and rarely during the last few choices. Two fired during 
the final choices within each trial but not during early arm choices. These units 
were unaffected by reward manipulations (N=2 tested), but dramatically 
attenuated their firing rate during lights-off conditions (N=2) and during a 
forced-choice (non-memory) condition of the task (N=1).

These preliminary data suggest that place and task-phase specific 
encoding within VS is maintained independently of reward representation, 
while reward units require visual input to anticipate differential reward. This is 
consistent with the view that VS neurons contribute to spatial learning in a 
context-dependent manner.fSupported by MH12303, MH58755, IBN 9514880].

557.7

STRIATAL HEAD DIRECTION CELLS OF AGED RATS SHOW UNRELIABLE 
DIRECTIONAL CODES DURING PERFORMANCE OF A SPATIAL MEMORY 
task , s, J, Y. MizumQrLBJl.CQQgg[,K_L Bagozzino. and-S,JLguigeb.
Dept. Psychol. & Prog, in Neurosci., Univ. Utah, Salt Lake City, UT 84112

The striatum may contribute to normal spatial learning by allowing behavioral 
strategy selection to be continually updated with current (spatial) contextual 
information (Mizumori et al., in press). Aged rats perform more poorly on 
spatial tasks than young adult rats, and the striatum is known to undergo 
significant age related neural deterioration. This study sought to determine 
whether age-related changes in spatial representation contributes to the spatial 
learning decline.

Dorsal striatal neurons were recorded as aged rats (25-27 mo old; n=5 rats) 
performed daily multiple spatial working memory trials on a radial maze. As 
reported previously for young adult rats, we identified cells which preferentially 
f ired when a rat’s head was oriented along specific directions in horizontal 
space irrespective of a rat’s location. Such head direction cells were evaluated 
in terms of directional selectivity, and the reliability with which the same 
directional preference was exhibited across repeated tests in a familiar 
environment. 4 of 7 head direction cells showed clear directional tuning within 
a single trial, but the directional preference shifted spontaneously by 45° to 90° 
between trials of a single recording session. Only 3 of 7 head direction cells 
showed 100% reliability across trials in a familiar environment, the pattern 
observed in virtually all striate head direction cells recorded from young rats. 
When these cells were tested in darkness, however, the directional tuning was 
disrupted in ways not previously observed in young rats: directional preferences 
broadened and/or shifted randomly. It may be that unreliable spatial coding in 
striatum contributes to the age associated decline in spatial flexibility.

[Supported by IBN 9514880 and MH58755 to SJYM, MH11998 to BGC, and 
DGE9616182 to KER]

557.8

THE EFFECTS OF TEMPRORARY INACTIVATION OF THE 
DORSOMEDIAL STRIATUM ON STRATEGY SWITCHING IN RATS.
K.E. Ragozzino*, M E. Ragozzino, R.P. Kesner and S.J.Y. Mizumori, Dept. of 
Psychology, University of Utah, Salt Lake City, UT 84112.

Recent experiments have shown that inactivation of the prelimbic- 
infralimbic cortices significantly impairs switching between cue-, place- and 
response-based strategies, but does not impair the initial acquisition of any of 
these strategies. The striatum is a major target area for prelimbic and 
infralimbic efferents, suggesting that this area may participate in functions 
similar to these prefrontal regions. Because few studies have evaluated the role 
of the striatum in strategy switching, the current study sought to test whether 
inactivation of the dorsomedial striatum would produce a similar strategy-
switching deficit in rats. Rats (n=4-6/group) were bilaterally implanted with 
guide cannulae aimed at the dorsomedial striatum. Rats were trained to use 
either a cue or response strategy in a cross maze to obtain food reward. Under 
each acquisition condition (cue or response), two groups received saline 
injections and one received a tetracaine injection immediately prior to each 
acquisition session. Upon reaching acquisition criterion, the rats were switched 
to the alternate strategy. Rats initially given tetracaine were given saline on the 
switch, while rats originally receiving saline were either given saline or 
tetracaine on the switch. Consistent with the medial prefrontal (PFCm) work 
described above, rats under tetracaine were not impaired in acquiring either 
response or cue strategies. However, in contrast to PFCm inactivation, 
tetracaine injections only significantly impaired the ability of rats to switch 
from a response to a cue strategy, without impairing the ability of rats to switch 
from a cue-based strategy to a response-based strategy. The different results 
with inactivation of PFCm and dorsomedial striatum may be due to real 
differences in striatal and PFC functioning as suggested by other studies, or due 
to the largely selective inactivation of prelimbic, with sparing of infralimbic, 
input to the striatum in the current study, [supported by DGE9616182 to KER, 
MH11741 to MER, NS20771 to RPK, IBN9514880 and MH58755 to SJYM]

557.9

NUCLEUS ACCUMBENS NEURONAL RESPONSES IN A DIFFERENTIALLY 
REWARDED PLUS MAZE: COMPARISON OF SHELL AND CORE ACTIVITY 
A.B. Mulder1*, E. Tabuchi2 and S.I. Wiener3. ‘Netherlands Institute for Brain 
Research; 2Dept. Physiol., Toyama Medical & Pharmaceutical Univ; 3CNRS-College 
de France, LPPA, Paris, France.
Convergent inputs to nucleus accumbens (Acb) neurons from hippocampus and 
amygdala (Mulder et al., 1998; J. Neurosci., 18:5095-5102) might lead to integration 
of position and reward related information. In order to test for this, neuronal activity 
was recorded in the shell and the core areas of Acb in water-deprived adult Long- 
Evans male rats in a plus maze. At the end of each arm was a reward box which 
could be independently lit. Photo beams at the maze center and reward boxes 
triggered box illumination and reward delivery. For the learning phase, the rats 
visited lit boxes in a predetermined sequence to get assigned values of water, in the 
order of 7, 5, 3 and 1 drops. In the memory phase of the task, they were required to 
run between boxes under the same sequence without guidance of illumination cues. 
Then, reward values were switched among arms while maintaining the same 
movement sequence at the center (for example: left turn - straight - right turn - 
straight) throughout the entire recording session. Again, the rat performed learning 
and recall phases.
Of a total of 43 core and 80 medial shell neurons recorded in the Acb, the majority 
(36 (84%) and 49 (61%)) had significant behavioral correlates during the session 
such as during shuttling between the arms, arrival at reward boxes, or during 
drinking. A total of 18% of core and 12% of medial shell neurons showed significant 
changes in firing triggered by the arrival at the center (the choice point), and going to 
particular reward sites. A total of 31% of core and 20% of medial shell neurons 
showed significant changes in firing triggered by the arrivals at one or more reward 
sites. Changes in firing related to task contingencies, i.e., the shift between learning 
and recall phase or between first and second reward distributions, were encountered 
in 30% of the core and 20% of the medial shell neurons. Pilot analyses show a 
significant number of Acb neurons, in core as well as medial shell, that seem to 
change their firing patterns in relation to shifts in reward distributions. This 
information could be involved in goal directed displacement behaviors.
Support: HFSP, Poste Rouge, GIS Cogniscience, EC HCM.

557.10
CROSS-CORRELATIONAL ANALYSIS OF NEURONAL ACTIVITY IN THE 
RAT STRIATUM DURING T-MAZE PROCEDURAL LEARNING. Y. Kubota1*, 
M.S. Jog2, C. Connolly3, A.M Graybiel1. ‘Dept. of Brain & Cog. Sci., MIT, 
Cambridge, MA; 2U. of Western Ontario, London, Ont., Canada; 3SRI International, 
Menlo Park, CA.

We previously showed that task-related unit activity in the rat dorsolateral striatum 
undergoes a significant reorganization during T-maze procedural learning (Kubota et 
al, 1998, Soc Neurosci Abstr, 24:181). Here, we examined temporal relationships 
among discharges of nearby striatal neurons during learning. We trained 3 rats to run a 
T-maze and turn right or left to reach the baited goal cued by one of two tones. 
Ensemble neuronal activity was recorded daily with 6 tetrodes during acquisition and 
subsequent overtraining sessions. Cross-correlograms were made for 569 pairs of units 
recorded by single tetrodes. We used three classes of intervals: session (the entire 
training session), peri-event periods (±500 ms around start gate opening, tone onset, 
beginning and end of turns, and goal reaching), and inter-event periods (intervals 
between two events). We found significant relationships in the session correlograms of 
84 pairs (14.8%), among which peaks (increases followed by return to baseline spike 
counts) occurred in 18 pairs, valleys (decreases followed by return to baseline) in 28 
pairs, sharp or gradual changes in 24 pairs, and combinations of these patterns in 14 
pairs. The correlations in 15 of these pairs occurred preferentially in particular peri-
event or inter-event periods. The proportion of correlated pairs doubled during 
learning (8.6% in the first training session to 18.8% in the sixth overtraining session). 
Interestingly, the proportions of correlated pairs did not differ significantly for pairs 
with two task-related units (17.8%), pairs with one task-related unit (13.7%), and pairs 
with no task-related unit (14.0%). Our results suggest that during procedural learning, 
nearby striatal neurons come to fire with increased temporal coordination. These 
activity patterns may represent state-dependent regulation of local striatal circuits that 
include units individually lacking overt task-related activity. Supported by NIMH 
R03-MH57878, the Grayce B. Kerr Fund, and the Tourette Syndrome Association.
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557.11

POTENTIAL CODING OF TEMPORAL INTERVALS BY STRIATAL NEURONS. 
Matthew S. Matell1*, Warren H. Meek1, & Miguel A.L. Nicolelis2. ’Department of 
Psychology: Experimental, Duke University, Durham, NC 27708, department of 
Neurobiology, Duke University Medical Center, Durham, NC 27710.

The perception of time in the seconds to minutes range is an integral aspect of 
animal behavior, as it is believed to contribute to both learning and successful 
foraging. Recent efforts have established the role of cortico-striatal-thalamic loops in 
the processing of such intervals. Despite these anatomical localizations, the neural 
mechanisms that could underlie “an internal clock” used for such temporal processes 
are largely unknown. In order to investigate these mechanisms, we employed 
simultaneous multi-site neural ensemble recordings from structures believed to play a 
part in the temporal control of behavior. Male Sprague-Dawley rats were trained in 
either a temporal perception or temporal production task. Each task required the 
animal to adjust its lever-pressing behavior based upon the perceived length of 
stimulus duration (white noise or light, stimulus durations varied between tasks from 
5s to 90s). The temporal production task is a variant of a multiple schedule fixed- 
interval procedure, and the temporal perception task is a variant of a temporal 
bisection procedure. Once rats reached criterion levels of performance in these tasks 
(as judged by low variability of temporal judgements), they were chronically 
implanted with multi-wire arrays consisting of 32 microelectrodes. These arrays were 
implanted bilaterally into anterior medial dorsal and ventral striatum. Preliminary data 
suggest that subsets of striatal neurons respond to a variety of events in these tasks, 
including stimulus onset, lever-press related responses, reward delivery, and duration 
of stimulus presentation. In the temporal domain, we observed some neurons 
demonstrating an increase in unit activity as time progresses in the trial up to the time 
of one of the trained durations, after which the activity symetrically decreases. Based 
on these results, we propose that ensembles of striatal neurons could code the 
temporal expectancy of task events and task-relevant behaviors. Supported by NRSA 
predoctoral fellowship(DA05838) to MSM, & grants from NIH(MH54799) to WHM 
& the Whitehall Foundation(3839091) to MALN.

557.12

CHANGES OF STRIATAL NEURON ACTIVITY THROUGH 
LEARNING SEQUENCE MOTOR TASKS IN THE MONKEY. LL 
Matsumoto, K, Okahashi and M. Kimura*, Faculty of Health and Sport 
Sci. Osaka Univ. Osaka, 560-0043 JAPAN.

We recorded activity of putamen (n=212) and caudate nucleus 
neurons (n=63) in a monkey (Macaca fuscata) during learning visually 
guided sequential 3 button press tasks. The serial reaction times became 
shorter and shorter during the first 2 weeks of learning. Clear changes of 
striatal neuron activity occurred during the first 3 to 4 weeks of learning. 
In the first and second weeks, tonically active neurons (TANs) were 
responsive to the visual cues as well as reward-associated click after the 
third push, while phasically active neurons (PANs) showed discrete 
burst discharges which were related to visual cues or button press 
movements. After 3 to 4 weeks of learning, most of TANs (78.9%) 
responded to the first visual cue and small number of TANs responded 
to either to following visual cues or click (21.1%). More than 40% of 
PANs showed activity connecting successively occurred events in the 
tasks, such as gradually increasing discharges toward the first cue (n=5), 
burst discharges starting from the first cue to the first button push (n=4) 
and those occurred between the button press and releases (n=6).

These changes of striatal neuron activity seem to contribute to 
organize multiple movements in a smooth performance unit which may 
represent mechanisms of procedural learning in the basal ganglia, 
(supported by grants, #96L00201, #09780770)

557.13

MODULATION OF CORRELATED NEURONAL ACTIVITY IN 
THE NEOSTRIATUM CAUDOLATERALE OF PIGEONS 
PERFORMING A GO-NOGO TASK
T. Kalt, B. Diekamp, 0, Gunturkun and I. Daum*.
Biopsychologie und Neuropsychologie, Fakultat f. Psychologie, Ruhr- 
Universitat Bochum, 44700 Bochum, Germany

The Neostriatum Caudolaterale (NCL) of the pigeon (Columba livia) is an 
associative forebrain area that is thought to participate in sensory-motor 
integration due to its converging inputs from secondary sensory structures and 
a prominent efferent projection to the sensory-motor part of the archistriatum, 
the avian equivalent of the motor cortex. Single unit recordings inside the NCL 
in awake animals performing a delayed Go-NoGo task revealed changes in 
firing activity related to various aspects of the task including stimulus and 
reward related units as well as delay and premotor activity. These findings 
underline the notion of the NCL playing an important role in the generation of 
goal-directed behavior. In this study we performed dual electrode recordings to 
investigate the interactions of spike activity in adjacent neurons. Applying the 
Joint Peristimulus Time Histogram method for data analysis we found a 
modulation of correlated activity during the time course of the behavioral task. 
Moreover, correlation differs in dependance of the behavioral context. These 
results are compatible to the hypothesis that dynamic neuronal assemblies are 
formed inside the NCL in order to process sensory information and generate 
the appropriate behavioral response.
Supported by a grant from the DFG (Di 459/2-2)

557.14
AN AVERAGE REWARD TD MODEL OF DOPAMINE NEURON FUNC-
TION CONNECTS PHYSIOLOGICAL AND BEHAVIORAL THEORIES. 
N.D. Daw* and D.S. Touretzky. Computer Science Department & Center for the 
Neural Basis of Cognition, Carnegie Mellon University, Pittsburgh PA 15213.

The temporal difference (TD) learning rule of Sutton and Barto has shown 
some success in explaining data on dopamine neuron responses in the substantia 
nigra and ventral tegmental area of primates (Schultz et al., 1997). This model 
predicts cumulative discounted reward using exponential discounting. However, 
behavioral studies on forced-choice or free-response tasks with varying reward 
schedules suggest that animals seek to maximize rate of reward rather than dis-
counted future reward.

The value function used in the original model is V(t) = YLrLt where
rT is primary reward received at time r and 7 is the discount parameter. A rate 
maximization version of TD learning has recently been proposed by Tsitsiklis 
(1997), using the value function V (Z) = — rT), where rT is average
reward.

Adopting this rate maximization rule, our simulations show that the alterna-
tive formulation of TD learning preserves the original model’s success at matching 
dopamine neuron response data. But unlike the original TD model, the new model 
also matches behavioral data from experiments in rats, pigeons, and humans de-
signed to measure discounting of delayed rewards. In addition, it provides a 
testable implementation of the rate maximization account of Herrnstein’s (1970) 
matching law. Finally, the model makes a novel prediction: that increasing the 
average reinforcement rate r will reduce dopamine neuron response to, and be-
havioral efficacy of, unexpected rewards.

Supported by NSF IRI-9720350 and an NSF Graduate Research Fellowship.
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558.1

STRENGTH OF HIPPOCAMPAL ENSEMBLE ENCODING PREDICTS 
BEHAVIORAL SUCCESS IN RATS PERFORMING A DELA YED-NONMATCH-TO- 
SAMPLE TASK.
R.E. HAMPSON* and S.A. DEADWYLER. Department of Physiology and 
Pharmacology, Wake Forest University School of Medicine, Winston-Salem, NC.

In previous studies we have reported that ensembles of hippocampal neurons encode 
information relevant to the performance of a spatial delayed-nonmatch-to-sample task 
(Hampson and Deadwyler 1996, 1998). Analysis of these ensemble codes demonstrates 
that errors on long-delay trials result when the position of the lever response in the Sample 
phase of the task is weak or not encoded by hippocampal neurons.

Analysis reveals that successful performance across delays of increasing length is 
highly correlated with the strength of the ensemble code during the Sample and Delay 
phases. On trials with low ensemble firing rates, behavioral performance curves show an 
abrupt transition from correct to error responding on trials with delays >10 sec. On trials 
with successively higher firing rates, behavioral performance improves at incrementally 
longer delay intervals. Single cell firing correlates within the ensemble reveals that steadily 
increasing firing rate across the delay interval reflects events within the Nonmatch and not 
the Sample. This dichotomy illustrates the “cross-over” in ensemble representations for 
information encoded during the Sample phase and how that information is “transferred” 
during the Delay for successful Nonmatch responding. Thus, information critical to 
performance of the behavioral task is encoded by ensembles of hippocampal neurons, and 
a qualitative change in information residing within ensemble firing patterns can be 
observed which predicts performance. Detection of these weak ensemble codes on single 
trials at risk for delay-dependent errors will be further explored in the adjoining 
presentation (Simeral et al.).
[Supported by N1DA grants DA08549 (REH) and DA03502 <& DA00119 (SAD).]

558.2

MULTIVARIATE ANALYSIS OF SPATIAL INFORMATION ENCODED IN A 
HIPPOCAMPAL ENSEMBLE.
T.V. SMULDERS,* R.E. HAMPSON and S.A. DEADWYLER Department of 
Physiology and Pharmacology, Wake Forest University School of Medicine, Winston- 
Salem, NC

Hippocampal place cells respond to changes in the environment with different 
degrees of change in the shape or location of their place fields. From single cell 
analyses, it is not possible to assess if information is retained by some neurons. Recent 
analyses of ensembles of place cells indicate that although individual cells encode 
different environmental features, crosscorrelations between place cell firing within the 
ensembles remain remarkably similar (Hampson et al. Hippocampus 6:281-293, 1996). 
We therefore analyzed encoding of the environment by ensembles of place cells via a 
canonical correlation analysis.

Ensembles of 10 or more hippocampal neurons were recorded from Long-Evans 
rats performing an open field foraging task (similar to Muller et al. 1997). Ensemble 
activity was recorded during 5 “trials” with different stimulus cue configurations. A 
rectangular white card with vertical black stripes was used as the cue on trials 1-3, and 
a triangular white card with horizontal black stripes was used on trials 4-5. On trials 1, 
3 &4, the cue card was in the “home” position, on trials 2 & 5, the card location was 
rotated 180°. Thus during consecutive “trials,” either the “position” or the “identity” of 
the visual landmark was manipulated. In the absence of landmark manipulation, the 
greatest variance was contributed by position relative to the cue card (and thus strictly 
reflected the different place fields). However, across manipulations, the largest variance 
reflected the alteration in cue card identity, and the next largest the change in cue card 
location. A final component corresponded to the running speed of the animal. Thus, the 
ensemble analysis demonstrates that part of the ensemble maintained position 
information across a change in cue configuration, while the remainder of the ensemble 
encoded the changes in configuration.
[Supported by NIH grants DA03502 & DA00119 (SAD) and DA08549 (REH).]

Society  for  Neuroscience , Volume  25, 1999



1386 LEARNING AND MEMORY: PHYSIOLOGY—HIPPOCAMPAL: NON-SPATIAL AND OSCILLATIONS TUESDAY PM

558.3
DERIVATION OF TASK-RELEVANT ENSEMBLE CODES ON SINGLE 
DELA YED-NONMATCHING-TO-SAMPLE TRIALS.
J, SIMERAL,* R.E. HAMPSON and S.A. DEAD WYLER. Department of Physiology 
and Pharmacology and Neuroscience Program, Wake Forest University School of 
Medicine, Winston-Salem, NC.

A new analysis allows the classification of single trials using an ensemble analysis 
algorithm that extracts information critical to the behavioral response, prior to the actual 
delay and completion of the trial. Linear discriminant analyses of ensembles of 10-16 
hippocampal neurons recorded over 5-10 daily sessions of 100 trials each, have 
previously shown that hippocampal neural ensemble activity during the Sample phase of 
a spatial delayed-nonmatch-to-sample (DNMS) task is correlated with successful 
behavioral performance. The adjoining presentation (Hampson and Deadwyler) 
demonstrates that on delay-dependent error trials, the Sample lever position was encoded 
less distinctly than on correct trials. This led to identification of trials with “weak” 
encoding that were “at risk” for error on long delay intervals.

Previous analyses were performed post-hoc, and required averaged ensemble 
recordings from over 500 DNMS trials in order to extract the discriminant functions 
capable of identifying behavioral events from the ensemble code at >90% accuracy. 
However, it is now possible to correctly identify task phase and position information on 
single DNMS trials. By extracting linear discriminant functions from previous DNMS 
sessions, the phase and position identity of behavioral responses can be identified on 
novel single DNMS trials strictly from the ensemble firing patterns. In particular, the 
analysis identifies those trials with strong (distinct) Sample lever position encoding, but 
also classifies some trials in which the encoding of lever position is weak or less distinct. 
Hence trials with weak position encoding by these criteria are at risk for long-delay 
errors.
[Supportedby NIHgrants MH 11989 (JDS), DA03502 & DA00119 (SAD) andDA08549 
(REH).]

558.4
DORSAL AND VENTRAL HIPPOCAMPAL NEURONAL RESPONSES 
IN A DIFFERENTIALLY REWARDED TASK
EJabuchi1*, A.B,JVIulder2,and S.I,. Wiener?. xDepts. of Physiology, 
Toyama Medical & Pharmaceutical Univ.; Netherlands Institute for 
Brain Research; -CNRS-College de France, LPPA, 75231 Paris, France.

To better understand how spatial and reward information are coded in 
the dorsal and ventral hippocampus (Hipp), the neuronal activity was 
recorded from freely moving rats in a plus maze. The rats visited each 
end of 4 arms to get different values of water, in the order of 7, 5, 3 and 1 
drops, in a predetermined sequence under guidance of illumination cues. 
They were then required to run among the boxes under the same 
sequence without guidance of illumination cues. Of a total of 108 dorsal 
and 81 ventral Hipp neurons recorded, the majority of active neurons (99 
(92%) and 61 (75%)) had significant behavioral and/or spatial correlates 
during the tasks. In the dorsal Hipp, low frequency cells were mostly 
place related cells (56/77 (73%)), and the number of reward related cells 
was relatively small (16/77 (21%)). In contrast, in the ventral Hipp, 
major low frequency cells were reward related cells (32/64 (50%)) which 
increased the firing rate gradually during the reward period after a 1 s 
delay, and the number of place related cells was small (9/64 (14%)). In 
the dorsal Hipp, there were place-selective cells that responded only 
during the reward period at one of the boxes, and others during 
approaches to or departures from a certain box. Thus many place cells 
showed behavioral contingencies in the spatial and reward values 
association task. These data support the idea that the dorsal Hipp is 
important for memorization of place dependent behaviors, whereas the 
ventral Hipp is rather implicated in non-spatial reward processing, for 
example internal states as satisfaction.
Support: Poste Rouge, GIS Cogniscience, EC HCM, HFSP.

558.5
Can the hippocampus tell time? William W. Lytton*1, Peter Lipton2 
Dept. of Neurology1, Middleton Veterans Administration Hospital1, Dept. 
of Physiology2,Neuroscience Training Program1,2, University of Wisconsin, 
Madison, WI, 53706-1532

Studies of time perception have generally considered very short time du-
rations (seconds). Little attention has been paid to longer intervals, whose 
perception is one aspect of ongoing memory formation and recall. An es-
sential feature of episodic memory, the type of memory dependent on hip-
pocampus and associated structures, is that individual memories belong to 
particular moments in time. Recent positron emission tomography studies 
suggest that activations associated with memory encoding and recall occur 
at different locations in human hippocampus: encoding in temporal (ante-
rior) hippocampus and recall in septal (posterior) areas. Coupled with other 
attributes of hippocampus, this suggested to us that the septo-temporal hip-
pocampal axis may play an important role in time perception. We propose a 
“temporo-septal engram shift” model of hippocampal memory. This model 
posits that memories gradually move along the hippocampus from a temporal 
encoding site to ever more septal sites from which they are recalled.

We have developed general mechanisms for engram shifting, recall of tem-
poral order and time intervals, and maintenance of connectivity between 
hippocampus and cortex. We present an explicit computer model of non- 
associative recall in an associative memory model: a bidirectional-associative 
memory recalled previously stored memories through random activation of 
single neurons. Such a mechanism would be necessary to effect the axial 
engram shift. Our model suggests that one aspect of the sense of time is 
encoded by the location of memory engrams. [Supported by NIH NS32187]

558.6
TASK-RELATED THETA FREQUENCY CHANGES IN RATS 
TRAINED TO PERFORM AN AUDITORY DISCRIMINATION
J. Brankack*, A. Talnov, J. Shin, and G. Matsumoto, Brainway 
Group, Brain Science Institute, RIKEN, Wako, Saitama, Japan

In an earlier study we discovered P300-like components of 
hippocampal origin in rats performing an auditory discrimination task 
quite similar to the odd ball paradigm used in human subjects 
(Brankack et al., 1996). Presently we analyse hippocampal theta 
frequency changes after frequent and odd auditory stimuli (4 kHz, 
respectively 8 kHz tones, 50 ms duration) using the same paradigm. 
For surgery rats were anaesthetised and multiple electrodes 
implanted in different hippocampal layers and at various limbic 
regions. One week after surgery rats were water deprived and 
trained to respond only to the odd stimulus. Correct responses were 
rewarded with water. Field potentials have been recorded from 1 s 
prior to 5.5 s after both, the task-related (odd) and irrelevant 
(frequent) tones. Single trials were separately analysed depending 
on the animal’s response using joint-time-frequency estimations.

In well trained rats we found a significant frequency increase of 
the hippocampal theta rhythm about 200 ms after the odd tone but 
only if the animal's response was correct. After the frequent tone no 
comparable changes have been observed irrespective of the rat’s 
response. In untrained rats we did not find any comparable frequency 
changes after any of the tones no matter how the rat responded.

This work has been supported by RIKEN, Japan.

558.7

THETA RESET. A POSSIBLE MECHANISM FOR ENCODING TASK-
RELEVANT INFORMATION. J.M. Williams*, M. Yurrita and B. Givens.
The Ohio State University, Department of Psychology, Columbus, OH 42310.

Resetting of the hippocampal theta rhythm may underlie the ability of the 
hippocampus (HPC) to encode new information. Resetting occurs when the 
ongoing theta rhythm becomes phase-locked to incoming sensory stimuli. This 
reset allows the HPC to be maximally depolarized when sensory inputs arrive, 
thereby facilitating synaptic plasticity and enhancing the encoding of incoming 
information. Previous studies have demonstrated that the hippocampal theta 
rhythm resets following presentation of sensory stimuli in a working, but not a 
well-learned reference memory task.

The present study utilized the delayed nonmatch-to-position (DNMTP) 
paradigm to examine the cognitive parameters associated with theta reset. Theta 
reset was determined at the time of encoding, retrieval and motor response, and 
was analyzed as a function of performance accuracy. Results indicate that reset 
occurs to visual stimuli in both the encoding and retrieval phases of the 
DNMTP task. However, reset to the visual stimulus is correlated with correct 
task performance only in the initial encoding phase. That is, a greater reset was 
observed to the sample light stimulus on correct trials than incorrect trials.
Reset was also observed following motor responses, with a greater degree of 
reset evident following correct responses. Overall, the results support the 
hypothesis that hippocampal theta reset is involved in cognitive processing and 
that theta reset may enhance the encoding of incoming sensory stimuli, leading 
to increased accuracy in working memory performance. (This work was 
supported by NSF IBN-9723513).

558.8
THETA PHASE PRECESSION OF RAT HIPPOCAMPAL NEURAL 
DISCHARGE DURING DRL PERFORMANCE. I J Kirk*. B J Young,
S.N.I. Samarasinha and N. McNaughton. Dept of Psychology and 
Neuroscience Research Centre, University of Otago, Dunedin, New Zealand.

The relationship between spatial behavior in the rat, spatially selective 
discharge of hippocampal cells and concurrent hippocampal theta field 
activity has been well documented (O’Keefe and Recce, Hippocampus 3:317- 
330, 1993; Skaggs et al., Hippocampus 6:149-172, 1996). Specifically, as a 
rat passes through the place field of a hippocampal place cell, the phase angle 
of the place specific firing of the cell relative to hippocampal theta 
systematically reduces. This has been termed phase precession. However, 
hippocampal cell discharge has also been related to various aspects of non- 
spatial behavior (Berger et al., J. Neurophysiol. 50:1197-1219, 1983; 
Eichenbaum et al., J. Neurosci. 7:716-732, 1987; Young et al., J Neurosci. 
14:6553-6563, 1994). In the present study we recorded the activity in 
hippocampal CAl and CA3 cells, and ongoing hippocampal EEG from rats 
performing a non-spatial task (a DRL 15 schedule, where reinforcement is 
contingent on responses, a lever press, that occurred at least 15 sec after the 
preceding response). We found a subset of phasically firing theta-related 
cells, that increase in discharge rate and showed a clear phase precession on 
the theta cycles prior to the response. Since the rats usually remained by the 
lever throughout the DRL interval, these data suggest that in addition to being 
a mechanism to code the salience of spatial cues as has been suggested 
previously, theta phase precession in hippocampal cells may also be involved 
in the coding in non-spatial tasks. (Supported by HRC 97/90).
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558.9

A DETUNED OSCILLATOR MODEL OF PLACE UNIT 
PHASE PRECESSION IN THE RAT HIPPOCAMPUS.
M. Lengvel, Z. Szatmary, P. Erdi*. Dept. of Biophysics, KFKI 
Research Institute for Particle and Nuclear Physics, Hungarian 
Academy of Sciences, Budapest, Hungary, H-1121.

Firing of a hippocampal place unit (pyramidal or granule cell) is 
known to shift systematically in phase compared to theta field oscil-
lations while the rat traverses the placefield of the cell. The present 
modeling study proposes a mechanism underlying this phenomenon 
as well as other aspects of place cell activity.

This work is an extension of the O’Keefe-Recce concept of phase 
precession which is based on two weakly detuned oscillators. In the 
light of recent experimental findings these can be identified as the 
dendritic tree and soma of a cell. Modulation of the frequency of 
the dendritic oscillator according to a "differential input" can result 
in a firing behavior highly consistent with observations. Analytic 
and simulational results are shown and match to experimental data 
providing a consistent theory for place unit related phenomena.

This work was supported by the National Scientific Research 
Foundation (OTKA) Grant No. T 025500.

558.10
A STATISTICAL MODEL OF HIPPOCAMPAL PHASE PRECESSION. 
Barbieri. 2L.M, Frank. 2M.C, Quirk. 2M.A, Wilson and *’E.N, Brown. ’Dept. of Anes. 
& Critical Care, MGH, Boston, MA 02114. 2Dept. of Brain and Cogn. Sci., MIT, 
Cambridge, MA 02139.

The spiking activity of place cells in the hippocampus of a rat performing spatial 
behavioral tasks is correlated with both the animal’s position and the phase of the 
intrinsic theta rhythm. These two variables interact such that as the animal moves 
linearly through a place field, the times of most probable spiking activity occur at 
earlier and earlier phases in the theta cycle. This effect is known as phase precession. 
We present an inhomogeneous Poisson model of place cell spiking that takes into 
account the phase precession effect. The Poisson intensity function is

X(x(f)) = exp (a - |[a;2(x - g)2 + a^2(x - x^)2]} 

where a , g and ax are the approximate log maximum firing rate, location and scale 

parameters respectively, x^ =aax[ sin(6<j)(z) -4>0)-0.5] + g^ is the phase precession 

term, <|>(r) is the phase of the theta rhythm, a is the phase precession range, b is the 

phase precession frequency, <j>0 is a reference phase, and g^ is a reference location. 
We simulated the Poisson process using the Lewis and Shedler thinning algorithm. 
We assumed a 150 cm linear track, a theta rhythm frequency of 8Hz, and intensity 
function parameters: exp(a) =25 spikes/sec, gx = 75 cm, ax = 15 cm, a = 5.2, b= - 

0.23, g|= 45,= lO,<j>o = 0, an experiment of 10 minutes and an average running 
velocity of 10 cm/sec. The model gives clear progression of firing to an earlier phase 
as the animal moves through the place field. Increasing a increases the variability in 
phase precession timing whereas changing g^ changes the location within the place 
field where phase precession initiates. These results suggest a simple statistical model 
for estimating phase precession directly from experimental data and for incorporating 
this important phenomenon into encoding and decoding data analyses.
Supported by die MGH Dept of Anes. & Crit. Care and MIT.

558.11

A PHYSIOLOGICAL MECHANISM FOR PHASE DECODING: INFORMATION 
EXCHANGE BETWEEN RHYTHMICALLY COUPLED NETWORKS. O, Jensen*. 
Brain Research Unit, Low Temperature Lab.. Helsinki University nf Technology,,
0215QE&P.9.Q, Finland- (http://hojumFu.t,fi/~gjsnssn)
Analysis of hippocampal place cell firing in rats has revealed the existence of a phase 
code: the phase of firing of place cells with respect to the ongoing theta rhythm carries 
information about the rat’s position. In order for brain regions downstream to the 
hippocampus to interpret the phase specific firing, they must have a neural mechanism 
which can decode the phase information. The proposed model is implemented in two 
networks of spiking neurons: an ‘encoder’ (the hippocampus) and a ‘decoder’ (a 
system to which the hippocampus projects, e.g. the cingulate cortex). The decoding 
network receives a subthreshold rhythmic drive. Neurons in the decoder only fire if 
they receive an input from cells in the encoder coincident with the depolarization 
provided by the rhythmic drive. By varying the phase, frequency or amplitude of this 
drive with respect to the rhythmic activity in the encoder, different kinds of spatio-
temporal firing patterns evoke firing in the decoder. For instance, if the decoder 
receives a drive with the same frequency, but a different phase than the encoder, 
neuronal firing from a particular phase in the encoder will repeatedly activate neurons 
in the decoder. This theoretical work shows that a phase decoder can be implemented 
quite simply in a physiologically realistic network model. The work adds new 
significance to previous ideas, proposing that information is exchanged between 
rhythmically coupled networks. These principles of phase encoding and decoding 
might apply to other brain regions than the hippocampal areas where slow-wave 
rhythmic activity is observed. Supported by The Danish Medical Research Council.

558.12
ROBUST GAMMA OSCILLATIONS IN NETWORKS OF INHIBITORY 
HIPPOCAMPAL INTERNEURONS. P.H.E. Tiesinga*'2* and J.V. Jose L 
1 Center for Interdisciplinary Research on Complex Systems, and Depart-
ment of Physics, Northeastern University, Boston, MA 02115; 2 Sloan Cen-
ter for Theoretical Neurobiology, Salk Institute, La Jolla, CA 92037.

Recent experiments suggest that inhibitory networks of interneurons can 
synchronize the neuronal discharge in in vitro hippocampal slices. Subse-
quent theoretical work has shown that strong synchronization by mutual 
inhibition is only moderately robust against neuronal heterogeneities in the 
current drive, provided by activation of metabotropic glutamate receptors. 
In vivo neurons display greater variability in the interspike intervals due to 
the presence of synaptic noise. Noise and heterogeneity affect synchroniza-
tion properties differently. In this paper we study using model simulations 
how robust synchronization can be in the presence of synaptic noise and 
neuronal heterogeneity. We find that with at least a minimum amount 
of noise stochastic weak synchronization (SWS) (i.e. when neurons spike 
within a short interval from each other, but not necessarily at each pe-
riod) is produced that is much more robust than strong synchronization 
(i.e. when neurons spike each period). The statistics of the SWS popu-
lation discharge are consistent with previous experimental data. We find 
robust SWS in the gamma frequency range (20-80 Hz) for a stronger synap-
tic coupling compared to previous models and for networks with 10 - 1000 
neurons. (Supported by Sloan Center for Theoretical Neurobiology, and by 
Northeastern University CIRCS fund.)

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—CHOLINERGIC MODULATION

559.1

CHOLINERGIC NEUROMODULATION OF PROACTIVE INTERFERENCE 
BETWEEN STORED ODOR MEMORIES DURING ASSOCIATIVE LEARNING.
E. De Rosa1*, M. G. Baxter1, and M, E. Hasselmo2. ’Harvard University, Dept. of 
Psychology, 33 Kirkland Street, Cambridge, MA 02138; 2Boston University, Dept. of 
Psychology, 64 Cummington Street, Boston, MA 02215

Previous electrophysiological studies and computational modeling suggest that 
cholinergic neuromodulation may reduce olfactory associative interference during 
learning (Hasselmo & Bower, TINS, 16,218-222; Hasselmo et al., J. Neurophys.. 67, 
1222-1229). The current study provides behavioral evidence supporting this 
hypothesis. Male Sprague-Dawley rats were tested on our simultaneous 
discrimination task. This task required learning a baseline odor pair (A+B-); then, 
under the influence of scopolamine (SC), learning a novel odor pair (A-C+) with an 
overlapping component (A) as well as a novel odor pair (D+E-) with no overlapping 
component. As predicted by the model, administration of SC during acquisition of 
A-C+ and D+E- impaired learning of overlapping more than nonoverlapping odor 
pairs relative to performance under normal saline (NS) or methylscopolamine. The 
highest SC dose (0.50 mg/kg) created a global mnemonic deficit. The mid-level SC 
dose (0.25 mg/kg) created a selective impairment, i.e., there was no impairment in 
acquisition of the nonoverlapping odor pair whereas acquisition of the overlapping 
odor pair was significantly impaired relative to performance under NS. No effect of 
the lowest dose of SC (0.125 mg/kg) was observed on acquisition of overlapping or 
nonoverlapping odor pairs. These results support the prediction that the physiological 
effects of acetylcholine can reduce interference between stored odor memories during 
associative learning. We are presently collecting data from rats with bilateral 
selective lesions of cholinergic neurons in the horizontal limb of the diagonal band of 
Broca (made with 192 IgG-saporin) to further specify the neural systems that support 
olfactory associative memory. Supported by a Harvard University Sackler Prize 
Fellowship in Psychobiology to Eve De Rosa and NSF grant - IBN 9996177 to 
Michael Hasselmo.

559.2

SELECTIVE CHOLINERGIC LESIONS OF THE HORIZONTAL LIMB OF THE 
DIAGONAL BAND OF BROCA AFFECT ODOR PERCEPTION IN RATS.
P. Garcia. C. Linster, M.E. Hasselmo and M. G. Baxter*. Dept. of Psychology, Boston 
University, Boston and Dept. of Psychology, Harvard University, Cambridge.

We have recently shown, in behavioral experiments with rats, that perceptual 
similarities between aliphatic aldehydes can be at least partially predicted from the 
neural responses in the olfactory bulb (Linster and Hasselmo, Physiol. Behav., in 
press). These experiments showed that an overlap in neural responses to "similar" 
odorants, as seen in the olfactory bulb (Imamura et al., J. Neurophysiol. 68: 1986, 
1992), is predictive of a greater perceptual similarity of these odorants in a behavioral 
task. Computational models of the olfactory bulb (OB) predict that cholinergic input 
to the olfactory bulb arising from the horizontal limb of the diagonal band of Broca 
(HDB) modulates the neural representation of odorants in rats (Linster and Hasselmo, 
Behav. Brain. Res., 84:117, 1997), possibly leading to a change in perceptual similarity 
as measured by the behavioral response. We now report a behavioral test of these 
predictions. The cholinergic neurons of the HDB were lesioned using the specific 
cholinergic toxin 192 IgG-saporin. Two groups of male Sprague-Dawley rats (10 
lesioned and 8 sham-operated rats) were trained to retrieve a reward from a cup filled 
with bedding covering a cotton swab saturated with odorant. We trained rats on a 
series of six aliphatic aldehydes and tested generalization between all pairs of odorants 
as well as with a control odor (n-amyl-acetate). Generalization was quantified as the 
amount of time spent digging in response to a test odor compared to the response to the 
conditioned odor (in the absence of reward). Our behavioral paradigm showed no 
difference between the two groups in the response to the conditioned or control odors. 
However, the two groups differed significantly in response to the test odors. Although 
sham-operated rats did not generalize to aldehydes differing by more than 2 carbons 
from the trained odor, lesioned rats generalized to all aldehydes tested.
This work was supported by NSF grant IBN-9723947.
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559.3
THE EFFECTS OF NUCLEUS BASALIS MAGNOCELLUARIS/ 
SUBSTANTIA INNOMINATA LESIONS ON LEARNING SET 
FORMATION. A.M. Bailey*. Dept. of Psychology, Univ. of Georgia; 
Athens, GA 30602-3013.

Male Long Evans rats (Rattus norvegicus) were used to investigate the 
role of the nucleus basalis magnocellularis/substantia innominata 
(nBM/SI) in learning set formation. Rats with bilateral quisqualic 
lesions to the nBM/SI were tested on discrimination reversal learning, 
olfactory discrimination learning set, delayed matching-to-sample 
(DMTS) learning, and open field activity. All animals performed 
similarly in the DMTS task and above chance with 10 and 15 second 
delays. Open field assessment indicated no group differences in general 
activity, and a general decrease in activity with repeated testing. 
Improved discrimination reversal performance was seen in all animals, 
but the nBM/SI lesion group showed impairment in both the trials and 
errors to criterion. As measured by trial 2 performances, no evidence of 
learning set formation was found for any animals in the discrimination 
reversal paradigm. Control animals performed significantly better than 
chance on trial 2 in the olfactory discrimination learning set paradigm, 
suggesting evidence of learning set formation. The nBM/SI group 
showed no signs of learning set formation in either paradigm which 
suggests a role for the nBM/SI in learning set formation and higher 
cognitive processing.

559.4
SELECTIVE LESIONS OF THE NUCLEUS BASALIS MAGNOCELLULARIS 

IN RATS DO NOT AFFECT SIMPLE ASSOCIATION LEARNING.
A. E. Butt*, T, D. Bowman, J, S. Novotnev, J. L. Rogers, & A. Tanabi.
Department of Psychology, Indiana State University, Terre Haute, IN 47809.

We have previously argued that damage to the cholinergic nucleus basalis 
magnocellularis (NBM) selectively impairs complex or configural association 
learning while sparing simple association learning (Butt & Hodge, 1997; Butt et 
al., 1998, Soc. Neurosci. Abst.). However, contrary to our hypothesis, in an 
earlier study using the less selective neurotoxin quisqualic acid, we found that 
simple association learning was moderately impaired in NBM-lesioned rats (see 
Butt & Hodge, 1997). It remained unclear whether the observed behavioral 
impairment in that study was due to loss of cholinergic input to neocortex or was 
instead due to non-specific damage to other brain structures. In the current 
study, therefore, we used the highly selective immunotoxin Ig-G saporin to create 
bilateral lesions of the NBM in male Long-Evans rats (350 g) and then tested 
these rats in a simple association learning paradigm. NBM lesioned rats (n = 4) 
and sham-operated rats (n = 6) underwent 20 consecutive days of training in a 
simple operant discrimination between a food-reinforced tone (T+) and a non- 
reinforced light (L-). Results showed that performance in NBM-lesioned rats was 
normal in all respects; both groups acquired the task, committing progressively 
greater numbers of successful responses to T+ and progressively fewer 
responses to L-, as well as diminishing the number of (non-reinforced) 
responses committed during the inter-trial interval. The hypothesis that NBM 
lesions spare simple association learning was thus supported. Despite the 
absence of impairment in this simple association task, we maintain that the NBM 
is involved in complex or configural association learning as demonstrated in 
separate experiments (see Butt et al., 1998, Soc. Neurosci. Abst.).

(Supported by a University Research Committee Grant awarded to A. E. Butt by 
the Indiana State University Office of Sponsored Programs).

559.5 559.6
LACK OF EFFECT OF INTRAVENTRICULAR OX7-SAPORIN ON 
WORKING MEMORY IN THE RAT. C.C. Wrenn1*. D.A, Lanni2. RG, Wilcv3. 
'Department of Pharmacology, Vanderbilt Univ., Nashville TN, 2 Advanced 
Targeting Systems, Carlsbad CA, ’Department of Neurology and Pharmacology, 
Vanderbilt Univ., Nashville TN 37232.

The immunotoxin 192 IgG-saporin (192-sap) has been shown by our laboratory 
and others to be a highly selective agent for the production of lesions of the rat 
cholinergic basal forebrain (CBF). Such lesions can be produced by either 
intraventricular (i.c.v.) or intraparenchymal injection of the immunotoxin and can 
result in cognitive deficits. One potential shortcoming of i.c.v. injection of 192- 
sap is that it kills cerebellar Purkinje cells in addition to killing the neurons of the 
CBF. Thus, it is unclear whether or not cognitive deficits that arise after i.c.v. 
192-sap are due to loss of the CBF or loss of Purkinje cells. We addressed this 
problem by injecting rats i.c.v. with saline, 2 gg 192-sap, 4 gg 192-sap, or 1 gg 
OX7-saporin (OX7-sap). OX7-sap is an immunotoxin shown by our laboratory to 
selectively lesion Purkinje cells after i.c.v. injection. The 1 gg dose was chosen 
based on pilot anatomical work which showed this dose to produce Purkinje cell 
loss of similar pattern and extent to that produced by 4 gg of 192-sap. These rats 
were tested in a radial maze working memory paradigm, and it was found that the 
4 gg 192-sap group made significantly more working memory errors than either 
the saline or OX7-sap injected groups. These data suggest that Purkinje cell loss 
alone is not sufficient to disrupt cognitive processes. (Supported by Department of 
Veterans Affairs and the Vanderbilt Center for Molecular Neuroscience).

A DEVELOPMENTAL ROLE OF THE CHOLINERGIC BASAL FOREBRAIN: 
BEHAVIOURAL AND NEUROCHEMICAL EFFECTS OF NEONATAL 192 IgG- 
SAPORIN LESIONS (SPON: International Behavioural and Neural Genetics

Comparative Psychology, Lab. Fisiopatologia O.S., Istituto Superiore di SanitA,
V.le Regina Elena 299, Rome, 00161 Italy.;2 Dept. Biological Sciences, Wellesley 
College, Wellesley, MA 02181.

Cholinergic basal forebrain (BF) fibers begin to innervate neocortex and 
hippocampus during the first week of life in rodents. Because this is a dynamic 
period in cortical synaptogenesis and organization, we have hypothesized that the 
cholinergic BF provides its targets with critical signals that influence cortical 
organization and cognitive behavioral later in life. Neocortical projection fibers 
reportedly innervate their targets early in the first postnatal week, whereas 
hippocampal projections innervate their targets later in the first postnatal week. 
Previously we have shown that intraventricular injections of the selective cholinergic 
immunotoxin 192 IgG saporin on postnatal day (pnd) 7 impair passive avoidance 
(PA) acquisition, but not retention, on pnd 15-16 and significantly reduce 
hippocampal (78%) and neocortical (64%) choline acetyltransferase (ChAT) activity. 
In the present study, we attempted to produce significant reductions in cholinergic 
activity earlier in development, when primarily neocortical projections are 
developing, and assess effects on neurochemistry and behavior. Wistar rats received 
intraventricular injections of 192 IgG saporin on pnd 1 and 3. PA acquisition and 
retention were assessed on pnd 15-16. Lesioned rats acquired the PA task slower than 
control littermates, whereas 24-hr retention was not affected. On pnd 20, ChAT 
activity in neocortex and hippocampus was assessed. There was a 63% reduction in 
neocortical and 45 % reduction in hippocampal ChAT activity. These data suggest 
that interrupting cholinergic input to neocortex and hippocampus early in the first 
week of life affects cognitive behaviors. Interestingly, this early lesion also leads to 
abnormalities in cortical cytoarchitecture that strongly resemble those occurring in 
developmental disorders associated with mental retardation (Robertson et al. 1998). 
Supported by ISS intramural fundings,NSF IBN9458101 and Whitehall Foundation.

559.7

PRETRAINING RATIO OF ACETYLCHOLINE OUTPUT IN HIPPOCAMPUS 
VS. STRIATUM PREDICTS SELECTION OF LEARNING STRATEGY BY 
INDIVIDUAL RATS. C.K. McIntyre* L.K. Marriott, and P.E. Gold, Dept. 
Psychology, University of Virginia, Charlottesville, VA 22903.

The present experiment examined the contribution to learning of acetylcholine 
(ACh) release measured simultaneously in the hippocampus and striatum in rats. Rats 
were trained to approach one arm of a T-maze. This task can be solved equally well 
by use of either allocentric (place) or egocentric (response) information (cf. Packard 
and McGaugh, 1996). The solution an individual rat uses during learning can be 
identified on a later probe trial. Thus, this task places neural systems for place and 
response learning in competition for control over what a rat will learn.. In vivo 
microdialysis, with later HPLC assay, was used to sample ACh output (12-min 
samples), concurrently in the hippocampus and striatum before (four samples) and 
during training to a criterion of 9/10 correct. After rats reached criterion, they were 
given a probe trial on which the start arm of the T-maze was rotated 180°. Rats that 
returned to the arm in the same location in die room as was the goal arm were 
classified as ‘place learners’ and those that made the same body turn as during 
training were classified as ‘response learners.’ The ratio of ACh output in the 
hippocampus to that in the striatum was significantly greater in rats that used a place 
strategy (n=4) than in rats that used a response strategy (n=6) both before (p=.001) 
and during training (p<.001). Thus, in addition to differences during training, ACh 
output in place and response learners in hippocampus and striatum, respectively, 
differed before the rats had been trained. Therefore, the relative release of ACh in 
different memory systems at baseline may reveal the strategy a rat will employ when 
faced with a new learning experience, resolving a potential conflict between 
independent memory systems prior to the start of training. Supported by NIA 
(AG07648) andNINDS (NS32914).

559.8
ROLE OF GABAERGIC MEDIAL SEPTAL NEURONS IN HIPPOCAMPAL 
THETA RHYTHM. R.M. Yoder*, A. Secor and K.C.H. Pang. Dept. of Psychology, 
Bowling Green State Univ, Bowling Green, OH 43403.

Hippocampal theta rhythm is associated with the acquisition of sensory 
information and subsequent motor activity. This rhythm is dependent on input from 
the medial septum-diagonal band of Broca (MS-DB) to hippocampus. Both 
cholinergic and GABAergic MS-DB neurons project to the hippocampus, and 
selective lesions of cholinergic MS-DB neurons reduce the amplitude of 
hippocampal theta rhythm during locomotion and REM sleep. Direct evidence of 
the involvement of GABAergic septohippocampal (SH) neurons in theta rhythm is 
lacking although most current theories propose an important role of the GABAergic 
SH neurons. The present study examined the effects of lesions of the GABAergic 
SH neurons on hippocampal theta rhythm. Theta rhythm will be recorded from the 
intact rat during locomotion or alert immobility or from rats under urethane 
anesthesia. Half of the rats will be given saline or kainic acid (0.5 - 1 gg/gl) into 
the MS-DB. At these doses, kainic acid destroys GABAergic SH neurons, as 
determined by the loss of parvalbumin-immunoreactive neurons (see companion 
abstract). Hippocampal EEG from control and kainic acid-treated rats will be 
analyzed using a Fast Fourier Transform analysis. Examination of EEG frequencies 
between 4 - 15 Hz will be used to assess the effects of intraseptal kainic acid 
administration on hippocampal theta rhythm. Immunocytochemistry will be used to 
verify selectivity of the lesion. These studies will provide important information 
regarding the MS-DB pathways necessary for hippocampal theta rhythm. Supported 
by NS35389 and AG16093.
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559.9
GABAERGIC SEPTOHIPPOCAMPAL NEURONS ARE NOT NECESSARY 
FOR SPATIAL MEMORY. A. Secor, R. Nocera and K.C.H. Pang*. Department 
of Psychology, Bowling Green State University, Bowling Green, OH 43403

The medial septum/diagonal band of Broca (MS-DB) provides a major input to 
the hippocampus, and nonselective lesions of MS-DB neurons or their projections to 
the hippocampus impair spatial memory on several tasks. Two MS-DB cell types 
project to the hippocampus, the cholinergic and GABAergic neurons. Performance 
on several spatial memory tasks is less severely affected by selective lesions of the 
cholinergic MS-DB neurons with 192-IgG saporin (SAP) than by nonselective MS- 
DB lesions. These results indicate a possible important role of GABAergic 
septohippocampal (SH) neurons in spatial memory. The present study examined the 
importance of die GABA SH neurons in spatial memory. GABA SH neurons were 
destroyed by kainic acid (KA) administration to the MS-DB. Female Sprague- 
Dawley rats were treated with saline, KA, 192-IgG saporin (SAP) or a combination 
of both (KA/SAP). After a two-week recovery period, rats were tested on an 8-arm 
radial maze and a water maze. Immunocytochemistry was performed to verify the 
lesions. KA (lpg/pl) produced a nearly complete lesion of parvalbumin 
immunoreative GABA SH neurons. This dose of KA did not significantly reduce 
the number of cholinergic neurons. SAP eliminated all cholinergic neurons and the 
combination KA/SAP produced general degeneration and tissue shrinkage not seen 
following KA or SAP alone. Acquisition of the 8-arm radial maze task and 
performance of a delay version of the task were not altered by KA alone or SAP 
alone, but were significantly impaired by KA/SAP. Acquisition of the water maze 
task was not significantly affected by KA, but was slightly impaired by SAP and 
severely impaired by KA/SAP. These results demonstrate that GABA SH neurons 
are not necessary for spatial memory. The possible interaction between GABA and 
cholinergic SH neurons will be explored. Supported by NS35389 and AG16093.

NEURAL BASIS OF BEHAVIOR: COGNITION—ATTENTION: OTHER

560.1
SINGLE-TRIAL ERPS DURING CONTINUOUS fMRI SCANNING. 
T-P Jungt*, S. Makeigj, J. Townsend, M. Westerfield, B. Hicks, E. Courchesne 
and T.J. Sejnowskif. fUCSD, San Diego, CA. f Naval Health Research Center, 
San Diego CA.

Electromagnetic and functional magnetic resonance brain imaging mea-
sures have complementary strengths and weaknesses in temporal and spatial 
resolutions. First approaches to combining electrophysiological and hemody-
namic brain data have compared the scalp topography of event-related po-
tential (ERP) averages against task-related fMRI activation level differences 
(George et al., 1995; Buckner et al., 1996; McCarthy et al., 1997) based on ERP 
and fMRI data collected in separate experimental sessions. Shortcomings of 
this approach include (1) difficulty in co-registration; (2) order effects in sep-
arately recorded data sets; (3) averaged ERP data reveal only a small portion of 
event-related brain dynamics (Makeig, 1993). We used a custom EEG amplifier 
with timeout circuits and shielded cabling (SA Instruments) to record single-
trial event-related potentials (ERPs) at site C2 from a healthy adult subject 
who attended to shapes (nontarget-frequent circles and target-squares (25%)) 
flashed on a projector screen during continuous 1.5T fMRI scanning. After 
time-limited artifact rejection, the 'ERP-image' plot (Jung et al., 1999) showed 
clearly that the response-locked brain activity was precisely time locked to sub-
ject responses in nearly all trials, while the stimulus-locked ERP was time- 
locked to stimulus onsets. The average of the available ERPs included the well- 
documented P1/N1/P2/N2 and target LPC components. The fMRI data from 
this experiment showed no decrement in image quality from the EEG elec-
trodes or recording equipment. Standard correlational analysis showed task- 
related activations in motor cortex and right anterior cerebellum, as would be 
expected in a right-handed subject.

Research supported by the Howard Hughes Medical Institute, the Office of 
Naval Research, Swartz Foundation, NIH NS34155 and MH36840.

560.2

ORBITOFRONTAL INVOLVEMENT IN DEVIANT AUDITORY 
INCOMING INFORMATION: EVIDENCE FROM A POSITRON 
EMISSION TOMOGRAPHY STUDY. S, Frey*, P. Kostopoulos, M. 
Petrides. Montreal Neurological Institute, McGill University, 
Montreal, Quebec, H3A 2B4, Canada.

This study investigated the involvement of the orbitofrontal 
cortex when deviant auditory stimuli were presented to normal 
control subjects. Regional cerebral blood flow was measured with 
positron emission tomography (PET), and the H215O intravenous 
bolus method with inter-subject averaging and co-registration of 
magnetic resonance and PET images was used. In the 
experimental condition, subjects were told to listen passively to 
auditory stimuli that were strikingly different from the set of 
auditory stimuli that they were accustomed to. These subjects 
were also tested in a corresponding control condition and the 
subtraction method was used to compare the activation between 
these two conditions. Based on the connections of the 
orbitofrontal cortex with the limbic system, it was hypothesized that 
the caudal orbitofrontal cortex would be involved in orchestrating 
responses to incoming deviant information. Within the 
orbitofrontal cortex, listening to deviant incoming auditory stimuli 
activated area 13 bilaterally, although the activation was 
significantly stronger in the left hemisphere.
This work was supported by the Medical Research Council of Canada.

560.3

NOVEL INTERPRETATION OF GAMMA OSCILLATION BASED ON 
SPECTRAL NOISE SHAPING NEURAL CODING THEORY 
Jonghan Shin*, Brain Science Institute, RIKEN, Wako, Saitama, Japan 
For the first time, Jonghan Shin (1993) found that spiking neurons are conducting 
a kind of spectral noise shaping spike (pulse) coding which can be implemented in 
both single neuronal level (by potassium currents) and network level 
(recurrent/feedback inhibition) (Shin, 1994, 1996). In information coding 
community (Candy, 1992), the spectral noise shaping spike coding had been 
proved to outperform independent random spike coding such as Poisson spiking 
neuron models (higher information rate, better signal-to-noise ratio, and enhanced 
linear input-frequency relation). The spectral noise shaping neural coding insisted 
by Shin can contribute to resolve long-time controversial discussions about neural 
code. Because it is the best compromise between temporal code and rate code that 
would allow spiking neurons to exploit the respective advantages of the two 
mechanisms (namely, high temporal precision and robustness to noise/jitter). On 
the other hand, Gamma oscillation (30 Hz ~ 100 Hz) appears to be involved in 
arousal, perception, attention, and even consciousness. However, according to the 
noise shaping neural coding theory, gamma frequency band reflects the Gaussian 
shaping of the Poisson point process noise by potassium currents in cellular level 
and/or negative feedback loops between excitatory and inhibitory neurons. The 
spike neural code representation becomes more precise with increasing gamma 
frequency band and power, because of reduced spike coding noise in low- 
frequency band below gamma oscillation. Thus, arousal, attention and 
consciousness mechanisms should accompany increased gamma oscillation 
frequency (by increasing mean firing frequency) and/or increased gamma 
oscillation power (by increasing the order of negative feedback loops in both 
cellular and network levels). As a result, gamma band oscillation gives human 
observers information related to arousal, perception, attention, and even 
consciousness, although most gamma band oscillation in vivo reflects the 
Gaussian shaped neural spike encoding noise. Supported by KAIST and Caltech.

560.4

GENERATION AND APPLICATIONS OF A GENETIC ANIMAL 
BEHAVIORAL MODEL OF SCHIZOPHRENIA R.E. Gross*, R.A. 
Cassard, T.D. Ely, and C.D, Kilts, Dept. of Psychiatry, Emory
University, Atlanta, GA 30322,

The search for the causes and mechanisms of schizophrenia 
has been little aided by the study of animal models. A genetic animal 
model based upon the effects of bidirectional selection of N/Nih rats for 
a latent inhibition (LI) task phenotype has been an ongoing project by 
this group. Results obtained from the first and second replicate lines 
of selection support the developmental^ delayed and enduring nature 
of the selected attentional deficits, and the development of deficits in 
prepulse inhibition (PPI) as a correlated response to selection. LI in 
control, unselected N/Nih rats is facilitated by the administration of 
conventional antipsychotic drugs, but not by newer, atypical 
medications. Initial evidence supports the ability of the atypical agent 
clozapine to restore LI in rats selected for LI deficits. These results 
support the predictive, face and construct validity of genetically 
selected LI deficits as a model of schizophrenia. The novel use of 
such genetically predisposed animals in exploring the neurobiology 
and stress diathesis of schizophrenia is being currently investigated. 
Supported by MH49695.
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560.5
ELECTROPHYSIOLOGICAL PARAMETERS OF ACTIVITY IN CERTAIN CORTICAL 
AREAS AND THE NEOSTRIATUM UNDER DIFFERENT LEVELS OF ATTENTION IN 
HUMAN AND MONKEY. V.T.Shuvaev*, I.N.Baranov-Krylov, V.I.Chefer. L. of Higher 
Nervous Activity, Pavlov Institute of Physiology, St.Petersburg, Russia. G.R.F.F.I. 97-04- 
49598.
Event-related potentials (ERPs) to visual stimuli presented laterally on the screen of 

computer monitor (6.3 grades to the right or to the left of center) were recorded from F3, F4, 
P3, Ol, 02 leads in healthy subjects. In the first series of experiments, subjects were 
instructed to view passively the stimuli sequence. Two other series were specified as target 
attention situation to one of visual hemifields - left or right (target stimuli). In two sessions of 
experiments subjects were instructed to press certain key of computer keyboard to "target" 
stimulus presentation. It was suggested that required ievels of attention were: minimal for 
passive perception of stimuli, moderate for non-target stimuli and maximal for target ones. 
Each series was repeated twice; correlation for repeated averaged ERPs were computed for all 
leads. Parameters of neuronal activity in the frontal cortex and the neostriatum and their 
correlation were studied on monkeys (Macaca rhesus) during performance of delayed 
behavior tests requiring both simple response to visual stimulus (low level of attention) and 
when deciding complex tasks, requiring high level of attention.

In human experiments, amplitudes of N1-P3 component of ERP and correlation of repeated 
ERPs were established to be attention-dependent and most expressive in parietal leads: for 
minimal attention level, Nnl-P3 amplitude was 7mkV, repeated correlation - r=0.52; the same 
parameters were: 8.1 mkV, r=0.62 for moderate and 12.5 mkV, r=0.8 for maximal attention 
levels, respectively. Differently, the more attention is focused on task performance by subject, 
the more visual ERPs are expressed and stable in time. Analysis of data obtained on monkeys 
have shown that maximal background cross-correlation coefficient was no more 0.01. During 
performance of delayed spatial tasks with sequential presentation two one-sided or two 
reverse-sided signals, two groups of cells were identified: neurons lowering interaction level 
at interval before second signal presentation (simple task) and neurons enhancing interaction 
level at second stimulus presentation (complex task). The results obtained testify that neurons 
of frontal cortical areas and the neostriatum, involving in process of selective attention, 
participate in stabilization of neuronal network activity, that could underlie basic similarity 
mechanism of successive evoked potentials recorded with increasing level of selective 
attention in human.

560.6
CORRELATIONS BETWEEN EEG INDICES OF ALERTNESS, MEASURES OF 
PERFORMANCE AND SELF-REPORTED STATES WHILE OPERATING A 
DRIVING SIMULATOR D.L, Levendowski? C. Berka? R. L. Olmstead,2 and M. 
Jarvik,2* 'Advanced Brain Monitoring, Los Angeles, CA 90025, 2Veteran’s Affairs 
Greater Los Angeles Healthcare System, Los Angeles, CA.

Four males and four females operated a 50-min challenging and a 55-min 
monotonous driving simulator (DS) scenario with randomly presented divided 
attention tasks (DAT) while hilly-rested on Days 1 and 2 and partially sleep- 
deprived on Day 3. Subjective visual analog scales (SS) rating attention, cognition, 
concentration, sleepiness and stress were administered before and after each DS 
scenario. One-second epochs of EEG recorded from CzPz and CzOz were classified 
into high vigilance (HV), low vigilance (LV), EEG associated with eyes closed 
condition (EC) or sleepy (S) using a multi-level, discriminant function analysis 
(DFA). Correlations were computed between the DFA classes, DS performance 
measures and SS responses.

HV was positively correlated with high levels of self-reported attention, cognition, 
and concentration, and low levels of sleepiness and stress. LV was negatively 
correlated with high levels of attention, cognition, and concentration, and positively 
correlated with sleepiness and stress. Epochs classified as EC showed the greatest 
correlation with driving performance, demonstrated by the positive correlation with 
accidents (r = 0.44), collisions (r = 0.17), traffic tickets (r = 0.26), and incorrect DAT 
responses (r = 0.70) and negative correlation with correct DAT responses (r = -0.54). 
HV was also negatively correlated with traffic tickets (r = -0.19). While attention 
and number of traffic tickets were negatively correlated (r = -0.22), stress and 
number of collisions (r = 0.23) and speeding tickets (r = 0.32) were positively 
correlated. These results demonstrate that EEG acquired while driving can be used 
to assess levels of alertness which correspond with performance and self-reported 
states. Funded by NIH, NINDS grant R44NS 35387 and contract N44NS92367.

560.7

Functional Brain Mapping of the Relaxation Response using 3T 
fMRI.
S.W, Lazar1,2, G. Bush12, G. Fricchione3, R.L. Gollub12*, G. Khalsa, H, Benson3
‘Department of Psychiatry, Harvard Medical School; 2NMR Center, MGH-East, 
CNY-9, Charlestown, MA 02129; and 3Mind Body Medical Institute, Boston MA 
02115.

Meditation is a conscious mental activity that induces a distinct hypometabolic 
state termed the relaxation response. Five subjects with a minimum of four years 
of meditation training were scanned with fMRI during meditation and a control task 
(generation of a random list of animals). FMRI data (echoplanar, head-coil, 3.0 T 
scanner, motion-corrected, Talairached, Kolmogorov-Smirnov statistic) revealed 
significant (p< 105) signal increases in the amygdala and hippocampus in four of the 
five subjects. Other structures including the pons, hypothalamus, basal forebrain, 
anterior cingulate (cognitive subdivision, a24b’-c’/32’) and insula were activated in 
at least three of the subjects. Three of the five subjects also had large global signal 
decreases during the relaxation response periods.

Concurrent physiological monitoring (end-tidal CO2, O2 saturation, and 
respiration rate) was performed on three of the subjects. Levels of O2 saturation 
increased during the meditation epochs, while end-tidal CO2 concentration and 
respiratory rate decreased. These measures returned to baseline at the end of the 
meditation epochs. These results indicate that the practice of meditation specifically 
activates neural structures involved in attention and arousal (anterior cingulate 
[cognitive subdivision, a24b’-c732’j, amygdala and the reticular activating system), 
and control of the autonomic nervous system (insula, hypothalamus, basal forebrain 
and limbic system) relative to the control task.
Supported by NIDA 00275, NIMH 02611.

560.8
SIGNAL-TO-NOISE RATIO AND STOCHASTIC RESONANCE DURING 
INFORMATION PROCESSING IN MAN. G. Winterer, M. Ziller, H. Dorn, K. 
Frick, C. Mulert, N. Dahhan, W.M. Herrmann, R. Coppola*1. Lab. Clin. 
Psychophysiology, Dept. of Psychiatry, Free Univ. of Berlin, 1 CBDB, NIMH, 
Bethesda, MD 20892

This study investigated the relation between EEG, ERP‘s and information 
processing a with an auditory choice RT task in healthy subjects. The main question 
was to what extent reaction time performance is related to the prestimulus EEG 
activity (frequency domain), the magnitude of signal power (phase-locked activity), 
and noise power (stimulus-uncorrelated activity). The EEG spectral power and 
coherence was measured in pre-defined frequency bands. Signal power was 
estimated by the mean power of the evoked single sweeps. Noise power was 
computed by subtracting the latter minus the power of the average evoked potential. 
In the frequency domain, high frontally pronounced delta-power in the pre-stimulus 
EEG correlates with fast reaction time. This is interpreted as a readiness potential in 
the frequency domain, reflecting increased cortical activation. In the time domain, 
fast reaction times were correlated with the N100 amplitude as well as with the 
signal power and signal-to-noise ratio of the evoked activity. In accordance with the 
theory of stochastic resonance, we also found a positive correlation between the 
magnitude of noise power after the stimulus and reaction time performance. The 
noise power was found to be positively correlated with pre-stimulus cortical 
activation (mainly in the delta and alphal frequency band), whereas no relation was 
found between prestimulus EEG and the signal power of the event-related activity, 
except for a weak relation to the alpha2 power. Our findings support the notion that 
information processing is not only dependent on signal strength but also on a certain 
amount of basic noise that might reflect the overall energy state of the brain.

Supported by the Deutsche Forschungsgemeinschaft

560.9

MODELING THE EFFECTS OF COGNITIVE LOAD ON THE CAL-
CULATION OF ELAPSED TIME.
M. Migliore1*, L. Messineo2, M. Cardaci2. 'Inst. of Advanced Diag-
nostic Methodologies, Nat. Res. Council, Italy; 2Dept. of Psychology, 
Palermo University, Italy.

How and where the brain computes time durations is not known. 
Experiments have shown that the task to estimate the elapsed time 
depends on both the length of the intervals to be estimated and on the 
additional, and unrelated, cognitive load required during the task. The 
signal pathway in this kind of elaboration most likely encompasses 
several neurons, involving either many cycles through circuits of a few 
cells or propagation through many serially connected neurons. Thus, 
we suggest that the spike latency may be one of the mechanisms that 
affect the calculation of subjective elapsed time. Here we show how a 
background synaptic noise, generated by the brain regions executing the 
cognitive task and impinging on the neurons involved in the elaboration 
of time durations, could affect the spike latency, altering the perception 
of the elapsed time as shown by the experiments. In particular, the 
model suggests that the inhibitory and excitatory components of the 
synaptic noise could represent both qualitative and quantitative features 
of the cognitive load. (Supported by C.N.R.)

560.10
EFFECT OF 1/f1 FLUCTUATION IN INTER-STIMULUS INTERVALS
ON AUDITORY EVOKED MAGNETIC FIELDS
N. Harada1*, T. Masuda1,2, H, Endo1,2, Y. Nakamura1, and T. Takeda3,1,2
‘National Inst, of Bioscience and Human-Tech.,1-1 Higashi, Tsukuba, 305- 
0046, JAPAN; 2Core Research for Evolutional Science and Technology 
(CREST), Japan Science and Technology Corporation (JST); 3Dept. of 
Complexity Science and Eng., University of Tokyo, Tokyo, JAPAN

We are interested in the capability of humans to extract regularity from 
environmental stimuli, and are looking for its functional basis and loca-
tion in the human brain.

In a power spectrum of the fluctuations expressed by 1/f", n shows the 
steepness of the power spectrum.

We investigated the effects of tone pulses with inter stimulus interval 
times given by three fluctuations, 1/f°, 1/f1 and 1/f2, and with a fixed 
interval on Magnetoencephalographic (MEG) auditory evoked fields 
(AEF). The relationship between the exponent of the fluctuation and the 
diminution of the 100 msec latency component (NIOOm) of the AEF was 
investigated with nine human subjects.

The progressive diminution observed for the NIOOm was examined 
for the four conditions. The amount of diminution of the NIOOm source 
localized to the right hemisphere was significantly increased by the expo-
nent of the fluctuation (F(8/24)= 10.845: pcO.001). The significant differ-
ences of the amplitude of the amount of diminution were observed on the 
1/f1 and 1/f2, and with a fixed interval in comparison with the l/f°.

The capacity to extract regularity from environmental stimuli was 
reflected in the diminution of the response of the NIOOm source.
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561.1
CALCIUM AND POTASSIUM CONDUCTANCES IN ACUTELY 
DISSOCIATED FAST FIRING MEDIAL SEPTUM / DIAGONAL BAND 
NEURONS IN THE RAT. N.P. Morris*, S.J, Harris and 2. Henderson. School of 
Biomedical Sciences, University of Leeds, Leeds, LS2 9NQ, UK.
We have recently classified fast firing MS/DB neurones into fast spiking and regular 
spiking populations on the basis of spike frequency adaptation, action potential 
duration and neurochemical phenotype, utilising sharp microelectrodes in a slice 
preparation. The aim of the present study was to investigate the ionic currents 
responsible for producing distinct firing patterns in fast firing MS/DB neurons using 
an acutely dissociated preparation. Twenty-one day old Wistar rats were deeply 
anaesthetised (100 mg kg"1 pentobarbitone i.p.) and decapitated. Parasagittal slices 
(500 pm) were obtained from the midline region of the MS/DB complex and 
neurones were dissociated (1 hour; 1 % protease, Sigma type XIV). Recordings 
were made at 18-20 °C in standard, oxygenated, ACSF (CaCI2 1.5 mM) using the 
whole-cell patch configuration (pipette solution; mM: K Gluconate 100, MgCl2 5, 
HEPES 40, EGTA 0.6, ATP 2, GTP 0.3, pH 7.2). The extracellular solution was 
rapidly exchanged using a multi-channel superfusion system (DAD-12, Digitimer). 
Data are presented as mean ± S.D. Of the fast firing neurones encountered in the 
MS/DB, 43/63 displayed prominent TTX resistant (0.6 pM) high threshold (-37.1 + 
6.2 mV), calcium dependent spikes. Analysis of the firing properties of these 
regular spiking (RS) neurones revealed broad (half width: 1.6 ± 0.4 ms) action 
potentials, which displayed spike frequency adaptation. In contrast, 20/63 fast firing 
neurones showed either no TTX resistant action potentials, or a small calcium 
dependent spike (p<0.05), and displayed narrower (1.26 ± 0.3 ms; p<0.05) action 
potentials. Moreover, fast spiking neurones maintained steady firing rates (25.4 ± 
12.5 Hz; p<0.05) during a depolarising pulse. The underlying calcium spike present 
in RS neurons may account for the spike frequency adaptation observed in these 
neurons, through activation of a calcium-dependent potassium conductance.

(Research supported by the British Medical Research Council)

561.2
CONTRIBUTION OF THE HYPERPOLARIZATION-ACTIVATED CATION 
CURRENT (Ih) TO MEMBRANE POTENTIAL AND REGULATION OF GABA 
RELEASE FROM HIPPOCAMPAL INTERNEURONS. I2C.R. Lupica*, ‘P.L. 
Watson, 2J.A. Bell and 2A.F. Hoffman. ‘University of Colorado Health Sciences 
Center, Dept. Pharmacology, Denver, CO 80262, and 2NIDA, Intramural Research 
Program, Baltimore, MD 21224.

Ih may play a role in regulating resting membrane potential (RMP) and pacemaker 
activity in heart and brain cells. Classes of neurons, such as mesencephalic dopamine, 
thalamic relay, and GABAergic hippocampal stratum oriens (SO) interneurons, 
demonstrate a depolarizing membrane “sag” upon hyperpolarization due to the 
activation of Ih. Ih is also positively and negatively modulated by norepinephrine and 
opioids, respectively, in SO interneurons (Maccaferri and McBain, J. Physiol., 
497:119, 1996; Svoboda and Lupica, J.Neurosci. 18: 7094, 1998). The goals of the 
present study were to 1. determine the influence of Ih on SO intemeuron RMPs, and 2. 
determine whether blockade of Ih in interneurons alters GABA release onto CA1 
pyramidal neurons. Whole-cell recordings were obtained from intemeuron somata 
located in SO of area CA1 in hippocampal slices using Nomarski microscopy and 
infrared illumination. These neurons were spontaneously active, and demonstrated a 
mean RMP of -62 ± 1.2mV (n=13). Application of a specific Ih blocker, ZD 7288 
(50/xM), caused a small hyperpolarization of the RMP to -65 ± 1.2mV, and reversibly 
decreased action potential discharge rates. To determine the role that Ih might play in 
regulating GABA release, spontaneous action potential-dependent IPSCs (sIPSCs) 
were recorded from CA1 pyramidal neurons using CsCl-filled whole-cell pipettes, and 
glutamate receptor antagonists to block EPSCs. Application of ZD 7288 reduced 
sIPSC frequency (29 ± 13 % of control, n=8), and reduced mean sIPSC amplitude in 
4/8 cells. Miniature action potential-independent IPSCs (in TTX) were not altered by 
ZD 7288. These data suggest that Ih exerts a depolarizing influence on the RMPs of 
intemeurons, and likely plays a role in supporting tonic GABA release in the 
hippocampus. Supported by NIH grant DA 07725.

561.3

EXCITABILITY OF RAT CA1 PYRAMIDAL CELLS IN VIVO IS 
CONTROLLED BY TONIC AND EVOKED GABA„ RECEPTOR- 
MEDIATED INHIBITION. K.J. Canning*. K. Wu and L.S. Leung. Dept. of 
Physiology, Univ. of Western Ontario; London, Ontario, Canada, N6A 5C1. 
y-aminobutyric acidB (GABAb ) receptor-mediated modulation of 
hippocampal excitability was evaluated in vivo in urethane-anesthetized 
rats. Two stimuli at various interpuise intervals (IPIs) were given to CA3 
or the medial perforant path (MPP). Population excitatory postsynaptic 
potentials (pEPSPs) and population spikes (PSs) were recorded. 
Intraventricular injection of 0.2-0.8 mg of GABAb receptor antagonist 
CGP35348 caused a significant increase in the first-pulse PS amplitude 
(PSI) in CA1 following CA3 stimulation. This suggests that postsynaptic 
GABAb receptors on CA1 pyramidal cells are tonically active in vivo. 
The PS evoked by the second pulse (PS2) was suppressed relative to PSI 
following CGP35348 at an IPI of 100-200 ms, thus increasing PS paired- 
pulse depression at < 100 ms IPI and decreasing PS paired-pulse 
facilitation at > 100 ms IPI. Even if PS Is after and before CGP35348 
were matched, a decrease in PS2 was still found after CGP35348, which is 
consistent with a blockade of presynaptic autoreceptors on the inhibitory 
terminals on CA1 pyramidal cells. The increase in the MPP-evoked PSI 
and decrease in PS2 (50 ms IPI) in the dentate gyrus after CGP35348 
corresponded respectively with an increase and decrease in the tri/multi- 
synaptic dendritic pEPSP (or PSs) in CA1. Thus, GABAb receptors 
modulate both the tonic inhibition and the paired-pulse excitability of the 
hippocampus. Supported by NSERC and Alzheimer Society of Canada.

561.4

SPONTANEOUS AND MINIATURE GABAERGIC AND GLUTAMATERGIC 
SYNAPTIC CURRENTS IN VARIOUS TYPES OF HIPPOCAMPAL CA1 
INTERNEURONES. I. Medyna*, R. Cossart, J.C. Hirsch, M. Esclapez, Y. Ben-Ari 
and C. Bernard. INSERM U29, Hopital de Port Royal, 123 Bid de Port Royal, 75014 
Paris, France.
Whole cell recordings from the soma of rat hippocampal CA1 intemeurones were 

performed to estimate the ratio between spontaneous/miniature and y-amino butyric acid 
(GABA)-ergic/glutamatergic synaptic currents. Intemeurons were recorded in strata 
oriens and radiatum, filled with biocytin and morphologically identified post hoc. We 
report that: 1) more than 80% of the spontaneous currents in stratum radiatum 
intemeurons (n=20) is GABAergic, less than 20% being glutamatergic; 2) more than 
50% of the spontaneous currents in stratum oriens intemeurons (n=10) is glutamatergic, 
less than 50% being GABAergic 3) more than 50% of the spontaneous glutamatergic 
currents in stratum radiatum intemeurons (n=19) are action potential-dependent whereas 
more than 60% of glutamatergic currents in stratum oriens intemeurons (n=18) are 
recorded in the presence of TTX. 3) in all types of intemeurones more than 60% of the 
spontaneous events are miniatures (TTX resistant) (n=30). We conclude that spontaneous 
activity is segregated in intemeurones since inhibition is (i) massively predominant over 
excitation in stratum radiatum intemeurons but (ii) balanced by the excitatory drive in 
stratum oriens intemeurons. (iii) The ratio between miniature and spontaneous 
GABAergic inhibition is similar to that found in CA1 pyramidal cells, (iv) in contrast, 
the ratio between miniature and spontaneous glutamatergic activity is larger in 
intemeurons (50%) than in CA1 pyramidal cells (10%). This last result, suggests that 
quantal release at glutamatergic presynaptic terminals is target-specific.

Supported by INSERM and Fondation Simone and Cino del Duca.

561.5

ACTIVATION OF KAINATE RECEPTORS CONTROLS GABA QUANTAL 
RELEASE IN HIPPOCAMPAL CA1 INTERNEURONS. R. Cossart, M. Esclapez, 
Y. Ben-Ari, C. Bernard and J. C. Hirsch*. INSERM U29, Hopital de Port Royal, 
123 Bid de Port Royal, 75014 Paris, France.

The modulation of GABA quantal release by glutamate, kainate and AMPA 
receptors in the CA1 hippocampal region was investigated using whole cell 
recordings from the somata of visualized stratum oriens and stratum radiatum 
intemeurons. Miniature inhibitory postsynaptic currents (mIPSCs) were recorded at 
the reversal potential of glutamatergic events (+10 mV) in the presence of the Na+ 
channel blocker TTX (1 gM). Bath application of kainate (250 nM) increased the 
frequency of mIPSCs by 125% in 14 out of 17 intemeurones without affecting their 
amplitude. After wash of the agonist, mIPSC frequency returned to control values. 
In contrast, bath application of AMPA (1 pM) did not affect mIPSC frequency 
(nM). Puff application of glutamate (3.mM, 1 p.s.i., 20 msec) massively increased 
mIPSC frequency (n=3). The latter result suggests that the presynaptic increase of 
GABA quantal release by glutamate may play a physiological role.

Since this presynaptic control of GABA quantal release by kainate is not present 
in CA1 pyramidal cells, we propose that the expression of kainate receptors on 
presynaptic GABAergic terminals is target specific.

Supported by INSERM and the Fondation Simone et Cino del Duca.

561.6

NICOTINIC RECEPTORS MODULATE THE LOCATION-SPECIFIC FIRING 
PATTERNS OF CA1 PLACE CELLS. E. Brazhnik*, R.L. Borgnis, and S.E. Fox. 
Dept. Physiol. & Pharm. SUNY HSCB, Brooklyn, NY.

The hippocampus has a high density of muscarinic (mAChRs) and nicotinic 
(nAChRs) receptors. We have shown that blockade of muscarinic transmission 
modifies the spatial firing properties of CA1 place cells by reducing in-field firing 
rates (Brazhnik et al., 1994; Borgnis et al., 1998). Here we have attempted to 
evaluate the contribution of nicotinic transmission to spatial firing of CA1 place cells.

Methyllycaconitine citrate (all nAChR antagonist, MLA) and mecamylamine (non- 
a7 nicotinic antagonist, MEC) were dissolved in artificial CSF and delivered via a 
microdialysis probe (CMA Microdialysis) to a group of local CA1 pyramids (place 
cells) and interneurons (theta cells), recorded while rats chased food pellets in a 76 
cm dia. cylinder. Both nicotinic antagonists modified the firing patterns of place 
cells, but in different ways. The largest effect of MLA (1 mM in the perfusate) was 
to enlarge the area of the place field and increase out-of-field firing in 10 of 15 cells. 
Six of 15 cells also showed a large increase in in-field firing while the rest showed a 
moderate decrease in rate. The perfusion of MEC (1 mM) decreased the in-field 
firing of all place cells (n=7) by about 25% without altering the out-of-field rate. 
Blockade of both types of nAChRs influenced the firing rate of theta cells, but the 
direction of change varied in different cells. Nevertheless it is likely that inhibition of 
most place cells by interneurons was reduced during blockade of al nAChRs, as 
evidenced by an increase in their out-of-field firing rate.

This complex set of results may be explained by MLA and MEC having their 
effects via nAChRs that facilitate transmitter release from glutamatergic and 
GABAergic presynaptic terminals and via excitatory postsynaptic nAChRs on 
interneurons. Supported by NS 17095 toSEF.
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561.7
STIMULUS CONTROL OF HIPPOCAMPAL PLACE CELL FIELD LOCA-
TION IS DIFFERENT FROM THE CONTROL OF FIRING RATE. R.U, 
Muller*!. G. Csizmadial. A.A. Fcnton_2 1SUNY-HSCB Brooklyn. New York.
11203,2Institute of Physilogy, Prague, Czech Republic

Studies of stimulus control over place cells have led to two ideas about hippoc-
ampal representations of space: 1) In the “mapping” hypothesis, place cells sig-
nal location in a global framework made up by multiple replaceable stimuli that 
provide redundant information. 2) In the “combinatorial” view, each place cell 
encodes relationships among an arbitrarily selected subset of the available cues. 
To help decide between these possibilities, we asked how place cells are con-
jointly controlled a white card and a black card separated by 135° on the wall of a 
gray cylinder. Removing either card had no detectable effect on place cell field 
location or firing, regardless of the field location in the presence of both cards. In 
contrast, reconfiguring the cards by moving them apart or together by 25° caused 
fields to move relative to each other; fields near a card moved with that card 
whereas fields between the cards moved with the line connecting the card 
centers. (These field movements are not explained on the assumption that the ani-
mal attends to one card or the other at different times.) Accompanying the posi-
tion-dependent movements of fields was a global, position-independent decrease 
of firing rate. Thus, reconfiguring the cards has much stronger effects on place 
cell activity than does removing one card.

We speculate that the hippocampal network performs a pattern completion pro-
cess which which operates without error when a card is removed. In contrast, 
after reconfiguration the stored pattern for the standard card positions is in con-
flict with the current sensory pattern causing relative field movements and 
decreased firing rates. Thus, we think that individual stimuli have distinct 
representations, in agreement with the combinatorial theory, but that they are part 
of a flexible framework, in agreement with the mapping theory. Overall, the field 
movements seem more compatible with a map-like theory that allows topological 
distortions than with a theory based on arbitrary combinations of stimuli 
Support: NIH R01-NS20686, R01-NS37150, McDonnell Foundation 98-38 CNS

561.8
A LIGHT-WEIGHT TELEMETRY SYSTEM FOR CABLE-FREE 
RECORDING OF SINGLE UNITS FROM FREELY MOVING RATS.
E.S.HAWLEY, E.L.HARGREAVES*, B.RIVARD AND R.U.MULLER
Physiology Dept. SUNY-Brooklyn, Brooklyn NY 11203

Currently a cable is needed to record individual cells from freely moving 
rats. Several experiments would be possible or simpler if the cable were 
replaced with a radio system. We have therefore developed a high-fidelity 
one-channel telemetry system that is easily carried by a rat. This system con-
sists of a headstage that plugs into the recording electrode array on the rat’s 
head, a backpack carried in a silastic vest and a 4 cm cable to connect the 
headstage and the backpack. The headstage contains two operational amplifi-
ers (gain = 1) and a light-emitting diode (LED) for tracking the rat. The back-
pack contains a differential amplifier (gain = 150 to 2000), the transmitter, a 
helical antenna and batteries (2 alkaline N cells). The current system weighs 
40 grams; simple design changes (using a 3V lithium cell and surface mount 
components) will reduce the weight to about 28 grams. By recording between 
two microelectrodes it is possible to send data from both on a single transmit-
ter channel; this is useful since hippocampal place cells fire slowly enough 
that events of different polarity will rarely interfere. By adding a second trans-
mitter (extra weight of 3 grams) it will be possible to telemeter 4 channels of 
independent data or two stereotrodes.

The transmitter/receiver pair are Radiometrix (England) 400 MHz radio fre-
quency modems (TX2ZRX2). Telemetered spikes filtered at 10 KHz are indis-
tinguishable from similarly filtered cable-recorded spikes. The signal is 
invariant as the rat moves in a .75 meter diameter recording cylinder and 
would be adequate over considerably larger (at least 3 meter) distances. A sin-
gle 3V lithium battery will power the amplifiers, transmitter and LED for at 
least 24 hours of continuous recording. We intend to use this capacity to 
record from hippocampal place cells in a relatively large room to see how their 
activity varies in a naturalistic environment.

561.9

THE RELIABILITY OF EXTRACELLULAR TETRODE RECORDINGS AS 
DETERMINED BY SIMULTANEOUS INTRACELLULAR AND 
EXTRACELLULAR RECORDINGS. K.D. Harris1, D.A. Henze1, P.P. Mitra2, and 
G. Buzsaki1* 'Center for Molecular and Behavioral Neuroscience, Rutgers 
University, Newark NJ 07102-, -Lucent Technologies, Murray Hill NJ 07974

Unit activity in the behaving animal is usually measured with extracellular 
electrodes (tetrodes). However, the reliability with which tetrodes can distinguish 
individual cells is still not known. We recorded wide band (l-3,000Hz) from 
single CAl pyramidal cells (PCs) both intracellularly with a glass pipette and 
extracellularly with a wire tetrode in anaesthetized rats. The intracellular 
recordings allowed us to determine with certainty the times of action potentials.
We found two main sources of variability in the extracellular waveforms: 
variability between cells, and within the spikes of a single cell. In addition to 
differences between PC and intemeuron waveshapes, we found significant variation 
between the waveshapes of different PCs. We propose that the variation between 
PCs is caused by differing electrode location along the somato-dendritic axis. A 
portion of the variance of the extracellular waveforms produced by a single cell 
was predicted from properties of the corresponding intracellular waveforms.

We determined the reliability of extracellular recordings using the spike 
times determined intracellularly. The extracellular spikes were clustered blind 
using a previously developed principal component analysis based system, by 
experienced and inexperienced operators. For each operator we calculated the 
fraction of type I errors (false positives), and type II errors (false negatives). A 
trade-off between type I and type II errors was seen, with operators ranging from 
0.9% type I and 19.0% type II, to 32.8% type I and 10.9% type II. Statistical 
analyses of the data are underway to determine the causes of manual clustering 
errors, and to facilitate the construction of automatic clustering systems.

This work was supported by NIH(NS34994, MH54671) and the Epilepsy 
Foundation of America (to DH).

561.10
SPIKE PATTERNS INFLUENCE ACTION POTENTIAL THRESHOLD IN VIVO. 
D.A. Henze*. K. D. Harris; and G. Buzsaki. Center for Molecular and Behavioral 
Neuroscience. Rutgers the State University of New Jersey, Newark, NJ 07102.

Understanding the processes that lead to action potential (AP) initiation in 
single cells is a necessary step in determining the way neural networks process 
information. Towards that end. we used in vivo intracellular recording methods to 
investigate the threshold for AP initiation in hippocampal pyramidal cells. The use of 
in vivo recording has the advantage of the presence of naturally occurring patterns of 
synaptic activity which can lead to AP initiation.

We find that the AP threshold for single CA 1 or CA3 pyramidal cells may vary 
up to 13 mV (8.4±3 mV; ± SD: n=7). Within single cells, the average threshold 
increases linearly with a cell’s resting potential (Vm). We also observed that for a 
constant average Vm. the threshold for an individual AP is inversely related to the 
natural log of the time since the last AP (longer times are associated with more 
hyperpolarized thresholds). This relationship holds for intervals from 0.005 to > 1 sec. 
Furthermore, partial regression revealed
that AP threshold also depends on 
multiple previous AP times. These 
findings all suggest that AP threshold is 
not a fixed value and is at least partially 
controlled by both extrinsic and intrinsic 
ongoing neuronal activity. These results 
also suggest that APs do not completely 
“reset” the active conductances of cells 
as is often assumed.

Supported by Epilepsy foundation of 
America (DH) and NIH (NS34994.
MH5467I).

561.11

THE INDUCTION OF LTP USING NATURALLY-OCURRING PHENOMENA 
IN RATS. C. King, D. Henze, M. Recce* and G. Buzsaki. CMBN, Rutgers 
University, Newark NJ 07102, USA
Classical methods of inducing Long-term potentiation (LTP) involve the pairing of 
an artificial stimulus with depolarization of the target cell. To test LTP induction in 
a state closer to that which pertains naturally, we used a naturally-occurring 
phenomenon as one component in this paradigm. The CA 1 area of the hippocampus 
produces sharp waves and associated 200Hz ripples during slow-wave sleep as a 
result of synaptic activation from CA3 along the Schaffer collaterals.

Intracellular recordings in vivo were used to measure the amount of 
depolarization associated with ripples in pyramidal layer. To assess synaptic 
activity, the area of depolarization was plotted against the size of the extracellular 
ripple and could be fit well by linear regression. The extracellularly-recorded ripple 
was then filtered and used to drive intracellular current delivery, producing 
depolarization of the cell concurrent and commensurate with the activation of CA3- 
CA1 synapses. Subsequent measurement of the ripple-associated depolarization 
were then performed. Analysis of the slope of the linear fit revealed an increase that 
lasted for up to an hour.

Extracellular recordings were performed in freely-moving rats in which the firing 
rate of cells at two sites were measured during ripples. Again, it was found that the 
number of spikes fired during a sharp wave demonstrated a linear relationship with 
the size of the ripple. In the training phase, the ripples triggered the application of a 
DC current pulse at one of the sites. Subsequently, the slope of the linear fit 
between ripple size and firing rates of cells at the stimulation site increased while 
no such change was observed at the second site.

These results imply that the pairing protocol had induced synaptic plasticity at the 
CA3-CA1 synapses of the stimulated cells and demonstrate that naturally-occurring 
phenomena can serve as a viable substrate for the induction of LTP. Supported by 
NINDS, NIMH.

561.12

DIFFERENTIAL REGULATION OF MEDIAL SEPTUM UNIT 
ACTIVITY BY THE HIPPOCAMPAL OUTPUT DURING SHARP 
WAVES AND THETA IN FREELY-MOVING RAT. G. Dragoi*, D. 
Carpi, M. Recce, Csicsvari J. and G. Buzsaki. CMBN, Rutgers Uni-
versity, Newark, NJ 07102. The medial septal region and the hippo-
campus are connected reciprocally via GABAergic neurons, but the 
physiological role of this loop is still not well understood. In an at-
tempt to reveal the physiological effects of the hippocampo-septal 
GABAergic projection, we cross-correlated hippocampal sharp wave- 
ripples (SPWs) or theta activity and extracellular units recorded in the 
medial septum in freely moving rats. The majority
of single septal cells (60%) were significantly sup-
pressed during SPWs. Most of the cells inhibited 
during SPWs (80%) fired rhythmically and phase- 
locked to the negative peak of the CAl pyramidal 
layer theta waves. Because both SPWs and the 
negative peak of theta waves correspond to the 
maximum discharge probability of the CAl py-
ramidal cells and interneuron classes, the findings
indicate that the activity of septal neurons can be negatively (during 
SPWs) or positively correlated (during theta) with the activity of hip-
pocampal interneurons. We hypothesize that the functional coupling 
between septal neurons and hippocampal interneurons varies in a 
state-dependent manner. Supported by NIH (NS34994, MH54617).

•250 0 250 ms
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561.13

FAST NETWORK OSCILLATORY PATTERNS IN THE CA1 
REGION OF THE HIPPOCAMPUS IN FREELY MOVING 
RATS. J. Csicsvari*, G. Dragoi, A. Mamiva, H. Hirase A Czurko 
and G. Buzsaki. CMBN, Rutgers University, Newark NJ 07102.

This study examined 40-80 Hz gamma, 100-130 Hz “fast” and 
140-200 Hz ripple oscillatory network patterns in the CA1 region 
using multiple silicon probe arjd wire tetrode recordings.
In the absence of theta rhythm, large amplitude sharp wave- 
associated ripple(200 Hz) and lower amplitude 100-130Hz (110Hz 
frequency peak) oscillatory local field potential patterns between 
sharp waves are present. Ripple waves reversed just bellow the 
pyramidal layer whereas 110 Hz oscillations reversed in the stratum 
radiatum and/or in the stratum oriens. CA1 intemeurons and 
pyramidal cells phase-locked their activity to both patterns. CA3 
field and unit activities were correlated with the CA1 110 Hz 
activity but not to the fast ripple activity. This suggests that ripples 
are locally generated in the CA1 region whereas 110 Hz patterns 
emerge in the CA3 region and are transferred to the CA1 region. 
40-80 Hz gamma periods are transiently present in the CA1 region 
mainly during theta oscillations. CA1 pyramidal layer intemeurons 
phase locked their activity to these patterns as well as to hilar 
gamma activity. These findings suggest that different hippocampal 
regions are functionally connected by both principal cells and 
oscillatory networks of intemeurons. Supported by NIMH, NINDS.

561.14

THETA PHASE RELATIONSHIP OF HIPPOCAMPAL PYRAMIDAL 
CELLS DURING “SPACE CLAMP” IN A RUNNING WHEEL. H. Hirase*,
A. Czurko, J. Csicsvari, G. Buzsaki. Center for Molecular and Behavioral 
Neuroscience. Rutgers the State University of New Jersey, Newark, NJ 07102. 
Two general frameworks have been put forward for the representation of 
information by the discharge patterns of neural assemblies: — frequency 
coding and temporal coding. Hippocampal CA 1 neurons were recorded using 
multiple tetrodes while the rat was localized to a confined place. Pyramidal 
cells that have spatial firing preference to the running wheel (“wheel cell”) 
were identified according to the firing rate ratio of wheel running in the 
preferential direction and outside the wheel. Spatial rotation of the apparatus 
showed that selective discharge of pyramidal cells in the wheel was under the 
combined influence of distal and wheel cues. During steady running, 
discharge rate change due to change in speed of running did not influence the 
preferential discharge phase of theta. Both rate and phase were unique to 
each “wheel cell”.
Rotation of the wheel apparatus resulted in a shift of both firing rate and 
preferred phase. Our observations suggest that for some pyramidal cells, 
proximal cues may have ability to control the firing field of some pyramidal 
cells. The findings indicate that factors determining rate and phase of spikes 
are not identical.

Supported by HFSP (HH), NIH (NS34994, MH54671 to GB).

561.15

SELECTIVE IMMUNOLESION OF SUBSTANCE P RECEPTOR 
EXPRESSING INTERNEURONS IN THE HIPPOCAMPUS. Zs. 
Borhegyi1, R.G. Wiley2, D.A. Lappi3, J. Morrell1* and G. Buzsaki1.
1 Center for Molecular and Behavioral Neuroscience. Rutgers the State 
University of New Jersey, Newark, NJ 07102; 2Neurology Sendee, 
VAMC, Nashville, TN 37212-2637fAdvanced Targeting Systems, San 
Diego, CA.

A ribosome inactivating protein, saporin, conjugated to 
substance P (SP-SAP) was used to selectively damage substance P 
receptor expressing interneurons in the dentate gyrus of the rat 
hippocampus. Three different doses (50ng, 25ng and 5ng) were tested 
in animals surviving 1, 2, 3, 5 and 10 weeks. Immunohistochemistry 
(parvalbumin, calbindin, calretinin, SPR, GluR2 and mGluRlcc) was 
carried out to examine specific or non-specific damage. The results 
were examined at light and electronmicroscopic level.

The highest (50ng) dose eliminated SPR elements in an 
approximately 3mm area, but it also caused nonspecific damage 
around the center. In rats injected with 5ng nonspecific damage to 
granule cells and mossy cells was not observed and SPR interneurons 
were selectively eliminated a far as 0.7mm from the center of the 
injection. The loss of SPR immunoreactive cells was clearly visible 
after two weeks.

The selective lesion of a well-defined subgroup of hippocampal 
interneurons can reveal their physiological role in normal function. 
Furthermore, the permament and selective absence of interneurons 
may be an effective tool for creating focal epilepsy. This work was 
supported by NIH, NIMH and Eotvbs fellowship.

561.16

ULTRA-SLOW OSCILLATION (0.025 HZ) TRIGGERS HIPPO-
CAMPAL AFTERDISCHARGES IN WISTAR RATS. 
M. Penttonen1*, N. Nurminen2, R. Miettinen2, J. Sirvio1, D. A.
Henze3, J. Csicsvari3 and G. Buzsaki3. *A. I. Virtanen Inst, for Mo-
lecular Sciences, Univ. of Kuopio, Kuopio, Finland 70211; 2Pept. of 
Neurology and Neuroscience, Univ. of Kuopio; 3CMBN, Rutgers
University, Newark, NJ 07102 .

Oscillations in neuronal networks are assumed to serve various 
physiological functions from coordination of motor patterns to per-
ceptual binding of sensory information. Here we describe an ultra- 
slow oscillation (0.025 Hz) in the hippocampus. Extracellular and in-
tracellular activity was recorded from the CA1 and subicular regions 
in rats of the Wistar and Sprague-Dawley strains, anesthetized with 
urethane. In 23% of Wistar rats spontaneous afterdischarges occurred 
regularly at 40.8±15.7 sec. The afterdischarges were bilaterally syn-
chronous and terminated relatively abruptly without postictal depres-
sion. Commissural stimulation evoked IPSPs in pyramidal cells. 
However, when the stimulus triggered an afterdischarge, the IPSP was 
absent and the cells remained depolarized during most of the afterdis-
charge. The findings indicate the presence of an ultra-slow oscillation 
in the hippocampal formation, which can induce afterdischarges in 
susceptible animals.

561.17

LOCAL INJECTIONS OF PROPOFOL OR MUSCIMOL IN THE MEDIAN 
RAPHE: EFFECT ON THE EEG AND PAIRED-PULSE PERFORANT PATH 
RESPONSES IN THE HIPPOCAMPUS OF THE BEHAVING RAT. K.M. 
Tanner*1.1. A. Herrick2 and L.S. Leung1. Depts. of Physiology1 and Anaesthesia2, 
Univ. of Western Ontario, London, ON, N6A 5C1, Canada.

Propofol enhances GABAa  transmission in the hippocampus. In this study, we 
compare the effects of propofol and the GABAa  agonist muscimol on the raphe- 
hippocampal pathway in behaving rats. Field potentials evoked by moderate 
stimulation of the medial perforant path were recorded in the dentate gyrus (DG) 
and CA1. A range of interpulse intervals (IPI) from 10-500ms was studied before 
and after local raphe injections of propofol (0.2pg or 2pg), muscimol (lpg) or a 
control vehicle (artificial cerebral spinal fluid or Intralipid);the injection volume 
was 0.2 pL. Recordings were made during walking, slow wave sleep and awake 
immobility. Raphe injections of propofol produced no noticeable changes in 
behaviour. Muscimol induced an obvious and stereotypic increase in locomotor 
activity that lasted over 2 hours after injection. No differences were seen in the 
medial perforant path evoked responses in the DG at any EPI following propofol, 
muscimol or control vehicle injection.

Hippocampal EEG was recorded in the DG and CA1 during walking and 
immobile behaviours before and after local raphe injections. A low dose of 
propofol caused no change in the EEG power spectrum. Muscimol (N=3) or 2pg 
propofol (N=l) shifted the theta peak to a lower frequency as well as increased EEG 
power at 1-4 Hz during walking behaviour. In summary, the above results suggest 
that a low dose (0.2gg in 0.2 pL) of propofol in the raphe does not affect 
hippocampal activity. However, a high dose of propofol may act on the median 
raphe like muscimol. Supported by an internal research grant and NSERC.

561.18
HIPPOCAMPAL SLOW WAVE ACTIVITY PREDICTS THE MAGNITUDE OF 
LOCOMOTOR STEPPING ELICITED BY HYPOTHALAMIC STIMULATION 
IN ANESTHETIZED RATS. H.M. Sinnamon . Neuroscience & Behavior 
Program, Wesleyan University, Middletown, CT 06459-0408.

Following a train of locomotor stimulation in the hypothalamus in 
anesthetized rats, there is a transient facilitation of locomotor initiation (the 
priming effect), and a transient increase in 4-Hz activity in the hippocampus. 
The generally similar time course of the two effects suggests that hippocampal 
4-Hz activity is directly linked to the excitability of locomotor initiation. If so, 
then power in the 4-Hz band that is present just prior to a primed locomotor 
bout should predict the magnitude of the facilitated locomotion. Stimulation 
electrodes were implanted in locomotor sites of the hypothalamus of 
anesthetized rats (urethane, 800 mg/kg). Hindlimb stepping was elicited by a 
single Control train of electrical stimulation presented once every 62 sec. On 
probe trials, a second Test train of stimulation followed the first at varying 
intervals (15-40 sec) to assess the priming effect. The time courses and 
patterns of locomotor priming varied widely, but the post-stimulation rise and 
decline of 4-Hz activity were consistent between sites. Hippocampal 4-Hz 
power predicted the amount of stepping that would be elicited in the next 5 sec 
specifically for some sites, but only generally for other sites. For the specific 
sites, 4-Hz power correlated strongly with the magnitudes of the stepping on 
the both the Test and Control trains. For most of the other sites, 4-Hz power 
did not correlate with the facilitation of elicited stepping on the Test trains. 
However, for these sites, prominent large amplitude irregular activity (1-3 Hz, 
and sharp waves) predicted low levels of stepping to control stimulation. 
Supported by a Wesleyan Project Grant.
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562.1

RHYTHMIC SYMPATHETIC NERVE DISCHARGES IN AN IN 
VITRO NEONATAL RAT BRAINSTEM-SPINAL CORD 
PREPARATION. C.-K. Su* and C.-Y. Chai. Institute of Biomedical 
Sciences, Academia Sinica, Taipei, Taiwan 11529, R.O.C.

To understand the origination of sympathetic nerve discharges 
(SND), we develop an in vitro brainstem-spinal cord preparation from 
neonatal rats. Ascorbic acid (3 mM) was added into the bath solution to 
increase the viability of this preparation. At 24 °C, rhythmic SND 
(recorded from the splanchnic nerve) was consistently observed but 
became quiescent at <16 °C. Respiratory-related SND (rSND) was 
discernible and well-correlated with C4 roots activity. Power spectral 
analysis of SND revealed a dominant 2 Hz oscillation. In most 
preparations (86%), such oscillation was persistent while magnitude 
only slightly reduced after isolating from the brainstem drives.
Removal of neural structures rostral to the superior cerebellar artery 
(equivalent to the level of facial nuclei) reduced rSND, increased tonic 
SND, but did not affect the temporal coupling between SND and C4 
roots activity. Our data suggest a prominent contribution of SND from 
the neural mechanisms confined in the neonatal rat spinal cord. This 
ascorbic acid enhanced in vitro preparation is a very useful model to 
study neural mechanisms underlying sympathorespiratory integration. 
This work was supported by grants from National Science Council of
R.O.C. (NSC 87-2314-B-001-014), Taiwan.

562.2
IN VITRO PREPARATION TO STUDY SPASTICITY IN CHRONIC SPINAL RATS 
D.J. Bennett*. M.A. Gorassini, M.Siu Div. Neuroscience, Univ. of Alberta, T6G 2S2.

Recently we have found that 2 weeks after transection of the rat sacral spinal cord 
symptoms of spasticity emerge in the affected tail musculature, including exaggerated 
polysynaptic, long lasting reflexes, analogous to the spastic stretch reflex seen in humans 
(Bennett et al., J. Neurotrauma 16:69-84,1999). Here we report a new method of 
explanting the chronically injured sacral spinal cord to an in vitro recording chamber, and 
show that ventral root reflexes can be elicited comparable to reflexes in the awake rats. 
Normal rats and rats with previous sacral spinal transection (l-6months post op.) were 
anesthetized with urethane (0.18mg/100g) while breathing pure O2, and the sacral cord 
was exposed and transferred in to a chamber containing artificial CSF, using the solutions 
and techniques of Long et al., 1988. The ventral and dorsal roots were placed on an array 
of monopolar electrodes in grease, for recordings and stimulation. In normal rats 
stimulation of the dorsal roots (0.1ms pulses at2-5xThreshold on S2-S4 and Caul roots) 
gave very weak ventral root reflexes (< 0.1 mV), usually only on the caudal ventral root 
(Cau 1), and only of short latency and duration, consistent with the weak reflexes measured 
in the tail muscles of awake normal or acutely transected rats (Bennett et al. 1999). 
Increasing the excitability of the spinal cord by removing magnesium from the bath, 
adding NMDA or by acute mid-sagital hemisection of the cord revealed that some sacral 
ventral root activity could be elicited, indicating that the spinal cord was alive though 
relatively areflexic. In chronically transected rats all ventral roots (S2-S4 & Caul) had 
large reflexes (> lmV), significantly different from normals, and both of mono- and 
polysynaptic latencies. Importantly, the polysynaptic reflexes were of long duration and 
low threshold (< 2xT), as in the awake chronic spinal rat. In summary, we have found that 
the chronically injured adult sacral spinal cord can be kept alive in vitro, and the 
hyperreflexia seen in spastic awake rats is maintained. This whole cord preparation 
should be useful in obtaining stable intracellular recordings from putative neurons related 
to spasticity and for testing antispastic drugs. Supported by MRC, NSERC & AHFMR.

562.3
CONTRALATERAL PRESYNAPTIC INHIBITION OF THE MONOSYNAPTIC 
REFLEX IN THE SACRAL SPINAL CORD P. Harvey, M.A. Gorassini*, S. Yakovenko, 
V.Gritsenko, D.J. Bennett Div. Neuroscience, Univ. of Alberta, Edmonton, AB, T6G 2S2.

The sacral spinal cord that controls the axial musculature of the rat tail normally has 
very weak monosynaptic reflexes (Bennett et al, 1999; Jankowska et al. 1978), as for other 
axial musculature such as in the neck. In the course of our recent efforts to obtain a viable 
in vitro preparation to study the adult rat sacral spinal cord (Bennett et al. ibid.), we 
noticed that, while the whole sacral spinal cord has weak or absent ventral root reflexes 
to dorsal root stimulation, when half of the sacral cord is dissected away (mid-sagittal 
hemisection, MSH) a prominent monosynaptic reflex appears. This suggests the 
hypothesis that the contralateral side of the spinal cord tonically inhibits the monosynaptic 
reflex, possibly by presynaptic inhibition of la afferents. Furthermore, this tonic inhibition 
does not require descending control, or afferent input, as these are removed in the in vitro 
preparation. To test this hypothesis in the awake rat we have developed a surgical 
technique where we can remove half of the sacral spinal cord (MSH) without disrupting 
the critical midline blood vessels, under general anaesthesia. The day after this procedure 
a significant monosynaptic reflex occurs and is maintained permanently, as measured with 
tail muscle surface EMG and nerve stimulation in the awake rat (Bennett et al., 1999). 
Furthermore, there is often muscle activity on the uninjured side, and the reflex increases 
with this activity (EMG, cf. postsynaptic facilitation). In contrast, in normal awake rats 
this monosynaptic reflex is weak or absent. At comparable levels of steady muscle 
activation (postsynaptic fac.) the normal rats have significantly smaller monosynaptic 
reflexes than HC lesioned rats, suggesting that the reflex in normal rats is smaller because 
of a steady presynaptic inhibition of afferent terminals, which is mediated by the 
contralateral spinal cord. These results suggest that asymmetrical lesions of the grey 
matter may be a cause of dysreflexia following traumatic spinal cord injury, and in general 
crossed spinal connections may be more functionally significant than previously thought 
(Prochazka et al. ibid., Jankowka et al., 1978). Supported by MRC, NSERC & AHFMR.

562.4
Lateral  excitation  between  primary  afferents  in  the  spinal  cord ?
R,E, . Russo1, R Delgado-Lezama2 and J.Hounsgaard3*. Unidad Asociada 
Neurofisiologia, Facultad de Ciencias1, Uruguay; Department of Physiology 
Cinvestav IPN2, Mexico & Department of Medical Physiology, University of 
Copenhagen3; Copenhagen N. 2200.

Primary afferents and dorsal horn neurons form a complex synaptic network in 
the spinal cord. We have attempted to dissect some of the functional pathways 
between these elements in vitro in transverse slices of the turtle spinal cord. To 
simplify the experimental conditions, the contribution of polysynaptic pathways 
was reduced by blocking AMPA receptors with CNQX (20 - 40 pM). In most 
dorsal horn neurons, a component of the excitatory postsynaptic potential in 
response to a stimulus applied to the ipsilateral dorsal root was still preserved. 
Bicuculline (20 - 40 pM) increased this component in amplitude and duration. 
The facilitated response had a short latency and a slow rate of rise, peaking after 
30- 100 ms with a total duration exceeding 200ms and was reduced or blocked 
by AP-5 (10-50 pM).

Similar results were obtained when investigating the dorsal root potential 
(DRP) evoked in one dorsal root filament in response to a stimulus in another 
filament in the same root. The amplitude and duration of the CNQX resistant 
DRP was facilitated by bicuculline and reduced or blocked by AP-5. In some 
experiments the DRP in the presence of CNQX and bicuculline was 
accompanied by a barrage of unit activity, indicating backfiring in primary 
afferents. This shows that a pathway for lateral excitation is operating under 
these experimental conditions. We suggest that this lateral excitation is also 
responsible for the facilitated response in postsynaptic neurons in the presence of 
CNQX and bicuculline. This pathway could be mediated by axo-axonic synapses 
between primary afferents described by Trujillo-Cenoz et al. (1990). 
Trujillo-Cenoz, O., Fernandez, A. & Radmilovich, M. (1990) Tiss. Cell 22: 811-826. 
Support: CSIC, CONACYT, The Danish MRC, Lundbeck & Novo Foundations.

562.5
REDUCTION OF THE INPUT RESISTANCE OF EXTENSOR 
MOTONEURONES DURING FICTIVE SCRATCHING. Perreault, M-C.* 
Department of Medical Physiology, The Panum Institute of Copenhagen 
University, Denmark.

In a previous study (Perreault et al. 1997), we have shown that the responses 
evoked by muscle group I afferents in cat extensor motoneurones are deeply 
modulated during the fictive scratching cycle. The possibility that changes in 
motoneuronal conductance could contribute to this modulation was investigated.

Extensor motoneurones were recorded in the absence of motor activities 
(monitored with ENGs from both hindlimbs) as well as during fictive scratching 
and accompanying weight support (induced by contralateral scratching). The input 
resistance (Rin) was calculated from the mean voltage deflections produced by 
hyperpolarising/depolarising current pulses (1.5-5nA, 5-20ms).

During fictive scratching, Rin was decreased up to 65% of its control value 
(quiescent condition). The reduction usually occurred before the onset of scratching 
oscillations, i.e. during the initial approach period when extensor motoneurones 
were tonically hyperpolarised. During the scratching oscillations, the Rin was often 
phasically modulated with an additional decrease during the flexion phase. 
However, the amplitude of this phasic modulation was small relative to the initial 
decrease. Despite a clear depolarisation of extensor motoneurones during fictive 
weight support, the Rin was not significantly changed.

The results suggest that the decrease of Rin during fictive scratching is mainly 
tonic with only a small phasic contribution from the network responsible for the 
scratching rhythm. Thus, the small cyclic change in motoneurone conductance is 
probably not the main factor for the large modulation of the muscle group I 
responses during fictive scratching. Supported by the Danish MRC.

562.6

ACTIVITY OF LUMBOSACRAL INTERNEURONS DURING 
MLR-EVOKED ACTIVITY AND FICTIVE SCRATCHING 
A M. Degtyarenko*. Division of Cardiovascular Medicine, University 
of California, Davis, CA 95616

Activity of 22 lumbosacral (L5-S1) interneurons were recorded 
extracellularly during MLR-evoked efferent discharges (fictive 
locomotion or tonic activity) and fictive scratching in decerebrate 
immobilized cats. According to the character of their activity during 
MLR-evoked efferent discharges and fictive scratching, all the 
interneurons studied were divided into three groups. 1. Interneurons 
activated (rhythmically or tonically) during both MLR-evoked efferent 
discharges and fictive scratching (23%); 2. Interneurons specifically 
activated during either MLR-evoked efferent discharges or fictive 
scratching (32%); 3. Interneurons inhibited during MLR- and 
scratching efferent activity (45%). Our data raises the possibility that 
the central pattern generators for locomotion and scratching could 
involve common, as well as separate, interneuronal circuits.
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562.7

INHIBITION OF ACTIVITY OF THE DORSAL HORN CELLS 
RECEIVING GROUP III AFFERENT INPUT DURING MLR- AND 
SCRATCHING EVOKED MUSCLE CONTRACTIONS. M.P. 
Kaufman* and A.M. Degtvarenko. Division of Cardiovascular 
Medicine, University of California, Davis, CA 95616

The effect of MLR- and/or scratching induced muscle 
contractions on the discharges of dorsal horn cells receiving 
group III afferent input was analyzed in decerebrate cats. The 
activity of 21 dorsal horn cells were recorded extracellularly from 
laminas 4-6. Identification of afferent input to dorsal horn cells was 
performed in one of the following ways: electrical stimulation of the 
tibial nerve (threshold for activation - 15.5+1.15 times for the most 
excitable fibers, latency of responses 8.5+0.58 ms); mechanical 
activation of the group III muscle afferents by stretching the 
calcaneal tendon or the application of the pressure to the surface of 
the ipsilateral triceps surae muscles. The deep dorsal horn cells 
(mean depth from the surface of the spinal cord - 1.86+0.04 mm) 
receiving input from group III afferent were inhibited during MLR- 
and scratching induced low intensity muscle contractions 
accompanied by an increase in arterial pressure. Eight of thirteen of 
these cells responded to repetitive twitch contractions of the 
ipsilateral triceps surae muscles. Our data supports the idea that 
thin muscle afferent input to the spinal cord is gated by the centers 
in the brainstem and spinal cord that evoke exercise.

562.8
MODULATION OF MONOSYNAPTIC REFLEXES BY NITRIC OXIDE 
IN THE CAT SPINAL CORD. E. Maniarrez*, T. Rocha, J.G. Rojas-Piloni, I. 
Mendez and A. Flores. Institute of Physiology and Faculty of Medicine, BUAP, MEXICO.

Neuronal nitric oxide (NO) is an extremely important and versatile messenger 
in the nervous system, which is synthesized by neuronal nitric oxide synthase 
(NOS). To date, much of the work examining functions of NO in the spinal cord 
has focused on nociceptive pathways, but not on the monosynaptic pathway 
from la muscle spindle afferents to motoneurons. In the present study we exam-
ined the effects produced by intravenous application of L-NOARG (NOS inhibi-
tor) and SIN-1 (NO donor) On Ia-monosynaptic reflexes (MSR's) and lumbar 
spontaneous negative cord dorsum potentials (sCDP's). Experiments were per-
formed in pentobarbital anesthetized, paralyzed and spinalized cats. Lumbar MSR's 
were produced by stimulation of group la afferents of the posterior biceps and 
semitendinosus (PBSt) or gastrocnemius-soleus (GS) nerves. L-NOARG (lOOpg/ 
Kg) produced a significant increase (p<0.05, Student's t-test) in the amplitude of 
MSR's (13.3+3.2%, n=4) and sCDP's (71.7+38.7%, n=2), without significant 
changes in amplitude of afferent volleys. These observations suggest that the 
NOS inhibitor reduced a possible tonic inhibition exerted by NOS-containing neu-
rons on neurons impinging along the monosynaptic path. SIN-1 (500pg/Kg) pro-
duced a significant increase (p<0.05, Student's t-test) in the amplitude of MSR's 
(289.4+119.7%, n=5), however no significant changes were found in the mean 
values of amplitude of sCDP's or afferent volleys, suggesting that the NO donor 
enhanced the synaptic transmission from la afferents to motoneurons. These 
results suggest that the amplitude of monosynaptic reflex responses could be 
modulated by a reduction of NO produced in sCDP generating neuronal ensem-
bles or by an increase of NO produced in motoneurons.

Partly supported by FOMES-BUAP and SNI-CONACyT

562.9

MODULATION OF MONOSYNAPTIC REFLEXES BY SPONTANEOUS 
SYNCHRONIZED ACTIVITY OF SPINAL DORSAL HORN NEURONS.
J.G. Rojas-Piloni, E. Maniarrez, I. Jimenez, and P, Rudomin*. Dept. Physiol., 
Biophys.& Neurosci. CINVESTAV-IPN and Institute of Physiology BUAP, MEXICO.

We have shown previously (Abs.Soc. Neurosci. 340.1,1996; 912.13,1997and 
453.11,1998) that in the spinal cord of anesthetized cats, the spontaneous nega-
tive cord dorsum potentials (sCDP’s) result from synchronous activation of 
dorsal horn neurons, which are monosynaptically activated by low threshold 
cutaneous afferents and are located within laminae III-V. We have now analyzed 
the possible effects of the spontaneous activation of these dorsal horn neurons 
on the amplitude and variability of la monosynaptic reflexes (MSR's). In 
pentobarbital anesthetized and paralyzed cats, the MSR's produced by activa-
tion of gastrocnemius-soleus (GS) la group afferents were facilitated when 
preceded (5-20 ms) by stimulation of low-threshold sural (SU) afferents, or by 
sCDP's. In the latter case facilitation was maximal at the peak of the averaged 
sCDP’s and decayed with a time constant of 19.9+3.6ms (n=3). sCDP’s vs 
MSR's showed a positive correlation (r= 0.90+0.08, n=4), which suggest that 
fluctuations of MSR's are closely related to the activity of the sCDP generating 
neurons. In addition, SU as well as sCDP conditioning, reduced the presynaptic 
inhibition of the MSR's produced by group I flexor afferents. These observa-
tions suggest that in addition to its effects on the cutaneous pathways, neurons 
involved in the generation of the sCDP's also exert a modulatory action on the 
Ia-motoneuron monosynaptic pathway, which may be of functional relevance 
during the execution of motor tasks. Partly supported by NIH grant NS09196 and 
CONACyT grant 41739. Rojas-Piloni, CONACyT fellowship 4124127.

562.10
POSTTETANIC SHAPE CHANGES IN EPSPS OF FROG SPINAL 
MOTONEURONS: PRE- OR POST-SYNAPTIC CHANGES?
W. M. M. Schupbach* C. P. Spengler, H. P. Clamann. Dept. of 
Physiology, Univ. of Bern, 3012 Bern, Switzerland.

Post-tetanic effects on motoneurons are assumed to be produced 
by a change in the release probability of boutons. If this effect differs 
for different boutons of the same synapse, it should produce a 
change in the shape of an EPSP, while, otherwise, it will only produce 
a change of scale in the EPSP. Broadening of the EPSP shape could 
also reflect post-synaptic changes such as activation of NMDA 
receptors.

A propriospinal axon was impaled in the frog spinal cord in vitro and 
stimulated, and the resulting monosynaptic EPSP was recorded in a 
lumbar motoneuron. Single stimuli were alternated with stimulus pairs 
separated by 40 ms, with a frequency of 1/3 Hz. A sequence of 250 
such alternating stimuli was followed by a tetanus (300 bursts at 5 Hz 
of 5 stimuli at 50 Hz), another sequence of single and paired stimuli, 
and then repeated after addition of 50 pM AP V to the bath.

Tetanus produced an increase in EPSP amplitude and in half-decay 
time in some cases, as seen previously. AP V produced no consistent 
changes in this pattern, suggesting that NMDA receptors play no role 
in this process. We conclude that shape changes seen in EPSPs 
after tetanic stimulation do not affect postsynaptic NMDA receptors. 
The shape change may be produced by non-uniform changes in 
release parameters at the different boutons of the synapse. 
Supported by NSF Grant No. 31-45729.95.

562.11

DENDRITIC AMPLIFICATION OF STEADY SYNAPTIC INPUT IN 
MOTONEURONS IN VIVO. C.J. Heckman*, R.D, Theiss, and R.H, Lee. 
Physiology, Northwestern Univ. Med. Sch., Chicago IL, 60611.

The dendrites of spinal motoneurons are capable of generating 
large plateau potentials. We studied the effect of these voltage- 
sensitive dendritic conductances on synaptic integration by applying 
steady synaptic input during voltage clamp. Because the clamp was 
applied at the soma, the synaptic input could alter the activation of the 
plateau potentials in the unclamped dendritic regions without 
changing the activation of the somatic voltage-sensitive channels. 
Discontinuous single electrode voltage clamp was applied in triceps 
surae motoneurons in the lumbar spinal cord of the decerebrate cat 
preparation. Steady synaptic inputs were evoked by tendon vibration, 
which generated monosynaptic excitation from muscle spindle la 
afferents. The la input was applied during somatic voltage clamp at 
various steady holding potentials within a 30 to 40 mV range that 
spanned the voltage threshold for spike initiation in the unclamped 
state (about -50 mV). In high input conductance cells (likely type F), 
the total current generated by the la input during the clamp increased
2- to 3-fold as the holding potential was shifted to depolarized levels. 
The maximum increase occurred well above the spike voltage 
threshold. In low input conductance cells (likely type S), the voltage- 
dependent increase of la current was equally large, but the maximum 
effect occurred near spike threshold. This potent voltage-dependent 
amplification of la input was likely due to activation of a dendritic 
plateau potential. Furthermore, the amplified la input was probably 
large enough to generate nearly maximum forces in type S motor units. 
This suggests that the “excitability” of the dendritic tree plays a major 
role in synaptic integration in spinal motoneurons.

(Supported by NIH NINCDS NS34382)

562.12
PLATEAU POTENTIALS AND WIND-UP IN MOUSE SPINAL 
MOTONEURONES. Z. Jiang, K.P. Carlin and R.M, Brownstone*. Dept Physiology, 
Univ. Manitoba, Winnipeg, MB, Canada R3E 3J7.

Spinal motoneurones have complex intrinsic properties that may drastically change 
their response to certain synaptic inputs. One such property is the ability to generate 
sustained output that outlasts the initial input: the plateau potential. The plateau 
properties of mammalian spinal motoneurones were first revealed in the decerebrate cat, 
and may play a role in producing the output during locomotor behaviour. However, there 
are significant difficulties in addressing the cellular mechanisms underlying plateau 
potentials in the in vivo animal. In turtle spinal cord slice, it has been shown that these 
potentials are mediated by voltage-activated non-inactivating dihydropyridine-sensitive 
(L-type) calcium channels. This study has been performed to examine whether similar 
channels produce plateau potentials in mammalian motoneurones.

Spinal cord slices harvested from the functionally mature mouse (10-15 days old) 
were used. Using IR-DIC microscopy, motoneurones were identified as large ventral 
horn cells. Whole cell patch clamp recordings were performed in current clamp mode. 
Following brief depolarising current injections, prolonged depolarisations were seen. 
With the addition of caesium to the bath, these pulses resulted in prolonged firing, which 
could be terminated by hyperpolarising current pulses. Following addition of TTX and 
intra- and extra-cellular potassium channel blockers such pulses demonstrated a 
calcium-dependent bistable membrane potential. Furthermore, successive pulses that 
were initially subthreshold for the production of bistability demonstrated a "wind-up" 
phenomenon, whereby the later pulses would produce a sustained depolarisation. This 
study demonstrates that calcium-dependent plateau potentials can be produced in 
mammalian spinal motoneurones in an in vitro preparation. Taken together with the data 
demonstrating nifedipine-sensitive currents in motoneurone dendrites and nifedipine- 
sensitivity of rhythmic motor output produced in the whole in vitro spinal cord leads to 
the suggestion that these plateau potentials lead to enhancement of the motor output 
during behaviour.

Supported by the MRC of Canada, MHRC, and ALS Society of Canada
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562.13
DENDRITIC L-TYPE CALCIUM CURRENTS IN MOUSE SPINAL 
MOTONEURONES. K.P. Carlin*, K.E. Jones, Z. Jiang. L.M. Jordan, and R.M. 
Brownstone. Dept. of Physiology, Univ. Manitoba, Winnipeg, MB, Canada R3E 3J7.

Spinal motoneurones, under certain conditions, demonstrate non-iinear 
behaviours such as plateau potentials. The ionic mechanisms mediating this sustained 
depolarisation in mammalian spinal motoneurones is unclear. In turtle motoneurones, the 
inward current underlying these behaviours has been shown to be mediated by L-type 
calcium channels located on the dendrites. This location of the channels conforms with 
previous modelling studies which suggest that this persistent inward conductance must 
be somewhat electrically removed from the spike generating mechanism to mimic the 
plateau potentials seen in these cells.

In this study we have isolated calcium currents in putative motoneurones in a 
mouse spinal cord slice preparation. Voltage clamp analysis of these currents using both 
voltage steps and ramps reveals calcium currents that are electrically separated from the 
soma. During step depolarisations these distal conductances were seen as late-onset, 
persistent currents while with ramp depolarisations clock-wise hysteresis of the currents 
was seen. That is, during the descending limb of the ramp the inward current was greater 
than during the ascending limb. A neuromorphic motoneurone model constructed with a 
non-inactivating calcium current placed on the dendrites was able to produce both the 
late onset currents and the current hysteresis. Pharmacologically both the late and 
hysteretic currents are reduced by L-channel blockers (dihydropyridines) and are 
enhanced by the L-channel activator FPL-64176. The N and P/Q-type blockers, ©- 
conotoxin-GVIA and m-agatoxin-TK, do not block these currents . Consistent with the 
electrophysiological and pharmacological results, immunohistochemical studies 
demonstrated the presence of the aid subunit of the L-type calcium channel on the 
dendrites of these cells. The dendritic currents and the a 1 d subunit labelling were seen to 
develop in the first two post-natal weeks. These results demonstrate the presence of 
dendritically located L-type calcium channels in post-natal motoneurones of the mouse 
spinal cord.

Research supported by the MRC,MHRC andtheALS Society of Canada

562.14
HALOTHANE-INDUCED CHANGES IN INTRINSIC
MEMBRANE PROPERTIES IN RAT SPINAL CORD MOTOR 
NEURONS. G . Cheng* and J.J, Kendig. Dept. of Anesthesia,
Stanford Univ., Stanford, CA 94305.

Halothane probably induces general anesthesia by multiple 
mechanisms. One possible mechanism for the action of volatile anesthetic 
agent may be the ability to inhibit impulse initiation in motor neurons 
thereby producing immobility to a noxious stimulus (MAC). Whole-cell 
patch recordings were used to investigate halothane effects on intrinsic 
membrane properties of visually identified motor neurons in spinal cord 
slices from 6-10 day old rats. Halothane at anesthetically relevant 
concentrations depressed excitatory synaptic responses evoked by 
stimulation of dorsal horn or dorsal root entry area. This depressant effect 
was dose-dependent and reversible. Halothane at one third MAC 
depressed EPSC amplitude to about 10%. In addition, halothane reduced 
the number of impulses in response to the same amount of injected current 
and increased the threshold for spike initiation. Halothane also 
hyperpolarized motor neurons without significant changes in membrane 
resistance. Both hyperpolarization and increased threshold were reversible 
after wash. Thus, a direct action on motor neuron intrinsic membrane 
properties may be an important mechanism for halothane action in the 
spinal cord. Supported by NIH Grants NS 13108 and GM47818 to JJK. 
We are indebted to Diane Gong in E.I. Eger's laboratory at LTCSF for 
determination of anesthetic concentration.

562.15

VOLATILE ANESTHETICS DEPRESSED GLUTAMATE 
TRANSMISSION OF MOTOR NEURONS BY A POSTSYNAPTIC 
MECHANISM IN MOUSE SPINAL CORD SLICE. J.J. Kendig* 
and G. Cheng. Dept. of Anesthesia, Stanford Univ., Stanford, CA 94305

In hippocampus halothane depresses synaptic transmission by 
presynaptic actions. Little is known about the actions of these agents on 
receptors and ion channels in spinal cord. We investigated enflurane and 
halothane actions on mouse spinal cord slices in vitro with whole cell 
patch recording. Electrical stimulation of the dorsal root entry area or 
dorsal horn evoked excitatory postsynaptic currents (EPSCs) in visually 
identified motor neurons which were completely blocked by the glutamate 
NMDA antagonist D-APV plus the AMPA/kainate antagonist CNQX. 
Both enflurane and halothane reversibly depressed EPSCs at 
anesthetically relevant concentrations. To test the hypothesis that the 
volatile anesthetic agents were acting postsynaptically, glutamate 
receptor-mediated currents (Ig/u) were induced in motor neurons by 
pressure injection of 5mM glutamate and Ig/„ were recorded in the 
presence of 0.3 pM tetrodotoxin. Enflurane and halothane both depressed 
Ig/M amplitude and area. These data demonstrate postsynaptic regulation of 
glutamate receptors on motor neurons by enflurane and halothane, which 
may be an important mechanism underlying volatile anesthetic depression 
of glutamate-mediated excitatory synaptic transmission in spinal cord. 
The spinal cord thus differs from hippocampus in an important 
mechanism of anesthetic action. Supported by NIH Grants NS 13108 and 
GM47818 to JJK. We are indebted to Diane Gong in E.I. Eger's 
laboratory at UCSF for determination of anesthetic concentrations.

562.16

SYNAPTIC INPUT TEMPORAL CORRELATION AND MEMBRANE 
PROPERTIES SHAPE SPIKE SYNCHRONIZATION BETWEEN NEURONS.
G. Svirskis1,2,*! Rinzel1 . 'Center for Neural Science and Courant Institute of 
Mathematical Science, New York University, New York, NY 10003; 2Lab 
Neurophysiol, Biomed Res Inst, Kaunas Medical Univ, LT3000 Kaunas, Lithuania.

The exponential decay of individual, random synaptic currents induces a temporal 
correlation in the net synaptic input. We study the effects of such correlation 
structure assuming Poisson arrivals and current amplitudes that are exponentially or 
normally distributed. We describe analytically the probability density and 
correlation function of the membrane potential in integrate and fire neurons when 
the average density of the synaptic input is about 10 events/ms.

We consider the synchronization of spikes between uncoupled neurons that 
receive some common and some independent input. We find that: 1. Oscillatory 
synchronization (seen in the cross-correlation function) does not require oscillating 
input. The neurons' near-rhythmic firings are synchronized by the common 
randomly changing input. 2. If synaptic input's temporal correlation decays slowly, 
the synchronization peak is broad. If the correlation decays more slowly than the 
spike afterhyperpolarization, the synchronization does not show oscillatory features. 
3. The additional inward current due to voltage dependent channels can support 
spiking and decrease correlated firing between neurons.

The results have implications for understanding the oscillatory synchronization of 
neurons in the cortex and pathological tremor in motor system. For example, 
increased synchronization with broad central peak and oscillatory structure has been 
observed in Parkinsonian patients, suggesting that in disease the temporal 
correlation of input decays more slowly than in normals (part 2 above), and 
persistent inward currents that are observed in motoneurons may be diminished in 
disease (part 3 above).

The work was supported by HFSP grant LT/0051-1998.

562.17

ALTERNATE MODULATION OF INHIBITORY SYNAPTIC NOISE IN 
LEFT-RIGHT ZEBRAFISH MAUTHNER CELLS. K. Hatta* and H. Korn 
Institut Pasteur, Biologie Cellulaire et Moleculaire du Neurone, INSERM U261, 
Departement des Biotechnologies, 75015 Paris, France

Continuous fluctuations of membrane potential or synaptic noise are 
common in central neurons and are caused by spontaneous impulses in 
presynaptic afferents. The paired Mauthner (M-) cells of teleosts are a part of 
the brain stem escape network and the left-right direction of C-start escape 
reflex is determined by which one reaches threshold first. In these cells, 
synaptic noise is mostly inhibitory (ISN) and it influences the neuron's input- 
output relation. We found that in the adult zebrafish M-cells ISN exhibits two 
distinct patterns, i.e. a "busy" state, made of bursts of fast strychnine-sensitive 
inhibitory postsynaptic potentials, and a "calm" state, with less inhibition, both 
of which can last for from 14 msec to several minutes, and then spontaneously 
flip-flop. Simultaneous recordings have revealed that these patterns are 
complementary in the left and right M-cells. An action potential induced by a 
brief current injection transiently turns on the busy state in the activated 
neuron for 145 msec + 119 (n = 110 in 6 cells), while it suppresses the ISN in 
the other side. The busy state was found to contain rhythms in the gamma 
range, which were up-regulated after an action potential for about 3 times 
(range from 1.6 to 5.1) in 21 out of 26 M-cells, and generally returned to the 
initial rate in 161 msec + 71 (n = 30). The amplitude of test evoked antidromic 
spikes was reduced for 24 % + 14 (n = 5 cells) when they were timed to occur 
during the busy state, in comparison with their control size during the calm 
state, indicating a strong effect of ISN on M-cell's excitability. Our data 
suggest that this asymmetric modulation of ISN contributes to the "decision" of 
the most appropriate direction of the escape trajectory of the animal in a 
complex environment. Supported by FRM and INSERM.

562.18

SPINAL FORCE FIELDS IN THE CAT SPINAL CORD. M.A. Lemay*. 
W.M, Grill. Dept. of Biomedical Engineering, Case Western Reserve 
University, Cleveland, OH 44106-4912.

We investigated the hindlimb motor responses evoked by intraspinal 
microstimulation in cats anesthetized with a-chloralose. A laminectomy 
was made to expose the L5-L7 spinal cord, and electrical stimulation was 
delivered intraspinally using microelectrodes inserted dorsoventrally. 
Enpoint forces at the paw were measured in the sagittal plane at 9-12 
locations covering the hindlimb’s workspace. The forces at the limb’s 
endpoint were represented as a force field constructed by dividing the 
workspace into triangles and estimating the force vectors within a triangle 
by a linear interpolation. Field structures were of four primary types: 
flexion withdrawal, rostral flexion, caudal extension, and rostral extension. 
The field struture varied along the depth of penetration. Fields at 
superficial depths («800/zm) were mostly flexion withdrawal responses, 
while fields are intermediate depths (»1500/zm) were varied in type. The 
magnitude and direction of the endpoint forces evoked at superficial and 
intermediate depths varied with limb configuration, and at some stimulation 
sites exhibited a point of convergence where the net endpoint force was 
zero. Electromyographic activity of four hindlimb muscles (tibialis ant., 
med. gastroc, bicep fem., vastus med.) indicated that the convergent fields 
were produced by coactivation of multiple muscles. Active force fields at 
the deeper level («5000/<m) did not show convergence, and were likely the 
result of direct motoneuron activation. Similar fields were evoked by 
intramuscular stimulation of single muscles. These results suggest that 
microstimulation of the mammalian spinal cord can be used to activate 
groups of muscles to produce organized force patterns at the limb’s 
endpoint, paralleling results reported for the frog [Giszter et al., 1993]. 
Supported by the NIH Neural Prosthesis Program (NINDS-NS-8-2300).
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562.19
ABSENCE OF POSITIVE CORRELATION BETWEEN SOMA SIZES AND 
AXONAL CONDUCTION VELOCITIES OF CAT MEDIAL PONTINE 
GIGANTOCELLULAR TEGMENTAL FIELD NEURONS PROJECTING TO 
THE SPINAL CORD.
K, Ito*. H. Imon, L.Dauphin and R. W. McCarlev. Lab. Neurosci., Dept.
Psych.,Harvard Med. Sch./VAMC, Brockton MA 02301.

Feline medial pontine giant cellular tegmental field (m-PFTG) neurons 
projecting to the lumbar spinal cord were studied to determine the relationship 
between soma size and antidromic axonal conduction velocities. Of 210 
intracellularly recorded m-PFTG neurons, were identified by stimulation of the bulbar 
reticular formation, 115 cells were successfully labeled by intracellular neurobiotin 
pressure injection with diaminobenzidine reaction (Kita et al, 1991). Ninety-three 
neurons out of 115 labeled cells were antidromically activated from L2 at least one of 
eight stimulation sites (i.e. ipsi- and contralateral dorsal horn, lateral funiculus, ventral 
horn and anterior funiculus), whereas 22 labeled cells showed no antidromic 
activation. Soma sizes were measured by a digitized measurement system 
(SigmaScan) after reconstruction drawings made through camera lucida tracings, and 
expressed as the area of the largest soma cross section. Axonal conduction velocities 
were calculated using the distance between the recording and stimulating sites, as 
measured after the conclusion of each experiment from the dissected brainstem and 
spinal cord. This distance was divided by the antidromic latency to give the 
conduction velocity. Soma sizes ranged from 1650 to 6000 pm2 and axonal conduction 
velocities ranged from 49.0 m/S to 96.3 m/S, except 2 neurons with conduction 
velocities under 40 m/S. Contrary to our original expectation that large neurons might 
have thicker axons with high conduction velocities, there was no positive correlation 
between soma sizes and their axonal conduction velocities. This research is supported 
by the Veterans ’ Administration and NIMH 39,683 (RWM),

562.20

TARGETING INTERNEURONS FOR PATCH CLAMP RECORDING AND 
NEURONAL TRACING BASED ON L-TYPE CA2+CHANNEL LABELING IN 
SPINAL CORD SLICES. P. Jensen, B. Fedirchuk*, & L.M. Jordan. Dept. of 
Physiology., Univ. of Manitoba, Winnipeg, CANADA, R3E 0W3

In spinal motoneurons a dihydropyridine (DHP) sensitive Ca2+ mediated inward 
current is necessary for generation of characteristic plateau potentials (Hounsgaard and 
Mintz 1988, J.Physiol 398:591). Similar currents have been identified in spinal 
commissural intemeurons and are implicated in spinal motor function (Hounsgaard and 
Kjaerulff 1992, Eur. J. Neurosci, 4:183). Furthermore, a subpopulation of spinal neurons 
in lamina VII have previously been shown to have the DHP receptor of the L-Type Ca2+ 
channel (MacDonald, Sawchuk & Jordan 1996, Soc Neurosci Abstr 725:12). We have 
developed a technique to selectively explore the physiology and anatomy of 
intemeurons labelled for the L-Type Ca2+ channel in live spinal cord slices.

DHP-Bodipy coupled fluorescent probes (DM or ST-Bodipy, Molecular Probes) 
have a high affinity for neuronal L-Type Ca2+ channels (Knaus et al. 1992, Proc. Natl. 
Acad. Sci. 89:3586). DHP-Bodipy was applied to acute ‘ultrathin’(30-50 pm) slices of 
neonatal rat spinal cord which were obtained using the technique described by Song, 
Sawchuk & Hochman (1996, Soc Neurosci Abstr 132.10). Under epifluorescence 
microscopy, DHP-Bodipy labelled cells were selectively targeted for whole cell patch 
clamp recording and/or filled with Lucifer Yellow (LY) for neuronal tracing.

Preliminary results show that large labeled neurons, presumably motoneurons, were 
evident in the ventral horns. In addition, DHP-Bodipy labeled neurons were also present 
in more dorsal gray matter. These intermediate lamina neurons were selectively targeted 
for patch clamp recording. They exhibited inward currents characteristic of neurons 
during voltage clamp recording and traceable projections after filling with LY.

These results demonstrate the usefulness of utilizing a specific fluorescent label to 
target cells in acute spinal cord slices. This technique will facilitate investigations of the 
morphology and physiology of specific spinal neuronal populations. Supported by the 
M.R.C. of Canada

OCULOMOTOR SYSTEM: SMOOTH PURSUIT AND OCULAR RESPONSES

563.1

EFFERENT TARGETS OF THE PURSUIT SUBREGION OF THE FRONTAL 
EYE FIELD IN CEBUS MONKEY INCLUDE THE SUPERIOR 
COLLICULUS, PONTINE NUCLEI, AND CAUDATE NUCLEUS.
Y.-J. Yan*1, D.-M. Cui1 and J.C. Lynch1,2. Depts. of Anatomy' and 
Ophthalmology2, University of Mississippi Medical Center, Jackson, MS 39216

We have recently described the corticocortical and thalamocortical input to 
physiologically-identified pursuit and saccade subregions of the frontal eye field 
(FEF). In the present study, we used low-threshold microstimulation (<50 pA) 
in conjunction with Telazol anesthesia to localize the pursuit (or smooth eye 
movement) subregion of the FEF (FEFsem) and the saccade subregion (FEFsac) 
in 4 Cebus apella monkeys. We used three anterogradely-transported tracers 
(biotinylated dextran amines; WGA-HRP; and FluoroRuby) to compare the 
brainstem and basal ganglia targets of the FEFsem and the FEFsac. Injection of 
each tracer in the FEFsem produced labeled axon terminals in the intermediate and 
deep layers of the superior colliculus (SC). Injections in the FEFsac produced a 
similar pattern of labeling, but concentrated more superficially, in the 
intermediate layers. The FEFsem terminal fields were not as dense as the FEFsac 
terminal fields. FEFsem injections also produced dense distributions of labeled 
terminals in the head and body of the caudate nucleus, and lesser amounts in the 
putamen. Dense patches of FEFsem labeling were concentrated in the 
dorsomedial pontine nuclei and in the ventral lateral complex and posterior part 
of the medial dorsal (MD) nucleus of the thalamus. Additional labeling from the 
FEFsac was concentrated in the head and body of the caudate, in the dorsomedial 
pontine nuclei (overlapping but generally more dorsal than the FEFsem 
distributions), and in paralaminar MD. Thus the FEFsac and the FEFsem send 
information to similar but distinct regions of the brainstem oculomotor system and 
basal ganglia.

Supported by UMC-IRSP 059918, and the Joe Weinberg Research Fund

563.2

EFFECTS OF SUBDURAL APPLICATIONS OF NO SCAVENGER OR NO 
SYNTHETASE INHIBITOR ON THE ADAPTATION OF MONKEY 
SMOOTH PURSUIT H. Kitazawa1’2 and S. Nagao'2*, ’Dept. of Physiol., 
Jichi Med. Sch., Tochigi 329-0498,2CREST, Saitama 332-0012, Japan

Sustained visual-vestibular stimuli or visual stimuli induce short-term 
modifications of the dynamics of horizontal vestibulo-ocular (HVOR) or 
optokinetic response (HOKR). Lesion, single-unit recording studies obtained 
from various animal species consistently suggest that the cerebellar flocculus 
plays an essential role in the adaptation of reflex eye movements. The long-
term depression (LTD) of the Purkinje cell synapses is suggested to underlie the 
adaptation of reflex eye movements, because local applications of 
pharmacological agents which blocks LTD (hemoglobin or NG-monomethyl-L- 
Arginine, L-NMMA) are also shown to block adaptation of the HVOR or HOKR 
(e.g., Nagao and Ito, 1991). It is known that the human and monkey smooth 
pursuit eye movements are adaptively modifiable when perturbations are given 
to the target velocity immediately after the onset of the smooth pursuit. In 
order to see the role of the LTD in the adaptation of the smooth pursuit, we 
locally applied hemoglobin or L-NMMA around the monkey ventral 
paraflocculus area, where the Purkineje cells showed both strong preference to 
the smooth pursuit and responses correlated with the adaptation of the smooth 
pursuit. Local applications of these drugs actually depressed the adaptation of 
the smooth pursuit. These results support the view that the LTD may also 
underlie the adaptation of the primate smooth pursuit.

563.3
FLOCCULUS AND PARAFLOCCULUS PURKINJE CELL SENSITIVITY TO 
EYE MOTION AND RETINAL SLIP DURING PREDICTABLE AND NON- 
PREDICTABLE SMOOTH PURSUIT M Suh1*, H-C Leung2, AS Williams3, RE 
Kettner3. ’Dept Biomedical Engineering, Northwestern Univ, Evanston, IL 60208, 
2Dept Diagnostic Radiology, Yale Univ Med Sch, New Haven, CT 06520 and 3Dept 
Physiology & Neuroscience Inst, Northwestern Univ Med Sch, Chicago, IL 60611.

Purkinje-cell sensitivities and delays were compared for predictable and non- 
predictable target motion. A perturbation task studied pursuit during unpredictable 
right-angle perturbations from ongoing circular pursuit. A sum-of-sines task studied 
pursuit along a predictable trajectory created by summing different frequency 
sinusoids on horizontal and vertical axes. In past work, Suh et al (Soc Neurosci Abstr 
1997 & 8) have shown that Purkinje-cell responses are strongly correlated with eye- 
motion. A separate analysis indicated a smaller correlation with retinal-slip motion. A 
more comprehensive model has now been tested that combines eye and retinal-slip 
terms: R(t) = P + pe • Pe (t- re) + ve • Ve (t- te) + ae • Ae (t- re) + ps ’ Ps (t- u) + vs • Vs 
(t- xs) + as • As (t- xs). It expresses firing rate (R) as a function of a baseline rate (P) 
and separate terms for eye (e) and retinal slip (s) including pure delays (x), position, 
velocity and acceleration vectors (P, V & A) and sensitivity vectors (p, v & a).

This model provided better fits than past models based on eye or slip motion alone, 
particularly for the perturbation-task data. Partial R2 and sensitivity parameter values 
for both tasks indicated that eye velocity played the strongest role in determining 
firing rate, followed by eye position. Slip position and velocity played smaller roles in 
shaping responses during perturbed pursuit, and even smaller roles during sum-of- 
sines pursuit. Thus, firing rates were only weakly correlated with slip during 
perturbations designed to generate large amounts of slip. Interestingly, retinal slip 
played an even smaller role during ongoing pursuit along predictable sum-of-sines 
trajectories. This may result from the small amounts of slip observed during sum-of- 
sines tracking. Eye and slip acceleration both played only small roles in both tasks.

On average, eye delays indicated that neural responses tended to precede eye motion 
by several ms although a range of leads and lags was observed. Slip delays could only 
be computed for perturbation data. Average neural responses lagged retinal slip and 
led eye corrections that occured 90 ms after perturbation onset (Leung & Kettner, 
Vision Res 1997). Those neurons with responses that led eye motion may be involved 
in driving both predictable and non-predictable pursuit. (MH 48185, IBN 9723846)

563.4
SACCADE-RELATED NEURONS IN THE MONKEY DORSAL PONTINE 
NUCLEI DO NOT RESPOND TO ‘CATCH-UP’ SACCADES DURING 
SMOOTH-PURSUIT EYE MOVEMENTS
P.W. Dicke and P. Thier (SPON: European Neuroscience Association). Sektion fur 
Visuelle Sensomotorik, Dept. of Neurology, Univ. of Tubingen, D-72076 
Tubingen, Germany.

The pontine nuclei in the ventral brainstem function as a major gateway for 
cerebrocortical signals destined for the cerebellum. Practically all major 
cerebrocortical 'eve fields ' such as areas MST, LIP or the FEF send efferents to the 
dorsal pontine nuclei (DPN). In accordance with this connectivity, we could 
recently show that a substantial percentage of DPN neurons are activated by either 
smooth-pursuit eye movements or visually guided saccades (Soc. Neurosci. Abstr. 
22: 579.9, 1996). Unlike eye movement related neurons in cerebral cortex, which 
seem to specialize in either smooth pursuit or saccades, almost one third of eye 
movement related neurons in the DPN respond to both, smooth-pursuit as well as 
saccades. We reasoned that this subgroup of neurons might be involved in the 
programming of 'catch-up' saccades (CS), carried out in order to compensate for 
insufficient smooth-pursuit eye movements. In order to test this assumption, we 
analyzed the activity of 55 eye movement related single-units recorded from the 
DPN of 2 rhesus monkeys during CS. 16 units responded exclusively to saccades 
(SO units), 21 exclusively to smooth pursuit and 18 to both (SP units). We tried to 
reveal CS-related activity during linear pursuit jn eight directions, including the 
preferred pursuit and/or saccade direction of a particular unit. CS were detected in 
single trials and CS-triggered-averages of spiketrain segments starting 50ms before 
the CS and lasting until 150 after the CS were calculated. Much to our surprise, 
none of the 55 units showed a significant response to CS as determined by a 
comparison of activity in the CS segment with a measure of baseline activity. The 
absence of responses of SO and SP units to CS most probably does not reflect a 
lack of sensitivity to the small amplitudes of CS. This conclusion is suggested by 
preliminary observations on their amplitude preferences, which usually disclose 
sensitivity even to saccades as small as CS.
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563.5
EVIDENCE FOR A VISUAL FEEDBACK LOOP CONTROLLING SMOOTH 
PURSUIT IN THE CAT. S. de Brouwer1, M. Missal2, M. Meulders2*, P. Lefevre12. 
’CESAME and 2Lab. of Neurophysiology, UCL, Brussels, Belgium.

Smooth pursuit eye movements aim at following moving targets. In cats, smooth 
eye movements have been originally described by Evinger and Fuchs (1978) as very 
poor compared to human. More recently, Missal et al. (1995) showed that cats were 
able, after some training, to pursue a moving target at high velocity (up to 38 deg/s). 
The purpose of this study is to investigate the control of smooth pursuit in cats.

Six head-fixed cats were trained to follow targets moving at constant velocity 
(from 5 to 30 deg/s). Pursuit initiation and maintenance were analyzed after removing 
saccades from trials. The response to target disappearance was also tested.

The mean reaction time to the onset of target motion was 90 ms. Pursuit initiation 
was characterized by an accelerating phase followed by a peak in smooth eye velocity 
and a period of approximately constant eye velocity. We found a strong correlation 
between initial peak acceleration and peak velocity (r=0.95, n=30). Following the 
first peak velocity, oscillations in eye velocity were observed (mean frequency = 3.2 
Hz). During sustained pursuit eye movements, the pursuit gain varied with movement 
direction and animal’s mental set (mean gain: 0.35; range of eye movement 
velocities: 0-27 deg/s). Upward pursuit gain was significantly larger than downward 
one (2/3 subjects), whereas no asymmetry was found in the horizontal direction. 
Target disappearance was characterized by an exponential decay of smooth eye 
velocity (mean time constant: 468 ms), occurring with a mean latency of 75 ms.

Our results describe several important characteristics of smooth pursuit in cats 
that are qualitatively similar to those reported in primates (Robinson et al., 1986). 
The presence of oscillations during pursuit initiation indicates that smooth pursuit in 
the cat is controlled by visual feedback.

Supported by FNRS, SSTC, ARC and FRSM (Belgium)

563.6
TRANSIENT SMOOTH EYE MOVEMENTS AWAY FROM A STATIONARY 
VISUAL STIMULUS IN TRAINED MONKEYS. M, Tanaka* and S. G. 
Lisberger. Howard Hughes Medical Institute, Dept. of Physiol., and W. M. Keck 
Foundation Center for Integrative Neuroscience, UCSF, San Francisco, CA 94143.

Monkeys trained in the step-ramp pursuit paradigms can initiate smooth eye 
movements without visual motion (Tanaka and Fukushima, 1997). We have 
explored this phenomenon by presenting a stationary visual cue in a gap pursuit 
paradigm before a “step-ramp” target motion. The side of the cue and the 
direction of target motion were randomized so that the cue provided no useful 
directional information. In the gap before the moving target appeared, smooth eye 
movements were away from the position of the cue, even in monkeys that had 
been trained extensively on targets that moved away from or toward the fixation 
point with equal probability. Latency of the cue-evoked eye movements was 
comparable to that of smooth pursuit (~100ms). Smooth eye velocity was up to 
10°/s and depended on a variety of stimulus parameters. Repeated presentation of 
pursuit targets moving away from the fixation point did not change the amplitude 
or direction of the cue-evoked smooth eye movements. However, the responses 
were attenuated when the cue appeared in blocks of saccade trials, suggesting that 
their occurrence is related to the preparatory processes for smooth pursuit. When 
two identical visual cues appeared on opposite sides of the central fixation point, 
the responses to each cue cancelled, causing minimal smooth eye movements. 
Bilateral cues allowed us to reveal enhancement of the initiation of pursuit in the 
wake of the cues. The initial pursuit responses were enhanced by the cue(s) only 
when the tracking target moved away from the fixation point. When the target 
moved toward the fixation point, monkeys produced maximal pursuit responses 
and no more enhancement by the visual cue(s) was observed. We suggest that the 
stationary visual cue activates a “switch” that regulates the strength of 
sensorimotor transformation for smooth pursuit eye movement. The responses to 
the cue could reflect a directional bias in the switch. Supported by HHMI.

563.7

BEHAVIORAL ANALYSIS OF THE RECONSTRUCTION OF IMAGE 
SPEED FOR THE GUIDANCE OF PURSUIT EYE MOVEMENTS IN 
MONKEYS. M. Churchland*, N.J. Priebe, and S.G, Lisberger, Howard Hughes 
Medical Institute, Dept. of Physiology, W.M. Keck Foundation Center for Integrative 
Neuroscience, UCSF, San Francisco, CA 94143.

We used pursuit stimuli of ambiguous speed to distinguish between alternative 
methods for the reconstruction of commands for pursuit eye movements from the 
firing of cortical neurons. We measured initial pursuit eye acceleration, which is 
proportional to image speed in cases where image speed in unambiguous. Cortical 
area MT provides two potential sources of image speed information to the oculomotor 
system. Image speed could be extracted from the speed tuning of the population of 
MT cells activated by motion within a given spatial location, or from the rate at which 
the population of responding cells traverses the cortical representation of the visual 
field. The former method might appear the most natural way to extract an image 
speed signal, but the dependence of speed tuning upon factors such as contrast and 
spatial frequency call into question this assumption. Extraction of speed from the 
change in position of the stimulus (possibly after the direction of motion has been 
extracted) is potentially a more robust method. To distinguish between these 
possibilities we used pursuit targets that contained two speed components. The first 
component contained only local motion, and was constructed to engage MT cells of a 
particular speed tuning. The second component was more global and influenced the 
rate at which the stimulus traversed physical and cortical space, but was constructed so 
as to have little influence on the speed tuning of the excited population. For three 
types of targets, each of which created the dissociation between local and global 
motion in a different way, initial eye acceleration was determined primarily by the 
first, more local, component. Initial eye acceleration was influenced little or not at all 
by the second component. Our results support the conclusion that despite possible 
limitations and complications, the image speed signal driving pursuit initiation is 
extracted by making use of the speed tuning of MT cells. (Supported by Howard 
Hughes Medical Institute, an NDSEG pre-doctoral training grant, and EY07120)

563.8
OCULAR SMOOTH PURSUIT CAN BE INITIATED AT WILL WHEN
ADEQUATE INTRINSIC OR EXTRINSIC TIMING CUES ARE PROVIDED.
G.R.Bames*, S.R.Chakraborti, C.Cassina. MRC Human Movement and Balance Unit, 
Institute of Neurology, Queen Square, London. WC1N 3BG. U.K.

Humans cannot normally generate smooth ocular pursuit prior to onset of visual 
target movement, but repeated presentation of identical motion stimuli can evoke high 
levels of anticipatory smooth movement. Repetition appears to charge an internal store 
that is subsequently released as an estimate of required eye velocity under the control 
of timing mechanisms. Timing cues may be derived from stimulus repetition rate or 
from an extrinsic source (e.g. audio warning cues at fixed intervals before stimulus 
onset). Anticipatory pursuit deteriorates within 2-3s if subjects rely on motion-derived 
cues but here we investigate whether intrinsic clock mechanisms, entrained to such 
cues, can be used to sustain timing control over longer periods.

Subjects viewed a target that moved horizontally with a constant velocity (20 or 
40deg/s) ramp. The target was exposed for 480 ms during each presentation; otherwise 
subjects were in darkness. In each of 8 consecutive sectors, four ramps of identical 
velocity were presented at 1.28s intervals (tracking phase) followed by a 5.12s period 
of darkness (blank phase). Subjects were required to count ramps in the tracking phase 
and then to attempt to anticipate the arrival of the first ramp of the next sector by 
continuing to count in the blank phase. Subjects could initiate smooth pursuit in 
advance of target reappearance as long as timing could be maintained. In one condition 
audio warning cues were given before each ramp. Optimum anticipatory eye velocity at 
the beginning of each sector was obtained when the cue occurred 600ms before target 
appearance and deteriorated for cue times of 300 or 1100ms. In a second condition no 
audio cues were given but subjects continued to count during the blank phase at the rate 
at which the target had appeared in the tracking phase. They were still able to generate 
anticipatory smooth movements as long as a firm ihythm could be maintained. Results 
indicate that smooth movements can be initiated at will if either intrinsic or extrinsic 
timing cues are combined with a high level of expectancy of target appearance and that 
response varies with adequacy of timing. (Funded by MRC,UK).

563.9

LINKED TARGET SELECTION FOR SACCADIC AND SMOOTH 
PURSUIT EYE MOVEMENTS. J.L. Gardner and S.G. Lisberger*. Howard 
Hughes Medical Institute, Dept. of Physiology, Bioengineering Graduate Group, 
and W.M. Keck Foundation Center for Integrative Neuroscience, UCSF, San 
Francisco, CA 94143

When presented with two moving targets, monkeys can emit either vector 
averaging or “winner-take-all” pursuit. If the targets are identical and one 
target disappears after a brief presentation, the early part of the response 
reflects a vector average of the responses to each target individually. If the 
monkey is cued by color to select only one target for tracking, the other 
target can be ignored, even though it is an equally salient stimulus. We 
have now demonstrated that initial vector averaging and later target 
selection can be present within individual trials, and examined the dynamics 
of the target selection process. Monkeys tracked two identical targets that 
moved in different directions, without cues about which target would 
remain and become the rewarded tracking target. The two targets remained 
visible long enough for saccades to be initiated to one target or the other 
while both targets were still visible. Pre-saccadic eye velocity represented a 
vector average of the individual responses to the two targets, whereas the 
eye velocity immediately following the saccade was heavily weighted 
toward the motion of the saccade target. Because the measured post- 
saccadic eye velocity results from visual inputs at a time when both targets 
are still present and at similar eccentricities on the retina, the post-saccadic 
emphasis on smooth pursuit of the saccade target must be an effect of target 
selection. We conclude that selection of targets for saccadic and smooth 
pursuit eye movements is tightly linked and that the act of making a saccade 
to a target itself can select the target for pursuit. (Supported by HHMI and an 
NSF graduate fellowship)

563.10
EFFECTS OF PRIOR SPATIAL INFORMATION ON TARGET SELECTION 
FOR PURSUIT AND SACCADES. S.A, Adler, J.K. Bala*, and R.J. Krauzlis, 
Systems Neurobiology Lab., Salk Institute for Biol. Studies, La Jolla, CA 92037.

Prior information about the future location of a visual target facilitates perceptual 
detection and decreases the latencies of saccades and pursuit to the target. For 
saccades, indirect spatial information (e.g. a central arrow cue pointing to the target 
location) is nearly as effective as direct spatial information (e.g. a spatial cue at the 
actual target location), but the effects of these cues on pursuit have not been 
compared. To probe the mechanisms underlying target selection and eye movement 
initiation, we tested the effects of prior information about location, in particular, 
indirect versus direct spatial cues, on the latencies of both pursuit and saccades.

Human observers tracked a single colored stimulus or one of two differently 
colored stimuli (0.7° squares), that were either moving at 16°/sec (pursuit trials) or 
stationary (saccade trials). Eye movements were recorded with a video-based tracker 
(240 Hz, ISCAN Inc.). Preceding target onset, an indirect spatial cue, a direct spatial 
cue, or no cue was presented. Baseline latencies for pursuit and saccades were 
measured from trials with no cue and a single stimulus (150ms & 185ms, 
respectively). With no cue, the presence of a second stimulus increased the latencies 
of both pursuit (172ms, g<0.001) and saccades (222ms, gcO.OOl). Relative to the 
latency increase due to a second stimulus, prior spatial information decreased both 
pursuit (157ms) and saccade (168ms) latencies; indirect and direct cues were 
equivalent in their efficacy to decrease the latency of both pursuit (158ms & 156ms, 
respectively) and saccades (169ms & 168ms). However, the amplitude of the 
decrease was larger for pursuit (15 ms) than for saccades (54 ms).

That prior information had a qualitatively similar influence on pursuit and 
saccades indicates that target selection for the two types of eye movements is 
similarly influenced by changes in spatial attention. The larger effect on saccades 
may reflect the greater importance of spatial information for guiding saccades. 
Supported by NASA NCC2-1024.
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563.11
COUNTERMANDING PURSUIT AND SACCADES. M. Saenz and R. J. Krauzlis*, 
Systems Neurobiology Lab., Salk Institute for Biol. Studies, La Jolla, CA 92037.

There is growing evidence of overlap in the decision mechanisms underlying 
pursuit and saccadic eye movements. The latencies of both are similarly reduced 
when a fixated target is extinguished prior to the appearance of a second target (the 
“gap” paradigm), suggesting that there are shared inputs for initiating the two types 
of eye movements. To investigate the mechanisms for canceling pursuit and 
saccades, we have used the “countermanding” paradigm - in which the reappearance 
of the fixation target signals that the planned eye movement should not be made.

Two human subjects initially fixated a stationary central target, which was then 
extinguished and replaced by a second target at an eccentricity of 3°, either moving 
at 10°/s (pursuit) or stationary (saccade). On a minority of the trials (25%), the 
central target reappeared shortly after the appearance of the second target, providing 
a “stop signal” indicating that the subject should cancel the planned eye movement to 
the second target. Stop signals were presented at set times (25-ms increments) after 
the appearance of the second target, ranging from delays that always led to 
successful canceling of the eye movement (0 ms) to those that never did (300 ms). 
Eye movements were recorded with a video-based tracker (240 Hz, ISCAN Inc). 
The threshold stop-signal delays (producing 50% canceled movements) were shorter 
for pursuit than for saccades (120 vs. 162 ms) by an amount slightly less than the 
difference in their absolute latencies (206 vs. 274 ms). In addition, the latencies of 
pursuit and saccades were longer when the preceding trial was a countermanded trial 
than when it was not; these increases were observed regardless of whether the 
preceding trial was associated with the same or different type of eye movement.

These results indicate that it takes slightly less time to cancel a pursuit than a 
saccadic eye movement (86 vs. 112 ms, respectively). The transfer of history- 
dependent changes in latency across the two types of eye movements indicates this 
similarity in timing is not just a coincidence, but involves a common decision 
mechanism. Supported by NASA NCC2-1024.

563.12
INITIATION OF SMOOTH PURSUIT EYE MOVEMENTS ELICITED BY 
FIRST-ORDER AND SECOND-ORDER MOTION.
A. Lindner*, U.J. Hg. Sektion fur Visuelle Sensomotorik, Neurologische 
Universitatsklinik Tubingen, D-72076 Tuebingen, Germany.

The execution of smooth pursuit eye movements always depends on the presence of 
motion information and therefore, it can be taken as a direct behavioral probe for 
visual motion processing. Usually, visual motion is defined by spatiotemporal 
luminance variations in the retinal image (first-order motion). But we can also 
perceive and track motion defined by variations in stimulus properties such as 
contrast, flicker or motion (second-order motion). Here, we want to clarify the 
influence of first-order and second-order motion on the initiation of smooth pursuit 
eye movements. Horizontal eye movements of five healthv human subjects were 
recorded with an infrared eye tracker. Subjects were instructed to track a bar, moving 
horizontally with different speeds (4.2 deg s or 8.3 deg s'1) in front of a dynamic 
noise background. For the first-order stimuli (Fourier motion), the bar consisted of a 
random dot pattern, whereas for the second-order conditions the bar defined an area 
where random dots remained stationary (drift-balanced motion) or, paradoxically, 
moved in direction opposite to the bar (theta motion). As expected, steady state 
pursuit was always in direction of the target movement. In contrast, the initiation of 
pursuit was rather in direction of the first-order component of motion. Hence 
initiation in the direction opposite to the moving bar, was detected for 83% of all 
initiations in theta motion conditions, contrasted to 91(£> in stimulus direction for 
Fourier motion stimuli. Initial eye acceleration (53 deg s'2 and 47 deg s'2), as well as 
latency (166 ms and 158 ms), were similar for Fourier motion and theta motion 
conditions respectively. Surprisingly, though there was no coherent motion in the 
retinal image, there was initiation in stimulus direction in case of drift-balanced 
stimuli. However, frequency of initiations detected was significantly reduced by 
-20% due to all other conditions and initiation was also les^s directional (72% in target 
direction). In addition, initial eye acceleration (39 dec s'2) and latency of initiation 
(200 ms) differed significantly from all other conditions, too. Interestingly, eye 
acceleration increased with target velocity in case of Fourier motion and thetadnotion, 
but not in case of the drift-balanced stimuli. Our data imply that there are at least two 
different motion detecting mechanisms. The initiation of pursuit seems to be 
predominantly determined by the first order component of motion, whereas ongoing 
pursuit has also access to second order processing mechanisms.

Supported by Heisenberg Program, DFG.

563.13

TARGET VELOCITY INFORMATION REQUIRED FOR PREDICTIVE 
SACCADE ACCURACY AND FOR THE TRANSITION TO ACCURATE 
SMOOTH PURSUIT P. Van Gelder,* S. Lebedev, W.H. Tsui and A. Singh. 
Dept. of Psychiatry, NYU Medical Center, New York, NY 10016.

Knowledge of target velocity prior to a catch-up saccade is necessary both for 
accurate predictive saccade amplitude and for precomputing the transition from 
saccade to accurate pursuit velocity. If target velocity information is transmitted 
simultaneously to mechanisms responsible for each of these two functions, then 
both should perform accurately with the same amount of information.

To vary this information, random velocity (6, 12, 21, 36°/s) horizontal step- 
ramps were preceded by variable durations (0,80,160,240ms) of the same velocity 
before the step (5 or 10°), over two sessions with human subjects. Each trial began 
at the left or right (randomly determined) edge of our 50° screen, to allow room for 
post-saccade pursuit at high target velocities.

Among a wide range of individual differences, within-subject post-saccade 
pursuit velocity match occurred with shorter previews of the target velocity than 
did predictive saccade accuracy (landing on target). Non-predictive saccade 
accuracy (from target position at saccade onset) tended to require less information 
than either predictive saccade accuracy or post-saccade velocity match. Less 
information was required for each of the three measures in the second session. 
Saccade accuracy and post-saccade velocity match rarely achieved a strong 
correlation.

We conclude that target velocity information is used earlier, and is therefore 
more directly available, for the presumably precomputed transition from saccade 
to accurate smooth pursuit than it is for predictive saccade accuracy.

563.14
SMOOTH PURSUIT EYE MOVEMENTS: TRANSIENT POST-SACCADIC 
ENHANCEMENT AND SUPPRESSION BY SACCADE-LIKE SHIFTS OF THE 
BACKGROUND IN HUMANS. D.-S. Yang^E.J, Fitzgibbon and F.A. Miles . 
Laboratory of Sensorimotor Research, National Eye Institute, Bethesda, MD 20892

Initial ocular following responses to sudden movements of the visual scene are 
known to exhibit post-saccadic enhancement: responses are much larger when such 
movements are applied immediately after a saccadic eye movement than some time 
later (Busettini et al, 1994). Part of this effect has been attributed to visual reafference 
because similar (but weaker) enhancement also occurs after saccade-like shifts of a 
textured background. Such shifts also result in transient suppression of ocular 
following during the the period of image displacement: saccadic suppression. We here 
report the effects of similar experiments on human smooth pursuit eye movements.

Subjects faced a large tangent screen onto which a 0.4-deg target was projected 
against either a grey or textured (random-dot) background. After subjects made a 10- 
deg leftward centering saccade to acquire the target, the latter started to move leftward 
or rightward at 20 deg/s shortly afterwards (post-saccadic delay: 25, 50, 100, 200, 
400, 800 and 1400 ms). Subjects were required to track the target with their eyes, 
movements of which were recorded with the electromagnetic search coil technique.

Based on the changes in eye position over the time period 90-130 ms after the 
target started to move, pursuit showed transient post-saccadic enhancement but 
responses generally didn’t peak until 50-100 ms after the saccade (especially with the 
textured background) and then diminished thereafter, reaching a minimum 400-800 ms 
after the saccade. Saccade-like shifts of the textured background resulted in transient 
suppression of tracking, lasting from 50 ms before the onset of the shift until 50-200 
ms afterwards (mean max suppression, 45%; range, 38-64%), but this was only 
sometimes followed by transient enhancement that was at best very weak. Thus, both 
pursuit and ocular following show transient enhancement after a saccade, but the 
visual reafference associated with the saccade seems to contribute little or nothing to 
the enhancement of pursuit (cf., Lisberger, 1998). On the other hand, the data suggest 
that visual reafference suppresses pursuit as well as ocular following during (and for a 
brief period after) the saccade. Supported by the NEI.

563.15

EFFECTS OF PRECEDING VISUAL MOTION ON OCULAR RESPONSES TO A 
BRIEF MOVEMENT OF LARGE-FIELD VISUAL STIMULUS IN MONKEYS.
Y. Kodaka12*, K. Miura2, K. Suehiro12, Y. Inoue12, A. Takemura12, and K. Kawano12,
'Neurosci. Sect. Electrotechanical Lab., 2CREST, Tsukuba, Ibaraki 305-8568, Japan.

We have reported that a brief movement of a textured background during smooth 
pursuit eye movements modulates the ongoing eye velocity in monkeys (Kodaka et al. 
1997). The magnitude of the modulation of the eye velocity was dependent on the 
direction and the velocity of the current smooth pursuit. A large eye movement re-
sponse was evoked when the background was moved in the same direction as the 
pursuit. On the other hand, when the background was moved in the opposite direction 
to the pursuit, only a small modulation was observed. To know whether this modulation 
is due to the retinal slip of the background associated with the ongoing pursuit, we 
simulated the retinal stimulation by moving the background while the animal was fixating 
a stationary target, and measured the responses to brief perturbations of the back-
ground motion.

Experiments were conducted on 3 monkeys. The monkey was seated in front of a large 
tangent screen which was partitioned into central (90 deg x 1 deg) and peripheral re-
gions. In the central region, a fixation spot was projected, and onto the peripheral 
regions random dot patterns were projected as background. Mirror galvanometers were 
used to control the movements of the peripheral images. When the monkey fixated the 
stationary target, the background was moved at a constant velocity (5,10, 20, 30 deg/s) 
(conditioning stimulus). At 250-300 ms after the onset of the conditioning stimulus, the 
background velocity was changed to 60 deg/s for 40 ms (test stimulus) and then returned 
to the conditioning velocity. When the direction of the test stimulus was the same as the 
conditioning stimulus, the response to the test stimulus was small. The response to the 
test stimulus was large when the test stimulus moved in the opposite direction to the 
conditioning stimulus. The gain of the response to the test stimulus was increased as 
the function of the conditioning stimulus velocity. The result suggests that the ampli-
tude of the response to the brief movement of the background is dependent on the 
preceding visual stimulation, and that the modulation of the eye velocity by a brief 
background motion during pursuit is, at least in part, due to the retinal stimulation during 
the ongoing pursuit. (Supported by grants from HFSP and CREST of JST)

563.16
EFFECTS OF SMOOTH PURSUIT EYE MOVEMENT ON RESPONSE TO A 
SUDDEN BRIEF MOVEMENT OF THE BACKGROUND IN HUMANS.

lUniv. of Tsukuba, 2Neuroscience Sect., ETL, 3CREST JST, Tsukuba305-8568, Japan
It has been reported that a brief perturbation of target motion elicits a strong ocular 

response during ongoing pursuit although the same perturbation elicits little response 
during fixation, suggesting the gain of transmission through the visuo-motor processing 
for pursuit can be modulated (Schwartz and Lisberger 1994). To know whether this 
modulation is restricted on only the response to the pursuit target or not, we studied 
effects of smooth pursuit on responses to brief movements of the background. Human 
subjects (5 normal adults) wore eye coils and faced a tangent screen, which was partitioned 
into central (l°x90°) and peripheral regions. In the central region, a target spot was 
projected, and onto the peripheral regions random dot patterns were projected as 
background. Mirror galvanometers were used to control the movements of the target 
and peripheral images. The subjects were required to pursue a target moving horizontally 
at 20°/s. A brief movement (40ms, 60°/s) of the background in one of the 4 directions 
(right, left, up, down) was introduced during the steady-state pursuit eye movements.

When the subject was fixating a stationary spot, a brief background motion elicits little 
response with a short latency. A large response to the same brief background motion 
was observed when the subject was pursuing a moving target with the stationary 
background, but only when the background motion was in the same direction as the 
pursuit. The response to the background motion was weak when its direction was opposite 
to the pursuit, and the amplitude of the response to the orthogonal (vertical) background 
motion was in between the two. On the other hand, when the subject was pursuing the 
target while the background was moving together, the same brief movement of the 
background increased the response amplitude in all the directions.

These results suggest that the modulation of the gain of visuo-motor transmission during 
smooth pursuit can be observed in the wide visual field and is not restricted to the foveal 
target. The directional selectivity of the modulation observed during the smooth pursuit 
on the stationary background might be caused by the ongoing retinal slip of the background 
during the smooth pursuit. (Supported by HFSP and CREST)
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563.17
A MODEL OF EYE VELOCITY MODULATION INDUCED BY BRIEF 
MOVEMENTS OF THE BACKGROUND DURING SMOOTH PURSUIT 
AND FIXATION. K.Miura1, Y.Kodaka12, K.Suehiro123andK.Kawano12*. ‘CREST, Ja-
pan Science and Technology Corp.; “Neuroscience Sect., Electrotechnical Lab.,Tsukuba, 
305-8568; 3Univ. of Tsukuba, Tsukuba, 305-8575, Japan.

We have observed in our behavioral experiments on monkeys and humans, that eye 
velocity is modulated by a brief movement of a background during smooth pursuit and 
fixation. This demonstrates that the magnitude of these modulations are highly depen-
dent on their contexts, i.e. the velocity of the ongoing pursuit, that of the background 
and the combinations of the two. In order to explore the mechanism underlying the 
contextual dependence of the eye velocity modulations, we constructed a model that 
could reproduce the experimental results. In this model, two parallel pathways were 
included. One pathway was set to be sensitive to the retinal velocity of the background 
(Pathway 1) and the other sensitive to the retinal velocity of the pursuit target (Path-
way 2). Each pathway included a delay element and a linear transfer function with 2 poles. 
The outputs of the two pathways were summed to generate eye velocity. We introduced 
a variable gain element in Pathway 1 and assumed that the function of the gain element 
was changed with respect to two factors. One of the factors was the output of Pathway2. 
The gain was increased in parallel with the magnitude of the output of Pathway2 over the 
entire input range. The other was the relative motion of the background to the pursuit 
target. The gain was reduced when the direction of the retinal slip of the background was 
the same as the direction of the relative motion and increased when the direction of the 
retinal slip of the background was the opposite. The proposed model successfully repro-
duced all the properties of the eye velocity modulations for various contexts defined by 
the combinations of the velocity of the ongoing pursuit and that of the background. The 
result suggests that both the output of Pathway2 (pursuit system) and the signal of 
relative motion between the background and the target might contribute to the contex-
tual dependence of the eye velocity modulation induced by the brief movement of the 
background in a manner employed in the proposed model. (Supported by grants from 
HFSP and CREST of JST)

OCULOMOTOR SYSTEM: VERGENCE, ACCOMMODATION AND BLINK

564.1
EVIDENCE THAT DISPARITY-SENSITIVE CELLS IN MEDIAL SUPERIOR 
TEMPORAL AREA CONTRIBUTE TO SHORT-LATENCY VERGENCE EYE 
MOVEMENTS. A. Takemura1-2*, Y. Inoue1, K. Kawano1, C. Quaia3 and F.A. Miles3. 
'Neuroscience Sect., Electrotechnical Lab., Tsukuba, Ibaraki, 305-8568, Japan; 2Univ. 
of Tsukuba, Tsukuba, Ibaraki, 305-8575, Japan; Lab. of Sensorimotor Research, National 
Eye Institute, Bethesda, MD 20892, USA.

Step changes in the binocular disparity of large-field patterns evoke vergence eye 
movements with ultra-short latencies (Busettini et al., 1996). We recorded from 92 cells 
in the medial superior temporal area (MST) of monkeys whose activity modulated in 
association with the disparity steps, most commencing before the eye movements.

The initial changes in discharge rate were used to construct disparity tuning curves for 
each unit, which were then grouped according to the similarity of their waveforms using 
the fuzzy c-means clustering algorithm (Bezdek, 1973). Four clusters were so identified 
and corresponded roughly to 4 of the 5 classes described by Poggio et al., (1988): "tuned 
near", "near", "tuned zero", and "tuned far". When averaged together, the disparity tuning 
curve for the entire population of cells closely matched that of the vergence eye 
movements, which showed the characteristic S-shape described by Busettini et al. 
Omitting any one of the 4 clusters from the population average significantly degraded 
this match, whereas omitting equal numbers of randomly selected cells had an equivalent 
impact in <2% of cases. A subset of neurons (24/92) was also recorded when the contrast 
of one pattern was reversed, so that each black dot in one eye was matched to a white dot 
in the other eye (anticorrelated patterns). Disparity steps applied to these patterns still 
elicited vergence responses at the same short latency but now in the opposite direction 
(Masson et al., 1997) and, once more, when averaged together, the disparity tuning curve 
for the tested population of cells closely matched that of the vergence behavior. Finally, 
when ibotenic acid was injected into MST in both hemispheres there was a significant 
attenuation in the initial vergence responses elicited by disparity steps. These data are 
consistent with the hypothesis that the disparity-selective neurons in MST have some 
role in producing vergence responses at ultra-short latencies. Supported by HFSP, CREST 
of Japan Sci. Tech. Corp., Japanese Agency of Ind. Sci. Tech., JSPS Res. Fellowships for 
Young Scientists, and NEI.

564.2
EFFECT OF VERGENCE ON LISTING’S PLANE IN RHESUS MONKEY. H. 

Misslisch, U. Schwarz and B.J.M. Hess. Department of Neurology, University 

Hospital, 8091 Zurich, Switzerland.

When humans or monkeys fixate on or saccade between distant targets, their eyes 

assume positions with minimum torsion (Listing’s law), i.e. eye position vectors 

(and therefore eye rotation axes) are confined to a single plane, Listing’s plane 
(LP). When humans converge their eyes in order to fixate near targets, the LPs of 

the two eyes rotate temporally. This study determined the behaviour of LP during 

vergence in the rhesus monkey.

Two rhesus monkeys fixated near visual targets (LEDs displaced horizontally 

from 30° left to 30° right, on 7 elevations ranging from 30° down to 30° up, on a 10 

or 20 cm distant iso vergence screen corresponding to horizontal vergence of ~ 16 

or 8°) or made spontaneous eye movements exploring the laboratory (far viewing 

condition). Three-dimensional eye positions were recorded using the magnetic field 

- search coil technique. Eye positions were expressed as rotation vectors in 

magnetic field coordinates. Best fit (Listing) planes were computed for the eye 

rotation vectors during each condition.

Our preliminary results match the human findings: the LPs of the two eyes rotate 

temporally (relative to that obtained for far target viewing), resulting in elevation 

dependent torsion: intorsion / extorsion of the two eyes for upward / downward 

gaze. The entire rotation of the two LPs amounts to about half the vergence angle. 

Thus, the monkey Listing's plane of eye positions is modulated by vergence in a 

manner which improves stereoscopic vision by reducing torsional disparities.

Supported by SNF 31-47287.96

564.3

VERGENCE SENSITIVITY OF SACCADIC OMNIPAUSE NEURONS IN 
MONKEYS. C. Busettini* and L. E, Mavs. Dept. of Physiological Optics, Univ. of 
Alabama at Birmingham, Birmingham, AL 35294.

Saccadic eye movements occurring during vergence changes are known to have 
slower velocities and longer durations than saccades of similar size executed without 
changes in depth. Lesions in the nucleus raphe interpositus in monkeys, where the 
saccadic omnipause neurons (OPNs) are located, also result in slow saccades.

Using a dichop tic viewing arrangement, single-unit recordings were made from 
OPNs in monkeys during disconjugate eye movements to test if the slow vergence 
responses normally preceding a disconjugate saccade slow the firing rate of OPNs, - 
simulating a transient lesion. OPN tonic firing rate, measured as 100 ms average bins 
when the animal was fixating and the firing rate stable, is sensitive to the static 
vergence angle. Of the 62 neurons tested for positional modulation, 35 showed a 
significant effect (p<0.001). The modulation was in both directions, but with a trend 
towards a decrease in the firing rate with increasing vergence angle. Averaged over 
all 62 cells, the positional modulation was -0.50 sp/° (±1.51 SD) and was 
significantly different from zero (p<0.01). To measure the modulation with vergence 
dynamics, we computed the ratio of the baseline firing rate - measured as a 40 ms 
average bin starting at the stimulus onset - to the firing rate at the time of the peak in 
vergence velocity - measured as a 40 ms average bin centered on the peak of the 
vergence velocity, after compensation for the positional modulation. Only cells with 
at least 8 vergence smooth traces free from saccades were considered. Of the 11 
neurons with divergence sets, 7 showed a significant modulation (p<0.01), with 1 
increasing [19.1%] and 6 decreasing [range 12.5 to 50.7%] their firing rate. For 
convergence, 11 out of 18 were modulated, with 4 increasing [8.0 to 26.8%] and 7 
decreasing [10.6 to 55.6%].

These results suggest that the slowing of saccades during vergence could be 
accounted for by vergence-related changes in activity in a subset of OPNs.
(Supported by NIH Research Grant R01EY03463).

564.4

DYNAMIC PROPERTIES OF PURSUIT VERGENCE IN HUMAN 
SUBJECTS
H. Kawata, K, Ohtsuka, M. Sawa*. Dept. of Ophthalmology, 
Sapporo Medical Univ. Sch. of Med., Sapporo, Hokkaido 060, 
Japan.

Smooth tracking of targets moving slowly in depth is comparable to 
smooth pursuit eye movements (pursuit vergence). In this case, a 
disired vergence velocity would be comparable to retinal disparity 
velocity. We studied dynamic properties of pursuit vergence elicited 
by a target with five different moving velocities.

This study was conducted in 6 normal voluntiers. The target was 
moved from 50 to 20 cm in front of subjects with 5 different velocities 
(20, 30, 40, 50 and 60 cm/s) by a micromotor controlled by a 
computer. Eye positions of both eyes were monitored by a infrared 
reflection device. Target and eye position signals were recorded on 
magnetic tape for later analysis. Data were digitized by a computer 
with a sampling rate of 500 Hz.

Pursuit vergence responses contained two components; initial catch-
up and sustained components. The onset latency of the catch-up 
component of dominant eye was always shorter than that of non-
dominant eye, and the peak velocity of the catch-up component of 
dominant eye was also always greater than that of non-dominant eye.

These findings suggest that there is the ocular dominancy in the 
control of pursuit vergence in the catch-up phase.
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564.5
FOVEOCENTRIC ORGANIZATION OF EYE MOVEMENTS DURING 
TRANSLATION M.Q. McHenry,1* B.J.M. Hess2 and D.E. Angelaki3. ’Dept. of 
Biomedical Engineering, Louisiana Tech Univ.; 2Dept. of Neurology, Univ. of Ziirich; 
3Dept. of Anatomy and Neurobiology, Washington Univ.; St. Louis, MO 63110.

Binocular 3D eye movements were recorded in Rhesus monkeys during steady-state 
sinusoidal linear translation along different heading directions (every 15°) in the 
horizontal plane. Prior to the onset- of motion, animals were required to fixate a 
randomly selected LED target along an isovergence surface with a center target 
distance of 20 cm from the interocular axis (vergence of-10°) with targets every 2.5° 
up to ±20°. Following successful fixation for 300-500ms, sinusoidal motion (10Hz, 
0.4g peak acceleration) was initiated under computer control. The eye velocity 
sensitivity (’/cm) of each eye, vergence and version were computed offline.

Equations describing the ideal kinematics were fit to each eye and the conjugate and 
disjunctive components with two parameters optimized, gain and an orientation offset 
to the heading direction. Consistent and systematic differences were seen between the 
conjugate and disjunctive responses. The conjugate response gain was low (~0.5) and 
independent of heading direction and eye position while the orientation offset was 
close to zero for all heading directions. The disjunctive response was not as well tuned 
to heading direction, exhibiting a larger gain (>1) dependent on heading direction 
(larger for orientations between interaural and naso-occipital) and larger and more 
variable orientation offsets (up to 60-90°) for other orientations. Unilateral 
labyrinthectomy altered the spatial tuning of the reflex and resulted in a shift of the 
orientation offset toward the side of the lesion that did not recover after 2 months.

These results suggest that the vestibular control of conjugate eye movements 
generated during translation is optimized to stabilize the retinal image on the fovea. A 
more complex organization seemed to underlie the disjunctive component. These 
differences might underlie different functional demands and might parallel those of 
ocular following and radial flow vergence in ocular compensation during translation.

Supported by EY10851, EY12814, AFOSR F49620 and NAGW4377.

564.6
STRUCTURE AND FUNCTION OF VESTIBULAR AND VISUAL PATHWAYS 
CONTROLLING HORIZONTAL EYE MOVEMENTS IN THE AFRICAN CICHLID 
FISH, HAPLOCHROMIS BURTONIE, Gilland*. S. Rinkwitz. and R, Baker. Department of 
Physiology and Neuroscience, NYU School of Medicine, New York, NY 10016.

The African cichlid fish, Haplochromis burtoni, depends upon vision to recognize 
sophisticated behavioral signals that mediate social interactions. Prior work in freely moving 
animals described an extensive oculomotor range presumably requiring precise visual 
stabilization of vestibular-induced eye movements to achieve binocularity and accommodation. 
Our experiments quantitatively measured horizontal rotation of both eyes during visual tracking 
and vestibulo-ocular reflexes (VTR and VOR) over a wide frequency range utilizing the scleral 
search coil technique. Not surprisingly, the presentation of either sinusoidal or step 
visual/vestibular stimulation between 0.05-2Hz at ± 167s (n=4) produced near perfect bilaterally 
symmetrical, conjugate slow and fast phases of compensatory eye movement with a gain of 1.0 
(eye velocity/stimulus velocity). VTR gain alone approximated 1.0 from 0.05-0.2Hz and 
decreased about 3dB/decade reaching 0.1 at 2Hz. Despite short velocity storage of <4s, the 
VTR could sustain 507s target motion. By contrast, VOR gain ranged from 0.6-0.9 between 1- 
10Hz and decreased about 3dB/decade reaching <0.20 at 0.125Hz. During VOR and VTR 
interaction at any phase and stimulus amplitude of <247s, the visual stimulus clearly dominated 
eye velocity phase and gain. Presentation of monocular visual stimuli during either the VTR or 
in conjunction with the VOR produced robust monocular tracking of each eye. In summaty, as 
compared to another visual teleost (the goldfish) both VTR and VOR performance was shifted 
higher by >0.5Hz and exhibited a greater degree of conjugacy. The major VTR and VOR reflex 
pathways were identified in the brainstem by placement of biocytin ciystals on either the medial 
or lateral rectus nerve (n=9). Not only ocular motoneurons, but also central intemuclear, 
reticular and vestibular neurons (n=6) were delineated by transneuronal transport. Two large 
populations of intemuclear neurons were tightly clustered around the dorsolateral edge of the 
caudal abducens motoneuronal subgroup with their dendrites highly intermingled and 
extending directly into the ventral descending octaval nucleus. At least two distinct fascicles of 
axons and dendrites crossed ventrally between the bilateral abducens nuclei. Together these data 
demonstrate that horizontal conjugacy in this cichlid species is continuously adjusted through 
independent, monocularly-driven VTR pathways to abducens intemuclear and motoneurons. 
We propose that such a conserved central oculomotor blueprint represents the primitive 
template underlying the parallel evolution of binocular tracking and accommodation in diverse 
teleost groups. (Supported by NIH EY02007 and NS13742)

564.7

BOTH EYES MOVEMENT INDUCED BY MONOCULAR DEPTH VISION.
S, Murakamx*-xN..Matsushit_a^_M. Ishi.zawa j;.SatQ, g. Hay^sfai .N.-NakaaQ1-^
S, Sai to1. Dept. of Occupational Therapy, School of Health Science, and 1 Dept. of
Neuro-psychiatry, School of Medicine, Sapporo Medical University, Sapporo 060- 
8556 JAPAN

When a human fixates targets at different direction and distance in three 
dimensional space, he uses the coordinate both eyes movements of same or opposite 
directional saccades of various amplitude. The purpose of this study is to reveal these 
coordinate both eyes movements in the depth vision. The subjects were ten healthy 
adults and were requested to gaze at some LEDs. The LEDs were located at point A 
(60cm away from the eye) and at two far points C and F( 120cm away, with a 5 degree 
difference between them) and lit alternately for 3 seconds, in a F-A-C-A sequence. 
The experiments were performed under two conditions. The first was using the 
normal visual field for a visual input to both eyes, that is binocular vision. The 
second was creating a separate visual field by placing a black board at the center of 
the face producing visual input to just one eye, that is monocular vision. The 
movements of both eyes were recanted by a Vision Analyzer. The results were that 
the same(target change F-A) and the opposite(target change C-A) directional saccades 
of both eyes were observed under binocular vision, but under the monocular vision, 
separated visual field, the direction of both eyes movements was same even in two 
condition. Under monocular vision the eye without input, of F-A target changing 
made same direction and about 70% saccade to the eye with input, and the saccade 
amplitude of the no-input eye under monocular vision was 20% larger than the 
amplitude of the same eye under binocular vision. The saccade direction of both eyes 
under binocular vision, target change C-A, was opposite ,but under monocular vision 
the saccade direction of no-input eye was wrong and same to it of input eye. Then, 
the saccade amplitude of no-input eye was about 65% to it of input eye and was 5% 
over to it under binocular, target change C-A. In results, under monocular depth 
vision the visual input can not control exactly the no-input eye with amplitude and 
direction, and can not make opposite direction saccade but make same direction 
saccade always. It means that binocular coordinate both eyes saccades would be made 
by means of suppressing the information of saccade each other or by the new 
mechanism of convergence from the disparity.

564.8

THE CENTRAL THALAMUS OF THE PRIMATE: NEURONS 
RELATED TO VERGENCE AND OCULAR ACCOMMODATION.
H.Y. Zhang* and P.D.R. Gamlin. Vision Science Research Center, 
University of Alabama at Birmingham, AL 35205.

Previous studies in cats and monkeys have reported neurons within the 
central thalamus with activity related to conjugate eye movements. Since 
the central thalamus also has significant anatomical connections with 
cortical and cerebellar regions related to vergence and accommodation, we 
decided to investigate the behavior of thalamic neurons during these eye 
movements.

We recorded single-unit activity from the diencephalon of an alert, 
trained rhesus monkey while it performed vergence and accommodative eye 
movements. In these experiments, accommodation was measured with an 
infrared optometer, and eye movements with the scleral search coil 
technique. Based on stereotaxic coordinates and on the relationship of the 
recording sites to the superior colliculus and the oculomotor and trochlear 
nuclei, we localized our recording sites to the central thalamus.

A total of 41 thalamic neurons were characterized whose activity was 
related to vergence and ocular accommodation. The activity of these 
neurons was related both to the dynamics of either the near-response or far- 
response and to steady-state changes in vergence angle and accommodation. 
In addition to these motor characteristics, some of these thalamic neurons 
also displayed an apparent sensory component related to target location in 
depth.

The present study suggests that some neurons within the central thalamus 
play a role in controlling or modulating vergence and ocular accommodation 
or in relaying information regarding these eye movements to cortical areas. 
Supported by NIH grants EY07558 and P30 EY03039.

564.9

LEARNING TIME IN THE TRIGEMINAL SYSTEM. RAPID ACQUISITION 
AND PROLONGED RETENTION OF SPECIFIC INTERVALS. C. Evinger*1, 
A.S. Powers2, E.J. Schicatano1 and V.M, Henriquez1, ‘Depts. Neurobiol. & Behav and 
Ophthal., SUNY Stony Brook, Stony Brook, NY 11794-5230; 2Dept. Psychol., St. 
John’s University, Jamaica, NY, 11439.

Reflex blinks readily exhibit compensatory motor learning that alters blink amplitude 
and duration. We investigated whether trigeminal reflex blink circuits could learn 
specific time intervals, as well as modify blink amplitude. Timing is critical for 
trigeminal reflex blinks. The amplitude of a trigeminal-evoked reflex blink depends 
upon the time since the last trigeminal stimulus. For example, the amplitude of a blink 
evoked by the second (Test) of two identical trigeminal stimuli is typically less than 
10% of the amplitude of the blink elicited by the first (Condition) stimulus at 
interstimulus intervals (ISIs) less than 250 ms. As the ISI increases, Test blink 
amplitude grows until it is the same amplitude as that of the preceding Condition blink. 
Our data demonstrate that a single training presentation of five, strong trigeminal 
stimuli at a constant ISI elevates subsequent Test blink amplitude evoked by normal 
intensity stimuli only at the trained ISI for at least 24 hours.

To investigate temporal interval learning, we prepared humans and alert rats fpr 
electrical stimulation of the supraorbital branch of the trigeminal nerve (SO) and for 
recording lid closure. First, we established the Test / Condition blink amplitude ratio 
for several ISIs using SO stimulus intensities twice the threshold (2T) for evoking a 
blink. Then, we trained the trigeminal system with five consecutive, intense (>2T) SO 
stimuli at a constant ISI. Immediately after training, the Test / Condition ratio 
exhibited a dramatic elevation at the training ISI in response to 2T stimuli. 
Nevertheless, training did not alter the Test / Condition ratio for other ISIs. Twenty- 
four to forty-eight hours later, subjects still exhibited elevated Test / Condition ratios 
at the trained interval. Thus, a single training trial was sufficient to modify the timing 
component of the trigeminal reflex blink system for one or more days.

The National Eye Institute (EY07391, CE; EY06808, EJS) supported these studies.

564.10
THE ROLE OF NUCLEUS RETICULARIS PONTIS CAUDALIS IN THE 
EYEBLINK COMPONENT OF STARTLE. A. S. Powers1* and C. Evinger2 1 Dept. 
of Psychology, St. John’s University, NY; 2Dept. of Neurobiology and Behavior, SUNY 
Stony Brook, NY 11794.

An eyeblink accompanies the full-body startle response evoked by loud acoustic or 
strong somatosensory stimuli. Lesions of the nucleus reticularis pontis caudalis (RPC) 
eliminate the acoustic startle response in rats, as measured by full-body reactions (e.g., 
Leitner, Powers, & Hoffman, Physiol. & Behav., 25, 1980), but the relation of the RPC 
to the eyeblink component of startle is unknown. The present study examined the 
effects of RPC inactivation on both full-body startle and the eyeblink evoked by 
auditory and somatosensory stimuli in rats. For comparison, we also studied eyeblinks 
elicited by electrical stimulation of the trigeminal nerve and by airpuffs to the face 
following RPC inactivation.

To inactivate the RPC and record eyeblinks simultaneously, we implanted EMG 
electrodes in both orbicularis oculi muscles and stimulating electrodes on both 
supraorbital nerves. A cannula was implanted to allow injection into RPC. On separate 
days, either the GABA agonist muscimol or vehicle was injected into RPC. Muscimol 
(1 pg in 100 nl saline) reduced full-body startle evoked by acoustic and somatosensory 
stimuli and decreased startle eyeblink amplitude ipsilateral to the RPC injection. In 
contrast, blinks elicited by electrical stimulation of the trigeminal nerve on either side 
or by airpuffs to either side of the face were only minimally affected post injection. 
Startle and the startle eyeblink had returned to pre-muscimol injection levels 24 hours 
later. Vehicle injections had no effect on any of these responses. These results 
demonstrate that startle and the eyeblinks that accompany full-body startle are mediated 
through RPC but that the circuit for trigeminal reflex blinks bypasses RPC.
Supported by EY07391 to CE.
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564.11
THE EXCITABILITY OF THE REFLEX CIRCUIT DETERMINES PREPULSE 
INHIBITION. E.J. Schicatano* V.M, Henriquez, and C. Evinger. Depts. of 
Neurobiology and Behavior and Ophthalmology, State University of New York, Stony 
Brook, Stony Brook, NY 11794-5230.

Inhibition of a reflex by a prior stimulus (prepulse inhibition, PPI) has been used to 
investigate the mechanisms of sensorimotor gating. The standing explanation of PPI 
is that the CNS suppresses sensory sensitivity following a prepulse to allow sensory 
processing of the prepulse stimulus. Although sensory processing of the prepulse does 
affect PPI, we propose that the excitability of the reflex circuit should be taken into 
account when investigating PPI effects.

We compared the effects of an acoustic prepulse on trigeminal (SO) and auditory 
evoked reflex blinks in rats with unilateral 6OHDA lesions and without lesions 
(control). We used the paired stimulus paradigm to determine changes in acoustic and 
trigeminal blink excitability. A unilateral, 6OHDA lesion dramatically increased 
trigeminal reflex blink excitability, but failed to alter acoustic evoked reflex blinks. We 
then tested the effects of presenting a 50 dB acoustic prepulse before SO and acoustic 
reflex-evoking stimuli. In control rats, an acoustic prepulse inhibited both SO and 
acoustic startle reflex blinks. In 6OHDA rats however, this same acoustic prepulse 
facilitated SO, yet still inhibited acoustic reflex blinks. Thus, increasing the excitability 
of the SO reflex circuit converted prepulse inhibition into facilitation.

To explore the role of trigeminal reflex blink excitability in human PPI, we compared 
the effects of an acoustic prepulse on SO evoked blinks in normals and patients with 
Parkinson’s Disease (PD). The same acoustic prepulse that inhibited SO evoked blinks 
in normal subjects facilitated SO evoked blinks in PD patients. Our data demonstrate 
that the excitability of the tested reflex circuit may be a more important determinant of 
PPI than sensory processing of the prepulse.

This work was supported by EY06808 (EJS) and EY07391 (CE).

564.12
MOTOR AND TRIGEMINAL BLINK CIRCUITRY IN THE RAT. M.S. 
LeDoux’* and P. Ryan2. ’Departments of Neurology, ‘Anatomy and Neurobiology, 
and 2Microbiology and Immunology; University of Tennessee College of Medicine, 
Memphis, TN 38163

The motor and sensory innervation of the rat eyelid was characterized 
anatomically using cholera toxin B subunit (CTB), WGA-HRP, and the Bartha 
strain of pseudorabies virus (PRV-Ba). Orbicularis oculi (00) motoneurons 
innervating both the upper and lower eyelid extended nearly the entire rostral- 
caudal extent of the facial nucleus and formed a dorsal cap over other facial 
motoneurons. The dendritic arbor of 00 motoneurons extended dorsally, laterally, 
and medially into the adjacent reticular formation. CTB and WGA-HRP exhibited 
transganglionic transport within the trigeminal system. WGA-HRP labels C and A5 
afferents whereas larger diameter myelinated fibers are preferentially labeled by 
CTB. WGA-HRP was concentrated within lamina I and outer portion of lamina II 
of the first cervical segment (Cl) and contiguous spinal trigeminal nucleus pars 
caudalis (Sp5C). CTB was detected within the inner portion of lamina II and deeper 
laminae III and IV at Cl, C2, and caudal Sp5C. With both WGA-HRP and CTB, 
terminal fields of the lower eyelid were slightly dorsal and medial to those of the 
upper eyelid. CTB was also present throughout Sp5 and within the ventral pole of 
the principal trigeminal sensory nucleus. There were areas of relative CTB 
concentration within pars interpolaris (Sp51) and caudal pars oralis (Sp5O). 
Retrograde transneuronal transport of PRV-Ba from the OO muscle was used to 
localize first- and higher-order OO motoneuron afferents within the trigeminal 
nuclei. OO premotor neurons were concentrated within deeper laminae at Cl, C2, 
and Sp5C. Particularly prominent OO afferents were large multipolar neurons 
within the lateral part of lamina V at Cl and C2. Smaller groups of OO premotor 
neurons were present at the Sp5C/Sp5I junction, Sp50, and ventral pole of the 
principal trigeminal sensory nucleus. (Supported in part by a grant from the 
University of Tennessee Medical Group, Inc.)

CEREBELLUM: ANATOMY AND TRACING STUDIES

565.1

DIVERSITY OF CEREBELLAR NEURONS IDENTIFIED BY 
ENKEPHALIN AND CALRETININ. S. Chen*, R. Bing, Y. Ren 
and D.E. Hillman, Dept. of Otolaryngol, and Phys./Neurosci., 
NYU Medical Center, New York, NY 10016.

Several typp? of neurons have been identified in the granular layer as 
based on detailed dendritic and axonal arborizations as well as soma 
locations. In addition to the majority of small granule cells, there are type -I 
and -II Golgi cells dispersed throughout this layer, monopolar bushy cells in 
the caudal vermis and hemisphere, and Lugaro and candelabrum cells near 
the Purkinje cell layer. Classification by conventional Golgi impregnations 
are now enhanced using immunoreactions and in situ hybridization.

Previous studies showed that enkephalin was enriched in the developing 
cerebellum and serves as a trophic factor regulating cell growth. Recently, 
enkephalin was reported to be expressed exclusively in Golgi cells of the 
adult cerebellum. We found, however, that enkephalin labeled several types 
of granular layer cells in a pattern somewhat similar to that of calretinin in 
the adult cerebellum. Immunoreactivities of enkephalin and calretinin were 
intense in Golgi, Lugaro and monopolar brushy cells but moderate in small 
granule cells. Candelabrum cells with dendrites and axons confined to the 
molecular layer w^re labeled especially strong with enkephalin but did not 
have calretinin label. Double labeling on the same section revealed partial 
colocalization of enkephalin and calretinin containing cells in the granular 
layer. Our study suggests heterogeneous populations of Golgi, Lugaro, and 
brushy cells in the granular layer and their number may be more abundant 
than visualized by using single chemical markers. Supported by NIH grant 
NS-13742

565.2
CEREBELLAR CORTEX IN AQUATIC AND TERRESTRIAL MAMMALS: 
HISTOLOGICAL AND IMMUNOCYTOCHEMICAL ANALYSES OF CALCIUM-
BINDING PROTEIN-IMMUNOREACTIVE NEURONS. 1.1. Glezer1*, P.R. Hof. P. 
l_Morgane3, L. Malhado1. Yu...Tzirlin1 and R, Venogupal1. ‘Dept. Cell Bio. Anat. 
Sci.CUNYMed. Sch. NY,NY 10031,2Dept. Neurobiol. Mount Sinai Med. Sch. NY, NY 
10029, 3Dept Pharmacol. Univ. New Engl. Biddeford, ME 04005.

Cerebellar cortices (vermis, spinocerebellum) of three species of odontocete cetaceans 

(Tursiops truncatusfTt), Delphinus delphinus (Dd), Stenella coeruleoalba (Sc)) and one 
species of pinnipeds (Arctocephalus pusillus) were compared with cerebellar cortices 
of primates (Homo sapiens, Macaca fascicularis) and ungulates (Ovis aries)on Nissl 
preparations and with immunocytochemical techniques to study the distribution of 
calcium-binding protein (CaBP)-containing neuronal subpopulations using polyclonal 
antibodies to calretinin (CR), calbindin D28k (CB) and parvalbumin (PV). It was found 
that in aquatic mammals (cetaceans and pinnipeds) the thickness of the molecular layer 
is significantly higher (p<0.001) than in all terrestrial mammals. This difference was not 
related to the allometric correlation between the body and brain size. Also, in cetaceans 
(77 and 5c, mostly) the Purkinje cell layer contained two parallel sublayers of Purkinje 
cells in some folia. In most studied mammals, the GABAergic neurons of cerebellum 
were characterized by a specific CaBP. Purkinje cells contained mostly CB, both in 
perikaryon and in dendrites. Golgi cells and some of the granular cells are strongly CR- 
immunoreactive and stellate and basket cells are mostly PV-immunoreactive. All three 

species of cetaceans (77, Dd and Sc) differ from the other mammalian species in that most 
of Purkinje cells also showed strong PV-immunoreactivity. The data suggest the 
existence of correlations between evolution of different types of locomotion and the 
morphophysiology of cerebellum. Supported by grant RF of CUNY 667243.

565.3

ANATOMICAL DISTRIBUTION OF CEREBELLAR TERMINALS AND 
PARIETAL PROJECTING CELLS IN THE RAT THALAMUS. S. Giannctti12 * and 
M, Molinari1,3. 'iRCCS S. Lucia, 2Inst. of Anatomy and 3Inst. of Neurology, Catholic 
University, 00179 Roma, Italy

Recent data from our lab demonstrated the importance of the cerebellum for spatial 
data management in rats especially stressing possible cerebellar influence on parietal 
cortex. The present study was aimed at investigating the anatomical organisation of 
the cerebello thalamo parietal loop in rats by means of multiple fluorescent tracing 
techniques. Animals received stereotaxic injections of fluorescent dyes (10% Fluoro 
Ruby in 0.1 M phosphate buffer and 2% Fast Blue in 0.1 M phosphate buffer) into the 
lateral cerebellar nucleus and posterior parietal cortex respectively. After a survival 
time of 6-10 days, animals were anaesthetised and transcardially perfused with 
fixative solution. Brains were removed and cut on a freezing microtome into 40pm 
thick coronal sections. The distribution of fluorescent labelling was charted with the 
aid of a CCD camera mounted on the microscope and coupled to a PC computer 
equipped with the Neurolucida software. Clear anterograde labelling was observed 
through the contralateral thalamus with a topography closely matching that described 
previously. Retrograde labelling from posterior parietal injections was observed in all 
the already known parietal projecting thalamic nuclei. Coincidence of anterograde 
labelling of terminals and retrograde cell labelling was seen in Ventro Lateral, 
Centrolateral and Latero Dorsal thalamic nuclei. Nevertheless, cerebellar terminals 
and parietal projecting cells tended to aggregate in different areas without significant 
overlap. The present data indicate that cerebello-thalamic fibers arising from the 
lateral cerebellar nucleus tend to avoid the thalamic areas projecting to parietal 
cortex. This evidence is in contrast with observations in monkeys and cats indicating 
substantial overlap between cerebello thalamic terminals and parietal projecting 
thalamo cortical cells.
Supported by Ministero della Sanita RC97C and by MURST and CNR grants to 
MM

565.4
THE INFERIOR PARIETAL LOBULE IS THE TARGET OF OUTPUT FROM 
THE SUPERIOR COLLICULUS, CEREBELLUM AND HIPPOCAMPUS. R.A. 
West*1, J.C. Lynch3 and P.L. Strick12. ’Research Service, VAMC, 2Depts. 
Neurosurgery and Neuroscience/Physiology, SUNY-HSC, Syracuse, NY 13210 
and 3Depts. of Anatomy, Ophthalmology, and Neurology, University of 
Mississippi Medical Center, Jackson, MS 39216

The inferior parietal lobule (IPL) is part of the “dorsal stream” of visual 
processing. Considerable information is available about the cortico-cortical 
connections that help to define the properties of neurons in this cortical region. 
Much less is known about the origin and importance of subcortical inputs to the 
IPL. To examine this issue, we used retrograde transneuronal transport of the 
Mclntyre-B strain of herpes simplex virus type 1 (HSV1) to identify the “second- 
order” neurons in subcortical nuclei that project to the IPL in Cebus monkeys. 
Six monkeys received injections of HSV1 into different subregions of the IPL. 
Injections into the lateral intraparietal area (LIP), located in the lateral bank of 
the intraparietal sulcus, labeled second-order neurons primarily in the superficial 
(visual) layers of the superior colliculus. Virus injections within a more lateral 
portion of the posterior bank of the intraparietal sulcus labeled second-order 
neurons in posterior regions of the dentate nucleus of the cerebellum. In 
contrast, injections of HSV1 into area 7a, located on the convexity of the IPL, 
labeled many second-order neurons in the CA1 region of the hippocampus. 
The IPL is known to be involved in visual perception, oculomotor control and the 
establishment of maps of extrapersonal space. Our observations suggest that 
these functions may be subserved by distinct subcortical systems from the 
superior colliculus, cerebellum and hippocampus. Furthermore, the finding that 
each system appears to target a separate subregion of the IPL emphasizes the 
modular organization of the IPL. Support: VA Med. Res. Service and USPHS 
MH56661 (PLS) and the Joe Weinberg Research Fund (JCL).
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565.5
BRAINSTEM AND CEREBELLAR CENTERS MEDIATING NEURAL 
CONTROL OF ORBICULARIS OCULI MOTONEURONS: RETROGRADE 
TRANSNEURONAL TRACING WITH RABIES VIRUS. G. Ugolini*', S. 
Morcuende2, and J.M. Delgado-Garcia2. 'Laboratoire de Genetique des Virus, CNRS, 
91198 Gif-sur-Yvette, France, and 2Laboratorio de Neurociencia, Univ. de Sevilla, 

41012-Sevilla, Spain.
Eyelid blinks have been used for years as an experimental model to the study of 

neural control of reflex and conditioned motor responses in mammals. The orbicularis 
oculi is a striated muscle involved in lid closing. The neural centers involved in the 
genesis and control of the different types of eyelid response have been studied by 
means of retrograde transneuronal tracing with rabies virus. Viral transfer was studied 
immunohistochemically at 3, 3!/2, and 4 days after unilateral injection (6 pi) into the 
orbicularis oculi of Wistar rats (n = 36). Labelled motoneurons were located dorsally 
in the facial nucleus. At 3 days, the onset of transneuronal transfer involved some 
neurons mainly in reticular nuclei (ventralis, dorsalis, magnocellularis and 
cuneiformis) and, in some cases, medial vestibular, trigeminal and trapezoid body 
nuclei. At 3‘/2 days, the number of rabies immunolabeled neurons increased in these 
nuclei and labelling extended to superior vestibular, reticularis gigantocellularis, 
superior olive and lateral lemniscus nuclei, interpositus (lateral part), contralateral red 
nucleus (dorsal) and supraoculomotor region. By the 4th day, labelling also occurred 
in the fastigial, cochlear, rostral periolivary and descending vestibular nuclei, 
interstitial nucleus of Cajal, superior colliculus, and, in some cases, inferior colliculus, 
Scarpa’s ganglion, substantia nigra, zona incerta, cerebral and cerebellar cortical areas. 
At this stage, the labelling of lateral interpositus and contralateral red nucleus was 
particularly noticeable. Present results suggest also an important role of specific 
subdivisions of the reticular formation in reflex (trigeminal and auditory) and 
spontaneous eyelid control. (Supported by BIO4-CT98-0546, DGICYT PB93-1175, 
CNRS UPR9053).

565.6

SIMILAR TIME COURSE OF PURKINJE CELL AND CEREBELLAR 
NUCLEI INVOLVEMENT IN RETROGRADE TRANS NEURON AL 
LABELING WITH RABIES VIRUS FROM EYE MUSCLE.
N.M. Gerrits1*. W.M. GraF and G, Ugolini3, ’Dept. of Anatomy,
Erasmus Univ. Rotterdam; 2Lab. Physiol. Percep. Action, CNRS, College 
de France, Paris; 3Lab. Gen. de Virus, CNRS, Gif-sur-Yvette, France.

Retrograde transneuronal transfer of rabies virus from the medial 
rectus (MR) eye muscle in the Guinea pig has demonstrated sequential 
labeling of MR motoneurons, vestibular nucleus (VN) neurons and 
Purkinje cells in the ipsilateral cerebellar flocculus. With a delay of appr. 
3-4 hrs, labeling appears simultaneously in the contralateral flocculus, the 
nodulus of the cerebellar vermis and in all central cerebellar nuclei (CN). 
Whereas the floccular labeling shows a qualitative and quantitative 
difference between both sides, the labeling in the vermis and CN displays 
a high degree of temporal and topographical symmetry. Following a quick 
initial rise, the number of neurons remains constant over a period of appr. 
10 hrs, after which a substantial increase was observed. Labeled neurons 
in the CN are initially concentrated in a sheet comprising the caudalmedial 
fastigial nucleus, the infracerebellar nucleus, group Y, the parvocellular 
lateral nucleus and the rostral pole of the anterior interposed nucleus. The 
number brainstem sources that can explain third order transfer to the CN 
is limited. In the appropriate time window only the appearance of labeling 
throughout the VN offers an explanation, which is supported by data from 
literature on projections from all CN to the VN.

565.7

COLLATERAL PROJECTION OF OLIVOCEREBELLAR AXONS STUDIED 
BY RECONSTRUCTING SINGLE AXONS IN THE RAT. I. Sugihara*, H.-S. 
Wu and Y. Shinoda. Dept. of Physiology, Tokyo Medical and Dental Univ. 
School of Medicine, 1-5-45 Yushima, Bunkyo-ku, Tokyo 113-8519, Japan

The morphology of olivocerebellar (OC) axons originating from the inferior 
olive (IO) was studied in the rat. They were labeled with small volume of 
biotinylated dextran amine injected into the IO. The entire trajectories of 
single axons were reconstructed in serial sections.

Olivocerebellar axons ramified into thick branches and thin collaterals. 
Thick branches of each OC axon (mean number, 6.1 per OC axon) terminated 
as climbing fibers (CFs) on single Purkinje cells (PCs) in a one-to-one 
relationship. Besides terminal arborization around PC thick dendrites, CFs 
had thin collaterals that surrounded a PC soma, fine branchlets that extended 
transversely in the molecular layer, and thin retrograde collaterals that re-
entered the PC and granular layers.

Concerning thin collaterals, about half of the OC axons had one or only a 
few collaterals terminating in the white matter of the inferior cerebellar 
peduncle (ICP), most of them had one to six collaterals innervating the 
cerebellar nucleus, and all of them had three to 16 collaterals that terminated 
mainly in the granular layer of the cerebellar cortex. No OC axons terminated 
solely in the ICP, cerebellar nucleus or granular layer without giving rise to 
CFs.

Although most OC projection was contralateral, some axons projected 
bilaterally by crossing the midline within the cerebellum.

Supported by CREST (Core Research for Evolutional Science and 
Technology) of Japan Science and Technology Corporation and Grants-in-Aid 
for Scientific Research from the Ministry for Education, Science and Culture of 
Japan.

565.8
ACID PHOSPHATASE AND ITS POSSIBLE ROLE IN PURKINJE CELL 
ONTOGENY, AN ULTRASTRUCTURAL INVESTIGATION. J.J.L. van der Want', 
H. Bornmann 2, D. Kalicharan1 and R.S.B. Liem1. 'Lab. Cell Biology and Electron 
Microscopy, Univ. of Groningen, 9713 EZ Groningen, the Netherlands; 2Inst. 
Anatomy, Friedrich Schiller University, Jena, Germany. (SPON: ENA)

During the first two postnatal weeks cerebellar Purkinje cells undergo massive 
growth which is most prominent in the extension of dendritic tree. The formation of the 
dendritic arborization is accompanied by the establishment of synaptic connections, 
especially with those from climbing fibers and parallel fibers. In previous studies 
concentric lamellar structures were observed in Purkinje cells, suggesting degeneration 
and lysosomal degradation. In this study the distribution of acid phosphatase, a 
catabolic enzyme that is present in lysosomal and extra-lysosomal compartments was 
investigated, using the sensitive cerium method, at the ultrastructural level. At different 
stages during early postnatal development the acid phosphatase could be detected in 
Golgi cisterns and membrane bound vesicular structures in rat Purkinje cells. In an 
attempt to characterize simultaneously, the distribution of the growth associated 
protein B50, which is expected in the growing climbing fiber profiles, postembedding 
immunocytochemistry was performed. Electron microscopic data show that all 
Purkinje cell somata and proximal dendrites contain both lysosomal and nonlysosomal 
acid phosphatase, with high activities in somatic dendrites at postnatal days 3-7. 
Interestingly acid phosphatase was almost exclusively confined to Purkinje cells. At 
later stages, upto postnatal day 15, the presence is markedly reduced. Labeling of B50 
was not observed in Purkinje cells, but mainly confined to axonal and preterminal 
profiles. The data suggest that the catabolic enzyme acid phosphatase plays a 
prominent role in the formation and reshaping of dendritic processes during early 
postnatal Purkinje cell development. Furthermore the presence of B50 in presynaptic 
profiles suggests that these profiles are most likely climbing fiber or parallel fibers that 
will form synaptic contacts with the growing Purkinje cell dendritic tree.

565.9

UBCs AXONS FORM A SIZEABLE PORTION OF THE MOSSY 
FIBERS IN THE VESTIBULOCEREBELLUM M-G Nunzi and E.

In the mammalian cerebellum, the vestibular input is the predominant 
projection to lobules IX and X,where vestibular afferents distribute as 
mossy fibers (MFs) within the granular layer. Here, they make synaptic 
connections with granule cells and unipolar brush cells (UBCs), a class of 
calretinin (CR) + neurons particularly enriched in vestibular regions of the 
cerebellum. It has been shown that UBCs give rise to an intrinsic system of 
MFs forming glomeruli with both granule cell dendrites and UBCs similar 
to those formed by extrinsic afferents. In order to evaluate the contribution 
of this intrinsic system of MFs to the innervation of the 
vestibulocerebellum.we used organotypic slice cultures of lobule X from the 
postnatal 8-day-old mouse cerebellum. In the deafferentiated slices,we 
analyzed at the ultrastructural level the percentage of degenerating and non-
degenerating MF terminals. At 2 days in vitro (DIV), 35% of MF boutons 
appeared normal,while the remaining MF terminals exhibited degenerative 
changes ranging from swelling of mitochondria to condensation of 
cytoplasmic components. By 4 DIV, the large majority (77%) of MF 
terminals had the ultrastructural features of MF terminals seen in situ at a 
comparable age,while the remaining MF terminals showed severe shrinkage 
or vacuolization. Since the number of non degenerating MF boutons per 
mm^ppeared to be constant from 2 to 4 DIV,we assume that approximately 
one third of the MF terminals in the nodulus originate locally from UBCs. 
The UBC-MF system, previously shown to be glutamatergic, appears to be 
a relevant component of excitatory tranmsmission in the 
vestibulocercbellum. (Supported by NIH Grant NS 09904)

565.10
DIVISIONS OF THE CAT PARVICELLULAR RED NUCLEUS. M. Pong*, K.M. 
Horn, and A.R. Gibson. Barrow Neurological Institute, Phoenix, AZ 85013.

Traditionally, cat red nucleus is divided into parvicellular (RNp) and 
magnocellular (RNm) divisions. RNp receives input from the cerebellar dentate 
nucleus and projects to the inferior olive (IO) whereas RNm receives input from the 
cerebellar interpositus nucleus and projects to the spinal cord. However, there is 
evidence that some cells in RNp project to the spinal cord (Pompeiano and Brodal, 
1957; Holstege and Tan, 1988). We have found that cat RNp contains both spinal- 
projecting and IO-projecting regions. The spinal-projecting region receives input 
directly from dentate and indirectly from the entopeduncular nucleus (EN, feline 
equivalent of GPi).

With small injections of WGA-HRP, we differentiated regions of RNp. Lateral 
RNp injection led to anterograde label in the spinal cord but not the IO. Injection into 
the rostral third of the IO labeled cells in medial but not lateral RNp. Cervical spinal 
injection labeled cells in the lateral RNp as well as the entire RNm. Dentate injection 
led to some anterograde label throughout RNp but was particularly strong in the region 
projecting to the cord. The results show that the RNp can be divided into a medial, IO- 
projecting region and a lateral, spinal-projecting region.

Using small injections of WGA-HRP into the zona incerta (ZI) and fields of 
Forel (FF), we found labeled cells in the EN and anterograde label in the lateral RNp 
which suggests a two-step pathway from the basal ganglia to the lateral RNp. We 
confirmed this pathway with separate injections into EN and the lateral RNp.
Injection into the lateral RNp led to labeled cells in Zl and FF. Injection into EN 
produced anterograde label in ZI and FF, confirming the connection from EN to ZI 
and FF.

Cells in lateral RNp discharge strongly during limb movements. We hypothesize 
that lateral RNp is a site of convergence of basal gangliar and cerebellar output for the 
control of limb movements.

Supported by NS-07309, and NS-36820.
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566.1
fMRI SHOWS A PATCHY HORIZONTAL ORGANIZATION OF 
SOMATOSENSORY ACTIVATION IN RAT CEREBELLUM. R.R. Peelers1, 
M. Verhoye1, B.P. Vos2, A. Van Per Linden2. E. De Schutter2*, 'Bio-Imaging Lab 
RUCA and 2Bom-Bunge Foundation, University of Antwerp, Belgium.

Functional MRI responses were observed in the cerebellum of alpha-chloralose 
anaesthetised rats in response to innocuous electrical stimulation of a forepaw or hind 
paw. Several rats were scanned in a 7 Tesla SMIS magnet using gradient echo Blood 
Oxygenation Level Dependent contrast (BOLD) imaging. The responses were imaged 
in both coronal and sagittal slices that allowed for a clear delineation and localisation 
of the observed activations. Response patterns were reproducible in both slice 
directions and from animal to animal, but individual loci of activation were not 
always identical, possibly because of the lack of normalisation to a standard rat brain.

Widespread bilateral activations were found with mainly a patchy and medio-lateral 
band organisation, more pronounced ipsilaterally, without any overlap between the 
cerebellar activations caused by forepaw or hindpaw stimulation. Possible parasagittal 
bands were observed only in contralateral lobule VI. The overall horizontal 
organisation of these responses was quite remarkable. For both stimulation protocols 
most of the activation patches were positioned in either a rostral or caudal plane 
running antero-posteriorly through both anterior and posterior cerebellum. The rostral 
planes were completely separated, with the forepaw activation closer to the surface.

To further evaluate these results we are now comparing fMRI activations in the 
somatosensory cortex in the same rat while it is either awake but curarized versus 
when it is anaesthetised.
Supported by FWO and IWT (Flanders, Belgium).

566.2
THE RAT SOMATOSENSORY CEREBRO-PONTO-CEREBELLAR SYSTEM. 
SPATIAL RELATIONSHIPS IN THE CEREBRAL CORTICAL MAP ARE 
PRESERVED IN A 3-D CLUSTERED PONTINE MAP. T.B. Leergaard,1* K.A. 
Lynqstad,1 J.H. Thompson,2 S.Taeymans,3 B. Vos,3 J.M. Bower2 and J.G.
Bjaalie1. 1Dept. of Anatomy, University of Oslo, N-0317 Oslo, Norway,
^Division of Biology 216-76, Caltech, Pasadena, CA 91125, and 3Born-Bunge 
Foundation, University of Antwerp, 2610 Antwerp, Belgium.

. In the primary somatosensory cortex (SI), the body surface is mapped in a 
relatively continuous fashion, with adjacent body regions represented in 
adjacent parts of the cortex. In marked contrast, maps of the body surface in 
the cerebellar hemispheres are discontinuous (‘fractured’). To elucidate this 
map transformation, we have studied the organization of the first link in the 
pathway from SI to the cerebellum, the Sl-pontine projection. We have 
injected biotinylated dextran amine into electrophysiologically defined parts of 
SI. The distribution of labeled fibers were computer reconstructed in 3-D. The 
labeling in the pontine nuclei is characterized by: 1) multiple clusters of 
axonal plexuses for each body representation, 2) an inside-out shell-like 
organization, with perioral representations located in a central core and 
extremity and trunk representations more externally, and 3) largely maintained 
neighboring relationships among major body parts. Consequently, the pontine 
nuclei contain several modified ‘copies’ of the SI map, and at a large scale, 
each ‘copy’ preserves the spatial relationships of the SI map. This novel 
scheme of corticopontine mapping is compatible with recently proposed 
principles for the establishment of subcortical topographical patterns 
(Leergaard et al., J.Comp.Neurol. 1995, 361:77-94). Further studies of the 
second link in the Sl-cerebellar pathway, the pontocerebellar projection, are 
needed for understanding the fractured organization of cerebellar maps. 
Funded by EU Biotech and NIH.

566.3

SOMATOTOPIC PROJECTIONS OF THE CLIMBING FIBER SYSTEM TO RAT 
CEREBELLUM ARE ORGANIZED AS PATCHES, NOT AS PARASAGITTAL 
MICROZONES. I.E. Brown* and J.M. Bower. Division of Biology, Caltech, 
Pasadena, CA, 91125.

We have investigated the somatotopic pattern of climbing fiber (CF) projections 
to crus Ila of the rat cerebellum. Experiments were performed under ketamine/ 
xylazine anesthesia. Complex spike responses were recorded extracellularly from 
single Purkinje cells. Detailed receptive fields for single CFs were mapped using small 
(-300 pm excursion), tactile stimuli applied to the face and other body areas at 0.5 Hz. 
Peri-stimulus time histograms (PSTHs) of complex spikes were produced using data 
from 300-500 consecutive trials. After mapping the CF projection, the electrode was 
advanced down to the granule cell layer (GCL) where we recorded field potentials in 
response to the tactile stimuli described above. Averaged traces of these rectified field 
potentials were then used to map the receptive field of the projections to the GCL.

PSTHs of the CF response revealed two peaks - a strong short-latency peak (30- 
50 ms) and a weaker long-latency peak (150-350 ms). CF receptive fields tended to be 
bilateral on the face with possible weaker projections to other body parts. The 
ipsilateral facial receptive field associated with the strong short-latency peak coincided 
with the receptive field of the projections to the GCL. The contralateral facial 
receptive field tended be a mirror image of the ipsilateral one, but with a much weaker 
projection (as based on the PSTH) and with no co-incident GCL receptive field. 
Knowing that the projection to the GCL in rat crus Ila is ‘patchy’ (Shambes et al., 1978 
- Br. Behav. Evol. 15:94), these results suggest that the strong short-latency response 
in the CF projection is also likely to be ‘patchy’, in agreement with early reports on the 
organization of CF projections to cerebellar cortex (Eccles et al., 1968 - Exp. Br. Res. 
6:195; 1972 - Exp. Br. Res. 15:498; Rushmer et al., 1980 - Br. Res. 181:17). This 
finding is in contrast to the parasagittal microzonal organization that has been 
suggested more recently by Ekerot et al. (1991 - J. Physiol. 441:257).

Funding was provided by NIH grant NS37109-02. I.E. Brown was supported by 
a fellowship from the Medical Research Council of Canada.

566.4
FUNCTIONAL ORGANISATION OF THE CLIMBING FIBRE PROJECTION TO 
LOB ULUS SIMPLEX IN THE RAT CEREBELLUM. J. Pardoe, B.M, Lumb* and 
R. Apps. Department of Physiology, University of Bristol, Bristol, BS8 1TD. U.K.

The somatotopical organisation of the climbing fibre projection to lobulus simplex 
(LS, lobule VI) in the posterior lobe of the cerebellum was investigated in 
pentobarbitone-anaesthetised male adult Wistar rats (n = 12).

Percutaneous electrical stimulation evoked climbing fibre field potentials on the 
cerebellar cortical surface which were recorded with a tungsten-in-glass 
microelectrode. The extracellular field potentials were found to be organised 
somatotopically in a similar fashion to that found previously for the rat paramedian 
lobule (PML, lobule VII, Atkins and Apps 1997).

The paravermal cortex of lobulus simplex was subdivided from medial to lateral 
into a region with largest responses evoked by contralateral face stimulation (17-19 
ms onset latency) and a region in which the largest responses were evoked by 
ipsilateral forelimb stimulation (11-16 ms onset latency).

Experiments are underway utilising simultaneous recordings from lobulus simplex 
and the paramedian lobule to determine the extent to which the two regions are 
functionally linked (cf. Armstrong et al 1973).

These results provide the basis for future studies in which the rat will be used as 
an alternative model to the cat to investigate the functional role of climbing fibres in 
motor control.
Supported by the MRC.

566.5

ETHANOL ACTION ON DORSAL SPINOCEREBELLAR TRACT 
NEURON SPIKE ACTIVITY. N. Taepavarapruk*. S.A. McErlane. J.G. 
Sinclair, and P.J, Soja, Faculty of Pharmaceutical Sciences, University of 
British Columbia, Vancouver, BC, Canada, V6T 1Z3.

Proprioceptive input from the lower limbs is conveyed to the cerebellum 
in part via the dorsal spinocerebellar tract (DSCT). Axons of DSCT 
neurons innervate the cerebellar cortex as mossy fibers (Mann, Brain 
Behav. Evol. 7:34-83, 1973). Despite the wealth of information regarding 
ethanol's effects on the cerebellum, few data exist regarding its action on 
cerebellar mossy fiber input via the DSCT. Accordingly, the present study 
was performed using the chronic unanesthetized cat preparation to 
investigate ethanol's action on the activity of L3-4 DSCT neurons.

Nine antidromically identified DSCT neurons were recorded 
extracellularly in the vicinity of Clarke's column during the behavioral 
state of quiet wakefulness (W) using previously established methods (Soja 
et al., J. Neuroscience 16: 1260-1272, 1996). During W, the mean (± SE) 
baseline firing rate of DSCT neurons measured 22.7 ±3.0 spikes/s. 
Following ethanol (1.5 g/kg, i.v.), the group mean firing rate of DSCT 
neurons increased by 14.3% to 26.5 ± 3.3 spikes/s (p < 0.05, paired 
Student's /-test). Ethanol did not alter the coefficients of dispersion or 
variation values for spike intervals indicating that spike train patterns of 
DSCT neurons were similar after ethanol. Ataxia was present in these 
animals following the recording sessions.

These results suggest that ethanol enhances mossy fiber input to the 
cerebellar cortex in the chronic, intact, unanesthetized cat via increased 
transmission through the DSCT. The ethanol-induced increase in DSCT 
neuron spike rate may be due to modulation of transmission between 
primary afferents and recorded neurons and/or descending controls 
impinging on these cells. Supported by NIH (NS34716).

566.6

ETHANOL ACTION ON CEREBELLAR PURKINJE CELL SPIKE 
ACTIVITY. S.A, McErlane*, J.G. Sinclair. N. Taepavarapruk, and P.J, 
Soja, Faculty of Pharmaceutical Sciences, University of British Columbia, 
Vancouver, BC, Canada, V6T 1Z3.

Intravenously administered ethanol (1.5g/kg, i.v.) enhances mossy fiber 
input to the cerebellar cortex that is conveyed by the dorsal spinocerebellar 
tract (see adjacent abstract by Taepavarapruk et al.). Simple spike (SS) 
activity of cerebellar Purkinje cells might therefore be expected to increase 
following i.v. ethanol. The present study was therefore designed to 
examine this issue. Accordingly, SS and complex spike (CS) firing 
patterns of cerebellar Purkinje cells recorded in the chronic unanesthetized 
cat preparation were compared before and after the intravenous 
administration of ethanol (1.5g/kg).

Eight cerebellar Purkinje cells were recorded extracellularly from the 
anterior cerebellar lobule (Sinclair et al., Soc. Neurosci. Abstr. 24: 
554.11, 1998). During the behavioral state of quiet wakefulness, the mean 
(± SE) baseline SS and CS firing rates measured 36.4 ± 7.6 Hz and 1.8 ± 
0.5, respectively. Following ethanol (1.5 g/kg, i.v.), the group mean SS rate 
(36.4 ± 8.8 Hz) was not significantly affected. However, there was a 22.2% 
decrease in the group mean CS rate to 1.4 ± 0.4 Hz was (p < 0.05, paired 
Student's /-test). Both SS and CS firing patterns were not significantly 
affected following ethanol as evidenced by no significant change in the 
coefficient of dispersion and variation values for SS and CS spike 
intervals. Ataxia was present in these animals following the recording 
sessions.

These results indicate a unique action of ethanol on cerebellar Purkinje 
cell activity in the chronic unanesthetized cat preparation. The reduction in 
CS rate suggests that ethanol might act at the source of climbing fiber 
input to cerebellar Purkinje cells, i.e., inferior olivary nucleus. Supported 
by NIH (NS34716).
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566.7
EVIDENCE THAT CLIMBING FIBRES CONTROL AN INTRINSIC SPIKE 
GENERATOR IN CEREBELLAR PURKINJE CELLS. N.L. Cerminara and J.A. 
Rawson*. Department of Physiology, Monash University, Clayton 3168, Victoria, 
Australia.

It is known that the ongoing simple spike (SS) activity of a cerebellar Purkinje cell 
rises substantially after removal of input from its climbing fibre (CF) afferent. Here, we 
have investigated the mechanisms of this increase in SS discharge. We have tested 
whether it results from release of an ongoing depression of parallel fibre transmission 
by measuring the Purkinje cell SS threshold to parallel fibre stimulation before and after 
removal of the CF input Recordings were also made from cortical inhibitory 
intemeurones and granule cells to assess their responses. Extracellular recordings were 
made from cerebellar cortical neurones in rats anaesthetized with halothane. A 
microelectrode in the molecular layer was used to activate parallel fibres electrically. 
The CF input was removed either temporarily (10-20min) by a microinjection of 
xylocaine around the parent cell in the inferior olive or permanently via an electrolytic 
microlesion. Following long-term removal of CF impulses to a Purkinje cell (as 
indicated by the disappearance of complex spikes) SS started to rise within a few 
seconds from a resting level of about 20-30Hz and progressively rose to about 175Hz 
over 60-75min. Cells then entered a bursting mode, alternating between regular periods 
of firing and silence, which persisted for at least 6h. In cases where CF activity resumed 
SS rate started to decline within a few seconds and undershot its control level for a 
minute or so. No parallel changes in the threshold for evoking a SS via the parallel 
fibres were seen to accompany the increases in tonic SS. Likewise, no parallel changes 
in either inhibitory intemeurone or granule cell discharge were observed with the 
changes in SS rate. Thus, very substantial changes in SS firing occurred after CF 
removal without an accompanying change in granule cell-parallel fibre or intemeuronal 
input. We conclude that SS rate rises in a Purkinje cell after loss of its CF input via the 
release of ongoing inhibitory control of an intrinsic spike generating mechanism. 
Supported Zy the Australian NH&MRC.

566.8
CALCIUM CURRENTS AND H-CURRENT IN NEURONS OF THE DEEP 
CEREBELLAR NUCLEI OF THE RAT
V. Gauck,1* M. Thomann,2 D. Jaeger,1 A. Borst2 ’Dept. Biology, Emory Univ., 
Atlanta, GA 30322, USA; 2Friedrich-Miescher-Laboratory of the Max-Planck- 

Society, D-72076 Tubingen, Germany
Deep cerebellar nuclei (DCN) neurons receive excitatory synaptic input from 

mossy and climbing fibers and are inhibited by Purkinje cells. Despite their central 
role for the computation of the cerebellar output, their intrinsic electrophysiological 
properties are poorly investigated. Whole cell patch clamp was used to record from 
DCN neurons in sagittal cerebellar slices of 11-16 day old rats. The voltage 
dependent activation and inactivation of the IH-current and the calcium currents were 
investigated.
A large depolarizing current activated by hyperpolarization (IH) was found in all 
DCN neurons and could be blocked by extracellular cesium. The Ca++-current of 

DCN neurons had two components. One component was activated by voltages more 
positive then -50 mV (LVA) and showed a rapid, voltage-dependent inactivation. A 
second component was activated by voltages more positive then - 30 mV (HVA) and 
did not inactivate in a voltage-dependent manner. The HVA current inactivation was 
calcium dependent as revealed by barium substitution. Recently we started to 
evaluate the spatial distribution of calcium currents using calcium imaging. It is 
known from hippocampal neurons that subthreshold synaptic input activates 
dendritic calcium channels (Magee & Johnston, 1995, Science 268: 301-304). A 
potential role of dendritic calcium currents in synaptic integration in DCN neurons 
will be addressed in future studies.

This work was supported by the Max-Planck-Society, the DFG (GA 627-1-1) and 
NIMH #57256. The first two authors contributed equally to the work presented.

566.9
THE RESPONSE OF CEREBELLAR CORTICAL INTERNEURONS TO 
GRANULE CELL INPUT. D. Jaeger* and L. Kreiner. Dept. of Biology, Emory 
University; Atlanta, GA.

Granule cells provide direct excitatory inputs to Purkinje cells but they can also 
indirectly inhibit the same Purkinje cells by activating stellate or basket cells. To 
understand the overall action of granule cell activity on Purkinje cells, it is therefore 
important to determine the relative timing and strength of activation of inhibitory 
interneurons by granule cell input. In this study we examine the time course of 
EPSPs and EPSCs in cerebellar cortical interneurons following electrical 
stimulation of granule cells either in the granule cell layer, or in the molecular layer.

We obtained whole cell recordings at 32° C from cerebellar cortical interneurons 
in sagittal cerebellar slices of 16-24 day old rats. Voltage and current clamp 
recordings were obtained with Sylgard coated patch pipettes of 5-10 MQ resistance. 
Inhibitory inputs were blocked with picrotoxin and excitatory responses to 0.1 ms 
of 100-300 pA granule cell or molecular layer stimulation were examined. In 
current clamp, interneurons responded with a fast EPSP that triggered spikes at a 
latency as short as 1.5 ms. We further examined the amplitude and short term 
plasticity properties of this response in voltage clamp recordings. At low 
stimulation amplitude, EPSCs sometimes failed for particular stimuli. The 
amplitude of spontaneous EPSCs or EPSCs elicited with minimal stimulation was 
variable, with a range of 10 to 200 pA at -90 mV holding potential. Trains of 5 
pulses of stimulation with 20, 50, 100, or 200 ms intervals revealed a short term 
facilitation of up to 240%, which was most pronounced at shorter intervals. Thus, 
bursts of granule cell activity as are typically seen in response to sensory 
stimulation may result in very strong activation of interneurons. The short latency 
and strength of this response suggests that Purkinje cell responses to direct granule 
cell input may be inhibited even before the peak of Purkinje cell EPSPs is reached 
at 4 to 15 ms in response to granule cell stimulation. Supported by NIMH #57256.

566.10
THE RESPONSE OF NEURONS OF THE DEEP CEREBELLAR NUCLEI TO 
LIP STIMULATION IN THE ANESTHETIZED RAT. K.Erreger* and D.Jaeger. 
Dept. of Biology, Emory University; Atlanta, GA.

The responses to lip stimulation of neurons in Crus Ila of cerebellar cortex in the 
rat have been well characterized. Since the deep cerebellar nuclei (DCN) are the 
final output structure of the cerebellum, it is important to understand how mossy 
fiber and Purkinje cells inputs are integrated at this level. In this study we 
investigated the spontaneous activity of DCN neurons and assessed their response 
to upper lip stimulation.

Adult male Sprague-Dawley rats were anesthetized with ketamine and the 
cerebellum was exposed. Extracellular recordings of isolated single units in the 
DCN were made using Tungsten microelectrodes' or glass microelectrodes filled 
with 0.5M NaCl.

DCN neurons exhibited a characteristic pattern of spontaneous activity consisting 
of periods of fast spiking interrupted by extended pauses. The mean spike rate was 
37Hz with a standard deviation (sd) of 22Hz. The coefficient of variation (CV) of 
spike intervals was 1.4 (sd 0.35). Strong responses to lip stimulation were observed 
in a localized area of the DCN. Following lip stimulation, a brief excitation was 
seen at a short latency followed by a prolonged (40-400ms) inhibition. The initial 
excitation is likely due to mossy fiber input but could also be explained by 
interruption of inhibitory input from Purkinje cells. The prolonged inhibition of 
DCN neurons following lip stimulation likely reflects the prolonged activation of 
Purkinje cells with the same stimulus (Jaeger and Bower. Exp. Brain Res. 100:200- 
214). This hypothesis is supported by our observation that electrical stimulation of 
Crus Ila also produces a prolonged inhibition in DCN neurons.

In conclusion, we find strong responses to sensory stimulation in the DCN, which 
can be partly traced to a particular area of activated Purkinje cells.
Supported by NIMH #57256 and HHMI fellowship to KE.

566.11

REGULATION OF SPONTANEOUS FIRING PATTERNS OF DEEP NUCLEAR 
NEURONS IN RAT CEREBELLAR SLICES. C.D. Aizenman*, E.J. Huang & D.J. 
Linden, Dept of Neurosci, Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205.

Microelectrode recordings were made from the deep cerebellar nuclei (DCN) 
neurons of 12-16 day-old rats to understand the factors which mediate intrinsic firing 
patterns. All of the cells were spontaneously active with spiking patterns ranging 
continuously from regular spiking to spontaneous bursting, with the former 
predominating. A robust rebound depolarization (RD) leading to a Na+ spike burst 
was elicited after the offset of hyperpolarizing current injection. The RD appears to 
be critical for inducing LTP and LTD of Purkinje cell to DCN synapses (Aizenman 
et al., 1998). The voltage and time-dependence of the RD was consistent with 
mediation by low-threshold voltage-gated Ca2+ channels. Intracellular perfusion of 
B APT A dramatically enhanced the RD and its associated spiking, sometimes leading 
to a plateau potential lasting several hundred msec. The effects of BAPTA could be 
partly mimicked by application of apamin, a blocker of small conductance Ca2+- 
gated K+ channels. Application of either BAPTA or apamin caused cells that were 
regularly spiking to burst spontaneously, suggesting that the variations in spiking 
patterns observed across the population of neurons may be due to differences in 
modulatory states of the neurons, rather than to different neuronal types. To further 
test this hypothesis, we recorded from, and reconstructed the morphology of 22 DCN 
neurons In general, the cell body diameters and dendritic morphology of the 
reconstructed neurons matched those previously described for large, glutamatergic 
DCN neurons (Chan-Palay, 1977). Bipolar, tripolar and multipolar cell bodies were 
observed, with both spiny and aspiny dendrites. Although a significant correlation 
between spontaneous firing frequency and the number of spines in the dendrites was 
observed, there was no obvious correlation between the overall propensity to burst 
and the morphology of the large neurons. Taken together, our data suggest that there 
is a strong relationship between the ability of large DCN cells to elicit an RD, and 
their tendency burst spontaneously. This, however, did not correlate with their 
morphology. Supported by HHM1 (CDA), MH01590and the Develbiss Fund (DJL).

566.12
ELECTROPHYSIOLOGY OF MOSSY FIBERS IN TURTLE CEREBELLUM IN 
VITRO. J. Midtgaard* & H. Jdmtell, Division of Neurophysiology, Department of 
Medical Physiology, University of Copenhagen, Copenhagen, Denmark.

Whole cell recordings from mossy fibers were obtained in vitro at physiological 
temperature, 22-25°C, in cerebellar slices from adult turtles, Pseudemys scripta ele- 
gans or Chrysemys picta.

The axons were identified by Lucifer Yellow or biocytin, and could be traced for 
several mm in the granule cell layer.

Axons accepted displayed a stable resting potential and spiking ability when no 
bias current was applied. In normal solution, a depolarizing current pulse evoked a 
single fast spike which could be blocked by TTX. Repetitive firing required trains 
of short pulses. The maximum firing frequency was around 100-200 Hz.

Depolarization revealed a strong outward rectification close to spike threshold. 
This rectification could be reduced by TEA or 4-AP added to the extracellular solu-
tion. Conversely, hyperpolarizing pulses revealed a relatively high input resistance 
and an anomalous rectification. Trains of action potentials were followed by a long 
lasting afterhyperpolarization.

In TTX, 4-AP or TEA revealed slow regenerative responses, which could be 
blocked by divalent cations extracellularly, e.g. cobolt, indicating that they were 
calcium spikes.

The mossy fibers display a characteristic axonal electrophysiology, distinct from 
the postsynaptic cells. The ability to record from and control the presynaptic 
compartment directly facilitates the study of the mossy fiber-granule cell synapse.

This work was supported by: The Carlsberg Foundation; EU Biotech Programme; 
Danish Medical Research Council; Ydes Fond, Novos Fond; Weimann Foundation; 
Teggers Minnesfond, The Swedish Medical Research Council; The Swedish 
Society for Medicine.
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566.13
INHIBITORY CONTROL OF MOSSY FIBER EXCITATORY INPUT IN 
TURTLE CEREBELLAR GRANULE CELLS by GABAa  AND GABAb  
RESPONSES. H. Jflmtell* & J. Midtgaard, Divison of Neurophysiology, 
Department of Physiology, University of Copenhagen, Copenhagen, Denmark.

Whole cell recordings from granule cells were obtained in vitro in the cerebellum 
from adult turtles, Pseudemys scripta elegans or Chrysemys picta. 400-1000 pm 
slices were maintained in Ringer at physiological temperature, 22-25°C. The cells 
were identified by Lucifer Yellow or biocytin. IPSPs were evoked from stimulus 
electrodes in the molecular and granule cell layers, mossy fiber EPSPs from 
stimulus electrodes in the granule cell layer.

GABAa  IPSPs  were identified by their reversal potentials being close to that of 
Cl', and by their sensitivity to either SR95531, bicuculline or picrotoxin. GABAa  
responses consisted of an initial fast component, which peaked around 10 ms after 
the onset of the evoked response, and a slower decay phase, which lasted up to 1.5 
s. GABAb responses, which had reversal potentials close to Eeq-K and were 
antagonized by CGP 35348, were evoked in normal Ringer at stimulus intensities 
which overlapped those evoking GABAa  responses. The GABAb response peaked 
at around 700 ms after stimulation and lasted for up to 5 s. In some cells only the 
fast and slow GABAa  responses could be evoked.

The IPSPs readily reduced mossy fiber (MF) EPSPs, both the initial fast and the 
slow plateau-like EPSP components. The IPSP time course greatly outlasts the 
duration of the MF EPSPs and the granule cell intrinsic membrane currents, and the 
Golgi cells may thus contribute significantly to the temporal synaptic integration in 
granule cells.

This work was supported by: Carlsberg Fonder; EU Biotech Programme; SSVF; 
Ydes fond; Novos fond; Weimann foundation; Teggers Minnesfond; The Swedish 
Medical Research Council; The Swedish Society for Medicine.

566.14
THE OLIVOCEREBELLAR SYSTEM CAN GENERATE RHYTHMIC 
COMPLEX SPIKE (CS) ACTIVITY FOLLOWING BLOCK OF EXCITATORY 
GLUTAMATERGIC INPUTS. E, J, Lang* Dept. of Physiology & 
Neuroscience, New York Univ. Sch. of Med., New York, NY 10016.

Prior investigations have shown that CS activity displays an =10 Hz 
rhythmicity. This rhythmicity is thought to result from the intrinsic membrane 
properties of inferior olivary (IO) neurons, and is central to the proposed role 
of the olivocerebellar system in motor coordination. However, the IO 
receives excitatory feedback from the cerebellum via di-synaptic pathways 
and excitation from other CNS regions. Thus, the extent to which 
olivocerebellar activity is driven by these excitatory inputs, as opposed to 
being intrinsically generated, has not been determined. To address this 
issue, multiple electrode recordings of CS activity were obtained from 116 
crus 2a Purkinje cells, and micro-injections of the AMPA antagonists CNQX 
(200 pM) and NBQX (200 pM) dissolved in Ringers were made into the IO.

Injections of either antagonist led to a significant decrease in average 
firing rate from 1.12 to 0.63 Hz. Nevertheless, spontaneous CS activity 
remained following the injection, and was characterized by an enhanced 
rhythmicity as measured either by the ratio of the height of the first peak in 
the autocorrelograms to the total CSs (4.0 ±2.0% control, 13.1 ±9.6% 
antagonist, mean ± SD) or by the average number of peaks in the 
autocorrelograms (1.4 ±0.6 control, 2.9 ±1.5 antagonist). The efficacy of 
the antagonist injection was independently confirmed by measuring the 
loss of evoked CS responses to tactile stimuli. Intra-IO injections of Ringers 
alone did not produce significant increases in CS rhythmicity or firing rate.

The present results indicate that glutamatergic input to the IO modulates 
the rhythmicity of IO neurons and suggest that the olivocerebellar system is 
capable of spontaneously generating oscillatory activity, which could be 
used as a timing signal for executing movements. Support 
NSF/IBN9808353, NINDS/NS37028.

566.15

SPREADING ACIDIFICATION AND DEPRESSION IN THE RAT 
CEREBELLAR CORTEX IS MEDIATED BY METABOTROPIC 
GLUTAMATE RECEPTOR AND NITRIC OXIDE
G. Chen*, R. L. Dunbar, T. J. Ebner Depts. of Neuroscience and Neurosurgery

University of Minnesota, Minneapolis, Minnesota 55455
Our previous work demonstrated that surface stimulation evoked a novel 

type of spreading acidification and depression in the rat cerebellar cortex. The 
following studies were undertaken to examine the basic mechanisms of the spread, 
concentrating on the role of metabotropic glutamate receptors and nitric oxide.

Crus I and II were exposed in anesthetized rats (Ketamine/xylazine) and 
stained with a pH sensitive dye, neutral red (2.5mg/ml). After dye washout, a series 
of images of the change in epi-fluorescence was acquired before, during, and after 
electrical stimulation of the surface (150-300 pA, 100-300 ps, 5-20 Hz, 2-10 sec). In 
1/3 of experiments, surface stimulation evoked a parallel fiber-like beam followed by 
propagation of the signal perpendicular to the parallel fibers towards the edge of the 
folium and subsequently into neighboring folia. While the GABAa receptor 
antagonist bicuculline (10 pM) had no effect on the response, the nOn-NMDA 
glutamate receptor antagonist CNQX (10 pM) reduced the optical beam and 
subsequent spread. Although having no effect on the field potentials, the group I and 
II metabotropic glutamate receptor antagonist MCPG (1 mM) reversibly abolished the 
propagation phase without apparent effect on the initial beam-like response. The 
spreading of the optical response was consistent with the finding that metabotropic 
glutamate receptors are preferentially activated by high frequency stimulation. The 
nitric oxide donor SNAP (2 mM) facilitated the spread, including the generation of 
spread in animals in which surface stimulation failed to evoke spread. The nitric 
oxide synthase inhibitor LNA (1 mM) also blocked the spread.

The results implicate metabotropic glutamate receptors and nitric oxide in 
the propagation of the optical response. Although the exact mechanism of the spread 
is yet to be determined, we hypothesize that this novel phenomenon involves a 
regeneration process in which NO may act as the intercellular messenger.

(Supported by NIH grants NS-31318 and NS-18338)

566.16

WITHDRAWN

566.17

ON-BEAM AND LATERAL INHIBITION: TWO DISTINCT CEREBELLAR 
INHIBITORY SYSTEMS
D.Cohen* and Y.Yarom. Dept. of Neurobiology, Life Sciences Institute and 
center for neural computation, Hebrew University, Jerusalem 91904, ISRAEL.

Optical imaging of voltage-sensitive dyes in an isolated cerebellum 
preparation was used to study the spatio-temporal functional organization of the 
inhibitory systems in the cerebellar cortex. The responses to surface stimulation 
of the cortex reveal two physiologically distinct inhibitory systems, which we 
refer to as lateral and on-beam inhibition following classical terminology.

Lateral inhibition occurs throughout the area responding to a stimulus, 
whereas on-beam inhibition is confined to the area excited by parallel fibers. 
The time course of the lateral inhibition is twice as long as that of the on-beam 
inhibition. Both inhibitory responses increase with stimulus intensity, but the 
lateral inhibition has a lower threshold and saturates at lower stimulus intensity. 
The amplitude of the on-beam inhibition is linearly related to the excitation at 
the same location, while that of the lateral inhibition is linearly related to the 
excitation at the center of the beam. Facilitation is required to activate on-beam 
inhibition, whereas, repetitive stimulation causes prolonged depression of the 
lateral inhibition.

We conclude that lateral inhibition reflects the activation of molecular layer 
intemeurons and its major role is to increase the excitability of the activated area 
by disinhibition. The on-beam inhibition reflects either Golgi cell inhibition of 
granule cells or Purkinje cell collateral inhibition of Golgi cells. Both 
possibilities, and the short dynamic range of the facilitatory process, imply that 
the first mossy fiber input to the cerebellar cortex is transmitted unaffected 
whereas the following inputs are either enhanced if Purkinje cell collaterals are 
involved or depressed if Golgi cells are involved.

566.18

MODULATION OF HYPERPOLARIZATION - ACTIVATED 
CATION CURRENT (Ih) IN CEREBELLAR INTERNEURONS BY 
NOREPINEPHRINE: A VOLTAGE-CLAMP STUDY
G. WrobeL H. Lu* and J. M, Bower Division of Biology, California Institute 
of Technology, Pasadena, CA 91125.

Norepinephrine (NE) is one of the major neuromodulators in the 
cerebellum. The effects of NE on the intemeurons (basket/stellar cells) of the 
rat cerebellum have been mainly described to be the changes in firing rates and 
synaptic transmission (Llano and Gerschenfeld, J. Physio. (1993) 468:201; 
Konao and Marty, J. Physio. (1998) 509:233). The action of NE has been 
linked to a depolarizing shift in the steady state activation curve of Ih in the 
cells of other regions (Matthew et al., J. Neurophysio. (1993) 70:1420). In our 
current clamp recordings, NE produces a depolarization of membrane 
potential in the intemeurons. This effect also persists in the absence of 
synaptic transmission indicating that the NE effect is likely to be mediated 
through a postsynaptic mechanism (Lu and Bower CNS*99 (1999) 
submitted). Therefore, it could be further hypothesized that this depolarization 
response is linked to a change in Ih which is also present in the cerebellar 
intemeurons.

To test our hypothesis, thin slices (200 /zm) prepared from 12 Sprague- 
Dawley rats (14-21 days old) were used in the whole cell patch clamp 
recordings. Under voltage clamp mode, Ih was examined by holding the cell 
membrane potential from -60 mV to the level between -60 mV and -110 mV 
while spikes and synaptic transmissions were depressed by TTX (1/zM). NE 
(40 uM) was bath applied for 10-15 minutes.

NE application leads to an increase about 20 to 50% on activation of Ih at 
-60 mV, while there is nearly no change present at a voltage of -110 mV 
(8/11). This suggests that activation of Ih near the resting membrane potential 
contributes to the depolarization seen in the current clamp recordings. The 
slightly depolarized membrane potential of the cell under NE influence could 
also lead to a change in firing rate, thereby influencing the behavior of the 
cerebellar network.
Supported by NS37109-02.
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566.19
NEURONAL ACTIVITY TRIGGERS Ca2+ SIGNALS IN BERGMANN 
GLIA Matyash V.*, Mohrhagen K., Kettenmann H.
Dept. of Cellular Neurosciences, Max-Delbriick-Center for Molecular 
Medicine, Robert-Rossle-Str., 10, Berlin G-13092, Germany.

Stimulation of parallel fibers in the cerebellar cortex can trigger calcium 
signals in confined compartments of Bergmann glia processes termed 
microdomains. One pulse of 200 (is duration triggered a several seconds 
lasting increase in cytosolic Ca2+. In this study, cells were filled with the Ca 
indicator via the patch pipette and it was thus difficult to obtain reliable 
signals from the soma due to an overload of dye (Grosche et al., 1999, 2, 
p.139). To test for stimulus-induced Ca2+ signals in the soma, we bulk loaded 
Bergmann glia in cerebellar slices with fura-2/AM. In contrast to responses 
in the microdomains, Ca2+ responses in the soma were only observed above a 
threshold of about 10 pulses (50 Hz) while a single or few pulses did not 
trigger Ca2+ signalling in the soma. Similar as the responses in 
microdomains, the stimulus-induced Ca2+ increase in the soma was blocked 
in the presence of tetrodotoxin, Cd2+, and in Ca2+-free solution, suggesting a 
key role of action potential propagation and neurotransmitter release for this 
neuron-glia interaction. The K+ channel blocker 4-AP facilitated the 
stimulus-triggered Ca2+ response. This is most likely due to enhanced 
neuronal activity, since the membrane conductance of Bergmann glial cells 
is not affected by 4-AP. Preliminary evidence indicates that this neuron-glia 
interaction consists of more than one mechanism including Ca2+ entry via 
ionotropic glutamate receptors and after activation of glutamate transporters.

This work was supported by grant from DFG (SFB 515) to HK and 
fellowship from A. von Humboldt Foundation (IV UKR 1063508 STP) to 
VM.

MOTOR THALAMUS AND CORTEX

567.1

FOUR TYPES OF AFFERENT TERMINALS FROM THE PRIMARY 
MOTOR CORTEX IN THE VENTRAL LATERAL THALAMIC 
NUCLEUS (VL): BDA TRACING STUDY IN MACACA MULATTA. 
E. Loukianova, I.A. Ilinsky and K. Kultas-Ilinskv*. Dept. of Anatomy 
and Cell Biology, Univ. of Iowa Coll. Med., Iowa City, IA 52242.

Small BDA injections through all cortical layers were done in different 
somatotopic regions of area 4, and labeled fibers were traced in serial 
sections under light microscope. Based on the caliber, branching type, 
terminal field extent as well as size, shape and density of the boutons, four 
fiber types were identified. Focal terminal fields originated from thick 
fibers that broke into several thin preterminals with each generating a few 
large boutons. Similar caliber fibers gave rise to extremely thin 
preterminals, which acquired beaded appearance at a distance from the 
point of origin resulting in larger terminal fields. Another fiber type was 
the classic corticothalamic afferent. These ran through the entire VL 
branching occasionally. Branches had small boutons on thin and often 
long stems. Finally, the type of fiber similar to the classic type but thicker, 
and with clustered medium-sized boutons, was distinguished. Fibers of 
different types were found either singly or in combination within dense 
plexuses distributed throughout the VL. Some of them overlapped with 
groups of retrogradely labeled neurons whereas others were independent. 
The results indicate that motor cortex input to VL is more complex than 
previously thought reflecting its manifold functional role.
Supported by RO1 NS36739.

567.2

CONNECTIONS OF THE VENTRAL ANTERIOR THALAMIC 
NUCLEUS (VAdc) WITH MOTOR AND PREMOTOR CORTICES: 
LIGHT AND ELECTRON MICROSCOPIC STUDY IN MACACA 
MULATTA. S. Maldonado, E. Loukianova, K. Kultas-Ilinskv and I.A. 
Ilinsky*. Dept. of Anatomy & Cell Biology, Univ. of Iowa Coll. Med., 
Iowa City, IA 52242.

Connections of VAdc were analyzed under light microscope after 
small BDA injections in somatotopically different regions of areas 4 and 
6. Similar to earlier findings (Ilinsky et al., 1985), retrogradely labeled 
neurons were found in VAdc following injections not only in area 6 but 
in area 4 as well. The cases differed regarding the distribution and ratio 
of anterograde and retrograde labeling. A variety of corticothalamic 
fibers were distinguished by their caliber, branching pattern, terminal 
field and bouton size. The most numerous were fibers with small boutons 
that contributed to dense plexuses and also formed extensive low-density 
terminal fields. Focal terminal fields were formed by different type fibers 
with large boutons. WGA-HRP labeled terminals from injections in the 
areas 4 and 6 were analyzed under electron microscope. Labeled boutons 
were mostly small, contained round vesicles and formed asymmetric 
synapses (SR type), but some boutons with similar features were large. 
Both types made synapses on projection and local circuit neurons. 
Bouton areas ranged from 0.2 to 5.0 pm2. The results demonstrate very 
intricate organization of corticothalamic-thalamocortical circuits 
involving functionally related cortical areas.
Supported by RO1 NS36739.

567.3

REWARD-CONTINGENT ACTIVITY IN THE BASAL GANGLIA-RECEIVING 
PORTION OF THE PRIMATE MOTOR THALAMUS. P. van Donkelaar1’4, 
E. Lorincz2,4*, R. E, Passingham3 and R.C, Miall4. ‘Dept. of Exercise & Movement 
Science, Univ. of Oregon, USA; 2Dept. of Psychology, Univ. of St. Andrews, UK; 
3Dept. of Psychology and 4University Laboratory of Physiology, Univ. of Oxford, 
UK.

Reward-contingent activity is found at several sites in the brain. How it is linked 
to motor output preceding reward delivery is poorly understood. While recording 
reach-related neuronal activity in the primate motor thalamus, we encountered a 
subset of cells that appeared to fire in a reward-contingent manner. These cells 
displayed increases in activity at the end of the movement that were not related to the 
subsequent licking or swallowing movements. A higher proportion of such cells were 
located in basal ganglia-receiving nuclei (VApc and VLo; 70%) than in cerebellar- 
receiving nuclei (VPLo and Area X; 43%). To examine whether these cells were dis-
playing true reward-contingent behavior as opposed to movement-related activity, we 
tested their responses during trials in which the experimenter rather than the monkey 
performed the reaching task. In the basal ganglia-receiving areas, the reward-related 
activity persisted in a large proportion of cells tested, despite the fact that no 
movement was made by the animal. In contrast, none of the cells in the cerebellar- 
receiving areas displayed this type of behavior.

In a second monkey, cells were recorded during push and pull movements with 
and without reward, allowing full discrimination of movement, position, feeding, and 
reward-related responses. More than half of task-related cells recorded in the basal 
ganglia-receiving nuclei displayed some form of reward related activity: some with 
reward-contingent responses, and others with compound responses, with both reward 
and movement related activity. Thus, the pallido-thalamo-cortical circuit may 
provide a neural substrate by which movement and reward related signals could be 
linked to produce purposive goal-directed actions.

Funded by Wellcome Trust grants to REP & RCM.

567.4

RE-ENTRANT THETA ACTIVITY IN PAPEZ CIRCUIT: ROLE OF THE ANTERIOR 
VENTRAL NUCLEUS OF THE THALAMUS. Z. Albo*, G. Viana Di Prisco and 
R.P. Vertes. Center for Complex Systems and Brain Sciences, Florida Atlantic 
University, Boca Raton, FL 33431
The naturally occurring theta rhythm may play an important role in memory 

(Vertes and Kocsis, Neuroscience 81:893-926, 1997). The anterior thalamic 
nuclei are involved in spatial orientation and memory (Taube, Prog. Neurobiol. 
55: 225-56, 1998). Therefore, our aim was to study single-unit activity in the 
anterior nuclei and medial dorsal (MD) nucleus of thalamus during non-theta 
(desynchronization) and theta states of the hippocampal EEG in urethane 
anesthetized rats.

We found that the activity of cells of the anterior dorsal (AD), anterior ventral
(AV), and anterior medial (AM) subdivisions of the anterior thalamus as well as 
MD was specifically correlated with states of the hippocampal EEG. In AD we 
found that 10/13 exhibited tonic increases in activity (tonic theta-on cells) and 
3/13 decreases in activity (theta-off cells). In AM we found 5/7 theta-on cells 
and 2/7 theta-off cells. In MD we found 3/9 theta-off cells and 6/9 theta-on cells. 
In AV we found 9/17 rhythmic cells with discharge phase-locked to hippocampal 
theta rhythm, 2/17 non-theta rhythmic cells and 6/17 irregular firing cells. Only 
in AV did we observe cells with phase-locked rhythmic discharges to the theta 
rhythm: 53% of units with a mean coherence value of 0.62. The mammillary 
nuclei project in a topographical manner to the subnuclei of the anterior 
thalamus (Shibata, J. Comp. Neurol. 323:117-127, 1992), and neurons of the 
supramammillary nucleus and mammillary body have been shown to discharge 
rhythmically with the theta rhythm (Kocsis and Vertes, J. Neurosci 14: 7040- 
7052, 1994). Therefore, AV could be a critical link in interconnecting limbic 
structures involved in the transfer of a "theta" signal through Papez’s circuit that 
could serve an important role in mnemonic functions of the hippocampus.
Supported by NIH grant NS35883 and NIMH grant MH10476.
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567.5
SIMULTANEOUSLY RECORDED NEURON PAIRS IN THE MOTOR 
THALAMUS OF PATIENTS WITH PARKINSON’S DISEASE AND ESSENTIAL 
TREMOR. R. Levy*1, K.D. Davis2,WD. Hutchison1,2, P.A. Pahapill2, AM. Lozano2, 
R.R. Tasker2 and J.O. Dostrovsky1, Depts. of ‘Physiology and 2Surgery, University of 
Toronto, Ontario, Canada, M5S 1A8.

Many cells in motor thalamus fire at tremor frequency during tremor (tremor cells - 
TC) in Parkinson's disease (PD) and essential tremor (ET) patients. The purpose of this 
study was to examine the changes in neuronal activity in the thalamus when tremor is 
induced. Microelectrode recordings were made during thalamic exploration to localise 
the lesion target for the alleviation of tremor in a PD and ET patient. Twenty-six pairs 
of neurons (8 ET, 18 PD) with tremor-related activity were recorded from two 25 pm tip 
microelectrodes separated by a fixed distance of about 200pm. Cross-correlation and 
spectral coherence techniques were employed to evaluate changes in the interactions of 
neuronal pairs in relation to the state of limb tremor. All TCs were recorded from regions 
in which microstimulation (30-90pA) or muscimol (a GABA agonist) attenuated tremor. 
Over a time span of 10-40 seconds, 76% of all single neurons studied changed their 
oscillatory behaviour as tremor was induced by either mental arithmetic (PD) or holding 
a fixed posture (ET). Of 20 neural pairs studied when no tremor was present, only 2 pairs 
displayed a double-sided symmetric peak in their cross-correlograms indicative of 
coincident activity. During episodes of mild tremor, cross-correlation analysis revealed 
that 6 of 12 neuronal pairs had firing activity that was synchronised. When tremor was 
maximal, 21/25 neuronal pairs were synchronised and 6 of these were coherent with limb 
tremor over a sampled period of 30s. Furthermore, the oscillation frequency derived from 
the cross-correlogram during mild and maximal tremor was found to be a better match 
of limb tremor frequency than the frequency of single TCs. This study supports the 
hypothesis that the induction of limb oscillations involves synchrony between multiple 
neural elements.
Supported by Parkinson Foundation of Canada and NIH NS36824.

567.6
AFFERENT PROJECTIONS TO MOTOR THALAMUS IN MONKEY. 
Ruffe1*. F. Robinson45, and M.E, Anderson2'3’5. ’Neurobiol. and Behav. Prog., 
Depts. of 2Rehab. Med., 3Physiol. and Biophys., 4Biological Structure, and sReg. 
Primate Res. Center, Univ. of Washington, Seattle, WA 98195.

Major afferents to the rostral portion of the ventral thalamus (VA-VL) 
are known to come from cortex, basal ganglia and cerebellum. Few studies have 
sought to identify other input to the rostral thalamus. Input from the brainstem 
had been particularly neglected. In order to determine the inputs to this region, 
we injected WGA-HRP into rostral thalamus of Macaca fascicularis, centered 
on the VA nucleus. Our injection (0.4 pL) filled VA and the anterior portion of 
VL. There also was some overlap from the injection into the caudate nucleus. 
We saw cellular cortical labeling on the medial aspect of the superior frontal 
gyrus anterior to the arcuate sulcus. We also saw heavy labeling of the superior 
frontal gyrus along the medial wall in the same coronal plane as the junction of 
the superior and inferior branches of the arcuate sulcus. Posterior and 
contiguous to this, the labeling extended more laterally along the cortex. Cell 
bodies also were labeled in GPi, substantia nigra, and dentate nucleus of 
cerebellum. We saw cells in CM nucleus of thalamus, likely due to retrograde 
labeling from terminals in VLo. Finally, there were labeled cells in dorsal 
thalamus lateral to the habenulo-interpeduncular tract. We saw no other labeling 
of cells in the brainstem caudal to that seen in the substantia nigra. These data 
are consistent with earlier data in the cat. The main inputs into VA-VL thalamus 
include cortex, basal ganglia and cerebellum, with no input from the brainstem 
caudal to the substantia nigra.

Supported by grants NS38228, EY10578 and PR51-RR00166.

567.7

SHORT-TERM PLASTICITY IN THALAMOCORTICAL NEURONS. F. Grenier*, 
I, Timofeev and M. Steriade. Lab. Neurophysiol., Sch. Med., Laval Univ., Quebec, 
Canada. G1K 7P4.

Thalamocortical (TC) neurons possess conductances which give them intrinsic 
means of displaying plasticity in their responsiveness. We have recently described the 
role of the low-threshold spike in a short-term plasticity process, the augmenting 
response. Here we have studied the role of intrinsic and synaptic mechanisms 
underlying short-term changes in responsiveness of TC cells to thalamic and cortical 
electrical stimulation. We used in vivo single and dual intracellular recordings from TC 
neurons of the ventrolateral (VL) nucleus and cortical neurons from area 4, together 
with local field potentials, in anesthetized cats. Single stimuli or five-shock-trains at 10 
Hz (a stimulation giving rise to augmenting responses mimicking spindles) were 
delivered repetitively with different periods. Stimulations with a period of less than 3 
sec for single shocks or 5 sec for five-shock-trains led to a progressive decrease in the 
evoked IPSPs in TC cells, and consequently to a decrease or disappearance of their 
rebound bursts. A testing single stimulus evoked a smaller IPSP, compared to the 
control one, when given less than 5 sec after pulse-trains at 10 Hz. With the exception 
of cases in which repeated stimulation led to seizures, the progressive decrease in the 
TC cells rebound action potentials was associated with a decrease in the evoked 
depolarization in cortical cells. In order to disclose the role of intrinsic and synaptic 
mechanisms in the progressive decrease of evoked IPSPs in TC cells, we delivered 
repetitive hyperpolarizing current pulses reproducing the stimulus-evoked IPSPs, but 
we could never reproduce a similar decrease with these current pulses. Our results show 
that, following repeated stimulation, there is a period lasting up to 5 sec in which 
evoked IPSPs are smaller in TC cells. They also suggest that intrinsic mechanisms 
alone, such as Ih, are not sufficient to account for the whole decrease in 
hyperpolarization. Other mechanisms, such as depression of synaptic efficacy between 
TC and RE cells, or mechanisms intrinsic to RE cells, are probably also involved. 
They may play a role in physiological phenomena such as spindle termination and their 
refractory period. Some of these hypotheses were tested in a companion modeling study 
(see Houweling et al., this meeting). Supported by MRC of Canada and FCAR.

567.8
SOMATOTOPIC MAPPING OF THE HUMAN MOTOR CORTICES: AN 
fMRI STUDY. H.H. Ehrsson1,2., E. Naito3., S. Geyer4,, K. Zilles4., B. Gulyas2*., H. 
Forssberg1 and P.E Roland2. ‘Motor Control Laboratory, Dept. Woman and Child 
Health and MR Research Center, 2Division of Human Brain Research, Dept. 
Neuroscience, Karolinska Institute, S 17177 Stockholm Sweden.3 Faculty of Human 
studies, Kyoto University, Kyoto, Japan. 4C. O. Vogt Inst, for Brain Research, 
Heinrich Heine University, Diisseldorf, Germany.
The functional organisation of the human motor cortices is not known in detail (1). 
Here we use functional magnetic resonance imaging (fMRI) (GE 1.5 T, echo-planar 
imaging, TR=60ms, TR= 5000ms, FOV= 22cm, 64 X 64 matrix, 20 4-mm slices, 
600 EPI volumes) to measure the cortical activity when healthy subjects (n=8) make 
right-sided flexion-extension movements of the fingers and the toes and alternating 
horizontal movements of the tongue. We hypothesise that (i) the lateral pre-motor 
cortex and the supplementary motor area have several representations of each body 
part, (ii) that the primary motor cortex (4a, 4p) and other non-primary motor fields 
are somatotopically organised. We generated activation maps (SPM-96, Dept. 
Cognitive Neurology, London) for each individual subject as well as for the 
population of subjects. For each body part moved the group analysis showed 
significant (omnibus P < 0.05) activation in Ml (4a, 4p), SMA and PMV. Finger and 
toe movement activated the CMA and the frontal operculum. Somatotopical 
activation pattern was found in Ml (4a, 4p) and the posterior part of SMA. Results 
from the single-subject analysis will also be presented. In this study we relate the 
activations to population maps of the quantitatively defined cytoarchitecteural areas 
4a, 4p, 3a, 3b, and 1 (2). References: 1. Roland and Zilles, Curr.Opn.Neurobiol. 6: 773- 
781, 1996; 2. Geyer et al., Nature 382: 805-807, 1996. Supported by Axel and Margaret 
Ax:sson Jonssons foundation

567.9

LATERAL INTERACTIONS WITHIN THE MOTOR CORTEX 
DURING POINTING. C. Capaday*, H. Devanne, N. Kouchtir, I. Mercier 
and L.G.Cohen1. Centre de Recherche Universite Laval-Robert Giffard, 
Quebec (QC), G1J 2G3,f Cortical Physiology Unit, NIH, Bethesda, MD.

Experiments were done to study the operational principles of motor cortical 
function involved in the recruitment of inter-joint muscle synergies during 
coordinated movements. We initially focused on the cortical control of two 
upper limb muscles acting as synergists during pointing, the extensor carpi 
radialis (ECR) and the anterior deltoid (AD). Focal transcranial magnetic 
stimulation (TMS) was used to measure the input-output (I/O) curves 
(Devanne et al., Exp. Brain Res. 114: 329-338, 1997) in three different tasks: 
during pointing at a small target and during isolated contractions of the ECR 
or the AD, at EMG levels matched with those during pointing. The plateau 
level and slope of the sigmoidal I/O curve of ECR increased markedly during 
co-activation of the ECR and AD while pointing. In contrast, the I/O curve of 
AD was not influenced by ECR activity. The site of modulation of the ECR 
I/O parameters was determined by comparing responses to threshold 
transcranial anodal stimuli versus threshold magnetic stimuli. In these 
experiments, ECR motor potentials were strongly facilitated during the 
pointing task, but not those in response to anodal stimuli. Additionally, the 
ECR H-reflex was not found to be task dependent. We conclude that the site 
of facilitation of the ECR motor potentials during pointing occurs within the 
neural circuitry of the motor cortex. We suggest, as a working hypothesis, 
that activation of motor cortical zones subserving more proximal muscles are, 
at least in part, functionally dependent on zones subserving more distal 
muscles (Supported by the MRC of Canada).

567.10
CORTICAL CONTROL OF COMPLEX MOVEMENTS: SUBSYSTEM 
ORGANIZATION IN THE CONTROL OF SWALLOWING IN HUMANS 
K.M, Mosier DMD, Ph.D.*, A.J. Kalnin, M.D., W-C Liu, Ph.D.. Department of 
Radiology, UMDNJ- NJMS, Newark, NJ 07103.

Very little is currently known about cortical organizational schemes for 
complex movements. The purpose of this investigation was to examine patterns 
of cortical activation during different swallowing tasks in order to gain insight 
into organizational schemes. Eight healthy adult human subjects were imaged 
using Functional Magnetic Resonance Imaging (fMRI) techniques. Images were 
acquired utilizing conventional BOLD techniques on a 1.5T GE Horizon 
Echospeed system. Subjects performed both dry (saliva) and water bolus 
swallows in a 10s or 15s ON/30s OFF block paradigm design. The raw echo- 
planar data was reconstructed off-line, motion corrected and statistical maps of 
activation generated using a cross-correlation analysis with a p<0.03. Surface 
electrodes placed over the thyroid cartilage and anterior belly of the digastric 
were employed to record swallowing movements during activity epochs. Areas of 
activation were tabulated for each swallowing task in each subject. The number 
of activated areas was statistically different between the different swallowing 
tasks (ANOVA, p<0.01). PCA analysis revealed that the water bolus swallow 
contributed the most variance to the observed results. Lastly cluster analysis was 
performed for each of the swallowing tasks which revealed differential cluster 
linkages for each of the tasks, with the water bolus task significantly different 
from the dry swallow tasks. These results suggest that cortical organizational 
schemes may be different for different tasks in complex movements, and 
moreover, suggests the possibility of a differential subsystem organization for 
swallowing. (Supported by Foundation UMDNJ #15-96).
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567.11
PERSISTENCE OF NEUROPHYSIOLOGICAL CHANGES ASSOCIATED WITH MOTOR SKILL ACQUISITION. EL 
Plautz1’2'3, R. J. Nudo*2'3, S. Barbav23, K. M. Friel23, J. A Kleim4. and S. B. Frost23. 'Dept. of 
Neurobiology & Anatomy, Univ. of Texas Medical School, Houston, TX 77030, 2Dept. of Molecular & 
Integrative Physiology and 3Center on Aging, Univ. of Kansas Medical Center, Kansas City, KS 66160, 
and *Dept. of Psychology & Neuroscience, Univ. of Lethbridge, Lethbridge, Alberta.

Previously, we demonstrated that short-term training on a motor task resulted in plastic 
reorganization of distal forelimb movement representations in primary motor cortex (M1) of adult 
squirrel monkeys (Nudo et al., 1996). These changes occurred in parallel with learned changes in 
motor behavior reflecting the acquisition of motor skill (Nudo et al., 1996; Friel & Nudo, 1998).

In the present study, we examined both behavioral and neurophysiological changes associated with 
short-term and long-term training on this motor task. All monkeys experienced a short-term training 
phase (~ 10 days, “acquisition phase") similar to previous studies in this laboratory (e.g., Nudo et al., 
1996). Then, monkeys experienced one of two long-term training protocols, either a “practice phase" 
or a “no-practice phase”. Monkeys in the practice group were trained for an additional 30-35 days 
following the acquisition phase. Monkeys in the no-practice group received no additional training on the 
task. Maps of the M1 distal forelimb representation were derived using intracortical microstimulation 

before motor training, after initial acquisition, and after the long-term phase.
Results from short-term acquisition training were consistent with our previous results, notably that 

monkeys gradually developed an efficient and stereotyped motor strategy during the acquisition phase 
and that specific movement representations related to the learned motor strategy expanded in M1 maps. 
Long-term practice (i.e., practice group) resulted in additional minor refinements in motor strategy, but 
otherwise produced no substantial changes in motor skill. Probe trials indicated that measures of 
motor skill for the no-practice group remained stable following the acquisition phase. Mapping results 
revealed that, for both groups, many features of plastic reorganization found following skill acquisition 

were retained or accentuated following the long-term phase.
We conclude that a) M1 representations reflect features of acquired motor skills, b) once acquired, 

correlates of motor skills are retained in Ml for at least several weeks, and c) persistence of skill- 
dependent plasticity is not dependent on continuous task-specific practice.

Supported by MH10963 (EJP), NS30853 (RJN), HD02528 (NICHD center grant), and AG14635 (NIA 

Pepper Center grant).

567.12
FUNCTIONAL FRONTO-PARIETAL SUBNETWORKS FOR DIFFERENT 
ASPECTS OF MOTOR SEQUENCE LEARNING IN HUMANS: INDEPENDENT 
COMPONENT ANALYSIS OF A PET STUDY. M. Honda123*. M. Hallett2. H. 
Shihasaki3- 'Lab. of Psychophysiology, NIPS; 2Human Motor Control Section, 
NINDS, NIH; 3Dept. of Brain Pathophysiology, Kyoto Univ. Sch. Med.; Kyoto 606- 
8507, JAPAN

We have previously reported, using the serial reaction time paradigm (SRT), that 
explicit motor sequence learning involves the fronto-parietal neuronal network on a 
large scale. To explore its functional subunits, which may play different roles in 
motor sequence learning, the independent component analysis (ICA) was employed. 
ICA decomposes functional neuroimaging time series into spatially independent 
maps and an associated time course of activation. PET scans were obtained while 18 
healthy right-handed volunteers performed the modified SRT in which each session 
consisted of 10 cycles of the 10-number sequence. Subjects did not know the 
existence of the sequence before the experiment, and pressed each of four buttons 
with a different finger of the right hand in response to a visually presented number. 
Sessions including the same sequence were repeated 7 times in total. Subjects 
gradually noticed and learned the sequence. The effect of explicit learning was 
assessed by the correct recall of the sequence after each session. A series of grand 
averaged activity maps were analyzed with the ICA algorithm of Bell and Sejnowski.

The fronto-parietal network, which was correlated with explicit learning, was 
further decomposed into three subsets of the regions; (1) the bilateral posterior 
parietal cortex, (2) the right dorsolateral prefrontal, premotor and anterior parietal 
cortices, and the left pre-supplementary motor area (3) the bilateral precuneus and 
anterior cingulate cortex. Activation of each subset was significantly correlated with 
a different behavioral parameter; amount of explicit knowledge on the sequence, 
awareness of the sequencing structure, and the first achievement of the whole 
sequencing structure, respectively. These results provide us a new hypothesis that the 
different functional subnetworks in the fronto-parietal cortices may be involved in 
different aspects of motor sequence learning. [Supported by JSPS-RFRF97L00201 ]

567.13

Activation of human motor-related cortical areas during a path-finding task: 
a functional magnetic resonance imaging study
Shim^.^T^Yo^imoto.s^and^, Tanjb 1 Dept.^of Physiol' Sch. of^ed". 

Tohoku Univ.>2PRESTO>3Research Institute of Electrical Communication 
Tohoku Univ.^Konan Hospital, sDept. of Neuro-surgery, Sch. of Med., 
Tohoku Univ.;Sendai, Japan 980-8575

We studied activities in human motor-related cortical areas with the 
functional magnetic resonance imaging (fMRI) by scanning subjects 
while they performed a path-finding task. Subjects were required to 
move a cursor on the screen from an initial position to a given goal on 
the screen by manipulating 4 switches with fingers. A trial began when 
the subject held the 4 switches in the neutral position for one second, 
and the cursor then appeared in a checkerboard-like maze. One 
second later the goal was displayed on the screen for one second. The 
positions of the cursor and the goal were selected in a pseudo-random 
manner in every trial. The cursor was moved from one corner to the 
next by manipulating individual switches, so that the subject needed to 
a plan multi-step movement to capture the goal. In the task condition, 
the subject was required to move the cursor to an instructed target 
while maintaining fixation at the center of maze. In each scanning 
session, switches were manipulated with the right or left hand.

GE Signa 1.5 T was used for the fMRI. During performance of the 
path-finding task, multiple cortical areas were activated. The anterior 
Bank of the central sulcus including the primary motor cortex (Ml) 
contra-lateral to the hand used for the tasks was activated. The lateral 
precentral gyrus, the posterior bank of the precentral sulcus including 
the premotor area (PM), and the medial wall of the frontal cortex 
including the supplementary motor area (SMA), were main sites of 
activation observed across subjects. Although multiple sites were 
activated in motor-related cortical areas during performance of the path-
finding tasks, the extent of activity and its peak amplitude observed in 
individual cortical areas appeared variable depending on the rule and 
complexity of the task.

Supported by Japan Science and Technology Corporation(JST)

567.14
DEGREE OF HEMISPHERIC ASYMMETRY OF fMRI ACTIVATION 
DIFFERS AMONG FRONTAL AND PARIETAL MOTOR AREAS INVOLVED 
IN GESTURE GENERATION. N. Y. Kim1, S. H. Lee1, S. H. Choi3, D. Na’ , M. H. 
Kim2* and K.-M. Lee1,2, 'Program of Cognitive Sciences and 2Dept of Neurology, 
Seoul National University; 3Dept of Neurology, Samsung Medical Center, Seoul, 
Korea

A network of multiple cortical areas in the frontal and parietal lobes are involved 
in praxis control. Left hemisphere dominance for generating the learned motor 
program has been known from neuropsychological analysis of patients with limb 
apraxia. This study aimed at examining the degree of lateralization among the motor- 
related cortical areas by comparing fMRI activation of the areas in both hemispheres.

Ten right-handed normal subjects either generated gestures as if using tools or 
simply tapped fingers, according to visually presented tool-names or conjunctives, 
respectively. The task was performed using either the right or left hand. T2*-weighted 
images were obtained in a 1.5 T GE MR scanner with EPI capability. The scan 
parameters are gradient echo sequence, TR 3 sec, TE 60 msec, flip angle 90°, twenty 
5-mm-thick slices along the AC-PC line, in-plane resolution 3.75 x 3.75 mm. MR 
images were then aligned with AIR3.0 and analyzed with SPM96 including random 
effects analysis kit.

The main findings are as follows. 1) Generating gestures elicited higher signal at 
premotor area and intraparietal sulcus than finger tapping. 2) This differential 
activation was greater in the left hemisphere than in the right, regardless of the hand 
used. 3) The asymmetry' was greater for the intraparietal activation than for the 
premotor activation.

These findings confirm the left hemisphere dominance for limb praxis in right-
handers. More importantly, the degree of dominance differs among the motor-related 
cortical areas in the frontal and parietal lobes of the human brain.

(Supported by grants from the Korean Science Foundation and Seoul National 
University Hospital.)

567.15

ENHANCED ACTIVATION IN HUMAN MOTOR AREAS DURING VISUAL 
ATTENTION. I, Indovina1. J. N, Sanes1’2*. 'Scientific Institute Santa Lucia, Rome, 
00179 Italy, 2Dept. Neuroscience, Brown Univ., Providence, RI02912, USA

Attention modifies behavioral and neural responses to sensory signals, but little is 
known whether and how attention affects brain representations of movement. We 
investigated whether a concurrent visual attention task modified cerebral and cerebellar 
representations of repetitive finger ^movements.

Young adults performed three tasks\ while maintaining visual fixation. First, 
participants pressed a button held in the right-hand in response to a visual cue flashing 
at 1 Hz. The second task resembled the first although participants pressed buttons held 
in each hand when a different cue appeared infrequently (2-9 sec range, 0.2 Hz 
average). In the third task, participants pushed a button held in the left hand only when 
the infrequent visual stimulus appeared. For comparison purposes, participants also 
passively viewed visual signals without responding. BOLD EPI functional MR signals 
were obtained (Siemens Vision 1.5T) from 20 slices (TE = 64 msec, TR - 3 sec, 2x2 
mm in-plane, 6 mm thick).

MR labeling occurred in regions commonly activated during repetitive finger 
movements; including the primary motor cortex (Ml), supplementary motor area, 
premotor area, cingulate gyrus, superior parietal lobule, intraparietal sulcus, insula, and 
the cerebellum. Visual attention increased the extent of movement related MR label in 
nearly all these motor and premotor regions, including the cerebellum. However, 
activation in M1 appeared unaffected by the visual attention task.

The results suggest that visual attention can modulate activation occurring in motor 
related brain areas during finger movements, but not in Ml, the cortical area most 
related to motor performance. The enhancement of activation by visual attention in 
several non-primary motor cortical areas provides further evidence that these areas 
contribute to cognitive motor control. The changes in the motor portions of the 
cerebellum may indicate a dissociation between cerebral and cerebellar contributions to 
motor performance. Support: Italian Health Ministry, NIH NS35376, AG 10634.

567.16
FUNCTIONAL ’ACTIVATION IN HUMAN PARIETAL LOBE DURING 
MOVEMENTS CUED SPATIALLY OR SEMATICALLY. F, Stratta1*, M, 

Demartin1,3, F, Lacquaniti'’2. J. N. Sanes'’4. 'Scientific Institute Santa Lucia, Rome, 
Italy 00179, 2University of Tor Vergata, Rome 00179, 3IMS-CNR, Rome, Italy; 

department of Neuroscience, Brown University, Providence, RI 02912, USA

Humans can respond to a variety of sensory cues, and these movements often entail 
transforming cue attributes into spatial motor commands. Cues may not have 
intrinsic spatial properties thereby requiring spatial encoding before “entering” the 
motor system. To address where this additional encoding may occur, we investigated 
if spatial motor processing triggered by semantic stimuli activates regions of the 
parietal lobe known to participate in sensory to motor spatial transformations.

Ten participants performed three tasks with the dominant right hand while 
maintaining visual fixation during functional MRI. First, the participants moved 
toward a flashing cross (parafoveal vision, 1 Hz) at one of the vertices of a virtual 
diamond surrounding a fixation point (“spatial”). Second, the participants moved 
toward similar crosses according to a word appearing at the fixation point 
(“semantic”). Third, the participants tapped either the index finger or the whole hand 
in response to a 1 Hz flashing of the fixation point (“tapping”). BOLD EPI 
functional MR signals were obtained (Vision Magnetom 1.5T, Siemens Medical 
Systems, Erlangen, Germany) from 20 axial oriented brain slices (TE = 64 msec, TR 
= 3 sec, 2x2 mm in-plane, 5 mm thick) during the tasks and “rest”.

Participants exhibited comparable increased fMR signal in the superior parietal 
lobule (SPL) and intraparietal sulcus (IPS) during the spatial and the semantic tasks 
in comparison to the tapping task. SPL and IPS activation occurred bilaterally, but 
more so in the contralateral left hemisphere for all tasks. Each task yielded robust 
activation in primary motor cortex. These results suggest that semantic information, 
likely first coded in the temporal lobe, enters the motor system in the parietal lobe, 
thereby being processed at early stages in the visual-to-motor information stream. 
Support: Italian Health Ministry, NIH NS35376, AG 10634.
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567.17
CORTICAL TIMING AND ACTIVATION PATTERNS DURING SPATIAL 
CONDITIONAL MOTOR LEARNING. J. C. Eliassen1*, J, T. Baker1. G. Bonynee1. 
T, Souza1 and J. N, Sanes1,2. ’Department of Neuroscience, Brown University, 
Providence, RI02912, Scientific Institute S. Lucia, Rome 00179, Italy.

Neurophysiological studies have found neural activity changes in frontal cortex 
while monkeys learn to associate an arbitrary visual stimulus with a specific 
movement. In humans, neuroimaging data indicate that application of an already 
learned rule between arbitrary visual cues and movements yields changed activation in 
frontal and parietal areas. These neuroimaging studies have only addressed brain 
activation during rule application rather than rule formation. By contrast, we designed 
an experiment to assess the within- and between-trial timing and activation patterns 
across cortex during rule formation and application between arbitrary visual cues and 
movements.

Young adult humans learned to associate, using trial and error, one of six visual cues 
with a right-handed button press using digits 2-5 during event-related functional MRI. 
The visual cues appeared at one of six locations evenly spaced around a virtual circle. 
Participants performed 72 trials (20 sec each), and they typically learned the visual- 
motor associations in the first half of the trials. BOLD EPI functional MR signals 
were collected from 5 axial oriented slices (Siemens Vision, TR = 636 msec, TE = 64, 
4x4 mm in-plane, 8 mm thick, 30 volumes/trial) from the superior convexity to the 
corpus callosum. Activated voxels were identified with correlation methods.

During early and late learning, task-related activation was present in several areas 
including the supplementary motor area, primary motor cortex, premotor area, 
prefrontal cortex, intraparietal sulcus (IPS) and a parietal area near the parieto-
occipital junction (POJ). To date, we found that POJ exhibited greater areal activation 
in the later compared to the earlier learning phases. The other areas exhibited 
comparable areal activation across the two task phases. These data are consistent with 
a role for the posterior parietal cortex in spatial visual motor transformations.
Support: NIH-NIA 10634; NIH-NINDS 35376.

567.18
TIME-RESOLVED fMRI OF ACTIVATION PATTERNS IN Ml AND SMA 
DURING COMPLEX VOLUNTARY MOVEMENT P Erhard*123,F Weilke2, 
S Spiegel1,H Grafin von Einsiedel3,B Conrad2,M Schwaiger1. Nuclear Medicine1, 
Neurology2, Neuroradiology3. Technische Universitat Miinchen 81675, Germany

Direct cortical recordings in primates indicate a temporal sequence of activation in 
the cortical structures involved in the control of voluntary movement. Functional 
magnetic resonance imaging (fMRI), which is based on the detection of oxygenation 
and flow changes resulting from focal neuronal activation allows to examine these 
networks at high spatial and temporal resolution. We report data from 8 healthy human 
volunteers who underwent time-resolved fMRI examinations in a 1.5T Philips 
Gyroscan ACS-NT MRI-scanner, while executing a complex sequence of finger 
movements (Roland, 1980), either spontaneously or on an external auditory cue. 
Finger movements were recorded with a contact-glove. Based on the result of a 
functional scout scan, a single 6 mm slice was selected for image acquisition (EPI, 
TR/TE 100/50 msec, 64*64 matrix, 1000 images). Data were analyzed with a shifting 
cross-correlation approach using STIMULATE and in-house programs written in IDL. 
Time-course data were generated for regions of interest in the primary motor cortex 
(Ml), rostral and caudal supplementary motor area (SMA). The mean time between 
onset of the finger movement sequence and half-maximum of the signal change in Ml 
was 3.6 seconds for the externally cued execution (SD 0.5) and 3.5 seconds for the 
spontaneous execution (SD 0.6). Activation in the rostral section of the SMA occured 
0.7 seconds earlier in the externally cued execution, and 2.0 seconds earlier in the 
spontaneous execution (compared to Ml), a difference significant at the p< 0.05 level. 
Our results indicate that rostral supplementary motor area activation preceedes Ml 
activation by a varying amount of time, which is consistent with EEG findings 
(e.g. Cui, 1999). Through application of a set of paradigms which exert a differential 
influence on the temporal activation, we can ensure that the observed temporal 
sequences are not result of differences in hemodynamic response function.
(supported by: ‘Komission Klinische Forschungsmittel’, Schulz Fonds)

CEREBRAL CORTEX: ANALYSIS AND SENSORIMOTOR FUNCTION

568.1

The Corticobulbar Projection From Motor Cortex To The Facial Nucleus In The 
Rhesus Monkey. R.J. Morecraft*, J.L. Louie. J.L. Herrick and K.S. Stilwell- 
Morecraft. Division of Basic Biomedical Sciences, University of South Dakota School 
of Medicine, Vermillion, SD 57069.

The corticobulbar projection to musculotopically defined subsectors of the 
facial nucleus was studied from the face representation of the primary (Ml), 
supplementary (M2), rostral cingulate (M3), caudal cingulate (M4) and lateral pre- 
(LPMC) motor cortices in the rhesus monkey. The facial nucleus received input from 
all face representations. Ml and LPMC gave rise to the heaviest projection with 
progressively diminished intensity occurring in the M2, M3 and M4 projections 
respectively. Injections in all face representations labeled terminals in all nuclear 
subdivisions (dorsal, intermediate, medial and lateral). However, significant 
differences occurred in the proportion of labeled boutons found within each 
functionally characterized subdivision. Ml, LPMC and M4 projected primarily to the 
contralateral lateral subnucleus which innervated the upper and lower perioral 
musculature. M2 projected bilaterally to the medial subnucleus which supplied the 
auricular muscles. M3 projected bilaterally to the dorsal and intermediate subnuclei 
which innervated the frontalis and orbicularis oculi muscles respectively. Our results 
indicate that corticofacial afferents from Ml, M4 and LPMC innervate primarily, the 
contralateral lower facial muscles. Bilateral innervation of the upper face is supplied 
by M2 and M3. The widespread origin of these projections indicate selective 
vulnerability of corticofacial control following subtotal brain damage. The finding that 
all face representations innervate to some degree, all nuclear subdivisions suggest that 
each motor area may participate in motor recovery in the event that one or more of 
these motor areas are spared following subtotal brain injury. The fact that 
corticofacial projections innervating both upper and lower facial musculature arise 
from the limbic proisocortices (M3 and M4) and frontal isocortices (Ml, M2 and 
LPMC) suggests an anatomical substrate for explaining the clinical disassociation of 
emotional and volitional facial movement. Support: NS 33003, NS 36397 and BEBRF.

568.2

EFFECTS OF REVERSIBLE COLD BLOCK OF PRIMATE FACE PRIMARY SOMATOSENSORY 
CORTEX (SI) ON NEURONAL ACTIVITY IN FACE MOTOR CORTEX (Ml) EVOKED BY 
OROFACIAL STIMULATION IN THE AWAKE MONKEY. D.Y. Yao, K. Yamamura, G.M. Murray 
and B.J. Sessle*. Fac. of Dentistry, Univ. of Toronto, Toronto, Ont. M5G1G6, Canada

Previous findings in our laboratory have shown that many neurones in face Ml as well as 
face SI of the awake monkey have an orofacial mechanoreceptive field (RF) (Huang et al. J. 
Neurophysiol 1989; Lin et al. J. Neurophysiol 1994). In view of these features and connections that 
exist between SI and Ml, the aim of this study was to test whether the responses of Ml neurones 
evoked by orofacial stimulation are dependent upon an intact SI. A cranial chamber was 
chronically implanted in the monkey (M. fascicularis) to allow for the placement of a thermode (2.5 
x 7.5 mm) on the dura overlying the delineated face SI and for microelectrode recordings of 
neuronal activity in the ipsilateral face Ml (defined by intracortical microstimulation <30 pA). Only 
neurones with a tongue RF were selected for study. A warm or cold alcohol-water solution was 
pumped through the thermode while lingual nerve stimuli (single pulse, 200 ps, 1Hz, 1.2 x T of 
evoked response) were delivered through a chronically implanted cuff electrode during pre-cool 
(thermode temperature 37°C), cool (0°C) or post-cool (37°C) conditions. Electromyographic activity 
was recorded from masseter, genioglossus, and anterior digastric muscles, and jaw movement 
was monitored in the vertical and lateral axes by a photoelectric transducer that measured the 
displacement of a light source attached to the monkey’s chin. The latency to onset of evoked 
activity varied from 4 to 28 ms (n=31,13.71 ± 7.24 ms, mean ± SD): > 8 ms in 21 neurones, and 
< 8 ms in 10 although a second longer-latency (41.25 ± 21.69 ms) response to lingual nerve 
stimulation was also observed in 4 of the latter 10 neurones. Of 24 neurones tested during SI cold 
block, spontaneous activity was decreased in 2 and increased in 2. SI cold block did not appear to 
affect the short-latency (< 8 ms) responses (n=6) but did suppress long-latency responses in 6 of 
20 neurones tested. These preliminary data suggest that the responses of only a small proportion 
of face Ml neurones evoked by low-intensity stimulation of their orofacial RF may be dependent 
upon an intact ipsilateral SI but that most of the evoked responses instead may involve a more 
direct pathway to Ml (e.g., via thalamus). Supported by Canadian MRC Grant MT-4918.

568.3

MODULATION OF RESPONSES OF PRIMATE FACE PRIMARY MOTOR CORTEX NEURONES 
TO PERIPHERAL STIMULI DURING CHEWING. K. Yamamura*, D.Y. Yao, G.M. Murray and B.J. 
Sessle. Fac. of Dentistry, Univ. of Toronto, Toronto, Ont. M5G1G6, Canada

Our recent studies suggest that face primary motor cortex (face Ml) plays an important role in 
the control of tongue movements during semi-automatic movements such as chewing or 
swallowing as well as trained tongue movements in awake monkeys (Martin et al., J. 
Neurophysiol., 1997; Murray et al., J. Neurophysiol., 1991; Murray and Sessle, J. Neurophysiol., 
1992). Since many neurones in face Ml receive orofacial somatosensory inputs, and integration of 
these inputs could conceivably be involved in this control, the aim of the present study was to test 
if somatosensory inputs to face Ml neurones are modulated during chewing. Single-unit neuronal 
activity was recorded in the face Ml (defined by intracortical microstimulation <30 pA) from an 
awake monkey (M. fascicularis). Electromyographic activity was simultaneously recorded from 
jaw-opening (anterior digastric), jaw-closing (masseter) and tongue-protrusion (genioglossus) 
muscles. Jaw movement trajectory was monitored with a photoelectric transducer that measured 
the displacement of a light source attached to the chin. Electrical stimulation (single pulse, 200 ps,
1.2 x T of evoked response) was applied to the lingual nerve through a chronically implanted cuff 
electrode to evoke neuronal activity in face Ml neurones. Lingual nerve-evoked neuronal activity 
during both jaw-opening and jaw-closing phases of chewing was compared with lingual nerve- 
evoked neuronal activity during quiet wakefulness (control). Suppression of lingual nerve-evoked 
neuronal activity was observed in 24 of 25 neurones tested during both jaw-opening (18 ± 22% of 
the control, mean ± SD) and jaw-closing (24 ± 26% of the control) phases. In one neurone, 
enhancement of lingual nerve-evoked neuronal activity was observed during both jaw-opening and 
jaw-closing phases. Reversible cold block of the ipsilateral face SI modulated the chewing-related 
suppression of evoked activity in 6 of 19 Ml neurones tested. These data suggest that 1) 
somatosensory input to most face-MI neurones may be suppressed during chewing, and 2) this 
suppression appears dependent in part on an intact face SI.
Supported by Canadian MRC Grant MT-4918.

568.4
OPTIMAL NONLINEAR FILTERING FOR DIRECTIONALLY TUNED 
NEURONS. S.Shoham* E.M. Maynard, R.A. Nortnann. Moran Laboratory in 
Applied Vision & Neural Sciences, University of Utah, Salt Lake City, UT 84112.

A number of methods for reconstructing direction of motion from the activity of 
populations of directionally tuned cells were investigated in recent years, including 
the population vector, optimal linear estimator and Bayesian methods. These were all 
based on spike counts rather than spike timing. An extension of these ideas to 
reconstructing from the population activity the full probability density of the direction 
rather than only ‘best’ direction estimation has also been investigated.

Here we present an adaptation of some classical results in the theory of point 
process filtering that allow us to construct an algorithm for the online updating of 
estimates and the probability density estimate from the spike trains. The algorithm is 
optimal for cells whose firing is a modulated Poisson process, and can be easily 
adapted to the case of general point processes. The model assumes an underlying 
stochastic state space representation for the time varying direction of motion, and is 
therefore well adapted to incorporate dependencies with other kinematic variables. 
As a faithful parametric model for the dependence of the firing rate on the direction 
and speed of motion has yet to be determined, we constructed and test two models: a 
cosine based one in polar coordinates and a pseudo linear model in cartesian 
coordinates. While the optimal algorithm relies on the on-line update of the full 
probability density, useful low dimensional convergent approximate schemes also 
exist. A smoothing algorithm using a fixed amount of time ahead is also presented. 
Simulation and analysis of real data confirm the usefulness of this new algorithm vs. 
previous algorithms. As our work utilizes results that can be viewed as optimal 
demodulation of multi neuron spike trains in an extremely general setting, we use it to 
examine and suggest possible implications regarding neural computation and 
representation mechanisms.

This work is supported by NSF Grant IBN 94-24509, and a Utah state center of 
excellence grant.
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568.5

A STATISTICAL TECHNIQUE FOR THE DETECTION OF FINE 
TEMPORAL STRUCTURE IN MULTI-NEURONAL SPIKE TRAINS.
A. Date*, E. Bienenstock and S. Geman. Division of Applied Mathematics, 

Brown University, Providence, RI 02912.

We present statistical methods for systematic search for fine temporal 
structure in multi-unit recordings. Statistical tools are proposed to test 
properly formulated hypotheses at specific levels of significance. The 
multi-spike record is first divided into equal-sized bins, and a time scale A 
is chosen, which is always a multiple of the bin size. We test the “null” 
hypothesis that firing rates do not vary over time intervals of size A. We 
assess significance by generating multiple random spike trains in which 
observed spike events are shuffled locally over the time intervals. These 
tests address the rate of change in neuronal firing without making specific 
assumptions about the spike process. Rejection of the null hypothesis 
suggests the existence of fine temporal structure. The use of certain 
“extreme” statistics assures high statistical power. We show examples of 
this analysis with data recorded from moter cortex in monkeys.

The multi-neuronal data was provided to us by N. G. Hatsopoulos and
J. P. Donoghue of the Dept. of Neuroscience, Brown Univ. The work was 
supported by NSF grant SBR-9720368.

568.6
A NEW METHOD OF TESTING SENSORY ABILITY IN THE 
F O R E P A W. M. Ballermann, G. Tompkins. S. Pellis*. I.O. 
Whi sha w University of Lethbridge, Lethbridge, Alberta, 
Canada T1K 3M4

It has been previously shown that rats are capable of 
reaching for food with a single forelimb through a slot, but 
the extent to which their movements are ballistic vs. guided 
by tactile cues is not known. In the present study, we found 
that a modified version of this task allows one to quantify 
motor as well as somatosensory function. This task involves 
the animal reaching through a slot for a rigidly held piece of 
pasta. To retrieve the pasta, the animal must then apply 
torsional forces to break and retrieve the food. The precise 
analysis of paw movements after contact with the pasta shows 
the degree of sensory function in the paw. We have also 
isolated sensory function in the forepaw by training the 
animals to differentiate between the pasta and other stimuli 
using sensory abilities alone. We used this task to analyze the 
motor and sensory abilities of rats with pyramidal tract 
lesions. This task provides a new avenue to study forelimb 
motor as well as sensory performance.(Supported by AHFMR 
to MB and MRC to IQW, Canada)

568.7

EFFECTS OF TACTILE ENRICHMENT AND IMPOVERISHMENT 
ON ABILITIES IN TEXTURE DISCRIMINATION IN ADULT RATS
S. Bourgeon, J.-O. Coq and C. Xerri*. Lab. de Neurobiologie des Restaurations 
fonctionnelles, UMR 6562 CNRS/Univ. de Provence, 13397 Marseille Cedex 
20, France

We found in previous studies that after weaning 1) tactile enrichment for 
about 3 months improved the topographic organization and increased the spatial 
resolution of cutaneous forepaw maps in SI cortex (Coq and Xerri, 1998) 
whereas, 2) about 3 months of sensory impoverishment degradated the SI 
forepaw representation, which was characterized by topographic disruptions 
within the maps and an enlargement of receptive fields. (Coq and Xerri, 
submitted). The present study was aimed at determining the alterations in the 
tactile discrimination ability related to sensory-motor experience. After 3 
months of exposure to enriched or impoverished environments, rats were trained 
in a modified Skinner box on a texture discrimination task. The rats had to 
differentiate an homogeneous (smooth) from an heterogeneous floor board 
(pattern of rough and smooth squares). Then, the constrast between the rough 
and smooth squares of the heterogeneous textured floor was gradually reduced 
to find the limits of the rat’s tactile discrimination ability. Preliminary results 
show that 1) enriched rats exhibited a better epicritic touch than isolated rats, 2) 
discrimination abilities seemed to depend upon individual behavioral strategies,
3) behavioral training induced a substantial remodeling of SI forepaw maps, and
4) some organizational features of forepaw maps (cortical area of glabrous and 
nail representation, and RF size) seemed to be correlated with behavioral 
performances. Thus, texture discrimination appears to be critically dependent 
upon the topographic organization and the spatial resolution of cutaneous maps 
which are related to sensory-motor experience.

568.8
EEGs AND ERPs ASSOCIATED WITH REAL AND IMAGINED MOVEMENT OF 
SINGLE LIMBS AND COMBINATIONS OF LIMBS AND APPLICATIONS TO 
BRAIN COMPUTER INTERFACE (BCI) SYSTEMS. B. Allison*, A, Vankov, and 
J. A. Pineda. Dept. of Cognitive Science, UC San Diego, La Jolla, CA 92093.

In the last decade, several working BCI systems have been described, 
many of which utilize EEG or ERP data derived from subjects performing 
some type of real or imagined movement (Wolpaw and McFarland, 1991, 
1994, 1998; Kalcher et al., 1996; Guger et al, 1999). While the brainwaves 
associated with real and imagined movements of a hand or foot have been 
well studied, the neuroelectrophysiology of combinations of limb 
movements are not understood. Data were recorded from subjects who 
performed real or imaginary movements of either one limb or any two 
limbs. The amplitude of the readiness potential (RP) before combinations 
of left hand-right foot and right hand-left foot movements is significantly 
larger than the other movement combinations, and mu rhythm 
desynchronization was more pronounced for real and for multiple 
movements. Several other differences between movement types were 
evident in both free running EEG and ERPs. These findings are not only 
useful in understanding how the brain produces movement; they also 
provide needed information for designers of BCI systems. Data will also be 
presented comparing the effectiveness of different methods of 
automatically categorizing incoming EEG information (a necessary step in 
any BCI), including independent component analysis, wavelets, and neural 
networks. Many different approaches were shown to be capable of 
categorizing single trial data significantly above chance.
This work was supported by a grant from NIMH (MH54231-02)

568.9

ELECTROPHYSIOLOGICAL EVIDENCE REFUTES THE ASSUMPTIONS UN-
DERLYING REACTION TIME MEASURES OF INTERHEMISPHERIC TRANS-
FER. C.D. Saron1*, J.J. Foxe1,2, G.V. Simpson1, and H.G. Vaughan, Jr.1 ’Neurosci. and 
Neurol. Depts., Albert Einstein Coll, of Med., Bronx, NY, and ^Nathan Kline Institute.

Short (2—5 ms) differences between ipsimanual (uncrossed) and contramanual 
(crossed) simple reaction times (RJ) to unilateral visual stimuli (Poffenberger, 1912) 
have been interpreted as interhemispheric transmission time (IHTT) across the corpus 
callosum (e.g. Forster and Corballis, 1998). Electrophysiological studies have, how-
ever, obtained longer IHTT estimates (10-20 ms), that are uncorrelated with RT (e.g. 
Saron and Davidson, 1989). This study sought the origin of this discrepancy by ex-
amining the spatiotemporal dynamics of visuomotor activation using high-density ERP 
recordings and current density analysis of scalp potential. The magnitude, timing and 
locations and of regional visuomotor electrocortical activations were analyzed. Four 
findings suggest that the basic assumptions of the Poffenberger paradigm are not cor-
rect: 1) In uncrossed conditions, bilateral frontal, central, and occipital activations 
were found pre-movement, thereby violating the intrahemispheric processing assump-
tion of the crossed minus uncrossed RT difference. 2) Motor cortex activation magni-
tude rather than timing, was related to response speed, in that a wide range of RTs were 
generated by movement-related cortical activations that differed little in onset timing. 
3) The several movement-related cortical regions that differentially contributed to 
movement generation as a function of RT, included (in addition to Ml), the supple-
mentary motor area and premotor cortex, which have direct corticospinal efferent pro-
jections (e.g. Dum and Strick, 1996). The multiplicity of cortical motor areas whose 
activation varies with RT casts doubt on the idea that various visuomotor response la-
tencies share a single common corticospinal pathway mechanism across a range of 
response speeds. 4) Interhemispheric routes of visuomotor activation differ with dif-
ferent RTs, with central routes of interhemispheral transfer found for faster, and poste-
rior routes for slower RTs in crossed conditions. These findings suggest that appropri-
ate electrophysiological measures are required to adequately interpret behavioral esti-
mates of interhemispheric visuomotor interaction. NIDCD 95261122 and NINDS 27900.

568.10

THE rCBF ACTIVATION RESPONSE DURING HYPOXIA AT HIGH 
ALTITUDE. I. Law1*, R. Roach2, S. Holm3, T. F- Hombein4, O.B.Paulson.
’The Neurobiology Research Unit,2 Copenhagen Muscle Research Centre, and 3 
Dept. of Nuclear Medicine, Copenhagen University Hospital, Denmark;4 University 
of Washington School of Medicine, Seatle.

Chronic exposure to high altitude hypoxia has been shown to mildly impair 
neuropsychological and motor functioning. At altitude the hypoxic hyperventilatory 
response leads to a lowering of the resting PaCO2 and possibly a hypocapnic 
vasoconstriction of the cerebral blood vessels. This in turn could lead to a 
compromised regional cerebral blood flow (rCBF) response related to movement or 
stimulation, which has been hypothesized as a pathophysiological explanation of the 
neuropsychlogical impairments. To test this hypothesis we quantified rCBF in 8 
healthy volunteers using PET before and after adaptation to an altitude of 5200 m. 
(Chacaltaya, Bolivia). Ten conditions were performed during hypoxia and normoxia, 
and included rest, sequential finger movements, leg movements, and visual 
stimulation. Using statistical parametric mapping (SPM96) we found significant 
main effects on global CBF of hypoxia and altitude adaptation, but there were no 
significant differences in the regional activation responses during finger or leg
movements, or visual stimulation.

Adaptation Inhalation

Regional Activation response (ml/lOOg/min) (m ± s.d.)
Hand Area 

Finger movements
Leg Area

Leg movements
Striate Cortex 
Visual stim.

Mountain 8 % O2 10.4 ±5.7 10.6 ±5.7 19.2 ±9.6
Mountain 20 % O2 10.8 ± 12.2
Sea 10 % O2 6.3 ±8.0
Sea 20 % O, 9.7 ±2.3 9.9 ± 5.9 17.2 ±9.2
In conclusion we could not confirm the hypothesis for short-term motor and sensory 
activity, although an effect after a prolonged exercise period can not be ruled out.
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568.11
DESYNCHRONIZATION AND SYNCHRONIZATION OF CENTRAL 20 HZ 
RHYTHMS ASSOCIATED WITH VOLUNTARY MUSCLE RELAXATION.
K. Toma, T. Nagamine*, S. Yazawa, K. Terada, A. Ikeda, M. Honda and H.
Shihasaki. Dept. of Brain Pathophysiology, Kyoto University Graduate School of 
Medicine, Kyoto, 606-8507 Japan.

To clarify the neuronal substrate underlying motor inhibition, modulations of 
magnetoencephalographic (MEG) rhythms were compared between the voluntary 
muscle relaxation and contraction in ten normal volunteers. The subject relaxed or 
contracted the right forearm muscles, from which electromyogram (EMG) was 
recorded. After band-pass filtering into frequency bands of 6-10, 10-14, 14-18, 
18-22, 22-26 and 26-30 Hz, MEG signals of each passband were rectified and 
averaged with respect to the onset of motor trial. The relaxation task showed the 
movement-related 20 Hz desynchronization starting a few seconds before the 
EMG offset over the bilateral central areas. For the contraction task, 20 Hz 
desynchronization was also present at the same location within each subject. Two 
tasks had a positive correlation in both the percent decrease (r2 = 0.76, p < 0.01) 
and the peak latency (r2 = 0.61, p < 0.05) for the contralateral 20 Hz 
desynchronization. After the relaxation, desynchronization was followed by 
conspicuous movement-related synchronization of the 20 Hz passband in the 
contralateral central areas, which was significantly larger than that after the 
contraction (p < 0.001). The results suggest that voluntary muscle relaxation 
involves the modulation of central rhythms starting a few seconds before the 
actual event, and 20 Hz desynchronization reflects motor function irrespective of 
the tasks employed. By contrast, 20 Hz synchronization after the relaxation in the 
contralateral central area may be associated with the temporally arrayed 
termination of ongoing muscle contraction.

568.12
RECONSTRUCTION OF NETWORK CONNECTIVITY BASED OIN 
MULTIPLE CELL RECORDING AND A SINGLE-NEURON MODEL.
B. Galitsky,1 A.B Mitnitski3 and A.G. Feldman 2’3*. 1 DIMACS, Rutgers 
University, Piscataway, NJ 08904, 2 Neurological Science Research Centre, 
University of Montreal and Research Centre, 3 Rehabilitation Institute of 
Montreal and University of Montreal, Canada H3S 2J4.

An algorithm for the reconstruction of a small neural network 
reproducing basic empirical characteristics of extra-cellular activity is 
suggested. In contrast to other approaches employing amplitude criteria for 
the comparison of empirical and simulated data, our approach is similar to 
that used in the speech recognition technique based on the analysis of 
frequency and amplitude characteristics of signals. In this technique, a 
discrete Fourier transform is applied to the signal within a sliding window 
convoluted with the cosine-like function. The distribution of signal energy 
(spectrogram) is visualised as an image represented in time-frequency 
coordinates with the amplitude (energy) characterised by colour. Each 
sample of the neural network is characterised by a specific pattern (area) in 
the spectrogram. The spectrograms are then scaled to obtain a maximal 
resemblance between the empirical and theoretical data. In this approach, 
information on the phase of oscillations is used to find the conditions of 
synchronisation of the activity in the network. Several network parameters 
are estimated: the number of neurons, synaptic weights, connectivity and the 
distribution of values of different parameters (e.g., rest potentials) for 
different neurons of the network. This approach is applied to thalamic 
neuronal network. Based on this technique, the mechanisms of 
synchronisation and desynchronisation of neuronal activity are suggested. 
Supported by NSERC and FCAR.

568.13

QUANTIFICATION OF CENTERS OF CORTICAL ACTIVITY AS A 
FUNCTION OF STATIC ELBOW/SHOULDER JOINT TORQUE 
DIRECTION IN MAN. A.L. Ricamato*, Y.Y. Dhaher, L.M. Konopka and J.P.A. 
Dewald. SMPP, Rehab. Inst, of Chicago, and Depts. of BME, PM&R, 
Northwestern Univ., Chicago, IL 60611.

The objective of this study was to quantify centers of human electrical brain ac-
tivity as a function of static joint torque direction using high-resolution electroen-
cephalography (121 electrodes). Subjects (n=4) were secured to a 6 degrees-of- 
freedom load cell which measured forces and torques at the wrist. These measures 
were converted on-line to the subject’s respective elbow and shoulder torques. Vol-
untary torque exertions at 25% of maximum were produced in four separate torque 
directions (shoulder abduction/adduction torques and elbow flexion/extension tor-
ques) while collecting electroencephalographic signals. A novel quantitative analy-
sis technique was then used to create a 3D spatial resultant vector representation of 
cortical region(s) of activation. This technique allowed for the estimation and sub-
sequent statistical analysis of the centers of cortical activity. Functional anatomical 
localization was accomplished by projecting the 3D resultant vector onto the recon-
structed cortical surface of the subject’s anatomical MRI.

Significantly different centers of cortical activation were found between each of 
the four torque directions (p < 0.05). Specifically, the centers of cortical activity 
during elbow torque exertions were found to lie more laterally along the precentral 
gyrus than during torque exertions at the shoulder in all four subjects tested. More 
importantly, separate locations of centers of cortical activity were found as a func-
tion of static joint torque direction at a given joint. The centers of activation for 
each static torque direction follow the anatomic shape of the precentral gyrus in 
each of our four subjects.
Supported by NIDRR H133G98006, VA Pre-Doc Assoc. Health Rehab Fellowship, 
& RIC Women’s Board.

568.14

I-WAVE INTERACTIONS BY USING DOUBLE MAGNETIC STIMULATION 
TECHNIQUE. T,KujirailMaad.K,Kiuiiai2

^Dept. of Neurology, National Yonezawa Hospital; and 2Dept. of Laboratory 

Medicine, Yamagata Univ.Sch. of Med., Yamagata 992-1202, Japan
Double magnetic stimulation technique has been applicable to investigate cortical 

excitability in humans. It has still remained debated, however, how cortical inhibition 
or excitation using the technique occurs. We studied 7 healthy subjects during 
sustained construction of hand muscles in order to verify how one I-wave component 
is modulated by the others. We applied the conditioning-test design with one figure- 
of-eight coil placed over hand motor area. The intensities of the both shocks are equal; 
enough to evoke around 300 uV of motor responses (MEPs) in peak-to-peak 
amplitude in activation. Il-wave is preferentially evoked in the contralateral first 
dorsal interossei muscle in the posterior-to-anterior direction (PA) of the induced 
current; I3-wave in the anterior-to-posterior (AP). When double shocks for II or 13 
were applied, excitation was followed by prolonged inhibition lasting for over 10 ms. 
In contrast, when the conditioning magnetic shocks for II preceded the test shocks for 
13, prolonged inhibition similarly followed excitation. However, when 13 was 
exchanged for II, the behavior of modulation of MEPs completely disappeared (p < 
0.05); the sizes of MEPs for the test and the conditioning shocks virtually remained 
unchanged. In addition, at 1.5 to 3.5 ms of the conditioning-test intervals, 12 
components were brought about. Anodal stimulation responses by the conditioning 
or the test shocks failed to have any modulation. These results indicate that II 
component favors inhibiting the following 13, and that 12 is on the basis of cortical 
network of 11-13.

568.15

EEG CORRELATES OF RESPONSE PREPARATION IN RATS.
A. Blokland1*, E. van Luiitelaar2. J, Prickaerts1.1. Molenkamp2. A, Sambeth2. J.
Vossen2. ’Fac. of Psychology, Maastricht Univ., 2Dept. of Comparative and 
Physiological Psychology, KU Nijmegen. PO Box 9104, 6500 HE Nijmegen, The 
Netherlands

In the present study it was evaluated whether a well known feature of delayed 
responding or response preparation, the contingent negative variation (CNV), could be 
found in rats. Three rats were operated under anesthesia, one EEG electrode was 
implanted in the frontal area and two in the caudal region (a referenceand ground) of 
the brain. The rats were trained in a choice reaction time task. In this procedure the 
rats were required to put their nose (‘warning stimulus’) in a food tray until the left or 
right lever was inserted into the conditioning chambers (‘imperative stimulus’). This 
hold duration was chosen randomly and could last 600, 800 or 1000 ms. The time 
between the insertion of the lever and the retraction of the nose from the food tray was 
taken as the reaction time. After the rats showed a stable performance in this task, 
EEG recordings were made. The sample rate was 250 Hz and only EEG frequencies 
between 0.1 and 100 Hz were allowed to pass. Only trials with a clean EEG were 
used for averaging. The data showed that there was a slowly developing increase in 
negativity after the rats had put their nose in the food tray and this negativity seemed 
related to the hold duration. Upon retraction of the nose from the food tray the frontal 
EEG rapidly changed to positivity. In contrast, incidental nose pokes made after the 
session was completed did not show a comparable negativity and change into 
positivity after the rats inserted or retracted their nose, respectively. These data 
corroborate earlier studies reaction time studies in rats and indicate that a CNV-like 
phenomenon can be observed in freely-moving rats in a delayed responding task. 
Consequently, our findings warrant further research in which the underlying 
neurobiological substrates of information processing in relation to EEG can be 
studied.
The research of AB has been made possible by a fellowship of the Royal 
Netherlands Academy of Arts and Sciences

568.16

EEG-BASED COMMUNICATION WITH COMBINATIONS OF 
TOPOGRAPHICALLY DIFFERENTIALTED MU AND BETA RHYTHMS. T.M. 
Vaughan*, W.A. Samacki, D.J. McFarland, and J.R. Wolpaw.Wadsworth Center, New 
York State Department of Health and State Univ of New York, Albany, NY 12201.

Studies show that humans can learn to control the amplitude of 8-12 Hz mu or 18-25 
Hz beta rhythms over sensorimotor cortex and use them to control movement of a 
cursor on a computer screen in one or two dimensions (e.g., Electroenceph clin 
Neurophysiol 78:252-259,1991 & 90:444-449,1994). Offline analysis of 64-channel 
data shows that EEG control is focused both topographically and spectrally. In this 
study, people learned to use the difference in amplitude between two topographically 
distinct rhythms, one recorded over the hand area of the sensorimotor cortex and one 
recorded over the foot area, to control cursor movement.

In an initial session, EEG was recorded from 64 channels while two men (one with 
severe joint ankyloses secondary to hemophilia) imagined moving, or actually moved, 
right or left hands or feet. Hand imagery or movement was associated with foci near the 
midpoint of the central sulci, while foot imagery or movement was associated with a 
focus near the junction of the central sulci and saggital fissure. Subsequently, both men 
learned to move a cursor in one dimension (final accuracy > 88%) using hand and foot 
motor imagery. Subject A controlled cursor movement using the difference between 
average mu rhythm amplitude over the hand area of the left and right hemispheres and 
mu rhythm amplitude over the foot area. For Subject B, the control variable was beta 
rhythm amplitude over the foot area minus mu rhythm amplitude over the left 
hemisphere hand area. In final sessions, combined r2 (i.e., the proportion of the variance 
of the amplitude accounted for by target) was greater for these combined control 
variables than for any of the individual variables comprising them.

These results suggest that topographically distinct rhythms can be combined to 
improve EEG-based communication. Such combinations could increase the value of 
EEG-based control for those with severe motor disabilities. (Supported by the National 
Center for Medical Rehabilitation Research, NICHD, NIH (HD30146).)
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568.17
EEG-BASED BRAIN-COMPUTER INTERFACE (BCI): USER-PACED VERSUS 
FIXED-LENGTH TRIALS. P.J.McFarland*. T.M. Vaughan. W.A, Samacki. and J.R, 
Wolpaw. Wadsworth Center, New York St Dept Health & SUNY, Albany, NY 12201.

Individuals can learn to control the amplitude of the 8-12 Hz mu rhythm or the 18-25 
Hz beta rhythm in the EEG recorded over sensorimotor cortex and use it to move a 
cursor to a target on a video screen (e.g., Electroencephalogr Clin Neurophysiol 
78:252-259, 1991 & 90:444-449, 1994). In the standard format, cursor movement 
continues until the user hits the target or makes an error, so that trial length is 
determined by user performance. Others have designed BCI systems with fixed-length 
trials. We are comparing a one-dimensional three-choice cursor movement task in 
which trial length depends on user performance to a task in which trial length is fixed.

In the user-dependent trial-length task, the user moves the cursor to select a target box 
in a linear array of 3 boxes aligned vertically in the center of the screen. The cursor 
begins in the middle of the middle box and moves vertically. Trial duration is 
dependent on user performance since the trial ends when the user holds the cursor 
within a box for 2 sec and thereby selects it. In the fixed trial-length task, the three-box 
array is aligned vertically along the right edge of the screen and the cursor begins at the 
midpoint of the left edge and moves horizontally across the screen at a fixed rate. The 
user controls vertical cursor movement, and thereby determines which box the cursor 
hits when it reaches the left edge. In both tasks, vertical cursor movement is a linear 
function of mu or beta rhythm amplitude over sensorimotor cortex.

We are now training users on both tasks. Experienced users are able to switch from 
one task to the other with little or no effect on performance. It is not yet clear whether 
one task provides better performance than the other for individual users or for all users. 
The fixed-length task facilitates offline simulation of the performance of alternative 
algorithms for translating EEG control into cursor movement. (Supported by the 
National Center for Medical Rehabilitation Research, National Institute of Child Health 
and Human Development, NIH (HD30146).)

568.18
EEG-BASED BRAIN-COMPUTER COMMUNICATION: IMPROVEMENT BY 
BAYESIAN DISCRIMINANT ANALYSIS. G.E. Fabiani12, P.J. McFarland1. J.R. 
Wolpaw’and G. Pfurtscheller*2. ’Wadsworth Center, New York State Dept Health & 
SUNY, Albany, NY 12201; 2Univ Technology Graz, 8010 Graz, Austria.
The Wadsworth EEG-based brain-computer interface (BCI) uses amplitude in mu and 

beta rhythm frequency bands over sensorimotor cortex to control cursor movement. 
Trained users can move the cursor in one and two dimensions (e.g., Electroencephalogr 
Clin Neurophysiol 78:252-259, 1991 & 90:444-449, 1994; Behav Res Meth Instrum 
Comput 29:337-345, 1997). For example, "Yes'VNo" questions can be answered by 
hitting the top/bottom of the screen with the cursor (Arch Phys Med Rehabil 79:1029- 
1033, 1998). The goal is to provide communication for severely disabled people.

Currently, cursor movements in each dimension are determined 10 times /sec by an 
empirically derived linear equation. We are exploring a more theoretical approach 
based on Bayesian discriminant analysis, in which cursor position corresponds to the 
posterior probability that the target is at the top or bottom of the screen.

The current BCI system usually uses a single spectral band from a single electrode 
location to determine cursor movements. In offline evaluation, Bayesian discrimination 
improves accuracy slightly (e.g., 1-2 %). More importantly, the Bayesian method can 
process multi-dimensional data. In offline analyses of data collected during BCI 
operation, 15 relevant electrode locations were analyzed at 7 different frequency bands. 
Out of those 105 dimensions, the most relevant (e.g., 10-12) were determined by a 
search tree. In offline simulated performance, this multi-dimensional Bayesian 
approach improved accuracy by 5-10%. These results suggest that incorporation of 
Bayesian inference in cursor control may help improve the online operation of the BCI 
system. (Supported by the National Center for Medical Rehabilitation Research, 
National Institute of Child Health and Human Development, NIH (HD30146).)

SENSORY SYSTEMS: MULTISENSORY PROCESSING—SUPERIOR COLLICULUS AND VISION-RELATED

569.1

THE DEVELOPMENT OF CORTICOTECTAL INFLUENCES IS 
NECESSARY FOR THE APPEARANCE OF MULTISENSORY 
INTEGRATION IN THE SUPERIOR COLLICULUS (SC). M.T. 
Wallace* and B.E, Stein. Dept. of Neurobiology and Anatomy, Wake 
Forest University School of Medicine, Winston-Salem, NC 27157

In the adult cat, the SC receives convergent visual, auditory and 
somatosensory inputs, and synthesizes this multisensory information in 
order to guide orientation behaviors. At the neuronal level, this synthesis 
can be manifested as a marked enhancement in responses to cross-modal 
stimulus combinations; an enhancement that frequently exceeds the sum 
of the component responses. This enhancement has been shown to be 
dependent on inputs from the cortex surrounding the anterior 
ectosylvian sulcus (AES). In the current study we examined the 
development of this cross-modal capability and its dependence on 
cortical input by recording from the SC of cats at different postnatal ages 
and reversibly deactivating the AES. Three stages appear to characterize 
the development of SC multisensory integration. As we have previously 
shown (Wallace and Stein, J. Neurosci. 17:2429, 1997), in the first 
postnatal stage (0-12 dpn) multisensory neurons are absent. In the 
second stage (12-28 dpn), multisensory neurons appear but are unable to 
synthesize cross-modal cues, and we now show that they fail to receive 
influences from the AES. In the final stage, beginning at 28 dpn and 
extending into the third postnatal month, multisensory neurons 
exhibiting adult-like integration appear in concert with AES corticotectal 
influences. In 36 of the 40 integrating neurons tested at this stage, 
deactivation of the AES abolished multisensory integration. Thus, the 
final stage of multisensory SC development is one in which a functional 
corticotectal link is established between the AES and the SC. The 
maturation of this influence corresponds closely with the peak period of 
cortical plasticity, suggesting that the genesis of these corticotectal 
influences, and hence the onset of SC multisensory integration, occurs 
only after cortex is capable of exerting experience-dependent control 
over these SC processes. Supported by NIH NS22543 and NS36916.

569.2
TWO CORTICAL AREAS CONTRIBUTE TO THE MULTISENSORY 
INTEGRATION IN SUPERIOR COLLICULUS NEURONS. W. Jiang*, M.T. 
Wallace, H. Jiang, J.W. Vaughan and B.E, Stein. Dept. Neurobiology/Anatomy, 
Wake Forest University, School of Medicine, Winston-Salem, NC 27157

Many neurons in the cat superior colliculus (SC) are capable of integrating inputs 
from different sensory modalities, thereby substantially enhancing their responses to 
external stimuli. The present experiments were designed to systematically evaluate 
the influences of two corticotectal regions previously implicated in this process: the 
anterior ectosylvian cortex (AES) and the rostral lateral suprasylvian cortex (rLS). 
Extracellular recordings were made from 91 neurons in two cats who had stainless 
steel deactivation (i.e., cryogenic) probes previously implanted within the AES and 
rLS sulci. Seyenty-one of these neurons were capable of multisensory integration, and 
their responses to unimodal and cross-modal stimulus combinations were examined 
in three conditions: control; during cortical deactivation; and following reactivation 
of cortex. In the majority (81%, 55/68) of neurons, deactivation of AES eliminated 
the capacity for multisensory integration, often without substantially affecting their 
unimodal responses. Fewer neurons (44%, 27/62) reacted in this way to deactivation 
of rLS. These data suggest independent corticotectal systems. However, when the 
data were evaluated in neurons in which the effects of deactivating each of these areas 
individually could be compared (n=59), it became evident that these cortices often 

shared in this process. The multisensory integration capabilities of less than half 
(49%) of these neurons proved to be dependent on a single cortical area (46% AES, 
3% rLS). Nearly as many (47%) of them depended on both areas, so that their 
multisensory integration capability was either lost (37%) or degraded (10%) when 
either cortical area was deactivated. Several (3/5) of these “degraded” neurons 
showed a complete loss of multisensory integration only when AES and rLS were 
deactivated simultaneously. These results suggest that all SC neurons require 
corticotectal influences in order to synthesize cross-modal cues, and that there is a 
hierarchy of corticotectal control: many SC neurons are selectively dependent on 
AES, a near-equivalent population depends on both AES and rLS, and a few neurons 
depend on rLS alone. Supported by NIH grants NS 22543 and NS 36916.

569.3
REPRESENTATION OF VIRTUAL ACOUSTIC SPACE IN THE SUPERIOR 
COLLICULUS OF THE GUINEA PIG
S.J. Sterbing*1, P. Mikolajczak1, K. Hartung2, K.-P. Hoffmann1. ’Dept. Zoology & 
Neurobiology, 2Inst. for Communication Acoustics, Ruhr University Bochum, 
44780 Bochum, Germany.

The mammalian superior colliculus (SC) receives visual, auditory and 
somatosensory input. The major function of the SC is the control of orientation 
movements such as pinna, eye and head movements. While there is no evidence for 
the presence of a map or place code for sound source position in the primary 
auditory pathway, a topographical order of sound source position could be found in 
the deep layers of the SC in all mammals tested so far. Only few data restricted to 
azimuth coding are available for the guinea pig SC. To present spatial stimuli as 
natural as possible, we used virtual sound source (VSS) stimulation for 
measurements of the auditory spatial receptive fields of the neurons in the SC. The 
individual head-related transfer functions (HRTF) of 10 guinea pigs were measured 
for 122 directions located in the upper hemisphere. A high percentage of neurons 
located in the deep layers showed robust responses to the VSS signals (38.5%). Only 
neurons with a response probability higher than 60% were analyzed. Median 
response latency was 16.4 ms (interdecile range: 7.7 - 28.8ms). The majority of 
neurons had spatial receptive fields, which were smaller than the contralateral half-
field. Best positions varied from 225° (close to rear) to 360° azimuth (front) along 
the contralateral side and from -10° to 50° elevation. A clear gradient of best 
azimuth position could be found along the rostro-caudal axis. Rear positions were 
represented caudally and front positions rostrally. The topographical organization 
for best elevations followed roughly the medio-lateral axis. Preference for high 
elevations was found medially and for low elevations laterally. Supported by 
Deutsche Forschungsgemeinschaft (Ho 450-23-1)

569.4
A PROBABILISTIC INTERPERTATION OF MULTISENSORY 
ENHANCEMENT IN THE SUPERIOR COLLICULUS T.J. Anastasio*, P.E. Patton, 
and K. Belkacem Beckman Institute, University of Illinois 405 N. Mathews, Urbana III. 61801

The deep layers of the superior colliculus (SC) integrate sensory inputs 
and initiate an orienting response to the stimulus source (target). Some deep 
SC neurons are unimodal, others receive multisensory inputs. Enhancement 
is a form of multisensory integration in which the neural response to a stimulus 
of one modality is augmented by a stimulus of another modality. 
Enhancement exhibits inverse effectiveness: combinations of weaker 
unimodal stimuli produce more enhancement. These findings can be 
accounted for by the hypothesis that the response of a deep SC neuron is 
proportional to the probability that a target is present given its sensory inputs. 
Sensory inputs are treated as stochastic, with spikes being more probable 
when a target is present. The mean difference between target-present and 
target-absent activity is small for ambiguous and large for unambiguous 
inputs. Given such inputs, the probability that a target is present can be 
computed using Baye’s rule. For two sensory modalities, there is a range of 
input for which the bimodal is greater than the unimodal result. This range is 
larger for more ambiguous inputs. The difference between the bimodal and 
unimodal probabilities is greater when the individual inputs are weaker. The 
model thus provides interpellations for both multimodal enhancement and 
inverse effectiveness. The model suggests that the function of multisensory 
enhancement is to disambiguate ambiguous unimodal inputs. It suggests that 
inverse effectiveness results because the increase in target probability due to 
multimodal integration is greater when the unimodal inputs are weaker. 
Supported by NSF Grant (IBN 92-21823) and the Illinois Critical Research 
Initiative.
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569.5 569.6
Multisensory neurons of the superior colliculus revealed by dual fluorescent 
ICC/ISH labeling using c-fos and zif268 expression profiles 
S. Zanqenehpour* and A. Chaudhuri
Dept. of Psychology, McGill University, Montreal, QC H3A 1B1 Canada

Previous single unit recording studies have shown the role of the superior 
colliculus (SC) in multisensory processing. It has been demonstrated that whereas 
the superficial layer neurons of the SC are mostly visually driven and responsible for 
initiating oculomotor responses, the deep laminae neurons receive input from 
different sensory modalities and play an integrative role in the animal's orientation 
and attentive behaviour. However, there has been little effort in functional mapping to 
obtain spatial profiles of multisensory assemblies. In this study, we have used 
activity-dependent expression of the immediate-early genes (IEGs) zif268 and c-fos to 
delineate the functional organization of the SC in terms of its multisensory 
characteristics.

Adult male rats were visually and acoustically deprived for seven days and then 
exposed to one of the following sensory stimulation paradigms: i) no sensory 
stimulation; ii) 2 h of visual stimulation followed by 1/2 h of auditory stimulation; 
iii) 2 h of auditory stimulation followed by 1/2 h of visual stimulation; and iv) 2 
hours of compound visual and auditory stimulation. Their brains were then extracted 
and prepared for fluorescent immunocytochemical (ICC) and in situ hybridization 
(ISH) processing of IEGs using established protocols.

We have found that the deep laminae of the SC were activated by both stimuli 
and showed corresponding staining patterns in conditions ii, iii and iv which were 
dissimilar to condition i. The presence of differential activation of the visual cortex in 
conditions ii and iv, and auditory cortex in conditions iii and iv, compared to 
condition i, were used as within animal controls. Our results suggest that molecular 
mapping of IEG expression through combined use of ICC and ISH may yield spatial 
profiles of neurons that are involved in multisensory processing.

Supported by Medial Research Council of Canada (MT-14038).

BLIND SUBJECTS RECONSTRUCT THE VISUAL WORLD FROM 
VISUAL IMAGES ENCODED IN POLYPHONIC MUSICAL FORM. KC 
Persaud J J Cronly-Pillon.2* R Gregory. IDept. of Instrumentation and 

Analytical Science, UMIST, Manchester, M60 1QD, UK; 2Dept. of Optometry 
and Neuroscience, UMIST, Manchester, M60 1QD, UK.

Blind subjects (previously sighted but now lacking all light sense) are able to 
sense and explore the shape of visual objects using a miniature hand held digital 
camera coupled to a computer device. The latter encodes and translates optical 
images into equivalent polyphonic musical representations. (Cronly-Dillon J and 
Persaud KC (1998). Transforming stationary and dynamic visual images into 
musical forms. Applications as an aid for the blind. Abstract Ann. Meeting Soc. 
Neurosci. 98, Los Angeles, Vol. 24: 695.8). The system preprocesses and 
deconstructs the original image to produce a set of simpler ones, which select and 
display a predetermined set of features. Each of these is translated and encoded into 
an equivalent sound representation. Blind subjects select and analyse these 
simplified images, whose auditory representation they listen to in isolation, or in 
combination, and are able then to mentally reconstruct them to arrive at a single 
Gestalt representation of the original visual object. The procedure resembles the 
processes of selective attention, in which certain important features are singled out 
for more detailed analysis. In vision this is manifested in the scan-path used by 
the eye to explore, in a patch-like manner, a complex visual target, which is then 
assembled to produce the final percept and identification of the object.

Support from: Royal Blind Asylum and School, Edinburgh, Scotland; 
Northern Eye Institute, Manchester

569.7

2D SOUND LOCALIZATION IN THE I LIND.
M.P. Zwiers1, A.J. van Qpstal1, J.R.M. Cruysbc.g2, V. Lamme3*.
‘Dept. of Medical Physics and Biophysics, Univ. of Nijmegen, 2Ophthalmology, Univ. 
hosp. Nijmegen, 3Dept. of Medical Physics, Univ. of Amsterdam, The Netherlands.

In complex multimodal environments, the auditory system often guides the visual 
system to foveate potentially interesting peripheral targets. Sound localization relies on 
the use of implicit acoustic cues, such as interaural differences and monaural spectral 
shape, which are independently processed to extract target azimuth and elevation, 
respectively. However, the mapping between these acoustic cues and target location is 
not innate, but needs to be learned, which requires independent, spatially accurate 
information. It has been shown in barn owls that the visual system is of paramount 
importance in this learning process: early loss of vision deteriorates auditory 
localization. On the other hand, loss of a sensory modality might also lead to 
compensatory plasticity in the remaining modalities. In case of acoustic behavior, this 
has been shown in higher mammals, like cats, in which early loss of vision markedly 
improved sound localization.

Earlier studies concerning sound localization in blind humans seem to provide 
evidence for both effects. However, these studies only concerned sound azimuth, thus 
ignoring the use of the more complex, idiosyncratic spectral cues needed to judge 
elevation. We have now tested localization performance in the azimuthal as well as in 
the elevational domains.

Congenital blinds were asked to point as accurately as possible, either with their nose, 
or their left arm, to broad-band sounds randomly presented in the entire frontal 
hemisphere. In an additional test, subjects were instructed to make goal-directed 
movements as quickly as possible. Normal sighted subjects served as controls.

The data indicate that blind subjects reach comparable accuracy and speed as sighted 
subjects for both azimuth and elevation localization, although elevation responses were 
slightly more variable in the blind. We conclude that other sensory modalities can 
replace and may support the visual system in teaching the auditory system. (sup. nwo &nicd

569.8
CROSSMODAL ACTIVATION AND MENTAL IMAGERY OF SHAPE IN 
EARLY BLIND HUMANS : PET STUDY. A.G. De Voider,’I* M.C. Wanet- 
Defalque,’ H. Toyama,2 A. Vanlierde.1 Y. Kimura,2 H. Nakano,2 M. Mishina,2 K.
Oda,2 K, Ishiwata.2 M. Kivosawa2 and M, Senda2- ’Universite de Louvain; 
2Tokyo Metropolitan Institute of Gerontology, Tokyo 173-0015, JAPAN

Using positron emission tomography (PET) to measure regional cerebral blood 
flow, we investigated which neural system is recruited during mental imagery 
performed by early blind humans in whom internal representations of shape were 
only attainable through tactile and auditory experiences.

Subjects with early blindness of ocular origin (EB, n=6) and blindfolded sighted 
controls (SC, n=6) were studied in three conditions: i) resting state, ii) passive 
listening to unrecognizable noise sounds and iii) mental imagery of shape during 
listening to the sound of familiar objects which had been previously explored, 
either tactually and auditorily (EB), or visually and auditorily (SC).

In both groups, the mental imagery task, as contrasted to the control auditory 
task, activated visual association areas in the ventral pathway including especially 
the left fusiform gyrus (BA 19-37, p=0.009) and the cerebellar vermis (p=0.0002, 
corrected for multiple comparisons, conjunction analysis using SPM96). In EB 
subjects, the occipito-temporal activation was even larger than in SC group (e.a. 
BA 19: uncorrected p=0.0008 for interaction group x condition). Behavioral 
performance, as assessed by questions on shape attributes after PET, was above 
80% in both groups (p=0.12).

The present analysis shows a selective activation of occipito-temporal areas and 
vermis during an auditory triggered mental imagery task in EB and SC subjects. 
This confirms a prediction of crossmodal plasticity which allows shape knowledge 
and imagery to be retrieved from the ventral visual pathway even in the early blind. 
When visual inputs are lacking, tactile and auditory senses are considered to have 
taken over the afferent pathway to this cortex during the time of synaptic 
competition, a developmental mechanism known as "neural Darwinism".

569.9

MULTISENSORY INTEGRATION IN RETINOTOPIC COOR-
DINATES J.C. Ducom, J. Torri, D. Bavelier, A. Pouget*. University of Ro-
chester, Rochester, NY 14627

Human subjects tend to overshoot when pointing at the remembered lo-
cation of a visual target in the absence of visual feedback from their hand and 
while maintaining fixation away from the target. The amplitude of this over-
shoot follows a sigmoidal function of the retinotopic position of the target, 
suggesting that the position of visual targets is remembered in retinotopic 
coordinates. Using retinotopic coordinates for spatial memory can be prob-
lematic since retinotopic position changes with each saccade. One solution 
consists of updating the retinotopic location of the remembered target af-
ter each saccade. This predicts that if a saccade is intervened between the 
presentation of the target and the initiation of the hand movement, the over-
shoot would reflect the retinal position of the target after the eye movement, 
not before. This is indeed what has been observed by Enright, (Vis. Res., 
35,1995) and Henriques et at (J. Neurosci., 18,1998). Using a similar exper-
imented paradigm, we have found that retinotopic coordinates appear to be 
used for auditory, proprioceptive and imaginary targets as well. These results 
are surprising since one can compute a pointing motor command from any of 
these modalities without ever using retinotopic coordinates. It is clear, how-
ever, that remapping all sensory modalities into a common frame of reference 
greatly simplifies the problem of multisensory integration and memory.
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570.1

A STOCHASTIC MULTI-UNIT SPIKE TRAIN ANALYSIS FOR 
DETECTING THE CONTRIBUTION OF SPATIO-TEMPORAL 
INTEGRATION ON SPIKE GENERATION IN NEURONS. D, C, 
Tam.* Department of Biological Sciences, University of North Texas, 
Denton, TX 76203. E-mail: dtam@unt.edu www.biol.unt.edu/~tam/

A multi-unit spike train analysis technique is developed to 
deduce the contribution of incoming spikes from other 
neurons that are spatio-temporally integrated to produce the 
next spike firing. The sub-threshold contribution to the 
spatio-temporal integration may be revealed using spike train 
data alone without relying on the intracellular recording of 
membrane potentials by examining the multiple-conditional 
correlation of spike firing in a given reference neuron with 
respect to the sequence of firings in other neurons. The 
results show that the spatio-temporal integration period can 
be revealed by the conditional probability function of spike 
firing correlated with this spike train statistics. This technique 
can be used to detect the number of neurons and the temporal 
integration period that are correlated with the spike firing of a 
given neuron within a network, thus revealing the coupling 
between neurons. This analysis can be used to reveal the 
specific neurons and the time duration of the integration that 
are correlated with each other in a network that form a 
subgroup in the processing of neural signals.

570.2
Spatio -temporal  analysis  of  Multisite  Field  Potentials  
IN CONDITIONED Rabbits . B. Lau and W.J. Freeman*. Division of Neu- 
robiology, Dept. of Molecular & Cell Biology, University of California, Berkeley 
CA 94720.

Rabbits were epidurally implanted with 64 electrodes arranged in 4 x 4 ar-
rays (0.25 mm diameter, 0.79 mm inter-electrode spacing) over the olfactory 
bulb and auditory, somatosensory, and visual cortices to examine the nature of 
large-scale cortical communication. The animals were classically conditioned 
using an aversive paradigm with two full field light flashes of differing intensity 
(2.8 ft-C, 3.6 ft-C) as stimuli. Within each cortical area, root-mean-square 
(RMS) spatial patterns were computed using windowed segments of filtered 
data. These patterns were classified against average RMS patterns computed 
for each of the stimulus categories using linear discriminant and artificial neu-
ral network techniques. Significant classification was observed in post-stimulus 
epochs in all cortical areas. Classification was also carried out with combina-
tions of variates across recording sites. Grouping all four sites together gave a 
higher proportion of post-stimulus classification compared to classification of 
the sites separately. In particular, grouping the variates revealed another peak 
of significant pattern separation at approximately 600 ms after stimulus arrival. 
Pre-stimulus epochs did not reveal significant pattern separation indicating that 
these spatial patterns of amplitude modulation were stimulus-related.

Analysis across frequencies revealed that the majority of classification could 
be explained by variance in the gamma (20-80 Hz) band. These differences in 
classification probability occurred in conjunction with stimulus-related shifts 
in power spectral density and inter-areal correlations. Supported by MH06686.

570.3

METHODS TO ESTIMATE COUPLINGS AND CORRELATIONS IN THE 
ACTIVITY OF ENSEMBLES OF NEURONS, V. Del Prete1* ,L. Martignon2,
‘SISSA Neuroscience, via Beirut ,34014 Trieste, Italy, 2Max Planck Institute for 
Human Development ,Lentzeallee 94 , 14195 Berlin .Germany.

Since multiple-electrode recording systems have allowed the simultaneous 
recordings of many neurons activities the main question has become which is the 
"alphabet" neurons use to encode the stimuli they receive from the outside world. 
Connected cumulants (CC) have often been considered a good measure of many-body 
correlations. The coupling constants in log linear models have been proposed to 
represent effective connectivities (EC) linking neurons into clusters. In this paper we 
reconsider both measures; in particular we review some methods to calculate the 
parameters characterizing log-linear models from samples of real data, focusing 
mainly on two different approaches: the frequentist method, which gives a 
deterministic formula for the EC ,and a method based on Bayes theorem and on 
Laplace approximation, that gives an expression for the probability density function 
(PDF) of the EC; we show how, in a low firing rates regime, a different type of 
approximation allows to obtain an analytical explicit expression for the PDF. Then we 
evaluate the CC and the EC from data simulated from a given isotropic model, to test 
the goodness and sensitiveness of the estimates when the dimension of the sample is 
varied, and thus to quantify the bias deriving from the limited sampling, which is a 
well known weak point in many theories. Finally we estimate the interactions present 
in a sample of real data recorded in the temporal cortex of awake guinea pigs. The 
analysis reveals the presence of clusters of interacting neurons whose map is different 
for the CC with respect to the EC, thus proving that not overlapping information is 
contained in both measures of interaction.

570.4

SYNTONY OF NEURONAL DISCHARGES REVEALED BY 
BINARIZATION OF SPIKE COUNTS IN MULTIPLE SINGLE UNITS 
RECORDINGS. A-E.P, Villa*(lL V. PelPrete(2). I.V. Tetko(l). L, 
Martignon(3). 1-Lab. of Neuro-heuristics, UNIL Inst, of Physiology, 1005 
Lausanne, Switzerland http://WWW.LNH.UNIL.CH; 2-SISSA Neuroscience, 
34014 Trieste, Italy, £n/az7:delprete@sissa.it 3-Max Planck Institute for 
Human Development, 14195 Berlin, Germany.

At the experimental time resolution of 1 ms the activity of a neuron is often 
described in terms of a binary time series, characterized by a "1" if a spike 
occurred in the bin whose size is equal to 1 ms or by a "0" if no spikes were 
observed. Since most of the time such time series are characterized by "0", we 
consider bin sizes larger than the experimental time scale. We present a 
method of Coarse-Grain-Binarization (CGB) aimed to reveal cell assemblies 
characterized by covariation in neuronal activity at discrete times. Binning 
consist to label "0" and "1" the bins where the spike counts are less or larger 
than a threshold value determined for each individual spike train according to 
some rules described in here. This technique allows to search for spatio-
temporal patterns of activity over several time scales. In particular it is well- 
suited to reveal how much the neuronal activities covary together, that is what 
we call "syntony" and not their synchrony, when the time scale is referred to 
the maximum experimental limit. We applied this technique to multiple single 
unit recordings in the temporal cortex of unanesthetized guinea pigs. The 
results indicate that CGB allows an easier and more direct comparison between 
log-linear models of the effective connectivities between the neurons and 
connected cumulants as a measure of correlation.
Partially fiinded by INTAS-OPEN 97.0168, 97.0173, European Union CHRX-93.0269 

and Swiss OFES 93.0241 grants.

570.5

SIGNAL SAMPLING AT GAMMA FREQUENCY USING 
STOCHASTIC RESONANCE IN NEURAL ENSEMBLES. T. Fukai*. 
Dept. of Electronics, Tokai Univ., 1117 Kitakaname, Hirastuka, 
Kanagawa 259-1292, Japan, and CREST, JST (Japan Science and 
Technology).

40Hz synchronous oscillations occur in many cortical areas. But their 
functional roles remain to be clarified. Here an integrate-and-fire single 
neuron model driven by an oscillatory bias, Gaussian white noise and 
an external input is studied. In the presence of noise, the probability of 
neuronal firing in every cycle of gamma-band oscillations is shown to 
change almost linearly with the magnitude of external input. Thus 
continuous signals may be sampled at the rate of 40Hz by a neural 
ensemble showing coherent gamma-band oscillations. The implications 
of these findings are twofold. First, the gamma-band oscillations can 
provide a clock to synchronize parallel signal processing at a 40Hz 
information transmission rate. Second, besides the well-known detection 
of weak periodic signal, the stochastic resonance can be used for detecting 
an arbitrary continuous signal. The oscillatory input is not the signal to 
be detected in this case. The well-known case merely corresponds to 
the special case where a detector neuron fires in every cycle with 
probability »1. Therefore, the functional roles of stochastic resonance 
in neural information processing may be broader than previously 
considered. Supported by CREST, JST and Grant-in-Aid for Scientific 
Research on Priority Areas 10164242 from Ministry of Education.

570.6
RECURRENCE BETWEEN NEURONAL POINTERS AND MAPS 
EXPRESSES CORTICAL ATTENTIONAL PROCESSING.
’R.H.R, HAHNLOSER, 1R.J, DOUGLAS, 2K. HEPP and 1K.A.C. MARTIN*.
’Institute of Neuroinformatics ETHZ/UNIZ, Winterthurerstr.190, CH-8057 
Zurich, institute for Theoretical Physics, ETHZ, Honggerberg, CH-8093 
Zurich Switzerland.

Most cortical network models are based on the idea that neurons 
with similar response properties to sensory stimuli excite each other. Here 
we study a different architecture in which the neurons forming the cortical 
map are connected indirectly to each other, via a small group of excitatory 
neurons, to which we ascribe the role of a 'neuronal pointer'. In our model, 
the sensory input goes to the map neurons and top-down attentional input 
goes to the pointer neurons. The computational role of the pointer is to 
report and to modulate attentionally the activity profile on the map. In the 
simple attractor network we propose, the steady activities P = (P^,P2) of the 
two pointer neurons is proportional to the population vector of steady map 
activity M,.... MN-. P ~ Mx(cos5x,sin«5x) + p] , where 5,,.... 4 are the

preferred stimulus feature (represented as angle) of the map neurons and 
the '+' indicates an activation threshold. The attentional input p = (p,,ft) to 
pointer neurons induces a selective competition between visual stimuli by 
steering the excitatory feedback to the map. The pointer-map network can 
explain several computational aspects related to attention, such as how 
the locus of attention can modulate the response gain of cortical neurons 
to visual stimuli.
Work supported by Swiss National Science Foundation SPP Program.
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570.7

FINGER TAPPING VARIABILITY FOR SOUND AND LIGHT 
TRIGGERS AND DISTRACTORS: BEHAVIORAL AND EEG 
FINDINGS. S.D.R.R.Makhamra, D. Cunic, K.E. Pape and W.A. 
MacKay*. Dept. of Physiology, Univ. of Toronto; Toronto, ON 
M5S 1A8.

In this study we investigated behavior and evoked potentials 
during finger tapping to auditory (tone) and visual stimuli (flash). 
Both stimuli were presented at the same time, at different rates 
(1Hz - 2Hz), and subjects (N=10) were instructed to tap to one of 
the stimuli only. Behavioral results show that tapping rate 
variability significantly increased (p<=0.0003) when subjects 
tapped to the light with the sound stimulus on and within 0.5Hz of 
the rate of the light. When tapping to the sound with light stimulus 
on, there was increased variability in subjects’ tapping rate, but it 
was not significant compared to tapping to sound only. EEG results 
show a significant enhancement of the AEP at 70msec and the VEP 
at 90msec after the stimulus when subject was tapping in synchrony 
with sound and light respectively. EPs decrease when subject loses 
entrainment by the distracting stimulus. In addition, ongoing 
analysis includes EEG synchronization of motor and auditory areas 
during periods of entrainment to a sensory stimulus, and periods 
when subjects lose entrainment due to a second distracting stimulus. 
(Supported by the Rehabilitation Institute of Toronto)

570.8
MEG/EEG EVIDENCE FOR AUDIO-VISUAL INTEGRATION IN THE 
HUMAN BRAIN. K. Linkenkaer-Hansen1, J.M. Palva2, K. Kaila2, and R.J. 
Ilmoniemi1*. 'BioMag Laboratory, Medical Engineering Centre, Helsinki Univ. 
Centr. Hosp., P.O.Box 508, FIN-00029 HYKS, Finland; division of Animal 

Physiology, Dept. of Biosciences, Univ. Helsinki.
To dissociate audio-visual (AV) integration from mere AV interaction in 

MEG/EEG signals, we designed a paradigm in which cross-modal integration was 
required for the subject to perform a discrimination task.

Four AV stimuli were created using two face images (VI and V2) and two acoustic 
syllables /pa/ and /ka/ (A1 and A2). The two standard combinations Al+Vl and 
A2+V2 occurred with a probability of 0.4 each, while the two deviants, A1+V2 and 
A2+V1, occurred with a probability of 0.05 each. Additionally, a third image (V3) 
and the syllable /la/ (A3) occurred at random together with either A1 or A2 and either 
VI or V2, respectively, with probability of 0.025 for each combination. In the 
bimodal condition the deviant AV pairs served as targets in a GO/NO-GO task. In the 
second condition the unimodal deviants (A3 and V3) served as targets in a unimodal 
GO/NO-GO task. Evoked responses were recorded with simultaneous whole-scalp 
122-channel MEG and 64-channel EEG. Comparing the average of the two standards 
with the average of the two deviants in the bimodal condition revealed a prominent 
negative deflection to AV deviants with onset at 230 ± 50 ms (n = 7) and peak around 
420 ms. This deflection was absent in the unimodal task. The results indicate AV 
integration in this latency range.

To our knowledge, this is the first unambiguous electrophysiological demonstration 
of the integration of simultaneously presented auditory and visual stimuli in the 
human brain.

The study was supported by Nordic Academy for Advanced Study (NorFA), Danish 
Natural Science Research Council, The Danish Research Academy, and the Academy 
of Finland.

570.9

MULTIPLE FREQUENCY RESPONSES OBSERVED IN FMRI PIXEL 
TIME COURSES. A.L.W. Bokde. F, Lalonde. T, Sunderland*. Geriatric 
Psychiatry Branch, NIMH, NIH, Bethesda, MD 20892.

FRMI data generated from a auditory perception study (see Lalonde, 
et ah, Soc. for Neurosci. Abstr., 1999) were analyzed using a novel 
application of the Fourier transform. The measured FMRI time series is 
traditionally decomposed into a linear sum of a-priori idealized 
response functions. The current analysis uses a Fourier transform to 
decompose each pixel time course into a series of waves of different 
frequency and phase. The power spectrum representing the mean 
square amplitude at each resolvable frequency is then plotted for 
each pixel. The observed peaks in the power spectrum allow 
identification of two types of activated pixels: 1) pixels that respond 
primarily at the frequency of the idealized task response function, and
2) pixels that respond primarily at different frequencies. A pixel of 
each type was then selected as a reference pixel to generate linear 
correlation maps. A pixel in the anterior cingulate whose power 
spectrum had a strong peak at the task frequency generated a 
correlation map that essentially showed the same pattern of 
activation observed using statistical parametric analysis (SPM96). A 
second pixel in the auditory cortex with a power spectrum peak at 
twice the task frequency generated a correlation map that exhibited 
bilateral auditory cortex activity not seen in the SPM analyses. This 
method therefore enabled the detection of synchronized activity in 
auditory cortex that was at a higher rate than the task frequency. 
The application of bandpass filters may help further characterize 
these additional frequency components within the pixel time course.

570.10

FUNCTIONAL MRI AT 4.7 TESLA IN RATS DURING FORELIMB STIMULA-
TION. C. Spenger1’2 *. T, Klason2, A. JosephsonL S. Brene1. M. Ingvar1'2 and L. 
Olson 1. ^Dept. of Neuroscience, 2MR-C.enter, Karolinska Instilutet, Stockholm, 

Sweden.
Stimulation of peripheral nerves activates corresponding regions in sensorimotor 

cortex. We have applied the functional magnetic resonance imaging (fMRI) tech-
nique to monitor activated brain regions by means of measuring changes of blood 
oxygenation level-dependent (BOLD) contrasts. Sprague-Dawley rats were anesthe-
tized with a-chloralose and artificially respirated. Complete muscle relaxation was 
achieved by i.v. application of pancuronium bromide. Subcutaneous stimulation 
electrodes were placed on the palmar distal end of the right and left forelimb. Stimu-
lation at 3 Hz was perfomed with current pulses of 0.2-2.0 mA and duration of 500 
ms. The stimulation paradigm was comprised of five alternating rest and stimulation 
periods which lasted 40 seconds each and during which 10 images were acquired. 
fMRI recordings were performed using a 4.7-Tesla spectrometer and a 35-mm inner 
diameter RF coil. fMRI was performed on 2-mm axial slices 4.5 mm posterior to the 
rhinal fissure using gradient echo fast imaging (GEFI, TR = 70 ms, TE = 40 ms, RF 
flip angle = 22.5°, matrix 64x64, field of view = 4 cm, 1 average). Functional images 
were statistically evaluated using the Stimulate program. Stimulation of the right and 
left forepaws repeatedly showed a significant stimulus-related activation of the con-
tralateral sensorimotor cortex. The mean BOLD signal changes were 6.1 ±1.9%, 
n=18. The point of gravity was found to be approximately 3.6±0.5 mm n=10 lateral 
to the midline within the right and left cortex. Increasing electric current also 
increased the number of activated pixels in the brain and additional respiratory 
anesthetics reduced the fMRI signal. Thus, these experiments provide evidence that 
peripheral nerve stimulation induces a fMRI signal in the respective division of the 
somatosensory cortex in a stimulus-related manner.

(Supported by MRC, AMF, AFA, Swiss IRP, and Hedlund.)

570.11

SENSORY INTEGRATION BEHAVIOR FOLLOWING DEAFFERENTATION 
AND NEUROEXCITATION BRAIN INJURIES. A. Davis* University of 
Michigan, School of Nursing, Ann Arbor, MI 48109.

Changes in information processing (IP) are significant following TBI but how 
sensory integration (SI) impairment contributes to IP following deafferentation 
(DBI) and neuroexcitation (NBI) brain injuries is not well delineated. In previous 
work, SI impairments were seen following DBI [deafferentation of hippocampus 
from entorhinal cortex (EC)]. SI was measured using a battery of tests including 
special senses stimuli, open field exploration, and balance and wheel walking tasks. 
In the current study, male Spraque Dawley (n = 3) rats received a NBI (range 2.01- 
2.1 ATM) from a central fluid percussion injury. Using the SI battery described 
above, animals were tested 3 days post injury and over 5 days. These NBI data 
were compared to DBI data (n = 9) on 5 behavioral measures including balance & 
wheel tasks, travel, and time to the 2nd & 4th boxes in the SI chamber. On the wheel 
task DBI animals lagged behind NBI animals on testing days 1 -3 (X day 1 =3.0 + 0 
for DBI & 1.0+ 1.2 for NBI; X day 2 = 3.0 + 0lor DBI & 1.9+ 1.2 for NBI; X day
3 = 3.0 + 0 for DBI & 1.8 + .83 for NBI) but became similar to NBI animals on day
4 (X 3.0 + 0 for DBI & 2.8+ .4 for NBI). Parallel results were found for the balance 
task (X day 1 = 1.0 + 0 & .11 + .33; X day 2 = 1.0 + 0 & .56 + .53; X day 3 = 1.0 + 
0 & .44 + .53), travel (X day 1 = 1.3 + .58 & 0; X day 2 = 3.0 + 1.7 & 0; X day 3 = 
3.0 + 1.0 & .67 + 1.2), and time to box 4 (X day 1 = 241.3 + 77.2 sec & 153.0 + 
31.5 sec; X day 2 = 82.0 + 55.6 & 158.7 + 29.1; X day 3 = 137.0 + 42.5 & 104 + 
99.2). Latency to box 2 is similar for both groups on day 1(X day 1 = 120 + 0 sec &
115.0 + 29.5 sec) but the DBI group lags behind on days 2-4 (X day 2 = 50.7 + 60 
& 92.6 + 37.3; X day 3 = 15.7+ 12.2 & 96.8+ 31.5; X day 4 = 12.7 + 10.6 & 62.1 
+ 44.6). Although these data represent a small group of NBI animals, this 
preliminary analysis suggests that SI impairment is an underlying feature of DBI not 
NBI.

570.12
MONKEY INTRAPARIETAL NEURONS ACTIVATED BY JOINT
MOVEMENTS AND MOVING VISUAL STIMULI. M, Tanaka*, S. ObavashiU, 
Y. Iwamura1 . A, Iriki1-2*. >Dept. of Physiology, Toho Univ. Sch. Med., Tokyo 
143-8540, 2Sec. of Cognitive Neurobiology, Dept. of Maxillofacial Biology,
Tokyo Med. Dent. Univ., Tokyo 113-8549, Japan.

When moving arms purposefully in the space (such as to reach, catch and 
manipulate objects), we usually image our arms moving in the extrinsic coordinates. 
Integration of somatosensory and visual information is indispensable for creating 
such an image. This most likely takes place in the intraparietal cortex, where the 
hierarchical processing of somatosensory information adjoin the information on 
spatial vision processed along the dorsal stream. In 7 awake Japanese macaques, 
electrodes for recording single unit activities were inserted into the
anterior/posterior banks of the intraparietal sulcus in the contralateral hand/arm 
region. Among 472 recorded bimodal neurons having both the somatosensory 
receptive fields (S-RF; identified by tactile stimuli applied to the skin or 
manipulation of joints) and visual receptive fields (V-RF; defined as the space in 
which visual stimuli activate the neuron), 244 neurons (52%) responded to 
particular ways of joint (of finger, wrist, elbow or shoulder) displacements in 
intrinsic coordinates, namely S-RF’s preferred direction. Among these bimodal joint 
neurons, 74% (180/244) were activated visually when the monkey saw a stimulus 
object moving in a particular direction (V-RF’s preferred directions) along the 
extrinsic coordinates of the space in front of the monkey, in such a way that, when 
joints were displaced towards their S-RF’s preferred directions, monkeys’ hand 
moved in extrinsic space in accordance with V-RF’s preferred directions. In 16 of 
these 37 bimodal neurons (43%) investigated further, S-RF’s preferred direction 
inverted when joints proximal to the S-RF(s) were rotated so as to reverse the hand 
movement in extrinsic coordinates to be induced by displacement of the joints S- 
RF; that is, S-RF’s preferred direction was re-mapped to become consistent again 
with the V-RF’s preferred direction. These result appeared as if monkeys are 
mentally re-calibrating intrinsic images of arm movement into the extrinsic 
coordinates, depending on the current posture, and such images are coded by these 
bimodal joint neurons in the intraparietal cortex.

Supported by Japan Society for the Promotion of Science, and by the 
Ministry of Education, Science ana Culture of Japan.
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570.13
SOMATOSENSORY-AUDITORY CONVERGENCE IN LATERAL 
SULCAL REGIONS IN MACAQUES. RW Lindsley, M Jayachandra, R 
Feldman, A Marcovici, C. Specht, E Dias, DC Javitt and CE Schroeder*
Program in Cognitive Neuroscience and Schizophrenia, Nathan Kline 
Institute, 140 Old Orangeburg Rd, Building 35, Orangeburg, NY 10962.

We previously reported both somatosensory and visual input to the 
superior temporal plane in the macaque, providing evidence of multisensory 
processing in an area considered to be classically auditory in function. In our 
continuing investigation, we tested for co-localization of auditory and 
somatosensory (hand) inputs during penetrations of the S2ZPV region and 
posterior auditory cortices in the upper and lower banks of the lateral sulcus, 
respectively. Laminar activity profiles were sampled with linear array 
multielectrodes. Local patterns of transmembrane current flow and action 
potentials were indexed by current source density (CSD), and multiunit 
activity (MUA). Auditory stimuli were clicks (65db, 100 pis duration), or 
tones (65db, 100ms duration with 5ms on/off ramps). Somatosensory 
stimulation was provided by mild electrical stimulation of the median nerve at 
the wrist or tactile stimulation of the hand. Somatosensory responses were 
found, in “belt” regions of the superior temporal plane posterior to A1. In one 
subject, we found auditory responses in the S2/PV region. In each case, both 
auditory and somatosensory stimulation produced laminar activation profiles 
consistent with "feed forward" inputs, with an initial response in layer 4, 
followed by infragranular and supragranular activation. Our findings indicate 
that the cross-modal convergence which underlies multisensory integration 
begins early in cortical processing.

570.14
MULTISENSORY EVOKED POTENTIALS (MEP) IN DIFFERENTIATION 
OF NEUROSIS, ENCEPHALITIS AND EPILEPSY. Trinus K.F.*Private 
Neurootology. POBox B-14 Kyiv 252001, Ukraine (trinus@ukrpack.net)

Long-latency MEP: acoustic (A, click), visual (Vis, flash), somatosensory (S, 
electroskin), vestibular (Vest, rotation) and olfactory (O, citric), - have been used 
for differential diagnostics of neurosis, chronic encephalitis with poor 
manifestation and epilepsy. 160 Patients have been examined, 107 of them have 
had neurosis. 6 patients with congenital epilepsy. 45 patients - ’’encephalitis”.

Encephalitis cases have had a picture of "minor signs". Gustometry revealing 
decrease of tong sugar sensitivity (130±74,2 mkA). Blood sugar appeared to be 
6,0+2,7 mlM/1. May it be the malfunction of the nervous sugar regulation? 
Cholesterol has been 3,0±2,7, while normative range is 3,9-5,5 mm/1. Important, 
that 9 from 31 patients have had underscored level of cholesterol. But best of all 
the MEP documented the pathology. All the peak latencies of Vest, A and S EPs 
have surely overcome the normative values range. In the Vis only P2 has been in 
normative value, while the others are in the pathological range. As to the O, we 
have to be extremely accurate with its parameters, as we do not yet have well 
established borderlines for normative data. Out of 28 persons, whose virusological 
results have been available for us, everybody has increased immunoglobulin titres 
for viruses. Being for Herpes I virus 1:3789+3771, Herpes II - 1:643+645, and 
cytomegalovirus - 1:964±1693.

The complaints in neurotic patients shows wide variety of symptoms. Typical 
picture, recorded with the help of MEP is mosaic of disturbances.

For epileptic patients it is typical the increase of all the acoustic EP and 
somatosensory P2 peak latencies. 16.8 % of neurotic patients demonstrate grand 
mal epileptic seizures. In some encephalitis cases (2 = 4,4 %) the seizures has 
been looking like epileptic. Anticonvulsive drugs have no effect in neurotic and 
encephalitic patients.

AUDITORY SYSTEMS: CENTRAL ANATOMY

571.1

VISUAL EXPERIENCE ALTERS THE AXONAL 
TOPOGRAPHY OF AUDITORY NEURONS IN BARN 
OWL INFERIOR COLLICULUS W.M. DeBello*, P.E. Feldman,
K.D, Cheng and E.I. Knudsen Department of Neurobiology, 
Stanford University School of Medicine, Stanford, CA 94305.

Raising bam owls with prismatic spectacles leads to adaptive 
plasticity in rnidbrain auditory space maps. A major site of plasticity 
is the external nucleus of the inferior colliculus (ICX), which 
receives topographic input from the central nucleus (ICC). We 
asked whether prism-induced changes in the ICX space map are 
accompanied by a reorganization of this projection. Iontophoresis 
electrodes containing biocytin, an anterograde tracer, were targeted 
to specific regions of the ICC using auditory response criteria. 
After injection and processing, labeled axons were identified by 
digital camera lucida, and the spatial distribution of labeled axons in 
ICX was plotted relative to the injection site location in ICC. In 
normal owls, this distribution was symmetrical around the injection 
site. In contrast, the distribution in prism-reared owls was 
asymmetrical and always shifted in the direction predicted by the 
prisms. This suggests that plasticity involves outgrowth of new 
axons, and/or maintenance of axons that would normally be lost 
during development. Preliminary results indicate the axonal 
distribution was wider in normal juvenile than in normal adults, 
suggesting that winnowing contributes to the normal developmental 
process. We will investigate the extent to which differential pruning 
and axonal outgrowth contribute to prism-induced plasticity. 
Supported by NIH R01 DC0155-17 and NRSA 1 F32 DC00324-01.

571.2
Development of the Projection from ICX to the Optic Tectum in the Barn 
Owl (Tyto alba) B. Gauger1, H. Luksch1, M. Dorlochter2*, H. Wagner1, (1) 
Institut fiiir Biologie II, RWTH Aachen, Kopernikusstrasse 16, D-52074 Aachen, 
Germany and (2) Institut fur Zoophysiologie, Universitat Bonn, Endenicher Allee
11-13, D-53115 Bonn, Germany

The midbrain of the barn owl contains maps of auditory and visual 
space. The first map of auditory space is found in the external nucleus of the 
inferior colliculus (ICX), while in the optic tectum (OT) visual space is 
represented. The ICX neurons project to OT, and generate a bimodal space map, 
where cells respond to a stimulus of either modality from a certain point in space 
(Knudsen and Knudsen 1983 J Comp Neurol 218.187-196). To investigate the 
development of the projection from ICX to OT, we labeled neurons of the ICX 
with biocytin in an in-vitro approach. An appropriate incubation period allowed 
the transport of biocytin along the cells’ neurits. Biocytin was visualized with the 
ABC-method on free floating sections. Stained cells and their processes were 
reconstructed with a camera lucida at high magnification (20/40x).

The embryonic development of the barn owl takes 32 days. Intracellular 
fills were obtained from embryonic day (E) 16 until E32. At E16 axons had 
already grown out of ICX and at E20 axons reached the most dorsomedial part of 
the OT, building an arch around the ventricle in the plane transversal to the long 
axis of the OT. At E32 the arborization of the terminal field of single cells 
seemed to be more widespread compared to the situation in younger embryos. 
Impalement of single cells in younger embryos often resulted in labelling an 
ensemble of cells. At all ages axons of ICX neurons not only had neuronal 
connections to the OT, but collaterals also projected towards the brainstem. We 
conclude that the neuronal connections that generate the space map in the 
midbrain, are already created during an early phase of embryonic development. 
Supported by the Deutsche Forschungsgemeinschaft (Wa 606/9-1) to HW.

571.3
A NOVEL PROJECTION FROM THE BASOLATERAL NUCLEUS OF THE 
AMYGDALA TO THE INFERIOR COLLICULUS OF BATS. R. A. Marsh1, C. 
D. Grose1, J. J. Wenstrup1* Z, M. Fuzessery2. ‘Dept. of Neurobiology,
Northeastern Ohio Universities College of Medicine, Rootstown, OH 44272;
2Dept. of Zoology and Physiology, University of Wyoming, Laramie, WY 82071.

This study examined the organization of projections from the basolateral nucleus 
of the amygdala to the central nucleus of the inferior colliculus (ICC) in mustached 
bats (Pteronotus pamellii) and pallid bats (Antrozous pallidus). Restricted 
iontophoretic deposits of retrograde tracers, cholera toxin B-subunit or Fluoro-
gold, were made at physiologically defined sites in the ICC. Cytoarchitecture of 
the amygdala was examined in Nissl stained sections and compared to previous 
anatomical reports in other bats and mammals.

The basic organization of the amygdala in both the mustached and pallid bats is 
similar to the rat. In different experiments with each bat, ICC tracer deposits were 
placed in different isoffequency representations, in different parts of the same 
isofrequency representation, and in regions characterized by a variety of responses 
to complex sounds. All of these deposits resulted in retrograde labeling of the 
anterior division of the basolateral nucleus of the amygdala. The labeling was 
bilateral, with the majority of labeled cells always on the side ipsilateral to the 
deposit. Furthermore, labeling was consistently located medially in the anterior 
division and extended throughout most of the dorso-ventral and rostro-caudal 
extent. This projection from the basolateral nucleus to the inferior colliculus may 
provide a means by which information about the emotional state of an animal can 
modulate the response characteristics of neurons in the inferior colliculus. 
(Supported by the National Institute on Deafness and Other Communication 
Disorders.)

571.4
INTRINSIC AND COMMISSURAL GABAERGIC CONNECTIONS IN 
THE INFERIOR COLLICULUS OF THE BIG BROWN BAT. T_.
Fremouw*, A. Kleiser, A. Heilman, J.H. Casseday, & E.
Covey. Dept of Psychology, University of Washington, 
Seattle, WA 98195.

An interplay between excitation and inhibition 
appears to play a major role in information 
processing in the inferior colliculus (IC). Evidence 
for the importance of inhibition includes the high 
density of GABAa receptors in the IC and the fact that 
GABAa antagonists disrupt tuning properties of IC 
neurons. The IC of the big brown bat (Eptesicus 
Fuscus) receives GABAergic projections from multiple 
lower brainstem sources; however it is not known, in 
this species, whether there are intrinsic GABAergic 
connections within the IC or GABAergic commissural 
projections between the two colliculi. To look for 
evidence of GABAergic commissural and intrinsic 
connections, we combined ionophoretic injection of 
the retrograde tracer fluorogold into the IC with 
GABA immunocytochemistry. Although retrograde 
labeling shows that there are extensive intrinsic and 
commissural connections within the IC of the big 
brown bat, the majority of these connections are not 
GABAergic. These data suggest that the commissural 
and intrinsic connections of the IC are mainly 
excitatory.
Supported by NIH DC 00607 and DC 00287
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571.5
SYSTEM OF THE DESCENDING PROJECTIONS FROM THE 
AUDITORY THALAMUS TO THE INFERIOR COLLICULUS IN 
THE RAT V.V.Senatorov* & B. Hu. Loeb Health Research Institute, 
Ottawa, Ontario K1Y 4K9.

In the auditory system, the inferior colliculus (IC) transfers acoustic 
information to the medial geniculate body (MGB) which relays it to the 
auditory cortex. Winer and colleagues (1) noticed that IC-MGB 
projection is probably not unidirectional. In the present study we 
investigated direct feedback descending pathway to the IC from the 
MGB in rat. Fluorescence retrograde tracers fluoro-gold, true blue or 
rhodamine latex microspheres were injected into the IC. The auditory 
thalamus and surrounding regions were examined for fluorescent 
neurons. Retrogradely labelled cells were found in the medial nucleus 
and suprageniculate subnucleus of the dorsal division of the MGB. 
Densely packed group of fluorescent cells has also been discovered in 
the peripeduncular area. Numerous diffuse labellings have been 
observed in the nucleus of the brachium of the inferior colliculus. There 
were no labelled neurons in the ventral division of the MGB. The 
existence of direct descending innervation to the IC from the auditory 
thalamus challenges the notion of colliculo-thalamic connection as one-
way traffic and suggests involvement of auditory thalamus in the 
feedback regulation of incoming acoustic signals. Supported by the 
MRC and Heart and Stroke Foundation of Canada.
(1) Paydar S, Larue DT & Winer JA (1993) Abst Soc Neurosci 19:426

571.6
CONVERGENCE LAMINAR PROJECTIONS FROM DORSAL (DCN) AND 
VENTRAL COCHLEAR NUCLEUS (VCN) TO INFERIOR COLLICULUS (IC) 
OF RAT AND CAT. M.S. Malmierca1, M.A. Merchan1 and D.L. Oliver2*; 1 The 
Institute of Neuroscience of Castilla y Leon., U. Salamanca, Salamanca, Spain;
2 Dept. Anat., U. Conn. Health Ctr., Farmington, CT 06030.

The present study investigated whether DCN and VCN inputs converge in the same 
frequency-band lamina in the IC. We made injections with biotinylated-, FITC-, and 
TRITC-dextran into physiologically defined regions of the DCN and VCN in the same 
animal. In rat, injections of DCN at 5.6 kHz and VCN at 3.0 kHz produced two 
distinct, 200 mm-wide, laminae in the central nucleus of the contralateral IC. In cat, 
injections near the same frequency produced converging laminae. In one case, the 
injections were 0.05 octave apart in best frequency. One lamina from VCN overlapped 
one of two laminae from DCN. These laminae were separated by an equal-sized zone 
with few labeled axons. The absence of axons here suggests that another nucleus in 
the auditory brainstem projects to this zone. Continuous laminae extended the rostro-
caudal extent of the central nucleus. In another case, axons overlapped in a single 
lamina after DCN and VCN injections that were 0.02 octave apart. Axons from DCN 
formed a continuous lamina in the central nucleus, while axons from the smaller VCN 
injection converged in the same lamina but did not form a continuous layer. VCN 
axons terminated mostly in the ventral part of the lamina.

We conclude that DCN and VCN inputs may converge in the same frequency-band 
lamina in the IC. The best frequency of afferents from the cochlear nucleus must be 
quite similar to converge onto the same lamina. Converging afferents from cochlear 
nucleus may be important for monaural responses in the IC. These afferents from the 
contralateral cochlear nucleus may be interlaced with inputs from other sources like 
those from the ipsilateral superior olive.

Supported in Spain: DGES PB97-1326, FIS 99/1186 and JCyL SA-27/99 (MAM,
MSM) and in USA: NIH R01 DC00189 (DLO).

571.7

PROJECTIONS FROM MEDIAL SUPERIOR OLIVE (MSO) TO THE 
INFERIOR COLLICULUS (IC). D.L. Oliver. G.E. Beckius, and R. Batra*. 
Department of Anatomy, Univ. Connecticut Health Center, Farmington, CT 06030

The MSO is a primary site for processing interaural temporal disparities (ITDs), a 
major cue for sound localization. A rough topographical map of ITD is believed to be 
formed along the rostrocaudal axis of isofrequency laminae in the MSO. Whether this 
topographical map is maintained by connections to the IC is unknown. The present 
study tested the hypothesis that the rostrocaudal axis of the isofrequency laminae of 
the MSO projects topographically to individual laminae of the IC.

Small injections of biotinylated-, tetramethylrhodamine-, or fluorescein-dextran 
were made in the MSO of adult cats. In some cases, two injections matched in fre-
quency were made in the same MSO at different rostrocaudal locations. In the IC, we 
examined the distribution of axons and terminal boutons. Axons from these small 
MSO injections extended the entire rostrocaudal length of the laminae in the central 
nucleus of the IC and could be restricted to a single lamina. Terminal boutons or bout-
ons of passage from a single injection also were present through the rostrocaudal ex-
tent of the lamina. Although the density of boutons along the lamina was uneven, 
there was no consistent maximum in labeling related to the topography of the injec-
tion site. Cases in which two sites in the MSO were injected showed no systematic 
differences in labeling in the IC.

The results show that point-to-point projections do not connect iso-frequency lamine 
in MSO with iso-frequency laminae in the IC. If a topographical map of ITD is gener-
ated in the MSO, its transmission to the IC is not simple. A topographical map of ITD 
may be lost as a single linear map. Alternatively, some IC neurons may still receive 
heavier synaptic inputs from restricted rostrocaudal zones in the MSO, even though 
the overall pattern of projections is uniform. This subset of neurons may then form a 
map of ITD in the IC.

Sponsored by NIH R01-DC00189 (DLO) and NSF IBN-9807872 (RB).

571.8

CYTOARCHITECTURE OF THE TORUS SEMICIRCULARIS 
OF THE SLEEPER GOBY (Dormitator lantifrons)'. A GOLGI 
STUDY. Z. Lu*, J, Ramcharitar. and A.N. Popper. Department of 
Biology, University of Maryland, College Park, MD 20742

The torus semicircularis of non-electroreceptive teleost fishes 
receives input from the auditory and mechanoreceptive lateral line 
systems. This study examined the cytoarchitecture of the torus 
semicircularis using the Golgi-Kopsch technique in order to 
provide anatomical data for future structure-function studies of 
midbrain neurons. The torus of the sleeper goby is laminated, as is 
that of electric fishes that have been investigated. Using the cresyl 
violet staining technique, we categorized the goby torus into five 
layers along the dorsomedial to ventrolateral axis. Layer 2 is the 
most distinguishable one. It contains very densely packed cell 
bodies of 10 to 15 pm. These cells have variable shapes and single 
smooth/spiny basal dendrites. Many of these cells send their basal 
dendrites deep into the torus, perpendicular its boundary. Basal 
dendrites of other cells, however, curve about 90 degrees and 
become parallel to the surface. In addition, we found some giant 
bipolar cells in layer 4 which send both apical and basal dendrites 
to adjacent layers.

Supported by NIH grant 1R29DC032751A02.

571.9
EXPRESSION OF Kv3.1 mRNA IN THE AVIAN AUDITORY 
BRAINSTEM. S. Parameshwaran1, C.E. Carr1*, T.M. Pemey2. ‘Department 
of Biology, University of Maryland, College Park, MD 20742 and 2Center 
for Molecular & Behavioral Neuroscience, Rutgers University, Newark, NJ 
07102, USA.

We are investigating the molecular bases of precise temporal coding in 
bam owls and chickens. Different types of potassium channels shape the 
firing pattern of auditory neurons. Specifically, we have examined the 
expression of the 5/iaw-like Kv3.1 channel. Several lines of evidence have 
suggested that the Kv3.1 conductance decreases action potential duration 
and enhances the ability of the neuron to follow high frequency 
stimulation. In birds, the auditory nerve bifurcates to project to the Nucleus 
Magnocellularis (NM) and Nucleus Angularis (NA). Bilateral projections 
from NM to Nucleus Laminaris (NL) form maps of interaural time 
difference in NL.

We have used in-situ hybridization of a DIG-labeled riboprobe to 
visualize the distribution of Kv3.1 mRNA in the auditory brainstem nuclei 
of chickens and owls. Consistent with our previously reported 
immunocytochemistry results, Kv3.1 mRNA was detected in all the 
structures of the auditory brainstem. The densest staining occurred in the 
owl NM. In both owls and chickens, all the neurons in NM seemed to 
express high levels of Kv3.1. In comparison, the NL in both chickens and 
owls expressed lower levels of the gene product. Only a select population 
of neurons in NA were Kv3.1 positive in both birds. Using hybridization 
of cerebellar purkinje cells as a reference for comparing different brain 
structures across species, staining of auditory structures was found to be 
markedly higher in the owl than in the chicken.
Supported by NIH DC00436 to CEC and by NIH DC02728 to TMP.

571.10
DIFFERENTIAL EXPRESSION OF THE TWO SOMATOSTATIN SST2 
RECEPTOR SPLICE VARIANTS SST2(A) AND SST2(B) IN THE SUPERIOR 
OLIVARY COMPLEX OF DEVELOPING RATS. E. Friauf1* and M. Schindler2. 
1lnst. Physiol. Ill, Univ. Frankfurt, 60596 Frankfurt, Germany; 2Glaxo Inst. Appl. 
Pharmacol., Univ. Cambridge, UK.

During early development, the neuropeptide somatostatin is highly and 
transiently expressed in several brain areas, e.g., within axon terminals in the 
medial and the lateral superior olivary nuclei (MSO and LSO) of rats (Kungel 
and Friauf, 1995), implying that it plays a role in maturation. Somatostatin can 
bind to at least 5 classes of receptors, termed sstrsst5. By means of 
autoradiography, sst2 receptor molecules were previously identified in the rat 
superior olivary complex (SOC; Thoss et al, 1996). The sst2 receptor exists in 
2 splice variants, sst2(a) and sst2(b), which differ in their carboxy-termini. Here 
we have used two selective antibodies to analyze the spatial and temporal 
distribution of these 2 splice variants in the SOC of developing rats. At 
postnatal days (P) 5-9, when somatostatin expression is at its maximum, sst2(a) 
positive structures were evident in all major nuclei. Virtually all neurons in the 
medial nucleus of the trapezoid body (MNTB) showed cytoplasmic labeling, 
while somata in the LSO and the superior olivary nucleus (SPN) displayed a 
membranous signal. The heaviest labeling was seen in the dendritic area of 
the MSO. By P20, the labeling in the MSO had disappeared, and in adults, 
when somatostatin expression is low, only few sst2(a) positive structures 
remained, suggesting a transient presence of this receptor subtype in the 
SOC. Labeling for sst2(b) differed from that for sst2(a): in the MNTB, calyx-like 
processes were labeled throughout development, while cytoplasmic labeling 
occurred in the LSO and SPN and in periolivary regions, mainly at older ages. 
Our results demonstrate a differential spatio-temporal expression of sst2(a) and 
sst2(b) receptors in the SOC and point to receptor-related changes in somato-
statin function during ontogeny. Supported by DFG grant SFB 269/B5.

Society  for  Neuroscience , Volume  25, 1999



TUESDAY PM AUDITORY SYSTEMS: CENTRAL ANATOMY 1419

571.11

CHANGES IN GLUTAMATE RECEPTOR SUBUNITS GLUR2 AND NMDAR1 
IN THE LSO OF C57BL/6 AND CBA MICE WITH AGE AND HEARING LOSS.
S. Korada and I.R. Schwartz*, Section of Otolaryngology, Yale University School of 
Medicine, New Haven, CT 06520-8041

The CBA mouse has normal hearing throughout most of its life, while the 
C57BL/6 (B6) has adult onset hearing loss beginning in the high frequencies at about 
2 months of age and progressing to severe loss across all frequencies by 14m.
Erulkar and Schwartz (ARO Absts 21:79, 1998) showed a decrease in GluR2 and 
NMDAR1 (NR1) throughout the dorsal cochlear nucleus of hearing impaired B6 
mice (12m) compared to normal hearing 2m animals. Korada & Schwartz (ARO 
Absts 22: 67,1999) showed no changes in LSO of B6 or CBA with GluRl & 2/3 
antibodies, but a decrease in the number of GLuR4 stained LSO somata in CBA 
from 2 to 7m. In this study 30p frozen sections of the lateral superior olive (LSO) 
from 2, 6, & 12m B6 and 2, 7, 11 & 19m CBA mice perfusion fixed with mixed 
aldehyde fixative were incubated with antibodies to GluR2 (Chemicon) and NR1 
(PharMingen) and examined light microscopically. At all ages there was less GluR2 
staining in the LSO of B6 than CBA mice. Somatic staining in CBA remained 
constant with age, but there was a slight increase in GluR2 neuropil staining. There 
was a slight decrease in GluR2 staining in B6 with age. No change was seen in the 
NR1 somatic staining of either strain with age or hearing loss.

The findings suggest that the ahi gene expressed in B6 may be having a primary 
effect on AMPA preferring ionotropic glutamate receptors in central auditory 
neurons, rather than just causing central changes secondary to progressive cochlear 
degeneration which begins at 2-3m. The lesser GluR2 staining in B6 LSO suggests 
that more of its receptors contain no GluR2, making them permeable to calcium; and 
potentially more susceptible to noise overstimulation. The increasing GluR2 staining 
in CBA suggests more calcium impermeability of its AMPA receptors, which may 
protect them from noise damage. Supported by NIH grant DC00132.

571.12
THE SUPERIOR OLIVARY COMPLEX OF THE VAMPIRE BAT 
Desmodus rotundus'. CYTOARCHITECTURE.N. Kuwabara* and K.P. Bhatnagar. 
Dept. of Anat. Sci.& Neurobiol., Univ. of Louisville Sch. of Med., Louisville, KY 40292.

Cytoarchitecture of the superior olivary complex (SOC) was studied in the vampire 
bat. Field observations and acoustical and behavioral experiments have indicated that the 
vampire bat echolocates using orientation sounds of 40-60 kHz. Limited physiological data 
suggest that the vampire bat may have excellent passive hearing capability at low 
frequencies ranging from 100 Hz to 10 kHz. It has been noted that species sensitive to low 
frequency sounds have large medial superior olivary nucleus (MSO), whereas those sensitive 
to high frequency sounds, including most echolocating bats, have large lateral superior 
olivary nucleus (LSO) and small or less conspicuous MSO. Thus it is of interest to learn 
whether the vampire bat, which is presumably sensitive to a broad range of frequencies, has 
the MSO and LSO well developed.

Coronal serial sections of the brainstem treated with Nissl and fiber stains were 
examined to depict the cytoarchitecture within the SOC, with a focus on the MSO and LSO 
and, if present at all, the relative size of the two nuclei across several species.

The medial nucleus of the trapezoid body, characterized by densely-packed globular 
cells between trapezoid body fiber bundles are seen throughout the entire rostrocaudal 
extension of the SOC. In the SOC, rostrally, a group of fusiform cells occur within the 
mediolaterally oriented neuropil, presumably the MSO. Laterally, the caudal part of this 
cell group is accompanied by a dorsoventrally convoluted nucleus with fibers changing their 
orientation to form a S-shaped configuration, similar to the S-segment of the cat LSO. 
Approaching the caudal end of the SOC, the MSO diminishes rapidly and disappears, 
leaving only the S-shaped LSO. Since trapezoid body fibers obscure the neuropil of these 
two nuclei, continuity of the MSO and the LSO is not clear. Such continuity- can not be 
ruled out, either, since the cellular composition and fiber direction of these nuclei are 
distinctly different. Our results indicate that the vampire SOC has recognizable medial and 
lateral superior olivary nuclei, as suggested by its behavior. Further tract-tracing studies are 
necessary to confirm our findings. (Supported by University of Louisville School of 
Medicine.)

571.13

EFFECTS OF EXPOSURE TO AN AUGMENTED ACOUSTIC 
ENVIRONMENT ON COCHLEAR NUCLEUS NEURON SUR-
VIVAL IN C57 MICE. J.F. Willott, L.S. Bross, and J.G. Turner*. 
Dept. of Psychology, Northern Illinois Univ., DeKalb, IL 60115.

The effects of exposure to an augmented acoustic environment 
(AAE) on auditory function were evaluated in C57BL/6J mice, a 
strain that exhibits progressive hearing loss beginning during young 
adulthood. From age 25 days to 14 months, mice were exposed 
nightly (12 hrs) to a 70 dB SPL broad-band noise AAE. Control mice 
were age-matched and maintained under normal vivarium acoustic 
conditions. As in earlier studies, auditory brainstem response 
thresholds and performance on prepulse inhibition showed that 
exposure to the AAE dramatically reduced the rate and severity of 
hearing loss. Histopathological analysis in 14-month-olds showed that 
compared to controls, AAE-exposed mice exhibited less severe loss of 
inner hair cells and spiral ganglion cells, as expected from their less 
severe hearing loss. However, unbiased morphometric measurements 
of the anterior ventral cochlear nucleus (AVCN) showed that AAE- 
exposed mice had 19% fewer surviving neurons than controls. A 
possible mechanism is glutamate excitotoxicity from increased auditory 
nerve input to the AVCN in exposed mice.

Supported by NIH grant 5R01AG075554-12.

571.14
PROJECTIONS TO THE DORSAL NUCLEUS OF THE LATERAL 
LEMNISCUS IN ANIMALS WITH SURGICAL TRANSECTION OF THE 
COMMISSURE OF PROBST. J.B, Kelly* and B.A, van Adel, Institute of 
Neuroscience, Carleton University, Ottawa, Ontario, Canada, K1S 5B6.

We have previously shown that 70% of the neurons in the dorsal nucleus 
of the lateral lemniscus (DNLL) project contralaterally to the inferior 
colliculus (IC) via the commissure of Probst (CP). A separate population of 
DNLL neurons projects directly to the ipsilateral IC. More recently, our 
studies of anterograde and retrograde transport and neuronal degeneration 
indicate that surgical transection of the CP completely eliminates all crossed 
projections from the DNLL, but leaves ipsilateral projections intact. In the 
following study we have examined the afferent projections to the DNLL in 
CP transected animals. Iontophoretic injections of FluoroGold (FG) were 
made into the DNLL 1 week before (prelabeling) and 12 weeks after 
(postlabeling) CP transection. In prelabeling experiments, 4 weeks after CP 
transection the pattern of labeling in the auditory brainstem was similar to 
that seen in normal animals except that very few fluorescently labeled 
neurons remained in the contralateral DNLL. In postlabeling experiments, 
transection of the CP completely eliminated the transport of FG from the 
DNLL to the opposite DNLL, but had little effect on the transport to other 
brainstem nuclei. The results of the present study provide supporting 
evidence for a direct projection from one DNLL to the opposite DNLL via 
the CP. In addition, they show that the general pattern of afferents to those 
DNLL neurons that remain after CP transection is similar to that found with 
an intact DNLL. There is no indication in our data of a differential projection 
to the subpopulation of cells with ipsilateral projections to ICC.

This research was supported by a grant from NSERC of Canada.

571.15

COMPLEMENTARY DISTRIBUTIONS OF PARVALBUMIN AND C ALB INDIN 
IN SUBREGIONS OF MOUSE AUDITORY THALAMUS Herbert P. Killackev*. 
Scott J, Cruikshank and Raiu Metherate. Dept. Neurobiol. & Behav., UC Irvine, CA

The calcium binding proteins parvalbumin and calbindin are thought to regulate 
physiological functions and often show complementary distribution patterns in the 
CNS. In the auditory thalamus of rabbit and monkey, parvalbumin is strongly 
expressed in the ventral subdivision of the medial geniculate nucleus (MGv), while 
calbindin is expressed more in the dorsal MG (Venecia et al. 1995; Hashikawa et al. 
1991). Our goal was to determine parvalbumin and calbindin distributions in the 
mouse MG relative to nissl-based cytoarchitecture.

FVB mice (pl5-p60) were perfused with artificial CSF then 4% paraformaldehyde, 
post-fixed overnight, then sectioned at 50 p along coronal and horizontal planes. Free 
floating sections were immersed for 30 min. in 0.5% H2O2., rinsed in 0.1 M 
phosphate buffered saline (PBS; pH 7.15; 0.5 M NaCl, 0.1 to 0.3% detergent), then 
incubated for 12-48 hours in a PBS/detergent solution containing equal parts 
biotinylated secondary antibody (anti-mouse IgG, Vector) and primary antibody 
(either anti-calbindin-d-28k cl-300 or anti-parvalbumin pa-235, Sigma). These 
solutions were mixed 12-24 hours before use, 1:500 dilutions. Standard peroxidase 
visualization followed (ABC, Vector; Nickel intensified DAB). Sometimes 
additional blocking procedures were conducted. Combining the monoclonal primary 
and anti-mouse secondary antibodies prior to incubation greatly reduced background 
staining (Hierck et al. 1994). Alternate sections were stained with cresyl violet.

Strong complementary differences in calcium binding protein distributions were 
found in the mouse MG. The MGv, the principal relay nucleus to auditory cortex, 
exhibited dense parvalbumin but weak calbindin immunoreactivity. In contrast, most 
of the regions surrounding the ventral subdivision (i.e., dorsal MG, peripeduncular 
and posterior intralaminar nuclei) showed strong calbindin and lighter parvalbumin 
levels. The overall patterns of staining suggest that the mouse MG is composed of a 
parvalbumin positive "core" surrounded by a nearly continuous calbindin positive 
"shell", the latter being absent only at the rostral and lateral extremes of the MG. 
Physiological studies may be useful for probing the function of this organization.

571.16
DIFFERENTIAL DISTRIBUTION OF GABABRla/b IMMUNOREACTIVITY IN 
THE CAT MEDIAL GENICULATE BODY. J.A. Winer* and D.T. Larue. Department 
of Molecular and Cell Biology, University of California, Berkeley, California 94720.

The three divisions of the medial geniculate complex were studied in tissue prepared 
for GABABRla/b-like immunoreactivity. Formalin-perfused tissue was frozen 
sectioned and the thalamus was immunostained with a guinea pig monoclonal antibody 
(M. Margeta-Mitrovic et al., J. Comp. Neurol. 1999,405:299-321). We contrasted 
these patterns to those seen with antibodies to y-aminobutyric acid.

The medial geniculate body was among the most densely stained thalamic structures. 
The heaviest immunoreactivity was in the dorsal division nuclei, including the 
suprageniculate, deep dorsal, dorsal, posterior limitans, and ventral lateral nuclei, all of 
which were conspicuously marked. In each the neuropil was stained darkly and 
uniformly, and immunoreactive neural somata were common. The ventral division was 
the next most heavily immunoreactive, with a gradient from its well labeled lateral 
(low frequency) to its lighter, medial (high frequency) region. In contrast, the medial 
division neuropil was much paler than that in either the dorsal or the ventral divisions. 
However, many medial division neural somata and proximal dendrites were 
immunopositive, particularly those of the larger neurons whose perikarya and 
cytoplasmic organelles were stained intensely.

We compared GABABRla/b tissue to y-aminobutyric acid stained material. 
Immunopositive neurons were numerous in the ventral division, followed by the dorsal 
and medial divisions. This contrasts with GABABRla/b immunoreactivity since the 
dorsal division was most intensely immunoreactive. The strong dorsal division 
GABABRla/b staining suggests that the broad tuning curves and poor responses to 
onset and offset signals here may be adapted for the analysis of complex, temporally 
extended acoustic stimuli that require multiple forms of GABAergic modulation.

We thank Drs. M. Margeta-Mitrovic, L.Y. Jan, and A.I. Basbaum for antibody. 
Supported by United States Public Health Service grant R01 DC02319-19,
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571.17
DENDRITIC ORIENTATION AND RESPONSE PROPERTIES OF TWO TYPES OF 
RELAY NEURONS IN THE RABBIT AUDITORY THALAMUS. J. S. Cetas*, R. O. 
Price, J. Crowe, D. S. Velenovsky, D.G. Sinex1 and N.T. McMullen, Dept. of Cell 
Biology and Anatomy, University of Arizona College of Medicine, Tucson, AZ 85724 
and ‘Dept. of Speech and Hearing Science, Arizona State University, Tempe, AZ

Although there is evidence for multiple classes of thalamic relay neurons in the 
auditory thalamus, correlative anatomical and physiological studies are lacking. We 
have used the juxtacellular labeling technique (Pinault, J.Neurosci. Meth., ’96) to study 
the morphology and response properties of single cells in the ventral division of the 
rabbit medial geniculate body. Anesthetized adult NZW rabbits were placed in a Kopf 
stereotaxic device within an IAC chamber. Glass microelectrodes filled with 2% 
biocytin in 0.5M NaCl were slowly advanced into the MGB under remote control. 
Single units in the ventral division of the medial geniculate body (MGV) were 
characterized extracellularly with monaural and binaural stimuli including clicks, tone 
and noise bursts (100-250 msec duration). Characterized units were then filled with 
biocytin and visualized with an antibody enhanced DAB reaction. Labeled neurons 
were fully reconstructed from serial sections using a computer microscope system. A 
total of 27 MGV neurons were physiologically characterized and labeled. Qualitative 
and quantitative analyses revealed two types of relay neurons within the MGV. Type I 
cells had thick dendrites and a three-fold greater number of spines as compared to the 
Type II cells whose dendrites were thin and relatively spine-free. Spatial analysis 
demonstrated that both cell types had highly oriented dendritic fields which paralleled 
somatic laminae that were clearly defined with routine Nissl stains in this species. 
There were no differences in response properties between the cell types: both classes 
exhibited a variety of response patterns including onset, offset and through responses. 
The best frequencies of labeled MGV neurons ranged from 0.70 to 23.8 kHz. In terms 
of binaural characteristics, most (ca. 46%) labeled neurons were of the "EE" type, with 
the remaining cells falling into the "EO" (38%) and "EI"(17%) classes. (Supported by 
NIH/NIDCD Grant DC02410)

571.18
MAPPING THE PRIMATE AUDITORY SYSTEM WITH (“CJ2-
DEOXYGLUCOSE. A. Poremba1*, R. C. Saunders1, A.M. Crane3,
H. J. Alitto1, M. Cook2, L. Sokoloff2, and M, Mishkin1,
‘Lab. of Neuropsychology, 2Lab. of Cerebral Metabolism, NIMH, Bethesda, MD 
20892; ’Visual Neuroscience Lab., Univ. of Texas, Austin, TX 78712.

The [14C]2-deoxyglucose (2-DG) method was used to identify the cerebral areas 
involved in audition in the awake rhesus monkey (Macaca mulatto). This was 
achieved by comparing glucose utilization during auditory stimulation in intact 
hemispheres with that of hemispheres deafferented from auditory input. Although 
many of the structures involved in auditory processing in the monkey have been 
identified, the full extent of the acoustically related cortical regions beyond primary 
auditory cortex and their subcortical targets have not yet been delineated. The 
experimental groups consisted of 1) monkeys with unilateral auditory 
deafferentation achieved by unilateral ablation of the inferior colliculus together 
with transection of the corpus callosum, and the anterior, posterior, and tectal 
commissures; 2) intact monkeys; and 3) intact monkeys with blockade of the 
external auditory canal. Animals in the first two groups, but not the third, were 
presented with various auditory stimuli, including monkey vocalizations, human 
voices, and other environmental sounds, during the 2-DG uptake period of 45 
minutes. Preliminary findings indicate that cortical processing of auditory 
information beyond the medial geniculate and primary auditory cortex includes the 
entire dorsal and lateral extent of the superior temporal gyrus (STG) extending 
rostrally to the temporal pole. Processing in the polar region was limited to the 
dorsal portions of areas TG and 36. Specific patterns of 2-DG uptake in the anterior 
third of the STG resemble columns or bands of activation. These results delineate 
the full extent and pattern of the STG auditory processing stream and also reveal 
points of contact with subcortical systems such as the lateral nucleus of the 
amygdala within the limbic system. (Supported by NIMH IRP).

571.19

MAPPING DISTINCT POPULATIONS OF NEURONAL NITRIC OXIDE 
SYNTHASE (nNOS) NEURONS IN THE CENTRAL AUDITORY SYSTEM. EL 
S.Webber*1, R, E, Harlan12. M. M, Garcia13. ‘Neuroscience Program and Depts. of 2 
Anatomy and3 Otolaryngology, Tulane Univ. Med. School, New Orleans, LA 70112

The enzyme nitric oxide synthase (NOS) catalyzes the release of the paracrine 
signaling molecule nitric oxide (NO) from 1-arginine. The activation of the neuronal 
isoform, nNOS, may be involved in neural plasticity, including long-term potentiation 
and long term depression. Most of the studies on nNOS in the auditory system have 
used NADPH diaphorase activity or in situ hybridization to localize nNOS in 
brainstem nuclei (e.g. Fessenden et al., 1999) without assessing nNOS in thalamic 
nuclei and cortex. NADPH diaphorase histochemistry is a technique commonly used 
to determine NOS localization, but this technique lacks isoform specificity. More 
importantly, other diaphorases exist in the brainstem, which may cause ambiguous 
results. In the present study, we used immunocytochemistry (ICC) with antibodies 
(abs) specific for endothelial NOS (eNOS) as well as nNOS to characterize these 
isoforms in the subcortical and cortical auditory system of the rat brain. Male 
Sprague-Dawley rats were anesthetized with pentobarbital (100 mg/kg) and perfused 
with PBS followed by 3% paraformaldehyde. ICC was performed on 60 um brain 
sections with standard methods, using a monoclonal ab to eNOS (Transduction Labs, 
N30020, 1:1000) and a polyclonal ab to nNOS (R & D Abs, AS-1656, 1:10,000) and 
ABC-peroxidase (Vector). The eNOS immunoreactivity (ir) was limited to the 
vascular endothelium, suggesting that the primary NOS isoform in NADPH 
diaphorase studies was nNOS. There were large numbers of nNOS-ir neurons in 
dorsal cochlear nucleus (CN), ventral CN, superior olivary complex, trapezoid 
nucleus, dorsal and external cortex of the inferior colliculus (IC), and auditory cortex. 
There were fewer nNOS ir neurons in the central nucleus of the IC and the medial 
geniculate nucleus. There were apparent gradients of nNOS ir in certain auditory 
nuclei, specifically in the CN and IC. These findings provide further support for a 
role for nNOS in sound processing at multiple levels of the central auditory system. 
Supported in part by DC03280 to MMG. and the Deafness Research Foundation.

571.20
LOCALIZATION OF NUCLEAR FACTOR-k B (NF-k B) AND Ik Boc  IN THE 
CENTRAL AUDITORY SYSTEM OF THE RAT. A.C. Mclnvale1*. R.E. Harlan u 
and M.M. Garcia1 ~3. ‘Neuroscience Program, 2Dept. of Anatomy and 3Dept. of 
Otolaryngology, Tulane University School of Medicine., New Orleans, LA 70112.

NF-k B was first isolated by its ability to bind to the k  light chain enhancer region 
in B lymphocytes (Sen and Baltimore, 1986). Since the initial discovery of the NF- 
k B complex, much research has been done on the role of these homo- and hetero-
dimeric transcription factors in the immune system. More recently, research has also 
focused on the possible functions of NF-k B in the central nervous system. NF-k B has 
been implicated in activity-dependent synaptic plasticity (Meberg et al., 1996), in 
signal transduction from synapses to the nucleus (Suzuki et al., 1997), and in CNS 
insults where apoptotic or necrotic processes might determine neuronal viability 
(Tamatani et al., 1999; Hunot et al., 1997; Yang et al., 1995; Ma and Bisby, 1998). 
However, the distribution of NF-k B and Ik Boc  in the central auditory system has not 
been extensively researched. We examined the distribution of components of the NF- 
k B signaling pathway in the central auditory system of the male rat brain with 
immunocytochemistry using antibodies to p50 (SCB, sc-114G), RelA/p65 (SCB, sc- 
372G), iKBa (Calbiochem, 400001) and phospho-IxBa (Calbiochem, 400002). p50- 
like immunoreactivity (ir) was observed in many components of the central auditory 
system, including dorsal cochlear nucleus (DCN), ventral cochlear nucleus (VCN), 
anterior VCN, subdivisions of the inferior colliculus (dorsal cortex, external cortex, 
central nucleus; DCIC, ECIC, CIC), medial geniculate nucleus, and primary auditory 
cortex (Aul). RelA/p65-like ir was also observed in neurons of the central auditory 
system, but in a more restricted distribution: DCN, VCN, DCIC, CIC, ECIC. IKBa 
and phospho-lKBa were also detected in select regions of the central auditory system, 
including DCN, DCIC, CIC, and Aul. These results suggest that NF-k B may play a 
role in synaptic signaling to the nucleus in the central auditory system, and may also 
potentially function as a regulator of neuronal survival after deafferentation insults. 
Supported by grants from the DRF and NIH/NIDCD (DC03280) to MMG.

571.21

ARE THE CONNECTIONS BETWEEN THE AUDITORY CORTICAL AREAS 
AND THE AMYGDALOID COMPLEX HIERARCHICALLY ORGANIZED?. 
R. Moreu, A.R. Bema, M.L. Pico, M. Beneyto*, and J.J. Prieto. Inst. 
Neurosciences, Univ. Miguel Hernandez, 03550-San Juan, Alicante, Spain.

In the cat, eleven auditory cortical fields have been identified by connectional 
and/or electrophysiological techniques, and grouped into primary, secondary, and 
polymodal association areas. A plausible reason for this apparent 
overrepresentation of the cochlea in the neocortex is that distinct cortical fields 
participate differently in the projections that they establish with other nervous 
structures. We have tested this hypothesis analyzing the connections between the 
auditory cortical fields and the amygdaloid complex by means of cortical 
injections of WGA-HRP.

Our main finding is that the connections between the auditory cortical areas and 
the amygdala do not follow any simple pattern that could be easily related to a 
hierarchical organization. Thus, although the primary areas usually projected 
much less than the secondary areas, and these not as heavily as the polymodal 
association areas, there were exceptions to this rule. For instance, some primary 
areas did project to the amygdala, and those from VP were even heavier than those 
from EPD or EPV, which are considered secondary areas. Among the secondary 
areas, All had reciprocal connections with the amygdala, but SF/daz did not. 
Finally, although the projections from both polymodal association areas were 
similarly strong, there were differences in the distribution and density of the 
corticoamygdaloid axons between the insular and temporal cortices.

Our results show that the aforementioned classification of the auditory cortical 
areas based upon their connections with the thalamus is too simplistic, and does 
not reveal the complexity of the role/s that each single area may play in the 
modulation of the activity of subcortical centers.

Supported by DGICYT grants PM96-0082 and PM98-0103.

571.22
CONNECTIONS BETWEEN AUDITORY CORTEX AND THE 
PARAHIPPOCAMPAL REGION IN THE CAT. J.J. Prieto1*, A.R. Bema1, R. 
Moreu1, M.L. Pico1, M. Beneyto1, and J.A. Winer2. 'Institute of Neurosciences, 
University Miguel Hernandez, 03550-San Juan de Alicante, Spain; ’Department 
of Molecular and Cell Biology, University of California, Berkeley, CA 94720- 
3200.

We used the anterograde/retrograde tracer WGA-HRP to study the connections 
and laminar distribution of neuronal somata and axon terminals between 11 
auditory cortical areas and the parahippocampal region in the cat piriform lobe. 
Our goal was to compare and contrast the patterns of connections between 
auditory and the peri- and entorhinal cortices.

All auditory areas were connected reciprocally with the parahippocampal 
cortex, and these projections are much heavier and more extensive than reported 
previously. Area 36 had the densest anterograde labeling after deposits in areas 
EPI, Te and All, and it often formed a column through all six layers. On the other 
hand, the corticofugal axons in area 35 from auditory cortex deposits were 
concentrated in the infragranular layers, especially in layer VI, and the densest 
labeling was after Te injections. The distribution of retrogradely labeled neurons 
usually coincided with that of the axon terminals; this correspondence was more 
consistent in area 36 than in area 35, where sometimes only labeled neurons were 
present. The rostrocaudal distribution of the labeling was extensive, complex, 
and areally specific. Some areas (Te, EPI, EPD, VP, and Ins) received projections 
from the entorhinal cortex, a fact not reported previously. The connections 
between the parahippocampal cortex and the auditory areas reveal areal 
specificity in limbic-auditory interactions.

Supported by DGICYT grants PM96-0082 and PM98-0103 of the Spanish 
Government and by United States Public Health Service grant R01 DC02319-20.
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571.23
AUDITORY CORTEX MORPHOMETRY IN THE CONGENITALLY DEAF 
MEASURED USING MRI. R Cismaru, VB Penhune, L Pettito, R Dorsaint-Pierre, 
D Klein* and RJ Zatorre. The Neuropsychology and Cognitive Neuroscience Unit & 
McConnell Brain Imaging Centre, Montreal Neurological Institute, McGill University

Previous investigations in this laboratory have revealed a consistent L>R 
asymmetry in the volume of Heschl’s gyrus, region of primary auditory cortex (PAC- 
r), as measured from MRI scans. This study explores possible morphological changes 
to this area in the congenitally deaf. We hypothesized that changes in input to PAC-r 
during the early stages of development might produce volume changes, and might 
affect the direction or magnitude of the typically observed asymmetry.

Ss were 12 right-handed adults, profoundly deaf from birth and native users of sign, 
and 10 right-handed, hearing adults matched for linguistic proficiency and age. MRI 
scans were acquired on a Philips Gyroscan 1.5T using a 3D, T1-weighted whole 
brain acquisition resulting in a voxel size of 1mm3. MRIs were transformed into 
standardized stereotaxic space. PAC-r was labeled by two raters (VP, RC) using 
software which allow the region to be visualized in three planes of section. Grey 
matter and white matter volumes were obtained for each hemisphere.

Preliminary results from 6 deaf and 4 hearing Ss indicate no significant reduction in 
the volume of PAC-r in the deaf Ss, suggesting that the underlying tissue may be 
functional despite the lack of auditory afferent input. In addition, both groups show 
the same overall pattern of PAC-r asymmetry. Analyses found no significant effects 
for Side, Tissue type or Group. However, 3/6 deaf and 3/4 hearing Ss showed L>R 
total volume of PAC-r and 4/6 deaf and 3/4 hearing Ss showed L>R volume of PAC-r 
white matter. These results are consistent with studies showing preserved function-
ality of primary visual cortex in the blind. Further, in a related PET study, the same 
deaf Ss showed activation of auditory regions outside of PAC-r when viewing signs. 
In this context, the present results indicate the structural integrity of PAC-r and 
suggest functional plasticity of the region in the absence of auditory input.

Supported by: MRC, McDonnell-Pew and NSERC

571.24
STREAMS FOR AUDITORY INFORMATION PROCESSING IN 
JAPANESE MONKEY CORTEX Hiroko. Kasaki^*,
Tsutomu Haishikawa2) and E.G. Jones3*. 1: Dept. Otolaryngology, 
TDMC and University of Tokyo, Tokyo, Japan, 2: Lab Neural 
Architecture, Brain Sci. Inst. RIKEN3: Ctr. Neurosci. Univ. California, 
Davis

The auditory cortex of Japanese monkeys consists of a central core 
area , defined as the primary area, surrounded by'a number of 
additional fields. Our recent research has demonstrated that these 
fields contain tonotopic maps. Corticocortical connections suggest three 
streams of information flow from the primary to the surrounding areas. 
Neurons in the central core were sharply tuned. In the surrounding 
fields, neurons in lateral areas were broadly tuned, and in other fields, 
neurons were not responsive to pure tone stimuli as primary areas, and 
required more complex stimuli. Tracer studies suggest that reciprocal 
connections join the zones of similar frequency representation in 
different areas of the auditory cortex. Hence, to investigate non-
primary areas, it is necessary to use both simple pure tone stimuli and 
more complex stimuli. The requirement for complex stimuli in medial, 
anterior and posterior surrounding areas suggests the presence of 
multimodal components of the principal auditory processing streams. 
This work was supported by the Frontier Research Program, RIKEN, 
Japan.

571.25
CONTRIBUTION OF TERMINAL AXONAL PLEXUSES ORIGINATING FROM 
HORIZONTAL COLLATERALS OF SINGLE PYRAMIDAL NEURONS TO THE 
PATCHY FORMATION BY A POPULATION OF NEURONS. H. Oj'ima'* M. 
Takayanagi and K. Kishi. 1st Dept. Anat., Toho Univ. Sch. Med.; JAPAN.

Anterograde tracer injection into a single cortical locus reveals 
multiple patches which are composed of terminal axonal arbors 
originating from many cortical pyramidal neurons located at the 
injection site. How do individual pyramidal neurons contribute to the 
formation of such multiple patches in cortex? At one extremity, 
individual neurons might project to all major patches via horizontal 
collaterals. At the other extremity, individual neurons might project 
to only some of such patches, in spite that they are localized 
geometrically in the very vicinity (i.e., injection site or, more 
generally, cortical column).

We counted the number of terminal plexuses originating from 
horizontal collaterals of single pyramidal neurons which had been 
intracellularly injected with biocytin in vivo in cat primary 
auditory cortex. Such a number was compared to the number of 
axonal patches formed by terminal arbors of a population of neurons 
labeled at injection site after single depositions of an anterograde 
tracer.

The average number of local axonal plexuses of single pyramidal 
neurons was 2.6 (n=5), while the average number of axonal patches 
formed by neuronal populations located at injection site was 4.7 
(n=3). The difference in these two average numbers excludes the 
possibility that each neuron in a small population of locally 
aggregated cortical neurons project to all of the patches formed as a 
whole by that population .

VISUAL CORTEX: STRIATE—FUNCTIONAL ARCHITECTURE AND PROJECTIONS

572.1

ANISOTROPIC SPREAD OF DEPOLARIZATION BETWEEN 
VISUAL CORTICAL AREAS PROVIDES A PHYSICAL BASIS 

FOR THE MODAL STRUCTURE OF COHERENT ACTIVITY
'D. M. Senseman* and 2K. A. Robbins 

'Division of Life Sciences* and 2Division of Computer Sciences
Cajal Neuroscience Research Center, UT San Antonio, San Antonio, TX 78249 

In turtles, visual stimulation evokes coherent patterns of activity within the primary
visual cortex (VC) and within the reciprocally connected dorsomedial cortex (DM).
The spatial organization of these patterns exhibits a modal structure reminiscent of a 
rectangular drum (J Neurosci 13, 1999). To determine the physical basis for this modal 
behavior, we compared the patterns of spatially coherent activity to contour maps of 
the initial spread of visually evoked depolarization. The structure of cortical mode M2,l 
(left) was found to mirror the pronounced slowing of the depolarization spread from 
VC into DM seen in the contour latency map (middle) when the two are superimposed. 
Thus DM appears to act as a reflective boundary for the spread of depolarization.

Supported by NIH (GI2 RR13646), NSF (ACI-9721348) and ONR (N00014-97-0029)

572.2

OPTICAL IMAGING OF TANGENTIAL CORTICAL ORGANISATION 
UNDERLYING LOCAL-GLOBAL INTERACTIONS IN VI & V2 OF CAT AND 
MACAQUE. G-B. Liu1, Y. Zhang2, H-S. Yao2 , C-Y. Li2, and J.D. Pettigrew1’, 
’Vision, Touch and Hearing Research Centre, The University of Queensland, 4072 
Australia and 2Chinese Institute of Neuroscience, Shanghai, P.R. China.

Receptive field organisation in VI and V2 falls into two classes, “local” 
(surround-inhibitory) and “global” (surround-facilitatory) (Li 1994). The clustering of 
neurons with the same local or global receptive field properties, studied 
electrophysiologically, does not follow the usual rules of radial, “columnar” 
organisation (Li & Yao, in prep). In the present investigation, we aimed to see if the 
clusters of local and global neurons could be visualised in surface layers using optical 
recording of the intrinsic signal in visual areas VI and V2 of the cat and macaque 
monkey. Anesthesia was induced with ketamine and maintained in both species with 
intravenous administration of 1% urethane, mixed with 0.7% gallamine triethiodide to 
maintain paralysis, at 2.5ml/hour. The cortex was illuminated with red light (650±15 
nm), and images of the cortex, focused 600 pm below the cortical surface, were 
captured by a computer-controlled video camera (Imager 2001 system). The eyes were 
focused on the surface of a EIZO 21” color monitor, and stimulated with drifting square 
wave gratings in different orientations and directions of motion. The gratings were 
presented in a checkerboard-like form where the size of each 4.5 cycle grating was 3 
arc deg. square and the orientations of adjacent gratings were orthogonal. In both VI 
and V2, stimulation with checkerboard gratings of differing orientation resulted in a 
patchy, orientation-specific pattern of activation, with smaller patches in VI than V2. 
Lower spatial frequency stimuli activated both areas; but when spatial frequency was 
increased, the patches increased in size in VI while decreasing in size in V2. Patches 
associated with global, surround-facilitatory processing appeared to be much smaller 
than those associated with local, surround-inhibitory processing.

Ref: Li C-Y (1994) Vision Res. 34: 2337-2355
Supported by NHMRC (Australia) & Chinese Academy of Sciences.
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572.3
PATTERNS OF HUMAN OCULAR DOMINANCE COLUMNS AS REVEALED 
BY HIGH-FIELD (4T) FUNCTIONAL MAGNETIC RESONANCE IMAGING 
(FMRI). K. Cheng,1,2* R.A, Waggoner1,2, and K, Tanaka1,2, ’Lab. for Cognitive 
Brain Mapping, RIKEN Brain Science Institute; 2CREST, Japan Science and 
Technology Corporation, Wako, Japan.

It has been recently shown that ocular dominance columns (ODCs) in human 
primary visual cortex (VI), whose widths range from 0.5 to 1 mm (Horton et al., 
1990), can be resolved using high-field fMRI (Menon et al., 1997; Menon and 
Goodyear, 1999). However, the issue regarding spatial properties of mapped ODCs 
by this technique has not been satisfactorily addressed. We have conducted a study 
focusing on the analysis of ODC patterns as revealed by high-field fMRI under 
various conditions. The experiments were performed on a Varian Unity Inova 4T 
whole body MRI system. A 3” surface coil was used for scanning VI representing the 
lower visual field with a single slice or 2-3 continuous slices (thickness=3mm) 
oriented parallel to the calcarine sulcus (CS) (human ODC stripes run roughly 
perpendicular to CS). Functional images were obtained using segmented (32 shots) 
EPI with navigator echoes (FOV=24x24cm; scan matrix=512x512; pixel 
size=0.47x0.47mm2; TR=95ms; TE=15ms; FA=40°). Visual stimuli were white/black 
checkerboard whose contrast was reversed at 8 Hz, and were delivered to the left or 
right eye, separated by dark periods, by a pair of fiber optic glasses (visual 
angle=22x30°). Images obtained during left and right periods were compared pixel- 
by-pixel by t-test, and the results were shown on binary (left and right) dominance 
maps overlapped on corresponding anatomical images. In summary, ODC-like stripes 
were observed in all slices, but were limited to certain local regions. In other regions, 
they were not resolved. The appearance (strength of dominance by one eye and 
apparent widths) of ODC-like stripes could be explained and predicted by simulations 
with parameters including shape of VI, directions and widths of ODC stripes, and 
slice orientation. Our study demonstrated that with careful experimental procedure, it 
is possible to map human ODCs using high-field fMRI, but the results should be 
interpreted and quantitated with caution. (Supported by RIKEN BSI and JST CREST)

512A
SPATIOTEMPORAL MAPPING OF HUMAN PRIMARY VISUAL CORTEX 
USING MEG. R.R,Ramires, E,Kronbgrg, U.Rjbary*, andJCktinfo CNM, Dept. 
Physiology and Neuroscience, NYU Medical Center, New York, NY, 10016.

The human primary visual cortex (VI) is organized retinotopically. This is 
known from the analysis of lesions, and from non-invasive fMRI and PET studies. 
Early MEG studies have mapped a crude retinotopy of the four visual field quadrants 
using relatively large stimuli such as gratings or checkerboards. In this study we were 
able to measure retinotopy in much more detail by using small lights (0.4’) as 
stimuli, which activate a smaller number of columns. The signal to noise ratio was 
increased by presenting stimuli during brief periods separated by periods designed for 
blinking, and also by averaging 750 epochs. Using a whole-head 148-channel 
neuromagnetometer system, magnetic activity (l-400Hz) was recorded from 100 ms 
pre-stimulus to 300 ms post-stimulus. Subjects were stimulated as described above in 
all four quadrants (along an angle of 45’, and 5’, 10’, and 15’ of eccentricity) and at 
different locations within one quadrant (1’, 2’, ..., 9’ of eccentricity) relative to a 
fixation point. The neuromagnetic response was characterized as a complex oscillatory 
wave envelope. MEF components were analyzed and source estimates for the 75 ms 
peak were computed, and overlaid on the subject’s MRI. All correlation values were 
0.98 or above, except the one of the 1’ position which was 0.93. This low value and 
the associated inter-hemispheric localization is explained by the bilateral representation 
of the central fovea. Our results indicate that the dipolar field is generated by 
synchronized neuronal activity in striate cortex, and that the retinotopy of VI 
approximates the general organization of a modified cruciform model which takes into 
account the particular folding pattern of the cuneus and the lingual gyri. A detailed 
representation of the four quadrants in VI, including a detailed localization within, one 
quadrant was obtained and confined to gray matter even without white matter/gray 
matter segmentation. Moreover, the latency of maximal VI activity varies inversely 
with eccentricity. This study provides the basis for a detailed understanding of the 
spatiotemporal dynamics of the visual system.
Support: Charles A. Dana Foundation, NINDS-NIH NS13742.

572.5

FUNCTIONAL MRI ACTIVATION IN VI OF AMBLYOPES BY CONTRAST-
REVERSING CHECKERBOARD AT VARIOUS SPATIAL AND TEMPORAL 
FREQUENCIES. K.-M. Lee1*, M. Y. Choi2, D. G. Choi3, J. M. Hwang4 and Y. S. 
Yoo2, 'Depts of Neurology and ^Ophthalmology, Seoul National University; 3Dept of 
Ophthalomology, Hallym Medical School; 4Dept of Ophthalomology, Borame Seoul 
Municipal Hospital, Seoul, Korea

Strabismus and anisometropia early in life can cause amblyopia. This study aimed 
at examining activation of the primary visual cortex of amblyopic patients in response 
to visual stimulation via normal and amblyopic eyes.

Six strabismic and eight anisometropic amblyopes were tested with informed 
consents. Patients passively viewed a contrast-reversing checkerboard via mirrors 
inside of the MR scanner. Four checker sizes (0.25, 0.5, 1, and 2 degrees of visual 
angle) and four reversal frequencies (2, 4, 8, and 16 Hz) were tested. Monocular 
stimulation was done via amblyopic eye, naked normal eye, and normal eye with a 
defocusing lens that reduced the resolution acuity to that of the amblyopic eye. T2*- 
weighted images were obtained in a 1.5T GE MR scanner with EPI capability using a 
surface coil centered on the occipital lobe. The scan parameters are gradient echo 
sequence, TR 3 sec, TE 60 msec, flip angle 90°, fifteen 4-mm-thick slices 
perpendicular to the AC-PC line, in-plane resolution 1.9 x 1.9 mm. Percent change of 
MR signal was measured at regions around bilateral calcarine sulci.

The main findings are as follows. 1) In anisometropic amblyopes, VI response to 
smaller checker sizes was significantly less via amblyopic eye than via naked normal 
eye. 2) Such reduction of VI response was about the same degree as observed with 
defocusing of normal eye to the resolution acuity of the amblyopic eye. 3) Strabismic 
amblyopes did not show difference in V1 response either to amblyopic eye or naked 
normal eye for check-sizes tested. 4) No difference in VI response was observed for 
both groups of amblyopes in reversal frequencies tested.

These findings suggest that the pathophysiological mechanisms differ for 
strabismic and anisometropic amblyopia. The abnormality appears to reside at or 
below the primary visual cortex in case of the latter.

(Supported by a grant from Seoul National University Hospital.)

572.6
VISUAL POTENTIALS EVOKED BY SMALL OSCILLATING SOURCES 
LOCATED BY fMRI: THE SAGITTAL FISSURE IS A MAJOR SHUNT
’E. N. Pugh, Jr, J. B. Demb2, B. Alterman1, C. Daniele1, L. Daniele1, H. Baseler4,
N. Engheta3 and B.Wandell4* 4Dept. of Psychology, Stanford University; Depts. 
of zNeuroscience, 3Electrical Engineering and ’Psychology, Univ. of Pennsylvania,

3815 Walnut St., Philadelphia, PA 19104 
PURPOSE: To test the “3-shell” conductivity model widely used to infer 

dipole source locations from scalp potential recordings. METHODS: Steady-state 
visual evoked potentials (VEPs) were measured in two subjects with a 29-electrode 
array concentrated on the occipital scalp. The stimuli were small, flickering (7.5 Hz) 
check patterns located on either side of the lower vertical meridian at 6.8-10 
eccentricity. The representation of these patterns in VI, localized using conventional 
fMRI mapping methods, falls on two 15 mm2 patches on the medial wall of the 

occipital lobe, on either side of the sagittal fissure. Hence, the predicted pair of dipole 
sources are oriented -180 degrees opposite. RESULTS: VEP signals were present 
exclusively at twice the modulation frequency (F2; 15 Hz). In a polar plot of F2 
amplitude and phase, each electrode's F2 response lay very near a single phase line, 
consistent with scalp potentials originating in a single compact source. Two qualitative 
features of the results strongly reject 3-shell models: First, the scalp potential 
distributions for the two sources across the sagittal fissure are nearly identical in 
amplitude and phase, whereas 3-shell models predict phases in mirror image across the 
midline; second, the electrodes showing maximum amplitude always lie at the 
projection of the sagittal fissure onto the scalp, whereas 3-shell models predict them to 
lie laterally, with a null plane near the midline. CONCLUSION: The sagittal fissure 
acts as a major shunt for electrical current flow in the medial occipital lobe, rendering
3-shell models invalid for source localization in primary visual cortex. "

Supported by NEIEY 03164 and the McKnight Foundation

572.7
WHAT LIMITS THE NUMBER OF VISUAL CORTEX MAPS? N.V, Swindale* 

Dept. of Ophthalmology, Univ. of British Columbia, Vancouver, Canada, V5Z 3N9
Optical recording experiments have shown that in cat area 17 at least three stimulus 

features, orientation, eye of origin, and spatial frequency, are represented in 
superimposed, spatially periodic maps (Hiibener et al., 1997). These maps may be 
overlaid in such as way as to ensure that all combinations of the three features are 
represented as uniformly as possible over the surface of the cortex, i.e. with uniform 
coverage. This raises the question of whether there are geometrical limits to the number 
of stimulus features (or dimensions) that can be overlaid subject to the constraints of a) 
uniform coverage and b) continuity and periodicity of the individual maps.

I have attempted to answer this question by using the Kohonen self-organising 
feature map algorithm to generate maps of simple, many-dimensional, feature spaces on 
a model 2-D cortex. The spaces studied included a retina, and either the vertices of an 
A-dimensional hypercube (i.e. binary variables corresponding to parameters like ocular 
dominance) or points on the surface of an A-dimensional hypersphere (circular 
parameters corresponding to variables like orientation or colour).

The results show that a) the gross morphological features of the stripe patterns that 
are formed do not change substantially with increasing numbers of dimensions (up to at 
least N = 12); b) in all cases there is a strong tendency for the zero crossings of pairs of 
patterns to intersect at right angles; c) intersections between pairs of zero crossings 
(equivalent to orientation singularities) tend to coincide, producing multiple crossings 
at a single point, or to repel, producing a spatially homogenous pattern of intersections; 
d) coverage uniformity degrades as N increases, although possibly not as fast as might 
have been expected. The results suggest that geometrical factors on their own do not 
limit the ability of the cortex to represent combinations of parameters in spatially 
superimposed, periodic, stripe-like maps, at least up to about 7 or 8 binary feature 
dimensions. Rather, the limits may be imposed by the numbers of neurons (or mini-
columns) available to represent each of 2V features within a given point image region. 
(Supported by NSERC of Canada).

572.8
PREDICTION OF NEURON 3D CORTICAL LOCATION BY TRIANGULATION 
OF SPIKE SIGNALS FROM SILICON ELECTRODE RECORDING ARRAYS. 
P.A. Hetherington*, T.J. Blanche, & N.V. Swindale. Dept. of Ophthalmology, Univ. 
of British Columbia, Vancouver, BC., Canada V5Z 3N9.

We previously reported the development of triangulation techniques for the 
prediction of neuron cortical location in two dimensions using silicon electrode arrays 
developed at the Univ. of Michigan CNCT (SNA: 24, 895). Here, we
describe l) a new silicon probe (polytrode) with a two-dimensional,
staggered arrangement of 16 closely-spaced (62pm) recording sites to
simultaneously record from multiple single-units, ii) a method for ' *
predicting the cortical location of each unit recorded in front of the * ,
electrode array, and iii) a fast cluster cutting algorithm for separating the 4HK--
spikes into unit clusters.

In preliminary in-vivo cortical recordings in rat visual cortex, 
predicted cell locations appeared as clusters within 60pm of the probe. *
In a series of recordings made by stepping down through cortical depths 
at 50pm intervals, predicted cell locations, relative to the electrode, . « 
moved up a corresponding distance. Individual units were identified and » 
tracked over several advancements of the probe, despite the fact that *
their spikes were recorded on different channels. Spike separation is * 
done in dimensions corresponding to cortical space. Thus, clusters 
should not overlap and the dimensionality of the cluster cutting does not 
exceed three.

We are actively pursuing methods to verify the 3D predictions, including histological 
reconstruction and confocal imaging of cortical slices stained with potentiometric dyes. 
In sum, this technique will allow real-time estimates of the cortical layer of each unit, 
and the distances between them. Online estimates give immediate feedback about the 
local circuitry environment around the electrode shaft. With sufficiently long arrays, 
entire cortical columns might be investigated, and provide a better understanding of the 
relationship between the structure and function of local cortical circuitry. - Supported 
by MRC Canada. NSERC, and NIH/NCRR P41 RR09754-04 to CNCT.

<-----------------------------------------------------------------------------------------------------------
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572.9

VALIDATION OF THE PREDICTION OF NEURON 3D CORTICAL LOCATION: 
APPLICATION TO THE STUDY OF SPATIOTEMPORAL DYNAMICS OF 
LOCAL CIRCUITRY. T.J. Blanche*, P.A. Hetherington, L. Kojic, & N.V. Swindale. 
Dept. Ophthalmology, Univ. British Columbia, Vancouver, BC., Canada V5Z 3N9.

Silicon-etched multichannel electrode arrays enable simultaneous recordings from 
many neurons while maintaining good unit isolation. The advent of a novel algorithm 
for accurately predicting neuron location in 3D cortical space (Hetherington et al. 
SNA, 1999) is a valuable tool for understanding the complex spatiotemporal 
interactions of columnar microcircuits. The potential utility of this technique requires 
independent validation using a combination of histological reconstruction and confocal 
imaging of cortical slices stained with potentiometric dyes.

We have successfully recorded multiple single units from in vitro rat visual cortex 
slices (400-600pm) using a new 16-channel probe (polytrode) developed at the Univ. 
of Michigan CNCT (SNA: 24, 895). Spikes were elicited using bicuculline, 4- 
aminopyridine (4-AP) and/or white-matter stimulation (bipolar; 200-1000pA, 50- 
200ps). Differential fluorescence images of neuronal activity were obtained on a 
confocal microscope (BioRad MRC-600) using the potentiometric dye di-8-ANEPPS 
(Molecular Probes). Validation can thus be made by co-registering the predicted 
neuronal locations with those obtained from a 3D-volume reconstruction of the 
confocal images. Assumptions inherent in the prediction algorithms can be tested and, 
if necessary, the prediction parameters will be constrained empirically.

Based on initial in vivo recordings in rat and cat visual cortex, predicted neuronal 
locations moved cohesively and predictably in the opposite direction and magnitude to 
electrode advancement. Histological cross-verification has the potential to reveal the 
size, type and connectivity of recorded neurons, thereby providing a detailed 
understanding of the relationship between the structure and function of local cortical 
circuitry. - Supported by MRC & NSERC Canada, and NIH/NCRR P41 RR09754-04 
to CNCT.

572.10
ORGANIZATION OF SPATIAL FREQUENCY SELECTIVITY IN CAT VISUAL 
CORTEX. Christopher Trepel*, Naoum P. Issa and Michael P. Stryker. W.M. Keck 
Foundation Center for Integrative Neuroscience and Department of Physiology, 
University of California, San Francisco, CA 94143-0444.

Although maps for orientation and ocular dominance have been demonstrated 
repeatedly in cat primary visual cortex, the organization of spatial frequency (SF) 
selectivity is less clear. Experiments using a variety of techniques have described the 
organization of SF as laminar, clustered, or columnar. Recent reports of imaging 
experiments undertaken to characterize the organization of SF preference in primary 
visual cortex have produced 2 opposing views that are difficult to reconcile. The first 
proposes that there are only “high-SF” and “low-SF” regions, possibly defined by 
discrete inputs from the thalamus (Shoham et al., 1997). The second posits multiple 
SF channels mapped in "pinwheels" over the extent of area 17 (Everson et al., 1998). 
We have re-examined the organization of SF preference in the visual cortex of young 
adult cats (ages 8-14 weeks) using intrinsic signal optical imaging and single and 
multi-unit recordings. Sine wave gratings spanning a wide range of spatial 
frequencies (0.1-1.8 c/deg) were presented binocularly, and orientation and spatial 
frequency maps were constructed from blank-normalized images. Our results show 
that a wide range of SFs is represented in the visual cortex, with mid- (-0.5 c/deg) 
and low-range (-0.15 c/deg) SFs predominating in V] and V2, respectively. SF 
representation in VI varied continuously from the highest to the lowest SF. Tuning 
curves constructed from single-condition maps confirmed that the SF arrangement is 
derived from combinations of domains each selective for its own SF rather than linear 
combinations of high- and low-SF domains. No SF “pinwheels” or intersections at 
which a full range of SFs meet were found. While SF maps constructed from different 
orientations were generally similar, the best SF for a particular region could vary with 
the orientation of the stimulus. Targeted single and multi-unit recordings confirmed 
the features of the SF maps noted above. These data provide further support for a 
columnar arrangement of SF preference in which each column prefers one of many 
different SFs. Supported by NIH grant R37-EY02874 (MPS) and post-doctoral 
fellowships from NSERC (CT) and NEI (NPI).

572.11
COVARIANCE OF NEURAL ACTIVITY IN CAT VISUAL CORTEX DEPENDS 
ON CORTICAL DISTANCE AND ORIENTATION DIFFERENCE. E. J. Aarnoutse* 
and K. Albus. Dept. Neurobiology. Max-Planck Institute for Biophysical Chemistry, 
D-37070 Gottingen, Germany.

Neurons in the visual cortex show large variability in spontaneous activity and in 
response to light stimuli. Noisy spike rates of adjacent neurons are known to covary, 
which limits the signal to noise ratio [1]; We tested covariance in activity of neurons 
recorded from anaesthetised and immobilised cats. Waveforms in multineuron activity 
recorded simultaneously from 3-5 microelectrodes were sorted in real time [2]; appr. 
7500 single unit pairs in area 17 were analysed. The peak evoked activity and 
spontaneous activity between stimuli as well as the distance between cell pairs and the 
difference in optimal orientation were determined.

A significant (p<0.01) covariance was found in 27% of the cell pairs in 
spontaneous activity, of all pairs 2% showed a negative covariance. Cell pairs with a 
distance < 500pm showed most covariance and cell pairs with a distance > 2000 pm 
showed least. Cell pairs with a difference in orientation > 45° (or if one cell was not 
orientation selective) showed on average less covariance than cell pairs with a smaller 
difference in orientation. Similar differences in covariance depending on distance and 
orientation were found in evoked activity. An effect of a light stimulus on covariance 
was less clear. In about 25% percentage of cell pairs the covariance changes to no 
significant covariance or vice versa, and covariance tends to decrease on average.

Since cells which are near and have the same orientational properties are more 
likely to covary it may be speculated that their firing behaviour is independent of a 
precise time code. Sources of noise are presumably a common input (cells with 
common input, determined by cross-correlation, show 2 to 3 times more covaried 
pairs) and the level of EEG synchronisation.
[1] Shadlen and Newsome (1994) Curr Opin Neurobiol. 4:569-79 [2] Gadicke and 

Albus (1997) J. Neurosci. Meth. 75:187-192. Supp. by BMBF (FKZ 0310954).

572.12
STIMULUS INDUCED CHANGE IN NEURAL CORRELATION IN THE CAT VISUAL 
CORTEX AND ITS DEPENDENCY ON EEG STATE, CORTICAL DISTANCE AND 
ORIENTATION DIFFERENCE. K. Albus*, E. J. Aarnoutse and R. Gadicke. Dept. 
Neurobiology. Max-Planck Institute for Biophysical Chemistry, 37070 Gottingen, Germany.

The strength of neural correlation in the cat visual cortex is related to the state of 
the local electroencephalogram (EEG) [1]. We now present data on the dependency of 
stimulus induced changes of neural correlation (common input type) on cortical 
distance and orientation difference at high, intermediate and low levels of EEG 
synchronisation (H-EEG, I-EEG, L-EEG respectively) in anaesthetised and 
immobilised cats. Waveforms in multineuron activity recorded simultaneously from 3- 
5 microelectrodes were sorted in real time [2]; appr. 7500 single unit pairs in area 17 
were analysed. The state of the EEG was modified by varying the dose of nitrous oxide 
and Isoflurane. Sufentanil and Rompun were used for sedation and analgesia.

During spontaneous activity and stimulation with light patterns, proportions of SUs 
with correlated firing were 9.2% and 8.8% (L-EEG), 21.9% and 15.6% (I-EEG), and 
41.2% and 32.7% (H-EEG), respectively. During L-EEG and I-EEG, the frequency of 
correlated firing was 1.5-10 times higher in adjacent SUs (cortical distance <0.5 mm; 
orientation difference <30deg) than in SUs >0.5mm distant from each other 
(orientation differences 0 - 90 deg). During H-EEG the dependency of spontaneous 
correlated firing on cortical distance and orientation difference was less clear. 
Stimulation with patterned light decreased correlated firing in SUs >0.5mm distant 
from each other and with orientation differences >30 deg; in adjacent SUs (distance 
<0.5mm;orientation difference <30 deg) a light stimulus increased (L-EEG; by 2.9%), 
decreased (I-EEG; by 5.4%) or did not change (H-EEG) correlated firing.

The main effect of a light stimulus is thus, decorrelation of SUpair firing. Stimulus 
induced increases in correlated firing occur during low levels of EEG synchronisation 
in only a small fraction of the neurones responding to the stimulus.
[1] Albus et al., (1998) Soc. Neurosci. Abstr., Vol. 24, Part 2, p.1259.[2] Gadicke, 
Albus, J. Neurosci. Meth. (1997) 75, 187-192. Supp. by BMBF (FKZ 0310954).

572.13

ORIENTATION MAPS OF AMBLYOPIC CATS AT DIFFERENT SPATIAL 
FREQUENCIES
K.E. Schmidt*, R.A.W. Galuske, and W. Singer, MPI fur Hirnforschung, 
Deutschordenstr. 46, 60528 Frankfurt/M, Germany

Early convergent squint frequently results in permanent visual deficits in one eye 
referred to as amblyopia. Electrophysiological recordings attribute the deficits to 
disturbed neuronal interactions in VI or higher cortical areas. In the present study we 
investigated with optical recording of intrinsic signals the modulation of responses in 
VI to gratings at different spatial frequencies and orientations. To this end, convergent 
squint was induced surgically in 7 kittens between postnatal day 11 and 31 and 
beyond the age of 9 weeks, steady state visual evoked potentials (VEP) were recorded 
at spatial frequencies ranging from 0.1 to 3.5cyc/deg. Subsequently, orientation 
preference maps were recorded optically at spatial frequencies between 0.1 and 
2.0cyc/deg, either with a constant drift velocity (4deg/s) or constant temporal 
frequency (2Hz). In two cats, VEPs revealed no relative amplitude (RA) differences 
between the eyes. In these cats orientation maps were equally modulated for both eyes 
over all spatial frequencies. Five cats exhibited moderate to pronounced RA reduction 
in the VEPs at all spatial frequencies for one eye. Their orientation maps were well 
modulated for both eyes at low spatial frequencies (0.4-0.7cyc/deg), the modulation 
depth being on average lower for the amblyopic eye. At higher spatial frequencies 
(0.7-2.0cyc/deg) maps disappeared completely for the amblyopic eye while 
orientation domains could still be activated through the normal eye.
These data reveal a correlation between the loss of visual acuity in amblyopia as 
assessed by VEPs and the level of neuronal activation as seen by optical recording of 
intrinsic signals. In addition, the results suggest that amblyopia is associated with 
altered intracortical processing already in V1.

572.14
OPTICAL IMAGING OF ORIENTATION AND OCULAR DOMINANCE MAPS IN 
AREA 17 OF CONVERGENTLY SQUINTING CATS. Ralf Enqelmann*, John M, 
Crook and Sieqrid Ldwel. Leibniz-lnstitut fur Neurobiologie, Brenneckestr. 6, D- 
39118 Magdeburg, Germany.

The layout and topographic relationship of functional domains in area 17 of 
divergently squinting cats has been analyzed extensively in recent years (e.g. Ldwel 
et al. EJN 10:2629/98). We have now investigated the detailed functional 
organization of area 17 in convergently squinting animals. We raised kittens with a 
surgically induced convergent squint. At the age of 3-7 months, visual acuity of both 
eyes was determined .by behavioral testing using a modified jumping stand (the 
animals had to discriminate between square wave gratings and equiluminant grey). 
Animals with comparable acuities in both eyes (presumed 'alternators’) were 
selected for further experiments. Threshold acuities of these animals ranged from
1.7-2.9 (mean 2.4) cyc/° in the normal and from 1.5-2.9 (mean 2.1) cyc/° in the 
deviating eye. After completion of the behavioral tests, the layout of area 17 was 
determined using optical imaging of intrinsic signals in 4 strabismic and 2 normally 
raised control cats. Cats were stimulated visually with moving gratings of 0.5cyc/°, 
a spatial frequency well below their behavioral threshold, at a speed of 4°/s. As 
described previously for divergently squinting cats, monocular iso-orientation 
domains had a patchy appearance and were different for the left and right eye so 
that segregated ocular dominance domains could be visualized. In addition, iso-
orientation domains exhibited a pinwheel-like organization. Pinwheel density was 
similar in strabismic (5 hemispheres) and normally raised (3 hemisph.) cats: 3.3+/- 
0.3 /mm2 and 3.4+/-0.0 /mm2 cortical surface, respectively. Comparing orientation 
with ocular dominance maps revealed that iso-orientation domains were continuous 
across the borders of ocular dominance columns. Furthermore, iso-orientation 
contours tended to intersect the borders of adjacent ocular dominance domains at 
steep angles (mainly 75° to 90°). These observations indicate a general similarity 
between the layout of area 17 in convergently and divergently squinting cats. 
Supported by DFG Grant Lo442/5-1 and the WGL
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572.15
A NEW METHOD FOR RAPID VISUALIZATION OF OCULAR 
DOMINANCE COLUMNS IN MACAQUE STRIATE CORTEX. D.R.
Hocking*, D.L. Adams and J.C. Horton. Beckman Vision Center, Depts. of 
Ophthalmology and Physiology, CCSF, San Francisco, CA 94143-0730.

Experimental strabismus induces a subtle pattern of alternating light and dark 
cytochrome oxidase (CO) columns in macaque striate cortex (Horton & Hocking, Soc 
Neurosci 105.5, 1998). Previously, we have labelled the ocular dominance columns 
using an immunohistochemical stain for the transcription factor Zif268 to assign the 
CO columns to the correct eye. Here, we report a simple, consistent method for 
labelling the ocular dominance columns that can replace Zif268 or [3H]proline 
autoradiography. We used 8 adult strabismic macaques (5 reported last year, plus 3 
new’ animals) and 1 normal adult macaque. Seven of the strabismic animals were 
dark-adapted overnight. The fixating eye was then enucleated in the dark using 
infrared night-vision goggles. Each animal recovered from anesthesia and received 5 
hours of natural stimulation in the remaining eye before perfusion. Striate cortex 
from each hemisphere was flatmounted, tangentially sectioned and stained for CO. In 
hghtfield, faint CO patterns caused by strabismus were visible. Under darkfield 
illumination these patterns vanished. They were replaced by a robust pattern of light 
and dark columns which resembled ocular dominance columns. In every animal, the 
dark columns corresponded to the ocular dominance columns serving the enucleated 
eye. This was determined by 1) examining the optic disc and monocular crescent 
regions and 2) by correlation with [3H]proline autoradiography in one animal. To 
establish whether ocular dominance columns appear in darkfield because of 
strabismus or acute monocular enucleation, we performed 2 control experiments. In 
the first control, we examined a strabismic animal without acute monocular 
enucleation. No columns were seen in darkfield. In the second control, we performed 
acute monocular enucleation in a normal monkey. No CO pattern was seen in 
lightfield, but vivid columns emerged in darkfield. We conclude that acute, brief 
monocular enucleation reveals ocular dominance columns in sections under darkfield 
illumination, without affecting CO patterns induced by strabismus which are visible in 
lightfield microscopy. Supported by NEI.

572.16
FUNCTIONAL ARCHITECTURE OF THE CAT PRIMARY 
VISUAL CORTEX: THE ROLE OF THE DESCENDING 
PATHWAY FROM AREA 18 C.A. Sailstad1, L.Sirovich1, B. Knight*2,
E. Kaplan1.'Mt. Sinai School of Medicine, NY, NY, 10029. laboratory of 
Biophysics, Rockefeller University, NY, NY, 10021.

Reciprocal connections between cortical visual areas are ubiquitous, 
but the contribution of the descending pathway to the functional 
architecture of the cortex is unknown. Here we investigated the effect of 
the inactivation of area 18 (V2) on the functional architecture of the striate 
cortex (area 17, or VI) in cat.

We exposed areas 17 and 18 of the cortex of anaesthetized and 
paralyzed cats. The animals viewed drifting sinewave gratings at several 
orientations, while a CCD camera recorded the intrinsic optical signal from 
area 17. A cooling plate was placed over Area 18, and activity maps, 
showing the response to various gratings orientations, were obtained from 
the optical signal using extensions of Principal Components Analysis 
(Everson et al., Biol. Cyber., 1997) under both normal conditions and while 
area 18 was inactivated by cooling.

Our results suggest that the inactivation of area 18 has a significant 
effect on the activity maps of area 17. It reduced both the amplitude of the 
optical signal and the orientation tuning of the active neuronal clusters in 
the striate cortex.
Support: EY11276. MH50166, EY 01867, MH 11735 and RPB.

STLVJ
THE MORPHOLOGY AND DISTRIBUTION OF INTRACELLULARLY LABELED 
CORTICOGENICULATE PROJECTION CELLS IN BUSH BABY. J. Ichida'* and V. 
Casagrande123. Depts. of 'Psychology, 2Cell Biology and ’Ophthalmology & Visual 
Sciences, Vanderbilt University, Nashville, TN 37232.

The corticogeniculate pathway from striate cortex to the lateral geniculate nucleus (LGN) 
is substantial, often accounting for twice the number of synapses in the LGN as retinal 
input. The function of this pathway, however, remains unclear. The goal of the present 
research was to examine the dendritic morphology and distribution of corticogeniculate 
projection cells identified by retrograde transport of dextran-FITC following iontophoretic 
injections into specific LGN layers in 3 bush babies (Ottolemur garnetti). Labeled cells 
were visualized in lightly fixed slices of striate cortex and individual retrogradely labeled 
cells were intracellularly injected with biotinylated Lucifer yellow in order to visualize 
details of their dendritic distribution. Sections were then reacted immunocytochemically 
for biotin and visualized with DAB. Injections into the magnocellular (M) LGN layers also 
involving the most ventral koniocellular layer (Kl) resulted in labeled cells in the middle 
and lower divisions of layer VI in striate cortex. Injections in the parvocellular layers 
resulted in labeled cells in the upper division of layer VI. Intracellularly labeled cells 
displayed many basal dendrites within layer VI and a short apical dendrite. The apical 
dendrite extended only as far as the layer IV/V border and had a few branches in layer V. 
Within layer VI the basal dendrites branched extensively and relatively symmetrically 
around the base of the cell. These dendrites remained confined to less than half the width 
of layer VI. The average spread of the basal dendrites extended 220pm measured parallel 
to the layers; no branches extended farther than 120pm from the cell body. Except for 
laminar position no differences were found between the morphologies of cells projecting 
to different LGN layers. Since the upper and lower subdivisions of layer VI in bush baby 
receive separate collaterals from P and M LGN cells, respectively (Florence & Casagrande, 
1987) the present findings suggest that corticogeniculate projection cells in this primate are 
in a position to receive localized input within layer VI that is parallel pathway specific. 
Supported by EY01778 (VAC), and core grants EY08126 and HD 15052.

572.18
RELATIVE CONTRIBUTION OF CORTICAL PROJECTIONS TO AREAS VI 
AND V4. H. Kennedy * and P. Barone. INSERM U371, 69675 Bron, France.

The visual cortex of the monkey is composed of a large number of densely 
interconnected areas which are hierarchically organized in functionally segregated 
streams. The physiology of these areas could be partly dictated by differences in their 
areal inputs. We have investigated the contribution of individual areas to the input of 
areas VI and V4. Large injections of retrograde tracers were made in areas V1 and V4 
and a quantitative analysis using an exhaustive sampling at regular interval across 
areas was performed. This allowed us to determine the proportion of retrogradely 
labeled neurons in each of the 10 visual areas projecting to the cortical area injected.

Area VI is located at the lowest level of the visual hierarchy and therefore only 
receives feedback cortical projections. Area VI receives a large majority (80%) of its 
cortical inputs from the adjacent areas V2 and V3. The remaining afferents originate 
in equal proportions from the dorsal and ventral streams.

Area V4 is located at an intermediate level of the visual hierarchy. Feedforward and 
feedback projections show equal strength of input to area V4. 66% of the feedback to 
area V4 originates from the ventral stream.

Proximity is not the unique parameter governing connectivity and for both VI and 
V4 we found only a weak relationship between the cortical distance between 
interconnected areas and the strength of inputs (p<0.05).

Counts of labeled neurons were performed within the injected cortical area to 
determine the relative importance of the intrinsic connectivity. This showed that 
intrinsic connections accounted for a large fraction of the total: in both areas VI and 
V4 60% of all retrograded labeled neurons are located within the same cortical area. 
Supported by Biomed (BMH4 CT961604)

572.19
HIERARCHY AND THE LAMINAR ORGANIZATION OF PROJECTION 
NEURONS IN VISUAL CORTEX. P, Barone* and H. Kennedy. INSERM U371, 
69675 Bron, France.

Injections of retrograde tracers were made in areas VI and V4 and quantitative 
analysis was performed on the laminar distribution of retrogradely labeled neurons. 
Each individual projection is characterized by a specific proportion of projecting 
neurons located in supragranular layers. Following injection in area VI this 
proportion goes from 47% in V2, 22% in V3, and 5% in V5. Similarly following 
injections in V4 labeled supragranular neurons constituted 100% in VI, 93% in V2 
and 60% in V3.

We investigated the relationship between the laminar organization of cortical 
connections and models of hierarchy of the visual cortical areas. This showed a 
strong correlation between the laminar proportion of projecting neurons and the 
number of hierarchical levels separating interconnected areas (p<0.01). In feedback 
connections, increasing the hierarchical distance increases the proportion of 
projecting neurons originating from the infragranular layers. In feedfbreward 
connections, increasing the hierarchical distance increases the proportion of neurons 
originating from the supragranular layers. Layer 5 and to some extent layer 2 provide 
equal strength of input regardless of hierarchical distance and direction of flow. This 
contrasts with layers 3 and 6 which have remarkably tight correlation with both 
distance and direction of flow: layer 3 is involved predominantly in feedforeward and 
layer 6 in feedback connections.

These results show that the laminar distribution of projection neurons accurately 
specifies the relative hierarchical position of individual area. As pyramidal neurons in 
upper and lower layers have different functional and morphological features, these 
different properties could play a significant role in shaping the physiology of 
feedback and feedforward pathways. Supported by Biomed (BMH4 CT961604)

572.20
ANATOMICAL CLASSIFICATION OF NEURONS IN MOUSE PRIMARY 
VISUAL CORTEX. A. Tsiola*, Z.A, Peterlin, K, Holthoff, B.-Q. Mao and R. 
Yuste. Dept. of Biological Sciences, Columbia University, New York, NY 10027.

To better understand the microcircuitry of the primary visual cortex of the mouse 
we have begun to classify neurons based on their anatomical characteristics.

Coronal slices were prepared from male and female C57BL/6 mice of ages ranging 
from PND 10-63. The binocular (V1B) and monocular (VIM) regions of primary 
visual cortex were identified by a prominent layer 4 observed under phase 
microscopy, Nissl and cytochrome oxidase staining. Single neurons were filled with 
biocytin using whole-cell recording in acute slices. Following fixation, cells were 
reacted with the ABC kit and reconstructed with camera lucida. Cortical layers were 
also determined by Nuclear Yellow counterstaining. To overcome the bias that might 
have been introduced by whole-cell recordings and to better sample all types of 
neurons we also used Golgi impregnations.

The criteria for the classification of neuronal cell types are the laminar position and 
morphology of the soma, and the shape, size and distribution of the dendritic and 
axonic arbor. The number of classes described here is an underestimate, based on 
reconstruction of fifty neurons. In layer 1 we can distinguish both Cajal-Retzius cells 
and a non-horizontal type of neuron. In layers 2/3 we observe the greatest variety of 
anatomical cell types with three classes of pyramidal neurons and four classes of non- 
pyramidal neurons. In layer 4 we distinguish smooth and spiny stellate cells, and one 
class of pyramidal neurons. In layer 5 we find two types of pyramidal neurons, 
differentiated by their apical dendrites, and two classes of nonpyramidal neurons. 
Finally in layer 6, we find two classes of pyramidal neurons and two classes of 
nonpyramidal neurons.

This data suggest a large variety of morphological classes of neurons that may each 
implement particular circuit functions. Electrophysiological and imaging experiments 
are being used to test this hypothesis.
(Supported by the NEI, HFSP and the EJLB Foundation.)
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573.1
CAFFEINE-MEDIATED RELEASE OF CALCIUM IONS FROM 
INTRACELLULAR STORES IN THALAMOCORTICAL CELLS. L 
Budde1*, F. Sieg1, K.-H. Braunewell2, E. Gundelfinger2 and H.-C. Pape*. ’O.-
v.-G. Univ., Inst, of Physiol., D-39120 Magdeburg, Germany; 2Dept. of
Neurochem. and Molecular Biol., P.O. Box 1860, D-39008 Magdeburg. 

Although Ca2+ mechanisms are known to be involved in the generation of
rhythmic activity in thalamocortical (TC) cells and Ca2+ channels of TC cells 
are well characterized only very little is known about intracellular Ca2+ release 
channels in these neurons. Therefore whole cell patch-clamp, Ca2+ imaging, 
RT-PCR, and immunological techniques were combined to characterize the 
properties and molecular basis of Ca?+ release from intracellular stores in TC 
cells from the visual thalamus. Application of Caffeine (Caf, 10 mM) to 
acutely isolated rat TC cells caused Ca2+ transients that persisted in Ca2+-free 
external solutions. Responses to Caf could be blocked by ryanodine (Ry, 10- 
20pM), thapsigargin (1 pM), and Ruthenium Red (75 pM). When Caf was 
applied at higher resting [Ca2+]j the resulting Ca2+ transients were greatly 
increased. During continuos presence of Caf, Ca2+ transients induced by Ca2+ 
currents were significantly prolonged compared to control conditions. This 
effect could be blocked by application of Ry, indicating that it was mediated 
by Ca2+ induced Ca2+ release (CICR). Addition of cyclic ADP ribose (cADPR, 
100 nM) to the pipette solution resulted in a significant prolongation of 
depolarization-induced Ca2+ transients, an effect which could be blocked by 
Ry. RT-PCR, Western blot analysis, and immnocytochemical stainings 
revealed the expression of Ry receptor (RyR) type 2 and 3. To test the 
functional significance of CICR, TC cells were recorded in brain slices. 
Application of Ry under current clamp conditions led to a change in the tonic 
discharge pattern and a decresase in amplitude of the corresponding Ca2+- 
transients. This work was supported by DFG.

573.2
PASSIVE PROPERTIES & SIGNAL SYNERGY IN THALAMIC 
CELLS. A. M. Briska1, D. J. Uhlrich2* and W. W. Lytton1 Depts. of Neurology1 
and Anatomy2, Middleton VA Hospital1, U. Wisconsin, Madison, WI,53706.

Thalamic network physiology depends strongly on thalamic dendritic conduction 
properties due to the presence of dendrodendritic synapses in this area. In light 
of the higher input resistances (R»n) found with whole-cell patch, we have used 
computer simulation to re-examine the passive properties of thalamocortical relay 
cells (TCs), thalamic intemeurons (TIs), and thalamic reticular nucleus cells (REs). 
TCs were the most electrically compact based on steady-state measurements, show-
ing transmission of 93% of signal from soma to dendrite, with TIs showing 53% and 
REs 76%. We simulated 10 mV excitatory postsynaptic potentials (EPSPs) and 
70 mV action potentials (APs) with half-sine wave voltage clamps. EPSPs showed 
poor transmission (< lmV) from dendrite to soma in all cell types. Antidromic 
AP transmission was 30mV in TC dendrites, lOmV in REs and less than lmV in 
TIs. We varied membrane resistance (Rm) to assess the contrast between the sleep 
(high Rm) to wake (low Rm) states. The Rm decrease associated with a 5-fold 
decreased R,„ had little effect on transmission of these brief signals, due to the 
corresponding decrease in the charging time for the cells. However, Rm effects were 
more pronounced when looking at transmission of bursts. With high Rm, TCs and 
REs could orthodromically/antidromically integrate as many as 7/2 signals at 200 
Hz, saturating at a transmission of 2.5/33mV. REs were similar while TIs showed 
25/17 signal integration saturating at 1/9 mV. A 5-fold reduction in Rtn was asso-
ciated with a >3-fold reduction in both number of signals integrated and maximum 
signal transmitted in all cell types. These results suggest the burst firing patterns 
and high Rm characteristic of the sleep state could act synergistically: bursts are 
propagated particularly well with high Rm. [Supported by NINDS and NEI.]

5133

PAIRED PULSE FACILITATION OF EPSCS IN CORTICOGENICULATE 
SYNAPSES IN THE DORSAL LATERAL GENICULATE NUCLEUS.
B. Granseth*, E. Ahlstrand and S, Lindstrom. Dept. of Biomedicine and Surgery, 
Faculty of Health Sciences; SE-581 85 Linkoping, Sweden.

The dorsal lateral geniculate nucleus (dLGN) receives excitatory input from the 
retina and the primary visual cortex. To investigate these inputs we prepared 
250-300 pm thick slices of the dLGN of 20 to 34 days old Sprague Dawley and 
DA-HAN rats. We recorded the excitatory post synaptic currents (EPSCs) of the 
dLGN nerve cells in the whole cell mode of the patch clamp technique. Five 
stimulation pulses at 25 Hz to the retinal fibers in the optic tract evoked EPSCs that 
decreased in amplitude for each subsequent stimulus. This pattern greatly contrasted 
the response of the same cells upon repetitive stimulation to the corticogeniculate 
fibers in the optic radiation. Stimulation to these fibers at 25 Hz elicited increasing 
EPSC amplitudes. Double pulses of minimal stimulation intensity were used to 
further explore the potentiation of the corticogeniculate EPSCs. From the amplitude 
histograms quantization was apparent with a quantal size of about 5 pA. The 
corticogeniculate EPSCs showed marked paired pulse facilitation with stimulus 
separation of 40 ms. The EPSCs evoked by the second stimulus were more frequent 
and contained larger number of quanta than the EPSCs from the first stimulus. 
Quantal size was equal for both stimulations in the double pulse as judged by their 
individual amplitude histograms. From these findings it is concluded that the 
frequency potentiation of corticogeniculate EPSCs is of presynaptic origin.
Supported by the Swedish Medical Research Council and the Swedish Foundation for Strategic Research.

573.4
THE STIMULATION OF CORTICAL INPUT EVOKES A SLOW EPSP 
MEDIATED BY THE METABOTROPIC GLUTAMATE RECEPTOR mGlul 
IN RAT THALAMOCORTICAL NEURONES IN VITRO. J.P. Turner* and
T.E. Salt. Institute of Ophthalmology, UCL, London, EC IV 9EL. U K.

Previous studies have shown that the activation of metabotropic glutamate (mGlu) 
receptors results in the depolarization of thalamocortical (TC) neurone membrane 
potential (McCormick & von Krosigk, 1992; Cox et al., 1998). Although, this effect 
is probably mediated via the group I mGlu receptors, mGluland/or mGlu5, the 
specific involvement of each of these mGlu receptors has not been demonstrated. 
This study describes the influence of a number of group I mGlu receptor antagonists 
on both the responses to mGlu receptor agonists and to the stimulation of 
corticothalamic fibres in the rat dorsal lateral geniculate nucleus (dLGN).
Sagittal slices of rat dLGN were maintained in vitro in the presence of (pM): 

bicuculline (30), CGP35348 (500) or CGP55845A (3), CPP (10), MK-801 (3), 
CNQX (20) and GYKI52466 (100); and intracellular recordings made from TC 
neurones. Bath application of the non-specific mGlu receptor agonist 1S,3A-ACPD, 
or the specific group I mGlu receptor agonist 3,5-DHPG (both 100-200pM) caused 
membrane potential depolarization (5-13inV). Stimulation of corticothalamic fibres 
with trains of between 5 to 50 stimuli at 50Hz generated slow depolarizations (1- 
6mV) as described previously (Turner & Salt, 1998). The responses to the mGlu 
receptor agonists and the early part of the slow depolarizations evoked by the 
cortical input could be depressed either by the equipotent mGlul and mGlu5 
receptor antagonist LY367366 (lOOpM) or the selective mGlul receptor antagonists 
CPCCOEt (300pM) or LY367385 (300pM). However, the selective mGlu5 receptor 
antagonist MPEP (30pM) had no effect on these responses. It is concluded that the 
activation of postsynaptic mGlul receptors underlies a slow corticothalamic EPSP. 
consistent with the location of this receptor on the distal dendrites of TC neurones 
(Godwin et al., 1996, Vidnyanszky et al., 1996). Supported by the Wellcome Trust

573.5

POSTNATAL DEVELOPMENT OF INTRINSIC BURSTING AND 
MORPHOLOGY OF INTERNEURONS IN THE RAT DORSAL 
LATERAL GENICULATE NUCLEUS.
J. Julius Zhu1, Bert Sakmann1 and Paul Heggelund1,2*, 'Abteilung 

Zellphysiologie, Max-Planck-Institut fur medizinische Forschung, Jahnstr. 29, 
Heidelberg D-69120, Germany and department of Physiology, University of 
Oslo, POB 1103, N-0317 Oslo, Norway.

Although intrinsic intemeurons in the thalamus play an important role in 
thalamic sensory relay and oscillatory functions, the development of thalamic 
interneurons is poorly understood. Using the whole-cell recording technique, we 
investigated the physiological and morphological properties of intemeurons in 
dorsal lateral geniculate nucleus (LGN) slices of the rat at postnatal ages day 7 
(P7), P14, P21, P28 and P35. Biocytin was included in the intracellular solution 
to recover cell morphology.

Physiologically, the most pronounced change was related to calcium-dependent 
burst firing. Burst firing was not observed in P7 neurons, although regular 
sodium action potentials could be elicited. Burst firing appeared in some Pl4 
neurons and became more prevalent in P21 neurons. After P28, burst firing could 
be induced in all interneurons. The dendrites and axons also matured during the 
first 4 weeks. P7 neurons had long, simple dendrites with a few multi-lobed 
swellings, putatively related to glomerular structures, and a local axon with a few 
branches in the LGN. The number of dendritic swellings and axonal branches 
increased dramatically in adult interneurons, forming complex dendritic and axonal 
branching patterns in the LGN.

Our results suggest that the properties of intemeurons develop gradually over 
the first postnatal month such that adult geniculate intemeurons may perform more 
complex patterns of inhibitions.

Supported by the Max-Planck Gesellschaft and Alexander von Humboldt 
Stiftung.

573.6
MODULATORY NEUROTRANSMITTERS CAN CONTROL THE SYNAPTIC 
STRENGTH OF CORTICAL AFFERENTS INTO THALAMIC CIRCUITS BY 
ACTING ON PRESYNAPTIC TERMINALS. U. Kim* and P.A. McCormick 
Section of Neurobiology, Yale Univ. Med. Sch. New Haven, CT 06510

The thalamus is innervated by modulatory neurotransmitter systems. The 
postsynaptic action of these transmitters in the thalamus has been well documented to 
modulate a number of membrane conductances, eventually setting the mode of action 
potential generation either in burst or tonic in response to phasic excitation of the 
prethalamic sensory or feedback cortical inputs. In the present study utilizing slices 
of ferret dorsal lateral geniculate nucleus (LGNd), we report that modulatory 
neurotransmitters are also capable of acting on presynaptic terminals of cortical 
inputs and modulating the synaptic strength or this pathway.

The application of acetylcholine (ACh) or adenosine near GABAergic 
perigeniculate nucleus (PGN) cells greatly suppressed EPSPs or EPSCs resulting 
from the electrical stimulation of corticothalamic fibers. Despite the known 
postsynaptic action of ACh mediating the hyperpolarization of PGN cells, this effect 
appears to occur through presynaptic inhibition for the following reasons. The PGN 
cells were hyperpolarized beforehand to -80 mV by d.c. to reduce the postsynaptic 
effect of ACh. At this membrane potential, ACh did not cause any apparent change in 
the membrane potential. ACh neither had an effect on responses to exogenously 
applied glutamate onto PGN cells at -80 mV. On the other hand, adenosine without 
much noticeable postsynaptic effect also resulted in marked reduction of 
corticothalamic activation of PGN cells. In contrast, neither ACh nor adenosine had 
presynaptic effect on corticothalamic activation of LGNd cells. This may indicate a 
differential distribution of receptors between corticothalamic terminals synapsing on 
PGN and LGNd cells, even though these terminals arise presumably from the same 
corticothalamic neurons. ACh showed no presynaptic effect on retinothalamic inputs.

A slightly different pattern of presynaptic modulation was observed with L-AP4, 
the group III metabotropic glutamate receptor agonist. This agonist nonselectively 
suppressed corticothalamic inputs into thalamic circuits regardless of whether 
synapsing on PGN or LGNd cells, while showing no effect on retinothalamic 
terminals. Altogether, our results indicate that modulatory neurotransmitters by 
virtue of presynaptic actions can shift the relative weights of synaptic connections 
and thus can change the input selection and output tuning of thalamic circuit 
operation.
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573.7

TWO TYPES OF INTERNEURONS IN THE CAT VISUAL THALAMUS 
W, B. Carden* and M. E. Bickford Anatomical Sciences and Neurobiology, Univ. of 
Louisville, School of Medicine, Louisville, KY 40292

It is well established that thalamic class HI cells are GABAergic intemeurons 
which participate in glomeruli (Hamos et al.,Nature, 1985) and that class I, II, and IV 
cells are thalamocortical cells. Little is known concerning the connections of class V 
cells, but it has been suggested that they form dendrodendritic contacts (Famiglietti, 
Brain Res., 1970; Updyke, JCN, 1979). We examined the distribution of the neuronal 
form of nitric oxide synthesizing enzyme (BNOS) in the cat thalamus using 
immunocytochemical techniques and observed a population of BNOS-stained cells 
that displayed a distinctive dendritic morphology. The morphology of these cells is 
consistent with previous descriptions of class V neurons; they have widespread but 
fairly sparse arbors of thin, somewhat beaded dendrites. BNOS-stained cells were 
consistently found in the C laminae of the lateral geniculate nucleus (LGN), the 
pulvinar nucleus, and the lateral posterior nucleus. In the A laminae of the LGN, 
variable numbers of BNOS-stained cells could also be detected. BNOS-stained cells 
were identified as a subset of intemeurons because they all stained for glutamic acid 
decarboxylase (GAD), but not all GAD-stained cells contained BNOS. As a 
population, the soma areas of BNOS-stained cells are slightly larger than the overall 
population of GAD-stained cells. BNOS-stained cells participate in a distinct synaptic 
circuitry. While many GAD-stained profiles are filled with vesicles and participate in 
complex synaptic arrangements known as glomeruli, BNOS-stained dendrites contain 
small clusters of vesicles and form dendrodendritic contacts in the extraglomerular 
neuropil. Thus, there appear to be at least two types of GABAergic intemeurons in the 
visual thalamus of the cat. Intemeurons that do not contain BNOS (class III 
morphology) may exert their effects primarily within synaptic glomeruli, while 
intemeurons which contain BNOS (class V morphology) contribute primarily to the 
extraglomerular neuropil. Supported by NINDS 1R29NS35377 and NSF 9728089.

573.8
THALAMIC RETICULAR NUCLEUS SYNAPTIC TARGETS IN THE CAT 
LATERAL POSTERIOR NUCLEUS. S. Wang? A. Erisir.2 S.M. Sherman3* and M. E. 
Bickford1 ‘Dept. of Anatomical Sciences and Neurobiology, University of Louisville, 
40292, Center for Neural Science, New York University, 10003,3Dept. of Neurobiology, 
SUNY, Stony Brook, 11794-5230

The thalamic reticular nucleus (TRN) provides GABAergic innervation to the 
dorsal thalamus. In relay nuclei, such as the lateral geniculate nucleus (dLGN), the TRN 
suppresses activity through contacts on the dendrites and somata of thalamocortical cells. 
The function of the TRN projection to association nuclei, such as the pulvinar and lateral 
posterior (LP) nuclei is assumed to be similar, but TRN synapses in these nuclei have not 
been examined. To study this in the LP nucleus, small injections (500 pm diameter) of 
biocytin were placed in the visual TRN overlying the perigeniculate nucleus and dLGN. 
These injections resulted in columns of overlapping anterogradely labeled fibers and 
retrogradely labeled cells in the dLGN and the lateral subdivision of the LP nucleus, 
suggesting that this part of TRN is reciprocally related with both visual thalamic relay 
nuclei. At the ultrastructural level, TRN terminals were distinguished from 
corticothalamic terminals by using postembedding immunocytochemical localization of 
GABA. The majority of biocytin-labeled, GABA-positive terminals contacted 
extraglomerular GABA-negative dendrites (case 1, 57 of 60; case 2, 52 of 52). The 
majority of terminals adjacent to TRN dendritic contacts were small GABA-negative 
terminals that contained round vesicles (RS profiles, presumably of cortical origin). The 
majority of biocytin-negative, GABA-positive terminals in the surrounding neuropil also 
contacted extraglomerular GABA-negative dendrites (case 1,57 of 60; case 2,60 of 60) 
that were also postsynaptic to RS profiles. Our results indicate that in the lateral LP 
nucleus there is little or no input from the TRN to GABAergic intemeurons Thus, our 
results suggest that the TRN regulates the activity of the dorsal thalamus by suppressing 
the activity of thalamocortical cells in both relay and association nuclei. (Supported by 
NIH grant NS35377 and NSF grant 9728089 to MEB and NIH grant EY 03038 to SMS).

573.9
SYNAPTIC TARGETS OF SUPERIOR COLLICULUS TERMINALS IN THE CAT LATERAL 
posterior  nucleus  L. R. Kelly, and .M. E. Bickford* Anatomical Sciences and 
Neurobiology, Univ. of Louisville, School of Medicine, Louisville, KY 40292

The function of the projection from the retinorecipient layers of the superior 
colliculus (SC) to the lateral posterior (LP) nucleus is unknown. The tecto-LP projection 
may serve as a secondary visual pathway that transfers visual signals from the SC, 
through the thalamus, to cortex. Alternatively, cortical inputs may define the response 
properties of LP neurons, which are modulated by inputs from the SC. To begin to 
examine the possible role of the tecto-LP pathway, we characterized the synaptic 
arrangements of tecto-LP terminals. A previous study (Hustler and Chalupa, JCN 1991), 
demonstrated that the projection from the superficial SC to the medial LP nucleus contains 
the neuromodulator substance P (SP). Therefore, we used immunocytochemical staining 
for SP to identify tecto-LP terminals. A monoclonal SP antibody stained a dense 
population of terminals in the medial LP nucleus. Electron microscopic examination 
revealed that the majority of tecto-LP terminals contained densely packed round vesicles 
and contacted dendrites. The size of tecto-LP terminals varied widely (0.1 to 4.23 pm2; 
median 0.66 pm2); using previous terminal nomenclature, tecto-LP terminals could be 
classified as RS or RL profiles (Round vesicles, Small or Large profile). In sections 
stained for GABA using postembedding immunocytochemistry, most postsynaptic 
dendrites were GABA-negative (119/128 or 93%), and thus can be identified as 
thalamocortical cell dendrites. The synaptic arrangements of tecto-LP terminals could 
rarely be classified as glomerular (24/128 or 19%). However, glomeruli were observed 
seldomly in the surrounding neuropil. Our observations suggest that the synaptic 
arrangements of the medial LP nucleus are distinct from other visual thalamic nuclei, and 
that the SC constitutes a major component of the medial LP neuropil. The synaptic 
organization of the medial LP nucleus suggests that a unique integration of tectal and 
cortical inputs may contribute to the response properties of medial LP neurons. Supported 
by NIH NS35377 and NSF 9728089.

573.10

RESPONSE AUGMENTATION IN dLGN CELLS BY HIGH CONTRAST 
STIMULATION; MECHANISMS AND ORIGINS.
C. Rivadulla, 'K.L.Grieve & Cudeiro* J. E. U. Fisioterapia, University of A Coruna, 
Campus de Oza, 15006, A Corufia, SPAIN; 'Dept. of Optometry and Neuroscience, 
UMIST, PO Box 88 Manchester UK.

We have previously shown that a period of pharmacologically elevated activity in 
dLGN cells can induce a short term enhancement of subsequent visual responses to a test 
grating stimulus (Rivadulla, Grieve and Cudeiro, NeuroReport 9 653-657,1998). Here 
we report the effect of elevated firing resulting from visual stimulation.

Experiments were carried out in anaesthetised and paralysed cats and one monkey. 
The paradigm involved measuring the response of individual dLGN cells to a drifting 
sinusoidal grating test stimulus (spatial & temporal frequency optimised for each cell, 
contrast 0.2-0.6, mean luminance 13 cd/m2). After lmin stimulation with a similar 
grating of elevated contrast (contrast 0.8-0.9), the test stimulus was repeated.

In cat, visual responses in 24/35 of cells were elevated for a period of several 
minutes following stimulation with the high contrast grating. Responses were increased 
by 38% at lmin, 60% at 3mins, 51% at 6mins and 11% at 12mins. The effect was lost 
following removal of the primary visual cortex. Response elevation was also seen with 
test and high contrast stimuli of orthogonal orientation: the effect results from a 
corticofugally induced alteration in LGN cell responsiveness regardless of the nature of 
the driving.

In monkey a similar effect was seen in 11/30 cells (9/25 parvo and 2/5 magno- 
cellular). In both species, this elevation is reproducible and additive, such that a second 
or third period of high contrast stimulation further increased response magnitudes.

We suggest that this effect reflects a general mechanism for control of visual 
responsiveness at the thalamic level; both a flexible and dynamic means of changing 
effectiveness of thalamic activity as visual input changes, but also a mechanism which 
is an emergent property of the thalamo-cortico-thalamic loop.
Supported by XUGA 13401B96 and FISS 97/0402

573.11

FIRING PROPERTIES OF MONKEY THALAMIC RELAY NEURONS. 
E.J.Ramcharan*, C.L, Cox, X.J.Zhan, J.W, Gnadt, and S.M. Sherman, Dept.
Neurobiology, SUNY, Stony Brook, NY 11794-5230.

Thalamic relay cells of rodents and carnivores show two distinct response modes,
tonic and burst. The cellular basis of these modes rests on a voltage-dependent, 
T-type Ca2+ current (IT). I , is inactive at depolarized membrane potentials, and it can 
be activated by depolarization when its inactivation is first removed at more 
hyperpolarized membrane potential levels. Activation of IT leads to a large, spike-
like depolarization, the low threshold spike (LTS), which in turn usually activates 
a cluster of high-frequency action potentials; this is burst firing. Burst firing has not 
yet been demonstrated in monkeys. Given the importance of these response modes 
to thalamic relay functioning plus the increasing use of behaving monkeys to study 
sensory physiology, we thought it important to verify this property of thalamic relay 
cells to monkeys. We accordingly have used an in vitro slice preparation of monkey 
thalamus to investigate the firing properties of these neurons. Intracellular current 
clamp recordings were obtained from various dorsal thalamic nuclei, including LGN 
and VB. As is the case for other mammalian species studied, in monkeys these 
thalamic neurons clearly display LTSs on top of which short, high frequency bursts 
of action potentials occurred. The LTS was voltage dependent in precisely the same 
way that IT is in rodents and carnivores. By varying parameters of holding 
membrane potential before activating an LTS, we found we could vary its size and 
the number of action potentials evoked (from 1 to 9 per LTS). Interestingly, we 
observed that the number of action potentials per burst was greater for thalamic cells 
outside of the LGN than for LGN cells, suggesting that IT may be smaller in LGN 
cells. (Supported by USPHS Grant EY11409.)

573.12

ACTIVATION OF METABOTROPIC GLUTAMATE RECEPTORS 
EFFICIENTLY ATTENUATES LOW THRESHOLD CALCIUM SPIKES IN 
CAT THALAMIC RELAY CELLS. X.J. Zhan*, C.L. Cox, and S.M. Sherman. 
Dept. Neurobiology, SUNY, Stony Brook, 11794-5230.

Nearly all thalamic relay cells have two distinct firing modes, burst and tonic, that 
regulate information transfer through the thalamus to the neocortex. Burst firing of 
these neurons requires activation of a voltage dependent, low threshold, transient 
Ca2+ current (IT), producing a low threshold Ca2+ spike (LTS), that in turn activates 
a burst of action potentials. Increasing evidence shows that T-channels exist on 
distal dendrites of thalamic relay cells. In addition, metabotropic glutamate receptors 
(mGIuRs) are also found on these distal dendrites, mostly postsynaptic to cortical 
afferents. We thus predicted that depolarization of these distal dendrites via 
activation of the mGIuRs should attenuate the LTS more than equivalent 
depolarization delivered at the soma. To test this, we took advantage of space clamp 
limitations with intracellular recordings obtained from relay cells of an in vitro cat 
thalamic slice preparation, using depolarizing current pulses to evoke LTSs in the 
presence of TTX. The LTS amplitude is maximal at hyperpolarized membrane 
potentials, and at depolarized levels, the LTS amplitude decreases rapidly over a 
small voltage range (~10 mV). The relation of LTS amplitude and holding 
membrane potential can be fit with a sigmoid function and is strikingly similar to the 
voltage dependence of IT inactivation. The addition of the general mGluR agonist, 
ACPD, while producing a small membrane depolarization, significantly attenuated 
the LTS and produced a hyperpolarizing shift in the voltage dependence of the LTS 
amplitude. The magnitude of this shift was concentration-dependent and reversable 
following washout of ACPD. Our data support prior evidence that significant 
numbers of T-channels are located on distal dendrites, probably near mGIuRs. This 
pattern also places corticothalamic axons in a strong position to efficiently regulate 
the firing mode of relay cells, thus modulating information transfer from the 
periphery to the cortex. (Supported by USPHS Grants EY03038 and EY06884.)
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573.13
DYNAMICS OF LTS ACTIVATION IN LGN RELAY CELLS OF THE CAT. C 
Gutierrez*, C.L. Cox, and S.M. Sherman, Dept. Neurobiology, SUNY, Stony Brook, 
NY 11794-5230.
' An important feature of thalamic relay cells is their switch between two firing 
modes, burst and tonic. These response modes are dependent on the inactivation state 
of the low-threshold Ca2+ current, IT. When relay cells are depolarized, IT is 
inactivated; and 1T can be de-inactivated by hyperpolarization, permitting IT 
activation from a suitably hyperpolarized Vm. The temporal requirements of 
inactivation and de-inactivation have been well studied, but not those of activation. 
We addressed this with whole cell, current clamp recording of cat LGN cells from in 
vitro slice preparations, often in the presence of TTX. We first hyperpolarized relay 
cells to maximally de-inactivate 1T and then applied depolarizing ramps of current 
injection with varying rates to vary the rate of depolarization (dV/dt). The ramps 
varied in duration, thereby altering dV/dT, but resulted in identical levels of membrane 
depolarization. We found for all cells that a low threshold spike (LTS) was activated 
as long as dV/dt exceeded a minimal value, but below this value, no LTS (and thus no 
IT) was evoked despite depolarizing the cell well past the threshold for LTS activation. 
When evoked, the voltage threshold of the LTS was remarkably constant. We often 
observed partial LTSs for near-threshold rates of dV/dT; otherwise the evoked LTSs 
appeared all-or-none. We also found that, without TTX, slow ramps of current 
injection switch relay cells from burst to tonic mode without activating any bursts. The 
fact the a slow enough dV/dt failed to evoke an LTS leads to two conclusions: 1) these 
cells show little or no "window current" for IT; and 2) with slow enough 
depolarization, it is possible to move these cells from a regime of IT de-inactivation to 
one of IT inactivation without activating IT. The functional significance of this is that 
slow EPSPs of the sort produced by activating metabotropic receptors may produce 
similar effects. This suggests that neuromodulatory inputs to LGN relay cells 
activating metabotropic receptors can inactivate 1T without ever producing burst firing. 
(Supported by USPHS Grant EY03038.)

573.14

PROPERTIES OF LP/PULVINARNEURONS IN THE CAT. C.L, Cox* and S.M. 
Sherman, Dept. Neurobiology, SUNY, Stony Brook, NY 11794-5230.

Relatively little is known about the cellular properties of higher order thalamic 
nuclei such as the lateral posterior/pulvinar complex (LP-Pul). Unlike their primary 
sensory nuclei counterparts, LP-Pul is innervated by cortical (both primary and 
secondary cortical regions) and some subcortical afferents (i.e. superior colliculus), 
but lacks direct retinal innervation. We have used whole cell recording techniques 
to investigate basic properties of these cells in an in vitro cat thalamic preparation. 
Characteristic of all LP/Pul recordings was a prominent sag current (Ih) and the lack 
of burst discharge, the presence of which is a seemingly ubiquitous characteristic of 
other thalamic relay neurons so far described. Voltage clamp recordings revealed the 
lack of a low threshold, transient Ca2+ current, the ionic mechanism that underlies 
burst discharge. Since LP-Pul neurons receive innervation from both glutamatergic 
and cholinergic afferents, we next tested the sensitivity of these neurons to specific 
agonists. The ionotropic glutamate receptor agonist, AMPA, strongly depolarized 
the cells as expected; however, the metabotropic agonist, ACPD, produced little, if 
any, membrane depolarization (range 0-4 mV). The muscarinic receptor agonist 
methacholine produced a strong hyperpolarization in these cells, whereas the 
nicotinic agonist, DMPP had a weak depolarizing action. In summary, the properties 
of LP/Pul neurons are more similar to LGN intemeurons than to relay cells. The 
morphology of all recovered LP/Pul neurons was also similar to LGN interneurons 
in that there was an abundance of axoniform appendages on the distal dendrites. 
Curiously, all LP/Pul neurons we have recorded from have this interesting 
morphology, suggesting we have either consistently recorded from LP/Pul 
interneurons, or that the relay neurons in LP/Pul are uniquely different from other 
thalamic relay cells. (Supported by USPHS Grant EY03038.)

573.15
SPIKE-FREQUENCY ADAPTATION IN SINUSOIDALLY-DRIVEN 
THALAMOCORTICAL RELAY NEURONS. G.D. Smith1’2’4*, C.L. Cox5, S.M. 
Sherman5, and J. Rinzel2,3-4. ‘Dept of Mathematics, Arizona State University, 
Tempe, AZ 85287; 2Ctr for Neural Sci & 3Courant Inst of Math Sci, NYU, NY 
10003; 4Math Res Branch, NIDDK, NIH, Bethesda, MD 20814;5Dept ofNeurobio, 
SUNY, Stony Brook, NY 11794.

In a systematic study of thalamocortical relay neuron responses to sinusoidal 
current injection (Smith et al., Soc. Neurosci. Abstr. 28:58.5,1998), we found that 
the Fourier fundamental of tonic responses was consistently phase advanced during 
low temporal frequency stimulation (e.g., 1/4 cycle at 0.1 Hz). We hypothesized 
that this phase advance of the Fourier fundamental response was due to 
spike-frequency adaptation (SFA). Here we measure the time-dependence of the 
instantaneous firing rate during a current pulse protocol, confirm the presence of 
SFA, and quantify the adaptation time constant (1.8 sec) and percentage adaptation 
of spike rate (50-75%). In light of these results, we augment our previously 
reported minimal integrate-and-fire-or-burst (IFB) neuron model (Smith et al., 
ibid.) with an adaptation current. When the parameters for this current are fit using 
a quantitative theory of SFA (Wang et al., J. Neurophysiol. 79:1549, 1998), the 
sinusoidally-driven IFB model reproduces the experimentally observed phase 
advance ofthe Fourier fundamental response. Using fast-slow variable analysis, we 
develop a firing-rate approximation to the IFB model and discuss the validity of 
this simplification. Parameter studies of both the spiking model and the firing-rate 
approximation are performed to investigate the dependence of the Fourier 
fundamental response (amplitude and phase) on the adaptation time constant, 
percentage adaptation of spike rate, and stimulation frequency. [Supported in part 
by NEI grant EY03038 to SMS; NIDDK IRTA and NEI NRSA EY06903-01 to 
GDS.]

573.16
RECEPTIVE FIELD PROPERTIES OF K CELLS IN THE LATERAL 
GENICULATE NUCLEUS (LGN) OF OWL MONKEYS (AOTUS TRIVIRGATUS) 
X-M. Xu1 , J, Boyd 2, J.D. Allison3, J. Ichida1, A.B. Bonds 3, & V. Casagrande* 12 
Departments of Psychology ’, Cell Biology2, & Electrical Engineering3, Vanderbilt 
University; Nashville, TN 37232.

Primate striate cortex (VI) receives signals from the koniocellular (K), parvocellular 
(P), and magnocellular (M) layers of the LGN, but little is known in simian primates 
about the properties of the K input. To compare the receptive field properties of K 
LGN cells with those of M and P LGN cells in the owl monkey, a nocturnal simian, 
we recorded the responses of LGN cells in paralyzed, anesthetized animals either 
directly from the LGN or from LGN axons in cortex after cellular activity was silenced 
with muscimol. Receptive fields were qualitatively examined with manually controlled 
stimuli then quantitatively analyzed using drifting or counterphased sinusoidal gratings. 
The locations of LGN cells were identified by lesions on sections stained for Nissl, 
cytochrome oxidase, or calbindin. In VI, K axons can be distinguished anatomically 
since they terminate within layers 3 and 1, while M and P axons terminate within the 
upper and lower tiers oflayer 4, respectively. A total of 15 V tfells^Wt
examined. Four K cells exhibited unusual properties and could not be driven by grating 
stimuli. Five K cells exhibited traditional center/surround fields and six had either ON- 
OFF surrounds or no clear surround. At matched eccentricities of >10°, K and P cells 
had similar spatial frequency cut offs (K=2.32±0.48; P=2.38±0.50) which were higher 
than those of M cells (1,73±0.63). Temporal frequency cut offs for all three cell classes 
were similar (K=12.6±1.82; M=11.8±2.04; P=11.8±1.28). K cells, like M cells, 
exhibited higher contrast gain than P ceils. These results suggest that the K pathway 
consists of at least two classes of cells, one of which could contribute to conventional 
aspects of form and motion vision. (Supported by EY01778, EY03778, EY08126, 
HD 15052)

573.17

SACCADIC MODULATION OF VISUAL RESPONSES IN THE LATERAL 
GENICULATE NUCLEUS. John B. Reppas*, W. Martin Usrey, and R. Clay Reid. 
Department of Neurobiology, Harvard Medical School, Boston MA 02115.

Natural viewing is characterized by frequent scanning eye movements; 
outside of the laboratory, long periods of constant fixation are rare. Saccades shape 
the dynamics of the visual stimulus in important, but largely unstudied, ways. We 
characterized the influence of saccades on visual responses in the lateral geniculate 
nucleus (LGN), the earliest stage of central visual processing.

We recorded from the LGNs of two macaque monkeys. The animals tracked 
a small target that jumped between two positions on a stimulus monitor. Target 
positions were chosen to ensure that the receptive field under study was well 
centered on the monitor throughout the saccadic trajectory, but no attempt was made 
to eliminate the effects of remote ( > 10 degrees) visual structure. Each target 
displacement elicited a saccade of relatively constant duration that was used as a 
reference point for the subsequent analysis of visual responses. We measured the 
impulse response for a full-field flickering stimulus at different points before, during, 
and after the saccade. These impulse responses were compared to a control impulse 
response generated for identical time periods during fixation.

Saccades had the most pronounced effects on the responses of 
magnocellular neurons. For ON-cells the gain of the impulse response increased in 
the wake of an eye movement. For OFF-cells, there were more complex effects on 
both the gain and the shape of the impulse response. In both ON and OFF 
magnocellular neurons, the saccadic effect began after the onset ofthe saccade and 
lasted for up to 125 milliseconds into the post-saccadic fixation. Parvocellular 
neurons were, on average, much less influenced by saccades and the tendency was 
for the gain of both ON and OFF responses to be reduced.

We are currently exploring the retinal mechanisms (e.g. contrast gain 
control) that might underlie the effects of saccades on magnocellular responses. 
(JBR supported by the Howard Hughes Medical Institute).

573.18
GAMMA-BAND NEURONAL OSCILLATIONS ARE LARGELY ABSENT IN 
THE LATERAL GENICULATE NUCLEUS OF THE AWAKE BEHAVING 
MACAQUE MONKEY. S-C Yen* and C.M. Gray. Center for Neuroscience, 
University of California, Davis, CA 95616.

Several studies have shown that cells in the primary visual cortex display 
stimulus-evoked oscillatory firing patterns in the gamma frequency range (30-60 Hz). 
One possible source of these oscillations may be the afferent inputs from the lateral 
geniculate nucleus, where cells have also been shown to display oscillatory firing 
patterns. To test this hypothesis, we recorded spontaneous and stimulus-evoked unit 
activity in the LGN of an alert macaque monkey while the animal performed a visual 
fixation task. The stimuli included spots and drifting sine-wave gratings of varying 
spatial and temporal frequencies. We performed 38 single-unit and 48 multi-unit 
recordings in all layers of the LGN. The auto-correlation histogram and its power 
spectrum were computed for each spike train and compared to 500 pseudorandom 
spike trains with the same mean firing rate. A spectral peak was considered 
significant if it exceeded 99% of the peak values in the random spike trains. Eighteen 
of these recording sites (6 single-unit, 12 multi-unit) exhibited oscillations as a result 
of entrainment to the 80 Hz refresh rate of the computer monitor. Only eight (9.3%) 
recording sites (4 single-unit, 4 multi-unit) exhibited significant stimulus-evoked 
oscillatory activity. The frequency of these oscillations ranged from 30-100 Hz and 
their amplitudes were much smaller than those observed previously in the 
anesthetized cat. Oscillatory activity was either not significant or absent in the other 
70% of the recording sites.

Our results suggest that cortical gamma-band activity in the alert macaque 
monkey is unlikely to arise solely from afferent inputs from the LGN and is probably 
largely mediated by cortical mechanisms.

Supported by the McDonnell-Pew Program in Cognitive Neuroscience, and the 
National Eye Institute.
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574.1

VISUAL STIMULI INITIATE THREE GANGLION CELL VOLLEYS 
FROM THE NORMAL RAT RETINA. R, GalaiTlbQsff G. JuhSsz. N. Szfl*QVi, 
0. Salfav-Szabo. P. Barabas and J. Palhalmt, HJniv. of Calif. San Diego, 
CA 92093; Etttvtts Ldrdnd U., 1088 Muzeum krt, 4/A, Budapest, Hungary

We use normal Wistar rats Implanted with corneal, chiasm, and 
cortical electrodes, and with two LEDs glued to the skull through 
which visual stimuli can be delivered at any time of the day or night. 
We report here the temporal distribution of the axon volleys their 
retinal ganglion cells deliver into the optic nerve. Authorities 
recognize at least 19 ganglion cell varieties variously named alpha, 
beta, parasol,, y, Magnocellular, midget Parvocellular, x, w, and still 
others.

Both photoflash and LED flashes (varied in duration between 0.01 
and 2000ms) evoke three axon volleys (A/B/C/) with latencies of 
(approx) 5, 20, and 150 ms. The short-latency, short-duration A/ 
volley triggers the cortical evoked response (latency 20ms 
minimum), and could reflect alpha axon activity. The B/ volley 
approximately coincides with the rising limb of the b-wave; it 
frequently has two parts, the ganglion cell origins of which are 
uncertain. The C/ volley is complex, can last several hundred msec, 
and may index activity in the axons delivering the analysis of 
stimulus luminance, movement, form, and color.

A/B/C/ ganglion cell sequences (GCSs) last less than a second and 
have been recorded in sleep and wakefulness, from dark and light 
adapted retinas, to red and white flashes, and during anesthesia. 
GCSs from different rats are remarkably similar in morphology. 
Extrapolation of these rat data directly to the primate retina seems 
reasonable.

Supported in part by Hungarian Science Foundation grant 0TKA 628.

574.2
ENUCLEATION ALTERS GFAP AND CALBINDIN D28K 
IMMUNOREACTIVITY IN SUBCORTICAL VISUAL CENTERS OF 
WISTAR RATS. I. Satriotomo* T. Miki, M. Itoh, Q. Xie and Y. 
Takeuchi. Dept. of Anatomy, Kagawa Med. Univ., Miki-cho, Kita- 
gun, kagawa 761-0793, Japan.

It is known that eye enucleation causes various morphological 
and functional alterations in the central nervous system. The 
purpose of this study was to examine the effects of eye enucleation 
on subcortical visual centers using glial fibrillary acidic protein 
(GFAP) and calbindin D28k immunohistochemistry. Wistar rats were 
anaesthetized and their left eyes were removed. After survival time 
of 1, 5, 10, 25 and 50 weeks, animals were killed under anaesthesia. 
Enucleation over a period of 1 weeks or more caused an increased 
in the number of glial fibrillary acidic protein immunoreactivity 
(GFAP-IR) astrocytes, associated with the decrease in the number 
of calbindin D28k-IR neurons in the suprachiasmatic nucleus, 
intergeniculate leaflet, dorsal lateral geniculate nucleus, ventral 
lateral geniculate nucleus and superior colliculus of the contralateral 
side to the enucleation. In addition, the GFAP-IR showed the 
hypertrophy of reactive astrocytes with the longer foot processes. 
Conversely, the calbindin D28k-IR neurons illustrated a smaller 
soma and poor dendritic arborization. This study demonstrated the 
importance of visual input for maintaining the variability of neurons 
in subcortical visual centers. This work was supported by a Grant 
-in-Aid for Scientific Reserch from the Ministry of Education, 
Science and Culture of Japan (09307018).

574.3

EPHRIN-A2 AND EPHRIN-A5 ARE REQUIRED FOR TOPOGRAPHIC MAPPING 
OF RETINAL AXONS ONTO MIDBRAIN AND FOREBRAIN TARGETS IN 
MAMMALS.
David Feldheim. Jonas Frisen, David Van Vactor*and John Flanagan. 
Department of Cell Biology, Harvard Medical School. Boston, Ma 02115.

The ephrins are cell surface ligands for the Eph class of tyrosine kinase 
receptors. Ephrin-A2 and ephrin-A5 are ligands that can bind to and activate the 
EphA subclass of this family. Both of these proteins have been implicated as 
topographically specific axon guidance labels. In the chick tectum, the ligands 
are expressed in anterioposterior gradients, while the receptor EphA3 is 
expressed in a matching nasotemporal gradient in the projecting retinal ganglion 
cells. When tested in vitro, these ligands can act as repellents toward retinal 
axons, with topographically specific affects on axons from the temporal retina, 
and when ectopically expressed in vivo, ephrin-A2 has topographically specific 
effects on retinotectal map development.

Here we describe the functional role of ephrin-A2 and ephrin-A5 within the 
mammalian visual system. The mammalian retina projects to several visual 
centers in both the midbrain and forebrain. We find that ephrin-A2 and ephrin- 
A5 are expressed in topographically specific gradients in all the major retinal 
targets; including the superior colliculus (SC) and the lateral geniculate 
nucleus(LGN). We have created animals deficient for ephrin-A2 and ephrin-A5.
In these animals there are severe topographic defects in both retino-collicular 
and retino-geniculate mapping. Axons are able to find the proper target area but 
arborize in topographically incorrect places within the target field. In addition, 
using in vitro stripe assays we find that the mapping defect is localized to the 
target area and not the projecting neurons. The combination of loss of function 
analysis in vivo and in vitro assays that mimic the topographic nature of the visual 
projection give insight into the mechanisms by which precise neural connectivity 
is established in the nervous system.
Funded by grants from the NIH.

574.4

Transneurona l  Retrograde  Transport  of  Pseudorabies  Virus  
Within  Central  Visual  Pathways . R.J, Moore*. A.K. McCaulev. S. 
Vinsant, N. Kurukulasuriva. T. Perrault, C. Xu. and D.W. Godwin. Dept.
of Neurobiology and Anatomy, Wake Forest Univ. School of Medicine, 
Winston-Salem, NC 27157.

Pseudorabies virus (PRV) has been shown to be an effective transneuronal 
tracer. Here we demonstrate that injections into visual cortex (VCtx) of both 
rat and cat result in transneuronal retrograde infection throughout the visual 
pathway. The Bartha strain used in rats contained a lacZ gene such that 
P-galactosidase expression marked infected neurons. This lacZ strain has been 
shown to transsynaptically infect neurons primarily in the retrograde direction. 
We injected 1^1 of 2.4xl08 pfu/ml into the primary VCtx area. We injected 
the M201 strain of PRV (a gE mutant of the NIA-3 strain) in to VI of cats 
(1.5/xl of 6xl08 pfu/ml). After a 3-day incubation period, animals were 
sacrificed, and the tissue was frozen, sectioned on a microtome, and reacted 
histochemically or immunocytochemically for the presence of the 
P-galactosidase (rats) or the virus (cats). Cortical PRV injections resulted in 
transneuronal retrograde infection of the lateral geniculate nucleus (LGN), 
thalamic reticular nucleus (TRN) and retina. PRV was retinotopically 
distributed in the pathway. In addition, double labeling experiments in cats 
using an antibody against GABA were conducted to reveal PRV-labeled 
interneurons within the LGN and TRN. All TRN neurons were GABA(+), 
as was a subset of LGN neurons. Only the subset of TRN neurons adjacent 
to the labeled sector of LGN was labeled with PRV. In addition, a subset of 
GABA(+) interneurons in LGN was also labeled with PRV. These data 
indicate that PRV is an effective tool to explore detailed connectivity within 
central visual pathways. Supported by EY11695. PRV and antibodies kindly 
provided by L.W. Enquist, Princeton University.

574.5

ARCHITECTURE AND CORTICAL PROJECTIONS OF
SUBDIVISIONS OF THE INFERIOR PULVINAR IN MARMOSETS.
D.C. Lyon* and J.H. Kaas Dept. of Psychology, Vanderbilt University, 
Nashville TN 37240.

Several complimentary staining methods have been used to reveal 
subdivisions of the monkey inferior pulvinar (PI), including a medial (PIm), 
posterior (Pip), central medial (PIcm), central lateral (PIcl), and lateral (PIL; 
see Cusick et.al. '93). Each of these subdivisions has a different pattern of 
projections to extrastriate visual cortex. In order to reveal connection patterns 
we made small injections of 3-5 tracers in different visual areas of 9 New 
World marmosets, Callithrix jacchus. PIm, which stained dark for cytochrome 
oxidase (CO) and light for calbindin (Cb), contained the most labeled cells 
following MT and MST injections. Injections in MST dorsal (d), MST lateral
(1), and MT labeled cells in an anterior to posterior pattern in PIm, respectively. 
All MT injections also labeled neurons in PIL. MT injections that included the 
MT crescent (MTc) labeled cells in PIcm and Pip (both stained Cb dark). 
Dorsal FST was connected with PIm, PIcm and Pip. Ventral FST injections 
labeled PIcm, Pip, and the most dorsal part of PIm. This label formed an arc 
outside the main body of PIm, much as FSTv injections label cells in MTc 
surrounding, but not within, MT. DM injections consistently labeled cells in 
PIcm, and Pick
We conclude that the inferior pulvinar of marmosets is subdivided, like other 

New and Old World monkeys, into 4 or 5 architectonically distinguishable 
sectors. Our results on the connections of the subdivisions extend previous 
observations and further support the validity of the proposed subdivisions of 
the inferior pulvinar. While MT and DM injections support previous work, 
MSTd/1, FSTd/v and MTc connections have not yet been reported. For 
instance, we show MST has only PIm inputs. Since PIm lacks input from the 
superior colliculus and provides the main thalamic input to both MT and MST 
a direct superior colliculus to pulvinar to MT and MST relay would not seem to 
be the source of preserved activity in MT and MST after VI lesions. Supported 
by NEI grant EY-02686 and training grant 5T32 EYO7135.

574.6
DIVERSE RETINAL GANGLION CELL INNERVATION OF MACAQUE 
KONIOCELLULAR LAYERS. S, H, C, Hendiy1* and D. J. Calkins2. ‘Dept. 
Neurosci. Johns Hopkins University, Baltimore MD 21218 USA; 2University cf 
Rochester Medical Center & Center for Visual Science, Rochester, NY 14642.

Form and function are tightly correlated in ganglion cells of primate retina. We 
have used this correlation to determine the types of retinal information received and 
relayed by koniocellular (K) layers of rhesus monkey lateral geniculate nucleus 
(LGN) to the superficial layers of primary visual cortex (VI). K layers were located 
by electrophysiological recording and injected with fluorescently labeled, retrogradely 
transported tracers. Ganglion cells retrogradely labeled by this method were then 
viewed in a retinal wholemounts or in Vibratome slices and were injected 
intracellularly with Lucifer Yellow. By this approach we found three patterns of 
ganglion cell innervation. Most striking was the innervation of middle K layers 
(ventral to P layers 3 and 4) by small, bistratified ganglion cells. As this type is 
known to display center-only, Blue-ON responses, their projection to the middle K 
layers is consistent with reports in macaques and marmosets of type II Blue-ON 
receptive fields in these regions. Different types of ganglion cells innervate other K 
layers: ganglion cells projecting to the ventral-most pair of K layers (ventral to the 
two magnocellular layers) have the small somata and diffuse dendritic trees of the 
gamma type, whereas cells innervating the very thin, dorsal-most pair have the 
extremely large dendritic fields typical of Rodieck and Watanabe’s P giants. These 
data suggest that a division in the physiological properties of K layers exists across 
macaque LGN, with strong chromatic contrast signals carried by the middle K layers 
and broad-band information carried by the dorsal-most and ventral-most layers. By 
their innervation of superficial VI the K layers appear to directly provide blobs with 
a heterogeneous input. Supported by EY 06432.
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574.7
ANATOMY OF THE TURTLE BASAL OPTIC NUCLEUS. J. R. Martin and 
M. Ariel*. Department of Anatomy and Neurobiology. Saint Louis 
University, St. Louis, MO 63104.

The turtle’s accessory optic system (basal optic nucleus, BON) has been 
implicated in the visual control of compensatory head and eye movements. 
Our previous study characterized the morphology of retinal axon terminals 
within the BON (Martin et al., J. Comp. Neurol. 393, 267-283. 1996). Here, 
we studied the postsynaptic BON neurons. Neurons were recorded near the 
ventral surface of the in vitro brainstem, identified as BON cells based on 
their direction-sensitive visual response and filled with the intracellular 
tracer neurobiotin. After 30 min of tracer transport, the brains were fixed in 
4% paraformaldehyde, sectioned at 100 pm, soaked in ABC-Triton, reacted 
with diaminobenzidine and counterstained for Nissl.

Analysis of Nissl-stained neurons revealed a mean number of 1445 (±500
S.D., N=6) cells per BON, with a mean neuron soma area of 136.9 ±10.3 pm2, 
and a mean soma length of 18.6 ±5.6 pm. The volume of the nucleus was 
calculated and had a mean volume of 2.23 ±0.92 pm3. The largest cells were 
localized within the rostral one-tenth (P<0.005) and medial 
one-tenth(P<0.005) of the nucleus, while the greatest cell density was located 
in the center of the nucleus (P<0.001). Cells near the brain surface were 
fusiform in shape and oriented tangential to the surface. Deeper cells were 
more spherical in shape, yet the cells very deep from the surface were also 
fusiform but oriented radially. The size and orientation of cells filled with 
neurobiotin were similar to that stained with Nissl. All had 2-5 processes 
(mean 3.00 ±1.02, N=26) extending from the soma (mean area of 225.8 ±82.8 
pm2, mean length of 23.6 ±6.1 pm). The contact sites between retinal 
terminals and BON dendrites are being examined to understand the synaptic 
convergence of directional inputs. Supported by NS33190.

574.8

ACTIVATION OF C-FOS IN THE THALAMIC RETICULAR 
NUCLEUS IN A TASK OF ATTENTIONAL ORIENTING 
Verity J. Brownand Kerry McAlonan School of Psychology, University of 
St. Andrews, St. Andrews KYI6 9JU, Scotland, U.K..
The thalamic reticular nucleus - a thin sheet of cells, interposed between 

the thalamus and the cortex - has been implicated in attentional function and 
could be the neural substrate of the ‘attentional spotlight’(Crick, 1984; 
PNAS, 8T.4586). Crick (1984) wrote “If the thalamus is the gateway to the 
cortex, the reticular complex might be described as the guardian of the 
gateway.” According to this idea, the thalamic reticular nucleus serves as a 
filter to concentrate or amplify thalamocortical signals.

In this study, we examine the induction of c-Fos - a marker of neuronal 
activity - in rats trained to perform a visual reaction time task. The target 
stimuli to which the rat was required to respond were preceded by cues 
which served to direct attention toward the subsequent target. The visual 
cues and targets were presented to one side of the rats head only. Different 
rats were trained to respond towards (n=3) or away (n=3) from the side of 
the visual target.

c-Fos activation was observed, as expected, in visual areas of the brain 
according to the side of the stimuli. Of most interest, there was an induction 
of c-Fos in the visual sector of the thalamic reticular nucleus contralateral to 
the visual stimuli. This was regardless of the direction of the response.

These data support the suggestion that the visual part of the thalamic 
reticular nucleus is selectively activated in a task involving the allocation of 
visual attention. (Project supported by The Wellcome Trust, project grant, 
# 051945/Z/97/Z. KMcA is supported by the BBSRC)

574.9

RETINAL PROJECTION TO THE DORSAL RAPHE NUCLEUS IN TWO 
DIURNAL RODENT SPECIES: COMPARISONS BETWEEN THE CHILEAN 
DEGU (Octodon degus) AND THE MONGOLIAN GERBIL (Merioncs 
unguiculatus).
K.V.Fite*, S.Janusonis, L.Bengston, P.Chopra and P.Wu Neuroscience and 
Behavior Program, University of Massachusetts, Amherst, MA 01003.

A projection from the retina to the dorsal raphe nucleus (DRN) has been 
described recently in rats (Shen and Semba, 1994; Fite et al., 1998) and 
Mongolian gerbils (Fite et al., 1998). This projection is more prominent in 
gerbik than in rats. To determine whether this pathway is comparable among 
diurnal rodents, intraocular injections of 5-7 pi of 2% cholera toxin subunit B 
(CTB) were made in two diurnal/crepuscular rodent species, Mongolian gerbik 
(Merioncs unguiculatus) and Chilean degus (Octodon degus). Following 7-day 
survival times, animak were perfused, brain sections cut at 40 pm and 
processed immunocytochemically. Comparable sections labeled for 5-HT were 
used to identify the DRN in both species. In degus, a medial stream of fine- 
caliber retinal axons emerged at the most caudal pole of the superior colliculus 
(SC), coursed ventrally through the deep layers of the SC and arborized in the 
DRN and the adjacent periaqueductal gray (PAG). Caudally, a plexus of 
retinal afferents was also observed in the cuneiform nucleus; other labeled 
axons proceeded further ventrally and rostrally, forming dense arborizations in 
the lateral DRN and the lateral PAG. In gerbik, optic axonal arborizations 
formed a dense plexus throughout the entire DRN, in both the lateral and 
medial parts of the nucleus. The direct retinal projection to the DRN appears 
to be well-developed in diurnal species, but the exact localization of optic 
terminations within the DRN shows some variation across species.
(Supported by the Whitehall Foundation.)

574.10
CIRCADIAN VARIATION OF C-FOS EXPRESSION IN ANATOMICALLY 
IDENTIFIED SUBDIVISIONS OF THE DORSAL RAPHE NUCLEUS OF 
THE MONGOLIAN GERBIL (Meriones unguiculatus).
SJanusonis1*, K.V.Fite1 and W.Foote2 ’Neuroscience and Behavior Program, 
University of Massachusetts, Amherst, MA 01003; 2Baystate Medical Center, 
Springfield, MA.

A direct retinal projection to the dorsal raphe nucleus (DRN) has been 
discovered in rats (Shen and Semba, 1994; Fite et al., 1998) and gerbik (Fite et 
al., 1998). This projection is more pronounced in diurnal than in nocturnal 
rodent species, and the retinal afferents termiriate in localized areas within the 
DRN (Fite et al., submitted). Ako, the DRN in rats (Waterhouse et al., 1993) 
and gerbik (Janusonis et al., submitted) has been subdivided into several 
topographically organized subpopulations, raising further questions as to the 
neuronal populations that may be affected by light stimulation.

C-Fos expression in the gerbil DRN was sampled at different circadian times. 
Animak were kept on a 12L:12D cycle, sacrificed at CT1, CT6, CT11, (T13, 
CT18, CT23, and c-Fos positive nuclei were identified immunocytochemically. 
C-Fos positive nuclei were counted in different DRN neuronal subpopulations 
previously identified based on their projections to the superior colliculus (SC) 
(Janusonis et al., submitted). At all sampled times, the rostromedial DRN 
showed low c-Fos immunoreactivity, whereas the lateral DRN contained many 
c-Fos positive nuclei. The c-Fos expression in the caudal, ventromedial 
subpopulation was lowest 1 hour after lights "on" and was highest 1 hour before 
lights "off'. Thus, some anatomically identified subpopulations projecting to 
the SC change their activity levels at different circadian times. Further studies 
will examine the specific effects of light on DRN neurons across the circadian 
cycle. (Supported by the Whitehall Foundation and UMass-Baystate 
Collaborative Grant.)

RETINA AND PHOTORECEPTORS: NEUROPHYSIOLOGY AND MODELS II

575.1

SEGREGATION OF VISUAL INFORMATION PROCESSING
IN THE LIMULUS BRAIN
F.A. Dodge*, J. Hitt, and R.B. Barlow
Marine Biology Laboratory, Woods Hole, MA. & Center for Vision Re-
search, SUNY Health Science Center, Syracuse, NY.

Distinct bundles of axons in the Limulus optic nerve connect hori-
zontal bands of ommatidia to specific locations in the first optic gan-
glion of the brain (Snodderly&Barlow,1970). This horizontal organiza-
tion suggests that local regions of the brain process specific features of 
a natural scene. Representing adjacent bands of ommatidia the bundles 
of axons (~5/nerve) transmit to the brain information from adjacent, 
horizontal segments of the natural scene. Axons within a bundle main-
tain a second horizontal organization; an anterior to posterior retino-
topic map. (Chamberlain & Barlow, 1982). To understand how the 
horizontal organization of the visual system may subserve information 
processing we analyze how a freely-swimming animal scans the scene 
with a crab-mounted video camera (Crabcam). We found that when an 
animal responds to visual targets, its pitch and roll motions are small 
relative to the field of view of a horizontal band of ommatidia. Also the 
fields of view of these bands are roughly similar to spatial features of 
the visual scene; for example, the lowest (most ventral) band “sees” 
wave induced glitter reflected from the sand; whereas, the central band 
“sees” objects which evoke mating behavior. In the laboratory we are 
recording responses from single nerves in identified bundles to visual 
stimuli from Crabcam videos to build a map of where the brain receives 
retinal inputs for target detection.
Supported by NSF, NIH and Research to Prevent Blindness.

575.2

SPECTRAL SENSITIVITY OF THE ZEBRAFISH ERG RESPONSE 
AS A FUNCTION OF RESPONSE LATENCY. J. C. Pile? S, Saszik? 
J, Bilotta1 and I. Abramov3*. ’Dept. of Psychology, Western Kentucky 
Univ., Bowling Green, KY 42101; 2College of Optometry, Univ. of 
Houston; 3Dept. of Psychology, Brooklyn College of CUNY.

The etectroretinogram (ERG) of normal larvae, and adult zebrafish 
(Danio rerid) injected intraocularly with the drug APB, is dominated by 
a large voltage-negative response to ultraviolet and short-wavelength 
stimuli and a large voltage-positive response to middle- and long- 
wavelength stimuli. This study examined the spectral properties of the 
ERG negative response component of larvae and adult APB subjects. 
Spectral sensitivity functions were derived from responses at 8, 16, 60 
and 80 ms following stimulus onset. In both larvae and adult APB fish, 
the initial portion of the negative response (8 & 16 ms) reflects the 
contributions of the 4 cone types. In larvae fish, the latter portion of the 
response (60 & 80 ms), appears to be sensitive only to ultraviolet 
wavelengths and is a log unit more sensitive than the initial response. 
However, in adult APB fish, the latter response is similar in absolute 
sensitivity to the initial response and does not fit the cone spectra. Thus, 
the initial portion of the negative response in both groups appears to 
reflect the response of the cone photoreceptors, while the latter portion 
of the response may reflect contributions from other retinal neurons. 
Supported by KY NSF/EPSCoR (OSR9452895).
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575.3

KAINATE RECEPTORS AND GLUTAMATE RESPONSES OF 
ZEBRAFISH RETINAL NEURONS. A.T Janis, T. N. Behar, V.P. 
Connauqhton, and R. Nelson*, Lab of Neurophysiology, NINDS, NIH, 
Bethesda MD 20892.

Kainate receptor immunoreactivity (IR) was correlated with 
glutamate responses in morphologically identified zebrafish retinal 
neurons. Voltage probe measurements (oxonol) were performed on 
papain treated, acutely dissociated, zebrafish retinas prior to fixation 
for immunocytochemistry. In general photoreceptors, horizontal cells 
(HCs), amacrine cells, and some bipolar cells (BCs), were brightly 
labeled by the anti-GluR5,6,7 antibody (Chemicon), whereas other 
BCs, and many unidentified neurons, were either moderately 
labeled, or displayed IR levels near background. Voltage probe 
responses to kainate (KA, 10 pM) and L-glutamate (Glu, 50pM) 
identified one set of neurons maintained in a highly depolarized 
state, but strongly hyperpolarized at cessation of agonist treatments. 
The group included HCs and some BCs, and exhibited bright IR. 
Another group of cells, including some BCs, were hyperpolarized by 
Glu, but not KA and displayed moderate IR. Some cells depolarized 
by both Glu and KA also displayed moderate IR. Cells unreactive to 
either agonist, or depolarized only by KA, but not Glu, displayed IR 
indistinguishable from background. Results suggest, that while 
GluR5,6,7 IR is strongly associated with glutamate responsiveness, 
at least 3 distinct physiological profiles occur, including both 
depolarizing and hyperpolarizing responses to glutamate.

575.4
DISCRETE STIMULUS ESTIMATION FROM EXTRA-CELLULAR ARRAY 
RECORDINGS IN THE TURTLE RETINA. K. S. Guillory*, S. Shoham, R, A. 
Normann, John Moran Laboratory in Applied Vision and Neural Sciences, Dept of 
Bioengineering, University of Utah, Salt Lake City, UT 84112.

The ganglion cells of the retina produce different average spiking response 
patterns for different stimuli. In an effort to estimate which stimuli were presented 
based on the neural responses, many bin and spike timing analyses have been 
proposed for generating response vectors that can be matched to specific stimuli. 
Here we present a bin-free statistical method for determining the likelihood that a 
trial response from a population of ganglion cells came from a particular stimulus. 
This decoding method allows optimal estimation if the model of individual ganglion 
cell spike generation is a stimulus-dependent, time-varying Poisson process.

Isolated turtle (pseudemys scripta elegans) retinas were placed photoreceptor side 
down on a glass slide and superfused with an oxygenated medium. Recordings were 
made using a 100-channel electrode array lowered into the ganglion side of the 
retina. Stimuli presented through the slide consisted of full-field uniform flashes 
from a randomized set of 8 discrete stimuli varying in color and intensity. Average 
response patterns for different stimuli were generated by Gaussian smoothed Peri- 
Stimulus Time Histograms (PSTH) and stationarity for the responses was 
demonstrated by comparing PSTHs from different portions of the data sets. 
Normalized Joint PSTH analysis was used to demonstrate that although cells in the 
retina underwent global changes in activity, the statistical dependencies in the 
responses did not contain direct information about the stimulus.

Maximum likelihood estimates were then used across responses from multiple 
cells to successfully classify stimuli for over 85% of the presentations using 
combinations of up to 20 cells.

This work funded by NSF grant IBN-9424509 and a Utah State Center of 
Excellence grant.

575.5

NMDA-STIMULATED PRODUCTION OF NITRIC OXIDE IN THE 
TURTLE RETINA: QUANTITATIVE IMAGING. T.A. Blute*, M.R. Lee 
and W.D. Eldred. Department of Biology, Boston University, Boston, 
MA 02215.

In retina, nitric oxide (NO) has been implicated in the modulation 
of network coupling, and in the control of the gain of 
photoreceptor and bipolar cell responses. In different species, 
nitric oxide synthase (NOS) has been found in various subcellular 
localizations, in every retinal cell type. However, little is known 
about the function of NOS in specific cells or about the kinetics of 
NO production and the diffusion of NO from its source. In these 
studies, we used a novel fluorescent detection method to image 
NO production in retinal slices in response to stimulation with the 
glutamate receptor agonist NMDA (N-methyl-D-aspartate). NO 
production was detected in all NOS-containing cell types 
described previously in the turtle retina. NO production was first 
observed in processes in the inner plexiform layer and in ganglion 
cell somata. Subsequent NO production occurred in amacrine and 
bipolar cell somata. In some cases, the NO was seen to diffuse 
out from the cell that produced it, into the surrounding retina. 
However, in other cases there appeared to be some retention of 
NO within a cell, which produced increased intracellular NO levels 
and spread of NO within that cell. These results indicate that the 
kinetics of NO production, and the movement of NO in retina, may 
be more complex that previously realized.
This research supported by NIH EY04785 to WDE.

575.6
MODULATION OF THE CYCLIC GMP SIGNAL TRANSDUCTION 
SYSTEM IN TURTLE RETINA BY CARBON MONOXIDE AND 
NMDA. L. Cao and W.D. Eldred*. Dept. of Biology, Boston University, 
Boston, MA 02215.
Carbon monoxide (CO) is a messenger molecule that can activate 

soluble guanylate cyclase in many neural systems. Endogenous CO 
is synthesized by heme oxygenase, and previous anatomical studies 
indicate that there are high levels of heme oxygenase 2 in the turtle 
retina. However, little is known about the interactions between CO 
and other retinal neurotransmitters. In this study, we did in vitro 
incubations of turtle retina with CO, in combination with the glutamate 
receptor agonist NMDA (N-methyl-D-aspartate), to observe their 
effects on the cGMP signaling system. Cyclic GMP immunocyto-
chemistry was used to detect changes in the levels of cGMP at the 
cellular level. CO (100 pM) alone, increased cGMP-like immuno-
reactivity (cGMP-LI) mainly in some bipolar cells in the visual streak 
region. Stimulation with NMDA (100 pM) alone has been shown 
previously to increase cGMP-LI in select amacrine and bipolar cells 
through the endogenous production of nitric oxide (NO). However, 
when CO was co-applied with NMDA, there was a dramatic 
enhancement of cGMP-LI in numerous bipolar, amacrine and 
ganglion cells throughout the retina. These results indicate that CO 
can noticeably increase the cGMP-LI formed in response to 
endogenously produced NO, and that CO can functionally modulate 
the glutamate receptor stimulated activation of the NO/cGMP signal 
transduction system in the retina.
This research supported by NIH EY04785 to WDE.

575.7

PURINERGIC MODULATION OF THE y-AMINOBUTYRIC ACID 
TRANSPORTER PRESENT IN HORIZONTAL RETINAL CELLS.
K.A. Andersen1 and R.P. Malchow2*. ’Dept. of Biological Sciences, University of 

Illinois-Chicago; departments of Biological Sciences and Ophthalmology & Visual 
Sciences, University of Illinois-Chicago; Chicago, IL 60607.

GABA is taken-up by the horizontal cells of the skate retina through the plasma 
membrane transporter proteins. This process is electrogenic, requiring the presence of 
both sodium and chloride in the extracellular milieu. Adenosine 5’ triphosphate (ATP) 
is widely accepted as a neurotransmitter in the vertebrate nervous system and is the 
most abundant purine in the retina. We report here the modulation ofthe inwardly 
directed GABA transporter current by ATP in the retinal horizontal cells.

Isolated horizontal cells were obtained through enzymatic dissociation from retinal 
eyecup, plated onto culture dishes and stored at 14°C. The whole-cell version ofthe 
patch-clamp recording technique was used to voltage-clamp isolated cells at -70 mV. 
Recordings were made in Ringer’s containing inhibitors ofthe voltage-gated 
conductances and for the Na+/K+-ATPase. ATP and ATP analogs that are resistant to 
enzymatic breakdown by ecto-ATPase were used to investigate potential modulatory 
effects on GABA uptake.

Extracellular application of 1 mM GABA to isolated skate horizontal cells induced an 
inwardly directed current that did not desensitize with time. 1 mM ATP independently 
produced a small current. Pretreatment with 1 mM ATP before application of GABA 
significantly reduced the GABA transporter current by 72% ± 6 (S.E.). 1 mM a,p- 
methylene-ATP and (Ly-methylene ATP modulated the GABA transporter current as 
well, with a reduction in the current amplitude by 77% ± 10 (S.E.) and 31% ± 8 (S.E.), 
respectively. Application of 1 mM adenosine did not cause a change in the current 
amplitude from control.

We conclude that the GABA transporter current in the skate retinal horizontal cells is 
modulated via P2-purinoceptor subtypes, and that this effect may have profound 
implications in the formation of the visual receptive fields. Supported by NEI09411.

575.8
THE INFLUENCE OF SINGLE PRESYNAPTIC NEURONS ON 
CORRELATED RETINAL GANGLION CELL ACTIVITY.
Stephen A, Baccus* and Markus Meister. Molecular and Cellular Biology, 
Harvard University, Cambridge, MA 02138.
Retinal ganglion cells engage in strong patterns of correlated firing that 
appear to be caused by shared input from common presynaptic neurons 
(Brivanlou et al., Neuron. 20:527). To learn more about these circuits, we 
recorded intracellularly from single retinal intemeurons using sharp 
microelectrodes while recording simultaneously from many ganglion cells 
with an extracellular electrode array. The receptive field of the 
intemeuron was determined from its response to light stimuli. The spatial 
extent of its synaptic output, its "projective field", was measured by 
changing the intemeuron's membrane potential and observing the resulting 
activity in the ganglion cell population. Finally, the intemeuron was 
filled iontophoretically with dye and imaged using confocal microscopy in 
order to compare its morphology to its receptive and projective fields. 
Early experiments focused on horizontal cells in the salamander retina. 
Hyperpolarizing current injected during constant illumination produced 
bursts of spikes in multiple off-type ganglion cells within a distance of 
250 pm of the horizontal cell. Most activity occurred 0.2-1.5 s following a 
hyperpolarizing pulse. The responses of multiple ganglion cells were 
correlated within 200 ms. Hyperpolarization of the horizontal cell during 
presentation of visual stimuli also elicited ganglion cell activity, again 
having correlations within 200 ms. This suggests that events in the 
horizontal cell population can contribute to broad correlations in ganglion 
cell firing via disinhibition of postsynaptic targets.
Supported by a Presidential Faculty Fellowship Award to MM.
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575.9
CONTRAST ADAPTATION AND GAIN CHANGES IN SALAMANDER AND 
MONKEY RETINA. D. Chander and E.J. Chichilniskv*. The Salk Institute,
10010 N. Torrey Pines Road, La Jolla CA, 92037

Adaptation to stimulus contrast may contribute to visual processing by keeping 
neural signals in a limited range (e.g. avoiding saturation) across different visual 
environments. Contrast adaptation has been shown to influence the firing rate of 
retinal ganglion cells (RGCs) in several species. Does contrast adaptation involve a 
change in the gain (or sensitivity) of visual signals once the spiking nonlinearity of 
RGCs has been accounted for? Is contrast adaptation similar in salamander and 
primate retina? Do different RGCs rely on distinct or common retinal circuitry for 
contrast adaptation? We made multi-electrode recordings from RGCs in isolated 
retinas of tiger salamanders and macaque monkeys. Small pieces of retina were laid 
flat on a planar array of 61 microelectrodes which recorded action potentials from 
multiple RGCs as the retina was stimulated with the optically reduced image of a 
computer display at a low photopic light level. Spatially uniform white noise 
stimulation was used to measure the temporal integration and sensitivity of 
individual RGCs at two or more stimulus contrasts. A model in which linear 
summation of visual signals over space and time is followed by an instantaneous 
nonlinearity was used to summarize the control of RGC firing rate at each contrast 
level. Increases in stimulus contrast caused decreases (up to five-fold) in the 
apparent gain of visual signals in salamander retina, as would be expected if the 
purpose of contrast adaptation were to keep visual signals in a limited dynamic 
range. In monkey retina contrast adaptation had a smaller effect on gain, suggesting 
that primate vision either has different contrast gain requirements or relies more 
heavily on central processing for contrast adaptation. A range of gain changes was 
observed in different simultaneously-recorded cells, adding to evidence that contrast 
adaptation in different cells or cell types involves distinct post-photoreceptor 
circuitry. Cells which integrated visual signals over longer times tended to display 
stronger adaptation than cells with shorter integration times, and preliminary results 
may indicate an asymmetry in ON and OFF pathway contrast adaptation. How 
contrast adaptation affects the gain of visual signals in each distinct class of RGCs 
has yet to be determined.

Support: Chapman Charitable Trust, UC San Diego MST Program

575.10
INHIBITORY ACTIONS OF BETAXOLOL ON ION CHANNELS IN RETINAL 
GANGLION CELLS. K. Hirooka and S. Barnes*. Depts. of Physiology & Biophysics 
and Ophthalmology, Dalhousie University, Halifax Nova Scotia, B3H 4H7.

The Pi-selective adrenoceptor antagonist betaxolol, widely used in the treatment 
of glaucoma, has been reported to have actions on intracellular calcium signalling in 
ganglion cells extending beyond its role as an adrenoceptor antagonist (Osborne et 
al., 1997, Brain Res. 751:113-123). To investigate other means by which betaxolol 
might act, we tested the drug on several types of ion channels in isolated ganglion 
cells of tiger salamander retina. Betaxolol (50 pM) decreased Ca channel currents 
in ganglion cells by 21.1 + 2.2% (n=8), while Pi antagonists propranolol (10 jiM) 
and timolol (50 pM) had weak inhibitory actions on Ca channel currents (-3.1 + 
5.1%, n=4 and -3.3 + 0.6%, n=4, respectively). The L-type Ca channel antagonist, 
nisoldipine, reduced Ca channel current by 30.9 ± 5.0% (n=4) and the current 
remaining was not significantly inhibited by betaxolol (-2.8 ± 5.5%, n=4), 
suggesting a specific action of betaxolol on L-type Ca channels. Outward current 
was reduced in betaxolol by 30.5 ± 5.9% (n=4). Both IBTX (50 nM), a selective 
inhibitor of Ca-activated K channels, and Cd2+ (100 pM), which blocks Ca- 
activated K channels via its block of Ca channels, reduced outward current by 35.8 
± 10.2% (n=8) and while the remaining current was further reduced by 13.3 + 7.4% 
(n=8) in betaxolol, the difference was not significant, suggesting an action on Ca- 
activated K channels. Betaxolol also reduced sodium channel currents by 18.6 ± 
5.2% (n=4), as well as currents evoked by glutamate (10 mM; -25.7 ± 3.9%, n=7) 
and GABA (1 mM; -33.9 ± 5.0% (n=6)). Current clamp recordings from isolated 
ganglion cells showed that betaxolol had several effects on excitability: Spike 
width increased, hyperpolarization following spikes was reduced, and repetitive 
spike activity suppressed. Thus while some actions of betaxolol target specific 
channels, our results show that betaxolol has diverse actions on ganglion cell 
channels and electrical excitability which may play a role in the neuroprotective 
actions of the drug. Supported by the Medical Research Council of Canada.

575.11

CANNABINOIDS INHIBIT L-TYPE CALCIUM CURRENTS IN 
BIPOLAR CELLS OF THE TIGER SALAMANDER RETINA. A.
Straiker1, G. Maguire1'2*. Departments of Neurosciences1 and 
Ophthalmology2, University of California School of Medicine, San 
Diego, California 92093.

Recent evidence has demonstrated the presence of CB1 cannabinoid 
receptors in the retinas of many vertebrates, including that of the 
tiger salamander (Ambystoma tigrinum). Immunohistochemical 
studies have localized CB1 receptors to the terminals of rod bipolar 
cells in the retina of the rat. Cannabinoids have been shown to affect 
aspects of vision that are likely to be mediated by the retina such as 
light sensitivity and glare recovery. To further study the role of 
cannabinoids in the retina we employed perforated patch recording 
techniques. Specifically, we examined effects of cannabinoids on two 
types of calcium currents in retinal slices of the tiger salamander.

The synthetic CB1 receptor ligand WIN 55212-2 was found to block 
L-type calcium currents at concentrations of 450nM (n=3) and 1.5uM 
(n=4). This effect was blocked by the CB1 antagonist SR141716A (450 
nM). Transient T-type currents in bipolar cells were unaffected by 
cannabinoids. L-type calcium channels ih the terminals of bipolar 
cells are thought to mediate glutamate release. As such, the inhibition 
of these currents by cannabinoids may serve to alter synaptic 
transmission in the retina. To our knowledge, this represents the first 
evidence for a function of cannabinoids in the retina.
(Supported by DA05908 (AS) and EY09133 (GM))

575.12
REGULATION OF THE MGLUR6 PATHWAY BY CALCIUM IN 
RETINAL BIPOLAR CELLS. S. Nawv* Depts. of Ophthalmology & 
Neuroscience, Albert Einstein College of Med., Bronx NY 10461.

The metabotropic receptor mGluR6 couples negatively to a nonselective 
cation channel, producing a membrane hyperpolarization in On bipolar 
cells. The role of Ca2+ in this pathway was examined in salamander 
retinal slices, by measuring whole-cell responses to glutamate as a function 
of holding potential in external solutions containing different [Ca2+], The 
reversal potential of the glutamate response exhibited a rightward shift 
with increasing [Ca2+], indicating a Ca2+:Na+ permeability ratio of 
approximately 2.5:1. Ca2+ inhibited the glutamate response. One 
component of this inhibition could be attributed to a voltage-dependent 
block of the cation channel. At -40mV, 50% block of the cation current was 
observed with 2.5 mM Ca2+, and 90% block at 20mM Ca2+. In addition to 
the voltage-dependent block, a second inhibitory effect of Ca2+ on the 
glutamate response was observed. Unlike the channel-block component, 
this inhibition was due to intracellular Ca2+, as it was largely prevented 
by dialysis with 10-20mM BAPTA. At -30mV and 2mM external Ca2+, the 
glutamate response amplitude in BAPTA-dialyzed cells was 64.9±8.2pA 
(mean±s.e.) compared to 29.9±5.8pA in cells buffered with lOmM EGTA. 
Ca2+-dependent inhibition could also be prevented by inhibition of 
calcineurin. In cells dialyzed with cyclosporin A, the average response 
was 52.1+4.7pA. Ca2+-mediated inhibition was use-dependent: It was 
prevented by continuous application of glutamate, which keeps the cation 
channel closed. These results suggest that Ca2+ influx through the cation 
channel regulates the rhGluR6 pathway, and that one of the intracellular 
targets of Ca2+ is calcineurin. Supported by RPB and the NEI.

575.13

Distribution of the AlphalE calcium channel subunit in tiger salamander retina. D. 
Henderson T. Doerr2, J. Gottesman1,2 and R. F. Miller u. Graduate Program in 
Neuroscience; 2Dept. of Neurosciences, University of Minnesota. Minneapolis, MN 
55455.
Most neurons, including retinal neurons, express multiple types of voltage-activated 
conductances. The biophysical properties and the spatial distributions of voltage- 
activated conductances in neurons can affect the integrative and signal-generating 
capabilities of neurons. The R-type calcium current, a sub-type of voltage-activated 
calcium current, has interesting biophysical properties. At present, R-currents are 
thought to be mediated by isoforms of the AlphalE protien. We examined 
distribution of AlphalE in tiger salamander retina using a polyclonal antibody 
(Alomone Labs) to an intracellularly-located, Alphal E-specific peptide sequence. 
Work to date indicated strongest antibody label in the inner plexiform layer (IPL), 
where the terminal processes of bipolar and amacrine cells make synaptic contact 
with each other and with ganglion cell dendrites. There was also some staining in the 
outer plexiform layer. Two previous studies using in situ hybridization techniques in 
rat retina localized the AlphalE mRNA to the inner nuclear and ganglion cell layers 
(Soong, et al, 1993, Science, 260,1133-1136), and to the inner nuclear layer (Kamphnis 
and Hendriksen, 1998, Mol. Br. Res., 55,209-220). Collectively, these data suggest 
that the AlphalE staining we observed in the IPL reflects the presence of AlphalE in 
the terminal processes of either or both bipolar and amacrine cells, and/or in ganglion 
cell dendrites. To help determine which cell types with processes extending into the 
IPL contain the alphalE protein, we have begun anatomical studies to examine 
whether AphalE staining is colocalized with (and is therefore present in) retrogradely 
labeled ganglion cell dendrites. Electrophysiological experiments to determine if R- 
type calcium currents are present in tiger salamander ganglion cells and in inner 
nuclear layer neurons are also underway. Supported by grant NEI EY03014 (RFM) 
and by a Univ. of MN Dissertation Fellowship (DH).

575.14

ANALYSIS OF THE SPATIO-TEMPORAL CHARACTERISTICS 
OF THE ROD PHOTORECEPTORS BY THE IONIC CURRENT 
MODEL. Y. Kamiyama1, T. Aoyama2 and S. Usui2*, faculty of Information
Science and Technology, Aichi Prefectural University, Aichi 480-1198, Japan;
2Department of Information and Computer Sciences, Toyohashi University of 
Technology, Toyohashi 441-8580, Japan.

We have developed a model of the rod photoreceptor network that accounts 
for the dynamics of light responses observed in rods. The model incorporates 
much of the known'evidence in lower vertebrate rod photoreceptors, i.e., the pho-
totransduction cascade in the outer segment, membrane ionic currents (Ica, Ikv , 
IpC(Ca)i Ih Ici(Ca})i intracellular calcium system and electrical junctions among 
rods. It is well known that the rod network in the retinae of many species of 
lower vertebrates behaves as a high-pass filter to small signals. In the previous 
studies, the mechanism has been explained by introducing an inductance in the 
membrane model of rod photoreceptors (Detwiler et al., 1978, Torre & Owen, 
1983). However, the real physiological mechanism underlying the high-pass fil-
tering behavior is not fully understand, although it has been suggested that if 
the membrane hyperpolarization by light decreases the potassium conductance, 
then the membrane shows inductance-like properties. Since we described most of 
ionic currents identified in rod photoreceptor in the present model, it is possible 
to analyze the functional roles of individual ionic currents in shaping the light re-
sponses through computer simulations. Simulations with dim, slit-shaped flashes 
of light produced that the rod network behaves as a high-pass filter to laterally 
spreading signals without any addtitional mechanisms. Therefore, the under-
lying mechanisms of the high-pass filtering property is involved in the present 
model. We have analyzed all components in the model and found that the high- 
pass filtering is disappeared by blocking the calcium dependent currents, lK(Ca}, 
Ici(Ca)- The results suggest that the high-pass filtering is resulted in not only 
the potassium conductance but also the chloride conductance.
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575.15
RETINAL GANGLION CELL PERFORMANCE IN CONTRAST 
DISCRIMINATION IMPLIES SPIKE TIME CODE. N. K. Dhingra, J. B, Demb, 
L. Haarsma, K. Zaghloul, and R. G. Smith*. Dept. of Neuroscience, Univ. of PA, 
19104-6058.

Visual information is encoded by retinal ganglion cells in the form of spikes 
riding on the generator potential. The nature of coding in these cells is not known 
but two possibilities are a spike rate code and a spike time code. Since the 
information carried by generator potential and spike train is limited by noise, 
different codes imply different thresholds for visual discrimination.

We asked what contrast threshold a ganglion cell would have when evaluated 
with ideal discriminators that implemented different codes. Ganglion cell 
responses to contrast steps from 0 to 10% (100ms flashes at 2Hz) were obtained 
from intracellular recordings from intact guinea pig retina and from a multicom- 
partmental ganglion cell model that included stochastic spike generator and 
synaptic inputs. We separated the spike train from the generator potential using 
standard methods and compared the contrast thresholds for each, as measured by 
the proportion of correct responses. When the real spike data at 2% contrast was 
evaluated using a spike rate code ("pattern model" of Geisler et al. 1991; spikes 
counted in 2-20 temporal bins), the proportion correct was 40-50% lower than for 
the generator potential. Addition of time to first and second spikes to the code 
increased the performance of the spike train to nearly that of the generator 
potential. When the model data was evaluated, the proportion correct for spike rate 
code, time to spike code and generator potential were comparable to those of the 
real data. Partially blocked Na+ currents or inclusion of both synaptic and voltage-
gated channel noise in the model decreased performance.

These results suggest that a spike time code but not a spike rate code carries as 
much information about contrast discrimination as the generator potential. 
Supported by MH48168, F32-EY06850, T32-EY07131.

575.16

LOCALIZATION OF VOLTAGE-DEPENDENT SODIUM CHANNEL 
SUBTYPES IN RAT RETINA T. Boiko*, J. S, Trimmerf, S.R. 
Levinson!, and G, Matthews. Depts. of Neurobiology and 
Biochemistry!, SUNY, Stony Brook, NY 11794 and Dept. of 
Physiology!, U. Colorado Med. Sch., Denver, CO 80262

We used immunofluorescent histochemistry and confocal microscopy 
to detect the distribution of voltage-dependent sodium channels in rat 
retina. In the retina, sodium channels underlie action potential propaga-
tion in ganglion cell axons of the optic nerve and in at least some classes 
of amacrine cells. Many subtypes of voltage-dependent sodium chan-
nels have been identified, and the retina contains mRNAs of several 
subtypes. However, the functional distribution of particular subtypes in 
the retina is unknown. We used polyclonal and monoclonal panspecific 
antibodies that recognize all major voltage-dependent sodium channels, 
including brain types I, II, and III and SCN6. Panspecific antibodies 
stained all ganglion cell axons as well as a subset of processes in the 
inner plexiform layer (IPL), where neurites of ganglion cells and ama-
crine cells are found. By contrast, a type Il-specific polyclonal antibody 
stained only ganglion cell axons. Virtually all axons in the nerve fiber 
layer were positive for type II sodium channels. Double labeling using 
panspecific and type Il-specific antibodies showed colocalization in the 
nerve fiber layer, while only panspecific staining was seen in the IPL. 
These data indicate that a sodium channel subtype(s) other than type II is 
expressed in the ganglion cell dendrites and amacrine cell processes of 
the IPL and that type II sodium channel is ubiquitously expressed in 
ganglion cell axons. We are presently using other subtype-specific anti-
bodies to identify sodium channel subtypes found in the IPL.
Supported by NIH grants EY03821, NS34383T, NS34375f!.

575.17
CHARACTERIZATION OF THE Ct1F CALCIUM CHANNEL IN RODENT 

RETINA
C.W, Morgans* and W.R, Tavlor. Division of Neuroscience. John Curtin School of 
Medical Research, Australian National University, Canberra 2600, Australia.

The CACNA1F gene encodes a voltage-gated calcium channel on subunit, a if . 
which is expressed only in the retina. Mutations in this gene cause incomplete X- 
linked congenital stationary night blindness (CSNB1), the phenotype of which is 
consistent with a defect in synaptic transmission in the retina. We sought to verify 
the expression of the a]F cliannel in the rodent retina and to determine its cellular 
and subcellular distribution. For this purpose, an antibody was generated against a 
unique peptide from tlie intracellular loop between membrane domains III and IV cf 
the cxif  channel. This «if  -specific antibody detected two bands at approximately 
220 and 200 kD on an immunoblot of rat retinal protein. This is in close agreement 
with a molecular weight of 219.5 kD predicted for human atF. Immunofluorescent 
localization of the a]F calcium cliannel on rat and mouse retina sections gave strong 
staining of the outer plexiform layer (OPL) which is formed by rod and cone 
photoreceptor synapses. Within the OPL, the aiF channels are clustered in arc-
shaped patches reminiscent of rod active zones. Smaller puncta were also detected in 
the inner plexiform layer (IPL). The aJF was found to be resistant to detergent 
extraction of unfixed retina sections suggesting that clustering of ctiF may be 
mediated by an interaction w ith the membrane skeleton. Whole-cell patch clamp 
recordings from rod photoreceptors in a mouse retinal slice demonstrated the 
presence of a voltage-gated calcium current. The activation threshold was near - 
55mV, and the peak of tire current-voltage relation occurred close to -30mV. These 
data suggest that the a!F channel is localized to the active zone of rod photoreceptors 
and possess physiological properties similar to those previously observed in 
mammalian cone photoreceptors.

Supported by the Australian National University

575.18
SOMATOSTATIN INHIBITS Ca2+ INFLUX INTO RAT ROD BIPOLAR 
CELL AXONAL TERMINALS J. Johnson*, M.L. Caravelli, N. C. Brecha 
Depts. of Neurobiology & Medicine, Jules Stein Eye Institute, UCLA 
School of Medicine & VAMC; LA, CA 90095

The neuropeptide somatostatin (SRIF), which is predominantly 
expressed by sparsely occurring amacrine cells, influences neuronal 
activity in the retina by interacting with SRIF receptors. One of the SRIF 
subtype receptors, sst2A is expressed by rod bipolar cells. Rod bipolar cells 
were dissociated from the retinas of 3-5 week old rats and maintained in 
short term culture. Using an affinity-purified polyclonal antibody 
directed against the C-terminus of sst2A, immunostaining was observed in 
rod bipolar cell bodies, axons, and axonal terminals. Ca2+ imaging 
techniques and the ratiometric Ca2+ indicator dye fura-2 AM were used to 
determine if SRIF modulates Ca2+ levels in axonal terminals. 
Depolarization of rod bipolar cells by the addition of high K+ (50 or 100 
mM) elicited a rapid and sustained increase in Ca2+ levels in rod bipolar 
terminals. This Ca2+ response was dependent on extracellular Ca2+, and was 
inhibited by the Ca2+ channel blocker Cd2+ and the selective L-type Ca2+ 
channel blocker nimodipine. The coapplication of SRIF and high K+ 
inhibited the Ca2+ response in rod bipolar terminals. The inhibition by 
SRIF was dose-dependent and maximal at 10'’ M. These experiments 
show that sst2A is expressed by rod bipolar cell axonal terminals, and that 
SRIF inhibits the K+activated Ca2+influx into these terminals. These 
findings indicate that SRIF has an inhibitory action on rod bipolar 
terminal Ca2+ dynamics, and likely modulates scotopic visual processing in 
the rat retina.
Supported by NEI EY 04067 and EY 07026

575.19
FUNCTIONAL GABAERGIC TRANSMISSION IS OBSERVED IN 
PURIFIED RAT RETINAL GANGLION CELLS IN CULTURE.
MiH, L:Y.„ Dept. of
Ophthalmology & Visual Science, Yale University School of Medicine, New 
Haven, CT 06510.

GABA is thought to be an important regulator of neural development. There 
have been a number of reports suggesting that immature retinal ganglion cells 
contain, and can accumulate, GABA. We have now shown that these cells can 
release and respond to this transmitter. Ganglion cells were purified from retinas of 
6-8 day old rats by adhesion to Thy-1 antibody-coated tubes (IOVS 39:972, 1998). 
Subsequent labeling established that approximately 90% of the cells were Thy-1 
positive ganglion cells. Cells were maintained in low density culture for 7-12 
days. Under these conditions cells generated spontaneous postsynaptic currents 
that were detected using a whole-cell patch-clamp recording configuration. These 
currents could be completely blocked by the GABA(A) receptor antagonist 
bicuculline but not the glutamate receptor antagonists D-APV and DNQX. 
Furthermore, TTX had no detectable effect on these currents indicating that they 
were miniature inhibitory postsynaptic currents (mIPSCs). Removal of external 
calcium (using a bath solution of 0 mM Ca2+ and 1 mM EGTA) had no effect on 
the frequency or amplitude of the mIPSCs, indicating that they were not dependent 
on external calcium. Our observations support the idea that retinal ganglion cells 
might release GABA from their dendrites during early development. This GABA- 
mediated local interaction might be important for both the patterning of ganglion 
cell dendritic arbors and the establishment of inner plexiform layer circuitry 
Supported by NIH grant EY 11356 and the Kemper fund. KMB supported by NIH 
grant EY 06890. CJB is a Senior Investigator of RPB, Inc.

575.20
Ionotropic glutamate receptors at OFF-cone bipolar cells of the rabbit 
retina participate in rod signaling. P.A. Protti*, N. Flores-Herr and H. 
Wassle. Max-Piahck-Institut fur Hirnforschung, D-60528 Frankfurt, Germany.

In darkness, light signals are conveyed from rods to All-amacrine 
cells via rod bipolar cells. All synapse via inhibitory chemical synapses and 
electrical synapses with OFF-cone bipolar cells (CBC) and ON-CBC, 
respectively. CBC in turn contact their respective ganglion cells (GC). Two 
additional pathways have recently been proposed for the scotopic signal: 
1- via electrical coupling between rods and cones and 2- a circuit independent 
of cone photoreceptors, which implies a direct contact of rods with OFF-CBC. 
Moreover, recent evidence from our group indicates that ionotropic 
glutamate receptors type GluRl and 2 are localized to flat contacts between 
rods spherules and CBC. To investigate the glutamate receptors involved in 
these alternative pathways, patch-clamp recordings were obtained from 
ganglion cells in whole-mount preparations of dark-adapted rabbit retina 
under infrared illumination. Cells were identified according to their light 
responses as well as to their morphology. Light-responses in ON-GC were 
completely abolished by the selective glutamate agonist AP4 (100 pM). In 
OFF-GC, AP4 did not block the response either to a dark spot or at light OFF. 
NBQX and CNQX (10 pM), both ionotropic glutamate receptor blockers, 
abolished this response. In ON-OFF ganglion cells, AP4 completely blocked 
the ON responses and enhanced the OFF responses. NBQX or CNQX blocked 
the OFF component in the majority of the cells recorded. In a small 
proportion of cells, the OFF response was insensitive to these blockers, 
however. In these cells, either AP5 or CPP (NMDA receptor blockers) 
obliterated the OFF responses. These results support the existence of an 
alternative pathway for the OFF scotopic signals in which ionotropic 
glutamate receptors are involved.
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575.21
HORIZONTAL CELL FEEDBACK MODULATION OF RESPONSES TO 

FLICKERING LIGHT STIMULI IN CAT AND RABBIT RETINAS 
R. Pfiug1*, H. Reitsamer1, R. Nelson2. ’Department of Gen. and Comp. 

Physiology, Univ. of Vienna, Schwarzspanierstr.17, A-1090 Vienna, Austria.
2Laboratory of Neurophysiology, NINDS, NIH, Bethesda, MD 20892. 

Cone mediated flicker components of horizontal cell (HC) responses are 
enhanced by background induced hyperpolarisation (Pfiug et al. 1990) of 
HC membrane potential, but suppressed by the depolarising effect of 
dopamine receptor agonists (Pfiug & Nelson, 1991). We explain these 
effects by a model of feedback modulation based on the results of Verweij 
et al. (1996) who show that HC hyperpolarization by surround illumination 
shifts the activation range of synaptic cone calcium currents to more 
hyperpolarised levels, thereby facilitating transmission of the high amplitude 
part of cone flicker responses to second order neurons. Conversely, 
depolarization of the HC membrane potential shifts the cone Ca-current 
activation range in a depolarizing direction. This moves the potential range 
of the flicker com-ponent outside the range of cone calcium-current
activation and reduces transmission of high amplitude flicker.

If modulation of HC flicker responses is mainly caused by feedback
modulation of cone transmitter release it should be observed in all second 
and third order neurons in the retina receiving cone input. We demonstrate 
flicker responses of a bipolar cell and an A8-like amacrine cell of rabbit 
retina that show the same dopamine induced suppression of high amplitude 
flicker components as observed in horizontal cells, supporting the model of 
feedback modulation of cone transmitter release by changes in HC 
membrane potential. The physiological role of dopamine induced HC 
depolarisation might be to counteract ligtit induced hyperpolarisation in 
order to stabilize the HC working range.
Supported by FWF P96070-MED and FWF P12036-MED

575.22
OSCILLATIONS AND CORRELATIONS IN CAT RETINAL GANGLION CELL 
DISCHARGES. C.L. Passaelia*. C. Enroth-Cueell. and J.B. Troy, Northwestern 
Univ., Depts. of Biomedical Engineering and Ophthalmology, Evanston, IL 60208.

Purpose: Investigate statistical dependencies in and among the firing patterns of 
mammalian retinal ganglion cells in vivo.
Methods: The well isolated spike trains of pairs of ganglion'cells were recorded 
with two electrodes independently advanced through separate guide tubes both into 
the eye or into the eye and optic tract of anesthetized cats.
Results: Contrary to previous findings, most X- and Y-cells showed multimodal 
interval histograms and auto-correlograms both in the presence and absence of visual 
stimulation. Fewer cells, mainly X-cells, showed the previously reported Gamma- 
type unimodal interval distribution. The preferred interspike interval was nearly the 
same for all cells of an animal and varied in frequency from 65-85Hz across animals. 
The discharges of some cells, mainly Y-cells, were sufficiently locked to this fast 
oscillation that multimodal cross-correlograms were obtained for ganglion-cell pairs 
spaced up to at least 10° apart Neuenschwander and Singer (Nature 379: 728-733,
1996) also reported synchronized oscillatory discharges of similar frequency among 
widely-spaced cells. However, the oscillations that we observed were often present 
in darkness, were comparatively weak in strength, and could decrease, as well as 
increase, in amplitude depending on the stimulus. Simple models of spike generation 
suggest that the oscillatory discharges result not from refractoriness of the spike 
firing mechanism, but from a periodic input presumably from amacrine cells. 
Conclusions: Cat retinal ganglion cells can exhibit fast synchronized oscillations in 
discharge under some circumstances and random uncorrelated discharges for others. 
Which of the firing modes is engaged in behaving animals remains to be determined. 

Supported by NIH grants F32-EY06908, T32-EY07128, and R01-EY06669.

575.23

CIRCADIAN REGULATION OF PHOSPHOLIPID METABOLISM IN 
DIFFERENT RETINAL CELL POPULATIONS. M.E. Guido1* and E. 
Garbarino Pico1.1CIQUIBIC-Depto. de Quimica Btologica, Facultad de C. 
Quimicas, Universidad Nacional de Cordoba, Ciudad Universitaria, 5000 
Cordoba, Argentina.

The neural retina is an important component of the vertebrate 
circadian system which presents a daily rhythm in hormonal levels with 
potential oscillators located in photoreceptor cells. Thus, temporal 
changes across a 24 h period may occur in the cellular metabolism of 
the retina. We have assessed the in vivo incorporation of 32P-phosphate 
into phospholipids of photoreceptors (PRCs) and retina ganglion cells 
(RGCs) from chicks maintained 48 h in constant darkness at different 
times during the projected day and night. There was a rhythm of labeling 
in phospholipids synthesized in the cell soma of the RGCs and in the 
content of lipids axonally transported 4 h later to the contralateral optic 
tectum in the brain. This rhythm peaked during the night at zeitgeber 
time (ZT) 20, and persisted for several hours into the day (ZT 5) declining 
at subjective dusk (ZT10-12). PRCs also exhibited an in vivo rhythm of 
phospholipid synthesis after 1h-labeling in constant condition. This 
oscillation was delayed as compared to that observed in RGCs. The PRC 
rhythm peaked few hours later, at ZT 22, lasted a few hours into the day 
and declined by the end of the subjective dusk. The major individual 
species involved were phosphatidylinositol (PI) during the first hour of 
labeling and phosphatidylcholine (PC) that increased significantly at 
longer times of labeling in both retinal cell populations.

These findings support the idea that different retinal cell populations 
present daily variations in the biosynthesis and axonal transport of their 
phospholipids.
Supported by CONICOR, SECyT and Fundacion Antorchas of Argentina.

575.24

AN OCULAR CLOCK CONTROLS CIRCADIAN 
CHANGES OF RETINAL SENSITIVITY AND 
ROD-CONE DOMINANCE IN THE QUAIL
MK Manglapus, ME Pierce and RB Barlow*
Centerfor Vision Research, SUNY Health Science Center, Syracuse NY

The circadian rhythm of melatonin synthesis in the quail eye is 
controlled by an ocular oscillator (Underwood et al., 1988; 1990). The 
quail eye also exhibits circadian rhythms in retinal sensitivity and rod- 
cone dominance (Manglapus et al., 1998). Does an ocular circadian 
oscillator control physiological rhythms? To answer this question, we 
alternately patched the left and right eyes of individual birds that were 
maintained in constant light as described by Underwood et al.
(1988; 1990). This procedure exposed each eye to a lightrdark cycle (LD 
12:12) that was opposite to the light:dark cycle of the other eye. ERG 
recordings suggest that retinal sensitivity and rod-cone dominance of the 
right eye is 180° out of phase with the sensitivity and rod-cone domi-
nance of the left eye. Analysis of NAT mRNA levels (the rate-limiting 
enzyme for melatonin synthesis) show that the individual circadian 
oscillators in each eye are entrained to opposite light cycles. This 
experiment indicates that a circadian clock within each eye of the 
Japanese quail controls rhythms of melatonin synthesis, retinal sensitivi-
ty and rod-cone dominance.
Supported by NIH grants EY 10672, EY 00667 and Research to Prevent 
Blindness

575.25

CIRCADIAN RHYTHMS OF THE XENOPUS ERG
M Parshlev, K Stewart. M Manglapus, G Engbretson*, B Knox and R
Barlow
Center for Vision Research, SUNY HSC, Syracuse NY 13210

The Xenopus laevis ocular clock modulates retinal structure and 
metabolism, however its effect on retinal sensitivity is not clear. The 
purpose of this study is to determine if the ocular clock also modulates the 
sensitivity of the retina. We recorded electroretinograms (ERGs) in vivo 
using silver wire corneal electrodes from animals that were previously 
entrained to a 12:12 LD cycle and maintained in constant darkness 
throughout the experiment. Adult animals were anesthetized using ice 
water prior to spinal pithing and aerated bath water (lg/L sea salt; 4mM 
NaPi) throughout the experiment. ERGs were elicited with a 50msec 
flash (xenon light source), amplified (10,000 gain; filter settings of 3 Hz 
to 30 KHz) and recorded on a Gould chart recorded (Gould model 220). 
When an animal is kept in constant darkness, the amplitude of the ERG b- 
wave increases during the animal’s subjective day and decreases during its 
subjective night. Day-night changes in the b-wave correspond to >4-fold 
change in retinal sensitivity. Both day and night, the spectral sensitivity is 
broadband representing contributions from both rods and cones. From 
these preliminary studies, we conclude that a circadian oscillator 
modulates the sensitivity of the retina, specifically post-receptor responses 
that generate the b-wave. Thus far, we have no evidence that the 
oscillator selectively affects the responses of rods or cones.
Supported by NIH grants EY 00667, EY 11256 and Research to Prevent 
Blindness
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576.1
AGMATINE-LIKEIMMUNOREACTIVITY IN RODENT SPINAL CORD. C.A. 
Fairbank$*1~\.L,S, Stone1'2, S, Reeunanthan3. D.J, Reis3, R.P, Yezierski4. G.L,
Wi1cqx __- 'Depts. of Pharmacology and Neuroscience, Graduate Program in
Neuroscience and ’Cornell Dept Neurology & Neuroscience. ’’’University of Minnesota, 
Minneapolis, MN 55455.’Cornell University Medical College, New York, NY 10021. 
‘University of Miami, The Miami Project Miami, FL 33136.

Agmatine, decarboxylated arginine, has been recently identified in mammalian 
CNS (Li et. al., 1994) and may be a novel neurotransmitter (Reis and 
Regunanthan, 1998). We have previously observed that a single post-treatment of 
a novel neuroprotective agent, agmatine, rescued mice from dynorphin- and L5- 
ligation-induced allodynia, apparent states of persistent pain (Schreiber, SfN Abst, 
1998; Fairbanks SfN Abstr, 1999). I. In the present studies we evaluated the 
localization of agmatine-like immunoreactivity (-LI) in the spinal cord in naive and 
nerve-injured rats and mice. II. We compared agmatine-LI to that of several 
commonly studied neuronal, glial, and neurochemical markers. Methods. 
Subjects (Sprague-Dawley and Lewis rats, ICR mice) were perfused with 4% 
paraformaldehyde and 0.2% picric acid in 0.1 M phosphate-buffered saline (pH 6.9) 
by vascular perfusion as previously described (Wessendorf and Elde, 1985). Tissue 
was incubated with pre-immune serum or antisera directed against agmatine, NeuN, 
TuJl, GFAP, CD111, 5HT, dopamine B-hydroxylase (D(3H), synaptotagmin and 
CGRP. Results: I. Immunoreactivity was not observed in tissue treated with 
pre-immune serum. Agmatine-LI was observed in all areas of the spinal cord gray 
matter, with higher concentrations identified in the dorsal and ventral horns and 
surrounding the central canal in both rat and mouse. II. Confocal microscopic 
visualization of agmatine-LI in combinations with neuronal (TuJl, NeuN), glial 
(GFAP, CD11), or neurochemical (5HT, D[3H, CGRP, synaptotagmin) markers 
showed no co-immunoreactivity with these markers. Conclusions: The evidence 
demonstrates that agmatine-LI is present in the rodent spinal cord with a 
characteristically process-like and/or punctate distribution suggesting neuronal 
localization. The results are consistant with a role of agmatine in modulating pain 
sensation at the spinal level. (Supported by: NIDA R01-DA-01933, -11236 (GLW, 
CAF, LS); The Hollfelder Foundation (RPY); NIH R01-HL-18974 (DJR, SR)).

576.2
MATURATIONAL CHANGES IN THE CAPSAICIN-EVOKED RELEASE OF 
SPINAL CGRP IN DEVELOPING RATS. C.M. Conwav*. R.A. Armbuster and
T.L, Yaksh. Anesthesiology Research Laboratory, University of California, San 
Diego, CA 92093-0818.

The pharmacology of spinal nociception has been heavily studied in adult 
animals, but the postnatal development of nociceptive mechanisms has received 
relatively little attention. We studied the developmental pharmacology of spinal 
afferent input to cervical and lumbar spinal cord by examining i) tissue levels and 
ii) in vitro capsaicin-evoked release of the primary afferent transmitter calcitonin 
gene-related peptide (CGRP). Spinal cords from Holtzman-Sprague-Dawley Rats 
(Harlan) were extracted hydraulically on postnatal days 1, 5, 10, 15, 20, 25, and 35 
and the cervical and lumbar enlargements dissected on ice. Spinal segments were 
individually placed in tubes of warmed (37 °C) artificial cerebral spinal fluid (2 ml) 
and bubbled with CO2/O2 5%/95%. After 10 min washout, two 10 min baseline 
samples were collected and then the tissue was exposed to 10-5 mM capsaicin. 
PerfUsates were frozen and assayed for CGRP content using locally prepared antisera 
#G2027 (min detection 10 pg/ml). After each trial the cervical or lumbar 
enlargement was also removed from the tube, frozen and assayed for CGRP. The 
total tissue levels of CGRP increased with age, as did the release of CGRP evoked 
by capsaicin. However, when capsaicin-evoked release was expressed as a percent cf 
the total segment CGRP, the differences were unremarkable (range 15-30%). There 
were also few differences in CGRP content when expressed per pg protein. 
Although spinal inhibitory systems undergo dramatic changes during postnatal 
development and mature earlier at rostral than caudal spinal levels, the present 
results indicate that few rostrocaudal differences are present between postnatal days 1 
and 35 in primary afferent CGRP input to the cervical and lumbar spinal cord. 
Further studies will focus on the pharmacologic modulation of primary afferent 
peptide release by endogenous and exogenous agents. Supported by NIH grants 
NS 10022 (CMC) and NS 16541 (TLY).

576.3
EFFECTS OF AMYLOID PEPTIDES ON THE EXPRESSION OF 
NEUROPEPTIDES IN DORSAL ROOT GANGLION NEURONS. 
RELEVANCE TO CHRONIC PAIN IN AGING? W.Ma*, W.-H,Zheng, S.Kar 
and R.Quirion. Douglas Hospital Research Center, McGill University, Montreal, 
Quebec, Canada H4H 1R3

Chronic pain caused by nerve injury and inflammation is more evident in 
aging. However, mechanisms explaining this increased incidence are unclear. 
Among various hypotheses, higher sensitivity of cells to reactive oxygen species 
and free radicals has been proposed as a likely possibility. The production of free 
radicals can be stimulated by various agents including a highly toxic protein 
known as B-amyloid which is found in the brain of Alzheimer’s patients. We 
used amyloid insults as a model to induce cellular toxicity in cultured dorsal root 
ganglion (DRG) neurons and monitored peptide expression as an index of 
cellular viability focusing on calcitonin gene-related peptide (CGRP), a peptide 
known to be present in nociceptive afferent fibers and to modulate pain. Exposure 
of cultured DRG neurons to amyloid AB25-35 (10 or 20 pM for 24 to 96 hrs) 
increased the number of CGRP immunoreactive (IR) neurons while decreasing 
neuropeptide Y- and galanin-IR neurons. Two other amyloid derivatives AB1-40 
and AB 1-42 (5 pM) induced similar changes while the scrambled control peptide 
AB35-25 (10 and 20 pM) was without effect. Trypan blue staining following 
exposure to AB25-35 revealed that this treatment induced cell death in a 
concentration- and time-dependent manner. These in vitro data suggest that 
amyloid peptides may, apart from toxicity, also regulate neuropeptide expression 
in primary afferents. This may possibly have an impact in chronic pain since 
neurons of the spinal cord and DRG are known to be enriched with the amyloid 
precursor peptide, APP. (Supported by MRC of Canada)

576.4

MORPHINE INDUCED CALCITONIN GENE RELATED PEPTIDE 
INCREASE IN CULTURED DORSAL ROOT GANGLION NEURONS. R 
Quirion*, W. Ma, W-H. Zheng and S. Kar. Douglas Hospital Research Center, 
McGill University, Montreal, Quebec, Canada H4H 1R3

The mechanism of tolerance to the analgesic effects of opiates is unclear 
at present. We have previously reported that calcitonin gene related peptide 
(CGRP) immunoreactivity was significantly increased in the spinal dorsal horn 
during the morphine tolerance, suggesting that changes in pain-related 
neuropeptides in dorsal root ganglion (DRG) neurons may be involved (Menard 
et al., J.Neurosci. 1996, 16:2342-2351). In this study, we investigated if an in 
vitro treatment with morphine can mimic the in vivo findings and induce 
increases in CGRP neurons of cultured DRG from adult (3 months old) and 
middle-aged (10 months old) rats. After a treatment with morphine sulfate (1, 5, 
10 and 20pM) for 7 days, the number of CGRP-immunoreactive (IR) neurons of 
cultured DRG from adult and middle-aged rats was significantly increased. 
Interestingly, if cultured DRG neurons were exposed to morphine for less than 4 
days, the increase in CGRP-IR neurons was envident only in DRG cultures from 
middle-aged rats. In keeping with the numbers of neurons, morphine treatment 
was also found to increase the numbers of multiple long branches (at least one 
brance > 0.5mm)-associated with CGRP-IR neurons. The apparent increase in 
CGRP-IR neurons and their branches following morphine treatment was blocked 
by naloxone at comparable concentrations. Apart from CGRP, no significant 
changes in the number of neuropeptide Y- or galanin-IR DRG neurons was 
detected after morphine treatments. Our data suggest that morphine rather 
selectively induces CGRP up-regulation in DRG neurons in vitro. This could 
possibly relate to the significant increase in CGRP observed in vivo in morphine 
tolerant animals. (Supported by MRC of Canada)

576.5

INCREASES IN SPINAL VASOACTIVE INTESTINAL PEPTIDE 
AND NEUROPEPTIDE Y ARE NOT RESPONSIBLE FOR THE 
PRODUCTION OF NEUROPATHIC PAIN IN A RAT MODEL OF 
PERIPHERAL NEUROPATHY H. S. NaaX, H. J. Kima, B. Sungb, H.
J. Nama’ D. Y. Kima and S.JC. Honga,b aNeuro' ci. Res. Instit. and Dept. 
of Physiol., Korea Univ. Coll, of Med.; ^Graduate School of Biotechnology, 
Korea Univ, Seoul, 136-705, Korea

Partial peripheral nerve injury results in neuropathic pain and increases 
in the spinal levels of vasoactive intestinal peptide (VIP) and neuropeptide Y 
(NPY) in the dorsal horn. This study was performed to see whether increases 
in the spinal levels of VIP and NPY contribute to the development of 
neuropathic pain. To this aim, we compared two groups of rats, both of 
which were subjected to unilateral transection of the inferior and superior 
caudal trunks at the level between the SI and S2 spinal nerves, with respect 
to changes in the spinal levels of VIP and NPY; one group showed well- 
developed neuropathic pain behaviors and the other group showed poorly- 
developed ones. Immunohistochemical staining with VIP and NPY 
antibody of the SI spinal cord taken from both groups of rats after 
behavioral tests revealed that their increases in immunoreactivity were not 
significantly different between the two groups.

These results suggest that increases in the spinal levels of VIP and NPY 
after peripheral nerve injury are not key factors in the development of 
neuropathic pain, but rather general events to survive and recover the injured 
neuron. (Supported by Non Directed Research Fund KRF, 1998-091- 
F00126)

576.6

SOURCES OF SPINAL CCK. A.E. Friedrich* and G.F, Gebhart. 
Department of Pharmacology, Univ of Iowa, Iowa City, IA, 52242.

Cholecystokinin (CCK) has been implicated in a wide variety of 
physiological functions, including the modulation of nociceptive 
transmission. Previous studies have shown that intrathecal (i.th.) CCK 
attenuates opioid-induced antinociception, while i.th. CCK receptor 
antagonists enhance the antinociceptive effects of i.th. morphine and 
endogenous opioid peptides. Under physiological conditions, very little 
spinal CCK is released; however, morphine is thought to accelerate the 
release of CCK. The source(s) of the spinal CCK released in response to 
spinal opioids is not known. The present experiments were designed to 
determine the source of CCK to the spinal cord.

The retrograde tracer fluourogold (FG; 2%) was injected into the 
S1 spinal cord segment of adult male Sprague-Dawley rats. After two 
weeks, colchicine was injected (i.v. and i.p.) and rats were perfused 24 hrs. 
later. Frozen, cryostat sections of the S1 level of the spinal cord, S1 DRG, 
and rostral ventral medulla (RVM) were cut. Immunohistochemistry for 
CCK was performed (using the avidin/biotin peroxidase method) and 
sections were examined with a white light and fluorescence microscope.

Cell bodies in the DRG were double-labeled for CCK and FG. 
Double-labeling was also observed in spinal cord lamina I, II, V, and X. 
Labeling for CCK was limited to the ventral RVM, specifically the lateral 
paragigantocelluiar nucleus, gigantocellular reticular nucleus alpha, and 
raphe magnus nucleus.

Supported by DA02879.
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576.7
NMDA MODULATION OF iCGRP RELEASE FROM DENTAL PULP. D.L. 
Jackson* and M.R. Kobayashi. Dept. of Oral Medicine, University of Washington 
School of Dentistry, Seattle, WA 98195.

The results of many pharmacological and biochemical studies are consistent with 
the hypothesis that the activation of excitatory amino acid (EAA) receptors in 
peripheral tissue contributes to hyperalgesia and neurogenic inflammation. We have 
recently reported that the EAA receptor agonists AMPA and kainate both increase the 
spontaneous release of immunoreactive calcitonin gene-related peptide (iCGRP) from 
bovine dental pulp in a concentration-dependent manner (Jackson and Hargreaves, J. 
Dent. Res. 78:54-60, 1999). In vitro superfusion of bovine dental pulp was used in 
the current experiments to evaluate whether N-methyl-D-aspartate (NMDA) receptor 
activation modulates the capsaicin-evoked release of iCGRP from dental pulp. 
Following the collection of baseline superfusate, pulp tissue was treated with 
capsaicin (30 (iM) for 7 minutes. NMDA (1-300 fiM) and glycine (1 mM) were co-
administered with capsaicin in experimental chambers. The iCGRP concentration in 
the collected superfusate was measured by radioimmunoassay. Data was analyzed by 
an ANOVA with Duncan’s Multiple Range Test for post hoc comparisons, and the 
results are presented as the mean ± s.e.m. A linear concentration-response 
relationship was observed with NMDA. Interestingly, the lowest evaluated NMDA 
concentration (1 pM) enhanced capsaicin-evoked iCGRP release compared to Control 
(1004.1 ± 195.1 percent increase over baseline v. 390.0 ± 54.2%, respectively; 
F(551)=9.38, p<0.01), while the highest concentration (300 pM) reduced release 
(225.8 ± 32.1%; p = N.S.). The co-agonist glycine (1 mM) had no effect on 
capsaicin-evoked iCGRP release (Glycine = 313.5 ± 46.4 percent increase over 
baseline vs. Control = 322.7 ± 40.4%, p = N.S.). These results suggest that the 
activation of NMDA receptors in bovine dental pulp contributes to the regulation of 
a population of capsaicin-sensitive afferent neurons. This research was supported by 
NIDCR/NIH grants DE12299 (DU) and DE07150 (MRK).

576.8
EFFECT OF.DYNORPHIN ON iCGRP RELEASE FROM CAPSAICIN- 
SENSITIVE FIBERS. P, Claude*. N. Gracia, L. Wagner, K.M, Hargreaves. Dept. 
Endodontics, University of Texas Health Science Center at San Antonio, San 
Antonio, Texas, 78284 USA

It has been hypothesized that upregulation of dynorphin peptide in the spinal cord 
after nerve injury may be responsible for the development and/or maintenance of 
neuropathic pain. This study investigates the effect of dynorphin on the central 
terminals of capsaicin-sensitive (nociceptive) primary afferent neurons in the spinal 
cord dorsal horn. In these studies, rat lumbar dorsal horn spinal cord isolated, 
choped into 200um cubes and placed into lcc superfusion chambers then 
superfused with oxygenated Kreb’s buffer solution (37C pH 7.4 at 0.5ml/min). 
Three min fractions were collected and iCGRP content determined by RIA. 
Dynorphin was perfused a fraction before and during capsaicin perfusion. 
Pretreatment of with 1 uM dynorphin (1-17) or the non opioid,dynorphin (2-17) 
potentiated the release of iCGRP from dorsal horn tissue in response to perfusion 
with 100 nM capsaicin. 100 nM capsaicin alone evoked a 7.5 + 1.3 fold increase in 
iCGRP release over basal. Pretreatment with dynorphin (1-17) or dynorphin (2- 
17), produced a 11.2 + 3.1 or 12.1 + 5.7 fold increase in iCGRP release over basal 
in response to 100 nM capsaicin, respectively. Interestingly, dynorphin (1-17) 
alone produced a 2.7 + 0.6 fold increase in iCGRP release over basal while 
dynorphin (2-17) alone had no effect. The ability of dynorphin (2-17) to potentiate 
capsaicin-evoked iCGRP release suggests a non-opioid receptor mediated 
mechanism. Overall, these results indicate that dynorphin peptides in the spinal 
cords may sensitize nociceptive primary afferent neurons. Supported in part by 
NIH/NIDR grant DE05722 (P.A.C.)

576.9

RELEASE OF ZCGRP FROM COOLED RAT DENTAL PULP. HE Goodis*, A Poon, 
KM Hargreaves. Schools of Dentistry, University of California, SF, CA: UTHSCA 
San Antonio, TX.

Neurogenic inflammation occurs in various tissues through neuropeptide release 
from sensory neurons. Non-pharmacological, non-invasive treatment modalities may 
alter or prevent that response. In this study, we tested the hypothesis that tissue cooled 
to a specific temperature reduces release of immunoreactive calcitonin gene-related 
peptide (ZCGRP) from capsaicin-sensitive fibers terminating in rat dental pulp. Rat 
pulp tissue was removed from incisors (n=12/chamber), placed into 1 cc chambers and 
superfused with oxygenated Krebs buffer (ph 7.4 at 270 /zL/min). A previously 
validated RIA was used to measure ZCGRP levels. This in vitro procedure permits 
application of precisely measured temperatures to the isolated peripheral terminals. 
Tissue removed was immediately placed in chambers in water baths held at either 
36°C or 26°C. After a baseline recovery period, basal fractions were collected for 
each temperature. There was less release of ZCGRP at the lower temperature level 
(25%). Moreover, when stimulated with capsaicin, (30 /zM) inhibition of ZCGRP 
release was also initially noted. Further reduction in release of ZCGRP was seen at 
both temperature levels when the tissue was later stimulated with a combination of 
BK/PGE2 (1 /zM/10 /zM). The initial inhibitory effect was not due to cytotoxicity since 
tissues regained their ability to respond to capsaicin. Cooling appeared unable to 
modulate the effect of capsaicin, while the BK/PGE2 combination lowered release in 
both groups. The results suggest that environmental temperature represents a 
physiologically relevant parameter which may modulate stimulatory effects of agents 
applied to isolated terminals of capsaicin-sensitive fibers. The results indicate that 
further studies are needed to determine temperature reductions necessary to continue to 
modulate ZCGRP and neurogenic inflammatory response.

576.10
ULTRASTRUCTURAL LOCALIZATION OF SOMATOSTATIN 2A RECEPTORS 
ON UNMYELINATED AXONS IN RAT GLABROUS SKIN S.M. Carlton* and 
Zhixia, Ding, Dept. of Anatomy and Neuroscience, Marine Biomedical Institute, 
University of Texas Medical Branch, Galveston, TX 77555.

It has been previously demonstrated that injection of somatostatin (SST) 
peripherally can reduce carrageenan-induced nociceptive behaviors. Studies in our lab 
show that peripheral injection of the SST agonist Octreotide, will attenuate formalin- 
induced nociceptive behaviors. The site of action of SST in the periphery is unknown 
but presumed to be on nociceptors in the skin. The goal of the present study was to 
localize SST receptors in the glabrous skin using immunohistochemistry at the 
electron microscopic (EM) level.

Male Sprague-Dawley rats (125-200 gm, n=3) were anesthetized and perfused with 
mixed aldehydes. Glabrous skin from the plantar surface of the toes was removed and 
cut into blocks (100pm). Blocks were immunostained using an antibody directed 
against the SST2A receptor (Gramsch Labs, 1:4000) using an ABC kit. Following 
osmication, blocks were dehydrated and embedded in plastic. Bundles of 
unmyelinated axons at the dermal/epidermal junction were photographed and 
percentages of SST2A receptor-labeled axons determined. Analysis at the EM level 
showed that 19% of the unmyelinated axons analyzed were stained for the SST2A 
receptor. Immunostained fibers often had reaction product either diffusely distributed 
within the axoplasm or associated with discrete patches of axonal membrane.

This study provides evidence for a direct effect of SST on unmyelinated sensory 
fibers in the skin through SST2A receptors. Thus, the attenuation of formalin-induced 
pain behaviors following intraplantar injection of a SST agonist (Zhou et al, adjacent 
poster) and reduction of bradykinin-induced heat sensitization following application 
of a SST agonist to nociceptors (Du and Carlton, adjacent poster) are mediated most 
likely through activation of SST2A receptors on nociceptors. The findings suggest 
that peripherally acting SST agonists could reduce pain of peripheral origin by 
reducing nociceptive transmission. Supported by NIH grants NS11255, NS29710 to 
SMC.

576.11

THERMAL EXCITATION AND SENSITIZATION OF NOCICEPTORS 
ATTENUATED BY THE SOMATOSTATIN AGONIST OCTREOTIDE J. Du* and 
S.M, Carlton. Dept. of Anatomy and Neuroscience, Marine Biomedical Institute, 
University of Texas Medical Branch, Galveston, TX 77555.

Somatostatin (SST) receptors have been localized on unmyelinated axons in the 
glabrous skin (Carlton and Ding, adjacent poster). Intraplantar injection of the SST 
agonist octreotide (OCT), attenuates formalin-induced pain behaviors (Zhou et al., 
adjacent poster). The present study investigated the effect of OCT on identified C- 
mechano-heat (CMH) nociceptors and its ability to inhibit responses to thermal 
excitation and BK-induced thermal sensitization.

Using an in vitro skin-nerve preparation, single unit recordings from CMH fibers 
were obtained. OCT-induced inhibition of CMH responses to heat was investigated in 
a dose-response study exposing receptive fields to ascending concentrations of OCT 
(0.02 - 200 ng/pl). OCT inhibition of BK-induced thermal sensitization was also 
investigated, exposing CMH receptive fields to 10pm bradykinin (BK) or 10pm BK 
+ 20ng/pl OCT for 2 minutes and measuring responses before and after drug 
application.

OCT significantly reduced CMH responses to heat (80% units, 20 out of 25 units, 
ED5O=3.2 ng/pl). lOpM BK alone induced a thermal sensitivity in CMHs: mean 
responses were 0.93±0.15 and 1.52±0.28 pre- and post-BK, respectively, (p<0.01, 
n=15). The threshold to activation was also decreased significantly (42.2°C pre-BK to 
39.5°C post-BK). Co-application of OCT+BK prevented BK-induced thermal 
sensitivity, decreasing the mean discharge from 1.18±0.25 (BK alone) to 0.83±0.17 
spikes/sec, (OCT+BK, p<0.05, n=12). The threshold to activation following 
OCT+BK also increased significantly (p<0.05, n=12). Mechanical threshold did not 
change after the application of BK or OCT.

These results demonstrate that activation of SST receptors on nociceptors can 
attenuate responses to thermal stimulation and prevent BK-induced thermal 
sensitization. Supported by NIH NS 11255 and 27910 to SMC.

576.12
GLUTAMATE RECEPTOR PLASTICITY IN THE DORSAL HORN OF 
NEUROPATHIC RATS. G. Hargett* and S.M. Carlton, Dept. of Anatomy and 
Neuroscience, Marine Biomedical Institute, University of Texas Medical Branch, 
Galveston, TX 77555.

Glutamatergic receptors are recognized as playing a key role in synaptic plasticity 
in the CNS. Two classes of glutamate receptors exist, ionotropic (GluR) and 
metabotropic (mGluR). Ionotropic GluRs are of two types: N-methyl-D-Aspartate 
(NMDA) and non-NMDA (AMPA and Kainate, [KA]). Defining the role of GluRs 
in the sensory abnormalities that result from peripheral nerve injury has been a focus 
in our lab for several years. The goal of the present study was to examine the 
neuronal plasticity of ionotropic GluRs in the dorsal horn following tight ligation of 
the L5 and L6 spinal nerves (Chung model).

Male, Sprague-Dawley rats (n=8) were anesthetized and the L5 and L6 spinal 
nerves were tightly ligated with silk suture unilaterally. Seven days postsurgery, the 
rats were reanesthetized and perfused with 4% paraformaldehyde. The 
corresponding spinal cord segments were . removed, cryosectioned and 
immunostained with antibodies directed against subunits of the NMDA (NMDAR1), 
AMPA (GluRl, GluR2/3) and KA (GluR5,6,7) receptors. Computer-enhanced 
image analysis was used to investigate side-to-side differences in staining densities 
in the dorsal horn.

Analysis revealed immunoreaction product to be concentrated in laminae I and II. 
Compared to the contralateral side, NMDAR1 and GluR5,6,7 staining was 
significantly increased in the dorsal horn on the side ipsilateral to the injury, 
however, GluRl and GluR2/3 did not show a significant change from side-to-side.

Behavioral studies have shown that glutamate receptor antagonists are therapeutic 
in attenuating the sensory abnormalities that often accompany nerve injury. Our data 
indicates that peripheral nerve injury results in an upregulation of NMDA and KA 
receptors in the superficial dorsal horn, providing an anatomical correlate for the 
behavioral observations. It is unknown at this time whether this receptor 
upregulation occurs pre- or post-synaptic to primary afferents terminals. Supported 
by NS 11255 and NS27910 to SMC.
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576.13
FORMALIN-INDUCED NOCICEPTIVE BEHAVIOR IS ATTENUATED BY 

ACTIVATION OF PERIPHERAL SOMATOSTATIN RECEPTORS. S. Zhou*, E. 
Davidson1, S. M. Oarlton. Dept. of Anatomy and Neuroscience, Marine Biomedical 
Institute, UTMB, Galveston, TX, and 'Dept. of Anesthesia and Critical Care 
Medicine, Hadassah Hebrew Univ. School of Medicine, Jerusalem, Israel.

Anatomical studies localize somatostatin (SST) receptors on peripheral nociceptors 
in the skin (Carlton, adjacent poster). The goal of the present study was to investigate 
the role of these peripheral SST receptors in the generation of nociceptive behaviors.

Male SD rats received intraplantar injections of the SST agonist Octreotide (OCT, 
0.2, 2.0, or 20ng/pl, n=7-8 per group) + 2.5% formalin or vehicle + 2.5% formalin 
(n=7) in a total volume of 80pJ. Spontaneous behaviors including the amount of time 
the animals spent lifting/licking (L/L) the injected hindpaw and the number of 
flinches occurring in 5min intervals were measured in each group for 50min post-
formalin injection. In a separate group of animals (n=6), the specificity of OCT for 
SST receptors was assessed by co-injection of a SST antagonist cyclo-somatostatin, 
with 20ng/pl OCT+2.5% formalin. Possible systemic effects of OCT were determined 
by injection of 20ng/pl OCT into one hindpaw and injection of formalin into the 
contralateral hindpaw (n=6).

Intraplantar formalin resulted in a biphasic response with animals showing L/L and 
flinching behavior of the injected paw. Co-injection 20ng/pl OCT+ formalin resulted 
in a significant reduction in phase 2 L/L behavior, however, flinching was unaffected. 
Addition of the antagonist cyclo-somatostatin reversed the OCT effects. The control 
studies demonstrated that OCT-induced attenuation of formalin behaviors occurred 
through a local and not a systemic action.

The results suggest that activation of peripheral SST receptors, presumed to be 
located on nociceptors, can attenuate formalin-induced nociceptive behaviors. 
Manipulation of peripheral SST receptors may provide a novel therapy for treatment 
of pain of peripheral origin. Supported by NS11255 and NS27910 to SMC.

576.14
THE EFFECT OF A KAINATE GluR5 RECEPTOR ANTAGONIST ON 
RESPONSES OF SPINOTHALAMIC TRACT NEURONS IN A MODEL OF 
PERIPHERAL NEUROPATHY IN PRIMATES.
K J. Gondesen', J. Palecek, V. Neugebauer, S. M. Carlton and W. D. Willis.
Dept. of Anatomy and Neurosciences and MBI, University of Texas Medical 
Branch, Galveston, TX 77555 - 1069, USA.

Glutamate and its ionotropic and metabotropic receptors are 
considered to play a crucial role in pain transmission and modulation in the 
spinal cord. Recently kainate receptors expressing the GluR5 subunit were 
suggested to be specifically involved in this process. In our experiments a 
specific GluR5 subunit antagonist LY 382 884 (Eli Lilly) was used to 
investigate its effect on the activity of STT neurons in control animals and in 
a model of peripheral neuropathy.

Neuropathy was induced in four monkeys (Macaca fascicularis) by 
ligation of the spinal nerve L7. Activity of STT neurons evoked by innocuous 
and noxious mechanical and thermal stimuli was recorded 14 days later 
similar to Palecek et al. J. Neurophysiol. 68:1951-1966, 1992. LY-382 884 
was delivered to the spinal dorsal horn through a microdialysis fiber in 
concentrations ranging from 10pM to 10mM. STT neurons in the neuropathic 
animals showed increased responsiveness to innocuous and noxious 
mechanical stimuli compared to the controls and in some cases showed 
responses to cooling of the skin. Infusion of 10mM LY-382 884 through the 
fiber reduced responsiveness of the STT cells to the whole range of 
mechanical stimuli applied in both the control and the neuropathic animals. 
In the neuropathic animals the STT cell responses evoked by von Frey 
filaments and cooling of the skin were decreased with lower concentrations 
of the antagonist. Our data suggest that kainate receptors containing the 
GluR5 subunit play a role in a somatosensory processing at the spinal cord 
level. Supported by NIH grant NS 09743, NS 27910.

576.15
INTRATHECAL GALANIN MODULATES SECOND PHASE FORMALIN 
RESPONSE IN THE RAT.
B.J. KERR. Y.K GUPTA. S.W.N.THOMPSON AND S.B, McMAHON*.
Neuroscience Research Centre, St. Thomas’ Campus. Kings College London, 
SE17EH.

The neuropeptide galanin is believed to modulate nociceptive sensory input, 
particularly following nerve injury when its expression is dramatically 
upregulated. Several reports have documented the effects of galanin or galanin 
chimeric molecules upon spinal cord reflex excitability both under control 
conditions and following nerve injury. Many of these reports have provided 
conflicting or inconclusive evidence. In the present study we have examined the 
effects of exogenous, intrathecal (IT) galanin on nociceptive sensory processing 
using the formalin test. Intraplantar injection of a dilute formalin solution (2%) 
produces a characteristic, bi-phasic behavioural response. There is evidence that 
second phase formalin responding is highly dependent on changes in central 
processing of noxious inputs. The effects of three separate pre-treatment doses of 
intrathecal galanin (lOng, lpg and lOgg) have been studied on nociceptive 
behaviour following formalin injection. Animals were observed for one hour 
after formalin administration and nocifensive behaviours (licking, biting or 
elevation of the injected paw) were timed in five minute bins. All three doses of 
galanin potentiated behaviours in the second phase at time points when saline 
control responses were returning to baseline. (p<0.05 two-way Repeated 
Measures ANOVA). Therefore, our results indicate that in the absence of nerve 
injury, exogenous galanin can act to potentiate central processing of noxious 
sensory input.
B.J. Kerr is supported by ASTRA Pharmaceuticals,

576.16
POSTSYNAPTIC ACTION MECHANISM OF SOMATOSTATIN ON THE 
MEMBRANE EXCITABILITY IN SUBSTANTIA GELATINOSA NEURONS 
OF RAT SPINAL CORD S.J. Kim2-*. S.J. Jung1. G.H. Suhl1. J.H, Lee1 and J, Kim1 
‘Dept. of Physiology, Seoul National Univ. Coll, of Med. Seoul, 110-799; 2Dept. of 
Physiology, Kangwon National Univ. Coll, of Med. Chunchon, 200-701, Korea 
The postsynaptic modulation of somatostatin, receptors of which are rich in 
substantia gelatinosa (SG) neurons, during the nociceptive information processing 
in the spinal cord is still obscure. In this study, membrane properties of SG neurons 
and somatostatin effects were studied in the slices of one to two weeks-old rat 
lumbar spinal cords. Membrane potentials and conductances in visually identified 
SG neurons were recorded using the whole-cell patch clamp technique. Bath 
application of somatostatin-14 caused a robust and repeatable hyperpolarization 
(8.0±1.3 mV, n=8) of resting membrane potential (-54±2.1 mV, n=8) and decrease 
in neuronal input resistance. In voltage-clamp study, Current-voltage relationship 
from -120 to -40 mV revealed an inward rectification. From holding potential of-60 
mV, the inward currents developed instantaneously upon hyperpolarization of 
membrane potential and did not show any time-dependent inactivation. 
Extracellularly applied Cs+ inhibited the inward-rectifying current leaving outward 
components. Application of somatostatin produced an increase in membrane 
conductance in dose-dependent manner. The somatostatin-induced current also 
developed almost instantaneously and did not show any time-dependent 
inactivation. The current-voltage relationship exhibited inward rectification. The 
conductance of somatostatin-induced current increased in the high concentration of 
external K+. The reversal potentials in different external K+ concentrations were 
close to the K+ equilibrium potential. Extracellular Cs+ inhibited the somatostatin- 
induced currents. These results indicate that somatostatin decreases the excitability 
of postsynaptic membrane of SG neurons by inducing inwardly rectifying K+ 
conductances of control condition. This study was supported by Korea Research 
Foundation (1998-003-F00001) and STEPI (1998).

576.17

ANGIOTENSIN II, BRADYKININ AND cGMP CAN INHIBIT 
DESENSITIZATION INDUCED BY RESINIFERATOXIN ON DRG 
NEURONS. T. Szabo, T. Biro, P. M. Blumberg*. LCCTP, National 
Cancer Institutes, NIH; Bethesda, MD 20892.

Resiniferatoxin (RTX), an ultrapotent capsaicin (CAP) analog, binds 
to and activates vanilloid receptors on dorsal root ganglion (DRG) 
neurons, acutely leading to 45Ca uptake and subsequent desensitization 
to further challenge by CAP. Previous studies have suggested the 
existance of two distinct mechanisms for desensitization by RTX. At 
low concentrations (ED50=100pM), RTX causes a slow (4-6 hr) 
desensitization which is not dependent on external Ca% At higher 
concentrations (ED50=lnM), RTX causes 45Ca uptake and, with CAP, 
this uptake is associated with Ca++ dependent desensitization. These 
two patterns of desensitization have parallels with the desensitization 
of the vanilloid receptor (VR1) by heat or CAP, respectively.

To study the mechanism of desensitization induced by low dose 
RTX (200pM) we tested the effect of different signalling pathways 
(PKC, PKA, PLC, Ca-dep.ATPase) on the process of desensitization. 
Pretreatment of the cells with Angiotensin II, Bradykinin and a cell 
permeable form of cGMP were able to inhibit desensitization measured 
at the 6th hr after RTX application. Neither activators of the PKA 
(forskolin, 8Bromo-cAMP), nor inhibitor of PKC (PMA) showed 
inhibitory effect. Specific inhibitor of Ca-ATPase of the sarcoplasmatic 
reticulum also failed to prevent desensitization. One plausible 
explanation for the observed phenomen is the role of cGMP dependent 
kinases in phosphorylation of the VR1.
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577.1
62 OPIOID RECEPTORS MEDIATE THE ENHANCED ANTINOCICEPTIVE 
EFFECTS OF p AGONISTS IN RATS WITH PERSISTENT NOCICEPTION.
R.W. Hurley* and D.L. Hammond. Committee on Neurobiology and Dept. of 
Anesthesia & Critical Care, Univ. of Chicago, Chicago, IL, 60637.

In previous studies we demonstrated that the antinociceptive effects of the p 
opioid receptor agonist DAMGO administered in the n. raphe magnus (NRM) 
are enhanced under conditions of inflammatory pain. This study examined 
whether the enhancement is due to an altered endogenous opioid tone in the 
NRM of rats with acute (4 hr) or chronic (2 weeks) inflammation. Nociceptive 
thresholds were determined by the radiant heat paw-withdrawal test. Rats 
received a unilateral i.pl. injection of either Complete Freund’s Adjuvant (CFA) 
or saline. The p opioid receptor agonist DAMGO was microinjected in the NRM 
and nociceptive thresholds were determined. Coadministration of CTAP, a g 
opioid receptor antagonist, produced a non-parallel rightward shift in the dose- 
effect relationship of DAMGO determined 4 hr after injury. When coadmin-
istered with DAMGO 2 weeks after injury, CTAP shifted the dose-effect 
relationship of high doses of DAMGO to the right. However, the enhanced anti-
nociceptive effects of very low doses of DAMGO were not antagonized by 
CTAP. The enhanced antinociceptive effects of these doses of DAMGO were 
completely reversed by a combination of CTAP and the 62 opioid receptor anta-
gonist, NTB. Micro injection of NTB, but not CTAP, alone in the NRM of CFA- 
treated rats enhanced the hyperalgesia present either 4 hr or 2 weeks after injury. 
These results suggest that the enhanced antinociceptive effects of g opioid re-
ceptor agonists result from an increased release of endogenous opioid peptides, 
which act at 62 opioid receptors in the NRM, during the acute and chronic 
phases of the inflammation. Supported by DA06736 (DLH) and DA05784 (RWH).

577.2
KAPPA OPIOID RECEPTOR AGONISTS IN THE ROSTRAL VENTRO-
MEDIAL MEDULLA MODULATE SYNAPTIC TRANSMISSION IN VITRO 
AND ARE ANTINOCICEPTIVE IN VIVO.
M.A. Ackley, R.W. Hurley and D.L. Hammond*. Dept. of Anesthesia and 
Critical Care, Univ. of Chicago, Chicago, IL, 60637.

The rostral ventromedial medulla (RVM) is an important site for the anti-
nociceptive effects of p and S opioid receptor agonists. However, the action of 
k  opioid receptor agonists in this region is less clear. This study examined the 
ability of the k  opioid receptor agonist, U69,593, to modulate synaptic 
transmission in the RVM and to produce antinociception in vivo. Visualised 
whole-cell patch clamp recordings were made from RVM neurons in coronal 
slices of brainstem from 5- to 10-day old rats. Monosynaptic, glutamatergic 
excitatory postsynaptic currents (EPSCs) were evoked by a bipolar stimulating 
electrode situated in the nucleus reticularis gigantocellularis dorsolateral to the 
RVM. EPSCs were pharmacologically isolated by addition of 30 pM bicu-
culline and 10 pM strychnine. Biocytin was included in the patch pipettes for 
subsequent morphological characterization of the neurons. Bath application of 
U69,593 (10 nM-1 pM) produced a dose-dependent decrease in the amplitude 
of the EPSCs with a maximal inhibition of 50 %. Addition of the k  opioid 
receptor antagonist, norBNI, attenuated the inhibitory effects of U69,593. In a 
separate study, microinjection of U69,593 (0.1-3 nmol in 0.25 pi) into the 
RVM of adult rats produced a modest dose-dependent antinociception as 
determined by the radiant heat paw withdrawal test. These data indicate that k  
opioid receptor agonists modulate excitatory synaptic transmission in the 
RVM, an effect that may underlie the novel antinociceptive effects of U69,593 
in this nucleus. Supported by DA06736 (DLH) and DA05784 (RWH).

577.3

SPINAL EXCITATORY AMINO ACID AND SEROTONIN RECEPTORS 
MEDIATE HYPERALGESIA FOLLOWING NMDA RECEPTOR 
ACTIVATION IN THE ROSTRAL VENTROMEDIAL MEDULLA.
M.O. Urban*. R.L. Lubert and G.F, Gebhart. Department of Pharmacology, 
University of Iowa, Iowa City, IA 52242

Recent studies have demonstrated a significant contribution of descending 
facilitatory systems from the rostral ventromedial medulla (RVM) to 
hyperalgesia following peripheral insult. Centrifugal activation of descending 
facilitatory systems following peripheral insult is mediated by NMDA 
receptors in the RVM, and likely involves a spino-bulbar-spinal loop. Thus, 
the current study was designed to determine the spinal components mediating 
hyperalgesia following direct NMDA receptor activation in the RVM. 
Microinjection of NMDA (60 pmol/0.5 gl) into the RVM of awake Sprague 
Dawley rats produced a short-lived (15 min) facilitation of the spinal 
nociceptive tail-flick reflex. Intrathecal (i.t.) administration of the NMDA 
receptor antagonist APV dose-dependently inhibited NMDA hyperalgesia 
from the RVM at doses (ID50=7.4 pmol) approximately 40 fold less than that 
observed with the non-NMDA receptor antagonist DNQX (ID50=304 pmol). 
Additionally, i.t. administration of the serotonin receptor antagonist 
methysergide (10-60 nmol) dose-dependently inhibited NMDA hyperalgesia 
from the RVM. I.t. administration of the metabotropic glutamate receptor 
antagonist (AP3), the K-opioid receptor antagonist (nor-BNI), the 
cholecystokinin receptor antagonist (proglumide), or the a-adrenergic 
receptor antagonist (phentolamine) were all without effect. These data 
support an involvement of spinal NMDA, non-NMDA, and serotonin 
receptors in mediating descending facilitation following NMDA receptor 
activation in the RVM. Supported by DAI 1431 and DA02879.

577.4
CHRONIC SUCROSE INTAKE AFFECTS OPIOID INDUCED 
ANALGESIA IN MALE AND FEMALE RATS: INTRA-PAG
INJECTIONS OF g, 5 AND k  OPIOID RECEPTOR AGONISTS
S. Mandillo*, R.B. Kanarek. Dept. of Psychology, Tufts University, 
Medford, MA 02155.

The objective of this study was to evaluate the effects of chronic sucrose 
intake on analgesia induced by centrally administered p, 5 and k  opioid 
receptor agonists. Male and female Long Evans rats were given continuous 
access to water and ground chow, half of them were also given a 32% (w/v) 
sucrose solution. After three weeks, a guide cannula was stereotaxically 
implanted in the periaqueductal gray area (PAG) in all subjects. One week 
after recovery from surgery, the rats were given 2pl/rat of morphine sulfate 
(2.5, 5, 10 pg), deltorphin II (20 pg) or spiradoline (100, 300, 600 pg) in the 
PAG and tested 15, 30, 45 and 60 min post-injection for analgesia using the 
tail flick test. After intra-PAG injection of morphine, male and female rats 
that had access to sucrose showed significantly higher levels of analgesia 
than animals fed chow only. The two diet groups (chow only vs. sucrose) 
did not differ in the analgesic effect of spiradoline (k  receptor agonist). 
Intra-PAG administration of deltorphin II (5 receptor agonist) failed to 
produce analgesia in both diet groups. In all experiments, total daily calories 
consumed did not differ between the two diet groups. The effect of a sweet 
diet on opioid induced analgesia does seem to be mediated by p but not 5 or 
k  receptors in the PAG.
This study was supported by Grant #RO1 DA04132 from NIDA

577.5

B-ENDORPHIN AND D-PRO2-ENDOMORPHIN-2 ANALGESIA ELICITED 
FROM THE VENTROLATERAL PERIAQUEDUCTAL GRAY DISPLAY SEX 
DIFFERENCES IN RATS. E.K. Krzanowska1*, V. Znamensky1, S. Wilk2 and R.J. 
Bodnar1. ’Dept. of Psychol. & Neuropsychol. Doct. Subprog., Queens Col., CUNY, 
NY, NY 11367; 2Dept. Of Pharmacol., Mount Sinai Sch. of Med.. NY, NY 10029.

Analgesic sex differences occur in rats following morphine administered into 
the rostral ventromedial medulla or ventrolateral periaqueuductal gray (vlPAG) 
with males displaying significantly greater analgesia than females. Both P-endor- 
phin (PEND) and D-Pro2-endomorphin2 (DProEnd) display g-sensitive analgesia 
in the vlPAG. This study evaluated whether the magnitude of PEND and DProEnd 
analgesia in the vlPAG varied as functions of sex and adult gonadectomy, and 
correlated with changes in activity and behavioral activation. pEND (5.2-26 gg) 
analgesia in the vlPAG of male and female sham-operated and gonadectomized 
rats were assessed on the tail-flick and jump tests. Although no differences occur-
red in the magnitude of PEND analgesia, analgesic potency was greater on the tail- 
flick test in male (EDS0= 13-18 gg) than in female (ED50= 36-59 gg) rats. In assess-
ing DProEnd (1-50 gg) in the vlPAG. female rats (ED50= 3-5 gg) displayed signifi-
cantly greater magnitudes and potencies of DProEnd analgesia on the tail-flick test 
than males (ED50= 30-100 gg). There were minimal sex effects on the jump test, 
and gonadectomized and sham-operated controls were similar. Locomotor and 
stereotypic activity displayed similar dose-dependent reductions following PEND 
and DProEnd for sex and gonadectomy. However, the sex difference in DProEnd 
analgesia highly correlated with significantly greater behavioral activation (e g., 
running, barrel rolls, seizures) in males. These data indicate that sex differences in 
analgesic responses within the vlPAG depend upon the opioid agonist employed, 
and suggest that different isoforms of g opioid receptors may be differentially 
sensitive to gonadal steroid hormones. (PSC/CUNY Grant 69256).

577.6
ACTIONS OF NMDA AND CHOLINERGIC RECEPTOR ANTAGONISTS IN 
THE ROSTRAL VENTROMEDIAL MEDULLA UPON P-ENDORPHIN 
ANALGESIA ELICITED FROM THE VENTROLATERAL 
PERIAQUEDUCTAL GRAY. M, Spinella*, V. Znamensky, M. Moroz, A. 
Ragnauth and R.J. Bodnar. Dept. of Psychology and Neuropsychology Doctoral 
Subprogram, Queens College, City Univ. of New York; Flushing, NY 11367.

Analgesia elicited by morphine in the ventrolateral periaqueductal gray 
(vlPAG) is reduced by NMDA and cholinergic receptor antagonists in the rostral 
ventromedial medulla (RVM). Morphine and P-endorphin (P-END) employ 
different anatomical and neurochemical pathways in exerting their supraspinal 
analgesic effects. The present study evaluated whether pretreatment with either 
competitive (AP7, 3-10 pg) or non-competitive (MK-801, 3-10 pg) NMDA 
antagonists, or muscarinic (scopolamine, 5 pg) or nicotinic (mecamylamine, 1 pg) 
cholinergic antagonists administered into the RVM altered P-END (15 pg) 
analgesia elicited from the vlPAG as measured by the tail-flick and jump tests in 
rats. Whereas AP7 produced minimal (11%), transient (30 min) reductions in P- 
END analgesia on the jump test, MK-801 produced minimal (9%), (30 min) 
reductions in P-END analgesia on the tail-flick test. Whereas mecamylamine failed 
to reduce p-END analgesia on either measure, scopolamine produced small (23%), 
transient (30 min) reductions in p-END analgesia on the tail-flick test. Each of 
these antagonists administered into the RVM at comparable or lower doses 
virtually eliminated morphine analgesia elicited from the vlPAG. The opioid 
mediation of P-END analgesia in the vlPAG was confirmed by its sensitivity to 
naltrexone (1-20 pg) pre-treatment. These data provide further evidence for 
dissociations between the descending neuroanatomical and neurochemical circuitry 
mediating the supraspinal analgesic responses induced by morphine and P-END. 
(PSC/CUNY Grants 668267 and 669256).
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577.7

ANALGESIC ACTIONS OF ORPHANIN FQ/NOCICEPTIN FRAGMENTS IN 
THE VENTROLATERAL PERIAQUEDUCTAL GRAY AND AMYGDALA IN 
RATS. R. Shane1*. G.C. Rossi2. R. Allen3. J.P. Mathis2, G.W. Pasternak2 and R.J.
Bodnar1. 'Neuropsych. Doctoral Prog. Queens Col., CUNY, Flushing, NY 11367; 
2Dept. of Neuro-Oncology, Memorial Sloan Kettering Cancer Ctr., NY, NY 10021 
& 3Dept. Of Biochem., Oregon Hlth. Sci. Univ., Portland, OR 97201.

Although orphanin FQ/nociceptin (OFQ/N,.,7) was initially characterized as 
possessing hyperalgesic actions, subsequent studies demonstrated that this peptide 
and its fragments (e g., OFQ/N,.,,, OFQ/N,.7) produce analgesic effects following 
microinjections into the lateral ventricles or ventrolateral periaqueductal gray 
(vlPAG). The present study evaluated the abilities of OFQ/N,.,7 and OFQ/N,.!, to 
produce analgesic effects on the tail-flick and jump tests following microinjection 
into the amygdala which supports other forms of opioid-induced analgesia. Since 
some fragments (e.g., ppOFQ,4,.,57) of the cloned precursor gene produce analgesia, 
the present study also examined whether the OFQ precursor fragment, ppOFQ160. 
)87, possessed analgesic activity following microinjection into either the vlPAG or 
amygdala. Like its effects in the vlPAG, amygdala microinjections of either 
OFQ/N,.,7 or OFQ/N,.,, produced equimolar and dose-dependent analgesic effects 
on the tail-flick test, but failed to exert any analgesic actions on the jump test. This 
pattern of results is markedly different from the greater ability of morphine, fi- 
endorphin or U50488H in the amygdala to produce greater effects on the jump, 
relative to the tail-flick test. Microinjection of ppOFQ160.,87 produced analgesia on 
the tail-flick test in both the vlPAG and amygdala. Ongoing studies are 
characterizing these analgesic actions using selective opioid antagonists, and 
examining whether differences in beam intensity yield differences in analgesic or 
hyperalgesic properties of these peptides in these supraspinal sites. Supported by 
NIH Grants DA000310 and DA07242.

577.8
DIFFERENTIAL DESCENDING PAIN CONTROL PATHWAYS 
INVOLVEMENT IN MEDIATING ANTINOCICEPTION INDCUED BY 
SUPRASPINAL ADMINISTERED ENDOGENOUS g-OPIOID PEPTIDES 
ENDOMORPHIN-1 AND -2 IN THE MOUSE. L.F. Tseng1*. M. Ohsawa1. C. 
Sueanuma1, H, Mizoeuchi1, G.S, Oji1. T„ Endoh2. H, Nagasc2 and M, Narita1.
’Dept. of Anesthesiology, Medical College of Wisconsin, Milwaukee, WI 53226, 
2Basic Res. Lab., Toray Industries Inc., Kamakura 248, Japan.

Endomorphin-l and -2 have been identified to be endogenous g-opioid receptor 
ligands. The present study was designed to investigate the descending pain control 
pathways underlying the i.c.v.-administered endomorphin-l and -2 induced 
antinociception in the mouse. I.c.v.-administered endomorpin-1 and -2 each 
inhibited tail-flick and hot-plate latencies in a dose-dependent manner. The 
antinociceptive potency of endomorphin-l was 3.3- and 2.4- fold more potent than 
that of endomorphin-2 in inhibiting tail-flick and hot-plate responses, respectively. 
The effects of endomorphin-l and -2 were completely blocked by i.c.v. pretreatment 
with p-opioid receptor antagonists CTOP and B-FNA, confirming the p-opioid 
receptor specificity. Under this condition, antinociceptive effects induced by i.c.v.- 
administered endomorpin-1 and -2 were significantly attenuated by i.t. pretreatment 
with either an o^-adrenergic receptor antagonist yohimbin or a serotonin (5-HT) 
receptor antagonist methysergide in both tail-flick and hot plate tests. Furthermore, 
in tail-flick test, the i.c.v.-administered endomorphin-2-induced antinociception was 
significantly attenuated by i.t. pretreatment with antiserum against an endogenous 
K-opioid receptor ligand dynorphin A (1-17), whereas the i.c.v.-administered 
endomorphin-l-induced antinociception was not affected. These results suggest that, 
like morphine, descending noradrenergic and 5-HTergic pathways are involved in 
antinociceptive effects induced by both endomorphine-1 and -2 when given 
supraspinally. We also propose that endomorphin-l produces antinociception by 
stimulating one type of p-opioid receptor in the supraspinal site, while 
endomorphin-2 initially stimulates different p-opioid receptors which subsequently 
may induce the release of dynorphins spinally acting on the K-opioid receptor in the 
spinal cord to produce antinociception, (supported by NIH/NIDA grant DA 03811).

577.9

ENDOMORPHIN-1 AND ENDOMORPHIN-2, ENDOGENOUS LIGANDS FOR THE 
p-OPIOID RECEPTOR, DIFFERENTIALLY MODULATE NOXIOUS VERSUS 
NONNOXIOUS STIMULUS-EVOKED RESPONSES OF TRIGEMINAL NEURONS. 
X-M Wang*, K-M Zhang, L.O. Long, C.A. Flores and S.S. Mokha. Department of Anatomy 
and Physiology, Meharry Medical College, Nashville, TN 37208.

Endomorphin-l (Tyr-Pro-Trp-Phe-NHj) and endomorphin-2 (Tyr-Pro-Phe-NHJ isolated 
recently from the brain have been suggested to be endogenous ligands for the p-opioid 
receptor. Spinally administered endomorphins have been reported to produce analgesia and 
selectively modulate C-fiber evoked responses of spinal dorsal horn neurons. The present 
study was designed to investigate whether endomorphins applied microiontophoretically 
produce a modality-specific modulation of somatosensory inputs in the trigeminal system 
or not Extracellular single-unit recordings were made using the central barrel of a seven- 
barrel micropipette from nociceptive specific and wide dynamic range neurons in the 
medullary dorsal horn (trigeminal nucleus caudalis) in anesthetized rats (urethane, 1.5 g/kg, 
i.p.). The remaining barrels were filled with freshly made solutions of the following drugs: 
endomorphin-l; endomorphin-2; NMDA; GABA and naloxone hydrochloride. 
Mierokmtophoretic application of endomorphin-l produced a peak inhibitory effect of 65.56 
± 6.36% (n = 7) on the noxious (pinch and heat) stimulus-evoked responses and the 
inhibition persisted for 16.43 ± 2.61 minutes (n = 7). In contrast, endomorphin-l did not 
alter the nonnoxious (brush) stimulus-revoked responses (3.90%, n = 3). Similarly, 
endornorphin-2 produced a peak inhibitory effect of 72.22 ± 6.62% (n = 9) on the noxious 
stimulus-evoked responses and the inhibition persisted for 18.33 ± 3.54 minutes (n = 9). 
However, endomorphin-2 produced only a small reduction of 23.32% (n = 5) on the 
nonnoxious stimulus-evoked responses. Naloxone applied at currents that blocked the 
effects of DAMGO, reduced the inhibitory effect of endomorphin-1 and endomorphin-2 by 
70.39% (n = 9) and 65.96% (n = 10) respectively. However, naloxone did not alter the 
inhibitory effect of GABA on the same neurons. We suggest that endomorphins by acting 
at p-opioid receptor selectively modulate noxious stimulus-evoked responses in the 
medullary dorsal horn. Supported by grants from NIH (DE10903; RR3032; DERR10595)

577.10

THE ANTINOCICEPTIVE EFFECT OF THE ATYPICAL 7V-METHYL-D- 
ASPARTATE (NMDA) ANTAGONIST IFENPRODIL IS SUPRASPINALLY 
MEDIATED. B.A. Chizh1*, E. Reiflmuller1 and W. Englberger2. 'Dept. of 
Pharmacology and 2Dept. of Molecular Pharmacology, Griinenlhal GmbH R&D. 
Zieglerstr. 6. D-52078 Aachen, Germany.

Ifenprodil and several structurally related compounds have been recently 
identified as N-melhyl-D-asparlale (NMDA) antagonists with high selectivity for 
the NR2B-conlaining receptors. Some of them have been reported to be 
antinociceptive in several preclinical pain models and to have minimal side- 
effects. In this work, we have investigated the mechanism of the antinociceptive 
action of ifenprodil using behavioural and electrophysiological models.

Ifenprodil and some other NMDA antagonists (MK-801, memantine) were tested 
in a model of inflammatory pain (Randall-Selillo) in rats. The in vivo NMDA 
antagonism was assessed in anaesthetised spinalised rats in the model of single 
motor unit (SMU) wind-up and on responses of spinal dorsal horn (DH) neurones 
to iontophorelic NMDA. Furthermore, in an additional group of experiments, 
ifenprodil was tested on SMU responses to noxious electrical and mechanical 
stimuli in sham-spinalised anaesthetised rats.

Ifenprodil (10-46.4 mg/kg. i.p ). MK-801 (0.1-1 mg/kg. i.p.) and memantine 
(10-46.4 mg/kg, i.p.) dose-dependently increased the nociceptive threshold in 
Randall-Selillo model. The antinociceptive doses of the channel blockers inhibited 
wind-up and selectively antagonised NMDA responses of DH neurones. In 
contrast, the antinociceptive doses of ifenprodil did not show any NMDA 
antagonism in electrophysiological tests. Surprisingly, ifenprodil markedly and 
dose-dependently inhibited the nociceptive SMU responses in sham-spinalised rats.

These results suggest that the antinociceptive effect of the atypical NMDA 
antagonist ifenprodil cannot be explained by the NMDA antagonism at the spinal 
level and that supraspinal structures seem to be the main site of action.

577.11

Loss of response of RVM neurons to repeated PAG opioid administration in 
the rat. V. Tortorici* and M.M. Morgan. Neurophysiol. Lab, Instituto 
Venezoiano de Investigaciones Cientfficas (MC), Caracas, Venezuela, and 
Dept. Psychol., Washington State University, Vancouver, WA, USA.
The midbrain periaqueductal grey matter (PAG) and the rostral ventromedial 
medulla (RVM) have been implicated in pain modulation. Microinjection of 
morphine (MOR) into the ventrolateral (vl) PAG produces antinociception 
which diminishes with repeated administration (Tortorici et al., 1999). Such 
tolerance could be mediated by changes within the PAG or anywhere along 
the descending pathway (PAG to RVM to spinal cord). If tolerance is 
mediated by a change within the PAG, then the effect of PAG morphine on 
RVM on- and off-cells should diminish as tolerance develops. One week 
after implantation of a guide cannula, MOR (5 gg/0.4 pi) was microinjected 
into the vlPAG five times over 2.5 days. Antinociception was evaluated 20 
min after each microinjection with the hot plate (HP) test. As expected, MOR 
microinjections caused a lengthening of HP latencies but this effect 
decreased with subsequent microinjections (tolerance). On day 4, each rat 
was anesthetized with halothane and placed in a stereotaxic frame for 
recording of RVM on- and off-cells; i.e., neurons that increase, or pause, 
respectively, their firing just before the tail flick (TF) reflex. After 3 stable 
baseline TF responses were obtained, MOR was microinjected into the 
vlPAG. In contrast to naive rats, vlPAG microinjected MOR in tolerant rats 
did not change the baseline activity of the cells, did not prevent the off-cell 
pause and the on-cell activation, and did not lengthen TF latency. These 
results demonstrate a correspondence between neural and behavioral 
measures of tolerance to PAG opioid administration and indicate that this 
tolerance can be caused by a change either within the PAG or RVM. 
Supported in part by funds from the State of Washington Initiative Measure 
No. 171. VT was the recipient of a fellowship from CONICIT, Venezuela.

577.12

INVOLVEMENT OF SPINAL CORD ENDOGENOUS OPIOIDS IN THE 
ANTINOCEPTIVE EFFECT OF PAG-MICROINJECTED DIPYRONE (DIP). N. 
Hernandez, and H. Vanegas*. Instituto Venezoiano de Investigaciones Cientificas, 
IVIC, Apartado 21827, Caracas 1020-A, Venezuela.

PAG-microinjection of DIP inhibits responses of spinal dorsal horn neurons to 
natural noxious stimulation in rats, probably by activating modulatory descending 
systems. We have herein investigated the possibility that spinal cord endogenous 
opioids could mediate this inhibitory effect. In rats under barbiturate anesthesia, 
wide-dinamic-range (WDR) neurons were extracellularly recorded in the spinal cord 
horn below a 50gl trough that was sealed onto the dorsal spinal surface and was 
filled with saline (SAL). Neuronal responses to the following protocol were obtained 
every 5 min 3 times (baseline): 10 s dorsoventral application of an innocuous clamp 
to the receptive field (RF) in the ipsilateral hindpaw, 1 min on-going activity, 10 s 
application of a noxious clamp to RF. Then lOOpg DIP in 0.5 pi SAL were 
microinjected in the periaqueductal gray matter (PAG) and the stimulation protocol 
was run every 5 min. As shown previously, responses to the noxious -but not the 
innocuous- stimulus progressively decreased. At 20 min after PAG-DIP, when the 
responses were 36% of baseline values (p<0.03), the SAL in the spinal cord trough 
was replaced with 50 pg NAL in 50 pi SAL. This reverted to baseline values the 
inhibition produced by PAG-DIP. Controls: a) When SAL alone instead of NAL was 
applied in the spinal trough, responses to noxious stimuli decreased further to 22% of 
baseline (p<0.03). b) PAG microinjection of SAL instead of DIP produced no 
inhibition of responses, and spinal NAL had no effect in these rats. PAG 
microinjection sites were shown by dye injection to be in the ventrolateral PAG. 
WDR neurons were shown by electrolytic lesions to be in the dorsal horn. These 
results show that spinal cord endogenous opioid systems are involved in the 
antinociceptive effect of PAG microinjection of DIP. (Partly supported by grant 
97000106 of the Venezuelan CONICIT)
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577.13
EFFECTS OF g-OPIOID RECEPTOR AGONISTS ON G-PROTEIN 
ACTIVATION IN STREPTOZOTOCIN-INDUCED DIABETIC MICE. NL 
Ohsawa1. M, Narila1, H, Mizoguchi1, M, Narita1, J, Kama2*, H. Naaase3 and LJL
Tseng1. ‘Dept. of Anesthesiology, Medical College of Wisconsin, Milwaukee, WI 
53226, 2Dept. of Pathophysiology & Therapeutics. Faculty of Pharmaceutical 
Sciences, Hoshi University, Tokyo, 142-0813, Japan. 3Basic Res. Lab., Toray 
Industries Inc., Kamakura 248, Japan.

Many clinical and experiment studies have suggested that diabetes or 
hyperglycemia alters pain sensitivity, and sensitivity to several drugs. It has been 
reported that the antinociceptive potency of morphine is decreased in several rodent 
models of hyperglycemia, including streptozotocin (STZ)-induced diabetes, an animal 
model of type I diabetes. The present study was designed to investigate in STZ- 
induced diabetic mice the effect of a selective g-opioid receptor agonist DAMGO on 
G-protein activation by monitoring [35S]GTPyS bindings to pons/medulla 
membranes, which contain the key areas of opioid antinociception. Behaviorally, 
DAMGO (10 ng, i.c.v.) inhibited the tail-flick latencies in non-diabetic mice. In 
STZ-induced diabetic mice, the effect of DAMGO was significantly attenuated as 
compared to that in non-diabetic mice. DAMGO (0.1-10 gM) increased the 
[35S]GTPyS binding in a concentration-dependent manner and reached approximately 
100 % maximal increase at 10 pM in non-diabetic mice. This effect was completely 
blocked by co-incubation with selective g-antagonists p-FNA and CTOP. Under this 
condition, the levels of [35S]GTPyS binding stimulated by DAMGO (10 gM) in STZ- 
induced diabetic mice was 105 %, similar to the level in non-diabetic mice. These 
results indicated that the antinociceptive effect of DAMGO, when given 
supraspinally, was less in STZ-induced diabetic mice than that in non-diabetic mice, 
whereas the g-opioid receptor-G-protein coupling efficiency in pons/medulla was not 
altered in STZ-induced diabetic mice. Thus, the attenuation of DAMGO-induced 
antinociception in STZ-induced diabetic mice may be due to the dysfunction of 
second I third messenger systems and/or ion channels. It will be worthwhile to 
examine more closely whether there is a dysfunction of descending pain control 
pathways in STZ-induced diabetic mice.

577.14
HYPOALGESIA ELICITED BY AN AUDITORY CONDITIONED STIMULUS IS 
ATTENUATED BY INFUSIONS OF THE k AGONIST U69593 INTO THE 
ROSTRAL VENTROMEDIAL MEDULLA. H. Foo1’ and F. J. Helmstetter2. 
'School of Psychological Science, La Trobe University, Wodonga, VIC 3689, 
Australia;2 Dept. of Psychology, University of Wisconsin-Milwaukee, WI 53201.

Previous research has shown that k  agonists, such as U69593, can attenuate 
the hypoalgesic effects of exogenous g-opioid ligands (e.g. Bhargava, 1994; Pan, 
Tershner, & Fields, 1997; Romaroa, Jablonski, Rehder, & Bhargava, 1988). The 
present study investigates whether U69593 produces the same effect when g-opioids 
are released endogenously. Specifically, we examined whether infusions of U69593 
into the rostral ventromedial medulla (RVM) attenuate expression of g-mediated 
conditional hypoalgesia (CHA). Five groups of rats were implanted with midline 
cannulae targeting the RVM. The rats were given daily sessions of either eight paired 
(J=4) or eight unpaired (J=l) presentations of white noise (WN) and foot shock 
across three consecutive days. The following day, they were familiarized to the tail 
flick testing procedure before testing on the next two days. On test days, tail flick 
latencies (TFLs) were measured before, during, and after exposure to WN. One of 
three doses of U69593 (0.178gg/gl, 0.25gl; 0.178gg/gl, l.Ogl; l.Ogg/gl, l.Ogl) or 
equivalent volume of saline was injected four minutes before the CS on the 1sl test, 
and twenty minutes before the CS on the 2nd test. Rats that had received CS-US 
pairings displayed CHA compared to those given unpaired presentations. Expression 
of CHA was unaffected by the intermediate dose of U69593 (0.178gg/gl, l.Ogl), 
partially attenuated by the lower dose (0.178gg/gl, 0.25gl), and completely blocked 
by the highest dose (l.Ogg/gl, l.Ogl). These findings demonstrate the antagonistic 
effects of U69593 on endogenous g opioids released at the RVM, extending previous 
observations of similar effects of k agonists on morphine- or DAMGO-induced 
hypoalgesia.
Supported by LTU (HF); NIDA DA 09429 and NIMH MH 50864 (FJH)

577.15

NMDA-MEDIATED ACTIVATION OF MEDULLARY OFF-CELLS IS 
CRITICAL TO ANTINOCICEPTIVE ACTION OF SYSTEMICALLY 
ADMINISTERED MORPHINE. E.E. Jobst and M.M. Heinricher*. Depts. 
Physiology and Pharmacology and of Neurological Surgery, Oregon Health 
Sciences University, Portland, OR 97201.

Two classes of neurons with distinct responses to opioids have been 
identified in the rostral ventromedial medulla (RVM), a region with a well- 
documented role in nociceptive modulation. Opioid activation of one class, 
"off-cells” contributes to the antinociceptive action of these drugs. We 
showed previously that activation of off-cells by systemically administered 
morphine is mediated in part by an excitatory amino acid (EAA) 
neurotransmitter (Heinricher, et al., Pain, 1999, 81, 57). The aim ofthe 
present study was to identify the EAA receptor subtype involved in this 
opioid activation of off-cells.

The NMDA-receptor antagonist AP-5 (100pmol - 2 nmol/200 nl), the non- 
NMDA receptor antagonist CNQX (100-250 pmol/200 nl) or saline (200 nl) 
was infused into the RVM of lightly anesthetized rats. This was followed by 
morphine administration (0.75-1.5 mg/kg iv). Off-cell firing and tail flick (TF) 
latencies were recorded. AP-5, but not CNQX, attenuated or blocked the 
characteristic opioid activation of off-cells. Opioid inhibition of the TF was 
attenuated by AP-5, although TF latencies were not affected by either drug.

We previously demonstrated that an EAA-mediated recruitment of off-cells 
in the rostral ventromedial medulla is critical to the antinociceptive actions of 
systemically administered morphine. The present data show that this 
recruitment, which likely contributes to synergistic interactions among opioid- 
sensitive sites in different regions of the nervous system, is mediated by an 
NMDA receptor.

Supported by a grant from NIDA (DA05608).
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578.1

PRO- AND ANTI-INFLAMMATORY CYTOKINE MESSENGER RNA 
CHANGES IN CHRONIC CONSTRICTION INJURY MODEL. K, Okamoto1. D.P. 
Martin2?, JJ?,..S£hmskgr‘, Y. MitgHi'vPA-Loa.1 'Depts. of Neurology and 2Depts. 
of Anesthesiology, Mayo Clinic, Rochester, Minnesota 55905

Cytokines may be pathophysiologically involved in hyperalgesia. Uncertainty exists 
on the type of cytokines and their site of action (intraneural versus extraneural). To 
study the role of key pro- and anti-inflammatory cytokines in the chronic constriction 
model (CCI) of neuropathic pain, mRNA expression of TNF-a, IL-ip, IL-6, IL-10 
were quantified using competitive RT-PCR. Studies were done on groups of Sprague- 
Dawley male rats, beginning weight 250±5g. Each cytokine mRNA in (1) rat sciatic 
nerve and (2) epineurial tissue, were examined at days 3, 7,14, and 45 (5rats sacrificed 
at each time-point) after chronic constriction injury (CCI) surgery. We also undertook 
behavioral testing of these rats. Thermal sensitivity was evaluated using focal heat 
spot and touch sensitivity using von Frey hair. Thermal and touch thresholds were 
significantly reduced at days 3, 7 and 14 in the CCI group as compared with the 
sham-operated group. Peak increase in thermal and touch sensitivities occurred at days 
3 and 7 respectively. Endoneurial cytokine gene expression was increased for all 
cytokines by day 3, peaking at day 7 for IL-1 (3 and IL-6; IL-6 declined by day 45, 
while TNF-a, and IL-10 mRNA remained elevated in nerve. In contrast, in 
extraneural tissue, gene expression of IL-1(3 and IL-6 mRNA both peaked at days 3 
and rapidly declined, clearly evident by day7. Expression of TNF-a and IL-10 peaked 
at day 14 and underwent a modest reduction by day 45. The time-course cf 
hyperalgesia corresponded with the rise in cytokines. The time course of increase in 
extraneural tissue gene expression was overall similar to that of endoneural, but 
underwent a more rapid decline. The mechanism of this different rate of decline is not 
known. Presumably, the increase represents influx and gene expression by 
mononuclear cells, mainly macrophages. Whether the more persistent endoneurial 
gene expression represents delayed efflux (reduced turnover rate) or the recruitment cf 
novel cells that express cytokines (Schwann cells or fibroblasts) is not known. 
Supported by NS22352

578.2

THE CORRELATION BETWEEN PRESENCE OF PAIN AND THE NUMBER OF 
LANGERHANS’ IMMUNE CELLS IN SKIN BIOPSIES AFTER ZOSTER A.L. 
Oaklander*, E.A. Stocks, P.R. Mouton. *Depts. Of Anesthesiology & Neurology, Mass. General 

Hospital; Boston, MA 02114; Dept. of Pathology, Johns Hopkins School of Med.; Baltimore, MD 21205.
The function of primary sensory neurons is profoundly affected by the molecular 

environment surrounding their receptive terminals, and chronic sensitization of nerve 
endings has been posited to contribute to postherpetic-neuralgia pain. Nociceptive 
neurons have receptors for various ligands released by immune cells that contribute to 
pain in chronic inflammatory conditions. Their role in neuropathic pain (chronic pain 
after neural injury) is less obvious, but animal studies have provided evidence for 
involvement of macrophage-derived cytokines. For these reasons we compared the 
numbers of Langerhans’ cells in skin biopsies removed from the torso of age-matched 
HIV' adults with and without chronic postherpetic neuralgia at least 3 months after 
shingles (herpes zoster). The density of Langerhans’ cells, immuno-stimulatory 
cutaneous leukocytes of monocyte/macrophage lineage, can increase with dermatitis.

Punch skin biopsies were removed from unscarred skin within the site of previous 
shingles, and from a standard site on the back remote from the site of previous shingles. 
Serial 50 um frozen sections were cut through each 3-mm punch and 1/12 of sections 
sampled for unbiased stereology. Sections were immunolabeled using anti-CD 1A 
antibody, and the total number of CD1A+ cells in each biopsy estimated using the 
optical fractionator method. There were similar numbers of CD1 A+-Langerhans’ cells 
(7000 per punch) in previously shingles-affected skin, regardless of presence or absence 
of postherpetic neuralgia. Any sensitization of nociceptors did not appear to be 
associated with increases in Langerhans’ cells. Subjects with post-herpetic neuralgia 
had more Langerhans’ cells at the biopsy site remote from the site of previous shingles, 
possibly consistent with the view that chronic systemic immune responses may 
accompany chronic pain. Supported in part by the Backus and American Health 
Assistance Foundations and NIH grants AG05146 and NS 10580.
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578.3

REINNERVATION OF THE EPIDERMIS IN ANTI-TNF TREATED 
MICE AFTER CHRONIC CONSTRICTION INJURY OF THE SCIATIC 
NERVE. T. Lindenlaub, P. Teuteberg, C. Sommer*. Neurologische 
Universitatsklinik, 97080 Wurzburg, Germany.

The epidermis is innervated by fine nerve endings which are thought to 
have important sensory functions including nociception. Protein gene 
product 9.5 (PGP 9.5) and calcitonin gene related peptide (CGRP) are 
useful markers for these fibers. Tumor necrosis factor-alpha (TNF) is sup-
posed to promote nerve regeneration and to contribute to neuropathic 
pain. Here we examined the effects of intraoperative epineurial treatment 
with neutralizing monoclonal anti-TNF antibodies on neuropathic pain 
and on nerve regeneration in C57BL/6-mice with a chronic constriction 
injury (CCI) of the sciatic nerve. Non-immune IgG2a was used for sham 
treatment. The animals were tested for withdrawal thresholds to heat and 
to mechanical stimuli. After CCI, the mice developed thermal hyper-
algesia and mechanical allodynia, which was significantly reduced by anti- 
TNF treatment. Footpads were harvested on day 7 and 45 after surgery. 
PGP 9.5-immunoreactive (ir) as well as CGRP-ir fibers in the epidermis 
were significantly decreased after CCI. Anti-TNF treatment did not affect 
the area occupied by PGP 9.5-ir fibers compared to sham treatment. 
However, the CGRP-ir fiber density in anti-TNF treated mice was signifi-
cantly higher than in sham treated mice on day 45. These results confirm 
a role of TNF in neuropathic pain. Anti-TNF treatment did not impair 
nerve regeneration. In contrast, CGRP replenishment was faster after 
anti-TNF treatment. Intriguingly, reduction of the innervation density 
was combined with reduced nociceptive thresholds, such that the role of 
epidermal nerve endings for thermal hyperalgesia and mechanical allo-
dynia in CCI remains unclear.
Funding: DFG, SFB353

578.4
EXPRESSION OF CYCLOOXYGENASE-1 AND CYCLOOXYGENASE-2 IN THE DORSAL ROOT 
GANGLIA OF THE RAT. S.H.Park1, Y.Y.Lee2, E.J. Kim2, S.H.Lee2, C.H.Moon2 
Y.D. Lee3, K.A.Park4, J.E.Lee4, E.J.Baik2* !Dept.of Anatomy, College of 
Med., Konkuk Univ., Chungju 380-701; 2Dept.of Physiology and 3Dept.of 
Anatomy, Ajou Univ., Suwon 442-749; 'Dept. of Anatomy, Yonsei Univ., 
Seoul 120-749, Korea
In the nervous system the role of COX-2 was associated with synaptic 
transmission and but also nociceptive process such as inflammation, 
ischemia or seizure-induced neuronal damage. Relatively the role of 
COX-1 in the nervous system, especially in the dorsal root ganglia(DRG) 
was not yet investigated. In present experiment we has reported the 
relative distribution of COX-1 and COX-2 within the DRG of the normal 
rats by immunohistochemistry. And the expression of COX-1 mRNA and COX-2 
mRNA were observed by in situ hybridization. In the DRG, expression of 
COX-1 was distributed in the cytoplasm and nuclei of the nerve cel 1 body, 
the satellite cell and also the axon of the neuron. Especially in the 
axon near the nerve cel Kcal led glomerulus) COX-1 was abundant. On the 
other hand COX-2 was weak in the nerve cell body and the axon, while 
very strong in the satellite cells wrapping the nerve cell body. The 
COX-2 was abundantly located in the junction between the neuron and 
satellite neuron. COX-1 mRNA was expressed in the nerve cell body, 
satellite cell and the axon in DRG. COX-2 mRNA was highly expressed in 
the nerve cell body and the axon more than that of the COX-1 mRNA. In 
the satel 1 ite cel 1 and the glomerulus COX-2 mRNA was not abundant. COX-1 
and COX-2 mRNA and protein were located in microtuble-related regions 
along the axon. In part the function of COX-1 and COX-2 might suggest 
to be associated with the axonal transport and the neuron-glial 
communication. This study was supported by KOSEF 96-0423-12-01-2

578.5

FORMALIN-INDUCED RELEASE OF ADENOSINE IN THE RAT HINDPAW 
AND AUGMENTION BY AN ADENOSINE KINASE INHIBITOR. X.J. Liu* and 
J. Sawynok, Dept. of Pharmacology, Dalhousie University, Halifax, N.S., 
Canada, B3H 4H7.

Behavioral studies have demonstrated the antinociceptive actions induced 
by peripheral inhibition of adenosine kinase, but not adenosine deaminase, in 
the inflammatory pain produced by formalin injection. The antinociception 
produced by the adenosine kinase inhibitor is related to the concentration of 
the formalin injected (Pain 74, 1998, 75-81). In the present study, the in vivo 
subcutaneous microdialysis technique was used to measure the 
concentrations of adenosine in the rat hindpaw released following injection of 
formalin. Under pentobarbital anesthesia, a microdialysis fiber was implanted 
into the subcutaneous tissues of the glabrous skin in the hindpaw. The 
adenosine levels were measured by high-performance liquid chromatography. 
Subcutaneous administration of formalin (0.5%, 1.5%, 5%) in 50 pi saline 
produced an increase in adenosine levels in a dose-dependent manner. 
Coadministration of the adenosine kinase inhibitor 5’-amino-5’- 
deoxyadenosine (NH2dAD) 100 nmol with formalin (0.5%, 1.5%) significantly 
augmented the adenosine released by formalin. Coadministration of the 
adenosine deaminase inhibitor 2'-deoxycoformycin (DCF) 100 nmol with the 
same concentration of formalin did not augment the adenosine release. 
NH2dAD and DCF did not augment the basal release of adenosine in the 
absence of formalin. This study provides direct evidence that different levels 
of adenosine are released in the presence of different concentrations of 
formalin. The present study indicates that in acute inflammation induced by 
formalin, inhibition of adenosine kinase plays a predominant action in 
regulating adenosine levels. These results provide a neurochemical correlate 
for the behavioral observations in the peripheral antinocicepive effects of 
adenosine in acute inflammation. Supported by MRC Canada.

578.6

INVOLVEDMENT OF EP3 RECEPTORS IN THE PROSTAGLANDIN 
E2-INDUCED POTENTIATION OF 5-HT-INDUCED ITCH- 
ASSOCIATED RESPONSE IN MICE. T. Yamaguchi1. Y. Nishikawa1. C,

Kuraishi1. 'Dept. of Applied pharmacol., 2Anal. Res. Center for Ethanomed., 
Toyama Med & Pharm. Univ., Toyama 930-0194 and 3Dept. of Physiol. 
Chem. and 4Dept. of Pharmacol., Kyoto Univ., Kyoto 606-8501, Japan.

Prostaglandin E2 (PGE2) enhances itch induced by serotonin (5-HT) in 
human subjects, but the prostanoid receptor subtype(s) involved remain 
unknown. Our experiments were conducted to address this question. When 
injected intradermally into the murine rostral back, 5-HT elicits marked itch- 
associated response (scratching of the injected site) at a dose of 100 
nmol/site, with little effect at a dose of 10 nmol/site. PGE2 is without 
apparent effects at doses of 0.003-300 nmol/site. Therefore, we examined the 
effects of prostanoids (1 nmol/site) on the action of 5-HT (10 nmol/site). 
When injected together with 5-HT into the ICR mice, PGE2, but not PGI2, 
PGD2 and PGF2a, enhanced itch-associated response induced by 5-HT. The 
effect of PGE2 + 5-HT was inhibited by the protein kinase C inhibitor 
PKC(19-31) (0.005 and 0.5 nmol/site), but neither the adenylyl cyclase 
inhibitor SQ22536 (10 and 1,000 nmol/site) nor the protein kinase A 
inhibitor Rp-cAMPS (0.001 and 1 nmol/site). PGE2 + 5-HT produced 
marked itch-associated response in EPI-deficient and wild-type mice, but not 
EP3-deficient mice. Our results suggest that PGE2 enhances 5-HT-induced 
itch through prostanoid EP3 receptors in the skin.

578.7

COX-DEPENDENT INFLAMMATORY ACTIONS OF TNFa IN 
RAT PAW SKIN. H. Jungerr and L. S. Sorkin. Dept. of 
Anesthesiology, UCSD, 9500 Gilman Dr., La Jolla, CA 92093-0818, 
USA

We have previously shown that subcutaneously injected TNF 
sensitizes nociceptive afferents of the sural nerve within minutes. 
Other studies show that s.c. TNF also causes mechanical and thermal 
hyperalgesia, which lasts for hours and involves de novo protein 
synthesis of other proinflammatory and algesic mediators. To 
investigate if TNF induces inflammation during the early phase of 
nociceptor activation, we injected TNF subcutaneously (10 pi) into 
hairy and glabrous skin of pentobarbital anesthetized rats and 
evaluated plasma extravasation with the Evan’s blue dye method. We 
found that TNF at all doses tested (5 pg-10 ng) increases dye 
extravasation significantly in glabrous, but not in hairy skin within 20 
min of injection. To investigate if the induced extravasation was 
cyclooxygenase (COX) dependent, we pretreated animals with 
ketorolac (1 mg/kg, 1 h, i.v.) or S+ ibuprofen (15 mg/kg, 10 min, i.v.) 
prior to s.c. injection of TNF. We found that both COX inhibitors 
significantly inhibited TNF-induced vascular permeability. These data 
suggest that TNF-induced cutaneous plasma extravasation is COX- 
dependent. This may be relevant in nociceptor activation and/or 
subsequent inflammatory processes. Funded by NS 35630.

578.8
PROSTAGLANDIN E2 RECEPTOR SUBTYPES EP3C AND EP4 MEDIATE 
THE PGE2 INDUCED CAMP PRODUCTION IN RAT SENSORY NEURONS. 
M.D. Southall* and M.R. Vasko. Dept. of Pharmacology and Toxicology, Indiana 
University School of Medicine, Indianapolis, IN 46202.

Studies have demonstrated that prostaglandin E2 (PGE2) sensitizes nociceptive 
sensory neurons through activation of the cAMP transduction cascade. Few studies 
have examined which PGE2 receptor subtypes mediate this sensitization. Therefore, 
we examined PGE2 receptor subtype expression in sensory neurons and determined 
which subtypes of PGE2 receptor mediate the PGE2-induced increase in cAMP.

Sensory neurons were isolated from embryonic (El6) rat dorsal root ganglia and 
grown in culture for 9-11 days. RT-PCR was used to identify the subtypes of PGE2 
receptor mRNA present in sensory neurons. Antisense and missense 
oligodeoxynucleotides (ODN) were designed for PGE2 receptor subtypes. Sensory 
neurons in culture were exposed to media alone, or media supplemented with either 
luM antisense or missense ODN for 48 hr. After exposure to media or ODN, the 
amount of cAMP produced by exposure to either 100 nM PGE2 or luM forskolin in 
the presence of IBMX was determined using radioimmunoassay.

Using cDNA isolated from sensory neurons, in culture, PCR products for the 
EPt, EP2, EP?c and EP4 receptor subtypes, but not the EP?a  subtype were detected. 
Exposing cells to antisense directed at either the EP2, EP.ic, or EP4 mRNA did not 
attenuate the PGE2 induced increase in cAMP. In contrast, when cultures were 
exposed simultaneously to antisense ODN to EP?c and EP4 or to EP2, EP?c and EP4 
mRNA, the PGE2 stimulated production of cAMP was abolished. Antisense or 
missense treatment did not effect forskloin stimulated cAMP production.

These results demonstrate the functional expression of multiple subtypes of PGE2 
receptor by sensory neurons and indicate that the EP?c and EP4 receptor subtypes are 
of primary importance in mediating the PGE2-induced production of cAMP. These 
data also suggest that sensitization of sensory neurons by PGE2 occurs through 
activation of the EP.w and EP4 receptor subtypes. (Supported by American Heart 
Association and NS 34159)
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578.9
HEAT AND PROTONS STIMULATE NEUROPEPTIDE RELEASE FROM RAT 
SENSORY NEURONS IN CULTURE. M.R. VaskoJ* J.W, Van LooyJ H.P. 
Rang.2 1 Department of Pharmacology and Toxicology, Indiana University School 
of Medicine, Indianapolis, IN 46202, 2Norvartis Inst. Med. Science London, UK.

Studies have demonstrated that increasing temperature and/or proton concentration 
elicits pain by causing excitation of small diameter sensory neurons. The question 
remains whether these stimuli also enhance the release of neuropeptides from 
sensory neurons. To examine this, we studied the effects of increasing temperature 
and of decreasing pH on the release of substance P (SP) and calcitonin gene-related 
peptide (CGRP) from rat sensory neurons grown in culture.

Sensory neurons were dissociated from the dorsal root ganglia of E16-E18 rat 
embryos and grown for 9-12 days in media supplemented with nerve growth factor 
and mitotic inhibitors. For release studies, cells were exposed for successive 10 min 
intervals to HEPES buffer at 37°C, pH 7.4; to HEPES or MES buffer at varying 
temperatures or pH, then to HEPES buffer at 37°C, pH 7.4. The amount of SP and 
CGRP released was measured by radioimmunoassay.

Exposing sensory neurons to increasing temperature significantly enhanced SP and 
CGRP release with a threshold of 44°C. At 46°C, the peptide release was maximally 
stimulated; 5 to 10-fold above that observed at 37°C. This release was abolished by 
omission of calcium from the buffer. The effects of temperature rapidly desensitized 
since a second exposure to high temperature did not stimulate release above basal 
levels. Pretreating cells with 3 pM capsazepine or with 1 pM ruthenium red did not 
attenuate the heat-induced release of peptides. Reducing the pH of the buffer to 6.5 
or less, while maintaining the temperature at 37°C, produced a 10-fold increase in 
peptide release that also was dependent on extracellular calcium. Proton-induced 
release was partially blocked by preexposing neurons to capsazepine (3 pM).

These results demonstrate that exposing sensory neurons to temperatures that 
elicit pain responses or to low pH stimulates the release of SP and CGRP and this 
augmentation of release could be a mechanism associated with the algesic actions of 
these physiological stimuli. (Supported by NS 34159).

578.10
REGULATION OF IL-IB-INDUCED cPLA2 AND COX-2 GENE EXPRESSION 
BY PROTEIN TYROSINE KINASE ACTIVATION IN THE RAT DORSAL 
ROOT GANGLIA. O.J. Igwe*. Division of Pharmacology, UMKC Schools of 
Pharmacy & Medicine, KC, MO 64108.

Besides its effects on the immune system, IL-1 is a pleiotropic 
cytokine actively involved in the initiation and maintenance of 
inflammation. IL-16 drastically increases the expression of cPLA2- and 
COX-2-like immunoreactivity, PGE2 release and the mRNAs encoding for 
cPDL, and COX-2 genes in cultured neonatal DRG explants. 
Cyclohexamide (5pg/ml) super induced, but actinomycin D (2pg/ml) 
inhibited IL-16-induced cPLA2 and COX-2 mRNA expression suggesting 
that transcriptional mechanism is involved in the induction of both mRNAs. 
However, the molecular signaling mechanisms that underlie IL-16- 
mediated increase in cPLA2 and COX-2 mRNA expression are not 
completely understood. The effect of protein tyrosine kinase inhibitors on 
IL-16-induced cPLA2 and COX-2 mRNA expression in the DRG were 
investigated. Two protein tyrosine kinase (PTK) inhibitors that act by 
different mechanisms, genistein and herbimycin A, significantly decreased 
PGE2 released into the culture media in a concentration-dependent 
manner. In addition, both PTK inhibitors blocked IL-16-mediated cPLA2 
and COX-2 mRNAs and the expression of their proteins in a 
concentration-dependent manner. These data indicate that PTK(s) plays a 
central role in IL-16 signaling to attenuate cPLA2 and COX-2 gene 
expression in the rat DRG in cytokine-mediated inflammation. Supported 
by National Headache Foundation and USPHS grant AR41606.

578.11
INTRAPLANTAR CAPSAICIN INJECTIONS UPREGULATE THE LEVELS 
OF PROINFLAMMATORY MEDIATORS. S.J. Jabbur'*, B. Safieh- 
Garabedian2, S.F. Atweh3, S.A. Kanaan2 and N.E. Saade1,4. Depts. Of 
'Physiology, 2Biology, internal Medicine and 4Human Morphology, Faculty of 
Arts and Sciences and Faculty of Medicine, American University of Beirut, 
Beirut, Lebanon.

Capsaicin sensitive primary' afferents (CSPA) are known to be involved in 
neurogenic inflammation and in inflammation induced by various inflammatory 
agents. The aim of this study was to investigate whether activation of CSPA can 
upregulate the levels of interleukins 1(3 (IL-1(3) and 6 (IL-6), tumor necrosis 
factor alpha (TNF-a), nerve growth factor (NGF) and prostaglandin E2 (PGE2).

Several groups of rats (n=5 each) received intraplantar (i.pl.) injections of 
capsaicin (lOpg in 50pl) or its solvent in one hind leg. At different time intervals 
(0.5, 1,2,3,4 and 6h) the levels of the inflammatory mediators were determined 
by ELISA in skin tissues removed from the injected and non-injected legs. In 
another two groups, the sciatic and saphenous nerves were cut and the distal end 
of the saphenous nerve was soaked either with capsaicin or its solvent. Capsaicin 
(i.pl.) produced a sustained upregulation of TNF-a, IL-1 (3 and PGE2, starting at 
0.5h with a peak at lh (P<0.001) and ending at 3-4h post injection. NGF and IL- 
6 showed a short-lived upregulation at lh post-injection (P<0.01). Similar 
upregulation of IL-1 (3, IL-6 and TNF-a levels was observed after soaking the 
saphenous nerve with capsaicin.

These results demonstrate that CSPA fibers can produce neurogenic 
inflammation by upregulation of inflammatory mediators - an effect mediated, to 
a large extent, by the local effector mechanisms of these fibers.
(Supported by grants from the LNCSR and the DTS Fund)..

578.12
Interleukin 1 Beta, Interleukin 6 and Tumor Necrosis Factor Alpha Sensitivity of 
the Dorsal Root in Rats. AC Ozaktay? * S Kallakuri,1 JM Cavanaugh,1 JA DeLeo,2 JN 
Weinstein2 ’Wayne State University, Bioengineering Center, 818 W Hancock Detroit 
MI 48201. 2Dartmouth-Hitchcock Medical Center, Department of Anesthesiology, One 
Medical Center Drive, HB7125, Lebanon, NH 03756.

Introduction: Herniated disc tissue has been shown to release inflammatory 
cytokines such as interleukin 1 beta (ILIB), interleukin 6 (IL6), tumor necrosis factor 
alpha (TNFa) and other algesic chemicals. The aim of this study was to investigate the 
effects of IL IB, IL6, and TNFa applied to the sacral dorsal root axons in rat as they may 
lead to low back pain and sciatica. Materials and Methods: In 23 adult male Sprague- 
Dawley rats, an L4/S1 laminectomy was performed. An intact sacral dorsal nerve root was 
draped over a recording electrode immersed in warm mineral oil (37°C). Multi-unit nerve 
activity rate was followed for over 3.5 hours using PC-based software and stored on data 
tape for later analysis. Calibrated nylon filaments (0.4-24.4 gm) were used to cliaracterize 
the mechanosensitivity at the base of the tail and tested eveiy 30 min. IL IB (n=6), 1L6 
(n=5), TNFa (n=6), 100 ng each, or the control solutions (n=6, 20 gl, 0.9% saline al pH 7) 
were applied onto the dorsal root distal to the recording electrodes. Results: Multi-unit 
Response. All 4 groups showed different profiles from each other over 3 hours after the 
applications (p<0.003). In IL6 and TNFa applications, the activity significantly decreased 
over 3 hrs (p<0.04) first at 75 min after tire TNFa and at 105 min after the IL6 applications 
The controls did not show any cltange statistically. Mecltanosensitivity: In ILIfi and TNFa 
experiments the mechanosensitivity of the receptive fields decreased significantly over 90 
min and in TNFQ it went back to the baseline at 3 hr (p<0.04). No cltange was observed in 
IL6 and control experiments over time. Conclusions: Our data shows the effects of high 
doses of IL IB, IL6, and TNFa on the dorsal nerve root over time and suggests possible 
neurotoxicity at these doses. The results warrant further research on the dose and time 
effects of IL1B, IL6, and TNFa. Supported by the NIH/NIAMS-AR44757 (JAD), 
AR41739 (JMC), the Orthopaedic Research and Education Foundation (JAD) and 
Bristol-Myers Squibb/Zimmer Foundation (JAD and JNW).

578.13

SELECTINS BUT NOT THE INTEGRIN VLA-4 ARE INVOLVED IN PAIN 
CONTROL IN IFLAMMAT1ON. H. Mactefska.-^. Mpusa, J,.S£hfip.ohL M, Schaefer 
and C. Stein*. Klinik fuer Anaesthesiologie. Freie Universitaet Berlin, Klinikum 
Benjamin Franklin, Hindenburgdamm 30, 12200 Berlin, Germany

Opioid-containing immune cells migrate preferentially to inflamed sites, where they 
release beta-endorphin, which activates peripheral opioid receptors to inhibit pain. 
Immunocyte recruitment is a multistep, sequential engagement of various adhesion 
molecules located on immune cells and vascular endothelium. Here, we evaluate the 
role of selectins and integrins in peripheral endogenous opioid analgesia.

Unilateral hind paw inflammation was induced in Wistar rats with 0 15 ml Freund’s 
complete adjuvant. Expression of adhesion molecules in subcutaneous paw tissue and 
in popliteal lymph nodes (LN) was evaluated by immunohistochemistry and double 
immunofluorescence. Inflammation was evaluated by measuring paw temperature 
(PT), paw volume (PV) and paw pressure threshold (PPT). Immediately before 
induction of inflammation, rats received intravenous (i v) injections of the selectin 
blocker fucoidin (5-25 mg/kg), a monoclonal antibody (mAb) against L-selectin (2 
mg/kg) or a mAb against very late antigen-4 (VLA-4; 4 mg/kg) Six, 12 and 24 h later 
PT and baseline PPT were taken Rats were then subjected to cold water swim (CWS) 
at 2-4 C for I min and PPT were revaluated 1 min later PV was measured thereafter

L-selectin was present on lymphocytes in both inflamed and noninflamed LN and in 
inflamed paw tissue. Many of these lymphocytes also contained beta-endorphin. 
P-selectin was expressed in the endothelia of blood vessels in LN and in paw tissue. 
Fucoidin dose-dependently decreased CWS-induced analgesia at 6 h and 12 h. 
Similarly, the mAb against L-selectin significantly decreased CWS-induced analgesia at 
6 h Both fucoidin and mAb against L-selectin slightly decreased PV but did not 
significantly change PT and baseline PPT. Conversely, the mAb against VLA-4 did not 
significantly change CWS-induced analgesia or inflammation These data indicate that 
peripheral endogenous pain control is dependent on selectins but not on VLA-4. 
Supported by DFG and NIH
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579.1
SUBNUCLEAR LOCALIZATION OF EP3 RECEPTOR mRNA- 
EXPRESSING NEURONS IN THE RAT PARABRACHIAL NUCLEUS.
D. Engblom,1* M, Ek,2 M. Hallbeck,1 A. Ericsson.2 A, Blomqvist1. ’Dept.
of Biomedicine and Surgery, Div. of Cell Biology, Univ. of Linkoping, 
58185 Linkoping; 2Dept. of Medicine, Unit of Rheumatology, the 
Karolinska Hospital, Stockholm, Sweden

The pontine parabrachial nucleus (PBN) is an important relay for 
visceroceptive and nociceptive information. Prostaglandin E2 receptors of 
the subtype EP3 are expressed in the PBN. This receptor subtype has been 
suggested to mediate parts of the central effects of prostaglandin E2 on 
functions such as pain modulation and thermoregulation. In this study we 
have mapped the distribution of EP3 mRNA-expressing neurons in the rat 
PBN using in situ hybridization histochemistry with a radiolabeled cRNA 
probe. Dense labeling was observed in the external lateral subnucleus, 
particularly in its outer part. Many cells in the Kolliker-Fuse nucleus also 
expressed EP3 mRNA. A moderate number of labeled cells was seen in the 
central lateral and dorsal lateral subnuclei. Only few neurons in the 
superior lateral, ventral lateral and medial subnuclei were EP3-positive. No 
labeling was seen in the internal lateral subnucleus. The parabrachial 
subnuclei here shown to contain the largest number of EP3 mRNA- 
expresssing neurons are subnuclei known to be activated by immune 
challenges as well as nociceptive stimuli. These subnuclei thus are 
potential sites where inflammatory mediators could modulate the central 
processing of nociceptive information. Supported by the National Network 
in Neuroscience and the SMRC (project 7879).

579.2
PREEMPTIVE SPINAL ANTIINFLAMMATORY DRUGS ENHANCE SPINAL 
CLONIDINE ANALGESIA IN A RAT MODEL OF POSTOPERATIVE PAIN.
P. Lavand’homme*, M. De Kock. Anesthesiology Department, St Luc Hospital, 
Universite Catholique de Louvain, Brussels, Belgium.

Peripheral injury induces cyclooxygenase (COX) enzyme in spinal cord; 
consecutive prostaglandins (PG) release contributes to central hyperalgesia in 
part by blocking spinal inhibitory noradrenergic system (J Neurosci 1988; 8; 
1346). The study examined the preemptive effect of intrathecal (i.t.) COX 
inhibitors, selective COX2 Meloxicam (MELO) and non-selective Ketorolac 
(KETO), to relieve mechanical hyperalgesia and to modulate the analgesic 
efficacy of i.t. clonidine (CLO), an alpha2 adrenergic agonist, in a validated rat 
model of postoperative pain after plantar foot incision(Pain 1996; 64: 493).

Adult male Wistar rats implanted with chronic i.t. catheters received either 
saline (SAL), MELO 200pg or KETO 200pg, 30 minutes before surgery. 
Mechanical hyperalgesia was tested by application of calibrated Von Frey 
filaments at day 0 (2 hours post surgery) and at day 1 (24 hours) and following 
i.t. cumulative doses of 7.5, 15 and 30 pg CLO.

Presurgical paw withdrawal threshold was 36.6+3.8 g. At day 0 and day 1, 
thresholds were respectively: 3.9+0.9 and 5.3+0.8 g in SAL rats; 5.2+0.5 and 
16.5+2.6 g in MELO rats; 3.4±0.6 and 9.2+1.7 g in KETO rats. Calculated ED50 
of i.t. CLO (pg) were respectively at day 0 and at day 1: 55.5+2.0 and 43.4+1.9 
pg in SAL group; 31.4+1.4 and 13.8+4.9 pg in MELO group; 71.9+0.0 and 
42.1+4.2 pg in KETO group. Results are expressed as mean + SE.

Neither i.t. MELO nor KETO displayed significant preemptive antihyperalgesic 
effect at day 0, whereas only MELO did at day 1. MELO but not KETO 
demonstrated a clear CLO sparing analgesic effect at both days. This lets 
suppose preferential spinal COX2 induction after surgical injury in this model. 
Reduced PG release potentiates spinal noradrenergic analgesia.
Meloxicam was a generous gift from Boehringer.

579.3
LACK OF TOUCH-EVOKED PAIN (ALLODYNIA) IN LIPOCALIN-TYPE 
PROSTAGLANDIN D SYNTHASE-DEFICIENT MICE. N, EguchfR T> Minami .̂
K. Murayama^-, Y, Urade^A S. Ito&and O, Havaishi^ !Dept Morphol. Brain Sci., 
Fac. Med., Kyoto Univ., Kyoto 606-8315; 2CREST, Japan Sci. Tech. Co.; 3Dept. 
Anesthe., Osaka Med. Col., Osaka 569-8686; 4Dept. Pediatrics, Natl. Rehabili. Ctr. 
for Disabled Children, Tokyo 173-0037; 5Dept. Mol. Behav. Biol., Osaka Biosci. Inst., 
Osaka 565-0874; 6Dept. Med. Chem., Kansai Med. Univ., Osaka 570-8506, Japan.

Prostaglandin (PG) D2 is the major PG produced in the CNS of mammals and is 
involved in the modulation of a variety of neural functions such as nociception and 
sleep.

In this study, we generated gene-knockout mice for lipocalin-type PGD synthase (L- 
PGDS), which is responsible for the biosynthesis of PGD2 in the CNS, and examined 
the pain response induced by the intrathecal administration of PGE2, an endogenous 
pain-producing substance. PGE2 (10 ng) induced allodynia after stimulation with a 
paintbrush in wild-type mice, but not in L-PGDS-/- mice. On the contrary, PGE2 (10 
ng) induced hyperalgesia in both wild-type and L-PGDS-/- mice, as judged by a hot 
plate test (55°C). We also found that the allodynic response induced by the GABAa  
receptor antagonist bicuculline (25 ng) was selectively abolished in L-PGDS-/- mice, 
among various excitatory and inhibitory agents that induced allodynia in wild-type 
mice. Interestingly, simultaneous injection of a femtogram amount of PGD2 with 
PGE2 (10 ng) or bicuculline (25 ng) induced allodynia in L-PGDS-/- mice to the same 
extent as in wild-type mice. Furthermore, the allodynic response evoked by PGE2 or 
bicuculline in wild-type mice was blocked by a PGD2 receptor antagonist BW A868C 
in a dose- dependent manner (0.1 fg to 1 pg). These results reveal that endogenous 
PGD2 at femtogram levels is involved in the actions of PGE2 and bicuculline, possibly 
via the GABAa  receptor, at the spinal level.

This work was supported by the Ministry of Education, Science, Culture, and 
Sports of Japan (to O.H., T.M., Y.U., S.I.).

579.4

INTRATHECAL INTERLEUKIN-1 RECEPTOR ANTAGONIST AND TUMOR 
NECROSIS FACTOR BINDING PROTEIN EXHIBIT AN ANTIALLODYNIC 
EFFECT IN A RAT MODEL OF NEUROPATHIC PAIN. S, Sweitzer (a). J.A. 
DeLeo *(a.b\ D, Martin (c). Depts. of Pharmacology & Toxicology (a) and 
Anesthesiology (b), Dartmouth College, Hanover, NH 03755. Amgen, Inc., 
Thousand Oaks, CA (c).

This study was undertaken to determine if blocking central proinflammatory 
cytokines would prevent mechanical allodynia in an L5 spinal nerve transection 
model of neuropathic pain. Previously our laboratory has characterized spinal glial 
activation and Interleukin-16, Tumor Necrosis Factor (TNF) -a, and Interleukin-6 
expression following peripheral L5 spinal nerve lesions such as cryoneurolysis, tight 
ligation, and transection. Of interest, astrocytic activation and proinflammatory 
cytokine upregulation paralleled the development of mechanical allodynia in these 
models. In the present study, a combination of Interleukin-1 receptor antagonist (10 
pg, supplied by Amgen) and TNF binding protein (10 pg, supplied by Amgen) or 
equivolume saline was administered intrathecally by lumbar puncture to 2 groups of 
male Holtzman-strain Sprague-Dawley rats. An initial dose of the proinflammatory 
cytokine antagonists were administered one hour prior to surgery and continued daily 
for 7 days. This treatment regime produced a statistically significant decrease in both 
2 and 12 gram von Frey filament stimulated mechanical allodynia (n=7/group). 
Animals were euthanized on day 7 and L5 spinal cord was removed for 
immunohistochemical analysis of glial activation and proinflammatory cytokine 
expression. Spinal astrocytic activation (determined by glial fibrillary acidic protein 
expression) and microglial activation (determined by OX-42 expression) was similar 
between the drug treated and the saline control animals at day 7. 
Immunohistochemistry for spinal proinflammatory cytokine expression is currently 
under study. These findings support a role for central proinflammatory cytokines in 
the development of neuropathic pain. [This work was supported by Amgen, Inc. and 
NIH DAI 1276]

579.5

THE COX-2 INHIBITOR MELOXICAM DEPRESSES ON-
GOING ACTIVITY AND SYNAPTIC INPUT IN DORSAL HORN 
NEURONS IN VIVO IN CHRONIC NERVE-CONSTRICTED 
RATS. J.L. Hemy* and G.M. Pitcher. Depts. of Physiology and 
Psychiatry, McGill University, Montreal, QC, H3G 1Y6.

We investigated whether COX-2 is involved in sensory processing in 
an animal model of neuropathic pain. In male Sprague Dawley rats 
(350-375 g) the sciatic nerve was chronically constricted using a 2 mm 
PE-90 polyethylene cuff. Twelve days later rats were anaesthetized 
using Na-pentobarbital and spinalized at T9. Single unit wide dynamic 
range neuronal activity was recorded extracellularly from dorsal horn 
segments Ll-3. In cun-implanted rats but not in normal rats, cutaneous 
pressure stimuli elicited a slowly-decaying afterdischarge. 
Indomethacin (2 mg/kg, i.v.) decreased on-going activity (n = 7 
neurons) and the slowly-decaying afterdischarge responses to pmch (n 
= 7) and to pressure stimulation (n = 5). Meloxicam (0.1 mg/xg, i.v.) 
also decreased on-going activity (n = 7) and slowly-decaying 
afterdischarge responses to pinch (n = 7) and pressure stimulation (n =
3). The data are interpreted to suggest that hyperexcitability of dorsal 
horn neurons in the model of chronic neuropathic pain may occur, in 
part, via upregulation of the eicosanoid signal transduction pathway, 
specifically COX-2. The data support the idea that NSAIDs including 
selective COX-2 inhibitors may be effective in the treatment of at least 
some forms of clinical neuropathic pain. (Supported by Canadian 
MRC, FRSQ/FCAR and McGill Faculty of Medicine)

579.6
DEVELOPMENT OF APOPTOSIS OF SPINAL CORD NEURONS IN 
RAT NEUROPATHIC PAIN T, Ishikawa^O. Nakanishi2. M. Tsukahara \

S, Nakamura 3 1 School of Allied Health Sciences, Yamaguchi University,
Yamaguchi 755-8554, Japan; 2 Dept. of Dental Anesthesiology, Kyushu Dental 
School; 3 Dept. of Physiology, Yamaguchi University

The mechanisms of pathological pain processes including hyperalgesia and 
allodynia after peripheral nerve injury have not been fully understood. Several recent 
studies have suggested that neuronal plasticity of spinal neuronal transmission such as 
glutamatergic nerve activation and its related chemical cascades may be responsible for 
developing pain sensitization. Therefore, it is reasonable to determine whether 
apoptosis results from glutamatergic activation via acceleration of intracellular and 
nuclear signaling processes. The present study was designed to investigate the 
response to thermal stimuli in relation to histopathological changes after chronic 
construction injury (CCI) in rats . The left sciatic nerve of Sprague-Dawley rats 
were ligated under pentobarbital anesthesia. Paw withdrawal latency (PWL), 
response to thermal stimuli, was measured by using the plantar testing apparatus prior 
CCI and at 6,7, and 10th day after CCI. Immunohistochemical staining for apoptosis 
(Tunel) and early degeneration (Nauta) was performed with light microscope (40, 400 
times) at the corresponding days. There was no change in pain behavior in the sham 
group throughout the period measured. The ipsilateral PWL was lowering with time 
after CCI. In Tunel stain, positive neurons maximally developed in the ipsilateral 
laminae I-II at 6th day. In contrast, the delayred positive neurons of Nauta stain 
developed in the ipsilateral laminae III-IV after CCI (7th < 10th day). The present 
study demonstrates that i) the apoptosis of dorsal horn neurons developed during the 
early period of hyperalgesia produced by the sciatic nerve ligation. This may lead to 
increased ascending inputs or glutamatergic nerve activation followed by derangement of 
intracellular signaling-intranuclear process and ii) the delayed degeneration in the 
laminae III-IV occurred which may result in sustained pain behavior.
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579.7

INTRATHECAL ADMINISTRATION OF PROSTAGLANDIN E2 
POTENTIATES ALLODYNIA INDUCED BY SUBSTANCE P NMDA, 
AMPA AND NOXIOUS STIMULATION IN THE RAT TAIL FLICK 
TEST. J. Ritchie. G.M. Pitcher. R.B. Malmo* and J.L, Henry. Depts. of 
Physiology and Psychiatry, McGill University, Montreal, QC, H3G 1Y6.

Non-steroidal antiinflammatory drugs (NSAIDs) are often thought to 
express their analgesic effects as inhibitors of cyclooxygenase and thus the 
formation of prostaglandins, in particular PGE2. However, the function of 
PGE2 is not clear. The presort study investigated effects of spinal 
administration of PGE2 in five paradigms of nociception including one of 
acute nociception and four of heat allodynia, using the tail withdrawal reflex. 
Male Sprague Dawley rats (300-350 g) were used. In awake rats, intrathecal 
administration of PGE2 at 5 (n = 14) or 50 (n = 14) ng in 10 pi of 0.5% EtOH 
in artificial CSF decreased tail flick latency for the remaining 40 min of 
testing, while 0.005 (n = 14), 0.05 (n - 13) and 0.5 (n = 14) ngof PGE2 were 
without effect on baseline reaction time. However, transient allodynia induced 
by intrathecal administration of substance P (6.5 nmol; n = 14), NMDA (1.0 
nmol; n = 13) or AMPA (0.1 nmol; n = 14) was increased in magnitude by 
intrathecal administration of 0.5 or 0.05 ng of PGE2, given 10 min before. 
PGE2 at doses of 0.05 to 50 ng, also prolonged substance P-induced allodynia 
for the remaining 40 min of testing. Control animals given the vehicle for 
PGE2 exhibited normal responses to substance P (n = 13), NMDA (n = 13) 
and AMPA (n = 14). In rats anesthetized lightly with pentobarbital and 
chloral hydrate (20 and 120 mg/kg, i.p., respectively), PGE2, at doses of 0.05 
to 50 ng prolonged the allodynia induced by noxious thermal stimulation of 
the tail (90 s in 55°C water) for at least 25 min after administration. The data 
indicate that PGE2 may participate in nociceptive sensory processing by 
increasing the effects of NK-1, NMDA and AMPA receptor activation and by 
prolonging effects of NK-1 receptor activation in the spinal cord. (Supported 
oy Canadian MRC, FRSQ/FCAk and McGill Faculty ofMedicine)

579.8

INVOLVEWMENT OF PROSTANOID EP3 RECEPTORS IN THE 
INDUCTION OF MECHANICAL ALLODYNIA AFTER SCIATIC 
NERVE LIGATION IN MICE. T. Sasamura1. Y. Sugimoto2, A. Ichikawa2. F. 
Ushikubr3. S. Narumiya3 and Y. Kuraishi1*. 'Dept. of Applied Pharmacol., 
Toyama Med. & Pharm. Univ., Toyama 930-0194,2Dept. of Physiol. Chem. 
and 3Dept. of Pharmacol., Kyoto Univ., Kyoto 606-8501, Japan.

Prostaglandins have been shown to be involved in pain, especially 
inflammatory pain. The aim of this study is to clarify the involvement of 
prostaglandins and their receptor subtypes in neuropathic pain. C57BL/6, 
EPI- or EP3-deficient and wild-type mice were used. Half to one third of 
unilateral sciatic nerve was ligated. Mechanical allodynia and thermal 
hypersensitivity were assessed by using von Frey filaments and plantar test, 
respectively. Partial ligation of sciatic nerve resulted in marked and long- 
lasting mechanical allodynia in C57BL/6, EPI-deficient and wild-type, but 
not EP3-deficient, mice. Thermal hypersensitivity was developed similarly in 
EPI - and EP3-deficient mice. In C57BL/6 mice, the induction of mechanical 
allodynia was delayed by systemic pretreatment, but not post-treatment, with 
either ketoprofen or indomethacin. The allodynia induction was also delayed 
by intrathecal injection of ketoprofen, but not by its local injection into the 
tested skin. The results suggest that EP3 receptors, and probably 
prostaglandin E2 in the dorsal horn, are involved in the induction of sciatic 
nerve ligation-induced mechanical allodynia, but not thermal 
hypersensitivity.

579.9

EFFECTS OF INTERLEUKIN-10 (IL-10) ON PAIN BEHAVIORS 
FOLLOWING EXCITOTOXIC SPINAL CORD INJURY JR Bethea, CG 
Yu, JA Plunkett*, and RP Yezierski. The Miami Project and Dept. of 
Neurological Surgery, Univ. of Miami School ofMedicine, Miami FL, 33136.

Intraspinal injection of quisqualic acid (QUIS) produces excitotoxic injury 
with pathological characteristics similar to those associated with ischemic and 
traumatic spinal cord injury (SCI). Inflammatory responses are believed to be 
a major component of the secondary injury initiated by SCI and play a 
significant role in the pathogenesis of QUIS-induced injury. Another 
characteristic of this injury model is the development of spontaneous and 
evoked pain behaviors (Yezierski et al., 1998). IL-10 is a potent anti-
inflammatory cytokine that has been shown to reduce inflammation and 
improve functional outcome in human and animal models of inflammatory 
diseases. Previously we have shown that the systemic administration of IL-10 
following excitotoxic SCI attenuates the amount of neuronal loss (Brewer et 
al., 1999) and reduces pain behaviors in the dynorphin model of pain 
(Laughlin et al., 1999). These results have led to the hypothesis that IL-10 will 
lead to a reduction in pain behaviors following SCI. Ten male rats underwent 
intraspinal injections of QUIS followed by single systemic injection of IL-10 
(5pg, IP). The results have shown that animals receiving IL-10 developed 
grooming-like behavior with a mean onset time of 19.4 days, while those not 
receiving IL-10 developed the behavior with a mean onset time of 11.3 days. 
Additionally, the final area of grooming was larger in control versus IL-10 
treated animals at a time point of 20 days post-injection. In conclusion, IL-10 
results in a significant reduction in neuronal loss (Brewer et al., 1999) and a 
delayed onset and reduced area of excessive grooming behavior. These results 
support the conclusion that targeting injury-induced inflammation may be an 
effective strategy for the treatment of pain following SCI. Supported by the 
Hollfelder Foundation (RPY), PVA (JRB), and APA (JRB).

579.10

BENEFICIAL EFFECTS OF HYPOTHERMIA AND/OR AGMATINE 
ON LOCOMOTOR OUTCOME FOLLOWING CONTUSION SPINAL 
CORD INJURY C.G Yu1, A.E. Marcillo1, W.D. Dietrich1*, C.A. Fairbanks2,
G.L. Wilcox2, and Robert P. Yezierski1 'The Miami Project and Dept. of 
Neurological Surgery, Univ. of Miami, Miami, FL, 33136 and 2Depts. of 
Pharm. and Neuroscience, Univ. of Minnesota, Minneapolis, MN 55455.

The effects of hypothermia and/or agmatine (decarboxylated arginine) on 
locomotor outcome were studied following traumatic injury of the spinal cord. 
Spinal cord contusions (NYU impactor, 12.5mm, T-10) were produced in 
adult rats randomly divided into four groups. Group 1 (n=13) received 
hypothermic treatment (epidural temperature: 32.0°C) for 4 hours post-injury. 
Group 2 (n=8) received normothermic treatment (epidural temperature: 
37.0°C) for 4 hours. In Group 3 (n=5) agmatine (1 OOmg/kg) was administered 
intraperitoneally (IP) daily for 14 days after trauma, and Group 4 (n=5) 
received hypothermia (32.0 °C) plus agmatine (1 OOmg/kg, IP for 14 days). 
Twice weekly assessments were made over a 6-week survival period using the 
BBB locomotor scale. Five days after injury, ratings of locomotor 
performance in rats receiving hypothermic treatment were significantly 
increased over those exposed to normothermic treatment (p<0.05). This trend 
persisted throughout the duration of the study and the difference became larger 
(p<0.0001 at 44 days after injury). Agmatine alone also significantly improved 
locomotor recovery. The final mean BBB score for agmatine treated animals 
(13.9+1.6) was higher than that of hypothermic animals (13.5+0.5), although 
the difference was not significant. Agmatine plus hypothermia resulted in a 
final mean BBB score of 13.1+1.3 compared to a normothermic score of 
9.9+0.4. In conclusion, the results support the use of systemic agmatine or 
hypothermia as treatments for acute spinal cord injury. This work was 
supported by the U.S. Army (RPY), NIII/NIDA DAO 1933 (GLW).

579.11

EFFECTS OF AGMATINE ON NEURONAL SURVIVAL AND 
SPONTANEOUS GROOMING BEHAVIOR FOLLOWING 
EXCITQTOXIC SPINAL CORD INJURY IN THE RAT. G.L. Wilcox*r,
C.G.Yu~, C.A.Fairbanks and R.P.Yezierski2 ’Depts. of Pharmacology and 
Neuroscience, University of Minnesota, Minneapolis, MN 55455 and 
zThe Miami Project and Dept. of Neurological Surgery, University of 
Miami, Miami, FL, 33136.

The neuroprotective effects of agmatine (AG, decarboxylated 
arginine) were evaluated against neuronal injury and excessive grooming 
benavior following excitotoxic spinal cord injury produced by the 
intraspinal injection of quisqualic acid (QUIS). In experiment 1, 26 rats 
were randomly divided into three groups: 1) 125mM QUIS+saline (IP for 
3 days); 2) 125mM QUIS+AG (100 mg/kg IP for 3 days); and 3) 125 
mM QUlS+AG (150 mg/kg IP for 3 days). Neuronal loss was induced by 
intraspinal injection of 125 mM QUIS. Systemic injections of AG (100 
and 150 mg/kg) in the presence oi 125 mM QUIS significantly reduced 
the area of neuronal loss in a dose-dependent manner (% gray matter 
damage: 8.0 and 6.9%, respectively) compared with systemic injections 
of saline (% gray matter damage: 15.7%). In experiment 2, 24 rats were 
randomly divided into four groups: 1) 125 mM QUIS+saline (IP for 14 
days pre-grooming); 2) 125 mM QUIS+AG (100 mg/kg IP for 14 days 
pre-grooming); 3) 125 mM QUIS+saline (IP for 14 days post-grooming); 
and 4) 125 mM QUIS+AG (100 mg/kg IP 14 days post-grooming). 
Assessment of excessive grooming was done weekly during a survival 
period of 20-30 days. The area ana class of grooming behavior following 
intraspinal injections of QUIS plus systemic injections of AG (both pre- 
and post-grooming) were significantly less than that following 
intraspinal injections of QUIS plus saline. In conclusion, systemic 
treatment with AG can protect against excitotoxic spinal cord injury and 
has a significant effect on the onset and progression of pain behaviors 
following excitotoxic SCI. (Supported by: NIDA R01-DA-01933, and 
R01-DA-11236 (GLW, CAF); The Hollfelder Foundation (RPY)).

579.12

SPINAL INTERLEUKIN-1 RECEPTOR ANTAGONIST BLOCKS 
ALLODYNIA FROM ZYMOSAN-INDUCED NEURITIS. SE 
Hammack,* E D Milligan. L Gazda. D Martin1, S F Maier & L R Watkins. 
Dept Psych, U CO, Boulder, CO 80309. 'Dept Pharm, Amgen, Thous& Oaks, 
CA 91320.

Peripheral nerve inflammation can induce exaggerated pain states. We 
sought to determine whether (a) hyperalgesia & allodynia could be produced 
from a model of experimental sciatic neuritis & (b) this effect was mediated 
by spinal interleukiii-ip (IL-1 pi). IL-13 is released from activated glia in 
spinal cord during some hyperalgesic & allodynic states. Baseline (BL) 
responses to low threshold mechanical & thermal stimuli (von Frey (vF) & 
Hargreaves tests, respectively) were assessed in adult male Sprague-Dawley 
rats prior to surgery. Sciatic neuritis was induced by a loose-wrap of sterile gel 
foam saturated with zymosan (0.4 mg in 50 gl) in incomplete Freund's 
adjuvant (IFA) around the sciatic nerve. Controls were: (a) IFA-gelfoam 
around the sciatic nerve and (b) myositis induced by implantation of the 
zymosan-gelfoam into adjoining muscle. Behavioral responses were measured 
for 96 hr. Sciatic neuritis, but not myositis, produced a robust bilateral 
allodynia & hyperalgesia. To examine potential mediation by spinal IL-10, 
rats received injections of either intrathecal (IT) IL-1 receptor antagonist (IL- 
lra; 100 gg) or equivolume vehicle (1 gl) at two 1 hr intervals. Behavioral 
responses (vF test) were measured beginning 40 min after IL-Ira treatment for 
80 min. Allodynia was blocked by IT IL-Ira. Ongoing studies include 
measurement of spinal IL-10 protein levels induced by neuritis & the role of 
activated glia in the dorsal spinal cord. Supported by NIH Grants MH50479, 
MH01558, MH00314 & Amgen.
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579.13
THE HUMAN IMMUNODEFICIENCY VIRUS-1 ENVELOPE 
GLYCO PROTEIN, GP120, INDUCES HYPERALGESIA & 
ALLODYNIA VIA GLIAL ACTIVATION & INTERLEUKIN-1 (3. ED 
Milligan*. KT Nguyen. MK Hansen. D Martin1. SF Maier & LR Watkins.
Dept Psych, U Colorado, Boulder, CO 80309. ’Dept Pharm, Amgen, 
Thousand Oaks, CA 91320.

Previously, we showed that intrathecal (IT) Human Immunodeficiency 
Virus-1 (HIV-1) envelope glycoprotein, gpl20, produced both thermal 
hyperalgesia (tailflick & Hargreaves tests) & low threshold mechanical 
allodynia (von Frey test). Here, we determined whether the effects of IT 
gpl20 could be blocked by drugs that disrupt glial function &/or the 
action of substances released from activated glial cells (interleukin-IP; IL- 
lp). Additionally, we measured (a) gpl20-induced changes in mRNA &/or 
protein levels for IL-ip in lumbosacral (LS) dorsal spinal cord & 
cerebrospinal fluid (CSF) and (b) blockade of gpl20-induced changes in 
IL-1 P protein in LS spinal cord. Following baseline measures (Hargreaves 
or von Frey tests), Sprague-Dawley rats (N=5-7/group) received either IT 
Fluorocitrate (1 nMol), CNI-1493 (9 ug), IL-1 receptor antagonist (ILIra; 
100 ug), or equivolume vehicle (lul) followed by IT gpl20 (3 ug) or 
equivolume vehicle (6 ul). Behavioral responses were measured for 120 
min. Gpl20-induced hyperalgesia & low threshold mechanical allodynia 
were blocked both by disrupting the metabolic function of LS glial cells & 
by IL Ira. IT gpl20 increased IL-1 p mRNA & protein in dorsal LS spinal 
cord & importantly, in LS CSF. Pretreatment with either IT IL Ira or glial 
metabolic blockers prevented the gpl20-induced elevation in IL-1(3 
protein. Thus, HIV-1 gpl20, acting in the central nervous system, can alter 
pain responsivity, thereby creating thermal hyperalgesia & mechanical 
allodynia mediated by glial activation and IL-ip. Supported by NIH 
Grants MH55283, MH01558, MH00314 & Amgen.

579.14

ROLE OF SPINAL CYCLOOXYGENASE-2 IN DEVELOPMENT OF 
NEUROPATHIC PAIN INDUCED BY NERVE INJURY ZH Zhao, SR 
Chen, JC Eisenach, DW Busiia, HL Pan* Depts. of Anesthesiology, 
Physiology and Pharmacology, Wake Forest Univ. Sch. Med., Winston- 
Salem, NC 27157

Cyclooxygenase products are involved in various pain conditions. 
Increased spinal cyclooxygenase-2 (Cox-2) activity has been shown to 
contribute to nociception during inflammation. In the present study, we 
determined the role of spinal cyclooxygenase in the development of 
neuropathic pain. Neuropathic pain condition was induced by ligation of 
the left L5/L6 spinal nerves in rats. Using Western blot analysis, we 
found that the Cox-2 protein level in the dorsal horn of the spinal cord 
increased 1.7 times one day after nerve ligation, compared to that in the 
sham animals. The increase in Cox-2 was normalized at the third day 
following nerve injury. No Cox-1 protein was detected in the dorsal horn 
of the spinal cord after nerve injury. In the behavioral experiments, we 
observed that intrathecal injection of 30 gg of indomethacin one day after 
nerve ligation attenuated the development of mechanical allodynia. 
However, intrathecal injection of indomethacin had no effect on allodynia 
two weeks after nerve injury. Collectively, our results suggest that spinal 
Cox-2 plays an important role in the development, but not in the 
maintenance, of allodynia caused by nerve injury.

Supported by HL-60026 from NIH.

579.15
ROLE OF CYCLOOXYGENASE-2 IN THE DEVELOPMENT OF CHRONIC PAIN 
TJLbukJ xJC_Matsumura .̂ K. Tsuchida^ . Y. Tanaka’ and S.-Kobavashi^. ’Dept. 

ol Anesthesiology. Kyoto Prefectural Univ. of Medicine; Kyoto 602-8566, Japan 
^Graduate Sch. of Informatics, Kyoto Univ. , Kyoto 606-8501

In order to elucidate the role of cyclooxygenase-2 (COX-2) which is one of the 
enzymes in the biosynthesis of prostaglandins, we observed the changes in COX-2 
immunoreactive cells in the brain, spinal cord and feet along with changes in 
behavioral hyperalgesia using 2 chronic pain models. Therapeutic effect of non 
selective COX inhibitor and selective COX-2 inhibitor was also examined.

Male Sprague-Dawley rats weighing 250 to 350g were used. In the formalin test, rats 
were injected with diclofenac(DIC, non-selective COX inhibitor), NS-398(NS, 
selective COX-2 inhibitor) or vehicle intrathecally or intraperitoneally 10 minutes 
before the treatment with formalin subcutaneously in the left hindpaw. For the 
quantification of pain behavior, the number of spontaneous flinches and shakes in the 
formalin injected paw in 1 minute was counted at several intervals for 1 hour. For 
COX-2 immunohistochemistry animals with no drug pretreatment were perfused and 
dissected 1 hour following formalin injection. In the chronic inflammatory pain model, 
rats were injected with caragecnan (Sigma , Type IV) in the plantar surface of the left 
hindpaw. DIC, NS or vehicle was injected intrathecally or intraperitoneally 10 minutes 
prior to or 2 hours following carageenan injection. Behavioral hyperalgesia was 
observed hourly for 6 hours. Animals with no drug treatment were sacrificed for COX- 
2 immunohistochemistry at 1,3,6 and 24 hours following carageenan injection. In order 
to identify COX-2 immunopositive cells, fluorescence double immunohistochemistry 
was performed using an endothelial cell marker, a macropharge marker and a dendritic 
cell marker.

In the carageenan injection model, COX-2 expression was induced in the brain and 
spinal cord endothelial cells. COX-2 expression reached maximum 6 hours after the 
injection and paralleled behavioral hyperalgesia. In the formalin injection model, COX- 
2 expression was not induced and intrathecal injection of COX-2 did not have any 
behavioral effect. These results suggest the role of COX-2 as a prostaglandin 
synthetizing enzyme which is expressed in the later phase of chronic pain development.

579.16
CHEMICAL SYMPATHECTOMY MODULATES HYPERALGESIA AND 
CYTOKINE LEVELS IN THE ENDOTOXIN (ET) MODEL OF 
LOCALIZED INFLAMMATORY HYPERALGESIA. B. Safieh- 
Garabedian'*, S.A. Kanaan1, SJ. Jabbur2 and N.E. Saade23. Depts. of 
'Biology, 2Physiology and JHuman Morphology, Faculty of Arts and Sciences 
and Faculty of Medicine, American University of Beirut, Beirut, Lebanon.

The sympathetic nervous system is known to play a role in inflammatory 
hyperalgesia. In this study we investigated the effects of the sympatholytic 
drugs, guanethidine and regitine, on the level of the cytokines (TNF-a, IL-1 (3 
and IL-6) and NGF and on pain behavior in rats with localized inflammatory 
hyperalgesia induced by intraplantar injection of ET (1.25 pg). Hyperalgesia 
was assessed by the paw pressure (PP), the paw immersion (PI), the hot plate 
(HP) and the tail flick (TF) tests (Kanaan et al., Pain, 1996, 66:373-379).

Pretreatment of rats (n=5 in each group) with guanethidine (30mg/kg; i.p.) 
for 1 hour significantly (P<0.001) reduced or completely reversed both 
mechanical (PP test) and thermal hyperalgesia (PI, HP, TF tests). Similarly, 
regitine reversed in a dose-dependent manner (0.25, 0.5 and 1 mg/kg; i.pl) the 
ET-induced inflammatory hyperalgesia. In other groups of rats (n=5 each), 
pretreatment with guanethidine or regitine significantly reduced the elevated 
levels of TNF-a, IL-6 and NGF in the ET-injected paws but had no significant 
effect on the elevated level of IL-1(3. In control experiments, these drugs had 
no significant effect on the level of the cytokines and NGF.

Our results indicate that the sympathetic nervous system contributes to the 
ET-induced localized inflammatory hyperalgesia through modulation of the 
levels of the pro-inflammatory cytokines and NGF.
(Supported by grants from the LNCSR and the DTS Fund).

579.17

A DIRECT EXCITATORY ACTION OF PROSTAGLANDIN E2 
ON SPINAL CORD NEURONS OF THE ADULT RAT. H. Baba*. K. 
Moore and C.J, Woolf. Department of Anesthesia and Critical Care, Neural 
Plasticity Research Group, Massachusetts General Hospital and Harvard Medical 
School, Boston, MA 02129

Whole cell patch clamp and intracellular recordings were made from dorsal and 
ventral horn neurons in vitro, from thick adult rat transverse spinal cord slices 
(36*0 to study the action of prostaglandin E2 (PGE2). In the presence of TTX, bath 

applied PGE2 (1-10 |iM) induced inward currents or a depolarization in the 
majority of deep dorsal horn (77 of 124 cells) and ventral horn neurons (6 of 8 cells), 
but not in superficial dorsal horn neurons (5 of 47 cells). The inward current was not 
affected by perfusion with a Ca++ free and high Mg++(5mM) solution, showing 
that it was postsynaptically generated. The responses were associated with an 
increase in membrane conductance. Neither 17-phenyl trinol (an EPI agonist, 10 
gM) nor sulprostone (an EP3 agonist, 10 gM) had any effect, while I9(R)-hydroxy 
prostaglandin E2 (an EP2 agonist, 5-10 gM) and PGE1 alcohol (a mixed EP2&4 
agonist, 10 gM) mimicked the effects of PGE2. PGE2 induced inward currents were 
immediately reversed by substitution of extracellular Na+ with N-methyl-D- 
glucamine (NMDG), and reversibly inhibited by flufenamic acid (FFA, 50 - 200 
gM), a nonselective cation channel blocker. These results suggest that PGE2 
directly depolarizes deep dorsal horn and ventral horn neurons via the EP2 receptor 
by opening a nonselective cation channel. These findings, together with earlier 
demonstrations of a central action for the analgesic effect of COX inhibitors, imply 
a major involvement of prostanoids in sensory processing in the spinal cord. 

Supported by the Human Frontier Science Program (RG73/96).
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580.1
EFFECTS OF THE GLUTAMATE RECEPTOR ANTAGONIST, MK-801, ON 
KAINIC ACID INDUCED CYTOKINE EXPRESSION. C, Eriksson and M. 
Schultzberg*. Geriatric Medicine, Dept. of Clin. Neuroscience, NEUROTEC, 
Karolinska Institute, Novum, Stockholm, Sweden.

Several findings indicate that cytokines may be involved in neurodegenera- 
tive processes. The aim of the present study was to investigate the effect of 
the glutamate receptor antagonist, MK-801, on the kainic acid induced ex-
pression of interleukin-1 p (IL-13) and IL-1 receptor antagonist (IL-1 ra) mRNA. 
In situ hybridization histochemistry was used to examine the distribution of IL- 
10 and IL-1 ra mRNA in the rat brain after peripheral administration of kainic 
acid (10 mg/kg, i.p), and after peripheral MK-801 injection prior to kainic acid 
injection. The rats were sacrificed and the brain dissected out at different time 
points after injection. Vectors containing cDNA complementary to part of rat 
prolL-1p mRNA or pro-IL-1 ra mRNA, respectively, (from an EU Concerted 
Action) were used. IL-1 p and IL-1 ra mRNA expression was rapidly induced by 
kainic acid, and labelled cells were observed in the hippocampus, thalamus, 
amygdala, and in the piriform, perirhinal and entorhinal cortex. In these 
regions, IL-1 p and IL-1 ra mRNA were expressed mostly in microglia. Brain 
sections from rats pretreated with MK-801 prior to kainic acid, revealed 
changes in the IL-1 p and IL-1 ra mRNA expression in some of the brain 
regions. For example, the kainic acid induced expression of IL-1 ra mRNA 
was blocked by MK-801 in the thalamus, while no changes in the IL-1 p or IL- 
1ra mRNA signal was observed within the CA1 field of the hippocampus. 
These results indicate that the kainic acid induced cytokine is related to 
NMDA receptor mediated excitotoxicity expression in some, but not all of the 
brain regions. This work was supported by grants from the Swedish MRC, 
Gamla Tjanarinnor, Kapten A. Erikssons Stiftelse, and Ostermans stiftelse.

580.2
GRF RECEPTOR GENE IS EXPRESSED IN HYPOTHALAMIC NEURONS 
AND ACTIVATED ASTROCYTES IN CULTURE. M. Cecilia Aguila13*, 
George Chou2, Rodrigo O. Kuljis13, Victoria Argentova13. Miami V.A. Med 
Ctr., Dept. Microbiology, Univ. TX Southwestern Med. Ctr. and Dept. of 
Neurology, Univ. of Miami Sch. of Med.; Miami, FL 33136.

Growth hormone releasing factor (GRF) is able to stimulate 
somatostatin (SRIF) production from the rat hypothalamus in vitro. The ability 
of GRF to stimulate SRIF expression may depend of the presence of GRF 
receptors in hypothalamic neurons and/or astrocytes. Hypothalamic tissue 
can secrete GRF and SRIF upon IL-10 activation. Here, we determine 
whether the GRF-receptor (GRF-R) is present in pure neuronal and 
astrocytic cultures in resting and IL-1p-stimulated conditions. Hypothalamic 
neurons and astrocytes were incubated for 24 h with IL-1 p concentrations 
(10'13M- 10'1°M). The GRF gene expression was examined by RT-PCR using 
oligodeoxynucleotides complementary to a highly conserved sequence of the 
human and rat GRF-R gene. We used a rat GRF-R cDNA clone as a 
template in the same experiment. Cyclophilin was used as internal control. 
GRF-R determined by RT-PCR suggests that the neurons and activated 
astrocytes express the GRF-receptor. To verify these findings, GRF-R 
mRNA was determined by a St nuclease protection assay using a 32P-CTP 
labeled GRF-R cRNA. As before, we observed that GRF-R is detected in 
neurons but not affected by the doses of IL-10 tested. In contrast, the 
astrocytic expression of the GRF-R was increased in a dose-related manner. 
These findings indicate that the upregulation of GRF-R by IL-10 is a 
component of brain response to inflammatory cytokines induced by injury 
and/or infection. Support: NSF9805774 and the U.S. Dept. Veterans Affairs.

580.3
REGULATION OF MHC CLASS I EXPRESSION ON DEVELOPING AND 
ADULT NEURONS IN VITRO. P.D. Drew* and K.D. Phelan, Department 
of Anatomy and the Arkansas Center for Neuroscience, University of 
Arkansas for Medical Sciences, Little Rock, AR 72205.

Major histocompatibility complex (MHC) class I molecules are not only 
important in the recognition of virus and tumor antigens by cytotoxic T- 
cells, but they have also been implicated in normal developmental 
processes in the CNS. However, the mechanisms regulating neuronal 
expression of MHC class I remain poorly understood. We have developed 
in vitro culture and slice models in the rat to study mechanisms regulating 
neuronal expression of MHC class I in developing and adult neurons using 
immunocytochemistry coupled with light microscopy, fluorescent/confocal 
microscopy and flow cytometry analyses. Cultured embryonic (E18) 
hippocampal neurons express MHC class I in mixed neuron-glial cultures in 
response to interferon-y treatment (IFN-y, 100 U/ml, 72 hr). This induction 
is increased by simultaneous exposure to the Na+ channel blocker 
tetrodotoxin (TTX, 1 gM), while glutamate (10 gM) reduces this induction. 
In contrast, cultures of postnatal (PN7) cerebellar granule cells express the 
highest levels of MHC class I after IFN-y alone (using standard high K+ 
culture conditions). However, neither TTX nor glutamate altered this 
IFN-y induction. In the adult, overnight exposure of brain slices to IFN-y 
alone (100 U/ml) also induced the expression of MHC class I an cerebral 
cortical neurons. The development of these cell culture and brain slice 
preparations will allow comparison of the mechanisms regulating the 
neuronal expression of MHC class I molecules in the developing and adult 
rat central nervous system.

Supported by UAMS Foundation Awards (PDD) and NS33959 (KDP).

580.4
CLONING AND EXPRESSION OF PEPTIDOGLYCAN 
RECOGNITION PROTEIN (PGRP) IN THE BRAIN AND SPLEEN 
OF RATTUS NORVEGICUS. A. Rehman and J. M. Krueger*. Dept. of 
VC APP, Washington State University, PO BOX 646520, Pullman, WA 
99164.

Bacterial cell wall monomers derived from peptidoglycan (PG) have 
been shown to induce sleep in animals by various research groups. Recently, 
PGRP was cloned from human, mouse and a moth, Trichoplusia ni, and 
the PGRP was described as a common link between vertebrate and 
invertebrate innate immunity. Further, PGRP protein and its mRNA are 
induced by bacterial infection (Kang et al., ‘PNAS, 95:10078, 1998). The 
BLAST search using the mouse PGRP sequence identified a mouse 
sequence described as a novel cytokine, TAG7. TAG7 protein and mRNA 
are also induced by bacterial infection and it causes apoptosis in the murine 
L929 cell line via a NF-k B independent mechanism (Kiselev et al., JBC, 
273:18633, 1998). Alignment of murine TAG7 and PGRP nucleotides 
revealed a deletion of two nucleotides in TAG7 that yielded a different C- 
terminus in TAG7 compared to PGRP. This crucial deletion in murine TAG7 
did not occur in three different clones of RT-PCR products of mouse spleen 
generated by PCR primers based on identical sequences ofTAG7 and PGRP 
but amplify the region of deletion in TAG7. This observation suggests that 
both PGRP and TAG7 probably express a same protein that acts a cytokine 
via a NF-k B independent mechanism and binds PG. We cloned the complete 
rat PGRP cDNA using 5’-RACE and 3’-RACE reactions. In our initial RT- 
PCR experiment, we found that the level of PGRP transcript in brain is 
about ten-fold less than spleen. (Supported in part by NS25378, NS31453 
and HD 36520.)

580.5

THE EXPRESSION OF INTERLEUKIN-10 IN RAT DORSAL ROOT 
GANGLIA. J. C.V.M. Copray1*, K. Biber1, F.Tilders2, A.-M.van Dam2, I. 
Huitinga3, and H.W.G.M.Boddeke1. 'Department of Medical Physiology, 
University of Groningen; 2Department of Pharmacology, Free University, 
Amsterdam; Netherlands Institute for Brain Research, Amsterdam, The 
Netherlands.

Interleukin-10 (IL-10) is a cytokine which plays a key role in the orchestration 
of the complex immune response to infection and injury. IL-10 has been reported 
to be synthesized in the brain, predominantly by glial cells. In a few cases 
convincing evidence for neuronal expression of IL-10 has been reported. As part 
of a study on molecular signaling in neuromuscular connections we have examined 
the expression of IL-10 in rat proprioceptive sensory neurons and muscle.

The expression of IL-10 was examined in adult rats with LM and EM 
immunocytochemistry using two antibodies. RT-PCR was used to detect the 
mRNA encoding IL-10 in DRG. The neuronal location of IL-10 mRNA was 
verified with nonradioactive in situ hybridisation.

Our results show that besides the large, calretinin-positive proprioceptive 
sensory neurons most other dorsal root ganglion (DRG) neurons were 
immunostained for IL-10. The results of RT-PCR indicated that this IL-10 was 
actually produced by DRG neurons and not taken up from other sources. No sign 
of IL-10 production could be detected in muscle. In situ hybridisation confirmed 
the expression of IL-10 mRNA in the DRG neurons.

The role of EL-10 in the DRG neurons needs to be elucidated, but we speculate 
that in DRG IL-10 may act as a possible trophic factor involved in the 
maintenance and plasticity of neuronal and neuromuscular connections.

580.6
NITRIC OXIDE SYNTHASE ACTIVITY IN THE BRAIN TONICALLY DOWN- 
REGULATES PERIPHERAL INTERLEUKIN (IL)-l & IL-6 PROTEIN AND 
mRNA LEVELS VIA ADRENAL MEDULLA IN MICE D.-K. Song1*. Y.-B.Im1.

J^S. W.S.-Q. Huh1. H.-W, Suh!,T,-H, Lse2,aa±Y,-:BLKii3iL ^ept. of 
Pharmacology, Coll, of Med., Institute of Natural Medicine, Hallym Univ., Chunchon; 
“Kyung-Won Univ. Coll, of Oriental Med, Sung-Nam, S. Korea.

The effects of an intracerebroventricular (i.c.v.) injection of N^-nitro-L-arginine 
methyl ester (L-NAME) or 7-nitro-indazole (7-NI), nitric oxide synthase (NOS) 
inhibitors, on plasma interleukin (1L)-1 and IL-6 levels and peripheral IL-1 and IL-6 
mRNA expression were examined in mice. L-NAME (0.1-2 gg, i.c.v.) and 7-NI (0.2-2 
gg, i.c.v.) dose-dependently increased plasma IL-1 and IL-6 but not TNF-a levels. L- 
NAME (2 gg, i.c.v.)-induced plasma IL-6 levels peaked at 2 h and returned to control 
levels at 4 h after injection. An intraperitoneal injection of L-NAME (2 gg) had no 
effect. Depletion of peripheral and central norepinephrine did not affect the central L- 
NAME-induced plasma IL-6 increase. However, central L-NAME injection did not 
increase the plasma IL-6 levels in the adrenalectomized animals. Pretreatment with 
yohimbine (a2-adrenergic antagonist; 1 mg/kg i.p.), and ICI-118,551 (02-adrenergic 

antagonist; 2 mg/kg i.p.), but not with prazosin (aj -adrenergic antagonist; 1 mg/kg i.p.), 

and betaxolol (01 -adrenergic antagonist; 2 mg/kg i.p.), significantly inhibited the central 
L-NAME (2 gg)-induced plasma IL-6 levels. L-NAME (2 gg, i.c.v.) induced an increase 
in IL-6 mRNA expression in pituitary, liver, spleen, and lymph node, as revealed by 
reverse transcriptase-polymerase chain reaction (RT-PCR). These results suggest that 
NOS activity in the brain tonically inhibits peripheral IL-1 and IL-6 systems via adrenal 
medulla in mice, (supported by the grant 971-0704-027-2 from the Korea Science and 
Engineering Foundation (KOSEF) and by The Hallym Academy of Sciences, Hallym 
Univ., S. Korea.)
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580.7
SITE SPECIFIC EFFECTS OF KINDLED TEMPORAL LOBE 
SEIZURES ON IMMUNE FUNCTION IN RATS. K.R. Goldstein*1. S, 
Zalcman2. P. Rameshwar3 and A. Siegel1,2. Depts. of ‘Neuroscience, 
2Psychiatry and 3Medicine, N.J. Medical School, and the Graduate School of 
Biomed. Sciences, UMDNJ-Newark, 185 So. Orange Ave, Newark NJ 07103.

Recent literature has suggested that the limbic system may play a significant 
role in the neuro-immune axis. The purpose of this study was to test this 
hypothesis by determining the effects of temporal lobe seizures upon immune 
function. Electrodes where placed in the basal complex of amygdala (BCA), 
pyriform cortex (PC), and caudate nucleus (CN) of rats. Kindling progressed 
until stage 5 seizures were obtained in all three groups. Animals with seizure 
foci in the BCA showed significant increases in splenocyte 3H-Thymidine 
uptake relative to non-seizure controls in response to LPS (p<.05), ConA 
(p<.01) and PHA (p<.05) and a trend towards increased open field behavior 
(OFB) (P=.O6). Animals with seizure foci within PC displayed a trend towards 
a decrease in splenocyte 3H-Thymidine uptake in response to all three 
mitogens and no differences in OFB or bone marrow granulocytic progenitors 
(CFU-GM). Animals with seizure foci in CN showed a significant decrease in 
splenocyte 3H-Thymidine uptake relative to non-seizure controls in response 
to LPS (p<.05) and ConA (p<.05). Kindling also produced a decreasing trend 
for PHA (p-. 12) and an increasing trend in OFB (p=. 13), but had little effect 
upon CFU-GM. These findings demonstrate the presence of site specific 
effects of seizure foci induced within distinct regions of the temporal lobe 
upon immune function in the rat.
[Supported by NIH grants NS 07941-27 and HL 57675 and a grant from the 
Foundation of UMDNJ].

580.8
IL-13 PROTEIN AND IL-13, IL-1 RECEPTOR TYPE I, AND IL-1 
RECEPTOR ACCESSORY PROTEIN mRNA ARE PRESENT IN 
NORMAL BRAIN AND ARE MODULATED BY LPS. M.K. Hansen*,
K. T. Nguyen, M. Fleshner’, L.E. Goehler, R.P.A. Gaykema, S.F. Maier and
L. R. Watkins. Department of Psychology and ’Kinesiology & Applied 
Physiology, University of Colorado, Boulder, CO 80309.

Interleukin-1 p (IL-lp) is a proinflammatory cytokine involved in many aspects 
of the acute phase response. IL-1(3 is also involved in the regulation of several 
physiological central nervous system processes (e.g., sleep and appetite regulation). 
However, it remains somewhat controversial whether the EL-1 system, which 
includes, in part, IL-lp, the IL-1 type I receptor (IL-1RI), and the IL-1 receptor 
accessory protein (IL-1 RAP), is present and functional in normal brain. Thus, the 
current experiments examined the EL-1 system in normal brain and following a 
peripheral injection of lipopolysaccharide (LPS). For IL-tp protein measurements, 
rats (n = 31) were injected intraperitoneally (i.p.) with one of three doses of LPS (10, 
50, 100 gg/kg) or vehicle and sacrificed 2 h later. IL-1P protein was constitutively 
expressed in the hypothalamus, hippocampus, nucleus of the solitary tract, 
cerebellum, posterior cortex, and pituitary. Furthermore, LPS dose-dependently 
increased IL-If protein in all regions examined. For IL-1 system mRNA 
measurements, rats (n = 12) were injected i.p. with 100 gg/kg LPS and sacrificed 90 
min later. IL-IJ3, IL-1RI and IL-1RAP mRNA were all constitutively expressed in 
normal brain as determined by RT-PCR. In addition, IL-If mRNA was increased in 
response to i.p. LPS in all regions examined. These data indicate that the minimal IL- 
1 machinery necessary for IL-1 signal transduction are constitutively present in 
normal brain and brain IL-1P is modulated by peripheral LPS at both the mRNA and 
protein levels. These data further support a role of brain IL-1 in the many centrally- 
controlled facets of the acute phase response and in normal physiological processes. 
Supported by NIH grants MH45045, MH55283, MH00314 and MH01558.

580.9

gpl20 IMPAIRS CONTEXTUAL FEAR CONDITIONING: A POTENTIAL 
ROLE IN AIDS RELATED DEMENTIA COMPLEX C, R, Pugh*. T, D. 
Johnson, D. Martin1, S. F. Maier. I. W, Rudy, & L, R. Watkins. Depart, of 
Psychology, Univ. of CO. Boulder, CO. 80309 & ‘Amgen, Thousand Oaks, 
CA.

Human Immunodeficiency Virus-1 (HIV-1) and its viral coat protein 
gpl20 enter the brain early in the disease process. Here they are 
relatively unaffected by current AIDS treatments that do not readily cross 
the blood brain barrier. In tissue culture gpl20 has been shown to activate 
microglia and astrocytes. In vivo activation of glia in other contexts (e.g. 
by bacterial cell walls) leads to the release of the proinflammatory 
cytokines interleukin-1 (IL-1), IL-6 and tumor necrosis factor. We have 
previously shown a role for proinflammatory cytokines in learning and 
memory. Specifically, central IL-16 administration, as well as agents that 
induce IL-16 release, impair contextual but not auditory-cue fear. The 
present experiments explored the hypothesis that gpl20 may produce 
learning impairments by inducing cytokine release. We found that like IL- 
16 intracerebroventricular (ICV) gpl20 administration (6 pg) impaired 
contextual but not auditory-cue fear. In addition, ICV gpl20 caused 
significant increases in IL-16 protein in the hippocampus and cortex, but 
not in the hypothalamus. This is interesting because contextual fear 
depends on the hippocampus. Finally, ICV alpha melanocyte stimulating 
hormone (alpha MSH; an endogenous IL-1 antagonist) administration 
prevented the ICV gpl20-induced impairment in contextual fear. Studies 
examining ICV IL-lra are ongoing. These results suggest that gpl20 may 
produce some of the learning impairments associated with AIDS related 
dementia complex by inducing cytokine release. Supported by NIH grants 
MH55283, MH00314, MH01558, & NIH F31 MH12148-01.

580.10

CHRONIC SLEEP RESTRICTION MODULATES NEUROENDOCRINE AND 
NEUROIMMUNE PARAMETERS. J. Mullington,1* N, Price,2 M. Carlin,2 D.F, 
Dinges2. ’Harvard Medical School, Boston,2University of Pennsylvania, Philadelphia.

Circadian rhythms and sleep-wake homeostasis are involved in neuroendocrine and 
neuroimmune regulation, and acute sleep loss leads to altered profiles of 
neuroendocrine and neuroimmune parameters. It is rare to go without any sleep for 
prolonged periods of time, but it is very common, to function on reduced sleep 
amounts for days and sometimes weeks. We have investigated 10 healthy young 
volunteers (M=6, F=4), randomly assigned to either a chronic sleep restriction (N=5) 
or normal sleep control condition (N=5). Two days of baseline sleep (8h) were 
followed by 10 days of sleep scheduled between 22:00-06:00 and 00:00-04:00h for 
the normal sleep control and sleep restricted conditions, respectively. Subject 
inclusion required regular sleep schedules (7-9 h/night), verified by actigraph and 
sleep diaries prior to admittance into the study. On the first baseline day and on the 
10th day of the experimental period, all subjects had a catheter inserted into a 

superficial forearm vein and blood w'as drawn (2 ml at 15 minute intervals) for 26 
hours. On these days, subjects remained in a semi-recumbent body posture during 
wakefulness. Subjects were permitted to watch videotaped movies, and maintenance 
of wakefulness was ensured by a monitor and verified by polysomnographic 
recordings. On days outside of blood collection, subjects were permitted to walk 
about the Sleep and Circadian Laboratory of the University of Pennsylvania and 
underwent frequent performance testing. Blood samples were centrifuged, pipetted 
and frozen for later assay. Cortisol, GH and IGF-I were assayed using RIA; IL-2, IL-1 
receptor antagonist, IL-10, TNF-alpha, TNF-receptor type 1 and TNF- receptor type 
2, were assayed by ELISA. Technical difficulties prevented frequent sampling in one 
sleep restricted group subject, but all of the remaining subjects in this group showed 
increased IGF-I and IL-lra levels by the end of the sleep restriction period. White 
blood cell counts rose in 4 of these 5 subjects. These data suggest that chronic sleep 
restriction has neuroendocrine and neuroimmune modulating effects.
Research supported by NASA NCC 9-58.

580.11

Chronic  treatment  with  the  COX/NF-k B blocker  
SODIUM SALICYLATE EXACERBATES BRAIN NEURO-
DEGENERATION IN RATS INFECTED WITH TRYPANOSOMA 
brucei . Correlation  with  cytokine  mRNA induction . 
M, Herkenham1*. J.D.M, Mhlanga2, K, Kristensson2 and N. Quan3.
’Functional Neuroanatomy, NIMH, Bethesda, MD 20892,2Dept 
Neuroscience, Karolinska Institute, Stockholm, Sweden, and 3Dept. Oral 
Biology, Ohio State University, Columbus, OH 43210.

Degeneration of specific fiber tracts (e.g., vagus, lateral olfactory tract) 
occurs in rats infected with the parasite Trypanosoma brucei. The 
degeneration temporally follows induction of pro-inflammatory cytokine 
mRNAs in the brain. To test whether degeneration may be caused by 
cytokine production, we administered 200 mg/kg of sodium salicylate (a 
cyclooxygenase and NF-k B blocker) daily to infected rats. The treatment 
paradoxically caused additional neuronal degeneration—e.g., in striatum, 
cortex, hippocampus, and olfactory structures. Again, degeneration 
followed the elevation of mRNA expression of the inflammatory cytokines 
IL-1 (3 and TNF-oc and of Ik Bcc  in non-neuronal cells identified by in situ 
hybridization. Salicylate treatment failed to block mRNA elevations, and 
actually increased some expression levels. Elevations in IL-1 receptor 
antagonist, IL-6, IFNy, iNOS, COX-2, and GFAP mRNAs were not 
blocked by sodium salicylate treatment. The association between 
salicylate-exacerbated degeneration and elevations in pro-inflammatory 
cytokines suggests a causal relationship. Furthermore, the results reveal a 
serious complication in using aspirin-like drugs for the treatment of 
trypanosome infection. (Support: NIMH IRP; SIDA, Sweden; 
UNDP/World Bank/WHO; and Ohio State University)

580.12

CHANGES IN SPONTANEOUS LOCOMOTION INDUCED BY GRAM-
NEGATIVE AND GRAM-POSITIVE BACTERIAL COMPOUNDS IN FEMALE 
RATS. C.G. Enqeland1'2 *, M, Kavaliers1'3 and K.-P. Qssenkopp1'3. 
’Neuroscience Program, 2Dept. of Psychology, 3Dept. of Pharmacology and 
Toxicology, Univ. of Western Ontario; London, ON, Canada, N6A 5C2.

Administration of gram-negative or gram-positive bacterial compounds, such 
as lipopolysaccharide (LPS) or muramyl dipeptide (MDP), respectively, induce 
a number of illness symptoms including decreased locomotor activity and weight 
loss. In this study, 47 female Long Evans rats were given a single intraperitoneal 
injection of LPS (100 or 200 mg/kg; z?=8/group) or MDP (0.8 or 1.6 mg/kg; 
n=8/group) or a combination of LPS and MDP (100 mg/kg and 0.8 mg/kg, 
respectively; n=8) or isotonic saline vehicle (n=7) on days 1,4 and 7. Two hours 
after injection the locomotor activity of individual rats was recorded in an 
automated activity monitoring apparatus (Digiscan) for 30 minutes. The 
physiological effects of LPS were quite apparent, as weight loss on day 1 was 
greater in rats injected with.either dose of LPS, or LPS and MDP in combination, 
than in controls (measured 24 hours after injection) (p<0.05 or better). Moreover, 
the spleen to body weight ratio (measured post-mortem on Day 7) was 
significantly larger in these same LPS-treated groups than in controls, suggesting 
LPS was more immunogenic than MDP (p<0.001). Behaviorally, both LPS- and 
MDP-treated rats displayed significantly lower horizontal and vertical activity 
levels compared to controls (p<0.05 or better). Moreover, rats which received 
the combined dose of LPS and MDP were significantly less active on both 
vertical and horizontal measures compared to controls (p<0.001), and to rats 
given either a low dose of LPS or MDP (p<0.05 or better). Thus, the combined 
treatment of LPS and MDP decreased activity significantly more than either 
treatment alone. This provides the first evidence that LPS and MDP have 
interactive effects on locomotor activity. (Funded by NSERC)
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580.13
CRH-INDEPENDENT ACTIVATION OF CORTICOSTERONE RELEASE 
DURING VIRAL INFECTION Psare1*, M,C,..tosgk2, K, .Karate3. M,
YsiuhakC, M.N, SitvfilBW1.. C.A, Birpq2. AJH. Mst1, 'Dept. Psychiatry & 
Behav. Sci., Emory Univ. Sch. of Med., Atlanta, GA 30322; 2Dept. Mol. 
Microbiol. & Med., Div. of Biol. & Med, Brown Univ., Providence, RI 02912; 
3Div ofEndocrin., Children’s Hospital, Harvard Med. Sch., Boston, MA 02115.

Although there is considerable data describing the cytokine and hormonal 
pathways by which bacterial stimuli activate the HPA axis, few studies have 
examined these pathways in viral infections. Previous studies have demonstrated that 
infection of mice with murine cytomegalovirus (MCMV) activates the HPA axis as 
evidenced by a substantial rise in plasma corticosterone (CORT) that peaks 36 hours 
after infection. This glucocorticoid increase is dependent on IL-6 and is essential for 
protection against cytokine-mediated death. To determine if the virus-induced CORT 
is dependent on the HPA axis regulatory peptide, corticotropin releasing hormone 
(CRH), ACTH and CORT responses were characterized in CRH-deficient (CRH-/-) 
mice, and induction of CRH mRNA expression was examined in normal infected 
mice. At 36 hours after MCMV infection, ACTH levels were no different in infected 
(61±12pg/ml) versus uninfected (56±9pg/ml) CRH-/- mice, while infected wild type 
(CRH+/+) mice had ACTH levels of 205±48pg/ml. The failure of infected CRH- 
deficient mice to produce an ACTH response was not a result of a decrement in IL-6 
because MCMV caused a greater elevation in plasma IL-6 levels in CRH-/- 
(4248±970pg/ml) than CRH+/+ (1440±324pg/ml) mice. These data suggest that 
MCMV may drive the HPA axis through CRH-dependent release of ACTH, however 
this pathway is not absolutely required for CORT induction as MCMV infection 
induced robust CORT increases in both CRH+/+ (217±74ng/ml) and CRH-/- 
(220±57ng/ml) mice. Moreover, no clear evidence for increased CRH mRNA content 
in the paraventricular nucleus of normal infected mice was found. Taken together, 
these data suggest that although the CRH to ACTH to CORT pathway may be 
activated during MCMV infection, glucocorticoid responses to MCMV are not 
strictly dependent upon CRH. Thus, in the absence of CRH, other mechanisms of 
glucocorticoid stimulation can be revealed. (Support:MH47674 & N1DDKR0171261)

580.14

INTRAPERITONEAL STAPHYLOCOCCUS
ENTEROTOXIN B (SEB) CAUSES FEVER AND SERUM 
CORTICOSTERONE ELEVATION IN RATS
LE Goehler*. RPA Gavkema, J Kleiner, JL Hinde, MK Hansen, SF
Maier & LR Watkins. Dept. of Psychology, Univ. of Colorado,
Boulder, CO 80309-0345.

Intraperitoneal (i.p.) injections of SEB in rats induce c-Fos expression 
in vagal afferent neurons and in central autonomic nuclei associated with 
host defense. However, whether this SEB-induced c-Fos expression is 
associated with brain-mediated illness responses, such as fever or 
activation of the hypothalamo-pituitary-adrenal (HPA) axis (e.g. serum 
corticosterone elevation) has not been assessed in rats. We therefore 
determined in rats the effects of SEB on fever and serum levels of 
corticosterone. For the fever study, eighteen male Sprague-Dawley rats 
were implanted with thermisters (Minimitter). Following seven days of 
recovery, they received either SEB (1 mg/kg, n=10) or saline (n=8) i.p., 
and temperatures were monitored every 20 minutes for 6.5 hours. For 
the corticosterone study, twelve male rats received SEB (n=6) or saline 
(n=6) i.p., as above, and were tailbled 3.5 hours later. The core body 
temperatures were increased between 3.5 and 6.5 hours following SEB 
injection, and serum corticosterone was elevated at 3.5 hours compared 
to controls. Thus, i.p. SEB, in addition to inducing c-Fos expression in 
vagal afferent and autonomic neural pathways, is capable of inducing 
brain-mediated illness responses. These results support the idea that a 
variety of pathogens may elicit brain-mediated host defense responses 
via similar neural pathways. Supported by NIH Grants MH55283, 
MH01558 and MH00314, and University of Colorado UROP.

580.15

SUBDIAPHRAGMATIC VAGOTOMY BLOCKS
INTERLEUKIN-l-INDUCED FEVER EVEN IN THE 
PRESENCE OF CIRCULATING INTERLEUKIN-lp
RPA Gavkema*, LE Goehler, MK Hansen. J Kleiner. SF Maier & LR
Watkins. Department, of Psychology, Univ. of Colorado, Boulder, CO 
80309-0345.

Transection of the abdominal vagus nerve prevents various sickness 
responses to peripheral inflammatory mediators, supporting an important 
role for vagal afferents in immune-to-brain communication. However, 
the effects of vagotomy may be the result of compromised entrance of 
pro-inflammatory cytokines into the general circulation, thus preventing 
their reaching the brain. We therefore determined in the same rats the 
effects of vagotomy on fever and on plasma levels of interleukin-lp (IL- 
lp) following intraperitoneal injection of human recombinant (hr)IL-lp. 
Seventy two male Sprague-Dawley male rats underwent vagotomy or 
sham surgery and were implanted with thermisters (Minimitter). 
Following seven days of recovery, the rats received either hrIL-lp (1 
pg/kg i.p.) or saline, and temperatures were monitored every 20 
minutes. Either 90 or 150 minutes later, the rats were anesthetized, and 
cardiac blood was withdrawn. Plasma levels of hrIL-lp were assessed 
with ELISA. The core body temperatures (CBT) were strongly increased 
between 60 and 150 minutes following hrIL-lp injection in the sham rats 
only. At both 90 and 150 minutes, hrIL-lp was detected in their blood. 
Vagotomized rats did not show any increase in CBT despite having Othe 
same circulating levels of hrIL-lp as their sham counterparts. Thus 
vagotomy does not inhibit entrance of IL-1 into the general circulation. 
These results therefore show that the abdominal vagus nerve is a crucial 
signaling pathway for IL-1 to induce fever. Supported by NIH Grants 
MH55283, MH01558 and MH00314, and Univ. of Colorado UROP.

580.16

INTRAPERITONEAL STAPHYLOCOCCUS
ENTEROTOXIN B (SEB) INDUCES INTERLEUKIN-1 IN 
IMMUNE CELLS WITHIN THE ABDOMINAL VAGUS 
NERVE IN RATS JL Khorsand. LE Goehler. RPA Gavkema. RL 
Spencer*. FJH Tilders#, SF Maier & LR Watkins, Dept. of Psychology, 
Univ. of Colorado, Boulder, CO, and #Res. Instit, Neurosci. Vrije 
Universiteit, Amsterdam, The Netherlands.

Cytokines such as interleukin-1 (IL-1) induced by immune activation 
trigger brain mediated illness responses. One pathway by which IL-1 
exerts its effects is via the vagus nerve. We have shown that 
intraperitoneal (i.p.) lipopolysaccharide (LPS) induces IL-1 in perivagal 
immune cells, and that IL-1 activates vagal afferent neurons, suggesting 
that IL-1 may be an important immune-to-vagus signal. I.p. SEB also 
activates vagal afferents and brain-mediated illness responses. We 
therefore questioned whether SEB, like LPS, induces IL-1 expression in 
perivagal immune cells. Ten male rats received either SEB (1 mg/kg, 
n=7) or saline (n=3) i.p., and were then perfused through the aorta with 
4% paraformaldehyde/0.1 M phosphate buffer 4 hours later. The 
anterior vagus nerves were dissected and post-fixed overnight. They 
were then cryoprotected, sectioned on a cryostat, and processed for IL-1 
expression using immunohistochemistry. In SEB-treated rats, a few 
cells expressing IL-1 were scattered in the connective tissue. They were 
most prominent within the vagal paraganglia. Thus, i.p. SEB, like LPS, 
induces IL-1 in perivagal immune cells. Whereas IL-1 is not usually 
thought to be induced by SEB treatment, paraganglionic cells may 
respond differently to e.g. SEB- induced TNF than other immune cells. 
These results are consistent with the idea that IL-1 may be a general 
immune-derived molecular signal to the vagus nerve. Supported by NIH 
Grants MH55283, MH01558, and MH00314, & U. of C. UROP.

580.17

HYPERINDUCTION OF BRAIN UNCOUPLING PROTEIN - 2 (UCP-2) MRNA 
BY LPS IN MICE CHRONICALLY INFECTED WITH TOXOPLASMA GONDII 
Denis Arseniievic . Julie Ferland, Martine Lapointe, Line Mantha,
Frederic Picard, Huang Qinling, Serge Rivest and Denis Richard*
Department of Physiology and Anatomy, Laval University, Quebec,
Qc, Canada G1K7P4

By using in situ hybridisation we demonstrated that only mice 
chronically infected with Toxoplasma gondii had a marked induction in 
brain of uncoupling protein-2 - UCP-2 mRNA 90 minutes after i.p. 
lipopolysaccaride (100ug/30g body weight) injection. This increased 
UCP-2 was associated with the quantity of immune cells in the brain prior 
to LPS treatment in infected mice. Identification of immune cells and 
UCP-2 expression showed that non-lymphocytic cells produced UCP-2 
mRNA in the brain and that these were found in the leptomeninges, blood 
vessels and ventricules. Infection resulted in an increased expression in 
these areas, together with immune cell infiltration. The augmented UCP-2 
in infected mice was also associated with an apparent increased 
vascularization. Individual inflammation loci within the brain showed vast 
coupling with UCP-2 mRNA expression. Neuronal UCP-2 appears to be 
reduced in certain areas due to infection or LPS injection. Transient 
downregulation in certain neuronal areas was also shown to occur but only 
in control LPS treated mice. This suggests that brain UCP-2 mRNA 
expression is complex following immunostimulation and UCP-2 is 
differentially regulated not only in different cell types, but that within a 
group ie in neurons there is alternative regulation implicating a possible 
different function.

580.18

TERMINAL COMPLEMENT COMPLEX ACTIVATES INFLAMMATORY 
CYTOKINES IN THE BRAIN. M G De Simoni1*, A De Luigi1, C 
Casarsa2, L Catapano1, M Pausa3 and F Tedesco2, laboratory of 
Inflammation and Nervous System Diseases, Mario Negri Institute, 
Milano; department of Physiology and Pathology, University of 
Trieste; institute of Obstetrics and Gynecology, IRCCS Burlo 
Garafolo, Trieste, Italy.
Evidence for complement (C) activation has been obtained in 
various pathological conditions of the CNS, including multiple 
sclerosis and Alzheimer's disease. The contribution of C activation 
products to the inflammatory process and tissue damage in vivo i s 
still unexplored. We have evaluated the induction of inflammatory 
cytokines (IL-lp, IL-6 and TNFa) in the brain of rats after the 
intracerebroventricular injection of the human terminal C complex 
(TCC). Rats received purified C5b6, a mixture of C7-9 or both 
(TCC) and the cytokines were measured at different times (1 - 2 - 
4-6 hours) in hypothalamus, hippocampus and striatum, and i n 
cerebro-spinal fluid (CSF). Control rats were given heat- 
inactivated TCC. TCC significantly induced the three cytokines. I n 
hypothalamus and CSF the maximal effect was observed at 2 hrs, 
while in hippocampus and striatum induction was maximal at 4 hrs. 
Neither heat-inactivated TCC nor C7-9 alone induced detectable 
cytokine levels. Notably, C5b6 had a stimulating effect similar to 
that of TCC, inducing IL-lp and IL-6 in the three brain areas 
considered and in CSF, though in this case the rise was less marked 
and slightly delayed. The results show that TCC activates the 
inflammatory cytokines in the brain. The effect of C5b6 alone is 
likely to be due to its interaction with endogenousrat C7-9.
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581.1
NEUROPROTECTIVE ROLE OF ESTROGEN FOLLOWING NMDA-INDUCED 
TOXICITY IN PRIMARY HIPPOCAMPAL CULTURES. S.J. Lee* C.J. Li and 
B.S. McEwen, Lab. Neuroendocrinology, Rockefeller Univ., NY, NY, 10021.

Estrogen (E) has been shown to regulate synaptogenesis and dendritic

morphology in the hippocampus both in vivo and in vitro. A key player in the 
regulation of synaptic plasticity is the phosphorylation of the gene regulator, 
cAMP response element binding protein (CREB). In this study, we have used 
mixed hippocampal cell cultures to demonstrate pCREB expression and to 
measure lactate dehydrogenase (LDH) activity - associated with neurotoxic 
conditions, following E and/or NMDA treatments. Furthermore, 
immunocytochemistry (ICC) was performed using anti-BT (neuronal), anti- 
GFAP (astrocyte) and anti-GABA to identify the cell types involved. Primary 
hippocampal cultures at 14 d in vitro were treated with E for 48 hr. Following E 
incubation, cells were rinsed and treated with either Hepes buffer or NMDA 
(1mM) for 15 min. Cultures were incubated for 24hr before ICC or LDH assay. 
Our preliminary pCREB-!r results revealed that E treatment alone did not 
significantly alter the number of pCREB-lr cells when compared with controls. 
However, cultures primed with E and then treated with NMDA did show a 
significantly larger number (p<0.001) of pCREB-lr cells when compared to 
cultures treated with NMDA alone. While there were some cells co-localized 
with both pCREB and GABA, the majority of the pCREB-lr cells were neuronal 
and non-GABAergic. There were a few non-neuronal cells which were 
pCREB-positive but not GFAP-positive. LDH assay showed that the LDH 
activity was lower in cultures treated with E and NMDA than NMDA alone. 
Our findings suggest that the protective actions of E in delaying NMDA-induced 
neurotoxicity, may involve changes in transcriptional regulation of CREB. 
[Supported by NS07080-33 (BSM)].

581.2
ESTROGEN-REGULATED PROGESTIN RECEPTORS ARE FOUND IN 
SEROTONIN CELLS IN THE ERaKO MOUSE. S. Alves1* B McEwen,1 K. 
Korach,3 D, Pfaff2 and S. Ogawa2 1Neuroendocrinology, 2Neurobiology 
and Behavior, Rockefeller University, NY, NY 10021; Reproductive and 

Developmental Toxicology, NIEHS, Res. Tri. Park, NC 27709.
Estrogen (E) and progesterone (P) may modulate serotonergic (5-HT) 

function through intracellular E receptors alpha and beta (ERa and ERp) 
and PR, respectively. E-induced PR immunoreactivity (-ir) has been 
demonstrated in 5-HT and non-5-HT cells in the macaque midbrain 
raphe nuclei (Bethea 1994). We recently localized ERa- and E-induced 
PR-ir only in non-5-HT raphe neurons in the rat, but in both 5-HT and 
non-5-HT neurons in the mouse (Alves et al, JCN ‘98; NS Ab. 436.1, ‘98), 
suggesting species differences in modes of steroid action. Furthermore, 
while ERa- and E-induced PR-ir overlapped in the rat, more cells 
exhibited E-induced PR-ir compared to ERa-ir in the mouse dorsal and 
median raphe. This observation led us to hypothesize that another ER 
may also mediate PR-induction in murine 5-HT cells. We tested this 
hypothesis by investigating E induction of PR in the dorsal and median 
raphe in the ERa knock-out (ERaKO) mouse. Hippocampus was also 
examined for a regional comparison. ERaKO mice and wildtype (WT) 
siblings (N=12) were ovariectomized and after one week, received either 
estradiol benzoate (EB, 10pg sc) or oil. Mice were perfused 48h later 
and antibodies specific to PR (DAKO) or tryptophan hydroxylase (Protos) 
were localized by dual-label immunocytochemistry. EB greatly 
increased the number of 5-HT cells demonstrating PR-ir in both WT and 
ERaKO raphe nuclei, further suggesting the involvement of an ER other 
than the full length ERa in 5-HT regulation. In contrast, hippocampal 
PR-ir was observed only in E-treated WT animals, indicating that E- 
induction of PR in the mouse hippocampus requires the full length ERa. 
We are currently working to identify ER[3 in mouse raphe and possible 
gender differences. [Support: NS07080 (BM); IBN-9728579 (SO)]

581.3
EFFECTS OF ESTROGEN AND AGING ON NMDA RECEPTOR 
SUBUNIT PROTEIN LEVELS IN THE HIPPOCAMPUS. P. Vissavaiihala*, 
M.M. Adams, A.C. Gore, and J.H. Morrison. Neurobiology of Aging Laboratories, 
Mount Sinai School of Medicine, New York, NY 10029.

Both estrogens (E2) and NMDA receptors have been shown to regulate multiple 
aspects of synaptic plasticity in the hippocampus. For example, in the CA1 region 
of the hippocampus, there are increases in both synaptic bouton number and spine 
density in young ovariectomized rats with E2 replacement. Moreover, these effects 
are blocked by NMDA antagonists. This may be of particular importance in the 
context of age-related cognitive decline associated with reproductive senescence, 
and its corresponding decreases in E2. Therefore, the following study was designed 
to investigate the effects of E2 on the protein levels of the NMDA receptor 
subunits: NR1, NR2A, and NR2B in the hippocampus of young (4 ino.), middle- 
aged (12 mo.), and aged (24 mo.) Sprague-Dawley rats. Animals were 
ovariectomized (OVX) for 1 or 6 mo., and received E2 or vehicle replacement for 2 
weeks. They were sacrificed, the hippocampus dissected out and frozen, and the 
relative amount of protein among these groups was determined by Western blot 
analysis utilizing subunit-specific antibodies developed in our laboratory. There 
was no significant effect of E2 on NR2B or NR1 protein levels in any of the age 
groups. However, an analysis of variance demonstrated a significant effect of 
length of OVX on NR1 protein levels in middle-aged animals, with a 1 mo. OVX 
animal having higher NR1 levels than a 6 mo. OVX animal (p < 0.01). These data 
suggest that the longer duration of ovariectomy decreases the NR1 protein levels in 
the hippocampus independent of E2 status, suggesting other ovarian factors may 
play a role in the regulation of the NMDA receptor levels. Examination of other 
subunits is ongoing. [Supported by the Brookdale Foundation (ACG); NIH 
AG06647 (JHM); NIA P01 AG 16765 (ACG/JHM)]

581.4
TESTOSTERONE, DIHYDROTESTOSTERONE, OR 3a-ANDROSTANEDIOL, 
BUT NOT VEHICLE, TO CORTICOSTERONE-DEPLETED RATS 
ATTENUATES PYKNOTIC CELLS IN THE GRANULE LAYER OF THE 
DENTATE GYRUS. C.M. McCormick1, N.W. Kleckner*L AND C. Frye2. 
'Neuroscience Program, Bates College, Lewiston, ME 04240, and 2Dept. of 
Psychology, The University at Albany-SUNY, Albany, NY 12222.

Corticosterone-depletion produces pyknotic cells in the granule layer of the dentate 
gyrus (Sloviter et al., 1989; Gould et al., 1990). Systemic administration of 
progesterone and its metabolites reduced the number of apoptotic neurons in the 
hippocampus of adrenalectomized rats (Conde et al., 1998). Neuroprotective effects ot 
androgens have not been well-characterized but 5a-androstane-3a,17G-diol (3a-diol) 
does have anti-seizure effects (Frye and Reed, 1998). To further examine androgen’s 
effects, testosterone (T), dihydrotestosterone (DHT), 3a-diol (1.0 mg/kg SC daily), or 
sesame oil vehicle were administered to adrenalectomized or sham-operated, young, 
female Long Evans rats (N=52). After seven days, animals were perfused and trunk 
blood was collected for radioimmunoassay of plasma corticosterone and androgens.
No pyknotic cells were seen in the dentate of the sham-operated animals or those 
animals that had incomplete adrenalectomies (n=20); however, cresyl violet and tunel 
stains revealed pyknotic cells in the granule layer of the dentate gyrus of 
adrenalectomized animals (n=28), Testosterone, DHT, or 3a-diol significantly 
reduced the number of pyknotic cells in the dentate gyrus compared to vehicle- 
administered rats. Steroid-administered animals had levels of T, DHT, and 3a-diol 
within physiological concentrations. These finding suggest that T, DHT, or 3a-diol 
may have neuroprotective effects via a common mechanism of action. Supported by 
The Whitehall Foundation, and The Catherine and Patrick Weldon Donaghue 
Foundation for Medical Research.

581.5
THE METABOLITE 3a-ANDROSTANEDIOL MEDIATES THE EFFECTS OF 
TESTOSTERONE ON CONDITIONED PLACE PREFERENCE.
B, Svare*. R, Rosellini. D. Park. J. Ackerman, and C. Frye, Department of 
Psychology, The University at Albany-SUNY, Albany, NY, 12222.

There is considerable variability to conditioned place preference (CPP) associated 
with testosterone (T) administration, even at very high dosages. The present 
experiment examined whether differences in bioavailability of T may underlie 
variable effects on CPP by comparing CPP produced by T, its metabolite 
dihydrotestosterone (DHT), or its metabolite 3a-Androstanediol (3a-diol). 
Administration of T or DHT to intact male Long-Evans rats, 1.0 mg daily for 6 
days, 30 minutes prior to exposure to the non-preferred side of the CPP chamber, 
failed to produce significant increases in preference for the non-preferred side of the 
chamber. However, 3a-Androstanediol administration did significantly increase 
preference for the non-preferred side of the chamber compared to home cage 
controls. Circulating concentrations of T and DHT were significantly increased in T 
and DHT administered rats compared to rats that had androgen administration 
discontinued or intact controls; levels of 3a-diol were significantly increased in 
DHT or 3a-diol administered rats compared to rats that had androgen administration 
discontinued or intact controls. Testosterone and DHT have high affinities for 
intracellular androgen receptors but 3a-diol does not. Therefore, seminal vesicle 
weight and androgen receptors binding in the hypothalamus were examined. 
Androgen administration significantly decreased seminal vesicle weight and 
intrahypothalamic androgen receptor binding compared to that seen in intact males 
and those with discontinued androgen administration. Since 3a-diol may have 
actions in part through GABAA/benzodiazepine receptor complexes, activity of 
GABA receptors were examined. Androgen administration, in particular T and 3a- 
diol, increased EMAX and decreased EC^ for GABA-stimulated chloride influx in 
cortical synaptoneurosomes, and decreased EC^ for muscimol binding in the 
hippocampus. Actions of androgens, perhaps at GABA, may mediate effects of T 
on CPP. Support by Whitehall Foundation and CAREER grant 9896262 from NSF

581.6

THE EFFECTS OF ESTROGEN REPLACEMENT ON THE mRNA 
LEVELS OF MOLECULES IMPLICATED IN SYNAPTIC 
PLASTICITY IN HIPPOCAMPUS. P. Popper*, A. Norrel and P. 
Micevych. Dept. of Neurobiology, UCLA School of Medicine, Los 
Angeles, CA 90095.

The effects of short and intermediate term, low-level estrogen 
replacement on the expression of mRNAs coding for markers of dendritic 
remodeling, RC3/neurogranin, axonal remodeling, GAP-43, estrogen 
receptor a (ERa) and progesterone receptor A & B (PR) were investigated 
in the hippocampus and dentate gyrus of female rats. Young female rats 
were ovariectomized and two weeks later were implanted, under ether 
anaesthesia, with 5 mm long Silastic™ capsules containing 17(3 estradiol 
benzoate. Animals were perfused immediately, 12 hrs, 48 hrs or 4 weeks 
after implantation and 20 pm sections through the hippocampus were 
processed for in situ hybridization. After 4 weeks, estrogen treatment 
significantly increased RC-3/neurogranin mRNA levels in the dentate 
gyrus but not in CA1-3. Levels of GAP-43 mRNA were not affected 
indicating that estrogen replacement affects markers of dendritic and not 
axonal remodeling. In CA1 and dentate gyrus, 4 weeks of estrogen 
replacement therapy increased PR mRNA levels. Interestingly, 48 hours 
of estrogen decreased ERa mRNA levels in CA2/3, but levels returned to 
ovariectomized levels after 4 weeks, suggesting that ERa mRNA levels 
may escape down regulation during chronic estrogen treatment. 
Supported by Wyeth-Ayerst.
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581.7

17P-ESTRADIOL TREATMENT PROTECTS SUBSTANTIA NIGRA PARS 
RETICULATA (SNpR) NEURONS IN AN ANIMAL MODEL OF DELAYED 
NEURONAL DEGENERATION. B.T.Volpe*. B.J. Attardi. L.A. DeGiorgio. Weill Med. 
Coll, of Cornell Univ., Burke Med. Res. Inst., White Plains, N.Y. 10605.

Estrogens exert a neuro-protective effect on a variety of cell types and neurons in in 
vivo models. We tested whether gender or treatment with 17(3-estradiol (17p-E2) in 
ovariectomized (Ovx) rats would protect neurons in SNpR from transneuronal and 
delayed degeneration that reliably occurs after neurotoxic lesion of the striatum. 
Males and random cycling females were subjected to standard striatal lesions and 
sacrificed 4 or 6 days post neurotoxin striatal lesion (dpi). Females demonstrated a 
significantly slower rate of SNpR neuron loss (6 dpi- males, 6909 ± 870, n=7; 6dpl- 
females, 8910 ± 1064, n=7, P<.05). Next, ovariectomized females were subjected to 
standard striatal lesions and were treated two days later with 17(3-E2 (30fig, 
subcutaneously, every 48 hours) or vehicle. Sacrifice occurred 6 or 8 dpi. Compared 
to males (6 dpi- above, 8 dpi, 4818 ±416, n=5) Ovx females treated with 17p-E2 had 
significantly more SNpR neurons (6 dpi,11511 ± 591, n=2, p < .01; 8 dpi, 9226 ±246, 
n=3, p < .05). Ovx females that were vehicle treated controls had the most SNpR 
neuron loss (6 dpi, 3464 ± 775, p < .05, n=2). Number of neurons in the control SNpR 
(ipsilateral to the unoperated striatum) was comparable for males and females (p>. 15, 
NS). The apparent increased vulnerability caused by ovariectomy without estrogen 
replacement suggests that the neuroprotective effect of estrogen was dose related in 
this model. These results may have implications for the gender differences in 
susceptibility to stroke and Alzheimer’s disease. Supported by the Natl. Parkinson's 
Found, and Burke Med. Research Institute.

581.8
INTERACTIONS OF ESTRADIOL AND DEAFFERENTING 
LESIONS WITH ASTROCYTIC GFAP EXPRESSION. Y, Song,
D.J. Stone. T.E, Mogan, C.P. Anderson, I. Rozovsky, S.K.
Goldsmith*, C.E. Finch, Andrus Gerontology Center and 
Department of Biology, University of Southern California, Los 
Angeles, CA 90089.

Glial fibrillary acidic protein (GFAP), an intermediate filament 
protein of astrocytes, is regulated by estrogen in rat astrocytes in vitro 
and in vivo. During the estrous cycle, GFAP mRNA was increased in 
hypothalamic arcuate nuclei (ARC), but decreased in the outer 
molecular layer (OML) of hippocampal dentate gyrus in the afternoon 
of proestrus when blood estrogen (E2) level was high. We examined 
interactions of E2 with partial deafferentation of the hippocampus 
through entorhinal cortex lesion (ECL), which is used as a model for 
Alzheimer’s disease. We showed that at 7 days postlesion, E2 
treatment increased GFAP expression by 50% in the lesion site relative 
to the sham-E2 treatment in ovariectomized (OVX) female rats. This 
effect was seen in both old (18 month) and young (3 month) animals. 
Currently we are examining the time course of GFAP expression 
during E2-lesion interactions. Preliminary data suggest that ability of 
E2 to control astrocytic reactivity in response to lesion might be one of 
the mechanisms of E2 beneficial effect on synaptic remodeling. 
(Supported by AG 14571 to C.E.F)

581.9

ESTROGEN AND THE PHYTOESTROGEN GENISTEIN SHARE A 
COMMON NEUROPROTECTIVE PATHWAY: INDUCTION OF BCL-2 IN 
PRIMARY CORTICAL NEURONS. N.J. Linford1* and D.M. Dorsa2. 'Dept. of 
Pharmacology and :Dept. of Psychiatry and Behavioral Sciences Univ. of 
Washington; Seattle, WA 98195.

Estrogen replacement therapy (ERT) has been associated with neuroprotection in 
postmenopausal women. In addition, estrogens ltave recently been reported to 
attenuate the cortical damage associated with cerebral ischemia. Elevated 
expression levels of the anti-apoptotic protein BCL-2 have been associated with 
cellular protection in a variety of neuronal systems including ischemia. Estrogen 
has been show n to increase BCL-2 expression in both the brain and in reproductive 
tissues. We used a rat primary cerebral cortical neuron cell culture model to 
investigate tire induction of BCL-2 by 17(3- Estradiol and the soy-derived 
phvtoestrogen Genistein.

Primary neurons were cultured for 10 days prior to experimentation and were 
transferred to estrogen-free medium for 48 hours before treatment with 17(3- 
Eslradiol. Genistein. or NGF. We found that both Genistein and 17(3-Estradiol 
induce BCL-2 expression in a dose-dependent maimer within 48 hours as measured 
by western blotting of clarified total cell lysates. Treatment witli 20ng/ml NGF 
produced no increase in BCL-2. Treatment with an antagonist of estrogen receptors 
a and |3. 1CI 182.780. blocked the induction of BCL-2 by both 17(3-Estradiol and 
Genistein. suggesting that the induction in these cells is mediated by the classical 
estrogen receptors. The doses required for gene induction by Genistein are in the 
nanomolar range, which is at least 100-fold below the ED50 for tyrosine kinase 
inhibition. These data indicate that both Genistein and 17(3-Estradiol are able to 
induce expression of the anti-apoptotic protein BCL-2 in cortical areas and that lliis 
induction is mediated by the classical estrogen receptors (a. and (3). Supported by 
NIH T.32 GM07270 (NJL) and ADRC Grant AG05136 (DMD).

581.10
ESTROGEN INFLUENCES ON GENE EXPRESSION IN CORTICAL 
EXPLANTS DURING ISCHEMIC INJURY. M.E. Wilson*, D.B. Dubai, and P.M. 
Wise. Department of Physiology, University of Kentucky, Lexington, KY 40536.

Our laboratory has previously demonstrated that estrogen (E) is able to protect 
against cell death following an ischemic insult both in vivo and in in vitro cortical 
explant cultures. Explant cultures provide a model system that maintains the 
cytoarchitecture and intercellular communication similar to that observed in vivo. 
This protection by E appears to be estrogen receptor (ER)-mediated, since 
pretreatment (7 days) of the cultures with E is required. Additionally, the presence 
of an estrogen receptor antagonist blocks the protective effect, and 17a-estradiol, 
which does not effectively activate the ER, is not protective. In this study, we 
examined the effects of E treatment on the expression of genes potentially involved 
in E’s ability to protect in the presence and absence of an ischemic injury. Three 
hundred micron thick slices were taken from PND 2-3 rat pups. Cortical explants 
were dissected and grown on collagen-coated coverslips in a roller-drum culture 
system [50%BME (phenol red-free), 25% gelding serum, 20% HBSS, 0.75% 
glucose, 2 mM glutamine and 2 uM ascorbate] for 7 days in the presence or absence 
of 10 nM E. Media were changed every 3-4 days. At the time of injury, explants 
were incubated with ImM 2-DG/ 2mM KCN, or serum-free control media for two 
hours, and then returned to serum-free media. For mRNA studies, explants were 
harvested at 24 hours following the conclusion of the injury and total RNA was 
isolated. mRNA levels of ER-alpha, ER-beta and galanin were measured by RT- 
PCR. E had no effect on basal expression ofER-alpha or ER-beta mRNA. E, 
however, increased galanin mRNA levels in both the injured and uninjured explants. 
These data suggest that E can modulate the expression of genes in the cortex that 
may be involved in the ability of cells to respond to a neurotoxic insult. Supported 
by NIH AG05818, AG00242, AG02224.

581.11

INTRAVENTRICULAR SHUNTS ATTENUATE HYDROCEPHALUS- 
RELATED ALTERATIONS IN THE GnRH SYSTEM IN THE H-TX RAT. R.M. 
Abdolvahabi, J.J. Cortese, J.A. Mitchell, J.A Rafols, B.C. White, F.G. Diaz and J.P.
McAllister*. Department of Neurological Surgery, The Detroit Medical Center, 
Wayne State University, Detroit, MI 48201.

Patients with chronic hydrocephalus may present with precocious puberty and 
amenorrhea. The pathogenic mechanism for these deficits is unknown, but may 
involve the gonadotropin releasing hormone (GnRH) system. H-Tx strain rats, which 
develop progressive hydrocephalus prenatally due to aqueductal stenosis, were 
treated with ventriculo-subcutaneous shunts at postnatal days 6 (n - 5) or 12 (n = 5), 
and compared to age-matched controls (n = 6) or untreated hydrocephalic (n - 1) 
littermates at 50 days. The anatomic integrity of the hypothalamic GnRH system was 
evaluated by immunohistochemistry; and the onset of sexual maturity was 
determined by the time of vaginal opening. In control rats, GnRH immunoreactive 
(GnRH-IR) neurons in the basal forebrain, organum vasculosum, and ventrolateral 
hypothalamus gave rise to fibers that coursed in the lateral and ventral walls of the 
3rd ventricle to the median eminence. Although some GnRH-IR fibers remained, 
especially in the periventricular region, a marked reduction in the pathways occurred 
in rats shunted at 12 days, and in all shunt failures. In rats successfully shunted at 6 
days, GnRH labeling appeared comparable to controls. Likewise, all rats 
successfully shunted at day 6 exhibited normal time of vaginal opening at
102.1 + 1.9g, while some rats shunted at 12 days, and in all suboptimally shunted 
animals, vaginal opening was delayed (113+4.3g) or absent. These results 
demonstrate that irreversible changes occur after 6 days of age, that early shunting 
reduces the deleterious effects of hydrocephalus on the hypothalamic GnRH system, 
and that compression from an expanding 3rd ventricle may impair normal ovarian 
function by disrupting the anatomical integrity of the hypothalamic GnRH system. 
Supported in part by the Leede Hydrocephalus Research Fund.

581.12

INDUCTION OF GALANIN GENE EXPRESSION IN ESTRADIOL-MEDIATED 
NEUROPROTECTION AGAINST CEREBRAL ISCHEMIA. D.B. Dubai*,1 M.E. 
Wilson,1 P.J. Shughrue,2 I. Merchenthaler2 and P.M. Wise1. 'Dept. of Physiology, 
University of Kentucky, Lexington, KY 40536; 2The Women’s Health Research 
Institute, Wyeth-Ayerst Research, Radnor, PA 19087

Our previous work demonstrates that physiological levels of estradiol exert 
protective effects against neurodegeneration induced by cerebral ischemia and that 
estradiol may protect via genomic mechanisms. Galanin is a pleiotropic peptide that 
is induced in the basal forebrain and cerebral cortex under neurodegenerative 
conditions such as Alzheimer’s disease. Since estradiol is known to regulate galanin 
expression in the hypothalamus, the goal of this study was to determine whether 
estradiol exerts neuroprotective effects by influencing the expression of galanin in 
cerebral ischemic injury. Sprague Dawley rats (225-270g) were ovariectomized and 
then inserted with Silastic capsules containing 17(3-estradiol (180pg/ml) or oil 
(vehicle). Seven days after treatment, rats underwent permanent middle cerebral 
artery occlusion or sham injury (n=7-10/group). Body temperature, arterial blood 
pressure, and blood gases were monitored. Twenty-four hours after the onset of 
ischemic injury, brains were collected and sectioned into 1mm coronal slices. 
Alternate brain sections were stained to visualize ischemic injury or frozen for 
microdissection of the cerebral cortex. We isolated total RNA from microdissected 
samples and performed semi-quantitative RT-PCR. A separate set of rats was used 
to assess the cellular distribution of galanin by in situ hybridization. Brains were 
collected 24h after the onset of ischemic injury. They were frozen, sectioned, and 
processed using previously described methods. Our results demonstrate that galanin 
mRNA expression is dramatically upregulated in the injured cortex of both oil- and 
estradiol-treated rats (p<0.01). Furthermore, estradiol treatment decreases the 
extent of this increase (p<0.01). The cellular expression of galanin mRNA 
demonstrates strongly labeled cells in the cortical area surrounding the ischemic 
lesion. Our finding that galanin is dramatically upregulated in cerebral ischemia and 
that estradiol modulates the induction of galanin in the cortex suggests novel 
interactions between the regulation of galanin expression and the protective actions 
of estrogen in injury. Supported by NIH AG00242, AG05818, AG02224.
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581.13

CORTICOTROPIN RELEASING FACTOR mRNA AND PEPTIDE 
EXPRESSION: EFFECT OF OVARIECTOMY. K. Gysling, C. Daza, P. 
Haeger, M. I. Naile, V. Noriega, J. Belmar, G, Bustos* and ML Forrav. Lab.
Biochemical Pharmacology, Faculty of Biological Sciences, Catholic 
University of Chile, CHILE.

Available evidence suggests that estrogens may regulate the expression 
of corticotropin releasing factor (CRF). Recant studies have shown high 
expression of both, alpha and beta estrogen receptors in the bed nucleus of the 
stria terminalis (BNST), a limbic structure, which present sexual dimorphism. 
There was also shown a different pattern of distribution of both estrogen 
receptors in the dorsal and ventral parts of this nucleus. In view of the above 
evidences it seems of interest to study CRF expression in the BNST of female 
rats. For this purpose, In situ hibridization and immunocitochemistry 
techniques were used to study the expression of CRF mRNA and peptide 
respectively in the different stages of the estrous cycle and after ovariectomy.

The results indicate that ovariectomy induces a decrease in CRF 
peptide and its mRNA in the dorsal part of BNST. Instead, ovariectomy does 
not produce significant changes in CRF peptide or its mRNA in the ventral part 
of the BNST.

In conclusion, ovariectomy produces significant changes in CRF 
expression in dorsal BNST where it has been shown the highest density of 
estrogen receptors. These preliminary results suggest possible functional 
interactions between estrogen receptors and CRF expression in BNST.

(Supported by Grant FONDECYT 8970010)

581.14
DYE COUPLING INCREASE AMONG SUPRAOPTIC NUCLEUS 
VASOPRESSIN NEURONS EVOKED BY SYNAPTICALLY 
RELEASED HISTAMINE IS NITRIC OXIDE DEPENDENT.
O.Z. Yang* and G.I. Hatton. Department of Neuroscience, University of 
California, Riverside, CA 92521

Our previous work showed that synaptically released histamine (HA) 
increased the incidence of dye coupling among supraoptic nucleus (SON) 
vasopressin (VP) neurons via a pathway involving H,-receptors, guanylyl 
cyclase (gc) and cGMP. Since SON neurons possess both the membrane- 
bound and soluble forms of gc as well as nitric oxide synthase (NOS), and 
NO also increases VP cell coupling, we reasoned that a common pathway 
may mediate both effects. Activation of either of these forms of gc leads to 
increases in cGMP and would then increase coupling. In horizontal slices 
containing the tuberomammillary nucleus (TM) and SON, phasically firing 
cells displaying depolarizing afterpotentials, putative VP neurons, were 
intracellularly recorded with Lucifer Yellow filled electrodes. All cells 
were recorded in medium containing cimetidine to block H2-receptors. In 
unstimulated control slices, dye injection into 13 cells (one cell/SON) 
yielded 10 single and 6 coupled neurons. In slices in which TM was 
stimulated for 10 min at 10 Hz, 9 injections yielded 4 single and 12 
coupled cells, a 3-fold increase. Bathing slices in medium containing the 
NOS inhibitor, L-NAME blocked this stimulation-induced coupling 
increase: 10 injections yielding 8 single and only 4 coupled cells. 
Methylene blue (10 gM), a selective inhibitor of soluble gc, also blocked 
the stimulated increase in coupling: 9 injections yielded 8 single and 2 
coupled cells. Similar 3-4-fold coupling increases resulted from TM 
stimulation alone or stimulation with the addition of the NO precursor, L- 
Arg, or the NO donor nitroprusside. These results suggest that H, -receptor 
activation in VP neurons results in a G-protein mediated cascade involving 
NO pathways. Supported by NINDS grant NS 16942.

581.15

CALBINDIN-D28k AND CALRETININ IN THE RAT POSTERIOR 
PITUITARY: SUBCELLULAR LOCALIZATION AND UP 
REGULATION WITH DEHYDRATION
S. Miyata1, S. Nakai1, T. Kivohara1 and G.I. Hatton2*, ‘Department of 
Applied Biology, Kyoto Institute of Technology, Sakyo-ku, Kyoto 606- 
8585, Japan, and department of Neuroscience, University of 
California, Riverside, CA 92521, USA.

The Ca2+ binding proteins, calbindin-D 28k and calretinin, are thought to 
contribute to the regulation of intracellular Ca2+ in many neuronal 
populations of mammalian brains. In the present experiments, dual 
labeling with oxytocin and calbindin-D28k (or calretinin) demonstrated 
that calbindin-D28k and calretinin colocalized in neurosecretory axons 
and terminals of oxytocin neurons. At the electron microscopic level, 
both calbindin-D28k and calretinin immunoreactivity was seen in the 
neurosecretory axons and nerve terminals. These immunoreactive nerve 
terminals were seen to contain more clear microvesicles than dense-core 
neurosecretory granules and often to face the perivascular space of 
fenestrated capillaries. In spite of similar localization of calbindin-D28k 
and calretinin within the posterior pituitary, western blots analysis 
showed some differences between two Ca2+ binding proteins. Calbindin- 
D28k localized mostly in the soluble fraction with little in the insoluble 
fraction, but a substantial portion of calretinin was present in both the 
insoluble and soluble fractions. Moreover, dehydration with drinking of 
2% NaCl solution and deprivation of drinking water increased calretinin 
levels in the posterior pituitary as compared with well-hydrated 
controls, but calbindin-D28k level was not changed. The present findings 
demonstrate that both calbindin-D28k and calretinin localize in the active 
zone of the nerve terminals, but suggest that they have different 
physiological roles. Supported by grants from MESSC of Japan and 
NIH NS09140.

581.16
EVIDENCE FOR A MENINGEO-GLIAL NETWORK IN THE RAT BRAIN: 
ROLES IN GROWTH, PROLIFERATION AND PLASTICITY? F. Mercier* and 
G.I. Hatton. Dept. of Neuroscience, Univ. of California Riverside, CA 92521

It is generally believed that the meninges play no major functional role in the brain. 
Using confocal microscopy, we investigated the immunocytochemical distributions 
of: [a] the calcium binding protein S 100(3, which is also a growth factor responsible 
for gliogenesis and neurite proliferation; [b] the basic fibroblastic growth factor 
(bFGF), and [c] the gap junction protein connexin26 (Cx26). This study primarily 
focused at the level of the hypothalamus, the meninges, the Circle of Willis and the 
ventricle walls. The distribution of S 100(3 immunoreactivity (S100(3-ir) revealed a 
cellular network that coursed in all layers of meninges, penetrated and coursed 
through the meningeal and brain vasculature, and expanded into the brain 
parenchyma. The location and morphology of the labeled cells suggested this network 
consists of fibroblasts, ependymoglial cells, and both GFAP+ and GFAP- astrocytes. 
Anatomical contacts between astrocytes and fibroblasts were suggested by appositions 
of their respective cell processes, passing through “laminin-negative fenestrations” 
observed in the basal laminae at the level of the vasculature and the brain surface. 
Colocalization of Cx26-ir and S100(3-ir in the same cells at the level of meninges, 
choroid plexus and populations of astrocytes, were consistent with the possibility that 
this network consists of cells connected by gap junctions. Moreover, the primary 
distribution of bFGF-ir in the meninges, the glial limitans, the walls of ventricles and 
the periphery of blood vessels, emphasized the possibility that the S 100(3 network, 
which reaches all these destinations, is a route for growth factor expression and 
action. At the level of the supraoptic nucleus, where the SlOOp network is particularly 
well developed, we propose the existence of an integrated system allowing blood-bom 
signals to reach the magnocellular neurons, via fibroblasts and astrocytes, serving 
neuroendocrine functions. In general, we suggest that meninges, together with glial 
cells (at least astrocytes and ependymoglia), form an integrated system participating 
in cell growth, cell proliferation, and plasticity in the brain. Supported by NIH grant 
NS09140.

581.17

CONNEXIN 26 IN ADULT RAT BRAIN: A PATTERN SUGGESTING BOTH 
MENINGEO-GLIAL AND DIFFERENTIAL ASTROCYTIC NETWORKS.
G.I. Hatton. Z. Li* and F. Mercier. Dept. of Neuroscience, UCR, Riverside CA 92521

Connexin 26 immunoreactivity (Cx26-ir) has been associated with the meninges, but 
not cells within the adult brain. Using confocal microscopy, two different antibodies 
and fixatives, we investigated the distribution of Cx26-ir in the brain and meninges. 
Both methods consistently indicated substantial numbers of Cx26-ir puncta at cell to 
cell contacts in the brain parenchyma, besides their presence in the pial sheath of blood 
vessels, the choroid plexus and the meninges. Acetone fixation allowed better 
visualization of the small Cx26-ir puncta in brain parenchyma (0.1 to 0.4 pm) and 
meninges (0.1 to 3 pm), which may explain why previous investigations have failed to 
detect Cx26-ir within the brain. The distribution of Cx26-ir in the parenchyma 
depended more on proximity to the ventricle walls, brain surface and blood vessels, 
than on specific nuclear expression. A decreasing gradient of Cx26-ir puncta away 
from these border zones was frequently observed, and numerous puncta were located 
in GFAP-ir astrocytes. The distribution of Cx26-ir, Cx43-ir and Cx30-ir were also 
compared. Although Cx26-ir was often found colocalized with Cx43-ir and/or Cx30-ir 
in the meninges, the three types of puncta were never found coiocalized in the brain 
parenchyma. Rather, the three connexins delineated intricate, overlapped or apposed 
areas that suggested complex possibilities of cell appositions between meningeal cells, 
ependymoglial cells and different astrocytic populations. Moreover, numerous Cx26-ir 
puncta were present in chains of cells that express the calcium binding protein S100P 
continuously through all layers of meninges, choroid plexus, and astrocytes located in 
proximity to these tissues (in proliferative zones or zones capable of morphological 
plasticity). Globally, the cytoarchitectonic organization revealed by the pattern of 
connexin-ir suggested memngeal/glial relationships (cells connected by gap junctions?) 
and was consistent with the existence of differential but interdigitated astrocytic 
networks. We speculate the existence of a highly organized functional system, 
consisting of meningeal and glial cells, all connected by gap junctions, that would be 
involved in the phenomena of plasticity in the brain. Supported by NIH grant NS09140

581.18

MICROTUBULE-ASSOCIATED PROTEIN-2 AND STRUCTURAL, 
PLASTICITY IN THE POSTERIOR PITUITARY 
W, Matsunaga, S, Miyata* and T, Kiyohara, Department of Applied 
Biology, Kyoto Institute of Technology, Kyoto 606-8585, Japan.

Microtubule-associated protein-2 (MAP2) is responsible for 
morphogenesis and maintenance of the nervous system. In this study, 
we have examined the localization of MAP2 in the posterior pituitary 
of the rat using western blots and immunohistochemistry to clarify the 
mechanism of structural plasticity between glia and neuronal 
terminals. Western blot analysis revealed the expression of low- 
molecular-weight (LMW) MAP2 in the adult posterior pituitary. MAP2 
immunohistochemistry also revealed intense labeling on cell bodies 
and fine processes of cells corresponding to GFAP-stained astrocyte. At 
electron microscopic level, MAP2 immunoreactivity was found in the 
fine processes and cell body of all astrocytes cytoplasm. The 
quantitative analysis showed that area and perimeter of GFAP- 
stained astrocytes was smaller than that of MAP2-stained ones. This 
result indicates that MAP2 staining was better than GFAP one to 
visualize the actual astrocyte shape. Further quantitative analysis 
showed that significant decrease of cell size, perimeter and length of 
processes was observed in MAP2-stained astrocytes of dehydrated rats 
as compared with control rats.

The present results suggest that astrocytes of the adult posterior 
pituitary still express the immature variant of MAP2, LMW MAP2 
and its expression is probably linked to structural plasticity of 
astrocytes. Moreover, the finding that morphological change of in vivo 
astrocytes in dehydrated rats supports the hypothesis that the 
reversible morphological change of astrocytes is responsible for 
structural plasticity in the posterior pituitary. Supported by grants 
from The Ministry of Education, Science, Sports and Culture of Japan, 
and The Salt Science Research Foundation.
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581.19

HYPOTHALAMIC ASTROCYTES EXPRESS SELECTED AMPA AND 
METABOTROPIC GLUTAMATE RECEPTOR SUBTYPES. B. Dziedzic, Y.J. 
Ma, G.A. Dissert,* and S.R. Ojeda, Div. Neurosci., Oregon Reg. Primate 
Ctr./OR Hlth Sci Univ, Beaverton, OR 97006.

Excitatory amino acid (EAA) neurotransmitters are major components of the 
transsynaptic input that facilitates the secretory activity of LHRH neurons, 
which control mammalian sexual development. In addition to transsynaptic 
inputs, LHRH neuronal function is regulated -- via non-synaptic 
communication - by signaling molecules produced in astroglial cells. Whether 
EAAs are functionally linked to the mechanism underlying the astroglial control 
of LHRH neuronal function is not known. An effect of EAAs on hypothalamic 
astrocytes mediated by metabotropic and/or AMPA glutamate receptors is 
likely, as agonists to both types of glutamate receptor stimulate astrocytic 
signaling activity in other brain regions, and induce growth factor expression 
in hypothalamic astrocytes themselves. The present experiments were 
undertaken to begin examining this issue. The mRNAs encoding different 
subtypes of both AMPA and metabotropic glutamate receptors were detected 
by RNase protection assays in hypothalamic and cerebrocortical astrocytes 
cultured in serum containing medium (SCM) or in an astrocyte defined medium 
(ADM) lacking growth factors. Among six metabotropic receptor subtypes 
analyzed, only mGluR5, a class I receptor signaling via PKC, was expressed 
in hypothalamic astrocytes cultured in SCM or ADM. In contrast, three of four 
AMPA receptor subtypes(GluR1 -GluR3) were detected in astrocytes from both 
brain regions cultured in SCM. GluR1 expression was lost in ADM. These 
results indicate that mGluR5 glutamate receptors are obligatory components 
of the signaling pathway by which metabotropic receptor activation affects 
hypothalamic astrocytic function. Supported by NIH grants HD25123, 
RR00163, and Fogarty International.

HPG REGULATION III

582.1

ARYL HYDROCARBON RECEPTOR COLOCALIZATION WTH ESTROGEN 
RECEPTIVE NEURONS OF THE RAT FOREBRAIN: POSSIBLE 
PHYSIOLOGICAL SIGNIFICANCE E, Hrabovszky, J. Ribadeneyra, A.L.S. 
Dowling and S.L. PetersenftDept. of Biology, Center for Neuroendocrine Studies, 
University of Massachusetts, Amherst, MA 01003.

Activation of the aryl hydrocarbon receptor (AhR) with dioxin-like compounds 
interferes with estrogen action in several non-neuronal tissues. In addition, it has 
been shown previously that a single dose of AhR ligand suppresses estrogen-induced 
luteinizing hormone (LH) surge release in the immature rat. Based on our previous 
finding that the distribution of AhR mRNA overlaps that of ERa in brain regions 
that regulate LH release, we hypothesized that activation of the AhR may interfere 
with the normal function of the estrogen-sensitive neuronal circuitry which 
communicates the estrogen signals to luteinizing hormone-releasing hormone 
(LHRH) neurons in the preoptic area (POA). Using digoxigenin- and 33P-labeled 
cRNA probes for dual-label in situ hybridization (ISH) studies, we identified a group 
of neurons in the POA that expresses both AhR and estrogen receptor-a (ER). AhR 
and LHRH mRNAs were not colocalized in this region. Other neuronal populations 
expressing both ER and AhR mRNAs were detected in the hypothalamic 
ventromedial and arcuate nuclei (Arc). A subset of AhR-positive neurons in the Arc 
was found to express proopiomelanocortin (POMC) mRNA. Based on previous 
findings that the POMC derivative, (3-endorphin, contributes to the induction of the 
LH surge, we studied the effect of the AhR ligand, 2,3,7,8-tetrachlorodibenzofuran 
(TCDF), on estrogen-induced suppression of afternoon levels of POMC mRNA. 
Using semiquantitative ISH, we found that a single dose of TCDF (3gg/kg). 
administered by gavage 24 hours before the expected onset of LH surge release, 
prevented the suppression of POMC mRNA levels in the rostral, but not the caudal 
Arc. These data together implicate the altered function of POMC and other estrogen- 
sensitive neuronal systems in the inhibition of the LH surge by AhR ligands.
Supported by NIH grant ES008774-01and NSF grant IBN9731599 to SLP

582.2

THE aESTROGEN RECEPTOR (aER) IS COLOCALIZED IN 
GLUTAMATERGIC NEURONS OF THE HYPOTHALAMUS OF THE FEMALE 
RAT C.T. Moore and L.H. Jennes, Dept. of Anatomy and Neurobiology, University 
of Kentucky, Lexington, KY 40536

The mechanism by which gonadotropin releasing hormone (GnRH) 
neurons are regulated by estrogen is unclear, GnRH neurons do not possess the 
estrogen receptor. Nonetheless, estradiol regulates several other neurotransmitter 
and neuropeptide systems which in turn control the activity of the GnRH neuron. 
We examined the glutamatergic system because glutamate a) stimulates the release 
of GnRH, b) is regulated by estrogen and c) has nerve terminals in contact with 
GnRH neurons. To determine whether or not glutamatergic neurons in the 
hypothalamus possess the estrogen receptor protein. Our results show 
colocalization of glutamate and ERa cells in the horizontal and vertical limbs of the 
diagonal band, lateral septum, bed stria n., median preoptic n., anteroventral 
periventricular n., preoptic periventricular n., paraventrcular n., anterior 
periventricular n., arcuate n., medial preoptic a., medial preoptic n., parastrial n., 
strial n., anterior hypothalamic n., ventromedial n., and the lateral preoptic a. The 
highest level of colocaliztation was in the medial preoptic, periventricular, and 
anteroventral periventicular nuclei. Overall, most cells were stellate multipolar 
while in the medial septum and median preoptic a, double labeled cells were 
fusiform. Staining intensity of the soma was consistent, although emerging axons 
and dendrites were less visible. Our results indicate that in the septum and 
hypothalamus, glutamate neurons can be affected by estrogen in locations known to 
evoke reproductive responses such as gonadotropin releasing hormone release, 
lordosis, and copulatory behaviors. This suggests that estrogen can modulate 
GnRH neuronal activity and the GnRH mediated-LH release through the 
glutamatergic system. Supported by NIH AG 13444 amd MH 59890.

582.3

EXPRESSION OF ESTROGEN RECEPTOR-a IN ADRENERGIC 
NEURONS AND THEIR ACTIVATION DURING THE STEROID-INDUCED 
LH SURGE. E.J. Lee1,2, C, T. Moore2 and L. Jennes2*. 1Dept. Oral Anat., 
Chonnam Univ. Kwangju, South Korea; ?Dept. Anat. & Neurobiol., Univ. 
Kentucky, Lexington, KY 40536.

The secretory activity of gonadotropin releasing hormone (GnRH) neurons 
is controlled by feedback actions of the gonadal steroids which exert this 
control through steroid-sensitive intemeurons that in turn convey the 
hormone signals to the GnRH neurons. The catecholaminergic neurons in 
the brainstem have been identified to participate in the regulation of GnRH 
release. The aims of the present studies were therefore to identify the exact 
location of the epinephrine neurons that express estrogen receptor-a and to 
determine if the adrenergic neurons are activated during the steroid-induced 
LH surge as determined by the expression of the transcription factor fos. The 
results show that 22% of all PNMT neurons in area C1, 38% in area C2 and 
41% in area C3 express estrogen receptor-a protein. These percentages did 
not change during the LH surge. Most of the estrogen receptor-a expressing 
neurons were located in the central aspects of areas C1-C3. In contrast, fos 
expression in PNMT neurons changed significantly during the LH surge. 
Thus, /bs immunoreactivity was highest in all three regions at 1200 hours 
with 69% of PNMT positive neurons in C1, 60% in C2 and 79% in C3 while it 
was lowest at 2000 hours with 52% /bs-positive PNMT neurons in C1 and 
54% in C3 while 39% of the PNMT neurons in C2 contains fos at 0800 hours 
of the surge. The results show that most PNMT neurons in the brainstem are 
activated during the initiation of the LH surge which suggests that 
epinephrine is one of triggers that stimulates GnRH release during the surge. 
Supported by NIH AG13444 and MH 59890.

582.4

NORADRENERGIC A1 NEURONS ARE NOT ACTIVATED BY ESTRADIOL 
NEGATIVE FEEDBACK ON LH SECRETION IN ANESTROUS EWES. G.M. 
Anderson1, H.T. Jansen2 and R.L. Goodman1*. ’Dept. of Physiology, West Virginia 
University, Morgantown, WV26506; 2Dept. of Cell Biology, Neurobiology and 
Anatomy, University of Cincinnati, Cincinnati, OH45267.

It is generally considered that the feedback of estradiol (E) on GnRH/LH secretion 
must be conveyed via neural afferents, since GnRH neurons do not express estradiol 
receptors (ER). One possible source of afferents is the A1 noradrenergic (NA) neural 
system since these cells contain ERs, project to the area of the hypothalamus 
containing GnRH neurons, and NA antagonists disrupt E negative feedback in 
anestrous ewes. We tested if E activates the A1 NA cell groups in the ewe during the 
seasonal period of enhanced sensitivity of GnRH/LH secretion to E negative 
feedback. Adult ovariectomized ewes received silicone rubber E-containing capsules 
(0.5 cm length) s.c. for either 6 h (6h E; n = 4) or 7 d (7d E; n = 4), or received 
empty implants for 7 d (controls; n = 4) immediately prior to perfhsion in July. 
Brainstems were coronally sectioned (60 pm) and stained with rabbit anti-c-Fos 
(Santa Cruz Biotechnology) which recognizes Fos and Fos-related antigens (FRA; 
immediate early gene pruducts used as markers of neuronal activation), and mouse 
anti-dopamine p hydroxylase (DpH; Chemicon International, Inc) for identification 
of NA cells using a dual immunoperoxidase procedure. In approximately every tenth 
section through the A1 nucleus, DpH positive cells and DpHTFRA coexpressed cells 
were counted. On the day of perfusion, LH pulse frequency was decreased when 
compared with control ewes (4.8 ± 0.3 pulses/6 h) in 7d E (0 pulses/6 h; P < 0.05) 
but not 6h E (4.6 ± 0.4 pulses/6 h) ewes. However neither treatment affected the 
number of cells per section coexpressing FRAs and DpH (controls: 4.8 ± 1.3; 6h E:
3.1 + 0.5; 7d E: 4.5 ± 1.2) or the percentage of DpH positive cells that coexpressed 
FRAs (15.3 ± 5.3; 9.8 ± 2.2 and 15.3 ± 3.2% respectively). These results do not 
support a role for A1 NA neurons in mediating E negative feedback in anestrus, and 
are consistent with a recent tract-tracing study (Jansen et al., this volume) showing 
that ER-containing neurons in the ewe brainstem do not project to the 
retrochiasmatic area, a site of known importance to seasonal reproduction in this 
species. Supported by NIH-HD17864.
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582.5
RESTRICTED DISTRIBUTION OF ESTROGEN RECEPTOR (a) - 
CONTAINING AFFERENTS TO THE HYPOTHALAMIC A15 REGION IN 
THE EWE. H.T. Jansen1*. C.T. Cutter1. G.M. Anderson2. S.L, Hardy2, NLN, 
Lehman8. R.L. Goodman2. 8 Dept. Cell Biol., Neurobiol., and Anat., University of 
Cincinnati, Cincinnati, OH 45267; 2Dept. Physiology, West Virginia University, 
Morgantown, WV 26506.

The annual cycle of reproductive activity in the ewe results from a pronounced 
seasonal change in hypothalamic sensitivity to the negative feedback influence of 
estradiol. The A15 dopaminergic cell group of the retrochiasmatic hypothalamus 
appears to play an important role in these seasonal changes. These cells are neces-
sary for estradiol negative feedback in anestrus and are activated by estradiol dur-
ing this period of enhanced negative feedback. However, because A15 neurons do 
not contain alpha estrogen receptors (ER), they are presumably activated 
indirectly, via neural afferents. Thus, the purpose of this study was to identify 
potential sources of estrogen-responsive input to the A15 cell group. To this end, 
we used a recently developed neuronal tract-tracing technique (Coolen et al., 1999) 
combined with ER immunocytochemistry (ICC). Six anestrous ewes were injected 
with tracer (50-100nl of a 5% BDA+0.25% CTB solution) into the A15 region. 
Two weeks later ewes were perfused and the brains processed for visualization of 
ER and CTB using a double-label ICC procedure. The results reveal a restricted 
input to the A15 region from ER-containing cells in the medial preoptic area 
(MPOA), anterior hypothalamic area, ventromedial hypothalamic nucleus, and arc-
uate nucleus. A few estrogen receptor-positive inputs to A15 were found in the 
periaqueductal gray area. However, other brainstem regions containing retro- 
gradely-labeled cells and ER (e.g., Al, A2 areas) were devoid of double-labeled 
cells. These findings indicate that ER-containing inputs to the A15 region originate 
predominantly from hypothalamic structures, and not brainstem nuclei. Together 
with previous evidence demonstrating estrogen activation of ER-containing neu-
rons in the MPOA during anestrus, the results point to these cells as likely targets 
capable of modulating A15 activity. Supported by NIH-HD17864.

582.6
LOCALIZATION OF TYROSINE HYDROXYLASE (TH) AND ESTROGEN 
RECEPTOR (ER) p IN THE RETROCHIASMATIC REGION OF THE 
HYPOTHALAMUS OF FEMALE SHEEP Lubbers LS*, Greco B, Hileman SM, 
Schwartz PE, and Blaustein JD. Center for Neuroendocrine Studies, University of 
Massachusetts, Amherst MA, 01003.

Dopaminergic neurons comprising the A15 group may mediate negative feedback 
effects of estradiol (E) on luteinizing hormone release in sheep. Lesions of A15 cells 
disrupt the ability of E to suppress luteinizing hormone release. Further, A15 neurons 
express Fos, a protein marker of neuronal activity, after E administration only during 
the nonbreeding season, a time of increased sensitivity to E negative feedback in this 
species. Yet, few neurons in the area of the A15 group express the classical ER, 
known as ERa. A recent study found that mRNA of the newly-discovered ER|3 is 
located in the same region as A15 neurons. Therefore, we performed a study to deter-
mine if A15 neurons coexpress ERp protein. Tissue from ovariectomized female sheep 
perfused with 4% paraformaldehyde was used. Dopaminergic neurons were identified 
by the presence of TH (Boehringer Mannheim), the rate-limiting enzyme in dopamine 
synthesis, and visualized with FITC. ERP containing cells were identified with an 
antibody generated against the N-terminus of ERp (ABR), and visualized with Cy3. 
TH-positive cells were observed in the anterior hypothalamic area (A 13 group), 
periventricular zone (A14 group), and retrochiasmatic area (A15 group). ERp-positive 
cells were observed in the paraventricular nucleus and retrochiasmatic area. Although 
TH- and ERP-positive cells in the anterior hypothalamic and retrochiasmatic areas 
were observed in close proximity, dual-labeled cells were not observed. These 
observations suggest that A15 neurons do not contain ERP and thus may not be direct 
targets of E. However, E could act indirectly through adjacent and as yet, unidentified 
ERP-containing cells to alter A15 activity. (Supported by USDA 98-35203-6309 to 
LSL, USDA 95-37203-2124 to SMH, and NS 19327 to JDB).

582.7
WHERE IN THE BRAIN DOES PROGESTERONE INHIBIT GnRH SECRETION? 
D.C. Skinner1,2*, B. Delaleu1 and A, Caraty1. INeuroendocrinologie Sexuelle, INRA, 

PRMD, Nouzilly, 37380, France; 2Dept of Clinical Veterinary Science, University of 
Bristol, Langford, BS40 5DU, UK

Progesterone powerfully inhibits GnRH secretion in several species but where in 
the brain this effect is transduced is not known. Using an estrogen-free 
ovariectomized ovine model in which progesterone rapidly inhibits pulsatile GnRH 
secretion, we micro-infused progesterone (15p.g/hour in 2.5|il) into the arcuate 
nucleus or preoptic area of the same ewe using a crossover design study. These 
neural sites are putative progesterone targets. Infusion into the arcuate, but not the 
preoptic area, significantly suppressed luteinizing hormone secretion. To validate the 
specificity of the effect, ewes bearing arcuate nucleus micro-implants were pretreated 
with RU486, a progesterone receptor antagonist, 6h before micro-infusion 
commenced. RU486 blocked the inhibitory effect of progesterone on pulsatile 
luteinizing hormone release, indicating that this effect was due to progesterone per se 
and not because of non-specific activation of inhibitory neuronal pathways. Since the 
arcuate nucleus is a periventricular area, we inserted simultaneously a cannula into 
the third ventricle for the collection of cerebrospinal fluid and a micro-infusion probe 
into the arcuate nucleus. Cerebrospinal fluid was collected hourly and progesterone 
concentrations determined by radioimmunoassay. Perhaps not surprisingly, we found 
that there was a small increase in the progesterone concentration of the cerebrospinal 
fluid.

In summary, we found that progesterone, micro-infused into the arcuate nucleus, 
activated specific progesterone receptors within this nucleus or at a closely associated 
downstream periventricular site.

DCS was the recipient of a Wellcome Trust International Prize Travelling 
Fellowship (046910/Z/96/Z/JMW/JPS/CG).

582.8
ESTROGEN POTENTIATES THE RESPONSIVENESS OF AVPV NEURONS TO 
GLUTAMATE. G.B. Gu*, M.A. Ibanez, and R. B. Simerly, Division of Neuroscience, 
Oregon Regional Primate Research Center, Beaverton, OR 97006

Glutamate plays a pivotal role in mediating the positive feedback effects of sex 
steroid hormones on gonadotropin secretion. The anteroventral periventricular nucleus 
(AVPV) of the preoptic region of the hypothalamus is a likely site of action for glutamate 
since it contains a high density of neurons that express both estrogen and glutamate 
receptors, and it provides direct inputs to gonadotropin releasing hormone neurons. 
Recently we reported that estrogen induces expression of GluRl mRNA in the AVPV, 
but suppresses levels of NMDAR1 mRNA, while having no effect on expression of 
GluR2mRNA (J. Neurosci. 19:3213; 1999). To determine if hormonal regulation of the 
GluRl/GluR2 ratio is reflected in changes in Ca2+ signaling, we used calcium imaging 
and organotypic explant cultures of the AVPV to investigate the effect of estrogen 
treatment on intracellular calcium levels following glutamatergic stimulation. After 48 
hours of 17B estradiol treatment AVPV neurons appear to be up to 10 times more 
responsive to glutamate, as indicated by a profound shift in the dose response curve, 
compared to control explants treated with 17a estradiol. This enhanced responsiveness 
to glutamate appears to be largely mediated by AMPA receptors since similar results 
were observed when AMPA was substituted for glutamate. In contrast, a relatively high 
dose of NMDA is required to cause a substantial increase in calcium levels in AVPV 
neurons, but 17B estradiol also appeared to slightly potentiate the action of NMDA. 
Moreover, application of kainate induced a remarkable increase in intracellular calcium 
levels in AVPV neurons. The increases in calcium levels observed in AVPV neurons 
after glutamate application were attenuated substantially by CNQX, an antagonist 
selective for AMPA and kainate receptors, and were nearly abolished by combined 
treatment with CNQX and APV. These data suggest that sex steroids potentiate the 
action of AMPA receptors in the AVPV, which may contribute to the positive feedback 
effects of estrogen on gonadotropin secretion. Supported by NS 26723 and RR00163.

582.9

SEX DIFFERENCES IN GABA TURNOVER AND GLUTAMIC ACID 
DECARBOXYLASE (GAD65 and GAD67) mRNA IN THE RAT 
HYPOTHALAMUS. Robin V. Searles, Ju-Ren He, Mi-Jeong Yoo, Wei-bin 
Shen and Michael Selmanoff*. Center for Studies in Reproduction, 
Department of Physiology, University of Maryland, School of Medicine, 
Baltimore, MD 21201-1559.

Sex steroid sensitive GABAergic neurons play a role in the generation of 
sexual dimorphisms in the rat brain. We have previously reported sex 
differences in GABAergic neuronal activity in the rat hypothalamus. In the 
present study we extended our analysis to additional structures and 
determined whether sex differences in GABA turnover were associated with 
differences in GAD65 and or GAD67 mRNA levels.

GABA turnover and GAD mRNA were assessed in discrete hypothalamic 
structures of adult male and female (diestrous day 1) rats by the GABA 
transaminase inhibition method and by microlysate ribonuclease protection 
assay. Data indicate that the rate of GABA turnover in the diagonal band of 
Broca at the level of the organum vasculosum of the lamina terminalis 
[DBB(ovlt)], anteroventral periventricular nucleus (AVPv), median eminence 
(ME), and dorsomedial portion of the ventromedial nucleus (VMNdm) is 
greater in males than in females. Interestingly, no sex difference was 
observed in GAD65 or GAD67 mRNA levels in the DBB(ovlt), which suggests 
that GABA synthesis is not the underlying cause of the differences in turnover 
in this region. Currently, GAD message for the other structures is being 
assayed. (Supported by NIH grants HD-21351-15, FO6 TW-02245-01 and 
T32 NS-07375-05).

582.10

CASTRATION-INDUCED DECREASES IN HYPOTHALAMIC GABA 
TURNOVER AND mRNA LEVELS FOR GAD67 IN FEMALE RATS ARE 
PREVENTED BY ESTRADIOL AND PROGESTERONE. M.-J. Yoo*, R.V. 
Searles, J.-R. He, W.-B. Shen, M M. McCarthy and M. Selmanoff. Center for 
Studies in Reproduction, Department of Physiology, University of Maryland, School 
of Medicine, Baltimore, MD 21201-1559.

We previously determined that castration specifically decreased GABA turnover in 
discrete rostral and mediobasal hypothalamic structures in both male and female rats. 
Here we investigated whether estradiol (E2) and or E2 + progesterone (P4) would 
increase GABA turnover rates and GAD65 and or GAD67 mRNA levels in these 
hypothalamic GABAergic neurons. Adult female were ovariectomized (ovx) on 
diestrus 1 (DJ between 0800 and 1000 h. Steroid-containing Siliastic capsules were 
implanted sc at the time of ovx and GABA turnover and GAD(,5 67 mRNA levels 
determined 48 h later. Animals were divided into four experimental groups: (1) D, 
sham-ovx, oil capsules, (2) 48 h ovx + oil capsules, (3) 48 h ovx + E2 capsules, and 
(4), 48 h ovx + E2 + P4 capsules. GABA turnover was determined in 8 
hypothalamic structures by the GABA transaminase inhibition method, and GAD65 
andGAD67 mRNA levels were determinedby microlysate RNase protection assay.

In the tuberoinfundibular GABAergic (TIGA) neurons projecting to the median 
eminence (ME), the rate of GABA turnover decreased significantly at 48 h 
postcastration comparedwith Dj sham-ovx controls. Physiological E2 and E2 + P4 

replacement prevented this decrease. In the diagonal band of Broca at the level of the 
organum vasculosum of the lamina terminalis (DBB(ovlt)], ovx decreased GAD(,7 but 
not GAD()5 mRNA levels andE2 andE2 + P4 prevented this decrease. These results 
indicate that under physiological negative feedback conditions, GABAergic neurons in 
the DBB(ovlt) and ME are positively regulated by E2 and perhaps by P4. (Supported 
by NIH grants RO1 HD-21351-15, FO6 TW-02245-01 andT32 NS-07375-05).
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582.11
ACUTE RESTRAINT STRESS AFFECTS THE HPA AXIS OF THE 
FEMALE RAT DIFFERENTIALLY ACROSS THE ESTRUS CYCLE. C 
Isgor*. H. Akil and S, J. Watson. Mental Health Research Institute, 205 
Zina Pitcher Place, University of Michigan, Ann Arbor, Michigan 48109- 
0720.

Gonadal and Hypothalamo-Pituitary-Adrenal (HPA) axes interactions 
have psychopathalogical significance, especially for major depression in 
women. Interactions between the HPA response to an acute stressor, its 
neurobiological correlates, and the estrus cycle were assessed in the female 
rat.

Estrus profiles of adult female rats (60-d) were determined via vaginal 
smear. Proestrus and diestrus females were selected to receive a 30-min 
restraint stress and blood samples were collected for 0-, 5-, 30-, 90- and 
150-min time points via tail nick. Tail-nick controls were also included for 
corresponding estrus phases. Moreover, animals were killed at different 
time points (30-, 90-, 150-min, 24- and 48-hr after the stressor) and trunk 
blood and brains were collected (n=5). Corticosterone (CORT) 
radioimmunoassay showed, although basal CORT levels are slightly higher 
for proestrus compared to diestrus animals, proestrus females have 
shallower CORT response at both the peak of and recovery from stress 
compared to diestrus females and controls. Differences in the HPA 
response to an acute restraint stressor suggest differences in the regulatory 
mechanisms involved in the HPA axis in the brain. Preliminary data from 
insitu hybridization showed a downregulation in the glucocorticoid 
receptor (GR) mRNA levels in the paraventricular nucleus of the 
hypothalamus and hippocampal pyramidal cell layers between proestrus 
and diestrus animals at basal levels. We are currently investigating GR as 
well as mineralocorticoid receptor message in the HPA axis with regards to 
restraint stress at 30-min through 48-hr time points, with special attention 
given to time points corresponding to differences in the CORT response. 
This work has been supported by NIMH grant 5P01MH42251.

582.12

ESTROGEN NEGATIVELY MODULATES THE GABAb RECEPTOR- 
MEDIATED INHIBITION OF MEDIAL PREOPTIC AREA NEURONS IN 
THE GUINEA PIG. E.J, Wagner*, O.K, Rannekleiv and M.J. Kelly. Dept. of 
Physiol. & Pharmacol., Oregon Health Sciences Univ., Portland, OR 97201.

The gonadal steroid estrogen is known to modulate both ionotropic and G- 
protein coupled, receptor-mediated alterations in neuronal excitability in many 
regions of the central nervous system. In the present study, we examined the 
modulation by estrogen of the GABAb receptor-mediated activation of a K+ 
conductance and the subsequent inhibition of medial preoptic area (mPOA) 
neurons. To this end, intracellular recordings were made in coronal slices 
through the mPOA prepared from ovariectomized female guinea pigs treated 
with estradiol benzoate (EB; 25 pg) or its sesame oil vehicle 24 hr prior to 
experimentation. The GABAb receptor agonist baclofen dose-dependently 
inhibited mPOA neurons from vehicle-treated animals with an EC50 of 2.3 ± 0.5 
p.M and a maximum hyperpolarization of 15.4 ± 2.1 mV (n=9). CGP 52,432 
(1 pM) antagonized this effect, manifest by a rightward shift of the agonist 
dose-response curve with an estimated K, of 64 ± 7 nM. EB treatment did not 
affect the baclofen EC50 (2.5 ± 0.4 pM), but significantly attenuated the 
maximum hyperpolarization (8.7 ± 1.8 mV; n=8). This latter finding is 
corroborated by a parallel diminution of the baclofen-induced increase in slope 
conductance measured between -60 & -80 mV and -100 & -130 mV. These 
results demonstrate that estrogen decreases the efficacy with which GABAb  
receptor agonists inhibit mPOA neurons, thus providing further evidence for 
a role of the reproductive steroid in modulating synaptic transmission. 
(Supported by NS 35944, DA 05158 & DA 00192.)

582.13

ACTIONS OF PROGESTERONE ON THE PITUITARY IN RELATION TO 
FACILITATION OF THE ESTRADIOL INDUCED GONADOTROPIN 
SURGE IN THE IMMATURE RAT. B, Attardi*. D, Pfaff, and G. Fink. 
Neurobiology and Behavior, The Rockefeller University; New York, NY 10021.

We previously reported that administration of progesterone (P) to estradiol (E2)- 
primed immature female rats to facilitate the gonadotropin surge did not result in a 
change in pituitary responsiveness to GnRH (Attardi et al, 1997 Soc. Neurosci., Abst. 
237.2). We have extended this study to examine the effects of varying plasma E2 levels 
or duration of P treatment, the role of progestin receptors (PR), and the ability of P to 
alter GnRH self-priming. Female rats (28 days old) received E2 implants SC at 0900 h 
and P (or blank) implants 24 h later, resulting in surges of LH and FSH at 1400 h on 
day 29. The response of the pituitary was tested by iv injection of GnRH (50 ng/100 
g body weight) 60 min after sodium pentobarbitone anesthesia on the afternoon of the 
expected surge. External jugular venous blood samples for LH assay were taken before 
and 15, 30, and 60 min after GnRH injection. Increased pituitary responsiveness to 
GnRH (2.5 to 3-fold) was observed when plasma E2 concentrations were > 6 pg/ml 
and the duration of P exposure was > 4 h. The antiprogestin RU486 blocked the P- 
facilitated surge of LH (P< 0.05) and FSH (P<0.001) and completely prevented the 
enhanced responsiveness of the pituitary to GnRH (P<0.01). RU486 treatment also 
resulted in a 60-70% decrease in FSHp mRNA assessed by Northern blot 
hybridization For determination of the self-priming effect of GnRH, rats, treated as 
above, received two iv injections of GnRH separated by 60 min, and blood samples 
were collected before and 20, 59, 80, and 120 min after the initial GnRH injection. 
Whereas the response to the first GnRH injection was increased in the presence of P, 
there was no significant effect of P on the second response or on self-priming. These 
results indicate that with adequate E2 priming, P can act to facilitate the gonadotropin 
surge through PR, partly at the level of the pituitary, by increasing responsiveness to 
GnRH and that P also increases FSHp mRNA levels. Supported by NSF grant IBN 
97-07587.

582.14

NOREPINEPHRINE RELEASE IN THE SEPTUM/DIAGONAL BAND OF 
BROCA /PREOPTIC AREA IS NOT ALTERED BY CHRONIC 
ESTRADIOL IN OVARIECTOMIZED RATS. B.N. Roy and S. J. Legan*. 
Dept. of Physiology, Univ. of Kentucky, Lexington, KY 40536

The positive feedback action of estradiol (E2) is manifested in E2-treated 
ovariectomized (OVX) rats by daily LH surges and is abolished by two weeks 
of E2 exposure. We have shown 2 acute rises in NE release near the GnRH 
neurons located in the septum/diagonal band of Broca/preoptic area 
(DBB/POA) on the third day of E2 treatment in OVX rats. The afternoon rise 
coincides with the onset of the LH surge (-1500 h) and is preceded by another 
rise 3.5 h earlier (-1130 h). This study was undertaken to determine if one or 
both of the NE rises observed in the 3-day, E2-treated, OVX rat plays a role in 
the positive feedback action of E2 on the LH surge. The above was 
accomplished by treating OVX rats with E2-implants placed subcutaneously 
for either 3 days (n=4) or 2 weeks (n=5). NE levels in microdialysates taken 
from the DBB/POA every 30 minutes from 0900 to 1900 h were determined 
by HPLC. Blood was collected simultaneously via an intra-atrial cannulae for 
LH levels by RIA. An LH surge was only observed in the 3-day E2-treated 
rats. However, two acute rises in NE (>1 SD) the first occurring at 1130 h and 
the other occurring 3.5 h later at 1500 h was observed in both treatment groups. 
These results indicate that the acute increases in NE release in the 3-day, E2- 
treated, OVX rat are not altered by chronic E2 exposure, but are closely tied to 
the time of onset of the LH surge. It remains to be determined if one or both of 
the NE rises play(s) a role in the circadian timing signal for the LH surge. 
(Supported by NIH AG 13454)

582.15

TESTOSTERONE (T) REGULATION OF GONADOTROPIN RELEASING 
HORMONE (GnRH) mRNA IN JUVENILE AND ADULT MALE SYRIAN 
HAMSTERS. H.N, Richardson*3, D.B. Parfitt3, R.C. Thompson*1, and C L. Sisk3. “Dept 
of Psychology and Neuroscience Program, Michigan State Univ.. East Lansing, MI 
48824. bReproductive Sciences Program, Univ. of Michigan, Ann Arbor, MI 48109.

GnRH regulates the production of testicular steroids via the hypothalamic-pituitarv- 
gonadal axis, and testicular steroids, in turn, regulate the GnRH system via negative 
feedback. In the male Syrian hamster, the onset of puberty is associated with a decrease 
in responsiveness to the negative feedback effects of T. We tested the hypothesis that 
T acts on specific populations of GnRH neurons to decrease GnRH mRNA in both 
juvenile and adult male hamsters, but does so to a lesser degree in the adults. Twelve 
juveniles (21 d) and 12 adults (65 d) were castrated and implanted with either a blank or 
a 2.5 mg T capsule. One week later, brain tissue was collected for GnRH in situ 
hybridization and terminal blood was collected for measurement of plasma T and 
luteinizing hormone (LH). A one-in-8 set of coronal sections (10^m) from each brain 
was processed for in situ hybridization using a i5S-riboprobe generated from Syrian 
hamster GnRH cDNA (generously donated by Dr. Heiko Jansen, Univ. Cincinnati). The 
slides were emulsion-dipped and developed for microscopic analysis of silver grains. T 
treatment resulted in a significant reduction in plasma LH and mean area (,um2) of GnRH 
neurons covered by silver grains in both juvenile and adult male hamsters (p<0.05). 
More detailed analysis revealed that the decrease in GnRH mRNA was statistically 
significant within the tenia tecta (TT), but not within the diagonal band of Broca/OVLT, 
medial septum, or preoptic area, although there were trends towards treatment effects in 
all of these areas. In summary, these data indicate that T reduces GnRH mRNA in both 
juvenile and adult castrates, and that this effect is most robust in the TT. Further studies 
using additional doses of T will be needed to determine whether decreased 
responsiveness to steroid negative feedback in adults is correlated with decreased T 
inhibition of GnRH mRNA. Supported by NSF IBN 9602169.

582.16
DIFFERENTIAL NEUROENDOCRINE RESPONSE TO FEMALE 
PHEROMONES IN JUVENILE AND ADULT MALE SYRIAN HAMSTERS. 
D.&, Parfitt*  ̂R.C,. Thomnson^ H.N. Richardson3, R.D. Romeo*, and C.L, Sisk3.
“Neuroscience Prog and Dept Psychology, Michigan State Univ, E Lansing, MI 
48824. bReproductive Sciences Prog, Univ of Michigan, Ann Arbor, MI 48109.

Previous work in this laboratory demonstrated that one hour after exposure to 
female pheromones, testosterone (T) levels are elevated in adult but not juvenile 
male hamsters (Romeo et al., 1998). Thus, we hypothesized that female 
pheromones activate gonadotropin releasing hormone (GnRH) neurons only in 
adulthood. In this experiment, we examined the relationship among chemosensory- 
induced increases in luteinizing hormone (LH), T, and changes in GnRH mRNA 
within specific populations of GnRH neurons. Sexually naive prepubertal (22-23 
day-old) and adult (65-66 day-old) male hamsters were exposed to either a clean 
cotton swab or one containing vaginal secretions (VS). Groups of males from each 
age and treatment group were killed at 15, 30, 60, or 120 min after exposure to the 
swab (n=8/age/time point). In addition, 8 males from each age group were sacrificed 
prior to receiving a swab as a time 0 control. A terminal blood sample was 
collected for determination of LH and T by radioimmunoassay, and the brains were 
collected and snap-frozen for detection of GnRH mRNA. Alternate 10 Jim coronal 
sections were collected through the septo-hypothalamic region, and one quarter of 
those sections were processed for in situ hybridization histochemistry using an 35S- 
riboprobe complementary to hamster GnRH (generously donated by Dr. Heiko 
Jansen, Univ Cincinnati). VS exposure resulted in an elevation of plasma LH and T 
concentrations after time 0 that reached peak levels at 60 min in adult but not in 
prepubertal males. These hormone results again imply a GnRH response 1 hour 
after VS in adult but not prepubertal males. Continuing work is analyzing changes 
in GnRH mRNA at the 0, 60, and 120 min time points, since the hormone data do 
not suggest changes in GnRH mRNA 15 or 30 min after exposure to VS. 
Supported by NSF IBN 9602169.
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582.17
SEXUALLY DIMORPHIC SEX STEROID REGULATION OF GLUTAMATE 
DECARBOXYLASE (GAD) mRNA EXPRESSION IN GOLDFISH BRAIN. P.T. 
Bosma,1* R.W, Schulz? K. Docherty1 and V.L. Trudeau3. ‘Dept. Molecular and Cell 
Biology, Inst, of Medical Sciences, Univ. of Aberdeen, UK, AB25 2ZD; 2Dept. 
Experimental Zoology, Research Group Comparative Endocrinology, Univ. Utrecht, 
The Netherlands; 3Dept. Biology, Univ. of Ottawa, Canada.

Gamma-amino butyric acid (GABA) is a potent stimulator of pituitary luteinizing 
hormone (LH) release in goldfish. However, its stimulatory effect varies seasonally 
and is modulated by sex steroids. In regressed goldfish GABA is ineffective, yet 
testosterone (T), but not estradiol (E2) can restore GABA action to increase LH 
release. In addition, T and E2 have been shown to modulate GABA synthesis in these 
fish. GABA is synthesised from glutamate by GAD. At least two molecular forms of 
GAD (GAD65 and GAD67) are present in all vertebrates and we have recently cloned 
both forms from goldfish brain. Here we investigated the possible effects of T and E2 
on GAD mRNA expression. Sexually regressed, gonad-intact male and female 
goldfish were implanted with solid silastic pellets (i.p.; 5 days) containing T (100 
pg/g), E2 (100 pg/g), or no steroid. Elevations of serum T and E2 levels were 
confirmed by RIA. Semiquantitative PCR analysis showed that GAD65 mRNA 
expression in females was increased (p<0.05) 2.5-3-fold by E2 in hypothalamus and 
telencephalon, while T resulted in a 2-fold increase only in the telencephalon (p<0.05). 
GAD67 mRNA levels were not affected by steroids in females, in contrast, both E2 
and T caused a 4-fold decrease of GAD65 (p<0.05), and a 2-fold decrease (p<0.05) of 
GAD67 mRNA levels in male hypothalamus, while neither T nor E2 affected the 
expression of GAD65 or GAD67 mRNA in male telencephalon. Our results indicate 
that modulation of GAD65 and GAD67 mRNA expression is a possible mechanism 
for sex steroid action on GABA synthesis, which may have opposite effects in males 
and females. Supported by the Wellcome Trust (UK) and NSERC (Canada).

582.18
EFFECTS OF ANDROGENS ON THE NUMBER AND SIZE OF FOREBRAIN 
GONADOTROPIN RELEASING HORMONE PRODUCING CELLS IN A 
FEMALE-TO-MALE SEX-CHANGING FISH. U, O. E, Elofsson.1* I, Mayer2 and 
S. Winberg3. ‘EBC, Dept. of Limnology, Uppsala University, SE-752 36 Uppsala, 
Sweden; 2Dept. of Zoology, University of Stockholm, SE-10691 Stockholm, 
Sweden; 3EBC, Dept. of Animal Development & Genetics, Uppsala University, SE- 
752 36 Uppsala, Sweden.

In the female-to-male sex-changing fish ballan wrasse (Labrus berggylta), 
temporary changes in the size of brain gonadotropin releasing hormone 
immunoreactive (GnRH-ir) neurons are correlated with the spawning cycle, and 
permanent changes in preoptic area (POA) GnRH-ir cell number with the process ol 
sex change. Male fish have greater mean GnRH-ir cell numbers in POA than 
females, a difference not found in GnRH-ir cells in other brain regions, and post-
spawning fish tend to have larger GnRH-ir cells in all brain regions in relation to 
pre-spawning individuals. In order to investigate a possible role of gonadal 
androgens in the control of GnRH cell number and size, male and female ballan 
wrasse were either sham implanted or implanted with silastic capsules containing 
testosterone (T) or 11-ketoandrostenedione (11-KA, which is readily converted to 
11-ketotestosterone (11-KT)). Preliminary results from this study indicate thal 
androgens do not influence die GnRH-ir cell size or the POA GnRH-ir cell count. 
However, in 11 -KA implanted fish sex dependent changes in the number of GnRH-ir 
cells are found in an adjacent brain region at the level of the anterior commissure 
anterior to the POA. Here the GnRH-ir cell numbers are increased in females, but 
not in males, compared to sham implanted control fish. This suggests that in the 
ballan wrasse androgens are responsible for neither the sex difference in POA 
GnRH-ir cell number nor the spawning status dependent GnRH-ir cell size plasticity. 
It further implies sex and brain region specific androgenic regulation of ventral 
forebrain GnRH cells. Supported by The Helge Ax.son Johnson Foundation and The 
Royal Swedish Academy of Sciences (The Hierta-Retzius Foundation & The J. A. 
Ahlstrand Foundation).

582.19

ABSENCE OF ANDROGEN RECEPTOR IN THE GROWTH HORMONE-
RELEASING HORMONE-CONTAINING NEURONS IN THE MEDIOBASAL 
HYPOTHALAMUS OF THE ADULT MALE RAT. M. Fodor12. D,K. Clifton3^ 
H.A. Deiemarre-van de Waal1. 'Research Institute EVM, University Hospital "Vrije 
Universiteit", 1007 MB Amsterdam, The Netherlands; 2Lab. of Neuromorphology, 
Semmelweis University Medical School, 1450 Budapest, Hungary; 3Dept. Obstetrics & 
Gynecology, University of Washington, Seattle ,WA 98195.

Growth hormone (GH) secretory patterns are influenced by gonadal steroids, at least 
in part, through modulation of hypothalamic somatostatin and GH-releasing hormone 
(GHRH) secretion. In the adult male rat testosterone appears to stimulate somatostatin 
gene expression by acting directly on androgen receptors in somatostatin neurons. The 
mechanisms by which gonadal status influences hypothalamic GHRH gene expression 
are less clear. Several studies have demonstrated that gonadectomy reduces GHRH 
mRNA levels in rats and this reduction can be prevented by the administration of a 
nonaromatizable androgen (i.e., dihydrotestosterone). While these observations suggest 
that androgen receptors mediate the actions of gonadal steroids on GHRH gene 
expression, they don’t provide any information about the location of the androgen 
receptors involved in this process. To determine whether GHRH neurons themselves 
express androgen receptors, we double immunolabeled hypothalamic sections from 
colchicine-pretreated male rats (n=5) using polyclonal androgen receptor (PG21) and 
polyclonal GHRH antisera. Neurons that exhibited immunoreactivity for GHRH were 
localized in the arcuate nucleus and the outer rim of the ventromedial nucleus. Androgen 
receptor immunopositivity was detected in the nucleus of neurons throughout the 
hypothalamus. Although there was an overlap in the anatomical distribution of GHRH 
and androgen receptor-containing cell bodies, none of the approximately 1000 GHRH 
immunolabeled cells we examined in each hypothalamus appeared to contain androgen 
receptors. These results suggest that GHRH-expressing neurons are not direct targets for 
androgens and therefore the effects of testosterone on GHRH gene expression must be 
produced indirectly by some other neural or endocrine intermediary process.

582.20
EXPRESSION OF NEURONAL NITRIC OXIDE SYNTHASE IS REGULATED 
BY STEROIDOGENIC FACTOR 1 IN HYPOTHALAMIC-PITUITARY- 
GONADADAL AXIS. X. Wei1*, M. Sasaki1, H. Huang1, V.L. Dawson l’2 & T.M. 
Dawson 12. Department of ‘Neurology and 2Neuroscience, Johns Hopkins 
University School of Medicine, Baltimore, MD 21287.

Steroidogenic factor 1 (SF-1), an essential nuclear receptor, plays key roles in 
steroidogenic cell function within the adrenal cortex and gonads. It also contributes 
to reproductive function at all three levels of the hypothalamic-pituitary-gonadal 
(HPG) axis. It has been shown to regulate genes in the steroidogenic pathway, such 
as LHP, FSH[3 and steroid hydroxylase. Abundant evidence suggests that nitric 
oxide (NO) has an important role in the control of reproduction due to its ability to 
control GnRH secretion from the hypothalamus and the preovulatory LH surge.

Recently, we cloned and characterized the mouse promoter of neuronal nitric 
oxide synthase (nNOS). nNOS is localized at all three levels of HPG axis to 
generate NO. We found that the major promoter resides at exon 2 in the pituitary 
gonadotrope (xT3-l cell line, and there are two nuclear hormone receptor binding 
sites in this region, to which SF-1 can bind and regulate nNOS transcription. 
Gonadotropin releasing hormone (GnRH) treatment increases the proximal 
promoter activity resulting in an increase of nNOS mRNA level and nNOS protein. 
Deletion or mutation of the first nuclear hormone receptor binding site contained 
within the exon 2 promoter decreases basal promoter activity while it has no 
significant effect on GnRH induced increase in nNOS exon 2 promoter activity. 
The critical role of the SF-1 regulation was further supported by investigations 
employing the GAL4 system.

These findings demonstrate that nNOS gene expression is regulated by 
steroidogenic factor 1 in hypothalamic-pituitary-gonadal axis. nNOS could be one 
of the downstream pathway genes which mediates SF-1 ’s reproductive function. 
Supported by NIH, American Foundation for Aging Research, American heart 
Association.

HPA REGULATION: PLASTICITY AND OTHER

583.1

PITUITARY-ADRENAL RESPONSES TO CRF STIMULATION IN 
ADULT SURVIVORS OF CHILDHOOD ABUSE WITH AND WITHOUT 
DEPRESSION
C. Heim*, D.J.Newport, S. Heit, Y.P. Graham, R. Bonsall, A.H. Miller, C.B.
Nemeroff Dept. of Psychiatry & Behavioral Sciences, Emory Univ. Sch. 
Med., Atlanta, Georgia 30322.

Early adverse life events may predispose for the development of major 
depression by permanently altering corticotropin-releasing factor (CRF) 
neuronal systems. In support of this hypothesis, we recently reported 
increased pituitary-adrenal responses to psychosocial stress in adult survivors 
of childhood abuse. We have now evaluated pituitary-adrenal responses to 
CRF stimulation (1 pg/kg oCRF) in adult survivors of childhood abuse with 
and without depression as compared to controls. Women with a history of 
childhood abuse without depression showed increased ACTH responses to 
CRF, while women with a history of childhood abuse with current major 
depression showed blunted ACTH responses. Both groups of abused women 
exhibited relatively low basal and stimulated cortisol levels. Abused women 
with major depression were at higher risk for posttraumatic stress disorder 
and had experienced more recent stress than abused women without 
depression. These findings suggest sensitization of the pituitary gland along 
with adaptation of the adrenal gland in survivors of childhood abuse without 
depression. Blunted pituitary responses in abused women with depression 
may reflect down-regulation of pituitary CRF receptors due to chronic CRF 
hypersecretion as a result of recent chronic stress exposure. Supported by MH 
42088 and DFG He2561/2-1.

583.2

LASTING EFFECTS OF EARLY CHILDHOOD SEXUAL ABUSE ON 
THE HYPOTHALAMIC-PITUITARY-ADRENAL AXIS. J.D. 
Bremner12,3'4,5^M. Narayan2,3, T. McGlashan2,5, G. Heninger2, A. 
Rasmusson2,4,5, S.M. Southwick2'4,5, D.S. Charney2,4,5. ‘Depts. of Diagnostic 
Radiology, and 2Psychiatry, Yale Univ. School of Med, 3Yale Psychiatric 
Institute, 4VA Connecticut Healthcare System and 5National Center for 
PTSD6(115A), 950 Campbell Ave., West Haven, CT 06516

Preclinical studies showed that early stress results in long term 
alterations in the hypothalamic-pituitary-adrenal (HPA) axis. The 
purpose of this study was to perform a comprehensive assessment 
of the HPA axis in women with a history of early childhood sexual 
abuse and posttraumatic stress disorder (PTSD). Twenty-nine 
women underwent assessment of the HPA axis, including 
measurement of ACTH and cortisol in plasma every 15 minutes 
over a 24 hour period, and following CRF and ACTH challenge.
Women with early childhood sexual abuse and the diagnosis of 
PTSD were compared to women with abuse without PTSD, and 
women without abuse or PTSD. Results: PTSD women had lower 
evening cortisol levels compared to abused non-PTSD women, but 
not non-abused non-PTSD women (mean area under the curve) (73 
(26 SD) vs 136 (42 SD) vs 95 (42 SD); F=4.08; P<.05) and lower 
cortisol levels following both CRT’ and ACTH challenge (main 
effect for diagnosis; p<.05). Both abused women with and without 
PTSD had a blunted ACTH response to CRF challenge compared 
to non-abused non-PTSD women. Increased dissociative state 
symptom levels in the abused PTSD group were correlated with 
low diurnal cortisol levels. These findings are consistent with long-
term dysregulation of the HPA axis following early abuse. Supported 
the General Clinical Research Center and the National Center for PTSD.
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583.3

BEHAVIORAL AND NEUROREGULATORY PATTERNS IN 
ADULT RATS THAT EXPERIENCED MATERNAL 
SEPARATION AS PUPS,
M.K. Gordon and Seymour Levine*Neuroscience,
Psychology Dept.,University of Delaware, Newark, DE 19716

In this experiment we assessed differences in exploratory 
behavior, endocrine levels after restraint stress, and CRF 
gene expression at basal levels and at 30m following the 
onset of restraint stress as a function differential post natal 
experiences, Pups were separated from the dam for either 
10m or 8h every other day from p2 through p10. (Almeida, 
1995). A non handled (NH) group was left undisturbed. At 
p55,exploratory behavior in the plus maze was greatest in 
the NH, intermediate in the 10m group while the 8h animals 
showed a marked reduction in time spent in the open arm. 
The behavioral responses corresponded closely to the 
resting .levels of CRF mRNA which differed significantly 
between the groups and were inversely related to the + maze 
behavior. In response to 30m restraint there were no 
differences in the endocrine responses (ACTH & CORT). 
However, hnRNA was significantly higher in the NH females 
and CRF mRNA was surprisingly elevated at 30m in the NH 
group. Thus differences as a consequence of maternal 
separation are manifested both in behavior and neuronal 
stress responses.

583.4
EFFECT OF BRIEF PERIODS OF CORTICOSTERONE TREATMENT 
NEONATALLY ON CORTICOSTERONE RELEASE, CORTICOSTEROID 
RECEPTORS, AND MORRIS WATER MAZE PERFORMANCE. R. Fisher, K. 
Lang. K, MacLaurv, S. Teillon, T. Rioux, & C.M. McCormick*. Neuroscienee 
Program, Bates College, Lewiston, ME 04240, USA.

Administering corticosterone (CORT) to dams’ drinking water over the first 21 days 
of pups’ lives reduced male pups’ HPA activity, increased corticosteroid receptor 
levels, and improved performance in a Morris water maze (Catalani et al., 1993; 
Casolini et al., 1997). We investigated whether short periods (4 days) of CORT 
exposure would have similar effects in male and female pups. Litters of Sprague- 
Dawley rats were assigned to one of three treatment conditions: (1) Early cort  
Treatment (ECT); postnatal days (PND) 5 through 9, (2) Late CORT Treatment 
(LCT): PND 13 through 17, and (3) No Treatment (NT). CORT treatment consisted 
of exchanging the water bottles of the dams for bottles containing of 250 pg/ml 
CORT in tap water, and treatment was found to elevate plasma CORT levels of pups.
At PND 21, NT animals had higher CORT levels than ECT (p = .02) and LCT (p = 
.08) pups, whose levels did not differ. After restraint stress on PND 30, females had 
higher CORT levels in response to restraint F(1,30) = 12.08, p = .002. Further,
ECT pups had higher CORT levels than either LCT or NT pups, who did not differ 
F(2, 30) = 4.18, p = .03. There was no significant effect of Sex or Treatment for 
either hippocampal MR or GR levels. For Morris water maze trials in which the 
platform was visible, F(2, 35) = 17.17, p < .0001, ECT pups took less time to find 
the platform than did LCT and NT pups, and LCT pups took less time than NT pups. 
The Treatment effect remained when the platform was submerged F(2, 35) = 4.92. p = 
.01: ECT pups took less time to find the platform than did LCT and NT pups, whose 
latencies did not differ. These results indicate that four days of exposure to CORT can 
produce long-lasting effects on pups, particularly if given early in the neonatal period. 
Supported by the Bates College Department of Psychology .

583.5
PRENATAL GLUCOCORTICOID EXPOSURE PROGRAMS AMYGDALA GR 
mRNA AND BEHAVIOUR L.A.M, Welberg*, J.R, Seckl and M.C. Holmes, 
Dept. of Molecular Endocrinology, Molecular Medicine Centre, University of 
Edinburgh, Western General Hospital, Edinburgh EH4 2XU, Scotland, UK

Early environmental manipulations, such as in prenatal stress or neonatal 
handling, have been shown to permanently alter offspring behaviour. Increased 
exposure to corticosteroids during these critical periods in development may be 
one of the mechanisms through which these effects occur. This study investigated 
the effect of inhibiting 11 p-hydroxysteroid dehydrogenase (113-HSD), the feto-
placental barrier to maternal corticosterone, using carbenoxolone (CBX), on 
subsequent anxiety-like behaviour and amygdala MR and GR mRNA levels in 
adult offspring. Female Wistar rats were injected s.c. with CBX (12.5 mg) or 
vehicle daily throughout pregnancy. Previously we showed that CBX-offspring 
show less rearing in an open field test and have higher basal a.m. corticosterone 
levels. At 6 months of age, CBX-offspring had increased GR mRNA expression 
compared to control rats in the central nucleus of the amygdala (CEA), with 
unaltered MR mRNA expression. CEA GR mRNA was negatively correlated with 
the number of rears in an open field test. A forced-swim test revealed reduced 
immobility in CBX-rats compared to control rats in both initial test and retest. 
Furthermore, CBX-rats have higher plasma corticosterone levels 90 minutes post-
stress than control rats. Taken together, these data suggest that disturbance of the 
feto-placental barrier to maternal glucocorticoids increases anxiety and suppresses 
effective coping mechanisms in stressful situations. This behaviour may be related 
to GR-mediated glucocorticoid effects on amygdala functioning, a structure known 
to mediate anxiety.
Supported by the Wellcome Trust

583.6
PREVENTION OF HPA AXIS CHANGES IN RESPONSE TO NEONATAL 
MATERNAL SEPARATION BY PROVIDING DAMS WITH FOSTER PUPS 
DURING THE ABSENCE OF HER LITTER. M, Gonzalez. C.O, Ladd. B.L. 
Huot, M.J. Owens*, P.M, Plotsky. Stress Neurobiology Lab., Dept. of 
Psychiatry & Behavioral Sciences, Emory Univ., Atlanta, GA 30322

Maternal separation has been shown to produce long-term 
increases in hypothalamic-pituitary-adrenal axis (HPA) function, 
anxiety-like behavior, hypothalamic corticotropin releasing factor 
(CRF) mRNA, and hippocampal mineralocorticoid receptor (MR) 
mRNA. It has been postulated that these effects may be partially 
mediated by disruption of maternal behavior at reunion when the 
dam is separated from her pups for periods exceeding the duration of 
normal foraging bouts (e.g., 15-30 min). To test this hypothesis, 
Long Evans rat pups were exposed to daily handling and maternal 
separation for either 15 min (HMS15) or 180 min (HMS180) during 
postnatal days 2-14. During the period of separation, half of the 
dams were transferred to adjacent cages without any pups present 
while the other half went to individual cages containing an age- 
matched foster litter. The adult offspring of dams that had a foster 
litter during the period of separation (HMS180F) did not exhibit the 
exaggerated HPA axis activity in response to airpuff startle as shown 
by HMS180 vs. HMS15 rats. CRF expression in the hypothalamic 
paraventricular nucleus (PVNh) and hippocampal MR mRNA was 
significantly decreased in HMS180F adults relative to the HMS180 
offspring. Thus, despite maternal separation for identical periods of 
time, providing the dam with foster pups during separation from her 
own litter prevented expression of aspects of the maternal 
deprivation phenotype. (Supported by grant MH50113)

583.7

DEXAMETHASONE TREATMENT ON POSTNATAL DAY 7. EFFECTS 
ON BRAIN CORTICOSTEROID RECEPTORS AND PLASMA BINDING 
PROTEINS IN RATS AS ADULTS. B.B. Turner.1* T. Hunter.1 M. Farid.1 
R.R, Holson.2 and S.A. Ferguson2. 1Dept. Physiol., College of Medicine, 
East Tenn. State Univ., Johnson City, TN, 37614; 2Div. Reprod & Dev. 
Toxicol., National Center for Toxicol. Res., Jefferson, AR 72079.

Several neonatal interventions have persistent effects on the function of 
the pituitary-adrenal axis in rats. We asked if dexamethasone (Dex), given 
during the stress hyporesponsive period, would permanently alter levels 
of free corticosterone (B) or forebrain corticosteroid receptors in male rats. 
Dex (1.5 mg/kg) was injected s.c. twice on post-natal day 7. Treatment 
altered corticosteroid/hippocampal dependent behaviors (Neurosci Abstr 
459.5,1997), but had no effect on basal AM plasma B at day 70 nor on the 
time course of the response of B and ACTH to 20 min of restraint at day 
130 (Endocr Abstr P2-566, 1998).

Dex treatment lowered total plasma proteins by over 20%, 49.4 + 2.3 vs
39.1 ± 2.4 mg/ml (p<0.01). Correspondingly, plasma binding of 3H-B was 
depressed in Dex-treated animals: Total specific binding by 20% (76.1 + 
5.4 vs 61.2 + 8.9 pmol/ml), CBG binding by 19% (73.6 + 5.4 vs 59.3 ± 8.9 
pmol/ml), and binding to albumin by 27% (2.54 + 0.18 vs 1.85 + 
0.27pmol/ml). Saturation plots of 3H-Dex binding in brains, measured in 
exchange assays, showed that Bmax was increased in Dex-treated 
animals: 170.4 + 6.3 vs 200.8 ± 7.7 fm/mg protein (p<0.05), without 
affecting apparent Kd (0.95 nM vs 0.93 nM). Mineralocorticoid receptor 
binding was not affected (19.8 + 2.4 vs 20.9 + 2.7 fmol/mg protein). These 
data suggest that early Dex can suppress hepatic secretion of plasma 
proteins, decreasing plasma steroid binding, and result in greater brain 
glucocorticoid receptor density. Supported by NCTR/FDA/DHHS.

583.8
THE IMPACT OF MATERNAL DEPRIVATION ON DEVELOPING BRAIN 
STRESS CIRCUITS: EFFECT OF DESIPRAMINE TREATMENT 
D. Vdzquez'2*, Seymour Levine,, and Juan F. Ldpez1 'Mental Health Research 
Institute and ^Department of Pediatrics, University of Michigan, Ann Arbor, MI 
48109; 'University of Delaware, Newark, Delaware 19716.

Studies have found a strong association between psychosocial stressors early in 
life and an increased risk for depression and anxiety. Persistent changes in stress- 
responsive neurobiological systems, such as the corticotropin-releasing hormone 
(CRH) circuit, may underlie these disorders. In this study, we investigated the effect 
of maternal deprivation (MD) on the extrahypothalamic CRH system of the 
developing animal. We focused on areas rich in CRH neurons or that have 
reciprocal CRH connections: frontal cortex, amygdala, ventromedial hypothalamic 
nucleus (VMH) and hippocampus. We concentrated on the modulation of CRH and 
its receptors, CRHrl and r2. The antidepressant Desipramine (DMI) has been 
shown to prevent the plasma corticosterone (CORT) increase observed after chronic 
stress in adult animals. Thus, a subset of maternally deprived (DEP) and non- 
deprived (NDEP) animals were treated with either vehicle (VEH) or DMI from 
postnatal day 7 to 14. On day 13, half of the pups were deprived for 24 hr and half 
were not. At the end of the deprivation, half of the pups were sacrificed and half 
received 3% saline injection, then sacrificed 60 min later. CORT was measured by 
RIA and in situ hybridization was used to quantify gene expression. We found that 
NDEP animals treated with VEH had upregulation of CRH mRNA in cortex and 
CRHr2 in CA3/4 in hippocampus. Compared to NDEP, DEP pups had elevated 
CORT, both at basal and after saline challenge. MD altered the expressions of genes 
in a complex manner. We found a significant increase in CRH, CRHrl and r2 
mRNA in cortex. MD did not alter CRH mRNA levels in the amygdala. However, 
consistent effects were detected on the receptors: CRHrl and r2 mRNA decreased. 
CRH r2 mRNA also decreased in VMH, whereas an increase was detected over the 
pyramidal cells of the hippocampus. DMI administration prevented all the MD- 
induced changes in CRH r2 gene expression, regardless of the direction of the 
original change. This suggests that regulation of CRHr2 gene expression is 
mediated by different mechanisms than for CRHrl. The results also reveal that the 
modulation of the infant’s CRH brain system is not unidirectional or at random, but 
rather site and molecule specific. *Supported by NARSAD and DA00250

Society  for  Neuroscience . Volume  25, 1999



1456 HPA REGULATION: PLASTICITY AND OTHER TUESDAY PM

583.9

REVERSAL OF NEONATAL MATERNAL SEPARATION PHENOTYPE BY 
REBOXETINE. C.O, Ladd. Z.N, Stowe, P.M. Plotskv*. Stress 
Neurobiology Laboratory, Dept. of Psychiatry & Behavioral Sciences, 
Emory University, Atlanta, GA 30322

Maternal separation (180 min daily; HMS180) of Long Evans rat 
litters as a group between postnatal days (PND) 2-14 results in a 
phenotype characterized by dysregulation of the hypothalamic- 
pituitary-adrenal (HPA) axis, altered function of the locus coeruleus 
(LC) noradrenergic system, enhanced anxiety-like behavior, and 
anhedonia as compared to control groups. Pharmacological and 
neuroanatomical evidence suggests functional changes in 
corticotropin releasing factor (CRF) and noradrenergic (NA) 
neurocircuits may underlie the phenotype of HMS180 rats. Treatment 
of these animals with the selective noradrenaline reuptake inhibitor, 
reboxetine, for 3-, but not 1-week (30 mg/kg/day, po) normalized 
the rearing-associated increase of CRF mRNA in the hypothalamic 
paraventricular nucleus and in the central nucleus of the amygdala, 
alterations in hippocampal mineralocorticoid and glucocorticoid 
receptor expression, and aspects of LC noradrenergic function. 
Treatment with either reboxetine or, as previously reported, the 
selective serotonin reuptake inhibitor, paroxetine, effectively 
reversed many of the behavioral, neuroendocrine, and CNS changes 
associated with neonatal maternal separation. These observations 
suggest that antidepressants of multiple classes may act through 
common mechanisms to normalize the function of major 
neurotransmitter systems believed to be involved in the etiology 
and/or pathophysiology of depression. (Supported by grant 
MH50113 and an unrestricted research gift from Pharmacia Upjohn)

583.10
DEVELOPMENT OF MDR1A EXPRESSION IN THE GUINEA-PIG BRAIN: 
IMPLICATIONS FOR FETAL GLUCOCORTICOD EXPOSURE. P. Erdeljan and 
S.G. Matthews*. Depts. of Physiology and Obstetrics and Gynecology, University 
of Toronto, Toronto, M5S 1A8, Canada.

The multi-drug resistance (MDRla) gene has been shown to be important in the 
exclusion of synthetic glucocorticoids, such as dexamethasone, from the adult brain. 
Synthetic glucocorticoids are administered to pregnant women for a number of 
reasons, and these pass rapidly to the fetus. However, little is known as to how these 
steroids distribute in the fetal brain. In the present study, we hypothesize that the 
MDRla gene is expressed in the fetal brain, but that levels of expression change 
during development. The guinea pig was used because of its level of brain maturity 
at birth. Maternal guinea pigs were killed on gestational days (gd) 40-45, 50-55, 60- 
65 and the fetuses rapidly removed. A group of 7-day old neonates was also 
euthanized. Brain sections (12pm) were hybridized with j5S-labelled oligonucleotide 
probes specific for the MDRla gene. MDRla mRNA was widely distributed in the 
brain. Highest levels were present in the hippocampus, dentate gyrus and specific 
thalamic nuclei, though there was also high expression in the developing cortex. In 
the CA1/2 region of the hippocampus, MDRla mRNA levels were highest at gd50, 
then decreased progressively. In CA3/4 regions, expression was highest at gd40, 
with levels decreasing after gd50. In contrast, MDRla expression in the dentate 
gyrus, increased in late gestation, reaching highest levels at term. In the cortex, 
expression was uniform throughout different layers, and a similar developmental 
profile as that in the CA3/4 was observed. In conclusion, we have shown that the 
MDRla gene is extensively expressed in the developing brain, and that patterns of 
expression are highly region-specific. Therefore, the ability of the brain tissue to 
exclude synthetic glucocorticoids, which in excess are detrimental to neuron 
development, likely depends on the age of the fetus at the time of exposure.

Support: Medical Research Council of Canada

583.11

EARLY WAKERS HAVE HIGHER LEVELS OF CORTISOL 
THROUGHOUT THE DAY A.Clow1, S.Edwards1. FHucklebridge1, J. 
Rothwell* and P. Evans1. 'Psychophysiology & Stress Research Group, 
University of Westminster, London, W1M 8JS, UK.

Salivary free cortisol was measured throughout the day at 8 timed 
intervals, synchronised to awakening, in 42 healthy day active 
individuals (mean age 35ys, range 23-59yrs, 32 females and 10 males) 
on 2 consecutive days. The first sample was immediately upon 
awakening, followed by 3 more at 15-minute intervals and at 3-hourly 
intervals thereafter.

Awakening time was stable across the 2 days (r=0.592, p<0.0001) 
and ranged from 5;22-10;37am (mean; 7:36am). There was a clear 
cortisol response to awakening, which peaked at 30 minutes (p<0.003). 
The awakening response as determined by the area under the cortisol 
curve (AUC) for the first 4 samples was also stable across the 2 days 
(p<0.001). The mean response across the 2 days was negatively 
correlated with the mean awakening time (r=-0.443, p<0.007). The 
mean cortisol produced over the rest of the day (last 4 samples) showed 
intra-individual stability (p<0.001). In the same way awakening time 
was negatively correlated with the mean of these four 3-hourly cortisol 
determinations (r=-0.355, p<0.024). This association between the 
diurnal free cortisol profile and awakening was unrelated to age or 
gender. We conclude that early awakening is associated with a greater 
cortisol response and higher levels are sustained throughout the day.

583.12

DISPARATE ACTIVATION OF CORTISOL SECRETION BY 
NUTRIENT-WITHDRAWAL STRESS IN YOUNG AND OLDER 
HEALTHY MEN. M. Bergendahl1, A. Iranmanesh2, J. D, Veldhuis3*, Peds., 
Univ. Turku, Turku, Finland, 2Endo., VA Med. Ctr., Salem, VA, 3Endo., 
Univ. Virginia, Charlottesville, VA 22908

Age-dependent distinctions in the stress-driven dynamics of 24-h cortisol 
release in the human are sparingly investigated. We exploit the metabolic 
stress of short-term (3.5 day) fasting to examine age-related secretion of 
cortisol in young (N = 8, ages 18-35 years) and older (N = 8, ages 60-72) 
men sampled at 10-min intervals for 24 h in fed vs fasting sessions. 
Deconvolution, approximate entropy (ApEn), and cosinor analyses were 
used to quantitate pulsatile (ultradian), orderly (entropic), and rhythmic 
cortisol release. Fed older men differed by way of: (i) a higher 24-h 
cortisol mesor (7.5 ± 0.33 vs 5.2 ± 0.49 pg/dL); (ii) a temporally advanced 
(by 208 ± 37 min) cortisol acrophase; and (iii) no 24-h rhythm in cortisol 
secretory burst frequency, but a 2-fold greater daily rhythm in cortisol burst 
mass. Fasting increased serum cortisol (pg/dL) from 7.3 ± 0.47 to 11.2 ± 
0.85 in young, and equally from 7.5 ± 0.32 to 12.7 ± 0.51 in older, 
individuals due to augmented cortisol secretory burst mass (P - 0.004), but 
did not alter interburst interval, burst duration, or half-life. In fasting, ApEn 
rose in both groups (P < 10'5) signifying more disorderly cortisol release. In 
fasting older men, the 24-h cosine mean rose more (P = 0.0045) and 
amplitude less (P < 0.01) than in young individuals. In summary, 
metabolic-stress adaptation in older men unveils disruption of the expected 
young-adult coupling between pulsatile and circadian-driven cortisol 
dynamics. Supported by NIA-NIH AG 14799.

583.13

GLUCOCORTICOIDS REGULATE ALTERNATIVE SPLICING OF 
THE Slo BK POTASSIUM CHANNEL GENE IN BOVINE 
CHROMAFFIN CELLS IN VITRO. G, Lai*, J, Xie, S. Chattenee, and 
D.P. McCobb, Dept. of Neurobiology and Behavior, Cornell University, Ithaca, 
NY, 14853.

Pituitary ablation in rat biases alternative splicing of the Slo gene in adrenal 
chromaffin cells, reducing ‘STREX’ exon inclusion (Xie and McCobb, 1998). 
Inclusion of this 174 bp exon shifts the voltage-dependence of gating in the negative 
direction, hastens activation, and slows deactivation of these Ca2+ and voltage-gated 
channels. These effects are expected to facilitate catecholamine secretion by 
increasing chromaffin excitability. Though ACTH injections prevent the decline in 
the abundance of ‘STREX’ relative to ‘ZERO’ (variant lacking an insert at the splice 
junction), direct involvement of glucocorticoids or receptors (GR) has not been 
demonstrated. Here, bovine chromaffin cells in culture were exposed to 
dexamethasone (DEX), RU486, DEX plus RU486, or vehicle. After 24 hours, total 
RNA was extracted from each dish and reverse transcribed. Amplification with 
primers bracketing the junction yielded a consistent estimate of the relative 
abundance of the two variants expressed. Treatment with DEX increased the ratio of 
STREX to ZERO transcripts. When combined with RU486, a GR antagonist, DEX 
had no effect. The results are consistent with a direct action of ligand-bound GR-II 
on the splicing apparatus, but do not rule out effects on mRNA turnover. Given that 
the chromaffin STREX ratio, though variable between individuals, is much lower in 
bovine than rat, the results suggest that the much lower serum glucocorticoid levels 
of bovines might underlie the difference. Though stress axis regulation of Slo gene 
splicing may be a common feature, high-dose glucocorticoid treatments suggest that 
bovine STREX levels cannot be driven to rat levels. Supported by the American 
Heart Association.

583.14
LONG TERM ANTIDEPRESSANT TREATMENT REDUCE POMC mRNA EX-
PRESSION IN THE RAT ANTERIOR PITUITARY. JB Jensen' 2 *, A Mork2, and 
JD Mikkelsen2. 'Dept of Clinical Biochemistry, Bispebjerg Hospital, 2400 
Copenhagen NV, Denmark and 2Dept of Neurobiology. H. Lundbeck A/S, 
Copenhagen, Denmark.

Dysfunction of the hypothalamic-pituitary-adrenal (HPA) axis is often observed in 
patients suffering from affective disorders and a consistent finding is hypersecretion 
of ACTH and cortisol. Long term antidepressant treatments seem to normalise the 
abnormal HPA axis activity in depressed patients. We aimed at investigating 
elements that might be involved in the reduction of the HPA axis activity during long 
term antidepressant treatments. In order to investigate the effects of different chronic 
antidepressant treatments on the regulation of POMC mRNA synthesis (precursor for 
ACTH), male Wistar rats were treated for 3 weeks. The amount of POMC mRNA in 
the anterior pituitary was analysed by means of semi quantitative In situ 
hybridisation technique. The rats were treated with either saline (0.9% NaCl), 
antidepressant treatments, including citalopram (20 mg/kg), fluoxetin (15 mg/kg), 
moclobemide (10 mg/kg) and desipramine (15 mg/kg) or the non-antidepressant 
psychoactive drugs, cocaine (15 mg/kg) and haloperidol (2 mg/kg). All the tested 
antidepressants, but not saline, cocaine and haloperidol down regulated the level of 
POMC mRNA in the anterior pituitary following long term treatment. Also repeated 
electroconvulsive treatment (14 days), reduced the POMC mRNA in the anterior 
pituitary in comparison to sham treated controls. In an time study using citalopram 
(20 mg/kg), the down regulation was significant after 9 days of treatment and was 
further decreased 14 and 21 days of treatment.
The present study indicates that POMC mRNA down regulation in the anterior 
pituitary is a marker for antidepressant activity. Furthermore, decreasing the POMC 
mRNA expression may be an important factor in the therapeutic action of 
antidepressants.
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583.15
THE USE OF ADENOVIRUS EXPRESSING CORTICOTROPIN-
RELEASING HORMONE (CRH) ANTISENSE TO INVESTIGATE 
THE ROLES OF HYPOTHALAMIC CRH AND AVP IN 
RESPONSE TO ACUTE AND CHRONIC STRESS.
A.L,Williams,_ Y,M,Kershaw,_ _ RJ.Windle._ L.ANq Uil —H,A,Whittington,
S.J.Lolait*. J.B.Uney, S.L.Lightman, Dept. of Medicine, University of Bristol, 
Bristol Royal Infirmary, Bristol UK, BS2 8HW

The hypothalamo-pituitary-adrenal (HPA) axis responds rapidly to both physical 
and psychological stress in a highly complex manner. Following onset of stress 
there is a dramatic up-regulation of CRH mRNA in the parvocellular paraventricular 
nucleus (pPVN) in the hypothalamus. This up-regulation is the principle 
stimulatory drive for ACTH release from the anterior pituitary. ACTH release 
stimulates glucocorticoid secretion from the adrenal glands, providing negative- 
feedback control. A small increase in arginine vasopressin (AVP) mRNA is also 
observed in the PVN following stress, the extent of this increase being dependent 
on the nature of the stimulus. It has been suggested that AVP may play a role in 
potentiating CRH’s release from the corticotrophs, and studies involving chronic 
stress and repeated stress paradigms have led to the hypothesis that AVP may play a 
more important role in the HPA’s response to chronic stress.

A tetracycline-regulatable El-deleted adenovirus expressing a 94 base pah- 
antisense sequence to CRH has been made. This study involves bilateral stereotaxic 
infusion of CRH antisense virus directly into the pPVN of adrenalectomised and 
non-adrenalectomised rats. The infused and control animals undergo acute restraint 
stress or chronic stress. In situ hybridisations for CRH and AVP, with 
corticosterone and proopiomelanocortin measurements, help elucidate the respective 
roles of CRH and AVP in the HPA axis in response to acute and chronic stress. 
A point of particular interest is whether AVP is able to compensate for antisense- 
reduced CRH translation in the anterior pituitary in driving the stress response.
Work Supported by the Needham Cooper Foundation, UK

583.16
THE SPLANCHNIC NERVE AND THE TIMING OF PARTURITION
C, Li* and T.J.McDonald. Laboratory for Pregnancy and Newborn Research., Coll. Vet.
Med., Cornell U., Ithaca, NY 14853. DK51234-03.

Introduction: Fetal sheep splanchnic nerve section (SPLX) at 80 % of gestation has 
no effect on basal cortisol concentrations in plasma nor on the cortisol response to 
exogenous ACTH, but attenuates the cortisol response to nitroprusside hypotensive 
challenge (Endocrinology 127:2328). Similarly, adult dog splanchnic nerve stimulation 
increases cortisol secretion independently of changes in adrenal arterial ACTH 
concentrations (Neuroendocrinology 50:124). Finally SPLX eliminates both ultradian 
and circadian corticosterone rhythms in adult rats (Neuroendocrinology 59:97). Since 
the preparturient logarithmic rise in cortisol in fetal sheep peripheral plasma is essential 
for the cascade of events that culminate in labor and delivery (Endocrine Rev. 10:182), 
we hypothesized that parturition would be prolonged in SPLX fetuses.

Materials and Methods: At approximately 80 % gestation, fetal sheep (n = 4) had the 
splanchnic innervation to both the left and right adrenals surgically interrupted via a 
retroperitoneal approach. Gestation length and its variance were compared to those of 
surgical controls (n = 5) using Student’s t-test and the F-test for variance.

Results: Gestation length in SPLX fetuses was not different (p>0.05) from that in 
controls (145.5 ± 2.66 vs 146.4 ± 0.75). However, the variance of the ages at parturition 
was greater (p<0.05) in SPLX than in control fetuses (28.33 vs 2.80).

Discussion: Ruminants have a very narrow window for parturition compared to some 
species e.g., humans (J.Obstet.Gynaecol. 80:577). In the present experiment, SPLX 
resulted in a widening of this window i.e., a greater variance. Since the splanchnic 
nerve carries both efferent and afferent information more study is needed to determine 
the mechanisms by which this effect occurs.

Conclusion: SPLX does not change gestation length, but does increase its variance.

583.17

ADRENAL INNERVATION MODULATES CORTICAL REGENERATION IN 
RATS. Y.M. Ulrich*, A.I, Fraticelli, andW.C. Engeland. Depts. of Neuroscience and 
Surgery, Univ. of MN, Minneapolis, MN 55455.

The rat adrenal cortex has the uncommon ability to regenerate following surgical 
enucleation. Moreover, the regenerating adrenal is hyperinnervated by CGRP-, TH-, 
NPY- and nNOS- positive fibers by 14d post-enucleation, a time which correlates 
with the recovery of steroidogenic function, suggesting that innervation may be 
important in adrenal cortex regeneration. However, direct evidence implicating adrenal 
innervation in the modulation of regeneration is lacking. The purpose of the present 
studies was to determine whether (1) transection of the splanchnic nerve, or (2) 
removal of sensory nerves by capsaicin treatment, affects adrenal regeneration. In the 
first experiment, male rats (200g) underwent transection of the left splanchnic nerve 
(SPLNX) or sham transection (SHAMX). This was accompanied by surgical removal 
of the right and enucleation of the left adrenal glands (ULA/ULE). In the second 
experiment, rats underwent systemic capsaicin (CAP) or vehicle (VEH) treatment one 
week prior to ULA/ULE. For both experiments, animals were sacrificed at 14d or 21d 
post-enucleation with collection of pre- and post-stress plasma for ACTH, 
corticosterone (cort), and aldosterone (aldo) measurement. SPLNX decreased 
regenerating gland weight and post-stress plasma cort, but not ACTH or aldo at 14d, 
but not 21d post-enucleation. These data suggest that SPLNX delayed, but did not 
prevent regeneration. At 14d, but not 21d post-enucleation, CAP increased 
regenerating gland weight, increased post-stress plasma cort and aldo, and decreased 
post-stress plasma ACTH. These data suggest that CAP accelerated regeneration. 
Moreover, immunolabeling of the adrenals showed that SPLNX removed CGRP- and 
VAChT- positive fibers, but not NPY-, TH-, and nNOS-positive fibers. In contrast, 
CAP selectively removed CGRP-positive fibers. These data demonstrate that 
manipulation of the innervation of the regenerating adrenal can alter the rate of 
regeneration, supporting the hypothesis that nerves are important factors in the 
regeneration process. Supported by a Howard Hughes Medical Institute Predoctoral 
Fellowship (YMU), NSF IBN9728132, NIH GM50150, and a Minority Suppl (AIF).

583.18

CHROMAFFIN-ADRENOCORTICAL CELL INTERACTIONS
MODULATE STEROIDOGENESIS. S.P.Shepherd2 and M.A. Holzwarth W 
'Department of Molecular and Integrative Physiology and 2Neuroscience 
Program, University of Illinois, Urbana IL, 60801.

The close proximity of chromaffin and adrenocortical cells support their 
physiological interactions which affect their development and function. 
Using co-cultures of adrenocortical and chromaffin cells from frog adrenals, 
we are studying the mechanisms by which chromaffin-adrenocortical cell 
interactions modulate steroidogenesis. Selective activation of chromaffin 
cells with veratridine exaggerated the neuronal phenotype of the chromaffin 
cells and increased the number of contacts with adrenocortical cells. 
Activation of chromaffin cells with 0.1-100 p.M veratridine resulted in dose- 
related increases in release of norepinephrine and epinephrine, with maximal 
(9-fold) responses at 5 pM. Correspondingly, at this dose corticosterone 
secretion increased 8-fold and the responses to a subsequent 30min 
stimulation with ACTH were significantly enhanced. Catecholamine 
secretion correlated with the secretion of corticosterone (r=0.9) but not with 
that of aldosterone. Antagonists, yohimbine (a2), propranolol (Pi, (32) and 
haloperidol (DbD2), partially blocked the veratridine-stimulated cortico-
sterone secretion while prazosin (aj had no effect. Complete blockade of 
the veratridine effect occurred with yohimbine + propranolol + haloperidol, 
suggesting that veratridine stimulation resulted in the release of multiple 
catecholaminergic transmitters which all enhance corticosteroidogenesis. 
Adrenergic agonists clonidine (a2) and isoproterenol (Pi, p2) stimulated 
steroid secretion, further indicating that catecholamines mediate 
chromaffin-adrenocortical interactions. (Supported by NSF IBN 97-29344 and 
American Heart Association-Illinois Affiliate Student Fellowship)

SECOND MESSENGERS AND PHOSPHORYLATION: REGULATION OF RECEPTOR SENSITIVITY

584.1 584.2

MECHANISMS UNDERLYING mrl MELATONIN RECEPTOR 
SUPERSENSITIZATION RESPONSE. Michael J. Jarzynka and Paula
A. Witt-Enderby*. Department of Pharmacology and Toxicology, 
Mylan School of Pharmacy, Duquesne University, Pittsburgh, PA 
15282.
Previously, it has been shown that melatonin exposure (400pM for 8 h 

followed by 16 h withdrawal), results in an increase in (or 
supersensitization of) forskolin-induced cAMP accumulation (-200% 
of control) only in CHO cells expressing the human mtl melatonin 
receptor. Scatchard analysis shows that the affinity of the agonist 
radioligand 2--iodomelatonin for the mtl receptor before and 
after melatonin exposure remains the same, however, an increase in 
binding is observed in melatonin-treated cells (-200% of control). 
This suggests that the mechanism underlying this supersensitization 
may lie at the G-protein/effcctor interface rather than the G- 
protein/receptor interface. In this laboratory and as previously shown, 
the "state" of the G-protein (i.e., increased Giuft and decreased Gi(,) is 
altered as revealed by both pertussis toxin-induced ADP ribosylation 
and western blot analyses. The mechanisms underlying this altered 
“state” of the G-proteins are unknown. An increase in Git(Py may be 
due to an increase in the activity of proteins involved in G-protein 
activation. In this study, we demonstrate that both cycloheximide and 
Colcemid, added in combination with melatonin during the 
pretreatment period, blocks the increase in forskolin-induced cAMP 
accumulation by 25-50% compared to cells pretreated with melatonin 
alone. These data suggest that both protein synthesis and tubulin 
assembly may underlie this supersensitization phenomenon. This 
research is supported by R15DK54070-01A1.

AGONIST-REGULATED PHOSPHORYLATION AND TRAFFICKING 
OF THE DOPAMINE DI RECEPTOR
J.N. Mason, B.L. Wiens,* and K.A. Neve Oregon Health Sciences Univ. 
and VA Medical Center, Portland OR 97201.
The triggering mechanism for DA DI receptor desensitization is thought to 
be the phosphorylation of the receptor by PKA or GRK. To the rhesus 
macaque DI receptor (Rhmq-Dl) we added a C-terminus myc-His epitope 
tag by subcloning Rhmq-Dl into pcDNA3.1/myc-His C. When stably 
expressed in HEK293, neuroblastoma NS20Y, and C6 glioma cells, the 
tagged receptor exhibits normal ligand binding and stimulation of adenylyl 
cyclase. Our results show that phosphorylation of the DI receptor in 
HEK293 cells is increased by DA + forskolin but not by forskolin alone. To 
investigate the trafficking of the DI receptor under desensitizing conditions, 
we constructed a fusion protein in which an enhanced green fluorescent 
protein (EGFP) was conjugated to the C-terminus of the Rhmq-Dl receptor 
(Dl-EGFP). DI-EGFP coupled normally to stimulation of adenylate 
cyclase in HEK293 cells. Our results suggest that DA enhances 
internalization of the Dl-EGFP receptor above control and forskolin alone, 
but that lOuM DA + forskolin increases internalization more than lOuM DA 
alone. The effect of mutation of potential sites of PKA phosphorylation on 
the incorporation of phosphate and on trafficking of the DI receptor is being 
assessed. (VA Merit Review & MH45372)
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584.3
DOPAMINE D2/D3 RECEPTOR-MEDIATED G-PROTEIN ACTIVATION 
IN RAT CAUDATE NUCLEUS IS INCREASED BY A UNILATERAL 
6-HYDROXYDOPAMINE LESION OF THE SUBSTANTIA NIGRA: 
A |35S]-GTPyS AUTORADIOGRAPHY STUDY. A, Newman-Tancredi*, 
M. Brocco, D, Cussac, J.-M. Rivet, C. Chaput, M. Touzard and M.J. Millan.
I.D.R. Servier, 125 Chemin de Ronde, 78290 Croissy-sur-Seine, France. 

Dopamine D2/D3 receptors are targets for the treatment of Parkinson's disease.
Herein, we show that [35S]-GTPyS binding methodology previously applied to 
recombinant hD2/hD3 receptors in CHO cells’ can be adapted to native D2/D3 
receptors in the caudate nucleus2. The dopaminergic agonist, quinelorane (QUI) 
bound to hD2/hD3 receptors (pK;S = 6.5/8.2) and stimulated [35S]-GTPyS binding 
with Emax values of 144/79 % relative to dopamine (= 100%). In [35S]-GTPyS 
autoradiography experiments, QUI (10 pM) increased binding in caudate 
nucleus of rat brain sections by 41 % vs basal levels. The selective D2/D3 
antagonist, raclopride (10 pM, pK,s hD2/hD3 = 8.9/8.8), abolished this action of 
QUI without itself altering G-protein activation. In rats which had received 6- 
hydroxy-dopamine (8 pg) by microinjection in the left substantia nigra3, QUI 
(0.04 mg/kg s.c.) induced marked contralateral rotation. In caudate nucleus, QUI 
(10 pM) stimulated [35S]-GTPyS activation by 46 % on the unlesioned side of 
brain sections - similarly to unlesioned rats. In contrast, QUI-induced stimulation 
in the lesioned side was increased to 70 % vs basal levels. Raclopride abolished 
these actions of QUI. The present data suggest that the supersensitivity of D2/D3 
receptors in caudate nucleus following dopamine deprivation involves 
augmentation of G-protein activation.
'Newman-Tancredi et al. (1999) Mol. Pharmacol. 55: 564-574.
2Sim L.J. et al. (1995) Proc. Natl. Acad. Sci. USA 92: 7242-7246.
’Millan M.J. etal. (1995) J. Pharmacol. Exp. Ther. 273: 1418-1427.
This work was supported by Servier Pharmaceuticals.

584.4
AGONIST INDUCED PHOSPHORYLATION OF THE DOPAMINE D2 
RECEPTOR IN FTBROLAST CELLS. S, Maltais*. M. Labbe. D, Levesque 
and P, Falardeau, Dept. of Neuroscience, CHUQ Research Center, pavillion 
CHUL, Ste-Foy, Quebec, Canada, G1V 4G2 and Laval University, Quebec, 
Canada.

Direct protein phosphorylation has been shown to be an important 
mechanism for G protein-coupled receptor regulation. While this kind of 
regulation has been demonstrated for many G protein-coupled receptors, it is 
still not known whether the dopamine D2 receptor (D2R) can undergo such 
modification. In order to investigate D2R phosphorylation, fibroblast cells 
expressing the short isoform of the human D2R (1.5 pmol receptor/mg 
protein) were preincubated with radioactive [32P], exposed to agonists, 
solubilized and immunoprecipitated with a specific D2R antibody, raised 
against the third intracellular loop of the human D2R. Treatment with an 
agonist (quinpirole) increases the level of phosphate associated to the 67 
kDa D2R protein in a time and dose dependent manner, reaching a 
maximum at 15 minutes and with lpM of agonist (quinpirole) respectively. 
This phosphorylation is inhibited in the presence of the antagonist (+)- 
butaclamol. Phosphorylation also occurs to similar extend with other D2R 
agonists (dopamine, NPA, bromocriptine and apomorphine). Increasing 
cyclic AMP content of the cell with forskolin treatment had no effect on 
D2R phosphorylation level, suggesting that this receptor phosphorylation is 
not PKA dependent. These are the first results showing that D2R can 
undergo agonist stimulated phosphorylation. This study was supported by a 
grant from the Medical Research Council (MRC) of Canada .

584.5

INVERSE AGONIST PROPERTIES OF ANTIPSYCHOTIC AGENTS AT 
CLONED, HUMAN (h) SEROTONIN (5-HT)1B AND h5-HT,D RECEPTORS. 
V. Audinot*, A. Newman-Tancredi, C. Moreira and M.J Millan. I.D.R. Servier, 125 
Chemin de Ronde, 78290 Croissy-sur-Seine, France.

The control by 5-HTiB/1D receptors of monoamine release may be relevant to 
psychiatric disorders. Herein, we evaluated affinities ([3H]-GR 125,743 binding) and 
efficacies ([35S]-GTPyS binding) of novel, chemically-diverse antipsychotics at cloned 
h5-HT]D and h5-HTIB receptors expressed in CHO cells1,2.

pK;
h5-HT1B
pIC50 Emax pR

h5-HT1D
pIC50

->
Emax

Haloperidol 5.3 5.7 -30 6.3 7.0 -55
Clozapine 6.0 5.8 -33 6.4 6.6 -25
S 16924 7.1 5.8 -20 7.7 7.4 -30
Olanzapine 6.0 6.2 -46 5.8 6.4 -45
Risperidone 7.4 6.6 -35 7.7 8.5 -75
Ziprasidone 8.8 8.2* + 15 8.6 8.6 -41

pKj = affinity; pIC50 = plnhibitory Concentration50 and Emax= maximal efficacy vs 
basal binding (= 100%). *pEC50 = pEffective Concentration50

Serotonin stimulated [35Sj-GTPyS binding at h5-HT)B/!D receptors (+156/+33%) with 
pEC50s of 8.1/8.9, whereas the inverse agonist, methiotepine, inhibited [35S]-GTPyS 
binding (-42/-54 %) with pIC50s of 7.8/8.2. With the exception of ziprasidone, all 
antipsychotics, including clozapine and the novel agent, S 169241, behaved as inverse 
agonists at both receptors. Inverse agonist effects were reversed by the selective and 
"neutral" h5-HTiB/,D antagonist, S 181272. Thus, inverse agonism at h5-HTiB and, 
more markedly, at h5-HT1D receptors is a common feature of antipsychotics. 
However, its functional significance remains to be determined.
'Millan, M.J. et al., J. Pharmacol. Exp. Ther., 286: 1341-1355, 1998.
2Millan, M.J. et al., Am. Soc. Neurosci., 24: 1364, 1998.
This work was supported by Servier Pharmaceuticals.

584.6
MUSCARINIC RECEPTOR SUPERSENSITIVITY IN G PROTEIN - 
COUPLED RECEPTOR KINASE 5 KNOCKOUT MICE. R.R.Gainetdinov,
L.Bohn, J.Walker, S.A.Laporte, S.R.Jones*, A.D.Macrae, M.G.Caron, R.J.
Lefkowitz, R.Premont Howard Hughes Med. Inst., Dept. of Cell Biology, 
Biochemistry and Medicine, Duke Univ. Med. Center, Durham, NC 27710

G protein - coupled receptor kinase 5 (GRK5) is a member of a family 
of proteins involved in phosphorylation of G protein-coupled receptors 
(GPCR), thereby providing a crucial role in signal dampening after agonist 
stimulation. Multiple receptors can be phosphorylated by GRK5 in 
various cell culture preparations. However, the physiological importance 
of GRK5-mediated regulation of GPCRs has not been fully established. 
To answer these questions GRK5 knockout (KO) mice were generated. 
GRK5-KO mice are viable and do not demonstrate gross behavioral 
abnormalities, but show a decreased basal core temperature (1°C). The 
non-selective muscarinic agonist oxotremorine was more potent and 
longer acting in GRK5-KO mice in comparison to wild type littermates in 
producing several characteristic behaviors: hypothermia, hypoactivity, 
tremor and salivation. In addition, the antinociceptive effect of 
oxotremorine in the hot plate test was also potentiated and prolonged. 
Another muscarinic agonist, carbachol, was also found to be more 
effective in decreasing heart rate in isolated atria of GRK5-KO mice. 
Interestingly, GRK5-KO mice did not exhibit any differences in several 
behaviors mediated by dopamine and serotonin (5HT1A) receptors. 
These data demonstrate in an in vivo animal model that GRK5-mediated 
regulation of GPCR signaling is physiologically relevant and that 
muscarinic (M2) receptors are physiological targets for this kinase. 
Supported in part by NIH grant HL 16037(R.J.L.), NS 19576 (M.G.C.) 
and a Bristol Myers Squibb Unrestricted Award (M.G.C.).

584.7

STUDY OF MU OPIOID RECEPTOR PHOSPHORYLATION BY C- 
TERMINUS DELETION AND POINT MUTATION OF THE RECEPTOR H.
B. Deng, Y, Pak\ S. GEORGE*, G. R. Uhl°and J. B. Wang* DeptofPharm 
Sci, Sch of Pharmacy, UMB, Baltimore, 21201,DMol Neuro Branch, NIDA,
NIH and Dept. of Neuro and Neurosci, JHU Sch of Medicine, Baltimore, MD, 
21224, Dept. of Pharm, #U. of Toronto, Toronto Canada

To understanding the mechanism of the mu opioid receptor phosphorylation it 
is critical to determine which domains and amino acid residues are 
phosphorylated within the receptor under specific stimulatory conditions. The 
role of the C-terminus in agonist-mediated receptor phosphorylation was 
determined by examining the C-terminal deleted or point-mutated mu opioid 
receptors in receptor phosphorylation. Both wild type and structurally altered 
mu opioid receptors were stably expressed in Chinese hamster ovary cells. The 
receptor expressions were confirmed by receptor radioligand binding and 
immunoblotting. Exposure to 1 pM of DAMGO causes phosphorylation in both 
wild type and mutated mu opioid receptors, however, the level of receptor 
phosphorylation in the mutated receptor is less intense in comparison with that 
of the wild type. In correlating with receptor phosphorylation, the role of the 
mutated receptors in agonist-induced desensitization was also studied by 
adenylyl cyclase inhibition assay. The mutant receptors show a partial loss of 
DAMGO-induced desensitization. Taken together, these results suggest that C- 
terminal portion of the mu opioid receptor participates in agonist-mediated 
receptor phosphorylation and desensitization, but this domain is not the only one 
involved in mu opioid receptor phosphorylation and desensitization.

This work was supported by in part by PhRMA Faculty Development Award 
to JBW and NIH Grant DAI 1925A to JBW.

584.8

Signaling Molecules That Interact with Dopamine D2 
Receptors.

L. Tang*, G. Rawadi, P. Weissensee, J. Cai, K. Dyer, S. Kongsamut*, N. 
Reidel and A. Sandrasagra. Gene Expression and *CNS DG, Hoechst 
Marion Roussel, Bridgewater, New Jersey.

D2-like dopamine receptors are important for a variety of normal 
physiological functions (neuronal development, differentiation and 
neurotransmission). They have also been implicated in the 
pathophysiology of schizophrenia, Parkinson’s disease and other major 
health problems. We have identified novel signaling molecules that interact 
with intracellular domains of D2-like receptors using the yeast two hybrid 
system in an effort to elucidate the molecular mechanisms via which D2- 
like receptors modulate neuronal development and differentiation. Here 
we report the identification of two molecules that specifically interact with 
the C-terminal tail of the human D2 receptor. These molecules include a 
chloride channel protein and a transmembrane glycoprotein that is 
involved in embryogenesis and neuronal differentiation. Experiments 
characterizing the interactions of these molecules with D2-receptors in 
mammalian cell lines are ongoing. Our data demonstrating that D2- 
receptors physically interact with proteins involved in neurotransmission 
and differentiation will provide additional insights into the signal 
transduction mechanisms and possible in vivo functions of dopamine D2 
receptors.
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584.9

Characterization  of  non -adrenergic  [3H]atipamezole  binding  to
RAT LIVER AND RECOMBINANT CYTOCHROME P450 ENZYMES. B, Sidholm1,
J.-M. Savola2, P. Taavitsainen3,1. Holopainen’* and M. Schemin’. ’Dept. of 
Pharmacol, and Clin. Pharmacol., Univ. of Turku, Fin -20520 Tuiku, 2Juvantia 
Pharma Ltd., Turku, 3Dept of Pharmacol, and Toxicol., Univ. of Oulu, Oulu, Finland.

Atipamezole [ATI; 4-(ethyl-2,3-dihydro-lH-inden-2-yl)-lH-imidazole] was 
first introduced as a potent and specific a2-adrenoceptor antagonist, but in rat 
brain, lung and kidney, [3H]ATI also identifies populations of non-adrenergic 
binding sites distinct from both classical a2-adrenoceptors and previously 
described imidazoline binding sites or I-receptors. It has been shown that 
imidazoline I2-receptors are associated with mitochondrial monoamine 
oxidases (MAOs), enzymes catalyzing the oxidative deamination of 
endogenous and exogenous amines. The binding site is located in a domain 
distinct from the catalytic site of the enzyme. Now, determined by enzyme 
activity measurements, ATI appears to have high affinity for another group of 
enzymes, i.e. cytochrome P450s (CYPs). These enzymes are involved in the 
oxidative metabolism of numerous endogenous and exogenous substrates.
ATI had highest affinity for CYP2C19, CYP2D6 and CYP3A4, IC50-values being
0.19 pM, 0.32 pM and 0.60 pM, respectively. We have now carried out 
radioligand binding experiments with rat liver membranes and microsomes. 
Saturation assays indicated that the non-adrenergic binding of [3H]ATI is 
enriched in rat liver microsomes. The total capacity of specific [3H]ATI 
binding was increased from 10.6 pmol/mg liver membrane protein to 22.7 
pmol/mg of microsomal protein. In conclusion, [3HJ ATI appears to bind to a 
non-adrenoceptor site in rat liver microsomes, probably to one or several 
isoenzymes of CYP450.
Support. Technology Development Centre of Finland, O. Oflund’s Foundation.

CANNABINOID RECEPTORS

585.1

LACK OF MORPHINE REWARDING EFFECTS IN CANNABINOID CBi 
RECEPTOR KNOCKOUT MICE. W.Fratta* G.Cossu , C.Ledent0,
L.Fattore , A.ImperatOA, G.A.BohmeA, M.Parmentier°, "B. B. Brodie” 
Department of Neuroscience, University of Cagliari, 09124 Cagliari, Italy; 
’I.R.B.H.N., Universite Libre de Bruxelles, N-1070-Bruxelles, Belgium; 
ARhdne-Poulenc-Rorer S.A. Centre de Recherche de Vitry-Alfortville, 94403 
Vitry sur Seine, France.

Cannabinoids are known to produce a variety of effects very similar 
to those elicited by opioids, suggesting that endogenous cannabinoid and 
opioid systems could be, at least in part, functionally linked. In the present 
study we have evaluated the effect of WIN 55,212-2 a synthetic agonist of 
CBi receptors, morphine, cocaine and amphetamine on intravenous (i.v.) 
self-administration (s.a.) in cannabinoid CBi receptor knockout mice in 
comparison with their wild type control mice. CBi knockout mice were 
generated as previously described (C.Ledent et al. Science 283, 401; 
1999); i.v. s.a. was carried out according to Martellotta et al. (Neuroscience 
85, 327; 1998). Results of this study indicate that WIN 55,212-2 (0.1 mg/kg 
inj.), morphine (0.004 mg/kg inj.), cocaine (0.1 mg/kg inj.) and d- 
amphetamine (0.1 mg/kg inj.) significantly stimulated i.v. s.a. in wild type 
control mice. However, only cocaine and d-amphetamine induced the same 
effect in CBi knockout mice while WIN 55,212-2 and morphine failed to 
induce i.v. s.a. These results indicate that the cannabinoid CBi receptor is 
essential not only for cannabinoid rewarding effects but also for morphine 
rewarding effects suggesting the existence of a functional interaction 
between the endogenous cannabinoid and opioid systems. The specificity of 
such interaction is supported by the fact that contrary to morphine, both 
cocaine and d-amphetamine were self-administered by mice at the same 
extent, either in presence or in obsence of CB1 receptor.

585.2

LACK OF ENHANCEMENT OF LIMBIC DOPAMINE RELEASE IN 
RESPONSE TO MORPHINE IN THE CBI RECEPTOR KO MICE.
M.S. Mascia1, A. Bohme2, C. Ledent3, M. Parmentier3, A. Imperato2* and W.
Fratta1. ’B.B. Brodie Dept. of Neuroscience, Univ. of Cagliari, 09124 
Cagliari, Italy, 2Rhone-Poulenc Rorer S.A., Centre de Recherche de Vitry 
Alfortville, 94403 Vitry-sur-Seine, France, and 3IRIBHN, Univ. Libre de 
Bruxelles, B-1070, Brussels, Belgium.

CBI receptor KO mice have been recently generated and shown to not 
respond to the classical effects induced by A9-tetrahydrocannabinol (A9-THC) 
as well as to the self-administration of WIN 55212-2. Since, in CBI KO 
mice a reduction of the rewarding properties of morphine has also been 
shown, we studied whether morphine is able to stimulate the limbic 
dopaminergic system, considered to be responsible of reward mediation, in 
both the CBI KO and wild-type mice.

We found that when morphine, 10 mg/kg sc, is administered to the wild- 
type mice it increases the release of dopamine from the nucleus accumbens 
with the maximal increase of 100% observed 20 min after the injection and 
which lasts significantly for more than 1 hour. In contrast, the same dose of 
morphine does not modify the release of dopamine in CBI KO mice.

These results confirm and extend previous findings of an interaction 
between cannabinoid and opiate systems in the expression of the rewarding 
properties of morphine. Moreover, our results taken together with those 
showing absence of morphine self-administration in CBI KO mice (see 
Fratta et al., this meeting), provide evidence for cannabinoid receptors being 
essential for the expression of self-administration, reward and stimulation of 
limbic dopamine by morphine.

585.3

ENHANCEMENT OF MEMORY IN CBi RECEPTOR KNOCKOUT MICE.
M.Reibaud1, M-C. Obinu1, C, Ledent2, M, Parmentier2, G.A. Bohme1, M, N. Castel-Barthe1*
and A. Imperato1, 1 Rhone-Poulenc Rorer CRVA, F-94403, Vitry/Seine, France and2IRIBHN, 
Univ. Libre de Bruxelles B-1070, Brussels, Belgium.

Cannabinoids exert their actions in the brain of humans and animals, through CBi receptors. 
Different studies have shown that AMetrahydrocannabinol (A9-THC), and its synthetic 
agonists, produces memory deficits in several animal species including humans. The memory 
impairment is similar to that produced by neurochemical lesions of the hippocampus. CBi 
receptors are found along the perirhinal-entorhinal cortices-hippocampus circuit, suggesting 
an important role in modifying the normal flow of information in the hippocampus. Very 
recently, CBi receptors knockout mice have been generated which do not respond to A9-THC. 
Such animals could provide a powerful tool to study the role of CBi receptors in memory 
processes. Object recognition tasks are widely used in humans to test some aspects of 
working memory and to characterize amnesic syndromes. In mice, the test is based on the 
spontaneous tendency of animals to explore a novel object. It consists of a first trial during 
which mice are placed in an open field in the presence of an object and a second trial during 
which mice are allowed to explore the open field in the presence of a familiar object 
(previously explored) and a novel object. A recognition index (Rl) was determined. Recognition 
memory is assessed here by comparing the time spent exploring each object during the 
second trial performed 3, 24 and 48h after the first trial. Under these conditions, when the 
memory test is done 24h or 48 hours after the training session, the Rl in the wild-type animals 
declined since the animals were not anymore able to recognize the familiar object. In contrast, 
the CBi-KO mice at 24h and also at 48h after the training, still keep the Rl above 50, which 
suggest that they recognized the familiar object and that in CB1-KO mice memory is superior 
as compared to control animals. The impairment of memory by A9-THC and synthetic A9-THC 
analogues and its improvement in CBi receptors knockout mice suggest that endogenous 
cannabinoids tonus, in physiological conditions, is involved in the modulation of memory and 
may play an essential role in «forgetting » of stored stimuli following retrieval.

585.4
WILD TYPE hCBl CANNABINOID RECEPTORS ABOLISH SIGNALING BY 
OTHER RECEPTORS: RESCUE BY G PROTEIN SUBUNIT EXPRESSION. D.
L. Lewis* and C. Vasguez. Department of Pharmacology and Toxicology, Medical 
College of Georgia, Augusta, GA 30912.

Previously we have shown that heterologous expression of human CBI 
cannabinoid receptors (hCBl) in rat superior cervical ganglion neurons abolished the 
inhibition of the Ca2+ current by the G^-coupled receptors for norepinephrine (NE) 
and somatostatin. We hypothetized that hCBl cannabinoid receptors sequestered Gi/0 
proteins so that they were no longer available to couple to the native receptors for NE 
and somatostatin. We hypothetized that we could rescue NE signaling by expression 
of Gi/0 subunits. To test this hypothesis nuclei of individual neurons were coinjected 
with 100 ng/pl each of G„oB, Gpi, Gy3 and hCBl cDNA and 10 ng/pl green 
fluorescent protein cDNA. In injected neurons the cannabinoid agonist WIN 55,212-2 
(1 pM) decreased the Ca2+ current 45.0+2.0% (n=4) and norepinephrine (NE, 10 pM) 
decreased the Ca2+ current 46.0±2.4% (n=4). These results show that overexpression 
of G proteins rescued the effect of NE in neurons expressing hCBl cannabinoid 
receptors. NE decreased the Ca2+ current 55.4±1.8% (n=4) in uninjected neurons but 
had no effect in neurons expressing hCBl (0.8±1.3%, n=8). We also tested whether a 
mutant hCBl receptor, K192A, could sequester G proteins. In neurons injected with 
the K192A mutant hCBl cDNA (100 ng/pl), WIN 55,212-2 decreased the Ca2+ 
current 43.2+1.9% (n=8) and NE inhibited the Ca2+ current 53.2±2.9% (n=8). These 
results show that the mutant K192A receptor, unlike the wild type hCBl receptor, 
does not block the effect of NE. These results suggest that the K192 site plays a role 
in the ability of the cannabinoid receptor to sequester G proteins. The ability of the 
wild type hCB 1 cannabinoid receptor to sequester G proteins and prevent them from 
coupling to other G^-coupled receptors suggests that the cannabinoid receptor has a 
high affinity for G proteins which are in limited supply.

Supported by the National Institute on Drug Abuse DA 10350.
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585.5
DIFFERENTIAL DISPLAY OF GENES REGULATED BY COCAINE AND 
CANNABINOIDS. E. S. Onaivi'*, J. R. Hubbard12, A. Aileru3, and B. E. 
Akinshola4. 'Vanderbilt Uni. Sch. Med., and 2VAMC, Nashville TN, 3Winston 
Salem State Univ., and 4Howard Urn Coll. Med., Washington DC 20059.

We have continued to utilize multidisciplinary approaches to understand the 
biological basis underlying the pre-clinical and human aspects of genes regulated 
by cocaine and cannabinoids. There is experimental evidence for mammalian 
endogenous marijuana (endocannabinoid) system. Previous studies using PCR 
differential display (DDPCR) screening has identified a rat cocaine and 
amphetamine regulated transcript (CART). In the pre-clinical studies, we have 
obtained preliminary data on the sequences of five ESTs that are differentially 
expressed in the ICR mouse brain chronically treated with 10 mg/kg cocaine or 
anandamide in comparison to vehicle treated control mice. Other groups of ICR 
mice treated with 10 mg/kg methanandamide or 3 mg/kg of the cannabinoid 
receptor (Oir) CB1 antagonist SR141716A for 14 days were analyzed by Western 
blotting using a rat Cnr CB1 antibody. Methanandamide, an agonist, decreased 
while the antagonist SR141716A, increased the Cnr CB1 protein in mouse brain. 
For the on-going clinical studies, the influence of gender and ethnicity on the 
expression of Cnrs and their gene transcripts in a number of neuropsychiatric 
diagnosis will be determined. In blood samples from 23 adult male and female, 
non-marijuana using subjects, the immunoblot data using the Cnr CB1 antibody 
indicated that human Cnrs and their gene transcripts can be analyzed in blood 
samples when combined with PCR. Furthermore the expression of Cnrs appears 
to vary according to ethnic background with Whites>Blacks>Asians. The 
identification of genes regulated by abused drugs like cocaine and cannabis may 
become potential therapeutic and neuropsychiatric diagnostic targets. Supported 
by NHLBI K14 HL03319.

585.6

TIME-DEPENDENT DIFFERENCES OF REPEATED ADMINISTRATION WITH A9- 
THC IN PROENKEPHALIN AND CANNABINOID RECEPTOR GENE 
EXPRESSION AND G-PROTEIN ACTIVATION BY g-OPIOID AND CB,- 
CANNABINOID RECEPTORS IN THE CAUDATE-PUT AMEN Jose A Fuentes* J. 
Corchero1, J. Romero2. F, Berrendero2, J, Fernandez-Ruiz2, J.A, Ramos2 and J.
Manzanares1*.'Dept. Farmacologia, F. Farmacia and U. Cartografia Cerebral, Institute 
Pluridisciplinar, and 2Dept Bioquimica y Biologia Molecular, F. Medicina, Univ. 
Complutense, 28040 Madrid, Spain.

The present study was designed to examine the time-related effects of repeated 
administration of A’-THC during 1, 3, 7 and 14 days on cannabinoid and p-opioid 
receptor agonist-stimulated [35S]GTPyS binding, and CB, cannabinoid receptor and 
proenkephalin gene expression in the caudate-putamen.

Repeated administration with A9-THC produced a time-related reduction in 
cannabinoid receptor synthesis and activation of signal transduction mechanisms. Indeed, 
WIN-55,212-2-stimulated [35S]GTPyS binding diminished 24% on day 1 and then 
progressively decreased down to 42% decrease on day 14. Similarly, CB, cannabinoid 
receptor mRNA levels decreased (22%) on day 3, reaching 50% reduction on day 7. In 
contrast, a pronounced increase is detected in DAMGO-stimulated [35S]GTPyS binding 
and proenkephalin mRNA levels. The highest degree of increase was reached on day 7 
of the treatment (35% of proenkephalin mRNA levels and 62% of DAMGO-stimulated 
[35S]GTPyS binding) and then values slightly decreased on day 14.

Taken together, the results of the present study indicate that, repeated administration 
with A9-THC produces a time-related increase in proenkephalin gene expression and p- 
opioid receptor activation of G-proteins, and in turn a time-related decrease in CB, 
receptor gene expression and reduction in CB, cannabinoid receptor activation of G- 
proteins. This interaction between the cannabinoid and opioid systems in the caudate- 
putamen which may be relevant to better understand the alterations of motor behavior 
associated with prolonged exposure to cannabinoids.

585.7

CANNABINOID EFFECTS ON PAIRED PULSE DEPRESSION IN THE 
RAT HIPPOCAMPAL SLICE A. Al-Havani, G, Paton, R.G. Pertwee and 
S.N. Davies. (SPON: British Neuroscience Association) Department of 
Biomedical Sciences, Institute of Medical Sciences, University of Aberdeen, 
Aberdeen, AB25 2ZD, Scotland.

There is evidence from highly reduced preparations that cannabinoids 
both inhibit release, and inhibit uptake, of GABA. However it is unclear 
which, if either, of these potentially conflicting effects is functionally 
important in more intact preparations. Paired pulse depression in the 
hippocampal slice provides a functional index of the strength of GABAergic 
inhibition and we have used it to address this question.

Extracellular field recordings of population spikes were made from the 
CA1 region of rat hippocampal slices. Responses were evoked by 
stimulation of the Schaffer collateral commissural fibres with the stimulus 
strength set to evoke a half maximal population spike. Paired pulse 
stimulation typically resulted in depression of the second (test) response at 
intervals of up to 40 msec. Perfusion of pentobarbitone (100pM) caused a 
large increase in the strength of paired pulse depression, whereas picrotoxin 
(0.5qM) tended to decrease paired pulse depression. The cannabinoid 
receptor agonist, WIN55,212-2 (1-5pM) caused a significant decrease in the 
strength of paired pulse depression whereas the GABA uptake inhibitor, 
nipecotic acid (500pM), had no significant effect. These effects occurred in 
the absence of any change in the first (conditioning) population spike 
amplitude.

The results suggest that the extent of paired-pulse depression is 
dependent upon the strength of GABAergic transmission, but that inhibition 
of GABA uptake does not affect this. Instead, the cannabinoids action in 
inhibiting GABA release may be functionally more significant.

We thank the University of Aberdeen for support.

585.8

EXPRESSION OF THE CANNABINOID RECEPTOR CB1 IN DISTINCT 
NEURONAL SUBPOPULATIONS OF THE ADULT MOUSE FOREBRAIN. G. 
Marsicano and B. Lutz*. Molecular Genetics of Behaviour, Max-Planck-Institute of 
Psychiatry, Kraepelinstr. 2-10, D-80804 Munich, GERMANY.

The recently discovered cannabinoid system is involved in many functions of the 
mammalian brain, such as control of motor behaviour, learning and memory, 
cognition and pain perception. To understand physiological and pharmacological 
mechanisms of cannabinoids' action, it is a prerequisite to determine the CB1- 
positive neurons at single cell resolution. Based on morphological features, CB1- 
expressing neurons in hippocampus and other cortical regions have been proposed to 
be GABAergic. To test this notion, we performed a double ISH study on the murine 
forebrain, using a probe for CB1 in combination with probes for glutamic acid 
decarboxylase 65k (GAD 65), for the calcium binding proteins parvalbumin (PV), 
calretinin (CRT) and calbindin D28k (C28), and for the neuropeptide cholecystokinin 
(CCK), respectively. Our results revealed that CB1-expressing cells can be divided 
into distinct neuronal subpopulations. One general criteria is characterized by the 
levels of CB1 expression. The majority of high CB 1-expressing cells are GABAergic 
neurons belonging partly to the CCK-positive and PV-negative type of intemeurons 
(basket cells), and at lower extent to the C28-positive mid-proximal dendritic 
inhibitory intemeurons. Low CB 1-expressing cells are only partly GABAergic. In 
hippocampus, amygdala and entorhinal cortex area, CB1 mRNA is present at low but 
significant levels in many non-GABAergic cells that can be considered as projecting 
CCK-positive principal cells. The high degree of CB1 coexpression with GAD 65 and 
with CCK opens new perspectives to understand the mechanisms by which 
cannabinoids exert their modulatory effects in the forebrain.
Supported by the Max-Planck-Gessellschaft

585.9

CANNABINOIDS ENHANCE NMDA-EVOKED CALCIUM SIGNALS 
IN CEREBELLAR GRANULE NEURONS VIA PHOSPHOLIPASE C 
AND CALCIUM RELEASE FROM IP3-GATED STORES.
D.L. Gruol*, S.M. Conroy, C. Trotter and J.G. Netzeband. Dept. 
NeuropharmacoL, The Scripps Research Institute, La Jolla, CA 92037.

A physiologic role for cannabinoids in the CNS is indicated by the 
presence of endogenous cannabinoids and specific cannabinoid receptors 
on CNS neurons, although the cellular mechanisms of cannabinoid 
actions in the CNS have yet to be fully defined. Recently, we reported a 
novel action of cannabinoids (via a pertussis toxin-sensitive cannabinoid 
receptor) to enhance NMDA-evokea Ca2+ signals in cerebellar granule 
neurons in culture (Netzeband et al., 1998, Soc.Neurosci.Abstr. 24:325). 
In the present studies, we have further examined the source of the 
enhanced Ca2+ signal and the signaling pathways involved with the 
cannabinoid modulation. Caffeine (20 mM) and thapsigargin (1 p.M), 
agents that modulate Ca2+ release from stores, blocked the cannabinoid 
enhancement of NMDA-evoked Ca2+ signals in the granule neurons, 
suggesting the involvement of Ca2+ stores in the cannabinoid modulation. 
Moreover, we found that the IP3 receptor antagonist xestospongin C (1 
pM) blocked the cannabinoid action, whereas the ryanodine receptor 
antagonist dantrolene (10 pM) was without effect. In additional studies, 
the phospholipase C inhibitor U73122 (1-2 pM) blocked the cannabinoid 
enhancement of the NMDA-evoked Ca2+ signal, whereas pharmacological 
agents that interfere with the adenylyl cyclase/cAMP cascade did not block 
the cannabinoid modulation. Our data show that cannabinoids can enhance 
Ca2+ signals to NMDA through an action on intracellular Ca2+ stores, in 
addition to the known action of cannabinoids to inhibit voltage sensitive 
Ca2+ channels. These results indicate that cannabinoid modulation of 
Ca2+ homeostasis and signaling may represent important actions of the 
endogenous cannabinoid system in the CNS. Supported by DA 10187.

585.10

INHIBITION OF SPONTANEOUS CELL FIRING IN THE GLOBUS 
PALLIDUS OF THE ADULT RAT BY THE CANNABINOID AGONIST 
CP55940 IS ATTENUATED BY KYNURENIC ACID BUT NOT 
BICUCULLINE METHIODIDE. D.E. Traul* and H.C. Rosenberg. Dept. of 
Pharmacology, Medical College of Ohio, Toledo, OH. 43614.

This study explored the effect of CP55940 on the spontaneous discharge of 
neurons in the globus pallidus (GP) of anesthetized adult male Sprague- 
Dawley rats. Increasing concentrations of CP55940 (0.005, 0.01, 0.05 and
0.5 mg/ml) were pressure ejected via a multi-barreled glass electrode (0.8-1.2 
MQ) lowered into the GP. CP55940 inhibited spontaneous cell firing in a 
concentration-dependent fashion, up to a 43% reduction in firing rate. The 
vehicle, 45% 2-hydroxypropyl-P-cyclodextrin, had no effect. The CP55940 
effect was blocked by co-application of the cannabinoid receptor antagonist, 
SR141716A (0.3 mg/ml). To see if cannabinoids might modulate excitatory 
and/or inhibitory transmission in the GP, CP55940 (0.5 mg/ml) was co-
ejected with either the GABAa  receptor antagonist, bicuculline methiodide 
(BMI; 10 mM), or the broad spectrum glutamate receptor antagonist, 
kynurenic acid (KYN; 1 mM). Local pressure application of BMI increased 
cell firing by 17%. However, co-administration of CP55940 during the last 8 
min of BMI ejection still resulted in a 44% reduction of cell firing. Local 
application of KYN significantly inhibited cell firing by 41%. Co-ejection of 
CP55940 during the last 8 min of KYN produced no further effect. These 
data, along with the pre-synaptic localization of cannabinoid receptors, 
suggest that CP55940 acts in GP mainly to modulate glutamate 
neurotransmission. This is in contrast to the situation in the substantia nigra 
reticulata, in which cannabinoids appear to act by affecting GABA 
neurotransmission. Supported by Ohio Board of Regents.
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585.11

Effects of Multiple Neurochemical Systems on Cannabinoid Antagonist- 
Precipitated Withdrawal Behaviors. G.L McLemore*, K. Tsou, and J. M, 
Walker The Alan M. Schrier Research Laboratory, Brown University, Provi-
dence, Rl 02912, U.S.A.

Administration of the cannabinoid antagonist, SR141716A, induced a 
profound precipitated withdrawal syndrome in A^HC-tolerant rats. We 
hypothesized that some of the behavioral manifestations of cannabinoid 
withdrawal may be attenuated or potentiated by agonists (i.e., clonidine: 
ci2- adrenergic; 8-OH-DPAT: serotonergic 5-HT-|A or bethanechol: 
muscarinic cholinergic) or antagonists (i.e., yohimbine: a2_ adrenergic; 
mianserin: serotonergic 5-HT2, or scopolamine: muscarinic cholinergic) 
targeting specific neurochemical systems. Rats were rendered tolerant to 
A9THC by twice daily injections (15 mg/kg, i.p.) for 6.5 days. On the test 
day, after the last injection of A9THC, animals were pretreated with saline, 
an agonist or antagonist. Immediately after administration of SR141716A 
(5 mg/kg, i.p.), the following withdrawal behaviors were observed for 60 
min: horizontal and vertical activities, grooming, wet dog shaking, vacu-
ous chewing, forepaw shaking and scratching. Results suggest that 
clonidine (0.2 mg/kg, i.p.) administration significantly attenuated horizon-
tal activity, grooming, wet dog shaking and scratching; yohimbine (1 mg/ 
kg, i.p.) potentiated horizontal and vertical activities. Administration of 
8-OH-DPAT (1 mg/kg, i.p.) significantly attenuated vacuous chewing, 
grooming and forepaw shakes; mianserin (10 mg/kg, i.p.) potentiated ver-
tical activity and significantly attenuated grooming. Bethanechol (2 mg/ 
kg, i.p.) administration potentiated vertical activity and grooming; scopo-
lamine (3 mg/kg, i.p.) potentiated horizontal and vertical activities, and 
vacuous chewing. These results suggest that multiple neural substrates 
are involved in the development of cannabinoid dependence. Support: 
NIH/NIDA K02DA00375, DA10043, DA10536.

585.12
NEUROPSYCHOPHARMACOLOGY OF THE CANNABINOID SYSTEM IN 
cLH AND cNLH RATS. J. E. Moreton,* W. Niwatananun and E. Edwards. 
Department of Pharmaceutical Sciences, University of Maryland School of 
Pharmacy, Baltimore MD 21201.

The objective of this study was to characterize the 
neuropsychopharmacological responses and receptor characteristics of the 
congenital learned helpless rat (cLH) and its counterpart, the non-leamed 
helpless rat (cNLH) to the type I cannabinoid receptor (CBI) agonist WIN 
55212-2. The cLH rat which was bred for susceptibility Jo learned helpless 
behavior is an experimental model of depression. Two experiments, a behavioral 
study and a receptor binding study were performed. In the behavioral study, the 
locomotor, antinociceptive, hypothermic and cataleptic effects of WIN 55212-2 
were evaluated at 10-20,20, 60 and 90 min after subcutaneous injection. WIN 
55212-2 dose dependently decreased locomotor activity in all doses tested. It was 
only the 1.0 mg/kg dose that reached significant difference. WIN 55212-2 
produced comparable antinociceptive effects in cLH and cNLH rats in both hot-
plate and tail-flick tests in dose-dependent manner. WIN 55212-2 decreased 
body temperature in both cLH and cNLH rats dose dependently. However, this 
decrease in body temperature was significantly greater in the cLH rats. By 
contrast, the cLH rats showed less cataleptic response to WIN 55212-2 (2.0-8.0 
mg/kg) compared to the cNLH rats. In the receptor binding study, the baseline 
Bmax and Kd of the CBI receptor in the striatum, cortex, hippocampus and 
cerebellum tissue homogenate were determined using [3H]WIN 55212-2. The 
only difference was a significantly greater CBI receptor density in the 
hippocampus of the cLH rats (Bmax, fmol/mg protein: 1021±56, cLH vs. 
631±43,cNLH). Currently, studies of the cellular mechanisms of CBI receptor 
regulation are underway in the cLH and cNLH rats in order to understand the 
role of the cannabinoid system in this animal model of depression.

585.13

COUPLING OF THE EXPRESSED CANNABINOID CB1 AND CB2 
RECEPTORS TO PHOSPHOLIPASE C AND G PROTEIN-COUPLED 
INWARDLY RECTIFYING K CHANNELS. B Y. Ho1*Y. Uezono2 S. 
Takada2.1. Takase2 F. Izumi2. ’Department of Pharmacology, University of 
North Dakota, Grand Forks, ND 58202-9037 USA and ^Department of 

Pharmacology, University of Occupational and Environmental Health, School 
of Medicine, Yahatanishi-ku Kitakyushu 807, Japan.

Signaling of the cannabinoid CB1 and CB2 receptors+through phospholipase 
C (PLC) and G protein-coupled inwardly rectifying K channels (GIRK) was 
studied after their expression in COS7 cells and Xenopus oocytes. The CB1 
or CB2 receptor was co-expressed with a subunits of the Gaq family (Gaq, 
Ga11- Ga14- Ga15 and Ga16^in C0S7 cells. Receptor-dependent activation 
of PLC was observed after co-expressing the CB1 receptor with G«14' Ga15 
or Ga1g but not with Gaq or Ga1 Co-expression of Gp-j and Gy2 abolished 
the activation, indicating that the activation was mediated by Ga. PLC 
activation was not observed when the CB2 receptor was expressed alone or 
co-expressed with any of the above Ga subunits. Coupling to GIRK was 
observed with both CB1 and CB2 receptors after expression in Xenopus 
oocytes. Significantly larger currents were induced when the receptor was 
co-expressed with both GIRK1 and GIRK4 than with either GIRK alone. Co+ 
expression of Ga transducin with the receptor significantly reduced the K 
currents, indicating that GIRK activation was mediated by Gpy but not by Ga. 
These findings suggest two new signaling pathways for the cannabinoid 
receptors. Supports from National Institute on Drug Abuse, Pharmaceutical 
Research and Manufacturers of America Foundation (B.Y.H.) and the Human 
Frontier Science Program (Y.U.).

585.14
GONADAL STEROIDS ROLE IN THE EFFECTS OF A9-THC ON PENK AND 
POMC GENE EXPRESSION IN THE HYPOTHALAMUS OF MALE AND FEMALE 
RATS. J, Manzanares?* J. Corchero and J.A. Fuentes. Dept. Farmacologla, F. Farmacia 
and U. Cartografia Cerebral, Instituto Pluridisciplinar, UCM, 28040 Madrid, Spain.

The purpose of the present study was to examine the role of estradiol (EST) and 
dihydrotestosterone (DHT) on opioid gene expression in the hypotalamus of basal and 
A’-THC-treated intact, -gonadectomized and hormone-replaced male and female rats. 
Experiments were carried out on intact, 2 week-gonadectomized, 1 -week-gonadectomized 
1-week EST or DHT replaced male and female rats under basal conditions. A similar set 
of experimental groups were treated with vehicle or A9-THC (5 mg/kg/day, i.p, 7 days). 
Twenty pm coronal brain sections at the level ventromedial (VMN) and arcuate nuclei 
(ARC) of the hypothalamus were processed for in situ hybridization histochemistry using 
oligonucleotide probes complementary to PENK and POMC genes.

Under basal conditions, PENK and POMC mRNA levels in VMN and ARC were 
approximately 30% higher in male than in female. Ovariectomy decreased 32% PENK 
mRNA levels in VMN, but was without effect in EST-treated females. By contrast, 
orquidectomy decreased (32%) PENK mRNA levels in the VMN, but DHT did not block 
this decrease in orquidectomized males. On the other hand, ovariectomy increased 40% 
POMC mRNA levels in ARC, but was without effect in EST-treated females rats. In 
males, orquidectomy decreased (41%) POMC mRNA levels in the ARC, and DHT 
replacement failed to block this effect.

In the second set of experiments, A9-THC administration increased in a similar degree 
of magnitude PENK and POMC gene expression in intact, gonadectomized and DHT- 
treated males. By contrast, in females treatment with A9-THC increased PENK gene 
expression (29%) only in ovariectomized rats and POMC gene expression (27%) only in 
the ovariectomized-EST replaced rats.

These results suggest sexual differences in the actions of chronic exposure to 
cannabinoids on PENK and POMC gene expression in the mediobasal hypothalamus. It 
appears that EST may play a key role in the actions of cannabinoids in female rats, this 
suggesting that females exhibit a potential greater vulnerability to drug abuse than males.

585.15

VISUALIZATION OF FUNCTIONAL CBI CANNABINOID RECEPTORS IN 
THE HUMAN CNS BY [35S]GTPyS AUTORADIOGRAPHY. N.C. Day*. KJ 

Page. J.N. Mitchell, G.S. Baxter and A.M. Brown. Pharmagene Laboratories, 
Orchard Rd, Royston, Herts, SG8 5HD, UK.

Cannabinoid receptors belong to the superfamily of G protein-coupled 
receptors (GPCRs). Activation of G proteins can be detected by measuring 
[35S]GTPyS binding following stimulation with receptor agonist in the presence 

of high [GDP]. This technique can be applied to tissue sections, using 
autoradiographical detection, to allow anatomical resolution of receptor 
activation. We have used [35S]GTPyS autoradiography to study cannabinoid 

receptor function in seven regions of the human CNS (n=3 donors). Briefly, 
sections were pre-incubated in assay buffer (containing 0.3mM GDP) for 30min, 
followed by incubation with O.lnM [35S]GTPyS in the presence and absence of 

lOpM CP55.940 for 2h. Sections were then washed, dried and apposed to 
phosphor screens or x-ray film. For comparison, [3H]CP55,940 autoradiography 
was performed on sections from the same brain regions as above.

In all three donors, CP55,940-stimulated [35S]GTPyS binding was 

observed in: the molecular layer of the cerebellum; the CA regions and dentate 
molecular layer of the hippocampus; the substantia nigra; cingulate cortex; 
frontal cortex; globus pallidus pars interna. No CP55,940-stimulated [35S]GTPyS 

binding was observed in the spinal cord. In the frontal cortex, CP55,940- 
stimulated [35S]GTPyS binding was antagonized by the selective CB1 antagonist, 
AM281 (lpM). The pattern of CP55,940-stimulated [35S]GTPyS binding seen in 

the different brain regions correlated closely with the pattern of binding seen with 
[3H]CP55,940. These findings demonstrate that functional CBI cannabinoid 
receptors can be detected in sections of post-mortem human tissue.

Funded by Pharmagene Laboratories.

585.16
THE ROLE OF ENDOCANNABINOIDS IN THE CONTROL OF 
MOVEMENT AND THE GENERATION OF IN PARKINSONIAN 
SYMPTOMS
V. Di Marzo1, M.P. Hill2, T. Bisogno1, G. AmbrosinoLA. R. Crossman2, D, Bristow2*
and J. M. Brotchie2. 'Istituto per la Chimica di Molecole di Interesse Biologico, CNR, 
Via Toiano 6, 80072 Arco Felice (NA), Italy and division of Neuroscience, School of 
Biological Sciences, University of Manchester, UK. j.brotchie@man.ac.uk

Cannabinoid receptor agonists inhibit rodent motor behaviour and potentiate GABA- 
induced catalepsy. Intra-pallidal administration of cannabinoids reduces the uptake of 
GABA from striatopallidal terminals and inhibits voluntary movement, thus producing 
Parkinson’s disease (PD)-like symptoms. However, to date, no clear correlation has 
been found between the activation of the neuronal pathways that control motor 
behaviour, or their disruption during disorders such as PD, and the levels of the 
endocannabinoids (ECs), anandamide (ANA) and 2-arachidonylglycerol (2-AG) in the 
basal ganglia. We analysed, using isotope-dilution gas chromatography-mass 
spectrometry, brain EC levels in a model of PD, the reserpine-treated rat. In the globus 
pallidus (GP), but not in other regions, we found a 7-fold enhancement of the levels of 
2-AG (from 0.7 to 5.1 nmol/g), but not ANA, as compared to vehicle-treated rats. 
Restoration of locomotion in reserpine-treated rats, as induced by the D2-dopamine 
receptor-agonist, quinpirole (0.1 mg/kg), was accompanied by a reduction of both 
ANA (75%) and 2-AG (53%) levels in the GP. Furthermore, administration of the 
cannabinoid receptor-antagonist SR141716A potentiated the locomotor-stimulant 
effect of quinpirole in the reserpine-treated rat. Our findings indicate that the 
enhancement of an EC tone in the GP, due to increased 2-AG levels in this region, 
may underlie the generation of some symptoms typical of PD.
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585.17
ON THE ROLE OF ENDOCANNABINOIDS IN L-DOPA-INDUCED 
DYSKINESIA
S.H, Fox1, M.P. Hill2, A.R. Crossman2* and J.M. Brotchie2, 1 The Walton Centre for 
Neurology and Neurosurgery, Liverpool and 2 Division of Neuroscience, School of 
Biological Sciences, University of Manchester, UK. j.brotchie@man.ac.uk

The mainstay of treatment of Parkinson’s disease is L-DOPA. Although initially very 
effective, long-term treatment results in the emergence of side effects. These include 
motor fluctuations in particular involuntary movements known as dyskinesias. A key 
abnormality in the neural mechanism underlying L-DOPA-induced dyskinesia is 
underactivity of the output regions of the basal ganglia (medial globus pallidus (GPm) 
and substantia nigra pars reticulata (SNr)). Cannabinoid receptors are located on the 
terminals of the striato-pallidal GABAergic projection neurons and enhance GABA 
transmission. We therefore hypothesise that endogenous cannabinoid receptor agonists 
(endocannabinoids) might be responsible for the generation of L-DOPA-induced 
dyskinesia. MPTP-lesioned marmosets were treated with L-DOPA (lOmg/kg b.d) for 
3 weeks until stable, reproducible dyskinesia was observed. Animals were then treated 
with L-DOPA (8mg/kg p.o.) and the cannabinoid receptor antagonist, SR141716A 
(0.3 and lmg/kg p.o) or vehicle. SR141716A (lmg/kgp.o.) reduced L-DOPA-induced 
dyskinesia without affecting the anti-parkinsonian action of L-DOPA. In the reserpine- 
treated rat model of Parkinson’s disease, SR141716A (lmg/kg i.p.) reduced dopamine 
DI-receptor agonist (chloro-APB; 0.2mg/kg i.p.)-mediated effects. This suggests a 
possible role of endocannabinoids in modulating neurotransmission in the “direct” 
striatal projection to the output regions of the basal ganglia. These data suggest that 
endocannabinoids, released during dopamine DI receptor stimulation, may play a key 
role in the generation of L-DOPA-induced dyskinesia.

585.18

BEHAVIORS PRODUCED BY THE CB, ANTAGONIST, SR 141716A, 
INVOLVE INDIRECT ACTIVATION OF OTHER NEUROTRANSMITTER 
SYSTEMS. N.A. Darmani*. Department of Pharmacology, Kirksville College of 
Osteopathic Medicine, Kirksville, Mo 63501.

Several studies have demonstrated that an acute injection of SR 141716A 
precipitates withdrawal symptoms in rodents chronically exposed to cannabinoid 
agonists. Some of these reports also show that SR 141716A produces wet-dog 
shakes (or head-twitch response = HTR) and scratchings in vehicle-exposed control 
animals. In this study the mechanisms by which SR 141716A produces the cited 
behaviors in naive mice were examined. Acute administration of SR 141716A 
(2.5-20 mg/kg) produced both scratchings and HTR in a dose-dependent manner. 
Since excitation of several receptor systems can result in production of these 
behaviors, the inhibitory action of several relevant antagonists were investigated. 
Antagonists were administered 20 min prior to SR 141716A injection (10 mg/kg). 
The 5-HTaA/c antagonist, SR 46349B (0.1-3 mg/kg) potently and completely 
blocked (ID50 = 0.08 mg/kg) the HTR produced by SR 141716A. The induced 
scratching behavior was also potently (ID50 = 0.6 mg/kg) but partially (68%) 
blocked by SR 46349B. The AMPA/kainate receptor antagonist, CNQX (5-20 
mg/kg), partially (68-70%) attenuated both behaviors. However, the NMDA 
antagonist, AP-3 (4-10 mg/kg), failed to affect the induced symptoms. The NK, 
antagonist, CP 94, 994, (10-20 mg/kg), also partially blocked the induced 
scratching (64%) and HTR (76%). Finally, the cannabinoid agonist, A9-THC (10- 
20 mg/kg), managed to partially block the HTR but not the scratching behavior. 
Since SR 141716A only has affinity for CB1 receptors and cannabinoid agonists 
do not produce such behaviors, it appears that the induction of scratching and HTR 
probably involve indirect activation of the other discussed neurotransmitter 
systems. This study was supported by NIDA grant DA 07627.

585.19

A CARBOXYL-TERMINAL TRUNCATED hCBl CANNABINOID 
RECEPTOR CAN MODULATE CALCIUM CHANNELS IN SCG 
NEURONS. J, Nie. C, Bergson* and D. L. Lewis, Department of 
Pharmacology and Toxicology, Medical College of Georgia, Augusta, GA 30912.

The human hCBl cannabinoid receptor can exist in a tonically active state (Pan et 
al. Mole Pharm 54:1064, 1998). Our hypothesis is that the C-terminus of the 
cannabinoid receptor is involved in the production of this tonic activity. To test this 
hypothesis, a C-terminal truncated mutant hCBl cannabinoid receptor was made by 
deleting amino acids 418 to 472. To determine the functional differences between 
the C-terminal truncated hCBl receptor and the wild type hCBl receptor, both 
receptors were expressed in superior cervical sympathetic ganglion (SCG) neurons 
by microinjection of receptor cDNA. The cDNA of the C-terminal truncated hCBl 
receptor in pCI (Promega) and pEGFP-Nl containing the cDNA for the green 
fluorescent protein (Clontech) were co-injected into the nucleus of SCG neurons at 
a concentration of 200ng/pl and lOng/pl, respectively. Injected neurons were 
identified by expression of the green fluorescent protein. After an overnight 
incubation to allow for receptor expression, receptor function was determined by 
measuring the modulation of Ca2+channels using the patch clamp technique. The 
hCBl receptor agonist WIN 55,212-2 and the inverse agonist SR141716A were 
used to test the activity of the mutant receptor. WIN 55,212-2 inhibited the Ca2+ 
current 34.6% and SR141716A increased the Ca2+ current 34.4% in neurons 
expressing the C-terminal truncated hCBl cannabinoid receptor. These preliminary 
results suggest that the C-terminal truncated hCBl cannabinoid receptor exhibits 
some tonic activity but that the magnitude of this tonic activity may not be as great 
as the wild type hCB 1 receptor. Further studies will determine whether the C- 
terminal domain of the hCB 1 cannabinoid receptor plays a role in modulating tonic 
receptor activity.
Supported by the National Institute on Drug Abuse, grant DA 10350.

SEROTONIN RECEPTORS: 5HT1A—GENETIC ANALYSIS

586.1

Relative levels of 5HT mRNA in extended amygdala, dorsal raphe 
and hippocampus. R.W.McCarley*. R.Basheer, X.Li and D.Rainnie 
Dept of Psychiatry, Harvard Medical School- VA Med.Center, Brockton 
MA. The bed nucleus of stria terminalis (BNST), a component of the extended amygdala,
is thought to be an integral component of those CNS pathways involved in stress and anxiety. 
Recent pharmacological data suggests that a serotonergic input into this nucleus may regulate 
the expression of these affective states. Using whole cell patch-clamp recording from BNST 
neurons in vitro, we have reported that in the majority of the neurons exogenous serotonin 
application (5-HT, 5-100 pM) evoked a membrane hyperpolarization mediated by activation of 
an inwardly rectifying K+ conductance (gIRK+). In other brain regions, such as the dorsal raphe 
(DRN) and hippocampus, a similar 5-HT mediated gIRK+ has been linked to activation of 5- 
HT1A receptors. In contrast, the pharmacological profile of the 5-HT response in BNST neurons 
does not appear to be linked to 5-HT1A receptor activation. The response was not mimicked by 
the specific agonist 8-OH-DPAT, and was insensitive to the 5-HT1A receptor antagonist WAY 
100635. Consequently, we have examined the levels of 5-HT1A mRNA expression in the BNST 
using RT-PCR, and compared this with levels observed from the DRN, hippocampus,and 
basolateral nucleus of the amygdala (BLA) of the same animals.

The DRN and hippocampus were chosen as positive controls because of their well 
established 5-HT1A /gIRK+ receptor/effector complex. The BLA was chosen as a pseudo-
negative control because only 4% of neurons in this area display a postsynaptic 5-HT1A 
receptor profile. We observed that both the DRN and the hippocampus had high levels of 
5HT1A mRNA whereas the levels in BNST were significantly lower (30% of DRN levels, 
p<0.05). These levels were comparable to those levels seen in BLA These results are in 
agreement with the pharmacological profile of BNST neurons and suggest that the gIRK+ 
conductance in response to serotonin release in these neurons may be due either to a splice 
variant of the 5-HT 1A receptor, or another novel 5HT1A like receptor.
Supported by Schizophrenia Res. Center Grant and NIMH39683 (RWM);NIMH57016-01 and 
NAR97RAIN704-01 (DGR).

586.2

5HTiA RECEPTOR DISTRIBUTION IN THE HUMAN BRAIN .
PRELIMINARY PET DATA WITH P-[I8F]MPPF
S. Fuchs1, A. Plenevaux1, C. Degueldre1, C. Lemaire1, J. Aerts1, S. Laureys1, E.
Salmon1, P, Maquet*!, D. Le Bars2, J-F. Pujol2 and A. Luxen1
Cyclotron Research Centre, University of Liege B30. B-4000 Liege, Belgium; 
2CERMEP, 69003 Lyon, France

The para-fluorobenzoyl analogue of WAY-100635 (p-[ l8F]MPPF), a selective 
antagonist of 5HTiA receptors, was developed as a potentially useful radioligand 
for PET imaging. We report preliminary results obtained in 4 healthy volunteers 
(age 20-23 y.) without medical or psychiatric history. [18F]MPPF was injected 
intravenously as a slow bolus, with specific radioactivity ranging from 12.95 to 
37 MBq/pmol. Labelled metabolites were measured in plasma samples obtained 
during the 70 minute uptake period. Dynamic PET acquisition were acquired with 
a Siemens 951/31R scanner in 3D mode and estimated brain MPPF distribution 
during the first 70 minutes after injection (19 frames). For better visualisation, the 
last 10 frames (5 - 45 min. post injection) were summed up. The summed image 
was coregistered to subject’s high resolution Tl-weighted MRI for better 
anatomical localisation. Brain distribution of MPPF is symmetric and 
characterised by a marked uptake in hippocampal formation, amygdala, temporal 
poles, nearby lateral temporal areas and raphe nuclei. This particular distribution 
is consistent with reported 5HTiA receptor distribution in humans and in excellent 
agreement with our own data in rats. In conclusion, [18F]MPPF appears as a 
promising radioligand for exploring brain 5HT|A receptors in humans in vivo.

This research was supported by FNRS grant 3.4550.95F and INSERM / CGRI.
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586.3

EFFECTS OF I.C.V. GALANIN ON THE mRNA EXPRESSION OF 
5-HTia  RECEPTORS AND GALANIN IN THE ASCENDING 
RAPHE NEURONS OF THE RAT BRAIN. H. Razani*. F.-H, Wang. 
K, Fuxe and S.O, Ogren. Dept. of Neuroscience, Karolinska Institutet, 
171 77 Stockholm, Sweden.

Serotonin (5-HT) is involved in a number of physiological condi-
tions such as mood disorders. The major ascending 5-HT neurons are 
found in the raphe nuclei of the brain stem. These neurons contain 
also the neuropeptide galanin which is colocalized with 5-HT in a 
substantial number of 5-HT neurons in the rat. It has been shown that 
galanin can affect serotonergic 5-HTiA-receptor binding in vitro in 
the limbic forebrain at the postjunctional level. In the present study 
we investigated whether galanin (given bilaterally into the lateral ven-
tricle, i.c.v., 3 nmols/rat) can modify the mRNA expressions of the 5- 
HTja  receptors and galanin itself in the dorsal raphe nuclei by using 
the in situ hybridization technique. The results indicate a decrease in 
both 5-HTja - and galanin mRNA levels 2 hrs after i.c.v. administra-
tion of galanin. These findings suggest that galanin also exerts effects 
at the prejunctional level possibly affecting the 5-HT] a  receptors and 
their coupling mechanisms.

Sources of support: Swedish Medical Research Council (K98-14X- 
11588-03A), Loo & Hans Ostermans Foundation, Kapten Arthur 
Erikssons Foundation.

586.4

AUTOREGULATION OF THE SEROTONERGIC PHENOTYPE IS 
MEDIATED BY BDNF AND THE 5-HT1A RECEPTOR. D. Gaiter* 
and K, Unsicker. Dept. of Neuroanatomy, Univ. of Heidelberg, INF 
307, D-69120 Heidelberg

The hindbrain serotonergic (5-HT) system is one of the phylogenetically 
and ontogenetically oldest parts of the brain, and has been implicated in 
major psychologic and autonomic disorders. Relatively little is known, 
however, on factors that control differentiation and plasticity of various 
subgroups of 5-HT neurons at different developmental ages. 5-HT has been 
shown to be important in controlling survival and differentiation of distinct 
populations of cells in the developing brain. We have studied the effect and 
underlying mechanism of 5-HT on the expression of serotonergic markers in 
embryonic rat raphe cultures. At E14 saturating concentrations of 5-HT 
increase numbers of tryptophan hydroxylase (TPOH)-positive neurons after 
4 days 1,7-fold as compared to controls. The number of cells taking up 5,7 
dihydroxy tryptamine (5,7-DHT), a fluorescent analog of 5-HT, also increases
2-fold. Agonists of the 1A serotonin receptor (BP-554 and 7,8-DPAP) mimic 
the 5-HT induction of serotonergic markers, whereas specific antagonists 
(spiroxantine and WAY 100657) inhibit this effect, indicating that the 1A 
receptor mediates the phenotyic effects. 5-HT also increases BDNF mRNA 
and protein in embryonic raphe cultures. Induction of serotonergic markers 
by 5-HT is suppressed by receptor antibodies TrkB-IgG but not by TrkC-IgG 
in embryonic raphe cultures. Taken together these data suggest that 
serotonin acts in an autocrine loop on the 1A receptor on the surface of 
serotonergic neurons, regulating the serotonergic phenotype with BDNF as 
a putative mediator. Supported by Deutsche Forschungsgemeinschaft (Un 34/19)

586.5

A NOVEL SILENCER ELEMENT REGULATES RAT 5-HT 1A RECEPTOR 
GENE EXPRESSION IN RAPHE CELLS. X.-M. Ou*, J.M. Storring0, R, 
Farahani and P. R. Albert. Neurosci. Res. Institute, Univ. of Ottawa, Ottawa, 
Ont., K.1H 8M5; °Dept. of Pharmacol., McGill Univ., Montreal, Canada.

The 5-HT 1A receptor functions as an inhibitory autoreceptor to regulate the 
activity of serotoninergic raphe neurons. Altered expression of the 5-HTIA 
autoreceptor is implicated in depression (high expression) and anxiety (low 
expression). The 5-HT 1A receptor gene is regulated in part by a 31-bp 
transcriptional repressor in the proximal region of the promoter that contains a 
14-bp core element that is a binding site for a nuclear protein in both L6 cells (a 
5-HTlA-nonexpressing rat myoblast line) and RN46A cells (a 5-HT1A- 
expressing rat embryonic raphe line). A second protein complex present only in 
L6 cells appears to bind to an adjacent 15-bp element with the 31-bp probe. 
Incorporation into the 5-HT 1A receptor gene of a mutation of the 14-bp element 
to eliminate protein binding abrogated gene repression leading to a 45-fold 
increase in transcriptional activity in RN46A cells, but no change in L6 cells. 
Adjacent to the 14-bp element, the 15-bp element of 31-bp sequence that appears 
to mediate repression in L6 cells, but not in raphe RN46A cells. Thus the 14-bp 
silencer element mediates raphe-specific silencing of the 5-HT 1A receptor gene.

The 31 -bp sequence was used as a probe to screen a Xgtl 1 cDNA expression 
library from mouse brain and a partial cDNA encoding a novel protein 
(designated as 5-HT1A-RP1) that binds to the 14-bp portion of this element has 
been cloned. As expected, 5-HT1A-RP1 mRNA is expressed in multiple tissues, 
including brain, lung, liver, kidney and testis. These results indicate that 5- 
HT1A-RP1 is a novel transcriptional repressor protein that may mediate 
regulation of 5-HT 1A receptor expression.
Supported from The Ontario Mental Health Foundation and MRC of Canada

586.6
RAPID REVERSAL OF ANTIDEPRESSANT INDUCED REGULATION 
OF 5-HT1B MRNA IN RAT DORSAL RAPHE NUCLEUS. J. P, Anthony, 
T.J, Sexton, and J.F. Neumaier*. Harborview Medical Center, 
Department of Psychiatry, Univ. of Washington, Seattle, WA 98104.

We previously found that SSRI antidepressants cause a time 
dependent and reversible reduction of 5-HT1B messenger RNA in dorsal 
raphe nucleus only. The purpose of this study was to determine whether 
longer treatment period (8 weeks) induced larger changes in 5-HT1B 
mRNA, to compare the efficacy of several antidepressants in inducing 
this downregulation, and to evaluate the effect of drug withdrawal prior to 
mRNA determination on the durability of each drug's effect.

Rats were treated with fluoxetine (5 mg/kg/d), paroxetine (5 mg/kg/d), 
sertaline (10 mg/kg/d), nortriptyline (10 mg/kg/d) or vehicle via 
subcutaneous osmotic minipump. After 8 weeks the pumps were 
removed, and animals were sacrificed immediately (day 0) or at intervals 
of 3, 7 or 14 days. Brains were frozen and frontal sections were 
prepared. In situ hybridization for 5-HT1B mRNA was performed using 
standard techniques; autoradiograms were analyzed by 
phosphoscanning and computer aided densitometry. Paroxetine and 
fluoxetine induced 5-HT1B mRNA downregulation in dorsal raphe nucleus 
at day 0 (40 and 26% of control, respectively), sertraline and nortiptyline 
induced less or no downregulation (respectively). At 3, 7, and 14 days, 
5-HT1B mRNA levels were no longer significantly different than vehicle 
treated controls. Analysis of other brain regions is ongoing. While 
previous studies have found physiological effects of SSRIs on 5-HT 
terminal autoreceptors lasting for at least two days after removal of SSRI 
drugs, this study suggests that physiological changes may quickly revert 
to normal in rats following removal of SSRI drugs.

Supported by Lilly Research Laboratories and MH57049.

586.7

DOWNREGULATION OF 5-HT1A RECEPTORS IN 5-HT TRANSPORTER 
KNOCKOUT MICE: GENDER AND BRAIN REGION DIFFERENCES. Q.Li*,
C.Wichems, A.Heils and D.L.Murphv. Lab.of Clinical Science, NIMH/NIH, 10 
Center Dr. Bethesda, MD 20892-1264.

The aim of the present study was to evaluate possible gender and brain region 
differences in the 5-HT1A receptor system of 5-HT transporter knockout mice. 
The density of 5-HT1A receptors, 5-HT1A receptor mRNA and G-protein coupling 
of 5-HT1A receptors were compared between male and female 5-HTT +/+, +/- 
and -/- mice, by using autoradiographic 125I-MPPI (5-HT1A antagonist) binding, in 
situ hybridization and 8-OH-DPAT-induced 35S-GTP-y-S binding, respectively. 
Gender differences in the function of 5-HT1A receptors was examined by 
comparing hypothermic responses to 8-OH-DPAT. The density of 5-HT1A 
receptors in the dorsal raphe was genotype-dependently reduced in both male 
and female 5-HTT-knockout mice. The reduction of the density of 5-HT1A 
receptors was greater in female than in male 5-HTT knockout mice. In 
consistent with the reduction of the density of 5-HT1A receptors, the 8-OH- 
DPAT-induced hypothermia was absent in both male and female 5-HTT -/- mice, 
while in the 5-HTT +/- mice, the reduction in the hypothermic response to 8-OH- 
DPAT was greater in female than in male mice. The density of 5-HTiA receptors 
was also significantly decreased in the several nuclei of the hypothalamus, 
amygdala and septum of female 5-HTT-/- mice. On the other hand, no change 
in the density of 5-HT1A receptors was observed in the hippocampus of 5-HTT -/- 
mice. The ratio of 125I-MPPI binding sites and 8-OH-DPAT-stimulated 35S-GTP- 
Y-S binding sites was not altered in any brain region measured, suggesting 
alteration in the G protein coupling to 5-HT 1A receptors does not play a major 
role in the desensitization of 5-HT1A receptors in 5-HTT -/- mice. In conclusion, 
5-HT transporter knockout induces a downregulation of 5-HT1A receptors in a 
brain region-specific manner. In addition, the desensitization of 5-HT1A 
receptors is more extensive in female than in male 5-HTT knockout mice.

586.8

REGIONALLY SELECTIVE CONTROL OF 5-HT RELEASE BY THE 
5-HT,A AUTORECEPTOR IN 5-HT,A RECEPTOR KNOCKOUT MICE
D.A. Knobelman*, R. Hen, and I, Lucki Departments of Pharmacology and 
Psychiatry, University of Pennsylvania, Philadelphia, PA 19104, and Center for 
Neurobiology and Behavior, Columbia University, New York, NY 10032.

Drugs that are effective in treating a number of psychiatric disorders 
produce their effects by altering serotonin (5-HT) neurotransmission. Evidence 
suggests that the somatodendritic 5-HT,A autoreceptor participates in regulation of 5- 
HT release. In the present study, we were able to measure extracellular 5-HT levels 
in the striatum and the ventral hippocampus (VHPC) of awake, freely moving 5- 
HT)a receptor knockout mice and their wild-type littermates, using in vivo 
microdialysis. R-8-OH-DPAT, a selective 5-HT1A receptor agonist, significantly 
decreased extracellular 5-HT levels in both the striatum and VHPC in wild-type 
mice, but caused no significant change in either region in the 5-HT1A receptor 
knockout mice. Fluoxetine (FLX), a selective 5-HT reuptake inhibitor, caused a 
dose-dependent increase in extracellular 5-HT (2.5- 20 mg/kg) in both the striatum 
and VHPC of wild-type mice. In comparison, the effect of FLX was significantly 
greater in the striatum of 5-HT1A receptor knockout mice than that of the wild-type 
mice, but the effect did not differ from that of wild-type mice when measured in the 
VHPC. Further, the 5-HT,A receptor antagonist WAY 100635 (0.1 mg/kg), given 80 
minutes after initial administration of FLX, significantly augmented the increase in 
extracellular 5-HT levels in the striatum of wild-type mice, whereas it had no effect 
on extracellular 5-HT levels in the wild-type VHPC, or in either brain region in the 
5-HT,A receptor knockout mice. Taken together, these data suggest that the 5-HT1A 
autoreceptor has selectively preferential control of 5-HT release in the striatum, and 
perhaps other brain regions innervated by 5-HT projections originating in the dorsal 
raphe nucleus. Supported by USPHS grants MH12147 and MH48125.
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586.9
RU24969 INDUCED RAPID LOCOMOTION IS ABSENT IN 5-HT1B 
STRIATAL RESCUE MICE. K.L. Stark*’. C. WaebeA and R, Hen'. Center for 

Neurobiology and Behavior, Columbia University, New York, N.Y. 10032. 
Department of Surgery, Massachusetts General Hospital, Harvard Medical School, 

Charlestown, MA 02129
In order to begin to identify neural circuits that underlie the effects of 5-HT IB 

receptor agonists on different behaviors, we created tissue-specific rescue mice for 
the 5-HT1B receptor. This was done both through transgenic means, and through 
the use of homologous recombination in embryonic stem cells. In both types of 
models, we were able to generate mice where the 5-HT IB receptor was expressed 
predominantly on striatal projection neurons in the substantia nigra and globus 
pallidus. Both types of mice were created by using elements from the tetracycline 
inducible system. Therefore, receptor expression could be suppressed by the 
addition of doxycycline, a derivative of tetracycline, to the drinking water of the 
mice.

I.p. injections of 5mg/kg RU24969, a 1A/1B agonist, produced large increases in 
overall pathlength in wild-type mice in the openfield. This effect, however, was not 
found with either type of striatal rescue mouse. Levels of 5-HT IB receptor had 
been found to be lower than wild-type in the transgenic mice, but higher than wild- 
type in the homologously recombined mice (referred to as "CisIB" mice). The 5- 
HT1B receptors in the Cis IB mice were found to be functionally coupled, as seen 
through GTPyS binding. These results suggest that the pallidal and nigral 5-HT IB 
receptors are not sufficient to rescue the locomotor response to RU24969.

We are currently investigating other responses to 5-HT1B agonists, such as the 
induction of stereotyped motor movements, c-fos expression, hypothermia, and 
anorexia to see if they have been rescued. Additionally, we are analyzing the 
response to RU24969 in mouse lines that display a wider pattern of 5-HT IB 
receptor expression. (Supported by NIH grant: R01DA09862)

586.10

SSRI PRETREATMENT, FLESINOXAN CHALLENGE + ISIH IN 5-HT1B 
RECEPTOR KNOCKOUT MICE; TEMPERATURE AND HEART RATE.
J.A. Bouwknecht1, T. Pattij1, T.H. Hijzen1, J. van der Guqten1 and B. Olivier12*.
1Dept. of Psychopharmacology, Faculty of Pharmacy and Rudolf Magnus 
Institute for Neurosciences, Utrecht University, PO Box 80082, 3508 TB 
Utrecht, The Netherlands. 2Psychogenics Inc., Valhalla, NY, USA.

5-HT1A receptor agonists like flesinoxan cause hypothermia in mice, 
suggested to be a presynaptically mediated phenomenon, and prevent stress- 
induced hyperthermia in the so called ISIH model. Microdialysis studies indicate 
that long term treatment with SSRIs cause a desensitisation of presynaptic 
5-HT,A receptors. Because presynaptic 5-HT1A receptors together with 5-HT1B 
receptors regulate serotonergic activity we hypothesized that 5-HT1B receptor 
knockout mice (KO) will be more sensitive to 5-HT1A receptor desensitisation by 
SSRI treatment than wildtypes (WT). Hereto, mice were pretreated with 
fluvoxamine (0 or 30 mg/kg po) for 0, 7 and 21 days, after which they were all 
challenged with flesinoxan (1.0 mg/kg sc) + ISIH (60 min after drug treatment).

By radiotelemetry body temperature (BT) and heart rate (HR) were measured 
continuously during pretreatment and tests. Without SSRI pretreatment, 
flesinoxan caused a clear hypothermia compared to saline and prevented 
stress-induced hyperthermia as well as tachycardia in both WTs and KOs.

Fluvoxamine pretreatment for 7 or 21 days showed no clear effect on BT and 
HR compared to vehicle in both genotypes. 24 Hours after the last fluvoxamine 
injection the challenge with flesinoxan still caused hypothermia and prevented 
stress-induced hyperthermia in WT and KO mice. The lack of a clear 5-HT1A 
receptor desensitisation on BT en HR responses in WT as well as KO mice by 
SSRI pretreatment suggests an important difference between serotonergic 
neurotransmission (microdialysis) and physiology. Secondly, in 5-HT1B receptor 
knockout mice we found no adaptation of 5-HT,A receptor function.

586.11

IMPAIRED HIPPOCAMPAL MEMORY AND SHORT-TERM 
SYNAPTIC PLASTICITY IN THE DENTATE GYRUS (DG) IN MICE 
LACKING 5-HTia  RECEPTORS. Z. Sarnyai1*, E. Sibille2, C. Pavlides1 R. 
Fenster1, K. Pham1, B.S. McEwen1 and M. Toth2. The Rockefeller 
University1; Weill Medical College of Cornell University2, New York, NY 
10021

Serotonin (5-HT) receptors in the brain have been implicated in the 
regulation of affect, mood and cognition as weii as in anxiety and 
depression. We and others have demonstrated that the targeted disruption 
of 5-HTIA receptors in mice results in an anxiety-like behavioral 
phenotype. Since this receptor subtype is predominant in the 
hippocampus, a key structure in learning and memory, and because 
cognitive disturbances often accompany mood disorders, we 
hypothesized that the lack of 5-HT 1A receptors may lead to 
hippocampal-dependent memory dysfunctions. Mice lacking 5-HTIA 
receptors (5-HT1A-KO) were impaired in spatial recognition memory 
tasks (in the hidden- but not in the visible-platform version of the Morris 
Water Maze and in the Y-maze) as well as in memory for the social 
transmission of food preference. These results suggest specific 
impairments in hippocampal-dependent memory. cFos response in the 
hippocampus to swim stress and the number of BrdU-labeled granule 
neurons in the DG were similar in WT and KO mice indicating normal 
hippocampal neural stress-responsivity and DG neurogenesis in 5-HT1A- 
KO mice. Long-term potentiation (LTP) was normal in the CAI region 
of the hippocampus. However, paired-pulse facilitation, a form of short-
term synaptic plasticity, was significantly suppressed in the DG of 5- 
HT1A-KO mice. These results suggest that the lack of 5-HTIA receptors 
results in hippocampal-dependent memory impairments which might be 
related to changes in short-term synaptic plasticity. Supported by 
NARSAD (ZS); MH41256 (BSM) and NS34J51 (MT) from NIH.
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587.2587.1

DISPLACEMENT OF THE BINDING OF 5-HT1A RECEPTOR LIGANDS TO 
PRE- AND POSTSYNAPTIC RECEPTORS BY (-)PINDOLOL. A 
COMPARATIVE STUDY IN RODENT. PRIMATE AND HUMAN BRAIN 
Roser Cortes, Andreu Raurich, Guadalupe Mengod* and Francesc Artigas
Dept. of Neurochemistry, IIBB-CSIC, 08034 Barcelona, Spain.

Using receptor autoradiography we examined the displacement of the
binding of [3H]8-hydroxy-2-(di-/?-propylamino)tetralin (8-OH-DPAT) an 
[3HJ[/V-(2-(4-(2-methoxyphenyl)-1-piperazinyl)ethyl,-N-(2-pyridyl)cyclohexane- 
carboxamide-3HCI] (WAY 100635) to 5-HT1A receptors by (-)pindolol in th 
brain of four different species, rat, guinea pig, monkey and human. (-)Pindolo 
completely displaced the binding of both tritiated ligands at 10'6 M in al 
species and regions examined. The affinity of (-)pindolol for presynapti 
5-HT1A receptors in the dorsal raphe nucleus was similar to that observed i 
postsynaptic locations, such as hippocampus (areas CA1, CA3 and dentat 
gyrus) or entorhinal cortex. Affinity values (KJ were in the range 3.8 
15.9nM for [3H]8-OH-DPAT and 5.8 - 22.4 nM for [3H]WAY 100635. I 
human brain, the K, values using [3H18-OH-DPAT as ligand were 10.7 nM i 
the dorsal raphe nucleus and 6.5 - 13.5 in postsynaptic sites. The presen 
data do not support the hypothesis that (-)pindolol displaces preferentially th 
binding of 5-HT1A ligands to presynaptic 5-HT1A receptors in the dorsal raph 
nucleus, as suggested by electrophysiological evidence. The plasm 
concentration of (±)pindolol in patients treated with a combination o 
fluoxetine (20 mg/d) and pindolol (7.5 mg/d) is ca. three times higher (27 nM 
than the affinity of (-)pindolol for human 5-HT1A receptors. Since pindolo 
crosses readily the blood-brain barrier, the present observations are consisten 
with an action of pindolol at 5-HT1A receptors in these patients.
Supported by grants SAF97-0117 from CICYT and Fondo de Investigacid 
Sanitaria (FIS 98/0697)

THE SELECTIVE 5-HTia AGONIST BAY x 3702 REDUCES 5-HT 
RELEASE IN RAT BRAIN BY INTERACTION WITH PRE- AND 
POSTSYNAPTIC 5-HTia  RECEPTORS
Josep M. Casanovas, Olivier Berton, Albert Adell* and Francesc Artigas,
Department of Neurochemistry, IIBB-CSIC, 08034 Barcelona, Spain

5-HTiA receptors are likely involved in the pathophysiology of anxiety and
depression. The systemic administration of selective 5-HT1A agonists, such 
as 8-OH-DPAT, ipsapirone and alnespirone reduces the 5-HT release in rat 
brain in a heterogeneous manner. This effect is more marked in frontal cortex 
and striatum than in dorsal hippocampus, whereas the opposite occurs in the 
respective nuclei of origin of the serotonergic fibers innervating these areas 
(dorsal and median raphe nucleus; DRN and MRN, respectively). We have 
examined the effects of the novel 5-HT1A agonist BAY x 3702 (0.01, 0.03 and 
0.1 mg/kg s.c.) on the 5-HT release in rat brain using in vivo microdialysis in 
unanesthetized rats. BAY x 3702 dose-dependently reduced the 5-HT output 
in the DRN, the MRN, medial prefrontal cortex (mPFC) and dorsal 
hippocampus. Maximal reductions were observed in mPFC and the MRN (to 
less than 15 % of baseline at 0.1 mg/kg). The 5-HT decrease in the DRN was 
less marked (to 45 % of baseline). Locally applied (30 pM), BAY x 3702 
markedly reduced the 5-HT release in DRN and mPFC, an effect 
antagonized by the co-administration of the selective 5-HT1A antagonist WAY 
100635. In rats implanted with two dialysis probes, the application of BAY x 
3702 in the DRN markedly reduced the 5-HT release in this area and in 
mPFC. These results are consistent with the view that BAY x 3702 reduces 
5-HT release in mPFC through an action at presynaptic (in DRN) and 
postsynaptic 5-HTiA receptors.
Supported by grants from BAYER and Fondo de Investigacion Sanitaria 
(98/697)
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587.3
5-HTia  RECEPTOR ANTAGONIST: AGON 1ST BINDING AFFINITY 
DIFFERENCE AS A MEASURE OF INTRINSIC ACTIVITY.
J. Watson. B.R. Stewart*, L. Collin. M. Ho. C. Scott. G. Riley. J.V. Selkirk
A.M. Brown and G.W. Price. Neuroscience Research, SmithKline Beecham 
Pharmaceuticals, NFSP, Harlow, Essex, CM 19 5AW, U.K.
G-protein coupled receptors are believed to exist in alternative affinity 
states. These states are usually defined by high and low affinity for agonists 
but both states can display similar affinity for antagonists. The difference in 
affinity exhibited by a compound for these states can give an indication of 
the compound's intrinsic activity. In this study we have investigated the 
different states of the human recombinant 5-HTia  receptor expressed in 
HEK 293 cells, using [3H]8-0H-DPAT (DPAT) as an agonist radioligand 
and (3H]MPPF and [3Hjspiperone (SPIP) as antagonist radioligands. We 
have then compared compound-induced inhibition of binding of these 
radioligands with compound efficacy, measured by 5-HTia  receptor 
stimulation of [35S]GTPyS binding.
Antagonist radioligands labelled a far greater number of 5-HTiA receptors 

than did the agonist radioligand, suggesting that the majority of sites in this 
system are in the low agonist affinity state. For several 5-HT]A receptor 
agonists, the difference in affinity (pK;) of compounds at the agonist high 
affinity state ([3H]DPAT) and the agonist low affinity state ([3H]MPPF and 
[3H]SPIP) correlated with intrinsic activity measured by [35S]GTPyS 
binding. In conclusion, differences of binding affinities measured using 
antagonist and agonist radioligands are a useful measure of intrinsic activity 
at recombinant 5-HT]A receptors.
SmithKline Beecham PLC

587.4
The combined SSRI/5-HT1A receptor partial agonist, EMD 68843 elevates 
extracellular 5-HT in the rat hippocampus and frontal cortex to a greater 
extent than fluoxetine. M.E. Page* and I. Lucki, Dept. of Psychiatry, 
University of Pennsylvania , Philadelphia, PA 19104

The ability of serotonin selective reuptake inhibitors (SSRIs) to increase 
serotonergic neurotransmission is thought to be an important component of 
their antidepressant activity. As with other antidepressants, repeated 
administration and a substantial time lapse is required before therapeutic 
effects are observed. Blockade of the serotonin transporter results in 
elevated extracellular 5-HT which, through activation of somatodendritic 5- 
HT1A autoreceptors, inhibits neuronal firing activity. Coadministration of a 5- 
HT1A receptor antagonist with an SSRI augments the increase of extracellular 
5-HT produced at terminal regions.

EMD 68843 has the combined properties of an SSRI and a 5-HT1A partial 
agonist. The present work compared the ability of EMD 68843 to increase 
extracellular 5-HT in the ventral hippocampus (HPv) and the frontal cortex 
(FC) of the rat with that of fluoxetine. The results showed that acute, 
systemic administration of EMD 68843 produced a larger maximal increase 
of extracellular 5-HT than fluoxetine in both the HPv and the FC. 
Additionally, regional differences in release were observed between the two 
brain regions studied. In particular, the frontal cortex appeared to show 
greater responses to a high dose of fluoxetine but a slightly smaller response 
to EMD 68843. Studies are currently underway to determine the role of the 
5-HT1A receptor in mediating the potentiated 5-HT release seen with EMD 
68843. This research was supported by Merck-Darmstadt and USPHS grant 
MH48125.

587.5

CHRONICALLY ADMINISTERED SSRIs AND NERIs DESENSITIZE 5-HTIA 
RECEPTOR-MEDIATED INHIBITION OF ADENYLYL CYCLASE ACTIVITY 
IN MEDIAL PREFRONTAL CORTEX. D.E. Kouzoukas1 \ G.J. Bieganski3, J. 
Campione2, and W.A. Wolf123. 'Neuroscience Graduate Program & 2Dept. of 
Pharmacology and Experimental Therapeutics, Loyola University Chicago, Stritch 
School of Medicine, Maywood, IL 60153; 3Dept. of Research and Biological 
Psychiatry, Edward Hines Jr. VA Hospital, Hines, IL 60141.

Electrophysiological studies indicate that selective serotonin reuptake inhibitors 
(SSRIs) act by desensitizing raphe 5-hydroxytyptamine)A (5-HT[A) autoreceptors, 
which normally inhibit serotonin (5-HT) release. Also, electrophysiological studies 
indicate that norepinephrine reuptake inhibitors (NERIs) facilitate cortical and 
hippocampal 5-HT]A receptor function. While these changes reflect 5-HT1A receptor- 
mediated K+ channel activity, it is well known that 5-HT|A receptors are also 
negatively coupled to adenylyl cyclase. Studies in hippocampal tissue demonstrate 
that chronic SSRI and NERI treatments desensitize 5-HTiA receptor coupling to 
adenylyl cyclase. However, how SSRIs or NERIs affect 5-HT,A-mediated adenylyl 
cyclase activity in other brain regions is unclear. Since impaired frontal cortical 5-HT 
function has been observed in depressed patients, the purpose of the present study was 
to determine how chronic (14 day) SSRI or NERI administration affects regional 5- 
HT-mediated inhibition of adenylyl cyclase. Serotonin inhibition of forskolin- 
stimulated adenylyl cyclase in anterior cingulate/medial prefrontal cortical 
membranes from rats treated with 10 mg/kg fluoxetine or 10 mg/kg maprotiline was 
compared to that of saline treated rats. Both fluoxetine and maprotiline desensitized 
5-HT|A receptor-mediated inhibition of forskolin-stimulated adenylyl cyclase (an 
approximate 3-fold shift in potency) in rat anterior cingulate/medial prefrontal cortical 
membranes, indicating reduced 5-HTiA receptor coupling to adenylyl cyclase. 
Studies are underway to determine whether altered G-protein levels are responsible 
for the observed desensitization of 5-HTiA receptor coupling to adenylyl cyclase. 
Supported by PHS grant NS36410 (W.A.W.) and VA Merit Award (W.A.W.)

587.6
CLONED RABBIT 5-HT1D RECEPTOR DISPLAYS COUPLING SPECIFICITY 
TO Ga0- P- Butkerait*, X. Pu, M. Guevarra, M. Wright, R. Raddatz, T.A. 
Branchek and J.M. Zqombick. Synaptic Pharmaceutical Corporation, 215 
College Road, Paramus, NJ 07652.

The functional interaction of the inhibitory 5-HT1D receptor with specific G„ 
subunits has not been well investigated. To further explore the G protein 
coupling specificity of this receptor subtype, Cos-7 cells were co-transfected 
with the cDNAs encoding the rabbit 5-HT1D receptor and various Gf(i/0 
subunits. A membrane-based [35S]GTPyS binding assay was used as a 
functional measure of receptor-mediated G protein activation. Receptor 
density was evaluated using the agonist [3H]5-HT and Ga protein expression 
was determined by immunoblotting utilizing subunit-selective antibodies. Co-
expression of the rabbit 5-HT10 receptor with individual G^o subunits 
increased [3H]5-HT binding by 40-60% when compared to expression of the 
receptor alone. Mock-transfected Cos-7 cells expressed endogenous Gra 
subunits but not Goo. 5-HT (10 pM) weakly stimulated [35S]GTPyS binding 
(<15% above basal) in membranes from cells co-expressing the rabbit 5-HT1D 
receptor with any of the three Gai subunits, even though significant receptor 
expression levels were obtained. In contrast, co-expression of the rabbit 5- 
HT1D receptor with Ga0 resulted in a 40% enhancement of agonist-stimulated 
[35S]GTPyS binding with 5-HT potency (EC50) averaging 15 nM. Methiothepin 
(10 pM), a nonselective 5-HT receptor antagonist, behaved as an inverse 
agonist by reducing basal [35S]GTPyS binding by 25%. This result suggests 
that the rabbit 5-HT1D receptor may possess constitutive activity. Co-
expression of GPCRs with specific Ga subunits in mammalian cells can be 
used as a model system to investigate the specificity of receptor-G protein 
interactions.

Research supported by Synaptic Pharmaceutical Corporation and Eli Lilly 
and Company.

587.7

ESTROGEN INDUCES DESENSITIZATION OF HYPOTHALAMIC SEROTONINIA 
RECEPTORS IN A TIME-DEPENDENT MANNER. D.K. Raap*. L. DonCarlos1, F. 
Garcia. Y. Zhang. N. Muma, G. Battaglia and L.D. Van de Kar. Pharmacology and 
‘Neurobiology/Anatomy, Loyola Univ. Chicago, Stritch Sch. Med., Maywood IL, 60153.

We have previously shown that 2 daily injections of estradiol-benzoate (10 pg/rat) 
induce a partial desensitization of hypothalamic serotonin, A (5-HT1A) receptors in 
ovariectomized rats. The present study investigated the time course of estrogen-induced 
desensitization of hypothalamic 5-HT1A receptor signalling by examining neuroendocrine 
responses to 8-OH-DPAT, a 5-HT1A agonist. Five days following ovariectomy, rats 
were given daily subcutaneous (sc) injections of either 2 pg estradiol-benzoate or oil for 
2,4 or 14 days. 24 hours after the last injection, and 15 minutes prior to sacrifice, rats 
were injected with 8-OH-DPAT (50 pg/kg, sc) or saline. 8-OH-DPAT produced a 
significant increase in plasma ACTH and oxytocin levels. Estrogen treatment did not 
alter basal ACTH or oxytocin levels. The ACTH response to 8-OH-DPAT, however, 
was reduced after 4 and 14 days of estrogen treatment (and not after 2 days). The 
oxytocin response to 8-OH-DPAT was reduced after 14 days of estrogen (and not after 2 
or 4 days). Additionally, in rats that received oil injections for 14 days, hormone 
responses to 8-OH-DPAT were enhanced compared to rats receiving only 2 days of oil 
injections. This observation indicates a supersensitivity of 5-HT1A receptors in the long-
term absence of estrogen and suggests that physiological levels of estrogen tonically 
suppress 5-HT1A receptor signalling. Results from the present study indicate that 
estrogen induces a partial and time dependent desensitization of 5-HT1A receptors in the 
hypothalamus. These findings, taken together with previous results using 10 pg 
estrogen, ftirther suggest that the estrogen-induced desensitization of 5-HT1A receptor 
signalling in the hypothalamus is dose dependent. Antidepressant 5-HT uptake 
inhibitors (SSRIs) also desensitize 5-HT1A receptors. Thus, estrogenic substances, in 
combination with SSRIs, may provide novel therapeutic strategies for treating 
neuropsychiatric disorders in women. (Supported by NARSAD and USPHS NS34153)

587.8

p-[18F]MPPF, 5-HTIA ANTAGONIST: COMPARISON TO [3HJ8-OH-DPAT 
WITH AUTORADIOGRAPHY. A, Plenevaux', D. Weissmann2, C. Lemaire1, J, 
Aerts1, D. Comar3, D. Le Bars3, J-F, Pujol2 and A. Luxen1*. 1 Liege University, 
Cyclotron, Sart Tilman B30, B-4000 Liege, Belgium; 2CNRS-UC'BL UMR 5542, 
69372 Lyon, France; 3CERMEP, 69003 Lyon, France.

p-MPPF 4-(2’-methoxyphenyI)-l-[2’-[N-(2”-pyridinyI)-p-fluorobenzamidol 
ethyljpiperazine is the para-fluorobenzoyl analog of the highly selective 5-HT 1A 
antagonist WAY-100635. The one step procedure used to label p-MPPF with 
fluorine-18 (cyclotron produced positron emitter of 110 min half-life) leads to a 
radiopharmaceutical compound easily prepared on a large scale. The preliminary 
evaluations conducted in rats and cats are good reason to consider p-[18FJMPPF as 
an interesting reversible radioligand to study the 5-HTIA receptor family in humans 
with positron emission tomography (PET). In this paper we report a careful 
comparison between p-[18FJMPPF and [3H]8-OH-DPAT with autoradiography and 
quantitative densitometry in the same animal. All experiments were conducted in 
Sprague Dawley male rats. For p-[18F]MMPF, the results were obtained ex-vivo 
after an intravenous injection of high specific activity radioligand (0.8-1.5 Ci/pmol) 
in vigil (no anesthesia), free moving and unstressed animals. For the purpose, 
permanent cannulation of the posterior vena cava were realized at least four days in 
advance. The [3HJ8-OH-DPAT results were obtained in vitro on adjacent coronal 
sections to the one used for the p-[18F]MPPF autoradiography. Quantitative 
densitometry was employed to compare the values obtained in relevant brain 
structures (frontal cortex, lateral septum, hippocampus, dorsal raphe, entorhinal 
cortex and cerebellum). The plot of the p-[18F]MPPF values obtained for each 
structure against the [3HJ8-OH-DPAT results displayed a significant linear 
correlation. These results demonstrate that from a qualitative as well as quantitative 
point of view, the binding of p-[18F]MPPF is totally comparable to the one of 
[3HJ8-OH-DPAT.

Supported by grants from INSERM/CGRI and FNRS Belgium.
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587.9
SYNTHESIS AND IN VITRO PHARMACOLOGY OF LY426965: A 
POTENT AND SELECTIVE 5-HT1A RECEPTOR ANTAGONIST. Y
C. Xu? D. T. Kohlman,1 S. X. Liang? A. G. Godfrey? D. L. Nelson? D.
B. Wainscott? T. A. Branchek,2 J. M, Zgombick,2 D. O. Calligaro,' S. K.
Hemrick-Luecke,1 P. Threlkeld,1 D. T. Wong1*, K. Rasmussen1. 'Lilly
Research Laboratories, Eli Lilly and Company, Lilly Corporate Center, 
Indianapolis, IN 46285; 2Synaptic Pharmaceutical Corp., 215 College 
Road, Paramus, NJ 07652

Selective 5-HT1A receptor antagonists have been hypothesized to have 
potential in the treatment of various psychiatric disorders including 
anxiety, depression, dementia, schizophrenia, and substance abuse. This 
poster describes the synthesis and characterization of LY426965, (2S)- 
(+)-1 -cyclohexyl-4-[4-(2-methoxyphenyl)-1 -piperazinyl]-2-methyl-2- 
phenyl-l-butanone, monohydrochloride, which has high affinity at 
cloned human 5-HT1A receptors (K. = 4.66 nM) and possesses little 
affinity for 45 other serotonergic and non-serotonergic receptors. 
Functionally, LY426965 did not stimulate [35S]-GTPyS binding to cloned 
human 5-HT]A receptors expressed in cell homogenates in vitro but did 
inhibit 300 nM 5-HT stimulated [35S]GTPy S binding with a N value of 
2.76 nM. These data, together with data in our companion poster (S. K. 
Hemrick-Luecke, et al.) demonstrate that LY426965 is a potent, 
selective, orally available and relatively long-lasting antagonist of the 5- 
HT|A receptor in vitro and in vivo.
(Funded by: Lilly Research Laboratories, Eli Lilly and Company)

587.10
IN VIVO PHARMACOLOGY OF LY426965, A POTENT AND 
SELECTIVE 5-HTIA RECEPTOR ANTAGONIST.
S. K. Hemrick-Luecke, Y. C. Xu. J. D. Leander*, D, T. Kohlman, C. D.
Qvershiner, M. J. Wolff, J. Czachura, W. Kendrick, D. C. Evans, L. J.
Dreshfield, D. T. Wong and K. Rasmussen. Lilly Research Laboratories, 
Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285.

LY426965 ((2S)-(+)-1 -cyclohexyl-4-[4-(2-methoxyphenyl)-1 - 
piperazinyl]-2-methyl-2-phenyl-l-bunanone monohydrochloride) is a 
potent and selective antagonist of 5-HT1A receptors in vitro (see 
companion poster, Y. C. Xu, et al.). In vivo, LY426965 blocks 8-OH- 
DPAT-induced lower lip retraction, flat body posture and hypothermia in 
rats with ED50 values of 3.0, 2.0 and 2.4 mg/kg, p.o., respectively. A 20 
mg/kg, p.o. dose of LY426965 fully blocks these 8-OH-DPAT mediated 
effects for at least 8 hours. LY426965 also antagonizes the 8-OH-DPAT- 
mduced increase in rat serum corticosterone concentrations with an ED50 
value of 9.2 mg/kg, p.o. In pigeons, LY426965 dose-dependently blocks 
the stimulus cue induced by 8-OH-DPAT without being discriminated as 
similar to 8-OH-DPAT. In electrophysiology studies, administration of 
LY426965 produces a slight elevation of the firing rate of 5-HT neurons in 
the dorsal raphe nucleus of anesthetized rats and greatly attenuates the 
inhibitory effect of fluoxetine on the firing rate of 5-HT cells. In vivo 
microdialysis studies show that LY426965 administration potentiates the 
fluoxetine-induced elevation of rat hypothalamic extracellular 5-HT 
concentrations beyond the increases produced by fluoxetine alone. These 
results show that LY426965 is a potent, selective, orally effective and 
long-lasting antagonist of 5-HT,A receptors in vivo. .
(Funded by: Lilly Research Laboratories, Eli Lilly and Company)

587.11

SEROTONIN 5-HT1B AND 5-HT1D RECEPTORS FORM HOMODIMERS 
WHEN EXPRESSED ALONE AND HETERODIMERS WHEN CO-EXPRESSED. 
Z. Xie1, S.P. Lee1 f W.M. Burnham13 *, B.F. O’Dowd14, and S.R. George124. Depts.
of 'Pharmacology and 2Medicine, Univ. of Toronto, Toronto, Canada, M5S 1A8; 
3Bloorview Epilepsy Research Program, Univ. of Toronto, Toronto, Canada, MSS 
1A8,4The Centre for Addiction and Mental Health, Toronto, Canada, M5S 2S1

The serotonin (5-HT) IB and ID receptors are closely related, sharing a high amino 
acid sequence identity and having similar ligand binding properties. We have shown 
previously that the 5-HT IB receptor and other G protein-coupled receptors (GPCRs) 
exists as monomers and homodimers. We predicted that, like the 5-HT1B receptor, 
the 5-HT1D receptor would form dimers and hypothesized that the 5-HT1B and 5- 
HT1D receptors would form heterodimers when co-expressed. The basis for this 
hypothesis was that, while the precise sites of interaction between two monomeric 
GPCRs undergoing dimerization have not been elucidated, it has been postulated that 
receptor-receptor interactions between the transmembrane (TM) domains may be 
involved. Since the homology between the 5-HT1B and 5-HT1D receptors in the TM 
domains is 77 %, heterodimerization could occur between these two closely related 5- 
HT receptor subtypes. Here we demonstrate that the serotonin 5-HT1B and 5-HT1D 
receptors form homodimers when expressed alone and heterodimers when co-
expressed. No differences in agonist or antagonist binding were observed in co-
expressed receptors compared to the receptors expressed alone. Gene expression 
studies have shown there are brain regions where the 5-HT IB and 5-HT ID receptors 
are co-localized and where heterodimerization may occur physiologically. This raises 
the intriguing possibility that two receptor subtypes could result in three populations 
of receptor complexes: tw o homodimeric and one heterodimeric.
(This work is supported by grants from the Medical Research Council of Canada and 
the National Institute on Drug Abuse.)

587.12
ACTIVATION OF 5-HT2A RECEPTORS INDUCES A HETEROLOGOUS 
DESENSITIZATION OF HYPOTHALAMIC 5-HTIA RECEPTORS.
L. D. Van de Kar^Y. Zhang, H. Patel, F. Garcia, D. K. Raap, G. Battaglia and N.
A. Muma,. Loyola Univ. Chicago, Sch. Med. Dep. Pharmacol., 2160 South 1st 
Ave. Maywood, IL 60153.

5-HT2 receptors, via phospholipase C, activate protein kinase C (PKC). 
5-HT1a  receptors and Gz proteins are substrates for phosphorylation by 
PKC. Therefore we hypothesized that activation of 5-HT2A and/or 5-HT2C 
receptors will induce a heterologous desensitization of 5-HT]A receptor 
signaling in the hypothalamus. Rats were injected with saline or the 5- 
HT2A/2C receptor agonist DOI (2.5 mg/kg ip) either 1, 2, 4 or 24 hours before 
the rats were challenged with saline or the 5-HTjA agonist 8-OH-DPAT (50 
pg/kg sc). 8-OH-DPAT induced an increase in plasma levels of ACTH and 
oxytocin. Pretreatment with DOI induced a transient desensitization of 
5-HTiA receptor-mediated increases in ACTH and oxytocin. The maximal 
reduction of ACTH and oxytocin responses to 8-OH-DPAT (50-60%) was 
observed 2 hours after the injection of DOI. At 1 and 24 hours post - DOI 
treatment, there was no desensitization of hormone responses to 8-OH- 
DPAT. To determine if the effects of DOI are mediated via 5-HT2A 
receptors, rats were pretreated, in a second experiment, with a 5-HT2A 
antagonist, MDL 100,907 (0.1 mg/kg, sc, 15 minutes before the injection of 
DOI). 8-OH-DPAT was injected 2 hr after the injection of DOI.
Pretreatment with MDL 100,907 completely reversed the DOI-induced 
desensitization of 5-HT!A receptor - mediated increases in ACTH and 
oxytocin release. These results provide functional evidence indicating that 
activation of 5-HT2A receptors induces a heterologous desensitization of 
5-HT1a  receptor signaling in the hypothalamus. (Supported in part by 
USPHS NS34153).

587.13

COUPLING AND G PROTEIN ACTIVATING CHARACTERISTICS OF A 
HUMAN 5-HT1A RECEPTOR i2 LOOP PEPTIDE. T.C. Ortiz, M.C. 
Devereaux, and K.K. Parker*. Dept. of Pharmaceutical Sciences, School of 
Pharmacy and Allied Health Sciences, The University of Montana.
Missoula, MT 59812-1075.

An 11 amino acid peptide (11 MER) from the transmembrane 3/intra- 
cellular loop 2 (TM3/i2) region of the human 5-HT la receptor has been syn-
thesized and tested in Chinese hamster ovary (CHO) cells expressing the 
receptor. 11 MER contains the conserved DRY motif found at the C 
-terminus of TM3 and has the following sequence, N-terminal to the left: 
IALDRYWAITD. 11 MER is a capable uncoupler of receptor and G protein; 
using whole cell, membrane, and solubilized receptor preparations 
respectively, the following 1C50 values were observed: 2,7,16 uM. These 
values are comparable to those previously reported by us for a 15 MER native 
to the TM5/i3 interface (Biochem. Cell. Biol. 76(4): 657, 1998), although 
the potencies differ between receptor preparations for the two peptides.
Unlike 15 MER, however, 11 MER is devoid of apparent G protein- 
stimulating activity in that forskolin-stimulated cAMP levels are inhibited 
by 21+/-14 % by 0.14 mM 11 MER. The combined results of 11 and 15 
MERs in agonist inhibition and cAMP assays suggest a model 
for i2/i3 loop involvement in human 5HTla receptor/G protein coupling 
and activation. Stimulation of receptor initiates coupling to G protein via i2 
and i3; as a result, receptor/G protein produced conformational changes 
allow activation via i3. Further studies involving 11 MER structural 
analogues and multidimensional NMR experiments with these peptide probes 
should add to the emerging molecular picture of the receptor/G protein 
interface. Supported by NIH RR10169 and GM/OD 54302-01.

587.14

8-OH-DPAT INTERNALIZES 5-HTlA AUTORECEPTORS IN 
SEROTONIN NEURONS OF NUCLEUS RAPHE DORSALIS. 
M. Riad *', E. Doucet2, M, Hamon 2 and L. Descarries '. 1 Pathologie & 
biologie cellulaire and CRSN, Universite de Montreal, Montreal, QC, 
Canada;2INSERM U288, NeuroPsychoPharmacologie, Paris, France.

Activation of 5-HTlA autoreceptors by selective agonists such as 
8-OH-DPAT diminishes firing and release by serotonin (5-HT) neurons. 
To determine whether these effects are associated with a cellular 
redistribution of the receptor, we examined the nucleus raphe dorsalis 
(NRD) after pre-embedding immunogold immunocytochemistry with 
specific anti-5-HTlA antibodies. In rats sacrificed 1 h after a single 
injection of 8-OH-DPAT (5 mg/kg, i.p.) and compared to controls, 
immunoreactive cell bodies and dendrites displayed striking decreases in 
the density of their membrane labeling (50% and 30%, respectively), and 
corresponding increases in the labeling of their cytoplasm. Similar 
changes were observed 1 h after a smaller i.v. dose of 8-OH-DPAT 
(0.5 mg/kg), and prevented by pretreatment with the specific 5-HTlA 
antagonist WAY-100635 (1 mg/kg i.v., 10 min before). It is concluded 
that the in vivo activation of 5-HT 1A autoreceptors triggers their 
internalization at both dendritic and cell body level in 5-HT neurons of the 
NRD. Our data also suggest that a single dose of 8-OH-DPAT might not 
desensitize these receptors because a significant fraction remains present 
on the plasma membrane. If, in contrast, chronic treatments with SSRI 
antidepressants or direct agonists prove to entail major rather than partial 
internalization, it will be clear that this phenomenon is a key event in the 
desensitization of 5-HT 1A autoreceptors by antidepressant drugs. 
(Supported by grant MT-3544 from the MRC of Canada).
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587.15

SEROTONIN (5-HT) 5-HT1A AGONISTS RESTORE LOCOMOTION 
THROUGH A POSTSYNAPTIC MECHANISM IN THE MONOAMINE- 
DEPLETED RAT MODEL OF PARKINSON’S DISEASE L.J,Schutz2*,
D.J.Moore2, G J. Bieganski’and W.A.Wolf1'2. 'Depts. of Research and Biological 
Psychiatry, Hines VA Hospital, Hines, IL, 60141 and 2Depts. of Pharmacology, Loyola 
University Stritch School of Medicine, Maywood. IL 60153.

Parkinson’s disease (PD) involves the progressive loss of striatally projecting 
dopaminergic neurons originating in the substantia nigra, leading to motor 
disturbances such as rigidity, bradykinesia, tremor and postural instability. The “gold 
standard” in the treatment of PD, thus far, consists of replenishing the dopamine pool 
by administering levodopa (L-DOPA), a dopamine precursor, and carbidopa. a 
peripheral decarboxylase inhibitor. Unfortunately, the efficacy of L-DOPA diminishes 
upon chronic use and leads to motor side effects in most patients. Intense investigation 
has focused on the involvement of other neurotransmitter systems in the regulation of 
motor function and thus the basal ganglia. It has been shown that 8-OHDPAT, a 5- 
HT1A agonist, can reinstate motor function in reserpinized animals. Using this 
monoamine-depleted rat model, a dose-response relationship for 8-OHDPAT- 
mediated restoration of motor function was observed (locomotor counts of 38.2± 13.3, 
192.5±63.6, 436±93.1 for saline, 0.01 mg/kg 8-OHDPAT, 0.03 mg/kg 8-OHDPAT. 
respectively). The 5-HTIA antagonist WAY 100635 blocked the 8-OHDPAT-mediated 
reinstatement of locomotion. Furthermore, in order to determine whether this effect 
was mediated by somatodendritic or postsynaptic 5-HT1A receptors, animals were 
pretreated with PCPA, a tryptophan hydroxylase inhibitor, prior to reserpinization and 
behavioral studies. PCPA pretreatment did not affect 8-OHDPAT-induced (0.03 
mg/kg) locomotion (436±93.1 and 313.2±84.1 for saline and PCPA-pretreated. 
respectively). This suggests that 5-HT,A agonists could become useful in the treatment 
of Parkinson’s disease.
Supported by PHS grant NS36410 (W.A.W.)and VA Merit Award (W A W.)

587.16

COMPARTMENTATION OF THE 5-HT1A AND 5-HT,B AUTORECEPTORS IN 
CULTURED CELLS MODELS.
Verge D.*1, Rumajogee P.1, Hamon M.2 and Miguel M.-C.1 !CNRS UMR 7624, Inst. 
Neurosciences, Univ. Paris VI, 7, quai St-Bernard, 75005 Paris; 2INSERM U288, CHU 
Pitie-Salpetriere, 91 Bid de l’Hopital, 75013 Paris, France.
Two serotonin autoreceptors, the 5-HT1A and 5-HTIB receptors, are involved the 
regulation of serotoninergic neurons. Several in vivo and in vitro studies have 
demonstrated the presence of the 5-HT]A type on neuronal somas and dendrites, 
whereas the 5-HTiB type is mainly localized on axons and axon terminals.
In order to study the differential sorting of these two closely related receptors, we have 
used two in vitro models. Polyclonal antibodies specific for the two types of receptors 
as well as different neuronal markers have allowed colocalization studies by optic and 
confocal microscopy.
In primary cultures of rat embryonic brainstem, serotoninergic neurons can be observed 
from 2 to 15 days of culture. Treatment with BDNF (25 ng/ml) and KC1 (40 mM) 
decreases the density of glial cells (containing GFAP) and improves the differentiation 
of neuronal processes into dendrites (identified by MAP2 immunocytochemistry) and 
axons (containing the phosphorylated 200 kD neurofilament, PHNF).
Using this model, we demonstrated that 5-HT1A receptors are distributed in clusters on 
the plasma membrane of MAP2 positive cell bodies and dendrites, whereas 5-HTiB 
receptors are found mainly on PHNF positive processes.
Cells of the permanent cell line RN46A (Whittemore and White, 1993). under 
differentiating conditions, synthesize 5-HT and exhibit a neuronal phenotype, 
characterized by the presence of MAP2 positive and PHNF positive processes. 
Conditions which increase the density of autoreceptors are currently under study. 
Preliminary results at the ultrastructural level lead us to think that these in vitro models 
will be useful for the study of differential receptor routing as well as internalization.
Ref: Whittemore S. & White L., 1993, Brain Res., 615:27-40.

587.17

ANALYSIS OF THE MECHANISM OF INTERNALIZATION OF THE HUMAN 
5-HTia  RECEPTOR. R. G. Ruddell., J. R. Black and K. Shaw*. Division of Cell 
Sciences, University of Southampton, Southampton SO16-7PX, UK.

The 5-hydroxytryptamine 1A receptor (5-HT!AR) is known to play a key role in 
many physiological functions and is implicated in a number of clinical disorders. In 
response to the agonist 8-hydroxy-2(£/z-«-propylamino)tetraline (8-hydroxy-DPAT), 
the recombinant human 5-HTiAR undergoes desensitization and we have recently 
shown that it is also subject to agonist-mediated internalization (submitted for 
publication). Internalization may be dependent on phosphorylation at selective PKC 
recognition sites in the protein sequence. In the present study. we have attempted to 
attenuate receptor sequestration. In addition we were interested to determine 
whether the mechanism of internalization occurred via a clathrin-mediated pathway.

Chinese Hamster Ovary’ (CHO) cells expressing the recombinant human 5-HT1a R 
were incubated for 30 minutes in the presence of either concanavalin A (50/zg/ml- 
lmg/ml) or hypertonic sucrose (0.4- 0.8M). Receptor sequestration was initiated 
with 1/zM 8-hydroxy-DPAT for 20 minutes at 37°C. The reaction was terminated on 
ice. Binding analysis was performed on a membrane enriched-ffaction in the 
presence of [3HJ 8-hydroxy-DPAT and data were analysed using GraphPad Prism.

Our results demonstrate significant attenuation of receptor sequestration in the 
presence of 0.7M sucrose, whereas concanavalin A had a concentration-dependent 
effect. In the absence of agonist neither reagent had an effect on [3H]8-hydroxy- 
DPAT binding when compared to control (phosphate buffered saline). In both cases, 
attenuation of receptor sequestration was sub-maximal at the highest concentrations 
tested. Our results demonstrate that internalization of the 5-HTiAR likely occurs via 
a clathrin-mediated pathway.
Supported by the Wellcome Trust. RGR is a BBSRC graduate student.
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588.1

S 33084: A NOVEL, POTENT AND SELECTIVE BENZOPYRANO- 
PYRROLIDINE ANTAGONIST AND RADIOLIGAND AT DOPAMINE D3 
RECEPTORS. D. Cussac, A. Newman-Tancredi, F. Lejeune, A Gobert, V. Audinot, 
J.-M. Rivet, T. Dubuffet, G. Lavielle and M.J. Millan*, Institut de Recherches 
Servier, 125 Chemin de Ronde, 78290 Croissy-sur-Seine, France

Few selective ligands at human (h)D3 receptors have been identified. Herein, we 
compare a novel ligand, S 33084 (structure to be disclosed), to the selective D3 
antagonists, S 14297 and GR218,231, and the selective D2 antagonist, L741,626.

<- pK; pKb ->
hP3 hP2 hP4 rP3 hP3 hP2

S 33084 9.4 7.3 5.7 8.6 9.3 7.7
S14297 7.9 6.6 5.7 7.6 6.5
GR 218,231 8.9 7.1 5.2 8.9 8.6 7.1
L 741,626 7.1 8.3 6.5 7.0 - 8.7

Affinities at CHO-transfected, hD2, hD3 and hD4 receptors and antagonism of 
dopamine-stimulated [35S]-GTPyS binding at hD2 and hD3 receptors (3 pM, D2 and 1 
pM, D3) receptors were determined as previously1. Affinities at rD3 receptors in 
olfactory tubercle were determined with [*H]-7-OH-DPAT (3 nM) in the presence of 
GTPyS (100 pM).
S 33084 had > 100-fold selectively for hD3 vs all other (30) sites examined. 
[3H]-S 33084 specifically labelled hD3 sites in CHO cells with a Bmax of 20 
pmole/mg, a Kd of 0.2 nM and a profile of displacement identical to [3H]-S 14297. In 
freely-moving rats, S 33084 and GR 218,231 (both 2.5 mg/kg, s.c.) abolished 
inhibition of dopamine release in frontal cortex by the D3/D2 agonist, PD 128,907 
(0.16, s.c.). They both (0.25 mg/kg, i.v.) antagonised the PD 128,907 (0.016, i.v.)- 
induced inhibition of ventral tegmental area dopaminergic neurones. In conclusion, 
S 33084 is a competitive, selective and potent antagonist (radioligand) at D3 
receptors.
’Millan M.J. etal., J. Pharmacol. Exp. Ther., 286: 1342-1355, 1998.
This study is supported by Servier Pharmaceuticals.

588.2

S 32504, A NOVEL AND POTENT NAPHTOXAZINE AGONIST AT 
DOPAMINE D3 RECEPTORS. M.J. Millan, M. Brocco*, A. Dekeyne, A. 
Newman-Tancredi, D. Cussac, F. Lejeune, J.-M. Rivet, A. Gobert, V. Audinot,
L. Sezgin, N. Despaux and J.-L. Peglion. Institut de Recherches Servier, 125 Chemin
de Ronde, 78290 Croissy-sur-Seine, France.

Dopamine D3/D2 receptor agonists are of potential use in the treatment of
Parkinson's disease and depression. In this light, we compared the in vitro and in 
vivo profile of the novel ligand, S 32504 (structure to be disclosed), to that of 
ropinirole.

<— hD3
pECso

->
%MS pKj

hD2
pECS0

->
%MS

FS
ED5q

ROT
MED

RR
ED50

S 32504 8.0 8.6 74 6.5 6.4 88 0.16 0.04 2.5
Ropinirole 7.4 7.5 59 6.2 6.1 116 0.63 0.16 0.16

pECso = pEffective Concentration50; %MS = maximal stimulation vs dopamine
(= 100 %); FS = reduction of immobility in a forced swim test of antidepressant 
properties in rats; ROT = induction of rotation in rats with a unilateral lesion of the 
substantia nigra and RR = induction of ataxia in a mouse rotarod test. Affinities 
(employing [I25I]-iodosulpride) and agonist efficacies (stimulation of [35S]-GTPyS 
binding) at hD3/hD2 sites were determined as previously1.

S 32504 was a preferential hD3 vs hD2 ligand, with similar efficacy at each site. 
Ropinirole, in contrast, preferentially activated hD2 vs hD3 sites. S 32504 showed 
more potent antidepressant and antiparkisonian activity than ropinirole, yet was less 
potent in eliciting motor disruption. S 32504 showed > 50 fold lower affinity for all 
other (>20) sites examined. In conclusion, S 32504 is a preferential D3 vs D2 receptor 
agonist which displays potent, potential antidepressant and antiparkinson properties 
without markedly disrupting motor behavior.
'Newman-Tancredi A. etal., Mol. Pharmacol., 55: 564-574, 1999.
This study was supported by Servier Pharmaceuticals.
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588.3

DESIGN AND SYNTHESIS OF NOVEL LIGANDS FOR THE DOPAMINE D3 
RECEPTOR SUBTYPE. A. H. Newman,*1 M.J. Robarge.1 S.M, Husbands1 and 
A. Thurkauf2 1Medicinal Chemistry Section, NIDA-IRP, Baltimore, MD 21224 
and 2Neurogen Corp., Branford, CT 06405

The dopamine D3 receptor subtype has been recently targeted as a potential 
neurochemical modulator of the behavioral actions of psychomotor stimulants, 
such as cocaine. However, definitive behavioral investigations have been 
hampered by the lack of highly selective D3 agonists and antagonists. In an 
attempt to design a novel class of D3 ligands with which to study this receptor 
system, we screened a series of chemically divergent compounds that 
possessed various structural features that exist within several classes of 
reputed D3 agents and compared them to the recently reported NGB 2904. 
Based on these results, a novel series of compounds was designed that 
included functional moieties that were deemed important for high affinity and 
selective binding to D3 receptors. All the compounds in this series included an 
aryl-substituted piperizine ring, varying alkyl chain linker and a terminal aryl 
amide. The compounds were synthesized and evaluated in v/frofor binding in 
CHO cells transfected with human D3 receptor cDNA. Binding affinities ranged 
from Ki=20-1200 nM. Structure-activity relationships for this class of ligands at 
D3 receptors will provide new leads toward the development of highly selective 
and potent molecular probes that will prove useful in the elucidation of the role 
D3 receptors play in the psychomotor stimulant and reinforcing properties of 
cocaine. (Supported by NIDA).

/=VArOCHbl X/' N\

588.4
EFFICIENT FUNCTIONAL COUPLING OF THE HUMAN D3 DOPAMINE 
RECEPTOR TO Go SUBTYPES OF G PROTEINS IN SH-SY5Y CELLS. 
Jeffrey F. Pregenzer2, Glen L. Alberts-, Phillip G. Zaworski-, Wha Bin Im2^,
Jerry L. Slightom- and Gumam S. Gill- \3ell & Molecular Biology, 2Biology
II/Neurobiology and 3Genomics, Pharmacia and Upjohn, Inc., 301 Henrietta 
Street, Kalamazoo, MI 49007. The D3 dopamine receptor presumably activates 
G/Go subtypes of G-proteins, like the other members of D2-like dopamine 
receptor family (D2 - D4), but its signaling targets have not been clearly 
established, because various mammalian cell lines heterologously expressing the 
receptor displayed only weak functional signals. In this study, we discovered 
that recombinant human D3 receptors expressed in SH-SY5Y cells (a human 
neuroblastoma cell line) produced functional signals pronouncedly greater than 
those of D3 receptors expressed in human embryonic kidney (HEK) 293 cells. 
Quinpirole, a prototypic agonist, markedly inhibited forskolin-stimulated cAMP 
production and Ca2+-channel (N-type) currents in SH-SY5Y cells. The agonist 
also enhanced GTPy35S binding in isolated membranes, nearly 10 times greater 
than that observed in HEK 293 cell membranes. The G proteins activated by D3 
in SH-SY5Y cells were identified as Go subtypes, on the basis of the observation 
that only Ga0-specific antibodies trapped quinpirole-dependent GTPy35S- 
labeled a subunits from solubilized membranes. Western blots with a Gao- 
specific antibody showed no appreciable quantitative difference in the contents 
of Gao subtypes in SH-SY5Y and HEK293 cells. .Transcripts for adenylyl 
cyclase V, the most sensitive effector for D3, on the other hand, is present only 
in SH-SY5Y cells. It appears that the efficient coupling of the D3 dopamine 
receptor to Go subtypes in SH-SY5Y cells may arise from the presence of 
appropriate effectors such as adenylyl cyclase V and N-type Ca2+-channels.

588.5

FUNCTIONAL INTERACTION BETWEEN D3 AND D3NF DOPAMINE 
RECEPTORS IN TRANSFECTED HEK 293 CELLS. K. Dowhower Karpa* 
and R. Levenson. Dept. of Pharmacology, Penn State Univ. College of Medicine; 
Hershey, Pa. 17033

D3 receptors bind neuroleptic agents with high affinity and have been localized 
mainly in limbic areas of the brain which are associated with mood and emotional 
behaviors. High levels of expression of D3NF, a D3 splice variant, in post-mortem 
schizophrenic brains has also implicated the D, receptor in the modulation of 
emotional behaviors. While the precise roles for both D3 and D3nf in cognition have 
yet to be determined, it has been suggested that D3nf may regulate D3 in a dominant 
negative fashion. To investigate whether there is a functional interaction between 
D3 and D3nf differentially tagged D3 and D3nf receptors were expressed in HEK293 
cells. Both FLAG-tagged and HA-tagged D3 receptors localized to the plasma 
membrane. In contrast, FLAG-tagged and HA-tagged D3nf receptors appeared 
predominately in the cytosol of transfected cells. Transient expression of D3 HA- 
tagged receptors in a D3 FLAG-tagged stable cell line, revealed overlapping staining 
of both proteins in the plasma membrane. However, transient expression of HA- 
tagged D3nf in D3 FLAG-tagged stable HEK293 cells, demonstrated significant 
labeling of both proteins in the cytosol. These results suggest a direct physical 
interaction between D3 and D3nfand may support the hypothesis that D3nf may affect 
the membrane delivery of D3 receptors. Supported by MH-44866

588.6

DOPAMINE D3 RECEPTOR GENE VARIANTS AS A 
POSSIBLE PREDICTOR OF NEUROLEPTIC INDUCED 
MOVEMENT DISORDERS. P. Eichhammer1, M. Albus, T. 
Rohrmeier1, N. Wodarz1*, H.E. Klein1. ’Department of 
Psychiatry, University of Regensburg, 93153 Regensburg, 
Germany; 2District Hospital Haar, 81675 Munich, Germany.

An interesting association between tardive dyskinesia (TD) 
and D3 receptor gene variants was recently reported. Sine acute 
akathisia (AA) is regarded as a forerunner of TD and heriditary 
factors are discussed in the etiology of AA, we investigated 
whether homozygosity for the Ser9Gly variant of the DRD3 
gene is involved in the development of AA. DNA from 150 
unrelated schizophrenic patients with and without AA was 
genotyped. In contrast to the frequency (10%) of homozygosity 
for the Ser9Gly variant of the DRD3 gene among patients with 
AA, which is in line with reported data in Caucasian 
populations, we found a very low frequency (1%) among 
patients without AA.
With regard to TD and dopamine D3 receptor gene variants, 
under-representation of the 2-2 genotype seems to be a genetic 
factor protecting patients from developing drug induced side- 
effects such as TD and AA.

588.7

INCREASED LEVELS OF PRONEUROTENSIN/NEUROMEDIN N 
mRNA IN RAT STRIATUM AND NUCLEUS ACCUMBENS 
INDUCED BY 7-OH-DPAT AND NAFADOTRIDE. B. Levant*1, B.

Univ. of Kansas Medical Center, Kansas City, KS; 2Dept. of Biological 
Sciences, Western Michigan University, Kalamazoo, MI; ^Pharmacia & 
Upjohn, Kalamazoo, MI.

The D3 dopamine receptor, localized primarily in limbic brain areas, is 
a potential antipsychotic site. In this study, the effects of the D3- 
preferring compounds 7-OH-DPAT and nafadotride on levels of 
proneurotensin/neuromedin N (proNT/N) were assessed. Adult, male, 
Sprague-Dawley rats were injected s.c. with the agonist 7-OH-DPAT 
(0.1 mg/kg) or antagonist nafadotride (1 mg/kg) at doses previously 
shown to produce negligible occupancy of D2 receptors in vivo. As a 
positive control, an additional group of animals was treated with 
haloperidol (3 mg/kg, s.c.). ProNT/N mRNA levels were determined 
by in situ hybridization. 7-OH-DPAT increased proNT/N mRNA in the 
nucleus accumbens shell. Nafadotride increased proNT/N mRNA levels 
in the nucleus accumbens shell and dorsomedial caudate/putamen to 
levels comparable to those produced by haloperidol. Nafadotride also 
increased proNT/N mRNA in the anterior and dorsal caudate but to a 
lesser extent than haloperidol. These data indicate that 7-OH-DPAT and 
nafadotride increase proNT/N mRNA levels in brain areas affected by 
antipsychotic drugs and suggest that the D3 receptor may regulate 
proNT/N mRNA expression in the nucleus accumbens shell.
Supported by NIMH MH 52839 (BL), Center grant HD 02528 (BL), 
and the Stanley Foundation (KMM).

588.8

CHARACTERIZATION OF DOPAMINERGIC COMPOUNDS AT hD2SH0RT, 
hD42, AND hD47 RECEPTORS IN AGONIST-STIMULATED [35S]GTPyS 
BINDING ASSAYS. R.H. Alper* and S.L. Gilliland. Department of Pharmacology, 
Toxicology and Therapeutics, The University of Kansas School of Medicine, 
Kansas City, KS 66160.

Agonist-stimulated [35S]GTPyS binding was used to assess the potency and 
efficacy of dopaminergic compounds in membranes prepared from CHO cells stably 
expressing hD2Short, hP4 2, or hP4 7 receptors. The potencies of the agonists were: 

Receptor Relative potency (agonists)
D2shon pergolide « apomorphine > quinelorane « quinpirole
D4 2 apomorphine > quinelorane « quinpirole « pergolide
D47________apomorphine > pergolide « quinelorane > quinpirole

All agonists displayed similar efficacy at D2shOrt and D42 receptors (except for 
pergolide which was -60% of others and the D4 2); quinelorane and quinpirole were 
more efficacious than apomorphine and pergolide at the D4 7 receptor.

The potencies of dopamine receptor antagonists (determined as their ability to
block apomorphine-stimulated [35S]GTPyS binding) were:______________________

Receptor Relative potency (antagonists)
D2short spiperone » haloperidol > risperidone > olanzapine » clozapine 
D4.2 spiperone » haloperidol« risperidone > olanzapine « clozapine
D47_____ spiperone » haloperidol = risperidone > olanzapine » clozapine

None of the antagonists altered [35S]GTPyS binding suggesting that all are pure, 
silent dopamine receptor antagonists in this system.

Thus the functional potencies of dopaminergic compounds with diverse structures 
is consistent with their respective receptor affinities reported previously in 
radioligand binding assays. Furthermore, the antagonists are pure (i.e., no inverse 
or partial agonist activity) in a functional assay with constitutive G protein activity. 

[Supported by a grant to RHA from the Eli Lilly Corporation.]
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588.9
D4 DOPAMINE AND METABOTROPIC GLUTAMATE RECEPTORS IN 
CORTICOSTRIATAL PROJECTIONS IN RAT BRAIN. M.A. Berger1. M. J. Villar2 
and M.C. Antonelli1*. 'IQUIFEB, Faculty of Pharmacy and Biochemistry, UBA; 
faculty of Biomedical Sciences, Austral University, Buenos Aires, ARGENTINA

The characterization of the functional interactions between the metabotropic 
glutamate receptors (mGluRs) and the dopaminergic receptors (DRs) in the 
corticostriatal projections may provide a possible interpretation of the synaptic events 
that take place in the basal ganglia. It has been suggested that presynaptic 
dopaminergic D2-type receptors located on glutamatergic corticostriatal neurons 
regulate the release of glutamate. In order to identify the receptor subtypes involved 
in this regulation, our first approach was to study the cellular distribution of die D4R 
and the mGluRs in cerebral cortex and striatum employing immunocytochemistry. 
Neurons displaying D4R immunoreactivity (IR) were particularly numerous in medial 
prefrontal cortex mainly occupying layers II and m. An even distribution was found 
on small round-shaped neurons at the striatum. Group I mGluRlot-IR was found in 
medial and deep layers of the cerebral cortex while group III mGluR4a-IR labelled 
more superficial layers; group II mGluR2/3-IR was intense on fine fibers with a 
punctate appearance. In the striatum, mGluRla and mGluR2/3 antibodies stained 
mainly fibers while mGluR4a-IR was found in round shaped cell bodies. After an 
intraventricular injection of colchicine, an axonal transport and firing activity blocker, 
D4R-IR significantly increased in cerebral cortex and decreased in the striatum. 
mGluRla and mGluR4a signal decreased in cerebral cortex and only mGluR4a-IR 
decreased in the striatum. These results give support to previous suggestions of a 
presynaptic localization of D4R in corticostriatal terminals. In contrast, striatal 
mGluRla appeared to be a postsynaptic receptor probably synthesized in situ. 
Although the decrease of mGluR4a-IR in striatum might suggest a presynaptic 
localization, the synthesis of the cortical receptor seems to be modulated by 
projections originated in other areas.
Supported by FONCYT, C.ONICET and Austral University.

588.10
NON-CONSERVED RESIDUES IN THE SECOND TRANSMEMBRANE- 
SPANNING (TMS2) DOMAIN OF THE D4 DOPAMINE RECEPTOR ARE 
MOLECULAR DETERMINANTS OF D4-SELECTIVE PHARMACOLOGY.
D. R, Sibley* P. S. Beniamin and J. A. Schetz. Molecular Neuropharmacology 
Section, NINDS/NIH, 9000 Rockville Pike, Bethesda, MD 20892.

The molecular determinants that govern selective ligand binding to the rat D4 
dopamine receptor were investigated by substituting D2 dopamine receptor 
sequences into a D4 receptor background. The resulting mutant D4 receptors 
were then screened with a panel of selective and non-selective ligands, which 
included two allosteric modulators as novel measures of protein conformational 
changes. Mutation of a phenylalanine at position 88 in TMS2 of the D4 receptor 
to the corresponding valine in the D2 receptor, D4-F88V, resulted in a greater 
than 200-fold decrease in the affinity of the D4-selective drug L-750,667 without 
affecting the binding of the other ligands. Mutations near the extracellular side of 
D4-TMS3 produced moderate decreases in L-750,667 binding affinities with 
concomitant increases in (-)-raclopride binding affinity. However, their 
isomethylbutylamiloride (MIA) binding affinities were also 14-20-fold higher than 
either wild type receptor and their pseudo Hill slopes were shallow. Notably, L- 
750,667 binding affinity was further increased in combined D4-TMS2/3 mutants, 
but this increase was not additive. More important, the combined D4-TMS2/3 
mutants had (-)-raclopride and MIA binding properties that reverted back to those 
of the wild type D4-receptor. In contrast to the D4-F88V mutant, the D4-L87W 
mutant had two-site zinc binding and an increased affinity for 
[3H]methylspiperone, but no effect on the binding of drugs with compact 
molecular structures. These findings demonstrate that two residues near the 
extracellular side of D4-TMS2 are critical molecular determinants for the selective 
binding of L-750,667 and ligands with extended structures (supported by NIH).

CATECHOLAMINE RECEPTORS: RECEPTOR INTERACTIONS

589.1
DINAPSOLINE (DNS) AND ITS ANALOGS: FURTHER INSIGHT INTO THE 
PHARMACOPHORES FOR D, AND D2 DOPAMINE RECEPTORS. S.L. 
Oxendine1, A.M. Qandil2, D.E. Nichols2, R.B. Mailman1*’Dept. of Pharmacology and 
Psychiatry & Toxicol. Currie., Univ. of North Carolina, Chapel Hill, NC; 27599-7250; 
2Dept. of Med. Chem. & Molec. Pharmacol., Purdue University.

Both the first full D, agonist dihydrexidine (DHX) and the second generation agent 
dinapsoline (DNS) fit a D, full agonist pharmacophoric model that includes three major 
elements (amine, catechol, and accessory hydrophobic groups) in precise steric 
orientation. DHX and DNS, like D, selective benzazepines, contain an aromatic 
hydrophobic accessory group, suggesting they should be D, selective. Thus, it was 
surprising that both DHX and DNS had significant D2 affinity (K05 of 10 nM and 5 nM, 
respectively). Previous studies have reported that methyl substituents at the 2, 3, or 4 
position of DHX, coupled with N-alkyl substitution, yielded a family of drugs with 
altered D,:D2 selectivity, some of which were D3 selective. The present studies tested 
how analogous substituents affected the receptor selectivity of drugs based on the DNS 
backbone. Predictions were made based on results obtained with sterically equivalent 
substitutions on the DHX backbone. N-alkylation on DNS with either an n-propyl, or an 
allyl group, caused a ca. 40-fold loss of D, affinity, as predicted. Unexpectedly, these 
same N-substituents slightly decreased the D2 affinity, contrary to prediction. Synthesis 
of the 4- and 6-methyl analogs of DNS also yielded unexpected results. 6-MeDNS, 
analogous to 2-MeDHX, was predicted to have lower D2 affinity and higher D, 
selectivity, whereas it had identical D,;D2 selectivity and affinities compared to the 
parent compound DNS. 4-MeDNS, analogous to 4-MeDHX, was predicted to have 
higher D2 affinity and less D,:D2 selectivity than the parent does. Again, it was found 
that this substitution did not markedly increase the D2 affinity, and surprisingly 
decreased the D, affinity. These substituents also altered the D2-like isoform selectivity, 
and the functional properties of the two drug series, in different ways. These data allow 
refinement of molecular models of agonist binding to the major dopamine receptor 
isoforms. (Supported by Bristol-Myers Squibb, MH42705, MH40537, HD03110, 
MH33127, & ES07126.)

589.2

HOW CHRONIC CORTISOL TREATMENT AFFECTS 
DOPAMINE D1-LIKE AND D2-LIKE RECEPTORS. M.J. Mijnster*,
E. Isovich and E. Fuchs. German Primate Center, 37077 
Gottingen, Germany.

We previously found that dopamine receptors in various brain 
regions are responsive to chronic psychosocial stress, by using a 
paradigm based on dominant-subordinate relationships in tree 
shrews. In order to assess a possible role for the 'stress hormone' 
cortisol in the regulation of dopamine receptors, we investigated 
dopamine receptor characteristics in tree shrews after exogenous 
cortisol administration (6-9 mg/day, via the drinking water for the 
duration of 28 days).

Receptor saturation experiments with the radioligand [3H]-SCH 
23390 did not show changes in D1 -like receptors in any df the brain 
regions investigated. Saturation experiments with [125l]-Epidepride 
revealed increased densities of D2-like receptors in the caudate 
nucleus, the putamen and the nucleus accumbens. In contrast, the 
densities of D2-like receptors were decreased in the hippocampus 
and tended to decrease in the prefrontal cortex. In the substantia 
nigra, D2-like receptors were not changed. These results suggest 
that exposure to chronically elevated cortisol levels upregulates 
D2-like receptors in the striatum, while downregulating them in the 
hippocampus. The possible significance for stress-induced effects 
on dopamine receptors will be discussed.

Supported by the EU-TMR (MJM), DAAD (Et) and FAZIT(EI).

589.3

STIMULATION OF [y35S]GTP BINDING BY DOPAMINE AGONISTS IN 
PARADIGMS OF INCREASED DOPAMINERGIC TRANSMISSION. 
Cadi, R, Quirion. L,K, Srivastava*. Departments of Psychiatry and Neurology 
and Neurosurgeiy, McGill University, Douglas Hospital Research Centre, 
Montreal, PQ, H4H 1R3.

We have developed models of increased dopaminergic transmission 
based on Either neonatal brain lesions or chronic psychostimulant administration 
in rats. To further investigate whether dopamine (DA) receptor signal 
transduction events play a role in these paradigms, we examined the coupling 
efficacy between DA receptors and their associated G proteins. Therefore, a 
quantitative autoradiography technique was established, in which the stimulation 
of [y35S]GTP binding to G proteins with various DA agonists could be 
measured in subdivisions of nucleus accumbens (shell and core) as well as in the 
caudate-putamen. In control animals, under optimized experimental conditions, 
a significant concentration dependent increase in [y35S]GTP binding was 
observed, with DA and apomorphine (lpM - 1 mM) in all the subregions 
examined. Quinpirole, a D-2 receptor-like agonist, and SKF-38393, a D-l 
receptor-like agonist, at a concentration of 100 pM also increased the binding, 
though to a lesser degree. Moreover, these increases were blocked with DA 
antagonist (+) butaclamol (100 pM) suggesting that the stimulation of the ligand 
binding was specific to the DA receptors. Interestingly, the stimulation of 
binding was greater in the caudate-putamen than in the accumbens. This new 
tool for assessing the functional state of DA receptors will permit to further 
determine their role in the neurodevelopmental effects of the lesions and 
following psychostimulant sensitization. Supported by MRC Canada and the 
Schizophrenia Society Canada.

589.4
FEEDBACK CONTROL OF MESOLIMBIC SOMATODENDRITIC DOPAMINE 
RELEASE IN RAT BRAIN. S. Rahman* and WJ. McBride, Dept. of Psychiatry, Inst, 
of Psychiatric Res., Indiana University. Sch. of Med., Indianapolis, IN 46202-4887.

Mesolimbic dopamine (DA) neurons have been implicated in mediating the 
reinforcing effects of many drugs of abuse, including ethanol. The ventral tegmental 
area (VTA) has reciprocal relationships with regions receiving its projections. The 
nucleus accumbens (ACB) is known to send a negative feedback projection to the VI’A 
but the mechanisms within the ACB controlling this feedback circuit are unknown 
Furthermore, the role of DA receptors within the ACB in the control of feedback 
pathways to the VTA has not been established. Therefore, the present study was 
undertaken to examine the role of DA receptors in controlling feedback regulation by 
employing ipsilateral dual probe in vivo microdialysis. Perfusion of the ACB for 60 
min with DA reuptake inhibitors, GBR 12909 (10-1000 pM) or nomifensine (10-1000 
pM), dose-dependently increased the extracellular levels of DA release in ACB, and 
concomitantly reduced the extracellular levels of DA in the VTA. Co-perfusion of 100 
pM nomifensine with either 100 pM SCH 23390 (SCH), a DI antagonist, or 100 pM 
sulpiride (SUL), a D2 anatgonisi, produced either an additive (for SCH) or a synergistic 
(for SUL) elevation in the extracellular levels of DA in the ACB, whereas the reduction 
in the extracellular levels of DA in the VTA produced by nomifensine alone was 
completely prevented by addition of either antagonist. Application of 100 pM SCH or 
SUL alone through the microdialysis probe in the ACB increased the extracellular 
levels of DA in the ACB, whereas the extracellular levels of DA remained unchanged. 
Overall, the results suggest that a) increasing the synaptic levels of DA in the ACB 
activates a long-loop negative feedback pathway to the VTA; b) activation of this 
negative feedback system requires activation of both DI and D2 receptors within the 
ACB; and c) terminal DA release within the ACB is regulated directly by D2 
autoreceptors and indirectly by DI receptors, possibly on interneurons or through 
postsynaptic inhibition of the negative feedback loop. ( AA 10721).
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589.5
AUTORECEPTOR MEDIATED CHANGES IN MESOLIMBIC DOPAMINE 
UPTAKE: MODULATION BY ESTROGEN. T.L. Thompson*, B. Smith and J. 
Nunn. Div. of Basic Sciences, Mercer Univ. Sch. of Medicine, Macon GA 31207.

The regulation of dopamine (DA) uptake by estrogen (EB) provides a possible 
mechanism for controlling the extrasynaptic availability of DA. We have shown 
previously that physiological levels of EB can modulate DA uptake and clearance as 
measured by in vivo voltammetry. While the precise site of action is unknown, 
modulation of DA uptake through a modulation of autoreceptor activation is one 
possibility. In the current study, the ability of EB to modulate autoreceptor mediated 
changes in 3H-DA uptake were investigated using a synaptosomal preparation. 
Synaptosomes were prepared from the nucleus accumbens of ovariectomized (OVX) 
or OVX EB primed (s.c., lOpg in oil, 48 and 24hr prior) rats. Basal uptake was not 
altered following EB priming: quinpirole (lOpM) mediated potentiation of DA uptake 
was attenuated in synaptosomes prepared from EB primed animals. Haloperidol 
(lOpM) inhibited basal uptake and effectively prevented quinpirole potentiation of 
uptake in both OVX and EB primed samples. The DI antagonist SCH 23390 (lOpM) 
had no effect on basal or agonist mediated uptake in tissue from either OVX or EB 
primed animals. The ability of selective protein phosphatase (PP) inhibitors to 
modulate basal and quinpirole potentiation of 3H-DA uptake was also examined. 
Pretreatment with PP2b inhibitors deltamethrin or cypermethrin, produced an 
attenuation of quinprole potentiated DA uptake in synaptosomes prepared from OVX 
but not EB primed animals. Tautomycin, an inhibitor of PP1 produced a slight but 
significant attenuation of DA uptake in response to quinpirole in OVX but not EB 
primed animals. In contrast, cantharidin a selective PP2a inhibitor had no effect. 
None of the inhibitors significantly altered basal DA uptake. These data suggest that 
autoreceptor mediated activation of DA transport is altered following EB priming and 
implicate a role for protein phosphorylation in the regulation of autoreceptor 
potentiation of transport activity. Supported by MedCen Foundation 23750.

589.6
D2 AND D3 DOPAMINE AUTORECEPTOR mRNA CO-EXPRESSION WITH 
KIR3 SUBUNIT mRNA AND KIR3 ACTIVATION IN SINGLE SUBSTANTIA 
NIGRA MOUSE NEURONS. V, Davila1. Z. Yan2, D, Sulzer13*. ‘Dept. of 
Neurology, Columbia Univ., NY, NY 10032; 2Molec & Cell Neurosci., Rockefeller 
Univ., NY, NY 10021; 3Dept of Neuroscience, NYSPI, NY, NY 10032.
D2-like dopamine autoreceptors inhibit burst firing in ventral midbrain dopamine 
neurons by opening G-protein-gated inward-rectifier potassium channels (Kir3). We 
have used whole cell patch clamp and single-cell RT-PCR in acutely dissociated 
mouse substantia nigra neurons (P23-27) to profile the co-expression of dopamine 
autoreceptor and Kir3 channel subunit mRNA. Nearly all neurons that expressed 
tyrosine hydroxylase (TH) mRNA also expressed D2 message (15/16) and, of these, 
27% co-expressed both D2 and D3 mRNA (4/15). Of the 15 neurons that expressed 
both TH and D2 mRNA, 13% expressed solely Kir3.1 subunit mRNA (2/15) and 
67% expressed Kir3.2 subunit mRNA (10/15). Of those that expressed Kir3.2, 50% 
expressed Kir3.2 alone and 50% expressed Kir3.2 in combination with Kir 3.1, 3.3 
and/or 3.4 subunit mRNA (5/15). In separate patch-clamp experiments, the D2-like 
autoreceptor agonist quinpirole (lpM) increased the inward-rectifying current by 100- 
200% over control (n=9). This current was blocked by the antagonist sulpiride (lpM) 
and the inward-rectifier channel blocker cesium (ImM). The reversal potential 
measured for the current was at the predicted value for potassium. For those neurons 
which responded to quinpirole and were subsequently immunostained, all were 
immuno-positive for TH (n=7). We conclude that D2 is functionally expressed in 
nearly all substantia nigra dopamine neurons and activates Kir3-mediated currents. D3 
coexpression is not required for Kir3 activation. Activation of Kir3 by D2 is expected 
to mediate a refractory period following burst firing and/or release of dopamine from 
neighboring neurons. Funded by the Parkinson’s Disease Foundation and NIDA.

589.7

TYROSINE HYDROXYLASE-IMMUNOREACTIVE TERMINALS IN THE 
MONKEY ACCUMBENS CORE AND SHELL: SYNAPTIC RELATIONSHIP 
TO DOPAMINE DI AND D2 RECEPTORS. X An*, DA Lewis and SR Sesack 
Departments of Neuroscience & Psychiatry, University of Pittsburgh, PA 15260.

Dopamine (DA) modulation of forebrain neurons is mediated primarily 
through DI and D2 receptors (D1R/D2R), although the localization of these 
receptors in relation to DA synapses remains to be determined. In our previous 
study of the monkey caudate nucleus (CN) (An et al., Soc. Neurosci. Abs. 24:857), 
we examined terminals that contained immunogold-silver labeling for tyrosine 
hydroxylase (TH) and that formed synapses on dendritic profiles containing 
immunoperoxidase labeling for DIR or D2R. We found immunoreactivity for 
DIR or D2R within the synaptic region 38% versus 73% of the time, respectively. 
In the present study, we sought to utilize the same methodology to investigate 
these relationships in the monkey nucleus accumbens core (NAc) and shell (NAs). 
In the NAc, TH-immunoreactive (TH-ir) terminals exhibited similar 
morphological features to those observed in the CN. However, TH-ir profiles in 
the NAs were significantly larger, contained more numerous dense-cored vesicles 
and formed more frequent asymmetric synapses (24% versus 7% in the NAc and 
<1% in the C.N). In both the NAc and NAs, 75% of the synapses formed by TH-ir 
terminals onto D2R-ir spines or dendrites exhibited D2-ir in the synaptic region, 
similar to what was observed in the CN. However, of the TH synapses formed 
onto DlR-ir profiles, 40% exhibited synaptic Dl-ir in the NAc and only 13% 
showed synaptic Dl-ir in the NAs. These results suggest that the DA innervation 
of the NAs arises from a morphologically distinct axonal population. Furthermore, 
DA synapses throughout the limbic and motor striatum are enriched in D2R but 
show less frequent synaptic localization of DIR. Support: USPHS grant NS 19608.

589.8
MODULATION OF DOPAMINE - INDUCED BEHAVIOR AND GENE 
RESPONSE BY DI AND D2 RECEPTOR ANTAGONISTS IN A GENETIC 
MOUSE MODEL OF DOPAMINERGIC SUPERSENSITIVITY E H. Chartotf 
R.D. Palmiter2, D.M. Dorsa3. Depts. of’Psychiatry and Behavioral Sciences, 
Pharmacology, ’Biochemistry; and program in 'Neurobiology and Behavior, 
University of Washington, Seattle, WA 98195.

Dopamine (DA) deficient mice (DA Z ) have been generated by targeted deletion of 
the gene encoding tyrosine hydroxylase specifically in dopaminergic neurons (Zhou 
and Palmiter, 1995. Cell 83:1197-1209.). These mice are phenotypically hypoactive 
and aphagic, and require daily administration of L-DOPA for survival. Interestingly, 
L-DOPA treatment of DA . but not wild type, mice leads to remarkable 
hyperactivity. Both Di and D2 receptors appear to mediate this hyperactivity, as it is 
attenuated by either the specific Di antagonist, SCH23390, or the D2 antagonist, 
haloperidol. The peripheral dopa-decarboxylase inhibitor, carbidopa, given in 
conjunction with L-DOPA (C/L-DOPA), effectively raises the amount of L-DOPA 
that reaches the brain. Mice treated in this manner exhibit an initial rise in locomotor 
activity followed by a period of intense stereotypic behaviors, and ending in a 
prolonged period of hyperactivity. C/L-DOPA also dramatically induces c-fos and 
neurotensin mRNA expression in discrete regions of the striatum of DA mice. We 
hypothesize that the stereotypy and gene response induced by C/L-DOPA are a result 
of an enhanced postsynaptic supersensitivity. To test this, we used dopamine receptor 
antagonists in conjunction with C/L-DOPA to determine the role either D] or D2 
receptors played. Interestingly, in contrast to the above, the “psychotogen-like” 
stereotypy induced by C/L DOPA is primarily Di receptor mediated, as acute 
administration of SCH23390, but not haloperidol, attenuates the response. The data 
suggest that the DA ’ mice may’ be a unique model in which to study the molecular 
and behavioral consequences of hyper-function of the dopamine system.

This work supported by a NARSAD Distinguished Investigator Award

589.9

GENERATION AND BEHAVIOURAL CHARACTERIZATION OF MICE 
LACKING BOTH THE DI AND D3 DOPAMINE RECEPTORS. J. M. Karasinska1, 
S. R George1,2,3 M. El-Ghundi1, P. J. Fletcher3, P. Seeman1*, and B. F. O’Dowd13.
Depts. of'Pharmacology and 2Medicine, Univ. of Toronto, Toronto, Ontario, Canada, 
3 Centre for Addiction and Mental Health, Toronto, Ontario, CANADA M5S 1A8.

The five dopamine receptors (DR) are involved in the regulation of behaviours 
including locomotor activity, learning and memory, motivation, and reward. The 
physiological and behavioural functions of each DR have been previously studied 
using knockout mice. DIR and D3R are both localized in region such as nucleus 
accumbens. In order to investigate the possible interaction between DIR and D3R in 
these behaviours, we have generated mice lacking both DIR and D3R (DrZ’D3’Z’). 
Upon crossing of Dl’Z" and D3'Z' mice, 15% of offspring in the F3 generation 
expressed the Dl"Z’D3’Z" genotype. D1’Z"D3’Z" mice were viable, fertile and like D1’Z’ 
mice, were smaller in size. Preliminary behavioural tests have indicated that Dl’^DS7' 

mice displayed a significant reduction in locomotor activity and rearing in an open 
field test when compared to wild-type controls, the DI’’ and D3"" mice (P < 0.05). 
Basal locomotor activity was not different in the D1"Z’D3 Z" and wild type mice. DI Z' 
and D1’Z'D3’Z’ mice performed equally poorly on both the distally and proximally 

cued versions of the Morris water maze (MWM) task (P < 0.001), whereas D3mice 
showed no impairment when compared to wild-type controls. Performance in MWM 
worsened under stressful conditions. These findings suggest that the combined lack of 
both DIR and D3R attenuates exploratory behaviour and that DIR but not D3R is 
involved in spatial learning and memory. (Funded by the Medical Research Council 
of Canada and the National Institute on Drug Abuse)

589.10

TRANSCRIPTIONAL REGULATION OF D,A AND D2 DOPAMINE 
RECEPTOR GENES BY GIF2. C.K. Hwang', U.M. D'Souza1, Y. Yang\.& 
Yaiima1, S.-H. Lee', J.F. Bishop1* and M.M. Mouradian'. 1 Genetic 
Pharmacology Unit, Experimental Therapeutics Branch, NINDS, NIH, 
Bethesda, MD 20892.

GIF2 (GDNF inducible factor 2) is a novel transcription factor that binds to 
Spl consensus sequences. We had previously found it to repress the-level of 
transcription from TATA-containing and TATA-less promoters in a dose- 
dependent manner. GIF2 is highly expressed in various brain regions one of 
which is the striatum, an area of the brain that has abundant levels of DIA and D2 
dopamine receptors. Therefore, the effects of GIF2 on transcription of these 
dopaminergic receptors were investigated. Different reporter constructs of D1A 
and D2 promoter regions were co-transfected with a GIF2 expression vector into 
neuroblastoma cell lines, and the activity of the reporter gene product CAT 
(chloramphenicol acetyltransferase) determined. GIF2 was found to repress the 
transcriptional activity of both DIA and D2 genes in NS20Y and NB41 A3 cells, 
respectively. In addition, gel shift assays indicated that GIF2 binds to Spl 
consensus sequences in the rat D2 promoter region. Furthermore, super-shift 
assays showed that GIF2 competes with the binding of Spl and Sp3 to DNA. 
These results using functional assays are consistent with findings from co-
localization studies of GIF2 with D]A and D2 dopamine receptors, respectively. 
In these experiments adjacent mouse striatal sections of 4 um thickness were 
analyzed for in situ hybridization using 35S labeled riboprobes. GIF2 mRNA was 
observed in the nucleus of numerous striatal cells where D1A and D2 dopamine 
receptor messages were also co-expressed. We conclude that GIF2 is important 
for the regulation of dopaminergic transmission in the striatum.
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589.11

IDENTIFICATION OF NEW PROTEINS INVOLVED IN THE 
INTRACELLULAR SIGNALISATION OF THE DOPAMINE D2 
RECEPTOR. M.-O. Ratte1, R. Faure2. S, Bourgoin3, P. Falardeau1* and
D. Levesque1. Neuroscience1, Pediatry2 and Immunology3 Units, CHUQ 
Research Centre (Pavilion CHUL), Quebec, QC, Canada, G1V 4G2 and 
Faculty of Medicine, Laval University, Quebec, Canada.

Dopamine (DA) D2-like receptors are traditionally coupled to 
heterotrimeric G proteins to inhibit the production of cyclic AMP. 
Interactions between G protein-coupled receptors and tyrosine kinase 
receptor-like intracellular pathway have been recently identified. T o 
explore if a similar cross-talk between these intracellular pathways are 
present upon stimulation of the DA receptors, we measured membrane 
recruitment of proteins after stimulation of D2, D3 and D2/D3 chimera 
receptors expressed in Chinese Hamster Ovary (CHO) cells. Specific 
antibodies directed against Grb2, mSOS and ARF-1 proteins were used on 
SDS-PAGE gels for immunoblotting analysis. Stimulation of the D2 
receptor with DA (1 pM) induced a rapid (0.5 to 5 min) membrane 
recruitment of Grb2 and mSOS. A chimera construction, where the C- 
terminal portion of the third intracellular loop (C-i3) of the D2 receptor 
is replaced by equivalent sequence of the D3 receptor, completely 
abolished this recruitment. Stimulation of the reciprocal chimera, where 
the C-i3 loop of the D3 receptor is replaced by D2 sequence, induced 
membrane recruitment of ARF-1, whereas native D3 receptor did not. 
This suggests that intracellular events induced by D2 receptor stimulation 
also involved members of the mitogen-activated protein kinase (MAPK) 
pathway and phospholipase D activation in CHO cells. These effects are 
dependent of the integrity of the C-i3 loop normally involved in the 
coupling with heterotrimeric G proteins. This work is supported by the 
“Fonds de la Recherche en Sante du Quebec (FRSQ)” and the Natural 
Sciences and Engineering Research Council (NSERC) of Canada.

589.12

EFFECTS OF RECIPROCAL CHIMERAS BETWEEN THE C- 
TERM1NAL PORTION OF THIRD INTRACELLULAR LOOPS 
OF THE DOPAMINE D2 AND D3 RECEPTORS. F. Filteau, F. 
Veilleux and D. Levesque*. Neuroscience Unit, CHUQ Research 
Centre (Pavilion CHUL), Quebec, QC, Canada, G1V 4G2 and Faculty 
of Medicine, Laval University, Quebec, Canada.

The dopamine D3 receptor is a member of the G protein-coupled 
superfamily of receptors. However, its coupling with intracellular 
events is still not well understood. We have performed chimera 
constructions in which amino acid residues located in a region of the 
receptor involved in the coupling with second messengers (the C- 
terminal portion of the third intracellular loop) have been exchanged 
between human dopamine D2 and D3 receptors. Wild-type and chimera 
receptor cell lines were obtained in Chinese Hamster Ovary (CHO) 
cells after stable transfection. For the purpose of these studies, we 
have selected cell lines expressing similar maximal receptor densities 
(Bmax: ~ 400 fmol/mg protein). Chimera constructions did not 
modified substantially the pharmacological profiles, nor G protein 
coupling (GTP-shift), as compared to their respective wild-type 
receptors. However, the D2 receptor chimera, containing the C- 
terminal portion of the third intracellular loop of the D3 receptor, has 
a lower potency to inhibit cyclic AMP production. The reciprocal 
construction generated a D3 receptor that is fully coupled to this 
second messenger pathway whereas, the native D3 receptor is 
uncoupled to this pathway in our transfected cells. These results 
suggest that the sequence selected is important for specific coupling 
characteristics shown by these two dopamine receptor homologues. 
This work is supported by the “Fonds de la Recherche en Sante du 
Quebec (FRSQ)” and the Natural Sciences and Engineering Research 
Council (NSERC) of Canada.

589.13

IMMUNOHISTOCHEMICAL LOCALIZATION OF DOPAMINE RECEPTOR 
(DR) TYPES 1-5, Cu/Zn SOD, MnSOD, and bNOS IN SPONTANEOUS HYPER-
TENSIVE (SHR) AND NORMOTENSIVE WISTAR-KYOTO (WKY) RAT 
BRAIN. U. Kumar*1. S.C, Patel3. A. Sidhu2. and Y.C. Patel1. 'McGill Univ., 
Montreal, Canada, ^Georgetown UMC, Washington, DC and 3VAMC, Newington, 
CT.

The brain dopamine (DA) system plays an important role in the development of 
hypertension (HT). Lesions of the nigrostriatal DA system or chemical depletion of 
central DA stores attenuates the development of HT in young SHR suggesting that 
functional overactivity of brain DA is involved in the initiation of HT in these 
animals. Nothing, however, is known about the pattern of expression of the DR 
isoforms in brain in HT. Accordingly, we have here compared the regional brain 
distribution of DR 1-5 subtypes in SHR and WKY rat by immunocytochemistry. 
Expression of DIR, D3R, and D4R was significantly increased in cortex (Cx), 
striatum (Str), hippocampus (He), and septum (Se) in SHR. D2R was decreased in 
Cx but increased in He. D5R was increased in the Cx but decreased in Str and Se 

DI D2 D3 D4 D5
WKY SHR WKY SHR WKY SHR WKY SHR WKY 33R

+-H- + + +++
+++ +’ + +++

+++
+++

+++
+++
+++

Cx 
Str 
He
Se ++ + + + + +++ ++ + +++ +
(Table). There was a significant 40-50% reduction in Cu/Zn SOD and MnSOD 
immunoreactive neurons in SHR compared to WKY. In contrast, bNOS positive 
neurons showed a significant 25% increase in SHR. These results suggest 
differential subtype-selective alterations in all five DR isoforms in SHR brain. These 
changes are associated with decreased anti-oxidant defense mechanism and induction 
of bNOS (supported by NS 32160, 29685, and 34339).

589.14

INTRACELLULAR C.a2* CHANGES EVOKED BY DOPAMINE RECEPTOR 
AGONISTS IN TYPE 1 ASTROCYTES FROM RAT STRIATE CORTEX AND

Physiol., Hamamatsu Univ. Sch. Med, Hamamatsu, Shizuoka 431-3192, Japan & 
2Dept. Physiol., Nagoya City Univ. Med. Sch., Nagoya, Aichi 467-8601, Japan.

It is considered that changes in dopaminergic neural transmission plays a key role 
in pathogenesis of Psychiatric and Neurological disorders such as Parkinson disease and 
Schizophrenia Dopamine bindng sites have been identified in cortical and striatal 
astrocytes as well as neurons. However, unlike in neurons, physiological function of 
dopamine in these astrocytes have not yet been reported. Therefore, we have studied 
effects of dopaminergic agonists and antagonists on intracellular Ca2+ concentration 
([Ca2’U in cultured rat cortical and striatal astrocytes. Optical imaging technique 
with fura-2 was used to observe [Ca2’} change in type 1 astrocytes which were 
identified immunohistochemically as GFAP(+) and A2B5() cells after 
experimentation. Dopamine elicited increases in [Ca2[ which were blocked by 
removal of extracellular Ca2* or application of DI-like and/or D2-like receptor 
antagonists. Application of Dl-like receptor agonist, SKF38393, and D2-like 
receptor agonist, quinpirole, mimicked some of dopamine actions. These results 
suggest that most of dopamine effects were influx of Ca2* mediated by Dl-like and/or 
D2-like receptors. Immunohistochemical analysis of DI and D2 receptor subtypes 
both of which were reported to exist in cortical and striatal neurons were not apparent 
in cortical and striatal astrocytes. This indicates astrocytic dopamine receptors might 
be different subtypes from those of neurons. Thus, not only neurons but also 
astrocytes may be involved in dopaminergic neural regulation, hence they could take 
some part in the pathogenesis of dopamine-related Psychiatric and Neurological 
disorders. Supported by the Grant-in-Aid (Jpn.) #09680817 to A.F.

589.15

CYCLIC ADENOSINE MONOPHOSPHATE (cAMP) CHANGES
DRAMATICALLY ACROSS PERIADOLESCENCE AND REGION. S.L. 
Andersen*& M.H, Teicher, Dept of Psychiatry, Harvard Medical School, McLean 
Hospital, 115 Mill Street, Belmont, MA 02478

The periadolescent period represents a unique stage in development where the 
brain undergoes dramatic changes before reaching its adult topography. D ( and D2 
receptors are overproduced and subsequently eliminated in the striatum of male, but 
not female, rats during adolescence (Andersen et al., 1997). The accumbens does 
not show marked overproduction of Dj and D2 receptors during this time period for 
both sexes, although Di receptor density is elevated in males relative to females.

We wanted to investigate whether these dramatic changes were associated with 
changes in cyclic AMP, the second messenger system classically associated with 
dopamine receptors. Forskolin-stimulated (3gM) adenylate cyclase activity was 
assessed in 250 pm slices of striatum, nucleus accumbens, and prefrontal cortex in 
male and female rats 40 and 100 days of age. Consistent with elevated striatal 
receptor density at 40 days of age in male rats, cAMP levels were 3.1 fold-higher 
than those observed in 100 day-old males (2.16 ± 0.036 vs. 0.708 ± 0.115 
pmol/mg protein/50 pi). A higher decline (5.8-fold) was observed in female 
striatum between 40 and 100 days of age, despite the fact that their receptor density 
does not change remarkably across this period. Perhaps of greater interest are the 
sex differences: female striatal cAMP is 170% higher than males, which is 
consistent with higher levels of locomotor activity in adolescent females. 
Regional differences in cAMP levels were not appreciably different between 
prefrontal cortex and striatum 100 day-old females (average value of 0.792 in 
cortex, but were about half of these values in the accumbens. These data suggest 
that changes in second messenger system do accompany the pattern of receptor 
changes, but with some notable exceptions. We are in the process of determining 
cAMP in the basal state. Supported by Scottish Rite (SLA) and MH-43473 (MHT).

589.16

SEROTONINzc RECEPTOR AGONISTS INHIBIT DOPAMINERGIC 
NEURONS IN THE VENTRAL TEGMENTAL AREA BY ACTIVATING 
GABA-ERGIC INTERNEURONS. E. Esposito? M. Di Mascio. V. Di Matteo 
and G, Di Giovanni. Istituto di Ricerche Farmacologiche “Mario Negri”, 
Consorzio Mario Negri Sud, S. Maria Imbaro (Chieti), Italy.

Serotonin (5-HT)-containing neurons originating from the raphe nuclei 
innervate the ventral tegmental area (VTA), which is the source of the mesolimbic 
dopaminergic (DA) system. Several studies from our laboratory have shown that 
the serotonergic system control the activity of VTA DA neurons by acting 
through 5-HT2C receptors. It has recently been found that 5-HT2c receptor mRNA 
is expressed in y-aminobutyric acid (GABA)-ergic neurons but not in DA neurons. 
Therefore, it is conceivable that the effect of 5-HT2C agonists on VTA DA cell 
activity would be indirectly mediated by GABA-ergic interneurons. In this study, 
in vivo electrophysiological techniques were used to investigate this point. Thus, 
extracellular single unit recordings were performed from neurochemically-identified 
DA neurons in the VTA. Moreover, the activity of non-DA (presumably GABA- 
ergic) neurons in the VTA was also recorded. Administration of the unselective 5- 
HT2C receptor agonists mCPP (m-chlorophenylpiperazine) (5-320 gg/kg, i.v.) and 
MK 212 [6-chloro-2-(l-piperazinyl)piperazine] (5-320 gg/kg, i.v.) caused a dose- 
dependent inhibition of DA neurons in the VTA. The maximal effect was reached 
at the cumulative dose of 320 gg/kg mCPP and MK 212, which caused a decrease 
of 42.6 ± 12.8% and 56.4 ± 12.6%, respectively. Both mCPP and MK 212 caused 
a marked excitation of non-DA neurons in the VTA. The peak excitatory effect 
was observed at the dose of 320 gg/kg mCPP and MK 212, which increased the 
activity of non-DA neurons by 62.4 ± 12.7% and 65.3 ± 11.4%, respectively. The 
effects of mCPP and MK 212 on both DA and non-DA neurons were blocked by 
the selective 5-HT2C antagonist SB 242084 {6-chloro-5-methyl-l-[2-(2- 
methylpyridyl-3-oxy)-pyrid-5-yl carbamoyljindoline}.

Taken together, these data indicate that phasic stimulation of 5-HT2c receptors 
activates non-DA (presumably GABA-ergic) interneurons which, in turn, inhibit 
the activity of DA neurons in the VTA.
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589.17
AMPA AND NMDA RECEPTOR-MEDIATED SYNAPTIC TRANSMISSION 
BETWEEN OFLACTORY NERVE AND JUXTAGLOMERULAR CELLS AND 
ITS PRESYNAPTIC INHIBITION BY DOPAMINE D2 RECEPTORS IN MICE.
F.-M. Zhou1*, J. Margolis’, V. Aroniadou-Anderjaska', M. Ennis1. F. Margolis', E. 
Borrelli2 and M. Shipley1. ’Dept. of Anatomy & Neurobiology, University of 
Maryland, Baltimore, MD 21201; 2IGBMC, Strasbourg, France.

in the main olfactory bulb (MOB), juxtaglomerular (JG) cells contain dopamine 
(DA) and are innervated by olfactory nerve (ON) terminals. Previous studies also 
indicated that only D2 receptors are present in MOB and they are located on ON 
terminals. Using the whole-cell patch clamp technique combined with visualization 
of neurons in MOB slices, we have studied the synaptic transmission between ON 
and JG cells in wild-type (WT) and D2 receptor knockout (D2KO) mice. NMDA 
and AMPA EPSCs were evoked in JG cells by electrical stimulation of ON. 
Spontaneous AMPA EPSCs were also recorded in JG cells. Under optimal recording 
conditions, these AMPA EPSCs had a 10-90% rise time of ~0.3 ms and a decay time 
constant of -1 ms. In both WT and D2KO mice, ON-evoked EPSCs were severely 
depressed when the frequency of stimuli was 0.2 Hz or higher. In WT mice, DA 
reduced the amplitude of ON-evoked EPSCs by -60%. DA also reduced the 
frequency-dependent inhibition of ON-evoked EPSCs. The D2 agonist, quinelorane, 
produced similar effects. In contrast, DA did not affect JG cell EPSCs evoked by 
mitral/tufted cell activation. In D2KO mice, DA had no effect on either the 
amplitude or the frequency-dependent inhibition of ON-evoked EPSCs. Taken 
together, these results indicate that synaptic transmission from ON to JG cells are 
mediated by NMDA and AMPA receptors. Our data also demonstrate that activation 
of D2 receptors located on ON terminals potently reduce the release of glutamate 
and functions as a negative feedback element. Supported by NIH grants DC03195, 
DC00347, DC03112 and NS36940 and an NARSAD award.

589.18

CONSTITUTIVE ACTIVATION OF HISTAMINE Hl
RECEPTORS. D., Weiner 1>2* M„ Goodman 1, and M.R. Brann *. 
I, ACADIA Pharmaceuticals Inc. 3911 Sorrento Valley Boulevard, San Diego, 
CA, 9212 land, 2 Department of Neurosciences and Psychiatry, University of 
California at San Diego.

Histamine is involved in various physiologic processes including 
inflammation, gastric acid secretion, and neurotransmission. The central 
actions of this transmitter are mediated by three subtypes of histamine 
receptors, where the Hl receptor appears to play a role in such diverse 
behavioral processes as arousal, anxiety, locomotor activity, and 
modulation of serotonin and dopamine release. Many known neuro-
psychiatric drugs are potent Hl receptor antagonists. We have cloned 
the wild type human Hl receptor from genomic DNA using PCR, and 
conducted a detailed pharmacologic analysis of this receptor using R- 
SAT assays. Briefly, R-SAT is a functional assay that utilizes the 
transient expression of cloned receptors in NIH3T3 cells. Since the Hl 
receptor is known to signal through the Gq family of G-proteins, we have 
co-expressed the receptor with the alpha subunit of Gq, and this has 
enabled the detection of a significant degree of constitutive receptor 
activity. This has allowed us to define a full range of Hl receptor 
activity, including full and partial agonism, as well as full and partial 
inverse agonism. We will present data on the profiling of a wide range 
of clinically relevant neuro-psychiatric drugs and mono-aminergic 
reference compounds against the Hl receptor. This data allows for the 
accurate prediction of compounds that display significant sedation, an H1 
receptor mediated side effect.

589.19

EFFECTS OF ORPHANIN FQ ON CENTRAL DOPAMINERGIC 
NEURONAL ACTIVITIES AND PROLACTIN SECRETION. K.R. Shieh1’2* 
and J.T. Pan1, ’Dept. Physiol., Natl. Yang-Ming Univ., Taipei, Taiwan 11221; 
2Mental Health Research Inst., Univ. of Michigan, Ann Arbor, MI 48109

Orphanin FQ (OFQ) is a heptadecapeptide that binds with high affinity to 
the “opioid-like orphan receptor (ORL1)” in the central nervous system 
including the basal forebrain, hippocampus and hypothalamus. The present 
study examined the effects of OFQ on central dopaminergic neuronal 
activities in ovariectomized, estrogen-primed Sprague-Dawley rats. OFQ was 
administered through pre-implanted intracerebroventricular cannula either in 
the morning or in the afternoon. The dopaminergic neuronal activities in 
various brain regions were determined by measuring their DOPAC levels by 
HPLC-ECD. The DOPAC levels in the median eminence, paraventricular 
nucleus, nucleus accumbens and striatum were lowered, while that in the 
suprachiasmatic nucleus was increased by OFQ (1 jig) at 60 and 90 min after 
the injection in the morning, and at 30, 60 and 90 min afterwards in the 
afternoon. The ones in the periventricular nucleus were not affected. Serum 
PRL levels increased at 60 min only in the morning. A similar dose-dependent 
(0.01-10 pg) effect of OFQ on DOPAC and PRL levels was also observed in 
the same regions at 60 min after the injection. Pretreatment of an antisense 
oligodeoxynucleotide against exon 3 of the ORL1 clone prevented the 
inhibitory and stimulatory effects of OFQ on DOPAC and serum PRL levels, 
respectively. Similar treatments of sense or missense probes were not 
effective. These results indicate that OFQ plays an important role on 
regulating central dopaminergic neuronal activity and on PRL secretion.

OPIATE RECEPTORS III

590.1

INCREASE IN THE ORL1 GENE EXPRESSION IN THE 
MOUSE SPINAL CORD BY CHRONIC MORPHINE AND ITS 
POSSIBLE RELATIONSHIP TO THE LACK OF MORPHINE 
TOLERANCE AND DEPENDENCE IN 0RL1 KNOCK-OUT 
MICE. H. Ueda* and M. Inoue, Pent of Mol. Pharmacol and 
Neurosci., Nagasaki Univ., Sch. of Pharmac. Sci., Nagasaki 
852-8521, Japan

We have published results that the morphine tolerance 
was markedly reduced in ORL1 knock-out mice (Neurosci. Lett. 
237,136-138,1997). Such findings suggested that 0RL1 may 
counteract morphine analgesia during chronic treatment with 
morphine, being consistent with its anti-opioid action. Here 
we also observed the loss of morphine dependence in such 
knock-out mice. When the 0RL1 gene expression during 
chronic morphine treatment was measured by RT-PCR 
method, the significant increase was observed only in the 
spinal cord, not in any brain regions. Thus, the enhanced ORLl 
expression may underlie the development of morphine 
tolerance and dependence.

590.2

NOCICEPTIN/OFQ GENE KNOCKOUT REVEALS AN 
ANTINOCICEPTIVE ROLE FOR THE NOCICEPTIN/OFQ IN

Nowakowki*, 5J.S. Mogil, 3B. Kest; 4R.G, Allen. 2H. Ueda, ’J.E. Pintar.
’Dept. Neuro and Cell Biology, UMDNJ-RWJMS, NJ 08854; 2Dept.
Mol. Pharm. and Neuroscience, Nagasaki University School of 
Pharmaceutical Sciences, Nagasaki 852-8521, Japan; 3CUNY, NY 10314; 
4CROET, OSHU, OR 97201; 5University of Illinois at Urbana- 
Champaign, IL 61820.

The opioid receptor-like receptor-1 (ORL-1) and neuropeptide 
nociceptin or orphanin FQ (OFQ) are believed to form a novel 
neuroregulatory /modulatory system, and have been implicated in many 
central processes, particularly pain perception. However, there is 
currently no consensus on the physiological and pharmacological function 
of the OFQ/ORL-1. To identify OFQ/ORL-1 in vivo actions, we have 
created a novel OFQ-deficient mouse strain by deleting exon 3 of the 
OFQ gene. No OFQ peptide was detected in mice homozygous for a null 
mutation of the OFQ gene, and the peptide content was halved in 
heterozygous mice. Using this genetic model, we showed that the OFQ- 
deficient mice had an increased pain sensitivity to thermal stimulation at 
< 50 °C in both the hot-plate and tail-withdrawal tests. The sensitivity to 
both peripheral and spinal substance P was greatly increased in 
nociceptive flexor responses. The data, for the first time, establish an 
unequivocal, physiologically significant antinociceptive role for OFQ, 
and further indicate that this analgesic action of OFQ may result from the 
suppression of substance P activity.
Supported by PhRMA post-doctoral fellowship (ZC) and NIH DA-09040 
(JEP).
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590.3
Orphanin  FQ receptor  mRNA Expression  and  3H-Nociceptin  Binding  in  
the  Human  Brain  J. Schadrack*3, S. Platzer3, D. Dworzaka. B. Mahal3, H.P. 
Afimusb, % Wurster^. T.R. Tdllec, W. Zieglgansberger3 aMax-Planck-Inst. of 
Psychiatry; ^Dept. of Pathology, Municipal Hospital Munchen-Schwabing; cDept. of 
Neurology, Technical University; 80804 Munich, Germany.

Following the cloning of the novel opioid receptor-like 1 (ORL1) and the 
identification of its endogenous ligand orphanin FQ/nociceptin (OFQ/N) the 
distribution and functional role of the OFQ/N-system have been studied mainly in the 
CNS of mice and rats. Due to its close relationship to classical opioid systems, a 
major interest regards its role in pain processing, where analgesia as well as pro-
nociceptive and anti-opioid effects have been shown. In the present study the regional 
distribution of the human ORL1 (hORLl) receptor was investigated in sections of 
post mortem human brain (n=4) using in situ hybridization for mRNA detection and 
receptor autoradiography for 3H-nociceptin binding sites. Specific hORLl mRNA 
expression and 3H-nociceptin binding was found in the following structures 
investigated: neocortex, corpus striatum, hippocampus and cerebellar cortex. In 
neocortex the mRNA and binding signal showed specific laminar patterns at 
macroscopic level. For the corpus striatum a low mRNA expression was 
predominantly seen over the caudate nucleus and putamen, and, at cellular level, in 
some selected cells in the pallidum. 3H-nociceptin binding was detected in caudate 
nucleus and putamen, but not in the pallidum. In the hippocampal area ORL1 mRNA 
and binding label were prominent in the dentate gyrus, mRNA expression being 
detected over the granular layer and 3H-nociceptin binding in the molecular layer. A 
low but specific signal could also be observed in cerebellar cortex where mRNA 
expression was mainly found over the granular cell layer and binding sites in the 
molecular layer. The present detailing of the anatomical distribution of hORLl 
receptor mRNA and binding sites in various brain structures may promote the 
understanding of the OFQ/N-system and of opioidergic mechanisms in the human 
nervous system. (Supported by SFB 391)

590.4
IMMUNOCYTOCHEMICAL LOCALIZATION OF THE SIGMA, (a,) RECEPTOR 
IN THE CENTRAL NERVOUS SYSTEMS OF THE ADULT RAT AND MOUSE. 
V.-L. Phan*, G. Alonso, A. Leerand. M. Anoal. A. Urani and T, Maurice. INSERM U. 
336, 34296 Montpellier, France.

The localization of the o, receptor in the adult rat and mouse central nervous 
systems was characterized using a polyclonal antibody raised against a 20 amino-
acids peptide fragment of the cloned a, receptor protein. In both species, intense to 
moderate immunostaining was observed throughout the rostro-caudal regions of the 
central nervous system extending from the olfactory bulb to' the spinal cord. The 
labeling was associated with ependymocytes bordering the entire ventricular system, 
and neuron-like structures located within the parenchyma. Double fluorescence 
studies in the Wistar rat confirmed that a, receptor-immunostaining was essentially 
associated with neuronal structures immunostained for the neuronal marker J3III- 
tubulin. In the rat, high levels of immunostaining were always associated with neurons 
located within specific regions including the granular layer of the olfactory bulb, 
various hypothalamic nuclei, the dentate gyrus and, more moderately, the CA1-CA3 
pyramidal layers of the hippocampus, several cortical layers, the septum, the central 
gray, motor nuclei of the hindbrain and the dorsal horn of the spinal cord. On the 
other hand, only faint immunostaining was associated with neurons located in the 
cerebellum and several thalamic nuclei. Electron microscope studies in the rat showed 
that o, receptor-immunostaining was mostly associated with neuronal perikarya and 
dendrites, where it was localized to the limiting plasma membrane, the membrane of 
mitochondria and of some cistemae of the endoplasmic reticulum. At the level of 
synaptic contacts, intense immunostaining was associated with postsynaptic structures 
including the postsynaptic thickening, whereas the presynaptic axons were devoid of 
immunostaining. Immunolocalization in the brain of Swiss or C57BL/6 mouse 
presented only mild differences with the rat. First, in the hippocampus, the CA1-CA3 
pyramidal layers appeared as intensively immunostained as the dentate gyrus. Second, 
some large but scattered moderatly immunostained neurons were observed in the 
caudate putamen. This study describes the first precise immunolocalization of the a, 
protein in the rat and mouse brains and may give valuable informations for further 
investigating the role of this receptor. Supported by INSERM

590.5

Inreased stress susceptibility and fear in orphanin 
FQ/nociceptin knockout mice is dependent on chronic 
social stress. Rainer K, Reinscheid1*. Anja Koster2, Kristina Knaudt3, 
Alexandra Montkowski3. Olivier Civelli1 'Department of Pharmacology, 
University of California Irvine, Irvine, CA 92717; 2Hoffmann-La Roche, PRPN- 
D, CH-4070 Basel, Switzerland; 3Institute of Cell Biochemistry and Clinical 
Neurobiology, University of Hamburg, D-22529 Hamburg, Germany

Orphanin FQ/nociceptin (OFQ/N) has been demonstrated to alleviate several 
physical symptoms of stress. After i.c.v. injection in rats or mice, OFQ/N 
produced anxiolytic-like effects and was able to reverse stress-induced analgesia. 
Mice lacking the neuropeptide OFQ/N display an increased susceptibility to 
acute and repeated stress. OFQ/N knockout mice behave more anxious in 
multiple tests of fear and anxiety and show tonic induction of stress-induced 
analgesia as compared to their wildtype littermates. These phenotypical changes 
are only evident in group housed animals. When age-machted male OFQ/N 
knockout mice were isolated for at least two weeks, their responsiveness to 
stressful stimuli as well as their basal pain threshold returned to control levels. 
These results indicate that social stress, which may be precipitated by normal 
hierarchical fighting, could be a likely source of stress, contributing to the 
observed phenotype in mutant mice. The OFQ/N system appears to be involved 
in the neuronal processing of stress responses, functionally opposing the stress 
promoting activity of the HPA system. (Supported in part by DFG grants Re 
1024/2-1, Fonds der Chemischen Industrie and by Hoffmann-La Roche)

590.6
IDENTIFICATION OF THE OPIOID-LIKE ORPHAN G-PROTEIN COUPLED 
RECEPTOR (ORPHAN RECEPTOR) SYSTEM IN THE MOUSE SPINAL CORD.
H. Mizoguchi1*, M. Narita1, D.E. Oii1, M, Narita1, N.J. Dun2, B.H, Hwang3, H,
Nagase4 and L, F, Tseng1. ‘Department of Anesthesiology, Medical College of 
Wisconsin, Milwaukee, WI 53226, ’Department of Pharmacology, James H. Quillen 
College of Medicine, East Tennessee State University, Johnson City, TN 37614, 
’Department of Anatomy, Indiana University School of Medicine, Indianapolis, IN 
46202,4Basic Research Laboratory, Toray Industries Inc., Kamakura 248, Japan.

Orphan receptor-mediated G-protein activation in the mouse spinal cord was 
investigated by measuring the modulation of [35S]GTPyS binding by the putative 
endogenous ligand nociceptin. We also studied the anatomical distribution of 
nociceptin-like immunoreactivity and nociceptin-stimulated [35S]GTPyS 
autoradiography in the spinal cord. Immunohistochemical staining of mouse spinal 
coid sections revealed a dense plexus of nociceptin-like immunoreactive fibers in the 
superficial layers of the dorsal horn throughout the entire length of the spinal cord. In 
addition, networks of fibers were seen projecting from the lateral border of the dorsal 
horn to the lateral gray matter and around the central canal. In vitro [35S]GTPyS 
autoradiography showed high levels of nociceptin-stimulated [35S JGTPyS binding in 
the superficial layers of the mouse dorsal horn and around the central canal. In 
[35S] GTPyS membrane assay, nociceptin increased (35S]GTPyS binding of mouse 
spinal cord membranes in a concentration-dependent and saturable manner, affording 
maximal stimulation of 64.1%. This effect was markedly inhibited by the specific 
orphan receptor antagonist [Phe'y (CH2-NH) Gly2] nociceptin (1-13) NH2. None of 
the p-, 8-, and K-opioid and other G-protein-coupled receptor antagonists had a 
significant effect on basal or nociceptin-stimulated [35S]GTPyS binding. These 
findings suggest that nociceptin-containing fibers terminate in the superficial layers of 
the dorsal horn and the central canal and that nociceptin released in these areas may 
selectively stimulate the orphan receptor to activate G-protein. Furthermore, the 
present study provide yet another evidence that nociceptin is distinct from the p-, 8- or 
K-opioid system insofar as activation of G-protein is concentrated (Supported by NIH 
grant DA 03811).

590.7

CHARACTERIZATION OF ORPHANIN FQ/NOCICEPTIN 
BINDING IN BE(2)-C, HUMAN NEUROBLASTOMA CELLS. J.P. 
Mathis*, I.E. Goldberg. A.H. Chang, J. Ryan-Moro, G.F.
Altememit, K.M. Standifiert and G.W. Pasternak. The Cotzias 
Laboratory of Neuro-Oncology, Department of Neurology, 
Memorial Sloan-Kettering Cancer Center, New York, NY 10021; f 
Department of Pharmacological and Pharmaceutical Sciences 
,University of Houston, Houston, TX 77204.

Orphanin FQ/nociceptin (OFQ/N) is the endogenous ligand for the 
ORL-l/KOR-3 receptor and produces a wide variety of behavioral 
responses. In the present study, we characterize the binding of 
[125I][Tyrl4]-OFQ/N in the human neuroblastoma cell line,BE(2)-C. The 
binding was linear with tissue and is saturable. Competition studies 
demonstrated that the native OFQ/N peptide had an affinity similar to the 
Tyr substituted analog. Dynorphin A 1-17, dynorphin A 1-11 and Met5- 
enkephalin demonstrated modest affinity for this receptor. A series of 
mu, delta, and kappa, opioids did not compete binding, with K, values 
above 1 pM. However, NalBzoH, a kappa3 ligand, lowered binding but 
with poor affinity. OFQ/N did not have appreciably affinity for mu, 
delta or kappa opioid binding sites OFQ/N inhibited forskolin stimulated 
cyclic-AMP accumulation in a dose dependent manner with an IC50 value 
below 10 nM. This work is supported by DA10738 (K..M.S.) and 
DA02615 (G.W.P.).

590.8

[3H]ac-RYYRWK-NH2, A NOVEL SPECIFIC RADIOLIGAND FOR THE

Johansen. J, Martin. U.B. Olsen and C, Foeed, Health Care Discovery, Novo Nordisk 
A/S, Novo Nordisk Park, 2760 Malov, Denmark.

The hexapeptide, ac-RYYRWK-NH2 has been described as a potent nociceptin 
ligand with an intrinsic efficacy of a partial agonist. While it has been shown that ac- 
RYYRWK-NH2 has no affinity for other members of the opiate family, it is not clear 
whether ac-RYYRWK-NH2 is entirely selective for the nociceptin receptor. In the 
present study, ac-RYYRWK-NH2 has been radiolabelled with tritium via the tetraiodo 
tyrosine precursor to a specific radioactivity of 64 Ci/mmol. Scatchard analysis of 
saturation experiments with [3H]ac-RYYRWK-NH2 binding to rat cortical membranes 
revealed a single high affinity site for [3H]ac-RYYRWK-NH2 (Kd = 0.071 ± 0.018 
nM) with a low capacity (Bmax = 10 ± 1 fmol/mg protein). Uncoupling of the G- 
proteins with 10 pM GTP-y-S resulted in a significant 45% increase in Kd and no 
change in Bmax. Specific [3H]ac-RYYRWK-NH2 binding was also observed to 
membranes from baby hamster kidney cells expressing the human nociceptin receptor 
while non-expressing cells showed no specific binding. [3H]ac-RYYRWK-NH2 
binding to rat cortical membranes were displaced by nociceptin ligands with the 
following rank order of potency (K, values in parentheses): ac-RYYRWK-NH2 (0.28 
nM) > Tyr,4-nociceptin (3.8 nM) = nociceptin (6.9 nM) = nociceptin(l-12) (21 nM) 
» nociceptin (1-11) (> 10 pM). Opiates (morphine, DAMGO, naloxone, 
diprenorphine and U-69-593) showed no affinity. This pharmacology is very similar 
to what obtained with [3H]nociceptin or [125I-Tyrl4]nociceptin. Furthermore, [3H]ac- 
RYYRWK-NH2 binding to membranes from rat cortex or spinal cord was completely 
displaced by nociceptin. In conclusion, ac-RYYRWK-NH2 seems indeed to be 
selective for the nociceptin receptor and [3H]ac-RYYRWK-NH2 may be a novel 
useful ligand for exploring the receptor-ligand interaction of the nociceptin receptor.
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590.9

NOCICEPTIN EXACERBATES NEONATAL WHITE MATTER 
EXCITOTOXICrrY. P. Gressens 1 *, G. Calo 2. 1INSERM E-9935,
Hopital Robert-Debre, 75019 Paris, France ;2 Institute of Pharmacology, 
University of Ferrara, Italy.

Intracerebral administration of the excitotoxin ibotenate to newborn mice 
induces cortical plate damage and white matter lesions mimicking, 
respectively, brain lesions occurring in human term and pre-term infants. In 
the present study, co-administration of nociceptin (NC) aggravated 
ibotenate-induced white matter lesions while co-administration of 
[Phe1vj/(CH2-NH)Gly2] NC (1-13)NH2, a NC antagonist, protected the 
newborn white matter against excitotoxic insults. Co-administration of 
ibotenate, NC and NC antagonist did not affect the severity of the white 
matter lesion. In this model, naloxone had no effect on the excitotoxic 
lesion. Pre-treatment with antisense, but not sense, oligonucleotides 
targeting the precursor pro-NC mRNA significantly reduced ibotenate- 
induced white matter damage. NOCII, an orphan neuropeptide flanking NC 
in the precursor pro-NC, did not reproduce NC effects in this model. None 
of the above treatments had any significant effect on ibotenate-induced 
cortical plate lesions. Altogether, these data show that endogenous NC 
aggravates excitotoxic white matter lesions and that pharmacological 
blockade of NC protects the white matter against excitotoxic challenge. 
Further studies will be required to determine cell populations and 
transduction pathways mediating NC effects in the present model, 

(supported by the INSERM)

590.10
AMYGDALOID INJECTIONS OF ORPHANIN FQ (OFQ) 
INCREASE ACTIVITY OF THE HYPOTHALMIC-PITUITARY- 
ADRENAL (HPA) AXIS. M. J. Repetto, A. M. Padron, H. J. 
McWilliams, and D. P. Devine* University of Florida, Department of 
Psychology, Gainesville, FL, 32611-2250 USA.
In the absence of stress, intracerebroventricular (i.c.v.) 
administration of the neuropeptide orphanin FQ (OFQ) increases 
plasma concentrations of adrenocorticotrophic hormone (ACTH) 
and corticosterone in rats (Devine, Watson, Civelli & Akil, Soc. 
Neurosci. Abstr., 1997). We are currently investigating where these 
effects are mediated in the brain. Accordingly, we are examining 
the effects of unstressed parenchymal injections of OFQ into a 
variety of brain sites that are related to activity of the hypothalamic- 
pituitary-adrenal (HPA) axis. Rats were injected into the medial 
prefrontal cortex (MPFC) or amygdala. Plasma was collected 30 
minutes after injection, and the concentration of corticosterone was 
assayed by radioimmunoassay. Preliminary data indicate that 
injections of OFQ (1.0 nmoles) into the central amygdala 
significantly elevate plasma concentrations of corticosterone. 
Injections into the MPFC were ineffective. We are continuing to 
investigate the potential actions of OFQ in the MPFC and 
amygdala, as well as other sites that are known to be relevant to 
HPA functioning. [Supported by CLAS research grant from the 
University of Florida.]

590.11

NOCICEPTIN DEPRESSES EPILEPTIFORM EVENTS IN RAT 
CA3 HIPPOCAMPUS. S. G. Madamba*, M. K. Tallent, and G. R. 
Siggins. Department of Neuropharmacology, The Scripps Research 
Institute, La Jolla, CA 92037

The opiate-like peptide nociceptin (NOC) and its receptor (ORL-1) 
are highly expressed in hippocampus. NOC has been shown to have 
inhibitory actions in CA1, CA3, and dentate and apparently lacks the 
disinhibitory, excitatory actions demonstrated for opiate peptides in 
hippocampus. The CA3 hippocampal region is important in generation 
of hippocampal seizure events. We tested the action of NOC on spon-
taneous seizure-like events in CA3 of hippocampal slices generated by 
removal of Mg 2+ from the bathing solution and recorded extracellu- 
larly in the stratum pyramidale. Superfusion of 100-500 nM NOC 
robustly depressed spontaneous bursting without desensitization. The 
ORL-1 antagonist [PhelvP(CH2-NH) Gly2]NC(l-13)NH2 (2 pM) 
greatly attenuated the reduction of spontaneous bursting by 100 nM 
NOC. However, the kappa opiate receptor antagonist norbinaltor- 
phimine (500 nM) had no effect on NOC-mediated inhibition. To 
further characterize NOC actions, we recorded intracellularly from 
CA3 pyramidal neurons. NOC reduced EPSCs evoked by stimulating 
either mossy or associational/commissural fibers. As in CA1, NOC 
induced a robust outward current in CA3 neurons near the resting 
membrane potential. Our results suggest that NOC may act through 
multiple mechanisms to depress epileptiform activity in CA3. 
Supported by NIH grants DA03665 and AA06420.

590.12
SPC2KO MICE REVEAL A ROLE FOR PC2 IN PROCESSING OF ORPHANIN 
FQ (OFQ)/NOCICEPTIN (N) AND NEW PEPTIDES DERIVED FROM THE OFQ 
PRECURSOR. J.E. Pintar1, B, Peng1, M. J. Pellegrino2, and R.G. Allen2* ^euro 

and Cell Biology, UMDNJ-RWJMS, Piscataway, NJ, 08854. 2CROET Oregon 
Health Sci. Univ., Portland, OR 97201.

Two members of the subtilisin-like proprotein convertase family, PC2 (SPC2) and 
PC1/PC3(SPC3), play major roles in neuroendocrine precursor processing and appear 
to provide the basis for tissue-specific aspects of peptide processing. The recently 
discovered OFQ neuropeptide, like all known opioid peptides, is encoded in a 
prohormone. Since there are several other putative peptides that could be derived from 
the OFQ precusor we have developed a radioimmunoassay (RIA) that recognizes two 
potential peptides C-terminal to OFQ: prepro (pp)OFQ160-176 and ppOFQ160-187. 
To determine whether these peptides accumulate in vivo, we fractionated extracts of 
wild-type (WT) mouse hypothalamic tissue by RP-HPLC and assayed the fractions for 
ppOFQ 160-187 immunreactivity. We found that both ppOFQ160-176 and 
ppOFQ160-187 were produced in approximately equal amounts. In contrast, 
hypothalamic extracts from homozygous PC2KO mice (originally provided by Don 
Steiner) fractionated by RP-HPLC contained 90-97% ppOFQ 160-187. In the WT 
hypothalamus virtually all OFQ immunoreactivity was in the form of OFQ1-17, 
while in hypothalamic extracts from SPC2KO mice, only 10-40% the amount of 
OFQ1-17 accumulated and two additional major peaks of OFQ immunoreactivity were 
detected. These peaks eluted later than OFQ 1-17 and probably represent unprocessed 
precursor and biosynthetic intermediates. In the WT amygadala, like the WT 
hypothalamus, OFQ immunoreactivity was entirely‘OFQ 1-17. In the SPC2KO 
amygdala, additional peaks eluting later than OFQ1-17 were detected that had similar 
mobilities to those observed in the hypothalamus. These data indicate that SPC2 has 
specific roles in the processing of ppOFQ and suggests that regulation of SPC2 
activity could change the ratios of specific peptides derived from ppOFQ. Supported 
by NIH DAI 1282 (RGA) and DA08622 (JEP).

590.13

[Phe’vgfCHj-NHJGly^nociceptin-il-lSl-NHj activates an inward rectifier as a
At

partial agonist of ORL1 receptors in rat periaqueductal gray. Lih-Chu Chiou.

Dept. Pharmacology, Medical College, National Taiwan University, Taipei, Taiwan. 

[Phe’v);(CH2-NH)Gly2]nociceptin-(l-13)-NH2 (Phevp), a tridecapeptide analogue

of orphanin FQ/nociceptin (OFQ/N), was introduced as a competitive antagonist of 

nociceptin/orphanin FQ receptor (ORL1) in guinea pig ileum and mouse vas 

deferens preparations in vitro but was lately found to be an agonist in nociception 

studies in vivo. In the periaqueductal gray (PAG), a site enriched with both OFQ/N 

and ORL1 and involved in OFQ/N-induced hyperalgesia and anti-opioid action, the 

effects of Pheip and OFQ/N on the membrane current elicited by ramp pulses (-140 ~ 

-60 mV) were studied using whole cell patch clamp recording technique in brain 

slices. OFQ/N (0.01-1 pM) activated an inwardly rectifying K+ channel in 

ventrolateral neurons of PAG. Phevy (0.03-1 pM), like OFQ/N, also activated this 

inward rectifier but had only 30 % efficacy of OFQ/N. However, Phevy (1 pM) 

reversed the increment of K+ conductance induced by OFQ/N (300 nM) and also 

prevented the effect of OFQ/N, if pretreated. It is suggested that Phei)/ acts as a 

partial agonist of ORL1 receptor that mediates the activation of inwardly rectifying 

K+ channels in ventrolateral neurons of rat PAG. (This study was supported by the 

grant NSC 88-2314-B002-019 from National Science Council, ROC).

590.14

RELATIONSHIP BETWEEN NEUROLEPTIC BINDING TO Gi 
AND g 2 RECEPTORS AND ACUTE DYSTONIC REACTIONS. B. 
Pouw* and R.R. Matsumoto. University of Oklahoma Health 
Sciences Center, Oklahoma City, OK 73190.

We have previously shown a significant relationship between the 
ability of ligands to bind to sigma receptors and their ability to 
produce acute dystonic reactions in rats. Previous studies have also 
suggested a relationship between the ability of neuroleptics to bind to 
sigma receptors and their ability to produce acute dystonic reactions 
in humans. Therefore, the relative contribution of Gi vs . g 2 receptors 
was evaluated herein. Competition binding studies were performed 
in rat brain homogenates to determine the affinities of 14 
neuroleptics for gi  and g 2 receptors. [3H](+)-Pentazocine was used 
to label Gi receptors, and g 2 receptors were labeled with [3H]DTG in 
the presence of 300 nM (+)-pentazocine. There was a significant 
correlation between the affinities of the neuroleptics for Gi vs . g 2 
receptors. In addition, there was a significant correlation between the 
affinities of the neuroleptics for these receptors and their tendency to 
produce acute dystonic reactions in humans. Neuroleptics with high 
affinity for sigma receptors such as haloperidol are associated with 
the highest risk for producing acute dystonic reactions, while 
neuroleptics with low to negligible affinities for sigma receptors such 
as clozapine and sulpiride are associated with a very low risk for 
producing acute dystonic reactions in humans. The data provide 
further evidence for the involvement of sigma receptors in the motor 
side effects of antipsychotic drugs, although the relative contribution 
of Gi vs. g 2 sites is still unclear. (Supported by MH50564)
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590.15
MODULATION BY NEUROACTIVE STEROIDS OF THE ANTIDEPRESSANT-
LIKE EFFECT INDUCED BY SELECTIVE SIGMA, (o,) RECEPTOR AGONISTS 
IN MICE
A. Urani12*, F. Roman2, V.-L. Phan1, T.-P. Su3 and T. Maurice1. 'INSERM U. 336, 
34296 Montpellier, France; 2Departement de Biochimie, Institut de Recherche 
JOUVEINAL/PARKE-DAVIS, 94265 Fresnes, France; 3Cellular Pathobiology Unit,
I.R.P., N.I.D.A., N.I.H., Baltimore, MD 21224, USA.

Sigma, (CT,) receptor ligands exert in the central nervous system an important 
neuromodulatory role and they are consequently involved in several behaviors, such 
as learning and memory processes or response to stress and depression. Moreover, 
neuroactive neurosteroids, which also modulate several neurotransmitter systems in 
the brain, have been reported to interact with a, receptors. In this study, the 
interaction between neuroactive steroids and a, receptor ligands was investigated in a 
behavioral despair model in the mouse, the forced swim test. Swiss mice were 
submitted to a 15-min duration forced swim on day one. The second day, the 
duration of immobility was recorded during the last 5 min of a 6-min forced swim 
session. The a, receptor agonists igmesine and (+)-SKF-10,047 and the steroid DHEA 
sulfate shortened the immobility time, when they were administered 30 min before the 
session on day two. These effects could be blocked by the ct, receptor antagonist NE- 
100 and progesterone, devoid of effect by themselves. The a, receptor agonist PRE- 
084 or pregnenolone sulfate failed to affect the immobility time. In adrenalectomized 
/castrated (AdX/CX) mice, devoid of circulating steroids, the effects of igmesine and 
DHEA sulfate were significantly increased. Furthermore, in AdX/CX mice PRE-084 
and pregnenolone sulfate led to significant decreases of immobility time. 
Pretreatment with finasteride, a 5a-reductase inhibitor that blocks the progesterone to 
5a-pregnane-3,20-dione conversion and leads to an accumulation of progesterone, 
resulted in a significant attenuation of the igmesine and PRE-084 efficiency. These 
data confirm the antidepressant-like capacities of selective ct, receptor agonists and 
neuroactive steroids. They show that the endogenous steroidal levels, particularly 
progesterone levels, ionically interfer with the efficiency of the ct, receptor-mediated 
behavioral effect. These results have major consequences for the development of 
selective ct, receptor ligands, such as igmesine, as potential antidepressant drugs.

Supported by the Institut de Recherche Jouveinal/Parke-Davis

590.16
NOCICEPTION INDUCED BY SIGMA RECEPTOR AGONISTS 
THROUGH A NOVEL METABOTROPIC SIGMA RECEPTOR 
INSENSITIVE TO NEUROSTEROIDS. M. Inoue1, G. Kurosu1. A. 
Yoshida1*, K. Matsuno2, S. Mita2 and H. Ueda1. iDept of Mol. Pharmacol 
and Neurosci., Nagasaki Univ., Sch. of Pharmac. Sci., Nagasaki 852-8521, 
Japan; 2Santen Pharmac., Osaka 533, Japan.

We have proposed the presence of metabotropic sigma receptors and 
their identity to metabotropic neurosteroid receptors using brain synaptic 
membranes including reconstitution experiments with recombinant Gil 
(SFN abstract #627.8, 1998). In the peripheral nociception test in mice 
(PNAS 95,10949-10953,1998), various sigma agonists such as (+) 
pentazocine and SA4503 which were given intraplantarly into the hind 
limb of mice, elicited nociceptive flexor responses in a dose-dependent 
manner between 1 pmol and 1 nmol. The intraplantar injection of 
dehydroepiandrosterone sulfate (DHEAS), a neurosteroid, also elicited a 
nociception in doses of as low as 1 fmol, which was blocked by 1 fmol of 
progesterone. Although DHEAS-induced nociception was also blocked by 
10 fmol of several endocrine disrupters, such as 1,3-diphenylpropane, 
methoxychlor, 4,4’-DDE, and 1 nmol of NE-100, the (+)pentazocine-one 
was not blocked by 100 fmol of progesterone. (+)Pentazocine-induced 
nociception was blocked by pertussis toxin. All these findings suggest that 
there is a novel metabotropic sigma receptor in the peripheral nervous 
system which is insensitive to neuropeptides.

590.17

STEROIDS COMPETE FOR [3H]HALOPERIDOL BINDING AT SIGMA 
(ct) RECEPTORS ON SH-SY5Y CELLS. S. Ishigami1* and L.L,
Werling1,2. ’Neuroscience Program, 2Dept. of Pharmacology, The George 
Washington Univ. Med. Ctr., Washington, DC 20037.

Neurosteroids have been suggested as endogenous ligands for o 
receptors. However, direct evidence of steroid binding to ct receptors in a 
cell model has not been reported. Previously we have demonstrated that 
potassium-stimulated [3H]dopamine release can be inhibited by the 
prototypical ct receptor agonist (+)pentazocine, and the inhibition is 
reversed by a CTi receptor-selective antagonist, as well as by non-subtype- 
selective ct antagonists in human neuroblastoma SH-SY5Y cells (Ault and 
Werling, Soc Neurosci Abst 24:1593, 1998). We now report preliminary 
results on the competition for [3H]haloperidol binding to ct receptors by 
several steroids that have been found by others to have activity in the 
central nervous system. In membrane preparations, progesterone competed 
for [3H]haloperidol binding to ct receptors with an IC50 of about 500 nM. 
Dehydroepiandrosterone (DHEA) did not compete for [3H]haloperidol 
binding to ct receptors in SH-SY5Y cell membrane preparations. In whole-
cell preparations, the following steroids competed for binding to 
ct receptors with the approximate IC50 values shown: DHEA, 50 nM; 
corticosterone, 50 nM; progesterone, 500 nM; and testosterone, 5000 nM. 
DHEA-sulfate, pregnenolone, pregnenolone-sulfate, and estrodial did not 
compete for ct binding. We are currently investigating the effects of the 
above steroids on stimulated release of [3H]catecholamine via ct receptors 
in SH-SY5Y cells. (Supported by RO1-DA 06667 to LLW)

590.18

MECHANISMS BY WHICH SIGMA2 (ct2) RECEPTORS MAY 
REGULATE [3H]DOPAMINE ([3H]DA) RELEASE FROM SLICES OF 
BRAIN TISSUE AND CELLS IN CULTURE. A.E. Derbez, R.M. Mody, J.
K. Weatherspooifetnd L.L. Werling . Dept. of Pharmacology, The George 
Washington University Medical Ctr., Washington, DC 20037

We have previously demonstrated that (+)pentazocine ((+)pent), acting 
through a ct2 receptor, enhances the amphetamine (AMPH)-stimulated 
release of [3H]DA from striatal slices (Izenwasser et al., Eur J Pharm. 346: 
191, 1998) and PC 12 cells (Weatherspoon and Werling, J Pharm Exp Ther 
289:278,1999). In both systems, the enhancement is blocked by ct2 receptor- 
selective antagonists. While the enhancement is dependent upon Ca2+ in both 
systems, the signal transduction systems utilized appear to be different in the 
two models. In PC 12 cells, inhibitors of Ca/CaM Kinase II prevent the ct2 
receptor agonist-mediated enhancement, while they do not affect release in 
slices. Also, whereas neither nitrendipine nor co-conotoxin affects neither 
AMPH-stimulated, nor (+)pent-mediated enhancement of AMPH-stimulated 
[3H]DA release from PC 12 cells, nitrendipine enhances AMPH-stimulated 
release from striatal slices, and the enhancement is not additive with (+)pent- 
mediated enhancement. Therefore, L-type VDCC may modulate dopamine 
transporter activity. We are currently using alternate models in which to 
investigate the signal transduction systems. We have now demonstrated 
(-i-)pent-mediated enhancement of AMPH-stimulated [3H]DA release from 
synaptosomes, and demonstrated the binding of (+)pent to vesicles prepared 
from rat striatum. This suggests that ct2 receptors are located on nerve 
terminals, and ct receptors may reside on synaptic vesicles.
Supported by grant RO1-DA 06667 from NIDA to LLW.

590.19

BINDING OF SIGMA 1 RECEPTOR LIGANDS AND THEIR 
EFFECTS ON INTRACELLULAR CALCIUM IN SH-SY5Y CELLS 
W. Hong*1 and L. L. Werling,1,2 'Neuroscience Program and 
Department of Pharmacology, The George Washington University 

Medical Center, Washington, DC 20037.
The prototypic ct-, agonist (+)pentazocine was previously shown to 

modulate potassium-stimulated [3H]dopamine release from SH-SY5Y 
human neuroblastoma cells (Ault and Werling, Soc. Neurosci. Abstr. 
627.7, 1998). Our recent radioligand binding studies have confirmed 
that cti  receptors are present on these cells. In the membrane 
preparation of SH-SY5Y cells, (+)pentazocine and BD737, two ct-, 
agonists displaced [3Hjhaloperidol binding with Kj of about 28 nM and 6 
nM, respectively. This is similar to the affinity found in the membrane 
preparation of rodent brain tissues. When SH-SY5Y cells were used in 
whole-cell radioligand binding experiments, the Ki for (+)pentazocine 
and BD737 to displace [3H]haloperidol was about 45 nM and 13 nM, 
respectively. Our current study is to investigate the effects of oh  ligands 
on high potassium-induced cytosolic calcium changes in SH-SY5Y 
cells loaded with fura-2/AM. Preliminary results indicated that 
(+)pentazocine up to 1 pM did not affect the basal cytosolic calcium 
level, nor did it significantly affect the increase of cytosolic calcium 
induced by high potassium. This suggest that the modulation of 
transmitter release by (+)pentazocine might involve other cellular 
components than voltage-sensitive Ca++ channels. (Supported by NIDA 
grant 06667 to LLW.)

590.20

SIGMA-2 RECEPTOR ANTAGONISTS: INHIBITION OF AGONIST-INDUCED 
CALCIUM RELEASE AND CYTOTOXICITY IN SK-N-SH NEUROBLASTOMA. 
B.J. Vilner1*, A. Coop2, W. Williams1, and W.D. Bowen1, laboratory of 
Medicinal Chemistry, NIDDK, Bethesda, MD 20892 and 2Dept. Pharmaceutical 
Sci,, Univ. Maryland School of Pharmacy, Baltimore, MD21201.

Sigma-2 receptors induce a transient rise in intracellular calcium ([Ca++]i) and 
induce apoptosis in cells (Vilner and Bowen, Soc. Neurosci. Abstr. 21: 1608, 
1995 and 23: 2319, 1997). The availability of sigma-2 antagonists would be of 
great use in further characterizing these effects. N-Arylalkylpiperidines (N- 
AAPs) have been previously shown to bind to sigma-1 receptors (Med. Chem. 
Res. 2:368, 1992). Here we show that N-AAPs may be sigma-2 antagonists 
and compare their action to that of the arylethylenediamine-related sigma 
antagonists, BD1047 and BD1063. Changes in [Ca*+]i were measured in 
indo-1 loaded cells, while cytotoxicity was measured by LDH release after a 24 
hr treatment. Assays were carried out at pH 8.2 (see Bowen et al., this 
meeting). Although BD1047 and BD1063 attenuated the ability of the sigma- 
2 agonists CB-64D and BD737 to increase [Ca++]i, they produced significant 
stimulation on their own. They also produced significant cytotoxicity, but 
exhibited a lower maximal effect compared to CB-64D and BD737. Therefore, 
BD1047 and BD1063 behaved as partial sigma-2 agonists. N- 
Phenethylpiperidine oxalate (AC927) exhibited moderate sigma-2 binding 
affinity (Ki = 112 +3 nM). In contrast to BD1047 and BD1063, AC927 
produced little effect on its own in either the calcium or cytotoxicity assays at 
concentrations up to 100 pM. AC927 attenuated the ability of CB-64D to 
induce arise in [Ca++]i and to induce cytotoxicity. Thus, AC927 behaved like a 
“full” sigma-2 antagonist. Interestingly, the mode of antagonism appeared to 
be non-competitive, since AC927 produced little or no rightward shift in the 
agonist dose-response curves, but reduced the maximal responses. N-AAPs 
may represent a structural class from which to develop sigma-2 antagonists. 
Other analogs and the mode of antagonism will be investigated further.
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591.1
CALCIUM CURRENTS IN ACUTELY ISOLATED ACCUMBENS 
NEURONS ARE INHIBITED BY OPIOIDS AND BLOCKED BY 
NALOXONE. P.B. Osborne* and B.C. Eltham. Dept of Physiology & 
Pharmacology, Univ. of Queensland; Brisbane Q 4072, Australia.

Autoradiography for naloxone in the nucleus accumbens provided some of 
the earliest evidence for identifying the core and shell subdivisions in the 
nucleus, and also the neuronal clustering that is homologous to the patch matrix 
organisation seen in the dorsal striatum. Despite this, the function of 
postsynaptic opioid receptors on accumbens spiny neurons is still poorly 
understood. We have studied the effects of opioid agonists on calcium currents 
evoked by voltage ramps in acutely dissociated accumbens neurons taken from 
13-20d rats. Opioids reduced the peak calcium current in 84% of the cells 
tested (53/63). Dose-dependent inhibitions were caused by morphine (5/7); the 
mu agonist, DAMGO (20/25); the delta agonist, DPDPE (5/5); and the kappa 
agonist U69593 (14/14). In 4 out of 4 neurons tested, calcium currents were 
inhibited by all three of the selective agonists. Naloxone (lOpM) also reversibly 
and dose-dependently inhibited the peak calcium current (13/17) but this effect 
was also produced by the stereoisomer (+)-naloxone (7/8), which has no 
affinity for opioid receptors. We also made photometric measurements of the 
internal calcium concentration [Ca]i using Fura-2. Opioid agonists had no 
effect on resting [Ca]i but the amplitude of calcium transients evoked by 40mM 
KC1 were inhibited by morphine (4/11 cells), DAMGO (4/60) and U69593 
(1/11 cells). However, in many of the neurons, DAMGO increased the 
amplitude of the transient (13/60). Both types of agonist effect were blocked by 
naloxone (lOpM).

This study demonstrates that all three opioid receptor subtypes couple to 
calcium channels in accumbens neurons, and that a majority of these neurons 
respond directly to opioid agonists.
(Supported by NHMRC project grant 9711263)

591.2
THE GZ-ALPHA KNOCKOUT MOUSE AND MORPHINE TOLERANCE

K.L. Kelleher, D. Megirian, K.J.Leck, S.E. Bartlett, K.I, Matthaei and I.A, Hendry* 
Division of Neuroscience and Division of Biochemistry and Molecular Biology, 

John Curtin School of Medical Research, Australian National University, Canberra 
ACT 2600

Heterotrimeric G-proteins couple to p and 5 opioid receptors. Two of these G- 
proteins, Gz and Gj, have been shown to be involved in p-mediated supraspinal 
analgesia. We have generated a mouse, which is deficient in the Gz-alpha gene and 
we have performed a variety of behavioural tests on these mice. The rotarod, maze, 
righting reflex and cortical placing reaction showed no abnormalities in the 
knockout mouse. As a test for analgesia in response to heat or cold we tested tail 
flick times in a water bath at 50°C or -5°C as well as paw licking and jumping from 
a plate at 52°C or 0.5°C. On each day mice were given IP injections of morphine at 
20 minute intervals producing cumulative doses of 0, 3, 10, 20, 35, 56 and 90mg/kg. 
Mice were tested 20 mins after each morphine dose. In naive animals, the Gza 
knockout animals showed a greater sensitivity to morphine than in controls. After 
the initial cumulative dose response animals were given 2 additional doses of 
lOOmg/kg to induce tolerance. The animals were allowed to recover overnight and 
the dose regime was repeated. By the fourth day, even at the highest cumulative 
morphine dose, knockouts did not reach the maximum cut off time of 150 seconds 
for the paw lick test. These preliminary results indicate that Gza knockout mice 
develop tolerance to morphine more rapidly and to a greater extent than control 
mice. There is a small decrease in the affinity of the tolerant animals. In these mice 
the increase in tolerance is not due to receptor down regulation as the maximum 
binding and receptor affinity do not differ between control and knockout. Thus it 
would appear that the alteration in tolerance observed in these experiments is due to 
a perturbation of G-protein coupled second messenger cascades and Gz may 
normally play a role in the prevention of the development of opioid tolerance.

591.3

CLONING AND CHARACTERIZATION OF A MU OPIOID RECEPTOR 
FROM BOVINE BRAIN
I. Onoprishvili1, M.L. Andria1, S.S. Vilim3, J M. Hiller1, K.D. Carr1* and E.J.
Simor? 2 departments of Psychiatry and ^Pharmacology. NYU School of
Medicine, New York, NY 10016, Dept. of Physiology and Biophysics, Mt. Sinai 
School of Medicine, New York, NY 10029

The cDNA coding for the bovine mu opioid receptor has been cloned and 
sequenced, using conserved sequences from the rat mu receptor cDNA to 
probe a bovine brain library with low stringency. The partial sequence 
obtained was extended to provide the full length clone by PCR. The cDNA 
has an open reading frame of 1203 base pairs (bp) with a 3’ untranslated 
region of 1900 bp and a 5’ untranslated region of 265 bp. The protein contains 
401 amino acids and has 94% amino acid identity with the human and 91 % 
with the rat mu opioid receptor. It has the putative seven transmembrane 
domains, characteristic of G protein-coupled receptors and contains 5 
potential N-linked glycosylation sites near the N-terminus and several 
potential phosphorylation sites near the C-terminus. A putative palmitoylation 
site is also present. The receptor was stably expressed in HEK293 cells. The 
binding profile was found to be that of a typical mu receptor; mu agonists and 
antagonists, but not delta and kappa ligands, bound with high affinity. 
Functional assays, namely, opioid stimulation of [3H]GTPyS binding and 
inhibition of forskolin-activated adenylyl cyclase, were also found to be highly 
specific for opioid agonists and reversed by naloxone. Evidence is presented 
indicating that the cloned receptor is the same as the bovine mu receptor 
previously purified to homogeneity in our laboratory. No evidence was found 
for genes for multiple mu-type opioid receptors. Supported by NIDA/NIH grant 
DA00017 to EJS. We thank Ellen Unterwald and H. Kenneth Kramer for their 
contributions. Gifts in support of our research from Pfizer, Inc. are gratefully 
acknowledged.

591.4
g-OPIATE RECEPTOR-DEFICIENT MICE - A NEUROCHEMICAL AND 
ELECTROPHYSIOLOGICAL STUDY OF TRANSMITTER SYSTEMS. 
SchrOder, H., Matthies. M.. Loh, H.H.2, Hess, A1* Wetzel W.1, Hollt. V.
and M„ Krug. Institute of Pharmacology and Toxicology, Medical Faculty, 
’Leibniz Institute, D-39120 Magdeburg, Germany,2 Dept. of Pharmacology, 
University of Minnesota, U.S.A.

Endogenous opioids modulate processes of central excitability such as 
long-term potentiation (LTP) and kindling. In transversal hippocampal 
slices from mice lacking the g-opiate receptor (MOR) only a short 
potentiation of the evoked field potential in the dentate gyrus after 
tetanization of the perforant pathway could be found whereas this parameter 
was not affected in the CAI region.

Alterations of opiate, dopamine and glutamate receptor subtypes, 
necessary components of LTP, were studied in different brain regions of 
mice brain using MOR-deficient mice.

In receptor binding and autoradiographic studies as well as Western blot 
analysis no changes of the DI and the glutamate receptor subtypes were 
detected. As a possible compensatory mechanism the D2 binding sites of 
hippocampal membranes of MOR deficient mice were decreased by about 
30%. The ex vivo measured dopamine and glutamate release from hippo-
campus and frontal cortex of MOR deficient mice was altered by naltrindol 
when compared with the wild type mice.
The data are discussed in the light of an altered neuronal excitability 
observed after LTP.

Supported by DFG (SFB 426).

591.5

Distribution of G Protein Alpha Subunits Gi, Go, and Gz with Respect to the 
Mu Opioid Receptor in the Periaqueductal Gray. K.G. Commons, E.J. 
VanBockstaelek L.M, Kow, S.G. Beck^and D.W. Pfaff. The Rockefeller 
University, N.Y., ^T. Jefferson and 2MCP-Hahnemann Univ. Phila. PA.

Mu opioid receptor (MOR) activation in the periaqueductal gray (PAG) 
participates in subserving the analgesic effects of opioids supraspinally. In 
addition, the PAG has been implicated as a site relevant for the formation 
of opioid tolerance and dependence. MOR modulates neuronal activity 
though heterotrimeric G protein complexes, and changes in G protein 
activation by MOR have been correlated with chronic opioid exposure. In 
addition, although most G proteins are widespread throughout the central 
nervous system, each exhibits distinct patterns of distribution both cellularly 
and subcellularly. Here we investigated the ultrastructural distribution of 
the G protein alpha subunits, Gi, Go and Gz with respect to MOR. 
Immunogold-silver labeling for each G protein individually revealed all 
were predominantly in neuronal dendrites, but occasionally were found in 
presynaptic boutons. Go and Gi were observed associated with both the 
plasmamembrane of dendrites as well as within the cytoplasmic 
compartment, while Gz was most commonly associated with the 
plasmamembrane. The plasma membrane distribution for each G protein did 
not appear restricted to postsynaptic densities. Each G protein had a highly 
overlapping distribution with MOR within dendrites: Go and less often Gi 
were associated with dense foci of MOR labeling within dendrites while Gz 
was commonly found with MOR on the plasma membrane Occasionally each 
G protein was found associated with MOR in axonal boutons. In addition, Gz 
was found associated with MOR labeling within astrocytic processes. These 
observations may be relevant to understanding the signaling processes 
underlying MOR effects in the PAG. Supported by NIDA DA05833 (K.G.C.)

591.6
Pharmacological Characterization of Morphine-6-Sulfate and 
Codeine-6-Sulfate. E.A. Bolan1*, A.B. Zuckerman2, T. de Paulis3,
D. Schmidt3, Sydney Spector3 and G.W. Pasternak2. lDepartment of 
Neurology and Neuroscience, Cornell University Graduate School of 
Medical Sciences, NY, NY 10021, 2 Department of Neurology, 
Memorial Sloan-Kettering Cancer Center, NY, NY 10021, 
^Department of Pharmacology and Psychiatry, Vanderbilt University 
Medical Center, Nashville, TN 37232.

Morphine-6-sulfate (M6S) and codeine-6-sulfate (C6S) are mu- 
selective opiates which have been isolated from brain. M6S is an 
effective analgesic, with a potency approximately 30-fold greater than 
morphine and similar to morphine-6(3-glucuronide (M6G). M6S 
analgesia is sensitive to the antagonist 3-methoxynaltrexone at doses 
which are inactive to morphine but selective for M6G. These data 
suggest that M6S may be acting through the M6G receptor. Antisense 
mapping of MOR-1 was consistent with this possibility since M6S 
analgesia was lowered by antisense targeting exon 2 and not by one 
targeting exon 1. C6S also has analgesic activity at doses 
approximately 10-fold greater than M6S. However, its full 
characterization was impeded by the appearance of seizures at doses 
below full analgesic activity. Thus, M6S is a potent analgesic with 
pharmacological properties similar to M6G. C6S has limited utility 
due to its high level of toxicity. Supported by DA06241 (G.W.P.)
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591.7

AGONIST-INDUCED DESENSITIZATION OF p-OPIOID RECEPTOR 
IN THE RAT LOCUS COERULEUS IN VITRO: INVOLVEMENT OF 
NITRIC OXIDE. J. Pineda*, M. Torrecilla and L. Ugedo. Dept. of 
Phamacology. Univ. of the Basque Country, Leioa, Bizkaia; Spain.

We used single-unit extracellular recording techniques in rat 
brain slices, to evaluate whether NO is involved in the induction of 
acute desensitization (AD) of p-opioid receptor by the opioid agonist 
Met5-enkephalin (ME) in the locus coeruleus (LC). Bath perfusion of 
ME (0.05-1.6 pM 2x, 1 min) caused a concentration-dependent 
reduction of the firing rate of LC neurons (EC50 = 0.24 ± 0.05 pM; n = 
7). Bath application of a high concentration of ME (10 pM, 10 min) 
induced a marked opioid AD in the LC, which was expressed as a 
significant decrease in the inhibitory effect of' a submaximal 
concentration of ME (0.8 pM, 1 min) (n = 7, P < 0.001). The maximal 
AD was obtained 5 min after ME (10 pM) application and the recovery 
was nearly complete within 35 min of washout. Continuous bath 
application of the NO synthase inhibitors 7-nitroindazole (100 pM) or 
NG-nitro-L-arginine methyl ester (L-NAME, 100 pM) blocked the 
induction of opioid AD of LC neurons (n = 5, P < 0.01; n = 6, P < 0.05; 
respectively). Previous bath application of the NO synthase substrate 
L-arginine (100 pM) prevented the blockade induced by L-NAME (n = 
6, P < 0.05) on the opioid AD of LC cells, indicating that L-NAME effect 
was mediated by its action on NO synthase. These results suggest that 
acute desensitization of p-opioid receptors in rat locus coeruleus 
neurons in vitro is mediated, at least in part, by nitric oxide formation. 
(Supported by Grants SAF96/0071 and UPV026.327-EC238/97. J.P. was supported 
by a research program from the MEC, and M.T., by a fellowship from the UPV/EHU).

591.8
High Morphine Concentrations Produce p-Opioid Receptor 
Internalization in Rat Spinal Cord Slices. J.C.G. Marvizon*, E.F. 
Grady+, C.J. Evans* and E.A. Mayer . *CURE: Dig.Dis.Res.Ctr., Neuroenteric 
Dis. Prog., Depts. of Medicine and Physiology, *NPI, UCLA, Los Angeles, 
California 90095. +Dept. of Surgery, UCSF, San Francisco, CA 94143.
Studies in transfected cells and rat brain have shown that morphine, unlike 
most other opioid agonists, does not induce internalization of the p-opioid 
receptor (MOR). To confirm this finding, spinal cord'slices (400 pm) were 
incubated with opioid agonists, fixed, sectioned at 25 pm, and labeled with an 
anti-MOR rabbit polyclonal antibody. Internalization was assessed by 
counting cell bodies with >10 endosomes. MOR-immunoreactive (i.r.). cells 
were located in laminae I-II. DAMGO, etorphine or fentanyl at 1 pM caused 
MOR endocytosis in 100% of MOR-i.r. neurons. In contrast, the selective 8- 
and K-opioid agonists DPDPE (1 pM) and U-62,066 (1 pM), respectively, did 
not induce MOR internalization. The effect of 1 pM DAMGO was greatly 
reduced by 10 pM naloxone. Hence, MOR internalization in spinal cord 
neurons is consistent with the established pharmacology of opioid receptors. 
MOR internalization by 1 pM DAMGO followed a single exponential time- 
course with a half-life of 1.7 min (95% C.I. = 1.4-2.4 min). A DAMGO dose- 
response curve gave an EC50 of 30 nM (95% C.I. 18-52 nM). Morphine was 
found to produce MOR internalization at 100 pM. However, a dose-response 
curve for morphine gave an EC50 of 1 pM (95% C.I. = 0.7-1.8 pM), whereas 
DAMGO and morphine have similar potencies for signaling. The ability of 
morphine to produce MOR internalization in neurons may depend of the 
amount of G protein receptor-coupled kinase and/or p-arrestins present in the 
cells. [Supported by NIH DK 40919]

591.9

CHRONIC MORPHINE INCREASES ADENYLYL CYCLASE 
PHOSPHORYLATION AND ISOFORM-SPECIFIC Gpy STIM-
ULATED ACTIVITY. S, Chakrabarti * •, W-J. Tang2 and A, R, Gintzler •. 
•Dept. of Biochemistry, State University of New York, HSCB, Brooklyn, NY11203, 
2Dept. of Pharmacol, and Physiol. Sci., Univ. of Chicago, Chicago, IL 60637.

Chronic morphine induces enhanced Gpy stimulation of adenylyl cyclase (AC) 

activity in guinea pig ileum longitudinal muscle/myenteric plexus (LMMP) 
preparation. In chronic morphine-treated LMMP tissue, stimulation of AC by 
GTPyS-activated Gsa is significantly enhanced. This increment can be completely 

eliminated by the Gpy blocking peptide QEHA indicating its regulation by Gpy. In 

contrast, the control peptide, SKEE had no effect. Consistent with these 
observations, chronic morphine also increased AC protein comprising isoforms II 
and/or IV and/or VII, all of which are stimulated by Gpy. Additionally, a dramatic 

increase in phosphorylation of AC isoforms occurs in LMMP membranes following 
chronic morphine in vivo exposure. Analogous phosphorylated protein bands are 
observed when AC is immunoprecipitated using two differentially directed 
antibodies. Augmented phosphorylation of AC is also observed in p-opioid receptor 
transfected CHO cells after 24 hours of chronic morphine treatment. In LMMP 
tissue, the magnitude of chronic morphine-induced increased AC phosphorylation is 
substantially reduced by the protein kinase C-selective inhibitor, chelerythrine. 
Increased phosphorylation of AC isoforms II/VII would explain the enhanced Gpy 
stimulated (Gsa-dependent or independent) AC activity following chronic morphine 

treatment. These results suggest the potential relevance of increased 
phosphorylation of AC and increased AC isoform-specific Gsa/Gpy stimulatory AC 

activity to opioid tolerant/dependent mechanisms. Phosphorylation of AC provides 
a mechanism for the heterologous consequences of chronic morphine exposure.

591.10
A COMPARISSON OF MORPHINE TOLERANCE DEVELOPMENT AND 
CHANGES IN MU OPIOID RECEPTOR SYSTEM IN TWO STRAINS OF 
MICE U.H. Winzer-Serhan*. V.C. Campbell, S.P. Welch, F.L. Smith, W.L. 
Dewey Department of Pharmacology ana Toxicology, Medical College of 
Virginia/Virginia Commonwealth University, Richmond VA 23298;

Morphine is a widely used analgesic that mediates its antinociceptive effects 
through mu opioid receptors (MOR). After chronic administration tolerance to 
the antineciceptive effect of morphine developes in humans as well as in 
animals. As a model to study the development of tolerance two different 
strains of adult male mice were used; ICR and Swiss Webster (S.W.) mice. 
Tolerance to morphine was induced by implantion with morphine (75 mg) or 
placebo pellets for 4 days with or without suplemental injections of morphine 
(twice daily, 20 mg/kg) to enhance the degree of tolerance. Antinociception to 
morphine was tested in the radiant heat tail flick test. In the pellets only 
treated group ED50 values for S.W. mice were 5.3 vs 46.3 mg/kg in placebo vs 
morphine treated animals, respectively, with a potency ratio of 8.7, whereas 
toleracne was much lower in ICR mice. In groups with supplemental 
morphine injections, ED50 values for S.W. mice were 12 mg/kg vs 429 mg/kg 
potency ratio 18.7 in placebo vs morphine treated animals, wherease in ICR 
mice ED50 value were 12 mg/kg vs 122 mg/kg with potency ratio of 12.5. 
Thus, the two strain exhibited marked differences in their response to 
morphine, with S.W. exhibiting a higher degree of tolerance than ICR mice. 
Characterization of the MOR in ICR mice have revealed that MORs are 
downregulated in tolerant mice in Western immunoassays and exhibited a 
higher degree of phosphorylation of the MORs during tolerance. Studies are 
underway to determine if the number of MORs and their degree of 
phosphorylation differes among the two strains during the developement of 
tolerance and if this is reflected in their coupling efficiency to G-proteins. 
Supported by PHS grant DA 01647 and T32 DA 07027.

591.11

UNCOUPLING OF MU OPIOID RECEPTORS FROM G-PROTEINS 
IN RAT BRAIN AFTER CHRONIC TREATMENT WITH HEROIN.
C.E, Maher*, T.J. Martin and S.R, Childers. Wake Forest Univ. Sch. 
Med., Winston-Salem, NC 27157.

Chronic opioid agonist treatment of rats produces desensitization of 
mu opioid receptor-activated G-proteins in brain. A time course assay 
was designed to compare the development of analgesic tolerance with 
the desensitization of G-proteins in specific brain regions. Rats were 
administered heroin or saline i.v. every hour and hot plate latencies were 
determined after periods of chronic heroin treatment which varied from 
4 to 40 days. DAMGO-stimulated [35S]GTPyS binding auto-
radiography was used to measure maximal activation of mu receptor 
coupled G-proteins. Heroin administration for 40 days decreased 
DAMGO-stimulated [35S]GTPyS binding in medial thalamus and 
amygdala, with no effect in cingulate cortex or nucleus accumbens. 
Concentration effect curves in membranes showed that chronic heroin 
treatment produced significant reductions in the maximal effect of 
DAMGO, with little effect on DAMGO potency, in stimulating 
[35S]GTPyS binding. [35S]GTPyS saturation analysis showed that the 
effect of chronic heroin treatment was mainly to increase the Kd  of 
[35S]GTPyS binding with little effect on the Bmax. After 4 days of 
heroin treatment, rats exhibited significant analgesic tolerance, however 
there was no change in DAMGO-stimulated G-protein activation in 
amygdala. These data will provide important temporal relationships 
between opioid receptor G-protein uncoupling and opioid tolerance.

Supported by DA-06634, DA-02904 and DA-00247 from NIDA.

591.12
Electrophysiological studies on opiate tolerance and withdrawal using 

cultured rat hippocampal autapses.
T. J. Bushell* and R. J. Miller, Department of Pharmacological and Physiological 

Sciences, The University of Chicago, Chicago, IL. 60637, USA.
Using hippocampal autaptic cultures, we investigated the modulation of glutamatergic and 
GABAergic synaptic transmission by various opioids. Using long term treatments, we also 
investigated whether it was possible to induce tolerance and withdrawal induced rebound 
excitation in this simple neuronal system.
Autaptic GABAergic synaptic transmission was sensitive to agonists at p-opioid receptors, with 
DAMGO (1 pM) and morphine (10 pM) depressing transmission to 59 ± 5% and 38 ± 7% of 
control respectively. Agonists at k - and 5-receptors did not affect synaptic transmission in these 
autapses. Synaptic transmission in glutamatergic autapses was insensitive to agonists at all 3 
opioid receptors. Similar results were observed when Ba2+ currents were recorded from these 
autapses, with only p-opioid agonists depressing the observed Ba2+ currents in GABAergic 
autapses to 77 ± 3% and 78 ±1% of control for DAMGO (1 pM) and morphine (10 pM) 
respectively.
We next investigated whether we could induce tolerance or withdrawal induced rebound 
excitation in these GABAergic autapses using 48 and 96 hour treatments with either DAMGO (1 
pM) or morphine (lOpM). 48 hour treatments produced a reduction in the effects of both 
DAMGO and morphine when tested against both synaptic transmission and Ba2+ currents. Both 
treatments were unable to induce withdrawal induced rebound excitation as investigated by the 
application of naloxone (500 nM) on cells withdrawn from the appropriate p-agonist for 2-4 
hours.
These results indicate that GABAergic autapses are sensitive to p-receptor agonists and that 
prolonged exposure of GABAergic autapses to these agonists can induce tolerance to such drugs 
whereas withdrawal induced rebound excitation is not observed. Further experiments to 
investigate the induced tolerance are currently being performed using a GFP-tagged p-receptor 
transiently expressed in these hippocampal neurons.
Supported by The Wellcome Trust (T.J.B) and grants DA02121, MH40165, NS33502 (R.J.M).
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591.13
AGONIST-INDUCED, G-PROTEIN-DEPENDENT AND -INDEPENDENT 
DOWN-REGULATION OF THE p OPIOID RECEPTOR Y. Pak l B. F. O'Dowd 13 
and S.R. George1,2,3 * Depts. of ’Pharmacology and 2Medicine, University of Toronto, 
and 3The Centre for Addiction and Mental Health, Toronto, Canada M5S 1A8

The |i opioid receptor (MOR) has been shown to desensitize after lhr exposure to 
the opioid peptide DAMGO by the loss of receptors from the cell surface. We have 
previously shown that Thr394 in the carboxyl tail was essential for agonist-induced 
early desensitization, presumably by serving as a primary phosphorylation site for G 
protein coupled receptor kinase (GRK). Using a mutant receptor in which Thr394 was 
replaced by alanine (T394A) we determined that MOR internalization was reduced by 
50 % compared with wild type receptor upon lhr exposure to DAMGO. Agonist- 
induced T394A receptor down-regulation was unaffected by pertussis toxin treatment, 
indicating involvement of a mechanism independent of G^ protein function. 
Interestingly, pertussis toxin-insensitive T394A receptor down-regulation was 
completely inhibited by a tyrosine kinase (TK) inhibitor, genistein. TK inhibition 
blocked wild type MOR down-regulation by 50 %, and genistein-resistant MOR 
down-regulation was completely pertussis toxin-sensitive. Therefore, MOR down-
regulation appears to be mediated by two distinct cellular signal transduction 
pathways which are stimulated by receptor activation. One is G-protein- and GRK- 
dependent, and abolished by pertussis toxin treatment in wild type MOR or by 
mutagenesis of Thr394. The other pathway is G protein-independent but TK- 
dependent, able to be blocked by genistein treatment and one in which Thr394 has no 
regulatory role. Since one pathway appears unaffected when the other pathway is 
blocked, it is unlikely that there are direct or indirect interactions between TK and 
GRK actions, even though both are stimulated by receptor activation. Further 
investigation of the possible substrates for TK action will elucidate the detailed 
molecular mechanism of TK activation leading to MOR internalization. (Funded by 
the Medical Research Council of Canada and the National Institute on Drug Abuse)

591.14
ANTISENSE OLIGONUCLEOTIDES TO Gsa PREVENTS THE 
DECLINE OF MORPHINE ANALGESIA OVER TIME IN MICE. R.A. 
Cruciani1,2,3. G.C. Rossi3 and G.W, Pasternak1,23* ’Department of 
Psychiatry, Weill College of Medicine of Cornell University, N. Y., N. Y. 
10021, 2Pain and Palliative Care Service, Department of Neurology and 
3Cotzias Laboratory of Neuro-Oncology, Memorial Sloan Kettering Cancer 
Center, N. Y„ N. Y. 10021.

Activation of opioid receptors inhibits adenylyl cyclase levels. In tissue 
culture, chronic opiate treatment produces a compensatory increase of 
cyclase activity that may be associated with the development of tolerance. 
Antisense oligodeoxynucleotides (ODN’s) approaches have been 
successfully utilized to downregulate G-proteins and have been correlated 
with opioid receptor mediated effects (Raffa et al., 1994; Rossi et al., 1997). 
Antisense ODN’s against different G protein a subunits differentially affect 
opioid supraspinal and spinal analgesia. An antisense ODN to Gsa prevents 
supraspinal analgesia while having no effect on spinal analgesia (Standifer 
et al. 1996). We examined the effect of downregulation of Gsa intrathecally 
(i.t.) on systemic morphine analgesia in mice over several days. CD-I mice 
were injected i.t. on days 1, 3, 5 with antisense ODN to Gsa and daily with 
morphine (5 or 7.5 mg/kg). A control group received morphine with a 
nonsense ODN control or saline. Gsa antisense ODN treatment prevented 
the decline in the analgesic action of 5 mg/kg injection of morphine (p< 
0.001) and 7.5 mg/kg morphine (p <0.005). This effect was not seen with 
the nonsense or saline control. These results suggest a role for Gsa in 
mantaining the ation of chronic morphine. (Supported by NIH grants 
DA07242, DA00220, DA06241, DA00310).

591.15

IN VIVO CHARACTERIZATION OF MORPHINE 6- 
NICOTINATE AND MORPHINE 3,6-DINICOTINATE. W. Su*,
M.A. King, S. Hosztafi, I.E. Goldberg, and G.W. Pasternak. The
Cotzias Laboratory of Neuro-Oncology, Department of Neurology, 
Memorial Sloan-Kettering Cancer Center, New Tork, NY 10021.

A prominent problem with of opioid treatment of pain is its side 
effects, respiratory depression and constipation. Structure activity 
relationship (SAR) studies have attempted to develop morphine 
analogues which retain their analgesic potency but possess fewer 
unwanted side effects. Morphine 3,6-dinicotinate (MDN) is a potent 
analgesic with decreased respiratory depression as compared to 
morphine (Hosztafi et al, Arzneim-Forsch./Drug Res. 43 (11), 1993). 
We pharmacologically characterized MDN and morphine 6-nicotinate 

(M6N) utilizing selective antagonists as well as antisense 
oligonucleotides targeting MOR-1. The two drugs are more than 25 
times more potent than morphine. Mu receptor antagonist, 
naloxonazine, blocked MDN but not M6N anlagesic actions. 3- 
methoxynaltrexone, a M6G receptor antagonist, blocked analgesia for 
both compounds. Antisense mapping revealed a profile for MDN 
similar to M6G. The profile of M6N was somewhat different. 
(Supported by NIH DA06241, DA00220)

591.16

14-METHOXYMETOPON: A VERY POTENT ANALGESIC
M.A. King'*E. Freye2, A.H. Chang', J. Mei', L. Latasch3, S. 
Volkmann2, H. Schmidhammer4 and G.W. Pasternak1 'Memorial 
Sloan-Kettering Cancer Center, Neurology Dept.,New York, NY. 2Univ 
Clinics Dusseldorf, Dept. of Vascular Surgery,Germany, 3Northwest 
Hospital, Dept. of Anaesthesy, Frankfurt Germany. 4University of 
Innsbruck, Inst. Pharmaceutical Chemistry, Austria.

14-Methoxymetopon (14MeOM) has a highly unique pharmacological 
profile. Intracerebroventricularly (i.c.v), 14MeOM (ED50, 0.29 fg) is 
over a million fold more potent than morphine (ED50, 367 ng) and 
morphine-6P-glucoronide (M6G; ED50, 7.01 ng). Like Morphine, 
14MeOM antinociception is blocked by naltrexone and p- 
funaltrexamine, a mu receptor antagonist. However, 14MeOM 
analgesia is also attenuated by 3-Methoxynaltrexone, an M6G receptor 
antagonist. Furthermore, antisense mapping of the MOR-1 revealed a 
different profile for 14MeOM analgesia in comparison to morphine. 
Systemically, 14MeOM (ED50, 7.6 pg/kg) is approximately 500 times 
more potent than morphine (ED50, 3.8 mg/kg) and M6G (ED50, 3.65 
mg/kg). The therapeutic index comparing the drugs’ gastrointestinal 
inhibition to its analgesic activity is far greater in 14MeOM than 
morphine. 14MeOM appears to be a very potent analgesic with a 
promising side effect profile.

591.17

SPINAL AND SUPRASPINAL ANTINOCICEPTIVE EFFECTS OF 
ENDOMORPHIN-1 AND ENDOMORPHIN-2 IN THE RAT. G.C. Rossi* and
G.W. Pasternak; The Cotzias Laboratory ofNeuro-Oncology, Memorial Sloan- 
Kettering Cancer Ctr., NY, NY 10021.

In 1997, two tetrapeptides were identified, endomorph in-1 (Tyr-Pro-Trp-Phe- 
NH2) and endomorphin-2 (Tyr-f‘ro-Phe-Phe-NH2) which were highly selective 
for mu binding sites and which elicited both spinal and supraspinal analgesia in 
the mouse (Zadina et al.,Nature 386:499-502,1997). Our lab has done further 
pharmacological evaluation of these two peptides both in rats and mice. 
Previously, it has been shown that CD-I mice display normal analgesia 
following central administration of endomorphin-1 and endomorphin-2, and that 
both of these peptides were blocked by systemic naloxone. In addition, CXBK 
mice (p-deficient mice) show profound deficits in both morphine and 
endomorphin analgesia (Goldberg et al., JPET,286,1007-1013,1998). In the 
present study we demonstrate the differential distribution of endomorphin-1 vs. 
endomorphin-2 in several intracerebral and spinal sites in the rat. Rats were 
cannulated in the periaqueductal gray (PAG), locus coerulefrs (LC), nucleus 
raphe magnus (NRM), parabrachial nucleus, amygdala, lateral ventrical (i.c.v.) 
orspinally(i.t.). Endomorphin-1 was 2-3 times more potent than endomorphin-2 
when injected into the PAG, LC and NRM, while endomorphin-2 was more 
potent spinally and in the parabrachial nucleus. The amygdala- and icv- 
cannulated rats showed equipotent tailflick latencies for endomorphin-1 and 
endomorphin-2 antinociception. Therefore, the distribution of the two 
endomorphins in the brain and spinal cord may reflect differing roles in the 
modulation of pain. (Supported by NIH DA00310 & DA07242).

591.18

NEW ENDOMORPHIN ANALOGS LABELING THE p OPIOID 
RECEPTOR. S. Benyhc1, G. Toth', Cs. Tomboly', D. Biyashev'. A Z. Ronai2,
D. Labuz\ B. Przewlocka3 and A. Borsodi1*. 'institute of Biochemistry, 
Biological Research Center, Hungarian Academy of Sciences, 6701 Szeged, POB 
521, Hungary. 2Department of Pharmacology, Semmelweis Medical University, 
1445 Budapest, Hungary, 3Institute of Pharmacology, Polish Academy of 
Sciences, Krakow, Poland.

Endomorphin-1 (Tyr-Pro-Trp-Phe-NH2) and endomorphin-2 (Tyr-Pro-Phe- 
Phe-NH2) are putative endogenous ligands of the p opioid receptor. Several new 
analogs of both peptides were designed and synthesised using the solid phase 
technique. The concept of conformational restriction was used. BMe-Phe 
residues were incorporated in position four of endomorphin-1 and -2 and in 
position three of endomorphin-2. It was found that the chiralities of stereoisomers 
of BMe-Phe determined the biological properties of the modified endomorphins. 
Endomorphins with L-BMePhe (2S, 3S or 2R, 3R) exhibited higher affinity 
(measured by radioligand binding experiments in rat brain membranes) compared 
to D-BMe-Phe containing endomorphins. (2S, 3S) BMe-Phe4 endomorphins were 
four to five times more active than the parent peptides with concomitant increase 
in selectivity. The configuration of Pro was also crucial for high affinity and 
specificity. The data of the binding experiments were confirmed by guinea pig 
ileum and mouse vas deferens assays as well as in vivo (tail-flick and paw- 
pressure) tests. Endomorphin-2 with free carboxyl group at the C-terminus was 
less potent in binding assays, probably due to enzymatic degradation. Supported 
by OTKA T-022104, T-030086 and OMFB 96-97-48-1205 grants.
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591.19
THE UNIRECEPTOR HYPOTHESIS OF OPIOID ANTINOCICEPTION IN 
AMPHIBIANS: BEHAVIORAL STUDIES. C.W. Stevens* and L.C. 
Newman. Oklahoma State University, College of Osteopathic Medicine, 
Dept. of Pharmacology and Physiology, Tulsa, OK 74107 USA.

The type of opioid receptor(s) mediating antinociception in amphibians 
was investigated using type-selective opioid antagonists and spinal 
administration of p-, 5- and K-opioid receptor agonists. The antagonist actions 
of the p antagonist, 3-FNA (3-funaltrexamine), the 5 antagonist, naltrindole 
(NTI), and the k  antagonist, nor-BNI (nor-binaltorphimine) were assessed in 
the Northern grass frog, Rana pipiens. Previous work in our lab showed that 
single dose studies using any one of the selective opioid antagonists for p, 5, 
or k opioid receptors generally blocked any one of the selective opioid 
agonists for p, 8, and k  opioid receptors. The present studies were undertaken 
to obtain Schild pA2 values for the interaction of the selective opioid 
antagonists and p, 5, and k  opioid agonists. Antinociceptive thresholds were 
measured using the acetic acid test following concurrent spinal 
administration of agonist (alone for control groups) and antagonist. The k - 
selective antagonist, nor-BNI, was first examined against the p agonist, 
fentanyl, the 5 agonist, DSLET, and the k  agonist, GR89896. Preliminary 
results show that the pA2 value for these three agents did not differ which 
suggests that nor-BNI is acting at the same receptor site in antagonizing these 
different type-selective opioid agonists. Further studies with other selective 
antagonists need to be done to confirm or refute the novel unireceptor 
hypothesis. These studies provide a unique model to explore the functional 
evolution of opioid receptors. Supported in part by an NIH AREA grant 
(DA 12448) and intramural funding from OSU-COM sources.

591.20

THE UNIRECEPTOR HYPOTHESIS OF OPIOID ANTINOCICEPTION IN 
AMPHIBIANS: BINDING STUDIES. L.C, Newman? DR. Wallace and
C.W. Stevens. Oklahoma State University, College of Osteopathic Medicine, 
Dept. of Pharmacology and Physiology, Tulsa, OK 74107 USA.

Opioid agents have been shown to elicit antinociception through three distinct 
types of receptors (p, 8 and k ). These opioid receptors have been characterized 
and cloned in several mammalian species. Analysis of behavioral data in this 
laboratory has alluded to the presence of a single opioid binding site in the 
amphibian, Rana pipiens. Radioligand binding techniques were employed to 
characterize the site(s) of opioid action in the amphibian to further support or 
refute this “unireceptor” hypothesis. Naloxone is a general opioid antagonist. 
Kinetic analyses of [3H]-naloxone in Rana pipiens yielded a KD of 6.8nM and 
11.3nM for brain and spinal cord respectively while experimentally derived KD 
values from saturation experiments were found to be 4.7nM and 28.7nM for 
brain and spinal cord. Density data were also determined from saturation 
analyses which yielded a Bmax of 1539 fmol/mg in brain and 2296 fmol/mg in 
spinal cord. Additionally Kj values were calculated in competition studies for 
various unlabelled competitors of [3H]-naloxone. Selective antagonists for the 
p, 8 and k  opioid receptors had nearly identical Ki values against [3H]- 
naloxone, further suggesting that opioids elicit their effects at a single type of 
opioid receptor in the amphibian. Further studies with radiolabelled selective 
antagonists need to be done to confirm or refute the novel unireceptor 
hypothesis. These studies provide a unique model to explore the functional 
evolution of opioid receptors. Supported in part by an NIH AREA grant 
(DA12448) and intramural funding from OSU-COM sources.

GABA RECEPTORS: PHARMACOLOGY

592.1
NOVEL GABA RECEPTORS IN THE CENTRAL AMYGDALA ARE 
INHIBITED BY 1,4-BENZODIAZEPINES
A.J. Delaney, J.M. Bekkers* and P. Sah
Div. of Neuroscience, John Curtin School of Medical Research, 
Australian National University, Canberra ACT
The amygdala has been implicated as the region of the brain where emotion 
is linked to sensory experiences. The central nucleus of the amygdala is 
divided into four sub-nuclei: the lateral, intermediate, medial and capsular 
regions. In this study we have examined the pharmacology of the inhibitory 
currents within the lateral division of the central amygdala (CeL). Rats (17-20 
day old) were anaesthetised with intraperitoneal pentobarbitone (50mg/kg), 
decapitated, and coronal slices (400pM) cut in ice cold ACSF. Whole cell 
recordings were made from neurons in CeL using cesium based internal 
solutions. Inhibitory postsynaptic currents (IPSCs) were isolated in 10pM 
CNQX and 30pM d-APV or 2mM kynurenic acid. The IPSC was reduced by 
66.9+3.3% (n=19) with 10pM bicuculline (BIC), a dose which completely 
blocks GABAa receptor mediated IPSCs in other brain regions. The BIC- 
insensitive current reversed at Ec, and was incompletely blocked by 100pM 
bicuculline. It was also less sensitive to picrotoxin than GABAa receptor 
mediated currents. This current was blocked by the selective GABAc 
receptor antagonist TPM PA, unaffected by the anaesthetic propofol and 
showed reduced modulation by the barbiturate pentobarbitone. The 1,4- 
benzodiazepines, diazepam and flurazepam inhibited this current in a 
manner which was blocked by the specific benzodiazepine site antagonist 
Ro 15-1788. We conclude that two types of GABA receptors mediate 
inhibitory transmission in the CeL: a GABAa  type with typical pharmacological 
properties; and a previously undescribed type, similar to GABAc, which is 
less sensitive to bicuculline and picrotoxin and inhibited by TPMPA and 1,4- 
benzodiazepines.
This research was supported by the Silvia and Charles Viertel Foundation .

592.2

PHARMACOLOGICAL CHARACTERISATION OF CORTI-
CAL y-AMINOBUTYRIC ACID TYPE A (GABAa )-RECEPTORS 
IN TWO WISTAR RAT LINES SELECTIVELY BRED FOR 
HIGH- AND LOW-ANXIETY-RELATED BEHAVIOR
B, Hermann1, R. Landeraf4, M. Keck1. A. Wieeer1. A, L, Morrow2. F. Holsboer1 and
R, Rupprecht1,3*
'Max-Planck-Institute of Psychiatry, Munich; 2Bowles Center for Alcohol Studies, 
Univ. Durham, North Carolina; 3Dept. of Psychiatry, Ludwig-Maximilians-Univ., 
Munich.

Two Wistar rat lines that have been selectively bred for high-anxiety related behavior 
(HAB) and low anxiety-related behavior (LAB) in the elevated plus-maze test may be 
considered as a genetically prone animal model to study the neurochemical 
determinants of anxiety-related behavior. Because there are ponounced differences 
both in baseline levels of open-arm exploration in the elevated plus-maze test and the 
sensitivity to the anxiolytic effects of 1 mg/kg diazepam between both lines, the 
pharmacology of the benzodiazepine binding site and the GABA binding site of 
cortical GABAA-receptors was investigated. No difference in binding characteristics 
of flunitrazepam, zolpidem or muscimol binding to cortical GABAA-receptors could 
be detected between both lines. While there was an increase in brain concentrations 
of the anxiolytic neuroactive steroid allopregnanolone, a potent positive allosteric 
modulator of GABAA-receptors, following a forced swim stress both in HAB and 
LAB animals, allopregnanolone concentrations did not differ between both rat lines. 
Moreover, plasma dehydroepiandrosterone (DHEA) concentrations were similar in 
HAB and LAB animals. Thus, anxiety-related behavior and benzodiazepine 
sensitivity in these rat lines are independent from the pharmacology of cortical 
GABAA-receptors.

592.3

Pharmacology  of  gaba  receptors  determined  on  a  Fluoromeiric  
Imaging  Plate  Reader  (FLIPR) using  cotransfected  chimeric  or  
PROMISCUOUS G PROTEINS. P.G. Szekeres1, A.I. Muir1 S.O.J. Rice2, S.G. Taylor3,
N.A. Elshourbagy4, U. Shabon4, D.C. Rogers3* and S. Wilson1. Departments of 
‘Molecular Screening Technologies, 2Gene Expression Sciences, 3Neuroscience 
Research and 4Molecular Biology, SmithKline Beecham Pharmaceuticals, Harlow, 
Essex, CM 19 5AW, UK.

GABAB receptors are the first published members of the G protein-couple ’ -eceptor 
superfamily which require coexpression of two different subtypes to obtain a lunctional 
receptor. Functional GABA„ receptors are thought to be composed of a heteromeric 
assembly of the subunits GABA„ R1 . and GABAb R2. Endogenous GABAb  receptors 
are not reported to couple to the phospholipase C pathway or increase intracellular 
calcium concentration [Ca2+]j. In this study we have investigated whether recombinant 
GABAn receptors transiently transfected into HEK-293 cells could mediate an increase 
in [Ca2+L, either when transfected alone or when cotransfected with promiscuous G 
proteins. Transient transfection of Rlb alone, R2 alone or both RL+R2 did not allow 
cells to produce GABA mediated rises in [Ca2+]j. However, if subunits Rlb together 
with R2 were cotransfected with any of the G protein a-subunits Gqi5, Gqc... Gqs5, 
Galb or Ga15 a robust increase in [Ca2+T was observed on a FLIPR. The EC™ otained 
for GABA was dependent upon which G protein subunit was cotransfected, and 
GABAn receptors showed the following G protein coupling profile: Gqi5=Gqo5» 
Ga,5>Ga16=Gqs5. A similar G protein coupling profile was obtained if Rlb was 
replaced by Rla, although the magnitude of the responses mediated by Rla+R2 were 
smaller than those seen with Rlb+R2. Functional calcium responses were dependent on 
both Rlb (or R1 ) and R2 subunits being cotransfected together - neither of these 
proteins alone could elicit a calcium response when cotransfected with Gq^. The EC5Q 
for GABA in HEK-293 cells transiently coexpressing Rlb+R2+Gq,5 was 29.4+9.2nM 
(n=4), approximately 50-fold more potent than expected from previous 
electrophysiological and biochemical studies of native and recombinant receptors. In 
addition CGP35348, a compound previously considered to be a selective GABAb  
antagonist was shown to be a partial agonist in this system. Therefore, this assay system 
appears to be a very sensitive detector of agonist efficacy at cloned GABAg receptors.

592.4

CHARACTERIZATION OF THE GABAa RECEPTOR IN GT1-7 CELLS. H. Osipova-Goldberq. 
Dept. of Pharmacology and Experimental Therapeutics, Tufts University, Boston, MA 02111

The GT1-7 cells derived from mouse hypothalamic cortical neurons were shown to express 
functional GABAa receptor. It was reported that GABA-activated chloride currents in GT1-7 cells 
were insensitive to benzodiazepine (BZ) stimulation. The goal of our study was to further 
functionally characterize the GABAa receptor in these cells. We have demonstrated that GT1-7 
cells bind specifically 3H-flunitrazepam (FNZ) and 3H-zolpidem (ZPD). The radioactive ligands 
were used at concentrations 0.4-22nM for FNZ and 0.5-28nM for ZPD. The non-specific binding 
was determined in the presence of 500-fold excess of the corresponding cold compound. For 
both ligands the specific binding approached saturation. Scatchard analysis demonstrated the 
presence of more than one type of BZ binding sites on the GT1-7 cells.
At lower ligand concentrations, (0.4-6 nM) Scatchard plots were close to linear. Here, we 
present cumulative data from three experiments. The maximal number of binding sites (Bmax) 
for this high affinity interaction was 0.13±0.03 pmoles/mg protein for 3H-FNZ, and 0.37±0.06 
pmoles/mg protein for 3H-ZPD. The corresponding dissociation constants (Kd) were 3.3±1.8 nM 
and 7.1 ±4.0 nM. The Bmax value for a selective BZi ligand 3H-ZPD is higher than that for 3H- 
FNZ that binds BZ sites non-selectively. This fact suggests that the GT1-7 cells may express 
receptor subtype(s) with unique BZ pharmacology. The amount of 3H-FNZ binding sites 
increased dramatically (~8 fold) in the cells treated with 5pM GABA for 4 weeks. Concomitantly, 
the binding affinity dropped -6.5 fold (Kd increased to 18.3±9.0 nM). The changes of binding 
parameters for the 3H-ZPD were less pronounced. Thus, Bmax increased to 0.78±0.03 
pmoles/mg protein and Kd - to 10.4±4.6 nM.
In summary, these data demonstrate that GT1-7 cells bind FNZ and ZPD specifically and with 
high affinity. Binding of BZs by the GABAa receptor requires expression of the y2 subunit. We 
are using the RT-PCR approach with the primers specifically designed for the mouse sequence 
in the trials aiming to verify the possibility of y2 subunit expression in the GT1-7 cells.

Supported by Grants DA-05258, MH-19924, and MH-34223 from the Department of Health and Human 
Services
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592.5

AMITRIPTYLINE MODULATION OF GABA-STIMULATED -Cl 
CONDUCTANCE IN TRANSFECTED WS-1 CELLS 
EXPRESSING al AND Y2 GABAa RECEPTOR SUBUNITS. Ewa 
Malatynska1* Cortland Miller'1, Nancy Schindler1, Alicia Cecil2,
Angela Knapp1, Glenda Crites1 and Howell Rogers2. Departments 
of Pharmacology St Toxicology1, Microbiology &. Immunology2 
Indiana University School of Medicine, Evansville IN 47712

A recombinant WS-1 cell line expresses the al and Y2 
subunits of the GABAa receptor. -Cl influx assays were 
performed with these cells in the absence or presence of GABA, 
the anxiolytic drug, diazepam, and the antidepressant, amitriptyline 
in the presence or absence of the benzodiazepine receptor 
antagonist flumazenil. GABA stimulated -Cl influx showing that 
the WS-1 cell GABAa receptors are functional. Diazepam 
enhanced the GABA effect showing that the benzodiazepine site 
was present. The diazepam effect was inhibited by flumazenil. 
Amitriptyline enhanced GABA-stimulated chloride influx in the 
recombinant WS-1 cells. This amitriptyline effect was opposite to 
the inhibition of GABA-stimulated -Cl influx seen for rat brain 
cortical vesicles. The amitriptyline effect on the -Cl influx was 
stimulated by flumazenil. The evidence that the presence or 
absence of the (3 subunit in the GABAa  receptor complex may 
be responsible for the bidirectional activity of amitriptyline on 
GABA-stimulated -Cl influx will be presented. This work was 
supported by a BSRG grant and ECME funds.

592.6
BENZODIAZEPINE-INDUCED POTENTIATION OF RECOMBINANT 
GABAa RECEPTORS IS AUTONOMOUS OF PKC ACTIVATION BY 
PMA. E. Ghansah* and D. S. Weiss, Dept. of Neurobiology, The University 
of Alabama at Birmingham, Birmingham, AL 35294-0021.

Previous studies have shown that activation of calcium-phospholipid- 
dependent protein kinase enhances benzodiazepine (BZD) potentiation of 
GABA-induced responses of GABAa  receptors (GABAa -Rs ). It is likely that 
there might be a sensitivity change in the GABAa -R due to this activation that 
may account for the increased potentiation. To delineate the mechanism(s) that 
may be involved in this type of GABAa -Rs modulation, two-electrode voltage 
clamp recordings were performed on recombinant a,6,y2 GABAa receptors 
functionally expressed in Xenopus laevis oocytes. GABAa -Rs were tested for 
their GABA sensitivity pre- and post-incubation of oocytes in phorbol 12- 
myristate 13-acetate (PMA) for 30 minutes, followed by a 30 minute rinse. 
Results indicated that 25 nM of PMA significantly attenuated the GABAa  
current^ < 0.05, n = 12 - 19) up to 90% without affecting the apparent 
affinity for GABA (EC50: pre = 31.25 ± 2.62pM; post-PMA = 25.23 ± 
4.83pM). Consequently, when these oocytes were exposed to GABA in the 
presence of lpM diazepam (DZP), there was no significant change in the 
apparent GABA affinity (EC50 pre = 22.95 ± 2.60pM; post-PMA = 19.57 ±
0.66). These results suggest that although protein phosphorylation may alter 
the coupling within the GABAa -Rs allosteric sites, this modulation is 
autonomous of DZP-induced potentiation of recombinant ai6lY2 GABAa  
receptors. (Support: NIH grant NS36195.)

592.7

Residues of the M3 domain may affect pentobarbital binding 
to GABAa receptors. A*. Serafini*, J. Bracamontes and J.H. 
Steinbach, Dept. Anesthesiol., Washington Univ. St. Louis, MO 63110.

In order to identify the residues affecting pentobarbital (PB) 
actions on GABAa receptor channels we have constructed several 
chimeras composed by {33 and pi subunit at the N- and C-terminal, 
respectively. PB both activates and blocks CL currents; measurements 
of Hill coefficients of dose-response curves indicate that more than one 
binding site is involved for both effects. The EC50 for. the dose- 
response curve of the maximal response for PB direct gating is not 
affected in chimeras with the p-p junction downstream from the 
transmembrane M3 domain whilst it shows a ~ 2-fold increase when 
the junction is upstream M3. However, analysis of single-channel 
recordings indicates that such an increase in EC50 is not matched by 
decreases in maximal open probability (Popen)- The binding Kd was 
estimated by fitting the time course of the PB response at different 
ligand concentrations to the predictions of reaction schemes, and 
optimizing parameters to yield Popen close to those estimated by single-
channel recordings. Results suggest an increase in the binding Kd in 
those constructs in which M3 is composed by residues of pi, in 
comparison with those in which it is composed by {33 residues. In 
sum, residues in the M3 domain may affect pentobarbital binding and 
actually be part of its receptor site for direct activation. Supported by 
grant PO 1 -GM 47969 to JHS.

592.8

GASOLINE ADDITIVES DECREASE BINDING OF A CONVULSANT 
LIGAND FOR THE GABAa  RECEPTOR N.M. Bilgin', M.M. Iba2, and J.V. 
Martin1*. 'Biology Department, Rutgers Univ., Camden, NJ 08102-1411; 
2College of Pharmacy, Environmental and Occupational Health Sciences 
Institute, Rutgers Univ., New Brunswick, NJ.

Exposure to additives which enhance the burning efficiency of gasoline 
engines has been associated with neurotoxic effects. We looked for possible 
influences of the additives and their metabolites at the GABAa  receptor, a 
key target of pharmacological actions of related compounds. Using 
tritiated t-butyl-bicycloorthocarboxylate (3H-TBOB) as a ligand, we tested 
the effects in a binding assay. Well-washed membranes were prepared 
from whole forebrains of male albino rats. Varying amounts of the com-
pounds were incubated with 3H-TBOB and resuspended membranes for 60 
min at 25°C. Membrane-bound radioactivity was determined after filter-
ing in a vacuum manifold and washing the filters twice. Data were 
corrected for nonspecific binding in the presence of 10 pM picrotoxin. 
Results showed that 30-300 mM of both the ethers and alcohols inhibited 
the binding of 3H-TBOB. The potency of inhibition correlated with carbon 
chain length. In addition, for agents with equal numbers of carbons, the 
inhibition of 3H-TBOB was greater for the alcohols than for the ethers. 
The ranking of potency of the compounds (descending order) was: t-amyl 
alcohol (TAA), ethyl t-butyl ether (ETBE), t-amyl methyl ether (TAME), 
t-butyl alcohol (TBA), and methyl t-butyl ether (MTBE). MTBE, the 
major additive, was found to have primary effects on 3H-TBOB receptor 
density (Bmax) rather than affinity (Kd). (Support: NSF IBN-9809943)

592.9

Heteromeric GABAb receptors are activated by y-hydroxybutyrate.
J. Mosbacher, K, Lingenhoehl, K. Kaupmann, P. Beck, A. Pagano, R, Brom.
J. Heid, D. Ristig, I, Meigel, V, Schuler, N, Klix, W. Froestl, S. Urwvler &
B, Bettler*. Novartis Pharma AG, Neuroscience Research, 4002 Basel, Switzerland, 
y-hydroxybutyrate (GHB) is a neuromodulator with high affinity binding 
sites in the mammalian brain. However, a specific receptor protein for GHB 
is not yet cloned. Given the similarity of the chemical nature and 
physiological effects of GHB and y-aminobutyric acid (GABA) both may 
mediate their effects via the same receptor. We studied this hypothesis with 
electrophysiology of the heteromeric GABAbR1/R2 receptor coupling to 
Kir3 potassium channels in Xenopus oocytes. GHB activated the GABAb  
receptor with an EC50 of about 4 mM and a maximal stimulation of 69% 
when compared to L-baclofen or GABA. GHB and L-baclofen did not 
potentiate each other nor did they stimulate the GABAb receptor in a linearly 
additive manner. These results indicate that GHB is a weak partial GABAb  
receptor agonist. CGP54626A, 2-OH-saclofen and CGP 35348, three 
competitive GABAB receptor antagonists, blocked the GHB induced 
response. 30 mM GHB displaced [I25I]CGP 64312 binding at GABAb R1 and 
at heteromeric GABAbR1/R2 indicating that GHB binds at the GABA 
binding site on GABAb R1. Results obtained with two GHB dehydrogenase 
inhibitors, valproate and ethosuximide, do not suggest a conversion of GHB 
into GABA in our experiments but a direct inhibition of GABAb receptors or 
Kir3 channels by these compounds.
These findings cannot explain the excitatory effects of low doses of GHB 
but strongly support the hypothesis that GABAb receptors mediate the 
physiological effects of high doses of GHB.

592.10

SEDATIVE PROPERTIES OF THE GABA-A RECEPTOR MODULATORS, NBI 
34060, ZALEPLON AND ZOLPIDEM. Dacie Lewis*, Mary Jane Cullen, Marge 
Lorang, Dimitri E. Grigoriadis, Alan C. Foster and Mary Ann Pelleymounter.
Neurocrine Biosciences, Inc.; San Diego, CA 92121

NBI 34060 is a non-benzodiazepine compound with high affinity for the GABA-A
receptor that is currently in phase I clinical trials for insomnia. Consistent with this, it 
is a more potent inhibitor of (3H)Ro-15-1788 binding in the cortex, hippocampus and 
cerebellum than either zolpidem or zaleplon. The in vivo sedative properties of 
zolpidem, zaleplon and NBI 34060 were compared in male CD-I mice using 24 hour 
locomotor activity as the index of sedation. All compounds were given by oral 
gavage as suspensions in 45% 2-hydroxypropyl-beta-cyclodextrin (HBC) (RBI, Inc) 
30 minutes prior to testing. In the locomotoractivity test, beam breaks were recorded 
as indices of movement every 10 minutes for a 1 hr period. Zolpidem, zaleplon and 
NBI 34060 were all given at doses ranging from 0.03 mg/kg-100 mg/kg. NBI 34060 
was the most potent of the three compounds with a half-maximal effective dose of 2.7 
mg/kg. The half-maximal dose for Zaleplon was 6 mg/kg and for zolpidem, 25 
mg/kg. The desmethyl metabolite of NBI 34060 was inactive on the locomotor 
activity assay. These compounds were also tested for their ability to reduce passive 
avoidance retention. NBI 34060 was again the most potent of the three compounds, 
with a half-maximal dose of 2 mg/kg. Zaleplon (half-maximal dose of 6 mg/kg) and 
zolpidem (half-maximal dose of22mg/kg) were again less potent. When these 
compounds were given 30, 60 and 120 minutes prior to training, significant amnesia 
was only observed in the groups given compound 30 minutes prior to training, which 
is consistent with the clearance rates of these compounds. None of these compounds 
reduced retention if they were given immediately after training, suggesting that they 
do not affect the memory consolidation process. Taken together, these data indicate 
that NBI 34060 is more potent than zaleplon and zolpidem as a sedative and that these 
sedative properties explain the passive avoidance deficits observed in all three 
compounds.
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592.11
THE e AND y2 SUBUNITS COMPETE FOR CONTROL OF GABA, 
RECEPTOR PHARMACOLOGY. P.A. Davies*, E.F. Kirknessf and T.G. Hales. 
Dept. Pharmacology, The George Washington University, DC 20037 and fThe 
Institute for Genomic Research, Rockville, MD 20850.

Most neuronal GABAa receptors are combinations of a, p and y subunits. 
However, in certain areas of the CNS mRNA encoding the e subunit is also found. 
GABAa receptors containing e and y2 subunits have different pharmacological 
properties. The y subunit confers benzodiazepine sensitivity while the e subunit 
makes GABAa  receptors less sensitive to potentiation by anesthetics. We used these 
criteria to examine whether the s and y2 subunits compete for control of GABAa  
receptor function, when both are expressed in the same cell.

Whole-cell GABA-evoked currents were recorded from HEK cells stably 
expressing functional GABAa  receptors containing al, P3 and y2 subunits (WSS-1 
cells). The introduction of e subunit cDNA caused the appearance of flunitrazepam (1 
pM)-insensitive GABA responses. No change was seen in control WSS-1 cells 
transfected with GFP cDNA alone. This result implies that the e subunit prevents 
functional expression of the y2 subunit. Support for the incorporation of the s subunit 
into functional receptors was provided by the observation of decreased sensitivity of 
GABA-evoked currents to the anesthetic agents pregnanolone (100 nM) and propofol 
(3 pM). There was a marked difference 48 hours post-transfection in the potentiation 
of currents by propofol in e expressing and control WSS-1 cells (226 ± 45% of 
control versus 655 ± 80%, respectively). This divergence continued for 96 hrs post- 
transfection.

From this study we conclude that the e and y2 subunits compete for control of 
GABAa  receptor function. We are currently examining the impact of the e  subunit on 
the biophysical properties of receptors expressed by WSS-1 cells (Supported by NIH 
and TIGR grants).

592.12

ARACHIDONIC ACID METABOLITES INHIBIT GABAa  RECEPTOR 
FUNCTION. J, Peris1*, C. Riffle1, A. Dholpe2 & C, E. Wood2. Depts. 
Pharmacodynamics1 & Physiology2, Univ. Florida, Gainesville, FL 32610.

Both prostaglandin E2 (PGE2) and thromboxane A2 (TxA2) modulate 
cardiovascular function, possibly via a central mechanism involving the 
nucleus tractus solitarius (NTS). One possible mechanism for the effect of 
PGE2 and TxA2 may be modulation of GABA transmission which is an 
integral part of the neural control of blood pressure and heart rate. We 
measured the effects of these agents on GABAa  receptor function by 
exposing rat cortical microsacs to PGE2 or TxA2 for different time periods 
and then measuring muscimol-dependent 36C1' uptake. U-46619, a stable 
analog of TxA2, inhibited muscimol-stimulated Cl' uptake in a dose- 
dependent manner. There was significantly greater maximal inhibition of 
uptake after 5 min exposure to U-46619 (80% inhibition) compared to 3 
sec exposure (28% inhibition). PGE2 inhibited uptake significantly by 
about 30% but only when tissue was exposed to this agent for 5 min and 
not for 3 sec. These effects were not due to the solvent, methyl acetate, 
although moderate inhibitory effects of this substance were also seen under 
some conditions. Due to the likelihood that GABAa  receptor subunit 
composition differs between cortex and NTS, it will be important to 
determine whether the effects of these agents are regionally selective. 
Tissue limitations in rat will necessitate the use of sheep brain to attain 
enough protein from NTS to assess receptor function. Supported by NIH 
grant HD33O53.

592.13

HORMONAL REGULATION OF PERIPHERAL BENZODIAZEPINE 
RECEPTOR BINDING PROPERTIES IS MEDIATED BY SUBUNIT 
INTERACTION. I. Golani,1 A. Weizman,3 S. Leschiner,1 N. Eckstein,4
G. Weisinger4 and M. Gavish,1’2*. ’Dept. of Pharmacology, Bruce Rappaport 
Faculty of Medicine and 2Rappaport Inst., Technion-Israel Inst, of 
Technology, 31096 Haifa; 3Sackler Faculty of Medicine, Tel Aviv Univ.,
69978 Tel Aviv; 4Tel Aviv Sourasky Medical Center, 64239 Tel Aviv, Israel.

Peripheral benzodiazepine receptors (PBR) are abundant in endocrine tissues 
and play a role in steroidogenesis. The PBR is composed of at least three 
subunits: an 18-kDa isoquinoline-binding protein (IPB) subunit, a 32-kDa 
voltage-dependent anion carrier (VDAC), and a 30-kDa adenine nucleotide 
carrier. PBR expression is sensitive to hormone treatment. We focused on the 
mechanism of Decapeptyl-induced hormone deprivation and estrogen 
replacement on PBR binding characteristics and gene expression in adult 
female rats. Pharmacological castration using Decapeptyl 
(triptorelin-D-Trp6-LHRH) was associated with a significant reduction in PBR 
density in the adrenals (50%) and ovaries (40%), but not in the kidneys. This 
reduction was prevented by cotreatment with estradiol. It was not due to 
changes in PBR subunit steady-state transcription, de novo transcription, or 
protein translation, as assessed by Northern blot, rtm-on, and Western blot 
analyses, respectively. However, on immunoprecipitation of the particular 
PBR subunits, followed by Western blot analysis with antisera against the 
different subunits, changes in the interaction between the IBP and VDAC 
subunits were consistent with the PBR down-regulation. This is the first direct 
demonstration of a physical interaction between PBR complex subunits and, 
hence, their importance in the regulation of ligand binding.

592.14

INHIBITION OF GABAa  RECEPTORS BY THE CYCLODIENE DIELDRIN 
IS ENHANCED IN RECEPTORS LACKING AN a SUBUNIT. C.L. Bell- 
Horner1, M.W. Martin1*, J.A. Drewe2 and G.H, Dillon1. ’Dept. of 
Pharmacology, University of North Texas Health Science Center, Ft. Worth, TX 
76107 and 2Cytovia, Inc., San Diego, CA, 92121.

The cyclodiene insecticide dieldrin inhibits GABAa  receptors, presumably 
due to an interaction with the picrotoxin-site of the receptor. Our lab has noted 
that both picrotoxin and the picrotoxin-site ligand U-93631 have enhanced 
potency at GABAa  receptors that lack an a subunit. We have thus assessed the 
effect of the a subunit on dieldrin-induced inhibition of recombinant GABAa  
receptors, using whole-cell patch clamp recordings. Due to dieldrin’s slow 
onset of current block, dieldrin at varying concentrations was coapplied with 
GABA for 10 s every 30 s until equilibrium block was achieved. In aip2y2 
receptors, 1 pM dieldrin reduced GABA-activated current to approximately 61 
± 12.7 % of control after 240 s. 10 pM dieldrin caused a reduction to 
approximately 35 ± 12.7 % of control after 270 s. The magnitude and rate of 
block by dieldrin was not signifincantly altered in a2P2y2 receptors (to 53 ± 8.0 
and 41.2 ± 14.3 % of control following 1 and 10 pM dieldrin, respectively, 
after 270 s). In receptors expressing the P2y2 configuration, however, both 1 
pM and 10 pM dieldrin elicited a greater degree of block (to 24 ±3.6 % and 
10.6 ± 9.9 % of control, respectively) significantly more rapidly (180 s) than 
those receptors expressing an a subunit. Thus, as with other picrotoxin-site 
ligands, dieldrin-induced block of GABAa  receptors is enhanced in receptors 
lacking an a subunit. We are evaluating the hypothesis that this difference is 
due to the presence of distinct amino acids between the subunits in a criticial 
region of the second transmembrane domain of the receptor. (Supported by 
NIH ES 07904)

592.15

p2(T246F) HAS DIFFERENTIAL EFFECTS ON THE INTERACTION OF 
PICROTOXIN-RELATED DRUGS WITH GABAa RECEPTORS. M.I. 
Dibas* and G.H, Dillon. Department of Pharmacology, University of North 
Texas HSC at Fort Worth, Fort Worth, TX 76107

Picrotoxin (PTX) and related drugs like t-butylbicyclophosphoro- 
thionate (TBPS), pentylenetetrazole (PTZ) and U93631 are convulsant drugs 
that inhibit GABA-mediated C1‘ current. The binding site where these 
convulsive drugs interact is still unknown. As previously shown, the mutation 
of the conserved threonine 246 (6’) in p2 to phenylalanine abolished PTX 
sensitivity in rat aip2y2 receptors (Gurley et al., 1995). This result supported 
the contention that picrotoxin and its related compounds act deep within the 
channel pore that is lined by TM2. We have tested the effect of this mutation 
on the ability of other presumed PTX-site ligands to block GABAa  receptors. 
The inhibitory effect of PTZ and TBPS on rat a3p2(T246F)y2 was abolished, 
as was observed for picrotoxin. Interestingly, PTZ started to potentiate the 
GABA mediated current. The potentiation by PTZ was not blocked by 
flumazenil (benzodiazepine antagonist). In addition, U93631 inhibited 
GABA-mediated chloride current with decreased affinity in the mutant 
receptors. Surprisingly, expressing p2(T246F) with either wild type y2 alone or 
a3 restored die picrotoxin sensitivity. The possibility that phenylalanine blocks 
access of PTX toward its binding site within the channel lumen is refuted since 
the double subunit was still picrotoxin-sensitive. The conflicting behavior of 
picrotoxin might suggest that the three dimensional structure of GABAa  
receptors expressing the triple subunits combination is different from those 
expressing double subunits. These results further illustrate the complexity of 
picrotoxin action on GABAa  receptors. (Supported by NIH ES 07904)

592.16

pH EFFECT ON GABAa RECEPTORS: INFLUENCE OF SUBUNIT 
COMPOSITION, AMINO ACID MODIFICATION AND INTRA- VS. 
EXTRACELLULAR STIMULUS. R-Q Huang* and GH Dillon. Department of 
Pharmacology, University of North Texas Health Sciences Center at Fort Worth, 
Fort Worth, TX 76107

We have previously reported that GABAa  receptor function is modulated by 
extracellular pH (pHo). In the present study, we further investigated the underlying 
mechanism(s). Whole-cell currents activated by GABA were recorded from rat 
recombinant GABAa  receptors. Extracellular acidification (pHo 7.3 to 6.4) caused 
similar inhibition of the GABA response in al(32y2, alp2 or f32y2 receptors. 
Alkalinization (pH<, 7.3 up to 8.4), however, potentiated the GABA- activated 
currents less in aip2 or P2y2 receptors than in aip2y2 or a3p2y2. The potential 
amino acid residues involved in the proton sensitivity of GABAa  receptors were 
assessed with several amino acid modifying reagents. Treatment with 
diethylpyrocarbonate (DEP, 500 pM), a histidine modifying reagent, reduced the 
GABA response to 75% at pH<,7.3 but did not influence the response at alkaline 
condition. The disulphide reducing reagent dithiothreitol (DTT, 4 mM) increased 
GABA-activated currents at pH 7.3 but reduced the pH effect on the GABA 
response. Modification of cysteine residues with an alkylating reagent N- 
ethylmaleimide (NEM, 500pM) had little effect on GABA- activated currents but 
tended to reduce the alkaline effect on GABA response. Cytosolic acidification with 
acetate (60 mM) did not significantly affect GABA-activated currents. On the other 
hand, cytosolic alkalinization with NH4C1 (20 and 40 mM) reversibly inhibited 
GABA-activated currents by up to 20%. The results suggest that: 1) pHo sensitivity 
of GABAa  receptors is present but reduced in aip2 or P2y2 receptors, compared to 
aPy containing receptors; 2) GABAa  receptor function is modulated differently by 
extracellular and intracellular pH, 3) Cysteine residues may play a role in the 
GABA response to extracellular alkalinization. (NIH ES07904 and TX ARP 
009768-027)
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592.17

DIRECT INHIBITION OF GABAa  RECEPTORS BY THE TYROSINE KINASE 
INHIBITOR GENISTEIN. GH, Dillon*, R-Q Huang and M-J Fang. Department of 
Pharmacology, University of North Texas Health Science Center at Fort Worth, 
Fort Worth, TX 76107

Our previous studies have demonstrated that function of GABAa  receptors is 
maintained by protein tyrosine phosphorylation. In the present study, we attempted 
to further determine subunit contribution to functional modulation of GABAa  
receptor function by protein tyrosine kinase (PTK) in recombinant GABAa  
receptors using whole-cell patch clamp technique. Bath application of genistein 
(100 pM), a widely-used inhibitor of PTK, reversibly inhibited GABA-activated 
currents recorded from HEK 293 cells stably expressing aip2y2S or aip2 subunit 
combinations. Furthermore, coapplication of GABA with genistein or its inactive 
analog, daidzein resulted in a rapid, reversible inhibition of the GABA response in a 
concentration- dependent manner. The coapplication effect of genistein on GABA- 
activated currents was use- and voltage- dependent, and not prevented by 
intracellular pre-treatment with genistein. Coapplication of lavendustin A (2.5- 5 
pM), a potent and highly selective PTK inhibitor had no effect on the GABA 
response in al(32y2S or a 1(32 receptors. In 0.1(32 but not in al(32y2S receptors, the 
current amplitude induced by a saturating [GABA] was inhibited either by genistein 
applied in internal solution, or by lavendustin A applied in internal solution or in the 
bath. The results presented here indicate: 1) genistein is able to directly inhibit the 
GABAa  /Cf receptor complex at an extracellular site(s) which is unrelated to its 
inhibition of PTKs, 2) functional modulation of GABAa  receptors is mediated by 
protein tyrosine phosphorylation of y2 subunits. (Supported by the American 
Heart Association and by NIH grant ES07904)

592.18
INTRAHIPPOCAMPAL INJECTION OF FGIN 1-27, A MITOCHONDRIAL 
BENZODIAZEPINE RECEPTOR (MBR) AGONIST, ELICITS DOSE- 
DEPENDENT ANXIOLYTIC EFFECTS THAT ARE BLOCKED BY 
PICROTOXIN, A GABAa RECEPTOR-GATED Cl- CHANNEL BLOCKER, 
AND ARE ATTENUATED B Y PK11195, AN MBR ANTAGONIST.
D, Bitran*, R, Ellis & M, Folev. Department of Psychology, College of the Holy 
Cross, Worcester MA 01610

Behavior in the elevated plus-maze was examined after microinjections of FGIN 
1-27, an MBR agonist, into the dentate gyrus of the hippocampus of male Long- 
Evans rats. Previously we found that injections of the neurosteroid pregnanolone 
into the hippocampus elicited dose-dependent anxiolytic effects. Pregnanolone is a 
reduced metabolite of progesterone and is a potent positive modulator of the GABAa  
receptor. In these studies we found that the anxiolytic effect of intrahippocampal 
pregnanolone was prevented by a prior microinjection of picrotoxin, a Cl- channel 
blocker. A second experiment was conducted to assess if de novo production of the 
neurosteroid would produce the same effect as its exogenous administration. MBR 
occupancy by an agonist stimulates the movement of cholesterol from die outer to 
the inner mitochondrial layers, leading to neurosteroid production. The hypothesis 
that MBR stimulation would produce anxiolytic effects was tested by intrahippo-
campal injection of FGIN 1-27. Doses of 2.5 and 5.0 pg of FGIN 1-27 increased 
the proportion of time spent in the open arms of the elevated plus-maze, but did not 
affect general activity level in the maze. In a third study we tested the pharmacol-
ogical specificity of FGIN 1-27. Picrotoxin, was injected intracranially at a dose of 
20 ng/0.5 pi ten minutes following an injection of 2.5 pg of FGIN 1-27, while PK 
11195, an MBR antagonist, was injected intracranially at a dose of 200 ng/0.5 pi 
ten minutes before the FGIN 1-27 injection. Picrotoxin completely blocked the 
anxiolytic effect of the MBR agonist. In contrast, the anxiolytic effect of FGIN 1- 
27 was observed but decreased by PK 11195 pretreatment. Results are consistent 
with the putative neurosteroidogenic effect of FGIN 1-27, and support previous 
suggestions that PK 11195 is a mixed agonist at the MBR. Supported by an NSF 
grant (RUIIBN-9724139)

592.19

EVALUATION OF ALPHA-5 SUBUNIT-CONTAINING GABAa  
RECEPTORS USING SELECTIVE LIGANDS. M. Li*, A. Szabo and H.C. 
Rosenberg. Dept. of Pharmacology, Med. Coll, of Ohio, Toledo OH 43614.

The GABAa receptor is a pentamer of highly variable quaternary 
structure. Each receptor is thought to have two a subunits, drawn from six 
possible gene products (al-a6). The a subunits largely determine the 
pharmacology of the receptor’s benzodiazepine modulatory site. Two new 
compounds, [3H]RY-80 and [3H]L-655,708, reported to be selective for a5 
subunit-containing receptors, were used for quantitative autoradiographic 
analysis of brain GABAa  receptors. Both compounds showed similar, clear 
binding and low nonspecific binding. Compared to non-selective ligands, 
e.g., [3H]flunitrazepam (FNP), the binding was much less evenly distributed. 
Labeling was most intense over the hippocampal CA1 region, while many 
regions showed little or no binding. The pattern mirrored the reported 
distribution of a5 mRNA. Quantitative autoradiographic binding using 
[3H]RY-80 or [3H]L-655,708 will be useful for evaluating brain GABAa  
receptors that include an a5 subunit.

The properties of a5 subunit-containing receptors were also studied in 
brain homogenates. [3H]RY-80 binding in hippocampal tissue was saturable, 
with high affinity ^Kd = 2.2 ± 0.10 nM), and with a lower Bmax (0.61 ± 0.06 
pmole/mg) than [3H]FNP. Using clonazepam to displace the binding of 
these ligands revealed a striding heterogeneity. In cerebellar tissue, 
clonazepam readily displaced [3H]FNP (Ki = 2.5 ± 0.1 nM). However, in 
hippocampal tissue, clonazepam displaced [3H]RY-80 binding with a much 
lower apparent affinity (Ki = 32.6 ±5.2 nM). This difference was ppt seen 
with flumazenil, which showed similar high potency for displacing [3H]RY- 
80 binding in hippocampus (Ki = 7.4 ± 0.1) and [3H]FNP binding in 
cerebellum (Ki = 5.3 ± 0.4). The results suggest that a5-containing receptors 
have relatively low affinity for clonazepam. Supported by NIH grant 
DA02194.

592.20
TOLERANCE DEVELOPS TO THE ACTION OF DIAZEPAM (DZ) BUT NOT IMIDAZENIL (IMI) 
AT GABAa RECEPTORS ON VENTRAL TEGMENTAL AREA DOPAMINERGIC NEURONS. A 
Guidotti1*, M.S. Brodie2. C. Pesold1, F. Impagnatiello1, J. Auta1, J.-M. Fritschy3, S.B. Appel2, E.
Costa1. 1The Psychiatric Inst, Dept of Psychiatry; 2Dept of Physiology and Biophysics; UIC 
College of Medicine, Chicago IL, 60612; 3lnst of Pharmacology, Univ of Zurich, Switzerland.

DZ, a full allosteric modulator of the action of GABA at GABAa receptors (GABAaR), and IMI, 
a partial allosteric modulator, facilitate the inhibitory action of GABA at GABAaR located on 
ventral tegmental area (VTA) dopamine (DA) neurons, thereby reducing the firing rate of these 
neurons and decreasing DA release rate in the nucleus accumbens. One of the 
pharmacological consequences of the action of DZ and IMI on the VTA mesolimbic reward 
system is the reduction of the cocaine-induced increase in mesolimbic extracellular DA. 
Tolerance develops to this effect with protracted treatment with DZ, but not with IMI (JPET 
1998, 287; 58-66). In order to study whether DZ tolerance occurs at the level of the GABAaR 
on VTA dopaminergic neurons, we treated rats with a protracted regimen of either DZ or IMI (3 
times daily for 14 days; doses increasing from 17.6 to 70.4 pmol/kg; or from 2.5 to 
10.0pmol/kg, respectively), and tested the effects of GABA, DZ, flurazepam, and IMI on the 
spontaneous firing rate of VTA DA neurons measured extracellulariy in brain slices. In VTA 
neurons from rats treated repeatedly with VEH or IMI, GABA (10 to 100 pM) produced a 
concentration-dependent inhibition of the firing rate, which was significantly reduced in VTA 
neurons from rats treated repeatedly with DZ. In addition, the GABA-potentiating effects of the 
full agonists DZ and flurazepam were also reduced in VTA neurons from DZ-treated rats, 
compared to those from rats treated with either VEH or IMI. Quantitative immunogold labelling 
of subunit-specific antibodies was used to measure the expression of the GABAaR ai, a2l a3, 
as, Y2 and P2/3 subunits in these VTA DA neurons that co-labelled with tyrosine hydroxylase. 
Rats treated with DZ had a 34% decrease in the expression of GABAaR 03 subunit, and a 
concomitant 40% increase in the expression of both the a2 and a5 subunits, whereas GABAaR 
subunits in IMI-treated rats were unchanged. These data suggest that longterm use of full 
agonists, but not partial allosteric modulators, may lead to tolerance to the BZ-induced 
potentiation of GABA action at VTA DA neurons by changing the subunit composition of the 
GABAaR. Grant Support: PHS AA09125 to M.S.B.; AA05846 to S.B.A.; M.H. 56500 to E.C.

592.21

AMENTOFLAVONE SELECTIVELY BLOCKS THE SAME "CORE" FRACTION 
OF GABAa  RECEPTORS AS CLOZAPINE.
R.F.. Squires* and E. Saederup. Center for Neurochemistry, Nathan Kline Institute 
for Psychiatric Research, 140 Old Orangeburg Road, Orangeburg, NY 10962.

Amentoflavone (A) is found in several plant species including Hypericum 
perforatum (St. John's Wort) the buds and flowers of which are increasingly used as 
an antidepressant. A was reported to have high affinity for benzodiazepine receptors 
(M. Nielsen et al., Biochem. Pharmacol., 37:3285, 1988), and we have confirmed 
this (IC50 = 1.3 ± 0.35 nM, n = 3, using 3H-Flunitrazepam). We now report that A 
also partially (ABopt = 25 ± 2.1% ) reverses the inhibitory effect of 1 pM GABA on 
35S-TBPS binding to rat brain membranes (EC50 = 83 0 ± 160 nM). We reported 
previously that the antipsychotic drugs Chlorprothixene , Thioproperazine and cis- 
Thiothixene also partially reverse the inhibitoiy effect of 1 pM GABA on 35S-TBPS 
with ABopt values near 25% and that, when tested together with a concentration of 
Clozapine (10 pM) which also reverses 1 pM GABA about 25% (the "core" 
fraction), no additive reversal was obtained, suggesting that these antipsychotic drugs 
all block the same population of GABAa  receptors (Squires and Saederup, 
Neurochem. Res., 23:1283, 1998). Similarly, when?! (5 pM) is tested together with 
Clozapine (10 or 30 pM) there is no significant additivity. Also, when A (5 pM) is 
tested together with Chlorprothixene (25 pM) Thioproperazine (75 pM) or cis- 
Thiothixene (50 pM) there was no additivity, suggesting that A blocks the same 
population of GABAa  receptors as these antipsychotic drugs. Our findings also 
support the conclusion of Nielsen et al. (1988) that A exhibits a partial agonistic 
effect on benzodiazepine receptors. Central depressant effects in animals have been 
reported for certain biflavones (Vohera et al., Ind. J. Med. Res., 7JL;815, 1980). It 
therefore seems possible that St. John's Wort contains compounds that inhibits A's 
metabolism. A may contribute to the antidepressant effect of St. John's Wort.

We thank Dr. S. S. Chatteijee, Dr. Willmar Schwabe GmbH & Co., Karlsruhe, 
Germany, for a gift of Amentoflavone. Supported by New York State, OMH.

592.22

FIPRONIL AND DIELDRIN MODULATION OF GABAa  RECEPTORS IN RAT 
DORSAL ROOT GANGLION NEURONS. T. Ikeda1*. K. Narata^. and T_ 
Narahashi2.1 Institute of Agriculture and Forestry, University of Tsukuba, 
Tsukuba 305-8572, Japan; 2Department of Molecular Pharmacology and 
Biological Chemistry, Northwestern University Medical School, Chicago, IL 
60611-3008, U.SA..

GABAa  receptors are an important site of action of a variety of chemicals 
including barbiturates, benzodiazepines, picrotoxin, bicuculline, general 
anesthetics, alcohols and insecticides. The insecticide fipronilis also known to act 
on the GABA system. In order to elucidate the mechanism of fipronil interaction 
with the GABA system, whole-cell and single-channel patch clamp experiments 
were performed with rat dorsal root ganglion neurons in primary culture. 
Repeated co-applications of GABA and fipronil suppressed GABA-induced whole-
cell currents with an ICso of 16.1 pM, and accelerated the decay phase of currents. 
These effects were reversible after washout with fipronil-free solution. Pre-
application of fipronil through the bath also suppressed the current as tested by 
one GABA pulse. These results indicate that fipronil suppresses the GABA 
receptor in its closed state and that channel opening facilitates suppression. In 
single-channel experiments, fipronil had little or no effect on the channel open 
time and burst duration, but prolonged the closed time. Thus, fipronil suppression 
is caused in part by reducing the frequency of channel openings. These effects of 
fipronil on single-channel parameters are similar to those of dieldrin, and they 
may share the same mechanism of action on the GABAa  receptor. The suppressive 
action of fipronil on the GABAa  receptor is deemed directly responsible for the 
symptoms of poisoning in animal characterized by hyperactivity and convulsions. 
Grant-in-Aid for Developmental Scientific Research from the Ministry of 
Education, Science and Culture of Japan, and the National Institutes of Health 
NS14143.
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592.23

ACTIVATION AND BLOCK OF RECOMBINANT GABAa  
RECEPTORS BY PENTOBARBITAL. G. Akk* and J. H. 
Steinbach. Dept. of Anesthesiology, Washington University School 
of Medicine, St Louis, MO 63110.

We have investigated the kinetic properties of recombinant 
GABAa receptors (al|3272L) transiently expressed in HEK 293 
cells. Receptor activation and block by pentobarbital (PB) were 
studied using cell-attached single-channel patch clamp. Our results 
show a dose-dependent block of the receptors at millimolar 
concentrations of PB that results in reduced open interval durations. 
Full kinetic analysis is possible only at 500 |LM PB which produces 
sufficient activation, while block is relatively insignificant. Addition 
of millimolar concentrations of PB to GABA-elicited currents also 
produces a decrease in open channel lifetime in addition to a 
progressive increase in the closed interval durations within a cluster. 
The data suggests that the receptor contains two or more blocking 
sites which can be occupied in sequence. Occupancy of only one of 
the sites is sufficient for channel block. Neither the blocking rate 
constant nor return rate from the blocked state is affected by pH 
(ionization status of the PB molecule) demonstrating that both 
neutral and anionic forms of PB cause channel block. Substitution of 
the P2 subunit with {33, does not affect pentobarbital-mediated block, 
however, the single-channel conductance is reduced. Supported by 
P01 GM 47969 to JHS.

592.24
PHARMACOKINETIC-PHARMACODYNAMIC ANALYSIS OF THE GABAa - 
RECEPTOR-MEDIATED EEG EFFECTS OF THE NEUROSTEROID, 
ALPHAXALONE, IN RATS. S.A.G Visser1, C.J.G.M. Smulders1, P.H. van der 
Graaf1, E.R. de Kloet2*, M. Danhof1. Divisions of Pharmacology1 and Medical 
Pharmacology2, Leiden/Amsterdam Center for Drug Research, P.O. Box 9503, 2300 
RA Leiden, The Netherlands. S.Visser@LACDR.LeidenUniv.NL.

It has recently become known that neurosteroids can modulate GABAa  receptor 
function via a specific, allosteric binding site. Previously, we have shown that 
pharmacokinetic-pharmacodynamic (PK-PD) analysis of changes in the 
electroencephalogram (EEG) can be used to quantify GABAA-receptor-mediated 
effects of benzodiazepines and barbiturates in vivo. The aim of the present study was 
to investigate whether a similar approach can also be used to characterize the in vivo 
time-course of effects of neurosteroids.

Male Wistar rats (-300 g) were given 2, 5 or 10 mg/kg alphaxalone in a 5 min 
intravenous infusion or 5 mg/kg in a 15 min infusion. The EEG was recorded 
continuously from 45 min before until 150 min after infusion. Off-line fast Fourier 
transformation (FFT) was used to quantify the drug-mediated EEG effect in the 
range from 12-30 Hz. During the experiment serial plasma samples were drawn and 
alphaxalone concentrations were determined using a novel HPLC method.

The pharmacokinetics of alphaxalone could be described by a standard two- 
compartment model and a terminal half-life of 13.2±1.2 min was estimated. The 
effect-time profiles for 5 and 10 mg/kg (in 5 min) consisted of two phases. The first 
phase (-0-10 min) consisted of a rapid increase and an immediate, partial decrease 
of the amplitude. Subsequently, the amplitude increased again and gradually 
returned to baseline within 45 min. This biphasic profile was dose and infusion rate 
dependent. The maximal observed effect was 1.6 times higher than for the full 
agonist for the benzodiazepine binding site at the GABAa  receptor, zolpidem. The 
biphasic concentration-effect relationships strongly suggest that at higher 
concentrations an inhibitory effect and at lower concentrations a stimulatory effect 
on the amplitude may play a role.

In conclusion, we have developed a method to study the integrated PK-PD 
relationship of alphaxalone using an in vivo EEG rat model. This method provides a 
new approach to study the in vivo time course of the effects of neurosteroids.

592.25

FIPRONIL BLOCKS INVERTEBRATE LIGAND-GATED CHLORIDE 
CHANNELS. MM Smith, B Thomas. VA Warren, R Brochu, I Dick, B 
Hirschberg, J. Arena, S Ludmerer. Y Zheng, D. Cully, CJ Cohen* Merck 
Research Laboratories, Rahway, NJ. 07065.

Fipronil is a widely used insecticide and is thought to act as an antagonist of 
GABA-gated channels. We find that fipronil noncompetitively inhibits all 
binding of [35S]ivermectin (IVM) to Drosophila head and C. elegans membranes 
(see abstr. by Warren et al.). The most potent electrophysiological effects of IVM 
are on glutamate-gated chloride channels (GluCl), found only in invertebrates. 
These data suggest that fipronil modulates GluCls or that the high affinity binding 
site for IVM includes GABA-gated channels. Membranes isolated from 
Drosophila with the Rdl (resistance to dieldrin) mutation have a reduced Bmax 
for [35S]IVM; binding to the remaining sites is inhibited by fipronil. This 

suggests fipronil blocks GluCls. As predicted, fipronil blocks cloned, 
heterologously expressed GluCls from Drosophila and flea; the response to low 
concentrations of glutamate is blocked with an IC50 ~ 30 nM; Fipronil also 
blocks GluCls from C. elegans, although the effect is ~ 10-fold weaker. 
Grasshopper motorneurons have both GABA- and GluCls; fipronil blocks both 
types of native ligand-gated chloride channels with IC5() = 30 nM. The Rdl 
mutation confers resistance to fipronil block of GABA-gated channels; a 
homologous mutation introduced by site-directed mutagenesis into C. elegans 
GluClp likewise confers fipronil resistance. Thus, fipronil has similar affinity for 

both GABA- and GluCls and is the first known high affinity blocker of GluCls.

592.26

PHARMACODYNAMIC AND RECEPTOR BINDING CHANGES 
DURING ACUTE ZOLPIDEM ADMINISTRATION. J.M. Fahey*,
J.M. Grassi, R.l. Shader and P.J. Greenblatt. Department of 
Pharmacology and Experimental Therapeutics, Tufts University 
School of Medicine Boston, MA 02111.

Zolpidem is chemically unrelated to classical benzodiazepines 
but has demonstrated high affinity binding to the type 1 
benzodiazepine receptor (to!). To assess pharmacodynamic and 
neurochemical effects of zolpidem, open-field behavior, 
pentylenetetrazole-induced seizure threshold and 
benzodiazepine receptor binding in vitro were evaluated 
following acute benzodiazepine treatment. Zolpidem (2, 5 and 10 
mg/kg/day) or vehicle was administered intraperitoneally in male 
CD-1 mice. Behavioral activity, assessed by three open-field 
parameters, was decreased following the highest dose of 
zolpidem. Pentylenetetrazole-induced seizure threshold was 
likewise increased with the administration of 10 mg/kg zolpidem. 
Apparent affinity (K^,) of [3H]flunitrazepam, a non-selective ligand, 
for the benzodiazepine receptor in cortical membrane 
preparations was unchanged, while receptor number (Bmax) was 
decreased at the highest zolpidem dose. These results confirm 
that the behavioral effects of zolpidem are similar to those of 
classical benzodiazepines. In addition, zolpidem had no effect on 
the affinity of the benzodiazepine receptor for [3H]flunitrazepam, 
but did decrease the density of receptor binding sites.

This research is supported by Grant DA-05258 from the 
Department of Health and Human Services.

592.27

TRACAZOLATE AND ETAZOLATE DISPLAY SELECTIVITY FOR (32/3 
CONTAINING GABAa  RECEPTORS THAT IS DETERMINED BY ASPARAGINE 
265. S.A. Thompson, M. Usala, P.B. Wingrove, P.J. Whiting, F. Hefti* & K.A.
Wafford, Merck Sharp & Dohme Research Laboratories, Neuroscience Research Centre, 
Terlings Park, Eastwick Road, Harlow, Essex, CM20 2QR.
The pyrazopyridines, tracazolate and etazolate were first synthesised nearly 30 years 
ago. Behavioral studies have shown that they are anxiolytic, however functionally they 
antagonise adenosine receptors, potentiate GABAa  receptor and in the case of etazolate 
inhibit phosphodiesterase. The anxiolytic effect is most probably via an interaction at 
GABAa  receptors. To date functional studies have shown that neither compound bind 
to the benzodiazepine or GABA binding site. No work on recombinant receptors has 
been reported. The aim of this study was to examine the effects of tracazolate and 
etazolate on recombinant human GABAa  receptors expressed in Xenopus oocytes using 
the conventional two-electrode voltage-clamp technique. Concentration-response 
curves examining the potentiation of a control GABA EC2o response by tracazolate and 
etazolate were constructed on al3ly2s and al(33y2s receptors. The compounds were 
equipotent on aip3y2s (tracazolate EC50 = 1.5pM; etazolate ECS0 = 1.3pM) and 
aipiy2s (tracazolate EC50 = 13.2pM; etazolate EC50 = 8.3pM). Interestingly both 
compounds showed a 6-8 fold selectivity for al(33y2s over al(3ly2s. The 
anticonvulsant loreclezole is one of a number of compounds that also displays 
selectivity for (32/(33 subunits over the (31 subunit. We have previously identified an 
asparagine residue within TM2 that confers this increased sensitivity. Replacement of 
Ser265 within the (31 subunit with Asn (the (33 counterpart) increased the sensitivity of 
tracazolate (EC50 = 2.7pM) whereas the opposite mutation (Asn[33 to Ser) decreased 
the sensitivity of tracazolate (EC50 = 6.8pM). In conclusion tracazolate and etazolate 
potentiate GABAa  receptors with similar potencies and display (32/3 selectivity. For 
tracazolate, this (33 selectivity was determined by the same asparagine residue that 
confers loreclezole (33 selectivity. Funded by M.S.D. Research Laboratories.

592.28
DOPAMINE D5 RECEPTORS BIND TO AND REGULATE PLASMA MEMBRANE 
EXPRESSION OF GABAa  RECEPTORS H.Y.Man1*, F. Liu2, Q, Wan1, L. Becker1, H. B. 
Niznik2 and Y. T. Wane1. “Hosp. Sick Children, 2Clarke Institute, and Depts. of 'Lab. Med. 
Pathobiol. & 2Pharmacol., Univ. Toronto, 555 Univ. Ave., Toronto, Canada M5G 1X8.

The DI-like dopamine receptor family (D1LR: DI and D5) appears to be involved in a 
variety of brain functions, including working memory and the pathogenesis of schizophrenia. 
Modulation of glutamatergic and/or GABAergic synaptic transmission has been proposed to 
be an important means through which DlLRs function, but, because of a lack of subtype- 
specific agonists and antagonists, it has proven difficult to assign specific roles to each 
subtype. To overcome this problem, we have investigated D1LR modulation by transient 
transfection of DI or D5 cDNAs into HEK293 cells expressing GABAa  receptors (al(32y2 
subunit combination). Confocal immunofluorescent microscopy revealed that dopamine (10 
pM; 10 min) produced a rapid redistribution of the G AB Aa  receptors from plasma membrane 
to intracellular compartments in cells co-expressing the D5, but not DI, receptor. This 
reduction in plasma membrane receptors coincided with a D5-specific reduction in GABA 
receptor-mediated whole-cell currents. The D5 effects were not blocked by inhibitors for 
either cAMP, or PTK or PKC pathway, consistent with meditation by a novel D5-specific 
mechanism. Coimmunoprecipitation assays demonstrated D5, but not D1, receptors complex 
with native GABAa  receptors in both transfected HEK cells and rat brain hippocampus, and 
in vitro binding of purified proteins indicated a direct binding between the D5 carboxyl tail 
(D5CT) and the large intracellular loop of the GABAa  receptor y2 (y2IL). Using receptor 
chimeras in which the DI tail was substituted for the tail in the D5 subunit and vice versa, 
we confirmed that the direct D5CT-y2IL binding was obligatory for both D5-induced rapid 
loss of plasma membrane GAB Aa  receptors and the reduction in GABA currents. Thus, our 
results demonstrate a down-regulation of GABAa  receptors by D5 which is not mediated 
through the classical G-protein-second messenger pathway, but which involves protein- 
protein interaction. This mode of modulation provides a highly selective and effective 
mechanism for cross-talk between the G protein-coupled and ligand-gated receptors and may 
represent a novel process by which two principal neurotransmitter receptor types act in 
concert to regulate synaptic transmission. (Supported by Canadian MRC, HSFO and NIDA)
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592.29

SITE OF HALOTHANE ACTION IN GABAa  RECEPTORS. E. P. Greenblatt*.
X. Meng. Department of Anesthesia, University of Pennsylvania School of 
Medicine, Philadelphia, PA 19104.

GABAa  receptors may be important targets in the mechanism of action of 
volatile anesthetics (VAs). But VAs may not have a unitary site of action in these 
receptors. We have previously used chimeric constructs to show that modulation 
by halothane (HAL), as compared to isoflurane (ISO), requires a different portion 
of these receptors, and appears to be restricted to the Ml domain of these proteins'. 
We subsequently identified a single amino acid residue in Ml critical for HAL 
action in the structurally related glycine receptor a, subunit2. Here we examined 
the role of the analogous amino acid residue in the modulatory effect of HAL 
versus ISO on a GABAa  receptor. Site directed mutagenesis was used to introduce 
the amino acid substitution L259F in the GABAa  cg  subunit. Mutation was 
verified by sequence analysis. Xenopus oocytes were co-injected (50 nL) with 
cRNAs synthesized from either wild-type (wt) GABAa  a2 and pi or a2 L259F and 
wt pi cDNAs, respectively. Two-electrode voltage-clamp was used to measure 
agonist-evoked Cl' currents. Mutant receptor a2 L259F/pl was efficiently gated by 
GABA (EC,,, = 4.2 ± 0.3 x 10'6 M). Dose-response studies established the 
concentration that evoked 10% of the maximal peak current response (EC,,,). 
Modulation of submaximal GABA-evoked (EC,,,) peak currents by HAL 0.3 mM 
or ISO 0.4 mM was measured. • Currents in wt ot2/fSl oocytes were greatly enhanced 
by HAL or ISO. HAL enhancement was abolished in a2 L259F/pl, whereas ISO 
enhancement was preserved. These data suggest that modulation of GABAa  
receptors by HAL involves a discrete amino acid residue on the a subunit. Further 
investigation is warranted to explore the role of this residue in other GABAa  
subunit subtypes. Supported in part by NIH # R01 GM57062-02 (EPG).

' Greenblatt EP, Meng X. Society for Neuroscience Abstracts 24:104, 1998 
2 Greenblatt EP, Meng X. Anesthesiology 1999 (in press)

592.30
IVERMECTIN BINDS TO GABA AND GLUTAMATE GATED CHLOR DE 
CHANNELS IN DROSOPHILA MELANOGASTER. V.A.Warren, B.S. Thom, s, 
a
Dean, M. Wallace, R.J, Leonard*. G.J. Kaczorowski and M.M. Smith; Merck 
Research Laboratories, P.O. Box 2000, Rahway, N.J., 07065

Ivermectin, an ecto- and endoparasiticide that is widely used in animal health, 
has been shown to activate glutamate-gated chloride (Glu-Cl) channels in the fly, 
Drosophila melanogaster. Binding of ivermectin (IVM) to receptors in fly head 
membranes has been investigated using [35S]sulfonamide-IVM and the previously 
reported [3H]IVM. To optimize conditions of the binding assay, receptor 
concentration was maintained below 3 pM, and bacitracin was added to decrease 
nonspecific interactions. Under these conditions, the binding of IVM to its 
receptor is of high affinity. The KD, measured by either equilibrium or kinetic 
methods, is 3 to 10 pM with either ligand, a value significantly higher that 
previously reported. Numerous insecticides targeting GABA-gated Cl channels 
allosterically modulate IVM binding: y-lindane, but not j3-findane, decreases 
ligand affinity by three-fold; muscimol, dieldrin, fipronil and picrotoxinin inhibit 
binding of IVM non-competitively. Glu-Cl modulators also alter IVM binding: 
ibotenate alters binding in a complex fashion. The binding site is modified in 
membranes prepared from flies with the Rdl (resistance to dieldrin) mutation: the 
BMax for IVM is decreased by about 50% and dieldrin no longer effects binding of 
IVM. Given that the IVM receptors in C. elegans are subunits of Glu-Cl channels 
and that ibotenate affects binding, we conclude that some of the binding sites for 
IVM in fly head membranes are likely associated with Glu-Cl channels. The 
effects of lindane, dieldrin, muscimol, fipronil and the Rdl mutation, indicate that 
some of the receptors for IVM are associated with GABA-C1; these two IVM 
binding sites may be associated in closely linked supramolecular complexes. See 
also abstracts by MM Smith et al. and S Ludmerer et al.

592.31

ASSOCIATION OF RDL AND GLUCL PROTEINS WITHIN THE 
IVERMECTIN RECEPTOR FROM DROSOOPHILA MELANOGASTER. S. W. 
Ludmerer, Y, Zheng. B, Hirschberg. M. Smith, and D. Cully*. Department of 
Parasite Biochemistry and Cell Biology, Merck Research Laboratories, P. O. Box 
2000, Rahway, NJ 07065-0900

The Rdl gene was cloned from a Drosophila mutant that showed resistance to 
dieldrin; mutations within this gene account for the majority of characterized cases 
of resistance to cyclodienes and other insecticides. The Drosophila GluCl a gene 
was cloned by hybridization to C. elegans GluCl genes identified as encoding the 
receptor for the anthelmintic ivermectin, and it is believed to constitute part of an 
ivermectin receptor in insects. Both genes encode members of the ligand gated 
chloride channel family. In oocytes, DmGluCla forms a homomeric channel 
activated by glutamate, but not GABA; Rdl forms a channel activated by GABA, 
but not glutamate. However, homomeric Rdl is pharmacologically distinct from 
native GABA channels, suggesting that it co-assembles with another subunit. We 
observed a reduced Bmax for [35S] ivermectin in head membranes prepared from an 
Rdl mutant, suggesting that the Rdl subunit constitutes a part of the ivermectin 
receptor. Using lysophosphatidylcholine, we solubilized 25% of the native 
ivermectin binding sites from Drosophila head membranes in a form which retains 
specific ivermectin binding, and has a dissociation half-life of approximately 24 
hours at 4°C. We generated antibodies to either GluCl and Rdl with peptides 
whose sequences were derived from the intracellular loops that connect the third 
and fourth transmembrane spanning regions in either protein. Anti-GluCl 
antibodies immunoprecipitate 100 % of the solubilized IVM receptors, as well as 
receptors to other ligands thought to bind GluCl-containing receptors. Similar 
observations were made with Rdl-specific antibodies. This demonstrates an 
association between GluCl and Rdl subunits, possibly co-assembled within the 
same channel. Related material is presented in posters by M. Smith and C. Cohen.

EXCITATORY AMINO ACID RECEPTORS: LIGAND-GATED CHANNELS V

593.1

EXPRESSION OF NMDA RECEPTORS IN A NEURONAL CELL LINE 
DERIVED FROM SK-N-SH HUMAN NEUROBLASTOMA CELLS.
M.Pjzzi* F, Boroni F, A Bianchetti. M Benarese. F. Goffi. PF. Soano. Dept
Biom. Sci. & Biotech. School of Medicine, University of Brescia, Italy 25123 

Despite the wide variety of informations about glutamate receptor biology and
role in animal brains, the knowledge about human glutamate receptor function has 
been hampered by the lack of convenient and appropriate experimental models for 
human neurons. The present study demonstrates that human neuroblastoma SK-N- 
SH cell line cultured in the presence of retinoic acid (RA 10 pM) expresses 
functional NMDA receptors and become vulnerable to glutamate toxicity. Fifteen 
days of RA treatment induced a switch from non-neuronal to neuronal phenotype 
and the expression of typical neuronal markers such as neuron specific enolase, 
neurofilament 160, MAP2, tau, APP and synapsin 1. Concomitantly with their 
morphological differentiation into neuron-like cells, the cultures were able to express 
NMDA receptor channels as revealed by both immunocytochemical and western blot 
analysis of NR1 subunit This receptor subtype appeared functionally active. Indeed 
both glutamate (0.5-10 mM) and NMDA (1-10 mM) induced increases of 
intracellular Ca2+ concentration ([Ca44]! 100-350 nM over basal value) measured by 
microfluorimetry assay with the fluorescent probe fura-2. These effects were 
amplified by coexposure of the cells to 10 pM glycine, while they were prevented 
by the NMDA receptor antagonist MK 801 at 1 pM concentration. Finally, by 
assaying the release of lactate dehydrogenase (LDH) we found that RA-responsive 
cells acquired vulnerability to excitotoxic concentration of glutamate (0.2-5 mM). 
Indeed, while untreated cells appeared completely resistant to 15 min application of 
glutamate in Mg^-fiee solution, RA-treated cultures showed significant cell death 
(100% LDH increase over basal value). These data indicate that RA-differentiated 
SK-N-SH cells represent a suitable model of human neuron for the study of 
molecular events associated to NMDA receptor activation.

593.2

N-METHYL-D-ASPARTATE RECEPTORS ARE INVOLVED IN THE LATE 
LARYNGEAL REFLEX RESPONSES. R. Ambalavanar*, L. Purcell, F. Evans 
and C. L. Ludlow. LSS, MNB, NINDS, 10 Center Drive, MSC 1416, Bethesda, 
Maryland, MD 20892-1416.

Laryngeal afferent stimulation produces a robust reflex response in the laryngeal 
muscles causing glottic closure. In humans, early R1 and late R2 responses occur 
following superior laryngeal nerve (ISLN) stimulation. The R2 response may be 
altered during various functional and pathological states of the larynx. We 
determined the effect of ketamine, a fast-acting, noncompetitive blocker of the N- 
methyl-D-aspartate (NMDA) receptor subtype, on laryngeal reflex responses. 
Eleven cats of either sex were divided into two groups. The first group had 
premedication with a mixture of ketamine (20 mg/kg, IM) and acepromazine (0.1 
mg/kg, IM), while the second group received only acepromazine. (0.1 mg/kg, 
IM). Both groups were maintained with a-chloralose (40 mg/kg, IV) anesthesia 
during the experiment. The ISLN was electrically stimulated using cuff electrodes 
on one side at 0.6 - 1 mA with 0.2 ms pulse at 250 ms inter-stimulus interval. 
EMG recordings were obtained from die thyroarytenoid muscles (TA) with 
hooked wire EMG electrodes. After the initial stimulation and recordings, the 
second group of cats were injected with either ketamine (20 mg/kg, IM) or a 
further dose of the anesthetic, a-chloralose (40mg/kg, IV). The ISLN was 
stimulated again and the EMG recordings were obtained. Bilateral R1 responses 
occurred in both groups with equal frequency and amplitude with all the 
treatments. The frequency and amplitude of R2 responses were significantly 
reduced by ketamine premedication (p=0.015) and post-ketamine injection. 
Ketamine treatment effect on R2 frequency was significantly different from that of 
a-chloralose (p=0.025). Our results suggest that ketamine interferes with the late 
R2 laryngeal muscle response. This effect is most likely due to its selective 
blockade of NMDA receptors than its anesthetic effect. (Supported by NINDS).
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593.3
THE K+ CURRENT MEDIATED BY NMDA RECEPTOR CHANNEL IN 
MOUSE CORTICAL NEURONS. S.P. Yu* and T. Ichinose Center for the Study 
of Nervous System Injury and Dept. of Neurology, Washington Univ. Med. Sch. 
St. Louis, MO 63110.

Accumulating evidence indicates that K+ efflux and intracellular K+ depletion 
likely are key steps in caspase activation and apoptosis. Our previous works 
revealed that the pro-apoptotic K+ efflux can be mediated by the voltage-gated 
delayed rectifier K+ channel (Science 278:114-117, 1997) and by the ligand-gated 
NMDA subtype of ionotropic glutamate receptors (Science 284: 336-339, 1999).

The NMDA receptor channel is well known for its permeabilities to Ca2+, Na+, 
and K+. The outward current or /Nmda -k generated by K+ efflux, however, has 
received little scrutiny. The present study was our first effort to characterize the 
/nmda -k  current and to understand regulations of this current. Whole-cell recording 
performed on cultured mouse cortical neurons in a Na+/Ca2+-free extracellular 
solution revealed an outward membrane current upon NMDA application over 
physiological membrane potentials (positive to -86 mV). The reversal potential of 
/nmda -k  was shifted in the positive direction when extracellular K+ was increased 
or intracellular K+ was decreased. Substituting intracellular K+ diminished the 
outward current. In contrast to the NMDA-evoked inward current carried by Ca2+ 
and Na+, the /nmda -k  current was less sensitive to alterations in intracellular Ca2+. 
Lowering extracellular glycine concentration prolonged the onset phase of /nmda -k - 
Mg2+ showed a unique modulation on /nmda -k -

It is suggested that the K+ efflux-generated outward /nmda -k  current observed 
even around resting membrane potentials is regulated differently from the inward 
current associated with Na+/Ca2+ influx; /nmda -k may play important roles in 
physiological and pathological conditions. (Supported in part by NS32636 and 
AHA 9950207N).

593.4

CP101,606, AN NR2B SELECTIVE NMDA RECEPTOR 
ANTAGONIST, DOES NOT BLOCK HIPPOCAMPAL LTP. M.L. 
Weber*, C.P. Taylor, and S.P. Donevan. Parke-Davis Research Div., 
Warner-Lambert Co., Ann Arbor, Ml 48105.

Long term potentiation (LTP) of excitatory transmission in 
hippocampal area CA1 is dependent upon activation of NMDA 
receptors. NMDA receptor antagonists such as APV and 7- 
chlorokynurenic acid prevent LTP in vitro and in vivo. Ifenprodil and 
CP101.606, represent a novel class of NR2B-selective NMDA receptor 
antagonists that act allosterically on the NMDA receptor complex via a 
novel activity-dependent mechanism. Notably, these compounds lack 
the amnestic side effects of other NMDA receptor antagonists. We 
compared the effects of CP101.606 to those of competitive 
antagonists on LTP of the field excitatory post synaptic potential 
(fEPSP) in rat hippocampal slices. LTP was reliably induced by four 
one-sec stimulus trains (100 Hz) delivered at 10 sec intervals. LTP of 
the fEPSP was completely blocked in all experiments by bath 
application of 100 pM APV or 30 pM CPP. In contrast, 10 pM 
CP101.606 had no effect on LTP. In the same preparation, both APV 
and CP101,606 reduced both amplitude and duration of seizure-like 
bursts of population spikes induced by low Mg2+ Ringer solution. Our 
results demonstrate that while CP101.606 reduces seizure-like events, 
it does not block LTP. This may result from its novel activity- 
dependent or NR2B subunit-selective mechanism of action. Lack of 
effect on LTP may explain its favorable side effect profile compared to 
standard NMDA receptor antagonists.

593.5

INPUT-SELECTIVE SORTING OF THE NMDA RECEPTOR E (NR2) SUBUNITS 
IN MOUSE HIPPOCAMPAL CA3 PYRAMIDAL NEURONS.
I. Ito*, K. Kawakami, K. Sakimurai, M. Mishina^ and H. Sugiyama. Department of 
Biology, Faculty of Science, Kyushu University, Fukuoka 812-8581, Japan, 
department of Cellular Neurobiology, Brain Research Institute, Niigata University, 
Niigata 951-8585, Japan, department of Molecular Neurobiology and Pharmacology, 
School of Medicine, University of Tokyo, CREST, Tokyo 113-0033, Japan.

In mouse hippocampal slices, we found that Ro 25-6981 and ifenprodil, the 
GluRe2 (NR2B) subunit selective NMDA receptor antagonists, suppressed NMDA 
receptor-dependent EPSCs and LTPs of the commissural-CA3 synapse (activated by 
fimbrial stimulation) more potently than those of the commissural/ associational-CA3 
synapse (activated by st. radiatum stimulation), which confirmed our previous results 
that NMDA receptors operating at different CA3 pyramidal cell synapses may have 
different subunit compositions. Then we examined the effects of the GluRel (NR2A) 
subunit knockout. NMDA receptor-mediated currents of the GluRel mutant mice in 
response to glutamate applied iontophoretically were reduced to one-half that of the 
wild-type mice both in the apical dendrite and in the basal dendrite of CA3 pyramidal 
neurons. The effects of the disruption were also examined at two types of synapses 
on the basal dendrites of CA3 pyramidal neurons. The GluRel subunit knockout 
resulted in a significant reduction of NMDA EPSCs in the commissural/associational- 
CA3 synapse (activated by st. oriens stimulation), whereas NMDA EPSCs in the 
commissural-CA3 synapse (activated by fimbrial stimulation) were apparently 
unaffected. These data indicate that the GluRe subunits are sorted out to specific 
synapses depending on the types of synaptic input but not on the cell polarity.

593.6

DEVELOPMENT OF MONOCLONAL ANTIBODIES TO THE NMDA 
RECEPTOR SUBUNIT NR2A J.T. Behrmann1, B, Stierli1, J. Tonnes’,
C. Racca2, G. Nviri2,3, R.A.J. Mcllhinnev2, P. Somogyi2 and P. Streit*1.
'Brain Research Institute, University of Zurich, CH-8057 Zurich, 
Switzerland; 2MRC Anatomical Neuropharmacology Unit, Oxford OXI 
3TH, U.K.; 3Inst. of Exp. Medicine, Hung. Acad. Sci., Budapest, Hungary.

Monoclonal antibodies were raised against a fusion protein that contained 
amino acid residues 1117-1464 of the rat NMDA receptor subunit NR2A. 
These antibodies recognized a dominant ~ 170 kDa band in immunoblots on 
membranes from NR2A transfected COS-7 cells as well as from rat brain. 
Immunolabeling in histoblots prepared from rat and mouse brain sections 
revealed a pattern that was generally consistent with that reported for NR2A 
expression at the transcript level. Immunoreactivity was strongest in the 
CA1 strata oriens and radiatum, strong in the dentate molecular layer and 
still intense in CA3 stratum oriens and in superficial neocortical layers. 
Deeper neocortical layers, the caudoputamen (with a gradient from lateral to 
medial) and most thalamic nuclei were moderately stained. Cerebellar 
immunoreactivity was relatively weak and was restricted to the granule cell 
layer. Postembedding electron microscopic immunogold labeling revealed 
enrichment of immunoreactivity over the postsynaptic density of type 1 
synapses throughout the hippocampal formation. Importantly, no immuno-
labeling was observed in histoblots from brains of NR2A knockout mice 
(Kadotani et al., J. Neurosci., 16; 7859, 1996). This finding demonstrated 
the high degree of specificity of these monoclonal antibodies for the NR2A 
subunit protein.
Supp. by Swiss Natl. Found. (31-49385.96), Roche Res. Found., Novartis Found.

593.7

AMPA AND NMDA RECEPTOR PROTEIN AT PERFORATED AND
NONPERFORATED SPINE SYNAPSES IN HIPPOCAMPAL CA1. N.L Desmond*1 
and R. J. Weinberg2. 'Dept. of Neurosurgery, Univ. of Virginia, Charlottesville, VA 
22908 and 2Dept. of Cell Biology and Anatomy, Univ. of North Carolina, Chapel Hill, 
NC 27599.

Asymmetric, axospinous synapses have a prominent postsynaptic density (PSD). 
Some PSDs have discontinuities or perforations, while other PSDs lack these 
discontinuities. Changes in the form of the PSD have been implicated in activity- 
dependent synaptic modification. In the hippocampal dentate gyrus, we found that 
perforated axospinous synapses are at least twice as likely as nonperforated ones to 
express AMPA receptor subunits, with no difference in NMDA receptor expression 
(NeuroReport 9 (1998) 857). In order to assess the generality of this relationship 
between receptor distribution and PSD form, we compared die expression of AMPA 
and NMDA receptor proteins at perforated and nonperforated synapses in two adjacent 
laminae of adult CA1. After osmium-free embedment, thin sections were processed for 
post-embedding immunocytochemistry using antibodies against the NR2 subunit of the 
NMDA receptor, and the GluRl and GluR2/3 subunits of the AMPA receptor. Gold 
particles coding for the GluRl, GluR2/3 and NR2 receptor subunits were concentrated 
at the postsynaptic membrane of asymmetric synapses in both s. radiatum and s. 
moleculare. Like the dentate molecular layer, perforated axospinous synapses in CA1 
s. radiatum were about twice as likely as nonperforated ones to express AMPA receptor 
subunits. In contrast, in CA1 s. moleculare, there was no clear relationship between 
PSD perforation and the relative expression of AMPA receptor subunits. In CA1 s. 
radiatum and s. moleculare, as in the dentate molecular layer, NMDA receptor 
expression did not vary as a function of PSD perforation. Thus, the relationship 
between PSD perforation and AMPA receptor distribution may well be a more general 
attribute of cortical, asymmetric, axospinous synapses. If so, then changes in this 
relationship with development, activity-dependent synaptic modification, or aging 
would be of considerable interest Supported by NS29879 to RJW.

593.8

IMMUNOHISTOCHEMICAL LOCALISATION OF THE NMDA RECEPTOR 
NR1 AND NR2C/D SUBUNITS IN THE MAMMALIAN HIPPOCAMPUS 
AND CEREBELLUM. J.H. Ives1 . D.L. Drewerv1, F.A. Stephenson2. P.L. Chaz of 
and C.L. Thompson1 'Biological Sciences, University of Durham, Durham, UK, 
2School of Pharmacy, University of London, London, UK, ’School of Health Sciences, 
University of Sunderland, Sunderland, UK. SPON: British Neuroscience Association* 

The N-methyl-D-aspartate (NMDA) subtype of excitatory glutamate receptors comprise 
various combinations of two major subunit types, NR1 and NR2A-2D. Recombinant 
studies have shown that the NR2 subunit isoform dictates the functional and 
pharmacological properties of the assembled receptors. The NR1 subunit mRNA is 
ubiquitously expressed in the mammalian CNS, however, the NR2 subunit mRNAs 
have distinct spatial expression patterns with some areas of apparent NR2 subunit 
colocalisation. Using affinity-purified, peptide-directed anti-NMDA receptor subunit- 
specific antibodies, we have immunohistochemically mapped the distribution of the 
NR1 and NR2C/D subunit proteins in the mammalian hippocampus and cerebellum. 
Hippocampal NR1 subunit immunoreactivity was localised to cell bodies of pyramidal 
neurons, granule cells and hilar cells of the dentate gyrus. Apical dendrites of the CA 
subfields were also labelled. Cerebellar NR1 labelling was strongest in the cell bodies 
and dendrites of Purkinje neurons with less intense, punctate staining in the molecular 
and granule cell layers. Golgi, basket and stellate intemeurons and cerebellar nuclei 
were all immunopositive. Hippocampal NR2C/D subunit immunoreactivity was diffuse 
and restricted to the oriens layer of CA1-2, the stratum radiatum of CA2-3, the 
molecular layer of the dentate gyrus and the inner third of the of the lancunosum 
moleculare. Pyramidal and granule cell bodies were not immunopositive. Cerebellar 
NR2C/D immunoreactivity was strongest in granule cells but intense immunostaining 
was also found in the cerebellar nuclei. Strong but diffuse staining was observed in the 
molecular layer. Immunoreactivity was not detected in Purkinje neurons 
Funded by the Wellcome Trust1, BBSRC2 and Medical Research Council (UK)2

Society  for  Neuroscience . Volume  25, 1999



1486 EXCITATORY AMINO ACID RECEPTORS: LIGAND-GATED CHANNELS V TUESDAY PM

593.9
LEVELS OF NMDA NR1 CASSETTES IN THE POST-SYNAPTIC 
DENSITIES OF RAT CORTEX AND CEREBELLUM. RA Al-Hallaq*,
RP Yasuda, BB Wolfe. Department of Pharmacology, Georgetown 
University Medical Center, Washington, DC.

Evidence from in situ hybridization studies indicates that the major NR1 
splice variant forms are the NR1011 (NMDAR-1a) in the cortex and 
NR1 100 (NMDAR1-4b) in the cerebellum (Laurie, DJ & PH Seeburg, J. 
Neurosci., 1994). We set out to investigate whether mRNA levels indeed 
correlate with protein levels and, more specifically, with proteins in the 
postsynaptic densities (PSDs). We performed Western blot analyses on 
post-synaptic density preparations from the cortex and cerebellum of 
adult rats. To allow comparison among different cassette-specific 
antibody signals, a standard curve of transfected cells expressing a 
single splice form was run alongside the PSD preparations. The 
standard curve was blotted with the PAN NR1 antibody, which 
recognizes all known splice variants of the NR1 subunit, as well as with 
cassette-specific antibodies. From the signal intensities from the PAN 
NR1 blots and cassette-specific blots, we were able to calculate the level 
of each cassette as a percentage of total NR1 protein in the PSDs. 
Preliminary results indicate that the levels of the C1 and C2 cassettes 
are much higher in the cortical PSD preparations (93% and 71%, 
respectively) than cerebellar PSDs (undetectable). The reverse is true 
for the N1 cassette with 27% in the cortical PSDs and 59% in cerebellar 
PSDs. Data on the C2’ cassette is forthcoming. These results are 
consistent with the finding by Laurie et al. (1994) that the mRNAs 
encoding the NR10n and NR1i00 splice forms predominate in the cortex 
and cerebellum, respectively. Supported by NS36246. and NS28130.

593.10
PRESENCE OF NMDA-TYPE GLUTAMATE RECEPTORS IN CINGULATE 
CORTICOSTRIATAL TERMINALS AND THEIR POSTSYNAPTICE 
TARGETS. H. Wang* and V. M. Pickel. Dept. of Neurol, and Neurosci., 
Weill Med. Coll, of Cornell Univ., New York, New York 10021.

The glutamatergic projection from the anterior cingulate cortex to the 
medial caudate-putamen nucleus (CPN) has been implicated in motor and 
cognitive functions, many of which are potently modulated by activation of N- 
methyl-D-aspartate subtype of glutamate receptors (NMDARs). To 
determine the functional sites for NMDAR activation within this circuitry, we 
combined anterograde transport of biotinylated dextran amine (BDA) from 
deep layers of the rat anterior cingulate cortex with immunogold labeling of 
NMDAR subunit, NMDAR1, in the dorsomedial CPN. BDA-containing axons 
were seen in patch-like clusters in a neuropil that showed more uniform 
immunogold-silver labeling for NMDAR1. Electron microscopy of these 
regions showed that BDA-labeling was present exclusively in axons and 
terminals, 23% (98 of 421) of which also contained NMDAR1- 
immunoreactivity (IR). BDA-labeled terminals often apposed NMDAR1- 
immunoreactive neuronal and glial profiles. These terminals also formed 
asymmetric excitatory-type synapses with dendritic spines. Of 155 
anterogradely labeled axon terminals forming asymmetric synapses, 34% 
were with NMDAR1-labeled, and 66% with unlabeled dendritic spines. 
These results provide ultrastructural evidence for the involvement of 
NMDARs in presynaptic regulation of glutamate transmission, and in 
postsynaptic modulation of the excitability of spiny neurons in patch-like 
compartments of the dorsomedial CPN. These dual NMDAR-mediated 
actions are likely to play a major role in acquisition of new behaviors and 
reward-related processes that have been associated with cortical input to the 
striatal patch compartments. (Supported by grants from NIDA DA04600 and 
NIMH MH00078 and MH40342.)

593.11

SUBTYPES OF NATIVE NMDA RECEPTORS IN THE DORSAL HORN OF 
SPINAL CORD SLICES FROM 10 DAY OLD RATS. G.M. Green, A.H. 
Dickenson, M. Capogna* & A.J. Gibb. Department of Pharmacology, University 
College London, Gower St., London WC1E 6BT, UK

NMDA receptors in the dorsal horn of the spinal cord are intimately involved in 
the establishment and maintenance of persistent pain states that outlive their 
biological usefulness. The biophysical and pharmacological properties of NMDA 
receptors are strongly determined by their subunit composition. The differential 
assembly of NMDA receptor subunits and their segregation into particular neuronal 
populations during development are thought to be responsible for NMDA receptor 
heterogeneity in the CNS.

NMDA single channel currents induced by lOOnM NMDA and 10 |iM glycine 
were recorded in outside-out patches from spinal dorsal horn cells in 300 pm thick 
transverse slices obtained from 10 day-old rats. Single channel current amplitudes 
and open times were measured. Channel current amplitude distributions at -60mV 
were fitted with four Gaussian components with mean±SD (relative area) 3.27 ± 
0.23 pA (41%), 2.55 ± 0.23 pA (45%), 1.77 ± 0.23 pA (9.4%), 1.03 ± 0.23 pA 
(4.5%), corresponding to single channel conductances of 52 pS, 43 pS, 30 pS and 
17 pS respectively. This suggests native NMDA receptors in the dorsal horn of the 
spinal cord have a subunit composition of NR1 with NR2A or NR2B subunits. In 
addition a relatively small amount of low conductance channels indicative of the 
NR1/NR2D or NR1/NR2C subunits were also detected.

Open time distributions were fitted with three exponential components. At - 
60mV these had time constants (and relative area) of 0.076 ms (31%), 0.761 ms 
(38%), and 4.60 ms (31%) giving a mean open time of 1.73ms at -60mV.

Supported by the MRC.

593.12

LOCALIZATION OF RECOMBINANT NMDA RECEPTOR CONSTRUCTS IN 
NEURONS OF ORGANOTYPIC CULTURES OF SPINAL CORD SLICES AND 
DORSAL ROOT GANGLIA. D.R. Marsh1, K.D. Holmes2, G.A. Dekaban2, A.V. 
Krassioukov3* and L.C. Weaver1. Neurodegeneration1 and Gene Therapy and Molecular 
Virology2 Research Groups, John P. Robarts Research Institute, London, Canada and 
Department of Arts and Science, Utica College of Syracuse University, Utica, NY3.

The C-terminus of the NMDA receptor subunit one (Rl) contains protein binding 
motifs that anchor NMDAR1 to post-synaptic density associated proteins and localize the 
receptor to the neuronal synapse. This C-terminus-dependent localization of the receptor 
has been demonstrated in cultured PC 12 cells and non-neuronal cells. Biolistic gene 
transfer into organotypic cultures of spinal cord slices and dorsal root ganglia (DRG) was 
used to determine if this mechanism for localization occurs in spinal and sensory 
neurons. Recombinant fusion proteins between the NMDAR1-1 splice variant and 
enhanced green fluorescent protein (GFP) were designed to contain the entire receptor 
(NCG), C-terminus only (CG), or N-terminus and transmembrane domains (NG). Spinal 
cord slices and dorsal root ganglia (DRG) were harvested from 8-day old rat pups and 
cultured on Millicell membranes for 5 days. Thionin staining of Nissl substance and 
immunoreaction to choline acetyltransferase revealed a clear neuronal phenotype of cells 
in the spinal cord slices. The NMDAR 1-GFP constructs were complexed with gold 
particles and delivered on day 2 into the spinal cord slice or DRG cultures using a Helios 
gene gun (Bio-Rad; 200 psi Helium). After three days, the spinal cord slice and DRG 
cultures were fixed and confocal microscopy was used to assess localization of GFP 
within spinal cord or DRG neurons. Biolistic gene transfer was highly effective, causing 
expression of GFP in hundreds of neurons in both the spinal cord slice and DRG. As 
predicted, GFP expression for NCG and CG was punctate in the axons and dendrites and 
localized to the cell membrane in distinct patches. In contrast, GFP expression of NG 
was diffuse within the cell body, with no membrane localization, and resembled that of 
the control GFP construct. These results demonstrate that organotypic cultures of spinal 
cord slices and DRG are an excellent test system for gene transfer. Supported by the 
Medical Research Council of Canada and Ontario Neurotrauma Foundation.

593.13

STRATEGY TO DISRUPT SYNAPTIC CLUSTERING OF NMDA RECEPTORS.
K.D. Holmes, L.C. Weaver, S.S.G. Ferguson*, G.A. Dekaban. Gene Therapy & 
Molecular Virology Group, Neurodegeneration Group, John P. Robarts Research Inst., 
Dept. of Microbiology & Immunology, Univ. of Western Ontario, London, Ontario.

The rat model of spinal cord injury (SCI) suggests that episodic hypertension, 
caused by exaggerated glutamatergic excitation of sympathetic preganglionic neurons 
(SPN), is mediated, in part, by the N-methyl-D-aspartate receptor (NMDAR). By 
restricting the availability of NMDAR to glutamate it may be possible to reduce the 
severity of episodic hypertension after SCI. This may be accomplished by disrupting 
the clustering of NMDAR at SPN synapses. We are investigating the role of the C- 
terminal domains of the essential NMDAR subunit NR1 in clustering of these 
receptors at synapses. We hypothesize that a construct encoding only the C-terminal 
domains of NR1 will bind to clustering proteins at the synapse and prevent 
endogenous NR1 from clustering at these sites. The NR1 splice variant found in the 
spinal cord, NR1-4, was fused to GFP (green fluorescent protein) with varying 
deletions in the subunits C-terminus to study their impact on subcellular distribution in 
nerve growth factor-differentiated PC 12 cells. A full length (no C-terminal deletion) 
NR1-4-GFP fusion protein was localized in punctate clusters throughout cells bodies 
and processes of PC 12 cells. This distribution mimics that of endogenous NR1, as 
shown by immunocytochemistry in spinal neurons. In contrast, a fusion protein with 
the C-terminus deleted displayed no obvious clustering and was typically restricted to 
the cell body. Partial deletion of the C-terminus (removal of exon CO) gave rise to a 
fusion protein that retained the punctate subcellular distribution seen with the full 
length NR1-4 subunit. Thus preliminary evidence suggests that the C-terminal domain 
CO is not required for punctate clustering of an NR1-4-GFP fusion protein in PC 12 
cells. The NR1-4 C-terminus was also fused to GFP and, while distributed throughout 
cell bodies, was found in punctate clusters throughout processes. Consequently a C- 
terminal-GFP fusion protein is capable of reaching and clustering at sites similar to 
that of the full length NR1-4 subunit. Support: Medical Research Council of Canada 
and the Ontario Neurotrauma Foundation.

593.14

EFFECT OF INOSITOL HEXAKISPHOSPHATE (IP6) ON SUBCEL-
LULAR DISTRIBUTION OF AMP A AND NMDA RECEPTORS IN 
RAT BRAIN SECTIONS. J, GagnS*, M, Girard, B, Valastro and G, 
Massicotte. Lab. Neurobiology, University du Quebec A Trois-Rivifcres, 
Trois-Rividres, Quebec, Canada, G9A 5H7.

IP6 and other inositol polyphosphates have been shown to inhibit AP-2- 
mediated clathrin coat assembly which may indicate a regulatory role of 
inositol polyphosphates in endocytosis/exocytosis cycles involving coated 
vesicles. In the present study, we determined the effect of IP6 on 
subcellular distribution of a-amino-3-hydroxy-5-methylisoxazole-4- 
propionate (AMPA) and N-methyl-D-aspartate (NMDA) subunits of 
glutamate receptors. Rat brain sections were first incubated with (or 
without) 200 gM IP6 and differential centrifugations were performed in 
order to isolate synaptosomal (P2) and microsomal (P3) fractions. The 
levels of GluRl, GluR2/3, NR1 and NR2A subunits were then determined 
by Western blot analysis on both subcellular fractions. We found that the 
levels of GluRl and GluR2/3 subunits were increased into the 
synaptosomal fraction after IP6 treatment. Concomitant with this 
observation, Western blot analysis revealed that the amount of 
immunoreactivity for those subunits of the AMPA receptor was reduced 
into the microsomal fraction following the IP6 treatment. In contrast to 
the AMPA receptors no such differences were detected in the amount of 
immunoreactivity for the NR land NR2A subunits of the NMDA receptors 
in both synaptosomal and microsomal fractions prepared from IP6-treated 
sections. The present results show that IP6 selectively interacts with the 
subunits of AMPA receptors. Since it is well known that IP6 through its 
binding with AP-2 is capable to inhibit the clathrin assembly it is tempting 
to propose that AMPA receptors might undergo internalization into 
clathrin-coated vesicles. Supported by Natural Sciences and Engineering 
Council of Canada (NSERC).
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593.15
QUANTITATIVE IMMUNOGOLD ANALYSIS SUGGESTS DIFFERENT 
MODES OF EXPRESSION OF AMPA AND NMDA RECEPTORS IN 
HIPPOCAMPAL SYNAPSES. E. Rinvik.1* Y. Takumi,1'2 V. Ramirez-Leon13 and
Q.P, Ottersen1. 'Dept. of Anatomy, Inst, of Basic Medical Sciences, Univ. of Oslo, 
N-0317 Oslo, Norway; 2Dept. of Otorhinolaryngology, Hirosaki University School 
of Medicine, Hirosaki 036-8562, Japan; ’Dept. of Neuroscience, Karolinska 
Institutet, S-171 77 Stockholm, Sweden.

In this study high resolution postembedding immunocytochemistry and 
quantitative analysis of gold particle distribution on serial sections were used to 
determine the relation between the size of the synapse and the density of AMPA and 
NMDA receptors in Schaffer collateral-commissural (SCC) synapses of adult rats.
We conclude that: i) the vast majority, possibly all, of the SCC synapses express 
NMDA receptors; ii) at least 75% of the SCC synapses colocalize AMPA and 
NMDA receptors; iii) whereas the total number of NMDA receptors in a synapse is 
proportional to the diameter of the postsynaptic density (PSD), the number of 
AMPA receptors increases more steeply with increasing PSD size; iv) the ratio 
between AMPA and NMDA receptors can be expressed as a linear function of the 
diameter of the PSD; v) the number of AMPA receptors regresses to zero at a PSD 
diameter of about 180 nm, consistent with the existence of a population of small 
synapses that contains NMDA receptors but no AMPA receptors. When comparing 
SCC synapses with mossy fiber synapses, the latter appear to contain fewer NMDA 
receptors and more AMPA receptors. Furthermore, the density of AMPA receptors 
in mossy fiber synapses is less strongly correlated to synapse size.

The present findings indicate that silent SCC synapses that only show NMDA 
receptor responses in physiological studies have a smaller size than the majority of 
SCC synapses in which AMPA and NMDA receptors are colocalized. Synapse size 
is thus an important parameter that determines the properties of SCC synapses.

Supported by the Norwegian MRC, Professor Letten F. Saugstad's Fund and an 
EU Biomed Grant (PL 962118).

593.16
A SITE FOR INTERSUBUNIT COOPERATIVITY IN THE NMDA 
RECEPTOR M.P. Regalado, A. Villarroel & J. Lerma*. Instituto Cajal, 
CSIC, 28002-Madrid, Spain.

Glutamate receptors of the NMDA type are heteromers made up of two 
classes of subunits. The NR1 subunit carries the glycine binding site, whereas 
the recognition site for glutamate is located in NR2 subunits. Combination of 
NR1 subunit with particular glutamate binding NR2 subunits yields functional 
receptors with different affinity for glutamate but also with remarkable 
differences in glycine affinity. To delineate molecularly how a subunit may 
influence the binding in the other we have made 2A/2C chimeric subunits. The 
constructs were coexpressed with the wild type NRla subunit in HEK293 cells 
and the affinity of each agonist was estimated from its unbinding rate in the 
presence or in the absence of the other. The difference in glycine affinity 
between NR2A and NR2C depended on the N-termi nal region, because 
chimeric NR2A/C receptors including the N-terminal segment from NR2A 
displayed a 2A-like glycine off-rate. Replacement of segment N5 of NR2C 
{Villarroel et al., 1998, Neuron 20, 329-339) in a NR2A background caused 
the most significant change of glycine offset kinetics. Thus, this segment plays a 
critical role in the transmission of allosteric signals from the glutamate-binding 
NR2 subunit to the glycine-binding NR1 subunit. Three dimensional molecular 
modelling indicates that this stretch is not involved in ligand binding but forms a 
solvent-accessible loop protruding out of the binding pocket, making it suitable 
for short-range interactions between adjacent subunits. Then, this segment may 
function as a shuttle, connecting both types of subunit forming the NMDA 
receptor. Supported by a grant from DGICYT (PM96-0008).

593.17

IDENTIFICATION OF DETERMINANTS IN THE NRla SUBUNIT 
IMPORTANT FOR THE ASSEMBLY OF N-METHYL-D-ASPARTATE 
(NMDA) RECEPTORS. E, Meddows,a, B. Le Bourdelles*, P. J, Whiting”, S. 
Sandhub, S. Grimwoodb, G. Maccaferri**, R, A. J, Mcllhinney3. “Medical Research 
Council, Anatomical Neuropharmacology Unit, Mansfield Road, Oxford 0X1 3TH, 
England. bMerck Sharp & Dohme Research Laboratories, Neuroscience Research 
Centre, Terlings Park, Harlow, Essex CM20 2QR, UK.

Functional NMDA receptors are formed by the association of NR1 and NR2 
subunits. Since NR2A is not transported to the cells surface unless it is associated with 
NR1 (Mcllhinney, 1998) surface expression of NR2A can be used to monitor the 
association of the subunits. To determine which domains of the NMDA receptor are 
important for the assembly of functional receptors a number of N- and C-terminal 
truncation mutants of NRla have been produced. All mutants bound glycine antagonist 
and gave binding constants similar to those of the native subunit suggesting they were 
folding correctly within cells. Association between NRla constructs and NR2A was 
determined by cell surface ELISA and biotinylation of the surface molecules with a 
non-permeant biotin ester. There was progressive loss of NR2A cell surface expression 
as the N-terminal of NRla was shortened with completes loss when truncated beyond 
residue 380. Removal of the C-terminal and/ or the last transmembrane domain did not 
affect NR2A surface expression. Similar results were obtained in co-
immunoprecipitation experiments. Together these results suggest the residues N- 
terminal of residue 380 are important for the association of NR2A with NRla.

593.18

ACCESSIBILITY OF SUBSTITUTED CYSTEINES IN THE PRE- 
MI REGION OF NR2 SUBUNITS DURING NMDA CHANNEL 
GATING J. Krupp*, B. Visselt. S.F. Heinemannf & G.L. Westbrook. Vollum 
Institute, OHSU, Portland OR and f Salk Institute, La Jolla CA.

Previous studies have shown that the NR2 subunit specificity of glycine- 
independent desensitization is regulated by two N-terminal domains of the NR2 
subunit: a region containing the LIVBP-like region and a pre-Ml segment preceeding 
the first transmembrane region (Neuron 20, 1998, 317 & 329). We proposed that the 
pre-Ml segment is involved in the transduction of agonist binding to channel gating. 
Taking advantage of the irreversible reaction of [2-(Trimethylammonium)ethyl] 
Methanethiosulfonate (MTSET) with cysteine, we examined the accessibility of 
mutated cysteines in or close to the pre-Ml region of NR2 subunits. The use of the 
patch-clamp technique on transfected HEK293 cells in combination with a fast 
microperfusion system allowed us to study the accessibility of the mutated residues to 
the extracellular medium during different channel gating steps. Millimolar 
concentrations of extracellular MTSET had reversible and irreversible effects. On 
wildtype NR2A subunit coexpressed with the C-terminal NR1 truncation NRlstop838, 
the reversible effect was not voltage-dependent and not reduced by raising either the 
glutamate or the glycine concentration. There was no irreversible effect of MTSET on 
NRlstop838/2A heteromers. In an NR2A subunit with a V557C mutation, application 
of 2 mM MTSET during agonist exposure irreversibly reduced the current amplitude 
of subsequent agonist applications by -50 % (n=4). MTSET had no effect on this 
mutant in the presence of glycine alone. In contrast application of MTSET in the 
absence or presence of glutamate did not have a similar effect on E551C or V559C 
mutated receptors, indicating that these residues are either hidden or that their 
modulation by MTSET does not affect channel function. Our results complement a 
recent study on NR1 residues (Neuron 22, 1999, 559). They indicate that residues in 
or close to the pre-Ml region are differentially accessible to the extracellular medium, 
and thus demonstrate that parts of the pre-Ml region move during channel gating. 
Supported by NIH (GLW, SFH), McKnight Foundation (SFH), and NHMRC of 
Australia (BV).

593.19

TANDEM PROTEINS TO STUDY NMDA RECEPTOR STOICHIOMETRY.
K. Prvbylowski*, S. Vicini, J. Wang, E. Kirkness" and B. Wolfe. Departments of 
Pharmacology and Physiology, Georgetown University Medical Center; Washington, 
DC & institute for Genomic Research, Rockville, MD.

Functional NMDA receptor channels are thought to be heteromeric structures 
containing both NR1 and NR2 subunits. The stoichiometry of these subunit proteins 
within the channel is still debated with evidence for either a tetrameric or pentameric 
structure of the functional receptor. This question has been addressed in this study 
using tandem subunit proteins, where the C-terminal of one NMDA receptor subunit is 
covalently linked to the N-terminal of another subunit via the fourth transmembrane 
(TM4) domain of the a 1 subunit of the GABAa  receptor. This approach was used to 
constrain expression of known ratios of NRla and NR2 subunits and then to study the 
functional response of these receptors.

cDNA for NR2A-TM4-NRla (written N-terminal to C-terminal) tandem was 
constructed and transfected into HEK293 cells to be studied using patch-clamp 
recording and rapid agonist applications. Full-length expression of tandem protein was 
confirmed using Western blot analysis. Glutamate failed to activate functional NMDA 
channels when the tandem cDNA was transfected alone or with NR2A. When the 
tandem was cotransfected with NRla, glutamate produced responses.

When NR2A-TM4-NRla was transfected with NRlb, NMDA responses were 
characterized by pH sensitivity similar to those obtained in NRla/NR2A transfections, 
indicating that the NRla subunit was part of the functional receptor. We also obtained 
preliminary data from a reverse tandem NRla-TM4-NR2A. With this cDNA we 
observed glutamate responses in all cells cotransfected with NR1. A direct 
comparison of various functional and pharmacological properties of recombinant 
receptors with distinct tandems will be presented. Taken together these data are most 
consistent with a pentameric structure of the NMDA receptor. (Supported by MH 
11943, NS36246 & MH58946).
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594.1
IONOTROPIC GLUTAMATE RECEPTOR BINDING, Ca2+ SIGNALING AND 
NEUROPROTECTION: A COMPREHENSIVE PHARMACOLOGICAL STUDY. 
A.S.J. Lesage*, L. Peeters, H. Lavreysen, L. Heylen, J.E. Leysen. Dept. 
Biochemical Pharmacology, Janssen Research Foundation, Beerse, Belgium

We studied five different types of ionotropic glutamate receptor antagonists. We 
determined their binding affinity for the glycine-, glutamate-, polyamine-, and 
channel pore site of the NMDA receptor and their binding affinity for the AMPA 
receptor in rat forebrain tissue. We measured the potencies of the compounds to 
inhibit agonist (glutamate, NMDA, AMPA)-induced Ca2+ signaling and their 
potencies to protect against neurotoxicity caused by these agonists in primary neuron 
cultures of embryonic rat cortex. For the five classes of compounds, different 
relationships between potencies in the various tests were found.
For the glycine site antagonists the potency to inhibit Ca2+ signaling was stronger or 
equal to their affinity for the glycine site; their potency for neuroprotection against 
glutamate or NMDA was significantly lower. For glutamate site antagonists about 
equal potencies for NMDA receptor binding, inhibition of Ca2+ signaling and 
neuroprotection against NMDA was found. For channel-pore site blockers the 
potency for neuroprotection against glutamate and NMDA was stronger than their 
binding affinity for the NMDA receptor and this was in turn stronger than their 
potency to inhibit Ca2+ signaling. For the polyamine site antagonists the potency for 
neuroprotection against NMDA was comparable to the potency for inhibition of Ca2+ 
signaling, but in our hands, the compounds did not affect [3H]MK8O1 binding to the 
NMDA receptor. For AMPA receptor antagonists, the binding affinity for the 
AMPA receptor corresponded to their potency to inhibit AMPA-induced Ca“+ 
signaling but they were weaker in protecting against AMPA-induced neurotoxicity. 
We conclude that protection against the rise of intracellular Ca2+ does not necessarily 
corresponds to neuroprotection and that different types of glutamate antagonists 
show different profiles in the functional tests.

594.2
S-NITROSOGLUTATHIONE INTERFERES WITH THE BINDING OF 
LIGANDS TO IONOTROPIC GLUTAMATE RECEPTORS IN PIG 
CEREBRAL CORTICAL MEMBRANES. S.S. Oja,1* A. Hermann,1*2 r , 
Janakv,1 R. Do ho vies, k2 p, Saransaari1 and V. Varga f2. Tampere Brain Research 
Center, Univ. of Tampere Medical School, Tampere, Finland; 2Dept. of Animal 
Physiology, Kossuth Lajos Univ. of Science, Debrecen, Hungary.

Nitric oxide (NO) acts as a retrograde transsynaptic messenger in the nervous 
system. The life-span of NO is only a few seconds. However, it reacts with 
glutathione and in this way its actions can be substantially prolonged, since the 
decomposition of S-nitrosoglutathione (GSNO) is a matter of hours. The 
interactions of GSNO with ionotropic glutamate receptors were now studied in 
synaptic membranes isolated from the pig cerebral cortex. GSNO displaced the 
binding of L-pH]glutamate, 3-[(R)-2-carboxypiperazin-4-yl][3H]-propyl-l- 
phosphonate (pH]CPP), a competitive N-methyl-D-aspartate (NMDA) antagonist, 
and pHjkainate, with IC50 values in the low micromolar range. It failed to displace 
(S)-5-fluoro-pH]willardiine, a selective agonist of 2-amino-3-hydroxy-5-methyl- 
4-isoxazolepropionate (AMPA) receptors. Fluorowillardiine binding was likewise 
not affected by reduced or oxidized glutathione (GSH and GSSG, respectively). 
GSNO, GSH and GSSG were almost equally effective in glutamate and CPP 
binding. Of the three, GSNO was the most potent in kainate binding. GSNO, GSH 
and GSSG stimulated pHjdizocilpine binding in a concentration-dependent 
manner. This effect was additive to that of glycine and not mimicked by S-nitroso- 
N-acetylpenicillamine, an NO donor. The formation of GSNO may constitute an 
additional protective mechanism against excitotoxicity in nervous tissue. GSNO 
may not only scavenger NO but also act as a modulator at ionotropic NMDA and 
kainate receptors via its y-glutamyl moiety.

594.3

SIMILARITY IN MODULATION OF KAINATE AND NMDA RECEPTORS.
David D. Mott* and Ray Dingledine, Department of Pharmacology, Emory 
University School of Medicine, Atlanta, GA 30322.

NMDA receptors are subject to regulation by a host of physiological modulators, 
including but not limited to protons, polyamines, zinc, redox agents, dynorphin and 
arachidonic acid. The scope of modulation of NMDA receptors emphasizes their 
importance in both physiological and pathophysiological conditions. Using 
recombinant receptors expressed in Xenopus oocytes and HEK 293 cells, we have 
examined whether kainate receptors are similarly regulated.

We have found that kainate receptors are subject to regulation by many of the 
same endogenous modulatory agents that act on NMDA receptors. For example, 
kainate receptors comprised of homomeric GluR6(Q), GluR6(R) or GluR5(Q) were 
inhibited by protons with an IC50 of pH 6.8, indicating that like NMDA receptors, 
kainate receptors are tonically inhibited at physiological pH. The endogenous 
polyamine spermine potentiated the current through GluR6(R) receptors in a pH 
dependent manner, with greater potentiation at lower pH values. These results 
suggest that, similar to its action on NMDA receptors, spermine potentiates kainate 
receptors by relieving proton inhibition of the receptor.

We have also found that, like NMDA receptors, zinc inhibits GluR6(R) kainate 
receptors through two separate mechanisms. At lower concentrations (10 pM), it 
produces a voltage-independent allosteric inhibition, while at higher concentrations 
(100 pM) it blocks the channel in a voltage-dependent manner. Finally, we have 
found that, like NMDA receptors, GluR6(Q) kainate receptors are redox modulated. 
DTT (3 mM) potentiated kainate currents by 80% and this potentiation was reversed 
by 0.5 mM DTNB. Interestingly, GluR3 AMPA receptors were also modulated by 
redox agents only if they lacked GluR2. These findings point out the similarity in 
modulation of kainate and NMDA receptors and suggest novel molecular targets for 
the development of kainate receptor antagonists. Supported by the NIH.

594.4

Characterisation of GluRl and GIuR6 at the Molecular Level
S.P. Braithwaite1, V. Rampersad2, K.R. Jarvie2*, D. Lodge3,
G.L. Collingridge1, A. Mandelzys2, J.M. Henley1
’MRC Centre for Synaptic Plasticity, Dept of Anatomy, University of 
Bristol, Bristol, UK. 2Allelix Biopharmaceuticals Inc. Mississauga, ON, 
Canada and 3Eli Lilly & Co Ltd, Indianapolis, IN, USA.

In heterologous expression systems, receptors composed of the cloned 
GluRl subunit have an electrophysiological and pharmacological 
profile similar to native AMPA receptors and GluR6 subunits form 
receptors with the properties of kainate receptors. By stably expressing 
GluRl subunits in HEK-293 cells, and transiently transfecting cells with 
GluR6 we have characterised homomeric receptors composed of these 
subunits. Through construction of a number of chimeric subunits 
between GluRl and GluR6 we aim to investigate further the molecular 
basis of the action of novel pharmacological agents and functional 
characteristics of these receptors. The extracellular domains, the N- 
terminus and the loop between M3 and M4, regions which have been 
shown to form the agonist binding site and the sites of action of a 
number of allosteric modulators, have been switched between the two 
subunits. HEK-293 cells have been stably transfected with these 
chimeras and antibodies against a number of epitopes have shown these 
proteins to be expressed. The functional consequences of these chimeric 
changes are being investigated.
Supported by a BBSRC CASE award with Eli Lilly

594.5

DESIGN AND MOLECULAR PHARMACOLOGY OF STRUCTURAL HYBRIDS 
OF IONOTROPIC GLUTAMATE RECEPTOR LIGANDS. B, FrdlundJ J.

Larsen1*. 'Dept. of Medicinal Chemistry, The Royal Danish School of Pharmacy, 
Copenhagen, Denmark; 2Dept. Molecular and Structural Biology, Aarhus University, 
Denmark.

Novel ligands at ionotropic glutamate receptors (iGluRs) may be designed by 
structural hybridization of known iGluR agonists and antagonists. Whereas (S)-ATPA 
is a highly selective agonist at the kainate-preferring GluR5 receptors, (R)-AP7 is a 
classical NMDA receptor antagonist. Quite surprisingly, ATPO, which is a structural 
hybrid between ATPA and AP7, does not interact with NMDA receptors, but ATPO is 
a potent antagonist at AMPA receptor subtypes (GluRl-4) and a somewhat weaker 
antagonist at GluR5. These effects reside in (S)-ATPO, whereas (R)-ATPO is inactive. 
Similarly, ATOA is an antagonist at AMPA receptors, but a partial agonist at GluR5. 
The tetrazole analogue of ATPO and ATOA, compound I, has now been synthesized, 
and preliminary electropharmacological studies have disclosed that I is an antagonist at 
AMPA receptors but essentially inactive at GluR5. Thus, the structure of the terminal 
acidic groups of these compounds is a structural parameter of importance for their 
pharmacology at GluR5, but not for their effects at AMPA receptors.

594.6

DYSIHERBAINE IS A NOVEL HIGH-AFFINITY AGONIST FOR KAINATE 
RECEPTORS. G.T. Swanson*, R. Sakai1, H. KamiyaL and S.F. Heinemann. 
Molecular Neurobiology Laboratory, The Salk Institute for Biological Studies, La 
Jolla, CA 92037, and fSchool of Fisheries Science, Kitasato University, Sanriku- 
cho, Kesen-gun, Iwate 022-0101, Japan.

Dysiherbaine, a novel amino acid isolated from the Micronesian sponge 
Dysidea herbacea, is the most potent epileptogenic compound yet identified using 
behavioral assays in mice (Sakai et al., 1997). Seizures resulting from 
administration of excitatory amino acids in part are mediated by neuronal kainate 
receptors (Mulle et al., 1998). In binding assays using rat cortical membranes, 
dysiherbaine displaced labeled AMPA and kainate receptor but not NMDA receptor 
ligands (Sakai et al., manuscript in preparation). In this study we characterize the 
physiological action of dysiherbaine on recombinant kainate receptors.

The recombinant kainate receptor subunits GluR5, GluR6, or GluR7 were 
expressed in HEK 293 cells, and the whole-cell current responses to dysiherbaine 
were recorded using standard patch-clamp techniques. Dysiherbaine (100 pM) 
evoked a desensitizing current in both GluR5- and GluR6-expressing cells. Both 
receptors remained in a long-lasting desensitized state following an application of 
dysiherbaine. GluR6 receptors recovered from desensitization (tested by applying 10 
mM glutamate) over the course of several minutes, while in GluR5-expressing cells 
the desensitized state was functionally irreversible and complete for longer than 15 
minutes. To estimate dose-response relationships and deactivation time courses for 
dysiherbaine we pre-treated transfected cells with concanavalin A to eliminate 
kainate receptor desensitization. GluR6 receptor steady-state currents were evoked 
by dysiherbaine with an estimated EC50 of 30 nM. Current onsets and decays were 
remarkably slow - up to 5 minutes for GluR5 responses to 10 pM dysiherbaine. 
Further characterization of dysiherbaine action on recombinant and neuronal kainate 
receptors is in progress. These data suggest that dysiherbaine is the most potent 
agonist yet identified for kainate receptors.
Supported by an NRSA fellowship(GTS), the Naito Foundation and the Suntory 
Company (R.S.), and the NIH and McKnight Foundation (SFH).
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594.7
EFFECTS OF CONCANAVALIN A ON FUNCTIONALLY EXPRESSED 
GLUR6 DETECTED WITH AEQUORIN IN A STABLE CELL LINE.
C. Kronbach*, K. Muller, I. Rosenkranz and T. Kronbach.
Corporate R&D ASTA Medica AG, Arzneimittelwerk Dresden, Dept. 
Biochemistry, Meissner Str. 191,01445 Radebeul, Germany

Kainate receptors belong to the family of glutamate-gated ion channels 
that contribute to synaptic transmission in the hippocampus. We have cloned 
kainate receptor subtype GluR6 from a human cDNA library. This GluR6 
cDNA is not edited at any of the three known RNA editing sites. To functionally 
characterize this kainate receptor subtype, we established a stable HEK 293 
cell line which co-expresses GluR6 together with the calcium-sensitive photo-
protein aequorin. Agonist application to these cells elicited an increase in intra-
cellular calcium as measured as an increase of “relative light units” in a 
luminometer. In contrast, no responses to agonists were observed in HEK 
cells that were transfected only with aequorin but not with GluR6. Therefore, 
the calcium influx was mediated by GluR6 receptor channels. The influence of 
concanavaiin A (conA), an inhibitor of kainate receptor desensitization, on 
responses of different kainate receptor agonists was investigated. Application 
of GluR6 agonists (2S,4R)-4-methylglutamate (SYM 2081) or glutamate led to 
calcium signals when cells were preincubated with conA. Responses were 
inhibited by competetive antagonists CNQX or NS 102. No response was de-
tected without conA-preincubation. On the other hand, kainate elicited 
responses with and without conA-treatment. The EC50 value of the dose- 
response-curve without conA was determined with 61 pM kainate versus 
20 pM kainate when conA was present. Responses that were elicited with 
5 pM kainate with or without conA were both inhibited with CNQX. However, at 
saturating kainate concentration of 300 pM, the response was inhibited by 
CNQX only in the absence of conA. Our results show that conA treatment 
could affect the ability of GluR6 antagonists to inhibit Ca2+ influx, particularly at 
higher agonist concentrations.

594.8
ALLOSTERIC MODULATION OF GLUR6/GLUR1 CHIMERIC RECEPTORS. 
K.M. Partin1* & M.L; Mayer2. ‘Dept. of Anatomy & Neurobiology, Colorado 
State Univ., Fort Collins, CO 80523; 2Lab. of Cellular and Molecular 
Neurophysiology, NICHD, NIH, Bethesda, MD 20892.

Kainate receptor subtypes of non-NDMA receptors are resistant to allosteric 
modulation by benzothiazides such as cyclothiazide, in contrast to the potently 
modulated AMPA receptors. The molecular basis of the slowing of AMPAR 
desensitization by cyclothiazide is not understood, but can be regulated by 
alternative splicing at the flip/flop region. We have constructed chimeras between 
GluR6 and GluRl, assessing their control responses and their modulation by 
cyclothiazide. We had previously shown that a point mutation of GluR6, 
G1u R6[Q775S], conferred modest modulation of desensitization by cyclothiazide 
(Tdes =40.0± 10.3ms); however, control responses to glutamate of this receptor 
(TDES=18.9±3.9ms) were significantly altered when compared with wild type GluR6 
(TDF.s=4.3±0.3ms). A chimera that substitutes the entire flip/flop region, 
GluR6/l [flip/flop] (replacing a.a. 725-783 of GluR6 with a.a. 720-782 of GluRl), 
restored normal desensitizing responses to glutamate (xnES=5.1±0.5ms), which 
were then slowed 38-fold by cyclothiazide (Tnr;s= 193.2+17.5ms). This suggests 
that the intact flip/flop domain can confer potent, but not complete, modulation by 
cyclothiazide upon GluR6. Based upon a structural model of the agonist-binding 
domain (Stern-Bach et al., Neuron, 1994), validated by the GluR2 crystal structure 
(Armstrong et al., Nature, 1998), we constructed GluR6 chimeras containing 
regions of GluRl predicted to interact with the flip/flop domain. One such 
chimera, GluR6/l(Bcl+Q755S) introduces one of the highly conserved “hinge” 
regions of GluRl into GluR6 (a.a. 489-502 from GluRl replacing a.a. 500-513 of 
GluR6), together with the Q75JS substitution. This chimera restores control 
kinetics (xDES=3.8±0.4ms) and confers modulation by cyclothiazide 
(TDES=43.2±6.9ms) 5-fold more effectively than GluR6[Q755S] alone. These results 
suggest that the flip/flop region may physically interact with this hinge region, 
and further suggests that cyclothiazide may interact with these domains to modulate 
agonist-binding and lobe-closure, and thereby channel gating. Supported by the NIH.

594.9

DIFFERENTIAL MODULATION OF AMPA RECEPTORS BY 
CYCLOTHIAZIDE IN TWO TYPES OF STRIATAL NEURONS 
H,L, Haas*, Y,S, Vorobjev. I.N. Sharonova and Q.A. Sergeeva
Department of Neurophysiology, Heinrich-Heine-University, 
POB 101007, D-40001 Dusseldorf, Germany

Medium spiny neurons (MSN) exibit slow, giant aspiny 
neurons (GAN) fast gating of AMPA receptors in the striatum. 
We studied the modulation of GluR-mediated currents by 
cyclothiazide (CTZ) in acutely isolated MSN and GAN with 
whole-cell patch clamp and rapid drug application. CTZ 
showed a markedly lower efficacy at GluRs in GAN than in 
MSN. Preapplication of 200pM of CTZ induced a 9-fold leftward 
shift in the kainate concentration-response curve in MSN, but 
not in GAN. Recovery of kainate-activated currents from 
modulation by CTZ was slower for MSN than for GAN. The rate 
of CTZ dissociation from the GluR in GAN (but not in MSN) 
was strongly dependent on the presence of an agonist (30fold 
increase with 1mM glutamate). Single cell RT-PCR in 
combination with restriction analysis revealed that MSNs 
express GluR-A,B,C subunits in flip and flop splice forms. Only 
the flop variant of GluR-A and GluR-D subunits was detected in 
GAN. This is consistent with the cell-specific effect of CTZ. 
CTZ-type compounds would exert a stronger modulation of 
excitatory transmission on MSN than on GAN, and thus 
differentially affect signal processing in the striatum.

594.10

COLOMINIC ACID (POLYSIALIC ACID) ALTERS THE CHANNEL PROPERTIES 
OF AMPA RECEPTORS RECONSTITUTED IN LIPID BELAYERS. M 
Suppiramaniam .S. Yilma1. A. Bowens1. K. Manivannan2 B. Bahr3. A. Dityatev4. ’Dept.
of Biology, Tuskegee Univ., Tuskegee, Alabama 36088; 2Dept. of Chemistry and Physics, 
Southeastern Louisiana Univ., Hammond, LA 70402; 3Dept of Pharmaceutical Sciences, 
Univ. of Connecticut, Storrs, CT 06269; 4Institut fuer Biosynthese Neuraler Strukturen, 
Zentrum fuer Molekulare Neurobiologie Hamburg, Univ. of Hamburg, Hamburg, 
Germany.

AMPA sub-type of glutamate receptors were recently shown to interact with 
polyanionic compounds such as heparin resulting in alteration of AMPA channel kinetics 
(Sinnarajah et al., Synapse 31:203, 1999). Previous studies (Hoffman et al, Brain Res. 
753:309, 1997) also have indicated that sialic acid residues modulate the ligand binding 
properties of AMPA receptors. Polysialic acid decorates the postsynaptic protein NCAM, 
an adhesion molecule that exhibits specific mobilization (Schuster et al., J. Neurobiol. 
37:359,1998) and modification (Hoffinan et al., Brain Res. 811:152, 1998) in an activity- 
dependent manner. Since AMPA receptors and adhesion molecules are necessary 
elements for certain forms of synaptic plasticity, the present study aims to test the 
interaction between AMPA receptors and colominic acid, a homopolymer of sialic acid. 
Immunoprecipitated AMPA receptors were incorporated into artificial lipid bilayers and 
activated by 150 nM of AMPA. The resulting single channel fluctuations exhibited 
prolonged channel open time and an increase in bursting activity when colominic acid at a 
final concentration of 1 pg/ml was infused into the recording chamber. Colominic acid 
also enhanced the cooperative gating activity of AMPA receptor channels. This 
cooperative behavior resulted in increased open channel life times. Large macroscopic 
currents that were observed in the presence of the sialic acid polymer may be due to 
synchronous openings of AMPA receptor channels. Colominic acid did not alter the 
single channel conductance or the ability of CNQX to block the AMPA channel activity. 
These findings indicate that important regulatory events targeting AMPA receptors may 
result from the interaction of monomeric and/or polymeric sialic acid species with AMPA 
receptors during plasticity induction stimuli. (NIH/NINDS 1 KOI NS02018-02)

594.11

ALKYLATED BENZOTHI ADI AZIDES ARE POTENT MODULATORS OF 
AMPA RECEPTOR KINETICS AND SYNAPTIC TRANSMISSION.
A.-ARAI*1, M. KESSLER1., J. LYL.B, LIN1. D.P. PHILLIPS2. J.D.
SQNNENBERG2. A.R, CHAMBERLIN2 and G. LYNCH1. ‘Department of 
Psychiatry and department of Chemistry, University of California, Irvine, 
CA 92697.

IDRA-21 has been shown to facilitate long-term potentiation and to 
improve certain forms of memory in animals, but its potency for modulating 
AMPA receptor function is low with an ECJ0 near 1 mM. Attempts to find 
more potent analogs, using an indexed library approach with IDRA-21 as 
starting point, led to the discovery that alkyl substitution at the 5' position 
improves potency and efficacy by a factor of 10-100. Several such compounds 
were characterized with regard to their effect on (1) AMPA receptor currents 
in patches excised from hippocampal slices, (2) currents through recombinant 
AMPA receptors, (3) synaptic transmission, and (4) binding of radiolabeled 
agonists. Compound DI completely blocked desensitization of AMPA 
receptor currents with an EC50 of 36 pM and it prolonged deactivation of 
responses to 1-ms glutamate pulses ten-fold. DI increased [3H]fluoro- 
willardiine binding by 200% with an EC^ of 15 pM and an nHill near 2. Unlike 
cyclothiazide, DI had no preference for flip versus flop subunit variants. 
Synaptic transmission in the field CA1 of hippocampal slices was enhanced 
by several of these compounds but the extent to which response amplitude vs. 
halfwidth were affected depended on the length of the alkyl substituent. 
(Supported by grant 98-1-0317 from the AFOSR.)

594.12

MLV 5860 IS A POTENT OPEN CHANNEL BLOCKER OF CA - 
PERMEABLE AMPA-RECEPTORS EW Harris* J Acquaviva and 
TH Lanthom, AstraZeneca (formerly Astra Arcus) Rochester NY 14602

MLV 5860 (5-methyl-l-phenyl-2-(3-piperidinopropylamino)-hex- 
ane-l-ol) was reported to be an NMDA antagonist, and a close chemical 
analog of MLV 5860 was in clinical trials against spasticity. Functional 
studies of the mechanism of action of MLV-5860 are sparse, however.

Electrophysiological studies were carried out using Xenopus oocytes 
injected with whole-brain polyA+mRNA, or NRla with NR2A-D. MLV 
5860 more potently antagonized steady currents elicited by KA (AMPA- 
receptor-mediated; ECso=0.3pM) than by NMDA/glycine (NMDA- 
receptor-mediated). At lOpM, MLV-5860 produced less that 10% 
antagonism of the response to NMDA regardless of NMDA-R subunits 
tried; MK-801 at 0.1 pM significantly inhibited all NMDA responses.

KA antagonism by MLV 5860 is non-competitive, use-dependent, 
voltage-sensitive, and exhibits 'trapping'. KA antagonism by MLV 5860 
is occluded by pre-application of JSTX, therefore, MLV 5860 blocks 
Ca++-permeable AMPA-Rs only, not Ca++-impermeable AMPA-Rs.

AMPA-R Antagonism by MLV 5860 has the hallmarks of open- 
channel block. This finding sheds new light on the mechanism of 
antispastic effects of MLV 5860 and related compounds, and reveals that 
MLV 5860 could be a valuable new tool for studying AMPA-receptors. 
[MLV 5860 was a generous gift from Dr. H. Shinozaki, Tokyo, Japan]
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594.13

ANTAGONISM OF PROTON-MEDIATED AMPA RECEPTOR 
DESENSITIZATION BY NEOMYCIN, ZINC AND GADOLINIUM. S. Lei*. 
W.-Y. Lu and J.F.MacDonald. Dept. of Physiology, Univ. of Toronto; Toronto, 
M5S 1A8.

We investigated the effects of the polycations, neomycin, Zn2" and Gd3+, on 
AMPA receptor desensitization. Application of neomycin (5 mM), Zn2+(100 pM) 
and Gd3+(5 pM) significantly enhanced the steady-state (Iss) of AMPA receptor 
currents recorded from acutely isolated hippocampal CA1 neurons by 57.1±8.2%, 
49.7±3.6% and 99.1 ±25.1% (n=10, p<0.01), respectively, without altering peak. 
The ratio of steady-state versus peak current and the time constant of 
desensitization were therefore increased, suggesting that the desensitization of 
AMPA receptors was reduced by these agents. Modulation of AMPA receptor 
desensitization was further confirmed using a two-pulse concentration protocol. 
The enhancement of Iss was not dependent upon membrane potential. The open 
probability of AMPA channels recorded with out-side-out patches and the decay 
time constant of mEPSC from cultured hippocampal neurons were also enhanced 
by Zn2+ and Gd’L The effects of neomycin, Zn2’ and Gd3+ were related to their 
charge and the ambient proton concentration as alteration of the ionic strengthen 
or pH of the solution significantly changed their potency. Protons significantly 
enhanced the desensitization of AMPA receptors, but the proton-mediated 
modulation of AMPA receptor desensitization was antagonized by these 
positively charged agents. We, therefore, propose that polycations modulate 
AMPA receptor desensitization by altering the sensitivity of AMPA receptors to 
protons. Supported by the Medical Research Council of Canada and the Ontario 
Neurotrauma foundation.

594.14

MECHANISM OF BARBITURATE BLOCKADE OF AMPA RECEPTORS IN 
HIPPOCAMPAL CA1 PYRAMIDAL NEURONS ACUTELY ISOLATED FROM 
RAT. Jackson. M.F.*, Ip, D.T., Orser, B.A. and MacDonald, J.F. Department of 
Physiology, University of Toronto, Toronto, ON, Canada, M5S 1A8.

The mechanism underlying the block of AMPA receptors by barbiturates was 
examined by studying the actions of pentobarbital (PB) on glutamate-evoked 
whole-cell AMPA receptor-mediated currents recorded from acutely isolated 
CA1 pyramidal neurons. In neurons voltage-clamped at -60 mV, rapid- 
perfusion of a saturating concentration (3 mM) of glutamate evoked large 
transient AMPA-receptor mediated inward currents (-5425.2 ± 335.7 pA) which 
rapidly desensitized to a steady state level (-773.9 ± 164.6 pA)(n = 5). Co-
application of PB (3-1000 pM) was found to differentially affect the peak and 
steady state components of the response. While the steady state current could 
be entirely abolished by PB (IC50 = 92.8 ± 15.3 pM, n = 6) the maximal 
inhibition of the peak was only 34.7 ± 3.2 % (n = 5). Consequently, the steady 
state to peak ratio of the glutamate-evoked current (Ctrl; 0.157 ± 0.017, n = 5) 
was reduced by PB (1 mM; 0.013 ± 0.003, n = 5) in a concentration-dependent 
manner. Similarly, a concentration-dependent reduction in the time constant 
for the onset of desensitization (t d ) was observed in the presence of PB 
(xD(Ctrl) = 64.8 ± 6.4 ms; t d (PB 1 mM) = 18.4 + 1.5 ms, n = 5). In contrast, PB 
(50 pM) had no effect on the time constant of recovery from desensitization (n 
= 3). In addition, no voltage-dependence for the PB block of either component 
of the AMPA receptor-mediated response was observed (n = 4). In the 
presence of cyclothiazide (CTZ, 50-100 pM), which abolishes AMPA receptor 
desensitization, a 10-fold reduction in the inhibition of the glutamate (500 pM)- 
induced steady state current by 100 pM PB was observed (% inhibition: Ctrl = 
68.1 ± 4.8 %; CTZ = 6.5 ± 0.3%, n = 2). These results are consistent with a 
mechanism whereby PB reduces AMPA receptor-mediated currents by 
increasing receptor desensitization. (Supported by the MRC of Canada)

594.15

SYM 2189 IS A NON-COMPETITIVE ANTAGONIST SELECTIVE FOR AMPA 
RECEPTORS. S.N. IrizarryA, Robert1, M.L, Maccecchini^ and J.R, Howe1. 
^Dept. of Pharmacology, Yale University School of Medicine, New Haven, CT 06520; 
^Bearsden Bio, Inc., Aston, PA 19014

Patch-clamp techniques were used to examine the pharmacological properties of a 
putative glutamate receptor antagonist, SYM 2189, which bears structural similarity to 
2,3-benzodiazepines such as the GluR antagonists GYKI 52466 and GYKI53655.

AMPA-type currents were evoked in spinal cord neurons in primary culture by 
superfusing the cells with kainate under conditions where the currents reflect activation 
of AMPA receptors. The currents through native AMPA receptors were completely 
blocked by the co-application of 50 (J.M SYM 2189. The kinetics of block and unblock 
are slow, relative to the binding and unbinding kinetics of kainate. Steady-state 
measurements indicate that the /C50 for SYM 2189 at AMPA receptors is about 4 pM 
and that SYM 2189 acts as a non-competitive antagonist. The ability of SYM 2189 to 
block GluR-mediated synaptic currents was also tested. Concentrations of SYM 2189 
sufficient to abolish AMPAR-mediated excitatory postsynaptic currents (EPSCs) had 
no effect on NMDAR-mediated synaptic currents.

Steady-state responses evoked by 5 pM SYM 2081 in HEK 293 cells that stably 
express recombinant GIuR6 homomeric channels or heteromeric GluR6/KA2 channels 
were unaffected by co-application of SYM 2189 (50 pM to 150 pM), suggesting that 
SYM 2189 has low affinity for kainate receptors. Interestingly, 100 pM SYM 2189 
(which completely blocks native AMPA receptors) only partially blocked currents 
through homomeric GluR 1-flip channels (65 to 80% block in 6 cells). The inhibition 
of currents through GluRl channels was not prevented by co-application of 100 pM 
cyclothiazide. Our results indicate that SYM 2189 blocks native AMPA receptors at 
concentrations that do not affect kainate or NMDA receptors. The results with 
recombinant GluRl channels suggest that block by SYM 2189 may exhibit some 
subunit specifity and may act differently from other 2,3-benzodiazepines.
Supported by R44-NS35827.

594.16

A FULLY REVERSIBLE CRUSTACEAN GLUTAMATE 
RECEPTOR ANTAGONIST. Klose. MK. Atkinson. J.K.. 
and Mercier, AT* Dept.of Biology, Brock University; 
St.Catharines Ont. L2S 3A1

Nl-coumaroyl spermidine (N1CS), a phenolic polyamine 
found in Solanacea such as tomatoes, shows similarities to 
certain spider and wasp toxins that act on crustacean 
glutamate receptors. This study investigates the effects of 
N1CS, on the synapses of the deep extensor muscles of 
Procambarus clarkii. N1CS reduced the amplitude of 
excitatory postsynaptic potentials in a dose dependant 
manner with an IC50 value of 0.08mM. 0.03 mM N1CS 
blocked L-glutamate-induced potentials and the effect was 
completely reversed by washing for 7 minutes. The two 
constituents of the molecule, the phenolic ring, and the 
polyamine backbone showed no effect on L-glutamate- 
induced potentials. Thus N1CS blocks glutamate receptors 
on crayfish muscle reversibly, and neither component of the 
molecule is sufficient for activity. This work supported by a 
grant from NSERC.
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595.1

nAChR SUBUNITS THAT MEDIATE NICOTINIC ACTIVITY IN 
THE ENTERIC NERVOUS SYSTEM. A.L, Obaid*, G.B. Wells, 
A. Kuryatov and J. Lindstrom. Department of Neuroscience, University 
of Pennsylvania School of Medicine, Philadelphia, PA 19104.

Cholinergic transmission within the enteric nervous system is well 
established, and profound modulatory effects of nicotine on the function 
of an enteric network have been recently described (J. Neurosci. 19: 
3073-3093, 1999). The goal of the present work is the characterization 
of the nAChR subtypes present in the guinea-pig intestine in an effort to 
understand the molecular mechanisms that underlie the effects of 
nicotine on network activity. We have used immunocytochemical 
techniques with monoclonal antibodies and antisera to nAChR subunits 
to study neurons of submucous and myenteric plexuses. AH the 
experiments have been performed on fixed tissue that include whole 
mounts of submucous plexus as well as cross sections from identified 
segments of the gut from duodenum to rectum. The segments examined 
so far have shown no qualitative difference in the type of subunits 
present. The subunits currently identified are: 1) a3/a5, by immuno-
reactivity with mAb35 and mAb210; 2) a7, by immunoreactivity with 
mAb306 and, to a lesser extent, with mAb319; 3) P2, by immuno-
reactivity with mAb295; and 4) p4, by immunoreactivity with mAb337.

Supported by USPHS grants NS35561, NS16824, NS01903, and 
NS11323.

595.2

DESENSITIZATION OF NICOTINIC ACETYLCHOLINE RECEPTORS 
(nAChRs) IN MYENTERIC NERVES OF GUINEA PIG INTESTINE.
E. Brown and J.J, Galligan*. Dept. Pharmacol. & Toxicol, and The 
Neuroscience Program, Michigan State University, E. Lansing, Ml 
48824.

Acetylcholine (ACh) acting at nAChRs is the predominant 
mechanism of excitatory transmission in the enteric nervous system. 
However, other transmitters which activate intracellular signaling 
mechanisms are co-released with ACh these transmitters can alter the 
actions of ACh including changing nAChR desensitization. These 
studies were conducted to characterize some of the properties of 
nAChRs in myenteric neurons. Whole cell patch clamp recordings 
were obtained from neurons maintained in primary culture. A 
maximum concentration of ACh (1 mM) was applied via gravity fed flow 
tubes. Using an intracellular pipette solution containing ATP (1 mM) 
and GTP (0.25 mM), 7 s of ACh application caused a maximum of 
80% desensitization (ACh 17J Ach lmax = 0.21+ 0.03, n=12). nAChRs 
recovered from completely from desensitization in 5 minutes (ACh 
lmax5min/ ACh lma^njtjal = 0.93+ 0.04, n=5). When recordings were 
obtained using ATP/GTP-free solutions, a 7 s ACh application caused 
a maximum desensitization of only 60% (ACh l7s/ ACh = 0.4 + 
0.04, n=18); recovery from desensitization was complete in 5 minutes 
(lrnax5min/ ACh lmaxjnjtjal =1.11+0.12, n=8). These data suggest that 
ATP and/or GTP dependent mechanisms contribute to desensitization 
of nAChRs in myenteric neurons. These mechanisms may include 
receptor phosphorylation. (Supported by NS33289)
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595.3
NICOTINIC ACETYLCHOLINE RECEPTORS INFLUENCE SURVIVAL AND 
APOPTOSIS OF CHICK CILIARY GANGLION NEURONS. P. C. Pugh* and J. 
F, Maraiotta. Dept. of Anat. and Neurobiol., MCO, Toledo, OH 43614

The abundance and diversity of neuronal nicotinic acetylcholine receptors 
(AChRs) suggest that some have functions in addition to synaptic 
transmission. This additional potential is realized in a7-AChRs, which can act 
to limit neuritic outgrowth from chick ciliary ganglion (CG) neurons (Pugh and 
Berg, 1994) and to initiate apoptosis in neuronal progenitors (Berger et al., 
1998).

In the present study, we tested AChR involvement in supporting neuronal 
survival. When AChRs were activated by addition of nicotine (20 pM, 
MEMVNic) to CG neurons grown on lysed fibroblasts in basal medium 
(MEM+), approximately 70% of neurons survived for 10d, slightly fewer than 
seen in elevated K+ concentrations (MEM7K). Agonist effects could be fully 
prevented by co-treatment with d-tubocurarine (100 pM) or a-bungarotoxin 
(10 nM, p<0.01 for both). Growth in MEM+ resulted in less than 40% survival, 
while supplementing the medium with 3% (v/v) embryonic eye extract 
(MEMVeye) resulted in 100% survival, as previously reported (Nishi and 
Berg, 1981). The nicotine-induced increase in neuronal survival was 
substrate-dependent, with only 34% surviving on laminin, similar to MEM7K. 
However, while supplementing MEM7K with fibroblast growth factor (FGF, 
100 ng/ml) augmented neuronal survival (Schmidt and Kater, 1995), addition 
of FGF to MEMVNic had no detectable effect.

Cell death in CG neuron cultures appears to have apoptotic and necrotic 
components, similar to results seen in other primary cultures after growth 
factor withdrawal. Cultures grown (1-4d) in MEM+ contained a significant 
number (7%) of apoptotic neurons, whereas only 1% of neurons appeared 
apoptotic when grown in MEMVNic or MEMVeye (p<0.05 for both).

Together these results suggest that depolarization via AChR activation 
supports neuronal survival and prevents neuronal apoptosis. (Supported by 
NS-24417to JFM).

595.4
DIRECT ACTIONS OF ANTICHOLINESTERASES ON THE NICOTINIC 
ACETYLCHOLINE RECEPTOR OF PC12 CELLS. K. Nagata12* G.L. 
Aistruo3, T. Shono2 and T, Narahashi 1Brain Science Inst., Physical ana 
Chemical Res. (RIKEN), Wako 351-0198, JAPAN; 2lnst. Agriculture and 
Forestry, Univ. of Tsukuba, Tsukuba 305-8572, JAPAN; 3Dept. of 
Molecular Pharmacology and Biological Chemistry, Northwestern Univ. 
Med. Sch., Chicago, Illinois 60611-3008, USA

The neuronal nicotinic acetylcholine receptor (AChR) is an important 
target site of various chemicals. Recent studies have suggested that 
anticholinesterases including organophosphates and carbamates act 
directly on the nicotinic AChR. Direct effects of neostigmine, carbaryl, 
and the Alzheimer's drug donepezil hydrochloride (E2020) on the 
nicotinic AChR of PC12 cells were studied using the whole-cell and 
single-channel patch clamp techniques. These chemicals showed a 
biphasic effect; initial enhancement and suppression of carbachol- 
induced whole-cell currents. The currents induced by carbachol were 
enhanced by the first co-application of ACh with neostigmine, and the 
current was eventually suppressed below the control level during 
repeated co-applications. The decay phase of current was accelerated by 
neostigmine. Carbaryl at low concentrations greatly potentiated the 
carbachol-induced current, and at higher concentrations, current was 
suppressed. The effects of donepezil were similar to those of carbaryl. In 
single-channel experiments, these chemicals increased the short 
closures or gaps during channel openings without changing the single-
channel conductance. Mean open time and burst durations were 
decreased in the presence of these chemicals. Results indicate that 
these chemicals directly block the neuronal nicotinic AChR.

595.5

EFFECTS OF NICOTINE ON CALCIUM DYNAMICS IN SYMPATHETIC 
NERVE TERMINALS: ROLE OF CALCIUM-INDUCED CALCIUM RELEASE. 
S.J. Trout , V.M. Jackson, K.L. Brain, N. Pass and T.C. Cunnane. Dept. of 
Pharmacology, Univ. of Oxford, Mansfield Road, Oxford, OXI 3QT. U.K.
(SPON: British Neuroscience Association)

Stimulation of nicotinic acetylcholine receptors on postganglionic sympathetic 
nerve terminals increases the release of neurotransmitter following nerve 
stimulation (Trout &. Cunnane, 1997). Fluorescence laser scanning confocal 
microscopy was used to image sympathetic nerve terminal varicosities, preloaded 
with the calcium indicator Oregon Green 488 BAPTA-1 (Brain & Bennett, 1997).

Electrical field stimulation (pulse width, 0.06 ms; voltage, 60 V) was used to 
elicit calcium transients within the varicosities. These transient changes in 
intracellular calcium concentration (A[Ca2+];) were abolished by 300 nM 
tetrodotoxin (TTX) showing that they occurred subsequent to a sodium-dependent 
action potential. Nicotine (30 pM) had no significant effect on the amplitude of the 
evoked A[Ca2+]j transient, but increased the resting calcium concentration (by 
approximately 17 %) and elicited asynchronous spontaneous A[Ca2+], transients 
(calcium spikes). These nicotine-induced calcium spikes were abolished by 
hexamethonium (100 pM) and also occurred in the presence of TTX, showing that 
they were not induced by local depolarizations causing activation of voltage- 
dependent sodium channels. Pretreatment with ryanodine (100 pM) for 90 minutes 
had no effect on the A[Ca2+]; evoked by electrical field stimulation, but prevented 
the occurrence of asynchronous calcium spikes upon application of nicotine. These 
results shed new light on the mechanism of action of nicotine in presynaptic nerve 
terminals, including its ability to facilitate evoked transmitter release.
Brain, K.L. & Bennett, M.R. (1997), J. Physiol. 502, 521-536.
Trout, S.J. & Cunnane, T.C. (1997), Pharmacologist 30, 357.
This work was supported by The Wellcome Trust, U.K.

595.6

MULTIORGAN AUTONOMIC DYSFUNCTION IN MICE LACKING 
THE 02 AND THE 04 SUBUNITS OF NEURONAL NICOTINIC 
ACETYLCHOLINE RECEPTORS.
W. Xu1, F. Nigro2, S, E. Gelber5, A. Orr-Urtreeer6, R. A. Lewis1’3, D. Armstrong4, C-N.
Ou4, J. W. Patrick*2. L.W, Role5. A. L.Beaudet1, M. De Biasi2.
’Department of Molecular and Human Genetics,2 Division of Neuroscience, Departments 
of’Ophthalmology and4 Pathology, Baylor College of Medicine, Houston, Texas, 
’Department of Anatomy and Cell Biology and Center for Neurobiology and Behavior, 
Columbia University, New York, NY; 6Tel-Aviv Souraskv Medical Center, Tel-Aviv, 
Israel.

We prepared null mutations for the genes encoding the 02 and the 04 subunits of 
neuronal nicotinic acetylcholine receptors (nAChRs) and created 0204 double null 
mice by mating of 02(-/-)04 (+/-) or 02(+/-)04 (+/+) mice. The 02- and the 04- 
deficient mice grow to adult life with no visible phenotypic abnormalities. The 0204 
double mutants survive to birth but have impaired growth and increased perinatal 
mortality. They also present enlarged bladders with dribbling urination and develop 
urinary infection and bladder stones. Pupils are widely dilated and do not contract in 
response to light. No significant brain and peripheral tissues abnormalities were 
revealed by histology studies except for the bladder of the 04 and the 0204 mutants, 
where the mucosa was hypertrophied and inflamed. Bladder strips from 0204 null 
mice do not respond to nicotine but contract when the bladder smooth muscle is 
stimulated with a muscarinic agonist or electric field stimulation. Bladder strips from 
04 mutants do not respond to nicotine but in vivo bladder dysfunction is not observed. 
Acetylcholine-activated whole-cell currents are absent in superior cervical ganglion 
neurons from 0204 mice and significantly reduced in neurons from 04 deficient mice. 
These and previous results (Xu et al., 1999) suggest that a304 -containing nAChRs are 
the predominant nAChR subtype in autonomic ganglia.

595.7

Nicotinic Receptor Subunits and Function of Nicotinic Receptors on 
Primary Afferent Terminals. L ■.Cartwri&hL Sv-.Staoislaus^ R,
Calvo. H, Osaka T.Yaksh* and P. Taylor. UCSD, La Jolla, CA 92093.

Intrathecal (i.t.) nicotinic agonists including epibatidine (EPI) elicit 
defined pressor, heart rate and pain responses in rats. [3H]-EPI reveals 
two types of binding sites in the spinal cord, which differ in affinity and 
number of sites. Higher affinity sites are present in the superficial layer, 
which contains c-fiber afferents. To correlate function with location of 
nicotinic receptors in the spinal cord, we examined nicotinic receptors on 
c-fibers and their role in eliciting pain responses to i.t. nicotinic agonists. 
Neo-natal rats were treated with capsaicin (50 mg/kg, s.c.) to degenerate 
c-fibers. At 12-14 weeks of age, rats were implanted with i.t. catheters 
and responses to nicotinic agonists examined. Cytisine or EPI did not 
show differences in magnitude of pressor, tachycardia or pain responses 
between capsaicin-treated and control rats. However, in EPI treated rat, 
duration of the pain response was significantly shortened in capsaicin- 
treated rats. In control rats, repeated cytisine dosing partially desensitized 
the pain response to subsequent EPI dosing; however, in capsaicin-treated 
rats, i.t. cytisine pretreatment almost completely desensitized the pain 
response to subsequent i.t. EPI. Autoradiography also revealed reduction 
in pH]-EPI binding in the superficial dorsal horn in capsaicin-treated rats. 
Immunostains for a3, a5 and 02, but not a4 nicotinic receptor subunits 
could be detected in the superficial layer. Moreover, there was significant 
loss of staining for a3, a5 and 02 in capsaicin-treated vs. control rats. The 
data reveal that nicotinic receptors on the primary afferent terminals play a 
role in mediating pain response to i.t. nicotinic agonists and they also 
show different desensitization properties to specific nicotinic agonists. 
Supported by HL-35018 and TRDRP.

595.8

NEONATAL AXOTOMY CAUSES DISAPPEARANCE OF NICOTINIC 
ACETYLCHOLINE RECEPTORS IN MOTONEURONS OF BCL2 
TRANSGENIC MICE. M. Ragqenbass1, J. Lindstrom2, M. Dubois-Dauphin3* 
and M. Zaninetti1.1 Department of Physiology, University Medical Center and 
department of Psychiatry, Geneva University Hospital, CH-1211 Geneva 4, 
Switzerland; 2University of Pennsylvania Medical Center, Philadelphia, PA.

Neonatal facial motoneurons express functional neuronal nicotinic 
acetylcholine receptors (nAChRs) which contain the a4 subunit. We studied the 
effect of early (PN 2) unilateral axotomy on the expression of motoneuronal 
nAChRs. We used transgenic mice overexpressing the BCL2 gene product, in 
which facial motoneurons survive axotomy. Control experiments were 
performed in facial motoneurons located controlaterally to the axotomy. 
Whole-cell voltage clamp recordings were obtained from brainstem slices of 
axotomized mice, 5-14 days after the lesion. ACh was locally applied by 
pressure-ejection. Whereas control motoneurons responded to ACh by 
generating a fast rising inward current (average peak value: 139±40 pA; n=9), 
lesioned motoneurons were almost insensitive to ACh (average current peak 
value: 17±6 pA; n=43; P<0.001). In addition, control motoneurons had an 
average input resistance (Rin) of 73±5 MQ (n=9), whereas in lesioned 
motoneurons Rin was 174±11 MQ (n=33; P<0.001), suggesting that the latter 
were smaller in size. In controls, a4 subunit immunoreactivity (IR) was strong, 
whereas a3 subunit immunoreactivity was absent. By contrast, in lesioned 
motoneurons a4 subunit IR became undetectable, whereas a3 subunit IR 
remained absent. These data suggest that muscular deefferentation causes a 
rapid downregulation of functional nAChRs in lesioned motoneurons. Work 
supported by the Swiss National Science Foundation (Grant 31.43436.95 to
M.R. and grant 31.43316.95 to M.D.D.).

Society  for  Neuroscience , Volume  25, 1999



1492 ACETYLCHOLINE RECEPTORS: NICOTINIC V TUESDAY PM

595.9

NITRIC OXIDE SYNTHASE INHIBITION ATTENUATES 
ACETYLCHOLINESTERASE INHIBITOR INDUCED 
MYOPATHY IN VIVO. M. Yeluashvili, G. Jevarasasingam and M. 
Ouik*. The Parkinson’s Institute, Sunnyvale, CA 94089.

Excess activation of muscle nicotinic acetylcholine receptors due 
to genetic mutations, as seen in slow channel congenital myasthenic 
syndrome, or acetylcholinesterase inhibition results in muscle cell 
degeneration. Our recent work showed that nitric oxide synthase 
(NOS) inhibitors prevent nicotine induced muscle cell death in vitro. 
In the present study, we examined the potential protective effects of 
NOS inhibition on nicotinic receptor mediated myopathy in vivo. 
Rats, injected with the acetylcholinesterase inhibitor paraoxon (4 
mg/kg daily for four days), demonstrate a 150-fold increase in the 
number of dying muscle cells as compared to control, as evidenced 
histologically by centralized nuclei and the presence of degenerating 
profiles. Co-administration of L-NAME (50 mg/kg b.i.d.), a 
reversible inhibitor of neuronal, endothelial and inducible NOS, 
dramatically reduced the presence of such degenerating profiles to 
25% of that seen with paraoxon alone. These results show that NOS 
inhibition significantly prevents acetylcholinesterase induced muscle 
cell degeneration suggesting that increased nitric oxide production 
mediates such myopathy. (Supported by the Muscular Dystrophy 
Association and the Tobacco Related Disease Research Program).

595.10
NICOTINIC CHOLINERGIC RESPONSES IN THYMOCYTES AND 
CLONED THYMIC EPITHELIAL CELL LINE TE750. Mirta Mihovilovic1', 
Jennifer Butterworth-Robinette1, Marga Oortqiesen2 and Sidney S. Simonr
department of Medicine, ^Department of Anatomy, ^Department of
Neurobiology, Duke University, Durham, NC 27710

Chronic exposure to nicotine leads to immunosuppression highlighting 
important roles of nicotinic systems within the immune system. 
Transcriptional analyses of the thymus, thymocytes, primary cultures of 
thymic epithelial cells and cloned epithelial cell line TE750 show expression 
of genes encoding a-3, a-5 and p-4 subunits of acetylcholine receptors 
(AcChRs) suggesting that thymic cells express nicotinic neuronal AcChRs.

To investigate the effects of long and short term exposure to cholinergic 
ligands on thymic cells we use thymic epithelial cell line TE750 and total 
thymocyte preparations. Cell line TE750 represents a convenient substitute 
for thymic epithelial cell primary cultures expressing both thymic cortical and 
medullary markers under normal growing conditions and antigens known to 
bind to thymic Hassal bodies and skin stratum granulosum upon 
differentiation. Both nicotine and the acetylcholinesterase (AcChase) 
inhibitor physostigmine decrease adhesion of these cells to their substrates 
and cause cell growth retardation as measured through DNA quantification. 
Considering that physostigmine also acts as a nicotinic cholinergic receptor 
agonist and that the cloned cells appear to lack AcChase activity, the 
observed effects could be mediated by nicotinic cholinergic receptors. 
Likewise, nicotine-mediated decreases in reductive capacity of freshly 
isolated thymocytes could be mediated by nicotinic cholinergic receptors. To 
investigate the functional expression of nicotinic AcChRs we are using 
microfluorimetry of Fluo-3 loaded cells. Preliminary studies indicate that 
subpopulations of thymocytes respond to nicotine modulating free 
intracellular Ca2+ concentration.

595.11

HUMAN a.7 and APPARENT a9 NEURONAL NICOTINIC ACETYLCHOLINE 
RECEPTOR MESSAGE IN HUMAN BRAIN, THYMUS, LYMPHOCYTE AND 
POLYMORPHONUCLEAR (PMN) BLOOD CELLS. C Drebinq1*, J Loqel2, V 
Baldermann1, K Benhammou1, M Robinson1, R Freedman1,2, M Mihovilovic5 and S
Leonard1,2, departments of Psychiatry and Pharmacology. University of Colorado
Health Sciences Center, 2V.A. Medical Center, Denver, CO 80262 and department 
of Medicine, Duke University Medical Center, Durham, NC, 27710.

The nicotinic acetylcholine receptor subunits a7 and a9 are both reported to be 
blocked by a-bungarotoxin (aBTX) (Anand et al., 1993 and Elgoyhen et al., 1994). 
Expression of a7 has been found in mammalian brain and in many peripheral 
tissues, but a9 expression has only been reported in the pituitary and cochlear hair 
cells. We have screened for a7 and a9 mRNA expression in primary peripheral 
lymphocytes and polymorphonuclear (PMN) blood cells, immortalized lymphocytes, 
postmortem human hippocampus, a thymic epithelial cell line (TE 750), a thymic 
fibroblast cell line (TF750) and whole human thymus. We have recently shown that 
o7 exists in two copies in the human genome, the full-length gene containing exons 
1-10 and a duplicated o7 gene with 4 alternative exons (D,C,B,A) and a7 exons 5- 
10 (Gault et al., 1998). Navaneetham et al.,1997, used RT-PCR to amplify o7 exon 
10 from normal and myasthenia gravis thymuses, both of which bind aBTX. We 
found mRNA only for the duplicated transcript in TF750 and human thymus, primary 
PMNs and lymphocytes. TE750, does not contain either a7 transcript. Both forms of 
a7 transcripts can be amplified from cycloheximide treated, immortalized 
lymphocytes and human hippocampus.

RT-PCR, using rat a9 primers, yielded a product from all sources tested: primary 
PMNs and lymphocytes, immortalized lymphocytes, hippocampus, TE750, TF750, 
pituitary and thymus. Sequence of the human a9 PCR product (5’ to mid-membrane 
spanning region I) showed 100% conservation of amino acids between rat and 
human. GenBank EST clones, appearing to contain human a9, have also been 
completely sequenced. The interpretation of aBTX binding in tissues is, thus, 
complicated by the ubiquitous presence of a9 and the two a.7 messages.
Supported by MH42212, DA09457, DA12281, and the Veterans Affairs Medical 
Research Service.

595.12
EFFECT OF SMOKING HISTORY ON NICOTINIC RECEPTOR IN 
HUMAN BLOOD CELLS. K Benhammou, C Drebing, J Logel, M.J Lee, M 
Robinson, B Sullivan, M.A Strook, and S Leonard*. Dept of Psychiatry and 
Neuroscience program, Univ of Colorado Health Sciences Center, and V.A. 
Medical Center, Denver, CO 80262.

Several studies have shown that chronic nicotine exposure in both animals and 
humans results in an increase of brain nicotinic receptor number. However, no 
investigation of regulation has been done in other tissues. We compared [3H]- 
nicotine binding in human granulocytes from non-smokers (n=17) and heavy 
smokers (n=36). Non-smoking individuals, showed a single class of nicotine 
binding sites with a Kd in the nanomolar range (3.47 ± 0.79 nM), and mean Bmax 
of 25.88 ± 2.87 fmol/mg protein. In contrast, smokers exhibited an increase (-60%) 
of nicotine binding sites with nM affinity (38.63 ± 3.78 fmol/mg protein), the 
affinity was comparable to the one in non-smokers (Kd = 5.72 ± 1.00 nM). In 
addition, scatchard plots from smokers show another class of binding sites with a 
very high affinity (pM), representing a mean of 9% of total [3H]-nicotine binding on 
granulocytes (Bmax = 3.41 ± 0.59 fmol/mg protein, Kd = 34.95 ± 7.04 pM). The 
significance of this second class of binding sites is not yet understood. Studies are 
underway to characterize its pharmacological features. To evaluate the effect of 
smoking on nicotine binding sites in blood cells, we compared the level of these 
receptors to the smoking history (Packs per day, Pack years). Correlational analysis 
showed no relationship between receptor number and lifetime smoking (pack 
years). However, a significant positive correlation (r=0.506, p=0.007) was shown 
with the number of packs per day, indicating a dose-dependent increase. 
Amplification of cDNA from total RNA of granulocytes showed expression of a3, 
a4, a9, 02 and 03. No signal was detected for a5. These results will enable us to 
study the regulation of nicotinic receptors, and to understand pharmacologic 
mechanisms of tobacco dependence using a non-invasive approach during smoking 
cessation. Supported by MH42212, DA09457, DA12281 and DVAMRC.

595.13

TRANSCRIPTIONAL REGULATION OF NEURONAL a- 
AND NON-a-LIKE ACETYLCHOLINE RECEPTOR 
SUBUNIT GENES FROM DROSOPHILA. D.D. Ma, J.G. Ma, H. 
Luo, J. Zhang. J. Meng, J, Russak, A, Radulescu, M. Pierzchala, and
T. Schmidt-Glenewinkel. *. Department of Biological Sciences, 
Hunter College and Graduate Center of CUNY, New York, NY 
10021

The als and ard genes encode an a- and non-a-like subunit 
respectively of a neuronal nicotinic acetylcholine receptor from 
Drosophila. We are studying the transcriptional regulation and 
coordinate tissue specific expression of these two genes. The 
transcription start sites for these two genes were defined by primer 
extension and RACE-PCR in both embryo and adult flies. Minimal 
upstream sequences required for expression were established by 5'- and 
3'- deletions of the DNA upstream sequences. Sequences of various 
length were cloned into the P-element vector CZ20XN generating 
promoter fusions with the lacZ reporter gene and used to transform 
Drosophila. Regulatory sequences within these minimal upstream 
sequences were identified by gel-retardation assay and foot-printing. 
The in vivo relevance of the regulatory sequences was demonstrated by 
generating mutations in the sequences identified.
Supported by PSC-CUNY Grant 669178 and NIH RCMI Award RR 
03037

595.14
VIRALLY TRANSFECTED a402 NICOTINIC RECEPTORS ARE
DOWNREGULATED BY CHRONIC NICOTINE. W. Sweileh1*, R. Ghosh2, P. 
Modadugu1, R.W. Finberg2, and R.H. Loring1. ’Dept. Pharm. Sci., Northeastern
U., and 2Dana Farber Cancer Inst., Boston, MA 02115.

Upregulation of a4|32 receptors by chronic nicotine treatment is well established, 
and has been proposed to be an intrinsic property of these receptors (e.g. Peng et al., 
1994, Mol. Pharm. 46:523). M10 cells stably express chick a402, and chronic 
treatment with nicotine (10 pM, 72 h) causes a 2 fold increase in surface receptor 
expression measured by 3H-cytisine binding. L cells, the parent cell line for M10, 
cannot be transfected using human adenovirus. However, L cells stably transfected 
with the coxsackie-adenovirus receptor gene (L-CAR cells), showed downregulation 
of rat a4p2 receptors when treated with nicotine following viral infection with 
viruses encoding a4 and 02 subunits. Rat a402 virally infected into CV1 cells 
behaved similarly. In contrast, chronic nicotine treatment of GH4C1 and SH-EP1 
cells expressing either stably transfected or virally infected rat a.7 receptors caused 
only upregulation. These data suggest that upregulation is not intrinsic to a4J32 
protein and that regulation is receptor subtype specific. Since rat and chick a402 
receptors are upregulated by nicotine in other systems, we hypothesize that 
cotransfected virus proteins alter the regulatory control of a4p2 expression. To test 
this hypothesis, we are making M10-CAR cells that stably express both chick a4£2 
receptors and the CAR gene. We predict that infection of these cells with reporter 
viruses, expressing Lac-Z or green fluorescent protein, should convert the a402 
receptor regulation by chronic nicotine from upregulation to downregulation. Viral 
mutants can then be used to find which viral proteins control this switch. Supported 
byNIHNS22472.
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595.15
IDENTIFICATION OF TRANSCRIPTION FACTORS INTERACTING WITH 
THE RAT NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR «7 
SUBUNIT PROMOTER
S, Danthi, U. Naqavarapu.and R.T. Boyd*. Department of 
Pharmacology and the Neuroscience Program, The Ohio State 
University College of Medicine and Public Health, Columbus, Ohio, 

43210, USA.
A rat neuronal nicotinic acetylcholine receptor (nAChR) «7 

subunit promoter was previously identified within a 178 bp 
fragment which drove expression of a luciferase reporter gene in 
PCI 2 cells. Sequence analysis of this region indicated the presence of 
potential transcription factor binding sites including Sp-1, Egr-1, 
E-box and Ets-1. We showed that mutations in a GC-sequence 
(GGGCGG) and the E-box (CACGTG) altered activity of the promoter. 
We have now used electrophoretic mobility shift and antibody 
supershift analysis to identify proteins interacting with the a7 
promoter. When the 178 bp fragment was used with PC 12 extracts, 
a strong shift was observed to produce two complexes. When a 178 
fragment with a mutation in the E-box sequence was used, one shifted 
species was abolished. Using the 178 bp fragment, supershifting 
with USF-1 antibodies showed that USF-1 binds to the a 7 promoter 
E-box. Supershift experiments with oligonucleotides containing the 
a7 promoter sequence which included the E-box also confirmed the 
binding of USF-1 to this sequence. Antibodies to Sp-1, Egr-1, Ets- 
1, and Sp-3 were also used to characterize binding of transcription 
factors to the a7 promoter. NIH Grant NS29746.

595.16
TURNOVER AND SUBUNIT CHARACTERIZATION OF NICOTINIC 
RECEPTORS. R.B. Free1*, S. Danthi2, S.B. McKay'. R.T. Boyd2, and D.B. 
McKay1. ’College of Pharmacy, 2College of Medicine, The Ohio State University, 
Columbus, OH 43210

Irreversible alkylation of nicotinic receptors on cultured adrenal 
chromaffin cells by bromoacetylcholine results in a rapid loss of secretory function 
which slowly returns to normal levels in ~24 hours. The ability of several agents 
to inhibit recovery of secretory function were investigated. This return of function 
is completely preventable by the addition of the protein synthesis inhibitors 
puromycin, or actinomycin D. Furthermore, treatment with the mild reducing 
agent dithiothreitol, which has been shown to block maturation, assembly, and 
folding of the muscle a subunit, is also able to reduce functional recovery. The 
time course of recovery suggests either a constitutive or stimulated process 
involving new protein synthesis. Previously we have shown that bovine 
chromaffin cells express mAb35-nAChRs which represent a major population of 
nAChRs regulating secretory events. In parallel studies, we have examined 
mAb35 immunoreactive proteins. mAb35 has been shown to recognize the a5 
subunit in chick ciliary ganglia. Using western and northern blot analysis, we are 
investigating a5 subunit protein and mRNA in bovine chromaffin cells. Alkylation 
followed by l-3hr, or 24 hr recovery does not appear to result in changes in a 5 
subunit mRNA. Immunoblotted chromaffin cell extracts resulted in specific bands, 
one of which is 55-60kD. To further investigate the subunit composition of these 
mAb35-nAChRs we have developed COS-1 cells, co-transfected with the bovine 
a5 and a3 cDNA. These cells expressed a mAb35 immunoreactive protein of 55- 
60kD, which was not present in untransfected COS-1 cells. (Supported by grants 
NIH DA 10569, and MH19936)

595.17
THE FIRST TRANSMEMBRANE DOMAIN (Ml) OF THE a SUBUNIT OF 
MUSCLE NICOTINIC ACETYLCHOLINE RECEPTOR (AChR) CONTAINS 
RETENTION AND DEGRADATION SIGNALS. Z.Z. Wang* and Y. Yao. Dept. 
of Neurobiology, Univ. of Pittsburgh Sch. of Med., Pittsburgh, PA 15261.

The muscle nicotinic AChR is a large protein consisting of four homologous 
subunits in the stoichiometry of a2pSe or a235y. Each subunit is synthesized as a 
single polypeptide chain, and undergoes folding and assembly reactions in the 
endoplasmic reticulum (ER). Only assembled receptor pentamers are transported to 
the cell surface, whereas misfolded and unassembled subunits are retained in ER and 
degraded rapidly. To define the signal(s) for subunit retention and degradation, we 
have transfected COS cells with cDNAs encoding the full-length or mutant a subunit 
proteins of AChR, and monitored their expression by surface 125I-a-bungaratoxin 
binding and pulse-chase labeling experiments. When expressed alone, the full-length 
a subunit was retained in the ER and degraded rapidly (t1/2 ~ 2 h). a211, a truncated 
fragment of the entire N-terminal, extracellular domain of the a subunit was secreted 
by the cells and degraded with a t1/2 ~ 8 h. Addition of the Ml domain of a subunit 
to the C-terminus of a211 caused retention and rapid degradation (t]/2 ~ 2 h) in ER. 
In contrast, when a211 was attached directly to the M3, M4 and the C-terminal 
domains of AChR, the mutant protein was detected on the cell surface. Moreover, an 
a subunit protein whose Ml domain was replaced by transmembrane sequence of the 
EGF receptor was also transported to the cell surface. Fusion of the Ml sequence to 
the extracellular domain of the Tac antigen, a protein that is normally transported to 
the cell surface where it survives long-term, resulted in the retention and rapid 
degradation of the chimeric protein in the ER. Additional mutagenesis is underway 
to determine specific residues in the Ml that cause retention and degradation within 
the ER. These results suggest that the Ml domain of AChR may contain specific 
signals for retention and degradation of unassembled receptor proteins. (Supported 
by NIH grant RO1-NS38301 and CMRF grant from the Univ. of Pittsburgh).

595.18

RECOMBINANT NEURAL AGRIN AND ELECTRICAL 
MUSCLE STIMULATION AFFECT ACHR? METABOLIC 
STABILITY.
I.Rabben.* G.Bezakova. T.Lomo Dept. of Physiology, Univ. of Oslo, Norway 

Innervation regulates the metabolic stability of acetylcholine receptors (AChRs)
in the sarcolemma of skeletal muscle fibers. The effects of innervation appears to 
be mediated by nerve-derived trophic factors and electrical muscle activity. Here 
we examine the effects of neural agrin on the stability of AChRs in denervated and 
electrically stimulated or unstimulated adult rat soleus muscles.

The soleus was denervated and injected with 0.2 or 2.0 pg/pl of a plasmid 
expression vector encoding rat neural agrin (Y4Z8). Eight days later many soleus 
muscle fibers displayed multiple agrin-induced aggregates of AChRs, containing 
gamma- rather than epsilon-subunits. At this time the soleus was injected 
intramuscularly with a saturating dose of rhodamine-labeled alpha-bungarotoxin 
(Rh-BuTX) and then left denervated or directly stimulated through implanted 
electrodes (60 pulses at 100 Hz every 60 sec). The soleus was removed at different 
times after Rh-BuTX injection and the remaining rhodamine fluorescence at agrin- 
induced AChR aggregates was measured relative to standard fluorescent beads 
(InSpeck Kit, Molecular Probes).

The metabolic stability of AChRs at the agrin-induced aggregates depended on 
the concentration of agrin-DNA and electrical muscle stimulation. Low 
concentrations (0.2 pg/pl) had no effect in unstimulated muscles (half-life 1 day) 
but an intermediate effect in stimulated muscles (half-life 4.5 days). In contrast, 
high concentrations (2.0 pg/pl) had an intermediate effect in unstimulated muscles 
(half-life 5.4 days) and a further stabilizing effect in stimulated muscles (half-life 
8.4 days). Thus, neural agrin and electrical muscle activity appear to interact in 
regulating the metabolic stability of gamma-subunit containing AChRs.
Supported by EU grant ERB BIO4 CT96 0216

SYNAPTIC PLASTICITY: LONG-TERM POTENTIATION VIII

596.1

THE ROLE OF THE RYANODINE RECEPTOR TYPE 3 IN HIPPOCAMPAL 
SYNAPTIC PLASTICITY AND SPATIAL LEARNING. D. Balschun1*, D. P. 
Wolfer. F. Bertocchini3, V. Barone3, A. Conn1 W. Zuschratter1, L. Missiaen4, H.-P,
Lipp2, U. Frey1 and V. Sorrentino3,5. ’Leibniz Institute Neurobiol., Magdeburg, 
Germany, 2Inst. Anat., Univ. Zurich, Switzerland, 3DIBIT, Inst. San Raffaele, 
Milano, 4Dept. Physiol., Kathol Univ. Leuven, Belgium and 5Dept. Biomed. Sci., 
Univ. Siena, Italy.

The endoplasmic reticulum of neurons contains three different isoforms of 
ryanodine receptor (RyRs) /Ca2+ release channels). RyRs are suggested to play a 
central role in neuronal Ca2+ signalling by amplifying Ca2+ signals initiated either by 
plasma membrane receptors or by other endoplasmic Ca2+ release channels like the 
inositol 1,4,5-trisphosphate (InsP3) receptors. Here we report that mutant mice 
homozygous for a non-functional allele of the RyR3 gene display specific changes in 
hippocampal synaptic plasticity without noticeable alterations in hippocampal 
morphology, basal synaptic transmission and presynaptic function. Robust LTP 
induced by repeated, strong tetanization in the CA1 region and in the dentate gyrus 
was unaltered, whereas weak forms of potentiation generated by either a single weak 
tetanus or by depotentiation of a robust LTP were impaired. These distinct 
physiological deficits were paralleled by a reduced flexibility in re-learning of a new 
target in the water maze. In contrast, learning performance in the acquisition phase 
and during probe trial was not different between mutant and their wildtype 
littermates. In the open-field, RyR3 -/- mice displayed a normal exploration and 
habituation, but had an increased speed of locomotion and a mild tendency of 
circular running. The observed physiological and behavioral effects implicate RyR3- 
mediated Ca2+-release in the intracellular processes underlying spatial learning and 
hippocampal synaptic plasticity.
Supported by Land Saxony-Anhalt, SNF 31-46691.96 and HSF programme.

596.2

FACILITATED LTP AND INHIBITED LTD IN THE HIPPOCAMPUS CA1, AND 
ALTERED SPATIAL LEARNING IN TYPE 3 RYANODINE RECEPTOR DEFICIENT 
MICE. A. Futatsugi1’2 . K. Kato2 . H, Qgura3* . and K. Mikoshiba1 >2-4.
'Dept. Mol. Neurobiol., Inst. Med. Sci., Univ. of Tokyo, Tokyo 108-8639, Japan; 
2Mikoshiba Calciosignal Net Project, ERATO, JST, Tokyo 113-0021, Japan; 
3Tsukuba Research Lab., Eisai Co., Ltd, Tsukuba 300-2635, Japan;
4Develop. Neurobiol. Lab., Brain Science Inst., RIKEN, Wako 351-0106, Japan.

To conclusively evaluate the role of intracellular Ca2+ release from 
ryanodine receptor in synaptic plasticity and learning, we generated mutant 
mice lacking the ryanodine receptor type3 (RyR3), which is enriched in the 
CA1 region of the hippocampus. Electrophysiological studies of the CA1 
region showed that 1) The ‘ mutant mice had a lowered threshold for LTP 
induction (i.e. facilitated LTP). 2) This facilitated LTP was not blocked by 
NMDA receptor antagonist, but was partially dependent on L-type Ca2 + 
channels and metabotropic glutamate receptors. 3) This facilitation of LTP 
was likely to be mediated by post-synaptic mechanisms, which involve the 
increase in neither the membrane excitability nor the Ca2+ influx. 4) LTD 
was not induced in the mutant mice.

These results suggest that 1) Less Ca2+ induces LTP in the mutant mice. 2) In 
the wild type mice, RyR3-mediated intracellular Ca2+ release contributes to 
LTD induction, and in marked contrast to the facilitatory role of extracellular 
Ca2+ influx, suppresses LTP induction. Thus the effect of Ca2+ on synaptic 
strength depends, at least in some part, on its source.

We then examined the mutant mice for spatial learning in Morris water 
maze. During the training, there was no significant difference from wild 
type mice in the time taken to reach the hidden platform. In the probe trial 
test after the training, however, the mutants swam around the site where the 
platform had been more insistently than the wild type mice. This may be 
related to the differences in electrophysiological characteristics of the 
hippocampal CA1 described above. (Supported in part by Shionogi Inst, for 
Med. Sci/A.F.), a Grant for Cooperative Research (A.F. and K.M.) from Senri 
Life Science Foundation, and a Grant (H.O.) from the Japanese Ministry of 
Education, Science, Sports and Culture of Japan).
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596.3

LTP-INDUCED GENE EXPRESSION IN HIPPOCAMPAL SLICES 
IN VITRO AND FREELY MOVING ANIMALS IN VIVO.
T. Ahmed* and J. U. Frey. Deptartment of Neurophysiology, 
Leibniz-lnstitute for Neurobiology, D-39008 Magdeburg, Germany.

Long-term potentiation is the most prominent model used to investigate 
processes underlying learning and memory formation at the cellular level. 
The prolonged maintenance of LTP beyond 4 hours (late-LTP) depends on 
the activation of a short-lasting 'synaptic tag', the formation of cAMP and 
the activation of protein kinase A as well as the availability of 
plasticity-relevant proteins during the early expression of LTP (eariy-LTP, < 
4 hrs).

For a more detailed investigation of proteins and genes specifically 
involved in LTP we have modified methodologies which permit the use of 
hippocampal slices for molecular biological studies. We show that 
hippocampal slices in vitro can be used as a valuable tool in these studies. 
We have cloned among other genes an isoform of a cAMP-specific 
phosphodiesterase rPDE4B from single hippocampal slices in area CA1 
eight hours after induction of LTP. We present data showing a specific 
biphasic regulation of rPDE4B after induction of LTP in the CA1-region in 
vitro. In contrast, a comparative study of LTP-induction in the dentate 
gyrus in freely moving rats, demonstrated that LTP was not accompanied 
by such changes in rPDE4B expression.

This work was supported by DFG, SFB426 'Limbic structures and 
Functions'.

596.4
GAP-43, HSC 70 and AGRIN mRNA AND PROTEIN EXPRESSION IN 
SCHAFFER-CA1 LONG-TERM POTENTIATION IN RAT HIPPOCAMPAL 
SLICES. J.S, Villarreal. J.M. Pizarro. R.V. Hernandez. J.E. Orfila. J.L. Martinez, Jr,
L. Haro, and E.J. Barea-Rodriguez*. Cajal Neuroscience Research Center, Div. of 
Life Sciences, Univ. of Texas at San Antonio, TX 78249.

Behavioral studies combined with molecular techniques have helped us to identify 
some of the selected genes expressed during learning and memory. The gene 
products may include proteins involved in cellular metabolism, growth-associated 
proteins, and proteins that guide neuronal changes believed to underlie long-term 
memory. At the structural level, these changes may include dendritic growth and 
synaptogenesis while at the molecular and cellular level there may be increased 
protein synthesis, protein kinase activation, and protein phosphorylation. These 
potential learning mechanisms are also associated with nervous system development 
and plasticity. Long-term potentiation (LTP) is one model of synaptic plasticity 
thought to underlie learning and memory processes. The neuronal growth- 
associated protein family nGAPs (e.g., GAP-43 and SCG10), heat shock proteins 
(e.g., HSC 70), and extracellular matrix proteins (e.g., agrin) are all possible 
candidates for proteins that may mediate structural cellular plasticity that may occur 
during LTP. We previously showed increased gene expression of GAP-43, agrin 
and HSC 70 during spatial learning. In our present study, we investigated GAP-43, 
agrin and HSC 70 mRNA and protein expression in rat hippocampal slices in 30-45 
day old male Sprague Dawley rats. Using quantitative RT-PCR and quantitative 
western blot, we report an increase in mRNA HSC 70 and agrin in Schaffer-CAl 
LTP slices when compared to control naive and control low frequency stimulation 
slices. These results suggest that HSC 70 and agrin mRNA expression, which is 
increased during learning, may also be involved in Schaffer-CAl LTP. Supported 
by NIH Grants GM 08194 and RR 13646 (EJBR).

596.5

A NOVEL FORM OF LONG TERM POTENTIATION 
OBSERVED IN THE MOSSY FIBER-CA3 PATHWAY IN 
VIVO. M. Mata, E.J. Barea-Rodriguez and J, L, Martinez, Jr.* 
Cajal Neuroscience Research Center, Div. of Life Sciences, 
University of Texas at San Antonio, San Antonio, TX 78249. 
Long-term potentiation (LTP) in the mossy fiber-CA3 pathway is known to be 
independent of NMDA receptor function and dependent upon p-opioid receptor 
activation. Here we report a novel form of LTP observed following low frequency 
stimulation of the mossy fibers in vivo in the presence of both CPP, a NMDA 
receptor antagonist and naloxone, an opioid receptor antagonist. Male Sprague- 
Dawley rats were anesthetized with nembutal (65 mg/kg). CPP (10 mg/kg) was 
injected interperitoneally (IP) >90 minutes before delivery of conditioning trains 
(CT). Naloxone (10 mg/kg -IP) was injected >30 minutes prior to CT. The 
stimulation paradigm consisted of 2x, 100Hz, 20s ITI. Initial baselines were 20 
minutes in duration. Animals given 100 Hz stimulation showed 40% augmentation 
of the EPSP slope measured 60 minutes following tetanization. By contrast, animals 
administered naloxone only showed 13 % LTP, animals administered CPP showed 
27% LTP, and animals administered both CPP and naloxone only showed 6% LTP. 
This pattern of results indicates that stimulation of the mossy fibers may activate 
some commissural/associational fibers that display NMDA receptor dependent LTP, 
but that the majority of fibers display opioid receptor dependent LTP. Animals given 
900 pulses stimulation at 1 Hz show induction of LTP (34%) that is independent of 
both NMDA and opioid receptors. We speculate that this form of LTP is dependent 
on the activation of metabatropic glutamate receptors. Supported by.NIH-DA05714, 
and Ewing Halsell Endowment (JLM), NIH Grants GM 08194 and RR 13646 
(EJBR) and MARC GMO7717 (MM).

596.6
ELECTROPHYSIOLOGICAL PROPERTIES OF HIPPOCAMPAL 
NEURONS AND SYNAPTIC PLASTICITY IN DIFFERENT STRAINS OF 
INBRED MICE. Kenneth J. Craddock, Steven N. Duffy, C.G. Beni shin*, and 
Peter V. Nguyen. Department of Physiology, University of Alberta School of 
Medicine, Medical Sciences Bldg., Edmonton, T6G 2H7, Canada.

Long-term potentiation (LTP), an activity-dependent enhancement of synaptic 
transmission, is a leading cellular model for certain types of memory in the 
mammalian brain. Numerous studies have used genetic technology to produce 
“knockout” and “transgenic” mice to explore the molecular bases of LTP, without 
careful consideration of the effects that genetic background may have on synaptic 
plasticity in these mice. We have examined activity-dependent synaptic plasticity 
and cellular biophysical properties in area CA1 of hippocampal slices of a selected 
number of different inbred strains of mice. We found that, compared to C57BL/6J 
mice, paired-pulse facilitation was impaired in DBA/2J mice, but was normal in 
CBA/J and R129/SvEms/J mice. The mean ratio of field EPSP slope to presynaptic 
fiber volley size was markedly smaller in R129 mice than in C57BL/6J mice. 
Maintenance of theta-burst LTP in CA1 was defective in these R129, DBA, and 
CBA mice, as compared to C57BL/6J mice. One-train LTP was normal in all strains 
tested, except for R129 mice, which showed significantly lower potentiation 60 min. 
after tetanization. LTP induced by multiple trains of 100-Hz stimulation was poorly 
maintained in the R129 and CBA mice. Using whole-cell current- and voltage- 
clamp recording techniques, we also compared spike frequency adaptation and 
glutamatergic synaptic currents in CA1 pyramidal neurons of all four strains. Spike 
adaptation following current injection into CA1 pyramidal cells varied across 
different strains, while synaptically-evoked glutamatergic currents showed no 
consistent differences between strains. Our findings suggest that genetic background 
may influence the electrophysiological phenotypes observed in genetically-modified 
mice that are generated from these strains of inbred mice. [Funded by the MRC 
(Canada) and the Alberta Heritage Fdn Med Res. ]

596.7

AGE-DEPENDENT DIFFERENCES IN SYNAPTIC PLASTICITY IN THE 
MOUSE HIPPOCAMPUS. Peter V. Nguyen1'2, Steven N. Duffy1*, and Ted 
Abel3. Department of ’Physiology and 2Division of Neuroscience, University of 
Alberta School of Medicine, Edmonton, Canada, T6G 2H7; Department of Biology3, 
University of Pennsylvania, Philadelphia, PA, 19104.

Ageing is often associated with a decline in cognitive abilities, and memory 
retention can be impaired in aged individuals. Long-term potentiation (LTP) is an 
activity-induced enhancement of synaptic transmission that has been used as a 
cellular model of memory in the mammalian brain. There is published evidence that 
maintenance of LTP and spatial memory are impaired in the hippocampi of aged 
rats. As an initial step towards studying the effects of genetic manipulation of signal 
transduction pathways on LTP and synaptic physiology in the ageing hippocampus, 
we have examined LTP and other forms of synaptic plasticity in area CA1 of 
hippocampal slices from aged (12-20 mos.) and young adult (2-3 mos.) C57BL/6J 
mice. Synaptic potentiation induced by one 100-Hz train was similar in both age 
groups. Paired-pulse facilitation was not significantly altered in aged vs. young adult 
slices. In aged slices, we observed more rapid decay of LTP induced after multiple 
100-Hz trains, as compared to young adult slices. Maximal field EPSP sizes evoked 
in aged slices were consistently smaller than in young adult slices. We have also 
compared the reversal of established LTP (depotentiation) by 5-Hz stimulation, and 
the effects of activators of the cAMP-PKA pathway (forskolin, IBMX, 
isoproterenol), in slices from these two age groups. Our findings indicate that 
specific aspects of synaptic plasticity are altered in the ageing mouse hippocampus. 
Ongoing studies are examining the consequences of genetic manipulation of key 
signal transduction pathways on synaptic efficacy in die ageing mouse 
hippocampus. [Funded by the MRC (Canada), the Alberta Heritage Foundation for 
Med. Res., the John Merck Fund, and the Whitehall Foundation].

596.8
ENHANCEMENT OF PKA-DEPENDENT LTP AFTER LONG-TERM 
EXPOSURE TO AN “ENRICHED” ENVIRONMENT. Steven N. Duffy and 
Peter V. Nguyen* Department of Physiology & Division of Neuroscience, 
University of Alberta School of Medicine, Edmonton, Canada T6G 2H7.

Spatially-enriched environments have been shown to alter neurogenesis, cellular 
morphology, and synaptic physiology in the adult mammalian hippocampus. 
However, the effects of long-term exposure to such environments on cellular 
electrophysiological properties, synaptic plasticity, and signal transduction have not 
been conjointly explored in detail. In this study, we have tested the hypothesis that 
synaptic plasticity in area CA1 of hippocampal slices from young mice (age 4 wks) 
may be altered after 8-10 wks of exposure to a spatially-enriched environment. We 
found that there were no significant differences in spike frequency adaptation in 
CA1 pyramidal neurons from enriched and control mice, as measured under whole-
cell current clamp. Whole-cell voltage clamp recordings revealed that NMDA 
receptor-activated currents were not significantly altered in amplitude in enriched 
mice, as compared to non-enriched controls. By contrast, a single 100-Hz train 
induced persistent LTP in slices from enriched mice that was attenuated by a 
specific inhibitor of PKA (Rp-cAMPS). Slices from non-enriched mice showed a 
short-lasting one-train potentiation that was unaffected by Rp-cAMPS. hi enriched 
slices, this PKA-dependent form of one-train LTP occluded the synaptic facilitation 
normally seen after treatment with Sp-cAMPS, a PKA activator. Also, we found that 
the threshold for chemical activation of the cAMP-PKA pathway was lowered in 
slices from enriched mice. In addition, reversal of established LTP by 5 Hz 
stimulation (“depotentiation”) was more robust in enriched slices. Our results 
suggest that environmental enrichment can modulate not only LTP, but also 
depotentiation and the cAMP-PKA pathway. Future studies will examine the 
involvement of other signal transduction pathways and define the critical periods of 
exposure to enriched environments. [Funded by salary and grant awards from the 
Medical Research Council of Canada and the Alberta Heritage Fdn. Med. Res.]
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596.9
LAMININ DEGRADATION BY PLASMIN REGULATES LONG-TERM
POTENTIATION. Y. Nakagami*,__N. Nishiyama__and__hL__Matsuki.
Laboratory of Chemical Pharmacology, Graduate School of Pharmaceutical 
Sciences, The University of Tokyo, Tokyo 113-0033, Japan.

Plasmin is converted from its zymogen plasminogen by tissue-type or 
urokinase-type plasminogen activator (PA), and degrades many components 
of extracellular matrix (ECM). This PA-plasmin system is induced under 
various situation such as seizure, kindling and excitotoxic cell death. In this 
study, we investigated how treatment with plasmin affected degradation of 
ECM and synaptic plasticity in the organotypic hippocampal cultures. Long-
term potentiation (LTP) was observed after high frequency stimulation in 
control slices, however the potentiation was induced but not maintained in 
slices treated with 100 nM plasmin for 6 hr. The baseline synaptic responses 
did not change in the plasmin-treated slices. The LTP-decaying effect 
disappeared in slices washed after treatment with plasmin and cultured in 
normal medium for another 24-48 hr. The expression of three major 
components of ECM was investigated using immunofluorescence imaging to 
clarify substrates of plasmin: laminin, fibronectin and type IV collagen. All 
components of ECM were widely distributed in the hippocampus. Among 
them, only laminin showed high expression, and the expression of laminin 
was necessary to maintain LTP. Finally, pre-incubation with anti-laminin 
antibodies not only reduced degradation of laminin induced by plasmin but 
also restored the LTP-decaying effect, indicating that other substrates are 
unlikely to contribute to the LTP-decaying effect. These results suggest that 
degradation of laminin by PA-plasmin system may regulate synaptic 
plasticity and that the level of LTP may be modulated by cell-ECM 
interaction (supported by Grant-in-Aid from the Ministry of Education, 
Culture and Science of Japan).

596.10

AN INTEGRIN BINDING PEPTIDE GRGDSP REDUCES LTP IN 
AREA CA1 OF THE RAT HIPPOCAMPUS.
R. LeBaron*, R.V. Hernandez. J.E. Orfila. andJ.L. Martinez. Jr. Division of 
Life Sciences, The Cajal Neuroscience Research Center and Laboratory of 
Extracellular Matrix Biology, The University of Texas at San Antonio, San 
Antonio, TX 78249

Integrins are a family of 0$ heterodimeric transmembrane receptors that are 
fundamentally important for mediating cell-cell and cell-extracellular matrix 
adhesion. Recent findings suggest that an integrin binding peptide composed 
of glycine-arginine-glycine-aspartatenserine-proline (GRGDSP) decreases 
long-term potentiation (LTP; Staubli et. al., J. Neurosci. 18:3460-9, 1998). 
We have confirmed these results in the rat hippocampal slice, demonstrating 
that the peptide GRGDSP reduces LTP of the field excitatory post synaptic 
potential in CA1 when compared to controls. Increasing concentrations of 
GRGDSP (5.0-250 pM) had no affect on baseline responses and revealed a 
concentration-dependent decrease in CA1 LTP. Reduction in LTP was 
observed when the peptide was bath applied 10 mins before tetanization, but 
not at 30 mins post tetanization. In addition to a significant reduction in LTP 
(p<.05, n = 7), 250 pM of GRGDSP also produced a decrease in post tetanic 
potentiation (PTP). An inactive control peptide composed of 
glycine-arginine-alanine-aspartate-serine-proline did not significantly reduce 
CA1 LTP or PTP. These results lead us to conclude that RGD-binding 
integrin(s) are important for successful stimulus-induced LTP in CA1. 
Identification of the integrin(s) involved and whether they play structural 
and/or signaling roles is an important next step toward our understanding 
synaptic plasticity. Supported by NIH GM08194 (RGL), NIH DA04195 
(JLM) and the Ewing Halsell Endowment (JLM).

596.11

CHANGES IN PAIRED-PULSE FACILITATION OF THE 
TEMPOROAMMONIC TO CA1 FIELD RESPONSE FOLLOWING 
HIGH FREQUENCY STIMULATION.
R. V. Hernandez*', J.E. Orfila, andJ.L. Martinez, Jr. University of California, 
Berkeley, CA 9472(/and The University of Texas at San Antonio, TX 78249

In the rat hippocampal slice, temporoammonic to CA1 (TA-CA1) paired- 
pulses (PP) of the field excitatory post synaptic potential (fEPSP) were 
collected prior to, and 60 mins following, high frequency stimulation (HFS: 
100 Hz, lsec, 3 times, or 400 Hz, 50 msecs, 5 times) during standard long-
term potentiation (LTP) experiments collected with single test pulses (0.1 
Hz). Experimental conditions included aCSF controls, bicuculline (20 pM), 
naloxone (10, 32, and 100 pM either alone or in bicuculline), APV (100 pM 
+ bicuculline), and the GABA-B receptor agonist baclofen (10 pM; see 
Hernandez, R.V. et.al., Soc. Neurosci. Abs., 24, 2025, 1998). In all cases, 
significant PP facilitation (PPF) was found in the TA-CA1 fEPSP as 
compared to PP responses of the perforant path to dentate granule cell fEPSP 
(p < .05, n = 6). Following HFS, PPF did not significantly change from 
baseline PPF ratios in any experimental condition (p > .05). We also found 
that the absolute magnitude in slope change for the second fEPSP did not 
significantly differ from the first fEPSP (p > .05), which were also highly 
corellated in the amount of change (r2 = .82, p < .01), and both PP responses 
reflected the same magnitude of change as induced during the LTP 
experiment. These data are consistent with preliminary in vivo PP data of the 
TA-CA1 fEPSP we previously reported (Hernandez, R.V. & Martinez, J.L. 
Jr., Soc. Neurosci. Abs., 23, 659, 1997) Supported by NIH DA05714 
(RVH),NSF-IBN 9511309 (JLM) and the Ewing Halsell Endowment.

596.12
HIPPOCAMPAL SYNAPTIC PLASTICITY IN THE DIABETIC RATS, AND THE 
PHOSPHOKINASE C/CLACINEURIN BALANCE. A.Kamal1, G-J.Biessels1, 
G.Ramakers 1, B.M.Spruijf and W.H.Gispen1 Medical Pharmacology, Rudolf 
Magnus Institute for Neurosciences, Utrecht University/3508 TA Utrecht/The 
Netherlands.

Long standing hyperglycemia is known to affect the cognitive abilities in animals. 
We showed previously that severe DM deteriorated hippocampal synaptic plasticity 
and spatial learning in rats. In CA1 field of the hippocampus of 12 weeks duration 
diabetic rats there was a defect in LTP induction and enhanced LTD expression. In 
this study we tested the effects of a kinase stimulator and a phosphatase inhibitor on 
the hippocampal synaptic plasticity of these animals. Bathing of slices taken from 
diabetic and aged-matched control animals with 5 pM 4-beta-phorbol-12,13- 
dibutyrate (PDB) for 10 min leads to long lasting increase in the amplitude of the pop 
spikes recorded in the cell layer of CA1 field from baseline values of 0.6 ± 0.1 mV in 
the control and 0.86 ± 0.1 in the DM animals to 3.8 ± 0.7 and 2.6 ± 0.6 in both 
groups respectively 60 min after PDB application. No significant difference was 
measured between both groups. Bathing of the slices with lower doses of PDB (2 
pM, and lpM) however, elicited significantly more potentiation of the responses in 
the control slices than in the diabetic slices. Bathing the slices with the phosphatase 
inhibitor cyclosporin A (lpM) during HFS did not restore LTP induction defects in 
the diabetic slices. Cyclosporin A however, inhibited the inhanced LTD expression 
seen in diabetic hippocampal slices. Slices taken from DM rats showed significantly 
depressed fEPSP slopes (84.8 ± 4.2% of the baseline recorded 60 min after the train 
of LFS), while DM hippocampal slices treated with cyclosporin A 10 min before and 
during LFS showed no significant LTD induction. The results indicated that the 
defect in synaptic plasticity in diabetic rats may be related to reduced kinase activity, 
since LTP induction could be restored in DM rats by PKC, and the enhanced LTD 
expression in these animals was sesitive to phosphatase inhibitor.

596.13

CEP1347, THE JNK INHIBITOR, BLOCKS THE INHIBITORY EFFECT 
OF IL-1P ON LTP IN THE RAT DENTATE GYRUS IN VITRO 
Brendan Curran, Luke O'NeilP and John J. O'Connor*. Department o/ 
Human Anatomy & Physiology, National University of Ireland, Dublin, 
Earlsfort Terrace, & 1 Biochemistry, Trinity College, Dublin 2, Ireland.

Previous studies in our laboratory have shown that the inhibitory effect 
of interleukin-1 p (IL-13) on LTP in the hippocampus may be mediated by 
activation of the p38 MAP kinase pathway. It is now clear that glutamate 
and NMDA application cause activation of the JNK pathway (Vanhoutte 
et al., 1999, Mol. Cell Biol., 19, 136-146). This pathway has also been 
implicated in mediating neuronal and T-cell apoptosis (Xia et al., 1995, 
Science, 270,1326-1331). In the present study we examined the effect of the 
JNK inhibitor, CEP1347, on NMDAR dependent LTP in the rat dentate 
gyrus in vitro. Experiments were performed in slices of dentate gyrus 
(350gM) of young Wistar rats (70-150g). Recordings of field excitatory post-
synaptic potentials (EPSPs) were made from the medial perforant path 
using standard methods. CEP1347 (lOOnM) applied for lh prior to 
application of tetanic stimulation had no effect on LTP (141±6% at 60 min 
post tetanus compared with vehicle controls (DMSO) of 146+4%; n=4; 
P<0.05). CEP1435 did not affect the maintenance phase of established LTP 
or baseline synaptic transmission (n=4). Pre-treatment of slices with 
CEP1347 attenuated the inhibitory effect of 11-13 (lng/ml) an LTP 
(146±10%; n=4, compared to 108±2% in slices treated with 11-13 alone, n=6; 
P<0.05). These studies indicate for the first time a role for JNK in the 
inhibition of LTP. The importance of this MAP kinase in synaptic 
plasticity needs to be elucidated further.

We acknowledge financial support from Forbairt Ireland, and University 
College Dublin. We also thank Cephalon Inc. for CEP1347.

596.14

FREEZING TIME OF PASSIVE AVOIDANCE TASK CORRELATES 
WITH THE DEGREE OF HIPPOCAMPAL LONG-TERM 
POTENTIATION IN THE DENTATE GYRUS REGION. K Mori. H.
Togaghi, M, Matsumoto and M, Yoshioka*. Department of
Pharmacology, Hokkaido University School of Medicine, Sapporo 060- 
8638, Japan.

In the present study, we investigated whether hippocampal long-
term potentiation (LTP) is involved in contextual fear conditioning 
using young adult and aged Fischer 344 rats. Passive avoidance 
tasks are believed to be a form of contextual fear conditioning which is 
dependent on the hippocampus. Contextual fear conditioning was 
evaluated by measuring both the latency to enter a dark compartment 
and freezing time after opening the guillotine door of the passive 
avoidance chamber. One week after the acquisition trails, LTPs were 
recorded in the Schaffer collateral-CAl and the perforant path-dentate 
gyrus synapses under halothane anesthesia. The latency to enter the 
dark compartment in aged rats was not different from that in young 
adult rats. The duration of freezing in aged rats was significantly 
shorter than that in young adult rats. LTP formation in aged rats 
was significantly impaired in both synapses. For each synapse, 
correlations between LTP formation and freezing time on the first day 
of the retention trials were evaluated. There was a significant 
correlation between the duration of freezing and the LTP formation in 
the perforant path-dentate gyrus synapses, but not in the Schaffer- 
CA1 synapses. The results suggested that the potentiation of the 
population spike amplitude, particularly in the perforant path-dentate 
gyrus synapses, reflects the ability of contextual fear conditioning.
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596.15

EFFECTS OF T-588, A NEWLY DEVELOPED COGNITIVE 
ENHANCEMENT COMPOUND, ON LONG-TERM POTENTIATION 
IN THE DENTATE GYRUS OF FREELY MOVING RATS. 
H, Yamagucbi1’2, R, Tamura1*, S, Eifuku,1. T,.,.Hwang! .and_T. Ouq '.
’Department of Physiology, Faculty of Medicine, Toyama Medical and 
Pharmaceutical University, Toyama 930-0194 and 2Research Laboratories, 
Toyama Chemical Co. Ltd., Toyama 930-8508, Japan

(-)-R-l- (benzo [b] thiophen-5-yl) -2- [2-(N,N-diethylamino) ethoxy] 
ethanol hydrochloride (T-588) is a newly developed compound for treatment 
of neurodegenerative diseases such as dementia. It has been reported that T- 
588 alleviates learning and memory deficits in some animal models of 
dementia. In the present study we investigated the effect of T-588 on the 
induction and decay of long-term potentiation (LTP), a postulated cellular 
basis for learning and memory, in freely moving rats. Perforant path-evoked 
field potentials were recorded in the hippocampal dentate gyrus with 
chronically implanted electrodes. LTP was induced by high frequency 
stimulation 30 min after oral administration of T-588 (0.3 or 3 mg/kg). T-588 
significantly augmented the increase in population spike (PS) amplitude and 
field excitatory postsynaptic potential slope after LTP induction. T-588 also 
increased the decay time constant as calculated by fitting an exponential 
curve to PS amplitude. These results suggest that T-588 potentiates the 
induction and maintenance of LTP in the dentate gyrus of freely moving rats; 
these effects may contribute to the alleviation of learning and memory 
dysfunction seen in animal models.

596.16
MICE LACKING THE CB-1 RECEPTOR SHOW ENHANCED 
SYNAPTIC PLASTICITY. G.A, Bohme1, M, Laville1, C, Ledent2, M, 
Parmentier2. F. Petitet1* and A, Imperato1. 1 Rhone-Poulenc Rorer S.A. CNS 
Therapeutic Area, F-94403, Vitry-sur-Seine, France, and 2IRIBHN, Univ. 
Libre Bruxelles, B-1070, Bruxelles, Belgium.

Marijuana is known to affect learning and memory in humans, and 
cannabinoids block long-term potentiation (LTP) in the hippocampus, a 
model for the synaptic changes that are believed to underlie memory at the 
cellular level. We have now examined the physiological properties of the 
Schaffer collaterals-CAl synapses in mutant mice in which the CB-1 receptor 
gene has been invalidated. Field excitatory post-synaptic potentials in slices 
from 9-10 month old knockouts (-/-) and wild-type controls (+/+) showed 
similar basal excitability in response to graded electrical stimuli. Their was no 
difference in their amplitude at half-maximal (569 ± 41 and 636 ± 45 gV for 
+/+ and -/-, n = 13 and 14 slices, respectively, 3 males and 5 females from 
each genotype) or maximal stimulation strength (1062 ± 83 and 1151 ± 94 
gV). There was also no difference between both genotypes in the extend of 
paired-pulse facilitation, a form of activity-dependent plasticity that is pre-
synaptic in origin, (e.g. 152 ±5 and 147 ± 5 % at 80 msec interpulse interval) 
In contrast, significantly stronger synaptic enhancement emanated from high- 
frequency stimulation applied to -/- slices when field e.p.s.p amplitudes were 
compared 1, 5, 10, 15, 20, 30, 45 min and 1 hr following tetanic stimulation 
(F = 25.9, P<0.0001). These results rise the interesting speculation that 
interruption of cannabinoid receptor function with selective CB-1 antagonists 
may enhance learning and memory.

596.17

ENHANCED MOSSY FIBER LONG-TERM POTENTIATION 
DURING OPIOID WITHDRAWAL. J.M. Harrison1. J.T. 
Williams1 and O.J, Manzoni1’2*. ’Vollum Institute OHSU 97201 
Portland, OR, USA.2CNRS UPR 9023, 141 Rue de la Cardonille 
34094 Montpellier, France, (manzoni@ccipe.montp.inserm.fr)
The effects of withdrawal from chronic morphine have been studied at the 
Mossy fibers-CA3 cells synapses using electrophysiological techniques in 
guinea pig hippocampal slices. Long-term potentiation (LTP) induced by a 
tetanus (3Xlsec@100Hz) or by perfusion with the adenylate cyclase activator 
forskolin (lOgM, Weisskopf et al. Science, 1994, 265:1878), was enhanced in 
morphine withdrawn slices (40 min after tetanus, potentiation was 156±9% 
n=12, and 217±16% of control in naive and withdrawn slices respectively). 
LTP of the Schaffer collaterals-CAl cell synapses was not affected by 
withdrawal. Presynaptic inhibition induced by the selective k agonist U69593 
(400nM), the selective g agonist DAMGO (lgM) or the group 2 mGluR 
agonist L-CCG1 (lgM) were not modified by morphine withdrawal. In naive 
guinea pigs, both the broad spectrum opiate antagonist naloxone (lgM) and the 
selective k antagonist nor-BNI (lOnM) enhanced tetanus-induced LTP, 
suggesting that endogenous opioids exert a powerful negative feedback on 
glutamate release via presynaptic inhibitory k receptors. In striking contrast, 
both opioid antagonists were unable to enhance LTP in withdrawn slices, 
rhese results indicate that during morphine withdrawal there is a diminution of 
Dynorphin release (Romualdi et al. Brain Res. 563:132; Rattan & Tejwani 
Brain Res. 1997, 754:239) causing a reduction of homosynaptic depression and 
an enhancement of LTP.
Sponsors: NIDA/INSERM

596.18

BIDIRECTIONAL PLASTICITY AT THE PERFORANT PATH-DENTATE 
GYRUS SYNAPSE IS OPIOID RECEPTOR DEPENDENT R. Pier st-Davies, M. 
Evans, K. Serventi, and J, A, Reyes* Dept. of Biology, San Francisco State University, 
San Francisco, CA 94132

Bidirectional modification (LTD and LTP) of synaptic strength is observed in a 
number of neocortical and archicortical synapses, suggesting that LTP and LTD display 
different induction thresholds dependent on the level of postsynaptic activity, and 
perhaps the degree of postsynaptic depolarization. It has been previously demonstrated 
that the lateral perforant path-dentate gyrus synapse also displays bidirectional 
plasticity. Moreover, previous reports have determined that lateral perforant path- 
dentate gyrus LTP is dependent on activation of opioid receptors. This study 
determines the dependence of bidirectional plasticity in the lateral perforant path- 
dentate gyrus synapse on opioid receptor activation. In anesthetized adult rats, we used 
a stimulation paradigm (five, 100-msec bursts of400 Hz stimulation trains) that reliably 
elicits lateral perforant path LTP, and varied the intensity of perforant path stimulation. 
Current intensities eliciting lateral perforant path field EPSPs 25%, 33%, and 40% of 
the maximum response amplitude produced a homosynaptic LTD, while current 
intensities eliciting responses 50% and 75% of maximum amplitude elicited LTP of the 
lateral perforant path field EPSP slope. 15 mins, prior to tetanizing stimulation, 1 OmM 
solutions of drugs were delivered locally (middle of the molecular layer of the dentate 
gyrus) via pressure injection (1 gl total volume, delivered over a 5 min. period) through 
the cannula/recording electrode. Drug groups included: naloxone, a general opioid 
receptor antagonist; CTOP, a g-opioid receptor selective antagonist; NTI, a 6-opioid 
receptor selective antagonist; or CPP, an NMDA receptor selective antagonist. The 
control group consisted of animals administered a similar volume of Ringer’s solution. 
Our data suggest that opioid receptor antagonist inhibit the induction of bidirectional 
plasticity at lateral perforant path-dentate gyrus synapse. NMDA receptor antagonist 
had little effect on bidirectional plasticity. Supported by RIMI RR11805-02(JAR)

596.19

EXPRESSION OF SYNAPTIC POTENTIATION IN ADULT MALE RATS EXPOSED 
PRENATALLY TO MORPHINE. I. Vathy1-2 and L.Velisek23* Depts. 1Psychiat„ 
2Neurosci., 3Neurol., Albert Einstein College of Medicine, Bronx, NY 10461.

Morphine (M) can affect N-methyl-D-aspartate (NMDA) neurotransmission. A 
single low dose of M inhibits NMDA-induced stereotypic biting and seizures, and a 
single high dose of M potentiates NMDA-induced seizures. We have previously shown 
that exposure to M (5-10 mg/kg) on gestation days 11-18 increases low Mg2+-induced, 
NMDA-dependent seizure susceptibility in the entorhinal cortex (EC) slices of adult 
female rat progeny. The present study was designed to test the hypothesis that the 
same prenatal M exposure alters NMDA-dependent seizure susceptibility in the EC, 
and synaptic plasticity in the perforant path (PP)-dentate gyrus (DG) and Schaffer 
collateral-CAl synapses of adult male progeny. The hippocampi, including a part of 
the EC, were dissected from the brains of prenatally M- and saline-exposed, adult 
male rats. After a stable DC current baseline was recorded in the EC, the perfusion 
was switched to a Mg2+-free medium. Mg2+-free medium regularly elicits seizure-like 
events (SLE) and continuous epileptiform discharges. Synaptic plasticity in the PP-DG 
and in the Schaffer collateral-CA1 pyramidal cell synapses was assessed by recording 
extracellular EPSP slopes in the DG and in the CA1. Prenatal M exposure increased 
susceptibility to SLE and continuous epileptiform discharges. In slices from M-exposed 
males, a weak, high frequency stimulation (2 x 50 Hz/1sec) was ineffective in inducing 
long-term potentiation (LTP). Rather, in the DG, this high frequency stimulation evoked 
a depression of synaptic transmission. In slices from saline-exposed males, the same 
high frequency stimulation induced LTP in CA1 but had no effect in the DG. Thus, the 
present data suggests that in M-exposed male rats, there is an increased susceptibility 
to generate epileptiform discharges in the input structure of the hippocampus, the EC. 
However, the propagation and a long-term outcome of these discharges may be 
effectively gated at the level of the DG and/or CA1. Supported by DA 05833 to IV.

596.20
CHRONIC INTERMITTENT ETHANOL EXPOSURE ALTERS LONG-TERM 
POTENTIATION (LTP) IN RAT HIPPOCAMPAL CA1 REGION. M. Roberto.12 
T.E, Nelson,2 P.P. Sanna*.2 and D.L, Gruol.2 1Dept. Biochemistry and 
Physiology "G. Moruzzi", University of Pisa, 56127 Pisa, Italy and ^Dept. 
Neuropharmacology and Alcohol Research Center, The Scripps Research 
Institute, La Jolla, CA 92037.

Chronic ethanol exposure is known to induce a progressive deficit in 
learnina and memory. In this study, we investigated the effects of chronic 
ethanol on LTP in CA1 hippocampal region as a model of synaptic plasticity 
which is thought to be involved in memory processing. Young adult male 
Wistar rats received daily intermittent exposure (14/10 hrs on/off cycle) to 
ethanol vapor (blood alcohol level of 150-200 mg%) for a period of 12-14 
days. Age-matched control rats were housed similarly but not exposed to 
ethanol vapor. Electrophysiological recordings from hippocampal slices (400 
gm) were performed either immediately following or one week after termination 
of chronic ethanol treatment. Field excitatory postsynaptic potentials (fEPSPs) 
were elicited by electrical stimulation of the Schaffer collateral input and were 
recorded in the dendrites of CA1 pyramidal neurons (stratum radiatum). LTP 
was induced by .high frequency stimulation (HFS) of the Schaffer collaterals 
(100 HZ, 1 sec., 1/2-2/3 maximum fEPSP amplitude).

Slices from chronic ethanol-treated rats showed a significant decrease in 
LTP compared to slices from control rats. In control slices, HFS resulted in an 
increase in the mean fEPSP slope relative to baseline levels (-150% increase) 
which lasted for up to one hour. However, in slices from chronic ethanol- 
treated rats the mean fEPSP slope did not show a significant increase over 
baseline levels following HFS. Slices from withdrawn rats showed a small, but 
non-significant, reduction in LTP compared to slices from age-matched control 
rats. These data suggest that chronic intermittent ethanol exposure results in 
alterations in synaptic plasticity and signal transduction mechanisms which may 
underlie deficits in learning and memory associated with long-term ethanol 
consumption. The contribution of the regulation of mitogen-activated protein 
kinase (MAPK), a critical intracellular signal transduction pathway involved in 
LTP, to the observed changes is being investigated. Supported by AA06420.
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597.1

ELECTRICAL COUPLING AMONG INHIBITORY FAST-SPIKING 
NONPYRAMIDAL CELLS IN THE RAT NEOCORTEX
Mario Galarreta* & Shaul Hestrin. Dept. Anatomy & Neurobiology, 
College of Medicine. University of Tennessee, Memphis. TN 38163.

Fast-spiking cells (FS-cells) are a kind of GABAergic 
nonpyramidal neurons thought to provide strong inhibitory inputs to 
pyramidal cells in the neocortex. To study the interaction among 
these intemeurons, we recorded simultaneously from pairs of FS- 
cells in brain slices (layer V of somatosensory and visual cortices, 
14-18 do rats). We found that most pairs of FS-cells were electrical 
coupled (66%, 29/44). Under current-clamp mode, injecting current 
in one cell affected the membrane potential of both neurons. The 
average coupling ratio was (6.4 %, range 0.3-41.1%). The 
conductance between electrically-coupled cells, estimated under 
voltage-clamp mode, had an average value of 658 ± 175 pS (n=20 
pairs). Electrical synapses were not found among pyramidal 
neurons or between fast-spiking cells and other cortical cells. Some 
FS-cells were interconnected by both electrical and GABAergic 
synapses (8/44 pairs). Unitary IPSPs between FS cells showed an 
exponential decay time course of 10.4 ms and paired-pulse 
depression (0.74, n=7). Communication through electrical synapses 
allowed excitatory signaling among inhibitory cells and promoted 
their synchronous spiking. These results indicate that electrical 
synapses establish a network of fast-spiking cells in the neocortex 
which may play a role in coordinating cortical activity.

Supported by NIH Grant-EY12114 (SH).

597.2
FAST SIGNALING AT INTERNEURON-INTERNEURON SYNAPSES IN THE 
DENTATE GYRUS OF THE HIPPOCAMPUS. M. Bartos*, I. Vida, M. Frotscher, 
J.R.P. Geiger and P. Jonas. Physiological Institute, Univ. Freiburg, Hermann-Herder 
Str. 7, D-79104 Freiburg, Germany.

It is proposed that inhibitory intemeurons (INs) play an important role in 
controlling the activity of principal neurons, in regulating synaptic plasticity and in the 
generation of synchronous oscillations. However, the functional properties of IN-IN 
synapses are poorly understood. Therefore, we studied the time course of GABA- 
mediated conductance changes by simultaneous patch-clamp recordings from 
synaptically connected INs in the dentate gyrus of hippocampal slices from 18- to 21- 
day-old rats. Whole-cell recordings from intemeurons were performed in an external 
solution containing 10 pM CNQX at 32 - 34.5°C. Unidirectional coupling was found 
in 12 IN-IN pairs, whereas reciprocal coupling was found in only one pair. 
Presynaptically evoked single action potentials elicited an inhibitory postsynaptic 
current (IPSC) with a mean latency of 1.3 ms, a 20-80 % rise time of 0.18 ms, a peak 
amplitude of 123 pA (at -70 mV) and a decay that was adequately fitted with a single 
exponential function (time constant = 3.5 ms, n=7). Application of 20 pM bicuculline 
to the external solution blocked the IPSCs (> 95 %), indicating a transmission 
mediated by GABAa  receptors. To determine short-term plasticity of IN-IN synapses, 
we used a paired-pulse-protocol with time intervals varying from 5 ms to 5 s. Paired- 
pulse depression was found in 5 pairs; the amplitude of the second IPSC was reduced 
to 80 % of that of the first with a time interval of 20 ms. Complete recovery from 
depression occurred after 1 s. In only 1 pair we found paired-pulse facilitation. INs 
were filled intracellulary with biocytin during the recording period for subsequent 
morphological analysis. The morphologically identified neurons were pre- and 
postsynaptic basket cells, hilar commissural-associational path-associated (HICAP) 
cells and hilar perforant path-associated (HIPP) cells. Our results demonstrate that a 
synaptically connected intemeuron network exists in the dentate gyms and support the 
hypothesis that such a network contributes to the generation of oscillatory activity. 
Supported by HFSPO and DFG.

597.3

A NOVEL MECHANISM FOR THETA MODULATION OF FAST 
GABAa  CIRCUIT ACTIVITY. J.A. White1’3*, M.I. Banks4, C.A. Crapster13,
N. Kopell2,3, and R.A. Pearce4, Depts. of ’Biomedical Engineering and 
Mathematics, 3Center for BioDynamics, Boston Univ., Boston, MA 02215; 
4Dept. of Anesthesiology, Univ. of Wisconsin, Madison, WI53706.

During active exploration, hippocampal neurons exhibit nested rhythmic 
activity at theta (~8Hz) and gamma (~40Hz) frequencies. Gamma rhythms 
may be generated locally by interactions within a class of intemeurons 
mediating fast GABAa  IPSCs, whereas theta-rhythms traditionally are 
thought to be imposed extrinsically. However, the recent discovery of a 
second class of intemeurons generating slow GABAa  IPSCs in intemeurons 
mediating gamma rhythms raises the possibility that theta-rhythmicity is 
intrinsic to hippocampus, either as a resonance activated by extrinsic phasic 
input or as a purely local phenomenon.

Here, we used biophysically-based simulations to explore the possible 
ramifications of intemeuronal circuits containing these two classes of 
intemeurons. We conclude (1) that these networks can generate mixed 
theta-gamma rhythmicity with strong connections among each population 
and weaker connections between the two populations; (2) the presence of 
excitatory pyramidal neurons in network simulations improves network 
robustness; (3) theta and gamma frequencies can be controlled somewhat 
independently; and (4) the presence of intemeurons that give rise to slow 
postsynaptic events may shape responses to phasic external drive.

Supported by NSF DMS9631755 (to JAW and NK) and NIH GM55719 (to RAP).

597.4
RELATIONSHIP BETWEEN GABAa RECEPTOR ANTAGONISM AND 
GENERATION OF 40 Hz OSCILLATIONS IN THE 'CA3 REGION OF THE 
MOUSE HIPPOCAMPUS. S. S. Naiem and I. Mody* Depts. of Neurology and 
Physiology, UCLA School of Medicine, Los Angeles, CA

Rhythmically occurring IPSCs have been proposed to be fundamental in pacing 
hippocampal network gamma oscillations. In order to further test this hypothesis we 
examined the coherence of 40 Hz oscillations in horizontally cut mouse brain slices 
during partial blockade of GABAa  inhibition. Oscillations were induced by 20 pM 
carbachol and were recorded simultaneously at two sites, about 50-300 pm apart 
(n=9) in the pyramidal cell layer. There was no phase-lag between the oscillations at 
the two sites. Within 30 min, low doses (500-700 nM) of bicuculline methiodide 
(BMI), gradually abolished the 40 Hz activity, but the oscillations remained 
synchronized at the two sites while the power of the 40 Hz component was gradually 
reduced. The rhythmic extracellular field oscillations were synchronous with large 
GABAa  receptor mediated IPSCs recorded simultaneously in whole-cell recordings of 
pyramidal cells. Next, we investigated the effect of low BMI concentrations on 
spontaneous pyramidal cell IPSCs. Whole-cell recordings of CA3 pyramidal neurons 
(n=5), were obtained at the reversal potential of excitatory events (0-5 mV) with an 
EC| of —40 mV. The frequency of sIPSCs as well as the total charge carried by the 
events were measured for 10 s epochs. Since a large frequency of spontaneous IPSCs 
was observed (120±40 Hz, mean±S.D.), we relied on the peak-to-peak root-mean- 
square (RMS) noise as an indicator of sIPSC amplitudes. The charge carried by IPSCs 
during the control period was 1187±400 pC, and was reduced by 31% by 700 nM 
BMI. The frequency of the events remained constant in BMI, while sIPSC RMS was 
reduced from 195±40 pA to 103±37 pA in BMI. Thus, GABAa  inhibition plays a 
pivotal role in the generation of 40 Hz oscillations. Furthermore, these oscillations 
appear to emerge where recurrent excitatory synaptic connections of pyramidal cells 
are modulated by spontaneous inhibitory events occurring with a large frequency. 
Supported by NIH NS-30549 (I.M.)

597.5

SPONTANEOUS GABAERGIC RHYTHMS (0.5-2 HZ) OF INTACT 
HIPPOCAMPI IN VITRO. C.P. Wu,*W.P. Luk & L. Zhang, Playfair 
Neurosci. Unit, Toronto Hosp., Dept. Medicine (Neurology), Bloorview 
Epilepsy Program, Univ. Toronto, Toronto, Ontario, Canada M5T 2S8 
Hippocampi were isolated from young rats or mice (11-17 or 14-30 day-old) 
and maintained in vitro for simultaneous extracellular and patch-clamp 
recordings. Rhythmic field potentials of 0.5-2 Hz persisted in the CA1 
region, synchronized with IPSPs in CA1 pyramidal neurons or 
EPSPs/discharges in local inhibitory intemeurons. These slow rhythms were 
blocked by bicuculline or CNQX, and were abolished or attenuated by TTX 
or high external Mg, suggesting their mediation by GABAergic networks. 
They propagated longitudinally from the ventrotemporal towards the 
dorsoseptal pole, without the necessity of having inputs from the CA3 or 
dentate gyrus region. Immunocytochemical assessments of CA1 
alveus/oriens showed more GAD-positive cells in the ventrotemporal than 
the dorsoseptal pole, suggesting the regional difference in GABAergic 
network settings that may influence the propagation profile of the slow 
rhythms. Brief perfusion of the hippocampus with carbachol or trans-ACPD 
inhibited or converted the slow rhythms to fast rhythms of 6-12 Hz. We 
hypothesize that the slow rhythms are intrinsic to the intact hippocampal 
assembly, resulting from the cooperative activity of GABAergic networks. 
Modulation of the temporal and spatial profile of the intrinsic or basal 
activity of GABAergic networks, by neurotransmitters and modulators, may 
play important roles in neural plasticity, information processing, sleep and 
seizures. Correspondence email: lzhang@plavfair.utoronto.ca

597.6
GABAb RECEPTORS MODULATE HIPPOCAMPAL RHYTHMIC ACTIVITY. 
Massimo Scanziani*. Brain Research Institute, University of Zurich.
Winterthurerstr. 190, CH-8057 Zurich, Switzerland

To record GABAb receptor (GABABR)-mediated inhibitory postsynaptic currents 
(IPSCs) in hippocampal pyramidal neurons, strong extracellular stimuli are necessary, 
compared with the stimulation intensity sufficient to elicit GABAAR-mediated IPSCs. 
This observation suggests that synchronous release of GABA from several terminals 
is required for GABAbR activation. Accordingly, in pairs of connected cells 
consisting of a presynaptic GABAergic intemeuron and a postsynaptic pyramidal cell 
from the CA3 region of hippocampal slice cultures, presynaptic action potentials 
(APs) evoked unitary GABA‘a R IPSCs but not GABAAR IPSCs in the postsynaptic 
neuron. The amplitude of GABAa R IPSCs  evoked with extracellular stimulation at an 
intensity sufficient to elicit also GABAb R IPSCs was about 10-15 times greater than 
the amplitude of unitary GABAa R IPSCs . This indicates that synchronous activity of 
10-15 GABAergic intemeurons is necessary to elicit a GABAb R IPSC. Under which 
physiological conditions is this requirement fulfilled? Rhythmic population activity 
(8-15 Hz) was induced by bath perfusion of the muscarinic receptor agonist 
methacholine (20 nM). Under these conditions, GABAergic intemeurons recorded in 
the cell-attached mode fired 1AP in about 10% of the cycles. Immunohistochemistry 
revealed tire presence of about 300 intemeurons in the CA3 region of a hippocampal 
slice culture. The probability of an intemeuron to be connected with a pyramidal cell, 
was 0.5, as measured with paired recordings. Consequently, during a cycle, every 
pyramidal cell should, on average, receive simultaneous GABAergic inhibition from 
15 intemeurons, and the conditions for GABAb R activation should, thus, be met. 
Indeed, addition of the GABAb R antagonist CGP62349, produced both an inward 
current (20 pA) in pyramidal cells, reflecting the reduction of a tonically active 
GABAb R- mediated current, and a drastic increase in the frequency of the oscillations 
(~ 50%). These results demonstrate a role for postsynaptic GABAbRs in the 
modulation of hippocampal rhythmic activity and elucidate the conditions for their 
activation. Supported by SNF grant #31-5379.98
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597.7

CAN PHASE-COUPLED OSCILLATOR MODELS TELL US ANY-
THING ABOUT HIPPOCAMPAL CIRCUITRY DYNAMICS?
F.K. Skinner*, C. Wu and L. Zhang. Playfair Neurosci. Unit, Toronto 
Western Hosp., Univ. Health Network, Depts. of Medicine (Neurology) 
and Physiology, and Inst, of Biomat. and Biomed. Eng., Univ. Toronto.

What factors are responsible for the direction of propagation of ac-
tivity along the hippocampus? Using an intact, isolated hippocampus 
preparation, it is possible to observe spontaneous waves of rhythmic field 
potentials in the 0.5-2 Hz range. These slow GABAergic oscillations (see
C.Wu et al. abstract) start in the caudal (ventro-temporal) region and 
move towards the rostral (dorso-septal) region with a phase lag of about 
5% between the extracellular recordings.

We have used the mathematical framework of phase-coupled oscilla-
tors (PCO) (N.Kopell, G.B.Ermentrout, Math.Those/.90:87-109,1988) to 
gain some insight into the underlying system. A chain of 15 nearest- 
neighbour bidirectionally-coupled PCOs were used where each oscillator 
refers to a segment of the CA1 region of the hippocampus which can 
generate these slow field potentials. Given that the entrained frequency 
is less than the intrinsic frequencies of the oscillators along the chain, 
and that the caudal intrinsic frequency is greater than the rostral intrin-
sic frequency, the model predicts that the coupling should be symmetric 
except that the rostral-to-caudal coupling strength needs to be much 
stronger than the caudal-to-rostral strength. If not, then the activity 
does not necessarily start in the caudal region, but somewhere in the 
middle, as has been observed in younger rat preparations This suggests 
that the site of initiation might vary with the coupling strength.

Supported by MRC, NSERC, CFI and DCIEM (No.W7711-8-7451).

597.8
METABOTROPIC GLUTAMATE RECEPTOR-ACTIVATED
OSCILLATIONS IN INTERNEURON NETWORKS OF VISUAL CORTEX
F. Tennigkeit*. K. Chakalova, S. Griin and W. Singer 
Dept. Neurophysiology, Max-Planck Institute for Brain Research, 
Deutschordenstr. 46, Frankfurt a.M. 60528, Germany

Activation of metabotropic glutamate receptors (mGluRs) has been 
implicated in the generation of oscillations in the visual cortex. Here we 
studied the effects of the metabotropic glutamate receptor agonist 1S,3R- 
ACPD on oscillatory activity in layer 2-3 neurons in rat visual cortex brain 
slices using extracellular field potential- and whole-cell patch-clamp 
recordings.

Application of 1S,3R-ACPD (20-50 pM) to the perfusate reversibly 
increased field potential activity, but did not yield overt oscillations. However, 
whole-cell patch-clamp recordings from morphologically identified regular 
and irregular firing intemeurons revealed rhythmic postsynaptic potentials and 
membrane potential oscillations in a frequency range of 8-12 Hz. Fast firing 
intemeurons did not exhibit these oscillations.

The postsynaptic potentials and oscillations were TTX-sensitive, persisted 
in the presence of ionotropic glutamate receptor antagonists APV and NBQX, 
but were reversibly abolished by application of the GABAA-receptor 
antagonist bicuculline. In some intemeurons, 1S,3R-ACPD application 
induced the oscillatory input and a depolarization, leading to action potential 
firing at similar frequencies.

These results indicate that activation of metabotropic glutamate receptors 
can induce oscillatory activity in a subset of interconnected inhibitory 
intemeurons.
Supported by the SFB 269 (DFG) and the Max-Planck Society’.

597.9

GABAa  DEPENDENT CHLORIDE INFLUX MODULATES GABAb -MEDIATED 
IPSPs IN HIPPOCAMPAL PYRAMIDAL CELLS. Valeri Lopantsev*1 and 
Philip A. Schwartzkroin12. Dept. of Neurological Surgery1 and Physiology/ 
Biophysics*, University of Washington, Seattle, WA 98195-6470.

The relationship between postsynaptic inhibitory responses (the fast 
GABAA-mediated IPSP and the slow GABAB-mediated IPSP) were investi-
gated in CA3 pyramidal cells in hippocampal slices. Mossy fiber-evoked 
GABAB-mediated IPSPs were, paradoxically, of greater amplitude in cells 
with resting membrane potential of -62 mV (13.6±0.5 mV) as compared to 
cells with resting membrane potential of -54 mV (7.0±0.8 mV). In addition, 
when a cell's membrane potential was artificially manipulated, GABAb - 
mediated IPSPs were reduced at relatively depolarized levels (-55 mV), and 
enhanced at relatively hyperpolarized potentials (>-60 mV). In contrast, the 
preceding GABAA-mediated IPSPs were larger at the more positive 
membrane potentials and smaller as the cell was hyperpolarized. Intracellular 
injection of EGTA (blocker of calcium-dependent potassium permeability) did 
not affect this tendency. Similar voltage dependency was obtained when 
monosynaptic GABAa and GABAB-mediated IPSPs were isolated in the 
presence of glutamatergic receptor antagonists. However, monosynaptic 
GABAB-mediated IPSPs isolated in the presence of glutamatergic and GABAa  
receptor antagonists were not reduced at the more positive membrane 
potentials, and were significantly larger in amplitude than GABAB-mediated 
IPSPs preceded by a monosynaptic GABAA-mediated IPSP. The amplitude of 
the isolated monosynaptic GABAb mediated IPSPs recorded with potassium 
chloride-containing microelectrodes was significantly smaller than the compa-
rable potential recorded with potassium acetate microelectrodes without 
chloride. We conclude that voltage dependent chloride influx, via GABAa  
receptor-gated channels, modulates postsynaptic GABAB-mediated inhibition 
in hippocampal CA3 pyramidal cells. Supported by NIH grant NS 18895.

597.10

REVERSIBILITY AND CATION SELECTIVITY OF K+-C1 
COTRANSPORTER IN RAT CENTRAL NEURONS. Yasuhiro Kakazu*. 
Suuko..Uchida, Norio Akaike & Junichi Nabekura. Dep. of Physiol., Fac. of Med., 
Kyushu Univ., Fukuoka 812-8582, Japan

The reversibility and the cation selectivity of K+-C1 cotransporter (KCC) in 
function, involved in carrying Cl out of the neuron, was investigated using a 
gramicidin perforated patch clamp recording on the dissociated lateral superior olive 
(LSO) neurons. In the 150 mM K+ pipette solution ([K+]pipette) and the extracellular K+ 
concentration ([K+]o) of 5 mM, active intracellular Cl concentration (d[Cl’].) was 
maintained lower than a passive a[Cl f at a VH of -50 mV in all LSO neurons. 
Extracellular application of 1 mM furosemide, but not 20 pM bumetamide, gradually 
increased a[CT]j. Increase of [K+]o to 30 mM reversed the polarity of the glycine- 
induced current (Ig,y) to the inward and settled d[Cl f over a passive d[Cl f. The 150 
mM Cs+ pipette solution ([Cs+]pipette) gradually increased d[Cl f to the value higher 
than a passive d[Cl f. In the pipette solution containing 75 mM Cs+ and 75 mM K+, 
d[Cl ]; reached the value between those in [K+]pipette and [Cs+]pipette, suggesting that an 
increase of d[Cl ]; by the replacement of K+ with Cs+ might be bought by the depletion 
of intracellular K+. The difference between d[Cl f in [Cs+]pipette and a passive d[Cl ]s 
was reduced by 1 mM furosemide, but not by 20 pM bumetamide or Na+ free 
extracellular solution, indicating that the accumulated [Cl f in [Cs+]pipette was not 
mediated by Na+-K+-Cl cotransporter (NKCC), but by the reversed KCC in direction. 
Thus, the direction of KCC could be reversed depending on the K+ gradient between 
the both sides of the membrane. Replacement of K+ in the pipette solution with either 
Li+ or Na+ mimicked that with Cs+ regarding a[Cl f. On the other hand, Rb+ in the 
pipette solution mimicked K+. These results indicate that Rb+, but not Cs+, Li+ and Na+, 
could maintain KCC in function as well as K+.

597.11

EXPERIENCE-DEPENDENT REGULATION OF 
INTRACELLULAR CP CONCENTRATION IN 
DEVELOPING LATERAL SUPERIOR OLIVE NEURONS.
Soko Uchida*. Yasuhiro Kakazu, Norio Akaike and Junichi Nabekura
Department of Physiology, Faculty of Medicine, Kyushu University. 
Fukuoka, 812-8582, Japan.

Developmental change of glycine response in the lateral superior 
olive (LSO) neurons from the depolarization to the hyperpolarization is 
introduced by a switch of principal intracellular CT regulators from 
Na+, K+, CT cotransporter (NKCC) to K+, CT cotransporter (KCC), 
resulting in a decrease of intracellular CT concentration ([CT]i) in 
development (J. Neurosci., 1999). To elucidate whether the 
developmental decrease in the [CT]j simply follows the age or depends 
on the neuronal activity, we measured the [CT]j by using gramicidin 
perforated patch recordings in the rats receiving bilateral, ipsilateral and 
contralateral cochlea ablations. Cochlea ablations were performed at 7 
days after birth (P7) and LSO neurons were acutely dissociated at Pl 4. 
Ablations either of both cochleas, ipsi- and contralateral cochlea 
remained a large number of LSO neurons with high [CT]j even at Pl 4. 
Chronic application of strychnine from P3, supposed to block 
glycinergic inputs to the LSO also disturbed developmental decrease of 
[CT]j. These results suggest that glycinergic inputs as well as hearing 
experience play an important role in the developmental switch of [CT]j 
regulations.

597.12

GABA RECEPTORS ARE DIFFERENTIALLY DISTRIBUTED ON 
PYRAMIDAL NEURONS IN THE NEOCORTEX AS REVEALED BY 
INFRARED-GUIDED LASERSTIMULATION. M. Eder, W. Zieglgansberger 
and H.-U. Dodt*. Max-Planck-Institute of Psychiatry, Kraepelinstr. 2, 80804 
Munich, FRG.

Infrared-guided laserstimulation was used to examine the distribution of GABAa  
and GABAb receptors along the apical dendrite of rat neocortical layer V pyramidal 
neurons. Neurons were visualized with infrared videomicroscopy in slices, which 
were bathed in ACSF containing 1 mM "caged" GABA. Brief flashes (3-5 msec) 
from a laser, focused by the microscope objective to a 1 pm-spot, were delivered in 
20 pm steps along the apical dendrite to release GABA photolytically. GABAa  or 
GABAb responses, pharmacologically isolated by the GABAb antagonist CGP35348 
(200 pM) or picrotoxin (75 pM), were recorded with patch pipettes in the whole-cell 
mode. Neurons were isolated from synaptic input by the addition of TTX (1 pM). 
GABA responses were elicited along the dendrite at distances of 40 to 340 pm from 
the soma. Both the GABAa and GABAb response amplitudes (n=26 neurons) 
showed a nearly equal and linear decrease from the soma towards the distal dendrite. 
However, because of their faster kinetics, the amplitudes of GABAa responses 
should be more attenuated travelling down the dendrite than GABAb  responses. This 
was quantified by numerical simulations using an equivalent cylinder model. 
Therefore, the observed nearly equal decrease of both GABA responses suggests a 
relatively higher density of GABAa  receptors on the dendrite to compensate for the 
stronger electrotonic attenuation of the GABAa  responses. To verify this conclusion 
we performed dendritic whole-cell recordings (n=13) and released GABA at 
dendritic sites between the recording electrode and the soma. The distribution of 
GABAa and GABAb response amplitudes obtained corresponded well with the 
predictions made by the somatic recordings and electrotonic modelling. The results 
suggest a differential distribution of GABA receptors with relatively more GABAa  
receptors at the dendrite and relatively more GABAb  receptors near the soma.

(Supported by SFB 391)
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597.13
DISTRIBUTION OF BICUCULLINE SENSITIVE SIGNALS IN THE 

HIPPOCAMPUS DETECTED WITH A VOLTAGE SENSITIVE DYE Masashi 
Inoue’, Yoshinori Hashimoto', Ritsuko Ohtani-Kaneko2*, Yoshihisa Kudo1, Hiroyoshi

Mivakawa1 ’Laboratory of Cellular Neurobiology, Tokyo Univ. of Pharmacy & 

Life Science, Tokyo 192-0392; 2Dep. Anatomy, St. Marianna Univ. Sch. Med., 

Kawasaki 216, Japan

It has been reported that activation of GABAa  receptors induce depolarizing 

potentials or shunting inhibitions as well as IPSPs. In this study, we examined the 

spatial distribution of the potentials in rat hippocampal slices stained with a voltage 

sensitive dye. Optical signals were monitored with a 16 x 16 photo-diode array 

system at 4 kHz frame rate.

When we applied strong stimuli under a glutamate receptor blockade, we 

observed widespread depolarizing signals. These signals were extinguished by 

applying bicuculline, a GABAa receptor antagonist. These bicuculline sensitive 

depolarizing components were distributed at the molecular layer, the granule cell 

layer and the hilar region of the dentate gyrus irrespective of the stimulation site. The 

time-to-peak of the components was 60 - 100 msec. We observed these signals not 

only in neonatal rats but also in adult rats. When a stimulus electrode was placed at st. 

radiatum of the CA 1 region in a normal medium, bicuculline sensitive components 

were observed at dendrite region, which may be correspondent to the shunting 

inhibition of EPSP. In cell body region, we observed prolonged hyperpolarizing 

signals, which may be related to IPSPs at the soma. These results show that there are 

diverse GABAa mediated potentials in the hippocampus, and suggest that these 

potentials may contribute to the information processing in the neuron by different 

ways.

597.14

COMBINED SINGLE-CELL RT-PCR AND ELECTROPHYSIOLOGY IN 
YOUNG AND AGED RAT BASAL FOREBRAIN NEURONS. S.H. Han, 
B.A. McCool and W.H. Griffith*. Medical Pharmacology & Toxicology, 
Texas A&M System Health Science Center, College Station, TX, 77843.

Neurons of the rat basal forebrain (medial septum and diagonal band) are 
a heterogeneous population, including both cholinergic and GABAergic 
cells. Importantly, these cells are involved in many physiological condi-
tions such as attention and memory, as well as pathophysiological states 
such as neurodegeneration during aging or disease. The purpose of the pres-
ent study is to begin to correlate electrophysiological properties of individ-
ual cells with cell phenotype and aging. We combined whole-cell patch 
clamping of voltage-gated and ligand-gated channels along with single-cell 
reverse transcription/ polymerase chain reaction (RT-PCR) to begin this 
characterization. Standard methods were used to prepare acutely dissoci-
ated cells of the basal forebrain from both young (2-3 month) and aged (24- 
26 month) F344 rats. Following completion of whole-cell recording the cell 
was aspirated into a sterile, baked recording pipette and their cellular con-
tents were subjected to RT/PCR analysis according to published procedures. 
Oligonucleotide primers capable of detecting choline acetyltransferase 
(ChAT) and glutamate decarboxylase (GAD67) were used to identify choli-
nergic and GABAergic cells, respectively. Our results show that GABA (1- 
10 pM) -induced currents were present in all cells tested. In general, large 
neurons were ChAT-positive, whereas small cells proved to be GAD- 
positive. Larger neurons from aged animals are also ChAT-positive sug-
gesting these cells are preserved during aging. Interestingly, a minority of 
cells were positive for both mRNAs. (Supported NIH grant AG07805).

PRESYNAPTIC MECHANISMS: MODULATION OF TRANSMITTER RELEASE

598.1

MODULATION OF SYNAPTOSOMAL RESTING MEMBRANE 
POTENTIAL BY VOLATILE ANESTHETICS
LRatnakumari,* H.C.Hemmings Jr. Depts. of Anesthesiology and Pharma-
cology, Weill Medical College of Cornell University, New York, NY 10021.

Volatile anesthetics (VAs) affect neurotransmission in the CNS by 
acting on multiple targets including voltage- and ligand-gated ion channels, 
and may also affect neuronal excitability by altering resting membrane 
potential (RMP). The effects of several VAs on RMP were analyzed using 
the membrane potential-sensitive dye Rhodamine 6G in synaptosomes 
(SYN). SYN were isolated from adult Sprague-Dawley rats using Percoll 
gradients with IACUC approval. Changes in dye fluorescence (excitation/ 
emission=520/550) were measured at 37°C and calibrated.1 RMP of 
synaptosomes was -79+5 (n=12). Halothane, isoflurane, enflurane and F3 
produced a concentration-dependent depolarization of RMP (Fig). This 
depolarization was not inhibited by tetrodotoxin, picrotoxin/bicuculline or 
the absence of extracellular Ca2+. Inhibition of a resting K+ conductance by 

VAs may be involved in their nerve 
terminal depolarizing effects, which 
may underlie VA-induced alterations of 
neurotransmitter release.
! Biochim Biophys Acta 685:289-96, 
1982. Supported by NIH Grant GM- 
58055 (HCH) and the Norman and 
Rosita Winston Foundation (LR).

598.2
EXPRESSION OF VMAT2 IN HIPPOCAMPAL NEURONS AS A TOOL FOR 
EXPLORING THE PLASTICITY OF QUANTAL TRANSMISSION. E.N. 
Pothos1; D. Krantz2, R. Edwards2 and D. Sulzer1 ’Depts. of Neurology 
and Psychiatry, Columbia Univ., Dept. of Neuroscience, NYSPI, NY, NY 
10032, 2Dept. of Neurology, UCSF, San Francisco, CA 94143 
Overexpression of CNS vesicular monoamine transporter (VMAT2) in cultured 
midbrain dopamine neurons increases the number of dopamine molecules released 
per quantum (Pothos et al., SFN 1998). To further examine how vesicle 
transporter expression regulates transmitter release, we have now used an 
adenovirus construct to express VMAT2 in P0-P2 derived hippocampal monolayer 
cultures, which lack the proteins and enzymes associated with catecholamines (e.g., 
monoamine uptake transporters, tyrosine hydroxylase). After the VMAT-infected 
cultures were exposed to 70 mM dopamine for 3 hrs (Kim, Koh & Hille, SFN 
1998) or 50 pM dopamine for 24 hrs, 40 mM K+ triggered quantal release from 
axonal varicosities detected with amperometric carbon fiber electrodes. The quanta 
were of various duration (ranging from psec to msec range), indicating that a 
variety of secretory organelles take up dopamine as a false transmitter. Some of the 
more rapid events showed flickering, suggesting partial discharge of 
neurotransmitter as a result of kiss-and-run exocytosis. We are currently using 
electron microscopy to determine if small synaptic vesicles take up dopamine. An 
advantage of using presynaptic recording to measure quantal release is that it 
provides a much better kinetic resolution than postsynaptic recordings, and may 
answer the controversy of whether small synaptic vesicles can undergo kiss-and-run 
exocytosis. This approach may also provide a novel clinical therapy, i.e. adapting 
normally non-dopaminergic cells in the brain for storage and release of dopamine in 
Parkinson’s disease. [Funded by: The Aaron Diamond Foundation, NARSAD, 
Parkinson’s Disease Foundation, NIDA 10154],

598.3

ATP INHIBITS GLUTAMATE SYNAPTIC RELEASE BY ACTING 
AT P2Y RECEPTORS IN RAT HIPPOCAMPUS. Mendoza- 
Fernandez V.* and Baraias-Lopez C. Department of Anatomy & Cell 
Biology, Queen’s University, Kingston, Ontario, K7L 3N6, Canada.

The receptors mediating ATP actions on excitatory postsynaptic 
potentials (gEPSPs) were characterized using an electrophysiological 
assay. ATP and various analogs decreased the amplitude and duration 
of the gEPSPs in all tested neurons. Such an effect was reversible, 
concentration-dependent, and had the following rank-order of potency: 
AMP=ATP=ATP-y-S> adenosine (Ado) =ADP. a,B-methylene ATP, 
8,y-methylene ATP, 2-Me-S-ATP, GTP, and UTP behaved all as 
partial agonists. Depolarizations induced by exogenous glutamate were 
not affected by ATP indicating that its effect on gEPSPs is presynaptic. 
Neither the inhibition of the ectonucleotidase activity, with a,B- 
methylene ADP, nor the removal of the extracellular Ado, with Ado 
deaminase, altered these ATP effects. 8-Cyclopentyltheophylline 
inhibited, in a competitive manner, ATP effects whereas, PPADS and 
suramin did not alter them. Pertussis toxin treatment of hippocampal 
slices shifted to the right the ATP concentration response curve. Ado 
effects were less sensitive to this treatment. After pertussis toxin, ATP- 
y-S was a partial agonist and ATP concentration response curve was 
biphasic. The latter portion of this curve was blocked by Ado 
deaminase, implying that it is mediated by Ado as a result of ATP 
catabolism. In control conditions, however, catabolism of ATP to Ado 
is not required for ATP actions. In conclusion, ATP inhibits synaptic 
release of glutamate by direct activation of pertussis-toxin-sensitive 
receptors which are also CPT sensitive. Supported by MRC and OMH.

598.4
DIFFERENTIAL CHOLINERGIC PRESYNAPTIC INHIBITION OF 

GLUTAMATERGIC EXCITATORY POSTSYNAPTIC CURRENTS IN 
CA1 PYRAMIDAL NEURONS IN RAT HIPPOCAMPAL SLICES. D. 
Fernandez de Sevilla and W. Bufio*. Instituto Cajal, CSIC, Madrid, Spain. 
We analyzed the inhibition of the glutamatergic synaptic transmission induced 
by cholinergic agonists in CA1 pyramidal cells using the in vitro slice 
technique and whole-cell voltage-clamp recordings. Excitatory postynaptic 
currents (EPSCs) were evoked by Schaffer collateral (SC) or stratum oriens 
(SO) stimulation. Picrotoxin was superfused (50pM) to abolish inhibitory 
synaptic currents. NMDA and non-NMDA EPSC components were isolated 
pharmacologically (20pM CNQX and 50pM APV, respectively) or by the 
voltage-sensitivity of the former. Carbamilcholine (CCh) applied as a “bolus” 
(lOOpM) or superfused (2pM) induced a pronounced reduction of the non- 
NMDA components of the EPSCs (>85%), whereas the NMDA component 
was less affected (<60%). The inhibition was greater for SC (>80%) than SO 
(<60%) EPSCs. This inhibition was paralleled by and increased paired-pulse 
facilitation, and there were no changes of the postsynaptic current evoked by 
glutamate microiontophoresis. Moreover, atropine (lOpM) abolished and 
muscarine (5pM) mimicked the effects of CCh. Therefore, this inhibition of 
EPSCs was mediated through muscarinic presynaptic receptors. These results 
suggest the existence of different types presynaptic terminals with specific 
sensibility to and modulation by CCh that preferentially inhibits those 
terminals that release glutamate on non-NMDA receptors in the apical 
dendrites of CA1 pyramidal neurons.
D.F. de S. is a FPI/MEC postdoctoral fellow. Work supported by DGES/MEC 
grant to W.B.
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598.5

PRESYNAPTIC NMDA RECEPTORS AT THE ORIGIN OF A 
CEREBELLAR LTD. M. Casado, S. Dieudonne & P. Ascher*. 
Laboratoire de Neurobiologie, Ecole Normale Superieure, UMR CNRS 
8544. Paris. France.

We have observed that the excitatory synaptic currents recorded in 
Purkinje cells (PCs) after stimulation of the parallel fibers (PFs) at low 
frequency (0.05Hz) are depressed by the application of NMDA (30pM). 
This depression appears to involve NMDA receptors located on the 
presynaptic PF axons. It is only observed if NMDA is applied in 
combination with the stimulation of the PFs, suggesting that the axonal 
depolarization is necessary to relieve NMDA receptors from Mg2+ block. 
The afferent volley and the paired-pulse facilitation are not affected.

When the postsynaptic calcium level is kept at a low level by strong 
buffering (lOmM EGTA plus ImM BAPTA), the inhibition of the epsc 
produced by NMDA application is fully reversible. If the postsynaptic 
calcium buffering is reduced (O.lmM EGTA) the inhibition becomes 
irreversible (for at least one hour) and thus resembles the classical long 
term depression (LTD) induced by repetitive PF stimulation combined 
with postsynaptic calcium increase.

Like for LTD, the expression of NMDA-induced inhibition appears to 
involve a post-synaptic modification rather than a depression of 
transmitter release. The epsc depression is not observed in the presence 
of inhibitors of NOS (ImM L-NAME) or guanylate cyclase (lOpM 
ODQ), suggesting that the activation of NMDA receptors induces NO 
release, and that NO activation of the guanylate cyclase leads to a 
decrease of the epsc size. This decrease can become irreversible in the 
presence of high postsynaptic calcium.

Supported by the CNRS (PA) and a Spanish MEC fellowship (MC).

598.6
PRESYNAPTIC GROUP I METABOTROPIC GLUTAMATE RECEPTORS ARE 
REQUIRED FOR FICTIVE LOCOMOTION IN LAMPREY SPINAL CORD 
Michiko Takahashi* and Simon Alford. Department of Physiology, Northwestern 
University Medical School, Chicago, IL 60611.

Metabotropic glutamate receptors (mGluRs) are present throughout the CNS. 
However, their role in physiological activity at the systems level is unknown. 
Activation of group I mGluRs controls [Ca2 jj in presynaptic giant axons of the 
lamprey spinal cord (Cochilla & Alford, 1998 Neuron 20:1007), leading to an 
enhancement of transmitter release. We examined the effect of mGluR activation on 
the neuronal activity responsible for generating locomotion, i.e. fictive locomotion, 
using the isolated lamprey spinal cord.

Application of 100 pM NMDA evoked fictive locomotion (Brodin et al. 1985 
Brain Res. 360:149). Superfusing the group I mGluR antagonist 7-(hydroxyimino) 
cyclopropa [b] chromen-la-carboxylate ethyl ester (CPCCOEt, 250 pM) reversibly 
abolished fictive locomotion. However, the mGluRl antagonist (RS)-l-aminoindan- 
1,5-dicarboxylic acid (AIDA, 500 pM) had no effect, implying that mGluR5 is 
responsible for maintaining fictive locomotion. To further investigate the role of 
mGluRs in synaptic transmission, [Ca2+]j in presynaptic axons was monitored. 
Action potentials were evoked in the axons retrogradely labelled with a Ca2+- 
sensitive dye Oregon Green 488-BAPTA 1, causing a transient rise of [Ca2+]j in the 
presence of the ionotropic glutamate receptor blockers AP5 (50 pM) and CNQX (10 
pM). CPCCOEt reduced the peak amplitude of the Ca2+ transient by 20%, whereas 
AIDA did not have a significant effect, suggesting that mGluR5 is presynaptic. 
AIDA reduced the Ca2+ transient in postsynaptic dendrites, implying mGluR 1 is 
located postsynaptically. CPCCOEt had no effect on postsynaptic NMDA receptors ; 
CPCCOEt abolished fictive locomotion activated by the non-NMDA receptor 
agonist kainate (15 pM) in the presence of AP5.

These results demonstrate a role for presynaptic glutamate autoreceptors in the 
control of a systems level response. Endogenous activation of mGluR5 enhances 
transmitter release through presynaptic [Ca2 ]j mediated processes.. These processes 
are necessary to maintain fictive locomotion in lamprey spinal cord.

Supported by the NINDS and The Wellcome Trust.

598.7

ROLE FOR TYROSINE PHOSPHORYLATION IN THE MODULATION OF 
GLUTAMATE RELEASE FROM HIPPOCAMPAL NERVE TERMINALS. D.B. 
Pereira*. AP. Carvalho and C.B. Duarte. Dept of Cell Biology, Centre for 
Neuroscience of Coimbra, Univ. of Coimbra, 3004-517 Coimbra, Portugal.

Protein tyrosine kinases are commonly associated with events involved in the 
control of cell growth and differentiation but a role for these proteins in the 
modulation of synaptic plasticity is now fully recognised. In this study we investigated 
the involvement of tyrosine phosphorylation in glutamate release in the hippocampus. 
Incubation of hippocampal synaptosomes with genistein, a broad range inhibitor of 
tyrosine kinases, lead to dearease in KCl-evoked Ca2+ influx and a concomitant 
reduction in the Ca2+-dependent glutamate release in response to the same stimulus. 
Genistin, an inactive analogue of genistein, showed no effect on glutamate release and 
[Ca2+]j increase stimulated by KC1. The release of glutamate in response to ionomycin 
was also inhibited by genistein, although to a lower extent In order to determine 
which Ca2+ channels were affected by tyrosine kinase inhibition, a comparative study 
using genistein and voltage-gated Ca2+ channel (VGCC) inhibitors was performed. 
Genistein showed a partial additive effect with ©-Agatoxin IVA (©-Aga IVA) on both 
the inhibition of glutamate release and Ca2+ influx evoked by KC1, and ftirther 
inhibited those responses in the presence of nitrendipe, ©-Conotoxin GIVA (©-CgTx 
GVIA) and ©-Aga IVA. These results might suggest that a basal content of tyrosine 
phosphorylated proteins within the nerve terminal is necessary to sustain 
glutamatergic synaptic transmission. Immunoblot experiments showed a high content 
of tyrosine phosphorylated proteins in hippocampal synaptosomes under basal 
conditions. Depolarization of the nerve endings with KC1 specifically increased the 
phosphotyrosine levels of several proteins in a Ca2+-dependent manner. Genistein 
decreased by itself protein tyrosine phosphorylation, as expected. Our results suggest 
that tyrosine kinases are key factors in the modulation of glutamate release in the 
hippocampus, acting primarily on Ca2+ influx through N-, P/Q- and an unidentified 
type of VGCC but also on the exocytotic machinery.
(supported by PRAXIS XXI)

598.8

FURTHER OBSERVATIONS ON LOW-FREQUENCY SYNAPTIC 
DEPRESSION IN THE MOUSE SPINAL CORD IN VITRO Yan Li 
and R, E, Burke* Lab. of Neural Control, NINDS, NIH, Bethesda, MD 
20892-4455

We reported last year (Soc. Neurosci. Abstr.24:917, 1998) that low- 
frequency depression of excitatory postsynaptic potentials (EPSPs) 
produced in neonatal rat motoneurons (MNs) by stimulation of dorsal 
roots (DRs) decreases with postnatal age (P0 to Pl2) as well as with 
increased temperature (24°C to 32°C). EPSPs produced by trains of ten 
pulses to the DRs with intervals of 0.5, 1, 2, 4, 8, and 0.5 sec, with 2 
minutes rest between each train, were recorded intracellularly from 
antidromically-identified MNs using sharp micropipettes filled with 2M K 
acetate plus 100 mM QX314. Synaptic depression, D = avg(R8.10)/Rl5 
during a train was measured as the average amplitude of the last 3 
responses in the train divided by the first response. Further examination 
of the results has disclosed that the shape, S, of the curve of D vs. 
stimulus number also changes with postnatal age. The second response 
(R2) was often smaller than avg(R8_10). A simple shape parameter, S = 
R2 - R8-10’ increased linearly with age, switching from negative to 
positive in most cells at P >6 - 8. Such biphasic depression curves could 
not be mimicked using a simple transmitter depletion model with a single 
time constant. It was possible, however, to reproduce the observations 
using a two time constant model with separate exponential recovery 
processes, one for transmitter re-formation and the other for recovery of 
transmitter release probability. Temperature and postnatal age appear to 
affect these processes differently.

598.9

pH-DEPENDENT TRANSLOCATION OF TETANUS TOXIN. N. Khadieh Nasir 
Tousi, J. Heyn, and H, Biealke*, Institute of Toxicology, Hannover Medical School, 
Carl-Neuberg Str. 1, 30625 Hannover, Germany

Before tetanus toxin (TeNT) gains access to its cytosolic substrate it must pass 
membranes twice; the first by entering neurons via receptor-mediated endocytosos, and 
the second by leaving the endosomal compartment. Toxin molecules which are trapped 
within the vesicles do not interfere with exocytosis because their substrate needs to be 
cleaved from the cytosolic side of the vesicles. The second membrane passage probably 
takes place when the vesicular content is acidified, because the Inhibition of the 
vesicular protein-carrying ATPase by bafilomycin prevents the blockage of exocytosis. 
This observation supports the idea that TeNT undergoes conformational changes when 
exposed to an acidic environment. A region of the heavy chain of TeNT which likely 
undergoes conformational changes at different pHs is located within its N-terminal 
portion. This three-dimensional translocation domain is structurally distinct from that of 
other pore-forming toxins. It more closely resembles some coiled-coil viral proteins 
which do not form pores, but which are able to penetrate membranes, and whose 
structures are pH dependent (Lacy D., Tepp W., Cohen A., DasGupta B., Stevens R. 
(1998, Nature Struc. Biol. 5: 898-902). We have studied the translocation of TeNT 
through membranes devoid of receptors, membranes of chromaffin cells and those of 
ghosts prepared from erythrocytes. In chromaffin cells, the inhibition of catecholamine 
release was taken as evidence of the presence of toxin in the cytosol. In the case of 
ghosts, the uptake of 125I-TeNT was determined. In both cell systems, TeNT passes the 
membrane when exposed to acidic pH (pH 5). The translocation into chromaffin cells 
was only slightly inhibited by bafilomycin treatment, suggesting that TeNT reached the 
cytosol and bypassed the endosomal compartment. Uptake depended on temperature. 
Since both chromaffin cells and ghosts are devoid of TeNT-receptors, the toxin likely 
crossed their membranes by the same mechanisms used to enter the cytosol from the 
endosomal compartment. Thus, both cellular systems represent valuable tools to study 
the pH-dependent translocation of clostridial toxins and the role different fragments 
Play.

598.10
INHIBITION OF EVOKED FIELDS IN RAT HIPPOCAMPAL SLICES BY 
H2O2 IS MEDIATED BY HYDROXYL RADICAL, BUT NOT BY ALTERED 
PRESYNAPTIC Ca2+ ENTRY. M. Avshalumov, B.T. Chen. J, Kume-KicK? ME. 
Rice . Dept. Physiol. & Neurosci., NYU School of Medicine, New York, NY 10016. 

Previously it was shown that H2O2 inhibits the population spike (PS) in hippocampal 
slices. However, the mechanism of the peroxide effect is controversial. Pellmar and 
colleagues (1989; 1991) suggested that the effect of H2O2 is mediated by hydroxyl 
radical. On the other hand, Katsuki and colleagues (1997) concluded that hydroxyl 
radical is not involved. In addition, Pellmar’s data suggest that the effect is 
presynaptic, possibly by inhibition of presynaptic Ca2+ entiy. Here we concentrated 
on resolving these two questions: 1) is the effect of H2O2 mediated by H2O2 directly? 
and 2) does H2O2 inhibit presynaptic Ca2+ entry? Extracellular PS was elicited by 
stimulation of Schaffer collaterals and was recorded in stratum pyramidale in rat 
hippocampal slices. Extracellular Ca2+ changes were monitored by ion selective 
microelectrodes (ISMs) in stratum radiatum in the presence of postsynaptic blockers 
(picrotoxin 50 pM, AP5 50 pM, CNQX 25 pM). H2O2 (1.5 mM) caused a 80% 
reversible depression of the PS after 15 min application (P<0.001). Deferoxamine 
(1 mM) prevented effect of H2O2, however, H2O2 concentration in the presence of 
deferoxamine fell from 1.5 to 1.2 mM (p<0.05). This fact drove us to study effect of
1.2 mM H2O2 and 2 mM H2O2. We found that 1.2 mM H2O2 had no effect on the PS. 
In contrast, there was no significant difference between the effects of 1.5 mM and 2 
mM H2O2 either with or without deferoxamine. Moreover, by the end of pulse-train 
stimulation (10 Hz, 5 s) of the Schaffer collaterals in the presence 1.5 mM H2O2, the 
PS recovered to at least control level. At the same time, Ca2+-ISM measurements 
demonstrated that H2O2 did not alter presynaptic Ca2+ entry. We conclude: 1) 
depression of the PS by H2O2 is mediated by hydroxyl radical; 2) the effect of H2O2 
is not caused by decreased Ca2+ entry, but rather involves secondary processes 
required for vesicle fusion. Supported byNS34115.
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598.11

CALCIUM MODULATES THE INHIBITION OF STRIATAL 
DOPAMINE RELEASE BY H2O2. B.T. Chen*, M.V. Avshalumov and 
M.E. Rice. Depts. Physiology & Neuroscience and Neurosurgery, NYU 
School of Medicine, New York, NY 10016.
Oxidative damage of dopaminergic pathways has been implicated in the 
etiology of Parkinson’s disease and methamphetamine toxicity. We have 
investigated the effects of oxidative stress induced by hydrogen peroxide 
(H2O2) on evoked dopamine (DA) release in slices of guinea pig striatum. 
It is known that H2O2 can reversibly inhibit evoked field EPSPs in guinea 
pig hippocampus (Pellmar et al. Neurosci. 23:447, 1987). A postulated 
mechanism for this result is that H2O2-induced oxidative stress inhibits 
pre-synaptic Ca2+ entry, thereby preventing neurotransmitter release. We 
have reported previously (Chen et al. Soc. Neurosci. Abstr. 24:353, 1998) 
that electrically evoked DA release is reversibly inhibited by 1.5 mM 
H2O2. Here we have compared evoked DA release in different Ca2+ 
concentrations in the presence and absence of H2O2. Additionally, we 
monitored pre-synaptic Ca2+ entry during electrical stimulation in the 
presence of H2O2. DA was monitored with carbon-fiber microelectrodes 
and fast-scan cyclic voltammetry; extracellular Ca2+ was monitored with 
Ca2+-sensitive ion selective microelectrodes (Ca2+-ISMs). In contrast to 
the inhibition of DA release by H2O2 in 1.5 mM Ca2+, H2O2 had no effect 
on evoked DA release in 2.4 mM Ca2+. Furthermore, Ca2+-ISM 
measurements showed no significant change in presynaptic Ca2+ entry 
during H2O2 exposure. Together these data suggest that inhibition of DA 
release by H2O2 is not caused by decreased Ca2* entry, but rather that this 
could be the result of reversible oxidation of proteins involved in vesicular 
release. Funded by NS-36362 and NS-34115.

598.12
EFFECT OF T-588, A NEUROPROTECTIVE AGENT, AT MOUSE MOTOR 
NERVE TERMINALS. F.l. Urbarto1*, M.P. Rosato-Siri1, K. Hirata2'3, M. 
Nakagawa2'3, M. Sugimori2, R. Llinas2 and O.D. Uchitel1, ^aboratorio de 
Fisiologla y Biologia Molecular (LFBM), Fac. Cs. Exactas y Naturales, 
Universidad de Buenos Aires, 1428-Buenos Aires, Argentina. 2Department 
of Physiology and Neuroscience, New York University Medical Center, 
10016-New York. 3Toyama Chemical Co. Ltd., Toyama, Japan.

The effect of T-588 on neuromuscular transmission was evaluated at the 
mouse motor nerve terminals (MNT). Intracellular recordings were 
performed either on levator auris longus or on diaphragm muscles with 
conventional glass microelectrodes. T-588 (lOOpM) significantly decreased 
both nerve- and 15 mM K*-evoked transmitter release (20 and 30% 
respectively). In control condition trains of high frequency stimulation (10U 
Hz) elicited EPPs of increasing amplitude (i.e.: facilitation). In the presence 
of the compound, facilitation of neurotransmitter release was greatly 
reduced and intermittent failures were observed (mean facilitation indexes; 
If: 3.5± 0.4 before and 1.1± 0.2, after T-588; n=142 MNT, 5 muscles; P< 0.05). 
A dose response study of the effect of T-588 on presynaptic perineurial INaK 
currents was made with tetanic 2 to 500Hz stimulation, indicating that this 
reduction was due to a use-dependent block observed from lOpM T-588 
concentration. Presynaptic perineurial ICa currents recorded in the presence 
of K* channel blockers were also reduced by T-588 (42% ± 10; n=6 axon 
branches, 2 muscles). Thus, our results suggest that T-588 block voltage 
dependent ionic conductance and may be neuroprotective due to its 
prevention of high frequency prolonged firing in central neurons. (Support: 
Muscular Dystrophy Association, Univ. Buenos Aires TW29, CONICET PIP 
4631/96 and SCYT-ANPCYT PICT 97/ 05-00000-01848 and Toyama 
Chemical Co. Ltd).

598.13

THE KINETICS OF EXOCYTOSIS TRIGGERED BY PHOTORELEASE OF 
CAGED STRONTIUM AND CAGED LEAD. D, Cai and K.D, Gillis*, Depts. of 
Electrical Engineering and Physiology, Dalton Cardiovascular Research Center, 
University of Missouri - Columbia, Columbia, MO 65211.

Exocytosis from neurons and neuroendocrine cells is normally triggered by a rise in 
intracellular Ca2* concentration ([Ca2*];), however, other multivalent cations can also 
trigger exocytosis. It has previously been shown that extracellular substitution of Sr2* 
for Ca2+ leads to little release synchronous with an action potential, however, the 
slower asynchronous component of release is accentuated. These results have been 
interpreted in terms of multiple Ca2+ sensors for exocytosis, however, it is also 
possible that differences in kinetics result in part from differences in the rate of decay of 
[Sr2*]; versus [Ca2*]; following an action potential. In order to directly probe the 
relationship between [Sr2*]; and exocytosis, we have triggered exocytosis in bovine 
adrenal chromaffin cells with flash photolysis of caged Sr2* and measured the resulting 
change in membrane capacitance (Cm) as an assay of exocytosis. Step elevations of 
[Sr2*]; to 200 - 600 pM lead to rates of exocytosis -100 fold slower than comparable 
elevations of [Ca2*];, however, the two metals lead to a similar total amount of 
exocytosis 10 s after photolysis. Direct introduction of 6 nM, but not 1 nM [Pb2*]; 
into chromaffin cells through the patch pipette results in a slow increase in Cm. 
Photorelease of caged Pb2* to values of 200 - 500 nM lead to slow increases in Cm that 
began with a delay of 0.5 - Is. Again, total exocytosis 10 s after photolysis is similar 
to that evoked by photorelease of Ca2*. Depolarization-induced Ca2* influx is still able 
to trigger rapid exocytosis after photolysis of caged Pb2*, demonstrating that the 
secretory machinery is healthy in Pb2*-containing solutions. A ~50 fold increase in 
[Pb2*]; (6 nM -> 300 nM) results in less than a ~10 fold increase in the rate of 
exocytosis. One possible interpretation of these data is that there are at least two Ca2* 
sensors for exocytosis with very different affinities for Pb2* or Sr2*.

Supported by grants from AHA-MO and a DCRC Fellowship

598.14
ADENOSINE INHIBITS STIMULATION-EVOKED RELEASE OF 3H- 
NOREPINEPHRINE BY INTRACELLULAR ACTION. Taruna D. 
Wakade, Arun R. Wakade and Dennis A. Przywara* Dept. Of 
Pharmacology, School of Med. Wayne State Univ,. Detroit, MI. USA

Adenosine (Ado) is known to inhibit release of neurotransmitters in 
peripheral and central neurons. This action is mediated by activation of 
adenosine membrane receptors and subsequent interference with Ca2+ 
availability to secretoray apparatus. Now we have discovered that 
that chronic treatment of sympathetic neurons ( SN) with Ado 
dramatically reduces releases of norepinephrine (NE) by acting at an 
intracellular site. Chick embryo SN were grown in culture for 2-3 days, 
treated with Ado for several hrs and subsequently washed free of Ado, 
loaded with 3H"NE and stimulated electrically to measure evoked release 
of tritium. 3-30 uM Ado dose dependency inhibited 3H'NE. 
Maximum inhibition of 60- 70 % occurred with 30 uM. Time studies 
showed treatment of SN with Ado for 2 hr did not produce inhibition. 
After 4 hrs the nucleoside did inhibit release. Inhibition was not related 
to decrease in uptake of 3H'NE, because Ado treated SN took up same 
amounts of H3NE as controls. Aminophylline did not block but 
nucleoside transport inhibitor, dilazep and adenosine kinase inhibitor, 
iodotubercidin blocked Ado induced inhibition of release. We suggest 
that Ado by its intracellular site of action inhibits synthesis of key 
proteins essential for exocytotic machinery.

598.15
GLUTAMATE SPILL-OVER MEDIATES EXCITATORY TRANSMISSION 
IN THE RAT OLFACTORY BULB. J.S. Isaacson* Dept. of Physiology and 
Biophysics, University of Washington, Seattle, WA 98195.

In the CNS, glutamate typically mediates excitatory transmission via local actions 
at synaptic contacts. In the olfactory bulb, mitral cell dendrites release glutamate at 
synaptic contacts that are formed only onto the dendrites of inhibitory granule cells. 
Here I show a novel form of excitatory transmission mediated solely by transmitter 
spill-over between mitral cells in slices of the rat olfactory bulb.

Whole-cell recording was used to voltage clamp (Vh =-50 mV) visually-identified 
mitral cells using a Cs+ gluconate-based internal solution in rat (14-30 days old) 
olfactory bulb slices. Slices were superfused with a low-Mg2* Ringer solution 
supplemented with tetrodotoxin (1 pM) and picrotoxin (100 pM) to block Na+- 
dependent action potentials and GABAa  receptors, respectively. To evoke dendritic 
glutamate release, a brief (10-50 ms) voltage step to 0 mV was used to generate 
Ca2+ influx via voltage-gated Ca2+ channels. Under these conditions, glutamate 
release generated an inward, self-excitatory current that was unaffected by AMPA 
receptor blockers but abolished by the NMDA receptor antagonist d -APV (100 pM). 
Consistent with a role for NMDA receptors, non-stationary fluctuation analysis 
revealed that the channels underlying self-excitation had a 40 pS conductance.

Glutamate release from one cell also generated slow, NMDA receptor-mediated 
excitatory responses in paired recordings from neighboring mitral cells. These spill-
over-mediated currents were greatly enhanced by blockade of glutamate uptake 
using L-trans-pyrrolidine-2,4-dicarboxylic acid (100-200 pM). Furthermore, 
glutamate spill-over generated large, spontaneous NMDA receptor-mediated 
population responses. This simultaneous activation of neighboring mitral cells by a 
diffuse action of glutamate on NMDA receptors provides a mechanism for the local 
synchrony of olfactory principal cells.

Supported by a Burroughs Wellcome Fund Career Development Award.

598.16

SELECTIVE DEPRESSION OF EXCITATORY NEUROTRANSMISSION 
BY RILUZOLE. S. Mennerick* & M. Prakriva, Dept. of Psychiatry. 
Washington University School of Medicine, St. Louis, MO 63110.
Drugs designed to alter the balance between excitation and inhibition 
represent important treatment strategies for conditions in which glutamate 
neurotoxicity has been implicated. Riluzole is a putative glutamate release 
inhibitor currently used to treat amytrophic lateral sclerosis, although the 
mechanism of action and specificity of riluzole for glutamate 
neurotransmission are controversial. In cultures of hippocampal neurons, 
riluzole markedly depressed evoked glutamate neurotransmission over GABA 
transmission. Riluzole (20 pM) depressed excitatory postsynaptic currents 
(EPSCs) by 85 ± 4% but depressed peak inhibitory PSCs by only 24 ± 7%. 
The differential effects can be accounted for by riluzole’s depression of 
sodium currents, as subsaturating tetrodotoxin (TTX) concentrations also 
differentially depressed EPSCs. However, riluzole depressed EPSCs much 
more than TTX at concentrations generating the same somatic sodium current 
block. Because sodium current inhibition by riluzole is voltage dependent, 
the greater synaptic depression by riluzole compared to TTX may be due to 
depolarized resting potentials of distal glutamatergic presynaptic elements. 
Consistent with this hypothesis, we found that removal of extracellular 
potassium to hyperpolarize distal presynaptic neurites had no effect on basal 
transmission but significantly reduced EPSC depression by riluzole and 
quantitatively accounted for the riluzole/TTX difference. We detected no 
effect of riluzole on calcium current, vesicular pool size, or exocytosis 
machinery. Thus, both the differential effects of riluzole on EPSCs over 
IPSCs and the total amount of EPSC depression may be accounted for by 
riluzole’s effects on sodium current. Supported by MH45493 and GM47969.
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598.17

CYCLOTHIAZIDE ENHANCES NEUROTRANSMITTER
RELEASE. T__ Ishikawa__ and__ L__ Takahashi*. Dept. of
Neurophysiology, Fac. of Medicine, Univ. of Tokyo, Bunkyo-ku, 
Tokyo 113-0033, Japan.

Cyclothiazide (CTZ) is a widely used blocker of desensitization 
of AMPA/kainate glutamate receptors. However, it has been 
reported that this drug may also affect neurotransmitter release. To 
study the presynaptic effect of CTZ, we recorded excitatory 
postsynaptic currents (EPSCs) from the principal cell of the medial 
nucleus of the trapezoid body in rat brainstem slices. CTZ (100 
pM) enhanced the amplitude of EPSCs (to 127±6%, n=7) and 
increased the magnitude of paired pulse depression (123±9%, n=7). 
CTZ also increased the frequency of miniature EPSCs recorded 
under tetrodotoxin (334±73%, n=6) without affecting the mean 
amplitude (97.3±2.8%, n=6). In low Ca27 high Mg2+ external 
solutions, both the rate of failure and the coefficient of variation 
were decreased (20.4±7.3% and 46.2±1.3%, respectively, n=5). We 
conclude that CTZ enhances transmitter release, thereby 
augmenting EPSCs.

Supported by the “Research for the Future” Program by The 
Japan Society for the Promotion of Sciences.
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599.1

DIRECT ACTIVATION OF PRESYNAPTIC POTASSIUM CHANNELS BY 
ARACHIDONIC ACID MEDIATES MUSCARINIC INHIBITION OF EXCITATORY 
TRANSMISSION TO HYPOGLOSSAL MOTONEURONS
M.C. Bellingham*. Div. Neuroscience, John Curtin School of Medical Research, 
Australian National University, Canberra, ACT, 0200, Australia

Glutamatergic excitatory transmission to hypoglossal motoneurons (HMs) is markedly 
depressed by presynaptic M2 muscarinic acetylcholine receptors (mAChRs; Bellingham 
and Berger, 1996). The mechanism mediating this depression has been investigated.
In brainstem slices from 14-20 day old rats anesthetized with sodium pentobarbitone 
(100 mg/kg ip), whole cell patch clamp recordings were made from visually and 
electrophysiologically identified HMs at 20-25°C. Compound glutamatergic excitatory 
postsynaptic currents (EPSCs) were evoked by bipolar electrical stimulation of the 
reticular formation lateral to the hypoglossal nucleus. Muscarine alone (10 pM, n=24) 
depressed evoked EPSC amplitude to 50±2% of control. This depression was 
completely blocked by prior application of 4-aminopyridine (4-AP, 1 mM or 100 pM, 
n=6), indicating it was mediated by a presynaptic 4-AP-sensitive K+ channel, and by 
application of N-ethylmaleimide (150 or 300 pM, n=6), indicating that G-protein 
activation was required. Barium (100 pM, n=4) reduced evoked EPSC amplitude to 
81 ±1% of control, but did not block muscarinic depression of the evoked EPSC, 
suggesting that G-protein-regulated presynaptic inwardly rectifying K+ channels were 
not involved. Arachidonic acid (150 pM, n=3) depressed evoked EPSC amplitude to 
71 ±6% of control, and significantly reduced muscarinic depression of evoked EPSC 
amplitude (72±9% of control cf. 52±7% of control by muscarine alone, P=0.02). 
Muscarinic depression of evoked EPCs was not reduced by pre-incubation of slices for 
1-7 hours with inhibitors of cyclooxygenase (indomethacin, 20 pM, 47±5%, n=6) or 
lipoxygenase (nordihydroguairetic acid, 20 pM, 49±4%, n=5), showing that eicosanoid 
metabolites of arachidonic acid did not mediate this depression. These results suggest 
that activation of presynaptic M2 mAChRs generates arachidonic acid, which appears 
to directly activate a 4-AP-sensitive and Ba^-insensitive presynaptic K+ channel, 
resulting in depression of glutamate release onto HMs.
Supported by Australian Research Council and Ramaciotti Foundation grants

599.2

THE NICOTINIC AGONIST DMPP ACIDIFIES LARGE DENSE CORE 
GRANULES IN RAT ADRENAL CHROMAFFIN CELLS VIA VESICULAR 
CHLORIDE CHANNELS. K.P, Liu1. E.N. Pothos1'2. W. Setlik3. M.P. 
Gershon3. M.M. Rapport4*. D. Sulzer1,2 andH. Tamir1-3. ‘Dept Neurosci, NYS 
Psych Inst, 2Depts Neurol & Psych, 3Anat Cell Biol, Columbia, NY, NY 
10032,“Dept. Neurol, Einstein Coll Med, NY, NY 10461.

Vesicular acidification and secretion in thyroid parafollicular cells are 
mediated by a Ca2+-sensitive cell surface receptor that promotes 
phosphorylation of the p64 Cl' channel in membranes of secretory vesicles. 
Cl' channel phosphorylation enhances vesicular Cl' entry, acidification, 
and serotonin uptake (J.Biol.Chem. 271:6441). Depolarization following 
vesicular acidification may thus facilitate neurotransmission by elevating 
monoamine quantal size. In the present study, we used the intracellular 
partitioning of the weak base acridine orange to measure changes in 
intravesicular pH in cultured rat adrenal chromaffin cells after exposure to 
the nicotinic receptor agonist DMPP (10 pM). Significant decreases in pH 
were detected after 1 minute of DMPP exposure. The effect was reduced or 
abolished by the vacuolar H+-ATPase inhibitor bafilomycin (0.5 pM), the 
Cl' channel blocker NPPB (30 pM), the nicotinic receptor antagonist 
hexamethonium (100 pM) or exposure to DMPP in Ca2+-free media. Electron 
microscopic studies, using DAMP as a tracer visualized with immunogold, 
indicated that the in vivo administration of DMPP significantly decreased 
intravesicular pH (by 1 unit, verified by counting immunogold particles 
over granules) in approximately 30% of the adrenal chromaffin granules. 
Ca2+ influx and gating by p64 Cl' channels seem necessary for intravesicular 
acidification and may affect transmitter vesicular uptake. FUNDED BY THE 
Aaron  Diamond  Foundation , NARSAD, Parkinson 's Disease  
Foundation , NIDA, NIH NS12969, DK 52139 and  NYSPI.

599.3

NF-k B modulates Tyrosine Hydroxylase gene expression in response to 
stress. Penny Jensen* and Karen O’Malley, Anatomy and Neurobiology Dept. 
Washington University School of Medicine, St. Louis, MO.

Studies have shown that the transcription factor NF-k B responds to 
environmental stimuli triggering cellular stress responses. Since 
catecholaminergic enzymes are thought to be regulated by stress, we tested 
whether NF-k B could directly regulate the rat tyrosine hydroxylase (TH) gene. 
Sequence analysis has shown that NF-k B binding sites are present in the 
promoter region of the TH gene. Subsequent EMSA, UV-Cross-linking, and co-
transfection experiments have suggested that NF-k B and/or one of its family 
members can bind to these sites “/« vitro". Site directed mutagenesis of one of 
the NF-KB-like sites in the TH promoter ablated the increase in expression seen 
when co-expressed with the NF-k B subunit, p65, but did not alter basal levels of 
expression. Additionally p65, Relb, and p52 were detected in MN9D, 
mesencephalic and cortical tissue using RT-PCR followed by sequencing and 
Western analysis. Supershifts and UV-cross linking are currently being utilized 
to corroborate these data. Since NF-k B has been shown to be induced by stress 
mechanisms such as irradiation with UV light and phorbol esters, as well as in 
response to various neurotoxins such as MPP+, we examined EMSA binding 
activity and TH protein expression following NF-k B induction by these agents. 
Results show that after UV treatment, DNA binding activity increased 3-fold and 
TH protein expression 2-fold, phorbol ester addition, led to 8- and 3-fold 
inductions respectively, and MPP+ increased DNA binding 5-fold and TH protein 
2.5-fold. Taken together these results suggest that in response to these forms of 
stress NF-k B can directly orchestrate changes in the expression of TH.
Supported by MH45330 and the National Parkinson Foundation

599.4

IN-VIVO DETECTION OF GENE THERAPY USING POSITRON EMISSION 
TOMOGRAPY IN PARKINSONIAN MONKEYS.
William Jagust12*, J.L, Eberling1'2, John Bringas2, Phil Pivirotto2, Janet

’Lawrence Berkeley National Laboratory, UC Berkeley, Berkeley CA 94720; 
2Department of Neurology, UC Davis, Davis CA;; 3Avigen Inc., Alameda, CA; 
“Molecular Therapeutic Section, LMNN, NINDS, NIH, Bethesda, MD.

The direct transfer of genes into the CNS provides a way for introducing 
therapeutic molecules locally. For an in-vivo gene therapy approach to work, a 
mechanism for safe and efficient gene transfer into the CNS and a way of monitoring 
in-vivo gene expression are essential. PET and the 1-aromatic amino acid decarboxylase 
(AADC) tracer, 6 - [’8 F]fluoro-L-m-tyrosine (FMT), were used to evaluate the level 
and extent of gene expression in 4 unilateral MPTP-lesioned monkeys following the 
infusion of an adeno-associated virus (AAV)-based vector expressing AADC (n=2) or 
Lac-Z (n=2). The AAV vectors were administered to the MPTP-treated striatum using 
a convection-enhanced bulk flow method (CED). PET was performed 1 month prior to 
and 6 weeks following AAV infusion. As expected, baseline PET scans in all 4 
monkeys showed a profound reduction of striatal FMT uptake on the MPTP-treated 
side with respect to the contralateral side. Following AAV-infusion, the animals 
treated with AAV/AADC showed a significant (p < 0.01) increase in FMT uptake on 
the MPTP-treated side, while the AAV/LacZ animals showed no change from baseline. 
These results, along with previous PET studies in which a smaller volume of vector 
was infused, correlate well with the extent of post-mortem measures of gene 
expression, indicating that FMT uptake is a good in-vivo indicator of the extent and 
level of gene expression. These findings also show the ability of the CED to deliver 
high AAV concentrations and obtain a high volume of gene transfer throughout the 
monkey striatum. PET FMT studies enable the direct evaluation of gene expression, 
and provide an in vivo method for monitoring the efficacy of gene transfer techniques, 
the regulation of gene expression, and the long term therapeutic efficacy of gene 
therapy. Supported by US DOE Contract BG98039.
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599.5
RECIPROCAL MODULATION OF NOREPINEPHRINE RELEASE BY 
NITRIC OXIDE AND PREJUNCTIONAL a2-ADRENERGIC RECEPTORS IN 
MIDDLE CEREBRAL ARTERIES DECLINES WITH CHRONIC HYPOXIA. 
E, Mbaku, L, Zhang S.P. Duckles_and J, Buchholz* Depts. Pharmacology, Loma 
Linda Univ. Sch. of Medi. Loma Linda, CA 92350 and Coll. Of Medi. Univ. of 
Calif. Irvine, CA 92697.

We have shown that nitric oxide (NO) released from nerves containing NO 
synthase (NOS) potentiates norepinephrine (NE) release in the sheep middle 
cerebral artery (MCA). In this study, we examined the impact of chronic high 
altitude hypoxia (3820 m) on sympathetic and NOS nerve function in adult sheep 
MCA's by measuring NE release with HPLC and electrochemical detection. N“- 
nitro-L-arginine methyl ester (L-NAME) significantly inhibited stimulation- 
evoked NE release only in MCA's from normoxic adult sheep with no effect in 
hypoxic animals. Addition of the NO donor S-nitroso-N-acetylpenicillamine 
(SNAP, 20 pM) fully reversed the effects of L-NAME and augmented 
stimulation-evoked NE release in MCA's from normoxic animals. In MCA's 
from hypoxic animals SNAP elevated NE release but to a smaller extent as 
compared to normoxic animals. These data suggest that NO released from NOS 
containing nerves augments NE release and chronic hypoxia causes a decline in 
their function. We used the a2-adrenoceptor antagonist to examine the impact of 
chronic hypoxia on the function of these inhibitory receptors. Blockade of a2- 
adrenoceptors by 1 pM idazoxan significantly increased NE release in MCA's 
from normoxic animals with no effect in the same arteries from hypoxic animals. 
These data suggest that sympathetic nerves in the cerebrovasculature are under 
reciprocal control; NOS containing nerves, which augment NE release, and 
prejunctional a2-adrenoceptors, which inhibit NE release. Furthermore, the 
decline in the function of faciliatory NOS nerves is balanced by a decline in the 
function of inhibitory a2-adrenoceptors. Thus, overall function of 
cerebrovascular sympathetic nerves is maintained under chronic hypoxic stress.

This work was supported in part by NIH grant #H 1)31226

599.6
DOPAMINE-INDUCED PRESYNAPTIC INHIBITION OF INHIBITORY 
TRANSMISSION ONTO RAT STRIATAL CHOLINERGIC NEURONS
T. Momivama1* and E. Koga2. 'Lab. of Cerebral Structure, Nat. Inst, for Physiol. 
Sci., Okazaki 444-8585, Japan and 2Dept. of Physiology, Nagasaki Univ. Sch. 
Med., Nagasaki 852-8523, Japan.

Using the whole-cell patch-clamp technique in thin-slice preparation of 7- 
12 day-old rat brain, we have investigated the effects of dopamine (DA) on 
GABAergic transmission onto large cholinergic neurons in the striatum. 
Inhibitory postsynaptic currents (IPSCs) were evoked in large striatal neurons 
by focal stimulation in the presence of CNQX (5 pM), D-AP5 (25 pM) and 
strychnine (0.5 pM). IPSCs reversed at around 0 mV and were reversibly- 
blocked by bicuculline (10 pM). Bath application of DA (30 pM) inhibited the 
evoked IPSCs by 42.3 ±5.3 % (n=16) without affecting the holding current at - 
60 mV with cesium chloride-filled patch pipettes. Quinpirole, a D2-like receptor 
agonist (30 pM) mimicked the DA-induced effect, whereas SKF 81297, a Dr 
like receptor agonist (30 pM) had little or no effect. DA (30 pM)-induced effect 
was antagonized by sulpiride, a D2-like receptor antagonist (5 pM), whereas 
SCH 23390, a D,-like receptor antagonist did not show such antagonism DA 
(30 pM) reduced the frequency of spontaneous miniature IPSCs recorded in the 
presence of TTX (0.3 pM) without affecting their mean amplitude.

These results suggest that DA inhibits GABAergic transmission onto large 
cholinergic neurons by activating presynaptic D2-like receptors

Supported by Yamanouchi Foundation for Research on Metabolic 
Disorders.

599.7
INCREASED NEUROTRANSMITTER RELEASE DUE TO HIGHER CA2+ 
INFLUX IN MOUSE BRAIN CORTEX AND HIPPOCAMPUS OF GELSOLIN 
DEFICIENT MICE. K.B. Fink1*, M. Nakazi1, E, Schlicker1. M. Endres2. A. Lueck3 
and D.J. Kwiatkowski3, ^Deot. Pharmacology Univ. of Bonn. 53113 Bonn: 2Exp. 
Neurology, Charite, SchumannstraBe 20/21, 10098 Berlin, Germany; 3Div. Exp. 
Medicine, Harvard Medical School, Boston, MA 02115.

Gelsolin (gsn) is a Ca2+-dependent actin severing protein which by dynamic 
modification of the actin cytoskeleton modulates voltage-gated Ca2* channels 
(VGCC) and N-methyl-D-aspartate receptor ion channels. During apoptosis gsn is 
also substrate for the apoptosis execution enzyme caspase-3. We have shown that 
ischemic brain injury after 2h middle cerebral artery occlusion is increased in gsn 
deficient (-/-) mice. In this study we investigated whether under physiological 
conditions Ca2+ influx into presynaptic terminals and subsequent neurotransmitter 
release in the cerebral cortex and the hippocampus is altered in gsn deficient mice. 
Expression of the gsn protein in cortex and hippocampus CA1 was demonstrated by 
immunoblots and immunohistochemistry using a specific antibody for gsn. In 
immunoblots the 80kDa band representing constitutively expressed gsn appeared in 
cell body as well as in synaptosomal preparations of cortex and hippocampus. In gsn - 
/- mouse brain cortex synaptosomes depolarization by K+ 30mM induced a 42% 
higher increase in cytosolic Ca2+ concentration ([Ca2*]i, measured with fura-2) as 
compared to gsn +/+ whereas no differences were found in basal [Ca2+]i. In the 
presence of 0.2 pM o-agatoxin IVA (P/Q-type VGCC blocker) Ca2+ influx in gsn +/+ 
synaptosomes was decreased by 53% compared to +/+ controls and differences 
between gsn -/- and +/+ were abolished. The K+ (30mM) induced release of 
[3H]norepinephrine and K+ (15mM) induced release of endogenous glutamate 
(determined with HPLC) from gsn -/- mouse brain cortex synaptosomes was 
increased by 44% and 24%, respectively, compared to +/+. It is concluded, that in 
gsn deficient mice Ca2+ influx in presynaptic terminals mediated by P/Q-type VGCC 
is increased and, as a downstream event, the release of norepinephrine and glutamate 
is increased already under physiological conditions. (Supported by DFG and 
BONFOR grants)

599.8
THE CALCIUM CHANNEL RESPONSIBLE FOR NOREPINEPHRINE 
RELEASE FROM THE SPINAL CORD DORSAL HORN OF AWAKE RATS 
CHANGES UNDER DEPOLARIZING CONDITIONS M.F. Davies*1. C. 
Zhang1. M, Maze1,2 Dept. of Anesthesia, 'Stanford University & 2VAPAHCS, 
’Stanford, CA 94305 and 2Palo Alto, CA 94304.

The cellular processes that control neurotransmitter release have largely been 
investigated using in vitro preparations that do not generally preserve neuronal 
pathways and may alter the neurotransmitter release mechanism or by using in vivo 
preparations of anesthetized animals. The microdialysis technique makes it possible 
to examine the release process in awake, freely behaving animals. The Ca2+ channel 
that mediates norepinephrine (NE) release from noradrenergic terminals in the 
lumbar spinal cord dorsal horn under normal physiologic and high K+ conditions 
have been examined using this technique. Microdialysate tubing was implanted 
across the dorsal horn region of the lumbar enlargement of male Sprague-Dawley 
rats. The next day, the spinal cord of the awake animal was perfused with an artificial 
cerebrospinal fluid containing various pharmacological agents. The levels of NE in 
effluent were measured using HPLC coupled to an electrochemical detector. Normal, 
tetrodotoxin (TTX)-sensitive NE release evoked by physiologic neuronal activity 
was blocked by the P/Q type Ca2+ channel blocker SNX230 (1 pM) but not by the N- 
or L-type blockers, SNX111 or nifedipine (1 pM). However when release was 
evoked by addition of 120 mM K+ to the dialysate SNX230 did not block this TTX- 
insensitive NE release whereas both SNX111 and nifedipine did. These results 
indicate that physiologic release of NE in the spinal cord is mediated by the P/Q-type 
Ca2+ channel but under depolarizing conditions release is mediated by N- and L-type 
Ca2+ channels. This ability of a terminal to change the Ca2+ channel responsible for 
transmitter release may play an important role in modulating neurotransmitter release 
under pathological conditions such as ischemia or repetitive stimulation. These 
results also highlight the possible limitations of in vitro neurotransmitter release 
studies using high K+ release conditions.
Supported by NIH and Dept. of Veterans Affairs.

599.9

Regulation of compound exocytosis in neuroendocrine cells. Amanda J, 
Cochilla*, Joseph K. Angleson and William J. Betz. Department of Physiology and 
Biophysics, University of Colorado Medical School, Denver, CO.

Regulation of secretion is typically accomplished by modulating by the number of 
secretoiy vesicles that fuse with the plasma membrane. We show that in rat pituitary 
lactotrophs exocytosis is regulated not by varying fusion with the plasma membrane, 
but by modulating granule-to-granule fusion, or compound exocytosis. Using optical 
and electron microscopic techniques, we demonstrate that modulation of exocytosis 
from lactotrophs is accomplished by altering the proportion of exocytic events that are 
compound as opposed to singular. Electron micrographs were generated after cells were 
stimulated briefly in high K+ and then immediately fixed. We observed "omega figures" 
of granules undergoing exocytosis that contained multiple granule cores within a single 
membrane. Optical measurements of compound exocytosis were obtained using the 
fluorescent dye, FM1-43. At rest, FM1-43 stained extracellular membranes. After 
stimulation with high K+ or stimulating hormones (thyrotropin releasing hormone, 
TRH, or vasoactive intestinal peptide, VIP), FM1-43 additionally stained the contents 
of exposed secretoiy granules allowing visualization of individual exocytic sites as 
fluorescent spots (Nature Neuro. 1999. 2:440). A histogram of spot brightness levels 
showed peaks at equal intervals, indicating that spots were quantal in their brightness 
distribution and suggesting that ~75% of exocytic events were compound. Stimulation 
with high K+, TRH or VIP all gave similar results. Activating PKC with PMA or 
PKA with forskolin led to an even greater percentage of compound events in response 
to high K+ stimulation without significantly altering the number of fusion sites. 
Decreasing cAMP activity by incubating cells in bromocriptine decreased the number 
of compound exocytic events, again without altering the number of fusion sites. These 
results suggest that lactotrophs undergo compound exocytosis in response to 
physiological stimulation and that the percentage of compound events is regulated by 
altering kinase activity. Supported by grants from NIH and MDA.

599.10

Ca2+-INDUCED Ca2+ RELEASE INVOLVED IN IMPULSE-EVOKED 
TRANSMITTER RELEASE AT FROG MOTOR NERVE TERMINALS. 
IL Narita1. T. Akita2. J, Hachisuka2. S.-M. Huang2. K. Ochi1. T, Shirasaki3* &
FLKuba2- ‘Dept. of Physiology, Kawasaki Med. Sch., Kurashiki 701-0192;
2Dept. of Physiology, Nagoya Univ. Sch. of Med., Nagoya 460-8550; 3Dept. 
of Physiology, Kansai Med. Univ., Moriguchi 57-0074, Japan.

Conventional intracellular recording and confocal or video imaging 
techniques were applied to the neuromuscular junctions of frog sartorius and 
cutaneus pectoris muscles. After a conditioning tetanus (10-20 Hz for 3-10 
min), the amplitude of end-plate potentials (EPPs) induced by a high 
frequency short tetanus (50 Hz, 20 pulses) in a low Ca2+, high Mg2+ solution 
were enhanced several to several tens of fold. The rate of growth of EPP 
amplitude during a tetanus, representing facilitation of transmitter release, 
however, remained unchanged. The enhancement lasted for several to several 
tens minutes. Rises in intracellular Ca2+ ([Ca2+]j) induced by each impulse of 
a high frequency tetanus in normal Ringer were markedly augmented for 
several to several tens of minutes after a similar conditioning tetanus. The 
rate of growth of rises in [Ca2+]j induced by each impulse during the high 
frequency tetanus was not changed under this condition. Ryanodine (10 pM) 
or thapsigargin (1 pM) blocked completely the enhancement of tetanus- 
induced rises in [Ca2r]j by a conditioning tetanus in both normal and high 
Ca2+, high Mg2+ solutions. The rate of rise of a single impulse-induced 
elevation of [Ca2+]j was markedly increased with no change in the peak time, 
while the time constants of the double exponential decay phase were 
shortened. These results suggest that Ca2+-induced Ca2+ release (CICR) via 
ryanodine receptors is directly involved in the impulse-evoked exocytosis of 
transmitter at frog motor nerve terminals, explaining use-dependent 
augmentation and potentiation (but not facilitation) of transmitter release. 
(Supported by Grants in Aid for Scientific Research from the 
Japanese Ministry of Education, Science and Culture and a 
Research Grant from Kawasaki Medical School)
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599.11
EXOCYTOSIS OF CATECHOLAMINE-CONTAINING GRANULES INITIATES 
A SPREADING INTERCELLULAR Ca2+ SIGNAL IN ISOLATED BOVINE 
CHROMAFFIN CELLS. A Fomina1,2, A. Dromaretskv3,4,
S. Kabanchenko4, M. Cahalan1*. ’Dept. of Physiol, and Biophysics, Univ. of 
California, Irvine, CA 92697; 2Dept. of Neurobiol. and Anatomy Med. Coll, of PA, 
Philadelphia, PA 19129; 3 Axon Instruments Inc., Foster City, CA 94404; 
4Bogomoletz Inst, of Physiology, Kiev, Ukraine, 252024.

In addition to catecholamines, dense core vesicles of bovine chromaffin cells 
contain numerous bioactive compounds which have been strongly implicated in 
negative feed-back autoregulation in secreting cells. It is unknown, however, whether 
compounds released during stimulation of single chromaffin cell can affect 
neighboring spatially separated cells. We studied the spread of Ca2+ signaling in 
cultured chromaffin cells during stimulation of the release of catecholamine- 
containing vesicles by a single cell using either mechanical stimulation with a carbon- 
fiber electrode or depolarization of voltage-clamped cell. The changes in 
intracellular free Ca2+ concentration [Ca2*]; were monitored using multipoint imaging 
photometer in stimulated and neighboring cells loaded with a Ca2* sensitive 
fluorescent probe. We found that mechanical stimulation of the single cell produced a 
rise in [Ca2*]; and electrochemical current detected by carbon fiber electrode 
indicating that such stimulation evoked release of catecholamines. Depolarization 
(40-100 ms duration) applied to a single cell produced a fast increase in membrane 
area detected with capacitance detection technique. Following either mechanical or 
electrical single cell stimulation, elevations of [Ca2* ], were detected in neighboring 
cells. The appearance of [Ca2*]; transients in neighboring cells was abolished by fast 
perfusion of extracellular solution around the stimulated cell or by prior application 
of 50 pM ATP. The data suggest that ATP co-released during catecholamine- 
containing granular exocytosis may mediate intercellular spreading of the Ca2* signal 
and introduce an element of positive feedback in the initial secretory response.

599.12
DOES (3-AMYLOID INHIBIT THE RELEASE OF [3H]-NOREPINEPHRINE 
VIA AN AMYLIN RECEPTOR?. M.K.T.P. Bui1, S. Foucart1*, S. Kar2, R. 
Quirion2, P. Page1 and R. Nadeau1. 'Research Center, Hopital du Sacre-Coeur 
de Montreal, Dpts. Physiology and Surgery, Universite de Montreal H4J 1C5 
and 2Douglas Hospital Research Center, Dpt. Psychiatry, McGill University, 
Montreal, Quebec, Canada H4H 1R3.

We have previously demonstrated that 6-amyloid inhibits the release of 
norepinephrine (NE) in the isolated human appendage (Foucart et al. Soc. 
Neurosci. Abst., 23(2): 1884, 1997). Dore et al. (PNAS USA. 94(9):4772-77,
1997) have demonstrated that insulin-like growth factor (IGF-I) protects rat 
primary hippocampal neurons against neurotoxicity induced by (3-amyloid and 
human amylin. In the current study, we tested whether the inhibitory action 
of 6-amyloid on NE release can be mimicked by amylin and blocked by the 
amylin receptor antagonist, AC-187. Pieces of human right atrial appendages 
were isolated during routine cardiac surgery. Following incubation with [3H]- 
NE, tissues were superfused and stimulated twice (S, and S2, 1 min, 50 mA, 
2 ms pulses, 5 Hz) at 10 and 85 min and the drugs were added 60 min before 
S2. The effect of the treatment was assessed by the ratio S2/S,. [3-amyloid 1-40 
(10 nM) and human amylin (100 nM) significantly inhibited the release of 
[3H]-NE: 60 ± 5 % and 64.3 ± 4% respectively vs control: 92.7 ± 3% The 
inhibitory effects of (3-amyloid and amylin was blocked by AC-187 (1 pM):
88.9 ± 7% and 82.7 ± 9%, respectively. These results suggest that [3-amyloid 
inhibition of NE release in the human atrial appendage may implicate an 
amylin receptor.

Supported by MRCC.

599.13

AMYLOID PRECURSOR PROTEIN (APP) MODULATES
TRANSMITTER RELEASE AT CULTURED RAT CHORINERGIC 
SYNAPSES. Y. Sugiura1*, I. Fukui,2 M. Niinobe2 and S. Mochida1 
iDept. of Physiology, Tokyo Medical University, Tokyo, institute for 
Protein Research, Osaka University, Osaka, Japan.

Genetic analysis studies have shown strong relevance between APP 
mutations and familial Alzheimer’s disease. This may be related to the loss 
of function of APP. However, the physiological role(s) of APP is not clear. 
To elucidate potential function of APP in synaptic transmission, the effects of 
a peptide for intracellular domain of APP and its antibody (gift from Dr. K. 
Yoshikawa2) on transmitter release were examined in cultured rat superior 
cervical ganglion (SCG) neurons. SCG cells were prepared from seven day- 
old postnatal rats and cultured for 3-4 weeks. Conventional intracellular 
recordings were made from a synapse between two adjacent neurons using 
microelectrodes. Postsynaptic responses (EPSPs) were recorded from one 
of the neuron when action potentials were generated in the other neuron by 
passage of current at 0.05 Hz. Test materials were introduced into the 
presynaptic cell body by diffusion from a suction glass pipette. Introduction 
of the peptide of APP decreased EPSP amplitude. Scrambled peptide had 
no effect on EPSP. Coinjection with the antibody prevented the inhibitory 
effect of the peptide. Thus, the sequence of intracellular domain of APP is 
specific for the inhibitory effect. The results suggest an involvement of 
APP in synaptic transmission. Intracellular domain of APP may interact 
some part of release mechanism. [Supported by Human Frontier Science 
Program and by the Ministry of Education, Science & Culture]

599.14

PURINERGIC EXCITATION OF SUBMUCOUS NEURONS AND INHIBITION OF 
NOREPINEPHRINE RELEASE IN GUINEA-PIG SMALL BOWEL. H.-Z. Hu, S.
Liu, J. Ren, Y. Xia and J. D. Wood * . Dept. of Physiology, College of Medicine and 
Public Health, Ohio State University, Columbus, OH 43210-1218.

The effects of purinergic receptor agonists on the electric and synaptic behavior of 
submucous plexus neurons in guinea pig small intestine were studied with conventional 
intracellular recording techniques. In 76 of 82 S and 10 of 11 AH neurons, P2 
purinergic receptor agonists induced slowly activating depolarization with the 
following potency order: 2-methio-ATP>ADP>ATP>ATP-y-S>BZ-ATP. UTP, UDP, 
a,(3-methlene-ATP were without effect at lOOpM. The slowly activating response was 
competitively suppressed by suramin with a KB of 3.5x IO-4 M. PPADS did not 
suppress the slow depolarization. The input resistance decreased in most of the cells 
examined (23/34). The reversal potential for the ATP-induced response was 
2.4±6.2mV(n=7). The ATP response was abolished in low Na* solution (n=4). 
Application of ATP (lGOpM) by micropressure ejection evoked a fast activating 
depolarization associated with decreased input resistance (n=10). Suramin (lOOpM) or 
PPADS (lOOpM) suppressed the fast response. Slow inhibitory postsynaptic potentials 
(IPSP) resulting from activation of a2 adrenoceptors were evoked by electric 
stimulation of interganglionic fiber tracts. Bath application of P2 purinergic receptor 
agonists dose-dependently suppressed the slow IPSPs (2-methio-ATP > ADP 
>ATP>ATP-y-S>BZ-ATP). UTP, UDP, a,(3-methylene-ATP were without effect at 
lOOpM. The inhibitory effect of ATP was unaffected by adenosine deminase (2.5U/ml) 
(n=5). PPADS (lOOpM) and reactive blue (lOOpM) each suppressed the action of ATP. 
The A; adenosine receptor antagonist 8-CPT also competitively antagonized ATP- 
induced suppression of the slow IPSPs with a KB of 2x10'9 M. The results suggested 
that ATP excites submucous neurons via distinct P2 receptors and ATP produces 
presynaptic inhibition through direct activation of both A; and P2 receptors. (Supported 
byNIHROl DK37238)

599.15

PRESYNAPTIC M2-RECEPTORS MEDIATE INHIBITION OF N-TYPE Ca2+ 
CHANNELS IN CEREBRAL PERIVASCULAR NOERGIC NERVES. J. Liu1,
M. S. Evans2, and T. J. F. Lee1*. ’Dept of Pharmacology and 2Neurology, So. Ill. 
Univ. Sch. Med, Springfield, IL 62794

Results of previous pharmacological studies suggested that presynaptic 
muscarinic M2-receptors on cerebral perivascular nitric oxidergic (NOergic) 
nerves mediated inhibition of NO release from these nerves. The inhibition was 
thought due primarily to a decreased Ca2* influx through N-type Ca2* channels on 
NOergic nerves. Direct evidence supporting this hypothesis however has not been 
presented. In the present study, we used cultured sphenopalatine ganglion (SPG), 
a major source of NOergic nerves to cerebral blood vessels, to investigate the role 
of M2-receptors in modulating voltage-dependent Ca2* channels, using the whole 
cell voltage clamp technique. One week after growing in the culture medium, the 
SPG neurons (both soma and dendrites) were immunoreactive for N-type Ca2* 
channels, muscarinic M2-receptors, and several neural peptides which have been 
demonstrated in whole-mount cerebral blood vessels. The voltage-dependent Ca2* 
current in cultured SPG was largely blocked by co-conotoxin, but was not affected 
by nifedipine. The Ca2+ current was inhibited by ACh and arecaidine but-2-ynyl 
ester tosylate, a preferential M2 receptor agonist, in a concentration-dependent 
manner. The inhibition was reversed by atropine. On the other hand, preferential 
Mj-receptor agonists, McN-A-343 and oxotremorine, did not affect the Ca2* 
current. Furthermore, pertusis toxin pretreatment prevented ACh and ABET 
inhibition of Ca2+ current. The immunocytochemical study further demonstrated 
that M2-receptors were colocalized with N-type Ca2+ channels in cultured SPG 
neurons. These results provide direct evidence supporting our hypothesis that M2- 
receptor-mediated inhibition of neurotransmitter release in cerebral perivascular 
nerves is via suppression of N-type Ca2* channels, (supported by NIH HL 27763, 
47574 to TJFL and R29NS34564 to MSE).

599.16
ON THE MECHANISM OF THE VOLTAGE DEPENDENCE OF 
FEEDBACK INHIBITION OF ACH RELEASE IN THE FROG 
NEUROMUSCULAR JUNCTION
Slutsky, I., Pamas, H„ Ravin R. and Pamas, I.*
The Otto Loewi Center For Cellular and Molecular Neurobiology, The 
Hebrew University, Jerusalem 91904, Israel.

We investigated the muscarine-mediated feedback inhibition of ACh 
release at the frog neuromuscular junction. We found that the level of 
inhibition depends on the amplitude of the depolarizing pulse administered to 
the presynaptic terminal: the stronger the depolarization, the weaker the 
inhibition. It was demonstrated that the M2 subtype is responsible for 
inhibition of release, and this effect is not associated with a reduction in 
presynaptic Ca2+currents. Therefore, the question is what is the mechanism of 
the voltage dependency of the muscarine-mediated inhibition of ACh release? 
We found that depolarization affects the functional affinity (concentration of 
muscarine required to produce 50% inhibition) of the presynaptic M2 
muscarinic receptor: a higher concentration of muscarine is needed to achieve 
50% inhibition, the higher the depolarization is. This shift in functional 
affinity to muscarine did not result from a reduction in Ca2* currents,* or from 
reduction in intracellular Ca2+ concentration, measured by fura-2 imaging. 
Furthermore, in the presence of pertussis-toxin the voltage dependency was 
abolished. That is 50% inhibition was the same for all levels of pulse 
amplitudes. These results suggest that irrespective of which molecule is the 
voltage sensor, the voltage sensitive process is situated either at the stage of 
binding of ACh (or its agonist) to the M2 receptor, and/or at a stage which 
involves activation of a G-protein.

Society  for  Neuroscience , Volume  25, 1999



TUESDAY PM PRESYNAPTIC MECHANISMS: RECEPTOR MODULATION OF TRANSMITTER RELEASE 1505

599.17
DEPOLARIZATION AND a-LATROTOXIN INDUCE CHANGES IN THE 
INTERACTIONS BETWEEN THE EXOCYTIC APPARATUS AND 
MUSCARINIC ACETYLCHOLINE RECEPTORS. M, Linial*, Y. Bladi and J. 
Parnis, Dept. of Biological Chemistry, The Alexander Silberman Institute of Life 
Sciences, The Hebrew University, Jerusalem, 91904, Israel.

Membrane depolarization is the first signal that triggers release of neurotransmitter 
from nerve terminals. The SNARE proteins together with voltage-dependent Ca^+ 
channels and synaptotagmin make up the exocytic apparatus. Proteins of the exocytic 
apparatus are involved in dynamic interactions throughout the synaptic vesicle life 
cycle. A major challenge still remains to explain how the depolarization signal is 
transduced into molecular interactions that lead to a rapid synchronous release of 
neurotransmitter. In rat brain synaptosomes, presynaptic muscarinic ACh receptors 
(mAChRs) physically interact with the exocytic apparatus. Of the five different 
subtypes of mAChRs (ml-m5), the m2 subtype receptor predominates in these 
interactions. The interaction between mAChRs and both syntaxin and SNAP-25 is 
modulated by depolarization levels - binding is maximal at resting potential and 
disassembly occurs at higher depolarization levels. Modulation of these interactions 
occurs without the involvement of Ca^+ ions. We explore a possible mechanism 
underlying the voltage-dependent interaction and showed that depolarization reduces 
mAChRs’ affinity towards its agonists. This effect is dependent on membrane potential. 
The interaction between m2 subtype mAChRs and syntaxin increases with receptor 
occupancy. We suggest that the depolarization-induced shift in mAChR affinity affects 
its interaction with the exocytic apparatus. We explore the effect of a-latrotoxin in its 
Ca^+ independent mode on the interactions between the m2 receptor and proteins of 
the exocytic apparatus. The toxin induces changes that overcome the block set by 
mAChR-syntaxin interaction. Based on our results we propose a scheme by which 
relief from mAChR-syntaxin interaction together with Ca^+ influx evokes release of 
ACh from nerve terminals under physiological conditions.

NEUROGLIA AND MYELIN VI

600.1

ALTERED CALCIUM WAVE PROPAGATION IN SPINAL CORD 
AND PERIPHERAL GLIA FROM CONNEXIN KNOCKOUT (KO) 
MICE. A. Fort, E. Scemes, D.H. Hall*, C. Flores and D.C. Spray. Dept. 
Neuroscience, Albert Einstein College of Medicine, Bronx, NY, USA.

Propagation of intercellular Ca2+ waves likely plays critical roles in 
function of the mature nervous system, during development and following 
traumatic injury. To evaluate the extent to which gap junctions participate 
in Ca2+ wave propagation in spinal cord and peripheral glia, we compared 
cultures of spinal cord astrocytes and of proliferating Schwann cells from 
mice lacking the gap junction proteins normally present between the cells 
(Cx43 in astrocytes, Cx32 in myelinating Schwann cells). Properties of 
mechanically induced Ca2+ waves were evaluated following treatment with 
purinergic antagonists and gap junction channel blockers. Ca2+ wave 
propagation in spinal cord astrocytes was not affected by deletion of Cx43, 
while in Cx32 KO Schwann cells Ca2+ propagation was decreased. 
Heptanol greatly reduced the propagation of Ca2+ waves between wildtype 
(WT) but did not affect wave spread between Cx43 KO spinal cord 
astrocytes; WT arid Cx32 KO Schwann cells were equally affected. Given 
that Cx32 KO Schwann cells display a different rank order of agonist 
sensitivity to purinergic agonists, and that the propagation of Ca2+ waves 
between KO and WT astrocytes were differently affected by two 
purinergic receptor antagonists (suramin and PPADS), it is proposed that 
P2 purinergic receptor expression is altered in Cx43 KO spinal cord 
astrocytes and in Cx32 KO Schwann cells. Supported in part by American 
Paralysis Association and NS34931.

600.2
SNARE PROTEIN-DEPENDENT GLUTAMATE RELEASE FROM 
ASTROCYTES. A. Araque*, B. Innocenti, R.T. Doyle and P.G. Haydon. 
Laboratory of Cellular Signaling. Iowa State University, Ames, IA 50011.

It is well known that glial cells can release different chemical transmitters. 
Among them, the neurotransmitter glutamate is released by astrocytes during an 
elevation of their internal Ca2+, which evokes a glutamate-dependent slow inward 
current (SIC) in neurons (Araque et al., 1998, Eur J Neurosci 10:2129-2142).

We have investigated the cellular mechanisms underlying the Ca2+-dependent 
release of glutamate from primary cultures of rat hippocampal astrocytes.

This Ca2+-dependent glutamate release is not due to the reverse operation of 
glutamate transporters because neither the incidence nor the amplitude of the 
astrocyte-mediated SIC in neurons was significantly affected by inhibitors of 
glutamate transporters (p-threo-hydroxyaspartate, dihydrokainate, and L-trans- 
pyrrolidine-2,4-dicarboxylate) nor by replacement of the extracellular sodium with 
lithium.

Injection of astrocytes with the light chain of the neurotoxin Botulinum B, that 
selectively cleaves the vesicle-associated SNARE protein synaptobrevin, did not 
prevent Ca2+ elevations nor Ca2+ waves in astrocytes but strongly reduced the 
astrocyte-induced SIC in neurons.

Bafilomycin A,, a V-ATPase inhibitor that reduces the pH gradient necessary' for 
glutamate uptake in vesicles, also reduced the incidence of the glutamate-mediated 
SIC without affecting Ca2+ elevations and Ca2+ waves in astrocytes.

Therefore, Ca2+-dependent glutamate release from astrocytes requires the 
presence of functional vesicle-associated proteins, suggesting that astrocytes store 
glutamate in vesicles and that it is released through an exocytotic pathway.

Supported by the NIH to P.G.H.; and by HFSP to A.A. and B.I.

600.3
OPTICALLY MONITORED GLUTAMATE RELEASE DURING 
ASTROCYTIC CALCIUM WAVES. B. Innocenti and P.G. Haydon*. Laboratory 
of Cellular Signaling. Iowa State University, Ames, IA 50011.

Since propagating calcium elevations between astrocytes can release glutamate 
in a calcium-dependent manner, we asked whether calcium waves between 
astrocytes could cause a propagating wave of glutamate release.

We optically measured glutamate levels with an enzyme-linked system, in 
which L-glutamic dehydrogenase reduces NAD+ to NADH using glutamate as a 
substrate. Since NADH fluoresces when illuminated with UV light, the reaction, 
and thus the presence of released glutamate, can be followed as an increase in 
NADH level imaged with a digital camera. When GDH and NAD+ were added to 
the external saline, stimulation of calcium waves between astrocytes induced the 
appearance of extracellular NADH fluorescence as a result of glutamate release. 
This NADH fluorescence signal had the properties expected if it were due to 
calcium-dependent glutamate release from stimulated astrocytes: 1) The 
amplitude of the fluorescence signal correlated with glutamate levels in the pM 
range, 2) Treatment of cells with thapsigargin or BAPTA, compounds that 
reduce calcium elevations in stimulated astrocytes, reduced the NADH signal, 3) 
The spread of the NADH fluorescence signal correlated with the speed of calcium 
waves, 4) The NADH fluorescence correlates with the duration of a glutamate- 
dependent slow inward current (SIC) that is detected in neurons when calcium is 
elevated in astrocytes (Araque et al., 1998, Eur J Neurosci 10:2129-2142).

Thus astrocytes evoke calcium-dependent release of glutamate that could 
significantly affect the neuronal environment and therefore information 
processing in the CNS.

Supported by the NIH to P.G.H. and by HFSP to B.I.

600.4
CALCIUM ELEVATION IN ASTROCYTES IS SUFFICENT TO CAUSE A 
SLOW INWARD CURRENT IN NEURONS. V. Parpura*, and P.G. Haydon. 
Laboratory of Cellular Signaling. Iowa State University, Ames, IA 50011.

Elevation of internal Ca2+ in astrocytes induces the release of glutamate (Parpura 
et al., 1994, Nature 369: 744-747), which can evoke a slow inward current in the 
adjacent neurons (Araque et al., 1998, Eur J Neurosci 10: 2129-2142).

Using photolysis and microislands of cultured mixed hippocampal cells, we 
asked whether a calcium elevation in astrocytes is sufficient to cause the slow 
inward current.

Microisland were co-loaded with calcium indicator fluo-3/AM and UV-sensitive 
Ca2+ -cage NP-EGTA/AM. We recorded from single neurons, located on 
astrocytic islands, in the whole-cell configuration using patch pipettes. Neurons 
were maintained in the whole cell configuration for about 15 minutes to allow 
dialysis of NP-EGTA and Fluo-3 from the neuron as indicated by a loss of their 
fluorescence. At this time, we photolyzed NP-EGTA in astrocytes that were 
associated with neurons using UV (337 nm) pulses delivered through a UV 
transmitting optical fiber (Parpura and Haydon, 1998, J Neurosci Meth 87: 25-34). 
The fiber size (core diameter 100 pm) allowed photolysis of NP-EGTA in all 
astrocytes contained in a single island. Photolysis increased astrocytic 
intracellular Ca2+ as monitored using fluo-3, evoking a slow inward current in an 
adjacent neuron

Taken together these experiments demonstrate that Ca2+ elevations in astrocytes 
are sufficient to induce slow inward currents in a single neuron cultured on top of 
micro islands of astrocytes.

Supported by the NIH, the Biotechnology Council at Iowa State University and 
the Whitehall Foundation.
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600.5
CYCLOOXYGENASE ACTIVITY IS CRITICAL FOR [Ca2+]i ELEVATION 
LEADING TO GLUTAMATE RELEASE IN ASTROCYTES IN RESPONSE 
TO NEUROLIGANDS P.Bezzi1*, C. Gravaghr, F. Grohovaz2 and A. Volterra1. ' 
Inst. Pharmacol. Sci., Univ. Milan, Italy;2DIBIT, H. S RafTaele, Milan, Italy, 20133.

Co-activation of AMPA/kainate and metabotropic giutamate receptors (mGluRs) 
potently stimulates glutamate (Glu) release in astrocytes, via a Ca2+-dependent and 
prostaglandin (PG)-mediated process, sensitive to the exocytosis blocker tetanus 
neurotoxin (TeNT). In hippocampal slices PG-mediated Glu release from astrocytes 
activates GluRs in surrounding neurons implying the existence of an integrated 
glutamatergic circuitry between astrocytes and neurons (Bezzi et al. Nature 
391:281, 1998). Here we show that sevei.il other neurotransmitters and 
neuromodulators, including bradykinin (BK; 20nM), endothelin-1 (ET, lOJnM) 
and adenosine 5’-triphosphate (ATP; 5pM) activate in cultured astrocytes a Ca2+- 
dependent Glu release process (1.3-1.8 nmol/mg prof1) similar to that triggered by 
GluR activation. Thus, for all stimuli the process is inhibited in cells pre-exposed 
to: (1) the rCa^l-buffering agent BAPTA/AM (50gM; -80%); and (2) the 

cyclooxygenase (COX) blockers indomethacin (lpM) and aspirin (5pM) (— 
70/80%). In addition, the [Ca2+1 elevations induced by Glu (50-100p.M) and BK 
(20-100nM), as measured in astrocyte populations as well as at the single cell level 
with the dye fura-2/AM, are dramatically reduced (—60/80%) in the presence of the 
same COX inhibitors. In agreement, stimulation of Glu release with PGE2 (50|iM) 
is inhibited (—80%) in cells pre-loaded with BAPTA/AM (200pM). Finally, two 
blockers of vesicular exocytosis with independent mechanisms, TeNT (2ptg/ml) and 
bafilomycin (lOnM), both inhibit PGE2-induced Glu release (—60/70%) without 
affecting the PG-mediated [Ca2+]j elevation, therefore acting downstream to PG- 
dependent [Ca2+]j rise. All together these data indicate that the intracellular calcium 
signalling pathway coupling neuroligand receptor stimulation to exocytotic 
glutamate release in astrocytes critically depends on the formation of COX products 
(Supported by MURST-Italy and Telethon-Italy (754) grants to A. V.)

600.6
INTERLEUKIN-1 BETA DIFFERENTIALLY REGULATES CALCIUM WAVE 
PROPAGATION BETWEEN PRIMARY HUMAN FETAL ASTROCYTES VIA 
PATHWAYS INVOLVING PURINERGIC RECEPTORS AND GAP JUNCTION 
CHANNELS. Gareth R. John1, Eliana Scemes2, Sylvia O. Suadicani2, Judy S.H. Liu1, 
Peter C. Charles', Sunhee C. Lee1*, David C. Spray2 and Celia F. Brosnan1,2. Departments 
of'Pathology and 2Neuroscience, Albert Einstein College of Medicine, 1300 Morris Park 
Avenue, Bronx, NY 10461.

In mammalian astrocytes calcium waves are transmitted between cells via both a gap 
junction-mediated pathway and an extracellular, purinergic receptor-mediated pathway, 
which link the cells into a syncytium. Calcium waves in astrocytes have also been shown 
to evoke calcium transients in neurons, and activity in neurons can elicit calcium waves in 
astrocytes. In this study we show that in primary human fetal astrocytes the purinergic 
receptor-mediated and gap junction-mediated pathways are differentially regulated by the 
cytokine interleukin-1P (IL-1P). Confocal microscopy of astrocytes loaded with Indo-1 
demonstrated that intercellular calcium wave transmission in IL-ip-treated cultures was 
potentiated compared with controls. However, transmission of calcium waves via the gap 
junction-mediated pathway was strikingly reduced. The major component of functional 
gap junctions in human fetal astrocytes was connexin43 (Cx43), and there was a marked 
reduction of junctional conductance and loss of dye coupling, loss of Cx43 protein and 
downregulation of Cx43 mRNA expression following IL-1 p treatment. Conversely, 
transmission of calcium waves via the purinergic receptor-mediated pathway was 
potentiated in IL-ip treated cultures compared with controls. This potentiation was 
associated with an increase in the number of cells responsive to UTP, and with a transient 
increase in expression of the P2Y2 purinoceptor mRNA. Since in inflammatory conditions 
of the human CNS IL-1 P is produced both by resident glia and by invading cells of the 
immune system, our results suggest that inflammatory events may have a significant 
impact on coordination of astrocytic function and on information processing in the CNS.

This work was supported by USPHS Grants XMH55477, NS11920, T32GM07288, 
NS34931 and NS07512; APA Grant 9802-2; NMSS Grant RG2771; FAPESP Grant 
97/2379-2; and an AECOM Pathology Dept. Pilot Grant.

600.7

DIFFERENTIAL MODULATION OF CYCLOOXYGENASE-2 BY NITRIC 
OXIDE-RELATED SPECIES IN PRIMARY MOUSE ASTROCYTES S.J, 
Hewett*, T.F. Uliasz, A.S. Vidwans, and J.A. Hewett. Department of Pharmacology., 
University of Connecticut School of Medicine, Farmington, CT 06030-6125.

Increasing evidence supports a link between the cyclooxygenase (COX) and nitric 
oxide (NO) pathways. In numerous studies including those using CNS cells (Molina- 
Holgado et.al., Glia 15:167,1995; Minghetti et.al., J. Neurochem. 66: 1963,1996), 
NO has been reported to activate or inhibit prostaglandin (PG) synthesis. We 
postulate that these paradoxical results may be explained by the production/action of 
different NO-related species. As such, we set out to determine the effect of NO donor 
compounds with different chemical characteristics on the modulation of COX-2 in 
primary mouse astrocytes. COX-2-dependent astrocytic PG production was induced 
by exposure of murine cortical cultures to lipopolysaccharide (LPS; 2pg/ml). 
Cultures were treated with LPS in the absence or presence of increasing 
concentrations of DETA/NO (a pure NO* donor), SNAP (an NO+ equivalent), or 
SIN-1 (an OONO- generator). The amount of PGE2 which accumulated in the cell 
culture supernatants was measured via ELA 36-40 hr later. In a concentration- 
dependent manner (3-300 pM), DETA/NO increased and SIN-1 decreased PGE2 
production induced by LPS. SNAP exerted a biphasic effect whereby 3 and 30 pM 
inhibited while 300 pM enhanced PGE2 synthesis. Western Blot analysis indicated 
that the increase in PGE2 production by DETA/NO and SNAP (both at 300 pM) was 
mediated, in part, by an increase in COX-2 protein synthesis. Neither SIN-1 nor 
SNAP (3 or 30 pM) altered the amount of COX-2 synthesized suggesting a direct 
effect on enzyme activity. Present results support the possibility that interactions 
between NO and prostanoid pathways in astrocytes in vivo will be highly dependent 
on the cellular redox environment. Supported by NINDS NS 36812 to SJH.

600.8
OLIGODENDROCYTES HAVE GAP JUNCTIONS ALMOST EXCLUSIVELY 
WITH ASTROCYTES: DIRECT DEMONSTRATION BY FREEZE-FRACTURE 
IMMUNOGOLD LABELING OF CONNEXINS Cx43, Cx30, Cx32, AND Cx45.
J. E. Rash*, T. Yasumura, F. E, Dudek, and J. 1. Nagy1. Department of Anatomy 
and Neurobiology, Colorado State University, Fort Collins, CO 80523 and 
fDept. of Physiology, Univ. of Manitoba, Winnipeg, Manitoba, Canada R3E 3J7

Astrocytes have abundant homologous gap junctions that interconnect those 
cells into a "functional syncytium." Oligodendrocytes also have abundant gap 
junctions, and heterologous oligodendrocyte-to-astrocyte gap junctions have 
been observed. However, identification of the majority of cells to which 
oligodendrocytes couple is still open to question. We have addressed this 
question by freeze-fracture replica immunogold labeling (FRIL) using 
combinations of glial-specific anti-connexin antibodies. Single- and double-
labeling with antibodies to connexins Cx30 (exclusively in astrocytes), Cx43 (in 
astrocytes and ependymocytes), and Cx32 and Cx45 (in oligodendrocytes) 
revealed the cellular coupling partners for virtually all oligodendrocyte gap 
junctions. We now show that >95% of oligodendrocytes couple with astrocytes 
at gap junctions that were labeled with Cx43 or Cx43/Cx30. These high- 
resolution immunocytochemical labeling data document that oligodendrocytes in 
rat brain and spinal cord gray and white matter couple primarily or exclusively 
with astrocytes, and couple rarely or not at all with other oligodendrocytes. In the 
oligodendrocytes, connexons were labeled with Cx32 and Cx45, revealing that 
oligodendrocyte gap junctions are both heterologous and multiply heterotypic. 
These data further extend the concept of a highly-integrated "panglial syncytium" 
whose gap junctions regulate both rectified and bi-directional transport of water, 
ions, and metabolites throughout the adult rat central nervous system.

Support: NIH NS-31027 (JER), NS-16683 (FED) and the MRC of Canada (JIN).

600.9

GLIAL GAP JUNCTION PROTEINS ARE COMPONENTS OF 
BOTH INTRA- AND INTERCELLULAR SIGNAL TRANS-
DUCTION PATHWAYS. H S, Duffy *, T. Kojima and D. C.
Spray, Department of Neuroscience, Albert Einstein College of 
Medicine, Bronx, NY 10461

While gap junction proteins, connexins, have long been known to form 
the intercellular channels that act as conduits for passage of ions and small 
bioactive molecules, new evidence suggests that they play a role in 
intracellular communication as well. By comparing cultured astrocytes 
from wild type and connexin43 knock-out (Cx43KO) mice we now show 
that connexin43 (Cx43) is also responsible for the intracellular 
translocation of the cell adhesion-associated protein, zonula occludin-1 
(ZO-1) to the cell membrane. Immunocytochemical studies show that 
Cx43 and ZO-1 co-localize in wild type astrocyte membranes, but in the 
Cx43KO astrocytes both Cx43 and ZO-1 disappear from the appositional 
membranes. Examination by RT-PCR and Western blot shows that while 
mRNA and protein for Cx43 are absent in the Cx43KO astrocytes, ZO-1 
message and protein persists but protein is now localized within the 
cytoplasm. A direct interaction between Cx43 and ZO-1 in astrocytes has 
been confirmed by immunoprecipitation of ZO-1 by antibodies directed 
against Cx43 and Cx43 by antibodies directed against ZO-1. This new 
role for Cx43 indicates that connexins may play a key role in intracellular 
signaling by providing a scaffold upon which signal transduction 
molecules may travel and reside. This work was supported in part by a 
grant from the National Institutes of Health (NIH grant #NS34931) and a 
training grant from the National Cancer Institute (TG-CA094375).

600.10

CONNEXIN43 EXPRESSION IS DECREASED IN ASTROCYTES FROM 
SPINAL CORD AFTER EXPOSURE TO HYPOSMOTIC SHOCKS AND TO 
HIGH LEVELS OF GLUTAMATE. M.H. De Pina-Benabou. K. Dobrenis*, D.C. 
Spray and E, Scemes, Department of Neuroscience, Albert Einstein College of 
Medicine, Bronx, NY, USA.

Traumatic and ischemic injury to the brain and spinal cord result in profound 
local changes in extracellular space composition including rise in glutamate and 
K+ concentrations and changes in osmolality, each of which have been previously 
shown to alter junctional communication between astrocytes. However, it is not 
known whether these changes are due to modifications in level of expression or 
distribution of connexins and/or to gating of the channels. To evaluate the extent 
to which the strength of coupling and Cx43 expression level and distribution are 
altered, electrophysiological, immunocytochemical and Western blot analyses 
were performed on cultured spinal cord astrocytes exposed to hyposmotic shocks 
and to high levels of glutamate. The results showed that junctional conductance 
between spinal cord astrocytes was not changed during the first 10 min of 
exposure to hyposmotic and to high levels of glutamate. However, Cx43 
expression was vastly decreased in spinal cord astrocytes 30 min after exposure to 
either insult. These results suggest that modification of junctional communication 
in spinal cord astrocytes after stressful conditions are probably not related to short 
term changes (i.e., phosphorylation state of the channels) but may involve longer 
term changes in connexin expression. Mechanisms by which injury triggers 
changes in Cx43 transcription or mRNA stability are currently under investigation 
and may ultimately allow therapeutic intervention. Supported by the American 
Paralysis Association (award to E.S.).
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600.11

CONNEXINS CAN DIRECT SELECTIVE CELL-CELL 
INTERACTIONS G. Arcuino1, S.A. Goldman2, M. L. Cotrina1, S. 
Liu1, V. Fried1,1. H.-C. Lin3, and M. Nedergaard1*-
’Dept. of Anatomy and Cell Biology and ’Pathology, New York 
Medical College, Valhalla, NY 10595 2Dept. of Neurology and 
Neuroscience, Cornell Univ. Medical College, NYC, NY 10021. 
Connexins are a family of integral membrane proteins expressed 
by most eukaryotic cells. The intercellular homotypic interaction 
of two homologous connexin proteins leads to the assembly of 
gap junction channels linking neighboring cells. We have tested 
whether connexins, in addition to forming gap junction channels, 
may also have adhesive properties, by wrtich cell specific 
adhesion may be established. Ectopic expression of connexins in a 
gap junction-deficient cell line, C6 glioma, induced the cells' 
morphological transformation to an epithelial phenotype. In 
short-term aggregation assays, connexin expression was 
associated with an almost 10-fold increase in aggregation. 
Antibodies directed against the extracellular domain of connexin 
43 (Cx43) blocked adhesion in a dose-dependent manner. In 
addition, both C6 and HeLa cells aggregated and segregated 
according to their transduced connexin phenotype, such that 
mixtures of C32 and Cx43 transfected cells self-aggregated to the 
exclusion of heterotypic partners. These results indicate that 
connexins may be considered a distinct class of adhesion 
molecules and may play a direct role in establishing specific cell-
cell interactions.

600.12

DIFFERENTIAL EFFECTS OF DOPAMINE AND GLUTAMATE ON RAT
ASTROGLIAL GAP JUNCTIONS. B.__ Reuss* and K. Unsicker.
Neuroanatomy, University of Heidelberg, INF 307, EU-D-69120
Heidelberg.

Astroglia constitutes a functional syncytium formed by gap junction (gj) 
connexin(cx)43. In addition, astroglial cells are known to express receptors 
for dopamine and glutamate. We have asked whether these two 
neurotransmitters could influence astroglial cx43 expression and gj 
coupling. Astroglial cultures from neonatal rat cortex, striatum, and 
mesencephalon were stimulated for 10 min or for 12h with different 
concentrations (10’ to 10° mol/l) of dopamine or glutamate respectively, 
and analysed 12h after the beginning of the treatment. A brief pulse of 
dopamine led to a concentration-dependent increase in cx43 protein in 
striatal but not in cortical and mesencephalic astroglial cultures as 
revealed by western blotting. In contrast, a persistent increase of 
dopamine led to a decrease in cx43 immunoreactivity in cortical and 
mesencephalic, but not in striatal astroglial cultures. Upon pulse treatment 
with glutamate, cx43 protein was reduced in striatal astroglial cultures but 
not affected in cortical and mesencephalic astroglia. Functional analysis 
by injection of the fluorescent dye Lucifer Yellow revealed increased dye 
spreading in cortical and striatal but not in mesencephalic astroglial 
cultures treated with a short pulse of dopamine (10 4 mol/l) followed by a 
12 h chase. A similar treatment with glutamate did not affect astroglial dye 
spreading at all. In conclusion, our results demonstrate that rapid changes 
as well as permanent alterations in either dopamine or glutamate 
concentrations can differentially affect astroglial cx43 expression and gj 
function. Our findings may help to better understand mechanisms that 
underlie effects and side effects of dopamine based drug treatments. 
Supported by DFG/SFB 317.

600.13

PUNCTATE DISTRIBUTION OF TYPE 2 INOSITOL 1,4,5- 
TRISPHOSPHATE RECEPTORS (IP,Rs) IN ASTROCYTE 
PROCESSES IN SITU IN RAT BRAIN. L. A. Hoitzclaw, G. 
Mignerv, and J. T. Russell,*'Section on Cell Biology and Signal 
Transduction, LCMN, NICHD, NIH.

Ca2+ waves in astrocytes are generated and regeneratively propagated by 
a concerted action of spatially discrete Ca2+ release units. In cultured 
astrocytes, these Ca2+ release sites are characterized by the presence of 
high density patches of IP5Rs. It is not known whether such specialized 
Ctr release sites exist in glial cell processes in situ in the brain.We have 
used fluorescence based immunocytochemistry and high resolution 
microscopy to investigate this question in cellular processes in situ. 
Astrocytes were identified by double labeling with cell specific markers 
(S-100(3 or GFAP). Confocal microscopy showed that in long tubular 
processes of astrocytes, identified by uniform S-100(3 staining, type 2 
IP3Rs are distributed as a series of bead-like patches. This punctate 
distribution of IP3Rs could provide a basis for locally discrete Ca2+ 
release and support Ca2+ wave initiation and propagation along 
astrocytic processes.

600.14

SYNERGISTIC ACTION OF TNF-a AND y-IFN ON SCHWANN CELLS: 
ROLE OF CERAMIDE S. Nagano, M. Takeda, and B. Soliven* Dept. of 
Neurology, The Brain Research Institute, The University of Chicago, IL 60637.

Pro inflammatory cytokines such as tumor necrosis factor-a (TNF-a) and/or 
y-interferon (y-INF) exert pleiotrophic activities in Schwann cells, including anti- 
mitogenicity, downregulation of myelin associated glycoprotein and inhibition 
of gap junctions. We employed a spontaneously immortal Schwann cell line 
(iSC) (Bolin et al., 1992) to investigate the role of ceramide and cAMP in 
cytokine-mediated apoptosis. Using MTT microelisa, we found that MTT 
reduction in iSC was decreased by 24 hr treatment with rmTNF-a +y-IFN , but 
not by treatment with rm TNF-a (100 ng/ml) ory-IFN (200 U/ml) alone [% ctrl- 
TNF-a: 104 ± 10.2%; y-IFN: 90.7 ± 6.1%; both: 27.7 ± 1.7%, n=3 each, p 
<0.001]. TNF-a +y-IFN also induced cell shrinkage and pyknotic nuclei 
suggestive of apoptosis. The effect of TNF-a + y-IFN on % apoptosis (PI 
staining) was attenuated when iSC was pretreated for 48 hrs with an adenylate 
cyclase activator forskolin (20 pM) in low serum [iSCserum - 9.2 ± 1.1 (ctrl),
56.8 ± 7.2 (cytokines); iSCfsk- 6.9 ±0.9 (ctrl), 20.1 ± 4.8 (cytokines), n=3 each, 
p <0.01] Treatment with both cytokines induced a greater increase in ceramide 
in iSCserum than in iSCfsk [326 ± 20% (n=l 1) vs 168 ± 20 (n=7), p <0.0001). 
We conclude that: 1) TNF-a and y-IFN exert synergistic inhibitory action on the 
viability of iSC, an effect that is attenuated by pretreatment with forskolin; 2) 
Accumulation of ceramide occurs in response to cytokines, and correlates with 
the degree of apoptosis. Further studies are in progress to determine the 
molecular mechanisms involved in the protective effect of the cAMP pathway. 
Supported by the Nat ’I Multiple Sclerosis Society Grant RG2195-C4.

600.15

A ROLE OF SPHINGOMYELIN IN REGULATION OF CHOLESTEROL 

RELEASE BY APOLIPOPROTEIN FROM RAT ASTROCYTES. J. Ito, Y. 

Nagavasu, A. Ota*, and S. Yokovama. Dept. of Biochemistry 1, Nagoya City Univ. 

medical Sch. Nagoya; *Dept. of Physiology, Fujita Health Univ. Toyoake, Japan

Rat astrocytes release cholesterol and phospholipid as HDL and decrease 

intracellular free cholesterol pool in response to extracellular apolipoprotein (apo) 

A-I, but to much less extent than other cells. The treatment of the cell surface with 

sphingomyelinase (SMase) increased the intracellular cholesterol pool, and induce more 

release of cholesterol by apo A-l without changing phospholipid release to make 

cholesterol-rich HDL. Non-specific cellular cholesterol diffusion to lipid 

microemulsion also mildly increased by the SMase treatment. Decrease of 

cholesterol by 66% was demonstrated in Triton-insoluble fraction of plasma membrane 

by SMase treatment of the cells and of plasma membrane. Thus, astrocytes seem to 

have stable clustering domain of cholesterol and sphingomyelin in the membrane that 

makes the cell cholesterol resistant to the apoA-I-mediated reaction, and the SMase 

treatment destabilizes this to render the cholesterol more available for ACAT and 

apoA-I-mediated generation of HDL.

600.16

Brain Interstitial Carbonic Anhydrase is Membrane-Bound.
C.K. Tong*, W. Cammer0, M, Chester. Dept. Physiology/Neurosci. & 
Dept. Neurosurg. NYU Sch. Med. 550 1st Ave NY, NY 10016. Dept. Neurol. 
Albert Einstein Coll. Med. Bronx NY 10461°.

Little is known about brain interstitial carbonic anhydrase (CA), an 
enzyme important in extracellular pH (pHo) control. Soluble type II 
CA is the major isozyme (found mainly in glia), while membrane- 
bound CA IV is the minor CNS form1. To determine whether pHo 
regulation relies on CA II, we studied activity-evoked pHo shifts in 
hippocampal slices from mutant mice devoid of type II CA. Stimulus- 
evoked alkaline shifts (Shaffer-collateral-CAl region) were not 
significantly different in mutant vs wild-type slices and were 
amplified to the same degree by the CA inhibitor benzolamide. Since 
CA IV is bound to membranes by a phosphatidyl-inositol (Pl)-glycan 
link, we tested whether Pl-specific phospholipase C (PI-PLC) could 
wash away interstitial CA activity. After a 3-6 hr. PI-PLC incubation 
of rat hippocampal slices, benzolamide amplification of NaOH- 
induced alkaline shifts was just 81±78% (n=10) vs 242±101% (n=19) 
in untreated controls (p < 0.01). Moreover, in untreated-treated slice 
pairs (same chamber), NaOH or glutamate induced alkaline shifts 
were 2-3 fold larger in the treated tissue, consistent with washout of 
interstitial CA. These data indicate that the interstitial CA is 
membrane-bound and may therefore be the type IV isozyme. I Cammer 
et al J. Neurochem 50(l):319-322. Supported by NINDS grants NS32123/NS 34115 
(CKT/MC) and Multiple Sclerosis Soc. Grant 2971 (WC).
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601.1
ACCURACY OF FUNCTIONAL MAPPING WITH fMRI IS LIMITED BY 
IMAGE DISTORTIONS. J. Kurata', L.L. Firestone1*, K.R. Thulbom2.
‘Dept. of Anesthesiology and Critical Care Medicine and 2Dept. of Radiology, 
University of Pittsburgh, PA 15213.

Functional MRI activation maps are usually presented by superimposing low 
resolution, statistically significant functional voxels over high resolution, 
conventional images of anatomy. Statistical significance above a chosen threshold is 
depicted by the color of the functional voxels. To compare different populations of 
subjects, group maps are prepared by summing individual maps after transformation 
into a reference Talairach space. Despite apparent registration of function and anatomy, 
such displays contain localization errors due to spatial distortions between image 
types. Typical spatial resolution for fMRI data is several millimeters in-plane with 
image thickness of 3-5 mm. Physiological motions further degrade resolution across 
the image time series used in fMRI. Statistical analyses may use additional blurring 
to detect responses. Yet another localization error comes from distortions between 
echo-planer fMRI images and the high resolution anatomic images, arising from the 
different sensitivities of echo-planer and conventional images to imperfections in the 
magnetic field and spatial encoding gradients. We have determined that images of the 
same subject in different head orientations are not superimposable, even after 
transformation into Talairach space. These errors are demonstrated by comparison of 
surface and ventricular topography of images of the same subject in different head 
positions; different individuals within a group map; with different imaging 
sequences; and at different magnetic field strengths (1.5 and 3.0 Tesla). The best 
localization is achieved with imaging acquisition schemes of the same gradient wave 
form (e.g. echo-planer), albeit at different spatial resolutions for the functional and 
anatomic imaging.
Funded by PO1 NS35949 and General Electric Medical Systems.

601.2
ANATOMIC MAGNETIC RESONANCE IMAGING (MRI) OF THE RAT 
HIPPOCAMPUS FOLLOWING K.AINIC ACID (KA) TREATMENT. V.Dyakin’,
O.T.Wolf2,3 K.Bulloch3 ,C.Vadasz\M.J.de Leon12 .APatel and B.S.McEwen3
’Lab of Neurobehavioral Genetics, Nathan Kline Institute, Orangeburg, N Y. 10962 
2Neuroimaging Lab.,Dept of Psychiatry, NYU School of Medicine3 Laboratory of 
Neuroendocrinology, The Rockefeller University. N.Y.,NY. 10021

MRI is a noninvasive technique to analyze the living brain. Although it has been 
extensively used in humans,this powerful tool has been underutilized in animal 
research to follow the volumetric changes secondary to neuronal damage and 
recovery. Thus, we have undertaken an in vivo MRI-neuropathology study in 
order to validate the gross anatomical changes detected by MRI with histological 
evaluations. Employing a high field (7T) magnet (MAGNEX, with S.M.I.S.) we 
imaged the brains of KA treated rats and controls at the Nathan Kline Institute 
and then prepared the brains for a histological comparison with the MRI images. 
MRI based volumes of interest were drawn using MIDAS software (developed at 
N Y U. Sch. Med., NY) and relied on a standard rat atlas for anatomic landmarks. 
One validation procedure used T2 weighted images to identify increased signal 
intensity assdciated with edema, and accumulation with CSF. In a second 
validation procedure the volume of the hippocampus was determined. Light 
microscopy was used to assess the KA induced hippocampal neuronal pathology 
and volume changes. Qualitative examination of the MRI showed ventricular 
enlargement and hippocampal volume reduction that corresponded with the light 
microscopic pathology. Histologically determined hippocampal and other 
volumes were compared with MRI determined volumes and will be presented. 
Inter- and intra- reliability for the MRI and histology measures will be provided. 
Supported by MH 41256, MH42834 (BSM,KB) & AA11031A (CV)

601.3

FRACTIONATOR STEREOLOGICAL COUNTING USING IMAGEPRO PLUS. 
M.A King, N. Scotty, & D.W. Walker^ VAMC, Brain Institute and Dept. of 
Neuroscience, University of Florida, Gainesville FL 32602.

Unbiased methods have become de rigeur for publishing studies involving 
counts of objects in biological specimens. For several years a variety of 
digital image analysis systems have been capable of counting objects based 
upon characteristics they exhibit in two dimensional images. However, the 
three dimensional sampling requirements of the most efficient stereological 
techniques are difficult to satisfy using blob counting approaches. Although a 
number of dedicated systems are available for conducting stereological 
analyses, these typically lack the digital image manipulation and analysis 
capabilities that aiso have proven utility for extracting information from 
biological material. They also typically cost as much as digital imaging 
software solutions. We have developed macro scripts that implement a 
fractionator counting technique within the ImagePro Plus imaging software 
package. The hardware consists of stage (XY) and focus (Z) controllers 
(Prior Scientific) and a video frame grabber (IntegralTech) that interfaces a 
microscope video camera with a microcomputer. The software environment 
is Windows95 or 98 (Microsoft), ImagePro Plus (Media Cybernetics) and its 
StagePro controller module, plus a utility (FPG32, IntegralTech) that permits 
overlay of disector counting frames on live video. The module defines and 
controls the systematically random location, spacing, and sizing of optical 
disectors within areas of interest traced within or across low-magnification 
video frames, then performs interactive optical disectors at each sampling 
locus under high magnification. Compact jpeg images illustrating the disector 
locations are archived and data written as plain text files are easily 
transformed into count and error estimates using an Excel (Microsoft) 
template. Additional imaging functions (e.g. enhancement, filtering) can be 
exercised at many points during the fractionator process. The use of this 
system for counting neurons will be presented. Supported by the Veterans 
Administration Medical Research Service.

601.4
CORRECTION SCHEMES FOR GEOMETRICALLY EXACT 3D RECONSTRUC-
TIONS OF NEURONS FROM CONFOCAL IMAGES 
M. Scholz1, D. Bucher2, H.-J. Pfliiger*2 and K. Obermayer1 
Dept. of Computer Science, Technical University Berlin, Germany 1 
Institute of Neurobiology, Free University Berlin, Germany ?
Despite the excellent imaging quality of confocal microscopy, the assessment of the 
true three-dimensional geometry of neurons remains a difficult task. Geometric dis-
tortion and chromatic aberration due to changing refractive indices in the light path, 
scaling errors due to tissue shrinking, and blurring artifacts all contribute to the need 
for adequate correction schemes, especially when dealing with volumetric measure-
ments of complex neurons. We provide computational methods (wave optics sim-
ulations, deconvolution) to deal with these problems and demonstrate histological 
procedures which result only in isometric tissue shrinking, which can be corrected 
easily.

We used fluorescent ring stained microspheres to measure the wavelength depen-
dence of different mounting media and different objectives in altering the z-axis di-
mension of images (chromatic aberration). We used wave optics simulations to de-
rive scaling factors due to spherical aberration and developed a constrained, gradient 
based, blind deconvolution method to remove blurring artifacts. Since the size and 
shape of the microspheres were known we were also able to judge the quality of our 
deconvolution results.

Scanning the autofluorescence signal of wholemount locust ganglia enabled us to 
measure the effect of different standard histochemical procedures on tissue shrinking. 
We show that some procedures and mounting media produce anisometric shrinkage 
in a way that makes the assessment of generalized image rescaling factors impossible. 
However, in our preparation it was possible to minimize shrinkage by carefully ad-
justing protocols for direct neuron tracing or antibody stainings. Application of these 
correction methods (rescaling and deconvolution) makes it possible to characterize 
overlapping regions and contacts of different neurons in a geometrically exact way, 
thus resembling the in vivo situation with respect to the morphology.
Supported by BMBF grant 0310962, Olympus Foundation and SFB 515.

601.5

NEURONAL MAPPING AS A COMPLEMENT TO IN VIVO AMYGDALA 
MICRODIALYSIS. C. Colasante1,2*. S. Tucci’ , P. Rada1 and L,Hernandez1. Lab. 
Behavioural Physiol., Fac. Med., 2Center Electron. Microsc., Univ. Los Andes, 
M6rida 5101, Venezuela. E-mail: cesare@ing.ula.ve

Previous microdialysis studies have shown an increase in extracellular glutamate in 
the amygdala after conditioned taste aversion in rats when exposed to a novel flavour. 
However, brain microdialysis and the subsequent neurotransmitter release 
measurements alone do not give much information concerning the neuronal network 
involved- To better define such network, a combination of neurochemical and 
neuroanatomical studies was carried out in albino Wistar rats (N=7). A guide shaft 
was implanted unilaterally in the basolateral nucleus of the amygdala, at the Bregma 
coordinates: rostro-caudal= -2.8mm; laterai= 5 mm and ventral^ 8.4 mm, according 
to Paxinos and Watson atlas. After microdialysis was performed, the retrogradely 
transported fluorescent neuronal tracers diamino yellow (2% in TBS, pH- 7.2) and 
fast blue (1% in TBS, pH=7.2) (Sigma, Co.) were microinjected (0.5-1.0 pi) using a 
33 g injector. After 6 days the animals were anaesthetized and transcaidially perfused 
with phosphate buffered 10% formalin (pH 7.2). Coronal 30 pm sections were cut on 
a freeze microtome and observed on a fluorescent microsocope. Although only few 
and well defined neuronal populations were labeled, the labeled neurons were widely 
distributed between coordinates + 4.7 mm to -13.3 mm rostro-caudal. The main 
afferences were: piramidal cells of the cingulum (Cgl, Cg3) and frontal cortex (Fr2, 
Frl): magnocellular cells from the ventral portion of the core and shell of acumbens 
nucleus; the piriform cortex; Meynert cells; hypothalamic ventral nucleus; the 
thalamic anteromedial, dorsomedial, ventromedial, ventrolateral and geniculate 
nuclei; pars compacta of the sustantia nigra; dorsal and ventral raphe nuclei and 
vestibular nucleus. Electrolytic lesion in the cingulum abolished conditioned taste 
aversion. Therefore, neuroanatomical results after microdialysis allow to point out the 
different neuronal circuits potentially responsible for a neurochemical change 
correlated to behaviour. Supported by CONICIT (97003895024), Venezuela.

601.6
DIGITAL MOUSE BRAIN ATLAS IN 3-D AT 10 pm VOXEL RESOLUTION
R.L. Sidman*. B. Kosaras. B.M. Misra. and S. Senft. Div. of Neurogenetics, 
NERPRC, Harvard Medical School, Southborough, MA 01772-9102.

An uninterrupted set of 572 serial coronal celloidin sections, alternately 
stained for cells and myelin, through an adult C57BL/6J mouse brain were 
digitized with a Lumina camera on a Zeiss Axiophot microscope at 10 pm 
resolution. Images were corrected for inhomogeneity of illumination with IDL 
(Research Systems) software. Images were assembled in 3-D with Vital Images 
and Bitplane software on SGI workstations. Semi-automatic alignment was 
based on texture mapping and on an algorithm for repositioning one section 
relative to its neighbors in edge views. To match stain intensities between 
sections was more formidable, since differences were not linear across the pixel 
density range. Neither adjustment of pixel density mean values, nor histogram 
shapes, between sections proved to be quantitatively accurate, even though 
images often appeared satisfactorily matched by visual inspection. Much effort 
was given to these adjustments because the efficacy of automated selection of 
anatomical structures in 3-D by segmentation based on thresholds (seeding) 
depends on the accuracy of section alignment and stain intensity-matching. 
Further segmenting in 3-D was based on Bitplane's powerful texture 
segmentation algorithms. The resulting voxel assignments to a given 
anatomical structure are coded in a second segmented volume that is referrable 
back to the corresponding voxels in the atlas itself. When a user of the atlas 
clicks on a structure of interest in a 2-D section image, its name and a 3-D view 
of the structure in cell, myelin, or combined stain will be displayed. Remote 
users will also have access via the Internet to a gallery of standard orthogonal 
and oblique views at key positions through the brain to match with their own 
histological specimens, and will be able to request "electronically resectioned" 
atlas images at orientations matching their own experimental material. 
Supported by NIH Grant NS36041 (Human Brain Project).
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601.7

CELL SHAPE EXPLAINS ASYMMETRIC TORTUOSITY DURING OSMOTIC 
CHALLENGE. K. Chen* and C. Nicholson. Dept. Physiology & Neuroscience, 
NYU School of Medicine, NY 10016.

Diffusion of molecules in brain extracellular space (ECS) is controlled by two 
macroscopic parameters, tortuosity and volume fraction, both of which may vary 
during physiological stress (Nicholson and Sykova, 1998, Trends Neurosci. 
21:207-215). Tortuosity, 2, is defined as (D/D*)05 where D and D* are the 
diffusion coefficients in water and brain respectively. Volume fraction, ot, is the 
volume of the ECS compared to the whole tissue. Models have been proposed to 
link A and a including the introduction of interstitial matrix (Rusakov & 
Kullmann, 1998, PNAS, 15, 8975-8980). Recent data on the asymmetric behavior 
of A and a, during osmotic challenge (Nicholson et al., 1998, J. Physiol. 5IIP, 
8S-9S; Tao, 1999, J. Neurophysiol., in press) bring into question previous models. 
Here we used homogenization theory to account for the behavior of 2 during 
osmotic challenge.

When the osmolarity of the medium bathing neocortical brain slices is reduced, 
A increases while a decreases. In contrast, with increasing osmolarity, a 
increases, but 2 decreases to a plateau. To model these results, homogenization 
theory was applied to a periodic cell lattice in a plane (Blum et al., 1989, Biophys. 
J. 56, 995-1005) using the PLTMG 8.0 numerical package (SIAM). PLTMG 
generates adaptive triangular elements where the numerical solution changes most 
rapidly or at discontinuities, greatly reducing numerical errors. Different 
arrangements of the lattice cells were tested. All arrangements revealed the same 
asymptotic behavior as a became small. In our model, the plateau 2, independent 
of the increase in a, is explained by allowing the cell shape to change with 
osmolarity. These results do not exclude a role for extracellular matrix but the 
major features of the plateau can be reproduced if the cells do not swell/shrink 
uniformly in all directions. Supported by NIH grant NS 28642from NINDS.

601.8

WHY THE OPTICAL DISECTOR COUNTING METHOD 
CAN HAVE SUBSTANTIAL SYSTEMATIC BIAS AND 
HOW TO MINIMIZE SUCH BIAS. C.S. von Bartheld* and 
W.J. Hatton. Dept. of Physiol., Univ. of Nevada Sch. of Med., Reno, NV.

The optical disector is thought to be the most efficient counting 
method for counting neurons in microscopic sections. A calibration 
analysis with comparison by 3-dimensional reconstruction of serial 
sections reveals that the counting of neurons with the optical disector 
method in paraffin or plastic (glycolmethacrylate) sections has a major 
flaw when the recommended sampling procedure is followed. For the 
optical disector (or "3D counting box") it is advised to allow for guard 
spaces at the lower and the upper margins of the section to identify the 
particles of interest and to avoid problems associated with cutting 
artifacts such as uneven surfaces and "lost caps". However, a bias 
towards an underestimate of up to 25% is introduced by sampling only 
the core of the tissue section and disregarding the margins of the tissue 
section. When guard spaces are used, the investigator makes the 
implicit assumption that the distribution of particles in the core and the 
margins of tissue sections is uniform, because only the core is sampled, 
but not the margins of the tissue section. A detailed analysis of sections 
from both paraffin- and plastic-embedded tissue shows that the density 
of neuronal nuclei in these sections is bimodal. When sectioned with 
either metal blades or glass knives, neuronal nuclei are distributed with a 
higher density at the margins, and a lower density in the core of the 
tissue section. Only cryosections contain a uniform distribution of 
neuronal nuclei. The systematic bias which is introduced by sampling 
only the core can be minimized by sampling the entire extent (entire 
thickness) of the tissue section. Supported by NIH grant NS 35931.

601.9

THE PRECISION AND BIASES OF STEREOLOGICAL TECHNIQUES FOR
ESTIMATING TOTAL SYNAPSE AND NEURON NUMBER
Mark J. West* Anatomical Institute, Dept. of neurobiology, Aarhus University,
8000 Aarhus C, Denmark

Estimates of total neuron or synapse provides a fundamental structural framework for 
studying dynamic processes in the nervous system. The availability of new 
stereological techniques for counting objects in histological material has prompted a 
debate about whether or not these techniques are to be preferred over previously 
available techniques for estimation the total numbers of neurons and synapses in 
neural structures. During this debate, the concepts of an unbiased estimate and that of 
a precise estimate have often been confused. An understanding of the distinction 
between these two separate aspects of an estimate is required to appreciate the virtues 
of these new counting methods and to apply them correctly. In order to elucidate the 
fundamental issues of the debate, the differences between the newer design-based 
counting techniques and previously available assumption-based techniques will be 
described along with the distinction between and unbiased estimate and a precise 
estimate. The major difference between the newer design based and the previously 
available assumption based techniques is that the design based techniques eliminate 
the need for making assumptions about the size shape and orientation of the objects 
being counted (which is a difficult task) and thereby eliminates any potential biased 
related to incorrect assumptions about the geometry of the objects, which can be 
significant. An estimation procedure can be considered to be unbiased if the mean of 
repeated estimates made with that procedure is the true number. The precision of an 
estimate is the variance of the individual estimates.
Supported by Johns Hopkins University prime grant No. 5 P50 AG05146-12

601.10
Three-Dimensional Organization of E2F4/pl30 complexes in neuronal 
cells. S.P. Persengiev*, D. Schmidt*, R. Tuft* and D.L. Kilpatrick. Dept. of 
Cellular and Molecular Physiology and Biomedical Imaging Group*, Univ. of 
Massachusetts Medical School, 55 Lake Avenue North, Worcester, MA 01655

E2F4 interactions with Rb family proteins have a major impact on its 
function, including its conversion from a trans-activator into a repressor of E2F- 
regulated genes. In differentiated and growth arrested cells, E2F4 interacts 
predominantly with the Rb family member pl30. We examined the three- 
dimensional organization of E2F4/pl30 complexes using double-label 
immunofluorescence methods. To visualize simultaneously E2F4/pl30 
interactions, E2F4 and pi30 chimeras with green fluorescence protein (E2F4- 
GFP) or the blue mutant of GFP (pl30-BFP) were generated, respectively. PC 12 
and SY5Y cells were cotransfected with E2F4 and pl30, and the cellular 
localization of the two differently colored proteins was monitored by high-speed 
microscopy. Image restoration at high resolution showed that domains of close 
interactions exist between E2F4 and pl30 in PC12 and SY5Y cells. Combined 
3D images'of DNA, E2F4 and pl30 showed that the protein heterodimers are not 
always in contact with chromatin structures. E2F4/pl30 complexes were also 
observed to be associated with the nuclear envelope in some cases. The highly 
organized view of nuclear structure seen here indicates that the protein 
localization occurs in association with the nuclear matrix. These observations 
argue that pl30 may regulate E2F4 activity in two ways: by directing it to specific 
chromosomal sites as well as by converting it into a transcriptional repressor.

The observation that E2F4 expression is associated with specific nuclear 
substructures has consequences for understanding physiological events, such as 
genetic programs operating at the interface between cell cycle arrest and 
differentiation, and for clarifying pathological events, such as the mechanisms 
that lead to abnormal cell cycle progression.

601.11

CHARACTERIZATION OF ELEMENTARY CALCIUM 
RELEASE SIGNALS IN NGF-DIFFERENTIATED PC12 CELLS 
AND HIPPOCAMPAL NEURONS. S. Koizumi1*2*. M.D, 
B potman2. L. Bobanovic2. M.J. Schell^. M.J. Berridge2. P. Lipp2 
and K. Inouc L ^Div. of Pharmacol., Natl. Inst. Hlth. Sci., Setagaya, 
Tokyo 158-8501, Japan; 2The Babraham Inst. Lab. Mol. Signal., 
Babraham, Cambridge, CB2 4AT; 2Dept. of Pharmacol. Univ. of 
Cambridge, Tennis Court Road, Cambridge CB3 1QJ, UK.

Elementary Ca2+ release signals in NGF-differentiated PC 12 
cells and hippocampal neurons, functionally analogous to the 
‘Ca2+ sparks’ and ‘Ca2+ puffs’ identified in other cell types, were 
characterized using confpcal microscopy. They occurred either 
spontaneously or could be activated by caffeine and metabotropic 
agonists. The release events were dissimilar to the sparks and puffs 
described so far in that they largely arose from clusters containing 
both ryanodine receptors and inositol 1,4,5-trisphosphate receptors. 
Increasing the stimulus strength or Ca2+ load of the intracellular 
stores, enhanced the frequency of elementary events and the 
coupling between Ca2+ release sites such that global Ca2+ signals 
were generated. In the PC 12 cells, the elementary Ca2+ release 
preferentially occurred around the branch points. Spatio-temporal 
recruitment of such elementary release events may regulate 
neuronal secretion and excitability.

601.12

CALCIUM IMAGING IN LIVE RAT OPTIC NERVE MYELINATED 
AXONS IN VITRO USING CONFOCAL LASER MICROSCOPY. Y. 
Ren* and P.K. Stys. Loeb Health Research Institute, University of Ottawa, 
Ontario, Canada K1Y 4K9.

Intracellular Ca plays a major role in the physiological responses of 
excitable cells. Moreover, excessive accumulation of internal Ca is a key 
determinant of cell injury and death. While many studies have been carried 
out on the internal Ca dynamics in neurons, there is virtually no such 
information for mammalian central myelinated axons, due in large part to 
technical difficulty with imaging such fine myelinated structures. We 
developed a technique to allow imaging of ionized Ca in live rat optic nerve 
axons with simultaneous electrophysiological recording in vitro at 37C 
using confocal microscopy. Axons were loaded with the Ca-sensitive dye 
Oregon Green 488 BAPTA-2 salt and a red Ca-insensitive reference 
indicator sulforhodamine-101. Images were collected every minute for 1 h. 
Fluorescence ratios (green/red) remained largely stable for 30 min then 
increased slightly by -20% largely due to more rapid loss of red signal. 
Releasing internal stores with caffeine (20 mM) caused an increase in the 
ratio by -100% after 30 min of application. This response was unchanged 
in zero-external Ca, indicating an internal source. Chemical ischemia (2 
mM CN + 1 mM iodoacetate) caused a delayed rise in the ratio which began 
only 10 min after application, increasing by -100% at the end of a 60 min 
application. Ca-free perfusate accelerated the onset but reduced the 
magnitude of the Ca rise.
Conclusion: we describe a reliable method for imaging free Ca levels in fine 
myelinated mammalian CNS axons using dual visible wavelength indicators 
and confocal necroscopy. This technique will be very useful for probing 
ionic changes in normal and pathophysiological fibers.
PKS is supported by a Career Investigator Award from the Heart and Stroke 
Foundation of Ontario.
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601.13
GRADED MULTI-SITE ACTIVATION OF DENDRITIC GLUTAMATE 
RECEPTORS USING HIGH-SPEED, RANDOM-ACCESS, LASER SCANNING 
PHOTOLYSIS OF CAGED COMPOUNDS. A. Bullen, V. Iyer, S.S. Patel and
P. Saggau*. Div. Neuroscience, Baylor College of Medicine, Houston TX 77030.

A novel micro-photolysis system permitting simultaneous multi-site uncaging with 
enhanced spatio-temporal resolution is presented. The size (< 10 pm) and number of 
photorelease sites (< 30) were designed to mimic physiological activation parameters 
in intact dendrites. This system combines a pulsed solid state laser with a no-moving- 
parts random-access scanner to achieve graded photolysis at interactively defined sites. 
The laser (Q-switched, frequency-tripled Nd:YAG, 355 nm, average power < 1 W, 
DPSS Lasers) emits short pulses (25 - 50 ns) at high repetition rate (30 - 100 kHz). A 
two dimensional acousto-optical deflection (AOD) system similar to the one previously 
developed in our lab for Random-access Fluorescence Microscopy (Bullen etai.,BiophysJ. 
73:477-491,1997) is used for beam steering. This UV deflection system employs custom- 
made quartz AODs (positioning time < 10 ps, JntraAction) and is coupled with a UV- 
reflecting dichroic mirror to an inverted microscope fitted with a UV transmitting 
objective lens (Fluar lOOx, N.A. 1.3, Zeiss). Concurrent acousto-optical modulation 
(AOM) of beam intensity is used to control the pulse energy on a point-by-point basis 
and thus allows for graded photolysis. A monolayer of cultured hippocampal neurons 
was used to test this system. Bath applied caged glutamate (200 pM, CMB-y cage, 
Molecular Probes) was photolyzed with single laser pulses (~ 5 pJ at preparation) and 
receptor currents were measured in whole-cell voltage-clamp during blockade of 
transmitter release with cadmium (50 pM). AMPA and NMDA components were 
differentiated pharmacologically (APV 25 pM & CNQX 10 pM). No response to 
multiple photolysis pulses was detected in the presence of both antagonists. Receptor 
currents could be graded by modulating the pulse energy over a restricted range. Future 
extensions include combining this micro-photolysis system with Random-access 
Fluorescence Microscopy to form a powerful tool for simultaneous optical stimulation 
and recording. Supported in part by National Science Foundation grant IBN-9723871 to P.S.

601.14

ETHANOL INDUCED ASTROGLIAL CELL SWELLING AS 
STUDIED WITH WIDE-FIELD MICROSCOPY AT THE SINGLE-
CELL LEVEL IN THREE DIMENSIONS. L. Allansson,1 S.Khatibi,2 T. 
Olsson2 and E. Hansson1*. ’inst. of Neurobiology and Inst, of Clinical Neuroscience, 
Goteborg Univ.; 2Dept. of Signals and Systems, Chalmers Univ. of Technology, Box 
420, SE-405 30 Goteborg, Sweden.

Primary cultures from rat cerebral cortex enriched in astroglial cells 
exposed to 100 mM isotonic ethanol (EtOH) disposed changes in 
astroglial cell volume and transformation of actin filaments. Quantification 
of cell volume changes were performed at the single-cell level, by using a 
new method based on three dimensional (3D) fluorescence imaging in 
conjunction with advanced image analysis and graphical visualization 
techniques. The astroglial cells, incubated with the highly fluorescent 
probe fura-2/AM, were optically sectioned along the z-axes, and their 
volumes were estimated by applying a new developed segmentation 
algorithm. The total change in cell volume, and morphological differences 
in volume alterations, varied from cell to cell. Changes in actin filament 
were studied after EtOH incubation for varied periods of time. The staining 
of actin filaments indicated on conformation changes occurring within 5 
minutes, with a return back to normal state after 60 minutes. The results 
presented here indicate that the astrocytes are important target cells 
during EtOH intoxication, and it seems probable that the EtOH induced 
changes in cell volume are not unspecific but could be of physiological 
relevance.

Sponsored by Alcohol Research Council of the Swedish Alcohol Retaining 
Monopoly, and the Swedish Medical Research Council, No: 33X-OO6812

601.15

FIZEAU CONFOCAL LASER SCANNING MICROSCOPY (CLSM) FOR 
CHARACTERISING LIVING N2a NEURONAL CELLS TYPE. P.F. Meilan1 ,
M. Garavaqlia1 and N.G. Carri2 . 1 Departamento de Fisica, Universidad 
Nacional de La Plata and ClOp, CC 124, and 2 IMBICE, CC 403,1900 La 
Plata, Argentina.

The CLSM is a powerful technique to obtain 3D images through a high-resolution 
optical tomography procedure. The introduction of the Fizeau interference technique 
to the CLSM was recently described. The method proposed is very simple and 
assures the observation of very highly contrasted interference fringes that allowed us 
to study cell surface and refractive properties for characterisation of trophic 
stimulated living N2a cells (including some apoptotic cells). Briefly, N2a cells were 
cultured 4 days with addition of 1 pM retinoic acid and then incubated for 3 days in 
serum-free media with 20 ng/ml each of NGF, BDNF, NT-3, NT-4. In some 
cultures, cell proliferation was measured through BrdU uptake detected by 
monoclonal antibody, and apoptotic cells were identified as TUNEL+ after nick end 
labelling. After trophic treatment described above, cells showed changes that could 
be characterized (predominant shape elongation and bi-refringence). We report here 
the analysis of these stimulated N2a cells through upper surface-shape and internal 
refractive index. We conclude that Fizeau CLSM is a precise and powerful tool to 
observe implicit and explicit interference fringes of transparent samples like cell 
cultures or any bioassay with living neurons to measure the shape of their upper free 
surface and the internal mean value of the refractive index. It is also possible to 
follow spatial-temporal changes attributed to cell metabolism (trophic stimulation or 
apop-induction).
N. G.CARRI :imbice@netverkt.com.ar/Grants unesco  02/96 and conicet -oo 66-97 . 
M.GARAVAGLIA:garavagliam@ciop.unlp.edu.ar/Grant conicet -p-bid  i  116-91.

601.16
TOMOGRAPHIC RECONSTRUCTIONS OF SPINY DENDRITES USING 
HIGH VOLTAGE ELECTRON MICROSCOPY; COMPARISON OF IVEM, 
HVEM AND UHVEM. N. Yamada1, M E. Martone1, A. Takaoka2, K. 
Hama3’ E. Bushong1, and M. H. Ellisman1 . 1 National Center for Microscopy
and Imaging Research, Univ. Calif. San Diego, 92093-0608. -^Center forUHVEM, 
Osaka Univ., Japan, ^Center for HVEM, Nat. Inst. Physiol Sci., Okasaki, Japan.

Electron tomography is a versatile tool for obtaining 3D information at 
electron microscopic resolution without the need for difficult serial section 
procedures. A series of images is obtained as the specimen is tilted, typically 
over +/- 60°, and backprojected into a 3D volume to derive the structure 
contained within the section. Resulting volume reconstructions can be 
segmented and quantitative information such as surface area, volume and length 
obtained. We have compared reconstructions of selectively stained spiny 
dendrites from rat neostriatum using intermediate voltage electron microscopy 
(IVEM) at 400 keV, high voltage electron microscopy (HVEM) at 1 MeV and 
ultra high voltage electron microscopy (UHVEM) at 3MeV. We obtained 
tomographic datasets from dendrites stained either by Golgi impregnation or by 
fluorescent dye injection followed by photooxidation. The best reconstructions 
were obtained from the photooxidized material at 3meV where sections of up to 
4 pm in thickness could be used. At lower keV's, the maximal section thickness 
was limited to 2 pm resulting in the partial loss of spines extending from the top 
and bottom of the section. This thickness limitation was imposed because of the 
need to image the specimen at high tilts, effectively doubling section thickness. 
In computer-generated slices through the volume, considerable internal detail 
such as the endoplasmic reticulum was visible. An unexpected finding from the 
UHVEM data was the presence of long, slender filopodial-like processes 
intermingled with more conventionally shaped spines. These slender spines 
extended from the dendrite up to 3 pm and were not as apparent in 
reconstructions obtained from thinner sections. Remote access to the UHVEM 
in Osaka via the internet is currently being implemented and should facilitate 
the use of this unique instrument.

601.17

MORPHOMETRY OF THE NERVOUS SYSTEM USING COMPUTER 
ASSISTED ELECTRON MICROSCOPY. G. Rager*, and U. DRENHAUS. 
Institute of Anatomy, University of Fribourg, Rte A. Gockel 1, CH-1700 Fribourg, 
Switzerland.

The complexity of the nervous system requires morphometric methods even on 
the level of electron microscopy in order to achieve reliable results. This method, 
however, faces several major problems. First, ultrathin sections are compressed to a 
highly variable extent which affects morphometrical analyses seriously. Second, the 
advantage of high resolution usually has to be compensated with the loss of 
information on the precise position where an electron micrograph was taken. Third, 
the size of the sample is limited by the size of the grid. Large specimen have to be 
subdiveded and, thereafter, re-integrated. This procedure may produce considerable 
errors.

The above mentioned problems were solved by installing an electromagnetic 
stage control in the electron microscope which is connected with a computer. The 
coordinates of the circumference of the structure and of any position within the 
structure were immediately fed into this computer. From the coordinates of the 
circumference the real surface area of the specimen could be determined and 
compression eliminated. Thus, for particle counts real density values could be 
established. With the computer, sampling points on the surface could be determined 
either for a random or for a systematic analysis. Finally, based on the digitized data 
the specimen could be precisely reconstructed if they were subdivided.

So far we have used this procedure to analyze the density and distribution of 
axons in the optic nerve, the position and size of the ganglion cell field in the 
developing retina, the position and density of growth cones in the developing optic 
nerve and chiasm, and the distribution of synapses in particular layers of the visual 
cortex. There is a wide range of applications where this method can be used.

Supported by the University of Fribourg.
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602.1

FUNCTIONAL CONNECTIVITY OF EMBRYONIC
STRIATAL GRAFTS DEMONSTRATED BY IEG 
ACTIVATION IN A RAT MODEL OF HUNTINGTON’S 
DISEASE. N.S.K. Haque*and S.B.Dunnett1.
'MRC Centre for Brain Repair, University of Cambridge, UK.

Huntington’s disease (HD) is an autosomal-dominant inherited neurological 
disorder with brain-specific pathology involving severe atrophy of the caudate and 
putamen. The pathogenesis of HD is unknown, but research using animal models 
suggests a role for glutamate-receptor-mediated (excitotoxic) damage, possibly 
secondary to impariments in mitochondrial energy metabolism. It has been shown 
that primordial striatal tissue grafts placed in the excitotoxically lesioned striatum 
can integrate anatomically to yield physiological and behavioural effects. 
Although it has been demonstrated that information relayed by host nigral inputs 
can be transduced by striatal grafts and relayed back to targets in the host pallidum, 
there is no evidence in the literature that the reformed cortical and thalamic inputs 
to the striatal grafts can actually relay functional information to those same 
pallidal/nigral targets. In an attempt to demonstrate full circuit reconstruction with 
embryonic striatal tissue transplanted into a quinolinic acid lesioned adult rat 
striatum, induction of immediate early gene (IEG) expression was used to map 
transsynaptic pathways from the cortex via the intact, lesioned and/or grafted 
striatum through the pallidum to the sub-thalamic nucleus and substantia nigra pars 
reticulata subsequent to electrical stimulation of the primary motor cortex. 
Immunohistochemisty for c-fos, fos B, c-jun, jun B and NGF1-A was performed 
and a differential activation pattern of the immediate early genes was observed 
associated with various neurotransmitter cell phenotypes. This work was 
supported by the MRC, U.K.

602.2
TRANSPLANTATION OF IMMORTALIZED GABAERGIC CELLS IN THE
3-NITROPROPIONIC ACID MODEL OF HUNTINGTON’S DISEASE.
C. Coneiero-Goldberg*, C. V. Borlongan and W. J. Freed. Cellular 
Neurobiology Branch, National Institute on Drug Abuse, 5500 Nathan 
Shock Drive. Baltimore, MD 21224.

We examined the efficacy of transplantation of immortalized GABAergic 
cells from rat striatum engineered to express high levels of GAD (M213- 
GAD cells) in ameliorating the huntingtonian deficits produced by the 
mitochondrial toxin, 3-nitropropionic acid (3-NP). Adult Sprague-Dawley 
rats (250-330g) were injected with 3-NP (15 mg/kg once a day X 3, i.p.). 
Animals were tested in Digiscan activity chambers for general spontaneous 
locomotor movements prior to injection of the drug, after the third drug 
injection, and again at one week post-transplantation. M213-GAD cells 
(clone M213-20/cl-4) were transplanted into the thalamus bilaterally 
(40,000 cells per site) on the day immediately after the third drug injection. 
As reported previously, 3-NP-treated animals had a marked reduction in 
their locomotor activity after the drug injection regimen compared to their 
pretreatment activity level. Following transplantation of the M213-GAD 
cells, grafted animals exhibited an increase in locomotor activity levels, 
although it did not reach the pretreatment “normal” level. In addition, 3-NP 
treated animals displayed bradykinesia and rigidity of the hindlimbs after 
the third drug injection, but these abnormal behaviors were abolished in 
almost ali of the animals one week after transplantation. Long-term 
characterization of grafts’ functional effects is underway. The present 
results suggest that immortalized cells capable of high levels of GABA 
production are alternative graft source for transplantation therapy in 
Huntington’s disease. Support:NIDA Intramural Research 
Program.

602.3

TRANSPLANTATION OF MHC I AND/OR MHC II DEFICIENT MOUSE 
LATERAL GANGLIONIC EMINENCE INTO RAT STRIATUM. C. D.
Keene113>7T K. Eich11’, and W. C. Low1123). Depts. of Neurosurgery11’ and 
Physiology12’, and Graduate Program in Neuroscience13’, Univ. of 
Minnesota, Mpls MN 55455.

Donor major histocompatability complex (MHC) molecules may play a major 
role in neural xenograft rejection by stimulating the host immune response 
indirectly (as antigens) as well as directly (as antigen presenters). In support of 
this concept, MHC deficient mouse ventral mesencephalic tissue transplanted 
into rat striatum has been shown to elicit a lower host immune response and 
enhanced survivability. We investigated whether MHC-deficient lateral 
ganglionic eminence (LGE) xenografts exhibit similarly reduced 
immunogenicity. LGE from wild type or MHC class I, II, or I/II deficient E14 
mouse embryos was removed, dissociated, and grafted in suspension (2 pL, 
50,000 cells/pL) into the right striatum of adult Sprague-Dawley rats. Host 
animals were sacrificed and fixed, and their brains removed and sectioned 4 days, 
and 2 and 6 weeks post-transplantation. Initial graft assessment was undertaken 
in representative Nissl stained sections. Graft site staining was ranked by an 
objective observer on a four point scale. Wild type graft beds exhibited higher 
staining than MHC I (p = 0.01) and MHC I/II (p = 0.03) graft sites early (4 days), 
whereas later (2 and 6 weeks) wild type staining was lower than MHC II (p =
0.02, 0.04) graft site staining. Also, staining in MHC knockout tissue types was 
highest at 2 weeks post-transplantation, while wild type staining peaked at 4 days 
and decreased thereafter. We believe that leukocytes/macrophages are the 
predominant component responsible for stain intensification. Elevated wild type 
graft site staining early (4 days post-transplantation) and reduced staining late (2 
and 6 weeks post-transplantation) suggests that MHC deficiency delays 
leukocyte/macrophage migration to the graft site. Cell specific quantitation is 
required to assess the effects of MHC deficiency on graft survival and specific 
immune responsivity. These analyses will be presented. (Supported in part by 
NIH Predoctoral NRSA 1F30-MH12157-01 (C.D.K.).)

602.4

MIGRATION AND INTEGRATION OF EMBRYONIC 
MEDIAL GANGLIONIC EMINENCE NEURONS 
TRANSPLANTED INTO LESIONED ADULT BRAIN 
H, Wichterle*, D.G, Herrera, J.M. Garcia-Verdugo and A, Alvarez-
Buylla. Rockefeller University, New York, NY 10021.

We have shown previously that embryonic medial ganglionic
eminence (MGE) contains a unique population of neuronal precursors 
capable of extensive migration after the transplantation into the intact 
adult brain. Here we tested the capacity of MGE neuronal precursors 
to migrate and integrate into the adult mouse striatum lesioned with 
excitotoxic acids. Transplanted MGE cells were able to penetrate into 
the lesioned host brain, differentiate into neurons (based on NeuN 
staining) and integrate functionally into neuronal networks (presence 
of axo-somatic synapses). We observed a gradient of grafted cells 
integration into the host brain. MGE cells did not migrate through 
necrotic tissue in the proximity of excitotoxin injection sites. 
Interestingly, graft-derived cells were able to migrate and integrate 
into the penumbra region which was devoid of resident neurons but did 
not become necrotic. These findings suggest that MGE cells might be 
useful for treatment of neurodegenerative diseases where neuronal 
cells are lost without extensive necrosis and scar formation.
(supported by NS28478 and HD32116)

602.5

CELL HOST ALTERS PROPERTIES OF CHOLINE ACETYL-
TRANSFERASE REGULATION. P.P. Pizzo*, V. Paban, J. Ray, J. Winkler,
F.H. Gage, and L.J, Thai. Dept of Neurosciences, UCSD, and VAMC, La Jolla, 
CA 92161, and Laboratory of Genetics, Salk Institute, La Jolla, CA 92037.

Two different fibroblast cell lines (mouse and rat) have been genetically 
modified to contain the choline acetyltransferase (ChAT) cDNA under control 
of a tetracycline-regulated system, and the effect of doxycycline (DOX) on 
ChAT regulation was investigated. Both cell lines constitutively express a high 
basal level of ChAT that is repressed in a dose- and time-dependent manner with 
DOX treatment. The regulatory properties of this system varied with the host 
cell line. Without DOX, a high level of ChAT activity was maintained for as 
long as two months, but the basal level differed between the two cell lines. DOX 
(lpg/ml) induced a rapid and strong suppression of ChAT activity within 24 
hours regardless of cell line. However, the level of suppression differed both in 
absolute numbers and the magnitude of suppression. While the mouse fibroblast 
had a higher basal level (-1600 nmol ACh/hr/mg protein), only a 40-fold 
suppression was possible. In contrast, the rat line had a lower basal activity 
(-800 nmol ACh/hr/mg protein) compared to the mouse that was suppressed 
roughly 400-fold to nearly undetectable levels. A dose-response curve indicated 
that the ED50 for DOX suppression varied depending on the host cell with the 
rat line nearly one order of magnitude more sensitive than the mouse line. 
Removal of DOX led to a de-repression of ChAT activity within two days in 
both cell lines. These genetically modified cells will be useful for ex vivo gene 
therapy in the cholinergic system. Supported by VA Medical Service, 
Alzheimer’s Association, and Brookdale Foundation.
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603.1
REACTION TO INJURY AND REGENERATIVE POTENTIAL OF 
DEVELOPING PURKINJE CELLS IN THE RAT CEREBELLUM
S. Gianola, B. Felice. A. Polio* and F, Rossi, Dept. of Neuroscience, University of 
Turin, 1-10125 Turin, Italy.

Adult Purkinje cells are unable to upregulate growth-associated genes in response 
to axotomy and fail to regenerate their axons, even when provided with a growth- 
permissive environment. Such a poor regenerative potential can be related either to 
intrinsic features of the adult Purkinje cell phenotype or to the influence of growth- 
repressive environmental signals, such as myelin-associated inhibitory proteins, 
which regulate the expression of growth-associated genes in these neurons. To 
investigate the mechanisms leading to the loss of Purkinje axon growth potential we 
have examined the reaction to axotomy and the regenerative capabilities of these 
neurons in vivo following injuries made in rat pups aged 3 or 6 postnatal days, before 
myelination of the cerebellar axons is complete. Morphological examination of anti- 
calbindin immunostained cerebellar sections shows that the immature injured 
neurons do not undergo the typical axon modifications shown by adult Purkinje cells, 
but display reactive changes suggestive of spontaneous regenerative attempts. In 
addition, while adult Purkinje cells are strongly resistant to axotomy, numerous 
young injured neurons degenerate within a few days after lesion. Contrary to their 
adult counterparts, the immature Purkinje cells strongly upregulate c-Jun within one 
day after lesion and become intensely reactive for NADPH diaphorase 
histochemistry two days later. This cellular response is also associated with a 
stronger regenerative potential, as shown by the vigorous outgrowth observed when 
the transected neurites are confronted with embryonic transplants of cerebellar or 
neocortical tissue. These results show that immature Purkinje cells are able to 
upregulate growth-associated gene expression in response to axotomy and to 
regenerate their axons if provided with growth-permissive/promoting environmental 
conditions. Ongoing experiments are directed at assessing whether the loss of this 
regenerative capabilities can be related to the progressive appearance of regulatory 
cues in the maturing cerebellar microenvironment. (Supported by Italian Telethon)

603.2

REGENERATION OF PURKINJE CELL AXONS IN SLICE 
CULTURES IS LOST IN EARLY POSTNATAL LIFE OR AFTER 
PROLONGED TIME IN CULTURE. D. Del Turco, M. Kirsch* and 
J.P. Kapfhammer. Anatomisches Institut I, Universitat Freiburg, 
AG Neuronale Plastizitat, D - 79104 Freiburg, Germany.

Purkinje cells (PCs) in slice cultures derived from postnatal rats 
(P7-10) show no regeneration after axotomy. In contrast, fetal 
PCs regenerate or grow their axons spontaneously (Dusart et al., 
1997). We have studied regeneration of Purkinje cell axons in 
mice using slice cultures from various postnatal ages. In cultures 
derived from early postnatal mice (PO-3) we observed a robust 
regeneration of acutely severed Purkinje cell axons. This ability 
for axonal growth was reduced at later postnatal stages and was 
absent in cultures from older mice (P6-10). Interestingly, the loss 
of the ability to regrow axons after lesions appeared to correlate 
with a period (P4-6) of increased sensitivity to lesion-induced cell 
death. A comparable loss of the regenerative potential of 
Purkinje cells was observed when cultures derived from neonatal 
mice were matured for 6 days in vitro. Purkinje cell axons in 
these cultures showed only a limited sprouting behavior and no 
long distance regeneration. Our findings show that early 
postnatal Purkinje cells are still able to regenerate after acutely 
induced axonal lesions. In contrast, no regeneration was 
observed in slices from older animals or after maturation in 
culture of slices from neonatal animals. This indicates that 
Purkinje cells loose the ability to regenerate spontaneously 
during their early postnatal development.
Supported by the Forderprogramm Neurobiologie des Landes Baden-Wurttemberg.

603.3

INNATE AND ADAPTIVE IMMUNE RESPONSE IN SPINAL CORD 
REGENERATION AND PROTECTION. Hauben. E.1. O. Lazarov- 
Spiegler1. Yoles. E.1. Moalem. G.1. Agranov, GJ. Leibowitz-Amit, R.1. 
Mor, F.1. Harel, A.1*. Fraidakis, M.2. Neeman, M.3. Cohen, I.R.4 and 
Schwartz. M.1 Departments of 'Neurobiology, ’Biological regulation and 
4Immunology, The Weizmann Institute of Science, Rehovot, Israel; 
’Department of Neuroscience, Karolinska Institute, Stockholm, Sweden

Spinal cord injury leads to a devastating outcome due to irreversible 
paralysis which in most cases exceeds what might have resulted from the 
direct insult. This is attributed to poor regeneration and to secondary 
degeneration. In the present study we show that the innate arm of the 
immune response, in the form of activated macrophages, when applied 
locally to completely transected cord leads to regrowth of axons, 
demonstrated by 5-HT-immunolabeling fibers across the lesion site and 
by diffusion-weighted MRI. It was also manifested by partial recovery of 
motor activity. We also show, unexpectedly, that the adaptive arm of the 
immune response in the form of autoimmune T cells against the CNS 
myelin basic protein (MBP), provides an effective neuroprotection. Thus, 
in rats with severe contusions (10 grams dropped from 50 mm height) at 
the level of T8, injection of MBP specific T cells (TMBP), at the time of 
the insult, resulted, starting from day 11, in a significantly better 
locomotor performance compare to that observed in untreated rats. The 
untreated rats showed extensive movement of the hindlimb joints but 
could not walk whereas the treated animals were capable of walking with 
weight support and occasional coordination. Results were confirmed by 
retrograde labeling of the cell bodies of descending spinal tracts and by 
diffusion-weighted MRI. We propose that for CNS maintenance after 
axonal injury there is a need for both adaptive and innate immune 
response both of which are spontaneously limited in the CNS, being an 
immune privileged site, but can be manipulated.

603.4
TRANSIENT FOCAL ISCHEMIA IN THE ADULT RAT BRAIN INDUCES DE NOVO 
NEUROGENESIS FROM LOCAL NEURAL PROGENITOR SPECIES PRESENT 
OUTSIDE OF PERIVENTRICULAR GENERATIVE ZONES. D.M. Rosenbaum, G. 
Gupta*, S, Gokhan, M. Singh, J.A. Kessler and M.F. Mehler, Depts. of Neurology and 
Neuroscience, Albert Einstein Coll. Med., Bronx, N.Y. 10461
Previous studies have demonstrated that in the adult brain, neural stem/multipotent 
progenitor cells are present within paramedian generative zones throughout the neuraxis. 
In addition, we have recently shown that the postnatal cerebral cortex independent of the 
subventricular zone contains similar pools of multipotent progenitor species. Further, 
experimental investigations performed in the gerbil have found that transient global 
ischemia results in increased neurogenesis in the dentate gyrus of the hippocampus. 
Therefore, to determine whether increased neurogenesis occurs in the rat following 
transient focal ischemia and also to identify the source of these newly generated neurons, 
transient focal ischemia was induced in the adult rat using the intraluminal suture method. 
To allow us to identify neural progenitor species that have newly entered the S-phase of 
the cell cycle, bromodeoxyuridine(BrdU) was injected intraperitoneally the day prior to 
sacrifice. Control and experimental animals were sacrificed after 7-12 days, and the brains 
processed for histologic and immunocytochemical analysis. Middle cerebral artery 
occlusion for 60 minutes resulted in ischemic infarction of the cerebral cortex and 
subcortical white matter. In contrast to control samples, experimental preparations 
displayed a significant number of BrdU-immunoreactive cells in the region of the 
infarction, particularly within borderzone regions. Additionally, there was BrdU staining 
in the adjacent non-infarcted parenchyma. Dual immunofluorescence microscopy 
revealed that a population of BrdU-positive cells co-expressed the neuroepithelial marker, 
nestin, and the neuronal-specific antigen, NeuN. These observations suggest that 
increased neurogenesis occurs in response to focal ischemia in the adult mammalian 
brain, and that the new neurons are generated from neural progenitor cells located outside 
of traditional periventricular generative zones. Supported by NEI and NINDS, NIH.

603.5

THE EFFECT OF SEIZURES ON CELL PROLIFERATION FOLLOWING 
BILATERAL LESIONS TO ADULT RAT MOTOR CORTEX J.E. Hutchinson, R.H. 
Dyck, and G.C.Teskey* Dept. of Psychology,Univ of Calgary; Calgary, AB T2N 1N4.

Immediately following traumatic brain injury 5-50% of individuals will manifest post 
injury seizures (PIS). PIS are typically regarded as a negative side effect of the brain 
damage. However, it has been experimentally observed that anticonvulsant medications 
may retard functional recovery. Furthermore, seizures are known to induce axonal 
sprouting and increase the release of neuronal growth factors. Thus, PIS may have been 
misunderstood and may elicit adaptive mechanisms, stimulating the brain’s recovery by 
activating factors that promote cell proliferation and survival.

The present study was conducted to determine whether seizures can facilitate 
compensatory cell proliferation following injury in the mature cerebral cortex. In order 
to test this hypothesis, adult Long-Evans rats received bilateral aspiration lesions to the 
motor cortex followed by the administration of electroconvulsive shock (ECS) to induce 
seizures. Treatment groups received either 0,4 or 8 seizures every other day during the 
first 16 days post lesion. Control animals underwent surgery but did not receive 
aspiration lesions. All animals were administered the cell proliferation marker 
bromodeoxyuridine (BrDU; 60 mg/kg) twice daily during the first 16 days post-lesion. 
The animals were then perfused, and the brains processed to reveal BrDU incorporation 
using immunohistochemistry.

Our results revealed a robust increase in the number of proliferating (BrDU-positive) 
cells found in the forebrain following a motor cortex lesion induced in adulthood, 
regardless of seizure condition. Large numbers of BrDU-positive cells were found in, 
and around the neocortical lesion, as well as in the underlying corpus callosum. Based 
on the overall distribution of BrDU-positive cells, the newly generated cells in the 
neocortex appeared to have originated from the subventricular zone of the lateral 
ventricles. Future studies will be directed toward establishing the specific phenotype of 
the proliferating cells and the mechanisms responsible for their migration into the 
post-lesion cortex. Supported by NSERC.

603.6
A "C-FLUMAZENIL POSITRON EMISSION TOMOGRAPHY (PET) STUDY 
TO DETERMINE THE GABAergic CORTICAL CHANGES IN THE MOTOR 
CORTEX FOLLOWING INCOMPLETE SPINAL CORD INJURY (iSCI) IN 
HUMANS. N.J. Davey1, B.A. Lavoie2, M. Hu2, G. Savic3, V. Cunningham2, D.J. 
Brooks2*. '^Imperial College School of Medicine, 'Charing Cross Hospital, 
London, W6 8RF, U.K., Hammersmith Hospital, W12 0NN; ’National Spinal 
Injuries Centre, Stoke Mandeville Hospital, Aylesbury, HP21 8AL, U.K.

Previous studies using magnetic resonance spectroscopy and transcranial magnetic 
stimulation (TMS) have shown biochemical and physiological changes in the motor 
cortex following iSCI. A possible explanation for these phenomena could be that 
increased cortical excitability facilitates recruitment of other pathways because of 
reduced GABAergic inhibitory activity. Our project was designed to quantify in vivo 
the changes that occur in the motor cortical excitability, using TMS, and to measure 
the level of GABA inhibitory transmission, as reflected by GABAa  site availability, 
using "C-flumazenil PET. Four patients, with lesions between C4 and C7, had 
recovered excellent sensorimotor function (graded D on the ASIA impairment scale) 
and were scanned 3 to 4 years after injury. TMS showed a decrease in intracortical 
inhibition to muscles below the level of the lesion in the same group of iSCI 
patients. PET scans of the patients were compared with those of a group of 13 
healthy volunteers. We used statistical parametric mapping (SPM96) to determine 
the differences in the level of1 'C-flumazenil binding in the motor cortex between the 
2 groups. Our results showed an increase in GABAa receptor binding site 
availability to the right motor cortex (ipsilateral to the most affected side) of iSCI 
patients (p < 0.001, Z-score > 5). This suggest that the decrease of intracortical 
inhibition and the increased cortical excitability following iSCI could be linked to a 
reduction of GABAergic inhibitory transmission.

Supported by the Rick Hansen Man in Motion, Canada, MRC and Wellcome Trust 
of England
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603.7
STRESS INDUCES REVERSIBLE HIPPOCAMPAL DENDRITIC AND 
SYNAPTIC DEGENERATION N. Sousa, M.P. Madeira, S. Silva, N. 
Lukoyanov and M.M. Paula-Barbosa*. Dept of Anatomy, Porto Medical School, 
Porto 4202-451, Portugal.

The hippocampal formation (HF) plays an important role in learning and 
memory, which are transiently impaired after prolonged stress. We have 
demonstrated that the stress-induced cognitive deficits do not depend on HF 
neuronal loss. Thus, we decided to examine the morphology of dendrites and 
synapses from the HF of stressed rats in order to evaluate whether neuronal 
circuitries were damaged. Adult animals were studied either immediately after a 
period of 30 days of unpredictable stress or after a rehabilitation for 30 days. 
Dendrites were evaluated with stochastic methods. The volume of the mossy 
fiber system and the number of their synapses with CA3 pyramids (MF-CA3) 
were estimated applying the Cavalieri Principle and the physical disector, 
respectively. Data was compared with results obtained in control and 
corticosterone (CORT) injected animals. Stressed and CORT rats which were 
studied immediately after the end of the treatment displayed changes in both 
working and reference memories evaluated in a water maze. No significant 
cognitive changes were observed in rehabilitated rats. In both stressed and CORT 
injected rats, dendrites from granule cells, CA3 and CA1 pyramids were 
impoverished. These changes were more severe in the former neurons Likewise, 
the volume of the mossy fiber system and the number of MF-CA3 synapses were 
significantly reduced and changes in the volume and shape of synaptic boutons 
were detected. The magnitude of the alluded alterations was greater in stressed 
than in CORT injected animals. These changes proved to be, at least partially, 
reversible in rehabilitated animals. A strong correlation could be established 
among the levels of CORT, the structure of dendrites and synapses and cognitive 
performance.
This study was supported by PRAXIS/2/2.1/SAU/1338/95.

603.8
ELECTROPHYSIOLOGICAL CHANGES AFTER FOCAL BRAIN 
LESIONS IN A MODEL OF AXONAL SPROUTING. S.T. Carmichael*, M.- 
F. Chesselet. Dept. of Neurology, UCLA School of Medicine, Los Angeles, CA 
90095.

Cortical plasticity after focal brain lesions lias been suggested to play a role in 
functional recovery. Little is known of tlie cellular cues tliat trigger anatomical 
plasticity after cortical lesions, such as axonal sprouting. Focal ischemia induces 
electrophysiological alterations that may sene as a signal for tlie axonal sprouting 
observed at sites remote from the focal insult. We have cliaracterized these 
electrophysiological changes using a focal injury model in which axonal sprouting 
occurs in corticostriatal neurons contralateral to the cortical lesion. Adult male 
Sprague-Dawley rats were implanted with microelectrodes, allowed to recover, and 
then given a thermocoagulatory lesion of pial vessels overlying frontal and parietal 
cortex in one hemisphere. The microelectrodes were placed at sites in peri-infarct 
cortex, in cortex contralateral to the infarct in which corticostriatal axonal sprouting 
occurs and in a distant contralateral cortical site. Cortical activity patterns were then 
recorded before and for one week after lesions in these awake animals, a time period 
in which markers of axonal sprouting are known to be expressed. The responsiveness 
of the contralateral cortex was evaluated by recording the somatosensory evoked 
response from brachial plexus stimulation and tlie direct cortical response to 
horizontal cortical fiber stimulation. Focal lesions produced a hypersynchronous 
pattern of cortical activity characterized by large, slow waves of 0.5 to 2 Hz. These 
become maximal 3 to 5 days after tlie lesion, a time period in which tlie 
somatosensory evoked potential and direct cortical response in cortex contralateral to 
tlie lesion have almost doubled in amplitude compared to tlieir pre-lesion values. 
Focal cortical lesions thus produce synchronous cortical hyperexcitability and 
enhanced responsiveness to both ascending and horizontal inputs during a time period 
in which markers of axonal sprouting appear. Supported by HHMI Post-Doctoral 
Research Fellowship for Physicians and NIH Grant NS2930.

603.9

Synapse Replacement in the Striatum of the Adult Rat 
Following Unilateral Cortex Ablation: A Golgi and 
Ultrastructural Study H. W. Cheng*, S. A. Brown and T. H. 
McNeill Dept. of Cell and Neurobiology, Univ. of Southern 
California, Los Angeles, CA 90033.
This study examined the time course of dendritic reorganization and 
synapse replacement on striatal medium spiny I (SMI) neurons following 
unilateral cortical ablation between 3 and 30 days postlesion. We found 
that the time course for the transient loss and recovery of dendritic spine 
density, as determined by our Golgi analysis, closely paralleled the time 
course for removing degenerative terminals and the formation of new 
synapses in the denervated dendrites found by our ultrastructural 
analysis. Reinnervation of deafferented striatal neurons was 
characterized by paraterminal sprouting of survival axon terminals from 
the contralateral cortex which formed multiple asymmetric axospinous 
synapses with vacant or newly formed dendritic spines on MSI neurons. 
In addition, there was significant increase in the number of perforated 
synapses seen at 20 and 30 days after the lesion. These data suggest 
there is a strong correlation between changes in spine density and 
synapse number in the denervated striatum and that synapse replacement 
after unilateral cortex ablation follows a strict hierarchy of selective axon 
sprouting with growth preference given to homologous axons from the 
contralateral cortex. Supported by NIH grant AG-09793.

603.10

KINETICS OF FACIAL MOTONEURON (FMN) LOSS AFTER 
FACIAL NERVE TRANSECTION IN SEVERE COMBINED 
IMMUNODEFICIENT (scid) MICE. C.J. Serpe*, A.P. Kohm, V.M. 
Sanders and KJ, Jones. Dept. of Cell Biology, Neurobiology, & 
Anatomy, Loyola Univ. Chicago, Maywood, IL 60153.

Four weeks after right facial nerve axotomy, FMN survival in C.B- 
17 (+/+) wild-type mice is 87% ± 3.0 of the unaxotomized left side 
control. In contrast, facial nerve axotomy in C.B-17 (-/-) scid mice, 
which lack functional T and B lymphocytes, results in an average FMN 
survival of 55% ±3.5 relative to the unaxotomized left side control- a 
40% decrease in FMN survival 4 weeks post-axotomy, compared to the 
wild-type. Reconstitution of scid mice with wild-type splenocytes 
containing T and B lymphocytes restores FMN survival in these mice 
to wild-type levels (Serpe et al., J. Neurosci., in press, 1999). In this 
study, we examined the kinetics of FMN survival by extending the 
post-axotomy time to 10 weeks. While FMN survival in the scid mice 
remained the same as at 4 weeks post-axotomy, FMN survival in the 
wild-type and reconstituted scid mice continued to decline to 60% ±4.0. 
These results may be due, in part, to the loss of target-derived 
neurotrophic factors (NTFs), with permanent target disconnection.
Since T cells secrete NTFs, e.g., BDNF, it is hypothesized that, 
following facial nerve transection in the wild type controls, NTFs 
released from activated T cells initially support neuronal survival until 
target reconnection. Supported by NIH grants NS28238 (KJJ) & AI37326 (VMS).

603.11

The Impact of the Trigeminal Nerve Lesion on Regenerating Facial Motoneurones
A.Popratilofi^TT. Valero-Cabre3, M. Streppel1, D.N. Angelov2, E.Skouras, O.Guntinas-Lichius1.
M. Walther2, E.Stenner? W.~R Neiss2,1 ENT Department. 2Institut I of Anatomy. University of
Cologne, D-50924,3Unitat de Fisiologia MSdica, Universitat Autdnoma de Barcelona, Spain 

Investigating the innervation of rat vibrissae we address the question, how an impaired
trigeminal sensory input can influence the regeneration of facial motoneurons. Vibrissae pad 
muscles receive the motor innervation only from facial motoneurons, sending single axons into 
either superior (sBLB, Dil 91%) or inferior (iBLB, Fast Blue, 9%) buccolabial branch. The 
polymodal sensory input is carried back into the brain by the infraorbital nerve (ION) to the 
spinal trigeminal complex, the second order sensoty neurons of which establish synapses with 
the facial motoneurons. We combined left (BBAc) or right (BBAi) ION permanent lesions with 
right buccal nerve suture (BBA). The peripheral application of different tracers into sBLB (Dil) 
and iBLB (FB) after BBA, documented double labeled neurons, presumably due to an abnormal 
number of sprouts from a single regenerating axon into both branches. When BBA was 
combined with ipsi- or contralateral ION lesion, we found a reduction in the number of double 
labeled neurons. This result suggested us that altered central sensory processing consequent to 
sensory nerve injury influences the number of sprouts per regenerating axon. We further 
performed EMG, morphometry and immunocytochemistry (ICC) for AMPA R2/3 and 
synaptophysin to figure-out the objective for this effect. Three weeks after ION lesion alone, 
stimulus evoked EMG activity recorded from both ipsi- and contralateral vibrissae pad muscles 
was attenuated. After BBA, both the direct response and reflex response (ipsi -and contralateral) 
declined. After BBAi we found the ipsi-lateral reflex response increased, whereas in the rats with 
BBAc the ipsi-lateral reflex response was close to the normal, while the contra-lateral was 
increased and prolonged. Measurements of the cell sizes of axotomized facial neurons pre-
labeled with FG prior to nerve suture, demonstrated that those sampled from BBA display on 
average smaller cell sizes compared with BBAi, which exhibited a moderate increase and BBAc 
- a significant increase of the pericarya size. In addition to this, the ICC with synaptophysin 
showed decreased signal from the facial nucleus ipsi-lateral to the ION lesion. In BBAi and 
BBAc, AMPA R2/3, down-regulated after BBA showed little increase when related to the non- 
axotomized facial neurons. The altered central processing triggered by the sensory injury reduces 
the sprouting capabilities of the regenerating facial motoneurons, taking in account their specific 
membrane properties change, modulated receptor expression, and pre-synaptic vesicle content. 
Supported: Jean-Uhrmacher Foundation and COST B10 “Brain Damage Repair”

603.12

ELECTROPHYSIOLOGICAL CHANGES FOLLOWING SPINAL CORD 
IMPLANTATION OF AVULSED SPINAL NERVE ROOT IN RAT. IAY. 
Chuang1, M.-C. Huang2,W ,-C. Chang2, L.-S. Lee2, A. C. Chang’*,B. Hoffer4 and 
ULCheng2. ‘Dept. of Physical Medicine and Rehabilitation and 2Neural 
Regeneration Lab., Neurological Institute, VGH-Taipei, Taiwan; ’Institute of 
Neuroscience, National Yang-Ming University, Taiwan; “National Institute on 
Drug Abuse, National Institutes of Health, Baltimore, MD 21224, U.S.A.

Research on the cellular mechanisms of nerve regeneration suggests a positive 
approach may involve applying neurotrophic factors at the repair sites. In this 
study we performed C5, C6 ventral rootlet avulsions from their original sites in 
the spinal cord in 18 rats. Six rats were used as controls (GI). In the other rats, 
24 rootlets were implanted into the spinal cord via intercostal nerve grafts 
through the pia matter. Six rats had fibrin glue applied at the incision (G2) and 
the other 6 had grafts with acidic fibroblast growth factor added to the fibrin glue 
(G3). Functional recovery was evaluated electrophysiologically at 6 weeks and at 
6 months postoperatively. Needle electromyograph showed a profound 
denervation in the deltoid, biceps and triceps of the operated forelimb in all 
groups at the initial time point. At 6 months, denervation persisted in the muscles 
in GI, with polyphasic waves in one rat, whereas membrane instability returned 
to normal in G2 and G3 with the exception of 1 animal in G2. Furthermore, giant 
polyphasic waves were found in each rat of G2 & G3. Regeneration of several 
cervical roots can thus occur after intercostal nerve grafts with fibrin glue. 
Adding aFGF may increase the efficacy and speed of sprouting.
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603.13

LARYNGEAL NERVE TRANSPOSITION IN HUMANS. J. T. Heaton*, J. B. 
Kobler, E. A. Goldstein, S. M. Zeitels, G. W. Randolph, M. J. Walsh, & R. E.
Hillman. W. M. Keck Foundation Neural Prosthesis Research Center, 
Massachusetts Eye and Ear Infirmary, Boston, MA 02114.

Improved control of prosthetic voice aids for laryngectomees might be 
possible using residual laryngeal motor nerve signals. We have sought to 
obtain such signals by transposing the laryngeal nerves to alternate muscle 
targets at the time of laryngectomy. Multiple neck strap muscles are typically 
rendered useless during laryngectomy, making them appropriate host 
muscles for cut laryngeal nerves. It is expected that once the transposed 
laryngeal nerves have innervated their new targets, these host muscles will 
act as natural amplifiers of the laryngeal motor signals and that vocal-related 
EMG potentials will be detectable from the neck surface above the host 
muscles. These signals could then be used to control prosthetic voice aids in 
a potentially more effective way than current hand-controlled devices.

To date we have performed laryngeal nerve transposition on four 
individuals during total (2) or partial (2) laryngectomy. In each case, the 
recurrent laryngeal nerve on one side was sutured to the ipsilateral nerve 
supplying one or more strap muscles (sternohyoid, sternothyroid and 
omohyoid). In one of the 4 cases, the external branch of the superior 
laryngeal nerve was also transposed on one side as an additional source of 
voice-related signals. Neck surface EMG recordings above the host muscles 
from a subject > 1 year post-surgery demonstrate robust vocal-related 
potentials indicative of ‘laryngeal’ neuromotor control. A second subject > 8 
months post-surgery has shown inconsistent but promising evidence of vocal- 
related activity over the transposition site. The remaining two subjects are < 3 
months post-surgery and have not yet demonstrated reinnervation. We have 
shown that transposed laryngeal signals can be used to control the onset, 
offset and pitch of a modified commercial voice aid (electrolarynx), potentially 
enabling more natural hands-free speech production. Support: Keck Foundation.

603.14
DELAYED MUSCLE NERVE REGENERATION INTO FOREIGN TARGETS 
RESTORES AFFERENT PHYSIOLOGICAL PROPERTIES AND NERVE 
MORPHOMETRY. R.D. Johnson*, K.F. Jackson, and J.B. Munson, 
Departments of Physiological Sciences and Neuroscience, University of 
Florida, Gainesville, FL 32610.

Previous studies from this laboratory have shown, in a cat model of 
nerve regeneration, that acutely axotomized medial gastrocnemius (MG) 
nerve myelinated nerve fibers can be rescued from functional and 
morphological atrophy by immediate coaptation to- and subsequent 
regeneration through a cutaneous nerve (sural) into a foreign target (skin). In 
the present study, we investigated whether this rescue effect of the foreign 
target would still occur after chronic axotomy. In adult cats, the MG nerve was 
axotomized bilaterally under aseptic conditions and secured in a blind ending 
Gore-Tex sleeve. After 7 months of axotomy, the MG nerves in 3 cats were 
aseptically coapted to the freshly axotomized distal stump of the sural nerve 
on one side and the deep digital flexor nerve on the other side. After 16-17 
months of regeneration, each animal was anesthetized for a terminal 
physiological experiment and nerve harvest. Despite the 7 months of chronic 
axotomy and associated atrophic changes, delayed regeneration into either 
skin or a different muscle rescued native MG afferent physiological properties 
(slowly adapting discharges, sensitivity to stretch) and nerve fiber properties 
(conduction velocity, fiber diameter, myelin thickness) to near normal values. 
These results suggest that immediate resuturing of transected nerves is not 
required for the restoration of muscle afferent function and the target derived 
neurotrophic factors are capable of rescuing severely atrophic nerve fibers. 
Supported by NIH NS15913.

603.15

IMPAIRED PERIPHERAL NERVE REGENERATION IN
EXPERIMENTAL DIABETES MELLITUS. J, Kennedy. D. Lew . D.W, 
Zochodne*Dept. of Clinical Neurosciences, Univ. of Calgary, Calgary, 
Alta. T2N 4N1.

Regeneration of peripheral nerve is reported to be abnormal in 
diabetes mellitus. This study was carried out to evaluate nerve 
regeneration in an experimentally-induced mouse model of diabetes 
mellitus. Wistar mice were made diabetic by streptozotocin (in citrate 
buffer) injection while controls received the buffer alone and studies of 
regeneration were carried out 4 weeks later. Left sciatic nerves were 
either crushed or transected. Sciatic motor fiber reinnervation of foot 
Interosseous muscles (M, or compound muscle action potential), and 
conduction of motor and sensory fibers were measured over 0-10 
weeks. Morphometrical comparison of injured tibial fascicles were 
carried out at 2,4, 8, and 10 weeks. As expected, noninjured diabetic 
sciatic nerves developed slowing of conduction velocity. Diabetics 
exhibited delays in the recovery of the M-potential and of motor 
conduction velocity in sciatic fibers that were prominent 3-6 weeks 
following crush, then resolved. Morphometric studies confirmed the 
electrophysiological results by indicating delays in fiber maturation and 
lesser fiber density in regenerating tibial nerves of diabetics. These 
results were associated with apparent delays in macrophage invasion in 
diabetes. Diabetic animals also demonstrated a dramatic rise in 
autotomy behavior, suggesting increased neuropathic pain. Diabetic 
motor fibers have delayed reinnervation following peripheral nerve 
injury that is demonstrable in a mouse model of diabetic neuropathy. 
[Supported by MRC, AHFMRJ

603.16

DIABETES ALTERS NEURITE REGENERATION FROM 
MOUSE RETINAL EXPLANTS IN CULTURE.
M.Takano1*, K. Sango2, M. Sato1, Y. Iijima1, H. Horie3, S. Ohno1,
S. Inoue2 and Y. Ishikawa3. Depts of 'Ophthalmology and 3 Physiology, 
Yokohama City Univ. Sch. of Med., division of Geriatric Health and 
Nutrition, National Institute of Health and Nutrition, Yokohama City 
Univ. Sch. of Med., Yokohama 236-0004, JAPAN.

To investigate an effect of experimental diabetes on neurite 
regeneration, the retina dissected from adult streptozotocin-induced 
diabetic C57BL/6 mice (STZ mice) was cultured in a collagen gel 
with different concentrations of glucose. The capabilities of neurite 
regeneration were evaluated by counting number of outgrowing neurites 
from retinal explant. The numbers of regenerating neurites at 3, 6 and 
10 days in culture at normal glucose concentration (7mM) were 
significantly smaller in STZ mice than in normal control mice (3.6 vs.
7.2,12.4 vs. 24.9, and 14.5 vs. 30.1). In contrast, treatment of retinal 
explants with high glucose concentration (57mM) significantly 
diminished the number of regenerating neurites in the control mice 
(4.9, 16.8, and 20.4), but not in the diabetic mice (3.0, 10.9, and 
13.5). These results suggest that retina exposed to hyperglycemia in 
vivo had impaired capability of neurite regeneration in a normal glucose 
environment, but is unlike retina from normal mice, adaptable to a 
high glucose environment in vitro.

603.17

STRESS AND NEURONAL REGENERATION IN ECHINODERMS 
M Patruno12>, M D Candia Camevali1, F Bonasoro1, M C Thomdyke*2, P Beesley2, 

’Dept. of Biology, University of Milan, 1,2School of Biol. Sciences, Royal Holloway, 
Egham, UK.

We are presently exploring the links between neuronal regeneration, development 
and the stress response in echinoderms. During echinoderm development there is 
known to be an increase in HMW ubiquitin-protein conjugates together with a parallel 
increase in ubiquinated H2A and H2B histones. This could reflect the high levels of 
protein turnover experienced during ontogeny. In contrast, the stress response (or 
"heat-shock" response) induced either by temperature or chemical stress produces an 
increase in ubiquinated HMW proteins, induction of heat-shock proteins (hsp72 and 
hsp90) and a decrease in ubiquinated histones. We have analysed these parameters 
in crinoids and asteroids during various phases of neuronal regeneration in the arms 
of Antedon mediterranea, Antedon bifida and Asterias rubens. Normal arms were 
compared with regenerating arms at different stages in both standard conditions and 
those of environmental stress. In normal arms we detect significant quantities of 
ubiquinated HMW proteins and histones, perhaps indicating rapid cellular growth and 
protein turnover. By Western blot analysis and immunocytochemical labelling of 
neurones, using monoclonal antibodies against ubiquitin and the inducible form of 
hsp70, we found significant changes in ubiquitin conjugates and immunoreactivity at 
early stages of regeneration. In particular a decrease in ubiquitinated histones for both 
crinoids and asteroids. No other significant changes were noticed during the rest of 
the regenerative period. The expression of hsp70, was induced also in advanced 
phases of regeneration confirming the chaperon role of this molecule. In conclusion, 
it is clear that ubiquitin dynamics are important in regeneration and furthermore hsp 
70 is an important component of regeneration rather than a response to stress alone. 
(Supported by a Thomas Holloway studentship, RHUL strategy fund, University of 
Milan, The British Council and the University of London Central Research Fund).

603.18

EFFECT OF SOCIAL POSITION ON NERVE REGENERATION 
RATES P. Bulakowski, R. Hoppenot, and K.M. Krause*. 
Neuroscience Program, Fairfield University, Fairfield, CT 06430.

Adult crayfish {Procambarus clarkii) of both sexes were paired in 
compartmentalized aquaria and allowed to fight for rank.
Dominance is usually determined within minutes. Social status is 
reflected behaviorally and biochemically (Yeh et al., J. Neurosci. 
17:697-708, 1997). In this study we tested whether social 
dominance might also affect the rate at which nerves regenerate.

Animals were paired for at least one week before surgery. Both 
animals were anesthetized in ice for ten minutes then pinned ventral 
side up in a dissecting dish of cold Ringer’s solution. An incision 
was made in the cuticle directly over the sixth abdominal ganglion 
exposing the nerves which innervate the uropods. We cut the 
second and third roots bilaterally to isolate the exopodites. The 
proximal segment of the second root on the left side was then drawn 
over the midline and tied to the distal segment of its contralateral 
homologue after Lee and Page {Dev. Brain Research 87:179-87, 
1995). The animals remained paired following surgery. More 
dominants survived and preliminary data suggest that exopodite 
function is restored more rapidly in dominants (3 weeks) than in 
subordinants which may take 4 weeks.
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604.1
COORDINATE, MATURATION OF INTRACORTICAL INTERACTIONS AND 
PLASTICITY BY VISUAL EXPERIENCE. K.N. Hartman. M. Fagiolint N. Malaga, 
and T.K. Hensch*. Lab for Neuronal Circuit Development, Brain Science Institute, 
RIKEN, 2-1 Hirosawa, Wako-shi, Saitama 351-0198, JAPAN.

Local circuit interactions intrinsic to visual cortex have recently been shown to 
detect and initiate experience-dependent plasticity in visual cortex (Hensch et al.,
1998). This perspective has yielded three novel measures of intracortical interplay 
that mature in correlation with the developmental critical period (CP): 1) temporal 
dynamics (e g. short-term plasticity), 2) spatial activation (Renger et al, this 
meeting), and 3) biochemical inhibitory-excitatory balance (e g. GABA/glutamate 
ratio). The CP is not a simple, age-dependent maturational process, but is rather a 
series of events controlled by visual input that enable neuronal plasticity. Thus, dark-
rearing (DR) animals from birth can probe the link between these various cellular 
properties within cortex and the potential for experience-dependent plasticity in vivo.

We first determined that DR delays the functional CP in mouse visual cortex as in 
other species. Adult C57B1/6 mice raised in the total absence of vision retained 
sensitivity to brief (4d) monocular deprivations at an age when light-reared 
counterparts were no longer plastic (CBI=0.54±0.03 vs. 0.75±0.01, N=5 mice each). 
In slices of DR mouse visual cortex maintained in vitro, neuronal responses to trains 
of stimuli exhibited robust short-term depression and no augmentation, as well as a 
wide spread of cortical activation. Spatio-temporal dynamics in the binocular zone 
were intermediate between typical pre-CP (<P23) and CP (P24-31) levels. 
Homogenates of DR visual cortex similarly exhibited a plateau of GABA/glutamate 
balance close to CP values in age-matched controls. Thus, DR appeared to have 
frozen intracortical circuits in an immature state just below that of CP animals. 
Moreover, visual experience during DR initiated neuronal development in mice as in 
kittens in the absence of further visual input, decreasing sensitivity to monocular 
deprivation in vivo and short-term depression in vitro. Supported by BSI, RIKEN.

604.2
CO-REGULATION OF AN INHIBITORY INTERNEURON SUB-POPULATION 
WITH EXPERIENCE-DEPENDENT PLASTICITY IN MOUSE VISUAL CORTEX.
Y. Tsuchimoto1, T. Hashikawa2*, and T.K. Hensch1, Laboratory for 'Neuronal Circuit 
Development and 2Neural Architecture, Brain Science Institute, RIKEN, 2-1 Hirosawa, 
Wako-shi, Saitama, 351-0198, JAPAN.

Inhibitory connections intrinsic to visual cortex detect perturbations in sensory input 
and drive experience-dependent plasticity during development (Hensch et al., 1998). 
To determine whether a specific subset of the extremely elaborate network of cortical 
intemeuron subtypes would preferentially be involved in this process, we examined 
immunostaining patterns for distinct families of calcium-binding protein - parvalbumin 
(PV), calbindin (CB), calretinin (CR) - that constitute the majority of GABAergic cells.

Several conditions known to regulate experience-dependent plasticity in visual cortex 
were analyzed in the binocular zone of the mouse. First, consistent with the postnatal 
maturation of inhibition in other species, all markers increased gradually from before 
eye-opening (P8) through the onset (Pl 8) and peak (P28) of the critical period (CP) for 
plasticity in vivo. The emergence of PV-positive neurons, in particular, exhibited close 
correlation with the relatively late onset of the CP in visual cortex. Next, we delayed 
onset of the functional CP by dark-rearing animals from birth. In comparison with age- 
matched adult C57B1/6 mice raised on a 12:12 L:D cycle, the number of PV- and CR- 
positive cells was significantly increased in supragranular layers (N=6, p<0.05, t-test), 
while no differences were observed for CB.

Third, we compared wild type controls with an animal model defective in experience- 
dependent plasticity at the peak of the CP. Mice carrying a targeted disruption of the 
smaller isoform of glutamic acid decarboxylase (GAD65 KO) had fewer PV-positive 
cells in supragranular layers (N=4, p<0.05, t-test) with no other significant differences. 
Finally, chronic (>5d) diazepam treatment, which rescues plasticity defects in GAD65 
KO mice in vivo, reversed the reduction of PV neurons in upper layers. This subset of 
intemeurons may, thus, be especially important for experience-dependent plasticity. 
Supported by Brain Science Institute, RIKEN.

604.3
SPONTANEOUS RETINAL ACTIVITY PATTERNS DRIVE COMPETITIVE 
SEGREGATION OF MOUSE RETINOGENICULATE AXONS. A. Rebsam1’2, Y, 
Tsuchimoto1*, M. Fagiolini1, T.K. Hensch1. ‘Lab for Neuronal Circuit Development, 
BSI, RIKEN, Saitama 351-0198, JAPAN; 2Ecole Normale Superieure, Paris, France.

Competitive refinement of the developing visual system is driven by eye-specific 
spatio-temporal patterns of activity. Intrinsic inhibitory interactions are essential for 
discriminating these patterns to appropriately sculpt connectivity within the visual 
cortex (Hensch et al., 1998). We wondered whether this was a general role for local 
GABAergic circuits along the visual pathway. In the ferret, waves of correlated 
spontaneous neuronal activity, mediated by synaptic nicotinic acetylcholine (nAch) 
receptors, sweep across the retina to drive the segregation of overlapping ganglion 
cell axons into eye-specific domains of the lateral geniculate nucleus (LGN).

We first characterized whether a similar process occurs in mice for comparison 
with genetically manipulated animals. Monocular HRP injections in mouse pups 
revealed the gradual emergence of an ipsilateral input patch within a contralateral 
sphere in the LGN between postnatal day P3 and P9. To determine if this was due to 
an activity-dependent competition, we injected tetrodotoxin daily into one eye from 
P2 to P8 to block neuronal activity prior to labelling retinogeniculate pathways on P9. 
As in other species, projections from the active retina expanded greatly to occupy 
territory normally innervated by the silenced eye. The specific involvement of 
spontaneous cholinergic activity patterns in the retina were tested with the nAch 
receptor-specific antagonist nereistoxin. Once again, control afferents exhibited a 
similar, if not stronger, expansion at the expense of drug-treated input.

We conclude that interocular competition driven by endogenous retinal activity 
determines the pattern of eye-specific connection from retina to LGN in the mouse. 
These results offer the opportunity to examine retino-geniculate segregation in an 
animal model defective in experience-dependent refinement of visual cortex due to 
reduced GABAergic transmission. Supported by BSI, RIKEN.

604.4
GABA CIRCUIT CONTROL OF SPATIAL ACTIVATION IN DEVELOPING 
MOUSE VISUAL CORTEX. J.J. Renger1*, S. Fujishima1, K, Obata2, and
T.K. Hensch1. ’Lab for Neuronal Circuit Development, Brain Science Inst., 
RIKEN, Wako-shi 351-0198; 2Natl, Inst. Physiol. Sci., Okazaki 444-8585 JAPAN.

Local circuit interactions intrinsic to visual cortex have recently been shown to 
detect and initiate ocular dominance plasticity in visual cortex (Hensch et al.,
1998). Inhibitory circuits may appropriately shape neuronal activity to enable 
experience-dependent plasticity during the critical period (CP). To investigate the 
role of GABA-ergic synaptic transmission in the development of local circuit 
activation within visual cortex, we visualized cortical activity evoked from layer IV 
to II/III in slices of mouse visual cortex in vitro with the voltage-sensitive dye RH- 
482 and ultra-fast imaging techniques (0.6 ms/ frame). Comparisons of excitation- 
propagation among pre-CP (< p23), CP (p24-31), and adult (> p35) cortex 
revealed a refinement of evoked excitation that correlated with the onset of the CP 
for ocular dominance plasticity in vivo. Stimulation of layer IV in pre-CP animals 
produced wide columns of activity that advanced up through layers II/III, while in 
CP and adults spatially and temporally restricted excitation appeared in upper 
layers II/III. The refinement observed in WT animals was disrupted in a mouse 
model defective in experience-dependent plasticity in vivo. GAD65 KO mice with 
reduced GABA-ergic transmission retained immature wide patterns of local circuit 
activation that could be only partially restored by acute application of Diazepam 
(DZ). Bicuculline unmasked a spread of excitation in KO distinct from WT. 
Chronic DZ treatment (>5 days during critical period), which has been shown to 
rescue plasticity defects in vivo, promoted maturation of restricted patterns of 
excitation in both KO and WT, suggesting that inhibition may mediate the 
developmental sculpting of local circuit activation in visual cortex.
Supported by Brain Science Institute, RIKEN.

604.5

DISRUPTION OF EXPERIENCE-DEPENDENT PLASTICITY IN VISUAL 
CORTEX IN THE ABSENCE OF TISSUE-TYPE PLASMINOGEN ACTIVATOR
N. Mataga*, N.Nagai, and T.K. Hensch, Lab for Neuronal Circuit Development, 
Brain Science Institute, RIKEN, Saitama 351-0198, Department of Physiology, 
Hamamatsu University School of Medicine, Shizuoka, 431-3124, JAPAN.

The serine protease tPA released from neurons and glial cells may regulate 
development and synaptic plasticity in the central nervous system. To clarify a role 
for tPA in experience-dependent development, we examined visual cortical 
plasticity in mice carrying a targeted disruption of the tPA gene (tPA KO), kindly 
provided by Drs. P. Carmeliet and D. Collen (Nature, 368:419,1994). We first 
determined the expression time course for tPA mRNA during postnatal 
development in wild type (WT) mice. Constitutive levels in visual cortex were 
highest at P8 and gradually decreased until adulthood. There was no expression 
peak during the developmental critical period. Next; to evaluate whether tPA is 
directly involved in the experience-dependent plasticity of visual cortex, single-unit 
recordings were obtained from the binocular zone contralateral to an eye deprived 
of vision. Ocular dominance distributions were normal in non-deprived tPA KO 
animals [contralateral bias index (CBI) ±sem=0.74±0.04, n=4]. However, after 
long-term monocular occlusion spanning the critical period, ocular dominance 
plasticity was dramatically suppressed in the tPA KO mice [CBI=0.70±0.02 and
O. 44±0.01 for 8 KO vs. 10 WT, respectively; p<0.001, t-test]. Similar results 
were observed following short-term (for 4-d from P25-26) monocular deprivation 
[CBI=0.67±0.02 and 0.49±0.02 for 5 KO vs. 4 WT, p<0.001). Interestingly, we also 
found an enhanced activation in response to visual stimulation in the visual cortex 
of tPA KO mice. Cells exhibiting a sustained response and/or prolonged discharge 
were increased 7- and 3.5-fold compared to WT, respectively. These results 
indicate that the control of extracellular proteolytic cascades by tPA is essential for 
the activity-dependent refinement of circuits in the developing visual cortex.

Supprted by Brain Science Institute, RIKEN.

604.6

REGULATION OF SYNAPTIC INHIBITION BY AGE, EXPERIENCE AND 
NEUROTROPHINS IN VISUAL CORTEX. B, Morales*, C, Rozas and A, 
Kirkwood. Mind Brain Institute. Johns Hopkins University.
Sensory experience shapes synaptic connectivity of visual cortex, but only during 

a postnatal critical period. In contrast, mechanisms for synaptic modification, such 
as LTP, persist into adulthood. However, a critical period might result from the 
maturation of synaptic inhibition, which restricts the induction of LTP. In visual 
cortex synaptic inhibition is late to mature and, like the critical period, this 
maturation can be postponed by sensory deprivation. These effects of age and 
experience might involves the neurotrophin BDNF, which is released in an 
activity-dependent manner and it enhances synaptic inhibition. It was of interest 
therefore to directly measure the developmental changes in the strength of synaptic 
inhibition and its regulation by experience and BDNF.
We measured the amplitude of IPSC’s evoked in layer III cells with maximal 

stimulation of layer IV in rodent visual cortical slices at two ages: 3 weeks, when 
the susceptibility to sensory deprivation is maximal, and 5 weeks, when the 
critical period is over. IPSC’s amplitude (in f»A) dramatically increased from 3 
weeks (291 ± 20, n=9) to 5 weeks of age (636 ± 59, n=9) and dark rearing reduced 
this developmental increase (392 ± 66, n=9). The effects of BDNF on synaptic 
inhibition were investigated in trangenic mice overexpressing BDNF. At 3 weeks 
of age the IPCS’s were consistently larger in the BDNF overexpressing mice (462 
±30, n=29) than in the wild type littermates (279 ± 30, n=26).
The results indicate that synaptic inhibition in layer III is strongly regulated by 

age and experience. We are now currently examining whether such regulation also 
takes place in layer IV, and how changes in synaptic inhibition affect the 
propagation of neural activity in the cortex.
Supported by the NEI, and the Dana and Sloane foundations.
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604.7
PLASTICITY OF OCULAR DOMINANCE IN PRIMARY VISUAL CORTEX 
OF TRANSGENIC MICE THAT OVEREXPRESS BRAIN-DERIVED 
NEUROTROPHIC FACTOR. J.L. Hanover1*, Z.J. Huang2, S. Tonegawa2, and M.P. 
Stryker1, ’Dept. of Physiology, UCSF, San Francisco, CA, 94143; 2HHM1, Dept of 
Biology, MIT, Cambridge, MA, 02139.

Brain-derived neurotrophic factor (BDNF), a trkB ligand, is a candidate molecule for 
regulating the activity-dependent synaptic plasticity responsible for the development of 
the mammalian primary visual cortex (VI). We generated a mouse that expressed the 
BDNF trans gene linked to the aCaMKII promoter. The postnatal rise of BDNF 
expression in the visual cortex of these mice was accelerated as compared to wildtype 
littermates. The transgene continued to be elevated through adulthood, at which time 
levels were twelve-fold higher than endogenous BDNF.

We studied plasticity of binocular responses in VI by making extracellular single-
unit recordings in vivo, blind to genotype. Four-day periods of monocular deprivation 
(MD) were begun between postnatal day 19 (P19) and P34. At very early ages (MD 
start dates P21-P23) visual responses in transgenic mouse VI shifted maximally 
towards the non-deprived eye, showing a mean ocular dominance score significantly 
lower (p<0.01) than the wildtype littermate group. Later, when the transgenic mice 
were deprived starting at P27-P34, during the normal critical period for mouse VI 
plasticity, the ocular dominance score was significantly higher (p<0.01), and it was 
also higher (p<0.01) than in wildtype mice, in which plasticity was near maximal. 
These significant differences were also evident when transgenic and wildtype mice 
within single litters were paired.

These findings show that the BDNF-overexpressing transgenic mice exhibit a 
precocious critical period for MD in VI. At a time when wildtype mouse VI responds 
maximally to a four-day MD, the transgenic mouse VI has already passed the peak of 
its critical period and will no longer respond with a maximal shift. In addition, these 
results demonstrate that an excess of BDNF in mouse visual cortex does not prevent 
ocular dominance plasticity. Supported by EY07120, the Damon-Runyon Walter-Winchell 
Foundation, and NIH grants NS32925 and NS16033.

604.8

BDNF OVEREXPRESSION ACCELERATES THE TIME COURSE OF THE 
CRITICAL PERIOD FOR MONOCULAR DEPRIVATION T. PizzorussoL
V.Porciatti*2. Z.J. Huang3. S. Tonegawa3 and L. Maffei1'2 . Scuola Normale 
Superiore, (2) Istituto Neurofisiologia CNR, Via S. Zeno 51, 56127 Pisa (Italy), U) 
Department of Biology and Center for learning and Memory, MIT, Cambridge, 
MA 02139 USA.

Transgenic mice over expressing BDNF under the control of the CaMKII 
promoter display a precocious development of several markers of intracortical 
inhibitory neurons. Recent results show that intracortical inhibition could be 
involved in the effects of monocular deprivation (MD) on binocularity of visual 
cortical neurons. Since MD is effective only during early postnatal life (critical 
period, CP), we postulated that the accelerated development of cortical inhibition 
in BDNF mice could result in a faster-than-normal time course of the CP.

The effects of short-term (4-5 days) MD at various ages were evaluated by 
measuring the ocular dependence of visual evoked potentials (VEP). VEPs were 
recorded from the binocular visual cortex contralateral to the deprived eye in 
response to gratings (0.07 c/deg, phase reversal at 1 Hz). In undeprived adult 
animals, both wild type and BDNF, VEP contralateral/ipsilateral eye amplitude 
ratio is about 3. By contrast, in MD P21 mice the VEP contralateral bias is 
reduced in both transgenic and wild type. At P28, MD induces a strong effect in 
wild type mice (contra/ipsi ratio =1.1) while it is virtually ineffective in BDNF 
mice (contra/ipsi ratio = 2.6). At P39, after the end of the critical period (Gordon 
and Stryker, 1996), MD is ineffective either in wild type or in BDNF animals.

BDNF overexpression not only modulates cortical plasticity but also 
accelerates the development of visual function. Indeed, previous results showed a 
precocious development of visual acuity in BDNF mice. (Huang et at, Soc. 
Neurosci. Abs. 1998).
Supported by EEC BIOMED contract, CNR and MURST.

604.9 604.10
A LAMINAR ANALYSIS OF RAPID CHANGES IN OCULAR DOMINANCE IN 
THE KITTEN PRIMARY VISUAL CORTEX. J.T. Trachtenberg*, C. Trepel, and 
M.P. Stryker. Department of Physiology, UCSF; San Francisco, CA 94143-0444.

In a critical period of early postnatal development depriving one eye of vision 
remodels the circuitry of the primary visual cortex (VI) such that neurons respond 
poorly if at all to stimuli presented to the deprived eye (DE). Previous investigations 
have suggested that this remodeling is initiated at the thalamocortical synapse. Recent 
findings suggest upper layer cortical reorganization may precede and guide, rather than 
follow, thalamocortical organization. We have now examined in which lamina changes 
in the cortical circuit induced by monocular deprivation initiate. Using optical imaging 
of intrinsic signals, we generated ocular dominance maps of VI in 4 kittens that had 
been deprived for 24 hours at the peak of the critical period. Microelectrode 
penetrations were targeted to regions of the maps expected to show the greatest change 
(e.g., binocular regions of the maps near regions of strongest response to the DE; n=26 
penetrations, 192 cells), and tracks reconstructed to define the laminar position of each 
cell recorded. A shift index (SI; 0.0 = no shift; 1.0 = complete shift; calculated by 
subtracting the contralateral bias index of the ipsilateral hemisphere from that of the 
contralateral hemisphere) and monocularity index (MI; 0.5=binocular) were calculated 
from the cells in each lamina. Values for 24hr and 1 year deprivations (data from Shatz 
and Stryker, J. Physiol. 1978) are reported in Table 1. These data reveal a clear shift in 

favor of the open eye 
in the supragranular 
and infragranular 
layers without any 
change from
binocularity in the 
granular layer, adding

further support to the hypothesis that thalamocortical remodeling is guided by higher 
cortical areas. Research funded by NIH grant to MPS (EY02874), NRSA to JTT 
(EY06824), and Canadian NSERC to CT.

Table 1 24 hr dejprivation 1 year deprivation
SI MI SI MI

layer 2/3 0.52 0.71 0.90 0.99
layer 4 0.03 0.53 0.54 0.94
layers 5 & 6 0.52 0.74 0.90 0.96

DARK REARING REDUCES THE NUMBER OF NEURONS EXPRESSING 
NMDAR NR2A BUT NOT NR2B SUBUNIT IN THE RAT VISUAL CORTEX: 
A STEREOLOGICAL ANALYSIS L. Domenici2*, F. Ferrero1'2, A. Cattaneo2 and
E. Tongiorgi1'2.’BRAIN Centre for Neuroscience, Dept of Biology, University of 
Trieste-Italy. ’Neuroscience Program SISSA, Inti Sch for Adv Studies, Trieste-Italy.

Refinement of synaptic connections in the rat visual cortex is a sensory-dependent 
process occurring between postnatal day 15 (Pl5), the time of eye opening and P40- 
50. It has been shown that during this period visual experience triggers changes in 
NMDA receptor subunits expression in the visual cortex. However, no data are 
available on the layering distribution of these molecular changes. To quantify the 
number of neurons expressing the NR2A and NR2B subunits at P21 and P36 we 
have developed a new stereological method to count neurons in the different layers 
of the binocular primary visual cortex (area OclB). Neuron counts on cresyl violet 
stained sections resulted in a total number of neurons comparable at both stages and 
consistent with the previously published data (156.400±5390 neurons under 1 mm2 
of cortical surface in the area OclB). The stereological analysis carried out on 
sections stained with anti-NR2A antibody showed that the number of neurons 
expressing the subunit NR2A in the different layers is not significantly different 
between P21 and P36. In contrast, the number of neurons expressing NR2B 
decreases by 15% in the layer IV at P36 with respect to P21, remaning constant in 
the other layers. Dark-rearing between P21 and P36 induces a significant decrease in 
the number of cells expressing the subunit NR2A with respect to P36 normal light 
reared rats but does not affect the expression of the NR2B subunit. These results lead 
to conclude that: i) the number of cells expressing the NR2A but not NR2B subunit 
depends upon the visual input after P21; ii) the developmental decrease of cells 
expressing the NR2B subunit observed in the layer IV still occurs in dark-reared rats 
and therefore it does not depend upon the visual input at this developmental stage. 
(Supported by MURST-Cofinanziamento 1998)

604.11 604.12

DARK REARING INFLUENCES NEUROTRANSMITTER 
RELEASE IN DEVELOPING RAT VISUAL CORTEX. R. Saia1, 
G. Di Cristo1. M, Marchi2*. L. Maffei1. Scuola Normale Superiore, 
Piazza dei Cavalieri, 56126 Pisa, Italy; 2Dipartimento di Medicina 
Sperimentale - Sezione di Farmacologia e Tossicologia, Viale 
Cembrano 4, 16148 Genova, Italy.

Visual experience is necessary for normal development of the 
visual system; indeed it is well known that dark rearing profoundly 
alters the functional properties of visual cortical neurones. We 
investigated the effects of age and visual experience on the release 
of glutamate (GLU), acetylcholine (ACh) and GABA from visual 
cortex synaptosomes of Pl, 7, 14 and 23 rats exposed in superfusion 
to different KC1 depolarizing conditions (9-35 mM). We found that 
GLU, ACh, and GABA release evoked by 35 mM KC1 increased 
significantly between P14 and P23. This period immediately follows 
eye opening, thus the beginning of visual experience could be 
important for the maturation of synaptic transmission. In animal 
dark reared up to P23 the increase in KCl-induced GLU release was 
strongly diminished; in fact the release evoked by 35 mM KC1 from 
synaptosomes of P14 control rats and P23 dark reared rats did not 
differ significantly. On the contrary, the age-dependent increase of 
the release of ACh and GABA was not modified by dark rearing. 
These results play in favour of a crucial role of visual experience in 
the development of glutamatergic transmission. Supported by EEC 
contract BIOMED BMH4CT96 1604.

PINWHEEL CENTER LESIONS DO NOT PREVENT DEVELOPMENT OF 
SIMILAR ORIENTATION MAPS FOR THE TWO EYES IN FERRET 
VISUAL CORTEX. B. Chapman * and I. GfldeckeL Center for Neuroscience, UC 
Davis, 1544 Newton Ct., Davis, CA 95616 +Current address: Optical Imaging, Inc., 
Am Klopferspitz 19, 82152 Munich-Martinsried, Germany.

The early development of orientation selectivity maps in visual cortex, along 
with their stability during the time period when maps of other response features such 
as ocular dominance are developing, suggests the possibility that the orientation map 
is the fundamental organizing principle in visual cortex development. Pinwheel 
centers in the orientation map, where all orientation preferences converge, are an 
attractive candidate for “anchors” which keep orientation maps stable during 
normal development, determine the layout of ether cortical maps, and allow the two 
eyes to develop identical orientation maps when animals are raised without common 
visual input to the two eyes. Support for this hypothesis is provided by the close 
relationship between the locations of pinwheel centers and features of other cortical 
maps, and by the fact that in monocularly deprived kittens the deprived eye tends to 
maintain functional input to the cortex at the location of pinwheel centers.

To test the role of pinwheel centers in cortical development we have tried to 
de-couple the orientation maps of the two eyes by combining pinwheel center lesions 
with reverse suture. Ferrets were monocularly deprived from before the time of 
natural eye opening through postnatal day (PND) 42 or later, at which point adult-
like orientation maps had developed in the open eye. At that time optical imaging of 
intrinsic signals was used to determine the layout of the orientation map, and 
electrolytic or needle lesions were made at the locations of pinwheel centers. The 
deprived eye was then opened , and the other was sutured closed. 7-14 days later, 
when good orientation maps had developed in the previously deprived eye, optical 
imaging was again used to determine the orientation map layout in that eye. The 
maps obtained from the two recording sessions were then compared. The two maps 
were very similar to each other, indicating that pinwheel centers are not needed for 
the two eyes to develop the same orientation map.
Supported by NIH EY-11369
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604.13
VISUAL EXPERIENCE DURING DEVELOPMENT IS 
REQUIRED FOR ESTABLISHING ADULT PATTERNS OF 
CPG15 REGULATION IN RAT. W, A, Lee, and E. Nedivi*. Department 
of Brain and Cognitive Sciences and Center for Learning and Memory, MIT, 
Cambridge, MA 02139.

cpgl5, a gene regulated by visual activity in both developing and adult 
primary visual cortex, encodes a cell surface signalling molecule that promotes 
exuberant dendritic arbor growth in developing neurons [Nedivi et al., 1998]. To 
investigate a role for CPG15 in activity-dependent plasticity during development 
and in the adult, cpgl5 expression in the rat visual system was monitored by in 
situ hybridization during normal development and in response to visual 
manipulations. Our results show that despite the coincidence of eye opening at 
P14 with the onset of CPG15 expression in visual cortex, visual experience is 
not required for this initial event. Dark rearing does not delay the developmental 
time of CPG15 induction. Levels of CPG15 expression in dark reared animals is 
comparable to or higher than that in normal controls throughout development 
and in the adult. However, in contrast to dark adapted control animals that show 
an increase in CPG15 expression in response to a visual stimulus, dark reared 
animals show no variation in CPG15 levels upon exposure to light. The ability 
of adult rats to induce CPG15 in response to light is dependent on receiving 
visual input before 5 weeks of age. The finding that dark rearing alters adult 
patterns of cpgl5 regulation - increasing its expression level and uncoupling this 
expression from visual input - may reflect involvement of CPG15 in the 
prolonged sensitivity to monocular deprivation exhibited in dark reared animals. 
Funded by an NEI grant to E.N.

604.14

DEVELOPMENT OF ABNORMAL AXON TRAJECTORIES 
AFTER ROTATION OF ONE EYE IN XENOPUS. Y, Guo and S. 
B.Udin*. Dept. of Physiology and Biophysics, State University of 
New York at Buffalo, Buffalo, NY 14214.

Isthmotectal axons in Xenopus optic tectum are guided to their 
targets by both activity cues and non-activity cues. Abnormal visual 
activity overrides chemical cues and causes isthmotectal axons to 
arborize at new locations during a critical period of development, 
which lasts until 3 months post-metamorphosis. When isthmotectal 
axons are visualized with HRP in tectal wholemounts in animals with 
normal eye position, the isthmotectal axons run straight; in contrast, 
axons in animals with unilateral eye rotation display circuitous 
trajectories. By studying the development of abnormal trajectories 
after different durations of eye rotation, we have investigated the time 
windows during which activity cues and non-activity cues determine 
the projection pattern of isthmotectal axons, respectively. Our results 
suggest that an isthmotectal axon initially makes its main arbor in the 
tectum in a non-activity dependent manner. Abnormal trajectories start 
to develop in response to abnormal visual input as early as 2 weeks 
postmetamorphosis (PM). At 5 weeks and 10 weeks PM, individual 
axons with arbors at two different locations are observed. 
Furthermore, at 10 weeks PM, the sparser one of the two arbors 
seems to be fainter, suggesting that it may be in the process of 
withdrawing. A further study showed that in the parts of tectum where 
isthmotectal axons are the last to form arbors according to non-activity 
cues, those axons are also the last to develop abnormal trajectories.

Supported by USPHS Grant EY-03470 to S.B.U.

604.15

INDUCED MYOPIA AND HYPEROPIA AFFECT DOPAMINERGIC AND 
SEROTONIN-IMMUNOREACTIVE AMACRINE NEURONS IN CHICK 
RETINA. S.T.Wong1*. J.G.Sivak1. A.K.Ball2. 'School of Optometry, University of 
Waterloo, Waterloo, Ontario, Canada; department of Anatomy, McMaster 
University, Hamilton, Ontario, Canada.

The ametropias, myopia and hyperopia, are refractive errors which can be 
experimentally induced in young animals by manipulating their early visual 
experience. Myopia and hyperopia result from abnormal ocular growth mechanisms, 
and the control signals are believed to originate from within the eye itself.

Unilateral application of convex lenses, concave lenses, and translucent goggles 
over the eyes of newly-hatched chicks (n-61) respectively produced significant 
amounts of defocus-induced hyperopia (DIH), defocus-induced myopia (DIM), and 
form deprivation myopia (FDM). The effects of induced DIH, DIM, and FDM on 
amacrine cell populations containing dopamine and serotonin were assessed by 
confocal laser scanning microscopy. Quantitatively, induced ametropias provoked 
redistribution of serotonin-immunoreactive (5HT-IR) amacrines, although overall cell 
numbers per eye did not change between treated and control retinae. In the central 
retina, FDM produced significant localized decreases (-13.6%) in 5HT-IR amacrine 
cell numbers, while DIH provoked significant increases (+12.4%) relative to control. 
These changes in 5HT-IR cell numbers appeared to be linearly correlated with the 
magnitude of induced refractive error. There were no changes in dopaminergic 
amacrine cell numbers. Qualitatively, induced ametropias dramatically affected the 
dendritic morphology of dopaminergic amacrine cells. FDM caused increases in 
dendritic size and arborization, while DIH produced consistent decreases in field size 
and dendritic branching. Results from this study suggest that dopamine and serotonin 
may contribute, in a localized manner, to the ocular growth mechanisms that regulate 
the development of refractive errors.
Funded by the Natural Sciences and Engineering Research Council of Canada.

604.16

GENETIC ASSAYS OF FORM-DEPRIVATION MYOPIA (FDM) IN CHICK 
EYES Q,-J„Lu‘, R.K, Charlto.q'.R.K, Chang1, J,.H,-K, U?,-GL.Magvirs2, D,H.
Rapaport3* and C.-C, Wu1. Dept. of 'Neurosciences, 2Ophthalmology and ’Surgery,
U.C. San Diego, School of Medicine, La Jolla, CA 92093

Myopia, or nearsightedness, is the most common eye disorder worldwide. The 
adjustment of the refractive properties of the eye to the visual environment is 
dependent on a clear retinal image. Previous studies have shown that numerous 
neurotransmitters/peptides and growth factors are changed in the myopic eyes. 
These included dopamine, gamma-aminobutyric acid, glycine, and basic fibroblast 
growth factor. This presence raises the question whether the changes during the 
development of FDM were regulated at a genetic level.

In order to investigate gene regulation during development of myopia, we used an 
image-diffusing goggle to induce FDM in chicks. FDM was confirmed using the A- 
ultrasound scan. Total RNA was isolated from the entire eyeball and a Reverse 
Transcription-PCR (RT-PCR) mediated differential display screening was 
performed comparing the myopic eye to the control. Our results showed that the 
mRNA expression was significantly different between myopic and normal eyes. 
The RT-PCR showed that in myopic eyes, several mRNA expressions were 
decreased while others were increased. The differentially expressed clones were 
screened and the differences were confirmed by the reverse northern assay, from 
which the cloned cDNA fragments were further analyzed using the Northern 
Blotting assay. In addition, immunohistochemistry and Western Blotting assays 
showed that the levels of several neurotransmitters were decreased in the myopic 
eye compared to the control. While the catalytic interactions of the observed protein 
changes and differential mRNA expressions remain to be further investigated, the 
present molecular biological assay suggests that genetic regulation may play a role 
in the FDM development.

604.17

TIME COURSE OF VISUAL ACUITY DETERIORATION FOLLOWING 
MONOCULAR VISUAL DEPRIVATION IN MONKEYS. M.P. Goodman 
and R.G. Boothe*. Yerkes Regional Primate Research Center, Departments 
of Psychology and Ophthalmology, Emory University, Atlanta, GA 30322.

Numerous studies have shown that monocular visual deprivation during a 
postnatal sensitive period of development has a detrimental effect on the 
visual acuity of the deprived eye (for a review see Boothe et al. 1985). 
Various forms of monocular deprivation have been used including optical 
blurring or diffusion of the light entering the eye and complete elimination 
of light stimulation. Evaluation of the end points of these rearing conditions 
has shown that all can produce severe deficits in visual acuity. However, 
little is known about the time course over which acuity deteriorates 
following different forms of deprivation. To address this issue, we used 
preferential looking methods to take samples of acuity in monkeys reared 
under conditions of mild diffusion achieved with contact lenses made of a 
material that scatters light, occlusion achieved with opaque contact lenses, 
and defocus following a lensectomy. Deprivation rearing started at birth and 
lasted for about 6 months. During the rearing period, lensectomized animals 
showed significant acuity deficits compared to normal animals. 
Additionally, both lens-reared groups had significant acuity deficits over 
these lensectomized animals. In addition to issues of developmental neural 
plasticity, these findings have implications relevant to clinical treatment of 
infantile visual deficits (Jampolsky, Tr Am Opth, v XCII94).

Supported by NIH grants EY05975 and RR00165.

604.18
HIGH FREQUENCY STIMULATION INDUCES LONG TERM DEPRESSION IN 
THE SUPERIOR COLLICULUS OF NEONATAL RATS F.-S. Lo* and R.R. Mize 
Dept. of Cell Biology and Anatomy and the Neuroscience Center, Louisiana State Univ. 
Med. Ctr; New Orleans, LA 70112.

In slices of the superior colliculus (SC) of adult rodents, high frequency tetanic 
stimulation (50 Hz, 20 sec) of the optic layer induces long term potentiation (LTP) of 
synaptic transmission in the superficial gray layer (Okada 1993). We have used an in 
vitro isolated brainstem preparation to investigate the development of this and other types 
of synaptic plasticity in retinocollicular synaptic transmission in neonatal rats aged P0- 
P13. Stimulation of optic tract fibers (OT) at the thalamus evoked a field potential (FP) 
in SC. High frequency stimulation (50 Hz, 20 sec) of OT induced a transient post-tetanic 
depression (about 5 min) followed by a long term depression (LTD) (>90 min) of the FP. 
The mean amplitude of die FP after tetanic stimulation was 72.89+0.16% (mean+s.e., 
N=18) of the control value from 30 to 90 min after the tetanus. This LTD was more 
prominent in the first postnatal week (P 0-6, 67.91+0.22%, N=10) than in the second 
postnatal week (P 7-13, 79.09+0.17%, N=8, p<0.001). Application of bicuculline (10 
pM), a GABAa receptor antagonist, could not block the LTD, indicating that it is not 
caused by an increase of GABAa  activity. Application of D-APV (50 pM), an NMDA 
receptor antagonist, also failed to block the LTD. However, application of nitrendipine 
(10 pM), an L-type Ca2+ channel blocker, did partially block LTD (p<0.001) which had 
a mean amplitude of 85.60+0.13% (N=10) of the control value. Combined application of 
D-APV (50 pM) and nitrendipine (10 pM) further decreased (p<0.001) the LTD with a 
mean amplitude of 90.39+0.13% (N=l 1) of the control. These results show that high 
frequency tetanic stimulation induces LTD rather than LTP in SC of neonatal rats. The 
LTD clearly requires Ca2+ influx through L-type Ca2+ channels, and may also involve 
NMDA receptor activation under some conditions. The L-type Ca2+ channel is therefore 
an important source of calcium influx during synaptic plasticity in developing rat SC. 
Supported by USPHS NIH EY02973 and NS36000.
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604.19
INCREASED PRESYNAPTIC AXONAL GROWTH INDUCED BY 
POSTSYNAPTIC EXPRESSION OF CPG15 IN INTACT XENOPUS LAEV1S 
TADPOLES. I. Cantallops* and H.T. Cline. Cold Spring Harbor Laboratory; Cold 
Spring Harbor, NY 11724.

Candidate plasticity gene 15 {cpgl5} encodes a glycosylphosphatidylinositol (GPI) 
linked protein whose expression is increased by activity in the rat hippocampus and 
visual cortex. CPG15 overexpression increases the dendritic growth rate of Xenopus 
laevis tectal cells in vivo (Nedivi, Wu and Cline, 1998). Here, we have tested the 
effect of tectal cell expression of CPG 15 on the development of presynaptic retino- 
tectal axons. Overexpression of CPG 15 was achieved by infection of tectal cells with 
vaccinia virus (vv) bearing the gene. Images of single labeled retinal ganglion cell 
axons were collected immediately before infection and two days after, when tectal 
cell expression of foreign protein is high. Difference in total axon branch length and 
branchtip number between timepoints were compared.

CPG 15 expression in tectal cells increases the length of retinal axons in comparison 
with axons imaged in lacZvv infected controls. GPI linkage of CPG 15 to the 
membrane is necessary' to mediate this effect. Overexpression in tectal cells of a 
truncated form of the protein lacking the GPI link domain blocks the growth 
promoting effect seen with full length CPG 15.

The effect of the full length and truncated forms of CPG 15 is dependent on the level 
of complexity of the axons, as indicated by their initial length. More complex axons 
with arbors whose initial length is between 300 and 600 pm are the most responsive 
to the effects of the full length CPG 15. Simple retinal axons are unaffected by tectal 
cell expression of CPG 15.

These results concur with the effects of CPG 15 overexpression on tectal cell 
dendritic morphology (Nedivi, Wu and Cline, 1998) and cellular physiology (Haas, 
Malinow and Cline, this meeting), suggesting that CPG 15 may be one the mediators 
of visual system development by orchestrating activity-dependent tectal and retinal 
cell growth and connectivity. Funded by the NIH.

604.20
DEVELOPMENTAL REGULATION OF CPG 15 EXPRESSION. A. Javaherian2,
E. Nedivi1, H. T. Cline2*. 'Department of Brain and Cognitive Sciences, 
Massachusetts Institute of Technology, Cambridge, MA. 02139. 2Cold Spring 
Harbor Laboratory, Cold Spring Harbor, NY 11724.

CPG15 is a GPI-linked signaling molecule induced by synaptic activity in adult rat 
visual cortex. Subsequent studies have shown that CPG 15 expression in Xenopus 
tectal neurons promotes dendritic arbor growth. Newly cloned cpgl5 from Xenopus 
is highly homologous with cpgl5 from rat, cat and human. This homology likely 
represents conservation of cpglS function across vertebrates. To gain insight into 
cpgl5's role in developmental plasticity, we analyzed cpglS expression in Xenopus 
lavis tadpoles throughout development by in situ hybridization and 
immunofluorescence. cpgl5 mRNA is detectable in differentiated neurons at stage 33 
and continues to be expressed throughout the developing CNS and the spinal cord. 
cpg]5 is also detectable in differentiated neurons in all sensory systems. The mRNA 
can be detected in the retinal ganglion cells and the tectum during development and 
post metamorphosis. cpgl5 mRNA is expressed in distinct regions of the brain in 
post metamorphic animals. Kainic acid injection increases CPG 15 protein expression 
in tadpoles and adult frogs. In order to further understand the mechanism by which 
cpgl5 expression is regulated during development, NMDA and AMPA receptors were 
blocked by incubating stage 47 tadpoles in 100 pM APV and 20 pM CNQX 
respectively for 22 hours. Activity blockade was also carried out by retinal injections 
of 10 pM TTX, 1 pM Nifedipine, and 20 pM CNQX. Analysis of cpgl5 mRNA 
levels by in situ hybridization following these treatments showed no change in basal 
gene expression levels. These results suggest that there is a basal level of cpgl5 
expression during development which cannot be decreased by activity blockade, but 
can be increased by kainic acid. Funded by NIH grants to H. T. C.

604.21

EFFECT OF CPG 15 ON RETINOTECTAL SYNAPSE MATURATION AND 
TECTAL CELL MORPHOLOGY IN XENOPUS 
Kurt Haas*, Robert Malinow, Hollis Cline.
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724.

The plasticity-related protein CPG 15 is a GPI-anchored cell-surface molecule 
expressed during periods of dendritic growth and synaptogenesis. Over-expression of 
the gene cpgl5 in Xenopus tadpole visual tectum by infection with recombinant 
Vaccinia virus elicits excessive growth of tectal cell dendrites and retinal ganglion 
cell axons, while expression of truncated cpgl5, lacking the GPI-anchoring domain 
(CPG15t) suppresses dendritic growth. Dual promoter recombinant Vaccinia viruses 
expressing GFP-Pgal as a reporter and either cpgl5 or cpgl5t have been constructed 
to allow identification of cells expressing exogenous protein. In an isolated whole- 
brain preparation, GFP positive cells, and uninfected neighbors, were selected for 
patch clamp recording to examine the effect of CPG 15 or CPG15t expression on 
maturation of retinotectal glutamatergic synapses. Patched cells were filled with 
fluorescent dextran and imaged with confocal microscopy. In preliminary 
electrophysiology experiments, CPG 15 promotes, and CPG15t inhibits synapse 
maturation. In control tectum, NMDA receptors predominate at immature caudal 
synapses (AMPA/NMDA ratios = 0.89±0.18), and AMPA contribution increases in 
mature rostral cells (AMPA/NMDA=1,92±0.25). CPG15 over-expression 
significantly increases AMPA/NMDA in immature caudal neurons (2.13±0.43, 
p<0.05), and CPG15t significantly decreased AMPA/NMDA at synapses of mature 
rostral cells (1.1910.23, p<0.05). mEPSC frequency also increases with maturation 
from 0.77±0.14Hz in caudal tectum to 2.30±0.5Hz in rostral tectum. CPG15 over-
expression increased mEPSC frequency in a subpopulation of immature caudal cells, 
and CPG15t significantly decreased mEPSC frequency in both caudal (0.35±0.1, 
p<0.05) and rostral (0.97±0.28Hz, p<0.05) neurons. Correlation between patch 
clamp results and morphology data may elucidate how CPG 15 acts to regulates both 
growth and maturation of developing synapses. Funded by NIH (KH, RM, HC).

NEURONAL DEATH: MOLECULAR MECHANISMS

605.1

THE BIR DOMAINS OF NAIP INTERACT WITH HIPPOCALCIN AND
PROTECT AGAINST CALCIUM INDUCED NEURONAL DEATH
*E.A.J. Mercer, L. Korhonen, Y. Skoglosa. P-A, Olsson & D. Lindholm. Dept.
Neuroscience, Biomedical Centre, Uppsala University, Uppsala 751 23, Sweden. 
Neuronal Apoptosis Inhibitory Protein (NAIP) is a member of the Inhibitor of 
Apoptosis Protein (IAP) family, possessing three of the family defining Baculovirus 
LAP Repeat (BIR) regions. It has recently been established that the other human 
IAPs, cIAPl & 2, XLAP and survivin, exert their anti-apoptotic effect through their 
BIR domains, by directly interacting with and inhibiting the death effector proteins 
caspase 3 & 7. However, the mechanism by which NAIP protects against apoptotic 
insult has proved elusive.
Deletion mutations of NAIP, and in particular the BIR domains of NAIP, have been 
observed in the congenital neurodegenerative disorder, Spinal Muscular Atrophy 
(SMA), implicating these regions of the protein in the protection process. SMA is 
characterised by a depletion of motor neurons from the ventral horns of the spinal 
cord, which at autopsy appear to die by apoptosis.
In the spinal cord motor neuron cell line NSC, the BIR domains of NAIP alone are 
sufficient to protect against a range of apoptotic stimuli, including intracellular 
calcium elevation. This protective region of NAIP interacts specifically with 
hippocalcin, a brain-restricted calcium binding protein, an interaction which is 
enhanced in hippocalcin’s calcium loaded conformational state. Hippocalcin is 
shown to be expressed in the newborn rat spinal cord motor neurons of layers 7-9, 
which in humans degenerate in SMA suggesting a role for hippocalcin, in 
conjunction with NAIP, in the disorder. We are currently investigating the relevance 
of the interaction between NAIP and hippocalcin in neuronal death.
This project is supported by Swedish Cancerfonden

605.2
REGULATION OF NEURONAL APOPTOSIS INHIBITOR PROTEIN (NAIP) 
EXPRESSION BY KINASE MODULATORS AND DIFFERENTIATING AGENTS 
IN MURINE NEURO-2A NEUROBLASTOMA CELLS. 
Z. Lahoua1, J. Tanner1, G.S.Robertson2’3, C.S. Thompson2’^ A. MacKenzie5.

1 Molecular Genetics Research Institute, Children’s Hospital of Eastern of Ontario, 
Ottawa, On Canada K1H 8L1; 2 Departments of Cellular and Molecular Medicine, 
University of Ottawa, KIH 8M5 Canada; Ottawa, KIH 8L1 Canada;3 Department of 
Pharmacology, Merck Frosst Canada Inc. Kirkland, Quebec, H9R 4P8, Canada;

In an effort to delineate the signal transduction pathway(s) which modulate 
NAIP gene activity, the effect of agents known to alter protein kinase activity and 
induce cellular differentiation on murine neuro- 2a cells NAIP level is being assessed. 
Treatment of neuro-2a cells with the protein kinase C (PKC) inhibitors H7, Calphostin 
C or bisindolylmalmeide I significantly decreased NAIP levels as detected by western 
blot analysis. However, the PKC activator, TPA was ineffective in inducing NAIP. The 
tyrosine kinase inhibitor genistein as well as the Ca+i \calmoduline-dependent protein 
kinase II inhibitor KN96 and dibutyryl-cyclic AMP induced NAIP expression 2 to 3 
fold. These drugs cause cell arrest +\- differentiation. The differentiating agent retinoic 
acid, serum starvation and cell cycle arresting agents, sodium butyrate or bromo-deoxy- 
uridine also increase Naip by 2 to 3 fold. These preliminary results suggest that NAIP 
induction may result from cell cycle arrest and \or cell differentiation.

Society  for  Neuroscience , Volume  25, 1999



TUESDAY PM NEURONAL DEATH: MOLECULAR MECHANISMS 1519

605.3
HUMAN CARD4 PROTEIN IS A NOVEL CED-4/APAF-1 CELL DEATH FAMILY 
MEMBER THAT ACTIVATES NF-k B AND CASPASE-9.
J. Bertin, W-J. Nir, C.M. Fischer, O.V. Tayber, P.R, Errada, J.R. Grant, J.J. Keilty,
M.L. Gosselin, K.E, Robison, G. Wong, M.A. Glucksmann, and P.S. DiStefano*.
Millennium Pharmaceuticals, Inc., 640 Memorial Drive, Cambridge, MA 02139.

The nematode CED-4 protein, and its human homolog Apaf-1, play a central role in
apoptosis by functioning as direct activators of death-inducing caspases. A novel 
human CED-4/Apaf-1 family member called CARD4 was identified having a domain 
structure strikingly similar to the cytoplasmic, receptor-like proteins that mediate 
disease resistance in plants. CARD4 was expressed in a wide number of tissues, 
including heart, lung and brain. High level expression was observed in developing 
lung, liver and heart. CARD4 is highly conserved between mouse and human, showing 
90% identity at the amino acid level. CARD4 interacted with the serine-threonine 
kinase RICK and potently induced NF-k B activity through TRAF-6 and NIK signaling 
molecules. Although CARD4 did not interact with caspase-9, coexpression of CARD4 
with caspase-9 augmented caspase-induced apoptosis at levels comparable to Apaf-1, a 
direct activator of caspase-9. Thus, CARD4 coordinates downstream NF-k B and 
apoptotic signaling pathways and may be a component of the host innate immune 
response.

Supported by MPI/Wyeth-Ayerst Research.

605.4
THE ROLE OF BID, A BCL-2 INTERACTING PROTEIN, IN NEURONAL 
APOPTOSIS.
J. R. Leonard*B. R. Cahn, and K. A. Roth. Division of Neuropathology, 
Washington University School of Medicine, St. Louis, MO 63110.

Neuronal apoptosis is important in the developing nervous system and multiple 
neuropathological conditions. Bid is a BH-3-domain-only pro-apoptotic member 
of the bcl-2 gene family, a group of proteins which regulates apoptosis largely 
through interactions at the mitochondrial membrane. Following death receptor 
engagement, Bid is converted from an inactive to active form by caspase 8 
cleavage. This cleavage promotes translocation of truncated Bid to the 
mitochondrial membrane and subsequent release of cytochrome C. We 
hypothesized that Bid plays a role in neuronal apoptosis, and addressed this by 
comparing Bid-deficient and wild-type mice.

Western blot analysis of embryonic and adult tissue homogenates with a Bid- 
specific antibody showed a specific ~p24 immunoreactive band with anti-Bid Ab 
in the spleen, liver, kidney, and brain of wild-type (WT) mice. No
immunoreactivity was observed in tissue extracts from Bid knock-out (KO) mice. 
Although Bid immunoreactive protein was detected in embryonic brain extracts, 
Bid-deficient embryos showed no gross or microscopic neuropathology and 
programmed cell death was unaffected. A possible role for Bid in regulating 
neuronal apoptosis was further examined in primary telencephalic cell cultures. 
Baseline cell death in minimal and enriched media was equivalent in WT and KO 
cultures, as was death in response to trophic factor withdrawal and Ara-C, a 
cytotoxic cytosine analog. Neither anti-Fas Ab nor TNF-a had a death- 
promoting effect in WT or KO cultures, indicating that death receptor-mediated 
apoptosis through these pathways was not present in this neuronal population.
We conclude that Bid is not essential for trophic factor withdrawal or DNA 
damage-mediated apoptosis in primary telencephalic neuronal cultures. 
SUPPORTED BY NIH GRANTS NS 35107 and NS 35484

605.5

APOPTOTIC STRESS REGULATES AMPA SUBUNIT EXPRESSION AND 
ACTIVITY VIA A CASPASE-MEDIATED MECHANISM GW, GlaznerfS.L, 
Chan, and M.P. Mattson Sanders-Brown Research Center on Aging and Dept. of 
Anatomy and Neurobiology, Univ. of Kentucky, Lexington, KY 40536.
We report that withdrawal of trophic support (WTS), by transfer of hippocampal 
neurons from neurobasal maintenance media to Locke's buffer, causes activation of 
caspases and a subsequent decrease in AMPA glutamate receptor (GluR) subunits in 
a manner consistent with caspase proteolysis of this protein. Embryonic rat 
hippocampal neurons were treated with ZVAD (a caspase inhibitor), or vehicle 2 h 
prior to WTS. Activated caspase levels increased within 2 h of WTS, and peaked by 
24 h at a level 5-fold that of control cultures. AMPA receptor subunit levels (GluRl, 
GluR2/3 and GluR4) decreased significantly following WTS, with levels of GluR4 
declining by 75%. This decrease was abolished by pretreatment with ZVAD. 
ZVAD treatment alone, in absence of WTS, caused a significant increase in GluR4 
levels, to nearly twice that of control levels. This change in GluR levels was not due 
to selective cell death, as readdition of trophic support returned GluR receptor levels 
to control values within 24 h. There was a significantly decreased AMPA response, 
measured by changes in intracellular calcium levels following treatment with 
glutamate and MK801 (an inhibitor of NMDA receptor activation), and a significant 
increase in AMPA receptor activation following treatment with ZVAD alone, 
consistent with observations of GluR levels. Neurons exposed to WTS for 24 h were 
partially protected from, whereas those treated with ZVAD were more susceptible to, 
necrosis induced by 500 pM glutamate. Membrane-bound proteins from rat brain 
exposed to cytoplasmic extract from neurons following WTS showed a decrease in 
GluR4 levels, which was substantially blocked by prior addition of ZVAD. These 
data indicate that caspase-mediated regulation of GluR may shift cell death towards 
apoptosis under periods of stress, and may regulate neuronal plasticity and glutamate 
response under physiological conditions. Supported by the NIH.

605.6
CaM-KINASE KINASE ACTIVATES THE PROTEIN KINASE B 
CELL SURVIVAL PATHWAY. S. Yano*, H. Tokumitsu, and
T.R. Soderling. Vollum Institute, Oregon Health Sciences University, 
Portland, OR 97201

Electric stimulation or NMDA receptor stimulation prevents cell 
death in some types of neurons. Modest elevation of intracellular 
calcium and calmodulin are essential for this protective effect, but 
detailed mechanisms were unknown. We demonstrate that protein 
kinase B (PKB), which is known as an important survival factor in 
neuronal cells, was directly phosphorylated and activated by 
Ca2+/calmodulin-dependent protein kinase kinase (CaM-KK) in vitro 
and in transfected cells. Apoptosis in cultured neuroblastoma cells 
(NG 108) upon serum withdrawal was blocked by prolonged 
incubation with NMDA or KC1 depolarization which required PKB 
activation. Apoptosis in NG 108 cells was prevented by constitutively- 
active CaM-KK whereas the protective effect of NMDA or KC1 were 
blocked by dominant-negative CaM-KK. These results identify a Ca2+ 
triggered signaling cascade in which CaM-KK activates PKB which 
phosphorylates BAD and protects cells from apoptosis. Supported by 
NIH grant GM41292.

605.7

Regulation of Neuronal Survival by Akt/PKB Kinase 
Honglin Zhou, Randall N. Pittman*
Dept. of Pharmacology,
University of Pennsylvania School of Medicine, 
Philadelphia, PA 19104

Akt/PKB kinase plays an important role in neuronal 
survival by protecting cells from apoptosis. However, 
it remains unclear which cellular events are 
iegulated by Akt kinase to inhibit apoptosis. (Zhou & 
Pittman, Soc. Neurosci. Abstr. 221.7, 1998) We have 
established multiple lines of HMN1 motor neuron 
cells stably expressing constitutively active Akt 
kinase or the anti-apoptotic protein, human Bcl-2. 
Studies are currently ongoing to identify novel 
effectors of Akt kinase in neurons and investigate the 
role of Akt kinase in regulating cytochrome c release 
from mitochondria and caspase 3 activation 
associated with ceramide-induced apoptosis in 
HMN1 cells.

This work was supported by NIH grant NS32465.

605.8
Inhibition of GSK3(3 mediates cell survival in differentiated PC-12 Cells 
Undergoing Apoptosis. M. Correll, Y. Chen, R.A. Lampe, J. Shaniey, M.T 
Klimas, C-M Lee and R.V. Bhat* Neuroscience Dept., Zeneca Pharm., 1800 
Concord Pike, Wilmington, DE 19850.

Recent studies indicate that insulin promotes survival in PC 12 cells by a PI3K / 
Akt dependent signaling pathway. In response to insulin, PI3K phosphorylates and 
activates Akt which in turn phosphorylates and inactivates GSK3p. To determine 
whether GSK3J3 plays a role in cell survival, we examined the effects of inhibiting 
GSK3J3 activity in PC 12 cells undergoing apoptosis. Apoptosis was induced in 
NGF-differentiated PC 12 cells either by the withdrawal of NGF (NGF-W), or by 
the addition of P-amyloid peptide 1-42 (AP42), or wortmannin, a PI3K inhibitor. 
An increase in GSK3P activity and apoptosis was observed under each treatment 
condition. Apoptosis was measured by an ELISA which detects cytoplasmic 
histone-associated-DNA fragments. NGF-W induced apoptosis was inhibited by Li+ 
(IC5o=2mM), insulin (IC5O=100nM) and overexpression of dominant negative 
mutants of GSK3P. In addition, Li+ and insulin inhibited NGF-W induced GSK3P 
activity in PC-12 cell lysates as measured by an immunokinase assay. Li+ and 
insulin promoted cell survival for up to 24 hr after NGF-W in comparison to BAF, 
a peptide caspase inhibitor which delayed cell death up to 6h after NGF-W. Li+ 
(IC5o=TOmM) also promoted cell survival in response to AP42 induced apoptosis. 
The protective effects of lithium and insulin were attenuated by the L-type Ca'2 
channel antagonist nitrendepine (lOpM), suggesting an involvement of Ca+2 
channels in neuroprotection. Taken together these results demonstrate that GSK3P 
plays a critical role in the regulation of cell survival via apoptosis inhibition and 
represents a critical downstream target of the insulin signaling pathway.
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605.9

A NEUROPROTECTIVE ROLE OF LITHIUM FOR MOTOR NEURONS IN 
VIVO B. Ferzaz, G, Bourliaud, E. Brault, J.P, Nowicki and J, Benavides*. 
Synthelabo Recherche. B.P. 110. 92225 Bagneux (France)

Studies in culture have demonstrated that chronic treatment with Lithium protects 
cerebellar granule neurons against apoptosis induced by C2-ceramide. In vivo, Lithium 
robustly increased Bcl2 levels in rat frontal cortex, suggesting a potential neuroprotective 
action of Lithium. These effect of Lithium have now been evaluated by measuring 
motoneuron survival in 4 day-old rats after axotomy of the facial nerve. At this age, facial 
nerve transection results in the death of 50 to 90 % of motoneurons in the facial nucleus, 
reflecting die dependency of motoneurons on trophic support provided by facial muscles.

Animals were treated with Lithium Chloride (25 mg/kg/d, ip), starting 24 h prior to 
nerve transection until sacrifice 7 days post-injury. After removal, the facial nucleus was 
cut into serial sections and stained for Nissl substance or VAChT (Vesicular Acetylcholine 
Transporter) to identify motoneurons. The number of motoneurons was counted serially 
at 60 pm intervals. Glial cell reaction was evaluated on sections immunostained with anti- 
GFAP antibody or anti-connexin-43, a proeminent gap junction protein in astrocytes.

Facial nerve transection induced 40 % reduction in the number of motoneurons. This 
motoneuron loss was partially prevented by Lithium Chloride, which increased the 
motoneuronal survival to 88 % and strongly reduced glial cell reaction in the ipsilateral 
side.

Lithium is a selective and potent inhibitor of GSK3P (glycogen synthase kinase), a 
serine threonine kinase implicated in cell-fate determination. GSK3 (I is also a target for the 
anti-apoptotic Akt, a serine threonine kinase activated by Insulin and IGF. GSK3p plays 
a critical role in regulation of apoptosis, as overexpression of this enzyme induce apoptosis 
whereas cells transfected with the catalytically inactive GSK3p do not undergo apoptosis. 
Thus, Lithium could provide a trophic support by mimicking the effect of Insulin or IGF 
on GSK3p.These effects may have implication for long term treatment of various 
neurodegenerative disorders

605.10

LITHIUM PREVENTS NEURONAL APOPTOSIS BY BLOCKADE OF 
CASPASES, BUT NOT POTASSIUM CURRENT, c-Jun NH2-terminal 
kinase MAPK, and p38 MAPK. J.S.Noh*1 H.J.Kang1, S.Y.Chang3, J.M. 
Chung3 and B.J.Gwag21Dept. of Psychiatry and Behavioral Sciences; 2Dept. 
of Pharmacology, Ajou Univ. Sch. of Med., Suwon, Kyunggi-do, Korea 442- 
749.3Dept. of Biological Science, Ehwa Womans Univ. Seoul Korea

Lithium is the drug of choice for the treatment of person with bipolar 
disorder. In addition to its anti-manic property, administration of lithium was 
reported to attenuate apoptosis as well as excitotoxicity. To determine if the 
neuroprotective effects of lithium depends upon patterns (e.g. apoptosis vs. 
necrosis) of neuronal death, we tested how lithium influenced various types of 
neuronal injury induced in mouse cortical cell cultures. As previously reported, 
exposing cortical cultures to 10 nM calyculin A or 20 pM cyclosporin A for 24 
hrs induced neuronal cell apoptosis. Adding 3-30 mM lithium attenuated 
calyculin A- and cyclosporin A- induced neuronal apoptosis in a dose 
dependent manner. In contrast to the anti-apoptosis action, lithium did not 
protect neurons from exposure of 30 pM NMDA, 20 pM AMPA, or 30pM Fe2+ 
that produces neuronal cell necrosis in cortical cell cultures. These results 
indicate that the protective effect of lithium is confined to the apoptotic type of 
neuronal injury. We next explored the possibility that three apoptosis 
mediators, caspases, MAPKs, and outward potassium current would underlie 
the anti-apoptotic effect of lithium. In cortical cell cultures added with 10 nM 
calyculin A, activity of caspase-3 was increased up to 2 fold within 16 hr, which 
was blocked in the presence of 5 mM lithium. c-Jun NH2-terminal kinase and 
p38 MAPK were activated in cortical cell cultures exposed to 10 nM calyculin 
A for 4 hr, which was not attenuated by lithium. Outward potassium current 
was not altered by addition of 5 mM lithium. In conclusion, lithium protects 
neurons from apoptosis, not necrosis, through attenuation of caspases. 
Supported by KOSEF through BDRC at Ajou University (NJS)

605.11

ACTIVATION OF GLYCOGEN SYNTHASE KINASE-3P (GSK-3p): A 
DIFFERENTIAL PATHWAY OF PAF-MEDIATED NEURONAL APOPTOSIS 
AND MIGRATION DISRUPTION. N. Tong1*. S.B. Maggirwar2, S. Ramirez2, H. 
Guo1. S. Dewhurst2 and H.A. Gelbard1 ‘Dept. of Neurology, 2Dept. of Microbiology 
and Immunology, Univ. of Rochester Med. Ctr., Rochester, NY 14642

Platelet activating factor (PAF) is a potent phospholipid mediator involved in 
various neurological disorders, like human immunodeficiency virus type-1 associated 
dementia (HIV-D). Previous data from this laboratory and others have shown that 
PAF can induce neuronal apoptosis and disrupt neuronal migration in vitro. These 
effects can be blocked by various PAF receptor-specific antagonists. In the present 
study, we investigated whether activation of GSK-30 at critical periods in neuronal 
development, an enzyme that has been implicated in the regulation of apoptosis, is 
involved in PAF-mediated neuronal apoptosis and disruption of migration. Bath 
application of a nonhydrolyzable PAF receptor agonist, carbamyl PAF (c-PAF) on rat 
granule neurons (CGNs), yielded a dose-dependent increase of apoptotic cells in 
mature neurons (5-7 DIV) and decrease in granule cell migration in immature neurons 
(0-1 DIV) compared to controls. Both effects can be abolished by co-incubation with 
20mM lithium, a specific inhibitor of GSK-3P, in a dose-dependent fashion. In 
addition, 50pM BN50730 and 10pM WEB2086, PAF receptor-specific antagonists, 
could also block these effects. In the kinase assay, an increase in GSK-3p activity was 
observed in CGNs treated with c-PAF, which was not associated with a change in 
protein expression—suggesting that GSK-3J3 might be activated indirectly by PAF. 
These findings are consistent with the existence of one or more pathways that can lead 
to GSK-3P activation in neurons, and they suggest that the dysregulation of this 
enzyme could be involved in the HIV-induced neuronal apoptosis, and the neuronal 
migration defects observed in some neurodevelopmental disorders. Supported by 
NIH grants PO1 MH57556 (S.D. and H.A.G) and RO1 MH56838 (H.A.G).

605.12

REGULATION OF PTEN/MMAC1 EXPRESSION IN NEURONAL 
APOPTOSIS. S. Kyrylenko1,2*, P. Korhonen1, M. Roschier1, E. Kuusisto1, A. 
Salminen1, ‘Dept. Neuroscience and Neurology, Univ. Kuopio, 70211 Kuopio, 
Finland. 2Dep. Reg. Meeh. Cell, Inst. Mol. Biol. Genet., 252143, Kiev 627, 
Ukraine.

PTEN is a phosphatidylinositol phosphatase and effects the signalling 
pathways mediated e.g. by PI-3 and MAP kinases. PTEN has been shown to 
be implicated in cellular processes such as proliferation and apoptosis. 
However, exact function of PTEN in apoptosis remains unclear. In this study, 
we investigated the regulation of PTEN in mouse neuroblastoma NB2a cell 
line under apoptotic conditions induced by okadaic acid (OA), a potent 
inhibitor of protein phosphatases 1 and 2A, serum withdrawal (Ser), and 
etoposide (Eto), an inhibitor of topoisomerase II. Northern and western 
analyses were employed.

In Northern analysis, we observed predicted bands of 2.5 and 5.5 kb. Under a 
heavy OA (40 nM) treatment both PTEN messages decreased, as they did 
under apoptotic conditions induced by Ser' and Eto. A milder OA treatment 
(30 nM and less) caused the long 5.5 kb message to decrease but, in contrast, 
the short 2.5 kb mRNA to be upregulated. These results w’ere in agreement 
with western analysis showing a similar picture with a predicted 56 kD band 
and the additional band of about 70 kD. We suggest that 2.5 kb message 
accounts for 56 kD protein, since they behaviour similar way under our 
experimental conditions. Apoptosis caused by OA is concomitant with an 
increase in the level of protein phosphorylation. The possible response of the 
neurons to such stress is to increase its PTEN phosphatase potential.

This work was supported by the Academy of Finland.

605.13
Mg2+-DEPENDENT NEUTRAL SPHINGOMYELINASE DISTRIBUTION IN 
THE ADULT RAT BRAIN. J. Gao1*, K. Kusama-Eguchi2, T. M. Dawson1 and
V. L. Dawson1. iDept. of Neurology and Neuroscience, Johns Hopkins 
University School of Medicine. Baltimore, MD 21287; 2Lab. of Biology,
Nihon University College of Pharmacy. Funabashi-shi, Chiba 274-8555, Japan

Sphingomyelinase catalyzes the hydrolysis of sphingomyelin to 
generate ceramide, which serves as a second messenger and signals diverse 
cellular functions, including proliferation of fibroblasts, differentiation of 
promyelocytes, and apoptosis. Multiple forms of sphingomyelinase have been 
described and they include acidic sphingomyelinase, neutral sphingomyelinase, 
and the alkaline sphingomyelinase. In recent years, increased attention has 
focused on the Mg2+-dependent neutral sphingomyelinase for its role in 
mediating a variety of cellular processes including cell differentiation, cell cycle 
arrest, and apoptosis. Lack of information on its biomedical characteristics and 
especially cellular regulation has significantly handicapped efforts to delineate 
pathways involving this enzyme. Our initial task was to probe the distribution 
of Mg2+-dependent neutral sphingomyelinase in the adult rat brain. To do so, we 
used GST-fusion protein affinity purified antibody from a polyclonal antiserum 
directed against a region of conserved sequence on the Mg +-dependent neutral 
sphingomyelinase. Western-blotting immunoassay indicated that Mg2+- 
dependent neutral sphingomyelinase from different brain regions including 
brainstem, midbrain, striatum, thalamus /hypothalamus, cortex, hippocampus, 
cerebellum, and olfactory bulb exhibited significant heterogeneous intensities.
In general, the intensities of the immunoreactive bands were proportional to the 
regional distribution of catalytic activity. These results were further supported 
by immunohistochemical assessment and suggest a prominent role for Mg2+- 
dependent neutral sphingomyelinase in neuronal function.
This research was supported by the NIH, AHAF.

605.14
HYDROXYCHOLESTEROLS DIFFERENTIALLY REGULATE MAPKS AND 
NF-k B SIGNALING PATHWAYS IN PC2 CELLS. X.C. Zhen, C.H. Kim, C. 
Torres, E. Friedman*. Department of Pharmacology, MCP-Hahneman University, 
Philadelphia, PA 19129.

It was shown that cholesterol oxides, the oxygenated derivatives of 
cholesterol, induce apoptosis in neuronal cells. However, the transduction mechanism 
for this action is poorly understood. This study was designed to expose the signaling 
pathways of cholesterol oxides in PC2 cells. PC2 cells were treated with 22 (R) or 25- 
hydroxycholesterols and MAPKs activity was assessed by the immune complex kinase 
assay. The result indicated that both compounds time -and dose-dependently inhibited 
ERKs and p38 MAPK activity. Maximal inhibition was achieved by 10 pM 22-(R) 
hydroxycholesterol at 60min treatment. This treatment also decreased the level of 
phosphorylated p38 MAPK and ERKs detected by anti-active p38 or ERKs 
antibodies. Vanadate, a selective tyrosine phosphatase inhibitor, prevented the 
inhibition of p38 MAPK and ERKs by hydroxycholesterol. Moreover, MAPK 
phosphatases (MKPs) activity was found to be stimulated by 22-(R) 
hydroxycholesterol, suggesting that stimulation of MKPs may be responsible for the 
inhibition of p38 MAPK and ERKs. However, the inhibition of p38 and ERKs was 
not related to apoptosis induced by the hydroxycholesterol, since inhibition pf p38 or 
ERKs by selective inhibitors, SB203580 and PD98059, showed no potentiated effects 
on cholesterol oxides-mediated apoptosis. Hydroxycholesterol was also tested for its 
effect on the transcription factor, NF-k B. We found that 22-hydroxycholesterol time- 
dependently activated NF-k B. Activation of NF-k B did not appear to be associated 
with inhibition of p38 and ERKs, since inhibitors of p38 and ERKs did not influence 
NF-k B activation regardless of the presence or absence of 22-(H)hydroxycholesterol. 
Moreover, SN50, a selective inhibitor of NF-k B translocation, significantly attenuated 
apoptosis induced by the hydroxycholesterol. These results, therefore, suggest that 
activation of NF-k B by the hydroxycholesterols mediate apoptosis in PC2 cells.
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605.15
OPPOSING KINETICS OF JNK-P38, AND ERK MAP KINASES AFTER 
CERAMIDE INDUCED APOPTOSIS IN PRIMARY CORTICAL 
NEURONAL CULTURES. S. Willaime,1 P. Vanhoutte? J. Caboche? J. 
Marian!1*, B. Brug?g,' . 'Laboratoire Developpement et Vieillissement du 
Systeme Nerveux, "Laboratoire Neurochirnie-Anatomie, Universite P. et M. 
Curie, Institut des Neurosciences (CNRS UMR 7624), 9 quai Saint-Bernard, 
75005 Paris, France.

Recent studies have shown that apoptosis induced by growth factors 
deprivation in neuronally differentiated PC 12 cells, activates ceramide 
synthesis. This synthesis is followed by a transient and short-lived emission 
of mitochondria-derived reactive oxygen species and activation of the 
transcription factor NF-k B. Similar production of reactive oxygen species, 
NF-k B activation and subsequent apoptosis could also be observed after 
addition of cell-permeant c;-ceramide to differentiated PC 12 cells, 
mesencephalic and cortical primary neurons. These results suggest that 
ceramide plays a key role as second messenger in neuronal apoptosis 
induced by growth factors withdrawal.

In the present study we show that ceramide induces an increase of c-fos 
and c-jun mRNA levels in primary cortical cultures, probably through the 
activation of the MAP kinase pathway. Analysis of the protein kinases 
cascades using phospho-MAP kinase antibodies revealed that ceramide 
induces the c-jun N-terminal kinases (JNK) and the p38 MAP kinases. By 
contrast the extracellular signal-regulated kinase (ERK) activity is 
downregulated after c2-ceramide treatment. Similar opposing effects of 
JNK-p38 and ERK kinases have been reported in differentiated PC 12 cells 
after nerve growth factor withdrawal. The dynamic balance between the 
stress-activated JNK pathway, the growth factors-activated ERK pathway 
and NF-k B activation, may be important in determining whether a neuron 
survives or undergoes apoptosis.

605.16
PKA AND MAPKS MEDIATE FREE RADICAL-INDUCED NEURONAL DEATH IN 
CORTICAL CELL CULTURES. B.R, Ryu*. K.S. Han and B.J, Gwag, 
Dept. of Pharmacology, Ajou Univ. Sch. of Med'. Suwon, Korea, 
442-749.

In cortical cell cultures exposed to excitotoxins or free 
radicals, necrosis appears to be the major pattern ot 
resulting neuronal death. While intracellular transduction 
pathways of excitotoxicity have been well established, 
mechanisms of free radical neurotoxicity remain to be 
unknown. We examined the possibility that PKC or PKA known 
to mediate excitotoxicity would play a central role in the 
process of free radical injury. Cortical cell cultures (12 
- 14 days in vitro) exposed to 50 fiM Fe2* underwent 50 -701 
neuronal death over the next 24 hr. Inclusion of I mM 2’, 
5'-dideoxyadenosine (DDA), a specific inhibitor of 
adenylate cyclase, attenuated Fe2+-induced neuronal death. 
This neuroprotective effect of DDA against Fe2* was 
completely abrogated with addition of 400 pM cptcAMP, a cAMP 
analogue, suggesting a causative role of adenylate cyclase 
in the process of Fe2+ neurotoxicity. Fe2+-induced neuronal 
death was partially attenuated with concurrent inclusion of 
1 pM KT5720, a specific inhibitor of PKA, but not with 
inhibitors of PKC (0.1 - 1 pM calphostin C, Ro-31-8220, or 
bisindolylmaleimide I) . In cortical cell cultures, all three 
MAPKs are activated by exposure to free radical-inducing 
agents. Interestingly, selective inhibitors of ERK and p38 
protected neurons from Fe2+ injury. The present study 
suggests that neurons exposed to Fe2* undergo necrotic 
degeneration through mechanisms involving activation of PKA 
and MAPKs . Supported by a G7 grant (08-01-A-07) from Ministry 
of Science and Technology.

605.17

MANIPULATION OF THE JNK PROTEIN KINASE 
PATHWAY FOR NEUROPROTECTION. TC Harding*, J 
Williams, A Fryer, BJ Geddes, F Gunn-Moore & JB Uney Department 
of Medicine, University of Bristol. Bristol UK BS2 8HW.
The mitogen-activated protein kinase (MAPK) group of protein 
kinases are implicated in the regulation of fundamental cellular 
processes including cellular death and survival. These enzymes 
include the MAPK, c-Jun N terminal kinase (JNK) and p38 
subfamilies. The MAPK pathway is activated by stimuli such as 
mitogens and growth factors, causing cell growth and division. In 
comparison the JNK and p38 pathways are activated by cellular insults 
such as oxidative stress, excitotoxicity, inflammation and ischemia. 
Activation of JNK and p38 is thought to play a key role in apoptotic 
cell death. Thus the MAPK group of protein kinases represent 
powerful intracellular targets to be studied in neuroprotection. To 
study the role of the JNK protein kinase in neurones , we have cloned 
the JNK binding domain (JBD) of JNK interacting protein - 1 (JIP-1), 
which is known to modulate the JNK pathway, into an adenoviral 
expression system. This allowed the efficient delivery and expression 
of the proteins, in neurones. The ability of this construct and other 
agents which may inhibit activation of the JNK casade to protect 
neurones from various cell stressors including glutamate toxicity and 
heat shock were then assessed.

605.18
HUMAN JIP-1/IB 1 IS A POTENTIAL ANTI-APOPTOTIC PROTEIN THAT 
FUNCTIONS THROUGH INHIBITION OF JNK3. Z. Dong. Y. Zhang, V. Tashjian,
L, Zhou and C.A. Miller*, Dept. of Pathology, University of Southern California 
School of Medicine, Los Angeles, CA 90033

C-Jun N-terminal kinase 3 (JNK3) is a neuron-specific kinase that may play 
important roles in neuronal apoptosis by phosphorylation of c-Jun under stress 
conditions. Using JNK3 as bait in a yeast two-hybrid screen, we identified a JNK3- 
interacting protein JIP-1/IB1, a human homologue of mouse JIP-1 and rat IB 1. JIP-1 is 
a cytoplasmic inhibitor of the JNK signaling pathway, and IB1 regulates expression of 
the glucose transporter, GLUT2 gene in pancreatic p-cells.

By Northern analysis, human JIP-1/IB 1 was highly expressed in human brain and 
pancreas. In human hippocampus and cerebellum, immunohistochemistry revealed 
neuron-specific staining of cytoplasm and axons. Co-localization of human JTP-I/IB1 
with JNK3 in these regions suggested their in vivo interactions, further confirmed by 
co-immunoprecipitation analysis using Neuro-2A cell lysates transiently co-transfected 
with JNK3 and human JIP-1/IB1. Phosphorylation of human JIP-1/IB1 by JNK3 was 
observed by in vitro kinase assay. Phosphoiylaton of c-Jun by JNK3 was inhibited by 
human JIP-1 /IB 1 in a concentration dependent fashion. Human JIP-1/IB 1 was 
regulated by acute hypoxic stress in human CNS: in contrast to normal controls, 
immunostaining was greatly reduced in pyramidal neurons of CA1, CA4 and in 
subiculum, and totally absent in Purkinje cells. These cells may undergo apoptosis via 
JNK phosphoiylation of c-Jun. Our results strongly suggested that human JIP-1/IB1 
may be an important anti-apoptotic factor that functions through inhibition of JNK3 
signaling. (Supported by NIMH, NIA, Sankyo Corp., and The John Douglas French 
Alzheimer’s Foundation).

605.19

WITHDRAWN

605.20

CONSTITUTIVE ACTIVITY OF p38 MAPK IN ADULT MOUSE BRAIN. L_-K

’Department of Anatomy, Inha University Medical School, Inchon, 402-751, Korea; 

^Neurobiology Research Center, KRIBB, Taejon, 305-600, Korea

The p38 kinase, a member of MAPK family, is activated in response to various 

extracellular signals leading to inflammation or cell death. To gain insight into the 

roles of p38 kinase pathway in brain, detailed expression patterns and in vivo activities 

of p38a and p38p in adult mouse brain were examined. Immunohistochemical data 

indicated that p38a and p38(3 were highly, but differentially expressed in most brain 

areas. The p38a was identified more strongly in cytoplasm of soma and neuronal 

fibers in many brain regions including hippocampus and cerebellum, while p38J3 was 

expressed mainly in nucleus of neurons. Interestingly, p38J3 was also detected in glia 

cells in many brain regions. Biochemical and Western analyses revealed that p38 

kinase activities in brain were remarkably high. The results from this study suggest 

that the p38 kinase pathway may play an important role in normal physiology of adult 

mouse brain, in addition to the roles in inflammation or neuronal cell death as 

previously suggested. Supported by Korean Ministry of Science and Technology under 

the Brain Science Research Program
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606.1
EFFECTS OF AGMATINE ON PRIMARY CULTURED NEURONS EXPOSED 
TO HYDROGEN PEROXIDE AND SERUM DEPRIVATION. K A. Park*. S.H. 
Lee, H.S. Jang, Y.H. Ko, WT. Lee, J.E. Lee. Dept. of Anatomy, College of 
Medicine, Yonsei Univ., Seoul 120-752, Korea.

Agmatine is a primary amine formed by the decarboxylation of L-arginine by 
the arginine decarboxylase (ADC), first discovered in 1910 and is an endogenous 
clonidine-displacing substance synthesized in mammalian brain. Considering the 
close structural similarity between L-arginine and agmatine, agmatine is a 
competitive nitric oxide synthases (NOSs) inhibitor. NOSs generate nitric oxide 
(NO) by sequential oxidation of the guanidinium group in L-arginine Since 
agmatine is an L-arginine analogue with a guanidinium group, agmatine may be 
an endogenous regulator of NO production in mammals. NO has been 
demonstrated to cause either apoptosis or necrosis in cell culture. In this study, 
we examined the effects of agmatine on the hydrogen peroxide (H2O2)-induced 
apoptosis and necrosis, oxidant-induced intacellular reactive oxygen species (ROS) 
production, lipid peroxidation and serum deprivation We prepared pure cortical, 
hippocampal and striatal neuronal cultures from fetal mice (15 day gestation), 
respectively. To investigate the effect of agmatine on the H2O2-induced 
apoptosis and necrosis, cells were incubated either in balanced salt solution 
(BSS55) alone, or with 100/zM agmatine and exposed to 10/zM, 50 /zM and 
200/zM H2O2 in BSS55 and incubated in serum-free media with or without 100 
/zM agmatine. Cell death was assessed by Hoechst/propidiurn iodide staining, 
caspase activity and DNA del electrophoresis. After exposure to 10/zM H2O2, 
27.08% of cells showed apoptotic nuclei and 27.09% showed necrotic nuclei in 
the cortical neuronal culture. H2O2-induced apoptosis decreased to 15.62% after 
incubating with agmatine. When cells were exposed to 200/zM H2O2, 62.32% 
of cells died due to necrosis. Agmatine reduced both apoptotic and necrotic 
components of the H2O2-induced cell death Thirty hours after serum 
deprivation, 10-days-old neuron died by apoptosis (16.48%) and necrosis 
(56.25%). Percent of necrotic death decreased to 24.56% and apoptotic death 
increased to 25.00% by preincubation with agmatine. Agmatine protected 
primary cultured neurons from H2O2-induced apoptotic and necrotic death, and 
induced apoptotic death in the senrm-deprived cells.

606.2
HUMAN PAPILLOMA VIRUS TYPE 16 E7 GENES PROTECT FROM 
APOPTOTIC AND NECROTIC CELL DEATH INDUCED BY HYDROGEN 
PEROXIDE J.E. Lee*, H.S. Jang, S.H. Lee, W.T. Lee, K A. Park, L. Xu1, 
R.G. Giffard1. Dept. of Anatomy, College of Medicine, Yonsei Univ., Seoul 
120-752, Korea, ’Dept. of Anesthesia, Stanford Univ. Med. Sch.; Stanford, CA 
94305.

Hydrogen peroxide (H2O2) has been considered to be a dose- and 
time-dependent mediator of apoptotic and necrotic death. However, the 
mechanism by which it induces apoptosis or necrosis is unclear. The human 
papilloma virus-type 16 (HPV-16) E6 and E7 proteins interact with p53 and pRb 
tumor suppressor proteins, respectively. E7 proteins that bind the retinoblastoma 
protein (Rb) and facilitate its dissociation from E2F induced apoptosis. E6 
proteins are functional antagonist of p53 and block p53-mediated cellular 
responses to DNA damage. When E6 and E7 proteins were overexpressed in 
primary astrocytes using retroviral vector including HPV-16 E6 and E7 genes, 
E6 and E7 genes could protect cells from H2O2 injury in our previous study. 
Astrocytes expressing the E7 gene showed significantly decreased vulnerability to 
hydrogen peroxide and glucose deprivation injury that share the aspect of 
oxidative stress. E6 was much less effective on protecting from hydrogen 
peroxide than E7. In this study, we examined the signaling of E6 and E7 
proteins to apoptosis or necrosis after H2O2 injury using in vitro model 
overcxpressed E6 or E7 genes. For this purpose, the E6 & E7 genes expressing 
astrocytes were exposed to 10/zM & 200//M H2O2 solutions. Twenty hours 
after treatment, control, E6-expressing cells died by 50% and LXSN-expressing 
cells died by 80%. However, E7-expressing cells died by 20-30%. Datas were 
assessed by lactate dehydrogenase (LDH) assays. Apoptosis death was induced 
in control cells and E7-expressing cells while necrotic death was induced in 
E6-expressing cells. We could confirm same results on the DNA gel. So, E6 
and E7 genes induced different type of death signaling depending on injury 
paradigm. After treatment of higher dosage (200/zM H2O2), both E6 and E7 
expressing cells were protected from same insult and all cells were died from 
necrotic death. HPV-16 E7 genes protect from both apoptotic and necrotic cell 
death, whereas E6 genes cannot protect from apoptotic cell death induced by 
H2O2. The apoptosis induced H2O2 injury may involve p53-dependent pathway.

606.3 606.4

SUPEROXIDE DISMUTASE 1 (SODI) OVEREXPRESSION EXACERBATES 
AND a-PHENYL-N-TErtT-BUTYL NITRONE (PBN) ATTENUATES 
HYDROGEN PEROXIDE NEUROTOXICTY IN IMMATURE HIPPOCAMPAL 
NEURONS L.M. Almli, P.H, Donohoe, M, Tauber. D.M. Ferriero*. University of 
California, San Francisco, CA 94143-0114 and University of Berne, Switzerland.

Hypoxic-ischemic brain injury can lead to accumulation of hydrogen peroxide 
(H2O2), lipid peroxidation and neuronal cell death. The decreased presence of 
enzymes such as catalase and glutathione peroxidase in the immature brain causes 
low levels of H2O2 to be toxic to neurons, as compared to neurons in the mature 
brain. This effect is exaggerated in cells overexpressing superoxide dismutase 1 
(SODI) where the elevated levels of SODI lead to increased production of H2O2. 
We determined whether immature SODI neurons are more susceptible to H2O2 
mediated neurotoxicity and investigated the ability of PBN, a known spin trapping 
agent, to scavenge free radicals produced during H2O2 exposure. Primary 
hippocampal cultures from 16 day old fetal wild type mice or transgenic mice 
overexpressing superoxide dismutase 1 (SODI Tg) were plated. Cultures were 
exposed to 7.5 gM cytosine arabinoside to inhibit further cell division, yielding less 
than 5% astrocytes. At day 6 in vitro (DIV 6), neurons from wild type and SODI 
Tg mice were exposed to H2O2 (10, 25, 50, 75, and 100 gM) for 24 hours. 
Cytotoxicity was measured by colorimetric assay ' which detected lactate 
dehydrogenase (LDH) activity. Overexpressing SODI causes hippocampal neurons 
to be more sensitive to low levels of H2O2 compared to controls (p=.OO3). Separate 
cultures were exposed to 50 gM H2O2 and PBN (50 gM, 500 gM, 5 mM, and 10 
mM) at DIV 6. Cell death was again assessed by LDH assay after the cultures were 
treated for 24 hours. PBN is neuroprotective at concentrations of 5 mM and 10 mM 
(p=.0045 and p=.0002 respectively). These data suggest that SODI overexpression 
is deleterious in immature cells and that PBN may attenuate free radical damage in 
immature neurons. This work was supported by NIH RO1NS33997.

IN VITRO TREATMENT WITH TESTOSTERONE PROTECTS CEREBELLAR 
GRANULE CELLS AGAINST OXIDATIVE STRESS VIA A RECEPTOR 
MEDIATED MECHANISM.
E.Ahlbom1, G. Prins2, R. Cortes3
‘Institute of Environmental Medicine, Karolinska Institutet, S-I71 77 Stockholm, 
Sweden. 2 Dept. of Urology, College of Medicine, The University of Illinois, 
Chicago, IL 60612. 3Dept. of Neurochemistry, Instituto d' Investigacions 
Biomediques de Barcelona, CSIC-IDIBAPS, Barcelona, Spain.

Oxidative stress has been implicated in various neurodegenerative diseases. There 
is substantial evidence that steroid hormone action can affect neuronal vulnerability 
to different degenerative insults. We have previously shown that neonatal cerebellar 
granule cells (CGC) prepared from rats treated with a single dose of testosterone are 
less vulnerable to oxidative stress-induced apoptosis. The aim of this study was to 
investigate whether CGC treated in vitro with testosterone were protected from 
oxidative stress injuries, or whether this effect occurred only in vivo. Treatment with 
10'6 M testosterone for 48 hours renders CGC less susceptible to apoptosis induced 
by 25 gM hydrogen peroxide, as shown by a 50% decrease in the number of cells 
with apoptotic morphology. Addition of the androgen receptor antagonist flutamide 
to the cell cultures abolished the protective effect of testosterone, suggesting that the 
protection exerted by testosterone is androgen receptor mediated. The presence of the 
androgen receptor in cultured CGC detected by Western Blot analysis supports this 
hypothesis. We also observed a 2-fold increase in the activity of the antioxidant 
enzyme catalase which is not present in cells co-treated with flutamide. These results 
suggest that the increase in catalase activity plays a role in the protection afforded by 
testosterone also in vitro. The activity of catalse is regulated by androgens in a 
receptor-mediated manner.
(Supported by the Swedish Medical Research Council)

606.5

MAPKINASE SIGNALING AND SELECTIVE OXIDATIVE STRESS 
VULNERABILITY IN Ml - OR M3 -TRANSFECTED COS -7 CELLS. J. A. Joseph*
D. F. Bielinski and D. Fisher, USDA-HNRC, Tufts University, Boston, MA 02111.

Previous research has indicated that selective vulnerability (SV) to oxidative stress 
(OS) may be important in determining regional differences in functional declines in 
neuronal aging, and OS SV may involve selective Ca2+ buffering (Ca2+recoveiy time, 
Ca2+RT) determined in-part by receptor subtype. The percentages of M,,M2and M4 
AClrR COS-7 cells showing OS-induced loss of Ca2+ regulation (via DA exposure) 
was greater than those seen in M3 - or M5 ACliR - transfected cells. Present efforts 
assessed whether these OS SV differences might involve differential patterns of ERK 
or JNK activation. Thus, COS-7 cells transfected w ith either M, or M3 AChR were 
exposed to ImM DA. 15 min or 4 hrs and examined intracellular Ca2+ levels prior 
to and following 500gM oxotremorine (oxo) stimulation (Fura II- Fluorescent 
imaging analysis), as well as the % change in ERK or JNK activation. Results 
showed that M,-transfected - 4 hr-DA-treated cells had a 70% reduction in Ca2+RT, 
while M3 cells showed only a 23 % decrease in Ca2+RT. Neither transfected cell type 
showed any decrements in Ca2+RT after 15 min of DA treatment. Patterns of ERK 
and JNK activation also differed between M, -or M3 - transfected cells during these 
time periods. M, cells showed significant increases in ERK (50%) and JNK (34%) 
activity after 15 min of DA treatment which returned to basal levels within 1 (JNK) 
to 2 (ERK) hrs. M3 cells had 50% higher basal ERK levels titan the M, cells which 
slowly declined over 4 hrs and no JNK activation was seen. The MEK inhibitor, 
U0126 (5 gM, 60 min), inhibited ERK activity by 39% in M] and 20% in M3 cells, 
and significantly decreased Ca2+RT to 15 min of DA in both cell types, but was 
ineffective in Ca2+RT in 4 hr DA-exposed M3 cells. These findings suggest that 
vulnerability to short-term OS may be dependent upon ERK activation for both cell 
types, but that long-term OS SV may involve other mechanisms such as alterations 
in glutathione levels, especially in M3 cells. (Supported by USDA Intramural)

606.6

OXIDATIVE STRESS INDUCES THE TRANSCRIPTION 
FACTORS Sp-1 AND Sp-3 PRIOR TO APOPTOTIC CELL 
DEATH IN CORTICAL NEURONS H. Ryu, K. Zaman. S. 
Chatterjee, and R.R. Ratan*. Department of Neurology, 
Beth Israel Deaconess Medical Center, Harvard Medical 
School, Boston, Mass. 02115

Glutamate induces glutathione depletion and apoptotic cell death 
in embryonic cortical neurons. Here we report that glutamate induces 
induction of three Sp family complexes in immature embryonic cortical 
neurons. Gel shift assays using an Sp consensus DNA binding 
sequence and supershift analysis using subunit specific antibodies to 
distinct Sp family members revealed that one of these complexes 
contains Spl and the other two contain Sp3. Western blot analysis and 
immunohistochemistry confirmed an increase in Spl and Sp3 protein 
levels in the nucleus of neurons in response to glutathione depletion. 
The increases in Spl/Sp3 DNA binding, which were observed 
subsequent to glutathione depletion, could be abrogated by a host of 
antioxidants. Of note, other methods of inducing oxidative stress, 
including peroxide addition, also induced Spl/Sp3 DNA binding in 
cortical neurons. Altogether, these results suggest that Spl/Sp3 may be 
useful markers for oxidative stress in cortical neurons. Studies are in 
progress to define whether induction of Spl and/or Sp3 are/is 
necessary and sufficient for cell death in the paradigms examined. 
(Supported by the NIH)
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606.7
TRANSIENT OXIDATIVE STRESS RESULTS IN DELAYED CELL 
DEATH AND TAU AND SPECTRIN PROTEOLYSIS. P.K. Krishnamurthy*,
L.S. Wells, G. Bijur, J. Mays, R. Jope and G.V.W Johnson. Dept. Psychiatry 
and Behavioral Neurobiology, Univ. of Alabama at Birmingham, Birmingham, 
AL 35294.

Oxidative stress has been proposed to be a contributing factor to the neuronal cell 
death that occurs following ischemic/hypoxic insult, and in neurodegenerative 
disorders such as Alzheimer’s Disease. In this study we examined the effects of 
transient oxidative stress on two important structural proteins, spectrin and the 
microtubule-associated protein tau. Human neuroblastoma SH-SY5Y cells were 
treated with the organic oxidant fe/7-butyl hydroperoxide (tBHP), for 40 min, and 
then returned to serum free media. This acute treatment with tBHP did not have 
any immediate effect on spectrin proteolysis, or on the levels or phosphorylation 
state of tau. However, approximately two hours post tBHP treatment spectrin 
proteolysis was clearly observed, as well as dephosphorylation and proteolysis of 
tau. The rate and extent of spectrin and tau proteolysis were enhanced if the cells 
were depleted of GSH prior to tBHP treatment by treating with buthionine 
sulfoxamide. Furthermore, addition of GSH ethylester immediately following 
tBHP treatment significantly inhibited the delayed proteolysis of tau and spectrin. 
It has been hypothesised that the calcium activated protease, calpain maybe 
involved in the proteolysis of spectrin and tau after transient oxidative insult. 
However, the addition of calpain inhibitors had no effect on tBHP induced tau and 
spectrin proteolysis. Caspase activation has also been reported to occur subsequent 
to oxidative stress and is likely to contribute to neuronal apoptosis. In accordance 
with these previous findings, caspase-3 was found to be activated by tBHP 
treatment. Further studies are required to determine the role that the caspases may 
play in the delayed proteolysis of tau and spectrin that occurs in response to 
transient oxidative stress.

Supported by NIH grant AG06569.

606.8
CYCLOOXYGENASE-MEDIATED GENERATION OF REACTIVE OXYGEN 
SPECIES AND NEURONAL DEATH BY Zn2+.
E.Y, Kim*1, H.G.Woo2, S.H, Lee2, and . B., J. Gw.ag1., 'Dept. 
of Pharmacology, 2Dept. of Physiology, Ajou Univ. Sch. of 
Med., Suwon, Kyunggi-do, 442-749, Korea.

Accumulating evidence supports that Zn2+ as well as 
glutamate released following seizure or hypoxic-ischemia 
mediates neuronal death. Recently, we have observed that 
a brief exposure to Zn2+ produces free radical-mediated 
neuronal necrosis in cortical cell cultures. However, the 
underlying mechanisms remain to be elucidated. We 
specifically examined the possibility that the neurotoxic 
action of Zn2+ would require activation of cyclooxygenase 
(COX), an enzyme converting PGG2 to PGH2 that produces 
superoxide and contributes to neuronal death following 
seizure or hypoxic-ischemia. Inclusion of 100 
pM nabumetone or indomethacin, the selective COX 
inhibitors, attenuated neuronal death induced by a brief 
exposure to 100 - 200 jiM Znz+. The protective effect of 
the COX inhibitors was not extended to free radical 
neurotoxicity induced by a brief exposure to 300 pM Fe2’ . 
Inclusion of nabumetone attenuated the intracellular 
accumulation of reactive oxygen species (ROS) generated at 
1 - 1.5 hr after exposure to 100 pM Zn2+. Enzyme-linked 
immunoassay of PGE2 demonstrated that COX activity was 
increased within 30 min following exposure to 100 pM Zn2+, 
suggesting a causative activation of COX for Zn2*-induced 
ROS generation and neuronal death to some extent. Further 
study is being performed if phospholipase A2, an upstream 
enzyme producing arachidonic acid that subsequently 
activates COX, participates in the process of Zn2’ 
neurotoxicity. Supported by KOSEF through the BDRC at Ajou 
University (BJG).

606.9

DEGENERATION OF NEURONS AND OLIGODENDROCYTES AND ACTIVATION 
OF ASTROCYTES AND MICROGLIA FOLLOWING THE INTRAHIPPOCAMPAL 
INJECTIONS OF Zn2+. S..J, Won1* E.Y, Kim1. S, Sohn2, H.J. Kwon2 
and B.J, Gwag1 . 'Dept. of Pharmacology, Sch. of Med., 
laboratory of Cell Biology, Institute for Med. Sciences, 
Ajou Univ.; Suwon 442-749, Korea.

In addition to glutamate, entry and accumulation of zinc 
into adjacent neurons triggers catastrophic 
neurodegenerative process. In the present study, we analyzed 
response of neurons, oligodendrocytes, astrocytes, and 
microglia following the intrahippocampal injections of zinc 
in the male adult rats (Sprague Dawley, 200 - 300 g) . 
Injections of 3 - 20 nmole Zn2+ produced widespread cell death 
in the hippocampal formation in a dose-dependent manner over 
the next 24 hr. The degenerating cells were deposited with 
Zn2+, and Zn2+ deposit and cell death were prevented with 
concurrent addition of 50 nmole Ca-EDTA, a selective Zn2+ 
chelator. Ultrastructural analysis demonstrated that 
neurons and oligodendrocytes 24 hr after injections of 10 
nmole Zn2+ underwent typical necrosis accompanying swollen 
cell body and mitochondria, fenestrated plasma membrane with 
preservation of nuclear membrane, and irregularly scattered 
condensation of nuclear chromatin. Immunohistochemistry 
using antibodies (GFAP for astrocytes, GalC for 
oligodendrocytes, and 0X42 for microglia) showed that both 
astrocytes and oligodendrocytes were damaged in the lesion 
core while reactive astrocytes were observed in the periphery 
of injection site and remote brain areas including the 
hippocampal formation and neocortex. Microglia were also 
activated in the vicinity of injection site 24 hr later. In 
conclusion, central administration of Zn2+ produces necrotic 
cell death of neurons and oligodendrocytes, and activates 
astrocytes and microglia. Supported by KOS£F#97-0403-05- 
01-3.

606.10
ZINC NEUROTOXICITY: A POSSIBLE ROLE FOR NAD+ 
DEPLETION. C.T. Sheline*, M.M. Behrens, and D.W. Choi. Center 
for the Study of Nervous System Injury and Dept. of Neurology, 
Washington Univ. School of Medicine, St. Louis, MO 63110.

Zinc neurotoxicity may contribute to selective neuronal death 
following global ischemia. We previously reported that exposure to 
40 pM zinc induced a fall in cortical neuronal ATP levels prior to 
membrane failure, associated with an increase in dihydroxy-acetone 
phosphate (DHAP) and fructose bisphosphate (FBP) levels, consistent 
with inhibition of glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). Furthermore, adding pyruvate to the bathing medium 
attenuated both ATP loss and neuronal death.

However, arguing against the simple possibility that zinc directly 
inhibits GAPDH, pyruvate addition also surprisingly attenuated the 
increase in DHAP and FBP. An alternative possibility would be 
indirect inhibition mediated by a reduction in the NAD+/NADH ratio. 
Exposure to 40 pM zinc for 4 h reduced NAD+ levels 4-fold without 
increasing NADH levels; this change was blocked by adding pyruvate 
or 1 mM niacinamide. The protective effect of pyruvate against zinc 
toxicity was attenuated by the competitive lactate dehydrogenase 
inhibitor, oxamate. Furthermore, zinc toxicity was attenuated by 
inhibitors of NAD+ catabolizing enzymes such as niacinamide, 
benzamide, or 3-aminobenzamide.
Supported by NIH NINDS grant NS 30337 (DWC).

606.11

PYRITHIONE ATTENUATES ZINC NEUROTOXICITY L.M.T. 
Canzoniero*, P.ManZerra, and D.W. Choi. Center for the Study of 
Nervous System Injury and Dept. of Neurology, Washington Univ. 
School of Medicine, St. Louis, MO 63110.

Excessive Zn2+ entry, mainly mediated by voltage-gated Ca2+ 
channels, can attain intracellular free Zn2+ concentrations of several 
hundred nM and kill neurons (Canzoniero et al., SFN#180.12, 1998). 
This toxicity can be prevented by chelating Zn2+ prior to entry with 
extracellularly restricted agents such as EDTA. Here we explored the 
neuroprotective utility of membrane permeable Zn2+ chelators.

The high affinity membrane permeable Zn2+ chelator N, N, N’, N’- 
tetrakis 2-pyridylmethyletylendiamine (TPEN, KD for Zn2+=2.6 x 1 O'16) 
was itself neurotoxic at 1 pM, possibly because it interfered with 
essential normal functions of intracellular Zn2+. In contrast, the low 
affinity membrane permeable chelator, pyrithione (KDfor Zn2+ =1.3 x 
KT6 M) was not intrinsically neurotoxic at up to 30 pM, and 30 pM 
pyrithione added 0-3 hr after exposure to toxic levels of Zn2+ (500 pM 
Zn2+ for 5 min plus 45 mM KC1, followed by complete Zn2+ washout) 
reduced subsequent neuronal death. These data raised the possibility 
that pyrithione may have therapeutic utility in disorders involving Zn2+- 
induced neuronal death. Supported by NIH grant NS 30337 (DWC).

606.12
DIFFERENT CELL DEATH MECHANISMS ASSOCIATED WITH 
INCREASED CYTOSOLIC OR MITOCHONDRIAL FREE CALCIUM; 
ULTRASTRUCTURAL STUDY. F. Darios, N. Lambeng, M.P. Muriel, P.P. 
Michel, Y. Agid and M. Ruberg*. INSERM U289, Hopital de la Salpetridre, 47 bd 
de l’hopital, 75013 Paris, France.

Alterations in intracellular calcium homeostasis have long been associated with 
cell death. The role of calcium has not been fully elucidated, however, although 
enzyme activation and other signaling functions, as well as structural alterations 
are thought to be involved, in PC 12 cells neuronally differentiated with NGF, we 
have analyzed two different modifications in calcium homeostasis resulting in cell 
death: 1) increased cytosolic free calcium levels induced by the calcium ionophore 
A23187; 2) increased cytosolic and mitochondrial free calcium levels due to an 
elevation of ceramide levels caused by serum withdrawal or mimicked by 
treatment with exogenous C2-ceramide. Time course of changes in calcium levels 
were shown to differ in the two models indicating that the underlying mechanisms 
leading to cell death might be distinct. Light microscopy examination did not 
allow us to detect clear differences between the two models, i.e., cell and nuclear 
shrinkage was observed in both paradigms. A23187- and ceramide-mediated cell 
death could be distinguished, however, at the ultrastructural level. A23187 caused 
classical apoptosis, with chromatin condensation and fragmentation and preserved 
mitochondrial structure, whereas ceramide-mediated cell death, in which 
mitochondrial calcium level is increased, showed characteristically swollen, 
disrupted mitochondria and shrunken nuclei with vacuolation of the membrane, 
but no chromatin condensation. Our results suggest that the increase in 
mitochondrial free calcium may be responsible for the ultrastructural alterations 
observed during cell death mediated by ceramide.
Supported by INSERM. P.P.M. was supported by C.R.P.F., Castres, France
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606.13
REACTIVE OXYGEN AND CYTOCHROME C RELEASE DURING 
NEURONAL APOPTOSIS. R.A. Kirkland and J.L. Franklin.* Dept. of Neuro-
logical Surgery, Univ. of WI Med. Sch., Madison, WI 53706.

Release of cytochrome c from mitochondria is central to the apoptotic death of 
many cell types including neurons. The mechanism(s) underlying this release is 
unclear. We present evidence that mitochondrial-produced reactive oxygen species 
(ROS) contribute to cytochrome c release during the apoptotic death of NGF- 
deprived sympathetic neurons. We induced apoptosis in rat superior cervical gan-
glion neurons in cell culture by withdrawal of NGF. ROS production was 
measured by quantitative confocal microscopic imaging of cells loaded with the re-
dox-sensitive dye, 5-(and-6)-chloromethyl-2’, 7'-dichlorodihydrofluorescein 
diacetate (CM-H2DCFDA). Cytochrome c was localized by immunocytochemistry. 
ROS production increased within 3 h after NGF deprivation and by 6 h after with-
drawal had returned to baseline levels. By 12 h after deprivation, ROS production 
had again increased, and continued to increase with time. The early ROS burst pre-
ceded the release of cytochrome c by at least 9 h while the late burst was 
concomitant with the release. The intensity of CM-H2DCFDA fluorescence in-
creased as much as 20 fold above control levels in some cells indicating intense 
ROS production. The protonophore, FCCP, acutely blocked the ROS burst, denot-
ing a mitochondrial origin. The protein synthesis inhibitor, cycloheximide (CHX), 
and the anti-oxidant compound, N-Acetyl-L-Cysteine (NAC), both potently sup-
pressed the increased ROS, blocked cytochrome c release, and blocked apoptosis. 
The dose-response curves for inhibition of the ROS burst, cytochrome c release, 
and apoptosis were nearly identical. These data are consistent with the hypothesis 
that ROS facilitates the release of cytochrome c during neuronal apoptosis induced 
by neurotrophin withdrawal. They also suggest that much, or all, of the well- 
known anti-apoptotic effect of CHX may be mediated through an anti-oxidant 
block of cytochrome c release.
This work was supported by NIH 1R29NS/AG37110-01.

606.14
ACTIONS of Katp  CHANNEL OPENERS IN HIPPOCAMPAL NEURONS 
R. Jakob*, V.P. Bindokas and R.J. Miller, Dept of. Pharmacol, and Physiol. 
Sciences, Univ. of Chicago, Chicago IL 60637

ATP-sensitive K+ channels (KATP) have recently been indentified within the inner 
mitochondrial membrane of liver and heart cells, but nothing is known about their 
existence or function in neurons. In the present study, we investigated the effects of the 
K+ channel openers cromakalim and diazoxide on the intracellular free Ca2+ 
concentration ([Ca2+]|) and mitochondrial potential (AT^,) in cultured rat hippocampal 
neurons. Digital imaging fluorimetry was used to measure the changes in [Ca2+]i with 
Fura-2 and changes in ATm with Rhodamine 123 and TMRE. Both K+ channel openers 
cromakalim and diazoxide (10 to 100 pM) induced a transient increase in [Ca2+];, 
which could also be observed in the absence of extracellular Ca2+, suggesting a release 
of Ca2+ from internal stores. While a brief pre-treatment (about 5 min) with the 
protonophore FCCP (lpM) did not influence this event, the K+ ionophore valinomycin 
(100 nM) completely prevented it. Furthermore, cromakalim and diazoxide dose- 
dependently (1-100 pM) caused oscillations and a depolarization of ATm shortly after 
application to the bath, which could not be blocked by TTX (1 pM) or cyclosporin A 
(100 nM), indicating that synaptic activity or (CsA-inhibitable) opening of the 
mitochondrial permeability transition pore are not involved. Pre-treatment of the 
cultures with cromakalim or diazoxide for at least 2 h led to a hyperpolarization of the 
ATm (control: 81 ± 20 intensity units, n= 28; cromakalim 10 pM: 154 ± 25 i.u., n= 27; 
diazoxide 10 pM: 127 ± 33 i.u., n= 26) and altered the kinetics of the FCCP response 
(1 pM for 20 sec). These effects could be blocked by the antagonist at KATP channels 
glibenclamide. Using immunohistochemistry we could show that pre-treatment with 
cromakalim and diazoxide (10 pM) increased the expression of the Bcl-2 protein in 
comparison to vehicle treated control cultures. These results suggest that mitochondrial 
Katp  channels are present in hippocampal neurons and may confer neuroprotection by 
altering Bcl-2 levels. (R.J. is supported by DFG grant Ja 865/1-1 and R.J.M. by USPH 
grants DA02121, MH40165, NS33826, DK44840 and NS21442).

606.15

ACTIONS OF CYCLOSPORIN DERIVATIVES ON MITOCHONDRIAL 
POTENTIAL AND BCL-2 EXPRESSION IN HIPPOCAMPAL NEURONS 
V.P. Bindokas*, R. Jakob and R.J. Miller, Dept of. Pharmacol, and Physiol. 
Sciences, Univ. of Chicago, Chicago IL 60637; It is well established that Cyclosporin 
A (CsA) shows neuroprotective activity and recent data suggest that this effect does 
not depend on immunosuppression (calcineurin inhibition). Here we investigated the 
mechanism of action of CsA and its nonimmunosuppressive analogues SDZ 211811 
and CsH in further detail. Digital imaging fluorimetry was used to determine changes 
in the mitochondrial potential (ATm) with Rhodamine 123 and TMRE in cultured 
hippocampal neurons. Application of 100 pM NMDA (20 min) resulted in a prolonged 
depolarization of ATm, that was not reversible in all cells. If the cultures were pre- 
treated with CsA (1 pM, 40 min), the depolarization induced by NMDA was 
significantly reduced and the number of neurons, that recovered ATm was increased. 
Furthermore, pre-treatment of the neurons with CsA resulted in a significantly more 
intense staining of mitochondria reflecting a hyperpolarization of AT^ (control: 58 ±15 
intensity units, n= 20; CsA: 73 ±13 i.u., n= 28) and altered the kinetics of the 
depolarization induced by FCCP (lpM, 20 sec): we found an increase in the time to 
the start of the FCCP induced depolarization (control: 3.5 ±0.1 sec, n=20; CsA: 6.9 ± 
0.1 sec) and an enhanced release of R123 into the cytosol (control: 16.8±7 i.u., n=20; 
CsA: 23.7±11.4 i.u., n=37), followed by a faster reuptake of R123 into the 
mitochondria. Both effects were mimicked by SDZ 211811 and CsH, indicating that 
neither the inhibition of calcineurin nor the binding/inhibition of the mitochondrial 
cyclophilin D (rotamase) are involved. Preliminary immunohistochemical experiments 
indicate that CsA (1 pM) as well as CsH (1-10 pM) enhanced the expression of the 
Bcl-2 protein after pre-treatment compared to vehicle treated control cultures. These 
data suggest that the effects on Bcl-2 protein expression may contribute to 
neuroprotective effect of CsA and that they are not mediated by the inhibition of 
calcineurin or rotamase. (R.J. is supported by DFG grant Ja 865/1-1 and R.J.M. by 
USPH grants DA02121, MH40165, NS33826, DK44840 and NS21442).

606.16
CHANGES IN MITOCHONDRIAL PROTEIN IMPORT DURING THE 
INITIATION AND PROGRESSION OF APOPTOSIS. J.S. Wadia1,2 and L.R.M, 
Mills1,2*. ’Dept. Physiology, U. of Toronto; 2 Playfair Neuroscience Unit, Toronto 
Hospital.

There is a growing body of evidence to suggest that mitochondria are involved in the 
initiation and progression of apoptosis and that mitochondrial changes are related to 
the onset of several neuropathological diseases. We propose that alterations in the 
import of nuclear-encoded mitochondrial proteins, independent of their expression, 
may account for some of the long-term, progressive loss of neurons during 
physiological apoptotic cell death. To study this phenomenon we constructed a stable 
PC 12 cell line which expresses an inducible, mitochondrially-targeted GFP fusion 
protein (GFPmt). Preliminary experiments demonstrated that GFPmt is imported into 
mitochondria in a potential-dependent manner similar to other nuclear-encoded 
mitochondrial proteins. During trophic-withdrawal of neuronal PC12 cells, there is a 
marked decrease in the import of GFPmt into mitochondria by 3h with a consequent 
accumulation in the cytoplasmic fraction. This drop in mitochondrial protein import 
appears to coincide with a drop in mitochondrial membrane potential and cleavage of 
PARP. Furthermore, transfection of the cells with Bcl-2 appears to increase the rate of 
protein import. We believe that there are at least two important consequences of such 
a deficit in protein import: a drop in nuclear-encoded proteins within mitochondria 
and, an increased translocation time for the proteins through the import channel. 
Defects in mitochondrial protein uptake are likely to initiate concomitant deficits in 
mitochondrial respiration leading to an increased generation of ROS through a 
decrease in electron transport efficiency. Additionally, an increase in the mean protein 
import channel open time, due to decreased translocation efficiency, may affect the 
electrophoretic uptake of K+ into mitochondria, increases mitochondrial permeability, 
uncouples mitochondrial respiration, and increases the generation of ROS. Ongoing 
studies will determine whether a decrease in mitochondrial protein import is sufficient 
to induce apoptosis by treating PC 12 cells with antisense oligonucleotides against the 
mitochondrial import protein TOM20 and also if the activation of caspase alone is 
sufficient to cause the drop in protein import.

606.17

EVIDENCE THAT PAR-4 MEDIATES MITOCHONDRIAL 
DYSFUNCTION IN NEURAL CELLS UNDERGOING 
APOPTOSIS. S, L, Chan, Yi Zhang* and M. P. Mattson. Sanders-Brown 
Research Center on Aging, department of Physiology, University of Kentucky, 
Lexington, KY 40536.

Prostrate apoptosis response-4 (Par-4) has recently been shown to be 
upregulated in brain tissue from Alzheimer patients, and in cultured neurons 
undergoing apoptosis in response to various metabolic and excitotoxic insults 
{Nature Med. 4:951-962 (1998)). We found that oxidative stress induces Par-4 
mRNA expression and protein production, and that treatment of hippocampal 
neurons with a Par-4 antisense oligonucleotide prevents mitochondrial dysfunction, 
caspase activation and cell death (Chan et al., J. Neurochem. in press). Evidence 
supports a role for mitochondria and mitochondria-derived factors in the apoptotic 
process. Bcl-2 family members can prevent or promote cell death by altering 
mitohcondrial function. To elucidate the mechanism whereby Par-4 promotes 
apoptosis we isolated mitochondria from normal PC-12 cells and PC 12 cells 
overexpressing Bcl-2 at different time points following exposure to staurosporine, 
amyloid (3-peptide and trophic factor withdrawal. Immunoblot analysis showed an 
insult-induced association of Par-4 with mitochondria isolated from normal PC 12 
cells but not from PC12 cells overexpressing Bcl-2. The increased association of 
Par-4 with mitochondria was correlated with increased mitochondrial oxyradical 
production and calcium uptake, and decreased membrane depolarization. We are 
currently determining whether Par-4 interacts with Bcl-2 family members, and 
whether such interactions play roles in mitochondrial dysfunction and neuronal 
apoptosis. Supported by the NIA and NINDS.

606.18

TWO POSSIBLE SITES OF ACTION OF R-2HMP: CHANGES OF
MITOCHONDRIAL MEMBRANE POTENTIAL AND SUBCELLULAR GAPDH 
PROTEIN. D. Zhang. M.D. Berry, I.A. Paterson and A.A. Boulton*.
Neuropsychiatry Research Unit, University of Saskatchewan, Saskatoon, SK, Canada 
S7N5E4

R-2-heptyl-N-methylpropargylamine (R-2HMP) has been shown to reduce neuronal 
death through an action at the same site as R-deprenyl: this site has been proposed to 
be glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Using cultured cerebellar 
granule cells, two modes of apoptosis were induced by adding cytosine arabinoside 
(Ara-c) (p53-dependent) or by lowering the extracellular concentration of potassium 
(p53-independent). A fluorescent probe chloromethyTtetramethylrhodamine methyl 
ester (CMTMR) was introduced to the medium 0, 4, 6, 12, 18, and 24 hours after the 
induction of apoptosis. Chromatin condensation was visualized with bis-benzamide. 
Treated and untreated cells from 6, 16 and 24 hours were collected and subcellular 
fractions obtained, and Western blotting of GAPDH done. Our results indicate that: 1) 
Decreases in mitochondrial membrane potential is an early event, occurring between 4 
and 6 hours after Ara-c induced apoptosis; 2) Increased nuclear and mitochondrial 
GAPDH protein is a later event, occurring between 6 and 16 hours after Ara-c induced 
apoptosis; 3) There was no decrease of mitochondrial membrane potential or 
subcellular changes of GAPDH associated with low K induced apoptosis; 4) R- 
2HMP prevents Ara-c induced apoptosis; and prevents mitochondrial membrane 
potential changes and GAPDH changes, but has no effect on low K induced 
apoptosis. Taken together, these results provide good evidence that some forms of 
apoptosis involve a change of mitochondrial membrane potential followed by altered 
subcellular GAPDH. R-2HMP can prevent the changes associated with Ara-c induced 
apoptosis, raising the possibility of additional site(s) of action other than GAPDH. 
Financial support provided by Sask. Health
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606.19
BCL-2 SUPPRESSES NUCLEAR LEVELS OF GLYCERALDEHYDE-3- 
PHOSPHATE DEHYDROGENASE AND PROTECTS AGAINST APOPTOSIS 
INDUCED BY THAPSIGARGIN AND BUTHIONINE SULFOXIMINE. R.-W. 
Chen1. H, Wei1, Y. Leng1, W. Wei1, P.A. Saunders1, N, Ozaki2*, and D.-M,
Chuang1. ‘Section on Molecular Neurobiology, Biol. Psych. Br., NIMH, NIH, 
Bethesda, MD 20892-1272 and 2Dept. of Pharmacology, Kanazawa Med. Univ., 
Ishikawa 920 0293, Japan.

Accumulating evidence supports the notion that glyceraldehyde-3-phosphate 
dehydrogenase(GAPDH) overexpression and nuclear translocation plays a 
prominant role in apoptosis of neuronal and nonneuronal cells. GAPDH also 
appears to be a target of putative therapeutic agents for neurodegenerative diseases. 
To study the effects of Bcl-2 on GAPDH-dependent apoptosis, we employed GT1-7 
neural cells that overexpress Bcl-2. In GT1-7 puro cells that do not overexpress Bcl- 
2, apoptosis was readily induced by treatment with thapsigargin (TG), a selective 
inhibitor of calcium-ATPase on the ER membrane, and buthionine sulfoximine 
(BSO), a specific y-glutamyl-cysteine synthetase inhibitor. Bcl-2 overexpression in 
GT1-7 cells markedly suppressed TG (50 nM) and BSO (100 gM)-induced cell 
death, thus confirming previous reports (Wei et al., 1998; Kane et al., 1993). BSO 
induced the levels of GAPDH mRNA by about 2 fold following 20-hr of treatment 
and this increase was completely blocked by Bcl-2 overexpression. Both TG and 
BSO induced a time-dependent increase in GAPDH protein levels in either the 
200,000 g pellet (p200) or purified nuclei fractions derived from GT1-7 puro cells. 
Bcl-2 overexpression significantly inhibited these increases elicited by TG and 
BSO. Basal levels of GAPDH mRNA and protein were approximately 30% lower in 
GT1-7 Bcl-2 cells than in puro cells. Moreover, pretreatment with GAPDH 
antisense oligodeoxynucleotide (10 |iM) significantly protected puro cells from TG- 
induced death, while pretreatment with the corresponding sense oligonucleotide was 
ineffective. Our results underlie the important role of Bcl-2 in suppressing GAPDH 
overexpression/nuclear translocation and hence apoptotic cell death.

606.20
CHRONIC ADMINISTRATION OF HIGH GLUCOSE PROTECTS NEURONS 
FROM NMDA, FREE RADICAL, AND OXYGEN-GLUCOSE DEPRIVATION 
VIA ENHANCED MITOCHONDRIAL FUNCTION S.Y.Seo,1'2, E.Y. Kim,1 
H.Kim,21.L. Jou,' and B.J. Gwag1. ‘Dept. of Pharmacology, Ajou Univ. School of 
Medicine, Suwon, Kyungkido. 2Dept. of Neutritional Biochem., Seoul Nat. Univ., 
Seoul, Korea

Inappropriate supply of glucose in brain (e.g. hypoglycemia and 
hyperglycemia) can trigger or enhance degenerative process of nerve cells. 
However, evidence also exists that increasing glucose entry into neurons protects 
against excitotoxicity and hypoxic-ischemia. To elucidate the controversial effects 
of high glucose on neuronal death, we first examined if cultured cortical neurons 
grown in high glucose would show differential vulnerability to NMDA, AMPA, 
or kainate. Compared to neurons grown in 25 mM glucose, neurons grown in 100 
mM glucose showed less neuronal death 24 hr following exposure to 20 - 300 pM 
NMDA. The neuroprotective effect of high glucose can be explained by reduction 
in NMDA-induced [Ca2+]; accumulation in cortical neurons maintained in high 
glucose. Mitochondrial membrane and redox potentials were increased in neurons 
under high glucose condition. When subtoxic doses of p-trifluoromethoxy- 
phenylhydrazone (FCCP), and rotenone, inhibitors of mitochondrial potentials, 
were included during exposure to NMDA, the neuroprotective effect of high 
glucose was abrogated, suggesting that the enhanced mitochondrial potentials are 
required for the neuroprotective effects of high glucose. Moreover, cortical 
neurons grown in high glucose were resistant to neuronal injuries induced by 
exposure to 50 pM Fe2+, a free radical-inducing agent via Fenton reaction, and 
deprivation of oxygen and glucose. The present study provides direct evidence 
that prolonged exposure to high glucose attenuates NMDA and free radical 
neurotoxicity in part by increasing mitochondrial potentials. Supported by 
KOSEF through the BDRC at Ajou University (BJG).

606.21

SELECTIVE REGULATION OF NR2B EXPRESSION IN RAT CORTICAL 
CELL CULTURES BY HIGH GLUCOSE. Y.J.Oh,1 S.Y.Seo,2’3* E.Y.Kim,2
H.Kim,31.S. Moon4 and B.J.Gwag2. 'Dept. of Biol, Yonsei Univ. Col. of Nat. Sci., 
Seoul. 2Dept. of Pharmacology, Ajou Univ. Sch. of Med, Kyungkido. 3Dept. of 
Food and Nutrition, College of Human Ecology, Seoul Nat. Univ., Seoul. 4Dept. 
of Anatomy, Dongguk Univ. Sch. of Med., Kyungsangbukdo, Korea.
In cortical cell cultures of neurons and glia maintained in high glucose (100 mM), 
we have observed that neurons are highly resistant to NMDA (See our 
companion study). In this study, we examined the possibility that the 
neuroprotective effects of high glucose would involve altered expression of 
NR2A and NR2B subunits. Immunohistochemistry using polyclonal antibodies 
specific for NR2A and NR2B showed that expression of NR2A and NR2B was 
exclusively confined to neurons. In cortical cultures grown in 25 mM glucose, 
Western blot analysis of NR2A and NR2B showed that levels of NR2A and 
NR2B were increased gradually by 9 and 12 days in vitro (DIV), respectively. 
The similar expression pattern of NR2A was observed in cultures maintained in 
100 mM glucose. In cortical cultures grown in 100 mM glucose, however, levels 
of NR2B expression were markedly reduced by DIV 12 and reached to peak 
levels at DIV 14 - 15. There was no difference in levels of actin and GluRl 
between cultures maintained in 25 mM and 100 mM glucose. Taken together, 
levels of NR2B expression are influenced by difference in availability of glucose, 
which results in alteration of physiological and pathological responses 
subsequent to activation of NMDA receptors. Supported by KOSEF through the 
BDRC at Ajou University (BJG).

606.22

ATTENUATION OF CISPLATIN-INDUCED APOPTOTIC 
NEURONAL DEATH BY ANTIOXIDANTS IN MOUSE HYBRID 
NEURONS. S.A, Park?’2 J.H. Bang.2 K.S. Choi?K, Huh1’2 and 
S.U. KW’^Dept. of Neurology, 2Brain Disease Research Center, 
’Medical Research Institute, Ajou University, Suwon, Korea

Sensory neuropathy is a undesirable side effect of cancer 
chemotherapy with cisplatin. Since the pathomechanism underlying the 
neuronal damage caused by cisplatin is currently unknown, we 
undertook investigation to answer this question using mouse dorsal root 
ganglion neuron-neuroblastoma hybrid cell line(N18DRG-D2). These 
hybrid neurons showed neuronal phenotypes such as high molecular 
weight neurofilament protein (NF-H), microtubule associate protein-2 
(MAP-2), neuron specific enolase and substance P. Cisplatin induced 
dose- and time-dependent neurotoxic effect in hybrid neurons. After 36 
hr of cisplatin treatment (20pM), hybrid neurons showed apoptotic 
nuclei as shown by Hoechst dye 33258 staining and DNA laddering on 
gel electrophoresis. When hybrid neurons were preincubated with 
Trolox (vitamin E precursor) or glutathione for 3 hr and then exposed to 
cisplatin, these antioxidants blocked apoptotic cell death caused by 
cisplatin. These results indicate that cisplatin induces sensory neuropathy 
via apoptotic cell death mediated by oxygen radicals and antioxidants 
exert neuroprotective effects against cisplatin neurotoxicity. (Supported 
by KOSEF/SRC grant).

NEURONAL DEATH: GROWTH FACTORS

607.1

MOTONEURON DEATH FOLLOWING LIMB-BUD REMOVAL (LBR) IS 
INDEPENDENT OF CASPASE ACTIVITY AND DISTINCT FROM 
NATURALLY OCCURRING MOTONEURON DEATH. C. E. Milligan1*. R 
Shiraiwa1. D. Prevette1 L. Li1 T. Momoi2 and R. W. Oppenheim1. JDept. of 

Neurobiology and Anatomy, Wake Forest Univ. Sch. Med., Winston-Salem, NC 
27157; 2Div. of Development and Differentiation, National Ins. of Neuroscience, 
NCNP, Tokyo, JAPAN.

Programmed cell death (PCD) has been well documented in the lumbar spinal 
motoneurons(MNs) of the chick, where approximately 50% of the MNs produced 
during embryogenesis die between embryonic day (E) 6 and E10. Survival of MNs 
is dependent on their interaction with muscle targets, since removal of the limb bud 
induces greater than 90% MN death (Hamburger and Oppenheim, 1982). It now 
appears that the mechanism by which MNs die following LBR is different from 
normal motoneuron PCD. While peptide inhibitors of Caspase-1, Caspase-3, and the 
general caspase inhibitor, BAF block normal motoneuron PCD, they fail to promote 
the survival of MNs following LBR. We further investigated if Caspase-3 is 
involved in LBR-induced MN death. Immunostaining to detect activated caspase-3 
(pl7/p20) indicates that caspase-3 is activated in MNs following LBR Caspase-3 
activity was found to increase by two fold in the lumber spinal cord ipsilateral to the 
LBR as compared to the unoperated control side. Treatment with Caspase-3 inhibitor 
(DEVD-CHO) followed LBR inhibited Caspase-3 activity but didn't rescue MNs 
from death. These results suggest that Caspase-3 is activated in LBR-induced cell 
death, but that its role is not essential. Therefore, neuronal death following LBR 
appears to occur by a caspase-independent pathway. This work was supported by 
NIH grants to CEM and RWO.

607.2

THE ROLE OF CASPASE-3 IN EARLY MOTONEURON DEATH IN THE 
CHICK EMBRYO CERVICAL SPINAL CORD. N. Shiraiwa2* H. Yaginuma1, T. 
Shimada1, K. Nishiyama1, J. Hong2. T. Momoi3, Y. Uchiyama4 and R.W. 
Oppenheim2 . ]Dept. of Anatomy, Fukushima Med. Univ., Fukushima, JAPAN; 
2Dept. of Neurobiology and Anatomy, Wake Forest Univ. Sch. Med., Winston- 
Salem, NC 27157; 3Div. of Development and Defferentiation, National Ins. of 
Neuroscience, NCNP, Tokyo, JAPAN; 4Dept. of Anatomy, Osaka Univ. Med. Sch, 
Osaka, JAPAN.

To determine the role of caspases in the processes of early massive motoneuron 
death, which occurs in the chick embryo cervical spinal cord between embryonic day 
(E) 4 and E5, we examined the activity of caspases in the spinal cord and effects of 
inhibitors of caspases in vivo. While a specific increase in caspase-1-like activity 
was not detected throughout the observed period, an increase in caspase-3-like 
activity was observed at E4.5. Caspase-1 inhibitor( YVAD-CHO) or caspase-3 
inhibitor(DEVD-CHO) treatment was started several hours before cell death begins 
(E4-) and morphology and number of pyknotic cells were examined at E4.5. In the 
control cases and the cases with YVAD-CHO treatment, nuclei of dying cells 
became condensed and round. Those nuclei were darkly stained with hematoxylin 
(nuclear pyknosis) and then fragmented into pieces. In contrast, in DEVD-CHO 
treated cases, the nuclei of pyknotic cells showed only moderate condensation and 
irregular shapes. When the number of pyknotic cells were counted including those 
moderately pyknotic cells, there was no significant difference between controls and 
DEVD-CHO treated cases. TUNEL staining revealed that DNA fragmentation did 
not occur in these moderately condensed nuclei. However, electron microscopic 
observation revealed that degenerative changes were occurring in the cytoplasm. 
These results suggest that caspase-3 plays a role in nuclear changes during early 
motoneuron death in the cervical cord, and that there are other signaling cascades 
that occur before activation of caspase-3 and cause degenerative changes in the 
cytoplasm. This work was supported by Grant-in-Aid 08680808,10680704.
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607.3
GDNF OVEREXPRESSION IN EMBRYONIC MOUSE MUSCLE 
RESCUES MOTONEURONS FROM NATURALLY OCCURRING CELL 
DEATH R.W. Oppenheim ’*. D, Prevette1. A. Parsadanian2, and W, D, Snider2 
'Dept. of Neurobiology and Anatomy, Wake Forest Univ. Med. Sell., Winston- 
Salem, NC 27157; 2 Dept. of Neurology, Washington Univ. Med. Sch., St. 
Louis, MO 63130.

Application of exogenous GDNF in vivo and in vitro promotes motoneuron 
(MN) survival and targeted deletion of GDNF or its receptor components (c- 
ret, GFRal) results in a modest but significant loss of developing MNs. 
Because GDNF is synthesized by both muscle and glial cells, it is not clear 
whether one or both of these sources is critical for MN survival. To examine 
this question, we have examined MN survival in neonatal mice that 
overexpress GDNF (or NT-3 and NT-4) under a muscle-specific (myogenin) 
promoter as well as mice that overexpress GDNF under control of a glial- 
specific (GFAP) promotor. At present, only brachial and lumbar MNs in the 
myo-GDNF and myo-NT-3 animals have been assessed. There were 
significantly more lumbar (50%) and brachial (30%) MNs in the myo-GDNF 
animals but no change vs controls in the myo-NT-3 group. Preliminary results 
from the myo-NT-4 group also indicate that MN numbers are similar to control 
values. GFAP-GDNF animals and cranial MNs in all groups are currently 
being examined. Muscle-specific overexpression of GDNF, but not NT-3, 
rescues MNs from normal cell death. Because the myo-GDNF (but not the 
myo-NT-3 or myo-NT-4) animals also exhibit hyperinnervation of 
neuromuscular junctions, MN survival may be enhanced in part according to 
the access hypothesis, whereby hyperinnervation provides increased access to 
target-derived trophic factor. Supported by NIH grant NS 20402

607.4
GDNF RESCUES CERVICAL MOTONEURONS FROM A NOVEL FORM 
OF PROGRAMMED CELL DEATH IN THE CHICK EMBRYO J. Hong1. H,
Yaginuma2, S....Homn^,.,..,.D,. Prgvette * and R.W. Oppenftdim Dept of
Neurobiology and Anatomy, Wake Forest Univ. Sch., Winston-Salem, NC 
27157; 2Dept of Anatomy, Fukishima Univ. Med. Sch., Fukishima, Japan

Somatic motoneurons (MN) in the cervical spinal cord exhibit a novel form 
of early (E4-5) cell death that is regulated independent of target-derived 
(muscle) trophic signals. Previously, we screened more than 15 different 
growth/trophic factors for their ability to promote cervical MN survival in 
vivo. However, none of these were effective. One family of trophic factors 
not yet examined are the TGFP-related molecules: GDNF, Neurturin, 
Persephin and Artemin. GDNF mRNA is expressed in the floor plate and 
peripheral nerve of the chick spinal cord and c-ret, GFRa2 and GFRa4, but not 
GFRal, mRNAs are expressed in cervical MNs on E4. These observations 
suggest that one or more members of the GDNF family may be a non-target- 
derived survival factor for cervical MNs. Administration of exogenous GDNF 
on E3 and E4 significantly reduced the number of dying cervical MNs on E4.5. 
We are currently testing Neurturin, Persephin and Artemin in this same model. 
Additionally, neutralizing antibodies against GDNF are being tested in order 
to determine whether GDNF is a physiologically relevant endogenous trophic 
factor for these MNs.
Supported by NIH grant NS20402

607.5

SYNERGISTIC EFFECTS OF SCHWANN CELL AND MUSCLE CELL 
DERIVED FACTORS ON AVIAN MOTONEURON SURVIVAL MAY 
INVOLVE GDNF AND CT-1 D. Prevette V. Arc£ . C. Hendersoh . S. 
Wang1, M. MacDonald1 *. O. deLapevierd and R.W. Oppenheirrt 1 Dept. of 
Neurobiology and Anatomy, Wake Forest Univ. Med. Sch., Winston-Salem, 
NC 27157; 2INSERM Unit 382, Dev. Biol. Inst., Marseille, France.

Media conditioned (CM) by muscle and Schwann cell lines has been 
previously shown to exhibit synergistic effects on cultured rat embryo 
motoneurons (MNs). We have now examined the effects of the same CM on 
MN survival in vivo in the chick embryo. Both muscle cell and Schwann cell 
CM had a small but significant effect in promoting MN survival (Con - 10,591 
± 850; Muscle CM = 12,683 ± 1,100; Schwann cell CM = 12,418 ± 880; 
p<0.05 con vs muscle and Schwann CM). Combined treatment with both 
muscle cell and Schwann cell CM was more effective than either CM alone 
(Schwann cell plus muscle cell CM = 16,960 ± 1,169; p<0.01 vs either CM 
alone). A similar synergistic effect was observed when embryos were treated 
in ovo with rhGDNF and rhCT-1 (CON = 10,720 ± 500; GDNF = 13,780 ± 
615; CT-1 = 12,120 ± 1,038; GDNF+CT-1 - 17,680 ± 925; p<0.01 
GDNF+CT-1 vs CT-1 or GDNF). Previous studies using cultured rat MNs 
found that blocking antibodies to GDNF and CT-1 significantly reduced the 
activity of Schwann cell and muscle cell CM, respectively, on MN survival. 
Trophic support from muscle cells and Schwann cells may act cooperatively 
to regulate MN survival.
Supported by NIH Grants NS20402 and NS36945

607.6

IDENTIFICATION OF THE STEPS IN THE EXECUTION PATHWAY OF 
MOTONEURONS DEPRIVED OF TROPHIC SUPPORT. L. Li, R.W. 
Oppenheim and C.E. Milligan. Department of Neurobiology and Anatomy, 
Wake Forest University School of Medicine, Winston-Salem, NC 27157.

Programmed cell death (PCD) is a fundamental feature in normal 
development, during adult tissue homeostasis and as a defense against 
pathogens. One well characterized example of developmental PCD is avian 
spinal motoneurons (MNs), where 50% of neurons originally generated 
undergo cell death. We have previously demonstrated the involvement of 
caspase-3 and caspase-1 in MN PCD following trophic factor deprivation. 
Additionally, we found that the amyloid precursor protein (APP) is one of the 
genes with increased expression in dying MNs, and APP is a substrate of 
caspase-3 resulting in generation of a B-amyloid containing fragment that 
may contribute to the death of the MNs. In order to investigate potential 
upstream events mediating MN PCD, we have examined the roles of Bcl-2 
family proteins, cytochrome C, and caspase-9 in this process. We report that 
while expression levels of Bcl-2, Bcl-XL and Bax do not change within MNs 
as they become committed to die, a translocation of Bax from the cytosol to 
organelle membranes occurs. The translocation took place upstream of 
caspase activation. Cytochrome C was found to be released from the 
mitochondria into the cytosol. Additionally, an enhanced caspase-9-like 
activity was detected in dying cells, and this activity was upstream and 
necessary for the activation of caspase-3-like caspases. These results allow 
us to define some of the critical events that mediate the execution phase of 
MN death following trophic factor deprivation. The work is supported by NIH 
grants to CEM and RWO.

607.7

THE P53-RELATED TUMOR SUPPRESSOR GENE P73 IS INVOLVED IN 
SYMPATHETIC NEURON APOPTOSIS Christine D. Pozniak1, Annie Yang2, 
Frank McKeon2, David R. Kaplan1,3*, Freda D. Miller1 ’Centre for Neuronal 
Survival, Montreal Neurological Institute, McGill University, Montreal, Quebec, 
Canada, H3A 2B4. department of Cell Biology, Harvard Medical School, Boston, 
Massachusetts, 02115. 3Brain Tumor Research Centre, Montreal Neurological 
Institute, McGill University, Montreal, Quebec, Canada H3A 2B4.

Naturally-occurring sympathetic neuron death occurs via two apoptotic signaling 
events: suppression of the NGF/TrkA survival signals and activation of the p75 
neurotrophin receptor. We have previously shown that the p53 tumor suppressor 
protein is necessary and sufficient for sympathetic neuron apoptosis and does so via 
the MEKK-JNK-p53 pathway that is activated by both NGF withdrawal and p75 
activation. Functional ablation of p53 using the adenovirus E1B55K protein 
inhibits neuronal apoptosis. Furthermore, p53 -/- and +/- mice have an increased 
number of sympathetic neurons in the superior cervical ganglia (SCG) following a 
period of naturally-occurring cell death. Interestingly there is no gene dosage effect 
between -/-and +/- p53 mice suggesting that another p53-related gene, p73, may be 
playing a role in developmental sympathetic neuron death. We have now 
demonstrated that p73 is expressed in sympathetic neurons in vitro and in the SCG 
in vivo. To test the potential role of p73 in sympathetic neuron apoptosis, we have 
generated recombinant adenoviruses expressing forms of p73 that lack the 
transactivation domain. Expression of these potential dominant-inhibitory forms of 
p73 in sympathetic neurons inhibited NGF-withdrawal induced apoptosis 
suggesting that p73, like p53, functions as a neuronal apoptosis-inducing protein. 
We are currently examining p73 -/- mice to determine whether this protein plays a 
role during developmentally-regulated sympathetic neuron death in vivo.
An MRC grant to F.D.M and D.K and an MRC studentship to C.D.P support this 
work.

607.8

LEUKEMIA INHIBITORY FACTOR REQUIRES CONCURRENT 
P75lntr  SIGNALING TO INDUCE APOPTOSIS OF SYMPATHETIC 
NEURONS by S. I Savitz* and J.A. Kessler. Department of Neurology, 
Albert Einstein College of Medicine, Bronx, NY 10461.

Apoptosis may result either from positive induction by ligand binding to a 
plasma membrane receptor or by negative induction due to loss of a 
suppressor signal. For example, apoptosis of developing sympathetic 
neurons may be induced either by exposure to leukemia inhibitory factor 
(LIF) or by deprivation of nerve growth factor (NGF). This study compared 
the cell death pathways activated in sympathetic neurons by these two 
different stimuli. Both types of cell death were developmentally regulated; 
both were maximal in the immediate postnatal period and disappeared over 
the next two weeks. Both types of cell death were reduced by genetic 
deletion of Bax or by virally-mediated overexpression of Bcl-2. Similarly 
both were reduced by inhibition of caspase activity or by inhibition of 
Nedd2 synthesis with antisense oligonucleotides. Apoptosis induced by LIF 
and related factors required activation of the gpl30 receptor subunit. 
However, treatment of sympathetic neurons with an antibody that blocks 
function of p75LNTR prevented LIF-induced cell death. Similarly, genetic 
deletion of p75LNTR prevented apoptosis after LIF treatment, implying that 
concurrent p75LNTR signaling is necessary for the cytokine-induced cell 
death. These observations suggest that neuron numbers may be regulated 
by factors that initiate programmed cell death as well as by factors that 
prevent it. Further, the same intracellular pathways may be activated by 
both types of stimuli.
Support: NIH grants NIH NS20778 and NS2OO13 (JAK)
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607.9
DIFFERENTIAL EFFECTS OF THE INTRACELLULAR DOMAINS OF THE p75 
NEUROTROPHIN RECEPTOR AND THE FAS RECEPTOR ON APOPTOSIS. 
A H. Kim*, H. Kong, J.R, Orlinick, and M.V. Chao. Skirball Institute, NYU Medical 
Center, New York, NY 10016.

The p75 neurotrophin receptor (p75) shares structural features with the Fas receptor, 
including extracellular cysteine-rich repeats, a single transmembrane (TM) domain, 
and an intracellular death domain. However, it has not been clearly established 
whether these death domains induce apoptosis by employing common downstream 
mechanisms. To understand the role of p75 in apoptosis, we constructed chimeric 
receptors that contain the extracellular portion of the Fas receptor and the intracellular 
portion of p75; in principle, expressed chimeras could be oligomerized upon addition 
of anti-Fas antibody, Jo2. These chimeric receptors, one containing the p75 TM 
domain and the other containing the Fas receptor TM domain, as well as wildtype p75 
and Fas receptors, were transiently transfected into human U373 glioma cells and 
human embryonic kidney 293 cells, which are competent to undergo Fas-mediated 
death. Expression of the Fas receptor was sufficient to induce apoptosis, as detected 
by Hoechst nuclear staining, in 80-90% of transfected U373 cells while expression of 
p75 and the chimeric receptors did not induce comparable levels of cell death. In 293 
cells, transient transfection of the Fas receptor yielded low levels of apoptosis, which 
was potentiated by co-incubation with Jo2. Apoptotic death in 293 cells was 
characterized by both Annexin V-positivity, as detected by flow cytometry, and 
TUNEL-positive staining. Consistent with the U373 results, the chimeric receptors 
induced little or no cell death, although killing was slightly enhanced in the presence 
of Jo2. These results indicate that the mechanisms of Fas receptor- and p75-mediated 
death differ, even with oligomerization of the p75 intracellular domain and suggest 
that the Fas and p75 receptors employ distinct downstream signaling cascades.

607.10

FGF TREATMENT INDUCES A SWITCH FROM FAS LIGAND- 
MEDIATED TO TNFa-MEDIATED APOPTOSIS IN NEURONAL 
CELLS. E.M. Eves1* C. Skoczylas2. and M.R. Rosner1,2.1Ben May 
Inst, for Cancer Research, zDept. of Neurobiology, Pharmacology 
and Physiology, University of Chicago, Chicago, IL 60637.

Neuronal apoptosis can occur by several different molecular 
pathways depending on the developmental state of the cell and its 
microenvironment. Conditionally immortalized rat hippocampal H19- 
7 cells morphologically differentiate and express neuronal markers 
following bFGF treatment in defined medium (N2). Within a few 
days of differentiation the cells die by apoptosis. Cells in defined 
medium without bFGF also die apoptotically. We showed previously 
that the mechanisms of apoptosis are not identical before and after 
differentiation by bFGF (J. Neurochem. 67,1908, 1996.). Recent 
data indicate that bFGF treatment results in a switch in the 
mechanism by which apoptosis is initiated. Upon shift to serum-free, 
defined medium, cells apoptose via a Fas ligand-dependent 
pathway, and cell survival is unaffected by TNF-a treatment 
(5ng/ml). Following differentiation by bFGF, the cells become 
sensitive to TNFa and activate a TNF-a-dependent apoptotic 
pathway, whereas no significant death is mediated by Fas ligand. 
Stable expression of either Flame/Flip or Bcl-2 increases survival in 
both conditions, implicating Caspase-8 and Caspase-9 as 
downstream intermediates in the Fas and TNF-a apoptotic 
pathways. Taken together, these results suggest that bFGF can 
suppress Fas ligand-mediated apoptosis and induce susceptibility to 
TNFa-mediated apoptosis. (Supported by NIH-NS 338-58)

607.11

REGULATION OF PROGRAMMED CELL DEATH OF SCHWANN CELLS 
IN CHICK EMBRYO BY GROWTH FACTORS AND AXONALLY 
DERIVED SIGNALS. J._E.£§Querd^\ J,,CalderQ.1.\J)._Ci-Vrtat1, D, Pfeyette2, 
SLSc.Qtt3, ,G- Wan^ , andJCW, Qpgenheifa.! Dept. C.M.B., Facultat de 
Medicina, Universitat de Lleida, Av. Rovira Roure 44, 25198 Lleida, 
Catalonia, Spain. 2Dept. of Neurobiology and Anatomy, Wake Forest 
University School of Medicine, Winston-Salem, NC 27157. 3Dept. of 
Neurobiology and Anatomy, University of Utah Medical School, Salt Lake 
City, Utah 84132.

Schwann cell (SC) programmed cell death (PCD) in the ventral root (VR) 
during normal development appears to be regulated by trophic signals derived 
from motoneuron (MN) axons. In the VR, SC PCD shows a biphasic profile, 
peaking on E5 and E8.5. This second peak of SC PCD can be modified by 
treatments that alter the number of MN axons such as activity blockade and 
early limb bud ablation. Lumbar neural tube removal (on E4), which prevents 
contacts between developing SCs and motor axons, causes increased SC death 
during the early period of PCD. In ovo application (from E4-6) of GGF, but 
not FGF or IGF, reduces the number of apoptotic SCs. Experimentally 
induced axonal degeneration before E14 results in a rapid (12 h) and massive 
SC apoptosis. After El6, axonal deletion induces SC proliferation rather than 
apoptosis. SC proliferation was accompanied by an induction of p75 and 
PDGR«. SC apoptosis induced by axonal deprivation is not associated with 
S phase cell cycle events, such as BrdU incorporation. (Supported by grants 
from the Ministerio de Education y Ciencia, SAAF98-0083, Marato de TV3, 
Ajuntament de Lleida (JEE, and JC) and NIH NS 36945 (RWO).

607.12

HIGH RESOLUTION LOCALIZATION OF PROTEINS 
INVOLVED IN APOPTOSIS AND CELL CYCLE 
REGULATION IN NAIVE AND DIFFERENTIATED PC 12 
CELLS AFTER GROWTH FACTOR DEPRIVATION. A. P. 
Aschoff*, U. Gausmann, N. Barth, K. Schmoranz, G. F. Jirikowski.
Department of Anatomy II, University of Jena, D-07743 Germany.

Naive proliferating and NGF-differentiated PC 12 cells were 
studied after NGF deprivation with various histological and 
histochemical methods. In order to facilitate identification of 
individual cells, PC 12 cells were transfected by electroporation 
with the plasmid pEGFP-Nl (Clontech) prior to differentiation with 
NGF. Thus individual differentiated PC 12 cells could be easily 
localized in the culture dish by their green fluorescence. Effects of 
NGF deprivation were evaluated in vitro by monitoring cell 
morphology and/or staining with annexin. In order to stain the 
PC 12 cells with different antibodies (BrdU for evaluating DNA- 
ffagmentation, Bcl-2, Bax, Bad, p53, p21, transglutaminase and 
different cell cycle related proteins), cells were fixed in 
parafomaldehyde and either stained in the culture dish or embedded 
after dehydration in Epon. Serial sections through individual PC 12 
cells could therefore be stained with the different antibodies and the 
staining pattern could be correlated with the degree of DNA- 
ffagmentation. Thus the effect of different times of NGF 
deprivation on individual PC 12 cells could be evaluated on 
morphological and histochemical levels.

607.13

INHIBITOR OF T-CELL APOPTOSIS (ITA), AN AVIAN HOMOLOGUE OF 
MAMMALIAN IAPS, IS AN ESSENTIAL COMPONENT OF THE SIGNALING 
PATHWAY FOR NGF-MEDIATED SURVIVAL OF PRIMARY CHICK SENSORY 
AND SYMPATHETIC NEURONS.
S. Wiese, M. Digby, J. Gunnersen, R. Gotz, G. Pei and M, Sendtner*. Klinische 
Forschergruppe Neuroregeneration, Dept. of Neurology, University of Wurzburg, 
97080 Wurzburg, Germany.

Sympathetic and subpopulations of sensory neurons from paravertebral ganglia of 
chick embryos depend on nerve growth factor for their survival in vivo and in vitro. 
We have investigated the role of the avian ITA in NGF-mediated survival of these 
cells in culture. NGF addition leads to a rapid upregulation of ITA protein content 
within a few hours in sensory and sympathetic neurons of 8 and 11 day old chick 
embryos, respectively. Addition of Wortmannin blocks ITA upregulation, indicating 
that PI-3K signaling is involved in this cellular response. Transfection techniques for 
primary sensory and sympathetic neurons with expression plasmids carrying either 
full-length ITA, a BIR-deleted form of ITA, or antisense ITA were developed and 
optimized. Cells transfected with full-length ITA could survive in the absence of 
NGF, and ITA antisense expression completely abolished NGF-mediated survival in 
both cell types. Expression constructs coding for a truncated form of ITA which lacks 
the BIR domains could not support survival of primary sensory and sympathetic 
neurons, indicating that the BIR domains which have previously been shown to' 
interact directly with caspases are involved in this cellular effect. We suggest that the 
rapid upregulation of ITA by NGF results in a blockade of specific caspases, which is 
necessary for neuronal survival. Therefore, we conclude that the chick ITA and 
probably also its mammalian counterparts (cIAP-1, -2, XLAP) are important 
components of the signaling machinery for neurotrophic factor-mediated survival of 
sympathetic and sensory neurons.

607.14
EARLY CRITICAL EVENTS IN NGF DEPRIVATION-INDUCED SYMPATHETIC 
NEURONAL APOPTOSIS. S, P, Tammariellol. M. T. Quinn2, C.Y, Kuan 3.FL 
Flavell 3 . P, Rakic 3 . and S, Estus1~* 1 Dept. Physiology and Sanders-Brown 
Center on Aging, University of Kentucky, Lexington, KY 40536, 2 Dept. 
Veterinary Molecular Biology, Montana State University, Bozeman, MT, and 3 
Dept. Neurobiology, Yale University, New Haven, CT.

The early signaling events in programmed cell death that lead to apoptosis in 
NGF deprived sympathetic neurons are unclear. Two events that have been 
implicated are altered activity of the jun kinase (JNK) cascade and reactive 
oxygen species (ROS). To examine the role of the JNKs, we have compared 
the frequency of apoptosis in neurons from mice that are wild-type or deficient 
in JNK1, JNK2, or JNK3. We report here that neurons deficient in JNK1 or 
JNK2 undergo apoptosis at a rate similar to neurons isolated from wild-type 
littermates while apoptosis in JNK3-deficient neurons is significantly inhibited. 
Since the levels of oxidative stress are similar in both JNK deficient and wild- 
type neurons, we place the activation of the JNK cascade as downstream of 
the events producing oxidative stress.

Regarding oxidative stress, we have evaluated the potential role of NAPDH 
oxidase in generating the ROS that are necessary for apoptosis in this model. 
Here, we report evidence suggesting that all five subunits of NADPH oxidase 
are present in sympathetic neurons. Moreover, an inhibitor of NADPH 
oxidase, diphenylene iodonium (DPI), inhibits NGF deprivation-induced 
apoptosis in a concentration dependent fashion. DPI blocks oxidative stress 
caused by NGF deprivation and is neuroprotective only if neurons are treated 
SFN within the first four hours of NGF deprivation, a time that overlaps with the 
period of oxidative stress in this paradigm. In conclusion, JNK3 and NADPH 
oxidase contribute to altered kinase signaling and ROS, respectively, that are 
critical for NGF deprivation -induced sympathetic neuronal apoptosis.
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607.15
NGF-DEPRIVED, CASPASE INHIBITOR-SAVED SYMPATHETIC NEURONS 
CAN BE RESCUED WITH NGF READDITION SUBSEQUENT TO 
CYTOCHROME C RELEASE AND UP TO THE POINT OF LOSS OF 
MITOCHONDRIAL MEMBRANE POTENTIAL. M, Deshrnukh* and E. M. 
Johnson, Jr. Departments of Neurology, and Molecular Biology & Pharmacology, 
Washington University School of Medicine, St. Louis, MO 63110.

NGF deprivation induces apoptotic programmed cell death (PCD) in sympathetic 
neurons. This pathway of death is macromolecular synthesis dependent, BAX- 
dependent and is inhibited by the general caspase inhibitor boc-aspartyl(OMe)- 
fluoromethylketone (BAF). Loss of cytochrome c from the mitochondria is a 
critical event that results in caspase activation in several models of apoptosis 
including in NGF-deprived sympathetic neurons. However, the mechanism by 
which cytochrome c is released from the mitochondria during apoptosis remains 
unclear. To examine whether mitochondrial depolarization is required for 
cytochrome c release in NGF deprived-sympathetic neurons, we compared the 
timecourse of loss of cytochrome c with the timecourse of loss of mitochondrial 
membrane potential (assessed by Mitotracker staining) after NGF deprivation. 
NGF-deprived sympathetic neurons released cytochrome c prior to any significant 
changes in mitotracker staining, indicating that the mechanism of cytochrome c loss 
was independent of significant changes in mitochondrial membrane potential.

We also examined the ability of the NGF-deprived, caspase inhibitor-saved 
sympathetic neurons to be rescued with NGF readdition. The NGF-deprived, BAF- 
saved neurons were capable of being rescued even after no cytochrome c was 
detected in their mitochondria. However, longer periods of NGF deprivation 
resulted in fewer cells capable of being rescued. Our data indicate that the time 
when the NGF-deprived, BAF-saved cells were no longer capable of being rescued 
with NGF readdition correlated with the time when cells lost mitochondrial 
membrane potential. Supported by NIH grant AG 12947.

607.16
PARTICIPATION OF CATHEPSINS B AND D IN APOPTOSIS OF PC12 CELLS 
FOLLOWING SERUM DEPRIVATION. M. Shibata1, S. Kanamori1, K. Isahara1, 
Y. Ohsawa1, S. Kametaka1, T. Watanabe1, M. Watanabe2*, E. Kominami3 and 
Y. Uchiyama1. 1Dept. of Cell Biology & Anatomy, Osaka Univ. Medical Sch., 
2Dept. of Anatomy, Hokkaido Univ. Sch. of Medicine, 3Dept. of Biochemistry, 
Juntendo Univ. Sch. of Medicine; Suita, Osaka 565-0871, Japan

We have shown that cathepsins B and D, lysosomal cysteine and aspartic 
proteinases, regulate apoptosis of PC12 cells and DRG neurons when cultured 
in the absence of serum, but in the presence of a caspase-3 inhibitor. To 
further understand mechanisms of cathepsin D-induced cell death, we 
analyzed apoptosis of PC12 cells overexpressing cathepsin B, cathepsin D, or 
small mannose 6-phosphate receptor (CD-MPR). In serum deprived culture,
PC 12 cells overexpressing cathepsin D died more rapidly than wild-type cells. 
The amount of the active form of cathepsin B was drastically reduced 24 hr after 
the beginning of culture, whereas that of cathepsin D considerably increased. 
The viability of PC12 cells overexpressing cathepsin B was significantly higher 
in serum-deprived culture than wild-type ceils. In this situation, the amount of 
the cathepsin B protein did not decrease. PC12 cells well express large MPR 
(CI-MPR), but less amounts of CD-MPR. To examine the CD-MPR dependency 
of transport of cathepsins B and D to lysosomes in PC12 cells, we prepared 
cells overexpressing CD-MPR. Immunoreactivity for cathepsin B became more 
distinct and larger in size in the transfected cells than in wild-type cells. No 
difference in the distribution of cathepsin D was seen between these two ceils. 
The viability of the cells following serum deprivation was significantly higher in 
the transfected cells than in wild-type cells. This increased viability of the 
transfected cells was blocked by CA074, a specific inhibitor of cathepsin B, 
while pepstatin A suppressed the action of CA074. The results suggest that 
CD-MPR preferentially transport cathepsin B in PC12 cells, and cathepsins B 
and D participate in the regulation of PC12 cell apoptosis.

607.17

PDGF REDUCED NEURONAL CELL DEATH IN RAT 
HIPPOCAMPAL STEM CELL LINE. Yunhee Kim Kworf» 
Eunmi Hwang and Hunseok Hong Department of Biology, 
KyungHee University, Seoul 130-701 Korea.

During the development of the mammalian nervous system, 
neuronal cell survival and differentiation are influenced by 
neurotrophic factors. It has become recently evident that PDGF 
facilitates differentiation in the central nervous system. PDGF and 
the receptors are detectable in both the developing and mature 
mammalian hippocampus. In an attempt to understand the role of 
PDGF as a neurotrophic factor, we examined the effect and the 
signal transduction pathway promoting cell survival in hippocampal 
stem cell line ITiB5. T'he HiB5 cells which is immortalized by the 
temperature sensitive SV40 T antigen, ceases proliferation and 
undergoes neuronal cell death at non-permissive temperatures. 
PDGF promoted cell survival more than two fold and reduces 
apoptosis, when detected by DNA fragmentation assay and 
Terminal deoxynucleotydyl transferase(TdT) staining. The 
neuronal cell death was inhibited by cycloheximide. The survival 
promoting effect of PDGF required PI-3 kinase-dependent pathway. 
The inhibitor of PI3Kinase reduced the cell survival in a dose 
dependent manner but not the differentiation. PDGF stimulated the 
expression of bcl2 mRNA and neuronal markers including 
neurofilament and beta-tubulin isotype. These results propose that 
HiB5 cell death shows characteristics of apoptosis and PDGF 
rescues the neuronal cells from apoptosis by regulating Bcl2 gene 
family and PI-3 kinase dependent pathways. (Supported by grants 
from SRC for Brain Desease and Medical & Pharm. Center for 
Brain Research, NIH Korea)

NEUROTROPHIC FACTORS: RECEPTORS AND CELLULAR MECHANISMS V

608.1

BRAIN ENDOGENOUS INSULIN SECRETION IS 
INCREASED BY GLYBENCLAMIDE, VIA 
SULFONYLUREA RECEPTOR. M. Abboud. D. Beiu* and R. 
Schechter, William K. Warren Medical Research Institute, Univ. Of 
Oklahoma Health Science Center, Tulsa, OK, 74136.

We have shown the synthesis and secretion of insulin by the fetal brain 
in vivo and in vitro. In this work we investigated if brain endogenous 
insulin (BEI) secretion is stimulated by glybenclamide in fetal neuron 
cell cultures (NCC) from 19 days gestational age rat brains. The NCC 
were used at five days of incubation in insulin free serum defined 
medium. Glybenclamide is konwn to enhance insulin secretion in the 
pancreas via the sulfonylurea receptor (SUR). The presence of SUR 
within the neurons was demonstrated by the binding of the fluorescence 
of BODIPYFL-glybenclamide conjugate. Control of the reaction was 
performed by unlabelled glybenclamide. BEI secretion was increased 
when the neurons were treated with 30 pM of glybenclamide for 30 
minutes. Control NCC showed a concentration of 200 ng/ml of BEI 
within the medium. The NCC treated with glybenclamide showed a 
concentration of 440 ng/ml of BEI. This was a significant increase in 
BEI secreted by the neurons (p<0.05, ANOVA). Thus, BEI secretion is 
regulated by SUR within the fetal neuron cell cultures.
Support: William K. Warren Medical Research Institute.

608.2

ALTERATIONS IN INSULIN-LIKE GROWTH FACTOR-I AND -II 
RECEPTOR LEVELS FOLLOWING TREATMENT WITH ETHANOL IN 
MICE. P.W. Marinelli*. C. Gianoulakis. R. Ouirion & S. Kar. Departments of 
Neurology and Psychiatry, Douglas Hospital Research Center and McGill 
University, Montreal, QC, H4H 1R3, Canada.

Chronic ethanol (EtOH) consumption causes widespread cell loss in the brain. 
Insulin-like growth factors-! and -II (IGF-I and -II) are structurally related mitogenic 
polyproteins with potent growth promoting effects in the central and peripheral 
nervous systems. Evidence indicates that EtOH inhibits the growth promoting and 
cell survival effects of IGFs. The present study was designed to determine if long- 
tenn exposur e to ethanol alters IGF-I and IGF-1I receptor levels in two major brain 
sites of EtOH action: the hippocampus (HIPPO) and cerebellum (CEREB).
C57BL/6 mice were treated for 21 days with either water only or a choice of water 
and a 10% v/v EtOH solution. EtOH treated mice drank an average of 7.6 g of 
EtOH/kg b.w./day. After treatment mice were sacrificed and their brains processed to 
evaluate changes in [125I]IGF-I and [125I]IGF-II binding sites using in vitro receptor 
autoradiography. EtOH treated animals showed elevated [125I]IGF-I receptor levels in 
the pyramidal cell layer and CA3 subfield of the HIPPO. Although no difference in 
[I25I]IGF-n receptor levels was noted in any brain area, a positive coiTelation, 
between amount of EtOH consumed and IGF-II receptor levels in the molecular cell 
layer of the CEREB (p< 05) suggests that the absence of an effect might be due to 
variability in EtOH drinking. These results support that chronic EtOH consumption 
may differentially affect IGF receptor levels in different regions of the mouse brain. 
Supported by NSERC (C.G. & S.K).
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608.3
IGFBP-5 AND IGF1R mRNA ARE. DIFFERENTIALLY EXPRESSED 
DURING APOPTOSIS IN CULTURED CEREBELLAR GRANULE 
CELLS, M. Roschier* , E. Kuusisto, P, Korhonen and A. Salminen. Dept. of 
Neuroscience and Neurology, Univ. of Kuopio, P.O. Box 1627, 70211 
Kuopio, FINLAND.

In the present study we have identified differential gene expression in 
neuronal apoptosis in vitro. Differential display (DD) and cDNA arrays were 
used to detect differentially expressed genes in cerebellar granule cells 
(CGCs) during potassium/serum deprivation induced apoptosis. One of the 
clones that showed marked downregulation in the DD analysis was identified 
as the 3’end of insulin-like growth factor binding protein-5 (IGFBP-5). 
Northern blot analysis using the IGFBP-5 fragment as a probe confirmed the 
rapid downregulation of a 6 kb transcript at 6 hours after potassium 
withdrawal.

For comparison, neuronal apoptosis was induced with okadaic acid and 
staurosporine, both of which produced the same pattern of rapid 
downregulation. IGF-1 (25 ng/'ml) and insulin (5 pg/ml) diminished the 
downregulation of IGFBP-5 mRNA both in potassium and serum deprived 
CGCs.

In a separate study of gene expression using cDNA arrays and the same cell 
culture model, insulin-like growth factor-1 receptor (IGF1R) was found to be 
differentially expressed. Northern blot analysis showed upregulation of 
IGF1R mRNA at 6 hours after potassium withdrawal.

These results suggest that IGFBP-5, which regulates IGF-1 action, and 
IGF1R, which mediates IGF-1 signalling, are involved in the control of 
neuronal degeneration and apoptosis. Supported by Academy of Finland.

608.4
UPTAKE OF IGF-I ACROSS THE BLOOD-CEREBROSPINAL FLUID- 
BARRIER (B-CSF-B), AND TREATMENT OF DIABETIC BRAIN. D.N, Ishii*.
C.S, Armstrong and L, Wuarin. Dept. Physiology and Dept. Biochemistry & Molecular 
Biology, Colorado State University, Ft. Collins, CO 80523.

It is widely believed that protein neurotrophic factors do not enter the brain from 
blood. The treatment of brain injury or disease might be facilitated if one could avoid 
the need to drill an access hole through the skull to administer such factors. We tested 
the hypothesis that the 7.6 kDa neurotrophic factor, human insulin-like growth factor-1 
(hIGF-I), can cross the B-CSF-B. Following separation from IGF binding proteins, an 

ELISA was used that detected human IGF-I, but not rat IGF-I, IGF-11 nor insulin. 
hIGF-I reached a maximum in CSF 2 hr after a single s.c. bolus injection in rats. A 
steady-state in hIGF-I concentration was attained in serum and CSF within 12 hr of 
continuous infusion from s.c. osmotic minipumps. Increasing the dose caused a linear 
increase in steady-state plasma hIGF-I concentrations, but CSF hIGF-I concentrations 
reached a plateau, suggesting saturation of a earner-mediated uptake system. The ratio 
of hIGF-I in CSF to plasma was higher in diabetic rats, consistent with reduced 
competition for uptake by a carrier due to diminished serum levels of rat IGF-I. I25I- 

hIGF-I injected s.c. distributed into serum and CSF, and the radioactivity in CSF 
migrated with the same mobility as authentic hIGF-I on SDS PAGE. Infusion of IGF-I 
from s.c. pumps normalized IGF-II gene expression in brains of diabetic rats (P<0.03). 
These data show that circulating IGF-I can distribute into CSF, and its uptake may be 
mediated by a carrier molecule. Parenteral IGF administration might be used to treat 
CNS injury or disease. (Supported in part by NIDDKD grant RO1 DK53922-10 and 
CDC grant R49/CCR811509)

608.5

EXPRESSION OF THE RECEPTOR PROTEIN-TYROSINE KINASES, TYRO-3 
AXL AND MER IN THE RAT CNS. A. L, Prieto*, J, L. Weber. C. Lai. Dept. of 
Neuropharmacology, The Scripps Research Institute. La Jolla, CA 92037.

Tyro-3, Axl and Mer are 3 related receptors comprising a subfamily of receptor 
protein-tyrosine kinases (RPTKs) characterized by an extracellular domain consisting 
of two immunoglobulin-like domains and two fibronectin type-III repeats. These 
receptors exhibit amino acid sequence similarity to neural adhesion molecules. The 
molecule Gas6 (for growth arrest specific gene 6) serves as a ligand and is capable of 
activating each of the three receptors. In order to identify physiologically relevant 
Gas6ZRPTK pairs we have determined the localization of Tyro-3, Axl and Mer in the 
developing rat CNS.

We have characterized the expression of Tyro-3, Axl and Mer in rat brains prepared 
from animals ranging in age from embryonic day 14 to postnatal day 52 using blotting 
and in situ hybridization analyses. Tyro-3 expression was low in the embryo and 
increased markedly during early postnatal stages, with a time course paralleling that of 
synaptogenesis. Axl is expressed at low but constant levels throughout development 
while Mer was only detected in the postnatal period at very low levels.

Throughout development, Tyro-3 was the most abundant and widely expressed of the 
receptors. Tyro-3 and Axl are found in the median eminence while Tyro-3 co-localizes 
with both of the receptors in Purkinje cells and in cerebellar white matter. In the adult 
brain, Axl was mainly detected in the vasculature. Intriguingly, anti-Tyro-3 antibodies 
detect the receptor in the dendrites of cortical and CA1 hippocampal neurons. In 
addition, Tyro-3 was detected in glia, including cerebellar radial glial fibers.

These studies provide important initial clues for elucidating the cellular functions of 
the Gas6/Tyro-3 pair and suggest an involvement of this receptor protein-tyrosine 

•kinase in synaptic processes. Supported in part by NIH NS32367 (C.L.) and NIH 
NS37471 (A.L.P.)

608.6
HSV-MEDIATED NEURONAL EXPRESSION OF A TRUNCATED 
INSULIN RECEPTOR SUBSTRATE-2. D.H. Wolf* and D.S. Russell. 
Division of Molecular Psychiatry, Departments of Neurology and Psychiatry 
and the Interdepartmental Neuroscience Program, Yale University Schoo! of 
Medicine, New Haven, CT 06508.
Insulin Receptor Substrate (IRS) proteins are a family of signaling adaptor 
proteins that undergo rapid tyrosine phosphorylation in response to a variety 
of growth factors and cytokines. Tyrosine phosphorylated IRS activates a 
number of downstream signaling pathways, including the
phosphatidylinos'rtol-3-kinase (PI-3-K)/ AKT pathway which piays an important 
role in the survival effects of neurotrophic factors on cultured neurons. 
(Dudek, et al, Science 1997, 275:661). We have previously demonstrated 
dramatic down-regulation of IRS protein abundance within PC12 cells during 
differentiation, and within the rat ventral tegmental area following chronic 
morphine administration. We hypothesize that this and other changes in 
neurotrophic factor signaling pathway proteins may be important mediators of 
drug-induced neural plasticity. In order to directly examine the functional 
consequences of reduced IRS levels in neurons in vivo, we have created a 
Herpes Simplex Virus (HSV) vector that produces rapid overexpression of a 
truncated IRS-2 protein. This truncation mutant retains the ability to bind to 
receptor tyrosine kinases, but lacks the C-terminal domain containing the 
multiple tyrosine phosphorylation sites that mediate activation of downstream 
effectors. Preliminary studies suggest that truncated IRS-2 has a dominant 
negative effect on IRS signaling and survival functions in neural cell lines.
We are now using this viral construct to investigate the role of morphine- 
induced IRS down-regulation in the long-lasting biochemical and behavioral 
effects that characterize morphine addiction, (support DA00302, DA1G160)

608.7

REDUCED IRS-4 mRNA LEVELS IN THE ARCUATE NULCEUS 
OF FATTY ZUCKER RATS. S, Numan3* and D.S, Russella’b Departments 
of Psychiatry3 and Neurology1*, Yale University, New Haven, CT 06508.

The insulin receptor substrate (IRS) proteins, including IRS-1, IRS-2, and the 
more recently identified IRS-3 and IRS-4, represent a growing family of adapter 
proteins critical in mediating coupling of tyrosine kinases to downstream signaling 
elements. The list of factors that induce IRS phosphorylation include, but are not 
restricted to, insulin, neurotrophins, interleukins, prolactin and leptin. Although 
most studies on IRS proteins have been performed in cell culture or in peripheral 
tissues, evidence now suggests important roles for these proteins in signal trans-
duction within the central nervous system. We recently demonstrated that IRS-4 
mRNAs are fairly restricted to, but also widely expressed within, the hypothalamus, 
a region known to be involved in a multitude of behaviors including feeding, 
lactation, repoductive and parental behaviors. In contrast to the restricted expression 
of IRS-4, IRS-1 and IRS-2 mRNAs are widely expressed throughout the brain, 
including the hypothalamus. The specific roles of the IRS’ within the hypothalamus 
and the brain in general remain to be elucidated. Recently, IRS-1 and IRS-2 were 
observed to be decreased in liver and muscle of fatty Zucker rats. These rats have a 
mutation in the leptin receptor that leads to a nonfunctional receptor and obesity. 
Not only is the leptin receptor expressed in the periphery but it also expressed in 
brain, including the arcuate nucleus and ventromedial hypothalamus (VMH), two 
nuclei known to be involved in the regulation of feeding behavior. In the present 
study the expression of IRS-1, IRS-2 and IRS-4 mRNAs was examined in the arcuate 
nucleus and VMH of lean and fatty Zucker rats. The results of this experiment 
revealed a reduction in IRS-4 mRNA levels in the arcuate nucleus of fatty Zucker rats 
as compared to the lean Zucker rats. In contrast, no change in IRS-4 mRNA 
expression was observed in the VMH. Furthermore, IRS-1 and IRS-2 mRNA levels 
were found to be unaltered in either nucleus. The present results suggest that IRS-4 
may be coupled to leptin receptor signaling within the arcuate nucleus. (DA00302, 
DA10160).

608.8

REGULATION OF PYK-2 TYROSINE KINASE WITHIN THE 
VENTRAL TEGMENTAL AREA BY CHRONIC MORPHINE.
S,R. Liu, H, Schultz, D.H. Wolf, S. Numan, D.S. Russell*, Division of 
Molecular Psychiatry, Departments of Neurology and Psychiatry and the 
Interdepartmental Neuroscience Program, Yale University School of 
Medicine, New Haven, CT 06508.
Chronic administration of drugs of abuse produces long-lasting neural 
adaptations which can be viewed as a model of adult neural plasticity. 
Neurotrophic intracellular signaling pathways regulated by tyrosine 
phosphorylation and intracellular calcium fluxes are critical mediators of this 
and other forms of neural plasticity. Proline-rich tyrosine kinase-2 (Pyk-2) is a 
cytoplasmic tyrosine kinase that is, by sequence homology, most closely 
related to focal adhesion kinase (FAK). Unlike FAK, Pyk-2 is activated by a 
variety of stimuli that elevate intracellular calcium levels. Studies have shown 
that Pyk-2 is involved in calcium-induced regulation of ion channel and 
mitogen-activated protein kinase activation, which help define and alter 
neuronal phenotypes. We examined the expression of Pyk-2 in the 
mesolimbic dopamine system, a neural system underlying drug reward and 
addiction, which includes the ventral tegmental area and its projection target, 
the nucleus accumbens. By in situ hybridization in rat brain, Pyk-2 mRNA was 
detected abundantly in the nucleus accumbens and striatum, but not in the 
ventral tegmental area or substantia nigra. However, Pyk-2 protein was clearly 
present within the ventral tegmental area and substantia nigra, as seen by 
both immunoblot analysis of brain punches and immunohistochemistry 
studies. Furthermore, the level of Pyk-2 protein expression was upregulated 
by 65% specifically within the VTA following chronic morphine treatment.
This observed alteration in Pyk-2 levels may play an important role in the 
biochemical and behavioral adaptations seen in drug addiction.
(support DA00302, DA10160)
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608.9
A GPI-LINKED GFRal EVOKES SRC KINASE ACTIVATION - A 
NOVEL RET-INDEPENDENT SIGNALING PATHWAY FOR GDNF. D. 
Poteriaev1, A. Titievsky1, Y.F. Sun1, M. Lindahl1, J. Thomas-Crusells1, U.
Arumae1, L.M. Ahtee2* and M. Saarma1.
’inst. of Biotechnology, Program for Molecular Neurobiology; 2Dept 
Pharmacy, Viikki Biocenter, Univ. of Helsinki, FIN-00014.

Glial cell line - derived neurotrophic factor (GDNF) has potentially 
great clinical importance in the treatment of Parkinson disease and several 
other neurodegenerative diseases, however the mechanism of intracellular 
signaling evoked by GDNF is poorly understood. The cellular response to 
GDNF can be mediated through a receptor complex containing a Ret 
tyrosine kinase and a GPI-linked protein, GFRal. GFRal does not have an 
intracellular domain and is thought of as being just a GDNF binding site. 
Recent data, however, suggest that GPI-linked proteins, associated with lipid 
rafts, can alone mediate intracellular signaling events. In this presentation 
we show that GFRal is associated with non-receptor Src-type tyrosine 
kinase(s), which can be activated by GDNF action in Ret-deficient cultured 
mouse dorsal root ganglion (DRG) neurons, as well as in the Ret-negative 
neuroblastoma cell lines. GFRal-dependent Src-type kinase activation 
subsequently triggers PLCy phosphorylation and long-lasting [Ca2+]j 
elevation. We therefore conclude that GDNF can evoke an intracellular Ret- 
independent signaling via a GPI-linked GFRal - Src-type kinase-coupled 
pathway.

608.10

RECEPTORS OF THE GDNF FAMILY OF NEUROTROPHIC 
FACTORS SIGNAL CELL SURVIVAL THROUGH PI 3-KINASE 
PATHWAY IN MOTONEURONS. J.X. Cornelia*, R.M. Soler,
X.Dolcet, M. Encinas, J. Egea, J.R. Bayascas. Grup de 
Neurobiologia Molecular, Departament de Ciencies Mediques 
Basiques, Facultat de Medicina, Universitat de Lleida, 25198 Lleida, 
Catalonia, Spain. Joan.Comella@cmb.udl.es

The members of the glial cell line-derived neurotrophic factor 
(GDNF) family of neurotrophic factors (GDNF, neurturin, persephin, and 
artemin) are able to promote in vivo and in vitro survival of different 
neuronal populations including spinal cord motoneurons. These factors 
signal via multicomponent receptors that consist of the Ret receptor tyrosine 
kinase plus a member of the GRFa family of glycosylphosphatidylinositol 
linked coreceptors. Activation of the receptor induces Ret phosphorylation 
that leads the survival promoting effects. Ret phosphorylation causes the 
activation of several intracellular pathways, but the biological effects caused 
by the activation of each of these pathways are still unknown. In the present 
work, we describe the ability of the GDNF family members to promote 
chicken motoneuron survival in culture. We show the presence of Ret and 
GFRa-1, GFRa-2 and GFRa-4 in chicken motoneurons using in situ 
hybridization and RT-PCR techniques. By western blot analysis we 
demonstrate the ability of these factors to induce the PI 3-kinase and the 
ERK MAP kinase pathways activation. To characterize the involvement of 
these pathways in the survival effect, we used the PI 3-kinase inhibitor LY 
294002 and the MEK inhibitor PD 98059. We demonstrate that LY 294002, 
but not PD 98059, prevents GDNF, neurturin and persephin-induced 
motoneuron survival, suggesting that PI 3-kinase intracellular pathway is the 
main responsible in mediating the neurotrophic effect.

608.11
EXPRESSION OF THE TRANSCRIPTION FACTOR GIF2 DURING MURINE 
EMBRYOGENESIS. U. M. D’Souza1. C-H, Lammers1. S, Yaiima,1 and M, M. 
Mouradian1*, 'Genetic Pharmacology Unit, Experimental Therapeutics Branch, 
NINDS, NIH, Bethesda, MD 20892.

GIF2 (GDNF inducible factor 2) is the second novel transcription factor that is 
induced by GDNF. It is expressed in regions of the adult brain that have high levels 
of dopamine receptors. This suggests that GIF2 may be required for dopaminergic 
neurotransmission and also for mediating GDNF effects in brain. To study the 
expression of GIF2 mRNA during development, in situ hybridization was performed 
using 35S labeled riboprobes on mouse embryo sections from days 8 to 16. At E8 and 
E10, GIF2 transcript is highly expressed in the neural ectoderm and neural groove but 
moderately expressed in the mesoderm and endoderm. At El2, high GIF2 signal is 
detected in liver and moderate to high expression in the roof of the neopallial cortex 
(future cerebral cortex), roof of midbrain, corpus striatum mediale, tail, tip of genital 
tubercle, cartilage primordium of nasal septum, intrinsic muscles of tongue and 
kidney but low expression in heart. At E14, the transcript is highly expressed in liver, 
roof of midbrain, roof of neopallial cortex and in tongue, whereas moderate 
expression is detected in the cartilage primordium of nasal septum and in spinal cord. 
Interestingly, the relative abundance of GIF2 mRNA is greatest at E16 with very high 
expression observed in the neopallial cortex, olfactory lobe, thymus, liver, duodenum, 
bladder, lung, primordia of follicles of vibrissae associated with upper lip, cartilage 
primordium of nasal septum and reproductive regions. At this late developmental 
stage, moderate to high expression of GIF2 is also seen in the diencephalon (including 
thalamus), intrinsic muscles of the tongue and in brown fat near the thoracic spinal 
cord. These findings are in agreement with the expression of GIF2 in the adult as 
Northern blot analysis revealed high levels of the transcript in brain and moderate 
levels in testis, lung, spleen, kidney, liver and heart. The high and specific distribution 
pattern of GIF2 mRNA in the developing brain suggests that it has important 
function(s) which can now be assessed.

608.12

NOVEL cDNAs ENCODING THE SOLUBLE GFRa-1 ISORECEPTORS, 
GFRa-1d AND GFRa-1e IN MOUSE AND HUMAN
L.-X, Yang* and K. Kiuchi. Lab. for Genes of Motor Systems, Bio-Mimetic Res. 
Prog., RIKEN; Nagoya, Aichi 4630003, Japan.

Many in vitro binding experiments have shown that both the membrane- 
bound and the exogenous soluble GFRa-1 can mediate the binding and 
activation of Ret tyrosine kinase by GDNF. However, to date there is no 
information on the presence of an endogenous soluble form of GFRa-1. Here 
we report the existence of two soluble isoreceptors of GFRa-1 in vivo. From 
the cDNA library of P21 mouse midbrain we cloned out two full-length cDNAs 
encoding the novel proteins of 425 and 420 amino acids, termed as GFRa-1d 
and GFRa-1e, respectively, following the GFRa-1 c reported previously (L-X. 
Yang and K. Kiuchi, Soc. Neurosci. Abstr. 1998). Both of them are novel splice 
variants of GFRa-1. They have the same hydrophilic C-terminals lacking the 
hydrophobic domain for glycisyl-phosphatidylinositol (GPI) attachment. With 
omitting exon 10 and exon 11, their stop codons locate in exon 9B, the novel 
spliced exon in the genomic DNA. GFRa- 1d contains the 15 bp of exon 5 and 
exon 1A in the 5’-UTR, while GFRa-1e has the deletion of exon 5. Northern 
blot analysis displayed the expression of 2-kb and 5-kb transcripts in fetal 
heart, lung, liver, skeletal muscle, kidney and in the developing brains of E10.5, 
E13.5, E16, E18 and P14. RT-PCR data indicated that the soluble 
isoreceptors also extensively express in adult tissues: brain, heart, lung, liver, 
skeletal muscle, kidney, thymus and testis. From the human fetal brain cDNA 
library we obtained the full-length cDNAs encoding the human soluble 
isoreceptors GFRa-1d and GFRa-1e consisted of 416 and 411 amino acids, 
respectively. Discoveries of the soluble isoreceptors of GFRa-1 provide in vivo 
evidence that GFRa-1 can mediate Ret activation by GDNF not only in cis but 
also in trans to regulate the neuronal survival and neuron-target interactions in 
the nervous system. (Supported by the Frontier Research Program of RIKEN)

608.13
UP-REGULATION OF GFRa-1 AND GFRa-2 mRNAs IN RAT BRAIN BY 
ELECTROCONVULSIVE SEIZURE A.C.H. Chen*, A.J. Eisch. N. Sakai. M, 
Takahashi. E.J. Nestler and R.S. Duman, Division of Molecular Psychiatry, 
Department of Psychiatry, Yale University School of Medicine, Connecticut 
Mental Health Center, 34 Park Street, New Haven 06508

The influence of both acute and chronic electroconvulsive seizure (ECS) or 
antidepressant drug treatments on expression of mRNAs encoding glial cell line- 
derived neurotrophic factor (GDNF) and its receptors, GFRa-1, GFRa-2, and c-Ret 
proto-oncogene (RET) in the rat hippocampus was examined by in situ 
hybridization. Two hours after acute ECS, levels of GFRa-1 mRNA in the 
dentate gyrus were significantly increased. Maximal up-regulation (~ 3-fold) was 
observed at 6 hours after acute ECS, and GFRa-1 mRNA returned to basal levels 
24 hours after treatment. Chronic (once daily for 10 days) ECS significantly 
augmented the induction of GFRa-1 mRNA nearly 5-fold relative to sham 
treatment. Acute ECS augmented the induction of GFRa-2 mRNA, and this 
effect was also augmented by chronic ECS treatment. The mRNA levels of GDNF 
and RET in dentate gyrus and other hippocampal regions were not significantly 
changed following either acute or chronic ECS treatment at the time points 
examined. Chronic (14 days) administration of different classes of antidepressant 
drugs, including tranylcypromine, desipramine, or fluoxetine, did not significantly 
influence GDNF, GFRa-1, GFRa-2, or RET mRNA levels in CA1, CA3, and 
dentate gyrus areas of hippocampus. To examine the functional consequences of 
GDNF and its up-regulated receptors, we are studying ECS-induction of granule 
cell sprouting and neurogenesis in GDNF knock out mice. The results of this 
study imply that the binding components of GDNF receptor complex, i.e., GFRa- 
1, GFRa-2, may represent critical sites for neuronal adaptations in response to 
acute and chronic ECS. In addition, the results raise the possibility that GDNF 
receptors play a role in the molecular actions of ECS. (Supported by MH25624, 
MH50384)

608.14

ESSENTIAL ROLE OF NRTN FOR FORMATION AND 
MAINTENANCE OF THE PARASYMPATHETIC NEURONS
H. Enomoto’*, R. Heuckeroth2, J. Golden3, E.M. Johnson3, Jr. and J. 
Milbrandt’. Departments of ’Pathology and Internal medicine, 2Pediatrics 
and 3 Molecular Biology and Pharmacology, Washington University School 
of Medicine, St. Louis, MO 63110
GDNF family ligands, including GDNF, Neurturin (NRTN), Artemin 
(ARTN) and Persephin (PSPN), signal through Ret by use of GFRa 
receptors. In vitro studies have shown that preferred receptor for GDNF, 
NRTN, ARTN and PSPN is GFRal, 2, 3 and 4, respectively. To investigate 
physiological role of NRTN, we generated mice deficient in NRTN (NRTN 
-/- mice) by homologous recombination. NRTN-/- mice were viable and 
fertile, but had defects in the enteric nervous system, including reduced cell 
size and fiber density of the myenteric neurons. Significant neuronal losses 
were detected in the ciliary and submandibular ganglia, in the adult and 
neonate NRTN-/- mice, respectively. Innervation to the lacrimal gland was 
dramatically reduced in the adult NRTN-/- mice, causing pseudoptosis of 
these mice by two months of age. In the otic ganglion, loss in neuronal 
number was not detected in neonate NRTN-/- mice despite of high 
expression of GFRa2 in majority of neurons in this structure. However, the 
size of individual otic neurons was significantly reduced in NRTN-/- mice 
as compared to that of normal complement. Collectively these observations 
indicate that NRTN is required for development and maintenance of the 
parasympathetic neurons.
(This work was supported by NIH KO8 HD01166-01)

Society  for  Neuroscience , Volume  25, 1999



TUESDAY PM NEUROTROPHIC FACTORS: RECEPTORS AND CELLULAR MECHANISMS V 531

608.15
IDENTIFICATION OF RECEPTOR AND ANTAGONIST
ANTIBODY EPITOPES ON HUMAN NEURTURIN BY ALANINE 
SCANNING MUTAGENESIS.

ST_Bar3,C..Iurtg3z.,F.. EvangelLsta’z B- Moffat4afid-CEigenbrotL
’Departments of Antibody Technologies, 2Molecular Biology,
3Research Immunochemistry and Bioassay, 4Protein Chemistry and 
5Protein Engineering, Genentech, Inc.; South San Francisco, CA 
94080

Neurturin, a structural and functional relative of glial cell line 
derived neurotrophic factor (GDNF), was originally identified 
based on its ability to support the survival of sympathetic neurons 
in culture. Similar to GDNF, Neurturin has been shown to bind to a 
high affinity GPI-linked receptor (GFRoc2) and induce 
phosphorylation of the tyrosine kinase receptor Ret, resulting in 
the activation of the MAP kinase signalling pathway.

A panel of six murine monoclonal antibodies (MAbs) specific to 
Neurturin have been developed and characterized, four of which have 
demonstrated potent antagonist activity in various in intro assays. 
Using a model of Neurturin derived from the GDNF crystal structure, 
twenty residues of Neurturin were chosen for mutation to alanine based 
on the criteria of charge and solvent exposure. These Neurturin mutants 
have allowed the identification of specific epitopes on human 
Neurturin involved in the binding of both antagonist MAbs and the 
high affinity Neurturin receptor, GFRa2.

(Genentech, Inc.)

OTHER NEUROTROPHIC FACTORS: INJURY RESPONSES AND REGENERATION

609.1
OXIDIZED GALECTIN-1 AS AN AXONAL REGENERATION-PROMOTING 
FACTOR (I): PURIFICATION AND IDENTIFICATION. T.Kadoya’. Y.lnagaki1, 
Y.Schma1. R. Nozawa1, K.Okawa2 and H.Horie3* ’Pharmaceutical. Res. Lab., 
2Central Lab. for Key Technology, Kirin Brewery Co. Ltd., Takasaki 370-1295; 
3Depts. Of Physiol., Sch. Of Med., Yokohama City Univ., Yokohama 236-0004.

The regulating factors of axonal regeneration are not well understood and we 
hypothesize that their identification will help to develop effective strategies for 
nerve repair. We introduced an in vitro model for axonal regeneration, which 
consists of a dorsal root ganglion (DRG) explant with the associated nerve fiber 
bundles. COS 1 cells, a cell line derived from kidney of monkey, were 
cultured in a serum free IMDM cultured media containing BSA, insulin, 
transferrin, monoethanolamine, sodium serenite. After three days culture, the 
cultured supernatant was collected and dialyzed against F12 based serum free 
medium. When this COS1 cultured supernatant was applied to cultured adult rat 
DRG with associated nerve fiber bundles, it enhanced axonal regeneration from 
transected-nerve terminals of the DRG explant. This COSl-secreted activity was 
purified by a combination of ultrafiltration, ion-exchange chromatography, gel 
filtration and reversed phase chromatography. This activity could be eluted from 
a SDS-PAGE gel slice corresponding to a relative molecular mass of 14,000- 
protein band. After electrophoretic separation, proteins were electroblotted onto a 
PVDF membrane. About 200 ng of the proteins was obtained on the membrane 
from 294L of COS1 cultured supernatant. The analysis of an internal partial 
amino acid sequence of the active protein indicated that it was identical with 
galectin-1. Recombinant human galectin-1 (rhGAL-1) was prepared for evaluation 
of the activity, and this rhGAL-1 showed the strong axonal regeneration- 
promoting activity.

609.2
OXIDIZED GALECTIN-1 AS AN AXONAL REGENERATION-PROMOTING 
FACTOR (II): STRUCTURE AND ACTIVITY RELATIONSHIP. YJnagaki1, 
Y.Sohma’, RNozawa1, H.Horie2 and T.Kadoya1*. ’Pharmaceutical. Res. Lab., 
Kirin Brewery Co. Ltd., Takasaki 370-1295; 2Depts. Of Physiol., Sch. Of Med., 
Yokohama City Univ., Yokohama 236-0004.

Our study reveals that a COS1 cell-secreted factor, which promotes axonal 
regeneration from transected-nerve terminals of the dorsal root ganglion (DRG) 
explant, was identical with galectin-1. Galectin-1 is a member of a family of C- 
galactoside-binding lectins distributed in the animal kingdom and shows the lectin 
activity in reduced state. The relation between the structure and axonal 
regeneration-promoting activity of galectin-1 is investigated in the present study. 
Recombinant human galectin-1 secreted into the culture supernatant of transfected 
COS1 cells (rhGAL-1/COSl) was purified under nonreducing conditions and 
subjected to structural analysis. Mass spectrometric analysis of peptide fragments 
of rhGAL-1/COSl revealed that the secreted protein exists as an oxidized form 
containing three intramolecular disulfide bonds (Cys2-Cys’3°, Cys’6-Cys88, and 
Cys42-Cys60). Recombinant human galectin-1 (rhGAL-1) and a galectin-1 mutant 
in which all six cysteine residues were replaced by serine (CSGAL-1) were 
expressed in and purified from Escherichia coli for further analysis; the purified 
rhGAL-1 was subjected to oxidation in the presence of CuSO4, which induced the 
same pattern of disulfide linkages as that observed in rhGAL-l/COSl. Oxidized 
rhGAL-1 enhanced axonal regeneration from the transected nerve terminals of 
DRG explants in a dose-dependent manner (0.5 to 500 pg/ml), but it lacked lectin 
activity. In contrast, CSGAL-1 induced hemagglutination of rabbit erythrocytes 
but lacked axonal regeneration-promoting activity. These results indicate that 
galectin-1 promotes axonal regeneration only in the oxidized form containing 
three intramolecular disulfide bonds, not in the reduced form that exhibits lectin 
activity.

609.3

OXIDIZED GALECTIN-1 AS AN AXONAL REGENERATION-
PROMOTING FACTOR (BI)- PROMOTION OF AXONAL REGENERATION 
IN VIVO-
H, Hone’. Y. Inagaki2. Y. Sohma2. R. Nozawa2. M. Hasegawa3- N. Muramatsu3. H.
KawanoLM, Hone4. HLKoyama5*. I, Sakai1. K.Takeshita1. Y, Kowada’. M-.
Takauo6, T. Kadoya2 Depts of’Physiol and 6Ophthalmol, Yokohama City 
Univ.r Sch of Med and 5CaIIege of Nursing, Yokohama City Univ., Yokohama 
236-0004,2Pharmaceut. Res. Lab., Kirin Brewery Co.Ltd., Takasaki 370-1295, 
3Dept of Neurosurg. Kanazawa Univ., Sch of Med., Kanazawa, 920-0934,4Anat. 
Develop, Tokyo Metropolitan Neurosci. Inst., Tokyo, 183-8526,.

Oxidized galectin-1 (GAL-1/Ox) is necessary for axonal regeneration in the 
DRG explant. Based on this in vitro result we demonstrated whether similar 
effects of GAL-l/Qx are observed in nerve regeneration experiments in vivo. 
Here we used two kinds of acellular, neural regeneration models, first a nerve 
crush combined with freezing to the distal stump, and second, a nerve-transection 
and suture of the proximal stump into a dead-ended silicon tube. At 14 days after 
the operation, coronal sections at a distance of 6 mm distal to the crush site were 
analyzed in the electron microscope (EM). The number of the reactive Schwann 
cell s was significantly higher of GAL-l/Ox group than that of the control group 
and most of them engulfed regenerating axons in the GAL-l/Ox treatment group. 
Further analysis of the effect of GAL-I/Ox on neural regeneration used the in 
vivo nerve-transection plus tubulization model. At 10 days after operation, 
double immurrostaining of both longitudinal and cross sections of frozen 
regenerated tissues taken from the silicone tubes was done with anti- 
neurofilament and anti-SUOO antibody. Number and migrating rate of Schwann 
cells together with regenerating axons were increased by the application of GAL- 
l/Ox and strongly reduced by that of anti-galectin-1 antibody. These experiments 
suggest that oxidized galectin-1 may regulate initial repair after axotomy.

609.4

Response of cholinergic and parvalbumin (parv)-immuno- 
reactive GABAergic septal neurons to axotomy in CNTF-defi- 
cient mice.

T. Naumann*, O. Schnell, Q. Zhi, M. Kirsch, O. Schubert, E
Hollerbach, M. Sendtner0, and H.-D. Hofmann. Dept. Anatomy, Univ. 
Freiburg, Albertstr. 17, D-79104 Freiburg, Germany, °Dept. Neurol., 
Univ. Wurzburg, Josef-Schneider-Str. 11, D-97080 Wurzburg, 
Germany.

Exogenously applied CNTF has been shown to prevent 
degeneration of rat medial septal (MS) neurons following fimbria- 
fomix transection (ff-t). In addition, CNTF receptor a expression was 
found to be induced in axotomized MS neurons. To investigate the 
potential neuroprotective role of CNTF in the MS, we have studied the 
regulation of the CNTF receptor components and degenerative 
responses in axotomized MS neurons of CNTF- and CNTF/LIF- 
deficient mice.

As in rats, expression of mRNAs for all three receptor compo-
nents was markedly upregulated in MS neurons following ff-t, both in 
wildtype and CNTF7' mice. Degeneration of parv-immunoreactive 
neurons seemed to be accelerated in CNTF7' animals. Unexpectedly, 
the number of cholinergic MS neurons was significantly higher in 
CNTF7' than in wildtype mice at 1 and 2 weeks postlesion. In animals 
lacking both CNTF and UF, however, axotomy-induced loss of 
cholinergic neurons was enhanced when compared to wildtype. 
These observations indicate that the cytokines CNTF and UF exert 
different protective effects on cholinergic and GABAergic septal 
neurons following axotomy. (Supported by the DFG: SFB 505 / A1)
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609.5
INTRAVENTRICULAR OP-1 PROMOTES SURVIVAL OF DOPAMINE 
NEURONS FOLLOWING STRIATAL 6-HYDROXYDOPAMINE IN F344 RATS 
John L. Hudson1, Daniel David2, ’ Christina L Zuch1, Livia Ujhelyi1, Paul L. Kaplan3,
and Paula C. Bickford1’2*. 1Depts Pharmacology and Neurosurgery, Univ. of
Colorado Health Sci. Ctr. and 2Dept. of Veterans Affairs Med. Ctr., Denver, CO and 
creative Biomoleeules,. Boston, MA
OP-1, also known as bone morphogenetic protein (BMP)-7, is a member of the 

BMP/OP subfamily of the transforming growth factor (TGF)-p superfamily. OP-1 and 
closely related BMP’s promote dendritic outgrowth in a number of neuronal types. 
BMP’s are unique in this activity in the TGFp superfamily and other neurotrophin 
families. There is increasing evidence that dendritic projections of dopaminergic neurons 
into the pars reticulata are important for motoric behavior. Thus, OP-1, as a promotor of 
dendritic growth, may have utility in maintaining these important nigral interconnections. 
The principal receptor for cellular binding of OP1, BMPR-II, is found on dopaminergic 
neurons in the substantia nigra of adult rats suggesting that OP-1 is likely to have specific 
effects on dopaminergic neurons. Thus, we examined the effects of OP-1 in an animal 
model of Parkinson’s disease. Rats were injected with 6-hydroxydopamine (20gg in 4 
pi) into the striatum and one week later with 100 pg OP-1 or vehicle into the ipsilateral 
lateral ventricle. Three weeks later rats were euthanized and analyzed for dopamine levels 
via HPLC-EC or examined for tyrosine hydroxylase (TH)-immunohistochemistry. There 
was a significant increase in dopamine (DA) levels in the substantia nigra in OP-1 treated 
rats on the side contralateral to the lesion with a corresponding increase in the density of 
TH analyzed via image analysis In addition, there was a trend towards a significant 
increase in DA and TH density in the ipsilateral substantia nigra. This demonstrates that 
OP-1 has effects on dopaminergic neurons in vivo. This work was supported by the 
VAMRS, NS 37970 and Creative Biomolecules.

609.6
ZINC PREVENTS AVIAN EMBRYONIC LUMBAR SPINAL 
MOTONEURONS FROM UNDERGOING AXOTOMY-INDUCED BUT 
NOT NATURALLY OCCURRING CELL DEATH BY A CASPASE-3 
INDEPENDENT MECHANISM T.W. Gould.111 D. Prevette.1 C 
Milligan.1 R.W. Oppenheim1 department of Neurobiology and 
Anatomy, Wake Forest Univ. Medical School, Winston-Salem, NC 27157

Previous studies using various neuronal models of cell 
death have demonstrated that zinc can act either as a trophic or a toxic 
molecule. We sought to determine the role of zinc in our in vivo models of 
programmed and injury-induced cell death. We found that the 
administration of 1-10 mM zinc chloride failed to prevent avian embryonic 
lumbar spinal motoneurons (MN) from undergoing programmed cell death 
(PCD). Higher concentrations of zinc were toxic to embryos. However, 
delivery of 50 mM zinc chloride to embryos which had received a 
hindlimb axotomy at E12 resulted in significantly more lumbar MNs at 
E16. Because the caspase inhibitor BAF also inhibited axotomy-induced 
MN death, we assayed for caspase-3 activity in control axotomized 
embryos and found that it was three times higher in the ipsilateral than 
contralateral lumbar spinal cord. Treatment with BAF, but not zinc, 
inhibited this increase in caspase-3 activation. We are currently 
investigating the pattern of activated caspase-3 immunoreactivity and 
the activity of various endonucleases in the lumbar spinal cord of 
axotomized embryos receiving zinc.
Supported by NIH Grant NS20402

609.7

INTRASPINAL IMPLANTS OF FIBRIN GLUE CONTAINING GDNF 
MEDIATE DORSAL ROOT REGENERATION INTO SPINAL CORD.
M. Iwakawa1. Y. Itoh1. N. Kuwahara1. K. Iwava1. T. Ohta1. K. Mizoi1. M.
Kawatani2*. Depts. of Neurosurgery1 and Physiology2, Akita Univ. Sch. of 
Med., Akita 010-8543, Japan.

We have reported that NT-3, BDNF, and CNTF enhanced dorsal root 
regeneration into host spinal cord. It is unknown whether glial cell line- 
derived neurotrophic factor (GDNF) mediates dorsal root regeneration into host 
spinal cord and supports synapse formation there. Rats received intraspinal 
implants of fibrin glue (FG) (Tisseel®, Nippon Zoki Pharmaceutical, Japan) 
containing GDNF into left dorsal quadrant cavities aspirated in the lumbar 
enlargement where the transected L5 dorsal root stump was secured between 
FG and spinal cord. Three months later the inserted dorsal root was cut distal 
to the entry site and labeled with 40% aqueous HRP. Regenerated dorsal root 
axons were also labeled with immunohistochemistry for CGRP and analyzed 
quantitatively. HRP-labeled myelinated and unmyelinated axons elongated 
into host spinal cord, and some of them formed synaptic contacts upon 
dendritic profiles of host spinal cord neurons. CGRP-immunoreactive axons 
also regenerated into spinal cord, but only a few axons labeled for CGRP 
regenerated into the spinal cord of animals with FG lacking GDNF. The 
results of quantitative studies confirmed these observations. Our results 
indicate that GDNF enhances injured dorsal root regeneration into host spinal 
cord and supports synapse formation with host neurons. This procedure of 
delivering GDNF may therefore provide a strategy for restoring injured spinal 
reflex arcs.

Supported by Grant-in-Aid No. 10671280 for Scientific Research from the 
Ministry of Education, Sports, Science and Culture, Japan.

609.8
GROWTH FACTOR ADMINISTRATION ENHANCES OLFACTORY 
RECEPTOR NEURON REINNERVATION FOLLOWING CHEMICAL 
LESION. C.D, Herzog*, H, Hovsepian & T. Otto. Program in 
Biopsychology and Behavioral Neuroscience, Dept. of Psychology, 
Rutgers University, New Brunswick, NJ 08903

Although it has been known for over 50 years that olfactory receptor 
neuron (ORN) neurogenesis and subsequent reinnervation of olfactory 
bulb (OB) occurs following ORN injury, the precise intrinsic and 
extrinsic factors that regulate this dynamic process have not yet been 
fully identified. Given the evidence that EGF, bFGF and TGFa can alter 
cellular dynamics of ORN in vitro, we assessed the dose related effects 
of these growth factors in vivo during axonal reinnervation of OB 
following chemical lesions of olfactory epithelium. Adult male Sprague- 
Dawley rats received intranasal infusions of ZnSO4 on day 0, followed 
by subcutaneous injections of either EGF, bFGF (5,10, or 50 /zg/kg), or 
TGFa (5 or 10pg/kg) on days 3-6. Intranasal infusions of horseradish 
peroxidase (HRP) were given on day 10 and rats were sacrificed 24 hrs 
later. HRP histochemistry of OB revealed a dose related enhancement 
in total HRP area in nerve layer and glomeruli for EGF and TGFa 
treated subjects compared to ZnSO4 -vehicle treated controls, with the 
greatest enhancement produced by TGFa. The highest dose of bFGF 
was found to produce comparable effects to the highest dose of EGF. 
These data provide evidence that these growth factors may regulate 
ORN mitogenesis in vivo in a way similar to that which has been 
characterized in vitro. We are currently examining the potential 
functional consequences of this enhanced reinnervation using an odor- 
guided behavioral paradigm that is sensitive to this chemical lesion. 
(This research was supported by a Johnson & Johnson Discovery Award).

609.9

SYSTEMICALLY ADMINISTERED INTERLEUKIN-10 (IL-10) REDUCES 
TISSUE LOSS AND SIGNIFICANTLY IMPROVES FUNCTIONAL 
RECOVERY FOLLOWING TRAUMATIC SPINAL CORD INJURY IN RATS. 
Marcia C. Acosta Kim Loor *, Alexander E, Marcillo1, W. Dalton Dietrich 12 and
John R. Bethea*‘,2. ’The Miami Project to Cure Paralysis, University of Miami School 
of Medicine, Miami, FL, 33136; department of Neurological Surgery, University of 
Miami School of Medicine, Miami, FL 33136.

In these studies we examined the neuroprotective effects of the potent anti-
inflammatory cytokine, interleukin-10 (IL-10) following spinal cord injury (SCI). 
Neuroprotection was assessed using behavioral and morphological endpoints. The 
NYU device was used to induce moderate SCI and study the resulting behavioral and 
histopathological effects two months after SCI. We investigated if IL-10 (5.0 pg) 
would improve functional recovery after SCI. Randomized, double-blinded studies 
demonstrated that a single injection of IL-10 significantly improved hindlimb motor 
function two months after injury, as determined by the BBB open field behavioral test. 
IL-10 treated animals had a mean BBB score of score of 18.0 +/- 0.5 (S.E.M, N = 9) 
compared to a score of 12.9 +/- 0.6 (S.E.M, N = 9) for the saline controls. 
Morphological analysis demonstrated that IL-10 reduces lesion volume by 
approximately 49%, two months after injury. Animals receiving IL-10 exhibited 
significant sparing of white matter tissue and abundant RT-97 positive fibers within 
the lesion epicenter, while control animals did not. These data suggest that acute 
administration of IL-10 is neuroprotective and promotes functional recovery following 
SCI.
Acknowledgments
IL-10 was generously provided by Dr. Narula and Schering Plough Pharmaceuticals. 
This work was supported by grants from the Paralyzed Veterans of America 1890- 
01(JRB), American Paralysis Association BA 1-9802-2 (JRB) and NINDS R01 
NS37130 (JRB).

609.10

Insulin-like growth factor-I protects axotomized rat retinal ganglion 
cells from secondary death via PI3K-dependent Akt-phosphoryl- 
ation and inhibition of caspase-3 in vivo
Pawel Kermer*. Nikolai Klocker. Monika Labes and Mathias Bahr 
Dept. of Neurology, University of Tubingen, D-72076 Tubingen, FRG

The majority of retinal ganglion cells (RGCs) dies after transection of 
the optic nerve (ON) in the adult rat. In the present study we investigated, 
whether insulin-like growth factor-I (IGF-I), an important factor in retinal 
development, p revolts secondary death of RGCs after axotomy. Intraocular 
application of IGF-I protects RGCs from death after ON transection in a dose- 
dependent manner. Moreover, we show reduced caspase-3 activity as one 
neuroprotective mechanism of IGF-I in vivo. Since caspase inhibition can be 
mediated by Akt in vitro we examined phosphorylation of Akt after axotomy 
and under IGF-treatment. Western blot analysis revealed decreased Akt- 
phosphorylation after axotomy without treatment and an increased 
phosphorylation of Akt under treatment with IGF-I. This strong increase could 
be reduced by simultaneous injection of wortmannin (WM), a potent inhibitor 
of phosphatidylinositol 3-kinase (PI3-K). To prove the pathway suggested by 
the above experiments as relevant for the in vivo situation, we assessed the 
number of RGCs 14 days after ON transection under a combined treatment 
strategy of IGF-I and WM. As expected, WM significantly reduced the 
neuroprotective effects of IGF-I. In summary, we show for the first time in 
vivo, that IGF is neuroprotective via PI3K-dependent Akt-phosphorylation and 
caspase-3 inhibition.
(supported by BMBF [Neurotraumatology, M.B.] and SFB 430).
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609.11

IGF-1 TREATMENT OF RAT PUDENDAL MOTOR UNITS 
FOLLOWING CRUSH INJURY. J.M. Kerns,1* L. Brubaker,2 J.T. Benson,2 
S. Shott,2 A.E. Fleischer1 and M.E. Coleman2. ‘Dept. of Anatomy, Section of 

Urogynecology, Rush Medical College, Chicago, IL 60612 and 3Valentis, Inc., The 
Woodlands, TX 77381.

Crushed nerves and their respective motor units may undergo changes related 
to enhanced recovery when exposed to insulin-like growth factor-1 (IGF-1). We used 
denervation of the external anal sphincter (EAS) in the female rat to model 
incontinence. The pudendal nerve (PN) was crushed bilaterally in anesthetized rats 
(nulliparous, 225gm). In the treatment group (T, n=10), the EAS was injected at 0 and 
28 dpo with 25pl of rhIGF-1 plasmid (75pg DNA dose). In the control group (C, 
n= 10), the injected plasmid lacked the cDNA insert, while a normal group (N, n=4) 
received a sham operation and no treatment. Both the rhIGF-1 and control plasmids 
were formulated in 5% polyvinylpyrrolidone, 150 mM NaCl. EMG studies were done 
at 0, 14, 28 and 56 dpo under light Ketamine anesthesia. Prior to sacrifice at 56 dpo 
WGA-HRP (25pl of 10%) was injected into the EAS and the rats were perfusion 
fixed for motoneuron counts and PN ultrastructure. We interpreted the absence of 
fibrillation potentials (FPs) at 14 dpo as evidence of an incomplete lesion (2 of 8 in 
each group). EMG data indicated reinnervation without FPs at 56 dpo in the T-group 
(2 of 6) compared to the C-group (0 of 6). The mean number of HRP+ motoneurons 
was decreased by 50% following PN crush in both the T-group (26.5 ±3.4) and C 
group (25.8 ±15.0) compared to the N-group (51.7 ±12.0), while the distal 
regenerated PN from the T-group showed a superior ultrastructure. We conclude that 
in this model IGF-1 gene therapy may improve the distal recovery of structure and 
function in some animals. Altering the lesion and treatment variables may warrant 
further study to better understand the pathogenesis of incontinence.
Supported by Valentis Inc, the Center for Pelvic Floor Research, and the 
Urogynecology Research Foundation.

609.12
EFFECT OF VASCULAR ENDOTHELIAL GROWTH FACTOR ON 

TRANSECTED CORTICOSPINAL TRACT AXONS
F. Facchiano MD.1, R. Pallini M.D.2, A Antonini1, L. Lauretti M.D.2, M
Miscusi2, A Sbriccoli2, M. C. Capogrossi M.D.1 andE. Fernandez MD.2*
’Laboratorio di Patologia Vascolare, IDI, IRCCS, Rome , Italy, 2Dept. of
Neurosurgery, Catholic University, Rome, Italy
Spinal cord (SC) injuries lead to severe neurologic sequelae still requiring the 
development of effective therapies. After SC transection in adult rats, 
corticospinal tract (CST) axons do not grow distally to the lesion but undergo 
retrograde degeneration. Deficiency of growth factors and a secondary ischemic 
damage are some of the causes that have been postulated for the inability of 
CST axons to regenerate. In adult Wistar rats (200 gr), the dorsal funiculus of the 
SC was transected at the T8 level and vascular endothelial growth factor 
(VEGF), a potent angiogenic factor, was locally applied. In Group I rats (n=6), a 
reconstituted membrane basement matrix (MBM) impregnated with recombinant 
VEGF]65 and a replication defective adenovirus coding for VEGF165 
(AdCMV.VEGFi65) was injected between the SC stumps. Group II rats (n=6), 
which served as controls, were treated with MBM and an adenovirus coding for 
the (l-galactosidase (AdCMV.pgal). Twenty-eight days after surgery, the sensory 
motor cortex was injected with anterogradely transported HRP and the SC was 
processed with tetramethyl-benzidine. In Group I rats, a few labeled CST axons 
(2-3 axons/section) were seen in the SC region distally to the lesion, suggesting 
that some regeneration had occurred in the injured area. The path of regenerating 
axons suggests that collateral sprouts arose by the proximal axon stump and 
traveled both in the ventral and dorsal funiculus surrounding the injured area. 
The simultaneous application of a recombinant VEGF and a replication defective 
adenovirus coding for VEGF seems to exert a positive effect on CST axon 
regeneration. The financial support of Telethon-Italy (Grant #1167) is gratefully 
acknowledged.

609.13

NEURITE OUTGROWTH-/REGENERATION-PROMOTING 
PROSTGAGLANDINS. T. Satoh**, K. Furuta2, K, Tomokivo2. M. 
Suzuki2 and Y, Watanabe1. ‘Department of Neuroscience, Osaka 
Bioscience Institute, 6-2-4 Furuedai, Suita-shi, Osaka 565-0874; 
department of Biomolecular Science, Faculty of Engineering, Gifu 
University, Gifu 501-1139, Japan.

The cyclopentenone prostaglandins (PG's) arrest the cell cycle at the 
Gi phase in vitro and suppress tumor growth in vivo. However, their 
effects on neurons are not clear. Here, we report that some dienone- 
structured PG's function as neurite outgrowth-/regeneration-promoting 
factors in neurons and that BIP/GRP78 protein may be involved in the 
promotion. We referred these PG's to as Neurite outgrowth- 
/regeneration-Promoting Prostaglandins (NEPP's). In PC12h cells, 
NEPP's promoted neurite outgrowth in the presence of NGF, whereas 
they themselves did not promote it. NEPP10 (73,14, -dihydro- 15-epi- 
zl7-prostaglandin Ai methyl ester) was revealed to be a lead compound 
among NEPP's through optimization of structure-function relationship. 
In addition, NEPP10 promoted neurite outgrowth/regeneration induced 
by NGF in dorsal root ganglia (DRG) neurons, suggesting that these 
biological effects might occur generally in neurons. We found the 
possible involvement of BIP/GRP78 protein in the promotion of neurite 
regeneration by NEPP's as follows. 1) Anti-sense nucleotides for 
BIP/GRP78 gene, but not sense nucleotides, blocked the promotion of 
neurite outgrowth and 2) BIP/GRP78 protein increased in response to 
NEPP's. These results suggest that NEPP's have neurite outgrowth- 
/regeneration-promoting activity in neurons, possibly through the 
expression of BIP/GRP78 protein and that NEPP's provide a new 
therapeutic strategy for the neurodegeneration.

609.14

GROWTH FACTOR REGULATION OF DORSAL, ROOT GANGLION 
NEURON NOCICEPTIVE PROPERTIES. J. Winter*, P. Ogun-Muyiwa,
R. Helliwell, P. McIntyre and R. Bron. Novartis Institute for Medical 
Sciences, 5 Gower Place, London WCIE 6BN, UK.

The role of nerve growth factor (NGF) in inflammatory pain has been 
well documented. When injected into animals or humans, NGF induces 
hyperalgesia. Moreover anti-NGF antibodies attenuate inflammatory 
hyperalgesia in animal models. When cultured in the presence of NGF, 
dorsal root ganglion (DRG) neurons from adult rats alter their phenotype: 
they maintain capsaicin-sensitivity and this correlates with the expression 
of the recently cloned capsaicin-sensitive cation channel, VR1. 
Furthermore DRG neurons grown with NGF, express a number of other 
molecules known to be involved in the transmission of nociceptive 
information, such as substance P, calcitonin gene related peptide (CGRP) 
and TTX insensitive sodium channels.

We have found that glial cell derived neurotrophic factor (GDNF) can 
also regulate several nociceptive properties of cultured DRG neurons. 
GDNF acts via the c-ret and GFR alpha receptors which are expressed 
mainly on a TrkA-negative subpopulation of DRG’s, identified by 
binding-sites for the lectin IB4. Thus, using various techniques 
(immunofluorescence, western blotting, in situ hybridisation, cobalt 
uptake) we demonstrate upregulation of VR1, SP and CGRP in cultured 
DRG neurons by both NGF and GDNF. We are currently investigating 
which subtypes of DRG neuron express these nociceptive properties.

609.15

GPI 30 RECEPTOR ACTIVATION INDUCES MECHANICAL 
HYPERSENSITIVITY BUT NOT THERMAL HYPERALGESIA IN THE ADULT 
RAT S.W.N.Thompson* and W.B.J. Cafferty. Neuroscience Research Centre. 
King’s College London. London SE1 7EH

Leukemia inhibitory factor, a member of the gp 130 cytokine family, is associated 
with injury to the peripheral and central nervous systems. LIF is partly responsible 
for the injury-induced upregulation of galanin within sensory neurons and may act as 
a signal for postganglionic sympathetic fibre sprouting into the DRG. Other 
members of this cytokine family include Oncostatin-M (OSM) and Cardiotrophin-1 
(CT-1). To date there is little evidence that either of these factors interact with the 
somatosensory nervous system. We have determined the effect of chronic intrathecal 
delivery of OSM, CT-1 and HF upon behavioural nociceptive thresholds in intact 
adult rats. Chronic intrathecal delivery of rhLIF (3.6pg/day, 14 days) resulted in a 
significant drop in the von Frey threshold for hindpaw withdrawal. An effect was 
observed two days following intrathecal administration and persisted for the duration 
of delivery. No consistent change was observed in the latency for hindpaw 
withdrawal from a noxious thermal stimulus. Intrathecal delivery of OSM 
(0.12gg/day, 14 days) also resulted in a significant and persistent drop in von Frey 
threshold. The time course of the effect of CT-1 (4.8pg/day, 14 days) upon 
mechanical thresholds was similar to that of OSM and LIF. The degree of 
hypersensitivity following CT-1 treatment however appeared more profound. 
Similar to LIF, there was no consistent effect of either OSM or CT-1 upon hindpaw 
thermal withdrawal thresholds. These data show that activation of the common 
signal transducing subunit gpl30 results in a selective behavioural hypersensitivity 
and indicate that other members of the gpl30 cytokine family may interact with the 
somatosensory system.
Work supported by the MRC (UK). WBJC supported by a BBSRC CASE award and 
SB

609.16

INTRATHECAL GDNF PREVENTS THE BEHAVIOURAL HYPERALGESIA 
AND ANATOMICAL CHANGES THAT NORMALLY OCCUR AFTER 
PARTIAL LIGATION OF THE RAT SCIATIC NERVE.

Research Group, KCL,London, SE1 7EH, UK.
Glial cell-line derived neurotrophic factor (GDNF) is trophic for about 50% of 
spinal C-fibres, predominantly those which are non-peptidergic and bind the lectin 
IB4. GDNF prevents several axotomy-induced changes in sensory neurons, 
including down-regulation of IB4 binding, and the A-fibre sprouting into lamina II 
of the dorsal horn. The latter has been implicated in the generation of some aspects 
of neuropathic pain. We show here that these anatomical changes also occur after 
partial nerve injury, and are prevented by GDNF. We ask what effect GDNF might 
have on the behavioural changes that follow from this injury. Adult rats underwent 
partial ligation of the sciatic nerve (Seltzer, 1990), combined with intrathecal 
delivery of either rhGDNF (12pg/day, gift from Genentech) or vehicle. Pre- and 
post-operative mechanical thresholds were ascertained using von Frey hairs (1 -20g), 
while thermal thresholds were quantified using the method of Hargreaves (1988). At 
the end of the testing period the injured nerve was labelled with CTB, and the 
lumbar spinal cord processed for CTB immunoreactivity and IB4 binding.Vehicle- 
treated nerve-injured animals showed a significant decrease in IB4 binding, and a 
concomitant increase in CTB labelling, in lamina II of the ipsilateral dorsal horn 
(p<0.01, one-way ANOVA). These animals also reliably developed profound 
mechanical and thermal hypersensitivity that persisted over the two week testing 
period (p<0.05, Friedman ANOVA). Histochemical changes were prevented in 
GDNF-treated nerve-injured animals (p<0.01, one-way ANOVA), and their post-
operative mechanical and thermal thresholds did not significantly differ from their 
pre-operative baselines (p>0.05, Friedman ANOVA). These data imply that GDNF 
may be of use in the treatment of painful neuropathies.
Acknowledgements: Supported by the MRC.
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609.17
Myelinotrophic effect of retro-in verso Prosaptide™ D5 in 
developing rats.
Masao Hiraiwa, Deborah A.C. Otero. W. Marie Campna* and John S.
O’Brien
Departments of Neurosciences, School of Medicine, University of 
California at San Diego, La Jolla, CA 92093-0634, USA

We recently reported that Prosaptides™, peptides encompassing 
the neurotrophic sequence of prosaposin, prevented cell death and 
increased sulfatide contents in primary Schwann cells and 
oligodendrocytes. Moreover, we found secretion of intact prosaposin to 
endoneurial fluid in response to sciatic nerve transection. These implicate 
that prosaposin is a naturally occurring myelinotrophic protein that acts to 
prevent degeneration and to promote regeneration of nervous systems. 
We synthesized a 11 -mer retro-inverso Prosaptide™ D5 to investigate its 
myelinotrophic effect in developing rats, D5 promoted neurite outgrowth 
in NS20Y cells similar to the parent Prosaptides™. D5 was stable 
toward tissue proteases and crossed the blood-brain barrier to distribute 
to brain in the intact form when given systemically. D5 was injected 
subcutaneously to neonatal rats at 100 ng/g every other day and brains 
were removed after 15 and 28 days of birth to determine levels of myelin 
markers by TLC immunoassay and Western blotting. D5-treated group at 
Day-15 nearly contained 100 % higher sulfatide contents over controls. 
At Day-28, MAG and MBP contents were 50-80 % higher than controls. 
However, D5 did not increase all myelin components, suggesting its 
partial promotion of myelination process in developing rat brain.

*This study was supported by a grant from Myelos Neuroscience
(JSO).

609.18
PROTECTIVE EFFECT OF SEVERAL MEMBERS OF THE TGF-BETA 
SUPERFAMILY AGAINST EXCITOTOXICITY IN RAT STRIATUM. E. 
Gratacds? E. Perez-Navarro? S. Marco,1 J.M. Canals,1 E. Arenas? A. Planas3* and
J. Alberch1. ’Dept Biologia Cel.lular i Anatomia Patoldgica, Facultat de Medicina,
IDIBAPS, Universitat Barcelona, Casanova 143, 08036 Barcelona Spain. 2Dept. 
Medical Biochemistry and Biophysics. Karolinska Institute, Stockholm, Sweden. 
3Dept Farrnacologia i Toxicologia, CID, CSIC, Barcelona, Spain.

Transforming growth factor-Ps (TGF-Ps) constitute a superfamily of 
multifunctional, contextually acting cytokines with prominent roles in 
morphogenesis, cell proliferation and differentiation. TGF-ps and their receptors are 
widely distributed in the nervous system and have been implicated in the regulation 
of the survival of several neuronal types. In the present study we first assessed the 
neuroprotective effect of some members of TGF-P superfamily against 
excitotoxicity in vitro. Glial cell line-derived neurotrophic factor (GDNF), neurturin 
(NTN), bone morphogenetic protein-2 (BMP-2) and TGF-P2 have been tested on 
their ability to protect cultured striatal neurons against N-methyl-aspartate, kainate 
and glutamate toxicity using immunohistochemical and biochemical techniques. The 
protective effect of GDNF- and NTN has also been studied in vivo, in a rat model of 
Huntington’s disease, using fibroblast cell lines engineered to over-express GDNF 
or NTN. We have observed that GDNF and NTN have both overlapping and 
differential effects on striatal neurons against excitotoxicity induced by intrastriatal 
quinolinate injection. Thus, present results provide supplemental data, which may be 
relevant in discussing the role of the TGF-P superfamily in the central nervous 
system.

We thank M.T. Mufloz for technical assistance. This study was supported 
by grants from the CICYT, Maratd TV-3 and BIOMED2. E. G. and S. M. were 
fellow of CIRIT

609.19

SONIC HEDGEHOG PROTECTS HIPPOCAMPAL NEURONS 
AGAINST ISCHEMIC AND EXCITOTOXIC INSULTS IN 
ORGANOTYPIC SLICE CULTURES. N.K. Mahanthappa’*, T. 
Opitz2, J. ReillyL I. Karavanov1, K. Williams4, and P.K. Stanton23.
’Ontogeny, Inc., Cambridge, MA, 02138; Departments of 
2Neuroscience and 3Neurology, Albert Einstein College of Medicine, 
Bronx, NY, 10461; 4Biogen, Inc., Cambridge, MA 02142.
The hedgehog family of embryonic growth factors play important roles 

in early neuronal development. We show here, by in situ hybridzation, 
that genes encoding receptors for Sonic hedgehog (Shh), Ptc-1 and 
Smo, as well as the Shh-inducible transcription factor, Gli-1, are 
expressed in the adult hippocampus. Thus, it seems likely that these 
signalling systems play roles in neuronal function or plasticity in both 
the developing and adult brain. One class of mechanisms active in both 
developing and adult nervous systems are those initiating delayed, 
programmed cell death. We report here that Shh, when applied to 
organotypic slice cultures 30 minutes prior to either an ischemic or 
excitotoxic insult, can protect both hippocampal pyramidal and granule 
neurons from delayed neuronal death. Neuronal death was induced 
either by treating slice cultures for 45 minutes with 95% N2/5% CO2 in 
glucose-free medium, or by treatment with 100 pM AMPA or NMDA, 
and assessment 24 hours later by measuring propidium iodide 
fluorescence. Pretreatment of cultures with Shh significantly reduced 
cell death in fields CA1, CA3 and the dentate gyrus (DG). Shh 
neuroprotection was prevented by a blocking antibody 5E1, consistent 
with mediation by a specific Shh receptor-ligand interaction.
(Supported by Ontogeny, Inc. and Biogen, Inc.)

609.20
SONIC HEDGEHOG IS NEUROPROTECTIVE IN THE ADULT STRIATUM IN 
VIVO. T.M.^ Engber1* S. Wang1, C, Huang1, J. Reilly2, A. Galdes1 and N. 
Mahanthappa2. ‘Biogen Inc., Cambridge, MA 01720; 2Ontogeny Inc., Cambridge, 
MA 02138.

Sonic hedgehog (Shh) is an embryonic induction factor that plays a role in the 
patterning of neurons in the ventral brain and spinal cord. Shh and its putative 
receptor, Patched (Ptc), continue to be expressed in the adult brain, where their role 
is not known. We have found that Ptc is expressed in medium spiny neurons in the 
adult mouse striatum. Injection of exogenous Shh protein into the adult rat striatum 
increases the expression of Gli, a transcription factor that responds to Shh signaling; 
Gli induction peaks 48 hr after Shh injection. When given as a single injection into 
the rat striatum 48 hr before the excitotoxin malonate, Shh causes a dose-dependent 
reduction in lesion volume, as measured by cytochrome oxidase staining. Lipid 
modification of the N terminus of Shh by addition of myristic acid increases in vivo 
potency, as has previously been shown in vitro. Following 48 hr pretreatment, 
myristoylated Shh reduces lesion volume by approximately 40%. When 
pretreatment with myristoylated Shh is increased to 72 or 96 hr, the reduction in 
lesion volume increases to approximately 65%, similar in magnitude to that 
produced by a high dose of the NMDA receptor antagonist MK-801. Myristoylated 
Shh did not have a significant effect on lesion volume when given 7 days, 24 hr or 
immediately prior to intrastriatal malonate. While the physiological role of Shh in 
the adult brain is not known, the Shh signaling pathway can be activated by 
exogenously administered Shh, and activation of this pathway can protect striatal 
neurons in vivo from an excitotoxic lesion.
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610.1

INTERACTIONS BETWEEN LIPOPOLYSACCHARIDE AND LOW- 
FREQUENCY STIMULATION OF SYNAPTIC TRANSMISSION OF THE 
HIPPOCAMPAL AREA CA1-SUBICULUM PROJECTION
SHAKE,MJXMARA1*. SEAN.C.QMMINS’-LUK.E A4, Q’NE.ILk'.QARREN S,D-
MARTIN3... AND MARINA A, LYNCH3 DEPTS OF ’PSYCHOLOGY,
Biochemistry  and  ’physiology , trinity  college , Dublin  2, 
IRELAND
Lipopolysaccharide (LPS), derived from the cell wall of gram-positive bacteria, has 
potent pro-inflammatory effects, inducing macrophages to release the cytokines IL1 and 
TNFa. Its neural effects may derive from the induction of such cytokines. We have 
examined, for the first time, the consequences of LPS administration for synaptic 
transmission in vivo on the hippocampal area CAl-subiculum projection in the 
anesthetised rat. LPS (100 mgs/kg) was administered i.p. to rats four hours prior to 
their anesthetisation with urethane; they were subsequently anesthetised, mounted on a 
stereotaxic frame. Stimulating and recording electrodes were aimed at CA1 and 
subiculum. Control experiments examined the effect of LPS on baseline synaptic 
transmission for both short- (Ihr) and long-term (6hrs) recording periods. Baseline 
synaptic transmission did not differ between LPS- (n=6) and vehicle- (n=6) treated 
animals for the lhr or 6hr recording periods. These data suggest that LPS is without 
effect on baseline synaptic transmission. Subsequently, we examined the interaction 
between low-frequency stimulation (LFS) and LPS administration (n=6). 
Administration of LPS combined with LFS causes an immediate short-term 
depression (<15min) which is followed by a statistically significant but short-lived 
enhancement of synaptic transmission in the CAl-subiculum pathway. Synaptic 
transmission subsequently returns to baseline levels by the end of the recording period. 
In subsequent experiments, we will examine interactions between LPS, stress, and 
high-frequency stimulation-induced long-term potentiation as well as quantifying 
neurochemical changes accompanying synaptic plasticity.
Supported by: European Commission, Wellcome Trust, Health Research Board

610.2

REGULATION OF NGF SECRETION FROM CORTICAL 
ASTROCYTES BY HISTAMINE AND IL-6. M.£arman-Krzan*and 
M.Lipnik-Stangelj. Dept. of Pharmacology, Medical Faculty, 
Korytkova 2,1000 Ljubljana, Slovenia.

In the CNS, the synthesis and secretion of nerve growth factor 
(NGF) from astrocytes is regulated by several cytokines and 
neurotransmitters.
In our previous study, histamine (via histamine Hl receptor) was 
shown to be a potent stimulator of NGF release from cultured 
astrocytes. In the present study we investigated the mechanisms of 
histamine and IL-6 stimulated NGF secretion from astrocytes and 
their possible interactions on this level. As a model system, we used 
primary cultures of cortical astrocytes, prepared from the brain of 
newborn Wistar rats. The results showed that histamine and IL-6 
both are able to stimulate NGF secretion from cultured astrocytes in 
a dose-dependent manner (max. stimulation after 24h incubation: 
histamine (100 nM) 2.3- and IL-6 (30 ng/ml) 1.6 fold over the basal 
secretion from the control cells). Both drugs showed different time 
dependent NGF stimulation. Histamine (100 nM) induced NGF 
release was observed after 8h of incubation whereas IL-6 (30 ng/ml) 
stimulated NGF release occurred after 24 h. IL-6 antibody, which 
inhibits IL-6 effect, did not modify histamine (100 nM) induced 
NGF release. Our results suggest that in histamine and IL-6 
stimulation of NGF secretion from cultured rat cortical astrocytes, 
two independent regulatory mechanisms are involved.
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610.3

PRODUCTION OF INTERLEUKIN-16 BY HUMAN NEURAL 
PROGENITOR CELLS. H. Klassen?* KL. Imfeld? M J. Young? 
M A. Berman1. ’Stem Cell Project, CHOC Research, Children’s 
Hospital of Orange County, Orange, CA 92868; 2Dept. of 
Ophthalmology, Schepens Eye Research Institute, Harvard Univ.
Sch. of Med., Boston, MA 02114.

Neural progenitor cells (NPCs) have recently been isolated from 
the CNS of several mammalian species, including humans (hNPCs). 
These cells retain the capacity to proliferate in vitro in response to 
bFGF and EGF, as well as the ability to differentiate along neuronal 
and glial lineages. The production of cytokines by NPCs could play a 
role in these processes but has not yet been described. We performed 
ELISAs on supernatants conditioned by a proprietary line of hNPCs, 
originally derived from a 17 week fetal whole-brain homogenate 
(Clonetics). Elevated levels of IL-16 were found in conditioned, as 
opposed to unconditioned, media while such was not the case for IL- 
la, IL-4, EL-6, or TGF61. The significance of IL-16 production by 
neural progenitor cells is unclear but seems unlikely to relate to its 
known pro-inflammatory or neuronolytic roles. EL-16 also promotes 
retinal photoreceptor survival in vivo and is considered a growth 
factor for CD34+ hematopoietic stem cells. Whether EL-16 serves as 
an autocrine growth factor for hNPCs remains an intriguing question.

610.4

MOLECULAR CLONING OF THE FULL-LENGTH cDNA CODING SEQUENCE 

OF THE COMMON £ SUBUNIT FOR IL-2 AND IL-15 (flc) FROM MURINE 
FOREBRAIN: EVIDENCE OF ENRICHMENT IN HIPPOCAMPAL NEURONS 
John M. Petitto* and Zhi Hnany Departments of Psychiatry and the Brain 
Institute, University of Florida, Gainesville, FL, 32610.

Interleukin-2 (IL-2) and interleukin-15 (EL-15) have been implicated in 
various neurobiological processes of the CNS. The lymphocyte IL-2RJ3 (pc) is 
a common subunit shared by IL-2 and IL-15 and is essential for intracellular 
signaling upon stimulation with these cytokines. Although a short segment of 
the extracellular domain of pc has been cloned (0.35Kb) from normal brain 
cells, attempts to isolate the remainder of full-length coding sequence have been 
unsuccessful. Here we used anchored PCR cloning strategies to isolate the full 
coding sequence (ca.1.5 Kb) of pc from well-perfused, normal mouse forebrain. 
Sequencing revealed that the gene sequence expressed in the brain was 100% 
homologous to that expressed by peripheral blood lymphocytes. The adjacent 
5’ and 3’ non-coding sequences were also identical to those of peripheral 
lymphocytes. Although evidence of expression of pc was found in various brain 
regions using PCR (e.g., hypothalamus, cortex, striatum, hippocampus), 
unequivocal evidence of gene expression by in situ hybridization was detectable 
only in the hippocampal formation, habenula and piriform cortex. In the 
hippocampus, pc expression was localized to neurons by high resolution in situ 
hybridization. By contrast, the more sensitive signal observed throughout the 
brain using PCR may be attributable to the low level of constitutive expression 
by glial cells. This work was supported by PHS grant RO1 NS34623 (JMP).

610.5

TNF-alpha, IL-1 alpha, and IL-lbeta GENE EXPRESSION IS NOT ALTERED 
IN RESPONSE TO TRIMETHYL TIN (TMT)-INDUCED NEURONAL 
DAMAGE IN THE ADULT RAT HIPPOCAMPUS. A R Little*. J P 
O'Callaghan. CDC-NIOSH, Morgantown, WV.
A central role for cytokines and growth factors as mediators in microgial and 
astroglial reactions to neural injury constitutes a dominant theme in 
contemporary neuroscience, despite a paucity of in vivo data to support an 
involvement of these factors as mediators of glial activation responses. Here we 
used the TMT neuronal damage model to examine the in vivo expression of 
interleukin-10, (IL-10), GRO/CINC-1, TNF-alpha, MCP-1, IL-1 beta, and IFN- 
gamma, using semi-quantitative RT-PCR. Long-Evans rats received TMT (8 
mg/kg, i.p.), a compound known to destroy hippocampal pryamidal neurons. 
Hippocampal RNA was obtained at 1, 2, 3, 5, 7, and 21 days post-dosing. TNF- 
alpha, IL-1 alpha, and IL-lbeta gene expression were not increased at any time 
point measured. Cytokines listed above also were unchanged. The earliest and 
most significant effect of TMT was an increase beginning at day one in the beta 
chemokine MCP-I, which remained elevated at each time point studied. GFAP 
mRNA was elevated by day 3 and peaked at day 5, the point at which GFA 
protein levels were first elevated compared to controls. To confirm these 
findings, samples chosen from the time point showing the largest changes in 
gene expression (day 5) were subjected to analysis with the Atlas Gene Array. 
The results of the Atlas Gene Array confirm our RT-PCR results. The results 
suggest that, in vivo, chemokines/cytokines other than TNF and IL-1 may be 
important for the activation of microglia and astrocytes following toxicant- 
induced injury to the CNS. Additional toxicants need to be examined in order to 
determine the generality of these observations to the CNS injury response.

610.6

CYTOKINE GENE EXPRESSION PROFILES IN AN ANIMAL MODEL 
OF PARKINSON 'S DISEASE
F. Pitossi*§*, C. EarlA§, A. Depino", E. KaczmarczykA, O. Podhajcer", W.
OertelA. "institute for Biochemical Research, CONICET, Univ. of Buenos 
Aires, (1405) Buenos Aires, Argentina. AClinic for Neurology, Univ. of 
Marburg, Marburg. Germany. §Both authors contributed equally to this work

Proinflammatory cytokines such as Interleukin (IL)-l beta, IL-6 and 
Tumor necrosis factor alpha (TNF-a) have been shown to promote 
neurodegeneration or neuroprotection in different animal models. However, 
the role of endogenously produced cytokines in neuronal death or survival has 
not been extensively studied. As an attempt to evaluate whether endogenous 
cytokines could be involved in the ethiology or progression of Parkinson 's 
Disease (PD), the mRNA levels of IL-1 P, IL-6, TNF-a, IL-2, Transforming 
growth factor beta 1 (TGF-P) and neurotrophic factors such as Brain-derived 
neurotrophic factor (BDNF) were measured by semiquantitative competitive 
RT-PCR in different brain regions of 6OH-dopamine treated rats. TGF-P (2- 
folds), IL-lp (>15 folds) and IL-2 (6,5 folds) were induced transiently in the 
ipsilateral striatum 1, 6 and 12 days after 6OH-dopamine injection, 
respectively. BDNF transcripts increased 5 folds 1 day after treatment and 
remained elevated throughout the experiment. IL-6 mRNA levels did not 
change and TNF mRNA could not be detected with the sensitivity of this 
technique (15 molecules/100 cells analysed). Interestingly, many cytokine 
transcripts were increased at different time points in the contralateral region to 
the one injected with 6OH-dopamine or in saline-injected animals. The 
observed pattern of induction of cytokines should contribute to understand the 
functional role of cytokines in the neurodegenerative process in PD.
Supported by the Deutsche Forschungsgemeinschaft (SFB 297).

610.7

CYTOKINE-MEDIATED REGULATION OF MHC1, MHC2 AND B7-2 IN THE 
AXOTOMIZED MOUSE FACIAL MOTOR NUCLEUS
Bohatschek M Gschwendtner A, von Maltzan X, Kloss CUA, Pfeffer K1, Labow M2,
Bluthmann H , Kreutzberq GW, Raivich G Dept Neuromorphology, MPI for 
Neurobiology, 82152 D-Martinsried, Microbiology Inst, TU Munich, Germany, 
2Hoffmann-LaRoche, Basel, Switzerland and Nutley, NJ, USA (SPON: GNS)

Presentation of antigen is key to the development of the immune response, 
mediated by association of antigen to major histocompatibility complex glycoproteins 
(MHC1, MHC2) and expression of immunoaccessory molecules (B7, ICAM-1, aXb2). 
In the current study we examined the regulation of the MHC1, MHC2 and B7-2 in the 
brain after facial axotomy.

The normal facial motor nucleus showed rare MHC2+ perivascular macrophages 
but no immunoreactivity for MHC1 and B7-2. Transection of the facial nerve led to a 
strong and selective upregulation of MHC1 and B7-2 on the microglia in the affected 
nucleus, beginning at day 2 and reaching a maximum 14 days after axotomy. MHC2 
was selective for perivascular macrophages. Expression of MHC1 and B7-2 was 
particularly strong on phagocytotic microglia, induced by delayed neuronal cell death, 
and correlated with the induction of mRNA for TNFD, IL1 □ and IFND. Transgenic 
deletion of IL6 or IL1 receptor type I did not affect the microglial expression of MHC1 
or B7-2. No effect was also observed in scid mice, that lack T- and B-cells. However, 
a combined deletion of TNF receptors 1 and 2 (TNFR1&2-KO) led to a massive 
decrease in the expression of microglial MHC1 and B7-2 and to a striking absence of 
phagocytotic microglial nodules. Deletion of TNFR2 (p75) did not have an effect, 
deletion of TNFR1 (p55) strongly reduced the diffuse microglial staining for MHC1, 
but did not abolish the immunoreactive microglial nodules.

In summary, neural injury leads to the induction of MHC1 and B7-2 on activated, 
phagocytotic microglia. This induction of MHC1 precedes the interaction with the 
immune system, at least in the facial motor nucleus model. Finally, the impaired 
induction of these molecules, up to now, only in the TNFR-deficient mice underlines 
the central role of TNF in the immune activation of the injured nervous system. 
Supported by DFG Ra486/3-1.

610.8

INFLAMMATORY CYTOKINE REGULATION OF NEUROTROPHISM 
FOLLOWING CNS TRAUMA. L. M. Herx1*. S. Rivest2. and V. W. Yong1. 
'Dept. of Clinical Neurosciences, University of Calgary, Calgary, AB, Canada, 
T2N 4N1; 2Dept. of Molecular Endocrinology, Laval University, Quebec, PQ, 
Canada, G1V4G2.

Traumatic injury to the adult central nervous system (CNS) is accompanied by 
the elevation of proinflammatory cytokines and the production of neurotrophic 
factors around the injury site. Identification of the molecular mediators 
regulating the post-injury neurotrophic activity is important for being able to 
establish suitable conditions for CNS recovery. Using a corticectomy model of 
injury in adult mice, the measurement of transcript levels by RT-PCR for 
inflammatory cytokines interleukin (IL)-la, IL-1 P, and tumor necrosis factor 
(TNF)-a, together with ciliary neurotrophic factor (CNTF), has inferred a 
temporal relationship for the upregulation of CNTF by IL-1 p. This relationship 
was confirmed through three lines of evidence. First, the application of IL-1 
receptor antagonist into the lesion site attenuated the upregulation of CNTF by 
IL-1 p. Second, the examination of corticectomized animals genetically deficient 
for IL-ip (-/-) found no CNTF upregulation compared to wildtype controls. 
Third, the lack of CNTF elevation in IL-ip null mice was rescued through 
exogenous application of IL-lp into the lesion site. These findings provide the 
first evidence of the requirement for IL-1 P in the production of CNTF following 
CNS trauma and suggest approaches to establish suitable conditions for CNS 
recovery. (Supported by the Medical Research Council of Canada & the Alberta 
Heritage Foundation for Medical Research)
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610.9
CYTOKINE PROFILES AFTER ACUTE AND CHRONIC SPINAL CORD 
HEMISECTION IN ADULT RATS. M.Nakamura1, R.Houghtling2, L.MacArthur1, 
B.M.Bayer2 and B.S.Bregman1*. 'Dept. of Cell Biology, 2Dept. of Pharmacology, 
Georgetown University Medical School, Washington DC.20007

We have previously demonstrated that delayed transplantation and neurotrophin 
administration enhances axonal regeneration after spinal cord injury (SCI) in adult 
rats. Although it is likely that the molecular environment within the injured spinal 
cord influences the survival of transplants and the nature and extent of axonal 
regrowth, little is known about the local environmental changes after chronic SCI. 
We sought to determine whether a difference exists in cytokine profile between 
acutely and chronically injured spinal cord. Adult Sprague-Dawley rats received a 
midthoracic hemisection. Some rats were sacrificed at 3,6,12,24,48hr, 4,7,14days 
after hemisection (acute group).The others underwent removal of glial scar tissue 2 
weeks after hemisection, and then were sacrificed at 3,6,12,24,48hr, 4days after the 
second surgery (chronic group). In the control group, the rats received only a 
laminectomy. Cytokine profiles in spinal cord were analyzed quantitatively by 
ribonuclease protection assay. In the acute injury group, pro-inflammatory cytokine 
mRNAs such as IL-1p, IL-6 and TNFa increased sharply, and reached their peaks 
between 6 and 12hr after hemisection. Their expressions decreased sharply at 24hr 
and declined to the control level by 4 days. In the chronic injury group, pro- 
inflammatory cytokine mRNAs increased after the second surgery, and reached their 
peaks earlier. The expression of pro-inflammatory cytokine mRNAs, however, was 
significantly attenuated compared to the acute group. These findings suggest over-
production of pro-inflammatory cytokine mRNAs might contribute to the detrimental 
events such as secondary cell loss and glial scar formation after SCI. The attenuation 
of pro-inflammatory cytokines expression in chronically injured spinal cord might 
help to create a more favorable milieu for transplants as compared to acutely injured 
spinal cord. Supported by NIH grants NS27045 to BSB and DA04358 to BMB.

610.10
LYMPHOCYTE INFILTRATION IN THE INJURED BRAIN: ROLE OF THE 
PROINFLAMMATORY CYTOKINES IL1, IL6 AND TNFa. G. Raivich*, M. Galiano, 
A. Gschwendtner, L.L. Jones, C.UA. Kloss, A. Werner, K Pfeffer1, M. Labow2, H
Bluthmann2, G.W. Kreutzberq Dept Neuromorpholoqy, MPI for Neurobioloqy, 82152
Martinsried, Germany, 1TU Munich, 2Hoffmann-LaRoche, Basel, Switzerland, and 
Nutley, USA

Despite the importance of immune surveillance in the normal and injured central 
nervous system., little is known about how it is regulated. In the current study we 
examined changes in lymphocyte infiltration, a key component of the neuroimmune 
surveillance, into the axotomized mouse facial motor nucleus, the expression of 
proinflammatory cytokines and the effects of their deletion on the lymphocyte influx.

Facial axotomy led to a biphasic increase in the number of CD3, CD11a, CD43, 
and CD44-immunoreactive T-cells in the operated axotomized facial nucleus, with a 
first plateau 2-4 days after injury (2-4 DAI), and a second, much stronger increase 
at 14 days. These CD3-positive T-cells frequently formed aggregates, exhibited 
typical cleaved lymphocyte nuclei at the EM-level and were completely absent in 
mice with severe combined immunodeficiency (scid), which suffer from a congenital 
block of T- and B-cell differentiation. Immunohistochemical colocalization with 
thrombospondin, a marker for phagocytotic microglia, revealed aggregation of these 
T-cells around microglia removing neuronal debris, which is particularly frequent 2 
weeks after injury. This was accompanied by a late, strong induction of mRNA for 
proinflammatory cytokines IL1(3, TNFa and IFNy. Transgenic deletion of IL6, IL1 
receptor 1, or the p75 TNF receptor (p75TNFR) all lead to a massive reduction in 
the influx of T-cells. Deletion of p55TNFR had no effect.

In summary, the current study shows a selective infiltration of the CNS by 
activated T-cells, which are mediated by IL1, IL6, TNF and their receptors. The 
striking aggregation of these lymphocytes around neuronal debris and phagocytotic 
microglia suggests an important role for the immune surveillance during neuronal 
cell death in the injured nervous system. Supported by DFG Ra486/3-1, BMBF 
FK01K09703/3 and 9401/3.

610.11

INTERLEUKIN-6 EXPRESSION IN THE RAT HIPPOCAMPUS IN 
RESPONSE TO EXCITOTOXIC INJURY. D.R, Rosell. J.S, Nacher, H.M. 
Chao*, and B.S. McEwen. Laboratory of Neuroendocrinology, The Rockefeller 
University; NY, NY 10021

The ultimate goal of these studies is to determine if interleukin-6 (IL-6) functions 
as a neuroregulatory peptide in the central nervous system (CNS), specifically, as an 
inhibitor of neuronal cell death. Though it is evident that IL-6 exhibits a 
neuroprotective capacity both in vitro and when exogenously delivered in vivo, these 
findings are indicative only of the pharmacologic ability of IL-6 to act in a 
neurotrophic fashion. Secondly, despite it being clear that a variety of injury models 
induce a rise in IL-6 expression in the CNS, the neuroanatomical and cellular basis cf 
this response is unclear. Thus, the notion that a physiologic consequence of IL-6 
expression in the CNS is to enhance neuronal viability remains equivocal. Therefore, 
as means to resolve this quandary, we seek to describe the effect of excitotoxic injury 
on the expression of IL-6 and the IL-6 receptor (IL-6R) in the CNS. Being that the 
hippocampus exhibits a differential vulnerability to excitotoxic injury that is 
subregion dependent, we have chosen it to study mechanisms of neuroprotection. 
Using in situ hybridization histochemistry (ISHH), we have corroborated previous 
findings that mRNA for both IL-6 and its receptor are expressed under normal 
conditions in the rat hippocampus. Specifically, we show that both genes are 
expressed in the CA1, CA2, and CA3 pyramidal cell layers, and in the granule cell 
layer and hilus of the dentate gyrus (DG). Secondly, we demonstrate that the DG, 
which is regarded as being less susceptible to excitotoxicity, expresses greater levels 
of mRNA. for both IL-6 and the IL-6R compared to the pyramidal cell layers. Using 
immunocytochemistry, preliminary results indicate IL-6 immunoreactivity (IR) in 
soma and processes of principal neurons, whereas IL-6R-IR is more discretely 
localized to soma. The next objective is to quantitatively assess, using ISHH and 
radioimmunocytochemistry, the change in IL-6 and IL-6R mRNA and protein levels 
in the hippocampus in response to lithium-pilocarpine induced status epilepticus. 
(Supported by: 1F31N1061)

610.12

CHRONIC INTRAUTERINE HYPOXIA CAUSES FETAL GROWTH 
RETARDATION AND PROFOUND ALTERATIONS IN CYTOKINE AND 
GROWTH FACTOR EXPRESSION. S.K McCune*1’2, O. Rivera1, D. Abebe2, J.M. 
Hill2. D.E. Brenneman2 and T.M. Phillips3. 'Dept. of Neonatology, CNMC, 
Washington, DC, 20010 2Lab. Develop. Neurobiol., NICHD, NIH, Bethesda, MD 
20892 and 3Lab. of Immunology, GWU, Washington, DC 20037 .

Significant morbidity’ and mortality have been documented in infants who are 
small for their gestational age. Intrauterine growth retardation has been associated 
with abnormalities in developmental processes including motor and cognitive 
functions. Recent studies of infants with cerebral palsy suggest that alterations in 
cytokine expression may be associated with the development of motor and cognitive 
dysfunction.

In this study, we exposed pregnant Sprague Dawley rats to hypoxia of 11% air for 
8 hours a day from embryonic day 5 (E5) to embryonic day 20 (E20). On postnatal 
day 0, pup weights were significantly less in the hypoxic pups versus the control 
pups. The pup weights continued to be less in the first week of life and it was not 
until the second week postnatally that the pups exposed to in utero hypoxia started to 
demonstrate some compensatory growth.

Punch biopsies of cortex, hippocampus and striatum in the postnatal day 0 rat brain 
were analyzed with a system of HPIAC columns whereby multiple cytokines, 
chemokines, growth factors and neuropeptides were subsequently measured from the 
same sample. In general, exposure to m utero hypoxia produced a significant 
increase in cytokine expression and a profound inhibition in growth factor 
expression. In the cortex of pups exposed to in utero hypoxia, TNF-a was increased 
33 fold while NGF levels were only 10% of control.

Chronic in utero hypoxia provides an excellent model for intrauterine growth 
retardation. Major alterations in cytokine and growth factor expression may be 
responsible for motor and cognitive developmental abnormalities.
Supported by the NICHD Intramural Program

610.13

CONCENTRATIONS OF INTERLEUKIN-6 AND THE SOLUBLE 
INTERLEUKIN-6 RECEPTOR IN CEREBROSPINAL FLUID 
DIFFERENTIATE BETWEEN PATIENTS WITH GERIATRIC 
DEPRESSION AND ALZHEIMER'S DISEASE
5. Stubner3, T, Schon3, S.J. Teipel3, F. Padberg3, K. Burger3, A. Haslinger3,
A. Miiller3, T. Boetsch3, H U. Rotter3*. H.-J. Moller8 and H. Hampel8
’Department of Psychiatry, Dementia Research Section, Ludwig- 
Maximilian University, Nussbaumstrasse 7, 80336 Munich, Germany

Interleukin-6 (IL-6) is hypothesized to play an important role in 
interactions between the central nervous and the immune system. The 
biological activity of IL-6 is strongly augmented by the soluble IL-6- 
receptor (sIL-6R). We investigated the levels of IL-6, sIL-6R and the 
soluble form of the signal transducing component of the receptor complex 
(sgpl30) in cerebrospinal fluid (CSF) of 30 geriatric patients (mean age
71.30 + 8.76) with clinically diagnosed major depression (MD) and 33 age- 
matched patients with Alzheimer's disease (AD) (mean age 72.35 + 9.87). 
Patients with MD were treated with antidepressant drugs. CSF levels of IL-
6, sIL-6R and sgpl30 were analyzed by enzyme-linked immunosorbent 
assays (ELISA) (R&D Systems, Minneapolis, MS, USA). We found a 
statistically significant decreased concentration of IL-6 (p _ 0.014, Mann- 
Whitney-U-test) and of sIL-6R (p _ 0.034, Mann-Whitney-U-test) in the 
CSF of the patients with MD compared to the AD patients. There was no 
significant alteration, however, in concentrations of sgpl30.
Ref: Stubner S. et al., Neurosci Lett 259 (1999) 145-148
Supported by a grant of the Volkswagen Foundation, Hannover, Germany.

610.14

EXPRESSION OF THE INTERLEUKIN-6 RECEPTOR COMPLEX 
(IL-6 RC) IN HUMAN RAPID-BRAIN AUTOPSY TISSUE
M.Scheloske1*, A.Haslinger1, J.Unger2, P.Fischer3, C.Hulette4, R. Oshita5,
F.Padberg', D.Pongratz3, H.-J, MQller' and H.Hampel1,
'Dept. of Psychiatry, Dementia Research Section, Laboratory of Neurosciences, 
Ludwig-Maximilian University Munich, Nussbaumstr. 7, 80336 Munich, Germany 
2Dept. of Anatomy, Pettenkoferstr. 11, 80336 Munich, Germany, 3Friedrich-Baur- 
Institut, Ziemssenstr.la, 80336 Munich, Germany, 4Kathleen Price Bryan Brain 
Bank, Duke Umvetsity, Durham, NC, USA, 5Tissue Repository, Institute for Brain 
Aging and Dementia, University of California, Irvine, CA, USA

The Interleukin-6 receptor complex (IL-6RC), consisting of IL-6, IL-6R and 
gpl30, serves a variety of important physiological functions, such as 
proinflammatory and neurotrophic actions within the human CNS. IL-6 could be 
detected in activated microglia and astrocytes of senile plaques of patients with 
Alzheimer Disease (AD). The aim of this study was to show the expression and the 
expressing morphological structure of the IL-6RC components in frozen post-
mortem human brain tissue of AD-patients and age-matched controls (C) in 
different brain regions typically affected by neurodegenerative changes. 
Immunohistochemical staining was performed on 10pm cryosections from frontal- 
temporal-, parietal-, occipital-cortex and cerebellum (AD n=4; C n=4) from rapid 
brain autopsies (post mortem delay 1 -8h). We used the PAP method with different 
specific antibodies against IL-6, IL-6R and gpl30. To identify microglia, neurons 
and astrocytes, antibodies against LCACD45, neurofilament and GFAP were 
used. IL-6, IL-6R and gpl30 could be individually stained in astroglia across all 
investigated samples and regions. In addition, gpl30 and IL-6 expression could be 
detected in neurons in all investigated samples and regions.
Supported by a grant of the Volkswagen Foundation.
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610.15
MEASUREMENT OF THE SOLUBLE AND THE MEMBRANE BOUND IL- 
6 RECEPTOR COMPLEX (IL-6 RC) IN HUMAN POST-MORTEM BRAIN 
HOMOGENATES
A. Haslinger1*, C. Zarow2, L. Stein1, M. Bidlingmaier3, S.J. Teipel1, M. Scheloske1, M.
Stein4, F. Padberg1, K. Burger1, S. Freihdfer3, R. Schweiger3, H.-J. Moller1 and H. Hampel1.
’Department of Psychiatry, Dementia Research Section, Laboratory of Neurosciences, 
department of Internal Medicine, Ludwig-Maximilian University Munich, 80336 Munich, 
Germany, 3R&D systems, Wiesbaden, Germany, 4School of Medicine, Dept. of Neurology 
USC/RLAMC, Downey, CA, USA
Objective: The Interleukin-6 receptor complex (IL-6RC) serves a variety of important 
physiological functions, such as proinflammatory and neurotrophic actions within the human 
CNS. IL-6 could be detected in activated microglia and astrocytes of senile plaques of 
patients with Alzheimer Disease. Question: We asked the question whether and to what 
extend the complete functionally soluble and membrane-bound IL-6RC is expressed in 
specific areas of the human brain, known to show early neuropathologic changes. We selected 
hippocampus and area 22 tissue, as these allocortical areas are known to undergo early 
neuropathologic changes due to neurodegeneration and glial activation processes. Methods: 
Homogenized post-mortem brain was centrifugated at 1000 x g and 4°C. Brain homogenates 
were then separated into the supernatant fraction and the membrane fraction and both 
fractions normalized for total protein amount using the Lowry protein assay. The soluble 
receptor complex of supernatants of 47 AD patients was determined using highly sensitive 
ELISAS (R&D systems, Wiesbaden). The correspondent membrane-bound receptor complex 
in the membrane fraction of 44 AD-patients was determined performing an immuno- 
radiometric assay (IRMA). Here a l25I conjugated IgG was coupled to a monospecific anti IL- 
6 R and anti gp 130 IgG. Results: Expression of the SIL-6RC could be detected in 
supernatants of brain homogenates of hippocampus and area 22. IL-6 and IL-6 R expression 
were significantly different in hippocampal and area 22 tissue however, gp 130 showed no 
alteration. Expression of membrane-bound IL-6 RC was measured in corresponding pellets. 
Expression of the membrane-bound IL-6 RC and of gp 130 was not significantly different in 
area 22 and hippocampus of AD-patients.
Supported by a grant of the Volkswagen Foundation.
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611.1

EMBRYONIC STEM (ES) CELLS AND TRANSGENIC MICE UBIQUITOUSLY 
EXPRESSING A TAU TAGGED GREEN FLUORESCENT PROTEIN (GFP).
T. Pratt1. D.J Price1* J Nichols2, L. Sharp1, J, T. Butt1. A G. Smith2. J.O. Mason1. 
'Dept. of Biomedical Sciences, Univ. of Edinburgh, Hugh Robson Building, George 
Square, Edinburgh, EH8 9XD, UK; 2Center for Genome Research, Univ. of 
Edinburgh, King’s Buildings, West Mains Road, Edinburgh EH9 3JQ, UK.

Development of the central nervous system (CNS) involves complex interactions 
between cells which frequently contact each other over long distances. Cell mixing 
experiments in vivo (chimeras, mosaics, and transplants) and in vitro (co-culturing 
combinations of organs, tissues, and dissociated cells) have provided insights into 
how intrinsic and extrinsic factors influence cellular development. These experiments 
require that the cells can be identified and their connections can be mapped after 
mixing. Labelling cells with a tau tagged green fluorescent protein (GFP) satisfies 
these criteria. GFP marks a cell and allows it to be distinguished from unlabeled cells 
in live and fixed preparations by fluorescence microscopy. Tau is a microtubule 
associated protein (MAP) which binds to microtubules. A tau GFP fusion protein 
labels microtubule containing structures such as axons and the mitotic machineiy.

The aim of this study was to produce embryonic stem (ES) cells and transgenic 
mice ubiquitously expressing a tau GFP fusion protein and to characterise their 
experimental potential. ES cells ubiquitously expressing tau GFP fusion protein have 
been used to generate transgenic mouse lines. Widespread transgene expression is 
seen throughout embryogenesis and in the adult. Cell mixing experiments 
demonstrate that tau GFP labelled cells and their processes can easily be 
distinguished from unlabeled cells by fluorescence microscopy. In conclusion, tau 
GFP labelled cells undergoing neurogenesis in vivo (cells from a developing embryo) 
or in vitro (ES cells allowed to differentiate in culture) are a valuable resource for 
cell mixing experiments designed to investigate CNS development.

Funded by the Medical Research Council.

611.2
SINGLE CELL CLONING AND CHARACTERISTICS OF EGF-
RESPONSIVE NEURAL PROGENITOR CELLS. C.M. Engstrom,1 M. Joly,1
B.O. Benoit,1 R. Hulspas,1 T. Savarese,1 L. Recht2 and P.J. Quesenberry1*. ’Cancer 
Ctr. and 2Neurology Dept., Univ. of Mass. Med. Ctr., Worcester, MA 01655

Many recent studies have been performed on the growth and identification of 
neural precursor cells. We have studied EGF responsive cells from the striatum 
of embryonic day 15 BALB/c mice. These cells were harvested and cultured in 
a serum-free medium containing EGF. Clonal studies were done by sorting 
single cells into 96 well microtiter plates using a unique automated cell 
deposition method with a MoFlo high speed fluorescence activated cell sorter. 
Single cell deposition was confirmed by labeling with carboxyfluorescein 
diacetate succinimidyl ester and fluorescence microscopy. The cells were 
deposited into liquid media and colony growth from single cells was evaluated 
between day 12-14. The range of cloning efficiency from 33 experiments was 0- 
7.8% with a mean of 2.29% ±0.37%. Additional studies on the timing of clonal 
growth demonstrate the presence of new colonies as late as day 21 after sort. 
Dose response studies show an optimal EGF level of 10 ng/mL. 3HtdR suicide 
indicates that a percentage of these cells are cycling. Immunohistochemical 
analysis of whole colonies was performed on days 10-14, and performed on split 
colonies between days 21-28. The colonies were examined for the presence of 
early oligodendrocyte, neuronal and astrocyte markers using 04, neurofilament 
(NF) and GFAP respectively. Of 45 total split colonies, 38.6% were unilineage, 
50.0% were bilineage and 11.4% were trilineage. A total of 7 different types of 
progenitor cells were defined in this manner. Seven colonies were additionally 
stained for the neural precursor marker nestin and all were found to be positive. 
Based on these results, we propose a hierarchical model of neuropoietic 
differentiation analogous to that seen in hematopoietic cells.

Supported by PO1 CA68426.

611.3

NEUROTROPHIN CHANNELING OF NEUROPROGENITOR 
DIFFERENTIATION. B.O. Benoit1, T. Saverese1, M. Joly1, C.M. 
Engstrom1, J. Reilly1, R. Hulspas1, L. Recht2 * and P.J. Quesenberry1.
’Cancer Center, 2Neurology Dept., Univ. of Massachusetts Medical
School, Worcester, MA 01605.

We have characterized sub-ventricular derived neural progenitor 
cells that respond to EGF and form into clusters called neurospheres 
in liquid culture. Single cells were sorted into 96 well plates 
containing serum-free and EGF (20 ng/ml). After 14 days, 0.5% - 
4.0% of the cells had formed a colony, ranging in size from 10 to 500 
cells. Then, EGF was removed and colonies were grown for 7 more 
days in medium containing BDNF (50 ng/ml) or NGF (100 ng/ml), or 
re-added EGF. At this time 50% of the colonies grown in the 
presence of BDNF expressed NF, 04 and GFAP, showing tri-lineage 
potential of the original sorted cell. NGF-treated cultures also 
channeled to tri-lineage colonies (55%), but only after 14 days of 
growth. These data are significantly different from control colonies 
where only 10% or less of the colonies expressed all three markers 
when media containing EGF was added back. Colonies 
supplemented with BDNF or NGF without the removal of EGF did 
not show tri-lineage potential. This tiered response suggests the 
primary growth factor, EGF, must be withdrawn and a secondary 
growth factor such as NGF or BDNF must be added for the colonies 
to differentiate. Our observation that small colonies (10-20 cells) 
ceased to grow after withdrawal of EGF while large colonies (>20 
cells) continued to thrive suggests a paracrine effect. Proliferation 
and differentiation of these neural progenitors is a multi-step, 
cytokine-controlled process. Supported by PO1 CA68426.

611.4

QUICK SEX DETERMINATION OF MOUSE FETUSES. J.-F. 
Lambert1, B.O, Benoit1, G.A. Colvin1, J. Carlson1, Y. Delville2, W.J.
Schwartz3* and P.J. Quesenberry1. ’Cancer Center, 2Psychiatry Dept., 
3Neurology Dept., Univ. of Massachusetts Med. Ctr, Worcester, MA 01655.

A new method was developed to determine sexual identity of fetuses 
collected on embryonic day 15. A PCR amplification was used to detect 
male-specific sequences (Sry) in DNA extracted from fetal livers through 
SDS denaturation followed by high salt extraction and precipitation. This 
extraction method results in sufficiently purified DNA in less than one 
hour and suitable for PCR. Approximately 400 ng of genomic DNA (2 pi 
of resuspended DNA) was amplified using a thermal cycler for 35 cycles. 
The reaction was performed in 50 pi, with 0.4 pM of each primer (Sry 
gene: sense TGGGACTGGTGACAATTGTC; antisense GAGTACAG- 
GTGTGCAGCTCT), 0.025 U/pl Taq polymerase (AmpliTaq ®, Perkin 
Elmer), 0.2 mM each dNTP and Taq buffer. Amplification duration is
1.5 hour. Assessment of results was done by electrophoresis in 3 % 
agarose run at high voltage. After 15 min., the 402 bp band identifies the 
male fetuses. The entire procedure takes less than 4 hours. The 
specificity of the method was confirmed by fluorescent in situ hybridi-
zation using a specific male probe on cultured male and female neural 
stem cells. This expedited method allowed the preparation of pure male 
neural stem cells cloned from fetal sources suitable for transplant in 
female recipients.

Supported by PO1 CA68426 and the Swiss National Fund for Scientific 
Research (J.F. Lambert).
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611.5

SEXUAL DIFFERENTIATION OF NEURAL STEM CELLS IN 
CULTURE. Y, Delville2*. B.O, Benoit1. J.-F, Lambert1 and P.J, 
Ouesenberrv1, ‘Cancer Center and 2Psychiatry Department, 
University of Massachusetts Medical Center, Worcester, MA 01655.

Neural stem cells have a great potential as agents of recovery for 
lesioned neural systems. A protocol was designed to track 
transplanted stem cells through sexual determination. Neural stem 
cells were collected from the sub-ventricular zone of foetuses on 
embryonic day 15. Before placing these cells in culture, their sexual 
identity was determined through accelerated PCR amplification of a 
specific male sequence. Neural stem cells from male and female 
embryos were cultivated separately in a standard medium containing 
EGF (20 A/g/ml) and progesterone (20 nM). Surprisingly, within 5 
days, differences were clearly apparent between cultures from male 
and females embryos. Neural stem cells collected from male 
embryos formed well developed neurospheres. In contrast, fewer 
and smaller neurospheres developed in cultures originating from 
female embryos. It is not yet clear if these differences are related to 
secretions of gonadal steroid hormones. Nevertheless, the data show 
that neural stem cells are sexually differentiated by embryonic day 
15. Furthermore, it is possible that sexual differences in adulthood 
result from selective survival and differentiation of stem cells.

Supported by PO1 CA68426.

611.6
MOLECULAR BIOLOGICAL ANALYSIS OF THE MOLECULES EXPRESSED IN 
ADULT HIPPOCAMPUS-DERIVED NEURAL STEM CELLS. I. Nakano1-2. K. 
Tashiro*2. J. Takahashi*1. N. Hashimoto1. T. Honjo3 . ‘Dept. of Neurosurgery, 
3Dept. of Medical Chemistry, Faculty of Medicine and 2Center for Molecular 
biology and Genetics, Kyoto University, Kyoto 606, Japan.

The ability to propagate central nervous system stem cells in 
continuous culture provides a valuable resource for examining factors that 
regulate the early stages of fate determination and differentiation. We are using 
adult rat hippocampal stem cell cultures (Mol. Cell. Neurosci. 8:389-404) to 
reveal molecular mechanisms of neuronal and glial development. The 
signal sequence trap (Science 261:600-603) is a simple, rapid technique for 
simultaneously isolating large numbers of cDNAs encoding secreted proteins, 
which include cytokines, membrane receptors and cell adhesion molecules. 
Known genes we have cloned, using this technique, include bone morphogenetic 
protein (BMP) receptor II, noggin, chordin, and sonic hedgehog. These molecules 
are involved in neurulation and dorsoventral patterning in the early embryonic 
stages. Another molecule we have identified was CPG15, which was reported to 
be expressed in postmitotic-differentiating neurons to promote neuritogenesis. 
The expression of these molecules in adult hippocampal neural stem cells 
reflects a diversity of stem cell ontogeny.

We also have isolated cDNAs which have no homology to any known 
molecules. They are expressed in adult hippocampus-derived neural stem cells, 
and in the central nervous system of embryonic and adult rats. Some of them 
are postulated to be cytokines judging from the structure of the full length cDNA. 
It is possible that they are differentiation or proliferation factor of neural stem 
cells. Molecular biological and biological analyses of these molecules are 
ongoing.

Supported by the Naitoh Foundation and the Ministry of Education. 
Science and Culture of Japan.

611.7
DEVELOPMENT OF SYNAPSE FORMATION BY ADULT 
HIPPOCAMPUS-DERIVED NEURAL STEM CELLS. H. Toda12, J. 
Takahashi*1, A. Mizoguchi4, C. Ide4, K. Koyano5, H. Ohmori5, K. Tashiro2, T.
Honio3, N. Hashimoto1 'Dept. of Neurosurgery, 3Dept. of Medical chemistry, 4Dept. 
of Anatomy, 5Dept. of physiology, School of Medicine, and 2Center for Molecular 
biology and Genetics, Kyoto University, Kyoto 606, Japan

Basic fibroblast growth factor (bFGF) responsive neural stem cells (NSCs) 
derived from adult rat hippocampus have been demonstrated to generate neurons and 
glia (Mol. Cell. Neurosci. 8:389-404). These stem cell-derived neurons express 
GABA, acetylcholinesterase, tyrosine hyckoxylase, or calbindin (J Neurobiol. 
38:65-81). It is not clear, however, if these stem cell-derived neurons are able to form 
functional synapse. In the present study, we investigated the development of synapse 
formation by adult hippocampus-derived neural stem cells.

On the glial feeder layer, primary hippocampal neurons from rat embryo 
(embryonal day 18) and NSCs (PZ5 cells; one of the monoclonal stem cells from 
adult rat hippocampus. Mol. Cell. Neurosci. 8:389-404) were co-cultured For 
differentiation, bFGF was deprived and retinoic acid(RA) was added to the medium. 
After 6 days, RA was replaced by BDNF or NT-3, and then the cells were cultured for 
more 18 days. Immunofluorescense studies have revealed that some PZ5 cells became 
immuno-reactive for MAP2ab, neurofilament-200, synaptophysin, synaptobrevin, 
GABAA receptor or glutamate receptor (NMDAR1). These results that PZ5 cells 
express pre- and post synaptic protein and suggest synapse formation on these cells 
with ultrastructural findings of the synaptogenesis. Electrophysiological studies are 
ongoing to prove the direct evidence of the synapse between two neurons. Supported 
by the Ministry of Education, Science and Culture of Japan.

611.8
STEM CELLS FROM FETAL HIPPOCAMPAL FIELD CA3 PROLIFERATE 
IN RESPONSE TO EITHER FGF OR EGF, AND DIFFERENTIATE INTO 
FIELD-SPECIFIC PHENOTYPIC NEURONS. A. K. Shetty* and D. A. Turner.
Neurosurgery, Neurobiology, Duke Univ. Med. Ctr., VAMC, Durham, NC 27710.

Multipotent stem cells that form neurospheres in response to either FGF or EGF in 
vitro have been isolated from the developing hippocampus. However, their precise 
location in the hippocampus is not known. We hypothesize that neurosphere forming, 
multipotent stem cells are present in all fields of the hippocampus and that neurons 
derived from these stem cells exhibit field-specific phenotypic features.

We investigated the proliferation and differentiation of stem cells from El 9 CA3 field 
of rat hippocampus in vitro, using standard methods (Shetty and Turner, J. Neurobiol., 
35:395-425, 1998). Single cells from CA3 field formed neurospheres in the presence of 
either FGF or EGF. However, the yield of neurospheres/25,000 live cells plated was 
significantly greater with FGF exposure than with EGF exposure (p<0.000001). 
Differentiation cultures of both FGF and EGF neurospheres gave rise to neurons, 
astrocytes, and oligodendrocytes. However, the percentage of neurons was significantly 
greater in FGF neurospheres (60%) than EGF neurospheres (35%, p<0.001). Exposure 
to BDNF did not change neuron percentage from FGF neurospheres but significantly 
increased the neuron percentage from EGF neurospheres (p<0.01). Many neurons from 
both FGF and EGF neurospheres displayed a defining morphological feature of CA3 
pyramidal neurons: a stout apical dendrite bifurcating close to the soma and an axon 
emerging from the base of the pyramidal soma. Interestingly, the induction of CA3 
pyramidal neuron-like morphology was not dependent on the presence of BDNF as 
such neurons were conspicuous in both control and BDNF treated cultures. A fraction 
of neurons (17-20%) from both FGF and EGF neurospheres were GABA-ergic, and 
exposure to BDNF significantly increased GABA-ergic population (30%) from EGF 
neurospheres. Neurons from FGF and EGF neurospheres also contained a smaller 
population of calbindin and calretinin neurons but no parvalbumin neurons.

These data show that stem cells responsive to FGF are predominant in the E19 CA3 
of rat hippocampus and give rise to a large number of neurons than those responsive to 
EGF. However, both have a high predilection for differentiating into field-specific 
phenotypic neurons: CA3 pyramidal neurons and also different types of intemeurons. 
We suggest that the ability of stem cells located in different regions of the CNS to 
roduce a regionally specific types of neurons is specified early in development.
upported by NINDS RO1 NS36741 and VA Merit Review Award to A. K. Shetty.

611.9

NEW NEURONS IN ADULT BRAINS: NEURONAL FATE AND 
AFFERENT CONTROL OF PROLIFERATING CELLS IN THE CENTRAL 
OLFACTORY PATHWAY OF DECAPOD CRUSTACEANS. M. Schmidt* 
and A. Hansen. Zoological Institute, University of Hamburg, D-20146 
Hamburg, Germany.

In adult decapod crustaceans in vivo BrdU labeling revealed ongoing 
proliferation in the neuronal soma clusters of the central olfactory pathway: 
the lateral soma clusters (LC), the medial soma clusters (MC), and the soma 
clusters of the hemiellipsoid bodies (HBC) (Schmidt, M. Brain Res. 762:131- 
143,1997). To prove the neuronal fate of the proliferating cells, we double- 
labeled brains of Panulirus argus with antibodies against BrdU and either 
Substance P or FMRFa, neuropeptides present in many MC neurons. In each 
MC, several somata expressed BrdU as well as FMRFa-like immunoreactivity 
in animals tested after a survival time of 3 months, but none in animals tested 
after 2 weeks. Substance P/BrdU double-labeled cells did not occur. These 
results demonstrate that within 3 months, proliferating cells in the MC of the 
spiny lobster undergo neuronal maturation.

Furthermore, we asked whether olfactory afferents have an influence 
on the rate of neurogenesis in the central olfactory pathway. We injected 
adult shore crabs with BrdU, and after 1 week amputated one of the 
antennules housing the olfactory organ. One month later, immunostained 
brains revealed that in the LC and the HBC, the number of BrdU-positive 
somata was signifiantly reduced on the amputated side. Thus the rate of 
neurogenesis in the central olfactory system of adult shore crabs appears to be 
regulated by olfactory afferents.

Supported by Deutsche Forschungsgemeinschaft (Schm 738/8-1).

611.10

EPENDYMA VERSUS SUBEPENDYMA: THE IN VIVO SOURCE OF 
NEURAL STEM CELLS IN THE ADULT MAMMALIAN 
FOREBRAIN. C,M, Morehead*. V, Tropepe. B.J, Chiasson and D. van der Kooy, 
University of Toronto, Department of Anatomy and Cell Biology, Toronto, Ontario

The mammalian forebrain contains a population of multipotential neural stem cells. 
During development the stem cells reside in the embryonic germinal zones. In the 
adult die derivatives of the embryonic germinal zones consist of two morphologically 
distinct cell layers surrounding the lateral ventricles: the ependyma and the 
subependyma. There are two opposing views regarding the in vivo localization of stem 
cells within these adult layers surrounding the lateral ventricle. Chiasson et al. 
(J.Neurosci. in press) microdissected and then cultured the ependyma separate from the 
subependyma. Multipotential and self-renewing stem cells were exclusively isolated 
from the subependyma only cultures. The ependyma only cultures gave rise to 
proliferating cells which formed small spheres, however the ependymal spheres did not 
self-renew (did not form new spheres upon disocciation). Importantly, the spheres were 
not multipotential and only differentiated into GFAP positive cells. Our conclusion is 
that the subependyma is the source of neural stem cells. Johansson et al. (Cell 96,
1999) reported the isolation of self-renewing, multipotential stem cells from the 
ependyma using different dissociaton and culturing conditions. However, self-renewal 
was assayed from bulk cultures of disocciated spheres originally generated from both 
ependymal and subependymal cells. Given the differences between the paradigms and 
the opposite conclusions reached, we have tried to further explore the discrepancies. 
We did our original microdissections of ependyma versus subependyma and utilized the 
dissociation and culture conditions of Johansson et al. to determine if their conditions 
are more conducive to the survival of an ependyma derived stem cell. Ependyma only 
cultures using the dissociation and culture conditions of Johansson et al. did not 
generate any self-renewing spheres. This finding suggests that neural stem cells from 
the co-cultures were generated from subependymal cells. We have also utilized a highly 
infective replication deficient retrovirus expressing a marker gene to infect proliferating 
cells within the adult brain. Injection of retrovirus into the lateral ventricle and long-
term survival times only label stem cells (the actively proliferating subependymal cells 
are lost from the subependyma after 15 days). Ependyma only arid subependyma only 
cultures will be stained to ask which contains the spheres positive for the marker gene. 
(MRC Canada and the National Parkinsons Foundation).
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611.11
FURTHER CHARACTERIZATION OF EPENDYMAL STEM CELLS 
IN THE ADULT MURINE BRAIN
Momma, S., Falk, A., Clarke, D., Johansson, C.D., Frisen, J.*
Karolinska Institute, Department of Ceil and Molecular Biology, Genetics, 
Doktorsringen 2D, S-17177 Stockholm, Sweden

After identification of the ependymal layer lining the ventricular system as 
the location for a neural stem cell population in the adult rodent brain, we 
sought to further characterize their contribution to neurogenesis in uninjured 
and injured adult brain as well as their differentiation behaviour in vivo and in 
vitro. The lipophilic dye Dil was injected into the lateral ventricles of adult 
mice and stem cell proliferation, migration and differentiation followed in 
time course studies using a range of cellular markers. Animals were also 
injected with BrdU for 13h to label the population of rapidly proliferation cells 
of the subventricular zone. Culturing stem cells from these animals did not 
yield any BrdU positive neurospheres, adding evidence that it is a slowly 
dividing cell that contributes to neurosphere formation.

These studies were complemented by injection of adenovirus carrying a 
(gfp) reporter gene. Animals were sacrificed at different timepoints after 
injection. The expression of the reporter gene was studied. The fate of single 
cells was followed and their differentiation examined. The results of both the 
virus and Dil labeling experiments were compared to gain insights into the 
suitability of adenovirus as a possible vector for gene therapy of ependymal 
stem cells.

611.12
ES CELL-DERIVED NEURAL CELLS EXPRESS MULTIPLE 
CATECHOLAMINE-RELATED GENES. David Gottlieb*, Aline Boos and 
Karen O’Malley. Department of Anatomy and Neurobiology, Washington 
University School of Medicine St. Louis, MO 63110

Mouse embryonic stem (ES) cells can be efficiently induced to differentiate 
into neurons and glia. The majority of neurons are glutaminergic or GABAergic, 
or glycinergic. RT-PCR analysis of differentiated cultures has also shown that 
tyrosine hydroxylase (TH) mRNA is expressed. In order to determine whether TH 
protein was also expressed, anti-Th antibodies were used to stain neural cultures 
of D3 ES cells induced by our previously reported RA induction protocol (Bain et 
al., 1995 Developmental Biology 168, 342). TH immunoreactivity was detected in 
a small subset of cells with the morphological appearance of neurons (i.e. having 
axons and dendrites). The TH+ cells are usually single cells surrounded by other 
TH- neurons but occasionally a cluster of TH+ neurons is seen. Differentiated 
cultures were also examined for the presence of other monoaminergic markers. 
Anti-aromatic amino acid decarboxylase (AADC) stains subsets of cells including 
both neuronal and non-neuronal types. Double staining for TH and AADC 
revealed that these 2 proteins were found in different populations of cells. 
Consistent with this finding, cultures were negative when stained for dopamine [3- 
hydroxylase, the norepinephrine biosynthetic enzyme. Antibodies against the 
vesicular monoamine transporter (VMAT2) stained all TH+ neurons as well as 
many TH- neurons. Cultures were uniformly negative for tryptophan hydroxylase 
showing that TH-/VMAT2+ neurons were not serotonergic. In conclusion, 
proteins associated with catecholamine neurons are expressed in neurally induced 
ES cells. The expression patterns suggest that they are individually, rather than 
coordinately, regulated. The fact that such expression occurs spontaneously 
without added regulatory factors encourages attempts to induce more 
homogeneous differentiation into catecholaminergic neurons. Supported by 
RR12309 and MH45530 from NIH.

611.13

BASIC FIBROBLAST GROWTH FACTOR AND PROTEIN KINASE A 
ACTIVATORS COOPERATE TO INDUCE THE EXPRESSION OF TYROSINE 
HYDROXYLASE IN STRIATAL NEURAL STEM CELLS. E. Bazan1, M.A. Lopez- 
Toledano1, C. Redondo1. D. Reimers2, C.L. Paino1*, A.S. Herranz' and M.A. Mena5.
'Neurobiology and 2Histology Services, Hospital Ramon y Cajal, Madrid 28034, 
SPAIN.

Neural stem cells with self-renewal and multineage potential are an important tool 
to study the signals involved in the regulation of CNS neuronal phenotypes. Recent 
studies, in rat striatal neurons and a human cell line (hNT), demonstrated the synergic 
action of fibroblast growth factor and protein kinase A activators in the induction of 
Tyrosine Hydroxylase (TH). The aim of this work is to study the ability of these 
factors to induce the catecholaminergic phenotype in EGF-driven neuroepithelial stem 
cells progeny. Stem cells from El 5 rat striatum were plated after 5 passages, and 10 
ng/ml bFGF, 1 mM dbcAMP, or combination of both were added at 3, 5 and 10 days 
postplating (dpp). After 24 hours of treatment, bFGF or dbcAMP were not effective 
in inducing TH immunorectivity at any time point analyzed, whereas the combination 
of both agents promoted the expression of this phenotype. This regulation was only 
observed when the co-activators were added between 5 and 10 dpp, time points where 
an important number of cells expressed specific markers for neurons and glia, but not 
at earlier more undifferentiated stages. TH induction was inhibited by PD98059, a 
specific inhibitor of MAPK and its upstream kinase, in a dose dependent manner. The 
catecholaminergic phenotype was associated with an increase in GFAP 
immunoreactivity, and a change to a more fibrillary morphology of astrocytes. An 
increase in FGFR1 expression, analyzed by immunocytochemistry and in situ 
hybridization, was also observed. From our results, we conclude that stimulation of 
FGFRs and PKA induces TH expression in neural stem cells progeny by a mechanism 
involving MAPK activation. Indirect effects mediated by maturating glial cells might 
take part in this regulation.
Supported by Fondo de Investigaciones Sanitarias of Spain, grant 97/269.

611.14
Characteriza tion  of  mesencephalic  cell  lines  created  by  a  
REVERSIBLE IMMORTALIZATION PROCEDURE.
Herman. J.P*.. Jullien. N.. Becq. H. and Enialbert. A. ICNE, UMR 6544 CNRS- 
Universite de la Mcditerranee, Faculte de Mddecine Nord, 13916 Marseille Cedex 
20, France.
We have recently developped a reversible immortalization procedure based on a 
bicistronic retroviral vector in which the immortalizing oncogene (large T 
antigene of SV40, Tag) and a positive/negative selection marker are flanked by 
LoxP sequences. This construction allows the creation of cell lines, the excision of 
Tag from the immortalized cells by the recombinase Cre, and the subsequent 
obtention of a population derived from these lines and not expressing the 
oncogene any more (Herman et al., Soc. Neurosci. Abstr., Vol 23, 131.5, 1997). 
Using this vector we have created cell lines from E11-E13 embryonic rat 
mesencephalon. The expression of Tag, which is present before excision, is indeed 
abolished following the transient infection of the cells with a Cre expression 
vector and in parallel cell division is completely abolished. The expression of 
various markers characterizing regional identity (Enl, Otx2) or cell differentiation 
(bHLH neurogenic genes, such as MASH1 and 2, neurogenin; neuroepithelial or 
neural markers, such as nestin, TuJl, MAP lb, NF68) was then examined using 
immunohistochemistry and RT-PCR, before and after the inactivation of the 
oncogene. We observed a variable pattern of gene expression among the lines 
examined. Likewise, the inactivation of the oncogene led to a modification of the 
expression of a number of these genes that was again variable among the different 
lines and, also, among the different markers. These patterns, and their relationship 
to a differentiation towards a neural phenotype will be presented.
Supported by Association Fran?aise contre les Myopathies, Association France- 
Parkinson

611.15

ASCORBIC ACID INCREASES THE YIELD OF DOPAMINERGIC 
NEURONS DERIVED FROM FGF2-EXPANDED MESENCEPHALIC 
PRECURSORS. J. Yan*, L, Studer, N. Kabbani and R.D.G. McKay. Laboratory of 
Molecular Biology, NINDS, NIH, Bethesda, MD 20892.

Neural precursors derived from El2 rat mesencephalon can be expanded and 
differentiated into DA neurons in vitro that upon transplantation alleviate behavioral 
symptoms in a rat model of Parkinson’s disease1. We screened a large number of 
agents for their ability to further increase the number of DA neurons generated from 
long-term expanded mesencephalic precursors.

Cells were expanded as described previously 1 for 4-7 days in vitro, passaged onto 
24well plates and proliferated for another 4-6 days. Upon mitogen withdrawal a large 
screen of differentiation conditions was tested for the ability to increase DA yield in 
the culture system. Out of all the reagents tested, including the neurotrophins, GDNF 
family members, sonic hedgehog, FGF1,4, 8, EGF and various cell attachment 
matrices, only ascorbic acid, dbcAMP and forskolin showed substantially increased 
DA differentiation. Both dbcAMP and forskolin increased the number of TH- 
immunoreactive (TH-ir) cells by 2 fold. However, ascorbic acid (AA) led to a dose- 
dependent increase in precursor derived DA neurons. The maximal effect was seen at 
100 pM AA with an 18-fold increase in TH-ir cell number. In vitro function of the 
dopaminergic neurons generated in the presence of AA was confirmed by 
measurements of basal and KC1-evoked dopamine release that showed increased 
dopamine levels proportionally to the increased cell number. The effects of AA could 
not be mimicked with any other antioxidant such as GSH, D-acetyl-cysteine or ebselin 
(tested alone or in combination). Additional studies revealed that the effect of AA on 
the number of DA cells was most prominent during the first 2 days of differentiation.

The use of expanded CNS precursors for cell replacement strategies in Parkinson’s 
disease is a promising approach. Pretreatment of bFGF expanded precursors with 
dbcAMP and ascorbic acid during cell differentiation could further improve the 
efficacy of the technique and reduce the amount of fetal tissue needed for successful 
clinical grafting. (Studer, L., Tabar, V. & McKay, R.D. Nature Neurosci. 1, 290-295 (1998).)
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612.1

INCREASED APOPTOSIS AND PROLIFERATION IN DENTATE GYRUS 
NEURONS OF p53 KNOCKOUT MICE AFTER y-RADIATION. D. Uberti, L. 
Piccioni., P. Grigolato1, M. Cadei1. V. Rotter2, and M. Memo* Dept. Biomed. Sci. & 
Biotech., 1 Dept. of Pathology, University of Brescia, Medical School, Brescia, 
25123 Italy, 2 Dept. Molecular Cell Biology, Weizmann Institute of Science, 
Rehovot, Israel 76100.

In most regions of mammalian brain, production of new neurons is largely 
confined to the prenatal period. However, the dentate gyrus of hippocampus, a brain 
regions associated with spatial learning and memory, mantains a population of 
neuronal progenitors that divide and give rise to neurons into adulthood. The 
production of granule neurons in the adult rat dentate gyrus have been shown to be 
regulated by adrenal steroids and excitatory amino acid. In this study we 
investigated the influence of the tumor suppressor phosphoprotein p53 on 
neurogenesis of dentate gyrus in the adult p53 knockout (-/-) mice and their normal 
counter partners (+/+). Proliferating nuclear antigen (PCNA) positive cells were 
found in both strains. Quantitative analysis showed a significantly higher number of 
PCNA-positive cells in the p53 -/- strain, in compaison to p53 +/+ mice. Since p53 
is upregulated by DNA damage, we evaluated the response of dentate granule cells 
to low doses of y-radiation in terms of proliferation and apoptosis. We found that y- 
radiation induced marked apoptosis, as measured by TUNEL staining, and a 
transient increase of PCNA-positive cells in the subgranule zone of dentate gyrus of 
both strains. Quantitative analysis of the data showed that the response of p53 -/- 
mice was more sustained, both in terms of apoptosis and proliferation.

Our data suggest that in neuronal progenitors p53 is a key factor to control cell 
cycle progression and apoptosis.

612.2
SCHWANN CELL GROWTH DURING WALLERIAN
DEGENERATION IS REGULATED SPECIFICALLY THROUGH 
CYCLIN DI H.A. Kim1*, S.L. Pomeroy3. W. Whoriskev1. P. Sicinski1, 
T.M. Roberts2 and C.D. Stiles1 *Dept. of Microbiology and Molecular 
Genetics, 2Dept. of Pathology, Harvard Med. Sch./Dana-Farber Cancer 
Inst.; 3Dept of Neurology, Harvard Med. Sch./Children’s Hospital; 
Boston, MA 02115.

The Gl to S-phase transition in mammalian cells is regulated by 
three D-type cyclins (DI, D2, D3). These cyclins are structurally 
homologous and - to a large degree - functionally redundant. For 
example, mice with targeted disruptions of either cyclin DI or D2 are 
viable and relatively normal in appearance. Also, fibroblasts from Dr 
or D2 A knockout mice show normal growth responses to serum mitogens 
in culture. Against this backdrop, we show something unexpected. The 
growth of mature - but not immature - Schwann cells is strictly 
dependent upon cyclin DI both in cell culture and in Wallerian 
degeneration. Ultrastructural analysis of sciatic nerve in DI' and D2" 
mice shows that either cyclin alone is adequate to allow normal growth 
and differentiation of Schwann cells during development. Embryonic 
Schwann cells prepared from DT ' or D2'' knockout mice also did not 
show any growth defect when co-cultured with sensory neurons.
However, adult Schwann cell growth during Wallerian degeneration was 
greatly impaired in DT " mice but not in D2 ' mice. In isolated cultures, 
mature Schwann cells prepared from DT' knockout mice were unable to 
respond to growth factor stimulation but D2'' Schwann cells responded 
normally. Therefore, once mature, Schwann cells acquire a specific 
requirement for cyclin D1. (Supported grants from the Multiple Sclerosis 
Society and the NICHD)

612.3

EXPRESSION PATTERN OF THE CELL CYCLE INHIBITOR pl9,NK4d IN 
THE RAT EMBRYONIC TELENCEPHALON COMPARED TO THE 
NEONATAL ANTERIOR SUBVENTRICULAR ZONE V. Coskun* & M.B, 
Luskin. Dept. of Cell Biology, Emory Univ. Sch. of Med., Atlanta, GA 30322.

The progenitor cells located in the anterior part of the neonatal forebrain 
subventricular zone (SVZa) have characteristics that are dissimilar to those of 
cells within the telencephalic ventricular zone (VZ). One difference is that the 
neurons arising from the VZ become postmitotic before they initiate their 
differentiation and migration. In contrast, the SVZa progenitors, which migrate 
along the rostral migratory stream (RMS) to the olfactory bulb (OB), express a 
neuronal phenotype, recognized by the neuron-specific marker TuJl, before 
they cease division; the SVZa-derived cells undergo division as they migrate. 
To determine when and where the cells arising in the VZ and SVZa begin to 
express p^1^44, an inhibitor of cyclinD-dependent kinases responsible for 
progression from Gl to S of the cell cycle, we stained the telencephalon (El4 - 
E20) and neonatal RMS (P0 - P2) with anti-INK4d. In the apical half of the 
VZ, where the cells are in S-phase, there was minimal INK4d staining. The 
increased anti-INK4d staining at the ventricular surface suggests that INK4d is 
expressed as cells leave the cell cycle; the post-mitotic cells of the cortical 
plate also express INK4d. In the neonatal forebrain there was a gradient of 
increasing TNK4d expression from the SVZa to OB. Furthermore, the INK4d- 
positive cells did not incorporate BrdU, when given 3 hrs. before perfusion. 
These findings suggest that progressively more SVZa-derived progenitors in 
the RMS exit the cell cycle as they approach the olfactory bulb. The 
incorporation of BrdU and expression of TuJl and INK4d along the pathway 
suggests that SVZa-derived cells may differentiate and then re-enter the cell 
cycle. (Supported by the March of Dimes and NIDCD.)

612.4

EFFECT OF DOMINANT NEGATIVE P53 ON GLIAL PROGENITOR 
PROLIFERATION AND SURVIVAL
Peter Y. Kim and James E. Goldman*. Dept. of Pathology* & Neurology, 
College of Physicians and Surgeons, Columbia Univ. New York, NY 10032

Glial tumors make up the majority of primary CNS neoplasms. However, 
the origin of these tumors are not well understood. The patterns of genetic 
alterations that have emerged in glial tumors include P53 mutations.

A new retroviral vector system has been used to introduce a dominant 
negative (DN) P53 gene into cycling progenitors of the subventricular zone 
(SVZ) of postnatal rats.

Seven days after stereotactically injecting the SVZ of neonatal rats with the 
DN P53ZLacZ virus, an increased number of LacZ labeled progenitors were 
found in the white matter and cortex. However, 21 days post injection, the 
number of LacZ labeled cells have reverted to normal levels. Primary glial 
cultures infected with the retroviral construct also suggest a mutant P53 
mediated increase in proliferation and/or survival of glial progenitor cells. 
Round cells (A2B5 and 04 positive but O1 negative), grew in clusters on top 
of the astrocyte monolayer -4 weeks after infection. These cells, subcultured 
in chemically defined media with PDGF and bFGF, continued to proliferate for 
months. Interestingly, withdrawal of growth factors induced cell death rather 
than a differentiation to oligodendrocytes. Control infections with the LacZ 
only virus did not produce these results.

Our preliminary evidence suggests that a DN P53 gene can alter the 
growth/survival of glial progenitor cells. In culture, DN P53 appears to block 
glial progenitor differentiation as well as altering their response to growth 
factor withdrawal. This work is supported by NIH grants T32NS07155-18 and 
NS 17125.

612.5

ADENOVIRUS- MEDIATED ECTOPIC EXPRESSION OF CYCLIN KINASE 
INHIBITORS p 16'"**', p21 d" AND p27‘"’' IN MURINE CORTICAL 
PRECURSORS CELLS. A, Lukaszewicz. L P, Savatier. V, Cortav *. P. Seth*, H. 
Kennedy! and C, Pshax!!
’INSERM U 371, 18 ave. Doyen Lepine 69675 Bron, France, 2UMR49, Laboratoire 
de Biologie Cellulaire et Moiiculaire Ecole Normale Superieure, 8 allee d’ltalie, 69007 
Lyon, France; ’National Cancer Institute, NIH, Bethesda, Maryland 20892, USA

In order to progress in the understanding of the molecular regulation of the neurons 
cell-cycle, we used adenoviruses as gene-transfer vectors to interfere with the Gl/S 
transition. Cortical neuroblasts isoled from EI5 mouse brain and grown in dissociated 
cultures were infected with recombinant adenovirus expressing human p27*°'' (Adp27), 
pl6'"**' (Adpl6) and p2lU/*' (Adp21) (Craig et al.. Oncogene, 14:2283-2289,1997). 
pi 6'"*** is known to inhibit specifically CDK4 and CDK6-associated kinase activities; 
whereas p21Lipl and p27*ip/ have a broader range of inhibitory activity including CDK2 
and CDK4. The time course and dose dependent Ad p27-mediated p27*ip' expression and 
Adpl6 mediated pi 6'"*° expression following infection were examined with western 
blot analysis and imunohistochemistry. This demonstrated that the level of human 
p27*''*' and pi6'"*“ increased substantially following infection at 5pfu and that maximal 
level of expression were observed 48 hours after infection. Immunohistochemistry 
indicated that with a 5pfu dose, almost 100% of the cells were infected.

p)6'"u, p21 ,i,‘ and p27b/,/ ectopic expression in cortical neuroblasts led to a reduction 
of DNA synthesis as measured by the proportion of cells incorporating BrdU. This was 
associated with a lengthening of the cell-cycle duration. Simultaneous infection by 
Adp27 and Adpl6 allowed us to reveal a synergistic influence of pi6'”** and p21hl'' on 
the cell-cycle kinetics of cortical precursors. Western blot analysis showed that 
ectopical,y expressed p27W/,/, like pi6'"**', binds preferentially to cdk4. Therefore, 
lengthening of the cell-cycle duration is likely to result mainly if not exclusively from 
inhibition of cyclin D/CDK4-associated kinase activity in neuronal precursors.
Work supported by INSERM, ARC grant 9239 and Region Rhone-Alpes 97021218

612.6

INHIBITION OF cAMP-RESPONSIVE ELEMENT-BINDING 
PROTEIN BY ACTIVATION OF MUSCARINIC ACETYLCHOLINE 
RECEPTORS IN NEURAL PRECURSOR CELLS J.P. Andreadis1, B.-S. 
Li2, G.M Grant1, K.S, Shaffer ’, C. Lynch III*3, D.A. Stenger1, and W.
Ma1 ’Naval Research Lab, Center for Bio/Molecular Science and 
Engineering, Washington, D.C., 20375; 2Lab. Neurochemistry, NINDS, 
National Institutes of Health, Bethesda, MD, 20892; 3University of 
Virginia, department of Anesthesiology, Charlottesville, VA

The mechanisms underlying* neural stem cell and stem-cell derived 
progenitor cell proliferation in the developing brain are largely unknown. 
We have observed that acetylcholine (ACh) stimulates neural precursor 
cell proliferation in culture through the activation of the muscarinic 
acetylcholine receptor (mAChR) family and the mitogen-activated protein 
kinase (MAPK) phosphorylation cascade. RT-PCR analysis of RNA 
isolated from bFGF-expanded cortical neuroepithelial cells revealed the 
existence of mAChR subtypes m2, m3, m4, and minimally detectable 
levels of m5. Analysis of mAChR agonist (acetylcholine, muscarine, and 
carbachol) -stimulated cell lysates by immunoblotting showed active 
phosphorylation of Erkl/Erk2, which indicates the involvement of the m3 
and m5-activated MAPK pathway. To elucidate the signal pathway that 
links m2 and m4 activation and nuclear events, we assessed the activity of 
cAMP-responsive element-binding protein (CREB) of bFGF-deprived 
precursor cells by immunoblotting in response to carbachol (100 pM). The 
time-course of CREB activity measurement showed that the relative levels 
of CREB were lower than control or undetectable, indicating an inhibition 
of CREB phosphorylation possibly due to m2, m4 inhibition of adenylate 
cyclase. (Supported by NRC Postdoctoral Fellowship to JDA)
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612.7
A TRANSGENIC MOUSE MODEL FOR DOXYCYCLINE INDUCED 
OVEREXPRESSION OF CELL CYCLE GENES IN THE NEUROEPITHELIUM. 
T, Mitsuhashi*'2, Y. Eksioglu', Y. Aoki1, T. Takahashi12, S. A. Reeves'. P. G.
Bhide' and V. S, Caviness, Jr, 'Massachusetts General Hospital & Harvard 
Medical School, Boston, MA; 2Keio University School of Medicine, Tokyo, Japan.

We designed a transgenic mouse model in which overexpression of two cell cycle 
genes, cyclin E and p27, can be induced in a spatially and temporally regulated 
manner. A tetracycline transactivator responsive promoter system (Tet system) 
consisting of a "response" and a "regulator" unit was used. The response unit is 
composed of the E. coli-derived tetracycline-resistance operon regulatory element 
(tetO) embedded within a minimal CMV promoter and the regulator unit encodes a 
transactivator hybrid protein (rtTA) fused to the herpes simplex virus protein, VP 16. 
Expression of a gene inserted downstream of the tetO/minimal CMV promoter is 
dependent on rtTA protein and tetracycline or doxycycline. To avoid transgene 
expression in non-CNS cells and in postmitotic CNS cells, we directed the inducible 
gene expression to the neuroepithelium by placing the rtTA gene under the control 
of a hybrid rat nestin intron Il-containing promoter that confers CNS- and 
neuroepithelial cell specificity. Downstream of the rtTA gene we inserted an IRES 
element and Bgeo fusion gene to monitor rtTA expression. The resulting nestin- 
rtTA-IRES-Bgeo transgene was used to generate transgenic "platform" mice. A green 
fluorescent protein-tagged version of cyclin E or p27 gene was inserted downstream 
of the rtTA-responsive minimal CMV promoter and tetO sequences and upstream of 
a polyadenylation signal derived from the mouse phosphoglycerate kinase (PGK) 
gene. The resulting cyclin E and p27 transgenes were used to generate tetO-cyclin E 
or tetO-p27 transgenic mice. The “platform” and tetO mice were crossed to obtain 
double-transgenic mice. Doxycycline was given to pregnant mice carrying the 
double-transgenic embryos in drinking water or i.p. to induce transgene expression. 
The transgenic mouse model will be used to overexpress cyclin E and p27 genes 
during specific intervals of neocortical neurogenesis to better understand the role of 
these cell cycle regulatory proteins in neocortical histogenesis. Supported by 
NINDS grants NS12005 and NS32657.

612.8
ALTERED PATTERN OF NEURON PRODUCTION IN P21k,pl 
KNOCKOUT MOUSE (p27KO). T Goto|, ,V S. Caviness Jr.2? R. S. 
Nowakowski3, and T. Takahashi1,2. ‘Dept. of Pediatrics, Keio University 
School of Medicine, Tokyo 160, Japan; 2Dept. of Neurology, 
Massachusetts General Hospital and Harvard Medical School, Boston, MA 
02114; 3Dept. of Neuroscience and Cell Biology, University of Medicine 
and Dentistry of New Jersey-Robert Wood Johnson Medical School, 
Piscataway, NJ 08854.

The protein, p27*'p/, inhibits cell cycle progression at the G1 phase of 
the cell cycle and is known to be present in the neocortical proliferative 
epithelium of embryonic mice. As a step towards understanding the role 
of p27*'p/ in neocortical development we have compared quantitatively 
the medial parietal neocortical field 1 of p21kipl knock out mice (p27KO, 
Nakayama et al., Cell 85:707-720, 1996, kindly provided by Nippon 
Roche) with that of wild type (WT) mice. In 21 day old mice, the laminar 
architecture and general cytological character (size and appearance of 
somata, nuclei etc) of each cortical layer are equal in p27KO and WT. 
However, in p27KO neuron packing density is increased by 
approximately 25% overall, and by almost 40% in layers IV-II/III and 
slightly over 10% in layers VI-V. We hypothesize three possible 
mechanisms of neuron augmentation in p27KO: 1) an increase in the 
number of neuronogenetic cell cycles (e.g., 12 compared to 11 in WT); 
2) a change in the path of Q (proportion of postmitotic cells exiting the 
cycle) from 0 to 1; or 3) a reduction in histogenetic cell death. We favor 
hypothesis 2) because a relatively slow ascent of Q in early cycles of 
neuronogenesis followed by accelerated ascent in terminal cycles would 
give increase in total neuron number with disproportionate increase in 
outer layers as is found in p27KO; this would suggest that during normal 
neocortical development p21k,pl acts to increase Q during a limited period 
of neuronogenesis. Supported by NIH grant NS12005.

612.9
CaMK II ACTIVITY IS ESSENTIAL FOR CELL CYCLE PROGRESSION IN 
THE CEREBRAL PROLIFERATIVE ZONES. F. Wang*, P. Rakic and M.L. 
Schwartz. Section of Neurobiology, Yale Medical School, New Haven, CT 06510

Both spontaneous and ligand-activated intracellular [Ca2+] changes have been 
observed in progenitor cells of the embryonic cerebral cortex. Inhibition of CaMK 
II has been shown to delay, and even stop cell cycle progression in many 
experimental systems, ranging from sea urchin embryos to several mammalian cell 
lines. However, it is unclear whether CaMK II plays a similar role in cortical 
progenitor cells during embryonic development. Using antibodies specific to 
different subunits of CaMK II, we found that both the a and 3 subunits are 
predominantly localised in cells of the proliferative zones in the cerebral wall of 
E14 and E17 rats. The y subunit was only detected in cells near the pial surface and 
in the subplate zone. In no cells was the 5 subunit detected. An antibody specific to 
phosphorylated CaMK II revealed staining of cells in all of these regions. To 
address their role in neurogenesis, we established an in vitro system using cultured 
cortical slices of embryonic rat. After incubating the slices under either control or 
experimental conditions, we dissociated the cells and measured their cumulative 
BrdU-labelling and propidium iodide DNA staining levels by fluorescent flow 
cytometry. After 17 hours of incubation, 25 pM KN-93, a specific inhibitor for 
CaMK II, significantly reduced the percentage of BrdU-labelled cells in El7 slices, 
,while KN-92, an analog of KN-93, produced no significant change from control 
values. Incubation with KN-93 from 3.125 to 25 pM produced a nearly linear 
decrease in the labelling index. KN-93 also significantly increased the percentage of 
BrdU-negative cells in G2M(-) and GIGO(-). In addition, DNA histogram analysis 
of BrdU-positive cells revealed a significant decrease in the percentage of G1GO(+) 
cells and increase in G2M(+) cells. These results suggest that CaMK II is essential 
for cell cycle progression through the GI/S and G2M/G1 transitions during 
corticogenesis, and that the a and 3 subunits of CaMK II may be involved in the 
control of these processes. (Supported by US PHS grants)

612.10

CHARACTERIZATION OF A NUCLEAR S6 KINASE, SRK; A NOVEL 

NUCLEAR TARGET OF AKT. J. Chung', H. Koh' and M. Park-Chung2*. 'Dept. of 

Biological Sciences, Korea Advanced Institute of Science and Technology, Taejon 

305-701; Research Institute I, LG Chemical Ltd., Taejon 305-380, Korea.

Akt is stimulated by neurotrophic factors and calcium-dependent cell signalings, 

and mediates their cell survival signals. Recent studies have shown that Akt may 

play an intermediate role between phosphatidylinositol 3-kinase (PI3K) and p70 S6 

kinase (p70S6K). Here we show that a novel nuclear p70S6K-related kinase (SRK) 

exists and that its in vivo function is also augmented by over-expression of Akt. 

The catalytic domain of SRK was highly homologous to that of p70S6K, and that the 

treatment of wortmannin or rapamycin strongly inhibited the phosphorylation and 

activation of SRK. However, the N- and C-terminal domains of SRK were quite 

different from those of p70S6K. In immunolocalization analyses, we demonstrated 

a constitutive nuclear localization of SRK and the presence of a nuclear localization 

signal in its C-terminus. In vitro S6 phosphotransferase activities of SRK were 

stimulated with a slower kinetics by agonists to p70S6K. Interestingly, over-

expression of the proto-oncogene Akt resulted in EGF-independent activation of 

SRK, while over-expression of kinase-dead Akt had an inhibitory effect.

(Supported by the Ministry of Science and Technology of Korea.)

612.11

p27kipl REGULATES CELL CYCLE WITHDRAWAL IN
MAMMALIAN RETINAL PROGENITOR CELLS. E.M, Levine1*, J. 
Close1, A. Ostrovsky1, M, Eero2, J, Roberts2, and T.A. Reh1. ‘Dept. of Biological 
Structure, University of Washington, Seattle, WA 98195; 2Div. of Basic Sciences, 
Fred Hutchinson Cancer Research Center, Seattle, WA.

The cell types that comprise the vertebrate retina arise from a 
population of multipotent progenitor cells. Although extracellular 
factors are known to have potent effects on the proliferation and 
differentiation of these cells, very little is known about the intrinsic 
molecular factors that mediate these effects. Since cell cycle withdrawal 
is tightly associated with the onset of differentiation, it is likely that an 
active mechanism of cell cycle withdrawal is necessary to coordinate 
growth and differentiation. One class of cell cycle proteins known to 
have inhibitory effects on cell cycle progression in many tissues are the 
cyclin-dependent kinase inhibitor (cdki) proteins. To determine if cdki 
proteins are important in cell cycle withdrawal in retinal progenitors, we 
investigated the expression and function of p27k,pl in the rodent retina 
during histogenesis. p27k,pI is expressed in patterns that correlate with the 
onset of differentiation of most retinal cell types. However, the 
expression is transient in post-mitotic neurons, and in the mature retina, 
p27kipl expression is confined to a row of cells in the inner nuclear layer 
that are likely to be Muller glia. Overexpression of p27klpl in retinal 
progenitors inhibited proliferation, even in the presence of the mitogen, 
EGF. Analysis of p27k,pl -/- retinas revealed that proliferation is 
extended beyond the normal period, and the fates of these cells are 
currently under investigation. These results demonstrate that p27kipl is an 
important negative regulator of proliferation in retinal development.
Grant Sponsors: NEI EY66056 to E.M.L.; Foundation Fighting Blindness to 
T.A.R.

612.12
Dissection of the extracellular and intracellular controls on cell 
growth, division, and survival
I.J. Conlon, J.P, Brockes* and M.C. Raff, MRC Laboratory for 
Molecular Cell Biology, University College London, London 
WC1E 6BT, UK.

The control of animal growth is poorly understood, 
although it is clear that extracellular signals stimulate 
animal growth by promoting cell growth, progress through 
the cell cycle, and cell survival. The concentrations of these 
extracellular signaling molecules are often limiting, as 
increasing their levels usually leads to an increase in total
cell mass, but it is unclear how the concentrations are
controlled. It is also uncertain how and to what extent the
specific signals (and their corresponding intracellular 
signalling networks) contribute to the control of cell growth, 
division and survival. The contrbls on cell growth are 
especially poorly understood. There is evidence that some 
signaling molecules can specifically stimulate growth or cell- 
cycle progression, while others can stimulate both.

We are studying the effects of specific extracellular and 
intracellular signaling proteins on normal rat Schwann cell 
growth, cel,-cycle progression, and survival in culture. We will 
present the results on the poster.

This research was supported by a Programme Grant from the MRC U.K.
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612.13
EFFECTS OF T155c (AN N-TERMINAL FRAGMENT OF SV40 LARGE T)
IN A p53 TEMPERATURE-SENSITIVE CELL LINE AND ABILITY TO 
IMMORTALIZE CNS CELLS IN VITRO. Emmy Truckenmiller1, Peisu Zhang, 
Mark Coggiano, and William J. Freed*. Johns Hopkins Bayview Medical Center1, 
National Institute on Drug Abuse, Baltimore, MD 21224.

A renewable source of cells with relatively normal properties would alleviate 
the necessity to obtain cells from donors. Such cells potentially would have a wide 
variety of uses such as testing pharmacological agents or viral infection mechanisms, 
and transplantation for therapeutic purposes. SV40 large T (Tag) is routinely used for 
immortalizing cells, however it interferes with multiple cell-cycle regulating proteins 
(including p53, p300, and Rb) and typically produces cells with immature 
phenotypes. We have previously shown that an N-terminal 155 amino acid fragment 
of Tag (named T155), which does not bind p53, was capable of immortalizing 
primary rat CNS cells in culture which retained markers for mature neurons and glia 
(Truckenmiller et al. Cell Tissue Res. 291:175-189, 1998). In an effort to determine 
a minimal immortalizing agent, we have produced T155c, derived from the cDNA of 
T155 which does not encode SV40 small t, as well as variants of T155c which were 
shorter or in which the Rb or p300 binding regions were deleted or mutated. 
Constructs of a mammalian expression vector containing sequences encoding T155c 
and variants were first tested by transfecting into T64-7B cells (a p53 temperature- 
sensitive rat fibroblast cell line) for the ability to induce cell growth at the non- 
permissive temperature. T155c was effective in overcoming p53-induced cell cycle 
arrest. T155c was also introduced into primary rat mesencephalic cell cultures, and 
two immortalized cell lines were derived. Therefore T155c appears to be an effective 
in vitro immortalizing agent. The small size of T155c DNA may facilitate its 
incorporation into effecient and regulatable vectors.
Support:NIDA Intramural Research Program.

612.14
TRANSECTION LOADING: COUPLED CELLULAR COMPARTMENTS IN 
THE DEVELOPING CNS REVEALED BY DYE SPREAD IN SLICES. M.M., 
Froes, J.R.L. Menezes, R. Lent*, and V. Moura Neto. Depto. of Anatomy, ICB, UFRJ, 
Brazil -21941-590. emaikmmfroc  ̂a anaio.uI'ri.hr

Studies of cell-to-cell coupling by functional gap junctions (GJ) in the CNS have 
been restricted to cell pairs or to small groups of cells, by means of dual whole-cell 
voltage-clamp and intracellular dye injections, respectively. However, a reliable 
dissection of these intercellular pathways is needed to clarify their function?1 
organization as a whole. In this work we introduce an experimental strategy for the 
study of junctional communication involving large cell populations in brain slices by 
combining well-known dye transfer assays with basic histological techniques. Rodent 
brains at E16 and P3-4 were dissected, immersed in saline solution (4°C) and cut in 
coronal slices (800-1000pm). The slices were immersed in a mixture of Lucifer 
yellow (LY, MW 457 Da) and a GJ impermeant rhodamine-dextran conjugate (RD, 
MW 3kDa), to distinguish coupled cells from directly labeled ones. After dye 
washout, blocks were fixed with paraformaldehyde, cryoprotected and cut at 16pm, in 
coronal or sagital sections. Tissue architecture could be studied by nuclei staining with 
DAPI, Large groups of LY(+) RD(-) cells were consistently observed under 
fluorescence microscopy at the different ages examined. Well-defined spatial patterns 
of cell coupling could be detected in several brain regions studied: cerebral cortex, 
olfactory bulb, hippocampus, subventricular zone, embryonic striatum-pallium border 
and non-telencephalic regions such as the cerebellum. Tracer coupling was blocked at 
various degrees, in a region-specific manner, by known uncoupling agents as 
halothane and carbenoxolone, in addition to acidification and high calcium levels. By 
means of a population approach our results suggest that the gap junction-mediated 
functional cell compartments in the developing brain are topographically organized, as 
visualized by tracer coupling and further confirmed by use of uncoupling agents in 
brain slices.
Financial support: PRONEX 052/97, CAPES-COFECUB, FAPERJ, FUJB-UFRJ.

612.15
NEURON-GLIA INTERACTION EFFECTS ON NEURONAL 
PROLIFERATION. F.C.A. Gomes1, C.G. Maia1, J.R.L. Menezes1, H. Chneiweiss2* 
and V. Moura Neto1. ’Depto. de Anatomia; Universidade Federal do Rio de Janeiro; 
RJ, BRAZIL; 2INSERM, U-l 14, College de France, Paris, FRANCE.

Thyroid hormone (T3) is known to be important for normal neonatal brain 
development contributing to neurogenesis and gliogenesis. We have previously 
demonstrated that T3 treatment induced newborn cerebellar astrocyte proliferation. 
Such event was mediated by soluble factors secreted by astrocytes after T3 treatment 
since conditioned media (CM) obtained from those cells mimicked hormone 
treatment effect. Most of the knowledge of T3 points to a direct action over neurons. 
Since neuron-glia interactions play a key role in several steps of brain development, 
we tested the ability of such T3-glial CM to also influence neuronal proliferation. 
With that aim, neurons from 19-day embryonic cerebellum were cultivated for 24h in 
the presence of T3CM. Interestingly, cerebellar neuronal population increased by 
60-80% in this medium. Such event presented a regional specificity, since cerebellar 
astrocyte CM had no effect on cerebral cortex neurons. Addition of 5pM forskolin 
enhanced the responsiveness of cerebellar neurons to astrocytes T3CM. Assays using 
adenylate-cyclase and protein kinase A inhibitors revealed the involvement of 
PKA-cAMP pathways in such events. Analysis with the proliferation marker, BrdU, 
revealed that T3CM increase of neuronal number was mainly due to neuronal 
proliferation, since the proliferation index was 3 times higher in T3CM than in the 
control medium. Neutralizing antibodies assays demonstrated that T3CM effects on 
neurons are, at least in part, due to PTNF and EGF. Thus, our work describes a novel 
molecular mechanism of action of T3 on neurons, and proposes a key role for 
astrocytes in mediating thyroid hormone dependent cerebellar neuronal ontogenesis. 
Financial Support: FAPERJ; CNPq, CAPES, PRONEX 52-97; CEPG-UFRJ.

612.16
DYE COUPLING IN THE EARLY POSTNATAL SUBVENTRICULAR ZONE
J.R.L. Menezes*, M.M Froes, V. Moura Neto and R. Lent. Depto. de Anatomia, I. C. 
B„ UFRJ, Rio de Janeiro, 21941-590, Brazil.

The postnatal anterior subventricular zone (SVZ) of the forebrain is a germinal 
layer that undergoes continued neuronal proliferation and migration well after these 
events are over in other regions. It generates mainly neurons destined to the olfactory 
bulb (OB), in a phenomenon known as rostral migratory stream (RMS). Since 
junctional communication has been associated to proliferative activity of the 
embryonic ventricular zone (VZ) we decided to study the presence of functional cell 
coupling in the subventricular zone during the first postnatal week, the peak of 
proliferation and migration therein. To reveal cell coupling in situ we have adapted 
the scrape-loading technique to brain slices, (transection loading). Fresh, 800-1000 
pm coronal slabs of rodent brains between 4-6 days postnatal were immersed in a 
mixture of Lucifer Yellow and Rhodamine conjugated dextran (3 kDa) in PBS 
without Ca+2, After 3 min the slabs were washed in buffered saline solution 
containing Ca+2 for 15 min. Slabs were fixed for 30 minutes in 4% paraformaldehyde, 
cryoprotected overnight and sectioned sagittally or coronally at 16 pm in the cryostat. 
Sections were then counterstained with DAPI and analyzed under fluorescence 
microscopy. We have found significant cellular coupling throughout the SVZ/RMS. 
Coupling was especially intense in the dorsal part of this tubular structure, spanning 
SVZ/RMS except at the OB where it was diffuse. Dye spread through cell coupling 
was blocked completely by high Ca+2, and partially by Halothane and Carbenoxolone. 
Coupled cells never presented a typical migratory morphology: most had multiple 
shapes and some were radially oriented. Thus, similarly to the embryonic VZ, the 
early postnatal SVZ is also coupled through gap junctions. Furthermore, the peculiar 
topography of coupling suggests the involvement of junctional communication in the 
formation of proliferative and/or migratory compartments within the postnatal SVZ. 
Financial support: FINEP, FUJB, Pronex 052/97, FAPERJ

612.17

NITRIC OXIDE MODULATES SURVIVAL AND PROLIFERATION OF POST-
NATAL BRAIN DERIVED SUBVENTRICULAR ZONE NEURONAL 
PRECURSORS. C. Estrada*, E. R. Matarredona, M. Murillo-Carretero, J.A. Noval 
and B. Moreno-L6pez. Area de Fisiologla, Fac. de Medicina, Univ. de Cadiz, Spain.

Nitric oxide has an antiproliferative effect mediated in part by direct interaction 
with the EGF receptor1. The present work investigates the role of nitric oxide on the 
survival and proliferation of subventricular zone (SVZ) neuronal precursors, whose 
growth is stimulated by EGF in vivo and in vitro. Explants obtained from the SVZ of 
P7 mice were maintained in culture under different conditions. After 72 hours, small 
colonies were formed. Addition of EGF increased the number of cells/colony to 130 
% and 152 % in the absence and presence of serum, respectively, without changing the 
percentage of apoptotic cells. The effect of EGF was abolished when NO donors 
(DETA-NO, 5mM; SNAP, 1 mM) were added to the culture medium at the seeding 
time, and was reduced to 40 % when they were added after 48 hours of culture. There 
was a mild increase in the number of apoptotic cells in the presence of NO donors. 
The antiproliferative effect of NO donors on these cells was not mediated by guanylyl 
cyclase activation, since it was not modified by the specific enzyme inhibitor ODQ. A 
large number of explant-derived cells grown in the presence of serum expressed NOS 
I, as detected by immunohistochemistry. Addition of the NOS inhibitor L-NAME 
significantly increased the number of cells/colony, indicating that endogenous NO has 
also antiproliferative effects on these cells. Immunohistochemical studies in adult mice 
brain sections revealed the presence in the SVZ of nitrergic neurons, whose varicose 
axons project along the proliferation area and the migratory pathway. Taken together, 
the results suggest that NO produced by nitrergic neurons modulate the survival and 
proliferation of neuronal precursors in the post-natal brain.
'Estrada et al., Biochemical J. 326: 369-376, 1997.
Funded by grant 97/2054 from.the Fondo de Investigation Sanitaria and grant 
08.5/0019/1997 from the Consejeria de Education y Cultura de la Comunidad de 
Madrid, Spain

612.18
NITRIC OXIDE INDUCES p53-DEPENDENT APOPTOSIS ON NEURAL 
PRECURSOR CELLS. T. Hisatsune*. Division of Integrated Biosciences, The 
University of Tokyo; Tokyo 113-0033, JAPAN.

Nitric oxide (NO) is synthesized at pM level by inducible Nitric Oxide Synthase 
(NOS). In central nervous system (CNS), iNOS activity is observed in astroglia and 
microglia under the pathological condtion of stroke, Parkinson’s disease, or 
Alzheimer’s disease. The implantation of the neural precursor cells is a possible 
therapeutic method to restore this neurodegeneration. Upon the implantation of neural 
precursor cells into brain by surgical injection, the induction of reactive astrocyte was 
often observed. This cell type has iNOS activity and could releases a large amount of 
NO. Infiltration of macrophages from blood vessel is also possible in this brain region. 
Macrophage is another producerof a high dose of NO in CNS. Therefore, it is essential 
to study the role of nitric oxide on the cellular response of neural precursor cells. A 
NO-donor (SIN-1) was added to the primary culture of telencephalic neural precursor 
cells. As a result, SIN-1 induced apoptotic cell death in the neural precursor cells at a 
concentration of 50 pM. This apoptotic cell death is p53-dependent, since SIN-1 did not 
induce apoptosis in neural precursor cells from p53 knock-out mice. All the tested 
NO-donors, SNAP, GSNO, and NOR-3, showed comparable p53-dependency on the 
induction of apoptosis. By means of p53 western blotting, NO-donor elevates the 
amount of p53 molecules in the neural precursor cells. A promoter assay using the 
p53-responsive element showed that this p53 molecules function as a transcription 
factor. This study clearly demonstrates that NO increases the amount of p53 molecules 
and this biochemical reaction leads to the apoptosis of the neural precursor cells. The 
control of iNOS activity should be required during the brain repair by the transplantation 
of the neural precursor cells.
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612.19
THE MITOGENIC EFFECT OF FCS IN THE EMBRYONIC CHICK 
NEURAL RETINA INVOLVES Ca2* MOBILIZATION PROCESSES.
M, Sugioka1-2, W.-L. Zhou2, M, Yamashita2ancl H.-D. Hofmann1*. 1lnst. Anat. I, 
Univ. Freiburg, P.O. Box 111, D-79001 Freiburg, Germany. 2Dept. Physiol. I, 
Nara Med. Univ., Shijo-cho 840, Kashihara 634-8521, Japan.

Fetal calf serum (FCS) is known to have mitogenic activity also for cells of 
neural origin, but the mechanism underlying the proliferation-promoting effect 
is largely unknown. To investigate the potential role of Ca2* we have studied 
the effects of FCS on intracellular Ca2+ concentration by fura-2 fluorescence 
measurements and on [3H]-thymidine incorporation in embryonic chick retina.

Bath application of FCS (0.3-20 %) to embryonic day 3 (E3) chick neural 
retinae caused a Ca2* rise in a dose-dependent manner up to 10 % FCS. The 
FCS- inducible rise in intracellular Ca?* declined from E3 to E13, in parallel with 
the decrease in mitotic activity of retinal progenitor cells during development, 
suggesting that FCS might control proliferation through regulating intracellular 
Car*. Accordingly, FCS resulted in enhanced [3H]-thymidine incorporation 
and increased cell numbers in the E3 chick retinal organ culture. FCS- 
induced increases in [3H]-thymidine incorporation and intracellular Ca?* levels 
exhibited very similar EC^ (~3 % and ~2 %, respectively).

The Ca?* response to FCS was reversibly inhibited by DBHQ (50 pM), which 
blocks re-uptake of Ca2* into intracellular Ca2* stores, and occurred also in a 
Ca^-free medium, indicating that release of Ca2* from intracellular stores (Ca?* 
mobilization) was induced by FCS. Repetitive applications of FCS in the Ca2*- 
free medium reduced the Ca2* rise, probably due to depletion of Ca2* stores, 
and caused capacitative Ca?* entry after re-introduction of external Ca2*. 
SK&F 96365 (5 pM) which prevents capacitative Ca?* entry reduced DNA 
synthesis in organ cultures to -60 % with FCS and to -30 % without FCS. 
DBHQ reduced DNA synthesis to -60 % in culture with FCS but had no effect 
in culture without FCS. These results suggest that basal proliferation in the 
E3 chick neural retina requires capacitative Ca?* entry, whereas the stimulatory 
effect of FCS involves both capacitative Ca2* entry and Ca2* mobilization.

NEURAL INDUCTION AND PATTERNING II

613.1
ZEBRAFISH JAGGED HOMOLOGUES ARE ASSOCIATED WITH TISSUE 
BOUNDARIES AND ECTODERMAL PLACODES. T, Oda2, C-H Kim1, SC. 
Chandrasekharappa2 and AB Chitnis1*, ‘Laboratory of Molecular Genetics, NICHD, 
2Genetics and Molecular Biology Branch, NHGRI, National Institutes of Health, 
Bethesda MD 20892.

Notch signaling plays an important role in multiple tissues to mediate cell-cell 
interactions that influence cell fate. Notch interacts with two ligands in Drosophila, 
Delta and Serrate, both of which have multiple homologues in vertebrates. Ligands 
corresponding to Serrate are called Jaggeds in vertebrates. Recently it was shown that 
Alagille syndrome in humans, characterized by multi-systemic abnormalities, is due 
to mutations in the Jagged 1 homologue. In order to understand the role of the Jagged 
ligands in vertebrate development and to eventually understand how deficits in 
Jagged function lead to multi-systemic defects in humans we have identified three 
homologues of Jagged in zebrafish, Jagged 1, 2 and 3. Each Jagged homologue has a 
unique and dynamic pattern of tissue specific expression. We have examined their 
expression in specific domains of the neural tube and in ectodermal placodes during 
embryogenesis. The Jaggeds are associated with a number of developmentally 
important boundaries in the neural tube including the forebrain-midbrain boundary, 
midbrain-hindbrain boundary (MHB) and rhombomere boundaries in the brain and 
the sulcus limitans in the spinal cord. When the expression patterns of the three 
Jagged homologues are examined together a characteristic feature about their 
expression pattern becomes evident; the Jagged genes are often expressed in 
complementary domains in the embryo. Examination of the expression of the Jagged 
genes in a mutant in which neurogenic gene function is compromised shows that 
Jagged 1 expression is lost at specific neural boundaries while Jagged 2 expressing 
cells are increased in specific ectodermal placodes. These observations together with 
ongoing ectopic expression studies support a role for Jagged genes in the formation 
of tissues boundaries and ectodermal placodes. FUNDED BY NIH

613.2

COMBINATORIAL EXPRESSION OF LIM-HOMEODOMAIN AND 
OTHER TRANSCRIPTION FACTORS PARCELLATES 
EMBRYONIC MOUSE DORSAL THALAMUS
Y. Nakagawa* and D.D.M. O'Leary.
Molecular Neurobiology Lab, The Salk Institute, La Jolla, CA 92037 

A crucial issue in neocortical differentiation and function is to define the
mechanisms that control the development of area-specific thalamocortical 
projections, which arise from nuclei of the dorsal thalamus. We 
hypothesize that a combinatorial expression of transcription factors is 
responsible for generating the identity of each dorsal thalamic nucleus, 
and therefore screened for genes that are differentially expressed in dorsal 
thalamus. We have found that two of the LIM-homeodomain transcription 
factors, Lhx2 and Lhx9, are expressed in specific nuclei of mouse dorsal 
thalamus over the period that they differentiate, and when thalamocortical 
axons are targeting within the neocortex. Lhx2 is expressed in medial 
geniculate (MG), but not in ventroposterior (VP), ventrolateral (VL) or 
rostral part of dorsal lateral geniculate (dLG) nuclei. Lhx9 is expressed in 
dLG and VL, but not in large portions of MG or VP nuclei. Both of them 
are expressed in medial nuclei. Another homeodomain-containing 
transcription factor, Gbx-2, is also expressed in graded and nuclei-specific 
patterns distinct from either of the Lhx genes: Gbx2 is expressed in MG 
and dLG but not in most of VP or VL. In addition, at early embryonic 
stages (El2.5-14.5), Gbx2 and a bHLH transcription factor, Neurogenin2, 
show roughly complementary expression patterns. These results suggest 
that the LIM-homeodomain and other transcription factors examined 
cooperate to regulate the expression of downstream target genes that may 
confer nuclei-specific identity to dorsal thalamic neurons, and thereby 
influence their migration, differentiation, and area-specific patterns of 
thalamocortical axon projections to the neocortex. Supported by NIH 
grant NS31558.

613.3

R-CADHERIN EXPRESSION IN THE CENTRAL NERVOUS 
SYSTEM OF DEVELOPING ZEBRAFISH REFLECTS A 
NEUROMERIC AND SEGMENTAL ORGANIZATION. Liu O,** J.
A. Marrs2, and P. A, Raymond1 1. Department of Anatomy and Cell 
Biology, 4610 Medical Science n, University of Michigan, Ann Arbor, 
Michigan 48109; 2. Department of Medicine, Indiana University Medical 
Center, Indianapolis, Indiana 46202

Using in situ hybridization and immunocytochemical techniques, we 
show that zebrafish R-cadherin is expressed in several defined regions in 
the embryonic forebrain and in distinctive clusters in the hindbrain and 
spinal cord, with a distribution that reflects the neuromeric organization 
of the embryonic zebrafish brain and the segmental organization of the 
spinal cord. This is the first report of a segmental expression of R- 
cadherin in the hindbrain and spinal cord. Cells expressing R-cadherin 
are also found in restricted regions in developing sensory systems 
(auditory and visual). Expression domains of R-cadherin were compared 
with those of Pax-6, a transcription factor involved in the development 
of several neural structures including the eye. In mouse, mutations in 
Pax-6 (Small eye) lead to disruption of R-cadherin expression in the 
forebrain. In the forebrain of zebrafish embryos at 28-50 hours post-
fertilization R-cadherin and Pax-6 overlapped extensively, although they 
were not completely coincident In contrast, R-cadherin and Pax-6 did 
not overlap in the hindbrain and spinal cord. These results suggest that 
zebrafish R-cadherin may play a role in brain regionalization and 
neuromere stabilization throughout the neural axis, and are consistent 
with the proposed role of Pax-6 in regulating R-cadherin expression in 
the forebrain. This study is supported by NIH EY11365 (JAM), NIH 
EY04318 (PAR), and NRSA EY06892 (QL).

613.4
DIENCEPHALIC NEUROMERES AND THEIR BOUNDARIES ARE 
CHARACTERIZED BY DIFFERENCES IN BRDU LABELING. M. Hollvday*. 
M, Kulkami and G. Martinez. Dept. Biology, Bryn Mawr College, Bryn Mawr PA 
19010.

We are interested in the developmental significance of neuromeres in the vertebrate 
neural tube. Neuromeres are bulges of the walls of the neural tube separated by 
external constrictions called boundaries. Using these morphological criteria to 
identify neuromeres and their boundaries in tissue sections of chicken embryos, we 
identify three diencephalic neuromeres at stage 17: the synencephalon, posterior 
parencephalon and anterior parencephalon. We used pulse administration of BrdU aid 
immunocytochemistry to label S-phase nuclei in neuromere and boundary neural 
epithelial cells. Tissue sections were counterstained with thionine, viewed with a 
light microscope at 1000X magnification, and drawn on paper with the aid of a 
camera lucida. Counts of labeled and unlabeled nuclei were made from the drawings, 
and labeling indices (LI) were calculated.

At short survival times (up to 2 hrs after BrdU administration), the mean Li’s of 
the synencephalic neuromere were consistently lower than the Li’s of its boundaries 
with the mesencephalon and posterior parencephalon; these differences were 
statistically significant (p<0.05, Students t-test). A similar result was obtained for 
the posterior parencephalon and its boundary with the synencephalon, but not for its 
boundary with the anterior parencephalon. The mean LI of anterior parencephalon was 
significantly different from its caudal boundary in only two of our seven cases. 
Labeled nuclei in boundary regions were more widely distributed across the wall of 
the neural tube than they were in neuromeres; labeled nuclei in boundary cells were 
found closer to the ventricular surface.

Our findings suggest that neuroepithelial cells in the bodies of the neuromeres and 
boundary neuroepithelial cells differ in the parameters of their cell cycle; they may 
also differ with respect to patterns of interkinetic nuclear migration. Our findings also 
suggest that such differences characterize mature neuromeres and their boundaries, and 
that the differences are consequences of previous patterning events which divide the 
neural tube into neuromeric units. (Supported by Bryn Mawr College.)
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613.5
RELATIONSHIP BETWEEN CHOROID PLEXUS ORGANIZATION AND SEGMENTA-
TION OF THE HUMAN PROSENCEPHALON. J.K. Mai1*; F. Forutan1; S. Lensing- 
HQhn1; K.W.S. Ashwell2; D. Nohr1; T. Voss1; and Ch. Andressen3, ^Dept. Neuro-
anatomy, Heine Univ., 40225 DQsseldorf, FRG, ^School of Anatomy, Univ. of 
NSW, 2052, NSW, Australia, 3Dept. Anatomy, Univ. of Cologne, 50001, FRG

Prosomeric domains underly the fundamental geometry of the brain. Their to-
pography might be influenced or even organized by signals from the surroun-
ding mesenchyme. Since subdivisions of the human prosencephalon are reco-
gnizable on the basis of the distribution of CD15 (Lex, FAL) radial glia (RG), we 
have studied the location of prosomeric boundaries in the context of the orga-
nization of the roof plate and the lateral choroid plexus during development.

45 human brains with ages ranging from 9 weeks of gestation (wg) until birth 
were examined. All brains were serially sectioned and immunohistochemistry 
was performed with antibodies against the CD15 epitope, and spectrin.

We could identify CD15+ RG in the human diencephalon from 10 wg until at 
least 28 wg. This subpopulation was arranged in a segmented pattern which 
corresponds to the prosomeric boundaries, particularly between dorsal and 
ventral thalamus, and between the lateral and dorsal cortex. Between 10 and 
13 wg the CD15+ RG cells of the ventral thalamus were found to be connected 
with the tenia of the choroid plexus. Analysis of serial sections revealed the 
complex 3d organization of the portion of the tenia. From the initially focal 
expression, restricted to the area of the interventricular foramen, IR was 
subsequently found along the complete supra- and infrachoroidal taenial 
attachment including the anterior telencephalic roof plate (choroid area), the 
region of the plexus origin. Positive segments of the choroid plexus were in 
continuity with positive zones both in ventral thalamus and, more anteriorly, 
mesial allocortex.

We consider i) that the structural convergence of RG processes towards the 
taenial attachment is due to chemical influences and ii) that this interaction 
might provide "anchor-points" for the RG processes providing stable partitions 
for neuronal migration and differentiation during subsequent brain development. 
As CD15 IR was contigious from the attachment of the tenia throughout the 
mesial telencephalon, we argue that the early expression of CD15 in these 
structures is related to the formation and segmentation of the forebrain itself.

613.6

IDENTIFICATION OF DEVELOPMENTALLY REGULATED 
TRANSCRIPTION FACTORS IN CEREBRAL CORTEX BY 
SUBTRACTIVE DIFFERENTIAL DISPLAY
D.B. Campbell* and P. Levitt Department of Neurobiology; University of 
Pittsburgh School of Medicine; Pittsburgh, PA 15261.
A subtractive differential display approach was undertaken to identify genes 
differentially expressed in three regions of developing rat cerebral cortex. This 
approach succeeded in identifying three genes encoding the transcription factors 
NET, GAP-associated protein pi90, and c-Myc intron binding protein (MIBP1). 
The differential expression of transcription factors is particularly interesting due to 
the possible role of these proteins in establishing gene expression patterns during 
development. NET, a transcription factor of the ETS gene family, is known to be 
regulated by the Ras signaling pathway: NET represses gene expression in its 
unphosphorylated state; Ras- or ERK-dependent phosphorylation converts NET to 
a transcriptional activator. In situ hybridization studies revealed prominent cortical 
expression of net mRNA in mouse embryos between E10.5 and E12.5, including a 
particularly striking pattern at El 1.5 with 2 sagittally-oriented bands of net mRNA 
expression in developing cerebral cortex. GAP-associated protein pi90, also 
associated with the Ras signaling pathway, may function as a transcription factor: 
it contains a domain highly homologous to the functional domain of a known 
transcriptional repressor, 25% of the protein is localized to the nucleus, and it 
binds DNA. In situ hybridization results showed that the gene is expressed in 
embryonic mouse cortex and also revealed a sharp peak of GAP-associated protein 
pl90 mRNA expression between E10.5 and E12.5, coincident with the striking 
pattern of net mRNA expression. The c-Myc intron binding protein (MIBP1) 
regulates transcription of the c-myc immediate early gene. MIBP1 mRNA 
expression in the El 1.5 mouse was restricted to the forebrain, with particularly 
abundant expression in the cerebral cortex. Identification of differentially 
expressed transcription factors, and forthcoming manipulation of their expression, 
promises to elucidate fundamental processes involved in development of the 
mammalian cerebral cortex. Supported by NIMH grant MH45507.

613.7

AN INVESTIGATION OF BORDERS IN THE DEVELOPING AVIAN 
FOREBRAIN. C. Larsen, A. Lumsden and N.C. Adams*. Department of 
Developmental Neurobiology, Guy's Campus, King's College, London, SE1 
9RT, UK.

Several reports have suggested that the diencephalon is subdivided into a 
number of transverse domains (the pretectum, dorsal and ventral thalamus) 
as it develops. These domains are said to be defined morphologically and 
histologically as well as by the expression of several developmental control 
genes. Thus far little is known about the structure of the putative border 
regions between proposed domains. It is not clear if borders exhibit 
particular border morphology, as seen in the avian hindbrain, or are simply 
gene expression borders as seen in the parasegment boundaries in 
Drosophila. We have investigated boundary formation in the chick 
diencephalon from Hamburger and Hamilton stage (HH) 12 through to HH 
28. We examined ridge formation and subdivision of the diencephalon using 
SEM and traditional histological techniques. In addition to this, specific 
expression/upregulation of adhesive, neural guidance and glial specific 
molecules were investigated using immunohistochemical methods. Onset 
and variation of gene expression were assessed by in situ hybridization and 
cell cycle variation by BrdU injections.

The results from this study show that the zona limitans intrathalamica 
becomes obvious as a ridge at around HH 18 but does not express particular 
boundary markers until HH 19/20. The boundary between dorsal thalamus 
and pretectum transiently exhibit some boundary morphologies around HH 
16 but these disappear around HH 17. None of the other proposed 
boundaries exhibit any markers during the period investigated.
Funded by the Wellcome Trust.

613.8

FURTHER OBSERVATIONS ON THE OLFACTORY-LIKE STRUCTURES IN 
SMALL EYE (SEY) MICE. M.C.Garcia, J.A.De Carlos, F,Valverde and L. Lopez- 
Mascaraque*. Institute Cajal. CSIC, Madrid, Spain.

Homozygous mutants (Pax-6sey'neu/Pax-6sey'neu) have different alterations, such as the 
lack of nasal structures and eyes. However, in our previous work, we described an 
Olfactory Bulb Like Structure (OBLS) in the brain of mice with homozygous mutations 
of the Pax-6 gene (Lopez-Mascaraque et al., ‘98 ). OBLS is formed by two different 
areas: Al and A2. The area Al is composed by projection cells that form a lateral tract 
(LT) similar to the lateral olfactory tract (LOT) of the wild type mice (WT), and A2 is 
composed by another cellular type which does not projec by the LT

In this work we analyze, in mutants aged from Ell to P0, the neurogenesis, 
development and disposition of the OBLS cells, after labeling with bromodeoxyuridine, 
calretinin(CR), tracers and in situ hybridation for different genes. CR-ir revealed zones 
of expression in the mutant that had similar relative positions to those in WT (mitral cells 
and LOT). These cells are generated mainly at El 1 in the rostral pole neuroepithelium 
of the lateral ventricles (in WT the first-generated neurons in the telencephalic vesicle 
are those corresponded to mitral cells at E11). The initial developmental stages of OBLS 
are characterized by the orientation of their cell projection dendritic processes toward the 
internal core of the structure. On the other hand, while in the WT the expression of 
mRNA pax-6 is localized in the accessory olfactory bulb (AOB) and subventricular zone, 
in the mutant the expression becomes localized to A2 and the periphery of OBLS.

Together, these results support our previous work about the identity of OBLS as an 
olfactory bulb that has not been development because of a lack of olfactory inputs and 
intrinsic cellular factors. Moreover, the similarities in the mRNA pax-6 expression in 
A2 of OBLS of the mutant and in the AOB of the WT mice brains induce us to think that 
the area A2 could correspond to the accessory olfactory bulb (Supported by DGES 
Research grant PB96-0813 from the Ministerio de Education y Cultura and 
08.5/0037/1998 grant from the Comunidad de Madrid)

613.9

PAX6 AND PAX7 EXPRESSION IN THE DEVELOPING CHICK OLFACTORY 
SYSTEM. R.B. Norgreri* Dept. of Cell Biology Sc Anatomy, Univ. Nebraska Med. 
Ctr., Omaha, NE 68198.

The development of the olfactory system is the result of a complicated interplay 
of cells and molecules. Key cellular players are found in the olfactory epithelium, 
the olfactory bulb and the frontonasal mesenchyme that lies between them. 
Mutations in genes coding for two transcription factors, PAX6 and PAX7, have 
been shown to result in deficiencies in these structures. In this study, we describe 
the expression of PAX6 and PAX7 in the developing chick olfactory system. This 
information will allow us to determine whether the spatial-temporal expression of 
PAX6 and PAX7 correlate with key events in olfactory nerve pathfinding, LHRH 
neuronal migration within the olfactory nerve and olfactory bulb induction by the 
olfactory nerve. As previously reported, intense PAX7 immunostaining was found 
in the mesenchyme lateral to the olfactory epithelium. Weakly staining PAX7 cells 
were found in close proximity to the olfactory nerve. There appeared to be a 
gradient of expression from strong staining lateral to the olfactory epithelium to 
weak or no staining in the mesenchyme medial to the olfactory nerve. No PAX7 
staining was observed in the telencephalon as the olfactory nerve entered the brain. 
As previously reported, PAX6 immunostaining was observed within the olfactory 
epithelium. When the olfactory nerve initially extends towards the brain, it is 
located near, but does not enter, the lateral telencephalon. In addition to 
immunostained neurons of the ventricular zone, more superficial PAX6 neurons are 
observed in the lateral telencephalon at this time, but are not limited to the region 
near the olfactory nerve. Later in development, the olfactory nerve enters the 
rostralmedial portion of the telencephalon and LHRH neurons migrate along the 
medial edge of the telencephalon dorsal-caudally. At the stages examined thus far, 
strongly staining PAX6 cells are observed in the superficial portion of the 
telencephalon when the olfactory nerve is close to the brain, but these cells are not 
present at the point where the initial ingrowth of olfactory nerve axons (with LHRH 
neurons) are observed. Additional stages are currently being examined. We plan to 
ablate the olfactory placode before the olfactory nerve extends towards the brain 
and examine PAX6 expression in the telencephalon/olfactory bulb. This work was 
supported by NIH grant NS01719.

613.10

IDENTIFICATION AND CHARACTERIZATION OF THE AVIAN WNT 
RECEPTORS, FRIZZLEDS, IN CRANIAL PLACODE DEVELOPMENT. 
M.R. Stark. C, Marcelle. M.S, Rao and G.C, Schoenwolf*. Dept. of 
Neurobiology and Anatomy, University of Utah School of Med., Salt Lake 
City, UT 84132

In vertebrates, cranial placodes contribute much of the peripheral nervous 
system in the head, including sense organs (ear, eye, and nose) and some 
sensory nerve ganglia. Placode development occurs as fields of cells within the 
cranial ectoderm are specified by nearby tissues and subsequently differentiate 
as placode cell types. The specification of at least some cranial placodes 
involves secreted signaling molecules and their receptors. One family of 
secreted proteins that may play a role in cranial placode induction is the 
wingless/wnt family. Recently, the frizzled family of receptor molecules was 
identified as receptors of wnts. To determine whether frizzleds are involved in 
placode cell specification and differentiation, we employed a degenerate PCR 
strategy to identify frizzled family members expressed in cranial ectoderm and 
nearby neural tube tissue in the chick embryo. We have identified six frizzled 
family members and have begun to characterize their full sequence and 
expression domains during embryonic development. We observe expression of 
one frizzled homologue in the cranial ectoderm in a pattern reminiscent of Pax- 
3 expression in the trigeminal placodes. Other frizzled family members are 
expressed in the developing neural tube, eye, otic placode, and primitive streak 
of young chick embryos. Based on observed expression patterns, certain 
frizzleds may mediate the induction and differentiation of cranial placodes.

Supported by NIH grants NS18112 and NS35087.
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613.11

PHARYNGEAL ENDODERM. NOT CHORDAMESODERM
INDUCES EPIBRANCHIAL PLACODES IN AXOLOTLS TO
FORM NEURONS. S.P. Matz* and R.G. Northcutt, Department of 
Neurosciences, UC San Diego, LaJolla, CA 92093

In vertebrates it has been shown that embryonic tissue destined to become 
the neural tube and neural crest is induced to form neurons by the 
chordamesoderm. We set out to determine what embryonic tissue induces 
epibranchial placodes to form neurons. Epibranchial placodes, along with 
neural crest, form ganglia of the Vllth, IXth and Xth cranial nerves. Although it 
has not been demonstrated, it is believed that the placodal portion of these 
ganglia innervate taste buds. We transplanted placodal precursors of stage 
23 pigmented axolotls onto the belly of albino axolotls. Placodal transplants 
alone did not develop into neurons suggesting that these placodes have not 
been neurally induced prior to stage 23. However, when the placodal 
precursor was transplanted onto the belly with the underlying endoderm, 
neurons did develop from the transplanted tissue on the belly. This suggests 
that epibranchial placodes are induced to form neurons after stage 23 and 
require interactions with the pharyngeal endoderm. Furthermore, migrating 
neural crest is not involved in this neural induction since it has not migrated 
near these developing placodes prior to stage 23. This work was supported 
by NIH grants DC-01081 to RGN and DC-00284-01 A1 to SPM

613.12

DEVELOPMENT OF RETINAL PIGMENT EPITHELIUM DURING 
EARLY EYE FORMATION IN THE CHICK EMBRYO. S.Fuhrmann* 
and T.A. Reh., Dept. of Biological Structure, Box 357420, UW, Seattle.

During vertebrate eye formation, the neuroepithelium of the ventral di-
encephalon evaginates laterally to form the optic vesicles (OV). Subse-
quent invagination of the distal portion of the OV leads to the formation 
of a two-layered optic cup. The former distal layer differentiates into the 
multilayered neural retina, whereas the proximal layer develops into the 
retinal pigmented epithelium (RPE). Several extrinsic signals (e.g. FGFs 
and BMPs) have been been identified which are involved in the differen-
tiation of the retina in vivo and in vitro. However, signals that promote 
RPE differentiation have not been identified. Thus, we developed an assay 
to study RPE development in vitro and to identify factors which could be 
potentially involved in the regulation of RPE development.
OV of chick embryos (HH stage 10-14) with attached tissues were dis-
sected, enzymatically treated with collagenase, and incubated in nutating 
cultures for 2 days. Under these conditions, RPE differentiation occured 
normally; 17 of 21 explant cultures express MMP115, a pigment-specific 
melanosomal matrix protein. To address the role of extraocular tissues 
during RPE development, the overlying surface ectoderm and/or the sur-
rounding mesenchyme were removed, the remaining OV cultured, and 
examined for RPE differentiation. Removal of the surface ectoderm alone 
did not affect RPE diffentiation (15/15) but removal of mesenchyme 
alone or in combination with surface ectoderm led to a strong inhibition 
of RPE differentiation (4/16 and 7/41, respectively). Our data support an 
important regulatory role of the extraocular mesenchyme during RPE dif-
ferentiation in the chick eye. In addition, this assay allows us to study the 
effect of exogenous signals as potential regulators of RPE differentiation. 
Supported by DFG (Fu 376/1-1) and NSF (IBN-930-9502).

613.13

Lineage Analysis During the Emergence of Regional Patterning in the 
Forebrain
Maria McCarthy1*, Daniel.Turnbull Chris Walsh2 and Gord Fishell1;
Skirball Institute of Biomolecular Medicine, New York University Medical 
Center, New York, N.Y. 10016 and Dept. of Genetics, Harvard Medical School.

With the development of ultrasound backscatter microscopy (UBM), we have 
been able to address questions of lineage from the time of anterior neuropore 
closure, which approximately marks the onset of regional gene expression in the 
mouse telencephalon. Using a highly complex, sequenceable retroviral library, 
BOLAP, (Fields-Berry, personal comm.) containing the histochemical marker 
human placental alkaline phoshatase (PLAP) and UBM-targeted injections at 9.5 
days of gestation, we have successfully infected the earliest differentiating 
neuronal population in the forebrain, the Cajal-Retzius cells. We will therefore be 
able to address the question of the lineage relationship of primary neurogenic 
populations to later bom neurons. To address whether lineage plays a role in the 
emergence of regional territories, we have identified characteristic patterns of 
migration of large clusters of cells during late embryogenesis.

Initial PCR and sequencing analysis using the BOLAP library at late stages of 
embryogenesis, suggested that marker gene expression was silenced. This 
silencing phenomenon was especially significant within the proliferating 
ventricular zone. We have reconstructed the BOLAP library so that PLAP 
expression is driven by an internal nested promoter (CAP library). Our current 
analysis using the CAP library confirms that the use of internal-nested promoters 
can circumvent silencing. We can now proceed with our analysis of lineage within 
the early mouse telencephalon.
This work was supported by NIH grants NS32993 and NS38461.

613.14

THREE DIMENSIONAL 11.7 TESLA MRI ATLAS OF MOUSE 
EMBRYO NERVOUS SYSTEM.
M. Dhenain, S. W. Ruffins. A. Dhenain and R. E. Jacobs*. Beckman 
Institute, Division of Biology, California Institute of Technology, 
Pasadena, CA 91125, USA

Comprehending the appearance of structure in the developing brain is 
central to an understanding of its function. Current atlases of 
embryonic mouse are composed of micrographs of histologically 
processed specimens. Magnetic resonance imaging (MRI) microscopy 
can be a non invasive technique to record atlases of development. We 
imaged 6.5 to 16.5 days post conception (dpc) mouse embryos on a
11.7 Tesla, vertical bore (89 mm) Bruker AMX500 microimaging 
system. T2-weighted images were performed using a three dimensional 
multi-spin echo sequence (TR=1750 to 3900 ms, TE=16 to 200 ms). 
The spatial resolution was 20 to 80 pm per voxel depending on the size 
of the embryo. The contrast between cerebral structures was dependent 
on TE. 5 sets of images with various contrast (TR=1750 ms, TE=50, 
100 ms and TR=3900 ms, TE=16, 33 and 50 ms) were used to outline 
cerebral structures such as the cortical areas, the diencephalic 
structures, the various ventricles in a 12.5 dpc embryo. The outlined 
structures were thereafter reconstructed into a three dimensional atlas of 
the brain. This atlas can virtually be sliced in any direction to get 
images that can be compared to other imaging sources such as 
fluorescence imaging, gene expression mapping, or histological 
sections.
Supported by The Human Brain Project (NIDA and NIMH) and 
NCRR.

WEDNESDAY AM SYMPOSIA

614

SYMPOSIUM. DENDRITIC PROTEIN SYNTHESIS: IMPLICATIONS FOR 
SYNAPTIC DEVELOPMENT AND PLASTICITY. W. T. Greenough. Univ. of 
Illinois, Urbana-Champaign (Chairperson); O. Steward. Univ. of Calif., Irvine; J. Fallon. 
Brown Univ.; A. J. Scheetz. Yale Univ.
Newly-discovered, dendritic/synaptic protein synthesis has links to clinical disorders 
and synaptic plasticity. Speakers will discuss dendritic protein synthesis regulation and 
of the proteins synthesized. O. Steward will discuss the receptors and signal 
transduction mechanisms through which newly-synthesized mRNAs can be selectively 
targeted to activated synapses. B. Greenough will describe the enzyme cascade for 
metabotropic glutamate receptor triggered protein synthesis, including the fragile X 
mental retardation protein, FMRP, at the synapse. FMRP may regulate synthesis of 
proteins involved in experience-based developmental synapse maturation and 
elimination. J. Fallon will discuss a possible molecular basis for experience-dependent 
mRNA translation at synapses. The sequence-specific RNA binding protein CPEB 
appears to be localized at postsynaptic densities, and the translation of CaMKII mRNA 
may be regulated by CPEB-mediated cytoplasmic polyadenylation. A. Scheetz has 
shown that NMDA receptor activation increases calcium-dependent phosphorylation of 
elongation factor 2 (eEF2) at developing synapses. While eEF2 phosphorylation 
reduces overall protein synthesis, synthesis of CaM Kinase II, a protein involved in 
synaptic development and plasticity, is increased. Thus NMDA receptor activated eEF2 
phosphorylation might favor selective translation of development-related transcripts at 
active synapses.

615

THE MOLECULAR BIOLOGY OF POST-TRAUMATIC STRESS AND 
ANTISENSE TECHNOLOGY. Hermona Soreq, Ph.D., Dept. of Biological 
Chemistry, The Life Sciences Institute, The Hebrew University of Jerusalem, Israel 
91904

Delayed, long-lasting deleterious changes of a similar nature occur in the 
mammalian brain in response to acute psychological stress, head trauma or exposure 
to acetylcholinesterase (AChE) inhibitors. We are exploring the molecular and 
neurophysiological mechanisms underlying these convergent consequences in mice 
and in perfused brain slices. In vivo, disruption of the blood-brain barrier under 
stress leads to efficient brain penetrance of anti-AChEs. This induces a cascade of 
transcriptional responses suppressing synthesis and vesicle packaging of 
acetylcholine. In parallel, enhanced production of a stress-associated AChE isoform 
potentiates acetylcholine hydrolysis. In brain slices, the reduced acetylcholine 
bioavailability suppresses the neurophysiological excitation induced by anti-AChEs. 
Such suppression can protect the brain* from increased susceptibility to seizure 
activity and neuronal toxicity. However, prolonged accumulation of AChE causes, 
in anti-AChE treated mice, delayed hypersensitivity to AChE inhibitors and 
excessive glutamatergic excitation. In AChE transgenic mice, inherited AChE 
excess causes progressive deterioration of cognitive and neuromotor faculties and 
creates an extreme sensitivity to head trauma, itself an important risk for 
Alzheimer’s disease. To prevent the deleterious morphogenic activities of AChE 
that are independent of its catalytic capacity, AChE overexpression can be 
suppressed using antisense oligonucleotides (AS-ODNS). AS-ODN treatment 
prevents the AChE induction that follows head injury. In head injured AChE 
transgenic mice, AS-ODNs further minimized the morbidity, facilitated neurological 
recovery, improved survival of CA3 hippocampal neurons and limited excessive 
dendritic growth. These findings suggest antisense prevention of AChE 
overproduction for early intervention with the cascade of events leading from 
variable stress insults to long-term neurological consequences.
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618.1

EXTRASTRIATE CORTEX CONTRIBUTES TO VISUAL 
GUIDANCE OF LOCOMOTION G.A, Fowler and H, Sherk*. Dept. of 
Biological Structure, U. Washington, Seattle, WA 98195

We have developed a paradigm in which to investigate the role of 
visual cortex in visually guided locomotion. Cats were trained to walk 
down an alley in which they had to place their feet carefully so as to 
avoid stepping on small objects scattered across a substrate of fine sand. 
The alley was L-shaped and 2.9 m long overall, and required about 12-14 
visually-guided steps per run. With a moderate density of objects 
(141/m^), cats performed with great accuracy, averaging about 1 error per 
run. Error rates increased with increasing object density. Under scotopic 
illumination cats made slightly but significantly more errors, but other 
manipulations, such as the use of black instead of white sand or the use of 
low-contrast objects, did not affect performance.

We hypothesize that the lateral suprasylvian visual area, LS, is crucial 
for this behavior. Because cells in LS require moving stimuli, we 
predicted that cats would perform poorly under low-frequency 
stroboscopic illumination, which eliminates retinal image motion. Error 
rates in this condition were much higher, increasing 4-6 fold in 2 cats. In 
one cat lesions were placed bilaterally in LS. Although incomplete, the 
lesions significantly disrupted performance under all testing conditions. 
Acuity and complex pattern discrimination, on the other hand, which 
were tested with the cat stationary, were unaffected. We conclude that 
motion-sensitive neurons, including populations in LS, are used for visual 
guidance when traversing a cluttered environment.

Supported by NEI RO1 and 4847 EY07031.

618.2

A TRANSIENT PROJECTION FROM THE dLGN TO MT IN INFANT 
MONKEYS? K.M, Sorenson*. A, Etingu. and H.R. Rodman. Dept. of 
Psychology and Yerkes RPRC, Emory University Atlanta, GA 30322.

When tested under specific conditions, some human and nonhuman 
primates show residual visual abilities after striate cortex (VI) lesions. 
Previous work (Moore et al., 1996, J Neurophysiol.. 7£: 3928) found that 
macaque monkeys receiving VI lesions at age 5-6 weeks showed 
significantly better recovery than monkeys receiving similar lesions in 
adulthood. The purpose of this study was to test one hypothesis, suggested 
by similar research in cats (Payne et al., 1996, Neuroosvchologia. 24: 741), 
for an anatomical substrate of the better recovery of the infant lesioned 
monkeys. Specifically, it was predicted that a transient projection from the 
dorsal lateral geniculate nucleus (dLGN) to motion-sensitive areas of the 
dorsal cortical visual stream would exist in normal infant monkeys, which 
could potentially be stabilized after VI lesions in infancy. Previous studies 
have documented that the dLGN does not project to these areas in adult 
macaques. We injected retrograde tracers (cholera-toxin B subunit, green 
latex microspheres, or rhodamine dextran) into motion-sensitive areas (MT, 
MST, and 7a) of five normal 516 week old macaque monkeys. In all cases, 
there was a complete absence of label in the dLGN, despite abundant label 
in the nearby pulvinar and cortical areas. These findings argue against the 
stabilization of a transient pathway from the dLGN to motion-related areas 
as a mechanism for the better visual abilities of infant VI-lesioned monkeys, 
and show that the pathways implicated in recovery from early VI damage 
are not identical in primates and cats. Supported by Fight for Sight 
GA96059, NSF IBN-9723178 and NIH RR00165.

618.3
HEADING JUDGEMENTS INVOLVE hMT/V5+ H. Peuskens12, A. 
Rosier1,2, P, Dupont1,2, S. Sunaert3, L. Mortelmans2, P. Van Hecke3 and G.A.
Orban1. 'Lab. Neuro- and Psychophysiology, Medical School, KUL, 2PET Centre,
Nuclear Medicine, UZ, ’Radiology, UZ, B-3000 Leuven, Belgium.

Evidence from primate studies strongly implicates MSTd in the processing of 
optic flow stimuli and in heading perception. Human MST is assumed to be part 
of the human MT/V5 complex (liMT/V5+), suggesting that hMT/V5+ should be 
activated in heading tasks. This hypothesis was tested in a PET study (9 subjects) 
using a factorial design. The stimulus configuration included (1) a fixation point,
(2) a set of radiating dots, mimicking motion over a ground plane left or right of 
tlie fixation point and (3) two intermittently dimming dots, located in the upper 
field, symmetrically to the FOEs. We manipulated two factors: (i) task, i.e. 
subjects identified left or right heading or detected dimming, both during fixation; 
(ii) stimulus, i.e. continuous motion, with radiating dots continuously present, or 
discontinuous motion, with static dots in between heading stimuli. The main effect 
of task involved dorsal V2, V3 and V3a bilaterally, but only marginally 
hMT/V5+. Activation was also found in posterior parietal regions, premotor areas 
and R cerebellum. No significant main effect of stimulus was observed, nor any 
interaction between factors. To further investigate tlie involvement of hMT/V5+, 
we localized hMT/V5+ in 4/9 subjects using fMRI and the uniform motion minus 
static random dot subtraction. Apart from the above described tasks, we also 
introduced a baseline fixation task. Differential activation in the visual areas 
mentioned above was essentially confirmed, but with now clear differential 
activation in hMT/V5+ in every single subject and additional activation of motion 
areas such as VIPS and POIPS (Sunaert et al. 1999, in press). (Support: FWO- 
Flanders and Queen Elisabeth Medical Foundation)

618.4
COMPARISON OF PERCEPTUAL AND NEURONAL SENSITIVITY TO OPTIC 
FLOW PATTERNS IN MACAQUE AREA MST. H.W. Heuer* and K.H. Britten 
Center for Neuroscience, University of California at Davis, Davis, CA 95616.

Neurons in the medial superior temporal area (MST) of macaque extrastriate cortex 
respond selectively to optic flow patterns such as those described as “spiral space” 
stimuli by Graziano et al. (1994). These stimuli consist of radial and rotary motions, 
and spirals formed by their combinations. The present study investigates the 
relationship between behavioral and MST neuronal sensitivity to weak motion 
signals during a discrimination of opposite directions of spiral space motion (e.g. 
expansion vs. contraction).

We trained monkeys to discriminate opposite directions of spiral space motion and 
recorded from isolated single neurons in MST while the monkey performed the 
psychophysical task. Stimuli were variable-strength random dot spiral-space patterns, 
with speed, location, and size optimized for the neuron’s receptive field. Using ROC 
analysis, we calculated how reliably the neuronal responses specified the stimulus 
motion direction. These neurometric functions, which relate performance to stimulus 
strength, allow us to directly compare psychophysical and neuronal sensitivity to 
variable-strength spiral space motions.

For each experiment, we calculated psychometric and neurometric functions. For 
the majority of experiments, the cells were significantly less sensitive to spiral space 
motion than was the monkey; this was true even for well-tuned cells. About a quarter 
of the cells we recorded from had neurometric functions that were statistically 
indistinguishable from the behavioral functions. In contrast, a similar study of linear 
direction sensitivity in MST neurons found that the majority of cells had neuronal 
thresholds equivalent to psychophysical thresholds (Celebrini and Newsome, 1994), 
indicating that MST neurons may have greater sensitivity for linear motion than for 
optic flow components. Thus, the pooling rules by which perceptual judgments are 
made from signals in MST may be different for different motion stimuli.
Supported by NIMH (MH11700) and NEI (EY10562).

618.5

A MODEL-BASED TECHNIQUE TO DETERMINE HOW MST CELLS OB-
TAIN THEIR SELECTIVITY FOR OPTIC FLOW. B. Krekelberg*, M. Lappe,
F. Bremmer, Dept. Zoology & Neurobiology, Ruhr University Bochum, D-44780 
Bochum, Germany. Email:bart@neurobiologie.ruhr-uni-bochum.de

We present a new technique to unravel the substructure of the receptive 
fields (RF) of MST cells. Unlike earlier approaches to the question how MST 
cells obtain their selectivity, this technique is data-driven and does not rely on 
a-priori hypotheses about the function of MST cells. We hypothesize that the 
response of an MST cell can be described as a linear, weighted summation of the 
responses of a layer of MT cells. Specifically, we use 180 MT cells with cosine 
direction tuning and one of five preferred directions that sample the 90x90 field 
of view. Secondly, we determine the mean firing rate of a cell every 30ms. We 
use the information in the temporal structure of the response to determine those 
weights connecting MT with a model MST cell that best fit the recorded firing 
rates. Given the above assumptions about MT cells, this fit gives the minimal 
MT-MST connectivity and hence the minimal substructure of the RF of the 
MST cell that is supported by the data recorded for this cell.

We tested this technique on 33 cells recorded in area MST of one awake 
macaque monkey. While the monkey fixated, we presented expansion and con-
traction flow-fields with different locations of the focus-of-expansion (FOE). We 
find that the linear summation model can explain more than 95% of the tem-
poral variance in the firing rate for 24 cells (72%). Surprisingly, even though 
these cells are “linear", none of them show receptive fields that resemble the 
direction-mosaic or heading-templates that have been suggested in the litera-
ture. This was the case even for the 13 cells that had a significant FOE-tuning. 
The best linear summation models always rely on a complex balance of excita-
tion and inhibition from MT cells with different spatial location, direction, and 
speed preferences. Supported by HFSP

618.6

VISUAL STIMULUS SELECTIVITY DURING AN ASSOCIATION TASK IN LIP
L.J. Toth*. J.A, Assad. Department of Neurobiology, Harvard Medical School, 
Boston, MA 02115.

A monkey was trained to perform a task requiring alternating associations between 
two cues (A and B) and two targets (1 and 2). On each trial a randomly chosen cue 
was presented during fixation, and the monkey was then required to make a saccade to 
one of two identical targets after a delay. After the association A->1, B->2 was 
learned, the rule was flipped such that the new rule was B-»l, A->2. This design 
allowed us to disambiguate cue-selective and saccade-selective responses.
Associations were easily learned to a 75% criterion within the 40 trials that the rule 
remained constant, and rules were switched multiple times per cell. We studied 52 
single units recorded from the lateral bank of the intraparietal sulcus, judged to be LIP 
by the presence of saccade selectivity during the delay period of a memory-saccade 
task. One target was placed in the saccade field of the cell, as was the cue stimulus; 
the other target was placed in the opposite hemifield symmetrically with respect to the 
fixation point.

A 2-way ANOVA was calculated for cue and saccade related selectivity over three 
periods: cue-on, delay and saccade. 28/52 cells showed significant selectivity during 
the delay period for the direction of the impending saccade. Selectivity always 
corresponded with the impending saccade direction, whether it was a correct or an 
incorrect choice. The cue elicited significant visual activity in 30 cells, many of 
which also showed significant selectivity for one cue stimulus over the other.
Different cue colors, orientations and shapes were all observed to generate selectivity 
in LIP neurons. Cue selectivity was observed in all phases of the response; cue 
(9/30), delay (9/30) and saccade (7/30). Since no attempt was made to optimize the 
cue stimulus, these numbers probably understate the true selectivity.

These results suggest that LIP neurons by themselves carry enough information to 
solve this random association task.

Supported by NIH grants T32-NS07112 and EY12106.
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618.7
The  representation  of  spatial  information  in  monkey  lateral  intraparieta l  
AREA (UP) DEPENDS ON THE TASK BEING PERFORMED. L.H. Snyder* and T.M. Harper. 
McDonnell Center for Higher Brain Research, Washington University, St. Louis, MO.

Single neurons in the posterior parietal cortex encode behaviorally important 
locations in space. Powell et al. (Soc. Neurosci. Abs., 1997) has argued that spatial 
information in LIP is adjusted to compensate for whole body rotation. We asked 
whether this compensation was automatic and invariant, or if the response to rotation 
depends on the task being performed.

Animals were trained in two versions of a remembered saccade task. In each 
version, one of 25 peripheral targets was flashed dining fixation. Several cues 
indicated whether this target would remain fixed in the world (world-fixed trial) or 
move with the animal (animal-fixed trial). After the target disappeared, the animal 
and the fixation point were rotated together 10 or 20 deg in either direction. Finally, 
400 ms after rotation ended, the fixation point disappeared and the animal was 
rewarded for looking at the remembered (world- or animal-fixed) location of the 
target. The activities of isolated LIP cells were compared on trials in which the target 
appeared either inside or outside of the retinal response field (RF).

On world-fixed trials, 12 of 17 cells were more active late in trials in which the 
target was presented outside the retinal response field (RF) but was moved inside by 
the animal’s rotation, compared to trials in which the target was presented inside but 
moved outside. The opposite pattern occurred in animal-fixed trials: For all but 1 of 
the same 17 cells, using identical target locations and rotations, activity was higher 
when the target appeared (and remained) inside compared to outside the RF. (Because 
the target was extinguished prior to rotation, target motion or lack thereof occurred 
only in the animal’s imagination.) Thus the effect of whole body rotation on spatial 
coding in LIP is neither automatic nor invariant, but instead depends on the task being 
performed. We suggest that LIP maintains accurate spatial information about potential 
saccadic targets by combining visual and vestibular signals with high level 
expectations about target movement. Sloan & McDonnell Foundations.

618.8
MOTOR INTENTION IN THE ABSENCE OF SPATIAL INFORMATION IN 
THE POSTERIOR PARIETAL CORTEX OF MONKEY. J.L. Calton* and L.H. 
Snyder. Anatomy and Neurobioiogy. Washington University. St Louis, MO 63110.

The posterior parietal cortex might process information either with or without regard 
to how the information will be used. On the one hand, neurons may encode the location 
of a sensory signal or the locus of attention. On the other hand, neurons may combine 
spatial information with the intention to perform a particular type of movement (e.g. an 
eye movement or an arm movement). To distinguish between these two alternatives, a 
monkey performed a task where we first instructed which movement to make (arm or eye 
movement) before providing a visual target to instruct where to make the movement (1 
of 8 possible targets). On other trials, the order of the instructions were reversed.

Within a circumscribed area along the medial bank of the intraparietal sulcus, 29/44 
cells (66%) were significantly activated following the which cue, but prior to receiving 
spatial information about where to make the movement (which-where trials). In contrast, 
only 16/44 cells (36%) were significantly activated following the where cue, but prior 
to receiving information about which type of movement to make (where-which trials). 
Of the cells that were activated following the which cue, 48% were significantly more 
active when instructed to plan an arm movement compared to an eye movement, while 
only 14% significantly favored eye movements over arm movements. Overall, the 
presence of responses to the two types of information were related, as cells were more 
than twice as likely to respond to the where cue if they also had responded to the which 
cue (48% vs 20%).

The movement latency on where-which trials was longer than on which-where trials, 
reflecting the longer processing time of the which cue. The unit latency across the 
population also reflected this processing delay, providing evidence that the unit response 
was related to the informational content of the cue and was not merely a sensory 
response. We conclude that motor intention affects the response of many cells in this 
region. Supported by NIH MH12145 to JLC and the Klingenstein Fund.

618.9

PARIETAL CODING OF OBJECT-BASED SACCADES: TEMPORAL 
ASPECTS. P. N. Sabes1,2*, B. Breznen1, R. A. Andersen1. 1 Biology Division, 
216-76 Caltech, Pasadena, CA 91125, U.S.A., 2Sloan Center for Theoretical Neu-
robiology, Salk Institute, La Jolla, CA 92037, U.S.A.

A macaque monkey was trained to saccade to a cued location on an abstract 
object: a red dot briefly cued a part of the object while the monkey fixated its 
center, and when the object reappeared in a new orientation and/or position, 
the monkey made a saccade to the previously cued portion of the object. Two 
versions of the experiment were randomly interleaved across trials: either the 
object was moved visibly in front of the animal or it was extinguished for a brief 
interval before reappearing at the new location. We recorded neurons in the pos-
terior parietal cortex of the monkey. The temporal course of the neural coding 
was explored. A population vector analysis was used, across trials and cells, to 
infer the evolution of area’s movement plan over the course of a trial. In the 
visible rotation task, the population tracked the previously cued location of the 
object as it moved, as if the area were performing a pursuit of the remembered 
location. In the non-visible rotation task, the population vector shifted rapidly 
from the cue direction to the movement direction after the reappearance of the 
object. This transition appeared to be a discrete change in plan, with a marked 
decoherence of the population tuning during the transition. We also investigated 
the temporal relationship between the population vector transition and the mon-
key’s behavior. Trials were sorted into groups by reaction time, and the analysis 
was repeated for each group. We found that the completion of the transition 
was temporally locked to the saccade onset time rather than the reappearance 
of the object. Furthermore, there was an inverse correlation between the length 
of the population vector code and the reaction time, suggesting that increased 
coherence in posterior parietal tuning can facilitate faster movement initiation. 
This work was supported by the NEI and the Sloan Foundation.

618.10

PARIETAL CODING OF OBJECT-BASED SACCADES: REFERENCE 
FRAMES B. Breznen1*, P. N. Sabes1,2, fc R. A. Andersen1. 1 Biology Division, 
216-76 Caltech, Pasadena, CA 91125, USA, 2Sloan Center for Theoretical Neu-
robioiogy, Salk Institute, La Jolla, CA 92037, USA

Two macaque monkeys were trained to saccade to a cued location on a uni-
formly colored, 2-dimensional polygonal shape. A red dot breifly cued part of 
the object while the monkey fixated the object’s center. The object was then 
extinguished and redisplayed in either a new orientation or a new position, at 
which point the monkey was required to saccade to the previously cued part. 
We recorded neurons in the posterior parietal cortex, selecting cells using a stan-
dard memory saccade task; only neurons that were spatially tuned in this task 
were analyzed further (105 in the rotation and 63 in the rotation/translation 
paradigm). A majority of these cells (65%) showed significant tuning in a retino-
topic coordinate frame in the object task. The remaining cells (35%) showed 
no clear tuning for any task variables. 70% of the tuned cells maintained their 
retinotopic preferred direction across the control and object tasks. The activity 
of tuned cells was often gain modulated by variables other than the retinotopic 
direction of cue or movement. No cells were tuned primarily to the object-fixed 
location of the target or cue, i.e. there was no evidence for object-centered cod-
ing. However, 19% of the tuned cells had a modulation of activity due to the 
object-fixed location of the target. In addition, the orientation of the object 
on the screen accounted for a significant portion of rate variability in 45% of 
the cells. Finally, in the rotation/translation task we considered a “stimulus- 
centered” reference frame in which the origin is fixed to the object center, but 
the axes remain retinotopically aligned. About two-thirds of cells in this task 
showed a significant gain modulation of the stimulus-centered target location on 
firing rate. We conclude that the posterior parietal cortex encodes object-based 
saccades in a retinotopic reference frame with a modulation of the activity by 
various task relevant variables. Supported by NEI and Sloan Foundation.

618.11

OPTICAL IMAGING OF ANGLE-OF-GAZE TUNING IN PARIETAL 
AREA 7A OF THE BEHAVING MONKEY. R.M. SIEGEL* R.E PHINNEY,
J.A. TURNER, Center for Molecular and Behavioral Neuroscience, Rutgers 
University, NJ 07102.
Single unit studies have shown that neurons of area 7a in the behaving 
monkey are involved in the representation of surrounding visual space using 
optic flow and that they encode retinal and eye position signals. However, 
due to the nature of the chronic recording studies, little evidence has been 
obtained for any mapping of neuronal properties across the cortical surface. 
Optical imaging of the intrinsic signal was used to assess whether there is a 
representation of retinotopic and eye position across area 7a in the behaving 
monkey. A macroscope with a 50pm depth of field was used with an Optical 
Imaging Inc. video system at 2 Hz. A 2.5 by 4 mm portion of cortex was 
imaged with 630 nm at a depth of ~750pm. Expansion optic flow stimuli 
were presented at different retinal loci while the monkey fixated certain 
locations. In the first set of studies, the animal fixated nine positions in a 3 x 
3 grid. Two seconds after fixation, a 10° expansion random dot stimulus 
began. During the initial fixation period, different regions of the cortex had 
differential intrinsic signals as a function of eye position (e.g. part of the 
cortex was optimally activated by upwards fixation and another part by 
downwards.) After the foveal stimulus began, this angle-of-gaze effect on the 
cortex intensified. To obtain retinotopic maps, the monkey's fixation was at 
the primary position while the expansion display appeared in a 3x3 grid. 
Weaker evidence for retinotopy was obtained. Single unit recordings 
performed immediately after the optical imaging indicated single-cell 
selectivities that were consistent with the optical signals. In order to represent 
the tuning, each pixel was coded for the stimulus that gave maximal intrinsic 
signal. The resulting maps suggest a relationship between the retinotopic and 
the eye position tunings indicating that a patch of cortex in area 7a has a 
distributed code for a single location in visual space. (Supported by NIH EY- 
09223, EY-06830-JT, EY-06738-RP)

618.12
REAL-TIME ULTRASONIC IMAGING OF NEUROANATOMICAL STRUCTURE 
AND SINGLE-UNIT ELECTRODES IN THE LIVING PRIMATE BRAIN. P, W. 
Glimcher*, M. L. Platt. V. M. Ciaramitaro, A. Handel, M. A. Brown & H. M. Bayer.
Center for Neural Science, New York University, New York, NY, 10003.

Many standardized methods in neurobioiogy rely on the surgical implantation of 
electrodes or cannulae into the living brain. Studies of brain function are then conducted 
and, once these studies are complete, the locations of some or all of the electrodes or 
cannulae are determined histologically. At present, no technology exists which can 
accurately localize surgical implants with regard to neuroanatomical structures in vivo, 
in real-time, and within the laboratory setting. We report here that commercially avail-
able diagnostic ultrasound can be used to localize neuroanatomical structures and 
recording electrodes with sub-millimeter precision.

Twelve millimeter craniotomies were made in anesthetized monkeys prepared for 
chronic studies of visual cortical function. A Toshiba Power View 7000 equipped with a 
10MHz imaging probe with a 10 mm x 8 mm footprint was used to construct ultrasoni- 
cally generated coronal and sagittal sections, through the craniotomy, that imaged the 
intraparietal, superior temporal, and lateral sulci as well as the lateral ventricle.

A larger craniotomy was produced in one monkey and the coronally aligned probe 
was moved, rostral to caudal, in order to produce a sonographic video that described all 
sulcal structure from the anterior border of the intraparietal sulcus to the caudal border 
of the calcarine sulcus. A second video was produced, also in the coronal plane, that 
imaged a tungsten single-unit electrode being withdrawn from a site in the lateral sulcus.

Two awake-behaving macaques were also studied. These animals had been previ-
ously prepared with 15mm diameter stainless steel recording chambers. Anatomical 
images were produced through the recording chambers, showing the intraparietal sulci 
of these awake-behaving monkeys.

The relatively low cost, compact size, and high spatial resolution of diagnostic 
ultrasound make it ideal for intracranial imaging in primates. Future developments of 
this technology should permit the real-time visualization of recording microelectrodes 
in the brains of awake-behaving monkeys.

This work was supported by the McKnight Foundation.
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619.1

“DUPLEX”, NOT SIMPLE CELLS ARE THE MAJOR CELL TYPE IN 
STRIATE CORTEX OF ALERT MONKEYS. M. Gur1’2*, I. Kagan1 and D.M. 
Snodderly2 1Dept. of Biomedical Engineering, Technion, Haifa, Israel; 
2Schepens Eye Research Institute, Boston, USA.

Much theorizing on functional processing in primary visual cortex is based on 
simple cells, the major cell type found in anesthetized and paralyzed cats. The 
role usually ascribed to complex cells is to generalize over position and contrast 
polarity and perform accessory functions such as gain control, normalization, 
and cross-orientation inhibition. We report that in primate cortex the major cell 
type is not simple cell but rather a type we call “duplex”. Extracellular 
responses of VI neurons in parafoveal region of monkeys performing a fixation 
task were recorded. Activation regions (AR) were mapped with increment and 
decrement drifting bars and flashes. Similar to complex cells, AR widths of 
duplex cells were quite restricted in space and most cells had completely or 
partially overlapping increment and decrement ARs. Unlike complex cells, 
however, drifting gratings did not generate an unmodulated elevation of the cells 
firing rate but rather, similar to simple cells, a significant modulation at the 
stimulus temporal frequency. The dependence of the harmonic content of the 
responses on the gratings spatial frequency and width implies a combination of 
linear and non-linear properties which may derive from interplay of inputs from 
“increment” and “decrement” subunits, suppressive interactions between them, 
and an inhibitory surround. The cells’ relatively small ARs allow precise 
localization of stimuli in space. We suggest that these cells represent the basic 
functional unit in the primate primary visual cortex.
Supported by Technion Fund for Promotion of Research (M.G.)

619.2

CLASSIFICATION OF SIMPLE AND COMPLEX CELLS IN 
VI OF THE AWAKE MONKEY
B.G. Cumming*, O.M. Thomas, A.J. Parker and M.J. Hawken. Univer- 
sity Laboratory of Physiology, Parks Road, Oxford, OXI 3PT, UK

The distinction between simple cells and complex cells in visual cor-
tex can be made quantitatively by measuring the responses to sinusoidal 
luminance gratings. The ratio of the response modulation at the tem-
poral frequency of the stimulus (FI) to the mean firing rate (FO) has 
a bimodal distribution in studies from paralyzed anaesthetized animals. 
Here we examine the same distinction in the awake monkey.

We recorded from 336 cells in the primary visual cortex of the awake, 
fixating monkey. The distribution of modulation ratios was unimodal - 
simple and complex cells could not be distinguished. This result might 
be explained by small eye movements during fixation: if changes in eye 
position change the phase of neuronal modulation, the amplitude will be 
underestimated. In order to remove possible effects of eye movements, 
the response was subdivided into short segments, each having a duration 
of one temporal period of the stimulus. Segments during which any 
saccade occured were discarded. The amplitude of the Fl modulation 
was calculated individually for each remaining segment, and the mean of 
these used to estimate the neuronal modulation.

This method produces a bimodal distribution of ratios, with a notch 
at F1/F0 = 0.91. The distribution was indistinguishable from that ob-
tained from 299 cells recorded in the anaesthetized, paralysed monkey. 
Thus, neurons appear to behave in the same way in the awake and anaes-
thetized monkey, provided eye movements are taken into account.

Supported by the Royal Society and the Wellcome Trust.

619.3
DYNAMICS OF ORIENTATION ADAPTATION IN AWAKE MONKEY 
PRIMARY VISUAL CORTEX REVEALED BY REVERSE CORRELATION. 
V. Dragoi*, J. Sharma, E. K. Miller, and M. Sur. Dept. of Brain and Cognitive 
Sciences, MIT, Cambridge, MA 02139.

Orientation selectivity of primary visual cortex (VI) neurons is affected by 
the temporal context in which a stimulus is presented: adapting to a particular 
stimulus orientation alters the orientation selectivity of VI neurons (Dragoi et 
al., 1998). We use here the reverse correlation method to investigate the emer-
gence of history-dependent changes in the preferred orientation of VI cells. A 
monkey was trained to maintain fixation for 2 s while high-contrast sine-wave 
gratings of random orientation were flashed at 60 Hz. Cortical responses were 
investigated using the reverse correlation technique before and during adaptation 
to moving gratings of fixed orientation. The adapting stimulus was presented 
during an initial block of adaptation trials as well as 400 ms prior to the reverse 
correlation stimuli. Before adaptation, orientation tuning in most cells develops 
after a delay of 30-48 ms, and it gradually sharpens within 10 ms. Exposure to 
an adapting orientation induces profound changes in the dynamics of orientation 
tuning. The orientation preference peaks first at the preadaptation value with 
a delay of 30-48 ms. The cell’s selectivity then broadens on the flank opposite 
the adapting orientation within 8-10 ms, after which a new preferred orientation 
emerges in a direction away from the adapting stimulus. The postadaptation 
preferred orientation becomes sharper within 8-16 ms, and remains stable for 
about 30 ms. We suggest that the initial peak in the orientation distribution 
(at the preadaptation preferred orientation) is due to feedforward mechanisms. 
Subsequently, intracortical feedback due to local VI circuits acts to shift the 
preferred orientation in a repulsive direction with respect to the adapting orien-
tation. These results indicate that the mechanism of orientation adaptation is 
likely generated by recurrent networks within VI, and is not due to feedforward 
mechanisms.
Supported by NIH Grant EY07023 (MS) and MIT-Riken NS Ctr. (EKM)

619.4

MODELING OF ORIENTATION DYNAMICS IN THE VISUAL CORTEX
M. Shelley1, J. Wielaard1, D. McLaughlin1, R. Shapley*2. 1Courant Inst, of 
Math. Sciences, NYU; 2Center for Neural Sciences, NYU, NY NY 10012.

Through a computational model of Macaque VI, we investigate orientation 
tuning and dynamics in the magno input layer 4Ca. Layer 4C marks the first 
cortical processing of visual information, and the emergence of orientation selec-
tivity. Our model is a large 2-d network of inhibitory and excitatory integrate- 
and-fire neurons, where network spiking activity induces changes in intracellular 
potential through conductance changes. The model concerns local interactions 
in four adjacent hypercolumns (~ 1mm2 of cortex). Based on anatomical data, 
the local coupling (< 500pm) among the populations is taken as isotropic, with 
coupling lengths shorter for inhibition than for excitation. A slight orientation 
bias is introduced through afferent input from LGN to the cortical network us-
ing a commonly accepted feed-forward model. This gives an orientation map on 
cortex as a set of pinwheels with singularities, as observed in optical imaging 
studies by, among others, Bonhoeffer and Grinvald, and Blasdel and Obermayer.

Results: We identify ranges of intracortical coupling strength yielding sharp-
ened orientation selectivity, despite the shorter range of inhibition. This arises 
through a disynaptic path to a long range cortico-cortical inhibition that needs to 
be stronger than cortico-cortical excitation to match the physiological data. The 
model network of 4Ca shows great diversity in degree of sharpening, with most 
ceils broadly tuned but some sharply tuned. This agrees well with experimen-
tal results of Ringach, Hawken, and Shapley (unpubl.). The tuning dynamics, 
quantified by reverse time correlation techniques, also agree well with the results 
of Ringach et al. (Nature, 1997) for layer 4Ca. We show that the network “lin-
earizes” responses to drifting grating and contrast reversal stimulii - a typical 
simple cell response - through a fundamentally nonlinear network interaction. 
Sources of Support: The Sloan Foundation and National Science Foundation.

619.5

Properties  of  Neurons  in  Monkey  VI Revealed  by  Stimulation  with  
Natural  Image  Sequences . D. L. Ringach1* M. J. Hawken2, and R. Shapley2. 
1 Depts. of Neurobiology and Psychology, UCLA, Los Angeles, CA 90095; 2Center 
for Neural Science, New York University, New York, NY 10003.

A novel method to study the visual properties of neurons using natural image 
stimulation is presented. We recorded the extracellular responses of cells in VI 
to movie segments. The stimulus was a sequence of digitally-sampled movie clips 
presented on a computer screen. To gain information about the visual function of 
a neuron we defined a “feature map”, $(x,7/,f), of the original movie sequence, 
I(x,y,t). The feature map can be considered to be a filtered version, linear or 
non-linear, of the original image sequence. The best linear predictor of the cell’s 
response, r(f), given the feature map at time t - r, was then estimated using a 
recursive least squares (RLS) algorithm. The result of this calculation represents 
a “kernel” that dictates how the values of the feature map should be weighted to 
optimally predict the response of the cell. This method resembles reverse corre-
lation but also takes into account the auto-correlation of the feature maps. We 
studied the spatial kernels obtained with respect to two different feature maps: 
a luminance-contrast map, and an “edge map”, defined as the absolute value of 
the luminance-contrast gradient. In each simple cell, we were able to estimate 
the first-order kernel with respect to the luminance-contrast map. Furthermore, 
all cells in our population, both simple and complex, exhibited non-trivial struc-
tures in their edge kernels. For every cell there were regions in space where image 
boundaries, independent of their contrast sign, enhanced the response of the cell. 
In some cases, we also detected suppressive regions. We conclude that, in spite of 
their complexity, natural image sequences may be used to investigate the visual 
properties of VI neurons.

Supported by NSF-IBN-9720305, NIH-EY01472 and NIH-EY08300

619.6

SELECTIVITY FOR COMPLEX SHAPES IN PRIMATE VISUAL AREA VI. L 
Hegde* and D, C, Van Essen. Washington University, St. Louis, MO 63110.

Our earlier studies (Soc. Neurosci. Abstr. 23:1395; 24:1506) have shown that cells 
in visual area V2 are selective for relatively complex shapes, including non- 
Cartesian gratings and contour stimuli such as angles, intersections, arcs and circles. 
This raises the question of whether such selectivity arises de novo in V2 or whether 
cells in lower levels of the visual hierarchy, such as area VI, might also be selective 
for relatively complex forms. We therefore studied the responses of 81 VI neurons 
at eccentricities of 5° to 13° an awake, fixating monkey using the same stimulus set 
as used for V2. The stimulus set consisted of sinusoidal and non-Cartesian grating 
stimuli as well as simple bars and complex contour stimuli (intersections, angles, 
arcs and circles) presented within the cell’s classical receptive field.

Most VI cells responded well to at least a few complex contour stimuli. For 32 of 
the 81 VI cells (40%), the average response to complex contours as a class was 
significantly greater than the average response to conventional bar stimuli as a class 
(P<0.05). For 12 cells (15%), the response to the most effective complex contour 
stimulus was significantly greater than to the most effective bar stimulus (P<0.05; 
corrected for unequal sample sizes). Conversely, only 7 cells (9%) responded 
significantly better on average to simple bar stimuli, and only one cell responded 
significantly better to its most effective bar stimulus compared to its most effective 
complex contour stimulus. Most VI cells were responsive but broadly tuned to 
grating stimuli, and very few cells significantly preferred non-Cartesian gratings 
over sinusoidal gratings, or vice versa, in terms of either the mean response or the 
peak response.

A comparison of these VI data with our previous V2 data revealed a surprisingly 
modest difference between the two populations in terms of their responses to simple 
vs. complex stimuli and in terms of their most effective stimuli. Supported by NIH 
grant EY02091 to DCVE.
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619.7
PREDICTING NEURONAL RESPONSES IN THE STRIATE CORTEX 
WITH NEURAL NETWORKS. G.B. STANLEY*, L.M. HEISER, B, 
LAU, and Y, DAN. Division of Neurobiology, Department of Molecular 
and Cell Biology, University of California, Berkeley, CA 94720.

We used an Artificial Neural Network (ANN) to learn the relationship 
between spatiotemporal visual stimuli and the neuronal responses in the cat 
visual cortex. The input layer of the ANN represented stimulus light 
intensity over a series of time-delays at spatial locations in the receptive 
field of the cell. The output layer represented the firing rates of neurons 
recorded from anesthetized cats. A single hidden layer with a sigmoidal 
activation function was used. The network was initialized with random 
weights and was trained with the gradient-descent technique. We compared 
the predicted firing rate of the network with actual simple cell responses to 
stimuli not used for training the network. The ANN’s outperformed the 
linear kernel models for white noise stimuli in terms of both the mean- 
squared-error (MSE) of the prediction and the correlation coefficient 
between the recorded and predicted firing rates. The weights of the hidden 
units often exhibited structures similar to that of the receptive field of the 
cell. We characterized “optimal” stimuli for driving the output unit using a 
network inversion algorithm applied after completion of training. The 
optimal stimuli characterized features that were similar to the receptive field 
of the cell. We also explored the use of natural scenes as visual stimuli to 
study the responses of cortical neurons.
Supported by NIH F32EY06888 (GBS), a Beckman YIP, a Sloan 
Fellowship, and a Heilman award (YD).

619.8
BURSTY SPIKE TRAIN GENERATION IN VISUAL CORTEX 
NEURONS: A MARKOV-MODULATED POISSON PROCESS 
MODEL. A.J. Sachs1, C.L.Baker Jr.2*. ’Dept Mathematics & 
Statistics, York Univ., Downsview, Ontario; ^McGill Vision 
Research, Dept Ophthalmology, McGill Univ., Montreal, Canada, 
H3A 1A1.

Visual cortex neurons exhibit irregular discharges, frequently 
including bursting, whose nature is poorly understood. We attempted 
to simulate the temporal microstructure of these spike trains with a 
stochastic model. Spike times were recorded from visual cortex 
neurons in the paralyzed, anaesthetized cat; their firing rates were 
elevated by a sinewave grating stimulus. We simulated a two-state 
Markov-modulated Poisson process (2-MMPP) model, in which both 
the onset and duration of burst and non-burst states are determined 
probabilistically as a simple Markov chain. Spike times are generated 
by a Poisson process with different rate parameters in each state; the 
burst firing rate is typically 2 orders of magnitude higher than the non-
burst firing rate. Several statistical techniques are employed to 
characterize and compare the simulated and actual spike trains on the 
basis of interspike interval density, serial correlation, and dispersion of 
spike counts (Fano factor plotted against lag time). For small lag times 
the model behaves similarly to fractal models used previously for 
bursty neurons, but important differences emerge at larger time scales. 
While capturing important biophysical features of the neuron, the 
MMPP model is analytically tractable with relatively few parameters; it 
differs fundamentally from other modulated Poisson process models in 
that it reflects the non-renewal nature of these neurons’ spike trains. 
Supported by Canadian MRC grant MA 9685 to CLB.

619.9
MECHANISMS AND FUNCTIONS OF VISUAL RESPONSE LATENCY 
CORRELATIONS. P, Fries12*. S, Neuenschwander1. T, Dierks2. R. Goebel1, W, 
Singer1. A.K, Engel1. Max-Planck-Institut fur Himforschung,2 Psychiatrie I, Johann 
Wolfgang Goethe-Universitat, 60528 Frankfurt, Germany.

We have previously shown that in area 17 of anesthetized cats, response onset la-
tencies of visually evoked discharges can covaty among simultaneously recorded groups 
of neurons. The experiments presented here test whether the observed latency correla-
tions might be due to common thalamic input, and relate the data obtained in the cat to 
behavioral and EEG data from humans. In anesthetized cats, local field potentials (LFP) 
and multi-unit activity were recorded simultaneously from multiple sites in area 17 of 
one or both hemispheres. The results demonstrate a significant correlation of latencies 
both within and across hemispheres. The interhemispheric latency correlation was not 
significantly different from that observed for sites within one hemisphere, thereby ex-
cluding common thalamic input as the primary source of latency correlation. Previ-
ously, we have obtained evidence that latency correlations may be due to the locking of 
response onset to synchronous subthreshold membrane potential fluctuations (measured 
as the LFP). We now show that the spectral content of the LFP before stimulus onset 
is predictive for the occurrence of latency correlations. LFP components with frequen-
cies of 35 to 70 Hz predicted strong latency correlation. In contrast, components be-
tween 10 and 20 Hz were associated with weak latency coupling. Using a similar analy-
sis, the absolute latencies woe found to be short if frequencies between 25 and 70 Hz 
preceded the stimulus, but long for frequencies below 10 Hz. Peak firing rate at re-
sponse onset was enhanced only if frequencies below 5 Hz dominated the ongoing LFP, 
but reduced for all frequencies above 15 Hz. In the experiments with human subjects, 
EEG was continuously recorded from 28 sites over the occipital part of the head during 
a reaction-time task. As compared to a no-react condition, readiness to react led to re-
duced frequency components below 20 Hz while enhancing higher frequency compo-
nents. Short reaction times occurred with high prestimulus EEG activity in the range 
between 20 and 50 Hz. In combination with the cat data, this suggests that the shorten-
ing of reaction times occurring during activated EEG states might be due to short and 
tightly correlated neuronal response latencies.
Supported by MPG and the Heisenberg program of the DFG.

619.10
ON THE ESTIMATION OF NEURAL LATENCIES WITH FMRI. Z.S. Saad(1), K.M. 
Ropella(1), E.A, DeYoe*(2). (,)Biomedical Eng., Marquette Univ. (2)Cellular Biology 
and Anatomy, Med. Col. of Wisconsin; Milwaukee, WI 53226.

Previously [1], we described an efficient, high resolution estimate of activation 
delays for Functional Magnetic Resonance Imaging (FMRI) responses. This delay 
estimate (D), based on the Hilbert Transform, was obtained from the entire FMRI 
response (rise, plateau and fall). However, Menon et. al [2] suggested that such 
estimates should have large variance due to possible inconsistencies in the plateau and 
fall phases. Instead, Menon estimated the delay using the rising phase only. However, 
we found that such onset estimates (O) are inherently more susceptible to noise than D
[3]. In this study, we directly compared the variability (oD2, cr02) of each estimator by 
analyzing the same empirical FMRI data set in both ways.

FMRI images (BOLD EPI, TR=500ms) from 2 subjects were obtained during visual 
stimulation consisting of a checkered annulus centered on a gray fixation point (ON) 
alternating with fixation alone (OFF). Eleven epochs (ON-OFF) were presented during 
each 297 sec scan. Separate scans were obtained for ON periods of 2, 4, 8 and 14 sec. 
FMRI responses from activated voxels within left and right occipital cortex were 
bandpass filtered (1/27 to 4/27 Hz), averaged and split into 11 epochs. For each epoch, 
O was determined from the intersection of the baseline and a straight line fitted to the 
rising phase (20% to 80% of peak). We then used our Hilbert Transform based 
algorithm to estimate D from the same data.

For ON periods of 2 sec, crD2 was significantly smaller than er02 (0.72 vs. 1.22 sec2, 
p<0.001). For longer ON periods, up to 14 sec, crD2 was as small as 0.072 sec2. With 
such variance, delay changes of 50msec are detectable (p<0.01). In contrast, cr02 
increased with longer ON periods due to increasing variance in the baseline estimate.

[1] Saad et al. (97) proc. IEEE/EMBS. [2] Menon et al. (98) PNAS 95. [3] Saad et al. 
(99) proc. HBM99. Support: Whitaker Foundation fellowship, R. Bagozzi medical 
research fellowship to K. Ropella, NIH grants EY10244 MH51358 to E. DeYoe.

619.11

WHY ONSET TRANSIENTS IN RESPONSES OF VI NEURONS 
PROVIDE THE MOST RELIABLE INFORMATION

James R. Muller*1, Andrew B.Metha1, John Krauskopf2. Peter 
Lennie1 Center for Visual Science, University of Rochester1; Center 
for Neural Science, New York University2

During natural viewing of scenes, saccades present the retina 
with brief exposures, often to stationary images. Neurons respond 
transiently to their onset. We have shown previously that the onset 
transient provides more reliable information about a stimulus than any 
later portion of the response. Here we explore the properties of onset 
transients that make them especially reliable parts of responses.

We recorded the responses of VI neurons in anesthetized 
m.fiscicularis to the abrupt onset of stationary sinusoidal gratings 
whose spatial properties, including phase, were optimized for each 
neuron.

Immediately following the onset of a grating, the discharge rate of 
a VI neuron varies linearly with contrast up to the highest levels (the 
response does not saturate) and has higher gain than at any later time. 
Orientation selectivity is well-developed. The signal-to-noise ratio is 
higher than at any later time, and for most neurons the regularity of the 
discharge (mean/variance) is also higher than at any later time, even in 
the absence of refractoriness. These factors together make the onset 
transient a more reliable source of information about a stimulus than 
any later part of the response.

Supported by NIH EY04440, EY07125, EY01319/and EY06638.

619.12
LATENCY IS A BETTER TEMPORAL CODE THAN PRINCIPAL 
COMPONENTS IN VI. M.C. Wiener1*, M. W. Oram2, and B. J. Richmond1. 
‘Laboratory of Neuropsychology, NIMH, Bethesda, MD 20892, USA and 
2School of Psychology, University of St. Andrews, Scotland, UK.

We seek to identify the best representation of temporal modulation for encoding 
information in VI. Single supergranular complex cells were recorded from a 
fixating monkey. Stimuli were presented for 300 ms, positioned to cover the 
entire excitatory receptive field and extend into the near surround. The stimuli 
included oriented bars and gratings, Walsh patterns, and photographs. The 
stimuli also varied in contrast, which is known to produce changes in latency. 
Temporal modulation was characterized using the first three principal 
components of the spike density waveforms and using trial latency (measured by 
the time of the first spike after stimulus onset, since the background firing rate in 
these cells was nearly zero). We examined information about which of the 
stimuli had been presented. Codes based on principal component analysis and 
codes using latency both carried information beyond that available in spike count 
(spike count: median information 0.58 bits; interquartile range 0.38 - 0.66; 
additional information from first three principal components: median 0.11 bits, 
iqr 0.07 - 0.19; additional information from latency: median 0.25 bits, iqr 0.21 - 
0.36). The additional information carried by the principal components was a 
subset of the information carried by response latency. Further study showed that 
neither the times of additional spikes nor principal components recalculated after 
shifting responses to equalize latency added information to that carried by spike 
count and latency together. Thus under these conditions temporal modulation 
other than latency carries no additional information beyond that available from 
spike count and latency. Support: IRP/NIMH.
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619.13
THE ROLE OF ALPHA AND GAMMA FREQUENCY INTERACTIONS IN TOP- 
DOWN PROCESSING IN THE CAT. A, von Stein^C. Chiang, P.Konig. Institute of 
Neuroinformatics, Winterthurerstr 190, 8057 Zurich, Switzerland.

The classical view of cortical information processing is that of a bottom-up 
process in a feedforward hierarchy. However, several evidence indicates that top- 
down effects such as expectancy or the behavioral goal play a crucial role in the 
processing of input stimuli. We investigated the temporal interactions of neurons on 
different levels of the cortical hierarchy during perception of stimuli with different 
behavioral relevance. Cats were presented with visual stimuli that were either 
associated with a change in behavior ("go"stimulus) or with no change ("nogo"). 
Local field potentials were recorded from different cortical layers from area 17, 7, 
and 5. Here we report 3 new aspects of interareal interactions. First, interactions 
between sites within the range of monosynaptic connections evolved predominantly 
in the gamma range, whether located in the same or in different areas. Interactions 
between distant cortical areas, however, evolved mainly in the 0/a frequency ranges 
(4-I2Hz). Consistent with earlier reports (von Stein et al. 1997) they were 
specifically enhanced during processing of behaviorally relevant stimuli and 
diminished when stimuli where not expected. Second, while gamma correlations had 
approximately zero phase lags, interactions in the 0/a frequency showed 
considerable phase lags up to 20 % of their cycle. During go trials, phase lags were 
on average negativ, indicating that area 7 was leading over area 17. Finally, the 
laminar distribution of behavior specific crosscorrelations showed peaks in the 
supragranular layers of area 17, compatible with feedback interactions. Thus, cortical 
interactions in the 0/a frequency ranges seem to play a role in top down processing. 
This view is consistent with the classical notion of low frequency rhythms as a 
stimulus independent mode of cortical processing, where the absence of external 
input with eyes closed (a-rhythm) may be taken as an extreme example of top-down 
processing. Concluding, cortical synchronization seems not only driven by external 
stimulus properties, but additionally by top-down influences such as the cat’s learned 
associations with a stimulus and the actual behavioral context and expectancy.

COGNITION: HIGHER FUNCTIONS

620.1
PHYSIOLOGICAL IDENTIFICATION OF AN AUDITORY DOMAIN IN THE 
PREFRONTAL CORTEX OF THE AWAKE BEHAVING MONKEY. L. M. 
Romanski* and P. S. Goldman-Rakic. Yale University School of Medicine, Section 
of Neurobiology, New Haven, CT 06510.

Recent studies indicate that the prefrontal cortex is organized into domains 
specialized for the processing of object and spatial information in the visual 
modality. A prefrontal domain specialized for the processing of auditory 
information has not been demonstrated in non-human primates although early 
neuropsychological and imaging studies have localized some auditory and language 
functions to the ventrolateral frontal lobe in the human brain. Recent evidence from 
our laboratory indicates that the prefrontal cortex is the recipient of auditory 
afferents from the lateral belt auditory association cortex (Romanski et al., Soc. 
Neurosci. Abstr., 1997) but the question of whether these recipient zones are 
acoustically responsive remains untested. We now present electrophysiological 
evidence of an acoustically responsive region in the macaque prefrontal cortex.

We recorded single unit responses to auditory stimuli, which consisted of 
monkey and human vocalizations, environmental sounds, band-passed noise, tone 
ramps, and pure tones, in the frontal lobes of awake, behaving monkeys (Macaca 
mulatto}. We mapped auditory responses over a 14 x 14 mm grid in the frontal lobe 
and found 40 auditory responsive neurons in the ventrolateral prefrontal cortex. A 
subset of these responsive neurons were sensitive to particular frequencies or 
changes in the spectral or temporal components of the stimuli. Moreover, selective 
auditory responses occurred most commonly to either monkey or human 
vocalizations. We conclude that there exists in the ventrolateral prefrontal cortex of 
the non-human primate, an auditory responsive domain that may be important for 
auditory working memory in primates and for language in humans.

Supported by JSMF #93-28 and MH # 38546.

620.2
FUNCTIONAL ORGANIZATION OF PREFRONTAL CORTICAL COLUMNS 
IN THE MACAQUE. S, p, Q Scalaidhe* and P-S^oldmaniRakie. Sec. 
Neurobiology, Yale Med. Sch., New Haven, CT 06510.

A variety of cortical areas have been shown to be organized into functional 
columns, in which neurons share similar properties. The organization of neuronal 
processes into columns tangential to the cortical surface and the columnar nature of 
projections within cortex suggest that the column is a universal unit of cortical 
organization. To date, however, virtually all evidence for columnar organization has 
come from the study of perception or movement. To investigate whether the 
prefronal cortex (PFC), which mediates higher cognitive functions, has a similar 
functional organization we have examined the local organization of neurons selective 
for visuospatial memory or the sight of faces.

One approach to this issue is to record from the same site on successive days of 
recording. The same tuning of neuronal activity in the delay period of an 
oculomotor delayed response task was seen on repeated days in the periarcuate 
cortex. This suggests that neural properties are replicable at the same recording sites 
and that PFC has an orderly local organization. Another approach is to record 
successive neurons on the same electrode penetration. It was possible to record 
orderly shifts of spatial “memory fields” as the recording electrode was advanced 
through the dorsolateral PFC, consistent with a columnar organization of spatial 
memory fields. Functional columns exist in other PFC areas - face selective 
neurons were recorded at the same sites in the inferior PFC on successive days and 
were found repeatedly on the same electrode penetrations. Over half (61%) of the 
face-selective neurons were located on electrode tracks at the same anterior-posterior 
location as other face-selective neurons despite face selective neurons comprising 
only approximately 5% of inferior convexity neurons (O Scalaidhe et al., 1997).

The clustering of PFC neurons with location or face-selective responses suggests 
that; as previously hypothesized (Mountcastle, 1957), columnar organization is an 
elemental and universal feature of cerebral cortex. (JSMF #91-47 and MH #38546)

620.3

SELECTIVE ATTENTION TO COLOR MODULATES NEURONAL 
ACTIVITY ONLY FOR NO-GO SIGNALS IN MACAQUE 
VENTROLATERAL PREFRONTAL CORTEX. M. Sakagami*, J. 
Lauwereyns, S. Kobayashi1, M. Koizumi, K. Tsutsui2, O. Hikosaka Dept. of 
Physiol., Juntendo Univ.; *Dept. of Neurol., Univ. of Tokyo; 2Dept. of 
Physiol., Nihon Univ.; Tokyo, 113-0033, Japan.

To examine the neural mechanism for decision-making based on visual attributes, 
we recorded single-cell activity in macaque ventrolateral prefrontal cortex which is 
known to receive visual information directly from the inferotemporal cortex. In 
response to a moving random pattern of colored dots (e.g., motion: Left or Right, 
color: Purple or Yellow), monkeys had to make a Go or No-go response (Sakagami & 
Niki, 1994). In COLOR-condition, Purple indicated Go, while Yellow indicated No- 
go, regardless of the motion direction; in MOTION-condition, Left indicated Go, 
while Right indicated No-go, regardless of the color. About half of the visual cells 
were Go/No-go differential. As we already reported (Sakagami & Tsutsui, 1999), a 
majority of them (63/75) showed differential activity only in COLOR-condition; they 
responded non-differentially in MOTION-condition even though the same set of 
stimuli were used. We classified these cells into "Go-type" (n=40) and "No-go-type" 
(n=23) depending on the color for which they showed a stronger response. 
Interestingly, the pattern of the differential activation was different between Go-type 
cells and No-go-type cells. Compared with the non-differential responses in MOTION 
condition, Go-type cells, in COLOR condition, showed weaker responses to the No- 
go-indicating color, while their responses to the Go-indicating color were similar; in 
contrast, No-go-type cells showed stronger responses to the No-go-indicating color, 
while their responses to the Go-indicating color were similar. In short, in both Go- and 
No-go-types of cells the attentional effects were observed only for the No-go- 
indicating color. These results suggest that the ventrolateral prefrontal cortex 
interprets which color, not motion, requires suppression of a behavioral response.

620.4
NEURAL CORRELATES OF HUMAN FACE PERCEPTION. A, Hariri*. M. 
Sfroiwas, M, Sigman and S, Bookheimer. UCLA Brain Mapping Center, Los 
Angeles, CA 90095.

Introduction: Perceiving human faces accurately is an integral factor in the 
development and production of appropriate social behaviors and may reflect the use of 
face specific schema or the processing of individual perceptual characteristics. We 
used functional magnetic resonance imaging (fMRI) to characterize how normal face 
perception occurs by identifying brain regions associated with upright and inverted face 
matching. Inverted faces provide an effective control as they contain the same visual 
information as upright faces, but may not engage face specific processing areas.

Methods: Sixteen healthy right-handed volunteers (8 males & 8 females) 
completed two different tasks: 1) matching one of two upright faces to a 
simultaneously presented upright target face and 2) matching one of two upright faces 
to a simultaneously presented inverted target face. As a control, subjects performed a 
form matching task which required making a difficult discrimination between circles 
and ellipses. Sixteen slices (4 mm thick, 1 mm gap) were acquired on a GE Signa 3T 
scanner with an ANMR EPI upgrade using an asymmetrical spin-echo sequence 
(TR/TE/180 offset = 2500 ms/70 ms/25 ms).

Results: Statistical parametric mapping (SPM96) revealed strong bilateral 
activation in the fusiform gyrus at the level of the collateral sulcus, including the 
purported fusiform face area, during all face vs. form matching tasks. Direct 
comparisons revealed that these activations were significantly greater for inverted 
matching. Interestingly, there were unique activations in the left parahippocampal 
gyrus associated with upright matching and in the right parietal and dorsolateral 
prefrontal cortex associated with inverted matching.

Discussion: The unique activation of the left parahippocampal gyrus associated 
with upright face matching may represent the use of a specific face schema necessary 
for normal perception. With inverted matching, increased activity in lower-order 
sensory and higher-order association cortices may reflect task difficulty and the need for 
selective attention and mental rotation of these faces for accurate matching.

Supported by DHHS grant HD 35470.
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620.5
RESPONSES IN MIDDLE FRONTAL GYRUS DURING WORKING MEMORY 
FOR FACES—AN EVENT-RELATED FMRI STUDY. A.P. Jha* & G. McCarthy. 
Brain Imaging and Analysis Center, Duke Univ., Durham, NC 27710

Functional neuroimaging studies of working memory have reported activity 
within prefrontal cortex including the middle frontal gyrus (MFG) (e.g. McCarthy et 
al., 1996). A central issue is to determine which cognitive components of working 
memory - such as encoding, maintenance, and retrieval - are subserved by different 
brain regions. Here we address this issue by investigating the time-course of MFG 
responses during a working memory delayed-response task. Subjects were required to 
remember 3 faces (cue) over an 18-sec delay interval. A single face (probe) was 
presented at the end of this delay period and subjects were to determine if this face 
was part of the memory set. Gradient echo, echoplanar images were acquired on a 1.5 
T MR system. Segments consisting of the 4 images preceding and the 11 images 
following each stimulus were excised and the average time courses of activity within 
the right and left MFG were determined.

The maximal activation in response to the memory cue was observed at 9 sec 
following the cue onset. The maximal activity in response to the memory probe 
occurred 6 sec following probe onset and was twice the amplitude of the signal 
change evoked by the memory cue. These memory-related activations were compared 
with MFG activity during noncontingent response trials. On these trials, subjects 
viewed a set of faces or scrambled faces (cue) and after 18 seconds were to determine 
if a single scrambled face (probe) was above or below fixation. Like the memory 
trials, MFG activation was observed in response to both the cue and probe, with a 
larger response to the probe. Comparable delay activity was observed during all 
conditions, including the noncontingent response trials. In addition, strong MFG 
activation was observed after probe presentation during both the memory and 
nonmemory tasks, suggesting that the MFG may play a critical role in response 
operations. These results suggest that the MFG may be involved in both encoding 
and retrieval operations. Supported by NIMH Grant MH-19109 and MH-05286.

620.6
RELATIONAL PROCESSING DURING REASONING AND WORKING 
MEMORY TASKS: AN EVENT-RELATED fMRI STUDY K, Christoff*1. V 
Prabhakaran’, J, Portman2, J.K, Kroger3, C, Dirtoen2, Z, Zhao1. K, J, Holyoak4 and
J. D.E, Gabrieli1. ‘Dept. of Psychology, Stanford University, Stanford, CA 94305; 
2Rush-Presbyterian-3t. Luke's Medical Center, Chicago, IL; 3Dept. of Psychology, 
Princeton University; and 4Dept. of Psychology and Brain Research Institute, UCLA.

Halford’s (1984) relational complexity framework was used to study the different 
processes during reasoning. By varying the number of relations that had to be 
processed in parallel, we tried to distinguish between the processes of relational 
generation (processing a single relation) and.relational integration (processing two 
relations in parallel). Two different tasks were used - a visuo-spatial reasoning task, 
the Raven's Progressive Matrices, and a verbal working memory task, the n-back task. 
Each task had three different conditions, requiring: (i) no relational processing 
(0-relational problems and 0-back condition respectively); (ii) relational generation 
(1-relational problems and 1-back condition); (iii) relational generation and integration 
(2-relational problems and 2-back condition). Imaging was performed with a T2* 
sensitive gradient echo spiral sequence (1.5 T, TR = 2000 ms, TE = 40 ms, flip angle 
= 87 degrees). The data were analyzed using SPM96. To minimize duty-cyc’e effects 
on the reasoning task activations, the default hemodynamic response function was 
convolved with a stimulus response function based on the response time for each 
individual trial. The following increases in rCBF were observed: (i) for 1-relational 
problems, relative to 0-relational: right dorsolateral prefrontal cortex (DLPFC or BA 
9/46) and right frontopolar cortex (BA 10); (ii) for 2-relational problems, relative to 1- 
relational: left DLPFC (BA 9/46) and left frontopolar cortex (BA 10); (iii) for 1-back, 
relative to 0-back: bilateral DLPFC (BA 9/46); (iv) for 2-back, relative to 1-back: 
bilateral frontopolar (BA 10/46). These findings suggest a functional distinction 
between the processes of generation and integration of relations across visuo-spatial 
and verbal tasks. Both tasks activated left frontopolar cortex only when two relations 
had to be processed in parallel - a finding that implicates this area as selectively 
involved in relational integration. Supported by NIAC grants AG 12995 and AG 1121.

620.7
COMPONENTS OF SPATIAL WORKING MEMORY: 
MAINTAINING AND UPDATING SPATIAL INFORMATION.
D.S, O’Leary*1. N.C. Andreasen1. S. Luck2. M Flaum1, L.L. Boles Ponto3, G.L,
Watkins3, R,D, Hichwai
’MHCRC, Dept. of Psychiatry, Univ of Iowa Hospitals & Clinics, Iowa City IA, 
52240. Psychology Dept, U of I, ’P.E.T. Center, Univ of Iowa Hospitals & Clinics

Spatial working memory (SWM) involves the active maintenance of location 
information over a delay, but many working memory tasks (e.g., the n-back test) 
also require active updating of spatial information. The present PET study contrasts 
simple spatial memory with a spatial one-back task. Subjects (20 normal male and 
female volunteers) viewed a checkerboard flashing at 0.5 HZ. In one condition 
subjects remembered the location of an asterisk appearing for 200 ms during a 40s 
trial (37s memory interval). In a one-back condition the asterisk was in a different 
location at each flash of the checkerboard and subjects monitored for consecutive 
appearances at the same location. Baseline (passive viewing of flashing checkerboard) 
subtraction images indicated that the memory task activated extensive regions of the 
cerebellum as well as ventral frontal lobe (FL) (BA11), R superior parietal lobe (PL) 
(BA39/40) and precuneus (BA7). The n-back condition minus baseline resulted in 
activations in several R FL regions (BA 6, 9/44, 45, 9/10), an extensive activation 
in R PL (BA7/40), and several cerebellar activations. Direct statistical comparison of 
the two active conditions indicated that the n-back task caused higher rCBF in R FL 
(BA 6,10), L FL (BA 4,6), R PL (BA7/40), and R and L basal ganglia. The memory 
task resulted in higher rCBF in a number of cerebellar locations, precuneus (BA7), 
and mesial FL (BA 8, 9). These data indicate that different regions of the FLs 
mediate the maintenance and updating of spatial information, that the R PL is much 
more active during tasks requiring the updating of spatial information than simple 
memory, and that the cerebellum shows a surprisingly high level of activity during a 
simple location memory condition.

620.8
A MASSIVELY PARALLEL DISTRIBUTED AND MODULAR NEU-
RAL NETWORK MODEL FOR LONG-TERM MEMORY B. L. Lu, 
II. Yamada*, G. Matsumoto, and M. Ichikawa, Brainway Group, RIKEN Brain 
Science Institute, 2-1 Hirosawa, Wako-shi, 351-0198, Japan.

From information processing’s point of view, the brain can be considered 
as a memory-based architecture, while conventional digital computers are as a 
processed-based architecture. In order to build brainway computers that are de-
signed a bit like the brain, one of the most important problems is, therefore, to 
reveal the mechanisms that form memories in the brain and to develop associated 
computational models for implementing the memory-based architecture. Here we 
present a massively parallel distributed and modular neural network model for 
constructing long-term memories. The model is a hybrid system that consists 
of feedforward neural network modules and three conventional computational 
units, namely maximization, minimization, and inverse units, respectively. In 
comparison with the existing neural network architectures, the proposed model 
has the following several prominent features: (a) any large-scale and complex 
learning task can be easily decomposed into a number of independent subtasks 
small enough as a designer expects according to the relations among training 
data, and therefore the subtasks can be efficiently learned by small network 
modules in parallel; (b) all of the trained network modules can be automatically 
integrated into a massively parallel and modular architecture, which will facili-
tate the implementation in hardware; and (c) the model has good fault-tolerance 
and plasticity because of its high modularity. We analyze the model to evaluate 
the performance from the aspects of modularity, parallelism, responsiveness, and 
scalability. We also present several simulation results on real-world problems to 
demonstrate the model. The results show that the model provides a promising 
simple framework for implementing long-term memories for brainway computers.

620.9

A WILLFUL STRATEGY IN A TWO-CHOICE TASK IS ASSOCIATED WITH 
ACTIVATION OF THE RIGHT PREFRONTAL CORTEX. M Paulus*12, N, 
Hozack1. B Zauscher1. G Brown1,2, and D Braff1. 1Dept. Psychiatry, Univ. 
California San Diego, La Jolla CA 92093-0603, 2Veterans Affairs Medical 
Center, San Diego CA 92113
Decision making and choice behavior consists of selecting a behavioral 

response from a limited number of behavioral alternatives. It has been pointed 
out that laboratory tests of higher order cognitive function are typically 
constrained and uniquely solvable. In contrast, real-life situations are often 
open-ended and decisions are made with incomplete information. Thus, to 
better understand the neurobiological basis of human behavior, it is critical to 
utilize experimental paradigms, which enable the assessment of willed actions 
or decision making in the presence of uncertainty with no a-priori right or 
wrong behavioral response. The two-choice guessing task has been used 
previously by several investigators to examine sequential patterns of behavior 
in normal controls and schizophrenic patients. Here, 10 normal control, right- 
handed subjects completed the two-choice task in 1.5 T Siemens functional 
magnetic resonance imaging scanner (TE 40 msec, TR 3 sec, 90° flip angle, 
32 slices, 220 mm FOV, voxel size 3.4 x 3.4 x 3 mm, 5.5 cycles 30 sec 
off/on). Subjects showed a significant activation in the right prefrontal cortex 
(center of mass: R/L -34.3, A/P -33, l/S 23.4) during the two-choice guessing 
task when compared to the choice reaction task. Moreover, there were no 
differences in response frequency, probability, or switching. However, subject 
used a win-stay/lose-shift strategy during the two-choice task but not during 
the choice reaction task. These results suggest that subjects tend to generate 
hypotheses in the presence of uncertainty that combines their own behavioral 
history and the history of the stimulus presentation. The activation and 
maintenance of this hypothesis involves the right prefrontal cortex, a structure 
that has been implicated in planning. Supported by NIMH-5358.

620.10

ACTIVATION OF THE VENTROMEDIAL PREFRONTAL CORTEX 
CORRELATES WITH GAMBLING TASK PERFORMANCE: A 
FDG-PET STUDY. S.J. Grant*, K.R. Bonson, C.C. Contoreggi, E.D. 
London. Brain Imaging Center, NIDA, NIH; Baltimore, MD, 21224.

Lesions of the ventromedial portion of the prefrontal cortex (VmPFC) 
impair performance on a task that requires choices between small short-
term gains and larger long-term losses (Gambling Task; Bechara et.al., 
Cognition, 1994). We previously reported impaired performance of 
polydrug abusers on this task (Grant et. al, Neuroscience Abstracts, 
1997). Since continued drug use despite adverse consequences is a 
central part of definitions of addiction, those results suggested the 
hypothesis that dysfunction of the VmPFC plays a role in addiction. It is 
not known, however, whether the VmPFC contributes to Gambling Task 
performance in intact individuals. We report here that metabolic activity 
in the VmPFC correlates with performance on the Gambling Task.

To date FDG-PET studies have been conducted in 7 subjects. In two 
sessions approximately 1 week apart, subjects performed a computerized 
version of the Gambling Task and a computerized control task identical 
to the Gambling Task except that it lacked the decision-making element 
of the Gambling Task. Performance on the Gambling Task positively 
correlated with changes in normalized activity in a volume of interest 
placed in the VmPFC (r = +0.87, p < 0.01). These results complement 
studies in brain-lesioned patients in providing convergent support for the 
hypothesis that the VmPFC plays a critical role in decision-making 
processes (Supported by the NIDA Intramural Research Program).
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620.11
FRONTAL LOBE LESIONS AFFECT THE USE OF ADVANCE 
INFORMATION IN SEQUENTIAL PROGRAMMING. M. Lepage1-2*. F, 
Richer2 ‘Rotman Research Institute of Baycrest Centre, University of Toronto, 
2Labo Neuroscience Cognition, UQAM, Montreal, Qc, H3C 3P8.

This study investigated the effect of frontal lesions on the ability to use 
advance information in the planning of sequential responses. We compared 9 
patients with a frontal lesion to 9 patients with a temporal lesion and 9 controls in 
three sequential keypress tasks involving four rapid choice responses to a four- 
letter stimulus. In two conditions subjects knew the first or three first responses in 
advance whereas a third condition examined unpredictable sequences. The frontal 
group showed slow initiation times in all conditions. A first analysis compared 
initiation time for unpredictable and predictable sequences and found an 
acceleration of initiation time in all three groups. However, when three responses 
were known in advance instead of one, control and temporal groups showed 
faster initiation times in the former condition but the frontal group did not. These 
results indicate that frontal patients can use advance information on the first 
response in a series but show problems using more advance information. 
Interpretations of these observations are discussed in terms of on-line 
selection/retrieval problems vs off-line preparatory/mnemonic problems. 
Supported by CRM and FRSQ

620.12
COMMON REGIONS OF THE HUMAN FRONTAL LOBE RECRUITED BY 
DIVERSE COGNITIVE DEMANDS. J, Duncan* and A, M, Owen. MRC 
Cognition and Brain Sciences Unit, 15 Chaucer Rd, Cambridge CB2 2EF, UK.

Though human neuroimaging studies suggest some modularity of 
function within prefrontal cortex, there is also a strong impression of common 
regions activated in many different cognitive domains. Systematic evaluation of 
this impression is impeded, however, by several factors, including limited 
statistical power in single studies, and experimental-control comparisons between 
tasks of widely different structure. To clarify the question, we combine data from 
>20 published studies manipulating 6 different aspects of executive, working 
memory and perceptual demand. Studies are only included if a single demand 
was manipulated in the context of an otherwise strictly identical task. The pooled 
results show a consistent distribution of frontal activation, on the medial surface 
restricted to the dorsal part of the anterior cingulate, and on the lateral surface 
centred on mid-dorsal and mid-ventral regions. Anatomically this distribution is 
remarkably specific - quite different, for example, from the distribution of frontal 
activation associated with memory retrieval. Cognitively, however, the activation 
is general, maxima for each cognitive demand being distributed throughout the 
active region. The results suggest that these subregions of frontal cortex are not 
dedicated to solution of specific cognitive problems, adapting themselves instead 
to the diverse requirements of different task contexts.
Supported by the Medical Research Council
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621.1

EVENT RELATED POTENTIALS DURING THE RECOGNITION OF 
COGNITIVE INCONGRUITIES FROM SEMANTIC MEMORY.
S, Cansino*, B. T6llez-Alanls and A. Ruiz. Laboratory of Cognitive 
Psychophysiology, Psychology Faculty, National Autonomous University 
of Mexico, Mexico, D.F., 04510.

Event-related brain potentials (ERPs) were recorded while subjects 
performed the cognitive incongruity paradigm, a task that consists in 
presenting congruous or incongruous factual information to subjects, 
who are instructed to judge the veracity of this information comparing it 
with the factual knowledge stored in their semantic long-term memory. 
The factual information tested here was whether a city presented after 
the name of a country, belongs or not to that country. In half of the trials 
the information was incongruous (the city does not belong to the 
country) and in the rest the information was congruous (the city belongs 
to the country). Results revealed that the recognition of incongruous 
factual information is characterized by a frontal negative wave (N400c), 
which appears approximately 400 ms after the onset of the stimulus. In 
contrast, the processing of congruous factual knowledge is 
characterized by a positive wave (P600) with a widespread scalp 
distribution about 600 ms post-stimulus. In addition, these two 
components were sensitive to subject performance and subject 
confidence levels. The neurophysiological brain pattern observed 
during the cognitive incongruity paradigm reveals that both ERPs: the 
N400c and P600 are jointly affected by the task and reflect the 
recognition processes of factual knowledge. Supported by CONACYT, 
Mexico (4511-H) and by DGAPA, National Autonomous University of 
Mexico (IN300495).

621.2
REMEMBERING OR KNOWING: AN ERP STUDY OF RECOGNITION MEMORY 
WITH AND WITHOUT CONSCIOUS RECOLLECTION IN SCHIZOPHRENIA
I.Tendolkar*, S.Ruhrmann, A, Brockhaus, R.Pukrop. J Klosterkotter. Dept. of 
Psychiatry and Psychotherapy, Univ. of Cologne; 50924 Cologne, Germany.

The aim of the present study was to investigate different processes subserving 
recognition memoiy in schizophrenic patients (n=15) and matched controls (n=15) 
using the „Remember/Know“ procedure. Subjects studied visually presented, 
semantically unrelated words in an association task. At test, event-related potentials 
(ERPs) were recorded as they made an old/new judgment to an equal mixture of 
new and previously studied words. In addition, participants were required to relate 
their „old“ recognition decision to an introspective judgment about whether 
recognition was accompanied by the recollection of any aspect of the study episode, 
in which case a „Remember “ or R-response was made, or whether instead the 
participant just knew that the item was old, in which case a „Know “ or K-response 
was made. Schizophrenic patients revealed a lower recognition rate, which was 
associated with an decrease in R-responses, leaving judgments based on knowing 
intact. In controls, correct recognition of old compared to new words elicited 
temporally and topographically distinct ERP effects related to remembering or 
knowing of the old words. By contrast, schizophrenic patients revealed in particular 
the absence of the ERP remembering effect. In summary, the present findings 
indicate a neuropsychological and neurophysiological dissociation of different 
processes subserving recognition memory, of which some are disturbed in 
schizophrenia.

621.3

MATERIAL-SPECIFIC ACTIVATION DURING RETRIEVAL OF LONG-
TERM MEMORIES C, J. Vaidva* and J. D. E. Gabrieli. Department of 
Psychology, Stanford University, Stanford, CA 94305

Past imaging studies have established that encoding and retrieval of 
past experience results in a material-specific pattern of brain activation. In past 
studies, memory retrieval was tested in the same stimulus-form as the encoded 
material (e.g., encoded pictures tested as pictures). It is unknown whether 
material-specificity is observed when memory retrieval is tested in a different 
stimulus-form than the encoded material (e.g., encoded pictures tested as words). 
Using fMRI, we examined brain activation during semantic encoding of pictures 
and words, and during implicit and explicit retrieval of words that were encoded 
as pictures and those that were encoded as words. At encoding, subjects viewed 
blocks of words and pictures and decided whether they represented a man-made 
entity. At retrieval, subjects viewed words that were blocked by material at 
encoding (words encoded as pictures, and words encoded as words). Each block 
consisted of old items in addition to one novel item. For implicit retrieval, 
subjects decided whether the words referred to a man-made entity. For explicit 
retrieval, subjects performed a Yes/No recognition memory task on the words. 
Encoding of pictures, relative to words, activated primarily occipito-temporal 
brain regions. Encoding of words, in contrast, activated primarily left prefrontal 
and anterior temporal regions. Implicit retrieval revealed reduced activation in the 
same regions activated at encoding. Behaviorally, subjects exhibited similar 
magnitudes of priming for pictures and words (i.e., fester decision latencies for old 
items relative to encoding). Explicit retrieval revealed the same pattern of 
material-specificity that was observed at encoding. Behaviorally, subjects' 
memory did not differ for pictures and words. These results indicate that material- 
specificity is observed when memory is tested in a different stimulus-form than 
that at encoding. Processing systems engaged during encoding are re-activated to 
a greater extent during explicit than implicit retrieval.
Supported by NIA (Grants AG12995 and AG11121).

621.4

NETWORK ANALYSIS OF EPISODIC ENCODING AND RETRIEVAL 
EMPLOYING A PAIRED WORD ASSOCIATION TASK: AN FMRI STUDY 
B.J. Krause,1 M. Beu,1 B. Horwitz,2 F.M. Mottaghy,' D. Schmidt,1 J. Shah3 and
H.-W. Mttller-Gartner' . 'Department of Nuclear Medicine, H.-H.-University,
40225 Diisseldorf, Germany, 2NIDCD, NIH, Bethesda, USA, institute of 
Medicine, Research Center Jillich, 52425 Jiilich, Germany

System level modeling represents a covariance based data analysis strategy, 
which is increasingly used to analyse functional imaging data. In a number of 
studies on human memory, interactions between brain regions have been 
examined assessing covariances of brain activity across space mostly using PET. 
In this study we aimed to apply this approach to fMRI data to disentangle 
encoding and retrieval network interactions in episodic memory.

15 right-handed volunteers performed a visual verbal paired word association 
task. The volunteers underwent fMRI at 1.5T (Siemens Vision) using a whole- 
brain EPI-sequence. System level modeling was used to assess the functional 
influences among distributed brain regions based on within task across subjects 
interregional correlations.

The pattern of functional interactions in the episodic encoding and retrieval 
network elicits similarities in general but also differences. Functional linkages 
involving extrastriate (BA 18/19), parietal (BA7, BA40), dorsolateral prefrontal 
(BA9/46) as well as parahippocampal cortex (PG) were present in encoding and 
retrieval. For encoding, dominant influences were among right BA7 & right 
BA9/46, right PG & right anterior cingulate (BA24) cortex and left BA24 & left 
BA9/46. During retrieval, BA7 & BA24 bilaterally as well as left BA7 & left 
BA9/46 were more strongly functionally linked.

In conclusion, the functional interaction patterns reveal an encoding/retrieval 
asymmetry in episodic memory. Our results attribute an important role to parietal 
cortical structures (BA7, BA40) during episodic retrieval and additionally 
emphasize parietal cortex involvement in episodic encoding as evident from 
strong functional interactions.
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621.5
DIFFERENTIAL PREFRONTAL ACTIVATION USING THE REMEMBER- 
KNOW RECOGNITION MEMORY PARADIGM: AN EVENT-RELATED 
fMRI STUDY. L.L. Eldridge1, C.S. Furmanski1, B.J. Knowlton1; S.Y, 
Bookheimer2, & S.A, Engel1, 3Dept. of Psychology and 2Division of Brain 
Mapping, UCLA, Los Angeles, CA

Neuroimaging studies have revealed prefrontal activity during 
recognition memory retrieval. It is not clear whether this activity reflects 
retrieval success or other aspects of retrieval, such as search processes. 
Using event-related fMRI, we examined this question by comparing 
recognition that is accompanied by conscious recollection of the training 
episode (remembering-R) to recognition that occurs without recollection 
(knowing-K). Seven subjects studied a list of words under intentional 
encoding instructions prior to test. Functional images were acquired at 3T 
while subjects performed a two-step recognition task. Subjects were 
prompted on each trial to decide if they recognized the item, and then 
whether they remembered or knew the item. Each trial consisted of 5 
seconds of recognition performance followed by 15 seconds of rest. Active 
regions were selected by correlating their overall timecourse with the 
stimulus presentation timecourse. fMRI timecourses from individual trials 
were averaged based on subjects' responses, to produce mean event- 
related responses. The event-related responses in active regions were fit 
with a model hemodynamic response function to quantify the response 
amplitudes. Many active regions' response amplitudes did not differ 
between conditions (R, K, and no recognition). A region in right lateral 
prefrontal cortex (BA 10) had a higher response amplitude in the K than R 
condition (six subjects). This difference may reflect greater retrieval effort 
as subjects continue to search for specific episodic recollections. Supported 
by an NSF graduate fellowship and UCLA Brain Mapping Division

621.6

RECOGNITION AND SOURCE MEMORY OF TRUE AND 
FALSE ITEMS: AN EVENT-RELATED fMRI STUDY. R. 
Cabeza1, S.M. Rao2*, A.D. Wagner3, W.F. Bischof1, D.L. Schacter3.
’Dept. of Psychology, Univ. of Alberta; 2Dept. of Neurology,
Medical College of Wisconsin; 3Dept. of Psychology, Harvard Univ. 
In the false memory paradigm, participants remember events that 
never happened, including perceptual properties of these nonexistent 
events. We investigated the neural correlates of this memory illusion 
using event-related fMRI. Before each fMRI run, participants 
watched a videotape in which a male and a female speaker 
alternatively read six lists of associated words. During fMRI 
scanning, subjects made either recognition (old/new) or source 
(male/female) decisions to 3 types of items: (1) studied words (true 
items); (2) new words closely related to studied words (false items); 
and (3) new unrelated words (new items). In the recognition 
condition, the true-new contrast yielded retrieval success activations 
in right frontal, medial temporal, and parietal regions. The true-false 
contrast yielded a right parieto-occipital activation, possibly 
reflecting additional visual processing during true recognition. 
Medial temporal activations were also found for false items 
compared to new items, particularly in the source condition. These 
activations could underlie participants' willingness to attribute a 
nonexistent source to false items. (Supported by NSERC)

621.7

NOVELTY ASSESSMENT IN THE HUMAN BRAIN: A META-
ANALYSIS OF PET DATA. ’R. Habib*, ‘M. Lepage, ’A. R. McIntosh, 2L. 
Nyberg, ’E. Tulving. 'Rotman Research Institute of Baycrest Centre, 
University of Toronto, Toronto, Ontario, Canada; department of 
Psychology, Umea University, Umea, Sweden.

We compared episodic recognition of new information to episodic 
recognition of old information in a meta-analysis of five PET studies (N = 
58) performed using the method of partial least squares (PLS). Each study 
consisted of at least one recognition condition in which the test stimuli were 
mainly new and at least one recognition condition in which the test stimuli 
were mainly old. Across these five studies, stimuli consisted of pictorial 
and verbal material, with the verbal material presented both visually and 
auditorily. Furthermore, recognition was assessed both by standard yes/no 
recognition as well as an oddball paradigm. The second latent variable of 
the PLS analysis distinguished, across 4 of the 5 studies, recognition of new 
information from recognition of old information. Novelty activations were 
observed in the right hippocampus, bilateral middle and superior temporal 
gyri, left transverse temporal gyrus, and left medial and superior frontal 
gyri. These activations represent components of a network involved in the 
assessment of trans-modal novelty. The exception was a study in which the 
sensory modality was not conserved from encoding (auditory) to test 
(visual). However, when analyzed separately with PLS, this study also 
revealed novelty activations. Together, these data suggest that different 
brain networks exist for assessing different types of novelty.

This study was funded by NSERC grant A8632 to Endel Tulving

621.8
fMRI ACTIVITY OF THE HIPPOCAMPUS DURING RECOGNITION AS A 

FUNCTION OF STUDY-TEST INTERVAL
C. E. L. Stark1*, and L. R. Squire1'2,3 

Departments of Psychiatry1 and Neurosciences2 University of California,
San Diego and Veterans Affairs Medical Center3, San Diego

The phenomenon of temporally-graded retrograde amnesia (loss of information 
acquired before the onset of amnesia) has suggested that the hippocampus, and 
possibly other medial temporal lobe structures, have a time-limited role in memory. 
However, the study of retrograde amnesia in patients with brain lesions is 
complicated by the fact that the studies are necessarily retrospective. Here, we have 
made a first attempt to use fMRI to determine whether the activity of the 
hippocampus or other medial temporal lobe structures (parahippocampal, entorhinal, 
and perirhinal cortices) varies during a recognition memory test as a function of 
study-test interval. Fifteen participants studied 60 line drawings at each of three 
different times prior to scanning: 30 minutes, one day, and one week. fMRI data 
were collected during a recognition memory test in which participants were saw 240 
words (60x3 targets, 60 foils) and decided whether or not each named a studied 
picture. An ROI analysis was performed on each participant’s fMRI data to 
determine the level of activity within four regions (left/right, hippocampus/MTL) for 
targets from each of the study sessions and for foils. The main finding was an 
overall increase in hippocampal and medial temporal lobe activity bilaterally for 
targets relative to foils at all three intervals. Retention interval had no reliable effect 
on target activation. To determine how differences in accuracy and reaction time 
across the three intervals influenced the results, the behavioral performance for 12 
new participants was equated at the three retention intervals by varying the amount 
of study exposure. Again, there was no effect of study-test interval. It is possible 
that the time span sampled in our study (30 minutes to one week) was too short to 
observe a change in activity. Alternatively, activity in the medial temporal lobe 
structures during memory testing may occur even when these structures are not 
necessary for retrieval.

Supported by VA Medical Centers and NIMH

621.9

HIPPOCAMPAL AND FUSIFORM MODULATION DURING A 
FACE-NAMING TASK WITH FMRI. M. Zeineh * and S, Bookheimer. 
Brain Mapping Division, UCLA School of Medicine, Los Angeles, CA 90095-1764.

Introduction: The hippocampus is known to be important for formation of long-
term memory; one particular example of such memory is learning the name of a 
person. We chose to look at the medial temporal lobe during a face-name learning task 
to see how the hippocampal region may be involved in such a task.

Methods: 5 normal volunteers were scanned with high-resolution functional MRI 
scanning on a GE 3.0 Tesla scanner using echo-planar imaging (gradient echo; TR = 
3.5, TE = 30, 128x128, FOV 20, 3mm-skip-lmm slices). Subjects viewed 8 pairs of 
faces and names through magnetically compatible goggles; following a brief 
distraction task, they were cued with the picture and had to covertly recall the name. 
This sequence was repeated 4 times per run, and subjects performed 3 runs. Behavioral 
performance was measured. Faces were digitized from photographs and edited to 
remove the hair and ears. We created activation maps by motion-correcting using AIR 
3.0, smoothing the images, and correlating with a smoothed boxcar function, looking 
for both increases and decreases in the memory compared to the distraction condition at 
p<.05.

Results: The fusiform gyrus was active in all 5 subjects and exhibited an interesting 
pattern of decreasing activity during learn blocks, but sustained activity during recall 
blocks. 3 subjects exhibited increases in hippocampal activity, 1 exhibited a decrease, 
and another exhibited no change. 3 subjects exhibited increases in parahippocampal 
activity which correlated in magnitude with behavioral performance.

Discussion: The fusiform gyrus exhibits priming during learning of face names 
because of facilitated perception/reduced attention; in contrast, it exhibited sustained 
activation during recall that is likely due to the challenge of recall. Medial temporal 
increases and decreases are present but variable, with parahippocampal activity 
paralleling performance curves.
Supported:NIMH NRSA Grant MH12167-01, Aesculapians Fund UCLA School of 
Medicine

621.10
CHANGE OVER ONE YEAR IN NETWORKS MEDIATING RECOGNITION 
MEMORY IN ALZHEIMER’S DISEASE: AN H215O PET STUDY. Y. Stem,1-2* J.R. 
Moeller? K.E. Anderson,2 N. Zubin? A, DiMauro? A, Park? K, Bell.1 K, Marder? H,
Sackeim2-3 and R. Van Heertum3. Departments of Neurology1, Psychiatry2 & Radiology3, 
Columbia University College of Physicians & Surgeons, New York, NY, 10032.

To understand how the progression of Alzheimer’s disease (AD) pathology alters the 
brain networks underlying memory, H215O PET was used to obtain regional blood flow 
measurements of 5 patients during performance of a continuous verbal recognition task 
at intervals one year apart. In the low demand condition, the study list size (SLS) was 
1. In the titrated demand condition, task difficulty was matched by adjusting each 
subject’s SLS such that recognition accuracy was 75%. SLS remained constant over the 
year although mental status scores declined. Scaled Subprofile Modeling (SSM) was first 
used to determine whether, in comparison to the low demand condition, a brain network 
was consistently activated in the titrated demand condition at both baseline and one year 
later. A network consisting of covarying activation of left superior parietal cortex and 
posterior and anterior insula, along with left posterior and anterior cingulate and 
posterior temporal cortex, reliably showed increased activation (t=-5.81, p<.001). This 
network may mediate the attentional demands of the activation task. A subsequent SSM 
analysis controlled for this network and identified another network that was also 
associated with performance of the titrated demand task but whose expression declined 
from baseline to one-year follow-up (t=4.39, p<0.01). This network consisted of 
covarying activation of left premotor and superior frontal cortex along with left inferior 
parietal cortex and hippocampus. This network may be associated with the explicit and 
working memory aspects of task performance. We conclude that: 1) the attentional 
demands of the task were mediated by one network that was activated in a consistent way 
over the one-year period, perhaps supporting maintenance of task performance; 2) the 
expli ci t recall demands of the task were mediated by a different network which degraded 
over time, consistent with the effects of advancing AD pathology.

This work was supported by NIA AG14671
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621.11
AGE-DEPENDENT CHANGES OF THE CROSS-CORRELATION OF BLOOD 
FLOW WITH SUCCESSFUL EPISODIC RETRIEVAL IN THE MESIAL

H.-W, Miiller-Gartner. ‘Dep. of Nuclear Medicine, H.-H.-University, 40225 
DUsseldorf, Germany, 2NIDCD, NIH, Bethesda, USA, ’institute of Medicine, 
Research Center Jtilich, 52425 Jiilich, Germany, 4Institute of Sports Games and 
’institute for Cardiology and Sports Medicine, German Sport University, 50933 
Cologne, Germany.

The aim of this study was to assess the correlation between regional cerebral 
blood flow (rCBF) during episodic memory retrieval with the proportion of 
correctly retrieved items in young and elderly subjects.

Right-handed male volunteers (15 elderly and 14 young) performed a visual 
verbal paired-word association task during positron emission tomography (PET) 
using O-15-butanol as the rCBF tracer. Image analysis was performed using the 
SPM software and programs written in MATLAB. Correlation coefficients were 
evaluated for data obtained during episodic retrieval between individual 
performance and standardized rCBF in all brain voxels separately in the young and 
elderly subjects.

The largest correlation between individual performance and rCBF was observed 
in the right MTL (r=0.78) in the young volunteers and in the right parietal cortex 
(r=0.76) in the elderly. Other areas showing weaker correlations (r>0.70) included 
the left premotor and right prefrontal cortex and the right superior temporal cortex 
in the elderly and the left cerebellum, the left superior temporal and right 
prefrontal cortex in the young volunteers. Performance in the elderly was 
significantly reduced compared to the young.

In young subjects it is the MTL where the rCBF correlates best with successful 
episodic retrieval. Our study demonstrates that this MTL brain behaviour 
relationship is not present in elderly subjects who recruited alternative brain 
regions (i.e. parietal cortex) but nevertheless showed deficient performance.

INGESTIVE BEHAVIORS: CENTRAL AND PERIPHERAL MECHANISMS

622.1
THE VENTROMEDIAL NUCLEI REGULATE HYPOTHALAMIC 
PEPTIDE EXPRESSION DURING AD LIB FEEDING AND FASTING
Sufean Choi*, Aditi Bhargava, Alan Chu, Liza Soriano, and Mary F.

Dallman. Dept. of Physiology, UCSF, San Francisco, CA 94143-0444.
The hypothalamic ventromedial nuclei (VMN) are necessary components

for the temporal regulation of energy balance. In rats with saline or 
colchicine injected into the VMN, we measured hypothalamic mRNA 
expression of proopiomelanocortin (POMC) and neuropeptide Y (NPY) in 
the arcuate nuclei, and corticotropin releasing factor (CRF) and 
vasopressin (AVP) in the paraventricular nuclei in rats fed ad lib and 
after a 24 hour fast. Brains were collected 30 min after lights on (light) or 
lights off (dark). In fed rats, mRNA for AVP, CRF, POMC, and NPY did 
not express an AM-PM rhythm even though basal plasma corticosterone 
(B) levels displayed a typical dark > light pattern. Inhibition of the 
VMN decreased mRNA expression for AVP, NPY, and POMC only during 
light. Diurnal B levels were elevated in light and decreased during dark 
thereby decreasing overall amplitude of the rhythm. A 24 hour fast also 
decreased mRNA for POMC during the light as well as inducing a diurnal 
rhythm in CRF mRNA (dark > light). Identical to rats with VMN 
inhibition, 24 hour fasted rats demonstrated a decrease in the amplitude 
of their B rhythm with increased B levels during light. The decreases in 
NPY, POMC and AVP mRNA resulting from inhibition of the VMN were 
not altered by a 24 hour fast. However, our preliminary data suggest that 
the diurnal pattern in CRF mRNA may have been altered to a light > 
dark pattern. Thus, the VMN not only demonstrate a regulatory role on 
AVP, NPY, and POMC expression in the paraventricular and arcuate 
nuclei but also contribute to the circuitry that is activated following a 24 
hour fast. Supported by DK28172, DK09519 and a grant from the ADA.

622.2
Perturbed Meal Patterning in Serotonin 5-HT2C Receptor Mutant Mice. L. H. 
Tecott* and P. Baiwa, Dept. of Psychiatry, University of California San 
Francisco, San Francisco, CA 94143
A contribution of 5-HT2C receptors to the serotonergic inhibition of feeding 
is indicated by the anorectic properties of nonselective agonists and by 
their reduced efficacy in mice with targeted null mutations of the 5-HT2c 
receptor gene. These animals also display chronic hyperphagia, leading to 
a late-onset obesity syndrome. In rats, insights into the physiological 
processes that underlie hyperphagia have been obtained by the analysis 
of meal patterns in ad //b-fed animals. To obtain a detailed characterization 
of feeding behavior in 5-HT2c receptor mutants, we have adapted this 
approach to mice. Feeding monitors were used that required animals to dip 
their heads through a narrow opening to obtain powdered food. Head dips 
through the opening produced photobeam breaks that were monitored by 
an automated data collection system. Linear relationships were observed 
between beam break time and the amount of food consumed. Log 
survivorship plots of intervals between beam breaks were used to establish 
criteria for defining meals. These criteria did not differ significantly between 
5-HT2C receptor mutant and wild type mice, nor did feeding efficiency 
(grams of food consumed per min beam break time). For meal pattern 
determination, 3-4 month old animals were acclimated to feeding chambers 
for 7 days prior to the collection of feeding data over the ensuing 4 days. 
As for rats, feeding occurred in discrete bouts with a clear diurnal rhythm; 
meal size and frequency were larger during the dark phase. Relative to wild 
type littermates, mutants displayed elevated daily food intake, manifested 
by a generalized prolongation of meals. Phenotypic differences were 
largest for dark phase feeding, with mutants exhibiting increased meal size, 
decreased meal frequency and reduced satiety ratios. These findings 
indicate a dysregulation of satiation in 5-HT2C receptor mutant mice. 
Supported by grants from NIDA and Merck.

622.3

NPY COUNTERACTS INTERFERON-a-INDUCED ANOREXIA. N.P. 
Turon, M.C. Flynn, J. Siegel* (sponsor) and C.R, Plata-Salaman.
Div. Molecular Biology, SLHS, Univ. Delaware, Newark DE 19716. 

Interferon-a immunotherapy is associated with adverse
neurological manifestations, such as anorexia, which can be major 
limiting factors in the therapy. Research has focused on designing 
therapies that would alleviate the adverse neurological 
consequences of interferon-a immunotherapy without compromising 
its immunomodulating benefits. Our data showed that interferon-a is 
a potent inducer of the cytokine cascade in the brain, and that 
cytokines are involved in interferon-a-induced neurological effects 
including anorexia. Our studies also showed that NPY (an 
endogenous feeding-enhancing peptide) can block or reverse IL-1 p- 
inducing anorexia. The present study tested the hypothesis that NPY 
could also counteract the anorexia induced by interferon-a in rats. 
The results show that interferon-a produced significant anorexia 
when administered at an intrathecal immunotherapeutically relevant 
dose (1350 lU/rat) into the third cerebral ventricle of rats (n = 17). 
Heat-treated interferon-a had no effect (n=8). NPY (5.0 pg/rat) was 
able to counteract (ameliorate or block) interferon-a-induced anorexia 
when administered three or ten hours after, or when given 
concomitantly with interferon-a. These data suggest that NPY and 
NPY receptor agonists could be a novel intervention for interferon-a- 
associated anorexia. Support by UD and industry (CRP-S).

622.4
APOPTOSIS AND REDUCED ARCUATE NUCLEUS NPY AND POMC 
mRNA IN NON-COMA HYPOGLYCEMIA. B.E. Levin1*, A,A. Dunn-Meynell1 
and N.C. Tkacs2. 'Neurol. Svc.,V.A. Med. Ctr. E. Orange NJ 07018; 'Dept. 
Neurosci. NJ Med. Sch., Newark NJ 07103; 2Sch. Nursing, Univ. Penn., 
Philadelphia, PA, 19104.

Hypoglycemia reduces sympatho-adrenal responses to subsequent hypoglycemia 
bouts by an unknown mechanism. To assess whether permanent brain damage was 
responsible for this hypoglycemia-associated autonomic failure, male Sprague- 
Dawley rats were subjected to 1 or 3, lh bouts of insulin-induced (5U, i.v.) 
hypoglycemia (blood glucose 1.6-2.8mM) on alternate days. Rats remained alert 
and were rescued with glucose at lh. Their brains were processed by TUNEL assay, 
as an index of apoptosis, at 24, 48 or 72h after their last bout. At 48h but not 24h, 
TUNEL positive cells were seen selectively in the arcuate n. (ARC) and scattered at 
the area postrema-n. tractus solitarius border. Hypoglycemic rats had 188% more 
apoptotic cells in the ARC (1 bout 39+5; 3 bouts 37+4) than euglycemic controls 
(13+3; P=0.001). In situ hybridization for NPY and POMC mRNA was carried out 
on those sections containing maximal numbers of apoptotic cells. After 1 bout, 
NPY (0.041+0.003) and POMC (0.119+0.022) mRNA area x OD measures were 
reduced, respectively, by 52% and 55% vs. controls (NPY: 0.076+0.007; POMC: 
0.222+0.020; P=0.01). NPY (0.029+0.002) but not POMC (0.093±0.013) was 
reduced further by 29% after the third bout. NPY(r=-0.721) and POMC (-0.756) 
levels correlated (P=0.001) with the number of apoptotic ARC cells in the .same 
sections. This suggests that non-coma hypoglycemia is associated with apoptosis 
and reduced NPY and POMC expression in the ARC. This may contribute to the 
reduced counterregulatory response following repeated bouts of hypoglycemia. 
Supported by the Research Service, Dept. Veterans Affairs and NIDDK grant 
RO1DK53181.
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622.5
THE SEASONAL APPETITE CYCLE IN SHEEP RELATES TO THE
EXPRESSION OF NEUROPEPTIDE Y (NPY) IN THE ARCUATE NUCLEUS 
BUT NOT TO THE EXPRESSION OF PRO-OPIOMELANOCORTIN (POMC).
I.J. Clarke^M. Barker-Gibb, C.J. Scott and A. Rao. Prince Henry’s Institute,
P.O.Box 5152, Clayton, Melbourne VIC 3168, Australia.

There is a seasonal cycle of appetite in the sheep and the present study was 
designed to determine whether this relates to the expression of NPY in the arcuate 
nucleus of the hypothalamus. Because there is also a seasonal reproductive cycle, we 
also sampled animals to take account of this. Ovariectomised (OVX) Corriedale 
ewes either remained untreated or were given s.c. estrogen (E) implants for 2 weeks 
in March (breeding season) or August (anestrus); serial (10 min intervals for 6 h) 
blood samples were taken for measurement of luteinising hormone (LH) in plasma 
and the brains of the animals were taken for immunocytochemistry. Animals killed 
in August had reduced LH levels, with a profound negative feedback effect of E, 
indicative of anestrus. The number of NPY cells detected was significantly fewer in 
the animals killed in August, with no effect of E. There was no effect of season or E 
treatment on galanin cell number, suggesting that the effect on NPY was not because 
of the separate times of tissue collection. Voluntary food intake of our sheep reaches 
a nadir in August, and the reduced function of the NPY cells could be related to 
either seasonal anestrus or the appetite cycle. Accordingly, we performed a second 
study in which OVX ewes were killed in February (breeding season) and in August 
and December (both anestrus). Brains from these animals were collected and 
processed for in situ hybridisation with riboprobes for NPY and POMC. The number 
of NPY cells detected and the grains/cell was significantly lower in August than in 
December or February. POMC cell number was significantly higher in August and, 
in December, both cell number and grains/cell were significantly higher than in 
February. We conclude that the seasonal appetite cycle, but not the reproductive 
cycle, is linked to expression of NPY cells. Increased POMC expression in anestrus 
may be related to the reproductive cycle. Supported by NH&MRC of Australia.

622.6

CENTRAL GLUGAGON-LIKE PEPTIDE-1 (GLP-1) PATHWAYS 
PARTICIPATE IN SICKNESS-RELATED ANOREXIA. L. Rinamant 
Dept. of Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260.

A recent study revealed that experimental treatments causing 
“nausea” and sickness-related anorexia in rats activate cFos expression 
in GLP-1-positive neurons in the caudal medulla (Rinaman, AJP 1999, 
in press). Since central administration of synthetic GLP-1 promotes 
anorexia, the present study sought to determine whether endogenous 
GLP-1 pathways contribute to the anorexia displayed by rats after 
systemic administration of the sickness-inducing agent lithium chloride 
(LiCl). Methods: Sprague-Dawley rats with chronic i.c.v. cannulas 
were acclimated to a feeding schedule that included daily 30-min access 
to palatable mash. On the day of the experiment, rats were injected 
i.c.v. with 10 pg of GLP-1 receptor antagonist (exendin; Bachem) or 
vehicle, followed 15 min later by i.p. injection of 0.15M LiCl (50 
mg/kg; Sigma) or 0.15M NaCl. Thirty min later, rats were given 30- 
min access to palatable mash and intakes were recorded. Results: 
Central GLP-1 receptor antagonist by itself did not significantly affect 
30-min mash intake. Systemic LiCl treatment by itself suppressed 30- 
min mash intake by -85%. The ability of LiCl treatment to suppress 
intake was attenuated significantly (P<0.01) in rats that were pre-treated 
i.c.v. with GLP-1 receptor antagonist. Conclusions: Endogenous GLP- 
1 acting at central receptors contributes significantly to LiCl-induced 
anorexia. These results support the hypothesis that GLP-1 neural 
pathways originating in the caudal brainstem play an important 
functional role in sickness-induced anorexia. Future studies will 
determine whether central GLP-1 pathways also play a more general 
role in other sickness behaviors.Supported by MH59911.

622.7

PERIPHERAL CCK ADMINISTRATION PRODUCES ENHANCED 
LOCOMOTION AFTER A CIRCADIAN INTERVAL IN FASTED RATS. W 
White, G .J-Schwartz*, and T.H, Moran. Dept. of Psychiatry and 
Behavioral Sciences, Johns Hopkins University School of Medicine, 
Baltimore, MD 21205.

Access to food after an extended fast (Restricted Feeding, RF) 
produces enhanced locomotor activity approximately 24 hours 
subsequent to initiation of meals (Food-anticipatory activity, FAA). 
The capacity of cholecystokinin (CCK), a meal-elicited brain-gut 
peptide that promotes satiety, to mimic this effect was studied in 8 
male Sprague Dawley rats. Rats were entrained to a 12-12 hour 
light-dark cycle, but the times of light onset occurred 3 hours later 
across the eight housing stations (“staggered” light-dark cycles). 
Rats were given 5 hours access to pelleted chow (Bioserv) every 33 
hours (T=33 hour RF). Food availability started at the same local 
time every cycle, but it began at eight equally spaced times in the 
circadian cycle across the eight rats. Averaging across the eight rats 
evenly distributed the effects of light-entrained activity across the 
average function for any given 33-hour cycle. On this schedule, a 
peak in wheel turning tended to occur ~24 hours after the start of 
food access. In separate cycles, CCK (8 mg/kg, i.p.) given 5 hours 
before food access produced a peak in wheel turning activity ~24h 
later, i.e., 5 h earlier than the peak elicited by food access alone. 
Thus, exogenous CCK dramatically modifies circadian activity 
patterns. These data suggest that meal-elicited endogenous CCK may 
be involved in the normal synchronization of FAA (supported by NIH 
DK19302).

622.8

SHORT TERM SODIUM DEPLETION: INTERACTION OF BRAIN 
DOPAMINERGIC AND PEPTIDERGIC SYSTEMS IN SALT SEEKING 
BEHAVIOR L. R, Lucas*, P. Pompei§ and B, S. McEwen Lab of 
Neuroendocrinology, The Rockefeller University, New York NY 10021 (USA); 
and §Dept. Pharmacol. Sci. & Exp. Med., University of Camerino, Via 
Scalzino 3, 62032 Camerino (Italy)

Acute sodium depletion by the combination of pharmacological 
natriuresis through furosemide (FURO) administration and a sodium 
deficient diet results in a robust induction of salt appetite in rats. We 
have previously shown that tachykinins (TKs) inhibit salt appetite 
since FURO treatment yields decreased TK-mRNA levels in many brain 
regions (i.e., limbic and striatal areas); and TKs reduce salt appetite 
if intracerebrally injected. Since acute FURO decreases dopamine 
(DA) uptake and TKs are known to be regulated by DA tone, we decided 
to investigate whether striatal DA transporter ligand binding (DAT) 
and enkephalin (ENK) and TK-mRNA levels are altered in male 
Sprague-Dawley rats acutely treated with FURO (2 s.c. injections of 5 
mg/rat/0.5 mL, separated by 2 h.). Controls were injected with 
isotonic saline (vehicle) and given 24 h access to rat chow and tap 
water. FURO treated rats had rat chow replaced with sodium-deficient 
pellets (Teklad) after first inj. and 24 h access to tap water. Twenty- 
two h later, half of the FURO group was allowed 2 h access to a 2 % 
NaCl solution (+salt) and the rest were not (-salt). As expected, TK- 
mRNA levels were decreased in FURO -salt treated rats; however, 
levels were also lower for FURO +salt compared to vehicle controls. 
ENK-mRNA levels were higher in FURO -salt and DAT levels were 
higher for both FURO groups. These results suggest that 
DA/peptidergic structures may be activated to elicit salt seeking 
behavior in the acutely sodium-depleted rat. Supported by MH43787

622.9

BRAIN UCP2: IMPLICATIONS FOR “THERMAL” SYNAPSES IN 
CHEMICALLY IDENTIFIED NEURONAL CIRCUITS INVOLVED IN 
HOMEOSTATIC REGULATION. T.L. Horvath.1* C.H. Warden.2 M. Haios.3 A. 
Lombardi.4 F. Goglia4 and S. Piano1. ’Dept. of Ob/Gyn Yale Medical School, New 
Haven CT. 2Dept. of Pediatrics, School of Med., UCD, Davis CA, 3Dept. of Clin. 
Pharm., Univ. of Oxford, Oxford UK. 4Dept. of Physiol, Univ. of Naples, Napoli, 
Italy.

Distinct brain peptidergic circuits govern peripheral energy homeostasis and 
related behavior. Here we report that mitochondrial uncoupling protein 2 (UCP2) is 
expressed selectively in centrally located neurons involved in homeostatic regulation. 
The presence of UCP2 protein in axonal processes predicts increased local brain 
mitochondrial uncoupling activity and heat production. UCP2 was co-expressed with 
CRF in neurons of the parvicellular region of the paraventricular nucleus, with 
vasopressin and oxytocin in neurons of the supraoptic nucleus, with vasopressin in the 
suprachiasmatic nucleus and with NPY in neurons of the arcuate nucleus. No UCP2 
immunolabeling was present in lateral hypothalamic melanin concentrating hormone 
or hypocretin/orexin-containing cells. On the other hand, all of the aforementioned 
hypothalamic neuronal populations as well as those producing POMC and cells 
expressing the hypophyseotropic hormones, LHRH and dopamine received input from 
neurons producing UCP2. UCP2-producing neuronal perikarya expressed receptors 
for leptin and gonadal steroids in the arcuate nucleus. Populations of UCP2-labeled 
cells in the hypothalamus were retrogradely labeled with peripherally injected 
fluorogold indicating that they are neuroendocrine cells. When those hypothalamic 
pathways were analyzed that are activated either by fasting or cold exposure, neurons 
containing c-fos induced by either of these manipulations were massively innervated 
by UCP2 containing axon terminals.

Taken together, our data suggest the novel concept that heat produced by axonal 
UCP2 modulates neurotransmission in homeostatic centers thereby coordinating the 
activity of those brain circuits that regulate daily energy balance and related autonomic 
and endocrine processes. (Supported by NSF grant IBN-9728581)

622.10

PRESENCE AND DISTRIBUTION OF VAGAL IGLES AND IMAS IN STOMACH OF 
PRE-WEANLING RAT PUPS. S.E. Swithers*, E.A. Baronowsky and T.L. Powlev. 
Dept. Psychological Sciences, Purdue Univ., West Lafayette, IN 47907-1364.

Previous studies of vagal innervation of the gastrointestinal tract have described 
the pattern and density of several morphologically distinct afferent endings in the 
gastric muscle wall. Currently, little is known about the development of these vagal 
afferents. In this experiment, we examined the density and pattern of vagal afferent 
endings in the stomach of rat pups. Pups aged 9 days received an injection of WGA- 
HRP into the left nodose ganglion. Twenty-four hr later, pups were sacrificed and 
whole mounts of the stomach were prepared and processed with TMB. Vagal 
bundles (2 or more fibers), individual axons, and endings in the dorsal and ventral 
stomach were counted and mapped with a sampling grid. The results demonstrated 
that both intraganglionic laminar endings (IGLEs) and intramuscular arrays (IMAs) 
were well developed in the stomach of young rat pups and injection of the left nodose 
ganglion produced labeled endings primarily in the ventral gastric wall. The 
distribution and density of IGLEs was similar to that seen in adult rats, with IGLEs 
distributed throughout the stomach. In addition, the pattern of IMA innervation was 
similar to that seen in adult rats; IMAs were concentrated along the greater curvature 
in the fundus and at the pyloric sphincter. However, the density of innervation by 
IMAs in the pup was significantly lower than seen in adults. These results suggest 
that while some aspects of vagal afferent innervation of the stomach muscle wall are 
adult-like by 9 days of age, additional changes in vagal innervation occur later in 
post-natal development. Further, the temporal dissociation in maturation of vagal 
innervation by IGLEs and IMAs supports two separate functional roles for these 
morphologically distinct endings.
Supported by NIH DK55531 to SES and NIH DK27627 to TLP.
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622.11
SELECTIVE LOSS OF IMA-TYPE MECHANORECEPTORS IN MICE MUTANT 
FOR STEEL FACTOR, THE C-KIT RECEPTOR LIGAND. E.A. Fox*, E.A. 
Baronowsky, R.J. Phillips, and T.L, Powley, Purdue U., West Lafayette, IN 47907.

Vagal gastric intramuscular arrays (IMAs) in rat and mouse form parallel, 
interconnected, linear endings that orient to and appear to contact both the smooth 
muscle bundles and the intramuscular class of interstitial cells of Cajal (ICC-IM; JCN 
319:261,1992; Powley et al., 1998 SFN mtg). These IMA-ICC-smooth muscle units 
appear ideal for transducing stretch, a function consistent with their location in the 
forestomach and sphincters (pyloric and lower esophageal). Since standard 
methods have not permitted selective manipulation of IMAs and ICCs-IM, we have 
utilized mouse genetics to dissect their roles in stretch reception. We first 
characterized IMAs in mice that lack c-kit receptor tyrosine kinase activity (Fox et 
al., 1998, SFN mtg). This strain lacks the ICC type (ICC-IM; PNAS USA 93:12008, 
1996) that associates with IMAs in the forestomach. C-kit mutants (w/w') exhibited 
a dramatic and selective loss of IMAs. Compared to control (+/+) endings, IMAs 
were reduced by 65% (circular muscle) to 80% (longitudinal), whereas 
intraganglionic laminar endings (IGLEs), the other vagal afferent ending found in the 
gastric wall, showed only a small reduction (15%) in w/w mutants (WBB6 
background). To evaluate the reproducibility of these findings on a different 
background (and with a mutation of the ligand, rather than the receptor), we have 
now examined mutant mice (WCB6 background) lacking the ligand steel factor. 
WGA-HRP (0.5 gl, 4%) was injected in the left nodose of steel mice (sl/sl-d; n=11) 
or wild type siblings (+/+; n=7). 24 hr later mice were perfused and stomach 
wholemounts were processed with TMB. Steel forestomachs consistently show (a) a 
paucity of normal IMAs and (b) a high percentage of aberrant terminals among the 
residual IMAs, whereas their IGLEs appear unaltered in structure and density. 
These results extend our earlier findings in c-kit mice, indicate that loss of IMAs is 
not due to an interaction between one mutation and a single background, suggest 
there is a trophic relation between IMAs and ICCs, and imply that insights into 
gastric mechanoreceptor function from these models will generalize. NIH DK27627

622.12

ESTRADIOL (E) INCREASES THE SATIATING POTENCY OF 
INTRADUODENAL INFUSIONS OF INTRALIPID (IL), BUT NOT 
OF L-PHENYLALANINE (L-PHE), IN OVARIECTOMIZED RATS.
L. Asarian and N. Geary*. Bourne Laboratory, Weill Medical College 
of Cornell University, White Plains, NY, 10605.
We investigated whether E modulates the satiating potency of 
intraduodenal nutrient infusions in sham feeding rats. Ovariectomized 
Long-Evans female rats received chronic, cyclic E treatment 
(subcutaneous injections of 2 gg E benzoate (n=6) or sesame oil (n=7) 
each Tuesday and Wednesday). On Fridays, intraduodenal infusions of 
IL, L-PHE or saline were begun 6 min after the onset of sham feeding. 
Both nutrients inhibited sham feeding, but IL was more potent in E- 
treated rats than in oil-treated rats, whereas L-PHE did not produce a 
differential effect. Data are 45-min sham intakes (ml) of 0.8 M sucrose.

Intraduodenal Infusion Estradiol-treated Oil-treated
IL 26±3*+ 42±6*
Saline 68±4 70±2
L-PHE 36±5* 33±6*
Saline 69±2 73±2

* p<0.05 vs Saline;+ p<0.05 vs. Oil-treated rats.
Because cholecystokinin mediates part of the satiating effect of 
intraduodenal IL, but not of L-PHE, these data are further evidence 
that E increases the satiating potency of endogenous cholecystokinin. 
Supported by NIH DK 54523.
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623.1

AGRIN UP REGULATES THE EXPRESSION OF A NOVEL 
TRANSCRIPT IN CULTURED MYOTUBES BEARING HOMOLOGY 
TO NITRITE REDUCTASE. M. Jones* and M. Werle. Dept. of 
Anatomy/Cell Biology, Univ. of Kansas Medical Center, Kansas City, KS 
66160.

During development the motor neuron initiates the formation of the 
postsynaptic apparatus on the muscle fiber by releasing the heparin sulfate 
proteoglycan, agrin. Agrin interacts with its receptor on the myotube 
initiating a series of events which lead to the sequestration of synapse- 
specific molecules to the region of the muscle fiber apposed the motor 
neuron. We hypothesized that agrin might play a role in regulating synapse- 
specific messages in addition to its role in the redistribution of synapse- 
specific molecules. Utilizing the technique of differential display RT-PCR we 
identified a transcript that is up regulated in cultured chick myotubes 
following treatment with agrin. This transcript bears high homology to 
bacterial nitrite reductases. Its predicted size is approximately 2.3 kb as 
determined by Northern analysis. RNAse Protection Assays (RPA) 
performed on embryonic skeletal muscle suggests this transcript is 
developmentally regulated. Highest expression in developing muscle was 
observed on embryonic days 6 and 8, and 14 and 16. Expression was 
diminished on embryonic days 10 and 12. Results from RPA of adult chicken 
tissues indicate the presence of this transcript in all tissues examined with 
the exception of liver. Its expression is the highest in heart, kidney and brain, 
and lowest in skeletal muscle. These data support a new role for agrin in the 
regulation of mRNA within the muscle fiber, as well as, the identification of a 
novel molecule that may play a role in synapse formation. This research 
supported by NIH.

623.2

NITRIC OXIDE MEDIATES AGRIN-INDUCED ACETYLCHOLINE 
RECEPTOR AGGREGATION IN CULTURED MYOTUBES. M. Werle* and M. 
Jones. Dept. of Anatomy/Cell Biology, Univ. of Kansas Medical Center, Kansas City, 
KS 66160.

During development agrin, a heparin sulfate proteoglycan, is released by the motor 
neuron and initiates the aggregation of the acetylcholine receptors (AChR) and other 
synapse-specific molecules in muscle to form the postsynaptic apparatus. Recently, 
we identified a novel transcript bearing high homology to nitrite reductase that is up 
regulated in cultured myotubes by agrin. With the identification of this reductase-
like transcript we hypothesized that nitric oxide (NO) may also play a role in 
synapse formation. Chick myotubes were cultured in the presence of agrin or a 
combination of agrin and the NO synthase (NOS) inhibitor, aminoguanidine (AMG). 
AMG decreased agrin-induced AChR aggregate formation in a dose-dependent 
manner. AMG is a non-specific inhibitor of all NOS isoforms. Both inducible (iNOS) 
and neuronal NOS (nNOS) isoforms are present at the neuromuscular junction. 
Subsequent experiments performed using the nNOS-specific inhibitor, 7- 
nitroindazole, also prevented agrin-induced aggregation of AChR suggesting that 
nNOS is the isoform responsible for the effect observed. In order to determine if NO 
alone had the ability to mediate AChR clustering cultured myotubes were treated 
with NO donor, sodium nitroprusside (SNP). In the absence of agrin, SNP 
successfully induced the aggregation of AChR in a dose-dependent manner. SNP- 
induced AChR aggregates were similar in size and number to aggregates produced 
by agrin. The phosphorylation of the P and y subunits of the AChR is concomitant 
with AChR recruitment into aggregates. Myotubes were metabolically labeled with 
SSP,orthophosphate to determine if NO plays a role in the phosphorylation of these 
AChR subunits. The NO donor, SNP, increased the phosphorylation of both the P 
and y subunits to levels observed in agrin-treated myotubes. In myotubes treated 
with both agrin and NOS inhibitor, AMG, the phosphorylation of both the P and y 
subunits was diminished to levels observed in untreated myotubes. These results 
suggest that NO plays a role in synapse formation. This research supported by NIH.

623.3

\GRIN FRAGMENTS INDUCE ECTOPIC AGGREGATION OF ACETYLCHOLINE 
RECEPTORS IN MYOTOMAL MUSCLES OF XENOPUS EMBRYOS. E.W, 
Godfrey1*, J, Roe1. and R.D. Heathcote2. 1Dept. of Cell Biol. Neurobiol. 
I Anat., Medical College o* Wisconsin, Milwaukee, WI 53226; 2Dept. 
of Biol. Sci., Univ. of Wisconsin-Milwaukee, Milwaukee, WI 53201.

The C-terminal half of a jrin contains 3 globular domains, G1, G2, 
tnd G3, which bind to different cell surface proteins of muscle cells, 
□eluding a-dystroglycan (31) and heparan sulfate proteoglycans 
HSPG; G2), while the G3 domain alone can cause AChR aggregation, 
'hus agrin may bind sirr iltaneously to several molecules in the 
□uscle cell membrane. We tested whether the G1 and G2 domains of 
igrin are important for acin activity in embryonic muscle. Agrin 
regments containing G3, bo Ii G2 and G3, or all three G domains were 
:-verexpressed in frog embryos (Xenopus laevis) during 
reuromuscular synapse for nation by injection of RNAs into one-cell 
imbryos (Godfrey et al , Dev. Biol. 205:22. 1999). Ail three 
ragments induced ectopic aggregation of AChRs in non-innervated 

regions of muscle, but it ws> much more pronounced with the smaller 
ragments, which lack the a-dystroglycan-binding domain and are 
ess active in cultured muscle cells. Ectopic AChR clustering was 
□creased by injecting similar amounts of RNA encoding all three 
ragments, in contrast to dose-response curves of cultured muscle 
rells treated with agrin fraiiments. Possible interpretations include 
1) sequestration of larger fragments by binding to a-dystroglycan 
-r HSPG in embryonic mus ;le, or (2) aggregation of AChRs by agrin 
l embryonic muscle may n- t be influenced by binding of agrin to a- 
lystroglycan or HSPG, bi t may depend on other molecules not 
prevalent in culture. Supported by NIH grant MH57545.

623.4

CHANGES IN THE PROBABILITY OF NEUROTRANSMITTER RELEASE 
DURING SYNAPTIC COMPETITION AT DEVELOPING NEUROMUSCULAR 
JUNCTIONS. D. M. Kopp* and R. J. Balice-Gordon. Dept. of Neuroscience, Univ. 
of Pennsylvania School of Medicine, Philadelphia, PA 19104.

Skeletal muscle fibers undergo an activity-dependent, competitive transition from 
multiple to single innervation during early postnatal development. Competition 
results in an increasing disparity in the synaptic strength, the synaptic area and the 
postsynaptic ACh receptor density of competing inputs to the same muscle fiber. 
Given these changes, we asked whether there are concomitant changes in the 
probability of neurotransmitter release from competing inputs. Using in vitro nerve- 
muscle preparations from P8-P10 mouse soleus muscles bathed in curare and high 
calcium Ringers, we identified muscle fibers innervated by two inputs and 
determined the endplate potential (EPP) amplitude and extent of paired pulse 
facilitation for each input (the ratio of epp amplitude on the second pulse (P2) / epp 
amplitude on the first pulse (Pl)). In 8 of 8 dually innervated fibers, the input with 
the smaller EPP had a P2/P1 ratio > 1 at 10 msec interpulse interval (ipi), and this 
was always larger than the P2/P1 ratio of the input with the bigger EPP. This 
relative difference was observed regardless of the absolute EPP amplitude of either 
input. In contrast, the P2/P1 ratios at 10 msec ipi were < 1 for the input with the 
bigger EPP at multiply innervated junctions, for inputs to singly innervated junctions 
from P8-P10 mice, and for inputs to adult muscle fibers, regardless of EPP 
amplitude. These data suggest that, in addition to differences in quanta! content, 
synaptic area and receptor density, there may be a difference in the probability of 
release between ‘winning’ and ‘losing’ inputs to multiply innervated junctions, with 
losing inputs having a lower probability of release than winning inputs to the same 
fiber. Future work will focus on the mechanisms underlying the apparent differences 
in release probability of competing inputs during synapse elimination. Supported by 
NIH grant NS34373 to R.B.-G. and NIH NRSA NS10624 to D. M. K.
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623.5
MOTOR UNIT ACTIVITY DURING SYNAPTIC COMPETITION AT 
DEVELOPING NEUROMUSCULAR JUNCTIONS. K. E. Personius* and R. J. 
Balice-Gordon. Dept. of Neuroscience, Univ. of Penn. Sch. Med., Phila., PA 19104.

During postnatal life, skeletal muscle fibers undergo an activity-dependent, 
competitive transition from multiple to single innervation. Relatively synchronous 
patterns of activity among motor inputs to the same muscle fiber might be present 
before competition begins, while asynchronous activity might lead to the elimination 
of the least active input. To evaluate this possibility, we are studying the temporal 
relationship of the activity among different motor units using fine tungsten 
microelectrodes and differential electromyographic (EMG) techniques. EMG 
recordings were obtained from the tonically active soleus or the phasically active 
extensor digitorum longus muscle over 20-30 minute epochs from awake, partially 
restrained postnatal day 0 (P0) to Pl5 mice. Software was used to recognize distinct 
motor unit waveforms and cross-correlogram analyses were generated. At P5-P6, 8 
of 18 motor unit pairs from soleus muscles showed significant temporal synchrony 
from analysis of their cross-correlograms. At this age, 80-90% of soleus muscle 
fibers are multiply innervated. By P14-P15, when synapse elimination is largely 
complete, temporal synchronization was no longer detected (0 of 7 pairs). Mean 
motor unit firing rate was 12.9 ± 0.5 Hz at P5-P6 and 15.3 ± 0.8 Hz at P14-P15 (mean 
± SEM). These rates are not statistically different and are similar to published results. 
Our results suggest that the temporal relationship of activity among motor units to the 
same muscle changes from relative synchrony to asynchrony during the first two 
postnatal weeks. Future work will focus on evaluating the mechanisms underlying 
the transient synchronization of motor unit firing, and on determining whether 
changes in motor unit activity are related to synaptic competition at developing 
neuromuscular junctions. Supported by grants from the NIH (NS34373 and 
NS38517).

623.6
IN VIVO ANALYSIS OF SkMl SODIUM CHANNEL DISTRIBUTION USING 
RECOMBINANT ADENOVIRUS. S.D. Kraner*, M. Gonzalez, H.-Y, Zhou, M.M, 
Rich, & R.J. Balice-Gordon. Dept. of Neuroscience, University of Pennsylvania, 
Philadelphia, PA 19104 and Dept. of Neurology, Emory University, Atlanta, GA 
30322.

The distribution of the rat skeletal muscle type 1 sodium channel (SkMl) within a 
myofiber is spatially regulated, with the highest density of channels found within the 
folds of the neuromuscular junction, and lower levels throughout the sarcolemma and 
T-tubular membrane. Both higher levels of transcription from sub-synaptic nuclei 
and protein-protein interactions between the channel and cytoskeletal elements at the 
synapse likely contribute to this distribution. As a first step towards understanding 
the mechanisms that regulate spatial distribution, we have created a recombinant 
adenovirus that contains an epitope-tagged SkM 1 channel driven by a portion of its 
own 5’ flanking region. The -174/+49 sequence that drives this channel contains 
binding sites for several transcription factors including muscle-specific members of 
the basic helix-loop-helix family of transcription factors such as myogenin and 
MRF4. Analysis of this adenovirus in C2C12 muscle cells by Western blotting 
indicates that it produces full-length channel protein, although the level of expression 
in muscle cells is relatively low. Chronic expression of either myogenin or MRF4 
substantially increases expression of the tagged channel, as assessed by both Western 
blotting and immunocytochemistry of infected C2C12 cells. The level of expression 
induced by MRF4, which is not normally expressed at high levels in C2C12 cells, is 
substantially greater than that induced by myogenin. This observation is consistent 
with models of muscle gene regulation that predict that MRF4 controls expression of 
genes that are activated late in muscle development, like SkMl. We are presently 
using this adenovirus to study SkMl regulation in adult muscle in vivo. This work 
was supported by NIH grants NS-34954 (S.D.K.) and AG-13329 (R.B.-G.).

623.7

ADENOVIRUS-MEDIATED EXPRESSION OF TRUNCATED TRKB 
INDUCES DISASSEMBLY OF NEUROMUSCULAR JUNCTIONS.
M. Gonzalez*, Q. Chang, Y.-J. Shi, F.P. Ruggiero. S. Kraner & R.J. Balice-Gordon.
Deot. Neuroscience. Univ. Pennsylvania Sch. Med., Philadelphia, PA 19104.
Neurotrophms and trk receptors, including BDNF, NT4/5 and full length and 

truncated forms of trkB, are expressed at neuromuscular junctions, but it is unclear 
what functional role signaling through these pathways plays during postnatal life. 
Using immunostaining, Western blot analysis and RT-PCR, full-length trkB and 
truncated trkB lacking the tyrosine kinase domain (trkB.tl) were found to be 
localized to the peri-synaptic region, including the postsynaptic muscle fiber 
membrane and Schwann cells, but not to motor axons or nerve terminals. Using 
recombinant adenovirus to over-express trkB.tl and gfp in mouse stemomastoid 
muscle fibers in vivo, we observed that postsynaptic ACh receptor regions were 
disrupted and motor nerve terminals were withdrawn at junctions on infected but not 
control fibers in both neonates and adults. Postsynaptic AChR regions were broken 
apart and became punctate and diffuse, with some receptor regions apparently lost. 
Examination of mutant trkB+/- adult mice showed that junctions contained a several 
fold larger number of small, diffuse and punctate AChR regions compared to +/+ 
mice. Thus neuromuscular junctions are dismantled when trkB-mediated signaling is 
disrupted in a dominant-negative fashion (by over-expressing trkB.tl) as well as in 
mutant mice expressing half as much full-length trkB. In vitro, agrin-induced AChR 
clusters were dismantled on myotubes over-expressing trkB.tl, suggesting that 
postsynaptic disassembly occurs when trkB-mediated signaling is disrupted in the 
absence of motor nerve terminals and Schwann cells. Taken together, these results 
suggest that neurotrophin signaling through trkB receptors on muscle fibers is 
necessary for the maintenance of postsynaptic AChR regions in development as well 
as in adulthood. Supported by NIH grants (NS34373, AG13329) to R. B.-G. and an 
NRSA (NS 10745) to M. G.

623.8

THE CT CARBOHYDRATE ANTIGEN IS INVOLVED IN 
POSTSYNAPTIC ASSEMBLY AT THE RODENT 
NEUROMUSCULAR JUNCTION. Paul T. Martin*, Natasha 
Parkhomovskiv, Christine Kim and AnjaKammesheidt.
Department of Neurosciences, University of California, San Diego, 
School of Medicine, La Jolla, CA 92093-0691.

The neuromuscular junction (NMJ) of many species contains a 
synapse-specific carbohydrate, terminal B-linked N-acetylgalactosamine 
(GalNAc). This saccharide is present on multiple carbohydrate 
structures at the NMJ, including the CT carbohydrate antigen, which is 
a variant of the structure GalNAcBl,4-[NeuAca2,3]-GalBl-[4GlcNAc 
or3GalNAc] {Mol. Cell. Neurosci. 13:105-118). We provide evidence 
that the CT antigen has a role in postsynaptic assembly ; Overexpression 
of the CT GalNAc transferase in C2 muscle cells increases large 
acetylcholine receptor (AChR) clusters formed in response to addition of 
nerve agrin, and expression of CT carbohydrate antigen in non-muscle 
cells stimulates activation of MuSK, a kinase required for agnn 
signaling in skeletal muscle. In addition, we show that the subterminal 
N-acetyllactosamine saccharides that in part make up the CT antigen also 
affect postsynaptic assembly; unmasking of N-acetyllactosamine 
moeties by several independent means increases AChR clustering in 
cultured C2 myotubes, and this is blocked by lectins that bind to these 
saccharides. These experiments suggest a model where different 
portions of the CT carbohydrate structure interact with components of 
the agrin signaling apparatus to affect postsynaptic assembly. 
Supported by grants from NIH and MDA to PTM and an NRSA to AK.

623.9

ROLE OF GABPot/GABPp IN NEUREGULIN SIGNALING IN MUSCLE. L 
Fromm and S.J. Burden*. Skirball Institute, NYU Medical Center, New York, NY 
10016.

Localization of acetylcholine receptors (AChRs) to neuromuscular synapses is 
mediated, at least in part, through selective transcription of AChR genes in nuclei 
located near the synaptic site. Neuregulin (NRG) is a good candidate for the 
extracellular signal that induces synapse-specific gene expression, since NRG is 
concentrated at synaptic sites and activates AChR gene expression in cultured 
muscle cells. Furthermore, 181 bp of 5' flanking DNA from the AChR 8 subunit 
gene confers both synapse-specific transcription in transgenic mice and NRG 
responsiveness in cultured muscle cells. In order to study NRG-mediated signaling 
in muscle, we transfected AChR 8 subunit-hGH gene fusions into a muscle cell line. 
We show that a potential binding site for Ets proteins is required for NRG-induced 
gene expression. Further, we produced transgenic mice carrying AChR 8 subunit- 
hGH gene fusions with a mutation in this NRG-response element (NRE), and we 
show that this NRE is necessary for synapse-specific transcription in mice. The 
NRE binds proteins in myotube nuclear extracts, and nucleotides that are important 
for NRG-responsiveness are likewise critical for formation of the protein/DNA 
complex. This complex contains GABPa, an Ets protein, and GABP(3, a protein 
that lacks an Ets domain but dimerizes with GABPa, since formation of the 
protein/DNA complex is inhibited by antibodies to either GABPa or GABPp. 
These results suggest that GABPa/GABPP mediates the transcriptional response of 
the AChR 8 subunit gene to synaptic signals, including NRG. To understand how 
GABP might be involved in NRG signaling, we are currently studying changes in 
phosphorylation of GABPa and GABPf) that occur in response to NRG stimulation. 
We have identified residues that are phosphorylated in vitro by the MAP kinase 
ERK2, which is required for NRG-induced transcription in muscle. We are 
currently studying whether these residues become phosphorylated in muscle in 
response to NRG and whether GABP phosphorylation is essential for NRG-induced 
expression of AChR genes. Supported by NS10321 and NS27963 from NIH.

623.10
FIBER TYPE-DEPENDENT DISTRIBUTION OF GOLGI COMPLEX 
AND MICROTUBULES IN SKELETAL MUSCLE.
E. Ralston1*, Z, Lu1 and T, Ploug2. 1Lab.of Neurobioiogy, NINDS, NIH, 
Bethesda MD 20892; 2CMRC, Rigshospitalet, Copenhagen, Denmark.

The Golgi Complex (GC) is the cellular strategic center for protein 
sorting and trafficking. Since many aspects of muscle fibers, including 
the distribution of internal membranes, are fiber-type dependent, we 
asked whether the GC organization may be fiber type-dependent as well. 
Whole fibers from different rat muscles were stained with antibodies 
that label the GC, for LM and EM. We find the muscle GC to consist of 
hundreds of small stacks of cisternae, distributed throughout the 
fibers. Quantitation of confocal images shows that the total amount of GC 
per myonucleus does not vary much (about 1.4 times more in type I 
than type II fibers). However, its distribution varies considerably: in 
type I fibers, up to 74% of the GC is concentrated near the surface of 
the fibers, around and between nuclei, whereas in type IIB fibers, only 
23% of the GC is near the surface, with 6 times fewer nuclei- 
associated elements. The GC distribution is constant along the fibers, 
except at the neuromuscular junction (NMJ), where the GC surrounds 
nuclei, irrespective of fiber type. The concentration of GC elements at 
the NMJ seems to depend on the number of junctional nuclei. We also 
examined the distribution of microtubules and found differences 
between fiber types and between NMJ and non-NMJs areas. The 
differential distribution of the GC is reverted after denervation, with 
all fibers showing a type l-like pattern. We conclude that activity 
and/or nerve-derived factors regulate the organization of the GC in 
muscle, by determining whether GC elements are dispersed or retained 
near the nuclei.
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623.11
STABILITY AND DYNAMISM OF YFP-LABELED SYNAPSES IN THE 
SUBMANDIBULAR GANGLION OF LIVING MICE. W.B. Gan*, G. 
Feng, J.R. Sanes and J.W. Lichtman. Dept. of Anatomy & Neurobiology, 
Washington University School of Medicine, St. Louis, MO 63110.

Synaptic contacts on submandibular ganglion neurons were monitored 
in vivo in young adult transgenic mice in which preganglionic axons and 
synaptic boutons expressed Yellow Fluorescent Protein (YFP) under the 
control of the Thy-1 promoter. Three-dimensional reconstructions of inputs 
to individual ganglion neurons were acquired with a confocal microscope 
and compared over intervals of minutes to months. When the same neuron 
was visualized multiple times over weeks or months, the general distribution 
of synaptic boutons was recognizably similar although in all cases some 
terminals had been added and/or eliminated. In general, there was a net 
increase in the total number of synaptic boutons contacting a ganglion cell 
over the first several months of life. To better define the time course of the 
observed changes, ganglion cells were monitored over shorter intervals. 
While most synaptic boutons were stable for many hours, some growth and 
retraction of terminal arbors was evident even over intervals of several 
minutes. Many of these surprisingly rapid changes were unproductive in the 
sense that they appeared to produce no lasting alteration of the synaptic 
arbor. The incidence of highly dynamic branches was inversely correlated 
with age: at 1 month of age, synaptic arbors were >5 fold more likely to 
change over 8 hours than in 4 month old animals. These observations suggest 
that rapid, continual changes in synaptic arbors affect synaptic connectivity 
in the maturing nervous system. Such changes may underlie growth during 
early postnatal life and enable some plasticity in adulthood. Funded by NIH.

NEURAL-IMMUNE INTERACTIONS

624.1
GENE TRANSFER OF INTERFERON GAMMA INTO ESTABLISHED 
BRAIN TUMORS REPRESSES GROWTH BY INHIBITING 
ANGIOGENESIS. H.M. Fathallah-Shavkh?, L-J Zhao,1 A.I Kafrouni,1 G.M 
Smith? and J. Forman? The University of Texas Southwestern Medical Center 
at Dallas, Departments of Neurology,1 Anesthesia and Pain Management? and 
Center of Immunology? 5323 Harry Hines Boulevard, Dallas, Texas 75235.

In a rat brain tumor model, priming in the brain with a malignant glioma line 
(RT2), genetically-modified to secrete INF-g, generates a memory 
response resulting in antitumor immunity. The experiments in this paper were 
designed to examine the therapeutic effects of adenoviral-mediated gene 
transfer of INF-g into a mouse model of established metastatic brain tumors 
derived from a poorly immunogenic lung carcinoma (3LL). Temperature- 
sensitive replication-defective adenoviral vectors are generated for successful 
gene transfer of interferon gamma (INF-g, AdINF) and lacZ (AdBGAL) 
cDNAs in vivo. AdINF elicits prolonged survival times and rejection of 
established brain tumors in mice and retards growth of 3LL implanted 
subcutaneously. Evidence against an immune-mediated response are:
1) absence of a memory response and anti-tumor effects at a distance, 
and 2) the therapeutic effects of AdINF are preserved in scid and beige 
mice. AdINF represses tumor growth by inhibiting angiogenesis because 
the direct effects of INF-g on tumor growth in vitro do not explain its 
therapeutic effects in vivo, and unlike LacZ, gene transfer of INF-g 
inhibits neovascularization in a 3LL-Matrigel assay in vivo. This 
work is supported by The Children's Brain Tumor Foundation of The 
Southwest and NIH grant number 1R29 CA78825-01.

624.2
EFFECTS OF ESTROGEN ON MICROGLIAL CELLS: 
IMPLICATIONS FOR NEUROPROTECTION. A.J. Bruce-Keller*. J.L. 
Keeling, and M.P. Mattson, Sanders-Brown Center on Aging, University ol 
Kentucky, Lexington, KY 40536-0230.

Estrogenic compounds have potent neuroprotective properties, and estrogen 
replacement therapy is known to attenuate cognitive deterioration in Alzheimer’s 
disease. Additionally, female sex steroids exert potent effects on cells of the immune 
system, and hence may have modulatory effects on microglial cells, which are brain 
resident immunocompetent cells. To determine if immunomodulatory actions are in 
part responsible for estrogen-mediated neuroprotection, the effects of female sex 
steroids were tested on various parameters of microglial activation using N9 
microglial cell lines and organotypic slice cultures. Application of physiological 
concentrations (5 nM) of 17b-estradiol; but not 17a-estradiol, progesterone, tamoxifen, 
or corticosterone; significantly attenuated microglial superoxide release and phagocytic 
activity in N9 cells in response to LPS, amyloid beta peptide/interferon, or phorbol 
ester. Additionally, 17b-estradiol; but not 17a-estradiol, progesterone, tamoxifen, or 
corticosterone; significantly increased TNF immunoreactivity and TNF release in N9 
cells and in microglial cells in organotypic slice cultures.

To determine the role of microglial modulation in estrogen-mediated 
neuroprotection in organotypic slice cultures, 5 nM 17b-estradiol was added to mature 
slice cultures 24 hours before kainic acid (50 ^M) with or without the peptide 
microglial inhibitory factor MIF (25 fiM). While 17b-estradiol significantly 
attenuated KA-induced neuronal loss, MIF completely ameliorated the protective effect 
of estrogen pretreatment. Taken together, these results suggest that the reported 
neuroprotective effects of estrogen in vivo and in humans may be based in part on 
neuro-immune interactions.
Supported by a grant from the National Institute of Aging

624.3

LIGATION OF MICROGLIAL CD40 RESULTS IN P44/42 MAPK- 
DEPENDENT TNF-a PRODUCTION THAT IS OPPOSED BY TGF- 
31 AND IL-10. J, Tan*, T. Town. M. Saxe. D. Paris. Y. Wu and M. 
Mullan. The Roskamp Institute, University of South Florida, 3515 E. 
Fletcher Ave., Tampa, Florida 33613.

Recently, it has been demonstrated that the CD40 receptor is 
constitutively expressed on cultured microglia at low levels. Ligation of 
CD40 by CD40L on these cells results in microglial activation as 
measured by TNF-a production and neuronal injury. However, the 
intracellular sequelae mediating this effect have yet to be investigated. 
We report that ligation of microglial CD40 triggers activation of p44/42 
MAPK. This stimulation is evident 30 minutes post-treatment, and 
progressively declines thereafter (from 30 to 240 minutes). 
Phosphorylated p38 MAPK is not observed in response to CD40L across 
die time course examined. Inhibition of the upstream activator of p44/42 
MAPK, MEK1/2, with PD98059 decreases phosphorylation of p44/42 
MAPK and interactively reduces TNF-a release following ligation of 
microglial CD40. Further, co-treatment of microglial cells with CD40L 
and TGF-P 1 or IL-10, or both, inhibits CD40-mediated activation of 
p44/42 MAPK and production of TNF-a in a statistically interactive 
manor. Taken together, these data show that ligation of microglial CD40 
triggers TNF-a release through the p44/42 MAPK pathway, and this 
effect can be opposed by TGF-P 1 and IL-10.

Supported by the Roskamp Institute

624.4
ROLE OF THE MELANOCORTIN-4 RECEPTOR IN THERMOREGU-
LATORY RESPONSES TO CENTRAL IL 1J3. J.B, Tatro*. D, Huszar. V, 
Fairchild-Huntress. O.-H. Huang. Endocrinology Div., New Eng. Med.
Ctr ./Tufts Univ. Sch. Med., Boston, MA 02111; Millenium Pharmaceuticals 
Inc., Cambridge, MA 02142.

Melanocortins act centrally by unknown mechanisms to suppress fever and 
other responses to proinflammatory cytokines. To test the influence of 
melanocortin receptor subtypes on CNS-mediated thermoregulatory responses, 
we compared the effects of intracerebroventricular (icv) injections of 
interleukin-lp (ELI) and aMSH on core body temperature (Tb) and locomotor 
activity in melanocortin-4 receptor (Mc4r)-deficient {Mc4r^) and wild-type 
(wt) mice. Baseline circadian Tb and locomotor activity profiles were similar 
in Mc4r'/~ and wt mice, except that Mc4r'/' exhibited slightly higher nighttime 
Tb. Icv IL1 (100 pg) produced fevers in Mc4r^' and wt mice that were similar 
in magnitude during the first 5 hr postinjection. Later (6-18 hr postinjection), 
Mc4r~/~, but not wt, mice exhibited a marked hypothermia. This effect was not 
due to reduced physical activity, as locomotor activity in Mc4r'/- exceeded that 
in wt mice up to 18 hr postinjection. Therefore, in normal mice, Mc4r may 
control thermogenic or heat-conserving pathways involved in counteracting the 
delayed hypothermic influence of icv IL1. aMSH (2 ng icv) did not .by itself 
affect baseline Tb in either Mc4r'/~ or wt mice, but aMSH coinjection pre-
vented IL1-induced hypothermia in Mc4r~/' mice. Coinjection of a Mc3r/Mc4r 
antagonist did not impair the ability of aMSH to prevent the hypothermic effect 
of icv IL1, suggesting that this effect of exogenous aMSH involves MCR 
subtypes other than Mc3/4r. Coadministered aMSH suppressed the initial IL1- 
induced fever in wt mice, but not in Mc4r~/~ mice, supporting a role of the 
Mc4r in the well-established antipyretic effect of aMSH. In summary, the 
Mc4r and other central Mer subtype(s) are involved in modulating the central 
thermoregulatory actions of ELI. Support: NIMH 44694.
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624.5
BASAL AND IL-1|3-STIMULATED CYTOKINE AND NEUROPEPTIDE mRNA 
EXPRESSION IN BRAIN REGIONS OF YOUNG AND OLD LONG-EVANS 
RATS. D. Gayle,* S.E. Ilyin, A.E. Romanovitch. E. Peloso. E. Satinoff, and
C.R. Plata-Salaman. Neuroscience Program, Univ. of Delaware, Newark, DE 
19716.

Young and old Long-Evans rats respond with fevers of equal magnitude and 
duration to the brain administration of IL-1p. Here, we characterized brain 
regional mRNA expression of cytokine and neuropeptide components in 
response to the brain administration of active or inactive (heat-inactivated) IL-1 p. 
We used specific and highly sensitive RNase protection assays to determine 
mRNA changes for IL-1 p, IL-1 receptor type I (IL-1 Rl), IL-1 R accessory proteins I 
and II (IL-1R AcP I and II), IL-1 receptor antagonist (IL-1Ra), transforming growth 
factor-pi (TGF-p1), glycoprotein 130 (gp 130), leptin receptor (OB-R), 
neuropeptide Y (NPY) and pro-opiomelanocortin (POMC) in the cerebellum, 
parieto-frontal cortex, hippocampus, hypothalamus, and midbrain of male young 
(3-5 months, n = 7/group) and old (24-26 months, n = 6/group) Long-Evans rats. 
In both young and old rats, IL-1 p (8.0 ng/24 h for 72 h) induced a significant up-
regulation of cerebellar IL-1Ra, IL-1 Rl, and TGF-p1 mRNAs; hippocampal TGF- 
P1 mRNA; hypothalamic IL-1 (3, IL-1Ra, TGF-pi, and gp 130 mRNAs; and 
midbrain IL-ip and TGF-pi mRNAs. There were no age-related differences in 
any cytokine mRNA levels under basal or IL-1p-stimulated conditions. Levels of 
hypothalamic POMC mRNA were different between age groups under basal and 
stimulated conditions. IL-1 R AcP I and leptin mRNA receptor did not change in 
any brain region from either young or old rats, suggesting specificity of 
transcriptional changes. The data show that the CNS responsiveness to IL-1 p, as 
determined by behavioral and functional parameters and cytokine regulation, is 
uncompromised during aging; that is, old Long-Evans rats are not defective in 
their capacity to develop either a fever or an appropriate cytokine response to the 
brain administration of IL-1 p. Supported by the NIH (ES; CRP-S).

624.6
ACETYLCHOLINE INHIBITION OF IMMUNE RESPONSE TO BACTERIAL 
ENDOTOXIN IN HUMAN MACROPHAGES. L.V.Borovikova*', S. Ivanova1.
G.L Botchkina', M. Zhang', M. Ombrellino2, H. Yang1, K.J. Tracey12. ‘Lab. of 
Biomed. Science, The Picower Institute for Medical Research & 2Dept. of Surgery, 
NSUH NYU Med. School; Manhasset, NY 11030.

Macrophages play a key role in the innate immune response to pathogenic 
invasion. When activated by exposure to bacterial endotoxin (lipopolysaccharide, 
LPS), macrophages secrete tumor necrosis factor (TNF) and other proinflammatory 
mediators. While neural regulation of the innate response has been widely studied, 
it remains unclear whether activation of parasympathetic efferents can suppress 
macrophage activation. In this study, we examined the effects of acetylcholine 
(ACh), the principal neurotransmitter of the parasympathetic nervous system, on 
LPS-stimulated macrophages. Differentiated human macrophages (2 x 105 
cells/well) were pretreated either with ACh (with the ACh esterase inhibitor - 
pyridostigmine bromide (1 mM)), muscarine (Mu), nicotine (Ni) or medium alone. 
LPS (100 ng/ml) was added either 5 min or 1 h later, and conditioned media (37°C) 
collected at 4 h, for measurement of TNF (ng/ml) by ELISA (Table, data are mean 
± SEM * p < 0.05 t-test vs LPS control (9.37 ± 1.2 (1 h) and 3.34 ± 0.2 (5’)).
[nM] ACh (1 h) Ni (1 h) Mu (1 h) ACh (5') Ni (5') Mu (5')
1 9.35 + 1.2 2.71+0.7* 8.23 + 1.1 1.07 + 0.08* 1.93+0.1* 0.99 + 0.11*
10 7.04+1.1* 1.21+0.6* 7.78 + 1.2* 0.86 + 0.03* 1.53 ±0.04* 0,85+0.07*
100 2.96 + 0.3* 1.27 + 0.2* 6.35 + 0.6* 0.74 + 0.07* 1.54 + 0.04* 0.70 + 0.08*
1,000 1.29 + 0.1* 1.97 + 0.4* 5.50 + 0.5* 0.63+0.16* 1.57 + 0.08* 0.57 + 0.07*
In separate experiments using quantitative RT-PCR and RNAse protection, we 
found that ACh did not suppress the level of TNF mRNA following LPS treatment. 
These results indicate that ACh can inhibit macrophage TNF synthesis at a post- 
transcriptional level, and suggest that inflammatory responses may be regulated by 
parasympathetic activity. (Supported by The Picower Institute funding.)

624.7

MORPHINE ALTERS RESTING PULMONARY IMMUNITY IN LEWIS 
RATS. M. Coussons-Read *. Dept. of Psychology, University of Colorado at 
Denver, Denver, CO 80217-3364.

Although previous work has shown that morphine administration can 
impact the course of respiratory infection, little work has examined the effect 
of morphine treatment on the function of resident pulmonary immune cells in 
the absence of overt infection. The present study assessed the impact of acute 
morphine administration on mitogenic responsiveness and natural killer (NK) 
cell activity in resident pulmonary lymphocytes obtained from Lewis rats. 
Male Lewis rats received either a single 15mg/kg morphine sulfate or vehicle 
injection one hour prior to sacrifice. Lungs were minced and passed through 
wire mesh following collagenase digestion. The resulting crude cell 
preparations were pooled (2 rats/pool) to yield sufficient cell numbers for the 
functional assays, and lymphocytes were isolated from a portion of each 
pooled sample using Ficoll-Hypaque. Morphine treatment enhanced the 
proliferation of lymphocytes to the T-cell mitogens Con-A and PHA in Ficoll- 
treated samples. Pulmonary NK activity was also enhanced by morphine 
treatment in Ficoll treated samples, a finding that is consistent with the only 
other published study to address the effect of morphine on resting pulmonary 
immunity in rats. Interestingly, these effects were not apparent in crude cell 
preparations. Implications of these findings for our understanding of the 
impact of morphine treatment on basic immune cell function and on infection 
and disease pathogenesis in the respiratory system will be discussed. This 
work was supported by a Faculty Development Award from the University of 
Colorado at Denver and DA 10648.

624.8
PHYSICAL ACTIVITY FACILITATES BACTERIAL 

INFLAMMATION RESOLUTION PRODUCED BY STRESS.
M Fleshner*. T Leem, J Kintzeh A Moraska, T Peak1. BL Sorenson. & TP Smith
Dept. Kines. & Applied Physiology, and Psychology1, U CO, Boulder CO 80309
Physical activity can modulate many neural & immunological consequences of 

stress. Exposure to tail shock stress (IS) alters the development & resolution of the 
inflammatory response to E. coli. Thus we investigated whether freewheel running 
would modulate the effect of tail shock on the inflammatory process.

Adult, male Sprague Dawley rats (8/grp) were housed with either an attached 
running wheel (Run), or no wheel (Sedentary). After 8 wks of running, rats were 
either exposed to inescapable tail shock stress (100 1.6 mA 5-s tail shocks) or 
remained in their home cages. Immediately after IS termination, all rats were injected 
(sc) with non-replicating E. coli 2.5 x 10A8 CFU). Experiment 1-Size & Grade of 
Inflammation. Rats were then returned to their home cages (with & without running 
wheels). Inflammation size (caliper) & grade were monitored daily. Experiment 2- 
Histological Examination of Inflammation. Rats were sacrificed 2 hrs after IS 
termination & E.coli injection. The inflammatory site was removed, placed in 
Formalin (24 hrs), & embedded in paraffin. Serial sections (4 microns) were cut & 
stained with H&E. Neutrophil# / area was measured using the NIH (Version 1.60) 
imaging system. C3 lytic activity was measured from blood.

The results were that prior freewheel running altered the stress-induced change in 
the inflammatory response. In sedentary rats, IS exposure decreased the initial size of 
the inflammation (24 hrs) & the time needed to resolve the inflammation (1-2 days 
earlier than non-stressed control). Freewheel running blocked the early reduction in 
inflammation produced by IS, & increased the rate of resolution. Exercised & IS 
exposed rats resolved their inflammation 3-4 days faster than rats exposed to either 
stress or exercise alone. Freewheel running alone had no effect. Neutrophil density & 
edema was greatest after stress in the physically active rats. C3 lytic activity was 
increased after stress. Thus, daily moderate physical activity facilitates the resolution 
of bacterial inflammation after stress.

624.9

SUBSTANCE P-BINDING SITES ARE INCREASED IN T-CELL RECEPTOR 
a-DEFICIENT (TCRa-) MICE WITH INFLAMMATORY BOWEL DISEASE 
(IBD). I.M, Sonea1*. M.J, Wannemuehler2. J,V. Weinstock3, W.R. Waters2, D.E.
Elliott3, and J.A. Harp4, ‘Dept. of Biomedical Sciences, Iowa State University,
Ames, IA, 50011; ’Veterinary Research Medical Institute, Iowa State University, 
Ames, IA; 3Dept. of Internal Medicine, University of Iowa, Iowa City, LA;
^National Animal Disease Research Institute, Ames, IA.

To determine whether TCRa- mice provide a suitable tool to study neuroimmune 
interactions in IBD, we examined whether substance P binding sites were 
upregulated in TCRa- mice with IBD, as they are in humans with IBD. Using 
autoradiography, we demonstrated that substance P binding sites were upregulated 
in the lamina propria of TCRa- mice with IBD, when compared to unaffected 
TCRa- mice or immunocompetent C57B16/J mice. These binding sites 
corresponded to an authentic neurokinin receptor, since non-specific binding was 
eliminated in the presence of an excess of non-radioactive substance P, greatly 
decreased in the presence of substance P (4-11) but not of substance P (1-4).

The neurokinin-1 receptor was detected using immunohistochemistry in both 
healthy and IBD-affected large intestine in TCRa- mice: it was present in myenteric 
and submyenteric intestinal neurons, on enteric smooth muscle, and on cells within 
die lamina propria and lymphoid aggregates. The extent and intensity of neurokinin- 
1 receptor immunoreactivity was greatly increased in IBD-affected TCRa- mice, 
compared to unaffected TCRa- or C57BL6/J mice.

Substance P receptors are thus upregulated in IBD-affected TCRa- mice, as they 
are in patients with IBD: the TCRa- mouse with IBD will provide a valuable tool to 
investigate neuroimmune interactions in the gut.

Supported by an Interlnstitutional Grant from University of Iowa and Iowa State 
University, and by USDA Formula Funds.

624.10

ROLE OF THE NEURAL-HEMATOPOIETIC AXIS IN BREAST CANCER 
(BC) METASTASIS TO THE BONE MARROW (BM). P. Rameshwar*, J. 
Qian and P, Gascon. Dept. of Medicine-Hematology, UMDNJ-New Jersey 
Medical School, Newark, NJ 07103. (NIH: HL57675 & HL54973)

The nervous and hematopoietic systems communicate bidirectionally 
through innervation and/or neurohormones. A network of soluble factors in 
the BM interact to maintain functional homeostasis. Neurotransmitters, such 
as preprotachykinin-I (PPT-I) peptides are overproduced in many cancers. We 
and others show that PPT-I and the receptors for its peptides, NK-1 and NK-2 
are produced by BM cfells and overexpressed in BC cell' lines and malignant 
breast biopsies. Interestingly, the BM is the preferred site for BC metastasis. 
Expression of PPT-I in BM stromal cells and the hematopoietic modulation 
of its peptides led to the following hypothesis: PPT-I peptides, produced from 
homing BC cells lead to a cascade of soluble factors in the BM. Through 
undefined mechanisms, these biological responses in the BM can mediate 
neural communication to facilitate integration of BC cells within the BM 
architecture. To this end, we showed that PPT-I is involved in BC 
development. We have established an in vitro coculture model to study BC- 
BM stromal cell interactions. The results show that BC and BM stromal cells 
support the survival of each other. Initial contact with the stromal cells 
changed the otherwise malignant cells to phenotypically, ‘quiescent’ state. The 
data show a role for PPT-I in this initial stage of BC metastasis. We have 
prepared stable PPT-I transfectants to study the role of overexpressed PPT-I 
in BM disruption, an occurrence at a later stage of BC. BM metastasis 
remains a clinical dilema for most cancers. This novel model will provide an 
understanding of the involvement of the nervous sytem in BM metastasis.
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625.1
HOW DO WE PREDICT THE SENSORY CONSEQUENCES OF OUR OWN 
ACTIONS? S-J. Blakemore1. C.D, Frith1 and D.M, Wolpert2 (SPON: British 
Neuroscience Association). 'Wellcome Dept. of Cognitive Neurology, University 
College London, London, UK. 2SobeIl Dept. of Neurophysiology, Institute of 
Neurology, University College London, London, UK.
We have investigated how the brain distinguishes the sensory consequences of our 
own actions from externally produced sensations. We have previously shown that self- 
produced movements attenuate the perception of tactile stimulation. In addition, using 
fMRI we have shown that self-produced tactile sensations are gated in somatosensory 
cortex, a process involving the cerebellum. Here we demonstrate that the cerebellum is 
involved in providing the signal used to attenuate the somatosensory response to self-
generated stimulation. Firstly, using the fMRI data, we found that activity in somato-
sensory cortex shows a positive regression on activity in the cerebellum when tactile 
stimuli are self- but not externally produced. This suggests that the cerebellum 
modulates activity in somatosensory cortex only when the prediction of the sensory 
consequences of a movement is accurate. Secondly, we used H2l5O PET to examine 
neural responses to self-produced tactile stimuli in which we parametrically varied the 
correspondence between movement and its sensory consequences. Six healthy male 
subjects used their right hand to move a rod attached to an optical encoder. The 
motion of this rod determined the position of a torque motor, on which was mounted 
a piece of soft foam, which made contact with the subject's left palm. The motion cf 
the right hand always determined the tactile stimulus on the left palm. By delaying 
the transmission between the encoder and motor, computer controlled delays of 0, 
100, 200 and 300 ms were introduced between the action of the right hand and the 
tactile stimulation on the left. Subjects reported that the stimulus became more 
“intense” and "tickly" as the delay increased. Activity in the right cerebellum and 
anterior cingulate gyrus (ACG) was positively correlated with delay (P<0.05). These 
results support the proposal that the cerebellum is involved in signalling the error 
between predicted and actual sensory consequences of movements. The results suggest 
that the ACG might be involved in processing the perception of the tactile stimulus. 
This work was supported by the Wellcome Trust.

625.2
MODULATION OF SIMULTANEOUSLY RECORDED CEREBELLAR 
CORTICAL AND NUCLEAR CELLS DURING ADAPTATION TO EXPECTED 
AND UNEXPECTED PERTURBATIONS OF REACHING MOVEMENTS IN 
CATS. Yu. Shimansky*, R. Bauer, V. Bracha, and J.R. Bloedel. Division of 
Neurobiology, Barrow Neurological Institute, Phoenix, AZ 85013.

Previous experiments in our laboratory demonstrated that the output of the dentate 
and interposed nuclei was required for the acquisition and execution of adaptive 
behavioral responses to unexpected perturbations of a reach, a task requiring the on-
line processing of sensory information. The present study was undertaken to examine 
the characteristics of the modulation occurring in these nuclei and the corresponding 
regions of the cerebellar cortex during the learning and performance of these 
responses. The experiments were designed to test the hypothesis that the cerebellum’s 
output is involved in establishing a motor set underlying the generation of the adaptive 
responses. Cats employed in these experiments were implanted with six arrays of 
microwires (five in each array), three in different M-L locations in lobule V of the 
cerebellar cortex and one each in the anterior interposed, posterior interposed and 
dentate nuclei. The reaching movement was perturbed by an external force produced 
by a torque motor that was attached to the wrist and proximal paw with a light, non-
elastic string. Perturbations were applied either predictably (i.e., in every trial) or 
unpredictably (i.e., randomly, in intermittent trials). During acquisition of the 
adaptive response, cells in the interposed nuclei and cerebellar cortex increased their 
event-related modulation, which often included a progressively increasing response 
between the time of paw lift off and the time the perturbation was applied. When the 
perturbations were applied intermittently, the responses of many cortical and nuclear 
cells in both perturbed and unperturbed trials included a component that preceded the 
time at which the perturbation occurred in the perturbed trials, although responses 
following the perturbation were observed in some neurons. The findings provide 
support for the above hypothesis and suggest that the cerebellum participates in 
establishing motor set utilized by extracerebellar circuits for generating the behavioral 
response to the perturbation. Supported by NIH grants NS21958 and NS36413.

625.3

INJECTION OF A NEUROSTEROID, ESTRADIOL, INTO THE VESTIBULO- 
CEREBELLUM DIFFERENTIALLY ALTERS ADAPTATION OF VESTIBULO-
OCULAR REFLEX GAIN INCREASES AND DECREASES.
J.G, McElligott1* and M.H. Taylor2 ^ept. of Pharmacology, Temple Univ. 
School of Medicine, Philadelphia, PA 19140 and 2Dept. of Biological Sciences, 
University of Delaware, Newark, DE 19716.

Changes of steroid levels in humans produce dizziness and other disturbances 
to the vestibular system. This may be mediated by direct action in the nervous 
system since steroidal application has been shown to alter neuronal activity. 
This study was conducted to determine if the vestibulo-cerebellum is one site 
where such action takes place. Estradiol was injected bilaterally into the 
vestibulo-cerebellum of the goldfish over a 5 min period (0.5 pi/side; 0.5-5.0 
nM). Since there are seasonal variations in estradiol, experiments were carried 
out to determine the endogenous levels of this steroid in the goldfish. 
Following the injection, no changes in vestibuloocular reflex operation in the 
light or the dark was observed when compared to CSF-control injected animals 
that were tested using sinusoidal stimulation (1/8 Hz ± 20°). Goldfish were 
trained to adaptively increase (towards a gain of 3X) or decrease (towards a 
gain of OX) reflex gain over a 3 h period using the same sinusoidal stimulation. 
The goldfish injected with 5 nM estradiol adapted more rapidly and produced 
higher reflex gain increases than the control injected animals. In contrast, a 
second group of 5 nM injected goldfish were inhibited in their ability to 
adaptively decrease vestibuloocular reflex gain. Thus, steroids differentially 
affect this sensori-motor model of learning, facilitating gain increases and 
inhibiting gain decreases. Since these differences are manifested within the 
first hour of adaptive training, it is likely that they are due to non-genomic 
steroidal action at the nerve cell membrane. A likely site for steroid action is 
the GABAa ionophore that is present on the Purkinje cell soma and at glomeruli 
complex in the granule cell layer. (Supported by NIH-NIDCD DC 01094).

625.4

INFERIOR OLIVE OPTIMIZES BUT IS NOT REQUIRED FOR ASSOCIATIVE 
LEARNING AS MEASURED BY EYEBLINK CONDITIONING. E.S.Ahn and J.P. 
Welsh*. Dept Physiology & Neuroscience, NYU School of Medicine, NY, NY 10016.

The role of the inferior olive (IO) in classical delay conditioning was examined in 
rats whose eyeblink was conditioned to a 90-dB white-noise auditory conditioned 
stimulus (CS) that was paired with a periorbital shock (3 mA, 60 Hz, 100 ms) 
unconditioned stimulus (US). The eyeblink was measured by differential EMG 
recording from orbicularis oculi (0.1-5 kHz bandpass). Conditioning was performed in 
two groups of rats with either a 350 ms or 700 ms CS-US interval. In some rats, the IO 
was lesioned with systemic 3-acetylpyridine to produce a nearly total loss of the IO at 
least 3 weeks prior to conditioning. Control rats (n=5) showed a robust acquisition of 
CRs to an asymptote of 65±3% over 7 sessions (110 trials/day) in the 350 ms paradigm 
and an orderly extinction of CRs over 3 subsequent sessions of unreinforced trials. 
Acquisition was greatest on day 1 of conditioning (30 to 54% CRs). Conversely, rats 
without the IO (n=5) showed no conditioning in the 350 ms paradigm, as indicated by a 
response frequency to the CS (13±2%) that was not greater than baseline responding 
during an adaptation session without stimuli (14±3%) or the responding shown by rats 
that received explicitly unpaired presentations of the 350 ms CS and the US (23±3%; 
n=3). In contrast, IO-lesioned rats that received the 700 ms paradigm learned on the 
first session as shown by an increase in CRs from 59 to 73%. The CR frequency of IO- 
lesioned rats in the 700 ms paradigm was both greater than baseline (17±4%) and 
significantly different from that of lesioned rats which received explicitly unpaired 
presentations of the 700 ms CS and the US (39±2%, p<0.05). The difference between 
the paired and unpaired groups was most significant (p<0.01) over the first two days of 
conditioning and the CR frequency of IO-lesioned rats on day 1 of the 700 ms 
paradigm was not statistically different from the CR frequency of intact rats on day 1 
of the 350 ms paradigm. CR onset latency of lesioned rats during the 700 ms paradigm 
was 346±14 ms, indicating that the low performance of lesioned rats during the 350 ms 
paradigm was not simply due to a deficit in the motor side of the reflex. Our data 
confirm that the IO plays an important role in conditioning. However, the data indicate 
that a role of the IO in learning may be to optimize temporal processing rather than to 
reinforce sites of plasticity in the cerebellum. [NINDS NS31224]

625.5

NMDA RECEPTOR INVOLVEMENT IN SUBTHRESHOLD OSCILLATIONS OF 
THE INFERIOR OLIVE. D.G, Placantonakis*, J.P. Welsh. Department of Physiology 
and Neuroscience, NYU Medical Center, New York, NY 10016.

We investigated the cqntribution of NMDA receptors to subthreshold oscillations of 
membrane potential in the inferior olive (IO) with intracellular recordings from brain 
stem slices of P12-P18 rats maintained at 33-35 °C. MK-801 (dizocilpine), a non-
competitive antagonist at NMDA receptors, reversibly suppressed subthreshold 
oscillations at concentrations of 45 pM (n=4) and 15 pM (n=6). The phenomenon 
occurred gradually, with periods of quiescence interspersed with periods of oscillations 
initially. Complete suppression of the oscillations required 6.0 ± 0.6 min and 14.1 
±3.1 min respectively. The annihilation of oscillations by MK-801 was resistant to 1 
pM TTX (n=3), suggesting a postsynaptic mechanism for MK-801’s action. MK-801 
did not significantly affect the membrane potential (from -60.4 ±1.3 mV to -61.5 
±1.3 mV, n=18). Current-clamp analysis of the intrinsic properties of neurons with 
quiescent membrane potential after incubation with 15 pM MK-801 for at least 8 min 
showed that: 1) pre-rectification and steady state input resistance were not significantly 
changed by MK-801 (n=6); 2) the low-threshold calcium conductance, which is 
required for subthreshold oscillations, was not significantly affected by MK-801 (n=4). 
In sharp contrast to MK-801, neither CNQX (20-50 pM, n=5), a competitive non- 
NMDA receptor antagonist, nor APV (50-100 pM, n=6), a competitive NMDA 
receptor antagonist, annihilated subthreshold oscillations, even when allowed to 
perfuse slices for periods comparable to those used for MK-801. Treatment of IO 
neurons with 100 pM NMDA reversibly depolarized the membrane from -65.4 ±1.8 
mV to —47.9 ±1.8 mV (p<.001, n=8) and induced spontaneous spiking. When IO 
neurons with quiescent membrane potential were treated with 100 pM NMDA, they 
responded with oscillations (3.4 ± 0.8 Hz, n=6) of the membrane potential. IO neurons 
manifesting subthreshold oscillations responded to 100 pM NMDA with reversible 
reduction of the frequency (from 5.4 ±0.3 Hz to 3.5 ±0.6 Hz; p<.05, n=5) and 
enhancement of the amplitude (from 11.4 ±1.9 mV to 14.1 ±2.3 mV at the control 
membrane potential; p<.05, n=5) of subthreshold oscillations. These findings are 
consistent with the hypothesis that excessive glutamatergic input can bias the 
oscillatory behavior of the IO toward low frequency and high amplitude activity via 
NMDA receptor activation. Supp. NS31224 and Myoclonus Research Foundation.

625.6

IMPAIRED MOTOR COORDINATION AND PURKINJE CELL EXCITABILITY 
IN MICE LACKING CALRETININ. SN Schiffmannl*, G Cheron^, A 
Lohof3, P d’Alcantara* A M MeyefCM Parmentier^. and S Schurmans^,
lBrain Res. Unit, ^IRIBHN, Universite Libre de Bruxelles, Brussels,
Belgium, 2 Lab. Neurophysiology, Universite Mons, Belgium, ^Lab. 
Neurobiology, CNRS-URA 1857, Paris, France, 4 Dept. Neurochemistry, 
Max Planck Inst. Psychiatry, Martinsried, Germany

In the cerebellum, the parallel fiber-Purkinje cell synapse can undergo 
long-term synaptic plasticity suggested to underlie motor learning and 
resulting from variations in intracellular calcium concentration ([Ca2+]j). 
Ca2+ binding proteins are enriched in the cerebellum but their role ^n 
information processing is not clear. Mice deficient in calretinin (Cr ) 
have been generated by gene targeting and are impaired in tests of motor 
coordination with a^severe worsening with aging. An impairment in Ca2+ 
homeostasis in Cr Purkinje cells was supported by the high Ca2+- 
saturation of calbindin-D28K in these cells. The firing behavior of 
Purjdnje cells is severely affected in both 2-4 months- and 2-2.5 years-old 
Cr ~ alert mice with a 200% increase in the simple spike firing rate, a 30- 
50% reduction in complex spike duration and a 70-85% reduction in the 
simple spike pause. In contrast, in slices, transmission and short-term 
synaptic plasticity at parallel fiber- or climbing fiber-Purkinje cell 
synapses are unaltered, indicating that marked modifications of the firing 
behavior in vivo can be undetectable in slice. Thus these results show that 
calretinin plays a major role at the network level in cerebellar physiology 
without modification of properties of single cells examined so far and also 
show that the knock-out technique can unexpectedly « knock-in » new 
form of molecules as a neuron’s reponse to these network changes. 
Supported by PAI, FMRE and FRSM (Belgium) and Boerhinger-Ingel.

Society  for  Neuroscience . Volume  25, 1999



WEDNESDAY AM CEREBELLUM 1561

625.7
ON A ROLE OF CLIMBING FIBER IN GRANULE CELLS - PURKINJE CELL 
CONNECTIONS TUNING. W.L. Dunin-Barkowski1'23'4*, S.N. Markin3, L.N. 

Podladchikova3, D.C. Wunsch1, 'Applied Computational Intelligence Laboratory, 
Texas Tech University, Lubbock, TX 79409-3102, department of Physiology, Texas 
Tech University Health Science Center, 3A.B. Kogan Research Institute for 
Neurocybernetics, Rostov-on-Don, Russia, information Transmission Problems 
Institute, Russian Academy of Sciences, Moscow, Russia.
Speculations on climbing fiber (CF) functions diverge from an ultimate teacher’s role 
[1] to a metabolic regulator [2J. Decades ago, searching for pairs of Purkinje cells 
(PC), controlled with the same CF (CF PC twins), was proposed to get a crucial 
verification test for CF learning hypotheses, [3].. We expose here first records of such 
pairs, [4], and results of computer simulations of CF-mediated phase-based tuning of 
parallel fibers (PF) - PC synapses, [5]. CF PC twins data analysis reveal a large failure 
rate (0.03 - 0.18) of impulse propagation into CF terminal branches, and salient 
distinctions between PCs of the twin pair. Computer simulation has demonstrated high 
precision of phase-based tuning mechanism and a unique role in it of an original type 
stochastic dynamics. The latter emerge in a loop, consisting of CF, PC, cells of cere-
bellar nuclei, and back - CF, due to CF activation dependent plasticity of PF synapses. 
The simulation demonstrates, how even a loose coupling of CF activation to meaning-
ful events, can provide high quality control properties to the PC activity. The tuning 
mechanism is tolerant to instability and poor reliability of cerebellar neural circuits. 
Supported by CRDF award #RMO-635(b) to ITPI, RAS, via ACIL, TTU, Russian 
FBR grant # 97-04-48324 and USA NSF grant # ESC-9413120.
REFERENCES: [1] D. Marr. J. Physiol., 1969, Vol. 202, No. 2, 437-470; [2] 
V.Braitenberg, D. Heck, F. Sultan. Behav. & Br. Sci., 1997, Vol. 20, 229-277; [3] B. 
/(yHHH-EapKOBCKHM. HH(|)opMannoHHbie npoLteccbi b HenpoHHbix erpyicrypax. M., 
Hayxa, 1978; [4] W. Dunin-Barkowski, S. Markin, L. Podladchikova, D. Wunsch, 
Biofizika, 1999, Vol.44, No.l; [5] W. Dunin-Barkowski, J. Orem, D. Wunsch. 
IJCNN99, Washington, DC, 1999.

625.8
Differences in the Discharge of Purkinje Cells and Motor Cortical Neurons in 
Primates during the Performance of a Visuomotor Tracking Task.
M.T.V. Johnsorff J.P. Coltz, T.J. Ebner . Dept of Neuroscience and Neurosurgery, 
University of Minnesota, Mpls, MN 55455.

The encoding of multiple movement parameters in the cerebellum and motor 
cortices (PMd, MI) was studied during two-dimensional visually guided pursuit arm 
movements in which 8 directions and 4 constant speeds were independently 
manipulated. Each trial consisted of equal durations of visual observation of the 
target movement without hand movement (Cue) and visual pursuit tracking of the 
target with the hand (Track). Of interest was how Purkinje cells and motor cortical 
neurons encoded 1) direction, 2) speed, and 3) the temporal sequencing of these 
parameters through the trial.

Directional firing was assessed using the cosine regression model, b0+Cj cos(0 - 
0PD), for each target speed. Baseline firing, b0, and the depth of modulation, c,, were 
compared for the two motor areas. Uniformity of the resultant preferred directions, 
PDs, and the relationship between the Cue and Track PDs were also compared. 
Differences in speed and direction encoding were assessed using the model, 
bo+bIcos(0)+b2sin(0) +b3s+b4s2, where s is the target speed. Aside from differences 
in b0 and Ci, generally, the simple spike discharge of Purkinje cells demonstrated 
directional firing at only one target speed while the discharge of motor cortical 
neurons exhibited directionality at all four target speeds. For the Purkinje cells, the 
uniform distribution of PDs in the Cue became asymmetric during movement in the 
Track period. The relationship of Cue and Track PDs in motor cortical neurons was 
more divergent than in the Purkinje cells. Speed was preferentially signaled during 
the Cue in the motor cortex and during the Track period in the cerebellum. Thus, the 
motor cortices were preferentially involved in the preparation for movement and 
were more suited for a posited role in visuomotor mapping. The cerebellum played a 
larger role in the online control of movement speed. Supported by NIH grants R01 
NS3150and NS 18338.

DEGENERATIVE DISEASE: ALZHEIMER’S—OTHER: APP STRUCTURE AND PROCESSING

626.1
THE STRUCTURE AND FUNCTION OF THE APP-FAMILY OF 
ALZHEIMER'S DISEASE.
R. Cappai, ^L. Stewart,! J. Rossjohn,2 A. White,! A. Henry, 1 D. GalatisJ
M. Jobling? B, Needham, 1 W, McKinstrv,2 S. Feil,2 L. Hesse,3 E. Storey 4*
G, Multhaup,3 K, Bevreuther,3 M, Parker2 and C. Masters1.
iDept of Pathology, The University of Melbourne, Parkville Vic 3052 Australia; 
2St Vincent's Institute of Medical Research, Fitzroy Vic 3065, 3ZMBH- 
University of Heidelberg, Im Neuenheimer Feld 282, Heidelberg,
Germany.^Dept of Neurosciences, Alfred Hospital, Prahran Vic 3181 Australia.

The function of the amyloid precursor protein (APP)-family is 
unknown. The high homology between APP and the amyloid-precursor like 
proteins 1 and 2 (APLP1 and APLP2) suggests common or compensatory 
functions. Our finding that neurons from APP knockout mice (APP-/-) have no 
difference in susceptibility to AP toxicity or oxidative stress as compared to 
normal neurons (WT) supports the idea that APLP expression can compensate 
for the lack of APP. We shall describe our testing of this postulate by using 
APLP2-/- primary neurons. We found that APLP2-/- neurons had an increased 
sensitivity to oxidative stress and AP-mediated toxicity as compared to WT 
neurons. This data identifies a novel neuroprotective activity for APLP2 and also 
indicates that endogenous APP expression cannot compensate for a lack of 
APLP2 expression. Complementing this work are our studies to solve the three 
dimensional structure of the APP molecule. We have determined the crystal 
structure of the N-terminal heparin binding domain to 1.8 A and showed it has 
structural similarities to cysteine-rich growth factors. The role of this domain in 
the function of the APP-family is being tested and will be discussed.

C.M and M.P are supported by grants from the National Health and 
Medical Research Council of Australia. K.B. is supported by the Deutshe 
Forschungsgemeinschaft and the BMFB.

626.2
THE AMYLOID PRECURSOR PROTEIN (APP) CYSTEINE-RICH DOMAIN 
CONTAINS SIX DISULFIDE BRIDGES IN TWO SUBDOMAINS. L. Hesse1. T. 
Ruppert2,..S^ Malcherek1, R. Cappai.3C,L, Masters3, JC. BeyreutherLand. G,
Multhaup1’*. ’Zentrum fur Molekulare Biologie (ZMBH), Univ. of Heidelberg, D- 
69120 Heidelberg, Germany. 2Max-von-Pettenkofer Institut, D-81377 Miinchen, 
Germany. 3Dept. Of Pathology, Univ. of Melbourne, Parkville, Victoria 3052, 
Australia

A characteristic cysteine spacing is conserved among the members of the APP 
gene family in different species. This domain is known as an interaction partner of 
apolipoprotein E (APP) and the prion protein (APLP1). It has a functional role in 
neurite outgrowth promotion and was found to be involved in the regulation of 
platelet activation and G-protein coupled signal transduction. The recombinant 
fragment APP18-350 containing the cysteine-rich domain, the acidic and the KPI 
domains of APP was used to determine the disulfide bridge structure of APP. The 
fragment was expressed and purified under native conditions using the Pichia 
pastoris system. The cysteine-rich domain consists of two subdomains. Another 
study used the fragment for X-ray crystallography revealing the 3D structure of the 
N-terminal subdomain with structure similarity to a wide range of growth factors 
(Rossjohn et al., Nat. Struct. Biol. (1999) 6, 327-331). This growth factor-like 
domain (residues 18-123) contains the mab 22C11 epitope and a heparin binding 
site whereas the C-terminal metal binding domain (residues 124-186) includes 
binding sites for zinc (II) and copper (II). Dynamic light scattering experiments 
revealed that the cysteine-rich domain might be important in the formation of APP 
homodimers. The integrity of the KPI domain of APP 18-350 was tested by using a 
coagulation factor XIa inhibition assay. Proteolytic fragmentation, N-terminal 
sequencing and mass spectroskopy methods were applied to determine the 
disulfide bond structure of the two subdomains yielding six disulfide bridges.

Supported by DFG through SFB 317 and the Fonds der Chemischen Industrie.

626.3

EFFECT OF THE APP-BINDING PROTEIN hFE65L ON LRP 
EXPRESSION. S. Guenette*. B. Hyman. R.E. Tanzi and G.W. 
Rebeck. Genetics and Aging Unit, Department of Neurology, 
Massachusetts General Hospital, Charlestown, MA 02129.

hFE65L is a member of the FE65 family of proteins whose members 
all bind the B-amyloid precursor protein (APP). The interaction of the 
FE65 proteins with APP is mediated by the carboxy-terminal 
phosphotyrosine interaction domain (PID2) of hFE65L and the 
YENPTY sequence of the APP cytoplasmic domain. Overexpression of 
either FE65 or hFE65L increases APPsa secretion. In addition, FE65 
overexpression results in the recovery of higher levels of AB from media 
conditioned by MDCK cells stably overexpressing both APP695 and 
FE65 (Sabo et al., 1999). The FE65 proteins have three protein-protein 
interaction domains, one WW and two PIDs. A recent report shows that 
a GST-FE65 fusion protein coding for the PID1 can enrich the low 
density lipoprotein receptor related protein (LRP) from mouse 
fibroblast lysates (Trommsdorff et al., 1998). As a result it has been 
suggested that FE65 may function as an adaptor protein linking APP 
and LRP. We used a tetracycline-repressible H4 neuroglioma cell line 
that can be induced to overexpress a hemaglutinin (HA)-tagged 
hFE65L fusion protein, to show that HA-hFE65L co-precipitates with 
endogenous LRP. We also examined whether hFE65L overexpression 
might alter LRP levels and found that hFE65L overexpression produced 
a significant decrease in LRP protein levels while having no effect on 
APP steady state levels. We are currently examining the contribution of 
IRP transcription and protein turnover to the hFE65L-mediated 
reduction in LRP protein levels in addition to testing whether FE65L, 
APP and LRP form a tripartite complex.
S.Y.G. is supported by the Neuroscience Education and Research Foundation and
G.W.R. is supported by NIH AG14473.

626.4
THE P-AMYLOID BINDING PROTEIN BBP1 MEDIATES CELLULAR 
VULNERABILITY TO Ap BY A G PROTEIN AND CASPASE-DEPENDENT 
MECHANISM. B.A. Ozenberger, C.F. Lo, E.M. Kaikowski, S. Walker, S.C. 
Smith, A. Wood, J, Bard, and J.S, Jacobsen*. Wyeth Neurosciences, 
Princeton, NJ 08543 USA

Familial Alzheimer’s disease associated mutations in genes encoding the 
amyloid precursor protein or the presenilins result in alterations in the 
production and secretion of p-amyloid peptide (Ap), suggesting a causal 
relationship between Af3 and the disease. Providing further support for A3 as 
a causative agent in the disease are data demonstrating that exposure of 
neurons to AP aggregates, in culture or in transgenic animals, generates 
phenomena resembling apoptosis. These findings suggested the possibility 
that there could exist as-yet-unidentified molecular targets of AP that modulate 
apoptotic signalling pathways. We have recently described the discovery of a 
novel Ap binding protein, BBP1, with characteristics consistent with a potential 
role in Ap-induced neurotoxicity. The BBP1 gene is prominently expressed in 
neurons, with elevated levels in limbic and neocortical regions of the brain. 
The protein contains a structural module related to the G protein-coupled 
receptor superfamily. Specifically, BBP1 contains two putative trans-
membrane domains equivalent to the third and fourth transmembrane 
domains of GPCRs. This region contains the molecular trigger for 
heterotrimeric G protein activation. Cells expressing recombinant BBP1 show 
reduced sensitivity to apoptotic inducers, suggesting that BBP1 has activity as 
a regulator of apoptosis. Data will be presented demonstrating that BBP1 
expression sensitizes cells to the toxic effects of Ap and that these effects are 
mediated through a G protein and caspase-dependent signalling pathway. 
These findings suggest that BBP1 may have antiapoptotic functions which are 
perturbed by the Alzheimer’s Ap peptide.
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626.5
REDUCTION AND ANATOMICAL REDISTRIBUTION OF AMYLOID 
DEPOSITS IN HUMAN AMYLOID PRECURSOR PROTEIN V717F (PDAPP) 
HOMOZYGOUS TRANSGENIC MICE LACKING APOLIPOPROTEIN E. M, C. 
Irizarry1*, G, W, Rebeck1. B, S, Cheung1. K. Bales2, S, M, Paul2. andB, T, Hyman1.
’Alzheimer Research, Mass. Gen. Hosp, Charlestown, MA 02129; 2Neuroscience 
Discovery Research, Lilly Research Laboratories, Indianapolis, IN 46202.

We investigated the role of apolipoprotein E on the regional neuroanatomic 
deposition of amyloid 6 peptide (AB) in 12 month old apolipoprotein E (ApoE) 
knockout mice homozygous for the human amyloid precursor protein (hAPP) V717F 
transgene (PDAPP+/+ApoE0/0, n=6) compared to homozygous transgenic mice 
containing wild type murine ApoE (PDAPP+/+ApoE+/+, n=6). As previously 
reported (Bales, et al., Nature Genetics, 17:263-264) PDAPP+/+ApoE0/0 mice have 
no thioflavin S positive compact amyloid deposits compared to PDAPP+/+ApoE+/+ 
mice. PDAPP+/+ApoE0/0 mice also had reduced cortical diffuse amyloid (AB) 
deposits as measured by immunostaining of 14 um saggital sections with anti-AB 
R1282 (% of area covered by AB immunoreactivity—AB burden-in frontal cortex 
5.9±3.3% vs. 1.3±1.2%). AB immunostaining in the hippocampus, however, 
demonstrates a marked redistribution of diffuse amyloid deposition. The 
PDAPP+/+ApoE+/+ mice have amyloid filling the outer molecular layer of the 
dentate gyrus (AB burden in dentate gyrus 33.7±8.3%) with patchy deposition in CA1 
(11.6+2.6%) and CA3. The PDAPP+/+ApoE0/0 mice have minimal amyloid 
deposition within the molecular layer of the dentate gyrus (1.9±3.8%) while diffuse 
amyloid fills the stratum radiatum and stratum oriens of the CA1 (56.8±14.6%) and 
the CA3 regions. This rather dramatic redistribution of AB immunoreactive deposits 
is not associated with significant regional changes in the mRNA expression of the 
hAPP770 transgene or the ApoE receptor LRP assessed by in situ hybridization. 
Evaluation of ApoE receptors and their ligands in hippocampal and cortical extracts are 
underway. (Supported by NIH AG12406 and K08 AG00793.)

626.6
THE KUNITZ PROTEASE INHIBITOR FORM OF THE AMYLOID 
PRECURSOR PROTEIN (KPI/APP) INHIBITS THE PRO-NEUROPEPTIDE 
PROCESSING ENZYME “PROHORMONE THIOL PROTEASE” (PTP). 
Vivian Y.H. Hook*, Catherine Sei*, Sukkid Yasothornsrikul, Thomas Toneff,
Spiros Efthimiopoulos*, Nikolaos Robakis*. and William Van Nostrand31 +Dept.
of Medicine and Neuroscience, University of California, San Diego, La Jolla, 
CA; #Fishberg Center for Neurobioiogy, Mount Sinai School of Medicine, New 
York, NY; and ’Dept. of Medicine, SUNY Stony Brook, Health Sciences 
Center, Stony Brook, NY.

The KPI (kunitz protease inhibitor) form of the amyloid precursor protein 
(APP) contains a protease inhibitor domain. KPI/APP is one of several 
alternatively spliced products of the APP gene, generating APP proteins that 
are processed to neurotoxic B-amyloid peptide in Alzheimer's disease. An 
important question concerning the biological role of KPI/APP is what is its 
endogenous neuroprotease target? Based on our observations of differences 
in the extent of pro-neuropeptide processing, we hypothesized that KPI/APP 
could possibly serve as an endogenous regulator of proenkephalin (PE) 
processing. We demonstrate that protease nexin 2 (PN2), the secreted form 
of KPI/APP, inhibited the PE processing enzyme known as ‘prohormone thiol 
protease’ (PTP), with a KiapP of 400 nM. Moreover, PTP and PN2 formed 
SDS-stable complexes that are typical of kunitz protease inhibitor interactions 
with target proteases. In vivo, KPI/APP, as well as a truncated form of 
KPI/APP that resembles PN2 in apparent Mr, were colocalized wtih PTP and 
(Met)enkephalin (ME) in chromaffin cells, a neuronal cell type. Calcium- 
dependent secretion of KPI/APP with PTP and ME from chromaffin cells 
further demonstrated their colocalization in functional secretory vesicles. 
These results are the first to identify a candidate protease as an endogenous 
target of KPI/APP, which is developmentally regulated in aging and 
Alzheimer’s Disease. (Supported by the NIH)

626.7

ADVANCED GLYCATION ENDPRODUCTS INCREASE 6- 
AMYLOID TOXICITY AND CAUSE ENERGY DEPLETION IN 
NEURONS
Loske C\ Neumann A1, Wong A1, Schinzel P1, Riederer P2, Mtinch G1*
’Dept. of Physiological Chemistry, 2Dept.of Clinical Neurochemistry,
University of Wurzburg, 97074 Wurzburg, Germany 

Advanced glycation endproducts (AGEs) are sugar derived protein
adducts, which accumulate on long lived proteins over time. Model- 
AGEs are cytotoxic to human SH-SY5Y neuroblastoma cells. 
Characteristic features accompanying AGE-induced cell death are 
shrinkage of the cells after 4h, followed by loss of cell membrane 
integrity after 18h. At this timepoint, the activity of the mitochondrial 
respiratory chain and the intracellular ATP level are reduced. In 
addition, an increase in glucose consumption is observed. 
Morphological analysis suggests apoptosis as an initial step in AGE- 
mediated cell death, followed by necrosis with decreasing energy 
charge of the cell. AGE-modification of B-amyloid peptide, the main 
component of B-amyloid plaques in the AD brain, increases its 
neurotoxic potential, suggesting that aging of a B-amyloid plaque in 
vivo imposes an increasing toxic burden on surrounding neurons.
Cell death and energy depletion by AGEs can be attenuated by 
intracellular acting antioxidants such as thioctic acid. Interference with 
AGE-formation or AGE-related toxicity are thus promising targets for a 
neuroprotective treatment of Alzheimer’s disease.

626.8

REGULATION OF AMYLOID PRECURSOR PROTEIN SYNTHESIS AND 
PROTEOLYSIS BY NEUROTRANSMITTERS, IMMUNOSUPPRESSANTS AND 
ANTIINFLAMMATORY DRUGS. R. K. Lee* and R. J. Wurtman, Div. Health 
Sciences & Technology, Harvard University - Massachusetts Institute of Technology, 
E25-604, Cambridge, MA 02139.

Traumatic head injury or brain damage associated with ischemia are major 
risk factors for AD, and are also associated with increased expression of APP in select 
regions of the brain. APP overexpression in cell cultures can promote the formation of 
neurotoxic or amyloidogenic APP fragments and, in transgenic mice, can accelerate 
some of the pathologies of AD. We recently showed that prostaglandin E2 (PGE2) 
can, by elevating cellular cAMP levels, stimulate APP synthesis in cultured rat 
astrocytes (J. Neurosci. 19:940,’99), as can exposure to forskolin (50pM) or 8- 
Bromo-cAMP (250pM). The increases in APP mRNA and APP holoprotein caused 
by PGE2 (1,10 or 100 pM), particularly in APP isoforms harboring the KPI domain, 
are abolished by cyclosporin A or FK-506 (50 pM). We now show that nonsteroidal 
anti-inflammatory drugs (NSAIDS) stimulate APPs secretion and reduce the levels of 
amyloidogenic APP holoprotein in primary cultures of neurons or of astrocytes 
derived from embryonic rat cortices. Cultured neurons or astrocytes treated with 
aspirin, resveratrol or S-ibuprofen (10‘9-10'3) for 24h or lh had significantly reduced 
levels of amyloidogenic APP holoprotein and increased levels of secreted APPs 
respectively. The use of NSAIDS appears to reduce the incidence, and retard the 
progression of Alzheimer's disease. These beneficial effects on AD may be mediated 
in part by the increased production of APPs (which may have neurotrophic properties) 
and the decreased production of neurotoxic or amyloidogenic proteins. Inasmuch as 
prostaglandins released during brain injury can cause the overproduction of 
amyloidogenic APP holoprotein, inhibition of APP overexpression by
immunosuppressants, or inhibition of prostaglandin synthesis by NSAIDS, may also 
suppress pathological processes in Alzheimer's disease. (Supported by NIH 
#MH28783, and Center for Brain Sciences & Metabolism Charitable Trust).

626.9
SUPPLEMENTAL CITICOLINE OR CHOLINE+CYTIDINE INCREASES BOTH 
MEMBRANE PHOSPHOLIPID LEVELS AND THE EXPRESSION AND 
SECRETION OF APP. C.S. Wane? R.J, Wurtman.1,2 C.J, Watkins1* and R.K.K. 
l£s£. ’Dept of Brain and Cognitive Sciences, MIT; 2Division of Health Sciences and 
Technology, Harvard University - MIT, Cambridge, MA 02139

Amyloid precursor protein (APP), a transmembrane protein, can be cleaved to 
produce soluble APPs or amyloidogenic AB peptides. AB peptides can aggregate to form 
senile plaques. In Alzheimer’s disease, membrane phospholipid levels are decreased and 
the processing of APP to AB is enhanced. We examined the relationships between the 
phospholipids and APP metabolism in primary cultures of brain neurons, astrocytes, 
and PC 12 cells exposed to treatments known to increase phospholipid synthesis.

Primary cortical neurons, primary cortical astrocytes, or PC 12 cells were exposed for 
4 days to cytidine diphosphocholine (citicoline; CDP-choline; 10, 20 or 50 /<M), 
choline (10, 20 or 50/<M), cytidine (10, 20 or 50//M), or choline+cytidine (10+10, 
20+20, 50+50/<M). Phospholipids labeled with 3H-oleic acid were measured by one-
dimensional thin layer chromatography. APP and APPs were measured by Western 
Wots. Citicoline, choline, cytidine or choline+cytidine treatment all increased the 
levels of phosphatidylcholine (PC), and of total phospholipids (including PC, 
phosphatidylserine, phosphatidylinositol and phosphatidylethanolamine) in all of the 
cell types tested. Greatest effects (>40%) were observed with citicoline or 
choline+cytidine. Similar changes were noted in cellular APP holoprotein levels 
(>90%) and in the secreted APPs (>100%). Hence alterations in membrane 
phospholipids are associated with changes in the expression and secretion of APP. The 
changes in the lipids may simply parallel those in the proteins, and reflect increased 
membrane levels, or, more likely, they may cause the changes in APP metabolism. If 
so, treatment with citicoline may be useful for ameliorating some of the brain 
pathologies associated with Alzheimer’s disease. (Supported by NIH-28783 and the 
Center for Brain Sciences and Metabolism Charitable Trust)

626.10
METABOLISM OF SYNAPTOPHYSIN IN DIFFERENTIATED PC12 CELLS.
D.K Lahiri, Y.-W, Ge and M. R. Farlow*. Institute of Psychiatric Res., Depts. of 
Psychiatry & Neurology, Indiana Univ. School of Med., Indianapolis, IN-46202.

The pathophysiological changes in Alzheimer's disease (AD) result in amyloid 
depositions, loss of synaptophysin and cholinergic deficits. Neurotransmitters are 
released from synaptic nerve terminals by exocytosis of synaptic vesicles. 
Synaptophysin, a synaptic vesicle-associated protein (p3 8), is a specific marker for 
the presynaptic terminal. AIT-082, unique purine hypoxanthine derivative being 
developed for treatment of AD, was previously shown to enhance the production 
of neurotrophic factors such as nerve growth factor (NGF). Here we investigated 
levels of synaptophysin in PC 12 cells that were treated with NGF or AIT-082. 
PC12 cells were treated with either NGF (50 ng/ ml) or different doses of AIT-082 
(10-250 nM) (NeoTherapeutics, CA). In the western immunoblots of conditioned 
media and cell lysates, we detected synaptophysin as 36-40 kDa protein bands. 
When PC 12 cells were treated with NGF, the secretion of synaptophysin was 
drastically reduced (~80-90%) in the conditioned medium and there was a 
significant reduction in the intracellular level of synaptophysin. But when PC 12 
cells were treated with AIT-082, the secretion of synaptophysin was increased in 
the conditioned medium from the control and there was a significant increase in 
the intracellular levels of synaptophysin. The basal level of secretion of the protein 
in the conditioned medium was less than the total cellular protein. NGF treatment 
resulted in sympathetic neuronal phenotypes in PC 12 cells but not those treated 
with AIT-082. Thus treating PC 12 cells with NGF resulted in a decrease in the 
level of synaptophysin but treating the cells with AIT-082 caused a significant 
increase in levels of the protein. Since it is known that the immunoreactivity of the 
synaptophysin protein correlates with density of synaptic terminal, our results 
suggest that AIT-082 may enhance neurotransmission release at the synapse,which 
may contribute to improving cognitive symptoms. Supported by NIH and 
NeoTherapeutics, CA.
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627.1
EXTRACELLULAR GLUTAMATE AND GABA INCREASE IN THE 
NUCLEUS ACCUMBENS AND VENTRAL PALLIDUM FOLLOWING A 
SYSTEMIC AMPHETAMINE INJECTION. Rada. P. Tucci. S.. Puig de Parada. 
M.*, Perez. J., Teneud. L„ Paredes. D. and Hernandez. L, Laboratory of Behavioral
Physiology. University of Los Andes, Merida. Venezuela 5101-A
In the present study the effect of systemic amphetamine (AMPH, 5 mg/kg, i.p.) on 
glutamate (GLU) and GABA extracellular levels were simultaneously monitored 
from the nucleus accumbens (Nac) and also from the lateral portion and medial 
portion of the ventral pallidum (VP) in rats. To do this, 30 sec sampling brain 
microdialysis was coupled to capillary zone electrophoresis with laser-induced 
fluorescence detection. Results: a biphasic increase in accumbens GLU occurred 
following the AMPH injection. GLU levels in the NAc increased immediately to 
302166%, probably due to handling stress, and then a second raise occurred with 
levels reaching 253±32% 30 to 60 min later. GABA levels did not change during 
the initial minutes and started to increase 15 min after AMPH administration. 
Maximum GABA levels in the NAc increased to 264±78% 60 min after the 
injection. In both medial portion and lateral portion of the VP, GLU levels slowly 
increased to 356 ± 183% 15 min after the AMPH injection. Similarly, GABA levels 
in both portions of the VP also increased to 200±26% (lateral) and to 320 ± 93% 
(medial) but this maximum increased occurred 30-60 min after the injection. The 
NAc and the VP are part of the basal ganglia and seem to play an important role in 
reinforcement. GLU, on the one hand, is the main excitatory neurotransmitter in the 
CNS. The NAc receives a glutamatergic innervation from neurons localized in the 
prefrontal cortex, while the VP receives it from the subthalamic nucleus. GABA, on 
the other hand, is the main inhibitory neurotransmitter and is found in both NAc and 
VP. Accumbens GABA is originated mainly from collateral axons of projecting 
neurons to the VP and also from local intemeurons, while the VP receives tha main 
gabaergic pathway from the accumbens. In conclusion, these results show a 
differential response of GLU and GABA neurons in the NAc and VP following a 
systemic AMPH injection.

627.2

ABSENCE OF AMPHETAMINE-INDUCED BEHAVIORAL SENSITIZATION IN 
MICE LACKING A2A ADENOSINE RECEPTORS. J-F Chen*. M. 
Beilstein, Y-H Xu, J.S, Fink and M.A. Schwarzschild. Molecular 
Neurobiology Lab. Massachusetts General Hospital and Harvard 
Medical School. Charlestown, MA 02129.

Repeated treatment with psychostimulants produces 
psychomotor behavioral sensitization which may represent a neural 
adaptation underlying features of human schizophrenia and addictive 
behavior. In the present studies, we used an A2a adenosine receptor 
knockout (A2a KO) model (in a pure 129-Steel mouse strain) to 
explore the role that A2a receptors may play in modulating 
psychositmulant-induced behavioral sensitization. Repeated 
treatment with amphetamine (2.5 mg/kg, i.p., daily for 7 days) 
significantly increased the locomotor response to amphetamine 
challenge in wild-type mice (ambulation increased by two-fold at day 
8 compared to day 1). However, in A2a KO mice chronic amphetamine 
failed to produce behavioral sensitization. Its absence was specific for 
amphetamine because chronic treatment with the D1 agonists 
SKF81297 (2.0 mg/kg, i.p. daily for 7 days) produced identical 
(two-fold) behavioral sensitization in A2a KO mice and their wild- 
type littermates. Receptor autoradiography also showed unaltered D1 
receptor binding in mouse striatum of A2a KO mice. The selective 
absence of amphetamine-induced locomotor sensitization in A2a MD 
mice suggests a critical role for the A2a receptor in the development 
of psychostimulant-induced behavioral sensitization. (Supported by 
DA0746-5, NARSARD, NPF and Scottish-Rites grants)

627.3

SELEGILINE TREATMENT FOLLOWING EXPOSURE TO DOSES 
OF METHAMPHETAMINE THAT CAUSE NEUROTOXICITY TO 
THE DOPAMINE SYSTEM K. Grasing*, S. Ghosh, R. Acevedo, Dept. 
of Medicine, Division of Clinical Pharmacology, Robert Wood Johnson 
Medical School, New Brunswick, NJ 08903

Selegiline is an irreversible inhibitor of monoamine oxidase (MAO) B, 
which can prevent neurotoxicity when administered following exposure 
to ischemia. Attenuation of MPTP-induced toxicity to the dopamine 
system has also been reported, but a later study failed to replicate this 
effect. To test the hypothesis that selegiline treatment can attenuate 
methamphetamine toxicity to the dopamine system, Swiss-Webster mice 
weighing 35 to 45 grams received four, 10 mg/kg doses of 
methamphetamine by subcutaneous injection at two hour intervals, 
followed by chronic treatment with selegiline or saline, initiated 20 hours 
later. Animals were then sacrificed, brain tissue rapidly frozen, and 
concentrations of dopamine and metabolites in micropunch samples 
determined by HPLC with electrochemical detection.
Methamphetamine produced decreases of 66.8, 66.2, and 61.9% for 
dopamine content in the caudal, middle, and rostral striatum, which were 
not altered by selegiline treatment. In saline treated control animals, 0.02 
mg/kg of selegiline decreased dopamine content in the middle and rostral 
striatum, 0.2 mg/kg dose had no effect, and 2.0 mg/kg increased 
dopamine content in the caudal and middle striatum. Supported by 
NIDA grant R29 DA08056.

627.4

REDUCTIONS IN BRAIN DOPAMINE TRANSPORTERS IN 
METHAMPHETAMINE ABUSERS ARE ASSOCIATED WITH MOTOR 
AND COGNITIVE CHANGES. Nora D. Volkow?2* Linda Chang? Gene-Jack 
Wang? Joanna S. Fowler? Yu-Shin Ding? Robert Hitzemann,2 Mark Sedler,2
Jean Logan? Christopher Wong?. 'Medical and Chemistry Departments 
Brookhaven National Laboratory, Upton, NY; department of Psychiatry, 
S.U.N.Y. Stony Brook, Stony Brook, NY; department of Psychiatry, UCLA, 
Irvine, CA.

Background: Methamphetamine is a popular drug of abuse that has been 
shown to damage dopamine (DA) terminals in laboratory animals. We 
investigated whether similar changes were observed in humans and the 
functional significance of these changes. Methods: We enrolled 12 previous 
methamphetamine abusers and 12 non drug abusing healthy volunteers. Positron 
Emission Tomography was with ["Cjd-threo-methylphenidate to assess DA 
transporters, which serve as markers of the DA terminal. Neuropsychological 
and motor tests were obtained in the patients to assess if there were cognitive 
and/or motor changes. Results: Methamphetamine abusers showed significant 
reductions in DA transporters (caudate 26%, putamen 22%) when compared to 
controls. The levels of DA transporters were correlated with performance in a 
task of motor speed and with memory tasks. In addition the levels of DA 
transporters were correlated with days since last methamphetamine use; the 
shorter the detoxification the lower the levels. Conclusions: These results 
provide evidence that methamphetamine at the doses abused by humans is 
neurotoxic to DA terminals and that these changes are functionally significant. 
The significant association with days since last drug use suggests that DA 
transporter losses may recover with protracted withdrawal. (NIDA and DOE)

627.5

COMPARATIVE TOXIC EFFECTS OF METHAMPHETAMINE AND 
DOPAMINE IN CELL CULTURE: POTENTIATION BY SERUM 
WITHDRAWAL
J.L. Cadet*, S, Ordonez, and S. Burrell. Molecular Neuropsychiatry Section, NIH, 
NIDA, Intramural Research Program; Baltimore, MD 21224, USA.

Methamphetamine (METH) and dopamine (DA) have been shown to cause 
neurotoxic damage both in vitro and in vivo. The mechanisms of action are 
though to involve the production of pathophysiologic concentration of free 
radicals. It is, however, not clear to what extent the effects of these two toxins 
mimic each other. The present study was undertaken to compare and contrast 
the toxic effects of METH and DA by using an immortalized neural cell line. 
Both METH and DA caused dose-dependent increase in production of reactive 
oxygen species (ROS) and cell death. Cell death caused by these agents was 
characterized by cytoplasmic vacuolar formation, shrinkage of cytoplasm and 
nuclear dissolution. Flow cytometric evaluation also revealed that these toxins 
cause changes similar to those observed in cells undergoing apoptosis. 
Furthermore, DNA electrophoresis showed that both METH and DA induced 
DNA ladder formation. When taken together these observations suggest that 
METH and DA cause these cells to die via apoptosis. Further experiments 
indicated that growth of these cells in low (1%) serum or in the absence of 
serum markedly enhanced the apoptotic effects of both drugs. These data 
provide further support for the idea that both METH and DA can cause ROS- 
mediated apoptosis.

627.6

Profound Cognitive Impairments in Nonhuman Primates 
Exposed to Amphetamine. S. A. Castner* and P. S, Goldman - 
Rakic. Yale Univ. Sch. of Med., Sec. of Neurobiol., 333 Cedar 
Street, New Haven, Connecticut, 06510.

To examine an experimental nonhuman primate model of psychosis 
attributable to dopamine (or monoamine dysregulation), 4 young 
adult rhesus monkeys were exposed to a six-week escalating regimen 
of low-dose (.01-1.0 mg/kg, b.i.d.) amphetamine (AMPH) and 
subsequently evidenced behavioral sensitization to low dose AMPH 
challenge. To further test this model, the monkeys have now been 
formally tested on a battery of cognitive tasks - spatial delayed- 
response(DR), visual discrimination (VD) and delayed nonmatch-to- 
sample (DNMS). All AMPH-treated monkeys failed to reach criterion 
on DR and DNMS, and only one animal reached criterion on VD, in 
marked contrast to their non-treated, age-matched controls. Previous 
data from AMPH-sensitized rats and pilot data from monkeys 
indicates increased dopamine turnover in the prefrontal cortex, 
compatible with the hypothesis that the deficits may be due to 
dopamine overstimulation. Supporting this interpretation, the 
impairment on the spatial working memory task, to date, been 
reversed by a DI dopamine receptor antagonist in one monkey. These 
findings provide the first evidence that profound cognitive deficits can 
be induced by chronic exposure to AMPH; that the effect can be 
induced in nonhuman primates by a low-dose regimen of the drug; 
and that the deficits may be reversible.
[Supported by MH44866 & NIDA 733G-41-52212]
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627.7
EFFECTS OF REPEATED AMPHETAMINE TREATMENT ON BACLOFEN- 
STIMULATED [35S]GTPyS BINDING IN RAT BRAIN: IMPLICATIONS FOR 
BEHAVIORAL SENSITIZATION. K, Zhang. F.I, Tarazi. and R.J, Baldessarini*. 
Department of Psychiatry & Neuroscience Program, Harvard Medical School; 
Mailman Research Center, McLean Hospital, Belmont, MA 02478, USA.

GABA neurotransmission has been implicated in various forms of neuronal 
plasticity, including epileptic kindling and behavioral sensitization to 
psychostimulants. Accordingly, we examined the coupling efficiency of GABAg 
receptors to Gj proteins in adult rat brain using baclofen-stimulated [35S]GTPyS 
autoradiography after repeated treatment with amphetamine. Male SD rats were given 
either saline or d-amphetamine sulfate (5 mg/kg, i.p.) once daily for 5 consecutive 
days, and sacrificed 1 or 14 d later for autoradiographic analysis. Tliis regimen reliably 
produces behavioral sensitization to amphetamine challenge 14 d after the last 
injection [Pierce R.C. & Kalivas P.W.. Brain Res Rev 1997; 25:192-216]. At 1 d 
after withdrawal from repeated amphetamine treatment, baclofen-stimulated binding of 
[35S]GTPyS did not differ from vehicle-treated rats in any brain region. In contrast, at 
14 d after withdrawal, baclofen-stimulated binding was significantly augmented in 
anterior cingulate cortex, nucleus accumbens core, and globus pallidus, and attenuated 
in ventrolateral thalamic nuclei. Increases of basal binding (in the absence of baclofen) 
were also detected in substantia nigra, ventral tegmentum, entorhinal cortex, and the 
hippocampal CAj region at both d 1 and 14 after withdrawal from amphetamine. The 
changes of baclofen-stimulated binding at 14 and not 1 d after withdrawal from 
repeated amphetamine treatment suggest that modified GABAg neurotransmission 
may contribute to expression of behavioral sensitization to amphetamine. 
Alternatively, the changes found may represent compensatory mechanisms offsetting 
other more direct mechanisms underlying the expression of behavioral sensitization. 
Supported by NIMH grants MH-19905 (FIT), MH-34006, and MH-47370, Bruce J. 
Anderson Foundation, and McLean Neuropharmacology Research Fund (RJB).

627.8
NICOTINE AND AMPHETAMINE INDUCED LONG-LASTING HYPERREACTI-
VITY OF CATECHOLAMINERGIC NERVE TERMINALS IN RAT NUCLEUS 
ACCUMBENS ASSOCIATED WITH BEHAVIOURAL SENSITIZATION. A.N.M. 
Schoffelmeer*. T.J. De Vries. A.H. Mulder. G, Wardeh and L.J.M.J. Vanderschuren.
Research Institute Neurosciences Vrije Universiteit, Department of Pharmacology, Free 
University, Medical Faculty, Van der Boechorststraat 7, 1081 BT Amsterdam, The 
Netherlands.

Repeated exposure to drugs of abuse such as amphetamine, cocaine and morphine 
causes a long-lasting increase in the locomotor and motivational effects of these drugs. 
Previous studies of our and other laboratories showed that this behavioural sensitizaton is 
associated with an enhanced responsiveness of dopaminergic, noradrenergic and choli-
nergic neurons in rat nucleus accumbens. Since little is known regarding the long-term 
effects of repeated nicotine exposure in this respect, we investigated the occurrence of 
locomotor and neurochemical sensitization long (3 weeks) after intermittent exposure to 
(-)nicotine (0.5 mg/kg, s.c., once daily for 2 weeks). Just like prior amphetamine exposu-
re, intermittent nicotine administration caused a long-term increase in the electrically 
evoked release of radiolabelled dopamine (DA) and noradrenaline (NA) from superfused 
nucleus accumbens slices. Unlike amphetamine, prior nicotine exposure did not enhance 
the release of radiolabelled acetylcholine (ACh). The amphetamine-induced persistent 
enhancement of ACh release was associated with a slight (about 15%) reduction in the 
sensitivity of presynaptic nicotinic receptors in DA and NA nerve terminals, indicating 
sustained enhancement of cholinergic neurotransmission in the nucleus accumbens by 
amphetamine treatment. Prior nicotine exposure caused a long-term increase in the 
locomotor effect of nicotine as well as amphetamine (and vice versa). Moreover, the 
nicotinic receptor antagonist mecamylamine attenuated amphetamine-induced locomotor 
sensitization. These data indicate (1) that the long-term neuradaptive changes induced by 
nicotine are similar to those caused by other addictive drugs and (2) that repeated activa-
tion of nicotinic receptors may play a role in drug-induced behavioural sensitization.

627.9

A BEHAVIORAL MODEL TO INDUCE A9- 
TETRAHYDROCANNABINOL-CONDITIONED PLACE 
PREFERENCE IN MICE. E, Valient and R. Maldonado? Dept. of 
Neuropharmacology, Health & Life Sciences School, University Pompeu 
Fabra, Barcelona 08003, Spain.

A9-tetrahydrocannabinol (THC) is the psychoactive constituent of 
marijuana, the most widely consumed illicit drug. However, the rewarding 
properties of THC are difficult to be demonstrated in rodents. In this 
study, we used different behavioral protocols to evaluate the motivational 
responses of THC in the place conditioning paradigm. An elevated number 
of pairings (5 pairings with THC + 5 pairings with vehicle) and a long time 
of conditioning (45 min per session) have been used in all the assays. In a 
first experiment, mice were conditioned with vehicle or THC (1 and 5 
mg/kg, ip). No motivational responses were induced with 1 mg/kg of THC 
but a significant place aversion was observed at the dose of 5 mg/kg. In a 
second experiment, the CB-1 antagonist SR141716A was administered 
immediately after each 45 min conditioning session with THC, before to 
return the mice to the home cage. Such as in the previous assay, a 
significant response (place aversion) was only observed with 5 mg/kg of 
THC. In another set of experiments, mice received a first THC injection in 
the home cage and they were conditioned 24 h later by using the same 
procedure than in the previous experiments. In this case, a significant place 
preference was induced by THC at the dose of 1 mg/kg and no effects 
were observed with 5 mg/kg of THC. The same responses were obtained 
by using this procedure in mice receiving SR141716A after each THC 
conditioning session. These results reveal that THC produces a clear place 
preference in mice by using long periods of conditioning and avoiding the 
possible disphoric consequences of the first drug injection.
Supported by Dr. Esteve S.A. laboratories

627.10
ANTI-ADDICTION BENEFITS OF IBOGAINE: MOOD ELEVATION 
AND DRUG CRAVING REDUCTION. C.A. Kovera1* M.B. Kovera2. 
J, Pablo1. F.R. Ervin3. I.C. Williams4, and D.C, Mash1. 'Neurology.
U. Miami Sch Med, Miami FL: Psychology, FIU, Miami, FL; 3Psychiat 
McGill U., Montreal, Canada; 4Healing Visions Inst, Ltd, WI

Ibogaine (EBO) has been shown in preclinical studies to block 
withdrawal signs in opiate-dependent rats and to reduce morphine and 
cocaine self-administration. Noribogaine (norlBO) is a primary 
metabolite of IBO that has high affinity for cocaine recognition sites on 
the 5-HT transporter, elevates extracellular 5-HT, and acts as a Lt- and k - 
opioid agonist. The purported anti-addiction potential of IBO and its 
long-acting metabolite norlBO has come primarily from anecdotal 
accounts of opiate and cocaine addicts who have reported a long-lasting 
sense of well being and reduced drug craving after a single treatment. In 
the present study, the effects of a single-aose of EBO on mood and 
craving were examined for treatment-seeking patients having a chemical 
dependency on opiates or cocaine. Patients underwent extensive clinical 
evaluation for diagnoses (SCIDVII) and life area impairment (ASI). Self- 
report of mood, energy level, physical symptoms (SCL-90R, POMS, 
BDI), and craving (HCQ-NOW29, CCQ-NOW) were gathered at 
program entry, 48 hours after IBO administration, at program discharge, 
and one month later during follow-up assessments. Significant 
reductions in negative symptoms and improvements in mood and 
energy/vigor were consistently found across all SCL-90R scales, POMS 
scales, and the BDI score, for all post-EBO time points. Similarly, mean 
scores from category scales of the HCQ-NOW29 and CCQ-NOW 
showed significant reductions (P<0.05) in craving measures for opiates 
and cocaine, respectively, following EBO administration. These findings 
provide evidence for the lasting benefits of IBO pharmacotherapy, most 
likely attributable to the multi-target actions of norEBO on 5-HT and 
opioid systems. (Supported by the Addiction Research Fund)

627.11

NORIBOGAINE: AN ACTIVE METABOLITE OF IBOGAINE 
BLOCKS OPIATE WITHDRAWAL IN HUMANS. J.P. Pablo*. 
Ouyang. C.A, Kovera. and D.C. Mash. Neurology Dept., U Miami Sch. 
Med., Miami, FL 33136

Ibogaine (IBO), a naturally occurring indole alkaloid derived from the 
roots of the rain forest shrub Tabemanthe iboga may have efficacy for the 
blockade of opiate withdrawal. Anecdotal reports from addict self-help 
groups suggest that a single-dose of EBO will block opiate (heroin and 
methadone) withdrawal signs and symptoms. Given that EBO is cleared 
rapidly from blood (T!/2 = 7-9 hr), it has been suggested that its purported 
efficacy for blocking opiate withdrawal may be due to the actions of a 
long-acting metabolite. We have demonstrated that IBO is O-demethylated 
to 12-hydroxyibogamine (noribogaine - norlBO) in laboratory animals 
and in humans. In radioligand binding screens for activity at 
neurotransporters and neuroreceptors, norEBO has shown affinity for |i 
and K-opioid receptors and the 5-HT transporter. norlBO acts as a full (i- 
agonist in naloxone-sensitive GTPyS binding assays. We have reported 
previously that norlBO has high affinity for cocaine recognition sites on 
the 5-HT transporter and elevates the extracellular levels of 5-HT. 
Physician-rated assessments of opiate-dependent patient volunteers that 
received a single-dose of EBO (N = 30) demonstrated that EBO diminished 
or fully blocked opiate withdrawal signs and symptoms. norlBO's 
capacity to reset multiple opioid receptors along with its activity at the 5- 
HT transporter may explain how a single dose of EBO in humans can 
block the signs of spontaneous opiate withdrawal and alleviate dysphoria. 
norlBO's actions at multiple opioid receptors and the 5-HT transporter 
may explain the easy transition from dependence following abrupt 
discontinuation of opiates in humans after a single dose of IBO. 
(Supported by the Addiction Research Fund)

627.12
LOFEXIDINE: AN ALPHA-2 ADRENERGIC AGONIST FOR THE ALLEVIATION 
OF OPIATE WITHDRAWAL WITH MINIMAL EFFECTS ON BLOOD PRESSURE 
AT EFFICACIOUS DOSES. B.H. Herman*1, E. Yu2, K. Miotto3, N. Chiang1, A. 
Montgomery1,K. Martz4, R. Walsh\ S, Poole<PJ Fudala2,J.W. Cornish2, K. Davies*.
W. Ling3, F. Vocci1 C.P. O'Brien2. 'Medications Development Division CM DDT
NIDA, Rockville. MD; 2MDRU, VAMC, Phil PA 19104-6178 ; 3MDRU, VAMC, Long 
Beach, CA 90822; 4Ridgeview Statistics & ^Britannia Pharmaceutical Ltd, UK.

Alpha-2 adrenergic agonists reduce opiate withdrawal (OW), but a limiting 
adverse effect of clonidine (CLON) is significant hypotension. Open studies 
suggested that lofexidine (LOF), an alpha-2 adrenergic agonist, alleviated OW from 
abrupt termination of methadone with little hypotension (e.g., Gold et al., 1981; 
Washton et al., 1981). Recent double-blind controlled investigations indicate that 
LOF produces significantly less hypotension than CLON (Camworth & Hardman, 
1998; Kahn et al., 1996; Lin et al., 1997). This Phase II, 20 day open, two site 
(Phil, LA), inpatient study assessed the tolerability and preliminary efficacy of LOF, 
and was the first to use: LOF doses > 2.6 mg/day, 100 mg morphine (s.c./day) for 
stabilization, and initial plateau LOF doses. Three plateau doses of LOF [1.6 (n=9), 
2.4 (n=9), and 4.0 (n=3) mg/day] were examined at Phil and 2.4 mg/day at LA 
(n=13) (evaluable subjects). Major phases: study day (SD) 1-8 (morphine), SD9-18 
(LOF/ detoxification), SD19-20 (no medication). No serious adverse events were 
indicated. One subject displayed syncope at LA (transient at 2.4 mg/day). There 
were few incidences of dizziness or vertigo. Overall, there were no significant 
quantitative decreases in sitting systolic or diastolic blood pressure (BP) at either 
1.6 or 2.4 mg/day at Phil or at 2.4 mg at LA. There were transient dose-dependent 
decreases in orthostatic systolic BP (< 85 mmHg) Phil (1.6 (2/9), 2.4 (5/9), 4.0 (3/3) 
mg/day dose (subjects) (with an overall effect at 4.0 mg/day). There were log 
dose-dependent decreases in objective OW symptoms, providing preliminary 
evidence of efficacy. Overall, LOF appears to have minimal hypotensive effects up 
to up to 4.0 mg/day although at this dose transient orthostatic hypotension occurs. 
Supported by IAG between MDD, NIDA and Phil and Long Beach, VA & a CTA 
between NIDA and Britannia Pharmaceutical.
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627.13
THE TOLERABILITY AND PEAK PLASMA PHARMACOKINETICS OF HIGH 
DOSE DEXTROMETHORPHAN IN METHADONE-MAINTAINED SUBJECTS.
J. W. Cornish1, B.H. Herman2, R.N. Ehrman1, A. R. Childress1, V. Bead1, C.
Hackett1, K. Martz J, F.S. Caruso4, R.D. Smith**, N. Chiang^, R. Walsh2, S. Pooled
F, Voccf, C. P. O’Brien1' dedications Development Research Unit, VAMC, Phil,
PA 19104-6178; JMDD, NIDA, Rockville, MD; 3Ridgeview Statistics; 4Algos 
Pharmaceutical Corp, Neptune, NJ

Glutamatergic systems play a key role in opiate addiction (cf. Herman & O’Brien, 
Sem Neurosci 9:158-172, 1997, Wickelgren, Science 280: 2045-2047, 1998). The 
low affinity NMDA receptor antagonist, dextromethorphan (DM), reverses the 
tolerance associated with morphine analgesia in rodents (Elliott et al. Pain 59:361- 
368,1994). Co-administration of glutamatergic antagonists with low doses of oral 
methadone may facilitate the dose reduction of methadone and decrease relapse 
to heroin. The tolerability of high doses of DM (120, 240, 480 mg/day) + 
methadone (50-70 mg/day) was determined. This 16 day double-blind, placebo (P) 
controlled inpatient trial randomized subjects to a P (N=5) or DM (N=10) group 
(completers), with three phases: study day (SD) 1-2 (baseline/P), SD3-14 (P or 
DM), and SD15-16 (P). There were no significant differences between the P and 
DM groups during the initial P period for all vital measures, and between P and DM 
groups for all vital measures obtained with the 120 or 240 mg/day DM groups. 
However, the highest dose of DM (480 mg/day) vs. P produced statistically 
significant (p < 0.01) although small increases in body temperature (0.4 degrees F), 
while similar comparisons failed to attain significance for heart rate (delta = 8 bpm) 
and systolic blood pressure (BP, delta=8 mmHg)). There was no significant 
difference between P and any dose of DM for respiration. No dose of DM (vs. P) 
Significantly influenced ARCI scores: MBG (euphoria), LSD (dysphoria) , or PCAG 
(sedation). DM did not significantly influence plasma methadone levels. Overall, 
these results indicate the tolerability of high doses of DM + methadone. Clinical 
studies evaluating DM + methadone in the treatment of opiate addiction are 
projected. Supported by an IAG between MDD. NIDA and Phil VAMC and ALGOS 
Phamaceutical Corp.

DEGENERATIVE DISEASE: OTHER IX

628.1

IMMUNOCYTOCHEMICAL CHARACTERIZATION OF THE 
VASCULOPATHY ASSOCAITED WITH CADASIL
N. Cookson, A.J. Thomas, T. Mizuno, Y Olsson, JAR Nicoll, RPJ de
Lange, D St Clair and R.N. Kalaria (Spon: Soc Neurosci of Africa) IHE 
and Department of Psychiatry, University of Newcastle upon Tyne,
UK; Department of Pathology, University of Upsalla, Sweden;
Department of Neuropathology, University of Glasgow, UK; Department 
of Mental Health, University of Aberdeen, UK.

Cerebral autosomal dominant arteriopathy with subcortical infarcts 
and leukoencephalopathy (CADASIL) is a type of familial multi-infarct 
dementia, which is characterised by recurrent ischaemic attacks 
leading to dementia. CADASIL cases that came to autopsy were 
histologically assessed to characterise the vasculopathy. Brain tissue 
immunostained with various antibodies including alpha actin, ubiquitin, 
GLUT1, TGF-beta 1, Notch 1 and 2, and presenilin 1 revealed varied 
vascular pathology. Our results showed vessels with marked 
degeneration of smooth muscle cells localised by alpha actin reactivity.
In all cases examined there was also profound disruption of the basal 
lamina and remaining smooth muscle cells in over 60% of the meningeal 
as well as intraparenchymal vessels. The medial layers of the vascular 
wall were often decorated with ubiquitin reactivity. Endothelial changes 
detected with GLUT1 antibodies were also apparent in many vessels.. 
The molecular pathology of CADASIL or familial multi-infarct dementia 
not only relates to the cerebral angiopathies and dementia in the 
elderly but has implications for sporadic cerebrovascular disease and 
post-stroke dementia. Supported by grants from the MRC (UK) and 
Alzheimer’s Association (USA).

628.2

Evidence for oxidative stress in the subthalamic nucleus in progressive 
supranuclear palsy. D.S. Albers1,2*. S.J. Augood2, D.M. Martin2, D.G. 
Standaert2, J.P. VonsatteP and M.F. Beal1. ‘Dept. of Neurology, Cornell 
University Medical College, New York, NY 10021; 2Neurology Service or 
3Dept. of Neuropathology, Massachusetts General Hospital and Harvard 
Medical School, Boston, MA 02114.

Progressive supranuclear palsy (PSP) is a rare neurological disorder. 
The clinical symptoms of PSP include supranuclear opthalmoplegia, 
postural instability, dysarthria, truncal dystonia, parkinsonism and 
dementia. Pathologically, PSP is characterized by extensive neuronal 
degeneration in cortical and subcortical nuclei and by the presence of 
neurofibrillary and tau-positive tangles; the subthalamic nucleus (STN) is 
one of the most severely affected structures. The etiological basis for PSP 
remains unknown; however, increased free radical production and 
oxidative stress have been proposed as pathogenic mechanisms in several 
other neurodegenerative disorders, including Alzheimer’s disease and 
Parkinson’s disease. Free radicals interact with biological 
macromolecules, such as membrane lipids and lead to lipid peroxidation. 
A well-established marker of lipid peroxidation is malondialdehyde 
(MDA). We undertook this study to search for evidence of oxidative 
stress in PSP, by determining tissue MDA levels in the STN. In PSP 
(n=8), significant increases [+275% of control (n=10)] in tissue MDA 
levels were observed in the STN that were negatively correlated with the 
extent of pathology; no differences were observed in the cerebellum 
(PSP, n=ll; control, n=ll). These results indicate that oxidative 
mechanisms of injury are involved in the pathogenesis of PSP.

This work was supported by a Margaret Parker Climb for a Cause grant from 
the Society Of PSP (DSA/SJA). All post-mortem tissue was provided by the 
Harvard Brain Tissue Resource Center.

628.3

THE RETINOBLASTOMA SUSCEPTIBILITY GENE PRODUCT (pRB) 
INTERACTS WITH A TRANSCRIPTIONAL REPRESSOR WITH 
ALTERED EXPRESSION IN NEURODEGENERATIVE DISEASES. IL 
L_. Jordan-Sciutto* and R, Bowser, Dept. of Pathology, University of 
Pittsburgh: Pittsburgh, PA 15261

pRb interacts with numerous transcription factors involved in cell cycle 
control (i.e. E2F1) and differentiation (i.e. MYO D). In some cases pRb 
represses the transactivating capacity of the interacting protein as in the case 
of E2F1. In other cases pRb enhances transactivation by promoting proper 
heterodimer formation as in the case with Myo D. We have characterized 
an interaction between pRb and a novel transcriptional repressor, FACT 
FAC1 exhibits altered expression levels and subcellular localization during 
AD and localizes to neuritic plaques. We have shown that FAC1 directly 
interacts with pRb in vitro using a GST pull-down assay. This interaction 
appears to be necessary for FAC1 to function as a transcriptional repressor 
as FAC1 loses its ability to repress transcription in cells that lack functional 
pRb. Further, site directed mutagenesis removing the pRb interaction 
domain in FAC1 converts FAC1 to a transcriptional activator. We 
hypothesize that this interaction is required for FAC1 to repress 
transcription. Since FAC1 recognizes a DNA element present in the 
promoter regions of genes relevant to neurodegeneration, (i.e. amyloid 
precursor protein, presenilin 1, and Cu/Zn superoxide dismutase 1) the 
observed changes in pRb and FAC1 expression level in Alzheimer’s disease 
will impact expression of genes implicated in the progression of 
neurodegenerative diseases. Supported by NS 10572, AG13208, 
Alzheimer’s association.

628.4
DETAILED LOCALIZATION STUDIES OF MUTANT TAU PROTEIN 
IN FTD PATIENTS. P Heutink1. P Rizzu1, M Joosse1. M Hillebrand1. E van 
Herpen1, J.C.van Swieten2, R. Ravid^R Willemsen1. Departments of Clinical 
Genetics1 and Neurology2 , Erasmus University, 3015 GE Rotterdam, The 
Netherland Brain Bank3,1105 AZ Amsterdam, The Netherlands.

Recently we identified mutations in the microtubule associated protein tau 
gene in familial cases with fronto-temporal dementia (FTD). The tau protein is 
believed to be involved in the stabilization of microtubuli and neuronal 
polarity. In the brain, six isoforms of the tau protein can be detected containing 
three or four microtubule binding domains.
The most common mutation in FTD cases appears to be the P301L mutation, a 
missense mutation located on exon 10 that is included in the four repeat but not 
the three repeat tau isoforms. To study the exact localization of the mutated 
protein, we raised specific antibodies against the P301L mutation and the 
normal four repeat tau. We have used these antibodies for immuno-
histochemistry and immunoelectronmicroscopy, on sections from different 
affected areas of brains of patients.
To investigate the presence of the P301L mutated protein in the dispersed 
sarkosyl-insoluble filaments that make up the intracytoplasmatic tau deposits 
found in neurons, glia cells and neurites, we performed immunoelectron-
microscopy. The localization of the P301L mutated protein in sarkosyl 
insoluble and soluble tau deposits as well as the ratio between mutated four 
repeat and normal four and three repeat, was determined by immunoblot.
To investigate the hypothesis that the P301L tau mutated protein has a reduced 
ability to bind to microtubules, as was shown by in vitro assays, we performed 
gel filtration experiments with tau and tubulin. Furthermore, we are performing 
localization studies of mutant-tau and tubulin in neuronal like transfected cell 
lines in determine order to the relevance of these findings in vivo.
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628.5
TAU MUTATIONS IN CHROMOSOME 17 FRONTOTEMPORAL DEMENTIA 
EXACERBATE APOPTOTIC CELL DEATH K. Furukawa12T. Nagata1, I. 
D’Souza2', P. Pookai2', T.D. Bird11, G.D. Schellenberg2', Y. Itoyama1 'Dept. of 
Neurology, Tohoku Univ. Sch. of Med., Sendai 980-8574, Japan, 2Dept. of Med., 
Univ. of Washington, Seattle, WA 98195, 'Geriatric Research Education and Clinical 
Center, Veterans Affairs Puget Sound Health Care System, Seattle, WA 98108.

Frontotemporal dementia with Parkinsonism linked to chromosome 17 (FTDP-17) is 
a hereditary disorder manifesting personality changes and dementia. The prominent 
pathological changes are frontotemporal atrophy and neurofibrillary tangles composed 
of tau. We and others have recently found causative mutations in the tau gene from 
familial FTDP-17 patients. In the present study, we investigated how the tau 
mutations modulate apoptosis using the SH-SY5Y human neuroblastoma cell line.

Mutant and wild-type tau cDNAs were inserted into pCDNA3.1/Zeo. The mini-gene 
constructs were transfected into SH-SY5Y cells using Lipofectamine, and transfected 
cells were selected. The cells were stained with a fluorescent DNA-binding dye, 
Hoechst 33342, at 24 h after serum withdrawal.

We used 2 types of mutated tau in which the mutations were located in exon 10 
(N279K) or in exon 12 (V337M). Serum withdrawal induced apoptosis in every cell 
group, although the percentages were less than 10% in non-transfected, vector, and 
normal tau-transfected cell lines. The mutated tau (V337M) transfected group showed 
a significant increase in apoptosis (50.3 ± 5.2%), whereas the percentage of apoptosis 
was 23.6 ± 4.8% in the N279K group. Hong et al. recently reported that the N279K 
mutation increased the 4R/3R ratio, whereas the V337M mutation modulated tau's 
affinity and capacity to bind microtubules. In the present study, the V337M mutation 
showed more significant pro-apoptotic functions compared to the N279K mutation, 
indicating that tau's MT-binding ability is greatly important for cell survival, although 
an increase in the 4R/3R ratio also exacerbates apoptotic cell death but with less 
potency. (The study was supported by American Federation for Aging Research.)

628.6
MUTATIONS IN TAU ALTER ITS MICROTUBULE-BINDING PROPERTIES 
AND PHOSPHORYLATION IN INTACT CELLS 
S. Lovestone,1 R.Davanandan,1 M.VanSleqtenhorst,2 G.Gibb,1 
J.ConnelljT.Mack?, L.Kq2 S-H.Yer? K.Lerov,3 J-P.Brion^RN. Leigh*,1
B.H.Anderton,1 M.Hutton2
department of Neuroscience,Institute of Psychiatry,De Crespigny Park, 
London SE5 8AF, UK. 2Mayo Clinic Jacksonville,Florida 32224, laboratory 
of Pathology and electron Microscopy, Univerist6 Libre de Bruxelles, Belgium

Tau is a microtubule-associated protein deposited in neurofibrillary tangles 
in Alzheimer's Disease (AD) and some other dementias. In AD, aggregated 
tau is highly phosphorylated and has a reduced ability to promote 
microtubules. Mutations in the tau gene cause a variant of Fronto-temporal 
Dementia and in vitro evidence suggests these mutations also alter the ability 
of tau to promote microtubule assembly.

We used a cellular assay to quantitate the effect of both isoform differences 
and mutations on the microtubule-extension promoting property function of 
tau. Tau isoforms with four microtubule binding domains promote microtubule 
extensions more effectively than three repeat tau. Mutations reduce the ability 
of tau to promote microtubule extension with the P301L mutation having a 
greater effect than V337M mutation. The R406W mutation had a small effect 
on microtubule extension. However, the R406W mutation also alters the 
phosphorylation state of tau.

Using phosphopeptide mapping we have determined the sites of tau 
phosphorylated by the tau kinase, Glycogen Synthase Kinase-3 and the 
effects of mutations on this process. Understanding the effects of mutations 
on tau function and tau phosphorylation will shed light not only on FTDP-17 
but also on the cascade resulting in AD.
This work was supported by the MRC and the Wellcome Trust

628.7

SPINAL MOTONEURONS IN EXPERIMENTAL AUTOIMMUNE 
ENCEPHALOMYELITIS. A. Groom, T. Smith, B, Zhu*, L. Turski. Eisai 
London Research Laboratories, University College London, London 
WC1E 6BT, UK

Multiple sclerosis is an immune mediated disorder of the nervous 
system of unknown cause leading to progressive decline of motor and 
sensory functions and permanent disability. Experimental autoimmune 
encephalomyelitis (EAE) reproduces in rodents the features of multiple 
sclerosis in humans. The dominant early symptom of EAE is muscle 
weakness and paralysis. Here we report that during EAE, 
lymphocytes target motoneurons in the ventral horns of the spinal cord 
and may cause their deterioration. Female Lewis rats were immunised 
in both hind feet (dorsal surface) with inoculum containing guinea pig 
myelin basic protein, Freund's complete adjuvant and Mycobacterium 
tuberculosis. Tissues collected from animals at various stages of EAE 
(no disease, complete hindlimb paralysis and recovery) were 
processed for light and electron microscopy. During the course of the 
disease lymphocytes approached motoneurons in the ventral horn of 
the spinal cord. The lymphocytes were subsequently internalised 
within the cytoplasm of the motoneuron where they appeared to die 
by apoptosis. Lymphocyte accumulation continued until the neuron 
was overwhelmed but retained a viable nucleus. At the end of this 
process, motoneurons decomposed and formed large circular vacuoles 
filled with lymphocytes at different stages of apoptosis. Synaptic 
densities and presynaptic boutons on the outer membrane of these 
vacuoles confirmed their neuronal origin. The numerical density of 
neurons in the ventral horns of the lumbar spinal cord was quantified 
in rats with hindlimb paralysis using an optical disector method, 
revealing a decrease.

628.8
THE PEROXYNITRITE DECOMPOSITION CATALYST, FeTMPS, INHIBITS 
MURINE EXPERIMENTAL AUTOIMMUNE ENCEPHALOMYELITIS (EAE)
T.P. Misko1*, M. San2, M.K. Stem1, R.M. Keeling2, D. Salvemini1, and A.H. Cross2.
'Discovery Pharmacology, Monsanto; 2Dept. of Neurology, Washington University 
School of Medicine; St. Louis, MO 63167 and 63110.

Murine EAE has been used as a model system for the study of the human disease, 
multiple sclerosis. It is characterized by the presence of primary CNS demyelination, 
similar phenotypes of inflammatory cell infiltrate within the lesion site, and a 
relapsing-remitting clinical course. A number of studies (including our own) within 
the last decade have implicated overproduction of the free radical nitric oxide (NO) 
in the pathogenesis of EAE and MS. Selective inhibition of iNOS resulted in 
amelioration of the clinical severity in EAE mice. We and others have demonstrated 
the presence of nitrotyrosine (NT), a stable marker for the powerful oxidant 
peroxynitrite (PN) formed from the reaction of nitric oxide with superoxide, in the 
spinal cords of EAE-affected mice and most importantly at the sites of active MS 
lesions. We present pharmacologic evidence using the PN decomposition catalyst, 
FeTMPS, in support of a unique role for PN distinct from that for NO and 
superoxide in the pathogenesis of CNS inflammatory demyelination. Mice receiving 
either 10 or 20mg/kg per day FeTMPS showed lower maximum clinical scores and 
fewer deaths than mice treated with the inactive analog TMPS. The reduction in 
clinical severity corresponded to a decrease in NT staining consistent with the 
proposed mechanism of action of FeTMPS. Histologic scoring indicated that 
inflammation and demyelination were significantly attenuated while axonal necrosis 
remained unaffected. Unlike previous results with the iNOS inhibitor 
aminoguanidine, disease incidence or time of disease onset were refractory to PN 
catalyst treatment. Catalyst treatment had no apparent effect on iNOS expression or 
recovery of encephalitogenic T cells. Our findings indicate that PN acts at the 
effector stage of EAE, a role distinct from that for NO in disease pathogenesis. (NIH 
R01-NS37037; Natl. MS Soc. RG2934)

628.9

MODULATION OF IMMUNE RESPONSES TO ADENOVIRAL 
VECTORS IN THE MOUSE BRAIN WITH LOCAL VECTOR 
EXPRESSION OF CTLA4Ig.
M.B, Lee*, A.P. Byrnes, M.J.A. Wood and H.M.Charlton. Dept. of Human Anatomy 

and Genetics, University of Oxford, Oxford, OXI 3QX, United Kingdom.
El-deleted adenoviral vectors are used extensively in experiments for gene delivery in 

the brain and other organs. However, their potential for gene therapy is limited by the 
immune response they elicit. Whilst only transient adenovirus-mediated gene 
expression is observed in peripheral organs of immunocompetent animals, prolonged 
gene expression over a year is achievable in the brain. Nevertheless, these viruses 
induce a T cell-mediated immune response in the brain similar to that seen in other 
organs. Moreover, intracerebral injection of the vector in mice peripherally primed with 
adenovirus results in local demyelination and elimination in marker protein expression. 
Therefore, adenoviral vectors in the brain is a potential target for an adequately primed 
immune system. An effective immunosuppressive strategy is likely to be needed if these 
vectors are to be used in long-term neural gene therapy.

We have examined the use of intracerebral injections of adenoviral vectors expressing 
the murine CTLA4-immunoglobulin fusion protein (CTLA4Ig) as a strategy to 
modulate the local immune response. CTLA4Ig can prevent T cell activation and 
proliferation by blocking the co-stimulatory interactions between antigen presenting 
cells and T cells via the CD28:CD80/CD86 pathways. Adenoviral vectors expressing 
the CTLA4Ig or the lacZ marker gene were co-injected into the striatum of primed and 
unprimed C3H mice. We found that local expression of CTLA4Ig did not significantly 
improve adenoviral vector-mediated lacZ marker gene expression in mice primed with 
the virus. However, there was significant amelioration of the local immune response as 
shown by immunohistochemical examination and analysis of the cytokine and adhesion 
molecule mRNA expression.
(Supported by the MRC, U.K.).

628.10
SOLUBLE RAGE DECREASES SPLENIC CELLULAR ACTIVATION AND 
ACCUMULATION IN A MURINE MODEL OF SYSTEMI AMYLOIDOSIS.

Yan2*1 University of Kentucky .Lexington,KY; 2Columbia University,NY. 
Receptor for Advanced Glycation Endproducts (RAGE) is a member of the

immunoglobulin superfamily of cell surface molecules which serves as a signal 
transduction receptor for 6-sheet fibrils composed of amyloid 6-peptide (A6), 
amylin and prion-derived peptide. Incubation of purified RAGE with preformed 
serum amyloid A (SAA) fibrils or the SAA isoform prone to fibrillogenesis 
(SAA2) resulted in dose-dependent binding with Kd ~60 and 72nM. RAGE 
transfected PC 12 cells displayed enhanced binding, and activation of NF-kB in a 
receptor-dependent manner, as shown by inhibition in the presence of anti-RAGE 
IgG or a truncated form of RAGE spanning the extracellular domain (the latter 
termed soluble or sRAGE). In vivo, treatment of mice with amyloid enhancing 
factor (AEF) and silver nitrate (SN) for five days caused increased levels of SAA, 
and, in the spleen, amyloid deposition, activation of NF-kB, and increased 
expression of RAGE, Interleukin (IL)-6 and macrophage-colony stimulating factor 
(M-CSF). Intraperitoneal treatment of animals with sRAGE (20-100 pg/day) 
suppressed, in a dose-dependent manner, amyloid accumulation and each of the 
above indices of cellular activation. Immunostaining demonstrated that 
systemically administered sRAGE targeted splenic amyloid compared with lack of 
sRAGE accumulation in spleens of control mice. These data indicate that RAGE 
functions as a cell surface receptor for serum amyloid A fibrils transducing their 
signal for cellular perturbation in vitro and in vivo. Based on comparable elevation 
of SAA in plasma of AEF/SN-treated mice, whether treated with sRAGE or not, 
and the lack of effect of sRAGE on AA fibril assembly/disassembly, the soluble 
receptor also appears to promote clearance of tissue amyloid in the vivo milieu. 
(Supported by AG00690, AG14103)
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628.11
A CELL-SURFACE RECEPTOR FOR THE PRION PROTEIN Cashman 
NR*1-2'3. Dodelet V3. Paramithiotis E2. Haghighat A2, Pinard M2. Griffin JK1,
Zou W1, ’Center for Research in Neurodegenerative Diseases, University of 
Toronto; ON Canada M5S 3H2; 2Caprion Pharmaceuticals Inc.; Montreal PQ 
Canada H4P 1P7; 3McGill University; Montreal PQ H3A 2B4.

Mouse and human PrPs were expressed as fusion proteins to human heat- 
stable alkaline phosphatase (PrP-AP). PrP-APs, but not AP alone, bound with 
high affinity (1q  ~ 25nM) in a saturable and displaceable manner to the 
surface of many primary cells and cell lines, particularly mesodermal 
derivatives such as the mouse myoblast cell line G8. Thus, a G8 cDNA library 
was constructed in pCDNA3 for expression cloning of the PrP receptor. 
Xenopus oocytes, which display little or no intrinsic PrP-AP surface binding, 
were microinjected with mRNA synthesized and capped in vitro from pooled 
plasmid clones of the G8 library (~2000 each). A pool conferring PrP-AP 
binding on injected oocytes was subjected to iterative dilution, and a single 
clone was identified encoding an N-terminal fragment of a known 
transmembrane protein. A truncated soluble ectodomain construct of this 
protein was used in a capture ELISA format with the PrP-specific mAb 6H4. 
The candidate receptor binds mouse, human, and bovine cellular prion 
proteins, and PrP80 from brain affected with bovine spongiform 
encephalopathy. Saturable binding to the candidate receptor was observed 
with recombinant bovine PrPc and PrP-AP, consistent with a high affinity 
interaction (K^ -4-10 nM). The identification of an authentic high-affinity 
cell surface receptor for prion proteins enables the development of diagnostics 
and therapeutics based upon this specific interaction. Supported by Caprion 
Pharmaceuticals Inc. and Medical Research Council of Canada.

628.12
CNS INFLAMMATORY, DEMYELINATION OF THE MOUSE SPINAL CORD 
RESULTS IN SECONDARY INJURY TO DESCENDING NEURONS D. Ure* 
and M. Rodriguez. Dept. of Immunology, Mayo Clinic, Rochester, MN 55905.

Using Theiler’s virus infection of SJL/J mice, a model of multiple sclerosis 
(MS), we have investigated the effects of longterm, inflammatory demyelination on 
several populations of descending neurons. Functional connectivity to the spinal 
cord, measured by retrograde labeling, was severely reduced in mice with chronic (8 
month), spinal cord lesions. Retrograde labeling of rubrospinal, 
reticulospinal/raphespinal, and vestibulospinal neurons was decreased by 60%, 
70%, and 93%, respectively, compared to normal mice, even though only 4-16% of 
the spinal cord white matter was lesioned. Axon dropout in lesions was apparent by 
electron microscopy. In the brain typical retrograde responses to axonal injury were 
evident. Cell bodies of descending neurons were shrunken and less basophilic, 
nuclei of rubrospinal neurons were highly indented, and lipofuscin was abundant. 
Activated microglia/macrophages and astrocytes were common in white matter 
tracts of the brainstem and midbrain. Virus could be found immunochemically in 
the brains of chronically infected mice, but no evidence of neuronal infection was 
found. Instead, virus localized to oligodendrocytes by morphologic criteria. 
Importantly, no loss of rubrospinal cell bodies was detected in Nissl-stained 
sections, while vestibulospinal neurons were reduced by only 35%. Motor 
dysfunction was obvious in chronically infected mice. As objectively measured by 
rotarod assay, motor function declined by 65% on average, which correlated best 
with cord lesion load. These results indicate that widespread neuronal pathology can 
occur in the context of inflammatory demyelination and might contribute to 
permanent neurological deficits. Support: NIH NS32129 & MS Society of Canada.

DEGENERATIVE DISEASE: ALZHEIMER’S—PRESENILIN: PROCESSING, 
EXPRESSION AND BIOCHEMISTRY

629.1
INDUCTION OF PRESENILIN 2 EXPRESSION DURING 
NEURONAL DIFFERENTIATION OF MOUSE EMBRYONIC P19 
CELLS.
J.G. Culvenor, G. Evin, M. Cooney, F. Maher, K, Beyreuther+, and C.L.
Masters*. Department of Pathology, University of Melbourne, Parkville, 
Vic 3052, Australia and +ZMBH, 69120 Heidelberg, Germany.

To investigate the role of presenilins in differentiation we have examined 
the expression patterns of presenilin 1 and 2 (PSI, PS2) during the neuronal 
differentiation of mouse embryonic P19 cells with retinoic acid. Western 
blotting with rabbit antibodies to an N-terminal PSI peptide detected mainly 
the N-terminal fragment of PSI which was expressed at constant levels 
during differentiation. In contrast using rabbit antibodies to a PS2 N- 
terminal region peptide we found PS2 was not detected in undifferentiated 
cells but was expressed 2 days after retinoic acid treatment and continued to 
increase with differentiation. PS2 was detected only as the full-length 
protein. PS2 expression preceded APP expression which was detected after 
3 days of retinoic acid treatment. Immunofluorescence labelling indicated 
expression of PS2 was restricted to neuronal cells in these cultures, 
compared with PSI which was expressed in all cells.

The differential expression of these homologous proteins indicates a 
different utilization or modulating role during development.

This work was supported by the Australian NHMRC.

629.2
IS CALCIUM-DEPENDENT INDUCTION OF PAR-4 INVOLVED 
IN THE PATHOGENIC MECHANISM OF PRESENILIN-1 
MUTATIONS? O. Guo*. H. Zhu and M. P. Mattson. Sanders-Brown Research 
Center on Aging and Department of Anatomy & Neurobiology, University of 
Kentucky, Lexington, KY 40536.

We recently identified Par-4 as a novel mediator of neuronal degeneration 
associated with the pathogenesis of Alzheimer's disease (AD) (Nature Med. 4:951- 
962 (1998)). Activation of Par-4 occurs at an early stage of the apoptotic cascade 
prior to caspase activation and mitochondrial dysfunction (see Chan and Mattson, 
this meeting). Mutations in presenilin-1 (PS-1) gene account for many cases of 
inherited AD. We recently generated mutant PS-1 M146V knock-in (PS-lmvKI) 
mice, and reported that hippocampal neurons from these mice exhibit increased 
vulnerability to excitotoxicity and apoptosis (Nature Med. 5:101-107 (1999); J. 
Neurochem. 72:1019-1029 (1999); PNAS 96:4125-4130 (1999)). We now report 
that primary hippocampal and cortical neurons from PS1M146VKI mice exhibit 
dramatically increased induction of Par-4 and apoptosis following exposure to 
thapsigargin, a specific inhibitor of the endoplasmic reticulum calcium ATPase. 
The a-secretase-derived form of P-amyloid precursor protein (sAPPa) suppresses 
Par-4 induction, apparently by stabilizing cellular calcium homeostasis. 
Experiments are in progress to test the hypothesis that induction of Par-4 in neurons 
expressing mutant PSI is triggered by enhanced calcium release from IP3 and/or 
ryanodine sensitive stores, which is required for the pro-apoptotic action of PS 1 
mutations. Preliminary data suggest that PSI interacts with the ryanodine receptor 
complex in primary cortical neurons (see Mattson et al., this meeting). Par-4 may 
be an important mediator of the pro-apoptotic actions of PS 1 mutations, and Par-4 
and endoplasmic reticulum calcium-regulating mechanisms may provide therapeutic 
targets for preventing neuronal degeneration in AD. Supported by the NIA and 
NINDS. Supported by grants to M.P.M. from the NIH (AG 14554, AG05144, 
NS35253. AG10836) and to G.M.M. from the NIH (AG10917).

629.3

EXPRESSION OF PRESENILIN 1, A GENE LINKED TO FAMILIAL
ALZHEIMER’S DISEASE, IN YEAST. P. Mastrangelo. A. Karunaratne. P. Fraser.
P, St. George-Hyslop. C.Bergeron* and D. Westaway. CRND, University of Toronto, 
Toronto, Ont., M5S 3H2.

Presenilin 1 (PSI) is a multi-transmembrane protein that localizes to the 
endoplasmic reticulum (ER) and Golgi of mammalian cells and plays a key role in the 
processing of amyloid precursor protein (APP), leading to the production of 
P-amyloid, a major component of plaques found in the brains of Alzheimer’s disease 
patients. To study the biology of Presenilin (a gene for which there is no yeast 
homologue) and also to make large quantities for structural studies, we expressed PSI 
in a protease deficient strain of Saccharomyces cerevisiae under the glucose 
repressible Gall promoter. Adaptation of a protocol used for isolation of STE2, a 
multi-transmembrane protein, works well and suggests that PS 1 is localized to a 
membrane compartment. The protein co-migrates with full length PSI from 
transgenic mouse brain lysates, as determined by Western blot analysis, but there are 
no N-terminal or C-terminal fragments. Thus yeast appear to have no presenilinase, a 
putative enzyme that cleaves the mammalian PSI protein into two fragments. 
Preliminary findings with immunocytochemistry show that PSI is perinuclear, which 
is consistent with its expression in the ER and Golgi. It is believed that, once 
cleaved, presenilin exists as part of a high molecular weight “active” complex which 
includes P-catenin and perhaps other proteins. To circumvent the possibility that our 
yeast PSI holoprotein is not biologically active we have also expressed the AE10 
mutant form of PSI that is not cleaved in mammalian cells but still is biologically 
active. Future work with these clones will include the co-expression of APP with PSI 
and the study of the effects (if any) on protein trafficking by PSI.

This work was supported by Schering-Plough Corporation

629.4
INTRACELLULAR PROTEIN DEGRADATION AND y-SECRETASE 
ACTIVITY IN PRODUCING DIFFERENT AP SPECIES. R. Wang1*, S.N. 
Ulion1, and G. Thinakaran2. 'Laboratory for Mass Spectrometry, The Rockefeller 
University, 1230 York Ave., New York, NY 10021; Department of Neurobiology, 
Pharmacology & Physiology, University of Chicago, Chicago, IL 60637.

Recent work from our group has shown that familiar Alzheimer’s disease (FAD) 
linked presenilin 1 (PSI) mutations directly affect on P-amyloid protein precursor 
(PAPP) processing and generating different AP species. This direct effect was 
observed in the analysis of AP peptides by immunoprecipitation/mass spectrometry. 
In addition to elevating the ratio of AP1-42/AP1-40, Api-43 peptide was detected in 
both cultured media and cell lysate of cells expressing a specific FAD-linked PSI 
mutation, exon-9 deletion mutation (PS1A9), exclusively. This observation of 
specific Ap peptide species was produced by specific form of PSI mutations reveals 
the connection between PSI and y-secretase. Because the lacks of proteolytic 
cleavage site resulting from the deletion, the PSI A9 exists as an intact molecule. This 
structural difference of PS1A9 from other PSI might affect on its cellular distribution 
as well as intracellular degradation and consequently affect y-secretase cleavage of 
PAPP. Several studies have indicated that the proteasome pathway is involved in both 
processing and degradation of both PSI and PS2. To gain further insight into the 
mechanism by which FAD-linked PSI mutants effect on y-secretase activity, we 
investigated the effect of intracellular protein degradation by proteasome on y- 
secretase cleavage of PAPP by analyzing both secreted and intracellular AP peptides 
from cells stably transfected with human PSI and PAPP genes. Results from this 
study have revealed direct correlation between the proteolytic degradation of PSI and 
AP species generated by y-secretase cleavage of PAPP.
Supported by Grants to R.W. from Alzheimer’s Association (The Stasia Borsuk 
Memorial Fund grant) RG1-96-070.
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629.5
PRESENILINASE, PS-2 20KD C-TERMINAL FRAGMENT (CTF), APP CTFs C99 
& C83 RESIDE MAINLY WITHIN TGN AND ER. Tina L. Tekirian*1, Merriam,
D.E.1, Crowley, A.C.1, Miller. I. Chan, H.1, Buxbaum, J.P.2. Wasco. W.1 Genetics & 
Aging Unit, Dept of Neurology, Massachusetts General Hospital & Harvard Medical 
School1, Charlestown, MA, 02129, U.S.A. & Depts of Psychiatry & Neurology, Mount 
Sinai School of Medicine2, New York, 10029, U.S.A.

Both the Presenilin-1 and Presenilin-2 genes encode respective 6-8 transmembrane 
proteins (PSI & PS2) that are subject to regulated endoproteolytic processing into 
N- and C- terminal fragments. Subcellular distributions of PSI C-terminal 
endoproteolytic fragment (CTF) and N-terminal endoproteolytic fragment (NTF) 
as well as PS2 NTF, but neither the PS2 25kD normal CTF nor the 20kD alternate 
CTF, have been documented [Zhang et al., JBC, v 273, 1998], The main objective 
of the current study was to establish which subcellular compartment(s) contain the 
normal 25kD vs caspase- derived 20kD PS-2 CTFs. Overall, results indicate that 
both the normal PS-2 25kD and alternate 20kD C-terminal fragment (CTF) are 
found in the Golgi, trans- Golgi network (TGN) and endoplasmic reticulum (ER) 
though enrichment of each of these fragments exists within the TGN. Inducible 
expression of mutant N141I PS2 in PS2/APP751 cells indicates an increase in PS2 
holoprotein that coincides with accumulation of PS2 20kD fragment within the 
TGN and ER. Upon examination of membrane- bound material within individual 
subcellular fractions, H4 cells that were stably expressing APP751 revealed APP 
C99 fragment, the substrate necessary for the production of the 4kD beta-amyloid 
peptide, within the TGN and ER. In contrast, induction of the PS2 N141I mutation 
revealed a redistribution of APP C99 to the ER. Overall, the results indicate that 
APP alpha-, beta-, and gamma- secretase activities, presenilinase action, and PS2 
caspase- cleavage required for the generation of the 20kD PS2 alternate 
endoproteolytic fragment can exist within the same intracellular locales, consistent 
with the finding of Wolfe et al. [Nature, v398, 1999], who demonstrate that PSI 
can act as a presenilinase.
NIH Individual NRSA Postdoctoral Fellowship F32AG05817A01 (TLT) & French 
Foundation Postdoctoral Fellowship (TLT), NIH Award NS35978 (WW) and Pew Scholar’s 
Award (WW).

629.6
THE N141I PRESENILIN 2 FAMILIAL ALZHEIMER MUTATION IS 
ASSOCIATED WITH ABATED PROTEASOMAL DEGRADATION AND 
REDUCED CAPACITATIVE CALCIUM ENTRY.
T.-W. Kim?A. S. Yoo and R. E. Tanzi. Genetics and Aging Unit, Massachusetts 
General Hospital, Harvard Medical School, MA 02129.

Perturbed Ca2+ homeostasis is one of the characteristic molecular phenotypes 
associated with presenilin Familial Alzheimer’s disease (FAD) mutations. We 
initially observed that SH-SY5Y cells stably expressing N141I FAD mutant forms 
of PS2 exhibited an increased tendency to form ubiquitin-positive, high molecular 
weight aggregates consisting of misfolded PS2, as compared to cells expressing wild- 
type PS 2. These PS 2 aggregates may be derived from recently described novel 
structures termed “aggresomes”. We examined the potential contribution of 
dysfunctional Ca2+ regulation on the enhanced occurrence of PS2 aggregates observed 
in mutant PS2 cells. Among various pharmacological reagents related to Ca2+ 
metabolism that were tested, SKF96365, an inhibitor of capacitative Ca2+ entry 
(CCE), inhibited proteasomal degradation of PS2, and led to greater accumulation of 
ubiquitinated PS2 aggregates in both wild-type and mutant PS2 cells as compared to 
untreated cells. CCE is calcium entry through the plasma membrane CCE channel in 
response to the depletion of intracellular calcium stores. Reduced CCE has previously 
shown to be associated with growth arrest and apoptosis. In contrast to SKF96365, 
calcium ionopore A23187 or SERCA inhibitor thapsigargin, had no effects on 
aggregate formation. When CCE was induced, cells expressing mutant PS2 exhibited 
a reduced but more sustained increase in cytosolic free Ca2+, which could be abolished 
by treatment with SKF96365, as compared to wild-type, indicating that CCE is 
altered by the N141I FAD mutation. We have also found that aggregate formation 
induced by treatment of cells with a proteasome inhibitor greatly reduced CCE, 
raising the possibility of cross-talk between aggresome formation and reduced CCE. 
Our data suggest that the N141I FAD mutation affects two closely related cellular 
events: increased formation of aggresomes and reduced CCE. These may be important 
molecular consequences associated with FAD-linked neurodegeneration. [NIH & 
Partners Healthcare]

629.7

ANALYSIS OF THE TRANSMEMBRANE DOMAINS OF PRESENILIN-1 
F.B.M. Reinhard, P. JSkala, K. Krieglstein*2. C. Masters1, K, Bevreuther and A,
Weidemann: Zentrum fur Molekulare Biologie Heidelberg, ZMBH, INF 282, D- 
69120 Heidelberg, Germany; ‘Dept.of Pathology, University of Melbourne, 
Parkville, Victoria 3052, Australia, 2Institut fiir Neuroanatomie, INF 307, D- 
69120 Heidelberg, Germany

Missense mutations in the presenilin genes (PS 1/2) are causative for early onset 
familial Alzheimer’s disease by influencing the pathway leading to increased 
production of the longer form of the Ap peptide (AP 42), that is proteolytically 
derived from the amyloid precursor protein (APP). The metabolism of the 
presenilins includes proteolytic processing by an unknown protease that cleaves 
the full-length protein generating an N-terminal (NTF) and C-terminal fragment 
(CTF). Both fragments form a heterodimer, representing the physiologically active 
form.

Analysis of the amino acid sequences of the predicted transmembrane domains 
of PSI revealed four potentially charged residues (Lys 97 in TM1, Asp 253 in 
TM6 and Asp 381/Lys 391 in TM7). In numerous other membrane proteins the 
energetically disfavoured integration of charged residues into the hydrophobic 
membranes is linked to a physiological function such as protein-protein 
interaction, correct folding, channel formation, enzymatic activity or ER-retention.

To investigate the possible function of the charged residues in the presenilin 
transmembrane domains, we generated mutants in which the charged residues were 
singly exchanged to Ala and a double Asp/Ala mutant, as well as conservative 
exchanges from Asp to Glu. These mutants were analysed in regard to 
posttranslatational modifications e.g. presenilinase cleavage, NTF/CTF hetero- 
dimerisation, formation of high molecular weight complexes and AP production.

Both types of charged residues (Lys and Asp) were found to be critical for the 
function of presenilin-1. However, the data observed so far do not support the 
hypothesis of PSI being the y-secretase itself as suggested by others.

629.8

Presenilin -1 Regulates  neurite  outgrowth  by  controling  
ASSEMBLY AND DISASSEMBLY OF NEUROFILAMENTS. W.K.Dowjat1, 
T.Wisniewski1,2. H.M.Wisniewski1* Institute for Basic Research in 
Developmental Disabilities1 , Staten Island, NY 10314; Dept. Neurology, 
NYU School of Medicine, New York, NY 10016

Mutations in the presenilinl and 2 (PS1/PS2) are responsible for the 
majority of early onset familial Alzheimer’s disease (FAD) cases. To help 
eluciate the mechanisms by which mutations in the PSI gene are linked to 
FAD, we stably transfected mouse neuroblastoma cell lines with the wild- 
type PSI (wt) gene or with two different FAD linked PSI mutations (PSI 
P117L or PSI M146L). We found that overexpression of the wt gene 
induces, while the mutant PSI gene inhibits neurite outgrowth. Significantly, 
the cellular distribution of PSI and NF-H subunit of neurofilament 
immunoreactivity differed in mutant versus wt transfected cells. PSI 
immunreactivity was found in the neurites of wt cells, while in mutant cells 
the immunolabeling accumulated at one pole, forming a cup. NF-H 
immunolabeling in wt cells was found in long filaments within neurites, 
while in mutant cells the staining was granular in a cup pattern. In double 
labeling experiments the PSI and NF-H, in part, co-localized. On 
immunoblots wt and mutant transfected cells showed phenotype specific 
patterns with either anti-PS 1 or NF-H antibodies. This data indicates PSI is 
involved in regulating both neurite outgrowth and possibly neurofilament 
assembly and disassembly. These results provide an alterative pathway by 
which FAD linked PSI mutations may be involved in the neuronal and 
synaptic loss characteristic of AD. Supported by AG08051 and AG15408.

629.9

AN IN VITRO AB GENERATION ASSAY: A TOOL lb. 
IDENTIFICATION OF y-SECRETASE SPECIFIC INHIBITORS AND Fb.. 
BIOCHEMICAL ANALYSES
K. Fechteler1, M, Kostka1, J. Walter*2; ‘Boehringer Ingelheim Pharma KG, Dept. of 
CNS Research, 55216 Ingelheim, Germany; 2Central Institute of Mental Health, 
Dept. of Molecular Biology, J5, 68159 Mannheim, Germany.

Alzheimer’s disease (AD) is the most common cause of dementia affecting 
millions of people worldwide. Accumulation of the amyloid B peptide (AB) into 
amyloid plaques predominantly in the cerebral cortex is an early and consistent 
event in the pathogenesis of AD. We have developed a cell-free assay to distinguish 
between compounds that might modulate AB, secretion (determined by an AB40- and 
AB42- specific ELISA) through a more general inhibitory mechanism, and those 
compounds that directly interfere with AB generation by inhibition of the y- 
secretase. A membrane fraction containing the substrate for the y-secretase, APP- 
C100, incorporated into the membrane, is utilized to monitor AB40 and AB42 
generation in vitro. After incubation of this membrane fraction under optimized 
buffer conditions, AB is measured via a combined immunoprecipitation/westem 
blotting procedure. Time- and pH-dependence was also determined. The results 
obtained support the hypothesis that y-secretase activity is present in a non-acidic 
subcellular compartment early in the secretory pathway as the endoplasmic 
reticulum (ER) and the Golgi. The presenilin (PS) proteins, PSI and PS2, shown to 
be involved in the AB generation, can be detected in this membrane fraction. They 
may be y-secretases themselves, activators of this protease or perhaps trafficking 
proteins that transport the substrates into compartments, where y-secretases are 
localized. We are currently continuing our biochemical analyses of this membrane 
fraction. In summary, we consider this cell-free AB generation assay to be an elegant 
tool that is very useful for further biochemical analyses and for the identification 
and validation of specific y-secretase inhibitors.

629.10

Carboxyl-terminal fragments of presenllin-1 are closely 
related to cytoskeletal abnormalities in Alzheimer's brains.
Y. Tomidokoro,* K. Ishiguro, Y. Igeta, E. Matsubara, M. Kanai, M.
Shizuka, T. Kawarabayashi, Y. Harigaya, K. Okamoto, and M. Shoji
Dept. of Neurology, Gunma Univ. Sen. of Med. Maebashi, Gunma
371-8511 Japan.

Missence mutations of the presenilin-1 (PS-1) in chromosome 14 
and presenilin-2 in chromosome 1 are causative genes associated with 
early onset Alzheimer’s disease (AD) in AD3 and AD4 families. To 
clarify the role of PS-1 in the pathology of AD brains, we tested four 
antisera to PS-1. The specific antisera to the N-terminus (HSN-2) and 
C-terminus (HS-C) of PS-1 detected a 44/40kD holoprotein, a 25kD 
N-terminal fragment (NTF) and a 16kD C-terminal fragment (CTF) of 
PS-1 in COS-7 cells. The 25kD NTF and 16kD CTF were observed in 
human brains, and their amounts were not significantly different between 
the control and AD brains. The antibody HS-C labeled extensive 
neurofibrillary tangles, dystrophic neurites and curly fibers in the AD 
brains. In the paired helical filament (PHF) fraction containing A68 
protein from AD brains, a smear pattern of CTFs was revealed. Antisera 
(HS-L292 and HS-L300) to cleavage sites of PS-1 also revealed 
immunoreactive neurofibrillary tangles in the AD brain sections and 
the smear pattern of CTFs of A68 protein fraction. The CTFs of PS-1 
accumulate with PHF tau, suggesting a close relationship between 
PS-1 and cytoskeletal abnormalities in AD brains.
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629.11
ROLES OF PROTEASOME INHIBITION AND AGGRESOME FORMATION IN 
APOPTOSIS OF FAD MUTANT PRESENILIN CELLS. D.M. Kovacs*. I, 
Kovacs, S.J, Na and R.E, Tanzi, Genetics and Aging Unit, Dept. of Neurology, 
Massachusetts General Hospital and Harvard Medical School, Charlestown, MA 
02129.

We previously found that stable transfection of human neuroglioma cells 
with FAD mutant presenilin 1 (PSI) caused increased sensitivity to apoptosis 
owing to enhanced caspase activation. However, experiments in immortalized 
lymphocyte cell lines from PSI FAD patients and age-matched controls could not 
definitively confirm this result due to extreme variability in caspase activation 
amongst different cell lines. Pretreatment of multiple FAD mutant and control 
lymphocyte cell lines with the proteasome inhibitor MG 132 prior to staurosporine 
resulted in a small increase in caspase activation in the FAD mutant lines. To 
further explore the mechanism of caspase activation in the presence of MG 132, we 
attempted to correlate this finding with aggresome formation. Aggresomes are novel 
pericentriolar organelles formed in response to proteasome inhibition, containing 
ubiquitinated aggregates of insoluble PSI and other proteins enmeshed by a 
vimentin cage. We used fluorescent confocal microscopy to detect aggresome 
formation in the MG132-treated lymphocyte cell lines. Aggresome formation was 
cell-type dependent. 4 different lymphocyte lines did not express detectable amounts 
of vimentin, and MG 132 treatment resulted in small aggregates of only PSI in an 
ER-like compartment. In contrast, 30% of CHO cells stably transfected with either 
wt or FAD mutant PS 1 or PS2 exhibited “classic” aggresomes with both PS 1 and 
PS2 localized to pericentriolar vimentin-positive aggregates. The presenilins were 
also found in patchy aggregates in the ER. Ten H4 neuroglioma cell lines stably 
transfected with wt and FAD mutant PSI showed collapsed vimentin associated with 
PSI after treatment with MG 132, lacking clear aggresomal structure. Additional 
studies are aimed at further exploring the relationship between proteasome 
inhibition, aggresome formation, caspase activation, and AB production in FAD. 
(Supported by grants from the NINDS and the NIA)

629.12

EFFECT OF PRESENILIN-2 OVEREXPRESSION ON CULTURED 
CORTICAL NEURONS. W,.ArakiT. K..Yuasa2. S. Taksda2, K. Shirotani1. 

K, Takahashi' and T. Tabira1, ’Division of Demyelinating Disease and 
Aging, 2Division of Molecular Genetics, National Institute of Neuroscience, 
NCNP, Kodaira, Tokyo 187-8502, Japan.

The physiological functions of presenilin-1 (PSI) and presenilin-2 (PS2) 
are not known, but recent studies have implicated presenilins in apoptosis. In 
this report we used recombinant adenovirus expressing wild-type PS2 (Ax- 
PS2wt) or N1411 mutant PS2 (Ax-PS2mu) to examine the effects of PS2 
overexpression on neurons. After primary rat cortical neurons were infected 
with Ax-PS2, PS2 expression was examined by immunoblot and 
immunohistochemistry with PS2 antibodies, and neuronal survival was 
assessed by counting the number of microtubule associated protein 2- 
positive neurons. Immunoblot showed that infected cells contained full- 
length PS2 and increased amounts of N- and C-terminal fragments of PS2. 
Immunohistochemical staining demonstrated that immunoreactivity for PS2 
was enhanced in infected neurons, although the staining intensity was 
variable among cells. PS2 immunoreactivity was localized in cell bodies and 
proximal neurites. Neuronal survival was slightly decreased in cells infected 
with Ax-PS2wt or Ax-PS2mu, as compared with non-infected cells or cells 
infected with recombinant adenovirus expressing LacZ; Ax-PS2wt and Ax- 
^S2mu had almost equal effects on cell survival. These results suggest that 
PS2 overexpression affects cellular viability of cultured cortical neurons. 
Supported by a Research on Brain Science grant from the Ministry of Health 
and Welfare.

PHARMACOLOGICAL AGENTS: TYPICAL AND ATYPICAL ANTIPSYCHOTICS; 
PRECLINICAL STUDIES

630.1 630.2

IN VITRO BINDING PROFILE OF SM-13496, A NOVEL ATYPICAL 
ANTIPSYCHOTIC AGENT.
K, Yabuuchi. T, Horisawa, T. Ishibashi and Y. Ohno*. Res. Cent., Sumitomo 
Pharmaceuticals Co., Ltd., Konohana-ku, Osaka 554-0022, Japan.

SM-13496 is a novel atypical antipsychotic drug with potential mood stabilizing 
effects. Behavioral studies have shown that this agent has an extremely weak 
liability for extrapyramidal and CNS depressive side effects with much higher 
therapeutic indices than other atypical and typical antipsychotics. We examined 
here, the in vitro binding profile of SM-13496 and compared it with other 
antipsychotics (haloperidol, chlorpromazine, clozapine, risperidone and olanzapine). 
SM-13496 showed high affinities to dopamine D2 (Ki=1.7 nM), 5-HT2A (2.0 nM), 5- 
HTia  (6.8 nM), 5-HT7 (0.50 nM) and adrenaline a2c (11 nM) receptors. SM- 
13496 showed relatively weak affinities to a2A and ct.t receptors and did not interact 
with histamine Hh muscarinic or several other neurotransmitter receptors. The 
binding affinity to the D2 receptor was similar to that of haloperidol and risperidone 
but was higher than that of chlorpromazine, olanzapine and clozapine. The 
binding affinities to the 5-HT2A receptor among conventional and atypical 
antipsychotics were as follows, risperidone > SM-13496 > olanzapine > clozapine > 
chlorpromazine > haloperidol, suggesting a potential role of 5-HT2A antagonism by 
SM-13496 in its atypical antipsychotic properties. Furthermore, the rank orders of 
affinities to other receptors were as follows, 5-HT)A; SM-13496 > clozapine > 
risperidone > haloperidol = chlorpromazine, 5-HT7; SM-13496 > risperidone > 
clozapine > chlorpromazine > haloperidol = olanzapine, a2c; SM-13496 = 
risperidone > clozapine > chlorpromazine > haloperidol, c^; risperidone > 
chlorpromazine > clozapine = haloperidol > SM-13496, Hi; clozapine > risperidone 
> chlorpromazine > haloperidol > SM-13496. These receptor binding profiles 
may also account for the atypical and non-sedative antipsychotic properties of SM- 
13496.

EXPRESSION AND DITRIBUTION OF C-FOS-LIKE 
IMMUNOREACTIVITY IN RAT BRAIN AFTER SINGLE 
ADMINISTRATION OF NEUROLEPTICS R. Nakamura^N, 
KurokiLK.-Njizato1, S. Iritani1, T. Arai 2, K, Ikcda2, and H.
Kazamaturi1 ^Dept. of Psy. Tokyo Metropolitan Matsuzawa hosp., Tokyo 
156-0057 Japan; 2Dept. of Neuropathology, Tokyo Institute of Psychiatry, 
Tokyo 156-8585 Japan.

At the present time, ten wistar male rats were used to 
investigate the expression of c-fos-like immunoreactivity in the brain 
after single administration of neuroleptics. The regular doses of 
risperidone (0.133mg/kg), sultopride (13.3mg/kg), haloperidol 
(0.167mg/kg) and higher dose of haloperidol (1 mg/kg) were provided 
for intraperitoneal injection, and 1ml of physiological saline was 
provided for control. After 2 hours of intraperitoneal injection, rats 
were sacrificed by perfusion of 4% buffered formalin, and 30Atm of 
sagital serial sections were made by cryostat. Staining procedure has 
done according to ABC method. The expression of c-fos-like 
immunoreactivity in supramammilary nucleus (SuM) was increased 
with risperidone and higher dose of haloperidol. In the accumbens 
shell, relatively stronger expression of c-fos-like immunoreactivity 
was observed with sultopride than other neuroleptics. It might be 
considered that the expression of c-fos-like immunoreactivity in SuM 
is reflected the anti-serotonergic action of the risperidone.

630.3

DIFFERENTIAL EFFECT OF TYPICAL AND ATYPICAL ANTIPSYCHOTICS 
ON FOS-LIKE-IMMUNOREACTIVITY IN THE EXTENDED AMYGDALA 
A Pinna and M. Morelli *
Department of Toxicology, University of Cagliari, Viale Diaz 182, 09126 Cagliari, 
ITALY

The extended amygdala is composed by the central and medial amygdaloid nucleus 
which through the sublenticular extended amygdala (SLEA) and the interstitial nucleus 
of posterior limb of the anterior commissure (IP AC) merge into the bed nucleus of stria 
terminalis (BST). Based on anatomical connections with limbic areas, the extended 
amygdala has been proposed to play an important role in cognitive and affective 
processes. Expression of the early-gene c-fos, estimated by Fos-like-immunoreactivity 
(FLI), is an useful method for studying potential sites of action of drugs active in the 
CNS. In order to examine the effect of antipsychotics in the extended amygdala, we 
studied FLI induced by atypical (clozapine) and classical (haloperidol) antipsychotics or 
by olanzapine and risperidone, which have a mixed profile. Acute administration of 
clozapine (10-20 mg/kg) induced FLI in the central amygdaloid nucleus (Ce), IP AC, 
SLEA, BST lateral division and, as previously described, in areas connected to the 
extended amygdala such as the prefrontal cortex (PFCX) and nucleus accumbens shell. 
In contrast, acute administration of haloperidol (0.1-1 mg/kg) failed to induce FLI in the 
BST lateral division and SLEA while increased FLI in the IP AC. A small increase in 
FLI was observed in the Ce after 0.1 but not after 1 mg/kg of haloperidol. Acute 
administration of olanzapine (5-10 mg/kg) produced an increase in FLI similar to that of 
clozapine in the extended amygdala, while a more marked increase in FLI was observed 
in the striatum. In contrast, similarly to that observed after haloperidol, risperidone (1 
mg/kg) did not induced FLI in BST and induced a small increase in FLI in the Ce, 
although differently from haloperidol an increase in FLI in PFCX was observed. The 
present results show that areas belonging to the extended amygdala are preferentially 
involved in the pharmacological effects of atypical as compared to classical 
antipsychotics.

630.4
INVOLVEMENT OF NEUROTENSIN RECEPTOR ACTIVATION IN 
ANTIPSYCHOTIC DRUG INDUCED FOS EXPRESSION.
E. Binder*. M.J. Owens, C.B. Nemeroff, Dept. of Psychiatry and Behavioral 
Sciences, Emory Univ. Sch. Med., Atlanta, GA 30322
Antipsychotic drugs (APDs) have been shown to alter immediate early gene 
expression (IEG), including Fos expression in a regionally specific manner. 
Increases in Fos expression in the nucleus accumbens (NA) are common to all 
clinically effective APDs. In contrast, APD-induced Fos increases in the caudate- 
putamen (CPu) or prefrontal cortex (PFC) are associated with extrapyramidal side 
effect liability (haloperidol) or effectiveness against negative symptoms (olanzapine 
and clozapine), respectively. Considerable evidence suggests that increased release 
of the neuropeptide neurotensin (NT) mediates some of the effects of APDs. To 
determine whether NT receptor activation is essential for APD-induced IEG 
expression, the NT receptor antagonist SR 142948A (10 or 100 Mg/kg i.p.) was 
coadministered with APDs [haloperidol (0.5 or 2.0 mg/kg s.c.), olanzapine (5 or 10 
mg/kg i.p.) or clozapine (20 mg/kg s.c.)] or the respective vehicle to male Sprague 
Dawley rats. Fos expression was then evaluated via immunohistochemistry in five 
different brain regions: the PFC, the NA, the dorsomedial and dorsolateral CPu and 
the lateral septum. SR 142948A attenuated haloperidol-induced Fos expression in 
the NA and the CPu; opposite effects were observed with olanzapine, in that the NT 
receptor antagonist dose-dependently increased Fos expression in the CPu 
following the lower, but not higher, dose of olanzapine. NT might therefore 
mediate some of the side effect profile of APDs. Interestingly, SR 142948A did not 
alter clozapine induced Fos expression in any of the examined brain regions. These 
results suggest a differential involvement of NT receptor activation in APD-induced 
Fos expression following typical (haloperidol) versus atypical (olanzapine and 
clozapine) APD administration. (NIH MH-39415)
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630.5
EFFECTS OF D4 RECEPTOR ANTAGONISTS ON PHOSPHOLIPID 
METHYLATION STIMULATED BY VARIED CONCENTRATIONS OF 
DOPAMINE. W. Tan* and R.C. Deth. Department of Pharmaceutical Sciences, 
Northeastern University, Boston, MA 02115.

D4 receptor (D4R) antagonists haloperidol (HAL) and clozapine (CLOZ) are used 
as typical and atypical drugs for schizophrenia. Recently D4Rs have been 
demonstrated to mediate membrane phospholipid methylation (PLM) and PLM is 
reduced in schizophrenia. Therefore, the actions of D4R antagonists on PLM were 
studied. The effects of HAL, CLOZ and the potent, highly D4R-selective antagonist 
L-745870 on dopamine (DA)-stimulated PLM ([DA]=1, 10 or lOOpM) were studied 
in SK-N-MC cells using [14C] formic acid to label the single-carbon pool. HAL, 
CLOZ, and L-745870 each caused a dose-dependent decrease in lpM DA- 
stimulated PLM, however, in the case of HAL a complex pattern of inhibition was 
observed, consisting of a higher affinity component (Ki=3.3nM) and a lower affinity 
component (Ki=267nM). CLOZ and L-745870 each yielded a monophasic 
inhibition with Ki values of 89 and 1.7nM respectively. When the concentration of 
DA was increased to 10pM, HAL again showed a complex effect including an 
initial decrease in PLM of 30% followed by a 50% augmentation of PLM at lOOnM 
and a dramatic decrease at higher concentration. CLOZ showed no clear effect until 
lOOnM after which inhibition occurred with a Ki value of 223nM. At lOpM DA L- 
745870 continued to show a monotonic inhibition with a Ki value of 7.7nM. Most 
interesting, when the concentration of DA was increased to 100pM, neither HAL 
nor CLOZ could reduce PLM to the 50% level even at concentrations up to 30pM, 
while L-745870 again yielded full inhibition with a Ki value of 2nM. Thus while L- 
745870 caused classical antagonism at all concentrations of DA, HAL and CLOZ 
failed to show normal antagonism of DA-stimulated PLM, especially at higher 
agonist levels. Moreover, HAL actually increased PLM under certain circumstances. 
These results suggest distinctive modes of interactions for each of these agents with 
the D4R, which might be related to their therapeutic efficacy in treating 
schizophrenia.

630.6

ANTICHOLINESTERASE ACTIVITY: COMPARATIVE STUDY OF 
SEVERAL DOPAMINE RECEPTORS ANTAGONISTS D, Gidali1. L.F, 
Felicio1. A,G Nasello2* *Dept. of Pathology, School of Veterinary 
Medicine, University of Sao Paulo; 2Dept of Physiological Science, 
Medical School of Santa Casa de Sao Paulo, SP, 01277-900.

Drug-induced plasmatic and striatal cholinesterase activity inhibition 
were evaluated. The dopamine receptor antagonists haloperidol (HAL), 
chlorpromazine (CPZ), thioridazine (TIO), fluphenazine (FLU), clozapine 
(CLO) and sulpiride (SULP), used as antipsychotics, were tested. Two 
biochemicals parameters were measured in vitro: the minimal effective 
concentration (MEC) for cholinesterase inhibition and the 50% inhibitory 
concentration (IC50) Rats were also tested for rotational activity after an 
unilateral intrastriatal injection of the antipsychotics drugs. The doses were 
the IC30S previously determined. After the striatal drug injection, rats 
received a single i.p. amphetamine injection (5mg.ml'1) to stimulate 
rotation. All drugs tested decreased the cholinesterase activity. Plasma 
MEC for TIO, FLU, HAL, and CPZ were lower than for CLO and SULP. 
In striatum the MEC for TIO, CPZ and FLU were lower than for HAL. 
According to plasmatic IC30, TIO, CLO and CPZ are potent inhibitors. Into 
striatum, CLO had the lowest potency. TIO had the best potency in plasma 
and striatum. In conclusion, anticholinesterase activity is related to 
anticholinergic activity and it is not related to D2 receptor blockade and 
antipsychotic potency. All drugs induced similar contralateral rotation. 
Equivalent cholinesterase inhibitory concentrations were used for all 
drugs. These data suggest the participation of an important cholinergic 
component in this behavior. Financial support: FAPESP and CNPq.

630.7
LONG-TERM EFFECTS OF OLANZAPINE, RISPERIDONE, AND 
QUETIAPINE ON CORTICAL AND STRIATOLIMBIC DOPAMINE D2-LIKE 
AND D4 RECEPTORS. F.I. Tarazi*. K. Zhang, and R.J. Baldessarini. 
Department of Psychiatry & Neuroscience Program, Harvard Medical School; 
Mailman Research Center, McLean Hospital, Belmont, MA 02478.

Computerized in vitro receptor autoradiography was used to examine changes 
in dopamine D2-like and D4 receptor binding following 28d treatment of rats with 
three atypical antipsychotics: olanzapine (OLZ; 5.0), risperidone (RSP; 3.0), and 
quetiapine (QTP; 10 mg/kg/d) via osmotic minipumps. D2-like (D2/D3/D4) 
receptors were quantified with 1.0 nM [3H]nemonapride, and D4 receptors were 
assayed with 1.0 nM [3H]nemonapride plus 300 nM S(-)-raclopride to occlude 
D2/D3 receptors, as well as 100 nM pindolol and 500 nM 1,3-ditolylguanidine 
(DTG) to mask 5HTia  and sigma sites, respectively. OLZ and RSP significantly 
increased D2-like binding in medial prefrontal cortex (MPC; by 67% and 34%, 
respectively), hippocampus (HIP; 53%, 30%), and nucleus accumbens (NAc; 37%, 
28%). In addition, OLZ and RSP increased D4 binding in caudate-putamen (CPu; 
61%, 37%), HIP (61%, 37%), and NAc (65%, 32%). This pattern suggests that 
antipsychotic effects of OLZ and RSP may, in part, be mediated by D2-like 
receptors in MPC, HIP, and NAc and by D4 receptors in CPu, HIP, and NAc. 
However, the significant elevation of D2-like receptors in CPu by both OLZ and 
RSP resembles that found with typical neuroleptics [1,2] and is consistent with the 
ability of OLZ and RSP to induce some extrapyramidal side effects. The lack of 
change in D2-like and D4 receptor levels in all brain regions examined after long-
term administration of QTP suggests that non-dopaminergic mechanisms may 
contribute to its antipsychotic effects. Supported by NIMH grants MH-19905 
(FIT), MH-34006, and MH-47370, Bruce J. Anderson Foundation, and McLean 
Neuropharmacology Research Fund (RJB). [1] Tarazi et al., Neuroscience 78: 985- 
996 (1997), [2] Tarazi et al., Neuropsychopharmacology 17: 186-196 (1997).

630.8

SUB-CHRONIC RISPERIDONE PRODUCES SIMILAR BEHAVIORAL 
AND NEUROCHEMICAL PROFILES AS SUB-CHRONIC CLOZAPINE IN 
RATS. P.J, Kruzich* and R.E, See, Dept. of Physiology and Neuroscience, 
Medical University of South Carolina, Charleston, SC 29425.

Classification of antipsychotic drugs as either “typical” or “atypical” has been 
largely based on their propensity to induce extrapyramidal side effects and alter 
release and metabolism of striatal dopamine (DA). In this study, rats received 3 
weeks daily s.c. injections of 0.05 or 0.5 mg/kg risperidone (RIS), 20 mg/kg 
clozapine (CLO), 0.5 mg/kg haloperidol (HAL), 0.5 mg/kg HAL + 1.0 mg/kg 
ritanserin (HAL+RIT), or vehicle (VEH). Catalepsy was screened on days 1, 7, and 
21 with the bar and paw tests. In vivo microdialysis was performed on day 22 to 
measure possible alterations in basal and D2 antagonist (raclopride) challenged 
efflux of extracellular DA and DA metabolites in the caudate-putamen. Treatment 
with HAL or HAL+RIT significantly induced catalepsy on day 1, while RIS, CLO, 
or VEH did not significantly induce catalepsy. There were no indications of 
catalepsy in any group on days 7 or 21. Basal levels of DA, dihydroxyphenylacetic 
acid (DOPAC), and homovanillic acid (HVA) were equal across all groups on day 
22. HAL rats showed a significantly lower increase in extracellular DA, DOPAC, 
and HVA in response to raclopride when compared to the RIS, CLO, and VEH 
groups. Extracellular DA levels in the HAL+RIT rats did not differ from the RIS, 
CLO, or VEH groups after raclopride. However, HAL+RIT rats showed diminished 
DOPAC and HVA levels compared to RIS, CLO, and VEH groups in response to 
raclopride. There were no differences in extracellular DA, DOPAC, or HVA levels 
between RIS, CLO, or VEH groups following raclopride. These results suggest that 
sub-chronic RIS has a similar behavioral and neurochemical profile as sub-chronic 
CLO. Additionally, co-administration of RIT (a 5-HT2a /c  antagonist) with HAL 
attenuates tolerance of extracellular DA efflux normally associated with repeated 
administration of HAL.
(Supported by the State of Washington)

630.9 630.10
EFFECTS OF OLANZAPINE ON NMDA RECEPTOR-MEDIATED NEURO-
TRANSMISSION IN CELLS OF THE MEDIAL PREFRONTAL CORTEX AND 
HIPPOCAMPUS. K.E, Jardemark, X. Liang, V, Arvanov and R.Y. Wang*. Dept. 
of Psychiatry, SUNY/SB, Stony Brook, NY 11794-8790.

We have proposed that atypical antipsychotic drugs (APDs) may share a common 
property to facilitate NMDA receptor-mediated transmission in cells of the rat medial 
prefrontal cortex (mPFC) and hippocampus, which may account for the purported 
ability of these compounds to reduce schizophrenic negative symptoms and improve 
cognitive functions. In this study, we have systematically examined the effect of 
olanzapine on NMDA transmission in the mPFC and hippocampus. Olanzapine (5 -10 
nM) effectively facilitated NMDA-induced inward current in pyramidal cells of the 
mPFC and CA1 hippocampus. However, at higher concentrations (0.1-1 pM), the 
facilitating effect of olanzapine diminished, i.e., the concentration-response 
relationship of the effect of olanzapine was biphasic. The concentration-response curve 
for olanzapine to prevent phencyclidine-induced blockade of NMDA responses in the 
mPFC cells was also biphasic. Olanzapine enhanced the induction of long-term 
potentiation in the hippocampal CA1 area. Again, the concentration-response curve of 
olanzapine appeared to be an inverted U. It is not clear at present what may account for 
the biphasic effect of olanzapine. We have previously shown that subchronic treatment 
with either clozapine or haloperidol produced a desensitized response of mPFC cells to 
NMDA. Analogous to the effect seen after subchronic treatment with APDs, repeated 
exposure of rats to olanzapine (1, 5, or 10 mg/kg/day, i.p. for 21 days) induced a 
marked rightward shift in the concentration-response curve of mPFC cells to NMDA. 
In these rats, acute challenge with either olanzapine (5 nM) or clozapine (100 nM) was 
significantly less effective in facilitating NMDA responses compared to vehicle 
controls (1 ml/kg/day, i.p., for 21 days). Taken together, these results suggest that 
similar to the action of clozapine, olanzapine enhanced NMDA receptor-mediated 
transmission in the mPFC and hippocampus. A desensitized response of mPFC cells to 
NMDA produced by subchronic treatment with olanzapine might be a compensatory 
response (Supported by Eli Lilly and Company and Brain Foundation of Sweden).

EFFECTS OF ANTIPSYCHOTIC DRUGS AND METHAMPHETAMIN 
E ON SINGLE UNIT ACTIVITIES IN RAT PREFRONTAL CORTEX. 
l.H,,langT. YK-Kini1. Y.M—qhung. y.K. Chung*. H.S. Ahn*. M.W.
hing_tNeuroscience Laboratory ,Institute for Medical , Sciences,
Department of Psychiatry and Department of psychology , Ajou
University, Suwon, 442-721, Korea.

Several lines of evidence strongly suggest involvement of prefrontal
cortex (PFC) in schizophrenia. In contrast to abundant anatomical and 
neurochemical studies, however, electrophysiological approaches have 
seldom been employed to address the role of PFC in schizophrenia. In th 
e present study we tested effects of two antipsychotic drugs, haloperidol 
and clozapine, and methamphetamine on activities of single units m PFC. 
Adult male Sprague-Dawley rats were anesthetized with sodium 
pentobarbital or urethane and single unit recordings were made in the 
medial PFC using tetrode" recording technique. All drugs were delivered 
by IP injection. Both clozapine (20mg/Kg) and haloperidol (lmg/Kg) 
enhanced spontaneous discharge rates in the majority of cases, although 
some neurons decreased their Tiring rates or did not respond to treatment 
of the drugs. These effects were not due to vehicle injection or changes 
in the anesthesia level. These results indicate that haloperidol and 
clozapine enhance output of the PFC, which may in turn influence 
activities of other brain structures to help alleviate schizophrenic 
symptoms. Quite different results were obtained with methamphetamine 
(4mg/Kg). The most frequently observed pattern was a transient (10-20 
mm) increase of discharge rates followed by a reduction to or below 
baseline firing rates. This result suggests a biphasic modulation of PFC 
neural. activity by dopamine, i.e. PFC neural activity is enhanced by a 
small increase of dopamine level in the brain, but suppressed by a Jarge 
mcrease. Other equally likely interpretations are possible, however, such 

wjfected methamphetamine reaches different brain areas with 
different time courses. Overall, the present results point importance of 
dopamine m regulating PFC neural activity.
Supported by. the KOSEF through the Brain Disease Research Center at 
Ajou University.
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630.11
EVALUATION OF DOPAMINE D-2 RECEPTOR OCCUPANCY IN 
VIVO BY CLOZAPINE IN RODENTS USING 18F-FALLYPRIDE. J. 
Mukherjee*, T.K. Narayanan, B. Shi and B. Christian, Department of 
Medicine/Nuclear Medicine, Kettering Medical Center, Wright State 
University, Dayton, OH 45429.

Clozapine is an atypical neuroleptic and has attracted attention due to its 
unique therapeutic properties and most importantly, the absence of 
extrapyramidal side-effects (EPS). Dopamine D-2 receptor blockade has 
been proposed as a primary mode of action of neuroleptics. Clozapine 
has been reported to also have significant affinities for other receptors 
including the dopamine D-4 and serotonin 5HT2 subtypes.

We have used the high affinity dopamine D-2 receptor radioligand, 18F- 
fallypride for evaluating receptor occupancy by clozapine. Groups of 
male Sprague-Dawley rats were administered intraperitonealy with various 
doses of clozapine (0.1 mg to 100 mg/kg) or saline in the case of controls, 
15 min prior to the intracardiac administration of 18F-fallypride. Rats were 
sacrificed 3 hrs post-18F-fallypride administration and the brain regions 
were excised. Percent of injected dose of 18F-fallypride was calculated in 
the striata in order to compute receptor occupancy by clozapine.

At doses ranging between 0.1 to 20 mg/kg, the occupancy by clozapine 
ranged upto approximately 50% and at doses over 40 mg/kg receptor 
occupancy exceeded 95%. A biphasic profile of receptor occupancy by 
clozapine was observed. This behavior was compared with other 
neuroleptics like risperidone which exhibited over 90% receptor 
occupancy at doses over 0.1 mg/kg and did not exhibit a biphasic nature. 
We hypothesize that differential binding of clozapine at die high- and 
low-affinity states of the D-2 receptor in vivo may account for the 
biphasic characteristic. Autoradiographic experiments in rat brain slices 
and further in vivo experiments are currently underway in order to 
evaluate the biphasic nature of clozapine action.
Supported by U.S. Department of Energy DE-FG02-98ER62540

630.12

CLOZAPINE INHIBITS SYNAPTIC TRANSMISSION AT GABAERGIC 
SYNAPSES ESTABLISHED BY VTA INTERNEURONS IN CULTURE F. J.
Michel* and L.-E. Trudeau, Depts. of Pharmacology and Psychiatry, Faculty of 
Medicine, Univ. de Montreal, Montreal, Quebec H3C 3J7.

It is widely believed that the antipsychotic Clozapine acts by blocking a 
number of G-protein-coupled receptors such as dopamine and serotonin 
receptors in various brain areas including the ventral tegmental area (VTA). 
Clozapine is however known to block a number of other receptors, one of 
which is the GABAa receptor. Although the reported affinity of Clozapine for 
this receptor is modest (micromolar range), the widespread expression of 
GABAa receptors, the occurrence of epileptic seizures in a subset of patients 
treated with Clozapine, and evidence suggesting accumulation of Clozapine in 
the brain at concentrations 10 to 20 fold above plasma levels make it 
important to evaluate whether Clozapine could regulate GABAergic synaptic 
transmission. Using VTA GABAergic neurons in culture, we have tested 
whether Clozapine regulates GABAa receptors and functional GABAergic 
synapses. In single-neuron microisland cultures, Clozapine (10 pM) was found 
to inhibit autaptic GABAergic synaptic currents by 33 %. To determine the 
mechanism of this inhibition, we tested whether the amplitude of membrane 
currents evoked by direct application of GABA was also reduced. At 10 pM, 
Clozapine reduced GABA currents by 27 %. At 50 pM, the block reached 
49%. Compatible with a block of receptors at the synapse, we found that the 
cumulative probability distribution of spontaneous miniatures inhibitory 
postsynaptic currents amplitudes was shifted to the left in the presence of 50 
pM Clozapine, an effect comparable to that caused by SR95531 a GABAa 
antagonist at a concentration close to its EC50 (100 nM). Taken together, 
these data suggest that at concentrations found in the brain of rodents treated 
with therapeutic concentrations of Clozapine, a functionally significant block of 
GABAa receptors could occur at synapses.

Supported by MRC Canada and EJLB Foundation

630.13

DIFFERENTIAL EFFECTS OF TREATMENT WITH TYPICAL AND 
ATYPICAL ANTIPSYCHOTIC DRUGS ON ADENYLYL CYCLASE AND 
G PROTEINS. G.B. Kaplan*. K.A. Leite-Morris. D.J. Keith. Department 
of Psychiatry & Human Behavior, Veterans Affairs Medical Center & 
Brown University School of Medicine, Providence, RI 02908.

We examined the effects of chronic in vivo antipsychotic drug 
treatments on G protein function and regulation. CD-I mice were treated 
with typical antipsychotic haloperidol (6 mg/kg/d) and atypical agent 
olanzapine (20 mg/kg/d) for 14 days via mini-osmotic pumps. G protein- 
activated adenylyl cyclase activity in brain tissues was measured in the 
presence of guanine nucleotide analogue guanosine-5'-O-(3- 
thiotriphosphate) tetralithium salt, or GTPyS. In frontal cortex, 
haloperidol treatment produced 21% increases in the GTPyS-mediated 
adenylyl cyclase E^value (vs vehicle controls) while olanzapine produced 
25% reductions in this value (vs controls); these effects were significant. In 
striatum, olanzapine treatment produced significant 27% and 31% decreases 
in Ena,values compared to vehicle and haloperidol treatment, respectively. 
Chronic haloperidol treatment produced significant 24% reductions in the 
immunoreactivity of cortical, but not striatal, Giai 2 subunits. There were 
no effects of chronic olanzapine treatment on G,al 2 levels and no effects of 
either antipsychotic on G^ levels. Chronic haloperidol and olanzapine 
treatments differentially regulate G protein-mediated adenylyl cyclase 
responses in brain regions possibly relating to their unique effects on G 
protein-coupled receptors. Antipsychotic-induced changes in cAMP 
signaling could alter cAMP-induceable genes and affect synaptic plasticity. 
Supported by a grant from Eli Lilly & Co.

630.14
IDAZOXAN AUGMENTS THE ANTIPSYCHOTIC-LIKE EFFECT AND 
POTENTIATES THE CORTICAL DOPAMINE OUTPUT ELICITED BY 
RACLOPRIDE IN THE RAT. Peter Hertel*, Maria V. Fagerquist & Torgny H. 
Svensson Department of Physiology & Pharmacology, Section of 
Neuropsychopharmacology, Karolinska Institutet, S-171 77 Stockholm, Sweden.

Several studies have shown that atypical antipsychotic drugs, in contrast to 
conventional neuroleptics, potently facilitate cortical dopamine (DA) output, an 
effect with purported importance for their beneficial clinical profiles. Although the 
mechanisms which cause the atypical antipsychotic activity remain to be fully 
elucidated, both clinical and preclinical findings are consonant with a role of a2 
adrenoceptor blockade within this context. To investigate the tentative role of a2 
adrenoceptors in the control of cortical DA output and in antipsychotic activity, we 
examined the effects of the a2 adrenoceptor antagonist idazoxan administered alone or 
in combination with the D13 receptor antagonist raclopride on (i) DA efflux in the 
medial prefrontal cortex (mPFC), nucleus accumbens and striatum, (ii) conditioned 
avoidance response (CAR) and (iii) cataleptic behavior. By using microdialysis we 
found that idazoxan (1.5 mg/kg, s.c.) exclusively enhanced DA efflux in the mPFC 
and dramatically potentiated the small increase in DA output induced by raclopride 
(0.05 mg/kg, s.c.) within this area. In contrast, idazoxan completely failed to affect the 
marked increase in DA output produced by raclopride in the subcortical regions. 
Albeit ineffective by itself, idazoxan (1.5 mg/kg, s.c.) significantly augmented the 
suppression of CAR induced by raclopride (0.05-0.01 mg/kg, s.c.) without affecting 
the raclopride-induced catalepsy. Given the relatively high predictive value of the 
CAR assay for antipsychotic efficacy and the catalepsy test for EPS liability, 
respectively, the present findings indicate that adjunctive treatment with a2 
adrenoceptor antagonists may enhance the antipsychotic effect of D2 receptor 
blockade without concomitantly increasing the risk of motor side effects and that 
this effects is related to enhanced cortical dopamine function.

Supported by the Medical Research Council of Sweden (grant no. 4747), 
Karolinska Institutet and Janssen Pharmaceutica Ltd, Beerse.

630.15

DISCRIMINATIVE STIMULUS CONTROL WITH OLANZAPINE: 
GENERALIZATION TO THE ATYPICAL ANTIPSYCHOTIC 
SERTINDOLE. S.A, Varvel*. R.E, Vann, and J.H. Porter. 
Psychology Dept., Virginia Commonwealth University, 
Richmond, VA 23184.

Olanzapine (OLZ, Eli Lilly) is one of the newest atypical antipsychotics to be 
available for the treatment of schizophrenia. Preclinical pharmacological and 
behavioral testing reveal a profile that is very similar to the atypical anti-
psychotic clozapine (CLZ). For example, in rats trained to discriminate CLZ 
from vehicle (VEH), OLZ substituted for CLZ (Moore et al., 1992), although 
others (Goudie & Taylor, 1998) have reported only partial substitution. Also, 
Porter & Strong (1996) reported that the OLZ cue generalized to CLZ in OLZ- 
trained rats. The purpose of the present study was to determine if the OLZ 
discriminative cue would generalize to the atypical antipsychotic sertindole.

Rats were trained to discriminate 0.5 mg/kg OLZ from VEH in a two-lever 
drug discrimination procedure for food reward. Generalization testing with 
OLZ yielded an ED50 of 0.154 mg/kg. A time-course study revealed maximal 
OLZ-lever responding at 30 min (99.2%) and at 60 min (99.6%) post 
injection, decreasing to 15.0% by 240 min. CLZ substituted for OLZ at 1.25 
and 5.0 mg/kg yielding an ED50 of 0.324 mg/kg. Sertindole substituted for 
OLZ at a dose of 2.5 mg/kg with 88.4% OLZ-lever responding (ED50 = 0.672 
mg/kg). These results demonstrate that OLZ’s discriminative stimulus 
properties generalize to both of the atypicals CLZ and sertindole. In another 
study, we (Porter et al., 1999) also found that sertindole substitutes for CLZ 
when a low training dose (1.25 mg/kg CLZ) is used. These findings confirm 
that the drug discrimination procedure is a useful in vivo assay for studying 
the preclinical behavioral pharmacology of atypical antipsychotics.

630.16

LOW DOSE CLOZAPINE DISCRIMINATION DISTINGUISHES 
ATYPICAL FROM TYPICAL ANTIPSYCHOTICS. J.H. Porter*, 
S.A, Varvel, R.E, Vann, and S.P. Philibin. Psychology Dept., 
Virginia Commonwealth Univ., Richmond, VA 23284.

While the atypical antipsychotic clozapine has robust discriminative stimulus 
properties in two-lever drug discrimination studies in rats (using a 5.0 mg/kg 
training dose), previous studies (e.g., Goudie & Taylor, 1998a) have reported 
that other atypicals such as olanzapine, sertindole, and risperidone do not 
substitute for clozapine. The present study trained rats in a two-lever drug 
discrimination procedure with a low training dose of clozapine (1.25 mg/kg 
CLZ) vs. vehicle. Generalization testing with CLZ yielded an ED50 of 0.219 
mg/kg. The atypical antipsychotics olanzapine (ED50 = 0.107 mg/kg), 
sertindole (ED50 = 1.160 mg/kg), and risperidone (ED50 = 0.218 mg/kg) fully 
substituted for the CLZ cue. Olanzapine produced a maximum percent drug- 
lever responding (%DLR) of 90.3% at 1.0 mg/kg; sertindole was 98.4% DLR 
at 2.5 mg/kg and 99.8% DLR at 5.0 mg/kg; and risperidone was 87.1% DLR 
at 0.50 mg/kg. In contrast, the typical antipsychotics haloperidol and 
chlorpromazine did not substitute for CLZ. The highest %DLR for haloperidol 
was 30.0% at a dose of 0.1 mg/kg. For chlorpromazine, the highest %DLR 
was 27.9% at a dose of 0.25 mg/kg.

These results demonstrate that CLZ drug discrimination can distinguish 
typical from atypical antipsychotics when a low training dose of CLZ is used. 
The findings with olanzapine confirm a recent report by Goudie and Taylor 
(1998b) in which olanzapine produced 75% generalization with a 2.0 mg/kg 
training dose of CLZ, but only 38% at 5.0 mg/kg. Thus, training dose appears 
to be an important variable for the utility of CLZ drug discrimination as an in 
vivo assay for distinguishing typical from atypical antipsychotics.
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631.1 631.2
OPPOSITE EFFECTS OF THE SEPTUM AND THE BED 
NUCLEUS OF THE STRIA TERMINALIS (BNST) ON RELAPE 
TO HEROIN SEEKING. D. Highfield*1, U. ShalevL A. Clements1, 
R.J. McDonald2, R. Featherstoneand Y Shaham1. 1 Behav Neurosci
Dept.. NIDA/IRP, Baltimore MD;2 Psychcol Dept. U of Toronto

Using a reinstatement method, we recently found that inactivation
of the septum with tetrodotoxin (TTX) reinstates heroin seeking in 
rats, an effect similar to that observed after intermittent footshock. 
Here we tested whether the effects of intra-septal TTX and stress on 
reinstatement are additive and whether intra-septal TTX mimics other 
effects of stress. We also tested the anatomical specificity of the 
effect of intra-septal TTX on relapse. Rats were trained to self- 
administer heroin for 9-10 days (three, 3-hr sessions/day, 0.1 
mg/kg/infusion) and were tested for reinstatement of drug seeking 
after 8-12 days of extinction. In Exp. 1 it was found that a low dose 
of TTX (0.5 ng) potentiates reinstatement of heroin seeking induced 
by mild footshock (2 min). In Exp. 2, done with drug-naive rats, it 
was found that intra-septal TTX induces stress-like responses such as 
conditioned place aversion and an increase in heart rate. In Exp. 3 it 
was found that injections of TTX (2.5 ng) into the medial septum, but 
not into the lateral septum, induce reinstatement of heroin seeking. In 
Exp. 4 it was found that injections of TTX (2.5 ng/site) into the 
BNST, located just caudal and lateral to the medial septum, do not 
induce reinstatement of heroin seeking. Most important, TTX 
injections into the BNST attenuated reinstatement of heroin seeking 
induced by 15 min of intermittent footshock (0.8 mA). These data 
suggest that the medial septum and the BNST are involved in stress- 
induced relapse to heroin. Supported by NIDA, MRC and NSERC

THE ROLE OF CORTICOTROPIN-RELEASING FACTOR (CRF) 
IN STRESS-INDUCED RELAPSE TO ALCOHOL SEEKING. A.D. 
Le1, S. Harding1. J. Watchus1. W, Juzytsch1 and Y. Shaham*2.
^AMH, Toronto. Canada; 2NIDA/IRP, Baltimore MD

We have previously shown that intermittent footshock stress 
reinstates alcohol seeking in rats. Recent studies have found that CRF 
is involved in stress-induced relapse to heroin and cocaine seeking. 
Here we tested whether these findings generalize to drug-free rats 
with a history of alcohol self-administration. Rats were trained to 
press a lever for a 12% w/v alcohol solution. After stable drug-taking 
behavior was obtained, lever pressing for alcohol was extinguished 
Reinstatement of drug seeking was then determined after exposure to 
intermittent footshock (0.8 mA; 10-15 min) and pharmacological 
manipulations of CRF and corticosteroid receptors. ICV 
administration of CRF (0.3 and 1.0 /zg) reinstated alcohol seeking to a 
degree similar to that induced by footshock. Pretreatment with 
peptide (d-phe CRF; 0.3 and 1.0 /zg; ICV) and non-peptide (CP- 
154,526; 15, 30 and 45 mg/kg; IP) CRF receptor antagonists dose- 
dependently attenuated footshock-induced reinstatement. In contrast, 
pretreatment with a mixture of the mineralocorticoid (type I) receptor 
antagonist, spironolactone, and the glucocorticoid (type II) receptor 
antagonist, RU-38486 (100 ng each; ICV) had no effect on stress- 
induced reinstatement of alcohol seeking. These data suggest that 
activation of CRF receptors, but not corticosteroid receptors, 
contributes to stress-induced relapse to alcohol seeking. The present 
data, and previous data with rats with a history of heroin and cocaine 
self-administration, point to a general role of CRF in relapse to drugs 
induced by stressors. Supported by CAMH, MRC and Pfizer

631.3

STRESS-INDUCED RELAPSE TO HEROIN SEEKING AFTER 
DIFFERENT DRUG-FREE PERIODS. U. Shalev, B. Hope*, A. 
Clements. D. Highfield, M. Morales, and Y, Shaham. Behav
Neurosci Dept.. NIDA/IRP. Baltimore MD.

Previous studies have shown that stress reliably reinstates drug
seeking in rats after prolonged drug-free periods, but the time course 
of the development of stress-induced reinstatement has not been 
studied. Here we studied the effect of the duration of the drug-free 
period on stress-induced reinstatement by using a modified procedure 
in which extinction and reinstatement of drug seeking are conducted 
on the same day at different time points after withdrawal from heroin. 
Rats were trained to self-administer heroin for 10 days (three, 3-hr 
sessions/day, 0.1 mg/kg/infusion, FR-1 schedule). They were then 
tested for reinstatement of heroin seeking after 1,6, 12 and 25 days of 
withdrawal from heroin. During the test day, rats were given 5 to 10 
60-min extinction sessions, separated 5-10 min apart, until they 
reached the extinction criterion of less than 15 responses/60 min on 
the lever that was previously associated with drug injections. The rats 
were then exposed to 10 min of intermittent footshock (0.8 mA) and 
lever pressing behavior was recorded for 120 min. Footshock stress 
potently reinstated heroin seeking after 6, 12 and 25 days of 
withdrawal from heroin. In contrast, one day after withdrawal from 
the drug, footshock failed to reinstate heroin seeking. In addition, 
after one day of withdrawal, the rate of non-reinforcea lever pressing 
prior to footshock was markedly lower than that observed after 6, 12 
and 25 days of withdrawal from heroin. We are currently studying 
molecular changes associated with the differential susceptibility to 
relapse at these different time points. Supported by NIDA

631.4
PHYSIOLOGY OF IDENTIFIED NEURONS IN THE BED NUCLEUS OF 
THE STRIA TERMINALIS (BNST): EFFECTS OF MORPHINE AND 
WITHDRAWAL. M.L. Oshinsky*, G. Aston-Jones. Dept. Psychiatry, University 
of Pennsylvania School of Medicine, Philadelphia, PA 19104.

The BNST is a key component of the extended amygdala. Behavioral studies in 
our lab implicate the strong norepinephrine (NE) innervation of the BNST from 
Al and A2 cell groups of the medulla in the aversiveness of opiate withdrawal 
(see Delfs et al., Soc. Neurosci. 1998).

In this study, we recorded extracellular impulse activity in BNST neurons 
during electrical stimulation of the central amygdala (CeAmyg) in halothane- 
anesthetized rats. Three types of BNST neurons were identified: 1) synaptically 
driven, 2) antidromically driven and 3) not activated by CeAmyg stimulation. 
75% of neurons recorded in the BNST were spontaneously active (99 of 132 
neurons). The range of spontaneous firing rates was <1 to 18 sp/s (mean 5.8 ± 5.6 
sp/s). 51% of BNST neurons were synaptically activated by CeAmyg stimulation 
at latencies of 4.8 - 38.0 ms (mean 14.8 ± 6.9 ms). 7 of 132 cells were 
antidromically driven by CeAmyg stimulation. Two neurons in the BNST were 
inhibited by CeAmyg stimulation.

Another group of rats was chronically exposed to morphine for 4 - 6 days (2 x 
75mg morphine pellets s.c.) to induce dependence. Preliminary results indicate 
that additional morphine in these animals (1-3 mg/kg, i.v.) caused an increase in 
firing of BNST neurons that were synaptically activated by CeAmyg stimulation. 
Neurons that did not respond to CeAmyg stimulation showed a decrease in firing 
after similar morphine treatment. Naltrexone reversed these effects in both types 
of cells, and caused a change in firing rate significantly different from baseline 
activity, indicating withdrawal-induced changes. Supported by the PHS Grants 
R01-DA06214 and T32-MH14654.

631.5

MICROINJECTIONS OF AN OPIATE RECEPTOR ANTAGONIST 
INTO THE BED NUCLEUS OF THE STRIA TERMINALIS 
SUPPRESS HEROIN SELF-ADMINISTRATION IN DEPENDENT 
RATS, J.R. Walker*, S.H. Ahmed, KN. Gracy, and G.F. Koob. 
Department of Neuropharmacology, The Scripps Research Institute, La 
Jolla, California 92037

Recent anatomical evidence suggests that the shell of the nucleus 
accumbens (NAc), the bed nucleus of the stria terminalis (BNST), 
and the central nucleus of the amygdala (ACE), together referred to as 
the 'extended amygdala', may play a role in opiate dependence. The 
goal of this study was to determine the role these regions play in 
opiate reinforcement, and whether dependence alters the reinforcing 
effects of opiates, by examining the effect of local administration of 
the opiate receptor antagonist methylnaloxonium (MN) on heroin self-
administration in morphine and placebo-pelleted rats. MN 
suppressed heioin intake when injected into the BNST and NAc shell 
of dependent rats, and had no effect in nondependent rats. Injections 
of MN into the ACE had no effect on heroin self-administration.
These results demonstrate that opiate receptors in the extended 
amygdala are not responsible for the reinforcing effects of opiates in 
nondependent rats but are sensitized with dependence.
This work was supported by grant DA04043 to GFK

631.6
BEHAVIORAL RESPONSE TO “BINGE” PATTERN COCAINE 
ADMINISTRATION IN CONTROL AND p OPIOID RECEPTOR KNOCKOUT 
MICE. S.D. Schlussman1, A Ho1, Y. Zhou1,1. Sora2, G. Uhl2 and M.J. Kreek1’.
The Rockefeller University1 and NUl-NIDA Intramural Program2.

Chronic “binge” pattern cocaine administration to Fischer 344 rats results in an 
upregulation of p opioid receptors (Unterwald et al. 1991). Acute “binge” cocaine 
also causes an increase in p opioid receptor mRNA in several brain regions (Yuferov 
et al.1999). Additionally, we have reported significant expression of behavioral 
stereotypy and locomotor activity by acute administration of “binge” cocaine in 
C57BL/6J and 129/J mice (Schlussman et al. 1998). To examine potential roles for 
the p opioid receptor in mediating the behavioral response to cocaine, we examined 
the locomotor response and expression of behavioral stereotypy during acute (1-day) 
“binge” pattern cocaine administration in wild type and p opioid receptor knockout 
mice. Methods: Mice were allowed to acclimate to a stress-minimized environment 
dedicated to this study for 2 weeks and then each animal received 1 day of “binge” 
pattern cocaine or saline administration. Twenty minutes following each injection 
animals were videotaped. Tapes were scored according to the method of Daunais and 
McGinty (1995) and data was analyzed by 3 way ANOVA, Genotype x Treatment x 
Injection Order, with repeated measures on the last variable. Results: Acute “binge” 
pattern cocaine administration resulted in a significant expression of behavioral 
stereotypy (F<i,i8) = 14.26, p < 0.005). This effect was neither potentiated nor 
attenuated by the absence of the p opioid receptor (F(1i!8) = 0.03, p = 0.87). These 
results, along with previous findings that naloxone pretreatment did not affect 
cocaine-induced behaviors or striatal dopamine release (i.e. Schad et al. 1995), 
indicate that cocaine-induced behavioral stereotypy effects can be produced in mice 
with lifelong deletions of p opioid receptors. This work was supported by NIH-DA- 
P50-05130and NIH-DA-K05-00049 to MJK and NIDA-IRP.
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631.7
EFFECT OF PERINATAL OPIOIDS ON STRIATAL NERVE 
GROWTH FACTOR (NGF) RNA IN THE RAT. S.E. Robinson* 
and L.M. Halfon. Department of Pharmacology & Toxicology, 
Medical College of Virginia Campus of Virginia Commonwealth 
University, Richmond, VA 23298-0613.

Perinatal exposure to the opioid methadone (m) or buprenorphine (b) 
disrupts the development of striatal cholinergic neurons and reduces 
striatal NGF content in the rat. To determine whether the reduction in 
NGF levels results from decreased NGF mRNA expression, and 
whether the effect is restricted to NGF mRNA, mRNAs for NGF and 
several other neurotrophins were quantitated by RNAse protection 
assay (RPA) after perinatal exposure to m or b. On day 7 of gestation, 
pregnant Sprague Dawley CD rats under methoxyflurane anesthesia 
were implanted subcutaneously with osmotic minipumps delivering 
sterile water (w), methadone HC1 (9 mg/kg/day) or buprenorphine HC1 
(1.5 mg/kg/day). Within 24 hr of parturition, litters were culled to 10, 
with equal numbers of males and females, and cross-fostered, resulting 
in the following prenatal/postnatal exposure groups: w/w, m/w, w/m, 
m/m, b/w, w/b, and b/b. On postnatal day 10, pups were decapitated, 
and striata were dissected and pooled for the RPA. No statistically 
significant changes were observed in the content of mRNA for NGF, 
brain-derived neurotrophic factor (BDNF), ciliary neurotrophic factor 
(CNTF), or glial-derived neurotrophic factor (GDNF). These results 
indicate that either perinatal opioid exposure does not reduce the 
expression of NGF protein by reducing mRNA levels or that mRNA 
content recovers before the NGF protein recovers. [Supported by 
NIDA grant DA09399]

631.8

Ethanol sensitivity in [3-endorphin deficient mice.
J.E. Grisel*!, C. Sanchez!, J.M. Mogil^
1 Furman University, Greenville SC; ^UIUC, Champagne-Urbana, IL 
Both clinical and basic research suggests that the peptide b-endorphin may 
modulate alcohol (EtOH) sensitivity. People prone to alcoholism tend to 
have low circulating b-endorphin (e.g., Aguirre et al. 1995; Froelich et al. 
1995), and mutant mice with deficient b-endorphin tend to self administer 
more alcohol in a free-choice paradigm (Grisel et al. 1999). In order to 
evaluate the role of b-endorphin in other measures of EtOH sensitivity we 
examined genetically altered mice with differing levels of b-endorphin for 
EtOH-induced ataxia, analgesia and anxiolysis. b-endorphin Knockout 
(KO), Heterozygote (HET) and Wildtype (WT) mice were tested in the 
following manner: Baseline pain sensitivity was evaluated using the 
tailwithdrawal (TW) test followed by injection of either 1.0 g/kg EtOH or 
saline. Twelve minutes later mice were evaluated for ataxia on an elevated 
dowel and then (15 min post inj) retested for pain sensitivity. Twenty 
minutes after injection they were assessed for anxiety using the elevated 
plus maze. Although there were main effects of alcohol on all measures, 
b-endorphin only appeared to influence the effect of EtOH on the 
measures of anxiety (percent of open arm entries and time spent in open 
arms of the plus maze) in that KO mice had an exaggerated EtOH-induced 
anxiolysis. Because there was a floor effect on the measure of ataxia, it 
may have been difficult to detect genotype differences. Therefore we 
evaluated ataxia on the dowel test following 0.5 g/kg EtOH in a separate 
study and again found that KO mice were more sensitive. These data 
support the contention that b-endorphin modulates EtOH sensitivity.

631.9

FUNCTIONAL NEUROANATOMY OF DOPAMINE/OPIOID 
INTERACTIONS IN A RAT MODEL OF MORPHINE 
DEPENDENCE. F. Georges, L. Stinus. B. Bloch, C, Le Moine*. 
CNRS UMR 5541, Universite Victor Segalen Bordeaux 2, 33076 
Bordeaux Cedex, France.

The dopaminergic transmission is involved in the rewarding properties 
of opiates as well as in dependence and withdrawal expression. We have 
previously described the effects of chronic morphine, as well as 
spontaneous withdrawal on dopamine receptor and neuropeptide gene 
expression in the rat striatum. The level of DI and D2 receptors, 
dynorphin, preproenkephalin A and substance P mRNAs were determined 
in the striatum and the nucleus accumbens by quantitative in situ 
hybridization. During dependence as well as during withdrawal, we 
observed changes in the expression of these opioidergic and 
dopaminergic markers, supporting the hypothesis that endogeneous 
dopamine and morphine exert opposite effects on striatonigral and 
striatopallidal neurons (Georges et al., 1999)."

By using combined anatomical approaches (binding, immuno-
histochemistry, double in situ hybridization), we have analysed in more 
detail the dopamine/opidid interactions in the striatum as well as in the 
dopaminergic area of the mesencephalon during morphine dependence 
and withdrawal. We show that p opioid receptors as well as DI receptors 
are modulated in the same way during morphine dependence. This result 
confirm an opioid/dopamine interactions at the cellular level in 
striatonigral neurons. During withdrawal, we have performed a 
phenotypical analysis of the striatal neurons expressing c-fos mRNA. The 
results observed, especially in the striatonigral neurons, also support the 
hypothesis of a direct interaction between the p and the DI receptors. 
This work was supported by funds from INSERM (MILDT N°96CO2). 
Georges et al.(1999) Eur. J. Neuroscience, 11, 481-490, 1999.
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632.1

SELF-ADMINISTRATION OF ETHANOL OR COCAINE AFFECTS 
CONTEXT RELATED RESPONSES WITHIN THE MESOLIMBIC 
NEURAL ACTIVITY. A.V. Azarov, D.J. Woodward, M. Aschner*. Dept. 
Phys. Phar., Wake Forest Univ. Sch. Med., Winston-Salem, NC 27157.

The goal of this project was to study the influence of motivational context 
on neural coding in the mesolimbic system of a simple repeated identical 
nosepoke task. Bilateral implantation of 8-microwire arrays into the nucleus 
accumbens (NA) and prefrontal cortex (PFC), a total of 32 electrodes, 
provided for simultaneous recording of 15-30 neurons from these brain 
regions. 20% to 30% of the signals were arguably recorded from the same 
source, over a period of up to 3 month, under a variety of behavioral 
situations. Initial training was to FR1 nosepoke for 0.1 cc water. Using 3 
separate nosepoke devices, rats were tested under an FR1 or PR schedule for 
water alone, and with concurrent FR1 EtOH (0.1 cc 10% v/v) or cocaine (1 
mg/kg in 0.1 cc saline), in sessions lasted from 12 and up to 24 hours, with 
FR1 food always available. Neural coding was observed under 3 motivational 
states: a) when thirsty rats nosepoke to achive water satiation, b) when 
irregular FR1 nosepokes maintained normal watering, and c) when the 
increased nosepokes requirement was imposed during the PR schedule. Phasic 
responses associated with water-related nosepoke movements or tone and light 
cues were changed in a course of a session in most of the cells recorded in 
mPFC and NAC. Availability of an oral (ETOH) or IV (cocaine) drug was 
found to strongly influence neural coding of water-related events under all 3 
conditions in a subset of neurons. These results demonstrate a high plasticity 
of neuronal coding in the mesolimbic system of an identical repeated tasks 
under the influence of changes in motivational context.
(Supported by AA 10980 and DA2338 to DJW)

632.2

THE ABILITY OF PSYCHOACIIVE DRUGS TO PRODUCE CONDITIONED 
INCREASES IN CORTICOSTERONE. J.M, Sundstrom1, A.C, DeVries2, F.S,
Hall3. A. Pert1*. ‘Biological Psychiatry Branch, NIH, NIMH, Bethesda, MD 20892. 
department of Anesthesiology and Critical Care Medicine, The Johns Hopkins 
University, Baltimore, MD 21287. ’Molecular Neurobiology Branch, NIDA/IRP, 
Baltimore, MD 21224

We have reported previously that contextual stimuli associated with cocaine 
develop the ability, over time, to activate HPA function. For example, stimuli 
paired with cocaine were found to enhance plasma corticosterone (CORT) levels 
and produce concomitant anxiogenic effects in rats when presented in the absence 
of the drug. Both of these conditioned responses were prevented by i.c.v. alpha- 
helical CRF, indicating the involvement of CNS CRF. The purpose of the present 
study was to extend these observations with cocaine to other psychoactive 
substances, especially drugs of abuse. An initial series of studies established that 
acute systemic injections of amphetamine, morphine, MK-801, nicotine, and 
ethanol increased plasma CORT levels in a dose-dependent fashion. Contextual 
stimuli were paired for 7 days with doses of each drug that were found to produce 
significant elevations in CORT in the previous study. When tested on day 8 in the 
absence of a drug, stimuli that had been associated with amphetamine and morphine 
elicited-increases in locomotor activity, but only amphetamine associated cues 
were effective in elevating CORT. Contextual stimuli that had been paired with 
MK-801, nicotine, and ethanol did not develop the ability to either e levate CORT 
or enhance locomotor activity. The inability of MK-801, nicotine, and ethanol to 
produce conditioned increases in CORT were probably due, at least in part, to the 
rapid development of tolerance to their unconditioned CORT effects. It thus 
appears that only indirectly acting brain amine agonists, such as cocaine and 
amphetamine, are capable of supporting the development of conditioned HPA 
effects.
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632.3
CONDITIONED PLACE PREFERENCES INDUCED BY INTRAVENOUS 
COCAINE AND COCAETHYLENE. M, A. Raven*. A. Thorpe and A. Ettenberg. 
Behavioral Pharmacology Laboratory, Department of Psychology, University of 
California at Santa Barbara, Santa Barbara, CA 93106.

The present study employed the conditioned place preference paradigm to assess 
the rewarding properties of cocaine and cocaethylene (a cocaine metabolite 
produced only in the presence of ethanol). Individual male Sprague-Dawley rats 
were each implanted with an iv catheter. Following recovery, a 5 min baseline 
preference test was conducted in a conditioned place preference chamber consisting 
of two distinct environments. For each animal one side of the chamber was paired 
with one of 7 intravenous drug conditions counterbalanced for initial environmental 
preference: cocaine (0, 0.5, 1.0, 2.0 mg/kg/inj) or a molar equivalent dose of 
cocaethylene (0, 0.72, 1.44,2.88 mg/kg/inj). After eight 5 min conditioning trials 
(4 place drug sessions alternating with 4 place saline sessions) a final preference test 
was conducted. The cocaine rewarded animals shifted their preference toward the 
drug-paired environment in an inverted U-shaped dose response manner with the 
middle 1.0 mg/kg dose producing the greatest rewarding effect. Cocaethylene- 
treated rats exhibited a comparably-shaped dose-response curve, however, at each 
molar equivalent dose, cocaine-induced preferences were greater that those 
observed for cocaethylene. These data suggest that contrary to prior reports of our 
own and others, the initial rewarding effects of cocaine may be stronger than those 
for cocaethylene.

This research was funded by NIDA grants DA05041 awarded to A. E. and an 
NSF predoctoral fellowship awarded to M. R.

632.4
INDIVIDUAL DIFFERENCES IN THE ACQUISITION OF IV COCAINE SELF-
ADMINISTRATION UNDER ‘NATURALISTIC’ CONDITIONS IN RATS: 
EFFECTS OF DOSE AND RELATIONSHIP TO HOME-CAGE LOCOMOTOR 
ACTIVITY. J.R. Mantsch*, S.P. Schlussman, A. Ho and M.J. Kreek. The 
Rockefeller University; New York, NY 10021.

The acquisition of IV cocaine self-administration under ‘naturalistic’ conditions was 
investigated in male Sprague Dawley rats. Rats with a history of food-reinforced 
responding were surgically implanted with indwelling jugular catheters and allowed 
to self-administer IV infusions of one of 4 doses of cocaine (i.e., 0.25, 0.5, 1.0, or 2.0 
mg/kg/inf) by pressing a response lever under a continuous reinforcement schedule 
during 5 consecutive daily 10-hour sessions. During the experimental sessions the 
cocaine response lever was extended and a stimulus light located above the lever was 
illuminated. Responding on a second, inactive lever was also recorded. Rats were 
not food-restricted during acquisition testing and had concurrent access to food and 
water at all times during the experimental sessions. Testing was performed during the 
active (i.e., dark) phase and home-cage locomotor activity was monitored during the 
light cycle immediately following each of the five 10-hour self-administration 
sessions and for 4 additional complete days subsequent to self-administration testing. 
Additionally, the locomotor responses of individual rats to a novel environment and 
to acute challenges with cocaine (15 mg/kg, IP) and saline were measured prior to 
self-administration in order to determine the relationships between these responses 
and the rate of acquisition of cocaine-reinforced behavior. Overall, rats self- 
administered cocaine at each of the 4 doses tested. However, dose-related differences 
in acquisition and in post-acquisition self-administration were observed. 
Furthermore, individual differences in the rate of acquisition were observed at each 
dose. The relationships between these differences and the locomotor responses of 
individual rats to novelty and to cocaine are under investigation.
This work was supported by NIH-DA-P50-05130 and DA-K05-00049 to MJK.

632.5

SEX DIFFERENCES IN THE ACQUISITION, MAINTENANCE AND 
REINSTATEMENT OF DRUG SELF-ADMIINSTRATION. Marilyn E. Carroll* 
Wendy J, Lynch and Megan E, Roth. Department of Psychiatry, Box 392 
UMHC, University of Minnesota, Minneapolis, MN 55455

The acquisition of i.v. cocaine and heroin self-administration in rats and 
oral phencyclidine self-administration in monkeys was compared in females 
and males. More females than males met acquisition criteria, and they 
acquired faster and consumed more drug/kg than males. In rats, regulation of 
cocaine self-administration was investigated using a procedure in which rats 
could regulate their dose up or down using two levers. The correlation 
between interdose interval and preceding dose size served as an index of 
regulation. Females acquired regulation more quickly than males; however, 
there was no overall difference between males and females once behavior 
had stabilized. In females, during the estrus phase of the estrous cycle (low 
estrogen levels) regulation was disrupted, and cocaine intake increased 
significantly compared to the proestrus and metestrus/diestrus phases. In 
other rats reinstatement of responding was examined using a priming model 
in which lever pressing for cocaine (2 hr) was extinguished by substituting 
saline for 5 hr. Priming injections of saline or cocaine (0.32, 1.0 and 3.2 
mg/kg) were given every few days at the beginning of Hr 4. In both males and 
females a priming-induced reinstatement of responding increased with 
cocaine priming dose. Although female and male rats did not differ in their 
self-administration of cocaine during Hr 1 and 2, at the two higher doses (1.0 
and 3.2 mg/kg) reinstatement responding during Hr 4 was greater in females 
than in males. These results suggest that there are sex differences in drug 
self-administration, particularly during transition phases of acquisition and 
relapse. Supported by NIDA R37 DA03240 (MEC) and F31 DA05915 (WJL).

632.6

COCAINE CONDITIONED PLACE PREFERENCE: ENDURANCE, 
EXTINCTION AND COCAINE-INDUCED REINSTATEMENT.
D. Mueller*, J, Stewart. Center for Studies in Behavioral 
Neurobiology, Department of Psychology, Concordia University,
1455 de Maisonneuve Blvd.W. Montreal, Quebec, Canada, H3G 1M8.

Although rats readily develop a preference for a chamber repeatedly 
paired with cocaine, little has been done to study whether the 
preference once established endures and whether it diminishes as a 
result of extinction training. We studied the development, maintenance, 
and extinction of a cocaine-induced conditioned place preference (CPP) 
using an ‘unbiased’ apparatus with two distinct chambers separated by 
a center choice region. During training rats were given 4 20-min 
pairings of one chamber with cocaine (Exp. 1:5,10, and 20 mg/kg,
IP; Exp. 2 and 3: 10 mg/kg, IP) and 4 of the other with saline on 
alternate days. In 15-min tests for CPP rats were placed in the center 
choice region drug-free with access to the entire apparatus. In Exp. 1, 
after training at all doses strong preferences for the cocaine-paired 
chamber were evident. The CPP was maintained in tests given at 2,4, 
and 6 weeks. In Exp. 2, after training, rats were given repeated tests in 
a non-drugged state (extinction). The CPP gradually disappeared over 
8 days. In Exp. 3, extinction training consisted of pairing each chamber 
with saline on 4 occasions. This method also abolished the CPP. 
Following extinction in both experiments rats were given a priming 
injection of cocaine (5 mg/kg, IP) which reinstated the CPP. These 
results indicate that the development and extinction of a CPP follow the 
rules of associative learning and suggest that this procedure can be used 
to study drug-induced reinstatement. Supported by NIDA, NSERC 
CA, FCAR QC.

632.7

ENHANCED ACQUISITION OF COCAINE SELF-ADMINISTRATION IN RATS 
ISOLATED AS NEONATES. P Kehoe*', TD Le1, MJD Miserendino2 and TA Kosten2 
‘Trinity College, Hartford, CT 06106 and 2Yale Univ Sch Med, New Haven, CT06508.

In adult rats, stress enhances acquisition of drug self-administration (SA), a model of 
vulnerability to drug addiction, consistent with findings of common neural effects in the 
mesolimbic dopamine (DA) system. In neonatal rats, episodes of repeated isolation 
stress during the first 9 days postnatal (PN) cause an increased corticosterone response, 
potentiated ultrasounds, and sensitized response to amphetamine on PN Day 10. 
Because the amphetamine induced sensitization endures into adulthood, we tested 
whether this experience alters acquisition of Coc SA in adult rats. Pups were isolated 
from dam, siblings, and nest on PN Days 2-9 for 1 hr/day in a heated (30°C) chamber 
(ISO; n=6) or left nonhandled (NONH; n=6). At about 90 days of age, locomotor 
activity was assessed over 30 min. There were no group differences in mean horizontal 
locomotor counts. Next, rats were allowed to lever press for food in standard operant 
chambers. The groups did not differ in mean (±SEM) trials to acquire this operant 
(ISO: 11.2 ± 1.1 vs. NONH: 12.8 ± 2.3). Rats were then implanted with indwelling 
jugular catheters and allowed to lever press for Coc for 2 hr/day, 5 day/wk by presenting 
4 escalating doses (0.0625-0.5 mg/kg/infusion; 1 dose/5 days) continuing with the 
highest dose until acquisition occurred. ISO rats had higher response rates at lower 
doses and acquired after fewer training trials (17.2 ± 2.8) than NONH rats (28.0 ± 2.1). 
This effect was not due to performance or learning differences since there were no 
group differences in acquisition of food responding or in locomotor activity. Trials to 
extinguish operant responding for food or cocaine did not differ between groups 
indicating that these functioned as reinforcers for both groups. Whether corticosterone 
response to Coc differs between groups is currently being investigated. These results 
demonstrate that neonatal isolation enhances acquisition of Coc SA in adult rats and 
has important implications for the role of early childhood stress in vulnerability to 
cocaine addiction in humans. (NIDA 04060).

632.8

SLOW-ONSET, LONG-LASTING PRODRUGS AS POTENTIAL 
MEDICATIONS FOR COCAINE ADDICTION: INTRAVENOUS
COCAINE SELF-ADMINISTRATION STUDIES IN RAT STRAINS WITH 
DIFFERENT VULNERABILITIES TO DRUG-SEEKING BEHAVIOR. M. 
Froimowitz,1* K.-M. Wu? X, Liu,2 J. Spector,2,3 R, Hayes,2'3 S.R. Vorel,2,3 W,
Paredes,2 C.R. Ashby, Jr.,2,4 and E.L. Gardner,2,3 'Pharm-Eco Laboratories,
Lexington, MA 02421, Departments of Psychiatry2 and Neuroscience3, Albert 
Einstein College of Medicine, New York, NY 10461, “Department of 
Pharmaceutical Health Sciences, St. John’s University, Jamaica, NY 11439.

The high addiction potential of cocaine is believed to be due to its fast onset 
and short duration of action as a blocker of dopamine (DA) reuptake into 
presynaptic DA neurons of the mesolimbic reward/reinforcement system. 
Reasoning from 1-a-acetylmethadol (LAAM) pharmacotherapy for opiate 
addiction, we are developing slow onset, long duration compounds that 
require in vivo metabolism for maximum activity as potential substitution 
therapies for cocaine addiction. We now report the effect of one of our lead 
compounds on intravenous cocaine self-administration in rat strains with 
differing vulnerabilities to drug-seeking behavior. A slow onset, long acting 
DA reuptake blocker significantly attenuates intravenous self-administration 
with enhanced effectiveness in Lewis rats which show high drug-seeking 
behavior as compared to the Sprague-Dawley and Fischer 344 strains. In 
Lewis rats, this occurs at doses which have little stimulatory effect by 
themselves. This suggests that these kinds of compounds may be especially 
effective for those with a genetic vulnerability to cocaine-seeking behavior. 
This work was supported by NIDA contract N01 DA-7-8083 (to MF) and the 
Aaron Diamond Foundation (to ELG).
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632.9

The use of Drosophila melanogaster as a model to study the
pathophysiology of drug addiction. Q, TPIT95? and ...Mprayvjte.
•Behavioral Neuroscience Program, Department of Psychology, State 
University of New York at Buffalo, Buffalo, New York 14260. 
Medaille College, Agassiz Circle, Buffalo, New York 14214.

Drosophila is a particularly useful model for studying the effects 
of cocaine and ethanol because of its well defined behaviors, 
genetic tractability and relatively simple nervous system. Further, 
Drosophila contains many core genes that are equally important in 
the development of a drug-dependent phenotype in humans. These 
findings therefore suggest a profound sharing not only of DNA 
sequence, but also of detailed biological function in these two 
animal lineages. Against these outstanding experimental features, 
we determined (i) the effects of acute and chronic cocaine on 
Drosophila behavior and (ii) the relationship between specific 
behaviors induced by cocaine administration and relative stimulation 
of dopaminergic pathways in drug-treated Drosophila brains. We 
found that both acute and chronic cocaine treatment produced 
significant changes in behavioral activity as measured by behavioral 
rating scales and video-tracking systems. In addition, chronic 
treatment of cocaine resulted in the development of behavioral 
sensitization in flies. Finally, we report that brain dopamine plays a 
critical role in the expression of cocaine-induced behaviors in flies, 
closely paralleling the changes in dopamine levels occurring in 
mammals. These findings open the possibility of using the fruit fly 
to study basic processes that are altered in the addicted brain. This 
work was supported in part by a research grant to German Torres 
from the Johns Hopkins Center for Alternatives to Animal Testing.

632.10
COMPARISON OF INTRAVENOUS COCAINE, PROCAINE, BUPROPION 
AND IMIPRAMINE SEIZURE THRESHOLDS IN BUFFALO, LEWIS AND 
F344 RATS. C.E. Reiqel1* and A.T. Lovering2. 1Dept. Pharmacol., Col. 
Med. Sci., Nova Southeastern Univ., Ft. Lauderdale, FL 33328; 2Dept. 
Pharmacol., Texas Tech Univ. Health Sciences Center, Lubbock, TX 79430

Cocaine is a local anesthetic that also blocks the uptake of 
norepinephrine (NE), dopamine (DA) and serotonin (5-HT). In high doses, 
cocaine induces seizures through a mechanism attributed to its local 
anesthetic effects. High doses of procaine (local anesthetic), bupropion 
(DA uptake inhibitor) and imipramine (NE/5-HT uptake inhibitor) also 
induce seizures. In rats, all 4 drugs produce behaviorally similar rearing 
seizures. Each agent was administered via a chronic jugular catheter to 
the onset of the rearing seizure. Each agent produced a unique profile of 
seizure thresholds in the 3 strains. Cocaine seizure threshold was lowest in 
Buffalo rats and was highest in F344 rats (Buffalo < Lewis < F344).
Procaine seizure thresholds were lowest in Buffalo rats (Buffalo < Lewis = 
F344). Bupropion seizure thresholds were lowest in Buffalo and Lewis rats 
(Buffalo = Lewis < F344). Imipramine seizure thresholds were equal in all 3 
strains. These results suggest that cocaine may be producing seizures 
through both local anesthetic and dopaminergic mechanisms. The large 
difference in cocaine seizure threshold between Buffalo and F344 rats 
reflects differences in local anesthetic and dopaminergic seizure 
mechanisms. The difference in cocaine seizure threshold between Buffalo 
and Lewis rats reflects a difference in the local anesthetic seizure 
mechanism. The difference in cocaine seizure threshold between Lewis 
and F344 rats reflects a difference in the dopaminergic seizure mechanism. 
(Supported by NIH 28118.)

632.11

INCREASED SENSITIVITY TO THE REINFORCING EFFECTS OF COCAINE 
FOLLOWING BEHAVIORAL SENSITIZATION TO MORPHINE.
H.E. Covington* and K.A. Miczek Tufts University, Medford and Boston, MA

Behavioral sensitization to the effects of repeated exposure to opiates, stimulants, 
and environmental stressors is defined by an increase in response to these 
challenges, and can engender cross-sensitization. In contrast to tolerance, the 
effects of sensitization are long lasting and have been postulated to increase 
“incentive” properties of drug use. The present study analyzed the effects of cross-
sensitization by morphine on subsequent cocaine self-administration in the rat. 
Sensitization was induced via morphine administration, 10.0 mg/kg, I.P. (n=8) daily 
for ten days. The emerging locomotor effects were monitored on days 1, 4, 7 and 
10. Ten days later, expression to sensitization was assessed following a challenge 
injection of 5.0 mg/kg morphine. Thereafter, IV cocaine self-administration was 
studied in sensitized and control rats. Experiment 1: Acquisition. Morphine- 
sensitized rats acquired more readily than controls. Experiment 2: Sensitivity to 
cocaine dose. The inter-infusion intervals immediately following each dose of 
cocaine (0.38, 0.75, 1.5 mg/kg/infusion) were shorter in morphine-sensitized rats 
than in controls, during a variable dose protocol. Experiment 3: Progressive Ratio. 
Morphine sensitization led to higher “break-points” during cocaine self- 
administration. Experiment 4: “Binge.” This procedure examines the reinforcing 
effects of cocaine self-administration during continuous access for 24 hours. 
Ongoing experiments determine if morphine-sensitized rats self-administer higher 
amounts of cocaine during the binge reliably. These methods for assessing 
cocaine’s reinforcing effects support the hypothesis that behavioral sensitization 
increases sensitivity to the reinforcing effects of cocaine by shorter acquisition, 
higher rates, higher “break-points” and increased intake. Supported by USPHS 
DA2632.

632.12

APPLICATION OF TELEMETRY FOR CARDIOVASCULAR 
ASSESSMENT OF GBR-12909. JH Ludens1, NB Olivier2, MP Smith1, 
LH Hulsebos1, GJ Schaefer1*, PE Newton1, and JB Terrill3. ’MPI 
Research, Mattawan, MI 49009, 2Michigan State Univ., East Lansing, MI 
48824, and 3National Institute on Drug Abuse, Bethesda, MD 20892

GBR-12909 is currently under development as a 
pharmacotherapy to reduce cocaine abuse. Eight adult male beagles 
were instrumented for telemetry with aortic or pulmonary artery 
flow probes, aortic and ventricular pressure transducers, and base- 
apex electrocardiographic (ECG) leads. GBR-12909 was 
administered orally at doses of 7.5, 15, or 30 mg/kg. Data were 
collected for 4 hours prior to dosing and 20 hours after dosing. 
Neither arterial blood pressures (systolic, mean, or diastolic) nor 
ventricular hemodynamics (heart rate and output, dP/dTmax or min, 
peak or end-diastolic ventricular pressure) were affected by the 
treatment. In addition, morphometric analyses of the ECG 
recordings revealed no treatment-related effect upon the QRS or QT 
intervals. However, a statistically significant increase of 12 to 20% 
was exhibited in the PR interval from approximately 1 to 6 hours 
after dosing at 30 mg/kg. The biological significance, if any, of this 
singular finding in the absence of mechanistic studies remains to be 
established. Supported by NIDA contract NO 1 DA-6-8068.

ALCOHOL: MISCELLANEOUS BIOLOGICAL EFFECTS

633.1

ALCOHOL INHIBITION OF CELL-CELL ADHESION IN Ll- 
EXPRESSING CELLS: QUANTITATIVE STRUCTURE ACTIVITY 
RELATION. M.F. Wilkemeyer*. S.A. Smith. M.E. Chamess. Department of 
Neurology, VA Medical Center/Harvard Medical School, Brockton/West 
Roxbury MA, 02132

Alcohol cutoff effects provide evidence for interactions of alcohols with 
specific molecular domains of target proteins. Ethanol-sensitive, human Ll- 
expressing fibroblasts and OP-1-treated NG 108-15 cells (which express high 
levels of LI) show an abrupt cutoff effect between 1-butanol and 1-pentanol 
for alcohol inhibition of cell-cell adhesion. To investigate the molecular 
properties of a putative alcohol-binding cavity, we studied the effects on cell-
cell adhesion of various straight- and branched-chain alcohols, using OP-1 
treated NG 108-15 cells and ethanol-sensitive, LI-expressing fibroblasts. The 
5 carbon alcohol 3-methyl-l-butanol inhibited cell-cell adhesion with an 
EC50 of - 0.1-0.5 mM, a potency somewhat greater than that of the less 
hydrophobic molecule, 1-butanol (~0.7 mM). In contrast, 1-pentanol, 2- 
pentanol, and 3-pentanol had no effect. Using additional branched and cyclic 
alcohols, we determined that inhibition of cell-cell adhesion was limited to 
alcohols in which the longest straight chain of carbon atoms was 4. In 
addition, 1-pentanol (IC50 -0.7 mM) and 1-octanol (IC50 -0.005 mM) 
completely blocked the inhibition of cell-cell adhesion produced by 2 mM 1- 
butanol or 100 mM ethanol. These data suggest the presence of an alcohol 
binding cavity that influences cell-cell adhesion in these cells. The cavity 
appears to be hydrophobic, discriminates among alcohols of equivalent 
molecular volume, and is sensitive to molecular shape. We hypothesize that 
alcohols of a restricted shape bind to a hydrophobic site and interact with an 
allosteric site that can influence cell-cell adhesion. The fact that octanol and 
pentanol act as antagonists suggest that larger, inactive alcohols may block the 
effects of smaller, active alcohols through competition at this hydrophobic 
site. Supported by grants AA09660, AA11297from the NIH, and the Office of 
R&D, Medical Research Service, Department of Veterans Affairs.

633.2

C-FOS EXPRESSION IN ROSTRAL POLE, CORE AND SHELL OF RAT 
NUCLEUS ACCUMBENS IN RATS TREATED WITH ETHANOL BY GAVAGE. 
J.S. Rodriquez, M.J. Wayner and C.F. Phelix^ Life Sciences, University of 
Texas at San Antonio, TX 78249

Ethanol administration orally or intragastrically (i.g.) in rats has produced 
significant increases in the expression of the immediate early gene, c-fos, in the 
forebrain. In mice ethanol (0.25 to 4 g/kg) produces an increase in c-fos 
immunoreactivity in the basal ganglia and associated limbic nuclei including the 
nucleus accumbens (NAcc) core and shell subterritories. Our study focused on 
the c-fos expression in rat NAcc subterritories including the rostral pole after i.g. 
ethanol administration. Adult male rats were administered ethanol by 
intragastric tube gavage (i.e. 25% in distilled water at 2 g/kg) or an equal 
volume of water normalized for body weight. Five male Sprague Dawley rats 
were used in each treatment group and they were euthanized for formaldehyde 
fixation two hours after intubation. Coronal sections of NAcc were processed for 
immunocytochemistry with rabbit anti-c-fos antibody. Quantitative densitometry 
was performed using the UTHSCSA Image Tool. The mean density of c-fos 
positive nuclei was compared between treatments with unpaired, one-tailed 
Students t-test at p<0.05. With overall densities for the entire NAcc there was 
no significant difference between treatments. Also for core or shell there was no 
significant difference. Only the rostral pole showed a significant increase in c- 
fos expression with the 2 g/kg dose of ethanol (528+74.76 fos positive nuclei 
per mm2 versus 740+61.39 for ethanol). These data implicate the rostral pole of 
rat NAcc as a primary target of ethanol-induced c-fos expression. Supported by 
HL02914 and NIH-MBRS Program
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633.3
ETHANOL-INDUCED MODULATION OF CREB PHOSPHORYLATION: 
POTENTIAL ROLE FOR TRANSLOCATION OF PKA CATALYTIC 
SUBUNIT TO THE NUCLEUS. F. W. Hopf*, I, Diamond and A. S. Gordon. 
UCSF Department of Neurology/Emest Gallo Clinic and Research Center, San 
Francisco, CA, 94110.

Studies in the NG108-15 cell line demonstrate that ethanol leads to translocation of 
the catalytic subunit of PKA (PKA-C) to the nucleus. In NG 108-15, the functional 
consequences of this translocation are phosphorylation of CREB and activation of 
CRE-mediated transcription. Here, we used immunocytochemistry to examine PKA- 
C distribution and phosphorylation of CREB in cultured postnatal hippocampal 
neurons. In control cells, PKA-C was observed in dendrites, cytoplasm, and the 
nucleus, with a strong concentration in a compartment that is likely the Golgi. 
Preliminary data suggest that increased translocation of PKA-C to the nucleus was 
observed in neurons 30 minutes after exposure to ethanol (100 mM), but not 10 
minutes after. In addition, there was significant basal CREB-P in controls cells, 
indicating spontaneous electrical activity, and ethanol significantly reduced observed 
CREB-P. Reduction was maximal after 10 minutes of exposure, with moderate 
recovery after 30 minutes, and significant recovery of CREB-P after 60 minutes of 
ethanol exposure. The temporal correspondence between nuclear localization of 
PKA-C and recovery of CREB-P expression suggests that increased nuclear 
localization of PKA-C may play a role in recovery from inhibitory effects of ethanol. 
Current experiments are examining in more detail the mechanisms of the initial 
reduction of CREB phosphorylation by ethanol and the subsequent recovery. 
(Supported in part by funds from the State of California for Alcohol and Addiction 
Research, and by NIH).

633.4

ABSENCE OF A DIRECT IN VITRO EFFECT OF ETHANOL ON 
p-ENDORPHIN RELEASE BY THE NUCLEUS ACCUMBENS OF 
AA AND ANA LINES OF RATS. C. Gianoulakis1*, PW. Marinelli1 
and K. Kiianmaa2 Douglas Hospital Research Centre, McGill 
University, Montreal Canada and 2National Public Health Institute, 
Alcohol Research Center, Helsinki Finland.

A number of studies have suggested that genetically determined 
differences in the activity of the endogenous opioid system at the level 
of the nucleus accumbens (n.acb.) may be responsible, at least in part, 
for differences in the ethanol induced increase in dopamine release and 
ethanol reinforcement observed between ethanol preferring and ethanol 
avoiding animals. Previous studies have shown that in vivo ethanol 
administration increases P-endorphin (p-EP) release in the n.acb. It was 
the objective of the present studies to investigate whether ethanol may 
act on the terminals of endorphinergic neurons in n.acb to stimulate P- 
EP release. Thus, n.acb. from the ethanol preferring AA and ethanol 
avoiding ANA lines of rats were incubated in vitro in the absence and 
presence of ethanol (10 to 80 mM), and the content of P-EP in the 
incubation medium was estimated. Results indicated a similar level of 
basal p-EP release by the n.acb. of AA and ANA rats. Ethanol did not 
significantly alter the p-EP release. These results indicate the absence of 
a direct effect of ethanol on p-EP release in the n.acb.
Supported by an NSERC grant to CG and the Alcohol Research Center 
of the National Public Health Institute, Helsinki Finland.

633.5

EFFECTS OF ETHANOL EXPOSURE AND WITHDRAWAL ON 
MICROGLIAL ACTIVATION IN VITRO. D.L. Davies* and P.D. 
Drew. Department of Anatomy, University of Arkansas for Medical 
Sciences, Little Rock, AR 72205.

Alcohol intoxication is a predisposing factor for traumatic brain 
injury. In the aftermath of such injuries, activated microglia synthesize 
cytokines, phagocytize cellular debris and release nitric oxide (NO) 
which may be toxic to neighboring cells. Since little is known about 
the effects of ethanol on these cells, the influence of ethanol and its 
withdrawal on NO release was studied using the N9 murine 
microglial cell line (Corradin et al., 1993; Glia 7:255-262). NADPH 
diaphorase histochemical staining revealed that a subpopulation of 
these cells contain NO synthase. Exposure of these cells to ethanol 
(0.2 or 0.5% w/v; i.e. 43 or 108 mM) alone did not alter either NO 
release as assessed from nitrite levels, or cell viability as measured 
with the MTT assay. Cellular exposure to lipopolysaccharide (LPS,
2.5 pg/ml) for 24 hr dramatically stimulated NO release but reduced 
cell viability about 35%, and similar findings were obtained when 
cultures were pretreated with ethanol for 24 hr followed by its 
withdrawal and LPS administration. In contrast, LPS-induced 
release of NO was reduced about 30% when cultures were 
simultaneously exposed to LPS and 0.5% ethanol. However, ethanol 
exposure did not modify the reduced cell viability associated with 
LPS. These results demonstrate that aspects of microglial activation 
may be altered by ethanol. Ethanol damage may impair the ability of 
microglia to adequately maintain the parenchymal microenvironment 
or to properly respond to traumatic injury.

(Supported by UAMS Foundation & UAMS Research Council).

633.6

ETHANOL PHARMACOKINETICS IN BLOOD AND BRAIN AFTER INTRA-
VENOUS ETHANOL ADMINISTRATION IN MALE AND FEMALE RATS. 
D.L. Robinson1*, E.A. Little2, A.C. McCombe2, T.V. Matson2, L.J. Brunner2
and R.A, Gonzales12, 11nstitute for Neuroscience and 2College of 
Pharmacy, University of Texas, Austin, TX 78712.

Gender differences have been reported in alcohol drinking and 
pharmacokinetics in both humans and rodents. The purpose of this study 
was to model alcohol pharmacokinetics in the blood and brains of rats, and 
determine any effect of gender or estrous cycle. We administered 1 g/kg 
ethanol intravenously to age-matched male and female Sprague-Dawley 
rats. Blood samples were taken from an indwelling jugular catheter to 
determine blood alcohol levels. Microdialysis was used to monitor ethanol 
reaching the brain, and actual brain ethanol concentrations were predicted 
using in vivo ethanol recovery, a procedure which we are currently 
validating. The area under the concentration versus time curve (AUC) and 
ethanol elimination rates (B60) were calculated for both blood and brain. 
The elimination phase in blood was also analyzed using a one- 
compartment Michaelis-Menton model. All analyses showed that females 
had faster clearance rates of ethanol than males. Noncompartmental 
analyses showed that females had smaller AUCs than males. However, 
estrous cycle stage did not affect ethanol elimination or AUC. Predicted 
ethanol concentration profiles in the brain reflected those in the blood but 
were consistently lower. These results agree with previous reports of 
gender differences in blood ethanol kinetics, and extend this knowledge by 
reporting ethanol kinetics in the brain and across the estrous cycle. 
(Research funded by NIAAA AA08484, NIAAA AA07471 and TRSA 1998 
John P. McGovern Award.)

633.7

CHRONIC ETHANOL TREATMENT INCREASES TAURINE CONTENT IN 
STRIATUM OF LONG EVANS RATS. B. Eppler* R, Dawson. D. Walker, J. Peris. 
University of Florida, Center for Alcohol Research and Dept. of Pharmacodynamics, 
Gainesville, FL 32610

Taurine (TAU) is an endogenous sulfur containing P-amino acid found in abundance 
in mammalian tissues and fluids including the brain. Biological roles for TAU include 
antioxidation, osmoregulation, calcium modulation, and inhibitory neurotransmission. 
Additionally, the TAU analog acamprosate is found to significantly decrease ethanol 
craving in alcoholics, indicating that changes in brain TAU content might be involved 
in the addictive process. Our study examined the effect of chronic ethanol treatment 
(CET) on TAU content in brain tissue and serum of rats. Male Long Evans rats 
received a liquid diet in which ethanol comprised 35 to 39% of the caloric intake. 
Control animals were pair-fed for 8 months with the same diet where sucrose was 
isocalorically substituted for ethanol. Half of the animals were withdrawn for 48 hours 
before sacrifice with free access to regular rat chow and water. TAU content was 
measured using HPLC-ECD. CET or withdrawal time did not have an effect on serum 
osmolality. CET significantly decreased TAU in cortex from 4.03 ± 0.15 to 3.70 ± 
0.30 pmoles/g tissue in intoxicated animals and from 4.55 ± 0.05 to 4.01 ± 0.15 
gmoles/g tissue after a 48-hour withdrawal period. Conversely, CET significantly 
increased TAU content in striatum from 5.09 ± 0.54 to 8.79 ± 1.64 gmoles/g tissue in 
intoxicated animals and from 7.73 ± 1.38 to 9.23 ± 1.12 pmoles/g tissue in rats 
undergoing withdrawal. Thus, changes in brain TAU content caused by CET are 
regionally selective. A decline in TAU content could indicate higher vulnerability to 
ethanol-induced damage whereas an increase could indicate more protection. Current 
studies are examining the mechanism for the changes in TAU levels in different brain 
areas by measuring TAU transporter expression using RT-PCR. Additionally, it would 
be of interest to determine if TAU protects from ethanol-induced cell damage in a cell 
culture model in the future. Supported by PHS Grants AA07561, AA00200, 
AA01480, Dept. of Veterans Affairs, and AHA-FL Grant 9701750.

633.8

THE LOCAL CELL FIRING MODULATORY EFFECTS OF REPEATED 
INTRAHIPPOCAMPAL ETHANOL ADMINISTRATIONS IN AWAKE 
MONKEYS. N, Ludvig*, J.M. Bolero, M.C. Nauven and H.M. Tang, Depts. of 
Physiology, Pharmacology, Anesthesiology and Surgery, State University of 
New York, Health Science Center at Brooklyn, Brooklyn, NY 11203.

No data are available on the effects of alcohol on the firing of CNS neurons 
in awake primates. However, such studies may help to extrapolate the data 
obtained in lower order mammals to humans. In this study, we have applied 
the combined single cell recording - intracerebral microdialysis method 
(Ludvig et al., Alcoholism: Clin. Exp. Res. [1998] 22:41-50) to awake squirrel 
monkeys. The method was used to deliver ethanol into the hippocampus and 
monitor the drug-induced cell firing changes.

A modified microelectrode - microdialysis probe guide assembly was 
implanted chronically into the left hippocampus of two adult squirrel monkeys. 
After a two-week recovery, single cell recording/microdialysis sessions, each 
lasting for 3-5 hours, were performed over a 2-3-month period. During these 
sessions, the monkeys were seated in a primate chair. Their head movements 
were not restrained. Fast firing cells and complex-spike cells were both 
recorded. Via microdialysis, NMDA (500 pM) and ethanol (1 M) were perfused 
for 10-30 min periods. NMDA caused brief cell firing increase followed by 
electrical silence. Ethanol caused cell firing suppression in most cells, but 
some cells responded with firing rate increase. Interestingly, when the ethanol 
perfusion was repeated within 2 hours, it caused smaller firing modulatory 
effects than the first exposure. This phenomenon was also observed in rats 
(Ludvig, unpublished), and may indicate the development of acute tolerance 
at the cellular level. We conclude that the effects of intracerebral ethanol 
applications on local cell firing can be readily studied in awake primates.

(Supported by NIH grant RO1AA10814 and a Rll grant from SUNY HSCB.)

Society  for  Neuroscience . Volume  25, 1999



WEDNESDAY AM ALCOHOL: MISCELLANEOUS BIOLOGICAL EFFECTS 1577

633.9
LOCAL CEREBRAL GLUCOSE UTILIZATION IN ALCOHOL-DEPRIVED AND 
ALCOHOL NON-DEPRIVED ALCOHOL-PREFERRING P RATS. D.G. Smith1*.
J.E. Learn2. W.J. McBride3. L, Lumeng4. T.-K. Li4. J.M. Murphy1,2’3. ‘Prog, in Psychobio. of 
Addictions, Psy. Dept., Purdue School of Science; 2Prog. in Med. Neurobio., Dept. of Med., 
3Psych Res., Indiana Univ. Sch. of Med., and 4VAMC, hidpls, IN 46202.

The 2-l’4Cj-deoxyglucose (2-DG) quantitative autoradiography technique was used 
to determine rates of local cerebral glucose utilization (LCGU) in discrete brain 
regions in alcohol-deprived (D;n=3), alcohol non-deprived (ND;n=6) and alcohol- 
naive (W;n=3) adult, male P rats. During tlie dark phase, animals were transferred to 
test cages with ad lib water access and no food. Four hrs later, a 4-h free-choice 
scheduled access period to EtOH (10% v/v) was conducted. Following 6 wks of daily 
scheduled access sessions, group D received only water during the sessions over tlie 
next 2 wks whereas groups ND and W continued to receive their respective fluids. On 
the 12th deprivation day, catheters were implanted into tlie femoral vein and artery of 
each animal for tlie injection of [14CJ2-DG and blood sampling, respectively. On day 
14, rats were injected with 2-DG 1-h prior to the access period and were decapitated 45 
min later. The brains were removed, frozen at -70°C and 20pm sections were 
prepared for autoradiography. LCGU rates in the examined brain regions exhibited a 
distinct group-dependent gradient where D>W>ND. The nucleus accumbens (ACB) 
was divided into 4 subregions: anterior and posterior core and shell (ac,as,pc,ps). 
LCGU rates in tlie ACBas were significantly higher in group D (132±17gm/100g 
tissue/min) than in group ND (77±10) and approached significance in both tlie ACBac 
(131± 18J); 78±14,ND; p=.O6) and ACBpc (121±15,D; 85±9,ND; p=.O55). Values from the 
olfactory tubercle in group D (166±18) were significantly higher than in ND (101±13), 
but not W (139±22). Tlie group D>W>ND pattern of LCGU rates was also exhibited in 
the medial prefrontal cortex (166±22,141±36,101±16) and VTA (133±28,82±22,60±13). 
Overall, these preliminary data suggest that clironic, voluntary EtOH drinking 
produces a significant reduction in neuronal activity in discrete limbic regions"bf tlie P 
rat and that forced abstinence increases neuronal activity levels above those observed 
in alcohol-naive P rats. (AA10721, AA07462, AA07611, AA05523)

633.10
EFFECT OF CHRONIC ETHANOL CONSUMPTION ON THE 
PERCENTAGE OF NK AND T LYMPHOCYTES IN RAT SPLEEN

1 Dept. of Animal Science, Rutgers, the State University of New Jersey, 84 
Lipman Drive, New Brunswick, NJ 08901 -8525; 2 Dept. of Pharmaceutical 
Sciences, Washington State University, Pullman, WA 99164-6510.

Chronic ethanol consumption is known to increase the susceptibility 
to infections and cancer. Natural killer (NK) cells have been implicated in 
immune surveillance against tumors, and against bacterial and viral 
infections. We have shown that chronic ethanol consumption for 2, 3, and 4 
weeks decreases NK cell cytolytic activity in splenic rat lymphocytes. In this 
study the effect of ethanol on percentage of CD3+ (T lymphocytes), 
CD161+ (NK cells), CD4+ (T helper lymphocytes) and CD8+ (cytotoxic T 
cells) in rat spleen was determined. Male Fisher-344 rats were fed a liquid 
ethanol diet (37% ethanol-derived calories), or were ad-lib-fed with normal rat 
chow or pair-fed with isocaloric liquid diet for 1, 2, 3, and 4 weeks. Splenic 
lymphocytes were isolated and incubated with anti CD3, CD161, CD4 and 
CD8 antibodies for 30 min. Cells were analyzed for fluorescent staining 
using a FACS flowcytometer. Animals that consumed ethanol for 3 and 4 
weeks showed reduced percentages of CD3+, CD161+, CD4+ and CD8a+ 
expressed cells. Animals treated with ethanol for 1 and 2 weeks showed no 
significant change of percentage of CD3+, CD161+, CD4+ and CD8a+ 
expressed cells. The data suggest that ethanol affects the percentage of T 
lymphocytes and NK cells in a time-dependent manner. These results, 
together with our previously reported data, suggest that ethanol 
consumption affects both the number and activity of NK cells in the rat 
spleen. (Supported by NIH Grants AA08757, AA00220.AA11591 )
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634.1

ALTERATION OF GTP BINDING PROTEINS IN THE BRAIN OF 
THE DIAZEPAM DEPENDENT RATS. S. .Tokil^*, H. Ozawa LS. 
Hatta-. S. SaitoL JDept. of Neuropsychiatry and 2Dept. of 
Pharmacology, Sapporo Medical University, Sapporo, Japan. 3Goryokai 
Hospital, Sapporo, Japan.

Although it have been reported that the functional changes in 
the GABA/Benzodiazepine (BZ) receptor of BZ dependent animals, the 
mechanism of physical dependence of BZ has not been clearly 
established. In BZ dependent animals, various withdrawal signs were 
observed and several signal transduction systems might contribute to the 
development of physical dependence. However, there are few direct 
information on the status of G protein in BZ dependent animals. In this 
study, we reported changes in the content of G proteins in membrane 
preparations of cerebral cortex in diazepam (DZP) - dependent rats. 
Physical dependence on DZP was induced in male Fischer rats by using 
drug admixed food method (Suzuki et al., Pharmacol. Biochem. Behav., 
1992). After termination of DZP treatment, withdrawn signs such as 
weight loss, tremor and spontaneous convulsions were observed and 
withdrawal scores of these rats were maximal at 39 ~ 45 hr after the final 
treatment. At the time of DZP withdrawal (non-withdrawn rats) and 42 
hr after DZP treatment (withdrawn rats), rats were sacrificed and 
synaptic membrane-enriched fraction were prepared. The quantity of G 
proteins (Gas, Gai, Gao, Gaq and G^y) in these fractions were 
investigated by immunoblotting. The immunoreactivity of Gas in rat 
synaptic membrane was significantly increased in non-withdrawn and 
withdrawn rats compared to control rats. On the other hand, content of 
Gai, Gao, Gaq and GfSy were not changed in non-withdrawn and 
withdrawn groups in comparison to control rats. The present study 
indicates that the changes in the G protein-mediated signal transduction 
systems may be possibly involved in development of and physical 
dependence of benzodiazepines.

634.2

DOSE-DEPENDENT AND TIME-DEPENDENT EFFECTS OF 
ETHANOL ON HIPPOCAMPAL SINGLE UNIT ACTIVITY: 
COMPARISON WITH DIAZEPAM A.M, White* and P.J. Best. Dept. of 
Psychology and Center for Neuroscience, Miami Univ., Oxford, OH 45056.

In both humans and rodents, ethanol (ETOH) produces a pattern of 
cognitive deficits similar to the pattern produced by damage to the 
hippocampus. Such evidence has led to speculation that ethanol might exert 
its effects on learning and memory by altering cellular activity in the 
hippocampus. At present, relatively little is known about the effects of 
ETOH on hippocampal cellular activity in awake, freely-behaving animals. 
There are two categories of cell types in the hippocampus, complex-spike 
cells and intemeurons. The activity of individual complex-spike cells is often 
highly correlated with an animal’s location in the environment. Such cells 
are referred to as place-cells. The activity of hippocampal intemeurons is 
typically correlated with movement. The present study examines the effects 
of multiple doses of ETOH (0.0, 0.5, 1.0, and 1.5 g/kg) on place-cell and 
intemeuron activity across a 1 hr. time period. Individual, units were isolated 
while rats traversed a Y-maze for food reward. After unit isolation, 15 min. 
of baseline activity were recorded. The activity of the cell was then 
monitored for a 1 hr. time period (divided into four 15 min. blocks) following 
ETOH administration. To ensure that changes in unit activity following 
ETOH administration were not due to a loss of isolation, 15 min. of recovery 
data were acquired roughly 6 hrs. post-injection. The effects of ETOH on 
hippocampal cellular activity were compared to those of the benzodiazepine 
agonist, diazepam, (supported by a grant from NSF to P.J.B.)

634.3

ADAPTIVE RESPONSES OF GABAergic NEURONS IN THE VENTRAL 
TEGMENTAL AREA TO CHRONIC ETHANOL. R.S. Lee*, R.A. Gallegos, 
J.R. Chado, S.J, Henriksen and S.C, Steffensen. The Scripps Research 
Institute, La Jolla, CA 92037.

We have recently identified a homogeneous population of GABAergic 
neurons in the ventral tegmental area (VTA), an area implicated in the 
reinforcing properties of alcohol. We evaluated the effects of local and 
systemic ethanol on VTA GABA neuron spontaneous activity in ethanol 
naive and chronically-treated anesthetized and freely-behaving rats. In 
acute studies in halothane-anesthetized rats, both systemically 
administered and local ethanol decreased the spontaneous firing rate of 
VTA GABA neurons; however, only systemic ethanol (1.2 g/kg) produced a 
rebound excitation at 30-60 min after the ethanol injection, suggesting that 
ethanol modulation of an extrinsic input may excite VTA GABA neurons. In 
acute studies in freely-behaving rats, a similar inhibition of VTA non-
dopamine (DA) neuron firing rate was obtained with acute intra-peritoneal 
administration of 0.2-2.0 g/kg ethanol. In chronic studies in freely-behaving 
rats, twice-daily ip administration of 2.0 g/kg ethanol produced an increase in 
VTA non-DA neuron baseline firing rate and tolerance to the inhibition of 
firing produced by acute ethanol in naive rats. This ethanol regimen 
resulted in behavioral signs of mild ethanol withdrawal (i.e., ventromedial 
distal limb flexion response, tail stiffness, abnormal body posture and 
tremor). In a separate group of freely-behaving rats, tolerance to ip 0.4-2.0 
g/kg ethanol-induced inhibition of VTA non-DA neuron firing rate was 
observed following two weeks of chronic exposure to intermittent ethanol 
vapors producing BALs of 158 mg%. These results suggest that chronic 
ethanol administration produces complex but selective adaptive circuit 
responses within the VTA or in extrategmental structures that regulate VTA 
GABA neuron activity. This work was supported by PHS grant #'s AA10075 
to SCS and AA06420 to SJH.

634.4

DIFFERENTIAL EFFECTS OF ETHANOL ON MUSCIMOL- 
STIMULATED 36C1UPTAKE IN ADOLESCENT VS. ADULT 
CORTEX. D, Montoya1. A, C Grobin2. A. L. Morrow2. D. B. 
Matthews2, W.A, Wilson1?and H.S. Swartzwelder’. ’Neurobiology 
Research Laboratory, Durham VA Medical Center; 2Bowles Center for 
Acohol Research, CB#7178, Chapel Hill, NC 27599.

Some of the sedative and hypnotic effects of ethanol are 
mediated by action at the GABAa  receptor. Recent studies have shown 
that behavioral sedative effects of ethanol are less potent in adolescent 
(30-50 day old) rats compared to adults. In order to assess the potency 
of ethanol on GABAa  receptor-mediated function, we measured 
muscimol-stimulated 36C1' uptake in synaptoneurosomes prepared from 
cortical tissue obtained from adolescent or adult rats. Radiolabeled 
chloride was added to synaptoneurosomes in the presence of increasing 
concentrations of the GABAa  agonist, muscimol. Following incubation 
for 5 seconds, synaptoneurosomes were collected by vacuum filtration 
over glass filters, dried, and subjected to scintillation counting.

Concentration-response curves of muscimol-stimulated 36Cf 
uptake in tissue from the two different age groups were 
indistinguishable. However, ethanol potentiation of muscimol- 
stimulated (3 fiM) 36Cf uptake was attenuated in tissue from adolescent 
animals and augmented in tissue from adults (t(5)= 3.54; p<0.02). These 
data suggest that ethanol may modulate GABA receptor-mediated 
inhibitory processes differently in adolescent vs. adult neocortex.
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634.5
BEHAVIORAL CHANGES AFTER CHRONIC ETHANOL TREATMENT 
IN A FREE CHOICE PARADIGM. U. Schmitt*. K. Gorondzielski. T. Weigelt 
and C. Hiemke. Department of Psychiatry, University of Mainz, 55131 Mainz, 
Germany.

Ethanol still is one of the most popular drugs leading to addiction together with 
tolerance and withdrawal symptoms. Despite of this, the neurobiological 
mechanisms that lead to addiction are poorly understood. However, there is 
growing evidence from animal models that symptoms of psychic dependence can 
be achieved only in a free choice paradigm. In contrast to investigations that 
quantify dependence by withdrawal symptoms in behavior, we investigated rat 
behavior under ethanol treatment. The study included equal numbers of male and 
female hooded rats (PVG/OlaHsd) with age and sex matched controls. All 
animals were single housed with free access to food and water. The ethanol 
treated rat thereby having a four bottle design giving a choice between tap-water, 
5%, 10% and 20% -ethanol (75 days with irregular short interruptions). The 
behavioral analytic setup was related to ethanol’s actions on locomotion, 
exploration and anxiety related behaviors, whereby rats were monitored twice. In 
accordance with the drinking behavior female rats consumed more alcohol than 
male. However, this effect was not mirrored in ethanol blood concentrations, 
which were rather low but on a similar level. Behaviorally, in females were die 
alcohol effects more prominent. Thus, parameters related to activity and 
exploration were only slightly enhanced. Parameters related to anxiety-like 
behaviors were enhanced in both sexes. Re-test of all animals revealed a strong 
habituation which was again less in females. In summary, these results gave 
evidence for changes in behavior that might be related to drug addiction without 
monitoring signs of withdrawal. Supported by DFG Be 454/4-1

634.6
FAST AND SLOW SELECTIVELY BRED MICE ARE DIFFERENTIALLY 
SENSITIVE TO ETHANOL’S ANXIOLYTIC EFFECTS. S.L. Boehm II* and T.J. 
Phillips, Portland Alcohol Research Center, Department of Behavioral 
Neuroscience, Oregon Health Sciences University and VA Medical Center, 
Portland, Oregon, 97201.

It is generally thought that the acute reinforcing and locomotor stimulating effects 
of ethanol are mediated in part by the mesolimbic dopamine system. Moreover, it 
is also evident that stress impinges on the mesolimbic dopamine system, suggesting 
that a common physiological mechanism may mediate both locomotor stimulant 
responses and stress effects. Acute exposure to ethanol increases mesolimbic 
dopamine release as does exposure to stress, and stress exposure can induce 
sensitization to the locomotor stimulant effects of ethanol. Genetically selected 
lines are powerful tools in the detection of traits of common genetic influence. We 
previously produced selected mouse lines exhibiting high (FAST) and low (SLOW) 
sensitivity to ethanol’s locomotor stimulant effects. Given the above relationships 
among stress, dopamine systems, and ethanol stimulant effects, we hypothesized 
that FAST and SLOW mice might also differ in response to acute stress and to 
ethanol’s anxiolytic effects. Thus, separate groups of saline- (0.9% saline) and 
ethanol- (2.0 g/kg; 20 % v/v) exposed FAST and SLOW mice were tested using the 
elevated plus maze, a measure of fear and anxiety. Mice were tested for 5 min 
immediately after injection. Results revealed no difference in anxiety level between 
the lines following saline treatment, but increased sensitivity to ethanol’s anxiolytic 
effects in SLOW relative to FAST mice. These results suggest that ethanol’s 
anxiolytic effects are mediated by one or more of the same genes influencing 
sensitivity to ethanol’s locomotor stimulant effects. Thus, at least one common 
physiological mechanism appears to mediate both behavioral responses.

This work was supported by NIAAA grant T32AA07468, P50AA10760, and a 
grant from the Department of Veterans Affairs.

634.7

INVOLVEMENT OF PERIPHERAL-TYPE BENZODIAZEPINE 
RECEPTORS ON THE ANXIOLYTIC EFFECT OF ETHANOL. V.M.M. 
Ferreira1*, G.S. Morato1, P. Ferrara2, R.C. Farges1. ‘Departamento de Farmacologia, 
Universidade Federal de Santa Catarina, Floriandpolis, SC, 88015-420, Brazil. 
2Biochimie de Proteines - Sanofi Recherche Centre de Labdge, Labege Imnopole 
Voie n2 1 - BP 137, 31676 Labege Cedex - France.

Although many important effects of benzodiazepines occur via stimulation of 
GABAa receptors in the central nervous system (CNS), recent studies have shown 
that peripheral-type benzodiazepine receptors (PBR), located both in the CNS and 
peripherally, can also mediate several physiological functions. The aim of this study 
is to verify if PBR could participate on the anxiolytic effect induced by alcohol. Male 
Wistar 4-month-old rats were stereotaxically implanted with a guide cannula directed 
to the hippocampus (AP -5mm, ML ±5mm, DV -6mm), under Equitesin® 
anaesthesia. After a recovery period, the animals were injected with ethanol (EtOH 
14% w/v, 1.2 g/kg, intraperitoneal route) or saline and 10 min later they were injected 
centrally with the PBR ligands RO 54864 or PK 11195 (0.5 or 1.0 nmol, in 0.5 pi) or 
phosphate buffer solution (PBS). After 5 min, the animals were placed in an elevated 
plus-maze apparatus and the following behavioral parameters were assessed: the 
percentage of open arm entries (OAE) and the percentage of the time spent in the 
open arms (TSO). Overall ANOVA showed that rats treated with PK 11195, exhibited 
smaller EtOH-induced increases in OAE (p<0.005). RO 54864 treatment did not 
modify OAE or TSO. In further experiments, rats treated with RO 54864 or PK 11195 
(0.1 mg/kg, intraperitoneal route), 24 h before EtOH, displayed reductions of ethanol 
effects on TSO. However, when drugs were administered 30 min before EtOH 
treatment, only RO 54864 reduced TSO. These results suggest that both ligands of 
PBR can exert similar influences in behavioral events involved on the anxiolytic 
effect of alcohol.

Supported by CNPq and Sanofi Recherche Centre de Labege.

634.8

PARTICIPATION OF HIPPOCAMPAL NITRIC OXIDE (NO) ON 
THE ANXIOLYTIC EFFECT OF ALCOHOL. G.S. Morato1*, V.M.M. 
Ferreira1, C.F. Valenzuela2. 1Departamento de Farmacologia, Universidade 
Federal de Santa Catarina, Floriandpolis, SC, 88015-420, Brazil, 
department of Neurosciences, University of New Mexico, Basic Medical 
Sciences Building, Room 145, Albuquerque, NM 87131-5223.

The present study was designed to further investigate the role of NO 
pathway on ethanol’s anxiolytic effect in rats tested in the elevated plus-maze 
(EPM). Male Wistar rats, 4-month old, from our colony were chronically 
implanted with a cannula directed to the hippocampus (AP -5mm, ML ±5mm, 
DV -6mm). They were injected with EtOH (1.0 or 1.2 g/kg, 14% w/v, i.p.) or 
saline (NaCI 0.9%, i.p.) and 10 min later they received through 
intrahippocampal route : 7-nitroindazole (7NI; 20 nmol); 8-Bromoguanosine 
cyclic 3’,5’-monophosphate sodium salt (8-Bromo-cGMP; 40 nmol), S- 
Nitroso-N-acetylpenicillamine (SNAP; 40 nmol) or sodium nitroprusside 
(SNP; 40 nmol) in 0.5pl; or vehicle. The behavior was recorded 5 min later 
in the EPM test. The results showed that all these drugs given alone did not 
affect the behavior of the animals. The reversible competitive inhibitor of 
NOS, 7NI, increased the percentage of open-arm entries and the time spent 
in the open arms of EPM induced by EtOH (1.0 g/kg). The administration of 
cGMP analogue, 8-Br-cGMP or NO donors, SNAP and NPS, prevented the 
increase in the percentage of open-arm entries and of the time spent in the 
open arms of EPM induced by EtOH (1.2 g/kg). Taken together, our results 
suggest the involvement of the hippocampal NO pathway on the anxiolytic 
effect induced by alcohol.

Supported by Conselho Nacional de Desenvolvimento Cientlfico e 
Tecnoldgico (CNPq)

634.9

EFFECT OF DIAZEPAM OR MK-801 DURING PRIOR ETHANOL 
WITHDRAWALS ON THE SEIZURE SENSITIVITY DURING A 
SUBSEQUENT WITHDRAWAL. M. C. Mhatre*, S. McKenzie, L. P. 
Gonzalez. Dept. of Psychiatry, Univ. Oklahoma HSC,Oklahoma, OK 
73190.

Clinical research into the etiology of alcohol withdrawal seizures has 
shown an increase in the sensitivity of seizures with multiple cycles of 
ethanol withdrawals (MEW). This correlation between detoxification 
admissions and seizure susceptibilty might be linked to therapies 
imposed during hospitalization along with alcohol withdrawal. In 
previous study, an exposure to MEW significantly increased the 
sensitivity to the convulsive effects of the GABAa receptor inverse 
agonist, Ro15-4513 as well as the spontaneous spike and sharp wave 
(SSW) activity in the hippocampal area CA3. This increase in the seizure 
sensitivity may be contributed by a decrease in the GABAa receptor 
mediated inhibition or by enhanced NMDA receptor function during prior 
withdrawals. In the present study, diazepam at doses which suppress 
acute withdrawal symptoms given during intermittent withdrawals did 
not suppress the seizure sensitivity as well as the SSW activity in the 
hippocampal CA3 area during a subsequent withdrawal. Treatment with 
NMDA receptor antagonist, MK>801 during prior withdrawals led to a 
significant increase in the severity of withdrawal and in the number of 
spontaneous seizures during a subsequent withdrawal. This finding 
suggests that the suppression of acute withdrawal symptoms by 
diazepam and MK-801 does not prevent withdrawal induced changes in 
the CNS function resulting into increased susceptibility to seizures. 
[Supported by R.C.D9122300, NIAAA-AA09959, Ocast H97-110]

634.10
BENZODIAZEPINE WITHDRAWAL ALTERS THE COPING RESPONSE TO 
STRESS AND FACILITATES THE DEVELOPMENT OF ETHANOL 
DEPENDENCE., VAMeSraM, P- Martijena. C.Lacerra and S.G. Bustos. Dept. 
Farmacologia. Fac. C. Qulmicas. Univ. Nac. de Cdrdoba. Ciudad Universitaria. 
5000 Cdrdoba, Argentina.

The goal of this study was to investigate the effect of benzodiazepine (BDZ) 
withdrawal on the behavioral and neurochemical coping responses to a forced 
swim (FS) session. In addition, we also investigate the effect of BDZ 
discontinuation on ethanol (ETOH) consumption employing a free choice 
paradigm between water and increasing ETOH concentrations, in order to 
explore the possible mechanisms involved on ETOH consumption, the anxiolytic 
and reinforcing properties of ETOH were also studied. Adult male wistar rats 
were subjected to withdrawal following a chronic treatment with diazepam (2 
mg/kg/day, i.p.) during 21 days. BDZ treated rats were exposed after 96 h of 
abstinence to a 10 min FS and one day later evaluated in the elevated plus 
maze (EPM). Moreover, GABA stimulation of chloride uptake in cortical tissue 
was assessed immediately following the FS. Only stressed withdrawn rats 
exhibited an arotiogenic response in the EPM. In contrast to the enhanced 
chloride uptake observed in stressed vehicle treated animals, similar uptake 
values were obtained between withdrawn animals submitted or not to the FS. 
BDZ treated rats also showed a higher ETOH intake. Furthermore, rats 
submitted to abstinence exhibited an increased anxiolytic ETOH effect (1 g/kg) 
in the EPM and a significant ETOH-induced conditioned place preference. 
Succesive DMI administration (5 mg/Kg, i.p.) during the abstinence period 
reduced both ETOH intake and the anxiolytic effect induced by ETOH. These 
data suggest that BDZ withdrawal may affect the ability to perform coping 
response to subsequent stressors. Furthermore, prior BDZ abstinence seem to 
facilitate the development of ethanol dependence and DMI could be an effective 
drug to reduce such facilitating effect. Supported by: Agenda Nadonal de 
Promoddn Cientlfica y Tdcnica- CONICET-CONICOR-SECYT
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634.11
CONTINUOUS INFUSION OF GABA OR AN NMDA ANTAGONIST INTO THE 
INFERIOR COLLICULUS RESULTS IN THE DEVELOPMENT OF 
AUDIOGENIC SEIZURES: RELATIONSHIP TO ETHANOL WITHDRAWAL.
L. Yang* and C.L. Fainqold. Department of Pharmacology, Southern Illinois 
University School of Medicine, P.O. Box 19629, Springfield, IL 62794-9629

The inferior colliculus (IC) plays a major role in audiogenic seizure (AGS) 
initiation during ethanol withdrawal (ETX). Ethanol enhances the actions of 
GABA in several brain sites, including the IC. Continued enhancement of the 
action of GABA may result in down-regulation of GABA-A receptors. Ethanol 
also acts as an antagonist at NMDA receptors. Continued ethanol exposure 
induces up-regulation of NMDA receptor function, which may also contribute to 
AGS susceptibility. In the present study, under ketamine/xylazine anesthesia 
(85/3 mg/kg i.p.), cannula guide tubes (21G) were bilaterally implanted over the 
central nucleus of IC (ICc). Alzet micro-osmotic pumps were implanted 
subcutaneously and connected via catheters to the infusion cannulae (26G). 
The minipumps contained GABA (1-2 M), an NMDA antagonist [DL-2-amino-7- 
phosphono-heptanoic acid (AP7), 1 mM] or ethanol (1 M) and delivered 0.25 pl/h 
bilaterally into the ICc for 7-14 days. Following removal of the minipump, the 
animals were tested for AGS in a sound-attenuated chamber using an electrical 
bell (122 dB SPL, re 0.0002 dyne cm'2). The stimulus was delivered for 60 s or 
until the convulsion began. AGS, including wild running and clonus, was 
observed following withdrawal. The AGS incidence was 57% (N=7), 67% (N=3) 
and 25% (N=4), thus far, following GABA, AP7 and ethanol infusions, 
respectively. Spontaneous seizures and/or AGS following GABA infusion were 
observed 20 min after the infusion was terminated. All animals exhibited AGS 
four days after withdrawal. These results suggest (1) IC is the critical structure 
for AGS initiation in ETX. (2) Systemic ethanol exerts a direct action on IC. (3) 
GABA receptor down-regulation and NMDA receptor up-regulation both appear 
to contribute to AGS susceptibility during ETX. (Support NIAAA AA11628)

634.12
AN ANTIOXIDANT, CO-ENZYME Q, REDUCES ANXIETY 
INDUCED BY ETHANOL WITHDRAWAL. H. LalTM.E. Jung, and M.B. 
Gatch, Department of Pharmacology and Substance Abuse Institute of North 
Texas, University of North Texas Health Science Center, Fort Worth, TX 
76107

Antioxidants have been reported to reduce some of the oxidative damage 
produced by ethanol and by ethanol withdrawal (EW). This study examined if co-
enzyme Q, an endogenous antioxidant, reduces anxiogenic symptoms occurring 
during EW using a drug discrimination paradigm. Rats were trained to discriminate 
an anxiogenic drug, m-chlorophenylpiperazine (m-CPP, a 5-HTlb/2 agonist, 1.4 
mg/kg) from saline in a two lever choice task for food. After acquisition of the 
mCPP discrimination task, two groups of rats received a nutritionally balanced 
liquid diet containing 6.5% ethanol for 10 days to develop ethanol dependence. 
Co-enzyme Q (50 mg/kg) was co-administered daily by i.p. injection during the 10 
days of ethanol diet in a co-enzyme Q group whereas vehicle was administered in a 
control group. Sixteen hours after termination from the chronic ethanol diet, 60 % 
of a control group selected mCPP lever after saline injection, indicating EW 
produces a mCPP-like anxiogenic stimulus. In contrast, only 30 % of rats in a co-
enzyme Q group selected mCPP-lever. These data suggest that an endogenous 
antioxidant, co-enzyme Q reduces serotonergic anxiogenic symptoms induced by 
EW. The exact mechanism underlying anti-EW effect of co-enzyme Q in this study 
is still under investigation. Nevertheless, it stimulates our interest in the potential 
application of coenzyme Q for the treatment of ethanol abuse-related disorders. 
(Supported by NIAAA Grant #AA09567 and #AA10545).

634.13

Moxonidine, a Selective lmidazoline-1 Receptor Agonist 
(SIRA), Suppresses the Effects of Ethanol Withdrawal on 
the Acoustic Startle Response in Rats. J. Vandergrift, D. Lodge 
and K. Rasmussen*. Neuroscience Research Division, Lilly Research 
Laboratories, Eli Lilly and Co., Indianapolis, IN 46285

There is a need for improved treatments for ethanol withdrawal in 
man. Previously, ethanol withdrawal has been shown to enhance the 
acoustic startle response in rats. Since many ethanol withdrawal 
symptoms are due to autonomic hyperactivity, we examined the effects of 
two antihypertensives, the imidazolineOh agonist moxonidine and the a2- 
adrenergic partial agonist clonidine, on the ethanol-withdrawal-enhanced 
acoustic startle response in rats. d-Amphetamine-enhanced startle served 
as a positive control. Male, Long-Evans rats were made ethanol-dependent 
through unlimited access to liquid diet containing 6.7% v/v ethanol for ten 
days. The concentration of ethanol was reduced to 3.3% v/v on the 
eleventh day. On the Twelfth Day, the rats received control diet. The 
acoustic startle response was tested 24 hours following the withdrawal of 
ethanol. Control rats were maintained on control liquid diet throughout the 
experiment. As has been shown previously, withdrawal from the chronic 
ingestion of ethanol significantly enhanced the acoustic startle response. 
Pretreatment with moxonidine (0.01,0.1, and 1.0 mg/kg, s.c.), but not 
clonidine (0.3,1.0, and 3.0 mg/kg, s.c.), significantly attenuated the ethanol 
withdrawal-induced elevation of the acoustic startle response. Moxonidine 
did not suppress the elevation in the startle response caused by d- 
amphetamine. These results indicate that h receptors can play an 
important role in ethanol withdrawal and that moxonidine may be useful for 
the treatment of ethanol withdrawal in man.

634.14

GENETIC ASSOCIATION BETWEEN CHRONIC ETHANOL WITHDRAWAL 
SEVERITY AND ACOUSTIC STARTLE PARAMETERS IN WSP AND WSR 
MICE. I.Y. Ponomarev* and J.C. Crabbe. Oregon Health Sciences University 
and VA Medical Center, Portland, OR 97201.

Genetic animal models have been extensively used to study alcohol 
physical dependence. The present study examined the genetic association 
between chronic ethanol withdrawal severity and acoustic startle response 
(ASR) in replicated lines of mice selected for high (Withdrawal Seizure- 
Prone; WSP) and low (Withdrawal Seizure-Resistant; WSR) susceptibility to 
handling-induced convulsions after withdrawal from chronic exposure to 
ethanol. Any differences on a nonselected (correlated) trait between the 
oppositely-selected lines is strong evidence of common genetic control of the 
selected and correlated phenotypes. Naive WSP and WSR mice of both 
replicates were placed in startle chambers and exposed to a series of white 
noise stimuli of different intensities. When ASR amplitude was plotted vs. 
sound intensity, the sigmoid intensity-response curves of both WSP 
replicates were shifted to the right relative to the responses of WSR mice, 
which suggested decreased startle sensitivity in the WSP animals. The 
selected lines also differed in their ASR to repeated acoustic stimulation, with 
WSP mice demonstrating greater habituation. Pilot data suggest these 
differences are unlikely to be explained by differential hearing thresholds in 
these mice. If the genetic association reported here is verified in human 
subjects, reduced sensitivity and increased habituation to acoustic stimuli in 
naive subjects may offer predictive markers for susceptibility to ethanol 
physical dependence. Several studies are under way to examine acoustic 
startle in WSP and WSR lines during withdrawal from chronic ethanol.

Supported by AA10760, AA06243, a grant from the Department of Veterans 
Affairs, and the Department of Behavioral Neuroscience at OHSU.

634.15

STRESS-LIKE CHANGES IN PREFRONTAL CORTEX AND 
AMYGDALA DOPAMINE AND SEROTONIN FOLLOWING 
ETHANOL WITHDRAWAL. J.N. Carlson, K.L. Rice, and U.R. 
Desai, Department, of Pharmacology and Neuroscience, Albany 
Medical College, Albany, NY 12208

Several studies have indicated that many of the brain effects of 
ethanol withdrawal are similar to those induced by acute 
uncontrollable stress. Chronic ethanol exposure followed by 
withdrawal has been shown to modify cortical and amygdala 
dopamine (DA) and serotonin (5HT) function. In previous work 
we observed that acute ethanol exposure and exposure to acute 
uncontrollable stress produce similar lateralized changes in 
dopamine (DA) utilization (DA/metabolite ratios) in the medial 
prefrontal cortex (PFC). In the present study we investigated the 
effects of ethanol withdrawal on DA and 5HT neurochemistry in 
the amygdala and PFC. Male Long Evans rats were given a 
liquid diet containing 6% ethanol or were pair-fed a similar diet 
containing dextrose in lieu of ethanol for 14 days. Animals were 
killed on day 15, 8-10 hrs after removal of the ethanol containing 
diet. Ethanol withdrawal caused increased levels of 5HT and 
5HIAA and decreased DA utilization in the amygdala; ethanol 
withdrawal also reduced or abolished a normal left > right DA 
asymmetry. In the PFC, ethanol withdrawal caused a large right 
> left increase in DA utilization. The data suggest that ethanol 
withdrawal modifies lateralized functioning of Brain DA and 5HT 
systems that normally govern the response to stressors, 
(supported by an Albany Medical College Bridge Award Grant)
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635.1
MULTIVARIATE BIOCHEMICAL ANALYSIS OF NEONATAL NITRIC 
OXIDE SYNTHASE INHIBITION IN RATS: A POTENTIAL 
NEURODEVELOPMENTAL MODEL OF SCHIZOPHRENIA. M D. Black*, D E. 
Selk, J.M. Hitchcock, J G. Wettstein, S M. Sorensen. 'A. Carlsson & 'N. Waters. In
vivo CNS, Hoechst Marion Roussel, Bridgewater, NJ, USA. ’Dept Pharmacology, 
Goteborg University, Gothenberg, Sweden.

NADPH-d (nicotinamide-adenine dinucleotide phosphate-diaphorase) containing 
neurons are thought to migrate improperly during development in the brains of 
schizophrenic patients (Akbarian et al., 1993). This enzyme is a nitric oxide 
synthase (NOS). Nitric oxide (NO) is known to affect neurodevelopmental 
processes in the CNS. Therefore, we used the NOS inhibitor (L-Nitroarginine) on 
neonatal rats in order to determine if NOS inhibition would prove useful as a 
neurodevelopmental model for schizophrenia.

In these experiments, neonatal rats were challenged with an NOS inhibitor (L- 
Nitroarginine l-100mg/ kg s.c.) daily on post-natal days 3-5. Behavioral changes in 
the sensitivity of male and female animals to amphetamine and PCP have been 
previously reported (Black et al., 1999). We find that both female and male 
neurochemistry change in response to L-NoArg treatment. Dominant changes are 
observed in limbic and cortical dopamine systems. Interpretable as increases in 
turnover. Parallel reductions in serotonergic variables are observed. Interestingly 
the difference between females and males is accentuated due to treatment.

The results suggest that this approach may be useful as a new neurodevelopmental 
model of schizophrenia, which can provide insight into the male/female differences 
inherent in this disease.
Akbarian S., et al., (1993). Arch Gen Psychiat. 50(3): 178-87.
Black M.D., et al., (1999). Neuropharmacology. In press

635.2

DEVELOPMENTAL CONSEQUENCES OF NEONATAL AMYGDALA 
DAMAGE ON BRAIN AND BEHAVIOR: IMPLICATIONS FOR THE 
ETIOLOGY OF SCHIZOPHRENIA. F. M. Hanlon*. R. S. Astur. and R. J. 
Sutherland. Depts. of Psychol. & Neurosci., Univ. of New Mexico, Albuquerque 
NM 87131.

Schizophrenic pathology may occur due to early, specific brain damage which has 
an adverse cascade effect on the maturation of certain brain structures, such as the 
amygdala, hippocampus, prefrontal cortex, ventricles, and fotebrain dopamine 
systems. We have tested the hypothesis that early bilateral amygdala damage can 
cause adult cognitive, social, neuropharmacological, and forcbrain structural 
pathology using a predictive rat model. We electrolytically damaged the amygdala 
48 hr after birth. In adulthood we measured specific cognitive processes, social 
behavior, sensitivity to forebrain dopamine system activation, and morphology Of 
several brain areas. The behavioral measurements we used are tasks which depend 
upon the integrity of the amygdala, hippocampus, or prefrontal cortex, a social 
communication task, and locomotion response to amphetamine. Rats with neonatal 
amygdala damage showed poor performance on the task sensitive to the amygdala 
and the two tasks sensitive to the prefrontal cortex, an egocentric spatial task and a 
working memory task. Deficits in social communication of flavor preferences were 
also seen in these adult rats. However, no impairment on the hippocampal sensitive 
task and no significant differences in amphetamine-induced locomotion before or 
after puberty were found. In these same rats with early amygdala damage we 
measured the volume of the hippocampus, thalamus, frontal and cerebral cortices, 
and lateral and third ventricles with a computerized image quantification system. 
Overall, early bilateral amygdala damage causes adult deficits in amygdala and 
prefrontal cortex functioning, as well as social behavioral deficits. Yet, this early 
lesion does not cause adult deficits in hippocampal and forcbrain dopamine system 
functioning. Therefore, early amygdala damage may cause some of the adult 
behavioral and morphological deficits, yet not the neuropharmacological deficits, 
which resemble those seen in adult schizophrenics. [Supported by SRAC, Quad-L 
of UNM, and HHMI to UNM School of Medicine.]

635.3
SENSORY GATING DEFICITS IN RATS WITH EARLY DISRUPTION OF 
LIMBIC CORTICAL DEVELOPMENT: RELEVANCE TO SCHIZOPHRENIA
H. Moore*', D. Giracello2, A.A. Grace' and M.A. Geyer2
'Depts. of Neuroscience and Psychiatry, Univ. of Pittsburgh, Pittsburgh, PA 15260 
2Department of Psychiatry, School of Medicine, Univ. California, San Diego, 92093

Prepulse inhibition (PPI) is a behavioral response widely considered to reflect 
the modulation of the encoding of one stimulus by a previously-experienced stimulus. 
Operationally defined, it is the degree to which a weak stimulus, when presented 30-500 
msec before a startling stimulus, can reduce the amplitude of the startle response. The 
gating of the startle response by the weak stimulus has been shown to depend on limbic 
cortical and dopaminergic inputs to the nucleus accumbens. When tested in the PPI 
paradigm, schizophrenia patients show a decreased startle response and deficits in PPI. 
Consequently, it has been postulated that this reflects functional deficits in limbic 
corticostriatal and/or mesolimbic DA circuits in these patients. We and others have 
proposed that functional deficits in limbic cortico-basal ganglia and mesolimbic DA 
c! cuits can arise as a result of a prenatal disruption limbic cortical development. We 
have attempted to model this process in rats using prenatal administration of the 
mitotoxin methylazoxymethanol acetate (MAM) at a time and dose that preferentially 
disrupts neuronal division and migration in the temporal cortex. We have shown that, 
as adults, these rats show behavioral and neurophysiological evidence for dysfunction 
of prefrontal and temporal corticostriatal circuits. To further validate this treatment as 
a model of the limbic forebrain dysfunction in schizophrenia, we measured startle 
responses and PPI in MAM-treated rats. Compared to untreated adults, adult rats that 
had been treated with MAM on GD 17 showed decreases in both baseline startle 
responses and PPI. These effects were similar in magnitude to the decreases in startle 
and PPI exhibited by schizophrenia patients, iltese results indicate that MAM-treated 
rats, like schizophrenia patients, have sensory gating deficits that may derive from a 
dysfunction of limbic cortical or mesolimbic DA inputs to the nucleus accumbens. 
Supported by NARSAD (H.M.), the Stanley Foundation (A.A.G, H.M.) and MH52885 (M.A.G.)

635.4
EARLY INTERRUPTIONS OF BRAIN DEVELOPMENT INDUCE ABNORMAL 
LATERALIZATION AND HYPOPLASIA OF FRONTAL AND 
PARAHIPPOCAMPAL ASSOCIATION AREAS. L.M. Talamini1, T, Koch3, H.J. 
Groenewegen2* and J. Korf3. 'Dept. of Psychonomics, Univ. of Amsterdam; 2Dept. 
Anatomy and Embryology, Free Univ. of Amsterdam; 3Dept. of Psychiatry, Univ. 
Hospital Groningen, POB 30.001,9700 RB Groningen.

Disturbed brain development may lie at the basis of various neuropsychiatric 
disorders. One presumed sign of abnormal brain development is deviation from the 
predominant pattern of brain lateralization. Such deviations occur at an increased 
rate in schizophrenia, as well as in other neuropsychiatric disorders.

In the present study prenatal mitotic insults were achieved in laboratory rats, 
administering methylazoxymethanol acetate (MAM) on one of the embryonic days 
between E9 and El2. We show that such manipulations specifically reduce the 
volume of several cytoarchitectonically-defined parahippocampal and prefrontal 
regions. It is, furthermore, demonstrated that morphological lateralization with a 
preferential directionality exists in these areas and is disturbed by prenatal MAM 
treatment. We finally show that, both in the entorhinal and in the prefrontal cortex, 
the right analogue of a certain region is affected by treatment on an earlier date than 
its left hemispheric counterpart, suggesting a ‘right before left’ development in these 
regions.

Our findings corroborate previous studies suggesting early neurogenesis in 
various mesocortical areas and suggest interhemispheric differences in the timing of 
cell proliferation. The results carry implications for the pathogenesis of 
schizophrenia, showing that the entorhinal and prefrontal cortex, which are both 
implicated in this disorder, can preferentially and contemporaneously be affected by 
a developmental insult in rats. Our observations moreover suggest that abnormal 
cerebral asymmetries, as found e.g. in ADHD, autism, dyslexia, learning disabilities 
and schizophrenia, could originate through prenatal insults with disproportionate 
left-right effects due to different interhemispheric growth patterns.

635.5

DELAYED NEURONAL LOSS AFTER 
INTRACEREBROVENTRICULAR ADMINISTRATION OF 
KAINIC ACID TO PREWEENLING RATS. William M. Humphrey. 
Mark E. Bardgett & John G. Csernanskv*. Dept. of Psychiatry, 
Washington University School of Medicine, St. Louis, MO 63110.

Excitotoxins, such as kainic acid (KA), have been shown to produce 
both immediate and delayed neuronal degeneration in the rat brain. 
While preweanling rats have been shown to be resistant to immediate 
neurotoxicity of KA, the phenomenon of delayed neuronal loss has 
only begun to be investigated in such animals. The present study 
bilaterally administered .5gl of either 10 nmol KA, 5 nmol KA or 
artificial cerebrospinal fluid by intracerebroventricular (icv) injection 
on postnatal day 7 (P-7). Observations by light microscopy revealed 
damage to the hippocampus, especially in the CA-3 region of KA 
treated animals at P-75. Additionally, deficits in spontaneous 
alternation, a measurement of exploratory activity, were observed. Data 
from this experiment suggest that the hippocampal anatomy is altered 
sufficiently so that neuronal loss occurs after a delay, perhaps through 
apoptosis. This animal model of delayed neuronal loss may be useful 
in studying neurodevelopmental disorders where the onset of 
symptoms or cognitive deficits is not coincident with the timing of 
developmental insults.

635.6
BEHAVIORAL SUPERSENSITIVITY IN RATS WITH EXCITOTOXIC 
DAMAGE OF LEFT ENTORHINAL CORTEX: A PUTATIVE ANIMAL 
MODEL OF SCHIZOPHRENIA. T. Sumiyoshi*. M,Tsunoda. T, Uehara, H, 
Itoh and M. Kurachi. Dept. of Neuropsychiatry, Toyama Medical and 
Pharmaceutical Univ.; Toyama 939-0194, JAPAN

Studies of brain morphology using postmortem specimens or brain imaging 
technique have revealed reductions in the volume of the structures of the medial 
temporal lobe such as hippocampus, amygdala and parahippocampal gyrus (PHG) 
in subjects with schizophrenia. There is a hypothesis that the structural change 
in left PHG is the primary neurodevelopmental factor associated with the clinical 
symptoms of schizophrenia (Roberts 1991). The present study was performed to 
determine if excitotoxic lesioning of left entorhinal cortex (EC) of rat, which 
corresponds to human PHG, results in stress-induced hypersensitivity of dopamine 
(DA)-related behaviors. Quinolinic acid (150 mM x 0.5 pi; lesion group, n=24) 
or phosphate buffer (sham group, n=18) was infused into left EC of adolescent 
(postnatal 7 weeks) male Wistar rats. On the 14th or 28th postoperative day, 
locomotor activity was tested following exposure to a novel environment or 
administration of methamphetamine (MAP; 1 mg/kg, IP). There was no 
significant difference in either measure of locomotion between sham and lesioned 
animals on the 14th postoperative day. On the 28th postoperative day, however, 
lesioned rats exhibited significantly greater MAP-induced locomotor activity 
compared to sham-operated animals (p<0.024). Novelty-induced locomotion in 
lesioned rats also tended to be enhanced (p=0.06) on this stage. These results 
suggest that excitotoxic damage of left EC of rat is associated with behavioral 
changes consistent with increased mesolimbic DA responsivity to stress. Data of 
stereotypy from the studied animals will be provided at the time of presentation. 
(Supported by a Grant-in-Aid for Scientific Research from MESCS (Japan) No. 
10770475)
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635.7
MATERNAL OBSERVATIONS AND RESPONSE TO ADULT VENTRAL 
VENTRAL HIPPOCAMPAL LESIONS IN FISHER AND LEWIS RATS. G.K, 
Wood*. E.R, Marcotte. M. Carli, R. Quirion, L.K. Srivastava. Departments of 
Neurology and Neurosurgery and Psychiatry, McGill University, Douglas Hospital 
Research Center, Montreal, PQ, H4H 1R3.

Previous experiments from our laboratory have demonstrated that the outcome of 
neonatal ventral hippocampal lesions can be determined by early environmental 
experience. More specifically, when Fisher or Lewis rats are raised by Fisher dams 
they develop amphetamine-induced hyperlocomotion when lesioned in the ventral 
hippocampus. However, both Fisher and Lewis rats raised by Lewis dams do not 
express amphetamine-induced hyperlocomotion following the same ventral 
hippocampal lesion. When the maternal behaviour of Fisher and Lewis dams were 
measured, it was found that Fisher dams actively nurse their pups significantly 
more than Lewis dams. In fact, we have been able to demonstrate that increased 
active nursing of pups leads to increased novelty- and amphetamine-induced 
locomotion in lesioned rats and not sham. Interestingly, while the lesions resulted 
in a significant decrease in prepulse inhibition, an effect of early environment was 
not seen, indicating that the effect of early environment is paradigm specific. We 
have interpreted these result to suggest that increased active nursing primes the 
pups to develop hyperlocomotion following ventral hippocampal lesions but does 
not affect sensorimotor gating. In order to investigate if the priming will last into 
adulthood we cross fostered Fisher and Lewis pups at the day of birth. Then upon 
reaching adulthood, the rats were lesioned in the ventral hippocampus. Following 
two weeks of recovery the rats were tested for novelty and amphetamine-induced 
locomotion as well as prepulse inhibition. The results will help narrow down the 
mechanism of priming by demonstrating whether or not it is a long lasting change, 
such as neuroanatomical, or a transient affect, such as a change in receptor activity. 
Supported by Medical Research Council of Canada and Natural Sciences and 
Engineering Research Council of Canada.

635.8
EFFECTS OF REPEATED PHENCYCLIDINE ADMINISTRATION ON 
LOCOMOTOR ACTIVITY AND FORCED SWIMMING TEST IN RATS 
WITH NEONATAL VENTRAL HIPPOCAMPAL LESIONS.
T. Hori*, S. Subramaniam, M. Carli, L. K. Srivastava. R. Quirion
Douglas Hospital Research Centre & Department of Psychiatry, McGill 
University, Montreal, Quebec, Canada, H4H 1R3

Repeated phencyclidine (PCP) treatment and neonatal ventral hippocampal (VH) 
lesions in rats have been used as animal models of schizophrenia. In order to gain 
further insight into behavioral characteristics seen in these models, we examined 
locomotor activity and forced swimming test (FST) in neonatal bilateral VH lesion 
rats following a repeated PCP administration. Fischer 344 rats were lesioned on 
postnatal day 7 (PD7) with ibotenic acid. Starting on PD42, rats received repeated 
saline or PCP (7.5 mg/kg, i.p.) injections for 14 days. The animals were evaluated 
for locomotor activity and stereotyped behaviors on PD42, 46, 51 and 55. For FST, 
on PD56, rats were placed in water for a 15 min (Pretest) followed 24 hr later by a 
5 min test. Locomotor activity in a novel environment was significantly increased 
in lesioned rats and PCP further increased locomotor activity at PD42 and PD46 
and increased rearing on PD 46 and 51 in the lesioned rats. Interestingly, repeated 
PCP appeared to induce hypolocomotion during the habituation period, 1 hr before 
injection on PD 46, 51 and 55 compared with saline treated rats. The difference in 
locomotor activity between pre and post injection in lesioned rats were larger than 
that seen in sham rats. The immobility time in FST was significantly decreased in 
lesioned rats following repeated PCP administration. Lesioned rats did not differ in 
acquisition of immobility but rather in its retention. These results indicate that 
repeated PCP treatment in neonatal VH lesion rats affects locomotor activity as 
well as the retention of acquired immobility. Supported by MRC of Canada.

635.9
LONG-TERM CNS EFFECTS OF POSTWEANING SOCIAL 
ISOLATION AS DETECTED BY !H MRS C.C. Cloak*. R.E. Poland. 
Department of Psychiatry, Harbor-UCLA Medical Center, Torrance, 
CA 90509 and UCLA Brain Research Institute, Los Angeles, CA 90024.

Developmental social isolation has been suggested as an animal 
model of schizophrenia. To study further the validity of this model, 
the persistent neurochemical effects of postweaning social isolation 
were assessed by ex vivo proton (!H) magnetic resonance spectroscopy 
(1H MRS). Male Sprague-Dawley rats were either housed 
individually or three per cage from approximately 23 to 1(M) days of 
age. Regional concentrations of several major brain metabolites can be 
determined, including N-acetylaspartate (NAA), creatine, choline, 
gamma-aminobutyric acid (GABA), glutamate, taurine and myo-
inositol. Some of these metabolites reflect neuronal integrity (e.g., 
NAA), whereas others are involved in energy metabolism (e.g., 
creatine) or neurotransmission (e.g., glutamate and GABA). 
Preliminary analysis of isolated animals showed a long-term decrease 
in NAA (-9%) in frontal cortex as compared to socially housed animals. 
This is consistant with numerous clinical studies which have shown 
decreased NAA in the frontal cortex of schizophrenic patients. Further 
analysis will be performed on the frontal cortex and other regions. 
Whether these neurochemical changes are permanent, or can be 
reversed by re-socialization, also remains to be determined (Supported 
in part by MH 47193 and the Heffter Foundation).

635.10
EFFECTS OF KETAMINE AND MK-801 ON REGIONAL BRAIN METABOLIC 
ACTIVITY IN FREELY MOVING MICE. S.Miyamoto, J.N. Leipzig, J.A 
Lieberman* and G E. Duncan. Dept. of Psychiatry and Neuroscience Ctr, Univ. of 
North Carolina at Chapel Hill, Chapel Hill, NC 27599.

Investigations of ketamine-induced alterations in brain function may provide useful 
paradigms for translational research to better understand the potential role of reduced 
N-methyl-D-aspartate receptor (NMDA-R) function in schizophrenia. Studies of the 
effects of ketamine on brain metabolic activity have been limited to rats. The 
availability of knockout and transgenic mice deficient in specific receptor subunits 
may present an opportunity to define neurochemical mechanisms of ketamine- 
induced metabolic responses and effects of antipsychotic drugs in the [14C]-2- 
deoxyglucose (2-DG)-ketamine challenge model. The aim of this study was to clarify 
the roles of NMDA-R antagonism, as well as dopamine (DA)-releasing properties of 
ketamine, in regional brain metabolic activity and behavioral responses in the freely 
moving mice. The effects of acute administration of ketamine (30 mg/kg) were 
compared with those of the more selective non-competitive NMDA antagonist MK- 
801 (0.3 and 0.5 mg/kg), and amphetamine (4 mg/kg) on 2-DG uptake. There were 
qualitative differences in the behavior of mice after injection of ketamine and MK- 
801. However, the NMDA antagonists induced substantial and similar 
neuroanatomically selective alterations in 2-DG uptake. Remarkable increases in 
metabolic activity were seen in limbic cortical regions, hippocampal formation, 
nucleus accumbens, select thalamic nuclei, and basolateral amygdala. The behavior 
of mice given amphetamine was similar to that of mice given MK-801 (0.3 mg/kg). 
However, the brain activity patterns induced by amphetamine were distinctly 
different from those observed after the NMDA antagonists. These results suggest that 
generalized behavioral arousal and increased DA release are insufficient to account 
for the NMDA antagonist-induced changes in 2-DG uptake, and that the effects of 
ketamine on 2-DG uptake are likely related to reduced NMDA-R function. 
(Supported by MH-33127, MH-00537, HD-03110, and the Foundation of Hope)

635.11
BRAIN DERIVED NEUROTROPHIC FACTOR (BDNF) mRNA IN RATS WITH 
NEONATAL IBOTENIC ACID LESIONS OF THE VENTRAL HIPPOCAMPUS
P. Ashe. I. Chlan-Foumev, AV. Juorio*. X-M Li and A.A Boulton,
Neuropsychiatry Research Unit, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada, S7N 5E4.

Recently, it has been suggested that neurodevelopmental abnormalities underlie 
schizophrenia However, it has also been suggested that schizophrenia is a 
neurodegenerative disease as evidenced by a progressive worsening of symptoms 
over time. It is our hypothesis that neurodevelopmental abnormalities create a 
functionally compromised system that is more susceptible to neuronal atrophy and/or 
death caused by environmental factors such as stress (a known precipitant of acute 
psychotic episodes and exacerbant of schizophrenia). To test this hypothesis we used 
the putative neurodevelopmental model of schizophrenia described by Lipska et al. 
(1993). Using in situ hybridization, we investigated the effect of the hippocampal 
lesion on BDNF mRNA in the prefrontal cortex of adult rats lesioned as neonates. We 
also investigated the effects of swim stress on BDNF mRNA levels in the prefrontal 
cortex 24 hours post-stress. Preliminary results suggest that BDNF mRNA is reduced 
in the prefrontal cortex of lesioned rats as compared to controls. However, both 
lesioned and control animals showed increased BNDF mRNA in the prefrontal cortex 
following swim stress. The reduction in BDNF mRNA in lesioned versus control 
animals supports our hypothesis that neurodevelopmental lesions can result in a 
system which may be more susceptible to stressors. However, the results of the swim 
stress study suggest that although the lesioned animals may have reduced basal 
trophic support, they retain the ability to upregulate BDNF mRNA in response to 
physical activity. Whether this upregulation enhances their tolerance to the effect of 
the stress remains to be determined as physical activity and stress are known to have 
opposing effects on BDNF mRNA Further studies will attempt to determine if swim 
stress results in increased cell death in lesioned versus control rats despite similar 
upregulation of BDNF mRNA
This work was supported by Sask. Health and the Schizophrenia Society of SK

635.12
A COMPREHENSIVE ENU MUTAGENESIS PROGRAMME HAS 
PRODUCED NOVEL NEUROLOGICAL AND BEHAVIOURAL 
PHENOTYPES
A.J. Hunter1*, J.J. Hagan1, D. Rogers1. P. Nolan2, M. Strivens2, J. Peters2 and

S.D.M. Brown2, E.M.C. Fisher3, J. Martin4. 1 Dept of Neuroscience, SmithKline 
Beecham, New Frontiers Science Park, Harlow, UK; ^MRC Mammalian Genetics 
Unit and UK Mouse Genome Centre, Harwell, UK; imperial College, London, 

UK; 4Queen Mary and Westfield College, London, UK.
N-Ethyl-N-nitrosurea (ENU), a highly efficient mutagen, produces random point 

mutations and is being used in the present programme to generate new phenotypes 
in the mouse. The first phase of the project is a genome wide screen for dominant 
mutations. In the past 18 months 16,000 Flmice have been generated by crossing 
BALB/c males, mutagenised with ENU, with C3H females. All these mice have 
been scored for visible phenotype and over 9,000 of them have also been assessed 
by a comprehensive screening protocol - SHIRPA. In addition, nearly 2,000 mice 
have been tested for locomotor activity and over 1,000 assessed on startle and 
prepluse inhibition (PPI) tests. Of the 194 mutations selected for inheritance 
testing, 80 have been confirmed as inherited. 34 of these have a neurological 
phenotype including mice with abnormal limb tone, altered gait, tremor and 
sensory reactivity. These mice are being further characterised for their 
neuropathology, metabolic profile and brain neurochemistry. Details of the most 
interesting phenotypes will be presented. More information about the project can 
be found at: http//www.mgc.har.mrc.ac.uk/mutabase/

This research is supported by a grant from SmithKline Beecham 
Pharmaceuticals.
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635.13
CORTICOSTERONE-INDUCED DESENSITIZATION OF BRAIN 
ALPHA 1-ADRENOCEPTORS AS A FACTOR IN BEHAVIORAL 
DEPRESSION Y, Zhang*. D. Ouartermain and E.A. Stone. 
Departments of Psychiatry and Neurology, New York Univ. Sch. Med., 
New York, NY 10016

We and others have previously shown that stress and corticosterone 
(cort), both of which are implicated in depressive illness, desensitize 
brain alpha 1-adrenoceptors, as occurs in depressed patients, and reduce 
spontaneous nocturnal activity in mice, a sensitive animial measure of 
behavioral depression. Since cort has actions on a number of brain 
systems, we compared its behavioral effects with those of an alpha-1 
blocker, prazosin (praz) to determine the likelihood that its behavioral 
actions are due to reduced alpha-1 function. Mice were given cort (50 
mg/kg s.c in oil), restraint stress (3 d at 1 hr/d) or praz (0.5-2 mg/kg, 
i.p.) 6 hr (cort or stress) or 20 min (praz) prior to tests of a) 
spontaneous nocturnal activity, b) activity in the tail suspension test 
(TST) of depression, or c) activity induced by an environmental change 
(cage-change). Cort and stress were found to decrease spontaneous 
nocturnal activity but to have no effect on activity in the TST or to a 
cage change. Praz decreased activity in all 3 tests. The effects of praz 
were not due to sedation or hypotension on the basis of further tests of 
general behavioral capacity. The results support the hypothesis that 
reduced brain alpha 1 neurotransmission is a factor in depression and is 
produced by corticosteroid-induced desensitization. The greater 
behavioral selectivity of cort vs praz agrees with the selectivity of 
depression for spontaneous voluntary behaviors and may indicate that 
the desensitization is weaker or more selective than pharmacological 
blockade. Supported by MH45265 and a NYU Bridging Fund Grant.

635.14
NEONATAL TREATMENT WITH N<;-N1TRO-L-ARGININE METHYL ESTER 

(L-NAME) ATTENUATES METHAMPHETAMINE- BUT NOT 

PHENCYCLIDINE-INDUCED BEHAVIOR IN ADULT RATS. J. Semba^UL

2National Institute of Radiological Sciences; ’CREST, JST Corporation, Chiba 261- 

8555; 4Dept. of Neuropsychiatry, Tokyo Med. & Dent. Univ., Tokyo 113-8519. 

JAPAN.

Recent postmortem brain study of schizophrenia suggest increased NO synthase 

(NOS) activity. Disturbed NO during the neuronal development may cause a 

neurodevelopmental abnormality; which results in development of schizophrenia in 

later life. In this study; we investigated behaviorally whether neonatal inhibition 

of NOS may affect dopaminergic or glutamatergic function. Male pups were 

injected with NOS inhibitor L-NAME (50 mg/kg i.p.) daily from PD1 to PD10. 

On PD42 the animals were challenged with either methamphetamine (6 mg/kg, i.p.) 

or phency clidine (10 mg/kg, i.p.). In the rats pretreated with L-NAME neonatally, 

methamphetamine-induced stereotypy was significantly attenuated, whereas there 

were no differences in the behaviors induced by phencyclidine. These results 

suggest that decreased NO production in neonatal period may disturb maturation of 

dopamine and result in impaired dopaminergic function in adult period.

635.15

COMPARATIVE BEHAVIORAL CHANGES BETWEEN 
MALE AND FEMALE POST-PUBERTAL RATS FOLLOWING 
NEONATAL EXCITOTOXIC LESIONS OF THE VENTRAL 
HIPPOCAMPUS. G. Flores1*, A. B Silva1, M. Bermudez1, R..Quirion2 and 
L. K. Srivastava2. 7Instituto de Fisiologla. Universidad Autonoma de Puebla, 
Puebla, Mexico.2Douglas Hospital Research Centre, Departments of Psychiatry 
, McGill University, Montreal, Quebec, Canada.

Neonatal ventral hippocampal (VH) lesioned male rat has been used as model to 
test the hypothesis that early neurodevelopmental abnormalities may lead to 
behavioral changes putatively linked to schizophrenia. Here we investigated the 
behavioral differences between male and female VH-lesioned rats on behavioral 
paradigms related to locomotion, grooming, exploratory behavior, social interaction, 
immobility reflex and Morris swim maze. Bilateral ibotenic acid lesion of VH was 
performed in male and female neonatal Sprague-Dawley rats at postnatal day (PD) 7 
and behaviors studied at PD 56. The novelty-induced locomotor activity of both 
male and female VH-lesioned animals was significantly higher compared to their 
sham control groups respectively. However, the duration of grooming and 
immobility reflex were significantly decreased in only male VH-lesioned rats. 
These behaviors were not affected in lesioned females. Further, the duration of 
active social interaction measured by video over 10 min was significantly decreased 
only in the male VH-lesioned rats compared with the sham operated animals. The 
latencies to find hidden platform in the Morris swim maze were significantly higher 
in both male and female VH-lesioned animals compared with their corresponding 
controls. Exploratory behavior measured by head-dipping activity was not 
significantly affected in any groups. The data suggest that neonatal VH lesions 
differentially affect development and maturation of some but not all behaviors in 
male and female adult rats (supported by CONACYT Mexico and MRC Canada).

635.16

COGNITIVE IMPAIRMENT INDUCED BY NEONATAL EXCITOTOXIC 
HIPPOCAMPAL DAMAGE IN RATS: FURTHER EVALUATION OF AN 
ANIMAL MODEL OF SCHIZOPHRENIA.
G. Le Pen, A. Grottick, G. Higgins, T. Ballard, I, Martin, F, Tenck* and I.-L.
Moreau - ROCHE CNS Research, CH 4070 Basel, Switzerland.

Neonatal ventral hippocampal lesions in the rat results in postpubertal 
onset of behavioural abnormalities, modelling some aspects of 
schizophrenia. We further assessed the behavioural effects of neonatal 
lesions in male Sprague-Dawley rats (post-natal day 7, ibotenic acid), using a 
variety of cognitive tasks, and the prepulse inhibition (PPI) of startle 
response paradigm. Prepubescent lesioned rats exhibited similar PPI to 
controls whereas, in adulthood, they showed a deficit. Lesioned rats acquired 
both passive and active avoidance responses. However, as compared to 
control animals, lesioned rats showed a deficit in passive avoidance retention 
and displayed fewer total avoidance responses in the active avoidance test. In 
the Morris water maze, lesioned rats acquired the visible platform version of 
the test, thus demonstrating sensorimotor capability. However, lesioned 
animals were impaired in their ability to locate a submerged platform as 
demonstrated by longer latencies and distances travelled to reach the 
platform during training. Similarly, a probe test revealed that lesioned rats 
spent approximately equal time in the four quadrants of the pool, whereas 
control animals showed a significant preference for the island quadrant. No 
deficit in motor strength, muscular tonus, or motor coordination were 
detected in the grip strength and rotarod tests. In conclusion, neonatal 
ventral hippocampal lesions result in long lasting deficits in sensorimotor 
gating performances and in the capacity to acquire and retain information in 
tests of spatial and avoidance learning.
Supported by Hofftnann-La Roche - Neurobiology Research

635.17

METABOLIC MAPPING OF CYTOCHROME OXIDASE REVEALS 
ALTERED LIMBIC AND BRAINSTEM ACTIVITY IN CONGENITALLY 
LEARNED HELPLESS RATS. J. Shumake1, A. Poremba2, E. Edwards3, R, Turner1,
N.L. Callaway1, and F, Gonzalez-Lima*1, ’inst. Neuroscience & Dept. Psychology, 
Univ. Texas, Austin, TX, 78712; 2Lab. Neuropsychology, NIMH, Bethesda, MD, 
20892; ’Dept. Pharmaceutical Sciences, Univ. Maryland, Baltimore, MD, 21201.

Congenitally learned helpless (cLH) rats were selectively bred to express escape- 
learning deficits when placed in stressful contexts; cLH rats express many of the 
diagnostic behaviors of depressed humans, including disturbances in sleep and 
wakefulness, appetite, libido, and social interaction. Congenitally non-leamed helpless 
(cNLH) rats were selectively bred to show escape-learning resilience even after 
experiencing repeated, inescapable shocks. We compared the metabolic capacity of 
multiple brain regions among naive rats from these two strains by cytochrome oxidase 
(C.O.) histochemistry. (C.O. is a mitochondrial enzyme tightly coupled to oxidative 
metabolism, and therefore serves as an endogenous marker of long-term neuronal 
activity.) cLH-rats had significantly decreased C.O. activity in regions comprising 
functional circuits involved in escape/avoidance learning (dorsal raphe, central gray, 
and central amygdala), social and emotional behavior (basolateral amygdala, 
orbitofrontal cortex, and cingulate cortex), pleasure and reward (ventral tegmental area, 
nucleus accumbens, ventral diagonal band, septum), and arousal and attention 
(midbrain reticular formation). Significant increases in C.O. activity were found in the 
habenula, interpeduncular nucleus, subiculum, and hippocampus of cLH-rats, a 
metabolic pattern that has been found in other models of depression, such as 
amphetamine withdrawal and chronic stress. Thus, C.O. histochemistry has revealed 
many of the brain structures predicted to be involved in helpless behavior. We propose 
that such metabolic maps can provide a systems-level framework within which other 
levels of research can be more coherently integrated. (Support from Univ. Maryland 
Research Initiative Fund to EE & grants NIH NS37755 & ATP 361 to FGL.)

635.18

EXPRESSION OF c-Fos IN RAT BRAIN INDUCED BY REPETITIVE 

TRANSCRANIAL MAGNETIC STIMULATION. W.Doi, D.Sato, 

T.Yonezawa, H.Okamura, H.Fukuzako, M.Takigawa*.

Dept. of Neuropsychiatry, Fac. of medicine, Univ. of Kagoshima, Japan.

To determine which brain regions repetitive transcranial magnetic 

stimulation (rTMS) acts on, we investigated effects of rTMS and 

electroconvulsive shock (ECS) on c-fos gene expression as a brain activity 

mapping in jat brain. In the young adult rats (postnatal day 49), rTMS 

induced a widespread nuclear c-Fos-like immunoreactivity in the frontal 

cortex, cingulate cortex, occipital cortex, lateral septal nucleus, piriform 

cortex, striatum, dentate gyrus, thalamus and hypothalamus. rTMS induced 

significant increase in c-Fos-like protein expression in these regions 

compared to sham rTMS. ECS produced more expression of c-Fos than 

rTMS in all these regions except thalamus and striatum. There was no 

statistical difference in thalamus and striatum between rTMS and ECS. 

These results indicate that brain regions activated by rTMS are different 

from those by ECS.
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635.19
STRAIN DIFFERENCES IN THE OPEN FIELD TEST AND THE PORSOLT 
FORCED SWIM TEST FOLLOWING ANTIDEPRESSANT TREATMENT.

W.P, Pare*. J. Kluczvnski. and S. M, Teiani-Butt1, V. A Medical Center,
Perry Point, MD 21902, and ‘University of the Sciences in Philadelphia, 19104. 

The Wistar Kyoto (WKY) rat shows hyper-responsiveness to stress, and 
depressive and anxious behavior in classic behavioral tests. We examined the 
effects of repeated antidepressant treatment on behavioral outcome in WKY, 
Wistar and Sprague-Dawley (S-D) rat strains. Rats were treated with either 
desipramine (norepinephrine [NE] uptake blocker), nomifensine (NE and 
dopamine [DA] uptake blocker), paroxetine (serotonin [5-HT] uptake blocker), 
or saline, for 10 days prior to testing in the open field test (OFT) and the Porsolt 
forced swim test (FST). Significant strain differences in behavioral responses 
to these treatments were observed. Control WKY rats showed the typical 
freezing behavior in the OFT and excessive floating behavior in the FST as 
compared to Wistar and S-D rats. Desipramine increased activity in the OFT 
only in WKY rats. Nomifensine reduced response latency and increased 
activity in the OFT in WKY and S-D rats. In contrast, paroxetine decreased 
response latency in S-D rats with no effect on activity measures in any of the 
three strains. Desipramine and nomifensine decreased immobility and 
increased swim time in the FST in WKY rats. Paroxetine increased immobility 
in Wistar rats while nomifensine and paroxetine decreased swim time in Wistar 
rats. None of the drugs altered the FST in S-D rats. When these strains were 
observed following an ulcerogenic stress procedure, desipramine was the only 
antidepressant that decreased ulcer incidence in all strains compared to control 
values. These results indicate that the “depressive behavior” in WKY rats may 
be modified by antidepressants that alter synaptic levels of NE and/or DA but 
not 5-HT. (Supported by V. A Medical Research Service.)

ISCHEMIA: APOPTOSIS

636.1
A NOVEL ANALOG OF LYSOPHOSPHATIDIC ACID PROTECTS THE 
RETINA APTER BRIEF PERIODS OF ISCHEMIA. M. Singh, P.S. Rosenbaum,
G. Gupta, J.G. Goddard, S.R.Umansky1, D.M. Rosenbaum*. Albert Einstein College 
of Medicine, Bronx, NY 10461, LXR ‘Biotechnology Inc., Richmond, CA 94804

There is mounting evidence that ischemia reperfusion injury results in apoptotic 
death of retinal neurons and that anti-apoptotic agents may ameliorate injury from 
this type of insult. The goal of this study was to determine if LXR1035, a novel 
analog of lysophosphatidic acid (LPA), an agent that has been shown to inhibit 
apoptosis, could attenuate cell damage in an animal model of transient retinal 
ischemia. Transient retinal ischemia was induced in male Sprague-Dawley rats 
weighing 150-250 gins by raising intraocular pressure to 120 mm Hg for a period of 
30, 45 or 60 minutes. LXR 1035 was administered intravitreally. The eyes were 
enucleated 7 days after ischemia and 1 p-thick Epon embedded sections were stained 
with Toluidine blue. The degree of retinal damage was assessed by measuring the 
thickness of the retinal layers and by performing manual cell counts of the inner 
nuclear layers. Additionally, electrophysiology (ERG) was performed at baseline 
and at 7 days to assess functional outcome. Ischemic damage of the inner retinal 
layers and sparing of the outer nuclear layer were demonstrated 7 days after 
reperfusion in the control animals. Morphometric measurements showed 
significantly less decrease in the thickness of the inner retinal layer in those animals 
treated with LXR 1035 as well as higher cell counts in the inner nuclear layer as 
compared to ischemic controls when given just prior to or immediately following 
ischemia. There was preservation of the ERG in those animals exposed to 30 or 45 
minutes of ischemia. These data suggest that LXR 1035 may act as a non-cytokine 
survival factor for retinal neurons and may be a potential therapeutic tool for diseases 
of the retina.
Supported by NIH EY11253 (DMR) and Research to Prevent Blindness, Inc. (PSR).

636.2
BCL-W, A NOVEL BCL-2-RELATED ANTI-APOPTOTIC MOLECULE, IS 
OVEREXPRESSED IN NEURONS THAT ARE RESISTANT TO TRANSIENT 
CEREBRAL ISCHEMIA CH Yan*, J Chen, W Pei, M Minami, and RP Simon, 
Department of Neurology, Univ. of Pitt. Sch. of Med., Pittsburgh, PA 15213

Apoptosis is an active process of cell self+destruction and appears to be involved in 
ischemic brain injury and other neurological disorders. Apoptosis is regulated through the 
actions of numerous pro- and anti-apoptotic molecules. The bcl-2 family is a unique 
protein family that regulates apoptosis predominantly through its effects on the 
mitochondrial pathway. It has been suggested that bcl-2 family members may participate 
in the regulation of cell death in the ischemic brain. In this study, we have characterized 
the expression of bcl-w protein, a newly identified bcl-2-related anti-apoptotic molecule, in 
rat brain after transient focal ischemia.

Adult male Spradue-Dawley rats were subjected to 1 h of MCAO followed by 
various durations (up to 72 h) of reperfusion. Expression of bcl-w protein was evaluated in 
the caudate (which will infarct) and cortex (which survives), respectively, using Western 
blot analysis at 6, 24, and 72 h and immunohistochemistry at 3, 6, 12, 24, and 72 h of 
reperfusion. As shown in Western blots, bcl-w protein expression was retained at low 
levels in non-ischemic tissues. At 6-72 h after ischemia, bcl-w immunoreactivity was 
markedly increased 4-5-fold in cortex and 1.5-2-fold in the caudate. 
Immunohistochemistry showed that increased bcl-w immunoreactivity was localized 
mainly in neurons in the infarct border zone in the cortex, in scattered neurons in the 
caudate, and occasionally in astrocytes. Increased bcl-w immunoreactivity was 
predominantly in mitochondria as confirmed by double-immunostaining using a 
mitochondrial marker. Moreover, double staining performed at 24-72 h after ischemia 
revealed that bcl-w was increased in cells that did not develop DNA fragmentation, 
whereas cells contained DNA damage showed low levels or absence of bcl-w 
immunoreactivity.

These results suggest that bcl-w, like bcl-2 and bcl-x-long, is an endogenous 
inducible neuroprotectant against ischemia-induced neuronal apoptosis.

(Supported by NIH grants NS 24728, NS 35965, and NS 36736)

636.3

Bcl-2 Upregulation Coincides With A Remarkable Tissue Recovery In 
The Region-At-Risk After Reversible Photothrombotic Stroke In Rats
XL Hu*’, T Olsson1, T Brannstrom2,1-M Johansson3 and P Wester1 Dept
’Medicine, 2Pathology, ’Gynecology, Univ of Umea, S-901 87 Umea,
Sweden

A reversible photothrombotic ring stroke model has recently been 
developed which features late spontaneous reperfusion and a remarkable 
morphological recovery in the region-at-risk starting at 72h after ischemic 
onset. To further explore the potential mechanisms of the tissue restoration in 
this model, the temporal profile of the cell death inhibitor and promoter genes 
Bcl-2 and Bax were studied. Adult male Wistar rats were subjected to a 
reversible photothrombotic ring stroke lesion and then transcardially perfused 
at 1, 4, 10, 24, 48, 72h and 7d after stroke induction (n=3-5 in each group). 
Frozen or paraffin embedded coronal sections from the antero-posterior 
center of the lesion were processed for immunohistochemistry by means of 
the ABC peroxidase method using antibodies directed against Bcl-2 and Bax.

In the region-at-risk, Bcl-2 immunoreactivity (IR) was unaltered compared 
with sham operated controls at 1-4-10-24 h after ischemia. However, at 48-72 
h post-ischemia, a substantial increase of Bcl-2 IR was observed in this 
region. In contrast, Bax IR was unaltered at these time points. In the ring 
lesion region, both Bcl-2 and Bax IR were decreased at all time points 
studied whereas Bcl-2 and Bax IR were constantly moderately increased in 
the transition zone, i.e. between the ring lesion and the region-at-risk. These 
data suggest that the late upregulation of Bcl-2 in the region-at-risk plays an 
important role in preventing ischemic cell death in this reversible 
photothrombotic ring stroke model. Supported by Swedish MRC 19X-11624- 
03A and 14X-12237-03A.

636.4

BCL-2 PROTECTS LATE STAGE OF DELAYED NEURONAL 
DEATH OF HIPPOCAMPAL CA1 CELLS AFTER ISCHEMIA.
K. Shimazaki’*. M.Urabe2. J.Monahan3. T.Mizui’. N.Kawai1. and
K.Ozawa2,4, ’Dept of Physiology, 2Div of Genetic Therapeutics, Center 
for Molecular Medicine, *Avigen, Inc, USA 4Dept of Hematology, Jichi 
Med Sch, Tochigi 329-0498, Japan.

To investigate Bcl-2’s protection mechanism on the delayed 
neuronal death (DND) in hippocampal neurons, we generated an 
adeno-associated virus (AAV) vector capable of expressing human 
Bcl-2. We tagged the vector with the FLAG epitope to discriminate 
between intrinsic and exogenous Bcl-2 (bcl-2 vector). At five days 
before or one hour after 3-min ischemic insult, we injected bcl-2 or 
LacZ vector to the CA1 pyramidal cell layer. Three days after 
ischemic insults, brains were fixed in 4% paraformaldehyde, then 
treated with anti-FLAG or with a reaction detecting terminal 
deoxynucleotidyl transferase (TdT), a marker of DNA fragmentation. 
About 90% of CA1 neurons in the area injected with the bcl-2 vector 
were positive for the FLAG immunoreactivity. Percentage of cells 
showing DNA fragmentation was calculated and was compared. 
When a LacZ vector was injected five days before ischemic insult, 
about 45% of cells showed DN A fragmentation. On the other hand, 
when the bcl-2 vector was injected, 15% were positive for apoptosis. 
More interestingly, when the bcl-2 vector was injected even one hour 
after ischemic insult, only 30% of CA1 neurons showed a positive 
TdT activity, compared to 45% of cells being apoptotic with the LacZ 
vector injection. The results suggest that Bcl-2 has plural functions 
on later stages in the DNDprocess.
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636.5
DOWN REGULATION OF BCL-2/BCL-X AND ALTERED CALCIUM 
HOMEOSTASIS IN HIPPOCAMPAL MITOCHONDRIA DURING 
DELAYED NEURONAL DEATH AFTER ISCHEMIA IN RATS
H Friberg, R. Castilho andT. Wieloch*.. Laboratory for Experimental Brain Research, 
Wallenberg Neuroscience Center, LuncfUniversity, 221 85 Lund, Sweden.

Mitochondrial dysfunction is important for the development of ischemic 
and hypoglycemic brain damage. Global ischemia of 10 min duration causes 
delayed neuronal death in the CA1 area of the hippocampus. We studied 
physiological and structural parameters in isolated mitochondria from the 
hippocampus at 4 h and 24 h of reperfusion after 10 min of global ischemia 
in the rat. Mitochondria from ischemic animals and sham operated controls 
were prepared from hippocampus and cortex and energized and deenergized 
calcium induced mitochondrial swelling was measured. No changes in the 
ischemic animal as compared to control at 4 h of reperfusion were seen. At 24 
h of reperfusion, energized swelling was more pronounced in mitochondria 
from ischemic animals. Calcium uptake measurements, using the CaGreen5N 
fluorophore confirmed that mitochondrial calcium handling was altered a t 
24 h of reperfusion since the capacity of mitochondria to harbor calcium ions 
decreased at 24 h, but not at 4 h. Cyclosporin A greatly increased calcium 
uptake capacity and diminished differences between ischemic and control 
mitochondria at 24 h. Western Blot analyzes of mitochondria showed 
downregulation of Bcl-2 and Bcl-Xt (20-40%) at 4 hours of reperfusion 
whereas Bax was unchanged. At 24 h, Bcl-XL was back to sham levels 
whereas Bcl-2 was still downregulated, reaching sham levels at 48 h. Bax 
was slightly upregulated at 24 and 48 h. In conclusion, these data show that 
isolated mitochondria from the hippocampus have altered calcium 
handling capacity at 24 h of reperfusion but not at 4 h, suggesting a loss of 
mitochondrial calcium homeostasis which precedes delayed neuronal 
death. Supported by grants from the Swedish MRC.

636.6
ALTERATION OF BCL-Xl  LEVELS AND NF-k B ACTIVITY IN RAT BASAL 
FOREBRAIN AND HIPPOCAMPUS AFTER HYPOXIA. J. Qiu*, D. K. Rassin, 
J. R. Perez-Polo. Dept. of HBC&G, UT Med. Branch, Galveston, TX 77555-0652

Stroke or ischemic insults to the brain are most common in the aged population. 
While ischemic insults in the aged brain have several components, one event is 
hypoxia and the hyperoxic state associated with reperfusion or oxygen therapy. 
The hypoxia-dependent deficits reflect increased neural apoptosis that may be due 
to impaired regulation of Bcl-xL, an anti-apoptotic protein in the adult nervous 
system. NF-k B is a potential regulator of Bcl-xL gene expression. We examined 
the Bcl-xL expression and NF-k B activity (p65 subunit nuclear translocation) in 
the basal forebrain and hippocampus of rats experiencing hypoxia by Western blot 
analysis. Rats were divided into a control group and two hypoxia groups (7% O2 
and 93% N2 for 10 and 20 minutes). The brain tissue was collected 24 hours after 
treatment, dissected immediately and stored at -80°C. In both tissues, Bcl-xL 
levels showed time dependent increase by hypoxia treatment compared to control 
animals. In the basal forebrain, NF-k B activity showed time dependent decrease 
after hypoxia treatment, a decrease that correlated well with the hypoxia-induced 
Bcl-xL increases. Measurement of apoptosis showed that there were less ongoing 
apoptotic processes after 20 minutes of hypoxia, when Bcl-xL levels were already 
significantly increased. There was a similar dynamic pattern of Bcl-xL and 
apoptotic changes in the hippocampus. Our data would suggest that NF-k B may 
act under hypoxic conditions as a repressor of Bcl-xL expression. Supported by 
NINDS and the Shriner's Bum Institute.

636.7

PROTEIN EXPRESSION OF BAX AND BCL-XL IN THE SUPERFICIAL 
LAMINAE OF NEOCORTEX OF THE RAT FOLLOWING HYPOGLY-
CEMIC COMA. Y.B. Ouvang*, O.P. He, B.R. Hu and B.K. Siesio, Center 
for the Study of Neurological Disease, The Queen's Medical Center, UH 
Tower 8th Floor, Honolulu, HI 96813.

Bax (a death-promoting protein) and Bcl-xL (a death-repressing protein) are 
members of the Bcl-2 gene family and are thought to regulate programmed cell 
death in a wide variety of cell types. However, their roles in neuronal death in 
hypoglycemic coma are unknown. We examined the involvement of Bax and 
Bcl-xL in brain sections with monoclonal anti-bax and anti-Bcl-xL antibodies 
by laser-scanning confocal microscopy in rats subjected to a 30 min period of 
insulin-induced hypoglycemic coma followed by 0, 30 min, and 3 h of 
recovery. There was little, if any, Bax and Bcl-xL expression in insulin- 
injected sham control brains. After 30 min of hypoglycemic coma, clear 
expression of Bax was observed in the superficial layers of neocortex, which 
reached its peak at 30 min of recovery and decreased at 3 h of recovery after the 
coma. Punctuate immunolabeling surrounding nuclei in soma and dendrites in 
cortical pyramidal neurons likely represents mitochondria. No such change 
was observed in either hippocampus or in the deep layers of the cortex. On the 
contrary, Bcl-xL was overexpressed at 0 h of recovery after 30 min of 
hypoglycemic coma in all areas of brain. The present results demonstrate that 
Bax may play a central role in the death pathway in neurons in the superficial 
layers of neocortex and suggest that different mechanisms regulate neuronal 
death in neocortex and other brain areas, for example, the tip of dentate gyrus, 
which is another severely damaged area other than superficial layers of 
neocortex after hypoglycemic coma. Supported by NIH NS07838 (BKS) and 
NS36810 (BRH), and the Queen Emma Foundation in Honolulu.

636.8

MOLECULAR CLONING OF A NOVEL BAX a ISOFORM FROM 
RAT BRAIN: UPREGULATION AFTER TRANSIENT GLOBAL 
ISCHEMIC. XJ He1, KL Jin2, T Nagayama1, J Chen1, RA Stetler1, RP. 
Simon1 and SH Graham1* ’Dept. of Neurology, Univ. of Pittsburgh School of 
Medicine, Pittsburgh, PA15261; 2Buck Center for Research in Aging, Novato, 
CA94945.

Delayed death of selectively vulnerable neurons in brain following 
cerebral ischemic injury may be regulated by cell death-regulatory genes. 
Bax is a member of the bcl-2 gene family that is an effector of cell death. A 
novel full-length cDNA of rat bax a containing conserved BH1, BH2 and 
BH3 binding domains was identified from a rat ischemic cDNA library. 
Nucleotide sequence comparison suggests that the cDNA shares 94.2%, 
88.4% and 84.4% homology with mouse Bax a, human Bax a and a 
previously published rat bax a at the amino acid level respectively. 
Hydrophobicity analysis indicated the presence of a C-terminal 
transmembrane domain, suggesting that the Bax encodes a membrane- 
associated protein. The up-regulation of Bax a mRNA was confirmed in 
hippocampus after transient global ischemia using Northern blot analysis. 
In the ischemic brain, Bax a mRNA was increased thoughout the 
selectively vulnerable regions of cortex, pyriform cortex and hippocampus. 
In the hippocampus, with increasing duration of reperfusion, Bax was 
mainly concentrated in CA1 neurons destined to die. This pattern of 
expression supports a role for Bax a in the pathogenesis of delayed 
neuronal death in transient global ischemia.

636.9

SUBCELLULAR TRANSLOCATION OF BAX AND CYTOCHROME C FOLLOWING 
TRANSIENT CEREBRAL ISCHEMIA IN RATS: IMPLICATION IN CASPASE- 
INDUCED NEURONAL APOPTOSIS. M Minami. J. Chen, T. Naeavama* and R.P. Simon. 
Dept of Neurology, Univ. of Pittsburgh School of Medicine; Pittsburgh, PA 15213

Programmed cell death (PCD) is a genetically controlled cell suicide process involving 
sequential activation or inactivation of a host of pro- and anti-apoptotic molecules. 
Inappropriate induction of PCD is implicated in ischemic brain injury. Recent studies suggest 
that members of the caspase family of cysteine proteases, particularly caspase-3, may be the 
central execution molecules in ischemia-induced neuronal PCD. The precise molecular 
pathway, however, is poorly understood. To begin to address this issue, we have investigated 
the role of subcellular translocation of the pro-apoptotic molecules Bax and cytochrome c as 
possible up-stream trigger of caspase-3 activation following experimental cerebral ischemia.

Adult male Sprague-Dawley rats were subjected to 30 min of MCAO followed by 1, 3, 6, 
12, 24, and 72 h of reperfusion. Brains were processed for the following assays: caspase-3 
activity (the colorimetric-substrate cleavage assay), Western blots for Bax, cytochrome c, and 
caspase-3 (in cytosolic and mitochondrial fractions), immunohistochemistry for Bax, 
cytochrome c and active caspase-3.

At 6-72 h after ischemia, proteolytic activation of the caspase-3 precursor was detected in 
ischemic caudate-putamen, accompanied by increased caspase-3-like protease activity. These 
changes peaked at 12-24 h, and were followed by in situ DNA fragmentation in the same 
regions at 24-72 h after ischemia. Bax protein was constitutively expressed in neurons and was 
predominantly localized in the cytosol. Starting at 3 h, and more markedly at 6 h, Bax was 
increased in the mitochondrial fraction as confirmed by double-immunostaining using a 
mitochondrial marker. Moreover, release of mitochondrial cytochrome c to the cytosol was 
detected at 6-72 h. Double-staining reveled that cytosolic increase in cytochrome c occurred in 
many, but not in all, caspase-3-activated cells at 6 and 12 h after ischemia.

These data demonstrate that subcellular translocation of Bax and cytochrome c is an early 
event following transient ischemia. These changes occur preceding or coincident with the 
activation of caspase-3. Since it is an established feet that Bax translocation can damage 
mitochondria and is a potent PCD trigger, these results suggest that the Bax-cytochrome c- 
caspase-3 pathway may be involved in ischemic neuronal cell death.
(Supported by NIH grants NS 35965, NS 24728, NS 36736 and NS 38560)

636.10

SOD1 PREVENTS THE EARLY RELEASE OF MITOCHONDRIAL 
CYTOCHROME C AND SUBSEQUENT APOPTOSIS AFTER FOCAL 
CEREBRAL ISCHEMIA IN MICE. Y, Morita-Fuiimura* M, Fuiitnura. T, 
Sugawara. J-C, Copin, C.J. Epstein, P.H, Chan Depts. of Neurosurgery, 
Neurology and Neurological Sciences, and Program in Neurosciences, Stanford 
University School of Medicine, Palo Alto, CA 94304

Recent studies have shown that release of mitochondrial cytochrome c is a 
critical step in the apoptosis process. We have reported that cytosolic 
redistribution of cytochrome c in vivo occurred after transient focal cerebral 
ischemia (FCI) and preceded the peak of DNA fragmentation (Fujimura et al., J 
Cereb Blood Flow Metab 18, 1239-1247). The mechanism by which cytochrome 
c is released in ischemic brain is not clear. To investigate the role of reactive 
oxygen species in cytochrome c release and subsequent apoptosis, we examined the 
subcellular distribution of cytochrome c by using Western blot analysis and 
immunohistochemistry in wild-type and transgenic (Tg) mice overexpressing 
CuZn-superoxide dismutase (SOD1). Animals were subjected to 60 min of 
ischemia and subsequent reperfusion by intraluminal blockade of the MCA. 
Cytochrome c expression was examined 0, 1, 2, 4, 8, and 24 h after reperfusion. 
No cytosolic cytochrome c was seen in control (non-ischemic) hemispheres, 
whereas it appeared after 1 hour of MCA occlusion and increased in a time 
dependent manner during reperfusion in wild-type mice. Correspondingly, Western 
blot analysis showed reduction of mitochondrial cytochrome c after FCI. Cytosolic 
accumulation of cytochrome c was markedly reduced in SOD 1 Tg mice compared 
with wild-type animals 2 h after FCI. A significant amount of DNA laddering was 
detected by DNA gel electrophoresis 24 h after FCI, and was decreased in SOD1 Tg 
mice. These data suggest that SOD1 blocks cytosolic release of cytochrome c and 
could thereby reduce apoptosis after transient FCI. (Supported by NIH grants 
NS14543, NS25372, NS36147, and NS38653).
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636.11
RELEASE OF CASPASE-9 FROM MITOCHONDRIA DURING 
NEURONAL APOPTOSIS AND CEREBRAL ISCHEMIA. Stanislaw 
Krajewski9 Maryla Krajewska9 Lisa M. Ellerbv, Kate Welsh, Zhihua
Xie, Quinn L. Deveraux, Guv S. Salvesen, Dale E. Bredesen, Barbara
Ranscht*. Robert E. Rosenthal*, Gary Fiskum*,and John C. Reed. The
Burnham Institute, Program on Apoptosis & Cell Death Research Program 
on Aging Research, 10901 North Torrey Pines Road, La Jolla, CA 92037; 
$George Washington University School of Medicine, Department of 
Emergency Medicine, Washington, DC 10021; #The University of Maryland 
School of Medicine, Department of Anesthesiology Baltimore, MD 21201. 
@ These two authors contributed equally to the work presented herein.

Caspase-9 is critical for cytochrome c-dependent apoptosis and normal 
brain development. We determined that this apical protease in the 
cytochrome c pathway for apoptosis resides inside mitochondria in several 
types of cells including cardiomyocytes and many neurons. Caspase-9 is 
released from isolated mitochondria upon treatment with Ca2+ or Bax, 
stimuli implicated in ischemic neuronal cell death that are known to 
induce cytochrome c release from mitochondria. In neuronal cell culture 
models, apoptosis-inducing agents trigger translocation of caspase-9 from 
mitochondria to the nucleus, which is inhibitable by Bcl-2. Similarly, in 
an animal model of transient global cerebral ischemia, caspase-9 release 
from mitochondria and apparent accumulation in nuclei was observed in 
hippocampal and other vulnerable neurons exhibiting early post-ischemic 
changes preceding apoptosis. Loss of mitochondrial barrier function during 
neuronal damage from ischemia or other insults therefore may play an 
important role in making certain caspases and caspase activators 
(cytochrome c) available to participate in apoptosis.
NIH support (NS 36821, AG 12282, NS 33376, AG 15402, NS 34152).

636.12
CASPASE-3 IS ACTIVATED JN THE HIPPOCAMPUS FOLLOWING 
SEVERE INSULIN-INDUCED HYPOGLYCEMIA IN THE RAT BRAIN. M. 
Ferrand-Drake.1* J.O. Karlsson,2 T. Wieloch? K. Blomgren2. laboratory for 
Experimental Brain Research, Wallenberg Neuroscience Center, University 
Hospital Lund, 221 85 Lund, Sweden; Department of Physiology, University 
of Gothenburg, P.O. Box 432, SE 405 30 Gothenburg, Sweden.

Cells in the crest of the hippocampal dentate gyrus are highly vulnerable 
to a hypoglycemic insult. Mitochondrial permeability transition and 
subsequent DNA fragmentatiorvhas been implicated in the cell death 
observed in this region. These events are in part mediated by members of the 
caspase-family which seems to play a central role in mammalian 
programmed cell death. Caspase-3 is the most studied member and has been 
Strongly implicated even in situations where the traditional morphological 
criteria for apoptosis are less evident, e.g. following cerebral ischemia. 
Therefore, we have investigated whether caspase-3 is activated following 
a hypoglycemic insult to the brain. We used an antibody which recognizes 
the pl7 large fragment of the active complex of caspase-3. In the recovery 
period, we detect intense immunohistochemical labeling of dentate granule 
cells which degenerate following 30 minutes of hypoglycemic coma. 
Furthermore, an assay for measuring the amount of caspase-3 activation was 
applied. Using protein-extracts from the vulnerable region of the 
hippocampus a significant rise in activity is seen in the recovery period. We 
conclude that caspase-3 is activated in the course of hypoglycemic cell 
death. However, it remains to be established if caspase-activation is a 
decisive event in hypoglycemic cell death. This work was supported by the 
Swedish Medical Research Council, the Juvenile Diabetes Foundation 
International, and the Bergendahl Foundation.

636.13

CASPASE-3 - CALPAIN INTERACTION IN NEONATAL 
RAT HYPOXIA-ISCHEMIA. K, Blomgren1’2*. X. Wang1, C, 
Hagelberg1, J.-O. Karlsson3, B. Bahr4, and H. Hagberg1,5. 1 Perinatal 
Center, Inst, of Physiology and Pharmacology, Goteborg Univ., 
Goteborg, Sweden; 2Dept. Of Pediatrics, Sahlgrenska Univ. Hospital/ 
Ostra, Goteborg, Sweden; 3Inst. of Anatomy and Cell Biology, 
Goteborg Univ., Goteborg, Sweden; 4Dept. of Pharmaceutical 
Sciences, University of Connecticut, Storrs, CT; 5Dept. of Obstetrics 
and Gynecology, Sahlgrenska Univ. Hospital, Goteborg, Sweden.

Hypoxia-ischemia (HI) was induced in 7-day-old rats by left 
carotid artery occlusion plus 7.7% O2 for 1 h. Injury develops in the 
ipsilateral hemisphere whereas the contralateral (hypoxic) hemisphere 
remains unaffected. Activation (cleavage) of caspase-3 was detectable 
after 1 h reaching a maximum 24 h post-HI, but only in the ipsilateral 
hemisphere. The DEVD-cleaving activity followed the same time- 
course. Pharmacological calpain inhibition (CX295, Cortex 
Pharmaceuticals, s.c., 40 gmol/kg, every 3 h for 24 h post-HI) 
inhibited the degradation of fodrin and calpastatin (Blomgren et al., 
1999, J. Biol. Chem., 274: 14046-14052). Also, the ratio 
(ipsilateral/contralateral) of intact caspase-3 changed from 70.3% 
(vehicle) to 93.8% (CX295) (p=0.005), and the 30 kDa fragment ratio 
(30/(30+32)) changed from 17.0% (vehicle) to 8.2% (CX295) 
(p=0.045). However, the degradation of PARP and the DEVD- 
cleaving activity were not significantly affected, indicating that the 
presumed calpain-induced cleavage of caspase-3 did not change the 
activity of this protease. Supported by the Swedish Medical Research 
Council (12213, 9455).

636.14

CLONING, EXPRESSION, CHARACTERIZATION OF A TETRACYCLINE- 
DEPENDENT STABLE CELL LINE OVER-EXPRESSING CHIMERIC CASPASE 3 
MM Racke1*, S Na2, S Kovacevic2, CS Chang1, MK Mosior1, NW Roehm1 
‘Dept. Cardiovascular Research, Dept. Research Technologies and Protein, Eli Lilly 
and Company, Indianapolis, IN 46285

Caspases are known to play an important role in the apoptotic cascade. They are 
synthesized as inactive proenzymes that are processed by self-proteolysis and/or 
cleavage by other proteases. Pro-caspase 3 is a 32 kd protein consisting of a small 
prodomain and 17 kd large subunit and 12 kd small subunit. Cleavage between the 
prodomain and active subunit, as well as between large and small subunits, generates 
active heterodimers of large and small subunits and finally forms a tetramer which is 
then active. Procaspase-3 is a poor inducer of cell death when transfected in 
mammalian cells, presumably because of its inability to autoactivate. It has been 
suggested that longer prodomains may be able to mediate dimerization of procaspase 
molecules, thereby promoting autoprocessing. In an effort to generate highly efficient 
autoactivating caspase 3, we engineered a chimeric caspase 3 by fusing the caspase 1 
prodomain to the caspase 3 catalytic domain. The vector we employed contained 
neomycin resistance for clonal selection as well as being tetracycline (tet) repressible. 
By maintaining cells in 1 ug/ml doxycycline during the selection and growth, we kept 
expression of the potentially lethal chimeric caspase 3 gene tightly regulated. When 
doxycycline is removed, we observe a time dependent increase in active caspase 3 by 
immunostaining, in vitro caspase 3 enzymatic activity and PARP cleavage. Thus, we 
were able to generate a stable human neuroblastoma cell line to investigate the role of 
overexpression of this single caspase. This work indicates that autoactivation of 
caspase 3 is sufficient to initiate an apoptotic cascade in SK-N-MC cells. It also 
demonstrates the potential of using a tet-dependent system to study any cell death gene.

Eli Lilly and Company

636.15

EXPRESSION OF THE TR3 DEATH RECEPTOR IN ACUTE AND 
CHRONIC NEURODEGENERATIVE DISEASE. P. R. Mavcox*, B, Crook, J. 
Meakin, J. Roberts, D, C. Harrison, S. J, Newman* Neuroscience and Analytical 
Science* Divisions, SB Pharmaceuticals, Third Ave., Harlow, Essex, UK

There is increasing evidence to suggest that the death receptors play a significant 
role in the removal of neurons both during development and in disease processes. 
They form a subgroup of the TNFR-superfamily and are characterised by the 
presence of a cytosolic region known as the death domain, which transduces an 
apoptotic signal. TR3 is a recently characterised death receptor that is expressed in 
peripheral tissues and in the fetal and adult brain. Biochemical analysis has shown 
that TR3 signalling is similar to TNFR1 with initial recruitment of TRADD followed 
by FADD and caspase 8. The function of TR3, however, is unknown at present and 
its distribution and expression in the brain has not been studied. In order to 
characterise the role of death receptors in neurodegeneration, we have analysed the 
expression patterns of TR3 in the normal and ischemic rat brain. We have analysed 
modulation of TR3 expression in the pMCAO model of focal ischemia and 
contrasted changes in TR3 with those observed for three other death receptors that 
are associated with brain pathology or neuronal elimination , TNFR1, Fas and p75. 
Our data indicate that the death receptors can be subdivided into groups based on 
their temporal and regional modulation in the stroke model, suggesting that they play 
specific and possibly distinct roles in stroke induced cell death. We have further 
analysed the expression pattern of TR3 in samples from Alzheimer’s Disease (AD) 
patients. There appears to be a specific increase in TR3 in certain neuronal 
populations in AD cortex and hippocampus.

636.16

CASPASE-2 ACTIVITY MEDIATES NEURONAL CELL DEATH AFTER 
TRANSIENT GLOBAL CEREBRAL ISCHEMIA. KL. Jin1*, T. Nagavama2, 
DA Greenberg1, RP Simon2, and SH, Graham2. ’Buck Center for Research in 
Aging, Novato, CA94945; 2Dept. of Neurology, Univ. of Pittsburgh School of 
Medicine, Pittsburgh, PA 15261

Transient global cerebral ischemia induces delayed cell death in the 
hippocampal CA1 sector. This process of cell death may involve a number of cell 
death-regulating genes, which include Bcl-2 family genes and caspase family 
genes.

To investigate whether caspase-2 executes neuronal cell death after transient 
global ischemia, we identified caspase-2 and caspase-2s cDNAs from a rat 
ischemic brain cDNA library. Both were highly homologous with the sequences 
of human and mouse caspase-2 and caspase-2s genes. By RT-PCR, rat caspase-2 
and caspase-2s mRNA were upregulated at 8, 24 and 72 hr of reperfusion after 
global ischemia. The ratio of the two PCR fragments did not change significantly 
throughout the time course of reperfusion. By analysis of Western blot using a 
monoclonal antibody against caspase-2, the caspase-2 pro-form was detected in 
the ischemic as well as non-ischemic hippocampus, and a doublet (28-30 kDa) 
that may execute cell death, was also detected as early as at 8 hr, and increased 
with increasing duration of reperfusion. Moreover, administration of the caspase- 
2 inhibitor (VDVAD-FMK) into the ventricle at 2 hr before ischemia decreased 
significantly neuronal cell death and reduced DNA damage-positive cells in the 
CA1 sector at 72 hr after transient global ischemia, suggesting that caspase-2 
activation is an important step in programmed neuronal cell death signaling. 
Therefore, caspase-2 activation may be an additional caspase-related important 
step in programmed cell death after global isdtemia, and may provide a new 
target for treatment
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636.17
CASPASE INHIBITION REDUCES FOCAL ISCHEMIC INJURY AND 
DELAYED NEURONAL DEATH IN NON-ISCHEMIC TISSUE 
FOLLOWING TRANSIENT MCA OCCLUSION. J.P. Fenstermacher’.
L. Wei.1,23* KF. Liu1. T.N. Nagaraja’ S.P. YU3 ’Dept. of Anesthesiology, Harry 
Ford Hospital, Detroit, MI 48202 and 2Depts. of Cell Biology & Physiology and 
’Neurology, Washington University, St. Louis, MO 63110

Delayed neuronal death in the non-ischemic region of the thalamus induced by 2- 
hr of MCA occlusion (MCAO) and characterized by DNA fragmentation, 
cytoplasm shrinkage, chromatin condensation, and enhanced caspase-3 activity has 
been reported (Wei et al., 1999). The latter observation suggests that caspase may 
mediate this type of delayed neuronal death in non-ischemic tissue. To test this 
hypothesis, adult Wistar rats were subjected to 2-hr of unilateral MCAO followed 
by reperfusion of 1-7 days. At the end of the reperfusion period, local cerebral 
blood flow (LCBF) was measured by ’ v-iodoantipyrine quantitative 
autoradiography. In tissue sections from the same rats, TUNEL staining, 
ultrastructural alterations of neurons, glia, and endothelium, and caspase-3 activity 
were assessed. To examine the role of caspases in delayed cell death, the caspase 
inhibitor, z-VAD, was infused into one lateral ventricle 30 min after MCAO in one 
group of rats. After 7 days of reperfusion, LCBF was normal in both groups of rats 
and neuronal death, TUNEL staining, DNA laddering, and tissue atrophy were 
drastically reduced in the ipsilateral thalamus of z-VAD treated rats. Treatment 
also reduced infarct size in the ipsilateral hemisphere (e g., in the striatum and 
preoptic area) by 45%. These results support the hypothesis that caspases are 
involved in delayed neuronal death in non-ischemic brain tissue and suggest that 
caspase inhibition may block delayed secondary neuronal death after transient focal 
cerebral ischemia.
Supported by NIH grant PO1 NS23393 and NS31631.

636.18
THE ROLE OF CASPASES IN DELAYED ISCHEMIC NEURONAL INJURY 
IN EXPLANT CULTURES OF RAT HIPPOCAMPUS.
J.L. Ross. R.A. Wilson. andC. Shin*
Depts. of Molecular Neuroscience, Pharmacology and Neurology, Mayo 
Foundation, Rochester, MN 55905

Delayed ischemic neuronal injury appears to be an orderly process in which the 
mechanism may include glutamate receptor activation and subsequent activation of 
caspases as part of an apoptotic cascade. We hypothesize that caspase activation 
plays a critical role in delayed neuronal death after an ischemic insult. We studied 
the protective effects of a caspase inhibitor Z-VAD-FMK after an ischemic insult in 
vitro.

Hippocampal organotypic cultures from 8 day old rat pups were exposed to 
transient hypoxia and hypoglycemia at 14-19 DIV. Neuronal injury was examined 
at various time points using a fluorescent dye, propidium iodide (PI, 1 ug/ml). PI 
fluorescence was quantitated using the KS400 image analysis system. For studies 
involving inhibition of caspase activity, cultures were exposed to Z-VAD-FMK 
throughout the post-ischemic period.

Neuronal cell death was most prominent 72 hours after the transient ischemia. 
Dose-dependent suppression of delayed neuronal injury was seen in that the addition 
of 100 uM Z-VAD-FMK (N=20) suppressed the damage by 25 percent as compared 
to control (N=20; t-test, p<0.05). There was no suppression of injury at 50 uM Z- 
VAD-FMK.

These results indicate that caspase activation is one of the crucial steps leading to 
cell death after a transient ischemic insult in organotypic rat hippocampal cultures. 
Inhibition of caspase cascade may be a potential therapeutic option in the treatment 
of ischemic injury of the central nervous system.

[Supported by NS37125 and by Mayo Foundation]

636.19

ACTIVATION OF CASPASE-ACTIVATED DEOXYRIBONUCLEASE (CAD) 
MEDIATES DNA FRAGMENTATION IN MICE FOLLOWING TRANSIENT 
CEREBRAL ISCHEMIA Y. Luo», J. Lan, G Cao, D. Chen, R.A. Steteler, C.H. Yan, G.Y. 
Yang2, R.P. Simon, and J. Chen, Department of Neurology, Univ. of Pittsburgh Sch. of Med, 
Pittsburgh, PA 15213; Department of Surgery2, Univ. of Mich., Ann Arbor, MI 48109

A growing body of evidence suggests that brain injury following transient cerebral 
ischemia may involve programmed cell death (PCD), an active process of cell suicide. PCD in 
ischemic brain injury is characterized by activation of caspases, particularly caspase-3, and 
subsequent cleavage of specific cellular substrates. One key feature of PCD is the degradation of 
chromosomal DNA into nucleosomal units, which may represent the point of no return in the 
execution of PCD. The mechanism responsible for this critical step in PCD in cerebral ischemia, 
however, is not explored. In this study, we have investigated the role of CAD, a newly identified 
DNase that may be activated by caspase-3, in DNA fragmentation in a mouse model of transient 
focal ischemia. Methods'. Adult male CD-I mice were subjected to 45 min of MCA occlusion 
and various durations of reperfusion (up to 72 h). Tissue was dissected from the caudate- 
putamen (Cpu) and processed for caspase-3 activity measurement and DNase activity detection 
using an in vitro apoptosis system. Results'. Transient ischemia induced significantly increased 
caspase-3 activity in Cpu cell extracts, beginning at 3 h after ischemia and remained elevated 
throughout the timecourse measured. Cytoplasmic extracts from CPu subjected to MCAO 
followed by 6-h (or longer durations) of reperfusion were able to induce intemucleosomal DNA 
fragmentation and apoptotic morphology (chromatin condensation and nuclear fragmentation) in 
isolated cell nuclei. The induced DNase activity at 6-h of reperfusion was completely blocked by 
the addition of the caspase-3 inhibitor, Z-DEVD-fmk, or the recombinant protein for mouse 
ICAD, a natural inhibitor of CAD. DNase activity induced after 24 h of reperfusion, however, 
was inhibited by ICAD or combined Z-DEVD-fmk/ICAD, but not by Z-DEVD-fmk alone. 
Furthermore, Z-DEVD-fmk/ICAD but not ICAD alone completely blocked the induction of 
apoptotic morphology in isolated nuclei induced by 6-h or 24-h post-ischemic cytoplasmic 
extracts. Western blot analysis revealed that endogenous ICAD was cleaved in Cpu after 
ischemia. Conclusions'. These results suggest that intemucleosomal DNA fragmentation after 
transient cerebral ischemia is mediated by CAD. CAD plus another caspase-activated factor but 
not CAD alone may mediate nuclear morphological changes in PCD after ischemia. (Supported 
by NIH grants NS 36736 and NS 35965)

636.20
POLY(ADP-RIBOSYL)ATION OF NUCLEAR PROTEINS AFTER HYPOXIC- 
ISCHEMIC INJURY IN NEONATAL RAT BRAIN
Farhad Sahebkar-Moghaddam.14 Zinaida Vexler.2* Kanii Muramatsu.2 Ann Sheldon.2
Ponna Ferriero?2 George Gregory1-5. 'Dept, of Pediatrics; 2Dept, of Neurology; 3Dgptt
of Anesthesia; University of California, San Francisco, San Francisco, CA 94143- 
0114. "University of Witten/Herdecke, Germany
The activation of the nuclear enzyme poly(ADP-ribose) polymerase (PARP) in 
the neuronal cells is an early response to ischemia in adult rat brain. Excessive 
poly(ADP-ribose) formation by PARP causes depletion of NAD and ATP and 
leads to energy failure, thus contributing to cerebral infarction. We found no 
studies that evaluated whether poly(ADP-ribosyl)ation occured in neonatal 
hypoxia-ischemia (H-I). Therefore, postnatal day 7 rat pups were subjected to 
focal ischemia followed by 2.5 hours of global hypoxia(8% 02) or global hypoxia 
alone. Brains were perfusion-fixed at 0, 2, 5, and 24 hours after the H-I insult. 
Lesions were quantified by Nissl staining and poly(ADP-ribosyl)ation was 
examined by immunohistochemical staining using a polyclonal antibody against 
poly(ADP-ribose). Severe unilateral brain injury was evident from Nissl-stained 
sections. Increased but relatively weak poly(ADP-ribose) immunoreactivity was 
observed in the hemisphere contralateral to ischemia and in the penumbra 
ipsilateral to ischemia. Stronger poly(ADP-ribose) immunoreactivity was 
observed in the cerebral cortex, CA1 and CA3 fields of the hippocampus 
ipsilateral to ischemia with a peak in activity at 5 hours. Hypoxia alone induced 
bilateral clusters of poly(ADP-ribose) immunoreactive glial cells 5 hours post 
hypoxia that were distributed throughout the brain. In the hypoxic-ischemic 
animals these cells were absent at 0 hours, appeared at 2 hours, peaked at 5 hours 
and decreased by 24 hours. The current study demonstrates the early activation of 
PARP in neurons and a subgroup of glial cells in the developing brain after H-I.
This work was supported by NIH P50NS35902.

636.21

INDUCIBLE DNA BASE-EXCISION-REPAIR CAPACITY AND THE 
EVOLUTION OF OXIDATIVE DNA DAMAGE IN RAT BRAIN FOLLOWING 
TRANSIENT CEREBRAL ISCHEMIA J Lan*, D Chen, M Minami, and J Chen, 
Department of Neurology, Univ. of Pittsburgh Sch. of Med., Pittsburgh, PA 15213

Oxidative damage to DNA in neurons is an early event of ischemic brain injury. It 
has been proposed that oxidative DNA damage, upon incomplete repaired or unrepaired, 
may trigger neuronal cell death by disrupting gene expression, overactivating PARP, or 
triggering an apoptotic cascade. Thus, the fate of injured neurons may be determined by not 
only the amount of DNA lesions induced but also cellular capability for repairing these 
lesions. Accordingly, we have examined the evolution of oxidative DNA damage and DNA 
base-excision-repair (BER) activity, the predominant repair mechanism for oxidative DNA 
damage, in a rat model of transient focal cerebral ischemia. Results: Within 1 h after 1 h of 
MCA occlusion, the amounts of 8-oxodG, a hallmark of oxidative DNA damage, were 
markedly increased in ischemic cortex and caudate as determined using HPLC-EC 
detection. Subsequently, the levels of 8-oxodG were nearly completely recovered in the 
cortex (a region that survives ischemia) within 24 h of reperfusion, whereas they were 
poorly recovered in the caudate (a region that infarcts 24 h after ischemia). DNA strand 
breaks, as quantitatively determined using the alkaline DNA unwinding assay, showed 
similar patterns. Within 0.5 h of reperfusion, the BER activity, measured using a cell-free 
system, showed marked increases in cortex, and to lesser extend, in caudate. BER activity 
was persistently increased in the cortex for at least 24 h after ischemia while it was 
decreased in the caudate to below control levels after 4 h of reperfusion. The changes of 
BER activity were closely associated with that of DNA polymerase-  ̂activity. Furthermore, 
starting 4 h after ischemia, expression of DNA polymerase-|3 mRNA and protein was 
markedly increased in the ischemic cortex and in the infarct border zone in the caudate. 
Conclusions: These results demonstrate that recoveiy of oxidative DNA damage and cell 
survival following transient ischemia are associated with induced DNA repair activity in the 
brain, which is, at least in part, attributed to the overexpression and activation of DNA 
repair enzymes. Thus, inducible DNA BER may be an important endogenous inducible 
mechanism that protects brain against ischemia-induced oxidative injury. (Supported by 
NIH NS 36736 and NS 38560)

636.22
EARLY DECREASE OF XRCC1 DNA BASE EXCISION REPAIR PROTEIN 
MAY CONTRIBUTE TO APOPTOSIS AFTER FOCAL CEREBRAL ISCHEMIA 
IN MICE. M, Fuiimura*. Y, Morita-Fujimura. T. Sugawara. P. Narasimhan. P.H. 
Chan Depts. of Neurosurgery, Neurology, Neurological Sciences and Program in 
Neurosciences, Stanford University School of Medicine, Palo Alto, CA 94304

DNA damage and its repair mechanism are thought to be involved in 
ischemia/reperfusion injury in the brain. X-ray cross-complementing (XRCC)-l 
protein plays a central role in the DNA base excision repair pathway by interacting 
with DNA ligase III and DNA polymerase beta. Recently, XRCC1 was reported to be 
associated with Poly(ADP-ribose) polymerase and to negatively regulate its activity 
after DNA damage.

In the present study, we examined the protein expression of XRCCl and the 
amount of DNA fragmentation before and after transient focal cerebral ischemia (FCI). 
Adult male CD1 mice were subjected to 60 min FCI by intraluminal blockade of the 
MCA. Immunohistochemistry showed the nuclear expression of XRCCl in the entire 
region of control brains, and that it had a regional predominance in the hippocampus. 
The XRCC1 level was markedly reduced in the entire MCA territory one hour after 
FCI, and remained reduced until 4 and 24 h after FCI. Western blot analysis of the 
normal control brain showed a characteristic band of 70 kDa, which was decreased after 
FCI. A significant amount of DNA fragmentation was detected by both DNA ^el 
electrophoresis and TUNEL staining at 24 h, but not at 4 h after FCI. Double 
staining with XRCC 1 and TUNEL 24 h after FCI showed that the neurons that lost 
XRCCl immunoreactivity became TUNEL positive. These results suggest the 
possibility that the early decrease of XRCCl and the failure of the DNA repair 
mechanism may contribute to DNA fragmentation after transient FCI (Supported by 
NIH grants NS 14543, NS 25372, NS 36147 and NS 38653).
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636.23
THE SIGNIFICANCE OF REPERFUSION ON THE NEUROPROTECTIVE 
EFFECT OF AN INHIBITOR OF POLY(ADP-RIBOSE) POLYMERASE IN 
TRANSIENT FOCAL CEREBRAL ISCHEMIA. K. Takahashi. J.H. Greenberg*. 
Cerebrovascular Research Center, Dept. of Neurology, Sch. of Med., Univ. of 
Pennsylvania, Philadelphia, PA 19104.

The activation of poly(ADP-ribose) polymerase (PARP) by free radical-damaged 
DNA plays a pivotal role in mediating ischemia-reperfusion injury. PARP activation 
appears to be an early event several minutes after reperfusion. The purpose of the 
present study was to examine the neuroprotective effects of a PARP inhibitor, 3- 
aminobenzamide (3-ABA), which was administered either prior to or following 
reperfusion, to determine the importance of PARP inhibition prior to reperfusion. In 
male Long-Evans rats, focal cerebral ischemia was produced by temporary occlusion 
of the right distal middle cerebral artery (MCA) and bilateral common carotid artery 
(CCA). 3-ABA (250 mg/kg) was injected intraperitoneally either 15 minutes prior to 
or 15 minutes following reperfusion. Twenty-four hours after MCA occlusion, the 
total infarct volume was measured using 2,3,5-triphenyltetrazolium chloride. 
Regional blood flow in the right parietal cortex, measured by laser-DoppIer 
flowmetry, decreased to approximately 14% of the baseline following MCA 
occlusion, and showed a significant increase immediately after the release of the right 
MCA and the CCAs. Treatment prior to the reperfusion lead to a significant decrease 
in the damaged volume at 24 hours (118.7 ± 18.8 mm3, mean ± SD, p<0.01), 
compared to the control (176.1 ± 22.8 mm3). However, treatment after the reperfusion 
failed to produce a reduction in the infarct volume (171.9 ± 27.6 mm3). Acute PARP 
inhibition by 3-ABA can be of therapeutic value in preventing ischemia-reperfusion 
injury when the treatment is initiated prior to the reperfusion, but not when 
administered as early as 15 minutes following the reperfusion. These findings suggest 
that activation of PARP capable of producing cellular damage occurs immediately 
after the reperfusion following cerebral ischemia. (Supported by NIH grant NS32017)

ISCHEMIA: HEAT SHOCK PROTEINS AND TOLERANCE

637.1 637.2

Beta Adrenergic Regulation of Small Heat Shock Proteins in 
Astrocytes. Tetsuva Imura1. Shun Shimohama1, MasaakLSatQ2, Hjroy.yki

1 Department of Neurology, Graduate School of Medicine, and ^Department of 
Pharmacology, Graduate School of Pharmaceutical Science, Kyoto University, 
Kyoto, Japan

Accumulation of small heat shock proteins (sHSP), a family of HSP, is 
observed in the central nervous system, mainly in astrocytes, in several 
pathologic conditions such as Alexander’s disease, Alzheimer’s disease, and 
Creutzfeldt-Jakob disease. sHSP may act not only as molecular chaperonins, 
protecting against various stress stimuli, but may also play a physiological role 
in regulating cell differentiation and proliferation. Reactive astrocytes dramatically 
overexpressed HSP27 but not alpha B-crystallin (alpha BC), both of which are 
members of sHSP, after transient focal ischemia in rats. In contrast, in vitro 
chemical ischemia induced both HSP27 and alpha BC in cultured glial cells to the 
same extent. Isoproterenol, a beta adrenergic receptor agonist, enhanced HSP27 
expression but suppressed alpha BC, mimicking the sHSP expression in vivo. 
Isoproterenol also changed the shape of the cells to a stellate form and inhibited 
cell proliferation under normal conditions. Beta adrenergic receptor has been 
shown recently to play an important role in glial scar formation in vivo. These 
results raise the possibility that beta adrenergic receptor activation modulates 
sHSP expression after focal ischemia and is involved in the transformation of 
astrocytes to their reactive form.

This work was supported by Grants-in-Aid for Scientific Research from the 
Ministry of Education, Science, Sports, and Culture of Japan and grants from the 
Ministry of Welfare of Japan and the SRF for Scientific Research.

ROLE OF HEMEOXYGENASE-1 (HO-I) IN CEREBRAL 
ISCHEMIA-REPERFUSION. T.N. Lin*, S.E Chen, IL Lin, 
W.M. Cheung, C.Y. Liu, S.K. Shyue, K.K. Wu. Institute of 
Biomedical Sciences, Academia Sinica, Taipei, Taiwan 
Heme oxygenase-1 (HO-1) is a small heat shock protein (HSP 32) 
and is rapidly induced in response to a variety of oxidative challenge 
and stimuli. In the present study, we examine the temporal and spatial 
expression of HO-1 mRNA following mild and severe focal cerebral 
ischemia in a well defined three vessel occlusion model in the rat. 
Northern blot analysis showed that level of HO-1 mRNA were 
rapidly increased and peaked at 12 hours after re-circulation and then 
gradually decreased in rats subjected to 60 minutes ischemia. 
Similar induction profile was observed in rats subjected to mild 30 
minutes ischemic insult. Western blot analysis showed similar 
profile for protein induction, which peaked around 24-hr reperfusion. 
In situ hybridization further showed that majority of the increment 
was found within the infarct, particular the marginal area of 
infarction. Substantial amount of signal was observed in the dentate 
gyrus region during early re-circulation in both mild and severe 
ischemia. Immunohistochemical studies further showed that severe 
ischemia resulted in more HO-1 immunoreactivity. Intriguingly, the 
level of HO-1 immunoreactivity was significantly less in rats 
pretreated with MK-801 despite the level of HO-1 mRNA was not 
changed appreciably. ZnPP pretreatment significantly reduces infarct 
size. Adenovirus-mediated gene transfer is currently on going. 
Whether HO-1 is a protector or poisoner in ischemia injury deserves 
further investigation.
(This work is support by grants from National Science Council and 
Academia Sinica, Taiwan)

637.3

EUKARYOTIC INITIATION FACTOR 2-ASSOCIATED 67 kDa PROTEIN IS 
INDUCED BY THERMAL STRESS IN RAT HIPPOCAMPUS. C A. Lipinski*, 
P.K, Sunderland. B.D. Underwood. P.J. DeGracia. G.S. Krause. B.C. White.
Departments of Emergency Medicine and Neurological Surgery, Wayne State 
University, Detroit, MI, 48201

Induction of heat shock proteins (HSP) and immediate early genes (IEG) 
occurs during various stress events and is important to neuronal survival. 
Preconditioning of neurons by heat stress is known to result in subsequent stress 
tolerance, in part by inducing HSP70. Ischemia/Reperfusion of selectively 
vulnerable neurons
results in the formation 
a-subunit-
phosphorylated eIF2, 
which markedly 
attenuates translation 
initiation. Other 
investigators have 
shown that the eIF2- 
associated protein p67 
protects eIF2 from this 
phosphorylation and 
have characterized the 
p67 gene promoter, 
which includes heat-
shock and API consensus sequences. We found that 1 hr thermal stress (40°C) in 
rats induced in hippocampal post-mitochondrial supernatants a 10-fold increase in 
p67 that normalized by 2 hours recovery. In contrast, HSP70 did not peak until 3 
hours recovery. Our observation that in the thermal stress response p67 expression 
occurs much earlier than HSP70 expression suggests that p67 may be important for 
securing translational competence for the other stress response proteins.
(Supported by the Emergency Medicine Foundation)

637.4

Hsp70 EXPRESSION IN RAT BRAIN AFTER NON-VIRAL 
DELIVERY OF mRNA AND DNA TO LATERAL VENTRICLES

mRNA and DNA transfection and expression of reporter gene proteins 
in vivo in rat central nervous system (CNS) and in neuronal cells in vitro 
using non-viral delivery is described. Cationic lipid/mRNA complexes 
stabilize the nucleic acid in the extracellular environment. Untranslated 
stabilizing sequences in the optimized DNA construct, from which mRNA 
is transcribed, serve the same function in the intracellular milieu. Transient 
expression of the inducible, protective protein from the 70 kDa Heat 
Shock Protein (HSP) gene family, Hsp70-l, by delivery of mRNA or 
DNA is hypothesized to be a means of improving cellular survival, and 
would be a novel application of gene transfer technology.

A variety of stabilized mRNA and DNA vectors which encode Hsp70-l, 
P-galactosidase (B-gal) and P. pyralis luciferase have been used to 
transfect neuronal and non-neuronal cells in culture. In vitro, expression 
is seen using mRNA in as little as 30 to 45 minutes, with a peak in 
expression at 6-7 hours. Formulation methods for in vitro transfections 
have been optimized using novel cationic lipids, and these results have 
been applied in vivo. Nucleic acid/cationic lipid complexes were injected 
into rat CNS parenchyma or lateral ventricle. Uptake and translation was 
demonstrated by luciferase chemiluminescence assay and by 
immunohistochemistry.

Delivery, uptake and expression of reporter enzymes and Hsp70-l is 
demonstrated in vitro in a variety of neuronal and non-neuronal cells and 
in vivo in perfused, sectioned rat brain. Cells which demonstrate the 
characteristic morphology of pyramidal neurons are clearly identifiable. 
Quantitation of these results is underway. Results support the further 
development of mRNA-based HSP70 therapy for pre-operative protection 
from ischemic CNS damage. Supported in part by tne Foundation for 
Anesthesia Education and Research (FAER).
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637.5
OLIGEMIA MAY TRIGGER STRESS GENE EXPRESSION IN FOREBRAIN 
AFTER BILATERAL COMMON CAROTID ARTERY OCCLUSION IN RATS. 
R. Schmidt-Kastner*, J. Truettner, W. Zhao, I. Saul, J.Y. Loor, R. Busto and
M.D. Ginsberg. Cerebral Vascular Disease Research Center, Dept. of Neurology, 
University of Miami School of Medicine, P.O.Box 016960, Miami, FL 33101.

After focal or global brain ischemia, initial stress gene expression occurs in 
much wider areas than final tissue damage. Severely damaged tissue may 
influence the surrounding regions by abnormal neuronal activity. Alternatively, 
moderate ischemia (oligemia) may be sufficient to evoke stress gene expression. 
We tested the influence of oligemia per se on gene expression in rat forebrain.

Adult male Wistar rats were anesthetized with halothane, and permanent 
bilateral common carotid artery occlusion (BCCAO) was performed to induce 
oligemia. At 1, 6 and 24 h, and 7 d after BCCAO, brains of oligemic animals and 
of sham operated rats (n=4-5) were processed for in situ hybridization with 
radioactively labelled probes for c-fos, jun, and HSP70 mRNAs. Film 
autoradiograms were evaluated for increased signals indicating new gene 
expression. A neuropathological analysis was performed after 2 weeks (n=5) or 2 
months (n=9) of BCCAO. Local cerebral blood flow (1CBF) was measured with 
[,4C]-iodoantipyrine after 1 week of BCCAO and in sham controls (n=4-6).

LCBF was reduced to oligemic levels in forebrain structures (mean 60%). 
HSP70 mRNA became variably positive after BCCAO in cortex, striatum or 
hippocampus (1 h: 1/5 brains; 6 h: 4/5; 24 h: 3/5; 7 d: 1/4). C-fos mRNA was 
increased in cortex (1 h: 2/4; 6 h: 4/5; 24 h: 3/5). Jun mRNA was elevated in 
hippocampus by 6 h (4/5). Microfocal or selective neuronal damage was 
occasionally seen in cortex (2 w: 1/5; 2 m: 2/9), striatum (2 w: 1/5; 2 m: 1/9) and 
hippocampus (2 w: 1/5; 2 m: 2/9).

Stress gene expression was observed between 6-24 h after BCCAO (overall 
frequency 60-80%). By comparison, the combined incidence of neuropathological 
damage (14-21%) was much lower. Oligemia per se causes stress gene expression 
in rat forebrain and may alter neuronal function. (Supported by NS05820).

637.6
CEREBRAL PROTEIN SYNTHESIS AND EXPRESSION OF HEAT SHOCK 
PROTEIN 70 AS MARKERS OF ISCHEMIC PENUMBRA FOLLOWING 
MIDDLE CEREBRAL ARTERY OCCLUSION IN RATS
Y. Kokubo1, F. Sharp2, P. R. Weinstein1*
’Department of Neurological Surgery and 2Neurology, School of Medicine, University 
of California, San Francisco, and the Neurosurgery Research Laboratory, Veterans 
Administration Medical Center, San Francisco, California, USA

During focal cerebral ischemia, cerebral protein synthesis(CPS) is suppressed even 
in the penumbral zone where sublethal reduction of energy state occurs. Heat shock 
protein(HSP70) is induced in the penumbra despite overall reduction of CPS. It is 
considered to be a marker of sublethal ischemic stress in peri-focal regions where cell 
survival and recovery of CPS are expected. The relationship between HSP70 protein 
expression determined by immunocytochemical stain as a marker for penumbra and 
suppression or recovery of CPS was investigated following 1.5 hours transient focal 
cerebral ischemia and 2, 24, and48 hours of reperfusion. The ICA endovascular suture 
technique was used to produce focal cerebral ischemia in anesthetized rats. S35- 
Methionine was used to measure CPS autoradiographically using the MCID video 
digitizer analysis system. At 2 hours (n=3), 24 hours(n=6) and 48 hours (n=6) 
following reperfusion, CPS in the core where there was no neuronal HSP70 
expression was 34±9%, 32±17% and58±ll% of control defined as the homologous 
opposite hemisphere value. CPS in the area of penumbra where HSP70 was expressed 
in neurons was 95%, 78±15% and 96±5% of control at 2 hours , 24 hours and 48 
hours, respectively. Thus at 48 hours following 1.5 hours MCA occlusion CPS in 
the penumbra recovered to near control values, whereas in the core it remained low. 
Recovery of CPS or HSP70 induction could be a useful marker for ischemic 
penumbra. To monitor treatment if measurement of CPS with PET during acute 
clinical stroke might be possible.
This research was supported by NIH grants NS22022(PRW), NS28167(FRS)

637.7

THE NEUROPROTECTION EFFECT OF HEAT SHOCK 
PROTEIN INDUCTION IN RATS HEATSTROKE Y. -L.YANG,
M. -T. LIN and F. -S. WU*Department of Physiology, National 
Yang-Ming University, Taipei, Taiwan,*Department of Physiology, 
National Cheng-Kung University, Tainan, Taiwan, ROC

In order to explore the possible protection effect exerted by 72 
kDa heat shock protein (HSP 72) during heatstroke, we compare the 
temporal profile of the survival time (internal between the onset of 
heatstroke and death), plasma and cerebral interleukin-1 level, and 
cerebral blood flow that occurred at the onset of heatstroke in rats with 
or without HSP induction. The presence of HSP 72 in brain tissue was 
detected by Western blot and immunocytochemistry. Enzyme linked 
immonosorbent assay (ELISA) was used to measure the plasma and 
cerebral IL-1 concentration. Hemotoxylin and eosin staining and 
neuronal damage score were used to determine the extent of brain 
lesions. The cerebral blood flow was monitored with a Laserflo BPM2 
laser Doppler flow meter. Heatstroke was induced by exposing the 
animal to a high ambient temperature (43°C); the moment at which 
mean arterial pressure and cerebral blood flow decrease from their peak 
values was taken as the time of heatstroke onset. Compared to 
normothermia controls, following a 70-80 min heat exposure (42°C), 
rats without HSP72 displayed shortened survival time, reduced cerebral 
blood flow and mean arterial pressure, increased neural damage and 
IL-1 surge. However, induction of HSP72 (induced by prior heat shock) 
conferred significant protection against heatstroke-induced arterial 
hypotension, cerebral ischemia, neural damage and increased IL-1 
levels in both the serum and brain. These results lead to the hypothesis 
that the animal can be preconditioned by thermal insults, that this 
preconditioning will induce HSP 72, and that HSP72 induction will 
correlate well with anatomical, histochemical and hemodynamic 
protection in rat heatstroke.

637.8

ISCHEMIC TOLERANCE IN THE RETINA IS ASSOCIATED WITH 
THE INDUCTION OF SPECIFIC HEAT SHOCK PROTEINS. C.E, 
Crosson* J-X. Ma. Y, Li. M. Laser. T. Shearer. Storm Eye Institute, 
Medical University of South Carolina, Charleston SC.

Brief ischemic periods have been shown to protect the retina from 
subsequent damaging periods of retinal ischemia. This has been termed 
ischemic tolerance. To begin investigations into the cellular changes 
associated with ischemic tolerance unilateral retinal ischemia was created in 
Long Evans rats for five minutes. Rats were then allowed to reperfuse for 
1, 5 and 24 hours. Retinas were then dissected free and mRNA isolated. 
Northern blots were probed for the presence of heat shock protein (HSP) 27 
and 70 and mRNA levels were normalized to GAPDH. In control and sham 
operated animals retinal HSP 27 mRNA was not detectable. One hour 
following retina ischemia the expression of HSP 27 remained undetectable; 
however, by five hours trace amounts of HSP 27 mRNA was observed. By 
24 hours HSP 27 mRNA levels were again undetectable. In contrast, a low 
level of HSP 70 was constitutively expressed in control and sham operated 
eyes. One hour following retinal ischemia HSP 70 mRNA was significantly 
elevated by 175% over sham controls. Five hours following retinal 
ischemia HSP 70 mRNA levels began to decrease; however, mRNA levels 
remained elevated above control for up to 24 hours. These results provide 
evidence that the induction of HSP 70 is a gene-specific early event 
associated with ischemic tolerance in the retina and not a global change in 
transcription.
Supported by NIH grants EY-09741 and EY-12600 and a grant from RPB.

637.9

SELECTIVE NEURONAL SURVIVAL AND UPREGULATION OF 
PCNA IN THE RAT INNER RETINA FOLLOWING TRANSIENT 
ISCHEMIA MJT. Chun’f W.-K. lu1. K.-Y. Kim, H.-D. Hofmann2, S.-J. QhL
M.-Y Lee1. C-K Joo3 and J.-W. Chung1. Departments of ’Anatomy and 
Ophthalmology3, College of Medicine, The Catholic University of Korea, 505 
Banpo-dong, Socho-gu, Seoul 137-701, Korea; 2Institute of Anatomy, 
University of Freiburg, P.O. Box 111, D-79001 Freiburg, Germany

We examined the extent and time course of neuronal cell death and the 
regulation of the proliferating cell nuclear antigen (PCNA) in the different 
retinal cell layers following ischemia-reperfusion injury. Transient retinal 
ischemia was induced by increasing the intraocular pressure to 120 mmHg for 
60 minutes in the Sprague-Dawley rats. Morphological changes in the retinal 
cell layers were analyzed at various time points after reperfusion. In parallel, 
apoptotic cell death was determined by the TUNEL method and the 
expression of PCNA was analyzed by immunocytochemistry. Within 4 wks 
following transient ischemia, the thickness of the entire retina progressively 
decreased to 30% of unlesioned controls. The reduction in thickness was less 
pronounced in the INL. Correspondingly, cell numbers were found to 
decrease by only 33% in the inner retina but by more than 80% in the ONL. 
The time course of apoptotic cell death differed markedly in the retinal layers 
being rapid and transient in the inner retina but delayed and prolonged in the 
ONL. PCNA immunoreactivity was undetectable in the normal retina, but 
was specifically induced in cells of the inner retina within 1 hr after 
reperfiision and was sustained for 4 wks. hi contrast to photoreceptors in the 
ONL, a significant proportion of inner retinal neurons are resistant to 
ischemic insult induced by transiently increased intraocular pressure. PCNA 
may play a role in the selective postischemic survival of these cells.

637.10
IDENTIFICATION OF PROTEIN CHANGES IN ISCHEMIC TOLERANCE 
USING PROTEOMIC APPROACHES. J.F. Dillman III’*, T.M. Dawson1’2 and 
V.L. Dawson1,2,3. Depts. of ’Neurology, 2Neuroscience, and 3Physiology, Johns 
Hopkins University School of Medicine, Baltimore, MD 21287.

Ischemic tolerance is induced following episodes of brief ischemia which do 
not lead to loss of function, but instead induce adaptive responses that result in 
increased tolerance to subsequent ischemic episodes. Our data show that, in rat 
cortical cultures, five minutes of oxygen and glucose deprivation (to mimic a 
brief ischemic episode) induce tolerance to 60 minutes of oxygen and glucose 
deprivation 24 hours later (60% cell death in untreated cultures compared to 
10% cell death in treated cultures). Using this rat cortical culture model of 
ischemic tolerance, we are identifying and characterizing changes in post- 
translational modifications and expression patterns of proteins in response to 
the brief ischemic episode that initiates tolerance. The profiles 24 hours after 
cultures are mock-treated or deprived of oxygen and glucose for five minutes 
are compared using two dimensional gel electrophoresis, silver staining and 
image analysis, and the changes are cataloged. Western blots of shorter time 
points using anti-phosphotyrosine antibodies are performed to identify changes 
in protein tyrosine phosphorylation that may reflect activation of ischemic 
tolerance signaling pathways. Proteins that change in the profiles are analyzed 
using mass spectrometry and further characterized using database analysis. The 
functional significance of these changes is validated by comparison with 
cultures treated with pharmacological agents that block ischemic tolerance. 
Using these approaches, We are beginning to identify the protein changes 
important in the induction and maintenance of ischemic tolerance in rat cortical 
cultures. (Supported by NIH, American Heart Association and National Stroke 
Association).
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637.11
c-FOS IN CEREBRAL ISCHEMIA: A POTENTIAL MECHANISM 
OF NEUROPROTECTION J. Gal*, S. Cho, B.T. Volpe, T.H. Joh 
Dept. of Neurology & Neuroscience, Cornell University Medical College at 
W.M. Burke Medical Research Institute, White Plains, NY, 10605

We tested the hypothesis that immediate early gene (IEG) expression 
acts to protect neurons against ischemia. In rats exposed to transient 
forebrain ischemia (4-vessel occlusion (4-VO), 10 min), c-Fos
immunoreactivity (IR) - like c-fos message - is present in the sub-regions 
of the hippocampus 1 h after ischemia. By 6 h post reperfusion, c-Fos IR 
is still present in CA2-4 and DG neurons, but has disappeared from the 
CA1 region and most of these CA1 neurons degenerate and disappear 
over the next 5 days. In rats exposed to 4VO ischemia, we found that 
significant protection of CA1 hippocampal neurons conferred by the 
administration of N-acetyl-O-methyldopamine (NAMDA, Cho et al., 1999, J. 
Neurosci.) is associated with persistent c-Fos IR in this vulnerable region 
at 6 h postischemia. To investigate whether NAMDA directly affects c-Fos 
expression, we performed Western blot analysis in human neuroblastoma 
cells (SK-N-BE(2)C) treated with NAMDA (5mM), TPA (phorbol 12- 
myristate 13-acetate, 80 nM), or TPA+NAMDA. TPA treatment induced c- 
Fos expression 5 to-6-fold while NAMDA alone did not. However, NAMDA 
treatment potentiates TPA-induced c-Fos expression about 3-fold. These 
in vitro and in vivo results implicate NAMDA, in concert with another 
stimulus, ischemia or TPA, as a signal to up-regulate c-Fos expression. 
Persistent expression of IEG in the vulnerable CA1 region may be central 
to its protection. (Supported by NIMH 24285 to THJ and The Burke 
Foundation).

637.12
GENE EXPRESSION OF THE ADENOSINE-A1 -RECEPTOR (AIR) IN BRAIN 
SLICES AFTER CHEMICAL PRECONDITIONING WITH 3-NITROPROPIONIC 
ACID (3-NPA). C.A.F. von Amim*, M. Timmlei, A.C, Ludolph and M.W. Riepe. 
Dept. of Neurology, University of Ulm, D-8907 5 Ulm, Germany.

Chemical preconditioning with low dose inhibition of succinic dehydrogenase by 
3-npa increases tolerance against subsequent hypoxia in a time dependent manner. 
Several mechanisms have been proposed responsible for the increased tolerance, 
e.g. preservation of energy metabolism, release of adenosine with stimulation of 
adenosine-Al-receptors, and, via these receptors, opening of KATP-channels. 
Adenosine, acting via its different receptors, is known to be neuroprotective in 
ischemic damages and a potential candidate for the mechanisms underlying 
chemical and ischemic preconditioning. The goal of this study was to investigate 
whether increased tolerance against hypoxia is linked to changes in the regulation 
of the gene expression of Adenosine-Al-Receptors.

Hippocampal slices were prepared from male mice after in vivo pretreatment with 
3-npa (single i.p. injection of 20 mg/kg body weight lh or 24h prior to slice 
preparation) and controls. Using a semiquantitative reverse transcription 
polymerase chain reaction (RT-PCR) method, mRNA-levels of AIR were measured 
by separating the PCR-products on a visigel-separation-matrix, staining with 
ethidium-bromide and determining the optical density by a gel image analysis 
system.

We found no significant changes of the mRNA-levels of the Adenosine-Al- 
receptor after pretreatment with 3-npa lh and 24h prior to slice preparation 
compared to control slices.

We conclude that increased ischemic tolerance induced by chemical 
preconditioning is not caused by differential gene expression of Adenosine-Al - 
receptors suggesting another mechanism of receptor activation or involvement of

637.13

CHANGES IN GENE EXPRESSION IN A NEW MODEL OF 
ISCHEMIC TOLERANCE DETECTED BY OLIGONUCLEOTIDE 
MICROARRAYS AND DIFFERENTIAL DISPLAY. U, Utans- 
Schneitz? M. Soriano,1 U. Certa,2 A. Fischer1 and R. Gill1*. ’Dept. of 
Central Nervous System Diseases, 2Roche Genetics, F. Hoffmann- 
LaRoche Ltd., CH-4070 Basel, Switzerland.

Cerebral ischemic tolerance is an endogeneous protective 
mechanism in which the brain is rendered resistant to a subsequent 
ischemic insult. We have developed a new rat preconditioning model 
by using a stab wound as the priming treatment for induction of 
tolerance. Significant protection was seen against the volume of 
ischaemic damage when the stab wound was induced 3 and 4 days 
prior to permanent middle cerebral artery occlusion. This time delay 
suggests that changes in gene expression are required during the 
development of tolerance. To identify tolerance-associated genes we 
employed Asymetrix gene chip, restriction-mediated differential 
display and RT-PCR technologies and compared gene expression 
levels between tolerant and non-tolerant cortex at day 3, the peak of 
tolerance induction. The transcript levels of several known genes 
(e.g. Osteopontin, TIMP-1, IL-IRA, Adseverin, UCP-2) and several 
expressed sequence tags were found to be differentially expressed. 
The temporal expression profile of these genes was evaluated and 
correlated with the development of tolerance suggesting a role in the 
molecular mechanisms underlying ischaemic tolerance. We are 
further investigating the expression patterns and function of the 
identified genes in ischaemic tolerance.

637.14

INVOLVEMENT OF NITRIC OXIDE IN PRENATAL ISCHEMIA- 
INDUCED TOLERANCE TO NEONATAL HYPOXIC-ISCHEMIC BRAIN 
INJURY IN RATS. F. Xiao*. P. G. Rhodes. *J. D. Fratkin and Z. Cai. Depts. of 
Pediatrics and Pathology1, Univ. of Miss. Med. Ctr., Jackson, MS 39216.

It has been reported that preconditioning of the brain with a mild hypoxic and/or 
ischemic insult attenuates neuronal injury caused by a subsequent more severe 
hypoxia-ischemia (HI), which would otherwise cause much greater brain injury. 
The underlying mechanisms for the neuroprotective effect of preconditioning or HI 
tolerance remain unclear. Our previous studies have shown that prenatal HI reduces 
nitric oxide synthase (NOS) mRNA and protein expression in the neonatal rat brain 
and it also attenuates neonatal Hi-induced brain injury. To explore the role of NO 
in HI tolerance phenomenon, brain injury and NO production in the brain following 
neonatal HI were compared between two groups of rat pups. One group of rat pups 
had been subjected to intrauterine HI on G17; the other had been subjected to a 
sham operation. Rat pups at 7-day of age from both groups were subjected to the 
neonatal HI procedure (unilateral carotid artery ligation followed by hypoxic 
exposure to 8% O2 for 1.5 hr at 37°C). Nitrite/nitrate production, as an indirect 
measure of NO, was greatly increased after hypoxic exposure in the ipsilateral 
cortex. The extent of brain injury, measured by % brain weight reduction at the 
ipsilateral side, was closely associated with the increase in nitrite/nitrate production. 
The elevation of nitrite/nitrate in pups, which had experienced prenatal HI, was 
significantly lower than that in pups from the sham-operated group and brain injury 
in that group was also less severe. The neuroprotective effect of prenatal HI could 
be blocked by sodium nitroprusside, a spotaneous NO donor. These results indicate 
that reduced NO production is involved the prenatal Hi-induced tolerance to 
neonatal HI brain injury. (Supported by NIH grant HD-35496)

637.15

Hyperbaric oxygenation induced tolerance against focal cerebral ischemia: dependence 
on strain and species.F.Wiegand*#,K.Prass,<llP.Schumann,M.Ahrens.G.Trendelenburg,
K.Gertz,§M.A.Moskowitz,F.Knapp,tI.V.Victorov,D.Megow,U.Dirnagl Depts. of Neu-
rology, Humboldt University, Berlin, and #Essen University, Essen, Germany; fBrain 
Res. Inst., Acad. Med. Sci., Moscow, GUS; ^University of Caen, CNRS UMR 6551, 
France; §Stroke Res. Laboratory, Harvard Med. School, Charlestown MA, USA

We have previously reported that hyperbaric oxygenation (HBO) can induce tol-
erance against focal cerebral ischemia in the rat (Ahrens et al. Soc.Neurosci.Abstr.24 
p. 1:216; 1998). We have now repeated and extended these studies to mice. Wistar rats, 
SV129 mice, or C57BL/6 mice were exposed to HBO (5 days, 1 hour every day, 100 
% 02 at 3 atmospheres absolute). One day after the 5th HBO session permanent focal 
cerebral ischemia was induced. HBO induced tolerance in Wistar rats (infarct volume 
reduction by 30 %, p<0.05). However, when the study was repeated twice, HBO was 
no longer effective. HBO induced oxygen free radical production in rats, as indicated 
by a 31% increase in the stable lipid peroxidation product, MDA. In SV 129 mice, 
HBO induced tolerance against permanent ischemia (mean infarct volume reduction 27 
%, p<0.05), an effect that was reproduced twice
in additional series. HBO did not induce toler-
ance in SV129 mice when reperfusion was al-
lowed after 30 or 60 min of focal cerebral is-
chemia. In the C57BL/6 strain of mice, HBO did 
not induce tolerance against permanent ischemia 
(study replicated twice). In C57BL/6 mice we 
then tried to modify the duration of ischemia (30 
- 120 min) or HBO protocol, but were unable to 
find conditions in which HBO induces tolerance 
in this mouse strain. We conclude that HBO can 
induce tolerance to focal cerebral ischemia, but 
that this effect is not robust and strain as well as 
species dependent. Supported by DFG and Deut-
sche Schlaganfallstiftung.

(n) number of animals. *p<0.05 
initals denote surgeon 

tac: SV129 taconic, j: SV129 J

637.16

NEURONAL DAMAGE AND TOLERANCE IN HYDROCEPHALUS. Y-C. Ding. J.P. 
McAllister. A.I. Canady & M-Z. Zhang*. Depts of Neurosurgery, Wayne State Univ. School 
of Medicine, Detroit, MI 48201, and Cell Biology, Vanderbilt Univ., Nashville, TN 37232.

Motor and cognitive deficits are commonly associated with hydrocephalus. A 
recent study has demonstrated a motor learning and memory impairment in hydrocephalic 
children. The goal of this study is to determine the pathological changes in sensorimotor 
cortex, hippocampus and corpus callosum that anatomically relate to motor learning and 
memory. Whether neuron death occurs, and whether axon and neuropil degeneration occurs 
were our objectives. Neuronal damage as determined by silver staining (FD NeuroSiver™ 
Kit I) was compared in two experimental groups: (1) hydrocephalus induced by kaolin 
injection into the cistema magna in young adult rats and (2) hydrocephalus plus ischemia. 
Acute forebrain ischemia was induced by four-vessel occlusion to investigate neuron 
degeneration or tolerance after the chronic brain injury in hydrocephalus (8-12 weeks after 
kaolin injection). The animals with ischemia were allowed to survive for 2 days. In mild or 
moderate hydrocephalus, little cell death was found, but silver-labeled axons were scattered 
in the white matter of sensorimotor cortex, corpus callosum and hippocampus. Even in 
severe hydrocephalus, cell death was still rarely found. However, axon and neuropil 
degeneration was extensively distributed into not only the white matter of sensorimotor 
cortex but also up to layer IV. Axons in the subiculum and the fimbria were heavily labeled, 
suggesting damage to connections between cortex and hippocampus. Heavy silver labeling 
was also found in the corpus callosum. Although some neuron degeneration was found after 
acute forebrain ischemia in hydrocephalic rats, the extensive cell death in cortical layers III 
and V and in hippocampal areas CAI and CA4 that is commonly observed in the ischemic 
brain without hydrocephalus was not seen. These results suggest that axon and neuropil 
degeneration is a major pathological change in sensorimotor cortex, corpus callosum and 
hippocampus, and this degeneration is correlated with enlargement of the cerebral ventricles. 
The lack of evidence for neuron death suggests that neuronal tolerance might occur during 
hydrocephalus. Supported in part by the Leede Hydrocephalus Research Fund.
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637.17
DIFFERENCES IN ISCHEMIC TOLERANCE BETWEEN TWO METHODS OF 
EVOKING CORTICAL SPREADING DEPRESSION. Y.M. Rangel* and F.A. 
Welsh. Department of Neurosurgery, University of Pennsylvania, Philadelphia, PA 
19104.

Previous studies have demonstrated that cortical spreading depression (CSD) 
induces resistance to a subsequent episode of ischemia. The objective of the present 
study was to determine whether the method of evoking CSD influences the degree of 
ischemic tolerance. Male Wistar rats were anesthetized with halothane/N2O, 
intubated and ventilated mechanically. A single episode of CSD was induced in the 
frontal cortex. Either heat was applied locally to the intact skull for 3-4 sec or 2 M 
KC1 was applied directly to the dura for 3-4 min. CSD was not detected in the 
contralateral cortex. The animals were allowed to recover for 24 hr and then 
subjected to 8 min of forebrain ischemia using bilateral carotid artery occlusion 
combined with systemic hypotension. Following a 6-day recovery period the animals 
were perfusion-fixed with FAM, the brains embedded in paraffin and 12-pm sections 
were stained with thionin and acid fuchsin. Acidophilic (injured) neurons were 
counted in the parietal cortex and hippocampus of each hemisphere. Ischemic injury 
was markedly diminished in the ipsilateral cortex of both heat-and KCl- 
preconditioned animals (n=5/group) with the exception of one animal in the KC1 
group. CA-1 hippocampal cell counts revealed extensive bilateral injury following 
ischemia in KCl-preconditioned animals. However, in animals preconditioned with 
heat, ischemic injury was not detected in the ipsilateral CA-1 hippocampal neurons, 
whereas CA-1 injury occurred in the contralateral hemisphere. These results 
demonstrate that a single episode of CSD evoked by local heating reduces ischemic 
injury in both cerebral cortex and CA-1 hippocampal neurons, while no CA-1 
protection was observed in animals preconditioned with KC1. We speculate that the 
difference in ischemic tolerance may be due to increased induction of putative 
neuroprotective genes following local heating.

Supported in part by NIH Grants NS-29331 and NS-08803.

637.18
EFFECT OF ISCHEMIC PRECONDITIONING ON ELECTRICAL 
ACTIVITY, CEREBRAL BLOOD FLOW AND METABOLIC RATE IN 
RAT BRAIN. R. Busto*, G. P. Xu, I, Saul, W, Zhao, M.D. Ginsberg, T.J. 
Sick and M.A. Perez-Pinzdn. Department of Neurology, University of Miami 
School of Medicine, Miami, FI. 33101

Sublethal ischemic insults protect against subsequent ischemia in intact brain. 
We tested the hypothesis that ischemic preconditioning (IPC) promotes 
depression of electrical activity as a mechanism to conserve energy and limit 
excitotoxicity, thus promoting neuroprotection again a lethal ischemic insult. 
IPC was produced by bilateral carotid occlusions and hypotension 
(50mmHg) for 2 min. Evoked potentials (EPs) disappeared very rapidly 
upon induction of IPC but recovered to 19% of baseline values after 30 min 
of reperfusion following IPC (n = 10; p < 0.05). EPs were 37 and 65% of 
baseline values at 1 and 2 h of reperfusion following IPC (p < 0.05), 
respectively. We correlated these results with autoradiographic 
measurements of metabolic rate (IMRgl) and cerebral blood flow (1CBF) 
following IPC. In separate groups, 2-deoxyglucose was injected 30 min 
after IPC, and l4C-iodoantipyrine was infused 45 min following IPC. Control 
shams and IPC-treated rats had no significant differences in IMRgl. In 
contrast, IPC-treated rats showed a highly significant reduction in 1CBF (p <
0.001). These results, which require further study, suggest that ischemic 
preconditioning promoted a sustained depression of electrical activity. This 
depression may limit energy consuming pathways, thus allowing for better 
maintenance of ATP during a subsequent ischemic insult. These studies were 
supported by PHS grants NS34773 (MAPP) andNS05820 (RB andMDG).

637.19

THE LONG-TERM EFFECTS OF ADENOSINE IN THE 
HIPPOCAMPUS OF RATS FOLLOWING CARDIAC ARREST AND 
RESUSCITATION. K. Xu. Y. Zhou. W, D, Lust and J. C, LaManna*. 
Departments of Anatomy and Neurosurgery, Case Western Reserve 
University, School of Medicine, Cleveland, OH 44106, U.S.A.

Our previous study indicated that adenosine (ADO) improved the 
brain recovery in rats 4 days after cardiac arrest and resuscitation. In 
this study we investigated the long-term effects of adenosine in the 
hippocampus of rats following 12-minute cardiac arrest and 
resuscitation. Male Wistar rats (250-350 g) were divided into untreated 
and ADO-treated (80 pg/min/kg i.v. for 90 min after resuscitation) 
groups. CA1 neurons were counted in the hippocampus at 4 days and 
30 days after cardiac arrest and resuscitation. As previously reported, 
ADO-treated rats showed 80% of CA1 neurons remaining (86 ± 5, n =
6 vs. 102 ± 11, n = 7, non-arrested controls) and had significantly more 
than the untreated group (23 ± 7, n = 7, p < 0.05, ANOVA). However, 
at 30 days of recovery, the ADO-treated group and untreated rats 
showed a similar number of CA1 neurons remaining (3 ± 3, n = 3 vs. 9 
±3, n = 3). The present findings indicate that adenosine treatment did 
not preserve CA1 neurons in the long term, but apparently delayed the 
onset of CA1 neuronal death in the hippocampus of rats after cardiac 
arrest and resuscitation.
Supported by NIH NS-37111

637.20
SIGNAL TRANSDUCTION MECHANISMS IN ISCHEMIC PRECONDITIONING IN 
THE RAT RETINA INVIVO
S. Roth1*. B, Li1, M, Singh2, P.S, Rosenbaum2, D.M, Rosenbaum2. ‘Dept. of Anesthesia, 
Univ. of Chicago, Chicago, IL 60637; 2Albert Einstein College of Medicine, Bronx, NY 
10461.

The rat retina is an invivo model we have used to study the mechanisms of ischemic 
preconditioning (IPC). 1 IPC resulted in robust protection from ischemic damage as 
assessed by both functional and histological criteria. 1-2 In the present study, we 
examined the signal transduction mechanisms responsible.

In anesthetized adult Sprague-Dawley rats, IPC and/or ischemia were produced as we 
previously reported. 1 The functional recovery after ischemia was gauged with the 
electroretinogram (ERG). Retinal sections were examined histologically. Inhibitors of 
putative processes in IPC protection were administered systemically or into the vitreous 
prior to IPC, and ischemia for 60 min followed 24 h later. These agents were also given 
prior to the injection of adenosine agonists shown previously by us to mimic IPC.2 We 
tested: cycloheximide (CHX, protein synthesis inhibitor), G02878 (PKC inhibitor), 
glibenclamide (K+ATP channel blocker), and L-NNA (NOS inhibitor). Control groups 
received vehicle injection alone. Data were analyzed by ANOVA and post-hoc t tests, 
with significance at P <0.05.

With IPC and vehicle injection, the b wave of the ERG recovered dramatically to 95 ± 
4% of its baseline amplitude by 7 days after 60 min of ischemia. CHX, GO2878, and 
glibenclamide reduced recovery by at least 75% (all P<0.05). In addition, they almost 
completely attenuated the IPC-mimicking effect of adenosine receptor stimulants. NOS 
blockade had no effect despite 4 retinal NOS activity.

Protein kinase C and K+ATP channels are essential signals for IPC protection in this 
model, while NO does not appear to be required. Adenosine mimics IPC by stimulating 
these signals and by producing de novo protein synthesis.
References: 1. Invest Ophthalmol Vis Sci 39:775,1998. 2. Invest Ophthalmol Vis Sci, 
in press, 1999. Grant Support: NIH EY 10343 (SR), EY11253 (DMR), AHA (SR)

637.21

ACTIVATION OF Katp -CHANNELS DURING ESTRUS CYCLE
H. Li. R. Huber, M. Buchner, MW, Riepe*. Department of Neurology, University
of Ulm, D-89075 Ulm, Germany

Upon induction of cellular hypoxia, KATp-channels are activated in hippocampal 
region CAL Activation of these channels mediates a transient hyperpolarization 
which allows pyramidal cells to withstand transient inhibition of energy 
metabolism. Recently, it has been shown that hypoxic tolerance varies during 
estrus cycle. The goal of the present study was to investigate whether transient 
activation of KATP channels varies with estrus cycle

Hippocampal slices were prepared from control mice at day 40. Membrane 
potential was recorded intracellularly (electrode filled with 3 M potassium 
chloride). Spikes were recorded in CA1 pyramidal cells upon stimulation of 
Schaffer collaterals in hippcampal region CA3 (stimulation frequency 0.01 Hz). 
Upon recording of a stable baseline control oxygenated Ringer solution was 
changed to Ringer solution containing 1 mM 3-nitropropionate (3NP). Estrus 
cycle of female rats was determined upon staining of vaginal smear.

Upon 40 min of perfusion with 1 mM 3NP membrane potential hyperpolarized 
5.8 ± 3.1 mV in male mice and 8.1 ± 2.7 after 60 min. Input resistance fell to 81 ± 
20 % aid 80 ± 18 % of onset, respectively. In slices prepared from female mice 
during proestrus membrane potential depolarized -2.4 ± 4.1 mV (p < 0.01 to 
males) after 40 min of perfusion with 1 mM 3NP and -2.5 ± 3.5 mV (p < 0.01 to 
males) after 60 min.. friput resistance was 115 ± 14 % and 130 ± 28 % of onset, 
respectively.
We conclude that activation of KAtp  channels is diminished in females during 
proestrus upon inhibition of oxidative phosphorylation Reduced activation of 
KATp channels explains part of the reduced hypoxic tolerance of females during 
proestrus.
Supported by a grant from the Deutsche Forschungsgemeinschaft to MWR.

637.22
ELECTRICAL STIMULATION PROTECTS DELAYED 

NEURONAL DEATH M.Fujiki*, M. Isono. S.Hori Dept. of Neurosurgery, 

Oita Medical University, Oita, JAPAN 879-5593
Transcranial electrical stimulation (TES) protects delayed neuronal death 

(DND) in the hippocampal neurons from an otherwise lethal ischemic insult 
delivered 2 days later. Ischemic tolerance was induced in gerbil by application of 
TES 1-7 days prior to BCCO. Neuronal density per 1-mm length of the CA1 
sector in the hippocampus, evaluated 7days after BCCO, was significantly better 
preserved by TES 2, 3 or 5 days prior to BCCO (22.8, 25.9 and 20.5%, 
respectively). TES was only effective when the brains were stimulated 
frequencies at 25 and 50 Hz. The 25 Hz for 128 second stimulation (3200 pulses) 
was more effective than the 50 Hz for 64 second (3200 pulses) and 128 second 
(6400 pulses) stimulation. Two days after TES pretreatment, the gerbils were 
subjected to 5 min of forebrain ischemia by occlusion of both common carotid 
arteries under anesthesia. Seven days after recirculation, neuronal density per 1 
mm length of the CA1 sector in the hippocampus was significantly better 
preserved in the TES pretreatment group (n=10; 235) than in the ischemic 
control group (n=10: 26.2; 8.0% of normal). Immunohistochemical staining for 
the 72-kDa heat-shock protein (HSP-72) in the CA1 sector performed 2 days 
following pretreatment revealed that the TES pretreatment increased the amount 
of HSP-72 present compared with that in the ischemic control group and in tlje 
single TES pretreatment group. These results suggest that tolerance against 
ischemic neuronal damage was induced by TES pretreatment, which is thought 
to occur through the induction of HSP-72 synthesis.
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637.23
INCREASING EFFICACY OF CHEMICAL PRECONDITIONING WITH 3- 
NITROPROPIONATE WITH REPEATED INDUCTION
M, Timmler, M. Buchner, R. Huber. K. Kasischke. H. Li, A.C.Ludolph, C.
Pilgrim*, M.W. Riepe, Department of Neurology, University of Ulm, 89075 Ulm, 
Germany

Chemical preconditioning - an increase of cellular hypoxic tolerance by 
pretreatment with chemical inhibitors of oxidative energy metabolism has been 
described recently. However, repeated cellular hypoxia can also induce 
neurodegeneration. The goal of the present study was to investigate a possible time 
dependence of increase of hypoxic tolerance induced by repeated mild chemical 
hypoxia and neurodegeneration induced by mild chemical hypoxia.

Hippocampal slices were prepared from mice treated repetitively with different 
dosage intervals (3 to 5 days) with i.p. injections of 20 mg/kg body weight 3- 
nitropropionate (3NP) beginning at day 40. Slices were prepared 24 hours after the 
last treatment. Population spikes were recorded in hippcampal region CA1 upon 
stimulation of Schaffer collaterals in hippcampal region CA3 (stimulation 
frequency 0.01 Hz). Population spike amplitude (PSAP) was determined during 
hypoxia (15 min) and posthypoxic recovery (45 min).

Posthypoxic recovery of PSAP was 33 ± 23 % (mean ± SD) in control mice. After 
5 treatments with 3NP (treatment interval 5 days) posthypoxic recovery of PSAP was 
76 ± 30 % (p < 0.01 to controls). With 9 treatments (treatment interval 5 days) an 
even improved posthypoxic recovery of PSAP to 102 ± 40 % (p < 0.01 to controls, 
p < 0.05 to 5 treatments). Similar results were obtained with 3 and 4 days time 
interval between treatments.

We conclude that repeated induction of chemical preconditioning is even more 
effective than single induction of chemical preconditioning.

Supported by a grant from the Deutsche Forschungsgemeinschaft to MWR.

637.24
EXCITOTOXIC RESISTANCE OF THE PARAVENTRICULAR NUCLEUS OF 
THE RAT HYPOTHALAMUS TO FOCAL ISCHEMIA M.C. Currds-Collazo* and 
M.O. Hussein Dept. of Neuroscience, University of California, Riverside.

Previous studies have shown that magnocellular neuroendocrine cells of the 
supraoptic and paraventricular nuclei of the hypothalamus (SON and PVN, 
respectively), are resistant to kainate, ibotenate and NMDLA excitotoxicity (Hu et al, 
1992; Hastings et al, 1985; Olney and de Gubareff, 1978; Herman and Wiegand , 1986). 
The goal of this study was to examine if these nuclei were also resistant to ischemia- 
induced necrosis. Recently, we have shown that occlusion of the middle cerebral artery 
(MCA) is effective in producing ischemia of the PVN and of portions of the SON 
(Hussein and Curras-Collazo, 1998). Therefore, we made rats ischemic by performing 
permanent ipsilateral MCA and carotid artery occlusion. In addition, the contralateral 
carotid artery was transiently occluded for 3 h to produce predictable volumes of 
neocortical infarction (Buchan et al, 1992). Rats recovered from anesthesia within 1-2 h 
after the start of the ischemic period. Survival was allowed for 24-96 h, a period two- to 
eight-fold longer than that required for peak neuronal necrosis (Garcia et al, 1995). Rats 
were killed by transcardial perfusion with 4% PFA and brains sectioned, stained with 
cresyl violet and examined. Ischemic rats showed a mean Bederson score of 2.3 
indicating hemiparesis only in a few animals (Bederson et al, 1986). Other neurological 
evaluation tests (Garcia et al, 1995) showed minimal deficits (mean score= 11.6). 
Cerebral hemispheric infarction had a rostrocaudal distribution from frontal to parietal 
and sometimes insular cortex. Selective neuronal necrosis was observed frequently in 
the ipsilateral caudoputamen but only infrequently in the hippocampus. However, no 
necrosis was observed in the ipsilateral PVN nor SON. Drinking volumes in ischemic 
rats were similar to those of weight-matched sham-operated rats (20.1 vs 19.8 
ml/day/rat). However, plasma osmolality values were significantly higher in ischemic 
rats (323 vs 312 mOsm/kg). The uncompromised morphology and function of the PVN 
and SON after ischemia may indicate special properties of NMDA receptors (Choi et al, 
1987; 1998) in neuroendocrine cells. (Supported by the American Heart Association).

DEGENERATIVE DISEASE: OTHER X

638.1
COMPARISON OF THE MOTOR UNIT SHORT-TERM SYNCHRONIZATION IN SENSORY 
POLYNEUROPATHY AND PRIMARY LATERAL SCLEROSIS. J-P. Vedel1*, A. 
Schmied1, R. Forget2, Y. Lamarre2, J, Pouget5 and J. Paillard'. 1 ’NBM-CNRS & 
Hopital La Timone, Marseille, France, 2Faculte de Medecine, Montreal, PQ, CN.

The motoneurone synchronous activity was compared between patients with 
central or peripheral neuropathies and control subjects in order to estimate the 
respective contribution of supraspinal and peripheral sensory inputs. Synchronization 
characteristics were analysed in motor unit pairs recorded in wrist extensor muscles of 
one female patient with extensive sensory polyneuropathy (SPN) affecting essentialy 
large diameter sensory afferents and were compared to those observed in four female 
controls. The incidence of the short-term synchronization peaks (< 6 ms) was found 
to be significantly larger in the patient with regards to controls (84% vs 32%). The 
short-term synchronization peaks were significantly narrower in the patient than in 
controls and the amount of synchronous impulses was significantly larger in the 
patient than in controls. Synchronization characteristics were compared in motor unit 
pairs recorded in wrist extensor muscles of 2 patients with primary lateral sclerosis 
and in motor unit pairs tested in 8 controls. Short-term synchronization peaks were 
observed milch less frequently in both patients than in controls (11% vs 37%) and 
were similar to those observed in control subjects in terms of duration and amplitude. 
Considering the main differences in the two pathologies tested (sensory afferent 
degenerescence vs pyramidal tract degenerescence) and the recovery of normal fine 
hand movements under visual guidance and permanent attentional control in the 
patient SPN, the present data provide very strong arguments favouring a major 
contribution of corticospinal inputs to the short-term synchronization of human 
motor units' activity. The more frequent and stronger short-term synchronization 
observed in the patient SPN might reflect a plasticity of the corticospinal pathway 
compensating the loss of the sensory drive by more extensive branching of the 
terminals and/or more efficient efferent synapses.

638.2
ALTERED MRNA EXPRESSION OF NEUROTROPHINS AND THEIR 
RECEPTORS IN A TRANSGENIC MOUSE MODEL FOR AMYOTROPHIC 
LATERAL SCLEROSIS (ALS). B.M, Kust, J.C.V.M, Coprav, G.J, TerHorst* and 
H.W.G.M. Boddeke.
Department of Medical Physiology, University of Groningen, Netherlands, 9712 KZ.

Amyotrophic lateral sclerosis (ALS) is a progressive and lethal disease, which 
induces cell death of cortex-, brainstem- and spinal cord motoneurons. 2% of all
ALS cases are due to a mutation affecting the Cu/Zn superoxide-dismutase 1 (SOD- 
1) gene, resulting in elevated levels of free radicals. In addition, increases in 
intracellular Ca2+ levels are considered to induce degeneration of motoneurons, and 
more recent studies suggest that disturbances in the expression of neurotrophic 
factors may also be involved. We used hSODl(G-93-A) transgenic mice as an 
animal model for ALS, to study the mRNA expression of various neurotrophins 
(NT) and their receptors in brain and muscle tissue. We present RT-PCR and in situ 
hybridization experiments with the NTs NGF, BDNF/NT4 and NT3, as well as their 
receptors trkA, trkB, trkC and p75. In addition, we show for the first time mouse 
sequences of NT4, trkA and p75. Whereas no differences were observed between the 
mRNA expression patterns of transgenic and control mice in cortex and brainstem, 
mRNA expression was highly regulated in spinal cord and in diaphragma, biceps 
and intercostal muscles. Apart from NT4, which could not be detected in the 
muscles, all NT-mRNAs were expressed to various extents in the tissues 
investigated, but only the NGF-mRNA was strongly upregulated in transgenic mice 
muscle. All NT-receptor mRNAs were expressed in all tissues, except that one of the 
trkB full length receptor, which was absent in the muscles; like its activating 
neurotrophin NT4, the trkB full length receptor was downregulated in the spinal 
cord. Most strikingly and unlike all other receptors, p75 mRNA was upregulated in 
muscle tissues and in spinal cord. In conclusion, we demonstrate that in the 
transgenic mice not only the neural mRNA expression of NTs and their receptors is 
changed, but that this disease also influences their expression in diverse muscles.

638.3

NITROTYROSINE, nNOS and p75 IMMUNOREACTIVITY ARE PRESENT 
IN G93A TRANSGENIC MICE AND ALS HUMAN SPINAL CORDS, k 
Yifiia1'4'5, A.G. Estevez1,4. Y-Z Ye t4, J.S. Beckman*1-23'4. Dept. of 
’Anesthesiology, biochemistry and Molecular Genetics and 3Neurobiology 
and the 4UAB Center for Free Radical Biology, The University of Alabama 
at Birmingham, Birmingham, AL 35233; 5Catedra de Histologfa, Facultad 
de Medicina, Universidad de la Republica, 11600 Montevideo, Uruguay. 
Mutations of CuZn superoxide dismutase (SOD) are associated with 
familial amyotrophic lateral sclerosis (ALS). We used transgenic mice 
carrying the G93A mutation of CuZnSOD to further understand the role of 
oxidative stress in the pathogenesis of ALS. The mice show progressive 
symptoms of an ALS-like disease characterized by weakness of the limbs, 
progressive paralysis and death. We investigated the role of nitric oxide 
(NO), superoxide and peroxynitrite in motor neuron death. Nitric oxide and 
superoxide react to form the powerful oxidant peroxynitrite, which reacts 
with tyrosine residues in protein forming nitrotyrosine. 
Immunohistochemical studies showed that both nitrotyrosine and neuronal 
nitric oxide (nNOS) were present in the spinal cord motor neurons from 
transgenic mice with symptoms of the disease (120 day-old). There was no 
immunoreactivity in pre-symptomatic animals (60 day-old) nor in nan- 
transgenic littermates of the same age. Similar results have been found in 
human samples from ALS patients. During early development, motor 
neurons express the low-affinity nerve growth factor receptor (p75NTR) a t 
the period of programmed cell death. Adult motor neurons do not express 
p75 . However, motor neurons from 60-day-old pre-symptomatic and 120-
day-old diseased transgenic mice were immunoreactive for p75NTR, while 
age-matched, non-transgenic littermates were not immunoreactive. These 
results suggest that the mechanisms of motor neuron degeneration might 
involve the expression of p75NTR, which precedes the induction of nNOS and 
increased nitrotyrosine immunoreactivity.
This project is supported by grants from NIH and ALS Association.

638.4

STEROID REGULATION OF GAP-43 IN THE SPINAL CORD OF THE 
WOBBLER (WR) MOUSE, A MODEL FOR AMYOTROPHIC LATERAL 
SCLEROSIS (ALS).
M^-C _GonzaLez Deniselle1,2, C, A. Grillo1'2, S. LGonzalez1’2. P. Roig1, M. L.
Fiszman3* and A. F.De Nicola1,2,4, ’institute de Biologia y Medicina Experimental;
2Dept. of Biochemistry, Faculty of Medicine, Univ. Buenos Aires, centra de 
Investigaciones Albert Eistein, and 4Fundacion Barcelo, Buenos Aires, Argentina.

The Wr mouse suffers an autosomal recessive mutation producing 
neurodegeneration and astrogliosis in the spinal cord. Expression of the growth- 
associated protein GAP-43 is increased in motoneurons of ALS patients and Wr 
mice. In this work we examined if the high levels of GAP-43 mRNA and protein, 
measured by in situ hybridization and immunocytochemistry (ICC), are sensitive 
to steroid treatment. A group of control and Wr mice received sc a 50 mg pellet 
of the natural hormone corticosterone (CORT) or the antioxidant Lazaroid U- 
74389F during 4 days. Basal levels of GAP-43 mRNA were ten-fold elevated in 
anterior horn motoneurons of untreated Wr mice, compared to low levels in 
controls. The high expression of GAP-43 mRNA in Wr was attenuated by 
treatment with CORT (Wr: 187 ± 6 grains/cell; Wr + CORT: 110 ± 15; p<0.001) 
and U-74389F (Wr: 197 ± 9; Wr + U-74389F: 125 ± 8, p<0.001). ICC 
demonstrated a strong reaction for GAP-43 in some Wr spinal cord motoneurons. 
This aberrant localization of GAP-43 (normally a presynaptic protein) was 
sensitive to U-74389F which reduced the number of positive neurons, cell 
processes and reaction intensity. It is possible that attenuation of GAP-43 
expression due to the natural hormone and the antioxidant Lazaroid resulted from 
reversal of motoneuron degeneration or aberrant sprouting. Therefore, steroid 
therapy may prevent denervation and/or muscular atrophy in this animal model of 
ALS (Supported by CONICET PIP 4103, UBA TM13, FONCYT PICT 00438 
and Fundacion Barcelo).
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638.5
GPI-1046, A NOVEL NON-IMMUNOSUPPRESSANT IMMUNOPHILIN 
LIGAND, DELAYS THE APPEARANCE OF MOTOR DEFICITS IN A 
TRANSGENIC MOUSE MODEL OF FAMILIAL AMYOTROPHIC 
LATERAL SCLEROSIS. J.P. Rothstein? M. Jackson?* C. Sakai? D.M. Spicer,2
B.D. Kim1 and J.P. Steiner2. ’Johns Hopkins University, Department of Neurology 
and Neuroscience, Baltimore MD, 21287,2Guilford Pharmaceuticals Inc., Baltimore 
MD, 21224.

GPI-1046 (3-(3pyridyl)-1 -propyl(2S)-1 -(3,3-dimethyl-1,2-dioxopentyl)-2- 
pyrrolidinecarboxylate), a synthetic non-immunosuppressive immunophilin ligand, 
has previously been shown to be neurotrophic in multiple neuronal systems, be 
neuroprotective in the organotypic spinal cord culture model of chronic excitotoxicity 
and has recently been shown to induce the expression of GLT-1 (EAAT2), the 
glutamate transporter markedly decreased in amyotrophic lateral sclerosis (ALS). We 
therefore studied the effect of GPI-1046 on survival and motor performance in the 
G93A transgenic mouse model of familial ALS. Two lines of transgenic mice, a high 
expressor (G1H/+) and a low expressor (G1L/+) were used.

G1H/+ transgenic mice received a subcutaneous injection of either 20 mg/kg or 40 
mg/kg of body weight of GPI-1046 on 5 days out of 7 from the age of 50 days. G1L/+ 
transgenic mice received an oral administration of 50 mg/kg of body weight of GPI- 
1046 twice a day from the age of 150 days. The oral administration of GPI-1046 was 
able to significantly delay the onset of motor impairment (quantified by failure on 
rotarod) from 212.2 ± 12.47 (n=14) to 234.1 ± 10.65 (n= 15) days of age (P= 0.048; 
one tail T-test) and thus extend the survival by approximately 12%. No significant 
changes were observed compared with the control group in the high expressor line of 
mice.

GPI-1046 may therefore have therapeutic potential in neurological diseases such as 
ALS, Alzheimer’s disease, Parkinson’s disease and stroke. Supported by NIH 
(NS33958), Muscular Dystrophy Association and Project A.L.S.

638.6
MOTOR NEURON DISEASE WITH NEUROFIBRILLARY TANGLE 
(MNDNFT): A NEW SUBTYPE OF AMYOTROPHIC LATERAL 
SCLEROSIS (ALS) WITH DEMENTIA (ALSD) Y, Saito1’2, Y. 
Motoyoshi3, M. Kunimoto4, Y. Tashiro5 and S. Murayama1*. 1 Dept. 
Neuropathology, Tokyo Metropolitan Institute of Gerontology; 2Dept. 
Neurol. Univ. Tokyo; 3Dept. Neurol., National Shimoshizu Hosp.; 4Dept. 
Neurol. & 5Pathol, Yokohama Rosai Hosp.; Tokyo, Japan, 173-0015

Two late onset cases of amyotrophic lateral sclerosis (ALS) in, 84 
(case 1) and 80 year old (case 2) males, were reported. Both presented 
with stubbornness and difficulty in obeying each medical instruction 
unless completely persuaded. Both died of respiratory failure. Total 
clinical course was 8 months, and 4 years and 4 months respectively. 
Postmortem examination confirmed typical pathology of ALS. In 
addition, many NFTs with ghost tangles were preferentially detected in 
the CA2 region of the hippocampus. The NFTs were immuno-reactive 
with various antibodies against phosphorylation-dependent and - 
independent form of T, as well as anti-ubiquitin antibodies, and. 
composed of paired helical filaments. A few diffuse plaques were 
recognized in case 2 with anti-Aj3 antibodies but no neuritic plaques 
were identified. The CA2 region was usually relatively spared from 
NFT pathology in normal aging. Thus, the preferential involvement of 
CA2 with NFT in these cases could contribute to the unique character 
change and may form a cardinal pathology of this form of ALS. The 
etiopathological factor common to classic pathology of ALS and 
localized appearance of NFT in CA2 remains to be clarified.

638.7

THE MICRONESIAN HEALTH STUDY BRAIN BANK: A RESOURCE FOR 
RESEARCH ON GUAM AMYOTROPHIC LATERAL SCLEROSIS- 
PARKINSONISM-DEMENTIA COMPLEX (ALS/PDC). D.P.Perl1*. P.F.Good1.
U.K.Craig3. P.R.Hof2. D.Galasko4. W.C.Wiederholt4 *Dept. of Pathology, and 
2Neurobiology of Aging Laboratories, Mount Sinai School of Medicine, New York, NY 
10029,3Dept. of Nursing and Health Policy, Univ. of Guam, Mangilao, Guam, 4Dept. of 
Neuroscience, Univ. of California San Diego, La Jolla, CA

Since the initial report of Zimmerman in 1944, ALS/PDC, an endemic disorder of the 
indigenous Chamorro people of Guam has been the subject of intense research interest 
and investigation. The disorder manifests itself as either a)ALS, clinically 
indistinguishable from the sporadic form seen elsewhere in the world, or b) PDC, a 
disorder with parkinsonian features including rigidity and bradykinesia,, accompanied 
by profound dementia. Overlap between the two forms is quite common. In addition, a 
purely dementing form of the illness is encountered with progressive dementia in the 
absence of amyotrophy and parkinsonian features. The brains of affected patients show 
evidence of upper and lower motor neuron degeneration (in ALS cases), or substantia 
nigra neuronal loss (in PDC cases), both accompanied by widespread severe 
neurofibrillary tangle (NFT) formation. Based on ultrastructural, immunohistochemical 
and molecular biologic studies, these NFTs are identical to those of Alzheimer’s disease, 
yet are encountered in the absence of significant beta-amyloid accumulation in the form 
of senile plaques. This unique disorder represents an important model for the study of 
many aspects of the age-related neurodegenreative disorders. Despite reports to the 
contrary, large numbers of affected individuals are still encountered on Guam. The 
Micronesian Health Study is an NIH-funded study (PO1 AG-14382) of many aspects of 
ALS/PDC. In this project we have established a tissue repository of well-characterized 
brain tissue specimens derived from ALS-PDC cases and Guam controls. Formalin fixed 
and paraffin-embedded tissues are available along with a modest amount of freshly 
obtained tissues which are frozen at -80°C. Selected tissues have undergone non-biased 
sampling in preparation for stereologically based studies. We wish to make these tissues 
widely available to qualified scientists pursuing meaningful research questions. The 
nature of the collection and method for applying for specimens will be provided at the 
poster or can be obtained from Dr. Wiederholt at wwiederholt@ucsd.edu.

638.8

EFFECTS OF CELLULARLY DERIVED GDNF TREATMENT IN A 
MOUSE MODEL OF AMYOTROPHIC LATERAL SCLEROSIS 
M.K. Houseweart1, T.L. Williamson1, A. Blesch2, M.H. Tuszvnski2,
D.W. Cleveland1,2*. 1 Ludwig Institute for Cancer Research,
department of Neuroscience, University of CA, San Diego 92093. 

Neurotrophic factors such as glial cell line derived neurotrophic
factor (GDNF) have been shown to promote the growth and survival of 
motor neurons. In several experimental models, GDNF is more potent 
thari CNTF, NGF, BDNF, and IGF-1 for motor neuron survival, 
fostering expectations that it would be useful in treating human motor 
neuron diseases such as amyotrophic lateral sclerosis (ALS). In order 
to test whether administration of GDNF could prevent the death of 
motor neurons in ALS, fibroblasts harboring the Moloney murine 
leukemia virus expressing this neurotrophic factor were injected into 
the gastrocnemius muscles of SOD-1 mutant mice. These mutant mice 
are well established as a model of familial ALS and exhibit pathology, 
muscle wasting, and paralysis similar to that observed in human ALS 
patients. The efficacy of this therapeutic strategy was tested by a 
number of morphological and functional analyses. The motor 
performance, age of disease onset and age of death for mice injected 
with GDNF producing cells was compared with that of mice receiving 
cells expressing GFP or that of mice receiving no injection. 
Preliminary results indicate that functional improvements were not 
realized and no alteration in lifespan was achieved. Funded by an nih  grant.

638.9

GDNF AND BDNF IN CEREBROSPINAL FLUID FROM 
PATIENTS WITH MOTOR NEURON DISEASE. E. Grundstrom1*, 
H, Askmark1, L. Korhonen2, D, Lindholro2 and S.-M, Aquilonius1,
Department of Neuroscience, ’Neurology, University Hospital, S-751 85 
Uppsala, Sweden and developmental Neuroscience, Biomedical 
Center, Box 587, S-751 23 Uppsala, Sweden.

Growth factors such as GDNF, BDNF, CNTF and IGF-1 have been 
shown to rescue motor neurons both in vitro and in vivo in animal 
models. In degenerative diseases as ALS (amyotrophic lateral sclerosis) 
GDNF has been shown to be increased in muscle tissue and it is possible 
that these alterations in growth factor expression can be depicted also in 
CSF (cerebrospinal fluid) samples. In the present study we compare 
levels of GDNF and BDNF in CSF in a group of ALS patients, patients 
with other neurological diseases and healthy controls.
The CSF is collected and stored at -70 °C prior to analysis by ELISA 
technique.
Preliminary data show no increase in GDNF levels in ALS patients 
compared to controls in contrast to the increased expression of GDNF 
mRNA previously observed in ALS skeletal muscle. Studies on BDNF 
levels in the same population is ongoing.

Supported by the Swedish Medical Research Council (project 4373).

638.10

NEUROFILAMENT SIDE-ARMS ARE PHOSPHORYLATED BY MULTIPLE 
KINASES AND SIDE-ARM PHOSPHORYLATION INFLUENCES THE 
PROPERTIES OF NEUROFILAMENTS. C.C.J. Miller*. J. Brownlees. S. 
Ackeriey.A- J. (ajsi^PJApgillilLA- Yates, C,E Shaw- Departments of 
Neuroscience and Clinical Neurosciences, The Institute of Psychiatry, De Crespigny 
Park, Denmark Hill, London SES 8AF UK.

Neurofilaments are the major intermediate filaments of neurones and 
neurofilament proteins are phosphorylated. Using a combination of in vitro, cell 
transfection and mutagenic studies, we have investigated the mechanisms that 
regulate neurofilament heavy chain (NF-H) side-arm phosphorylation. A variety of 
kinases phosphoiylate NF-H side-arms and these include cyclin dependent kinase-5 
(cdk5), glycogen synthase kinase-3 (GSK-3a/p) and members of die mitogen- 
activated protein kinase (MAPK) family. At least some of these kinases target 
different or overlapping sites in NF-H side-arms. The signal transduction pathways 
that regulate activities of these kinases have been investigated and extracellular 
signals have been shown to alter NF-H phosphorylation. The effects that changes in 
neurofilament phosphorylation have on the cellular properties of neurofilaments are 
being studied using green fluorescent protein-tagged neurofilament proteins. 
Abnormal accumulations of phosphorylated neurofilaments are a pathological 
feature of motor neurone disease (amyotrophic lateral sclerosis). A better 
understanding of the molecular mechanisms that regulate neurofilament 
phosphorylation therefore has relevance to MND.
Supported by grants from the Wellcome Trust and UK Motor Neurone Disease 
Association to CCJM.
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638.11
PURKINJE CELLS ARE SELECTIVELY VULNERABLE TO 
DEGENERATION IN MICE WITH A CHOLESTEROL STORAGE 
DISEASE. E.M. Quintero*, C-L. Liang. S. Puma. C. Xie1, J.M, Dietschy1 
and D.C. German. Depts. of Psychiatry and Internal Medicine1, Univ. of 
Texas Southwestern Med. Sch., Dallas, TX 75235.
In Niemann-Pick type C (NPC) disease a gene mutation has been identified 

that causes a defect in intracellular cholesterol (CHO) homeostasis. 
Individuals with this disease accumulate large amounts of unesterified CHO 
within cells of all body organs, and have marked neurodegeneration of 
cerebellar Purkinje cells. Mice with a similar gene mutation have been 
identified, and they too exhibit abnormal CHO accumulation and Purkinje 
cell degeneration. The present study sought to determine whether all 
neurons are vulnerable to degeneration in the NPC mouse, and whether 
blocking CHO accumulation via the LDL receptor (LDLR) modifies the 
Purkinje cell degeneration. Quantitative methods were used to count 
Purkinje cells, and basal forebrain and striatal cholinergic neurons in 11 
week old NPC7' and NPC+/+ mice (n=4/group). There was a 96% loss of 
Purkinje cells and a 30% decrease in cerebellar hemisphere volume in the 
NPC7' animals, yet no loss of cholinergic neurons in either brain region. 
Also, NPC/LDLR mice (n=4) exhibited the same magnitude of Purkinje 
cell loss and cerebellar volume reduction as NPC7' mice. These data indicate 
that the NPC gene mutation causes a selective vulnerability to degeneration 
of only certain neurons (eg., Purkinje cells), and blocking CHO 
accumulation via the LDLR does not interfere with neurodegeneration of 
Purkinje cells. Research supported by NIH.

638.12
COMPROMISED FUNCTIONAL INHIBITION IN THE HIPPOCAMPUS OF 
THE MND MUTANT MOUSE MODEL OF NEURONAL CEROID 
LIPOFUSCINOSIS J.D.Cooper*. W.C.Mobley and P.S.Buckmaster+ Depts. of 
Neurology and Neurological Sciences, Comparative Medicine, Stanford 
University, Stanford, CA 94305.

The neuronal ceroid lipofuscinoses (NCL) are progressive neurodegenerative 
disorders with onset from infancy to adulthood that are manifested by blindness, 
seizures and dementia. Mnd mice exhibit NCL-like pathology and progressive 
hypertrophy and loss of most immunohistochemically detectable hippocampal 
interneurons (Cooper et al., J.Neurosci. 1999 19: 2556). To investigate the 
functional effects of these structural changes upon hippocampal inhibition, we 
examined evoked field potentials in the dentate gyrus of wild type and mnd mice 
at 8 months-of-age. Animals were anesthetized with urethane (1.4g/kg i.p.), 
placed in a stereotaxic apparatus, and prepared for field potential recording. A 
saline-filled glass microelectrode (i.d. ~15pm) was directed toward the hilus of 
the dentate gyrus, and a bipolar concentric stimulating electrode was placed in 
the angular bundle to activate perforant path fibers. Stimulus intensity was 
standardized at 5 times the threshold for a population spike. In response to single-
pulse stimulation at 0.1 Hz, 5/8 mnd and 0/7 wild type mice displayed multiple 
population spikes (P<0.025, %2 test). Paired-pulse stimulation at 1 Hz and with a 
30 msec interstimulus interval evoked responses in which the second population 
spike was smaller in amplitude (i.e., inhibited) relative to the first. Amplitude 
ratios were calculated (2nd/lst population spike), and mnd mice demonstrated a 
tendency toward larger amplitude ratios (0.26±0.07, mean±s.e.m.) than controls 
(0.09±0.02, P<0.08, t test). These findings suggest that functional inhibition in 
the dentate gyrus may be compromised in mnd mice. (Supported by The Batten’s 
Disease Support and Research Association, The Natalie Fund, The Remy Fund; 
Children’s Brain Diseases Foundation, The Burroughs Wellcome Fund).

638.13

PATHOLOGIC INVOLVEMENT OF INTERNEURONS IN MOUSE 
MODELS OF NEURONAL CEROID LIPOFUSCINOSIS H.D.Lam* 
HMMitchison1, N.DKGreene1, R.L.Nussbaum2, W.C.Mobley and J.D.Cooper.
Dept. of Neurology and Neurological Sciences, Stanford University, Stanford, 
CA 94305; ‘Dept. of Pediatrics, UCL, London, U.K.; 2Lab. of Genetic Disease 
Research, Division of Intramural Research, NIH/NHGRI, Bethesda, MD 20892.

The neuronal ceroid lipofuscinoses (NCL) are progressive neurodegenerative 
disorders with onset from infancy to adulthood that are manifested by blindness, 
seizures and dementia. In NCL, lysosomes accumulate autofluorescent 
proteolipid in the brain and other tissues. The development of mouse models that 
recapitulate the clinical and pathological features of NCL represents an initial 
step towards discovering underlying disease mechanisms and testing potential 
treatment strategies. We have examined populations of affected neurons in the 
CNS of cln3 null mutant mice (a model of juvenile NCL) and the nclf mutant 
mouse model of late infantile NCL (CLN6). Both mutant strains exhibited NCL- 
like pathology with prominent accumulation of autofluorescent lipopigment in 
subpopulations of GABAergic neurons including intemeurons in the cortex and 
hippocampus. Staining for phenotypic markers normally present in these neurons 
revealed progressive loss of staining in the cortex and hippocampus, with a 
slower progression of apparent cell loss in cln3 -/- mice. Both mutant strains 
exhibited pronounced hypertrophy of remaining detectable interneurons. Taken 
together with our findings in the mnd mice (Cooper et al., J.Neurosci. 1999 19: 
2556), these results provide substantive evidence for the involvement of 
interneurons in a total of three mouse models of NCL and suggest that 
dysfunction of these GABAergic neurons may be an important feature in NCL. 
(Supported by The Batten’s Disease Support and Research Association, The 
Natalie Fund, The Remy Fund; Children’s Brain Diseases Foundation, MRC UK, 
and NIH Intramural Research Program support to R.L.N).

638.14
INTRANUCLEAR INCLUSIONS IN MACHADO-JOSEPH DISEASE (MJD) 
AND SPINOCEREBELLAR ATAXIA-1 (SCA-1) P. L ,§,-Yig1? 3UL 
Subramonv1. J, D. Fratkin2. and Z. Qin1.
Department of Neurology1, and Pathology2, University of Mississippi Medical 
Center, Jackson, MS. 39216

MJD (allelic with SCA-3) and SCA-1 belong to a group of dominantly 
inherited neurologic disorders caused by CAG repeat expansions that result in 
the expansion of polyglutamine tract in the mutant proteins. The mutant ataxin- 
1 and ataxin-3 proteins are expressed in many regions of the brain; however, 
only distinct population of neurons are susceptible to the disease process. The 
mutant proteins aggregate in the form of ubiquitinated nuclear inclusions (NIs) 
in the neurons of the affected regions. Therefore, the present study was 
initiated to determine if there is any correlation between the pathology of the 
affected regions and the number of NIs. The NIs were immunostained for 
ataxin-3, ubiquitin or molecular chaperone HJD-2 in autopsy tissue sections 
from patients with MJD and SCA-1. Patients dying with non-neurologic illness 
were used as controls. NIs were preferentially present in the areas involved and 
were most abundant in pontine neurons in MJD and SCA-1. Purkinje cells of 
the cerebellum though significantly lost in SCA-1 and to a lesser extent in MJD, 
showed no NIs. Furthermore, no NIs were seen in Purkinje cells of a patient 
at risk for SCA-1 who probably had the mutant allele based on linkage study. 
NIs are considered to be a pathologic hallmark of SCA-1 and MJD; however, 
lack of NIs in Pubkinje cells suggests that nuclear aggregates of mutant proteins 
may not be a common pathogenic mechanism in the susceptible neurons. 
Partially funded by National Ataxia Foundation.

638.15

INFLUENCE OF PROTEIN TRUNCATION OF THE MUTATED 
MACHADO-JOSEPH DISEASE GENE PRODUCT ON THE 
AGGREGATE FORMATION AND CELL DEATH IN CULTURE. X. 
Yoshlzawa*! .Y. YamaglshlL N. KosekU, L Goto2. S. SbolP and I. 
Kanazawa? . ^Department of Neurology, University of Tsukuba, 
Tsukuba City 305-8575, Japan; department of Neurology, University 
of Tokyo, Tokyo 113-8655, Japan.

To examine the Influence of the protein size of the mutated Machado- 
Joseph disease gene product (ataxin-3) on aggregate formation and cell 
death, we created a series of N-terminal deletion constructs expressing 
ataxin-3 fragments with the expanded polyglutamine stretch (Q77) and 
the myc epitope. BHK-21 cells were transfected with these constructs. 
The expression of the recombinant protein was evaluated by the 
Indirect Immunofluorescence method with anti-myc antibody. Cell 
death was quantitated based upon the morphology of the DNA-stalned 
nucleus. Ataxin-3 with the normal size of the polyglutamine stretch 
(Q10) did not demonstrate aggregate bodies and cell death regardless 
of the potein truncation. The expression of the ataxin-3 fragments 
with Q77 showed distinct aggregate bodies mainly located in the 
perinuclear areas. The size of N-terminal truncation was correlated with 
the frequency of aggregate formation. About 80% of the cells 
expressing the shortest fragment with Q77 exhibited aggregate bodies. 
In contrast, a significant cell death was detected only in the 
transfection of the shortest fragment-expressing construct. These data 
suggested the discrepancy between aggregate formation and cell death. 
(Supported in part by a grant from the Ministry of Educat lop, Science 
and Culture of Japan, and from University of Tsukuba.)

638.16

EFFECTS OF POINT MUTATIONS ON THE
INTRACELLULAR TRAFFICKING OF THE JUVENILE 
NEURONAL CEROID LIPOFUSCINOSIS PROTEIN,
C L N 3. Ronald E. Haskell*, David A. Pearce1 and Beverlv L, 
Davidson**. 'University of Rochester Medical School, Rochester,
New York 14642, 2Co,lege of Internal Medicine, University of Iowa, 
Iowa City, IA 52242

Juvenile neuronal ceroid lipofuscinosis (JNCL) is an autosomal 
recessive lysosomal storage disease and is associated with 
mutations in CLN3. CLN3 has no known homology to non-CLN3 
proteins and a function has not been described. The classical 
phenotype, loss of vision, progressive mental deterioration, seizures 
and premature death, is caused by a 1.02-kb genomic deletion that 
results in the loss of 217 nucleotides in the cDNA. This single 
mutation accounts for nearly 85% of the disease alleles. Additional 
point mutations have been described. However, these single amino 
acid substitutions result in a protracted phenotype, sometimes 
devoid of classical clinical features. In this study, we examined the 
effect of point mutations on the intracellular trafficking of CLN3 and the 
mutant protein’s ability to rescue a CLN3 deficient yeast phenotype. 
All of the point mutations examined were associated with lysosomal 
membrane markers but did not completely rescue the yeast 
phenotype. This suggests the mutations do not affect protein 
trafficking but rather exert their effects by impairing protein stability, 
function or both.
Funding support: Carver Charitable Trust, Batten Disease Support 
and Research Assoc.
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638.17

Identification and localization of ataxin-7 in brain and retina of a 
patient with cerebellar ataxia type II using anti-peptide antibody.
C. Maucer^J. Del-Favero ,C. CeuterickVu, Liibke1. C. Van Broeckhoven and
J-J, Martin1,2. Department of Molecular Genetics, Flanders Interuniversity Institute 
for Biotechnology (VIB), University of Antwerp (UIA), Department of 
Biochemistry, Antwerp, Belgium. ‘Laboratory of Neuropathology, Born-Bunge 
Foundation (BBS), University of Antwerp (UIA), Department of Medicine, Antwerp, 
Belgium.2 Division of Neurology, University Hospital Antwerp (UZA), Antwerp, 
Belgium.

Autosomal dominant cerebellar ataxias (ADCAs) are a complex group of 
neurodegenerative disorders characterized by progressive degeneration of the 
cerebellum, brain stem and spinal cord. The spinocerebellar ataxia type 7 (SCAT) is 
associated with pigmentary macular dystrophy and retinal degeneration leading to 
blindness caused by a CAG/polyglutamine expansion in the coding region of the 
SCA7 gene/protein. The SCA7 gene codes for ataxin-7, a protein of unknown 
function. To investigate its cellular and subcellular localization, we have developed a 
sequence-specific polyclonal antibody against the N-terminal part of the protein. 
Immunohistochemical analysis indicated that ataxin-7 accumulates as single nuclear 
inclusion in the cells of the brain and retina of a SCA7 patient but not of controls. The 
1C2 antibody, directed against expanded polyglutamine, confirmed the aggregation 
of mutant ataxin-7 in these nuclear inclusions. Furthermore, ubiquitin was found in 
these aggregates, suggesting that mutant ataxin-7 is a target for ubiquitin-dependent 
proteolysis, but resistant to removal. Electron microscopic studies using immunogold 
labeling showed that ataxin-7 immunoreactive nuclear inclusions appear as dense 
aggregates containing a mixture of granular and filamentary structures. These data 
confirm that the presence of nuclear inclusions in brain and retina of SCA7 case is a 
common characteristic of disorders caused by CAG/polyglutamine disorders.

Supported by the fund for Scientific Research-Flanders, Belgium.

638.18
Detection of DNA Base-Excision Repair Activity for Oxidative Lesions in 

Adult Rat Brain Mitochondria D Chen*, J Lan, W Pei, CH Yan, and J Chen, 
Department of Neurology, University of Pittsburgh School of Medicine, Pittsburgh, PA 
15213

Endogenous oxidative damage to brain mitochondrial DNA and consequential 
disturbances of gene expression and mitochondrial dysfunction have long been 
implicated in aging and the pathogenesis of neurodegenerative diseases. It has yet to be 
defined, however, whether mitochondria in brain cells contain an active DNA repair 
system and how this system functions. Therefore, the capacity for the repair of defined 
types of oxidative DNA lesions has been investigated in adult rat brain mitochondria. 
Using in vitro DNA incorporation repair assay, we have detected base excision repair 
(BER) activity for the common oxidative DNA adduct, 8-hydroxyl-2’-deoxyguanine 
(8-oxodG), in mitochondria protein extracts from cortical tissues and cultured primary 
cortical neurons and astrocytes. The levels of BER activity were both protein- 
concentration-dependent and repair-incubation-time-dependent. To further resolve the 
BER pathway, the activity of essential BER enzymes was examined in mitochondria 
using oligonucleotide incision assay, DNA polymerase assay and DNA ligase assay 
employing specific DNA substrates. Mitochondrial extracts were able to specifically 
remove 8-oxodG, uracil and the apurinic/apyridinic abasic site from substrates. 
Moreover, a gamma-like DNA polymerase activity and a DNA ligase activity were 
detected in mitochondiral extracts, based on the formation of specific repair products. 
These results demonstrate that adult brain mitochondria possess an active BER system 
for repairing oxidative DNA lesions. This repair system appears to function by 
sequential actions of DNA repair enzymes that are homologous to, however not 
identical to, that in the nucleus. Thus, BER may represent an endogenous protective 
mechanism against oxidative damage to mitochondrial, as well as nuclear, genomes in 
brain cells.

(Supported by NIH grants NS 36736 and NS 38560)

638.19

UTILIZATION OF THE DENNY-BROWN COLLECTION: INFLUENCES OF 
NATURAL STIMULATION ON DYSTONIC POSTURES IN HUMANS. S, 
Gilman, 1J.A. Vilensky.2 R.W, Morecraft3 and J.A, Cook1*. 1Dept. of Neurology, 
Univ. of Michigan School of Medicine, Ann Arbor, Ml 48109; 2,4Dept. of 
Anatomy, Indiana Univ. School of Medicine, Fort Wayne, IN 46805; 3Dept. of 
Anatomy, Univ. of South Dakota School of Medicine, Vermillion, SD 57068.

In addition to 2200 films of monkeys after ablative CNS lesions, the Denny- 
Brown Collection (see:http://www.ipfw.edu/cm 1 /vilensk/web/dbwebintro.htm) 
contains 500 films of patients with diverse neurological disorders, including 
dystonia. Denny-Brown evaluated the pathophysiological basis of dystonia by 
examining the effects of natural stimulation, e.g., cutaneous, vestibular, visual 
and proprioceptive, on the dystonic postures. We present sequential images 
from 5 patient films demonstrating how Denny-Brown used natural stimulation 
to modify dystonic postures. The images show how: 1) in an adult with 
spasmodic torticollis, rotating the patient in a circle (vestibular stimulation) can 
markedly reduce the abnormal posture; 2) in a child with dystonia musculorum 
deformans, rotation of the head (vestibular and neck proprioceptive 
stimulation) can alter the postures of the upper limbs and holding the child 
upright in air (alterations of cutaneous and vestibular stimulation) can affect 
the postures of all four limbs; 3) in an adult with dystonia musculorum 
deformans, forward tilting of the trunk (vestibular stimulation) can alter upper 
limb postures; 4) in an adult with Wilson’s disease, rotation of the head 
(vestibular stimulation) alters upper limb postures; and, 5) in an adult with 
Wilson’s disease, elevation of the patient from surface contact (alterations of 
cutaneous and vestibular stimulation) can change the postures of the upper 
limbs. The postural modifications observable in these images support Denny- 
Brown’s ideas on the importance of natural stimuli in regulating normal 
movements and postures, and in the potential role that natural stimuli can play 
in maintaining and modifying dystonic postures. Supported by the National 
Institute of Neurological Disorders and Stroke (NS33782).

638.20

HEAVY METALS IN SPHEROIDS FROM CSF OF 
PATIENTS WITH NEURODEGENERATIVE DISEASES.
V. Di Carltfo R. Gamer k M.C, Catalano i & G. Di Carlo \ 
Depts. of1 Neurology ,2 Pharmacology and ’Psychiatry, 
University of South Florida, Tampa, FL 33612

In previous research, one of us discovered that spheroids 
are present in the CSF of amyotrophic lateral sclerosis (ALS) 
patients and that they contain heavy metals (Can J Neurol 
Sci, Suppl. 4,s80, 1993).

With the aim of confirming this finding in a larger number 
of cases and in other neurodegenerative diseases, we studied 
over 40 CSF samples from patients with ALS, Alzheimer's 
and Parkinson's disease plus a small number of samples 
from elderly individuals apparently not afflicted with 
neurodegenerative diseases. The spheroidal microbodies 
were found in each CSF sample, although in variable 
concentration. However, they were not found in a few 
controls, i.e. in CSF samples from young subjects free from 
neurodegenerative diseases. Individual microbodies or 
clusters of them were photographed in a scanning electron 
microscope, and analyzed by energy-dispersive-X-ray 
spectroscopy and all found to contain heavy metals, in 
variable amounts and with variable relative concentrations of 
the different metals (including aluminum, arsenic, iron, 
mercury, silicone, tantalum, titanium, vanadium, as well as 
magnesium, calcium and zinc).

PARKINSON’S DISEASE VII

639.1
PRAMIPEXOLE ATTENUATES LOSS OF STRIATAL DOPAMINE 
AND SUBSTANTIA NIGRA DOPAMINERGIC NEURONS IN YOUNG 
AND AGED MPTP-TREATED MICE.
D.W, Anderson*. D.J. Osborn and J.S. Schneider, Department of Pathology, 
Anatomy & Cell Biology, Thomas Jefferson University, Philadelphia, PA 
19107.

Pramipexole (PPX), a dopamine (DA) receptor agonist with preferential (7- 
fold higher) affinity for D3 versus D2 receptors, has been suggested to be 
neuroprotective. To examine this possibility, we studied the effects of PPX on 
MPTP-induced striatal DA loss and substantia nigra (SNc) DAergic cell loss in 
young and aged mice. Young animals (8 weeks old) co-administered PPX and 
MPTP had significantly attenuated striatal DA loss. Extension of PPX treatment 
for an additional 14 days did not further enhance this effect. Animals 
administered PPX after cessation of MPTP showed a small protective effect. 
Aged animals (12 months old) also showed attenuated striatal DA loss when co-
administered PPX and MPTP but the neuroprotective effect was significantly 
reduced compared to young animals. In some animals, SNc cells were 
retrogradely labeled with fluorogold prior to PPX and MPTP treatments. The 
number of fluorogold labeled SNc neurons was estimated using the Cavalieri 
method of unbiased stereological counting. A significant reduction in SNc cell 
number was observed in MPTP and saline treated animals when compared to 
normals. The degree of SNc cell loss was significantly reduced in animals co-
administered MPTP and PPX. This protective effect of PPX was confirmed by 
counts of tyrosine-hydroxylase positive and Nissl-stained cells in the SNc. 
These results suggest that PPX is protective against MPTP-induced SNc cell 
loss and striatal DA depletion, although the efficacy of PPX treatment is 
significantly reduced with age. These findings support early initiation of therapy 
with PPX in Parkinson’s disease patients. Supported by Pharmacia & Upjohn.

639.2
PROSAPTIDE™ D5 RESCUED DOPAMINERGIC NEURONS FROM MPP+ 
NEUROTOXICITY IN PRIMARY CULTURE OF MESENCEPHALIC 
TISSUE J, Liu. C.Y. Wang. J, S. O’Brien*. Center for Molecular Genetics, 
Department of Neurosciences, University of California, San Diego, CA 92093- 
0634.

Prosaposin, the precursor of sphingolipid activator proteins (saposin A-D), has 
been recently identified as a neurotrophic factor capable of protecting hippocampal 
CA1 neurons from ischemic damage and promoting neurite extension of 
neuroblastoma cells. Prosaptide™ D5 is a newly synthesized, retro-inverso, 11-mer 
peptide derived from the neurotrophic sequence of prosaposin in the saposin C 
domain. Prosaptide™ D5 is stable and crosses the blood-brain barrier in the intact 
form. In the present study, we investigated the neuroprotective effect of 
Prosaptide™ D5 on the neurotoxicity induced by MPP+ in primary dopaminergic 
neurons from rat mesencephalic tissue. After 48-hour incubation with 20pM MPP+, 
the survival of tyrosine hydroxylase-positive neurons was decreased to 56% of 
controls. The numbers of primary and secondary neurites were significantly 
decreased to 54% and 34% of controls, respectively. Treatment with Prosapotide™ 
D5 at 1.0 ng/ml significantly protected the dopaminergic neurons from the MPP+ 
neurotoxicity. Furthermore, a higher dose of Prosapotide™ D5 (10.0 ng/ml) 
promoted the survival of dopaminergic neurons and reversed the number of the 
secondary neurites to 87% of controls. However, a mutant Prosaptide™ peptide did 
not show neurotrophic effect in the primary dopaminergic neurons. We also fdund 
that Prosaptide™ D5 partially blocked 6-hydroxydopamine (6-OHDA) 
neurotoxicity in hNT cells. Prosaptide™ D5 treatment at 10.0 ng/ml rescued 40% of 
the 6-OHDA-sensitive hNT cells. These findings suggest that Prosaptide™ D5 may 
have a therapeutic potential for treatment of human Parkinson’s disease. Work 
supported in part by a grant from Myelos Neurosciences to JSO.
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639.3
INTRINSIC ANTIOXIDANT PROPERTIES OF DOPAMINERGIC NEURONS: 
THE ROLE OF TETRAHYDROBIOPTERIN K^NaRamura,1* V, P, Bindokag,3 J.
D, Marks.4 R, J. Miller.13and U. J. Kang1,2,3 ‘Committee on Neurobiology, 
Departments of 2Neurology, ’Pharmacological and Physiological Sciences, and 
Pediatrics, The University of Chicago, Chicago, Illinois 60637

Increased oxidative stress has been widely implicated in the pathogenesis of 
Parkinson's disease (PD), and dopaminergic neurons have been thought to be 
intrinsically susceptible to oxidative damage. Nevertheless, dopaminergic neurons 
are resistant to the toxicity of experimental glutathione depletion both in vivo and in 
vitro. To explain this resistance, we designed a paradigm to examine the intrinsic 
antioxidant capacity of individual dopaminergic neurons using microfluorimetry. We 
found that dopaminergic neurons had higher levels of reduced glutathione and lower 
levels of superoxide (O2‘) than nondopaminergic neurons. To determine the 
mechanism underlying this unexpected enhanced oxidative capacity, we tested whether 
tetrahydrobiopterin (BH4) functions as an antioxidant in dopaminergic neurons. In 
addition to being a cofactor for tyrosine hydroxylase, BH4 has recently been found to 
scavenge O2. Consistent with this, inhibition of BH4 synthesis increased O2' levels 
and the susceptibility of dopaminergic neurons to glutathione depletion. Conversely, 
providing BH4 decreased O2 and completely prevented the toxicity of glutathione 
depletion to nondopaminergic neurons. The possible secondary effects of BH4 on O2' 
were excluded by studies of genetically engineered fibroblasts which express only 
BH4, but not L-3,4-dihydroxyphenylalanine, dopamine or nitric oxide. Therefore, the 
presence of BH4 alone is sufficient and necessary to explain the intrinsic resistance of 
dopaminergic neurons to oxidative stress. We hypothesize that environmental insults 
or genetic defects that disrupt this capacity may contribute to the degeneration of 
dopaminergic neurons in PD. (Supported by BRF, NIH, PDF, UPF)

639.4

THE NEUROPROTECTIVE EFFECTS OF CEP-1347 IN A PRIMATE MODEL 
OF MPTP - INDUCED CHRONIC PROGRESSIVE PARKINSONISM.

S. Konitsiotis1, M.S. Saporito2, D.G. Flood2, K. Hyland3, M.Miller2, Y.G.Lin2,
L.A.Arnold3, K. LePoole1, F. Bibbiani1, P.J. Blanchet1-4, and T.N. Chase1*.
‘Experimental Therapeutics Branch, NINDS, Bethesda, MD; 2Cephalon Inc, West 
Chester, PA; 3Inst. Metab. Dis., Baylor U. Med. Ctr, Dallas, TX; “Present address: 
Fac. of Dentistry, Univ. of Montreal and CHUM/St.Luc Hosp., Montreal, Canada.

There is evidence that neuronal death resulting from 1 -methy 1-4-pheny 1-1,2,3,6- 
tetrahydropyridine (MPTP) exposure and Parkinson’s disease (PD) may involve an 
apoptotic process. CEP-1347 is an indolocarbazole that promotes neuronal survival 
in vitro and in vivo presumably through inhibition of c-jun N-terminal kinase (JNK) 
activation, a kinase implicated in apoptosis. To determine whether CEP-1347 can 
protect dopamine neurons from MPTP-induced neurotoxicity in vivo, 14 
cynomologus monkeys were gradually exposed to MPTP at a single weekly dose of 
0.5 mg/kg s.c. for 10 weeks: 8 were co-administered CEP-1347 at a dose of 1 
mg/kg/d s.c. and 6 received vehicle (V) injections. All MPTP+V animals 
developed parkinsonism after a mean interval of 4.2 weeks, reaching a mean 
disability score of 6.3 points (maximum disability 10 points) at the end of the study. 
In contrast, only 2 CEP-1347 animals developed delayed parkinsonian signs after 
7.5 weeks, for a mean group disability score of 2.4 points (p=0.0006). Mean global 
motor activity recorded by portable actimeters declined during MPTP exposure to 9 
± 3% of baseline in the V group and 57 ± 26% in the CEP-1347 group. Mean 
putaminal HVA concentration (nmol/g) was 18 in the V group and 30 in the CEP- 
1347 group (p=0.002). Cell counts obtained in TH-stained substantia nigra revealed 
a density of 606 ± 217 cells/mm3 in the V group versus 1638 ± 794 in the CEP-1347 
group. These results support the view that neurotoxicity from low-dose chronic 
MPTP exposure is at least in part mediated by an apoptotic process. In this model, 
CEP-1347 conferred a significant neuroprotective effect and might have a similar 
action in PD patients to slow disease progression. [ support: NINDS ]

639.5

DIFFERENTIAL EFFECTS ON BASAL GANGLIA INDOLEAMINE AND 
CATECHOLAMINE NEUROCHEMISTRY PRODUCED BY PURINE ENZYME 
INHIBITION IN MPTP-TREATED GUINEA PIG. A. Orr. W. Yorns 
and W. Church*. Dept. of Chemistry and Neuroscience Program, Trinity College, 
Hartford, CT 06106

To further investigate the relationships between antioxidants, toxins, and 
Parkinson’s disease, guinea pigs were treated with the dopamine neurotoxin MPTP 
in conjunction with antioxidant system impairment. Adult male guinea pigs (550- 
600 gms) received injections of either MPTP (20mg/kg, IP), the xanthine oxidase 
inhibitor allopurinol (250mg/kg, IP), or both over a six day period. Animals were 
sacrificed either 4 hours or 4 days after the last injection. Uric acid (UA), ascorbic 
acid (AA), norepinephrine (NE), dopamine (DA), 3,4-dihydroxyphenyIacetic acid 
(DOPAC), serotonin (5HT), and 5-hydroxyindole acetic acid (5HIAA) levels were 
quantified in the anterior striatum, medial middle striatum (MS), lateral posterior 
striatum (LS), and substantia nigra (SN). Allopurinol decreased 5HT levels in all 
regions (10-27% of control values), while having no effect on NE or DA levels in 
the terminal regions. Catecholamine levels were slightly increased in the 
substantia nigra (NE: 124%; DA: 160%). Animals sacrificed 4 hours after the 
final MPTP treatment had a decrease in NE levels in the MS (53%) and LS (42%) 
regions, while DA levels were increased (156-232%) in all regions. 5HT and 
5HIAA levels were decreased in the MPTP- 4 hour group (15-60%) and were not 
detectable in the MPTP-4 day or the alIopurinol-MPTP-4 day group. The results 
suggest that the serotonergic neurons in the basal ganglia are more susceptible 
than catecholamine neurons to oxidative stress-induced neurotoxicity.
This work is supported by a NIH R15 grant # NS36408-01 Al

639.6
ESTRADIOL AND DEHYDROEPIANDROSTERONE BUT NOT 
DIHYDROTESTOSTERONE PROTECT AGAINST MPTP-INDUCED 
DOPAMINE DEPLETION IN MICE. M, Grandbois, B, Tanguay and T, Di 
Paolo*. Dept. of Molecular Endocrinology, CHUL Research Center and Faculty of 
Pharmacy, Laval University, Quebec City, PQ G1V 4G2, Canada.

Evidence of neuroprotective activity of estradiol has been reported in Alzheimer’s 
disease and recently this neuroprotection has also been suggested for Parkinson’s 
disease, a disease affecting more men than women. In order to characterize the 
neuroprotective activity of steroids we studied the influence of an estrogen, 17[3- 
estradiol, an androgen dihydrotestosterone and the neurosteroid as well as estradiol 
and testosterone precursor, dehydroepiandrosterone on dopamine (DA) striatal 
toxicity induced by the neurotoxin l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine 
(MPTP) in male C57BL/6 mice. Steroids were injected daily during 5 days before 
MPTP (4 injections of 10 mg/kg at 2 hour intervals) and the hormonal treatment 
followed for an other 5 days. Brain biogenic amines were assayed by HPLC with 
electrochemical detection. Striatal DA concentrations and its metabolites 
dihydrophenylacetic acid (DOPAC) and homovanillic add (HVA) measured in 
MPTP mice that received 17P-estradiol or dehydroepiandrosterone treatment were 
comparable to the control group, whereas MPTP mice showed important decreases 
of DA and its metabolites. By contrast, this effect was not reproduced with 
dihydrotestosterone. Dopamine turnover, as estimated with the HVA/DA ratio, was 
elevated in MPTP mice and this ratio was returned to control values in MPTP 
mice that received 17P-estradiol or dehydroepiandrosterone but not 
dihydrotestosterone treatment. These results show that estrogenic but not 
androgenic steroids afforded protection against MPTP-induced DA depletion. In 
addition, dehydroepiandrosterone showed neuroprotection from MPTP and could be 
active by itself or throught transformation into estradiol.
(Supported by a grant from the MRC of Canada to T.D.P.)

639.7

NEUROPROTECTIVE EFFECT OF CARBOXYFULLERENE ON 
MPP+-INDUCED NEURODEGENERATION OF NIGROSTRIATAL 
DOPAMINERGIC SYSTEM IN RAT RBAIN. A.M.Y. Lin1*, S.F. 
Fan1, T.-Y, Luh2 andL.T. Ho1, ‘Department of Medical Research and 
Education, Veterans General Hospital-Taipei; department of 
Chemistry, National Taiwan University, Taipei, Taiwan, R.O.C.

Carboxyfullerene (C6o), a water-soluble cage molecule, has been 
suggested as a novel free radical scavenger. The purpose of the present 
study is to investigate the neuroprotective effect of C6o in a 
Parkinson’s animal model using l-methyl-4-phenyl-pyridinium (MPP+) 
which induced neurodegeneration of the nigrostriatal dopaminergic 
system. Seven days after an intranigral infusion of MPP+, the 
dopaminergic transmission in nigrostriatal system was degenerated, 
including a reduction in striatal dopamine content and an elevation in 
lipid peroxidation in substantia nigra (SN). While intranigral infusion 
of exclusive C6o did not alter lipid peroxidation in SN or dopamine 
content in striatum of anesthetized rats, co-infusion of C6o prevented 
MPP+-induced neurodegeneration in nigrostriatal dopaminergic system. 
Furthermore, tyrosine hydroxylase immunoreactive staining showed 
that C6o inhibited the MPP+-induced loss of the dopaminergic nerve 
terminals in striatum. Our results suggest that C6o appears to be 
neuroprotective for MPP+-induced degeneration in the nigrostriatal 
dopaminergic system.(supported by NSC, Taipei, Taiwan, R.O.C.)

639.8

NEUROPROTECTIVE EFFECTS OF ANTIOXIDANTS IN THE RAT MODEL 
OF PARKINSON'S DISEASE. C.M. FoX*and J. Wilcher .
Wingate University, Wingate, NC 28174.

Parkinson's disease is a progressive neurodegenerative 
disorder in which resting tremor, muscular rigidity, 
bradykinesia and impaired postural reflexes predominate. 
The primary pathology of this disease is degeneration of 
the nigrostriatal pathway. There is significant research 
implicating free radicals in the manifestation of 
neurodegenerative disorders such as Parkinson's disease, 
Alzheimer's disease and amyotrophic lateral sclerosis. 
Therefore, it is reasonable to postulate that antioxi-
dant therapies may be neuroprotective and reduce the 
progression of these diseases. The purpose of this 
experiment was to examine the neuroprotective effects 
of antioxidant therapy in 6-OHDA nigral lesioned Fisher 
344 rats. Using this rat model of Parkinson's disease, 
two paradigms of chronic Vitamin E administration were 
examined: 1) chronic administration of Vitamin E prior 
to the onset of parkinsonian symptoms in an effort to 
protect dopamine neurons against the neurotoxic effects 
of 6-OHDA and 2) chronic administration of Vitamin E 
after administration of 6-OHDA in an effort to restore 
dopamine neurons before an excess of free radical pro-
duction completely destroyed the neurons. Cell survival 
was determined by evaluating the number of tyrosine 
hydroxylase immunoreactive neurons remaining in the 
substantia nigra.
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639.9
DHEA AND DHEAS DO NOT PROTECT MESENCEPHALIC 
TYROSINE HYDROXYLASE (TH) NEURONS AGAINST 
GLUTAMATE AND 6-HYDROXY DOPAMINERGIC (6-OHDA) 
TOXICITY IN VITRO. L. Gubba, J. Herbert*, J.W. Fawcett. Dept. of 
Anatomy and Dept. of Physiology, Downing St, Cambridge, CB2 3EG

DHEA (dehydroepiandrosterone) and its sulphate DHEAS are the 
most abundant steroids in the young human adult but levels decline 
progressively thereafter and may also be decreased by stress. DHEA 
and DHEAS have been shown to protect hippocampal neurons from 
glutamate toxicity, leading to the suggestion that low levels of these 
steroids could be responsible for the increased vulnerability of the brain 
to degeneration, characteristic of age and stress. The ability of DHEA 
and DHEAS to neuroprotect the substantia nigra, another area 
susceptible to degeneration, is here investigated. 24 hour exposure of 8- 
10 day old primary mesencephalic cultures to 6-OHDA or glutamate in 
high glucose conditions resulted in a dose dependent loss of TH 
neurons with an LD50 of 60 and 175 uM respectively. Pretreating 
cultures for 24 hours with DHEA or DHEAS did not attenuate this loss, 
suggesting that the neuroprotection demonstrated under these 
conditions in the hippocampus may be cell type specific.
Financial support from the British Medical Research Council.

639.10
ULTRASTRUCTURAL EFFECTS OF BROMOCRIPTINE ON DOPAMINE- 

DEPLETED CAUDATE NEUROPIL OF 6-OHDA LESIONED RATS.
M.R. Avila-Costa*; L. Colin-Barenque; J. Espinosa-Villanueva; V. Anaya-Martinez,

E. Montiel-Flores and J.P. Machado-Salas.
Dept. Neurociencias ENEPI, UNAM, Mexico.

Unilateral lesion of the nigrostriatal pathway with 6-hydroxydopamine has been a
useful model in Parkinson's disease (PD) research. In a previous study we reported that 
this lesion produces ultrastructural alterations on the caudate nuclei nueropil. We 
conducted this study to determine if bromocriptine, an agent used in PD, reverses those 
alterations. 18 Wistar rats were stereotaxically injected with either XugZKg of 6-OHDA 
(n=12), or sham lesioned with 4^1 of vehicle (n=6). Two days after the lesion rotational 
behavior was tested and 2 days later 6 rats were treated with 0.3 mg/Kg bromocriptine, 
orally for a month and 6 rats without treatment were kept for the same time. After that, 
either sham or 6-OHDA lesioned rats were sacrificed. Brain fragments were obtained 
from the ipsi and contralateral caudates and were processed for electron microscopy. 
Ultrastructural analysis was performed in 50 randomly selected synaptic endings per 
caudate, synaptic ending diameter, postsynaptic target and the number of synaptic 
contacts established were measured. Sham lesioned rats did not show differences between 
ipsi and contralateral caudates. Our results reveal that there is a significative reduction in 
synaptic ending diameters in both caudates of bromocriptine-treated rats in comparison 
with non-treated rats, however the size of the synaptic endings were statistically different 
to the sham lesioned rats. As in the sham lesioned group, the bromocriptine group show 
more synaptic contacts with dendritic spines in comparison with the non-treated group. 
However, the number of synaptic contacts established with the same postsynaptic 
structure were similar with those found in the non-treated group suggesting brain 
plasticity. Our results suggest that bromocriptine reverses in part the ultrastructural 
alterations after 6-OHDA lesion in both caudates.
Supported in part by Conacyt 25496-M.

639.11

EFFECTS OF DECREASING GSH LEVELS IN A MODEL FOR PARKINSON’S 
DISEASE NJha*. OJurma. G. Lalli. Y.Liu and J.K. Andersen. Dept. of Molecular 
Biology and Neurosciences, Univ. of Southern California, Los Angeles, CA 90089

Free radical-mediated oxidative stress is thought to play an important role 
in the degeneration of dopaminergic neurons of the substantia nigra (SN) associated 
with Parkinson’s disease (PD). The SN in early PD patients has been shown to contain 
lower levels of the antioxidant molecule glutathione (GSH) compared to age matched 
controls. GSH plays multiple roles in the nervous system both as a free radical 
scavenger and a redox modulator. Loss of GSH in the SN may hinder these protective 
functions. Increases in oxidative stress in dopaminergic cells due to loss of GSH may 
cause damage to mitochondria leading to lower levels of ATP and subsequent cell 
death. Cell death in PD has been suggested to involve a decrease in mitochondrial 
respiration perhaps due to a selective decrease in complex I activity. We have 
generated dopaminergic PC 12 cell lines in which levels of GSH can be inducibly 
down-regulated via tetracycline induction of antisense messages against both the 
heavy and light subunits of glutamyl cysteine synthase (GCS), the rate limiting 
enzyme in GSH synthesis. We have shown that down-regulation of GCS in our cells 
causes decreased mitochondrial GSH levels, increased oxidative stress and decreased 
mitochondrial function including lowered ATP levels. Decreases in mitochondrial 
function in GSH-depleted PC 12 cells appears to be a consequence of selective 
inhibition of complex I activity levels as a result of thiol oxidation of this enzyme. 
These results suggest that the observed early GSH losses in the PD SN may be 
directly responsible for the noted decreases in complex I activity and subsequent 
mitochondrial dysfunction which ultimately leads to dopaminergic cell death 
associated with PD.

Sources of support. NIH grants R29AG121141, POIAG09793

639.12

N-ACETYL-L-CYSTEINE (NAC) INCREASES DOPAMINE UPTAKE 
IN GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR (GDNF) 
TREATED PRIMARY MURINE MESENCEPHALIC CULTURES. P.W. 
Smith* and T. Friedmann. Center for Molecular Genetics, Department of 
Pediatrics, UCSD, La Jolla, CA 92093-0634.

Parkinson’s disease (PD) is characterized by a progressive degeneration of 
midbrain dopamine (DA) neurons. A number of strategies have been tried in 
order to prevent or halt this degenerative process. Two recent lines of research 
have involved the use of neurotrophic factors and anti-oxidant agents. GDNF has 
been shown to improve the survival of midbrain DA neurons in vitro and to 
protect these neurons against a variety of challenges in vivo. NAC also improves 
the in vitro survival of DA neurons, but less effectively than GDNF. In the 
present study we investigated the possibility that the neurotrophic factor and 
anti-oxidant strategies could be combined. Mesencephalic cultures were derived 
from El6.5 C57BL6J fetuses, using standard techniques. Cultures were 
supplemented every day with NAC (10-500gM) and every other day with 
GDNF (lOng/ml). After 10 days in vitro, cultures were taken for analysis of DA 
uptake, DA content and tyrosine hydroxylase (TH) immunocytochemistry. 
Treatment with NAC alone resulted in significantly increased DA uptake (10 v 
30 pg DA/well/min for control and 500gM NAC, respectively; p<0.05). The 
combination of GDNF and NAC resulted in a greater DA uptake than either 
treatment alone (200 v 275 pg DA/well/min for GDNF and GDNF/lOOpM 
NAC, respectively; p<0.05). Strong trends are apparent for an increase in the DA 
content of GDNF/NAC treated cultures compared to GDNF treated ones. Early 
indications are that the number of TH-positive cells is not increased. These 
results suggest that NAC and GDNF act via separate mechanisms and that a 
combination of anti-oxidant and neurotrophic factor treatment might further 
improve the function of surviving DA neurons in vivo.
Supported by Lesch-Nyhan Syndrome Children’s Research and Del E Webb 
Foundations.

639.13

THE INHIBITION OF CATECHOLAMINE-ABSORBING PROTEINS 
PREVENTS DOPAMINE-INDUCED APOPTOSIS OF PC 12 CELLS.
J,H. Song, W. Wang. S.H. Shin. G.M, Ross? Departments of Pharmacology, 
Pediatrics, and Physiology, Queen’s University, Kingston, ON, Canada K7L 3N6

Several neurological disorders are characterized by a loss of dopaminergic neurons 
within the CNS. It is believed that enhanced oxidative stress is a major cause of 
degeneration of these cells, which likely die via apoptotic mechanisms. Previous 
studies have suggested that catecholamine-absorbing proteins (CATNAPs) are 
involved in oxidative mechanisms induced by dopamine (DA). In the present study, 
we examined the effects of DATN (an inhibitor of CATNAPs) on dopamine- 
mediated oxidative-stress induced death of PC 12 cells in culture. Cytotoxicity and 
apoptosis induced by exposure of PC 12 cells to DA was assessed by acid 
phosphatase activity, TUNEL staining, and caspase activity. We also tested the 
effects of DATN on DA-induced oxidative stress using thiobarbituric acid-reactive 
substances (TBARS), as an index of lipid peroxidation. Exposure of PC 12 cells to 
0.1 mM DA for 24 hours resulted in approximately 40% cell death, consistent with 
previous reports. DATN protected PC 12 cells from DA-mediated cytotoxicity and 
apoptosis in a dose-dependent manner. DATN did not alter DA-mediated production 
of TBARS, demonstrating that it does not play an anti-oxidant role in this system. 
The observation that DATN prevents cell death suggests that DA-induced apoptosis 
may be mediated by the interaction of DA with CATNAPs. These results have 
important therapeutic implications for disorders where DA and oxidative stress 
mechanisms induce neuronal cell death, including Parkinson’s disease and stroke.

Supported by the Heart and Stroke Foundation of Ontario (NA37I8)

639.14

ROLE OF MONOAMINE OXIDASE IN APOPTOTIC CELL 
DEATH IN PC12 CELLS. A. Y. Sun*. B, Draczynska-Lusiak. J. Yang. 
J. Kim-Han, and Y.M. Chen. Pharmacology Department, University of 
Missouri, Columbia, MO 65212

Oxidative stress has been regarded as the major factor in the 
pathogenesis of Parkinson’s disease (PD). There is evidence that both 
endogenous and exogenous factors can cause oxidative insult to 
dopaminergic (DA) neurons in brain. In DA neurons, metabolism of 
DA may elicit oxidative insult to the neurons, either through an 
autooxidation mechanism or through metabolism by monoamine 
oxidase (MAO). Using PC 12 cells, we tested the cytotoxic effect of 
methoxytyramine (MT), a metabolite of DA but lacking the catechol 
structure. Similar to DA, MT caused mitochondrial damage and 
apoptotic cell death. Pretreatment of cells with antioxidants such as 
vitamin E and C could partially protect PC 12 cells from insult by MT. 
Furthermore, exposure to MAO inhibitors such as clorgyline, pargyline 
and deprenyl could effectively protect PC 12 cells from DA-induced 
cell death. Stable transfectant of PC12 cells that overexpress 
glutathione peroxidase (GSHPx) showed greater resistance to MT- 
mediated cell death as compared to the wild type controls. These 
results indicate that cytotoxic effect of DA is not dependent on 
autooxidation through its catechol structure. Furthermore^ studies with 
both DA and MT demonstrate the important role of MAO in mediating 
neurotoxic events in these cells. (Supported by the Research Board of 
the University of Missouri).
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639.15
THE IRON-BINDING PROTEIN FERRITIN PROTECTS 
DOPAMINERGIC NEURONS OF THE SUBSTANTIA NIGRA 
AGAINST OXIDATIVE STRESS AND CELL DEATH 
ASSOCIATED WITH MPTP TOXICITY
Ferda Yantiri*. Jun Qin Mo. Julie Andersen. Ethel Percy Andrus 
Gerontology Center, University of Southern California, Los Angeles, CA 
90089-0191

Parkinson's disease (PD) involves the specific degeneration of 
dopaminergic neurons of the pars compacts of the substantia nigra (SN). 
Although die cause of degeneration of nigrostrial dopaminergic neurons in 
PD is unknown, there are suggestions that oxidative stress may be involved 
in this process. It is thought that neurons of the SN may be particularly 
vulnerable to the affects of oxidative stress due not only to the presence of 
peroxide-producing dopamine but also because the SN appears to contain 
higher levels of free iron compared with other parts of the brain. Free iron 
has been hypothesized to be potent source of highly reactive hydroxyl 
radical generated by its interaction with H2O2 via the Fenton reaction. As 
the major iron storage protein in the brain, ferritin is likely a key component 
in protecting this organ from iron-induced oxidative damage. In order to 
explore the ability of iron-chelation in protecting against the 
neuropathology associated with PD, a rat tyrosine hydroxylase (TH) 
promoter was used to drive the expression of the human ferritin heavy chain 
gene in transgenic mice. Six transgenic mouse lines were produced. High 
expression levels of human ferritin heavy chain protein were detected in the 
SN of these mice by immunohistochemistry. These transgenic lines are 
currently being used in MPTP toxicity studies. These animals should allow 
us to assess how genetic variations in components involved in the regulation 
of free iron levels in the brain might act to predispose individuals for or 
protect them against PD.
Supported by NIH R29AG121141

639.16
ROLE OF METALLOTHIONEIN IN A MODEL OF PARKINSON'S DISEASE. R 
Rojas1*. N, Serrano1 . J. Hidalgo2 . M. Ebadf and C. Rios1..1 Lab. of 
Neurotoxicology and Department of Neurochemistry, National Institute of Neurology 
and Neurosurgery, Mexico City 14269,2University of Barcelona, Spain, University 
of Nebraska, USA

Oxidative stress , resulting from either excess generation or reduced scavenging of 
free radicals, has been proposed to play a role in damaging striatal neurons in 1- 
methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) neurotoxicity. Metallothionem 
(MT) is a protein, scavenger of oxygen-derived free radicals and it has been 
suggested that MT protects against oxidative damage of the central nervous system 
by free radicals. We evaluated a) the effect of MPP+ (toxic metabolite of MPTP) on 
MT I+II content in different brain regions; b) effect of MPTP toxicity on brain MT-I 
mRNA expression y c) if MT-I overexpression using transgenic mice can protect 
against MPTP neurotoxicity. We injected NIH male mice with MPP+ (4.5, 9 or 18 
pg/pl) into right lateral ventricle. MT was analyzed by RIA in different brain regions, 
Male C-57 black mice were treated with MPTP (30 mg/kg, i.p., daily) for 3 or 5 days 
and quantitative in situ hybridization was performed using MT-I cDNA probe. Third 
part, MT-I trangenic mice were treated with MPTP (30 mg/kg, i.p.) for 5 days, 
dopamine (DA) content was analyzed in striatum by HPLC. MPP+ reduced MT I+II 
concentration (38%) only in striatum. MT-I mRNA content in striatum, region is 
known to be highly sensitive to MPTP-induced oxidative stress, decreased by 30% (3 
days) and 39% (5 days) respectively, after the last MPTP administration. DA content 
in transgenic mice showed 30% of protection. Results suggest that MT I+II is 
associated with MPP+ neurotoxicity. MT-I mRNA expression is altered in conditions 
where oxidative stress has taken place. Data suggest that MT depletion elimination as 
antioxidant and free radical scavenger in striatum is important, for MPTP to exert 
damage in this region. Participation of MT I+II in mechanism of protection against 
MPTP neurotoxicity is supported with transgenic mice that show significant 
protection. Supported in part by CONACyT grant 28605-M

PARKINSON’S DISEASE VIII

640.1
RETROGRADE DEGENERATION OF NIGROSTRIATAL NEURONS 
INDUCED BY INTRASTRIATAL INJECTION OF DOPAMINE. Ariel D. 
Rabinovic1*, David A. Lewis1'3, J. Patrick Card1,3 and T.G. Hastings12.
‘Departments of Neuroscience, 2Neurology and 3Psychiatry, University of 
Pittsburgh. Pittsburgh, PA 15213.
Intrastriatal injection of dopamine (DA) results in a selective loss of tyrosine 
hydroxylase-containing terminals in the striatum, which is dependent upon the 
oxidation of DA. In this study, we investigated whether DA-induced terminal 
loss results in the retrograde loss of nigrostriatal DA neurons. To address this 
question we pre-labeled the nigrostriatal pathway by stereotaxically injecting 
(AP: +0.8; ML: +/-2.7; DV: -5.0) the retrograde tracer Fluorogold (FG) into 
striatum. One week later, rats were stereotaxically injected with either saline, 
0.4 pmol DA (60 pg) or the toxin 6-OHDA (5-20 pg) in the same location as 
FG. Animals were sacrificed by perfusion at 4 wks and sections (40pm) of 
substantia nigra (SN) were stained with an anti-FG antibody. We then used 
design based stereology to estimate the number of FG-positive neurons (DA 
neurons) throughout the rostrocaudal extent of SN pars compacta using an 
optical dissector probe. Intrastriatal injection of 6-OHDA (5-20 pg) resulted in a 
dose dependent loss of FG-labeled SN neurons (47-85%, n=3-5) vs controls. 
Interestingly, injection of exogenous DA (60 pg) resulted in a 28% loss of FG- 
labeled neurons vs. control (control: 1803.22 ± 99.84, n=8; DA: 1415.43 ± 
138.95, n=8; p<0.05). Using an antibody against the microglial protein OX-42, 
we observed in adjacent SN sections that both DA and 6-OHDA increased the 
number of FG/OX-42 double-labeled cells in areas coextensive with SN cell 
loss. Collectively, these data indicate that selective loss of DA terminals induced 
by DA oxidation causes retrograde degeneration of the nigrostriatal pathway, 
similar to 6-OHDA. This may be of relevance to the pathogenesis of Parkinson’s 
disease (Supported by USPHS grant NS 19608).

640.2
THE SELECTIVE INOS INHIBITOR, AMINOGUANIDINE, DOES NOT 
ATTENUATE METHAMPHETAMINE-INDUCED TOXICITY. T.G. Hastings* 
and M.J. LaVoie. Departments of Neuroscience and Neurology, University of 
Pittsburgh, Pittsburgh, PA 15213.
Recent studies showed that pharmacological inhibition or genetic knock-out of 

neuronal nitric oxide synthase (NOS) blocked methamphetamine (METH)-induced 
toxicity in rats. Reports have also suggested that inhibition of inducible NOS 
(iNOS) activity also may be neuroprotective. To examine whether iNOS plays a 
role in METH-induced toxicity, we administered the selective iNOS inhibitor, 
aminoguanidine (AG) (150 mg/kg, ip.), or saline to rats 30 min prior to a neurotoxic 
regimen of METH (4 x 15 mg/kg, s.c.) and then every 12 hr for 7 d. Core-body 
temperature was recorded every 30 min in all animals and data showed that AG had 
no effect on METH-induced hyperthermia. At 7 d, animals (n=3-5/group) were 
killed and tissue levels of dopamine (DA), DOPAC, serotonin (5-HT) and 5-HIAA 
were analyzed by HPLC. Results showed that striatal DA and 5-HT levels were 
decreased 62% and 73%, respectively, in saline/METH-treated rats as compared to 
controls. AG/METH-treated rats showed a 85% and 82% decrease in tissue DA 
and 5-HT, respectively, as compared to controls. DA and DOPAC levels in 
AG/METH-treated rats were significantly decreased from saline/METH treated rats 
(p<0.05). 5-HT and 5-HIAA levels, however, did not differ between METH-treated 
groups. A separate group of rats were treated with METH (4x15 mg/kg), sacrificed 
at 2 and 4 d, and then analyzed immunocytochemically for iNOS expression. Results 
showed no evidence of iNOS expression in METH-treated rats. These data suggest 
that iNOS is not expressed in response to high doses of METH and does not 
contribute to the mechanism of METH-induced toxicity. Supported by USPHS 
grants DA05811 (MJL) and DA09601 (TGH).

640.3
REACTIVE MICROGLIOSIS PRECEDES THE APPEARANCE OF 
PATHOLOGIC DOPAMINE TERMINALS IN METHAMPHETAMINE 
INDUCED-TOXICITY. M.J. LaVoie*, J.P. Card and T.G. Hastings. Departments 
of Neuroscience and Neurology, University of Pittsburgh, Pittsburgh, PA 15261

Since microglia are known to participate in synaptic stripping and many modes of 
neurotoxicity, we sought to determine whether microglia contribute to terminal loss 
in methamphetamine (METH)-induced toxicity. We have previously shown that 
METH-induced toxicity evokes a robust microglial activation throughout the 
striatum with a distinct temporal and anatomical specificity. To determine the 
temporal relationship of activated microglia and the appearance of pathologic 
dopaminergic (DA) fibers, adult male Sprague-Dawley rats (325-375 g) received 4 
injections of METH (15 mg/kg, s.c., once every 2 hr), or saline (n=3-6/group). 
Anesthetized animals were sacrificed 12 hr, and 1, 2,4, and 6 d following treatment 
by transcardiac perfusion. Brains were prepared for immunocytochemical analyses 
using standard procedures. Sections (35 pm) at a frequency of 210 pm were 
processed with specific antibodies to visualize microglia (0X42) and DA axons 
(anti-tyrosine hydroxylase). Microglial activation and DA fiber pathology were both 
maximal at 2 d, and present throughout much of the striatum, but the most 
pronounced changes occurred in the ventrolateral region. At 1 d post-METH, there 
was minimal DA fiber pathology that was restricted to the ventrolateral striatum, 
however reactive changes in microglia were apparent throughout the entire striatum. 
The microglial response was also evaluated in animals treated with METH at 23 °C 
and 5°C (which attenuates toxicity) at 2 d. Animals treated with METH at 5°C 
showed a profound attenuation of the microglial response and TH-fiber pathology as 
compared to animals treated at 23°C (n=4). These data suggest that microglial 
activation occurs prior to DA terminal loss and may play a role in the mechanism of 
METH-induced toxicity. Supported by USPHS grants DA05811 (MJL), MH53574 
(JPC) and DA09601(TGH).

640.4
PARTICIPATION OF PAR-4 IN DEGENERATION OF 
DOPAMINERGIC NEURONS IN MODELS OF PARKINSON’S 
DISEASE. W, Duan. D.M. Gash . Z. Zhang. B. Albensi* and M.P. Mattson. 
Sanders-Brown Research Center on Aging and Department of Anatomy & 
Neurobiology, University of Kentucky, Lexington, KY 40536.

Dysfunction and death of midbrain dopaminergic neurons underlies the clinical 
features of Parkinson's disease (PD). Increasing evidence suggests roles for 
oxidative stress and a form of cell death called apoptosis in the pathogenesis of PD. 
We recently identified a 38 kDa protein called Par-4, which is rapidly induced in 
cultured PC 12 cells and hippocampal neurons following exposure to apoptotic 
insults, and appears to play a necessary role in the cell death process. We now 
report that Par-4 levels increase dramatically in midbrain dopaminergic neurons of 
monkeys and mice exposed to MPTP. The increase in Par-4 levels occurs in both 
neuronal cell bodies in the substantia nigra and their axon terminals in the striatum, 
and precedes loss of tyrosine hydroxylase immunoreactivity and cell death. 
Exposure of cultured human dopaminergic neuraLcells to the complex I inhibitor 
rotenone, or to Fe^4", resulted in Par-4 induction, mitochondrial dysfunction and 
subsequent apoptosis. Par-4 induction preceded mitochondrial dysfunction and 
nuclear fragmentation. Pretreatment of the cells with antioxidants (vitamin E or 
uric acid) suppressed Par-4 induction indicating that oxidative stress is a sufficient 
stimulus for Par-4 induction. Blockade of Par-4 induction by antisense treatment 
prevented rotenone- and Fe2+-induced mitochondrial dysfunction and apoptosis 
demonstrating a critical role for Par-4 in the cell death process. The data suggest 
that Par-4 may play an important role in the neurodegenerative process in 
Parkinson’s disease. Supported by grants from the NLA and NINDS.
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640.5
EFFECTS OF NON-DOPAMINERGIC THERAPIES ON COGNITIVE DEFICITS 
IN CHRONIC MPTP-TREATED MONKEYS. M. Giaidiniere1. J. Tinker1. M. Van 
Velson1. P, Moraiir and J.S. Schneider1*. ‘Dept. Pathol., Anat. and Cell Biol., 
Thomas Jefferson Univ., Phila., PA 19107; T.R.I.S., Courbevoie Cedex, France.

S-17092 is an inhibitor of prolyl endopeptidase which may modulate levels of 
various neuroactive peptides, including Substance P, in the cortex and basal ganglia. 
S-17092 has had beneficial effects on learning and memory in various rodent models 
and may have beneficial effects on cognitive deficits associated with 
neurodegenerative disorders. D-cycloserine, a partial agonist at the glycine site 
coupled to NMDA receptors, has been proposed as a nootropic agent and improves 
cognitive functions in monkeys after blockade of NMDA or cholinergic receptors. 
Since simple dopamine replacement therapy has had little positive effect on cognitive 
deficits in chronic low dose MPTP-treated monkeys, this study examined the effects 
of these two alternative non-dopaminergic agents on cognitive functions in this 
model. Monkeys tested with S-17092 had MPTP-induced deficits in variable delayed 
response (VDR), delayed matching-to-sample (DMS), and delayed alternation (DA) 
performance. D-cycloserine effects were only tested on VDR task performance. S- 
17092 caused some degree of improvement in task performance and the optimal dose 
differed across animals. On the VDR task, S-17092 preferentially improved 
performance on short and intermediate delay trials, suggesting effects on attentional 
mechanisms and modest effects on memory. D-cycloserine significantly improved 
VDR performance at low doses (320 gg/kg) and had no beneficial effects at high 
doses (>1.0 mg/kg). D-cycloserine improved performance on both short and long 
delay trials, suggesting possible effects on attention and short-term memory. These 
results suggest that non-traditional approaches to the complex problem of cognitive 
deficits in Parkinson’s disease may produce effective new treatments and provide 
greater understanding of the neurochemical mechanisms underlying these deficits. 
Supported by NIMH grant MH46531,1.R.I.S., and the F.M. Kirby Foundation.

640.6
DOPAMINERGIC PARAMETERS AND STRIATAL NEUROPEPTIDE 
EXPRESSION IN MONKEYS WITH DIFFERENT FORMS OF MPTP-INDUCED 
PARKINSONISM. A. Desai*. T. Wade. E Decamp and J^S. Schneider. Dept. of 
Pathol., Anat. and Cell Biology, Thomas Jefferson Univ., Philadelphia, PA 19107.

Most studies that have examined neurochemical changes associated with experi-
mentally-induced parkinsonism have used animals made acutely parkinsonian and 
studied them at short survival times. Since human Parkinson's disease (PD) is a 
slowly progressing disorder, more insight into the neurochemical changes leading to 
expression of symptoms might be gained by studying animals made parkinsonian 
slowly and that have long-standing symptoms. This study examined DAergic para-
meters in normal monkeys, monkeys made parkinsonian quickly (and with short 
survival times) by high doses of MPTP (APD), monkeys made parkinsonian slowly 
(and with long survival times) by long-term exposure to low doses of MPTP (CPD) 
and monkeys with long-term exposure to MPTP and with cognitive but no motor 
deficits (ASPD). In all striatal regions, DA denervation was not different in APD aid 
CPD monkeys. Some sparing was noted in ASPD monkeys. DA DI and D2 receptor 
density, assessed by 3H-SCH23390 and 3H-spiperone binding respectively, was 
increased in many striatal subregions only in APD monkeys. Preproenkephalin 
mRNA expression was significantly increased, particularly in the dorsolateral 
striatum, in APD monkeys, and either expressed at normal levels or decreased in 
most striatal regions in ASPD and CPD monkeys. Striatal substance P mRNA 
expression was significantly decreased in APD monkeys and minimally affected in 
CPD and ASPD monkeys. These results underscore the differences in striatal neuro-
chemistry with different forms of parkinsonism and show that monkeys with similar 
degrees of parkinsonian symptoms (APD and CPD) but with different latencies and 
durations of symptoms can have drastically different striatal neurochemical profiles. 
These data stress the importance of using chronic preparations to model a chronic 
disease such as PD. Supported by NIMH grant MH46531.

640.7

PREPROENKEPHALIN AND GLUTAMIC ACID DECARBOXYLASE (GAD65, 
GAD67) mRNA EXPRESSION IN THE BASAL GANGLIA OF MPTP-TREATED 
CATS. J.A, Schroeder* and J.S. Schneider, Dept. of Pathology, Anatomy, and 
Cell Biology, Thomas Jefferson University, Philadelphia, PA

Projection neurons from the striatum to the globus pallidus (GP) are known to co-
localize GABA and enkephalin (ENK). Loss of nigrostriatal dopamine (DA) appears 
to cause increased activity of these striatal neurons. Increased activity of these 
GABA/ENK neurons is believed to result in elevated levels of GABA in the GP, 
which in turn causes decreased activity of GP projection neurons to the subthalamic 
nucleus. These activity changes in the “indirect’ striatal output pathway may con-
tribute to the generation of Parkinson’s disease (PD) symptoms. However recent 
findings have questioned the role of the “indirect” circuit in PD and the specific role 
played by ENK is still in question. Administration of MPTP to cats produces paik- 
insonian symptoms that spontaneously recover over time making this is a good 
model in which to study neurochemical mechanisms involved in expression of park-
insonian symptoms. The present study examined the contribution of the “indirect” 
striatopallidal pathway to expression of and recovery from parkinsonism by 
measuring changes in ENK mRNA in the striatum and GAD65/GAD67 mRNA 
expression in the GP and entopeduncular nucleus (ENTO) of normal, symptomatic 
and recovered MPTP-treated cats. Striatal ENK mRNA levels in symptomatic 
animals were significantly increased from normal and still significantly elevated in 
recovered animals. Preliminary analysis of GP GAD65/GAD67 mRNA expression 
indicates little change in GAD mRNA levels across the conditions. Changes in GAD 
mRNA expression in the ENTO may be better correlated with changes in symptoms. 
Although these results do not show a correlation between ENK expression and 
parkinsonian symptoms, there is the possibility that ENK may regulate GABA 
release within the GP and contribute to compensatory mechanisms underlying re-
covery from MPTP-induced parkinsonism in cats. Supported by NIH grant NS23980.

640.8

DIFFERENTIAL MODULATION OF DOPAMINE D3 AND D2 RECEPTOR 
NUMBER IN SYMPTOMATIC AND RECOVERED PARKINSONIAN CATS. 
J. S. Schneider1. D.S. Rothblat*1. T. Wade1. J.N. Joyce2. H, Kvqq _. ‘Dept
Pathology, Anatomy and Cell Biology, Thomas Jefferson University, Philadelphia, 
PA; 2Parkinson's Research Center, Sun Health Research Institute, Sun City, AZ ,

In the adult cat brain, similar to the human brain, the dopamine (DA) D3 receptor 
(D3R) is expressed in the islands of Calleja (ICj), nucleus accumbens shell (NAS), 
and in the caudate nucleus and putamen. While the D2R has been thought to be pre-
ferentially involved in the striatal response to DA denervation and expression of 
parkinsonian symptoms, less is known about the D3R. To further examine the 
relationship between nigrostriatal DA loss and changes in striatal DA receptors, we 
examined D3R and D2R number in cats at various stages of recovery from MPTP- 
induced parkinsonism. Symptomatic MPTP-treated cats were profoundly akinetic, had 
>95% DA loss and extreme loss of DA transporter (DAT) and tyrosine hydroxylase 
(TH) protein in all striatal regions. In symptomatic cats, there was a slight 
nonsignificant elevation of D2R, but a 30 to 50% loss of D3R across striatal 
regions. At 2 weeks post MPTP (animals still grossly symptomatic), striatal D2R 
number was elevated 60 to 75% while D3R number was back to normal values or 
slightly elevated. At 3 wks. post MPTP (partial behavioral recovery), D2R number 
was still elevated but less than at 2 wks. while D3R number was elevated by 35-70% 
in all regions. At 6 wks. post MPTP (full recovery), D2R and D3R were back to 
normal levels. This coincided with partial recovery of the striatal DA/TH innervation, 
particularly in the ventral striatum, but minimal or no increase in DAT protein. The 
expression of parkinsonian symptoms and the behavioral recovery from parkinsonism 
is correlated with changes in D2R and D3R number in complex ways. Understanding 
the nature of these changes could lead to development of new antiparkinsonian 
medications. Funded by NS23980 to JSS and MH 56824 and AG09215 to JNJ.

640.9

CLOZAPINE-LIKE ANTIDYSKINETIC EFFECT OF JL-18, A MORE SELECTIVE 
DOPAMINE D4 RECEPTOR ANTAGONIST, IN PARKINSONIAN MONKEYS.

E,h_.Bedard, A. Hadi Tahar, N, Bflaneer, E, Baneasspro, L, Gregoire. M, Filion*,
Neuroscience Research Unit, Laval University Research Center, 2705 Boul. Laurier, 
Ste-Foy, G1V 4G2, Quebec, Canada.

Clozapine, an atypical neuroleptic, which has complex pharmacological profile 
(including antagonistic properties at the dopamine D4 receptor), reduces L-Dopa- 
induced dyskinesias (LID) in parkinsonian patiens without impairing the relief of 
symptoms. To test if the antidyskinetic effect of clozapine is related to an antagonism 
at dopamine D4 receptor, we investigated the effect of JL-18 in a primate model of 
Parkinson's disease. JL-18 is a structural analog of clozapine which binds to the 
dopamine D4 receptor with affinity up to 25 times superior to that for the dopamine D2 
receptor. Four MPTP-treated cynomolgus monkeys with a stable parkinsonian 
syndrome and reproducible dyskinesias to L-Dopa were used in this study. The 
monkeys were housed in observation cages equipped with an electronic motility 
monitoring system. They were injected subcutaneously (s.c.) with L-Dopa methyl ester 
(125 mg per animal) plus benserazide (50 mg per animal; L-Dopa ME/Benserazide) 
alone or in combination with JL-18 (0.1, 0.3, or 0.9 mg/kg, s.c.). Subcutaneous 
injection of sterile saline was used as control. L-Dopa ME/Benserazide increased 
locomotion and improved parkinsonism but also induced dyskinesias. Co-
administration of JL-18, at low doses, with L-Dopa ME/Benserazide produced a dose- 
dependent reduction in LID without a parallel return to parkinsonism. However, JL-18 
at the highest dose (0.9 mg/kg) improved LID but worsened parkinsonism. The present 
results indicate that a structural analog of clozapine which is more selective at the 
dopamine D4 receptor, has clozapine-like antidyskinetic effect in MPTP monkeys. 
Thus, novel selective dopamine D4 antagonists may represent a useful tool to reduce 
LID and need further investigation in animal models of Parkinson's disease. This work 
was supported by the Medical Research Council of Canada.

640.10

BEHAVIORAL EFFECTS OF SELECTIVE DOPAMINE D3 RECEPTOR 
AGONIST/ANTAGONIST IN PRIMATE MODEL OF PARKINSON'S DISEASE. Ax 
Hadi Tahar, IL.GtPndin, MB- Doan, L. Gregoire. P, Sokoloff, J-C, Schwartz and P. J.
Bedard*, Department of Medecine, Faculty of Medecine and Neuroscience Research 
Unit, Laval University Research Center, 2705 Boul. Laurier, Ste-Foy, G1V 4G2, 
Quebec, Canada, and Unite de Neurobiologie et pharmacologie (U. 109) de 1TNSERM, 
Centre Paul Broca, 2ter rue d'Alesia, 75014 Paris, France

The relative contribution of dopamine (DA) receptors in the genesis of L-Dopa- 
induced dyskinesias has not been well established. In this study, we have investigated 
the role of D3 DA receptor in the motor function in l-methyl-4-phenyl-l,2,3,6- 
tetrahydropyridine (MPTP)-treated monkeys L-Dopa primed and exhibiting 
dyskinesias using selective D3 DA receptors antagonist (nafadotride) and partial 
agonist (DO-897). In a first experiment, nafadotride, a potent, competitive and 
preferential D3 DA receptor antagonist was administered, to five animals, alone or in 
combination with oral L-Dopa/benserazide (100/25 mg). In a second experiment, four 
MPTP-treated monkeys were challenged with three doses (1.0 to 3.0 mg/kg, s.c.) of 
DO-897, a D3 DA receptor partial agonist administered in combination with oral L- 
Dopa. L-Dopa was also administered alone for comparison and subcutaneous injections 
of saline served as control. L-Dopa given alone increased significantly motor activity 
and improved disability with severe dyskinesias. Blockade of D3 DA receptor subtype 
with nafadotride given alone tended to decrease motor activity and to exacerbate the 
symptoms without production of concomittant dyskinesias. The coadministration of L- 
Dopa with either nafadotride or DO-897, at higher dose, reduced L-Dopa-induced 
dyskinesias but also caused a return in parkinsonism and reduced significantly, in a 
dose-dependent manner, the L-Dopa-induced increase in locomotion. Our data showed 
that D3 DA receptors antagonism worsen parkinsonism and reduce L-Dopa-induced 
dyskinesias at the cost of a return to parkinsonian disability state. This work was 
supported by the Parkinson fondation and the Medical Research Council of Canada.
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640.11
EXTRACELLULAR GLUTAMATE AND GABA FOLLOWING A 
UNILATERAL 6-OHDA LESION IN THE RAT: VARIATION AS A 
FUNCTION OF LESION SIZE. M,Lde_ Ceballos* and A.Serrano. 
Neurodegeneration Group, Cajal Institute, CSIC, 28002 Madrid, Spain.

Several basal ganglia neurotransmitter systems are altered after a unilateral 
lesion of the dopamine (DA) nigrostriatal pathway with 6-OHDA, that serves as 
model of Parkinson’s disease. We have assessed the striatal release of glutamate 
(Glu) and GABA in vivo in rats with different lesion size. Male Wistar rats (250 
g) received an injection of 6-OHDA (12 pg/4 pi 0.1% ascorbic acid) into the 
substantia nigra. Sham-operated rats (4 pi ascorbic acid) served as controls. 
Rotational behaviour was assessed at 3, 8 and 16 weeks after lesioning by 
injecting apomorphine (0.5 mg/kg, sc) and amphetamine (3 mg/kg, ip). 
According to the behaviour several group of lesioned rats were disclosed. Rats 
that never rotated had normal striatal amine content but decreased HVA and 
DOPAC release (around 50%). Rats with increasing rotating behaviour 
(compensated, moderate and severe) had a steady decline in striatal DA and its 
metabolite content, while the decrease in extracellular metabolites was more 
marked and similar between groups. Glu and GABA release induced by 
depolarization (K+ lOOmM) was increased (around 50% and 100% respectively) 
in rats with at least a 70% decrease in striatal amine content. However, this 
increase was better correlated with the decrease in amine release. In summary, it 
appears to exist a threshold lesion size for increased striatal amino acid release. 
Supported with a grant of the Spanish Ministry ofEducation (PM95-0023).

640.12
FUNCTIONAL UPDATING OF THE BILATERAL 6-OHDA RAT MODEL 
FOR PARKINSON'S DISEASE. R.V. van Oosten*. and AR. Cools. 
Psychoneuropharmacology, Univ. of Nijmegen, P.O.9101, 6500HB, The 
Netherlands.

The present study aimed to develop an in vivo model for PD, that allows 
detection of functional changes in behavior. Male High Responders (HR) and 
Low Responders (LR) to novelt (± 200g), selected according to previously 
described procedures(l), and pretreated with desipramine (20 mg/kg, ip), 
received a sham operation, 1, 2, 3, or 4 pg/pl 6-OHDA bilaterally administered 
into the A9 cell-group. Novelty-induced locomotion (mirrored glass table; 
160x160 cm): already 1 pg/pl 6-OHDA produced abnormal paw positions in 
HR and LR rats, indicating that extremely small changes in the function of 
dopaminergic cells could by detected. Activity test (cages; 20x40x30 cm): only 
1, and 2 pg/pl 6-OHDA enhanced automated recorded activity in LR, but not 
in HR rats, suggesting that 6-OHDA produced a relative hyperactivity of A10 
neurons in LR rats. Paw test: 3 and 4 pg/pl 6-OHDA prolonged the retraction 
time of the hindlimbs more in LR than in HR rats, implying that LR rats were 
more vulnerable to 6-OHDA than HR rats. The available data show that the 
present paradigm allows the evaluation of both qualitative and quantitative 
changes in behavior ascribed to dorsalstriatal and mesostraital structures. It is 
concluded that the unique combination of the chosen battery of behavioral tests 
and the use of rats with subtle, bilateral 6-OHDA-induced lesions, specifically 
aimed at the substantia nigra pars compacta, provides a new and potent tool for 
the evaluation of in vivo effects of antiparkinson agents and neuroprotective 
compounds.

1- Saigusa et al., 1999. Neuroscience 88, 1154-1163.

640.13

DIFFERENTIAL VULNERAVILITY FOR AGING IN THE MESOSTRIATAL 
DOPAMINE NEURONS IN THE ZITTER MUTANT RAT. S. Ueda,1* T. Kusuki1 
and K. Yoshimoto2. ‘Department of Histology and Neurobiology, Dokkyo University 
School of Medicine, Mibu, Tochigi 321-0293, Japan, and 2Department of Legal 
Medicine, Kyoto Prefectural University of Medicine, Kyoto 602-0841, Japan.

In our previous report (Ueda et al. 1997, Society for Neuroscience Abstract 23, 
1654), The zitter mutant rat which has abnormal metabolism of oxygen species in 
the brain was shown to have a dificiency of mesostriatal dopamine (DA) neuron 
system demonstrating an age-related terminal degeneration of DA fibers in the caudate 
putamen (CPU), nucleus accumbens (NA) and olfactory tubercle (OT). The aim of 
the present study was to investigate the age-related changes of DA neurons in the 
substantia nigra pars compacta (SNc), substantia nigra pars reticulata (SNr), ventral 
tegmental area (VTA) and retrorubular area (RRA), origins of mesostriatal DA 
neurons, of this rat. The number of tyrosine hydroxylase (TH)-immunoreactive 
neurons in the SNc and RRA significantly decreased with age. There was no 
significant difference in the size of TH-immunoreactive neurons in the 
mesencephalon. The time course of reduction of TH-immunoreactive neurons in the 
SNc revealed that DA neurons in the ventral tier of SNc degenerate early, where as 
the dorsal tier gradually degenerate with age. The letter is considered to be resistant in 
several animal models of Parkinson's disease. Calbindin-immunoreactive neurons 
were located in the dorsal tier of SN and were spared degeneration in the SN of zitter 
rat. These results indicated differential vulnerability of DA neurons in this mutant 
rat. Thus, the zitter rat may represent a good model for studying the dopaminergic 
cell death by superoxide species.
Supported by Grant-in-Aid for Scientific Research of the Ministry of Education, 
Science, Sports and Culture, Japan.

640.14
DEFICITS IN OPERANT RESPONDING FOLLOWING PARTIAL 
DOPAMINERGIC DENERVATION OF THE STRIATUM. DIFFERENT 
BEHAVIOURAL PARAMETERS RECOVER AT DIFFERENT RATES. P. 
Bameoud*, R. Depoortere, P C. Moser and D.J. Sanger. Synthelabo Recherche, 31 av 
P. Vaillant-Couturier, 92225 Bagneux, France.

Recent studies have started to explore the use of partial dopaminergic denervation of 
the striatum as an animal model of early Parkinson's disease but the behavioural 
deficits specific to this type of lesion and the possibility of functional recovery require 
further characterisation. We have examined the effects of bilateral IS 6-OHDA 
injections (20 ng 6-OHDA divided between two sites per striatum) on responding 
maintained by a fixed-ratio 10 (FRIO) schedule of food reinforcement. 6-OHDA 
induced a partial lesion (70% DA decrease) of all parts of the striatum (except its most 
medial part). As in previous studies, a marked decrease in response rates (-65%) was 
observed in lesioned rats 2-4 weeks after surgery. However, animals slowly recovered 
from this impairment over time and the response rates of lesioned and control rats 
were indistinguishable 21 weeks after surgery. A more detailed analysis of task 
performance on inter-response time (IRT), post-reinforcement pause (PRP), and bursts 
of responding (IRT<400ms), at weeks 10 and 21 after lesion revealed continuing 
deficits. The small decrease (-35%) in response rates observed in lesioned rats at week 
10 was associated with a 40% decrease in the number of IRTs shorter than 200 ms, a 
lengthening of the PRP (from 2 to 4 s), and a marked decrease (-60%) in bursts of 10 
responses. However, at week 21, the response rate and the IRT distribution of the 
lesioned group were similar to that of the controls. In contrast, the PRPs remained 
longer (1 s) and the proportion of bursts of 10 responses remained lower (-33%) in the 
lesioned group These results demonstrate that rates of recovery are different for the 
various parameters of FRIO performance. Response rates and IRT distribution showed 
complete recovery from the partial lesion-induced deficit at week 21. However, other 
DA-related deficits in performance were still detectable (PRP and burst length). This 
study demonstrates the necessity of using several parameters to accurately evaluate 
functional recovery following partial dopaminergic lesions.

640.15

STRIATAL 6-OHDA LESIONS AS MODELS FOR PARKINSON'S 
DISEASE: EVIDENCE THAT AGE CAN AFFECT THEIR BEHAVIORAL 
AND NEUROCHEMICAL OUTCOME. R.K.W, Schwarting*. J. Fornaguera. 
Inst. Physiol. Psychol., and Centre for Biological and Medical Research; 
Univ. of DOsseldorf; Germany; Dept. of Biochemistry, Univ. of Costa Rica, 
Costa Rica.

Lesions of the nigro-striatal dopamine (DA) system by means of the neu-
rotoxin 6-OHDA are widely used to model critical aspects of human Parkin-
son's disease. Interestingly, young adult rats are often used in such stud-
ies; however, Parkinson's disease is seen in the aging brain. Given the 
relative lack of data, we decided to investigate whether age may affect the 
outcome of intracerebral 6-OHDA. Male young adult (9 weeks) or one year 
old rats received unilateral neostriatal injections of either saline (controls) or 
6-OHDA. Compared to young adult, the older controls showed less loco-
motion in the open field, indicating hypoactivity. When treated with 6- 
OHDA, this hypoactivity was further exaggerated. Both age groups showed 
ipsiversive asymmetries in turning and scanning after lesion from which 
they did not recover during the 30-day testing period. These asymmetries 
were most pronounced during the initial post-operative period in the young 
adult, but not the older rats. The DA receptor agonist apomorphine re-
versed behavioral asymmetry in both age groups, indicating DA receptor 
supersensitivity in the damaged neostriatum. This behavioral effect was 
also more pronounced in the young adults. Neurochemically, DA depletion 
was larger in the lateral neostriatum of old rats, whereas residual DA activ-
ity (i.e. DOPAC/DA, and HVA/DA ratios) was higher in the young adults. 
These data indicate that the behavioral and neurochemical outcome of 
neostriatal 6-OHDA lesions is dependent on age. In light of the feet that 
Parkinson's disease is an age-dependent neurodegenerative disease, ani-
mal models should pay more attention to the age variable in the future.

640.16

PNU-151774E, A COMBINED MAO-B AND GLUTAMATE RELEASE 
INHIBITOR, IS EFFECTIVE IN ANIMAL MODELS OF PARKINSON’S 
DISEASE. R, Mai, M, Calabresi, C. Caccia, P, Salvati*, R.G. Fariello, Newron 
Pharmaceuticals, Gerenzano (VA), I - 21040, Italy.

Ideal treatment in Parkinson’s Disease (PD) aims at relieving symptoms and slowing 
down disease progression. Of all remedies, L-dopa still remains the most effective one, but 
promotes often invalidating motor fluctuations after years of administration and might even 
accelerate disease progression through free radical formation. As adjunct to L-dopa therapy, 
MAO-B inhibitors provide, improved motor function by decreasing dopamine (DA) 
metabolism, and slow down PD progression by reducing oxidative damage. In animal models 
a negative modulation of glutamatergic neurotransmission is another mechanism to ameliorate 
altered motor responses that follows prolonged L-dopa treatment, and to reduce 
neurodegeneration.
PNU151774E is a novel molecule combining potent and selective MAO-B inhibition and 
glutamate release blockade. We tested PNU-151774E effects on: 1) rescue of nigral 
dopaminergic neurons after l-methyl-4-phenyl-1,2,3,6,-tetrahydropyridine (MPTP) in mice; 
2) reversal of the long term L-dopa induced wearing off effect in the 6-OHDA rat model. 
PNU-151774E (10 mg/kg; ip) blocked both DA depletion in the striatum and nigral 
dopaminergic neuron degeneration (morphologically evaluated by tyrosine hydroxylase 
immunostaining 14 days later) when given 30 min before MPTP (40 mg/kg; sc x 2 days). 
Given 4 hours after MPTP (when MAO-B-mediated oxidation of MPTP to the active toxin 
MPP+ is completed), still significantly prevented neuronal cell death, in spite of significant 
striatal DA depletion. In the 6-OHDA rat model, animals were treated b.i.d. x 28 days with L- 
dopa (25 mg/kg plus benserazide 6.25 mg/kg; ip). In control fats the duration of the rotational 
response to L-dopa significantly decreased from day 1 to day 28. PNU-151774E (20 mg/kg; 
ip), administered on day 29, significantly reversed this effect.
CONCLUSIONS: PNU-151774E showed very effective neuroprotection and reversed the 
motor response complications of the long term L-dopa treatment in two different models of 
PD. These data suggest that PNU-151774E, due to its multiple mechanism of action and 
combined inhibitory effect on MAO-B and glutamate release, might represent a new approach 
to the treatment of PD, by both relieving symptoms and slowing down disease progression.
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640.17
THE EFFECT OF MK801 ON THE AS/AGU MUTANT RAT.
J.M. Campbell2, S.J. Van Hoffelen1, D. Russell1, A.P.Payne1* and R.W.
Davies2.
’institute of Biomedical and Life Sciences, 2Neuropa Limited, Glasgow 
University, UK.

The AS/AGU rat spontaneously arose in a closed breeding colony of Albino 
Swiss rats at Glasgow University. The rat is ungainly, with hind limb rigidity 
and an inability to balance on its hind limbs. The condition is also progressive 
and older animals show a paucity of movement (Payne et al. Movement 
Disorders 13, 832-34 1998). The AS/AGU rat has markedly reduced striatal 
dopamine release (Campbell et al. Neurosci. 85, 823-25 1998). Because of 
possible interaction between DA and glutamatergic systems, the effect of the 
non-competitive NMDA antagonist MK801 was assessed on tlie AS/AGU 
mutant rat. AS/AGU rats were treated with a range of drug doses (0.05-0.5 
mg/kg) and underwent a series of locomotor tests. AS/AGU rats treated with 
low doses of MK801 (e.g. 0.05mg/kg) were able to perform mid-air righting 
when dropped, whereas only about a third of untreated mutants could do this. 
At higher doses, performance became worse than normal. At high doses (0.25 - 
0.5 mg/kg), animals showed stereotypic head weaving, writhing and circling, 
but reduced overall locomotion as measured in infra-red activity cages. The 
effects of a single dose of MK801 (0.5 mg/kg) on striatal dopamine levels was 
assessed by micropunch/HPLC-ECD. Untreated mutants had reduced dopamine 
compared with AS controls in the dorsal and lateral (but not in the ventral) 
caudate-putamen. Treatment with MK801 led to raised whole tissue dopamine 
in the dorsal and lateral caudate-putamen of mutant rats but had little effect on 
AS controls. The data suggest that low doses of MK801 improve some 
movements in this mutation and may do so via an interaction with tlie 
nigrostriatal dopaminergic system.

640.18
VENTRAL STRIATAL CIRCUITS, DOPAMINE D3 RECEPTORS AND 
PARKINSON’S
E.G, Gurevich*, J.N, Joyce. H, Rvoo, Parkinson’s Research Center, Sun Health 
Research Institute, Sun City, AZ.

Dopamine (DA) mediated regulation of DlR and D2R of the dorsal (motor 
region) striatum has been thought to be involved in Parkinson’s disease (PD) and 
the behavioral recovery afforded from DA-ergic stimulation of these receptors. 
Research in the rat has suggested a potential role for the D3R of the ventral striatum 
in PD symptoms. We have identified in human brain (Neuropsychopharm 20: 60- 
80, 1999), using non-radioactive in situ hybridization histochemistry, that D3 
mRNA positive neurons are highly concentrated in the ventral striatum, efferents of 
the ventral striatum (globus pallidus internal, ventral pallidum, substantia nigra pars 
reticulata) and in regions projecting to the ventral striatum (medial dorsal thalamus, 
nucleus basalis, extended amygdala). D3 receptors are also highly enriched in the 
“limbic” striatal-pallidal-thalamic loop, exhibiting segregation from the D2 receptor 
enriched “motor loop.” This supports data developed in rats that the D3 receptor is 
a target of the mesolimbic DA system that can modulate the limbic striato-pallidal- 
thalamic loop. We have also established that hypodopaminergic states in PD (Mov 
Dis. 13:788-797,1998) and in MPTP-treated cats (this meeting) results in significant 
losses of the D3R of the ventral striatum and elevation of D2R of the dorsal 
striatum. Elevation of D3R of the ventral striatum correlates with behavioral 
recovery. In contrast hyperdopaminergic states lead to marked elevations of the 
D3R of the striatum (Arch. Gen. Psychiatry, 54:225-232,1997) and hallucinosis. 
Symptoms such as depression, amotivation and bradykinesia are frequently 
associated with PD. Reductions in levels of DA in the ventral striatum, due to loss 
of DA fibers in PD; in addition, a loss of D3R, may underlie these behavioral 
symptoms. Stimulation of which may reverse those symptoms. In contrast, 
hyperdopaminergic conditions in PD (e.g. with levo-dopa) may result in 
hallucinosis and contribute to dyskinesias. Thus, changes in D3R number may be 
related in complex ways to behaviors in Parkinson’s and suggests D3R is also a 
target for antiparkinsonian medication. Funded by MH 56824 and AG09215 to 
JNJ

640.19

REMACEMIDE, AN NMDA ANTAGONIST, POTENTIATES A D2 
DOPAMINE RECEPTOR AGONIST IN MPTP-TREATED MONKEYS.
D Levesque*. T D’Antoni and JT Greenamvre. Yerkes Primate Research Center and 
Dept of Neurology, Emory University, Atlanta, GA 30329.

Current antiparkinsonian therapies focus on replacing dopamine via precursor (L- 
DOPA) administration or directly stimulating postsynaptic dopamine receptors with 
dopamine agonists. Unfortunately, chronic dopaminergic therapy is associated with 
fluctuating, suboptimal motor responses and dyskinesia. It has been shown that 
glutamate receptor antagonists offer multiple new targets for therapeutic intervention in 
Parkinson’s disease (PD). Remacemide (Astra) is an anticonvulsant, neuroprotective 
compound with activity at the ion channel of the NMDA receptor. Remacemide has 
no known interaction with the dopamine system per se, and does not compete for 
dopamine receptor binding sites or inhibit dopamine uptake. It has been demonstrated 
that remacemide effectively potentiates threshold doses of levodopa in rats and 
monkeys. We, therefore, examined whether remacemide potentiates the 
antiparkinsonian actions of the selective D2 agonist, pramipexole, in monkeys.

Four stable, unilateral MPTP-treated rhesus monkeys received systemic injections of 
remacemide alone (5 mg/kg sc), pramipexole alone (0-lOOmg/kg po) or a combination 
of remacemide plus pramipexole. Behavior was videotaped for 10 min at hourly 
intervals for 4 hours after treatment. Videotapes were scored blindly using a slightly 
modified version of the Monkey Parkinsonism Rating Scale (Kurlan et al, Mov 
Disord, 6:111). As reported previously, remacemide had no antiparkinsonian effect 
when given alone whereas pramipexole was an effective antiparkinsonian agent. When 
remacemide was administered together with partially effective dose of pramipexole 
(30mg/kg), the pramipexole response was potentiated significantly. Moreover, when 
remacemide was combined with a maximally effective dose of pramipexole 
(lOOmg/kg), there was further improvement in the antiparkinsonian efficacy. This 
finding has important implications because there is currently, no way to improve upon 
a patient’s best “ON” motor score when that individual is treated with optimal 
dopaminergic therapy. Our results suggest that it will be possible to do so with 
glutamate antagonists. (Supported by Astra and NS33779).

640.20

TIME COURSE FOR THE INDUCTION OF CYP2E1 IN THE 
NIGROSTRIATAL PATHWAY. J. Gonzalez1*. S, Izenwasser1. M.J. 
Hurley1. D. Gorokhovskava1. R, Gerdes1. M. Basile1. P. Jenner2. R.J. 
Edwards3, and D.C. Mash1. ’Dept. Neurology, Univ Miami Sch Med, 
Miami, FL 33136; *Div Pharmacol Ther, Guy’s, King’s & St. Thomas’ 
Sch Biomed Sci, London, UK; 3Clin Pharmacol, RPMS, London, UK.

Genetic variations of certain cytochrome P450 enzymes (CYP) have been 
proposed as a susceptibility factor in the etiology of Parkinson's disease 
because of their role in the metabolism of xenobiotic and environmental 
toxins. Various isoforms of P450 promote MPTP metabolism in brain. 
Isoforms of cytochrome P450 present in functional forms have been 
localized to nigral dopaminergic cell bodies in rats. To determine the time 
course for induction of CYP2E1, male Sprague-Dawley rats were injected 
daily for 5 days with isoniazid (200 mg/kg ip). Immunoautoradiographic 
and RT-PCR methods were used to localize and quantify CYP2E1 at 3, 6 
and 24 hr after the last injection. Slide mounted sagittal sections of frozen 
rat brain were exposed to an antibody against CYP2E1, followed by an 
iodinated secondary antibody ([125I]Anti-rabbit IgG, F(ab')2). This 
method affords a semi-quantitative localization of CYP2E1 in rat brain. 
CYP2E1 was most dense in the substantia nigra (SN), caudate putamen, 
and nucleus accumbens. Lower densities were visualized over cerebral 
cortical and cerebellar loci. CYP2E1 was induced significantly at 6 hr after 
the last injection of isoniazid in the SN (two-fold; p<0.05) and remained 
elevated for up to 24 hours in the dopaminergic terminal regions. Similar 
results were obtained for RT-PCR measures of total RNA from the ventral 
mesencephalon and liver of these rats. Studies are underway to determine 
the effects of CYP2E1 induction on MPTP-induced degeneration of the 
SN. (Supported by the National Parkinson Foundation, Inc., Miami, FL)
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641.1

APP/Presenilin interaction: The amino-terminus of 
presenilin 2 is able to interact with Abeta42 in vitro.
C Czech*, S Dreisler, S Reboul and L Pradier
Rhdne Poulenc Rorer, 94403 Vitry sur Seine, France

Mutations in the gene for presenilin 1 are causative for the majority
of cases of early onset familial Alzheimer's disease. The pathogenic 
presenilin mutations modify APP processing leading to an increase in 
production of Abeta 1-42 (42 amino acids) corhpared to Abeta 1-40 
(40 amino acids). It is still not understood, how mutated PS can cause 
these effects on APP metabolism but several reports show that APP is 
able to interact with presenilins and the direct interaction could be the 
most straightforward substrate for this phenotype. We have mapped the 
interaction domains on APP and PS2, showing that the 87 amino-
terminal residues (PS2 Nter) are sufficient for interaction with APP. 
Furthermore, at least one binding epitope of PS2 Nter is located within 
the Abeta region. Using recombinant PS2 Nter expressed in bacteria 
and synthetic Abeta peptide, we have been able to reconstitute this 
interaction in vitro. With this binding assay we can demonstrate that 
PS2 Nter is binding to Abeta 1 -42 with a kD of approximately 400nM 
whereas no binding to Abeta 1-40 could be detected. This interaction 
test might provide a useful tool for screening small molecules able to 
block the interaction between APP and PS2. Since APP/PS 
interaction appears to play a key role in the generation of Abeta, 
blocking this interaction could provide a new approach for the 
treatment of Alzheimer’s disease.

641.2

PRESENILIN-RYANODINE RECEPTOR INTERACTIONS: 
ROLES IN MODULATION OF NEURONAL CALCIUM 
HOMEOSTASIS AND IN THE PATHOGENESIS OF 
ALZHEIMER’S DISEASE. M, P, Mattson*. S. L. Chan, and ID, 
Geiger. Sanders-Brown Research Center on Aging and Dept. of 
Anatomy & Neurobiology, Univ. of Kentucky, Lexington, KY 40536.

Mutations in presenilin-1 (PSI) are causally linked to early onset 
autosomal dominant forms of Alzheimer's disease (AD). Our previous 
studies of PC 12 cell lines stably overexpressing AD-linked PSI 
mutations showed that PSI mutations increase vulnerability of neurons to 
apoptosis, and provided evidence that the pathogenic mechanism 
involves perturbed endoplasmic reticulum (ER) calcium regulation 
(NeuroReport 8:379-383 (1996); J. Neurosci. 17:4212-4222 (1997); PNAS 
95:3227-3232 (1998)). More recently, we generated PSI mutant knockin 
mice and showed that hippocampal neurons from these mice exhibit 
enhanced calcium responses to glutamate and increased vulnerability to 
excitotoxicity and apoptosis (Nature Med. 5:101-107 (1999);7. Neurochem. 
72:1019-1029 (1999)). We now provide evidence that PSI directly interacts 
with the ryanodine receptor complex (RRC), and that PSI mutations 
result in enhanced calcium release from ryanodine-sensitive ER stores. 
Co-immunoprecipitation studies in PC 12 cells overexpressing wild-type 
or mutant PSI show that PSI interacts with the RRC and that this 
interaction occurs with both wild-type and mutant PS 1. Calcium 
responses to caffeine were enhanced, and levels of expression of the type 
3 ryanodine receptor were increased, in PC 12 cells overexpressing 
mutant or wild-type PSI. We are currently studying PSI-RRC 
interactions in hippocampal neurons from PSI mutant knockin mice, and 
are determining which specific protein in the RRC PS 1 interacts with. 
Supported by the NIA and AD Assoc.of Canada.
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641.3
PRESENILINl FORMS A 600 kDa MOLECULAR COMPLEX WITH 
COMPONENTS OF ADHEREN5JUNCTIONS. J. Shioi1*, P. Marambaud1, A, 
Georgakopoulos1, S. Efthimiopoulos1, H, -C. Li2 and N.K. Robakis1. ’Dept. of 
Psychiatry and Fishberg Res. Ctr. for Neurobiology, and 2Dept. of Biochem., 
Mount Sinai Med. Ctr., New York, NY 10029.

Presenilinl (PSI) is an integral membrane protein involved in the 
development of Familial Alzheimer’s disease. Recently, we showed that in 
MDCK cells PSI concentrates at cell-cell contact sites where it colocalizes with 
components of the cadherin/catenin cell-cell adhesion system. Here we showed 
that PSI fragments (PS1/NTF and PS1/CTF) co-immunoprecipitates with E- 
cadherin. Furthermore, quantitative immunoprecipitations of total MDCK cell 
extracts revealed the presence of molecular complexes comprising both PSI 
fragments, E-cadherin, and P-catenin. We analyzed further this interaction 
biochemically by isolating high molecular weight complex(es). Total MDCK 
cell extracts treated with non-ionic detergent digitonin were subjected to 10- 
40% glycerol velocity gradient and the fractions were analyzed by Western 
blotting. Both PS1/CTF and PS1/NTF peaked at a position of approximately 
600 kDa. E-cadherin, P-catenin, and a-catenin peaked at slightly lower 
molecular weight positions but their broader distributions showed significant 
overlap with those of PSI fragments. Coimmunoprecipitation experiments of 
the 600 kDa fraction with PSI antibody revealed that the complex contained 
both PSI fragments, E-cadherin, P and a-catenins. No GSK-3P, a protein 
proposed to regulate P-catenin-PSl association, was detected in this complex. 
These results show that PSI forms a high molecular weight complex with the 
structural components of the cadherin-catenin cell adhesion apparatus. We 
are now analyzing radio-labeled complex proteins to detect additional 
component proteins and to learn the stoichiometry among these proteins. 
(Supported by NIH grant AG08200 and by the Alzheimer’s Association).

641.4
MODULATION OF PRESENILIN-1 AND BCL-2 INTERACTION DURING 
APOPTOSIS. A. Alberici1. L. Benussi1, D. Moratto1, L, Gasparini1, R, Ghidoni1, 
J.H. Growdon2, R.M. Nitsch3 and G, Binetti1*., ‘IRCCS “Centro San Giovanni di 
Dio - FBF” Neurobiology laboratory, Brescia, Italy; 2Dept. of Neurology, 
Massachusetts General Hospital, Boston, MA; 3Dept. of Psychiatry Research, 
University of Zurich, Switzerland.
...Mutations of the presenilin (PS) genes account up to 50% of all familial 
Alzheimer’s disease (FAD) cases. Presenilins can sensitize cells to apoptotic 
stimuli leading to programmed cell death. Apoptosis is strongly inhibited by Bcl-2, 
the founding member of a large family of proteins involved in the regulation of 
apoptosis. We demonstrated binding between PSI and Bcl-2 by cross-linking 
experiments and co-immunoprecipitation assays in H4 human neuroglioma cells 
overexpressing Bcl-2. We exposed stably Bcl-2-transfected H4 overnight to 100 
nM staurosporine in serum-deficient medium and we induced apoptosis. Western 
blot showed that immunoreactivity signal of Bcl-2 protein was increased in lysates 
from cells exposed to staurosporine and that full length PSI signal did not change. 
In spite of increased amount of Bcl-2 immunoreactivity in protein extract, its 
immunoprecipitation following staurosporine exposure was similar to control 
whereas subsequent PSI full length co-immunoprecipitation was reduced. Thus, 
reversible association of Bcl-2 and PSI could account for an anti-apoptotic role 
played by the two proteins. PSI could thus have a role in apoptosis by providing a 
part of Bcl-2 protein macromolecular complex, and by liberating from the complex 
in response to an apoptotic signal. Further characterization of the Bcl-2 interaction 
with FAD-associated PSI mutants will clarify mechanisms by which PS are 
involved in pathophisiology of Alzheimer’s disease.

641.5

PRESENILIN 1 (PSI) AND NERVE GROWTH FACTOR (NGF) MODULATION 
IN CULTURED HIPPOCAMPAL NEURONS S, Di Loreto1. R. Maccarone1, A 
Crestini2. L, Malvezzi Campeggi2 and A.M. Confaloni 2*. ’CNR, 67100 L’Aquila, 
Italy; 2Istituto Superiore di Sanita, 00161 Rome, Italy

Programmed cell death (PCD) (apoptosis) and deficiency in neurotrophin protein or 
receptor protein are implicated in the neuronal cell death of Alzheimer’s disease (AD). 
Consistent with this hypothesis, a reduction in NGF mRNA expression has been 
observed in human post-mortem Alzheimer’s disease hippocampi. Moreover the 
hypothesis has been proposed that cellular events involving oxidative stress may be 
one basic pathway leading to neurodegeneration in AD. We investigated the 
expression of presenilin-1 (PS-1) on cultured hippocampal neurons exposed to 
hypoxic stress. Analysis of PS-1 mRNA levels by reverse transcription polymerase 
chain reaction (RT-PCR) showed a significant increase after 6-12 hours of hypoxic 
treatment while NGF gene expression, significantly decreased. Immunofluorescence 
confocal microscopy on neuronal cells cultures labelled by a PS-1 antibody against the 
C-terminal fragments showed a fine fluorescent pattern of the PS-1 localized to 
subcellular compartments at particularly high levels in the endoplasmic reticulum 
(ER) or in large granules in soma and proximal dendrites. Hypoxic cultures showed a 
remarkable cellular volume decrease in comparison to the controls and a growing 
fluorescent pattern of the protein besides many intracellular vacuoles observed, by 
light microscopy, within the cellular soma.

These results support and extend findings that NGF mRNA is reduced in the human 
AD hippocampus, and suggest that both a loss of NGF and a concomitant increase of 
PS-1 mRNA level may contribute to the progressive atrophy of neurons in Alzheimer’s 
disease.

641.6

REGULATION OF JNK SIGNAL TRANSDUCTION BY PRESENIL'N-1 
S, Sato1, X, Sun1, O, Murayama1, K, Kamino3*, Y. Sakaki1 and A.
Takashima1. 1Lab. for Alzheimer’s Disease, Brain Sci. Inst., RIKEN, 2-1 
Hirosawa, Wako-shi, Saitama 351-0198, Japan. 3Dept. of Biochemistry 
and Cell Biology, Inst, of Gerontology, Nippon Medi. Sch.

The majority of early onset Alzheimer’s disease (EOFAD) is caused by 
mutation of Presenilin-1 (PS-1) gene. Alzheimer’s disease is a progressive 
neurological disorder, characterized by the loss of neurons, accumulation 
of AG protein in senile plaques and hyper-phosphorylated tau in 
neurofibrillary tangles (NFT). PS-1 mutation plays a role on these 
pathological changes. Recent studies have suggested that PS-1 mutations 
are involved in the enhancement of AG42 production and the regulation of 
apoptosis. The activation of c-Jun N-terminal kinase 3 (JNK3) induces 
apoptosis in neuronal cells, and JNK can phosphorylate tau at Ser422, 
which site is specifically phosphorylated in AD. Taken together, PS-1 may 
affect JNK activity, and regulate apoptosis. Then, we examined the effects 
of PS-1 on JNK cascade using reporter gene assay. Wild-type PS-1 
inhibited significantly Cdc42G12V-mediated JNK3 activation. On the other 
hand, FAD-linked mutant PS-1 was less inhibitory to the JNK activation 
compared with wild-type PS-1. These results suggest that PS-1 act as a 
negative regulator of Cdc42G12V-mediated JNK3 activation. Thus, PS-1 
may regulate apoptosis through JNK cascade.

641.7

PRESENILIN-2 MODULATES INTRACELLULAR Ca 2+ 
RELEASE AND CLEARANCE. Malcolm A. Leissring*, Ian 
Parker & Frank M, LaFerla. Department of Neurobiology and 
Behavior, University of California, Irvine, CA 92697-4550.

Mutations in presenilin-1 and -2 (PSI and PS2) cause familial 
Alzheimer's disease (AD) by unknown mechanisms. 
Accumulating evidence indicates that PSI mutations perturb 
inositol trisphosphate (IP3)-mediated Ca2+ signaling, which could 
contribute to the pathogenesis of AD. However, the effects of PS2 
on this signaling pathway have not been studied. We used line-
scanning confocal microscopy to measure fluorescent Ca2+ signals 
evoked by photorelease of caged IP3 in Xenopus oocytes 
expressing wild-type PS2 or the AD-linked mutations N141I or 
M239V. Relative to controls, both mutations significantly 
potentiated Ca2+ signals evoked by a range of IP3 concentrations. 
Interestingly, clearance of cytosolic Ca2+ following maximal IP3 
stimulation was significantly accelerated by both mutations, but 
not by wild-type PS2. These findings suggest that release and 
clearance mechanisms are altered by PS2 mutations, lending 
support to the hypothesis that altered Ca2+ regulation may 
contribute to the pathogenesis of AD linked to both PSI and PS2.

Supported by NIH grant GM-48071 to I.P. and a Glenn/A.F.A.R 
Scholarship and NIMH training grant to M. A.L.

641.8

EXPRESSION OF THE GENE FOR 6-CATENIN/NPRAP IN 
NEURONS AND GLIAL CELLS
Y. Kawamura*, O.-W, Fan, H, Hayashi, M, Michikawa. K, Yanagisawa and
H.Komano Dept. of Dementia Research, National Institute for Longevity 
Sciences, Obu, Aichi 474-8522, Japan

6-catenin (or NPRAP) is a mammalian brain protein of the Armadillo 
gene family. 6-catenin has been shown to interact with Presenilin 1 (PSI). 
However, its function and the exact cell types expressing this gene m the 
brain remain unknown. Here, we determined the mouse brain regions and 
cell types which express high levels of 6-catenin mRNA, and also attempt to 
determine whether the expression of 8-catenin mRNA is regulated during 
the differentiation of Pl 9 cells into neurons and astrocytes. RT-PCR 
analysis revealed that two previously reported splice variants of 6-catenin 
mRNA (R. Paffenholz et al., 1997) were highly expressed in various mouse 
brain regions, including the cerebral cortex and hippocampus. The 
shorter splice variant was predominantly expressed in all the brain regions. 
Primary cultures of both neurons and glial cells prepared from the mouse 
brain exhibited high levels of expression of 6-catenin mRNA, indicating 
that the expression of 6-catenin gene is not neuron-specifc. Retinoic acid- 
treated P19 cells induced 6-catenin mRNA expression even prior to the 
terminal differentiation of the cells into neurons and astrocytes, whereas, 
the expression of another member of the Armadillo gene family, p-catenin, 
which is known to be essential for embryonic development, was not 
significantly increased. The level of PSI mRNA was also increased during 
the differentiation of retinoic acid-treated Pl 9 cells. Marked correlation 
between the induction of 6-catenin and PSI mRNA and neuronal^glial 
differentiation strongly suggests that 6-catenin is involved in the 
differentiation of neurons and glial cells together with PSI.

Society  for  Neuroscience , Volume  25, 1999



1602 DEGENERATIVE DISEASE: ALZHEIMER’S—PRESENILIN: INTERACTING PROTEINS II WEDNESDAY AM

641.9
PRESENILIN-1 MUTATIONS SENSITISE SH-SY5Y NEUROBLASTOMA CELLS 
TO HYPEROSMOTIC STRESS-INDUCED APOPTOSIS M. Vestling*, H, Tanii, F. 
Flood. C. Nilsberth. E. Benedikz. B. Wiehager. N. D. Mehta1, J, Perez-Tur1, M.
Ankarcrona. and R, F. Cowburn. Karolinska Instituted Div. of Geriatric Medicine, S- 
141 86 Huddinge, Sweden, 1 Mayo Clinic Jacksonville, Department of Pharmacology, 
Birdsall Research Building, 4500 San Pablo Road, Jacksonville, FL 32224, USA.

Mutations in the presenilin-1 and -2 (PSI and PS2) genes account for the majority 
of early onset familial Alzheimer’s disease. Recent studies suggest that PS mutations 
predispose cells to apoptosis by mechanisms involving altered calcium homeostasis and 
oxidative damage. We have shown that PSI mutations also sensitise cells to high 
glucose stress-induced apoptosis in SH-SY5Y neuroblastoma cells stably transfected 
with the PSI exon 9 deletion (A9) or the PSI L250S mutation. Mean values (± SEM) 
for the percentage number of apoptotic cells at 24 h following high glucose treatment 
(20 mM for 30 min) were 16.1 ± 1.6%, 26.7 ± 2.5% and 31.0 ± 2.6% for the PSI wt, 
PSI A9 and PSI L250S lines, respectively. These pro-apoptotic effects of high glucose 
treatment were reversed by 10 nM IGF-1 although to a lesser extent in the mutation 
cell lines (5.8 ± 1.1%, 15.2 ± 3.3% and 13.2 ± 0.9% for the PSI wt, PSI A9 and PSI 
L250S lines, respectively). These results indicate that PSI mutations predispose to 
high glucose stress-induced apoptosis and that the anti-apoptotic effects of IGF-1 are 
compromised by these mutations. Perturbations of IGF signalling may be involved in 
PSI mutation related apoptotic neuronal cell death in Alzheimer’s disease. The anti- 
apoptotic effects of IGF-1 in SH-SY5Y cells are thought to occur either through a PI3 
kinase dependent or a currently unknown PI3 kinase independent pathway. It has also 
been shown that insulin and IGF-1 reduce tau hyperphosphorylation and promote tau 
binding to microtubules, an effect mediated through inhibition of GSK-3 via the PI3 
kinase/Akt (PKB) signalling pathway. Since PSI forms a complex with GSK-3, 
experiments are underway to investigate whether lithium inhibition of GSK-3 rescues 
the proapoptotic effects of the PSI A9 and L250S mutations. (Supported by the 
Swedish MRC, Alzheimer’s disease fund, Karolinska Institutet research fund and Gamla 
Tjanarinnor, Loo and Hans Ostermans, Gun and Bertil Stohnes and Ake Wibergs 
Foundations).

641.10
BIOCHEMICAL AND IMMUNOCYTOCHEMICAL CHARACTERIZATION 
OF CALSENILIN IN MOUSE BRAIN. N.F. Zaidi^.O, Berezovska2. E-K. 
Choi*, H, Chan*, C, LillihookA B, Hvman2. J. Buxbaum^ and W. Wasco *. 
1 Genetics and Aging Unit and 2 Alzheimer's Research Unit, Massachusetts General 
Hospital, Harvard Medical School, Charlestown, MA 02129, ^Dept. of Psychiatry 
and Neurobioiogy, Mount Sinai Medical Center, New York, NY 10029.

Calsenilin, a novel calcium binding protein, has been found to interact with 
presenilin-1 and 2 using a yeast two hybrid system as well as co-
immunoprecipitation. Here, we describe the biochemical and immunohistochemical 
characterization of calsenilin in mammalian ( mouse) brain. Based upon our 
Western blot analysis, calsenilin is present primarily in mouse brain and not in 
non-neuronal tissues such as kidney and liver. Although, calsenilin appears to be a 
soluble protein , it is tightly associated with the membrane fraction in mouse 
brain, and requires treatments like urea for dissociation. It is also evident from 
this study that calsenilin is associated with the cytoplasmic face of the membrane. 
Co-precipitaion of endogenous calsenilin from the mouse brain by presenilin-1 
antibody, demonstrates that these proteins can interact at endogenous levels in 
vivo. Our studies also indicate that calsenilin expression is developmentally 
regulated during the pre- and postnatal period. Immonocytochemical analysis 
shows that calsenilin, like presenilin-1 and 2 , is localized mainly in hippocampus 
and cerebellum of mouse brain. In cerebellum, calsenilin immunoreactivity was 
observed in granular cell layer with very little or no staining in Purkinje cells. 
Calsenilin staining co-localizes with microtubule associated protein -2 (MAP-2) in 
cell bodies but to a much lesser extent within dendrites. The staining pattern of 
calsenilin is very similar to presenilin staining in mammalian brain, which further 
lends support to the potential role of calsenilin as a presenilin interactor.

This study was supported by grants from NINDS and NIH.

641.11

CONSTITUTIVE p-CATENIN/LEF-1 DEPENDENT SIGNALING BY 
DEFICIENCY IN PRESENILIN 1 IS REDUCED BY WILDTYPE AND 
MUTANT PRESENILIN 1. D.E. Kang. S. Soriano. D. Shackelford*, and E.H, 
Koo. Dept. of Neurosciences, Univ. of California, San Diego; La Jolla, CA 92093 
Mutations in presenilin 1 and 2, which account for the majority of early-onset 
familial Alzheimer’s disease (FAD), elevate the release of the longer form of 
amyloid P peptide (AP) ending at residue 42. However, the underlying mechanism 
by which PSI mutations enhance the ratio of AP42/AP40 is unknown. Recent 
studies have documented the interaction between PSI and various members of 
armadillo family of proteins, including p-catenin. We have shown that PSI is 
required for constitutive and rapid proteolysis of P-catenin, a function that is 
reduced in PSI FAD mutants. Nuclear p-catenin signaling requires the binding to 
members of the LEF/TCF family of transcription factors. Our current data show that 
PSI null mutants constitutively enhance P-catenin/LEF-1 dependent signaling as 
shown by a reporter gene assay. Transfection of wildtype and FAD mutant PS 1 
restored P-catenin turnover and decreased P-catenin/LEF-1 dependent transcription 
in PSI -/- cells. In contrast to that observed in PSI null background, Chinese 
Hamster Ovary cells stably overexpressing FAD PSI mutations showed 
significantly enhanced P-catenin/LEF-1 dependent transcription compared to 
overexpression of wildtype PSI or parental cells expressing endogenous PSI.
These results show that PSI is critical for downregulation of P-catenin/LEF-1 
dependent signaling and that PSI mutations reduce this activity. We are currently 
investigating whether downstream signaling through P-catenin/LEF-1 dependent 
pathway contributes to APP processing.

EXCITATORY AMINO ACIDS: EXCITOTOXICITY AND CELL DEATH V

642.1

CYTOCHROME c RELEASE AND MATRIX CALCIUM LOADING OF 
MITOCHONDRIA WITHIN CULTURED RAT CEREBELLAR GRANULE CELLS 
S. Bainbridge, S. Vesce and D. G. Nicholls*. Neurosciences Institute, Dept. of 
Pharmacology and Neuroscience, University of Dundee, Scotland, UK

Mitochondria within glutamate/glycine exposed cerebellar granule cells undergo 
extensive Ca2+ loading. Release of cyt c by the in situ mitochondria initiates apoptosis, 
but the mechanism of release is controversial. Cyt c localization within the cells was 
compared with that of Mitotracker green. Glutamate addition to the cells incubated in 
low K+ medium induced a spike followed by a plateau of cytoplasmic Ca2+, whereas 
only the plateau was seen with cells incubated in high KC1. Significant release of cyt 
c was seen in the former but not the latter condition. This suggests that the initial 
spike, rather than the subsequent plateau, released cyt c to initiate apoptosis. This was 
modelled with isolated brain mitochondria. Their capacity to accumulate Ca2+ was 
quantified by steadily infusing the cation , while monitoring extra mitochondrial free 
Ca2' with Calcium Green 5N. Aliquots were taken to determine the localization of cyt 
c. Extensive release of cyt c only occurred during the final massive release of Ca2+ 
from the mitochondrion, consistent with the activation of the permeability transition. 
The capacity of the mitochondria to accumulate and retain Ca2+ was much higher 
during steady infusion than when bolus additions of the ion were injected. Cyt c could 
be released from the mitochondria in response to bolus additions of Ca2+ even if the 
mitochondria subsequently accumulated the ion. It is concluded that the rate of Ca2+ 
loading by the mitochondria, as well as the total amount of accumulated cation, may 
influence the release of cyt c, that this may be a consequence of transient osmotic 
swelling prior to the formation of osmotically inactive calcium phosphate in the matrix, 
and that this explains the early cyt c release seen in the glutamate exposed intact cells. 
Supported by Hoffman La Roche and the European Union

642.2
MITOCHONDRIAL REGULATION OF INTRACELLULAR Ca2+ AFTER 
STIMULATION OF AMPA/KAINATE RECEPTORS IN CEREBELLAR 
GRANULE CELLS. A. C. Rego* and D. G. Nicholls. Dept. of Pharmacology and 
Neuroscience, Ninewells Medical School, University of Dundee, Dundee DD1 9SY, 
Scotland, U.K.

In this study we have investigated the role of mitochondria in the failure of 
intracellular Ca:+ homeostasis (delayed Ca2+ deregulation, DCD) after activation of 
AMPA/kainate receptors in cerebellar granule cells. Mitochondrial depolarization, 
induced by oligomycin plus rotenone, severely decreased the initial Ca2+ spike after 
kainate exposure and delayed the onset of DCD, in a similar way to that observed 
after addition of NMDA/glycine. However, in contrast to NMDA receptor activation, 
kainate-evoked DCD was significantly delayed when the mitochondrial ATP synthase 
was inhibited by oligomycin, and the cells were maintained by glycolytic ATP. 
Veratridine also induced DCD, and tliis was also delayed by oligomycin. Addition of 
kainate or veratridine induced a partial, delayed, mitochondrial depolarization, winch 
was enhanced by oligomycin, indicating that the mitochondria were compromised and 
maintaining their membrane potential by cytoplasmic ATP hydrolysis. Activation of 
AMPA/kainate receptors significantly increased the generation of superoxide in the 
absence, but not the presence of oligomycin. Kainate-evoked DCD was retarded in 
the presence of a cell-permeant antioxidant, suggesting a role for oxygen radical 
production. We conclude that massive Na+ entry via AMPA/kainate receptors or 
voltage-activated Na+ channels compromise mitochondrial function. Oligomycin may 
protect by preventing the mitochondrial drain of cytoplasmic ATP and by lowering 
the mitochondrial membrane potential below the threshold required for superoxide 
generation.
Supported by a European Union TMR grant ERBFMRX-CT98-0236
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642.3
NMDA-INDUCEDINTRAMITOCHONDRIAL CALCIUM CHANGES IN 
HIPPOCAMPAL NEURONS IN CULTURE. G. J. Wang*, K. Baron, S. A. 
Thayer. Dept. of Pharmacol. Univ. of Minnesota Med. Sch., Mpls, MN 55455

Neuron-rich, astrocyte-poor hippocampal cultures were generated for the 
measurement of NMDA-induced intramitochondrial calcium concentration 
([Ca2+]mt). Populations of neurons were transfected with the apoaequorin gene 
fused to the mitochondrial targeting sequence of subunit VIII of cytochrome 
C oxidase. Gene transfer was achieved by using a replication-defective 
adenoviral vector. The expressed apoaequorin was reconstituted with 
coelenterazine (clz) to generate the Ca2+-sensitive, bioluminescent aequorin 
complex, and [Ca2+]mt was measured using a photomultiplier tube-based 
luminescence detection system. In neurons reconstituted with clz hep, the 
NMDA-induced [Ca2+]mI transient was fast and brief. The signal decayed 
before the stimulus (200 pM NMDA, 3 min) was removed and was shown to 
result from the consumption of the indicator. However, following a 20 min 
wash period another NMDA-induced luminescent response could be elicited, 
suggesting that a reservoir of aequorin was protected from the initial 
elevation in [Ca2+]iiu. Reconstitution of aequorin with clz f, which is less 
sensitive to calcium than clz hep, reported a [Ca2+]ml response well correlated 
with that of the stimulus and with kinetics that closely resembled that of the 
Indo-1-measured cytosolic Ca2+ response. The NMDA-induced [Ca2+]mt 
response was essentially blocked by the mitochondrial electron transport 
inhibitor, antimycin, indicating that the luminescent response was 
mitochondrial. These results suggest that (1) calcium entered the 
mitochondrion in a spatially defined manner; (2) the use of clz/will enable 
the measurement of NMDA-induced intramitochondrial calcium changes in 
hippocampal neurons.

642.4
DYNAMICS OF INTRACELLULAR CALCIUM AND MITOCHONDRIAL 
POTENTIAL DURING EXCITOTOXICITY IN HIPPOCAMPAL NEURONS.
J. Keelan, O. Vergun and M, R. Duchen*. Dept. of Physiology,
University College London, London WC1E 6BT, U.K.
Hippocampal neurons are highly susceptible to glutamate excitotoxicity. We 

have employed digital imaging techniques and confocal microscopy to 
investigate the responses of hippocampal neurons to toxic glutamate exposure. 
Neurons loaded with fura-2AM exhibited a rapid increase in fura-2 ratio during 
exposure to 100pM glutamate. However, in contrast to some neuronal cell 
types, the fura-2 ratio remained at a plateau level and showed little recovery in 
the continued presence of glutamate. In striking contrast, when cells were 
loaded with the low affinity calcium indicator, fura-2FF AM, a secondary rise in 
[Ca2+]i - a secondary [Ca2+]j deregulation (SCD) - was now routinely seen with 
prolonged glutamate exposure.

Simultaneous measurements of [Ca2*], and mitochondrial potential (A\|zm; 
using rhodamine 123) showed that the SCD was invariably associated with a 
collapse of Aym. However, induction of mitochondrial depolarisation after 2-3 
minutes of glutamate exposure with either FCCP (IpM) or a nitric oxide donor 
(500 pM of potasssium nitrosylpentachloruthenate) did not always induce SCD, 
suggesting some dissociation of these two events, and the probable 
involvement of other factors. Once SCD was established, the removal of 
extracellular Ca2+ during continued glutamate exposure failed to induce [Ca2+]j 
recovery, suggesting that the SCD reflects impaired Ca2+-efflux mechanisms 
and not continued Ca2+ influx. These data show that hippocampal neurons 
exposed to glutamate undergo an SCD which is maintained by damaged Ca2+ 
efflux mechanisms and is strongly associated with glutamate induced 
mitochondrial depolarisation.
(Supported by The Wellcome Trust)

642.5

EFFECT OF A NOVEL AMPA AND NMDA ANTAGONIST 
KAITOCEPHALIN ON CA2* INFLUX INDUCED BY KAINATE, AMPA 
AND NMDA
K. Shin-va*, J.-S. Kim, Y. Hayakawaand H. Seto Institute ofMolecuIar and Cellular 
Biosciences, The University of Tokyo, Bunkyo-ku, Tokyo 113-0032, Japan

L-GIutamate, a neurotransmitter in major part of central nervous system, indices 
delayed neuronal cell death following ischemic attack. AMPA/KA antagonists were 
reported to protect hippocampal neurons from ischemia injury when administered after 
ischemic attack. We have reported that a fungal metabolite designated kaitocephalin, 
which consists of a pyrrolidine moiety with tricarboxylic acids and a 
dichlorohyd'oxybenzoate substructure, protected rat hippocampal neurons from kainate 
and AMPA/cyclothiazide toxicity with ECS„ values similar to those of CNQX 2 pM). 
Additionally, it also blocked NMDA toxicity with EC5(! value 0.12 pM. In receptor 
binding experiments, kaitocephalin showed a potent binding activity to the agonist 
binding site of NMDA receptor with Ki value 8.4±0.8 nM. It also exhibited affinities 
to Mg2+-binding site of NMDA receptor (Kt value: 1.1 ±0.1 pM) and AMPA receptor (Kz 
value: 1.4±0.4 pM). In contrast to the inhibitoty effect against kainate toxicity, it 
showed slight binding activity to kainate receptor (Kz value: > 10 pM).

Although, kaitocephalin protected rat hippocampal neurons from kainate and 
AMPA/cyclothiazide toxicity, it failed to block the Ca2+ influx elicited by kainate 
(Kaitocephalin effectively blocked Ca2+influx induced by AMPA). This result is in 
agreement with affinity binding experiments mentioned above, but incompatible with 
the hypothesis of Ca2+ induced neurotoxicity.

To reveal the mode of action, we next stuefied the role of Ca2+ playing in 
excitotoxicity. The existence of calcium ion during the transient exposure of NMDA 
and L-glutamate was necessary to exhibit the toxicity. To the contrary, kainate did not 
require Ca2+ during the transient exposure.

642.6

BRIEF AMPA EXPOSURES TRIGGER MITOCHONDRIAL Ca2‘ OVERLOAD AND 
OXYGEN RADICAL GENERATION IN MOTOR NEURONS. S.G, Carriedo3*, S.L Sensi', 
H.Z, Yin1, and J.H, Weiss1,23. Depts of ’Neurology; 2Anatomy and Neurobiology; 
3Neurobiology and Behavior, U.C. Irvine, Irvine CA 92697-4292, USA.

The reason for the high vulnerability of motor neurons (MNs) in amyotrophic lateral 
sclerosis (ALS) is poorly understood. A potential clue follows from our observation that 
cultured MNs generally express Ca2t permeable AMPA/kainate (Ca-A/K) channels, a trait 
that likely confers upon them a high vulnerability to AMPA/kainate receptor-mediated injury. 
However, GABAergic cortical neurons also express these channels but are not lost in ALS. 
Indeed, we have found that MNs are more sensitive than GABAergic neurons to 
AMPA/kainate receptor-mediated injury. The present study thus used fluorescent imaging 
techniques to compare events in the injury pathway downstream from Ca2‘ entry through 
Ca-A/K channels that could underlie differences in vulnerability between GABAergic 
neurons and MNs.

Two major differences were observed. The first concerns agonist specificity of effects. 
With either kainate or AMPA exposure, loss mitochondrial potential (ATm, assessed using 
the dye tetramethylrhodamine ethylester) and generation of mitochondrial reactive oxygen 
species (ROS; assessed using hydroethidine) were seen in MNs. However, in GABAergic 
neurons, these changes were only observed upon exposure to kainate (which, unlike 
AMPA, causes non-physiologic slowly desensitizing activation of AMPA channels). 
Secondly, possibly accounting for these differences, either AMPA or kainate exposures 
caused substantial mitochondrial Ca2+ accumulation (as demonstrated by its release into the 
cytoplasm upon addition of the mitochondrial protonophore, FCCP) in MNs but not in 
GABAergic neurons. Finally, we found that both ROS scavengers and the mitochondrial 
poisons CN and FCCP (which inhibit the Ca2‘ uptake) attenuate AMPA/kainate receptor- 
mediated MN injury suggesting that the mitochondrial Ca2t uptake and consequent ROS 
generation contribute directly to the injury process. Supported by NIH grants NS30884 and 
AG00836 (JHW), an ALS Association research grant (JHW) and an NIH fellowship (SGC).

642.7

LOSS OF MITOCHONDRIAL CYTOCHROME C IN EXCITOTOXIC CELL 
DEATH: SECONDARY OXIDANT STRESS DUE TO INCREASED 
MITOCHONDRIAL GENERATION OF SUPEROXIDE. A.J. Krohn*1. B. 
Sencpiel2. E. Bauerbach2, N.T. Bui1. J, Krieglstein2 and J.H.M. Prehn1,2. ’Center for 
Interdisciplinary Clinical Research (IZKF), Junior Research Group “Apoptosis and 
Cell Death”, Westphalian Wilhelms-Univ., D-48149 MQnster; 2Dept. Pharmacol. 
Toxicol., Philipps-Univ., D-35032 Marburg, Germany.

We induced excitotoxic injury in cultured rat hippocampal neurons by a brief 
exposure to NMDA (300 pM, 5 min) and monitored intracellular superoxide 
production during and after the NMDA exposure using the oxidation-sensitive probe 
hydroethidine in combination with digital imaging. During the 5-min NMDA 
exposure, intracellular superoxide production increased significantly. After wash-out 
of NMDA, superoxide production remained elevated for a further 10 min, but then 
rapidly returned to baseline levels. This initial increase was followed by a secondary 
increase 4-8 hours after wash-out of NMDA. This secondary increase preceded the 
large increase in cell death, but was accompanied by mitochondrial cytochrome c 
release (loss of mitochondrial cytochrome c in 67 ± 5 % cells of NMDA-exposed vs. 
8 ± 2 % in sham-exposed cultures after 8 h). Cytochrome c is required for electron 
transport between complexes III and IV of the mitochondrial respiratory chain. Loss 
of mitochondrial cytochrome c was associated with the secondary increase in 
superoxide production, since the effect of the complex III inhibitor antimycin A (10 
pM) to generate superoxide was significantly less pronounced in NMDA- compared 
to sham-exposed cultures (p < 0.001). Post-treatment with the antioxidant a- 
tocopherol (100 pM) or the mitochondrial Ca2+ uptake inhibitor ruthenium red (10 
pM) 2 h after NMDA exposure still protected against excitotoxic cell death. These 
data suggest that secondary mitochondrial dysfunction and secondary oxidant stress 
play important roles in NMDA neurotoxicity.

Supported by IZKF MQnster (BMBF grant 01 KS 9604/0) and DFG 
(Forschergruppe “Neuroprotektion”).

642.8

LOSS OF MITOCHONDRIAL CYTOCHROME C IN EXCITOTOXIC CELL 
DEATH: Ca2+-DEPENDENT SUPPRESSION OF THE CASPASE CASCADE. S, 
Lankiewicz and J.H.M. Prehn*. Interdisciplinary Center for Clinical Research 
(IZKF), Junior Research Group “Apoptosis and Cell Death”, Westphalian 
Wilhelms-Univ., D-48149 MQnster, Germany.

Brief exposure of cultured rat hippocampal neurons to N-methyl-D-aspartate 
(NMDA; 300 pM, 5 min) resulted in mitochondrial cytochrome c release which 
preceded cell death (Krohn et al.; this meeting). This cell death, however, was not 
associated with a significant activation of executioner caspases determined by 
cleavage of the fluorogenic caspase substrate Ac-DEVD-AMC in cytosolic extracts 
prepared 30 min - 8 h after the NMDA exposure. Furthermore, NMDA-exposed 
hippocampal neurons did not show nuclear fragmentation, a hallmark of apoptosis, 
as judged by Hoechst 33258 staining of nuclear chromatin. NMDA receptor 
overactivation is known to cause both acute and delayed increases in the cytosolic 
Ca2+ concentration. We thus tested the hypothesis that Ca2+-dependent processes 
inhibit the activation of caspases after mitochondrial cytochrome c release. Studies 
were performed in a cell-free in vitro apoptosis system using cytosolic extracts 
prepared from human neuroblastoma SH-SY5Y cells. While addition of cytochrome 
c (0.5 pM) to the extracts induced significant caspase activity, Ca2+ alone had no 
effect. However, Ca2+ inhibited the cytochrome c-induced increase in caspase 
activity. This inhibitory effect was not reversed by calpain inhibitor I (20 pM) or 
Ieupeptin (20 pM). In the absence of Ca2+, calpain I (8 U/ml) did not inhibit 
cytochrome c-induced caspase activation. Calpain I, however, was able to potentiate 
the Ca2+-induced inhibition of caspase activation and, in combination with Ca2+, 
cleaved the 32 kD procaspase-3 precursor protein into a 30 kD fragment. These data 
suggest that cytosolic Ca2+ overloading in NMDA-induced excitotoxic cell death 
suppresses activation of caspases after mitochondrial cytochrome c release.

Supported by IZKF MQnster (BMBF grant 01 KS 9604/0).
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642.9
GLUTAMATE-INDEPENDENT, GADOLINIUM-SENSITIVE CALCIUM 
INFLUX: A NEURO-TOXIC STEP LIMITING NEURONAL SURVIVAL 
AFTER PROLONGED OXYGEN-GLUCOSE DEPRIVATION. M. Tymianski* 
and K. Iihara. Toronto Hospital Research Institute, University of Toronto, Toronto, 
Ont„ M5T-2S8, CANADA.

The vulnerability of central neurons to hypoxia/ischemia is largely attributable to 
an excessive activation of glutamate receptors by extracellular L-glutamate 
(excitotoxicity). However, protecting ischemic neurons with anti-glutamatergic 
agents is not completely effective. Here we used oxygen-glucose deprivation 
(OGD) in cultured cortical neurons to mimic ischemia, and to ask whether 
excitotoxicity might be masking other, additional, neurotoxic mechanisms. 
Glutamate receptor antagonists completely blocked neuronal death caused by OGD 
for lh, but became ineffective when OGD was extended to 2h. Neurotoxicity 
triggered in the second hour of OGD in the presence of glutamate antagonists 
required Ca2+, but not Na+ or C1‘ influx. It was accompanied by a large, rapid and 
reversible accumulation of free cytoplasmic and total Ca2+ (£Ca2+]i and 45Ca2+) that 
was not mediated by glutamate receptors, reverse Na+/Ca2+ exchange, voltage- 
sensitive Ca2+ channels, or non-specific plasma membrane defects. Rather, it 
occurred through pathways sensitive to Gd3+, a non-selective blocker of membrane 
cation conductances. Gd3+ attenuated the elevations in [Ca2+]i, 45Ca2+ accumulation, 
and cell death caused by prolonged OGD in the presence of antagonists of 
glutamate receptors and Ca2+ channels. This Gd3+ sensitive pathway was only 
detectable during OGD, and not during normoxia, or during Ca2+ loading by cell 
membrane depolarization without OGD. Thus, the survival of ischemic neurons 
may be limited by Ca2+ influx through this previously unreported pathway in spite 
of our capacity to treat excitotoxicity.
(Supported by MRC and Heart and Stroke Foundation of CANADA)

642.10
CELL INJURY DEPENDS ON THE MODE OF CALCIUM ENTRY 

C.C. Alano1*, G. Beutner1, R.A. Gross1-2, S-S Sheu1 
'Department of Pharmacology and Physiology, department of Neurology, 

University of Rochester SMD, Rochester, NY, 14642
Activation of the N-Methyl-D-Aspartate (NMDA) receptor leads to an 

increase in cytosolic Ca2+ concentration ([Ca2+]c) and therefore provides for a 
favorable condition for the induction of the permeability transition pore (PTP), a 
non-specific channel in the inner mitochondrial membrane. However, other 
means of increasing [Ca2+]c, such as depolarization with KC1, does not. 
Opening of the permeability transition pore and the subsequent breakdown of 
the mitochondrial membrane potential are possible key events leading towards 
cell death. Using primary cultures of rat pup striatum (El 7), we compared the 
increase in [Ca2*]c upon different stimuli paired on the same cell. We 
demonstrate on fura-2 loaded cells that depolarization with 50mM KC1 led to a 
similar, or larger increase in [Ca2+]c compared to 30pM NMDA. However, 
using rhod-2, we found a difference in mitochondrial calcium ([Ca2+]m) 
increase. NMDA led to a larger increase in [Ca24]m than K.C1 in the paired tests. 
Under the same conditions, exposure to either stimulus lead to differences in cell 
injury as well. KC1 did not lead to an increase in cell death from control. 
NMDA, however, led to an increase in cell death (>25%). These results suggest 
a possible mechanism for NMDA-induced cell injury. Supported by NIH grant 
HL-33333, CTR grant 4299R1, NS 19163, and DA 10514.

642.11

RAPID ISCHEMIC CELL DEATH OF IMMATURE 
(O47GC) OLIGODENDROCYTES. R, FERN* andT.Moller 

Department of Neurology, University of Washington, Seattle, WA 98195.
Cerebral palsy (CP) is one of the most common human birth 

disorders. The major pathological correlate of CP is ischemic injury 
of CNS white matter. Histological examination shows early injury of 
immature oligodendrocytes and brain imaging reveals prominent 
hypomyelination. Studies of relatively mature (GC*) oligodendrocytes 
have demonstrated cell death within 6-24 hr of a period of ischemia. 
Here, cell viability and [Ca2*]! were assessed in FURA-2 loaded 
cultured immature oligodendrocytes (A2B5VO4VGC). The onset of 
ischemia (glucose/O2 withdrawal) was followed by rapid Ca* influx 
and cell death in a mean of 25.4 ±9.8 min (n=396, ±SD), as fast or 
faster than has been reported for cultured neurons. Ca* influx 
occurred via non-NMDA glutamate receptors and block of these 
receptors was protective. High concentrations of glutamate were 
also protective, due to receptor desensitization. Ischemic cell death 
was reduced by the reverse glutamate transport blocker 
dihydrokainate, or by perfusion with a glutamate scavenging 
system. Ischemic Ca* influx and cell death was observed when the 
cell plating density was reduced to 4-20 cells/cover slip where cell-
cell distance was correspondingly large. This may indicate fatal 
autologous release and feedback of glutamate in these cells. The 
rapid death of immature oligodendrocytes during ischemia is 
consistent with the observation of dead glia in the lesion that 
underlies CP; a phenomena of presumed great significance for 
functional loss. Supported by the NIH (NS36790-01).

642.12
PREGNENOLONE SULFATE INDUCES RETINAL APOPTOSIS. C. Cascio‘*, R. 
Guamerib, D. Russo6, G. De Leod, F. Piccolia and P. Guamerib, “Inst. Neuropsych, and 
dInst. of Biology, University of Palermo; bIBS and TSMEDA, CNR, Palermo, Italy.

We previously demonstrated that in the isolated retina the synthesis of 
pregnenolone and pregnenolone sulfate (PS) is a contributing factor to NMDA 
receptor-mediated acute excitotoxicity since necrosis of retinal cell death is attenuated 
by blocking cholesterol side-chain cleavage enzyme involved in the synthesis and is 
exacerbated by the exogenous addition of PS. In this study we investigated whether PS 
may have a role in delayed excitotoxicity which is associated with an apoptotic type of 
neuronal cell degeneration. The isolated and intact retina was exposed to PS (1-50 pM) 
and/or 50 pM NMDA for 30 min. At 90 min, 3 and 7 hours cell death was analyzed by 
DNA electrophoresis and by the terminal transferase-mediated uridine 5’-triphosphate 
(d-UTP)-biotin nick end labeling (TUNEL) method for the in situ detection of DNA 
strand breaks. We also detected the formation of free radicals by measuring the 
activities of antioxidant enzymes (Cu/Zn-SOD and Mn-SOD and glutathione 
peroxidase, GSPH) and the lipid peroxidation by testing TBARS accumulation. 
Exposure to PS as well as to NMDA produced a dose- and time-dependent DNA 
fragmentation into a ladder pattern. At 3 hrs the number of TUNEL-positive cells was 
higher in the ganglion cell layer than in the inner side of the inner nuclear layer, but in 
both layers and in the outer nuclear layer the peak was reached after 7 hrs PS or 
NMDA exposures. No DNA fragmented nuclei labeled by TUNEL staining or detected 
by electrophoresis were found after 90 min exposure. Pre-treatment with 0.3 pM 
cycloheximide inhibited the development of DNA laddering induced by PS alone or 
together with NMDA. Within 3 hrs exposure the activities of mitochondrial Mn-SOD 
and GSHP were enhanced. Similarly, higher levels of TBARS were reported when 
compared to control retinae or retinae exposed to PS for 90 min. The results suggest a 
role of PS in acute and delayed neuronal cell death in that the neurosteroid appears to 
potentiate NMDA-mediated acute excitotoxicity and induce by itself retinal apoptosis.

642.13

TNF-a ACCELERATES NMDA-INDUCED APOPTOSIS IN RAT 
BRAIN O.Nakanishi1. T.Ishikawa2. L.Xiong2. N.Funatsu3. S. Nakamura4* ’Dept. of 
Dental Anesthesiology, Kyushu Dental School; School of Allied Health 
Sciences,Yamaguchi University,Yamaguchi 755-8554Japan; 3Dept. of
Pathophysiology, Yamaguchi Prefectural University; 4Dept. of Physiology .Yamaguchi 
University

Although tumor necrosis factor-alpha (TNF-a) plays a pivotal role in developing 
pathogenesis of cerebral ischemia, mechanisms have still been controversial. Glutamate 
excitotoxicity is believed to be involved in the neuronal death in various brain 
pathology including cerebral ischemia, trauma and epileptic seizures. There is no data 
that explored the role of TNF-a in NMDA-induced neurotoxicity. The present study 
was designed to investigate the role of TNF-a in neuronal damage induced by NMDA 
injection in rat striatum.

Male Wistar rats (255-315g) were anesthetized with pentobarbital and guide cannula 
was implanted into right striatum. NMDA was injected intrastriatally 30 min prior to 5 
Hg NMDA injection with 1.1% isoflurane. Rats were randomly assigned to the saline 
and TNF-a (0.5 ng) groups. The histopathologic changes were evaluated at 8, 24 and 
72 hrs after NMDA injection. Nauta (argyrophilic) and TUNEL (apoptosis) 
immunohistochemical staining were carried out and scored by light microscopical 
analysis.

NMDA produced necrosis at the site of injection. The argyrophilia was appeared in 
the boundary zone of necrotic area with time (8 < 24 < 72hrs). The number of 
argyrophillic neurons in the TNF-a group was greater than that in the saline group at 8 
hours (P<0.05), then being decreased later.

Based on the present study , TNF-a injection into the striatum prior to NMDA 
injection accelerates early degeneration and apoptosis. Neuronal apoptosis was induced 
by striata] NMDA injection and TNF-a accelerates NMDA-induced apoptosis.

642.14

ROLE OF CASPASES IN NMDA-INDUCED APOPTOSIS OF 
CULTURED RAT RETINAL GANGLION CELLS. Lalitha Tenneti*, and 
Stuart A, LiPton. CNS Research Institute, Brigham and Women's Hospital, 
and Program in Neuroscience, Harvard Medical School, Boston, MA 02115.

Excessive activation of glutamate receptors is implicated in cell death of 
retinal ganglion cells (RGCs) in a number of disorders, including glaucoma, 
ischemia, and AIDS dementia. Here we studied cellular signaling pathways 
leading to apoptosis of RGCs. Caspases are important in several forms of 
apoptosis. To determine whether caspases play a role in NMDA-induced 
apoptosis of RGCs, we utilized two functionally distinct approaches. One is a 
novel peptide <V-ICEjnh) that contains the catalytic site of caspases and 
appears to act as a pseudoenzyme that binds caspase substrates and 
prevents their cleavage (Troy et al., PNAS1996). The other is a peptide (Z- 
VAD.fmk) that inhibits caspase activity. Pretreatment with either V-ICEjnh or 
Z-VAD protected rat RGCs from NMDA-induced apoptosis, suggesting a 
selective role for caspases in NMDA-induced apoptosis. To determine the 
possible activation of caspases, we used an affinity-labeling technique: 
biotinylated-DEVD.CHO preferentially labels conformationally active caspase- 
3-like proteases, allowing us to visualize affinity-labeled caspases with 
streptavidin-FITC under the epifluorescence microscope. We found that 
NMDA-induced apoptosis of RGCs was associated with a time-dependent 
increase in conformationally active caspase-3-like proteases. In contrast, if 
DEVD.CHO was added at the same time as NMDA (rather than after fixation of 
the cells, as above), apoptosis was abrogated because of the peptide's ability 
to inhibit caspase activity. Our results suggest that caspase-3 like-proteases 
play a major role in excitotoxin-induced neuronal apoptosis in the retina.

Supported by R01 EY05477, R01 EY09024, and P01 HD29587.
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642.15
CASPASE-3 DEPENDENT CELL DEATH IN ANIMAL MODELS OF 
NEURODEGENERATION. C.J Fahertv*. R.Tharp. K.-H, Herzog. J.I, Morgan 
andR.J, Smevne. Department of Developmental Neurobiology, St. Jude Children’s 
Research Hospital, Memphis, TN

Apoptosis is important for the normal development and maintenance of the 
CNS. Inappropriate cell death, however, can result in a number of 
neurodegenerative disorders. One mechanism that has been shown to lead to 
apoptotic cell death is the proteolytic cleavage of caspase-3. Here, we have 
investigated the role of caspase-3 activation in tliree models of neurodegeneration: 
glutamate excitotoxicity (kainic acid, KA), y-irradiation and MPTP-induced 
Parkinsonism. Systemic administration of KA results in activation of caspase-3 in 
FVB/N but not in 129/SvEMS mice. Thus, the known strain differences in KA 
toxicity occur at or upstream of caspase-3 activation. Caspase-3 immunostaining 
was observed in CA1 hippocampal pyramidal cells 30 hours following KA 
treatment, approximately 18 hours prior to pyknosis or TUNEL staining. 
Additionally, there was extensive caspase-3 staining in the CA1 and CA3-4 layers 
both 2 and 4 days following KA treatment. The extent of pyknotic nuclei and 
TUNEL-labeled cells reflected the pattern of caspase-3 activation, y-irradiation 
induced caspase-3 activation in the dentate gyrus and the cortex (layer II) of P5 
C57BL/6J mice. This expression was most apparent 4-18 hours post-irradiation. 
Furthermore, the y-irradiation-induced activation of caspase-3 was attenuated by 
cycloheximide pretreatment, suggesting that new protein synthesis was required for 
the induction of caspase-3. Systemic administration of MPTP results in a well 
characterized degeneration of dopaminergic neurons of the substantia nigra pars 
compacta in C57B1/6J mice. However, the mechanism of cell death (apoptosis 
versus necrosis) is still a matter of debate. Using antibodies specific for activated 
caspase-3, we will determine, unambiguously, if degenerating neurons in the 
substantia nigra or other brain regions utilize this well known apoptotic pathway. 
The authors are supported in part by NIH Cancer Center Support CORE Grant P30 
CA21765 and by the American Lebanese Syrian Associated Charities (ALSAC).

642.16

WITHDRAWN

642.17

SEIZURE SEVERITY IN KAINIC ACID-TREATED RATS 
CORRELATES WITH TRANSCRIPTIONAL ACTIVITY, OXIDATIVE 
STRESS, AND CASPASE-3 ACTIVITY IN THE HIPPOCAMPUS
N.Gulvaeva*, MStepanichev. M.Onufricv. LChemvavskava. Yu.Moiseeva,
N.Lazareva. and #H. Fliss. Dept. of Functional Biochemistry, Inst, of Higher 
Nervous Activity & Neurophysiology, RAS, Moscow, 117865, Russia; #Dept. of 
Cellular and Molecular Medicine, Univ. of Ottawa, Ottawa, Canada K1H 8M5.

Systemic administration of kainic acid (KA) produces limbic seizures in 
rats and neurodegeneration in the hippocampus. We examined the possibility 
that seizure severity is related to transcription activity, oxidative stress, and 
apoptosis in the hippocampus. Male Wistar rats were injected with KA (10 
mg/kg/ip), which produced pronounced neurodegeneration in the CA1 and 
CA3 regions of the hippocampus. Increasing seizure severity during the first 
6 h after KA injection was ranked on a scale of 1 to 6. Significant 
correlations were observed between the maximal seizure severity and the 
following parameters in the hippocampus, over the next 3 days: a) the 
nuclear activity of the transcription factor AP-1 (positive, P<0.01), b) lipid 
peroxidation (thiobarbituric acid-reactive substances, TBARS) (positive, 
P=0.02), c) total sulfhydryl and glutathione levels (negative, P<0.05), and d) 
caspase-3 activity (positive, P<0.00001). The increase in caspase-3 activity 
and the decrease in total sulfhydryl content became evident in rats with 
seizures of stages 3 or higher, whereas the changes in glutathione and 
TBARS became significant only with stages 4 or 5. In the cerebral cortex, no 
correlations of above parameters with seizure severity were revealed. These 
data suggest that the severity of KA-induced seizures may be closely related 
to caspase-3-mediated apoptosis and oxidative stress in hippocampus. 
Supported by RBRF grants N 98-04-49074 and N 98-04-49095.

642.18
CHRONIC PHENCYCLIDINE INCREASES THE APOPTOTIC POTENTIAL OF 
NMDA AND DOPAMINE IN CULTURED FOREBRAIN NEURONS C. Wang* 
and KM. Johnson. Department of Pharmacology and Toxicology, University of 
Texas Medical Branch, Galveston TX 77555.

Previous studies from this laboratory have demonstrated that chronic 
administration of phencyclidine (PCP) to rats resulted in a sensitized locomotor 
response to PCP challenge. This sensitization is associated with apoptotic cell death, 
an increase in NMDA receptor NR1 subunit mRNA and altered NMDA receptor 
function in rat forebrain. In order to study more precisely the mechanisms 
underlying these phenomena, dissociated forebrains from newborn rats were 
cultured under standard conditions. After 3 days, 3 pM PCP was added for 48 hrs. 
PCP was then washed out and NMDA or dopamine was added for 20 hrs. Cell 
viability was measured by MTT and LDH. Apoptosis was assesed by an ELISA that 
was specific for DNA-associated histones and an in situ assay for nicked DNA 
(TUNEL). These assays showed that the minimally effective apoptotic concentration 
of NMDA was reduced from 100 pM to 30 pM by chronic PCP treatment. This 
treatment (3 pM PCP, 48 hours) also resulted in a 47% increase in NR1 subunit 
mRNA detected by in situ hybridization. It is proposed that neuronal cell death 
following chronic PCP is a consequence of enhanced NMDA receptor mediated 
activity. Our experiments have also shown that about 40% of the neurons in this 
preparation contain Di receptors. Prelimilary data also suggest that the neurotoxic 
potential of dopamine is enhanced by chronic PCP. Both the formation of reactive 
oxygen species and dopamine receptor mechanisms appear to be involved in the 
toxic effects of dopamine. It is proposed that PCP-induced upregulation of NMDA 
receptors increases the intracellular free radiical load and that this in turn increases 
the neurotoxic potential of dopamine. This mechanism may be relevant to PCP 
neurotoxicity in vivo. Supported by DA 02073 and the John Sealy Memorial 
Endowment Fund for Biomedical Research.

642.19

NEUROTROPHIN RECEPTOR P75 MEDIATES 
EXCITOTOXIN INDUCED CHOLINERGIC NEURONAL 
DEATH IN RAT BASAL FOREBRAIN Justin D. Oh*1, 
Karnon Chartisathian, Larry L. Butcher2, and Thomas N.
Chase. ‘Clinical Pharmacology, NINDS-ETB, NIH,
Bethesda, MD 20892. 2Dept. of Psychology, UCLA, Los 
Angeles, CA 90024.
Both the low-affinity receptor p75 and pro-apoptotic gene 
NFkB has been implicated in the pathogenesis of Alzheimer's 
disease. To evaluate the possible contribution of stimulation of 
p75 and NFkB in the excitotoxin-induced apoptotic death of 
cholinergic neurons, we examined the effect of unilateral kainic 
acid (KA) administration into rat basal forebrain on neuronal 
loss and p75 and NFkB expression. KA (2.5 nmol) destroyed 
43% of Nissl-stained neurons and 70% of choline 
acetyltransferase (ChAT)-positive neurons five days after 
injection. Agarose gel electrophoresis revealed that KA (2.5 
nmol) induced local internucleosomal DNA fragmentation after 
6 to 48 hours. Immunohistochemical analysis further showed 
that KA (2.5 nmol) augmented p75 immunoreactivity at a time 
when terminal transferase-mediated deoxyuridine trophosphate 
(d-UTP)-digoxigenin nick end labeling (TUNEL)-positive 
nuclei were increased. Many p75-positive neurons were co-
labeled with NFkB antibody. These findings suggest that p75 
mediates the excitotoxin-induced death of rat basal forebrain 
cholinergic neurons by NFkB-induced apoptotic mechanism, 
[support:NINDS]

642.20

PROSTAGLANDIN A, PROTECTS NEURONS AGAINST 
EXCITOTOXIC INJURY POSSIBLY BY INHIBITING CYCLIN DI 
EXPRESSION AND INDUCING HEAT SHOCK PROTEINS IN RAT 
STRIATUM. Zheng-Hong Qin1*, Yumei Wang1, Ren-Wu Chen2, De-Maw 
Chuang2, Thomas N. Chase1. Experimental Therapeutics Branch1, NINDS, and 
Molecular Neurobiology Section2, NIMH, Bethesda, MD 20892

The present studies evaluated the effects of the putative NF-k B inhibitor 
prostaglandin A, (PGA,), on apoptotic cascades triggered by the N-methyl-D-aspartate 
receptor agonist, quinolinic acid (QA), in rat striatum. Intrastriatal co-administration 
of PGA, (5-80 nmol) attenuated QA (60 nmol)-induced internucleosomal DNA 
fragmentation in a dose-dependent manner. The neuroprotective effects of PGA, 
appeared to be more potent than those of co-administration of aspirin. The inhibitory 
effects of a single dose of PGA, on QA-induced DNA fragmentation were observed 12 
to 48 hr after QA treatment. PGA, still attenuated QA-induced DNA fragmentation 
when administered 2 to 6 h after QA exposure. Co-infusion of PGA, into ipsilateral 
cerebroventricle (4 pmol/day) also diminished DNA fragmentation produced by 
prolonged intrastriatal infusion of QA (360 nmol/day) for 3 days. PGA, reduced death 
of striatal neurons as evidenced by significant reduction in the loss of D, dopamine 
receptors and GAD67 mRNA (by up to 80-90%) in QA-injected striatum. PGA, 
inhibited QA-induced NF-k B activation and suppressed cyclin DI induction. In 
addition, PGA, increased in levels 70 and 72 kDa heat shock proteins in striatal 
neurons. These results demonstrate for the first time that PGA, has robust 
neuroprotective effects against excitotoxicity. PGA, may inhibit NMDA receptor- 
mediated apoptotic cascade by mechanisms involving suppression of cyclin DI 
induction and upregulation of heat shock proteins.
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643.1
Kainic  acid  preconditioning  reduces  paired -pulse  inhibition  in  mouse  
ORGANOTYPIC HIPPOCAMPAL CULTURES. A. COOK, J.E. CHAD, L.E. 
Sundstrom , H.V. Wheal  Neuroscience  Research  Group , University  of  
Southampton , SO16 7PX.

It is possible to prevent the neurotoxic effects of 5gM kainic acid (KA) in rat 
organotypic hippocampal slice cultures by pretreating them 4 days earlier for 24 
hours with IpM KA (Best et al. (1996) Eur. J. Neurosci. 8: 1209-1219). We 
have shown that this phenomenon also occurs in mouse cultures. Briefly, 
300pm slices were prepared from 5-7 day old mice and plated onto Millipore 
CM membranes. The degree of damage following KA treatment was assessed 
using both the Nissl stain thionin and the exclusion dye propidium iodide (PI). 
Staining with both PI and thionin revealed a significant decrease in the amount 
of damage seen following preconditioning.

Preconditioning caused a marked reduction in bicuculline (IpM) sensitive 
inhibition measured as reduced paired-pulse inhibition (20msec interpulse 
interval). In control cultures, paired-pulse inhibition was 57.3% ± 7.1 (mean ± 
S.E.M). In preconditioned slices this was reduced to 18.8% ± 13.3 (p<0.05, 
n=5).

We are currently investigating the number of GAD 67 immunoreactive 
neurones following preconditioning. Cultures are subjected to a preconditioning 
regime, fixed with 4% paraformaldehyde and stained with an antibody for GAD 
67. Preliminary data suggests a decrease in the intensity of staining.

KA preconditioning reduces the functional inhibition and may alter the 
number of GAD 67 immunoreactive neurones present in all areas of the 
hippocampus. This data suggests that the neuroprotection seen following 
preconditioning is independent of the presence of GABAa  mediated inhibition. 

Supported by the Epilepsy Research Foundation and the Wessex Medical Trust.

643.2
SYNCHRONY DETECTION: A COMPARISON BETWEEN 
LINEAR CROSS-CORRELATION, NONLINEAR PHASE 
SYNCHRONIZATION, AND FUNCTIONAL CONTINUITY.JT 
Francis* 1,2,TI Netoff 1,2,BJ Gluckman 2,3,P So 2,3, SJ Schiff 2,4. 1 George 
Washington Neuroscience Program.2 Krasnow Ins. 3 GMU Physics dept. 4 GMU 
psychology dept. Detecting synchronization between two weakly-coupled 
biological systems is a task that has interested neuroscientists for years. To date the 
cross-correlation is the most widely used test for synchronization in the neuroscience 
literature. Recently, tools have become available for detecting nonlinear 
synchronization. Evidence is accumulating that nonlinear tools may be more robust 
for detection of synchrony in both theoretical and neuronal systems than is linear 
cross-correlation. Nonlinear synchrony tools have included nonlinear prediction, 
phase synchronization, and introduced in this work, functional correlation.

We introduce a method for detecting nonlinear synchronization between two 
coupled systems, which relies on testing for the existence of functional continuity in 
the relationship between the states of the two systems. We tested this method on 
nonlinear theoretical coupled systems (Henon and Rossler equations), and 
demonstrated that synchronization can be characterized at extremely low levels of 
coupling between these systems. The concept of continuity in a mathematical system 
has been exploited to detect determinism in experimental data from one time series, or 
from one point process, but to our knowledge the concept of continuity has not been 
applied to two coupled systems.

Here we compare the cross-correlation, phase synchronization, and our 
continuity test on biological data taken from a hippocampal network in high KC1 
[8.5mM], which is being driven by an electric field. Supported by NIH grants 
7K02MH01493, 2R01MH50006, and NSF IBN97-27739.

643.3

MATH MODEL OF EEG PAROXYSM AND SEIZURE GENERATION. IL 
UrUQQ*. Y^ lnoue and K. Yagi. Natl. Epilepsy Ctr., Shizuoka Higashi Hosp.; 
Shizuoka City, Shizuoka, 420-8688, Japan.

It has been suggested that an increase in neuronal excitability would be a major 
factor in epileptogenesis, but the mechanism of transient changes in neuronal 
activity observed as EEG paroxysms or seizures, remains unknown. We introduced 
a multilayer recursive neuralnetwork model to study the basic mechanism of 
paroxysm generation. The neuralnet model was consisted with layers of the neurons 
with a linear response curve, functioning as a kind of coincidence detector. Each 
neuron exerted either positive or negative feedback onto itself, and in some cases 
positive or negative feedforward to the neurons of the next layer. Present study 
suggests that a balance between negative feedforward and positive feedback would 
control the sensitivity of a neuron to the input, and once a subset of the neurons 
become sensitive or hyperexcitable, neural input does not need to be rigorous or of 
high frequency to induce paroxysmal excitation of the network, but a sparse random 
input could cause a local hyperexcitation which would be transformed into a 
synchronous rhythmic burst of the downstream neurons. This synchronous rhythmic 
burst would terminate spontaneously as the real seizure discharge would. As for the 
intenctal discharge or a focal EEG spike, firing threshold of the last layer neurons 
(cortical neurons) was suggested to play an important role. It was also implied that 
the non-linear property of the whole network did not arise from the non-linearity of 
the individual neurons but rather from the presence of feedback loop.

643.4
SPONTANEOUS AND ARTIFICIAL ACTIVATION OF NEOCORTICAL 
SEIZURES. F. Amzica* and M. Steriade, Lab. Neurophysiol., Sch. Med., Laval 
University, Quebec, Canada G1K 7P4.

First, we tested the excitability of neocortical neurons from association areas 5-7 of 
anesthetized cats during spontaneously occurring seizures with spike-wave (SW) com-
plexes at 2-3 Hz. Cortical as well as thalamic stimuli triggered isolated paroxysmal 
depolarizing shifts (PDSs) that eventually developed into SW seizures. PDSs could be 
elicited by cortical or thalamic volleys only during the "wave"-related hyperpolariza-
tion of neurons, but not during the "spike"-related depolarization because of a large 
increase in conductance. The latencies of evoked EPSPs progressively decreased, and 
their slope and depolarization surface increased, from the control period preceding the 
seizure to the climax of paroxysm. Second, we investigated the activation of spike- 
wave (SW) seizures in a seizure-prone neocortex by means of electrical stimuli applied 
within the frequency range of spontaneous sleep oscillations. Stimuli were grouped in 
pulse-trains at 10 Hz and repeated every 2 s, to reproduce the rhythmic recurrence of 
spindles imposed by the slow (<1 Hz) sleep oscillation. Either cortical or thalamic 
stimuli, which were applied while the cortex displayed sleep-like activity, gradually 
induced paroxysmal responses in intracellularly recorded neocortical neurons, which 
were virtually identical to those of spontaneous seizures and consisted of a progressive 
build-up of PDSs. The ability of cortical networks to follow stimuli was tested at vari-
ous stimulation frequencies (1-3 Hz) and quantified by calculating the entropy of the 
ensuing oscillation. Rhythmic PDSs were optimally induced, and the lowest entropy 
was generated, at a stimulation frequency around 1.5 Hz. Fast runs at 10-20 Hz, which 
often override PDSs, thus contributing to the polyspike-wave pattern of seizures, were 
induced by cortical stimuli, but were disturbed by thalamic stimuli. Spontaneous sei-
zures generally evolved towards an accelerated discharge of PDSs. It is suggested that 
these accelerating trends during SW seizures act as a protective mechanism by pro-
voking the uncoupling of cortical networks and eventually arresting the seizure.

Supported by the MRC of Canada and FRSQ.

643.5

HAVE EPILEPSY AND ANXIETY A COMMON GENETIC BASIS? 
GENETIC CORRELATION ESTIMATED FROM INBRED STRAINS. 
B, Martin- and V, Larrigaldie. (SPON: International Behavioural and 
Neural Genetics Society) CNRS UPR 9074, G6n6tique - 
Neurog£n£tique - Comportement, 3b rue de la F€rollerie, 45071 Orleans 
Cedex 02, France.

Many pharmacological studies have shown that the GABAergic 
receptor is involved in anxiogenic and convulsant processes. 
Benzodiazepines are known to produce anxiolytic, anti-convulsant and 
myorelaxant effects by increasing the frequency of the chloride channel 
opening at the GABA-A receptor. In order to quantify the genetic 
overlap of mechanisms underlying epilepsy and anxiety related to the 
GABA-A receptor, we simultaneously utilized a pharmacological model 
of epilepsy, a tail-vein infusion protocol, and a behavioral model of 
anxiety, the plus-maze. Inbred strains of mice were used in the 
experiment. We measured the duration of time spent and the number of 
entries in the open/closed arms in a classical elevated plus-maze test. 
Fifteen days later, we operated a tail-vein infusion of methyl-B- 
carboline-3-carboxylate (B-CCM), a B-carboline compound (inverse 
agonists family), for which we scored the duration to obtain the myo-
clonic seizure. A calculation of a genetic correlation value was performed 
based on the model of Possidente and Hegmann, which takes into 
account the between- and within- variances.
Supported by CNRS.

643.6
INFLUENCE OF Mg4* OMISSION ON STIMULUS EVOKED NEURONAL 
DEPOLARIZATIONS IN HIPPOCAMPAL CA1 REGION (RECORDINGS 
WITH VOLTAGE SENSITIVE DYES) E.-J, Speckmann1*, U. Kuhnt2, J, Hbhling1,
H. Straub1, R, Kohling1. B. Albowitz1. 'inst. f. Physiologie, Univ., 48149 MUnster; 
2Max-Planck-Inst. f. Biophysikalische Chemie, 37077 Gottingen; Germany

Omission of Mg44 from the superfusate is known to elicit epileptiform activity in 
hippocampal slices which can be blocked by organic calcium channel antagonists, 
e.g. by verapamil. The intimate machanisms of that were further studied by 
recordings of membrane potential changes with a voltage sensitive dye.

Experiments were carried out in transversal hippocampal slices (400 pm; n=6) 
of adult rats. Tissue was exposed to the voltage sensitive dye RH 795 (2 mmol/1 
Ca44; 12.5 pg/ml) for 1 h. Electrical stimuli (ST) were applied to the Schaffer 
collaterals (stimulus intensity to give maximal bioelectrical potentials; interstimulus 
intervals: 10 s) and fluorescence signals detected in the different layers of the CA1 
region (NeuroPlex imaging system). Amplitudes (peak and 100 ms after ST) of 
changes in fluorescence were evaluated.

Omission of Mg44- from the control superfusate did not change the peak 
amplitudes of the stimulus evoked depolarizations (fractions: Str.or. 1.16, Str.pyr.
I. 13, Str.rad.prox. 1.04, Str.rad.dist. 0.99, Str.lac.mol. 0.96) but increased 
amplitudes 100 ms after ST (fractions: Str.or. 5.04, Str.pyr. 12.85, Str.rad.prox. 
21.86, Str.rad.dist. 10.28, Str.lac.mol. 5.93). Verapamil (40 gmol/1; 70-14Q min) 
decreased both the peak and the 100 ms after ST amplitudes (fractions ranging from 
0.26 to 0.56).

Omission of Mg44 enhances the depolarizations in duration, leaving their peak 
amplitudes unchanged; the depolarizations are sensitive to L-type calcium channel 
blockade.

Supported by DFG Sp 108/16-1.
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643.7
INCREASED SUSCEPTIBILITY TO FLUROTHYL-INDUCED GENERALIZED 
SEIZURES AFTER IMMUNOLESIONS TO CHOLINERGIC NEURONS IN THE 
BASAL FOREBRAIN. D.C. Silveira *( 1L G.L. Holmes (1), S.C. Schachter (2\ C. 
Geula (21 D.L. Schomer (2). (1) Dept. of Neurology, Children’s Hospital and Harvard 
University, Boston, MA 02115; (2) Dept. of Neurology, Beth Israel Deaconess 
Medical Center and Harvard Medical School, Boston, MA 02115.

Intracerebroventricular (icv) injections of toxin 192 IgG-saporin produce almost 
complete loss of cholinergic neurons in the basal forebrain (BF) with extensive 
dennervation throughout the neocortex and hippocampus. The association among 
epilepsy and BF cholinergic neurons, which are involved in learning and memory 
processes, remains unclear. Intraperitoneal injections of pilocarpine, a cholinergic 
agonist, elicit seizures. Seizures alter the expression of hippocampal muscarinic 
receptors in human epilepsy. Immunolesions to BF cholinergic neurons increase the 
number of generalized seizures induced by rapid amygdaloid kindling. We 
investigated whether BF cholinergic neurons influence the expression of generalized 
seizures in model of generalized epilepsy. Adult male rats received icv injections of 
toxin 192-IgG-saporin (lesioned group) or saline (control group). Following 30 days of 
icv injections both lesioned and control rats were submitted to flurothyl 
administration. The latency of onset for the first myoclonic jerk, bilateral forelimb 
clonus, and tonic seizures were recorded. In addition, the hidden platform version of 
the Morris water maze was used to assess spatial learning and memory. Brain tissue 
was processed for acetylcholinesterase activity using sensitive histochemical method. 
Lesioned rats had significantly (p<0.05) shorter latency of onset of tonic seizures than 
control rats. Spatial learning and memory was significantly (p<0.05) reduced in 
lesioned animals compared to controls. These preliminary results indicate that 
immunolesions to cholinergic neurons in the BF increase the susceptibility to seizures 
induced by flurothyl. Thus, it appears that BF cholinergic neurons participate in the 
modulation of generalized seizures in both limbic and generalized epilepsy in rats.

643.8

CORTICAL ACTIVITY IN A GENETIC MODEL OF ABSENCE EPILESPY
N. Leresche, S, Charpier*, S. Mahon#, J-M, Deniau#, and V. Crunelli®.
Neurobiologie Cellulaire and #Neurochimie-Anatomie, Institut des Neurosciences, 
Universite Pierre et Marie Curie, Paris, France and @Physiology Unit, Cardiff School 
of Biosciences, Cardiff University, Cardiff CF1 1SS, UK.

In vivo intracellular recordings were performed from 46 neurones located in layers
III-V of the oro-facial motor cortex in the "Genetic Absence Epilepsy Rats from 
Strasbourg" (GAERS). During spontaneous spike and wave discharges (SWDs) the 
power spectra analysis of the EEG showed a dominant frequency of 7.5±0.8 Hz 
(mean±s.d.) (n=26). The resting membrane potential and steady-state input 
resistance were -58±5 mV and 27±8 MQ (n=30), respectively.

The intracellular activity recorded using KAc-filled microelectrodes (n=41) 
consisted of rhythmic depolarizations that occurred at the same frequency as the one 
of SWDs. The amplitude, but not the frequency, of these rhythmic depolarizations 
increased or decreased when the neurone was hyperpolarized or depolarized by DC 
injection, respectively. Multiples peaks which could lead to the firing of 1 to 3 action 
potentials often crowned the rhythmic depolarizations. This oscillatory behaviour 
was superimposed on a small tonic hyperpolarization present throughout a SWD. 
The input resistance measured during a SWD was higher (32±9%, n=5) that the one 
recorded during the inter-SWDs periods. Antidromic activation from the 
contralateral striatum, during inter-SWDs periods, evoked a fast IPSP followed by a 
slow long lasting IPSP, reminiscent of a GABAa  and a GABAb IPSP, respectively, 
recorded in normal (i.e. non-epileptic) rats.

The tonic hyperpolarization appeared to be unaffected by recording with KC1- 
filled microelectrodes (n=5), while the number of action potentials evoked by the 
rhythmic depolarization was increased compared to those observed when recording 
with KAc electrode.

Supported by the Wellcome Trust (grant 37089-98), CNRS and EU (Biomed 2).

643.9

EFFECTS OF HYPERTHERMIA ON HIPPOCAMPAL EXCITABILITY IN 
THE URETHANE ANESTHETIZED ADULT RAT. M.T, Liebregts*. R.S. 
McLachlan. andLS. Leung. Dept. of Clinical Neurological Sciences and 
Physiology and Neuroscience Program, Univ. of Western Ontario; London, 
Ontario, N6A 5A5.

We hypothesize that a change in hippocampal excitability in vivo with 
temperature may promote febrile seizures. Adult male Long-Evans rats were 
anesthetized with urethane and field responses were recorded in the dentate gyrus 
(DG) following medial perforant path stimulation and in CA1 following C A3 
stimulation. Paired-pulses at 20 -200 ms interpulse interval (IPI) were delivered, 
typically at 3 X the first-pulse population spike (Pl) threshold. In the DG, the 
amplitude and latency of the first population spike (Pl) were significantly 
(p< 0.05) smaller during hyperthermia than at physiological temperatures. A 2- 
Factor repeated ANOVA revealed a significant DECREASE (p<0.02) in the ratio 
of the second population spike (P2) to the first population spike (P2/P1) during 
moderate hyperthermia (38.5C-39.5C) and severe hyperthermia (39.5-41C). 
Preliminary data indicate that the CA1 response following CA3 stimulation also 
showed a decrease in Pl amplitude and latency with hyperthermia. However, in 
contrast to the DG, moderate hyperthermia resulted in an INCREASE in P2/P1 in 
CA1 at 20-200ms IPI. Single pulse stimulation did not result in population spike 
bursts in CA1 or DG during normothermia or hyperthermia.

The above preliminary data suggest that GABAergic inhibition was increased 
in the DG but decreased in CA1 during hyperthermia in the adult urethane- 
anesthetized rat. Opposite changes in DG and CA1 paired-pulse response were 
previously reported in low Ca2+ medium and following hippocampal kindling. 
(Supported by NSERC).

643.10

ELECTRICAL AND OPTICAL PROPERTIES OF THE HUMAN EPILEPTIC 
NEOCORTICAL SLICES. R. Ceme* and M.M. Haglund. Departments 
of Surgery (Neurosurgery) and Neurobioiogy, Duke Univ. Med. Ctr., 
Durham, NC 27710.

Samples of human neocortical tissue were obtained during surgical 
resections of temporal lobe for treatment of intractable epilepsy. Optical 
imaging of intrinsic signal was combined with whole-cell voltage recordings 
from visually identified cortical neurons to study the properties of the 
epileptic slice preparation.

The passive and the active electrical properties of individual pyramidal 
neurons were similar to the ones described with sharp electrodes in the slices 
of epileptic cortex, and did not differ from the ones recorded in the slices 
from the human non-epileptic tissue. We have not observed spontaneous 
epileptiform behavior in any of the recorded neurons. To explore for the 
possibility that the epileptiform activity results from abnormal group behavior 
of neocortical neurons, we employed the technique of imaging of the intrinsic 
optical signal (IOS). When the cortical slices were excited by the electrical 
stimulation of the deep layers of the gray matter, the areas of positive IOS 
mapped the areas of the increased neuronal excitatory activity recorded 
intracellularly. However, in the absence of electrical stimulation, we did not 
observe any spontaneous areas of positive IOS in the slices from epileptic 
patients. Such spontaneously active areas of positive IOS were induced in the 
same slices by perfusion with a GABAA inhibitor Bicuculline (5 pM) and 
corresponded to paroxysmal depolarization shifts and ictal-like episodes 
recorded intracellularly. Supported by NIH K08-01828 and a Sloan 
Foundation Fellowship to MMH.

643.11

STIMULATION OF THE SUBDIAPHRAGMATIC VAGUS NERVE TO 
SUPPRESS GENERALIZED SEIZURES IN THE RAT. S.E. Krahl*, S. 
Senanavake, & A. Handforth. Neurology Service, West Los Angeles VA 
Medical Center, 11301 Wilshire Boulevard, Los Angeles, CA 90073.

Vagus nerve stimulation (VNS) is now an accepted clinical therapy for 
seizures that do not respond to anti-epileptic drugs. Currently, VNS is applied 
to the left cervical vagal trunk, which contains fibers from the recurrent 
laryngeal, cardiopulmonary, and subdiaphragmatic vagal branches. The most 
common side effect of VNS is hoarseness, probably as a result of recurrent 
laryngeal fiber activation. If seizure suppression could still be obtained 
through stimulation of a lesser branch of the vagus nerve, then side effects 
may be minimized. Stimulation of the subdiaphragmatic branch is a logical 
alternative to cervical VNS since the cardiac and voice-related side effects 
associated with stimulation of cardiopulmonary and recurrent laryngeal 
branches is avoided.

A cuff electrode was implanted on the ventral (left) subdiaphragmatic 
vagal branch of Sprague Dawley rats. After two days, continuous VNS (0.5- 
ms, 1-mA pulses at 20 Hz) or sham stimulation was applied, and seizures 
were induced with pentylenetetrazol (60 mg/kg, i.p.). The reciprocal treatment 
was given 48 hours later so that each rat acted as its own control.

Subdiaphragmatic VNS significantly reduced seizure severity compared 
to baseline. This reduction was comparable to that obtained with cervical 
VNS in previous experiments, suggesting that subdiaphragmatic VNS is a 
viable alternative to cervical VNS for the treatment of intractable seizures.

This work was supported in part by VA Merit Awards (A.H., S.E.K.) 
and a research grant from the Epilepsy Foundation of America (S.E.K.).

643.12
GABA MEDIATED ANTICONVULSANT ACTION IN NUCLEUS TRACTUS 
SOLITARIUS (NTS): EFFECT OF PHENYTOIN PRETREATMENT.
B.R. Walker* and K. Gale. Department of Pharmacology and 
Interdisciplinary Program in Neuroscience, Georgetown University 
Medical Center, Washington DC, 20007.

Brainstem circuitry is thought to act as a substrate for some of the 
anticonvulsant effects of phenytoin. Recently, we found that inhibition 
within the NTS, an important medullary relay station for ascending vagus 
nerve projections, is anticonvulsant. In the present study, we examined 
whether the anticonvulsant effects of focal muscimol (256 pmol) 
application in mediocaudal NTS are still manifest in rats pretreated with 
phenytoin (60 mg/kg). Seizures were induced with pentylenetetrazol 
(PTZ; 50mg/kg, ip). Phenytoin alone partially attenuated the PTZ 
seizures, while in the presence of phenytoin, muscimol infusions into the 
NTS suppressed limbic motor seizure components leaving myoclonic 
jerks. The net seizure suppression produced by muscimol in the NTS was 
equivalent of that obtained in the absence of phenytoin. These results 
suggest that inhibition of NTS provides a mechanism of anticonvulsant 
action that is independent of the anticonvulsant effect of phenytoin. 
Moreover, seizures that are resistant to phenytoin are subject to control 
by inhibition within the NTS. These results with inhibition of NTS maybe 
analogous to the clinical effects of vagal nerve stimulation (VNS), which 
have been found to control phenytoin refractory seizures.

Supported by NIH F32NS10720 (BRW), Grant # NS20576 and 
Fellowship support from Cyberonics, Inc.
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643.13
LOCALIZATION OF THE ANTICONVULSANT EFFECT OF 
SEROTONIN IN THE GENETICALLY EPILEPSY-PRONE RAT.
M, A. Merrill*1, R. W; Cfough1, J, W, Dailey2, P. Q. tabs2 and R. A. Browning1.
'Southern Illinois University, School of Medicine, Carbondale, IL 62901 and 
2University of Illinois, College of Medicine, Peoria, IL 61656.

Serotonin (5-HT) is known to suppress audiogenic seizures (AGS) in the 
Genetically Epilepsy-Prone Rat (GEPR). GEPRs have an innate deficit in brain 5- 
HT content and fluoxetine exerts a 5-HT dependent attenuation of AGS in severe 
seizure GEPR-9s. Previous studies in our laboratory have demonstrated that 
widespread depletion of CNS 5-HT via intracerebroventricular infusion of 5,7- 
dihydroxytryptamine (5,7-DHT) increases seizure severity in moderate seizure 
GEPR-3s and interferes with the anticonvulsant action of fluoxetine in GEPR-9s. 
Regional brain 5-HT depletion by midbrain or intracistemal infusion of 5,7-DHT 
suggested that the anticonvulsant action of 5-HT resides within the brainstem but 
did not exclude a site within the forebrain or spinal cord (Neurosci. Abst. 23: 2419, 
1997). The present study extended these findings by examining the effect of 
selective forebrain or spinal cord 5-HT depletion on the anticonvulsant action of 
fluoxetine (30 mg/kg; i.p.) in female GEPR-9s. Forebrain 5-HT depletion was 
accomplished by infusion of 5,7-DHT into the medial forebrain bundle (MFB; 6 pg 
bilaterally), while selective spinal cord depletion was achieved by intrathecal (IT) 
infusion of 5,7-DHT (20 pg). The MFB treatment with 5,7-DHT produced a 75- 
90% depletion in forebrain 5-HT with little or no effect on structures caudal to the 
diencephalon but failed to alter the anticonvulsant effect of fluoxetine in GEPR-9s. 
The IT treatment with 5,7-DHT selectively depleted spinal cord 5-HT (70-85%) 
without affecting the anticonvulsant action of fluoxetine in GEPR-9s. These 
findings provide evidence that the site at which 5-HT acts to attenuate AGS is not 
located in the forebrain or the spinal cord and support the concept that 5-HT reduces 
AGS severity by acting in the brainstem. (Supported by SIUC & UICOMP)

643.14

EPILEPTOGENESIS AND NEURONAL PLASTICITY CHANGES ARE 
ASSOCIATED WITH PERSISTENT ELEVATIONS IN AP-1 DNA BINDING AND 
EXPRESSION OF AFOSB IN AN IN VIVO MODEL OF TEMPORAL LOBE 
EPILEPSY (TLE). T.A. Morris*, N Jafari and R.J, DeLorenzo. Dept. of 
Neurology, Virginia Commonwealth Univ., Richmond, VA 23298.

Epilepsy is a type of altered neuronal excitability and plasticity that has 
similarities to long term potentiation (LTP). The initiation of LTP requires Ca2+ 
entry through NMDA receptors (NMDAR) and transcriptional activation. 
Epileptogenesis has also been shown to require NMDAR/Ca2+ entry, but the role 
of transcriptional alterations is unknown. We have hypothesized that persistent 
changes in epilepsy should require transcriptional alterations that would be 
regulated by transcription factors (DeLorenzo and Morris, 1999). Using the 
pilocarpine-treated rat model of epilepsy, we have previously found lasting 
elevations in serum response factor (SRF) DNA binding and expression. In this 
work, we found that AP-1, a transcription factor complex that is regulated by 
SRF, was also upregulated in this model of TLE. Two specific AP-1/DNA 
complexes were significantly elevated for up to 8 weeks (93 and 59% above 
control animals). This elevation required NMDAR activity during 
epileptogenesis. Treatment of epileptic rats with anticonvulsants did not 
diminish this elevation. The two specific AP-1/DNA complexes were found to 
contain fos and jun family proteins by super-shift assays. A truncated form of 
FosB, AFosB, which has been implicated in other models of neuronal plasticity, 
was found to be significantly elevated at 8 weeks by Western blotting. 
Immunohistochemical staining for AFosB was detected in hippocampal neurons 
of epileptic rats and was not seen in control rats. Changes in these transcription 
factors may underlie the persistent plasticity alterations that occur in epilepsy.

Supported in part by an NIH RO1 Grant NS23350 to RJD and an Epilepsy 
Foundation of America Fellowship to TAM

643.15

IN VIVO SINGLE UNIT RECORDINGS OF PIRIFORM CORTEX NEURONS 
IN AMYGDALA-KINDLED RATS. M. Gernert*, P. Bloms-Funke, U. Ebert, 
W. LOscher. Dept. of Pharmacology, Toxicology, and Pharmacy, School of 
Veterinary Medicine, Bunteweg 17, D-30559 Hannover, Germany.

The primary olfactory or piriform cortex (PC) seems to be critically involved 
in the development and propagation of limbic kindling and other types of limbic 
epileptogenesis leading to complex partial seizures, i.e. the most common 
type of seizures in human epilepsy. Neurophysiological studies in vitro on PC 
or amygdala/PC slices from amygdala-kindled rats and in vivo on PC neurons 
of freely moving kindled rats revealed long-lasting enhanced firing activity of 
ipsilateral PC neurons, probably due to impaired function of GABAergic 
interneurons. The aim of the present study was to further investigate long- 
lasting functional changes of PC neurons in vivo including the firing pattern 
and sensitivity to pharmacological manipulations.
Single unit recordings from ipsilateral PC neurons were performed on fully 
amygdala-kindled female Wistar rats at least 4 weeks after the last stage 5 
seizure. Age-matched sham-kindled and naive rats served as controls. 
Glutamate, NMDA and GABA were applied microiontophoretically. Animals 
were anesthetized using propofol during surgical preparation and 
fentanyl/gallamine during neuronal recordings.
In fully kindled rats, ipsilateral PC neurons, presumably GABAergic 
interneurons, showed no significant changes in the spontaneous single unit 
activity compared to controls. Preliminary data of the microiontophoretic 
applications also failed to reveal significant intergroup differences yet.
The absence of long-lasting functional changes of PC neurons in kindled rats 
was unexpected. We are now concentrating on recordings from a highly 
stimulation-sensitive PC locus, i.e. from the transition zone between anterior 
and posterior PC, where a long-term reduction of GABA-immunoreactive 
neurons has been described recently. Supported by the DFG.

643.16

EFFECT OF SELECTIVE BILATERAL LESIONS OF DIFFERENT PARTS 
OF THE PIRIFORM CORTEX ON AMYGDALA KINDLING IN RATS.
K. Schwabe, U. Ebert and W. Loscher (SPON: European Neuroscience 
Association). Dept. of Pharmacology, Toxicology and Pharmacy, School of 
Veterinary Medicine, Bunteweg 17, D-30559 Hannover, Germany

The primary olfactory or piriform cortex (PC) seems to be involved in the 
development and propagation of forebrain (limbic type) seizures. All parts of the PC 
are very sensitive to kindling, i.e. the induction of limbic epileptogenesis by 
repeated electrical stimulation. The afterdischarge threshold (ADT) of a small area 
in the anterior part of the posterior (central) PC was found to be lower compared to 
adjacent areas of the PC and the amygdala. In amygdala kindling, large unilateral 
lesions which included this highly sensitive locus increased the ADT and slightly 
retarded kindling. Based on these findings and because of commissural connections 
of the amygdala we studied the effect of more selective bilateral lesions of the 
central PC on amygdala kindling in rats. For comparison, we also investigated the 
effect of selective bilateral lesions in the anterior PC, which is very sensitive to 
microinjections of a small amount of bicuculline, and in the posterior piriform 
cortex. Neuronal lesions were obtained by bilateral microinjections of ibotenate 
(0,8pg in 0,2pl saline) in anaesthetized adult female Wistar rats (n=7-10) using 
stereotaxic methods; controls (n=8-10) received the same amount of vehicle.

The lesions had a volume of about 0,5-1mm3 and usually comprised most of layer 
II and III of die PC and the adjacent endopiriform nucleus. Bilateral lesions in the 
central PC were capable to decrease the kindling rate by 43%. There was a 
significant correlation between the extent of the lesion within layerll/III of the 
central PC and the kindling rate. The cumulative afterdischarge duration to reach 
generalized seizures was significantly longer in rats with lesions (100% above 
control). Lesions in the anterior or posterior cortex did not cause any of these 
effects. The results indicate that the highly sensitive locus in the central PC is part 
of an epileptic network which is important for limbic epileptogenesis by amygdala 
kindling. Supported by DFG

643.17

AMYGDALA KINDLING INDUCES A DECREASE IN BINDING 
TO INSULIN AND INSULIN-LIKE GROWTH FACTOR 
RECEPTORS IN THE HIPPOCAMPUS OF ADULT RATS. L.E. 
Kalynchuk*, M.J. Meaney, R. Quirion, & S, Kar. Douglas Hospital 
Research Center, McGill University, Montreal, QC, Canada, H4H 1R3.

Kindling is a widely studied animal model of human temporal lobe 
epilepsy. The neural excitability characteristic of kindling has been 
linked to structural alterations such as mossy fibre sprouting and 
synaptic reorganization within the hippocampus. Although the 
mechanisms underlying these structural alterations are not well 
understood, recent evidence suggests that growth factors may play a key 
role. Insulin and insulin-like growth factors -I and -II (IGF -I/-II) are 
structurally related pleiotropic growth factors known to be involved in 
neural growth and differentiation. The purpose of this study was to 
investigate the effect of kindling on [l2T]insulin, [125I]IGF-I, and 
[125I]IGF-II receptor binding in the hippocampus of adult rats. Rats 
received either 20, 60, or 100 kindling or sham stimulations. Then, they 
were sacrificed and their brains were processed for [125I]insulin, [125I]IGF- 
I, and [125I]IGF-II binding using in vitro receptor autoradiography. In 
general, as the kindled rats received more stimulations, they displayed a 
progressive decrease in binding to the insulin, IGF-I, and IGF-II 
receptors in all hippocampal regions. Specifically, the kindled rats 
displayed significantly less binding to insulin receptors in the CA1 and 
CA2 regions and to IGF-I receptors in the dentate gyrus and CA2 region 
compared to the sham-stimulated rats. These results suggest that insulin 
and insulin-like growth factors may play a role in mediating the 
structural alterations that occur during the course of kindling. Supported 
by an NSERC PDF to LEK, and MRC grants to MJM and SK.

643.18

SOMATOSTATIN RELEASE IN THE HIPPOCAMPUS IN THE 
KINDLING MODEL OF EPILEPSY: A MICRODIALYSIS STUDY. M 
Simonato1. M. Marti1. G. Bregola1. M. Morari’. L, Beani’*. A. Gemignani2. G.
Bonanno2. ’Dept. Pharmacology, University of Ferrara, Italy; 2Dept.
Pharmacology, University of Genova, Italy.

Somatostatin (SRIF) biosynthesis in the hippocampus is activated during and
following kindling epileptogenesis. Aim of this study was to investigate 
whether this phenomenon translates into enhanced release of SRIF in vivo. 
Experiments have been run in awake, freely-moving rats, implanted with a 
bipolar electrode in the right amygdala (for kindling stimulation), and with a 
recording electrode and a microdialysis probe in the left hippocampus. Basal 
SRIF release was not significantly different in naive and kindled rats. In naive 
rats: a) a 2 min perfusion with 100 mM K+ did not afreet behavior and 
electroencephalographic recordings, but evoked SRIF release (=150% of basal 
levels); b) a 10 min K+ perfusion evoked electrical seizures (class 0; latency 
500±120 s, duration 540±160 s), numerous wet dog shakes and SRIF release 
(=350% of basal); c) a single kindling afterdischarge (6±3 s duration) also 
evoked SRIF release (=200% of basal). In kindled rats: a) a 2 min 100 mM K+ 
perfusion evoked hippocampal discharges in 50% of the animals (latency 
140±90 s, duration 100±10 s) and increased SRIF release (=250% of basal); b) 
a 10 min K+ perfusion evoked class 1 or 2 seizures (latency 200±80 s, duration 
700±200 s) with numerous wet dog shakes and robust SRIF release (=450% of 
basal); c) a kindling stimulation evoked generalized seizures (class 4 or 5, 
82+13 s duration) with remarkable SRIF release (=400% of basal). These data 
demonstrate that SRIF is released during kindled seizures in vivo.
This study was supported by a grant from the MURST of Italy.
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643.19

KINDLED SEIZURES DIFFERENTIALLY-REGULATE SODIUM CHANNEL 
ENCODING mRNAs IN RAT BRAIN. G.D. Pratt1*, A. Nanobashvili2, C. 
Plumpton3, R.M. Hagan1, Z. Kokaia2. 1 Neurosciences Unit, 3Molecular Pharma-
cology Unit, GlaxoWellcome R&D, Stevenage SG1 2NY, UK; 2Restorative 
Neurology Section, Wallenberg Neuroscience Centre, S-22185 Lund, Sweden.

Neuronal voltage-gated sodium channels (NaChs) exist as multiple subtypes, 
with at least four a-subunits and two (3-subunits having been identified. Crucial 
to the physiology of action potential generation and propagation, normal NaCh 
function is compromised during seizure activity, resulting in an increased 
excitability of neurons. The current study has employed in situ hybridization to 
examine the expression of mRNAs encoding NaCh a-subunits I, II, III, VI plus 
p1 and p2-subunits following generalized seizures, elicited using a rapid 
hippocampal kindling paradigm. To assess the temporal nature of seizure- 
induced gene regulation, expression patterns were examined at 2, 4, 12, 24, 
48 hours and 1 week following the last kindled seizure.

Within dentate gyrus granule cells, mRNA expression for a-subunits I, II, III, 
VI, in addition to (32, was down-regulated most markedly up to 4 hours post-
seizure, with levels returning to normal by 48 hours. Conversely, (31 mRNA 
expression was increased for up to 12 hours. In contrast, CA1/CA3 pyramidal 
cells were less susceptible to the effects of seizure activity, although 
decreased subtype VI expression, persisting for 24 hours was observed. This 
transient nature of multiple NaCh gene-encoding plasticity suggests that it 
occurs most likely as a compensatory response to the hyperexcitability within 
the hippocampus, and is unlikely to contribute to the long-term maintenance of 
the kindled state. Of interest is the increase in (31-subunit mRNA expression 
that accompanies reduced expression of the other subunits, which may be 
attributable to the functional role of pi-subunits to promote channel 
inactivation. This is the first report to describe the susceptibility of NaCh gene 
transcripts to kindled seizures.

643.20
THE EFFECT OF CARBENOXOLONE ON EPILEPTIFORM ACTIVITY IN 
THE CA1 REGION OF RAT HIPPOCAMPAL SLICES. F.M. Ross, D, Spanswick 
and S.N. Davies (SPON: British Neuroscience Association) Dept. Biomedical 
Sciences, Institute of Medical Sciences, University of Aberdeen, Foresterhill, 
Aberdeen, AB25 2ZD, Scotland.

An important contributor to the generation of epileptiform activity is the 
synchronization of burst firing in a group of neurones. It has been proposed that 
gap junctions may be important in mediating synchronous activity in neurones.

Hippocampal slices (400pm) were prepared from female Sprague-Dawley rats 
(120-170g). Spontaneous epileptiform activity was generated by perfusing the 
slices with a medium containing no added magnesium and 4-aminopyridine (4-AP) 
(50pM). Carbenoxolone is a mineralocorticoid agonist which also blocks gap 
junctions. Carbenoxolone (lOOpM), perfused for 75 minutes, reduced the 
frequency of spontaneous burst activity. Spironolactone, a mineralcorticosteroid 
antagonist, was used to block the mineralocorticoid action of carbenoxolone. 
Perfusion of spironolactone (IpM) for 15 minutes prior to and during 
carbenoxolone perfusion did not alter the ability of carbenoxolone to depress the 
frequency of spontaneous activity. The incubation of hippocampal slices in 
carbenoxolone for more than one hour in a holding chamber increased the time 
taken for the spontaneous activity to start after change to the zero magnesium/4-AP 
medium. The total number of spontaneous bursts over the first 60 minute period 
was decreased in the same carbenoxolone incubated slices.

The reduced ability to induce spontaneous epileptiform activity combined with 
the depression of established epileptiform activity by carbenoxolone is suggestive of 
the involvement of gap junctions in the synchronization of activity.

We thank the Wellcome Trust and the Epilepsy Research Foundation for support.

GENETIC MODELS IV

644.1
HISTAMINE H1 RECEPTORS IN AMYGDALA NEGATIVELY MODULATE 
AUDIOGENIC KINDLING IN GENETICALLY EPILEPSY-PRONE RATS.
H-J. Feng* and C.L. Faingold. Dept. Pharmacology, Southern Illinois University 
School of Medicine, P.O. Box 19629, Springfield, IL 62794-9629 U.S.A.

Repetition ("kindling") of audiogenic seizures (AGS) results in expansion of 
the seizure network from the brainstem to the forebrain, including the amygdala 
(AMG), in genetically epilepsy-prone rats (GEPR-9s). AGS in kindled GEPR-9S 
exhibit post-tonic clonus (PTC), not seen in non-kindled GEPR-9S. Histamine 
receptors have been reported to be involved in modulating several types of 
seizures, including electrical kindling in the AMG. The role of histamine 
receptors in the AMG of the kindled GEPR-9S is unknown. In the present study, 
histamine was microinjected alone and in combination with the H1 receptor 
antagonist, chlorpheniramine, bilaterally into the AMG of kindled GEPR-9S and 
tested the effects of these drugs on the AGS patterns in these animals. GEPR- 
9s were subjected to AGS kindling, using an electrical bell (122 dB SPL) twice 
daily to induce 14 AGS with scores of 9 on the Jobe AGS severity scale. The 
animals were then anesthetized with ketamine/xylazine (85/3 mg/kg i.p.). Guide 
cannulae (21G) were implanted bilaterally above the AMG. One week later 
histamine (60 nmol/side) was infused (0.25 yl/min) for 2 min through an infusion 
cannula (26G) inserted into each AMG. The duration of PTC was significantly 
reduced 30 min after histamine infusion, and PTC was blocked 24 hr after 
histamine. The seizural behaviors exhibited before kindling were unaffected. 
PTC returned 96 hr after drug treatment. Chlorpheniramine (240 nmol/side) was 
subsequently microinjected into the AMG 10 min before histamine (60 nmol). 
With this drug combination the duration of PTC was not significantly altered 
from that seen before drug treatment. Thus, chlorpheniramine suppressed the 
effect of histamine on PTC in the kindled GEPR-9s. These results suggest that 
histamine in the AMG negatively modulates AGS kindling and that H1 receptors 
are involved in this modulatory action. (Supported by NIH grant NS 21281)

644.2
EXPLORING CHOLINERGIC MODULATIONS IN
ACETYLCHOLINESTERASE OVER-PRODUCING MICE. Farchi N. u Hochner 
B. 1 and Soreq H. * 2 Dept. of Neurobiology1 and Biological Chemistry2, The Life 
Science Institute, The Hebrew university, Jerusalem, Israel

Acetylcholinesterase (AChE) participates in neurogenesis in addition to its role in 
synaptic transmission. Permanent elevation of neuronal AChE, as in over-producing 
transgenic animals, leads to impairments both in their motor performance (mainly 
fatigue) and in their higher brain functions. To explore the physiological 
mechanism(s) underlying the muscle fatigue phenotype, we stimulated the diaphragm 
muscle to contract either directly or via the phrenic nerve. In either case, the extent of 
fatigue developed with time by the transgenic muscles was larger than that of control. 
Under nerve stimulation, transgenic muscle expressed 60% decrement in contraction 
force as compared with 35% for controls. Under direct muscle stimulation, we 
observed 40% vs. 25% decrement, respectively. These results suggest that both 
neuronal and muscular properties contribute towards the induction of muscle fatigue 
in these mice. Transgenic quantal content was 1.46 times higher than that of control, 
reflecting pre-synaptic alterations. This difference was abolished by treatment with 
the anti-cholinesterase, Physostigmine (lOpM), which reduced the quantal content in 
transgenic synapses more drastically. This suggests that excess AChE might cause 
pre-disposition to chemical hypersensitivity. To explore the possible cellular 
mechanism(s) underlying learning and memory impairments in the AChE transgenic 
mice we evaluated glutamategic long-term potentiation (LTP) in the hippocampal 
Schaffer collaterals pathway. Transgenic preparations exhibited a steady decline from 
an initial (215, control like, .facilitation to 130% in 3h. These findings imply that 
alterations in the cholinergic system cause motor and behavioral impairments that 
might be due to the catalytic and non-catalytic features of AChE. Supported by: US 
Army grant DAMD17-97-1-7007 (to H.S.).

644.3

A TWIN STUDY OF HUMAN BRAIN MORPHOMETRY. R. D. Todd? 2* A. 
Heath,12 M. Raichle,3 K.N. Botteron13. Depts. of Psychiatry,1 Genetics2, and 
Radiology,3 Washington University School of Medicine, St. Louis, MO 63110.

Despite the identification of a number of human genetic diseases and the 
isolation of a number of genes from model organisms which affect brain 
morphology, little is known about the mechanisms which produce individual 
differences in brain structure in the general human population. We present data 
here on an initial sample of 57 female twin pairs (33 monozygotic, 24 dizygotic) 
identified from birth records from the State of Missouri. Twins ages 15 to 22 
years completed 3D T1 weighted MPRAGE sagittal acquisition MRI scans. 
Image data were preprocessed with histogram equalization and reformatted to 
standardized stereotactic space using ANALYZE™. Three volumes of different 
magnitude were estimated using the program MEASURE with intra- and inter-
rater reliabilities of >0.95 (ICC). Volumetric data was analyzed as a function of 
twin zygosity using the program Mx. Models including additive genetic, shared 
environmental, and unique environmental factors as well as age effects were 
compared using maximum likelihood statistics. In all cases there were no 
significant shared environmental effects on regional and total brain volumes. 
Under the best fitting models total brain volume and total, left and right 
prefrontal lobe volumes had additive genetic variances of about 25 percent.. 
Models for subgenual prefrontal cortical volume had heritabilities of about 25 
percent on the left and 0 percent on the right. Due to the limited sample size 
studied, 85 percent confidence intervals on these measures are large. These 
initial data suggest that there are moderate additive genetic effects which 
contribute to individual variation in regional and total brain volume in the 
general population of young women. The low heritability for the subgenual 
prefrontal cortex may reflect difficulties defining the margins of this region or a 
mismatch between this region and the underlying heritable, units of brain 
development. Supported by the Dana Foundation, NARSAD and the NIH.

644.4

CHARACTERISTICS AND GENETIC ANALYSIS OF HYDROCEPHALUS IN 
THE H-TX RAT STRAIN. H.C. Jones1*. B.A, Lopman1, T.W. Jones1, J. S. 
Depelteau1, B.J. Carter1, L.M. Morel2, Depts. of Pharmacology1 and Medicine2, Univ. 
Florida, Gainesville, FL 32610-0267.

H-Tx rats with inherited congenital hydrocephalus have been maintained by 
brother-sister mating of non-hydrocephalic offspring for >22 generations. The 
breeding characteristics for the past 3 years have been analyzed. The overall 
frequency Of hydrocephalus was 42% among a total of 2,479 rats but was 
significantly lower in the first litter (27%) than in the 2nd (53%) or 3rd (51%) litters. 
The overall sex ratio was 1:1, but there was a significant deficit of hydrocephalic 
(HC) females over males in the lrt and 2nd litters, and a smaller but significant deficit 
of normal (C) males in the 2nd and 3rd litters. Matings between shunt-treated HC rats 
did not increase the frequency of hydrocephalus (30%).

The objective is to analyze the complex inheritance of hydrocephalus in H-Tx using 
classical linkage and genome scanning techniques. DNA from 21 rats from 8 different 
H-Tx breeding lines, including 9 pairs of C and HC-siblings, has been typed with 38 
microsatellite markers (simple sequence repeats, Research Genetics). Despite 
inbreeding, two breeding lines had residual heterogeneity on 5 different chromosomes 
and rats from 5 lines had heterogeneity on chromosome 7. However, the heterogenic 
loci did not segregate with the phenotype. The origin of H-Tx rats is not known, 
hence test crosses were made with two randomly-chosen inbred strains: Fisher (F344) 
and Lewis (LEW). The results gave no HC offspring among F344 x H-Tx Fi rats 
(n=78), but there were 5 HC among LEW x H-Tx F] rats (n=60). DNA from rats of 
all 3 strains was typed with 46 markers. Polymorphisms were 61% between H-Tx and 
F344 and 50% with LEW suggesting H-Tx is more closely related to LEW than to 
F344. H-Tx x F344-Fi rats were generated and backcrossed to H-Tx rats. DNA from 
the backcross progeny with HC phenotype (110, 11.4%) is now being typed with 
markers to identify the specific loci associated with hydrocephalus. Supported by the 
Rudi Schulte Research Institute and the DPL fund.
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644.5
DARK CELLS AND APOPTOSIS IN HYDROCEPHALIC BRAINS Z.G.Li, H. 
Zhang. F.G. Diaz. G.S.Krause* and J.P. McAllister. Departments of Neurosurgery 
and Emergency Medicine, Wayne State University, School of Medicine, Detroit, 
MI 48201

We have previously characterized dark and shrunken neurons in a kitten 
model of mechanically induced hydrocephalus (HC). The nature, however, of the 
dark neuron is not clear. The objective of this study is to investigate if dark 
neurons also occur in rats with congenital hydrocephalus (HTX-rat), and to 
explore the relationship between apoptotic neurons and dark neurons. Brains from 
HTX rats at 6, 12, and 21 days of age were fixed by intracardiac perfusion of 4% 
paraformaldehyde. Apoptotic neurons were identified by TUNEL assay, and dark 
neurons were identified with Nissl staining. The number of dark cells were 
counted in 20 randomly picked areas (1 mm2 each) within the cerebral cortex and 
hippocampus. The most severe hydrocephalus occurred at 21 days. At this stage, 
shrunken and pyknotic cells were rare, however, the density of dark cells was 
significantly higher (28.0 +/- 2.6 %) than those of age-matched controls (13.0 +/- 
5.0%, P < 0.05). HC animals at 12 and 6 days had fewer dark cells (18.9 +/- 3.5 % 
and 12.0 +/- 0.8 %, respectively) compared to 21 days HC (P < 0.05 and P <0.01, 
respectively). In addition, apoptotic cells are evident at 21 days in the dentate 
gyrus and CA3 hippocampus, choroid plexus and ependymal cells. The TUNEL 
positive neurons in hippocampus were found primarily in the same location as the 
dark cells, whereas the TUNEL positive cells in cortex accounted for only small 
proportion of the dark cells. Our results confirm the appearance of dark cells in 
the brain of congenital hydrocephalus HTX rats, and suggest that a portion of dark 
cells are undergoing apoptotic cell death. Since the majority of dark cell may 
represent surviving neurons, therapeutic approaches aimed at improving function 
of those neuronal cells may contribute to improved management of 
hydrocephalus. Supported in part by the Landee Hydrocephalus Research 
Foundation

644.6
MR QUANTITATION OF T2 AND ADC AT THREE STAGES OF NEONATAL 
RAT HYDROCEPHALUS CM Mohr1*. JD Bui2, HC Jones3, SJ Blackband4, Depts. Nuclear and 
Radiological Eng1, Physiology2, Pharmacology3, Neuroscience4, U. of Florida. Gainesville, the UF Brain 
Institute L2'4 and the National High Magnetic Field Laboratory4, Tallahassee, Florida, USA.

The potential of quantitative magnetic resonance (MR) methodology for diagnostic and 
prognostic evaluation of infantile hydrocephalus has yet to be fully explored. The 
objective of this in vivo study in infant H-Tx rats was to measure T2 (for water 
compartmentation) and apparent diffusion coefficient (ADC, for free water diffusion) at 
three stages of hydrocephalus: 4, 11, and 21 days (P4, Pl 1, P21) or early, intermediate 
and advanced hydrocephalus. Control (C) and hydrocephalic (H) rats were studied at 
each age [P4 and Pl 1: n=8 (C), n=8 (H), P21: n=5 (C), n=4 (H)]. Rats were 
anesthetized and imaged at 4.7T. Sets of T2-weighted and diffusion -weighted images 
were acquired using a RARE sequence and a spin-echo diffusion sequence, the latter 
with 2 diffusion gradient orientations [ADCRL (right-left) and ADCiS (inferior- 
superior)]. Calculated T2, ADCRL, ADCfS and the ratio R=ADCrl /ADCis  were 
measured in 4 ROIs. As anticipated from the normal decline in tissue water content 
with age, T2 decreased significantly with age in all regions in both groups. T2 was 
significantly smaller at P4 in H rats compared to C rats in the posterior cortex and the 
thalamus and was not significantly higher than control at any age. However, the rate of 
decrease in T2 between P4 and Pl 1 was significantly slower for H compared to C rats, 
which is consistent with interstitial edema in early hydrocephalus. These results indicate 
changes in water compartmentation in the H-Tx animal. None of the groups showed any 
significant change in ADCs with age. In advanced hydrocephalus, the ADCRL and R 
were significantly smaller in the thalamus for H rats compared to C rats, suggesting cell 
swelling and increased anisotropy resulting from abnormal myelination. This study 
points to the potential utility of quantitative MR imaging to follow the pathophysiology 
and treatment efficiency of neonatal hydrocephalus. Supported by the Rudi Schulte Research 
Institute, the UF Brain Institute, the CSB. NIH ROI # NS 36992, the AHA .

644.7

IMMUNE DEFICIENCY IN MOUSE MODELS FOR INHERITED 
PERIPHERAL NEUROPATHIES LEADS TO IMPROVED MYELIN 
MAINTENANCE.
C.D. Schmid1’2, M. Stienekemeier1, S. Oehen3, F. Bootz4, J, Zielasek1, R, Gold1, K.V.
Toyka1, M. Schachner5 and R. Martini1,2’*
’Department of Neurology, University of Wiirzburg, D-97080 Wurzburg, Germany; 
department of Neurobioiogy, Swiss Federal Institute of Technology, CH-8093 
Zurich, Switzerland; Institutes of ’Experimental Immunology and of laboratory 

Animal Science, University of Zurich, CH-8092 Zurich, Switzerland; 5Zentrum fur 
Molekulare Neurobiologie, University of Hamburg, D-20246 Hamburg, Germany.

The adhesive cell surface molecule Po is the most abundant glycoprotein in peripheral 
nerve myelin and fulfills pivotal functions during myelin formation and maintenance. 
Mutations in the corresponding gene cause hereditary demyelinating neuropathies. In 
mice heterozygously deficient in Po (Po+‘ mice), an established animal model for a 
subtype of hereditary neuropathies, T-lymphocytes are present in the demyelinating 
nerves. In order to monitor the possible involvement of the immune system in myelin 
pathology, we crossbred Po+' mice with null mutants for the recombination activating 
gene 1 or with mice deficient in the T-cell receptor a-subunit. We found that 
demyelination is less severe in Po+' mice with a deficient immune system. Moreover, 
isolated T-lymphocytes from Po+' mice display a proliferative response to myelin 
components of the peripheral nerve, such as Po, P2 and myelin basic protein. We 
hypothesize that autoreactive immune cells can significantly foster the demyelinating 
phenotype of mice with a primarily genetically based peripheral neuropathy.
Supported by the Swiss National Science Foundation and GemeinnUtzige Hertie- 
Siftung

644.8
DIFFERENT DEATH MECHANISMS MAY BE INVOLVED IN THE DEPLETION 
OF OLIGODENDROCYTES IN THE CEREBRUM AND SPINAL CORD OF THE 
DEMYELINATION MUTANT, IWITCHER. I. Mohri1, M. Taniike1*, N, 
Equchi2, S. Okada1, Y. Urade2, K. Suzuki3. ’Dept. Pediatr., 

Osaka Univ. and2CREST, Japan Sci. Tech. Corp, c/o Osaka Biosci. 

Inst.; Osaka 565-0871, Japan and ’Dept. Path. lab. Med., UNC 

at Chapel Hill; Chapel Hill, NC 27599.
The twitcher is a murine model of human genetic 

demyelinating disease, globoid cell leukodystrophy, caused by 

deficiency of galactosylceramidase. The enzymatic deficiency 
results in an accumulation of psychosine and eventual death 

of oligodendrocytes (OLs). We investigated morphological 
alteration of OLs leading to their depletion in the cerebrum 
and spinal cord of the twitcher at postnatal days (PND) 20-45 
with pi-glutathione-S-transferase immunocyto-chemistry. 

Depletion of OLs in the cerebrum was preceded by irregular 
swelling and subsequent shrinkage of their scma and cellular 

processes. These shrunken OLs were undergoing apoptosis as 
judged by TUNEL-positive staining, EM study and DNA laddering. 

On the contrary, OLs with similar morphological changes and/or 
TUNEL positive OLs were rarely noted in the spinal cord even 

after PND 40 in spite of their decrease in number. The results 

of these studies suggest that regionally different cell death 

mechanism(s) may be involved even under the cannon genetic 

defect. (Supported impart by Grant-in-aid for Scientific Research fran 

Ministry of Education, Science and Culture in Japan.)

INVERTEBRATE LEARNING AND BEHAVIOR IV

645.1

SEROTONIN MODULATES EXCITABILITY AND PATTERNS OF 
INITIATION-SITE ACTIVATION IN AN INTERNEURON CRITICAL FOR 
LEARNING IN THE LEECH. B.D. Burrell1*, C.L. Sahley2 and K.J, Muller1. 
’Dept. Physiology & Biophysics, University of Miami School of Medicine, P.O. 
Box 016430 (R-430), Miami, FL 33101, Dept. Biological Sciences, Purdue 
University, West Lafayette, IN 47907.

In the CNS of the medicinal leech (Hirudo medicinalis'), the single S 
intemeuron in each ganglion is connected to each of its neighboring S-cells by 
electrical synapses. An action potential initiated in one cell will be carried die 
length of the animal along this S-cell chain. While the S-cell is not necessary for 
performance of the whole-body shortening reflex, it is crucial for its behavioral 
plasticity. During sensitization, a form of non-associative learning involving 
potentiation of a behavior following delivery of a noxious stimulus, the S-cell 
firing rate increases during the whole-body shortening reflex and correlates with 
the strength of shortening. It is hypothesized that this increase in activity may be 
the result modulation by serotonin (5HT). The effects of 5HT on S-cell 
excitability were tested in isolated ganglia using a tungsten-wire electrode to 
deliver extracellular stimulus pulses to the intemeuron. This technique permitted 
selective stimulation of the S-cell and was less invasive than penetration with an 
intracellular electrode. Exogenous application of 5HT lowered the impulse 
initiation threshold of the S-cell, and this increase in excitability lasted for over 1 
hr. This period of serotonergic modulation was similar to the duration of 
behavioral facilitation during sensitization. Experiments in high Mg++ Ringers, 
used to block chemical synaptic transmission, confirmed that the observed 
facilitation was a direct effect of 5HT on the S-cell and not the result of activity 
from a second modulatory intemeuron. In addition, preliminary results suggest 
that 5HT increases the number of S-cell initiation sites activated by stimuli that 
induce whole-body shortening, and 5HT may modulate propagation of impulses 
across S-to-S-cell electrical synapses. Supported by NIH grants F32-NS10065 
(BDB) and R01-MH44789 (KJM& CLS).

645.2
OPERANT CONDITIONING IN AN ELEMENTARY ANIMAL MODEL: THE 
LEECH HIRUDO MEDICINALIS. M. Brunelli*. M. L. Zaccardi. R. Mozzachiodi. 
S. Angiolini. S. Duchi and A. Poli. Dip.to Fisiologia e Biochimica “G. Moruzzi”, 
Universita di Pisa, 56127 Pisa, Italia.

Operant conditioning (or instrumental learning) is a complex form of associative 
learning in which the animal learns an association between a response and the 
consequence of that response. Few information are up today available about cellular 
and molecular mechanisms underlying instrumental learning: one of the greatest 
obstacles to the comprehension of these mechanisms is the difficulty to induce this 
complex learning in simple animal models such as Invertebrates.

We have succeeded in inducing a form of instrumental learning in the leech Hirudo 
medicinalis. the simplicity of its central nervous system and the wide range of complex 
behaviors exhibited make this invertebrate an excellent experimental model for 
studying learning and memory. By using neuroethological, electrophysiological and 
neurochemical approaches we have recently obtained very important results that 
enlighten cellular and molecular mechanisms of simple forms of non associative 
learning. Now by using suitable apparatus and adequate training protocols we have 
induced operant conditioning in the leech. We have demonstrated that Hirudo in a 
particular “cross maze” is capable of discriminating cues of different shapes (square 
vs. round) or cues located in different positions (central vs. lateral).

Serotonin (2-KT4 M 5HT) injections make this operant conditioning more effective 
and rapid in the discrimination of cues either of different shapes or in different 
position.

In order to investigate whether the 5HT effect is mediated by a second messenger 
of cAMP type, before the conditioning session we have injected into the animals an 
adenylate cyclase inhibitor (5-KT4 M MDL 12.330A). This treatment prevents the 
onset of learning process and proves that cAMP plays a key role in this kind of short 
term associative learning.
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645.3
A NON-SPIKING INTERNEURON REGULATES THE 

SENSORY INPUT ONTO THE SEROTONERGIC NEURONS IN
THE LEECH.

A.Marfn-Burgin, O. Filevich and L. S/e/.upak*.
Lab de Fisiologfa y Biologfa Molecular , FCEyN UBA. Pabellon II, piso 2.

Ciudad Universitaria. Buenos Aires, Argentina.

Stimulation of the pressure-sensitive mechanosensory (P) neurons 
conveys excitatory input onto the serotonergic Retzius (Rz) cells in the leech 
nervous system, via a polysynaptic pathway. We have investigated the 
physiological role of a non-spiking interneuron, cell 151 in the P-Rz network. 
Cell 151 receives excitatory', as well as inhibitory, inputs from the P cell.
Using isolated leech ganglia we have made simultaneous recordings of cell 151 
and Rz neurons as P cells were stimulated and compared their responses.

In all the recordings, there was a marked correlation between the 
depolarizing phase of the 151 response and the Rz response. Moreover, the 
lowest P stimulus that produced a Rz response always produced a depolarizing 
response in cell 151, and when P cell stimulation produced only 
hyperpolarizing responses in cell 151, Rz showed no response.

The response of the Rz neurons was always delayed with respect to the 
response of cell 151.

Strong hyperpolarization of cell 151 produced a gradual inhibition of 
the response of Rz neurons to P cell stimulation.

The results suggest that cell 151 is a component of the intemeuronal 
layer of the P-Rz network. Since the Rz neurons are the major source of 
serotonin in the leech nervous system, the results imply that serotonin release 
is under the control of a non-spiking neuron.
This project was supported by grant from f undacidn Antorchas and NIH to LS.

645.4
STRUCTURAL PLASTICITY OF TAIL SENSORY NEURONS IN APLYSIA. M.L. 
Wainwright,* H. Zhang, J.H, Byrne, L.J, Cleary, Dept. of Neurobiology and 
Anatomy, Univ. Texas Houston Medical School, Houston, TX 77225.

Sensory neurons in Aplysia have been shown to be sites of structural plasticity 
induced by long-term sensitization of the siphon-gill withdrawal reflex (Bailey and 
Chen, 1983; 1988; 1989) and peripheral nerve injury (Steffensen et al., 1995; Noel et 
al. 1995). We examined structural plasticity in tail sensory neurons following either 
long-term sensitization of the tail-induced siphon withdrawal reflex or injury to 
peripheral nerve P9.

Long-term sensitization training produced a strong unilateral enhancement of the 
tail-induced siphon withdrawal reflex (438% ± 49 vs 138% ± 24; p < 0.001). Changes 
in morphology were modest, however. There was a trend toward an increase in total 
arborization length, number of branch points and number of varicosities, but these 
were not statistically significant. In contrast, unilateral crush of nerve P9 induced 
robust outgrowth. By 10 days after surgery, neurites presumably undergo a substantial 
process of sprouting (Duiin et al., 1995). At this time point, we found that the total 
arborization length of ipsilateral sensory neurons in lesioned animals was increased 
compared to sham controls (28090 pm ± 206 vs. 8658 pm ± 982; p < 0.001). The 
number of varicosities was also increased (311 ± 29 vs. 171 ± 20, p < 0.05). Sensory 
neurons in the contralateral ganglion, which were not physically damaged, also 
responded to the injury. The number of first-order branches and the total number of 
branch points were significantly higher than sham controls (28 ± 5 vs. 15 ± 1; p<0.01 
and 168 ± 44 vs. 74 ± 7; p<0.05, respectively). No differences in cell morphology 
were observed between lesioned animals and sham controls 1 day after surgery.

These results confirm that large-scale changes in sensory neuron morphology can 
be induced, and are not limited to physically damaged neurons. Furthermore, the 
changes induced by injury appear to be qualitatively different from those induced by 
training. However, additional experiments will be required to confirm this hypothesis.

Supported by NIH R01 NS381OO, NS19895, F31 MH12176 and T32 NS07373.

645.5
TGF-pl IN APLYSIA: ROLE IN LONG-TERM CHANGES IN THE 
EXCITABILITY OF SENSORY NEURONS AND DISTRIBUTION OF TGF-pl 
RECEPTOR TYPE-II-LIKE IMMUNOREACTIVITY IN APLYSIA. J. Chin*, A. 
Angers, L.J. Cleary, A. Eskin, and J.H. Byrne, W.M. Keck Center for the 
Neurobiology of Learning and Memory, University of Texas-Houston Medical School, 
Houston, Texas 77030.

Exogenous recombinant human transforming growth factor beta-1 (TGF-J31) 
induces long-term facilitation of Aplysia sensory-motor synapses (Zhang et al, 1997). 
In addition, 5-HT-induced facilitation is blocked by application of a soluble fragment 
of the extracellular portion of the TGF-J31 type II receptor (TpR-II), which presumably 
acts by scavenging an endogenous TGF-Pl-like molecule. Since TpR-II is essential 
for transmembrane signaling by TGF-P (Wrana et al, 1992), we sought to determine 
whether Aplysia tissues contained TPR-II and specifically, whether neurons expressed 
the receptor. Western blot analysis of Aplysia tissue extracts demonstrated the 
presence of a TPR-II-like protein in several tissue types. Two bands of protein were 
detected with apparent molecular weights of 60 and 68 kD, which may represent 
differentially glycosylated forms of the receptor. The expression and distribution of 
TpR-II in the central nervous system was examined by immunohistochemistry to 
elucidate sites which may be responsive to TGF-P 1 and thus may play a role in 
synaptic plasticity. Sensory neurons in the ventral-caudal cluster of the pleural 
ganglion were immunoreactive for TPR-II, as well as many neurons in the pedal, 
abdominal, buccal and cerebral ganglia. Sensory neurons cultured in isolation and co-
cultured sensory and motor neurons were also immunoreactive. We also examined 
whether TGF-Pl affected the biophysical properties of sensory neurons. Treatment of 
cultured sensory neurons with TGF-pl induced an increase in excitability that 
persisted for at least 48 hours. Furthermore, exposure to TGF-pl resulted in a 
reduction in the firing threshold of sensory neurons. These results support a role for 
TGF-P 1 in long-term neuronal plasticity in Aplysia. (supported by NIH fellowship 
F31MH12107-01 to J.C. and NIH grants NS 19895 to J.H.B. and NS28462 to A.E.)

645.6

DIFFERENTIAL MODULATION OF APLYSIA SENSORIMOTOR EPSPS 
DURING BURSTS OF SENSORY NEURON ACTION POTENTIALS. G. A. 
Phares* and J. H. Byrne. W.M. Keck Center for the Neurobiology of Learning and 
Memory, University of Texas-Houston Medical School, Houston, TX 77030.

The efficacy of synaptic transmission at the sensorimotor synapse of Aplysia is 
enhanced by the modulating agents 5-HT and SCPb. This plasticity has been analyzed 
primarily by examining the effects of these agents on EPSPs elicited at relatively low 
frequencies (0.001-1 Hz). However, sensory neurons fire bursts of spikes at much 
higher frequencies in response to moderate to strong stimulation of the skin. We have 
examined whether 5-HT or SCPb have differential effects on EPSPs during a burst of 
presynaptic action potentials.

Tail sensory neurons were stimulated to elicit a train of action potentials at 10 Hz for 
1 sec at an intertrain interval of 10 min. The corresponding trains of EPSPs were 
recorded in tail motor neurons held at -80 mV. Three trains were elicited in high- 
divalent (1.25X Ca2+, 2X Mg2+) artificial sea water (ASW) to monitor the stability of 
the synaptic connection. Ninety seconds before the next train, either ASW (control), 
5-HT (25 pM) or SCPb (20 pM) was added to the bath. EPSPs were normalized to 
the first EPSP of the first train. The normalized EPSPs of the third train in ASW were 
compared to those in the train immediately after addition of the modulator.

During each train in ASW, EPSPs rapidly depressed to about 25% of their initial 
amplitude. 5-HT increased the amplitude of EPSPs throughout a train, whereas SCPb 
only facilitated the first EPSP. Thus, in contrast to their equivalent short-term effects 
on EPSPs elicited by single spikes, the two modulators had very different effects 
during a burst of spikes. Because rapid depression occurs at this synapse, the 5-HT- 
induced facilitation would more effectively enhance reflex responses to moderate to 
strong stimulation of the skin. The mechanisms that underlie the differences between 
the two modulators are under investigation. Supported by NIH grant NS 19895.

645.7

MONOSYNAPTIC CONNECTIONS BETWEEN IDENTIFIED TYPE A AND B 
PHOTORECEPTORS AND INTERNEURONS OF HERMISSENDA'. EVIDENCE 
FOR LABELED-LINES. T. Crow* and L.-M. Tian. Dept. of Neurobiology and 
Anatomy, University of Texas Medical School, Houston, TX 77030.

The conditioned stimulus (CS) pathway in Hermissenda is one-site for the 
expression of cellular correlates of Pavlovian conditioning. Both enhanced 
excitability and synaptic enhancement have been detected in identified photoreceptors 
of conditioned animals (Frysztak and Crow, 1994; 1997), although not all 
photoreceptors express the same conditioning correlates (Crow and Forrester, 1991; 
Frysztak and Crow, 1993). Projections from photoreceptors to second-order neurons 
in the cerebropleural ganglion have been reported (Akaike and Alkon, 1980; Goh and 
Alkon, 1984). However it is not known if projections from identified photoreceptors 
are to different "pools" of intemeurons. Here we provide evidence that monosynaptic 
connections between identified lateral type B photoreceptors and intemeurons follow 
a labeled-line principle. Synaptic connections between identified type A and B 
photoreceptors were examined in isolated ganglia. Illumination and extrinsic current 
evoked IPSPs and EPSPs in different second-order neurons in the cerebropleural 
ganglion. The PSPs followed one-for-one spikes in the photoreceptors and could be 
elicited in high divalent cation solutions. In examples where a monosynaptic 
connection between a lateral type B photoreceptor and a intemeuron was identified 
(N=l 1); lateral type A, medial type A, or medial type B photoreceptors were not 
found to project to the same intemeuron. Moreover, when connections between 
lateral type A and intemeurons were identified, medial type A, lateral type B, or 
medial type B connections were not found to project to the same intemeuron. These 
results provide evidence for a labeled-line between identified type A and B 
photoreceptors and second-order intemeurons in the central nervous system of 
Hermissenda. Supported by grants from NIMH.

645.8

CSP24: A P-THYMOSIN LIKE PROTEIN ASSOCIATED WITH AN 
INTERMEDIATE STAGE OF MEMORY IN HERMISSENDA. J.J. Xue-Bian*, V. 
Siddiqi and T. Crow. Dept. of Neurobiology and Anatomy, University of Texas 
Medical School, Houston, TX 77030.

Studies of the time-dependent development of cellular plasticity following one- 
trial conditioning of Hermissenda have identified multiple stages in the formation of 
memory (Crow and Forrester, 1990; Crow and Siddiqi, 1997; Crow et al., 1996; 
1998; 1999). Different stages of memory detected in the conditioned stimulus (CS) 
pathway of Hermissenda can be dissociated based upon the contribution of mRNA 
synthesis, protein synthesis, and protein kinases (Crow and Forrester, 1990; 1993; 
Crow et al., 1997; Farley and Schuman, 1991; Matzel et al., 1990). We previously 
reported that one-trial conditioning results in the increased phosphorylation of a 24 
kDa protein (CSP24) that is associated with an intermediate stage of memory 
consolidation (Crow et al., 1999). The increased phosphorylation of CSP24 detected 
after one-trial conditioning can be blocked by the protein synthesis inhibitor 
anisomycin.

Here we report the results of a partial sequence of CSP24. Coomassie-stained 
protein from whole nervous systems corresponding to CSP24 was excised from 
multiple 2-D gels. The in-gel digestion protocol was similar to previously published 
procedures (Rosenfeld et al., Analyt. Biochem., 1992). Eluted products were 
subjected to reverse-phase HPLC and automated sequence analysis. The partial 
sequence of CSP24 produced peptides that were similar to the (3-thymosin family of 
actin-binding protein. All known vertebrate and invertebrate P-thymosins bind actin 
monomers (Safer and Chowrashi, 1997). Our results would support a role for P- 
thymosin in cellular plasticity associated with one-trial conditioning by modifications 
in actin assembly/disassembly in neurons of the CS pathway of conditioned animals. 
Supported by grants from NIMH.
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645.9

NON-COINCIDENCE LEARNING IN HERMISSENDA'. IONIC BASES 
OF DECREASED EXCITABILITY OF TYPE B PHOTORECEPTORS. I 
Farley*. H, Huang, and J. I, Kim, Program in Neural Science, Indiana University, 
Bloomington, IN 47405.

Previous research from this laboratory has demonstrated that exposure of 
Hermissenda to explicitly-unpaired (EU) presentations of light and rotation 
results in animals learning that light signals the absence of rotation, as reflected in 
a variety of behavioral measures. Neural correlates of this example of non-
coincidence learning are found in ocular Type B photoreceptors of EU-trained 
animals, which respond to light with diminished generator potentials and action 
potential frequencies, 1-2 days following training. In the present study, 
intracellular recordings from synaptically-isolated Type B cells of EU-trained 
animals confirmed our previous observations of reductions in light-responses of 
synaptically-intact cells, indicating that the changes are largely due to endogenous 
ionic conductance systems. The steady-state light response of B cells from EU- 
animals was ~ 60% of that of untrained controls, regardless of the state of light- 
adaptation. Voltage-clamp measurements of the transient (I J and delayed (I^yed) 
components of somatic K+ current of Type B cells revealed these currents to be 
larger by ~32% and ~85%, respectively, in animals from EU vs. untrained cells. 
The enhanced K+ currents of EU-trained cells were accompanied by 6 and 12 mV 
hyperpolarizing shifts in the current-voltage curves for IA and 1, 
respectively, but no obvious changes in voltage-dependency, or activation-/ 
inactivation-kinetics. Collectively, our results indicate that whereas pairings of 
light and rotation result in a persistent suppression of B cell K+ currents, unpaired 
presentations result in persistent increases of these same K+ currents.

645.10

PPI INHIBITORS MIMIC AND OCCLUDE LEARNING- 
PRODUCED CHANGES IN HERMISSENDA TYPE B 
PHOTORECEPTOR EXCITABILITY. H. Huang* and J. Farley. 
Program in Neural Science, Indiana University, Bloomington, IN 47405.

Previous research has implicated PKC-mediated phosphorylation of 
somatic K+ channels as crucial for both short- and long-term memory 
formation in Hermissenda Type B photoreceptors. The phosphatases 
responsible for dephosphorylation of these K+ channels have not yet been 
identified. Here, we report that introduction of the PP1/PP2A inhibitor 
calyculin into the photoreceptors depolarizes B cells, occludes the 
cumulative depolarization that normally results from in vitro conditioning 
(pairings of light and hair cell stimulation) and suppresses both the 
transient (I J and delayed (I Delayed) components of somatic K+ current. 
Suppression of IA was accompanied by a 12-13 mV positive shift in the 
current-voltage relation, without appreciable effect on voltage-dependency. 
I Delayed suppression was accompanied by a pronounced change in apparent 
voltage-dependency. The PP2A inhibitor cantharidic acid produced about 
30-40% of the same spectrum of effects produced by calyculin. 
Cyclosporin, an inhibitor of PP2B, failed to depolarize B cells or occlude in 
vitro conditioning. Collectively, our results point to the critical involvement 
of PPI — and possibly PP2A — in the regulation of constitutive 
phosphorylation/dephosphorylation cycles of control of K+ channel 
activities in B cells.

645.11

NON-COINCIDENCE LEARNING IN HERMISSENDA. RESULTS OF 
SUMMATION TESTS FOR CONDITIONED INHIBITION. J, I. Kim* and J. 
Farley. Program in Neural Science, Indiana University, Bloomington, IN 47405.

Previous research from this laboratory has demonstrated that exposure of 
Hermissenda to repeated explicitly-unpaired (EU) presentations of light and rotation 
result in the following persistent training-specific behavioral changes: 1) enhanced 
open-field phototactic behavior, 2) enhanced light-elicited pedal musculature 
expansion responses, and 3) retarded learning when light is subsequently paired 
with rotation. We now report for EU animals that light also inhibits expression of a 
learned association between a chemosensory cue and rotation. Animals in each of 
three training conditions were exposed to an aversive chemosensory conditioning 
procedure in which discrete-trial pairings of scallop extract and rotation resulted in 
equivalent 3-4 fold increases in the bite-strike latencies to scallop for the three 
groups. The three groups also received additional training designed to establish 
different signaling relations between light and rotation. The results of two separate 
replications indicated that: 1) EU animals showed dramatically shorter post-training 
bite-strike latencies to the combination of light and scallop vs. scallop-alone, 2) 
animals exposed to either random presentations of light and rotation (RDM), or no 
training involving light (Home Cage controls), showed approximately equivalent 
response latencies on light + scallop vs. scallop-alone tests. Prior to training, the 
responses of all three groups to the combination of scallop and light was no 
different than that to scallop-alone. Collectively, these summation test results, in 
combination with those described earlier, fulfill the behavioral criteria of 
conditioned inhibitory learning as established for vertebrates. The cellular bases of 
this form of non-coincidence learning are described in the accompanying abstract.

645.12
MORPHOLOGICAL CHANGES OF THE TYPE B PHOTORECEPTOR IN 
HERMISSENDA DUE TO THE IN VITRO CONDITIONING. R. Kawai, K. Nomura, 
A. IJ mono T. Horikoshi and M. Sakakibara*. Lab. of Neurobiol. Engr., Sch. of 
Hightech., Tokai Univ.; Numazu 410-0395, Shizuoka, Japan

The marine mollusk, Hermissenda crassicornis, is well known to be capable of 
the associative learning between the sequential events of light and vestibular 
turbulence. Many physiological and biochemical characteristics found in the type B 
photoreceptor from the in-vivo conditioned animal are also confirmed from the in- 
vitro paired conditioning animals. These are summarized as followings; l)increase of 
the input resistance, 2)cumulative depolarization, 3)decrease of the potassium 
conductance, 4)accumulation of the intracellular calcium, 5)contribution of the 
ryanodine receptor to the increase of the cytosolic calcium, 6)increase of the 
phosphorylated protein. In this study we examined whether the morphological 
changes occurred in the terminal branch of the type B photoreceptor studied by 
Alkon et al., 1990 was also parallel to the physiological changes even in the in-vitro 
conditioning animal. For this purpose we studied two physiological indices, the input 
resistance and LLD (long lasting depolarization) and the two morphological features, 
the enclosing volume and the branching pattern in the type B cell between the in- 
vivo learning acquisition group, in-vitro conditioning group and the two sets of 
control both from in-vivo and in-vitro, naive and light only group. Significant 
increase of the input resistance and LLD in the type B photoreceptor was observed 
following in-vitro conditioning group to which paired presentation of 3s-light and 2s- 
mechanical vibration to the statocyst was totally given 5 times. The type B cell was 
simultaneously stained with 5% lucifer yellow solution and the enclosing volume 
and the 3-dimensional branching pattern was analyzed by confocal microscopy. The 
enclosing volume in in-vivo paired animals was about the half compared to that in 
control, further the volume from the in-vitro animals was intermediate between the 
control and in-vivo group. This study was supported by Grant-in-Aid #07279105 
from the Ministry of Education, Science, Sports and Culture of Japan and from 
NEDO of 98S18-001-2 to MS.

645.13

KINETIC AND PHARMACOLOGICAL PROPERIES OF VOLTAGE-
GATED CALCIUM CURRENTS THAT MEDIATES PRESYNAPTIC 
NEUROTRANSMITTERS RELEASE IN HAIR CELL-PHOTORECEPTOR 
NETWORK IN HERMISSENDA. E. N, Yamoah*. Graduate Program in 
Neuroscience, Department of Cell Biology, Neurobiology and Anatomy, University 
of Cincinnati, Cincinnati, OH. 45267.
Stimulation of the visual and vestibular systems of Hermissenda with paired light 
(CS) and rotation (US) produces a long-term behavioral suppression of the normal 
positive phototactic response elicited by light. This study is part of a series of 
experiments designed to determine pre-synaptic hair cells modulation of neuronal 
plasticity in the vestibular-visual network. The properties of the voltage-gated Ca2+ 
currents that trigger neurotransmitter release in hair cells were studied using 
methods described earlier (Yamoah, 1997; Biophys. 72:193-203). Two distinct 
inward Ca2+ currents, a transient low voltage-activated (ICst) and a sustained high 
voltage-activated (ICm) current, were recorded from hair cells (see Fig). The two 
Ca2+ current subtypes were further distinguished by their differential sensitivity 
towards the organic Ca2+ channel blockers co-conotoxin GVIA and co-agatoxin. The 
functional contribution of these currents in neurotransmitter release as assessed 
from evoked postsynaptic potential and current recordings will be presented.

Supported by the National Science Foundation (IBN-9817196).

645.14
COOPERATIVITY BETWEEN CELL BODIES AND REMOTE 
SYNAPSES IN 5HT-INDUCED LONG-TERM FACILITATION 
AT TAIL SENSORY-MOTOR SYNAPSES IN APLYSIA'. 
REQUIREMENT FOR SYNAPTIC PROTEIN SYNTHESIS.
C, M, Sherff* and T, J. Carew. Yale Univ., Dept. Psych., New Haven, CT 06520.

Long-term facilitation (LTF, >24h) at tail sensory-motor synapses in the 
pleural-pedal ganglia of Aplysia can be induced by prolonged application of 5HT to
either the sensory neuron cell bodies in the pleural ganglion or to their remote 
synapses in the pedal ganglion (Emptage and Carew, 1993). We have recently 
shown that shorter duration 5HT pulses, which are subthreshold for the induction of 
LTF when applied to only the soma (25 min) or the synapse (5 min), can induce 
LTF when applied together (Sherff and Carew, 1997). The narrow time window (15 
min) during which the synaptic 5HT exposure must be applied in order to interact 
with the somatic 5HT pulse limits the possible cellular mechanisms underlying the 
cooperative effect.

We have begun to examine the molecular requirements for this cooperative 
effect by blocking protein synthesis at either the sensory neuron soma or at the 
synapse during 5HT application. Perfusion of the translational blocker emetine to 
either the somatic or synaptic compartment of a 2-compartment chamber 
significantly reduced LTF when applied to the synapse (24h test: AEPSP = 21.0%, 
n.s.) but not to the soma (24h test: AEPSP = 78.2%, p<0.02), indicating that 
protein synthesis is required only at the synapse during 5HT exposure. Although 
translation at the soma is not required during 5HT for induction of LTF, preliminary 
results (n=4) suggest that it is required later, 1 to 6 h after 5HT.

In summary, our results demonstrate that (1) synaptic protein synthesis is 
induced by a 5 min pulse of 5HT, which alone is subthreshold for LTF induction, 
and (2) this local protein synthesis is necessary for the cooperative induction of LTF 
by coincident 5HT exposure at the soma of the SN and its remote synapses. 
(Supported by NIH grant #MH12004 to CMS and NIMH grant #MH-14-1083 to 
TJC)
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645.15
MECHANISTICALLY DISTINCT FORMS OF INTERMEDIATE- 
TERM FACILITATION AT SENSORIMOTOR SYNAPSES IN 
APLYSIA. M.A. Sutton*1 and T.J. Carew.1’2 Interdepart. Neurosci. Program1 
and Dept. Psych.2, Yale Univ., New Haven, CT 06520.

Different temporal phases of synaptic facilitation are induced by serotonin (5HT) 
at tail sensory neurons (SNs) in Aplysia. A single 5 min pulse of 5HT (lx5HT) 
produces short-term facilitation (STF; <20 min), while 5 spaced pulses (5x5HT) give 
rise to both intermediate-term (ITF; >60 min) and long-term facilitation (LTF; >20 
hrs) (Ghirardi et al., 1995; Mauelshagen et al., 1996). In addition, we recently found 
that lx5HT coincident with SN activation also induces ITF (Sutton et al., 1998).

Here, we examine the requirements of (1) protein synthesis for induction and (2) 
persistent protein kinase A (PKA) activation for expression of ITF induced by either 
5x5HT or lx5HT + SN activation. To investigate protein synthesis, we applied the 
translational inhibitor emetine (100 jiM) 40 min prior to 5HT exposure and 
throughout testing. For 5x5HT, emetine blocked ITF (20 - 65 min tests), but did not 
affect ITF with lx5HT + SN activation (p < 0.05, all tests).

Since, in SNs, 5x5HT induces translationally-dependent persistant PKA 
activation in the IT domain (Muller and Carew, 1998), we next applied the PKA 
inhibitor KT 5720 (10 gM) after ITF was induced. Blocking PKA after 5x5HT 
eliminated ITF expression (50, 65 min tests), but did not block the expression of ITF 
induced by lx5HT + SN activation (p < 0.05, all tests).

These results reveal two different forms of ITF: One (induced by 5x5HT) requires 
de novo protein synthesis for induction (confirming Ghirardi et al., 1995) and 
persistent PKA activity for expression (consistent with Muller and Carew, 1998), 
while the other (induced by lx5HT + SN activation) has neither of these requirements. 
Thus, ITF induced by lx5HT + SN activation represents a novel and mechanistically 
distinct form of ITF in Aplysia SNs. We are currently exploring the role of other 
second-messengers, such as PKC (Yanow et al., 1998), in the expression of activity- 
dependent ITF.
(Supported by NSERC'PGSB fellowship to MAS and grant MH 41083 to TJC)

645.16
DIFFERENTIAL REGULATION OF THE SIPHON WITHDRAWAL 
REFLEX IN APLYSIA BY THE TEMPORAL AND SPATIAL 
CHARACTERISTICS OF ENVIRONMENTAL STIMULI. T.M. 
Fischer* and T.J, Carew. Dept. Psychology, Yale Univ., New Haven, CT 06520.

These studies explore the nature of environmental control over behavior by 
examining how the regulation of the siphon withdrawal reflex (SWR) in Aplysia 
depends upon either the duration of a stimulus, or its spatial extent on the body 
surface. Experiments were performed on semi-intact preparations consisting of the 
tail, mantle shelf (siphon and gill), and central nervous system. Water turbulence was 
used as an ambient stimulus. SWR responses were evoked by siphon stimulation and 
measured as complex EPSPs in LFS siphon motor neurons.

To explore regulation by the temporal characteristics of a stimulus, we exposed 
preparations to turbulence for either a brief (10 sec) or prolonged (10 min) period; 
responses were measured one min following exposure. Following a brief exposure, a 
significant reduction in evoked responses (from baseline measures) was observed (x= 
-27%, p<.01). However, following prolonged exposure, responses were not different 
from baseline (x=12%, p =.14). Thus, brief stimuli produce a longer-lasting reduction 
in subsequent evoked siphon responses than prolonged stimuli.

To explore regulation by spatial extent of stimulus on the body, we exposed 
either the tail alone (TA), siphon alone (SA), or both together (T+S) to turbulence for 
10 min. Testing occurred in turbulence (one min following onset), and one min 
following offset (recovery). In turbulence, all groups exhibited a significant reduction 
from baseline (p<.05). The reduction was similar in the SA group (x=-47%) and T-t-S 
group (x=-39%); both were significantly different from the TA group (x=-ll%), 
suggesting that the major regulatory influence is via the siphon pathway. However, 
recovery dynamics suggest an influence of the tail pathway as well. One min 
following turbulence, both the T+S and TA groups recovered to baseline levels, 
whereas the SA group was still significantly reduced (x=-20%, p<.05). Thus, tail 
stimulation enhances recovery. Collectively, these results suggest that the spatial and 
temporal characteristics of a complex tactile stimulus may recruit different regulatory 
mechanisms in the SWR. This work was supported by NIH grant MH41803 to TJC.

BIOLOGICAL RHYTHMS AND SLEEP: EXPERIENCE AND ADENOSINE IN SLEEP

646.1
DECREASED SLEEP SPINDLE ACTIVITY IN ASPERGER'S SYNDROME. 
E, Limoges1,2,3, C. Bergeron1?, R. Godbout1,3*, L. Mottron1,2,3, E. Stip1,3.
’Centre de Recherche Fernand-Seguin, Hop. Louis-H. Lafontaine,
2Clinique specialisee de l'autisme, Hop. Riviere-des-Prairies,
3Dep. de Psychiatrie, Universite de Montreal (Quebec) Canada, H1N 3V2. 

Asperger’s syndrome (AS) is a pervasive developmental disorder characterized
by social impairment, restricted and repetitive interests, and a lack of language 
delay. A recent laboratory study of sleep in a case of AS revealed a low 
incidence of sleep spindles over bilateral frontal and central EEG leads (Godbout 
et al., Dreaming 1998; 8: 75-88). The present study investigated phasic sleep 
events (EEG spindles, K complexes and Rapid Eye Movements [REMs]) in a 
group of AS patients (7M, IF; 20.5 ± 5.5 y. o.) and control subjects (7M, IF;
19.8 ± 5.5 y. o.). Participants spent two consecutive nights in a sleep laboratory 
and sleep stages were determined for night 2. Phasic EEG events were quantified 
during stage 2, using the C3 lead; REMs were quantified during REM sleep. AS 
patients showed less sleep spindles (total number and density per min. of stage 2) 
compared to controls (t = -2.5, p < 0.05). K complex and REMs were normal. 
These observations suggest that decreased sleep spindle activity in AS might be 
linked to a defective thalamo-cortical loop, and to disorders of selective attention. 

Supported by the "Fonds de la recherche en sante du Quebec”

646.2
WHISKER ACTIVITY DURING WAKEFULNESS INFLUENCES THE 
EEG DURING SUBSEQUENT SLEEP IN RATS. L, Chen. J. Fang* and 
J.M, Krueger, Dept of VCAPP, Washington State University, Pullman, WA 
99164-6520.

Sleep is hypothesized to be synaptic use-dependent. According to this 
hypothesis, sleep should be influenced by synaptic activity during 
wakefulness. Since rodents use their whiskers heavily and have large cortical 
barrel fields representing their whisker pad, we determined whether the use 
of whiskers during wakefulness could influence EEG patterns during 
subsequent sleep. Eight adult rats were implanted with EMG and 2 pairs of 
EEG electrodes: One pair over the barrel field and Ml motor cortices, and 
the second pair over the visual cortex. After a 24 h baseline sleep recording, 
the rats received a whisker cut contralateral to the barrel field-Ml EEG 
electrodes at dark onset. EEG and EMG were recorded for 24 h again. Sleep 
was scored visually in 10-second epochs. Power spectra of EEG were 
analyzed for each behavioral state. Epochs with noise or artifacts were 
excluded from EEG analyses. Unilateral whisker cut reduced EEG power 
(0.5-4.0 Hz) over the barrel-Ml cortices by 10% (p<0.035) and over the 
visual cortex by 6% (NS) contralateral to the whisker cut during rapid eye 
movement sleep (REMS) for the first 6 h after the whisker cut compared to 
baseline. The EEG power was not significantly altered during non-REMS 
or wakefulness. Sleep duration was not affected by the whisker cut. These 
observations suggest that the synaptic reorganization in the cortex caused by 
the unilateral whisker cut is associated with state specific changes in 
spontaneous local EEG activity. This is consistent with the notion that sleep 
is a local property of small groups of highly interconnected neurons (Behav 
Brain Res 69’ATI 1995). (Supported by NS25378,NS31453 and HD36520.)

646.3
PONTINE STIMULATION INDUCED CHANGES IN MONOAMINE 
RELEASE IN THE SPINAL CORD. T. Kodama*, Y.Y. Lai and J.M. Siegel 
Dept. Psychiatry, School of Medicine, UCLA and Neurobiology Research 151 A3, 
Sepulveda VAMC, North Hills, CA 91343

The Pontine Inhibitory Area (PIA) is a key link in the system responsible for the 
suppression of muscle tone in sleep. Electrical stimulation of the PIA produces 
muscle atonia. Prior studies have emphasized an active postsynaptic inhibitory 
mechanism as the mediator of this reduction of tone after PIA stimulation and in 
REM sleep. The monoaminergic system in the brainstem is known to exert a 
facilitatory effect on spinal motoneurons. We investigated monoamine release in the 
spinal ventral horn during the pontine reticular formation induced atonia using in 
vivo microdialysis and HPLC analysis techniques in the decerebrate cats. Dialysates 
were collected from the lumbosacral ventral horn. Norepinephrine(NE) and 
serotonin(5HT) release were significantly decreased(p<0.05, t-value=2.6, df=16 and 
p<0.05, t-value=2.3, df=34, respectively, t-test) during pontine stimulation (300 ms 
train with 100 Hz, 0.2 ms and 10-40 pA for 5 min.) induced atonia. Dopamine 
release was unchanged during stimulation. We hypothesize that disfacilitation caused 
by decreased NE and 5HT release, in addition to active inhibition, contributes to the 
loss of muscle tone produced by PIA stimulation and the similar loss of tone seen in 
REM sleep.

Supported by HL60296 and HU 1370

646.4
DECREASE IN MONOAMINE RELEASE IN THE HYPOGLOSSAL 
NUCLEUS DURING PONTINE STIMULATION INDUCED MUSCLE 
TONE SUPPRESSION. Y.Y, Lai*, T. Kodama and J.M. Siegel. Department of 
Psychiatry, School of Medicine, UCLA and Neurobiology Research 151 A3,
Sepulveda VAMC, North Hills, CA 91343

Loss of muscle tone in the genioglossus muscle during sleep has been shown to 
trigger obstructive sleep apnea (OSA). The sleep related reduction in muscle tone 
may be due to active inhibition and/or disfacilitation of motoneurons. In the current 
study, we have stimulated the Pontine Inhibitory Area (PIA), a key portion of the 
system responsible for muscle tone suppression in REM sleep. PIA stimulation 
produces a well controlled, short latency muscle tone suppression. We used in vivo 
microdialysis and HPLC techniques in 7 decerebrate cats to assess changes in 
monoamine release during muscle tone suppression. Three hundred msec trains of
0.2 msec pulses were delivered at 100 Hz every 10 sec for 5 min. EMG activity was 
recorded from the genioglossus muscle and diaphragm. Dialysates were collected 
from the hypoglossal nucleus to determine the level of norepinephrine, serotonin and 
dopamine release. Norepinephrine and serotonin, but not dopamine release were 
found to be significantly (p<0.01, t-value=3.2, df=19 and p<0.01, t-value=3.0, df=20, 
respectively, t-test) decreased during PIA stimulation-induced muscle tone suppression. 
We hypothesize that activation of PIA neurons causes the inhibition of neuronal 
activity in the locus coeruleus and raphe nuclei, resulting in a disfacilitation of 
hypoglossal motoneurons and that both disfacilitation and active inhibition contribute 
to the loss of muscle tone triggered by the PIA.

Supported by HL60296 and HL41370
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646.5
CORTICAL DEGENERATIVE CHANGES IN SLEEP DEPRIVED RATS
L. Ramanathan*1,3, S, Gulvani1'3, M, M, Eiland1’3. M, Gilliland2, B.M.

Bergmann2, A. Rechtschaffen2, and J. Siegel1,3. Dept. of Psychiatry, School of 
Medicine., University of California at Los Angeles', University of Chicago2, 
Sepulveda VAMC, North Hills, CA 913433.

Sleep deprived rats exhibit a syndrome of physiological changes including 
disheveled fur, lesions on the paws and tail, weight loss, increased eating, alteration 
in thermoregulation and eventually death. Rechtschaffen, et. al. (1983) found no 
evidence of gross neuroanatomical changes or degeneration. We have used two 
different markers to search for more subtle changes. The amino-cupric-silver stain is 
highly sensitive to a wide range of degenerative changes at the cellular level. 
Ubiquitin-reactive cells can localize areas containing abnormal proteins generated by 
oxidative stress or neurotoxicity. Eleven Sprague Dawley rats were deprived using 
the disk-over-water method for 8-10 days in matched sets (deprived, disk control, 
home caged control). A single matrix containing sets of both experimental and 
control brains were sectioned (40 um) and stained using either amino cupric silver or 
anti-ubiquitin. Previously we reported a significant increase in amino-cupric-silver 
reactive somas in the supraoptic nucleus (SON) of the hypothalamus (one-way 
ANOVA, F=5.11, p<.05). Now we report degenerative changes in cortex, including 
significant increases in amino cupric silver reactive cells in dorsal cortex (one-way 
ANOVA, F=6.94, df=10, p<.02). The number of reactive cortical cells is highly 
correlated with the number of reactive supraoptic cells (r=.85, t=4.78, df=9, p<.005). 
Furthermore, we observed a significant increase in ubiquitin stained cells in dorsal 
cortex (paired t-test, t=-l .97, df=2, p<.001) of sleep deprived rats versus controls. 
However, no difference in ubiquitin staining was found in the SON. The changes 
indicated by these two markers may be responsible for some of the symptoms of 
sleep deprivation.
Research supported by NS14160, MH4151, NS59594, MH18825, and the VA 
Medical Research Service.

646.6
EFFECTS OF REM SLEEP-DEPRIVATION ON BRAIN EXCITABILITY IN WAKE 
ARE NOT MEDIATED BY ALTERATIONS IN THALAMIC NEURONS IR 
Shafferv*1, S.G. Special2, H.P. Roffwarg1 and G.A. Marks2. ‘University of Mississippi, 
Department of Psychiatry, Jackson MS39216-4505,2UT Southwestern Medical School 
at Dallas, TX 75235-9040

Periods of REM sleep-deprivation (RSD) result in an increase in cortical evoked 
responses, thought to be dependent upon increased cortical excitability. RSD, however, 
does not increase excitability in all brain areas. Our previous work demonstrated that 
RSD in monocularly patched (MP) kittens exacerbates soma size changes in lateral 
geniculate nucleus (LGN) beyond that observed after MP alone. This raises the 
possibility that the augmented cell size changes might result from RSD-induced increases 
in LGN efficiency of transfer of information to visual cortex through mechanisms of 
increased excitability in thalamus. We tested this possibility by recording optic 
tract(OT)-evoked field potentials in LGN and predicted an increase in the post-synaptic 
response. 34-day old kittens were implanted with sleep-recording electrodes, including 
one placed in left LGN. The right eye was patched and after seven days of recovery, an 
adaptation day, and a baseline day, RSD was effected for the next seven days by an 
automated system. OT-evoked potentials were recorded in LGN at the same time each 
day in spontaneously occurring bouts of REM, non-REM sleep and wake, once on 
baseline day and again after seven days of RSD. We report here on the results in wake, 
the state during which visual activity is thought to drive soma size changes in LGN. 
Amplitude of the post-synaptic field potential was not altered after seven days of RSD 
in any recorded kitten. LGN excitability did not appear to be affected by RSD. If RSD 
increased the OT-evoked potential in visual cortex, this increased response apparently 
does not involve modification of transfer through the LGN. Increased excitability in 
visual cortex may, in part, explain our previously observed augmented LGN cell size 
changes after RSD in MP kittens. The present results indicate these cells size changes do 
not appear to be due to changes in LGN excitability. Research supported by NS3172Q.

646.7

Sleep  Architecture  Changes  in  Kittens  Deprived  of  Rapid  Eye  
Movement  Sleep  (REMS) by  Computer -Controlled  Mechanical  
Shaking . D. Hogan*. H. P. Roffwarg. and J. P, Shafferv. University of 
Mississippi Medical Center, Jackson MS 39216-4505.

In the course of studying the role of REMS in brain development, we have 
developed an automated REMS deprivation paradigm that utilizes a 
computer to identify REMS in the digitized data from an animal’s 
electrophysiology and initiate a motor that shakes the cage until the animal 
wakes. This effectively deprives the animal of 90-95% of baseline amounts 
of REMS. In every 30 mm period, a quasi-yoked control animal receives 
the same number of shakes that the experimental animal required for REMS 
deprivation during that time. After a 24 hour adaptation period, baseline 
data is recorded for 24 hours in kittens on PND41, and deprivation occurs 
from PND42 to PND49. Sleep data is visually scored in 15 sec epochs.

Deprived kittens average longer maximum REM cycles and shorter 
minimum REM cycles compared to baseline and control kittens. Their 
average REM bout is less than 15% of baseline. With increased REMS 
pressure, animals enter slow-wave sleep three times as often and bout 
lengths are only a third the length seen during baseline. Deprived animals 
have more single-epoch bouts in all behavioral stages.

In control animals, the number and length of REM cycles and mean bout 
length in all stages are similar to baseline. However, the number of slow 
wave sleep and waking bouts in controls is higher than baseline but lower 
than deprived animals. The number of single bouts in all three stages is also 
intermediate in controls as compared with baseline and deprivation.

This new REMS deprivation method effectively reduces REM while 
leaving percentages of other states intact. However, there are changes in 
sleep architecture in both deprived and control animals compared with 
baseline. The major effect is greater sleep fragmentation in both groups, 
though it is more severe in deprived animals. Supported by NS31720.

646.8
SLEEP DEPRIVATION INCREASES GLUTAMATE 
DECARBOXYLASE mRNA LEVELS WITHIN THE BARREL 
CORTEX 6 HOURS AFTER WHISKERS ARE CUT. Z. Guan?
L. Churchill, J, Fang and J. M, Krueger. Dept. of VC APP, 
Washington State University, Pullman, WA 99164-6520.

Sleep is hypothesized to serve a synaptic function. Glutamate 
decarboxylase 67 (GAD67) expression is affected by neuronal 
activity. The trimming of adult rat whiskers leads to a synaptic 
reorganization of the contralateral barrel field in the somatosensory 
cortex as well as a decrease in GAD67 mRNA levels 3d-3 weeks 
later. We examined, therefore, the effects of sleep deprivation 
subsequent to a unilateral whisker cut at light onset on GAD 67 
mRNA levels in the barrel field and gustatory cortex using in situ 
hybridization histochemistry. GAD 67 mRNA levels were not 
affected in the barrel field contralateral to the whisker cut 6 h after 
the cut or in the ipsilateral side after a 6-h sleep deprivation. In 
contrast, in the side contralateral to the whisker cut, sleep deprivation 
(6-h) induced increases in the number of neurons containing GAD 
67 mRNA [26.8±8.2 (n=5) vs 45.0±8.4 (n=5)]. The combination of 
whisker cut plus sleep deprivation did not increase GAD 67 mRNA 
levels in other cortical areas, even though a whisker cut or sleep 
deprivation alone did affect GAD67 mRNA levels in the other cortical 
areas. Results are consistent with the notion that sleep affects the 
magnitude and/or rate of synaptic reorganization. (Supported by 
NIH-NS-31453 and NS-25378 to James Krueger.)

646.9

SLEEP DEPRIVATION RESETS THE CIRCADIAN CLOCK IN THE 
SYRIAN HAMSTER, R E. Mistlberger*. M.C. Antle. L, Dane & A. Woods. 
Dept. Psychology, Simon Fraser University, Burnaby BC V5A 1S6.

In 1988-89, it was first reported that wheel-running activity, induced in the 
middle of the rest phase of the daily rest-activity cycle, can strongly phase shift 
circadian rhythms in Syrian hamsters (e.g., Mrosovsky, 1988; Reebs & 
Mrosovsky, 1989). Since then, it has been shown repeatedly, using a wide range 
of arousing stimuli applied to hamsters, rats or mice, that phase advance shifts 
are induced if the subjects run during or following the stimulus but not if 
running is absent or prevented. Although these studies implicate locomotor 
activity (i.e., 'exercise') as the behavioral stimulus critical for phase resetting, no 
study has evaluated the contribution that wake time, independent of locomotion, 
makes to the phase shifting process. We sleep deprived young adult Syrian 
hamsters for 3 h, in the middle of the rest phase, using gentle touch and air puffs 
as necessary, with minimal locomotor activation. An Aschoff Type II protocol 
was used to measure shifts. Sleep deprivation induced phase advance shifts of 
102 + 53 min (p<.001, range 30 - 165 min; N=9). Large shifts were also 
induced by 3 h sleep deprivation tests in which wheel running was prevented for 
6 h after deprivation (162 ± 53 min, range 82-240 min) and in which hamsters 
were pretreated with file corticosterone synthesis inhibitor metyrapone (50 
mg/kg) (146 + 52 min, range 75-195 min). These results indicate that the phase 
resetting effects of activity-inducing stimuli can be explained by the waking and 
arousal (but not cortisol release) associated with locomotor behavior. 
Presumably, animals that fail to run (i.e., 'sluggards') or are prevented from 
running in response to these stimuli typically fail to shift because they do not 
stay awake. Supported by NSERC (R.E.M.).

646.10

THE EFFECTS OF SLEEP DEPRIVATION AND SLEEP REBOUND ON 
SPATIAL LEARNING AND BRAIN SEROTONIN METABOLISM IN 
RATS. BI), Youngblood*. P.H, Ryan, and R.B.S, Hams . Neuroscience 
Department, Pennington Biomedical Research Center; Baton Rouge, LA 70808.

Rapid eye movement sleep deprivation (REMSD) by the “flower pot” technique 
has been shown to impair spatial reference memory in the Morris water maze 
(MWM) and increase serotonin (5-HT) metabolism in the hypothalamus (HYP) 
and hippocampus (HIP) in male Wistar rats, but the effects of sleep recovery on 
spatial learning and 5-HT metabolism are unknown. Therefore, rats were assigned 
to control cages (CC) or REMSD cages, housed on a 6.5 cm pedestal over water, 
with ad lib access to liquid diet and water. In experiment 1, we measured food 
intake, body weight, rectal body temperature (RBT), and spatial reference memory 
after 96 h REMSD and 12 h or 24 h sleep recovery (SR). Spatial learning was 
tested using the learning-set task in the MWM, requiring rats to swim to locate a 
submerged platform in duplicate 2-min trials from 6 different starting locations. 
REMSD significantly impaired spatial reference memory but 24 h SR rats had a 
significantly improved reference memory compared with CC. REMSD induced 
hyperthermia but 24 h SR rats exhibited a rebound decrease in RBT. Food intake 
was not significantly different, but REMSD rats lost weight. In experiment 2, we 
measured food intake, body weight and RBT during and after REMSD. Brain 
stem, HIP, and HYP 5-HIAA, and 5-HT concentrations were measured after 96 h 
REMSD, 24 h and 5 days SR. 5-HT metabolism was increased in all three brain 
areas after 96 h REMSD but 24 h SR caused a significant decrease in HIP 5-HT 
metabolism. These results indicate that recovery from REMSD causes rebound 
decreases in RBT and HIP 5-HT metabolism, and an associated improvement in 
reference memory compared with control rats.

Supported by the U.S. Army grant DAMD-17-97-2-7013.
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646.11

EFFECTS OF MALE SEXUAL ACTIVITY ON SLEEP IN THE 
GOLDEN HAMSTER. Jimdnez-Anguiano, At Arteaga-Silva, M., Motte- 
Lara, J., Fuentes-Vega, R. and Velazquez-Moctezuma, J. Depto. de 
Biologia de la Reproduccidn, Universidad Autdnoma Metropolitana- 
Iztapalapa Apartado Postal 55 535, C.P. 09340, D.F. Mdxico.

It has been shown that male sexual activity might influence sleep 
pattern of rats, mainly by increasing slow wave sleep duration. In the male 
golden hamster, however, it is still unknown if sexual activity has an effect 
on the sleep-wake cycle. The purpose of this study was to analyze the 
effect of sexual behavior on the sleep pattern of Golden hamsters. 
Sexually experienced adult golden hamsters (130-150 gr) were chronically 
implanted with the standard set of electrodes for sleep recording. After a 
one week recovery period, the animals were randomly assigned to the 
following groups: Control group without sexual activity (n=9), group A with 
sexual activity for 30 min (n=7) and group B with sexual activity for 60 min 
(n=9). Experimental males were allowed to copulate with females brought 
into estrous with a sequential treatment of estrogens plus progesterone. 
Sexual behavior tests were carried out during the last minutes of the dark 
phase. Immediately after their sexual activity test, the subjects were 
polygraphically recorded for 8 h (11:00 AM- 19:00 PM) during their light 
phase. Results showed that male sexual activity, both during 30 and 60 
minutes, elicit an increase of Slow-Wave-Sleep II percentage. This 
increase was coincident with a decrease of wakefulness percentage. 
Sexual behavior also induced a shortening of REM sleep stage latency. 
These data suggest that, as it happens in rats, sexual behavior in male 
golden hamsters might influence sleep-wake pattern mainly affecting slow 
wave sleep.

646.12
GLUTAMATE-EVOKED ADENOSINE RELEASE IN RAT CEREBRAL 
CORTEX: IMPLICATIONS FOR BEHAVIORAL STATE CONTROL.
H.J. Bennett*1, T.D, White2 and K. Semba1, Depts. of ’Anatomy & 
Neurobiology and 2Pharmacology, Dalhousie University, Halifax, N.S., 
CANADA B3H 4H7.

Adenosine (AD), a neuromodulator with predominantly inhibitory actions, is 
thought to be a sleep promoting factor. AD and its agonists increase, whereas 
AD antagonists reduce sleep and EEG slow wave activity. Extracellular AD 
levels are higher during wakefulness than in slow wave sleep in a number of 
brain structures including the cortex. Glutamate is the main excitatory 
neurotransmitter in the brain. To investigate the role of glutamate in increasing 
extracellular AD levels during wakefulness, we measured AD in the parietal 
cortex of unanesthetized rats using in vivo microdialysis. Basal and drug- 
evoked releases of adenosine were assayed using HPLC. The addition of 5 and 
10 mM glutamate to the perfusate significantly increased extracellular AD 
levels. Similarly, extracellular adenosine levels were significantly increased by 
0.2 and 0.3 mM NMDA. Carbachol alone (0.2 or 1 mM) did not affect 
extracellular adenosine levels. Carbachol (1 mM) also failed to affect the 
adenosine release evoked by glutamate (5 mM). These results suggest that 
activation of NMDA receptors by glutamate may be one mechanism by which 
extracellular levels of adenosine increase during wakefulness. Supported by the 
MRC of Canada (MT14451).

646.13

A SOMNOGEN, PROSTAGLANDIN D2, INCREASES ADENOSINE LEVELS IN 
THE SUBARACHNOID SPACE OF RATS. T, Mochiznki1. T, Satoh3. D. 
Gerashchenko1. Y, Urade1-2* andO. Havaishi1. ’Dept. of Mol. Behav. Biol., Osaka 
Bioscience Institute; 2CREST, Japan Science Technology Corp.; 3Dept. of Geriat. 
Med., Sch. of Med., Fac. of Med., Osaka Univ.; Suita, Osaka 565-0874, JAPAN.

Prostaglandin (PG) D2 is a potent endogenous sleep-promoting substance in 
mammals. When PGD2 was infused into the subarachnoid space below the rostral 
basal forebrain, PGD2-sensitive sleep-promoting zone, the amount of nocturnal sleep 
increased in rats. Satoh et al. in our group recently found that the pretreatment of the 
animals with adenosine A2A-receptor antagonist (KF17837) attenuated the sleep- 
promoting effect of PGD2 and that the infusion of A2A-receptor agonist (CGS21680) 
into the PGD2-sensitive zone caused a marked increase in slow wave sleep and 
paradoxical sleep, suggesting that PGD2-induced sleep was mediated by adenosine. In 
the present study, we determined the extracellular levels of adenosine and its 
metabolites, inosine and hypoxanthine, in the subarachnoid space below the rostral 
basal forebrain of urethane anesthetized rats, using an in vivo microdialysis method.

The basal levels of extracellular adenosine, inosine and hypoxanthine in the 
subarachnoid space were 0.70 ± 0.06, 1.85 ± 0.14, 16.10 ± 1.07 pmol/40 pi, 
respectively. Infusion of PGD2 (100 - 400 pmol/min) into the subarachnoid space 
caused a dose-dependent increase in the adenosine levels to 2.2-fold without affecting 
the inosine and hypoxanthine levels. The pretreatment of the animals with BW 
A868C (0.1-1 mg/kg, ip), a DP-receptor antagonist, inhibited the PGD2-induced 
increase in the adenosine concentration in a dose-dependent manner. These results 
indicate that PGD2 increased the extracellular adenosine levels in the PGD2-sensitive 
sleep-promoting zone, that was mediated by DP-receptors. This suggests that the 
increased adenosine may activate the neuronal circuit related to the sleep promotion.

This work was supported by the Japan Science Technology Corp, (to Y.U.) and 
the Ministry of Health and Welfare of Japan (to O.H.).

646.14

THE ROLE OF CYCLIC AMP IN ZAPRINAST STIMULATED 
EXTRACELLULAR ADENOSINE ACCUMULATION IN RAT FOREBRAIN 
NEURONS IN CULTURE. Y. Lu, Y, Li, M. Le, and P.A. Rosenberg. Dept. of 
Neurology, Children’s Hospital and Harvard Medical School, Boston, MA 02115.

Adenosine (AD) is a known inhibitory neuromodulator in the central nervous 
system. Compelling evidence suggests it is an endogenous sleep-inducing substance. 
It has been suggested that zaprinast (ZAP), a cyclic nucleotide phosphodiesterase 
inhibitor (PDEI), evokes AD release [Broome et al (1994) Neuropharmacology 
33:1511-1513], We found that ZAP (10 pM) significantly stimulated extracellular 
AD accumulation (176±38%) in rat embryonic forebrain neuronal cultures. Using 
3H-adenine to monitor cAMP turnover, we observed that ZAP significantly 
stimulated cAMP production in neuronal cultures (average increase 203%, P<0.05, 
n=4) which led us to study whether cAMP itself may serve as the source of AD. 
Previously, we found that AD derived from cAMP synthesized in response to 
stimulation of mixed cortical cultures by isoproterenol or VIP could be inhibited by 
the PDE4 inhibitor, RO20-1724 (RO). In neuronal cultures, we found that RO 
blocked ZAP induced AD production with an IC50 value of 44±19 pM. Next, we 
studied the effect of RO on intracellular and extracellular cAMP turnover. We 
observed that RO produced an increase in labeling of the cAMP pool consistent with 
inhibition of degradation of cAMP. The EC50 value for this effect was 10 pM and 
the maximal effect was observed at 20 pM. At higher concentrations RO caused a 
decrease of both intracellular and extracellular cAMP rather than the increase 
expected if the adenosine derived directly from cAMP. Therefore, we observed a 
dissociation between the effects of RO in acting as a PDE inhibitor and in blocking 
AD accumulation. These data suggest that ZAP stimulated AD accumulation does 
not directly derive from cAMP. We are in the process of investigating the effect of 
ZAP stimulated intracellular cAMP accumulation on downstream signaling events 
such as protein kinase A activation and its relationship to AD production. Funded by 
grants from the MRC/MDAC and the NIH (HL59595 andHD186S5).

646.15

MODAFINIL BLOCKS ZAPRINAST EVOKED EXTRACELLULAR 
ADENOSINE ACCUMULATION IN CULTURES OF RAT FOREBRAIN 
NEURONS. M. Le, Y. Li, Y. Lu, and P.A, Rosenberg*. Dept. of Neurology, 
Children's Hospital, Boston, MA 02115.

Regulation of extracellular adenosine (AD) levels in the brain appears to be 
important in the determination of behavioral state. Previous results suggested that 
zaprinast (ZAP), a cyclic nucleotide phosphodiesterase inhibitor (PDEI) evokes 
adenosine release [Broome et al (1994) Neuropharm. 33: 1511-1513]. We found 
both in pontine slices and in cultures of dissociated embryonic forebrain neurons 
that 10 pM ZAP (30 minute application) significantly increased extracellular AD. 
The effect in cultured neurons occurred with application of ZAP alone, but more 
consistent results were obtained when ZAP was applied in addition to the non-
specific PDEI isobutylmethylxanthine (100 pM). ZAP had no effect in astrocyte 
cultures. We investigated the possibility that the effect of ZAP required the release 
of glutamate, known to evoke AD accumulation, as a consequence of spontaneous 
activity by neurons. We found that both tetrodotoxin and the NMDA antagonist 
MK801 completely blocked zaprinast evoked extracellular adenosine accumulation 
(ZEAA). Therefore ZEAA appears to be dependent upon the activation of NMDA 
receptors by synaptically released glutamate. In this paradigm, we tested the 
compound modafinil, a new agent shown to be effective in the treatment of 
narcolepsy. Modafinil blocked ZEAA with an EC50 value of 95 ± 60 pM. Although 
NMDA itself evoked extracellular AD accumulation, modafinil did not block this 
effect, and did not block NMDA induced Ca45 accumulation, excluding the 
possibility that its effect on ZEAA is mediated through an action on NMDA 
receptors. These data suggest that zaprinast stimulates AD accumulation by 
stimulating glutamate release, and that modafinil blocks ZEAA by an action 
upstream of activation of glutamate receptors. Funded by grants from the NIH 
(HL59S95 and HD18655) and Cephalon.

646.16
ADENOSINERGIC Al INHIBITION OF BASAL FOREBRAIN WAKE- 
ACTIVE NEURONS: A COMBINED UNIT RECORDING AND 
MICRODIALYSIS STUDY IN FREELY BEHAVING CATS. Mahesh M. 
Thakkar*, Robert E. Strecker, Russell A. Delgiacco and Robert W. McCarley.
Psychiatry, Harvard Med. Sch., VA Medical Center, Brockton, MA 02401.

Single unit recording in unanaesthetized, naturally sleeping felines have shown
that the majority of basal forebrain (BF) neurons exhibit their highest discharge activity 
during active waking. These cholinergic wake-active (W-active) neurons reduce their 
discharge activity as the animal becomes drowsy, and it is this slowing of the W-active 
neurons is involved in the transition from W to slow wave sleep (SWS). We have 
proposed that, during wakefulness, when the neural metabolism is the highest, 
adenosine (AD), a byproduct of neuronal metabolism builds up in the BF and mediates 
the need for sleep. We have also shown that in vivo microdialysis (MD) perfusion of 
AD in the cholinergic BF reduced W in freely behaving cats. Further, we have shown 
that the extracellular concentrations of AD in the BF exhibited progressive increases 
during prolonged W followed by a slow decline during recovery sleep. This study was 
designed to provide a direct test of AD-ergic inhibition and receptor type of BF neurons 
behaviorally identified as W-active. Male adult cats were implanted with chronic sleep 
recording electrodes and a microdrive for combined MD/ unit recording was targeted 
toward the cholinergic zone of the substantia inominata. After 7-10 recovery days, 
recordings were begun. Once a unit was recorded across behavioral states during ACSF 
perfusion, the AD-ergic Al receptor agonist, N6-cyclohexyladenosine (CHA), was 
perfused (2 pl/min)(zn vitro studies have demonstrated a direct, synaptic action of CHA). 
A cumulative dose response curve was done for each neuron with three different doses 
of 0.1 pM, 1 pM and 10 pM. All Ihree doses of CHA significantly decreased die 
discharge rate of each of the 9 W-active neurons in a concentration-dependent manner 
(p < 0.005). These data are consistent with our hypothesis that AD promotes a transition 
from W to SWS by inhibiting BF W-active neurons at A1 receptors. Support: NIMH 39683 
VA Medical Research
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646.17
ADENOSINE INDUCES A PRESYNAPTIC MODULATION OF THE SYNAPTIC 
TRANSMISSION IN THE LATERODORSAL TEGMENTUM.
E.ArrifiPSi . P.Q: Rainaifi^K.  ̂McCarlgy andJLW^Qreene? Dept. of Psychiatry, 
Harvard Medical School & Brockton VAMC, MA 02401.

Cholinergic neurons of the laterodorsal tegmentum (LDT) are known to be involved in EEG 
arousal. Excitatory and inhibitory inputs onto these neurons may contribute in their state- 
dependent activity. Here we show presynaptic modulatory effects of adenosine (AD) on 
pharmacologically isolated excitatory and inhibitory components of the input to the LDT. Whole 
cell patch clamp records were obtained from rat LDT neurons in coronal brainstem slices using 
an Axopatch-ID preamplifier. Patch electrodes were filled with a K-gluconate recording 
solution. Electrical stimulation of the ipsilateral cuneiform nucleus (CnF) evoked a 
monosynaptic EPSP in 70% of the neurons (n = 85) suggesting that this is a good model for 
studying afferent transmission in LDT. Pharmacological studies showed that evoked EPSPs 
were mediated by release of glutamate and activation of postsynaptic AMPA receptors, but not 
NMDA receptors. Blockade of glutamatergic transmission with DNQX (20pM) revealed a fast 
IPSP in 6 of 18 LDT neurons. This inhibitory component was mediated by the activation of 
GABAa  receptors as suggested by the sensitivity to bicuculline methionine (BMI; 20pM) (n = 
11). In no case was a pure GABAergic IPSP evoked by CnF stimulation. AD effects were 
studied on both glutamatergic and GABAergic synaptic component evoked by CnF stimulation. 
Glutamatergic EPSCs, studied in isolation in the presence of BMI, were inhibited by AD 
(lOOpM) in 14 of 19 neurons. Dose-response curves showed that AD inhibits EPSCs in a 
concentration range between 10 and 300pM. Evoked EPSP/Cs were also reduced in neurons in 
which no postsynaptic response to AD was observed (n = 4). Moreover the amplitude of 
exogenously applied glutamate current was unaffected by AD (lOOpM) even in presence of 
TTX (lpM) n = 2. These results show that the modulatory effects of AD on the evoked 
excitatory transmission is a presynaptic effect. Moreover AD induced a modulatory effect on 
the inhibitory component of the evoked synaptic transmission in LDT. AD (lOOpM) reduced 
die amplitude of isolated IPSCs in 4 of 5 LDT neurons.

Supported by the department of Veterans Affairs.

646.18
BRAIN EXTRACELLULAR ADENOSINE LEVELS DURING SPONTANEOUS 
SLEEP-WAKE CYCLE AND PROLONGED WAKEFULNESS. Taria Porkka- 
Heiskanen*1. Robert E, Strecker. and Robert W, McCarlev. Psychiatry, Harvard Med. 
Sch., Brockton VAMC, Brockton, MA, USA, and ‘Inst Biomed., Univ. Helsinki, Finland.

We have previously shown that during 6h prolonged wakefulness the adenosine (AD) 
levels increase in the cholinergic basal forebrain area of cats, and that the increasing 
adenosine levels promotes tire transition from wakefulness to sleep in this area, possibly by 
inhibiting basal forebrain (BF) cholinergic neurons. We have now continued the study by 
measuring extracellular AD levels in different brain areas during spontaneous sleep-wake 
cycle and during 6h wakefulness. Microdialysate samples were collected from male cats 
prepared for chronic sleep studies (EEG, EOG, EMG, & PGO electrodes). Microdialysis 
probes were lowered through guide cannulae into one of the target areas BF, thalamus t 
lateral gyrus cortex, dorsal raphe, pedunculopontine nucleus and preoptic area. Probes were 
perfused with artificial CSF and samples assayed on a microbore HPLC system with UV 
detection. Mean AD concentration in samples collected during spontaneous wakefulness 
was significantly higher than during non-REM and REM-sleep for the BF, thalamus and 
cortex. In the BF the mean AD concentrations increased steadily during 6 h of continuous 
wakefulness produced by gentle handling/playing, and declined slowly during a 3h recovery 
period A non-significant rise in AD levels was found in the cortex, while AD levels in all 
other brain areas did not increase during prolonged wakefulness, hi summary, during the 
spontaneous sleep-wake cycle, AD levels tended to fluctuate similarly in the brain areas 
tested However, prolonged wakefulness steadily increased AD levels only in the BF, 
suggesting that during prolonged waking AD levels are not similarly elevated in all brain 
areas. These data, taken together with our data on local perfusion with AD transport 
inhibitors and the companion Thakkar et al. abstract, suggest that AD is a physiological 
sleep factor and support the hypothesis that high CNS levels of AD promote drowsiness and 
the transition from wakefulness to sleep by acting at A1 receptors to inhibit BF wakefulness- 
active neurons. Research supported by NIMH grant MH 39683; Dept. Vet. Affairs.

646.19
THE EFFECT OF LOCAL CARBACHOL INFUSIONS IN THE BASAL 
FOREBRAIN ON SLEEP OF YOUNG AND OLD RATS. Lauri Alanko. Dae 
Stenberg* and Taria Poikka-Heiskanen. Inst Biomed., Univ. Helsinki, Finland.

The REM-sleep (REMS) inducing effects of carbachol in the pons have been 
well documented. On the other hand, when injected into the basal forebrain (BF) of 
cats, carbachol decreased both slow-wawe sleep (SWS) and REMS and increased 
wakefulness (W) (Baghdoyan et al., 1993, J. Neuroscience). We have studied these 
effects in rats by perfusing carbachol into both young (3months) and old (12months) 
rats BF via microdialysis probes. The rats were implanted with EEG and EMG 
electrodes and a guide cannula under general anaesthesia. Microdialysis probes were 
lowered through guide cannulae into BF aiming to the horizontal limb of the 
diagonal band. Artificial CSF (flow 1.0 /zl/min) was perfused for a control period of 
3 hours. After the baseline period the rats were infused with 1, lOor 100 /At 
carbachol during 3 hours, followed by a two hour rebound period when aCSF was 
perfused. EEG and EMG were recorded through the whole experiment The 
vigilance states were scored manually and the power spectrum of the recording was 
obtained.

Carbachol induced a dose-dependent decrease in both SWS and REMS for both 
young and old rats. During the rebound period young rats showed marked increase 
in both SWS and REMS compared to the baseline values, indicating sleep rebound. 
In contrast the old rats showed no sleep rebound during this period.

These findings indicate that in the BF carbachol increases wakefulness in both 
young and old rats but immediate rebound sleep is induced only in young rats. It is 
possible that the old rats are more sensitive to the effects of carbachol, and/or that 
the effect lasts longer in the old animals This may be one of the mechanisms that 
could explain sleep disturbances in aged subjects.

646.20

Three hours of sleep deprivation induce activation of NF-kB in the 
basal forebrain/preoptic area of the rat RBasheer*1, Tarja Porkka- 
Heiskanen2 and RW.McCarley'.DepZ Psychiatry, Harvard Medical School-VA 
medical Center, West Roxbury, MA 02132,2Dept of Physiology, University of 
Helsinki, Helsinki,Finland.

Many sleep-related studies have examined c-Fos induction, but other IEG 
have not been so intensively studied, although potentially important, especially for 
the adenosine Al receptor. Nuclear Factor kappa B (NF-kB) has been shown to play 
a major role in the CNS in inducing expression of several genes, including those for 
cytokines, prostaglandin synthase-2, cell adhesion molecules and inducible nitric 
oxide synthase. Studies performed in our lab has shown that prolonged sleep 
deprivation results in increased extracellular adenosine in the basal
forebrain/preoptic area of cats and rats. In vitro studies and single unit recordings 
have demonstrated that adenosine and Al selective agonists inhibit waking-selective 
neuronal activity in this area (see companion Thakkar et al. abstract). Other 
investigators have shown Al agonists can produce phospholipase C-mediated 
activation of protein kinase C. It is known that signal cascades that activate protein 
kinase C may cause phosphorylation of I-kB, leading to the release and subsequent 
translocation of NF-kB to the nucleus. Thus, to investigate the consequences of Al 
receptor activation, we have examined the effect of sleep deprivation-induced 
adenosine on NF-kB activity using gel shift assay. Three hours of sleep deprivation 
by gentle handling resulted in 63.3% increase (N=4; t=2.8,df=6,p<0.03) in the DNA 
binding activity of NF-kB when compared to undisturbed sleeping controls in the 
basal forebrain/preoptic area in rats. Experiments to verify nuclear translocation of 
NF-kB are in progress. We suggest that NF-kB may play a role in mediating long-
term effects of sleep deprivation.
Supported by DVA Med Res Awards; NIMH39683 to RWM.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—AMYGDALA 
AND CONDITIONED FEAR

647.1

THE BASOLATERAL AMYGDALA IS ESSENTIAL FOR AUDITORY FEAR 
CONDITIONING EVEN AFTER EXTENSIVE OVERTRAINING: LESION 
AND SINGLE-UNIT STUDIES. S, Maren*. Dept. of Psych, and Neurosci. Prog., 
Univ. of Mich., Ann Arbor, MI 48109-1109.

Neurotoxic lesions of the basolateral amygdala (BLA) prevent the acquisition and 
expression of Pavlovian fear conditioning in rats. However, we have recently 
observed that extensive overtraining (75 trials) yields substantial conditional freezing 
to contextual conditional stimuli (CSs) in rats with neurotoxic BLA lesions. In the 
first experiment we examined whether extensive overtraining would permit 
acquisition of auditory fear conditioning in rats with pretraining BLA lesions, and 
whether overtraining would protect rats from the deleterious effects of posttraining 
BLA lesions on the expression of conditional freezing. Bilateral lesions were made in 
the BLA using NMDA (20 pg/pL, 0.3 pL/side) either 1 week before or 1 day after 
fear conditioning; control rats received sham surgery with no drug infusion. For fear 
conditioning, the rats were placed in conditioning chambers and given 75 tone (2kHz, 
10s, 90dB)-footshock (1mA, 2s) pairings (70s ITI) three minutes after placement in 
the chambers. Fear to the context of the conditioning chamber was assessed by 
returning the rats to the chambers and measuring freezing during an extinction test; 
fear to the tone CS was assessed by exposing the rats to the tone in novel context. As 
previously reported, pretraining BLA lesions did not block the acquisition of 
contextual freezing, although they completely eliminated freezing to the tone CS. 
Posttraining BLA lesions eliminated conditional fear to both the context and tone CSs. 
In the second experiment, we used multiwire bundles to record single-unit activity 
from neurons in the lateral nucleus of the amygdala after either 5 or 75 tone-footshock 
pairings. Compared to sensitization controls, rats receiving paired tone-shock trials 
exhibited robust increases in CS-elicited neuronal firing in the lateral nucleus. These 
increases were equivalent following either 5 or 75 conditioning trials, indicating that 
extensive overtraining does not mitigate the magnitude of conditioning-related activity 
in the BLA. Collectively, these data reveal an essential role for the BLA in auditory 
fear conditioning even after extensive overtraining. Supported by the NIMH 
(MH57865).

647.2
IS THERE SAVINGS OF CONDITIONAL FEAR AFTER TRAINING 
UNDER AMYGDALOID NMDA RECEPTOR BLOCKADE IN RATS? K A. 
Goosens*1. H, Tracy1, and S, Maren1-2. Dept. of Psych1 and Neurosci. Prog2., Univ. of Mich., 
Ann Arbor, MI 48109-1109.

Although a large body of evidence points to the basolateral amygdala (BLA) as a site of 
CS-US association during Pavlovian fear conditioning, an alternative view consistent with the 
current evidence proposes that the BLA passively mirrors associative activity from its 
afferents. In the present experiments, we assess both behavioral and physiological savings of 
conditional fear in rats previously trained under amygdaloid NMDA receptor blockade. In the 
first two experiments, rats were implanted with bilateral cannulae aimed at either the BLA or 
the central nucleus of the amygdala (CEA). One week later, rats were infused with either APV 
(10 pg/pL, 0.5pL/side for BLA, O.lpL/side for CEA) or vehicle (lOOmM PBS, pH 7.4) and 
received one of several types of training. Training occurred in the A or B context, where rats 
received either 5 footshocks (1.0mA, 2sec, lmin intershock interval) or no footshock. This 
yielded four groups: A+/APV (the experimental group), A-/VEH (a control for no associative 
learning during the initial training phase), A+/VEH (a control for full associative learning 
during the initial training phase), and B+/VEH (a control for US preexposure during the initial 
training phase). During the next 5 days, all rats received gradual reacquisition training in the 
A context (one trial per day: 0.6mA, lsec, 30sec post-shock). On each day, freezing was 
measured for 3 minutes before the first shock, resulting in a measure of learning for training 
on previous days. Rats infused with APV in the BLA exhibited no behavioral savings of 
contextual fear during reacquisition training: the A+/APV group acquired conditional fear at 
the same rate as the A-/VEH group, but at a rate significantly different from either of the other 
two controls. In contrast, rats infused with APV in the CEA exhibited partial savings of 
contextual fear during reacquisition: the A+/APV group acquired conditional fear at a rate 
comparable to the B+/VEH group, but at a rate significantly different from the other two 
controls. These results suggest several conclusions. First, the BLA is a locus of CS-US 
association, and does not passively mirror associative activity from its afferents, unlike the 
CEA. Moreover, this associative learning is NMDA receptor-dependent. In a third 
experiment, we assess physiological savings in the BLA after tone conditioning under NDMA 
receptor blockade, to see if conditional unit plasticity insufficient to drive behavior develops. 
Preliminary results indicate no physiological savings, supporting the first two experiments. 
Supported by the NIMH (MH57865) to SM and the Howard Hughes Medical Institute to KG.
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647.3
THE VENTRAL SUBICULUM IS REQUIRED FOR LEARNING 
AUDITORY BUT NOT CONTEXTUAL FEAR IN RATS. W. Holt*1 
and S, Marent¥. Dept. of Psych1, and Neurosci. Prog*., Univ. of Mich., Ann Arbor, 
MI 48109-1109.

For several years, the hippocampal formation has been the focus of the search for 
substrates of contextual fear learning. For example, lesions of the dorsal 
hippocampus have been known to attenuate conditional freezing. Recently 
behavioral and anatomical data have suggested that the ventral subiculum (vSUB) 
might be a potential source of contextual information for the amygdala, allowing the 
context to enter into associations with aversive stimuli. The present experiments 
examined this hypothesis by assessing the effect of temporary inactivation of the 
vSUB at the time of fear acquisition. One week before fear conditioning, rats were 
bilaterally implanted with cannulae above the vSUB. Following recovery, rats were 
infused with either muscimol (.5pg/|iL, 0.25 gL/side), a GABA agonist, or saline 
and after twenty minutes placed in conditioning chambers and given 5 tone (2kHz, 
10s, 90dB; 60s ISI)-footshock (1 mA, 2s; 70s intershock interval) pairings three 
minutes after placement in the chambers. Fear to the tone was measured following 
placement of the rat in a different chamber and giving the rat exposure to an 
extinction tone (8min) of the same intensity and frequency as the tone used during 
fear conditioning. During this tone test, rats infused with muscimol at the time of 
training froze significantly less than rats infused with saline. Fear to the context of 
conditioning was assessed by returning the rats to the chambers used during 
conditioning and measuring freezing during an extinction test. In contrast to the tone 
test data, context test results demonstrate no difference between muscimol infused 
and saline infused rats. Additional control groups with placements aimed at the 
amygdala revealed auditory and contextual fear conditioning impairments in 
muscimol infused rats and no deficit in saline rats. Groups with placements aimed at 
the dorsal hippocampus and infused with muscimol showed no significant deficits in 
auditory or contextual fear expression compared to saline rats. These data contribute 
to an emerging literature that describes a functionally heterogeneous hippocampal 
formation. Supported by the NIMH (MH57865) to SM and NSF to WH.

647.4
BASOLATERAL AMYGDALA LESIONS DISRUPT BOTH 
UNCONDITIONED AND CONDITIONED FREEZING. Almira 
Vazdarjanova*, Norman Weinberger and James L. McGaugh. Center for the 
Neurobioiogy of Learning and Memory and Department of Neurobioiogy and 
Behavior, University of California, Irvine, CA 92697-3800.

Pretraining or pretest lesions of the basolateral amygdala (BLC, which 
includes the lateral, basal, and accessory basal nuclei) of rats disrupt freezing 
to stimuli previously paired with footshocks. Since such manipulations also 
result in increased locomotion and/or reduced anxiety it is not clear whether 
the freezing deficit is due to an inability to form fear memories or to an 
inability to express fear. Consistent with the latter, Kemble et al. (1990) 
reported that electrolytic lesions of the BLC disrupt an array of defensive 
behaviors. Here we report that excitotoxic BLC lesions disrupt freezing 
elicited by an unconditioned fear stimulus (US). Freezing is one of a set of 
species-typical defensive behaviors elicited by threatening stimuli. In the 
‘unconditioned freezing’ phase of the experiment, we placed male Sprague- 
Dawley rats on a platform resting on a low frequency speaker. The US was a 
sound wave, below the hearing range for rats, (25 Hz) which vibrated the 
platform for one second. The response of the sham-lesioned rats to a single 
presentation of the US was an immediate cessation of ongoing activity and 
display of freezing. BLC-lesioned rats displayed little or no freezing. When 
returned to the same environment 24 hours later for the ‘conditioned freezing’ 
phase of the experiment, both the sham- and BLC-lesioned rats showed 
conditioned freezing. However, the BLC-lesioned rats showed significantly 
reduced freezing. These data indicate that an intact BLC is needed for the 
expression of control levels of both unconditioned and conditioned freezing. 
These findings are consistent with the hypothesis that the decreased 
conditioned freezing resulted from disruption of unconditioned freezing in 
rats, rather than their ability to associate the context with the US.

Research supported by USPHS grant from NIMH MH 12526 (JLM).

647.5

EFFECTS OF DORSAL OR VENTRAL STRIATUM LESIONS ON 
WIN-STAY RADIAL MAZE LEARNING AND PAVLOVIAN FEAR 
CONDITIONING.
J.R, Sage1*, S.G, Anagnostaras2. T, Nozawa1, M.S, Fanselow1, and B.J, Knowlton1,
Depts. of ‘Psychology and 2Neurobiology, University of California, Los Angeles, CA 
90095.

Previous maze studies have demonstrated a double dissociation between 
hippocampal and neostriatal memory systems. We further investigated this 
dissociation by examining the effects of lesions of dorsal and ventral striatum and 
complete hippocampal lesions on tasks that are thought to depend on these two 
systems. In the win-stay task, rats must learn to follow a light cue to obtain food, 
regardless of spatial location. Dorsal hippocampal or fimbria-fornix lesions spare 
win-stay learning, while dorsolateral caudate lesions have been shown to impair this 
learning. In addition to replicating the dorsolateral caudate deficit on win-stay 
acquisition, we examined the effects of ventral striatal and complete hippocampal 
lesions. Rats with NMDA lesions of the dorsolateral caudate or nucleus accumbens 
were impaired on win-stay acquisition, whereas rats with complete ibotenic acid 
lesions of the hippocampus still acquired the task normally. The effects of caudate 
and accumbens nucleus lesions were also examined on Pavlovian fear conditioning, in 
which a tone was paired with a footshock in a novel context. Hippocampal lesions 
have been shown to selectively impair contextual fear conditioning. Rats with 
caudate lesions were mildly impaired in context conditioning after 1, but not 3 trials 
of conditioning. Rats with nucleus accumbens lesions were not impaired on context 
conditioning after 1 or 3 trials, and both groups exhibited normal tone conditioning. 
These results suggest that the dorsolateral caudate and nucleus accumbens play an 
important role in win-stay acquisition. In contrast, lesions of the caudate (but not 
accumbens) produced only a mild impairment in contextual fear conditioning. 
Support was provided by individual NRSA MH 12247 to JRS.

647.6
The effects of basolateral amygdala lesions on the activity of a rat in both a dim and 
bright open-field. B.P, Godsil*. J, Quinn. and M.S, Fanselow, Pep, of Psychology. UCLA.
Los Angeles, CA,
When a rat is trained with Pavlovian fear conditioning it will not display conditional fear 
induced freezing to aversive conditional stimuli if it has a lesion to the basolateral amygdala 
complex (BLA). This deficit in freezing has been ascribed to a deficit in emotional memory. 
Two concerns regarding the analysis of this observation have been raised: First, perhaps rats 
do not freeze to the aversive CS because BLA lesions make them hyperactive. Second, perhaps 
BLA lesions disrupt unconditional freezing. To address these issues we employed an open- 
field task. This task addresses the hyperactivity issue directly by measuring activity. This task 
also addresses the unconditional freezing issue by including a "dim" and "bright" condition in 
the procedure. A rat's activity is suppressed by bright light, and it has been suggested that this 
effect is the result of innate fear. That is, perhaps bright light suppresses activity because rats 
are afraid of bright light. Thus, if BLA lesions disrupt unconditional fear reactions such 
damage should also disrupt the suppression of activity to the bright light. Long Evans rats 
were divided into either sham or lesion groups. Lesion groups received infusions of NMDA 
(0.3uL of 20ug/uL) into their BLA. This procedure causes selective damage to the BLA.
After a 10 day recovery period the animals were placed in an open-field apparatus consisting 
of a large plastic box divided into eight 20 x 18-cm squares. During the first four minutes of 
the eight minute trial the animals were in the dim condition (25W red bulb), and during the last 
four minutes the animals were in the bright condition (two 100W white bulbs). Activity was 
assessed by scoring crossovers between squares. In the dark condition the activity of sham and 
lesion animals was statistically similar. In the bright condition the activity of both sham and 
lesion animals was suppressed when compared to the dark condition. However, this 
suppression was reduced in the lesioned animals. Following open-field testing the rats were 
fear conditioned for contextual fear and showed a marked deficit in freezing. Therefore, BLA 
lesions do not produce hyperactivity and the activity of the BLA lesioned animals can be 
suppressed by at least some unconditional fear stimuli. Therefore, the deficit in freezing seen 
with fear conditioning preparations seems to be more related to a learning than a performance 
deficit. Supported by NSF Grant (IBN 9723295) to MSF.

647.7

REVERSIBLE INACTIVATION OF THE AMYGDALA INTERFERES WITH 
REINSTATEMENT OF EXTINGUISHED FEAR AS MEASURED WITH THE 
FEAR-POTENTIATED STARTLE PARADIGM. W.A. Falls* & P. Pistell, 
Department of Psychology, The University of Vermont, Burlington, VT 05405.

Behavioral studies have now firmly established that extinction of conditioned fear 
resulting from repeated presentation of the conditioned stimulus (CS) in the absence 
of the foot shock unconditioned stimulus is not the result of an erasure of the memory 
formed during fear conditioning. In support of this, presentation of unsignaled shock 
after extinction training results in the CS regaining its ability to elicit conditioned fear. 
Bouton and colleagues (e.g., Bouton & Nelson, 1998, in Learning and Behavior 
Therapy, O’Donohue Ed.) have suggested that unsignaled shock “reinstates” 
extinguished fear through conditioning of background cues that then serve to revive 
fear to the CS. Numerous studies have shown that the amygdala is essential for 
acquisition and expression of conditioned fear. The purpose of the present study was 
to examine whether the amygdala is also essential for reinstatement of extinguished 
fear. Rats were implanted with bilateral guide cannula aimed at the basolateral 
nucleus of the amygdala and one week later underwent training in which light was 
paired with shock. Fear-potentiated startle was assessed 24 hr later by measuring the 
amplitude of acoustic startle in the presence and absence of the light. Twenty-four 
hours later the rats were given light-alone trials followed by another test for fear- 
potentiated startle. Light-alone trials reduced fear-potentiated startle to the light (i.e., 
extinction). Twenty four hours later the rats were infused with either the AMPA 
receptor antagonist NBQX (3 pg in 0.5 pi) or vehicle immediately before receiving 5 
unsignaled shocks. This was followed 24 hr later by a test for fear-potentiated startle 
in the absence of drug infusion. Rats infused with vehicle showed reinstatement of 
fear-potentiated startle, i.e., the light regained its ability to produce fear-potentiated 
startle. In contrast, rats infused with NBQX did not show reinstatement, i.e., fear- 
potentiated startle to the light remained at an extinguished level. These data, together 
with data indicating that reinstatement of fear-potentiated startle is a consequence of 
the unsignaled shock rather than spontaneous recovery, suggest that amygdala is 
involved in shock-induced reinstatement of conditioned fear. Support: MH 54290

647.8

THE ROLE OF THE HIPPOCAMPUS IN REINSTATEMENT AND 
RENEWAL R. J. Frohardt*, F. A. Guarraci & M. E. Bouton. Dept. of 
Psychology, University of Vermont, Burlington, VT 05405.

The hippocampus has long been implicated in memory processes, 
specifically contextual memory of conditioned fear (Kim & Fanselow, 
1992; Phillips & LeDoux, 1992). Recent research by Wilson, Brooks and 
Bouton (1995) demonstrated that radiofrequency lesions of the fornix, the 
major output pathway of the hippocampus, disrupted reinstatement, but 
not renewal. Reinstatement is the recovery of responding to an 
extinguished conditioned stimulus (CS) following independent 
presentations of the unconditioned stimulus (US). Renewal is the recovery 
of responding when the CS is presented in the context in which it was 
conditioned following extinction in a different context. We specifically 
examined the role of the hippocampus in mediating these two effects of 
context during extinction.

Rats received either lesions with 6 infusions (3 per hemisphere) of an 
ibotenic acid (10 mg/ml) and NMDA (10 mg/ml) cocktail into the 
hippocampus or sham surgery. Following recovery, food deprivation and 
baseline lever training for food, animals received conditioned emotional 
responding (CER) training. In Experiment 1 animals were tested for 
reinstatement. In Experiments 2 & 3 animals were tested for renewal in a 
standard, or condensed version. Results indicate that neurotoxic lesions of 
the hippocampus disrupt reinstatement, which depends on context-US 
associations, but not renewal, which does not. In addition, the effect of the 
lesions on reinstatement does not seem to depend on the recency of the 
context-US learning relative to the renewal paradigm. Support: NSF IBN 
92-09454
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647.9
The Basolateral Amygdala Is Required For Auditory Conditioned 
Suppression Even In Animals That Are Overtrained. P. Sun, K. Nader* 
& J.E. LeDoux, Center for Neural Science, New York Univ., NY, NY, 10003.

Current models of Pavlovian fear conditioning, where a neutral stimulus 
forms an association with a noxious stimulus, posit a single learning system centered 
in the amygdala complex. The lateral and basal nucleus (LB) are thought to be the 
sites mediating the acquisition of the association, and the central nucleus (CE) is 
considered to be the output nucleus mediating the various conditioned behavioral 
responses. In contrast to this view, Killcross et al. 1997 recently reported data which 
double dissociated two independent amygdala fear learning systems. They proposed 
that only the CE mediates simple Pavlovian fear responses such as suppression of 
ongoing behavior, while only the LB mediates choice-type aspects of fear responses. 
Two possible explanations for these findings are: 1) differences in baseline 
responding between their experimental and control groups may have confounded their 
results, and 2) overtraining of animals (120 CS-US pairings) could have recruited a 
second fear learning system. We re-evaluated the role of the LB in the suppression of 
ongoing behavior using a paradigm that controls for baseline responding and tested 
whether overtaining rescued the deficit. Rats received excitotoxic quinolinic acid LB 
lesions and then were trained to press a lever for food. Once stable response rates had 
been acquired, they were presented with 8 pairings of a tone conditioned stimulus 
(CS; 60 sec., 10 kHz, 75 dB) and a footshock unconditioned stimulus (US; 0.5 sec., 
0.5 mA) in each of 15 fear conditioning sessions (120 CS-US pairings total). LB 
lesions completely blocked the acquisition of conditioned suppression responses to 
the tone CS. Our data contradict the finding of Killcross et al., 1997 and demonstrate 
that classical fear responses such as suppression require an intact LB even when 
animals are overtrained. These findings are consistent with the single system model 
of emotional learning. Supported by Grant #2R37 MH38774 and a HFS to KN. We ’d 
like to acknowledge the WM Keck Foundation.

647.10
IMMEDIATE POST-TRAINING INJECTION OF INHIBITORS OF 
PROTEIN SYNTHESIS AND PKA ACTIVITY IN THE LATERAL AND 
BASAL AMYGDALA, BUT NOT THE HIPPOCAMPUS, INTERFERES 
WITH MEMORY CONSOLIDATION FOR CONTEXTUAL AND 
AUDITORY FEAR CONDITIONING. N.V. Nadel, G.E. Schafe. A. Harris,
G.M. Sullivan* & J.E. LeDoux. Center for Neural Science, New York 
University, New York, NY 10003.

Little is known about the molecular mechanisms that underlie memory 
consolidation of Pavlovian fear conditioning. Recent studies in our lab 
have shown that intraventricular administration of inhibitors of protein 
synthesis or PKA activity selectively and dose-dependently interferes with 
long-term, but not short-term, memory for contextual and auditory fear 
conditioning. Given the well-established involvement of both amygdala 
and hippocampus in fear conditioning, the present experiments targeted 
these pharmacological manipulations to either the lateral and basal nuclei 
of amygdala (LBA) or dorsal hippocampus (DH). Rats received a single 
conditioning trial consisting of exposure to a 30 sec 75 dB tone that co-
terminated with a 1.0 sec 2.0 mA footshock. Immediately after 
conditioning, rats were given either bilateral intra-hippocampal (1 pl/side) 
or intra-amygdala (0.5 gl/side) injections of Anisomycin (125 pg/pl) or 
Rp-cAMPS (80 nmol/pl) and tested for both auditory and contextual fear 
conditioning 24 hr later. Injection of either Anisomycin or Rp-cAMPS 
into LBA significantly impaired memory retention for both contextual 
and auditory fear. However, no significant effect was seen on either 
context or tone memory when these compounds were injected into the 
DH. Rats were re-conditioned drug-free 1 week later and were able to re-
acquire normal contextual and auditory fear. Results suggest that memory 
consolidation for Pavlovian fear conditioning depends on a PKA and 
protein synthesis-dependent mechanism in the LBA. Supported by NIMH 
MH11902 (to G.E.S.) and MH38774, MH46516, MH00956 (to J.E.L.).

647.11

UNCONDITIONED STIMULUS PATHWAYS MEDIATING FEAR 
CONDITIONING: EFFECTS OF LESIONS OF THE POSTERIOR 
INTRALAMINAR THALAMIC NUCLEI ON FOS ACTIVITY IN THE LATERAL 
AMYGDALA OF RATS. E, Lanuza.* G.E, Schafe and J.E. LeDoux. Center for 
Neural Science, New York University, New York, NY 10003.

The lateral amygdala (LA) is a site of convergence for auditory (conditioned 
stimulus) and footshock (unconditioned stimulus) inputs during fear conditioning. 
The auditory pathways to LA have been well characterized, but less is known about 
the pathways through which footshock is transmitted. Anatomical tracing and 
physiological recording studies suggest that the posterior intralaminar thalamic 
nucleus (PIN), which projects to LA, receives both auditory and somatosensory 
inputs. Preliminary studies in our lab showed that exposure to footshock induced Fos 
protein in LA. In the present experiments, we therefore examined whether unilateral 
electrolytic lesions of PIN would reduce footshock-induced Fos activation in LA. 
Four days after surgery, rats received ten footshocks (1 mA, 0.5 seconds each), and 
were subsequently sacrificed. The brains were processed for immunocytochemical 
detection of the Fos protein. The number of Fos labeled cells in LA was reduced by 
50%-75% on the lesioned side compared to the intact side. In contrast, the number of 
cells in LA on the two sides was not different in animals that received footshock after 
sham lesions of PIN (positive control) or in animals that had sham lesions but 
received no shocks (negative control). An unexpected result from the negative 
controls was that the number of Fos-labeled cells in LA was relatively high (about 
60% of the number of Fos-labeled cells in the shocked animals). This activation may 
be due to the exposure to a novel environment, which is known to give rise to an 
important Fos labeling in the amygdala among other neural systems. These results 
indicate that the PIN, in addition to being involved in auditory transmission to LA, 
also relays pain information. Supported by R37-MH38774 and IK02-MH00956. EL 
is a fellow of the Fulbright-Spanish Ministry of Education program.

647.12

DIFFERENTIAL REGULATION OF EGR-1 and EGR-2 mRNA IN 
THE LATERAL NUCLEUS OF THE AMYGDALA FOLLOWING 
DIAZEPAM IN CONTEXTUAL FEAR CONDITIONING.
S. Malkani* and J.B. Rosen. Dept. of Psych, and Neuroscience, Univ. 
of Delaware, Newark, DE 19716.
The GABAergic system in the amygdaloid complex is thought to be a site 
of action where anxiolytic benzodiazepine agonists decrease fear 
conditioning. Recent studies showed elevated mRNA expression of the 
immediate-early genes, EGR-1 and EGR-2, in the lateral amygdaloid 
nucleus (LA) following contextual fear conditioning. It was therefore 
hypothesized that diazepam would decrease both contextual fear 
conditioning and EGR-1 and EGR-2 mRNA expression in the LA. Rats 
were habituated to the intraperitoneal injection procedure for two weeks. 
On the test day, rats were injected with vehicle or diazepam (2.5 mg/kg, 
i.p.) 20 minutes before a one-trial contextual fear conditioning session. 
Half the rats were sacrificed 30 minutes following fear conditioning and 
their brains were frozen for subsequent in situ hybridization. The other 
half of the rats were tested for retention of fear conditioning 24 hours 
later. Diazepam-treated rats displayed decreased fear-conditioned 
freezing in the retention test. Image analysis of EGR-1 and EGR-2 
revealed increased mRNA levels in the LA in vehicle-treated rats 
compared to an unconditioned control group. Diazepam blocked the 
fear-conditioning-induced increase in EGR-2 expression in the LA, 
whereas it did not affect the elevated expression of EGR-1. The results 
suggest differential regulation of EGR-mRNA expression in the LA 
following contextual fear conditioning, where EGR-2, but not EGR-1, 
may be regulated by the GABAergic system in the LA.
This research was supported by the University of Delaware.

647.13

LESIONS OF THE LATERAL NUCLEUS OF THE AMYGDALA 
DECREASE FREEZING IN RATS TO CONTEXTUAL FEAR 
CONDITIONING AND TO A PREDATOR ODOR. K. J. Wallace*, 
and J. B. Rosen. Department of Psychology and Neuroscience 
Program, University of Delaware, Newark, DE 19716.
Lesion and electrophysiological research have shown that the lateral 
nucleus of the amygdala (LA) is important for auditory fear conditioning. 
Recent studies also show that immediate-early genes are expressed in the 
LA following contextual fear conditioning. This suggests that in addition 
to being important for fear of auditory cues, the LA may be important for 
contextual fear conditioning. In the present study, the effects of lesions 
of the LA on contextual fear conditioning were assessed. Electrolytic 
lesions were made of the LA at three locations to ablate more than 60% 
of the nucleus. Following a week of recovery rats were given one trial 
contextual fear conditioning to a footshock. Rats with bilateral lesions of 
the LA or with lesions of the LA on one side and the amygdalostriatal 
transition area on the other side demonstrated reduced freezing (4% of 
time spent freezing) in a retention test 24 hours after a footshock 
compared to rats with incomplete lesions of nuclei adjacent to the LA 
(40% of time spent freezing). These animals were also presented with a 
predator odor from fox feces, trimethylthiazoline (TMT), which induces 
freezing behavior in normal rats. Again, rats with lesions in the LA 
demonstrated less freezing to TMT (11% of time spent freezing) 
compared to animals with incomplete lesions of nuclei adjacent to the LA 
(59% of time spent freezing). These data suggest that the LA and the 
amygdalostriatal transition area are important for contextual fear 
conditioning and expression of unconditioned fear to a predator odor. 
Supported by the University of Delaware.

647.14

EXPRESSION OF EGR-1 PROTEIN IN THE LATERAL NUCLEUS 
OF THE AMYGDALA FOLLOWING CONTEXTUAL FEAR 
CONDITIONING. B.L.Thompson* and J.B .Rosen. Dept. of 
Psychology and Neuroscience, Univ. of Delaware, Newark, DE 19716. 
Electrophysiological, lesion and gene expression studies have shown that 
the lateral nucleus of the amygdala (LA) is important for contextual fear 
conditioning. Recent studies show that mRNA expression of immediate 
early genes EGR-1 and EGR-2 increase in the LA following contextual 
fear conditioning. In the present study, a similar increase in the 
expression of protein product of the EGR-1 gene is hypothesized to 
occur following contextual fear conditioning. Male rats were given one 
presentation of a lsec, 1.5 mA footshock, and percent time spent 
freezing across 4 min following footshock was calculated. The rats were 
given an overdose of pentobarbital either immediately, 30 min, 60 min, 
or 120 min after the post-shock period. The brains were fixed and 40 pm 
sections were sliced through the amygdala. Immunohistochemistry using 
a polyclonal antibody against EGR-1 (Santa Cruz Biotechnology) was 
performed. The animals receiving the footshock spent 90% of the post-
shock period freezing. Rats killed immediately after the post-shock 
period had similar number of cells expressing EGR-1 protein as handled 
rats. In contrast, rats killed 30,60 and 120 minutes after the shock 
displayed a significant 50% reduction in the number of EGR-1 labeled 
cells in the LA. The data demonstrate that in contrast to the increase in 
expression of mRNA of EGR-1 in the LA, there was a prolonged 
decrease in the number of cells in the LA expressing the EGR-1 protein 
following contextual fear conditioning.
Supported by the University of Delaware.
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647.15
CONDITIONED FEAR TO CONTEXT IS ASSOCIATED WITH AN INCREASE 
IN FOS EXPRESSION IN THE LATERAL PART OF THE CENTRAL 
amygdalar  nucleus . A>P. Scicli\-Q.E>, Petrovich, .and R,F, Thompson 
Neuroscience Program, Univ. of Southern California, Los Angeles, CA 90089-2520.

Our goal in this experiment was to further delineate the functional circuitry for 
contextual conditioned fear, using an immediate early gene (c-fos) protein as a marker.

Twenty-four adult male Sprague-Dawley rats were randomly assigned to one of the 
three groups—experimental (A) and two controls (B and C). Animals in groups A and 
C were classically conditioned to context for two days through the use of aversive 
footshocks. Training consisted of a 3-minute baseline followed by three conte xt- 
footshock pairings (footshock: lsec, 1mA; intertrial interval 1 min). Animals in 
control group B followed the same procedures, except no footshocks were administered. 
Two days following the second training session animals in groups A (experimental) and 
B (control) were tested in the conditioning chamber for 30 minutes. Freezing was used 
as a behavioral measure of conditioned fear. After testing rats were perfused and brains 
collected and pretreated for anatomical procedures. The control group C was never 
tested, instead they were perfused at the time of testing.
c-fos protein distribution was detected using immunohistochemistry followed by 

density analysis. An increased number of Fos-immunoreactive neurons were found 
specifically in the lateral part of the central nucleus of the amygdala (CEA1) in the 
experimental group (A) as compared to either control group B or C. No differences were 
found between the two control groups.

Our results are consistent with previous work (Beck and Fibiger, 1995) in which an 
increase was found in the central amygdalar nucleus. However, in the present study, 
with fewer footshocks , we find an increase specifically in the CEA1. Thus, the CEA1 
may be associated with the expression of contextual conditioned fear. Nevertheless, the 
mechanisms underlying this still need to be determined.

Supported by grants from NIH (AG05142) and Sankyo Co., Ltd. to RFT.

647.16
EXPOSURE TO AN AVERSIVE CONDITIONED CONTEXT AND C-FOS 
LABELING IN THE AMYGDALA. MRHolahan* & N M, White. Dept. of 
Psychology, McGill University, Montreal, QC H2A 1B1

The present set of experiments assessed c-Fos labeling in the amygdala following 
exposure to contextual cues. Three groups of 5 rats were used. Rats in the Shock- 
Paired group received four shocks (0.5 sec., 1.0 mA) in context A and were tested in 
context A without shock 72 hrs. later. Rats in the Shock-Unpaired group received the 
same shocks in context B but were tested in context A 72 hrs. later. Rats in the No- 
Shock group did not receive any shocks in context A or B and were tested in context 
A. All rats were processed for c-Fos expression 90 minutes after removal from context 
A.

During the test in context A, the Shock-Paired group emitted significantly more 
conditioned freezing than the Shock-Unpaired and No-Shock groups. The Shock- 
Unpaired group emitted significantly more conditioned freezing than the No-Shock 
group. The Shock-Paired group deposited significantly more fecal boluses than the 
No-Shock group but not the Shock-Unpaired group. The Shock-Unpaired and No- 
Shock groups did not significantly differ in bolus counts.

The number of c-Fos labeled cells in the basolateral nucleus was significantly higher 
in both the Shock-Paired and Shock-Unpaired groups compared to the No-Shock 
group, corresponding to the differences in conditioned freezing. Labeling in the 
central nucleus was significantly higher in the Shock-Paired group compared to both 
the Shock-Unpaired and No-Shock groups, corresponding to the bolus counts. No 
significant differences were observed in either the medial or lateral amygdala. These 
findings suggest that the basolateral nucleus may be involved in the expression of a 
conditioned skeletal response (freezing) and the central nucleus may be involved in the 
expression of a conditioned autonomic response (fecal boluses).
Funded by the Natural Sciences and Engineering Research Council of Canada; 
FCAR, Province of Quebec; National Institute of Mental Health, NRSA

647.17

RECIPROCAL FUNCTIONS OF HIPPOCAMPUS AND AMYGDALA IN 
CONDITIONED CUE PREFERENCE (CCP) LEARNING S.-C. Chai* &N.M. 
White, Dept. of Psychology, McGill University, Montreal, Canada H3A 1B1.

The CCP on the radial arm maze is a discrimination between environmental cues 
visible from two maze arms, one of which contains food, learned when rats are 
confined in the arms for equal amounts of time. We previously reported that 
normal rats failed to learn a CCP when the food and no-food arms were adjacent 
(ACCP). However, we have now found that normal rats learn the ACCP after 
exploring the maze with no food for at least three 10 min pre-exposure sessions. 
Rats with fimbria/fomix (FF) lesions failed to acquire the ACCP after three pre-
exposure sessions. Normal rats failed to learn the ACCP after three pre-exposure 
sessions in a different maze. These findings suggest that the ACCP is learned as 
a hippocampus-based discrimination between two spatial locations, and that this 
can occur only if a spatial map of the maze environment is first acquired by 
exploration during pre-exposure. Rats with LNA lesions learned the ACCP after 
at least 1 pre-exposure session, suggesting that during exploration the normal LNA 
acquires information that retards hippocampus-based discrimination learning.

The facilitatory effect of LNA lesions on the ACCP is in contrast to the 
impairing effect of the same lesions on learning the CCP with widely separated 
food and no food arms (SCCP). Since different cues are visible from the two arms 
in the SCCP, this discrimination can be learned as an amygdala-dependent 
conditioned association between food and the cues visible from the food arm. In 
contrast to the ACCP, a single pre-exposure session retards acquisition of the 
SCCP and FF lesions eliminate this retardation.

Thus, amygdala and hippocampus appear to have reciprocal functions in ACCP 
and SCCP learning.
Supported by grants from the Medical Research Council of Canada and FCAR, 
Province of Quebec.

647.18
BASOLATERAL AMYGDALA INFUSIONS OF LIDOCAINE ATTENUATE 
ACQUISITION AND EXPRESSION OF A FOOD CONDITIONED PLACE 
PREFERENCE. J.P. Schroeder* and M.G. Packard. Dept. of Psychology, Yale 
University, New Haven CT 06520.

Previous studies using irreversible lesions in male rats indicate a selective role 
for the basolateral/lateral amygdala in the acquisition of conditioned place 
preferences (CPP) for naturally occurring stimuli, including exposure to sexually 
receptive female rats, and food reward. The present experiments were designed to 
investigate whether the basolateral amygdala plays a specific role in memory 
storage and retrieval processes underlying a food-induced CPP. Accordingly, we 
examined the effects of post-training and pre-retention intra-basolateral amygdala 
injections of the local anesthetic lidocaine on consolidation and expression of a 
food-CPP. On 4 alternating days, food-deprived male Long-Evans rats received 
access to Noyes food pellets (7 grams) during exposure to one side of a conditioned 
place preference apparatus, and no food during exposure to the alternate 
compartment. On day 5 the rats were given a 20-min test session with access to all 
compartments of the apparatus, and the amount of time spent in each compartment 
on the test day was recorded. No food was present in the apparatus on the test day. 
Rats receiving post-training or pre-retention saline injections spent significantly 
more time in the compartment previously paired with food than in the 
compartment paired with no access to food, indicating a significant food-CPP. 
Post-training intra-basolateral amygdala injections of lidocaine (2% solution, 0.5 
ul) attenuated subsequent retention of a food-CPP, while pre-retention intra-
amygdala lidocaine injections attenuated expression of a food-CPP. The results 
suggest a role for the basolateral amygdala in both memory consolidation and 
retrieval processes underlying stimulus-reward memory as measured in a CPP task.

Supported by NIH R29MH56973 -01 (M.P.)
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648.1
NEUROTOXIC LESIONS OF THE DORSAL HIPPOCAMPUS DISRUPT 
AUDITORY-CUED TRACE HEART RATE (FEAR) CONDITIONING IN 
RABBIT. J.F, Disterhoft*. M.P, McEchron, and W. Tseng. Cell and Molecular 
Biology, Northwestern University, 303 E. Chicago Ave., Chicago, IL 60611 USA.

Classical conditioning of autonomic and behavioral fear responses to an auditory 
conditioned stimulus (CS) has generally been viewed as a learning paradigm that 
does not involve the hippocampus. However, in one of our previous studies we have 
shown that the hippocampus is essential for conditioning of a rat’s behavioral fear 
responses when an auditory CS and a fear-producing unconditioned stimulus (US) 
are temporally separated by an empty trace interval (McEchron et al., 1998). The 
present study sought to determine if cells in the dorsal hippocampus of the rabbit 
play a role in classical heart rate (HR) conditioning when die auditory tone-CS (3 
sec; 6000 Hz; 90 dB) and the fear producing shock-US (3 mA; 0.5 sec) are separated 
by a 10 sec trace interval. Rabbits were anesthetized and given 2 ibotenic acid (10 
pg/pl) injections (0.5 pi each) bilaterally in the neocortex (NEO; n=7), or dorsal 
hippocampus (HIPP; n=7). One week later animals were given one habituation 
session (30 CS-alone trials) immediately followed by one trace fear conditioning 
session (36 CS-Trace-US trials). During trace conditioning NEO animals and a 
group of unoperated control animals (n=7) showed conditioned bradycardiac HR 
responses to the CS. However, the HIPP group did not show significant 
bradycardiac HR responses to the CS, but rather showed HR responses similar to a 
pseudoconditioned group of unoperated animals (n=7) which received unpaired CSs 
and USs. These group differences were also seen in a retention session of CS-alone 
trials presented 24 hours after trace fear conditioning. One week after trace 
conditioning animals received a delay fear conditioning session consisting of 36 CS- 
US trials where no trace interval separated the CS and US. During delay 
conditioning, HIPP animals showed conditioned bradycardiac HR responses to the 
CS that were similar to the responses of the NEO group. This suggests that cells in 
the dorsal hippocampus play a critical role in the association of auditory and fear 
producing stimuli when they are separated by a trace interval. Supported by NIH 
AGO8796, AG05711 and MH47340.

648.2
EFFECTS OF POST-TRAINING ADMINISTRATION OF EPINEPHRINE AND 
SCOPOLAMINE ON CONSOLIDATION OF FEAR CONDITIONING. J.J. Kim*,
H.J. Lee, S.Y. Berger, J.P, Schroeder and M.G. Packard. Dept. of Psychology, Yale 
University, New Haven, CT 06520-8205.

Studies employing instrumental fear conditioning paradigms (e.g. inhibitory 
avoidance) indicate that post-training systemic injections of epinephrine affect 
memory consolidation via an influence on amygdala p-adrenergic activity, and 
subsequent modulation of memory storage processes occurring in other brain 
structures. Studies employing classical fear conditioning paradigms (e.g. tone or 
context conditioning) suggest a memory storage role for the amygdala, however, 
relatively few studies have examined the extent to which classical fear conditioning is 
subject to post-training memory modulation. If both classical and instrumental fear 
conditioning utilize a common neurochemical fear conditioning circuitry, then post-
training drug manipulations should also influence classical fear conditioning. 
Accordingly, we examined the effects of post-training injections of epinephrine (0.1, 
0.3 or 1.0 mg/kg) on classically conditioned fear, as measured by freezing. Male 
Long-Evans rats received post-training epinephrine or saline injections after 
conditioning consisting of 1 tone-shock (1.0 mA, 1-sec) pairing. Conditioned freezing 
to context and tone was measured 24 and 48 hours later, respectively. Other groups of 
rats received epinephrine (0.1 mg/kg) or saline either before conditioning or retention 
tests. Epinephrine had no effects on acquisition, expression, or memory consolidation 
in either tone or context conditioning. In contrast, post-training injection of the 
cholinergic muscarinic antagonist scopolamine (1 mg/kg) impaired conditioning to 
both context and tone. The results suggest that classical fear conditioning is subject to 
post-training memory modulation involving cholinergic (but not adrenergic) systems, 
at least when freezing is used as the behavioral measure. This hypothesis will be 
assessed further using intra-amygdala drug infusions.

Supported by a grant from the Whitehall Foundation.
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648.3
DIFFERENTIAL EFFECTS OF NEONATAL AND ADULT STRESS ON 
FEAR CONDITIONING. H.J. Lee* and J.J. Kim. Department of Psychology, 
Yale University, New Haven, CT 06520-8205

Stress is known to influence learning and memory processes in various 
animals. Thus, we investigated the effects of behavioral stress during early 
development and adulthood on classical and instrumental fear conditioning in rats. 
The maternal separation paradigm, in which infant rats are repeatedly separated 
from their mothers during a critical period of development, was used for neonatal 
stress. At 2 months of age, the neonatally stressed animals underwent 3 days of 
classical fear conditioning (a single tone-shock pairing daily). When tested a week 
later, neonatally stressed males displayed significantly enhanced context freezing 
than control males; however, there was no difference in tone freezing. In contrast, 
neonatally stressed females exhibited impaired conditioning to both context and 
tone in comparison to control females. Male and female controls did not differ in 
conditioned freezing to both tone and context. When tested in the inhibitory 
avoidance paradigm, both neonatally stressed males and females exhibited 
impairments compared to controls. For adult stress, animals were restrained for 
60-min while receiving 60 brief tailshocks (l-min apart). Afterwards, they were 
subjected to fear conditioning 5-min, 30-min, 3-hr, or 24-hr post-stress. All 
stressed animals showed significantly impaired conditioned freezing to both 
context and tone. The same adult stress paradigm, however, enhanced the 
inhibitory avoidance learning. Together, these results indicate that neonatal stress 
and adult stress produce differential effects on classical and instrumental fear 
conditioning. Supported by a grant from the Whitehall Foundation.

648.4
AMYGDALAR LESIONS BLOCK STRESS-INDUCED IMPAIRMENT 
OF LONG-TERM POTENTIATION (LTP) IN RAT HIPPOCAMPUS.
P.E. Sharp*. J.J. Kim and H.J. Lee. Department of Psychology, Yale 
University, New Haven, CT 06520-8205.

Behavioral stress is known to impair hippocampal-dependent learning 
tasks (e.g., spatial learning) and impair hippocampal LTP, suggesting that 
learning deficits associated with stress may in part be due to LTP (or other 
synaptic plasticity) impairments in the hippocampus. Since the amygdala is 
involved in mediating stress-related responses and modulating memory 
consolidation processes in brain structures such as the hippocampus, we 
examined the effect of amygdalar lesions on stress-mediated impairments of 
hippocampal LTP. Between 2-3 weeks after receiving sham or electrolytic 
lesions of the amygdala, adult long-Evans male rats were either exposed to 
behavioral stress (restraint + 60 tailshocks: 1 mA, l-sec, 60-sec apart) or 
not. Promptly following stress, hippocampal slices were prepared. When 
initial slopes of field-EPSPs were examined in stratum radiatum in CA1 
following stimulation of Schaffer collateral/commissural fibers, we 
observed that slices from sham-stressed animals exhibited significantly 
impaired LTP after tetanus in comparison to slices from sham-unstressed 
controls. Hippocampal slices prepared from both lesion-no stress and 
lesion-stressed animals exhibited robust LTP that did not differ from each 
other. These results suggest that stress may influence hippocampal 
plasticity via the amygdala circuit.

Supported by a grant from the Whitehall Foundation.

648.5

NMDA RECEPTORS ARE REQUIRED FOR LONG TERM BUT NOT SHORT TERM MEMORY OF 
EXTINCTION LEARNING. G.J. Quirk*, E, Rosalv, R.V, Romero, E. Santini and R.U. Muller1, Dept. of 
Physiology, Ponce School of Medicine, Ponce, PR, and 'Dept. of Physiology, SUNY Health Science 
Center at Brooklyn, Brooklyn, NY.

Pairing a tone with footshock causes rats to freeze to the tone or suppress ongoing behavior 
such as bar pressing. Subsequent presentation of the tone alone causes extinction of fear responses, 
a process long thought to involve new learning. Previous studies have shown that injection of NMDA 
antagonist APV into the basolateral amygdala during extinction blocks both the expression of freezing, 
and the retention of extinction measured 24 hours later (Falls et al., J. Neurosci., 1992; Lee and Kim, 
J. Neurosci., 1998). To further investigate the role of NMDA mediated plasticity in extinction, we 
trained rats to bar press for food and subjected them to tone-shock fear conditioning (tone: 80dB, 
4kHz, 30s, shock: 0.6mA, 0.5s). On Day 1 rats received habituation (5), conditioning (7) and 
extinction (15) trials (ITI-4 min). Prior to the extinction phase, rats were injected with either saline 
or the NMDA antagonist CPP (10 mg/kg, IP). CPP reduced the expression of conditioned fear by 40% 
(sal: 22 sec freezing, CPP: 13 sec); however, both groups fully extinguished over the course of 15 
trials. On the following day, rats were given an additional 15 extinction trials to test for long-term 
retention. CPP animals showed poor retention of extinction learning, recovering twice as much of 
acquired fear as controls (85% vs. 42%). CPP did not alter spontaneous press rates on either Day 1 
or 2, suggesting that the effect of the drug was specific for tone-induced fear. In other rats, CPP 
given prior to conditioning blocked acquisition entirely. Thus, NMDA receptors may not be required 
for learning extinction over short intervals (e.g. 1 hr), but are required for long term consolidation of 
such learning. A similar finding was recently reported in the hippocampus: CPP interfered with long-
term (24 hr) but not short-term (1.5 hr) maintenance of place cell representations of a novel 
environment (Kentros et al., Science, 1998). Given that lesions of medial prefrontral cortex have 
similar effects to those reported here for CPP (Quirk et al., Neurosci. Abstracts, 1998), consolidation 
of extinction learning may involve glutamatergic projections from mPFC to the amygdala. Supported 
by NIH Grants R29-MH58883, S06-GM08236, R01-NS20686, and R01-NS37150.

648.6
COMPUTER-ASSISTED BEHAVIORAL ASSESSMENT OF
PAVLOVIAN FEAR CONDITIONING IN MICE.
SG- Aoagnostaras*, S A, JosselytuP^W- Frankland, and A T Silva-
Dept. of Neurobiology and BRI, Univ. of California, Los Angeles, CA 90095.

In Pavlovian fear conditioning, a conditional stimulus (CS, usually a tone) is
paired with an aversive unconditional stimulus (US, usually a footshock) in a novel 
context. After even a single pairing, the animal comes to exhibit a long-lasting fear to 
the CS and the conditioning context, which can be measured as freezing, an adaptive 
defense reaction in mice. Both context and tone conditioning depend on the integrity 
of the amygdala, and context conditioning further depends on the hippocampus. The 
reliability and efficiency of the fear conditioning assay makes it an excellent 
candidate for the screening of learning and memory'deficits in mutant mice. One 
obstacle is that freezing in mice has been accurately quantified only by human 
observers, using a tedious method that can be subject to bias. In the present study we 
generated a simple, high-speed, and highly accurate algorithm which scores freezing 
of four mice simultaneously using NIH Image on an ordinary Macintosh computer. 
The algorithm yielded a high correlation and excellent linear fit between computer 
and human scores across a broad range of conditions. This included the ability to 
score low pre-training baseline scores and accurately mimic the effects of two 
independent variables (shock intensity and test modality) on fear. Because we used a 
computer and digital video, we were able to acquire a secondary index of fear, 
activity suppression, as well as baseline activity scores. Moreover, we measured the 
unconditional response to shock. These additional measures can enhance the 
sensitivity of the assay to detect interesting memory phenotypes and control for 
possible confounds. Thus, this computer-assisted system for measuring behavior 
during fear conditioning allows for the standardized and carefully controlled 
assessment of multiple aspects of the fear conditioning experience. This work was 
funded by NIH grant (AG13622) to AJS.

648.7

HIPPOCAMPAL ABLATIONS IMPAIR ACQUISITION OF TRACE
FEAR-POTENTIATED STARTLE. S.A. Heldt*, G. D. Coover & W.A. Falls. 
Department of Psychology, Northern Illinois University, DeKalb, IL. 60115

A number of studies have shown that an intact hippocampus is necessary for the 
acquisition of trace eyeblink conditioning in which the trace interval between the 
unconditioned stimulus (US) and conditioned stimulus (CS) is under 1 second, but 
not necessary when the US occurs before or right after the CS (i.e. delayed 
conditioning). In the present study we used fear-potentiated startle (FPS) to assess 
whether aspiration lesions of the hippocampus would disrupt the acquisition of trace 
fear-conditioning using a longer trace interval. McEchron, Bouwmeester, Tseng, 
Weiss, & Disterhoft (Hippocampus 8:638-646. 1998) showed that trace conditioning 
with a 30-s trace and aversive US produced freezing behavior in controls in only 10 
trials, but not in hippocampectomized rats. We used a shorter trace interval of 10 s, 
and more trials.

Two weeks after surgery, rats with hippocampal aspiration lesions and unoperated 
controls were given 10 trace conditioning trials on each of 3 days. Each trial consisted 
of a noise CS (4-s duration) followed by an empty 10-s trace interval and then a 
fear-producing footshock US (0.5-s duration). FPS was assessed 2 hr after each 
training session. In the FPS test, the acoustic startle response was elicited in the trace 
interval (i.e., the time where the shock US occurred during training) as well as in the 
intertrial interval (average startle-to-startle intertrial interval was 2.5 min.). FPS was 
defined as a greater startle amplitude in the trace interval than in the intertrial interval.

In unoperated control animals, the magnitude of FPS gradually increased over the 
course of training. In contrast, hippocampectomized animals showed no increase in 
FPS. These data support the finding of McEchron et al. (1998) that hippocampal 
lesions impair trace conditioning in situations involving longer intervals and 
processes such as operate in fear conditioning.

648.8
THE INFLUENCE OF THE TEMPORAL DELAY BETWEEN THE CONDITIONED 
STIMULUS AND THE UNCONDITIONED STIMULUS AND THE ESCAPE-OPTIONS OF 
THE UNCONDITIONED STIMULUS ON THE FORMATION OF AN AVOIDANCE 
STRATEGY OF GERBILS IN A SHUTTLE-BOX
A. Bischof, H.Stark*. H. Scheich, Leibniz-Institute for Neurobiology (IfN), Brenneckestr. 6, 

39118 Magdeburg, Germany. e-mail: stark@ifii-magdeburg.de
In the context of microdialysis studies of dopamine release during learning [1] we 

investigated the effects of temporal delay between CS (tone) and US (electric footshock) and of 
escape-options of the US. We trained gerbils in a shuttle-box avoidance paradigm using groups 
which had different pre-experience in the same learning apparatus. During the pre-experience 
we varied the temporal delays (5, 8, and 20 sec) between CS and US. The US which was not 
avoidable could be escaped (ES-groups) or not (NES-groups). During the 2nd and 3rd session 
gerbils were trained to form a standard avoidance strategy (SAS) with CS followed by US after 
5 sec, i.e. the animals had to re-evaluate the meaning of the CS experienced on the 1st day. In 
a control group we trained gerbils without any pre-experiences to form a SAS. The formation 
of the behavioral strategies was monitored using the performance (CR), the reaction times to 
CS (RT), attention responses (behavioral arrest, AR) and orienting responses toward the 
hurdle (OR).

We found (1) that an increase of the temporal delay between CS and US led to a retardation 
of performance during the acquisition of an avoidance strategy at the beginning of the 2nd 
session compared to the SAS-animals. This effect was enhanced by non-escapability to the US 
during pre-experience. In the 3rd session all animals showed an avoidance strategy. (2) The 
avoidance performance of the ES-animals was more unstable than in the NES- and SAS-groups 
during the 3rd session. (3) The number of repeated AR as behavioral marker for the re- 
evaluation process was always increased during the 2nd session in animals with a pre-
experience. (4) The maximum of the AR counts correlated with CS-onset while the maximum 
of OR counts was transferred from US-onset to CS during the learning process.

From our results we conclude that an increase of temporal delay between CS and US resulted 
in a decrease of predictabilty of US that increases the influence of the controlability of US as 
relevant factors for strategy formation during the re-evaluation process.

[1] Stark H., Bischof, A., and Scheich H., Neurosci. Lett., 264,1-4 (1999)
Supported by DFG, STA 464/1-2
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648.9
ANALYSIS OF THE ROLE OF CHLORPHENIRAMINE ON INHIBITORY 
AVOIDANCE IN Danio rerio. R. Mattioli* and E. L. Serra Lab. Neurociencias, 
Universidade Federal de Sao Carlos, Brazil

Recently, in our laboratory, an experimental model was developed to 
study inhibitory avoidance in fishes. With this model it was possible a study to 
verily the effects of clorpherinamine (CPA) on learning and memory in goldfish. 
Currently is known that Danio rerio only presents central receptors for histamine. 
This information is important because eliminates an peripheral action of CPA. The 
aim of this study was to verify the action by CPA on learning and memory in an 
inhibitory avoidance in Danio rerio. In the present study a two chamber (black and 
white) aquarium with a sliding door placed at the centre was used. The animals 
were placed in the aquarium two consecutive days for ten minutes of habituation. 
On the third day, the training was performed the fish initially was placed into 
white compartment with the door closed. After thirty seconds the door was 
removed and the time spend by the fish for crossing to opposite compartment was 
recorded. In this moment a 45g weight was dropped into the black compartment. 
This aversive stimulus evoked an escape behaviour. The training was done three 
consecutive times in a row and after the fish were injected i.p. immediately with 
vehicle (n-27) (2ml/kg) and CPA 1.0 mg/kg (n-22) and 4.0mg/kg (n-22). On the 
next day, fish were placed in the white compartment and the latency to cross 
between compartments was recorded again. On this day the animal doesn’t 
received the aversive stimulus. The results of the 1.0 mg/kg CPA injected fish, 
present a statistical drop in latency between the last training and the test after 24h 
indicating that CPA treated fish don’t remember the task on the next day, 
(Friedman RM ANOVA, p<0.0001). This results suggests that, in contrast to 
goldfish, CPA has a amnesiac property in an inhibitory avoidance in Danio rerio. 
Funding Source: CNPq.

648.10
LESIONS OF PARASEPTAL DIVISION OF THE BED 
NUCLEUS OF THE STRIA TERMINALIS PREVENT THE 
STRESS-INDUCED FACILITATION OF ASSOCIATIVE 
LEARNING IN THE MALE RAT. P.R, Mathew1* and T.J. Shors2. 
!Dept. Psychology, Princeton Univ, Princeton, NJ.2; Dept. Psychology 
and Center for Neuroscience, Rutgers Univ, Piscataway, NJ.

Exposure to an acute stressor persistently facilitates classical 
eyeblink conditioning in the male rat (Shors et al., 1992) and is de-
pendent on the NMDA receptor activation in the basolateral/lateral nu-
cleus of the amygdala (Shors and Mathew, 1998). Eyeblink condi-
tioning is dependent on the deep nuclei of the cerebellum (Thompson 
et al., 1987), but its acquisition can be modified via the amygdala. We 
hypothesized that the bed nucleus of the stria terminalis (BNST) is ac-
tivated as information is transferred from the amygdala to the cerebel-
lum or afferent structures. Indeed, lesions to the intra-amygdaloid di-
vision of the BNST prevented facilitated conditioning after stress 
(Mathew and Shors, 1998). Here, we made excitotoxic lesions (0.4P,
1.6L, 6.6V) of the lateral paraseptal division of the BNST, a major 
projection site for the basolateral amygdala. Rats were stressed and 
trained 24h later with a white noise CS and overlapping periorbital 
eyeshock US. Lesions of the BNST prevented the enhanced condi-
tioning after stress [F (1, 29) = 6.26; p = 0.01]. These findings suggest 
that the BNST is involved in the modulation of learning by stressful 
experience. [NIMH (R01 MH 59970-01) & NSF (IBN-95511027) to TJS]

648.11

BITING FLY INDUCED ANALGESIA: NMDA MEDIATED SOCIAL 
LEARNING. M. Kavaliers^D.D. Colwell and E. Choleris. Neuroscience 
Program and Lawson Research Institute, University of Western Ontario 
and Agriculture and Agri-Food Canada, Lethbridge, Alberta.

Biting flies are a natural aversive stimuli encountered by animals 
with brief exposure to biting flies (stable flies) inducing opioid mediated 
analgesia in rodents. Mice that received a single exposure to intact stable 
flies further displayed an analgesic response when exposed 24 h later to 
biting flies that were incapable of biting. This “one trial” conditioned 
analgesia could also be acquired without direct individual aversive 
experience with the biting flies. Mice (observers) that witnessed other mice 
(demonstrators) being attacked by biting flies, but themselves were not 
bitten, displayed analgesic responses. Upon subsequent (24 h) exposure to 
altered biting flies the observers also displayed a conditioned analgesia. 
The initial analgesic responses were likely elicited by the stress-related 
cues emitted by the attacked demonstrators, whereas the subsequent 
responses to the altered flies can be interpreted as involving socially- 
mediated observational learning. This conditioned analgesia was absent in 
observer mice that were administered the NMDA antagonist, NPC 1626, 
prior to their exposure to the demonstrator. Naloxone, blocked the initial 
analgesic response of the observers to the intact flies but did not alter the 
acquisition of the conditioned analgesia. These findings support NMDA 
involvement in the mediation of socially mediated rapid aversive learning. 
Supported by NSERC and Agriculture and Agri-Food Canada.

648.12
THE LOCUS COERULEUS IS INVOLVED IN CONDITIONED AND 
UNCONDITIONED DEFENCE BEHAVIOUR IN THE RAT. S. Neophytou, 
S.R. Beckett, S. Aspley1 & C.A. Marsden. (SPON: British Neuroscience 
Association) Nottingham University, Nottingham, NG7 2UH, U.K.; 1 Knoll 
Pharmaceuticals R&D, Nottingham, NG1 IGF, U.K.

This study examined the effect of bilateral 6-hydroxydopamine 
lesions (4pg) of noradrenergic neurones in the locus coeruleus (LC) of male 
Lister hooded rats on behaviour produced by unconditioned and conditioned 
aversive stimuli. The lesions markedly reduced the noradrenaline content of 
the hypothalamus, frontal cortex and periaqueductal grey area (% mean 
depletion 67, 36 & 50, respectively) without altering the levels of either 
dopamine or 5-hydroxytryptamine measured 14 days after administration.

Exposure to ultrasound (20 kHz at 98 dB for 60 sec), an 
unconditioned aversive stimulus, induced a defence response in the rats 
characterised by increased activity (running and jumping) followed by 
inactivity. Lesioning of the LC significantly attenuated the duration of the 
freezing (6.4 ± 1.2 s from 25.3 ± 5.9 s, p<0.01) but was without effect on the 
active phase of the response. A similar reduction in freezing (216 ± 43 s 
from 388 ± 43 s, p<0.01) was seen with LC lesions when the rats were 
exposed to the contextual cue in a classical inescapable footshock, 
conditioned emotion response, thereby indicating reduced passive avoidance. 
These findings confirm that the LC is involved in the regulation of fear- 
related behaviour in the rat both in an unconditioned and a conditioned 
model. Furthermore these results suggest that noradrenaline is involved in 
the attention and aversive learning phase components of panic, modifying the 
fine regulation of defence rather than being the principle activating ’switch’.

648.13
MUSCIMOL INFUSED INTO THE DEEP LAYERS OF THE SUPERIOR 
COLLICULUS/MESENCEPHALIC RETICULAR FORMATION BLOCKS 
EXPRESSION BUT NOT ACQUISITION OF FEAR-POTENTIATED STARTLE.
M. Davis* and E. G, Meloni. Dept. of Psychiatry, Emory University, Atlanta, GA.

The startle reflex is increased when elicited by an auditory stimulus in the presence 
of a cue previously paired with footshock. This fear-potentiated startle effect is 
critically dependent on the central nucleus of the amygdala which projects directly to 
the nucleus reticularis pontis caudalis, a critical relay along the acoustic startle pathway. 
However, fiber sparing lesion techniques have implicated an intermediate synapse 
connecting the amygdala to the startle pathway at the level of the mesencephalic 
reticular formation (Frankland & Yeomans, 1995; Fendt et al., 1996). The present 
study tested reversible inactivation of this area on fear-potentiated startle.

Animals were stereotaxically implanted with infusion cannulas into either the 
superficial or deep SC/Me. One week later, they received bilateral infusions of the 
GABAa  receptor agonist muscimol (0.1 pg/0.5 pi) or vehicle (0.9 % saline) and 
received a training session consisting of 10 light-shock pairings. Fear-potentiated 
startle was assessed two days later. In all groups, startle amplitude to a noise in the 
presence of a light was significantly elevated compared to startle amplitude to the noise 
alone. These results indicate that muscimol infused into either one of these area during 
training had no effect on the acquisition of fear-potentiated startle.

Three days later, animals received another training session without any infusions. 
Two days later, they received bilateral infusions of either muscimol (0.1 pg/0.5 pi) or 
vehicle immediately prior to testing. Compared to vehicle infusions, muscimol infused 
into the deep SC/Me, but not the superficial layers of the superior colliculus, completely 
blocked the expression of fear-potentiated startle. These results confirm that a synapse 
at the level of the deep SC/Me is critical for the expression of fear-potentiated startle. 
Current studies are further evaluating the role of GABA at this synapse in fear- 
potentiated startle. [Supported by MH-57250 and MH-47840].
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649.1
PRESERVATION OF SHORT-TERM WORKING MEMORY AFTER MASSIVE 
TETANIZATTON OF THE PERFORANT PATH. S. Molden1’2*, R.G.M. Morris3. M.-B. 
Moser1, and E.I. Moser1. Depts of ‘Psychol, and 2Zool., Norw. Univ. of Sci. and Technol., 
Trondheim, Norway, ’Dept. of Neurosci., Univ. Edinburgh, Scotl., U.K.

Massive induction of LTP in perforant-path synapses of the dentate gyrus and possibly 
area CA1 retard performance in a reference-memory task in the watermaze (Moser et al. 
1998). We aimed to determine if this functional loss was related to mnemonic processing 
specifically and if the saturation protocol produced irreversible functional damage to the 
hippocampal system.

Adult male Long-Evans rats were lesioned unilaterally in the dentate gyrus and 
hippocampus by micro-injections of ibotenate. In a following surgery, an array of three 
concentric bipolar electrodes was implanted into the medial, central and lateral parts of the 
contralateral angular bundle. A bipolar stainless steel recording electrode was implanted in 
the granular layer or hilus of the dentate gyrus.

The rats were trained on a delayed matching-to-place task in the watermaze (15 s and 2 
h delays). LTP was induced to near in vivo saturation level by repeated epochs of high- 
frequency (HF) stimulation between two bipolar electrodes that straddled the angular 
bundle. Despite massive induction of dentate and possibly hippocampal LTP, the rats 
expressed short-term working mefnory comparable to that of a low-frequency (LF) 
stimulated control group at the 15 s interval. Thus, massive induction of hippocampal LTP 
does not produce motor difficulties, perceptual distortion, or other disabling deficits 
unrelated to memory processing. Preliminary data indicate a small impairment at the 2h 
delay resulting from massive LTP but not LF stimulation. Experiments are being carried out 
to determine the robustness of this effect

By exploiting the time-dependent decay of LTP, a cross-over design allowed each animal 
to receive both treatments (HF and LF) at a 1 month interval. The rats that were given 
massive LTP quickly relearned the delayed matching-to-place task after the decay period. 
Thus, it is unlikely that massive induction of dentate LTP produces irreversible electrolytic 
damage to the perforant-path or exitotoxic cell death in the hippocampal region. Supported 
by the Norw. Research Council.

649.2
BLOCKADE OF RETRIEVAL FOLLOWING SATURATION OF LTP IS REVERSED BY 
NMDA RECEPTOR ANTAGONISM. Bran VH*. Ytterbo K. Otnaess MK. Moser MB. 
Moser EL Dept. Psychol., Norw. Univ. of Sci. and Technol., Trondheim, Norway.

We tested the effect of widespread long-term potentiation (LTP) in the hippocampus 
(HPC) or dentate gyrus (DG) on retrieval in pretrained rats. Electrodes were implanted in 
the central, medial and ventral parts of the angular bundle and in the DG of rats with 
ibotenic-acid induced contralateral HPC lesions. The rats were then pre-trained in a water- 
maze for 5 days. All rats searched extensively at the training location on day 6 (31 ±2 % of 
probe test in platform zone; chance 12.5%). Two hours later, one group of rats received 4 
series of repeated cross-bundle high-frequency (HF; 400 Hz) stimulation at 1 h intervals, 
using all possible anode-cathode combinations of the two peripheral bipolar electrodes. 
Control rats received similar stimulation at low frequency (LF; 0.5 Hz) or no stimulation 
(NS). A second retention test was performed 2 h after stimulation. Performance was now 
reduced to chance level (14±2%) in HF rats, but remained unimpaired in LF (27±3%) and 
NS (35±5%) rats. A similar pattern was observed when pretraining was completed 1 week 
before stimulation. Residual LTP through the ‘naive’ central stimulation electrode after 
testing was 11±4% in HF and 36±7% in LF animals.

The retrieval deficit may reflect nonspecific consequences of HF stimulation. Because 
LTP in perforant path synapses requires NMDA receptors, we asked whether retrieval was 
preserved when the same HF stimulation was given in the presence of the NMDA receptor 
antagonist CPP. One HF and one LF group received CPP (15 mg/kg i.p.) and one HF and 
one LF group received saline before stimulation. Retrieval 24 h later was impaired in the 
HF-SAL group only (15±2% in the platform zone). The HF-induced retrieval deficit was 
blocked in the CPP group (30±6%, similar to LF groups).

Widespread LTP of the DG and HPC is likely to disrupt patterns of synaptic weight 
changes established during previous learning episodes. The results suggest (i) that such 
patterns of strong and weak synapses may be critical for retrieval of spatial memory, and (ii) 
that the effects of HF stimulation are specifically due to the induction of NMDA-receptor 
dependent LTP. Supported by the Norw.Res.Council.

649.3

CONTEXTUAL CONDITIONING AND FEAR EXPRESSION IN RATS 
WITH DORSAL AND VENTRAL HIPPOCAMPAL LESIONS. F A. 
Tuvnes1,2*. R. Murison3. E, I, Moser1 and M.-B. Moser1. Dept.s of’Psychol, 
and 2Zool., Norw. Univ. of Sci. and Technol., Trondheim, Norway. 3Dept. of 
Biol, and Med. Psychol., Univ. of Bergen, Norway.

Recent evidence suggests that the hippocampus (HPC) is functionally 
differentiated along its dorsoventral axis. Previous studies have demonstrated 
that the dorsal hippocampus (DH), but not the ventral hippocampus (VH) is 
critical for spatial memory. In an attempt to determine possible fimetions of 
the VH, we compared the performance of rats with either complete 
hippocampal lesions, DH or VH lesions, or sham lesions in a contextual 
conditioning task.

Lesions were made by ibotenic acid before training. Freezing and 
movement was measured in a test chamber during a baseline, a shock-delivery 
(3 shocks, 1 mA, 1 s) and a retention test. Animals with complete 
hippocampal lesions exhibited less freezing on the retention test than sham 
animals. Partial lesions (dorsal or ventral, ~50%) did not reduce freezing. 
However, VH but not DH lesions reduced plasma corticosterone levels 
following the baseline and retention tests of the conditoning task. When the 
same animals were trained in a water-maze task (5 days, 4 trials morning, 4 
trials evening, fixed platform), rats with DH but not VH lesions showed 
reduced search time in the training quadrant on the final probe test. The 
results suggest (i) that the hippocampal substrate required for contextual 
conditioning is <50%, (ii) that it could be located in either the dorsal or 
ventral half of the HPC, and (iii) that the VH may be specifically involved in 
the endocrine expression of fear. Supported by the Norw.Res.Council.

649.4

IMPAIRED RETRIEVAL OF SPATIAL MEMORY IN RATS WITH 
TRANSECTION OF THE ASSOCIATIONAL PATHWAY IN CA3. H.-A. 
Steffenach. E.I. Moser and M.-B. Moser (SPON: Society of Neuroscientists of 
Africa). Dept.s of Psychol, and Zool. Norw. Univ. of Sci. and Technol., Trondheim, 
Norway.

Converging data suggest that the hippocampus operates in a distributed 
manner. With sensory information entering the hippocampus along as much as 
three-quarters of the longitudinal axis of the structure (Dolorfo and Amaral, 1998), 
widely separated inputs may be associated during spatial learning. A potential 
substrate for this integration is the longitudinal associational pathway of area CA3. 
To investigate the role of this pathway role in spatial memory, we tested retrieval in 
pretrained rats with a small knife cut through CA3.

The rats were pretrained with a fixed platform location in a water-maze for 6 
days. A retention test on day 7 showed that all rats searched within a zone around 
the platform (33±4% of triad time; chance level 12.5%). On the same day, the rats 
received either a single knife transection through CA3 bilaterally or sham lesions. 
The knife was a sharp 1 mm long coronally oriented razor blade. The lesions were 
restricted to area CA3 in the middle of the septotemporal axis of the hippocampus 
(~lxlmm2). The fimbria was spared.

Seven days after surgery, retrieval was again tested. The sham-operated group 
still searched around the platform location (27+4%). In contrast, rats with cuts 
through CA3 now searched at random (16+3% in the platform zone). Despite the 
retrieval deficit, rats with CA3 cuts were not different from the sham group in 
learning to navigate to a new platform in a new water-maze environment (39+7% 
and 40+2%, respectively, in the platform zone on a final probe test; chance level 
12.5%). Animals with complete ibotenate induced hippocampal lesions failed to 
acquire the new task.

These observations suggest that the integrity of area C A3 and its longitudinal 
associational pathway is necessary for retrieval of spatial memory. The failure to 
disrupt new learning is consistent with the fact that spatial learning in naive rats is 
possible with only a tiny block of dorsal hippocampal tissue (Moser et al., 1995). 
Supported by the Norw. Research Council.

649.5
SKEWED DISTRIBUTION OF PLACE FIELDS IN A WATER-MAZE 
RETRIEVAL TASK. M.-B. Moser1*, S.A. Hollup1, J.G. Donnett2 and E.I. Moser1. 
‘Dept. Psychol., Norw. Univ. of Sci. and Technol., Trondheim, Norway; 2Dept.
Anat. and Developm. Biol., Univ. College London, UK.

Hippocampal pyramidal cell activity was recorded in a modified water-maze 
(see S.A. Hollup et al. Soc. Neurosci. AbstrA999 for details). To determine whether 
activity in these cells is specifically related to memory, we recorded single-unit 
activity from 97 cells in 8 rats during retrieval in the water-maze. Implanted rats 
were overtrained in a spatial reference memory task with the platform at a fixed 
position within a circular corridor. An escape platform was made available at a fixed 
location within the corridor once the rat had swum a full circle. When stable 
hippocampal units were identified, the animals received 8 blocks of two trials at 30 
min intervals. On every 4th trial, data were recorded for 60 s (~4 circuits) before the 
platform was made available.

Spatial memory was expressed as a ~30 % reduction of swim speed over the 
platform area on these retrieval tests. The EEG showed no signs of LIA. 
Hippocampal single units had distinct and stable place correlates (“place fields”) 
during swimming. Place fields were distributed across the entire corridor area, but 
more fields occurred near the platform than elsewhere (94% more than in the 
opposite half). The average discharge rates of all cells were also increased around 
the platform. This occurred independently of the choice of platform position for 
each rat, and was not observed in randomly searching animals trained with a 
variable platform location.

Because spatially and nonspatially trained animals were exposed to the same 
environmental stimuli during the probe tests, the non-homogeneous distribution of 
the firing rates following spatial training is likely to be a result of spatial learning. 
Supported by the Norw.Res.Council.

649.6

DISSOCIATION OF PLACE AND GOAL IN CA1 PYRAMIDAL CELLS IN A 
WATER-MAZE REVERSAL TASK. E.I, Moser1*, S.A, Hollup1, J.G. Donnett2 and 
M.-B. Moser1. ‘Dept. Psychol., Norw. Univ. of Sci. and Technol., Trondheim, 
Norway; 2Dept. Anat. Developm. Biol., Univ. College London, UK.

Do hippocampal pyramidal cells exhibit activity related to goal objects 
independently of location in the room frame? We tested this hypothesis in a water- 
maze where the target is not detectable by the rat. We recorded 80 CA1 pyramidal 
cells from 8 rats as they searched for a hidden platform in a standard and reversal 
water-maze task. If these cells respond to goal positions as well as positions defined 
by the room frame, they might show changes in place-specific activity (“place 
fields”) at both the original and reversed platform positions.

The rats were trained to find a hidden platform at a fixed position inside a 
circular corridor (see S.A. Hollup et al., Soc. Neurosci. Abstr. 1999, for details). 
Once stable CA1 units were identified, the rats were tested in 14 blocks of 2 trials 
(interblock interval 30 min). In blocks 1-7, the platform was in the original position 
used during pretraining. In blocks 8-14, the platform was moved 180° to the 
opposite quadrant. Every 4th trial was a retrieval test with the platform submerged 
for 60 s (~4 circuits of the corridor).

During blocks 1-7, more cells had fields around the platform than elsewhere 
(M.-B. Moser et al.). Following reversal, these cells were still most active near the 
old position, even though swimming speed was now normal in this region.
However, this activity was decreased to 47%. Furthermore, their firing rates . 
increased to 173% at the new platform location. In many cells, the increase was 
thus expressed as a second field. Cells with fields in intermediate locations did not 
increase their activity (<7%), while cells with fields at the new position before 
reversal showed a decrease of activity at this place (to 51%).

The data suggest that some hippocampal pyramidal cells exhibited target- 
related firing independently of the room frame. This activity frequently occurred in 
addition to activity defined by the room frame, suggesting that ‘place’ and ‘goal’ 
functions may be mediated by the same cell. Supp. by the Norw. Res. Council.
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649.7
PLACE FIELDS IN THE WATER-MAZE. S.A. Hollup1, J.G. Donnett2 K.J.
Jeffery2, M.-B. Moser1 and E.I. Moser1 (SPON: Society of Neuroscientists of 
Africa). ‘Dept. Psychol., Norw. Univ. of Sci. and Technol., Trondheim, Norway; 
2Dept. Anat. and Developm. Biol., Univ. College London, UK.

The water-maze task, which depends on the integrity of the hippocampus, is a 
widely used test of spatial learning ability in rodents. On dry land, hippocampal 
pyramidal cells show location-specific firing (“place fields”) which may comprise a 
hippocampal spatial ‘map’ that the rat can use in navigation. We investigated 
whether these cells also have place fields in the water-maze, as a prelude to 
exploring whether their activity changes with learning. CA1 spike activity was 
recorded, along with the rat’s position, during both free swimming and search for a 
hidden platform at a fixed or a variable location. Every 4th trial was a probe test in 
which the pneumatically controlled platform was unavailable for the first 60 s.

Averaging across several sessions, we found that distinct place fields were 
present both following fixed and variable-platform training. The fields were slightly 
larger than in a dry open field. To determine if this difference reflects swimming per 
se or uneven sampling of the pool area, we constrained the search area (using low 
Plexiglas walls) to a corridor in the pool of lm inside diameter and 18 cm width.
The platform was raised only when the rat had swum a full circuit, ensuring 
coverage of all regions of the search arena on the probe tests. Distinct, focused and 
directionally modulated place fields were now present throughout the corridor in all 
rats tested.

To compare ‘wet’ and ‘dry’ navigation further, tests in the water-maze 
alternated with tests in a dry version of the maze in a subset of animals. The dry 
maze was an equally large corridor with a white floor on top of the water surface. 
Although stable place fields occurred in both environments, only a small subset of 
the cells had place fields at the same location in the two tasks. To determine whether 
this is because of sensory or behavioural differences, experiments are being carried 
out in which rats either wade or swim through the water. Supported by the 
Norw.Res.Council.

649.8
PRETRAINING PREVENTS SPATIAL LEARNING IMPAIRMENT
FOLLOWING SATURATION OF LTP. M.K. Otnaess*, M.-B. Moser and E.I. 
Moser. Dept. Psychol., Norw. Univ. of Sci. and Technol., Trondheim, Norway.

Spatial learning is impaired by NMDA receptor antagonists at doses that block 
hippocampal long-term potentiation (LTP). The impairment is reversed in animals 
that have received spatial or non-spatial pretraining in a different water-maze 
(Bannerman et al., 1995, Saucier & Cain, 1995). Here we show that pretraining 
also prevents the learning impairment induced by saturation of hippocampal LTP.

Thirty rats received unilateral lesions and were subsequently implanted with 
multiple bipolar stimulation electrodes in the angular bundle and a recording 
electrode in the dentate gyrus of the intact hemisphere. Fifteen of these rats were 
given spatial pre-training in a watermaze for 5 days (4 trials morning, 4 trials 
evening, fixed platform position). Seven days later, these rats as well as the 
remaining 15 naive rats received 4 series of repeated high-frequency (HF; 400 Hz) 
or low-frequency (LF; 0.5 Hz) control stimulation at 2-h intervals. Stimulation was 
delivered with all possible anode-cathode combinations between electrodes in the 
medial, lateral and ventral parts of the angular bundle.

After stimulation, all rats were trained in a second watermaze. Pretrained LF 
and HF rats acquired the new task at an equal rate and had similar search times in 
the training quadrant when the platform was removed. In contrast, only LF animals 
in the naive group learned to search in the training zone. Naive HF rats searched at 
chance level. All rats performed well in a platform climbing task and a balance 
task, suggesting no sensorimotor impairments. This suggests (i) that hippocampal 
LTP is necessary for spatial learning only in naive animals, and (ii) that the 
differential performance of naive and pretrained rats is not caused by sensorimotor 
factors. Supp. by the Norw. Research Council.

649.9

DIFFERENTIAL INVOLVEMENT OF AMYGDALA AND HIPPOCAMPUS IN 
RESPONDING TO NOVEL OBJECTS AND CONTEXTS. S.N. Moses12. R J, 
Sutherland*2 & R. J. McDonald1 ‘University of Toronto University of New Mexico

Medial temporal memory systems, involving amygdala and hippocampus, play 
different roles in responding to familiar cues, contexts, and cue relationships. In this 
study we investigate amygdala and hippocampal involvement in responding to novel 
objects and contexts. We hypothesized that the hippocampus would be important in 
mediating exploration of novel distal cues, and the amygdala would be involved in 
mediating exploration of novel proximal objects. Exploration was assessed by 
measuring changes in locomotion, rearing, and dwell time in regions of the 
environment. Control rats and rats with amygdala or hippocampal lesions, made 
with multiple microinjections of NMDA, were placed into a transparent chamber fix- 
10 min per day for 23 successive days. The chamber contained 4 objects, one in 
each quadrant, and was surrounded by many distal cues. After 23 days, when 
behavior was stable, proximal or distal cues were manipulated. After each 
manipulation, cues were held constant until behavior returned to baseline levels. 
Responses were evaluated using ANCOVA. All groups displayed reliable 
habituation, as well as increased locomotion in response to a novel proximal object 
and novel distal cues. Rearing did not increase upon exposure to a novel proximal 
object. However, rearing by control and amygdala lesion rats increased following 
exposure to novel distal cues. This increased rearing was not observed in rats with 
hippocampal damage, although these same distal cues did elicit increased 
locomotion in this group. This suggests that the hippocampus is not essential in 
generating a generalized novelty response, but is essential in directing exploration 
toward new distal information. Similarly, upon exposure to a novel object, control 
rats showed a sharp increased preference for the quadrant containing the novel object. 
Both lesions diminished this effect Thus, amygdala may be involved in directing 
exploration towards proximal objects, while the hippocampus may be involved in 
directing exploration towards both proximal objects and distal cues. Neither 
structure is essential in a generalized novelty detection system. Funded by an 
NSERC grant to RJM.

649.10
SPATIAL NAVIGATION AND MEMORY OF PLACE IN ANIMALS THAT 
DEVELOP IN MICROGRAVITY. M. D. Temple1*, K. S.Kosik2, O, Steward1. 
1Dept. of Neuroscience. Univ. of Va.. Charlottesville. VA 22908: 2Pept, of 
Neurology, Harvard University, Boston, MA 02115.

Spatial navigation and memory of place in terrestrial animals is based on a 
gravity-defined map. Given that experience plays a key role in the 
development of neural systems, it is of interest to determine how the systems 
that mediate spatial cognition would develop in the absence of gravity. The 
NASA Neurolab project provided an opportunity to address this question for 
the first time. Litters of rat pups were launched into space aboard the NASA 
Shuttle Columbia on either post-natal day 8 (P8) or 14 (P14). Animals 
developed in a microgravity environment for 16 days. Beginning 2 days after 
landing and continuing for 25 days, animals were tested in 3 behavioral tasks 
designed to assess spatial cognitive function: 1) the Morris water maze 
(MWM); a radial arm maze (RAM); and 3) an open field task. The animals' 
behavior was recorded using a tracking system (Poly-Track, San Diego 
Instruments). Despite the fact that the animals spent much of their early 
development in a weightless environment, they exhibited essentially normal 
learning in each of the tasks designed to assess spatial navigation and 
memory of place. Nevertheless, the animals that developed in microgravity 
appeared to use different search strategies in the early phases of the spatial 
learning tasks. Also, rats that were launched on p14 and tested starting 3 
days after re-entry took longer to find the hidden platform in the MWM on the 
first day of testing. These differences were transient; performance of the 
flight groups was indistinguishable from control by the third day of testing. 
These results indicate that the ability to use spatial information and form 
memories of place are not substantially disrupted when animals develop in an 
environment without gravity. Support: NAG-2-964 and HDO7323-13.

649.11

INTRACELLULAR CORRELATES OF SPATIAL MEMORY ACQUISITION IN 
CA1 PYRAMIDAL CELLS IN SLICES OF RAT DORSAL HIPPOCAMPUS 
AFTER MORRIS WATER MAZE TRAINING. P.A. Gusev*& D.L. Alkon. LAS. 
NINDS, NIH, Bethesda, MD 20892.

Recently, we have found specific changes in current evoked CA1 pyramidal cell 
(PC) discharges after 1 d of water maze (WM) training (Gusev & Alkon, 1998). Here, 
we recorded from slices of dorsal hippocampus (dHC) dissected from brains of well 
trained rats. At this stage, the transfer test indicates spatial preference in the rats’ 
swimming paths. On the 1st d, male Wistar rats (ca 230 g) swam for 2.5 min in the 
pool in the absence of a platform. On the next 3 d, rats were trained (4 trials 40 sec 
apart a day) to locate the hidden platform (20 rats; 64 neurons were recorded). Control 
rats in the next 3 d performed 2-min swimming sessions without the platform (20; 63). 
Recordings from dHC of naive rats (20; 62) served as a control for nonspecific 
experience dependent changes. DHC slices were taken 24 hr after the last d of WM 
session. Recordings from somata of PCs did not show learning specific differences in 
resting membrane potential, input resistance, spike width, slow afterhyperpolarization 
(sAHP) following 1 spike and degree of spike frequency accommodation. However, 
there were more CA1 PCs with increased spike height (pO.0001, ANOVA; p<0.04, 
F-test) and increased 4-spike sAHP (p<0.02, x2-test) in slices of WM trained rats. 
Schaffer collateral stimulation evoked composite EPSP-IPSP responses in CA1 PCs. 
Learning specific modifications included reduction of peak magnitude of early IPSP 
(p<0.03, ANOVA; p<0.02, x2-test), delayed latency of IPSP peaks (p<0.02) 
accompanied by increased duration of the EPSP component (p<0.005). Isochronal 
analysis of PSPs at 200- and 350-msec latencies revealed a greater proportion of PCs 
with decreased late IPSPs in trained rats as well (p<0.004, p<0.01 respectively, x2- 
test). Increased spike height and disinhibition of a subset of CA1 PCs at the somatic 
and (or) dendritic levels may mediate synaptic changes in the HC and enhance 
outflow of specific activity. We suggest that learning specific changes of IPSPs help 
to form memory ensembles that integrate and store crucial information during spatial 
memory acquisition and consolidation phase.

649.12
A TWO PLATFORM TASK REVEALS AN INABILITY OF RATS TO 
RETURN TO THE START ARM IN THE WATER MAZE. D M Skinner*. 
G.M, Martim C.J, Scanlon. C.M, Thorpe. J. Banv. and C.W, Harley. Dept. Of 
Psychology, Memorial University of Newfoundland, St. John’s, Newfoundland, 
Canada, A1B 3X9.

Recent speculation and data indicate that path integration is the primary 
component of successful map formation. Path integration provides guidance 
based on cues generated by a point of reference (usually the start point or home 
base) and subsequent self-movement. The ease with which rats return to the 
start point was examined in a 4-arm radial maze inserted in a tank of opaque 
water. The task required rats to find two hidden platforms in sequence. Rats 
were released from one of three arms with a platform located in the fourth arm. 
Once a rat found this platform, a second platform was raised in another 
location. These experiments confirmed the ability of rats to locate a hidden 
platform in a fixed location from multiple start points. Across three 
experiments, all rats learned the location of the first hidden platform in 80-100 
trials. However, rats had difficulty finding a second platform that was 
subsequently raised at the start point. Across experiments, only 5/21 rats 
learned to return to the start point in 188 trials. Control groups revealed that 
rats could learn two platform locations and that the failure to return to the start 
point was not due to its aversive nature. In separate groups exposure to the start 
point was increased by starting the rats on a platform. Rats still did not readily 
learn to return to the start point. We suggest that start arm location (an 
important component of path integration), when varied, cannot be used to define 
the location of a hidden platform.
This research was supported by NSERC
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649.13
BASOLATERAL AMYGDALA LESIONS BLOCK THE IMPAIRING EFFECTS 
INDUCED BY EXCITOTOXIC LESIONS OF THE DORSAL HIPPOCAMPUS 
ON SPATIAL MEMORY IN A WATER MAZE B. Roozendaal* B. Ferry and J.L. 
McGaueh Center for the Neurobiology of Learning and Memory, Department of 
Neurobiology and Behavior, University of California, Irvine, CA 92697-3800.

Previously we demonstrated that the memory impairment for spatial learning in a 
water maze induced by long-term adrenalectomy is blocked by excitotoxic lesions of 
the basolateral nucleus of the amygdala (BLA). Long-term adrenalectomy is 
associated with neurodegenerative changes in the hippocampus. In the present study, 
we examined whether BLA lesions may also block the memory-impairing effects 
induced by excitotoxic lesions of the dorsal hippocampus. Male Sprague-Dawley 
rats with bilateral kainic acid-induced lesions of the dorsal hippocampus (0.08 or 
0.12 pg in 3.0 pi of phosphate buffer) alone or together with NMDA-induced lesions 
of the BLA were trained in a spatial water-maze task for 2 consecutive days (4 trials 
per day). One day later, memory for the location of the platform during training was 
tested on a 60 s probe trial. Lesions of the hippocampus or the BLA did not affect 
escape latencies during the 2 days of training. However, the hippocampal lesions 
induced dose-dependent impairment of memory assessed by the probe trial. Lesions 
of the BLA did not cause retention impairment, but completely blocked the impairing 
effects induced by hippocampal lesions. Other measures indicated that swim speed 
and the time spent in the periphery of the maze were not affected by either lesion. 
The present findings are consistent with previous evidence indicating that an intact 
BLA is necessary in order for posttraining drug infusions administered into the 
hippocampus to affect memory consolidation. These findings are also consistent with 
the view that the BLA modulates memory consolidation processes in other brain 
structures.

Research supported by a Ralph W. and Leona Gerard Fellowship (BR, BF) and 
USPHS MH 12526 from NIMH (JLM).

649.14
TAM-WG: MODELING RODENT NAVIGATION IN CORRIDOR AND 
OPEN-FIELD ENVIRONMENTS. A. Guazzelli*, M. Bota, and M. A. Arbib. 
Univ. of Southern California, Los Angeles, CA 90089-2520.

The integrated TAM-WG model (Guazzelli et al., 1998; 1999) implements the 
Taxon-Affordances Model (TAM) for taxon determination of movement 
direction and the World Graph (WG) model for map-based navigation. 
Moreover, TAM-WG implements the notion that allocentric and egocentric 
spatial constructs, provided by TAM and the WG model, respectively, are 
associated to motivational information through medial prefrontal cortical 
areas and the striatum. TAM-WG can then be used not only to analyze how 
egocentric and allocentric spatial constructs interact, but also how this 
interaction is able to produce successful goal-oriented behavior. A prediction 
of our model, for example, is that affordance states modulate the creation of 
the allocentric map-based representation.

The model is then able to replicate tasks involving corridor or open-field 
environments. In its first version, for example, TAM-WG was used to model 
the results obtained with fomix-lesioned and control animals in T-mazes. 
Using the same paradigm, TAM-WG now also accounts for the experimental 
results obtained by Packard & McGaugh (1996) in which caudate injections of 
lidocaine were shown to impair egocentric learning, while hippocampal 
injections prevented the expression of place learning in a cross-maze. In 
addition, through the formation of realistic hippocampal place fields obtained 
by the processing of sensory and path integration information, TAM-WG is 
also able to account for tasks in open-fields, such as the Morris water maze 
task (Morris, 1981) and the arena experiments conducted by Collett et al. 
(1986), in which an array of local landmarks indicate the location of food 
reward.

Supported by the Human Brain Project Consortium grant NIMH (52194).

649.15

IDIOTHESIS UPDATED AND NOT UPDATED BY LOCAL SUBSTRATAL 
CUES A. Stuchlik, Yu.Kaminsky, A. Zahalka, A. A. Fenton and J. Bures (Soon.
ENA). Institute of Physiology, Prague, Academy of Sciences of the Czech Republic.

We are interested in the properties of idiothesis, a mode of navigation that is based 
on interoceptive cues, and in a typical environment, is corrected by exteroception of 
both distal and proximal environmental stimuli. Place avoidance navigation in rats 
on an arena consisting of a movable central disk and a stable peripheral belt was 
impaired in the dark when the mutual position of both parts was randomly changed 
("shuffled") by rotation of the disk. This impairment was ascribed to the interference 
with the intramaze cue support of path integration (Fenton et al., Soc. Neurosci. 
Abstr. 24:1685, 1998), although the rat was exposed to shuffling-induced 
accelerations.

To better isolate pure idiothesis and its neural substrates the shuffling procedure 
was advanced employing an independently movable belt and disk as well as better 
control of the rat's movement between these two parts. The rat must forage in total 
darkness and avoid footshock in an idiothetically stable 60° sector of the arena. The 
rat is required to shuttle between the disk and belt to release the pellets. While the rat 
is on the belt, the disk is rotated 30° clockwise. When the rat returns to the disk, the 
belt is rotated 30° counterclockwise. Whenever the rat leaves either part before the 
2-s movement of the other part is completed, all rotations cease. This guarantees that 
the rat is always on a stable floor, a condition necessary for substratal idiothesis, but 
that it cannot correct path integration by substratal cues.

The place avoidance task with the improved shuffling allows the hippocampal 
contribution to idiothetic navigation supported by intra arena cues to be compared to 
its role in path integration within an idiothetically consistent environment containing 
unreliable, randomly changing intramaze cues.
Supported by GACR grant 309/97/0555.

649.16
RATS WITH A SMALL PERCENTAGE OF HIPPOCAMPUS SPARED 
TEMPORALLY CAN LEARN A REFERENCE MEMORY TASK IN THE 
WATERMAZE. L. de Hoz* and R.G.M. Morris. Dept. of Neuroscience, 
University of Edinburgh, Edinburgh EH8 9LE. UK.

It has been reported that 30% of the hippocampus (HPC) is enough to support 
spatial learning of a reference memory task in a watermaze (WM) as long as the 
spared tissue is located septally. As much as 60% is needed when the spared tissue 
is located temporally (Moser et al. 93, 95). The temporal HPC may not, therefore, 
be essential for spatial memory, but place cells are also found in this part of the 
structure. As the temporal place cells have larger, less well-tuned place fields, we 
tested the possibility that the temporal HPC might be involved in spatial learning 
when the animals are required to distinguish between different contexts. First we 
replicated Moser et al.’s. results using their protocol. Rats were then trained with 
different amounts of HPC (volume assessed by quantitative volumetric techniques) 
spared septally or temporally in two WM concurrently; as a control some rats were 
trained in only 1 WM. Rats trained in 2 WM received 4 trials/day/WM for 8 days. 
The 1 WM control received 4 trials/day. Surprisingly, rats with as little as 40% of 
the HPC spared temporally were able to learn both the 1 and the 2 WM task 
normally. No difference between rats with septal HPC and temporal HPC spared 
was observed. The critical difference between these and Moser et al.’s results 
could be the training protocol. Spaced training is known to be more effective than 
massed training, even when the total number of trials given is less. The training 
protocol-dependence of the deficit, and the fact that the minimal volume required 
is the same when learning 1 or 2 WM, suggests that it is the processing and not the 
amount of information stored which limits the amount of HPC necessary to solve 
the reference memory task. Supported by the Medical Research Council.

649.17

ROLE OF HIPPOCAMPUS AND MEDIAL CAUDATE IN MEMORY 
FOR DIRECTION. W.E, DeCoteau*, A.H, Stone, L.L, Huff and 
R.P, Kesner. University of Utah, Salt Lake City, UT 84112.

A new three-arm maze, delayed-match-to-sample task was designed to 
assess memory for ideothetic direction in rats. To reduce the use of 
extra-maze cues, all testing was performed in the dark. During the task’s 
study phase, rats exited a start box and were then allowed to run down a 
maze arm oriented in one of three directions (northwest, north or northeast). 
Attached to the end of the maze arm was a goal box with food reward. Rats 
were then given a thirty second delay period during which the goal box 
housing the rat was exchanged with the start box. On the ensuing test 
phase, rats were allowed to choose between two directions. One direction 
was identical to the study phase direction and led to food reward (correct 
choice). A second foil direction did not lead to reward (incorrect choice). 
Following the establishment of a criterion of 80% correct for two consecutive 
weeks (100 trials), rats were given either hippocampal, medial caudate or 
control lesions. Post-surgery control animals matched their pre-surgery 
performance. Rats with hippocampal and medial caudate lesions exhibited 
marked impairments. Probe trials designed to disrupt either proprioceptive 
or vestibular feedback suggested that impairments in both lesion groups 
resulted from a deficient use of vestibular information. All lesion groups were 
able to quickly learn a discrimination task that required rats to discern 
between the task’s three directions. These results support the idea that the 
hippocampus and medial caudate utilize vestibular input to process 
ideothetic direction information. Supported by NIH RO1 N32077-12

649.18
HIPPOCAMPAL RATS IMPAIRED IN PATH INTEGRATION: 
EVIDENCE FROM ERRORS ON LINEAR EXCURSIONS. Ian O. 
Whishaw* and Bogdan Gorny. Department of 
Psychology and Neuroscience, University of 
Lethbridge, Lethbridge, Alberta, CA, T1K 3M4.

Animals can navigate using stable external (allothetic) cues 
or self-movement (idiothetic) cues. The abilities of control 
and hippocampal (fimbria-fornix) rats in using these cues 
was assessed by training the rats to run from their burrow to 
a food pellet located at a constant location (which was then 
carried home to eat) following which cue-conditions were 
modified. (1) When sighted, both control and hippocampal 
rats took direct routes between the home and the burrow. 
When tested in infrared light, the control rats were more 
accurate than the hippocampal rats in outward and 
homeward trips. (2) When the food pellet was moved to a new 
location in lighted conditions, the control rats quickly 
adopted new direct outward and return routes. The 
hippocampal rats found the pellet as quickly as control rats, 
but even after extensive training they continued to 
incorporate the old route in their outward trajectory. These 
results show that hippocampal rats are impaired in 
generating routes. The results are consistent with the 
hypothesis that the hippocampus contributes to ideothetic- 
based navigation possibly by integrating self-movement 
information to correct old routes and generate new routes. 
Supported by MRC, Canada.
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649.19
DORSAL AND VENTRAL HIPPOCAMPUS - SAME OR DIFFERENT?
J. Ferbinteanu * and R. J. McDonald Department of Psychology, University of 
Toronto; Toronto, Canada

Previous work suggested that functionally, the hippocampus (HPC) is 
not a homogenous structure because lesions of the septal pole have been found 
to be more efficient in producing a deficit in spatial navigation. To investigate 
whether this dissociation extends to configural-relational learning, we tested rats 
with dorsal or ventral HPC lesions in a modified version of the Morris water 
task and in a discriminative context conditioning paradigm. Results indicated 
that dorsal HPC lesions were more efficient in impairing performance in the 
spatial navigation task but the ventral HPC lesions also had some effect. No 
differences between groups were however found in the non-spatial context 
conditioning task. Both lesion groups and the controls acquired discriminative 
freezing at an identical rate, but the lesioned animals could not acquire 
preference for the safe environment even after three pairings with shock. Thus, 
comparison of multiple cues with different emotional valence requires 
integration along the septo-temporal axis of the HPC. Reviewing previous 
studies, we concluded that while the dorsal pole of the HPC is more efficient 
than the ventral pole in supporting spatial navigation, the dissociation is not 
absolute. We also hypothesize that physiological activity along the longitudinal 
axis of the HPC might have particular behavioral relevance. Theoretical 
implications of this hypothesis are considered.

This research has been supported by an NSERC grant awarded to Dr. 
R. J. McDonald.

649.20
CEREBELLAR CONTRIBUTION TO SPATIAL EVENT PROCESSING; 
CHARACTERIZATION OF PROCEDURAL LEARNING. M, G, Leaaio1'2*,
P. Neri1,2, A, Graziano1,2, L. Mandolesi1,2, M, Molinari2,3 and L. Petrosini .
’Dept of Psychology, University of Rome “La Sapienza”, 2IRCCS S.
Lucia, and institute of Neurology, Catholic University, Rome, 00179 Italy. 

Recently, we demonstrated the prevalent role of cerebellar networks in
the procedural components of spatial information processing by testing 
hemicerebellectomized (HCbed) rats in a classical spatial paradigm, that 
is the Morris Water Maze (MWM). To better characterize the severe 
impairment in the procedural learning displayed by HCbed rats, the spatial 
procedural facets have been fractionated by modifying the MWM 
paradigm. Normal rats were thus pretrained to search for a hidden 
platform moved to a different position in each trial, utilising an MWM 
setting in which intra- and extra-maze cues were abolished by heavy 
black curtains surrounding the tank. After this pretraining, a subgroup of 
these animals was hemicerebellectomized and then tested in the MWM 
with normal enviromental cues available. Pretrained HCbed animals did 
not display the typical spatial deficits of naive HCbed rats, persisted in 
exhibiting the scanning strategy learned during the pretraining and never 
displayed direct reaching skills. These findings demonstrate cerebellar 
involvement in the acquisition of different procedural components required 
for spatial data management. The lack of flexibility in changing behaviour 
displayed by pretrained HCbed rats is interpreted by taking into account 
the well-known cerebellar frontal interplay sculpting a specific cerebellar 
role in the acquisition of spatial procedural steps. Supported by CNR and 
MURST grants to LP and MM.
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650.1

ONLY COMBINED LESIONS OF PERIRHINAL, CORTEX AND 
ANTERIOR THALAMUS PRODUCE SIMILAR EFFECTS TO 
HIPPOCAMPAL LESIONS IN RADIAL MAZE DNMS . R.G. 
Mair*, J.A. Burk, M.C. Porter, & J, Koch. Department of 
Psychology, University of New Hampshire, Durham, NH 
03824.

Previous studies have found that hippocampal 
lesions produce chronic delay-dependent deficits in 
radial maze DNMS (Mair, et al, 1998). We compared 
the effects of lesions involving perirhinal cortex, 
hippocampal-related nuclei in thalamus, or both these 
areas together on the same task. Anterior thalamic 
animals showed an initial delay-independent deficit 
that disappeared with continued training. Perirhinal 
lesions resulted in a modest delay-independent deficit. 
The combined lesion resulted in a delay-independent 
deficit immediately after surgery. With continued 
training, the combined lesion group improved at the 
short retention intervals and showed a delay- 
dependent deficit. It appears that hippocampal-related 
pathways in both perirhinal cortex and thalamus must 
be damaged to produce a hippocampal-like deficit. 
Supported by NS26855 from NINDS.

650.2
Recovery of place learning after transection of the fimbria fornix, the 
role of prefrontal cortex, cholinergic, and catecholaminergic systems.
G. Wortwein1,2*, K.T. Lauridsen , S. Elvertorp2, A, Hasman2, A.
Moustgaard2 and J, Mogensen2. 1 Lab, of Neuropsychiatry. Rioshospital:2
Department of Psychology, Univ. of Copenhagen; Copenhagen, Denmark.

The acquisition of a place learning task in a water maze was tested in four 
groups of rats: (1) animals subjected to bilateral transections of the fimbria- 
fornix, (2) animals with bilateral ablations of the anteromedial prefrontal 
cortex, (3) animals with both the aforementioned lesions - and (4) a sham 
operated control group. The fimbria-fornix-transected animals were 
severely impaired at learning to localise the submerged platform. However, 
with extended training they did learn to swim to the hidden platform with 
proficiency indistinguishable from that of normal animals. The animals with 
bilateral anteromedial prefrontal lesions differed only marginally from the 
sham operated control animals. Addition of an anteromedial prefrontal 
lesion to a fimbria-fornix transection did not exacerbate the impairment, nor 
did it prevent or prolong the recovery of place navigation observed in the 
fimbria-fornix transected animals. After reaching criterion level 
performance, all animals were tested on three sessions preceded by 
injection of 0.3 or 3.0mg/kg d-amphetamine or 0.5mg/kg scopolamine. The 
outcome of these pharmacological challenges indicated that the fimbria- 
fornix-transected animals had recovered from their place navigation deficit 
due to compensatory processes mediated at least partly by the 
catecholaminergic systems and possibly the anteromedial prefrontal cortex. 
Supported by the National Danish Medical Research Council.

650.3

SPATIAL DEFICITS FOLLOWING FIMBRIA/FORNIX LESIONS. D C. 
Roberts* and P.J. Best. Center for Neuroscience and Dept. of Psychology 
Miami Univ., Oxford, OH 45056.

Research has shown that the hippocampus is critically involved in spatial 
memory. Damage to the hippocampus or its connections to the rest of the 
brain impairs learning and memory performance on spatial tasks which 
typically involve the elevated radial-arm maze. This same damage does not 
produce learning and memory impairments on tasks that do not require 
spatial memory. However, there is a potential confound in these results. 
Previous research has typically utilized distal extra-maze cues for spatial 
testing and proximal intra-maze cues for nonspatial testing. Therefore, the 
possibility exists that the deficits shown in animals with hippocampal lesions 
may be due to some sort of visual processing deficit, rather than a spatial 
memory deficit. In order to rule out this possibility the present study uses a 
combined spatial and nonspatial memory task that requires subjects to utilize 
distal extra-maze cues. One group of animals was given fimbria/fomix 
lesions. Another group of animals received no lesions. All animals were 
trained on an 8-arm radial-arm maze to navigate to the Southwest arm (goal 
arm) for food reward. The position of the goal arm was marked by a salient 
distal extra-maze cue. After animals learned the task, the cue was moved so 
that it Would be behind the Northwest arm. If hippocampal lesions alone 
produce spatial memory impairments, then the lesion group should exhibit a 
nonspatial strategy by approaching the cue in its new NW location. The 
unlesioned group should exhibit a spatial strategy by approaching the SW 
arm regardless of cue position. (Supported by NSF grant to P.J.B.)

650.4

UNILATERAL TEMPORAL LOBECTOMY IMPAIRS 
SPATIAL LEARNING IN RATS. TL. Finamore. K.S. Seybold.
M.M. Noble and R,L, Port*. Department of Psychology, Slippery 
Rock University, Slippery Rock PA 16057.

Unilateral temporal lobectomy is a popular and frequently 
successful intervention for pharmacologically resistant seizure 
disorder. However, some cognitive impairment has been 
observed as a possible consequence of the surgery. The present 
study attempted to evaluate cognitive changes induced by 
unilateral damage in rats as a potential model to refine surgical 
parameters for humans.

Adult male (HSD) rats were randomly assigned to right (n=10), 
left hemisphere (n=10) or control (n=6) conditions. Unilateral 
temporal lobectomies were performed on anesthetized subjects 
using aspiration. Upon recovery, animals were tested in a radial 
arm maze. Analyses of variance revealed significantly fewer 
reference memory errors in the control group (6.7) vs. either the 
left (12.1) or right (14.5) lesioned groups. Working memory 
errors were not significantly different. Impaired reference 
memory performance may reflect loss of function in the operated 
hemisphere, reactive functional changes induced by 
deafferentation, or excitatory damage to the nonoperated 
hemisphere via loss of contralateral inhibition. Supported by 
SRU.
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650.5
RATS READILY ACQUIRE A TIME OF DAY GO-NO GO 
DISCRIMINATION, BUT HAVE DIFFICULTY WITH TIME OF 
DAY CHOICE DISCRIMINATION. L.W. Means1*. M.P. Arolfo2, 
S.R. Ginn1, J.P. Pence1. C T. Tran1, and N.P. Watson1, ’Dept. of Psychol, 
and 2Dept. of Pharmacol., East Carolina Univ., Greenville, NC 27858.

Sprague-Dawley rats, housed with a 12/12 light/dark cycle (lights on at 
0700 h), trained with AM (0730 h) and PM (1530 h) sessions consisting 
of 1-3 food-reinforced, massed trials, have difficulty acquiring a T-maze 
discrimination when the correct choice is based on time of day. Only 88% 
of the rats attained a 90% correct choice criterion within 96 trials. In an 
effort to find a procedure that would facilitate acquisition of the 
discrimination, we tested 6 groups, each having a single variation from 
our original procedure. Adding a distinct goal box, limiting trials to a 
maximum of 2 within a session, giving one session during the dark portion 
of the light/dark cycle, reinforcing only the non-selected choice for 
perseverating rats, and housing the rats in a room with natural lighting, all 
failed to improve acquisition. However, when the task was changed to a 
go-no go task, by reinforcing both T-maze choices during one session and 
neither choice during the other, response latencies revealed that 86% had 
acquired the response within 24 trials and all rats within 48 trials. These 
findings suggest that making go-no go choices based on time of day has 
more survival value than making left or right choices. Supported by the 
ECU Research/Creative Activity Committee.

650.6
STRATEGIES USED BY SELECTIVE DENTATE GYRUS-LESIONED 
RATS IN A DISCRIMINATIVE TASK. O.F.A. Bueno*. H.A.A Pereira, M. 
Costa. M.G.M. Oliveira. Departamento de Psicobiologia, Universidade Federal 
de Sao Paulo, Sao Paulo, Brasil, 04023-062

The hippocampal formation, which consists of the entorhinal area, the 
subicular complex, the hippocampus and the dentate gyrus (DG), is 
interconnected by a well defined circuit, given rise to an excitatory, 
unidirectional flow of information known as the trisynaptic circuit. 
Hippocampal lesions produce impairment of spatial memory in rats. The 
purpose of this study was to verify the strategy used by animals with restricted 
lesion on the DG sub-field in a left/right discrimination task in a T-maze. This 
task can be solved on the base of two different strategies: spatial (go to a 
specific place in the environment) or egocentric (for example: turn left on the 
choice point). Male Wistar rats were administered colchicine (7 mg/ml) in DG 
sub-field. Rats were submitted to 4 training sessions of 6 consecutive trials per 
day, and with the same arm baited. After this, 4 retraining daily sessions of 6 
trials were performed with the T-maze inverted by 180°. Half of the animals 
were rewarded on the same side of the room (control n= 7, DG n=6) and the 
other half, on the arm corresponding at the opposite place (control n=5, DG 
n=6). The DG rats had similar performance than control rats in the acquisition 
phase. In retraining, those that were rewarded on the same side of the room 
presented significant deficits on the fist day of this phase, followed by recovery 
of performance on subsequent sessions. These results suggest the use of 
egocentric (but not spatial) strategy by the DG group.
Financial Support: CNPq, AFIP, FAPESP.

650.7

EFFECT OF LIMITED VISUAL INPUT ON SPATIAL MEMORY IN RATS 
GIVEN UNILATERAL HIPPOCAMPAL LESIONS. W.D. Blaker*. 
A, Chastain, Ex-Goode, M, Greoorv, M, Rogers. L. Tavlor and S. Wilk.
Department of Biology, Furman University, Greenville, SC 29613.

In rats, bilateral hippocampal damage produces profound deficits in 
short term spatial memory formation, whereas unilateral damage has 
considerably less permanent effect. We hypothesize that this is 
because both cerebral hemispheres typically receive similar sensory 
information during behavioral testing and thus unilateral 
hippocampal lesions will have more effect when the relevant direct 
sensory input to the cerebral cortex is limited to the lesioned side.

Rats were trained on a 12-arm radial maze (a measure of visually 
based short term spatial memory) for approximately four weeks, 
given a unilateral hippocampal lesion, and then retested daily on the 
maze for approximately three weeks. Before each post lesion trial, 
the rats were fitted with a temporary visual occluder in one eye, with 
the occluded side alternating between trial days. The mean 
performance during trials in which the occluder was contralateral to 
the lesion was significantly higher than during trials with an 
ipsilateral occluder. This was found when the hippocampus was 
lesioned either electrolytically, with kainic acid, with AF64A, or by 
a fimbrial cut. We conclude that each hippocampus is best able to 
function in visually based short term spatial memory formation when 
visual information directly reaches the cerebral cortex on its side.

Supported by Furman University and by grants from the South 
Carolina Independent Colleges and Universities and NSF.

650.8

PERFORMANCE OF VISUALLY-IMPAIRED MICE AND RATS IN 
THE MORRIS WATER TASK. G.T, Pruskv1*. P.W.R, West1 and 
R.M. Douglas2, 1 Department of Psychology and Neuroscience, The 
University of Lethbridge, Lethbridge AB Canada T1K 3M4.; 
2Department of Ophthalmology, University of British Columbia, 
Vancouver BC Canada V5Z 3N9.
The Morris water task has become a standard method of testing spatial 
learning in rodents. It is generally assumed that animals use multiple 
visual cues to learn a place version of the task and that reduced maze 
performance reflects reduced cognitive capacity to solve the task. 
Indeed, a visible platform version of the task is commonly used as a 
control to distinguish animals with visual deficits from those with 
cognitive deficits. Although measuring the ability of animals to locate a 
cued platform is, in part, a measure of visual function, it does not 
quantitatively assess the degree to which visual function contributes to 
spatial learning. We set out to determine quantitatively the role that 
visual acuity plays in water maze performance. Rats and mice were 
transiently deprived of pattern vision during an early critical period for 
visual plasticity, which reduced their visual acuity by 20-30%. The 
performance of these animals and controls without deprivation was then 
compared in place and cued versions of the Morris water task. We 
found that neither the place nor cued learning ability of animals was 
significantly affected by this reduced visual acuity. These data suggest 
that performance in a place version of the Morris water task is not 
affected by significant visual deficits, and that a cued platform version 
of the task is not capable of identifying animals with these deficits. 
Supported by NSERC Grant to G.T.P.

650.9

ACUTE PSYCHOLOGICAL STRESS (EXPOSURE TO A PREDATOR) IMPAIRS 
SPATIAL WORKING MEMORY IN MALE AND FEMALE RATS. D.M. Diamond.* 
A.M. Campbell, D. Doan & C.R. Park, Dept of Psychology and Neuroscience 
Program, Univ. of So. Florida and VA Hospital, Tampa, FL 33620

There is evidence of sexual dimorphism in cognitive and endocrine responses 
to stress. However, most stress research has been conducted on males. We have 
previously shown that stress (cat exposure) blocks synaptic plasticity (J. Neurosci, 
in press) and impairs spatial memory (Hippocampus, in press) in male rats. Here, 
we have studied the effects of predator stress on spatial working memory in male 
and female rats.

We tested spatial memory in a hybrid of the radial arm and Morris mazes. The 
hybrid maze is a tank with 6 swim paths (arms) radiating out of an open central 
area. A hidden platform, located at the end of one arm, was in the same arm on 
each trial within a day, and in a different arm across days. During acquisition trials, 
rats learned which arm contained the platform for that day, and then they were 
removed from the maze for a 30 min delay period. During the delay period the rats 
were placed either in their home cage (control) or in a box with a cat (stress). After 
the delay the rats were returned to the maze and were given a retention trial, which 
tested their ability to remember which arm contained the platform that day.

Cat exposure produced an equally profound impairment of spatial 
memory in mate and female rats. In addition, there was a linear correlation 
between working memory errors and the magnitude of the stress response. 
Thus, exposure to a predator produced stress responses and impaired 
spatial working memory in both mate and female rats.

Supported by the Dept of Veterans Affairs

650.10
CHRONIC PSYCHOSOCIAL STRESS IMPAIRS SPATIAL LEARNING AND 
INCREASES SENSITIVITY TO YOHIMBINE: AN ANIMAL MODEL OF PTSD. 
C.R. Park,* A.M. Campbell & D.M. Diamond, Department of Psychology and 
Neuroscience Program, University of So. Florida & VA Hospital, Tampa, FL

Stress contributes to the development of mental disorders, including post- 
traumatic stress disorder (PTSD). We have developed an animal model of PTSD 
which may enhance our understanding of how stress produces lasting 
disturbances in learning, memory and endocrine regulation.

Adult male rats were subjected to psychological stress conditions for 5 weeks, 
followed by tests of their spatial learning and memory, open field activity and 
behavioral responses to yohimbine, an a-2 adrenergic antagonist which evokes 
anxiety and panic in PTSD patients. The daily stressors were composed of 6 hours 
of inescapable exposure to a cat and unstable housing conditions (each day rats 
were housed in a randomly selected group of cohorts). The effectiveness of the 
stress manipulations was confirmed by the finding that the stress group gained 
significantly less weight than the control group.

Chronically stressed rats were hyperactive, exhibited excessive 
grooming in a novel environment (heightened anxiety) and displayed 
enhanced fear in response to yohimbine administration (increased freezing 
behavior). Stressed rats also were impaired in their spatial teaming in a 
water maze. These findings indicate that chronic daily stress produced cognitive, 
behavioral and physiological conditions consistent with impaired hippocampal 
functioning and heightened sympathetic arousal. The work may therefore be 
relevant toward understanding the etiology of PTSD.

Supported by the Dept. of Veterans Affairs
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650.11 650.12
STRATEGIES FOR ASSESSING THE EFFECTS OF SEX AND ESTROUS CYCLE ON 
HIPPOCAMPAL ABILITY. E. J. Markus* & J. Tropp. Behav. Neurosci. Div., Dept. of 
Psychology, University of Connecticut, Storrs, CT 06269.

Findings of fluctuations in hippocampal dendritic morphology across the estrous 
cycle (e.g. Woolley & McEwen, 1992) have led to research on the role of estrogen in 
hippocampal processing. A number of aversive (e.g. contextual fear conditioning and 
the water maze) and appetitive tasks (e.g. working and reference memory radial 
mazes) have been used to assess hippocampal function.

Dissociation of estrous cycle effects on hippocampal processing from the more 
general effects on behavior is a major issue when assessing hippocampal function. 
For example, the estrous cycle may affect activity levels, response to stress, 
thermoregulation, and motor ability; all of which could influence performance on 
aversive tasks. In addition, changes in feeding behavior may influence performance 
on appetitive tasks.

A related problem for appetitive mazes is the fact that animals must be food 
deprived. It has long been known that severe food deprivation disrupts the estrous 
cycle (e.g. Cooper et al, 1970). The present study showed that the 15% food 
deprivation, the standard level used in appetitive tasks, resulted in major disruption of 
the estrous cycle. This effect of mild food deprivation was found in three different 
groups of F344 retired breeders (7,9, & 10m of age).

An alternative approach to assessing hippocampal ability is the use of an 
exploration paradigm. Hippocampal lesions reduce the ability of animals to respond 
to spatial changes made within an environment (Save et al., 1992). F344 rats were 
placed three times in an open field that contained 3 objects A, A' (identical) & 
B(different). During the initial exposure to the environment (first 4-min session) all 
females showed higher activity levels and explored a larger region compared to the 
males. However, upon subsequent exposure to the same environment this sex 
difference disappeared. During the 3rd and final session, the locations of A & B 
were switched. Males and estrus, but not proestrus females, responded to the 
environmental change. (NIH-R29-A613941-01A1 & nsf  ibn  9809958)

HIPPOCAMPAL PLACE CELLS ARE LESS RESPONSIVE TO CHANGES IN TASK 
DEMANDS IN OLD RATS. J.A. Oler* & E.J. Markus. Behavioral Neuroscience 
Division, Department of Psychology, University of Connecticut, Storrs, CT 06269. 

Five middle age (12-16 m) and six aged (24-28 m) F344
male rats were trained to run in both directions on a figure-8 
track. The rats were consistently rewarded with food each S 
time they reached a corner. Once the animals were 
proficient at running this task, they were surgically 
implanted with six tetrodes, and retrained following 
recovery. Recording sessions consisted of 20 times around 
the track, followed by the removal of the top and bottom arc 5 
of the figure-8, converting the track into a 4-arm maze. The
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baiting procedure was also changed such that the animal was required to eat on all 
four arms before they were rebaited. Following the 10 working memory trials the 
arcs were replaced and the animals ran the figure-8 task again 20 times. The above 
figure is a diagram of the task, x.
and two examples of 
remapping during the change- u 
in-task. Gray depicts places  ̂
visited, and black firing of the $ 
cell. Place fields were J 

compared across the three 
parts of the session. Place cells S o 
recorded from middle aged 
animals were more affected by 
the change in task then those ’°4 
recorded from old animals.
(Supported by NIH/NIA-R29-A613941 & UConn Research Foundation #44173)

650.13 650.14
DYNAMICS OF CUE UTILIZATION: DIFFERENCES BETWEEN MALES & 
FEMALES. J. Tropp*, M. A. Cunnigham, & E, J. Markus. Behav. Neurosci. Div., 
Dept. of Psychology, University of Connecticut, Storrs, CT 06269.

The purpose of the present studies was to investigate the degree to which reliance 
on environmental cues changes with training. Male and female Fischer 344 rats were 
trained on a four-arm radial maze reference memory task. The correct arm could be 
located by its relation to extra-room cues, a large visual extra-maze cue (white cue 
card), or to a local insert on the goal arm. Once the animals consistently chose the 
goal arm, a probe session was conducted to determine which cues the animals were 
using to solve the task. During the probe trial both the white cue card and the local 
inserts were rotated 90° clockwise and counterclockwise respectively and the animals’ 
choice of arm recorded.

At the first probe females tended to rely on all three types of cues in solving the 
task. With additional training there was a shift towards predominantly using the 
visual extra-maze cue and ignoring information outside of the testing room. 
Conversely, male rats do not show this shift; by the first probe session the males were 
predominantly using the visual extra-maze cue to solve the task.
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The findings indicate: (1) sex differences in the initial use of environmental cues (2) 
the usage of environmental information is dynamic and changes with additional 
exposures to the environment.
(Supported by NIH/NIA-R29-A613941, NSF IBN 9809958 & Claude Pepper Res.Dev.Core)

AGE AND HIPPOCAMPAL LESION EFFECTS ON A CUED REFERENCE 
MEMORY TASK. M. T, Ward*, J. A. Oler, C. R. Stoelzel, E, J. Markus. 
Department of Psychology, University of Connecticut, Storrs, CT 06269.

In most situations, animals that receive hippocampal lesions commit more spatial working 
and reference memory errors than sham animals (Jarrard, 1993). Previous work in our 
laboratory found that both young and aged rats with dorsal hippocampal lesions manifest 
visuospatial working and cued reference memory deficits (Ward et al, 1998). The previous 
reference memory results could be attributed either to (a) the location of the local cues at the 
ends of the maze arms or (b) the fact that the reference cues were visual rather than tactile. 
Such factors may have caused the sham rats to encode the reference memory cues spatially. 
The present study was conducted to determine if the reference memory deficits were a result 
of the low salience, location, or the modality of the cues previously employed.

19 middle-aged (12 m) and 13 aged (23 m) F344 rats received either an electrolytic lesion 
of dorsal hippocampus or a sham operation. The rats performed a simultaneous working and 
reference memory task on the eight-arm radial maze. Alternating arms were composed of 
white or black Plexiglas. White arms were never baited and black arms were baited only once 
each session. To control for vestibular feedback, the rats were briefly removed from the maze 
after 3 correct choices and subsequently replaced on the maze center until the final correct 
arm was visited.

In contrast with the previous study, neither age nor lesion effects were found for the 
reference memory component of the task. Thus, the modality (tactile v. visual) of the 
reference cues did not appear to be the source of the previous age or surgery effects. Instead, 
the salience and/or location of the cues seems to be the critical factor. For the spatial working 
memory choices before the vestibular challenge, both age and lesion effects were found. The 
vestibular challenge had little effect on aged animals’ performance indicating that they were 
not dependent on proprioceptive cues to solve this task.

Following completion of the study, an examination of the visual ability of these animals 
was conducted together with an additional 10 middle-aged and 4 aged rats. No effects were 
found for age or surgery, suggesting that visual ability did not produce the age or lesion 
effects on the maze.
(Supported by Claude Pepper Res. Dev. Core and NIH grant #R29-A613941-01Al)

650.15
A REFERENCE WATER MAZE TASK COMPARABLE IN DIFFICULTY TO 
THE MORRIS MAZE: EFFECTS OF AGE & HIPPOCAMPAL LESIONS 
Carl R. Stoelzel*1, Amy Jo Stavnezer2, Steve Marchillo1, Jeff Carlson1, Victor
Denenberg2, Etan J. Markus1. ’Behavioral Neuroscience Division, Dept of Psych.,
2Biobehavioral Sciences, University of Connecticut, Storrs, CT 06269.

Aged rats manifest a deficit on spatial learning memory tasks such as the Morris 
water maze that are similar to those found with hippocampal lesions. These deficits 
may arise from factors other than age related deficits in hippocampal processing, such 
as changes in thermo-regulation, muscle fatigue, swim ability, response to stress, etc.

Past attempts to develop a hippocampus independent version of the water maze 
were confounded by the fact that these tasks were easier (i.e. the rats spent less time in 
the water) than the spatial versions of the task.

The following experiment was designed to develop a hippocampus independent 
task comparable in difficulty to the spatial task. 22 middle-age (16m) & 13 old (25m) 
male F344 rats were given a task in which the color of one of 4 rods cued the location 
of the hidden platform. These rats were also tested on a spatial version of the water 
maze. There were four (45s) trials per day given over a period of 9 days.

An analysis of the distance traveled to the escape platform revealed a main effect 
for age on both the spatial and the non-spatial water maze tasks. Hippocampal lesions 
were found to significantly affect only die distance traveled by the young rats on the 
spatial task. (Supported by NIH grant #R29-A613941-01 A1& NIH/UCHC (Pepper) #5-38879-6110)

650.16
CHOLINERGIC, GLUTAMATERGIC AND NORADRENERGIC 
SYSTEM OF THE HIPPOCAMPUS ARE ESSENTIAL TO SPATIAL 
LEARNING. O. Villegas2*, J. Maqueda? C. Vivar? R. Romero? R, 
Martinez? D. Gonzalez,1 and I.D. Limdn1. Dept. Biomed. Mol2. 
CINVESTAV IPN Mexico and Lab. Neurofarmacologla Facultad 
Cs.Quimicas1 BUAP, AP 72570, Puebla Pue, M6xico

The spatial learning is a process that involve many neurotransmission 
systems. Here we describe the role of cholinergic glutamatergic and 
noradrenergic system of hippocampus in spatial learning. Ninety-day-old 
male Wistar rats were implanted with a cannule into the hippocampus. 
1pl of all drug was administrated into hippocampus. The learning 
conditions (No.of trials /No. of opportunities of entries to arms) were: 
3/8, 5/5 first day, 8/4 second day and 8/3 third day of training.. Fifteen 
minutes after the administration the learning was evaluated in radial 
maze. The administration carbachol (agonist cholinergic, 0.5 pg/pl) 
produced an increased of 20% of the spatial learning. This effects was 
blockade a 15 % with pirenzepine (M1 antagonist, 70pg/pl). In the other 
group, the administration of NMDA (N-Metil-D-Aspartate, 50 mM) 
increased 10 % the learning but this effect was blockade 25 % with the 
injection AP5 (antagonist of NMDA receptor, 60 pM). Finally the 
amphetamine (agonist indirect, 10pg/pl) and idazoxan (antagonist a2- 
noradrenergic, 1 pg/pl)) improved the acquisition of spatial learning 25 % 
and 5% respectively. This effects of amphetamine and idazoxan-elicited 
was not observed in rats lesioned with DSP4 (neurotoxin noradrenergic, 
10 pg/pl) into hippocampus. This results suggest that cholinergic, 
glutamatergic and noradrenergic system of the hippocampus are 
necessary to spatial learning. Supported by FCQ-BUAP.
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651.1
CENTROPARIETAL P3 ASYMMETRIES IN TONAL AND PHONETIC 
ODDBALL TASKS: SURFACE LAPLACIAN ANALYSIS OF STIMULUS- 
AND RESPONSE-RELATED EFFECTS . C.E.Tenke*. J.Kavser,
N.Bhattacharva. B.Stuart, P.Leite, J.P.Towev and G.E.Bmder. Dept
Biopsychology, N.Y.S. Psychiatric Institute, NY, NY 10032 

Surface Laplacian analysis has indicated that an asymmetric current source at
central scalp regions underlies the P3 asymmetry (greater over the right 
hemisphere) observed in a tonal oddball task in right handed subjects (Tenke et 
al., 1998). This source appears to reflect prominent response-related 
asymmetries and right hemisphere processes underlying complex pitch 
discrimination. Whereas the former study used only tonal stimuli and 
counterbalanced response hand across subjects, the present study also used 
phonetic stimuli and varied response hand within subjects. ERP data were 
recorded from 30 scalp electrodes in 16 healthy right-handed adults for 
correctly detected target (20%) stimuli. Surface Laplacian topographies were 
produced using a local Hjorth algorithm. Averages were computed for early 
(260-420ms) and late (430-700ms) positivity windows, and submitted to a 
repeated measures ANOVA. As in the previous study, sources underlying the 
late positivity were largest at medial parietal regions, with a maximal response- 
related asymmetry at central sites and task-related asymmetries extending to 
centroparietal sites. Source amplitude was markedly smaller contralateral to 
the response hand at central and centroparietal sites for both tasks. At 
centroparietal sites, the asymmetry also interacted with stimulus type, owing to 
greater source activity over the left hemisphere for phonemes than for tones. 
This interaction was not related to response speed. These regional differences in 
source asymmetry for tones vs. phonemes provide further evidence that both 
stimulus and response factors contribute to P3 asymmetries in an oddball task. 
(Supported by MH36295 and MH50715)

651.2
CHANGES IN CORTICAL AUDITORY PROCESSING AFTER 
BLINDFOLDING. Q. .Schlayg*. A- R- Halpern, D, Z, Press, J, Baker, R,R, 
Edelman. A. Pascual-Leone, Depts. of Neurology and Radiology, Beth Israel 
Deaconess Medical Center and Harvard Medical School, Boston, MA 02215, USA; 
Dept. of Psychology, Bucknell University, Lewisburg, PA 17837, USA.
As part of a long-term study on the effects of visual deprivation on somatosensory 
and auditory processing in young adults, we report preliminary fMRI data from three 
subjects blindfolded continuously for 4 days, plus one nonblindfolded control. All 
subjects were right-handed and had little or no musical training. They performed a 
one-back comparison task involving a series of tones or phonemes. Button press 
responses were used to indicate "same" or "different". In the control condition subjects 
performed alternating button presses while attending to scanner noise. Three scans 
were performed: baseline before blindfolding, after 4 days of blindfolding, and at least 
8 hours after removal of the blindfold (or at equivalent timepoints for the control 
subject). Eighteen contiguous axial functional images (4 mm slice thickness) were 
acquired every 5 sec during each task performance (total of 40 images per task and 
slice) using a gradient-echo pulse sequence and a 1.5T Siemens Vision EPI-MR 
scanner. Anatomical images were acquired using a volumetric Tl-weighted gradient 
echo pulse sequence (voxel size: lxlxlmm). The degree of association between 
condition and Blood Oxygenation Level Dependent (BOLD) signal changes in the 
brain were assessed by correlation to a box-car reference function. Voxels with 
correlation coefficients outside three standard deviations from the mean of all 
correlation coefficients within the brain space were regarded as showing task-related 
changes. Preliminary analysis indicated that both tones and phonemes activated 
posterior perisylvian regions. After 4 days of blindfolding, all subjects showed a 
spatial expansion of activation within perisylvian regions, which returned to baseline 
levels after the blindfold was removed. There was also activation of superior parietal 
regions during the blindfolding in some subjects. None of these changes were seen in 
the control subject. These changes are consistent with previous research showing that 
blind people, even those blinded in adulthood, can show plastic changes in neural 
structures within and across modalities, (supported by NEI)

651.3

INSTRUCTION-INDUCED MISPERCEPTION OF SOUND LOCATION: AN
FMRI STUDY OF PERCEPTUAL AMBIGUITY
F. M. Lalonde1, M. Myslobodskv2*, P.Chovke3, B. Tang1, T.Sunderland1
’Geriatric Psychiatry Branch,2 CBDB, NIMH; 3Dept of Diagn. Radiol., NIH, 
Bethesda, MD 20892

The posterior convexity of the brain cortex is implicated in overt and 
covert attention, peripheral stimulus identification, and the analysis of 
higher-order features of visual images. We now describe bilateral activation 
of the lateral intraparietal areas and other cortical regions in an instruction- 
induced identification of imbalanced sound. Four right-handed healthy 
male subjects heard bilaterally symmetrical free-held sounds (noise 
produced by switching Bo gradients), but were led to believe that the sounds 
were: 1) balanced; 2) louder on the right or 3) louder on the left. Preliminary 
testing using headphone presented sounds [with spectral cues and intensity 
identical to the free-held stimuli] showed that all subjects misperceived 
balanced sounds as imbalanced in 60% of trials or better. Brain activity was 
then measured using the BOLD contrast method (GE Signa 1.5T, TR/TE/flip 
3000/40/90°, 26 contiguous axial slices, 5mm thick, 64X64 matrix, FOV 24 
cm). In the guided (G) session, centrally positioned arrows indicated when 
sounds were presumably louder on the right or the left whereas a diamond 
indicated balanced sounds. In the blind (B) session a centrally positioned 
circle was substituted for the arrows. Subjects then had to make a spatial 
commitment on the basis of perceived sounds alone. Both the G- and B- 
sessions activated a distributed network of structures, which included right 
and left parietal cortices (R>L), superior posterior temporal cortex, inferior 
frontal regions, cingulate, and the cerebellum. It is suggested that parietal, 
frontal and temporal participants of this neuronal net respond to 
multisensory modality of the stimulus whereas the anterior cingulate is 
involved due to the perceived ambiguity of the situation, high probability of 
errors or both. In addition, the study demonstrates that gradient coil MRI 
sounds can be used as stimuli in a cognitive paradigm.

651.4

A ‘VOICE AREA’ IN HUMAN SUPERIOR TEMPORAL SULCUS
P. Beliiff R. J. Zatorre, P. Lafaille, P. Ahad, B. Pike. 
Neuropsychology/Cognitive Neuroscience Unit, Montreal Neurological 
Institute, McGill University, Montreal, Quebec, Canada.

The human voice contains in its acoustic structure a wealth of 
information on the speaker’s identity and emotional state, that all 
listeners are able to perceive to some extent. Although this ability plays 
a major role in human communication, surprisingly little is known on the 
neural basis of the non-linguistic aspects of voice perception. We 
investigated this issue using fMRI, and found that a region of the 
superior temporal sulcus (STS) of the human brain is both sensitive and 
selective to human voice. This ‘voice area’ was significantly (p<0.001) 
more active when normal subject listened passively to vocal sounds than 
to nonvocal environmental sounds. Furthermore, it responded more 
strongly to either speech or nonspeech vocal sounds than to control 
stimuli such as scrambled voices, amplitude-modulated noise, or human 
nonvocal sounds. The voice area showed greater sensitivity and 
selectivity in the right hemisphere, in good agreement with existing 
clinical data (Van Lancker & Canter, 1982). This finding of a cerebral 
region specific to processing human voice, in close parallel with the ‘face 
area’ of the human fusiform gyrus, adds an important new piece of 
information to the existing knowledge on the functional architecture of 
human anditory cortex.

Supported by McDonnel-Pew, MRC, NSERC, FRSQ and Fondation 
France-Telecom.

651.5

AN FMRI INVESTIGATION OF THE NATURE OF COMPETITION EFFECTS 
ON PREFRONTAL ACTIVITY DURING WORD GENERATION. I.P. Kan1. NL 
D’Esposito2. D.Y. Kimberg2*. & S.L, Thompson-Schill1. Depts. of ’Psychology 
and 2Neurology, University of Pennsylvania, Philadelphia, PA 19104.

Covert word generation has consistently been associated with increased activity, 
relative to word reading, in the left, inferior frontal gyrus (LIFG). Recent studies 
using functional neuroimaging of normal subjects and behavioral measures of brain-
damaged subjects have supported the idea that LIFG subserves the selection of 
semantic knowledge among competing alternatives (Thompson-Schill et al. 1997; 
1998). For example, during action generation, when items with many competing 
responses are compared to items with few competing responses, increased fMRI 
activity is observed in LIFG; and, patients with LIFG show a specific impairment 
in the ability to generate actions for items with many competing responses. In this 
study, we consider two possible explanations for this selection effect. First, LIFG 
may be involved in selecting contextually-appropriate responses (e.g., action words) 
among inappropriate responses (e.g., non-action words); when there are no strong 
competing inappropriate responses, selection demands would be low. Alternatively, 
LIFG may by involved in any circumstance in which there are many competing 
plausible responses, whether or not they are inappropriate. This latter hypothesis is 
suggested by the finding that prefrontal activity increases during stem completion of 
stems with many, relative to few, possible completions (Desmond et al., 1998). To 
distinguish between these two hypotheses, we examined fMRI activity under two 
word generation conditions: action generation and free association. If LIFG is 
involved in the selection of a contextually-appropriate response from inappropriate 
alternatives, one would expect more activity during action generation than during 
free association, where there are no inappropriate responses. Preliminary results 
suggest that activity in LIFG is not pester during verb generation compared to free 
association. These findings suggest that competition from both contextually 
relevant and irrelevant sources can drive activity in LIFG, and that LIFG is not 
specifically involved in inhibiting inappropriate or irrelevant semantic knowledge.

(Supported by the Jeunes S. McDonnell Foundation and the National Institute on Aging)

651.6
HIGH DENSITY MAPPING OF N400 EVENT-RELATED POTENTIALS 
ELICITED BY SENTENCES, PICTURES AND WORD LISTS. B.W, 
Johnson* and J.P, Hamm. Department of Psychology, University of 
Auckland, Auckland, New Zealand.

The N400 event-related potential (ERP) has been strongly linked to 
linguistic and semantic processing events in the brain. Depth recordings in 
human patients have implicated a number of candidate generators. However, 
it remains unclear which or how many of these generators contributes to the 
scalp-recorded response. A more detailed characterization of scalp potential 
fields is required in order to relate surface fields to brain generators.

High-density 128 channel ERPs were measured using three N400 
paradigms: semantically incongruous sentence endings, semantically 
incongruous word-picture pairs, and semantically unrelated word lists. All 
stimuli were presented visually. Responses were recorded from 20 normal 
subjects in each paradigm. Topographic maps were constructed from grand 
averaged responses from all subjects in each paradigm.
A centro-parietal N400 distribution was observed in all paradigms. In 

addition, a polarity-reversed P400 component was observed at recording 
locations inferior to the anterior temporal lobes. These data are consistent 
with intracranial evidence for bilateral anterior medial temporal lobe 
(AMTL) N400 generators. Incongruous word-picture pairs elicited an 
additional, earlier (N320) component with a frontal distribution, indicating 
that pictorial and linguistic stimuli engage both modal and amodal 
neurophysiological processes. (This work was supported by the Royal 
Society of New Zealand Marsden Fund.)
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651.7
EEG ACTIVITY IN FOREIGN LANGUAGE
ACQUISITION: THE RELATIONSHIP BETWEEN 
ALPHA DESYNCHRONIZATION AND THE 
RECALL Of ENGLISH-GERMAN COGNATES AND 
NONCOGNATES
K, M. Blake, J. A. Dale & J. R. Hollerman*
Allegheny College

In an examination of effects of German language 
experience and word type (cognates and noncognates) 
on word recall and alpha desynchronization using power 
from 9.5 to 10.5 Hz at C3 and C4, participants (n=26) 
memorized a list of 20 English-German word pairs, 
containing 10 cognates (words similar in meaning, 
spelling, and pronunciation) and 10 noncognates (words 
similar in meaning but not in spelling or pronunciation). 
During testing, participants heard an English word 
and were asked to respond with the German word. 
Participants with no German experience had higher 
left hemispheric activation than those with German (n=13) 
experience, and noncognates produced higher left 
hemispheric activation than cognates. Participants with 
no German experience had lower recall scores, 
especially on noncognates, than the other participants, 
and overall, cognates had a higher recall score than 
noncognates. The recall task was apparently more 
difficult and required more left hemispheric activity for 
cognates and for participants with no German experience. 
Support by NSF ILI and HHMI #71196502502 .

651.8
FMRI ACTIVATION PATTERNS ASSOCIATED WITH SELF- AND 
CLOSE-OTHER-RELATED SEMANTIC PROCESSING A. Aron,1* H 
Mashek,1 G. Odenthal.1 H. Li? G. Lewandowski1 and C T. Rogue2. 'Dept. of 
Psychology, SUNY at Stony Brook; 2Dept. of Radiology, SUNY at Stony Brook; 
Stony Brook, NY 11794.

The present study employed BOLD fMRI to replicate and extend previous work 
using PET that has produced ambiguous evidence about theoretically plausible 
differential patterns of brain activation associated with semantic encoding of self- 
related material versus semantic encoding in general or of strangers. (Differential 
patterns would also be expected for self, as well as for close others, based on 
behavioral research using response time and memory paradigms.) In the present 
study, subjects were visually presented a series of trait adjectives while being 
contiguously scanned with an EPI pulse sequence, for each of which they were to 
respond on a 1-4 scale (using an MRI-compatible, 4-fmger input device). 
Responses were given under six conditions, administered in 12 blocks (2 per 
condition) of 120 s each, randomly ordered over the length of the study. The six 
conditions were: Extent to which trait is true of (a) self, (b) close other (spouse or 
long-term romantic partner), (c) a familiar media personality, (d) a minimally 
familiar media personality; (e) extent to which the trait is socially desirable 
(semantic nonperson task); or (f) number of syllables in the trait (nonsemantic 
task). Preliminary results, based on the first two subjects, suggest that semantic 
processing (condition f vs. all others) is associated with increases in left frontal 
and decreases in right frontal activation (consistent with previous findings) and 
that processing relevant to a close other vs. media personalities yielded consistent 
decreases in activity in the right visual cortex. [No external funding ]

651.9

DYNAMIC NEURAL CORRELATES OF TONE SEQUENCE PERCEPTION 
STUDIED WITH WHOLE-HEAD MEG. A, Patel* and E. Balaban. The 
Neurosciences Institute, 10640 John Jay Hopkins Dr., San Diego, CA 92121

Temporally-structured variations of frequency with time are a fundamental 
aspect of both speech and music. Brain responses to extended tone sequences 
(apx. 60 seconds duration, > 140 tones) were studied to determine if differences 
in the statistical structure of tone sequences are reflected in measurable, dynamic 
neural responses. Four different statistical structures were presented, ranging 
from random tone sequences to musical scales. Listeners heard these through 
non-magnetic tube earphones and classified them according to their structural 
category while neural signals were recorded with a 148-channeI whole-head 
magnetometer (Biomagnetic Technologies, Inc.)

The sequences of pure tones presented as stimuli were amplitude-modulated at 
a frequency of 41.5 Hz, and only those MEG channels which showed an elevated 
signal at this frequency during stimulus presentation were selected for further 
analysis. Continuous MEG data from each selected channel were Fourier- 
transformed in successive 2-second epochs, and the magnitude and phase of the 
Fourier coefficients at 41.5 Hz were plotted as a functions of time.

Analysis of these data suggests a single dipolar source on each side of the head, 
whose phase varies systematically as function of time. Within individuals, tone 
sequences of differing statistical structure are associated with significant 
differences in the slope and initial value of these dipoles. Across individuals the 
phase-time contour at many channels directly covaries with the frequency contour 
of the tone sequence, at least for slowly varying tone-sequences, suggesting a 
possible dynamical neural correlate of melodic contour in the human brain. 
Supported by Neurosciences Research Foundation.

651.10

FMRI STUDY EXAMINING EFFECT OF MELODIC CONTEXT ON PITCH 
DISCRIMINATION Catherine Warrier*, Pascal Belin, Isabelle Merlet, Robert 
J. Zatorre. Neuropsychology/Cognitive Neuroscience Unit & McConnell Brain 
Imaging Centre, Montreal Neurological Institute, McGill University

Placing tones within a melodic context has been shown to improve pitch 
discrimination, implying that the neural processing of tones can be influenced 
by tonal information that came previously. The present study investigated 
where within the cortical auditory processing regions this facilitation occurs. 
Ten musicians participated in an event-related fMRI paradigm in which BOLD 
signal was measured three to four seconds after onset of the test tone, 
minimizing the effects of the acoustic noise produced by the scanner, and 
maximizing the signal associated with the test tones. Ss were asked to make 
pitch discriminations of two tones presented within three contextual conditions; 
a) as an isolated tone-pair, b) at the end of a random tone series, and c) as the 
end of a melody. Based on previous imaging studies, we predicted that right 
temporal and frontal regions would be more involved in pitch discrimination 
within the melodic context than the isolated or random conditions. Behavioral 
results replicate previous studies by showing faster reaction times in the 
melodic condition. Preliminary fMRI data show increased areas of activation in 
right posterior temporal regions when comparing the melodic condition to the 
random and isolated conditions, supporting the hypothesis that these areas 
contribute to the processing of tones relative to their tonal context.

Supported by the Medical Research Council and McDonnel-Pew

651.11

TEMPO AND MELODY PROCESSING AND EEG IN 
MUSICIANS VS. NONMUSICIANS AND THE EFFECT 
OF CLASSICAL MUSIC ON SPATIAL TEST 
PERFORMANCE
A, Overman. J.A, Dale & J. Erlichman*
Allegheny College

A comparison of tempo and melody processing in 
undergraduate musicians (n=12) and nonmusicians 
(n=12) was made through power from 9.5 to 10.5 hz at 
F3 and F4. The effect of classical music on spatial test 
performance was measured by the accuracy of 
participants on spatial rotation tests given before and 
after music exposure. Musicians displayed relatively 
equal activity in both hemispheres during a melody piece 
whereas nonmusicians displayed more alpha desynchronization 
in the right hemisphere during the melody piece. Both groups 
showed relatively more left hemisphere alpha desynchronization 
during a tempo piece. Accuracy on spatial tests increased for 
females following music exposure, but decreased for 
males. Results lend support for the processing of tempo 
in the left frontal hemisphere and confirm previous findings 
of the processing of melody in the right hemisphere.

Support from HHMI #71196502502, NSF ILI

651.12
fMRI ACTIVATION RELEVANT TO THE MOZART EFFECT: CORTICAL 
AREAS IDENTIFIABLE WITH SPATIAL-TEMPORAL REASONING Mark 
Bodner1, L. Tugan Muftuler2, Orhan Nalcioglu2, Gordon L. Shaw1* 1 Dept. of 
Physics,2 Health Science Research Imaging Ctr, Univ. Cal, Irvine CA 92697 
Theoretical studies [Leng & Shaw, 1991] predicted specific music might 
resonate with columnar structure in the cortex, priming various higher 
cognitive functions. Recent supporting experiments involving the Mozart 
Sonata for Two Pianos in D Major-K.448 are: behavioral studies showed 
that listening to it enhanced spatial-temporal reasoning in humans 
[Rauscher et al., 1993,1995; Johnson et al., 1998] and in rats [Rauscher et al., 
1998]; EEG studies [Samthein et al.,1997] showed that listening to it results 
in increased coherence lasting several minutes; exposure to it reduced 
pathological activity in comatose epileptic patients [Hughes et al., 1998]. 
Here, using fMRI, we investigate whether cortical areas of the affective 
responses to the Mozart Sonata can be identified. The data were analyzed 
using SMP96 software with a statistical threshold of p = 0.001. Seven 
subjects were exposed to 3 piano-only musical stimuli; the Mozart Sonata, 
and 2 control pieces: 1930's piano music, and Beethoven's Fur Elise. For all 3 
stimuli, all 7 subjects showed activation of the auditory cortex within the 
right superior temporal gyrus. All 7 subjects showed prefrontal activation for 
the Mozart Sonata with no significant activation for the control stimuli. In 
addition, 4 subjects showed activation of the occipital lobe after exposure to 
the Mozart Sonata, with such activation being completely absent for both 
controls. These results indicate the activation of widely distributed cortical 
networks during exposure to the Mozart Sonata. The specific cortical areas 
of activation are consistent with those areas whose putative functions are 
crucial for spatial-temporal reasoning, which has shown to be significantly 
enhanced by the Mozart Sonata. Supported by Gerard Foundation.
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652.1
COMPETITION BETWEEN SINGLETONS IN VISUAL 
SEARCH: OBJECT- OR FEATURE-BASED? G, A. Patel*, K, 
Sathian. Department of Neurology, Emory University School of Medicine, 
Atlanta, GA.
A singleton can be defined as a unique element that pops out of a 
homogeneous array. We reported previously that the effect of 
singleton distractors on visual search for an orientation singleton 
target varies with distractor type. Orientation, length, and shape 
distractors delayed search while color, luminance, and flickering 
distractors were relatively ineffectual [Patel & Sathian, Soc. Neurosci. 
Abstr. 24:659.1, 1998]. Furthermore, pairs of effective distractors, such 
as orientation-length, were more effective than either distractor alone. 
In the present study we examined whether the greater efficacy of a 
pair of distractors relative to one distractor depends upon feature- 
level or object-level competition. Subjects searched displays of 10 or 
18 bars oriented at 45° for a singleton target and indicated its 
orientation (5° or -5°). We found that a single distractor that differed 
in both orientation and length delayed search more effectively than a 
single orientation or length distractor and was as effective as the 
distractor pair of orientation-length. If confirmed, these results would 
suggest that competition for attention in visual search is feature- 
based rather than object-based.
(Supported in part by a grant from the Emory University Research Committee.)

652.2
ERP EVIDENCE OF OBJECT LOCATION AND IDENTITY 
INHIBITION IN NEGATIVE PRIMING. CM. Cincotta’, D A.
Peterson2, C. A. Seger1*. ’Dept. of Psychology and 2Dept. of Computer 
Science, Colorado State University; Fort Collins, CO 80523.

Inhibition has gained widespread support as a possible mechanism for 
selective attention. There is substantial behavioral evidence for inhibition 
in tasks that rely on selective attention. In negative priming tasks subjects 
need to declare that a target probe item is the same as or different from a 
previously attended prime. On these tasks, their accuracy is decreased 
and reaction time increased when the target probe item is identical to an 
ignored item in the prime presentation. Although the behavioral 
manifestations of this negative priming effect are robust, the biological 
basis of the phenomenon remains unclear. We employed a negative 
priming task in conjunction with event related potentials (ERPs) to study 
the physiological correlates of selective attention. Our results support the 
widely reported behavioral manifestations of the negative priming effect. 
We also have evidence that the relative location of prime and probe 
object displays influences the topographic distribution of the ERP’s 
temporal dynamics within the first 300 milliseconds after the probe 
stimulus onset. Thus, we provide convergent physiological evidence in 
support of recent studies that posit separate inhibitory processes 
underlying selective attention to object location and identity (May et al., 
1995).

652.3

CATEGORY-RELATED PATTERNS OF RESPONSE IN HUMAN 
VENTRAL EXTRASTRIATE CORTEX ARE MODULATED BY SELECTIVE 
ATTENTION. I.L. Schouten, M.L, Furev, I.V, Haxbv*. Laboratory of Brain 
and Cognition, NIMH, Bethesda, MD 20892-1366.

Faces and other object categories evoke different patterns of response in 
human occipitotemporal extrastriate cortices. We investigated whether 
these patterns are a passive response to stimulus features or are modulated 
by selective attention to objects. We measured cortical patterns of response 
in four subjects during four visual tasks using functional magnetic 
resonance imaging (GE Signa 1.5 Tesla magnet, gradient echo EPI, TR = 3 s). 
In two simple perception conditions subjects saw a series of pictures of 
either faces or houses and indicated whether each picture was a repetition of 
the previous one. In two selective attention conditions subjects saw double 
exposure pictures of faces superimposed over houses. For selective 
attention to faces, subjects indicated if the face in each double exposure 
picture was the same as the face in the previous picture. For selective 
attention to houses, subjects monitored the double exposure pictures for 
repetitions of houses. In each individual subject regions were identified that 
responded differently to single exposure pictures of faces and houses. 
Face-selective regions were found bilaterally in inferior occipital gyri and in 
the lateral fusiform gyrus. House-selective regions were found bilaterally in 
dorsal and ventral occipital cortex and in the medial fusiform gyrus. For 
each subject we measured the strength of response during selective 
attention to faces or houses in these regions and analyzed group results 
using a repeated measures ANOVA. All face-selective regions showed a 
stronger response when attending to faces, and all house-selective regions 
showed a stronger response when attending to houses (p < 0.001, in all 
cases). These results demonstrate that category-related patterns of response 
in ventral extrastriate cortex are not a passive response to stimuli but, 
rather, result from attention to an object's visual configuration.

652.4

FEATURE-SPECIFIC SELECTION IN A NEGATIVE-PRIMING TASK: 
BEHAVIOURAL AND ERP EVIDENCE. A Fanini, R Saxe, AC Nobre* and 
L Chelazzi. University of Verona, Dept of Neurology and Vision Sciences, Verona, 
Italy; University of Oxford, Dept of Experimental Psychology, Oxford, UK.

We recorded ERPs during a negative-priming task that involved attention to visual 
features (colour, motion). No spatial or object-related information was available to 
guide selection. Subjects (16) were cued on a trial-by-trial basis to discriminate either 
the colour (red, green) or the direction of motion (upward, downward) of a grating in a 
foveal prime stimulus (2x2° visual angle). Primes were bidimensional (coloured and 
moving), requiring selection of the cued visual feature and inhibition of the irrelevant 
feature of the same stimulus. Unidimensional colour or motion probe stimuli were 
presented after primes to test for feature-specific negative priming. Responses to both 
primes and probes were made via a button press, with each feature value assigned to a 
unique digit (index and long fingers of left and right hand). Response-assignment was 
counterbalanced across subjects. Behavioural results revealed significant delays to 
respond to previously ignored feature dimensions and feature values. ERPs were 
recorded from 54 electrodes (250 Hz acquisition, 0.1-100 Hz filter, linked-mastoid 
reference). Analysis of ERPs to primes isolated effects of differential cued selection of 
competing visual features. Attention to colour or motion of identical stimuli affected 
ERPs starting around 200 ms and during later potentials linked to decisions and 
responses. Earlier visual components (Pl, NI) were not reliably affected. Analysis of 
ERPs to probes revealed significant effects of feature-specific negative priming for 
both colour and motion stimuli. Negative priming for colour and motion had multiple 
and dissociable effects on ERPs. Ignoring specific feature values modulated earlier 
ERP components than ignoring feature dimensions; and ignoring colour information 
affected earlier components than ignoring motion. Most of the effects occurred after 
initial visual components, and included amplitude and latency modulations of late 
positive components linked to decisions and responses. To our knowledge, the results 
represent the first ERP correlates of selective attention and negative priming to 
features in the absence of spatial or object-related information.
Supported by grants from The Wellcome Trust (ACN) and HFSPO (LC).

652.5

SPATIAL ATTENTION IMPROVES VISUAL ACUITY IN HUMAN 
AND NON-HUMAN PRIMATES.
A. Ignashchenkova, P. Thier, T. Haarmeier*. Sek. f. Vis. Sensomotorik, 
Neurologische Universitaetsklinik Tuebingen, Germany.

In order to test if spatial attention is able to improve performance on visual 
discrimination tasks in human and non-human primates in similar ways, we measured 
visual acuity based on a paradigm, requiring the discrimination of the two possible 
orientations of a conventional Landolt “C” optotype. Visual acuities were measured 
for different eccentricities and three different types of trials differing with respect to 
whether a spatial cue was absent, present and valid or present, but invalid. The spatial 
cue appeared 500 ms after the onset of maintained fixation of a little spot in the center 
of the display, stayed on for 150 ms and after a gap of 100 ms, the "C" was presented 
for 150 ms in one out of two mirror symmetric positions on one of the cardinal axis, 
while the subject maintained fixation. We observed a strong influence of perceptual 
learning, reflected by the fact that acuity thresholds kept declining asymptotically 
over about 5 weeks of daily measurements in the monkey experiments. However, 
even after having settled to a more or less constant threshold, spatial cueing remained 
able to modify acuity thresholds. Shifting the monkey’s attention to the correct 
location by spatial cueing lowered and shifting spatial attention to the false location 
raised thresholds on average by 20%. While absolute acuity thresholds for the rhesus 
monkey studied most intensively so far were significantly higher than those of human 
subjects, the modulatory influence of spatial cueing on the performance seems to be 
the same in the two primate species explored. We conclude that spatial attention is 
able to enhance spatial visual resolution in monkeys and man, based on a mechanism 
which might be independent of the mechanism(s) underlying perceptual learning.

652.6
ELECTROCORTICAL INDEXES OF COLOUR AND SHAPE PROCESSING 
IN HUMANS. A. ZanjL2*, F. BurcrA, A.M. Proverbio -̂ Cognitive 
Electrophysiology Lab, Istituto di Psicologia del CNR, Viale Marx 15, 
00137 Rome, Italy; ^Depart, of Psychology, Univ. of Trieste, Trieste, Italy.

Event-related potentials (ERPs) were recorded with a 32 channels 
montage from young volunteers who viewed different sorts of pictures of 
familiar objects and animals presented in different colours. Volunteers were 
asked to select and respond to the pictures either on the basis of their colour 
(colour selection) or the shape represented (object selection). ERP results 
indicated that the selection of the two dimensions occurred in parallel but 
not independently of one another and affected the amplitude of the 
occipital-temporal Pl, NI and N2 components, and the central-parietal 
P300. Object selection produced larger and later N2 and P300 components as 
opposed to colour selection, thus indicating that object processing is more 
source demanding. Spatio-temporal mapping of N2 revealed topographic 
distributions consistent with the localization reported by neuroimaging 
studies. Very interestingly, N2 responses to colour selection were affected by 
object content, but not vice versa. Indeed, when engaged in selecting a colour 
(e.g., green) and a shape was displayed that "prototypically" had that 
colour in nature (e.g., a green crocodile), volunteers' N2 responses were 
significantly larger than when the shape presented was not "prototypical" 
(e.g., a green lamb). Mapping of difference waves (prototypical minus 
universal) revealed that the "prototypicity" effect was more prominent at 
the left ventral occipital area (inion sites). The present data suggest that 
colour processing is subserved by a complex mechanism that comparatively 
analyses the colour dimension of an object with respect to its shape at early 
processing stages. Supported by MURST grant to Dept. Psychol, of Univ. of 
Trieste, and CNR grant to A. Z.
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652.7
FUNCTIONALLY INDEPENDENT COMPONENTS OF EARLY 
VISUAL EVENT-RELATED POTENTIALS
M. Westerfield,1,5 S. Makeig,2,6 J. Townsend,*1,6 Tzyy-T-P.4 and T. J. Sejnowski2,3. 
’Children's Hospital Research Center; ^Naval Health Research Center;3 Howard 
Hughes Medical Institute & Salk Institute;4 Institute for Neural Computation,
University of California San Diego; 5Dept. of Cognitive Science, UCSD; 6Dept. of 
Neurosciences, UCSD

We demonstrate a decomposition of the N1 complex in a visual selective attention 
paradigm into functionally independent subcomponents with functionally distinct 
relations to task and stimulus conditions. ERPs were collected from 20 subjects in 
response to visual target and nontarget stimuli presented at five attended and non- 
attended screen locations. Independent Component Analysis (ICA) was performed 
on 500-msec grand average responses from all 25 stimulus/attention conditions and 
decomposed the nontarget N1 complexes into five spatially fixed, temporally inde-
pendent and physiologically plausible components. Activity of an early, laterally 
symmetric component pair (NUr  and Nlai.) was evoked by left and right visual 
field stimuli respectively. Component NlaR peaked ~9 msec earlier than NlaL 
Stimuli in the right visual field evoked activity in a spatiotemporally overlapping 
bilateral component (Nib) that peaked at around 180 msec and was strongly 
enhanced by attention. Stimuli presented in unattended locations only evoked a 
fourth component (P2a) peaking near 240 msec. A fifth component (P3f) was 
evoked only by targets presented in either visual field. The distinct response 
patterns of these components across the array of stimulus and attention conditions 
suggest that they reflect activity in functionally independent brain systems 
involved in processing attended and unattended visuospatial events.

Research supported by the Office of Naval Research, Howard Hughes Medical 
Institute, the Swartz Foundation, NIH NS34155 & MH36840

652.8
EARLY VISUAL EVOKED RESPONSE PEAKS APPEAR TO BE 
SUMS OF ACTIVITY IN MULTIPLE ALPHA SOURCES. S. Makeig# 
J. Townsend§, T-P. Jungjj, S. Enghofff, C. Gibson}, and T.J. Sejnowskif§. |Salk
Institute, La Jolla CA and Howard Hughes Medical Institute. fNaval Health 
Research Center, San Diego CA. §University of California San Diego.

The normal early Pl/Nl peaks in the human visual evoked response may 
be followed by a continuing series of peaks at approximately 100 ms intervals, 
often dubbed "alpha ringing." We applied independent component analysis 
(ICA) to over 1000 single trials (between 50 ms and 250 ms after stimulus on-
set) collected from 8 subjects during a visual selective attention experiment. 
Responses to stimuli (small disks flashed for 116 ms) presented to the left and 
right of fixation were decomposed separately. Most of the 31 resulting com-
ponents could be paired with a component from the opposite-field decompo-
sition with a similar scalp map, EEG spectrum, and grand average response. 
The Nl complex in the grand mean evoked response was decomposed into five 
or more independent components. The scalp maps of the most consistent of 
these across subjects resembled the early independent components of the grand 
average evoked response from 20 subjects (Makeig et al., in press). The EEG 
spectra of many of these components contained a peak in the alpha range and 
contributed to more than one peak in the evoked response. Applying ICA spa-
tial filtering followed by time/frequency analysis demonstrated that changes 
in mean alpha amplitude did not occur after stimulus onset. These results sug-
gest that the early (Pl/Nl) components of the human visual evoked response 
sum contributions from multiple spontaneous alpha sources whose activity is 
phase-reset by visual stimulation.

Research supported by the Howard Hughes Medical Institute, the Swartz 
Foundation and the Office of Naval Research.

652.9

SELECTIVE ATTENTION MODULATES CORTICAL
MAGNETIC RESPONSES ASSOCIATED WITH VISUAL 
WORD RECOGNITION H. Yamasaki1. S. Kovama1*, T, Sekiguchi 
2 and R. Kakigi1 ‘Dept. of Integrative Physiol., Natl. Inst, for Physiol. 
Sci., Okazaki, 444-8585, Japan, 2Fac. of Human Sci., Osaka Univ., 
Suita, 565-0871, Japan.

In our previous studies, the left peri-Sylvian area, mostly the vicinity 
of the left auditory cortex, was activated during visual word recognition 
tasks (Koyama et al., 1999; Sekiguchi et al., 1999). To investigate 
whether or not the left peri-Sylvian activities are modulated by selective 
attention, cortical magnetic responses were recorded from bilateral 
temporal sites of the brain (Magnes, BTi, Inc). Subjects were 9 
Japanese volunteers (right-handed; age 25-37 years old; 3 females and 
6 males). Stimuli were Japanese words consisting of 4 katakana 
(phonograms). Half of the words were presented in red and the other 
half of the words were presented in green (stimulus duration, 800 ms; 
Inter-trial-interval, 1000 - 1400 ms). Subjects were asked to attend 
words in one of the colors and memorize them for a subsequent 
recognition memory task. In the both hemispheres, the first component 
peaking around 180 - 200 ms was elicited. In the left hemisphere, the 
sustained component peaking around 350 - 450 ms followed the first 
component and its amplitude was reduced for the unattended words 
compared with the attended words. In the right hemisphere, the second 
component was not clearly observed. It was thus shown that the left 
peri-Sylvian activities were modulated by selective attention.
Supported by Grants-in-Aid for Scientific Research, Ministry of 
Education, Science, Sports and Culture, Japan to S.K. (No. 09710064) 
and R.K. (No.97L00205).

652.10

MODULATION OF HUMAN STRIATE CORTEX RESPONSES 
DURING FIGURE-GROUND SEGREGATION. G.F. Woodman,
E.K. Vogel, S.P. Vecera and S.J. Luck*. Dept. of Psychology, 
University of Iowa; Iowa City, IA 52242.

The segregation of figure from ground is often proposed to be a 
fundamental process of early-level vision. Recent neurophysiological 
studies with nonhuman primates have demonstrated that cells in striate 
cortex may play an important role in this process. In the present study, 
we examined the activity of human striate and extrastriate cortex by 
recording event-related potentials (ERPs) from human subjects 
performing a figure-ground segregation task. Task-irrelevant probes 
were flashed within both the figural and background regions of the 
display. Two ERP components that are generated within extrastriate 
cortex (Pl and Nl) were larger for probes presented within the figural 
region compared with the background region. Moreover, an ERP 
component known to be generated in striate cortex (Cl) was also larger 
for probes with the figural region relative to the background region, 
which is directly analogous to previous monkey neurophysiology 
studies of figure-ground segregation. These results suggest that figure- 
ground organization modulates the earliest stages of cortical processing 
in a top-down manner.

652.11

BEHAVIORAL AND EVOKED POTENTIAL CORRELATES OF NOVEL 
FIGURES AND BACKGROUNDS A. Warren, J.S. King, K.H. Pribram and P 
.Jackson*. Dept. of Psych, and BRAINS Center, Radford University, Radford, VA 
24142.

A “zoom lens” metaphor of spatial attention places perceptual organization (in 
terms of figure and surround) as a major influence on the ability of subjects to 
attend to a discrete portion of a visual scene. Interestingly, early studies (Sokolov, 
1962) of the effects of novelty did not distinguish between novel events in figures as 
opposed to those in portions of the surround or background. The present study used 
an “oddball” paradigm to investigate the behavior and evoked potential correlates of 
novelty in figure as opposed to background portions of a visual presentation.

Experiment 1 was designed to investigate reaction times to novel figures and 
backgrounds. The results show that subjects respond more quickly to novel figures 
than to novel backgrounds. Experiment 2 was designed to investigate the evoked 
potential (EP) correlates of attending to the same stimuli as were presented in 
Experiment 1. Two significant results emerged: (1) N1 magnitude at parietal and 
central locations were found to be larger for novel backgrounds than for novel 
figures, and (2) P3 latency was longer for novel backgrounds than for novel figures 
at central parietal and occipital locations. There was also a tendency for P3s to 
novel backgrounds to be more pronounced at right hemisphere locations than left 
hemsiphere locations. No lateralization was found for EPs to novel figures.

652.12

IDENTIFICATION OF TASK-RELATED EFFECTS IN EVENT- 
RELATED POTENTIAL DATA USING PARTIAL LEAST SQUARES: 
SIMULATION RESULTS AND APPLICATION TO A VISUAL 
SELECTIVE ATTENTION TASK.
N. J. Lobaugh*1, R. West1. M. J. Taylor2. A. R. McIntosh1. ’Rotman Res. Inst of 
Baycrest Centre, Toronto; 2CERCO, Universite Paul Sabatier, France.

One challenge in the analysis of event-related potentials (ERPs) is to identify 
task-related differences in the scalp topography. Partial least squares (PLS) 
provides a statistical assessment of the spatio-temporal distribution of scalp 
potentials reflecting experimental effects. We present two simulations reflecting the 
scalp activity of three midline sources to demonstrate the efficacy of PLS. Two 
simulated sources were phasic in nature and had no temporal overlap. The third 
was a slow wave, with the same onset as Source 2. Experimental effects were 
latency shifts at a single source or amplitude changes at temporally overlapping 
sources. In both simulations, PLS correctly identified task-related differences in the 
simulated ERP waveforms. Further spatio-temporal decomposition of the results 
correctly identified the original source waveforms that produced the effects. Task- 
related ERP components in a visual selective attention task were also assessed with 
PLS. In a choice reaction time task consisting of sequential blocks of trials, features 
of the nontargets were manipulated such that subjects identified stimuli as targets on 
the basis of single features or conjunctions of features (shape and colour). Data for 
hits and correct rejections (CRs) were analyzed. Consistent with peak and 
distributional analyses, the primary task-related effect identified by PLS was a 
bilateral modulation of the Nl in three conditions: conjunction Hits, conjunction 
CRs using colour, and CRs in the single-feature shape discrimination. The second 
task-related effect differentiated target and nontarget ERPs, and was a combination 
of differences at 200-300 ms at frontal/posterior electrodes and at 400-500 ms at 
central electrodes. Funded by the Medical Research Council of Canada.
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652.13
SEX DIFFERENCES IN GLOBAL-LOCAL PERCEPTUAL BIAS IN HIGH SCHOOL 

STUDENTS

K. Yam ash it a* S. Kobayashi, S. Yamaguchi, K. Iijima

Internal Medicine III, Shimane Medical University, Izumo, 693-8501, Japan

Sex differences in cognitive functioning have frequently been reported, with girls 

generally performing better on verbal tasks and boys performing better on visuospatial 

tasks. But it is not clear whether there is a gender difference in global-local processing in 

high school students. Fifty-eight high school students (age 15 to 17 years, 28 boys, 30 

girls) were studied Global/Local Task. A large letter was made of small letters in the 

Global/Local Task. In the unbiased condition, the targets occurred randomly at either the 

global level or the local level. In the global bias condition, 75% of targets appeared at 

the global level and 25% at the local level. In the local bias condition, 75% of targets 

appeared at the local level and 25% at the global level. Participants showed expected 

tradeoff in reaction times (RTs) as a function of target-level probability, with longer RTs 

to less probable targets and shorter RTs to more probable targets. Only boys showed 

significantly shorter RTs in global targets than in local targets in the unbiased condition. 

Previous study has linked the processing of local and global features to left and right 

hemisphere, respectively. These results indicate that there is a right-hemisphere 

advantage for boys in high school students, compared with girls.

652.14
GLOBAL STIMULUS CONFIGURATION CAN MODULATE RIGHTWARD 
BIAS ON THE BRENTANO ILLUSION IN HEMISPATIAL NEGLECT. E. 
Vandenbussche1*, C. Lafosse12, F. Westerhuis1. laboratory of 
Neuropsychology, KULeuven, Belgium; zRevalidation Center Hof ter 
Schelde, Antwerp.

Introduction. We investigated the susceptibility of patients with 
visuospatial hemineglect on the Brentano illusion. Method. 12 Right brain 
damaged patients (RBD) with and without hemispatial neglect and normal 
controls received two directions of the Brentano illusion: outer wings pointing 
to the left or to the right. In the control condition the inner wing was replaced 
by a vertical line and the outer wings were replaced by a vertical line or 
removed. Each subject had to adjust the inner wing or line to the objective 
midpoint (8 times for each condition). Results. The RBD without neglect 
and the normal control group were influenced by the illusion. In all conditions 
the patients with hemispatial neglect showed a rightward bias. However, 
when the outer wings of the Brentano illusion pointed to the left their 
rightward bias was reduced to the objective midpoint. When the outer wings 
pointed to the right this rightward bias was increased. Conclusion. Both 
patient groups (RBD with and without neglect) are influenced by the global 
stimulus configuration. In all conditions the patients with hemispatial neglect 
showed a rightward bisection from the objective midpoint. However, the 
strength of this rightward deviation seems to be a resultant of an 
exogeneous and endogeneous factor, namely the direction of the illusion and 
patient’s rightward deviation bias due to the hemispatial neglect. None.

652.15

NEURAL MECHANISM OF ATTENTIONAL SET FOR PROCESSING OF 
GLOBAL AND LOCAL VISUAL INFORMATION S. Yamaguchi*. J, Xu. K. 

Yamashita and S, Kobayashi. Internal Med. Ill, Shimane Med. Univ., Izumo, 693- 
8501, Japan.

Neuropsychological and functional imaging studies have demonstrated 
hemispheric specialization for global and local processing. This could be influenced 
by several factors including subjects' attentional set. We investigated how voluntary 
attentional set organizes hemispheric specialization, by recording event-related brain 

potential (ERP) during a task in which subjects were engaged in target selection at 
either the global or local level. The target level was designated by an arrow cue 

800ms before the hierarchical letter stimuli in a trial-by-trial fashion. The spatial 
frequency of the cue was intermediate between the global and local level. Reaction 
time data indicated faster response to the global target compared to the local one. 
Neural activity associated with voluntary attention shift to either global or local 

level was accessed by ERP changes after cue presentation. The interactions between 
target level and hemisphere of recordings were observed from 250 to 450ms post 
cue stimuli. The topographical analysis showed that the potential was more negative 
over the right posterior area (parieto-occipital and posterior temporal) for the global 
shift and more negative over the left posterior hemisphere for the local shift. The 

modeling of these neural sources indicated that extrastriate visual cortex of each 
hemisphere was activated differentially by the attention set for global and local 
processing. These results indicate that attentional set for impending global and 
local feature analysis affects brain activities asymmetrically.
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653.1

DYNAMICS OF A LARGE-SCALE ATTENTIVE NETWORK DURING 
VISUOMOTOR PERFORMANCE IN MACAQUE MONKEYS. SX, Bressler*, 
M, Ding, H. Liang and M. Kaminski Center for Complex Systems & Brain Sciences, 
Florida Atlantic U., Boca Raton, FL 33431. Evidence from a number of sources 
indicates that a large-scale network of interconnected cortical and subcortical areas 
subserves the ability to direct attention to behaviorally relevant targets in extrapersonal 
space. Highly trained rhesus macaque monkeys performed a visual pattern discrimination 
task. Each trial was initiated when the monkey depressed a lever with the preferred 
hand. Computer-generated presentation of the visual stimulus began approximately 115 
msec later. Surface-to-depth local event-related field potentials woe recorded at 
distributed sites in the hemisphere contralateral to the performing hand on thousands of 
trials. We performed dynamic spectral analysis of the field potentials based on Adaptive 
MultiVariate AutoRegressive modeling. Spectral power, ordinary coherence and phase, 
multiple coherence, partial coherence, and directed transfer function measures were used 
to characterize the dynamics of field potential interdependency during the prestimulus 
period when the monkeys were attending to the computer screen in anticipation of 
stimulus presentation. The results indicate that a large-scale network of distributed 
cortical areas is coordinated in anticipation of stimulus appearance. This coordination 
occurs in the 20-30 Hz frequency range and involves sites in posterior parietal, 
somatosensory, and motor areas. Following stimulus presentation, this network 
undergoes a transition in which some of its component sites are recruited into another 
network that arises initially in visual cortical areas that perform visual feature processing 
functions. Supported by NSF Grant IBN9723240 and NIMH Grants MH58190 and 
MH42900.

653.2
A NEUROCOMPUTATIONAL MODEL OF CINGULO-PARIETO-
FRONTAL CIRCUITS CONTROLLING SACCADIC EYE MOVEMENTS.
M. Bernstein, S. Stiehl. R, Graham*, and J. Bickle. Focused Research 
Program in Computational Neuroscience, Brewster A-335, East Carolina 
University, Greenville, NC 27858-4353.

We previously hypothesized a neurocomputational mechanism for generating 
sequences of saccades from a fixation point, through the periphery, with return to the 
original fixation point Based on cell properties and connectivities within lateral 
intraparietal area and frontal eye fields, this mechanism implements vector subtraction 
to compute dimensions of subsequent saccades or return to initial fixation. We were 
able to provide a plausible neurobiological interpretation for most of the mechanism's 
components (Vector Subtraction Core, Working Memory Store, and dimensions of 
Return Message). Given these biological interpretations, we generalized the 
hypothesis to a neural computational model of sequential processing that is 
characteristic of higher cognition. Left unaddressed in this model was the question of 
how the primate brain determined when in the sequence to engage the return 
mechanism.

Here we hypothesize that the 'engage mechanism' is realized by connections from 
area 24 of anterior cingulate cortex to dorsolateral prefrontal cortex (DLPF). These 
projections carry information about the learned motivational significance of an object 
and are active only when the primate is required to choose to attend to one from 
among several objects in its visual field. These projections may be under tonic 
inhibition that is released in response to presentation of a motivationally significant 
object. Area 24 is putatively organized as cingulate eye fields and thus projections to 
DLPF would contain information about both the significance of an object, and its 
location. The cell properties and connectivities within the cingulo-parieto-frontal 
circuits provides the neural implementation of a computational operation combining 
affective information with sequence generation mechanisms in the primate brain's 
parallel hardware.
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653.3

FRONTAL CORTEX ACTIVITY MODULATES CONNECTIVITY BETWEEN 
LOCUS COERULEUS AND PARIETAL CORTEX IN HUMANS. JT Coull*, C 
Buchel, KJ Friston & CD Frith, Wg/Zcome Dept. of Cognitive Neurology, 12 Queen 
Square, London WC1N 3BG, UK

Noradrenaline is implicated in the modulation of attention and arousal, but the 
neuroanatomical basis of this effect in humans is unknown. With the advent of more 
sophisticated techniques for estimating functional integration, we are now able to 
estimate changes in effective connectivity between brain regions, rather than simply 
activity within a region. Effective connectivity analysis of a PET study in 13 healthy 
volunteers has shown that connectivity between locus coeruleus (LC) and intra-
parietal sulcus (IPS) is strengthened by administration of 1.5ug/kg (i.v.) a2 
adrenoceptor agonist clondine (CLO) compared to placebo, during performance of an 
attentional task, but not during rest. A significant negative correlation between 
change in attentional task performance and change in IPS activity following CLO 
infusion [r(6)= -0.81, p<0.03] showed that the more performance was impaired by 
CLO, the greater was the increase in IPS activity, suggestive of a ‘top-down’ 
compensatory mechanism. Previous animal work has shown that frontal afferents to 
LC may modulate coeruleal efferents to other cortical areas. Therefore, we 
investigated whether the LC-IPS connection.could be modulated by frontal cortex 
activity following administration of CLO versus placebo. Structural equation 
modelling showed that, compared to placebo, infusion of CLO increased the 
modulatory influence of frontal cortex on the connection from LC to IPS (x2 (1) 
=3.81, p=0.05; connection strengths of 0.07 and 0.32 in placebo and clonidine 
groups respectively). Therefore the increase in LC-IPS connectivity following CLO 
infusion is due to an increased ‘top-down’ (i.e. modulatory) frontal influence. This 
may represent the neuroanatomical basis of the compensatory behavioural mechanism 
which increases IPS activity as task performance decreases.
Research supported by The Wellcome Trust

653.4

ELECTRICAL MICRO STIMULATION OF POSTERIOR PARIETAL 
CORTEX ELICITS COVERT ORIENTING IN RHESUS MONKEYS.
E.B, Cutrell and R.T. Marrocco* Inst, of Neurosci., Univ of Oregon, Eugene, 
OR 97403
The posterior parietal cortex (PPC) is implicated in the control of both overt 

and covert visuospatial orienting (e g., Corbetta, 1997). What is not clear is 
whether the PPC initiates attentional orienting or is the recipient of attentional 
modulation from other areas. These experiments test the hypothesis that the 
PPC is the source of covert orienting.

Two rhesus monkeys were trained to perform a visual, covert target detection 
task and manual reaction times (RTs) were measured. Animals were presented 
with orienting trials, (locations of targets were precued either validly or 
invalidly), and non-orienting trials (double cues or no cues were presented). Eye 
position was monitored with the scleral search method. We electrically 
stimulated the intraparietal using pulse trains of 100 ms duration and currents 
between 20-100 mA. Stimulation occurred randomly on half the trials and 
followed the cue by 50 ms.

Currents between 50 and 100 mA evoked contraversive saccadic eye 
movements, as previously reported. Currents subthreshold for saccades (20-50 
mA) reduced RTs to visual targets in a cue and visual field dependent manner. 
Contralateral to the stimulation site, stimulation produced a significant RT 
reduction for invalid but not valid cues. Ipsilaterally, no RT differences were 
present for the orienting cue types. For non-orienting trials, there was a general 
reduction in latencies for both visual fields. These results suggest that the covert 
orienting of attention the intraparietal cortex may be the source of covert shifts 
of attention in the CTD task. Supported by NIH and OMRF.

6535

ALLOCENTRIC AND EGOCENTRIC SPATIAL FRAMES OF REFERENCE 
IN HUMANS: A fMRI STUDY. G, Galati.13'5 E. Lobel?-5 G, Vallar.14 A. 
Berthoz.2 L. Pizzamiglio13* and D. Le Bihan5, 'IRCCS S. Lucia, Rome, Italy; 
2LPPA, College de France-CNRS, Paris, France; ’Dept. of Psychology, Univ. “La 
Sapienza”, Rome, Italy; 4Dept. of Psychology, Univ. “Bicocca”, Milan, Italy; 
4SHFJ, Dept. of Medical Research, CEA, Orsay, France 91401.

The spatial location of external objects can be represented in the brain using 
several frames of reference. In principle, these frames can use either egocentric 
coordinates, centered on the body or on specific body parts, or allocentric 
coordinates, based on the position of external landmarks. Neuropsychological 
evidence from human patients lends support to such a distinction. We investigated 
the cortical networks mediating these two kinds of spatial representations in eight 
normal human subjects through functional magnetic resonance imaging (fMRI).

In each trial, subjects were shown for 150 msec a horizontal line asymmetrically 
bisected by a short vertical bar. Subjects were asked to judge, by pressing one of 
two buttons, the left-right position of the vertical bar either with respect to their 
body midline (egocentric task) or with respect to the midpoint of the horizontal line 
(allocentric task). Horizontal lines were displaced so that their midpoints were never 
aligned with the subject’s body midline. In a matched non-spatial control task, 
subjects had to judge whether the vertical bar was lighter or darker than the 
horizontal line. The three tasks were alternated in 40 sec blocks during the 
acquisition of the functional images.

The egocentric task, when compared either to the allocentric or to the control 
task, bilaterally activated the posterior parietal cortex and the lateral and medial 
premotor cortices, with larger activations in the right hemisphere. This result 
directly replicates previous neuroimaging studies and confirm the role of this, 
fronto-parietal network in higher-order spatial processes. The allocentric task, when 
compared to the control task, activated more restricted regions of the posterior 
parietal and lateral premotor cortices in the right hemisphere only. Further 
activations were found with respect to the egocentric task in the medial occipital 
lobe, including the parahippocampal gyrus bilaterally. This result is consistent 
with the known role of the hippocampal complex in coding environmental space.

Supported by Italian Ministry of Health, MURST and CNR, and by French 
Ministry of Research, IFSBM, and IFR Neuro-imagerie CNRS-INSERM.

653.6
REFLEXIVE ATTENTION TO EYE GAZE DIRECTION AND THE 
EFFECTS OF FIXATION OFFSET. C.K. Friesen and A. Kingstone*. 
Department of Psychology, University of Alberta, Edmonton, AB, 
Canada T6G 2E9.

Does reflexive attention to gaze direction as reported by Friesen 
and Kingstone (1998, PBR) involve the superior colliculus (SC)? 
Two groups were tested under identical stimulus conditions. One 
maintained central fixation and responded manually to peripheral 
targets (Group Manual). The other group made eye movements to 
the targets (Group Eye). On each trial, a schematic face appeared 
at central fixation. Then pupils appeared in the eyes gazing left, 
right, or ahead. 500 or 1000 milliseconds (ms) later a target 
appeared on the left or right. Gaze direction did not predict target 
location. On half the trials, offset of the face at fixation occurred 
simultaneous with target onset, and on half the trials the face 
remained on the screen until a response was made. This fixation 
offset manipulation is known to disinhibit the SC. Group Manual 
results indicated that covert attention was shifted reflexively to 
gazed-at locations regardless of offset condition. Group Eye results 
indicated that attention was shifted reflexively to gazed-at 
locations only when the schematic face stayed on the screen. These 
data suggest that non-predictive gaze direction may activate the 
SC.

Supported by: NSERC, AHFMR, and the Killam Trusts.

653.7

THE INFLUENCE OF VOLUNTARY ATTENTION ON 
REFLEXIVE VOLUNTARY SACCADES. T.L, Reza, K.A. 
Briand. A.B. Sereno*. Center for Molecular and Behavioral 
Neuroscience, Rutgers Unviersity, Newark, NJ 07102

Preliminary studies investigating the effects of voluntary spatial 
attention on saccadic eye movements indicated that a voluntary cue 
facilitates saccadic eye movements (Reza et al 1999). However, this 
facilatory effect is larger for a voluntary eye movement (an 
antisaccade away from a target stimulus) than for a reflexive eye 
movement (Sereno 1993; Reza et al 1999). These cueing effects 
may have been in part due to alerting effects of the voluntary cue 
which was not present on uncued trials. In order to control for 
possible alerting effects, the present study used a neutral cue on 
uncued trials. Voluntary spatial attention was manipulated by 
presenting a central arrow cue at the fixation point which always 
validly predicted the direction of the upcoming eye movement. The 
cue was presented under two different conditions. In a blocked 
condition, the cue (either valid or neutral) was constant within a 
block of trials. In a mixed condition, cue type varied randomly from 
trial to trial. Results from the blocked condition indicated that the 
voluntary cue facilitated eye movements in the antisaccade task. 
However, the valid cue had no effect on response times in the 
reflexive saccade task. In the mixed cue conditions, valid cues 
benefited both antisaccade and saccade performance, having a larger 
effect on antisaccades. Thus, the influence of voluntary spatial 
attention on reflexive saccades depends critically on the context in 
which it is presented. Support: McDonnell-Pew, NARSAD, 
Scottish Rite.

653.8

EFFECTS OF MOTIVATIONALLY-SALIENT CUES ON THE ORIENTING OF 
ATTENTION AND ASSOCIATED ERPS. D. S. Leland*, J. S. Richardson, A. 
Vankov, J. A. Pineda. Department of Cognitive Science, University of California, 
San Diego, La Jolla, CA 92093.

Findings from a variety of attention experiments using motivationally salient 
stimuli suggest that "motivational processes recruit attentional mechanisms to 
adaptively regulate perceptual and conceptual processes" (Derryberry and Tucker, 
1994). Stormark et al. (1995) showed that emotional word cues focus attention to 
locations more than neutral words, magnifying validity and invalidity effects in a 
Posner-type attention shifting paradigm. This was found both behaviorally 
(reaction times) and with respect to Pl00 and P300 components of potentials 
evoked by word cues and targets. In another study using the same paradigm, but 
with only behavioral measures, Stormark et al. (1997) found similar effects with 
alcohol cue words in recovering alcoholics. We replicated the emotional word 
experiment in a similar paradigm, then used it to investigate both behavioral and 
electrophysiological effects of smoking cue words in current smokers who 
abstained for several hours prior to participation. We discuss our findings in the 
context of an information-processing view of drug addiction, in which biased 
attention to drug-related stimuli helps maintain drug use behavior and increases the 
risk of relapse. This work was supported by a grant from NIDA (DA 117-31-02).
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653.9
ORIENTING ATTENTION TO SPACE OR TIME: ERP COMPARISONS.
IC Griffin, C Miniussi* & AC Nobre. University of Oxford, Department of 
Experimental Psychology, Oxford, 0X1 3UD.

We compared the neural correlates of attending to spatial locations and temporal 
intervals using event-related potentials (ERPs). ERPs were recorded from 15 
subjects while they performed an attentional orienting task, which used bilateral 
peripheral targets (7.5° eccentricity) at two different time intervals (600, 1200 ms 
after cue onset). Two task conditions, using identical stimuli, were performed by 
subjects in separate sessions. During spatial orienting a symbolic central cue 
predicted (75% probability) the spatial location (left, right) of the relevant target. 
No information was given about the probable target interval (short, long). In 
temporal orienting the cue predicted the target interval but not its location. ERPs 
elicited by both cues and targets were compared. Analysis of ERPs to cues 
indicated differential preparatory activity linked to spatial and temporal 
expectancies. Potentials sensitive to spatial expectancies were mainly distributed 
over the posterior scalp and contralaterally to the attended visual field. Potentials 
sensitive to temporal expectancies were distributed more broadly over frontal and 
central regions of the scalp. In addition, spatial and temporal attention had distinct 
modulatory effects upon target processing. Only ERPs elicited by standard (non-
target) stimulus arrays presented during the first interval were analysed, ensuring 
identical stimulation in all cases. Focused spatial attention affected early visual 
components, despite the bilateral and symmetrical stimulus arrays. Temporal 
attention exerted its effects later, and modulated amplitude and latency of 
potentials linked to decisions and responses. This first direct electrophysiological 
comparison of spatial and temporal attention revealed the flexible ability of 
attention to influence different levels of stimulus analysis.
This research was supported by a project grant to ACNfrom the Wellcome Trust.

653.10
ELECTROPHYSIOLOGICAL CORRELATES OF THE SCALING OF THE 
FOCUS OF VISUOSPATIAL ATTENTION. Yuejia Luo, P.M. Greenwood, 
& R. Parasuraman*. Cognitive Science Laboratory, The Catholic University 
of America, Washington, DC 20064.

As search speed is modulated by the precision of precues to target location 
(Greenwood et al., 1997; Greenwood & Parasuraman, in press), we sought to 
determine which ERP components reflect the neural activity associated with 
this attentional scaling. Target-evoked ERPs were recorded from 15 young 
participants during a visual discrimination task in which the varying location 
of a vertical crescent target was precued (SOA 600-800 msec) with rectangles 
varying over three sizes. RT to target discrimination (facing right or left) 
increased with precue size, as did Pl amplitude. The increase in Pl amplitude 
was greatest ipsilaterally over lateral temporal-occipital scalp sites, consistent 
with evidence of Pl as the earliest neural activity modulated by attention 
(Mangun & Hillyard, 1995). The Nl, also sensitive to attention but mainly in 
discrimination tasks, decreased as cue size increased. A P3 component (400 
msec) was elicited, but its amplitude did not vary with precue size. The 
separate modulation of both Nl and Pl suggests several cortical areas may be 
important in attentional scaling. Increased Pl amplitude as precue size 
increased is interpreted as reflecting the need to constrict the attentional focus 
around the target when the precue was large. Increased Nl amplitude with 
decreased precue size may reflect more synchronous activity related to the 
faster discrimination when cues are small and valid. (NIA AG07569, NIA 
AG 12387 & NASA NAG3-2103)

653.11

LEFT-SIDED MININEGLECT AND ATTENTIONAL SLUGGISHNESS 
IN DYSLEXIC ADULTS. R. Hari* and H, Koivikko. Brain Research 
Unit, Low Temperature Laboratory, Helsinki University of Technology, 
FIN-02015 HUT, Espoo, Finland

To quantify deficits of attentional capture in dyslexia, we studied 13 
dyslexic adults (31.4 ± 2.0 yrs; 7 females, 6 males) and 14 control 
subjects (31.5 ± 1.7 yrs; 6 females, 8 males) in two visual attention tasks.

First, the subjects judged, in a two-alternative forced-choice manner, 
whether a visual bar on the left preceded or followed a similar bar on the 
right; the time differences varied between 0 and 210 ms. The control 
subjects performed symmetrically for both stimulus orders. In dyslexics, 
the ‘simultaneity window’ was prolonged, more clearly for the left-right 
than right-left presentation orders (ANOVA; p < 0.0005); to appear 
simultaneous with the right bar, the left bar had to be about 30 ms earlier.

Second, in a line motion illusion task, the subject judged, in a forced 
choice manner, whether a line, cued by a left- or right-sided small square 
0-210 ms earlier, appeared to grow from left or right. The controls again 
showed a symmetric behavior whereas in the dyslexics the reliable 
detections required longer cue-line intervals, especially for the left-sided 
cues (p < 0.0005 for left cues and p < 0.04 for right cues).

The dyslexics thus processed more slowly information from the left 
than the right visual hemifield and their stimulus-triggered attentional 
shifts were sluggish in both visual hemifields. These results strongly 
suggest that dyslexics have a left-sided ‘minineglect’, considerably milder 
but otherwise similar to that seen after right-hemisphere lesions. The 
primary cause of the attentional deficits, and consequently also of 
prolonged processing of stimulus sequences in all sensory modalities, 
could be a general deficit of the magnocellular pathways and the resulting 
functional weakness of the right parietal lobe.

Supported by the Academy of Finland.

653.12

Spatial orienting in a patient with a lesion of the superior
*

colliculus. K.A.Briand. S.V.Szapiel & A.B.Sereno. Center for 
Molecular & Behavioral Neuroscience, Rutgers University.
The superior colliculus (SC) is believed to play an important role in 
the control of both eye movements and orienting of covert spatial 
attention. We tested a 50 year old male suffering from a collicular 
lesion in a set of saccadic orienting tasks. On initial examination he 
was found to have severe adductor spasms, bilateral abducens 
paresis, and restricted vertical eye movements. His thiamine level 
was also mildly below normal associated with hemodialysis and poor 
food intake. On simple saccade and antisaccade tasks his responses 
were slowed and errors increased, particularly for antisaccades. He 
also failed to show improved saccadic RT in a gap paradigm. He 
was tested again 8 weeks later after a regime of improved food 
intake and thiamine replacement treatment. At this point, his 
saccadic performance had improved and he now showed a gap 
effect. In this second session he also performed a spatial cuing task 
that included exogenous cues. His performance in this task was 
abnormal, in that he showed the typical early facilitation in target 
detection following spatial cues, but continued to show facilitation, 
and not inhibition of return at longer SO As. The results support 
current assumptions concerning the role of the SC in both overt and
covert spatial orienting. Support:McDonnell-Pew,NARSAD, 
Scottfsh Rite.

653.13

A SPATIAL WORKING MEMORY DEFICIT IN HEMISPATIAL NEGLECT. 
S.K. Mannan*. T.L.Hodgson, M. Husain and C, Kennard. Division of 
Neuroscience and Psychological Medicine, Imperial College School of Medicine, 
Charing Cross Campus, London W6 8RF, U.K.

Is there an impairment of spatial working memory in parietal neglect? We 
studied a single patient with hemispatial neglect as a result of a focal lesion of the 
right inferior parietal lobe. His eye movements were recorded whilst he searched 
for 19 T shaped targets randomly embedded amongst 44 'L' shaped distractors. 
He was asked to fixate each target, and, whilst fixating it, to "click” on a response 
button. He was instructed not to 'reclick' on a target that he had previously 
located. Despite these instructions the patient 'reclicked' targets 1.95 times, 
compared to a reclick rate of 0.06 for age matched controls (mean of 10 trials). On 
average he made 6.17 refixations on each target, compared to a rate of 0.33 for 
controls. The refixation rate was five times higher on the right half of the screen 
compared to the left half where 56% of the targets were neglected. All targets on 
the right half of the screen were found. He did not fixate significantly more 
distractors than controls, indicating that his memory for the target shape was 
unimpaired. Replacing the T targets with more salient '+' targets, had no 
significant effect on refixation or reclick rates. Reducing the number of targets in 
the display, by only presenting the central horizontal third of each display screen, 
significantly reduced the reclick but not the refixation rate. The degree of spatial 
neglect was significantly reduced by this second manipulation. Finally, this 
patient was found to be impaired on another test considered to be sensitive to 
spatial working memory dysfunction (Cantab battery). The results suggest that 1) 
abnormal spatial working memory contributes to impaired visual search in hemi-
spatial neglect and 2) the inferior parietal lobe is part of neural network 
subserving spatial working memory in humans.
Supported by the Wellcome Trust (Ref 037222)

653.14
EVENT-RELATED BRAIN POTENTIALS INDICATE COVERT VISUAL 
PROCESSING IN BLINDSIGHT. M, Niedeggen* and P. Stoerig. Institute of 
Physiological Psychology II, Heinrich-Heine-Universitaet.; D-40225 
Duesseldorf, Germany.

Neurological patients with retrogeniculate lesions show residual visual 
capacities not accompanied by perceptual awareness. Event-related potentials 
(ERPs) which reflect the activation of succesive stages in information 
processing have only rarely been recorded in these patients. To see whether 
covert visual processing in blindsight elicits late cognitive ERP components we 
tested 2 hemianopic patients. Both patients suffered a lesion in the left 
hemisphere which affected VI (GY) and the optic radiation (FS). ERPs were 
elicited by oddball paradigms: In a first run, infrequent moving (p=0.2) and 
frequent stationary (p=0.8) gratings were presented sequentially either to the 
intact or to the blind field. Moving gratings (target) required a motor response. 
In a second run, gratings were presented in both hemifields simultaneously with 
bilateral motion defined as target (p=0.1). We recorded EEG at occipital and 
parietal leads while controlling for eye movements (VEOG,' HEOG). Targets 
presented in the intact hemifield were easily identified by both patients and 
evoked a negativity peaking at about 200ms (N2) followed by late positivity 
(P3). If targets require guessing (motion in the blind field and bilateral motion), 
detection was above chance level for GY, but not for FS. In both patients, ERPs 
elicited by targets were characterized by a sustained negativity starting at about 
150ms, but not by a P3. Our results indicate that automatic selective attention 
which is associated with an ERP negativity can still be elicited in the absence of 
visual awareness. In contrast, ERP components related to controlled 
information processing (P3) could not be evoked in blindsight patients.
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654.1
INTEGRATION AND VISUALIZATION OF MULTIMODALITY BRAIN DATA 
FOR LANGUAGE MAPPING. A. V. Poliakov1*, K. P. Hinshaw1, D. P. Corina2, K.
R. Steury2, K. R. Mara villa4, G. A. Qjemann3, K. A. Mulligan1 and J. F. Brinkley1.
‘Structural Informatics Group, Department of Biological Structure, department of 
Psychology, department of Neurosurgery, and department of Radiology, University 
of Washington, Seattle, WA 98195.

A goal of the University of Washington Brain Project is to develop software tools 
for processing, integrating and visualizing multimodality language data obtained prior 
to, and during neurosurgery, both for surgical planning and for the study of language 
organization in the brain. Structural MRI data from a single patient consist of three 
image volumes, showing anatomy, veins and arteries. Intraoperative electrical 
stimulation reveals the location, on the exposed cortical surface, of the language- 
related sites. Our earlier reports described integrating these data using a patient- 
specific MR-based neuroanatomical 3D model as a framework.

Functional MRI (fMRI) studies were recently added to the protocol. Potentially, 
fMRI offers great advantages in surgical planning since the information could 
supplement, or even eliminate the need for stimulation mapping. Accommodating a 
new data modality required further software development. Since functional activation, 
occurs not only at the cortical surface, but also in sulcal depth, the insular cortex and 
in the deep structures of the brain, we implemented visualization techniques for 
projecting various activation sites onto the cortical surface, for direct comparison with 
electrical stimulation maps. Interactive methods for removing parts of the brain were 
also implemented, in order to allow visualization of activation in the deep structures. 
In this presentation, we discuss and illustrate software solutions, emphasizing methods 
of integration and visualization of fMRI activation. A companion presentation 
(Corina, D. P. et al.) discusses the neurophysiological findings and their implications 
for understanding language function in the brain.

Support: NIH DCO231O, NIDCD DC03099.

654.2
A COMPARISON OF LANGUAGE CORTEX IDENTIFIED BY CORTICAL 
STIMULATION MAPPING AND FMRI TECHNIQUES. D.P, Corina1, K.R. 
Steury1,, K.A- Mulligan2., KT, Hjoshaw2, A..V, Poliakov2, J, F-..Brinkley2’, K,R.
Maravilla3 and G.A, Qjemann4. ‘Dept. of Psychology, Structural Informatics 
Group, Dept. of Biological Structure, 3Dept. of Radiology, 4Dept. of 
Neurosurgery, University of Washington, Seattle, WA 98195.

Five subjects (2 male, 3 female, age range 26-42) underwent cortical stimulation 
mapping (CSM; 3-8 mA, 5mm bipolar stim.) during awake neurosurgery for 
treatment of epilepsy (3) or tumor (2). Stimulation maps were obtained for speech 
and language function using self-paced counting and object naming tasks. Cortical 
sites of language disruption were marked with sterile numbered tickets and 
photographed. Prior to CSM, all subjects participated in a fMRI study of language 
function. During fMRI sessions subjects engaged in tasks of object naming, word 
repetition, and counting (GE 1.5T, epibold, TR/TE 3000/40, Flip 90). Data were 
analyzed using a cross-correlation thesholding technique, with active voxels 
retained at the p < .001 level. Software tools developed for the processing, 
integration and visualization of multimodality language data (see companion poster 
A.V. Poliakov et al.) provided a basis for the comparison of cortical sites which 
led to naming disruption and cortical sites of fMRI activation. Across subjects 
CSM identified language sites in frontal opercular (BA 44/45), and/or speech-motor 
cortex (BA 6/44). Across subjects naming disruption following stimulation to 
temporal and temporo-parietal sites were more topographically variable and 
included foci in BA 22 (ant., mid., post.) and BA 39/40. fMRI mapping showed 
reliable activation in frontal opercular and premotor-face cortex for language (4/5 
subjects). Only two subjects showed reliable activation in cortical posterior 
temporal regions. Anatomical correspondence between CSM and fMRI activation 
was relatively consistent for frontal lobe sites but there was less correspondence at 
temporo-parietal sites. However fMRI data showed more anatomical activation than 
was idenitifed by CSM. Support: NIH NS36527, McDonnell-Pew, NIH DC02310, 
and NIH DC03099

654.3

CORTICAL LANGUAGE MAPPING USING TEMPLATE MIXTURE MODELS.
D. Miglioretti1,3, B. Gordon1*, and D. Boatman1,2. ’Depts. of Neurology and 

2Otolaryngology, Johns Hopkins University School of Medicine; 3Dept. of Biostatistics, 

Johns Hopkins University School of Hygiene and Public Health, Baltimore, MD 21287

Determining the relationship between language functions and the neuroanatomic 
structures supporting these functions poses both methodological and statistical challenges. 
We investigated the neuroanatomic associations of speech perception and auditory 
comprehension using the clinical technique of cortical electrical interference and a new 
statistical technique, template mixture modeling (TMM). Electrical interference mapping 
combines good spatial resolution with the ability to identify cortical sites that are critical 
for a particular language function, offering advantages over traditional lesion studies and 
many neuroimaging techniques. TMM is attractive for analyzing electrical interference and 
other brain mapping data for several reasons. TMM is not biased by prior beliefs about the 
locations of functions, since the loci and size of the regions are estimated from the data. 
TMM facilitates pooling information across subjects by using a small number of parameters 
to model the regions of interest. TMM incorporates the distribution of the electrical current 
between electrodes to describe the site locations associated with language testing. Data 
were analyzed from 16 right-handed epilepsy patients (7 males, 9 females) undergoing left 
hemisphere cortical electrical interference mapping as part of routine clinical planning for 
resection surgery. Speech perception was assessed with an AX syllable discrimination task 
(N=60), and auditory comprehension was evaluated with a modified version of the Token 
test. Speech perception was found to be localized, both within and between subjects, to 
specific sites in auditory association cortex. Conversely, auditory comprehension was more 
diffusely represented in posterior perisylvian cortex, overlapping the speech perception 
areas. These results demonstrate the usefulness of template mixture models for estimating 
the neuroanatomic associations of language functions.
This work was supported by NIDCD R29-DC03081, RO1-NS26553, and RO1 -29973

654.4

Wernicke ’s  Area  Defined : a  High -FiEld  (3.0 T) Functional  MRI 
Study . T. Nakada1,2’ *, A Harada1, Y. Fuiii1, and I. L. Kwee2 Dept. of 
Integrated Neurosci.1, Univ. of Niigata, 951, Japan and Dept. of 
Neurology1, Univ. of Calif., Davis, CA 95616, USA

We investigated the cortical area responsible for language 
comprehension (Wernicke's area) utilizing blood oxygenation level 
dependent contrast functional magnetic resonance imaging (BOLD- 
fMRI) performed on a high-field (3.0T) system. Forty normal 
volunteers (20 females and 20 males, 18-24 year old) were subjected to 
BOLD-fMRI analysis using both silent reading and auditory 
comprehension paradigms. All subjects were right handed and native 
Japanese. Anatomical identification of activated areas was performed 
individually by mapping areas onto the subject's own anatomical images 
obtained with identical three dimensional coordinates. Wernicke's area 
was defined in each individual as the area activated commonly by both 
silent reading and auditory comprehension activities. The area defined 
above in all the subjects mapped onto the temporal operculum adjacent 
to the transverse temporal (Heschl) gyrus posterior to the transverse 
temporal sulcus in the left hemisphere, namely, the anterior aspect of the 
left planum temporale. The study clearly provides long-awaited 
confirmation of the Geshwind-Levitsky prediction and a clear-cut 
anatomical definition of Wernicke's area.

Supported by grants from the Ministry of Education (Japan)

654.5

CORTICO-CORTICAL INTERCONNECTIVITY BETWEEN AUDITORY AND 
LANGUAGE AREAS IN THE HUMAN TEMPORAL CORTEX 
R.A.W. Galuske1*, A. Schuhmann', H.Bratzke3 and W. Schlote2, ‘MPI ftir 
Himforschung, Depts. of 2N europathology and ’Forensic Medicine of the University, 
Deutschordenstr. 46, 60528 Frankfurt/M, Germany

As indicated by neuropsychological and functional imaging studies basal steps in the 
cortical processing of auditory and language relevant information occur in the superior 
temporal gyrus (STG) and the temporal plane (TP). In order to gain deeper insights 
into the underlying neuroanatomical circuitry we analyzed the interconnectivity 
between different areas in this region of the human brain. Axonal connections were 
studied by use of post-mortem tracing with the carbocyanine dyes Dil and DiA in 5 
subjects. Injections of these tracers were placed in the transverse gyrus of Heschl, the 
presumed location of the primary auditory cortex (Brodmann area (BA) 41), BA 42, a 
secondary auditory area, and in the posterior part of BA 22, corresponding to 
Wernicke’s area.
Tracer injections into BA 41 revealed two major extrinsic projections: first, a 
reciprocal connection to medial parts of the TP, presumably BA 52, and, second, a 
reciprocal connection to BA 42. Injections into BA 42 revealed reciprocal connections 
to BA 41 and to the antero-lateral surface of the STG, corresponding to the anterior 
part of BA 22. Withirv the latter area retrogradely labelled neurons could also be 
detected after tracer injections into BA 41, suggesting a projection from the anterior 
parts of BA 22 back to the primary auditory cortex. Injections into the posterior parts 
of BA 22 revealed the presence of reciprocal connections between this area and 
posterior parts of BA 42.
These results indicate a hierarchical pattern of interareal connections between primary, 
secondary and tertiary auditory areas. Moreover, the data suggest the presence of 
separate pathways interconnecting secondary and tertiary auditory areas in anterior 
and posterior regions of the superior temporal cortex.

654.6
MAPPING THE RECEPTIVE LANGUAGE CORTEX. A.C. Papanicolaou1*. P.G. 
Simos1. G, Zouridakis1. J.I, Breier1. W.B, Gormley1. J.E, Constantinou2. J.W,
Wheless2. W.W, Maggio1. ’Dept. of Neurosurgery, 2Dept. of Neurology, The 
University of Texas-Houston Health Science Center, Houston, TX 77030.

In a series of experiments involving normal subjects and neurosurgical patients, 
we established procedures for performing language mapping using Magnetic Source 
Imaging (MSI). The reliability of the cortical maps was established through 
replication, and their validity was verified by direct comparison with invasive 
techniques in 24 consecutive patients undergoing the Wada Procedure and 13 
additional patients undergoing intraoperative language mapping. In all cases, the 
late components of magnetic responses to linguistic and control stimuli were 
accounted for by cortical sources, different configurations of which defined the 
outline of the brain regions involved in the different experimental tasks. 
Specifically: (1) In all language tasks, approximately twice as many sources were 
found in the left hemisphere as in the right in over 95% of the subjects. No such 
asymmetries were found in the non-linguistic control tasks. (2) In all receptive 
language tasks the sources were found in the vicinity of Wernicke’s area, and during 
the expressive language task, in the vicinity of Broca’s area. (3) There was virtually 
perfect spatial overlap of sources in each of 16 subjects during the two replications 
of one of the language tasks. (4) Intraoperative stimulation of the MSI-determined 
receptive language areas, in all patients tested, resulted in speech comprehension 
failure. (5) There was perfect agreement between estimates of hemispheric 
dominance for language derived from the Wada and the MSI testing. The use of 
MSI for routine language mapping will be discussed in view of the above- 
mentioned evidence of its validity and reliability.
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654.7
READING ABILITY IS CORRELATED WITH MYELINATION OF AXONS 
IN THE LEFT TEMPORO-PARIETAL REGION OF THE BRAIN

Torkel Klingberg1,2, Maj Hedehus2, Elise Temple1, Talya Salz1, John D. E.
Gabrieli1,2, Michael E. Moseley2, Russell A. Poldrack1

Depts. of Psychology1, and Radiology2, Stanford Univ, Stanford, CA, USA

From studies of patients with brain lesions it has been suggested that 
impairments in reading, so called acquired dyslexia, can result from damage to 
the white matter tracts connecting the cortical areas necessary for language 
comprehension. Recent neuroimaging studies have suggested that developmental 
dyslexia also can be characterized as a disconnection syndrome, but to date there 
is no evidence of white matter disturbance in dyslexics. In the present study 
diffusion weighted magnetic resonance imaging was used to study myelination 
and architecture of axons in subjects with a history of developmental dyslexia. 
Compared to control subjects, this group exhibited abnormal diffusion of water, 
indicating decreased myelination of axons, in left and right temporo-parietal 
white matter. The degree of diffusion abnormality within the left of these two 
regions was strongly correlated with reading ability. Defective myelination of 
axons in the left temporo-parietal region of the brain could disrupt the 
communication between areas necessary for language comprehension and 
constitute a neurological basis for reading disabilities.

654.8
MANIPULATING ACTION VERBS AND CONCEPTS: PATTERNS OF DISSO-
CIATION IN BRAIN-DAMAGED SUBJECTS. D. Kemmerer & D. Tranel.* Dept. 
of Neurology, University of Iowa, Iowa City, IA 52242

Few studies have explored the different ways in which brain-damaged subjects can 
be impaired at manipulating action verbs and concepts. To pursue this issue further, 
we administered six standardized tests (Fiez & Tranel 1997) to 89 brain-damaged 
subjects with lesions distributed throughout the left and right cerebral hemispheres: 
(1) Action Naming - name a picture of an action; (2) Picture/Word Matching - match 
a verb with one of two pictured actions; (3) Picture Attribute - determine which of 
two pictured actions satisfies a given attribute, e.g., is most tiring; (4) Word Attri-
bute - same as Picture Attribute only with verbs instead of pictured actions; (5) Pic-
ture Comparison - determine which one of three pictured actions is not conceptually 
related to the other two; (6) Word Comparison - same as Picture Comparison only 
with verbs instead of pictured actions. Tests 2-6 are called "recognition" tests.

The first analysis compared each subject's performance on the naming test with 
their average score for the five recognition tests. 14 subjects had impaired naming 
but intact recognition, which suggests that the mechanisms for retrieving verb forms 
are disrupted but the action concepts encoded by verbs are preserved. In contrast, 2 
subjects had intact naming but impaired recognition, which suggests that the mental 
representations and operations necessary for the referential use of verbs are preserved 
whereas the ones necessary for certain types of inferential manipulation of action con-
cepts are disrupted. Another analysis of the data focused on just the five recognition 
tests. The number of subjects impaired on each test was as follows: Matching - 9; 
Picture Attribute - 11; Word Attribute - 16; Picture Comparison - 19; Word Compar-
ison - 15. These results indicate that some of the tests may be more difficult than 
others. In addition, an examination of the subjects' performance profiles across the 
five tests revealed 21 distinct patterns of normal vs. below-normal scores; moreover, 
each test dissociated from the others. This suggests that each test has certain unique 
representational and/or processing requirements that can be independently impaired. 
Overall, this study helps us understand the complex underpinnings of our ability to 
manipulate action verbs and concepts. (Supported by NINDS grant PO 19632.)

654.9
RELATIVE CEREBRAL BLOOD VOLUME DURING OVERT PICTURE 
NAMING IN A NONFLUENT BROCA’S APHASIA CASE AT 13 YEARS 
POSTSTROKE lintifield1, MXNaeser1, A, Wingfield1 *, l±
Good glass1, SM Hodge1, D, Yurgelun-Todd2. A. Baird2. C.L Palumbo1 & 
P, Renshaw2.1 Harold Goodglass Aphasia Research Center, Department of 
Neurology, Boston University School of Medicine, Boston, MA 02130; 
2Brain Imaging Center, McLean Hospital, Belmont, MA.

Although naming impairments are common in aphasia following 
damage to the left perisyivian region, some patients retain the ability to name 
objects despite difficulty in producing speech. We report on a nonfluent 
Broca’s aphasia patient who showed good success at naming pictures. The 
dynamic susceptibility contrast (DSC) MRI method with gadolinium was used. 
There were two activation conditions: (1) subject said aloud only the word 
“picture” for each picture shown, (2) subject said aloud the real name for 
each picture (first 10 items, Boston Naming Test). Mean relative cerebral 
blood volume (reICBV) was obtained for selected left (L) and right (R) ROIs. 
During condition 2 (real naming) vs. condition 1, the normal subject showed 
activation in four additional L ROIs (frontal op.; motor cortex, mouth; 
Wernicke’s; post. SMG) and five additional R ROIs (prefrontal; Broca’s; frontal 
op.; ant. SMG; Wernicke’s). The nonfluent Broca’s case showed activation in 
two additional L ROIs (Wernicke’s and angular gyrus) and one additional R 
ROI (Broca’s). Thus, each subject showed activation in more L and R ROIs 
during real naming, suggesting a more widespread activation network. Both 
the normal control and the nonfluent aphasia case activated L Wernicke’s 
during the real naming condition only, suggesting a role for L Wernicke’s area 
when accurate phonological retrieval was required during naming.
(Supported by DVA Medical Research Service and NIH grant DC00081).

654.10
DIFFERENT ENVIRONMENTAL SOUND RECOGNITION ERRORS 
IN APHASIC PATIENTS. E. MattioIL M. C’otelli, M. Erugoni, S.E. 
Cappa* and L.A. Vignolo. Clinica Neurologica, University of Brescia,
P.zza Spcdali Civ iii, 1,25123 Brescia ITALY.

Different disturbances in environmental sound recognition (ESR) may 
follow unilateral hemispheric damage. Right hemisphere damaged (RHD) 
patients make more acoustically related errors (AE), w hile left hemisphere 
damaged (LHD) more semantically related ones (SE). The sound 
recognition score correlates significantly with language comprehension in 
LHD. The aim of this study is to assess ESR in two different categories 
of fluent aphasics with poor comprehension: Ph (prevalent phonological 
errors with poor repetition) and S (prevalent lexical semantic errors with 
spared repetition) respectively . 6Ph, 6S and 8 controls (age and education 
matched) were submitted to the ESR test (Schnider et al., 1994), Pyramid 
and palm (PP) and Weigl’s test (WT). Main results show that: 1- patients 
performed significantly worse than controls on ESR lest {pc.OOOl); 2- SE 
were more frequent in S, while AE and unrelated errors were more frequent 
in Ph (p<.000l); 3- no semantic (living-non living) category effect was 
found: 4- S patients made more errors on the PP than Ph patients. The 
present results indicate that “apperceptive “ and “associative” disorders of 
ESR can be observed in patients with LH damage; the former are more 
associated with phonological processing impairments, while the latter are 
linked with lexical semantic disorders.

654.11

A TEST OF RIZZOLATTI’S THEORY OF LANGUAGE EVOLUTION; 
MCGURK EFFECT AND LIP READING IN BROCA’S APHASIA?
V.S. Ramachandran*, D. Roeers-Ramachandran, E.L, Altschuler, S.B, Wisdom.
Brain and Perception Laboratory, UCSD, 9500 Gilman Drive, La Jolla, CA 
92093-0109

Rizzolatti and colleagues have found cells in the monkey frontal lobes that are 
activated when the monkey performs a specific hand movement or watches 
another monkey perform the same movement (“mirror neurons”) (di Pellegrino et 
al., 1992). He proposes that such cells might be involved in miming, gesturing 
and the evolution of human language. Indeed, the area is homologous to Broca’s 
area in humans. To test the theory we have begun to study Broca’s aphasics. The 
theory predicts that these patients should have deficiency not only with production 
of syntax and phonemes—as conventionally assumed by psycholinguistics 
experts—but also in “lip reading.” Preliminary experiments on one patient with 
expressive aphasia showed that she not only had difficulty with lip reading, but 
also did not exhibit the McGurk effect; she heard the syllable correctly as “Ba” 
even though the lips of the video image of the face were saying “Da.” If the 
results of this single case-study hold up, then studying lip reading and the McGurk 
effect in aphasia may provide a valuable probe for uncovering a visual input to 
Broca’s area, and for exploring the evolution of language.

654.12

REHABILITATION OF BROCA’S (EXPRESSIVE) APHASIA WITH AN 
AUDIO TAPE RECORDER AND HEADPHONES? E.L. Altschuler*, S.B. 
Wisdom, V.S. Ramachandran Brain and Perception Laboratory, UCSD, 9500 
Gilman Drive, La Jolla, CA 92093-0109

The global burden of stroke and head injury is enormous (tens of millions/year). 
Broca’s (expressive) aphasia (BA) is one of their most common and devastating 
sequelae. Recently it has been shown (VSR et al., 1995) that in patients with 
“immobile” phantom limbs following amputation, vivid kinesthetic sensations of 
movement can be evoked when the patient watches movement of the non- 
amputated hand or arm in a vertical, parasagittal mirror. We have shown such 
mirror therapy—which provides patients with “proper” visual input, the mirror 
reflection of the moving good arm looks like the affected arm moving correctly— 
effective for rehabilitation of some patients with hemiparesis following stroke 
(ELA et al., 1999). Perhaps for BA similarly it might be beneficial to supply input 
of proper speaking. We have studied a 62 year old right-handed male with 
longstanding BA and right hemiparesis (10 years) following a head injury and 
subsequent seizures. When first seen by us, the patient had moderate to severe BA 
with trouble initiating and an overall paucity of speech, but fairly good command 
of nouns, though, to the near total exclusion of other parts of speech. The patient 
was told to practice reading, picture description, and naming 15 minutes twice-a- 
day, speaking simultaneously while listening to the same words on a tape recorder 
using headphones. Thus, he hears the words spoken correctly, even if his output is 
still suboptimal. The patient now uses full sentences. He is now better able to 
conduct activities of daily living which involve speech such as leaving a message 
on a telephone answering machine. The patient feels he has improved. Patient’s 
friends who saw him a month after starting tape recorder therapy (TRT) were 
pleasantly surprised by his improvement. He continues on TRT, and his progress 
will be assessed by two neurologists. A larger study of this TRT is ongoing.
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654.13

Acetylcholinesterase Inhibitors for Aphasia d .h .
Jacobsd )*. P. Raiendran(Z). R.F. Kaplan(3). Department of Neurology, 
University of Florida College of Medicine (1), Boston University College of 
Medicine (2) andDepartment of Psychiatry and Neurology, University of 
Connecticut College of Medicine(3), Orlando, Florida 32806

Acetylcholinesterase inhibitors (Al) are widely used for 
treatment of degenerative dementias, but may also be useful 
for the treatment of anomia in patients with other neurologic 
conditions. We wanted to learn whether an Al, tacrine, improves 
naming in subjects with aphasia due to strokes and whether 
noun naming, verb naming, and generative naming are 
differentially affected by tacrine. We studied 4 stroke subjects 
with stable language deficits utilizing a repeated measures 
format designed for a small number of subjects. Patients were 
given multiple tests during baseline, treatment and washout 
periods. Performance on noun naming increased significantly 
during treatment(p<0.042) while there was no significant 
improvement on verb or generative naming. These results 
suggest that tacrine improves confrontation naming for nouns in 
anomic stroke subjects. The lack of effect on other tasks may 
reflect fundamental task differences.

Supported by Parke-Davis and the Memory Disorders Clinic, Orlando 
Regional Healthcare Systems, Department of Elder Affairs, State of Florida.

BRAIN METABOLISM AND BLOOD FLOW: DISEASES

655.1
REDUCTION OF INFLAMMATORY RESPONSE IN EXPERIMENTAL 
RAT MENINGITIS BY THE SELECTIVE 5HT1-B AND 5HT1-D 
AGONIST ZOLMITRIPTAN
Qu,HQffiwn, M, 0- Arnfld,..U,
Pfrnagl, ang J,R. Wefrer
Department of Neurology, Charity, Humboldt-University 10098 Berlin

Background: In order to assess a neurogenic contribution to the inflammatory 
response in gram-positive meningitis, C-fiber mediated neuropeptide liberation 
was inhibited using the selective 5HT1-B and 5HT1-D agonist zolmitriptan in a 
rat model of pneumococcal meningitis.

Material and Methods: Experimental meningitis was induced in 300 g male 
Wistar rats by intracisternal injection of a standardized pneumococcal cell wall 
preparation (PCW). Intracranial pressure (ICP), regional cerebral blood flow 
(rCBF) and CSF leukocyte count after 6 h were compared between controls and 
zolmitriptan treated animals. Zolmitriptan was administered by an intravenous 
bolus of 3 mg/kg prior to PCW injection followed by a continuos infusion of 1 
mg/kg/h.

Results: In controls (untreated meningitis), an significant increase of rCBF to
194.8 ± 17.3 % of baseline and an increase of ICP by 19.4 ± 6.2 cm H2O was 
observed. Leukocyte count in the CSF was 13067 ± 9082/gl. In comparison, 
zolmitriptan treated animals showed a significant reduction of rCBF increase 
(118.0 ± 17.4 % of baseline, p < 0.5) and ICP (14.3 ± 7.6 mm Hg, p < 0.5) as 
well as a reduced CSF cell count (3485 ± 2335, p < 0.5).

Conclusion: Our experiments provide further evidence that in meningitis, 
neurogenic inflammation augments bacterial inflammation.

655.2
THE UTILITY OF 2-DEOXYGLUCOSE AUTORADIOGRAPHY IN 
ASSESSING DYSFUNCTION AFTER INTRASTRIATAL HSV VECTOR 
INJECTION. P.M. Riley. S. Kelly. N. Hakuba. S.M. Brown1 and J. McCulloch*, 
Wellcome Surgical Institute,Univ. of Glasgow, Garscube Estate, Bearsden Road, 
Glasgow, G61 1QH; 'Neurology Res. Labs., Inst. Neurological Sciences, Southern 
General Hospital, Glasgow, G51 4TF.

Herpes Simplex Virus (HSV) has considerable potential as a therapeutic agent and 
vector, particularly for the nervous system. ICP 34.5 null mutants of HSV (HSV 
1716) are avirulent and replicate selectively in actively dividing cells such as tumour 
cells. HSV17+(wild type) HSV1716 or saline vehicle were injected stereo-tactically 
into the caudate nucleus of male Balb/C mice. The viral doses used ranged from 
1x105 to 1x107 p.f.u. and both viruses expressed the E.Coli Lac Z reporter gene. 
Relative local cerebral glucose utilisation was measured with ,4C-2-deoxyglucose 
autoradiography whilst adjacent sections were stained for |3-galactosidase to 
determine viral spread. Three days after injection of HSV17+ at the higher doses, 
virus was widely distributed throughout the injected striatum. However, striatal 
glucose use was indistinguishable from that on the contralateral striatum except for a 
circumscribed region at the injection site. The caudate nucleus in vehicle and 
HSV1716 injected animals also demonstrated this minimal alteration. In the latter, 
however, viral spread was confined to the area immediately adjacent to the injection 
site. There were no apparent differences in glucose use, after striatal HSV 
injections, in areas known to receive afferent and efferent projection from the 
caudate (globus pallidus inter alia). The data demonstrate the utility of 
autoradiographic techniques in assessing the consequences of virus infection. For 
herpes simplex virus normal glucose use can be maintained despite extensive virus 
replication. ICP 34.5 null mutants of HSV fail to alter glucose metabolism in the 
CNS, highlighting their safety as therapeutic agents.

655.3

BRAIN METABOLIC CHANGES DURING CIGARETTE CRAVING. A.L. 
Brody1, L.R. Baxter12*, E.D. London3, M. A. Mandelkem4, S. Alborzian, D.C.
Madsen, and M.E. Jarvik1. 1Dept. of Psychiatry and Biobehavioral Sciences, 
UCLA, 2Dept. of Neurobiology, UAB, 3Brain Imaging Division, NIDA, 4Dept. 
of Radiology, UCLA; Los Angeles, CA 90024
Objective: Craving for cigarettes in smokers attempting abstinence has 
dearly been linked to relapse into usage. The goal of this study was to 
elucidate cerebral substrates of craving for cigarettes.
Method: Eight heavy smokers (mean 2 packs per day) had two 18F- 
fluorodeoxyglucose (FDG) positron emission tomography scans of the brain 
in randomized order. During both scans, subjects were presented with 
specific cues during the uptake period of FDG, and were rated for levels of 
craving (urge to smoke), anxiety, and depression. One scan was done while 
the subject was presented with a nature video and a clove stick. The other 
was performed during presentation of a video containing smoking cues and 
a cigarette. Statistical Parametric Mapping was performed to compare 
regional metabolism in the two states.
Results: During the cigarette craving state, metabolism was increased in the 
ventral anterior cingulate gyrus bilaterally. No significant areas of 
deactivation were found. Subjects showed a statistical trend toward greater 
urge to smoke when presented with cigarette-related cues, while no such 
increase was found in anxiety or depression.
Conclusidn: In this sample, craving for cigarettes was associated with limbic 
activation. This regional brain activation was similar to that found in studies 
of cocaine craving.
Funded by the Tobacco-Related Disease Research Program (TRDRP)

655.4

CEREBELLAR VERMIS BLOOD FLOW: ASSOCIATIONS WITH 
PSYCHIATRIC SYMPTOMS IN CHILD ABUSE AND ADHD

Renshaw2. M.H, Teicher1.1 Developmental Biopsychiatry Research Program &
2Brain Imaging Center, Dept. of Psychiatry, Harvard Medical School & McLean 
Hospital, Belmont MA, 02178. (e-mail: carl_anderson@hms.harvard.edu).

In two fMRI studies a striking association between psychiatric symptoms and 
elevated blood flow in the vermis was observed. Subjects: STUDY 1, 32 young 
adults (9M/32F; 18-22 yr), including 15 (3M/12F) with a history of sexual or 
verbal childhood trauma exclusive of physical trauma, were scanned under 
resting conditions; STUDY 2, perfusion was observed in ADHD children (all 
subtypes; 6 male, aged 9.93±0.45yr) assigned to a 4 week double-blind schedule 
of methylphenidate (one week each of 0.25, 0.4, 0.75mg/kg bid MPH or 
placebo). Methods: A series of 32 TE stepped echo-planar images (EPI) were 
collected in 4 axial slices of the cerebellum to calculate T2-relaxation times 
indicative of blood flow in the vermis. Results: In STUDY 1, higher ratings on 
the Limbic System Checklist-33 (LSCL-33; FU3 = 13.34, p<0.001), the 
Dissociative Experiences Scale (DES; F123 = 8.42, p<0.008), Hamilton 
Depression (HAM-D; FI23 = 9.58, p<0.005) and Anxiety scales (HAM-A; Fu3 = 
9.68, p<0.005) were positively associated with increased vermial blood flow. In 
STUDY 2, a dose-dependent decrease in resting blood flow in the vermis was 
observed (Fu = 5.261, p<0.01) which was associated with reductions in 
behavioral hyperactivity in ADHD children. Summary: The vermis has a 
protracted period of postnatal development, which may engender susceptibility to 
environmental insults or effects of early child abuse. Interestingly, the fastigial 
nucleus, the output nucleus of the vermis, has projections to brainstem regions 
such as the LC, PAG, VTA, SN and parabrachal nucleus, implicating it in 
bihemispheric emotional and attentional modulation. Therefore, the vermis of the 
cerebellum may form an important locus of the developmental psychopathology 
and neuropharmacology of childhood abuse and hyperactivity.
Supported by NIMH R01-53636-01A1.
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655.5
EFFECTS OF INCREASED SEROTONIN DUE TO FENFLURAMINE 
CHALLENGE OR MAO-A DEFICIENCY ON MOUSE CEREBRAL BLOOD 
FLOW D.P. Holschneider1,2,3, *. O.U. Scremin3,4, L. Huvnh5. K. Chen6. E. De 
Maever7, I. Seif7. J.C. Shih6,8 Depts. of ‘Psychiatry, 2Neurology, 8Cell and 
Neurobiology, USC School of Medicine, Dept. of 6Molecular Pharmacology and 
Toxicology, USC School of Pharmacy; 3West Los Angeles, VAMC; Depts. of 
4Physiology, UCLA School of Medicine, Physiological Sciences, UCLA, Los 
Angeles, CA, 7Institut Curie Centre Universitaire, Orsay Cedex, France.

Using the autoradiographic Iodo-l4C-antipyrine method, we examined relative 
cerebral cortical blood flow (CBF) in conscious 4-5 month old mice lacking the 
monoamine oxidase A gene (KO, n=12). These mice have previously been shown to 
demonstrate elevated levels of serotonin (5HT) and norepinephrine (Science 268:1763- 
6, 1995), both themselves vasoactive substances. CBF was compared to that of wild- 
type littermates (WILD, n=15). KO compared to WILD mice showed significant 
increases in CBF in primary somatosensory cortex. The topography of these CBF 
changes corresponds to an area which previous histologic work has shown to lack 
normal barrel field formation (Neuron 16:297-307, 1996). Smaller changes in CBF 
were also seen in motor cortex (increase) and in piriform, insular, and amygdaloid 
cortex (decreases). Following intraperitoneal bolus administration of d-fenfluramine 
(21 mg/kg), a presynaptic releaser, as well as reuptake inhibitor of 5HT, both 
genotypes demonstrated significant changes in CBF in amygdaloid, piriform, insular 
and entorhinal cortex (increases), and smaller changes in motor, sensory, and visual 
cortex (decreases). The changes in CBF topography following acute drug challenge, 
resembled a reverse pattern from the genotypic effects seen without drug challenge. 
Genotypic differences may reflect developmental abnormalities and/or effects of chronic 
metabolic alterations on the regulation of CBF in KO mice. Supported by a 
Mentored Clinical Science Development Program Award K12-AG-00521, the US 
Dept. of Veterans Affairs, NIMH grants R01 MH 37020, R37 MH39085 (MERIT 
Award), a Research Scientist Award K05 MH 00796 and the Boyd and Elsie Welin 
Professorship.

655.6

BEHAVIORAL, PHYSIOLOGICAL AND MORPHOLOGICAL 
ANALYSIS OF LDL RECEPTOR-KNOCKOUT MICE. M.Mulder*. A, 
Hkkkndj, LJVLHavekes2. E.R. de Kloet3 and HWM Steinbusch1, ‘Dept. of 
Neuropsychology, Univ. of Maastricht; 2TNO-PG Leiden; 3Leiden Univ., The 
Netherlands.

Previously, we have found that mice deficient for apolipoprotein E (apoE) are 
severely disturbed in their learning- and memory processes and also display a 
disturbed long-term potentiation. In addition, these mice display a loss of synapses 
with aging and are more vulnerable to CNS injury than wild type mice. One of the 
isoforms of apoE, apoE4, is now a well established risk factor for Alzheimer’s 
disease and evidence is accumulating for a more general role of apoE in 
neurodegenerative diseases. Comparable to its role in the periphery, apoE is thought 
to mediate the distribution of cholesterol in the brain through interaction with apoE- 
binding receptors, including the LDL receptor (LDLR). This classical apoE-binding 
receptor has been investigated extensively in relation to plasma apoE and lipoprotein 
metabolism, but relatively little is known with respect to its role in cholesterol 
homeostasis in the brain. LDLR mRNA has been detected throughout the brain. It is 
largely present in the pyramidal layer of the hippocampus CA1 and CA3 fields and 
in basal forebrain cholinergic regions. Furthermore, after entorhinal cortex lesioning 
an increase in LDL-binding sites on neurons in the hippocampus has been observed, 
and mice lacking the LDLR display an increased vulnerability to cerebral stroke.
In the present study, LDLR-knockout mice were used as a model to investigate the 
role of the LDLR in synaptic plasticity and learning- and memory processes. The 
data demonstrate the performance of homozygous- and heterozygous LDL receptor- 
knockout mice and littermate controls in the Morris water maze and the T-maze, the 
open field- and the forced swim test, as well as blood pressure of the mice, and 
immunohistological characterization of the cholinergic and serotonergic system in 
their brains. Supported by the Hersenstichting Nederland.

655.7

BRAIN ENERGY METABOLISM IN ALZHEIMER'S DISEASE (AD) : RELA-
TION WITH HMPAO-SPECT IMAGING, COGNITIVE PERFORMANCE AND 
CELLULAR MECHANISMS jy.JdagistrgttiL C, Ludwig2^,GiaCQbini3*^A..,(fe 
Ribaupierre2, F. HerrmannL J.-M. Annoni4, C, Bouras5. J.-P. Michel3 L, Pellerin1
and D. Slosman6 Institut de Physiologie, University de Lausanne1, FAPSE2 and 
Departements de Geriatrie’, Neurologie4, Psychiatrie5 et Radiologie6, Universite de 
Geneve, Switzerland

Brain energy metabolism may be critically involved in the neurodegeneration oc-
curring in Alzheimer's Disease (AD). In the present study we have set out to 
monitor brain energy metabolism using HMPAO-SPECT and FDG-PET imaging 
in a cohort of individuals over 65 years of age, drawn from the general population. 
HMPAO-SPECT imaging, is performed under basal conditions and during the 
performance of a cognitive task (verbal fluency test). Seventy non-demented, elderly 
subjects and 17 patients suffering from moderate to mild dementia have entered the 
study thus far. All subjects have undergone the same protocol, namely a basal and 
activation SPECT as well as a thorough neuropsychological assessment of working 
memory functions. In addition a FDG-PET has been performed on 53 subjects. In the 
control group, activation (verbal fluency test) induced a significant increase in 
HMPAO retention in the right superior frontal gyrus (BA 9/10), left median frontal 
gyrus (BA 10) and in posterior regions (BA 18 bilaterally and right BA 17). In 
contrast to controls, in AD subjects no increases in HMPAO retention were 
observed when comparing activation and basal conditions. In addition, group x 
Condition Interaction showed differences in bilateral pre-frontal (BA 46,47), right pre-
motor (BA 4) and left parieto-temporal (BA 19, 21) regions (p<.010, uncorrected). 
Studies at the cellular level performed in primary cultures of neurons and astrocytes 
indicate that astrocytes may play a major role in HMPAO retention (see Zerarka et 
al, this meeting). Supported by FNRS grant 4038-044074 (PNR38).

BRAIN METABOLISM AND BLOOD FLOW: SOMATOSENSORY AND OTHERS

656.1

WEAK MODELS IN THE ANALYSIS OF OPTICAL IMAGING DATA: 
HAEMOGLOBIN CHANGES FOLLOWING NEURAL ACTIVITY.
J. Mayhew*, Y. Zheng, D.Johnston, P. Coffey, J. Berwick J. Porrill, J. Stone, M. 
Stetter, I.. Schiessl , K. Obermayer Computer Science Technical University of 
Berlin 10578 Berlin Germany; Dept Psychology , University of Sheffield S10 2TP 
UK., AIVRU, University of Sheffield S10 2TP UK., Dept ACSE, University of 
Sheffield S102TP UK.

A major difficulty in the analysis of optical imaging data sets is the presence of 
low frequency oscillations and vascular artefacts that can mask the activation signal 
(Mayhew et al 1995). Recent developments in signal source separation algorithms 
have been successfully applied to optical imaging data to produce maps of 
functional architecture. The research reported here describes an extension to this 
work which utilises weak temporal models to constrain the spatial analysis by using 
ratios of variance to constrain the amplitude of the time series in the optimisation 
algorithms. The research reported here will: (i) Describe the use of Extended De- 
correlation (Schiessl et al., Proc. ICA99, ppl79-184) and Independent Component 
Analysis (Bell and Sejnowski 1995) which have been developed to incorporate 
weak models (Porrill et al 1998). (ii) Describe a randomisation method by which 
the 'statistical reliability’ of the results of EDC and ICA can be assessed, (iii) 
Present the results of applying the methods to the analysis of spectroscopic data sets 
to show the spatial distribution of the oxygenation and de-oxygenation changes in 
response to whisker stimulation in rat barrel cortex.

The physiological implications of the research are that maps showing regions of 
the changes in haemoglobin oxygenation are highly localised to the region of the 
stimulated barrel despite the presence of very large low frequency oscillations and 
vascular artefacts in the original data.

This work was supported by the following: Wellcome Trust (050080/Z/97); 
EPSRC project Grant No.GR/I35386; MRC Co-operative Group Grant G9825307

656.2

LAMINAR ANALYSIS OF rCBF IN SOMATOSENSORY CORTEX 
FOLLOWING FREQUENCY-MODULATED WHISKER ACTIVATION. 
R,L.Q.6nLits.L C. .Ragzynski\ AJ..Gitaae!,. AxG,. Hudetz* and E-A, .SfginL
Departments of Physiology*, Anesthesiology* and Psychiatry*, Medical 
College of Wisconsin. Milwaukee, WI 53226.

The rat whisker-barrel somatosensory system is a popular model to study the 
mechanisms of somatosensory evoked cortical blood flow changes. We have 
previously shown that the magnitude of laser-Doppler measured cortical blood 
flow changes increase linearly with the frequency of full pad whisker 
movement over the physiological range of 1.5 to 10.5Hz. To further test the 
hypothesis that local cortical blood flow increases with frequency of whisker 
movement, C14 labeled iodoantipyrine (IAP) experiments were performed in 7 
male urethane anesthetized SD rats. The top two rows of whiskers on each 
side of the face were removed (rows A, B) and the remaining whiskers (rows 
C, D, E) on the right side of the rat’s face stimulated at 3 Hz and those on the 
left side at 10 Hz during the IAP infusion. The brains were rapidly frozen, 
sliced into coronal sections and regions of somatosensory cortex localized by 
comparison with cytochrome oxidase stained sections. Mean flow 
comparisons (ml/lOOg/min) for the regions were: rows A, B left cortex, 145.8; 
A, B right cortex, 158; C, D, E left (3 Hz), 159.6; C, D, E right (10 Hz) 178. 
In both stimulated and nonstimulated regions, the profile of blood flow 
increased with depth of cortex, peaking in layer IV and decreased through 
deeper layers. Flow increases elicited by whisker movement were most 
pronounced in layers I through IV. These data support the hypothesis that 
whisker movement elicited flow changes are frequency dependent, and are 
most pronounced in cortical layers I though IV. (Supported by NIH IPO I 
MH51358, T32 HL07853, HL-29587).
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656.3
Functional hyperemia in the brain is inhibited by cytochrome P450 
epoxygenase inhibitors J.R. Carhuapoma1,2, N.J. Alkayed1, A, 
Bhardwai1,2, R.J. Travstman1, DR Harder3, R.C. Koehler1* ^Depts. of 
Anesthesiology/Critical Care Medicine and 2Neurology, Johns Hopkins 
University School of Medicine, Baltimore, MD 21287; 3Dept. of Physiology, 
Medical College of Wisconsin, Milwaukee, Wl 53226

The arachidonic acid metabolites, epoxyeicosatrienoic acids 
derived from astrocytic P450 2C11 epoxygenase activity, have been 
postulated to play an important role in regulation of cerebral blood flow 
(CBF) in response to neuronal activation. We tested the hypothesis that 
epoxygenase inhibition reduces functional hyperemia induced by whisker 
stimulation in the rat. A closed cranial window with ports for continuous 
subdural superfusion was made over the parietal cortex in adult male 
Wistar rats (300-400 g) under halothane anesthesia followed by IV a- 
chloralose sedation. Cerebral perfusion was measured using laser- 
Doppler flowmetry (LDF) over the whisker barrel cortex during 60 seconds 
of whisker stimulation performed in triplicate at hourly intervals. In a time 
control group (n=4), LDF increased by 22 ± 10 % (± SD), 23 ± 8 % and 22 
± 7 % at 1, 2 and 3 h of superfusion with vehicle (0.5% ethanol). In a 
miconazole treated group (n=5), LDF increased by 29 ± 6 % after 1 hr of 
vehicle superfusion, but only by 9 ± 3 % after 1 hr of 20 pM miconazole, 
which acts on the P450 heme moiety. In a third group (n=5) N- 
methylsulfonyl-6- (2-propargyloxyphenyl) hexanamide (MS-PPOH; 20 
pM), which is a selective substrate inhibitor of P450 epoxygenase, also 
reduced the increase in LDF (7 ± 3 %) compared to vehicle (33 ± 7 %). 
These data demonstrate that 2 different classes of P450 epoxygenase 
inhibitors markedly reduce CBF responses to whisker stimulation and that 
the P450 epoxygenases may play an important role in CBF regulation 
during physiologic stimulation. Supported by NIH NS20020 and AHA

656.4
Early deoxygenation ('dip') measured by optical methods during Whisker barrel cortex 
activation in rats? Use of a modified Lambert-Beer algorithm. U.Lindauer \ M.KohT,
G.RoyT.M.KuhT.A.Villringer+.I.Vanzetta#.A.Grinvald#,U.DimagT. +Neurology. Cha- 
rite, Berlin, FRG; “Dept.of Neurobioiogy, Weizmann Inst, of Science, Rehovot, Israel.

The existence of an early deoxygenation ('dip') during increased neuronal ac-
tivity is still discussed controversely in humans, monkey, cats and rats. We used opti-
cal imaging spectroscopy (OIS; 480-680 nm; time res. 3 Hz; Malonek, Grinvald, Sci-
ence 1996) and microfiber-spectroscopy (MS; 480-1000nm, time res. 3 Hz) to further 
investigate the existence of the dip. Somatosensory stimulation was performed by sin-
gle whisker hair deflection (4 Hz, 2 sec) in a-chloralose/urethane anesthetized rats. 
The brain surface was illuminated through a closed cranial window by a broad spec-
trum light source, and spatiospectral images (OIS) or spectra sampled through a mi-
crofiber at the center of the activated barrel (MS) were collected. Spectra during 
stimulation were compared to prestimulation. Individual spectral changes were fitted 
to spectra of oxy-Hb and deoxy-Hb components, and concentration changes in oxy-Hb 
and deoxy-Hb were calculated. While fitting to pure extinction spectra, an early in-
crease of deoxy-Hb was observed during stimulation, followed by hyperoxygenation 
As the extinction spectra are distorted in tissue due to light scattering, the wave-
length dependent differential path-length factor (DPF(X)) was estimated from ap-
proximate tissue absorption and scattering coefficients and included in the modified 
Lambert-Beer equation. Using this modified algorithm, the residuals decreased sig-
nificantly. Fitting for cytochrome oxydase or activity dependent light scattering 
changes did not affect the goodness of fit. Using this DPF(X) analysis of the OIS or 
MS data, an early increase in deoxy-Hb was no longer observed. We conclude that the 
finding of an early 'dip' in deoxy-Hb depends on spectral analysis. Methodology other 
than spectroscopy (e.g. phosphorescence quenching, Vanzetta & Grinvald Neurosci 
Lett 1998) may be required to resolve the issue of early activity dependent deoxygena-
tion. (Supported by GIF, DFG, and Humboldt University Berlin).

656.5
Die Timecourse of Neurovascular Plasticity. Pouratian, Kamrava, A„ Nettar, 
K., O’Farrell, A.M., Toga, A.W, Laboratory of Neuro Imaging, Department of 
Neurology, UCLA School of Medicine, Los Angeles, CA 90095.

The mammalian brain has a remarkable capacity to modify itself in response to 
development, demand, or insult. Although many studies have investigated the 
neuronal and metabolic changes associated with plasticity, to the best of our 
knowledge, changes in neurovascular responses associated with plasticity remain 
unclear. It is therefore important to characterize the timecourse and spatial extent of 
“neurovascular plasticity” and to determine the relationship between neuronal activity 
and functional blood flow during and after periods of plasticity.

We used a rodent model of somatosensory plasticity to investigate the effects of 
chronic sensory deprivation on neurovascular responses. We plucked all whiskers but 
C2 in 2, 4, and 6 week old rodents. We recorded optical responses (850 nm) to C2 
whisker deflection (10Hz, 2s and 10s duration) 1, 2, and 4 weeks following initial 
whisker plucking. Optical responses to C2 whisker deflection were also recorded in 
control rodents which were allowed to develop normally. Spatial extent and average 
intensity were calculated for all responses.

In general, chronic whisker plucking induces larger and more intense optical 
responses relative to age-matched controls. Although whisker plucking generally 
increases the spatial extent and intensity of optical signals, no significant changes can 
be detected in optical responses after only one week of whisker plucking. Comparing 
the optical responses of groups of rodents over time indicates that while the spatial 
extent of optical responses increases with longer durations of whisker plucking, the 
intensity of optical responses peaks after two weeks of sensory deprivation. 
Comparing age-matched animals with varying histories of whisker plucking indicates 
that the spatial extent of optical signals is greater with longer histories of whisker 
plucking and the intensity of optical responses increases uniformly regardless of 
history of whisker plucking.
Support: MSTP grant (GM08042, Training Program in Neuroimaging grant 
(MH19950), NIMH (MH/NS52083).

656.6
THEOPHYLLINE UNCOUPLES CHANGES IN CEREBRAL BLOOD FLOW AND 
NEURONAL ACTIVATION IN RATS J.A Detre, B.M. Ances*, and J.H. Greenberg. 
Department of Neurology, University, of Pennsylvania, Philadelphia, PA 19104

The intermediate mediators for activation flow coupling (AFC), the changes in 
cerebral blood flow with neuronal activation, remain poorly characterized. Possible 
mediators are adenosine, nitric oxide, K +, and H+. We studied AFC and somatosensory 
evoked potential (SEP) responses of rats (n=10) subjected to periodic forepaw 
stimulation before anu after the adenosine antagonist, theophylline (theo). Methods: 
Laser-Doppler (LD) measurements in response to constant current forepaw stimulation 
(5 Hz and 1 mA) were made through a thinned skull in a-chloralose anesthetized rats. 
Signal averaged measurements of LDCBF, were made using repetitive periodic 
stimulation (4 sec every 16, 24, or 36 secs and 8 sec every 16, 24, or 36 secs) before 
and 30 min after either 0.20(4. mol/g of theo (n=5) or 0.05(4 mol/g of theo (n=5) was 
administered i.p. In several rats (n=8) SEP responses recorded from electrodes inserted 
into the skull were interleaved with LD measurements. Results: A characteristic peak 
AFC response was seen for 4 sec stimuli and a peak and plateau response were seen for 
all 8 sec stimuli. Administration of either 0.20(t mol/g or 0.05)4 mol/g of theo 
increased the baseline LDCBF and produced up to threefold increases in the AFC 
responses for both stimulus durations. For 8 sec stimuli the shape of the AFC response 
was also altered with no observable plateau. The SEP responses remained unchanged in 
all rats before and after theo, regardless of stimulus duration. Conclusion: These results 
suggest that theo leads to an augmentation of the hemodynamic response without an 
observable change in the neuronal response, as measured by SEP. These findings 
contrast previous reports of a dampening or no effect on the AFC response following 
theophylline and could be due to the cumulative effects of repetitive periodic 
stimulation. Source: MH12078, NS02079, and NS32017.

656.7 656.8
STIMULUS DURATION EFFECTS ON ACTIVADON FLOW COUPLING AND 
SOMATOSENSORY EVOKED POTENTIALS IN RATS B.M. Ances. J.H. 
Greenberg, and J.A Detre* Department of Neurology, University of Pennsylvania, 
Philadelphia, PA 19104.

It is becoming increasingly important to understand the temporal characteristics of 
activation-flow coupling (AFC) as many neuroimaging techniques rely on changes in 
cerebral blood flow (CBF) as a surrogate marker for neuronal activity. We characterized 
the temporal characteristics of the AFC and somatosensory evoked potential (SEPs) 
responses in a-chloralose anesthetized rats subjected to forepaw stimulation of varying 
lengths and periodicity. Methods: Laser-Doppler (LD) measurements in response to 
constant current forepaw stimulation (5 Hz, 1 mA) were made through a thinned skull 
in a-chloralose anesthetized rats (n=20). Signal averaged measurements of LDCBF, were 
made using repetitive periodic stimulation (4 sec every 16, 24, or 36 secs and 8 sec 
every 16, 24, or 36 secs). In several rats (n=8) SEP responses recorded from electrodes 
inserted into the skull were interleaved with LD measurements. Results: A 
characteristic peak AFC response was seen for 4 sec stimuli and a peak and plateau 
response were seen for all 8 sec stimuli regardless of the inter-stimulus interval (ISI), 
However, as the ISI decreased below 12 sec for both stimulus durations, there was a 
significant reduction in the AFC response; baseline flow was not altered with reduced 
ISIs. The SEP responses remained unchanged for the various ISIs and stimulus 
durations. Conclusion: The decrease in the AFC response at shortened ISIs is due to a 
refractoriness in the hemodynamic response and not neuronal function as the shape and 
amplitude of SEPs for various ISIs remained constant for different ISIs. These results 
indicate that the entire hemodynamic response is 13-15 sec in length. Source: 
MH 12078, NS02079, and NS32017.

EXERCISE-INDUCED ALTERATIONS IN GLUCOSE TRANSPORTER 
(GLUT1.GLUT3, AND GLUT4) DENSITY IN THE RODENT CEREBELLUM. 
KJ,.Thornpson\ A,M.Sikorski, S.C. Bulinski, and R.A. Swain. Department 
of Psychology, University of Wisconsin-Milwaukee, Milwaukee, Wl 53201.

It has been demonstrated that capillaries in motor regions of the brain 
increase following exercise. However, the purpose of the increased 
vascular supply has not been dearly elucidated. One hypothesis is that the 
primary function of the new vessels is to provide energy to active neurons in 
the form of glucose. We examined this hypothesis by means of 
immunolabeling using antibodies against three different glucose transporters 
present in the rodent brain; GLUT1, GLUT3, and GLUT4. Adult, female 
Long Evans rats were allowed free access to running wheels for 0 (control), 
10, or 30 days. Following training, all animals were euthanized and 
perfused. The brains were then fixed and prepared for further analysis. 
Images of labeled tissue were digitally acquired and the relative optical 
density was measured for each of the glucose transporters in the 
paramedian lobule region of the cerebellum. It was found that labeling for 
GLUT1, which is found predominantly in glia and in microvessels, increased 
following 10 days of exercise. This effect was maintained following the 
chronic (30 day) exercise condition. The potential role of GLUT 1 is to 
remove glucose from the blood and transport it to glial cells for further 
metabolism and transport to neurons. Labeling for GLUT4, also known as 
the insulin-dependent transporter, was found to decrease following ten days 
of exercise, but no significant effects were found following the 30 day 
exercise condition. No exercise-induced changes in the labeling of GLUT3 
were noted.

Supported by UWM Graduate School Research Committee Award.
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656.9

EXERCISE INCREASES IMMUNOLABEUNG OF THE FLK-1 RECEPTOR IN 
THE ADULT RAT CEREBELLUM. S..G- K,4,Ihgm^, ,§f,K,
Powell, & R.A Swain*. Department of Psychology, University of Wisconsin- 
Milwaukee, Milwaukee, Wl 53201.

intense neural activation (e.g., exercise) induces angiogenesis in motor 
regions of the adult rat brain (Black et al., 1990; Isaacs et al., 1992). This 
plasticity is especially rapid in the cerebellum, peaking within 3 days of 
chronic exercise onset (Swain et al., 1997). Previous research has suggested 
that vascular endothelial growth factor (VEGF) is a key mediator of 
developmental and pathological angiogenesis (Klagsbrun & D’Amore, 1996). 
However, it is unknown whether VEGF is involved in the initiation of 
experience-induced capillary formation.

In the present study, adult female Long Evans rats were housed with 
access to a running wheel for 0 (control), 2,4, or 30 days prior to euthanasia. 
Tissue from the paramedian lobule of the cerebellum, a region known to 
contain forelimb representational areas (Brodal et al., 1981), was sliced into 
52p sagittal sections and immunoiabeled with an antibody against the high 
affinity VEGF receptor, FLK-1 (VEGFR-2). Images were then digitally 
acquired and analyzed using a PC-based MCID system. Relative optical 
densities were measured in white matter and molecular and granular layers of 
the cerebellar cortex as well as in the cerebellar deep nuclei. Our results 
indicate that FLK-1 labeling was substantially elevated in the molecular layer 
of the 2-day training group relative to all of the other groups. These results 
suggest that the FLK-1 receptor increases rapidly in response to exercise and 
that its expression may correlate temporally with the onset of angiogenesis in 
the cerebellum.

Supported by Sigma Xi and the UWM Graduate School Research 
Committee Award.

656.10
Differences in Forebrain Regional Cerebral Blood Flow in Two Strains of 
Rat At Rest and After SCI. P.E. Paulson1*, T.J. Morrow1, A.L. Gorman2, R.P. 
Yezierski2 and K.L. Casey1 Dept. of Neurology1, VAMC and Univ. of MI, Ann 
Arbor, MI 48105; The Miami Project2, Univ. of Miami, Miami, FL 33136

Strain is a significant variable in many experiments. For example, strain 
differences have been reported in behaviors such as learning, general activity 
and drug self-administration. Further, there are reports of strain differences in 
the size of the hippocampal formation and the neuroendocrine response to stress. 
The Sprague-Dawley (SD) and Long Evans hooded (LE) rats are two of the 
most commonly used strains of rats. We have now identified strain differences 
in baseline (unstimulated) forebrain activation patterns in SD and LE rats by 
estimating regional cerebral blood flow (rCBF). LE rats showed significantly 
greater rCBF in eight of the eighteen forebrain structures sampled. Specifically, 
hindlimb (HL) and parietal (PAR) cortex, cingulate (CC) and retrospleniel (RS) 
cortex, anterior dorsal (AD) thalamic nucleus, habenular complex (HBC), 
interpeduncular nucleus (IPN) and the paraventricular nucleus (PVN) of the 
hypothalamus were significantly greater in LE rats. Six of these eight structures 
are associated with the limbic forebrain. SD rats did not show greater activation 
in any forebrain structures sampled. In addition to the strain differences in rCBF 
in naive animals, we found differences in baseline rCBF following spinal cord 
injury (SCI) between SD and LE animals. While SCI produced significant 
increases in rCBF in the limbic forebrain of SD rats, LE rats showed 
significantly altered rCBF in forebrain structures associated with the processing 
of somatosensory information. Our results suggest that genetic differences play 
an important part in forebrain response to spinal injury and may provide a useful 
tool in our understanding of neuronal changes that occur in pathological pain 
following SCI. Supported by grants from the Veteran Administration, NIH and 
the Miami Project.

LIMBIC SYSTEM AND HYPOTHALAMUS: THETA RHYTHM

657.1

DENDRITIC MECHANISMS OF PHASE PRECESSION DURING 
THETA OSCILLATIONS IN HIPPOCAMPAL CA1 PYRAMIDAL 
NEURONS. J.C. Magee*. Neuroscience Center, LSUMC, New Orleans, LA 
70112

During exploratory locomotion and REM sleep in rats, the hippocampus ex-
hibits rhythmic oscillatory field potentials at theta frequencies (4-10 Hz). The 
firing rates of hippocampal place cells increases as the animal enters the place 
field and sequentially occurring spikes gradually shift to earlier phases of the 
theta cycle as the rat approaches and passes through the cells place field (this is 
known as phase precession or phase-advance). One possible mechanism of phase 
precession was investigated in CAl pyramidal neurons located in hippocampal 
slices of adult rats (Kamondi et al. 1998). Using dual whole-cell recordings 
(soma and distal dendrite), sine wave shaped currents (5 Hz plus hyperpolar- 
izing DC) were injected into the soma to mimic repetitive inhibitory input to 
the proximal portion of the neuron. A second sine wave, 180° out of phase, 
(5 Hz plus depolarizing DC) was simultaneously injected into the dendrites to 
mimic the occurrence of rhythmic excitatory input. As the amplitude of the den-
dritic current injection was increased the number of action potentials initiated 
increased and the timing of the spikes, relative to somatic current injection, ad-
vanced as much as 180°. H-channel blockade dramatically decreased the current 
required to evoke spiking as well as phase precession but did not have any other 
significant effects on spike timing. When distal, theta patterned, synaptic input 
(bursts of 5 synaptic stimuli were given at 100 Hz every 200 msecs for 1 second) 
was used instead of the dendritic current injections, increases in the synaptic 
amplitude could also induce phase precession of evoked action potentials. These 
data support the idea that an increased distal synaptic input that is 180° out 
of phase with proximal input could induce phase precession in CAl pyramidal 
neurons. (Supported by NS35865)

657.2

THE “HOLOGRAPHIC-INTERFERENCE PATTERN” MODEL OF THETA 
RHYTHM FUNCTION IN HIPPOCAMPAL MEMORY STORAGE: UPDATE 
AND EXTENSION. O. Thibault * and P.W. Landfield. University of Kentucky, 
Department of Pharmacology. Lexington, KY 40536.

Over 20 years ago, it was proposed that during the formation, storage and 
retrieval of memory traces, the hippocampal theta rhythm (HTR) functioned 
somewhat analogously to coherent laser beams in holography, that is by forming 
“interference patterns" (Landfield, 1976 In: Molec. & Func. Neurobiol., Elsevier,
W.H. Gispen, ed. p.390-424). This proposal was supported in part by evidence 
that electrically driving the HTR with ~7Hz septal stimulation can facilitate 
memory consolidation (Landfield, Physiol. Behav. 1977; Destrade, Brain Res. 
1982). Since then, there has been much evidence consistent with this model.

Here, we revise and update the original model to clarify its operations and we 
extend it to incorporate novel mechanisms for the sequential storage of 
temporally ordered information-containing wavefronts. As wavefronts are 
sequentially projected from dentate gyrus to CA1 at theta frequencies, it is 
proposed that spatially adjacent, longitudinally oriented arrays of pyramidal cells 
are sequentially enabled to respond to the waves, such that Wave 1 activates 
and is stored in Array 1, Wave 2 is then stored in the next array (Array 2), Wave 
3 in Array 3, and so on. Thus, temporal sequence is converted to spatial order. 
Sequential enablement is accomplished by a synchronized phase shift of the 
excitatory peak of theta along the transverse direction of wave travel which 
activates the next neuronal array as the next theta wave of information arrives. 
This shift is governed by a combination of inhibitory and excitatory interneurons 
that “reset” theta in the next array, and by afterhyperpolarizations that protect 
recently activated arrays from reactivation. This temporal memory process would 
function somewhat like a series of holographs that could be readily recreated in 
spatial sequence (retrieved). (Supported in part by NIA grant AG04542.)

657.3

THETA RHYTHMIC DISCHARGE IN THE TEGMENTAL NUCLEI OF 
GUDDEN DYNAMICALLY COUPLED WITH HIPPOCAMPAL EEG. B.
Kocsis* Natl. Inst Neurosurgery, Budapest, Hungary and Lab. Neurophysiol., 
Dept. Psychiatry, Harvard Medical School, Boston, MA 02115

Theta-rhythm (0) is most prominent in the hippocampus (HC) and depends 
primarily on the activity of pacemaker neurons in the medial septum (MS). 
Theta can also be recorded in other limbic structures, however, and recent 
studies have demonstrated that MS is not the only place inhabited by neurons 
capable of converting tonic activity to 0-rhythm. In particular, 0-rhythmic firing 
was reported in the mammillary body nuclei constituting a key element of the 
Papez circuit and reciprocally connected with GABAergic neurons of the 
nuclei of Gudden in the brainstem tegmentum. In the present study, neuronal 
discharge in the anterior, ventral, and dorsal tegmental nuclei (Tg) was 
recorded extracellularly along with HC field activity in urethane anesthetized 
rats and analyzed in both time and frequency domains. 0 appeared either 
spontaneously or was elicited by sensory stimulation. During tail pinch, the 
firing of all Tg neurons exhibited strong 0-rhythmicity which was highly 
correlated with HC-0 (coherence: 0.4-0.9) but many times appeared several 
seconds earlier than 0-waves in HC. After the sensory stimulus ceased slower 
and less stable 0 usually remained in Tg. The frequency of this 0 component 
in Tg fluctuated between 3-4 Hz and showed relative independence from that 
in HC. It could also appear in the absence of apparent 0-rhythmicity in the 
HC-EEG. The results of this study indicate that ^-synchronization is supported 
by a widely distributed system consisting of multiple generators of rhythmic 
activity and that the role of this brainstem-diencephalic network might not be 
limited to switching the hippocampal EEG between 0 and non-0 patterns but 
also to build dynamic associations between several limbic structures that are 
synchronized by the 0 rhythm. Grant support: OTKAT-17778, ETT 85/1996

657.4
ACTIVATION OF INTRINSIC HIPPOCAMPAL THETA OSCILLATIONS 
BY SYNAPTICALLY RELEASED ACETYLCHOLINE IN SEPTO- 
HIPPOCAMPAL CO-CULTURES. Y. Fischer*. S. M, Thompson1, and B. H. 
Gkhwiler. Brain Research Institute, University of Zurich, CH-8057 Zurich, 
Switzerland; 'Dept. of Physiology, University of Maryland School of Medicine, 
Baltimore, MD 21201.

During behaviors associated with learning and memory formation, the rodent 
hippocampus displays rhythmic oscillatory electroencephalographic activity whose 
dominant frequency is 4-15 Hz. These so-called theta oscillations facilitate the 
induction of synaptic plasticity, the presumptive basis of memory formation. The 
mechanisms underlying generation of theta oscillations are controversial. 
Cholinergic inputs originating in the medial septum are required in vivo, yet 
application of exogenous cholinergic agonists fails to induce comparable theta 
activity in ex vivo hippocampal slices. We report here the spontaneous generation of
4-15 Hz oscillatory synaptic potentials in simultaneous intracellular recordings from 
CAl and CA3 pyramidal cells in septo-hippocampal co-cultures. This activity was 
blocked by the muscarinic receptor antagonist atropine (0.1 pM). The oscillations 
were facilitated, but unchanged in frequency, by the acetylcholinesterase inhibitor 
neostigmine (1 pM). The cholinergic agonist methacholine (5-20 nM) induced 
identical 4-15 Hz oscillatory synaptic activity in slice cultures of hippocampus alone 
or in isolated CA3, but not CAl, regions. We conclude that oscillatory synaptic 
activity can be generated by the hippocampal network at theta frequencies in 
response to synaptically released acetylcholine alone. The frequency of this activity is 
determined by mechanisms intrinsic to the hippocampal circuitry, particularly in 
area CA3.
Supported by the Swiss National Science Foundation (31-42174.94)
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657.5
Modeling coherent theta rhythms in the limbic system: pace-
maker neurons and septo-hippocampal interactions X. - J. Wang* 
Center for Complex Systems, Brandeis University, Waltham, MA. 02454

The theta rhythm ( 3-10 Hz), observed in the hippocampus during 
free movements of the rat, is believed to contribute to the neural coding of 
spatial information. We carried out a computational study to investigate 
the cellular mechanisms for this oscillatory phenomenon.

Non-cholinergic (putative GABAergic) cells in the medial septum (MS), 
the presumed pacemaker neurons, display simultaneous gamma (30-60 Hz) 
and theta (3-10 Hz) intrinsic oscillations in tissue slices. Based on in vitro 
intracellular recording data, we constructed an ionic conductance model 
for the MS GABAergic cells. An interesting finding from this study is that 
the membrane oscillations observed in these cells depend critically on a 
low-threshold, slowly inactivating potassium current, suggesting that this 
single channel may be crucial in the theta rhythmogenesis.

We next tested the hypothesis that a network of mutually connected 
MS GABAergic neurons could generate a coherent rhythmic output to the 
hippocampus. It was found that GABAa  receptor-mediated synapses could 
not synchronize a population of such model neurons at the theta frequency. 
When extending the model to incorporate a reciprocally connected septo- 
hippocampal circuit, the entire loop could become synchronized. We anal-
ysed the relative phase between the MS GABAergic cell population and 
the hippocampo-septal projection GABAergic cell population. Our results 
indicate that although the medial septum may be a prerequisite for theta 
rhythm generation, the emergence of network synchronization may crucially 
depend on the presence of the hippocampo-septal inhibitory feedback loop.

Sponsored by the NIH (MH53717) and A. P. Sloan Foundation.

657.6
ANXIOLYTIC ACTION OF THE SUPRAMAMMILLARY 
NUCLEUS REDUCES THETA FREQUENCY AND INCREASES 
FIXED INTERVAL RESPONDING. M-A. Woodnorth and N. 
McNaughton*. Dept. of Psychology and Neuroscience Research Centre, 
University of Otago, Dunedin, New Zealand.

The frequency of hippocampal theta rhythm is thought to affect 
hippocampal function. Systemic administration of anxiolytic drugs reduces 
theta frequency and has similar behavioural effects to hippocampal lesions. 
Microinjection of the anxiolytic benzodiazepine chlordiazepoxide (CDP) at 
specific sites in an ascending pathway which arises in the brainstem can 
reduce the frequency of theta (Kirk, 1998). We investigated the effects of 
this specific reduction in theta frequency on behaviour. CDP (20p.g in 0.5 jlx I) 
was injected into the supramammillary nucleus (SuM) or bilaterally into the 
dorsomedial hypothalamus (DMH) of rats implanted with hippocampal 
recording electrodes. SuM-CDP released non-rewarded responding on a 
fixed interval schedule and concurrently reduced theta frequency relative to 
vehicle injected controls. Neither effect was observed after DMH-CDP. 
DMH-CDP also failed to reduce the frequency of theta elicited by 
stimulation of the reticular formation in freely moving rats. These results 
suggest that low doses of benzodiazepine produce anxiolytic-like effects 
when they reduce theta frequency via SuM but that they are less effective or 
ineffective at a second hypothalamic site, DMH, also thought to be involved 
in the control of theta frequency (Oddie, Bland, Colom & Vertes, 1994). 
(Supported by HRC 97/90)

657.7

THETA-RELATED CELLS OF THE NIGRO-STRIATAL LOOP. N.E, Hallworth 
and B.H. Bland*. Behavioural Neuroscience Research Group, Dept. of Psyc., 
University of Calgary, Calgary, AB, Canada T2N 1N4.
Fifty-one cells were recorded in the nigro-striatal loop of urethane-anesthetized rats 
during: 1) the spontaneous occurrence of hippocampal formation (HPC) large 
amplitude irregular field activity; 2) spontaneous theta field activity; and/or 3) 
sensory-induced (tail pinch) theta field activity. Of these cells, 39/51 (76%) changed 
discharge rates in relation to the occurrence of HPC theta field activity, and 12/51 
(24%) were non-related. All theta-related cells recorded discharged in a tonic, non- 
rhythmic pattern in relation to the HPC theta field activity. Twenty-three cells were 
recorded in the substantia nigra, and 28 cells were recorded in the globus pallidus. Of 
the cells located in the substantia nigra, 16/23 cells (70%) were theta-related and 7/23 
(30%) were non-related. Of the theta-related cells, 12/16 (75%) were classified as 
tonic theta-ON cells and 4/16 (25%) as tonic theta-OFF cells. Within the globus 
pallidus, 23/28 (82%) of cells were theta-related, and 5/28 (18%) were non-related. 
Of the related cells, 22/23 (96%) were classified as tonic theta-ON while only 1/23 
(4%) was classified as a tonic theta-OFF cell. In the globus pallidus, analysis of the 
discharge rates of tonic theta-ON cells during spontaneously-occurring theta and tail 
pinch-induced theta (tested on 17 cells) revealed that 9/17 (53%) of these cells 
discharged at significantly higher rates during the faster theta field frequencies 
associated with tail pinches while 8/17 (47%) tonic theta-ON cells did not change 
discharge rate between the spontaneously-occurring theta and the tail pinch-induced 
theta states. There were no clear regional differences in the distribution of cell types 
within either structure. These results support the conclusion that a large sub-
population of cells within the nigro-striatal loop have discharge properties related to 
HPC theta. Furthermore, the majority of theta-related cells in this region were tonic 
theta-ON cells. (Supported by NSERC).

CIRCUITRY AND PATTERN GENERATION: INVERTEBRATES I

658.1

CORRELATION OF PRESYNAPTIC INTRACELLULAR Ca2+ 
CONCENTRATION WITH HOMOSYNAPTIC PLASTICITY BETWEEN 
LEECH INHIBITORY HEART INTERNEURONS. A. I, Ivanov and R. L. 
Calabrese^Biology Dept., Emory Univ., Atlanta, GA 30322.

In the leech, synaptic transmission between reciprocally inhibitory heart 
intemeurons (HN) shows homosynaptic augmentation based on the subthreshold 
holding potential from which spikes are evoked (Nicholls and Wallace, J. Physiol., 
1978, 281: 157). The aim of our investigation was to study the possible correlation 
of the presynaptic intracellular Ca concentration [Ca;] with this plasticity.

In isolated ganglia 3 or 4, one of the HN cells (presynaptic cell) was filled 
iontophoretically with Ca Orange, and changes of fluorescence were monitored in 
the main neurite from which presynaptic neurites emerge. Ganglia were superfused 
with physiological saline containing 20 raM Mg2+ and 5 mM Ca2+. The electrical 
activity of the presynaptic cell was recorded in discontinuous current clamp (DCC), 
the postsynaptic cell in either DCC, or single electrode voltage clamp configuration. 
The presynaptic cell was depolarized by 2 sec current step to approximately -40mV 
from the resting potential (-50 to -65 mV), and brief suprathreshold current pulses 
were superimposed at various times during the depolarizing step. The postsynaptic 
HN cell was held at approximately -40 mV. IPSPs and IPSCs evoked by 
presynaptic stimulation at 36, 422, 808, and 1194 msec from the beginning of the 
depolarizing step, increased progressively, but IPSPs/IPSCs evoked at 1580 and 
1966 msec showed a tendency to decrease. Presynaptic fluorescence, reflecting 
changes of background [Ca/|, increased with the same time course from 36 to 1194 
msec, and slowly declined after that. Correlation analysis showed a significant 
relation between changes of presynaptic [Ca;] and IPSPs/IPSCs amplitude.

Thus, synaptic transmission between leech HN cells is characterized by 
homosynaptic plasticity (augmentation) and the changes in amplitude of 
IPSPs/IPSCs may depend on the background presynaptic [Ca;]. The decline in 
presynaptic [Ca;] during prolonged subthreshold may also account for the decay of 
augmentation. Supported by NIH grants NS-24072 and NS-34975 to R.L.C.

658.2
QUANTITATIVE DESCRIPTION OF THE CHANGES IN PYLORIC NETWORK 
OUTPUT ASSOCIATED WITH GASTRIC AND CARDIAC SAC ACTIVITY. 
JB Thuma* & SL Hooper. Neuro Prog, Biol Sci, Ohio University, Athens, OH 45701

Mulloney identified synaptic interactions between gastric mill and pyloric network 
neurons, and Russell, Hartline, and Sigvardt qualitatively described cardiac sac (CS) 
and pyloric network interactions. Morris and Hooper showed that the phasic and tonic 
contraction amplitudes of some pyloric muscles are, respectively, coded by motor 
neuron spike number and overall spike frequency (OSF; spike number/period). In 
order to fully predict pyloric muscle movements we have therefore quantified how 
pyloric neuron spike number and OSF vary with gastric mill and CS network activity.

PD neuron OSF increases immediately prior to, and decreases after, Gastric Mill 
(GM) neuron activity; these changes occur by altering PD neuron cycle period while 
keeping spike number nearly constant. Some PY neurons increase spike number and 
decrease cycle period during GM neuron activity, and thus PY neuron OSF waxes 
and wanes in GM neuron time. IC neuron spike number decreases during GM neuron 
activity, and thus IC neuron OSF varies in antiphase with PY neuron OSF. VD and 
LP neuron OSF shows GM neuron timed changes, but the actual change observed 
(increase or decrease) varies within and between experiments.

PD neurons react in two ways to CS network activity. One is complete inhibition 
during CS network activity followed by a long rebound burst. In the other, PD neuron 
cycling continues during CS network activity (although PD neuron intraburst spiking 
is erratic), and PD neuron activity is more vigorous, but remains pyloric, after it. 
However, in both cases similar OSF increases and decreases occur during and after 
CS network activity, and thus these visually disparate responses to CS network 
activity send similar signals to the PD muscles. IC, LP, and some PY neurons are 
inhibited during CS network bursts. IC neuron OSF increases after CS network 
activity, and remains elevated for many pyloric cycles. The LP and some PY neurons 
return to normal activity following CS network bursts. VD neuron firing appears to 
dramatically increase during CS network activity. However, this apparent dramatic 
increase only slightly increases OSF. [Supported by OU, NSF, and NIH.]
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658.3
PYLORIC MUSCLES CAN EXPRESS GASTRIC & CARDIAC SAC CONTRAC-
TION PATTERNS DESPITE PYLORIC-TIMED MOTOR NEURON FIRING. LG 
Morris*, JB Thuma, & SL Hooper. Neuro Prg, Biol Sci, Ohio U, Athens, OH 45701

We have been investigating the relationship between neural input and muscle 
contraction in the lobster (Panulirus) pyloric neuromuscular system. In some muscles 
overall spike frequency (OSF; burst spike number/cycle period) codes the general 
amount of tonic contraction, and in all muscles studied burst spike number (BSN) 
codes phasic contraction amplitude. We have also shown that the OSF and BSN of 
many pyloric neurons vary in a gastric and cardiac sac-timed manner. We examined 
the effect of these changes on isotonic contraction patterns by stimulating the muscle’s 
motor axons with spike patterns obtained from in vitro recordings of its motor neuron.

In muscles innervated by pyloric neurons whose firing is relatively invariant with 
respect to gastric activity (LP neuron-innervated pi muscle, VD neuron-innervated 
cvl muscle), the contraction patterns were mainly pyloric-timed. In muscles 
innervated by neurons whose firing varied with gastric and/or cardiac sac activity, the 
contraction patterns were not solely pyloric. For instance, some PY neurons showed 
OSF changes over the gastric period, and the temporally summating PY-innervated p8 
muscle expressed both pyloric- and gastric-timed contractions. A similar change in PD 
neuron OSF in response to cardiac sac activity resulted in the temporally summating 
dorsal dilator muscles expressing a primarily cardiac sac-timed contraction pattern.

The IC neuron, which innervates the cv2 muscle, showed strong BSN changes over 
the gastric period. When driven by IC neuron input cv2 showed relatively little 
temporal summation and exhibited a pyloric-timed contraction pattern. However, if IC 
BSN dropped below a threshold, no obvious cv2 contraction was seen, and as a result 
of this threshold cv2’s pyloric-timed contractions were gated in gastric time. The PD 
neuron-innervated ventral dilator muscles also generally contract in pyloric time. 
However, often PD neuron BSNs were only large enough to induce a significant 
contraction immediately after cardiac sac network activity, and thus this muscle's 
activity was cardiac sac-gated. [Research supported by OU, NSF, and NIH.]

658.4
EJP AMPLITUDE SHOWS LARGE RANDOM VARIATION IN SEVERAL 
INTRINSIC PYLORIC MUSCLES IN PANULIRUS. NJ Hoover, NM Weathington, 
AL Weaver, & SL Hooper*. Neurosci Prog, Biol Sci, Ohio Univ, Athens, OH 45701

Nervous systems control behavior, but cannot create it; muscles transform neural 
activity into action. We would therefore expect repeated, equivalent neural inputs to a 
muscle to induce equivalent motor responses. We report here, however, that several 
intrinsic pyloric muscles in the lobster (Panulirus interruptus) show a large random 
variation in the amplitude of EJPs evoked by constant neural inputs.

We first measured the EJP amplitudes induced by tonic stimulation of the motor 
nerves innervating the intrinsic pyloric Pl, P2, and P8 muscles. In response to this 
constant stimulation, EJP amplitudes in single muscle fibers varied across a 3-fold 
range, and the average normalized EJP amplitude range (across all muscle fibers) was 
±36% of the mean. It was possible that, with a more physiological paradigm of motor 
nerve stimulation with rhythmic bursts of spikes, sufficient facilitation would occur 
within each burst to overwhelm the EJP amplitude variations observed in tonic 
stimulation paradigms (in which any facilitation would have fully saturated by the 
time we took our data). However, when the muscles were stimulated with rhythmic 
burst of spikes, little and inconsistent facilitation was observed, and a similar average 
range of normalized EJP amplitude of ±33% of the mean was observed.

Despite this varying electrical response, muscle contractions induced by repeated 
rhythmic burst stimulation are essentially invariant (±2.5%; Moms, personal 
communication). One mechanism that may account for this reduction in variability is 
an averaging of variable individual muscle fiber contractile responses across the 
muscle’s many fibers. A second mechanism that may reduce variation is EJP 
temporal summation within the motor neuron burst. Measurement of the area under 
the temporally summated EJPs induced by rhythmic burst stimulation of the motor 
nerve showed that these areas had an average range of only ±11% of the mean, ~l/3 
the variation seen in individual EJP amplitude. EJP temporal summation thus likely 
partially compensates for the inherently random amplitude variation of individual 
EJPs in this system. [Research supported by NIH.]

658.5

INTEGER & NON-INTEGER ENTRAINMENT OF THE PYLORIC PACEMAKER 
BY RHYTHMIC CURRENT INJECTION INTO THE LP AND VD NEURONS. 
AL Weaver* & SL Hooper. Neuro Prog, Biol Sci, Ohio Univ, Athens, OH 45701

The lobster (Panulirus) pyloric network contains both an endogenous oscillator 
neuron and four half-center oscillator neuron pairs. The LP and VD neurons are 
central members of the network both because of their synaptic connections to the 
pacemaker ensemble, and because they are members of all four half-centers. We have 
been investigating entrainment in this system by injecting rhythmic current pulses 
into either the LP or VD neurons over a wide range of cycle periods and duty cycles.

Both the LP and VD neurons can induce 1:1 entrainment of the rest of the network. 
However, we were able to entrain 1:1 only over a narrow cycle period range (±10% 
of endogenous) at all stimulus duty cycles. We were also able to obtain the expected 
examples of integer entrainment (e.g., 1:2) with the appropriate stimulus cycle 
periods (e.g., stimulus cycle period approximately twice endogenous), but again these 
entrainments occurred only over a relatively narrow range of stimulus cycle periods.

Outside these ranges, we observed broad regions in which repeating, non-integer 
(e.g., 3 stimuli to 2 pacemaker cycles) coupling was observed. Some of these patterns 
had extremely long repeat durations (e.g., 10:9 coupling). Although systematic 
variation in pacemaker to stimulus phasing, and in pacemaker cycle period, were 
observed throughout the repeat unit, and such variation is often considered evidence 
of entrainment, we are uncertain whether the network is actually entrained in these 
long duration patterns because of their long repeat time and because the coupling 
ratios showed small shifts (10:9 to 11:10 and back) during the stimulus presentation.

We observed unambiguous examples of non-integer entrainment in lower coupling 
ratio regimes (e.g., 3:2, 3:4) These lower coupling regimes give rise to a stable, 
repeating pattern with smoothly varying changes in stimulus to pacemaker phase and 
cycle period. Although non-integer entrainment has been predicted from modeling 
studies of individual oscillator neurons (Read and Siegel, 1996, Neuroscience), to our 
knowledge these data are the first experimental example of such entrainment. 
[Research supported by OU, NSF, and NIH.]

658.6
EVOLUTIONARY CONSERVATION OF FEEDING CIRCUITRY IN SNAILS: 
•‘HOMOLOGOUS” NEURONS IN HELISOMA, BIOMPHALARIA, AND 
LYMNAEA. A.D, Murphy. D.M, Turlev, and I.L, Yashina. Dept. Biol. Sci. and 
Lab. Integrative Neurosci. Univ. Illinois at Chicago, Chicago, IL 60607.

The adaptive radiation of gastropod molluscs involved adaptations to various 
ecological niches resulting in diversification of feeding modes. However, many 
gastropods with various degrees of phylogenetic relatedness feed with a 
triphasic behavior involving protraction, retraction and hyperretraction of a 
tongue-like odontophore “cartilage” and dentated radula. We previously 
described in Helisoma a buccal central pattern generator (CPG) with 3 semi-
independent subunits (S1, S2, S3). During typical feeding behavior the subunits 
are activated in an S1-S2-S3 sequence. The CPG is plastic and multifunctional 
and subunits can be rhythmically active in different combinations and temporal 
sequences to produce different motor patterns and oral behaviors (e.g. 
regurgitation).

We hypothesized that such a flexible motor circuit should be highly conserved 
in gastropods with fundamentally similar feeding behaviors. Neuronal homology 
is notoriously difficult to prove. Here we make direct comparisons of putativley 
homologous buccal neurons (based on morphologies, relative positions, afferent 
and efferent connections, pharmacology, etc.) in two families of 
basommatophoran pulmonate snails, Planorbidae (Helisoma trivolvis and 
Biomphalaria glabrata) and Lymnaeidae (Lymnaea stagnalis). The feeding 
circuitry in these snails is remarkably similar. All three snails show a plastic 
tripartite multifunctional CPG that can produce a triphasic feeding pattern and 
other motor patterns. Several putatively homologous neurons are 
indistinguishable in the 3 species. This comparative study provides a baseline 
for examining the evolution of buccal circuitry in gastropods with diverse feeding 
modes. Supported by NSF grant IBN-9728769 to ADM.

658.7

SYNAPTIC INTEGRATION IN SWIMMERET MOTOR NEURONS: A 
COMPUTATIONAL ANALYSIS. B. Mullonev*. Neurobioiogy, 
Physiology, and Behavior, Univ. California, Davis CA 95616-8519 USA.

Swimmeret motor neurons fire periodic bursts of impulses. The burst- 
period ranges from <0.25 to >1 sec, while impulse frequencies range from 
<10 to > 50 Hz within each burst. To test the hypotheses that the 
conditions needed to achieve this performance restrict both the range of 
the neurons' membrane time-constants and the properties of the synapses 
that drive them during forward swimming (Sherff and Mulloney, 1997), 
we constructed a two-compartment model of a motor neuron, and 
compared its responses to graded and to pulsatile synaptic currents.

The passive structure of the motor neuron was derived from an 
exponential equation fitted to a voltage transient. Voltage-gated currents 
of the axonal compartment included In 3, Ik , and IA, a transient K+ current 
(Connor et al., 1977; Chrachri, 1995). In the integrative compartment, we 
substituted a small, persistent Ca-current for the axonal I\a, but retained 
the rest (Chrachri, 1995). Synaptic currents were simulated as 
conductances in the integrative compartment gated either continuously or 
episodically by presynaptic voltage. The resulting equations were solved 
numerically using the XPP program.
These simulations showed that pulsatile synaptic input does not produce a 
smoothly varying impulse frequency, but graded synaptic input does so.

Supported by NSF grant IBN 97-28791 and HFSP grant RG0061/98B to 
BM.

658.8

DOPAMINE EFFECTS ON INWARD BARIUM CURRENTS IN 
PYLORIC NEURONS OF THE LOBSTER STOMATOGASTRIC 
GANGLION. B.R, Johnson*, P. Kloppenburg and R, M. Harris Warrick. 
Neurobioiogy and Behavior, Cornell University, Ithaca, NY 14853.

Dopamine (DA) modifies the pyloric motor pattern of the lobster STG 
in part by changing chemical synaptic strength between the pyloric 
network neurons. Several of these synaptic strength changes are probably 
due to a pre-synaptic action of DA. For example, DA abolition of PD 
neuron synaptic transmission and enhancement of AB and PY neuron 
transmission appear to be caused by changes in transmitter release. We 
studied whether DA (10‘4 M)-induced changes in pre-synaptic Ca2+ 
currents could contribute to synaptic plasticity. We used standard two 
electrode voltage clamp of neuronal cell bodies in saline containing TTX, 
TEA, 4-AP, and Cs+. To block Ca2+ activated currents, we used Ba24 as the 
charge carrier. Inward currents showed activation thresholds more positive 
than the holding potential of -50 mV, and the currents peaked around - 
10 mV. DA had no effect on these Ba2+ currents measured from PD 
somata. However, DA reduces voltage-activated Ca2+ influx measured 
optically in PD dendrites (Kloppenburg, et al., 1999. Neurosci. Abst. 25: 
in press). This suggests differential modulation of Ca2+ currents in 
different cell regions. Selective modulation of Ca2+ currents at distal 
neurites may not be detectable from PD somata. DA reversibly increased 
Ba‘+cun-ents in AB and PY neurons. Further experiments are necessary to 
determine if the AB and PY inward currents modulated by DA are 
involved in synaptic transmission or contribute to changes in neuronal 
excitability. Supported by NIH Grant NS 17323.
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658.9
HOW DOES A NEURAL NETWORK GROW WHILE MAINTAINING 
FUNCTION? Vatsala Thirumatai* & Eve Marder, Volen Center, Brandeis 
University, Waltham, MA02454.
Previous work (Casasnovas and Meyrand, 1995, J.Neurosci.,15:5703; Richards 

and Marder, this meeting) showed that the pyloric motor pattern of the embryonic 
and larval stomatogastric ganglion (STG) in lobsters is slow and irregular. We 
now report that the pyloric motor pattern in early juvenile lobsters (carapace 
length = 18mm) is indistinguishable from that in adult lobsters. We found that the 
intracellularly recorded waveforms of the LP, PY, PD and AB neurons in juvenile 
and adult lobsters are remarkably similar. The frequency of the pyloric rhythm in 
juvenile lobsters is not significantly different from that in adult lobsters (p =
0.329). Yet, the juvenile STG is considerably smaller than the adult STG. Juvenile 
lobsters with a carapace length of 19mm have STGs with mean length 480/z and 
mean widthl75/z. Juvenile lobsters with a mean carapace length of 38mm have 
mean ganglion dimensions of 710/z and 190/z. STG of adult lobsters measure 
1460/z by 310/z. Lucifer yellow fills of neurons in the STG reveal that the PD 
neuron soma in the juvenile (carapace length = 19mm) has a diameter of about 
33/4 and the same cell has a diameter of about 100/z in the adult. How do the 
neurons of the pyloric network maintain their output in spite of a huge change in 
their dimensions? How does growth affect the passive membrane properties of 
these neurons? The LP neuron has a capacitance of ~0.4nF in juvenile and 
~1.4nF in adult lobsters. The resistance of the LP neuron is 9MQ in the juvenile 
lobsters and 2MQ in the adult lobsters. The current densities of 1A appear similar 
at both stages, suggesting that these neurons grow by scaling their conductances 
with the capacitance. Supported by NS17813.

658.10
USE OF INTACT ANIMAL PREPARATIONS TO EVALUATE THE ROLE OF 
AFFERENT NEURON FIRING IN HABITUATION AND SWIM PATTERN 
GENERATION IN TRITONIA. W.N. Frost*. Dept. of Cell Biology and 
Anatomy, The Chicago Medical School; North Chicago, IL 60064.

Previous work in Tritonia has primarily used isolated brain preparations to 
explore mechanisms of pattern generation and learning. Consequently, little is 
known about the role of natural sensory input in these important phenomena. 
The present study used tethered intact animal preparations that allowed 
intracellular recording from afferent neurons (S-cells) during vigorous escape 
responses elicited by aversive skin stimuli (4M NaCI).

The first issue addressed was whether afferent feedback contributes to 
the natural swim motor program. Several firing properties of central pattern 
generator (CPG) neuron C2 were compared in motor programs elicited from 
both intact animal and isolated brain preparations (N = 9 each). No significant 
differences were found (max Hz, # spikes per burst, burst duration, interburst 
duration). Next, firing responses were recorded in eleven S-cells in six intact 
animal preparations, to determine whether the CPG receives sensory 
feedback on a cycle-by-cycle basis during the swim. S-cells were found to fire 
vigorously for several seconds at the time of salt application, but were mostly 
silent during the swim itself. Taken together, these observations suggest that 
afferent feedback plays little role in the Tritonia escape swim response.

Prior cellular studies of habituation have used repeated nerve stimulation 
in isolated brains as a training stimulus, where the S-cells fire identically on all 
trials. Here S-cell firing was recorded in intact animal preparations during 10 
consecutive salt stimuli (2 min ISI). S-cell firing was found to decrease across 
the stimulus session (Avg. response on 1st trial = 63 spikes; 10th trial = 22 
spikes, p < .01, 7 cells, 5 preparations). It thus appears that one component 
of the cellular mechanism for habituation to aversive salt stimuli in Tritonia is a 
progressive decrease in afferent neuron firing during training. Supported by 
NIH NS36500.

658.11

A MODEL OF THE LEECH SINGLE-GANGLION SWIM 
OSCILLATOR. Adam L, Taylor1. William B. Kristan. Jr.2*, and Gar-
rison W. Cottrell1. Computer Science & Engineering1 and Biology2 
Departments, UCSD, La Jolla, CA 92093-0357.

We are developing a model of the single-ganglion swim oscillator, a 
component of the leech swim central pattern generator (CPG), based 
upon known neuronal features: nine CPG cell pairs, with each cell 
modeled as a single electrical compartment and with mostly inhibito-
ry synapses connecting the oscillator cells. Unknown parameters 
were fitted to produce membrane potential oscillations matching 
those seen during fictive swimming. We found parameters (synaptic 
weights, synaptic thresholds, and excitatory input currents) that pro-
duced models capable of generating oscillations with realistic wave-
forms and phase relationships. However, the oscillations were not 
robust to small parameter changes. We are testing modifications of 
the modeled neurons and synapses, based upon known physiological 
properties, to produce more robust oscillations. Our work should 
extend the extensive knowledge gained from modeling and theoretical 
studies of two-cell inhibitory networks. Supported by a La Jolla 
Interfaces In Science Predoctoral Fellowship funded by The Bur-
roughs Wellcome Fund (ALT), and NIH research grant MH43396 
(WBK).

658.12

BEHAVIORAL AND CELLULAR CHARACTERISTICS OF A DEFENSIVE 
EGESTIVE RESPONSE IN APLYSIA. S. C, Rosen* and I. Kupfermann. 
Cntr. Neurobiol. & Behav., NYS Psychiat. Inst., New York, NY 10032.

The study of feeding is often confounded by findings that individual 
sensory, motor and premotor neurons participate in different ingestive and 
egestive behaviors so that it is often difficult to determine, based on cell 
activity alone, which if any, authentic motor program is under investigation. 
The aim of this study was to begin to characterize feeding motor programs 
based on behaviorally relevant features at multiple levels of function 
including sensory modulation, command and pattern generation. We 
identified a defensive egestive feeding response produced by strong 
mechanostimulation of head structures, including the buccal mass. As 
appears to be characteristic of a number of defensive responses in various 
species, the Aplysia defensive egestive response has short and long latency 
components. The former consist of lip inversion and tentacle and head 
withdrawal, whereas the latter consist of one or more cycles of egestion-like 
buccal mass movements where radula opening/retraction precedes radula 
closing/protraction. By means of direct connections to motor neurons and 
intemeurons (e.g. B4/5), identified, sensorin-containing mechanoafferents 
in the cerebral ganglion (ICBMs) and SCP-containing radula 
mechanoafferents (e.g. B21) in the buccal ganglion were found to mediate 
the short and long-latency response components, respectively. Moreover, 
the actions of B4/5 contribute to phase specific sensory modulation of B21 
during the late components of the buccal mass response. The ICBM 
neurons make direct connections to command-like intemeuron CBI-1 whose 
activation is sufficient to produce the egestive buccal mass response by 
means of direct connections to identified pattern generating neurons in the 
buccal ganglion. Supported by NIH grant MH35564.

658.13

DIFFERENTIAL ROLES OF BUCCAL ELEMENTS OF THE FEEDING 
CENTRAL PATTERN GENERATOR (CPG) IN SWITCHING CBI-2- 
INDUCED MOTOR PROGRAMS IN APLYSIA. J. Jing*, P. T. Morgan, I. 
Hurwitz, E. C, Cropper and K. R. Weiss. Dept Physiol., Mt. Sinai Sch. Med., 
New York, NY 10029.

Aplysia reject inedible objects, and they bite, bite-swallow, or swallow food. 
These behaviors are selected under appropriate circumstances and can be 
readily switched from one behavior to another. Feeding behaviors are 
mediated by a multifunctional network located in the cerebral and buccal 
ganglia. Earlier work has shown that the cerebral-buccal interneuron, CBI-3, 
converts an egestive motor program induced by CBI-2 to an ingestive 
program. We now examine buccal CPG elements that may be recruited or 
suppressed by CBI-3 to switch programs. The CPG elements, B31/32, B34, 
B63, and B64 fire during both egestion and ingestion, suggesting that these 
cells participate in both motor programs. CBI-3 modulates the activity of 
these cells. It increases B34 and B63’s excitability and decreases B64’s 
excitability. B4/5, which inhibits B8, is 70% less active during ingestion than 
egestion, suggesting B4/5 contributes to motor program switching. Another 
element, B51, is weakly active without any plateau potential in both egestion 
and ingestion, suggesting that B51 plays little, if any, role in switching between 
biting and rejections. Strong depolarization applied to B51 during the 
retraction phase of CBI-2-induced biting motor programs, causes B51 to 
plateau and prolongs retraction phase and B8 activity. This suggests that B51 
may be important in converting bites to bite-swallows and is consistent with 
earlier data. Finally, we show that a dopaminergic neuron, B65, excites B34 
and B52, and inhibits B51, and in turn is inhibited by CBI-3.. B65 drives 
egestive motor programs, is strongly active during egestive motor programs 
induced by esophageal nerve stimulation, and it converts an ingestive motor 
program induced by CBI-2 to an egestive motor program. However, B65, in 
most cases, is only weakly active during both biting and rejection motor 
program induced by CBI-2, suggesting that it does not participate in motor 
program switching that is induced by CBI-3. Supported by NIMH.

658.14

INITIATION AND MAINTANENCE OF PROTRACTION PHASE OF 
FEEDING MOTOR PROGRAM IN APLYSIA. I. Hurwitz1*, I. Kupfermann2 and 
K. R. Weiss1. ‘Mount Sinai School of Medicine, New York, NY 10029.2Center for 
Neurobiology and Behavior Columbia University, New York, NY 10032

Previous work demonstrated that a cycle of the biting motor program consists of 
two major phases, protraction and retraction. The protraction phase is self-sustaining 
in that once activated by activation of the protraction elements of the CPG, e.g. CBI- 
2, B34 and B63, the protraction phase persists even in the absence of continued 
external activation of the CPG elements. In many other systems the phase-sustaining 
mechanisms have been found to be dependent on activation of a plateau current. 
However, the protraction-sustaining mechanisms for feeding behavior in Aplysia 
have not been described. In this work we investigated the mechanisms that underlie 
the initiation and sustenance of the protraction phase of the biting motor program in 
Aplysia. First, we tested the role of CBI-2 in initiation and expression of the 
protraction phase. Second, we tested the mechanism by which a brief activation of 
CPG elements can sustain the protraction phase.

We found that CBI-2 monosynaptically excites protraction phase intemeurons and 
motoneurons in the buccal ganglion. Depolarization of these intemeurons generates 
a burst that can be sustained even after CBI-2 stops firing. We found complex 
synaptic connections between two sets of neurons; (1) between CBI-2 and protraction 
phase intemeurons, and (2) between these intemeurons and protraction phase motor 
neurons. Complex connections consist of a fast hexamethonium-sensitive component 
and a slow component. The slow component is larger when the follower cell is 
depolarized and abolished at -90 mV. Therefore, its activation is facilitated by the 
summation of the fast EPSPs. We conclude that, CBI-2 triggers the buccal motor 
program with fast facilitating EPSPs and contributes to sustenance of the protraction 
phase with slow EPSPs. Furthermore, given that the protraction intemeurons are 
reciprocally excited by their contralateral twins, and that part of the reciprocal 
excitatory component has a long duration, we suggest-that this arrangement may 
contribute to a positive feedback circuit that is capable of sustaining the protraction 
phase even in the absence of external activation of the CPG elements. (Supported 
by the HFSP and NIMH)
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658.15

AN APLYSIA NEURON (B52) THAT SHOWS P!R RECEIVES INHIBITORY 
SYNAPTIC INPUT DURING FEEDING MOTOR PROGRAMS. A Romero, J 
Jing,K R. Weiss, CG_Evans, and EC Cropper*. Dept. Physiol, and Biophvs., Mt. 
Sinai Sch. Med. New York, NY 10029.

B52 is a sensory neuron/intemeuron that is utilized during ingestive feeding in 
Aplvsia (Evans et at, '99), and is characterized by postinhibitory rebound (PIR) 
(Plununcr and Kirk, ‘90). Previous studies have suggested that B52 receives 
inhibitory input from B64 an inlcrneuron that fires during the closing/rctraction 
phase of biting motor programs. B52 also receives inhibitory input from a second 
closing/retraction inlcrneuron (B51) that appears to specifically spike when 
hypcrretraclion is induced and a bite is converted to a bite-swallow. To determine if 
PIR could be important for B52's activation under physiological conditions we 
sought to determine whether B52 receives inhibitory synaptic input during ingestive 
motor programs. We show that both bilateral B64s make monosy naptic contact with 
a single B52. When biting motor programs arc elicited either by carbachol or by 
stimulation of CBI-2, we show that while B64 is active B52 is in fact 
hypcrpolan/cd below its resting membrane potential (by 23.3 ± 2.4 mV). As 
closing/retraction ends and B64 stops firing B52 immediately begins to spike at 
higher frequency . When ‘bite-swallows’ arc induced by depolarizing B51 during 
biting motor programs, B51 activity is prolonged as is the hypcrpolarization in B52. 
Thus, B52 appears to receive inhibitory synaptic input from B64 during biting 
motor programs and from both B64 and B51 during bite-swallows. To determine 
whether rebound from this inhibition could cause B52 to spike we simulate synaptic 
inhibition of B52 in quiescent preparation by applying hypcrpolari/ing current 
pulses of increasing amplitude and duration, under current clamp condition. We 
show that the latency and extent of PIR arc affected by the amplitude of the 
stimulus, prepulsc membrane potential and pulse duration. PIR is therefore likely to 
play a role in the activation of B52 that occurs immediately after the 
closing/rctraction phase of behavior.

Supported by NIMH and the Hirschl Foundation,

658.16
EXPRESSION OF A LOBSTER SHAL K+ CHANNEL GENE IN IDENTIFIED 
NEURONS OF THE LOBSTER PYLORIC NETWORK.
J. N. MacLean*, Y. Zhang and R. M. Harris-Warrick. Neurobiology and Behavior, 
Cornell University, Ithaca, NY 14853.

The lobster pyloric network, located in the stomatogastric ganglion, is a model 
system for the examination of motor pattern generation. The pyloric network 
contains six distinct neuronal types, each of which has distinct electrophysiological 
properties which are, at least in part, determined by the transient K+ current (IA). IA 
has been found to differ between the pyloric neurons and plays an essential role in 
determining the pyloric motor pattern (Tierney and Harris-Warrick, 1992 J. 
Neurophysiol.). Single cell RT-PCR and immunocytochemistry suggest that the 
shal K+ channel gene encodes IA in pyloric neurons (Baro et al 1996 J. Neurosci.).

To elucidate what role the shal protein, and thus IA, plays in the pyloric network, 
shal cRNA was microinjected into identified pyloric neurons. To facilitate 
detection of shal protein the DNA sequence for green fluorescent protein (GFP) was 
ligated to the C-terminal end of the shal E-15 sequence. When cRNA from shal- 
GFP construct was injected into Xenopus oocytes it produced an unmodified shal 
K+ current. Stomatogastic ganglia maintained in organotypic culture for 96 hours 
continue to exhibit a normal pyloric rhythmic motor pattern throughout. Following 
microinjection of shal-GFP into pyloric neurons substantial fluorescence was 
detected within 16 hours. However, it was not until 72 hours post injection, that 
voltage clamp of fluorescing neurons demonstrated an increase in IA amplitude, 
when depolarized to +20 mV from -100 mV, of 3-to 10-fold the amplitude of IA 
recorded in control neurons. In addition, the values of the voltage of half maximal 
inactivation and inactivation kinetics in fluorescing neurons more closely 
approximate the values recorded in s/?a/-injected Xenopus oocytes, than the values 
recorded in control neurons. Using this methodology, the role of the shal protein 
within the pyloric network, will be examined. Supported by HFSP (JNM) and 
NIH35631 (RMH).

658.17

SYNAPTIC INTERACTIONS BETWEEN VENTRAL STRETCH 
RECEPTORS AND SWIM-RELATED NEURONS IN THE MEDICINAL 
LEECH. J. Cang, X, Yu and W.O, Friesen*. Department of Biology and Center 
for Biological Timing, University of Virginia, Charlottesville, VA 22903

The leech isolated nerve cord expresses oscillatory neuronal activity that 
underlies the undulatory movements of swimming. Sensory feedback from the body 
wall is very important in setting the intersegmental phase lag for intact swimming 
leeches. Ventral and dorsal stretch receptors associated with longitudinal muscles 
are proposed to mediate this sensory feedback. To understand how the stretch 
receptors reshape outputs of the central pattern generator, we examined the 
synaptic interactions between the ventral stretch receptor (VSR) and swim-related 
motomeurons (MNs) and intemeurons (INs) using pairwise intracellular 
recordings. In isolated nerve cord preparations, the depolarization of VSRs 
hyperpolarizes the intrasegmental ventral excitor, cell 4 and dorsal inhibitor, cell 1, 
and depolarizes the dorsal excitor, cell 3, through apparently indirect synaptic 
interactions. Furthermore, we found that the VSR is strongly electrically coupled 
with ipsilateral cell 33, an oscillatory IN with a cycle phase of about 240°. During 
swimming, the depolarization of VSRs inhibits two oscillatory INs with 0° phase, 
cells 115 and 208; one with 120° phase, cell 28; and removes the phasic inhibition 
of cell 123 (0° phase IN) through polysynaptic pathways. The VSR also strongly 
inhibits an unidentified ventral IN. We conclude that these synaptic connections 
between the VSRs and INs can partly explain the effects of the VSR depolarization 
on the MNs. By its interactions with the oscillator INs, the VSRs are able to 
influence the swimming rhythm and could increase the intersegmental phase lag. 
Supported by the National Science Foundation (IBN 97-23320).

658.18

INFLUENCE OF SENSORY FEEDBACK ON THE CENTRAL PATTERN 
GENERATOR IN LEECH {HIRCDO MEDICINAL!X) SWIMMING 
X, Yu, J, Cang. C.G, Hocker*. and W,O, Friesen. Department of Biolog/ and Center 
for Biological Timing, University of Virginia, Charlottesville, VA 22903

Leech swimming behavior requires appropriate coordination of the body segments. 
Studies on isolated nerve cord preparations and severed nerve cord (SNC) 
preparations demonstrate that both the CNS and sensory feedback are capable of 
generating approximately correct intersegmental coordination, although neither one 
alone can faithfully replicate this coordination. Although the central swim oscillator 
circuit is largely identified, little is known about how sensory feedback can mediate 
intersegmental coordination. Previous research on the ventral stretch receptor (VSR) 
in the ventral body wall suggested that these receptors are a good candidate. To study 
the role of the VSRs in leech swimming, we recorded intracellularly from that 
receptor neuron in isolated or nearly isolated (body-wall-flap-attached) nerve cord 
preparations. Interestingly, we found that (1) the VSR membrane potential is 
depolarized during swimming in body-wall-flap-attached preparations and oscillates 
with an excursion of up to 10 mV; (2) intracellular current pulses (1-3 s; 2-4 nA) can 
disrupt swimming activity in isolated nerve cords; (3) the VSR has strong interactions 
with identified swim oscillator neurons; and (4) there are some, albeit relative weak, 
interactions with swim-gating intemeurons and swim motoneurons. We propose that 
coordinated swimming in SNC preparations can be explained as mutual entrainment 
between the two ends. The VSR activity resulting from mechanical transmission of 
the body wave across the gap at the location of the cut in the nerve cord may be 
responsible for this entrainment.
Supported by the National Science Foundation (IBN 97-23320).
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659.1

INTERACTIONS BETWEEN THE NEURAL NETWORKS IN 
THE STOMATOGASTRIC NERVOUS SYSTEM OF THE 
SHRIMP PENAEUS JAPONICUS. K. Tazaki.* Biol. Lab., Nara 
Univ. Educ., Takabatake, Nara 630, Japan

Motor patterns of the stomatogastric ganglion neurons in 
different networks were studied in the shrimp Penaeus japonicus. 
The anterior median (AM) neuron, a member of the gastric network, 
participates in strong pyloric activity, and can switch from the 
pyloric to the cardiac sac pattern. The AM neuron fires in antiphase 
with the dilator neurons (CD2 and VD). The cardiac sac pattern 
becomes vigorous when the pyloric rhythm is less active. All the 
gastric neurons can be active in time with the pyloric rhythm when 
the gastric rhythm is inactive, unlike those in Cancer where the 
dorsal gastric (DG) neuron fires exclusively with the gastric rhythm. 
Some of the gastric neurons have the tendency to fire with the gastric 
rhythm in the absence of the strong pyloric rhythm. Once the pyloric 
rhythm is inactivated under some conditions or by hyperpolarization 
of the pyloric dilator (PD) neuron, they are released from the 
influence of the pyloric rhythm and fire with the gastric rhythm. 
Previous works have shown that the gastric and pyloric networks 
interact more in Cancer than in Panulirus and Homarus. Extensive 
interactions between these two networks are seen in Peneaues, and 
several modes of interactions between the networks found in 
reptantians can be observed. Such interactions are general features of 
the stomatogastric nervous system in decapods. A single large neural 
network may function in different configurations under the 
appropriate modulatory conditions.

659.2
THE ROLE OF CAM KII IN THE PYLORIC NETWORK OF THE 
LOBSTER STOMATOGASTRIC NERVOUS SYSTEM. M.D, Withers*. L.C, 
Griffith, and E. Marder. Volen Center and Biology Dept., Brandeis University, 
Waltham, MA 02454.

Modulation of rhythmic motor patterns has been extensively studied in the 
crustacean stomatogastric nervous system. While much is known about the 
network-level effects of modulation, little is understood about the intracellular 
pathways involved. Calcium/calmodulin-dependent protein kinase II (CaM KII) 
phosphorylates a variety of target proteins including itself in response to increases 
in intracellular Ca++. Autophosphorylation at a specific site renders CaM KII 
independent of Ca++. Due to this ability to remain active beyond the initial Ca++ 
signal, CaM KII has been implicated in plasticity in a variety of systems.

Lobster CaM KII was shown to be both kinetically and structurally similar to 
CaM KII from rat and fly. A partial sequence of the full length clone from lobster 
was 86% and 73% identicle to Drosophila and rat aCaM KIIs, respectively.
KN 93, a potent CaM KII blocker, inhibits lobster CaM KII activity with an 
inhibition constant (K,) of 9.3 ±0.34 pM. A concentration of KN93 which blocks 
80% of the lobster enzyme activity in biochemical assays, produces robust changes 
in die pyloric rhythm. When applied to the stomatogastric ganglion this CaM KII 
inhibitor caused a slowing of the frequency of the rhythm and a simultaneous 
increase in the cycle period. In addition, blocking CaM KII affected the activity of 
the pyloric dilator (PD) neurons. The duty cycle of PD increased from 
approximately 30% to 50%. The PD neurons also began to display double bursts 
of action potentials. KN92, an inactive form of KN93, which did not block lobster 
CaM KII activity in biochemical assays, also did not affect the pyloric rhythm 
Supported by NS10356, NS17813, and NIH GM54408.
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659.3
Activity-dependent regulation of inhibitory synapses in an oscillatory model 
network. Cristina Soto-Trevino, L.F. Abbott & Eve Marder*. Volen Center 
for Complex Systems, Brandeis University, Waltham, MA 02454.

Inhibition plays a crucial role in many cantral nervous systems. In central 
pattern generators the correct balance of inhibitory synaptic strengths is 
crucial for the proper functioning of the network. We explore theoretically 
possible mechanisms by which inhibitory synapses are tuned over long time 
scales. In a model network with only inhibitory synapses we incorporate 
an activity-dependent rule to regulate the synaptic strengths. The desired 
output of the model network is a triphasic pattern, inspired by the pyloric 
pattern of the crustacean stomatogastric ganglion. The regulation of the 
synapses is based on two types of sensors. The first one monitors the activity 
of the postsynaptic cell, and the second one the activity of a given synapse. 
Both affect the direction in which the maximal synaptic conductances change. 
We start the network with random maximal syanptic conductances that 
produce different patterns of activity. We find that when both sensors are 
present, the maximal synaptic conductances always converge to those that 
produce the desired triphasic pattern. This convergence is characterized by 
initial sharp changes, and then a slow final tuning. Supported by the 
Sloan Center for Theoretical Neurobioiogy and by MH 46742.

659.4
MOTOR NEURONS AND ELICITED MOTOR PATTERNS IN PRE-GENITAL 
ABDOMINAL SEGMENTS OF FEMALE AND MALE GRASSHOPPERS. K.J. 
Thompson1*, A.D. Jones1, S.A. Miller1, and D.R. Stokes2. 'Depts. of Biology, 
Agnes Scott College, Decatur, GA 30030 and 2Emory University, Atlanta. GA 
30322.

Female grasshoppers have a central pattern generator for oviposition in the 
terminal abdominal segments; males have motor neurons and muscles in these 
same segments that appear to be homologous. In males, these elements can be 
induced, by the same experimental methods that activate oviposition, to express a 
rhythmical motor pattern that is similar to oviposition. In this study, efferent 
neurons of pre-genital segments of both sexes were identified by retrograde 
transport of cobalt chloride, and motor activity was experimentally induced by 
nerve cord transection and recorded electromyographically. Putative structural 
homologies were found to continue into the pre-genital abdomen, with only minor 
differences found when compared to the genital segments, and no differences were 
found between genders. The elicited pre-genital motor pattern exhibited 
continuous rhythmical activity with a period of approximately 5 sec, left and ri?ht 
synchrony, and an anterior to posterior sequence of segmental activity. Pairs oi 
putatively homologous muscles displayed the same activity phase relationship as 
did their ovipositor counterparts. The pre-genital pattern of females was phase 
locked to the oviposition motor pattern but persisted after the connections between 
the genital and pre-genital segments were severed. In the pre-genital segments of 
males, the pattern also persisted after connections with the genital ganglia were 
severed. All patterns were distinct from ventilation. These results suggest the 
presence of iterated motor pattern generating centers in each neuromere of the 
abdomen. The circuitry appears to underlie oviposition in female genital segments, 
but is of undetermined functional significance in pre-genital segments. Supported 
by NSF #IBN-9514559.

659.5
STATE DEPENDENT REGULATION OF INTERCIRCUIT INFLUENCES 
DURING RHYTHMIC MOTOR ACTIVITY. DE Wood*. M Bartos& MP Nusbaum. 
Dept Neurosci, Univ Penn School of Med, Philadelphia, PA 19104.

Inter-circuit interactions enable coordination to occur during complex 
movements. We are investigating the cellular basis of these interactions by 
studying their occurrence between two well-characterized circuits in the 
stomatogastric ganglion (STG) of the crab Cancer borealis. These two circuits 
generate the gastric mill and pyloric rhythms, which control the chewing and 
filtering of food, respectively. Selective activation of the projection neuron MCN1 
elicits specific versions of the gastric mill and pyloric rhythms. During MCN1 
activation the pyloric circuit influences the cycle frequency of the gastric mill 
rhythm and coordinates the two rhythms via a pivotal synapse from the pyloric 
pacemaker neuron (AB) to a gastric mill pattern-generating neuron (Bartos et al, 
J Neurosci, 1999). The gastric mill frequency was slowed significantly when this 
synapse was eliminated by hyperpolarizing AB. Cycle frequency and inter-circuit 
coordination were both restored by adding a dynamic clamp-mediated 
computational version of the eliminated synapse.

When MCN1 is co-activated with another projection neuron (CPN2), the 
gastric mill and pyloric rhythms that are elicited are different from the ones 
elicited by selective activation of MCN1 (Blitz & Nusbaum, J Neurosci, 1997). 
With the AB neuron hyperpolarized during MCN1/CPN2 co-activation, we found 
that inter-circuit coordination persists, and gastric mill frequency was not 
changed significantly. Thus, neither parameter depends upon the synapse from 
AB to the gastric mill circuit. We are investigating whether the added synaptic 
actions of CPN2 are responsible for the altered frequency regulation of the 
gastric mill rhythm, and whether a synaptic pathway from AB to CPN2 provides 
an alternative pathway for inter-circuit coordination during co-activation of MCN1 
and CPN2. These results indicate that inter-circuit influences are regulated in a 
state-dependent manner. Support- NIH: NS29436 (MPN).

659.6
NEUROMODULATION OF NEURAL NETWORK ACTIVITY AT AN 
EXTRAGANGLIONIC SITE. AE Christie* & MP Nusbaum. Dept. of 
Neuroscience, Univ. of Penn. School of Medicine, Philadelphia, PA 19104.

The stomatogastric ganglion (STG) of the crab Cancer borealis contains a 
neural circuit that generates the pyloric rhythm. This circuit is modulated by 
peptides that are released into the STG neuropil by projection neurons that 
originate in nearby ganglia. These projection neurons all pass through an 
extraganglionic neuropilar site at the junction of the superior oesophageal (son) 
and stomatogastric nerves (stn). The projection neuron MCN1 arborizes in the 
STG and at the son/stn junction. MCN1 contains the peptides proctolin & Cancer 
borealis tachykinin-related peptide la (CabTRP) plus GABA (Blitz et al, J 
Neurosci, 1999). MCN1 is the sole source of CabTRP in both the STG and 
son/stn junction. Both MCN1 stimulation (Bartos & Nusbaum, J Neurosci 1997) 
and direct CabTRP application to the STG (Christie et al, Soc Neurosci Abstr, 
1997) excite the pyloric rhythm. Since the pyloric pacemaker neuron (AB 
neuron) not only arborizes in the STG but also projects through the son/stn 
junction, we examined if MCN1 and its transmitters also influenced the pyloric 
rhythm via actions at the son/stn junction. Our initial results show that this is 
indeed the case. Moreover, the pyloric rhythm response to CabTRP application 
to the STG and the son/stn junction is different. CabTRP application (lO^M) to 
the STG speeds up the pyloric rhythm and enhances the activity of several 
pyloric neurons. Applying the same CabTRP concentration to the son/stn 
junction also speeds up the pyloric rhythm, but it does not alter the activity level 
of most pyloric neurons. We next plan to study the actions of the other MCN1 
transmitters, as well as direct stimulation of MCN1, at this extra-ganglionic site. 
Thus, peptide release by one projection neuron at two distinct locations may 
represent a novel mechanism for expanding the flexibility of multifunctional 
neural networks.

Support- NSF: IBN9808356, NIH: NS29436 (MPN).

659.7

MOTOR PATTERN MODULATION VIA ACTIVATION OF A PERIPHERAL 
PATHWAY. MP Beenhakker* & MP Nusbaum. Dept. of Neuroscience, Univ. of 
Pennsylvania School of Medicine, Philadelphia, PA 19104.

The stomatogastric ganglion (STG) of the crab Cancer borealis contains a 
functionally flexible neural network that generates many variations of the pyloric 
and gastric mill motor patterns. This pattern variability is a result of the 
modulatory actions of STG inputs onto individual STG network neurons. These 
inputs include projection neurons originating in the neighboring oesophageal and 
commissural ganglia as well as an identified sensory neuron (GPR). We 
described previously that stimulation of the dorsal posterior oesophageal nerve 
(dpon) can also generate a distinct variation of the pyloric rhythm, by activating 
a pathway that directly influences the STG network (Blitz et al, Soc Neurosci 
Abstr, 1998). We are initially focusing on 3 actions of this pathway on the pyloric 
rhythm: (1) an increase in pyloric rhythm frequency, (2) enhancement of activity 
in the pyloric pacemaker ensemble, and (3) inhibition of the LP neuron. Our 
working hypothesis is that dpon stimulation modulates these three aspects of the 
pyloric rhythm by directly exciting the pacemaker ensemble. This group of 
electrically coupled neurons includes the two PD-, two LPG-, and single AB 
neurons. This hypothesis readily explains the first two actions described above. 
We have recently found that dpon inhibition of the LP neuron is removed during 
suppression of pacemaker neuron activity. We are now aiming to determine 
which pacemaker neurons are directly excited by dpon stimulation, and which 
of them mediate the increased inhibition of LP activity. Our initial results indicate 
that photoinactivation of the PD neurons does not diminish dpon-generated LP 
inhibition, suggesting that these neurons are not necessary for this action. We 
plan to photoinactivate AB and/or the LPGs to determine their roles in mediating 
the actions of dpon stimulation. Thus, this peripheral pathway (dpon) elicits a 
distinct pyloric rhythm as a result of both direct and indirect actions on pyloric 
circuit neurons. Support- NSF: IBN9808356 (MPN), NIH: T32-GM07517.

659.8

SENSITIVITY OF INTRINSIC FIRING ON CONDUCTANCE 
DENSITIES. M.S. Goldman,1’2* J. Golowasch1, L.F. Abbott,1 and E. 
Marder1. ’Volen Center, Brandeis Univ., Waltham, MA 02254; 
2Dept. of Physics, Harvard Univ.

Individual neurons of the same class may have widely varying 
densities of ionic conductances even though their firing properties are 
similar (Liu et al., J Neurosci 18:2309-2320,1998). We examine 
how the intrinsic firing states (silent, bursting, or tonic) of a model 
crab stomatogastric neuron change when we vary the maximal 
conductances of the neuron's five intrinsic ionic currents. Using 3-D 
plots showing firing state as a function of three ionic maximal 
conductances, we show that it is generally impossible to predict the 
firing states of a neuron even when three of the five maximal 
conductances are known with great accuracy. However, patterns in 
firing behavior do emerge when particular combinations of 
conductances are viewed. Using a full 5-dimensional geometrical 
analysis, we find that the three regions of "conductance space" 
corresponding to primarily silent, bursting, and tonic firing are 
roughly aligned in a parallel slab geometry. Changing combinations 
of conductances along directions perpendicular to the slabs 
sensitively and robustly changes firing state. Changing conductances 
along directions parallel to slabs does not greatly affect firing state. 
Regulation or modulation of these sensitive conductance 
combinations would effectively alter the neuron's activity pattern. 
Supported by MH46742 and NSF-IBN-9817194.
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659.9

DIVERSE MOTOR NEURONS PRODUCE JAW-OPENING AT 
RADULA-PROTRACTION PHASE DURING THE CONSUMMATORY 
FEEDING RESPONSE IN APLYSIA KURODAI. T. Nagahama* and 
M. Inoue. Dept. of Biol., Fac. of Sci., Kobe Univ., Kobe 657-8501, 
Japan

Japanese species, Aplysia kurodai feeds on seaweed such as Ulva 
well with rhythmic patterned movements of the jaws and radula. So far 
we mainly studied the neural mechanism generating jaw movements at the 
radula-retraction (R-R) phase. However, the animals open the jaws 
maximally at the radula-protraction (R-P) phase. In the present 
experiments, therefore, we identified two types of motor neurons (JOm 
and JCO) which may contribute to the jaw-opening at the R-P phase in the 
buccal ganglia. The firing of the JOm induced transient jaw-opening in 
the semi-intact preparation while the firing of the JCO induced large 
biphasic movements of the jaws in which the jaws initially closed and then 
opened. It was also found that the biphasic movements may be produced 
by a single JCO cell at least within the ganglia. During the food-induced 
rhythmic response in the semi-intact preparations the JOm showed firing 
activity not only at the R-P phase but also at the R-R phase. In contrast, 
the JCO showed the firing activity at the end of the R-R phase, which was 
similar to that of the jaw-closing motor neurons. We also found that the 
delay of the maximum jaw-opening after the end of JCO firing was 
independent of the firing length or the firing frequency of the JCO.
These results suggest that the jaw movements during the consummatory 
feeding response may be produced by the competitive activity of the 
diverse motor neurons having different functions. In addition, the JCO 
may produce not only the jaw-closing at the R-R phase but also the jaw-
opening at the R-P phase.

659.10
ELECTROTONIC STRUCTURE OF RECONSTRUCTED VD NEURONS 
OF CRAB STOMATOGASTRIC GANGLION.
D.K. Hartline1*, K. Graubard2, L. Bartram1, A.E. Wilensky2, lBekesy Lab, 
Univ. of Hawaii, Honolulu, HI 96822 and 2Dept. of Zoology, Univ. of 
Washington, Seattle, WA 98195

We examined the effect cell morphology might have on transmitter output 
by computing the spread of voltages within neuritic trees using NEURON 
simulation software. Six VD cells from Cancer borealis were reconstructed 
from confocal microscope images of dye fills. For passive neurons with 
membrane resistivity 50 Kohm-cm2, mean DC input impedance at the soma 
was 41 MO. For sinusoidal current, comer frequency was 3.0 Hz with a log- 
log slope of -0.87, a property of electrotonically “compact” structures. For 
one VD, the relative contributions to the somatic DC input admittance were: 
soma 20%, primary neurite (bifurcated) 15%, collateral neurites 30% and 
axons 35%. Attenuation of voltages injected at the beginning of axons and 
recorded at neurite tips was small below 30 Hz and rolled off much less 
steeply than in the reverse direction. At low frequency, attenuation was 
slightly greater to tips of collaterals branching from the trunk farther from the 
voltage source. However, there was a strong dependence on branch-point 
distance for higher frequencies, owing to progressive loading by collaterals.

Attenuation of axonal spikes at neurite tips showed a similar dependence on 
collateral position, ranging from 50% for branches originating near the soma 
to 20% for those originating at the start of the axon. Under physiological 
conditions, this might cause a greater transmitter release from terminals of 
collaterals arising nearer the active axon.

Supported by NSF 3BN 96-04504, IBN-9604693 and NIH NS 15697.

659.11

AMINE MODULATION OF THE TRANSIENT POTASSIUM CURRENT (IA) 
IN THE AB, IC AND VD NEURONS OF THE LOBSTER 
STOMATOGASTRIC GANGLION. J.H. Peck*1, S.T. Nakanishi’1, R.A. Yaple1 
and R.M. Harris-Warrick2. 'Dept. of Psychology, Ithaca College, Ithaca, NY 
14850; 2Neurobiology and Behavior, Cornell University, Ithaca NY 14853.

The lobster (Panuhrus interrupts) stomatogastric ganglion has become a 
model system for understanding modulation in neural networks. The amines 
dopamine (DA, 10’4M), serotonin (5-HT, 10‘5M) and octopamine (OCT, 10'5M) 
produce unique rhythmic patterns of firing in the cells of die STG. They do this 
by modulating synaptic strength and intrinsic membrane currents. We used two 
electrode voltage clamp to study the effects of bath applied DA, 5-HT and OCT 
on the maximal conductance (gmax), the voltage of half activation (Vo 5), and 
slope, of IA activation and inactivation (as determined by Boltzmann fits) in the 
AB, IC and VD neurons. This completes our investigation of amine modulation 
of IA in all of the cell types of the pyloric circuit in the lobster STG.

AB neuron: DA significantly reduced gmax of activation and inactivation as 
well as shifted the Vo 5 of activation in the depolarized direction. There were no 
significant effects of 5-HT or OCT. IC neuron: DA reduced the gmax of 
inactivation and shifted the V0 5 of both activation and inactivation in the 
depolarized direction. 5-HT reduced the gmax of activation and inactivation and 
shifted the V0 5 of activation in the depolarized direction. OCT produced no 
significant effects. VD neuron: There were no significant effects of any amine 
on this neuron.

LA is one of the currents modulated by amines in this model system. The 
reduction of gmax and the shift in V0.sby DA in both the isolated AB and IC 
could explain why the cells depolarize and start firing when this amine is bath 
applied. The lack of effects on these cells could mean that the amines modulate 
other ion channels when producing changes in membrane potential. Supported 
by NIH NS 17323 (RH-W) and NSF 9527954 (JHP).

659.12

G PROTEIN-COUPLED RECEPTORS ARE REQUIRED FOR THE 
GENERATION OF THE SWIM MOTOR PATTERN IN TRITONIA AND MAY 
MEDIATE MODULATORY ACTIONS OF SEROTONERGIC CPG NEURONS. 
S. Clemens & P.S. Katz*. Dept. Biology, Georgia State University, Atlanta, GA 30303.

Although it is well established that rhythmic motor pattern production can be 
modulated by G protein-coupled (i.e. metabotropic) receptors, it is still widely believed 
that the cycle-by-cycle synaptic integration that occurs within the central pattern 
generator (CPG) circuit involves rapid neurotransmission only. Here, we report that 
metabotropic receptors are not only necessary for the generation of the escape swim 
motor pattern in the mollusc Tritonia diomedea, but also appear to mediate modulatory 
actions of a serotonergic CPG neuron onto another CPG member.

Previously, it was shown that within the swim CPG, a set of serotonergic neurons, 
the dorsal swim intemeurons (DSIs), evoke neuromodulatory actions in addition to fast 
synaptic effects. These modulatory actions include an enhancement of the excitability 
and synaptic output of another CPG intemeuron, C2. We have found that injection of 
the G protein inhibitor GDP-p-s into C2 prevented DSI stimulation from enhancing C2 
excitability. Furthermore, GDP-p-s injection into just one C2 reversibly blocked the 
production of the swim motor program. These results indicate that metabotropic 
receptors mediate this modulatory action of the DSIs and that activation of G proteins 
in a CPG neuron is required for the production of the swim motor program.

Serotonin activates adenylate cyclase in other molluscan systems; therefore, we 
tested the effect of cAMP injections into C2. cAMP injection mimicked and occluded 
DSI-evoked presynaptic facilitation of C2 synapses, but did not increase C2 
excitability. Injection of cAMP into the DSIs themselves caused an activation of the 
DSIs similar to that observed during and after a swim motor program. In summary, our 
data demonstrate that G protein-coupled receptors are necessary for the functioning of 
this CPG and suggest that cAMP may mediate some of the neuromodulatory actions of 
serotonin released from neurons intrinsic to the CPG circuit.

This work was supported by NIH grant NS-35371.

659.13

DIFFERENCES IN INHERENT CYCLE PERIODS BETWEEN COUPLED 
SEGMENTAL OSCILLATORS CAN PRODUCE PHASE DIFFERENCES IN THE 
LEECH HEARTBEAT CENTRAL PATTERN GENERATOR. M. A. Masino* and RL. 
Calabrese. Biology Dept, Emory University; Atlanta, GA 30322.

The neurons comprising the timing network of the leech heartbeat central pattern 
generator are located in the first four mid-body segmental gamglia. The third and the 
fourth ganglia oscillate independently of one another and are intersegmentally coordinated 
via ipsilateral projection fibers. Previous studies indicated that the oscillator in the fourth 
ganglion (G4) was normally phase advanced over the oscillator in the third ganglion (G3), 
but that the difference in phase could be reversed by electrical stimulation of the 
connective nerves or by driving the oscillator in G3 with patterned injected current (E.L. 
Peterson, J Neurophys 1983). Theoretical (Cohen et al., J Matti Bio 1982) and modeling 
(A.A.V. Hill, Soc Neur Abstr 1998) studies showed that differences in the inherent cycle 
periods between coupled oscillators can produce phase differences. We asked: 1) How is 
phase difference between heartbeat oscillators distributed across preparations?, and 2) Can 
differences in inherent periods between segmental oscillators produce phase differences? 
We used extracellular electrodes to record and measure the rhythmic activity patterns from 
HNs in isolated chains of ganglia. We found (n=50) that the phase difference between 
coupled oscillators was widely distributed, ranging from -12% to +20%. The G4 oscillator 
was phase advanced in -70% of the cases; indicated by positive phase difference. Next, we 
functionally uncoupled the oscillators by blocking nerve conduction across the connective 
with isotonic sucrose and measured the inherent cycle periods of the uncoupled oscillators. 
The phase difference in the coupled state was correlated to the difference in inherent cycle 
periods between uncoupled oscillators (n=16; r=0.7, P<0.01). The fester oscillator was 
phase advanced. Driving the G3 oscillator (n=7j with depolarizing current pulses gave 
comparable results. We have shown that phase varies widely across preparations and that 
differences in the inherent periods between heartbeat oscillators can produce phase 
differences. Supported by NIH grants NS24072 & NS34975to RLC.

659.14

OSCILLATIONS OF LEECH HEART INTERNEURONS IN ISOLATED GANGLIA 
UNDER DIFFERENT CONDITIONS OF REDUCED NETWORK 
CONNECTIVITY. A.A.V. Hill*, G.S. Cvmbalyuk, R.L. Calabrese. Biology Dept., 
Emory University; Atlanta, GA 30322.

In this study, we observed different oscillatory activity patterns in heart intemeurons 
(HN) in an isolated ganglion under various treatments that affect synaptic connectivity. 
In an isolated 3rd or 4th ganglion, the HN cells oscillate with a period and waveform that 
is similar to that seen in an intact chain of ganglia; demonstrating that the neuronal 
network in a single ganglion is sufficient for normal oscillation. The synaptic 
connectivity within a ganglion is well known, however, the oscillatory ability of subsets 
of this neuronal network has not been thoroughly tested. We addressed the question of 
whether oscillations can be elicited in a single HN cell and in a network which is 
missing synapses thought to be essential.

Rhythm generation within a single ganglion appears to be based on reciprocal 
inhibition between bilateral HN cells. Coordination between segmental half-center 
oscillators is based on the activity of homologous HN cells of the 1st and 2nd ganglia. In 
the 3rd and 4th ganglia, the neuritic processes of HN cells 1 and 2 have active spike 
initiation zones and make reciprocal inhibitory synapses with the local HN cells.

We employed three treatments to disrupt connectivity: 1) bathing the ganglion with 
bicuculline (104 M), which strongly reduces the strength of the inhibitory synaptic 
coupling; 2) bathing the ganglion with collagenase/dispase, which appears to eliminate 
synaptic interactions between HN cells; 3) hemisection of the ganglion along the mid-
line, which removes the coupling between local HN cells. We found that for each of 
these treatments bursting behavior can be observed in HN cells under some 
experimental conditions. This implies that either a single HN cell endogenously bursts 
and/or that a local HN cell and the corresponding coordinating fibers form a half-center 
oscillator. By means of mathematical modeling, we explored different possibilities 
which can explain the observed behavior. Supported by NIH grants NS24072 and 
NS34975 to RLC andNS10130-03 to A.A.V. Hill.
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659.15
Activity-dependent regulation of ionic currents: sensitivity to stimulus polarity 
in different neurons. Jorge Golowasch*. L.F. Abbott & Eve Marder. Brandeis 
University, Volen Center for Complex Systems, Waltham, MA 02454.

The intrinsic properties of neurons depend on the number, kind and state of 
the ion channels in their membranes. Theoretical and experimental work 
suggests that activity regulates the balance and properties of the currents that 
give cells their electrical signature. We have shown in the past that individual 
neurons within a network regulate the amplitude of their ionic currents in an 
activity-dependent fashion. Now we present evidence showing that neuronal 
conductance regulation is sensitive to different polarities of the stimulus and 
that they respond in a cell specific manner. We have recorded outward K+ 
currents expressed by both the Inferior Cardiac (IC) and the Lateral Pyloric 
(LP) neurons of the crab Stomatogastric Ganglion of the crab Cancer borealis 
before and after stimulating the neurons for several hours with either 
depolarizing or hyperpolarizing current at a frequency close to the pyloric 
natural frequency (1 Hz). We observe that the Ca++-dependent K+ current 
(Wa)) and the A-current (I,J express significant changes in maximum 
conductance in both cells and that these changes depend on the polarity of the 
stimulus: with depolarizing current, Ij^ amplitude drops by -30% and IA 
amplitude increases by -30-50% in IC but show no change in LP. With 
hyperpolarizing current, LP’s 1,^ increases by -15% and IA shows no change, 
while IC’s IK(Ca) increases by -25% and IA shows no change. These results 
suggest that conductance regulation in different cell types may be sensitive to 
different activity patterns and polarities. Supported by MH 46742.

659.16
CAN THE VARIABILITY IN MOTOR SYSTEMS BE EXPLAINED 
BY CHAOTIC DYNAMICS? A THEORY, A MODEL, AND DATA 
ANALYSIS. P.F.ROWAT*. Institute for Neural Computation, 
University of California San Diego, La Jolla, CA 92093-0523

There is significant variability in small central pattern generators 
(CPGs) and there have been several reports of evidence for chaos in 
this variability. A conceptual approach to the analysis of CPGs, based 
on chaotic dynamics and its control, is introduced. It is proposed that a 
CPG be decomposed into two tightly integrated parts. One is a core 
pattern generating system producing motor patterns of high variability 
restricted only by the necessity to be consistent with the peripheral 
apparatus that executes the motor pattern, and the other is a "harness" 
system that uses afferent feedback and efference copy to control the 
core system by small perturbing influences. The variability of the core, 
which must match the environmental variability experienced by the 
organism, is hypothesized to be generated, in part, by dynamical 
chaos. The short term predictability of a chaotic system implies that the 
core system is controllable if the harness feedback is fast.

A model for how one neuron can control another chaotically bursting 
network of neurons is presented. Preliminary analysis of data from 
isolated subnetworks of the lobster stomatogastric system and the 
locust flight CPG provides weak evidence in support of this theory.

659.17
DYNAMICAL ROBUSTNESS AND FLEXIBILITY OF PACEMAKER 
BURSTING IN A GROUP OF ELECTRICALLY COUPLED NEURONS.
A. Szflcs, R.C. Elson*. M.I, Rabinovich and H.D.I. Abarbanel. Inst Nonlinear Science 
and Department of Biology, UC San Diego, La Jolla, CA 92093-0402.

The frequency of rhythms produced by the pyloric central pattern generator (CPG) of 
spiny lobsters is determined primarily by a "pacemaker" group consisting of four 
electrically-coupled neurons. When synaptically isolated from the rest of the CPG, this 
group produces quite regular, rhythmical bursts of spikes. When decoupled from each 
other, the four neurons exhibit different intrinsic dynamics: the AB neuron bursts 
regularly while the two PD and single VD neuron burst irregularly. Here we show that 
this set of 4 heterogeneous, electrically-coupled neurons behaves as a single nonlinear 
oscillator with the properties of a low dimensional dynamical system.

In our experiments the pacemaker group was pharmacologically isolated from 
synaptic interactions with the rest of the pyloric CPG. The dynamical behavior of the 
group was tested by injecting periodic current waveforms into one or more of the 
pacemaker neurons while simultaneously recording membrane potential time-series in 
injected and non-injected cells. The original stimulus waveforms were sinusoids of 
different amplitudes, frequencies, offsets and rectification. These signals drove current 
injection in one of two modes: (1) direct current clamp; (2) dynamic ("conductance") 
clamp (mimicking synaptic input from a presynaptic neuron oscillating in the stimulus 
waveform). The firing patterns before and under the current stimulation were analyzed by 
Fourier-power spectra, interspike- and interburst interval histograms and return maps. 
Upon varying the stimulus parameters we observed regions of mode-locked periodic 
bursting separated by quasiperiodic, intermittent and chaotic regimes. Zones of stability 
were wider for inhibition than for excitation.

We are grateful for support from O.R.D., Dept of Energy, NSF and NIH.

659.18

ALTERNATIVE SPLICING OF PANULIRUS SHAKER 
POTASSIUM CHANNELS. R.M. Luik. L.G. Kamat, L.B. French , 
and R.M. Harris-Warrick.* Section of Neurobiology and Behavior, 
Cornell University, Ithaca, N.Y. 14853.

Voltage-gated potassium channels play important roles in shaping 
the rhythmic output of the pyloric network in the stomatogastric 
ganglion of the spiny lobster, Panulirus interruptus. The Shaker gene 
encodes K+ channels that are localized to the axons of the pyloric 
neurons. The Shaker gene is extensively alternatively spliced, both at 
the terminus and the putative pore region (Kim et al., 1998), giving 
rise to a diverse group of channels. We are using the Xenopus oocyte 
expression system to characterize the channels produced by each of 
the splice forms. We examined three different amino termini 
combined with each of the two pore forms (I and II). The three amino 
termini, D, 12, and J vary in length (13, 23, and 37 amino acids, 
respectively). D is uncharged, while 12 and J have a net positive 
charge. As previously shown, changing either the amino terminus or 
the pore region has significant effects on the properties of the 
channels. For instance, JI is the most quickly inactiviating (t= 3.9 ms), 
while 121 and I2II barely inactivate at all. Additionally, DI and DII 
vary greatly in their voltages of half activation (-41.8 vs. -27.0 mV), 
while the V.5act for JI is -36.2 mV. The voltages of half inactivation 
for DI, DII, and JI do not differ as much (-38.8, -39.2, and -42.2 mV). 
These expression studies are being combined with 
immunocytochemical localization experiments in order to help 
illustrate the role Shaker channels play in the functioning of the 
pyloric network. This work is supported by NIH NS35631.

OCULOMOTOR SYSTEM: EYE AND HEAD MOVEMENT

660.1
SIMULTANEOUS BINOCULAR EXPERIENCE IS NOT NECESSARY TO DEVELOP GAZE 
HOLDING OR BINOCULAR SENSITIVITY IN THE PRETECTAL NUCLEUS OF THE OPTIC 
TRACT (NOT) AND EXTRASTRIATE CORTEX. A.F. Burrows,1 J.R. Economides,2 M.J, 
Mustari,2* R.J. Tusa.3 and R.G. Boothe2. Neuroscience Graduate Program, Univ. of Texas 
Medical Branch, Galveston, 2Yerkes Regional Primate Research Center, Emory Univ., Atlanta, 
GA, 30322,3Bascom Palmer Eye Inst., Univ. of Miami.

Development of normal gaze stability depends upon early binocular visual experience. 
Disruption of this experience with bilateral lid suture (BLS) can lead to a syndrome that includes 
gaze instability e.g. latent nystagmus (LN), strabismus and asymmetries in optokinetic and 
smooth pursuit (SP) eye movements. LN, a horizontal nystagmus elicited during monocular 
viewing, is associated with infantile esotropia syndrome. Our recent investigations in 
macaques reared with BLS (first 25-55 postnatal days) support a role for the NOT in LN. We 
found that NOT neurons in these animals lose their sensitivity to the ipsilateral eye and become 
dominated by the contralateral eye. Therefore, during monocular viewing an imbalance in NOT 
output is created leading to LN. Whether the behavioral syndrome associated with BLS results 
from deprivation of form vision or loss of sensory/motor fusion is unclear. We examined the 
behavioral and neural consequences of depriving simultaneous binocular experience by 
alternating monocular occlusion (AMO) on a daily basis for the first six postnatal months. We 
studied SP tracking, gaze holding, and ocular dominance in the NOT and cortex associated 
with foe superior temporal sulcus (STS), including MT, of two AMO-reared monkeys. AMO 
rearing results in an incomitant exotropia without LN and only a weak SP bias. Neurons in both 
the NOT and STS exhibit direction, speed and binocular sensitivity similar to that observed in 
normally reared animals. We conclude that early sensory fusion experience may not be 
necessary to develop stable gaze holding. Furthermore, NOT and MT neurons in AMO 
monkeys evince binocular sensitivity without fusion experience. This binocular sensitivity is 
compatible with a balanced NOT output during monocular viewing, which our model of LN 
generation predicts is important to gaze stability.
Supported by: EYO6069; EYO5975; RRO0165.

660.2
COMPARISON OF COMPLEX VISUAL MOTION IMAGES ON SELF-MOTION 
AND MOTION SICKNESS PRODUCED IN OPTOKINETIC NYSTAGMUS. R.S. 
Kennedy*, RSK Assessments, Orlando, FL 32803; J.P Rolland, CREOL, Univ of 
Central FL, Orlando, FL 32816; K.M. Stanney, Univ of Central FL, Orlando, FL 32816; 
A. Goon, CREOL: & J.M. Ordy, Neuro Res Assoc., Rochester, NY 14618.

Virtual Reality (VR) systems, generated by computer video graphics, have been 
portrayed as a new and novel communication medium that has greatly affected 
simulation technology in medicine, education, industry, entertainment and space flight. 
In VR systems, a human operator interacts with a computer that can simulate a variety of 
worlds, both real and imaginary. In VR systems, subjects report perceiving “presence”, a 
compelling perception of being there, and the related experience of “vection” a 
perception which occurs with exposure to rotating visual images which produce 
optokinetic nystagmus. In order to examine the relationship of perceptual experiences in 
vection, we departed from simple alternation of black and white stripes and used 3 
markedly disparate, complex, textured and naturalistic visual stimuli, i.e., wood paneling, 
waves and dots to determine whether such scene content had an equal effect on vection 
and cybersickness. Eleven adult male and female subjects were tested with the visual 
stimuli at various velocities. We used 3 measures of vection (latency, saturation & 
magnitude estimation) and one measure of sickness. Of the 3 visual scene contents, there 
were no major differences in the vection measures among 3 visual scenes but the dots 
had a significantly lower sickness rate (p < .02). These findings imply that large-scale, 
regularly textured and striped moving patterns in visual scenes and VR displays may 
prove useful in the study of presence, vection and motion sickness. If these results can be 
generalized to video graphics of VR systems, there may be procedures for reducing 
motion sickness through modifications in complex visual motion images without 
sacrificing vicarious characteristics of these systems.
Support: Center for Research and Education in Optics and Lasers (CREOL), University 
of Central Florida, Orlando, FL
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660.3
INFLUENCE OF GRAVITY AND OPTOKINETIC STIMULATION ON THE 
SPATIAL ORIENTATION OF VESTIBULAR AND OPTOKINETIC QUICK 
PHASES IN THE RABBIT, V.E, Pettorossi3, P, Errico3*. A, Ferraresi2 and N.H, 
Barmack1. 'Oregon Health Sciences University, Portland OR 2Catholic University of 
Rome and ’Institute of Human Physiology of Perugia, 1-06100, Italy

Reflexive eye movements that persist in the absence of sensory stimulation, such 
as postrotatory nystagmus (PRN) and optokinetic aftemystagmus (OKAN) are 
coded in inertial coordinates. In this report we examine how this internal coordinate 
system is influenced by long lasting optokinetic stimulation (OKS). Two kinds of 
OKS were delivered before testing the QPs. First, OKS (6 deg/sec) was given in an 
orbital horizontal plane while the head of the rabbit was maintained in an earth 
horizontal orientation. Second, identical OKS was given in an orbital horizontal 
plane while the head was pitch “nose-up” by 35 deg. In this instance the optokinetic 
stimulus was also inclined at an angle of 35 deg with respect to earth horizontal. 
Thereafter, we measured the spatial orientation of QPs. The trajectories of QPs 
evoked by the first stimulus condition remained aligned with the earth-horizontal 
plane when the vertical rotation axis was pitched ±50° about earth horizontal with a 
gain = 1. Beyond this range, gain decreased to about 0.65 at ± 90°. Displacements of 
QP end points always exceeded those estimated by gain of the otolithic-ocular SPs. 
These data suggest that vestibular QPs are coded in inertial coordinates and that 
their reorientation within the orbit reflects an internal reference defined by gravity. 
In the second stimulus condition we examined QPs in rabbits in which OKS was 
delivered while the head was pitched “nose-up” by 35 deg. The resulting QPs had a 
non-earth horizontal trajectory, inclined by about 20° in the same direction as the 
previously-administered optokinetic stimulation. We interpret the change in 
orientation of the QPs away from earth horizontal as a result of a change in the 
internal inertial coded reference frame dependent on the orientation of the previous 
optokinetic stimulation in space. (Supported by MURST, CNR and EY04778).

660.4
ARE SEQUENCES OF OKN PARAMETERS RANDOM? P. Trillenberg1, C.
Gross2, M. Shelhamer*2,3 Depts. of Neurology1, Otolaryngology2 and Biomedical 
Engineering3, Johns Hopkins University School of Medicine, Baltimore, MD, 21287.

Optokinetic nystagmus (OKN) is elicited by the coherent rotation of a large visual 
surround. It is characterized by alternating slow eye movements following the target, 
and resetting fast phases in opposite direction to the movement of the surround. We 
sought to predict features of subsequent fast phases (timing, amplitude) from the 
preceding series of fast phases.

In three subjects, we elicited OKN by rotation of an optokinetic drum and by 
prolonged rotation of the subjects in a stationary visual surround at constant speeds 
between 10°/s and 607s. Horizontal eye movements were recorded with the search 
coil technique. Eye position at fast phase beginnings and endings, amplitude traveled 
during and between fast phases, the interval between adjacent fast phases, and the 
slow phase eye velocity were extracted. Thus, for each of these six parameters a 
sequence was obtained. For a given fast phase, the value of the parameter in question 
at following fast phases was predicted based on the sequence in the past. This was 
accomplished by time delay embedding and a local second order approximation of 
the resulting trajectories in state space. The quality of the prediction was assessed by 
the correlation coefficient of the predicted and the actual values. The result was 
compared with a randomized version of the sequence to assess the significance of the 
results.

To infer a nonlinear deterministic structure of the measured sequences, a decrease 
of predictability due to randomization should be demonstrated. This could be 
achieved for none of the parameters. High predictability was obtained for fast phase 
beginning and ending points. This resembles the behavior of random walks and is 
mediated only by linear dependencies. This suggests that stochastic modeling of 
OKN parameters is appropriate.

This work was supported by Deutsche Forschungsgemeinschaft (grant Tr 449/1 - 
1), NSF grant DBI-9630733, and the Whitaker Foundation.

660.5

ACQUIRED PENDULAR NYSTAGMUS IN MULTIPLE SCLEROSIS- 
RESPONSE TO CANNABIS

A.L.M. Pambakian,1* F. Schon,2 P.E. Hart,2 T.L. Hodgson1 and C. Kennard1.
'Division of Neuroscience, Imperial College School of Medicine, Charing Cross 
Campus, London W6 8RF; 2Deptartment of Neurology, Atkinson Morley's 
Hospital, London SW20 ONE.

Currently there is considerable debate regarding the potential therapeutic 
uses of cannabis in multiple sclerosis (MS). A few anecdotal case reports 
supporting its use for spasticity, tremor and bladder dysfunction exist, but 
objective evidence is lacking. Attempts to define its therapeutic benefits further 
are fraught with methodological and legal difficulties.

We report the case of a 52 year old gentleman with a 25 year histoiy of MS, 
who gave a three year history of continuous acquired pendular nystagmus 
(APN) with disabling oscillopsia. His symptoms failed to respond to maximal 
doses of baclofen, clonazepam and gabapentin.

The patient found that smoking cannabis caused a subjective improvement in 
his oscillopsia. To evaluate this effect objectively, we recorded his nystagmus 
oculographically, videotaped his eye-movements and measured blood 
cannabinoid levels while he smoked placebo cigarettes or those containing 
cannabis resin. The nystagmus had a frequency of 3 Hz and a peak to peak 
amplitude of 1.07°. We confirmed that the amplitude of his nystagmus 
progressively damped to insignificant levels which correlated with increasing 
blood cannabinoid levels (R2=0.92). His subjective improvement was reflected 
objectively by a measurable improvement in his visual acuity. We failed to 
achieve similar effects with oral nabilone or cannabis oil capsules.

We believe this to be the first report quantifying the beneficial effects of 
inhaled cannabis on APN in MS with acute changes in blood cannaboid levels.

Supported by the Wellcome Trust (Ref 037222)

660.6

EFFECTS OF SUSTAINED ECCENTRIC GAZE ON NICOTINE- 
INDUCED NYSTAGMUS IN HUMANS R. J. Tusa,2 V. E. Das? J. T. 
Somers,1 J. S. Stahl,1 J.-I. Kim,1 R. Bhidavasiri,1 R. L. Ruff,1* and R. J.
Leigh.1 ’VA Medical Center and Case Western Reserve Univ., Cleveland 
OH 44106; 2Bascom Palmer Eye Institute, University of Miami FL 33101.

We studied the effects of nicotine, administered via a skin patch and 
gum, on eye movements in 4 healthy subjects as they attempted to hold their 
gaze on a target that flashed for 20 msec every 2 sec in darkness. Subjects 
attempted to direct their gaze for 20-sec epochs at target locations at central 
position, up or down 25 deg, right or left 30 deg. Upbeating nystagmus, 
greatest in upgaze, and horizontal saccadic intrusions were produced, as 
previously reported by Sibony et al. (1990). In addition, horizontal gaze- 
evoked nystagmus developed. We examined the effects on the nystagmus 
as subjects returned their eyes to a central position after attempting to sustain 
each of the eccentric positions. After upgaze, upbeat nystagmus was 
transiently reduced or reversed (rebound nystagmus). After downgaze, 
nystagmus was transiently increased, a finding that would not be predicted 
if the main mechanism to null the nicotine-induced upbeat nystagmus was 
a reduction in the time constant of the ocular motor neural integrator. 
Conclusion: the “rebound” mechanism works independently of the neural 
integrator by adding a bias due to the sustained eccentric gaze position. Thus, 
rebound nystagmus appears to be superimposed on the upbeat nystagmus 
induced by nicotine.
Supported by NIH EY06717, Veterans Affairs, and Armington Fund.

660.7

TIMING AND METRICS OF SACCADIC RESPONSES TO FLASHED TARGETS 
DURING ONGOING VESTIBULAR NYSTAGMUS.
A.D. Van Beuzekom, M.M. Van Wanrooij and J.A.M. Van Gisbergen*
Dept. of Medical Physics and Biophysics, Univ. of Nijmegen, The Netherlands.

The generation of vestibular quick phases and of visually guided saccades in-
volves a common neural circuit at the brainstem level that controls both their 
timing and their metrics. Theoretically, if both inputs are activated, this arrange-
ment would allow fast eye movements whose timing and metrical properties reflect 
interactions between these oculomotor subsystems. To see whether such sensor 
fusion can actually be demonstrated, we recorded saccades to visual targets in 4 
subjects under concurrent vestibular stimulation. Horizontal rotatory and post-
rotatory vestibular nystagmus was elicited by yaw rotation (100 deg/s) with a 
square-wave velocity profile. Meanwhile, flashed visual targets were presented for 
20 ms either in the plane of the nystagmus (horizontal) or in the orthogonal di-
rection (vertical). Target amplitudes were chosen either within or clearly beyond 
the beating field of the nystagmus. In the control condition, visual targets were 
presented without vestibular stimulation. Analysis of the fast eye-movement end-
points as a function of time after target onset shows an abrupt transition from 
quick phases to visually guided saccades; no clear averaging effects were observed. 
Since the intervening nystagmus made the original retinal error signal obsolete, the 
question arises whether the saccadic system takes this later eye movement into 
account. We found clear evidence for at least partial compensation for intervening 
slow phases in all subjects. In the presence of nystagmus, visual saccade latencies 
were prolonged by up to 70 ms even when quick phases were in the same direction. 
Apparently, the oculomotor system is unable to gain time by reprogramming late 
quick phases to match the visual target and can only switch between a visual and 
a vestibular saccade mode.
Supported by ALW (NWO).

660.8
SPATIAL RELATIONS BETWEEN MACULO-OCULAR AND CANAL-OCULAR 
INNERVATION PATTERNS IN FROGS. M. Rohregger, N. Dieringer*. Dept. of 
Physiology, Univ. of Munich, 80336 Munchen, Germany.

We investigated the spatial vectors of the maximal activation direction (MAD) of 
responses in lateral rectus (LR), inferior rectus (IR) or inferior obliquus (IO) muscle 
nerves during linear or angular acceleration. From these data we calculated the orien-
tation and the width of macular sectors which initiated the signals during linear accel-
eration and compared the orientations of the MAD vectors of a given muscle nerve.

Decrebrated and immobilized frogs were oscillated in darkness either on a sled hori-
zontally or vertically (0.5 Hz ± 0.7g) or on a turntable about an earth-vertical axis (0.2 
Hz ± 107s). Before each test the static head position and/or the direction of linear 
acceleration re. gravity were altered systematically. Multiunit nerve responses were 
rectified and the calculated instantaneous firing rates were smoothed, averaged over 
many cycles and fitted with a sine function. MADs were calculated from minimal 
activation directions.

The horizontal component of the linear MAD for a given eye muscle was determined 
using horizontal linear acceleration. Vertical acceleration evoked minimal responses 
and ramp-like acceleration evoked responses that decreased with increasingly steeper 
ramp orientation. Therefore, these responses originated exclusively from fan-like sec-
tors on the contralateral utricular epithelium. Re. body length axis the symmetry axis 
of a fan had an angle of 70° for the LR, 65° for the IO, and 136° for the IR. Oscilla-
tions about an earth-vertical axis showed that the LR and the IO received inputs from 
the horizontal (HC) and anterior semicircular canal (AC) in a ratio of 80:20 (LR) and 
50:50 (IO), respectively. The IR, however, received its input mainly from the posterior 
semicircular canal (PC). This pattern of canal convergence is correlated with the ori-
entation of the fan axis on the utricle: eye muscles activated from the anterior part of 
the utricle (LR, IO) received canal inputs from the HC and AC, eye muscles activated 
from the posterior part of the utricle (IR) received canal inputs from the PC. 
Supported by the Deutsche Forschungsgemeinschaft, SFB 462
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660.9
THE ROLE OF THE PARAMEDIAN TRACT (PMT) 
NEURONS IN THE VERTICAL GAZE HOLDING AND 
VESTIBULAR BALANCE. K. Nakamagoe*, Y. Iwamoto and 
K. Yoshida. Dpt. of Physiology, Univ. of Tsukuba, Ibaraki 305- 
8575, Japan; CREST of JST

Cell groups in the PMT project to the flocculus and receive inputs 
from various premotor nuclei related to eye movements. We have 
shown that the PMT in the caudal pons in the cat contains many burst- 
tonic cells with an upward on-direction (up-BT cells) that receive 
excitatory input from the anterior canal. Moreover, muscimol 
injections into this region produced severe eye movement disorders in 
the vertical plane (1997, 1998 SFN). In the present study, nature of 
the oculomotor deficits was examined quantitatively. After muscimol 
injections, the vertical eye movements took a form of gaze-evoked 
nystagmus with exponentially decaying slow phases. The direction, 
time constant and null position were determined for each slow phase 
drift. The null position could vary widely depending on the initial eye 
position of the slow phase : the more downward the initial position, 
the less upward the null. For each of 7 injections, there was a linear 
relationship between the two parameters (p<0.0001). The range of 
stable eye positions without drift was consistently deviated upward 
from the primary position, so that the direction of the drift was nearly 
always upward. It thus appeared that the inactivation of up-BT cells 
induced not only a gaze-holding failure but also a vestibular imbalance 
with anterior canal dominance. These results are consistent with the 
suggestion that up-BT cells, via their projection to the flocculus, may 
contribute to the maintenance of the vestibular balance by suppressing 
vestibuloocular neurons that mediate anterior canal signals.

660.10
AN ANATOMICALLY RELEVANT IMPLEMENTATION OF THE 3-D 
OCULOMOTOR INTEGRATOR IN THE VOR G. Walter, H.L. Galiana*. 
Department of Biomedical Engineering, McGill University, Montreal, Canada, 
H3A 2B4

A bilateral three-dimensional model of the integrating stage of the vestibulo-
ocular reflex (VOR) is proposed. The model is an extension of the one-
dimensional horizontal model of Galiana and Outerbridge1, using a feedback 
neural filter in place of the feedforward integrator used in other 3-D models of 
the integrating stage2,3. The output is a motor command, a linear combination of 
the current eye position and eye velocity. Position is defined in terms of three 
variables that collapse to the standard one-dimensional variables for rotations 
about the yaw, pitch or roll axes from primary orientation. The model is 
implemented with rotation matrices and can account for the non-commutativity 
of rotations by either adjusting matrix gains in the feedforward path or by 
adding an extra position-dependent pathway to the feedback loop. The 
behaviour of the model is examined for various combinations of parameters, and 
under artificial lesion conditions. Relevant literature is reviewed to suggest 
possible anatomical sites for the various model stages and for cross-talk between 
the horizontal and vertical/torsional pathway components. In particular, the 
anatomical connections between the Interstitial Nucleus of Cajal and Prepositus 
Hypoglossi are investigated as possible sites for 3-D interactions, which could 
have implications for neurophysiological experiments.
Supported by a grant from the NSERC Canada.
1. Galiana, H.L., Outerbridge J.S. J. Neurophysiol. 51:210-241, 1984
2. SchnabolkC., Raphan T. J. Neurophysiol. 71:623-638, 1994
3. Tweed D., Vilis T. J. Neurophysiol. 58:832-849, 1987

660.11
HUMAN GAZE STABILIZATION DURING VOLUNTARY HEAD MOVEMENTS. 
W.P. Medendorp. J A M Van Gisbergen and C.C. A.M Gielen* Dept. of Medical 
Physics and Biophysics, University of Nijmegen, 6525 EZ Nijmegen, The Netherlands

Recently, we described natural head movements by specifying the orientation 
and the location of the head rotation axis. The location of this axis remains fixed 
between the ear canals for purely horizontal head movements. For vertical head 
movements, it shifts downwards with respect to the body for larger vertical head 
excursions. For optimal gaze stabilization the location of the rotation axis and its shift 
in vertical head movements should modulate the gain of the vestibulo-ocular reflex 
(VOR) on-line.

We have investigated the effect of head movements on gaze stabilization in 
man. Subjects made voluntary horizontal or vertical head movements (range 0.25-2Hz) 
in a darkened room while trying to fixate gaze on a target LED at straight-ahead 
(distance. 0.25-1.5m; visual condition), that disappeared after a fixed time interval 
(remembered target condition). Both head movements (OPTOTRAK) and 2D 
binocular eye movements (search coil technique) were measured.
The gain of the VOR (>1) was modulated with head position and increased with target 
proximity. For active head movements fixating a visual target VOR gain was closer to 
the optimal gain than during passive head movements. Also in the remembered target 
condition active head movements gave a better VOR-gain than passive movements.
We also found a phase lag of measured gaze relative to required gaze, which differed 
from the phase lag reported for passive head movements. This phase lag became 
smaller for more nearby targets (larger vergence angle). Moreover, the variability of 
relative phase was large in the remembered target condition and for targets at larger 
distances. The variability of relative phase became smaller for smaller target distances.

We conclude that gaze stabilization is much better during active voluntary head 
movements than during passive head movements, both with regard to VOR gain and 
VOR phase, both for visual and remembered targets. (Supported by University of 
Nijmegen)

660.12

THE TRANSLATIONAL VOR DETECTS AT SHORT LATENCY THE 
DIRECTION AND VELOCITY OF HEADING IN FOVEOCENTRIC (GAZE) 
COORDINATES. B.J.M. Hess?M.Q. McHenry and D.E. Angelaki, Dept. of 
Neurology, University Hospital, Zurich, Switzerland, Dept of Surgery 
(Otolaryngology), Univ. of Mississippi, Jackson, MS, USA.

Translational disturbances of the head generate short latency otolith-ocular reflexes 
that help to maintain binocular fixation on targets. In contrast to rotational motion, 
the visual consequences of an observer’s translation in space can only be 
compensated with respect to a restricted area of the visual field, presumably the 
fovea. We have measured the influence of gaze direction on the VOR in trained 
rhesus monkeys with the search coil technique during short transient forward or 
backward motions (± 3cm, 0.2 g peak accel, 12 cm/s peak vel) for 5 different 
heading directions (straight ahead ±15°, ± 30°). Prior to motion, the monkey fixated 
small target lights on a space-fixed isovergence screen (R =10 cm) at various 
horizontal or vertical eccentricities in an otherwise dark room.

Our results show that both right and left eye movements, and therefore also 
version, follow rather precisely the kinematically predicted characteristics based on 
perfect foveal stabilization of the targets. Thus both, eye velocity and eye movement 
direction mirror head velocity and heading direction as a function of prestimulus eye 
position as early as 30ms after motion onset. During backward motion, head velocity 
is underestimated for at least 80 ms of motion. Similarly, heading direction is poorly 
estimated during the first 30 to 50 ms into motion. In contrast to version, vergence 
eye movements are less well tuned to heading direction and velocity. We conclude 
that the translational VOR is strongly shaped by the velocity and direction of heading 
as a function of gaze direction and fixation in space. The data suggest that the 
translational VOR is optimized to provide nearly perfect gaze stabilization on the 
fovea at very short latencies.

Supported EY10851, EY12814 and SNF 31-47287.96

660.13

ROLE OF MUSCLE PULLEYS IN PRODUCING EYE POSITION-DEPENDENCE 
DURING HIGH VELOCITY HEAD ROTATIONS. M.J. Thurtell,1 R.A, Black? T. 
Raphan,2 M, Kunin2 and G.M. Halmagyi1*. 'Eye and Ear Research Unit, Royal Prince 
Alfred Hospital, Sydney, NSW 2050 Australia; department of Computer and 
Information Science, Brooklyn College of CUNY, Brooklyn, NY 11210 USA.

It is well established that the eye velocity axis systematically tilts away from the 
head velocity axis in a manner that is dependent on eye-in-head position. The 
mechanism responsible for producing these axis tilts is not well understood. In this 
study, the role of the rectus fibromuscular pulleys in producing eye velocity axis tilts 
during passive and active yaw head “impulses” was investigated using a model-based 
approach. The model incorporated a number of components, including semicircular 
canals, a commutative velocity-position integrator and an ocular motor plant with 
muscle pulleys. The pulleys were modeled so that they brought about a rotation of the 
torque axes of the extraocular muscles that was a fraction of the angle of eye deviation 
from primary position. The model input was head velocity and initial eye position data 
obtained from a previous experiment. Optimal pulley configuration was determined by 
comparing model predictions with data using a mean square error calculation.

For the active yaw head impulses, we found that the observed eye velocity axis tilts 
were best predicted when the pulley configuration was the same as that for saccades. 
For passive yaw head impulses, the axis tilts observed following an initial 50 ms 
period of axis alignment were also predicted. The initial period of axis alignment was 
predicted when the roll gain was modified in the central vestibular pathways. A roll 
gain modification increases retinal image stability, in contrast with previously 
suggested neural mechanisms that would cause decreased image stability. The findings 
suggest that the muscle pulleys play a critical role in bringing about the eye position- 
dependent eye velocity axis tilts. Preliminary data from passive roll head impulses is 
also presented. Initial head and eye velocity axis alignment was observed, regardless 
of eye position, supporting the previously reported finding for passive yaw impulses.

Supported by RPAH Dept. of Neurology Trustees, NIH grants EY 04148, DC 02384, 
and a grant from NASA through Cooperative Agreement NCC 9-58 with the NSBRI.

660.14
MINIMAL HEAD CONTRIBUTION TO LARGE VERTICAL GAZE SHIFTS IN 
RHESUS MONKEYS. Longtang L. Chen*, Neerai J. Gandhi & David L. Sparks. Div. 
of Neuroscience, Baylor College of Medicine, One Baylor Plaza, Houston TX 77030.

During "natural" gaze shifts in which no physical constraints are placed upon 
movements of the eyes or head, the latter may make a substantial contribution to large 
horizontal gaze shifts. The head contribution to the vertical component of the gaze 
shifts, however, is small. Furthermore, the total amplitude of horizontal head 
movements is approximately 80% of the horizontal target displacement (target re head) 
but the total vertical head movement is only 20% of the vertical target displacement. 
(Freedman and Sparks, 1997).

To further explore the role of head movements in the vertical dimension, we trained 
monkeys to'make gaze shifts along vertical and horizontal axes (for tasks, see Gandhi, 
Chen, and Sparks, this volume). Representative data, reported as mean±SD in degrees, 
are shown in the table. For comparable gaze amplitudes, horizontal head amplitudes 
and contributions for horizontal gaze shifts (column Hl) were larger than their vertical 
counterparts for vertical gaze shifts (column V). Furthermore, for similar head 
amplitudes, horizontal head contributions for horizontal gaze shifts (column H2) were 
nearly twice as large as the vertical contributions during the vertical movements 
(column V). Thus, during large gaze shifts, fhe head contributed substantially less to 
changes in the vertical direction of gaze, despite the increase in vertical head amplitude, 
than it contributed to changes in the horizontal direction.

V Hl H2
Gaze Amplitude 51.2±6.0 47.5±5.7 36.3±7.7
Head Amplitude 24.7±6.6 37.4±3.4 23.5±3.6

Head Contribution 2.0±0.9 8.6±1.8 3.9±1.1

(Supported by NIH grant EY01189 and 5-T32-EY07001-23)
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660.15
SYSTEMATIC CONTROL OF INITIAL POSITION OF EYES IN HEAD PRIOR 
TO HEAD-UNRESTRAINED GAZE SHIFTS. N. J. Gandhi*, L. L. Chen & D. L. 
Sparks. Division of Neuroscience, Baylor College of Medicine, Houston, TX 77030.

Is the activity of neurons that discharge before saccades in the head-restrained 
monkey coding for eye displacement or for a gaze displacement that is accomplished 
by an eye movement? If the head were free, would the activity correlate better with the 
ocular contribution, the head component or the eye-head coordinated gaze shift? 
These questions could be addressed by recording activity in oculomotor neurons 
during constant amplitude gaze shifts of various eye and head contributions, which can 
be achieved by controlling the initial eye position in head (IEPh). Head-unrestrained 
gaze shifts generated under "natural" conditions - by shifting the visual axis from one 
object to another - are usually initiated with the eyes nearly centered in the head, and 
many sessions and trials are required to collect data over an extended range of IEPh. 
Therefore, we have been developing behavioral methods for systematically varying the 
IEPh within a single session and are testing the rules governing eye-head coordination 
over an expanded range of IEPh.

Two rhesus monkeys were first trained to align the projection of a skull-mounted 
miniature laser diode with a red LED target presented on a tangent screen. The IEPh 
was then manipulated by requiring them to fixate a green LED spot without 
significantly compromising the head alignment. Next, a yellow LED was illuminated 
and, after a variable delay, the laser and the red and green LEDs were extinguished, 
cueing the onset of a head-unrestrained gaze shift. These movements were then 
compared with many "natural" gaze shifts evoked by orienting from one yellow LED 
to another. Preliminary analyses, limited to nearly horizontal gaze shifts only, indicate 
that the lawful relationships concerning the ratio of eye and head contributions and the 
main sequence properties of gaze shifts are similar for movements produced in both 
paradigms. Thus, our experimental approach may facilitate the study of the neural 
control of gaze shifts. (Research supported by NIH grants EY01189 & EY07001)

660.16

HEAD MOVEMENTS EVOKED BY MICROSTIMULATION OF 
MONKEY NUCLEUS RETICULARIS TEGMENTI PONTIS 
(NRTP). D.A, Suzuki*. K.F. Betelak, and R.P, Yee. Dept. of 
Ophthalmology, Indiana University, Indianapolis, IN 46202.

NRTP has been implicated in the control of eye and head gaze 
movements by the observations of gaze saccade and gaze pursuit related 
activities. In order to provide corroborative support for this NRTP 
role, we administered microstimulation to this region to see if head 
movements could be evoked.

Gaze shift-related neuronal activity was initially recorded from 
NRTP in order to identify the site to be targeted for stimulation. A 
monkey was trained to generate eye/head gaze saccades and gaze 
pursuit with the head free to rotate in the horizontal plane. Eye and 
head positions were monitored independently with a phase-angle type 
CNC coil system.

Robust head movements could be evoked by microstimulation 
delivered through the same microelectrode used for recording NRTP 
activity. The amplitudes of the evoked head movements were 
dependent upon stimulation frequency, intensity, and duration over the 
ranges 100-600 Hz, 15-70 pA, and 25-600 msec, respectively. A 
tentative observation, pending histological verification, is that the 
evoked head movements were predominantly ipsiversive. Response 
latencies appeared to be somewhat greater than those observed with 
microstimulation of the superior colliculus. This would be consistent 
with NRTP effects mediated via a path through the cerebellum.

The results provide further support for the notion that NRTP is 
involved with the regulation of a variety of motor behaviors that now 
must be expanded to include head movements. Support; grant EY09082

660.17

THREE-DIMENSIONAL GAZE MOVEMENTS EVOKED BY 
PASSIVE ROTATION OF CATS. M. Hudoba, J D. Crawford and
L. R. Harris* Centre for Vision Research, York University, Toronto, 
Ontario, Canada, M3 J 1P3.

Stabilizing the gaze during self motion is achieved by a combination 
of eye and head movements. Traditionally ocular stabilizing reflexes 
have been investigated with the head fixed on the body but under 
natural circumstances both the head and the eyes are able to 
contribute to the cancelling of vestibularly- or visually-detected 
disturbances. We determined the relative contribution of eye and head 
movement to the compensatory response to passive rotation at 
different frequencies and around different axes. Pairs of scleral search 
coils were implanted in one eye and fixed on the head of two adult 
cats to record eye and head movements in three dimensions. The cats 
were oscillated sinusoidally (0.025-0.8 Hz; peak velocity 30-60 d/s) 
round their yaw, pitch or roll axes, with their head free or fixed, in the 
dark or in a field of moving dots projected from a planetarium onto a 
surrounding screen. When the head was free, movement of the head 
accounted for approximately 80% of the compensatory gaze response. 
The relative percentage eye and head contribution to gaze remained 
roughly constant over the frequency range tested. We conclude that 
the brain does not generate eye or head movements in response to 
threats to gaze stability but rather generates a gaze signal.
Supported by NSERC (Canada) and CRESTech.(Ontario)

660.18

STIMULATION OF THE INTERSTITIAL NUCLEUS OF CAJAL (INC) 
PRODUCES TORSIONAL AND VERTICAL HEAD ROTATIONS IN FICK 
COORDINATES. E, M. Klier*. H. Wang and J. D. Crawford. Centre for Vision 
Research and Depts. of Biology and Psychology, York University, Toronto, Canada.

The INC has been shown to be the neural integrator for vertical and torsional eye 
position and to operate in Listing’s coordinates (Crawford et al. 1991; Crawford 
1994). However, the INC is also thought to be involved in head movements 
(Fukushima 1987; King et al. 1981), which obey a Fick strategy (Crawford et al. 
1999). Our goal was to determine (1) if the INC acts as a neural integrator for the 
head, and (2) if it uses the same Fick coordinates as observed in head behavior.

The INC was identified, in one monkey, by recording oculomotor burst and burst- 
tonic activity. 177 sites were stimulated using tungsten microelectrodes with pulse 
trains (20 or 50 pA, 200 Hz.) of 300 ms., while the monkey made natural head-free 
gaze shifts in the dark and in dim light. Three-dimensional (3-D) positions of the 
left eye and head were recorded with search coils.

Stimulations elicited mainly torsional head movements (torsional > vertical > 
horizontal). Clockwise head rotations were generated when stimulating the right 
INC, while counterclockwise rotations were made with left INC stimulation. This 
division of directional control was identical to the region’s control of eye movements. 
The head typically corrected its induced deviation immediately following the 
stimulation. Occasionally though, the head held its final orientation until the 
subsequent gaze shift, as though the stimulus had been integrated. Angular velocities 
of the head, describing the axes of rotation, indicated that the induced torsional 
rotations occurred about head-fixed, naso-occipital axes. This was reminiscent of the 
torsional axis in a Fick coordinate system, like that observed in head behavior.

These findings suggest that the INC may provide a neurally integrated signal for 3- 
D head posture similar to its role in oculomotor control, but organized in Fick 
coordinates. Supported by MRC Canada, MRC scholar and NSERC student grants.

660.19

3-D GAZE CONTROL AND HEAD POSTURE DEFICITS DURING 
REVERSIBLE INACTIVATION OF THE PRIMATE INTERSTITIAL NUCLEUS 
OF CAJAL (INC). H.Wang, E.M.Klier and J.D.Crawford* Centre for Vision 
Research, Depts. Psychology & Biology, York Univ.,Toronto, ON., Canada

The mesencephalic INC is part of the neural integrator for vertical and torsional 
components of eye position (Crawford et al. 1991; Crawford &Vilis 1992). Our goal 
was to investigate whether the INC region is also a similar neural integrator for 
head position (Fukushima 1987; King et al. 1981). 3-D head and eye orientations 
were recorded with search coils in one monkey. The INC region was identified as 
described in our companion poster (Klier et al.). 0.3 p.1 of 0.05% muscimol was 
injected in 11 sites of the INC and surrounding region (head free, initially in 
complete darkness). This produced immediate or gradually developing deficits in 
gaze holding and head posture depending on the proximity of the injection to the 
INC. Head posture rolled torsionally 10-45°, similar to the symptoms of torticollis-. 
clockwise during left INC inactivation and countclockwise during right INC 
inactivation. The amount of head tilt depended on the sites of the inactivation, with 
severe head tilt occurring in sites closer to the INC. Inactivation of the INC also 
produced a deficit in the holding of head position at some injection sites, i.e. the 
head drifted torsionally at an exponential rate between head movements. The 
direction of this drift was similar to that of the head tilt and the direction of 
accompanying ocular drift (Crawford et al. 1991). Head oscillations (~5Hz) were 
also observed during inactivation of the INC, especially in vertical components. No 
obvious deficit in horizontal or vertical head velocity was observed. Taken together 
with the stimulation results (see companion poster), these results suggest that the 
INC might play a role in head posture similar to its role in the oculomotor system. 
For example, the experimentally induced torticollis could be due to a bilateral 
imbalance in activity within the integrator for torsional head posture. This may 
provide a neural bases for human torticollis. Supported by NfRC Canada

660.20

REAL-TIME TORSIONAL EYE POSITION CALCULATION FROM VIDEO 
IMAGES D. Zhu1*, S.T. Moore1' 2, T. Raphan1’ 2 ‘CIS, Brooklyn College, NY 
11210,2 Dept of Neurol., Mt. Sinai Sch. of Med., NY.

Video-based systems for measuring torsional eye position have traditionally used 
cross-correlation to match two iral signatures sampled from circular arcs centered on 
the pupil. We have developed a new technique that utilizes spatial domain template 
matching of iral signatures obtained from annuli associated with two video images. A 
“city-block” distance metric is used to determine relative torsional eye position. The 
complexity is linearly related to the number of points in the signature and is 
considerably smaller than the cross-correlation based algorithm. Comeal reflections 
are also readily removed before signatures are matched with each other. The 
algorithm for determining torsion is as follows: (1) A reference image is acquired 
when the subject looks straight ahead. The pupil center is then computed using a 
partial ellipse fit (Zhu et al. 1999) and radii of the pupil and iris are determined. (2) 
The user places a sampling annulus on the iris relative to the pupil center. Pixels 
located within this annulus are sampled, enhanced using histogram equalization, and 
stored. (3) To determine 3D eye orientation, an image is acquired and yaw and pitch 
eye position determined from the pupil center. (4) A sampling annulus is placed on 
the iris at a radial position and with width dependent on pupil and iral radii (elastic 
model). Annulus eccentricity is adjusted according to the yaw and pitch eye position 
(“geometric compensation”, Moore et al. 1996). The iral signature, comprising 
samples from the annulus, is enhanced using histogram equalization. (5)‘ Comeal 
reflections and other artifacts are removed from the signatures. (6) Relative torsional 
eye position is determined using template matching of signatures from the reference 
and the acquired eye images. As torsional eye movement from consecutive images is 
small, the template matching computation is restricted to a limited range (typically 
±3°) about the torsional position calculated from the previous eye image. This system 
is capable of calculating 3D eye orientation in real time at a rate of 60 fps.
Support: EY 04148, DC 03284, NY State HEAT grant, PSC-CUNY 664230.
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661.1
PROJECTIONS FROM THE SUPERIOR COLLICULUS TO THE PONTINE 
RETICULAR FORMATION IN THE CAT.
B, Plaziac, D, Boire, D, Guitton* and M. Ptito School of Optometry University of 
Montreal, Montreal Neurological Institute, McGill University

The Superior Colliculus (SC) is recognized as an important structure for the control 
of saccadic eye movements and attentive fixation. A group of neurons responding 
during attentive fixation was discovered in its rostrolateral pole (Murioz & Guitton, J. 
Neurophysiol., 1991, 66:1624-1641). It is well known that the intermediate layers of SC 
project via the contralateral predorsal bundle (PDB) to the paramedian pontine reticular 
formation (PPRF) where they are linked to excitatory and/or inhibitory burst neurons 
(EBN, IBN) and/or omnipause neurons (OPN). The aim of this study is to compare 
projections from rostral SC regions to gradually more caudal ones on the PPRF and 
OPN in the cat. Normal adult cats received a single unilateral injection of 5% biocytin 
in Tris buffer (pH) in the intermediate layers of the rostrolateral and caudal portions of 
SC. After a 60-hours survival period, the animals were transcardially perfused and the 
brains were prepared for visualization of biocytin. We counted the number of labelled 
terminals in the OPN region (just rostral and medial to the nucleus abducens) and the 
PPRF. Preliminary results show that both rostral and caudal injections led to labelled 
terminals into the PPRF and OPN. The proportion of terminals was superior in OPN 
following rostral injections. These results suggest that the rostral SC sends a stronger 
projection to the OPN than the caudal SC and are in agreement with previous studies in 
the monkey reporting a rostro-caudal gradient of SC projection to saccadic promotor 
and omnipause neurons of the pons. Neurons in the intermediate layers of SC project 
more strongly to the PPRF whereas fixation neurons located in the rostrolateral pole of 
SC terminate on OPN

Supported by NSERC (Canada) and MRC (Canada).

661.2
NEURONAL NITRIC OXIDE AFFECTS EYE MOVEMENTS BY FACILITATION 
OF VESTIBULAR GABAERGIC INPUTS TO THE PREPOSITUS HYPOGLOSSI 
NUCLEUS. M. Escudero*, B. Moreno-L6pez and C. Estrada. Lab. de Neurociencia, 
Univ. de Sevilla, Sevilla and Area de Fisiologia, Univ. de Cddiz, Cadiz, Spain.

A balanced production of nitric oxide (NO) by prepositus hypoglossi (PH) neurons 
is necessary for the normal performance of horizontal eye movements1. In the PH 
nucleus, NO participates in the processing of eye velocity signals by a retrograde 
action on soluble guanylyl cyclase -containing afferent fibers2. The purpose of this 
work was to identify the origin and neurochemical nature of these nitric oxide targets. 
Horizontal eye movements were recorded in alert cats before and after unilateral 
injections in the rostral PH nucleus of either the NO synthase (NOS) inhibitor L- 
NAME, the glutamatergic receptor blockers AVP or NBQX, the GABAergic 
antagonist bicuculline, or the glycinergic antagonist strychnine. Both bicuculline and 
strychnine, but not glutamatergic antagonists, mimicked the effect of NOS inhibition, 
this is, they produced velocity imbalances in a direction contralateral to the injection 
side during spontaneous and vestibularly induced eye movements. These results 
suggested that NO acts by facilitating an inhibitory input to the PH nucleus. To further 
identify such an input, two cats were injected unilaterally with a fluorescent retrograde 
tracer (fast blue) in the PH nucleus, and five days later they were perfused with 
fixative, inmediately after administration of the NO donor sodium nitroprusside, to 
increase the concentration of NO-dependent cGMP. Coronal brain stem sections were 
processed for cGMP and glutamate decarboxilase (GAD) immunohistochemistry. 
Neurons containing fast blue and cGMP were found in the ipsilateral medial vestibular 
nucleus. These neurons were also positive for GAD. In conclusion, NO produced by 
PH neurons modulates horizontal eye movements by facilitating gabaergic inputs from 
the ipsilateral medial vestibular nucleus.
1 Moreno-L6pez et al., Neuron 17: 739-745, 1996.
2 Moreno-L6pez et al., J. Neuroscience 18: 10672-10679, 1998.
Funded by grant 97/2054from the Fondo de Investigation Sanitaria, Spain

661.3

ORGANIZATION OF CEREBELLAR PROJECTIONS TO THE 
NUCLEUS RETICULARIS TEGMENTI PONTIS (RTP) IN THE 
MACAQUE MONKEY. G.B, Stanton? Dept. of Anatomy, Howard 
Univ. College of Med., Washington, DC 20059.

Projections to RTP were studied in 11 macaque monkeys by mapping 
anterograde degeneration from lesions centered in the dentate and 
interpositus anterior (IA) nuclei or, by mapping anterograde transport 
of tritiated amino acid precursors injected into the dentate nucleus.

Projections from the dentate and IA nuclei overlap in central parts of 
the body of RTP but the terminal field of dentate axons extends 
dorsomedial and rostral to the terminal field of IA axons. A caudal to 
rostral topography of projections from each nucleus onto dorsal to 
ventral parts of RTP was seen. Projections from rostral parts of both 
nuclei terminate in ventrolateral parts RTP including a sublemniscal 
part. The caudorostral maps of dentate and IA projections onto RTP 
correlate to maps, derived from these cases previously (Stanton, 1980), 
of dentate projections onto rostromedial to lateral parts of VL and 
medial to lateral parts of RNpc, and IA projections onto central to 
lateral VL and medial to lateral RNmc. Projections to the paramedian 
part of RTP from vestibular area y were also found in two cases.

The results suggest that dentate and IA projections onto central to 
ventrolateral RTP are somatotopically organized and overlap a 
somatotopic input to RTP from Ml cortex. Projections from caudal and 
ventral parts of the dentate nucleus probably overlap oculomotor inputs 
to dorsomedial RTP from the frontal and supplementary eye fields, the 
superior colliculus and the oculomotor region of the caudal fastigial 
nucleus. By these connections, the dentate nucleus may influence 
saccadic, smooth pursuit, and vestibulo-oculomotor eye movements.

661.4

RETROGRADE TRANSNEURONAL LABELING WITH RABIES VIRUS 
OF HORIZONTAL EYE MOVEMENT CIRCUITS IN PRIMATES.
W. Graf*1, F. Kian? and G. Ugolini2. ’Lab. Physiol. Percep. Action, CNRS - 
College de France, 75231 Paris Cedex 05, France, 2Lab. de Genetique des 
Virus, CNRS, 91198 Gif-sur-Yvette, France.

We present the first application of the rabies retrograde transneuronal 
tracing method (Ugolini, 1995, J. Comp. Neurol 356: 457) to the study of the 
primate oculomotor system. The kinetics of transfer of the rabies virus tracer 
(CVS strain) was studied immunohistochemically at sequential intervals 
following injection into the left lateral rectus muscle of macaque monkeys. 
Retrograde transneuronal transfer from lateral rectus motoneurons was time- 
dependent. At three days, transfer had already progressed across two or three 
synapses as indicated by the labeling obtained in vestibulo-ocular reflex 
circuits (vestibular nuclei, Scarpa’s ganglion and cerebellar flocculus, where 
labeling showed a zonal organization) and saccadic systems (dorsal 
paragigantocellular and pontine paramedian reticular formation, raphe 
interpositus [burst and pause neurons], deep tectal layers [saccade-related 
burst neurons]). Longer times points (5.5 days) provided visualization of 
higher-order neurons (e.g., in the dorsal cap of Kooy of the inferior olive, the 
frontal eye fields, vestibular cortex [parieto-insular vestibular cortex-PIVC], 
parietal cortical areas involved in self-movement perception [ventral 
intraparietal area-VIP], structures involved in navigation such as post- 
subiculum, hippocampus and posterior cingulate gyrus). The results illustrate 
the high potential of the rabies method for delineating the neuronal networks 
involved in spatial-temporal coordination of eye movements in primates. 
Detailed analysis, to be presented elsewhere, will be carried out conjointly 
with other partners within the framework of a European Union contract 
supporting this study (BIO4-CT98-0546).

661.5
COMBINED HEAD AND EYE MOVEMENTS EVOKED BY 
MICROSTIMULATION OF THE PRIMATE MESENCEPHALIC RETICULAR 
FORMATION (MRF). V. L. Silakov, D. M. Waitzman*, and S. R. DePalma. Univ 
of Conn Health Ctr, Dept of Neurol, Farmington, CT 06030

Previous reports have demonstrated that electrical microstimulation (MCS) of the 
ventral-caudal portion of the primate MRF (cMRF) can evoke goal-directed saccades 
(Waitzman et al. Soc, Neurosci. Abst., 1998). We now demonstrate that activation of 
different portions of the cMRF produces different goals. Initial position (IP) of the 
eyes was varied by 10° steps. MCS was applied using bipolar pulse trains (30-120 pA, 
333 Hz) of 10 to 150 ms duration through tungsten microelectrodes. Head and eye 
movements were recorded using coils implanted coronally in the head and eye (i.e., 
2D recording). In the head fixed monkey, sites in the medial portion of the cMRF 
produced contraversive eye movement (EM) only when the IP of the eyes was 
directed toward the far ipsiversive portion of the oculomotor range. No EM was 
elicited when the IP was near the center of the oculomotor range. Stimulation in the 
mid portion of the cMRF elicited centering saccades, with contraversive movements 
elicited when the IP was on the ipsiversive side and ipsiversive movements elicited 
when the eyes were on the contraversive side. Activation of the lateral portions of the 
cMRF produced goal-directed movements toward a contraversive goal which was 
either above, below or on the horizontal meridian. When the head was released, 
activation of similar cMRF sites elicited goal-directed head and eye movements which 
when vectorially summed generated fixed-vector contraversive, gaze movements. In 
addition, muscimol inactivation of the cMRF in head-fixed monkeys produces a shift 
of IP to the ipsiversive side. When the head is released, this shift is replaced by a 
contraversive head tilt. Considered together, these data suggest that the cMRF 
directly participates in the generation of coordinated head and eye movements 
possibly by modulation of a gaze feedback signal of “eye position relative to head”. 

Supported by NIH Research Grant EY 09481.

661.6

3D structure of the reticular saccade generator in the 
monkey. K Hepp, JH Cabungcal, M Duersteler*, BJM Hess, H 
Scherberger, D Straumann, Y Suzuki, J Van Postal, V Henn, Neurology 
Dept., CH 8091 Zurich.
The reticular (RET) burst generator in the monkey is, for saccadic and 
fast phase input, functionally placed between the superior colliculus 
(SC) and the vestibular nuclei, and the motoneurons (MN). The on- 
directions of saccadic burst neurons in the SC are in Listing’s 
coordinates horizontal (hbr)-vertical (ver) (Van Opstal et al. 1991), 
those of the vertical-torsional MN are more torsional (tor) than those of 
the anterior and posterior SCC (Suzuki et al. 1999). We have analyzed 
over 200 reticular short lead burst neurons (SBN) during saccades and 
3D fast phases. Their on-directions cluster around those of the MN. In 
the riMLF they are ver-tor (Vilis et al 1988), and in the PPRF either hor- 
tor or ver-tor. Rate of change of eye rotation vectors v= dr/dt is better 
encoded than eye angular velocity w = 2(v+rxv), and this is highly 
significant for the many SBN with almost torsional on-directions. We 
conclude that the hor-ver decomposition of the 2D saccadic input from 
SC is complete in RET, and that RET has a distributed representation of 
the 3D fast phases in hor-tor and ver-tor populations, similar to the MN 
pools. This permits the velocity-to-position integrator to be linear from v 
to r for saccades, and can implement a non-linear transformation from w 
to r for fast phases of the VOR.
Supported by Swiss National Science Foundation #31-40484.94
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661.7
CONTROL OF SACCADIC REACTION TIME BY PEDUNCULOPONTINE 
TEGMENTAL NUCLEUS NEURONS IN MONKEYS. Y. Kohavashi1*. M. 
Yamamoto1. T. Isa1 and H, Aizawa1'2. ^ept. of Integrative Physiol., National 
Institute for Physiological Sciences, Okazaki, 444-8585, Japan, 2Dept. of 
Physiol., School of Medicine, Hirosaki University, Hirosaki, 036-8562, Japan.

The pedunculopontine tegmental nucleus (PPTN) is known as a major source 
of acetylcholinergic input to the superior colliculus (SC). We studied the single 
unit activity of PPTN neurons in three Japanese monkeys (Macaca fuscata) 
during visually guided saccade tasks and analyzed the activity of PPTN neurons 
in relation to saccade initiation. Monkeys were trained to make two types of 
visually guided saccade paradigms 1) with 170 ms time gap between the fixation 
point offset and appearance of saccadic target and 2) without time gap. One 
subset of PPTN cells showed gradually increasing activity during gap period and 
phasic burst activity preceding saccade execution. These cells might be involved 
in execution of saccade. Another subset of PPN cells showed tonic discharge at 
several tens of spikes/s during active fixation and pause during execution of 
saccade. During gap period the discharge rate gradually decreased. These cells 
might be related to fixation or suppression of saccade. We analyzed how 
saccadic reaction time varied with changes in activity during gap period on a 
trial-by-trial basis. A small population of cells showd significant correlation. 
The absolute values of the correlation coefficient were much smaller than those 
of the SC build up cells. Furthermore, a proportion of these neurons exhibited 
burst activity with latency about 100 ms after reward or phasic and tonic 
increase in activity related to fixation point onset with latency about 70 ms. 
These results suggest that PPTN neurons may be involved in both ongoing 
control of saccade and reinforcement processes. Supported by grants from 
Ministry of Education, Science and Culture of Japan and CREST, JST, Japan.

661.8
MONOCULARLY TUNED DISCHARGE DYNAMICS OF ABDUCENS AND 
BRAINSTEM INHIBITORY BURST NEURONS DURING DISJUNCTIVE 
SACCADES, Pierre A. Svlvestre* and Kathleen E. Cullen, A.M.R.U., Department of 
Physiology, McGill University, Montreal, Quebec, Canada.

Brainstem excitatory burst neurons have classically been thought to encode conju-
gate eye movements during saccades. However, a recent study has shown that the 
number of spikes generated by these neurons during disjunctive saccades is often better 
correlated with the motion of one eye than with conjugate eye motion (Zhou and King, 
1998). We further addressed the issue of monocular control during disjunctive sac-
cades by characterizing the discharge dynamics of isolated primate abducens neurons 
(ABNs) and brainstem premotor inhibitory burst neurons (IBNs). The firing rate of each 
neuron was first modeled as a function of eye motion during conjugate saccades 
(ABNs: Sylvestre and Cullen, 1998; IBNs: Cullen and Guitton, 1997). We then selected 
disjunctive saccades and determined whether a neuron's discharge could be best pre-
dicted by a left eye, right eye or conjugate eye movement based model.

The discharge dynamics of 40% of the ABNs we analyzed were predominantly cor-
related with movements of the ipsilateral eye only. The remaining ABNs exhibited 
levels of binocularity (defined as the relative importance of each eye in predicting the 
firing rate) ranging from highly ipsilateral to weakly contralateral eye preferences; 
only 10% of the ABNs in our sample had their firing rate equally correlated with both 
eyes (conjugate). In contrast, of the 40% of the IBNs in our sample which exhibited 
monocularly tuned discharge patterns, the majority (75%) favored the contralateral 
eye. The remaining IBNs encoded binocular information; half of these units showed 
significant preferences for the contralateral eye. Interestingly, a metric analysis using 
the number of spikes generated during saccades yielded results relative to the units' 
preferred eye that were generally, but not always, in agreement with the results based 
on the analysis of the neurons' dynamics (80% overall compatibility). We conclude 
that the present data strongly argue in favor of a shared brainstem circuitry for the 
premotor and motor control of conjugate and disjunctive saccade dynamics. (Funded 
by the NSERC and the MRC of Canada)

661.9

DISCHARGE CHARACTERISTICS OF ABDUCENS NEURONS IN THE ALERT 
CAT AFTER AFFERENT SYNAPTIC BLOCKADE WITH TETANUS TOXIN. D. 
Gonzalcz-Forcro1, F. Alvarez2, RR, de la Cruz1. J.M, Delgado-Garcia1 and A, M,
Pastor 'Lab. dc Ncurocicncia, Universidad de Sevilla, 41012-Sevilla, Spain, and 
2Dcpt. of Anatomy, Wright State University, Dayton, Ohio, 45435.

Tetanus toxin (TcTX) acts transynaptically cleaving synaptobrevin thus 
blocking afferent synaptic transmission. We studied the firing patterns and synaptic 
coverage of abduccns motoneurons (MNs) and internuclcar neurons (INTs) after 5 
ng/Kg TcTX injection into the lateral rectus muscle. Cats were implanted for 
chronic recordings with stimulating electrodes on the Vlth cranial nerve and the 
medial longitudinal fascicle to identify MNs and INTs respectively, and with scleral 
search coils to record eye movements. By 5 days post-treatment, MNs showed 
dramatic changes in their firing since the majority fired at a low (~ 40 Hz), 
unmodulated, tonic rale independent of eye movements. They showed reduced 
bursts for on-directed saccades and produced no pauses during off-directed saccades. 
Sensitivities to eye position and velocity decreased more than 80% during the first 2 
weeks but no signs of tetanic firing were observed in the oculomotor system. The 
time course of effects lasted for about one month after which MNs resumed to 
normal firing. Strikingly, INTs showed similar changes in their discharge 
characteristics. We performed a parallel immunofluorescence study against 
gephyrin, a glycine receptor clustering protein. At 7 days, MNs, identified by their 
immunoreactivity to CGRP, showed a decrease of 55.8% in the density of gephyrin 
clusters. As expected, the cluster density also decreased by 47.8% in INTs identified 
by their immunoreactivity against calretinin. These results indicate that TeTX 
transiently blocks not only inhibitory but also excitatory signals arriving to the 
abduccns nucleus thus leading to afferent bouton remodelling. The effects observed 
in INTs might occur transynaptically through shared affcrcnts with MNs. 
(Supported by PB93-1175 and SAF96-0160).

661.10

TWO TYPES OF SACCADE RELATED BURST NEURONS 
IN THE VENTROLATERAL POSTERIOR INTERPOSITUS 
NUCLEUS OF THE MONKEY CEREBELLUM. FJR.
Robinson*, A.F. Fuchs, and C.T. Noto. Dept. of Biol. Struct., Dept. of 
Physiol, and Biophys., Regional Primate Research Ctr., Univ. of 
Washington, Seattle, WA 98195-7420.

The cerebellum strongly influences eye movements. Two 
regions of the cerebellum contain cells that discharge a burst of 
action potentials during saccades, the caudal fastigial nuclei (CFN) 
and the ventrolateral posterior interpositus nuclei (VPIN). The role 
of the CFN has been studied and modeled, but that of the VPIN 
is still obscure. To clarify the VPIN’s function we recorded from 35 
VPIN neurons during targeting saccades in 5 trained monkeys.

All VPIN cells fired a burst of spikes for saccades in most 
directions, but fell into two categories. H burst neurons (HBNs, 
n=14) reached their peak frequency during horizontal eye 
movements and V burst neurons (VBNs, n=22) during vertical 
eye movements. We tested 15 cells for blink responses (HBN, 
n=3; VBN, n=12). All HB neurons, but only one VB neuron 
responded to blinks.

Most cells in both groups exhibited their earliest burst start for 
downward saccades (HBN, 9 of 14; VBN, 12 of 22) and fired 
heir longest bursts for upward saccades (HBN, 9 of 14; VBN, 
;3of 22).

We conclude that the VPIN contains two populations of 
saccade-related burst neurons. We propose that VBNs influence 
vertical movements of the eye and that HBNs influence saccade- 
related movements of the lid. Support: EY10578, EY00745.

661.11

SACCADIC OVERSHOOT FOLLOWING FASTIGIAL NUCLEUS 
INACTIVATION DEPENDS ON RETINAL ERROR IN MONKEY. 
Y. Iwamoto*. Dpt. of Physiol., Inst. Basic Med. Sci., Univ. of 
Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8575, Japan; 
CREST of JST

It is known that the caudal fastigial nucleus, or fastigial oculomotor 
region (FOR), is important in generating saccades of correct size. 
Inactivation of primate FOR leads to a saccadic dysmetria (Robinson 
et al. 1993). A later study using head-free cats (Goffart and Pelisson 
1998) has shown that hypermetria of ipsiversive gaze shifts is 
characterized by a "constant error" that does not depend on retinal 
error. We reexamined the effect of FOR inactivation in the primate, 
focusing on the nature of hypermetria. So far, data were obtained 
from two muscimol injections in one head-fixed monkey.

The FOR was identified by the presence of saccade-related burst 
neurons. Unilateral FOR injection resulted in hypermetria of 
ipsiversive saccades but no clear fixation offset. When saccades 
made to a fixed target were compared, their end points varied with 
their starting positions. There was a linear relationship between 
horizontal end position error (overshoot) and horizontal initial retinal 
error. In both injections, regression lines had a slope of -0.7 with an 
intercept of -2 °. For a given horizontal retinal error, horizontal 
overshoot tended to increase with the size of vertical retinal error. 
These preliminary results suggest that the mechanism by which 
primate FOR ensures accurate saccades may be different from that for 
gaze shifts in the cat. The direct FOR projection to contralateral IBNs 
may be important in the monkey. Supported by Grant from MESCJ.

661.12

SACCADE-RELATED RESPONSES OF MOST POSTERIOR VERMAL 
PURKINJE CELLS DO NOT DEPEND ON THE STARTING POSITION OF 
THE EYES
R. Haas, P. Thier and P.W. Dicke (SPON: European Neuroscience Association).
Sektion fur Visuelle Sensomotorik, Neurologische Universitatsklinik, D-72076 
Tubingen, Germany

The forces moving the eyes depend on eye position and eye velocity. For instance, 
saccadic eye movements have to overcome counteracting position-dependent elastic 
forces when moving centrifugally, while, on the other hand, benefitting from the 
centripetally directed elastic forces when returning to the primary position. Based on 
anectodal observations it has been suggested that saccade-related Purkinje-cells (PC) 
in the posterior vermis of the cerebellum (PV) might feed an eye position dependent 
signal into the brainstem centers for saccades, used to compensate for the eye position 
dependent forces driving saccades. In order to clarify if saccade-related PCs of rhesus 
monkeys offer the signals required, we studied their eye position dependency. In one 
experiment, we compared saccade-related bursts elicited by centrifugal (cf) and 
centripetal (cp) saccades of the same direction and amplitude, recorded from the PV 
of 2 rhesus monkeys. Notwithstanding occasional individual differences between 
responses to cf and cp saccades, we could not find a consistent preference for either 
type of saccade at the population level (n=l 7). In another experiment, we quantified 
PC bursts evoked by saccades of fixed amplitude in the cell's preferred direction for 9 
starting positions, spread out evenly on a 20°x20° grid centered on the straight ahead 
position. Out of 59 saccade-related PCs recorded from 2 monkeys, only 6 showed a 
significant dependence of the mean number of spikes in the saccade-related bursts on 
the starting position of the eyes as determined by a Kruskall-Wallis-ANOVA 
(p<0.05). For none of these 6 PCs was the dependence linear (2-dimensional 
regression analysis). Furthermore, only 5 out of the 59 PCs showed a significant 
effect of the starting position of the eyes on burst duration or burst onset latency. 
These findings are obviously at odds with the view that individual PC deliver a signal 
suitable to compensate for the eye position dependency of the forces driving saccades.
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661.13
EYE MOVEMENTS IN LURCHER MICE. AM van Alphen1, CI De Zeeuw1, and JS 
Stahl2*. *Dept. of Anatomy, Erasmus University, Rotterdam, The Netherlands. 2Dept. 
of Neurology, Case Western Reserve University, Cleveland, OH 44106.

Interest in mouse ocular motility is increasing, since this animal is the experimental 
model through which the genetics of the ocular motor system will be explored. We 
have applied an improved magnetic search coil technique to study compensatory eye 
movements in the lurcher mouse, a spontaneous mutant in which all cerebellar Pur-
kinje and some inferior olive cells degenerate as the animal matures. Optokinetic re-
sponse (OKR), vestibulo-ocular reflex (VOR), and visually enhanced VOR (WOR) 
were studied in the frequency range 0.1-1.0 Hz, using 0-peak amplitudes of 2, 5 and 
10°. Search coil recordings were performed using a 1 mm diameter coil, implanted 
subconjunctivally anterior to the insertion of the lateral rectus. VOR responses de-
pended upon both stimulus frequency and amplitude. At 0.6 Hz, increasing stimulus 
amplitude from 5° to 10° reduced eye re head phase lead from 31+5.3° to 24±5.6° 
(n=3), while gain increased from 0.24±0.06 to 0.30±0.09. At all stimulus frequencies, 
VOR gain of lurcher mice exceeded that of a normal strain (C57BL/6). At 1 Hz 10° 
amp, for example, respective gains were 0.6±0.17 (n=3) and 0.41±0.13 (n=l 1). How-
ever, OKR gains of lurcher mice were relatively depressed - 0.6±0.12 vs. 0.7±0.13 for 
stimulus velocities below 8°/s. A deficient OKR is expected as optokinetic signals are 
relayed via the cerebellum. Extra-cerebellar pathways are apparently able to support 
an OKR, but do not achieve normal performance. WOR performance in lurchers was 
normal. Phase re head was close to 0 and the respective gains of lurchers and normals 
were close - 0.68±0.12 vs. 0.61+0.16 at 1 Hz. The pattern of WOR, VOR, and OKR 
gains would be explained if VOR gain had been augmented to compensate for the 
deficient OKR gain. Thus normal performance in the light (the most behaviorally 
relevant condition) was achieved despite abnormal optokinetic circuitry. In addition, it 
would appear that this compensated state can be achieved, or at least maintained, 
despite die lurcher’s cerebellar degeneration. Supported by ALW-NWO 805-33.313-P 
(AMVA and CIDZ) and NIH EY-00356 (JSS)

661.14

INTERPOSITUS AND MAGNOCELLULAR RED NUCLEUS
DISCHARGE IN MONKEY DURING REACHING TO GRASP. P.L.E. van 
Kan,* D.L. Jacobsen, C.J. Boyce and M.L, McCurdy. Dept. Kinesiology, 
Univ. Wisconsin, Madison, Wl 53706-1532.

Intermediate cerebellum influences movements most directly through the 
pathway from nucleus interpositus (NI) via magnocellular red nucleus (RNm) 
to spinal circuitry. Both NI and RNm forelimb neurons fire consistently and 
at high rates during reaching to grasp. The objective of the present study was 
to compare discharge properties of interpositus and RNm neurons recorded 
under the same experimental conditions and in the same animals in order to 
evaluate information processing along the interpositorubrospinal pathway.

We recorded single-unit discharge while monkeys performed reaching 
movements that differed in two aspects: hand and finger involvement and 
reach angle. NI and RNm neurons were similar in that 1) discharge 
modulations were larger and more common for reaches with hand 
involvement versus without hand involvement, and 2) differences in 
discharge modulation for reaches to different spatial locations were small. NI 
and RNm neurons differed in that 1) more RNm neurons modulated discharge 
during use of a device that evoked reaches without a grasp, 2) diversity of NI 
discharge patterns was greater, and 3) some NI neurons located posteriorly in 
the nucleus were tonically active during limb elevation. Individual NI neurons 
may be active during only a subset of conditions that activate a given RNm 
neuron. The more uniform discharge patterns and larger device-related 
discharge modulations of RNm neurons may result from the extensive 
convergence of many NI neurons onto individual RNm neurons. Supported 
by NIH NS24042.

DOPAMINE AND DA RECEPTORS II

662.1
ZIF268 EXPRESSION INDUCED BY A LOW DOSE OF ETICLOPRIDE IS 
DEPENDENT ON NMDA RECEPTORS. A.C, Adams' and K.A. Keefe. Dept. of 
Pharmacology and Toxicology, Univ. of Utah, Salt Lake City, UT 84112.

Immediate early genes (IEGs), markers of synaptic activation, are induced by 
different signal transduction pathways. Upon D2 DA receptor blockade, PKA is 
activated, leading to phosphorylation of CREB and subsequent transcription of IEGs. 
PKA also phosphorylates the NMDA receptor, resulting in calcium influx, CamKII 
activation, and Ca2+-dependent CREB phosphorylation. Rajadhyaksha et al. (1998) 
propose that the degree of PKA activation determines whether IEG induction is 
dependent on NMDA receptor activation. Previous studies in our lab indicate that 
IEG induction in striatum in response to a high dose of the D2 antagonist eticlopride 
(1.0 mg/kg, i.p.) is dependent on NMDA receptor activation in the medial, but not in 
the lateral striatum. To test the hypothesis that this independence from NMDA 
receptors is due to greater tevels of activation in the lateral striatum, we examined the 
effect of NMDA antagonists on IEG expression induced by a lower dose of 
eticlopride. Eticlopride (0.5 mg/kg, i.p.) was given to male Sprague-Dawley rats 30 
min after administration of MK-801 (1 mg/kg, i.p.) or CGS 19755 (10 mg/kg, i.p.). 
Rats were sacrificed 40 min later. Zif268 was examined using in situ hybridization 
histochemistry. Previous dose-response studies in our lab indicate that this dose of 
eticlopride produced less IEG induction than did the 1 mg/kg dose. Eticlopride (0.5 
mg/kg) induced zif268 throughout striatum, with highest levels laterally. MK-801 
and CGS 19755 completely blocked eticlopride-induced zif268 expression in both 
medial and lateral striatum. These results support previous work suggesting that the 
signalling pathways involved in IEG expression vary depending on the levels of 
neuronal activation. (Supported by NS 35579).

662.3

EXPRESSION OF NMDA RECEPTOR SUBUNITS IN IDENTIFIED 
STRIATAL EFFERENT NEURONS AFTER UNILATERAL DOPAMINE 
DEPLETION. A, Ganguly*. K.A. Keefe. Dept. of Pharmacology & Toxicology, 
University of Utah, Salt Lake City, UT 84112.

Striatal efferent neurons receive both dopamine- and glutamate-utilizing afferents. 
NMDA receptor binding is elevated in patients with Parkinson’s disease, as well as 
in striata of animals with dopamine (DA) depletions. Previous studies have shown 
that DA depletion increases gene expression in striatopallidal neurons, while 
decreasing it in striatonigral neurons. Thus, DA depletion may also oppositely 
affect expression of NMDA receptor subunits in these two populations of striatal 
efferent neurons. The purpose of our study was to determine whether DA depletion 
differentially alters the expression of NR2a and NR2b subunits of the NMDA 
receptor in striatopallidal and striatonigral neurons. Depletion of striatal DA was 
accomplished by infusing 6-hydroxydopamine (6-OHDA, 8 pg/2 pL) unilaterally 
into the medial forebrain bundle. Rats were sacrificed three weeks later. Brains 
were removed and processed for double-label in situ hybridization histochemistry, 
using an “S-labeled riboprobe directed against the mRNAs of the NR2a or NR2b 
subunit along with a digoxigenin-labeled riboprobe directed towards enkephalin 
mRNA. All 6-OHDA-treated animals included in the analysis had a greater than 
90% loss of tyrosine hydroxylase mRNA in the substantia nigra pars compacta. 
Analysis of film autoradiograms revealed an increase in the expression of the NR2a 
receptor subunit and no change in the expression of the NR2b receptor subunit in 
the DA-depleted striatum, consistent with previous reports. Preliminary data from 
cellular analysis of NR2a subunit expression indicate that there is an increase in the 
expression of this subunit in both striatonigral and striatopallidal neurons. These 
preliminary findings suggest that the subunit composition of the NMDA receptor 
changes as a consequence of DA depletion. The extent to which NR2b subunit 
expression may be differentially affected remains to be determined. (Supported by 
NS 35579 and the University of Utah).

662.2
DIFFERENTIAL REGULATION OF L-DOPA-INDUCED STRIATAL
IMMEDIATE EARLY GENE EXPRESSION BY NMDA RECEPTOR
antagonists . K,A- aqd A-C, Adams2.
’Cognetix, Inc., Salt Lake City, UT; 2Dept. of Pharmacology and Toxicology, Univ. 
of Utah, Salt Lake City, UT 84112.

Conantokins are a novel class of peptides from Conus snails that are NMDA 
antagonists. Previous behavioral data demonstrate that Conantokin-G (Con-G) and 
Conantokin-T(G) (Con-T(G)) potentiate contralateral rotation induced by L-Dopa in 6- 
hydroxydopamine (6-OHDA)-treated rats. This study examined the effects of Con-G, 
Con-T(G), CGS 19755, and ifenprodil on L-Dopa-induced immediate early gene (IEG) 
expression in 6-OHDA-treated rats. Male Sprague-Dawley rats received unilateral 
infusions of 6-OHDA (8 p.g/2 pL) into the medial forebrain bundle. Three weeks 
later, an NMDA antagonist (2 pL) was infused into the lateral ventricle. Benserazide 
(25 mg/kg, i.p.) was given 15 min before and L-Dopa (4 mg/kg, i.p.) 15 min after the 
NMDA antagonist infusion. Rats were sacrificed 2 hrs after the L-Dopa injection. In 
situ hybridization histochemistry was used to examine expression of the IEG, zif268. 
Con-G (0.05-5.0 mM) and ifenprodil (0.5-12.5 mM), NR2b-selective antagonists, had 
no effect on L-Dopa-induced striatal zif268 expression in 6-OHDA-treated rats, 
whereas the non-selective antagonist CGS 19755 (22.4-224 pM) slightly attenuated 
zif268 expression, although the results were not statistically significant. Similarly, 
Con-T(G) (0.5-5 mM) slightly attenuated L-Dopa-induced expression of zif268 in 
striatum, reaching statistical significance at the highest dose. Previous behavioral data 
do not demonstrate an NMDA receptor subunit selective response since Con-G, Con- 
T(G), and CGS 19755 potentiate L-Dopa-induced contralateral rotation, whereas 
ifenprodil does not. Together, the results indicate that zif268 expression and 
contralateral rotation in 6-OHDA-treated rats do not correspond. The selectivity of 
Con-T(G) has not yet been determined; however, the data indicate that NR2b-selective 
antagonists have no effect on L-Dopa-induced striatal IEG expression whereas non- 
selective antagonists attenuate the expression.
(Supported by Cognetix, Inc. and NS 35579).

662.4
STRIATAL CONSEQUENCES OF PARTIAL DOPAMINE LESION: CHANGES 
IN DOPAMINERGIC FIBER MORPHOLOGY, DEGENERATION, AND 
PREPROENKEPHALIN (PPE) EXPRESSION. D.D. Song1*. R.C. Switzer in4, 
J.L, Fudge2 3, and S.N, Haber 12. Depts. of Neurology1, Neurobiology and 
Anatomy , and Psychiatry3. Univ. of Rochester Medical Center, Rochester, N.Y., 
14642; and NeuroScience Associates4, Knoxville, TN, 37922.

Treatment of nonhuman primates with MPTP causes a loss of tyrosine hydroxylase 
(TH) immunoreactive (IR) fibers, degeneration of dopaminergic nigrostriatal afferents, 
and an increase in PPE mRNA expression in the striatum. We examined the 
relationships of these three events in the striatum after different degrees of MPTP 
lesion. Four macaques were treated chronically with a low dose of MPTP 
(0.15mg/kg three times a week) until there was a clinically detectable parkinsonian 
deficit. Sections of the striatum were processed for TH immunohistochemistry, 
silver degeneration staining, and PPE in situ hybridization.

In normal controls, the predominant TH-IR fiber type was the fine fibers that 
branch and innervate all striatal regions (Type I). Fibers with a longer, straighter, and 
thicker appearance were found scattered throughout the striatum (Type H). In the 
ventral striatum only, short, twisted, very thick fibers were occasionally found (Type 
III). After MPTP treatment, Type I fibers were reduced. This was most severe 
dorsolaterally and caudally. The ventral striatum was relatively spared. In severely 
affected animals, Type II and Type III fibers became very prominent both dorsally and 
ventrally. Silver stained fibers also increased in severely affected animals. Double 
labeling studies for TH-IR and silver degeneration showed that many of the Type II 
and Type HI fibers were singly labeled for TH only. Increases in PPE expression 
were seen in the dorsolateral striatum, corresponding to striatal regions nearly devoid 
of Type I fibers.

These results indicate that the large diameter Type II and III fibers that increase in 
prominence after MPTP treatment are not degenerative. They may indicate a 
compensatory response to the loss of dopaminergic innervation. Also, increased PPE 
expression was correlated to near complete loss of small diameter Type I fibers. 
(Supported by NS22511 to S.N.H and the Lucille P. Markey Charitable Trust)
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662.5
POSTNATAL DEVELOPMENT OF THE EXCITATORY POSTSYNAPTIC 
CURRENTS IN NUCLEUS ACCUMBENS NEURONS AND THEIR 
MODULATION BY DOPAMINE.
L.M. Zhang and R.A. Warren*. Centre de recherche F.-Seguin and Dept. of 
Psychiatry, University of Montreal, Montreal, Canada, H1N 3V2.

Neurodevelopmental abnormalities leading to an imbalance between subcortical 
glutamatergic and dopaminergic neurotransmission have been proposed as a part of 
schizophrenia pathohysiology. We have used in vitro whole-cell recording technique 
to investigate the postnatal development of excitatory postsynaptic currents (EPSCs) 
and their modulation by dopamine (DA) in nucleus accumbens (nAcb) neurons.

In neurons from animals aged 0 to 5 days (P0-P5), postsynaptic currents (PSCs) 
evoked by local electrical stimulation were completely blocked by the NMDA receptor 
antagonist APV (50«M) whereas at later ages PSCs were sensitive to both NMDA and 
non-NMDA (CNQX 20/xM) receptor antagonists as well as to the GABAa  receptor 
antagonist bicuculline methiodide 10 //M. The contribution of NMDA receptor to the 
EPSC decreased progressively after the first postnatal week and around the end of the 
4th postnatal week, the EPSC was almost entirely mediated by non-NMDA receptor.

Dopamine (50 ptM) depressed completely the EPSC in neurons from P0-P5 animals 
and, after the first postnatal week, it reduced both NMDA and non-NMDA 
components but the former was reduced by 72% whereas the latter by only 3 3%. The 
effects of DA could be mimicked by the D, receptor agonist SKF 38393 and the D, 
receptor antagonist SCH 23390 (1-5 mM) produced an increase in the EPSC by itself
but could only partially block the effects of DA.

The present results show that NMDA receptor activation significantly contributes 
to the EPSC in nAcb neurons during early postnatal life and that the NMDA media-
ted EPSC is specifically modulated by DA in part through D, receptor activation.

Supported by the National Science and Engineering Research Council of Canada 
and Fonds de la recherche en sante du Quebec.

662.6
MONOAMINE REGULATION OF NUCLEUS ACCUMBENS CELL 
FIRING IN VIVO. J.M. Greene*, N. Pabello, and P. O’Donnell. Departments 
of Pharmacology & Neuroscience, and Neurology, Albany Medical College, 
Albany, NY 12208.

Atypical antipsychotic drugs are clinically effective in the treatment of 
schizophrenia without causing extrapyramidal side effects. These drugs 
antagonize not only D2-like dopamine (DA) receptors, but also the serotonin 
2A (5HT2a ) receptors. Although the actions of DA within the basal ganglia 
have been extensively studied, the interactions between DA and 5HT remain 
unclear. In this study, we decided to assess the role of these afferent systems 
in the response of nucleus accumbens neurons to cortical stimulation. The 
ventral tegmental area (VTA, source of DA) or the dorsal raphe (source of 
5HT) was stimulated while in vivo intracellular or extracellular recordings 
were performed in the nucleus accumbens neurons of male rats anesthetized 
with chloral hydrate. Intracellular recordings showed that the amplitude of 
EPSPs elicited in response to cortical stimulation was reduced following a 
train of stimuli delivered to the VTA (from 8.9 + 2.8 mV to 6.8 ± 2.2 mV; 
n=4, p<0.04). Furthermore, stimulation of the VTA in extracellular recordings 
decreased the probability of firing in response to cortical stimulation in some, 
but not all, cases. Preliminary extracellular recordings indicate that 
stimulation of the dorsal raphe decreases the overall firing rate but not the 
probability of response to cortical stimulation. These results suggest that 
nucleus accumbens neurons response to PFC inputs may be modulated 
differently by dopamine and serotonin. Supported by MH57683.

662.7

FENFLURAMINE-INDUCED INCREASE IN PREPROENKEPHALIN 
mRNA LEVELS IN THE STRIATUM. INTERACTION BETWEEN THE 
SEROTONERGIC, GLUTAMATERGIC AND DOPAMINERGIC SYSTEMS.
J.L. Labandeira-Garcfa*. I, Liste, A. Munoz and J. Rodrfguez. Dept. of 
Morphological Sciences, Faculty of Medicine, Univ. of Santiago de 
Compostela, Spain.

Fenfluramine (FE) is a halogenated amphetamine derivative that has been 
used in the treatment of obesity. It has been suggested that the effects of FE on 
the striatum are mediated by serotonergic mechanisms. However, several major 
afferent systems may be involved, and administration of FE may be an useful to 
study interactions between these systems. In this work, the effects of FE on 
striatopallidal neurons and the possible involvement of the major striatal afferent 
systems were studied in rats by determination of FE-induced changes in striatal 
levels of preproenkephalin (PPE) mRNA, using in situ hybridization. Injection 
of FE induced a significant increase (60% increase) in striatal levels of PPE 
mRNA. This increase was blocked by pretreatment with the DI dopamine 
receptor antagonist SCH-23390 or with the NMDA glutamate receptor 
antagonist MK-801, or by lesion of the serotonergic system with 5,7- 
dihydroxytryptamine or p-chlorophenylalanine. In 6-hydroxydopamine lesioned 
rats, the lesion-induced increase in PPE mRNA levels was not affected by 
injection of FE, but was reduced by simultaneous serotonergic deafferentation. 
The results suggest that the serotonergic, glutamatergic and dopaminergic 
system interact to increase striatal PPE mRNA levels after FE administration. 
Supported by CICYT and XUGA.

662.8

COORDINATED REGULATION OF DOPAMINE SIGNALING MOLECULES 
EXPRESSION BY RETINOIC ACID IN THE DEVELOPING STRIATUM. LLE 
Wang1. T.-W. Wang1 andF.-C. Liu1,2*, 'institute of Neuroscience and department 
of Life Science, National Yang-Ming University, Taipei, Taiwan 11221, RO C.

Dopamine, a major neurotransmitter in the striatum, is important for the 
psychomotor fimction of tlie brain. Despite its importance for neurologic function, 
the issue of how the dopamine system is set up in the striatum during development 
remains elusive. Our previous study lias shown that retinoic acid (RA), a well known 
morphogen, can up-regulate dopamine and adenosine 3':5'-monophosphate- 
regulated phosphoprotein (DARPP-32) at the protein level in striatal cell culture 
(Liu et al., 1998). We report in the present study that RA lias ontogenic influence in 
tlie striatum on expression of a set of molecules that are involved in dopamine signal 
transduction. We cultured embryonic day 15 explants of lateral ganglionic eminence 
(striatal primordium) in chemically defined medium in the presence of all-Zrms RA 
(1 pM) or 9-cis RA (1 pM) for 1-3 days in vitro. The ribonuclease protection assay 
was carried out to quantitate the striatal mRNA levels of dopamine DI receptor, the 
striatum-enriched type V adenylyl cyclase (ACst ) and DARPP-32. Our results show 
that both ati-trans and 9-cis RA significantly increased DI receptor mRNA in 
striatal explants by 2.1-fold. Both RA agonists also enhanced ACST mRNA by 1.8- 
fold. For DARPP-32, all-trara RA increased the mRNA level by 2.0-fold while 9-cis 
RA increased by 3.2-fold. Like tlie DI dopamine receptor, ACsr and DARPP-32 are 
striatum-enriched molecules that are involved in neuronal transduction of dopamine 
signals. Our study suggests that activation of RA signaling pathways may initiate 
signaling cascades that coordinately set up tlie dopamine system in tlie striatum 
during development. We thank Dr. J.F. Grippo for providing 9-cis RA. Supported by 
National Health Research Institutes grant DOH88-HR-736. Taiwan. R.O.C. and 
NIHR01 HD28341.

662.9

ACTIVATION OF D2 DOPAMINE RECEPTORS DECREASES L-TYPE CA2* 
CURRENTS IN STRIATAL MEDIUM SPINY NEURONS. Salvador Hernandez, 
Michelle Day and D. James Surmeier* Department of Physiology/NUIN, 
Nothwestem University Medical School, Chicago, II 60611.

D2 dopamine receptors are widely thought to inhibit the activity of striatal me-
dium spiny neurons. Yet, there is very little electrophysiological evidence for this 
proposition. In an effort to fill this gap, the impact of D2 receptor activation on 
voltage-dependent Ca2+ currents was studied with whole cell voltage clamp tech-
niques.

D2 receptor agonists reversibly decreased Ba2* currents through calcium chan-
nels. This reduction was mediated in part by a reduction in N-type Ca2* currents, 
as expected from other studies. However, a major component of the modulation 
was of L-type Ca2* currents, as judged by its sensitivity to nifedipine. To better 
study this aspect of the modulation, tail currents through BayK 8644-enhanced 
L-type channels were examined. Both quinpirole and NPA reduced this slow tail 
current in 40% of the cells recorded. Single cell RT-PCR experiments consis-
tently showed that responsive neurons expressed enkephalin mRNA, a marker 
of D2 receptor expression. The effect was blocked by the D2 antagonist sulpiride 
and exposure to the G^ protein alkylating agent N-ethylmaleimide. The modula-
tion of the L-type current by D2 agonists was also abolished by dialysis with high 
concentrations of BAPTA or the calcineurin autoinhibitor peptide. It was also oc-
cluded by caffeine, suggesting that D2 receptor activation reduced L-type cur-
rents by mobilizing intracellular Ca2* and activating calcineurin (protein phos-
phatase 2B).

These results suggest that D2 receptor suppression of L-type Ca2* currents in 
medium spiny neurons may serve to suppress activity in the up-state.

This work was supported by NIH NINDS Grants NS 34696.

662.10

DOPAMINE D2 ANTAGONISTS INDUCE FOS EXPRESSION IN 
GLOBUS PALLIDUS BY ACTING AT NON-STRIATAL DOPAMINE 
RECEPTORS.
J.F. Marshall* and B.L. Henry. Department of Neurobioiogy and Behavior, 
University of California, Irvine. Irvine, CA 92697-4550.

D2 antagonists have been shown to activate neurons in the striatum and 
globus pallidus, inducing expression of the immediate-early gene c-fos in both 
nuclei of the rat basal ganglia. This finding is difficult to reconcile with recent 
research indicating that striatal D2 receptors are located on striatopallidal 
neurons that send inhibitory projections to the globus pallidus. D2 agonists are 
thought to induce pallidal Fos by inhibiting striatopallidal neurons, thus 
disinhibiting the globus pallidus, but the location of D2 receptors involved in 
D2 antagonist-induced Fos in the pallidum is unknown. These experiments 
explore whether striatal D2 receptors mediate this effect. The D2 antagonist 
sulpiride was infused into the rat striatum and the resulting effects on striatal 
and pallidal Fos immunoreactivity were examined. R-(-)-sulpiride (10 ng - 1 
Ug /1 ul) caused a dose-dependent increase in striatal Fos, but did not induce 
any significant amount of pallidal Fos expression. The less active S-(+)- 
sulpiride enantiomer induced significantly less striatal Fos compared with the 
active isomer and did not induce any pallidal Fos. In contrast, intrastriatal 
infusions of the DI agonist fenoldepam (10 ug) combined with the D2 agonist 
quinpirole (30 ug) induced significant levels of Fos in both the globus 
pallidus and striatum. These data suggest that D2 antagonist-induced Fos in 
the globus pallidus is not mediated by D2-class dopamine receptors in the 
striatum.
(Supported by NINDS grants NS22698 and NS33670).
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662.11
INDUCTION OF C-FOS mRNA EXPRESSION IN MOUSE STRIATUM 
AFTER TREATMENT WITH THE D2 RECEPTOR ANTAGONIST 
ETICLOPRIDE. B.S, Spektor. S.M, Solano, Z.R. Hollingsworth, N.L. 
Peters, P.W, Miller, A.B, Young and R. Luthi-Carter* Department of 
Neurology, Massachusetts General Hospital, Boston, MA 02114.

Subpopulations of medium spiny GABAergic neurons of the striatum are 
differentially affected in basal ganglia disorders, such as Huntington’s disease 
(HD). In HD, D2 receptor-containing cells are lost earlier and to a greater extent 
than medium spiny cells expressing substance P and DI receptors. Also, D2 
receptor expression is diminished per se in animal models and human cases of 
HD prior to the onset of disease symptoms. The D2 family of dopamine 
receptors (comprised of D2, D3, and D4 subtypes) is negatively coupled to 
adenylyl cyclase. In the present study, we administered doses of 0, 0.2, 0.5, 1.0 
mg/kg of the D2 family antagonist eticlopride to normal male mice and 
examined the resultant pattern of striatal activation by observing the induction 
of cfos mRNA expression 30 minutes post-injection. Using in situ 
hybridization histochemistry, we see that stimulation of c-fos expression occurs 
thoughout the caudate-putamen in a dose-dependent fashion. The spatial 
distribution of c-fos expression in the caudate-putamen demonstrates variation, 
showing a rostrocaudal gradient in coronal sections at the level of Bregma 0 
mm to - 2.2 mm with rostral sections showing higher overall expression. Also, 
in sections from Bregma 0 mm to -0.5 mm we observe higher expression 
dorsolaterally than ventromedially. Future studies will compare the spatial 
differences in c-fos expression following stimulation of D2- versus DI receptor- 
containing medium spiny striatal neurons.

This work was supported by grants from the Hereditary Disease Foundation, 
Huntington's Disease Society of America and National Institiute for Neurologic 
Disorders and Stroke.

662.12

GLOBUS PALLIDUS PREPROENKEPHALIN mRNA-CONTAINING NEURONS 
EXPRESS FOS PROTEIN AFTER DOPAMINE D2 RECEPTOR ANTAGONIST, 
BUT NOT D1/D2 AGONIST, TREATMENT. B.R, Hoover* and J.F, Marshall. 
Depart, of Neurobiology and Behavior, Univ. of California, Irvine, CA 92697-4550.

The rodent globus pallidus (GP) contains anatomically, chemically, and 
electrophysiologically distinct neuron populations. Studies of immediate early gene 
expression in the GP suggest that some of these subpopulations are influenced in 
distinct ways by dopamine. For example, one population of GP neurons increases its 
expression of Fos, the protein product of the immediate early gene c-fos, following 
systemic administration of a D2 receptor antagonist. These neurons are 
pallidostriatal cells that do not express parvalbumin immunoreactivity (PV-IR). 
Recently, we reported (Hoover & Marshall, Neurosci. Lett., in press) that a subset of 
GP neurons containing preproenkephalin (PPE) mRNA also lack PV-IR and often 
project to the striatum, suggesting that the GP neurons expressing Fos after systemic 
D2 antagonist treatment may correspond to the PPE mRNA-containing GP neurons.

The present study examines the correspondence between GP neurons that contain 
PPE mRNA and those that express Fos after either D2 antagonist treatment 
(eticlopride, 1 mg/kg, s.c.) or combined treatment with DI and D2 agonists (SKF 
38393, 20 mg/kg, i.p.; quinpirole, 3 mg/kg, i.p.). Combining PPE mRNA in situ 
hybridization with Fos immunocytochemistry, we observed that more than 70% of 
the D2 antagonist-activated GP cells contained PPE mRNA, while the D1/D2 
agonist-activated cells rarely did.

The present results suggest that PPE mRNA is a reliable chemical marker 
identifying GP neurons that are sensitive to D2 antagonist treatment. Experiments 
are being conducted to determine whether this population corresponds to the GP D2 
mRNA-containing cells. Furthermore, the data support a growing body of evidence 
suggesting that dopamine heterogeneously influences distinct GP neuron 
populations. Supported by NRSA grant MH 14599-22 and NINDS grants NS 22698 
and NS 33670.

662.13
ACUTE IMMEDIATE-EARLY GENE RESPONSE TO 6- 
HYDROXYDOPAMINE LESIONS OF THE MEDIAL FOREBRAIN BUNDLE.
J.J. Schuller* and J.F. Marshall. Dept. of Neurobiology and Behavior, University 
of California, Irvine, CA 92697-4550.

Although the long-term neurobiological and behavioral effects of nigrostriatal 
lesions are well characterized, the events occurring soon after die lesions are not. 
These acute events may provide insight into the mechanisms underlying long-term 
adaptations to nigrostriatal lesions. The present experiments examined the basal 
ganglia immediate-early gene (IEG) response to 6-hydroxydopamine (6-OHDA) 
lesions of the nigrostriatal pathway in rats. Following 6-OHDA infusions into the 
medial forebrain bundle (MFB) in awake, behaving rats, there was a rapid and 
transient induction of striatal c-fos and zi/268 mRNA. Both IEGs were 
maximally induced by 45 minutes post-lesion, and returned to control levels by
1.5 hours {cfos} or 3 hours (zi)7268) post-lesion. Double-labeling experiments 
revealed that striatal c-fos expression occurred preferentially in preproenkephalin 
(PPE)-expressing neurons. 6-OHDA-induced cfos mRNA was also observed in 
foe substantia nigra, pars reticulata (SNr) and entopeduncular nucleus (EP), but 
not foe globus pallidus (GP), 45 minutes after MFB 6-OHDA infusions. Finally, 
foe role of striatal glutamate (Glu) receptors in nigrostriatal injury-induced striatal 
cfos was examined by combining MFB 6-OHDA infusions with intrastriatal Glu 
antagonist infusions. Both the non-NMDA antagonist DNQX and foe NMDA 
antagonist CPP blocked striatal induction of cfos mRNA following 6-OHDA 
lesions of the MFB. These results provide evidence of rapidly-developing, Glu- 
dependent molecular responses in foe basal ganglia which may underlie some of 
foe well-described long term adaptations of this system to nigrostriatal injury. 
Supported by PHS grant NS22698.

662.14

THERE IS A LOSS OF SYNAPSES ONTO D1-FMMUNOPOSITIVE AND D1- 
IMMUNONEGATIVE TARGETS IN THE DORSAL NEOSTRIATUM OF THE RAT 
AFTER UNILATERAL 6-HYDROXYDOPAMINE LESION OF THE MEDIAN 
FOREBRAIN BUNDLE. A.F.Sherinq, S.H.Hood, P.Taqqart, A.K.Wriqht, 
G.W.Arbuthnott, and C.A, Ingham*. Dept of Preclinical Veterinary Sciences, Royal 
(Dick) School of Veterinary Studies, The University of Edinburgh, Summerhall, 
Edinburgh, EH9 1QH.

Dopamine denervation has been shown to result in a loss of dendritic spines and a 
loss of asymmetric synapses in the dorsal neostriatum of the rat (Ingham,C.A. et al., 
J.Neurosci. 18:4732-4743,1998). In this study, unbiased, design-based, stereological 
methods have been used to estimate the numbers of synapses onto D1- 
immunostained targets and non-immunostained targets in the contralateral and 
ipsilateral neostriatum of rats with a unilateral dopamine denervation.

Adult rats received a unilateral injection of 6-hydroxydopamine (6-OHDA) into either 
the left or right median forebrain bundle. Four weeks later the animals were perfused 
transcardially with mixed aldehydes, the brain removed and vibratomed. Sections 
were then immunostained for the D1 dopamine receptor and flat embedded in 
Durcupan resin. Serial electron microscope (EM) sections were cut at 90° to the 
original plane to optimise immunolabelling in the sample area. The numerical density 
of synapses with immunolabelled and non-immunolabelled targets on the lesioned 
and control sides were estimated.

There is a reduction in the numerical density of synapses onto D1-immunolabelled 
and non-immunolabelled targets. These results suggest that in this model of 
Parkinsonian neuropathology there is a similar reduction in synapses onto D1 and 
non-D1 targets. Anatomically there is no obvious bias towards loss of synapses onto 
neurones that project either directly or indirectly through the basal ganglia.
The Wellcome Trust supported this work.

BASAL GANGLIA: ELECTROPHYSIOLOGY

663.1

SELECTIVE VULNERABILITY OF EXTERNAL PALLiDUS IN MANGANESE- 
TREATED RATS. F. Lavaroni.2 A. StefaniJ>2 N. BerrettaJ*. F. Spadoni.2 M. 
Morello G, Sancesario, 2 and G. Bemardi 2, * IRCCS S. Lucia, Via Ardeatina 306 
00179; 2 Dept. Neuroscience, Univ. di Tor Vergata, Via di Tor Vergata 135, 00133, 
Rome Italy.
Manganese intoxication may lead to extrapyramidal syndromes resembling 
Parkinson’s disease or dystonia. Manganese primarily damages external pallidus (GP), 
whilst relatively spares the nigrostriatal dopaminergic pathway. Putative impairment 
of mytochondrial oxidative phosphorylation underlies manganese-related 
encephalopathy. Electrophysiological hallmarks of GP progressive damage are, at 
present, unknown.
We have studied a rodent model of manganism through daily dietary intake (20 
mg/Kg). Biochemical, morphological and behavioral parameters were evaluated at 
different times of treatment (2, 3, 4 months) . When toxic accumulation of the the 
transition metal had been unambiguously assessed, rats were sacrificed and GP and 
striatal neurons freshly isolated, in order to analyze voltage-gated calcium currents 
and glutamate responses. Patch-clamp recordings were utilized in both conventional 
whole-cell and perforated-path mode (amphoterycin). Each population was compared 
to control animals (of the same age). Even in absence of a clear morphological 
neuronal damage, at 3-4 months of treatment, GP neurons manifested a peculiar lack 
of resistivity to our usual enzymatic/mechanic procedure of dissociation. GP cell 
neurodegeneration and death, in fact, was significant in comparison with untreated 
“old” GP and striata.
Basic properties of Ca2+ currents were not modified in manganese-intoxicated GP 
neurons, although an intriguing reduction of facilitation was observed. More 
consistently, the sequential delivery of glutamate applications (100-500 pM) was 
followed by increasing peak cationic currents finally resulting in non-reversible 
membrane depolarization and death. These findings suggest the involvement of 
excitotoxicity in a rodent model of manganism.

663.2

THE EFFECTS OF MU-OPIOID ON THE MEMBRANE POTENTIAL AND 
GABAERGIC TRANSMISSION OF RAT GLOBUS PALLIDUS NEURONS.
M, Ogura* and H, Kita. Dept. of Anatomy and Neurobiology, College of Medicine, 
Univ. of Tennessee Memphis, Memphis, IN 38163.

The effects of mu-opioid receptor agonist, DAMGO, on the membrane potential 
and GABAergic transmission were examined in globus pallidus (GP) slices using the 
whole-cell patch clamp recording method. Fifteen to twenty-one days old rats were 
anesthetized with a Ketamine and Xylazine mixture and perfused through the heart 
with cold oxygenated artificial cerebrospinal fluid (ACSF). The brains were rapidly 
removed and parasagittal slices (250-300pm) were cut on a Vibroslice. After 
preincubation, slices were transferred to a recording chamber and perfused 
continuously with oxygenated ACSF. DAMGO (0.2pM) hyperpolarized 2 of 10 GP 
cells tested. The hyperpolarization was accompanied with a decrease of the input 
resistance. Local electrical stimulation applied through a bipolar electrode evoked 
postsynaptic current (PSC). Application of glutamate receptor blocker CPP (lOpM) 
and CNQX (50pM) isolated GABAergic IPSCs. DAMGO reduced the amplitude of 
IPSCs in a dose dependent manner (0.02-20pM, EC50=0.11pM, n=30). DAMGO 
(0.2pM) decreased the frequency of GABAergic spontaneous IPSCs without 
changing their amplitude distributions (n=6). The frequency of TTX-insensitive 
miniature IPSCs was also reduced by DAMGO (n=7). The non-selective opiate 
antagonist Naloxone (5pM, n=7) and the selective mu-receptor antagonist, CTOP 
(lpM, n=9) blocked these DAMGO effects. However, the kappa- and delta-receptor 
antagonist, Nor-binaltorphimine dihydrochloride (Nor-BIN, lpM, n=6) and 
Naltrindole (lpM, n=5), respectively, did not block the effects. These results suggest 
that DAMGO exert two different effects on GP neurons through mu-opioid receptor: 
a hyperpolarization of postsynaptic membrane potential and a decrease of presynaptic 
GABA release. The results also indicate that the effects of DAMGO on GP neurons 
are similar to those of Dynorphin (kappa-opioid agonist, Ogura and Kita 1998 
Neurosci abstr). Some differences in their effects will be discussed. This work was 
supported by NIII grants NS-26473 and NS-36720.
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663.3
INVOLVEMENT OF THE SUBTHALAMIC NUCLEUS IN THE CONTROL 
OF TEMPORAL LOBE EPILEPSY : STUDY BY HIGH FREQUENCY 
STIMULATION IN RATS. K. Bressand. M. Dematteis. P. Kahane. A, 
Banazzmiz and A.L, Benabid* . Lab. de Neurobiophysique, INSERM U.318, 
38043 Grenoble, France.

The subthalamic nucleus (STN) plays a crucial role as a regulator of basal 
ganglia by providing excitatory influence on output structures. Study on Genetic 
Epilepsy Rats from Strasbourg (GAERS) has shown that the STN is implicated 
in the control of generalized epilepsy. The goal of the study is to test the 
implication of STN in focal forms of epilepsy such as temporal lobe epilepsy 
which is the most frequent form of human pharmacoresistant epilepsy. We used 
the model of limbic seizures induced by kainic acid injection into the amygdala of 
finely moving rats (Berger and al, Brain Research, 489, 1989, 261-272) and we 
tested the effects of 30 minutes chronic high frequency stimulation (HFS) of 
STN on seizures. Kainic acid (16ng/0.3gl) was infused unilaterally into the 
basolateral amygdala of awake, behaving rats. Limbic seizures, with or without 
motor symptoms, occured 1 to 15 minutes after the injection. We followed 
behavior and cortical EEG and amygdalar EEG during 60 minutes in each 
recording session. The first session served as control. Then STN-HFS was 
applied (frequency. 130Hz, pulse width: 60}isec, train duration: 30 min, intensity 
was chosen just below dyskinesia threshold) at least 15 s after the first seizure 
onset, homolateraly to the injected side or bilateraly, in two successive sessions. 
We observed that the number of seizures was statistically (p<0.05) reduced for the 
bilateral group and showed a tendency for the unilateral one (p=0.078). Average 
duration of seizures was statistically (p<0.05) reduced for both groups. Note that 
number of seizures was reduced after the end of stimulation, particularly 
bilaterally stimulated rats did not express any seizure after the end of stimulation. 
These results suggest that STN-HFS can interfere with expression of induced 
limbic seizures. The optimal pattern of stimulation remains to be defined.

663.4
DUAL ROLE OF RYANODINE-SENSITIVE INTERNAL CALCIUM STORES 
IN STRIATAL CHOLINERGIC INTERNEURONS A. Pisani*, P. Bonsi, P. 
Calabresi and G. Bemardi. Clinica Neurologica, University Tor Vergata, Via di Tor 
Vergata, 1-00133 Rome, Italy, and IRCCS Santa Lucia, Via Ardeatina 306 1-00179, 
Italy.

Large aspiny (LA) cholinergic intemeurons were recorded from a slice 
preparation, by means of a combined electrophysiological and microfluorometric 
approach. Trains of depolarizing current pulses caused bursts of action potentials 
coupled to large [Ca2+]i transients. After preincubation with cyclopiazonic acid (30 
pM, CPA), an inhibitor of the sarco-endoplasmic reticulum (SERCA) Ca2+ pumps, 
or with ryanodine (20 pM), the [Ca2+]j transients evoked by trains of depolarizing 
current pulses showed a decremental response, of progressively smaller amplitude. 
CPA and ryanodine also reduced the slow afterhyperpolarization (sAHP) observed 
after each depolarizing pulse. Brief exposure to combined O2/glucose deprivation 
(OGD) induced a membrane hyperpolarization coupled to an increase in intracellular 
calcium [Ca2+]j concentration. The [Ca2+]i rise was more pronounced in the dendrites 
than in the soma. In the presence of CPA or thapsigargin, another inhibitor of the 
SERCA pump, the membrane hyperpolarization and the [Ca2+]j rise induced by 
OGD were largely reduced. Similarly, pretreatment with ryanodine decreased the 
OGD-induced changes. The effect by CPA reversed upon washout of the drug, 
whilst the inhibitory action of both thapsigargin and ryanodine were irreversible. 
These data suggest that ryanodine-sensitive intracellular Ca2+ stores have a dual role, 
acting not only by boosting the Ca2+ signals resulting from cell depolarization, but 
also in the amplification of [Ca2+]j rise and of the simultaneous membrane 
hyperpolarization observed during OGD in striatal LA intemeurons.

663.5

A CENTRAL PACEMAKER OF THE BASAL GANGLIA FORMED BY THE 
SUBTHALAMIC NUCLEUS - GLOBUS PALLIDUS LOOP. D. Plenz,1-2* and
S.T. Kitai2. *Unit of Neural Network Physiology, LSN, NIMH, Bethesda, MD 
20892; department of Anatomy and Neurobiology, University of Tennessee, 
College of Medicine, Memphis, TN 38163.

The subthalamic nucleus of the basal ganglia (STN) plays an important role 
during normal movement as well as movement disorders. STN lesioning or deep 
brain stimulation of the STN alleviates resting tremor in Parkinson’s disease. The 
STN and its target nuclei display synchronized oscillatory burst discharge at low 
frequencies (SOBD), some of which correlate with tremor; but, the mechanism 
underlying synchronized bursting is unknown.

Slices from cortex, striatum, STN and GP were taken from rats postnatal day 
0-2 and were cultured for 5-6 weeks in vitro (n = 56). Extracellular single and 
multi unit activity was recorded from STN (n = 242) and GP (n = 114). 
Correlation and frequency analysis of spontaneous activity (324 s/neuron) revealed 
that units in STN and GP spontaneously displayed 10-15 s lasting periods of 
SOBD at harmonic frequencies of 0.4, 0.8, and 1.8 Hz that reoccurred every 1-2 
min. Acute pallidal lesion abolished SOBD whereas cortical lesion favored 
bursting at 0.8 Hz. Pallidal bursts, despite being weaker than STN bursts, were 
required for SOBD generation via recruitment of subthalmic rebound excitation.

We propose that the STN-GP recurrent feedback loop constitutes a central 
pacemaker that generates synchronized oscillatory burst discharge at low- 
frequencies. This pacemaker could be responsible for synchronized oscillatory 
activity during normal as well as pathological states of the basal ganglia.
Supported by USPHS grants NS20702 (STK), NS26473 (STK, DP) and the National 
Parkinson Foundation (DP).

663.6
SHORT TERM PLASTICITY OF EXCITATORY AND INHIBITORY 
SYNAPSES ON GLOBUS PALLIDUS NEURONS IN THE RAT. J.E. Hanson* 
and D. Jaeger. Dept. of Biology, Emory University; Atlanta, GA 30322.

Synaptic plasticity on a fast time scale is important in determining how a 
postsynaptic cell integrates and processes incoming inputs. In this study we use 
somatic patch clamp recordings from globus pallidus neurons in brain slices to 
characterize short term synaptic plasticity. Incoming afferent pathways were 
electrically stimulated with an electrode near the recorded cell. Inhibitory events 
were isolated with CNQX and AP5, while excitatory events were isolated with 
picrotoxin. Postsynaptic currents were recorded under voltage clamp in response 
to trains of five stimuli with interstimulus intervals (ISIs) ranging from 20 to 
200msec. Inhibitory events had an initial mean peak conductance of 2.3+1.6nS 
and a mean 80-20% decay time of 9.1±3.9msec while excitatory events had an 
initial mean peak conductance of 0.8+0.6nS and a mean 80-20% decay time of 
5.2±3.3msec. IPSCs recorded from different cells showed short term plasticity 
consisting of either depression (down to 30% of initial) or facilitation (up to 100% 
increase). The amount of plasticity seen in a given IPSC was a function of the ISI, 
with more pronounced facilitation or depression seen at shorter ISIs. Many 
EPSCs showed strong facilitation (up to 250% increase) which was more 
pronounced at shorter ISIs. Additionally, some EPSCs showed evidence of a 
depressing influence, which could be superimposed on the effect of the facilitation. 
Because of the different time courses of these two effects, a complex amplitude 
profile in response to trains of stimulation was observed for some EPSCs. These 
results demonstrate that both inhibitory and excitatory synapse onto globus 
pallidus neurons can show different types of short term plasticity. The observed 
variability in plasticity could either result from heterogeneous populations of pre- 
or postsynaptic cells or could reflect differences due to the long term history of 
activity and learning at individual connections. (Supported by an Emory URC 
grant)

663.7

RHYTHMIC CORTICAL ACTIVITY IS FAITHFULLY REPRESENTED IN THE 
SPIKE TRAINS OF RAT BASAL GANGLIA NEURONS IN VIVO. P.J.Magill. 
J.P.Bolam and M.D.Bevan*. MRC Anatomical Neuropharmacology Unit, Dept. of 
Pharmacology, University of Oxford, Oxford, OXI 3TH,UK.

Although it is widely recognized that the cerebral cortex provides the major afferents 
of the basal ganglia, our understanding of the relationship between activity patterns in 
these structures remains poor. To examine this relationship we simultaneously 
recorded frontal cortical EEG and unit activity in the globus pallidus (GP) and 
subthalamic nucleus (STN) of rats anaesthetized with ketamine and xylazine. The 
firing pattern and periodicity of GP and STN neuronal spike trains were strictly related 
to cortical activity. During robust cortical slow-wave activity (SWA), GP and STN 
neurons fired bursts of spikes approximately every 750 ms and this rhythmicity 
matched that of the coincident cortical slow-wave. When cortical spindling was 
present, the bursts of GP and STN cells were divided into sub-bursts, the periodicity 
of which matched the intraspindle frequency (7-12 Hz). This periodic burst firing was 
replaced by irregular, single-spike discharge when the SWA spontaneously failed or 
was experimentally disrupted by sensory stimulation or by the application of a 
potassium solution to the cortical surface. Although the GP and STN are tightly 
interconnected, there was no consistent phase-relationship between unit activity in 
these structures. One explanation for this observation is that the recordings were from 
different functional regions of the GP and STN and that the phase relationship of slow 
oscillatory activity differs across functionally-distinct cortical-basal ganglia-thalamic- 
cortical loops. In support of this hypothesis, simultaneous intranuclear recordings of 
basal ganglia neurons revealed that neighbouring neurons fired in phase but spatially 
separated neurons fired out of phase. Thus, the firing pattern and periodicity of basal 
ganglia neuron spike trains is dependent on coincident cortical activity but the phase- 
relationship of activities in these structures is regulated in space. Supported by 
Medical Research Council, UK. and Wellcome Trust (MDB; 046613/ZZ96/Z).

663.8

PHARMACOLOGY OF SUSTAINED CALCIUM ENTRY IMAGED DURING 
PROLONGED DEPOLARIZATION OF DOPAMINERGIC NEURONS IN THE 
SUBSTANTIA NIGRA PARS COMPACTA. F. Kalume and J. C. Callaway*.
Dept. Anatomy & Neurobiology, Univ. of Tennessee, Memphis, TN 38163.

Dopaminergic neurons of the pars compacta in slice preparations normally fire in a 
regular pacemaker rhythm. This rhythm is maintained by an underlying membrane 
oscillation between -30 and -50mV that continues when sodium spikes are abolished 
using tetrodotoxin. The membrane oscillations in the presence of TTX are controlled 
in part by activation of Ca2+ currents in this voltage range that in turn activate an 
apamin sensitive CagK. Previous voltage clamp studies reported the presence of a 
low-voltage activated current that persists during sustained depolarization. Previous 
studies using current clamp have demonstrated that nifedipine, but not conotoxin 
GVIA block the calcium dependent oscillations.

Here we use calcium imaging in addition to voltage- or current clamp 
depolarizations to measure calcium entry due to dihydropyridine and conotoxin 
GVIA sensitive calcium conductances. Pars compacta dopaminergic neurons in 
coronal slices from 13-18 day old rats were visually identified and patched. Fura-2 or 
bis Fura-2 was included in the pipette to measure Ca2* levels. In current clamp, long 
depolarizing current steps of cells held below -50mV resulted in sustained 
oscillations of Ca2+ that reached a plateau after several seconds indicating that Ca2+ 
entry was continuous in both the soma and dendrites. Nifedipine (5pM) eliminated 
the Ca2+ dependent oscillations and reduced Ca2+ levels in both the soma and 
dendrites by about 50%. Conotoxin GVLA (lpM) did not reduce the calcium 
dependent oscillations and in some cases appeared to slightly increase then- 
amplitude. During oscillations, conotoxin GVIA did not reduce Ca2+ levels in the 
soma or dendrites. Persistent Ca2+ entry was also measured in voltage clamp mode 
with electrodes containing 140mM CsMeSO4 and in the presence of TTX. 
Depolarizations from -60mV to potentials above -50mV resulted in calcium levels 
that plateaued after several seconds due to sustained Ca2+ entry. Nifedipine (5pM) 
blocked only 50% of plateau calcium levels in both the soma and dendrites for 
voltage steps up to OmV. Supported by NIH NS36843.
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663.9
CHARACTERIZATION OF SODIUM CURRENTS IN ACUTELY ISOLATED RAT 

SUBTHALAMIC NEURONS. N, Maurice* and D.J, Surmeier. Department of Physi- 
ology/NUIN, Northwestern University Medical School, Chicago, IL 60611.

The subthalamic nucleus (STN) plays a critical role in the regulation of the 
basal ganglia output structures. Its dysregulation leads to severe motor deficits. 
For example, in Parkinson’s disease STN activity undergoes systematic changes 
that are thought to be responsible for the motor symptoms of the disease. As a 
first step toward controlling this aberrant activity, the ionic mechanisms underly-
ing the normal high tonic discharge rate in STN neurons were examined. One 
potentially important regulator of this spontaneous activity is voltage-dependent 
Na+ current.

There are two well-described mechanisms by which Na+ channels could sup-
port sustained activity. For example, in Purkinje cells, a resurgent sodium current 
has been described that promotes repetitive activity. It is unclear whether STN 
neurons express a similar channel type. Another possibility is that Na* currents in 
STN neurons display a ‘window’ between steady-state activation and inactiva-
tion, leading to a persistent current just below spike threshold. To test these two 
hypotheses, whole cell voltage clamp recordings of acutely isolated STN neu-
rons were made. To achieve adequate voltage control, the Na* gradient was 
reversed. Our preliminary data argue that STN neurons do not display a resur-
gent Na+ current. However, STN neurons do exhibit a pronounced Na* window 
current, suggesting that these currents could contribute to the high spontaneous 
activity levels. Experiments underway are utilizing retrograde labeling of STN 
neurons to provide a more definitive identification. Also, quantitative single cell 
RT-PCR studies are being used to characterize the molecular properties of the 
Na* channels expressed by identified STN neurons.

This work was supported by NIH NINDS Grants NS 26473 and 34696.

663.10
SUBTHALAMIC NUCLEUS (STN) LESIONS ALTER BASAL AND AGONIST- 
STIMULATED ELECTROPHYSIOLOGICAL OUTPUT FROM THE RAT BASAL 
GANGLIA. N.M. Zahr, L.P, Martin, H.A. Collins. T.H. Tran. J.E. Freedman*. B.L. 
Waszczak. Dept. of Pharmaceut. Sci., Northeastern Univ., Boston, MA 02115.

The STN is an important link in the “indirect” striatal efferent pathway to the 
substantia nigra pars reticulata (SNr). In the absence of the STN, the roles of both 
the “direct” and “indirect” pathways on SNr output can be more easily assessed. 
Extracellular single unit activities of SNr neurons were monitored in chloral hydrate- 
anesthetized rats 5-8 days after bilateral kainic acid lesions (0.75pg/0.3pl/side) of 
the STN. In rats with an almost complete (94.6±2.3%) STN lesion ipsilateral to 
recording sites and a 79.4±6.4% lesion on the contralateral side, there was no 
difference in the numbers of active SNr or pars compacts (SNc) dopamine (DA) 
neurons per track relative to unlesioned controls or sham-lesioned rats in which the 
STN lesion was less complete. However, consistent with loss of an excitatory input, 
there was a decrease in basal firing rates of SNr neurons in lesioned rats compared to 
controls (169.4±14.2 vs 215.1±13.6 spikes/10 sec respectively, p<0.05). There were 
no changes in firing rates of SNc DA cells after the lesion (42.6±3.5 vs 38.9±3.2), 
and no changes in either population in the sham group. We next examined the effect 
of STN lesions on responses of SNr neurons to bilateral infusion of the Di/D2 agonist 
apomorphine (APO; lOpg/pl/side) into the ventral-lateral striatum. Whereas in 
unlesioned rats APO caused a net increase in SNr firing (>20% above basal) during 
the 30 min after infusion (9 of 15 cells increased, 2 decreased, 4 had biphasic 
changes in firing; Soc. Neurosci. Abst. 23: 190, 1997), the responses of SNr neurons 
to APO in STN-lesioned rats were reduced (<20% net change in firing; 2 of 8 cells 
increased, 2 decreased, 4 had biphasic or no changes in firing). These results 
implicate the STN as mediator of the excitatory response to APO in normal rats, and 
challenge conventional views on the role of the “indirect” pathway in regulating DA 
agonist-stimulated output from the SNr. Supported by NS23541 to BLW.

663.11
GLUTAMATE-TRIGGERED EVENTS INDUCING CORTICOSTRIATAL LTD. 
D, Centonze1,2, P, Gubellini2,3, G.A. Marfia1,2, G. Bernard?’2 and P. Calabresi1,2*. 
'Clinica Neurologica, University Tor Vergata; 2IRCCS Ospedale “S. Lucia”; 3Ist. 
Medicina Sperimentale CNR; Roma, Italy.

In the present study, intracellular recordings were performed from medium spiny 
neurons in rat corticostriatal slice preparations to study the role of glutamate and 
other critical factors underlying corticostriatal long-term depression (LTD). In 
current-clamp, but not in voltage-clamp experiments, brief focal applications of 
glutamate, as well as high-frequency stimulation (HFS) of corticostriatal fibers, 
induced LTD. This pharmacological LTD and the HFS-induced LTD were mutually 
occlusive suggesting that both forms of synaptic plasticity share common induction 
mechanisms. Isolated activation of either nonNMDA-ionotropic glutamate receptors 
(iGluRs) or metabotropic glutamate receptors (mGluRs), respectively by AMPA and 
/-ACPD, failed to produce significant long-term changes of corticostriatal synaptic 
transmission. Conversely, LTD was obtained following the simultaneous application 
of AMPA plus /-ACPD. Moreover, also quisqualate was able to induce this form of 
pharmacological LTD. Electrical depolarization of the recorded neurons either alone 
or in the presence of /-ACPD and dopamine (DA) failed to mimic the effects of the 
activation of glutamate receptors in inducing LTD. However, electrical 
depolarization was able to induce LTD when preceded by coadministration of t- 
ACPD, DA and low-dose of hydroxylamine, a compound generating nitric oxide 
(NO) in the tissue. None of these drugs alone produced LTD. Glutamate-induced 
LTD, as well as the HFS-induced LTD, was blocked by L-sulpiride, a D2 
antagonist, and by 7-NINA, a NO synthase inhibitor. The present study indicates 
that four main factors are required to induce corticostriatal LTD: i) membrane 
depolarization of the postsynaptic neuron; ii) activation of mGluRs; iii) activation of 
DA receptors and iv) release of NO from striatal intemeurons.
Supported by grants from MURST, BIOMED and MURST-CNR.

663.12
Dopaminergic subpopulations in mouse midbrain: Molecular 
and electrophysiological properties B. Liss**, A. Neu, H. Neuhoff, 
O Franz, and J Roeper. Laboratory of Physiology* and MRC Anatomical 
Neuropnarmacology Unit, Oxford University, U.K.

Dopaminergic (DA) neurons in the midbrain are organized in a number 
of overlapping nuclei like the substantia nigra (SN) or the ventral 
tegmental area (VTA). In addition to their differences in axonal 
projections which constitute mesostriatal, mesolimbic and mesocortical DA 
subpopulations they are characterized by alternative coexpression of 
markerproteins like calbindin. To identify DA subpopulations we have 
established a single-cell RT-multiplex PCR-protocol to analyse the 
calcium-binding protein coexpression of dopaminergic midbrain neurons 
including calbindin (CB), calretinin (CR), and parvalbumin (PV). Our 
results show that DA midbrain neurons are characterized by alternative 
calcium-binding protein coexpression profiles: TH*CRCB, TH*CR*CB, 
TH*CR*CB*. Parvalbumin is not expressed in DA neurons but found in 
GABAergic SN neurons. We found significant electrophysiological 
differences between CB*- and CB - dopaminergic midbrain neurons. In 
contrast to CB -TH*-neurons, calbindin-positive DA neurons which were 
most abundant in VTA possessed higher spontaneous discharge 
frequencies. They also displayed a delayed repolarization from 
hyperpolarized membrane potentials, reduced spike accommodation, and 
smaller afterhyperpolarizations. In summary, different molecularly defined 
DA supopulations possess significant differences in their electro-
physiological properties. Supported by grants to J. Roeper (MRC, DFG).

663.13

Functional properties of dorsal and ventral tier dopaminergic 
SN neurons H. Neuhoff*, A. Neu, B. Liss*, O Franz and J Roeper. MRC 
Anatomical Neuropharmacology Unit & Laboratory of Physiology*,
Oxford University, U.K.

Dopaminergic (DA) neurons in the substantia nigra (SN) are organized 
in two different, dorsal (dt) and ventral (vt) tiers. DA SN neurons from 
different tiers possess different axonal targets: dt-SN neurons project to 
striatal matrix compartments while vt-SN neurons to patch compartments in 
the striatum. Also, the dendritic morphology differs between both tiers with 
vt-SN neurons sending long dendrites in the substantia nigra pars 
reticulata. Thus, they are likely to play different functional roles in the 
basal ganglia network. In addition, discrimination between the two tiers is 
relevant for disease because vt-SN DA neurons are highly vulnerable to 
neurodegeneration in Parkinson's Disease and several of its mouse models. 
We have combined whole-cell patch-clamp recordings with neurobiotin 
labelling, TH immunocytochemistry and confocal reconstruction to study 
the electrophysiological properties of mouse SN neurons with identified 
tier localisation and dendritic morphology. We identified 
electrophysiological differences between dopaminergic dt-SN and vt-SN 
DA neurons. Dt-SN DA neurons displayed a faster repolarisation from 
hyperpolarized membrane potentials and a more prominant sag- 
component. Voltage-camp recordings confirmed these differences: dt-SN 
DA neurdns possessed larger Ih-currents. Currently, we use single-cell RT- 
mPCR protocols to analyse whether dt-SN and vt-SN DA neurons show 
differences in putative Ih-channel subunits expression.
This work was supported by grants to J. Roeper (MRC, DFG)

663.14

EFFECTS OF NMDA AND MUSCARINE ON THE SPONTANEOUS 
FIRING OF RAT SUBSTANTIA NIGRA DOPAMINE CELLS IN IN 
VITRO SLICE PREPARATION. J. Rohrbacher.* R. Scroggs and
S.T, Kitai. Dept. of Anatomy and Neurobiology, University of 
Tennessee, College of Medicine, Memphis, TN 38163.

NMDA and muscarine effects on the spontaneous firing of 
dopamine (DA) neurons were studied using intracellular sharp recording 
techniques. Parasagittal brain slices (300 pM) were obtained from rats 
13-18 days old. The preparation was submerged in an oxygenated 
ACFS solution (34°-35°C) during recording. Recording electrodes 
were filled with 2 M K-acetate and 2% neurobiotin. The recorded 
neurons were identified by avidin-Texas Red immunohistiochemistry 
and double labeled with tyrosine hydroxylase immunohistochemistry. 
Bath application of NMDA increased the firing rate of all DA neurons in 
a dose dependent manner. The firing rate was increased on the average 
with 25 pM NMDA by 236%, with 50 pM NMDA by 350% and with 
100 pM NMDA by 800%. Application of muscarine (50 pM) or 
carbachol (100 pM) also increased the firing rate of DA neurons. A 
combined application of NMDA (25-50 pM) with muscarine (50 pM) 
resulted in facilitation of the firing rate of these neurons. These data 
indicate that cholinergic and glutamatergic inputs may be involved in 
control of DA cell firing from regular rhythmic rate to bursting pattern. 
Supported by NIH NINDS NS20702 and NS26473.
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663.15
EXTENDED CORTICOSTRIATAL AXONAL ARBORIZATIONS 
FROM THE MEDIAL AGRANULAR AND ANTERIOR CINGULATE 
CORTEX IN RATS. Tong Zheng* and Charles J Wilson, Dept. Anatomy 
& Neurobiology, University of Tennessee, Memphis, TN 38163
Previous studies have demonstrated three different corticostriatal axonal 

branching patterns. Some corticostriatal neurons form a sparse and extended 
branching pattern that can be a millimeter or more in diameter. Two other 
kinds of corticostriatal neurons form focal matrix or focal patch (striosomal) 
arborizations. While the compartmental specificity of the focal arborizations 
is well established, it is unclear whether the extended axonal arborizations 
show any compartmental preference. It is also unclear whether the extended 
axonal arborizations arise exclusively from the bilaterally projecting 
corticostriatal neurons.
We labelled individual corticostriatal neurons using juxtacellular staining 

with neurobiotin. Cortical neurons were identified by antidromic activation 
from the contralateral striatum or ipsilateral peduncle. Section containing 
axonal arborizations were counterstained by immunocytochemistry for 
calbindin or g-opiate receptor (MORI) to reveal the compartmental 
boundaries. Labelled axons and compartmental boundaries were 
reconstructed using a computer-assisted 3-dimensional reconstruction 
program.

Extended arborizations arose from a subset of neurons in the medial 
agranular and anterior cingulate cortices. Both bilaterally projecting 
corticostriatal neurons and the brain stem projecting neurons in these cortical 
areas gave rise to the extended arborizations which occupy large regions of 
the rostral neostriatum. Individual axons were observed to cross 
compartmental boundaries freely and to form varicosities and synapses in 
both compartments. Supported by NS 20743

663.16
CALCIUM ACCUMULATION AND Ca2+- DEPENDENT K+ CURRENT IN 
DOPAMINERGIC NEURONS OF THE RAT SUBSTANTIA NIGRA. £L 
Wilson* and J.C. Callaway. Dept. of Anatomy and Neurobiology, University 
of Tennessee, Memphis, TN 38163

Calcium imaging with fura-2 and voltage clamp were used in slices of rat 
substantia nigra to determine the voltage sensitivity of the calcium current 
responsible for resting oscillations in dopaminergic cells, the time course of 
accumulation and removal of free calcium, and the sensitivity of the calcium- 
dependent potassium current. Calcium concentrations were calculated from 
fluorescence changes at 380 nm combined with ratiometric measurements 
taken at the holding potential.

Voltage steps in the positive direction from a holding potential of -60 mV 
produced calcium increases in the soma and proximal dendrites, which 
exponentially approached a steady state. Calcium concentration achieved 
steady state and showed no sign of decline due to inactivation, even with 
voltage steps to +10 mV and [Ca2*J as high as 500 nM. The relation between 
steady state calcium and voltage was fit to a theoretical curve to give an 
estimate of the half activation voltage of the calcium current. This method 
yielded a half activation voltage between -30 and -40 mV. Return of [Ca2+] to 
basal levels was also approximately exponential, and was about twice as fast 
in the proximal dendrites compared with the soma. The time constant of 
calcium accumulation was approximately twice as fast as that of decay, even 
with small voltage steps that produced small calcium transients. During the 
decay of calcium concentration, an outward tail current with a duration of 
seconds was observed. Plotting this slow tail current against the slowly 
declining calcium concentration gave an estimate of the sensitivity of the 
calcium dependent potassium current, which was close to that expected for 
the small conductance (SK) channel. Supported by NS 36843.

663.17

INTRINSIC MECHANISMS UNDERLYING SPIKE GENERATION AND 
PATTERNING IN NEOSTRIATAL CHOLINERGIC INTERNEURONS. EJk 
Bennett*, J, C- Callaway and C,. L Wilson- Dept. Anat. and Neurobiol., UT 
Memphis, Memphis, TN 38163.

Cholinergic intemeurons exhibit tonic irregular spiking in vitro in the 
absence of any detectable synaptic input (Bennett and Wilson, 1999). The 
firing rate and pattern is remarkably similar to that seen in cholinergic cells 
in vivo indicating that the intrinsic membrane properties confer endogenous 
excitability and shape the spiking pattern. We investigated the electrical 
properties of cholinergic cells in vitro using whole-cell recording under IR-DIC 
guidance and complemented these studies with calcium imaging.

Intracellular current injection elicited regular spiking which was accompanied 
by increases in somatic and dendritic calcium concentration. Elevations in 
intracellular calcium occurred during both the final stage of the depolarizing 
ramp to spike threshold and in response to the spike itself. Analogous 
observations were made in cells which were tonically active. A subthreshold 
inward current was also active at membrane potentials attained during the 
interspike interval. Application of TTX (1 pM) abolished this current and 
established a zero current point in the subthreshold voltage range. These 
data indicate that the subthreshold sodium current, rather than the pre-spike 
calcium current, is the predominant depolarizing influence during tonic regular 
or irregular spiking. The spike afterhyperpolarization (AHP) is calcium- 
dependent (Kawaguchi, 1993). Application of apamin (100 nM) caused a 
profound reduction in the amplitude of the AHP and produced rhythmic 
burst firing. Thus, pre-spike and spike-triggered calcium entry, which activates 
the calcium-dependent potassium current underlying the AHP, Me likely to 
be pivotal determinants of the spiking pattern.

Supported by NS 37760

663.18

CHARACTERIZATION OF MEMBRANE CURRENTS IN 
NEURONS OF THE RAT SUBTHALAMIC NUCLEUS IN VITRO.
M.AWigmore and M.G. Lacey* Dept. of Pharmacology, Divn. of Neuroscience, The 
Medical School, Univ. of Birmingham, Birmingham B15 2TT, U.K.

The subthalamic nucleus (SThN) provides a glutamatergic output that strongly 
influences the circuitry of the basal ganglia. Overactivity of the SThN contributes to 
Parkinsonian akinesia, whereas ablation leads to the choreiform movements of ballism. 
The patterning of firing (tonic vs. bursting) of SThN neurons may critically determine 
the influence of SThN output on basal ganglia function. This has led us to characterize 
in detail the membrane currents of SThN neurons using visualized whole cell patch 
clamp recordings from parasagittal slices of rat ventral midbrain.

Depolarization from resting potential (-60 mV) under voltage clamp, mainly with Cs+ 
gluconate-based pipette solutions, evoked a variety of currents. A large, rapidly 
activating, essentially non-inactivating voltage-dependent outward current that 
switched off rapidly on repolarization, at a rate that was voltage-dependent, dominated 
the I-V at potentials positive to -30 mV in the presence of TTX. This presumed K+ 
current was insensitive to low Ca2+ solutions, but was blocked by 4-AP (1 mM) or TEA 
(20 mM), and could be carried by Cs+, reversing close to predicted Ec,+. In addition to 
blocking fast inward (‘action’) currents activated on depolarization, TTX (0.2-1 pM) 
also blocked a rapidly activating, slowly-inactivating, presumed persistent Na+ current 
(INaP), seen at potentials positive to around -40 mV in most cells, which terminated 
rapidly on repolarization. Also evident, in TTX and under K+ channel blockade, were 
Ca2+ currents of both the low voltage activated (LVA; T) type and HVA type. 
Additionally a CsCl (2mM) and ZD7288 (100 pM)-sensitive inward current (Ih) is 
activated negative to about -70mV. These studies will provide a basis for the 
pharmacological dissection of the contribution of these currents to firing patterns in 
SThN neurons.

Supported by the Wellcome Trust; grant no. 050222/Z

663.19

THE EFFECT OF DOPAMINE DEPLETION ON SPONTANEOUS 
MEMBRANE POTENTIAL ACTIVITY IN THE RAT NEOSTRIATUM IN 
VIVO. J.N.J. Reynolds1,2 * and J.R. Wickens1. ‘Dept. of Anatomy and Structural 
Biology, 2Dept of Physiology, and Centre for Neuroscience, University of Otago, 
Dunedin, New Zealand.

Reduction of neostriatal dopamine levels is associated with the clinical syndrome of 
Parkinson’s disease but the mechanism by which dopamine depletion affects target 
areas is not well understood. We made in vivo intracellular records of the spontaneous 
membrane potential activity of neostriatal spiny neurons from urethane-anaesthetised 
rats. Acute dopamine depletion with a-methyl paratyrosine (AMPT) significantly 
reduced both small and large amplitude fluctuations in membrane potential which 
normally occur in spiny neurons. These findings could be accounted for by 
spontaneous depression of corticostriatal synapses.

To identify the probable cause of this depression we measured synaptic plasticity in 
the striatum following stimulus trains modelled on natural afferent activity patterns. 
High frequency stimulation (HFS) of the cortex produced long lasting decreases in die 
rate of rise of postsynaptic potentials (PSPs) recorded intracellularly from control 
animals, indicating a reduction in synaptic efficacy. This was prevented by concurrent 
low frequency stimulation (LFS) of the substantia nigra. In dopamine depleted 
animals, substantia nigra stimulation was ineffective in preventing long term 
depression.

These findings suggest that spontaneous dopamine release maintains synaptic 
strength in the neostriatum. In die absence of dopamine, coordinated cortical input can 
induce spontaneous depression of corticostriatal synapses. Such depression would lead 
to decreased activation of motor areas.

Supported by grants from Health Research Council (N.Z.), N.Z. Neurological 
Foundation, Lottery Health Research and Schizophrenia Fellowship.
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664.1

ON THE POTENTIAL ROLE OF MOTOR CORTICAL GABA 
NEURONS IN RELEASING INTER-JOINT MUSCLE SYNERGIES
P. Lavallee*, C. Schneider, H. Devanne and C. Capadav . Centre de 
Recherche Universite Laval-Robert Giffard, Quebec (QC), G1J 2G3.

Experiments were done to determine whether releasing a motor cortical 
point from inhibition, results in an automatic recruitment of the muscle(s) 
represented at that point into an inter-joint muscle synergy. In the Ketamine 
anaesthetized cat a microstimulation electrode was positioned at a point that 
was identified by the following three characteristics of the EMG responses. 
The muscle(s) activated at threshold, the inter-joint muscle synergies 
recruited by suprathreshold stimulation and their relative timing, termed the 
‘natural timing pattern’. A second distinct point producing activation of a 
muscle at a different joint was then identified. At this second cortical point 
the GABAa  receptor antagonist Bicuculline was ejected iontophoretically, 
while stimulating the first site at threshold every 1.5 s. An inter-joint muscle 
synergy was always released by the application of Bicuculline. Additionally, 
the natural timing pattern was never perturbed by Bicuculline. On the other 
hand, Glutamate ejection never resulted in the release of an inter-joint 
muscle synergy. Therefore, simply increasing the excitability of a cortical 
point is not sufficient to release an inter-joint muscle synergy. Kynurenic 
acid, a broadly acting excitatory amino acid receptor antagonist, released at 
the Bicuculline point reversed the effect. This shows that the release 
phenomenon was mediated synaptically and not the result of stimulus 
spread. We suggest that the release of motor cortical points from inhibition 
may be one of the neural mechanisms underlying the recruitment of inter-
joint muscle synergies (Supported by the Canadian MRC and the NSERC).

664.2
EFFECTS OF NEONATAL HIPPOCAMPAL LESIONS ON 
PREFRONTAL CORTICAL PYRAMIDAL CELL RESPONSES TO VTA 
STIMULATION P. O’Donnell1*, B.L. Lewis1, D. Lerman2, D.R. Weinberger2 
and B.K. Lipska .X Departments of Pharmacology & Neuroscience, and 
Neurology, Albany Medical College, Albany, NY 12208', 2N1MH, Clinical Brain 
Disorders Branch, Bethesda, MD, 20892.

A neonatal hippocampal lesion has been proposed as an animal model of 
schizophrenia. In this model, the animals have shown behavioral changes after 
puberty but not before, indicating a latent effect of the lesion. This study assessed 
the effects of such lesions on the impact of dopaminergic input from the VTA to 
PFC neurons recorded in vivo. Ibotenic acid and sham lesions were performed at 
PD7, and the animals tested for recording at PD28-35 or PD56 or older. Twenty- 
seven neurons were intracellularly recorded in the PFC, and 18 exhibited 
spontaneous membrane fluctuations between a hyperpolarized down state and a 
more depolarized up state. Animals in all groups exhibited neurons with up and 
down states in their membrane potential, including those that received the neonatal 
lesion and were tested at PD56 or older. In neonatally lesioned animals tested at 
PD56, 4 of 7 neurons recorded exhibited these transitions. As in sham and naive 
animals, VTA stimulation with a train of stimuli elicited a variety of short-latency 
responses followed by a transition to the up state; however, action potential firing 
was decreased following VTA stimulation. In the lesioned group, the VTA-elicited 
transition to the up state was also observed, although it was accompanied by an 
increase in pyramidal cell firing. In this group, spontaneous firing rate was also 
higher than in other groups. Neurobiotin injection following recordings showed all 
cells to be pyramidal neurons. These results indicate that a neonatal hippocampal 
lesion may result in subtle changes in the response of PFC pyramidal neurons to 
the activation of their DA afferent system. Supported by MH57683.

664.3

STIMULATION OF VTA INDUCES MEMBRANE POTENTIAL STATE 
TRANSITIONS IN PREFRONTAL CORTICAL NEURONS RECORDED 
IN VIVO. B.L. Lewis* and P. O’Donnell. Department of Pharmacology & 
Neuroscience, Albany Medical College, Albany, NY 12208
The effect of dopamine on the activity of prefrontal cortex (PFC) neurons is not 
yet well understood. PFC neurons exhibit membrane potential fluctuations 
between a hyperpolarized down state and a depolarized up state. We performed in 
vivo intracellular recordings in chloral-hydrate-anesthetized rats to study the 
actions of dopamine in relation to these changes. Of the 46 neurons recorded in 
the prefrontal cortex, 21 were characterized as bistable. These neurons exhibited 
membrane potential fluctuations between a down state (average -78.7 ± 6.0 mV), 
and an up state (average -68.3 ±6.9 mV), and displayed action potentials of at 
least 45 mV in amplitude (average 52.6 ±5.6 mV). Single shock stimulation of 
the VTA elicited a variety of responses (EPSPs, IPSPs) that could differ between 
the up and down state. However, delivering a train of stimuli to the VTA (5 
pulses at 20 Hz) evoked a transition to the up state, duration 200 -700 ms, in 8 
cells. An increase in the firing rate often accompanied this transition. Preliminary 
data indicate that following systemic administration of the DI antagonist SCH 
23390 (.3 -3mg/kg), these effects could be attenuated (n=3). Additionally, dual 
simultaneous recordings of single unit activity in the VTA and intracellular 
recording in the PFC indicate a relationship between the firing of VTA neurons 
and the transitions between states of the membrane potentials in cells of the PFC. 
Neurobiotin injection following recordings showed the cells to be deep layer 
pyramidal neurons. These results may indicate that the control of information flow 
through the PFC by the VTA can be exerted via changes in PFC activity states. 
Supported by MH 57683.

664.4
SPATIO-TEMPORAL DYNAMICS OF SPARSE INHIBITORY CORTI-
CAL NEURONAL NETWORKS. D. Hansel1* and D. Golomb2. 1 Neu-
rophysique et Physiologie du Systeme Moteur, EP-1848 45 Rue des Saints- 
Peres, 75270, Paris, France 2Zlotowski Center for Neuroscience and Dept. 
of Physiology, Ben-Gurion University, Beer-Sheva 84105, Israel 
It has been proposed that inhibition should play a crucial role in the 
emergence of synchrony in the cortex. Recent experiments have shown 
that synchronized gamma oscillations can emerge in metabotropically ac-
tivated slices of rat hippocampus and neocortex after pharmacological 
blockade of excitation (Whittington et al. Nature, 1995). Theoretical 
works have demonstrated that the neural activity in networks of highly 
connected neurons are better synchronized by inhibition than by excita-
tion. We study the roles of the network connectivity and of the strength of 
the synaptic conductances in the emergence of synchrony in large sparse 
neuronal networks. We consider a model of N intrinsically-oscillating 
neurons randomly connected with an average of M synapses of strength 
9ayn on each neuron. Combining theoretical approach and numerical sim-
ulations we evaluate the critical number of synapses Mc above which the 
network is synchronized as function of the firing rate, /, of the neurons 
and the of gayn. We show that for fixed f, Mc is a sharply increasing 
function of gayn. For fixed connectivity, M, we find that the level of syn-
chrony of the neural activity decreases with gayn and that synchrony can 
emerge in the network only if gayn is sufficiently small. For large gayn, 
the network settles in an asynchronous state in which the neurons fire 
irregularly. Taking into account the heterogeneities in the intrinsic prop-
erties of cortical neurons, we 6how that a fundamental limitation exists 
for the emergence of synchrony in sparsely connected inhibitory networks 
in cortex. Supported by Israel Science Foundation grant no. j 19/96-3 to
D.G. and by the PICS-CNRS 236 to D.H.

664.5

DOPAMINE ENHANCEMENT OF CORTICAL NEURON EXCTTABIIJTY IS DEPENDENT 
ON THE STATE OF THE MEMBRANE POTENTIAL A. Lavin* and A A. Grace. Depts. of 
Neuroscience and Psychiatry, Univ. of Pittsburgh, Pittsburgh, PA 15260.

A high proportion of the neurons recorded in vivo in deep layers of the prefrontal cortex 
(PFC) exhibit a bistable state that consists of a depolarized phase during which action 
potentials occur and a hyperpolarized phase at which the neuron is silent. These “up” and 
“down” states have durations ranging from 800 msec to 1 sec and a periodicity of around 
1 Hz. We postulate that the effects of dopamine (DA) on the activity of the PFC neurons 
is dependent on two factors: 1) the state of the membrane and 2) the site on the neuron at 
which DA is acting. The state-dependent effects of DA were investigated by simulating 
the up and down states of PFC neurons by injecting current during in vitro intracellular 
recordings. In this series of experiments the effects of bath-applied DA (50pM, 5 min) 
were examined on neurons located in the deep layers of the PFC. The basic 
electrophysiological characteristics were analyzed at resting membrane potential (RMP), 
at a depolarized MP (the average MP during the up state from in vivo experiments; i.e.-55 
mV), and at a hyperpolarized MP (the average MP during the down state in vivo\ i.e.-85 
mV). At RMP (n=10), DA caused a significant depolarization of the membrane potential 
and an increase in the excitability of the neuron. When modeling the up and down states 
(n =9) we found a statistical trend for DA enhancement of excitability of PFC neurons 
only when the cell was in the depolarized state (p< 0.08). The selective DI DA agonist 
SKF 38393 (5 and 10 uM) produced a significant increase in the excitability only when 
the neuron was in the up state (p< 0.04). The SKF 38393-enhanced excitability was dose- 
dependent and could be blocked by bath administration of SCH 23390 (10 uM). This 
enhancement of excitability was mediated by a decrease in the spike threshold that 
appears to be due to an increase in the input resistance of the neurons in the up state. 
Administration of the GABA antagonist bicuculline (5 uM) produced an additional 
increase in the excitability of PFC neurons in the up state. Therefore, DA exerts state- 
dependent modulatory effects on the excitability of neurons in deep layers of the PFC. 
Supported by MH45156, MH57440 and Stanley Foundation

664.6

DOPAMINE MODULATION OF AFFERENT-EVOKED SYNAPTIC 
RESPONSES IN IDENTIFIED PREFRONTAL CORTEX PYRAMIDAL 
NEURONS: CORRESPONDENCE WITH AXONAL MORPHOLOGY 
S-P. Onn fend A.A. Grace. Departments of Neuroscience and Psychiatry, Center for 
Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.

Using combined intracellular recording and labeling techniques in prefrontal 
cortical (PFC) slices, we examined the DA receptor subtype(s) responsible for the 
modulatory actions of DA on afferent-evoked synaptic potentials in the PFC. As 
demonstrated previously, DA when applied to PFC slices enhanced membrane 
excitability in most PFC pyramidal neurons (N=36) by reducing the initial spike 
latency and the first interspike interval of current-evoked trains of spike discharges. 
This DA-induced facilitation of spike discharge appeared to occur without altering the 
membrane potential (except at high doses, i.e., >50pM). In addition, DA enhanced 
afferent-evoked postsynaptic potentials in fifteen pyramidal neurons in which high 
stimulation intensities were applied to PFC afferents in the white matter. In this 
study, clozapine (N=3) applied at low doses (5 pM) was found to block this 
enhancement as did by the DI antagonist SCH 23390 (10 pM; N=5). Thus, DA via 
DI receptor activation appeared to facilitate synaptically-evoked spike discharge 
either by increasing EPSP amplitude/duration, decreasing stimulus intensity threshold 
or enhancing burst-firing spike discharge to afferent fiber stimulation. These neurons 
in which DA increases synaptic responses shared some commonalities in their 
morphology; e.g., having apical dendrites that reach the pial surface and recurrent 
axon collaterals confined to their basilar dendritic tree. In contrast, in six other 
pyramidal neurons DA was found to suppress synaptic responses; these neurons were 
characterized as either burst-firing (N=2) or regular (N=4) spike discharge. In these 6 
neurons, the axons exhibited extensive ramificaitons with collaterals across all 
laminae. Therefore, the effect of DA on synaptically- evoked responses of PFC 
pyramidal neurons could be differentiated based on the morphology of the neuron 
tested. (Support by USPHS MH 45156 & MH 57440).
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664.7

CHANGES IN THE EFFICACY AND LATENCY OF SENSORIMOTOR 
TRANSMISSION AFTER ADAPTATION OF A TRANSIENT OUTWARD 
CURRENT IN A SIMULATED CORTICAL NEURON. R. Pay and C. Woody*. 
Depts. of Neurobiology, Psychiatry and Biobehavioral Sciences, UCLA Med. 
Ctr., Los Angeles, CA 90024.

How reduction of a transient outward current in a cortical neuron might af-
fect the efficacy and timing of sensorimotor transmission was investigated 
using SPICE. Changes in the magnitude and latency of rise to firing threshold 
of PSPs were compared after decreasing the magnitude of a postsynaptic 
current that was rapidly activated by a depolarizing CS of fixed synaptic con-
ductance. Decrementing a postsynaptic current with a short inactivation time 
constant increased the efficacy of transmission of the CS by augmenting the 
CS-induced PSP, reduced the latency of transmission of the CS by < 1 ms, 
and reduced the latency of transmission of a depolarizing US arising from a 
dendritic synapse by < 6 ms. Decrementing a postsynaptic current with a long 
inactivation time constant also augmented the CS-induced PSP, reduced the 
latency of transmission of the CS by < 1 ms, and markedly reduced (by up to 
16 ms) the latency of transmission of the response to the US by augmenting 
portions of the slowly rising US EPSP. The latency of slowly rising late com-
ponents of synaptic responses to the CS would be expected to be reduced 
analogously. Locating the US synapse at the soma was found to minimize the 
reduction of US latency when adaptation of the postsynaptic outward current 
occurred in the dendrite. We conclude that potentiation of synaptic transmis-
sion by adaptation of a postsynaptic outward current can result in reductions 
of the latency of sensorimotor transmission resembling those observed after 
behavioral conditioning, and can significantly affect the timing and accuracy 
of controlled motor tasks.

664.8
DOI-ELICITED FOS EXPRESSION IN CEREBERAL CORTEX 
IS SUBSERVED BY 5-HT2A RECEPTORS IN NON-PYRAMID AL 
CELLS. S. Patel1. W. Abi-Saab2, M. Bubser1, and A.Y. Deutch1*.
1 Depts.of Psychiatry and Pharmacology, and Center for Molecular 
Neuroscience, Vanderbilt Univ. Sch. Med., Nashville, TN 37212 and 
2Dept. of Psychiatry, Yale Univ. Sch. Med., New Haven, CT 06511.

We have previously shown that the 5-HT2A/2c agonist l-(2,5-di- 
methoxy-4-iodophenyl)-2-aminopropane (DOI) increases Fos expression 
in both pyramidal cells and intemeurons of the rat cortex, and increases 
extracellular GABA levels in the rat cortex. In an attempt to determine if 
the DOI-elicited increase in Fos expression is mediated by 5-HT2A or 5- 
HT2c receptors, adult rats were pretreated with the selective 5-HT2A 
antagonist MDL 100,907 and then challenged with DOI. DOI 
administration significantly increased Fos expression in the cortex, and 
pretreatment with the 5-HT2A antagonist completely blocked DOI-elicited 
Fos expression. These results are consistent with the hypothesis that 
DOI-elicited cortical Fos expression is mediated by the 5-HT2A receptor. 
However, further immunohistochemical studies revealed that almost none 
of the Fos-li neurons expressed the 5-HT2A receptor. These data suggest 
that either GABAergic intemeurons that express the 5-HT2A receptor 
inhibit 5-HT2A pyramidal cells, or that glutamate inputs to the apical 
dendrites of the 5-HT2A pyramidal cells account for the paradoxical lack 
of Fos expression in these cells.
Supported by MH-57795 and MH-45124.

664.9
THREE CLASSES OF FUSIFORM INTERNEURONS IN THE RAT 
NEOCORTEX.
B. Cauli J. T. Porter, , K. Tsuzuki, B. Lambolez, J. Rossier*, E. Audinat.
Laboratoire de Neurobiologie, ESPCI, CNRS UMR 7637, 10 rue Vauquelin, 75005 
Paris, France.

The physiological and molecular features of 60 fusiform nonpyramidal cells 
were investigated in acute slices of sensory-motor cortex using whole-cell 
recordings combined with single cell multiplex RT-PCR. The multiplex RT-PCR 
was designed to detect simultaneously 30 mRNAs including those encoding the two 
GABA synthesizing enzymes (GAD 65 and 67), the three calcium binding proteins 
(CB, PV, and CR), and the four neuropeptides (NPY, VIP, SS, and CCK), 
commonly used to describe different neuronal populations in the neocortex. In 
addition the RT-mPCR procedure allowed the detection of glutamate receptors 
mRNAs: the four AMPA receptor subunits (GluRl-4) with their splice variants (flip 
and flop), the five kainate receptor subunits (GluR5-7, KAI and KA2), four NMDA 
receptor subunits (NR2A-D), and the eight metabotropic glutamate receptors 
(mGluRl-8). In order to identify different types of fusiform intemeurons, we used 
cluster analyses taking into account both electrophysiological and molecular 
properties. Using this approach, fusiform intemeurons were divided into three 
distinct subclasses with specific molecular and physiological properties. The first 
type (n = 12), predominantly expressed SS and exhibited firing properties of Regular 
Spiking Nonpyramidal (RSNP) cells. The second class of fusiform interneurons (n - 
16) corresponded to the Irregular Spiking VIPergic neurons (Cauli et al., 1997, 
Porter et al., 1998). Finally the third class of cells (n - 32) displayed firing 
properties of RSNP neurons and mainly expressed VIP. The analysis of expression 
of glutamate receptors in these three classes of cells revealed cell type specific 
expression patterns.
Cauli et al, (1997) J Neurosci, 17 (10) 3894-3906.
Porter et al., (1998) Eur. J. Neurosci. 10, 3617-3628.

664.10
Motoneuron  Threshold  hyperpolarization : alteration  of  population  
OUTPUT PREDICTED BY A LARGE SCALE SIMULATION. Y. Dai1*, D. Bashor2, B. 
Fedirchuk1. and L.M. Jordan1. ‘Dept.of Physiology, University of Manitoba, 
Winnipeg R3E 3J7, CANADA; 2Dept. of Biology, The University of North Carolina 
at Charlotte, Charlotte, NC 28223, USA

Krawitz et al (1997) showed that the voltage threshold (Vth) for action potentials in 
cat motoneurons is hyperpolarized (-6.3 ± 3.9 mV) during fictive locomotion. 
Computer simulation (Dai et al, 1998) using a Hodgkin-Huxley type model with 
three compartments (initial segment, soma and dendrite) suggested that modulation 
of sodium and/or potassium conductances in the initial segment is a possible 
mechanism for producing the hyperpolarization of Vth. However, the impact of V,h 
hyperpolarization of motoneurons on the output of the entire motoneuronal pool is 
unknown.

A large-scale population model constructed from single-point neurons (Bashor, 
1998) was used to investigate the population-level effects when the Vth for action 
potentials in motoneurons was hyperpolarized. Simulation results showed that 
without V,h hyperpolarization, a low intensity synaptic input recruited -17% of S- 
type cells and -1% of the F-type cells, whereas a high intensity input recruited -80% 
of S-type cells and -65% of F-type cells. When Vth was hyperpolarized by 7mV, a 
low intensity input recruited -40% of S-type cells and -45% of F-type cells, and a 
high intensity input recruited more than 90% of cells for both S- and F-type pools. 
Therefore, recruitment of the F-type motoneuronal pool was relatively more sensitive 
to the modest hyperpolarization of Vth, but in each case the S-type motoneuron pool 
contributes more recruited cells. The change of Vth produced only a small change in 
firing frequencies for both S- and F- type motoneurons in response to either low- or 
high-intensity inputs. These simulation results suggest that hyperpolarization of the 
Vth of motoneurons enhances the output of the motoneuronal pool primarily through 
increased recruitment. Perhaps this serves to minimize the central drive required to 
produce a behaviour. Supported by the Canadian MRC

664.11

MODEL OF SPONTANEOUS ACTIVITY IN THE ISOLATED COR-
TICAL SLAB IN VIVO M. Bazhenov1*, I. Timofeev2, M. Steriade2 and
T.J. Sejnowski1. 1The Salk Institute, PO Box 85800, San Diego, CA 92186 
and 2Lab. of Neurophysiology, School of Medicine, Laval University, Quebec, 
Canada G1K 7P4.

Multisite intracellular and field potential recordings in 10 mm x 6 mm neo- 
cortical slabs in vivo isolated from all afferents, revealed spontaneous activity 
that lasted 0.5-1.5 sec separated by silent periods lasting 5-60 sec. During silent 
periods, small intracellular depolarizing potentials occurred with an increasing 
frequency just before each active state and which were suppressed immediately 
following each active period. In larger isolated 20 mm x 10 mm slabs of gyri, 
the spontaneous activity was replaced by periodic oscillations similar to that 
observed in intact cortex. The cellular and network mechanisms underlying 
neuronal activity in the slabs were investigated with computational simulations 
based on detailed models of cortical pyramidal (PY) cells and interneurons. The 
summation of the miniature EPSPs during the silent phase of an oscillation could 
activate the persistent sodium current and depolarize the membrane sufficiently 
for spike generation. Once the oscillations were initiated, they spread through 
the network and were maintained by the lateral PY-PY excitation and persis-
tent sodium current. Progressive depression of the excitatory interconnections 
led to the termination of the fast activity after 300-700 ms. As the number of 
neurons and synapses in the network increased, the frequency of active peri-
ods stabilized. The model predicts that randomly occurring miniature EPSPs 
and persistent sodium currents are sufficient to explain the nonregular onset of 
active states in the cortical network and that a minimum number of intercon-
nected cells is required to maintain the periodicity of oscillations. Supported by 
the Howard Hughes Medical Institute, Sloan Foundation, MRC of Canada and 
Human Frontier Science Program.

664.12

LOCAL CIRCUIT IN THE CEREBRAL MOTOR CORTEX: 
CONNECTION FROM LAYER III PYRAMIDAL CELLS TO 
CORTICOSPINAL AND CORTICOTHALAMIC NEURONS.
T. Kaneko^and N, Mizuno2. 'Dept. of Morphological Brain Science, Grad.
Sch. of Med., Kyoto Univ.and CREST, JST (Japan Science and Technology), 
Kyoto 606-8501, Japan; ^okyo Metropolitan Institute for Neuroscience,
Tokyo 183-8526, Japan.

To reveal the mechanism of information processing in the cerebral cortex, 
we focused on the morphological analysis of its intrinsic circuitry. Recently, 
we developed a retrograde neuronal tracing method with Golgi-like soma- 
dendritic filling (Kaneko et al., J. Neurosci. Methods 65:157-165, 1996). By com-
bining this method with the intracellular staining method, local connections 
from layer III pyramidal cells to corticospinal and corticothalamic projection 
neurons were examined in the motor cortical slices of the rat. Forty layer III 
pyramidal neurons stained intracellularly were of the regular-spiking type, 
showed immunoreactivity for glutaminase, and emitted axon collaterals arboriz-
ing locally in layers II/III and/or V. Nine of them were reconstructed for 
morphological analysis; 15.2% or 3.8% of varicosities of axon collaterals of the 
reconstructed neurons were apposed to dendrites of corticospinal or corticotha-
lamic neurons, respectively. By con-focal laser-scanning and electron micros-
copy, some of these appositions were revealed to make synapses. These findings 
indicate that corticospinal neurons receive information from the superficial 
cortical layers 4-fold more efficiently than corticothalamic neurons. The results 
suggest that information of the superficial cortical layers is transferred directly 
and efficiently to corticospinal neurons in layer V and thereby exerts an important 
influence on cortical motor output. Corticothalamic neurons are, in contrast, 
considered relatively independent of or indirectly related to information pro-
cessing of the superficial cortical layers.
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664.13
DEPOLARIZING AFTERPOTENTIALS INVOLVED IN GENERATION 
OF BURST FIRING IN CORTICAL PYRAMIDAL CELLS IN VITRO.
Y, Kang* and H. Ohmori. Department of Physiology, Faculty of Medicine, 
Kyoto University, Kyoto 606-8501, Japan

Regular spiking pattern in some pyramidal cells has been demonstrated to be 
changed into fast rhythmic bursting pattern (Kang & Kayano, J. Neurophysiol 7 2, 
1994; Steriade et al., J. Neurophysiol 79, 1997; Brumberg & McCormick, Soc. 
Neurosci. Abstr. 2 4, 1998). Fast rhythmic bursting neurons are presumed to play a 
crucial role in evoking y -band EEG oscillation which is observed on cognition or on 
rehearsal of short term memory. Since the enhancement of depolarizing afterpotentials 
(DAP) appeared to be involved in the transformation of firing pattern, we investigated 
the ionic mechanisms underlying the DAP and its potentiation in pyramidal cells in 
rat frontal cortical slices using the whole-cell recording method. The generation of 
DAP was found to be mediated by a Ca2+ dependent cationic current which can be 
expressed as a slow tail current (I), lasting for a few seconds after the offset of 
depolarization pulses under voltage clamp conditions (Kang, Okada & Ohmori, Eur. J. 
Neurosci 10, 1998). Slow tail-Is were prolonged by bath application of caffeine (10 
mM). Repetitive application of depolarizing pulses in the presence of caffeine led to a 
generation of a much slower tail-I lasting for a few tens of seconds. This enhancement 
of slow tail-Is was suppressed by KN-62 andKN-93, indicating that activation of CaM 
KII may play a crucial role in the upregulation of Ca2+ dependent cationic channels. 
This would be consistent with our previous observation that repetitive application of 
strong depolarization induced fast rhythmic burst firing as a consequence of an 
enhancement of DAP. Supported by a Grant-in-Aid for General Scientific Research 
(C) 10680765 and by CREST of Japan Science and Technology Corporation.

664.14
INTRACELLULAR ACTIVITY OF VARIOUS NEOCORTICAL CELL-CLASSES 
DURING THE NATURAL WAKE-SLEEP CYCLE. M. Steriade*. I. Timofeev and F, 
Grenier, Laboratory of Neurophysiology, School of Medicine, Laval University, 
Quebec, Canada G1K 7P4.

In this first study using intracellular recordings of electrophysiologically 
identified neocortical neurons during the natural wake-sleep cycle of chronically 
implanted cats, we asked what is the basic difference between the state of so-called 
‘resting’ sleep (S) and the two brain-active states, waking (W) and rapid-eye-movement 
(REM) sleep, in terms of membrane potential fluctuations as well as firing rates and 
patterns. About 400 neurons were recorded from the primary somatosensory cortex and 
association areas 5-7-21. Neurons were identified electrophysiologically (regular- 
spiking, RS; conventional fast-spiking, FS; fast-rhythmic-bursting, FRB; and 
intrinsically-bursting, IB) by their responses to depolarizing current pulses, (a) In all 
neuronal types, the S state was distinguished from both W and REM states by 
prolonged (up to 0.5 s), cyclic hyperpolarizations of 10-20 mV, associated with the 
depth-positive field potentials of the slow sleep oscillation. During the depolarizing 
phase of the sleep oscillation, all types of neocortical neurons discharged at rates 
similar, or sometimes higher, than during W and REM sleep. Often, the shift to a new 
cellular pattern during transition from a state to another preceded the onset of changes 
in EEG potentials, (b) FS neurons discharged at higher rates than RS and other 
neuronal types, (c) The very low incidence of IB neurons (<5%) in these 
unanesthetized animals contrasted with the higher proportion (15-20%) of such neurons 
in brain slices or in vivo under different anesthetics. IB cells fired repetitive spike- 
bursts in W and REM sleep, and diminished the incidence of their bursts in S. (d) In 
their spontaneous discharges, FRB neurons fired isolated, but not rhythmic, spike- 
bursts. We expect that the FRB pattern will be elicited by prolonged and/or relevant 
stimuli. The rich spontaneous cortical activity during the depolarizing phase of the slow 
sleep oscillation in a behavioral state conventionally thought as deafferented and 
inactive, strengthens our hypothesis that, during S, neocortical neurons are implicated 
in reorganizing/specifying the circuitry and in consolidating some memory traces. 
Supported by MRC and NSERC of Canada, and by HFSP.

664.15
TWO FORMS OF CORTICAL INHIBITION DURING NATURAL SLEEP: AN 
INTRACELLULAR STUDY IN BEHAVING CATS. I, Timofeev*. F, Grenier and M, 
Steriade Laboratory of Neurophysiology, School of Medicine, Laval University, 
Quebec, Canada G1K 7P4.

Earlier field potential and extracellular recordings during natural sleep have 
shown that, during slow-wave sleep (SWS), neocortical neurons display long-lasting 
periods of silence, whereas they are tonically active and discharge at higher rates 
during REM sleep. We analyzed these differences in discharge rates and patterns by 
intracellular recordings from primary somatosensory cortex and association areas 5, 7, 
21 during the natural wake-sleep cycle of chronically implanted cats, (a) During SWS, 
the membrane potential displayed two states, corresponding to the biphasic slow 
cortical oscillation: a depolarized phase, during which the neurons fired with similar 
rates as in wake and REM sleep; and a hyperpolarized phase, lasting up to 0.5 s, that 
was associated with an increase in input resistance (Rjn) up to 200-300% in both 
regular-spiking (RS) and conventional fast spiking (FS) neurons. These 
hyperpolarizations were not sensitive to elevated intracellular Cl' level and, thus, were 
not Cl'-dependent IPSPs. Recordings with Cs+-filled pipettes greatly reduced the 
prolonged hyperpolarizations. We conclude that SWS-related hyperpolarizations are 
due to disfacilitation (increased Rjn) and dominated by K+ currents, (b) During REM 
sleep, RS (presumably pyramidal-type) neurons were depolarized, displayed rare, slight 
(2-5 mV) and short (10-30 ms) hyperpolarizing potentials which were particularly 
numerous in association with ocular saccades. FS (presumably inhibitory) intemeurons 
increased their firing rates at the corresponding periods. Intracellular recordings with 
Cs+-filled pipettes did not affect the saccades-related hyperpolarizations of RS 
neurons, whereas recordings with Cl'-filled pipettes showed increased firing rate in 
both RS and FS neurons. These data indicate that at least two forms of inhibition occur 
during natural sleep in neocortical neurons: prolonged periods of disfacilitation during 
SWS and Cl'-dependent inhibition during ocular saccades in REM sleep.
Supported by MRC and NSERC of Canada, and by HFSP.

CEREBRAL CORTEX: PRIMARY MOTOR

665.1

DECORRELATION OF SENSORIMOTOR UNIT ACTIVITY IS TEMPORALLY 
COINCIDENT WITH SENSORY CONTROL OF MOVEMENT. J, G, Keating* 
and G. L. Gerstein. Dept of Neuroscience, Univ of Penn, Philadelphia, PA 19104.

Our attempts to improve the quality of recordings from chronically implanted 
microwires have led us to develop a small, low cost, ‘disposable’ microdrive, built 
from readily available parts and requiring no highly accurate machining. Using this 
microdrive we have recorded activity from rat sensorimotor cortex while the animal 
performs free, self-initiated, reaches for food pellets. Multi unit recordings from eight 
electrodes (250-300um spacing) show a decorrelation of activity time locked to the 
reaching task. Decorrelation of sensory (eg Vaadia et al 1995) and motor (eg Murthy 
and Fetz, 1996) activity during certain behaviors is a well documented, but poorly 
understood, phenomena. Here we show that such decorrelation occurs across regions. 
JPSTHs constructed from data of two electrodes of one recording session are shown 
below. Correlation between ‘motor’ and ‘sensory’ activity drops to near zero just 
before the paw reaches the pellet (‘contact’ on the zero lag cross correlograms). Not 
grasping the pellet (ERROR) leads to immediate recorrelation of unit discharge. 
Decorrelation persists on successful trials throughout the grasp and transport phases 
of movement. This ‘unlocking’ is temporally coincident with the period during which

665.2

SPATIOTEMPORAL INTERACTIONS BETWEEN PRIMATE MOTOR 
AND PREMOTOR CORTEX DURING PERFORMANCE OF AN ARM- 
MOVEMENT TASK. Miguel A. L. Nicolelis *, Mark Laubach, Christopher 
Stambaugh, and Pamela D. Beck, Dept. of Neurobiology, Duke University, 
Durham, NC 27710.

We addressed the issue of how neuronal ensembles in primate motor and 
premotor cortex encode arm movements that are cued by visual stimuli. Owl 
monkeys were trained to move a manipulandum in one of two directions (left and 
right) in response to visual cues that indicated the required direction of movement. 
Spike trains were recorded from 36 to 43 neurons simultaneously in behavioral 
sessions in which more than 90% of trials were performed correctly. We examined 
the ability of neuronal firing rates and of synchronous and asynchronous 
spatiotemporal correlations between neurons, which were quantified using 
independent component analysis and wavelet discriminant pursuit, respectively, to 
discriminate between left and right arm movements and trials with correct (to 
location of visual stimulus) and errant (away from stimulus) responses. We found 
that while neuronal firing rates could discriminate between different directions of 
movement, firing rates were equivalent on correct and error trials. Far more 
information was provided by the spatiotemporal pattern of spiking (in 10 ms bins) 
across the neuronal ensembles. Synchronous (zero lag) correlations between 
neurons (detected by ICA) discriminated between left and right movements and 
correct and error trials with error rates that were significantly above chance. 
However, far more information about both movement direction and task success 
was available from asynchronous correlations (non-zero lag). These results suggest 
that arm movements that are directed by visual stimuli are encoded by unique, 
correlated patterns of neural activity that are distributed across multiple motor- 
related areas of primate cortex. Sponsored by grants from NIH (T32-NS07370) to 
PDB, (NS 10597) to ML, and (DE-11121) to MALN, and grants from DARPA and 
ONRtoMALN.
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665.3
EMERGENT PROPERTIES OF NEURONAL ENSEMBLES IN MOTOR AND 
PREMOTOR CORTICES OF RATS AND MONKEYS: EFFECTS OF MOTOR 
LEARNING. Mark Laubach*. Christopher R. Stambaugh. Pamela D. Beck, and Miguel 
A. L. Nicolelis. Dept. of Neurobiology, Duke University, Durham, NC.
Neuronal ensembles in the motor and premotor areas were studied in rats and 
monkeys during the acquisition of a reaction-time task and visuomotor task, 
respectively. Pattern recognition analyses compared neuronal responses on trials with 
different behavioral outcomes. Information about behavioral performance increased 
over the course of training. A spike smoothing procedure, comparing neuronal 
responses at different time scales (5-50 ms), found that maximal information was 
encoded in the fine temporal structure of spike activity (5-10 ms). Extended 
independent component analysis (ICA) was used to describe synchronous (zero lag) 
correlations between subsets of the neuronal ensembles. Scores for the independent 
components were derived from the original spike trains and from test data in which 
the timing of each spike train was shifted by, e.g., +/- 5-15 ms, on a given trial. This 
shifting procedure effectively destroyed correlations between neurons. This analysis 
found that classification success was reduced significantly, e.g., from 85 to 65 %, 
after the shifting procedure. These data suggest that significant information about 
behavioral outcome is represented by synchronous correlations. Finally, to assess the 
contributions of single neurons to the ensemble, the effect of removing each neuron 
from the ensemble was quantified and the neuron that produced the largest loss of 
information was eliminated (i.e., “neuron dropping”). This procedure was repeated 
iteratively. The order of neuron removal was then compared with the order of neuron 
importance based on classifications by the single neurons themselves. The analysis 
found that many neurons that provided little or no information by themselves were 
removed from the ensemble before neurons that themselves provided significant 
information. This result demonstrates that behaviorally relevant information at the 
ensemble level is not simply an additive effect of recording from many neurons 
simultaneously. Rather, these data suggest that information emerges at the ensemble 
level. Sponsored by NIH grants NS10597 to ML, NS07370 to PDB, and DEI 1121 to 
MALN and grants from DARPA and ONR to MALN.

665.4
CHANGES IN ACTIVITY OF NEURAL ENSEMBLES IN PRIMATE 
MOTOR AND PREMOTOR CORTEX DURING THE INITIAL 
ACQUISITION OF A VISUOMOTOR TASK. Pamela D. Beck ». Mark 
Laubach. Christopher Stambaugh, and Miguel A, L. Nicolelis. Dept. of 
Neurobiology, Duke University, Durham, NC 27710.

We examined the hypothesis that the acquisition of visual-motor associations alters 
how ensembles of neurons in multiple motor-related areas of primate cortex encode 
arm movements. We simultaneously recorded from an average of 36 neurons in 
presumed motor and premotor cortical areas as an owl monkey was trained to 
perform an arm movement task. The task required the monkey to move a 
manipulandum in one of two directions in response to a visual cue that indicated the 
required movement direction. Over several weeks, behavioral performance 
improved from 62% to 95% correct. We found that our ability to discriminate 
between trials with different directions of movement and correct and error 
responses, based on neuronal responses in motor and premotor cortex, improved as 
the animal learned the task. Significant increases in information about movement 
direction and task success were detected using wavelet discriminant pursuit (to 
detect spatiotemporal activity patterns) and a neural network classifier (to quantify 
information content). Moreover, information about movement direction and task 
success that was represented in correlated signals (detected with independent 
component analysis) emerged over the course of training. An analysis of the timing 
of this information showed that the encoding of movement direction occurred 
sooner as the animal’s behavior improved. Neuronal firing rates remained stable 
over the course of training and did not provide information about task success. 
These data demonstrate that the acquisition of a visuomotor task is accompanied by 
changes in the activity of populations of neurons in multiple motor-related areas of 
primate cortex. These alterations in neuronal activity may be instrumental in 
learning to execute visually cued arm movements. Sponsored by grants from NIH 
(NS 07370) to PDB, (NS 10597) to ML, and (DE-11121, NS 62352) to MALN, and 
grants from DARPA and ONR to MALN.

665.5

DIFFERENTIAL ALTERATIONS IN PRIMATE MOTOR AND PREMOTOR 
CORTICES DURING THE LEARNING OF A VISUOMOTOR TASK. 
Christopher R. Stambaugh*. Pamela D. Beck. Mark Laubach. and Miguel A, L. 
Nicolelis. Dept. of Neurobiology, Duke University, Durham, NC 27710. 
Simultaneous recordings from up to 44 single unit and 19 mult-unit channels were 

obtained in motor and premotor cortical areas during the entire training period 
required for an owl monkey to learn a new visuomotor task. The task required that 
the monkey move a manipulandum in one of two directions in response to visual 
stimuli. A supervised Kohonen network (LVQ) was employed to quantify how well 
spatiotemporal patterns from either motor or premotor ensemble activity could 
discriminate between trials with different behavioral outcomes (i.e. left vs. right 
movements and correct vs. errant trials). Both areas independently provided enough 
information to discriminate outcomes on a single trial basis with over 85% accuracy 
in the overtrained animal. However, using the same classification network with only 
average firing rate to represent a single trial, neither area individually achieved 
greater than 80% classification. Independent componenent analsyis (ICA) was used 
to detect synchronous (zero-lag) correlations between subsets of the neuronal 
ensembles and to quantify the contribution of neuronal correlated activity over 
training on a trial-by-trial basis. Discrimination based on such correlated activity 
between neurons within premotor cortex improved from 70% to over 95% as the 
behavioral performance improved. However, correlated activity within motor 
cortex never provided enough information to discriminate the trials with more than 
80% accuracy. These results suggest that learning of this task had a differential 
effect on the encoding of trial outcome in each of the two motor areas. Sponsored 
by grants from NIH (NS 07370) to PDB, (NS 10597) to ML, and (DE-11121, NS 
62352) to MALN, and grants from DARPA and ONR to MALN.

665.6
SIMULTANEOUSLY RECORDED NEURONAL POPULATIONS IN MOTOR 
CORTEX ENCODE COMPLEX MOVEMENTS. J.K. Chapiri*R. S. Markowitz, K.A. 
Moxon and G. Gaal, MCP Hahnemann School of Medicine, Philadelphia, PA 19129 
To investigate the encoding of complex movements by neuronal ensembles in motor 
cortex, rats were trained to use their forelimbs to reach to a manipulandum, position it, 
and then release it to receive a water reward. Simultaneously, up to 46 neurons were 
recorded in the MI cortex and VL thalamus, the manipulandum angle was digitized, and 
other movements were recorded using synchronized video and EMG. Because there 
were many spontaneous variations in the performance of this task, it was possible to use 
time-shifted cross-correlations to define the strength of associations between neurons 
and a range of movement parameters. Spatial and spatiotemporal transformations (both 
linear and nonlinear) of neuronal population activity were then used to predict forelimb 
movement. For example, simple spatial transformation using discriminant analysis 
predicted occurrences of forelimb flexion and extension movements, but could not 
predict the exact timing and magnitude of such movements, because the neuronal 
activity tended to be time-shifted relative to the movements with which it was 
correlated. More accurate time/magnitude predictions were obtained using recurrent 
artificial neural networks (rANNs) which performed spatiotemporal transformations of 
the neural activity. These were trained by using dynamic back-propagation to adjust 
the weights of recurrent connections between the hidden layer neurons of the rANN. 
These rANNs transformed the pre-manipulandum-movement (pre-MM) peaks of neural 
activity to predict the timing and magnitude of manipulandum movement (MM). 
Analysis of such trained rANNs showed that their responses to single impulse inputs 
were alpha functions peaking about 300 msec after the impulse. These functions 
matched the time-shifted cross-correlation functions measured between the same pre- 
MM peaks and the MMs. To conclude, nonlinear spatiotemporal mapping techniques 
were most effective for transforming neuronal ensemble activity into trajectories of 
complex movements. Supported by ONR grant N00014-98-1-0679, NIH contract 
NS62352, and NIH grant NS26722 to JKC.

665.7

MOTOR CORTICAL ACTIVITY DURING LEMNISCATE DRAWING.
P.W, Moran*, G.A. Reina and A.B, Schwartz, The Neurosciences Institute, 10640 
John J. Hopkins Dr., San Diego, CA 92121.

Monkeys were trained to draw figure eights in the two dimensions of a 
touch screen or in three dimensional virtual reality. In the 2D task, each monkey 
viewed its hand directly, while in 3D the hand was represented by a computer-
generated sphere. Primary motor cortical activity was recorded from the proximal 
arm area contralateral to the moving hand. Population vectors constructed from 
this activity accurately and isomorphically represented the shape of the drawn 
figures showing that they represent the spatial aspect of the task well. These 
observations were extended by examining the temporal relation between this neural 
representation and finger displacement. Movements generated during this task 
were made in four kinematic segments. This segmentation was clearly evident in a 
time series of population vectors. In addition, the 2/3 power law described for 
human drawing was also evident in the neural correlate of the monkey hand 
trajectory. Movement direction and speed changed continuously during the task. 
Within each segment, speed and direction changed reciprocally. The prediction 
interval between the population vector and movement direction increased in the 
middle of the segments where curvature was high, but decreased in straight 
portions at the beginning and end of each segment. In contrast to direction, 
prediction intervals between the movement speed and population vector length 
were near-constant with only a modest modulation in each segment. Population 
vectors predicted direction (vector angle) and speed (vector length) throughout the 
drawing task. (Supported by Neurosciences Research Foundation)

665.8

ON THE RELATION BETWEEN JOINT-ANGULAR VELOCITY AND 
MOTOR CORTICAL DISCHARGE DURING MOVEMENT.
G.A. Reina*, P.W. Moran and A.B, Schwartz.
The Neurosciences Institute, 10640 John J. Hopkins Dr., San Diego, CA 92121.

We studied the relationship between seven joint angular velocities of the upper 
extremity with the discharge rate of arm-related, primary motor-cortical neurons. 
Rhesus monkeys were trained in a three-dimensional center-> out task within a 
virtual reality environment. The positions of five infrared markers on the 
shoulder, elbow, wrist, and hand were recorded in real-time using an Optotrak 
3010. Seven cardanic joint angular velocities were calculated from this marker 
information: abduction/adduction, extension/flexion, and internal/external 
rotation at the shoulder; extension/flexion and pronation/supination at the elbow; 
abduction/adduction and extension/flexion at the wrist. A platinum-iridium 
electrode was used to record extracellular, single-unit activity during the drawing 
tasks.

We analyzed data from three-hemispheres of two monkeys. A regression of 
joint angular velocities was performed on the unit’s discharge rate during the 
task. The discharge rate was maximal when the arm was directed at the "preferred 
angular velocity". Over 90% of the units had significant regressions to joint 
angular velocity. Elbow extension/flexion, shoulder extension/flexion, and 
shoulder internal/external rotation were the most prominently related to the 
discharge rate. Over 95% of these units also had significant regressions to the 
velocity of the hand. Both parameters— joint angular velocity and hand velocity— 
were equally useful in explaining the discharge patterns recorded in this task. 
(Supported by Neurosciences Research Foundation)

Society  for  Neuroscience . Volume  25, 1999



WEDNESDAY AM CEREBRAL CORTEX: PRIMARY MOTOR 1663

665.9

CODING DYNAMIC VARIABLES IN POPULATIONS OF MOTOR CORTEX 
NEURONS. Liam Paninski, Matthew R. Fellows, Nicholas G. Hatsopoulos, 
John P. Donoqhue*. Dept. Neuroscience, Box 1953, Brown University, 
Providence, Rl 02912.
Our understanding of neural coding in primary motor cortex (Ml) has largely 
been determined by examining averaged single cell activity during highly 
trained, repetitive reaching tasks. Furthermore, to simplify the study of 
complex movements, most work in this area has examined only static, scalar 
kinematic variables. Hence we know little about what information is available 
about a dynamic motor signal in the spike trains of a population of Ml 
neurons. To gain a better understanding of Ml encoding of continuously 
varying information, we trained two macaque monkeys to manually track a 
visual stimulus whose location in the horizontal plane through time 
constituted a gaussian low-pass random signal. Importantly, the signal was 
chosen anew for each behavioral trial; the monkey never repeated a given 
movement. This maximum-entropy approach allowed us to make as few a 
priori assumptions as possible about the encoding of information in Ml. We 
recorded simultaneously from up to 29 isolated units in the arm area of Ml 
using a 100-channel chronically implanted electrode array. We then 
employed spike-triggered averaging and signal reconstruction of various 
kinematic and error-related signals in order to elucidate the form of 
information represented in Ml. With simple linear approaches (c.f. especially 
Warland et al., 1998, J. Neurophys.), we are able to reconstruct the entire 
trajectory of the subject’s hand given spike trains from single trials, using as 
few as four neurons. These results suggest that populations of Ml neurons 
encode dynamic motor information.
Funded by NINDS NS25074 and NIMH K01 MH01671-01

665.10

REPRESENTING MOVEMENT SEQUENCES IN THE
CORRELATED ACTIVITY OF MOTOR CORTICAL NEURONS. 
Nicholas Hatsopoulos*, Liam Paninski, & John Donoghue. Box 1953, 
Dept. of Neuroscience, Brown University, Providence RI02912.

We investigated the hypothesis that statistical interactions between neurons in motor 
cortex provide information about the planning and execution of sequential 
movements. We recorded simultaneously from 3-12 neurons in primary and in 
supplementary motor cortex while monkeys (Macaca Fascicularis) planned and then 
performed two-segment sequential movements. The first segment was a movement 
away from the body to an intermediate target; the second segment required an 
oblique movement either to a leftward or rightward target. In "bound" trials, the 
complete sequence was instructed before the sequence was initiated and was 
displayed throughout sequence execution. In "unbound" trials, the instruction for the 
second segment occurred only as the intermediate target was approached. Catch 
trials had only the first segment. Hand paths were not statistically different under 
both conditions although the tangential velocities did exhibit small but consistent 
differences. We examined the temporal dynamics of the correlation in spike counts 
between neuron pairs defined over a broad time scale (50-100 ms) and observed 
statistically significant correlation coefficients (p<0.01) over two successive intervals 
in 15% of 111 cell pairs examined. Depending on the neuron pair, we found that 
significant correlations occurred in different periods of the trial. More importantly , 
in 4% of the cell pairs correlated activity could distinguish between planned 
(“bound”) and unplanned (“unbound”) sequences even when the average firing rates 
of individual neurons could not (two-tailed t-test, p<0.01). Thus, 2nd-order statistical 
interactions between neurons provide additional information that could form a coding 
parameter beyond lst-order firing rates of single neurons. Supported by NIMH 1K01 
MH01671-01 & NINDS 1 F32 NS10269-01

665.11

IDENTIFICATION OF FUNCTIONAL CONNECTIONS FROM THE PRIMARY 
MOTOR CORTEX OF THE MACAQUE MONKEY. T. Oishi1*, N. Higo1, A. 
Yamashita2, K. Matsuda1, and M. Hayashi3. ’Neuroscience Sect., Electrotechnical 
Lab., Tsukuba, Ibaraki 305-8568, Japan; 2Dept. Anat., Nihon Univ. Sch. Med., 
Itabashi, Tokyo 173-0032, Japan; 3Dept. Cell. Mol. Biol., Primate Inst., Kyoto Univ., 
Inuyama, Aichi 484-8506, Japan.

To identify cells which are activated by the stimulation in the primary motor cortex 
of the macaque monkey, we performed immunohistochemistry for c-Fos, following 
local injection of a GABAa  antagonist bicuculline methiodide (BMI, 1 ug/ul, 1 ul) 
into the hand region of the motor cortex. Distribution of cells with c-Fos-immunoreactive 
nucleus (c-Fos-C) was compared with that of the fibers and terminals containing 
biotynilated dextran amine (BDA, MW = 3000, 20% (w/v), 1 ul), which had been 
injected close to the BMI-injected site more than 30 days before BMI-injection. In 
the cerebral cortex, c-Fos-C were observed in layers II-III of the premotor cortex 
lateral to the precentral dimple and in layers V-VI of the supplementary motor cortex. 
In both areas, BDA-labeled fibers and terminals existed near the c-Fos-C. Counter 
stain with neutral red revealed that c-Fos-C were nonpyramidal neurons. In the lower 
level of the brain stem, c-Fos-C were observed in the dorsolateral part of the reticular 
formation, at which BDA-labeled fibers and terminals existed. These results indicate 
that c-Fos-C are not only anatomically innervated from the primary motor cortex but 
also functionally activated with elevated activity in the primary motor cortex, as 
shown in the rat striatum (Berretta et al., J. Neurosci., 17, 1997). Combination of the 
administration of GABAa  antagonist and c-Fos immunohistochemistry seems useful 
for identification of orthodromic excitatory connections in the central nervous system 
of the monkey, especially in case of studying long connections. (This work was 
supported by the Japanese Agency of Industrial Science and Technology of MITI, 
CREST of Japan Science and Technology Corporation, and the Cooperation Research 
Program of Primate Research Institute, Kyoto University.)

665.12
CORTICOSTRIATAL (CS) TASK-RELATED DISCHARGE IN MONKEY Ml IS 
SIMILAR TO STRIATAL DISCHARGE PATTERNS. R.S. Turner* and M.R. 
DeLong. Dept. of Neurology, Emory Univ. Sch. of Med., Atlanta, GA 30322

The activity of CS neurons during motor performance has received little attention 
even though this projection is thought to play an important role in basal ganglia 
processing. We recorded from antidromically identified CS neurons in arm-related 
Ml cortex of two rhesus monkeys during performance of a loaded elbow 
flexion/extension task. The discharge of CS neurons was compared with that of nearby 
neurons excited antidromically from the cerebral peduncle (CP neurons). As expected 
from previous report1, CS neurons had low baseline discharge rates compared with CP 
neurons (1.4 and 14.8 sp/s, respectively), and lower proportions of CS cells had static 
load- or movement-related modulations in discharge (24% vs. 46% for loads and 49% 
vs. 96% for movement, respectively).

The differences between CS and CP neurons were similar in many respects to the 
differences observed by others between striatal and Ml neurons2'3. Onset times for CS 
movement-related activity (70 ms before movement) lagged substantially the 128 ms 
lead time for CP neurons (P<0.0005, T-test). Movement direction influenced similar 
proportions of the two populations, but CS neurons were 5 times more likely to have 
uni-directional activity rather than bi-directional or reciprocal relations to movement 
direction (P<0.0005, x2)- CS discharge often reflected movement direction, 
independent of loading condition, whereas CP discharge more frequently reflected the 
pattern of muscle activity (P=0.05, x2)- Finally, CS neurons were 3.7 times more likely 
than CP neurons to show only preparatory or only movement-related activity 
(P<0.0005, x2)- The task-related activity of CS neurons may account for many aspects 
of striatal activity described previously. Nearby CS and CP neurons in Ml convey 
very different types of information to their respective targets. NIH PO1 NS 31937
'Bauswein et al. Brain Res 493:198-203, 1989; 2Crutcher & Alexander J Neurophysiol 
64:151-163, 1990; ’Alexander & Crutcher J Neurophysiol 64:133-150, 1990;

665.13

Motor output parameters and primary motor cortex ceil activity: A temporal 
regression analysis. L. Sergio* and J. Kalaska. CRSN, Univ. de Montreal, Canada.

We recorded the activity of caudal primary motor cortex (Ml) cells while a 
monkey {Macaca Mulatta) performed directional isometric-force and limb- 
movement tasks, designed to dissociate kinetic and kinematic parameters of motor 
output. A multiple linear regression model examined the relationship between a 
fixed window of cell activity and the X-Y spatial components of numerous motor 
variables (regressors)itarget direction, hand position, net force output at the hand, 
and their derivatives. A series of regressions were performed after shifting the 
temporal alignment between cell activity and regressors in 20 ms steps. For every 
time shift, the proportion of variance in cell activity explained by the model (R2) 
was calculated, and the standardized regression coefficients (SRC) at the time of 
the peak R2 were noted for each cell. In the isometric task, force and target 
direction had the largest SRC for 43% and 44% of cells, respectively. However, 
when the same cells were tested in the movement task, 33% showed the 
greatest SRC for force, while 19% showed the largest SRC for target direction, 
22% for hand velocity, 13% for change in force, and 14% for hand position. A 
similar analysis on EMG activity recorded from 16 proximal arm muscles showed 
stronger relationships to kinetic parameters in both tasks. These data suggest that 
both the kinetic and kinematic parameters of motor output are reflected in the 
activity of caudal Ml cells in isometric and movement tasks, but that the 
relationships with kinetic regressors are not as strong as in the EMG activity. 
(Supported by the MRC Group Grant in Neurological Sciences, and by an FRSQ 
postdoctoral fellowship to LS.)

665.14

ABSENCE OF A SECOND DISTAL MUSCLE REPRESENTATION IN MAPS OF PRIMARY 
MOTOR CORTEX IN RHESUS MACAQUES. M.C, Park, A Belhai-Saif and P.D. Cheney.* 
Mental Retardation Research Center and Dept of Molecular and Integrative Physiology, 
University of Kansas Medical Center, Kansas City, KS 66160.

In previous work on the forelimb muscle representation of primary motor cortex (M1) in 
macaque monkeys, we found a central core of distal muscle (wrist, digit & intrinsic hand) 
representation, largely contained within the wall of the precentral gyrus, surrounded by a 
’horseshoe" shaped proximal muscle (shoulder & elbow) representation (Karrer, et al., 1995). 
Neuroanatomical labeling studies have suggested the existence of a second distal forelimb 
muscle representation within-MI of macaque monkeys located medially to the medial arm of 
the proximal muscle representation (He, et al.,1993). In our earlier work, chamber size 
precluded electrode penetrations in the area of the proposed second M1 representation. For 
the present study, we developed a 30mm inner diameter MRI compatible chamber to allow 
mapping of a larger cortical area Functional output maps of M1 were obtained in two rhesus 
macaques to test the hypothesis that the representation of distal forelimb muscles consists of 
two non-contiguous zones with potentially different functional properties. EMGs were recorded 
simultaneously from 24 forelimb muscles including shoulder, elbow, wrist, digit and intrinsic 
hand muscles. Forelimb output maps were constructed from stimulus triggered averages of 
EMG activity from the 24 implanted muscles. These averages were obtained by applying 15gA 
stimuli to M1 sites while the monkey performed a prehension task. Motor output to body 
regions other than the forelimb (e.g., face, trunk and hindlimb) were identified using repetitive 
ICMS to evoke movements. Maps of M1 generated with these physiological methods 
confirmed the existence of a central core of distal muscle representation surrounded by a 
’horseshoe* shaped proximal muscle representation. Most significantly, however, electrode 
tracks extending metfially from the medial arm of the primary proximal muscle representation 
(in the area of the proposed second M1 distal representation) evoked hindlimb responses. No 
distal forelimb effects were found in stimulus triggered averages from this region. These results 
argue against the existence of a second noncontiguous distal muscle representation in the 
rhesus macaque. (Supported by NIH grant NS25646 and Center grant HD02528)
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665.15

NEURAL ACTIVITY IN PRIMARY MOTOR CORTEX OF MONKEYS 
IS SENSITIVE TO LOADS APPLIED AT MULTIPLE JOINTS DURING 
A POSTURAL TASK. D.William Cabel* & Stephen H. Scott, Dept. of 
Anatomy and Cell Biology, Queen’s University, Kingston, ON K7L 3N6

The purpose of this study was to examine whether neural activity in 
primary motor cortex was related to motor output at one or two joints 
during a multi-joint postural task. We recorded the activity of motor 
cortical cells in a monkey trained to maintain its hand at a central target 
while compensating for constant magnitude loads applied to the shoulder 
and/or elbow joints. Loads were applied by torque motors on a mechanical 
exoskeleton (KINARM) attached to the monkey’s limb.
A total of 90 cells active during reaching movements were examined in the 
postural task. 70 of these cells modulated their activity (p<0.05) for loads 
at the shoulder and/or elbow joints during the postural task. While some 
cells were sensitive to loads applied at only one joint, most cells modulated 
their activity for both joints. In general, cell activity for combined loads at 
both joints followed a simple vector summation rule of the cell’s response 
for loads applied to each joint independently. Perhaps the most interesting 
result was that neural activity of most multi-joint cells increased either for 
flexor muscular torques at both joints or extensor torques at both joints. 
Few cells were maximally active for flexor torque at one joint and extensor 
torque at the other. This coupling of flexors or extensors at different joints 
parallels muscle synergies prevalent at the spinal level, including flexor and 
extensor reflexes and the central pattern generator for locomotion. 
Supported by MRC of Canada Grant MT-13462.

665.16
NEURAL ACTIVITY IN PRIMARY MOTOR CORTEX OF MONKEYS 
IS SENSITIVE TO DYNAMIC LOADS DURING MOVEMENT. Paul L. 
Gribble, D, William Cabel and Stephen H. Scott*, Dept. of Anatomy and 
Cell Biology, Queen’s University, Kingston, Ont. K7L 3N6

This study examined whether neural activity in primary motor cortex was 
sensitive to dynamic loads during reaching movements. The monkey was 
trained to generate movements with and without viscous loads applied to the 
shoulder and/or elbow joints. Viscous loads are proportional to joint velocity; 
the faster the monkey moved, the larger the opposing force. No loads were 
applied when the monkey maintained a stationary arm posture. Movement 
time between spatial targets was kept between 220 and 350 ms so that the 
kinematics of the task remained constant between loaded and unloaded 
conditions.

We recorded the activity of 64 cells in primary motor cortex during 
reaching movements with and without loads. As compared to unloaded 
reaching movements, many cells showed increases or decreases in activity 
when loads were applied. While some cells were sensitive to loads applied 
at only the shoulder or elbow joints, other cells were sensitive to loads at 
both joints. Cell discharge for unloaded reaching movements was not 
influenced by intervening movements with loads. These results demonstrate 
that neural activity in primary motor cortex during reaching reflects not only 
the kinematics of limb motion, but also dynamic features of the motor task. 
Supported by MRC of Canada Grant MT-13462.

665.17

SPATIAL SELECTIVITY OF MOTOR CORTICAL ACTIVITY DURING MAZE SOLUTION.
M. V. Chafee*, B. B. Averbeck, D. A. Crowe, and A. P. Georqopoulos. Brain Sciences 
Center, VAMC, and Dept. of Neuroscience, Univ. of Minnesota, Minneapolis, MN 55417.

A monkey was trained to solve randomly generated visual octagonal mazes by 
depressing a pedal with the left foot if a path exited the maze, or a pedal with the right foot 
if the path did not exit but terminated within the maze. The monkey fixated a target within 
the central start box of the maze and maintained fixation throughout the trial. The main 
path extended, in different trials, in one of eight radial directions at 45° intervals. The 
remaining area of the maze was filled with distractor paths and additional path elements.

Statistical analyses were performed on data from 318 neurons active in the task. A 
stepwise multiple linear regression model was used in which the firing rate of the neuron 
during the maze presentation interval (from 50 ms after maze onset to 200 ms before the 
motor response) was regressed on the first (sin 0, cos 0) and second (sin 20, cos 20) 
harmonic of the direction 0 of the main path, to identify cells whose activity might vary in 
an orderly fashion with this direction. The first harmonic term was included to detect 
broadly tuned cells, whereas the second harmonic was added to detect multiple and/or 
narrow peaks. A significant relation to the spatial orientation of the main path was 
documented for 55/318 (17.3%) of cells. Of these, 50.9% (28/55) showed a significant 
effect of the first harmonic only, which indicates the presence of a single peak. The 
preferred directions of these cells were distributed throughout the 2D directional 
continuum; the length of the mean resultant was very small (0.018), which indicates that 
these preferred directions were uniformly distributed in the unit circle. A lower percentage 
of cells (16/55 = 29.1%) showed significant relations to the second harmonic, which 
indicates the presence of peaks with higher periods; only 3/16 cells showed a significant 
relation to both first and second harmonics. These results document a systematic relation 
between single cell activity in the arm area of the motor cortex and the direction of the 
main maze path. This relation was present despite the fact that the required motor 
response (a) involved the foot and not the arm, and (b) was non-spatial, being simply a 
press of the left or right pedal to distinguish the presence or absence of an exit in the path. 
These findings, together with the known directional tuning, suggest that cells in this area 
might be involved in processing visuospatial information in general, that is, beyond the 
generation of an arm movement. (Supported by USPHS grant NS17413.)

665.18
MOTOR CORTICAL ACTIVITY DURING MAZE SOLUTION. D. A. Crowe*, M. V. Chafee, 
B. B. Averbeck, and A. P. Georqopoulos. Brain Sciences Center, VAMC, and Dept. of 
Neuroscience, Univ. of Minnesota, Minneapolis, MN 55417.

In this study we investigated the potential involvement of cells in the arm area of the 
motor cortex in a task that required spatial analysis and solution of visual mazes with a 
foot movement as the motor response. For that purpose, a monkey was trained to solve 
randomly generated octagonal mazes by depressing a pedal with the left foot if a path 
proceeding from a central start box reached the perimeter and exited the maze, or a pedal 
with the right foot if the path did not exit but terminated within the maze. The monkey 
fixated a target within the central start box of the maze and maintained fixation throughout 
the trial. The main path was straight and extended, in different trials, in one of eight radial 
directions away from the start box, at 45° intervals. The remaining area of the maze was 
filled with distractor paths and additional path elements. The impulse activity of 561 cells 
was recorded from the arm area of the left motor cortex in which microstimulation evoked 
contraction of proximal arm muscles on the right side at 5-30 pA current strength. The 
EMG activity of 32 muscles was recorded during maze performance.

Statistical analyses were performed on data from 318 neurons whose average activity 
exceeded 5 imp/s. A stepwise multiple linear regression model was used in which the 
firing rate of the neuron during the maze presentation interval (from 50 ms after maze 
onset to 200 ms before the motor response) was the dependent variable. Independent 
variables included the controlled maze parameters (exit/no-exit status of the main path, 
its radial direction, and their interaction) as well as various concomitant variables (the firing 
rate of the neuron during a pre-maze fixation interval, elapsed time of recording a trial, and 
EMG activity of the contralateral forelimb muscles). This model ensured that the effects 
of the controlled maze factors on cell activity were assessed independently of potential 
concomitant EMG activity. Altogether, 30.2% of cells showed statistically significant 
effects of the controlled maze factors. Specifically, the exit status had a significant effect 
in 12.6% of cells, the direction of the main path in 13.2% of cells, and the exit 
status/direction in 10.1 % of cells. These results suggest that cells in the arm area of the 
motor cortex participate in the spatial analysis of a complex visual maze in a task in which 
foot but not arm movement was the motor response. (USPHS grant NS17413.)

665.19

MOTOR CORTICAL ACTIVITY DURING A VISUOMOTOR MEMORY SCANNING TASK 
WITH DIFFERENT LIST LENGTHS. A.F, Carpenter*, G. Pellizzerand A.P. Georgopoulos. 
Brain Sciences Center, VAMC and Dept. of Neurosci., Univ. of Minn., Minneapolis, MN.

The impulse activity of 925 neurons was recorded in the arm area of the motor cortex 
of two monkeys performing a memory scanning task. Three to 5 visual stimuli from 8 
possible radial locations were presented sequentially (list of stimuli), and stayed on the 
screen. Trials of different list lengths were presented in blocks. After the list presentation, 
one of the stimuli changed color (test stimulus) instructing the monkey to move a force- 
feedback cursor toward the stimulus that immediately followed the test stimulus in the list. 
We have shown previously that cell activity was modulated during list presentation 
(Carpenter et al., Science 283: 1752-1757, 1999). Analyses of data from blocks of 
different list lengths showed that activity of individual cells commonly related to the serial 
position of stimuli within the list and that this serial position was encoded reliably by small 
neuronal ensembles. These analyses were focused on the coding of serial position with 
respect to a specific list length. In the present study, we analyzed these data across 
different list lengths. Specifically, we sought to determine whether changes in single cell 
activity related to the absolute serial position of a stimulus in the list or, instead, to its 
relative position with respect to the length of the list, i.e. to its beginning and end. For 
example, a case for absolute coding of serial position would be a cell whose activity 
changed only during the presentation of the 5th stimulus in a set of list length 5 but would 
not change activity during list lengths of 3 or 4, since these list lengths do not contain a 
serial position 5. In contrast, a case for relative coding of serial position would be when 
a cell changed activity consistently during the last epoch during list presentation 
regardless of the list length (i.e. 3, 4 or 5 stimuli). Indeed, in most cases there was 
evidence for relative rather than absolute serial position coding. For example, cells that 
showed changes in activity during serial position 5 in list length 5 typically showed similar 
changes in activity during serial position 4 for list length 4, and during serial position 3 for 
list length 3 trials; that is, such cells would be active for the last serial position in any list 
length. Similar evidence for relative serial position coding was observed for cells that 
changed activity in other (than the last) serial positions. These results point to an efficient 
mechanism by which serial order information may be coded flexibly across different list 
lengths. (Supported by VA Merit Review and NIH grant NS17413).

665.20
EFFERENT NEURONS IN THE MOTOR CORTEX: ACTIVITY AND 
SILENCE DURING LOCOMOTION. I.N. Beloozerova*, M.G. Sirota, H.A. 
Swadlow. Department of Psychology, University of Connecticut, Storrs, CT 06269.

Pyramidal tract neurons projecting to the spinal cord have received special 
consideration in many studies of the motor cortex during motor behavior. However, 
little is known about the relationship of other classes of motor cortical efferent 
neurons to behavior. The goal of the present work was to study the activity of 
antidromically identified efferent neurons, which project to the contralateral motor 
cortex (C-MC neurons), to the ipsilateral SI cortex (C-SI), corticofugal neurons of 
layer V (CF-5 neurons) and VI (CF-6 neurons) during standing, walking on a flat 
surface and overstepping series of barriers. Activity of suspected intemeurons (SINs) 
and non-identified cells (noID) was also recorded during the same motor behaviors.

The activity of 20 C-MC, 7 C-SI, 14 CF-5, 25 CF-6, 24 SIN, and 122 noID 
neurons was recorded in the forelimb representation of adult rabbits. C-MC, C-SI, 
and CF-6 neurons had median conduction velocities of 1.0, 1.1, 0.9 m/sec, 
respectively, and were relatively inactive during standing and walking. 75% of these 
neurons had no activity, and 25% of neurons were active at rates <1 s/sec. The weak 
activity of C-MC, C-SI and CF-6 neurons had no relationship to phases of the step 
cycle and to different locomotion behaviors tested. In contract, CF-5 neurons were 
active during standing and walking at rates of 6.1±1.1 and 5.5±1.2 s/sec, 
respectively. The mean rate of activity of noID cells during standing and walking 
was 4.4±0.7 and 5.2±0.8 s/sec, respectively, while SINs demonstrated much higher 
rates of activity of 16.4±2.7 and 33.2±4.9 s/sec, respectively. The activity of all of 
CF-5 neurons was modulated relative to the step cycle and showed a change in the 
depth of modulation of that activity during transition from locomotion on flat surface 
to overstepping of a series of barriers. The activity of most of noID cells and SINs 
during locomotion was also related to phases of the step cycle and depended on 
particular locomotion behavior.

Supported by grants: NIH F32 NS-10314 and NSF IBN-9723967.
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666.1

Ultrastructure and paired-pulse stimulation distinguish two populations 
of excitatory inferior colliculus terminals in the rat medial geniculate 
body. E.L.Bartlett* and P.H. Smith. Dept. of Anatomy and Neuroscience 
Training Program, University of Wisconsin-Madison, Madison, Wl 53706.

Neurons in the dorsal (MGD) and ventral (MGV) divisions of the rat 
medial geniculate body (MGB) display a variety of responses to auditory 
stimuli that may be determined by several factors, including the size and 
termination site of colliculogeniculate inputs on the MGB neurons, the size of 
the excitatory postsynaptic potentials (epsps) generated, and the firing history 
of the inputs. Following injections of anterograde tracer into the inferior 
colliculus (IC), measurements of axon terminal areas and postsynaptic 
dendritic diameters revealed that about half of the IC terminals in MGB were 
smaller than 0.5 pm2 and ended on small dendrites, while larger (>.5 pm2) 
terminals ended on larger dendrites. Terminals in MGD were smaller, on 
average, than those in MGV. Sharp electrode intracellular recording from 
MGV and MGD neurons in brain slices demonstrated paired pulse depression 
(PPD) or paired pulse facilitation (PPF) following brachium stimulation. PPD 
was correlated with shorter latency, larger amplitude epsps, tufted neurons, and 
a lack of an IC inhibitory input, while PPF was correlated with longer latency, 
smaller epsps, stellate neurons, and the presence of IC inhibition. These 
experiments suggest that neurons responding with PPD receive large excitatory 
IC terminals, while neurons responding with PPF receive small excitatory 
terminals. Such differences in these two populations of colliculogeniculate 
terminals may contribute to the observed differences in the acoustic responses 
of cells in MGB. Supported by NIH grant DC-00116 and funds provided by 
the Howard Hughes Medical Institute Research Resources Program.

666.2

ON AND OFF PATHWAYS SEGREGATED AT THE AUDITORY 
THALAMUS OF THE GUINEA PIG. J. He*Department of Rehabilitation 
Sciences, The Hong Kong Polytechnic University, Hung Hom, Kowloon, 
Hong Kong.

ON and OFF auditory responses were examined on the medial geniculate 
body (MGB) of the guinea pig. Single- and multi-unit recordings were 
carried out on 12 anesthetized animals, while either noise-burst or pure-tone 
stimuli were applied to the contralateral ear to the recording hemisphere. Of 
1,989 unevenly-spaced samples, 1,131 were ON responses, 373 OFF 
responses, and 485 showed both ON and OFF responses. Four sagittal and 6 
frontal complete-planes with 11 penetrations on average for each plane and 8 
partial planes were mapped for ON and OFF response characteristics. Both 
ON and OFF responses were found in all experiments and they were 
segregated spatially to each other. OFF units were exhibited to form sheets 
that divided the MGB into multiple ON/OFF layers, from 1 to 9 layers 
depending on the location of the vertical penetration. An OFF sheet in the 
dorsolateral portion of MGB was repeatedly confirmed on 7 experiments. 
Another large OFF sheet, consistently found in 10 experiments, was located 
on the ventral portion of the MGB. In the ventral division of the MGB, 
neurons showed mainly ON responses and occasionally OFF responses. In 
conclusion, the present study found the organization and the segregation of 
ON and OFF responses at the auditory thalamus. The functional implications 
of the OFF responses and the segregation of ON and OFF responses in the 
auditory system are to be further investigated.

666.3

IN VITRO PHYSIOLOGICAL COMPARISON OF MGV INPUTS TO LAYER 3/4 
OF AUDITORY CORTEX VS. NONLEMNISCAL INPUTS TO LAYER 1 
Scott J, Cruikshank*, Heather J, Rose and Raju Metherate, Department of 
Neurobiology and Behavior, UC Irvine, CA

The anatomy and response properties of cells in auditory thalamic subnuclei are 
well described, however, few data are available regarding their physiological 
regulation of cortical activity. To this end we have developed in vitro auditory 
thalamocortical preparations, and have found functionally distinct cortical responses 
to stimulation of the MGv vs. a more ventral region of the auditory thalamus.

Near-horizontal slices (600 g thick, 0-30 degree angle, lateral edge up) 
containing auditory thalamus and temporal cortex were obtained from pl4-pl8 mice 
(n>40). Thalamic subdivisions were identified by nissl and calcium binding protein 
distributions (Killackey et al, SFN Abs, 1999). Cortical responses to thalamic stimuli 
were recorded with extra- and intracellular electrodes. Current source density (CSD) 
analysis was used to estimate laminar positions of synaptic inputs.

Generally, two adjacent slices exhibiting cortical responses to thalamic 
stimulation were obtained from each brain. The “primary slice” contained the MGv, 
whereas the immediately ventral “shell slice” contained structures below the MGv, 
such as the peripeduncular and posterior intralaminar nuclei, zona incerta, substantia 
nigra, and cerebral peduncle. MGv stimulation evoked fast EPSPs, robust negative 
field potentials (233±43 gV n=16), and a dominant current sink in cortical layers 3/4, 
consistent with the known projection from MGv to layers 3/4 of auditory cortex.

Stimulation of the ventral shell region also elicited EPSPs in cortical layer 3/4 
cells, but the layer 3/4 field potentials were small and biphasic, indicating the 
synapses might be distant (neg. phase = 52±6 gV, n=21). CSD analysis localized the 
major synaptic current sink to layer 1, with a latency similar to the layer 3/4 EPSPs. 
These responses are consistent with a projection from the shell region below MGv to 
cortical layer 1, perhaps onto apical dendrites of layer 3/4 pyramidal cells.

Finally, we have developed a method of stimulating both the MGv and shell 
projections within a single slice and are beginning to investigate physiological 
interactions between them at the cortical level. Supported by NSF and NIDCD.

666.4
RESPONSE PROPERTIES OF THE ROSTRAL MARGIN OF CORE AUDITORY 
CORTEX IN THE ALERT MONKEY. B.J, Malone, B.H. Scott and M.N. Semple* 
Center for Neural Science, New York University, New York, NY 10003.

Previous anatomical and physiological evidence suggests that primate auditory cortex 
is organized into a diffuse belt area surrounding a central tonotopic core comprising 
primary auditory cortex (Al), and the rostral (R) and rostrotemporal (RT) fields. The 
properties of Al and R have been described in previous physiological studies, but little 
is known about the physiology of RT. In this study, we characterized responses of single 
neurons in the rostral auditory cortex of an awake rhesus monkey {maccaca mulatto) 
trained to lateralize various static and dynamic binaural stimuli. Calibrated acoustic 
stimuli were presented dichotically via ear inserts. During daily recording sessions, the 
animal’s task alternated between passive listening and active discrimination based on 
the stimulus parameters under study. Clear responsiveness to tonal and narrowband 
stimuli was confined to a narrow (3 mm) peninsula of tissue flanked rostrally and 
medially by regions exhibiting exquisite sensitivity to very complex sounds (such as 
faint finger snapping or the opening of a door) and no consistent responses to a battery 
of test stimuli (tones, bandpass noise, binaural beats, sinusoidal or trapezoidal modulation 
of tonal amplitude (AM), frequency (FM) or phase). These observations, and the 
appearance of a rostral to caudal tonotopic progression from low to high frequencies 
(opposite that reported for field R) suggested that the region was RT. Neurons within 
RT were predominantly sensitive to low (<2 kHz) frequencies. Although responses were 
often very difficult to elicit, and habituation was common, vigorous responses could 
be obtained by careful selection of the stimulus parameters (including frequency, noise 
bandwidth, modulation frequency, level, and even stimulus duration) for which sharp 
tuning was commonly observed. Minimum initial discharge latency was typically long, 
or locked to stimulus offset, but a few RT neurons that responded reliably at short (<20 
ms) latencies were powerfully driven in terms of both rate (>100 Hz) and synchrony by 
long (>3 sec) sinusoidal AM and FM stimuli. Tuning for stimulus duration, in contrast, 
was characteristic of neurons responding at longer latencies. Responsiveness in RT 
appeared to depend primarily on the appropriate selection of stimulus parameters rather 
than on the behavioral context (listening versus discriminating).
Supported by NIMH grant MH 12293.

666.5

AUDITORY CORTICAL FIELDS IN RAT DISTINGUISHED BY GENERAL 
ARCHITECTURE, 2-DEOXYFLUORO-D-GLUCOSE UPTAKE, AND 
BIOCYTIN TRACING
E. Budinger, F.W. Ohl*, H. Scheich. Leibniz Institute for Neurobiology, 39118 
Magdeburg, Germany

Studies on rat auditory cortex have been mainly related to cytoarchitectonically 
characterized auditory fields Tel-3, but how these in turn relate to tonotopically 
organized fields is unclear. We compared the architecture of rat auditory cortex with 
connections shown by anterograde biocytin transport and with physiological 
characteristics derived from 2-deoxyfluoro-D-glucose (FDG) uptake.
Using staining methods for cell bodies, myelinated fibers, and the calcium-binding 
protein parvalbumin (PV) the analysis of architectonic features revealed an area, 
corresponding to Tel, which was characterized by a higher cell-packing density (layer 
III/IV), denser myelinization (supragranular layers), and stronger immunoreactivity to 
PV (layers III/IV and Via) compared to surrounding areas corresponding to Te2 and 
Te3. Acoustical stimulation with various high-frequency tones (10-20 kHz) produced 
for each tone several stripe-like regions of FDG-label in cortical areas Tel-3. 
Strongest labeling was found in Tel, where in montages of autoradiographs the 
labeling appeared as two dorsoventral stripes (similar to the situation in the gerbil; 
Scheich et al.: Eur. J. Neurosci. 5: 898-914, 1993), indicating the existence of two 
auditory fields in Tel. In surrounding areas, corresponding to Te2 and Te3, at least 
three other areas of increased FDG uptake were found. Following small injections of 
biocytin into Tel several large, dorsoventrally elongated patches of anterograde 
labeling within the auditory cortex were observed. In Tel, separated from the injection 
site a second patch was found. In Te2 and Te3 at least three patches of anterograde 
labeling were found.
In summary, our data indicate the existence of two auditory cortical fields 
corresponding to cytoarchitectonically defined area Tel, surrounded by at least three 
other fields corresponding to Te2 and Te3.

666.6
LONG-TERM TRENDS IN AUDITORY CORTEX POPULATION RESPONSES 
IN AWAKE, BEHAVING CATS USING CHRONIC NEURAL RECORDINGS 
FROM FIXED MULTICHANNEL MICROWIRES. R.S. Witte*, P.J. Rousche, 
D.R. Kipke, Bioengineering Program, ASU, Tempe, AZ, USA 85287

We investigate auditory cortex plasticity in awake, behaving cats. Recanzone, et 
al (1993), demonstrated that the cortical frequency map of trained monkeys 
reorganized after several months of training at a frequency discrimination task. 
However, the dynamics of this functional remapping remains essentially unknown. 
In this report, we describe daily response properties of neural ensembles composed 
of up to 50 simultaneously recorded cortical units from cats being trained at a 
frequency discrimination task. New analysis techniques were developed to not only 
assess daily variability of unit responses but also long-term population-level 
response trends.

Two cats were implanted with a 2.3 mm X 1.1 mm rectangular array of 33 blunt- 
tip tungsten microwires. The recording system allowed for simultaneous recording 
of up to 132 isolated waveforms. In order to evaluate properties of each neural 
ensemble, simple passive stimuli were delivered at the end of each training session 
with the cat sitting quietly in an anoechoic sound booth. A pseudorandom sequence 
of pure tones with varying frequency and intensity were used to map receptive 
fields. Best frequencies were calculated for tone onset, sustained and offset 
responses across the ensemble. Peak latencies and other temporal features were 
evaluated in response to other simple auditory stimuli.

Neural responses driven by auditory stimuli were observed in each cat for at least 
one month. Ensemble signatures were observed in both cats for at least two weeks. 
In one cat an ensemble with as many as 51 units maintained a higher cumulative 
onset response to tones between 5 to 10 kHz and a higher offset response to tones 
between 2 to 5 kHz. These trends suggest that the recorded neural ensemble 
remains stable during this time.
Supported by NIH-NIDCD (R29-DC03070-02) and NSF (BES-9624636)
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666.7
OPPONENT PAIR FEATURE EXTRACTION IN GUINEA PIG 
AUDITORY CORTEX. P.J. Rousche*, D.R. Kipke, R.S, Witte; Neural 
Computation Laboratory, Bioengineering Program, Arizona State University, 
Tempe, AZ 85287

Opponent pairs of neurons, which signal fundamentally different but closely 
related sensory features, have long been studied in the visual system. We now 
report similar feature processing mechanisms observed in spatially clustered pairs 
of neurons in the primary auditory cortex of the guinea pig. Although relatively 
rare, we have identified neuron pairs (recorded on a single electrode) which have 
complimentary auditory response features such as corresponding 
excitatory/inhibitory zones for a single frequency. Processed comparatively, these 
neuron pairs could, act to efficiently extract specialized auditory information from a 
given input signal.

Data were obtained from young adult guinea pi^s chronically implanted with 
custom-made 33-channel microwire electrode arrays (3 rows of 11 electrodes each, 
50 um coated tungsten wire). Pure tone frequency response areas were created for 
each unit. 450 pure tone pips of 200 ms duration with intensities ranging from 20- 
100 dB and frequencies from 0.5-35 kHz were presented in pseudorandom order. 
In 6 cases, resulting receptive field plots showed unit pairs with diametrically 
opposite preference for the same feature within the pure tone stimulus space. Such 
results demonstrate that even neighboring single neurons within a single column 
and layer of auditory cortex can signal independent information. Feature extraction 
is a hallmark of sensory processing and these results suggest that a neural code 
which utilizes interpair comparison in auditory cortex could achieve efficient 
extraction. Multi-electrode recordings allow for assessment of neural populations 
which contribute to this extraction.

Supported by the NSF (BES9624636) and the NIH (5-R29-DC03070-03)

666.8
ANATOMY, PHYSIOLOGY AND SYNAPTIC RESPONSES OF LAYER V 
CELLS IN RAT AUDITORY CORTEX: CHARACTERIZATION AND 
STUDY OF INHIBITION THROUGH INTRACELLULAR GABAa  
BLOCKADE. B.J. Hefti and P.H. Smith*. Dept. of Anatomy and Neuroscience 
Training Program, University of Wisconsin - Madison, Madison, WI 53706.

Regular spiking (RS) and intrinsic bursting (IB) cells auditory cortical layer V 
were identified physiologically and anatomically in slices, and synaptic responses 
to thalamocortical input were characterized. These cell types appear to be 
inhibited differentially by the medial geniculate body (MGB). The synaptic input 
from the MGB to RS cells was always a combination of excitation and both 
GABAa  and GABAb inhibition. Stimulation seldom triggered a suprathreshold 
response. IB cell synaptic responses were mostly excitatory, and stimulation 
usually triggered action potentials. These cells sometimes received GABAa  
inhibition, but lacked GABAb . To  study this difference further, intracellular 
chloride channel blockers were utilized. Before intracellular diffusion, synaptic 
responses were stable and similar to control conditions. After intracellular 
diffusion, GABAa  currents were blocked, revealing the total excitatory input to a 
cell. RS cells, which often had robust inhibition before GABAa  blockade, 
responded to synaptic stimulation with large, suprathreshold excitatory events, 
indicating that excitation, while always present, is masked by GABAa . IB cells 
in which no inhibition was visible did not respond to inhibitory blockade. In IB 
cells which had visible GABAa  input, it often masked a more prolonged EPSP 
which could lead to additional suprathreshold events. These findings indicate 
that IB cells are able to spike or burst in response to synaptic stimulation far more 
readily than RS cells, caused by a relative lack of activation of inhibitory input to 
IB cells as compared to RS cells. Such differences may have implications for the 
influence each cell type exerts on its postsynaptic targets. Supported by NIH 
grants F31 DC-00256, RO1 DC-01999, and DC-00116.

666.9

CHARACTER OF THE HEURAL NETWORK CIRCUIT IN 
THE RAT AUDITORY CORTEX. Ryong-Moop Shin*0. Kumo 

Kato2) , Katsuhiko Mikoshiba 1)2) ^Dept.of Molecular Neurobiology, 

Institute of Medical Science, University of Tokyo, Minato-Ku, Tokyo 

108-0021, Japan 2)Calciosignal Net Project Exploratory Research for 

Advanced Technology (ERATO), Bunkyo-Ku, Tokyo 113-0021, Japan

A multi-channel extracellular recording system was used in an attempt 

to elucidate the functional connectivity of the rat auditory cortex. Acute 

slices were located on the 64 channels of MED (multi-electrode-dish), 

and preferential channels were selected and stimulated/ recorded.

Positive waves were evoked in layer V and layer VI by stimuli applied 

to layer II/III. The positive waves in layer V decreased in the presence of 

bicuculline(20 /z M) and the positive waves in layer VI increased.

The negative waves in layer II/III and layer V evoked by layer VI stimuli 

were unclear before applying bicuculline, however they became readily 

visible after bicuculline application.

666.10
STRIKING OUTWARD RECTIFICATION OF AUDITORY CORTEX 
NEURONS IN VITRO: A POTENTIAL MECHANISM FOR COINCIDENCE 
DETECTION? Raju Metherate* and V, Bess Aramakis, Dept. Neurobiology 
& Behavior and Center for the Neurobiology of Learning & Memory, Univ. 
of California, Irvine, CA 92697.

'Intrinsic physiology' refers to a neuron's electroresponsiveness that 
results from the types and distributions of ion channels in its membrane. 
These channels shape responses to synaptic inputs. We have examined the 
intrinsic physiology of auditory cortex neurons to better understand the 
cellular bases of acoustic-evoked cortical responses.

Whole-cell patch techniques were used to record from >200 visually 
identified neurons (IR-DIC optics) in layers II/III and IV of slices from 8-23 
day old rats. We determined membrane responses, including spiking 
patterns, to depolarizing and hyperpolarizing current pulses, and filled 
some neurons with biocytin for morphological identification. Many neurons 
fit established categories of intrinsic physiology (i.e., Regular spiking, Fast 
spiking, Intrinsic bursting). Two further groups, Qn-spiking (OS) and 
Rectifying (RECT) neurons, were characterized by i) brief spike trains in 
response to maintained depolarizations, and ii) striking outward 
rectification upon depolarization (>40% decrease in R, and x). Very brief and 
fast spike trains (1-2 spikes, latency <10 ms after onset of a threshold current 
pulse) further distinguished OS from RECT cells. Biocytin results indicated 
that OS and RECT cells could be either pyramidal or nonpyramidal neurons.

Outward rectification likely reduces repetitive firing in OS and RECT 
cells and may contribute to the encoding of acoustic transients. Similarly, 
these cells may function as coincidence detectors, as do cells with like 
properties in the auditory brainstem. Supported by NSF and NIDCD.

666.11

STOCHASTIC RESONANCE IN THE HUMAN AUDITORY CORTEX.
S,..M. Stufflebeam2*, David Poeppel1, and T. P. L. Roberts2, 'Dept. of 
Linguistics, Univ. of Maryland at College Park; 2Biomagnetic Imaging 
Laboratory, Univ. of California, San Francisco, CA 94143.

Stochastic resonance (SR) is a counterintuitive phenomenon in which the 
addition of an optimal level of noise to a system can increase it’s ability to 
transmit information.

In six healthy right-handed volunteers, a 37-channeI biomagnetometer 
recorded the neuromagetic fields over the left temporal lobe. 200Hz pure tone 
bursts (400ms with 5ms on/offset ramps) at just suprathreshold levels (6 dB SL) 
were presented to the right ear in the presence of various levels of auditory 
gaussian white noise (range -18dB SL to 24dB SL and noise off). A single-trial 
analysis based on the correlation coefficient was used to quantify the reliability 
of the neuromagnetic response.

The maximal neuromagnetic response occurring at ~100ms (Ml00) localized 
to the temporal lobe. Averaged across all subjects, a 30% increase in the 
reliability of the neuromagnetic response was observed at an optimal level of 
background noise (~4dB SL). At higher levels of noise, the reliability decreased 
significantly.

Addition of a small amount of background noise enhances the auditory 
neuromagnetic response. This phenomenon, known as stochastic resonance, 
may represent an enhancement in the ability of the auditory cortex to process 
pitch and timbre attributes of an auditory stimulus. MSI provides the temporal 
resolution needed to measure these millisecond variations in brain information 
processing.

Funded by the UCSF Radiology Pilot Research Grant.

666.12

RIGHT HEMISPHERIC LATERALIZATION OF HUMAN AUDITORY CORTEX 
ACTIVITY DURING DISCRIMINATION OF THE DIRECTION OF 
FREQUENCY MODULATION. A FUNCTIONAL MAGNETIC RESONANCE 
IMAGING STUDY. A. Breehmann, W. Zuschratter*. H. Scheich. Leibniz Institute 
for Neurobiology, 39118 Magdeburg, Germany.

Frequency modulations (FM) are a common feature of acoustic communication 
signals in many animals and humans. FM components are critical in determining the 
communicative function of monkey calls and seem to be important elements of 
human prosody (“pitch contour*1). Therefore we investigated the activation of the 
auditory cortex during discrimination of the direction of FMs.

7 right-handed subjects with normal hearing were scanned in a BRUKER 
BIOSPEC 3T system using a noise reduced gradient echo sequence (58 dB SPL) 
(Scheich et al. 1998, Eur J Neurosci 10). Upward and downward linear FMs each 
covering half an octave were presented in a block design experiment. Blocks of high 
(5 to 10 kHz) and low center frequencies (0.1 to 3 kHz) alternated with silence. 
During the first scan subjects had to listen to the stimuli passively, whereas during 
the second scan they had to discriminate upward and downward FMs. Regions of 
interest in the auditory cortex of both hemispheres were analyzed by correlation 
analysis resulting in statistical parametric maps of intensity weighted volumes.

Comparing the activation of auditory cortex during the passive condition with the 
discrimination condition showed a significant increase for high and for low center 
frequencies. Concerning FMs of low center frequencies this overall increase was 
significantly larger in the right hemisphere, illustrated by the laterality index.

The results of this study suggest a dominant role of the right hemisphere for 
discrimination of direction of FMs covering the frequency range of human speech. 
This may relate to the suggestion of a dominant role of the right temporoparietal 
cortex in processing of affective prosodies of speech (Stiller et al. 1997, MAGMA 5).
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666.13

FUNCTIONAL PARCELLATION OF HUMAN AUDITORY CORTEX 
USING IMRI. H. Scheich* and F. Baumgart. Leibniz Institute for 
Neurobiology, 39118 Magdeburg, Germany

The parcellation of human auditory cortex into functional fields is 
essentially unclear. By comparative evidence from nonhuman primate 
auditory cortex a large number of fields are to be expected on the dorsal plane 
of the temporal lobe and on the lateral aspect of the superior temporal gyrus. 
Similarly various cytoarchitectural subdivisions of these temporal lobe areas 
in humans also suggest extensive parcellation which may however not 
constitute a one to one correspondence to functional fields. Using low 
acoustic noise fMRI and several classes of simple and complex acoustic 
stimuli in combination with controlled auditory tasks, it was attempted to 
differentially activate auditory territories on the superior temporal plane. So 
far, four areas could be distinguished by a structural landmark delineation and 
differential functional activation: in rostrocaudal sequence Tla is presumably 
in rostral parakoniocortex (PaAr, using the nomenclature of 1.); Tib on 
Heschl’s gyrus (koniocortex KAm, primary auditory cortex); T2 centered to 
Heschl’s sulcus (Kalt and PaAi); and T3 on the planum temporale 
(presumably subdividable into several fields). Tla seams to be prominently 
involved in memory-guided sequential analysis of sounds (see 2.) while T3 is 
strongly activated by sound localization aspects of tasks. It became obvious 
that some auditory tasks involving frequency modulations lateralized activity 
in auditory cortex (see poster by Brechmann et al.).
1. Galaburda A.M., Sanides F. (1980). J. Comp. Neurol. 190, 597-610
2. Scheich H. et al. (1998). Europ. J. Neurosci. 10, 803-809

666.14
COMPARATIVE ANALYSIS OF THE SPONTANEOUS GAMMA ACTIVITY 
AND THE STEADY-STATE RESPONSE IN THE CAT AUDITORY 
CORTEX. G, Karmos*, P. Lakatos. Zs. Pincze and I. Ulbert. Inst, for 
Psychology of the Hungarian Academy of Sci., Budapest, H-1394, Hungary

Spontaneous gamma-band activity of the EEG was found to be related to 
cognitive processes. High frequency repetitive acoustic stimuli elicit steady- 
state response (SSR) in the gamma-band both in humans as well as in 
mammals. The purpose of the present study was to investigate changes of the 
spontaneous gamma activity (SGA) and the SSR in the auditory cortex of cats, 
in the background of a conditioning paradigm.

A 30-contact electrode matrix was chronically implanted above the auditory 
areas of the neocortex. Clicks were presented through a bone conductor to 
maintain the constant auditory input in the freely moving cat. The presentation 
rate of the clicks was between 20 Hz and 65 Hz. In a simple instrumental task 
to a light conditional stimulus (CS) the cat had to step on a pedal, to get the 
meat reward after a five to ten second delay. Spontaneous EEG and SSR were 
collected in three behavioral stages: when the cat was resting in the home-cage, 
in the instrumental cage while the cat was waiting for the CS, and when she 
stepped on the pedal and was waiting for the meat. Using different frequency 
steady-state stimuli we determined which stimulus rate elicited the largest SSR 
in these three situations.

In the home cage the amplitude of the SSR was largest when the stimuli were 
presented at a rate of 28-30/s. Before and during the CS the optimal stimulus 
rate shifted to higher stimulus frequencies (32-36 Hz). The frequency of the 
SGA changed in a parallel way depending on the situation. We conclude that 
both the SSR and the SGA reflect resonant activity of the same neuronal 
circuitry of the auditory cortex, and it is modulated by the behavioral state of 
the animal.
Supported by grants of the HFSP (RG25/96B ) and OTKA (T18452 ).

666.15

TIME COURSE OF CMV GENERATORS ELICITED BY A GO/NOGO CHOICE 
REACTION TIME PARADIGM. J. Dammers,1'2* A.A. Ioannides3 
’institute of Medicine, Research Centre Jiilich, 52425 Jiilich, Germany; department 
of Physics, Open University, Milton Keynes, MK6 7AA, UK; 3Lab. for Human Brain 
Dynamics, Brain Science Institute (BSI), RIKEN, Wako-shi 351-01, Japan

Contingent magnetic variation (CMV) were recorded in three healthy male subjects 
using a 2x37 biomagnetometer system. All combinations of ear stimulated and finger 
(no) movement were used. The experiment was repeated for one of the subjects using 
a 151 whole head biomagnetometer; the same auditory GO/NOGO choice reaction 
time paradigm was used as in the first experiment, extended to include repetitions of 
identical runs and additional control conditions. Magnetic field tomography (MFT) 
was applied to the averaged data of each subject, for each run (e.g. left/right 
ear/finger) and condition, (e.g. GO/NOGO). For the GO condition separate MFT 
analysis for averages based on tone onset and button-press onset were performed. For 
each subject and in both experiments activity was identified in the auditory cortex, 
sensorimotor cortex, dorsolateral prefrontal area (DLPF) and posterior superior 
parietal area. Slow activity was identified in the supplementary motor area (SMA) and 
cingulum motor area (CMA), but only in the whole head single subject experiment 
(where the sensors covered these areas well).

Despite large inter-subject variability in the details of each regional activation, a 
consistent contribution was identified across subjects from the auditory and motor 
cortex to the generation of the early and late slow CMV components, respectively. In 
the whole head experiment GO cases showed persistent activation in the left DLPF 
area, regardless of left/right ear tone presentation and finger movements. In contrast 
strong CMA and particularly SMA activations in the first run were substantially 
reduced when identical runs were repeated.

666.16

AUDITORY EVENT-RELATED POTENTIALS DURING A
DIRECTED-ATTENTION, DICHOTIC, CONTINUOUS-LISTENING 
TASK
R. R. Greenwald* and J. F. Jerger. Topographic Brain Mapping 
Laboratory. Cognition & Neuroscience, School of Human Development, 
The University of Texas at Dallas, GR 41, Richardson, TX 75083-0688. 
email: rrgreen@utdallas.edu; web: www.utdallas.edu/~jjerger

In a study of the efficiency of inter-hemispheric transfer of auditory 
information, event-related brain potentials (ERPs) were recorded from 32 
scalp sites while participants listened to a continuous story presented 
dichotically via a loudspeaker, with a 2 minute stagger between channels. 
In half of the sentences a target word was altered to produce semantic 
incongruity. Attention was directed to either right or left loudspeakers over 
8 stimulus blocks. ERPs were averaged as a function of target laterality. 
The ERP waveform showed a small negativity at 400 msec and a robust 
positivity at 900 msec. We interpret the latter to be a variant of the P800 
response previously attributed to sequential anomaly. There was a slight 
advantage for right-sided targets, evidenced primarily by a larger N400 - 
P900 peak-to-peak amplitude. In addition, slight negativity at 400 msec in 
the listen-left control condition suggested that not-to-be-attended targets 
were less well suppressed when attending left than when attending right.

666.17

HUMAN AUDITORY CORTEX BOLD RESPONSE: RELATIONSHIP TO 
INTENSITY, BANDWIDTH, AND FREQUENCY MODULATION RATE. J.R, 
Binder*, P.S.F, Bellgowan. K, Bennett, R, Tong, E.T. Possing. J.A. Frost. J.N,
Kaufman. Depts. of Neurology, Cellular Biology Neurobiology Anatomy, and 
Biophysics; Medical College of Wisconsin; Milwaukee, WI 53226.

Relationships between the magnitude of auditory cortex blood oxygenation signals 
and several simple acoustic stimulus parameters were investigated with high- 
resolution functional MRI at 3 Tesla. Responses were measured in the absence of 
scanner noise using a long TR, clustered acquisition technique. Subjects were six 
right-handed men. Stimuli were sinusoidally frequency-modulated sinewave tones 
with 1000 Hz center frequency. All stimuli evoked MRI signal increases, relative to 
an unstimulated baseline condition, in transverse temporal gyri and surrounding 
dorsal temporal plane. There was variable involvement of planum temporale and 
lateral superior temporal gyrus, and little or no involvement of cortex in the superior 
temporal sulcus. The magnitude of the response increased monotonically with 
increasing stimulus intensity over the intensity range studied (30-70 dB SPL). 
Response magnitude also increased monotonically as the bandwidth of presented 
frequencies was increased by widening the frequency modulation range from 400 Hz 
(sinusoidal modulation from 800-1200 Hz) to 1600 Hz (modulation from 200-1800 
Hz). In contrast, varying the rate of FM while holding intensity and bandwidth 
constant had relatively little effect over a range from 0.6-9.6 Hz/ms, and the response 
decreased at higher rates. The results are consistent with known behavior of neurons 
in auditory core and belt regions of cat and monkey. The intensity data suggest 
progressive recruitment of units with monotonic rate-intensity functions, while the 
bandwidth data suggest spread of activation across frequency-selective units at wider 
bandwidths. The data imply a scarcity of units with monotonic dependence on FM 
rate.
Supported by NINDS RO1 NS33576 and NIMH PO1 MH51358.

666.18
A TONOTOPIC MAP ON THE LATERAL HALF OF HESCHL’S GYRUS 

IN HUMANS: A SILENT EVENT-RELATED fMRI STUDY 

A. Engelien*, Y. Yang. W. Engelien, E. Stern, D. A, Silbersweig Functional

Neuroimaging Laboratory, Weill Medical College of Cornell University, New York 
Multiple tonotopic maps have been proposed within human temporal lobes based

on previous functional imaging work and animal studies. Specifically, recent primate 
studies and one human fMRI study have raised the possibility of two primary auditory 
cortical fields; i.e. a mirror map lateral to the well described tonotopic map on the 
medial half of Heschl’s gyrus would be expected. However, the ability to distinguish 
frequency representations with fMRI was previously limited due to interference of 
loud acoustic scanner noise.

We therefore used a novel, silent, event-related gradient echo EPI sequence we 
previously developed, allowing us to fully exploit the precise spatial resolution of 
fMRI for human auditory cortex activity in vivo. Six normal subjects were studied on 
a 1.5T MRI scanner. We used binaural acoustic stimulation with 900ms pure 
sinusoidal tone bursts of 3 frequencies across the human audible frequency range 
centered in the mid-frequency range most important for communicative functions 
(250, 1000 and 4000 Hz). The tones were matched for loudness prior to functional 
image acquisition through an air tube sound delivery system (Avotec, Inc.).

The findings consistently demonstrate a tonotopic gradient on the lateral half of 
Heschl’s gyrus with a low-to-high medial to lateral orientation. This map may well 
correspond to the second primary auditory field.(“R”, rostral field), which was 
recently established in non-human primate species. Our data thus contribute directly 
to an identification of auditory cortical fields and their functional localization in 
humans.
This work was supported by the DeWitt Wallace Fund in the New York Community Trust.
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667.1 667.2
DIVERSITY OF SINGLE CHANNEL CALCIUM CURRENTS IN 
VERTEBRATE HAIR CELLS. M. T, Perez-Garcia*. A. Rodriguez-Contreras and 
E. N. Yamoah. Graduate Program in Neuroscience, Department of Cell Biology, 
Neurobiology and Anatomy, University of Cincinnati, Cincinnati, OH. 45267. 
Previously it was shown that the predominant whole-cell Ca2+ currents from 
amphibian, reptilian, and avian hair cells belong to the L-type Ca2+ channel subtype. 
We have performed single channel patch clamp experiments in isolated hair cells 
from bullfrog sacculi, and have observed two types of Ca2+ currents. In addition to 
the L-type current, we distinguish a non L-type current based on differential 
sensitivity to dihydropyridines and single channel conductance in Ca2+ vs Ba2+. At 
-30 mV, open time distributions for L-type channels were fitted with three time 
constants (t  open= 0.3 ± 0.1, 5.3 ± 3.0 and 15.7 ± 4.5 ms, n = 5), whereas non L-type 
channel distributions were fitted with two time constants (t  open= 0.1 +0.1 and 3.1 + 
0.3 ms, n=5). The first latency distribution of the L and non L-type channels, at the 
same step potential, were fitted with a single exponential function: (t ) 6.2 + 3.2 ms 
(n = 3) and 3.2 ± 1.9 ms (n = 3) respectively. Both channels exhibit 
subconductances (see Fig). The characteristic voltage-dependent activation and 
gating of these channels suggest that two Ca2+ channel subtypes may confer 
different functions. However, data from multi-channel patches indicate that the two 
channels can be co-localized: functional overlap of the two channels is proposed.
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Supported by DRF and a CONACyT/IIE/Fulbright Schollarship.

PERMEATION PROPERTIES OF VOLTAGE-GATED CALCIUM 
CHANNELS IN BULLFROG SACCULAR HAIR CELLS. A. Rodriguez- 
Contreras* and E. N, Yamoah. Graduate Program in Neuroscience, Department of 
Cell Biology, Neurobiology and Anatomy. University of Cincinnati, Cincinnati,
OH. 45267.
We studied the permeation properties of two types of voltage-gated Ca2+ channels in 
isolated hair cells from bullfrog sacculi. Single channel patch-clamp recordings 
were performed in the cell-attached configuration, using 70 mM Ba2+ as the charge 
carrier. Two different types of inward currents were identified: L-type currents (yt 
= 28.4 ± 1.5 pS, n = 6) were blocked by nimodipine (5 pM) and showed long 
duration openings in the presence of 5 pM Bay-K 8644. In contrast, a non L-type 
inward current (ynon.L 21.8 ± 2.5 pS, n = 9) was insensitive to the dihydropiridines. 
L-type Ca2+ channels were 2.2 times more permeable to Ba2+ than to Ca2+, whereas 
non L-type channels were 1.3 times more permeable to Ba2+ (as defined by the ratio 
yBa/Yca)- Low noise single channel recordings using quartz electrodes allowed us to 
determine the relationship between single channel conductance and divalent cation 
concentration for each channel (L-type KdBa = 7.8 mM, Kd Ca = 4.5 mM; non L-type 
KdBa ~ 8.0 mM, KdCa = 6.8 mM. In order to further evaluate the permeation 
properties of these channels, mixtures of Ba2+ and Ca2+ (total 70 mM and 5 mM) 
were used. In 70 mM total divalent ions, we observed the anomalous mole fraction 
effect in non L-type Ca2+ channels only. The mole fraction at which the anomalous 
unitary current amplitude was observed changed as a function of the membrane 
voltage. The results suggest that the divalent ion binding site may move with 
voltage. We are investigating the permeation properties of the channels at 
physiologically relevant Ca2+ concentrations (3-5 mM). Supported by Deafness 
Research Foundation grant to ENY. ARC is supported by a 
CONACyT/IIE/Fulbright Schollarship.

667.3

DISTORTION PRODUCT OTOACOUSTIC EMISSIONS IN MICE WITH A 
NULL MUTATION IN THE GENE ENCODING PLASMA MEMBRANE 
Ca2-ATPASE ISOFORM 2* REVEAL DYSFUNCTIONAL COCHLEAR 
outer  HAIR CELLS. L Rozel2® H, Pau;.2, R,UlQPsbw-
Martin1. G. E. Shull2@. E, N. Yamoah2*. 'University of Miami Ear Institute and 
Neuroscience Program, Miami, FL 33136. University of Cincinnati 2#Graduate 
Program in Neuroscience, Dept. of Cell Biology and Neurobiology and Dept of 
Molecular Genetics, Cincinnati, OH. 45267.

We have demonstrated that mice with a null mutation in the gene encoding plasma 
membrane Ca2+-ATPase (PMCA) isoform 2* have hearing deficits (Kozel et al., 
1998). This study is part of a series of experiments designed to determine the 
cellular mechanisms of PMCA in the inner ear. The levels of the distortion product 
otoacoustic emissions (DPOAEs) at 2f,-f2 were measured in Pmca2''~, Pmca2'/+ and 
Pmca2+/t mice. Mean DP-grams for 6 week Pmca2+/+, Pmca2+/' and Pmca2>' (n=6) 
were tested measuring the levels of DPOAEs over a geometric-mean frequency 
range from 5.6 to 48.5 kHz, using an f2/f, of 1.25, and primary tone stimuli at 
L,=L2= 55,65, and 75 dB SPL.
Pmca2'/' mice yielded no DPOAEs as compared to Pmca2+/+ mice. However, at 17- 
25 kHz, Pmca2'" mice produced some very low-level DPOAEs. Interestingly, 
compared to a control CBA mouse strain, the Pmca2+/+ mice exhibit lower level 
DPOAEs from 5.6 to about 40 kHz, along with a loss of DPOAEs for frequencies 
above 40 kHz. These results suggest that the etiology of hearing deficits in Pmca2 '~ 
mice may result from outer hair cell malfunction. Possible underlying mechanisms 
of PMCA in cochlear hair cells will be discussed. Supported by National 
Organization for Hearing Research and by Public Health Service (DC03U4, 
DH50594).

667.4

NITRIC OXIDE MODULATES VOLTAGE-GATED CALCIUM CHANNELS 
IN BULLFROG SACCULAR HAIR CELLS. C, Jimenez-Gonzalez*. A. 
Rodriguez-Contreras and E, N, Yamoah. Graduate Program in Neuroscience, 
Department of Cell Biology, Neurobiology and Anatomy, University of Cincinnati, 
Cincinnati, OH. 45267.
Nitric oxide (NO) synthase has been localized at the efferent nerve terminals of the 
vertebrate inner ear (Franz et al., 1996). We used the bullfrog saccular hair cells as 
a model preparation to delineate the cellular mechanisms of NO in the inner ear. 
We recorded whole-cell and single-channel Ca2+ currents with and without an NO 
donor, S-nitroso-N-acetyl-D, L-penicillamine (SNAP) and known concentrations of 
NO solutions prepared with NO-gas. NO (~2 pM) as well as SNAP (100 pM), 
reduced whole cell Ca2+ current and drastically decreased the open probability (Po) 
of single channel events of the L-type and non L-type Ca2+ channels in bullfrog 
saccular hair cells (L-type; control mean Po at -10 mV = 0.2; NO reduced mean Po 
to 0.02: non L-type; control mean Po at -50 mV = 0.16; NO reduced mean Po to 
0.01. The effects of NO on the Ca2+ channels were reversed using 1 mM 
dithiothreitol, a thiol reducing reagent (shown in figure). By reducing Ca2* influx 
in hair cells and decreasing release of neurotransmitters, NO may modulate the

gain in hair cell’s activities. Supported by Deafness Reasearch Foundation.

667.5

A ROLE FOR CHLORIDE IN THE HYPERPOLARIZING EFFECT OF 
ACETYLCHOLINE ON ISOLATED SACCULAR HAIR CELLS. A.M. 
Pantoja 2, J.C. Holt2, M. Lioudyno2 and P.S. Guth2*1 Dept. of Pharmacology, 
Univ. of Valle, Cali, Colombia 2Dept. of Pharmacology, Tulane Univ. Med. 
School. ; New Orleans, LA, 70112.

Acetylcholine (ACh) is the dominant transmitter released from inner ear 
efferent neurons. In frog vestibular organs, these efferent neurons synapse 
exclusively with type II hair cells. Hair cells isolated from the frog saccule 
hyperpolarize following the application of 50 pM ACh, thereby demonstrating the 
presence of an ACh receptor. A role for chloride (Cl ) in the response of hair cell-
bearing organs to efferent nerve activation or ACh application was suggested some 
years ago. Perfusion with solutions in which most of the Cl' was replaced by large 
impermeant anions decreased the cholinergic inhibition of afferent firing in the cat 
and turtle cochlea, and frog semicircular canal. Our previous work in the intact 
organ demonstrated that substitution of large impermeant anions for Cl' or use of 
Cl" channel blockers reduced the effect of ACh on saccular afferent firing. Using 
the perforated-patch variant of patch clamping, replacement of Cl' by 
methanesulfonate, iodide, nitrate, or thiocyanate attenuated the response to ACh in 
hair cells isolated from the frog saccule. The chloride channel blockers picrotoxin 
and 4,4’-dinitrostilbene-2,2’-disulfonic acid were also tested and found to inhibit 
the ACh response. Thus, the present work demonstrates that the effects of Cl' 
substitutions or Cl' channel blockers on the ACh response in the intact saccule can 
be explained completely by effects on the hair cell. The precise role for chloride in 
this response, whether as a distinct ion current, as a transported ion, or as a 
permissive ion for other components remains unclear.

Work supported by NIH Grant DC-00303 (PSG), PhRMA (JCH), and Foundation 
FES-Tulane-Univalle (AMP)

667.6

DEPLETION OF DOCKED VESICLES AT HAIR CELL AFFERENT 
SYNAPSES RECONSTRUCTED BY ELECTRON TOMOGRAPHY. 
D, Lenzi*1, J, Crum2, M.H, EHisman2. and W.M. Roberts1. ‘Institute of 
Neuroscience, Univ. Oregon, Eugene OR 97403 and 2NatI. Center for Microscopy 
and Imaging Research, Univ. of California San Diego, La Jolla CA 92093.

Hair cells relay mechanosensory information to afferent fibers via ribbon-class 
chemical synapses, characterized by a specialized presynaptic organelle at each active 
zone. In hair cells from the sacculus of the frog (Rana pipiens), the presynaptic 
organelle is a 470 nm diameter spherical synaptic body (SB). Synaptic vesicles 
cluster in the cytoplasm near each active zone; some are tethered to the SB and/or 
docked at the plasma membrane. To investigate vesicle traffic during transmitter 
exocytosis, we have examined the 3-dimensional ultrastructure of synapses 
reconstructed by electron tomography. Previously (Lenzi et al., 1999 J. Neurosci. 
19:119-132), we mapped the distribution of vesicles in cells fixed in glutaraldehyde 
after exposure to normal saline. We found that the SB carried vesicles at a mean 
packing density of 55% of maximum (±16% SD, n=9), and that an average of 32 
vesicles docked at each active zone (n=3). We have now examined synapses in cells 
depolarized for 30’ in 45 mM K+ saline to ask whether stimulation depletes either 
vesicle population. In three reconstructions containing four synapses, the SB 
maintained a vesicle load of 46% (±19% SD), whereas the number of docked 
vesicles fell to an average of 13 per active zone. Stimulated synapses also revealed 
complex infoldings of the plasma membrane from which coated pits budded, 
indicating ongoing endocytosis. If vesicles move from the cytoplasm to the SB 
before replenishing the active zone, then depletion of docked but not SB-associated 
vesicles argues that the rate-limiting step in exocytosis is downstream of vesicle 
capture by the SB, and may indicate that the SB speeds exocytosis by maintaining a 
high vesicle concentration at release sites. Supported by NIH grants NS27142 to 
WMR and PHS RR04050 to MHE.
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667.7

TONOTOPIC VARIATIONS IN HAIR CELL CALCIUM SIGNALING. A.J. 
Ricci*, M. Gray-Keller, R. Fettiplace. Physiology Dep’t, Univ. of Wisconsin; 
Madison WI 53706.

The tonotopic organization of the turtle auditory papilla stems from spatial 
gradients in a variety of hair cell properties including the magnitude of the 
maximal Ca current and Ca-activated K current (Art & Fettiplace, 1987). 
Recordings from hair cells in the intact papilla have also demonstrated an 
increased concentration of effective stereociliary calcium buffer in high 
frequency cells (Ricci et. al., 1998). The present work has estimated the 
concentration of somal calcium buffer using the voltage-activation curves of 
the BK calcium-activated potassium conductance as the assay. As 
intracellular Ca buffer (BAPTA) concentration was increased, the activation 
curve shifted depolarized. Comparisons of the shifts obtained using different 
BAPTA concentrations with results from perforated patch measurements 
indicated that the somal Ca buffer was equivalent to 0.2-0.5 mM BAPTA, with 
greater concentrations being found in high frequency cells. The voltage 
range over which the BK current activated in a given buffer also differed 
between low- and high-frequency cells. One factor that might be responsible 
for this difference is the Ca-sensitivity of the BK channels, measured from 
macroscopic inside-out patches at two papilla locations. BK channels from 
low frequency cells were about twice as Ca-sensitive as those from high 
frequency cells. In addition, confocal imaging of the distribution of Ca 
channels demonstrated that the number of 'hot-spots’ of Ca entry was 
greater in high-frequency than in low-frequency hair cells. The results are 
consistent with the idea that an increase in the number of Ca channels in a 
high frequency cell is achieved by increasing the number of Ca channel 
clusters, rather than changing the channel density within each cluster.
Work was supported by NIH grants DC01362 to RF and DC03896 to AJR.

667.8
PLASMA MEMBRANE Ca2+-ATPase (PMCA) AND Ca2+-BINDING PROTEINS 
IN MAMMALIAN VESTIBULAR HAIR CELLS. C, Bover2, C.J, Dechesne1,
J. Lehouelleur1, C, Travo1, C. Anderson2’ and A. Sans1, ‘Univ. Montpellier II, 
INSERM U-432, 34095 Montpellier, France. 2Univ. of Illinois at Chicago, Dept. of 
Anatomy and Cell Biology, Chicago, IL 60612.

Recent studies demonstrate two different Ca2+ influx pathways in the apical 
vestibular hair cell plasmalemma, the stereocilia transduction channels, and the L- 
type Ca2+ channels along the kinocilium. This implies the presence of a mechanism 
able to decrease [Ca2+], such as PMCA, Na+-Ca2+ exchangers, or Ca2+-binding 
proteins. In a previous study, physiological records and immunocytochemical 
staining of mammalian vestibular epithelium sections revealed the presence of a 
Na+-Ca2+, K+ exchanger localized only in the basolateral plasmalemma of the 
sensory cells, raising the question concerning the mechanism of cytosolic Ca2+ 
elimination localized in the bundles of these cells. The presence of PMCA was 
analyzed in guinea pig and rat vestibular epithelium using a monoclonal antibody 
specific for this protein. The PMCA was found preferentially in the apical bundle 
plasmalemma, showing a gradient of expression along the stereocilia, which was 
confirmed by electron microscopy. Application of the PMCA antagonist eosin 
(10 pM) significantly altered [Ca2+]j baseline and high K+-induced Ca2+ responses in 
intact cells, whereas deciliated cells remain unaffected. While expression of Ca2+- 
binding proteins as calbindin and parvalbumin were colocalized with PMCA, 
immunocytochemical results surprisingly revealed that a small population of 
bundles, corresponding to the type II cells, was not PMCA, but calretinin 
immunoreactive. Moreover, we observed that this population of calretinin positive 
bundles was more abundant in one day-old rats than in adults. These results indicate 
that PMCA is the predominant mechanism for Ca2+ extrusion from vestibular 
bundles, and could be a diagnostic for mature Ca2+ regulation.
Supported by CNES 96/0240 and DRET 95.062.

667.9
Potassium Channel Heterogeneity in Spiral Ganglion Neurons; J, Bowne-English 

and R.L. Davis* (Dept. of Cell Biology & Neuroscience, Rutgers University, 
Piscataway, NJ 08854)

Neonatal murine spiral ganglion neurons have been shown to exhibit two distinctly 
different electrophysiological classes (Mo and Davis. 1997, J. Neurophysiol. 77:1294- 
1305). It is widely accepted that potassium channels are responsible for regulating 
firing patterns and spike frequency. In order to characterize the underlying ionic 
currents, cell attached single-channel recordings were made of voltage-gated K+ 
channels in spiral ganglion neurons. Based on conductance and reversal potential, 3 
broad classes of K+ selective channels were identified with conductances of <30pS, 
~50 pS, and >100pS.

Recordings were performed on mixed cell cultures, therefore, cell type was assessed 
by switching to whole-cell voltage clamp immediately following collection of data in 
single-channel cell attached patch clamp. The presence of a rapidly inactivating 
inward current was taken as evidence that the recorded cell was a neuron. In order to 
perform both whole-cell recordings and single-channel cell attached patch clamp on 
the same cell, a high K‘ internal solution was used in the recording pipette. Illustrated 
below is a single trace from a patch that contained two types of K+ channels (resting 
potential = -70 mV, lest potential = +50 mV. The smaller conductance channel 
(28 pS; solid arrow) has characteristics similar to that expected for a delayed rectifier, 
whereas the larger opening (310 pS; open arrow) is most consistent with Ca2+- 
activated K+ channels. Further experiments will examine in greater detail the 
distribution and subtypes of K+channels present in spiral ganglion neurons.

Supported by NIH grant # DC01856

667.10
IMMUNOHISTOCHEMICAL DISTRIBUTION OF POTASSIUM CHANNEL

SUBUNITS IN MURINE SPIRAL GANGLION NEURONS. ’C. L. Adamson, 
^.M. Perney, *L. Peng* and ’R.L. Davis. ’Dept. of Cell Biology and 
Neuroscience, Rutgers University, Piscataway, NJ 08854; 2Center for Molecular 

and Behavioral Neuroscience, Rutgers University, Newark, NJ 07102
The primary sensory neurons of the mammalian auditory system possess non- 

uniform firing patterns (Mo and Davis, J. Neurophysiol. 77:1294-1305, 1997) as 
well as a heterogeneous population K+ channel types (Mo and Davis, J. 
Neurophysiol. 78:3019-3027, 1997). In order to determine the functional 
significance of these complex endogenous electrical properties, we used 
immunohistochemistry to examine the distribution of specific ion channel subunits 
in different regions of the spiral ganglion. Voltage-gated ion channels have been 
shown to vary systematically with frequency in the auditory receptor cells 
(Fettiplace and Fuchs, Ann. Rev. Physiol. 61:809-834, 1999), therefore, we 
compared neurons that innervated low frequency cochlear locations to those that 
innervated high frequency regions.
To date, we have found a mixed distribution of three different gene families in 

spiral ganglion neurons. The Shaw Kv3.1 channel subunit antibody was 
differentially distributed; the highest amount of label occurred in neurons that 
innervated the high frequency region of the cochlea. Antibodies against the Shaker 
Kvl.l and Kvl.2 subunits were evenly distributed in neurons that innervated the 
entire frequency range. The Slopoke IK(Ca) channel antibody was heterogeneously 
distributed throughout the spiral ganglion regardless of their innervation.
These studies strengthen the idea that spiral ganglion neurons play a significant 

role in neuronal encoding of auditory information. Understanding the implications 
of K+ channel heterogeneity types will help define the contribution of primary 
auditory neurons to the initial stages of signal transduction.
Supported by NIH grant DC01856.

667.11

CHOLINE ACETYLTRANSFERASE AND GLYCINE CO-LOCALIZATION 
IN THE VESTIBULAR GANGLION AND PERIPHERY OF MAMMALS.
J. Baurle1 , G. Bruning2, M. Schemann3, S. Nishiike1 and W. Guidin'. (SPON. 
European Neuroscience Association), ’Dept. of Physiology,2 Dept. of Anatomy, Free 
University of Berlin, 3Dept. of Physiology, School of Veterinary Medicine, Dept. of 
Physiology, Hannover, Germany.

In the vestibular apparatus, the amino acid glutamate is regarded as the main 
transmitter of primary vestibular afferents (PVA), whereas a transmitter role for 
acetylcholine (ACh) has been attributed to vestibular efferents (VE) only. However, 
while all PVA are considered to be glutamatergic, only a subset of VE neurons 
displays immunoreactivity for choline acetyltransferase (ChAT-ir) and controversial 
results exist on the presence of ChAT in PVA. Moreover, several other transmitter 
candidates, such as GABA, glycine (Gly) and substance P, have been localized in 
various subpopulations of PVA and VE neurons and are supposed to act as co-
transmitters or ncuromodulators. Thus, although frequently made, a clear distinction 
between PVA- and VE-processes in the vestibular periphery, based on the presence 
or absence of ChAT-ir, might be misleading.
The presence of ChAT, Gly and their co-localization in the vestibular ganglia and 
end organs of mouse, rat, guinea pig and squirrel monkey were investigated using 
specific ChAT- and Gly-antibodies. The majority of vestibular ganglion cells in all 
the species investigated display a graded immunoreactivity for both ChAT and Gly. 
High ChAT-ir is found in the most intensely labeled Gly-ir cell bodies. In the end 
organs ChAT and Gly are co-Iocalized in almost identical sets of fibers and endings. 
In conclusion, ChAT appears to not be restricted to efferent processes in the 
vestibular periphery but to also be present in primary afferents. It remains to be 
shown whether the expression of ChAT in these afferents is only of vestigial 
significance or whether it indicates a modulatory or co-transmitter function of 
acetylcholine.

667.12

RECORDINGS FROM RAT SPIRAL GANGLION CELLS IN A 
COCHLEAR SLICE PREPARATION. E. Glowatzki'*. J.P, Ruppersbere2 and 

I.J, Russell3. ‘Center for Hearing Sciences, Dept. Oto-HNS, School Med., Johns 
Hopkins University; Baltimore, MD 21205; 2Dept. of Physiology II, Univ. of 
Tuebingen, Germany; 3 School of Biol. Sci., University of Sussex, Falmer, 
Brighton, BN1 9QG, UK.

The mechanisms underlying synaptic transmission at the inner hair cell 
afferent synapse are largely unexplored. Since this is the initial step in the 
transmission of sensory information from the cochlea to the central nervous 
system, we sought to make whole-cell recordings from cochlea afferents with 
intact synaptic contacts on inner hair cells.

We have developed a 200 pm slice preparation of the whole cochlea using 
postnatal days 0-3, which allows us to make whole-cell recordings from inner 
and outer hair cells as well as from the somata of the hair cell afferents in the 
spiral ganglion. To test whether the transduction apparatus of hair cells was 
damaged during the slicing procedure we recorded transduction currents from inner 
hair cells while displacing their stereocilia bundle with a waterjet. 7 of the 8 
tested inner hair cells showed transduction currents between 30 and 200 pA. In 
recordings from spiral ganglion cells we found ‘spontaneous’ subthreshold and 
suprathreshold activity. 16 out of 40 neurons showed spontaneous action 
potentials either with irregular firing patterns (n = 11) or with rhythmic bursting 
(n = 5). Action potentials and some of the subthreshold activity was blocked by 
10 pM TTX (n = 4) whereas a combination of 50 pM CNQX/ 100 pM APV did 
not block activity (n = 3). Additional neuropharmacological experiments have to 
be done to clearly discriminate between neural activity intrinsic to the spiral 
ganglion cells and activity that might be induced via the inner hair cell synapse. 
Supported by the DAAD, the British Council and the MRC.
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667.13

CGRP SHOWS REGIONAL VARIATION IN EFFERENT INNERVATION 
OF CHINCHILLA VESTIBULAR PERIPHERY. A. Lvsakowski*. Dept. of 
Anatomy and Cell Biology, Univ. of Illinois at Chicago, Chicago, IL 60612.

As part of our ongoing studies of the chinchilla efferent vestibular sys-
tem, we are investigating the central and peripheral distribution of several 
putative neurotransmitters and neuromodulators, including acetylcholine, 
nitric oxide and calcitonin gene-related peptide (CGRP).

Chinchilla endorgans were reacted in toto with rabbit anti-CGRP (gift of 
Dr. Anne Luebke) and ABC, dehydrated and embedded in Araldite. Four 
micron semithin sections were cut through each entire endogan. Dissector 
counts of CGRP-immunoreactive (-IR) efferent boutons were made as des-
cribed previously in morphological studies of chinchilla and squirrel 
monkey crista ampullaris (Fernandez et al., J. Neurophysiol. 73: 1253, 
1995; Lysakowski and Goldberg, J. Comp. Neurol, 389: 419, 1997). 
CGRP-IR efferent boutons showed distinct regional variations with more 
CGRP-IR boutons found in peripheral zones than in central regions in both 
the crista and utricular macula. We have confirmed the regional variations 
ultrastructurally, and have also determined that CGRP-IR fibers are unmyel-
inated, as previously reported (Wackym et al., Otolaryngology-Head. Neck 
Surgery, 105: 493, 1991). Unmyelinated peptidergic fibers such as these 
would have a slow effect on peripheral (regularly-discharging) afferents.

Preliminary data show that the numbers of CGRP-IR efferent boutons 
per hair cell varies from 0.6 ± 0.1 per hair cell in the central zone near the 
apex to 3.8 ± 2.8 per hair cell in the peripheral zone near the planum. The 
utricular macula showed even more striking differences with virtually no 
CGRP-IR in the striola. Comparing the present results to our previous 
study of synaptic innervation (Lysakowski and Goldberg, J. Comp. Neurol. 
389: 419, 1997), in which we found ~3 efferent boutons per HC regardless 
of region or cell type, this difference is explained by the inclusion in the 
present study of efferent boutons located in the neuropil.

Supported by NIH R01 DC02521.

667.14
TENASCIN EXPRESSION COINCIDES WITH EFFERENT 
INNERVATION DURING COCHLEAR DEVELOPMENT. D.P. Simmons*. 
S, Gum, and R. Fitzgerald. Central Institute for the Deaf and Depts cf 
Otolaryngology and Anatomy and Otolaryngology, Washington University, St. 
Louis, MO 63110.

In the adult cochlea, olivocochlear efferent axons make axosomatic synapses with 
outer hair cells (OHCs). However, during development efferent axons may wait 
below inner hair cells (IHCs) for several days prior to establishing synapses on the 
OHCs. This scenario suggests inhibitory signals may be transiently expressed 
which prevent efferent axons from reaching the OHCs during early stages cf 
development. The tenascins, a family of extracellular matrix glycoproteins, are 
known for their deterrent actions on growing axons. Tenascin expression has been 
investigated with RT-PCR and immunocytochemistry in cochleae from newborn 
through adult rats. Efferent innervation was investigated using synapsin 
immunocytochemistry.

During the first postnatal week, RT-PCR demonstrates that tenascin is highly 
expressed in the cochlea. At Pl, tenascin immunoreactivity is restricted to the organ 
of Corti. Immunoreactivity is shown in supporting cells below both IHCs and 
OHCs as well as along the basilar membrane. Tenascin immunoreactivity is not 
found in either type of hair cell. Tenascin immunoreactivity also shows a basal- 
apical gradient. During the second postnatal week, RT-PCR demonstrates that 
tenascin expression is significantly reduced. By P10, tenascin immunoreactivity is 
barely visible in the organ of Corti. Synapsin immunoreactivity was limited to the 
IHC region at Pl, but was present below both IHCs and OHCs by P5.

These data are consistent with current models of efferent synaptogenesis in the 
cochlea.
(Supported by grants from the NIDCD and CID)

667.15

VISUALIZATION OF ot9 ACETYLCHOLINE RECEPTOR EXPRESSION 
DYNAMICS IN HAIR CELLS USING MODIFIED BACTERIAL 
ARTIFICIAL CHROMOSOMES. J. Zuo1. J. Treadaway1 and B. Fritzsch2*. 
’Dept. Dev. Neurobiol, St. Jude Hospital, Memphis, TN 38105:2Dept. Biomed. Sci., 
Creighton Univ., Omaha. NE 68178.

We present a strategy7 to express green fluorescence protein (GFP) in hair 
cells via targeted modification in bacterial artificial chromosome (BAC) clones. A 
mouse BAC clone was isolated containing the a9 acetylcholine receptor (AChR) 
gene. A single copy myc-tag was inserted before the stop codon, followed by a 
reporter gene cassette of green fluorescent protein (IRES/EGFP). The BAC clone, 
containing at least 27 kb of genomic DNA upstream from the initiation codon, was 
injected into pronuclei of FVB female mice and one offspring (Tg8) was positive for 
the transgene. Progeny were genotyped and analy zed for expression of GFP in the 
developing inner ear. GFP is expressed specifically in hair cells, recapitulating 
temporal and spatial expression of the endogenous a.9 AChR gene as reported by in 
situ hybridization. Using a combination of whole mount and sectioned material, not 
possible with in situ hybridization techniques, we observed complex dynamic 
changes of a.9 AChR expression in cochlear and vestibular sensory7 epithelia during 
neonatal development. By visualizing both otic efferent neuron fibers and a9 AChR 
expression simultaneously, we provide in vivo evidence that expression of ot9 AChR 
in developing hair cells is independent of efferent innervation. Instead, the 
gradients of ot9 AChR expression display ed in developing auditory7 and vestibular 
sensoiy epithelia appear to correlate with the maturation of hair cells.

Supported by a grant from NIDCD (BF) and NIH Cancer Center Support 
CORE grant P30 CA21765 (JZ) and by the American Lebanese Syrian Associated 
Charities (ALSAC: JZ).

667.16
GABAB RECEPTOR SUBUNIT EXPRESSION IN THE RAT COCHLEA. M.J. 
Drescher **, S. Siddique1, J.S. Hatfield3 and D.G. Drescher 1,2 Lab. of Bio-otology, 
Depts. of Otolaryngol, and 2Biochem., Wayne State Univ. Sch. of Med., Detroit, MI 
48201; and 3Veterans Affairs Medical Center, Detroit, MI 48201.

In the cochlea, GABA is a presumptive lateral efferent neurotransmitter, with 
GABAergic fibers synapsing on afferents of both inner and outer hair cells 
(Sobkowicz et al., Anat. Embryol. 198: 353-370,1998), in position to modulate hair 
cell signal output. Previously, we demonstrated transcript expression of ionotropic 
GABAa  receptor subunits (apa^, 8j-fl3 and y2) in t^e unsubdivided mouse cochlea 
(Drescher et al., J. Neurochem. 61:1167-1170, 1993). Evidence has now been 
obtained that metabotropic GABAg receptor subunit mRNA and protein are 
expressed in the rat cochlea.

RT-PCR was carried out for mRNA from microdissected cochlear sub fractions. 
Primers that were designed to target nucleotide sequence conserved across 
GABAgRla-d, amplified products of predicted size, with identity confirmed by 
sequencing, from organ of Corti and lateral wall subfraction cDNA. Contribution 
to GABAgRl transcript by GABAgRlc cDNA was indicated by amplification with 
specific primers. In addition, primers to conserved sequence of GABAb R2 
(Genbank AF058795 and AJO11318) directed amplification for both cochlear 
subfractions. Transcripts required for a functional GABAb receptor formed by 
heterodimerization of R1 and R2 are therefore present in the organ of Corti and 
lateral wall of the cochlea. A guinea pig polyclonal antibody directed against a 
peptide sequence common to rat GABAgRl isoforms (Chemicon) yielded a specific 
staining pattefn for the rat cochlea with the Vectastain Elite ABC procedure 
(Vector). Type I afferent cell bodies in the spiral ganglion and afferent fibers 
coursing near the habenula perforata were immunoreactive. Transcript expression 
and protein immunolocalization of GABAg receptor subunits is consistent with a 
role for GABAg receptors in GABAergic neurotransmission in the organ of Corti.

Supported by NIH R01 DC00156 and DC04076.

667.17

INCORPORATION OF IMMORTALIZED UTRICULAR EPITHELIAL CELL 
LINE INTO UTRICULAR SENSORY EPITHELIUM AFTER IMPLANTATION 
IN EXPLANT CULTURES. W.-O, Gao* and J, L. Zheng. Department of 
Neuroscience, Genentech, Inc., South San Francisco, CA 94080

We have previously established conditionally immortalized rat utricular epithelial 
cell lines using a retrovirus-mediated gene transfer technique (Zheng et al., Hear. 
Res. 117:13, 1998). The established cell line (UEC-4 cells) display many features 
of primary supporting cells. To determine how the immortalized cells behave if they 
are placed back into the inner ear sensory epithelium, we have implanted UEC-4 
cells into cultured utricular explants prepared from P3 rats in the present 
experiments. To be able to distinguish the implanted cells from host cells, UEC-4 
cells were infected with a retrovirus containing the lacZ gene. The UEC-4 cells were 
then injected to the top of the sensory epithelium of cultured rat utricles, with a 
microinjector. The utricular explants were maintained in serum containing medium 
for 2-12 days before they were fixed and processed for X-gal histochemistry or double 
immunocytochemistry with anti- p-gal and calretinin antibodies.

In the first 2-3 days after implantation, most UEC-4 cells survived and sat on the 
top of the sensory epithelium. By 5-12 days following implantation, however, 
many of the UEC-4 cells became integrated into the sensory epithelium. While the 
UEC-4 cells sitting outside the sensory epithelium continued to proliferate, the 
UEC-4 cells that have incorporated into the sensory epithelium ceased proliferation 
and started to differentiate. Some of the UEC-4 cells were found to position in the 
hair cell and supporting cell layers and a few were double labeled with hair cell 
markers, anti-calretinin or anti-myosin 7a antibodies. These findings indicate that 
UEC-4 cells can become not only incorporated into the sensory epithelium, but also 
have the potential to adapt putative hair cell fate. Studies are ongoing to determine 
if overexpression of specific genes in the UEC-4 cells would enhance their 
differentiation into hair cells after implantation. (Supported by Genentech, Inc.)
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668.1

CHANGES IN SYNAPTIC TRANSMISSION OF RAT DORSAL HORN 
NEURONS AFTER DEMYELINATION OR C-FIBER ABLATION TO THE 
SCIATIC NERVE. I. Kohama* and J.D. Kocsis. Dept. of Neurology, Yale 
Univ. Med. Sch., New Haven, CT 06511, and Neuroscience Res. Ctr., 
VAMC, West Haven, CT 06516.

Nerve injury induces a reorganization of peripheral afferent inputs to 
the dorsal horn. These changes are characterized by a reduction in high 
threshold, slowly conducting inputs, and an increase in low threshold, fast 
conducting inputs to lamina I-II. Moreover, these results are in agreement 
with anatomical studies that show sprouting of Ap afferent fibers into 
superficial dorsal horn. In this study, we investigated the effect of 
demyelination and C-fiber ablation on synaptic transmission of dorsal horn 
neurons in adult rats. Local application of lysophosphatidylcholine (LPC) 
induced demyelination without destroying axons, and capsaicin, a C-fiber 
specific neurotoxin, ablated C-fibers without disruption of A-fibers. Three 
weeks after LPC or capsaicin treatment, we recorded field potentials (FPs) 
in the dorsal horn (lamina I-IV) in the spinal cord slices (L4-L5) with 
attached dorsal roots from normal rats, LPC-treated rats and capsaicin- 
treated rats. FPs recorded in lamina II-III consisted of two negative 
potentials: an initial negativity (Nl) induced by afferent fibers and a 
second negativity (N2) elicited by synaptic activity. The latency of N2 
recorded in lamina II-III after LPC treatment did not significantly change. 
However, the latency of N2 recorded in lamina II after capsaicin treatment 
was shorter, and similar to the latency of N2 in lamina III. These 
observations indicate that demyelination alone does not result in synaptic 
reorganization of dorsal horns, and that C-fiber damage alone is sufficient 
to elicit aberrant Ap afferent innervation of the superficial dorsal horn. 
Supported by the VA and the NIH.

668.2

THE NEUROBIOLOGY OF CANCER PAIN: CORRELATION OF 
THE SENSORY INNERVATION OF BONE, TUMOR INDUCED 
BONE DESTRUCTION AND SENSITIZATION OF PRIMARY 
AFFERENT NEURONS IN A MURINE MODEL OF BONE CANCER
PAIN. M.J. Schwei *, P. Honore1, S.D. Rogers1, J.L. Salak-Johnson1, M.P. Finke1,
ML. Ramnaraine2, D.R. Clohisv2 and P.W. Mantvh1*. iVA.MC, Mpls, MN55417, 
Preventive Sciences Dept., 3Orthopaedic Surgery Dept., U of MN, Mpls, MN55455.

More than 500,000 patients in the United States died from cancer in 1998 and over 
1 million patients in the United States suffer from cancer-related pain each year. Pain 
is the first symptom of cancer in 20-50% of all cancer patients and 75 - 90% of 
advanced or terminal cancer patients must cope with chronic pain syndromes related 
to failed treatment and/or tumor progression. One of the most difficult to treat cancer 
pains is that related to cancer invasion of bone. Here we developed a murine model of 
bone canoer pain using injection of lytic tumor cells into the mouse femur. Both the 
mineralized bone and bone marrow receive a sparse sensory innervation whereas the 
periosteum, which is the fibrous membrane covering the surface of the bone, contains 
a dense plexus of sensory fibers. Following injection of the lytic tumors into the 
intramedullary space of the femur osteoclast activity is stimulated with resulting bone 
destruction that closely resembles that in humans with an osteolytic metastatic bone 
cancer. Behaviorally, the mice begin to show ongoing pain once the osteoclasts have 
broken down the mineralized bone and are in contact with the heavily innervated 
periosteum. Acute pain is also observed in that at 21 days post-injection, normally 
non-noxious palpation of the tumorous bone induces a marked pain associated 
behavior and this normally non-noxious palpation induces internalization of the 
substance P receptor and c-Fos expression in lamina I neurons. The pain behavior, 
substance P receptor internalization and c-Fos expression are all correlated with the 
extent of bone destruction. These results suggest the murine model we have 
developed share many behavioral, neurochemical and histopathological features with 
bone cancer pain in observed in humans. Supported by NINDS, NIDA, a VA Merit 
Review and the Spinal Cord Society.

668.3

THE NEUROBIOLOGY OF CANCER PAIN: UNIQUE 
REORGANIZATION OF THE NEUROCHEMISTRY OF THE 
SPINAL CORD IN A MURINE MODEL OF BONE CANCER PAIN. P
Honored M.J. Schwei J.L. Salak-Johnson1, S.D. Rogers'. M.P. Finke7,
M.L. Ramnaraine2, D.R, Clohisv2 and P.W, Mantvh1 . WAMC, Mpls,
MN55417, Preventive Sciences Dept., ^Orthopaedic Surgery Dept., U of 
MN, Mpls, MN55455.

The cancer-related event that is most disruptive to the cancer patient’s 
quality of life is pain. Twenty-one days following intramedullary injection 
of lytic sarcoma cells into the mouse femur there was extensive bone 
destruction and invasion of the tumor into the periosteum, similar to that in 
patients with metastatic bone cancer pain. In the spinal cord, ipsilateral to 
the bone cancer, there was massive hypertrophy of astrocytes as measured 
using the astrocyte marker glial fibrillary acidic protein (GFAP). This 
massive gliosis was confined the spinal segments L3-L5, which are the 
spinal segments that receive primary afferent input from the femur and 
there was no evidence of accompanying neuronal loss. In addition to the 
marked gliosis, there was induction of the pro-hyperalgesic peptide 
dynorphin and induction of c-Fos expression in neurons in deeper laminae 
of the spinal cord. Bone cancer thus induces a marked reorganization of 
the neurochemistry of the spinal cord that is correlated with the extent of 
bone destruction. Understanding how bone cancer induces these changes 
should provide insight into the peripheral factors that drive spinal cord 
plasticity and in the development of more effective treatments for cancer 
pain. Supported by NINDS, NIDA, a VA Merit Review and the Spinal Cord 
Society.

668.4
THE NEUROCHEMICAL SIGNATURE OF CANCER PAIN IS 
DIFFERENT FROM THAT OBSERVED IN PERSISTENT 
INFLAMMATORY OR NEUROPATHIC PAIN STATES. S.D. Rogers, 
P. Honore, J.L. Salak-Johnson, M.L. Nichols*, M J. Schwei, N.M. Luger and P.W.
Mantvh. VAMC, Mpls, MN55417, Preventive Sciences Dept., U of MN, Mpls, MN 
55455.

To define whether the neurochemical signature of cancer is similar to the 
neurochemical signature of inflammatory or neuropathic pain we compared and 
contrasted neurochemical changes that occurred in the sensory neurons and spinal cord 
in mice with CFA-induced inflammation, sciatic nerve transection, ligation-induced 
neuropathy and osteolytic sarcoma-induced bone cancer pain state.

Substance P, CGRP and isolectin IB4 were used to label primary afferent fibers 
both in DRG neurons and the spinal cord. Several markers, including dynorphin, SP 
receptor, neuropeptide Y, GAP-43, c-Fos, NeuN and PKCy were used in the spinal 
cord. In addition, astrocyte and microglial responses were evaluated with GFAP and 
0x42, respectively. Inflammatory, neuropathic and cancer pain states each induced 
unique changes in these markers. For example, the level of SPR immunoreactivity in 
laminae I-II neurons was increased in both neuropathic and inflammatory pain but was 
unchanged in the bone cancer pain state. In contrast, while no visible changes in 
GFAP and Ox-42 labeling were detected in CFA animals, an increase in both markers 
was observed in neuropathic pain. In animals with bone cancer pain there was a 
massive up-regulation of GFAP with no concomitant increase in OX-42 and the 
dramatic up-regulation of GFAP was correlated with the extent of bone destruction.

In conclusion, these results suggest that inflammatory, neuropathic and cancer pain 
are associated with a unique profile of molecular and cellular changes that occur in the 
spinal cord and primary afferent fibers. These profiles appear to reflect the different 
qualities, intensities and characteristics of pain in each of these states. Targeting these 
unique neurochemical profiles may allow the development of more selective and 
efficacious analgesics to treat these pains. Supported by NINDS, NIDA, VA Merit 
Review and ASAN.

668.5

NEONATAL PERSISTENT PAIN ALTERS EXCITABILITY OF SPINAL CORD 
NEURONS IN ADULT RATS T, Tachibana*. O, D, Ling. M, A. Ruda. Pain and 
Neurosensory Mechanisms Branch, NIDCR, NIH, Bethesda, MD 20892

Our studies have demonstrated a dramatic alteration of small diameter primary 
afferent spinal circuits in adult rats that experienced neonatal persistent pain. The 
present study used a rat model of inflammation and hyperalgesia to examine the role 
of altered spinal neuronal circuitry on noxious stimulus-evoked Fos protein-like 
immunoreactivity (Fos-LI). On postnatal day 1 (Pl), male Sprague-Dawley rats 
received a 25pl injection of complete Freund’s adjuvant (CFA, 2:1) into the left 
hindpaw. At 8 weeks of age, the animals (Pl, n=3 and neonatally untreated control, 
n=3) received a bilateral injection of 200pl of CFA (1:1) into their hindpaws. Rats 
were perfused with 4% paraformaldehyde at the time of peak hyperalgesia (24hrs post 
CFA). The L2-S1 spinal segments were removed and cut into 30pm sections. The 
sections were processed for Fos-LI using am avidin-biotin technique with HRP as the 
chromogen. Fos labelled nuclei were counted in a total of 30 sections per animal, ten 
sections each from the L2-L4, L4-L5 and L5-S1 segments. In the Pl treated rats, the 
total number of Fos-LI nuclei increased from the L2 to the SI segments as compared 
to control although the increase number varied in the different segments. The greatest 
increase occurred in the L4-5 segments in the superficial laminae (Pl left 244.0±32.2 
and right 155.7±26.9 vs control left 66.3±10.4 and right 19.3±4.7. P< 0.05) and in 
laminae III and IV (Pl left 146.0±26.5 and right 85.7±41.0 vs control left 18.0±15.7 
and right 15.3±11.0. P< 0.05.). In the Pl rats, in laminae I-IV of the L4-5 segments, 
the left side had a significantly increased number of labelled nuclei compared to the 
right side of Pl rats (P< 0.05). In control rats, there was no difference between the 
number of labelled nuclei on the left and right sides. These data suggest that altered 
primary afferent neuronal circuits may result in hyper-excitability of spinal cord 
neurons in adults that experienced neonatal persistent pain.

Supported by the NIDCR Division of Intramural Research.

668.6
NEONATAL PERSISTENT INFLAMMATORY PAIN RESULTS IN 
ALTERED PLASMA EXTRAVASATION MECHANISMS IN ADULT 
RATS. R.M. Miller, Q.D. Ling*, M.A. Ruda. Pain and Neurosensory 
Mechanisms Branch, NIDCR, NIH, Bethesda, MD 20892

Neonatal inflammatory painful stimuli have been found to play an important 
role in the development of peripheral sensory systems. It has been established 
that tissue damage at an early postnatal time produces a significant change in 
nociceptive spinal neuronal circuits. This study examined the long term 
consequences of neonatal peripheral inflammation on adult peripheral plasma 
extravasation mechanisms. Male Sprague-Dawley rat pups were given a 
unilateral injection of 30 pi of complete Freund’s adjuvant (CFA 2:1) into the 
left hindpaw on postnatal day one (Pl). The rats were allowed to mature to 
adulthood with no further pain stimuli. At 8-10 weeks of age, rat hindpaw 
diameters were measured and plasma extravasation of hindpaws was 
quantified using the Evans Blue method. Anesthetized rats were injected with 
2% Evans Blue solution and received bilateral hindpaw CFA (200pl 1:1) 
injections, bilateral hindpaw topical 0.5% capsaicin application or no hindpaw 
pain stimulus. Exactly 30 minutes later, rats were perfused with 0.9% saline, 
the tissue was dissected, weighed and prepared for optical density analysis. In 
all three groups of Pl rats, plasma extravasation in the left hindpaw was 
significantly greater than in the neonatally untreated right paw. Results also 
show that neonatally inflamed rat paws have larger diameters as adults. 
Further analysis of the paw anatomy by x-ray shows that no abnormal bone 
formation occurred in Pl treated left paws. This data suggests that a neonatal 
inflammatory pain stimulus has dramatic effects on the peripheral tissues of 
adult rats that may be related to neural-immune interactions.
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668.7

Neonatal  Persistent  Pain  Alters  Acute  and  Tonic  
Pain  Sensitivity  in  Adult  Rats . A.G. Hohmann*, O.D. 
Ling and M.A. Ruda. Pain and Neurosensory Mechanisms Branch, 
NIDCR, Bldg 49 Rm 1 Al 1, Bethesda, MD 20892.

Our previous work demonstrates that early postnatal persistent pain 
produces long term changes in spinal neuronal circuitry. Increases in the 
density of unmyelinated primary afferent terminals as well as the 
segmental area of termination are observed in the spinal cord of adult 
rats ipsilateral to the hindpaw receiving neonatal pain. The present study 
was designed to examine functional correlates of this altered neuronal 
circuitry using a model of acute and tonic pain sensitivity, the formalin 
test. Whereas the acute response mainly reflects activation of primary 
afferent fibers, the latter response results jointly from inflammation and 
long term changes in the central nervous system. Rats received a 
unilateral intraplantar injection (25 pi) of complete Freund’s adjuvant 
(CFA, 2:1) on postnatal day 1. Rats receiving CFA as neonates were 
evaluated in the formalin test as adults together with age-matched 
controls. Rats receiving CFA as neonates showed lower levels of pain 
during the early phase of the formalin test relative to control rats. By 
contrast, the late phase occurred earlier in rats previously subjected to 
neonatal persistent pain. Pain behavior was greater in these animals 
when control animals showed only low levels of pain. The present data 
are consistent with the hypothesis that neonatal persistent pain alters 
pain sensitivity that persists in adulthood and enhances central 
sensitization in response to prolonged noxious stimulation.
(Supported by the NIDCR Intramural Research Program).

668.8
ACTIVATION OF ERK IN THE DORSAL HORN OF THE SPINAL CORD 
AFTER NOXIOUS STIMULATION. R.RJi*. B.Hiroshi. G. Brenner. 
C.J.Woolf, Neural Plasticity Research Group, Dept. of Anesthesia and Critical 
Care, Massachusetts General Hospital and Harvard Med. Sch.; Boston, MA 
02129.

The MAP kinase cascade is a major signaling system that transduces 
extracellular stimuli into intracellular responses. It has been implicated in 
neuronal plasticity such as LTP in the hippocampus. We have investigated 
whether the prolonged changes in the functional properties of spinal neurons 
that are induced by noxious stimulation are mediated by the MAP 
kinase/extracellular signal-regulated protein kinase (ERK) cascade. In naive 
animals, the levels of phosphorylated ERK (pERK) in the spinal cord are very 
low. After a noxious peripheral stimulus produced by capsaicin injection into a 
hindpaw, however, many pERK positive neurons can be detected in the 
superficial layers of the ipsilateral dorsal horn in a location that matches the 
topography of the central terminals of the activated nociceptive afferents. 
Capsaicin also induces CREB phosphorylation in dorsal horn neurons. Double 
staining shows that pERK is colocalized with pCREB in almost all nuclei in 
the medial superficial dorsal horn after capsaicin stimulation. Moreover, 
capsaicin-induced pCREB is blocked by a MEK (MAP kinase kinase) 
inhibitor PD 98059. Thus ERK phosphorylation may contribute to 
activity/nociception-dependent transcriptional regulation in dorsal horn 
neurons.
The work is funded by NIH NS 38253-01 and an unrestricted grant 
from Roche Bioscience.

668.9

EFFECT OF BUPIVACAINE INFILTRATION ON DORSAL HORN NEURONS 
ACTIVATED BY AN INCISION Esther M, Pogatzki. Timothy J, Brennan*. Dept. of 
Anesthesia, University of Iowa, IA 52242

Experimental evidence from models of inflammatory pain and chemical irritation 
suggest that the afferent input during injury contributes to dorsal horn neuron 
sensitization and subsequent persistent pain behavior (Drugs 47:1). To investigate the 
importance of the afferent barrage during surgery for postoperative pain, we examined 
the effect of local bupivacaine infiltration on dorsal horn neuron activity during and after 
an incision.

In halothane anesthetized rats, activity from WDR and HT neurons was 
recorded during and one hr after an incision in the rat hindpaw. Three treatment groups 
were investigated: intraplantar bupivacaine (0.5 ml 0.5%) infiltration (B), intraplantar 
saline (S) infiltration and control bupivacaine injection in the thorax. All treatments 
were administered 15 min before incision.

Forty-four neurons were recorded. After saline infiltration (n=13), the 
average increase in activity during incision was 16.3+10.5 (imp/sec). The receptive field 
(RF) to pinch was enlarged outside the hindpaw in 5 of 12 cells and the median von Frey 
filament threshold was 30 mN in WDR neurons. After bupivacaine infiltration (n=21), 
cell activity was not increased during incision (-0.1 +.2.2 imp/sec). The RF to pinch was 
enlarged outside the hindpaw in only 2 of 21 cells and the response to a suprathreshold 
von Frey filament (615 mN) was blocked. The responses of cells to an incision in rats 
injected with bupivacaine (n-.l0) in the thorax were similar to saline.

In conclusion, bupivacaine infiltration blocked the afferent barrage to the 
spinal cord during incision. In a previous study, the same bupivacaine treatment before 
plantar incision did not reduce pain behaviors 1 to 6 days later (Anesthesiology 
8T.A986). This suggests persistent pain after surgery is independent of input to the 
spinal cord during surgery and this may explain the negative results from clinical studies 
using pretreatment strategies to prevent postoperative pain (Ann Med 27:249). 
Supported by IMF, University of Muenster, Germany (Po1 -6-I/98-38) and NIH 
GM55831.

668.10
AGE-RELATED DIFFERENCES IN NEUROPATHIC PAIN AND 
SPINAL BIOGENIC AMINES
J.A. Lovell *, J.C. Novak, S.L. Stuesse, W.L.R.Cruce, and T. Crisp. 
Pain Interest Group, Northeastern Ohio Universities College of 
Medicine, Rootstown, Ohio and Kent State University, New 
Philadelphia, Ohio
Descending monoaminergic projections inhibit afferent nociceptive 
stimuli in the dorsal horn. We investigated whether induction and 
maintenance of neuropathic pain would influence spinal monoamine 
levels differently as a function of aging in rats. Young, mature, and 
aged male Fischer 344 FBFN1 rats (4-6, 14-16, and 24-26 months, 
respectively) were used in this study. Neuropathic pain was induced 
using the protocol of Bennett and Xie (1988). Rats were sacrificed on 
days 0, 3, 21, or 35 post-surgery. Prior to surgery and on the day of 
sacrifice, rats were tested for thermal hyperalgesia and mechanical 
allodynia. Spinal cord tissue sections were assayed for monoamines 
using HPLC with electrochemical detection. Aged rats were 
significantly more sensitive to an acute thermal stimulus than the 
younger cohorts. All rats displayed a robust thermal hyperalgesia on 
post-surgical days 3 and 21. By day 35, young and mature animals 
no longer displayed thermal hyperalgesia in response to nerve injury. 
Aged rats, however, continued to exhibit thermal hyperalgesia. All 
rats displayed a robust tactile allodynia which persisted through post- 
surgical day 35. At no time did changes in monoamine levels in 
lumbar dorsal spinal cord correlate with age-dependent acute and 
chronic pain behaviors. Thus, age-related differences in neuropathic 
pain behaviors do not appear to be mediated by changes in spinal 
tissue monoamine levels.

668.11

BILATERAL TACTILE ALLODYNIA AND HYPEREXCITATION OF NOCICEPTIVE 
SPINAL DORSAL HORN NEURONS //V VIVO IN A SCIATIC NERVE 
CONSTRICTION MODEL IN THE RAT. C.M. Pitcher* and l.L. Henry. Depts. of 
Physiology and Psychiatry, McGill University, Montreal, QC, H3G1Y6.

This stuay determined effects of unilateral sciatic nerve constriction on hind paw 
withdrawal threshold bilaterally and on on-going and synaptic input-elicited 
activity in ipsi- and contralateral spinal dorsal nom neurons in vivo. In 94 male 
Sprague Dawley rats (350-375 g) the sciatic nerve was chronically constricted using 
a 2 mm PE-90 polyethylene cuff. Mechanical allodynia was confirmed in all rats 
prior to electrophysiological testing: using von Frey hairs, withdrawal thresholds of 
(psi- and contralateral hind paws were 48±1.5 g and 47±1.5 g, respectively, 
Defore surgery and were 15±0.8 g and 20±1.1 g, respectively, 42 - 52 days after 
cuff implantation. In electrophysiological experiments in pentobarbital- 
anaesthetized rats spinalized at T9, single unit wide dynamic range neuronal 
activity was recorded extracellularly from dorsal horn segments L1-3. On-going 
activity was increased ipsi- (30.2 ±2. spikes/s; n = 115 neurons) and contralateral 
(29.4±2.7 spike^s; n = 75) to constriction vs. neuronal activity in unoperated rats 
(20.±1.9 spikes/s; n = 91). Pinch (3 s) of the receptive field elicited a fast initial 
response followed by a slowly decaying afterdischarge. The initial response was 
similar in all types of neurone: ipsilateral to cuff 674.2±71.0 spikes in the 3 s 
sample period, n « 35, contralateral to cuff 805.0±121.8 spikes, n « 26, 
unoperated 686.0±88.5 spikes, n = 34. Afterdischarge responses were increased: 
6177.5±896.7 and 5135.4 + 789.0, respectively, vs. unoperated 2487.8±267.6 
spikes, in the respective sample period. Innocuous pressure (3 s)-evoked initial 
responses were also unchanged: 433.0±62.9, n — 25, 587.121 ±150.9, n = 7, 
respectively, vs. unoperated 356.0±50.8 spikes, n - 20. Afterdischarge responses 
which are not seen after pressure stimuli in control rats (91.65±50.8 spikes) 
occurred bilaterally in cuff-implanted rats (1128.0±376.8 and 846.3±284.4 
spikes, respectively). Thus, nerve constriction produces hyperexcitability in ipsi- 
and contralateral spinal dorsal horn neurons which may underlie bilateral tactile 
allodynia in nerve-constricted rats. (Supported by Canadian MRC, FRSQ/FCAR 
and McGill Faculty of Medicine)

668.12
DISINHIBITION UNDERLIES HYPEREXCITABILITY OF SPINAL CORD 
LAMINA I NEURONS IN RATS WITH EXPERIMENTAL NEUROPATHY.
N. Chery* and Y, De Koninck
Dept. of Pharmacology & Therapeutics, McGill Univ., Montreal, Quebec, H3G 1Y6.

Lamina I, the thin marginal layer of neurons at the edge of the dorsal horn is one 
of the main output pathways for nociception from the spinal cord to higher structures. 
Thus alteration in excitability of these neurons may have crucial impact on pain per-
ception. We therefore investigated how inhibition was altered in lamina I using the 
Mosconi & Kruger (Pain, 64:37, 1996) model of painful neuropathy.

Whole cell patch clamp recordings were conducted from identified lamina I neu-
rons in parasagittal spinal cord slices to characterize spontaneous excitatory and in-
hibitory synaptic currents in sham operated- and neuropathic rats. Only animals that 
displayed withdrawal responses to innocuous mechanical stimuli with a force of less 
than 2g at 2 weeks following the injury were considered neuropathic.

Blocking excitatory activity in inhibitory intemeurons with CNQX, APV and TTX 
reduced the frequency of spontaneous IPSCs by more than 50% in sham operated 
animals. In contrast, the frequency of sIPSCs was not affected by these drugs in neu-
ropathic rats, suggesting a loss of excitation in inhibitory intemeurons presynaptic to 
lamina I cells. A significant three fold increase in the frequency of sEPSCs was ob-
served in neuropathic rats, while the frequency of mEPSCs remained unchanged.

The amplitude of mIPSCs was not significantly different in sham operated w. neu-
ropathic rats but the amplitude ofsEPSCs was significantly reduced in neuropathic 
rats. Spontaneous IPSCs in lamina I were all blocked by lOOnM strychnine and unaf-
fected by 10pM bicuculline in control rats, indicating that they involved only activa-
tion of glycine receptors (GlyRs). However, mIPSCs in neuropathic rats had a sig-
nificant GABAa  receptor-mediated component. Thus, blockade of the GABAa  com-
ponent revealed a significant decrease in the GlyR component of mIPSCs in neuro-
pathic rats.

These results are interpreted to indicate an overall decrease in inhibitory control in 
the superficial laminae of the dorsal horn, which translates in effective disinhibition of 
lamina I neurons. This likely represents an important cellular substrate at the level of 
the dorsal hom for the hyperexcitability characteristic of painful neuropathy.

(Supported by NINDS, the Canadian MRC and Quebec FCAR)
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668.13
MECHANISMS OF HYPERALGESIA INDUCED BY INTRA-
THECAL ADMINISTRATION OF ATP ANALOGUE a,(3- 
METHYLENE ATP IN MICE. M. Tsuda1, S. Ueno2 and K. 
Inoue1*. Section of Neuropharmacology, Division of 
Pharmacology, Natl. Inst, of Hlth. Sci., Tokyo, JAPAN. 2Dept. of 
Pharmacology, Sch. of Med. Fukuoka Univ., Fukuoka, JAPAN.

The aim of the present study is to characterize the role of the P2X 
receptor in spinal nociceptive processing in vivo. Intrathecal 
administration of a, (3methyleneATP (a, |3meATP) produced a 
significant and dose-dependent thermal hyperalgesic response. This 
response was completely blocked by antagonists for the non- 
selective P2 receptor PPADS and the selective P2Xp P2X3 and 
P2X2+3 receptors TNP-ATP. Pretreatment with a,f3meATP 15, 30 
and 60 min prior to administration of a second dose of a, (3meATP 
diminished the a,pmeATP-induced thermal hyperalgesia. A potent 
agonist for the P2X3 receptor, p,y -methylene-L-ATP, did not show 
the hyperalgesic response, indicating that the P2X, receptor is not 
involved in the spinal nociceptive pathway. Intrathecal pretreatment 
with the Ca2+-dependent exocytosis inhibitor, botulinum neurotoxin 
B, abolished the thermal hyperalgesia by a, 3 me ATP. Furthermore, 
thermal hyperalgesia was significantly inhibited by the N-methyl-D- 
aspartate (NMDA) receptor antagonists APV, dizocilpine and 
ifenprodil. These findings suggest that a, (3meATP-induced thermal 
hyperalgesia is mediated by the spinal P2X3 receptor subtype, and 
that ctjpmeATP (perhaps through P2X3 receptors) evokes spinal 
glutamate release which, in turn, leads to the generation of thermal 
hyperalgesia via activation of NMDA receptors.

668.14

ACUTE NOXIOUS STIMULATION OF LOW BACK OR HINDPAW 
IN RATS: COMPARISON OF C-FOS EXPRESSION IN RAT SPINAL 
AND SUPRASPINAL NEURONS. R.G. Gillette1, W.J, Roberts2 and
R.C. Kramis2 'Western States Chiropractic College and ^Neurological Sciences 
Inst., Oregon Health Sci. Univ., Portland, OR 97209.

To identify the distribution of neurons that subserve acute low back pain, 
adult male Sprague Dawley rats were briefly anesthetized with halothane and 
injected with 20/zl of 5% or 20% mustard oil unilaterally in either lumbar 
paraspinal tissues or one hindpaw, followed 90 min. later, by anesthesia and 
perfusion with 4% paraformaldehyde. The CNS was removed and 
cryoprotected. Sections were processed with standard immunocytochemical 
procedures to label nuclear c-Fos (polyclonal antibody CYM2711, Genosys).

Spinal labeling - low back injections: labeled nuclei were found in superficial 
lateral dorsal horn (ipsilateral > contralateral); some labeled nuclei were found 
in deeper dorsal horn ipsilaterally. Maximum numbers were found in L2, but 
dorsal horn labeling extended through all spinal segments (cervical to sacral).

Spinal labeling - hindpaw injections: labeled nuclei found mostly in middle 
and medial dorsal horn from L3 to L5 - like others have shown. Numbers of 
labeled nuclei per lumbar section are greater than for low back injected rats, 
but rostral caudal distribution is much more limited with hindpaw injections.

Supraspinal labeling: The numbers of labeled nuclei and their spatial 
distributions were similar in rats with hindpaw or low back injections.
Labeling was found bilaterally with little evidence of somatotopic segregation. 
Labeled structures in both preparations are those known to be involved in 
nociceptive processing. Supported by PHS/NINDS - NS32316.

668.15

EFFECTS OF C-FOS SUPPRESSION BY INTRATHECAL 
ANTISENSE OLIGODEOXYNUCLEOTIDE ON ADJUVANT- 
INDUCED THERMAL HYPERALGESIA.
M Takemura1*, S. Sugiyo2, T. Shimada1, N, Yonehara3 and Y.
Shigenaga1. Depts. of ’Oral Anatomy II, 2Prosthetic Dentistry II and 
’Pharmacolgy, Osaka Univ. Fac. Dent. Suita, Osaka 565-0871, Japan.

Effects of gene suppression of c-fos in the rat spinal dorsal horn on 
adjuvant-induced thermal hyperalgesia were investigated by intrathecally 
preadministered c-fos antisense oligodeoxynucleotide (ODN).

Antisense or sense ODN complementary to c-fos mRNA was 
preadministered (25 nM in 20 /<1 of saline) through a catheter (PE-10 tube) 
introduced at around the L4-5 spinal cord. Antisense ODN complementary 
to c-fos with the sequence 5’ GAA CAT CAT GGT CGT 3 ’ and sense 5’ ACG 
ACC ATG ATG TTC 3’ were phosphoro-thioate analogues (Kurabo Co, 
Biomedical Branch). Four h later, 200 pi of complete Freund’s adjuvand 
was injected into the plantar surface of the right hind paw. The withdrawal 
latency to noxious thermal stimulation was examined using Plantar Test (Ugo 
Basile). In other experiments, effects of preadministered antisense and sense 
c-fos ODN on the adjuvant-induced c-Fos expression in the L4-5 spinal 
dorsal horn were examined using immunohistochemistry. Preadministered 
antisense ODN significantly decreased the number of adjuvant-induced c- 
Fos-immunoreactive neurons in the laminae I/II of the spinal dorsal horn 3 h 
after adjuvant injection compared to the sense ODN-preadministered rat. 
The antisense ODN-preadministered rat showed significantly longer 
withdrawal latency to noxious thermal stimulation in the adjuvant-induced 
inflamed hind paw than the sense ODN-preadministered rat at 0-1 d after 
adjuvant injection.

Intrathecally preadministered c-fos antisense oligodeoxynucleotide 
suppressed c-Fos expression and attenuated adjuvant-induced thermal 
hyperalgesia.

668.16
A WEAK EFFECT OF CROSSED-EXTENSOR REFLEX ON 
REVERSING SPINAL FIXATION IN RATS. M.M, Patterson*, T. 
Hallahan, K. Anderson. University of Health Sciences College of 
Osteopathic Medicine, Department of Osteopathic Principles and Practice, 
1750 Independence Ave., Kansas City, MO 64106-1453

Stimulation of an anesthetized rat’s hind leg for over 35 minutes with an 
electric stimulus can induce a long-term alteration in the spinal flexion 
reflex known as spinal fixation.

We now know that even short term nociceptive inputs can result in 
increased neural excitability of the central neurons of the spinal cord. 
Longer lasting inputs can create excitability increases that last for weeks 
and may become permanent. Spinal fixation appears to be the third in a 
four stage process from short term increased neural excitability to 
permanent increases. Fixation occurs with heavy neural inputs lasting for 
15-45 minutes, while longer but less intense inputs can also cause 
excitability increases lasting for long periods of time.

Our work has shown that spinal fixation is easily created in the spinal 
reflex circuits. Once created, what can be done to reverse the 
hyperexcitability? The studies reported here are initial attempts to utilize 
opposite limb flexion, which would be expected to create extension in the 
fixated limb, to decrease the reflex hyperexcitability. Rats were anesthetized 
and given a fixating stimulus to the right hind limb and grams of flexion 
measured. They then received a fixating stimulus to the left limb and 
remaining flexion measured in the right limb. Only when the initial fixating 
stimulus to the right limb was less than that to the left limb did the left limb 
stimulation reduce the fixation of the right limb. The results suggest that 
the crossed extensor reflexes do not have a strong effect on reversing the 
fixation of excitability in spinal reflexes.

Supported by the American Osteopathic Association Bureau of Research 
Grant 95-03-319

668.17

MULTIFRACTAL ANALYSIS OF WIDE DYNAMIC RANGE NEURON 
DISCHARGE PROFILES IN NORMAL RATS AND IN RATS WITH SCIATIC 
NERVE CONSTRICTION Gabriele Biella1'2*. Gianfausto Salvadori3. and Maria Luisa 
Sotgiu1 Hstituto di Neuroscienze e Bioimmagini - C.N.R.; Via Fratelli Cervi 93, 
20090 Segrate, Milan, Italy. 2VI Chair of Neurology, University of Milan; Milan, 
Italy. DIIAR - 3Politecnico di Milano; Piazza Leonardo da Vinci 32, 20133 Milan, 
Italy.

Coding of sensory signals poses strong questions on a number of issues like the 
nature of coding, its efficiency and reliability.
Using normal rats and rats with a chronic constriction injury of the sciatic nerve (CCI 
or injured, model of Bennett-Xie) we recorded Wide Dynamic Range (WDR) neurons in 
the deep lamine of the dorsal horn of anesthetized, paralyzed rats, to evaluate the 
possibility of classifying, by statistical tools, the frequency patterns of neuronal 
discharges during different noxious and non-noxious stimuli in the different 
experimental conditions. An analysis was made of both the distribution of the Inter- 
Spike-Intervals and the temporal density of Spike-Trains. The density distributions of 
the temporal sequences were studied within the framework of stochastic Universal 
Multiffactals, to allow the identification of different random processes involved in the 
discharge distributions through the L6vy index a. The L6vy index seems an analytical 
tool able to differentiate between different noxious stimuli (Mechanical pinching and 
Thermal), both in normal and injured animals. The additional comparison of normal 
and injured animals showed that in the two experimental conditions, the same 
multifractal structure is evident. Oppositely, the corresponding statistics of the Inter- 
Spike-Intervals are quite different, although the spontaneous basal and non-noxious 
stimuli (brushing) evoked activities presented different frequencies. This information 
might be relevant to the fact that multifractals seem an efficient tool to evidentiate a 
code of neuronal firing and to the description of temporal patterns in acute and chronic 
noxious signals.

668.18

SENSITIZATION OF RAT SPINAL NEURONS TO COLD AND 
HEAT STIMULI FOLLOWING A MILD COLD INJURY TO THE 
SKIN. S.G. Khasabov1, D. Cain1, D. Heitmiller2, V.S. Sevbold3 » K.C. 
Kaiander4 , P.W, Mantvh1,2,s and D.A, Simone1,2. Depts. of ’Preventive Sci., 
2Psychiatry, ’Neurosci. and 4Oral Sci., Univ. of Minnesota, Minneapolis, MN 
55455, and sMol. Neurobio. Lab (151), VAMC, Minneapolis, MN 55417.

Nociceptive spinal cord neurons may be sensitized following tissue damage 
and inflammation. However, the conditions of sensitization to cold and heat 
stimuli are unclear. Responses of 24 dorsal horn nociceptive neurons evoked 
by heat (35° C to 51° C) and cold (28° C to -12° C) were determined. For 10 
cells, responses were obtained before and after cold injury (-15° C for 20 sec) 
to the receptive field using a 1 cm2 thermode. All cells were excited by heat 
and cold, and responses increased monotonically with stimulus intensity. Cold 
injury resulted in mild edema and high frequency discharge, which typically 
lasted 5-10 min. All cells exhibited sensitization to subsequent cold and heat 
stimulation. The mean response threshold for cold was 3.1° ± 2.6° C before 
and 12.9° ± 2.2° C at 5 min after injury. Response threshold for heat 
decreased from 45.0° ± 1.6° C to 39.3° ± 1.3° C. In addition, responses 
evoked by suprathreshold cold and heat stimuli increased significantly after 
injury. Whereas sensitization to cold disappeared within an hour of injury, 
sensitization to heat persisted up to three hours or longer. Application of cold 
stimuli without injury did not produce sensitization. Our results suggest that 
sensitization to cold and to heat occurs following a cold injury to the skin. 
Differences in the duration of sensitization to cold and heat stimuli suggest 
separate underlying mechanisms. Supported by NS 33908 and DAI 1986.
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669.1
THE PROJECTIONS OF THE MIDBRAIN PERIAQUEDUCTAL GRAY TO 
SEROTONERGIC AND NORADRENERGIC NUCLEI OF THE PONS AND 
MEDULLA OBLONGATA IN THE RAT. M. Antal* and F. Odeh. Dept. Anat. Histol. 
Embryol., Univ. Med. School, Debrecen, H-4012 Hungary

It is now established that analgesia elicited by stimulation in the midbrain 
periaqueductal gray (PAG) operates through inhibition of nociceptive specific neurons 
in the spinal dorsal horn. Recent findings also suggest that the PAG exerts this 
descending control on spinal nociceptive neurons through the activation of serotonergic 
raphe-spinal and noradrenergic coerulo-spinal pathways that arise from the rostral 
ventromedial medulla (RVM) and pontine noradrenergic cell groups. After labelling 
axons projecting from the PAG to various regions of the pons and medulla oblongata by 
injections of Phaseolus vulgaris leucoagglutinin into the ventrolateral aspect of the 
PAG, and revealing serotonin- and tyrozine-hydroxylase-immunoreactive neurons (SIR, 
THIR) in the brainstem, we intended to investigate the neuroanatomical substrate of the 
functional link between the PAG and RVM as well as pontine noradrenergic cell groups 
in the rat. Here, we demonstrate that a large number of PAG efferents terminate in the 
intermediate subdivision of the ponto-bulbar reticular formation outside the boundaries 
of the RVM and the pontine noradrenergic cell groups, and only a smaller proportion of 
them are located within the confines of these nuclei. We also show that only a small 
proportion of the SIR neurons in the RVM and THIR neurons in the pontine 
noradrenergic cell groups establish synaptic contacts with terminals of the labelled PAG 
efferents. The results suggest that volleys in fibres arising from the ventrolateral aspect 
of the PAG first activate a complex ponto-bulbar neuronal assembly including neurons 
in the intermediate subdivision of the ponto-bulbar reticular formation, SIR and non- 
SIR neurons in the RVM as well as THIR and non-THIR neurons in the pontine 
noradrenergic cell groups. This ponto-bulbar neural circuitry may mediate the signals of 
the PAG towards the cells of origin of the raphe-spinal and coerulo-spinal pathways, 
that, in case of suprathreshold activation, may conduct the PAG evoked activities 
towards nociceptive neural circuits in the spinal dorsal horn, resulting in the inhibition 
of spinal nociceptive neurons and the attenuation of pain behaviour.

669.2

ANATOMICAL AND PHYSIOLOGICAL EVIDENCE FOR 
FUNCTIONAL SUBCLASSES OF SEROTONERGIC CELLS IN 
THE MEDULLARY RAPHE MAGNUS OF THE RAT. K. Gao* and 
P. Mason. Dept. of Neurobiology, Pharmacology & Physiology and 
Cmte. on Neurobiology, University of Chicago, Chicago, IL 60637. 
Recent data suggests that some serotonergic cells in raphe magnus 
(RM) have cardiovascular-related discharge. In halothane-anesthetized 
rats, RM serotonergic cells are excited (49%), inhibited (13%) or 
unaffected (37%) by clamping the descending aorta (CDA), a stimulus 
that increases blood pressure and evokes a baroreceptor reflex. In order 
to determine whether anatomical differences exist between serotonergic 
neurons with distinct physiological profiles, physiologically tested cells 
were labeled and reconstructed in three dimensions using a 
computerized system. The somata of serotonergic neurons that were 
unaffected or excited by CDA were located throughout RM, but 
serotonergic neurons that were inhibited by CDA were concentrated in 
caudal RM, at the level of the caudal pole of the facial nucleus. There 
were differences between the axonal branching patterns of serotonergic 
cells with different responses to CDA. The axons of CDA-unaffected 
cells had several (>5) collaterals, particularly locally at the level of the 
cell body. The axons of cells that were excited by CDA typically did 
not collateralize although they could be followed to the spinomedullary 
junction. The few CDA-inhibited cells that have been studied were 
heterogeneous but had few or no axonal collaterals. These results 
support the idea that distinct physiological and anatomical characteristics 
define subclasses of RM serotonergic cells, which may subserve 
distinct physiological functions. This research was supported by NIH 
grant NS33984 and the Brain Research Foundation.

669.3

EFFECT OF PERIAQUEDUCTAL GRAY ACTIVATION ON 
SEROTONERGIC CELLS IN THE MEDULLARY RAPHE 
MAGNUS OF THE RAT. P, Mason* and K, Gao. Dept. of 
Neurobiology, Pharmacology & Physiology and Cmte. on 
Neurobiology, University of Chicago, Chicago, IL 60637.
The present experiments examined the relationship between RM 
serotonergic cell discharge and antinociception produced by 
microinjection of glutamate or bicuculline into different regions of the 
midbrain periaqueductal gray (PAG) in the halothane-anesthetized rat.
In most cases, glutamate microinjection suppressed the tail flick evoked 
by noxious heat for 30-300 s; often, the antinociception lasted less than 
90 s. Glutamate microinjection into the ventrolateral PAG excited about 
half and inhibited a third of the RM serotonergic cells tested. Most 
serotonergic RM cells were excited by glutamate microinjections into 
lateral or dorsolateral PAG and were never inhibited by such injections. 
Changes in serotonergic cell discharge were not consistently associated 
with antinociception evoked by glutamate microinjection within the 
PAG. Although both bicuculline and glutamate are likely to cause a net 
excitatory effect on PAG cells, their effects on both serotonergic cell 
discharge and nociceptive responsiveness were different. Bicuculline 
microinjection usually suppressed the tail flick evoked by noxious heat 
for 2-30 minutes or more. However, only a minority (about a third) of 
the RM serotonergic cells tested were affected, and only transiently so, 
by bicuculline microinjection into any part of the PAG. These results 
demonstrate that centrally evoked antinociception does not require RM 
serotonergic cell activation. This research was supported by NIH grant 
NS33984 and the Brain Research Foundation.

669.4
DIFFERENTIAL DISTRIBUTION OF FOS-POSITIVE NEURONES IN THE 
LATERAL AND VENTROLATERAL PERIAQUEDUCTAL GREY (PAG) IN 
RESPONSE TO DIFFERENT RATES OF SKIN HEATING. E.V. Mangan, I, 
Ahmed. S. McMullan, F.M Semenenko. D.M. Parry and B.M. Lumb (Spon: British 
Neuroscience Association) Dept. Physiology, University of Bristol, BS8 1TD, UK.

Neurones in the lateral columns of the PAG are activated preferentially by 
noxious cutaneous stimulation whereas those in the ventrolateral sector are targeted 
by visceral and deep somatic inputs. The present study was designed to test whether 
this differential activation extends to a separation in inputs from peripheral AS- and 
C-nociceptors.

Either ‘slow’ (0.9°C/s) or ‘fast’ (6.5°C/s) ramps (35-52°C) of focused radiant heat 
were applied (twice in each animal) to the blackened surface of the left hind paw of 
pentobarbitone-anaesthetised rats to preferentially activate C- or AS-nociceptors 
respectively (Yeomans & Proudfit 1996, Pain 68 141-150). 50pm sections of the 
midbrain were processed immunocytochemically to visualise Fos protein. Counts 
were made of Fos-positive neurones in the dorsomedial, dorsolateral, lateral and 
ventrolateral columns of the PAG throughout its rostrocaudal extent.

In the rostral half of the PAG there was no significant difference in the columnar 
distributions of Fos-positive neurones in response to either stimulus. In contrast, in 
the caudal PAG, although there was no preferential distribution with respect to fast 
ramp stimulation, the mean number of Fos-positive neurones evoked by slow ramp 
stimulation was significantly greater (p < 0.05) in the ventrolateral (34.9 + 6.01; n=5) 
than in the lateral column (19.7 + 2.02; n=4).

These data suggest that the co-ordinated response, that includes quiescence, 
sympathoinhibition and antinociception evoked from the caudal ventrolateral PAG, 
may be triggered preferentially by nociceptive inputs arising from slow rates of skin 
heating and presumed C-fibre activation.
Sponsored by The Wellcome Trust

669.5
DIFFERENTIAL DISTRIBUTION OF GABA-BR1 RECEPTOR
IMMUNOREACTIVITY (GABA-BR1-LI) IN BULBOSPINAL NEURONS 
OF THE ROSTRAL VENTRO-MEDIAL MEDULLA (RVM) OF THE RAT.
R.C. Riley * and A.I. Basbaum, Depts. of Anatomy and Physiology and W.M. Keck 
Fdn. Center for Integrative Neuroscience, Univ. California San Francisco, CA.

Microinjection of GABA-B receptor agonists into the RVM produces a profound 
antinociception or hyperalgesia, depending on dose (Hammond et al 1998). To 
identify the neurons that are regulated in the RVM we have immunostained the RVM 
for GABA-BR1-LI. Recently, we described high levels of GABA-BR1-LI in all 
monoaminergic cell groups (Margeta-Mitrovic et al, 1999). Here we focused on 
GABA-BR1-LI in RVM projection neurons, including the serotonin-containing 
(5-HT) and non-5-HT populations. RVM neurons were retrogradely with unilateral 
injections of Fluoro-Gold (FG, 4% w/v) in the cervical enlargement. After 3-5 days 
transport, 30 pm coronal sections were immunolabeled for both the GABA-BR1 
receptor and 5-HT. The labeling was plotted with respect to spinally-projecting (i.e. 
FG-positive) or non-spinally-projecting neurons in a triangular region that included 
the raphe nuclei (magnus, pallidus and obscurus) and the adjacent reticular 
formation. Three levels through the RVM were analyzed: trapezoid body, mid-facial 
nucleus and rostral inferior olive. The percentage of FG-positive neurons that 
expressed GABA-BR1-LI was high in all regions of the RVM (~ 80%) and 
represented between 40-70% of the total number of GABA-BR1-LI neurons. This 
indicates that both projection neurons and intemeurons express the GABA-BR1 
receptor. Furthermore, every 5-HT-LI neuron in the RVM was double-labeled for 
GABA-BR1-LI. Consistent with the results of Hammond et al (1998), we suggest 
that the antinociceptive action of GABA-B agonists results from regulation of 
inhibitory intemeurons in the RVM, and that the hyperalgesia arises from a direct 
inhibitory action upon the bulbospinal 5-HT projection neurons. Supported by 
Wellcome Trust and DA08377.

669.6

PRESYNAPTIC DISTRIBUTION OF THE DELTA-OPIOID 
RECEPTOR AND RELATIONSHIP TO GABA IN THE 
PERIAQUEDUCTAL GRAY. C, Rudov, K.G, Commons* and E.J, Van 
Bockstaele. Dept. of Path., Anat. & Cell Biol., Thomas Jefferson Univ., 
Phila., PA 19107; and Dept. of Psychiatry, MCP-Hahnemann Univ., Phila. 
PA 19102.

In the periaqueductal gray (PAG), opioids activate antinociceptive systems. 
While GABAergic neurons are thought to be critical in mediating the effect of 
mu-opioid ligands, the cellular basis of delta-opioid receptor (DOR) effects is 
not as well understood. Here, we examined the ultrastructural distribution of 
DOR, and it's relationship to GABAergic neurons in the PAG using dual 
labeling immunoelectron microscopy. Labeling for DOR was mainly found 
in presynaptic axon terminals, although labeling in dendrites was sometimes 
observed. In presynaptic boutons, DOR-labeling was most intensely 
associated with dense-core vesicles, rather than associated with plasma 
membranes. Axon terminals containing DOR formed both symmetric 
(inhibitory-type) and asymmetric (excitatory-type) synapses, and occasionally 
contacted GABA-labeled dendrites. These data suggest that DOR ligands 
may predominantly function in the PAG topresynaptically modulate neuronal 
input onto non-GABAergic as well as GABAergic neurons. If receptors 
associated with dense-core vesicles are incorporated into the plasma 
membrane in an activity dependent manner, DOR ligands may be most 
effective subsequent to presynaptic activity in the PAG. This raises the 
hypothesis that the effects of DOR may be most notable subsequent to 
experiences that activate afferents to the PAG, such as following swim stress 
or inescapable shock as well as other stress paradigms known to involve the 
PAG. Supp. by NIDA DA05833 (KGC); DA09082 and AHA 96002240 
(EVB).
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669.7

ULTRASTRUCTURAL RELATIONSHIP BETWEEN
SEROTONERGIC AND NITRIC OXIDE SYNTHASE (NOS)- 
CONTAINING NEURONES IN THE RAT PERIAQUEDUCTAL 
GREY (PAG) PM Parry? N,LJ^aLL3..M,LumhJ T.A Loy A2 
(SPON: British Neuroscience Association) Dept of Physiology, 
University of Bristol1, Bristol BS8 1TD, U.K. and Dept. of 
Physiology, University of Birmingham2, Birmingham, B152TT, U.K.

Functional studies indicate that nitric oxide (NO) is involved in 
mediating the sympathoinhibitory and antinociceptive effects of 5-HT in 
the PAG (Hamalainen & Lovick, Neuroscience 80, 1997 821-827). We 
have therefore investigated the ultrastructural relationships between 
5-HT- and NOS-containing elements in the PAG.

NOS-containing somata and processes were located within the 
dorsolateral PAG where NADPH-dependent diaphorase reactivity was 
associated with endoplasmic reticulum. 5-HT-immunoreactive profiles 
were found in close apposition to diaphorase-reactive processes although 
synaptic specialisations were not well-defined. In contrast, well-defined 
synaptic contacts were observed between diaphorase-reactive processes 
and unlabeled postsynaptic elements. Since NO is not stored in synaptic 
vesicles and released by exocytosis, this suggests that another classical 
neurotransmitter must co-localise with NOS in these neurones. In a 
study carried out at the light level (3 rats) GABA immunoreactivity was 
found to be present in 25-30% of diaphorase-reactive neurones.

We suggest that 5-HT may influence directly the activity of NOS- 
containing neurones in the dorsolateral PAG, some of which contain 
GABA. NO released from these cells may amplify or prolong the actions 
of 5-HT, acting as a gain-setting device which regulates the overall level 
of neuronal excitability in the dorsal half of the PAG.
Supported by The Medical Research Council and The Wellcome Trust.

669.8

COLLATERAL BRANCHES OF LATERAL RETICULO-SPINAL 
AXONS REACH THE PERIAQUEDUCTAL GRAY IN THE RAT.
H.S. Lee1* and G.A, Mihailoff2. xDept. of Premed. Sci., Sch. of Med., 
Konkuk Univ., Chungju, Chungbuk 380-701, South Korea; division of 
Anat., Arizona College of Osteopath. Med., Glendale, AZ 85308.

The possibility that neurons in the lateral reticular nucleus (LRN) 
of the medulla provide collateral axonal branches to both the 
periaqueductal gray(PAG) and the spinal cord was investigated in 
rats using a retrograde double labeling method employing two 
different fluorescent tracers, True Blue and Nuclear Yellow. 
Following sequential injection of the two fluorescent axonal tracers 
into the spinal cord and PAG in the same animal, a modest number 
of double labeled neurons were observed bilaterally near the medial 
and dorsal perimeter of the magnocellular division of the LRN. The 
labeled neurons were distinctly multipolar in shape and measured 
approximately 15-18 microns in their greatest transverse diameter. 
No double labeled neurons were observed in the parvocellular or 
subtrigeminal divisions of the LRN. Based upon these observations, 
it is suggested that collaterals of the LRN-spinal pathway provide 
feedback information to the PAG that might then be used to 
modulate the participation of the latter cell group in a variety of pain 
processing and cardiovascular regulatory functions.

669.9

MU OPIOID RECEPTOR CYCLING THROUGH THE PLASMALEMMA OF MIDBRAIN NEURONS IS 
MODULATED BY PERIPHERAL NEUROPATHY. F. G. Williams*, A. H. Nakano, J. P. Anderson, 
and R. P. Elde Department of Neuroscience, University of Minnesota, Minneapolis, MN 55455

[Lys7]-F/uo-dermorphin was used to examine the plasmalemmal populations and uptake of 
the mu opioid receptor (MOR) in vitro and in vivo. Confocal microscopic analysis of MDCK cells 
that were stably transfected to express an HA epitope tag mu opioid receptor demonstrated 
that fluo-dermorphin was bound and internalized in a concentration, time, and temperature- 
dependent manner. Maximal uptake of fluorescent peptide was observed at 10nM; quantities 
of intracellular fluorescein increased with incubation times of up to one hour; and cellular 
uptake was abolished at 4°C while intracellular consolidation was diminished at 18°C. Fluo- 
dermorphin uptake was diminished in the presence of excess (1000X) unlabeled dermorphin 
and abolished in the presence of 10uM naloxone. All evidence for internalization in vitro was 
consistent with a MOR-mediated uptake pathway, and a polyclonal antibody to MOR directed 
against a carboxyl-terminal cytosolic epitope co-localized with the fluorescent peptide. Thus, 
when applied extracellularly, exogenous f/uo-dermorphin appeared to selectively co-localize 
with the sub-population of total cellular MOR that was available for ligand binding and, 
presumably, signal transduction at the cell surface.

We next asked whether chronic constriction injury (CCI) of the sciatic nerve, an in vivo 
model for chronic neuropathic pain that has been demonstrated to result in activity-induced- 
piasticity of midbrain opioid producing neurons, alters the quantity or distribution of f/uo- 
dermorphin uptake in the midbrain. A 200nl injection of 10uM f/uo-dermorphin in saline 
vehicle was placed in the ventrolateral PAG contralateral to the sciatic ligation and trans- 
cardial perfusion with 4% paraformaldehyde-based fixative was initiated 15 minutes after the 
injection. Compared to sham controls, in CCI animals the dorsal raphe, PAG, CnF and MiTg 
had many more neurons containing punctate fluorescein label and the fluorescence intensity 
was greater than in midbrain neurons from control animals. All f/uo-dermorphin labeling co-
localized with antibody against MOR, yet measurements of total MOR immunofluorescence 
indicated a modest 25% increase in CCI midbrains. This may indicate that receptor trafficking 
through plasma membranes is enhanced in select populations of midbrain neurons by CCI. 
(Supported by DA09643 and DA06299)

669.10

DO THE MODULATORY EFFECTS OF CORNEAL AND MENINGEAL 
STIMULATION ON NEURONAL ACTIVITY IN THE ROSTRAL VENTROME-
DIAL MEDULLA STEP OUT OF LINE? J, Ellrich\ C. Ulucan, K. Messlinger.
Inst, of Physiology & Exp. Pathophysiology, University of Erlangen, Germany.

Neurons in the rostral ventromedial medulla (RVM) are usually classified by 
their responses to noxious heat applied to the rat tail. Neuronal activity is in-
creased in on-cells, diminished in off-cells, and unchanged in neutral cells. The 
behavior of RVM cells, probably involved in endogenous pain control, is well 
investigated for spinal input, but there is very rare information about cutaneous 
and visceral input from the trigeminal region.

In 17 male Wistar rats the effects of stimuli applied to the trigeminal region 
on activities of cells in the RVM were investigated. The animals were anesthe-
tized with thiopental and artificially ventilated. A craniotomy was performed to 
expose the left parietal dura mater. RVM neurons were extracellularly recorded 
and classified by applying noxious heat to the tail and pinch stimuli (blunt for-
ceps) to the tail and the hind paw. In the trigeminal region pinch stimuli were 
applied to the glabella and brush stimuli to the cornea and the meninges.

In all on- and off-cells (n=15) modulations by pinch stimuli to the glabella and 
to hind paw or tail were equivalent. In 3 out of 10 off-cells brush stimuli to the 
meninges and in 2 of these cells also corneal stimulation did not change activi-
ties, however. In 1 out of 5 on-cells activities were not altered by meningeal 
stimulation. According to their unresponsiveness to heat 6 neurons were clas-
sified as neutral cells. Meningeal stimulation did not change activities in 5 and 
corneal stimulation in 2 of these cells. Surprisingly, pinch stimuli to glabella, 
hind paw and tail increased and decreased activities in 2 and 4 cells.

Modulation of on- and off-cell activities by noxious cutaneous stimuli seems 
to be independent of the stimulation site, but effects of meningeal/corneal 
stimulation may differ. In neutral cells effects of meningeal/corneal stimulation 
and heat to tail correspond well, but responses to cutaneous stimuli differ.

Supported by the Deutsche Forschungsgemeinschaft (SFB 353/B3).

669.11

POTENTIATION OF THE INCREASE IN CYTOSOLIC Ca++ [Ca++]c 
INDUCED WITH NMDA AND GLUTAMATE IN ACUTELY 
DISSOCIATED CELLS FROM VENTROLATERAL PERIAQUEDUCTAL 
GRAY (vlPAG) AND SUPRAOPTIC NUCLEUS (SON) BY n-OPIOID 
RECEPTOR (MOR) AGONIST, DAMGO.
L.-M. Kow*Lg, I. Shibuya-, P.W. Pfaff-, Y Ueta2, K. Sasaki3 and H. 
Yamashita?. ]The Rockefeller University, 1230 York Ave., New York, NY. 
10021; 2Dept of Physiol., School of Medicine, UOEH, Kitakyushu 807-8555, 
Japan; 3Faculty of Engineering, Toyama Univ. Toyama 930-8555, Japan.

DAMGO can potentiate the excitatory response of some types of vlPAG 
neurons to NMDA (Neurosci. Abstr. 1998). We now investigate whether it 
also potentiates NMDA-induced increase in [Ca++]c. SON cells were also 
examined for this potentiation, because they are also responsive to both 
NMDA and MOR ligands. SON and vlPAG were punched out from 300-gm 
brain slices prepared from young rats, treated with proteases and then 
subjected to trituration in fura-2/AM solution to dissociate cells and load 
them with the dye. Fluorescence images with excitations at 340 and 380 nm 
were recorded and used to calculate [Ca++]c. Potentiation of [Ca++Jc increase 
induced with NMDA (10 or 20 gM) and, more often, glutamate (20 or 50 
pM), but not with KC1 (15 mM), by bath applications of DAMGO at 1 or 10 
nM was observed in some dissociated vlPAG, as well as SON cells. 
Potentiation of NMDA action was more obvious and frequent in Mg++-free 
perfusion buffer and often was dissociated from that of glutamate action. At 
1000 nM, DAMGO often attenuated [Ca++]c increases. Our observation 
indicates that DAMGO at low nM can potentiate [Ca++]c increases in vlPAG 
and SON cells induced by the activation of NMDA and non-NMDA 
glutamate receptors and that this may account, at least in part, for the 
potentiation of the neuronal excitatory action of NMDA by MOR ligands.

669.12

MODULATION OF NOCICEPTION BY GABA NEURONS THAT 
TONICALLY INHIBIT NORADRENERGIC NEURONS IN THE A7 
CELL GROUP. K. Nuseir* and H.K Proudfit. Dept. of Pharmacology, 
Univ. of Illinois at Chicago, Chicago, IL 60612

Activation of spinally-projecting noradrenergic neurons in the 
pontine A7 catecholamine cell group produces antinociception. The 
present studies provide several lines of evidence that these neurons 
are tonically inhibited by local GABA neurons. Anatomical studies 
found that glutamic acid decarboxylase-immunoreactive terminals, a 
marker for GABA neurons, are closely apposed to tyrosine 
hydroxylase-immunoreactive (TH-ir) A7 somata and dendrites. In 
addition, GABAa receptors, demonstrated by immunocytochemical 
localization of a3 subunits, are located on the somata and dendrites 
of TH-ir cells. Finally, pharmacological studies demonstrated that 
microinjection of the GABAa receptor antagonist bicuculline into the 
A7 region produced dose-dependent antinociception, using the tail 
flick test, that is blocked by intrathecal injection of the alpha2- 
adrenoceptor antagonist yohimbine.

The anatomical studies demonstrate that GABA neurons innervate 
noradrenergic A7 neurons and the antinociception produced by 
bicuculline is consistent with the blockade of tonic inhibition produced 
by GABA neurons.

This work was supported by USPHS grant DA03980 from the 
National Institute on Drug Abuse.
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669.13

ROLE OF INTRACELLULAR CALCIUM IN THE ANTINOCICEPTION AND 
ALTERED DENDRITIC MORPHOLOGY PRODUCED BY MICROIN J ECTING 
SUBSTANCE P NEAR THE A7 CATECHOLAMINE CELL GROUP.
B.A. Heidenreich*and H.K. Proudfit. Dept. of Pharmacology, Univ. of Illinois at 
Chicago, Chicago, IL 60612.

Activation of cell surface tachykinin receptors by substance P (SP) produces 
internalization of SP receptors and dramatic structural changes in small 
dendrites, which lose their cylindrical shape and are transformed into a series 
of varicosities. These effects may reduce the effectiveness of SP, consistent 
with evidence that the antinociception produced by microinjecting SP in the A7 
noradrenergic cell group is attenuated at high doses. The organization of the 
neuronal cytoskeleton is also altered by different concentrations of Ca++. The 
present studies were designed to determine the role of intracellular Ca++ in the 
SP-induced antinociception and structural changes in A7 dendrites. SP or the 
Ca++ ionophore A23187 was microinjected just dorsal to the A7 cell group in 
lightly anesthetized rats. Antinociception was assessed using the tail flick test 
and structural changes in tyrosine hydroxylase-immunoreactive (TH-ir) A7 
neurons were assessed using light microscopy.

Microinjection of SP into the A7 cell group produced antinociception, but the 
antinociceptive effect of 32.5 pmol was less than that of 3.25 pmol. The 32.5 
pmol dose of SP produced marked varicosities in the dendrites of TH-ir A7 
neurons while lower doses produced few or no varicosities in TH-ir dendrites. 
A23187 (30 pmol) also produced brief antinociception and varicosities in TH-ir 
dendrites. These results suggest that 1) SP-induced receptor internalization 
and/or structural changes in the dendrites of A7 neurons reduces their 
responsiveness to SP and 2) the morphological effects of SP may be mediated 
by increases in Ca++ via the inositol phosphate signal transduction pathway.

Supported by PHS grant DA03980 from the National Institute on Drug Abuse.

669.14

Lateral Hypothalamic Projections to the A7 Catecholamine Cell Group: 
A Possible Role In Antinociception. J.E, Holden*. Dept of Medical- 
Surgical Nursing, University of Illinois at Chicago, IL 60612.
Stimulation of the lateral hypothalamus produces antinociception that is 
partially blocked by intrathecal noradrenergic antagonists. Since the lateral 
hypothalamus does not contain noradrenergic neurons, it is likely that 
antinociception is mediated through brainstem noradrenergic neurons that 
send axon projections to the spinal cord dorsal horn, such as the A7 
catecholamine cell group in the dorsolateral pontine tegmentum (DLPT). To 
determine if neurons in the lateral hypothalamus project to the A7 cell group, 
a 10% solution of biotinylated dextran amine (BDA) was iontophoresed into 
the lateral hypothalamus of female Sprague Dawley rats. Two weeks after 
injection, the rats were perfused using a modification of Apkarian’s 
perfusion. The brains were cut into 40 p. sections and processed for double 
label immunohistochemistry using the peroxidase-antiperoxidase method to 
identify axons containing BDA in apposition to A7 neurons containing 
tyrosine hydroxylase. The BDA deposit in the lateral hypothalamus 
produced anterograde labeling that was more dense on the ipsilateral than 
contralateral side. Axon terminals and varicosities from neurons in the 
lateral hypothalamus apposed both A7 cell bodies and dendrites, as well as 
non-catecholamine neurons in the DLPT. Retrograde tracing done by 
iontophoresis of the fluorescent tracer, Fluoro-Gold, near the A7 cells 
verified the findings of the anterograde study. Studies are currently 
underway to determine the neurochemical content of neurons in the lateral 
hypothalamus that project to the A7 cell group. (Supported by USPHS grant 
NR04778 from the National Institute of Nursing Research)

669.15

MODULATION OF THE ANALGESIC EFFECTS OF MU 
AGONISTS BY ACUTE OR CHRONIC MANIPULATION OF 
KAPPA OPIOID RECEPTORS IN THE BASOLATERAL 
AMYGDALA. M.-S. Shin* and F. J. Helmstetter. Department 
of Psychology, University of Wisconsin-Milwaukee, Milwaukee, 
WI, 53201.

Previous studies have shown that application of the mu opioid agonist 
DAMGO into the basolateral amygdala (BLA) inhibits the radiant heat tail flick 
reflex in barbiturate anesthetized rats whereas large doses of the kappa receptor 
agonist U50,488H were without effect (JPET 275:381). Recent evidence (e.g., 
Nature 389:382) suggests that activation of kappa receptors can attenuate the 
analgesic effects of mu ligands injected within the same brain area. In the 
present study we tested the ability of kappa receptors to modulate the activity of 
mu agonists in the BLA. Anesthetized rats were pretreated with either the kappa 
agonist U50,488H or the kappa antagonist nor-BNI via bilateral cannulae aimed 
at the BLA prior to injection of the mu agonists DAMGO at the same site. 
U50,488H slowed the onset of tail flick inhibition after DAMGO and reduced the 
amount of antinociception seen throughout the testing period. Conversely, 
pretreatment with nor-BNI caused a more rapid onset of antinociception after 
DAMGO injection. Other animals were prepared with chronic BLA cannulae 
and treated over several days with antisense oligodeoxynucleotides targeting the 
kappa receptor. These rats were then anesthetized as tested with DAMGO 
injections. Pretreatment with kappa receptor antisense oligos resulted in a 
significant facilitation of the onset of antinociception caused by DAMGO. These 
results suggest that the nature of kappa/mu receptor interactions may be similar 
in local circuits within the amygdala and rostral medulla related to pain 
modulation. Supported by NIDA DA 09429 (FJH)

669.16
ASCENDING NOCICEPTIVE CONTROL IS MEDIATED BY COACTIVATION 
OF p- AND 8-OPIOID RECEPTORS IN NUCLEUS ACCUMBENS R, Gear* and 
J. Levine. Dept. of Oral and Maxillofacial Surgery, Univ. of California, San 
Francisco, CA 94143-0440

We have shown in the anesthetized rat that an opioid link in nucleus accumbens 
(NAc) mediates antinociception produced by a novel pain modulation pathway that 
ascends from the spinal cord. This ascending nociceptive control system is activated 
by intrathecally (i.t.) administered [D-Ala2,N-Me-Phe4,Gly5-ol]-enkephalin 
(DAMGO), a p-selective opioid agonist. Intra-NAc microinjection of the opioid 
antagonist naloxone blocks the antinociceptive effect of i.t. DAMGO indicating 
involvement of endogenous opioids in NAc. We now report that this NAc opioid link 
is comprised of both p- and 8-opioid receptors and that coactivation of these 
receptors is required to produce antinociception via the ascending nociceptive 
control system. The involvement of both p- and 8-opioid receptors was demonstrated 
by the ability of intra-NAc injection of either a p-receptor antagonist (Cys2,Tyr3, 
Om5,Pen7amide) or a 8-receptor antagonist (naltrindole) to block attenuation of the 
nociceptive jaw opening reflex (JOR) induced by i.t. DAMGO. To confirm that 
activation of intra-NAc opioid receptors induces antinociception, we injected 
DAMGO or the S-receptor agonist, D-Pen2,5-enkephalin (DPDPE), either singly or in 
combination. Although antinociception was not induced by intra-NAc injection of 
higher doses of either DAMGO or DPDPE when administered singly, injection of a 
combination of these two agonists at lower doses resulted in a dose-related 
antinociceptive effect. These results suggest that the NAc opioid link mediating the 
ascending nociceptive control requires coactivation of p- and S-opioid receptors.

This work was supported by a grant from the State of California Tobacco Related 
Diseases Research program.
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670.1

DYNAMIC CHANGES IN DESCENDING MODULATION 
DURING THE DEVELOPMENT OF INFLAMMATORY 
HYPERALGESIA: ROLE OF ROSTRAL VENTROMEDIAL 
MEDULLA (RVM).
R. Teravama*, K. Ren and R. Dubner. Dept. of Oral and Craniofacial Biological 
Sciences, University of Maryland, Dental School, Baltimore MD 21201.

Previous studies indicate that descending modulation of nociception is 
progressively increased following persistent inflammation. These experiments 
were designed to further examine the sources and onset of the enhanced net 
descending inhibition. Constant levels of tail flick (TF) and paw withdrawal (PW) 
latencies were achieved in lightly anesthetized rats (pentobarbital sodium 5-15 
mg/kg/h, i.v.). Electrical stimulation (ES, 0.1 ms, 100 Hz, 20-200 pA) was 
delivered to the RVM, mainly the nucleus raphe magnus (NRM). ES produced 
intensity-dependent inhibition of TF and PW. In non-inflamed naive rats, the 
threshold (T) current for complete inhibition of the TF (47.5±3.66 pA, n=8) was 
significantly lower than inhibition of the PW (75.0±3.27 pA). Following a 
unilateral hindpaw inflammation (complete Freund's adjuvant, CFA), the T for 
inhibition of the inflamed paw underwent biphasic changes. While the T for 
inhibition of the contralateral non-inflamed paw and TF reflex remained 
unchanged, the T for inhibition of the inflamed paw increased at early time points 
(1-5 h, 158±14.4 pA at 3 h, p<0.05, n=8); and gradually decreased at 7-11 h 
(1OO±5.35 pA at 9 h, p<0.05). At 24 h after CFA injection, the T for inhibition of 
the inflamed paw remained significantly lower than that of the non-inflamed paw 
(p<0.05, n=6). These results suggest both a reduced and an increased excitability 
for RVM-produced inhibition during early and late phases of inflammation. These 
findings demonstrate that peripheral inflammation induces dynamic changes in 
excitability of descending pathways originating from the RVM. This endogenous 
pain modulatory system is further activated by increased nociceptive input after 
inflammation and appears to suppress the development of persistent hyperalgesia. 
Supported by DA 10275.

670.2

ENKEPHALIN NEURONS IN THE PONTINE TEGMENTUM 
INNERVATE THE SPINAL CORD DORSAL HORN AND MAY 
MODULATE NOCICEPTION. E.J. Schwartz and H.K. Proudfit* Dept. 
of Pharmacology, Univ. of Illinois at Chicago, Chicago, IL 60612.

Stimulation of neurons in the dorsolateral pontine tegmentum near 
the A7 catecholamine cell group produces antinociception that can be 
blocked by intrathecal injection of the opioid antagonist naltrexone 
(Proudfit and Yeomans, The Pharmacology of Opioid Peptides, 1995, 
pp. 197-217). To determine the distribution of methionine enkephalin 
(ENK) neurons in the pontine tegmentum that innervate the spinal cord 
dorsal horn, the retrograde tracer FluoroGold (FG) was deposited 
unilaterally on the surface of the lumbar dorsal horn. The FG deposit 
was restricted to the superficial dorsal horn and retrogradely-labeled 
ENK neurons were found in: (1) the dorsal subcoeruleus (SubC) 
nucleus, ventral to the locus coeruleus and medial to the A7 cell group; 
(2) the ventral SubC, dorsomedial to the A5 cell group; and (3) the 
Kolliker-Fuse (KF) nucleus at the level of rostral A5 cell group. 
Approximately 47% of the ENK cells in the ipsilateral SubC contained 
FG and 28% of those in the contralateral SubC contained FG.
Similarly, 35% of the ENK cells in the ipsilateral KF contained FG and 
9% of those in the contralateral KF contained FG. These results 
support the conclusion that stimulation of ENK neurons located medial 
to the A7 cell group may produce antinociception by inhibition of 
nociceptive neurons in the spinal cord dorsal horn.

These studies were supported by NIH grant DA03980.
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670.3
CHOLECYSTOKININ IN THE ROSTRAL VENTROMEDIAL MEDULLA 
MAY MEDIATE DESCENDING FACILITATION IN NEUROPATHIC PAIN.
C.J. Kovelowski*, M.H. Ossipov, T.P. Malan, Jr. and F. Porreca, Departments of 
Pharmacology and Anesthesiology, University of Arizona HSC, Tucson, AZ 85724.

Transection or ipsilateral hemisection of the spinal cord at Tg has previously been 
shown to block tactile allodynia, but not thermal hyperalgesia, following tight ligation 
of the L5/L5 spinal nerves. Such data suggests the integration of allodynia at supraspinal 
loci. Here, possible descending facilitation arising from the rostral ventromedial medulla 
(RVM) was investigated both pharmacologically and physiologically. Tactile allodynia 
was determined by abnormally low response thresholds to probing the plantar aspect of 
the hindpaw ipsilateral to induced nerve injury with von Frey filaments. Thermal 
hyperalgesia was determined by the application of radiant heat to the same region. 
Peripheral nerve injury was induced by ligation of the L5 and L6 spinal nerves. 
Microinjection of 40 pg of lidocaine (in 1 pi) bilaterally into the RVM blocked nerve- 
injury induced tactile allodynia and thermal hyperalgesia while having no effect on 
response thresholds in sham-operated rats. Cholecystokinin (CCK) content of the entire 
caudal brainstem was determined by a protein enzyme assay. CCK immunoreactivity 
was found to be significantly higher in nerve injured (217 ± 9.8 pg/mg protein) 
compared to sham-operated rats (155 ± 18.2 pg/mg protein) when measured 14 days 
after the surgery. The microinjection of 2.5 ng of L365,260, a CCKB antagonist, 
reversed both tactile allodynia and thermal hyperalgesia in nerve-injured rats while 
having no effect in sham-operated controls. Finally, microinjection of CCK-8(y) 
bilaterally (30 ng) into the RVM of otherwise naive rats produced both tactile allodynia 
and thermal hyperalgesia. These data indicate that the RVM is implicated in the 
supraspinal manifestation of signs of neuropathic pain. The activation descending 
facilitatory pathways might underlie this mechanism, perhaps through the tonic 
activation by CCK of RVM “ON” cells. Supported by DA. 11823

670.4
THE ROLE OF THE ROSTRAL VENTRAL MEDULLA (RVM) IN 
TENS ANTIHYPERALGESIA. A.B. Kalra*, M.O. Urban, K.A. Sluka. 
Physical Therapy Graduate Program, The University of Iowa, College of 
Medicine, Iowa City, IA 52242.

Although TENS is used extensively for pain relief in musculoskeletal 
conditions including inflammatory joint conditions like arthritis, the 
underlying mechanism is unclear. The current study investigates the role 
of rostral ventral medulla (RVM) in the anti-hyperalgesia produced by 
low (4 Hz) or high frequency (100 Hz) TENS in an animal model (male 
Sprague Dawley rats) of inflammation (3% kaolin/3% carrageenan into 
the knee joint). Paw withdrawal latency to heat is measured: 1) before 
inflammation, 2) after inflammation, and 3) post TENS (or no TENS) and 
naloxone (1 pi, 10 pg). Naloxone is microinjected in the RVM through 
a guide cannula implanted 3-4 days previously. Naloxone injection into 
the RVM inhibits the anti-hyperalgesia produced by low-frequency 
TENS, but not that produced by high frequency TENS. Hence low 
frequency TENS produces antihyperalgesia by activation of opiate 
receptors in the RVM.
Supported by the Arthritis Foundation and EMPI, Inc.

670.5

HIGH AND LOW FREQUENCY TENS REDUCES INFLAMMATION- 
INDUCED SENSITIZATION OF WIDE DYNAMIC RANGE AND HIGH 
THRESHOLD DORSAL HORN NEURONS IN RATS. Y.-T, Ma*, K.A. 
Sluka. Physical Therapy Graduate Program, The University of Iowa, College 
of Medicine, Iowa City, IA 52242.

The purpose of this study was to investigate the physiologic basis involved 
in pain relief induced by Transcutaneous Electrical Nerve Stimulation 
(TENS). Extracellular recordings of dorsal horn neurons, with receptive 
fields that included the planter aspect of the hind paw, were made before and 
after induction of inflammation (3% carrageenan). The response of the 
neurons to brush, pressure and pinch was recorded before and after 
inflammation, and after application of high or low frequency TENS (or no 
TENS for control) to the inflamed paw. Dorsal horn neurons were classified 
as wide dynamic range (WDR), low threshold (LT) or high threshold (HT) 
according to their responses to brush and pinch stimulation prior to 
inflammation. The results show that both high and low frequency TENS 
significantly reduced the sensitized pinch response of WDR andHT neurons. 
The increased response to brush after inflammation of WDR cells was also 
reduced by either high or low frequency TENS. The responses after either 
high or low frequency TENS were significantly reduced when compared to 
the responses from control cells without TENS. TENS had no significant 
effect on the response of LT neurons. Thus, either high or low frequency 
TENS reduces sensitization of WDR and HR neurons in rats with carrageenan 
paw inflammation.
This research was supported by the Arthritis Foundation and EMPI, Inc.

670.6
MIDBRAIN PERIAQUEDUCTAL GRAY (PAG) INHIBITS WIND-UP OF 
SPINAL DORSAL HORN NEURONS. D. Budai1* and H.L. Fields2. ’Department 
of Biology, Juhdsz Gyula College, 6725 Szeged, Hungary and departments of 
Neurology and Physiology, University of California, San Francisco, CA 94143.

Frequency dependent potentiation (wind-up) of wide dynamic range (WDR) 
dorsal hom neurons of the rat lumbar spinal cord was elicited by electrical 
stimulation of C-fibers delivered at 0.5 Hz to the cutaneous receptive field. Single 
unit extracellular recordings were made using multibarrel recording/iontophoresis 
electrodes constructed from a seven-barreled array of glass capillary tubings with a 
7-pm carbon fiber placed in the center barrel for recording. The number of spikes 
elicited at C-fiber latency was plotted across successive stimuli and the degree of 
wind-up was quantified as the number of spikes per stimulus minus the baseline 
(pre-windup) level. Local iontophoresis of the a2-adrenoceptor agonist clonidine 
produced a significant or complete inhibition of wind-up in all neurons tested. 
Wind-up was an average 11±34% (p<0.01, n=l 1) of control when measured in the 
presence of clonidine. Local iontophoresis of idazoxan, a selective a2-adrenoceptor 
antagonist, significantly increased the level of wind-up to 183±36% (p<0.05, n=4) 
of the pre-idazoxan control when applied alone. Activation of descending 
modulation from the midbrain was achieved by bicuculline (BIC, 15ng) 
microinjection into the ventrolateral PAG. Following PAG-BIC applications, wind-
up of C-fiber responses was significantly reduced to an average 31±28% (p<0.01, 
n=22) of the pre-BIC control. Idazoxan, at ejection currents with no effect on 
baseline, diminished the inhibitory action of PAG-BIC application. Thus wind-up 
was 121±32% (n=6) of control when idazoxan was given after PAG-BIC 
application. These results demonstrate that wind-up of spinal dorsal hom neurons 
can be inhibited by descending pathways originating from the midbrain PAG. This 
inhibition is mimicked by local iontophoresis of clonidine and reversed by 
iontophoresed idazoxan indicating that it is mediated primarily by norepinephrine 
acting at an a2-adrenoceptor. Supported by PHS grant DA 1949 to H.L.F.

670.7

SPINAL a2 AND UTERINE AFFERENT ACTIVITY ARE 
REQUIRED FOR OVARIAN SEX STEROID ANTINOCICEPTION.
N.-J. Liu and A.R, Gintzler*. SUNY Health Sciences Center at Brooklyn, 
Brooklyn N.Y. 11203.

Pregnancy is associated with an antinociception that is multifactorial and results 
from spinal (k /8) opioid antinociceptive pathways as well as peripheral processes 
(ovarian sex steroids, uterine afferent neurotransmission). Current observations 
indicate that supraspinal mechanisms also contribute to the analgesia of pregnancy. 
The analgesia of gestation or its hormonal simulation (via estrogen and 
progesterone administration; HSP) is substantially attenuated (-60%) following 
blockade of spinal a2 (but not aj) adrenergic receptors. HSP antinociception is 
also attenuated by hypogastric nerve transection, the magnitude of which is 
indistinguishable from that produced by spinal a2 receptor blockade. Additionally, 
hypogastric neurectomy abolishes the component of the antinociception associated 
with HSP that is mediated by spinal a2 receptors. Since spinal noradrenergic 
terminals do not make synaptic contact with primary afferent terminals, the effect 
of hypogastric neurectomy suggests that the augmented spinal noradrenergic 
activity during HSP is not due to activation at the terminal of noradrenergic spinal 
projection neurons. Instead, it results from activation of pontine nuclei, the origin 
of descending spinal noradrenergic pathways. It is suggested that enhanced spinal 
noradrenergic activity amplifies ongoing spinal k /8 antinociception. These results 
underscore, the importance of visceral afferent activity and its modulation by a 
female-specific hormonal milieu to the efficacy of endogenous spinal opioid 
antinociception.

670.8
EFFECT OF AGE ON TYROSINE HYDROXYLASE IMMUNOREACTIVITY 
IN THE SPINAL CORD OF RATS WITH PERIPHERAL NERVE INJURY. 
J.C. Novak1, S.L Stuesse1*. J.A. Lovell2, W.L.R. Cruce1. and T. Crisp1.
Pain Interest Group, Northeastern Ohio Univ. College of Medicine1,
Rootstown, OH 44272 and Kent State Univ.2, Kent OH 44240.

Aged rats are more sensitive to a thermal stimulus delivered to a hind
paw than are younger rats. This may be due to decreases in descending 
systems that inhibit spinal nociception. Very old rats have a loss of 
serotoninergic fibers in the dorsal and ventral horns of the spinal cord 
(Johnson et al., Synapse 15:63-89,1993). We asked whether a similar 
decrease in the catecholaminergic descending inhibitory system occurred 
in aged rats and whether the presence of a neuropathic pain condition 
affected this system. Thermal and mechanical sensitivity were determined 
before and after a peripheral nerve injury (chronic constriction model of 
Bennett and Xie, 1988). Young (4-6 mo.) and aged (24-26 mo.) Fischer 
F344 BNF1 rats were sacrificed at days 0 and 7 post-ligation. L4-L6 levels 
of the spinal cords were cut at 30 pm in the transverse plane and reacted 
with an antibody to tyrosine hydroxylase (TH). The avidin-biotin-DAB 
technique with heavy metal enhancement was used. TH immunoreactive 
(ir) fibers in the dorsal hom and the dorsolateral funiculus of the spinal cord 
were counted by use of a Bioquant Image analysis system. Although 
young and aged rats had different behavioral responses, there were no 
differences in number of TH-ir fibers in the dorsal aspects of the spinal 
cord. Supported by a Research Challenge grant from the State of Ohio.
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670.9

C-FOS IMMUNOREACTIVITY AND ANALGESIA INDUCED BY 
INTRAORAL SUCROSE INFUSION IN 10-DAY-OLD RATS. V.Z. 
Anseloni*, B.J. Davis & M. Ennis. Dept. Anatomy & Neurobiol, 
Program in Neuroscience, Univ. Maryland Sch. Med., Baltimore, MD 
21201.

Oral infusion of pi volumes of certain components of mothers 
milk (sugars and fats) in newborn rats and humans produces calming 
and opiate receptor-dependent analgesia. The neural circuits by which 
taste stimuli engage central analgesic mechanisms, however, are not 
known. Here, Fos immunohistochemistry was used to identify 
populations of neurons activated by a 90-sec intraoral infusion of 90 pi 
of 7.5% sucrose or distilled water in 10 day-old rat pups. Opiate 
receptor-dependent analgesia, measured by forepaw withdrawal from a 
47-48° C thermal stimulus, was induced by sucrose but not by distilled 
water. Sucrose, by comparison to distilled water, induced robust Fos 
expression in the ascending gustatory pathway, including the nucleus 
of the solitary tract, parabrachial nucleus, central nucleus of the 
amygdala, lateral hypothalamus and insular cortex. Sucrose infusion 
also produced robust Fos expression in the midbrain periaqueductal 
gray, a region known to play a key role in opiate receptor-dependent 
analgesia. Sucrose infusion also produced moderate Fos expression in 
the noradrenergic nucleus locus coeruleus, another structure implicated 
in descending pain inhibitory circuits. Experiments in progress are 
investigating the route via which taste stimuli are conveyed to the 
periaqueductal gray and locus coeruleus, and the role of these 
structures in analgesia produced by intraoral infusion of sucrose. 
Support: PHS grants DC03195, DC00245 & FAPESP Brazil fellowship 
award.

PAIN PATHWAYS: NEUROPATHIC PAIN

671.1
THE FINE STRUCTURE OF THE SAPHENOUS NERVE IN 
STREPTOZOTOCIN-INDUCED DIABETIC RATS. A.M, Milroy*, S.A, 
Canchola, K.Q. Alev, Xiaojie Chen, J.D, Levine and H.J, Ralston. HI.
Department of Anatomy and W.M.Keck Foundation Center for Integrative 
Neuroscience, UCSF, San Francisco CA 94143-0452

Peripheral neuropathy is a major complication of diabetes. An animal model 
system, the streptozotocin-diabetic (STD-Z) rat, has been established to better 
understand the anatomical, physiological and behavioral changes that underlie 
changes in peripheral nerves and their central connections. Rats with 
streptozotocin-induced diabetes exhibit mechanical allodynia and hyperalgesia. 
Recordings from C-fibers in the saphenous nerve in such animals have shown 
normal activation thresholds but markedly increased evoked firing rates. The 
present electron microscopic (EM) study reports on our initial examination of the 
axonal populations of the saphenous nerve of STD-Z rats. Adult male STD-Z rats 
that exhibited mechanical allodynia and hyperalgesia, and littermate controls, were 
anesthetized and perfused with mixed aldehydes. The saphenous nerves were 
removed and prepared for EM. There was substantial variation between animals in 
the overall diameter of the nerves. Hie axonal populations were divided into large 
diameter (>1.5 |lm diameter) and small diameter (<1.5 |im diameter) myelinated 
axons, and C-ftbers (nonmyelinated). Several large diameter axons had disrupted 
myelin sheaths, but we do not yet know whether these were fixation artifacts or 
related to the neuropathy. Counts of the entire nerves showed C-fibers ranged 
from 200-400 per unit area (1680 |im2), large diameter axons from 30-50, and 
small diameter axons from 10-30 per unit area. The ultimate goal of this study is 
to determine whether the degree of mechanical allodynia and hyperalgesia 
exhibited by these animals is correlated with changes in the axonal populations of 
peripheral nerves.

All animals were housed and cared for according to approved institutional 
protocols and USDA regulations. Supported by NS-21445 from the NIH.

671.2

PERIPHERAL NERVE TRANSECTION INDUCES ONGOING 
DISCHARGES IN UNLESIONED DRG NEURONS. M. Michaelis, X.-G. Liu* 
and W. Janiq. Institute of Physiology, University of Kiel, 24098 Kiel, 
Germany.

Peripheral nerve lesions give rise to ongoing action potential activity in 
lesioned afferent neurons originating within dorsal root ganglia (DRGs). We 
investigated whether nerve transection affect unlesioned DRG neurons 
which share the same ganglion with axotomized neurons. Under 
pentobarbital anaesthesia (Nembutal, 60mg/kg i.p.) the left sural, peroneal 
and tibial nerve were cut and about 3 mm of the distal stump were excised; 
in group I animals, the gastrocnemius-soleus (GS) nerve was left intact, in 
group II animals it was additionally cut. Six to 12 days later, the animals 
were reanaesthetized, artificially ventilated and immobilized (Pancuronium, 
1 mg/kg iv). Following a laminectomy dorsal roots L4 and L5 were mounted 
on a bipolar electrode for electrical stimulation. Action potential activity was 
recorded from centrally connected nerve strands teased from the GS nerve. 
In group I, 19/101 (18.8%) DRG neurons with myelinated axons exhibited 
ongoing activity which was similar to 30/136 (22.1%) in group II but in 
contrast to 1/92 (1.1%) in control animals without prior nerve lesion. The 
firing pattern was either bursty (n=13, 68.4%, group I; n=20, 66.7%, group II) 
or irregular (n=6, 31.6%, group I; n=10, 33.3%, group II). The average 
discharge rate of ectopically discharging DRG neurons was 6.1 ±2.1 imp/s 
(mean±SEM) in group I and 6.OHO.7 imp/s in group II. DRG neurons with 
unmyelinated axons showed spontaneous discharges only when they were 
directly affected by the nerve lesion (0/17 C neurons in group I; 4/57, 7%, in 
group II). We have demonstrated that unlesioned DRG neurons exhibited 
spontaneous discharges following peripheral nerve lesion probably induced 
by an yet unknown signal liberated from axotomized neighboring neurons in 
the same DRGs. (Supported by the DFG, Ja 240/15-1 and Mi 457/2-1).

671.3

BRADYKININ RECEPTOR MEDIATED HEAT SENSITIZATION OF 
AXOTOMIZED CUTANEOUS AFFERENTS. S, Becker, M. Michaelis*. 
Institute of Physiology, University of Kiel, 24098 Kiel, Germany.

After a peripheral nerve transection many axotomized cutaneous sensory C-fibres 
respond to thermal stimuli applied to the lesion site. Bradykinin (BK) often 
enhances the response. We investigated which type of BK receptor is mainly 
involved in this heat sensitization. Adult rats were anaesthetized (Nembutal, 
50mg/kg i.p.) and both saphenous nerves were ligated and transected. After 15-25 
hours (group I) or 60-65 hours (group II), the saphenous nerves were excised and 
put in an organ bath. Action potential activity was recorded from strands separated 
proximally from the nerve. Ramp shaped radient heat stimuli (32-48°C, 20s) were 
applied to the nerve lesion site. In group I, BK superfusion of the nerve lesion site 
(10'5M, 2 min) increased the heat response (HR) of 13/22 C-fibres by at least 200% 
(mean 697%, 200-1733%). Moreover, in 6/13 fibres a decrease in threshold by 
more than 1.6°C (mean 6.1°C, 2.4-10.8°C) was observed. Additionally, 5 C-fibres 
responded to heat, which did not do so before BK. B2 receptor stimulation by 
superfusion of the lesion site with BK together with the BI receptor antagonist 
[desArg9,Leu8]-Bk (both 1O'SM) augmented the HR in 4/12 fibres (mean 576%, 
277-1000%) while threshold fell in 6/12 units (mean 5,5°C, 1.7-9°C). One fibre 
was recruited. After a preceding superfusion with the B2 receptor antagonist Hoe 
140 (10‘5M) and settlement of its possible sensitizing effect, the HR and activation 
threshold remained unchanged after superfusion with BK in 3/3 C-fibres; one fibre 
began to respond to heat. In group H, 1/15 C-fibres exhibited an increased HR 
(205%) and 3/15 showed lowered heat thresholds (mean 3.0°C, 1.7-5.1°C) after BI 
stimulation. In 2/6 units, the HR was enhanced by B2 receptor stimulation and 3/6 
fibres exhibited a decrease in threshold (mean 5.6°C, 2.3-8.5°C). We conclude that 
in subacutely axotomized cutaneous afferents the heat sensitizing effect of BK is 
mainly mediated by the B2 receptor. (Supported by the DFG, Mi 457/2-1,3-1).

671.4

EARLY BEHAVIORAL, ELECTROPHYSIOLOGICAL, AND 
NEUROANATOMICAL ALTERATIONS AFTER LOOSE 
LIGATION OF THE INFRAORBITAL NERVE IN RATS. E.H. 
Chudler*1 and L.C. Anderson2. Department of Anesthesiology1 and 
Oral Biology2, University of Washington, Seattle, WA 98195.

Loose ligation of the infraorbital nerve has become a standard 
model of trigeminal neuropathic pain. However, care must be taken 
since a tight ligation will result in analgesia rather than allodynia 
(Chudler and Anderson, SFN Abstr. 1998). In the present study, 
therefore, a single, loose chromic gut (5-O) ligature was placed 
around the infraorbital nerve of adult male rats. Open field behavior 
(exploration, freezing, rearing, and face and body grooming) and the 
evoked behavioral responses to mechanical stimulation (von Frey 
testing) of the vibrissae region were observed 3, 7, and 10 days after 
nerve ligation and sham surgery. Single unit recording from the 
trigeminal ganglion was also performed 10 days after surgery. 
Compared to animals with sham surgery, rats with ligated nerves 
displayed significant allodynic behavior as indicated by vigorous face 
scratching following mechanical stimulation. To date, recordings 
have been made from a total of 315 trigeminal ganglion neurons. 
Spontaneous activity was observed in some trigeminal ganglion 
neurons of nerve ligated rats that was never seen in sham animals. In 
contrast to what was observed in previous experiments with rats 
having a tighter constrictive nerve injury, sympathetic nerve 
sprouting (increased tyrosine hydroxylase activity) in the trigeminal 
ganglion was observed. (Supported by NIH DEI2338)
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671.5
DIFFERENTIAL LATERAL ORGANIZATION OF TACTILE ALLODYNIA 
ARISING FROM INJURY TO PERIPHERAL NERVES WITH LUMBAR OR 
SACRAL INPUTS. H. Sun, K. Ren. M.H. Ossipov*, J. Lai, T.P. Matan, Jr, and F, 
Porreca, Dept. Pharmacology & Anesthesiology, Univ. Arizona, Tucson, AZ 85724.

Transection of the spinal cord at Tg blocks tactile allodynia, but not thermal 
hyperalgesia, elicited by L5/L6 spinal nerve ligation (SNL), suggesting supraspinal 
processing of tactile allodynia. Additionally, L5/L5 SNL elicits ipsilateral, but not 
contralateral, tactile allodynia and ipsilateral elevation of lumbar spinal dynorphin content. 
In contrast, ligation of the S2 spinal nerves produces bilateral tactile allodynia and bilateral 
increases in sacral dynorphin content. Here, the possible ascending pathways associated 
with L5/L6 or S2 nerve injuries was explored using transection approaches. Tactile 
allodynia was determined by abnormally low response thresholds to probing the plantar 
aspect of the hindpaw with von Frey filaments in male £.D. rats. Peripheral nerve injury 
was induced by SNL of L5 and L6 or of S2 spinal nerves. L5/L6 ligation produced ipsilateral 
allodynia (mean withdrawal thresholds of 1.47 ± 0.17 g) which was completely blocked 
by ipsilateral transection of the spinal cord at Tg; the lack of tactile allodynia following 
transection was not due to the observed limb paralysis since a robust spinal reflex to 
noxious pinch was preserved. Contralateral hemisection did not significantly (p > 0.05) 
change paw withdrawal thresholds (1.65 ± 0.68 g). S2 ligation produced bilateral tactile 
allodynia, with paw withdrawal thresholds of 1.71 ± 0.30 g (ipsi) and 3.57 ± 0.93 g 
(contra). Ipsilateral or contralateral T„ hemisections following the S2 ligation did not 
produce any significant (p > 0.05) changes in von Frey withdrawal thresholds on the 
contralateral paw but blocked allodynia on the ipsilateral paw, relative to the hemisection. 
Spinal transection abolished allodynia following S2 ligation; again, spinal reflexes to 
noxious pinch were preserved. These data suggest that unlike thermal hyperalgesia, tactile 
allodynia subsequent to peripheral nerve injury is highly dependent on an intact spinal- 
supraspinal loop. Our observations that sacral inputs to the spinal cord present a lesser 
degree of lateral organization than in the lumbar cord is further supported. DA 11823.

671.6
VON FREY HAIRS COMPARED WITH A FORCE TRANSDUCER FOR 
SENSORY MEASUREMENT IN NORMAL AND NEUROPATHIC RATS.
K.S. Ahmad & A.S.C. Rice*, Pain Research, Imperial College School of Medicine, 
London W2 1NY, U.K.

Traditionally, mechanical nociceptive thresholds are assessed in rats by measuring 
limb withdrawal in response to application of a series of mechanical von Frey hairs 
(MVF) of increasing nominal bending force. This has disadvantages, e.g. bending 
force variability, incremental force delivery, inconsistent stimulus area, multiple 
applications resulting in animal habituation and observer fatigue.

A single observer measured hind-limb withdrawal thresholds, in 28 d Wistar rats, 
using a set of MVF and a force transducer (EVF, Somedic 739). MVF were applied to 
the midplantar areas, bilaterally (x 5/hair, rate 1 Hz, 3 min between hair increments) 
starting with a 9.8mN hair. Threshold was the nominal hair bending force that elicited 
active limb withdrawal in 3/5 applications. After 15 mins the withdrawal threshold 
was similarly measured using the EVF. The transduced signal was amplified and 
filtered (Senselab 701, Somedic) and displayed on a PC (MP 100 system). Real time 
visual display of force aided consistent stimulus delivery. The EVF was applied to the 
midplantar regions (x5, 0.1 Hz) and the mean peak force derived. The withdrawal 
forces were consistently lower with MVF (mean 0.27 N, n=56,95%CI 0.05) compared to 
EVF (mean 0.74 N, n=56,95%CI 0.06). (p<0.05, paired t test), as previously documented.

After baseline readings with both MVF and EVF, ligation of the left L5 spinal nerve 
or sham surgery was performed in 18 animals. One week later measurements were 
repeated: mean (95%CI) difference in withdrawal threshold (R minus L):

LIGATED (n=9)SHAM (n=9)
BASELINE POST-LIGATION BASELINE POST-SHAM SURG.

MVF 0.06(0.12) 0.25 (0.35)* -0.07 (0.13) 0.02 (0.06)
EVF 0.18(0.11) 0.43 (0.2)* -0.05 (0.17) -0.12(0.17)

*p<0.05 vs baseline (paired t test for ND data (EVF), Wilcoxon signed rank test for MVF). 
The allodynia which follows spinal nerve ligation was observed using both devices. 
Funding: Association and Royal College of Anaesthetists, UK.

671.7

AUGMENTED ONGOING PAIN IS REDUCED BY DAILY APPLICATION OF 
TRANSCUTANEOUS ELECTRICAL NERVE STIMULATION (TENS) D.L. 
Somers*, F. Richard Clemente, P.J. Opalski and K. Witfill. Department of Physical 
Therapy, John G. Rangos School of Health Sciences, Duquesne University; Pittsburgh 
Pennsylvania 15282.

Recently, we reported that daily application of TENS blocked the development of 
thermal allodynia in a rat model of complex regional pain syndrome type II (CPS II) and 
that this relief was dependent on the onset of the treatment. Here we describe the 
effectiveness of TENS when used to treat ongoing pain in the same model; chronic 
constriction injury (CCI). Following CCI surgery, rats received daily high frequency 
TENS (one hour) beginning either immediately (n=20), one day (n=22), or three days 
after surgery (n=22) and were compared to naive control rats (n=4) and rats receiving 
only the CCI surgery (n= 19). Ongoing pain was assessed at 2, 7, 12 and 14 days after 
surgery by placing rats on a 5° C plate and recording the time in seconds the painful right 
paw was elevated over a seven minute observation. A 5° plate was used to augment the 
ongoing pain experienced by the rats (CCI rats on a 5° plate elevate their paws 
significantly longer than they do on a 24° plate, p < 0.05). Ongoing pain augmented in 
this fashion is not the result of a hypersensitivity to cold in the painful paw because 
complete denervation of the painful right paw in CCI rats does not diminish paw 
elevation time observed during this assessment (p < 0.05, denervated rats with CCI n=8). 
When compared to naive control rats, all TENS-treated rats developed ongoing pain (p 
< 0.01). However, the pain that developed in TENS-treated rats was significantly less 
than that experienced by untreated CCI rats (p < 0.05), but only when TENS treatment 
commenced immediately or one day after surgery. When daily TENS commenced 
immediately after CCI surgery, augmented ongoing pain was reduced by 27-33%. When 
daily TENS commenced one day after surgery, augmented ongoing pain was reduced by 
21%. High frequency TENS may represent an effective treatment modality for the 
ongoing pain and thermal allodynia associated with CPS II. sup’NIHR15NS36315

671.8

EFFECT OF GLUTAMATE RECEPTOR ANTAGONISTS ON GRACILE 
NUCLEUS NEURONAL ACTIVITY IN THE RATS WITH 
EXPERIMENTAL MONONEUROPATIIY.
E. Kondo1*, Y. Tsuboi2, K. Iwata3, A. Tashiro2-3, T. Morimoto3 and K. Noguchi1. 
•Dept. Anat. and Neurosci., Hyogo Coll. Med., 1-1 Mukogawa-cho, Nishinomiya 
Hyogo, 663-8501, JAPAN.; 2Dept. of Oral physiol., Osaka Univ., Facul. Dent., 1-8 
Yamadaoka, Suita Osaka, 565-0871 JAPAN.; 3Dept. of Physiol., Sch. Dent. Nihon 
U., 1-8-13 Kandasurugadai, Chiyoda-Ku Tokyo, 101-8310, JAPAN.

The effect of glutamate receptor antagonists on chronic constriction nerve injury 
(CCI) induced hyperexcitability of gracile nucleus (GN) neurons was precisely 
analyzed in the rats anesthetized with pentobarbital Na (50mg/kg, i.p.) and 
halothane (1-2%). A single neuronal activity was recorded from the GN, and MK - 
801 and CNQX were applied topically on the surface of the medulla. Background 
activity and thermal evoked responses of wide dynamic range (WDR) neurons were 
significantly depressed following MK-801 (threshold: 1 mM) application, whereas 
the mechanical evoked response was not affected. On the other hand, application of 
CNQX (threshold: 0.3 mM) significantly depressed both mechanical and thermal 
evoked responses, whereas background activity was not affected. On the other hand, 
when 10-fold of threshold concentration of these two antagonists were applied GN 
neuronal activity was completely abolished. The effect of these two antagonists 
were also dose-dependent. Furthermore, effect of MK-801 was lasting for more than 
30 min after washing, whereas that of CNQX was depressed just after washing with 
saline. These findings suggest that NMDA receptors would be involved in the 
induction of tonically lasting hyperexcitability and thermal responses of GN 
neurons, whereas AMPA receptors are involved in stimulus evoked responses in 
the gracile nucleus following peripheral nerve injury.

671.9

VANILLOID RECEPTOR SUBTYPE 1 (VR1) MESSENGER RNA 
EXPRESSION INCREASES IN A SUBPOPULATION OF L4 
DORSAL ROOT GANGLION (DRG) NEURONS FOLLOWING L5 
SPINAL NERVE LIGATION; A RAT NEUROPATHIC PAIN MODEL
T, Fukuoka*. E, Kondo, and K. Noguchi Dept. of Anat. & Neurosci., Hyogo 
College of Medicine, Hyogo, 663-8501, JAPAN

Unilateral L5 spinal nerve ligation causes mechanical allodynia and heat 
hyperalgesia in the ipsilateral foot plantar. In the previous meeting, we 
reported the increase in mRNAs for calcitonin gene-related peptide (CGRP) 
and preprotachykinin (PPT) in asubpopulation of ipsilateral L4 DRG neuron in 
this model and this is due to nerve growth factor (NGF) synthesized in the 
sciatic nerve and transferred through the L4 spinal nerve.

VR1 is the first cloned cDNA encoding a capsaicin receptor. It Is expressed 
by both of NGF- and glial cell line-derived neurotrophic factor (GDNF)- 
sensitive populations of DRG neurons with small diameters.

Here, we report the change in mRNA for VR1 in the L4 DRG neurons from 
1 to 14 days after unilateral L5 spinal nerve ligation.

Male Sprague-Dawley rats (150-180g) received tight ligation of the left L5 
spinal nerves. Heat hyperalgesia and mechanical allodynia were examined 
with foot plantar test and von Frey filaments every other day. The rats were 
killed by decapitation at given days. The L4, 5 DRG were rapidly dissected out 
and processed for in situ hybridization histochemistry (ISHH).

ISHH revealed that the signal intensity for VR1 mRNA increased in a 
subpopulation of small- and medium-sized neurons in ipsilateral L4 DRG as 
compared to the contralateral L4 DRG since 7 days after ligation.

Capsaicin receptor is thought to function as a heat transducer at the 
peripheral terminals of primary afferents. Therefore, the up-regulation of VR1 
mRNA in ipsilateral L4 DRG may facilitate heat transduction and may contribute 
to heat hyperalgesia in this neuropathic pain model.

(Supported by the Japanese government and Hyogo College of Med.)

671.10

EFFECT OF ELECTROACUPUNCTURE ON THE PAIN 
BEHAVIOR AND NOXIOUS STIMULUS-EVOKED FOS 
EXPRESSION IN SPINAL CORD NEURONS IN RATS WITH 
EXPERIMENTAL MONONEUROPATHY
Y, Dai and K, Noguchi* Department of Anatomy and Neuroscience, Hyogo 
College of Medicine, Nishinomiya, Hyogo, 663-8501, JAPAN

Chronic constriction injury (CCI) on the sciatic nerve causes mechanical and 
heat hyperalgesia and mechanical allodynia in the foot plantar. In this study, 
we examined the antinociceptive effect of electroacupuncture (EA) on the 
pain behavior and Fos expression in dorsal horn neurons of the spinal cord in 
CCI rats 14 days after injury. Male Sprague-Dawley rats (150-180g) received 
loosely ligation of the left sciatic nerve. Heat and mechanical hyperalgesia 
and mechano-allodynia were examined by foot plantar test, pin prick test and 
von Frey test before and after the EA treatment (100Hz, 0.3ms, 3mA, 20min) 
into the point Zusanli (S36). Pinch stimulus was applied plantar surface of the 
operated hind paw for 10 min during the EA in the CCI rats. Two hours after 
pinch stimulation, rats were perfused and L4-L6 spinal cords were removed 
out and processed for the Fos immunohistochemistry. The number af pinch- 
evoked Fos-labeled neurons in both the superficial and deep laminae of the 
dorsal horn in CCI rats was increased significantly compared to those in sham- 
operated rats. When EA stimulation was applied, the mechanical and heat 
hyperalgesia were significantly suppressed, however, mechano-allodynia 
was not affected. Moreover, EA treatment suppressed the increase in the 
number of Fos-labeled cells in the spinal dorsal horn in CCI rats. The present 
results demonstrate that EA-treatment has antinociceptive effects on the 
pain behavior and neuronal excitability of spinal dorsal horn in CCI rats. 
(Supported by the Japanese government and Hyogo college of Med.)
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671.11

FURTHER STUDIES ON DORSAL HORN NEURON LOSS 
FOLLOWING LARGE SENSORY (A) FIBER STIMULATION OF 
TRANSECTED RAT SCIATIC NERVE. R.E. Coggeshall1*, C.J. 
Woolf2, F.A. White2, and H. A. Lekan’. ’Dept. of Anatomy and 
Neuroscience, University, of Texas Medical Branch, Galveston, TX 
77550-1069 and 2Dept. of Anesthesiology, Massachusetts General 
Hospital, Harvard Medical School, Boston Mass.

Transection of the rat sciatic nerve results in sprouting of large 
myelinated sensory fibers (A fibers) from deep laminae into lamine I 
and II of the dorsal hom. To test the hypothesis that activity in these 
spouted fibers is neurotoxic, cell numbers in lamine I, II and III were

N Cut Cut + A A
Lamina I 6,122 5,250 3,286 4,613
Lamina II 20,147 17,899 12,198 15,014
Lamina III 13,553 13,272 10,547 10,177

Conclusions are that stimulation of the central stump of the rat sciatic 
nerve leads to a profound loss of cells in laminae I-III, particularly in 
laminae I and II and that either transection or stimulation alone may 
lead to a smaller loss of cells. Our hypothesis is that this loss of cells 
is due to glutamate toxicity. This work is supported by NIH grants 
NS 10161, NS 11255 and the Medical Research Council, U.K.

671.12
DIFFERENCES IN BLOOD FLOW CHANGES BETWEEN OROFACIAL 
REGION AND HAND INDUCED BY PAINFUL STIMULI IN HUMANS.
P. Kemppainen*!, C. Forster^ and H.O. HandwerkeA 1 Inst, of Dentistry, 
University of Helsinki, Finland; ^Dept. of Physiology and Experimental 
Pathophysiology, University of Erlangen/Niirnberg, Germany.

The purpose of this study was to investigate the effect of high intensity 
pain stimulation on the blood flow of the orofacial region and hand. Painful 
stimulation of the upper central incisor was applied from a constant current 
tooth stimulator (pulse duration 10 ms, frequency 5 Hz, intensity 41-60 pA). 
In the hand pain was induced by repetitive mechanical impact stimuli to the 
back of the finger. In both stimulus paradigms the intensity was 3 x pain 
threshold. The stimulation periods lasted 90 s. The blood flow responses in 
the lower lip, nose and cheek were measured by laser Doppler imaging 
(LDI) and infrared thermography. Blood flow in the finger was recorded by 
laser Doppler flowmetry (LDF) and plethysmography (PLETH). During the 
experiments heart rate (HR) and blood pressure (BP) were followed con-
tinuously.

During both stimuli there was a transient elevation in HR and in BP. At 
the same time there was a significant blood flow decrease in the finger 
(LDF, PLETH) and in the nose (LDI, thermograghy). In contrast to tooth 
stimulation, finger stimulation produced a more marked blood flow reduc-
tion in finger. Tooth stimulation but not finger stimulation caused a long 
lasting vasodilatation in the lower lip (LDI, thermography). In the cheek 
there were no marked flow changes during either finger or tooth stimulation.

The blood flow decrease in the finger and nose could be explained by a 
centrally mediated sympathetic vasoconstrictor reflex. Tooth stimulation 
induced vasodilatation in the lower lip supports the hypothesis of a special 
vasodilator reflex mechanism in the facial area.
This work was supported by Alexander von Humboldt Foundation (FIN 1051629), 
Finnish Dental Society, Pro Sanitate Studiosorum Foundation and Paulo Foundation.

671.13

TEMPORAL PROFILE OF THE HEAT-SHOCK PROTEIN 72 
EXPRESSION AFTER MALOCCLUSION IN THE RAT

N. Yuvama1, K. Tamura1, O. Takahashi*2.
‘Department of Oral Physiology, Kanagawa Dental College;2Department 
of Oral Histology, Kanagawa Dental College, Yokosuka, 238-8580 Japan

This study was aimed to investigated, by using immunohistochemical 
technique for heat-shock protein 72kD(HSP72) whether maloccluion would 
cause any change of synaptic activities in the rat central nervous system. 
The experiment reached from postoperative 2 days to 10 weeks.The 
disorder of occlusion was produced on the posterior occlusion surface by 
grinding 0.5 mm of molar surface, resulting in infraversion occlusion. 
HSP72-immunoreactive cells were present in all major subdivisins of 
trigeminal nerve and in certain areas of the central nervous system related 
to the autonomic nervous system. Cell bodies with HSP-immunoreactiveity 
were found in the following ; nucleus of spinal tract, mesencephalic tract, 
and motor nucleus of the trigeminal nerve, and nucleus of the solitary 
tract,locus coeruleus (LC),amygdala (AMY) ,paraventicular nucleus of the 
hypothalamus (PVH) inferior olive,area postrema and supreoptic nucleus 
of the hypothalamus. The temporal and spatial activation pattern of 
expression of HSP72 in LC, PVH and AMY increased gradually after 5 
weeks. These results suggest that malocclusion provoked strong 
expression of HSP72 in certain areas of the central nervous system, and 
consequently it seems likely to induce autonomic dysfunction.

671.14
EFFECTS OF EXCITATORY AMINO ACID (EAA) LESIONS OF THORACIC 
SPINAL GRAY MATTER ON ESCAPE AND WITHDRAWAL/LICKING 
RESPONSES OF RATS TO THERMAL STIMULATION
A. J. Acosta-Rua and C.J. Vierck*Dept. of Neuroscience and UF Brain Institute, 
Col. of Medicine, Univ. of Florida, Gainesville, FL 32610-0244

Long Evans rats were trained in a place-preference paradigm, where the 
subjects were able to escape from a dark compartment with a heated or cooled 
floor to a brightly lit platform at a neutral temperature. Operant escape latencies 
in this apparatus were compared to hindlimb withdrawal and licking latencies of 
rats placed on the floor of an unlit compartment without an escape platform. 
The number and duration of licks and guards were recorded in the absence of an 
escape option, and the duration of platform preference was recorded during 
escape testing sessions. The temperature of the floor was set to 44, 47, or 0.3 
deg. C for separate testing sessions. Lastly, escape latencies from a bright light 
were evaluated in a third apparatus, to control for motor or motivational effects 
of quisqualic acid (quis) lesions. Comparisons were made between stable 
preoperative performance and postoperative performance over several months.

Following bilateral quis injections of the T-9 gray matter, operant escape 
latencies and withdrawal/licking responses revealed enhanced sensitivity to 44 
deg. C, which produces a low rate of heat transfer and preferentially stimulates 
unmyelinated (C) nociceptors. Responses to 47 deg. C were only slightly 
altered. Testing at 0.3 deg. C revealed an increase in withdrawal/licking number 
and duration, but escape performance was not significantly altered. These 
findings show that small lesions of the spinal gray matter alter segmental and 
sensory sensitivity for thermal input over segments remote from the lesions.

Supported by NS-07261 and BSCIRTF funds from the State of Florida.

671.15

Glycine  inhibits  spasm  time  but  not  hyperreflexia  in  a  rat  model  of  
SPASTICITY. R.A. Del Vecchio ’, S.M. Lechner **, M.A. Klitenick ’, 
and M. De Vivo2. Depts. of ‘Behav. Neuropharm. and2 Mol. Pharm., Allelix 
Neuroscience Inc., Cranbury NJ, 08512

GABA and glycine are the major inhibitory neurotransmitters in the spinal cord. We 
examined the role these neurotransmitters have on motor neuron activity, by 
employing a model of spasticity in the rat developed by Bennett et al. In this model 
sacral spinal lesions produce muscular spasticity in the rat’s tail. Spontaneous or 
reflex induced flexor/extensor spasms coiled the tail during manipulation. The effects 
of this manipulation were measured prior to drug treatment and again after drug 
treatment.

Glycine (3 and 30 pg/10 pi, i.t.) dose dependently decreased the overall time of 
spasm following stretch reflex (74%), but had little effect on angle associated with 
hyperreflexia. GABA (30 pg/10 pi, i.t.) had no effect on angulation and only a mild 
effect on the overall time of spasm (22% reduction). Both baclofen (7.5 mg/kg, i.p.) 
and tizanidine (1.0 mg/kg, i.p.) abolished muscular spasm (100% and 92%, 
respectively) and hyperreflexia. Strychnine (10 pg/10 pi, i.t.) potentiated muscular 
spasm (150% increase) and increased hyperreflexia incidences.

Glycine exhibited a dose dependent decrease in muscular spasm, while sparing the 
muscular tonicity needed to produce the reflexive flexor curve of the tail following 
manipulation. The fact that strychnine increased muscular spasm, further suggests that 
glycine is the neurotransmitter associated with spasticity that develops following 
spinal cord injury. The role of GABA remains unclear.

Baclofen and tizanidine are clinically relevant compounds that may limit spasticity 
by abolishing muscular tone, resulting in no reflexive activity.

In conclusion, glycine appears to ameliorate muscular spasm while sparing reflex 
activity. Ameliorating spasm while leaving reflexive activity intact may be 
therapeutically beneficial since the reflexive activity may be needed to facilitate 
physical therapy following spinal cord injury.

671.16
QUANTITATIVE TRAIT LOCUS MAPPING OF THERMAL AND 
CHEMICAL NOCICEPTION IN MICE. J.S. Mogil*, S.G. Wilson, and S. Call. 
Department of Psychology and Neuroscience Program, University of Illinois at 
Urbana-Champaign, IL 61820, USA.

The impact of genetic background on variability in nociceptive sensitivity is being 
increasingly appreciated, and the molecular genetic tools now exist to identify genes 
contributing to such variance. Recent studies from our laboratory, investigating the 
genetic correlation of nociceptive sensitivity of inbred mouse strains on multiple 
assays, revealed the existence of three main “types” of basal nociception: thermal, 
chemical, and mechanical (Mogil et al., Pain 80:67-93). One implication of this 
finding is that three quantitative trait locus (QTL) mapping studies need to be 
performed in order to begin to identify genes associated with each nociceptive type. 
Towards these ends, we have tested large numbers of F2 hybrid mice derived from 
extreme-responding strains in nociceptive assays from two of these types: thermal 
(Hargreaves’ test; AKR/J [resistant] x C57BL/6J [sensitive]) and chemical (formalin 
test; A/J [resistant] x C57BL/6J [sensitive]). The progenitor strains display 2- and 
14-fold differential sensitivity on these assays, respectively. On the Hargreaves’ test 
(IITC Inc.; setting=3), all mice were tested on 36 occasions on three separate days; 
only mice with reliable and stable latencies (means ranging from 6-22 s) are being 
genotyped using a full-genome microsatellite search (80 markers; 20 cM density). 
On the formalin test, habituated mice were tested once using a 20 pi intraplantar 
injection of 5% formalin. Amount of time spent biting/licking the affected hindpaw 
over the next 90 min was determined using a semi-automated procedure. 
Genotyping has thus far revealed provisional linkage of early- (0-10 min) and 
late-phase (10-90 min) formalin licking behavior, but not inflammation per se, to 
regions on mouse chromosomes 2, 10 and 16. Various candidate genes in these 
regions are currently being investigated using both pharmacological and transgenic 
approaches. Supported by PHS grants DAI 1394 and DEI2735 (JSM).
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671.17

THE BEHAVIORAL RESPONSE OF THE PREWEANING RAT IN 
THE FORMALIN TEST . G.S, Watson*1, K.J. Sufka and G.A. Barr
2’3. ^ept. Psych. Univ. Mississippi;2Dept. Psych. Hunter College; and 
3Div. Devel. Psychobiol. NY State Psychiatric Institute; New York, 
New York 10032.

The formalin test is widely used in studies of pain. Formalin 
injection of the limb induces three distinct behavioral stages, an early 
response to acute pain, followed by a period of relative quiescence, and 
then a second painful response that is thought to reflect sensitization of 
primary afferents and spinal cord neurons. Cardiovascular changes 
follow these responses. In developing animals only the initial 
nociceptive response is present prior to the third week of life, and the 
cardiovascular response does not appear until well after weaning. The 
present study reinvestigated the behavioral development of responding 
in this test using a wide range of formalin concentrations in 7, 14 and 
21-day-old rat pups. The results are largely consistent with the prior 
findings that the interphase and second phase are more robust in older 
animals. However, there are biphasic patterns of responding even in the 
7-day-old pup at medium concentrations of formalin for certain 
behaviors. A multiple regression analysis demonstrated that only a few 
behaviors contribute to the response variability across formalin 
concentrations and that these behaviors differ for 7 and 14-day-old 
pups compared to 21-day-old animals. These data confirm the 
development changes in the response to formalin, but provide evidence 
for some biphasic actions early in development and provide 
empirically derived weighting of nociceptive behavior in this age 
range.
Supported by NIH grants R01-NS36130, and K02-DA00325

PAIN PATHWAYS: TRIGEMINAL

672.1
INTENSITY OF OROFACIAL INFLAMMATION AND TRIGEMINAL FOS 
PROTEIN EXPRESSION: IMPLICATIONS FOR CENTRAL 
SENSITIZATION. K. Ren*, H. Imbe and R. Dubner. Dept of OCBS, University 
of Maryland Dental School, Baltimore, MD 21201.

We have previously shown that the same amount of chemical irritant injected 
into the temporomandibular joint (TMJ) produced greater trigeminal Fos protein 
expression when compared to that after injection into the perioral (PO) skin.
Since more intense inflammation was also induced in the TMJ, the greater Fos 
expression may reflect a difference in peripheral inflammatory responses. To test 
the hypothesis that increased central hyperexcitability also contributes to greater 
Fos induction after TMJ inflammation, we adjusted the amount of the 
inflammatory agent to induce equivalent levels of inflammation in TMJ and PO 
regions. Inflammation was induced by unilateral injection of complete Freund’s 
adjuvant (CFA, 8-25 (ig Mycobacterium tuberculosis) into the TMJ or PO under 
methohexital anesthesia. The rats were perfused 24 h following the injection of 
CFA. Evans’ blue dye extravasation in perfused orofacial tissue, a measure of the 
intensity of inflammation, was determined. The brainstem tissues were dissected 
and the sections were processed for Fos protein immunoreactivity. While a 
smaller amount of CFA (8 (ig) in the TMJ produced the same level of 
inflammation as 25 (Ig CFA in the PO skin, in the spinal trigeminal nucleus 
(VSP), the number of Fos-labeled neurons per section in the TMJ-inflamed rats 
was 54.7±1.4, significantly higher than that in PO-inflamed rats (42.7±2.0) 
[p<0.05]. This difference was most prominent in deep laminae of the subnucleus 
caudalis including the upper cervical dorsal horn. In the paratrigeminal nucleus 
(Pa5), Fos-LI in the TMJ-inflamed rats was also significantly higher than that in 
PO-inflamed rats (p<0.05). These results suggest that in addition to increased 
primary afferent input, greater central sensitization may have also occurred in TMJ- 
inflamed animals as a consequence of deep tissue inflammation. Supported by 
DEI 1964.

672.2
SENSITIZATION, DESENSITIZATION AND STIMULUS-INDUCED 
RECOVERY (SIR) OF RESPONSES OF RAT TRIGEMINAL CAUDALIS (Vc) 
NEURONS TO REPEATED ORAL APPLICATION OF CAPSAICIN. J.-M. 
Dessirier* *'2, C.T. Simons1,2 & E. Carstens1. ’Neurobiology, Physiology &
Behavior and 2Food Sci. & Techno., Univ. of California, Davis CA 95616.

Repeated application of capsaicin to human oral mucosa evokes progressively 
increasing irritation (sensitization), followed after a rest period by reduced sensitivity 
(desensitization) to capsaicin. Recurrent capsaicin application eventually restores 
irritation to initial levels (SIR). We investigated whether responses of rat Vc neurons 
to capsaicin exhibit similar behavior.

Single-unit recordings were made from neurons in superficial layers of dorsomedial 
Vc in thiopental-anesthetized rats. Units responsive to noxious mechanical, heat 
(54°C) and acidic stimuli on the tongue were tested with repeated application of 330 
pM capsaicin (25 trials, 1-min interstimulus interval) in two blocks separated by 30- 
60 min. Separate units received single applications of capsaicin 30-60 min apart.

The mean neuronal firing rate increased significantly over the initial 8 trials of 
capsaicin, followed by a plateau. All individual responses displayed this pattern, and 
often exhibited waxing and waning firing rates across later trials. Following the rest 
period, the mean spontaneous firing rate was not significantly different from that 
preceding the first stimulus series. With reapplication of capsaicin, the mean 
response again increased significantly. However, the increase was delayed and the 
peak firing rate was significantly lower compared to the first stimulus series. Data to 
date indicate that a similar pattern of responses, albeit at lower firing rates, occurs 
with single applications of capsaicin.

These results are consistent with behavioral observations of sensitization and SIR, 
although the neuronal response did not reattain its initial pre-desensitization firing 
rate in contrast to SIR in human studies. Responses of Vc neurons thus appear to 
reasonably reflect changes in sensation due to repeated oral application of capsaicin.

Support: Calif. Tobacco Disease-Related Research 6RT-0231 and NIH NS-35778.

672.3
CHARACTERIZATION OF TWO POPULATIONS OF 
TRIGEMINAL NOCICEPTIVE NEURONS AFTER OROFACIAL 
DEEP AND CUTANEOUS TISSUE INFLAMMATION. K. Miki*, R. 
Dubner, K, Ren. Dept of Oral and Craniofacial Biological Sciences, University of 
Maryland Dental School, Baltimore MD 21201

This study was undertaken to characterize nociceptive neuronal activity in the 
subnucleus caudalis of the spinal trigeminal nucleus (Vc) after orofacial tissue 
inflammation. Single neurons were isolated extracellularly from the Vc in an area
0.5-2.0 mm caudal to the obex and 1.8-3.4 mm lateral to the midline in the rat. 
Deep or cutaneous orofacial tissue inflammation was induced 24 h before the 
recordings by injecting complete Freund's adjuvant (CFA) into the 
temporomandibular joint (TMJ) capsule or the perioral (PO) skin, respectively. A 
total of 68 neurons were studied. The receptive field (RF) size of Vc nociceptive 
neurons in inflamed animals exhibited a bi-modal distribution. While all neurons 
recorded from the naive rats had small RFs (136.14±9.4mm , n=12), a 
subpopulation of neurons in inflamed rats had larger RFs (767±21 mm , n=27) 
while others had RFs similar in size to naive rats (135±9 mm2, n=29). Further 
analysis revealed that neurons with large RFs tended to be located in the superficial 
layers of the Vc while neurons with small RFs were in the deep layers (%2, 
p<0.05). Noxious stimulation evoked greater responses in neurons with large RFs 
when compared to neurons with small RFs in naive rats. GV 196771A (1 mg/kg), 
a glycine site NMDA receptor antagonist, and 4030W92 (20 mg/kg), a sodium 
channel blocker, produced a selective reduction in RF size in neurons with large 
RFs in TMJ-inflamed rats (74% and 88%, respectively) and in responses to noxious 
stimuli (P<0.05), but had little effect on neurons with small RFs. The two agents 
produced suppression of nociceptive neurons in PO-inflamed rats only at much 
higher doses and had no effects in naive rats. These results suggest that orofacial 
inflammation resulted in hyperexcitability in a subpopulation of trigeminal 
nociceptive neurons that are sensitive to NMDA receptor and sodium channel 
blockade. Compared to PO cutaneous inflammation, deep TMJ inflammation 
appears to produce greater central sensitization involving neuronal depolarization 
and NMDA receptor activation. Supported by GlaxoWellcome and NIDCR Grant 
DEI 1964.

672.4

Application  of  Glutamate  to  the  Temporomandibular  Joint  
Region  Evokes  C-fos  Expression  in  the  Rat  Caudal  

minal  (V) Brain  Stem  Complex . H. Kishimoto, B.E. Cairns,
B.J. Sessle. J.W. Hu*. Faculty of Dentistry, University of Toronto, 
Toronto, Ontario, Canada M5G 1G6. . .

We have previously demonstrated that injection of either the 
inflammatory irritant mustard oil (MO; 20%, 20ll L). or the non-
inflammatory excitant glutamate (Glu; 5umol, IOji L) into the 1MJ 
region evokes iaw muscle activity of similar magnitude (J. Neurosci., 
IS 8056. 1998). The aim of this study was to compare the pattern of 
Glu- and MO-mduced c-fos expression in the caudal V brain stem 
complex. Male and female rats (n=20) were anesthetized with 
pentobarbital and were sacrificed 2 hours after TMJ injection or MO, 
Glu or 0.9% saline (NS; 10 pL). Brain stem neurons expressing fos- 
like protein were identified with standard fos immunohistochemistry, 
as previously described (J. Comp. Neurol., 356, 444, 1995). The TMJ 
application of MO (n=4 rats) induced fos expression in the V brain 
stem complex with 2 peaks. one at the interpolaris/caudalis (Vi/Vc) 
transition zone (66.8±8.4 cells/slide: MeaniS.JD.) and the other at the 
caudalis/first cervical dorsal horn area (Vc/Cl: 36.2±28.1 cells/slide). 
Glu (n=8 rats) and NS (n=8 rats) also produced a peak in the Vi/Vc 
zone (Glu: 33.5±7.9 cells/slide; NS: 21.1±8.7 cells/slide) and a lower 
level of fos expression throughout the rest of the Vc and Vc/Cl area 
(Glu: 4.2±3.4 cells/slide; NS: < 1 cell/slide). Overall rank order of 
ios-positive labeling in the caudal V brain stem complex was MO 
(21.2±17.9 cells/slide) > glutamate (7.8±10.2 cells/slide) > saline 
(3.2±5.7 cells/slide; p<0.03 ANOVA, Tukey test). These results 
indicate that application of Glu to the TMJ region can trigger a lower 
level of c-fos expression in the brain stem than that evoked by MO; 
this may be explained by factors such as differences in the types of 
afferent fibers activated by Glu and MO, or in their efficacy for 
inducing inflammation. Supported by NIH grant DEI 1995.
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672.5
COLOCALIZATION OF FOS WITH SUBSTANCE P RECEPTOR AND NITRIC 
OXIDE SYNTHASE IN THE CAUDAL SPINAL TRIGEMINAL NUCLEUS OF 
THE RAT RECEIVING SUBCUTANEOUS INJECTION OF FORMALIN INTO 
THE LATERAL FACE. H.P. Liu1*, J.F. Yeo2 and S.K. Leong1. 'Department of 
Anatomy, 2Department of Oral & Maxillofacial Surgery, National University of 
Singapore. Singapore 119260.

Although many studies implicated substance P and nitric oxide in nociception and 
hyperalgesia, much still needs to be known about the localization of substance P 
receptor and nitric oxide synthase (NOS) in neurons involved in nociceptive 
transmission from the orofacial region. In this study, c-fos expression in the caudal 
part of the trigeminal nucleus (cSTN) induced by subcutaneous injection of formalin 
into the lateral face of the rat was used as an indicator for the presence of 
nociceptive neurons. The c-fos expressing neurons in the cSTN were localized by 
Fos immunohistochemistry. The study sought to investigate whether Fos positive 
neurons in the cSTN express NOS and substance P receptor. The results revealed 
the presence of many Fos positive nuclei in the superficial laminae of the ipsilateral 
cSTN 2 hr following formalin stimulation. Confocal laser scanning microscope 
revealed that substance P receptor positive neurons bearing Fos immunofluorescent 
nuclei were small cells or large multipolar cells with thick and long processes, 
while NOS positive neurons containing Fos nuclei were only small ones. This 
observation suggested that activation of substance P receptors upon substance P 
release in response to noxious stimulation at the orofacial region might mediate c- 
fos expression in neurons in the cSTN involved in nociception. The expression of c- 
fos in the neurons could also be mediated by nitric oxide. This work was supported 
by grants RP940320 and RP960331 from the National University of Singapore.

672.6

A ROLE FOR THE TRIGEMINAL SUBNUCLEUS INTERPOLARIS IN 
CRANIOFACIAL MUSCLE PAIN DEMONSTRATED BY INTRAMUSCULAR 
INJECTIONS OF HYPERTONIC SALINE. J.Y, Ro and N.F, Capra* Dept. of 
OCBS, University of Maryland Dental School, Baltimore, MD 21201

The subnucleus interpolaris (Vi) has been identified as a major recipient 
for trigeminal ganglionic input from jaw muscles, and contains neurons which 
respond to nociceptive stimuli similarly to those in the subnucleus caudalis (Vc). 
Therefore Vi may be another important site for processing craniofacial muscle 
nociception along with Vc. The aims of present study were to define functional 
properties of Vi neurons that receive input from masseter muscle afferents by 
characterizing their responses to electrical, mechanical, and to chemical 
stimulation of the muscle. Ninety cells were identified as masseter muscle units. 
Most of these units (79%) received additional inputs from orofacial skin. 
Following the intramuscular injection of 5% hypertonic saline, forty-nine percent 
of the cells showed a significant modulation of either the resting discharge and/or 
responses to innocuous mechanical stimulation on their cutaneous receptive 
fields. The most common response was an induction or facilitation of resting 
discharge. The facilitated responses of most units changed as an exponential 
decay function, declining to pre-injection level within 3-4 minutes. 45% (13/29) 
of the muscle units that were tested with the mechanical stimulation showed a 
significant inhibition of mechanically-evoked responses, 62% of which (8/13) 
accompanied facilitatory response in the first minute. The observations that Vi 
contained a population of neurons that receive small diameter muscle afferent 
inputs, responded to noxious mechanical stimulation on the muscle and to a 
chemical irritant that is known to produce pain in humans provide compelling 
evidence for the involvement of Vi in craniofacial muscle pain. Support:NIH 
DE06027 (NFC) and DE07309.

672.7

SILVER NITRATE CAUTERIZATION: CHARACTERIZATION OF A MODEL 
OF CORNEAL INFLAMMATION AND HYPERALGESIA. H. Wenk, R. Pai, C.N. 
Honda*. Dept. of Neuroscience and Graduate Program in Neuroscience, Univ. of 
Minnesota, Minneapolis, MN 55455.

Silver nitrate cauterization was assessed as a model for corneal inflammation and 
hyperalgesia. Adult male Sprague-Dawley rats were anaesthetized with Brevitol, and 
the centers of their right corneas were cauterized with a silver nitrate applicator (75% 
silver nitrate, 25% potassium nitrate) to produce a discrete lesion 1 mm in diameter. 
Rats were sacrificed 2, 4, 6, 8, 12, 24, and 48 hours after cauterization. Dissected 
corneas were immersion-fixed in 4% paraformaldehyde overnight, then transferred 
to phosphate buffered saline (PBS, 0.1M, pH 7.4) with 20% sucrose, and stored at 4 
degrees. Corneas were sectioned at 5 pm, with sections cut perpendicular to the 
epithelial surface, and stained with hemotoxylin-eosin. Edema occurred within 2 
hours after cauterization, while immune cell infiltration around the lesion site 
became apparent within 6 hours. Both edema and immune cell infiltration peaked at 
8-12 hours, and were still evident 48 hours post-cauterization. A second group of 
rats was examined for comeal hyperalgesia 0, 2, 4, 6, 8, 12, 24, and 48 hours 
following corneal cauterization. Comeal sensitivity to noxious stimuli was 
determined by counting the number of blinking movements made in a 30 second 
time period following the topical application of a 1 pM capsaicin solution. Number 
of blinks in the cauterized eye was compared to the number of blinks in the healthy, 
control eye for each rat. Each rat was only tested at one time point. Hyperalgesia was 
evident at 2 hours post-cauterization, and peaked at 6 hours. By 12 hours post-
cauterization, no difference in blink frequency was observed between the cauterized 
and control eyes. We conclude that silver nitrate cauterization produces comeal 
hyperalgesia, and may prove to be a useful model for future study.
Supported by NIH grants DA0964 and DE07288.

672.8
LOCALIZATION OF CGRP IN DURA-INNERVATING A5-FIBRES AND 
COLOCALIZATION OF CGRP WITH 5-HT,B/id  RECEPTORS AND SUBSTANCE 
P IN TRIGEMINAL NERVE GANGLION NEURONS IN RATS. Q. P. Ma, D. 
Smith, R. J. Hargreaves, R, Hill*, Dept of Pharmacology, Merck Sharp & Dohme 
Research Laboratories, Neuroscience Research Centre, Terlings Park, Harlow CM20 
2QR, UK

Dura mater vasodilation has been considered a key factor in migraine pain. Anti-
migraine drugs like sumatriptan block vasodilation by binding to 5-HTIB receptors on 
smooth muscle and 5-HTm receptors on V cranial nerve terminals. Clinical studies 
suggest that CGRP released from A5-fibres rather than substance P (SP) from C-fibres 
plays an important role in the pathogenesis of migraine, and sumatriptan inhibits 
CGRP release. In the present study, we first investigated whether CGRP-containing 
A8-fibres from trigeminal nerve ganglia innervate the dura mater in rats, by FITC- 
cholera toxin subunit B (FITC-CB) retrograde tracing in combination with CGRP 
immuno-staining. FITC-CB was applied to dura mater 48h before the animals were 
terminally anesthetized and perfused. Nearly half of the trigeminal nerve ganglion 
neurons were CGRP positive. Less than 20% of CGRP-positive neurons were labeled 
by FITC-CB. The majority (-85%) of FITC-CB-labeled neurons was CGRP-positive, 
suggesting that most dura-innervating trigeminal nerve A-fibres were CGRP- 
containing A5-fibres. We then examined whether CGRP colocalizes with 5-HT1B/1D 
receptors or SP in trigeminal nerve ganglion neurons by double immunohistochemical 
staining. About 50% CGRP-positive neurons were 5-HT1B positive, and some neurons 
were either CGRP or 5-HTiB positive. Similarly, -50% CGRP-positive neurons were 
5-HTiD positive. About 40% of CGRP-positive neurons were also SP-positive, while 
90% of SP-positive neurons were CGRP-positive, suggesting that nearly all SP- 
positive neurons colocalize with CGRP. These findings support the hypothesis that 
CGRP from A5-fibres may play an important role in migraine pathogenesis, and one 
important action of anti-migraine drugs may be inhibiting CGRP release.

672.9

NEUROCHEMISTRY OF MARGINAL NEURONS OF RAT DORSAL 
HORN PROJECTING TO NUCLEUS TRACTUS SOLITARIL FOGEsteves1. 
D- Lima2. P.N.McWilliam*1 & TF.C.Batten1. ’inst. Cardiovascular Research, Univ. 
of Leeds LS2 9JT, UK & 2Inst. Histol. Embryol. Univ. Oporto, 4200 Porto, Portugal

Marginal neurons of rat spinal cord lamina I have been classified into four distinct 
morphological types, pyramidal, flattened, fusiform and multipolar. Each group has a 
distinct pattern of supraspinal projections, and a different profile of neurochemical 
immunoreactivity (IR), with only partially overlapping neurotransmitter characteristics. 
This evidence suggests that the different neuronal types might subserve different 
sensory modalities. The caudal part of the nucleus tractus solitarii (NTS) has recently 
been recognised as a projection site for the flattened, pyramidal and fusiform cell types. 
Some of these neurons transmit nociceptive information to the NTS and may thus be 
involved in the integration of nociceptive and autonomic responses. In this study we 
investigated which transmitters are present in these spino-solitary projecting neurons 
(SSPNs), identified by retrograde labelling with cholera toxin subunit B (CTb) injected 
into rat caudal NTS. Spinal cord sections of cervical, thoracic, lumbar, and sacral 
segments were dual labelled for CTb and GABA, glutamate, calbindin D-28k, 
substance P (SP), and nitric oxide synthase (NOS). No CTb labelled SSPNs in any cell 
group displayed GABA-IR. Glutamate-IR was found in 20% of fusiform SSPNs, 9% 
of pyramidal SSPNs and 2% of flattened SSPNs. For calbindin the proportions were 
35% of fusiform, 17% of pyramidal and 10% of flattened, and for NOS 12% of 
fusiform, 1% of pyramidal and 4% of flattened. For SP only 4% of pyramidal neurones 
projected to the NTS. Triple labelling showed that over half the glutamate-IR fusiform 
and pyramidal SSPNs contained calbindin, and about 10% contained NOS. These 
results suggest that spino-solitary neurons in lamina I, particularly the fusiform type, 
send predominantly excitatory projections to NTS that may be important in both the 
ascending pathways of nociception and co-ordination of autonomic reactions to pain. 
Work supported by the British Heart Foundation.
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673.1
CHRONIC MULTIELECTRODE RECORDINGS REVEAL CHANGES 
IN INTERHEMISPHERIC INTERACTIONS IN THE 
SOMATOSENSORY CORTEX FOLLOWING DORSAL COLUMN 
LESIONS IN ADULT MONKEYS. N, Jain*. H-X. Qi and J.H, Kaas. 
Dept. of Psychology, Vanderbilt University, Nashville, TN 37240.

Unilateral dorsal column lesions at upper cervical (C3-C5) levels 
deprive a large expanse of somatosensory cortex of its normal sources 
of inputs. Our multiunit mapping studies showed that over a period of 
weeks to months the deprived cortex undergoes large scale 
reorganization. Intact inputs from the face and the remaining inputs 
from the arm expand to occupy the deprived regions of the hand cortex. 
In addition, the reorganized hand cortex may also become responsive 
to the stimulation of ipsilateral body parts. In order to understand how 
interhemispheric interactions are affected due to altered sensory 
inputs after dorsal column lesions we recorded from arrays of 
microwire electrodes chronically implanted in the homologous 
regions of the hand representations in area 3b of the two hemispheres in 
squirrel monkeys (Saimiri sciureus). In normal monkeys, the 
spontaneous activity of neurons and neuronal clusters in areas 3b of 
the two hemispheres is cross-correlated. This interhemispheric cross-
correlation breaks down if receptive fields on one of the hands are 
stimulated. However, recordings from a monkey with unilateral 
dorsal column lesion showed cross-correlated activity of neurons 
across the two hemispheres when the hand unaffected by the lesion was 
stimulated. The deafferentation due to dorsal column lesions, 
therefore, alters the neuronal interactions and information processing 
across the two hemispheres.

[Supported by NIH NS 16446 and APA grant JB1-9803-2 (to NJ).]

673.2
BILATERAL ACTIVATION OF THE SOMATOSENSORY CORTEX IN TASKS 
REQUIRING INTERHEMISPHERIC TRANSFER OF INFORMATION. R. Kupers1 *, H. 
Theoret1-2, M. Nowak3, A, Roepstorff1. A, Giedde1 and M. Ptito12. 1 PET Center, 
University of Aarhus, Denmark, 2 School of Optometry, Universite de Montreal, 
Canada and 3 PET Center & Cyclotron Unit, Rigshospitalet, Copenhagen, Denmark.

One of the functions attributed to the corpus callosum is the transfer of information 
between the hemispheres. The aim of this study was to test whether interhemispheric 
transfer of somatosensory information could be revealed by fMRI in simple behavioral 
tasks that require the transfer of information from one hemisphere to the other.

Whole brain fMRI (BOLD EPI, TE=66 ms, TR=6 s; voxel size 1.8 x 1.8 x 4.5 mm3; 
30 s off/on periods) was performed on 8 young healthy subjects, using a 1.5 T 
scanner. Statistical analysis was done with SPM96, comparing task related functional 
activity with rest. Subjects were scanned in the following conditions: 1) brushing of 
the subjects’ non-dominant (left) hand, 2) right foot tapping (1Hz) and 3) right foot 
tapping in response to randomly applied left hand brushing. In order to perform the 
interhemispheric transfer task (ITT) in cond. 3, the sensory information has to go from 
the contralateral (right) somatosensory cortex (SI/II) to the left (ipsilateral) SI/II and 
from there to the left MI to initiate a right foot tap response. Results are shown in fig.
1. Whereas in the brush condition, only the contralateral SI/H was activated (fig IA), 
a clear bilateral activation of SI/II was observed in the ITT (fig IB).

These data show that fMRI can detect the interhemispheric transfer of somatosensory 
information. This has potential indications for imaging in pathological conditions with 
presumed deficits in corpus callosum functioning.

673.3

EVALUATING TIME SERIES ANALYSIS METHODS FOR 
STRUCTURAL INFERENCE OF SPIKING NEURAL NETWORK 
MODELS . K.Sameshima1, L.A.Baccald2*. ’School of Medicine, 2Escola 
Politecnica, Univ. Sao Paulo, 01246-903 Sao Paulo SP, Brazil.

Increasingly the auto-regressive analysis of multiple time series in the 
frequency domain is being used in the inference of direction of information 
flow between neural structures. Through the basic notion of Granger 
causality, these methods enable one to deduce how neural structures are 
connected from the signals they generate. Because the essential underlying 
presumptions of the method rest on linear time series modeling, its 
applicability to the analysis of neural data involving single and multi unit 
activity still requires extensive evaluation. In particular, an important 
analytical issue when using the method to analyze spike trains pertains to 
their point process nature. Usually, this problem is tackled via convolving the 
observed spike trains with suitable kernels (filters), in a process known as 
spike train conversion, before application of time series procedures. To 
assess the method’s statistical accuracy and limitations for several spike train 
conversion parameters, we performed extensive simulations of simple neural 
networks composed of integrate and fire neurons and measured the 
frequency of correct structural inferences for several model parameters 
involving inter neuronal coupling strength, refractory periods and synapse 
delays. In the process, we observed accuracies as high 90% of correct 
structural inference for an average of 200 observed spikes for neurons firing 
at half their maximum firing rate.

Supported by FAPESP, CNPq and PRONEX.

673.4

ORGANIZATION OF SOMATOSENSORY CORTEX IN NEW 
WORLD TITI MONKEY
J.-O. Coq. H.-X. Qi, K.C. Catania. C.E. Collins, N. Jain and J.H. Kaas*.
Dept. of Psychology, Vanderbilt University, Nashville, TN 37240

The present study investigates the organization of the somatosensory
body representation in titi monkey (Callicebus moloch), a previously 
unexplored species. Mapping of the hand and face representation in the 
primary and secondary somatosensory cortex was performed in four 
monkeys, by using multi-unit microelectrode recordings in layer IV. At 
the end of experiment sessions, brain was perfused and flattened sections 
were stained for cytochrome oxidase and myelin. In one case, HRP and 
CTB tracers were injected in areas 3b and 1, respectively. The 
electrophysiological maps derived within anterior parietal cortex showed 
that i) the representation of the hand was segregated and organized in 
mirror-image pattern in areas 3a, 3b and 1, ii) the hand representation 
was topographically organized from digit 1 to 5 and from thenar 
eminence to hypothenar eminence in a latero-medial sequence, and iii) a 
topographic progression of each digit phalanx in each area of anterior 
parietal cortex. Lateral to the hand map, the face representation was 
organized in a topographic manner. The body representation in S2 was 
found lateral to 3b, in a mirror-image pattern to 3b with a progression 
from face to hindlimb in a medio-lateral sequence, and extended into the 
lateral sulcus. The tracers injected within the representation of digit 3 in 
areas 3b and 1 labeled overlapping portions of the ventroposterior hand 
subnucleus of thalamus. Moreover, both areas 3b and 1 appeared to have 
reciprocal connections with S2. [Supported by NIH NS 16446],

673.5

TACTILE DIRECTIONAL SENSIBILITY IN HEMISPHERECTOMIZED 
PATIENTS H. Olausson*1, C. Morin1 B. Ha1, S. Marchand13, A, Ptito2, and
M.C. Bushnell1,2. ’McGill University. ^Montreal Neurological Institute, and 
3UQAT,Qu6bec, Canada H3G 1Y6.

Patients with only one cerebral hemisphere provide an opportunity to study 
the functional role of ipsilateral somatosensory projections to the cortex. The 
current study used psychophysical methods to test tactile detection and 
directional sensibility of such patients.

The patients (26-47 yrs, n=4) had undergone hemispherectomy, typically 
in their teens, because of intractable epileptic seizures. Detection of touch 
(von Frey monofilaments), direction of movement using spatio-temporal cues 
(frictionless wheel), and direction of skin pull (2-mm movement of small probe 
glued to skin) were performed bilaterally on the arms, legs and face.

Patients showed normal detection of the monofilaments on the hemibody 
ipsilateral to the lesion (unaffected side), but had slightly worse detection on 
the contralateral (affected) side. The detection of the direction of a frictionless 
moving stimulus was normal on the ipsilateral side (threshold distance ^18 
mm). On the contralateral side, performance was severely disturbed, but often 
above chance (threshold distances=100 mm for the face and leg, and >100 
mm for the arm). All subjects detected 100% of skin pulls on the ipsilateral 
side, but only one patient performed above chance on the contralateral side, 
and only for skin pulls on the leg. This patient was the only one to have a 
small remainder of S1 cortex on the side of the surgery.

These results indicate that somatosensory processing in ipsilateral cortical 
structures results in only slightly compromised tactile detection, whereas 
directional discrimination based on spatio-temporal cues is severely impaired, 
although with some sparing. The ability to detect the direction of a skin pull 
appears to be almost exclusively dependent on contralateral brain structures.

Supported by the Canadian MRC, FRSQ and STINT.

673.6

CORTICAL ACTIVATION BY TACTILE STIMULATION IN HEMISPHEREC-
TOMIZED PATIENTS; AN fMRI STUDY. S, Marchand13, B, Ha1, H, Olausson1, 
C, Morin1, A, Ptito2, B Pike2, M.C, Bushnell1,2'. 1McGill University, "Montreal 
Neurol. Inst. & 3Univ. du Quebec en Abitibi-Tdmiscamingue, Quebec, Canada.

Tactile stimuli normally activate contralateral primary and secondary 
somatosensory (S1, S2) cortices and ipsilateral S2. Patients with an excised 
cerebral hemisphere show only minor deficits in tactile detection (Olausson et 
al. NS99). We used fMR, to examine whether this preserved perception is 
subserved by ipsilateral S2 activation or by modified input to ipsilateral S1.

Four hemispherectomized patients (aged 26-47yrs) underwent fMRI 
scanning (1.5 Tesla scanner; BOLD methods) during tactile stimulation, using 
repetitive brushing (2 Hz, 20 cm/s) of the calf with a 7-cm-wide horse-hair 
brush. Each patient received six 6-min runs (3 for each leg), consisting of 
repeated 9s cycles of brush and rest. After each scan, subjects rated the 
stimulus intensity on a 5-point scale. Activation maps, generated using 
Spearman’s Rank Order Correlation, compared tactile stimulation to rest. 
Directed searches of S1 and S2 were performed.

Patients rated the intensity of the tactile stimuli similarly on the affected 
(contralateral to lesion) and unaffected (ipsilateral to lesion) sides of the body 
(contra: X=2.45; ipsi: X=2.55). As observed in normal subjects, tactile 
stimulation to the unaffected (ipsilateral) leg activated contralateral S1 and S2. 
Stimulation of the leg contralateral to the lesioned hemisphere (affected side) 
led to ipsilateral S2 activation in all patients, and some ipsilateral S1 activation 
in three patients. Nevertheless, the patient with no apparent ipsilateral S1 
activation rated the intensity of the brushing similarly to the other patients.

These data indicate that activity in ipsilateral S2 may be sufficient for 
tactile perception in hemispherectomized patients. However, ipsilateral S1 
activation in some patients suggests possible changes in somatosensory 
cortical input. Supported by the Canadian MRC, FRSQ and STINT.
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673.7

INTRINSIC OPTICAL SIGNAL IMAGING OF IPSILATERAL FOREPAW 
INPUTS TO CAT SIL M, Tommerdahl^O.V. Favorov. B.L, Whitsel and C.B, Metz. 
Dept. of Biomedical Engineering, Univ. Of North Carolina, Chapel Hill, NC, 27599.

The second somatosensory area (SII) of the cerebral cortex is the first cortical 
stage of the somatosensory projection pathway that integrates information arising 
from both sides of the body. At present, little is known about whether and how the 
inputs from the ipsilateral hand contribute to the response of SII. We studied SII 
response to ipsilateral distal limb stimulation in cats by optically imaging the 
intrinsic cortical signal in the near-infrared range (820-846nm). In each experiment 
optical images were obtained of SII responses to contra-, ipsi-, and bilateral 
stimulation of homotopic sites on the two fore limbs.

25Hz vibrotactile stimuli to the contralateral forelimb readily evoked optical 
responses in a local region within SII. In contrast, the response to 25Hz ipsilateral 
stimulation depended on proximo-distal position of the stimulus on the forelimb. 
Stimulation of digit pads of the ipsilateral forepaw was ineffective in evoking optical 
responses in SII proper. Ipsilateral digit pad stimulation, however, evoked optical 
responses in the suprasylvian fringe comparable in magnitude to the responses 
evoked by the contralateral same-digit stimulation. Unlike digit pad stimulation, 
25Hz stimulation of the ipsilateral central pad evoked prominent responses in SII. 
The SII region that exhibited the strongest response to the contralateral central pad 
stimulation also responded to stimulation of the ipsilateral central pad. However, the 
response of SII to the ipsilateral central pad was strongest not in the region that 
showed the strongest response to the contralateral central pad stimulation, but was 
maximal in a more posterior region of SIL These results suggest that the central pad, 
but not the digital pads, provide significant ipsilateral input to SII. Furthermore, 
while input from the ipsilateral central pad accesses SII regions that represent the 
contralateral central pad, the maximal response to ipsilateral central pad stimulation 
occurs in SII regions that map forelimb regions proximal to the central pad. 
Supported by NIH NS-32358.

673.8
MULTI-DIGIT RECEPTIVE FIELD STRUCTURES AND ORIENTATION 
TUNING PROPERTIES OF NEURONS IN SII CORTEX OF THE 
AWAKE MONKEY. P.J. Fitzgerald, J.W. Lane, T. Yoshioka*, T. Nakama,
S.S. Hsiao Krieger Mind/Brain Institute, Johns Hopkins University,
Baltimore, MD 21218.

In this study we investigate the responses of neurons with receptive fields that 
span multiple digits in the second somatosensory cortex (SII) to oriented bar 
stimuli. The responses of 792 neurons were studied from four hemispheres of 
two awake behaving monkeys {Macaco Mulatto). Stimuli consisted of an 
embossed bar mounted on the end of a linear motor (Chubbuck) that could be 
rotated to any desired orientation and positioned using an XYZ translation stage 
at any location on the animal’s digits. Two kinds of studies were done. In the 
first, the bar was randomly placed at 8 different orientation on the center of the 
proximal, middle and distal phalanges of digits 2-5. In the second, the distal 
phalanx that was maximally sensitive to the bar was studied with the bar oriented 
at 8 orientations but placed at many locations within the finger pad.

The results from the first study showed that a large majority of neurons in SII 
cortex have receptive fields that span multiple digits and that a subset of those 
neurons have orientation selective responses. Furthermore, the orientation 
selectivity was similar for phalanges on the same and different digits. The 
results from the second study showed that when the bar was placed at multiple 
locations within a finger pad that for many cells the orientation tuning was best 
explained by the response being position invariant. For some cells the orientation 
selectivity was best explained by the finger pad having localized regions of 
excitation and inhibition. (Supported by NIH R01 NS34086.)

673.9

RESPONSES IN SECOND SOMATOSENSORY CORTEX (SII) OF 
RHESUS DURING A VIBROTACTILE MEMORY TASK.
R.Sinclair*, and H.Burton. Department of Anatomy & Neurobiology, 
Washington University Sch. Med., St. Louis, MO 63110.

Neurons in SII with receptive fields on the glabrous hand were 
recorded while a Rhesus macaque performed a task of identifying the 
higher frequency of two vibrotactile stimuli sequentially presented by 
a 3mm diameter circular probe. Delays of 500, 2500, or 5000msec 
separated the two stimuli presented on each trial. The monkey operated 
a root pedal to initiate trials and identify the higher frequency of each 
pair. Adjacent frequency pairs, discriminable at -90% accuracy at 
500msec delay, were constructed from 10, 25, 70, 130, 270, 399Hz, 
using human equal-intensity amplitudes. Preliminary analyses 
identified 4 types of SII neural activity patterns obtained during the 
task. 1. In some cells, average firing rates (AFR) increased to similar 
levels during vibration at all frequencies. 2. In other cells, highest 
AFR to low frequency (10 or 25Hz) decreased to minimum at 130Hz 
frequency and aoove. 3. In some cells, these differential frequency 
responses persisted at a reduced level for 500msec post stimulus. 4. In 
some cells, gradually diminishing activity levels differentiated 
frequency up to 5000msec post stimulus. Results provide the first 
direct evidence of encoding a specific attribute of a tactile stimulus in 
post-stimulus neural activity levels. Differential activity levels for 
500msec post-stimulus resemble the time course of vibrotactile 
masking and sensory memory. Information in longer lasting post-
stimulus differential activity accounts for discrimination performance 
for up to 5000msec delays between discriminated pairs. Supported by 
NIH (NS3I005)

673.10

CORTICAL SUPPRESSION ENHANCES RAPID 
PLASTICITY IN THE PRIMATE SOMATOSENSORY 
THALAMUS
E.R, Ergenzinger*, N.C. Kurukulasuriva, and T.P. Pons,
Department of Neurosurgery, Wake Forest University 
School of Medicine, Winston-Salem, NC 27157.

Studies of reorganizational plasticity have debated whether 
changes first occur in cortex or in subcortical stations. In 
the present study we show that cortex, through its massive 
corticofugal projections, can dramatically modulate 
reorganizational changes at subcortical stations. When 
paired with peripheral nerve section, suppression of cortex 
produced a significant increase in the percentage of 
responsive recording sites in the thalamus and the 
emergence of a novel type of disjointed receptive field 
encompassing both the lateral face and the hairy hand. 
These effects were specific to the thalamus and not 
observed in the brainstem cuneate nucleus. These findings 
show that top-down projections from cortex greatly 
influence plasticity at some subcortical stations, but not 
others, and may provide a biological mechanism to explain 
the immediate emergence of phantom sensations in some 
amputees.
This research was supported by NIH grants MH11950-01, 
MH53369-02 and NS35246-01.

673.11

PHOSPHORYLATION INCREASES THE DURATION OF GABAa  
RECEPTOR-MEDIATED IPSCs IN THALAMIC RETICULAR NEURONS. 
Molly M. Huntsman* and John R. Huguenard, Dept. of Neurology & Neurological 
Sciences, Stanford University, Stanford CA, 94305.

The inhibitory connections between neurons of the reticular thalamic nucleus 
(RTN) give rise to slowly decaying spontaneous IPSCs (sIPSCs) that are likely 
determined by selective expression of GABAa  receptor subunits. However, within a 
single recording, there are a proportion of very fast sIPSCs intermixed with long- 
lasting events. Given the limited subset of GABAa  receptor subunits present within 
the RTN, slPSC heterogeneity is likely to arise from dynamic modulation of the 
multimeric GABAa  receptor complex, such as through alteration in phosphorylation 
states. In the present study, whole-cell voltage clamp recordings of RTN neurons 
were examined from acute thalamic slices of adult rats during conditions of 
increased phosphorylation. In all cells examined (n=12), bath application of the 
PKA activator, 8-(4-CPT)-cAMP, decreased sIPSC amplitude (28%, p<0.001) and 
slowed decay kinetics (17%, p<0.004). Double exponential fits revealed an 
acceleration of fast decay component and a prolongation of the slow component. In 
other experiments, sIPSCs were examined in serial recordings in the absence and 
presence of the phosphatase inhibitor, microcystin, in the recording pipette (n=7). 
Intracellular microcystin produced similar affects as with bath CPT-cAMP 
application, but without the reduction in sIPSC amplitude. Thus, phosphorylation 
provides a powerful and dynamic way of altering sIPSC kinetics in the thalamic 
circuit. This modulation may be influential in controlling the transformation of de-
synchronized network activity into pathophysiological rhythms observed in certain 
forms of epilepsy. Supported by NIH grants NS0647, NS072280, NS34774, 
NS 10768-01 and the Pimley Research Fund.

673.12
RECIPROCAL INHIBITORY CONNECTIONS PRODUCE DESYNCHRONIZING 
PHASE LAGS DURING INTRATHALAMIC OSCILLATIONS V.S. Sohal and J.R. 
Huguenard*. Dept. of Neurology and Neurological Sciences, Stanford Univ. School 
of Medicine, Stanford, CA 94305.

GABAa  p3'/_ knockout mice have features of Angelman syndrome including 
absence-like seizures. These mice exhibit selective reductions in the amplitude and 
duration of currents associated with inhibitory synapses between thalamic reticular 
(RE) neurons. Consequently, oscillations in thalamic slices from knockout mice last 
longer and exhibit smaller spatial phase gradients than do those from wild-type mice 
(Huntsman et al., Science 283:541, 1999). Here we used a computational model, 
based on earlier work (Sohal and Huguenard, J Neurophys 80:1736,1998), and 
incorporated intracellular data from p3+/+ and p3'z' mice to study mechanisms by which 
intra-RE inhibition shortens and desynchronizes intrathalamic oscillations. First, the 
duration of intrathalamic activity is shortened by residual intra-RE inhibition after a 
cycle of activity which shunts subsequent excitatory input. Second, we compared two 
possible mechanisms by which intra-RE inhibition produces phase gradients. The 
first resulted from distance-dependent RE cell activation. Near the center of the 
network, more RE cells were active, as a result, the level of intra-RE inhibition was 
higher, and RE cell bursts were thus shorter than at the periphery. This gradient in RE 
cell burst duration produced a corresponding gradient in the timing of thalamocortical 
(TC) cell activity. In models of slices from p3+/+ mice, activity 500 pm from the 
center of the model slice lagged that at the center by 29 msec (compared to only 8 
msec in p3'/_ models). A second mechanism might also produce phase gradients if 
intra-RE inhibition selectively delayed the beginning of bursts in peripherally located 
RE cells. However, we found that while intra-RE inhibition can change which RE 
cells burst, it has little effect on burst timing. These results suggest that long-lasting 
GABAa  currents in RE cells prevent sustained hypersynchronized oscillations by 
hastening the end of RE cell bursts and shunting return EPSPs. Supported by NIGMS 
(VSS) and NINDS (JRH).
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673.13
TETRODE RECORDINGS IN THALAMOCORTICAL 
CIRCUITS OF THE WHISKER/BARREL SYSTEM. R.M. 
Bruno1, G.E. Carvell1,2* and D.J. Simons'. Dept. of Neurobiology1 and 
Physical Therapy2, Univ. of Pittsburgh; Pittsburgh, PA 15261.

Previous studies have indicated that local circuits in layer IV of 
the rodent somatosensory cortex are more sensitive to the timing of 
their thalamic inputs than their magnitudes. To investigate this issue 
further, we employ simultaneous recordings of multiple thalamic and 
cortical neurons. The small size of thalamic barreloids and cortical 
barrels as well as the desirability of recording from neurons within 
close proximity of one another limits the usefulness of arrays of 
independent electrodes. We have explored the use of tetrodes, which 
have been of considerable value in recording from multiple neurons 
simultaneously in the hippocampus. Tetrode designs that work well in 
hippocampus also yield excellent recordings with good spike 
separation in the thalamus and in cortical layer V. We find that these 
configurations are ill-suited, however, for recording from cortical layer 
IV, which is densely populated with small neurons. Such recordings 
suffer from substantial superposition of spikes and lack of waveform 
differentiation across channels. Spike overlap can be reduced and the 
stereo effect enhanced by constructing tetrodes from small (10-um) 
diameter wires and by increasing the separation between the 
component wires. We also describe a modified version of the semi-
automated spike-sorting algorithm developed by Fee et al (J. Neurosci. 
Meth. 69:175, 1996). Supported by NS 19950.

673.14
ACTIVITY-DEPENDENT CHANGES OF AFFERENT 
SENSORY TRANSMISSION IN THE SI CORTEX OF RATS

Physiol., Coll, of Med. Hallym Univ., Chunchon, Korea, #200-702, 
2Dept. of Pharmacol. Coll, of Med. Korea Univ. Seoul, Korea, 
#136-705

We have characterized the aftereffects of impulse activities on the 
transmission of afferent sensory transmission to the primary somatosensory 
(SI) cortex of the anesthetized rats. Following conditioning electrical 
stimulation (CS, low frequency: 2, 5, 10Hz, high frequency: 50, 100, 200Hz, 
duration: 10 sec, voltage'- 1.5-3.5V) to the receptive field (RF) of the forepaw 
area, quantitative determination of the changes of afferent sensory 
transmission was done by generating poststimulus time histogram of unit 
response to the testing stimulation (TS, at 0.5Hz) to the RF for 60 min. The 
results showed that CS of 2 & 5Hz exerted increases of afferent sensory 
transmission of TS (2Hz'- +24.87±11.6%, n=8; 5Hz: +15.15±10.0%, n=8, after 40 
min of CS). CS of 10Hz resulted in much stronger facilitation (+32.27±12.0%, 
n=9) than CSs of lower frequencies did. In contrast to the facilitatory 
effects-induced by low frequency CS, however, CS of high frequencies 
suppressed afferent sensory transmission of TS in frequency-dependent 
manner. (50Hz‘- -9.16±9.8%, n=7; 100Hz'- -10.97±7.1, n=6; 200Hz'- -27.75±8.8%, 
n=ll, after 40 min of CS). These activity-dependent afferent modulations 
were gradually increased after CS and they were not diminished to the 
control level till 60 min after either 10 or 200 Hz of CS. The results of this 
study provides an evidence that different rates of previous impulses for even 
short period of time may exert long lasting differential influences on the 
transmission of incoming afferent inputs to the SI cortex, (supported by 
the ‘98 Hallym University Grant HCShin and the '97 Hallym 
Academy of Sciences Grant to JYKoh).

673.15

STIMULATION TO THE RF OUTSIDE INDUCES CHANGES 
OF SENSORY TRANSMISSION TO. THE SI CORTEX S.M. 
Ryu1*, Y.M. Yang1, S.C, lung1, HC. Shin1 & S.BN, Leon TPeot. of 
Physiol., Coll. Med., Hallym Univ., Chunchon, “Dept of Acupuncture. Cdl. 
Oriental Medicine. Kyungsan Univ., Taegu, Korea

Spatially separated skin areas are often activated simultaneously and 
repetitively in touch behaviours. In accompanying abstract we have shown 
that afferent sensory transmission in the SI cortex is strongly influenced by 
previous impulse activities. In this study we have asked whether this 
activity dependence may also be influenced by simultaneous activation of 
skin area remote (RFR) to the receptive field (RF, forepaw). The stability of 
afferent sensory transmission from the RF was maintained during 15 min of
0.5Hz of test stimulation (TS) and then conditioning stimulations (CSs: 
CSRF & CSRFR) were simultaneously delivered to both RF and RFR for 10 
sec at either 5 or 200Hz. Ceasing these CSs, quantitative determination of 
the changes of activity-dependent modulation of sensory transmission was 
done by generating poststimulus time histogram of unit response to the TS 
for 60 min. The results showed that CSRF of 5Hz alone exerted 
augmentations (+15.15±10.0%, n=8, 40 min after CS) of sensory transmission, 
but simultaneous CSs (CSRF+CSRFR) induced significant suppressions 
(-11.62±3.4%, n=9, forepaw RFR; -32.32±8.2%, n=12, hindpaw RFR), which 
recovered to control level by 60 min post-CSs. CSRF of 200Hz alone showed 
inhibitions (~27.75±&8%, n=ll) of sensory transmission, but simultaneous CSs 
exerted facilitations (+28.90±8.9%, n=5), which did not recover untill 60 min 
post-CSs. The results of this study suggest that afferent transmission to SI 
cortical neurons may be strongly influenced in activity-dependent manner by 
simultaneous activation of remote skin area, (supported by the ‘98 
Oriental Medicine Research Grant to SBNLeem).

673.16

NEURAL COOPERATIVITY ACROSS PRIMARY AND SECONDARY 
SOMATOSENSORY CORTEX. S.A. Roy* and K.D. Alloway, Dept. 
Neuroscience & Anatomy, Pennsylvania State University, Hershey, PA 17033.

In cats, both SI and SII receive topographically organized projections from 
the ventrobasal complex and have reciprocal corticocortical connections with 
each other. These anatomical connections suggest that these cortical areas 
interact with each other during cutaneous stimulation. To determine if neuronal 
populations in SI and SII participate in coordinated temporal firing patterns 
during somatosensory processing, we simultaneously recorded SI and SII 
neurons during spontaneous and stimulus-induced activity.

Experiments were performed on halothane-anesthetized cats previously 
implanted with a stainless steel recording chamber. Arrays of 1-4 electrodes 
were inserted into the forelimb and digit representations so that neurons with 
overlapping receptive fields were recorded from both SI(n l43) and 
SII(n=133). Moving airjets were aimed at sites in the receptive fields. Cross-
correlation analysis (CCGs) and Joint Impulse Configuration Scatter diagrams 
(Snowflake plots) were used to detect interactions between pairs and triplets of 
neurons, respectively.

During cutaneous stimulation some triplets of neurons in homotopic 
representations of SI and SII discharge in precisely timed sequences. In 57 out 
of 91 Snowflake plots revealing organized temporal structure, CCGs across the 
underlying SI-SII neuron pairs did not show significant synchronized peaks. 
These data show that SI and SII neuronal populations participate in 
coordinated temporal firing patterns during sensory processing, and suggest 
that individual neuron pairs that do not show synchronized firing are still 
participating in larger assemblies of coordinated activity.
Supported by NIH grant NS29363-07.

673.17

STIMULUS SPECIFICITY OF RESPONSES TO MULTI-WHISKER 
STIMULATION IN THE BARREL CORTEX OF RATS. S, Shimegi1. 
IJ^hikaW, L-Akasaki!, Y.Bata2* and H, Sato1, Sch. of Health & 
Sport Sciences, Osaka Univ., Toyonaka, 560-0043 JAPAN1, and Dept. 
of Neurophysiology, Osaka Univ. Med. Sch., Suita, 560-0871 JAPAN2

Previously, we reported that a large population of barrel cortex 
neurons (42%) exhibited facilitatory interaction of responses to multi-
whisker stimulation, that is, the response was greater than the linear 
sum of the individual whisker responses. In the present study, to 
examine the stimulus specificity of facilitation, such as combination of 
whiskers, sequence and direction of deflection, we performed 
extracellular recordings in the barrel cortex of rats anesthetized with 
urethane during deflection of two whiskers with various stimulus 
parameters. The facilitation occurred mostly when two whiskers were 
stimulated simultaneously or with short intervals (mostly, within 3 
msec) regardless of the sequence of whisker deflection. In three 
quarters of analyzed cases, facilitation occurred selectively to 
combination of whiskers. That is, the facilitation occurred only to a 
combination of a principal whisker and either one of two adjacent 
whiskers in the same row. Also, approximately 60 % of the cases with 
facilitation were selective to direction of whisker deflection. These 
results suggest that spatio-temporal patterns of multi-whisker 
deflections are represented as particular type of response interaction in 
the barrel cortex.

Supported by 09780060, 09268211 and 08458268 from Japanese 
Ministry of Education, Science, Sports and Culture, and by JSPS- 
RFTF96L00201.

673.18
MODULATION OF STIMULUS EVOKED RESPONSES IN A 
COMPUTATIONAL MDOEL OF THE RAT TRIGEMINAL SYSTEM. K.A. 
Moxon*, B. Waterhouse, J. K. Chapin MCP Hahnemann University., 
Depart, of Neurobiology and Anatomy, Philadelphia, P.A. 19129.

To study the role of neuromodulators on the response properties of 
networks processing sensory information, we combined computational 
models of the rat trigeminal somatosensory system with multiple-single unit 
recordings in-vivo. Our data suggested that global release of endogenous 
norepinephrine (NE) in sensory relay circuits caused a net facilitation of 
signal transmission through sensory networks. Our model simulated 
individual cells using a two-compartment equivalent circuit representation. 
Each cell was modeled with nine membrane conductances including a low 
threshold calcium current, lT, voltage dependent potassium current, lA and 
hyperpolarizing activated cation current, lH- Two interconnected populations 
were modeled: ventroposterior medial thalamic (VPM) cells and inhibitory 
reticular thalamic nucleus (RTN) cells. The effects of NE were modeled by 
modifying the activity of lA and lH- In the model, changes in lH had no 
noticeable effect on the latency or amplitude of stimulus-evoked responses. 
Decreases in lA reduced the latency and increased the amplitude of sensory 
responses. Unlike our data recorded in-vivo, there was little effect on non-
stimulus related activity (NSRA) in the system. These results suggest that 
other network phenomena may contribute to the reduction of NSRA. In 
particular, it has been shown in cortex and cerebellum that NE can enhance 
both synaptically-evoked and transmitter-mediated excitation and inhibition. 
Previous modeling studies from our lab suggested that the NSRA could be 
reduced by increases in local cortical inhibition. Therefore, the full effects 
of neuromodulators may result from local as well as network wide changes 
in sensory response patterns. Supported by NIH R01-NS-6-2352, NIH RO1- 
NS26722, and ONR N00014-98-1-0679 to JKC.
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673.19
PUTATIVE CODING STRATEGIES OF SOAAATOSENSORY CORTICAL AND 
THALAMIC ENSEMBLES IN THE RAT. Asif A, Ghazanfar*, Christopher R, 
Stambaugh, and Miguel A.L. Nicoleiis. Department of Neurobiology, Duke 
University Medical Center, Durham, NC 27710.

The large, multi-whisker receptive fields of cortical and thalamic neurons 
in the rat somatosensory system suggest that this system uses a distributed 
coding scheme to represent tactile features, such as location. In support of 
this, previous experiments demonstrated that small ensembles of neurons 
perform several times better than single neurons at discriminating tactile 
location on a single trial basis (Ghazanfar et al., SFN 1998). Here, we 
investigated, in the anesthetized rat (n=6), potential coding strategies that 
could account for the superior performance of neural ensembles. Using 
discriminant analysis, we investigated how disrupting the different types of 
temporal relationships among neurons affected performance. We found 
that "trial-shuffling”, where the spike trains of neurons from one trial were 
randomly switched with the same neuron’s spike train from another trial, 
did not degrade performance. "Spike-shifting”, which disrupted the phase 
relationships of neurons by shifting spike trains ±6-12ms relative to each 
other, resulted in a significant degradation of performance. The amount of 
degradation following 'spike-shifting’ increased as a function of the number 
of whiskers used in the discrimination. Together with our previous results, 
this study provides evidence that cortical and thalamic ensembles may 
employ multiple coding strategies to represent tactile features, including the 
firing rates within an ensemble response, the temporal distribution of 
spikes, and the phase relationships between neurons. Moreover, since 
phase-relationships between neurons played a more significant role as the 
number of whiskers used increased, our data suggest that coding strategies 
may be context-dependent. NIH DE-11121-01 and Whitehall Foundation.

673.20

SENSORY VIBRISSA STIMULATION EVOKES LOW FREQUENCY 
OSCILLATIONS IN THE SOMATOSENSORY CORTEX OF THE RAT. IC 
Schiene*. C. Bruehl and O.W. Witte. Dept. of Neurology, Heinrich-Heine-University, 
Moorenstr. 5,40225 Duesseldorf, Germany.

A considerable interest has recently been devoted to the functional importance 
and significance of rhythmical brain activities for cooperative brain functions.Most 
of attention has been attributed to fast brain activity called gamma waves. Here we 
present a study which suggest that sensory evoked low frequency oscillations could 
have specific function for sensory processing and coding.

Extracellular recordings with tungsten microelectrodes were performed in the 
cortical vibrissa representation (barrel cortex) on slightly anesthetized animals. 
Sensory stimuli were applied using small vibrissa deflections (0.5°). This stimulation 
induced a short latency response followed by an inhibitory period. Thereafter, 
oscillations in the frequency range of 10 to 25 Hz occurred. The mean interburst 
frequency was 18.5 ±4.1 [Hz] (n = 11 animals). The oscillations consisted of 
about 3 to 7 peaks and terminated 250 to 500 ms after the stimulus. The multi-unit 
registrations showed oscillations in a cortical depth of800 -1100 pm with maximal 
amplitudes around 900 pm in the barrel field of the primary parietal cortex which 
belongs to layer IV/Va. Stimulation of a vibrissa induced oscillations mainly in its 
corresponding cortical representation (barrel). Stimulation of surrounding vibrissae 
mostly was non-effective in evoking oscillations. These findings provide that the 
oscillations are not a global unspecific phenomenon, but show strong local 
specificity. Furthermore the oscillations show clear signs of interaction with an 
incoming stimulus. The oscillatory component do not block an incoming primary 
response. Furthermore, a second stimulus, evoked by stimulation of a neighboring 
vibrissa after a given interstimulus interval, could modify the oscillatory component.

Therefore it could be hypothesized that this type of oscillation keeps information 
available over several hundred miliseconds which could be used for the processing
of sequential events.
Supported by DFG, SFB 194 B2

GASTROINTESTINAL AND UROGENITAL REGULATION: PATHOPHYSIOLOGY

674.1

EFFECT OF ORAL ADMINISTRATION OF ZD6169, A KAm CHANNEL 
OPENER ON CYCLOPHOSPHAMIDE INDUCED CYSTITIS IN AWAKE 
RATS. Y.B. YU*. W.C. de GROAT. Department of Pharmacology, University 
of Pittsburgh, Pittsburgh, PA 15261.

Our previous experiments indicated that the effect of ZD6169 on reflex 
bladder activity is similar to that of capsaicin, a C fiber-afferent neurotoxin. In 
this study the effect on voiding function of ZD6169 (5 mg/kg, p.o.) and 
capsaicin (125 mg/kg, s.c.) were evaluated in control awake female Sprague- 
Dawley rats and in rats after induction of cyclophosphamide (CYP) cystitis. 
Voiding patterns were monitored for 24 hours in a metabolic cage and then rats 
received a single intraperitoneal injection of CYP (150 mg/kg, i.p .) followed in 
3 hr by administration of ZD6169 or its vehicle. Capsaicin was injected 4 days 
prior to the experiments. In control rats (n=8) ZD6169 slightly decreased 
voiding frequency (VF, 24±2.3 versus 16 ± 1.3 voids/24 hrs) and slightly 
increased volume per void (W, 0.67 ± 0.09 versus 0.78 ± 0.06 ml/void) and 
did not change urine output (UO, 13.45±1.5 ml/24 hrs versus 12.34 ± 1.6 
ml/24hrs). CYP increased VF (170 ± 15 voids/24 hrs) and urine output (UO) 
for 24 hrs (21.76 ±4.36 ml) and decreased W (0.12 ± 0.02 ml/void). ZD6169 
reduced the effects of CYP (VF: 44 ± 5.2 voids/24 hrs; W. 0.4 ± 0.02ml and 
UO: 17.89 ± 3.08 ml). Capsaicin in normal rats (n=4) did not significantly 
change voiding parameters, but in CYP-treated animals (n=4) it markedly 
reduced VF (39±9.5 voids/24 hrs) and UO (7.64 ±2.6 ml) but did not change 
W (0.17 ± 0.02 ml). These data indicate CYP-cystitis is accompanied by 
increased urine production and voiding frequency. Both capsaicin and ZD6169 
reduced these effects, suggesting that ZD6169, like capsaicin, alters urinary 
tract function by suppressing the activity of C-fiber afferent nerves. Supported 
by NIH grant DK-49430.

674.2

DOPAMINERGIC MECHANISMS UNDERLYING BLADDER HYPERACTIVITY 
IN RATS WITH A UNILATERAL 6-HYDROXYDOPAMINE (6-OHDA) LESION OF 
THE NIGROSTRIATAL PATHWAY. S. Kuno1*, W.C. de Groat2 andN. Yoshimura2. 
‘Dept. of Neurology, Utano National Hospital, Kyoto, Japan; 2Dept. of Pharmacology, 
Univ. of Pittsburgh Sch. Med., Pittsburgh, PA 15261.

Neurogenic bladder hyperactivity is commonly observed in patients with Parkinson’s 
disease (PD). This study was undertaken to elucidate dopaminergic mechanisms inducing 
bladder hyperactivity in rats with PD induced by a unilateral 6-OHDA injection (4 pg in 
2 pi) into the substantia nigra pars compacta 2 weeks prior to the experiment. In 6- 
OHDA-Iesioned rats, voided volume per micturition (0.41 ± 0.04 ml, mean ± SE, n=8) 
measured during 24 hr in a metabolic cage was significantly smaller than in sham- 
operated rats (0.67 ± 0.04 ml, n=6). Cystrometrograms (CMGs) in awake animals 
revealed significantly smaller bladder capacities (BC) (0.46 ± 0.03 ml, n=8) in 6-OHDA 
rats than in sham rats (0.72 ± 0.06 ml, n=6). SKF38393 (D,/D5 agonist) (0.5-1.0 mg/kg, 
i.v.) significantly increased BC during CMGs by 28-51% in 6-OHDA rats without 
apparent effects in sham rats. SKF38393 (2-5 pg) applied intracerebroventricullary 
(i.c.v.) under urethane anesthesia also increased BC by 34-90% in 6-OHDA rats and by 
a smaller increment (41%, 5 pg) in sham rats. In contrast, quinpirole (D2/D3 agonist) 
(0.2-0.4 mg/kg, i.v.) significantly reduced BC by 34-51 % and 28-54% in awake sham and 
6-OHDA rats, respectively. I.C.V. injection of quinpirole (1- 2 pg) also reduced BC by 
25-37% and 23-38% in urethane-anesthetized sham and 6-OHDA rats, respectively. 
PD 128907 (Dj-preferring agonist) (0.5-1 pg, i.c.v.) slightly (10-22%) increased BC in 
6-OHDA rats. These results indicate that a rat model of PD exhibited bladder 
hyperactivity as observed in patients with PD, and that stimulation of D,/D5 dopamine 
receptors at a supraspinal site can suppress bladder hyperactivity in PD whereas 
stimulation of D2, but not D3, dopamine receptors had the opposite effect to reduce 
bladder capacity. Thus D,/D5 dopamine receptor agonists might be effective in treating 
neurogenic bladder hyperactivity in PD. (Supported by Center of Excellence in PD at the 
University of Pittsburgh and Scaife Family Foundation, Inc.)

674.3

CHANGES IN GROWTH ASSOCIATED PROTEIN (GAP-43), CALCITONIN GENE-RELATED 
PEPTIDE (CGRP) AND PITUITARY ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE 
(PACAP-38) LN L6-S1 SPINAL CORD AND DORSAL ROOT GANGLIA (DRG) FOLLOWING 
CYCLOPHOSPHAMIDE (CYP)-INDUCED CYSTITIS. N. Pelissier. G, Doone, M.M, Boyle 
and M.A, Vizzard*. Univ. of Vermont, Depts. Neurology/Anatomy and Neurobiology, 
Burlington, VT 05405.

Chronic pathological conditions inducing tissue inflammation can alter the properties of 
sensory pathways. These changes have been linked to alterations in gene expression and 
synthesis of neurotransmitters. This study examined the distribution of GAP-43, CGRP and 
PACAP-38 in L5-S1 spinal cord and DRG in a chronic rat model of CYP-induced cystitis. 
CYP was administered (75 mg/kg, i.p., n=15) every 3rd day for 10-14 days. In some 
animals, 5-7 days prior to CYP injection, Fast Blue (FB) was injected into the bladder wall to 
label bladder afferent cells in the L6-S1 DRG. Following cystitis, the density of GAP-43 
immunoreactivity (IR) was significantly increased in specific regions of the L6-S1 but not 
L5 spinal cord. In the L6 segment, GAP-43-IR significantly (p£0.001) increased in the: 
lateral collateral pathway (LCP; 1.6-fold), sacral parasympathetic nucleus (SPN; 3.0-fold) 
and dorsal commissure (DCM; 3.8-fold). In the SI segment, comparable increases were 
observed in the LCP (1.8-fold) and SPN (2.9-fold); however, no change was detected in the 
DCM. In control (no treatment or vehicle) L6-S1 DRG, virtually all FB-labeled bladder cells 
exhibited GAP-43-IR. This percentage (-100%) was unaltered with cystitis. Following 
cystitis, CGRP-IR was also increased in the L6-S1 spinal cord in the dorsal horn, LCP and 
SPN regions but no change was detected in the L5 segment. The percentage of FB-labeled 
cells exhibiting CGRP-IR significantly (p^O.Ol) increased (74±8%) in the L6 DRG 
following cystitis compared to controls (51±10%); no change was detected in the SI DRG. 
Following cystitis, PACAP-38-IR was dramatically increased in the LCP in the L6-S1 
segments. These results demonstrate: 1) upregulation of GAP-43-, CGRP- and PACAP-IR in 
L6-S1 spinal cord and DRG following CYP-induced cystitis; 2) increased expression of GAP- 
43 suggesting reorganization of lower urinary tract pathways consistent with altered bladder 
function (hyperreflexia); 3) alterations in CGRP- and PACAP-IR suggesting a role in altered 
sensory processing and/or altered bladder reflexes in chronic cystitis. [Supported by NIH 
grant DK51369]

674.4
CONNEXIN43 LOCALIZATION IN HYPERTROPHIED URINARY 
BLADDERS OF RATS WITH BLADDER OUTLET OBSTRUCTION. P.C. 
Dolber1,2,4'* C. Hampel1,4,5, R.E, Bremer1,4 and K.B. Thor1,3,4,6 ’Urology, 
Pathology & 3Ob/Gyn, Duke U. Med. Ctr., Durham, NC 27710; 4Urology, VA 
Med Ctr, Durham, NC 27705; 5Urology, U of Mainz, Mainz, Germany; “GenuPro, 
Inc., Morrisville, NC 27560

Bladder outlet obstruction is associated with the development of bladder 
instability, i.e., development of involuntary bladder contractions occurring during 
the filling phase of the micturition cycle. Bladder instability may arise from 
alterations not only in the neurons regulating the bladder (neurogenic mechanism) 
but also in bladder smooth muscle itself (myogenic mechanism). Involved in the 
myogenic mechanism may be increases in intercellular electrical coupling, 
presumably mediated by gap junctions. Thus, Elbadawi et al. (’93, ‘97) have 
demonstrated unusual intercellular junctions in unstable bladders which may 
subserve intercellular electrical coupling. However, definitive gap junctions are 
very hard to find in either normal or hypertrophied bladders.

Gap junctions are formed of connexins; in smooth muscle, the most frequently 
encountered of these is connexin43. Accordingly, we looked for connexin43 
immunoreactivity (IR) in rats with bladder outlet obstruction (BOO). BOO was 
produced by placing a ligature around the urethra; for sham-operated rats, the 
ligature was omitted, while controls were completely unoperated. After 6 weeks, 
we removed the bladders and immersion fixed them for either frozen sections<6 
controls, 6 shams, and 5 BOO) or paraffin sections (6 shams, 6 BOO). No 
connexin43 IR was found in any of the control nor sham rats. However, all of the 
hypertrophied rat bladders showed connexin43 IR in variable amounts. 
Counterstaining of the bladder smooth muscle sarcolemma with wheat germ 
agglutinin showed that the connexin43 labeling was restricted to the cell surface. 
These results further support the hypothesis that increased intercellular electrical 
coupling may contribute to bladder instability. (Supported by a grant from the VA 
and the Department of Defense.)
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674.5
INTRAVESICAL VANILLOID APPLICATION INCREASES GALANIN AND C- 
JUN IMMUNOREACTIVITY IN RAT DORSAL ROOT GANGLION CELLS 
F,..Cruz\ A A-Vglmo and AntQniQ Coimbra- Institute of Histology and Embryology 
and Dept of Urology of Hospital S. Joao, Faculty of Medicine of Porto,4200 Porto, 
Portugal.

The intravesical application of the vanilloids capsaicin (CAP) or resiniferatoxin 
(RTX) causes a reversible desensitization of bladder sensory fibers during which 
block of sensory transmission and depletion of substance P and CGRP occur 
transiently. The role played by c-jun and galanin in the neuronal mechanisms that 
take place during desensitization are addressed in the present study. Both c-jun and 
galanin overexpression have been implicated in regeneration of sensory neurons 
following other forms of afferent injury like peripheral axon section or block of 
axonal transport.

Adult female Wistar rats were anesthetised with halothane and the bladder was 
catheterized through the urethra with a polyethylene catheter . A volume of 0.5 ml of 
lOOnM RTX, ,lmM CAP or their respective vehicles were instilled for 30 minutes. 
In the end the bladders were rinsed with saline and the animals allowed to recover. 
One week later they were reanesthetised with i.p. chloral hydrate and perfused with 
4% paraformaldeyde. The L6 spinal ganglia were sectioned at 40 pm and alternate 
sections were immunoreacted against galanin and c-jun protein using the ABC-HRP 
method.

Following vanilloid application there was a marked increase of the number of 
galanin immunoreactive cells (11 and 15 fold after CAP and RTX, respectively). An 
increase of Jun immunoreactive nuclei was also evident after vanilloid application.

We conclude that cessation of sensory desensitization induced by topical 
vanilloids may implicate mechanisms of neuronal regeneration in which c-jun and 
galanin participate.
Funded by IBMC, Porto,Portugal.

674.6

OVARIECTOMY DECREASES URINARY FREQUENCY IN AN 
ANIMAL MODEL OF INTERSTITIAL CYSTITIS. J. Luber- 
Narod1* and Y. Delville2. ’Dept. of Surgery/Urology and 2 Dept. of 
Psychiatry, Univ. of Mass. Med. Sch., Worcester, MA. 01655.

In women, estrogens have been associated with elevations in 
urinary frequency. A similar association has been reported with 
Interstitial cystitis (IC), a painful bladder disorder. We investigated 
the effects of ovariectomy in an autoimmune rat model of enhanced 
urinary frequency, Experimental Autoimmune Cystitis (EAC) which 
resembles IC. We, therefore, hypothesized that ovariectomy would 
decrease urinary frequency in this model. Female Lewis rats were 
either ovariectomized or sham-operated and injected with either 
bladder antigens (homogenized rat bladder in Freund’s adjuvant) to 
induce EAC or vehicle (Freund’s adjuvant). Urinary frequency was 
determined weekly over an 8 week period by fluorescent spot counts. 
The results indicate that ovariectomy decreased urinary frequency in 
both vehicle-injected and bladder antigen-injected animals. The 
nature of the effect has not as yet been determined. These data 
support the use of this animal model to address the mechanisms 
promoting the elevation of urinary frequency in IC as well as 
potential hormonal therapies.

Supported by NIDDK grant #47527.

674.7
INFLUENCE OF REPRODUCTIVE STATUS ON LOWER URINARY TRACT 
PATHOPHYSIOLOGY IN THE FEMALE RAT. O.L, Lyons* and K.J. Berkley. 
Program in Neuroscience, Florida St. Univ. Tallahassee, FL 32306-1270.

A model of urinary inflammation in the rat (McMahon and Abel, 1987) 
uses repeated cystometrograms (CMG) to assess the development of 
bladder hyper-reflexia over a 3-hr period after an intravesicular infusion of 
0.75 ml 50% turpentine in olive oil via a transurethral catheter. Using 
this model, the present study tested the hypothesis that susceptibility to 
bladder hyper-reflexia varies with reproductive status. Subjects were 77 
young adult, 200-250 g, Sprague Dawley, urethane-anesthetized rats. On 
the day of the experiment, each rat was in metestrus (M), diestrus (D), 
proestrus (P), estrus (E), ovariectomized (OVX) or sham OVX-E (tested in 
estrus). For each CMG, bladder pressure changes were measured for 15 
min while saline was slowly infused (0.05ml/min) into the bladder. Five 
CMGs were obtained for each rat: two pre-turpentine controls (5-min 
interval) and three CMGs at 1- 2- and 3-hours post-turpentine. Bladder 
hyper-reflexia, assessed by a reduction in micturition threshold (ml saline 
infused before first micturition contraction) and/or an increase in 
contractions, increased significantly across time (p^O.OOOl), replicating 
previous studies (Dmitrieva et al., 1997). The severity of hyper-reflexia 
was less in D than in P, E, OVX and sham OVX-E. Furthermore, during 
the course of this work on a total of 178 rats, we observed that some 
(14.4%) developed hematuria after urethral catheterization but before 
turpentine infusion (such rats not included above). Rats with low estrogen 
levels (E, OVX and sham OVX-E) were less likely to develop hematuria 
than those with moderate to high levels (M, D and P; p=0.054). These 
results suggest that reproductive status has complex influences on lower 
urinary tract pathophysiology. Supported by NIH grant NS 11892.

674.8

NERVE REGENERATION AND VOIDING PATTERNS AFTER PUDENDAL 
NERVE CRUSH IN FEMALE RATS M S Damaser? 2 K. Sakamoto.2 G.M. 
Smith? P. Storer?9 and K.J. Jones13*, ’Research Service. Hines VA 
Hospital. Hines, IL 60141; *Dept. of Urology, Loyola University Medical 
School; sDept. of Cell Biology, Neurobiology, and Anatomy, Loyola 

University Medical School, Maywood, IL 60153.
The objective of this study was to determine if changes in urinary behavior 

are temporally related to neuro-regenerative activity after bilateral pudendal 
nerve crush in female rats. Eighteen female rats underwent bilateral 
pudendal nerve crush, with 17 rats as unoperated controls. Animals were 
housed in modified metabolic cages for measurement of voiding behavior 6 
and 13 days post-operatively (dpo) for 24 h. Mean urinary volume and 
urinary frequency were calculated separately for light and dark periods and 
were normalized to the amount of water drunk. At either 7 or 14 dpo, the 
lumbar spinal cords were removed, frozen, transversely sectioned (20 pm), 
and processed for in situ hybridization with a pii tubulin cDNA probe. At 
6dpo, normalized mean urinary volume during the light cycle in the nerve 
crush grpup (0.021 + 0.003) was decreased compared to the control group 
(0.032 + 0.004). At 13 dpo, there was no difference in mean urinary volume 
in the light cycle between nerve crush (0.029 + 0.006) and control groups, 
indicating a return to normal behavior. At 7dpo, dorsolateral motoneuron 
(DLM) grain density was significantly increased in the nerve crush group 
(2.49 + 0.38) compared to the control group (1.01 + 0.10). At 14 dpo, there 
was no significant difference in DLM grain density between nerve crush 
(1.47 + 0.28) and control (1.13 ± 0.12) groups, indicating an end to that 
stage of nerve regeneration. This research suggests that initiation of nerve 
regeneration occurs prior to normalization of voiding behavior after pudendal 
nerve crush. Supported by a VA Career Dev. Award (MSD), Society for 
Women in Urology (KS), & NS 28238 (KJJ).

674.9

INCREASING LOSS OF BLADDER-SPHINCTER COORDINATION WITH 
GRADED SEVERITY OF SPINAL CORD INJURY (SCI) IN RATS. V. Pikov* 
and J.R. Wrathall. Dept. Cell Biology, Georgetown Univ., Washington, DC 20007

Chronic effects of graded SCI on lower urinary tract (LUT) function were 
investigated in a clinically relevant weight-drop contusion model in rats. Animals 
with incomplete injury were produced by dropping a 10 g weight from heights of
1.25, 2.5 or 5 cm at the T8 vertebral level and compared to normals (n = 6, each 
group). Locomotor function was assessed weekly through 8 weeks when LUT 
function was examined. Urodynamics: under light chloral hydrate anesthesia, the 
bladders were continuously perfused with warm saline and changes in bladder 
intravesical pressure (IVP) and external urethral sphincter electrical activity (EUSA) 
were recorded. After animals were perfused with fixative, bladders were weighed 
and spinal cords evaluated for lesion histopathology. The hindlimb function scores 
correlated with white matter sparing (WMS) at the injury epicenter (r2 = 0.86). The 
baseline level of EUSA, recorded during bladder filling, was similar in normal and 
SCI rats. In normal rats, EUSA was suppressed by 65% just prior to voiding when 
bladder pressure was maximal (IVPmax). However, in SCI rats, EUSA was 
significantly (p < 0.001) less suppressed at IVPmax. The suppression averaged 34%, 
26% and 23% for the 1.25, 2.5 and 5 cm SCI groups, respectively. WMS was 
correlated to EUSA suppression (r2 = 0.48, p = 0.001) and the ‘CI’ (r2 = 0.76, p < 
0.001), an index used to measure the degree of coordination between IVPmax and 
EUSA suppression. We hypothesize that graded loss of bladder-sphincter 
coordination is due to graded loss of supraspinal connections with spinal 
micturition-controlling centers). To test this hypothesis we are evaluating the 
relative sparing of descending projections to the ventral motoneurons that innervate 
the sphincter in these rats. Supported by NIH PO1 NS28130.

674.10
NITRIC OXIDE SYNTHASE ISOFORM EXPRESSION IN PENIS 
AND RESPONSE TO CAVERNOUS NERVE INJURY.
K.E, McKenna*. C.A. Podlasek, C.M, Gonzalez, D.Zelner, T, Bervig
ana K.T. Me Vary. Depts. Physiology and Urology. Northwestern
University School of Medicine, Chicago, IL 60611.

Nitric oxide has been demonstrateefto play a crucial role in the 
control of penile erection. Damage to the cavernous nerve can occur 
as a consequence of prostate surgery, leading to erectile dysfunction. 
In this study, we investigated the expression of the isoforms of nitric 
oxide synthase (NOS) jn the normal penis and following cavernous 
nerve injury.

The penis and major pelvic ganglia were harvested from normal, 
adult, gonadally-intact male rats. The tissue was divided in half and 
processed for both Western blots for identification of protein by 
immunoblotting using specific monoclonal antibodies to NOS 
isoforms, and for reverse transcriptase polymerase chain reaction 
(RT-PCR) for analysis of mRNA, using probes specific for NOS 
isoforms. In the normal penis, there was expression of both protein 
and mRNA of both NOS I (neuronal NOS) and NOS III (endothelial 
NOS). However, the expression of NOS III greatly exceeded the 
expression of NOS I by a factor of approximately 1000. NOS I 
protein and mRNA were highly abundant in the major pelvic 
ganglion. Immunostaining revealed that NOS I was primarily 
confined to neuronal elements in the penis and NOS III was confined 
to endothelium and smooth muscle of the erectile tissue.

Following bilateral cavernous nerve section, both NOS I protein 
and mRNA in the penis were severely reduced to almost undetectable 
levels. NOS HI was also downregulated, but to a lesser extent. These 
results indicate that both NOS isoforms participate in the control of 
erection and that NOS I in the penis is derived almost entirely from 
neural innervation from the pelvic ganglion, via the cavernous nerve.

Supported by DK55046.
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674.11
POST OPERATIVE ILEUS CAN BE TREATED WITH INHIBITION OF NITRIC 
OXIDE SYNTHASE K Ludwig1. D.C. Lawson1*. A Mangle2, and T.N, Pappas1.
1 Depts. of Surgery, Duke University Medical Center and the Durham VA Medical 
Center,2 Dept cf Gastrointestinal Research, Glaxo-Wellcome, RTP, NC 27709.

Postoperative ileus is poorly understood with no known effective treatment 
Elevated levels cf nitric oxide (NO) in the postoperative gut wall may contribute to 
the disordered motility. The objective of this study was to determine if treatmant 
with NO synthase inhibitor 1400W reduces gastric emptying time (GET) and 
stomach to cecum transit time (SCTT) in a canine model of postoperative ileus. Four 
mongrel dogs were instrumented with gastric cannula. GET, % meal emptied over 2 
hours, was determined scintigraphically using a standardized Technetium 99 labeled 
meal. SCTT, expressed in hours, was determined using radiopaque markers and 
repeated two hour radiographs. With each dog acting as its own control, baseline 
GET and SCTT studies were conducted with study drug (0.5 mg/kg IV one hour 
before study) and without study drug Each dog then underwent an ileus producing 
operation with GET and SCTT studies performed 12 hours after operation After full 
recovery, a second ileus producing operation was performed followed by treatment 
with study drug (0.5mg/kg IV one hour after operation and one hour before study) 
with GET and SCTT studies performed 12 hours after operation. Under baseline 
conditions study drug infusion had no effect on GET (74.1% + 9.8) or SCTT (5.2 
hrs. + 1.4). Surgery significantly decreased gastric emptying (40.4% + 2.6*) and 
slowed SCTT (36 + 18.1*) as compared to baseline (*p<0.05). Infusion cf study 
drug after ileus producing operation significantly increased gastric emptying (60.7% 
± 10.3**) and reduced SCTT (9.5 + 2.2**) as compared to surgery alone group 
(**p<0.05). Treatment with 1400W increased gastric emptying and reduced 
stomach to cecum transit time in a canine model of postoperative ileus. These results 
suggest that NO synthase inhibitors may be useful in speeding resolution of 
postoperative ileus. Supported by: VA Merit Review Grant, Glaxo-Wellcome Grant

674.12
Loss of Neuronal Nitric Oxide Sythase (nNOS) Reflects Diabetic 
Gastropathy in Mice and Is Restored by Insulin Therapy. C. C.
Wkins*. C.D- Eerris, S, Blackshaw, A, Sawa S, H. Snyder. The Johns Hopkins 
University School of Medicine, Department of Neuroscience, Baltimore, MD, 
21205.

Gastroparesis, a neuromuscular disorder of the stomach, is an important 
cause of morbidity, occuring in greater than 50% of diabetic patients. Targeted 
disruption of nNOS (nNOS-/-) results in pyloric hypertrophy and dilated stomachs. 
We found that nNOS-/- mice have delayed gastric emptying and a loss of non- 
adrenergic, non-cholinergic neurotransmission in the pylorus. We wondered whether 
the loss of nNOS mimicked gastroparesis and whether diabetic mice would have 
abnormal gastropyloric function. We used a previously developed method to 
measure gastric emptying (Kuo,WH, Wadwa, KS and Ferris, CD Dig. Dis, and Sci. 
43:1690-1694) to study gastric emptying and pyloric function in two models of 
insulin-deficient diabetic mice, streptozotocin (STZ) and non-obese diabetics (NOD). 
We found that gastric emptying of 20% dextrose is delayed 2 fold compared to 
wildtype mice. This delay is similar to our previous observations in nNOS-/- mice. 
In ex-vivo organ bath preparations, NO mediated NANC relaxation in pylori from 
STZ treated mice were reduced (>80%). We have found decreased nNOS expression 
by immunocytochemistry in the pyloric myenteric neurons in STZ treated and 
diabetic NOD mice in addition to a decrease in nNOS mRNA expression. Other 
neuronal markers (synaptophysin, MAP-2, VIP) were not decreased suggesting a 
selective loss of nNOS expression. Importantly, nNOS protein, mRNA expression 
and NANC relaxation were restored by insulin treatment, implying a reversible 
condition.

Insulin deficient diabetes causes gastroparesis, loss of pyloric relaxation, 
loss of NANC inhibitory transmission, and a reversible loss of nNOS expression. 
nNOS-/- mice have a similar phenotype indicating that nNOS controls gastric 
emptying and pyloric relaxation. nNOS expression is regulated by insulin, glucose 
or both. Ongoing studies are designed to determine the molecular basis for the 
regulation of nNOS expression. CW is supported by NIMH Grant No. 5T32 MH 19547.

674.13

ACUTE ACTIVATION OF HYPOTHALAMIC AND BRAINSTEM NEURONS 
BY DUODENAL ULCEROGENE CYSTEAMINE AND PROPIONITRILE. Z, E. 
Toth1, B. Hunyady1, EJMezey2, Zs. Sandor3, S. Szab63, J.A, Clark1*. M, Palkovits1.
’NIMH, 2NINDS, NIH, Bethesda, MD, 20 892, 3Depts. of Pathology & 
Pharmacology, Univ. of California, Irvine and VA Med. Center, Long Beach, CA, 
90 822-5201.

Previous pharmacological and biochemical studies with the duodenal ulcerogenic 
cysteamine and propionitrile demonstrated an involvement of the central nervous 
system (CNS) in the pathogenesis of duodenal ulceration. Now we investigated this 
effect in various brain regions after 1,4, 12 and 24 hours subcutaneous injection of 
these substances and control saline injections by in situ hybridization histochemistry 
in rats. C-Fos mRNA expression as a marker of cellular activity was studied in the 
stomach, duodenum and serial sections of the forebrain and the brainstem. In the 
gastrointestinal tract cell activation was demonstrated in gastric and duodenal 
mucosal cells 1 to 12 hours after cysteamine administration. The effect of 
propionitrile was weaker, started at 4 h, c-Fos signal was strongest at 12 h in the 
antrum, and at 24 h in the duodenum. In the CNS both cysteamine and propionitrile 
induced strong c-Fos expression in 4 major systems: 1) the hypothalamus, 2) the 
brainstem catecholaminergic cells especially in the vagal nuclei, 3) the thalamus, and 
4) the limbic system. Time course of the cell activation for cysteamine in the brain 
was similar as in the gastrointestinal tract. After propionitrile several brain nuclei 
showed activity earlier (1 h) than the gastrointestinal cells. In contrast to the 
gastrointestinal tract, the effect of propionitrile in the brain was not detectable after 
12 h. Physiological saline or ethanolamine (the non-ulcerogen cysteamine derivate) 
treated animals, failed to activate cells at any timepoint, neither in the 
gastrointestinal nor in the CNS. The data indicate that certain groups of neurons are 
probably involved in the pathogenesis of duodenal ulceration.
Hungarian Research Found (OTKA) T22333, Hungarian Ministry of Welfare 5596.

674.14

TUMOR NECROSIS FACTOR-ALPHA: EFFECTS ON IDENTIFIED 
NEURONS OF THE DORSAL VAGAL COMPLEX. G.S. EMCH GE- 
HERMANN* AND R C. ROGERS. Dept. of Cell Biology and Neurobiology, 
College of Medicine, The Ohio State University, Columbus, OH 43210.

Tumor necrosis factor-alpha (TNF-a) is liberated as part of the immune response 
to chronic infections, carcinogenesis, and radiation therapy. Previous studies have 
implicated elevated circulating levels of this cytokine as causing the gastric 
hypomotility associated with these disease states. In this study, we investigated the 
role of TNF-a as a neuromodulator affecting neurons in the nucleus of the solitary 
tract (NST) and the dorsal motor nucleus of the vagus (DMN) that are involved in 
vago-vagal reflex control of gastric motility. Identification of cells from either 
nucleus was accomplished by mechanoreceptor activation, i.e. inflation of a gastric 
balloon, which resulted in an increased rate of extracellularly-recorded potentials in 
the NST and a decrease in firing rate in the DMN. Once neurons were identified as 
being responsive to gastric distention, TNF-a was micropressure-injected onto 
them, and the resultant modulation of neurophysiological response to distention was 
observed. Most DMN neurons (32/37) were inhibited by exposure to TNF, 
whereas all NST neurons (12/12) were activated. In addition, some NST neurons 
exhibited a form of long-term potentiation after recovery from TNF-a activation. 
In these cells, afferent stimulation provoked intense firing that lasted for several 
minutes. This potentiation response could be triggered repeatedly for as long as 90 
minutes. These results suggest that TNF-a may induce gastric stasis by functioning 
as a hormone that modulates intrinsic vago-vagal reflex pathways during illness.
This work was supported by a grant from the NIH (DK52142) to R.C.R. and
G.E.H.

674.15

VAGAL AFFERENT REINNERVATION OF THE RAT Gl TRACT SMOOTH MUSCLE 
FORTY-FIVE WEEKS AFTER COMPLETE SUBDIAPHRAGMATIC VAGOTOMY.
R.J. Phillips*, E.A. Baronowsky & T.L. Powley. Purdue University, West Lafayette, 
IN 47907.

Previously we reported that sensory axons of the vagus nerve reinnervate the 
smooth muscle of the Gl tract (Powley et al., Soc. Neurosci. Abst., 1997) by 18 weeks 
after complete subdiaphragmatic vagotomy. Moreover, we also noted that some of 
the regenerating axons had differentiated into the two types of sensory terminals 
normally found in the muscle wall of the stomach and small intestine. However, at 18 
wks, regeneration was found to be incomplete and not altogether accurate, yielding 
large areas of deinnervated tissue, aberrant projections, and terminal ectopias. To 
determine if a longer survival time would result in a larger field of innervation and 
corrections in the abnormal patterns of innervation, male Sprague-Dawley rats 
received either complete subdiaphragmatic vagotomies (n=10) or sham vagotomies 
(n=6) and were then maintained for 45 weeks. To label vagal sensory axons and 
terminals in the gut, both groups were injected with 3 pi of 4% wheat germ agglutinin- 
horseradish peroxidase (WGA-HRP) in the left nodose ganglion. Three days post-
injection, animals were perfused and the stomach and first 8 cm of the duodenum 
were prepared as wholemounts and processed with tetramethyl benzidine. Forty-five 
weeks after vagotomy, reinnervation of the stomach and small intestine was more 
extensive then previously reported for an 18 week post-surgery survival time; 
however, the extent of innervation was still not comparable to the intact vagal pattern. 
Abnormal patterns of innervation still occurred throughout the tissue with individual 
axons and small bundles of axons forming complex aberrant arrangements. In 
addition to these erratic axonal patterns, numerous ectopic and aberrant terminals 
were also found throughout the tissue surveyed. These findings demonstrate that 
vagal regeneration progresses between 18 and 45 weeks post vagotomy and that 
even with longer survival times regeneration is still incomplete and inaccurate. NIH 
DK27627 and a David Ross Fellowship to R.J.P.

674.16
AGE-RELATED CHANGES IN THE DISTRIBUTION OF GABA-GLYCINE- 
AND GLUTAMATE IMMUNOREACTIVE SYNAPSES ON 
PREGANGLIONIC SYMPATHETIC AND PARASYMPATHETIC 
NEURONES. Watson, A.H.D7, Dering, M.A. & Santer, R.M. School of 
Biosciences, University of Wales, Cardiff CF1 3US, UK.

Previous studies of the effect of age on preganglionic neurones innervating 
the rat pelvic viscera have shown that there is a reduction in total dendritic 
length and in the number of dendritic branch points in sympathetic but not 
parasympathetic populations. To determine whether there are also changes 
in synaptic distribution on the somata and dendrites of surviving 
preganglionic neurones, these were labelled by injection of cholera-toxin B- 
HRP (CTB-HRP) into the major pelvic ganglion of young adult (3 month) and 
aged (24 month) male Wistar rats. This results in labelling of both 
populations of preganglionic neurones. After 5 days, the spinal cord was 
processed to reveal the CTB-HRP for electron microscopy using a 
peroxidase/TMB method. Postembedding immunogold labelling was used on 
short sets of serial sections to identify synapses immunoreactive for GABA, 
glycine or glutamate and those immunoreactive for none of these amino-
acids. The length of synaptic apposition was determined for each class and 
expressed as a percentage of total membrane length. This was carried out 
for somata, primary and distal dendrites. The results revealed no age-related 
changes in parasympathetic neurones but in sympathetic neurones there 
was a statistically significant decline in non-immunoreactive synapses on 
somata, and in glutamate immunoreactive synapses on primary and distal 
dendrites. There was also a decline in total synaptic apposition (the sum of 
all classes of synapse) on distal dendrites. This demonstrates that the 
greater vulnerability of sympathetic preganglionic neurones extends to their 
synaptic input, but shows that not all classes of synapse are equally 
affected. Funded by Research into Ageing Prize studentship to M.Dering.
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675.1
EFFECTS OF THE GROWTH HORMONE SECRETAGOGUE GHRP-6 ON FOS 
EXPRESSION IN THE ARCUATE NUCLEUS OF FEMALE RATS.
Gordon Blackburn-Munro, Rebecca Smith, and Gareth Leng*.
Dept. Biomedical Sciences, University Medical School, Edinburgh, U.K.

Anterior pituitary growth hormone (GH) release is regulated by the co-ordinated 
excitatory and inhibitory actions of GH-releasing hormone (GHRH) and 
somatostatin respectively. The peptide GH secretagogue GHRP-6 can also stimulate 
GH release via interactions with a distinct receptor type, both by direct actions at the 
pituitary, and indirectly via activation of a subpopulation of arcuate nucleus (ArcN) 
neurones as demonstrated Fos protein expression in male rats. The aim of the 
current study was to examine the effects of circulating steroid levels on GHRP-6- 
induced Fos expression in the ArcN of cycling female rats. Vaginal smears were 
taken daily from female Sprague-Dawley rats to determine the phase of the oestrous 
cycle (dioestrus; D, pro-oestrus, P; oestrus; O). Male rats acted as positive controls 
for the experimental protocol. All rats were administered GHRP-6 (50 pg in 0.9% 
saline, i.v.) or vehicle via a pre-implanted indwelling catheter and 90 min later were 
anaesthetised and perfused with 4% paraformaldehyde. Brains were removed and 
coronal (48 pm) sections taken for immunohistochemical processing for Fos (Ab-2, 
1:500, Calbiochem) protein using a standard protocol. Administration of GHRP-6 
induced expression of Fos within the ArcN of all 3 groups of female rats compared 
with their respective vehicle-treated groups (D, 17.4 ± 1.4 vs 1.0 ± 0.4; P 18.0 ± 3.3 

vs 2.6 ± 0.6; and O, 15.6 ± 1.5 vs 1.2 ± 0.5 Fos positive nuclei/section), although to 

a significantly lesser extent than in male rats (40.2 ± 2.3 vs 0.8 ± 0.2 Fos positive 
nuclei/section). There was no significant difference in the level of Fos expression 
between the 3 groups of female rats. These preliminary results suggest that in female 
rats, GHRP-6-induced Fos expression within the ArcN would appear to be 
unaffected by changes in the circulating levels of the steroid hormones oestrogen and 
progesterone during the rat oestrous cycle. Supported by Merck & Co.

675.2
GROWTH HORMONE SECRETAGOGUE-INDUCED ACTIVATION OF THE 
RAT SUPRAOPTIC NUCLEUS. A.R.T. Bailey,1* R.G. Smith,1 R. Nargund2, J. Tata2 
and G. Leng. Dept. of Biomedical Sciences, University Medical School, Edinburgh, 
EH7 5LU, UK; ‘Huffington Center on Aging, Baylor College of Medicine, Houston, 
TX, 77030, USA; Merck Research Laboratories, Rahway, NJ, 07065, USA.

Growth hormone secretagogues (GHS), e.g. GHRP-6, induce Fos protein expression 
in arcuate nucleus neurons involved in regulating growth hormone (GH) release. 
GHS receptor mRNA is also found in hypothalamic nuclei not associated with GH 
release e.g. the supraoptic and paraventricular nuclei, but GHS do not induce Fos 
protein immunoreactivity (Fos-IR) in any of these regions. However, a new non-
peptide GHS from Merck Research Laboratories, has novel interactions with the 
ligand-binding pocket of the GHS receptor. Thus, we compared the effects of GHRP- 
6 and the non-peptide GHS on the induction of Fos-IR in the rat hypothalamus. Male 
Sprague-Dawley rats (250-350g) were anesthetized with halothane (5% in a O2/NO2 
mixture) and a cannula secured in a jugular vein. The following day rats were 
injected i.v. with either the non-peptide GHS or GHRP-6 (both n=6, 50pg), and 90 
min later, terminally anesthetized (sodium pentobarbitone; 60 mg/kg, i.v.) and 
perfused transcardially with heparinized saline followed by 4% paraformaldehyde in 
(0.1M phosphate buffer). Coronal forebrain sections (50pm) were processed for the 
immunocytochemical detection of Fos-IR. Within the arcuate nucleus, GHRP-6 and 
the non-peptide GHS induced significantly more Fos-IR than saline-treated controls 
(25.5 ± 2.1 and 46.4 ±2.3 cells/section, respectively). In the supraoptic nucleus, the 
amount of Fos-IR induced by GHRP-6 was not significantly greater than saline 
controls (4.7 ± 1.5 cells/section), however, the non-peptide GHS induced a significant 
increase in Fos-IR (26.9 ± 8.7 cells/section), suggesting activation of oxytocin and/or 
vasopressin cells in this nucleus. This study indicates that this novel non-peptide 
GHS may act upon neuroendocrine systems not normally associated with GH release. 
Supported by Merck Research Laboratories, USA and Medical Research Council, UK.

675.3
GHRH REDUCES VOLTAGE-GATED K+ CURRENTS THROUGH A NON-cAMP 
PATHWAY IN PRIMARY CULTURED HUMAN SOMATOTROPES. C. Chen1*, R. 
Xu1, S. Roh1, K, Loneragan1. M. Pullar2, ‘Prince Henry’s Institute of Medical Research 
and ’Department of Neurosurgery, MMC, Clayton, Vic. 3168, Australia.

Growth hormone-releasing hormone (GHRH) stimulates GH secretion through 
modification of ion channels, mainly Ca2+ and Na+ channels, of somatotropes via 
cAMP-PKA system. An action of GHRH on the K+ currents has also been suggested 
due to a depolarisation and increase in action potential frequency by GHRH. The aim 
of present study was to investigate the modification of transmembrane K+ currer/r by 
GHRH in primary cultured human somatotropes obtained from acromegalic tumours. 
Both classic and nystatin-perforated whole-cell recordings were performed to record 
voltage-gated K+ currents in Ca2=-free bath solution containing TTX (1 pM). Fmm a 
holding potential of -80 mV, delayed rectifier (IK) and transient (IA) K+ currents were 
recorded, but only IK presented with a holding potential of -40 mV. GHRH (10 nM) 
significantly reduced the amplitude of both IA and IK. This reduction in the K+ currents 
occurred immediately after GHRH administration and was reversible after GHRH 
removal. Voltage-dependent inactivation curve of the IA was also shifted 17.6 mV 
towards negative voltage levels by GHRH indicating a low proportion of IA channels 
available to open in presence of GHRH. Apamin or charybdotoxin did not change the 
K+ currents in absence or presence of GHRH, which excluded any involvement of 
Ca2+-activated K+ currents in this experimental condition. Application of 8-Br-cAMP 
(100 pM) or Hg9 (an inhibitor of PKA, 1 pM) 10 min before GHRH did not change the 
K+ currents or the response to GHRH. Intracellular application of PKC inhibitor 
(peptide PKCI, 1 pM), but not PKA inhibitor (peptide PKI, 10 pM), totally abolished 
the K+ current response to GHRH. We conclude that GHRH decreases voltage-gated 
K+ currents through a signal pathway involved PKC but not cAMP-PKA system. Such 
a change in K+ currents may be partially responsible for electrophysiology responce to 
GHRH in somatotropes and may contribute to the increase in GH synthesis and 
secretion. Supported by Australian NH & MRC and USA Human Growth Foundation.

675.4
THE IMPLICATION OF INTRACELLULAR CALCIUM STORES IN 
GROWTH HORMONE-RELEASING HORMONE SIGNAL TRANSDUCTION 
IN RAT SOMATOTROPHS. A Petit, C. Bleicher and B.T. Lussier*. Dep. sci. 
biol., University de Montreal, Montreal Quebec H3C 3 J7.

In rat pituitary somatotrophs, the stimulation of growth hormone (GH) secretion 
by growth hormone-releasing hormone (GHRH) is a Ca2+-dependent event 
involving Ca2+ influx. The presence of calcium-induced calcium release (CICR) 
Ca2+ stares has been suggested in these cells. The aim of our study was to 
demonstrate the presence of CICR stores in rat somatotrophs and to determine 
their function in GHRH Ca2+ signaling. To this end we measured cytosolic free 
Ca2* concentration ([Ca2+ji) using mdo-1 in purified rat somatotrophs in primary 
culture, while altering intracellular Ca2+ stores. Ionomycin (10 pM) or 4-bromo- 
A23187 (10 pM), used to mobilize organelle-bound Ca2+, raised ICa2’], in the 
absence of extracellular Ca2+. Caffeine (5 mM to 50 mM), used to mobilize Ca2+ 
from CICR stores, transiently raised [Ca2+]i in 65% of cells tested. The cells that 
did not respond had a significantly higher basal [Ca2+k than those that did. The 
response to 40 mM caffeine was abolished when Ca2+ stores were depleted, with 
1 pM thapsigargin or 10 pM ryanodine. All cells that responded to 40 mM 
caffeine responded to 10 nM GHRH. The fCa2+j, response to 10 nM GHRH was 
reversible and repeatable. However, the second response was 38% smaller than 
the first. Ryanodine treatment abolished the expected reduction in the second 
[Ca2*], response while thapsigargin increased the reduction by 67%. We conclude 
that rat somatotrophs possess CICR Ca2+ stores and that they account for 30-35% 
of the GHRH-induced increase in [Ca’+L and that their partial depletion is 
involved in somatotroph desensitization. Supported by the National Sciences and 
Engineering Research Council of Canada and Quebec FCAR Fund.

675.5

MECHANISM OF ACTION OF L-692,585, A NOVEL GROWTH HORMONE 
SECRETAGOGUE. L. L. Anderson2*, A. Jeremic1, K. Pavlovic1, K. Jeftiniia1 
and S. Jeftiniia1.1 Department of Biomedical Sciences;2 Department of Animal 
Sciences; Neuroscience Program, Iowa State University, Ames, IA 50011.

The search for cellular mechanism of growth hormone (GH) secretion has 
been advanced by the discovery of nonpeptidyl GH-secretagogues. Here we 
present results on the effect of L-692,585 on calcium transients in porcine 
pituitary cells in culture. Pituitary cell cultures were loaded with the fluorescent 
Ca2+ indicator Fura -2 by using die cell-permeant derivative and were analyzed 
by a calcium imaging system. In order to identify GH secreting cells we applied 
hGHRH for 1 min in a concentration of 2pM. Bath application of L-692,585 
(lOpM) produced an increase in calcium concentration in 100% of cells that 
responded to application of hGHRH. A second application of hGHRH and L- 
692,585 resulted in an increase in the level of intracellular calcium that was at the 
level of 64% of that produced by the first application. To investigate whether 
extracellular calcium might play a role in hGHRH and L-692,585 induced 
calcium transients in cultured pituitary cells, cultures were bathed in calcium- 
depleted saline. Consistent with the ability of ligands to activate calcium 
channels, the stimulatory effects were abolished in calcium-depleted saline. 
NKT-343, a NK-1 receptor antagonist, and (Ac-Tyr1, D-Phe2)-GRF, a GRF 
receptor antagonist, selectively abolished the effect of hGHRH but did not have 
any effect on L-692,585 induced response. Bath application of somatostatin 
antagonized effects of hGHRH and L-692,585 in a dose dependent manner. Our 
results further support findings that hGHRH and L-692,585 are acting on the 
same cells in a manner that is cohsistent with increase of hormone secretion. 
Furthermore, our results illustrate that L-692,585 has rather selective effect on 
GHRH responding cells. Work was supported by NSF Grant IBN-9630745

675.6

CHARACTERIZATION OF A COMPLETE BOVINE cDNA FOR 
PITUITARY GROWTH HORMONE-RELEASING HORMONE 
RECEPTOR. E.E. Connor1*. M.S. Ashwell2 and G.E. Dahl1. ‘Dept. of Animal 
and Avian Sciences, Univ. of Maryland, College Park, MD 20742; 
’Agricultural Research Service, USDA, Beltsville, MD 20705.

Responsiveness of the pituitary gland to intravenous injection of growth 
hormone-releasing hormone (GHRH) is related to growth performance, milk 
production and carcass composition of cattle. Variation in GHRH receptor 
(GHRH-R) expression may explain differences observed among animals in 
GHRH-stimulated release of growth hormone (GH) from the pituitary. The 
complete bovine pituitary cDNA sequence for GHRH-R was determined for 
use in expression studies using 3 techniques: reverse transcriptase-mediated 
polymerase chain reaction (RT-PCR) of bovine pituitary total RNA using 
sequence-specific primers; probing of a bovine pituitary cDNA libraiy using 
the RT-PCR fragment as a probe; and 5' rapid amplification of cDNA ends. 
The bovine GHRH-R cDNA encodes a 423-amino acid protein and shares 89, 
85, 83 and 82% nucleotide sequence identity to porcine, human, mouse and 
rat GHRH-R, respectively. Preliminary studies indicate that our 1100-bp RT- 
PCR fragment used to screen the cDNA library detects bovine and chicken 
pituitary GHRH-R mRNA by Northern blotting. Tissue-specific expression 
of GHRH-R will be examined in cattle by RT-PCR and Northern blotting. 
This project was supported by Grant #AASC-99-42 from the Maryland 
Agricultural Experiment Station.
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675.7

TRANSNEURONAL LABELING OF THYROID-SPECIFIC NEURONAL 
PATHWAYS I E. Toth1, RR. Miselis2*, Zs. Boldogkoi’, I. Medveczky3, M. 
Palkovits’. ’Joint Res. Lab. Neuromoiph., Semmelweis Univ. Med. & Hungarian 
Acad. Sci., Budapest, H-1450; 2Dept Animal Biol. Sch. Vet. Med. Univ. 
Pennsylvania, Philadelphia, PA.; and3Dept. Microbiol. Infect. Disease, Univ. Vet. 
Sci., Budapest, Hungary;

A recombinant pseudorabies virus (Bartha NeutLac) has been used for 
localization of neurons involved in the innervation of the thyroid gland of rats. The 
virus was injected into die right thyroid gland (5x10E9 pfo/ml, 5 microliter, with 
Pctamine Sky Blue) and the rats were sacrificed 2, 3 and 4 days later. 
Immunostaining of viral protein, or immunostaining of beta galactosidase were 
applied for identification of infected neurons. No label was observed in the brain 
after 2 days survival. After 3 days, labeled cells were present in the spinal cord 
(thoracic segments 1-4) in the ipsilateral intermediolateral cell column (6-8 
cells/section), and several areas in the brain stem. The most remarkable labeling 
was observed in the A5 and Cl catecholammergic cell groups (4-5 cells/section, 
bilateral), in the raphe obscurus and raphe pallidus (2-3 cells/section). In addition 
to these, 1-2 cells were scattered in medullary reticular, parapyramidal and 
Barrington's nuclei, and in the locus coeruleus. A few cells (1-2 cells/section) were 
found in the paraventricular nucleus (anterior parvicellular part), retrochiasmatic 
area, lateral hypothalamic area, and medial preoptic area. After 4 days survival 
the number of labeled cells increased significally in the above mentioned brain 
regions and labeled cells formed a dense group in the lateral part of the reticular 
formation, adjacent to the lateral part of the nucleus of the solitary tract, between 
the levels of 13.8 to 14.9 mm posterior to the bregma. This group of cells joined 
caudally to the inferior salivatory nucleus.

Supported by a Hungarian Grant, T-25962

675.8
HYPOPHYSIOTROPIC THYROTROPIN-RELEASING HORMONE- SYNTHESIZING 
NEURONS OF THE HUMAN HYPOTHALAMUS ARE INNERVATED BY AXONS 
CONTAINING NEUROPEPTIDE Y AND AGOUTI-RELATED PROTEIN 
E. Mihalv1, Cs. Fekete1. Zs. Liposits2.’ E.G. Stooa3 and R.M. Lechan1*. ’Department of 
Medicine, Division of Endocrinology, Diabetes, Metabolism and Molecular Medicine, 
New England Medical Center, Boston, MA 02111, ’Department of Neurobiology, Institute 
of Experimental Medicine, Hungarian Academy of Sciences, Budapest, H 1083 and 
department of Pathology, Brown University, Providence, RI 02903

The hypothalamic arcuate nucleus is essential for the normal homeostatic responses of the 
hypothalamic-pituitary-thyroid (HPT) axis to fasting and serves as a critical locus to 
mediate the central effects of leptin on pro-TRH gene expression in the paraventricular 
nucleus (Legradi et al. Neuroendocrinology 68:89,1998). We have recently demonstrated 
that two arcuate nucleus-derived peptides, neuropeptide Y (NPY) and agouti-related 
protein (AGRP), are contained in axon terminals that heavily innervate hypophysiotropic 
TRH neurons in the rat brain (Legradi et al. Endocrinology 139:3262,1998, Legradi et al. 
Endocrinology, in press) and hypothesized that these peptides may contribute to the 
altered setpoint of the HPT axis during fasting. To determine whether a similar regulatory 
system exists in the human brain, we performed a series of immunocytochemical studies 
using antiserum against NPY, AGRP and TRH in adult hypothalami obtained within 15 h 
of death. Numerous small to medium-sized, fusiform and multipolar NPY- and AGRP- 
immunoreactive (IR) neurons were widely distributed throughout the rostral-caudal extent 
of the infundibular nucleus. By double labeling fluorescent immunohistochemistry, 80% 
of the NPY neurons co-contained AGRP, and 84 % of AGRP neurons co-contained NPY. 
Both NPY- and AGRP-containing axons innervated the hypothalamic paraventricular 
nucleus, embedding TRH -containing neurons in a rich fiber network. NPY axon 
varicosities were found in close juxtaposition to approximately 80% of TRH-synthesizing 
cell bodies and dendrites and particularly prominent in anterior and medial parts of the 
nucleus. AGRP-IR varicosities were juxtaposed to approximately 64% of TRH neurons 
uniformly throughout the paraventricular nucleus and in some instances, enveloped these 
neurons in a fiber basket outlining the cell surface. These studies demonstrate that axons 
containing NPY and AGRP densely innervate TRH neurons in the human paraventricular 
nucleus, suggesting that similar to the rat, these peptides in the arcuato-paraventricular 
pathway may be involved in modulating the HPT axis.
Supported by NIH Grant DK37021

675.9

EXPRESSION OF ADRENERGIC RECEPTOR SUBTYPES WITHIN 
HYPOPHYSIOTROPIC THYROTROPIN-RELEASING HORMONE (TRH) 
NEURONS. A.A. Vas1, P. Joseph-Bravo2 and R.T, Zoeller*1. ‘Dept. of Biology, 
Univ. Massachusetts, Amherst, MA 01003; 2Instituto De Biotecnologia, Univ. 
National Autonoma Mexico, AP 510-3, Cuernavaca 62271 Morelos, Mexico.

Acute cold exposure of rats produces a rapid increase of plasma thyrotropin (TSH) 
levels that is dependent upon thyrotropin-releasing hormone (TRH) release. Several 
lines of evidence indicate that this event is mediated by cold-activated adrenergic 
stimulation of TRH neurons in the paraventricular nucleus (PVN). To determine 
whether hypophysiotropic TRH neurons express adrenoceptors (AdrR), and to 
potentially identify the receptor subtypes expressed, we used a dual-label in situ 
hybridization (ISH) approach in which 33P labeled cRNA probes complementary to 
specific AdrR mRNAs were hybridized to tissues simultaneously with a digoxigenin- 
labeled cRNA probe complementary to preproTRH mRNA. AdrR subtypes included 
the a-lB, a-lD, a-2A and P-1. All four AdrR transcripts exhibited relatively high 
levels of expression in the cerebral cortex and hippocampus, but only occurred at 
moderate levels in hypothalamic areas, including the PVN. The highest degree of 
colocalization with proTRH mRNA was revealed using the alB-specific 
hybridization probe, but the al-D mRNA transcript was also detected in a relative 
large subpopulation of TRH neurons. Using either one of the four AdrR hybridization 
probes, subsets of proTRH mRNA-expressing neurons remained unlabeled, which is 
consistent with the observation that cold exposure induces c-fos expression in only 
about 25% of TRH neurons of the PVN. In addition, most if not all proTRH mRNA- 
expressing neurons in the reticular nucleus of the thalamus expressed high cellular 
levels of the a-lB as well as the a-lD AdrR subtype mRNAs. The identification of 
distinct AdrR subtypes in TRH neurons of the PVN might shed some light on the 
receptorial mechanism whereby cold exposure activates the hypophysiotropic TRH 
neuronal system. Supported by NSF grant DBN-9514835 to RTZ.

675.10
PROPYLTHIOURACIL ALTERS GLUTATHIONE-DEPENDENT ENZYME 
EXPRESSION AND ACTIVITY IN MOUSE OLFACTORY MUCOSA. L. A. 
Etienne1, B. E. Akinshola’*, J, Maruniak3. and E. Walters4. ’Division of Biological 
Sciences, University of Missouri, Columbia, MO 65211 and Departments of 
‘Genetics & Human Genetics, ’Pharmacology, and “Biochemistry & Molecular 
Biology, Howard University College of Medicine, Washington, DC 20059.

Propylthiouracil (PTU) is an anti-thyroid drug that reportedly can impair olfactory 
function in humans and in mice. The mechanism by which this occurs is not 
understood, however, in vitro and in vivo studies demonstrate that PTU can 
significantly alter glutathione S-transfersase (GST) enzyme expression and activity 
in other systems. The localization of GST biotransformation enzymes in 
sustentacular cells and Bowman’s glands of the olfactory mucosa suggests that these 
cells play a significant role in olfactory metabolism. This study investigated the 
effect of PTU treatment on GST and glutathione peroxidase (GPX) expression and 
activity in mouse olfactory tissue. One month treatment with PTU revealed a 
significant increase in expression of the GST alpha (36%) and a small, but 
significant increase in mu expression (8%) as identified by Western blot analysis. In 
contrast, no significant difference in alpha and mu expression was observed after 2 
months of treatment. GST enzyme activity after 1 month of PTU treatment revealed 
no change, while treatment at 2 months caused a notable, but insignificant decrease 
in GST enzyme activity (21%). Glutathione peroxidase activity (measured by 
oxidation of NADPH) significantly increased after 1 month and 2 months of PTU 
treatment (75%, 72%, respectively). These results indicate that PTU-mediated 
olfactory dysfunction in mice correlates with altered expression and biochemical 
activity of GSTs and related enzymes. The role of thyroid hormones in the olfactory 
chemosensory process remains to be elucidated. Supported by HUMAA Endowed 
Founders Chair Award to EW.

675.11

INDUCIBLE GENETIC SUPPRESSION OF MEMBRANE EXCITABILITY 
AND HORMONE RELEASE IN PITUITARY LACTOTROPES. J, Horel2,
D. Johns4, E. Marban4, S. Judge3, J. Kao2 and K. Greqerson*1,2. Depts. of 
1Ob/Gyn & Reprod. Sci., 2Physiology, and 3Neurology, Univ. of Maryland; 
and 4Section of Mol. Cell. Cardiol., Johns Hopkins Univ.; Baltimore, MD.

Hypersecretion of pituitary prolactin (PRL) is the major neuroendocrine 
pathology associated with female infertility. Normally, PRL secretion is 
under tonic inhibition by hypothalamic dopamine (DA). DA activates a G- 
protein gated, inwardly-rectifying K* (Kir 3.0) channel, which leads to 
hyperpolarization of the lactotrope membrane and cessation of Ca2+- 
dependent action potentials, the driving force for tonic PRL secretion. 
Desensitization to the DA-induced hyperpolarization or generalized 
electrical hyperexcitability may underlie hypersecretion and cell 
proliferation of prolactinomas.

We are testing a newly developed means to transfer “electrical 
silencing" genes into anterior pituitary (AP) cells with sensitive control of 
transgene expression. This method utilizes an echdysone-inducible 
promoter driving the expression of inwardly-rectifying K* channels (Kir 2.1) 
in polycystronic adenoviral vectors. Infection of primary AP cultures 
produced Ba2+-sensitive, inwardly-rectifying currents in cells only after 
treatment with 10pM Ponasterone, an echdysone receptor ligand. 
Transgene expression could be reversed by removal of ponasterone and 
PRL release from cultured AP cells inversely correlated with induced Kir
2.3 expression.

This method may provide a feasible clinical tool in which controlled ion 
channel expression serves as an alternative to surgical and chronic 
pharmacological treatment of prolactinomas. NIH DK-40336

675.12

RELEASE OF CALCIUM FROM INTERNAL STORES INCREASES 
NEUROENDOCRINE CELL EXCITABILITY. J.F. Fiekers* and K. Haight. 
Department of Anatomy & Neurobiology, University of Vermont College of 
Medicine, Burlington, VT 05405.

Cytosolic smooth endoplasmic reticulum calcium (SERCA) stores sequester 
and release calcium in numerous cells and have been demonstrated to regulate 
numerous physiological cell functions. Neuroendocrine cells use both external 
and internal sources of calcium to raise [Ca2+]i required for exocytosis. We have 
previously shown that clonal corticotrophs (AtT-20 cells) evoke calcium sparks 
in proximity to the cell membrane and propose that these signals are involved in 
regulating cell excitability in these cells. The present experiments were 
performed to examine the sensitivity of SERCA stores within these cells to 
several agents used to release calcium from these stores. [Ca2+]j was measured 
using single cell microfluorimetry (fura-2). Thapsigargin, BuBHQ, and CPA 
were used separately to release calcium from SERCA stores within these ceils. 
Release of calcium in each case resulted in an elevation of [Ca2+]i and produced 
an increase in the frequency of calcium transients. The calcium transients were 
abolished in the absence of external calcium but substitution of NMDG or 
lithium for sodium did not alter the responses. Previous exposure to one of these 
agents precluded subsequent effects of the other, suggesting that each agent was 
acting on the same intracellular store. Blockers of calcium-activated chloride 
channels (i.e., niflumic acid) prevented the increase in cell excitability but not 
the elevation of [Ca2+]i produced by each agent We suggest that cytosolic 
SERCA stores are an important source of the calcium which is involved in the 
modulation of cell excitability in the form of calcium action potentials in these 
clonal corticotrophs. Supported by NSF.
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675.13
INDUCTION OF THE EXPRESSION OF PITUITARY ADENYLATE CYCLASE-
ACTIVATING POLYPEPTIDE GENE IN THE PARVOCELLULAR DIVISION 
OF THE PARAVENTRICULAR NUCLEUS OF RATS FOLLOWING KAINIC 
ACID-INDUCED SEIZURE. M, Nomura, Y, Ueta, R. Serino, T. Isse*r Y, 
Yamamoto, I, Shibuya and H. Yamashita. Department of Physiology, School of 
Medicine, University of Occupational and Environmental Health, Kitakyushu 807- 
8555,Japan.

We examined the effects of kainic acid (KA)-induced seizure on the gene expression 
of pituitary adenylate cyclase-activating polypeptide (PACAP) in the parvocellular 
division of the paraventricular nucleus (paPVN) of rats using in situ hybridization 
histochemistry. Subcutaneous (s.c.) administration of KA (12mg/kg) in adult male 
Sprague-Dawley rats caused a progressive development of seizure behavior. KA- 
induced seizure caused an induction of the expression of the PACAP gene in the 
paPVN 3, 6, 12, 24h and 48h after s.c. administration of KA. The induction of the 
expression of the PACAP gene in the paPVN reached maximum 12h after s.c. 
administration of KA. The expression level of the PACAP gene in the paPVN 
returned to control level 1, 2 and 4 weeks after s.c. administration of KA. Few 
PACAP transcripts were observed in the PVN each time after vehicle administered 
rats. In addition, KA-induced seizure caused a significant increase in corticotropin-
releasing hormone gene transcripts in paPVN 12, 24 and 48h after s.c. administration 
of KA. Induction of PACAP gene expression caused by KA-induced seizure was 
significantly reduced by pretreatment with diazepam, the GABAergic anticonvulsant 
or MK-801, the non-competitive N-methyl-D-aspartate receptor antagonist. These 
results suggest that PACAP in the paPVN may be involved in the stress responses to 
seizure.

675.14
GLUTAMATE AND PACAP INDUCE EITHER INCREASES OR DECREASES 
IN CYTOSOLIC CALCIUM IN FOLLICULOSTELLATE CELLS OF THE 
MOUSE PITUITARY.
Petra Kunzelmann*1. Audrey Creff1. Karl Bauer2 and Patrice Mollard1. 'INSERM 
U469, Montpellier, France and 2Max-Planck-Institut, Hannover, Germany

Folliculostellate cells (FS cells) of the pituitary gland presumably have modulating 
and supporting functions on endocrine pituitary cells. These FS cell functions are at 
least in part mediated by activation of PACAP receptors, a small group of receptors 
with different sensitivities and different signaling pathways. Putative FS-cells were 
identified in acute pituitary slices on morphological criteria and by immuno-fluorescent 
stainings with cell markers. Using real-time confocal imaging we observed different 
patterns of cytosolic calcium ([Ca2+]j) activity in FS cells: in absence of any stimulus 
67% of cells (n= 298) showed spontaneous rises in [Ca2+]j. which sometimes occurred 
synchronously between two or more cells. High K+ (50 mM) triggered a [Ca2+]j increase 
in all cells recorded. By contrast, the patterns of responses were more complex 
following stimulation with putative agonists of FS cells. PACAP (2 gM) caused two 
different patterns: i) monophasic [Ca2+]j rises or series of fast [Ca2+]j transients, and ii) 
blockade of spontaneous [Ca2+]j transients. Upon application of 1 mM glutamate, 75% 
of cells (n= 120) responded with either an increase or a decrease in [Ca2+]j.This is the 
first demonstration that calcium signaling of FS cells can be regulated in a tissue 
preparation. PACAP and glutamate can regulate FS cell activity in both directions, 
either stimulating or inhibiting. Since FS cells form extended networks within the 
anterior pituitary, this diversity of mechanisms could be involved in fine tuning of 
cellular activity throughout the gland.
(Supported by TMR fellowship from the European Community to P.K. and Biotech2 
grant (European community) to P.M and by grants from INSERM, FRM.)

675.15

ACTIVATION OF 5HT2A RECEPTORS INDUCES FOS-IR IN 
HYPOTHALAMIC NEURONS AND STIMULATES ACTH, 
CORTICOSTERONE, OXYTOCIN, PROLACTIN AND RENIN RELEASE. A. 
Javed3*, Q. Ma2, L.D. Van de Kar2, and T.S, Gray1. Depts. of ‘CBNA and 
Pharmacology, Loyola University Medical Center, Maywood, IL 60153 and 
3SIU School of Medicine, Springfield, IL 62704.

The role of 5-HT2A receptors in activating hypothalamic neurons and stimulating 
the secretion of hormones regulated by hypothalamic neurons was examined. DOI 
(l-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane), a 5HT2AZ2C agonist, was 
injected into rats (2.5 mg/kg, i.p.). Some animals were pretreated with MDL- 
100,907, a selective 5-HT2A antagonist, to block the effects of DOI mediated by 
the 5-HT2A receptors. DOI induced Fos-immunoreactivity (Fos-ir) in the 
following hypothalamic regions: suprachiasmatic, anterior hypothalamic, 
paraventricular (PVN), supraoptic, dorsomedial, ventromedial, and arcuate nuclei. 
MDL-100,907 (lOOgg/kg, s.c.) completely blocked DOI induced Fos-ir in the 
PVN, SON, and other hypothalamic regions. Most of the CRF containing cells in 
the PVN contained Fos-ir. The oxytocin cells in the PVN and SON also contained 
Fos-ir. DOI (2.5 mg/kg, i.p.) also stimulated ACTH (13.5 fold above base line), 
CORT (3.6 fold), oxytocin (10 fold), prolactin (14 fold), and renin (4 fold) release. 
MDL-100,907 . injected 15 minutes before DOI challenge dose dependently (1- 
lOOgg/kg, s.c.) inhibited the release of these hormones. MDL-100,907 at a dose 
of lOgg/kg completely blocked the effects of DOI on the release of oxytocin and 
prolactin. MDL-100,907 (lOOgg/kg) completely blocked the release of ACTH and 
renin stimulated by DOI. The ED50 value for MDL-100,907 for inhibiting the 
release of ACTH, oxytocin, prolactin, and renin was lgg/kg. These data 
demonstrate a unique role of 5-HT2A receptors in activating hypothalamic neural 
circuitry that is important in coordinating the release of different types of 
hormones. Supported by USPHS NS34153.

675.16
MICROINJECTION OF NMDA INTO THE SCN REGION SUPPRESSES THE 
NOCTURNAL RISE OF PINEAL MELATONIN LEVELS IN HAMSTERS. K.N. 
Paul*, J. Dirden, A.A. Casano, E.M. Mintz, G. Tosini, and H.E. Albers.^Laboratory of 
Neuroendocrinology and Behavior, Depts. Of Biology and Psychology, Georgia State 
University, Atlanta, GA 30303; Neuroscience Institute, Morehouse School of 
Medicine, Atlanta, GA 30314.

Melatonin levels in the pineal gland exhibit an endogenous circadian rhythm that 
peaks during the nocturnal phase, and is entrained by the 24hr lighfcdark cycle. A light 
pulse presented during the nocturnal phase induces a suppression of pineal melatonin 
levels. The light information is conveyed to the pineal gland through a pathway that 
begins at the retina, and includes the suprachiasmatic nucleus (SCN) of the 
hypothalamus. Glutamate mediates light induced phase-shifts of SCN generated 
circadian rhythms primarily through the activation of ionotropic glutamate receptors.
In this study, we determined if microinjections of the glutamate receptor agonist 
N-methyl, D-aspartate (NMDA) into the SCN region would suppress nocturnal levels 
of pineal melatonin in Syrian hamsters. Animals (n=15) were housed in a 14L: 10D 
cycle and were given food and water ad libitum. Each of two groups of animals 
received a 200nL microinjection of either 10 mM NMDA or saline at zeitgeber time 
(ZT) 21 under a dim red lamp. A third group of animals received no injections. After 
treatment, the animals were sacrificed and their pineal glands were immediately 
removed and frozen on dry ice. Pineal melatonin levels were measured using a 
radioimmunoassay. The mean melatonin level in NMDA injected animals (42.455 ± 
16.0 pg/pineal) was lower (p < .05) than that of either saline injected animals (808.715 
± 224.6 pg/pineal) or non-injected animals (981.783 ± 60.9 pg/pineal). The data 
indicate that microinjections of NMDA into the SCN region induce a significant 
suppression of pineal melatonin levels in Syrian hamsters and support the hypothesis 
that light induced suppression of pineal melatonin is mediated through activation of 
ionotropic glutamate receptors in the SCN. Supported by NIH MH58789 (HEA) & 
NIH U54NS34194 (GT).

675.17

DORSOMEDIAL HYPOTHALAMIC NUCLEUS DOES NOT 
PARTICIPATE IN THE CONTROL OF PINEAL METABOLISM IN
R ATS. S. R, Mota. N. S. Canteras. C. Scavone* and J. Cipolla-Neto. Pent, of 
Physiology and Biophysics, Inst, of Biomedical Sciences, University of Sao Paulo, 
SP, 05508-900, Brazil.

The dorsomedial hypothalamic nuclei (DMH) is thought to participate in the 
control of pineal metabolism. Thus, infusion of GABA agonist in the dorsal 
hypothalamic region blocked the daily increase of plasma melatonin during darkness 
and reduced sympathetic output in the pineal gland resulting in lower pineal 
melatonin production.

The aim of this work is to characterize the effects of electrolytic lesion of the 
region of DMH on daily profile of melatonin production and on the nocturnal pineal 
inhibition process induced by acute light exposure. Adult male Wistar rats (n=52, 
12h: 12h light-dark cycle) were left intact (C, n=22) or lesioned (DMH, n=30, current 
0,8mA per 8 seconds). DMH and respective controls were killed in the dark6h after 
lights off (in the dark or immediately after 15 minutes of light stimulation, 500 lux) 
or every 3 hours during the day and their pineal glands collected for the assay of N- 
acetylserotonin (NAS) and melatonin by HPLC-ED. There was no differencebetween 
DMH and controls on the pineal nocturnal NAS and melatonin contents (ng/gland) 
(C: 10.23±0.43 for NAS and2.26±0.15 for melatonin; DMH 10.62±1.01 forNas 
and 2.10±0.37 for melatonin). AH controls and lesioned rats had basal levels for NAS 
and melatonin during the lights hours of the light-dark cycle. Photostimulated 
controls (NAS= 0.0, melatonin^ 1.17±1.140 did not differentiate from lesioned rats 
(NAS=0.0, melatonin= 1.14±O.29) The only effective lesions to reduce the content of 
NAS and melatonin and to block the nocturnal photoinhibition are those that hit the 
subparaventricular and/or the paraventricular hypothalamic region. These results 
suggests that DMH do not participate in the neural control of pineal metabolism of 
the rat. (Supported by FAPESP grant 97/09904-5)

675.18
RAPID AND REVESIBLE MORPHOLOGICAL CHANGES IN THE APICAL 
DENDRITES OF HIPPOCAMPAL CA3 PYRAMIDAL NEURONS DURING 
THE COURSE OF HIBERNATION IN EUROPEAN HAMSTERS A. M. 
Magarifios ♦. B.S. McEwen and P, Pevet1. The Rockefeller University, 
New York, N.Y., 1 Universite Luis Pasteur, Strasbourg, France.
The apical dendritic morphology of hippocampal CA3 pyramidal 
neurons in rodents undergoes a reversible remodeling in response to 
chronic stress It takes at least 21 days of repeated stress to cause the 
dendritic atrophy. We investigated if the morphology of CA3 dendritic 
fields is also vulnerable to profound changes in metabolic status. We 
chose the model of hibernating European hamsters. In October- 
November, hamsters previouly kept under natural conditions were 
placed in a climatic room (7±1°C, 8HL/16HD) for at least one 
month. In such conditions, the hybernation cycle is fully expressed. 
Core body temperature was telemetrically recorded and four 
functional states were compared: 1) Awake normothermic 2) Deep 
hypothermic 3) Awakened normothermic, 2 hours after provoking 
arousal and 4) Awakened normothermic, 3 hours after arousal. Golgi 
impregnated CA3 neurons revealed that the apical dendritic tree of 
hamsters in deep hypothermia underwent a significant decrease in 
the number of branch points and total length (14.52 ± 0.68; 
1114.80 ± 44.50 pm, respectively) compared with awake 
normothermics (18.06 ± 0.50; 1356.17 ± 36.75 pm). After 
arousal from torpor, within 2 h, dendrites restored their length and 
branching pattern, indicating a remarkable plasticity in response to 
a nati/fal adaptive response to adverse external conditions. Grant 
support:MH 41256, Health Foundation, Servier (France).
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675.19

A NON-NEUROENDOCRINE ACTION OF PROLACTIN RELEASING 
PEPTIDE-20: AUTONOMIC CONTROL. W.K. Samson*, T.C. Murphy, and J.-
K. Chang. Physiology, Univ North Dakota School of Medicine, Grand Forks, 
ND 58201; Phoenix Pharmaceuticals, Mt. View, CA 94043.

Two novel peptides, identified as ligands that bound the orphan receptor, 
hGR3, in the pituitary gland, have been reported to possess prolactin releasing 
factor (PRF) activity. However, we have reported that the PRF activities of 
these peptides, PrRP-20 and PrRP-31, which are post-translational 
modifications of the same gene product, are weak when compared to the 
conventional PRFs, like thyrotropin releasing hormone, and are active only in 
cells from female pituitary glands (Endocrine 9:289,1998). Recently the CNS 
distribution of the PrRP immunoreactivity was reported (Endocrinology 
140:2362,1999). No immunopositive fibers were observed in the external layer 
of the median eminence, further questioning the hypothesized role for PrRP in 
neuroendocrine regulation of PRL secretion. Instead, the CNS distribution of 
PrRP neurons suggests a role for the peptides autonomic regulation. We 
injected 4 nmol PrRP-20 into the lateral ventricle of conscious, unrestrained 
male rats (n=6) and compared the blood pressure responses (indwelling carotid 
cannula) to those observed following similar injection of saline vehicle and 0.1 
nmol angiotensin II. Saline injection did not alter BP (15 min preinjection 
means: 128.4±3.3 mmHg; postinjection 129.3±2.9). Significant (paired “t" test) 
elevation (p<0.01) of BP followed injection of A II (126.3±3.9 vs 143.4±5.4). 
PrRP-20 injection also resulted in a significant (p<0.05) elevation in BP 
(126.1 ±4.4 vs 141.8±6.7). Thus, PrRP-20 may not in fact be a physiologically 
relevant PRF, but instead may exert neuronal actions on systems in 
hypothalamus and brainstem responsible for the modulation of cardiovascular 
function. Supported by the Max Baer Heart Fund, and the Fraternal Order of 
Eagles, Dakota Aerie.

OSMOTIC AND THERMAL REGULATION AND FEVER

676.1

INDICATIONS OF TRANSIENT CHAOS (UNSTABLE PERIODIC ORBITS) IN 
IMPULSE PATTERNS OF PARAVENTRICULAR NEURONS. H A. Braun1*, M. 
Dewald1. N, Anthes1, K, Voigt1, M, T. Huber2, H. Vedder2. X. Pei3 and F. Moss3
‘Inst, of Physiology and 2Dept. of Psychiatry, Univ. of Marburg, D-35037 Marburg 
FRG, 3Center for Neurodynamics, Univ. of Missouri, St.Louis, MO 63121, USA.

Neurosecretory cells of the Nucl. paraventricularis (PVN) are important in the 
integration and control of major homeostatic functions. One of the neuropeptides, 
arginine-vasopressin (AVP), plays an essential role in osmoregulation as antidiuretic 
hormone and is also involved in thermoregulation as an endogenous antipyretic 
substance. Hormone release does not solely depend on the firing rate of the neurons 
but still more on the temporal pattern of the impulse discharges: the secretion rate 
drastically increases when the pattern changes from tonic firing to burst discharges.

Here we demonstrate that still more complex patterns occur between tonic firing 
and bursting. Using a recently developed algorithm for the detection of unstable 
periodic orbits (UPOs, Pei and Moss, Nature 379: 618-621, 1996) we examined 
extracellular impulse recordings of PVN neurons in rat brain slices as a function ol 
temperature changes (37+-5 °C in maximum) and applications of the osmoregulatory 
substance angiotensin II (ANG II, 107 M). Increasing temperatures as well as ANG 
II applications generally enhanced the discharge rate which was often associated with 
transitions to burst discharges. However, especially in the intermediate range, 
statistically significant indications of UPOs were detected which suggests that the 
internal dynamics of the neurons transiently pass a regime of chaotic dynamics. This 
is, to our knowledge, the first demonstration of UPOs in CNS neurons withoul 
external periodic forcing. Remarkably, similar characteristics have been observed in 
peripheral cold receptors as well as in a recently developed HH-type model of tem-
perature sensitivity indicating that the basic dynamics of impulse generation in peri-
pheral sensory receptors and central neurons might be governed by similar principles.

Supported by the Volkswagen Stiftung the Kempkes Stiftung and the U.S. Office 
of Naval Research, Physics Division.

676.2

THE MEDIAN PREOPTIC NUCLEUS OF THE RAT LAMINA TERMINALIS AS AN 
INTEGRATOR OF AUTONOMIC SIGNALS R. Gerstberger *, S.W. Barth, D.
Brenner, T. Hubschle, K. Hudl, P. Patronas and E. Gebkc. W.G. Kerckhoff-
Institute, MPI, Parkstrasse 1, D-61231 Bad Nauheim, Germany

The median preoptic nucleus (MnPO) of the lamina terminate represents a major 
neuroglial structure integrating afferent information of osmo- (A), thermo- (B) and 
volume-regulatory (C) importance. Dehydration (24 h), heat exposure (34°C; 48 h) and 
vascular hypovolemia induced differential expression of Fos in topographically distinct 
neuronal populations within the MnPO. Signals originating in sensory 
circumventricular organs of the lamina terminate (A), the preoptic area (B) and the 
ventrolateral medulla (C) are transferred preferentially via angiotensinergic (A), 
nitrergic (B) and noradrenergic (C) pathways to the MnPO, as revealed by histo- and 
immunocytochemistry. Receptors for angiotensin II (ATt), norepinephrine (al5 a2 but 
not p-adrenoceptors) and nitric oxide (NO) (guanylate cyclase) have been demonstra-
ted in rat brain sections employing in situ hybridization, quantitative autoradiography 
and immunocytochemistry. At unchanged density of ATi binding sites, dehydration 
(A) and hypovolemia (C) but not heat exposure (B) led to Fos activation in MnPO 
neurons expressing neuronal NO synthase. To functionally elucidate transmitter 
receptor mediated signal transduction in single MnPO cells, alterations in intracellular 
calcium concentration ([Ca2+]j) were investigated using a neuroglial primary cell 
culture system for the rat MnPO. In MnPO neurons and astrocytes, identified by 
immunocytochemical staining for neuron- and glia-specific marker proteins, the 
[Ca2+]j increased after stimulation with angiotensin I and II as well as norepinephrine. 
Pharmacological characterization revealed prevalance of the AT] receptor subtype, and 
activation of postsynaptic oq- (phenylephrine) or a2-adrenoceptors (clonidin). Elevated 
[Ca2+]j after norepinephrine / phenylephrine stimulation could be suppressed by cloni-
din in neurons and astrocytes, indicative of inhibitory postsynaptic a2-adrenoceptors. 
This combined experimental approach favours the idea of the MnPO acting as an 
important receptive and integrative structure for the maintenance of the extracellular 
fluid compartment and body temperature.

676.3

INTRINSIC OSMOSENSITIVITY OF SUBFORNICAL ORGAN NEURONS
James W. Anderson, David L. S. Washburn and Alastair V. Ferguson*.
Dept. of Physiology, Queen’s University, Kingston, ON, CANADA K7L 3N6. 

The subfornical organ (SFO), one of the circumventricular organs, is
uniquely situated within the central nervous system since it is outside the 
normal blood-brain barrier but has a multitude of efferent projections to 
nuclei within the hypothalamus and medulla involved in both cardiovascular 
and body fluid balance control. Previous in vivo and in vitro work has 
implicated these neurons as being involved in the autonomic responses to 
changes in extracellular osmolality. Enzymatically isolated SFO neurons 
(n=26) were studied using whole-cell (current-clamp) recording techniques 
after short-term (1-3 days) culture. The pipette solution contained potassium- 
gluconate (130mM) as the main charge carrier while the standard 
hypoosmotic (270 mOsm) bath solution contained, in mM: NaCI, 105; KCI, 5; 
MgCI2, 1; CaCI2, 2, HEPES, 10 and glucose, 10 and mannitol to reach 270 
mOsm. Bath osmolality was increased by addition of mannitol. Responses to 
osmotic shifts were observed in 17 of 26 neurons. One minute exposure to 
the hypotonic solution lead to a decrease in action potential frequency (-39 ± 
11%) secondary to a hyperpolarisation while extracellular hypertonicity lead to 
a depolarisation and a subsequent increase in firing rate (+56 ± 30%). 
Osmosensitive neurons responded to changes in extracellular osmolality 
within 10 sec of a solution change, before overall bath osmolality had changed 
by more than 10 mOsm. Subfornical organ neurons are intrinsically 
osmosensitive and respond to changes in extracellular osmolality within the 
physiological range (285 to 315 mOsm). These data suggest that SFO 
neurons may be the primary CNS region involved in the initiation of autonomic 
reflexes involved in the control of extracellular osmolality.
Supported by the Medical Research Council of Canada ; DLSW funded by a 
scholarship from the Heart & Stroke Foundation of Ontario

676.4
EXPRESSION OF TRANSCRIPTION FACTORS PHOSPHO-c-JUN, AP-2 
AND ATF-2 IN MAGNOCELLULAR NEUROENDOCRINE CELLS IN 
RESPONSE TO WATER DEPRIVATION.
R.B. Meeker* and A. Fernandes. Dept Neurology and the Curriculum 
in Neurobiology, University of North Carolina, Chapel Hill, NC 27599.

During water deprivation, vasopressin release and vasopressin synthesis 
are accompanied by increases in the transcription factors c-Fos and c-Jun 
and the enzyme c-Jun N-terminal protein kinase (JNK). Since 
phosphorylation is an important step in transcription factor activation, we 
evaluated staining for phospho-c-Jun in response to water deprivation. 
Sections through the region of the supraoptic nucleus (SON) of male Long- 
Evans rats deprived of water for 40-46 h were cut on a vibrating microtome 
and stained with an anti-phospho-c-Jun antibody. The number of nuclei 
stained for phospho-c-Jun in the SON of water deprived rats increased by 
70%. Stimulation of primary cultures of neuroendocrine cells from the 
SON with 30 mOsm/kg excess NaCI increased phospho-c-Jun 
immunoreactive nuclei by 117%. Stimulation with 50 pM NMDA increased 
staining by 59% but did not syneigize with osmotic stimulation. Although 
osmotic and synaptic stimuli increase the phosphorylation of c-Jun, the role 
of c-Fos/c-Jun in the control of vasopressin synthesis is not clear due to 
the lack of an AP-1 target sequence in the vasopressin promoter. 
Therefore, other transcription factors that might be more directly linked to 
vasopressin gene expression were evaluated. Water deprivation resulted 
in increases in activating transcription factor-2 (ATF-2) and activator 
protein-2a (AP-2a) of 28% and 270%, respectively. No significant increase 
was seen for AP-2p. Increases in AP-2a, for which there are four binding 
sites in the vasopressin promoter, and ATF-2 suggest potential new 
pathways for the control of vasopressin synthesis.
Supported by NIH Grant NS 13411.
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676.5
AP-l AND CREB PROTEIN DNA BINDING IN RAT SUPRAOPTIC AND 
PARAVENTRICULAR NUCLEI AFTER ACUTE AND REPEATED OSMOTIC 
STIMULATION. J.T. McCabe*and A.S. Burrell. Dept. Anatomy & Cell Biology, 
Uniformed Services University of the Health Sciences, Bethesda, MD 20814

Perturbation of body water balance causes a dramatic change in hypothalamo- 
neurohypophysial system cellular activity, including alterations in mRNAs and 
proteins for the AP-l immediate early genes, Fos, Jun, and JunB. Cyclic AMP- 
responsive element (CRE) transcription factors are also altered by physiological 
stimulation. Electrophoretic mobility shift assays were used to analyze Fos and CREB 
protein-DNA-interactions in the rat hypothalamic paraventricular (PVN) and 
supraoptic (SON) nuclei. After intraperitoneal administration of normal saline, PVN 
and SON extracts exhibited a 200% (two-fold) or 120% (respectively) increase in 
binding to the AP-l canonical DNA binding sequence, compared to binding levels 
observed in non-injected rats (100%). Hypertonic saline treatment resulted in a 300% 
(three-fold) increase in DNA binding by tissue samples from both regions. AP-l 
DNA binding by SON extracts after two hypertonic saline injections resulted in a 
332% increase in binding, while binding by PVN extracts increased only two-fold 
(205%). Supershift analyses indicated Fos binding levels increased dramatically in 
SON samples (397%), after two hypertonic saline injections, equivalent to levels after 
a single hypertonic saline injection (401%). In contrast, the magnitude of Fos 
supershift by PVN tissue samples were moderate (197% increase), and less than levels 
seen after a single hypertonic saline injection (255%). Binding to the canonical CRE 
DNA binding sequence, and supershift binding for phosphorylated CREB, indicated 
this protein is constitutively expressed, and not substantially changed (<200% 
increase) after any experimental treatment. These data suggest there are striking 
changes in AP-l protein complex DNA binding after osmotic stimulation, and that the 
SON and PVN exhibit differences in AP-l DNA binding kinetics after repeated 
hypertonic saline administration. Supported by USPHS grant NS-37071 to JTM.

676.6

CHANGES IN GENE EXPRESSION ACCOMPANYING 
PHYSIOLOGICAL REMODELLING OF THE RAT SUPRAOPTIC 
NUCLEUS
M.T. GHQRBEL, M.D. JULIAN* and D. MURPHY Department of Medicine, 
University of Bristol, B. R. I., Malborough Street, Bristol BS2 8HW, UK

The vasopressin (VP) gene is expressed in anatomically and functionally 
defined groups of hypothalamic neurons, within which it is regulated by 
physiologically appropriate cues. Magnocellular VP neurons in the 
supraoptic nucleus (SON) are involved in osmoregulation - axons project to 
terminals in the posterior pituitary, from where stored VP is released into the 
general circulation in response to perturbations in water balance. VP acts 
on kidney receptors to promote the conservation of water. This is 
accompanied by functional remodelling of VP neuron activity, the molecular 
basis of which is still far from understood.

The pattern of gene expression in VP neurons is known to be altered by 
an osmotic stimulus, and we can speculate as to how these changes might 
affect the responses of neurons to environmental stress. However until 
now, no attempts have been made to globally assess how that overall 
pattern of gene expression is changed by an osmotic stimulus. We have 
adopted a global approach to understand this neuronal plasticity, and have 
asked the question, which genes are switched on and off following 
dehydration? Using a subtractive hybridization method, we have isolated a 
large number of cDNAs corresponding to mRNAs whose abundance is 
altered, either up or down, in the SON following dehydration. Sequencing 
has revealed that most of these are novel genes, but some correspond to 
genes in the databanks, including one known transcription factor, another 
putative transcription factor, and molecules involved in signal transduction. 
We suggest that these genes are implicated in mediating cascades 
responsible for neuronal plasticity.

676.7

CHRONIC OSMOTIC STRESS INDUCES GLOBAL CHANGES IN CELLULAR 
MORPHOLOGY AND GENE EXPRESSION IN THE RAT SUPRAOPTIC 
NUCLEUS. E, Glasgow LB, Zhang1, T, Murase2, J.G, Verbalis2. S. Giordano3*. K.G. 
Becker4 and H, Gainer1. ‘LNC, NINDS, NIH, Bethesda, MD 20892; 2Dept. of 
Medicine, Georgetown Univ. Medical Center, Washington, D.C. 20007; ’Dept. of 
Biology, Cedar Crest College, Allentown, PA 18104; 4DNA Array Unit, NIA, NIH, 
Baltimore, MD 21224

The magnocellular neurons of the hypothalamo-neurohypophysial system play a 
fundamental role in the maintenance of body homeostasis by regulating pituitary 
oxytocin (OT) and vasopressin (VP) secretion. During chronic hyperosmolality there is 
a two-fold increase in OT and VP mRNA levels, whereas during chronic 
hypoosmolality OT and VP mRNA levels decrease to less than 20% of normoosmolar 
control animals. In order to understand the mechanisms which regulate the production 
of OT and VP, we have used morphometric and molecular analysis to characterize the 
changes that occur in the rat supraoptic nucleus (SON) during chronic hyperosmolality 
and hypoosmolality compared to normoosmolar controls. Using neurophysin in situ 
hybridization histochemistry to visualize neurons in the SON, we found a 30% increase 
in cell size during hyperosmolality and a 42% decrease in cell size during 
hypoosmolality, compared to controls. Differential gene expression was examined by 
performing differential hybridization cDNA screening of SON punches from 
hyperosmolar versus hypoosmolar rats. This molecular analysis showed that most of 
the genes characteristic of the OT and VP phenotype are up-regulated in the SON during 
hyperosmolality and down-regulated during hypoosmolality. Finally, we obtained 
similar results by examining differential gene expression in the SON by cDNA 
microarray analysis. Although most genes appear to be regulated in a global manner 
by osmotic changes, the cDNA microarray analysis also indicates that there may be an 
additional component of gene specific regulation superimposed on these more general 
mechanisms. Supported by the intramural program of the NINDS/NIH and DK38094.

676.8
ISOLATED NEUROHYPOPHYSIAL TERMINALS RESPOND TO 
RELATIVE CHANGES IN OSMOLARITY. S.l. Ortiz-Miranda, E.E. Custer, 
and J.R. Lemos*. Dept. Physiology & Neuroscience Program, Univ. Mass. 
Med. School, Worcester, MA 01655.

The hypothalamic-neurohypophysial system is one of the main 
mediators of the body’s physiological reaction to an osmotic challenge. 
Within the hypothalamus, cell bodies of magnocellular neurons (MCN) act 
as both a relay-processing center receiving input from other osmosensors 
in the brain and as osmoreceptors. Nerve terminals of these MCNs are 
thought to be passive mediators of the osmotic response orchestrated at 
the cell somata.

However, we have found that isolated nerve terminals do indeed 
respond to changes in osmolarity modifying their basal release of 
vasopressin (AVP) and oxytocin (Op. Maintaining terminals in iso-osmotic 
(325-330 mOsm) media had no effect on basal AVP or OT release over 
time. Changing from iso- to hypo-osmotic (275-280 mOsm) media 
increased basal AVP and OT release >75%, whereas, changing from hypo- 
to hyper-osmotic (375-380 mOsm) media decreased basal AVP and OT 
release >50%. In addition, changing from hyper- to iso-osmotic media 
also increased basal AVP release. Osmotically induced alterations in 
basal AVP release were not dependent on extracellular calcium, but were 
attenuated by low extracellular sodium. Patch-clamp recordings have 
revealed a stretch-sensitive channel in these isolated nerve terminals. 
Gadolinium, a blocker of stretch-sensitive channels also inhibits the 
increments in basal release induced by the changes in osmolarity. In 
conclusion, mechanosensitive channels present in nerve terminals may be 
responsible, at least in part, for their response to relative changes in 
osmolarity. Supported by NIH grant NS29470.

676.9

SON RESISTANCE TO GLUTAMATE CAN BE PARTIALLY ATTRIBUTED 
TO ENHANCED GLUTAMATE UPTAKE C.W, Pak* Shaunak Desai and M.C. 
Curras-Collazo Dept. of Neuroscience, University of California, Riverside. 
Magnocellular cells of the supraoptic nucleus (SON) are resistant to excitotoxicity in 
vivo (Hastings et al., 1985; Hu et al., 1992). Mechanisms providing SON cultures with 
reduced excitotoxicity may involve differences in NMDA receptor properties or 
differences in glial glutamate uptake. Our goal was to begin to address the mechanisms 
involved in the resistance to excitotoxicity of SON. SON and cortical cells were 
cultured from ED 16-18 rat embryos and grown for 7 days in vitro, then treated with 
NMDA (100 pM) or glutamate (100 pM) in the presence of glycine. Using an MTT 
assay and microscopic inspection, cell survival in SON cultures treated with NMDA or 
glutamate was 51.7% or 56.1% greater, respectively, than in cortical cultures (37.1% or 
31.5%, respectively). To determine whether the resistance was partially due to greater 
glutamate uptake, SON and cortical cultures were treated with glutamate for 24 h then 
the media was transferred to untreated cortical cultures. After another 24 h cortical 
cultures receiving the pretreated SON media showed no cell death (99.3 ± 6.3%) 
whereas those receiving media from previously treated cortical cultures did (27.5 ± 
6.7%). This indicates that glutamate was reduced to nontoxic levels only in the media 
of SON treated cultures. Furthermore, cortical cultures receiving media from SON 
cultures previously treated with NMDA (24 h), NMDA (10 min), or glutamate (10 min) 
were still susceptible to excitotoxicity 24 h later (40.5 ± 7.4%, 24.1 ± 2.9%, 17.7 ± 
0.55%, respectively) probably due to little (glu) or no (NMDA) uptake of agonist and 
not due to the release of protective factors. The excitotoxic effects in the latter 
experiments were prevented by the addition of glutamate antagonists D-APV, MK-801, 
and NBQX pointing to glutamate receptor-mediated mechanisms. Furthermore, SON 
cultures receiving media from treated cortical cultures were still resistant ruling out the 
secondary release of endogenous toxins from dead neurons. These results indicate that 
SON cultures are significantly less susceptible to glutamate excitotoxicity due, in part, 
to enhanced glutamate uptake by glia. Other mechanisms may explain the resistance to 
NMDA excitotoxicity. (Supported by American Heart Association).

676.10
REGULATION OF BRAIN AQP4 WATER CHANNEL IN RATS WITH 
HYPONATREMIA AND BRAIN EDEMA Z. VajdaL D. Promeneur', T. D6czi’, E. 
Sulvok4, J. Frokiaer' O.P. Ottersen2* and S. Nielsen'. 'Dept. of Anatomy, Univ. of 
Aarhus, Denmark; Tnst. Basic Medical Sciences, Univ. Oslo, Norway; ’Dept. of 
Neurosurgery, Univ. of P6cs; “County Children’s Hospital, Pecs, Hungary.

Aquaporin-4 (AQP4) is abundantly expressed in glial cells bordering the 
subarachnoidal space, ventricles and capillaries and has been suggested to be involved 
in regulation of brain water homeostasis. In the present study we investigated whether 
AQP4 mRNA or AQP4 protein levels are changed in response to hyponatremia. 
Severe hyponatremia was induced in rats (~250g) by repeated i.p. water loading (140 
mmol/1 dextrose) and s.c. 8-deamino-arginine vasopressin (dDAVP) administration. 
Animals were sacrificed after 40 minutes, 4 hours or two days. Semiquantitative 
immunoblotting for AQP4 was performed using total brain membrane fractions. AQP4 
immunoreactivity increased to 213 ± 32% after 40 minutes of hyponatremia (Se-Na 
130 ± 0.6 vs 143.9 ± 0.4 mmol/1, n=6), 214 ± 33% after 4 hours (Se-Na 114 ± 1.1, 
n=6) and to 174 ± 20% after two days (Se-Na 109 ± 3.3, n=6). The immediate increase 
in AQP4 immunoreactivity suggests that AQP4 is secondarily modified during 
hyponatremia rather than reflecting changes in AQP4 protein abundance. In 
agreement, AQP4 mRNA levels were unchanged in response to 4 hours of severe 
hyponatremia: 83 ± 15% (n=12) vs 100 ± 8% (n=12) in sham controls. Thus, 
transcription of AQP4 mRNA appeared not to be altered during hyponatremia. 
Recently PKC activation has been shown to regulate AQP4 conductance and AQP4 
mRNA levels in transfected oocytes or cultured glial cells. Therefore we tested 
whether AQP4 immunoreactivity can be regulated by acute PKC activation in 
response to intracerebroventricular (i.c.v) phorbolester (TPA) administration. A single 
i.c.v. injection of 10 nM TPA markedly increased the AQP4 immunoreactivity to 247 
± 40% (n=12) of the levels seen in controls injected by vehicle (100 ± 12% , n=10). 
There were no changes in AQP4 mRNA levels associated with this (119 ± 36 %, n=6, 
vs 100 ±11, n=6). Thus AQP4 immunoreactivity is regulated during experimental 
hyponatriemia suggesting that AQP4 may participate in the compensatory mechanisms 
activated during brain edema. Moreover the results demonstrate that AQP4 
immunoreactivity is increased markedly by activation of PKC, which further supports 
the view that AQP4 in brain is regulated by PKC. Supported in part by KEJF99 to SN.
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676.11

SALT-LOADING INCREASES VASOPRESSIN RECEPTOR lb 
mRNA LEVELS IN THE CHOROID PLEXUS AND IN 
NEUROHYPOPHYSEAL NEURONS David A. Zemo* and 
Joseph T. McCabe, Ph.D.. Department of Anatomy & Cell Biology, 
Uniformed Services University of the Health Sciences, Bethesda, MD 
20814-4799
Vasopressin (AVP) has been found at high levels in the cerebral spinal 

fluid (CSF) following certain stimuli, including hypernatremia, 
hemorrhage, hypoxia, and intracranial hypertension. Recently, AVP 
mRNA has been localized in the epithelial cells of the choroid plexus, 
and vasopressin receptor lb (VlbR) mRNA has been localized in various 
structures of the central nervous system (CNS) including the choroid 
plexus. The intraventricular administration of AVP increases capillary 
permeability, and decreases capillary blood flow. These two actions 
could potentially control the water content of the brain.
Rats were given tap water or 2% saline as their drinking solution. 

Riboprobes against the 3' region of VlbR mRNA were used for in situ 
hybridization of brain sections. Autoradiography grains were increased 
in the supraoptic and paraventricular nuclei of the hypothalamus, and in 
the choroid plexus as a result of salt-loading. This is the first report to 
show salt-loading alters VlbR mRNA levels in the choroid plexus; the 
brain structure that controls CSF formation. The possibility exists that 
AVP and its receptors play a crucial role in brain water regulation. 
Supported by BIA Grant G170GO and DoD USUHS RO70AL to JTM.

676.12
FUROSEMIDE-INDUCED Na+ APPETITE INCREASES THE EXPRESSION 
OF AT1a  mRNAs IN SELECTIVE REGIONS OF THE RAT BRAIN.
Didier Mouginot* Sylvie Laforest and Guy Drolet.
Unite de Neuroscience, Centre de recherche du CHUL, Universite Laval, Qudbec, 
Canada, G1V 4G2.
The present study investigates the correlation between the induction of Na+ appetite 
and the expression of the type IA angiotensin receptor (ATiA) in the rat brain. Male 
Wistar rats were divided into 2 experimental groups. For the behavioral part of the 
study, these groups received either 2 s.c. injections of furosemide (10 mg/Kg), 2 h. 
apart, or 2 s.c. injections of saline (0.9% NaCI), 2 h. apart. Both groups were presented 
with Na+ free food and distilled water for the next 20 h. After that delay, the 2 groups 
had access to a 0.3M NaCI solution. Water, as well as NaCI intake was measured over 
the next 24 h. Furosemide induced a marked increase in Na+ intake when compared 
with saline-treated rats (23.3 ± 6.6, furo. vs. 6.2 ± 1.2 ml /24 h., sal.), but it does not 
affect water intake (30.4 ± 2.9, furo. vs. 38.4 ± 5 ml/24 h., sal.). The in situ 
hybridization portion of this study used similar experimental groups of rats. These 
groups received either furosemide or saline injections and were perfused 4 h. after the 
first injection. Coronal sections of brain were hybridized with a 55S riboprobe directed 
against AT1a  receptor mRNA. Furosemide increased the level of expression of the 
ATiA mRNA in the MnPO (115.4 ± 24.8, furo. vs. 67.9 ± 14.9 pCi/g, sal.) and in the 
parvocellular part of the PVN (340.8 ± 64.3, furo vs. 139.5 ±31.1 pCi/g, sal.). By 
contrast, furosemide did not alter the level of the ATia  mRNA expression within the 
SFO (447.6 ± 118.6, furo. vs. 376.4 ± 55.2 pCi/g, sal.). These results indicate that the 
induction of Na+ appetite by stimulating the renin-angiotensin system is correlated with 
an increased expression of AT)A receptor subtype in both MnPO and PVN, two major 
integrative nuclei located in the forebrain and in the hypothalamus, respectively.
This work is supported by FRSQ (D.M.) and by MRC (G.D.)

676.13

LOCAL SEROTONERGIC NEURONS DO NOT MEDIATE THE 
INCREASE IN SYMPATHETIC OUTFLOW TO BROWN ADIPOSE 
TISSUE FOLLOWING DISINHIBITION OF RAPHE PALLIDUS.
S.F. Morrison* and S.T. Zacharias. Department of Physiology, 
Northwestern University Medical School, Chicago, IL 60611.

The major determinant of thermogenesis in brown adipose tissue (BAT) 
is the level of sympathetic nerve activity (SNA) to BAT, which is 
regulated by inhibitory inputs to neurons in the rostral raphe pallidus 
(RPa). To determine if the increase in BAT SNA that follows disinhibition 
of RPa neurons is mediated by local serotonergic neurons, BAT SNA 
responses to microinjection of bicuculline into RPa were compared 
between rats that had received microinjections of the serotonergic 
neurotoxin, 5,7-DHT, or vehicle into RPa 22-28 days prior to testing. The 
increase in BAT SNA following disinhibition of RPa neurons was not 
different between the two groups. The effectiveness of the 5,7-DHT 
treatment was confirmed by the absence of immunocytochemical staining 
for tryptophan hydroxylase (TPH, Protos) in the RPa region in which the 
microinjections of 5,7-DHT and bicuculline were made. In contrast, robust 
TPH labeling was seen in the RPa of vehicle-treated rats. We conclude 
that non-serotonergic neurons in the region of rostral RPa mediate the 
BAT sympathoexcitation and increased thermogenesis elicited by 
disinhibition of RPa neurons. Supported by NIH DK20378.

676.14
PURINERGIC ACTIVATION OF BK-CHANNELS IN VERO CELLS. T. Hafting 
and O. Sand*. Inst, of Biology, University of Oslo, N-0316 Oslo, Norway.

Large conductance, voltage sensitive and Ca2+-activated K+-channels (BK- 
channels) are present in a variety of cell types. In neurons these channels are generally 
believed to be silent at the normal resting potential. Their main function is thus 
assumed to be in the repolarisation of the action potential. However, BK-channels are 
also present in electrically inexcitable cells, where their function is less obvious. We 
have studied the activation of a high conductance channel in clonal kidney cells from 
African green monkey (Vero cells) by using patch clamp recordings and micro- 
fluorometric (fura-2) measurements of cytosolic Ca2+. The single-channel con-
ductance is 170 pS in symmetrical 140 mM KC1 and 100 pS in a physiological K+ 
gradient. The channel is voltage dependent, highly selective for K+ and activated by 1 
pm Ca2+ at a membrane potential of -40 mV. The channel is thus a BK-channel. Cell- 
attached recordings revealed that the channel was inactive in unstimulated cells. 
Extracellular application of less than 0.1 pM ATP transiently increased [Ca2+]j to 
about 550 nM, and induced membrane hyperpolarisation due to Ca2+-activated K+ 
currents. ATP-stimulation also activated BK-channels in cell-attached patches at both 
the normal resting potential and during membrane hyperpolarisation. The increase in 
[Ca2+], was due to Ca2+-release from internal stores, suggesting that Vero cells express 
G-protein coupled purine receptors (P2Y) mediating IP3-induced release of Ca2+. The 
P2Y-receptor agonists UTP and ADP evoked similar responses to ATP, indicating the 
presence of both P2Y! and P2Y2 receptors. It has previously been shown that direct 
membrane stretch and hypotonic challenge activate BK-channels in both normal and 
clonal kidney cells. The subsequent loss of KC1 may be an important factor in cellular 
volume regulation. Our results support the idea of an autocrine role of ATP in this 
process. A minute release of ATP induced by hypotonically evoked membrane stretch 
may activate the P2Y receptors, subsequently increasing [Ca2+]j and thus K+-efflux 
through BK-channels. Supported by the Norwegian Research Council.

676.15

FOS EXPRESSION OF RAT BRAINS TO COLD AMBIENT EXPOSURE 
T. Kivohara*. M. Ishiyama and S. Miyata Department of Applied Biology, 
Kyoto Institute of Technology, Sakyo-ku, Kyoto 606-8585, Japan.

The present study was aimed to elucidate the central mechanism of 
cold tolerance of adult rats with cold exposure. Cold exposure induced Fos 
expression in many brain regions of adult rat and changes in the number 
of Fos-positive neurons were analyzed quantitatively. The significant 
number of Fos-positive neurons were seen transiently (3h and 24 h after 
cold exposure) in the lateral septal nucleus (LS), parvocellular 
paraventricular hypothalamic nucleus (pPVN), posterior hypothalamic 
area (PH), supramammillary nucleus (SuM), locus coeruleus (LC), dorsal 
tegmental nucleus (DTg), vestibular nucleus (Ves), and nucleus of solitary 
tract (Sol). The significant number of Fos-positive neurons were also found 
continuously (3h, 24 h and 24 days) in the preoptic hypothalamic area 
(POA), paraventricular thalamic nucleus (PV), lateral preoptic area (LPO), 
zona incerta (ZI), subparafascicular thalamic nucleus (SPF), central grey 
(CG), microcellular tegmental nucleus (MiTg), lateral lemniscus nucleu 
(LL), dorsal parabrachial nucleus (DPB), and cerebellum. This result 
suggest that the numbers and regions of Fos-positive neurons in the rat 
brains changed during chronic cold exposure, and such changes may 
reveal the cellular adaptaion of the thermogenic responsive neurons in the 
rat brain to cold acclimation. Moreover, the number of Fos-positive 
neurons was significantly less in the rats with cold exposure than without 
cold exposure as infant, particularly in hypothalamic nucleus such as the 
LS, POA, pPVN, ventral hypothalamic nucleus and SuM. This result 
suggest that the central mechanism of cold tolerance with cold exposure 
as infants is due to metabolic changes of the hypothalamic brain regions. 
Supported by grants from the Ministry of Education, Science, Sports and 
Culture of Japan.

676.16
INDOMETHACIN ATTENUATES HYPERTHERMIA PRODUCED BY 
CORONAL HYPOTHALAMIC KNIFE CUTS. V, Rau, C. V. Grijalva*, and 
T, Tran. Dept. of Psychology, University of California, Los Angeles, Los 
Angeles, CA 90095-1563.

Coronal knife cuts of fibers traversing the anterior border of the lateral 
hypothalamus (LH) have been shown to produce an elevation in body 
temperature, or hyperthermia (Gunion, Grijalva, Tach6, & Novin, Brain 
Res. 5§0: 326-329, 1991). However, it is unknown how this temperature 
increase is mediated. Prostaglandin has been implicated in mediating 
hyperthermia induced by electrolytic LH lesions (Lennie, Hirvonen, 
McCarthy, & Keesey, Physiol. Beh. 58: 237-243, 1995). The present 
study examined whether prostaglandin also mediates hyperthermia 
produced by coronal knife cuts placed anterior to the LH. Four groups of 
rats (N=6) were used; two received knife cuts (KC) and two underwent 
control surgery. Rectal core temperatures were taken prior to surgery and 
7, 10, and 24 hours following surgery. One control group and KC group 
were injected with indomethacin (15 mg/kg, i.p.), a prostaglandin 
synthesis inhibitor, 7 hours after surgery, and the remaining control and 
KC groups were injected with vehicle (DMSO). Both groups receiving KC 
showed a reliable increase in core temperature 7 hr postoperatively. 
Hyperthermia was attenuated 10 hr postoperatively only in the KC group 
injected with indomethacin. These results indicate that hyperthermia 
induced by anterior coronal KC is mediated, at least in part, by 
prostaglandin mechanisms.
(Supported by UCLA Academic Senate Research Grant)
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676.17
INTRAPERITONEAL CYCLOOXYGENASE-2(COX-2) INHIBITOR 
AFFECTS LIPOPOLYSACCHARIDE(LPS)-INDUCED FEVER AND Fos 
EXPRESSION IN RAT BRAIN.
Y-H. Zhang1, J.K. Elmquist1 \ and C.B. Saper*1. 1 Department of Neurology, 

^Department of Medicine and Division of Endocrinology, Beth Israel Deaconess 
Medical Center, Harvard Medical School, Boston, MA 02115.

Intravenous (i.v.) administration of lipopolysaccharide (LPS), as an immuno 
stimulant, produces local secretion of pyrogenic cytokines. These act via a variety 
of mechanisms to induce fever and Fos-like immunoreactivity (Fos-IR) in several 
nuclei in the rat brain, including the ventromedial preoptic area (VMPO), the 
paraventricular nucleus of the hypothalamus (PVH) and the nucleus of the solitary 
tract (NTS). The final mediator within the brain of cytokine-induced fever is 
prostaglandins, which is thought to act in the preoptic area. Cyclooxygenase (COX) 
is the critical enzyme for synthesis of prostaglandins, and COX-2, the inducible 
form of this enzyme, is markedly induced in the brain by i.v. injection of LPS. To 
investigate the specific roles of COX-1 and COX-2 in LPS-induced fever, we 
intraperitoneally (i.p.) injected either SC-236 (specific COX-2 inhibitor) or SC-560 
(specific COX-1 inhibitor) both dissolved in DMSO (10 mg/ml, 0.15ml i.p.) or 
DMSO vehicle simultaneously with i.v. LPS (5pg/kg). The results indicate that, 
whereas SC-560 or only DMSO (0.15ml i.p.) had no effect for LPS-induced fever 
(measured by telemetry) and Fos expression in the rat brain, SC-236 completely 
blocked both LPS-induced fever and Fos-IR in the VMPO and the PVH. However, 
interestingly, the LPS-induced Fos-IR in the NTS was unaffected by SC-236. This 
work was supported in part by USPHS grants NS33987 and MH56537.

676.18
HYPERTHERMIA ELICITED BY ICV MOXONIDINE (MX), BUT NOT UK- 
14304 (UK), IN CONSCIOUS RATS. T.R. Harrigan1, J.R. Wilson*, 
D.D. Smyth, & S.C. Chan. Depts. Psychology & Pharmacology, 
U of Manitoba & 1Red River College, Winnipeg MB R3T-2N2 CA.

Although a classic a2-adrenergic (A2) agonist, 
clonidine's sympathoinhibitory effect has recently been 
attributed to Ii-imidazoline (II) receptors in the RVLM. 
However, Il and A2 receptors are also located in the 
hypothalamus, yet their role in sympathetic function 
remains unexplored. This study assessed, in conscious 
rats, whether ICV microinjections of MX, an II agonist, or 
UK, an A2 agonist, influenced body temperature in a manner 
consistent with their purported action in the RVLM. Twelve 
rats received chronically indwelling minimitters, for 
recording body temperature, and 3rd ventricle cannuli for 
drug administration. In a repeated measures design, 6 
rats received central pretreatment with either 4 pi of 
saline or efaroxan, an II antagonist. 30-min later, rats 
were centrally treated with MX (0,1,10 nmol), in a 4 pi 
volume of saline over 45-60 s. In a similar procedure, 
the remaining 6 rats were pretreated with saline or SK&F- 
86466, an A2 antagonist. UK (0,1,10 nmol) was delivered 
30-min later. MX produced significant and prolonged 
hyperthermia, which was blocked by efaroxan. No treatment 
effect was observed with UK. These and related findings 
indicate that II and A2 receptors near the hypothalamus 
are functionally dissociable, and the role of II receptors 
in regulating body temperature is different than expected 
from their sympathoinhibitory action in the RVLM.

676.19

FEBRILE AND CYTOKINE RESPONSES INDUCED BY ACUTE PHASE 
PROTEINS a2-MACROGLOBULIN AND a,-ANTITRYPSIN (SERINE PROTEASE 
INHIBITORS) IN MICE. A.V. Gourine,1 V.N. Gourine.1 D.B. Sandakov? K. Rudolph2 
and M.J. Kluger2*. 'Inst. Physiol., Natl. Acad. Sci. Belarus, Minsk 220725, Belarus; 
2Lovelace Respiratory Res. Inst., Albuquerque, NM 87185.

Acute phase proteins (APP) are often considered to be nonspecific defense 
molecules, with the function of minimizing tissue injury during inflammation. In the 
present study we test the hypothesis that APP with protease inhibitory activity, oii- 
antitrypsin (aAT) and a2-macroglobulin (aMG) are able to induce acute phase 
response.

Male Swiss Webster mice were intravenously (i.v.) injected with aAT or aMG. 
Effect of these injections on body temperature (Tb, measured by telemetry) and 
plasma levels of interleukin(IL)-6, tumor necrosis factor-a (TNF-a) and IL-10 was 
studied.

It was found that: (i) i.v. injection of 25 mg/kg aMG increases Tb in mice by 
0.64°C (p<0.05; Student's t test) 3 h after treatment. Lower doses of aMG (5,0.5 
and 0.05 mg/kg) failed to affect Tb; (ii) i.v. administration of 5 or 25 mg/kg aAT 
also resulted in a significant increase in Tb in mice by 0.50°C and 0.52°C, 
respectively (p<0.05) as compared to controls injected with saline; (iii) treatment 
with either aMG or aAT resulted in a marked (p<0.05) increase in plasma 
concentrations of IL-6, IL-10 and TNF lh after injection. The plasma levels of IL- 
6, IL-10 and TNF declined by 4 h in mice treated with aMG or aAT, but were still 
significantly (p<0.05) higher then those of mice treated with saline.

The data suggest that APP (endogenous serine protease inhibitors) aAT and 
aMG are capable of inducing fever and cytokine responses mice, when injected in 
amounts similar, or even smaller, than that, observed during development of the 
inflammatory response. The results of the present study suggest that acute phase 
proteins aAT and aMG are involved in induction (or modulation) of the acute 
phase response in mice. (Supported by Fogarty Int’l Ctr., NIH; 1 R03 TW00992-01)

676.20

EP3 mRNA IS LOCALIZED IN AREA OF THE RAT BRAIN 
RESPONSIVE TO PGE2-INDUCED FEVER. A. Mouihate* and Q.J. 
Pittman. Neuroscience Research Group, Dept. of Physiol & Biophysics, 
University of Calgary, Calgary, Alberta, Canada

Prostaglandin type E2 (PGE2) acts centrally to convey pyrogenic 
signals of peripheral origins. It is largely accepted that PGE2 acts on its 
receptor(s) located in the vicinity of, and posterior to the organum 
vasculosum of the lamina terminalis (OVLT) within the rat brain. PGE2 
can act via at least four different PGE2 receptor subtypes (i.e., EPI, 
EP2, EP3, EP4). Growing evidence has been obtained with receptor 
agonists and antagonists to suggest that PGE2 triggers the febrile 
response preferentially via the EPI receptor. However recent studies 
show that fever is abolished in mice lacking EP3 receptors.

To ascertain the possible involvement of EP3 receptor in fever 
development in rats, we initially asked if the EP3 receptor is present in 
the rat brain and, most importantly, if this receptor is localized in the 
target area of PGE2 action. By using in situ hybridization, we here give 
evidence that EP3 mRNA is localized in the area surrounding the OVLT 
as well as in the preoptic area (POA). The EP3 mRNA distribution is 
more abundant around the third ventricle.

This study indicates that EP3 receptors are synthesized by cells 
in the OVLT/POA area and may participate in the febrile response to 
PGE2 in rats. (This work is supported by MRC/ASTRA)

SIGNAL TRANSDUCTION: GENE EXPRESSION—NEUROTROPHIC FACTOR: MEDIATED TRANSCRIPTION

677.1

Amyloid 3 peptide decreases CREB-mediated BDNF 
induction in primary cultured rat cortical neurons. L. 
Tong,* P.L. Thornton and C.W. Cotman, Inst, for Brain 
Aging and dementia, UC Irvine, Irvine, CA 92704.
Amyloid 3 peptide (A3) is thought to play a central role in 
the pathogenesis of brain aging and Alzheimer's disease 
(AD). The effects of A3 on signaling pathways associated 
with activity dependent plasticity are not well characterized. 
Activation of c-AMP responsive element binding protein 
(CREB) is thought to be important in the induction of 
neurotrophin responses and the formation of long-term 
memory. One of the target genes of CREB is BDNF that 
plays important roles in synaptic plasticity and neuronal 
survival. In particular, the Ca2+-dependent regulation of 
BDNF is mediated by CREB. To investigate to effects A3 on 
target genes of CREB, we examined the effect of A3 on 
CREB-mediated Ca2* influx-induced BDNF exon III 
expression in primary cultured rat cortical neurons. BDNF 
expression was measured by RT-PCR. Treatment of 
sublethal concentration of A3 1-42 (5 pM) decreased the 
BDNF exon III expression induced by depolarization. Our 
results suggest that A3 may adversely affect CREB- 
mediated BDNF regulation by calcium without measurable 
degeneration. Supported by NIH grant AG13007.

677.2
COLOCALIZATION OF RAP1- AND RAS-TARGETING CALDAG-GEFS IN 
STRIATAL NEURONS. S. Toki1, H. Kawasaki*1,2, M. Matsuda3, D.E. Housman2,
A.M Graybiel1. ’Dept. of Brain & Cog. Sci., MIT, Cambridge, MA; ^Center for 
Cancer Research; MIT, Cambridge, MA ^Research Inst., Int’l Med. Ctr. of Japan.

We previously reported cloning a novel striatum-enriched gene, CalDAG-GEFI, 
and showed that it is part of a gene family including CalDAG-GEFII (identical to 
RasGRP, Ebinu et al., 1998). Both CalDAG-GEFs are strongly and differentially 
expressed in the brain and hematopoietic organs, and both have binding domains for 
calcium (Ca2+) and diacylglycerol (DAG) as well as Ras superfamily guanine 
nucleotide exchange factor (GEF) domains (Kawasaki et al., 1998). However, the two 
CalDAG-GEFs have opposing Ca2+- and DAG-modulated effects in 293T cell in vivo 
exchange assays: CalDAG-GEFI targets Rapl and inhibits the Erk/MAP kinase 
cascade, whereas CalDAG-GEFII targets Ras and activates the Erk/MAP kinase 
cascade. We now have tested whether these two CalDAG-GEFs are colocalized in 
single neurons. We focused on neurons of the striatum, in which we found both genes 
to be present. We used double in situ hybridization to detect CalDAG-GEF transcripts 
and transcripts marking the two major classes of striatal projection neuron 
(proenkephalin and prodynorphin, ENK and DYN) or those marking striatal 
intemeurons (choline acetyltransferase, glutamic acid decarboxylase 67; somatostatin 
and parvalbumin).

CalDAG-GEFI and CalDAG-GEFII were colocalized in 85% of the neurons 
sampled. High levels of their transcripts were observed in striatal projection neurons 
(84% of ENK-positive neurons were CalDAG-GEFI-positive, and 84% CalDAG- 
GEFII-positive; for DYN-positive neurons, values were 84% and 91%, respectively). 
The CalDAG-GEFs were also expressed in subsets of striatal intemeurons.

Ras/MAP kinase signaling has been implicated in synaptic transmission and 
plasticity. Our results suggest that in striatal neurons, CalDAG-GEFI and CalDAG- 
GEFII may differentially regulate this functional cascade under the control of Ca2+ and 
DAG. Funded by the Grayce B. Kerr Fund, the James and Pat Poitras Research Fund 
andNIHROl HD28341.
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677.3
IN VIVO INDUCTION OF LTP IN THE DENTATE GYRUS LEADS TO 
TRANSIENT ACTIVATION OF MAP KINASE AND ITS NUCLEAR TARGET, 
ELK-1, FOLLOWED BY IMMEDIATE EARLY GENE EXPRESSION.
J, Caboche1, P. Vanhoutte1. S. Davis2 and S. Laroche2*. U^ab. de Neurochimie- 
Anatomie, lnstitut des Neurosciences UMR 7624, Univ. Pierre et Marie Curie, Paris, 
France. 2Lab. de Neurobiologie de l’Apprentissage, de la Memoire et de la 
Communication, CNRS UMR 8620, Univ. Paris Sud, Orsay, France.

The MAP Kinase pathway has been implicated in synaptic plasticity and learning. 
Phosphorylation of ERK2 has been observed in CA1 in vitro and also very rapidly 
after associative learning. We have examined the activation of MAPK/ERK, MAP 
kinase phosphatase, the downstream nuclear target, Elk-1 and the immediate early 
genes zif268 and cfos following the induction of LTP in the dentate gyrus. LTP was 
induced in the dentate gyrus and rats were sacrificed either immediately after a tetanus 
(0 m), or 15, 60 and 180 minutes after a tetanus. Using western blots we found a 
strong and transient increase in phosphorylated ERK 1/2 that occured immediately 
after the induction of LTP. The activation of ERK1/2 returned to basal levels 15 
minutes later. Immunolabeling showed that phosphorylated ERK1/2 was present in 
both the cytoplasmic compartment of cell bodies and dendrites of the granule cells. 
At the same point (0 m) western blotting also showed an increase in the 
phosphorylation of Elk-1 and immunolabeling confirmed its presence in the nucleus, 
the cytoplasm and the dendrites of the granule cells. At the 15 m time point only, we 
observed an increase in MAP kinase phosphatase mRNA. As this protein 
dephosphorylates MAPK/ERK, its activation at this time point may suggest the 
presence of a negative feedback loop to tightly control the activation of MAPK/ERK. 
Also at the 15 m time point we observed an increase in the mRNAs for zif268 and c- 
fos. The increase in zif268 mRNA lasted for 1 hour after the induction of LTP, 
returning to basal levels by the 180 m time point. Taken together these data suggest 
that synaptic plasticity in the dentate gyrus activates MAPK/ERK in a transient and 
tightly controlled manner. More importantly, these data suggest that the nuclear 
target, Elk-1, may play a pivotal role between the mechanisms underlying short 
lasting LTP and its long-term maintence via the activation of immediate early genes.

C77A
ERKII-GFP TRANSLOCATION TO THE NUCLEUS, A POSSIBLE INDICATOR 
OF LONG-TERM SYNAPTIC PLASTICITY IN VIVO. M. Futter*1, K, Rosenblum2, 
K, Allman2, E. C. Hulme1, P. Skehel2, T. Carter2, T.V.P. Bliss2. Divisions of Physical 
Biochemistry1 and Neurophysiology2, National Institute for Medical Research, Mill 
Hill, London NW7 1AA, U.K.

Transient inhibition of extracellular regulated kinase (ERK) blocks long- but not 
short-term memory in the insular cortex or LTP in hippocampal slices (Berman et al.,
J.Neurosci., 18, 10037-44, 1998, Impey et al., Neuron, 21, 869-83, 1998). ERKI/II 
are the only members of the MAPK family known to modulate gene expression by 
translocation to the nucleus, raising the possibility that ERK translocation could be 
used as an indicator of long-term synaptic plasticity. We are investigating the 
involvement of ERK in long-term gene modulation in neurones.

In primary cortical neurones, the muscarinic acetylcholine receptor agonist, 
carbachol (10-100pM), induced prolonged (over 4 hours) activation of ERKI/II as 
detected in immunoblots using a phospho-specific antibody to ERKI/II (phosphorylated at 
T202/Y204). Similar prolonged activation was obtained following exposure to BDNF 
(50ng/ml). We constructed and transiently expressed ERKII-GFP in cell lines and 
primary cells. The ERKII-GFP was activated by carbachol in COS-7 cells over-
expressing the rat Ml acetylcholine receptor, in a dose dependent manner, as 
detected in immunoblots with phospho-specific ERKI/II antibody. In PC 12 and COS- 
7 cells high expression of the ERKII-GFP (as revealed by CCD and confocal 
imaging) induces a strong nuclear signal even in serum-deprived cells. In contrast, in 
primary glia, neurones or endothelial cells serum deprivation leads to strong cytosolic 
localisation. Addition of serum in all primary cells and carbachol in a subset of 
neurones leads to the translocation of ERKII-GFP to the nucleus.

We are currently using the ERKII-GFP to visualise the dynamics of ERKII 
translocation to the nucleus following plasticity-related stimulation in neurones.
M.F. is funded by an M.R.C. (UK) studentship. K.R. is an Royal Society fellow.

677.5
ARG3.1/ARC mRNA INDUCTION BY CALCIUM AND CYCLIC AMP 
REQUIRES PKA AND MAPK/ERK KINASE ACTIVATION BUT IS 
INDEPENDENT OF CREB. Robert Waltereit1, Biom Dammermann1, Gunther 
Kauselmann1, Joey Scafidi2, Ursula Staubli2, Marsha Bundman1* and Dietmar
Kuhl1. 1 Zentrum fur Molekulare Neurobiologie, University of Hamburg, 
Martinistrasse 52, 20246 Hamburg, Germany;2 Center for Neural Science, New 
York University, New York, New York 10003, USA.

Like several forms of memory, long-lasting LTP requires cyclic AMP mediated 
activation of protein kinase A (PKA) and is dependent on gene transcription. 
Consequently genes such as c-fos that contain cyclic AMP response elements 
(CREs) in their 5’ regulatory region have been intensely studied. Arg3.1/arc 
mRNA synthesis is dramatically induced following synaptic activation; the 
mRNA is rapidly ditributed to dendritic processes and may there be locally 
translated to facilitate synapse specific modifications. However, up to date 
nothing is known about the signaling mechanisms involved in the induction of 
this gene. Here we report that arg3.1/arc is robustly induced with LTP 
stimulation even at intensities that are not sufficient to activate c-fos. In 
pharmacological studies using PC 12 cells and primary cultures of hippocampal 
neurons we demonstrate that arg3.1/arc can be induced by the influx of calcium 
as well as activation of cyclic AMP. Similar to c-fos, this induction requires the 
activity of PKA. However, by contrast, the 5’ regulatory region of arg3.1/arc 
does not contain a CRE consensus sequence and transcriptional activation of 
arg3.1/arc is independent of the activation of CRE-binding protein (CREB). 
Moreover, we find that MAPK/ERK kinase is critically involved in the induction 
of arg3.1/arc and suggest a neuron-specific signaling pathway for the activation 
of activity-dependent genes. [Supported by DFG]

677.6
Induced  mRNA Synthesis  and  Protein  Expression  of  Map -Kinase  
Phosphatase  2 in  Long -Lasting  Forms  of  Neuronal  Activity : 
Possible  Role  in  the  Feedback  Inhibition  of  Map  Kinases  
S, Jessberger1, U. Konietzko1*, J. Scafidi2, U. Staubli2 and D. Kuhl1
'Zentrum fur Molekulare Neurobiologie Hamburg (ZMNH), University of 
Hamburg, D-20246 Hamburg, Germany and 2Center for Neural Science, New 
York University, New York 10003, USA
Maintained increases in synaptic strength during longer lasting forms of 
plasticity are dependent on the induction of gene expression. This induction is 
at least in part mediated by the activity of MAP kinases (MAPK) that relay 
signaling from the membrane to the transcriptional apparatus in the nucleus. 
Using a novel subtractive cloning procedure we identified a number of 
specific genes that are induced in neurons of the hippocampus by plasticity 
inducing neuronal activity. One of these genes encodes MAP-Kinase 
Phosphatase 2 (MKP-2), a tyrosine/threonine phosphatase with specific 
activity directed against MAPK. Using Northern analysis and in situ 
hybridization we show that MKP-2 mRNA is rapidly induced by seizures. 
The induction of MKP-2 mRNA is precisely reflected in a concomitant 
increase of MKP-2 protein in stimulated neuronal populations. Similarly, high 
frequency stimulation of the perforant path induced LTP and robustly 
increased MKP-2 in the potentiated granule cells of the dentate gyrus. By 
contrast, the same number of stimuli, given at the same intensity but at low 
frequency did not result in LTP or an induction of MKP-2. These data suggest 
that activity-dependent induction of MKP-2 might serve as a feedback 
inhibition to limit the duration of MAPK signaling. (Supported by DFG)

677.7

EFFECTS OF MAP KINASE PHOSPHATASE AND MAP KINASE KINASE 
OVEREXPRESSION IN MICE. K.L. Hood.1* R.M. Bartolome.1 Z, Xia.2 M. 
Mavford1. 'Dept. of Neurosciences, UCSD, La Jolla, CA 92093.; 2Dept. of 
Environmental Health, Univ. of Washington, Seattle, WA 98195.

Long-term potentiation (LTP) is thought to be a cellular substrate for memory. 
LTP can be divided into protein synthesis-independent and protein synthesis- 
dependent forms, thought to underlie short-term memory (STM) and long-term 
memory (LTM), respectively. MAP kinase (MAPK) is involved in LTP and 
learning. Studies have shown that MAPK activity is increased by LTP-inducing 
stimuli and by fear-related learning, and that inhibition of MAPK blocks LTP and 
fear-related learning. Upon activation, MAPK translocates to the nucleus where it 
is involved in the transcriptional activation of a number of genes. Thus, alteration 
of MAPK activity may interfere with protein synthesis-dependent LTM. We have 
generated mice that express either MAPK phosphatase (tet-MKP), a nuclear MAPK 
deactivator, or constitutively active MAPK kinase (tet-MKK), a MAPK activator. 
Both transgenes are expressed under regional control using the CaMKHa promoter 
(expression is restricted to cortex, hippocampus, amygdala, and striatum) and under 
temporal control using a tet-repressor system. We found that tet-MKP mice have 
impaired LTM but normal STM for conditioned fear. Mice were trained to 
associate both an environmental context and a cue (tone) with a footshock. At 
testing, memory for the context-shock and cue-shock associations was measured, as 
indicated by freezing. Tet-MKP mice demonstrated significantly reduced context 
and cue freezing relative to controls when tested 24 hours after training, but not 
when tested 30 minutes after training. This result suggests that inhibition of MAPK 
activity in the nucleus may specifically impair protein synthesis-dependent LTM. 
Additional behavioral, gene expression, and electrophysiological studies are in 
progress for both lines. Supported by grants from the Klingenstein and McKnight 
Foundations and an NSF Graduate Research Fellowship.

677.8
USE OF A NOVEL EXPRESSION SYSTEM TO GENERATE ANTIBODIES 
(Ab) TO SPECIFIC AKT ISOFORMS. R.L, Hoffman, R.L. Somberg, C.P. 
Landowski, R.E. Smith and M. Haak-Frendscho*, Immunol, and Neurobiol. R&D,
Promega Corporation, Madison, WI 53711.

There is a great need to make Ab against specific targets quickly and
inexpensively, especially in the rapidly growing area of signal transduction. To 
address this, a novel system to generate immunogens was developed wherein 
peptides are expressed as fusion proteins with a Sparingly Soluble Non-Antigenic 
Protein (SSNAP) carrier. Advantageous characteristics of the SSNAP carrier are 
that fusion peptides are purified easily by centrifugation and the host immune 
response is preferentially directed against the target peptide. In this study, we 
wished to generate a pool of specific polyclonal Ab directed against Akt-1 and 
Akt-2 to better delineate the relative contributions of each Akt isoform in a variety 
of experimental systems. Since both isoforms are highly conserved among 
mammals, it was important to have the ability to generate multiple oligoclonal 
antibodies in order to achieve the high level of antibody specificity needed. Using 
the SSNAP system, we were able to make a variety of peptide fusion immunogens 
derived from Akt-1 and Akt-2 protein sequences and purify them in parallel for a 
fraction of the cost and time needed for peptide synthesis and subsequent chemical 
coupling. All of the Ab generated using the SSNAP system detected Akt-1 and 
Akt-2 in cell lysates by western analysis. Although SSNAP peptide Ab may 
require affinity purification to remove non-specific reactivity, some are isoform-
specific as Ig fractions. Phosphorylation-specific peptide Ab also were generated 
using traditional methods of synthetic peptide conjugation to KLH. All of these 
latter Ab required affinity purification. Together, the resulting Ab enabled 
discrimination between both Akt isoforms and their active phosphorylation states. 
(This work was supported by Promega Corp.)
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677.9
GROWTH FACTOR-MEDIATED FYN SIGNALING REGULATES 
AMPA RECEPTOR EXPRESSION IN RODENT NEOCORTICAL

Yamamoto^ and H, Nawa^ >2 1) Dep. of Mol. Neurobiolo., Brain Res. Ins., Niigata 

Univ., Niigata 951, Japan; 2) Cold Spring Harbor Labo., Cold Spring Harbor , 
flew York 11724, USA; 3) Ins. of Med. Sci., Univ. of Tokyo, Tokyo 108, Japan

Src-family protein tyrosine kinases (PTKs) transduce signals to 
regulate neuronal development and synaptic plasticity. However, the nature of 
their activators and molecular mechanisms underlying these neural processes 
are unknown. Here, we show that BDNF and PDGF enhance expression of 
AMPA receptor 1 and 2/3 proteins in rodent neocortical neurons via the Src- 
family PTK(s). The increase in AMPA receptor levels was blocked in cultured 
neocortical neurons by addition of a Src-family-selective PTK inhibitor. 
Accordingly, neocortical cultures from Fyn-knockout mice failed to respond to 
BDNF whereas those from wild-type mice responded. Moreover, the neocortex 
of young Fyn mutants exhibited a significant in vivo reduction in these AMPA 
receptor proteins but not in their mRNA levels. In vitro kinase assay revealed 
that BDNF can indeed activate the Fyn kinase: It enhanced tyrosine 
phosphorylation of Fyn as well as that of enolase supplemented exogenously. 
BDNF also enhanced the protein levels of Fyn which co-immunoprecititated 
with AMPA receptors. All of these results suggest that the Fyn, activated by the 
growth factors, plays a crucial role in modulating AMPA receptor expression 
during brain development. Supported by Grant RFTF-96L00203, Japan.

677.10
CYTOKINE-RESPONSIVE NF-KB-INDUCED KINASE, AN INHIBITOR OF 
KB (IKB) KINASE ACTIVATION BY NMDA THROUGH PAF IN PRIMARY 
NEURONAL CULTURE. P.K. Mukherjee, A. Castellano, W.L. Lukiw, M.A. 
DeCoster* and N.G. Bazan. LSUMC Neuroscience Center, New Orleans, LA

The nuclear transcription factor NF-kB plays an important role in 
proinflammatory cell signaling pathways and gene expression and is sequestered 
in the cytoplasm by IkB. Under cytoplasmic stress, IkB is phosphorylated, 
leading to its proteolytic degradation and releasing NF-KB, which further 
phosphorylates NF-kB-induced kinase (NIK.) Upon its release, NF-kB migrates 
rapidly to the nucleus and binds with specific, often proinflammatary, DNA 
promoter sequences, inducing gene activation. The short lived-bioactive lipid, 
platelet-activating factor (PAF) and neurotransmitter, N-methyl-D-aspartate 
(NMDA) have also been implicated in protein kinase activation. In the present 
study, we have investigated the activation of NIK and IkB kinases under the 
influence of PAF and NMDA, compared to IL-1 P in primary neurons. The 
optimum time of activation was found to be 10 minutes for NIK and 15 minutes 
for IkB in neuronal cultures, either by PAF, NMDA or IL-1 (3, reaching basal 
levels within 20 minutes. However, activation by kainate (KA) remained 
sustained for 20 minutes. The synthetic hetrazepine, BN50730, an intracellular 
PAF receptor antagonist, blocked the PAF- and NMDA- induced activation of 
NIK and IkB without affecting IL-ip-mediated activation, indicating a different 
route of activation. Electrophoretic mobility shift assay (EMSA) indicated that 
NMDA and PAF were able to activate NF-kB transcription, and induce NF-kB- 
DNA binding, while BN 50730 substantially blocked NMDA-induced NF-kB 
activation. Comparison of NF-kB-DNA binding in cytoplasmic versus nuclear 
protein extracts suggests a BN50730-mediated impairment of NF-kB 
translocation to the nucleus. Inhibition of NMDA- mediated activation of NIK 
and IkB kinase by BN 50730 implicates NMDA- generated PAF in neurons, 
which may play a key role in cell signal transduction. NIH NS23002.

677.11

NEURAL CELL ADHESION MOLECULE (N-CAM) ACTIVATES NF-
k B THROUGH A SRC-FAMILY TYROSINE KINASES AND PKC IN 
ASTROCYTES AND NEURONS. J. Choi1, L.A. Krushel2*, G.M. 
Edelman1, and K.L, Crossin1, department of Neurobiology, The 
Scripps Research Institute, La Jolla, CA 92037; 2The Neurosciences 
Institute, San Diego, CA 92121.

The binding of the neural cell adhesion molecule, N-CAM, alters 
gene transcription and leads to changes in cell behavior. In support of 
this observation, we have recently shown that N-CAM binding 
activates the transcription factor NF-k B (Krushel et al., JBC 274: 
2432). We have now begun to analyze the intracellular signaling 
pathways which link N-CAM binding at the cell surface to NF-k B- 
mediated transcription in the nucleus. Addition of a recombinant third 
immunoglobulin domain of N-CAM, Ig III, to neonatal rat forebrain 
astrocytes or cerebellar granule neurons increased the activity of a 
transiently transfected NF-xB-luciferase reporter construct. Inhibition 
of non-receptor tyrosine kinases by herbimycin A resulted in a 
decrease in Ig Ill-induced NF-k B activity whereas pharmacological 
inhibition of known NF-k B activating pathways including lipid 
peroxidation, PKG, and phosphatidylinositol 3-kinase did not. 
Furthermore, pretreatment of cells with the PLC inhibitor U-73122 and 
the PKC inhibitor calphostin C also inhibited Ig Ill-induced NF-k B 
activity. These findings suggest that N-CAM binding increases NF-kB 
activity by a pathway involving Src-family tyrosine kinases and PKC. 
Supported by Neurosciences Research Foundation, Skaggs Institute, 
Mathers Foundation, and USPHS grants HD09635 and NS/OD34874.

677.12
IDENTIFICATION OF SP1 AS A PROMINENT KAPPA-B BINDING 
FACTOR IN NEURONS. X. Mao1,*A.M. Moerman2 and S.W. Barger123 
Depts of 1Anatomy, 2Geriatrics, Univ. Arkansas Med. Sci.; ^Central 
Arkansas Veterans Healthcare System, Little RockAR 72205.

We previously reported a neuronal-xB binding protein (NKBF) in rat 
primary neocortical and hippocampal neurons that is distinct from NF-
k B. By supershift and competition experiments we now have 
identified NKBF asSpl. k B oligos competed for Sp1 binding with its 
target sequence, but with 10-fold lower efficiency than the Sp1 
binding sequence itself. As suggested by the original data using k B 
probes, Sp1 activity was modulated by glutamate. Data indicated 
that NMDA was more effective than AMPA in inhibiting Sp1 activity. 
This differential effect of glutamate ionotropic receptors was 
correlated with their neurotoxicity. In addition, we found that the 
activity of this factor was diminished by toxic iron treatments. 
Treatments that altered Sp1 activity also affected expression of genes 
regulated bySpl. Glutamate treatments that diminished Sp1 activity 
inhibited expression of NMDA and AMPA receptor subunits with Sp1 
sites in their promoters. Glutamate receptor antagonists known to 
upregulate receptor expression also elevated Sp1 activity. Thus, 
alterations of Sp1 activity by glutamate may contribute to the effects 
of glutamate on the expression of its receptors.

Sponsored by funds from NINDS (NS35872) and the Alzheimer’s 
Association.

677.13

STRONG DOWNREGULATION OF NUCLEAR FACTOR KAPPA B 
ACTIVATION IN GLIAL CELLS AFTER TRIFLUSAL TREATMENT. L, Acarin*. 
B, Gonzalez and B. Castellano.Unit of Histology, Faculty of Medicine, Autonomous 
University of Barcelona, Spain.

Two of the most important transcription factors related with early gene activation in 
glial reactivity are the Signal Transducer and Activator of Transcription 3 (STAT-3) 
and the Nuclear Factor kappa B (NFkB). The upregulation of NFkB and STAT-3 
activation in astrocytes and microglial cells has been implicated in the production of 
inflammatory products and, in this regard, in the regulation of neuronal cell death. The 
aim of the present work was to analyze the capacity of Triflusal (2-acetoxy-4- 
trifluoromethyl-benzoic acid), a compound structurally related to the salicylate group, 
to downregulate the activation of NFkB and STAT-3 in glial cells and, therefore, to 
evaluate its eficacy as a putative neuroprotective drug. Triflusal was supplied by 
gastric probe to postnatal rats from day seven to nine in 3 doses (30 mg/Kg) every 24 
hours. Glial reactivity was induced by intracortical injection of N-methyl-D-aspartate 
at postnatal day nine, one hour after the last drug dose administration. After survival 
times ranging from 2 to 24 hours, brains were cut in a cryostat and sections processed 
for NFkB and STAT-3 immunocytochemistry. Astrocytes were demonstrated by glial 
fibrillary acidic protein immunocytochemistry and microglial cells by tomato lectin 
histochemistry.

In control animals, cortical neurons but not glial cells showed constitutively 
activated NFkB, which is downregulated following triflusal administration. On the 
other hand, the constitutive neuronal activation of STAT-3 was not affected by 
Triflusal treatment. When an excitotoxic lesion was performed, we observed a rapid 
activation of both transcription factors NFkB and STAT-3 in glial cells. However, if 
lesioned rats received Triflusal, activation of NFkB was completely inhibited, both in 
the astroglial and microglial populations. In contrast, a rapid glial activation of STAT- 
3 was observed from 2 hours post-lesion.

These results indicate that Triflusal could be a good therapeutic expectative in 
pathological situations where the regulation of glial NFkB activation is an important 
step in the evolution of neurodegenerative processes.

677.14

THE SHORT FORM LEPTIN RECEPTOR, OBRa, MAY HAVE SIGNAL 
TRANSDUCTION FUNCTION. Zhitong Liu* and Sarah F Leibowitz, The 
Rockefeller University, 1230 York Avenue, New York, New York 10021

The short form leptin receptor (OBRa) is heavily expressed in blood-brain 
bamer and microvessels of brain, and its expression is stimulated by a higji-fat diet, 
which increases the circulating levels of leptin. It has been proposed that OBRa is 
involved in the receptor-mediated transfer of leptin through the blood-brain barrier, 
while the long form leptin receptor (OBRb) functions in signal transduction through 
the JAK/STAT pathway. However, OBRa contains a motif for the binding of a 
JAK kinase on its cytoplasmic domain and is involved in inducing the expression 
of immediate early genes, c-fos, c-jun and jun-B, and in the phosphorylation of 
MAPK. This suggests that OBRa may have signal transduction function. By using 
RT-PCR, studies in this lab demonstrate that the mRNA levels of OBRa are higher 
in peripheral tissues, particularly ovary, liver, spleen and intestine, than in brain. 
Moreover, we have identified additional sequences homologous to OBRa in 
peripheral tissues as well as in brain, and these OBRa-like species, including OBRa 
itself are expressed in a tissue-specific manna*. These findings suggest that OBRa 
may have additional fimction(s) besides the transport of leptin through the blood- 
brain barrio*. We additionally demonstrate that the recombinant cytoplasmic 
domain of OBRa (OBRac) is phosphorylated by purified JAK2 kinase in vitro. 
Moreover, OBRac binds strongly with the T antigen in a GAL4 yeast twohybnd 
system and in protem-to-protein interaction experiments in vitro. This indicates that 
other eukaryotic proteins may exist that bind with OBRac. Collectively, these 
results lead us to conclude that OBRa may have signal transduction function 
through the JAK/STAT pathway.
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677.15
CHARACTERIZATION OF NOVEL DNA BINDING ACTIVITY 
INVOLVED IN CNTF SIGNALING. E.A. Jones and A.J. Symes*. 
Dept. of Pharmacology, Uniformed Services University of the 
Health Sciences, Bethesda, MD 20814.

Expression of the gene encoding the neuropeptide, vasoactive 
intestinal peptide (VIP), is strongly induced by CNTF in cells of 
the peripheral nervous system and in neuroblastoma cells. In the 
neuroblastoma cell line NBFL, CNTF can induce a 10 fold increase 
in VIP mRNA expression. A 180 base pair region (CyRE) 
upstream of the VIP gene, is necessary and sufficient to mediate 
this CNTF response. The CyRE contains a functional Stat and AP-1 
site. In addition, deleting 28bp of the CyRE 3’ end or mutating 4 
conserved bases (ACTG) within the 3’ region, reduces CNTF- 
induced transcription by 90%. To investigate which transcription 
factors bind to this novel 3’ region, we designed overlapping 
probes for EMSA studies. Several constitutive DNA binding 
complexes bind to probes from the 3’ CyRE. Binding of the 
smallest of these, is competed away by an AP-1 specific probe 
although the complex does not recognise Fos or Jun antibodies. 
Mutating the 4bp ACTG sequence prevents specific binding of a 
second larger protein complex. The ACTG-specific protein 
complex binds with high affinity, requiring 1M NaCI to abolish 
binding. It also fails to bind to known transcription factor binding 
sites in competitive studies. We are in the process of characterizing 
this factor using DNA-affinity methods. We suggest that this 
constitutive factor may interact with CNTF-inducible or basal 
transcription factors associated with the CyRE, and may thus offer 
novel insights into CNTF-mediated transcription.

This work was supported by NIH grant R29N535839.

677.16
CNTF AND TGF-(3 PATHWAYS SYNERGIZE THROUGH THE 
VIP CyRE BY ACTIVATING SMAD AND STAT 
TRANSCRIPTION FACTORS. Lee Pitts1* and Aviva Symes1’2. 
’Neuroscience Graduate Program and department of 
Pharmacology, Uniformed Services University of the Health 
Sciences; Bethesda, MD 20814.

The gene encoding the neuropeptide vasoactive intestinal 
peptide (VIP) is induced by both Ciliary Neurotrophic Factor 
(CNTF) and TGF-|3. We have previously shown that the same 
DNA sequence is necessary and sufficient to mediate the response 
to these very different cytokine signaling pathways. This 
sequence is the 180 bp cytokine response element (CyRE) within 
the VIP promoter. In NBFL neuroblastoma cells, CNTF induces 
STAT and AP-1 transcription factors to bind to distinct sites 
within the CyRE. We now show that TGF-P treatment of NBFL 
cells activates smad proteins to translocate to the nucleus and bind 
to a novel site within the CyRE. This VIP smad binding site 
shows homology to the consensus smad response element. CNTF 
and TGF-P co-treatment leads to a synergistic induction of VIP 
gene expression, but TGF-P does not alter known CNTF-mediated 
pathways. Thus the synergistic signaling by these two distinct 
ligands may be mediated by the formation of a novel transcription 
factor complex on the CyRE involving Smad and STAT proteins. 

This work was supported by NIH grant R29N535839.

677.17

TRANSFORMING GROWTH FACTOR-(3l EXPRESSION IS 
INVOLVED IN THE GROWTH REGULATION OF A TYPE-2 
ASTROCYTE CELL LINE, RBA-2. C.M. Wang, Y.Y. Chang, A.C. 
Hung, T.H. Jang and S.H. Sun*. Institute of Neuroscience, 
National Yang Ming University, Taipei, Taiwan, ROC. 112.

Previously, we have found that high concentration of 
extracellular ATP activated P2X7 receptor, induced Ca2+ influx 
and stimulated phospholipase D activities in a type-2 astrocyte 
cell line, RBA-2. This phenomena is probably closely related to 
astrocyte reaction and neuro-immune response. Because astrocytes 
were found to constitutively expressed transforming growth 
factor-pl (TGF-pi) and the levels of TGF-Pl mRNA increased in 
injury brain. Thus, we elucidate whether TGF-pi expression is 
involved in the growth of RBA-2 astrocytes. Our results 
indicated that ATP and the P2X7 receptor specific agonist, 
BzATP, both stimulated TGF-pi expression, and P2X7 receptor 
antagonist, oATP, inhibited both ATP- and BzATP-stimulated 
TGF-pl expression in these cells. In addition, treatment of RBA-2 
astrocytes with the differentiation agent, sodium butyrate, also 
induced TGF-pi expression. Because the induction of TGF-pi 
expression has been shown to be mediated through Egr-1 (NGFI- 
A/Zif268/TIS8). We then examine the expression of zif268 in 
these cells. Our results indicated that both ATP and sodium 
butyrate stimulated zif268 expression in these cells. Taken 
together, these results suggest that TGF-pl is involved in the 
growth regulation of RBA-2 type-2 astrocytes.

677.18
HORMONAL AND TRANS-SYNAPTIC REGULATION OF THE TYROSINE 
HYDROXYLASE GENE BY NEW INTRACELLULAR FGF-2,TGFR1 
SIGNALING PATHWAY. M.K. Stachowiak1*. H. Peng1, E.K. Stachowiak1, J. 
Myers’, P.A. Maher2 ’Molecular and Structural Neurobiology and Gene Therapy 
Program, Dept. of Anatomy and Cell Biology, SUNY, Buffalo, NY 14214; 2The 
Scripps Research Institute, La Jolla, CA92037.

Activation of the tyrosine hydroxylase (TH) gene expression in adrenal medullary 
cells (AMC) by All receptors, PKC, or depolarization is accompanied by nuclear 
translocation of cytoplasmic fibroblast growth factor-2 (FGF-2) and its high affinity 
receptor FGFR1. To determine the roles of FGF-2 and FGFR1 proteins in the 
activation of the TH gene we cotransfected AMC with TH promoter-luciferase 
reporter construct and an effector plasmid expressing dominant negative mutant 
(TK-) of FGFR1. FGFRl(TK-) slightly reduced basal TH-Luc expression and 
completely prevented promoter activation by All, veratridine, or PMA, but not by 
forskolin. In contrast, inositol hexakis 6-phosphate (IP6) which blocks surface 
FGFR1 had no effect. Stimulations of the TH promoter were mediated partially by 
its CRE. In TE671 cells, which express low levels of FGF-2 and FGFR1, transfected 
recombinant FGF-2 and FGFR1 accumulated in the nucleus and increased 
expression of cotransfected TH-Luc. In contrast, extracellular FGF-2 peptide had no 
effect on TH-Luc activity. Our experiments show that transfected FGF-2 and FGFR1 
proteins act intracellularly to increase interaction of nuclear proteins with the CRE- 
containing TH promoter region. Formation of DNA-protein complexes was disrupted 
by FGFRIAb, and by transfection of FGFR1TK-. Thus, All receptors and trans- 
synaptic stimulation activate the TH gene through a new signaling mechanism that 
involves nuclear accumulation of FGF-2 and FGFR1 and their interaction with the 
TH gene trans-activating proteins. Supported by NIH (HL-49376), NSF (IBN- 
9728923), and March of Dimes.

677.19

AUTOREGULATION OF THE FGF-2 GENE EXPRESSION BY NEW INTRA-
CELLULAR FGF-2/FGFR1 SIGNALING PATHWAY. H. Peng1*, J. Moffett12, 
E.K. Stachowiak1, P.Maher3, J. Myers1, D.C. Bloom2, and M.K .Stachowiak 1
Molecular and Structural Neurobiology and Gene Therapy Program, ‘Dept. of
Anatomy and Cell Biology, SUNY, Buffalo, NY 14214,2Arizona State University, 
Tempe AZ 85287; 3The Scripps Research Institute, La Jolla, CA92037.

Stimulation of angiotensin II or nicotinic acetylcholine increases expression of the 
fibroblast growth factor-2 (FGF-2) gene in adrenal medullary cells (AMC), preceded 
by a rapid accumulation of FGF-2 and its high affinity receptor FGFRlin cell 
nucleus. To determine the roles of FGF-2 and FGFR1 proteins in the activation of 
the FGF-2 gene we cotransfected BAMC with FGF-2 promoter-luciferase (FGF-2- 
Luc) reporter construct and an effector plasmid expressing dominant negative (TK-) 
mutant of FGFR1. FGFRl(TK-) had no effect on basal FGF-2-Luc expression but it 
completely prevented promoter activation by AH, veratridine, or PMA and forskolin. 
In contrast, inositol hexakis 6-phosphate (IP6) which blocks surface FGFR1 had no 
effect. Stimulation of the FGF-2 promoter was mediated by a unique protein binding 
sequence (-555/-512 bp) which interacts with 50, 55, 95, 125, and 140 kDa proteins. 
AH activation of the FGF-2 promoter was accompanied by tyrosine phosphorylation 
of 50-55 and 95 kDa proteins. Protein phosphorylation and promoter activation were 
prevented by genistein. Proteins binding to -555/512 bp element coimmuno- 
precipitated with FGFR1. In TE671 cells that express low levels of FGF-2 and 
FGFR1 transfected recombinant FGF-2 and FGFR1 accumulated in the nucleus and 
increased interaction of nuclear proteins with -555/512 bp element and promoter 
activity. Formation of DNA-protein complexes was disrupted by FGFR1 antibody 
and by transfection of FGFR1TK-. Thus, AH receptors and trans-synaptic 
stimulation of AMC activate the FGF-2 gene through a new signaling mechanism 
that involves nuclear accumulation of FGF-2 and FGFR1 and their interaction with 
the FGF-2 gene trans-activating proteins. Supported by NIH (HL-49376), NSF (IBN- 
9728923), March of Dimes, and ADCRC (1-209).

677.20

GLIAL EXPRESSION OF HEAT SHOCK PROTEIN 27 AND NFkB AFTER 
CORTICAL ASPIRATION LESION.
Q. Sanz, B, Gonzdlez and B, Castellano*, Unit of Histology. Faculty of Medicine. 
Dept. Cellular Biology, Physiology and Immunology. Autonomous University of 
Barcelona, Spain.

A member of the small heat shock protein (sHSP) family, the 27KDa Heat shock 
protein (Hsp27), is induced in response to different insults (heat, oxidative stress, 
excitotoxicity, etc.). This protein acts as molecular chaperone, induces 
thermotolerance, maintains actin stability and protects against cytokine-induced 
cytotoxicity. In vitro studies showed that Hsp27 is able to inhibit NFkB nuclear 
translocation, a transcription factor involved in the activation of glial inflammatory 
response.

In this study, aspiration lesions of the sensorimotor cortex were performed in 
postnatal day nine rats. After survival times from 4 hours to 7 days, rats were perfused 
and brains were cut in a cryostat. Sections were processed by free floating 
immunohistochemistry for Hsp27 and NFkB detection.

Hsp27 was first observed at 1 day post lesion (PL), in astrocytes and microglial cells 
located in the penumbra-like area that surrounds the neuronal region in the borders of 
lesion. Double immunohistochemistry showed that Hsp27 immunoreactive glial cells 
had activated NFkB in the cytoplasm, but not in the nucleus. From 3 days PL, Hsp27 
was progressively restricted to the borders of lesion where glial scar begins to form. In 
this location, the number of Hsp27 positive cells coexpressing nuclear NFkB showed a 
progressive increase.

Our results show that glial expression of Hsp27 may be involved in the regulation 
of NFkB translocation to the nucleus, controlling the deleterious effects of 
inflammatory response promoted by reactive glial cells in the penumbra-like area and 
the glial scar formation at the borders of lesion.
Supported by DGICYT PB95-0662 and F.P.I. fellowship of the M.E.C.
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678.1
THE EFFECTS OF PCPA ON MONOAMINE NEUROTRANSMITTER LEVELS IN 
MICE WITH A DISRUPTION OF THE SEROTONIN TRANSPORTER GENE D. L. 
Sheridan. C. H. Wichems. D. L. Murphy, and A. M. Andrews*, Dept. of Chemistry, Penn 
State University, University Park, PA & Lab. of Clinical Science, NIMH, Bethesda, MD

Previous data has shown that in mice homozygous for a targeted disruption of the 
serotonin transporter gene (SERT knockout mice, CD-1 background), concentrations of 
serotonin (5-HT) and its major metabolite (5-HIAA) are decreased an average of 65 and 
35%, respectively, across various brain regions(l). In addition, administration of 4 x 1 5 
mg/kg 2’-NH2-MPTP (an MPTP analog that depletes 5-HT and norepinephrine (NE) 
without decreasing dopamine(2)) to SERT knockout mice caused additional 80-90% 
reductions in cortical and hippocampal 5-HT that were not observed in mice lacking the 
SERT. 60-80% depletions in cortical and hippocampal NE were present in both 
wildtype and SERT knockout mice demonstrating the necessity of the SERT for the 
manifestation of 2’-NH2-MPTP-induced 5-HT but not NE neurotoxicity.

The present study was conducted to determine whether basal levels of 5-HT and 5- 
HIAA are similarly decreased in SERT knockout mice bred into a second background 
strain and to ascertain whether membrane transport by the SERT is a critical component 
of the mechanism of action of the 5-HT synthesis inhibitor p-chlorophenylalanine 
(PCPA). SERT knockout mice (C57B1/6 background) showed 60-75% decreases in 5- 
HT concentrations and 25-50% decreases in 5-HIAA in frontal cortex, hippocampus, 
striatum, brain stem and hypothalamus. Treatment of wildtype mice with 200 mg/kg 
PCPA, ip, for 3 days, resulted in 20-35% depletions in 5-HT in the brain regions listed 
above, 3 days post-treatment. SERT knockout mice sustained decrements in 5-HT on the 
order of 45-70% with respect to saline-treated SERT knockout mice. However, the 
absolute magnitude of the PCPA-induced depletions was greater on average in the 
wildtype mice than SERT knockout mice (2.0 vs. 1.3 ng/mg protein). These data show 
that decreases in brain region levels of 5-HT and 5-HIAA due to inactivation of the 
SERT are relatively consistent across two strains of SERT knockout mice studied to 
date. In addition, these data illustrate that the SERT is not necessary for PCPA-induced 
inhibition of 5-HT synthesis.
1. Bengel, D., Murphy, D. L., Andrews, A. M., Wichems, C. H., Feltner, D., Heils, A.,

Mossner, R., Westphal, H., and Lesch, K. P. (1998) Molecular Pharmacology 53(4), 649-55
2. Andrews, A. M., and Murphy, D. L. (1993) Journal of Pharmacology and Experimental 

Therapeutics 267, 1432-1439

678.2
DIFFERENTIAL EXPRESSION OF THE SEROTONIN TRANSPORTER IN 
THE NUCLEUS ACCUMBENS CORE & SHELL: CORRELATION WITH 
AMPHETAMINE-INDUCED NEUROTOXICITY. P. Brown and M.E. 
Molliver*. Depts. of Neuroscience & Neurology, Johns Hopkins University 
School of Medicine, 725 N. Wolfe Street, Baltimore, MD 21205.

This study analyzed the neurotoxic effects of Methamphetamine (Meth) and 
p-Chloroamphetamine (PCA) to determine whether the nucleus accumbens (NAc) 
core and shell are innervated by dissimilar 5-HT axons and exhibit differential 
vulnerability to amphetamines. In control rats, 5-HT immunoreactive (IR) axon 
terminals densely innervate the dorsal striatum and the nucleus accumbens core and 
shell. Both Meth (4X20mg/kg, every 2hrs) and PCA (2X10mg/kg, 24hrs apart) 
caused extensive loss of 5-HT axon terminals in striatum and NAc. 14 days after 
treatment, 5-HT-IR axons in the core had degenerated while a high density of 5-HT- 
IR axons was spared in the caudal NAc shell. Light microscopy showed that the 
spared 5-HT axons in the shell had large varicosities (beaded). The 5-HT innervation 
was further examined using antisera against the 5-HT transporter (SERT), the 
postulated site of action of amphetamines. In control animals SERT-IR axons were 
present throughout the NAc, although the NAc core was more densely innervated 
than the shell. Following Meth or PCA, virtually no SERT-IR axons were detected in 
the NAc core or shell. These findings demonstrate that the numerous 5-HT-IR axons 
(beaded) which remain in the NAc shell do not express SERT. In addition the 
amphetamine-sensitive SERT-IR axons were found to be thin and smooth and thus 
morphologically distinct from the beaded axons (SERT-negative) in the NAc shell. 
These data suggest that SERT expression by a subset of 5-HT axons may underlie 
their selective vulnerability to amphetamine derivatives and extend previous reports 
of differential SERT expression in neocortex and hippocampus (Axt et al). The 
present results also demonstrate selective innervation of the NAc core and shell by 
subpopulations of 5-HT axons that have distinct morphologic and pharmacologic 
properties. Support: DA08692 & NO1DA-3-7301 from NIDA, USPHS.

678.3

A FUNCTIONAL LINK BETWEEN TRANSMEMBRANE SPAN 7 AND 
EXTRACELLULAR LOOP 1 OF THE SEROTONIN TRANSPORTER: 
EFFECTS OF NA+, LI+ AND METHANETHIOSULFONATE REAGENTS. 
M. M. Stephan*, G. Kamdar, G. Rudnick and K. M.Y. Penado. Dept. of 
Pharmacology, Yale University School of Medicine, New Haven, CT 06510

Mutations at critical residue positions in transmembrane span 7 of the 
serotonin transporter affect the interactions of the transporter with Na+ during 
uptake. It is possible that these residues, which form a stripe along one side of 
the predicted a-helix, are part of a water-filled pore through which Na+ or 
serotonin enters the cell. We set out to test whether cysteine substitutions in 
span 7 were accessible to membrane-impermeant methanethiosulfonate 
reagents. Although all five cysteine substitutions in span 7 tested caused the 
transporter to become sensitive to these reagents, control mutants at some of the 
same positions without added cysteines were equally sensitive. This sensitivity 
was traced to alterations in the accessibility of a native cysteine residue in 
extracellular loop 1, Cys-109. We conclude that span 7 and Cys-109 are linked 
in the three-dimensional structure of the transporter. We also show that 
serotonin transport can be supported by Li+ as well as Na+ in the wild type, and 
that mutations in span 7 impair transport supported by Li+. Further studies of 
these mutants’ interactions with Na+ and Li+ during methanethiosulfonate 
inactivation lead us to conclude that span 7 forms a structural link which 
transmits conformational changes between the ion binding sites and 
extracellular loop 1.

NIDA

678.4
PROBING DOMAINS CONTRIBUTING TO THE PERMEATION 
PATHWAY OF THE HUMAN SEROTONIN TRANSPORTER. E.M. 
Adkins* and R.D. Blakely, Dept. of Pharmacology and Center for Molecular 
Neuroscience, Vanderbilt University, Nashville, TN 37232-6420.

The cocaine and antidepressant-sensitive serotonin (5-HT) 
transporter, SERT, is a putative twelve transmembrane domain protein 
critical for the termination of 5-HT in the CNS and the periphery. 
Recently, our laboratory has implicated residues in TMD I (D98, Y95) of 
hSERT in the recognition of certain antagonists (citalopram, mazindol) 
(Barker, et al., /BC 273:19459, 1998) as well as 5-HT and Na+ and CL 
dependence (Barker, et al., J. Neurosci, in press). These findings suggest that 
TMD I may line one portion of a permeation pathway for substrates. To test 
this hypothesis, we have mutated individual residues in TMD I of human 
SERT (hSERT) to cysteine to examine accessibility to methanethiosulfonate 
(MTS) derivatives. The first TMD is highly conserved across the entire gene 
family, and not surprisingly, some mutations are highly disruptive to 
transport function. These nonfunctional mutants are mostly localized to the 
extracellular-facing half of the putative TMD, while mutants toward the 
interior of the cell tolerate cysteine-substitution well, and often exhibit 
transport activities similar to wild type. In general, cysteine mutants from 
the top half of this domain show reactivity at concentrations as low as 0.01 
mM MTSET and as early as 30 seconds, while mutants on the internal face of 
the membrane possess little or no reactivity to MTS reagents. Ongoing 
studies are evaluating the ability of 5HT, antagonists, and inorganic ions to 
protect against or enhance MTS-induced inactivation. (This work supported 
by NIH grants MH12399 to E.M.A. and DA07390 to R.D.B.)

678.5

ALPHA2-ADRENERGIC RECEPTOR ACTIVATION MODULATES 
SEROTONIN TRANSPORT. T. A. Ansahi*, S. Ramamoorthv^ and R.D, 
Blakely^. iDept. Pharmacol. Meharry Medical College and 2Dept. Pharmacol, and 
Ctr. for Mol. Neurosci., Vanderbilt Univ. Med. Ctr., Nashville, TN 37232-6420.

Serotonin (5-HT) plays a role in diverse processes including mood, sleep and sexual 
drive. Synaptic clearance of 5-HT following vesicular release is the function of the 
plasma membrane 5-HT transporters (SERTs). SERTs are also high-affinity targets in 
vivo for tricyclic antidepressants, cocaine and amphetamines. A number of studies 
have shown that SERTs are regulated by protein kinase- and phosphatase-linked 
pathways. Recently, we demonstrated that protein kinase C-linked pathways in 
transfected HEK-293 cells lead to rapid SERT phosphorylation and cell surface 
redistribution. The current studies were undertaken to explore the role of presynaptic 
receptor mediated-SERT regulation using native preparations such as brain 
synaptosomes. Noradrenergic regulation of 5-HT release via presynaptic <X2 receptors 
has been well documented. Pretreatment of mouse midbrain synaptosomes with the 
a2-adrenergic receptor agonist UK14304 causes a time-dependent decrease in SERT 
activity. The effect was blocked by the c^-adrenergic receptor antagonist yohimbine, 
suggesting a receptor-mediated event. Pretreatment of synaptosomes in the presence of 
yohimbine alone augmented basal SERT activity suggesting the existence of 
endogenous a2 recceptor-mediated tonic inhibition of SERT. Transgenic mouse 
models are being used to further delineate the o^-adrenergic receptor subtype and the 
second messenger systems involved. These studies suggest that SERTs may be 
subject to presynaptic neuromodulation by NE, finding which may lead to better 
understanding of disease states and new therapeutic strategies. Supported by NIH 
Award DA07390 (RDB) and NARSAD Young Investigator Award (SR).

678.6

REGULATED PP2A INTERACTIONS WITH THE SEROTONIN 
TRANSPORTER. AX.Bauman*, S.Ramamoorthy, and R.D. Blakely, 
Dept. of Pharmacology and Ctr. Mol. Neuroscience, Vanderbilt 
University Sch. of Medicine, Nashville, TN 37232-6420.

The plasma membrane serotonin (5-HT) transporter (SERT) is 
responsible for termination of synaptic transmission at central and 
peripheral serotonergic synapses. Treatment of SERT transfected cells 
with activators of PKC, such as S-PMA, or inhibitors of protein 
phosphatase 2A (PP2A), such as okadaic acid, results in an increase in 
phosphorylation of SERT which correlates with a decrease in transport 
activity. Previously, we reported an association between SERT and PP2A 
seen through co-immunoprecipitation experiments using SERT- 
transfected cells and brain preparations. In the present studies, we 
sought to determine mechanisms that regulate the interaction between 
PP2A and SERT proteins. Co-immunoprecipitations of hSERT 293 cells 
treated with B-PMA resulted in a decrease in SERT associated PP2A that 
was blocked by staurosporine. Staurosporine alone failed to alter PP2A 
associations. Inhibitors of PP2A, calyculin A and okadaic acid, but not 
the inactive analogue norokadone, produced a significant decrease in 
immunoprecipitated PP2A. These changes in association of PP2A with 
SERT parallel changes seen in the phosphorylation state of the 
transporter suggesting that both SERT phosphorylation and PP2A 
associations may be coordinately regulated. This research is supported 
by NIH Award DA07390 to R.D.B.
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678.7
RATES OF INWARD AND OUTWARD TRANSPORT IN CELLS STABLY 
EXPRESSING THE CLONED HUMAN SEROTONIN TRANSPORTER, A 
SUPERFUSION STUDY P. Scholze, H.H, Sitte, Ch. Pifl1. A. Kattinger1, O 
Homykiewicz1 , R. Blakely2 and E.A. Singer. Depts. of Pharmacology and 
'Biochemical Pharmacology, Univ. of Vienna, A-1090 Vienna, Austria; 2Dept of 
Pharmacology, Vanderbilt Univ., Nashville, TN.

Human embryonic kidney 293 cells were stably transfected with the human 
plasmalemmal serotonin transporter. Uptake experiments were performed in 24- 
well plates (5xl04 cells/well) using different concentrations of SH-serotonin (3H- 
5HT) in a 2.5 min incubation at RT. The maximal specific uptake initial rate was 
323 pmol/min/106 cells (KM=0.45 gM). For superfusion, cells were grown on glass 
cover slips (2xl04 cells/coverslip), incubated with different concentrations of 3H- 
5HT (0.02-10 gM) and transferred to superfusion chambers (25°C, 0.7 ml/rnin). 
Superfusate was collected in 4 min fractions, and drugs were added from min 12 
onwards. The 5HT releasing drug p-chloroamphetamine (PCA), as well as, the 
5HT uptake inhibitor imipramine (IMI) led to a concentration-dependent increase 
in the efflux of 3H-5HT with maximal effects at 10 pM. The amount of intracellular 
3H-5HT at the beginning of superfusion and the amounts of 3H-5HT released by 10 
gM PCA or 10 pM IMI increased with the loading concentration of 3H-5HT 
reaching a maximum at concentrations above 5 pM. Under this condition, the basal 
efflux rate and the maximum initial efflux rates induced by PCA and IMI were 3. 
19 and 5 pmol/106cells/min, respectively. Performing the experiment in the 
presence of ouabain (100 pM) under otherwise identical conditions led to a strong 
increase in the effect of PCA (+438%) whereas the effect of IMI was not changed. 
In conclusion, these techniques allow a quantitative comparison between maximum 
inward and outward transport rates and a distinction between reverse transport and 
stimulation of efflux due to inhibition of re-uptake.
Supported by the Austrian Science Foundation, project Pl3183.

678.8
Cross-Species Chimeras Identify Domains Involved with Molecular Recognition 
of Amphetamines at the Serotonin Transporter. D.L. Roman, J.A. Nichols,
D.R. Green, G.J. Rodriguez, F, Rahkshan, D.E. Nichols and E.L, Barker*. Department 
of Medicinal Chemistry and Molecular Pharmacology, Purdue University School of 
Pharmacy, West Lafayette, IN 47907.

The serotonin transporter (SERT) is responsible for terminating the actions of 
serotonin (5-HT) by clearing the neurotransmitter from the extracellular space 
following release. This transporter is the target for most antidepressants as well as 
many drugs of abuse including amphetamine and its neurotoxic derivatives. Thus, 
studies designed to obtain information about the molecular mechanism involved in 
amphetamine action are warranted. Previously, cross-species comparisons and cross-
species chimeras have been useful in identifying SERT ligand binding domains. The 
present studies extend the use of cross-species chimeras to study domains involved in 
amphetamine recognition by SERT. Assays examining the ability of amphetamine 
derivatives to inhibit [3H]-5HT uptake in transiently transfected HeLa cells reveal that 
some, but not all, amphetamines demonstrate species-specific preferences for binding 
to the human SERT (hSERT) over Drosophila SERT (dSERT). For example, 3,4- 
difluoro-amphetamine and derivatives with substitutions on the phenyl ring in the 2 or 
3 position do not demonstrate species selectivity. In contrast, the parent molecule 
(7-amphetamine as well as other phenyl-substituted amphetamines were more potent at 
hSERT as compared to dSERT. Phenyl-substituted amphetamines that demonstrated 
species-selectivity were evaluated at dSERT/hSERT chimeras allowing for the 
localization of domains distal to TMDII as being involved with the more potent 
interaction with hSERT. Additional chimeras and subsequent species-scanning 
mutagenesis will be employed to identify specific domains and/or residues that are 
responsible for amphetamine recognition. These studies provide new information about 
the location of molecular recognition areas on SERT for amphetamine and provide 
opportunities to link structural features of amphetamines to specific interactions with 
this transporter. (Support provided by Purdue University)

678.9

IDENTIFICATION OF AMINO ACIDS IMPORTANT 
FOR INTERACTION OF ANTIDEPRESSANTS WITH 
THE SEROTONIN TRANSPORTER.
Q, Wiborg*, Q.Y,Mortenson and A,S.Kristensen, Lab. of Molecular 
Neurobiology, Psychiatric University Hospital, Aarhus, Denmark.

A cDNA encoding the serotonin transporter (SERT) was cloned 
from the bovine species and characterized in parallel with human and rat 
SERTs upon expression in mammalian cells. A turn-over number of 
approximately one molecule of serotonin translocated per second is 
conserved for all three species. Km for bSERT is increased 2-fold 
indicating a decrease in substrate affinity.

The pharmacological profile of bSERT reveals a decreased 
sensitivity to several antidepressants, while sensitivity to amphetamines 
was unchanged comparing to hSERT. A number of bSERT/hSERT 
chimeras were constructed in order to map important regions for drug 
binding. Important regions were identified in as well N- as C-termini. 
Finally specific residues were pinpointed using site-directed 
mutagenesis.

678.10
EFFECTS OF CHRONIC PAROXETINE TREATMENT ON DIALYSATE 
SEROTONIN IN 5-HT1B RECEPTOR KNOCKOUT MICE. S, DurierlB, Gruwez1. 
A, Deschamps1.1. Malaeid1. C, Smadia1. C. Jacauot1. R, Hen2. M, Bourin3 and A.M. 
Gardier1&4*. M.ab. Pharmacol. UPRES MENRT, Fac. Pharmacie, Univ-Paris Sud, 
F92296 Chatenay-Malabry;2Ctr Neurobiol. Behav., Columbia Univ., NY, USA; 3Fac. 
Mbdecine, Lab. Pharmaco. Clin., Univ. Nantes, F44035 Nantes; 4Fac. Pharmacie, Lab. 
Pharmacol. Associ6 EAD, Univ. Picardie, F80037 Amiens.

Selective serotonin reuptake inhibitors (SSRI) exhibit therapeutic efficacy as 
antidepressants by increasing intrasynaptic 5-HT availability. Adaptive changes also 
play a role in the therapeutic process since the clinical benefit of antidepressants 
becomes evident only after repeated exposure to these drugs despite an immediate 
blockade of the 5-HT transporter as demonstrated in vitro. Here, we investigated a 
possible functional desensitization of terminal 5-HTIB autoreceptors by repeated 
administration of SSRI, thus leading to a decreased negative feedback control, which 
may facilitate 5-HT neurotransmission. To test for this hypothesis, we examined the 
effects of chronic paroxetine (Prx) treatment on extracellular 5-HT levels [5-HText] in 
forebrain regions of awake, freely moving 5-HT1B receptor knockout mice (5-HT1B 
KO) by using in vivo microdialysis. A low Prx dose was administered via osmotic 
Alzet 1002 mini pumps implanted subcutaneously and delivering 1 mg kg'1 day'1 for 2 
weeks. On the 15th day, minipumps were removed and microdialysis probes were 
implanted in the frontal cortex (FC) and ventral hippocampus (VHPC) of 5-HT1B KO 
and their 129/Sv wild-type littermates (WT). Twenty hours after the surgery, chronic 
Prx treatment did not alter basal [5-HText] values neither in the FC and VHPC, nor in 
WT and 5-HT1B KO mice. When a challenge Prx dose (1 mg/kg, i.p.) was given to 
saline-pretreated mice, [5-HText] significantly increased in both the FC (by +200%) 
and VHPC (+350%) of both genotypes. In Prx-pretreated mice, the challenge dose 
induced a significant further increase in [5-HText] in both the FC and VHPC of 
5-HT1B KO but not in WT mice. This dual approach, a pharmacological one (a Prx 
challenge) and a genetic one (5-HTIB KO mice) suggests that long term SSRI 
treatment do not involve a desensitization of terminal 5-HT 1B autoreceptors.

678.11

5-HT1B RECEPTOR-MEDIATED REGULATION OF SEROTONIN 
CLEARANCE IN THE CA3 REGION OF RAT HIPPOCAMPUS.
L.C.Daws1*, G.G.Gould1, GA.Gerhardt3 and A. Frazer1,2. 'Dept. of Pharmacology, 
University of Texas HSC at San Antonio, San Antonio, TX 78284 USA; 2Audie Murphy 
Memorial VA Hospital, San Antonio, TX 78284 USA; 3Depts. of Pharmacology and 
Psychiatry, University of Colorado HSC, Denver, CO 80262, USA.

Using high-speed chronoamperometry, we have previously demonstrated that 5-HT1B 
antagonists prolong the clearance of exogenously applied serotonin (5-HT) in vivo. This effect 
was not due to release of endogenous 5-HT, as it was still present in rats pretreated with 
parachlorophenylalanine (PCPA). However, whether these 5-HT|B antagonists exerted their 
effect on 5-HT clearance by direct interaction with the serotonin transporter (5-HTT) was not 
confirmed. To address this issue, the ability of the 5-HT |B antagonist cyanopindolol (CN-PIN) 
to displace [3H]-cyanoimipramine binding in hippocampal homogenates was compared with 
that of the selective serotonin reuptake inhibitors (SSRIs) paroxetine, citalopram and sertraline, 
as well as the norepinephrine uptake inhibitor, desipramine. The Ki values for the SSRIs 
ranged from 9 to 30 nM, while that for desipramine was more than 30-fold greater (Ki = 1147 
nM) and for cyanopindolol, more than 1000-fold greater (Ki = 38627 nM). In addition, to 
better characterize the specificity of the effect of 5-HT|B antagonists on the clearance of 
exogenously applied 5-HT in anesthetized rats, dose-response curves were constructed 
comparing the effect of CN-PIN with that of the 5-HTlA antagonist WAY 100635 and the 
SSRI, fluvoxamine. Chronoamperometric recordings were made at 5 Hz using Nafion-coated, 
single carbon fiber electrodes. When 5-15 pmol 5-HT was pressure ejected at 5 minute 
intervals from a multibarrel micropipette adjacent (300-350 gM) to the electrode, reproducible 
serotonin signals were measured. Local application of CN-PIN or fluvoxamine 60-90 sec 
prior to pressure ejection of 5-HT, dose-dependently increased the time course of fire serotonin 
signal with maximal effects attained at 10 ± 3 pmol for both drugs (n=5). By contrast, WAY 
100635 had no effect on time course parameters of the 5-HT signal until it was delivered in 
amounts greater than 30 pmol. Vehicle did not alter the time course parameters of the 
serotonin signal. These data provide further support for the hypothesis that 5-HT1B receptors 
can modulate the activity of the 5-HTT and thus act as a mechanism by which serotonergic 
neurotransmission can be precisely controlled. (This work was supported by USPHS Grant 
MH57001 and funds from the VA).

678.12
MODULATION OF THE DENSITY AND SENSITIVITY OF 5-HT1A 
AUTORECEPTORS BY PROLONGED TREATMENT WITH FLUOXETINE 
ALONE OR WITH WAY 100635
Itdefonso Herv6s, Maria Teresa Vilar6, Guadalupe Mengod and Francesc
Artiqas . Dept. of Neurochemistry, IIBB-CSIC, 08034 Barcelona, Spain.

Using in vivo microdialysis, receptor autoradiography and in situ
hybridization, we have examined the effect of two-week treatments with 
fluoxetine (3 mg/kgday) alone or in combination with the 5-HT1A receptor 
antagonist WAY 100635 (0.3 mg/kg day) on the density and sensitivity of 
5-HTia  autoreceptors in rat brain after a washout of 2 days. With 1 pM 
citalopram in the perfusion fluid, the administration of 10 mg/kg i.p. 
fluoxetine reduced the 5-HT output in frontal cortex and, to a lesser extent, 
dorsal hippocampus. This effect is due to the activation of raphe 5-HT1A 
autoreceptors. The decrease in 5-HT output in frontal cortex was significantly 
less marked in rats pretreated with fluoxetine compared to controls or rats 
pretreated with fluoxetine and WAY 100635. No differences were noted in 
dorsal hippocampus. The density of pre- and postsynaptic 5-HT1A receptors, 
in the dorsal raphe nucleus (DRN) and hippocampus, respectively, was 
unaffected by these treatments, although rats pretreated with fluoxetine and 
WAY 100635 displayed a tendency towards values lower than controls in the 
DRN. This was accompanied by a small but significant reduction in the 
mRNA encoding 5-HT1A receptors in the DRN. These results suggest that 1) a 
moderate fluoxetine dose, given for two weeks, can desensitize 5-HT1A 
autoreceptors in the DRN, and 2) the concurrent treatment with WAY 100635 
does not up-regulate 5-HTiA receptors, an observation relevant for the design 
of novel therapeutic strategies in depression
Supported by grants from Lilly S.A. and Fondo de Investigation Sanitaria 
(98/697)
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678.13
♦SENSORY STIMULATION REGULATES INTENSITY OF 5-HT-IR 
IN CRAYFISH HINDGUT NEURONS. B.E. Musolf and D.H.
Edwards . Dept. of Biology, Georgia State University, Atlanta, GA. 
30303.
The hindgut neurons (HGNS) of crayfish are distinctive in that they 
“borrow” serotonin (5-HT). Previous studies (Musolf et al., Soc. 
Neurosci. Abstr. 23: 1788, 696.13) have shown that they acquire 5-HT 
through uptake and not synthesis and therefore rely on extrinsic sources 
of 5-HT for their pool of transmitter. Although sources of 5-HT for the 
HGNs exist in the terminal ganglion, hindgut and hemolymph, it is not 
known what regulates the supply of 5-HT for the HGNs. We present 
evidence that mechanosensory input can cause the levels of 5-HT found 
in the HGNs to increase. Stimulation of nerves that transmit sensory 
information from exteroceptive mechanosensors on the tailfan leads to 
an increase in HGN 5-HT-ir. Unstimulated control preparations showed 
no increase in HGN 5-HT-ir. Application of either 5-HT or paroxetine, a 
serotonin transporter (SERT) antagonist, to the hindgut increases both 
gut peristaltic activity and HGN 5-HT-ir over control preparations. This 
increased labeling can be blocked by the application of paroxetine to the 
nerve cord. This evidence suggests that the increased peristalsis excites 
a centripetal proprioceptive signal from the hindgut that leads to an 
increase in 5-HT uptake by the HGNs. Supported by the NSF.

678.14

INITIAL DETERMINATION OF 5-HT TRANSPORTER TURNOVER IN 
DORSAL VERSUS MEDIAN RAPHE NUCLEI: REGIONAL AND 
MATURATIONAL DIFFERENCES. A. Vicentic*1, M.J. Kuhar2 and G, 
Battaglia1. 1Dept. of Pharmacol., Loyola Univ. Chicago, Stritch Sch. of 
Medicine, Maywood, IL 60153; 2Neurosci. Division, Yerkes Primate Res. 
Center, Emory Univ., Atlanta GA.

Steady state densities of 5-HT transporters differ in dorsal (DRN) versus 
median raphe nuclei (MRN) and are altered during maturation. The present 
study used in vitro autoradiography to investigate the 5-HT transporter kinetic 
parameters [i.e. rate constants for production (r) & degradation (k)] 
responsible for the maintenance of 5-HT transporter densities in DRN & MRN 
and the effects of maturation. Prepubescent (30 day old) and adult (70 day 
old) male rats received a single i.c.v. injection of saline or 100 nmol of RTI-76 
to irreversibly inactivate 5-HT transporters. Rats were sacrificed at various 
post-treatment times (0.25 - 14 days) to determine the time-course of 5-HT 
transporter repopulation in DRN and MRN following extensive (-85 
%) irreversible inactivation. At both ages 5-HT transporter levels were 
significantly higher (+18%) in DRN vs. MRN. These differences in 5-HT 
transporter densities were attributable to differences in rate constants of 
production (r) and degradation (k). Following maturation, 5-HT transporter 
densities were reduced (-21%) in both DRN and MRN. In DRN, maturation- 
induced decreases in the 5-HT transporter densities were due to alteration in 
production rate, whereas in MRN, decreases in the 5-HT transporter densities 
were the consequence of alterations in rate constants of production and 
degradation. The region- and maturation-dependent changes in the 5-HT 
transporter turnover suggest differences in the processes that underlie the 
maintenance of 5-HT transporter levels and their regulation by pathologic and 
physiologic states and by pharmacological interventions. Supported by Loyola 
University Potts Foundation (GB), DA10732 (MJK) and 1F31 MH12294-01 
(AV).

678.15

DETERMINATION OF 5-HT TRANSPORTER TURNOVER KINETICS IN 
5-HT TERMINAL FIELDS: EFFECTS OF MATURATION
G. Battaglia*1 A. Vicentic1 and M.J. Kuhar2 1 Department of Pharmacology,
Loyola University Chicago, Stritch School of Medicine, Maywood, IL 60153 
& 2Neurosci. Division, Yerkes Primate Res. Center, Emory Univ., Atlanta GA.

We have previously reported (JPET, 286:1474,1998) region- & maturation- 
associated alterations in 5-HT transporter densities in brain. These data indicate 
differences in the production & degradation rate constants (i.e. turnover) responsible 
for the maintenance of 5-HT transporter densities and the effects of maturation. This 
study applied in vitro autoradiographic methods to investigate the kinetics of 5-HT 
transporter turnover in discrete brain regions innervated by 5-HT neurons. 
Prepubescent (30 day old) and adult (70 day old) male rats received a single 
bilateral i.c.v. injection of saline (i.e. control 5-HT transporter densities) or 100 
nmol of RTI-76 (to irreversibly inactivate 5-HT transporters). Rats were sacrificed at 
various post-injection times (0.25 - 14 days) to monitor 5-HT transporter 
repopulation for determination of rate constants. Maturation produced region 
specific changes in 5-HT transporter density and turnover. For example, in 
hippocampus, maturation decreased 5-HT transporters in CA3, but not in CA1 or 
CA2, via changes in production and degradation rate constants. Conversely, 
maturation increased 5-HT transporter density in the hypothalamic paraventricular 
nucleus (PVN), but not in lateral hypothalamus, via increases in the rate constants of 
production and degradation. In contrast, in entorhinal cortex, maturation-related 
differences in rate constants of production and degradation did not result in altered 
densities of 5-HT transporters. The region-specific and maturation-dependent 
differences in 5-HT transporter turnover suggest regional differences in the processes 
that underlie the maintenance and regulation of 5-HT transporter levels in 5-HT 
terminal fields. Supported by Loyola University Potts Foundation (GB), 
1F31MH12294 (AV) and DA10731 (MJK).

678.16
STRUCTURE-ACTIVITY RELATIONSHIP OF NOVEL SELECTIVE 
SEROTONIN REUPTAKE SITE INHIBITORS. H, F. Kung*. C, Hou. M, Mu, 
M-P, Kyng1,.Z,-P1.._ZhyMigx §, Qya, P,D.. Actom S..R. Chpi. Departments of 
Radiology and Pharmacology, University of Pennsylvania, Philadelphia, PA 
19104.

Binding characteristics and in vivo biodistribution of novel serotonin 
reuptake site (a.k.a. serotonin transporter, SERT) inhibitors (SSRI) were 
investigated. Recently, derivatives of ID AM (Thioxetine), 5-iodo-2-((2- 
((dimethylamino)methyl)phenyl)thio)benzyl alcohol, were synthesized. In vitro 
binding study showed that IDAM displayed an excellent affinity to SERT (Kj = 
0.097 nM, using membrane preparations of LLC-PKj cells expressing the 
specific transporter) and showed more than 1,000 fold selectivity for SERT over 
NET (norepinephrine transporter) and DAT (dopamine transporter). The 
substitution of Br with I appeared to reduce the binding affinity to NET (Kj = 35.4 
nM for the brominated derivative and 234 nM for IDAM). These results suggested 
that IDAM is comparable to R(+)McN5652, a known ligand for SERT, with Kj 
values of <0.01, 11.3 and 112 nM for SERT, NET and DAT, respectively.
Several other derivatives with oxygen, nitrogen and carbon as the bridgehead atom 
between the two phenyl rings, showed excellent binding affinity and selectivity. 
The results strongly suggest that these new SERT inhibitors are very potent, and 
further investigation is warranted. They are potentially useful as in vivo imaging 
agents as well as pharmacological tools to study the serotonergic system in 
normal and disease states. (Supported by NS-35210 and MH-48125)

678.17

BROMINE SUBSTITUTION AT THE RING 3- OR 4-POSITION OF 
METHCATHINONE ENHANCES POTENCY AT SEROTONIN 
UPTAKE TRANSPORTERS. N.V. Cozzi* and K.F, Foley. Dept. of 
Pharmacology, East Carolina University School of Medicine, Greenville, 
NC 27858.

We previously reported that methcathinone, the aryl ketone analog of 
methamphetamine, was an inhibitor of monoamine uptake into human 
platelets and cultured cells (Cozzi et al., Soc. Neurosci. Abs., 24, 341.8, 
1998). Based upon our pharmacophore model for the amphetamine binding 
site in the plasma membrane serotonin (5-HT) uptake transporter, it was 
hypothesized that halogen substituents on the phenyl ring of methcathinone 
would have a favorable effect on binding affinity at the 5-HT transporter. 
To test this proposal, 3-bromomethcathinone and 4-bromomethcathinone 
were synthesized and evaluated for their abilities to inhibit [3H]5-HT uptake 
into human platelets in vitro. In support of our hypothesis, both of the 
bromine-substituted compounds were about 15-fold more potent than 
methcathinone as 5-HT uptake inhibitors: 3-bromomethcathinone inhibited 
[3H]5-HT uptake with an IC50 of 2.05 ±0.17 pM while 
4-bromomethcathinone had an IC50 of L83 ± 0.57 pM. These results lend 
support to our model of the substrate binding site in the 5-HT uptake 
transporter. The model predicts that there is a pocket within the substrate 
binding domain of the transporter that can accommodate substituents at the 
ring meta- or para-positions of arylalkylamine ligands. Occupation of this 
pocket by such substituents leads to increased stability of the ligand-protein 
complex.

Support: National Alliance for Research on Schizophrenia and Depression (NVC)

678.18

EFFECT OF TETANUS TOXIN (TeTx) ON SIGNAL TRANSDUCTION 
MECHANISMS THAT INCLUDE PROTEIN KINASES ACTIVATION AND 
SEROTONIN UPTAKE INHIBITION. J. Aguilera*. A, Najib, P. Pelliccioni and
C. Gil. Dept. of Biochemistry and Molecular Biology, Universitat Autonoma de 
Barcelona; Bellaterra E-08193 (Barcelona), Spain.

Tetanus toxin, its single chain form, sc-TeTx, and more specifically the 
C-terminal fragment of its heavy chain, Hc-TeTx, modify Na+-dependent high 
affinity 5-hydroxytryptamine (5-HT, serotonin) uptake in a synaptosomal-enriched 
P2 fraction from rat brain, The effect corresponds to a rapid and non-competitive 
uptake inhibition, it is independent of the zinc-endopeptidase activity of TeTx 
contained in the light-chain (L) fragment, and it is preceded by induction of 
phospholipase C activity and translocation and down-regulation of some protein 
kinase C (PKC) isofarms. This effect on 5-HT transport is similar to the effects 
exhibited by some tyrosine kinase inhibitors and by phorbol ester TPA; moreover, 
treatments with sodium vanadate and growth factors such as NGF and FGFb have 
the opposite effect. The 5-HT uptake inhibition is not present when the cells are 
treated with botulinum neurotoxin Type A or by the L-TeTx, and it is abolished by 
co-application of TeTx with sodium vanadate, NGF or FGFb. After treatment with 
TeTx, subcellular redistribution of classical-PKC isoforms a, p and y, changes in 
MAPK activity, as well as specific phosphorylation in ThranZTyraM of ERK1 and 
ERK2, and an increase on Ser- and Tyr-specific, and total phosphorylation were 
found. These studies suggest that part of the action of TeTx consists of modifying 
the signal cascade initiated in tyrosine kinase receptors on nerve tissue previous to 
its cellular internalization. Not all of these mechanisms might be related to death 
in tetanus disease, but they could contribute to the mechanisms of action of 
Clostridium neurotoxins. The work was supported by Grant DGES B97-0169 from 
the Spanish government
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678.19

ROLE OF P-ARRESTIN AND G-PROTEIN COUPLED RECEPTOR 
KINASES IN REGULATION OF SEROTONIN UPTAKE. G. Li,
T.T. Nguyen, B.G. McGonnigal, J.P. Stabila, Y.T. Tseng, and J.F,
Padburv*. Department of Pediatrics, Women and Infants’ Hospital of 
RI, Brown University School of Medicine, Providence, RI 02905.

Serotonin (5-HT) uptake is mediated by the plasma membrane 
serotonin transporter (SERT). Because of the sequence similarities 
between adrenergic receptors and the biogenic amine transporters, we 
examined the role of P-Arrestin (PARR) and G-protein coupled 
receptor kinases (GRK) in regulation of 5-HT uptake. The HeLa 
cell/Vaccinia virus expression system was used to characterize the 
effect of co-expression of SERT, PARR, GRK2 & 3 on SERT- 
dependent 5-HT uptake. Transient transfections (l.Opg DNA per well) 
were performed with lipofectinTm. 3H-5-HT uptake was measured 
following overnight expression. Uptake was inhibited by imipramine 
and other blockers in a SERT-dependent fashion. GRK2 & 3 had only 
a modest effect on 5-HT uptake. In contrast, PARR increased specific 
5-HT uptake more than 100%, p<0.05. The effect was dose-dependent; 
increasing the ratio of transfected PARR to SERT increased uptake 
further. Dominant negative mutants of pARR and dynamin abrogated 
the effect of PARR on 5-HT uptake. These results suggest that PARR 
may interact with SERT resulting in increased transport activity either 
by increasing SERT density at the cell surface or by altering SERT 
kinetic properties. (Supported by DA07753)

678.20

A SUPERFUSION STUDY ON CARRIER-MEDIATED RELEASE IN CELLS 
STABLY EXPRESSING THE CLONED RAT SEROTONIN TRANSPORTER
H.H.Sitte, P.Scholze, P.Schloss1, Ch.Pifl2 and E.A.Singer , Dept. of Pharmacology 
and biochemical Pharmacology, Univ. of Vienna, Vienna, Austria; ’Dept. of Neu-
rochemistry, Max-Planck-Inst. for Brain Research, Frankfurt/Main, Germany.

Human embryonic kidney 293 cells were stably transfected with the rat 
plasmalemmal serotonin transporter. Uptake experiments were performed using 
0.1 pM 3H-serotonin (5HT) and different concentrations of drugs in 24-well plates 
(2.5 min; RT). For release experiments, cells were grown on glass coverslips (4xl05 
cells/coverslip), incubated with 3H-5HT (5pM) and transferred to superfusion 
chambers (25°C, 0.7 ml/min, 4 min fractions). Drugs were added to the superfusion 
buffer from min 12 onwards. Cells accumulated 5HT with a maximal initial rate of 
42 pmol/min/106 cells (KM=0.4 pM). Tricyclic antidepressant drugs (e g. clomi-
pramine), selective 5HT uptake inhibitors (e g. citalopram), as well as, 5HT 
releasing drugs (e.g. p-chloroamphetamine, PCA), concentration-dependently 
inhibited uptake. All substances caused a concentration-dependent increase in 
efflux of 3H-5HT with maximal effects of uptake inhibitors being about 50% of 
those induced by releasers. Addition of the Na+/K't-ATPase inhibitor ouabain 
(lOOpM) enhanced basal efflux. The effect of PCA (lOpM) was strongly 
potentiated in the presence of ouabain whereas the effect of uptake inhibitors 
remained unchanged. When 3H-N-methyl-4-phenylpyridinium (3H-MPP+), a 
transporter substrate with low affinity (K^lOpM), was used instead of 3H-5HT for 
labelling the cells, uptake inhibitors no longer enhanced release. By contrast, PCA 
enhanced 3H-MPP+ release under these conditions, and its effect was potentiated in 
the presence of ouabain. The results suggest that efflux caused by PCA is carrier- 
mediated whereas efflux induced by uptake inhibitors is due to interrupted high- 
affinity re-uptake which is ongoing even under superfusion conditions.
Supported by Austrian Science Foundation (P13183)

TRANSMITTERS IN INVERTEBRATES II

679.1

DETECTION OF NITRIC OXIDE BY SINGLE NEURONS USING THE 
FLUORESCENT INDICATOR DAF-2. R. M. Zayas*, S. Oazi and B. A. Trimmer. 
Department of Biology, Dana Laboratory, Tufts University, Medford, MA 02155.

A key problem in understanding NO/cGMP signaling in the CNS is that the 
production and reception of NO by neurons is hard to monitor at the cellular level. 
The CNS of larval Manduca sexta appears to be a good model system to solve this 
difficulty. We have mapped nitric oxide synthase-containing neurons in the CNS 
using histochemical and immunocytochemical techniques (Zayas et al. Soc 
Neurosc Abst 24: 105, 1998), and identified cells that respond to NO using 
antibodies that detect cGMP. To visualize NO we are using a dye, 4,5- 
diaminofluorescein (DAF-2), that becomes fluorescent when exposed to NO 
(Kojima et. al. Anal Chem: 2446, 1998). Neurons isolated and maintained in 
culture can be loaded with dye by incubating them in a cell permeant diacetate 
form of DAF-2 (DA). Many of these neurons show a time-dependent increase in 
fluorescence. This fluorescence is reduced if neurons are incubated in the NOS 
inhibitor, L-NAME (1 mM), an effect that is prevented by including L-arginine (10 
mM) in the incubation medium. These results suggest that DAF-2 can detect the 
endogenous production of NO by neurons.

To begin monitoring NO production in the CNS DAF-2 has been pressure- 
injected into identified neurons in isolated ganglia. Intracellular electrical 
recordings of neuron activity can be maintained during this procedure. The dye 
remains confined to the injected neuron and becomes highly fluorescent when NO 
donors are added to the ganglion. We are now injecting DAF-2 into NOS- 
containing neurons to examine the mechanisms of NO release. Future studies will 
use this method, together with recordings from identified NO-responding neurons, 
to examine the spatial, temporal and functional properties of natively produced 
NO. [Supported by NIHININDS grant NS30566 to BAT]

679.2

NITRIC OXIDE INDUCED CHANGES IN MEMBRANE IONIC 
CURRENTS AND cGMP IMMUNOREACTIVITY IN APLYSIA 
CENTRAL NEURONS. H-Y. Koh and J.W, Jacklet*. Dept. Biological 
Sciences, University at Albany, SUNY, Albany, NY, 12222.

Nitric oxide (NO) is established as a neurotransmitter and 
neuromodulator in the nervous systems of vertebrates and invertebrates. 
We have shown that NO induces cGMP-IR in neuron MCC a synaptic 
follower of neuron C2, which contains NOS and uses NO and histamine 
(HA) as cotransmitters (Koh and Jacklet, J. Neurosci. 19, 1999). C2 
activation, or application of NO, HA, or 8-Br-cGMP causes membrane 
depolarization and decrease in conductance of MCC. The synaptic 
response and the NO response are enhanced by IBMX and partially 
blocked by ODQ, but the HA response is not affected by these drugs and 
HA does not induce cGMP-IR, thus the pathways for NO and HA are 
separate, but likely act on the background potassium conductance. When 
MCC and neuron C4, another C2 follower, are isolated into cell culture, 
they have normal resting and action potentials and respond to NO and HA 
by depolarization and decreased membrane conductance as they do in the 
ganglion. NO also induces cGMP-IR in a few neurons in the buccal, 
pleural, genital and abdominal ganglia, including Lll and R15. Previous 
work (Levitan & Levitan, 1988) showed that R15’s activity shifts from 
bursting to tonic spiking in response to cGMP, caused by a decrease in 
steady-state calcium current. We find that NO induces the same shift in 
activity and a decrease in conductance, apparently by activation of 
guanylyl cyclase and cGMP production. Supported by NIMH, MH57746.

679.3

NITRIC OXIDE (NO) SYNTHASE IN THE CNS AND CHEMO-
SENSORY AREAS OF APLYSIA AND RELATED SPECIES. P. Uvarov,
A. Belyavski, S-W. Norby, L.B, Popova, R.I. Sadrevev. R.M, Greenberg*.
L.L. Moroz. Whitney Lab., Univ. of Florida, St. Augustine, FL 32086 

The distribution of NOS and NO production has been studied in
A.califomica, A. dactylomela, A. vaccaria and related Anaspidea (Phylaplysia 
lay lori, Stylocheilus longicauda, Dolabella auricularia, Dolabrifera 
dolabrifera) using the electron paramagnetic resonance/spin trapping 
technique, and (immuno-) histochemistry. High levels of authentic NO 
production and similar patterns of neuronal NOS localization have been 
observed in all species tested. Only a few neurons were labeled in the CNS. 
However, chemosensory areas (in the mouth area, rhinophores and tentacles) 
express intense staining, primarily in peripheral glomeruli as well as in 
epithelial sensory cells. Using A.califomica and A.dactylomela as major 
models we have shown that putative nitrergic cells (including a pair of 
homologous cerebral C2 neurons) could preserve their characteristics in cell 
culture. NO/cGMP-dependent activation of buccal motor patterns was also 
observed. To clone NOS from A.califomica, cDNA fragments were obtained 
using PCR with degenerative primers designed from conserved regions of 
known NOSs. Amino-acid sequences of Aplysia’s NOS derived from these 
fragments share about 85% homology with NOS in the predatory sea slug 
Pleurobranchaea califomica, 75% with the only known molluscan NOS from
L. stagnalis, and about 57-70% with a calmodulin-binding site plus 
neighboring regions in nNOSs in insects and mammals. Supported by 
HHMI75195-540101 & INTAS 93-3504 grants to LLM and CRDF425 to LP.

679.4

ON THE EARLY EVOLUTION OF NEURONAL NO SIGNALING:
THE DISTRIBUTION AND ACTION OF NO IN CNIDARIA. L.L.Moro/ 
Whitney Lab., Dept. Neurosci., Univ. of Florida, St.Augustine, FL 32086

The cnidarian nervous system is considered by many to represent neuronal 
organization in its earliest and simplest form. Can cnidarians produce 
authentic NO? Is there any neuronal localization of NOS? If yes, what types of 
neurons could express NOS and what would be the behavioral functions of NO 
in the simplest nervous systems? 28 phylogenetically and ecologically 
different cnidarian species (jellyfishes, polyps & corals) as well as 3 species of 
Ctenophora have been screened using the electron paramagnetic resonance 
technique and (immuno-) histochemistry. High levels of authentic NO 
production and histochemical localization of NOS have been clearly 
demonstrated in all species tested. However, the neuronal localization of NOS 
has been found in two species only: in the hydromedusa Aglantha digitate (one 
of the fastest coelenterate swimmers), and in the scyphomedusa Aurelia 
aurita. In Aglantha, neuronal NOS was observed in putative sensory cells in 
the ectoderm of the tentacles and in the ring of neurons at the base of the 
animal. In Aurelia, the staining was located in sensory cells around rhopalia 
(specialized sensory organs). The specific staining was fully *blocked by 
diphenyleneiodonium. Physiological and pharmacological tests indicated that 
a NO/cGMP signaling pathway mediates rhythmic swimming activity 
associated with feeding and modulates chemosensory processing. Even in 
species without marked neuronal NOS localization, NOS yet is associated with 
the feeding structures, suggesting that NO-dependent regulation of feeding and 
chemoreception could be one of the first neuronal functions for NOS in 
animals. Supported by HHMI 75195-540101 & INTAS93-3504.
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679.5
EXPRESSION AND FUNCTION OF NITRIC OXIDE IN EMBRYOS OF THE 
POND SNAIL, HELISOMA TRIVOLVIS. J.I. Goldberg*, A. Cole, A. 
Mashkournia, A. Crowe, S. Robbins and A. Uretsky. Dept. of Biological Sciences, 
Univ. of Alberta, Edmonton, AB, Canada T6G 2E9.

Early in the embryonic development of Helisoma trivolvis, embryonic neurons Cl 
(ENC1) emerge as a pair of serotonergic neurons that appear to function both as 
chemosensory receptors and cilioexcitatory motor neurons. Each cell contains an 
apical neurite tipped with a chemosensory-like apparatus and a ventral-projecting 
neurite that branches extensively around the postsynaptic target, the pedal ciliated 
epithelium. Since nitric oxide (NO) cell signalling pathways have been shown to be 
common in both chemosensory and ciliary cells, we examined whether ENC1 or 
other cells have nitric oxide synthase (NOS) activity. In addition, embryos were 
treated with NO inhibitors to determine the possible functions of NO in early 
embryos. At stage E25, NADPH diaphorase staining indicated the expression of NOS 
activity in the sensory dendritic knob of ENC1, dorsolateral (prototrochal) ciliary 
bands, ciliary cells lining the dorsal buccal cavity, and sparsely distributed 
unidentified cells in the dorsal body wall. By stage E30, the ENC1 cell body and 
apical neurite were also stained. Long-term treatment (24-48 hr) of embryos with N°- 
nitro-L-arginine methyl ester (L-NAME; 10 mM), an arginine analog that blocks NO 
synthesis, altered the development of specific structures, including the ventrolateral 
neurite branches of ENC1 and the anterior region of the gut. In behavioral 
experiments, acute exposure to L-NAME (10 mM) or the NOS inhibitor, 7- 
nitroindazole (50-100 pM), reduced the rate of ciliary-driven embryo rotation, but did 
not prevent the periodic accelerations in rotation rate. Cell culture experiments 
revealed that this was likely due to a direct inhibition of the basal ciliary beat 
frequency. In both the developmental and behavioral experiments, treatment of 
embryos with the less active enantiomer, D-NAME, had reduced or no effects. These 
results suggest that NO is a prominent cell signalling molecule that regulates both 
developmental and behavioral responses during embryogenesis in Helisoma trivolvis.

Supported by NSERC of Canada.

679.6
SENSORY PROJECTIONS FROM THE MAXILLARY PALPS OF THE 
BLOWFLY, NEOBELLERJA BULLATA (DIPTERA; SARCOPHAGIDAE) STAIN 
SELECTIVELY FOR NADPH-DIAPHORASE ACTIVITY. H. Itagaki*. Dept. of 
Biology, Kenyon College, Gambier, OH 43022.

The maxillary palps of flies are paired appendages on the mouthparts that are 
innervated by both multiporous sensilla basiconica and aporous sensilla trichodea. 
The basiconic sensilla have an olfactory function while the trichoid sensilla appear 
to be mechanosensory (van der Starre and Templaar, 1976; Singh and Nayak, 1985; 
Stocker et al., 1990; Ayer and Carlson, 1992). Sensory projections from maxillary' 
palps in Drosophila, most likely those from the olfactory basiconic sensilla, 
terminate in three glomeruli in each antennal lobe while the putative 
mechanosensory projections terminate in the suboesophageal ganglion (SOG)(Singh 
and Nayak, 1985; Stocker et al., 1990).

As part of ongoing investigations into gustatory processing and the organization 
of the SOG in the fleshfly Neobelteria bullata, we have been looking at the 
distribution of different neurotransmitters and modulators in the CNS. Recently, we 
have been using NADPH-histochemistry to investigate the distribution of Nitric 
oxide synthase (NOS), and enzyme which produces NO, a molecule shown to play a 
major signalling role in a wide variety of biological systems. NO is synthesized 
from L-arginine by a family of enzymes, the nitric oxide synthases (NOS), that also 
has NADPH diaphorase activity (Hope et al., 1991).

The results from double-labelling with NADPH-diaphorase histochemistry and 
TRITC-dextran anterograde fills show that the glomeruli innervated by maxillary 
palps projections have much higher NADPH-diaphorase activity than the other 
glomeruli in the antennal lobe. This indicates that the differences between the 
olfactoiy glomeruli may extend to different signalling mechanisms by the afferents. 
Supported by the NSF (0IBN-963O943) and the Whitehall Foundation (0F96-11).

679.7

NITRIC OXIDE SYNTHASE AND SOLUBLE CYCLIC GMP 
IMMUNOLOCALIZATION IN CENTRAL NEURONS AND 
PERIPHERAL STRUCTURES IN SNAILS. S.B. Moffett*, A.S. Czuk, 
and S.R. Bright. Dept. of Zoology, Washington State University, 
Pullman, WA 99164-4236.

The central nervous system of the pulmonate snails Phytia myosotis 
and Melampus bidentatus and peripheral targets of many of the nerves 
have been surveyed for localization of an antibody to nitric oxide 
synthase (anti-universal NOS, Affinity Bioreagents). A map of NOS 
immunoreactive neurons and tracts in the CNS has been generated. 
Axons were often difficult to trace to their peripheral somata and many 
non-neuronal cells were identified by that antibody. The presence of 
appreciable NOS immunoreactivity in the CNS suggested that there 
would be targets of NO, so we employed an antibody (courtesy of J. de 
Vente) generated against soluble cyclic GMP (scGMP), a second 
messenger that mediates responses to NO. We identified cells that 
can generate scGMP in response to NO by exposing the tissues to 
sodium nitroprusside. Neurons immunoreactive to anti-scGMP in the 
CNS and periphery were identified. The NOS and scGMP markers are 
most closely associated in the reproductive and digestive systems, and 
the statocyst is intensely labeled. Young animals appear to have more 
immunoreactive central neurons, as well as a pattern of NOS and 
scGMP immunoreactive cells in the mantle that is lost in adults. The 
developmental regulation of the NO-scGMP system is under 
investigation.

679.8
NITRIC OXIDE SUPPRESSES TYPE 2 CYCLIC AMP-GATED Na+ 
CURRENT IN LOCOMOTOR NEURONS OF THE SEA-SLUG 
Pleurobranchaea. Lyudmila Popova,*Nathan Hatcher and Rhanor Gillette. 
Department of Molecular & Integrative Physiology, University of Illinois, 
Urbana, IL 61801.
NO regulates excitability in the molluscan nervous system in part through 
modulating cyclic AMP-gated Na4 current (lNa.CAMp)- In the CNS of the sea- 
slug Pleurobranchaea, In ^camp  assumes two forms. Type 1, found largely in 
neurons of the feeding motor network, is sensitive to pHj and increases with 
depolarization from -50 to -20 mV in a Ca2 dependent manner. We 
previously showed that Type 1 INo .camp  is enhanced by NO through a 
mechanism not dependent on cGMP (Moroz, Sudlow & Gillette, 1998). Type 
2, characteristic of locomotor neurons of the pedal ganglion, is not sensitive to 
pHi and shows an opposite voltage dependence. We now find that Type 2 
Na cAur is suppressed by NO. Addition of the NO scavenger PTIO (1 O'4-1 O'3 
M) to the perfusing saline causes a 30-300% increase in the In ^camp  response 
to cAMP injection. However, addition of the NO donor DEA/NO 00" M) to 
cells incubated in the NO synthase inhibitor L-NMMA decreased In ^camp  
amplitude by up to 2/3. NO donors added to locomotor cells without the 
presence of PTIO have little effect (ibid.). Type 2 In ^camp  in the pedal 
locomotor neurons may be normally suppressed by high endogenous levels of 
NO synthase activity (Moroz et al., 1996), and we speculate that regulatory 
mechanisms exist to release the current from NO suppression during 
behavioral arousal. The opposite effects of NO on Types 1 and 2 Inhcamp  are 
compatible with a single mechanism of action related to the differing pH and 
Ca2+ senstivities of the currents. Supported by grants CRDF425 to L.P. and 
MH59339 to R.G.

679.9

LOCALIZATION OF NOS-LIKE IMMUNOREACTIVITY AND 
INVOLVEMENT OF cGMP IN METAMORPHOSIS OF A 
LARVAL GASTROPOD MOLLUSC. K, Thavardhara, N. Durham 
and E.M. Leise*. Dept. of Biology, Univ. of North Carolina 
Greensboro, Greensboro, NC 27402-6174.

Pharmacological studies with nitric oxide (NO) donors and nitric 
oxide synthase (NOS) inhibitors have shown that NO can inhibit 
serotonergically induced metamorphosis in the marine snail Ilyanassa 
obsoleta (Froggett and Leise, 1999). By examining the nervous system 
of these larvae with NADPH diaphorase histochemistry, we have 
previously demonstrated that nitric oxide synthase (NOS) activity 
increases throughout larval development, but we only obtained 
staining in ganglionic neuropils (Lin and Leise, 1996). With the use of 
commercial antibodies to mammalian neuronal NOS, we have located 
immunoreactivity in neuronal somata within the anterior portion of the 
brain, and in putative sensory neurons of the foot and mantle. Somata 
in the brain are located in the apical ganglion, which innervates larval 
swimming, feeding, and sensory organs. In addition, results from 
experiments with 8-bromo-cGMP, a membrane permeable analogue of 
cGMP, and dipyridamole, a cGMP phosphodiesterase inhibitor, 
suggest that the nitrergic maintenance of the larval state may occur 
through the activation of guanylyl cyclase and the production of 
cGMP. Supported by NSF grant IBN-9604516.

679.10
Metabotropic glutamate agonists and intracellular Ca^ in the lobster 
stomatogastric ganglion. R. Levi*, J. Monterrubio, C. Zuazaga and A.I. Selverston. 
Inst, of Neurobiology, 201 BLVD del Valle; San Juan, PR 00901.

Glutamate is an important neurotransmitter in the nervous system however it is also 
found, in several systems, to have modulatory effects via metabotropic receptors 
(mGluRs).

Glutamate is also a major neurotransmitter in the stomatogastric ganglion (STG) of 
the lobster. This well studied system produces rhythmic output to the lobster foregut 
muscles, and more than 20 ipodulators are effective in changing its rhythmic pattern. 
Recently, mGluRs agonists were also found to modulate the oscillations.

Using calcium imaging and intracellular-recording, we showed that changes in the 
rhythmic pattern, elicited by mGluR agonists, were correlated with changes in soma 
calcium levels. In some neurons ACPD (lOOpM), a general mGluR agonist, initiated 
oscillations that were accompanied by increase in soma calcium levels. These calcium 
level changes were relatively small (about 50nM) at seconds range, and were not 
directly correlated to voltage oscillations. The range of calcium level change was similar 
to calcium-level increases, evoked by caffeine (ImM). Caffeine has been shown 
previously, and by us, to increase pyloric rhythm oscillations.

The mGluR family consists of several receptor types that in other systems, have been 
shown to activate IP3-Ca and cAMP second messenger pathways. All 3 types of 
receptors were shown to be present in the STG. As in the case of the physiological 
response, the calcium response was also cell-specific. Whereas some neurons responded 
to mGluR agonists others failed to do so, but responded to other modulators. Therefore, 
this system permits the study of a variety of responses to a modulator, elicited by 
different second messengers, and their interaction with other modulators.

(Supported by grants: NIH NS-09322, NS-07464, RR03051, NSF HRD-9353130)
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679.11
CHOLINERGIC RECEPTORS MEDIATE COMPLEX CALCIUM DYNAMICS 
IN NEURONS FROM LARVAL MANDUCA SEXTA. B. A. Trimmer*, S. Qazi. 
Tufts University, Biology Department, Medford, MA 02155.

Because ACh is the primary sensory transmitter in insects, nicotinic and 
muscarinic acetylcholine receptors (nAChR and mAChRs) play a critical role as 
“sensory gateways’’ to the CNS. These receptors mediate fast transient, and slow 
sustained voltage changes in many insect neurons. In addition to these electrical 
responses, afferent stimulation increases intracellular Ca2" levels ([Ca2+],) in the 
neurites of identified motoneurons. The dynamics, location and mode of entry of 
this Ca2+ are likely to be important for sensory signal integration. We now 
describe changes in [Ca2+], that are linked to the activation of both nAChRs and 
mAChRs.

To facilitate the measurement of [Ca2+]j in individual cells, abdominal ganglia 
of Manduca larvae were dissociated and neurons cultured for 1-2 days. These 
cells were loaded with the newly developed Ca2" indicator Fura-PE3 (Tef Labs, 
TX) which allows stable measurements to be made for at least 3 hrs. Bath 
application of ACh (5-590pM) resulted in complex Ca~+ changes that were cell- 
specific and dose-dependent. At high ACh concentrations one component was a 
fast, transient increase in [Ca2+]j that was blocked by the nicotinic antagonist 
mecamylamine (10-100pM) and mimicked by application of nicotine. In contrast, 
low ACh concentrations and the muscarinic agonist oxo-M, evoked three broad 
classes of response: rapid increases that decayed to a sustained level, slowly 
developing but maintained increases, and low frequency (<lHz) oscillations. 
These slower changes were blocked by the muscarinic antagonist scopolamine.

We have now started to examine the source of Ca“+ mediating these different 
responses. Treatment of neurons with 50pM Cd2+ failed to block ACh evoked 
changes in [Ca2+k but substituting most of the external Ca2+ with Ni2+ blocked 
them completely. These results suggest that external Ca~+ is required for normal 
responses but that Ca' entry' is independent of voltage-gated Ca'" channels. To 
understand the functions and mechanisms of these complex Ca2’ dynamics we are 
investigating the Ca2" permeability of nAChRs, the role played by IP3 and 
intracellular Ca2’ release, and the interaction of these factors during ACh-evoked 
responses. Supported by N1H/NTNDSgrant NS30566 to BAT.

679.12
COMPARISON OF 5-HT RECEPTOR mRNA EXPRESSION IN THE VENTRAL 
NERVE CORD OF THE MALE MORPHOTYPES OF THE GIANT TROPICAL 
FRESHWATER PRAWN. M.A. Sosa*1:2 and D.J. Baro1'3. Institute ofNeurobiology1 and 
Depts. of Anatomy2 and Biochemistry3, University of Puerto Rico, San Juan, PR, 00901.

Crustacea such as the lobster and crayfish have been used as model systems for 
studying the neural basis of aggressive behavior. In these animals, status as dominant or 
subordinate during agonistic encounters is established on the basis of body size and 
experience. The giant freshwater prawn Macrobrachium rosenbergii is a type of clawed 
caridean shrimp that has characteristics similar to the lobster and crayfish concerning 
general body plan, internal anatomical organization and some aspects of behavior. 
Sexually mature males develop through three distinct morphological types (blue, yellow 
and small claws) that differ in their claw to body length ratio, their growth rate, and their 
claw color and morphology. Each of these morphotypes represents a level in the 
dominance hierarchy of the population. Status as dominant or subordinate is defined first 
on the basis of morphotype, irrespective of relative body size. We are using this model 
system to study the neural mechanisms involved in the modulation of aggression.

Serotonin (5-HT) has been found to play a role in setting the gain of synapses and 
circuits involved in the control of crustacean agonistic behavior (Edwards & Kravitz, 
Curr. Opin. Neurobiol. 7:812-819, 1997). It has been suggested that differences in 
distribution or sensitivity of 5-HT receptors may also play a role in how responses like 
the tailflip escape reflex are modulated according to the animal’s status (Yeh et al., J. 
Neurosci. 17:697-708,1997). We have shown in the prawn that there are no differences 
among the three male morphotypes in the distribution of neurons within the central 
nervous system that contain 5-HT (Sosa & Hernandez, Soc. Neuro. Abs., 24:361,1998). 
We want to determine whether there are differences in the type or number of 5-HT 
receptors expressed in the ventral nerve cord of the freshwater prawn that can be 
correlated with the hierarchy of dominance established by the three male morphotypes. 
We have employed degenerate primers and RT-PCR to amplify segments of DNA 
coding for the prawn’s receptor, using ventral nerve cord RNA. These segments have 
been sequenced and specific primers are being used in quantitative RT-PCR experiments 
to determine relative amounts of the prawn’s 5-HT receptors in ventral nerve cord 
ganglia of each male morphotype. Support: RCMI G12RR03051, PR EPSCoR.

679.13

MOLECULAR CLONING OF A G PROTEIN-COUPLED RECEPTOR 
FROM A PRIMITIVE METAZOAN.

C. Bouchtrtdh \ M. ‘Dept. Sci. BioL, Univ. de
Montreal, Montreal, Quebec, Canada H3C 3J7. 2D6pt. Ob.-Gyn., Univ. de 
Montreal and CHUM Res. Ctr., Campus Saint-Luc, 264 Rene-Levesque E., 
Montreal, Quebec, Canada H2X 1P1.

Coelenterates are the most primitive animals endowed with a nervous 
system. The sea pansy (Renilla koellikeri), a colonial octocoralian, exhibits 
many physiological activities under the control of biogenic amines. Many of 
those neuroactive substances have been detected biochemically in Renilla 
tissues, and immunohistochemically in neurons. Characterizations of aminergic 
binding sites provided atypical pharmacological profiles making necessary 
the molecular identification of involved receptors. Using a PCR strategy 
based on degenerate oligonucleotides representing highly conserved regions 
of G protein-coupled aminergic receptors, followed by 3’RACE and other 
5' end amplification strategies, we determined the full sequence of a cDNA 
encoding a Renilla G protein-coupled receptor. The nucleotide sequence 
predicts a protein of 488 amino acids that contains a typical G protein-coupled 
receptor signature, including seven transmembrane domains characteristic of 
all G protein-coupled receptors. This new receptor shows strong similarities 
(up to 55 %) mainly with dopaminergic and adrenergic receptors, among 
others. Expression of the intact receptor, through transfection experiments 
in eukaryotic cells, currently in progress, should allow radioligand binding 
studies to determine its exact pharmacological properties, and should also 
allow the characterization of the signaling pathway utilized by this new and 
presumably most primitive G protein-coupled aminergic receptor. (Supported 
by an FCAR grant to M.A. and F.D., and an NSERC grant to M.A.).

679.14
PROGRESS IN PRODUCING ANTIBODIES THAT DISCRIMINATE 
BETWEEN TWO ALPHA SUBUNITS OF NICOTINIC 
ACETYLCHOLINE RECEPTOR SUBUNITS IN APLYSIA 
CALIFORNICA AND DISTRIBUTION OF DIFFERENT SUBUNITS IN 
IDENTIFIED NEURONS. E. Garcia. J.Ramirez. R. E, McCaman, and J.
K. Ono*. Department of Biological Science, California State University, 
Fullerton, CA 92834.

A total of four nicotinic acetylcholine receptors (nAChRs), two a 
subunits and two p subunits, have been cloned from the central nervous 
system and buccal muscles of Aplysia californica. The two a subunits are 
identical in their nucleic acid sequence except for a region that encodes 
approximately 30 amino acids. Using the polymerase chain reaction 
(PCR) this region was amplified and cloned into a TA cloning vector. 
Using subcloning techniques this region was isolated and ligated in-frame 
with the start codon of the expression vector, pGEX-5X-3X, to produce 
fusion proteins that can be used as an antigen for making specific 
antibodies. The antibodies can be used to isolate the native receptor 
from Aplysia tissues and verify the expression of the cloned sequences. 
We have also determined the distribution of the a and P subunits in 
single, identified neurons and bag cell cluster mRNA by utilizing reverse 
transcription followed by PCR with primers specific for the respective a 
and P subunits. The distribution of a and P subunits do not appear to 
follow a pattern related to the physiological responses to ACh. These 
results suggest that there are additional nAChR subunits yet to be 
identified and that the expression of these subunits may be variable. 
Supported by CSUF Department Association Committee (DAC) awards, 
CSU mini grants, NIH Bridges Program, and NIH Minority Scientist 
Development Program awards.

679.15

A NEW GLUTAMATE-GATED CHLORIDE CHANNEL SUBUNIT FROM 
CAENORHABDITIS ELEGANS. L, Horoszok1, D.B. SatteUe2 and A.J. 
Wolstenholme1'. ’Dept. of Biology and Biochemistry, Univ. of Bath, Bath BA2 
7 AY U.K. ;2 Lab. of Molecular Signalling, The Babraham Institute, Cambridge 
CB2 3ES, U.K.

Glutamate-gated chloride ion channels (Glu-Cl) are a family of ligand-gated ion 
channels, closely related to mammalian glycine and GABAa  receptors, so far 
unique to invertebrates. In nematodes and insects they are the probable sites of 
action of the avermectin/milbemycin family of anthelminthics and insecticides. 
The C. elegans genome sequencing project revealed a gene, ZC317.3, predicted to 
encode a polypeptide with a high sequence identity to the previously cloned a and 
ot2 Glu-CI subunits of C. elegans. We amplified a full-length cDNA encoding the 
ZC317.3 polypeptide using the polymerase chain reaction. When cRNA derived 
from this clone was injected into Xenopus oocytes, a robust inward current was 
observed at Em = -80m V in response to applied L-glutamate. An EC50 of 1.9 ± 
0.03 mM and a Hill coefficient of 1.46 ±0.1 were estimated for the actions of L- 
glutamate. Peak currents were approximately IpA, desensitised rapidly and 
reversed at Em= -21 mV, confirming that the current was due to CF ions. 
Application of ImM GABA, glycine or histamine had no effect. We examined the 
ability of chloride channel blockers to inhibit the L-glutamate response. Fipronil 
(lOpM), a blocker of insect GABA-gated chloride channels, was shown to inhibit 
the glutamate-gated chloride response (3mM) by 35%. Preliminary data suggest 
that a component of picrotoxin, picrotin, may also have a similar effect. We 
conclude that ZC317.3 encodes a subunit of the C. elegans Glu-Cl, which we have 
designated a3 as a consequence of its sequence and functional properties.

Supported by a BBSRC quota research studentship to LH.

679.16
A CONSERVED REGION OF THE INSECT NEUROHORMONE, BURSICON, 
MAY BE DETECTED BY A NEW ANTISERUM. H. W. Honegger*, M. Wilson 
and M, Jadav. Dept. of Biology, Vanderbilt University, Nashville, TN 37235

The neuropeptide, bursicon, triggers the sclerotization of newly formed insect 
cuticle after ecdysis. Purified bursicon from the ventral nerve cord of the cockroach 
Periplaneta americana appears in two-dimensional gels in four electrophoretic forms at 
30 kDa. An amino acid sequence analysis of the protein spot at pH 5.7 yielded six 
different sequences. The sequence analysis was executed by the Harvard 
Microchemistry Facility. Here, we report on immunocytochemical results obtained 
using the antiserum from one rabbit (# 115) immunized with the peptide derived from 
one of the six sequences, DGSSYLQVSGSK (GT27) coupled to 
KLH.

In a number of insects, a bilateral pair of neurons in each ganglion of the ventral 
nerve cord is labeled by an antiserum against crustacean cardioactive peptide (CCAP). 
We have shown in adult crickets and cockroaches, by single cell analysis in 
combination with the “ligated fly bioassay”, that these cells also contain bursicon. 
CCAP does not mimic bursicon bioactivity in this assay. The serum 115 detects 
these CCAP immunoreactive (ir) cells in cockroaches, as shown by double labeling in 
14 pm paraplast sections. Furthermore, the 115 serum labels these cells in two 
species of crickets. This is a clear indication that the antiserum detects bursicon. 
After preincubation of seruml 15 with 100 pM GT27, the labeling of thoracic neurons 
was blocked, but one cell of the bilateral pairs in abdominal ganglia still stained. 
Preincubation at 400 pM GT27 effectively blocked labeling of these abdominal 
neurons, suggesting that the amounts of bursicon among the thoracic and abdominal 
cells may be different. Serum 115 also detected two bilateral clusters of 3-4 
neurosecretory neurons in the brains of Drosophila melanogaster 3rd instar larvae. 
These cells have release sites in the thoracic neuromere, and a morphology that differs 
from the CCAP-ir neurons. The labeling of cells with serum 115 in Dictyoptera, 
Orthoptera, Diptera, and Lepidoptera (see companion abstract by Mesce) is consistent 
with the hypothesis that antiserum 115 detects a conserved sequence. Supported by 
Vanderbilt University.
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679.17
LOCALIZATION OF BURSICON-LIKE IMMUNOREACTIVITY TO THE CCAP-IR 
NEUROSECRETORY ‘27' CELLS OF THE MOTH MANDUCA SEXTA. K, A. 
Mesce*, K.A, Klukas and H.W. Honegger*. Graduate Program in Neuroscience 
and Dept. of Entomology, University of Minnesota, St. Paul, MN 55108; ADept. 
of Biology, Vanderbilt University, Nashville, TN 37235.

The neuropeptide, bursicon, is known to induce sclerotization (tanning) of 
new cuticle at the end of an insect’s molt cycle. In the pharate adult moth, 
Manduca sexta, bursicon is released in association with the spreading and 
inflation of the wings after eclosion. Taghert and Truman (JEB, 98, 373- 
401,1982) have shown that a group of 4-5 lateral neurosecretory cells (LNCs), 
with release sites in the transverse nerves, likely contain bursicon. Until now, 
the LNCs have not been studied using immunohistochemical techniques. Our 
study used a new antibody raised against a partial amino acid sequence derived 
from a highly purified bursicon, of 30 kDa, from the cockroach Periplaneta 
americana (see companion abstract by Honegger). Nerve cords from Manduca 
pharate adults, and post-eclosed adults, were incubated in a 1:500 dilution of 
rabbit anti-bursicon and reacted with a secondary antibody conjugated to Cy3 or 
Cy5. Confocal micrographs of whole mounted nerve cords revealed a 
consistent pattern of positive immunostaining: one bilateral pair of neurons in 
each abdominal ganglion. Based on morphological criteria, and axonal 
projections, we conclude that the bursicon-like immunoreactive (ir) neuron is 
the crustacean cardioactive peptide (CCAP)-ir LNC known as ‘cell 27’. After 
adult eclosion, the bursicon-like ir cell disappears, which is consistent with the 
known cell death of cell 27. A number of controls indicate that the bursicon 
antibody is specific and does not recognize CCAP or other epitopes on the 
CCAP-ir 27 cell. CCAP released from the 27 cells triggers the eclosion motor 
pattern. Bursicon, in turn, is thought to be released sometime after eclosion. 
How release of these two peptides, likely contained in the same neuron, is 
achieved so that they can have sequential effects remains a compelling issue.

679.18

SEQUENCE AND EXPRESSION OF THE CRUSTACEAN CARDIOACTIVE 
PEPTIDE (CCAP) GENE IN THE MOTH, MANDUCA SEXTA. P.K. Loi *, S. 
Emmal, & N.J. Tublitz. Inst, of Neuroscience, Univ. Oregon, Eugene OR 97403.

Crustacean Cardioactive Peptide (CCAP; also known as CAP2a) is found in many 
arthropods including crustaceans and insects. CCAP in the moth Manduca sexta has 
been implicated in several functions including adult eclosion and wing inflation as well 
as gut emptying. As a first step in obtaining a more complete understanding of CCAP 
action, we have isolated the CCAP gene in Manduca and have explored its cellular 
expression pattern.

The CCAP gene was isolated using PCR methods on a Manduca cDNA library with 
degenerate primers from the CCAP sequence. The CCAP-coding cDNA isolated using 
this approach has a open reading frame of 264 bases. The CCAP coding region 
contains a glycine residue at the C-terminus which presumably is used to generate the 
C-terminus amide of the final peptide product. Each end of the CCAP coding region 
is flanked by 3 basic residues (R or K). A second longer peptide is also coded in this 
cDNA. Questions remain about whether this clone represents the entire CCAP coding 
region since it lacks a full length signal sequence after the start triplet.

We used this sequence to generate an oligonucleotide probe to study the expression 
pattern of the CCAP gene in the Manduca CNS using in situ hybridization. The 
pattern in 4th and 5th instar larvae is similar but not identical to the CCAP antibody 
expression pattern. Abdominal ganglia contain the same number of CCAP positive 
cells (8) using both in situ and antibody techniques. However all other regions of the 
CNS have more in situ positive cells than observed using antibody staining techniques. 
For example, the 5th instar larval brain contains 11 pairs of cells fairly evenly 
distributed in the proto-, deutero- and tritocerebral regions compared to 4 pairs using 
the CCAP antibody.. Similar results - more in situ cells than observed using the anti- 
CCAP antibody- are seen in the subesophageal, thoracic, and terminal ganglia. Based 
on these results, we conclude that we have isolated at least part of the CCAP gene and 
that its expression pattern is more complicated than first suggested using antibody 
staining techniques.
Supported by NSF and the Oregon chapter of the American Heart Association.

679.19

ANATOMICAL AND PHYSIOLOGICAL EVIDENCE FOR A CRUSTACEAN 
CARDIOACTIVE PEPTIDE (CCAP)-LIKE NEUROMODULATOR N THE 
LEECH. K, M. Crisp*. K.A. Klukas and K.A. Mesce. Graduate Program in 
Neuroscience and Dept. of Entomology, University of Minnesota, St. Paul, MN 
55108.

The neuropeptide, crustacean cardioactive peptide (CCAP), has been shown 
to have a number of important modulatory actions on the nervous systems of 
arthropods. The network of CCAP neurons regulating ecdysis in arthropods is 
highly conserved through millions of years of evolution. Our goal is to 
understand the evolutionary origins of CCAP as a neurohormone whose 
actions orchestrate the release of stereotypic behaviors. Thus, we initiated a 
study to determine if CCAP is present in the annelids and to characterize its 
physiological roles, especially as such roles may relate to cuticular shedding.

Using a rabbit anti-CCAP antibody provided by H. Agricola (1:5,000 dilution), 
and a secondary antibody conjugated to Cy3 or Cy5 (1:200), we collected 
confocal images of stained nerve cords from Hirudo medicinalis. In the cephalic 
ganglion (brain), a group of 4-6 bilaterally-paired lateral neurons were found to 
be CCAP-immunoreactive (IR). CCAP-IR fibers were observed to descend from 
the brain through the entire length of nerve cord. In addition, an IgG-like 
epitope, restricted to ecdysis-related CCAP-IR neurons in insects, was found 
colocalized with the leech CCAP-like IR cells.

Intracellular recordings from leech CNS neurons indicate that CCAP, at or 
below micromolar concentrations, has significant effects on the membrane 
properties of various identified neurons. In particular, the serotonergic Retzius 
(RZ) neurons exhibit a dramatic and steady hyperpolarization of more than 20 
mV (-55 mV rest) in response to bath application of CCAP. The magnitude of 
the RZ spike, however, remains unchanged. Importantly, the swim rhythm, as 
measured by patterned activity in the DP nerve, can be affected by CCAP; swim 
bursts become lost while overall unit activity in the DP nerve increases.

OPIATE RECEPTORS: MU II

680.1

SEXUAL RECEPTIVITY IS ASSOCIATED WITH A REDUCTION IN 
INTERNALIZATION OF MU-OPIOID RECEPTORS IN THE MEDIAL PREOPTIC 
NUCLEUS IN CYCLING AND STEROID PRIMED OVARIECTOMIZED RATS.
K. Sinchak*, R. Khavari, D. Katsman, P.E Micewch. Neurobiology Dept., UCLA 
School of Medicine, Los Angeles, CA 90095-1763.
Activation of mu-opioid receptors (MOR) in the medial preoptic nucleus (MPN) by 
site specific injections of MOR agonists inhibits sexual receptivity (lordosis) in 
estrogen and progesterone (P) primed female rats. MOR are G-protein coupled 
receptors that undergo agonist-induced internalization that can be visualized by 
immunocytochemistry and used as a marker of activation of the circuit. Estrogen 
treatment of ovariectomized rats stimulates the internalization (activation) of MOR 
in the MPN within 30 minutes which returns to baseline within 48h (Eckersell et 
al., J Neurosci, 18:3967, 1997). We hypothesized that treatment of estrogen 
primed females with P which facilitates lordosis should reduce activation 
(internalization) of MOR. Ovariectomized Long Evans rats were treated with 17(3- 
estradiol benzoate (EB) (2pg) and either P (500pg) or oil 26h later. 4h after P or 
oil treatment, animals were perfused transcardially, and sections through the 
MPN were processed for MOR immunocytochemistry (antibody, CJ Evans, 
UCLA). Internalization of MOR in the MPN as measured by MOR 
immunoreactive cell and fiber density was reduced in the EB + P treated rats 
compared to the EB + oil group. Additionally, we investigated whether temporal 
pattern MOR internalization in the MPN of intact cycling female rats was 
associated with the onset and termination of sexual receptivity. Cycling rats were 
perfused 10AM on each day of the cycle and on the evening of proestrus at 8 and 
10PM. MOR internalization was decreased on the evening of proestrus 
compared to the mornings of diestrus and estrus. These data suggest that the 
relief of MOR inhibitory tone in the MPN is associated with sexual receptivity and 
that P reduces the activation of MOR in the MPN to facilitate lordosis. Supported 
by NSF IBN-9728491.

680.2

MORPHINE INJECTED INTO THE PARAVENTRICULAR NUCLEUS OF 
THE HYPOTHALAMUS (PVN) PREVENTS NON-CONTACT PENILE 
ERECTIONS AND IMPAIRS COPULATION: INVOLVEMENT OF NITRIC 
OXIDE.M.R. Melis*, S. Succu, M. S. Spano, S. Murgia & A. Argiolas. Bernard B. 
Brodie Dept. Neurosci., Cagliari Univ.,Via Porcell 4, 09124 Cagliari, Italy.

Male rats show 4-6 penile erection episodes when put in the presence of an 
inaccessible receptive female for 80 min. These non-contact erections occur 
concomitantly with an increase in nitric oxide production in the paraventricular 
nucleus of the hypothalamus (PVN). This is shown by the increase in the NO2' and 
NO3‘ concentration in the PVN dialysate obtained from these males by in vivo 
microdialysis. NO2' concentration increased from 0.75 ± 0.10 /xM to 2.89 ± 0.39 
/xM and that of NO3' from 4.13 ± 0.58 /xM to 9.5 ±1.2 /xM. Morphine (0.5,1 and 
5 /xg), given unilaterally into the PVN 15 min before the introduction of the 
receptive female, prevented dose-dependently the NO/ and NO3' increase and non- 
contact erections. In contrast, the k  opioid receptor agonist U-69,593 (5 /xg) was 
ineffective. The effects of morphine on NO2' and NO3' and on non-contact erections 
were prevented by the opiate receptor antagonist naloxone (10 /xg) given into the 
PVN 15 min before morphine. NO/ and NO/ concentration was also increased in 
the PVN dialysate of male rats during copulation, that is when in copula penile 
erections occur. As found with non-contact erections, morphine, but not U-69,593, 
injected into the PVN prevented the NO/ and NO/ increase and impaired 
copulatoiy behaviour, and naloxone prevented these responses when given before 
morphine. The present results suggest that morphine acts through /x receptors in 
the PVN to impair non-contact erections and copulation. These effects of morphine 
are apparently mediated by a prevention of the increased nitric oxide production 
that occurs in the PVN of male rats during sexual activity.
Supported by MURST and RAS grants to A.A.
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680.3
EFFECT OF CENTRALLY ADMINISTERED OPIOID RECEPTOR AGONISTS 
ON CENTRAL AND PERIPHERAL OXYTOCIN ACTIVITY IN THE DOG. D C 
Brown2. S.Z. Perkowski2. J.A. Amico1*. lDiv. of Endocrinology, Univ. of Pitts. Sch. 
of Med.; 2Dept. of Clinical Studies, Univ. of PA Sch. of Vet. Med.; Philadelphia, PA

The objective of this study was to characterize the functional interaction between 
centrally located opioid receptor subpopulations (p, 5, k ) and oxytocin (OT) activity 
centrally and peripherally. Opiates produce their effects by acting on three major types 
of receptors namely, p, 6 and k  opiate receptors. The prototypical agonists at these 
receptors include D-Ala2, MePhe4, Gly-ol-enkephalin (DAMGO, p-receptor), D-Pen, 
pCl-Phe4, D-Pen5-Enkephalin (DPDPE, 5-receptors), and U-50488H (K-receptors). In 
a crossover design, following induction of general anesthesia, we collected 
cerebrospinal fluid (CSF) and blood samples from 5 intact male dogs. Samples were 
collected from the cistema magna and dorsal pedal artery immediately before, fifteen 
and thirty minutes after cisternal administration of DAMGO, DPDPE, U50488H, 
morphine and saline (control). In the plasma, compared to saline, significant 
elevations in OT were found 15 minutes following the administration of DAMGO 
(p=0.01) and 30 minutes following the administration of U50488H (p=0.006). In the 
CSF, compared to saline, U50488H caused a significant decrease in OT levels 30 
minutes after administration (p=0.003).

These findings indicate that, in male dogs, activation of centrally located p and k  
receptors elicits an overall excitatory effect on OT neurons that regulate peripheral 
release (presumably magnocellular neurons), while activation of central k  receptors 
elicits an overall inhibitory effect on OT neurons that regulate release into the CSF 
(presumably parvocellular neurons). These agonists may act by direct actions within 
the supraoptic or paraventricular nuclei and/or via effects on afferent pathways to the 
oxytocin neurons. These results are in contrast to those reported in rats, where opioids 
have a pronounced inhibitory effect on release of OT from the neurohypophysis and 
opioid antagonism increases both central and peripheral levels of OT.

Funded by the Research Resources Com. of the Univ. of PA Sch. of Vet. Med.

680.4
IN VITRO AND IN VIVO STUDIES ON THE p-OPIOID-AGONISM AND 
ANALGESIC EFFECT OF TRAMADOL METABOLITES C. Gillen1, B. 
Kogel2, E. Friderichs2 and S. Wnendt1* 1Dept. of Mol. Pharmacology and 
2Dept. of Pharmacology, GRUNENTHAL GMBH, 52078 Aachen, Germany.

The present study was conducted to characterize the centrally active 
analgesic drug tramadol (1RS, 2RS)-2-[(dimethyl-amino)-methyl]-1-(3- 
methoxyphenyl)-cyclohexanol and its metabolites M1 (including the purified 
enantiomers), M2, M3, M4 and M5 in receptor assays and for analgesia in 
the mouse tail-flick test. Membranes from Chinese hamster ovary (CHO) 
ceils expressing the human p-opioid receptor were used to assess ligand- 
receptor interaction. The affinity of tramadol and its metabolites was 
determined by competitive inhibition of [3H]naloxone binding under high 
and low salt conditions. The agonist induced stimulation of [35S]GTPyS 
binding permits the measurement of potency (EC50), efficacy (maximal 
stimulation) and relative intrinsic efficacy (effect as a function of receptor 
occupation). The metabolite (+)-M1 (O-desmethyl-tramadol) showed the 
highest affinity (K, = 3.4 nM) to the human p-opioid receptor, followed by 
M5 (K, = 100 nM; O-desmethyl-N-mono-desmethyl-tramadol), (-)-M1 (K, = 
240nM) and tramadol (K = 2.42 pM). The [35S]GTPyS binding assay 
revealed an agonistic activity in the following rank order of intrinsic efficacy. 
(+)-M1 > M5 > (-)-M1. The metabolites M2, M3 and M4 displayed only weak 
affinity (Kj > 10pM) and had no stimulatory effect on GTPyS-binding.

In the tail flick test after intravenous application only the M1 metabolite 
displayed a strong analgesic effect, whereas M5 was inactive. However, 
after direct administration of M5 into a brain ventricle a pronounced effect 
was seen, indicating that the lack of activity seen after i.v. application is 
due to poor penetration of the blood brain barrier.

Taken together, these data indicate that the metabolite (+)-M1 is mainly 
responsible for the p-opioid-mediated analgesic component of tramadol.

680.5

ENHANCED p-OPIOID RECEPTOR BINDING AND G-PROTEIN 
ACTIVATION IN RODENT MODELS OF PARKINSON’S DISEASE.
S. Begum. P. Femvhough* and J.M. Brotchie
Manchester Movement Disorder Laboratory, Division of Neuroscience,
School of Biological Sciences, University of Manchester, Ml 3 9PT, UK.

Parkinson’s Disease (PD) is characterised by degeneration of dopaminergic 
neurons in the substantia nigra pars compacta. p-Opioid receptor distribution 
was determined by receptor autoradiography employing DAGO-sensitive [3H] 
naloxone binding in rodent models of PD. Dopamine depletion by 6- 
hydroxydopamine lesion significantly increased p-opioid receptor numbers 
(Bnux) in the striatum (+45.3%) and in the output regions of the basal ganglia,
i.e. entopeduncular nucleus (EP) (+43.3%) and substantia nigra (+46%). In 
the reserpine-treated rat, significant increases in p-opioid receptor number 
were also seen in the striatum (+31.3%) and EP (+30.7%). p-Opioid receptor 
activation of G-proteins was investigated using a functional assay 
incorporating DAGO-stimulated guanosme-5’-(?- (y-thio)-triphosphate (GTP 
[y35S]) binding in the presence of excess GDP. DAGO-stimulated GTP [y35S] 
binding was increased by 104%, in the striatum, in the reserpine-treated rat. 
Thus, the reserpine-treated rat, the increase in p-opioid receptor-stimulated 
GTP [y^S] binding was over three times the magnitude of the increased p- 
opioid receptor numbers.
These studies suggest abnormalities in p-opioid receptor number and G- 
protein coupling following dopamine depletion and may have implications for 
the treatment of Parkinson's disease. This work was supported by the BBSRC.

680.6

UP AND DOWN REGULATION OF VOLTAGE-ACTIVATED K+- 
CURRENTS IN SUPRAOPTIC MAGNOCELLULAR AVP- AND 
OT-NEURONS BY p- AND k -OPIOIDERGIC ACTIVATION

koi. und Toxikol. 2Inst. f. Physiol, und Exp. Pathophysiol., Univ. Erlangen, 
D-91054 Erlangen 3Inst. f. Physiol., Charite, D-10117 Berlin, Germany

Opioidergic transmission modulates oxytocin (OT) and vasopressin (AVP) 
release by supraoptic magnocellular neurons (MCNs) of the hypothalamus. 
Using whole cell patch clamp recording in acute slices we find that the p- 
receptor agonist DAMGO (2pM) affected voltage-activated K+-currents in 
55% of MCNs recorded from. In these putative OT-cells, DAMGO increased 
the delayed rectifier current (lK(V)) amplitude by -50% without affecting 
activation kinetics. DAMGO enhanced the transient A-current (7a ) by ~36%, 
slightly accelerated inactivation and shifted steady state inactivation by 
-6mV to more negative potentials. All DAMGO effects were blocked by the 
opioid antagonist naloxone (lOpM). The K-opioid agonist U50,488 (lOpM) 
suppressed 7K(V) by -57% and evoked a 20mV hyperpolarizing shift and an 
acceleration of activation in both, DAMGO-sensitive and DAMGO- 
insensitive putative AVP-MCNs. U50,488 reduced Ja  by -29% and t of 
inactivation by -20% in OT-cells. In AVP-cells U50,488 increased Ja  by -23% 
and accelerated inactivation (t  -44%). The effects of U50,488 were suppressed 
by the selective K-receptor antagonist nor-binaltorphimine (5 pM).

We conclude that p- and K-opioidergic inputs decrease and increase voltage 
dependent K+-currents, thereby controlling excitability of OT-MCNs. In 
vasopressinergic MCNs K-opioidergic inputs differentially modulate these 
K+-currents. This modulation is assumed to affect hormone release by MCNs 
within the supraoptic nucleus and from the axon terminals in the neural lobe.

Supported by the Deutsche Forschungsgemeinschaft.

680.7

EFFECTS OF NOVEL p OPIOID ANTAGONISTS ON GASTRO-
INTESTINAL (Gl) TRANSIT IN MICE. S.L. Long*, P.J. Little, F. Gaul, D. 
Guo, M. Koblish and D.L. DeHaven-Hudkins. Adolor Corporation, Malvern, 
PA 19355.

One of the major side effects of chronic opiate use in the treatment of pain is 
constipation. A possible therapeutic strategy to alleviate opiate-induced 
constipation without interfering with analgesia is to develop opiate antagonists 
that do not penetrate the CNS. Several novel p opioid receptor antagonists 
were administered orally to male Swiss-Webster mice and tested for their 
blockade of morphine-induced inhibition of Gl transit of a charcoal meal. 
ADL 08-2698 was the most potent compound (ED50 = 0.46 mg/kg) and had a 
long duration of action, producing maximal inhibition at 6 hr and inhibition of 
transit up to 8 hr following a dose of 3 mg/kg. ADL 01-0160 (100 mg/kg) 
also produced maximal antagonism at 6 hr and inhibited transit up to 8 hr. 
With ADL 01-0161 (100 mg/kg), maximal inhibition of Gl transit occurred at 
8 hr, transit was still inhibited at 24 hr, and the ED50 was 16 mg/kg. While 
s.c. naloxone produced a dose-dependent increase in abstinence-induced 
jumping in mice pretreated with 100 mg/kg of morphine, no abstinence- 
induced jumping was observed with ADL 08-2698, ADL 01-0160, or ADL 
01-0161. In summary, the ADL compounds reversed morphine-induced 
inhibition of Gl transit but did not produce jumping in acutely dependent 
mice, indicating peripheral selectivity. These compounds demonstrate the 
feasibility of using peripherally selective p antagonists to relieve opiate- 
induced constipation.

680.8

HOW GOOD A QUANTITATIVE MEASURE OF RECEPTOR-MEDIATED 
SIGNALING IS INTERNALIZATION OF G-PROTEIN COUPLED 
RECEPTORS? Jodie Trafton*, Kurt Marek, and Allan Basbaum. Dept. 
Physiology & Anatomy , UCSF, CA 94143.

Although internalization of G-protein coupled receptors has been observed both 
in vivo and in vitro in response to exogenously applied and endogenous ligands, its 
use as a marker of receptor activation has been limited by a lack of information 
regarding sensitivity of the assay. We asked whether internalization of two G- 
protein coupled receptors, the neurokinin-1 (NK-1 R) and the mu opioid receptor 
(MOR), correlated quantitatively with activity through these receptors measured by 
more direct means. We used the fluorescent calcium indicator FURA-2 AM to 
measure NK-1 R-mediated increases in intracellular calcium in primary cultures of 
spinal cord neurons, in response to varying doses of the NK-1 R ligands, SP and 
NKA. In sister cultures, we used immunofluorescence with confocal microscopy to 
label and quantify NK-1 R internalization. We found that dose response curves for 
neurokinin induced increases in intracellular calcium and NK-1 R internalization 
were identical. This was true whether the extent of internalization in individual cells 
or the percentage of cells responding over a threshold value was measured. Based on 
published studies, dose response curves for DAMGO (a mu selective agonist) 
induced increases in potassium current are known (Grudt and Williams, 1994). Here 
we treated spinal cord slices with DAMGO and followed MOR internalization by 
confocal microscopy. We found that dose response curves for DAMGO induced 
MOR internalization and potassium current were also similar. Finally, we compared 
the ability of intrathecal DAMGO to produce behavioral analgesia on the hot plate 
test with its induction of MOR internalization in the spinal cord. The behavioral 
and anatomical endpoints were highly correlated. These data suggest that 
internalization of G-protein coupled receptors provides an accurate and quantitative 
marker of receptor induced neuronal signaling. Supported by DA 08377 and DE 
08973.
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680.9

DELTA- AND MU-OPIOID RECEPTOR TARGETING IN 
MADIN-DARBY CANINE KIDNEY CELLS. S. Wright* F G 
Williams, J.L. Morales, and R.P. Elde. Department of Cell Biology & 
Neuroanatomy, University of Minnesota, Minneapolis, MN 55455.

Previous immunohistochemical studies in our lab have demonstrated 
that the delta-opioid receptor tends to traffic axonally (Dado et al., 
Neuroreport 5(3): 341-4, 1193; Arvidsson et al., J Neurosci 15(2): 
1115-1235, 1995), whereas mu-and kappa-opioid receptors tend to 
traffic somatodendritically (Arvidsson et al., J Neurosci 15(5): 3328- 
3341, 1995). In our initial studies on transfected epithelial cells in vitro, 
we demonstrated that the delta-opioid receptor is targeted and installed 
consistently on the lateral membrane and frequently on the apical 
membrane. In contrast, the mu-opioid receptor is targeted and installed 
consistently on the apical membrane and rarely on the lateral 
membrane. We hypothesize that critical targeting information is 
contained in the highly divergent carboxy termini of these seven- 
transmembrane domain receptors. Thus, we have generated stable cell 
lines expressing both chimeric and normal delta- and mu-opioid 
receptors. In addition to immunocytochemical analysis, quantitative 
studies employing immunoprecipitation compare the amount of 
receptor trafficked to the basolateral and apical membranes. Although 
there is some variation between these two approaches, these experiments 
support the hypothesis that important targeting information is 
contained in the carboxy termini of the delta- and mu-opioid receptors.

Supported by Grants from NIDA.

680.10

DIFFERENTIAL LIGAND-INDUCED TRAFFICKING OF MU 
AND DELTA OPIOID RECEPTORS. Duane Keith Jr.. Paulette Zaki. 
Chris Evans*. Dept. of Psychiatry, UCLA, Los Angeles, CA 90024.

Previously we have demonstrated that mu receptors transfected into 
HEK293 cells are rapidly internalized by agonists such as etorphine 
and many endogenous opioid pepides. Furthermore, surface mu 
receptors are upregulated by antagonists and also by weak partial 
agonists such as buprenorphine. In the case of mu receptors etorphine 
induces an approximately 60% loss of surface receptors (as well as 
total receptors) following 18hr treatment. Here we show that with 
similar treatment of delta receptors there is a greater than 95% loss of 
surface receptors. Moreover, unlike mu receptors, not all antagonists 
or any partial agonists were able to up-regulate surface delta receptors. 
Thus, although 18hr treatment with naloxone induced approximately a 
175% increase in surface receptors, TIPP and a number of other 
antagonists did not change the number of surface receptors. These 
results suggest that antagonists and partial agonists have different 
effects on the trafficking of surface mu and delta opioid receptors. 

Work supported by NIDA grant # DA-05010

680.11

MU-OPIOID MODULATION OF NA,K-ATPASE ACTIVITY THROUGH 
INHIBITION OF THE CYCLIC-AMP-PKA PATHWAY. K. Woolcock 
Rodriguez and S. Corey Specht*. Dept. Pharmacology , Univ. Puerto Rico, 
Medical Sciences Campus, San Juan, PR 00901.

Na,K-ATPase activity was determined in retinoic acid-differentiated SH- 
SY5Y human neuroblastoma cells after permeabilizing with alamethicin (20 
gg/gl) in the presence of treatment drug. Our previous studies have shown that 
stimulating EP2 receptors with PGE, inhibits enzyme activity, and IgM 
DAMGO blocks PGE ,-inhibition. In the present study 8-Br-cyclic AMP (150 
and 500 gM) a direct stimulator of PKA was used to examine the cAMP-PKA 
pathway. Inhibition was rapid (1-2 min) and transient (up to 15 min), suggesting 
recovery by dephosphorylation. Appplication of Rp-cyclic AMP (500 gM) a 
cell permeable PKA inhibitor, in the presence of PGE, abolished the inhibitory 
effects of PGE, similar to the effect of DAMGO, and suggesting that the 
stimulatory action of DAMGO may involve inhibition of PKA. DAMGO alone 
produced 2.5 -fold stimulation of enzyme activity, suggesting that the enzyme 
is already inhibited in basal conditions and that mu opioid receptor activation 
can rescue it from this state. Okadaic acid (lpM) a non-specific protein 
phosphatase inhibitor did not affect enzyme activity. However, in combination 
with PGE,, okadaic acid enhanced the inhibition observed after 15 min from 
36% to 78%. These data show that mu-opioid modulation of Na,K-ATPase 
involves a protein phosphatase. [NIH MARC GM 18554 and RR-03051],

680.12

DELETION AND MUTATION ANALYSIS OF THE THIRD 
INTRACELLULAR LOOP OF THE MU OPIOID RECEPTOR. V
R. Chaipatikul, X, Wang, S. A. Thayer*, H, H. Loh and P-Y, Law,
Dept. of Pharmacology, University of Minnesota. Minneapolis, MN. 
55455.

Opioids exert their actions through the opioid receptors, which mediate 
signal transduction by activating G-proteins of the GlA) class. Receptor-G-protein 
coupling is the initial step in signal transduction pathways. The structures of both 
receptor and G-proteins determine the receptor-G-protein coupling. The 
intracellular loops of several G-protein coupled receptors (GPCRs) are important 
for the G-protein coupling. The third intracellular loop (i3-loop) of most GPCRs 
determines the G-protein activation. We investigated the role of the i3-loop of the 
mu-opioid receptor (MOR) in the activation of G1/o. We used deletion and mutation 
approaches to identify the amino acid(s) in the i3-loop essential for Gl/(, activation. 
We measured the DAMGO (specific agonist)-inhibited adenylyl cyclase activity in 
HEK 293 cells stably expressing the individual mutant receptors. The EC5() of 
DAMGO and the maximal inhibition of forskolin-induced adenylyl cyclase were 
compared in the wild type and mutants. We concluded that a GSKEK motif 
residing at the middle part of the i3-loop of MOR is not involved in the activation 
of Gl/(1. However, two deletion mutants that lack the RMLS or DRNL motifs 
required higher concentration of DAMGO to inhibit adenylyl cyclase. 
Interestingly, when we deleted the RLSKV motif, which is a sequence close to the 
fifth transmembrane domain, the resulting receptors were poorly expressed. 
Importantly, the RRITR motif, which is the sequence adjacent to the sixth 
transmembrane domain, is required for coupling of the MOR with Gl/O protein. 
Further identification of the specific amino acid(s) with alanine scanning will be 
discussed. This study is supported by NIDA 07339.

680.13

p OPIOID RECEPTOR: ROLE OF THE AMINO TERMINUS IN LIGAND 
BINDING AFFINITY. K. Chaturvedi, M. Shahrestanifar. R. D. Howells*. Dept. of 
Biochein. & Mol. Biol., UMDNJ-NJ Med. Sch., Newark, NJ 07103

The importance of the amino terminal domain of the p opioid receptor (MOR) as 
a component of the high affinity ligand binding pocket was evaluated. A deletion 
mutant lacking 64 amino acids from the amino terminus of the MOR (AN64) was 
constructed and expressed in HEK 293 cells. A cell line was obtained that exhibited 
high affinity binding of [3H]bremazodne, and expressed the truncated receptor at a 
density of 200 fmol/mg protein. The affinities of a set of MOR ligands for binding 
to the AN64 receptor were compared with binding affinities to the wild type MOR. 
The affinities of two benzomorphan ligands, bremazocine and cydazodne, were 
similar for the truncated and wild type MOR. Apparent dissociation constants (K,) of 
the p receptor agonist, morphine, and the p receptor antagonist, naloxone, were 
increased 35-fold and 6-fold, respectively, for the truncated receptor relative to the 
wild type MOR. Similarly, the affinities of the opioid peptide agonists, DAMGO 
(Tyr-D-Ala-Gly-MePhe-Gly-ol), (3-endorphin, and DADL (Tyr-D-Ala-Gly-Phe-D- 
Leu), for the AN 64 receptor were decreased from3- to 8-fold as compared with their 
affinities for the full-length MOR. In contrast, the affinities of the alkaloid agonists, 
methadone and fentanyl, and the peptide agonists, endomorphin 1 and endomorphin 
2, for the truncated receptor relative to the wild type MOR were dramatically reduced 
by 20- to 60-fold. These results indicate that the amino terminal domain of the 
MOR plays a crucial role in the composition of the high affinity binding pocket for 
a select group of MOR ligands. This research was supported by a grant from NIDA.

680.14
MUTATION OF THREONINE 279 IN THE RAT g OPIOID RECEPTOR 
DISPLAYS ENHANCED AGONIST AFFINITY AND SUBSTANTIAL UP-
REGULATION AFTER NALOXONE PRETREATMENT. T.G. Metzger,
M.G. Paterlini, D.M. Ferguson, and P.S. Portoghese*. Department of 
Medicinal Chemistry, University of Minnesota, Minneapolis, MN 55455.

In many G-protein coupled receptors (GPCRs), point mutations in the C- 
terminal portion of intracellular loop 3 (IL-3) yield receptors which have been 
described as constitutively active. Constitutively active receptors display an 
increased level of agonist-independent activity, enhanced affinity for agonists, 
and, in some cases, significant levels of up-regulation upon antagonist (or 
inverse agonist) pretreatment. To date, no such single point mutant has been 
characterized among the opioid receptors. Based on an alignment of IL-3 of 
the g opioid receptor sequence to other GPCRs that have constitutively active 
mutants, Threonine 279 of the rat g opioid receptor was selected for mutation. 
Both COS cells and HEK cells transiently expressing mutant receptors display 
dramatic up-regulation upon naloxone pretreatment relative to the wild type g 
opioid receptor. In addition, g opioid receptor agonists showed enhanced 
affinity for the mutant receptor in competition binding experiments. Each of 
these properties has been associated with constitutively active mutants 
described in other systems. The suitability of this mutant as a model for the 
agonist binding state of the receptor along with potential causes of the 
observed up-regulation will be presented. Furthermore, structural models of 
the receptor will be employed to suggest potential structural changes brought 
about by the mutation.
This work was supported by PHS Award/Grant Number 5 T32 DA07239-08.
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680.15

IDENTIFICATION OF RESIDUES THAT DETERMINE THE 
PHARMACOLOGICAL PROFILE OF FENTANYL AND ITS ANALOGS ON 
HUMAN OPIOID RECEPTORS, COEXPRESSED WITH GIRK1/GIRK2 AND 
RGS4 IN OOCYTES. C. Ulens, M. Van Boven, P. Daenens and J. Tvtqat*. 
Lab. of Toxicology, University of Leuven, 3000 Leuven, Belgium

Fentanyl, and its structural analogs sufentanyl and alfentanyl are potent 
analgesics. Some fentanyl analogs, such as p-fluorofentanyl, are known as 
designer drugs with extreme potency and have appeared on the illicit market. 
Because these analogs have not been characterized on cloned opioid 
receptors thus far, we compared the profile of p-fluorofentanyl and fentanyl 
on human p-, k - and 8-opioid receptors, coexpressed with GIRK1/GIRK2 and 
RGS4 in Xenopus oocytes. It was found that fentanyl binds to p-, k - and 8- 
opioid receptors with an ECso-value of 29, 291 and 790 nM, resp. The 
calculated ECso-values for p-fluorofentanyl were 4, 157 and 96 nM, resp. 
These results show that p-fluorofentanyl has a significantly higher affinity than 
fentanyl. In addition, the para-fluoro substitution changes the affinity profile 
from p< k < 8 to p< 8< k .

Favorable interactions with residues Trp318 and His319 in the 7th TM 
domain may explain the increased binding affinity for p-opioid receptor 
ligands (Pogozheva et al., 1998). Therefore, we mutated Trp318 in the p- 
opioid receptor to the corresponding position in the 8-opioid receptor 
(Leu300). We found that fentanyl, p-fluorofentanyl and DAMGO bind to the 
mutant receptor with an ECso-value of 174, 30 and 196 nM, resp. The 
calculated ECso-values for agonist binding to the wild type receptor were 29, 4 
and 24 nM, resp. These results show that Trp318Leu significantly decreases 
the affinity for p-opioid agonists. We conclude that Trp318 of the p-opioid 
receptor plays an important role in the affinity of fentanyl and its analogs. 
Similarly, mutation of the adjacent residue His319 decreases the binding 
affinity of fentanyl and its analogs.

680.16

DIFFERENT FUNCTIONAL CLASSES OF THE GUINEA PIG ILEUM 
MYENTERIC NEURONS EXPRESS THE MU OPIOID RECEPTORS.
A. Lievore* and C. Stemini. CURE Dig. Dis. Res. Ctr., Div. Dig. Dis., 
Depts. of Med. and Neurobiol., UCLA, Los Angeles, CA 90095 
The mu opioid receptor (MOR) is an inhibitory receptor that mediates 

many of the effects of opioid peptides and opiates in the nervous system. 
MOR is expressed by Dogiel type I myenteric neurons of the guinea pig 
intestine and by abundant fibers distributed to the muscle layer. The 
aims of this study were to define: (1) which classes of neurons contain 
MORs with markers for functionally distinct types of enteric neurons, 
and (2) the relationship of MORs with the interstitial cells of Cajal (ICC) 
visualized with c-Kit immunohistochemistry. Double labeling showed 
that about 50% of MOR immunoreactive (IR) myenteric neurons also 
contained choline acetyl transferase (ChAT) and about 40% contained 
substance P, indicating they are ascending excitatory neurons to the 
muscle. In addition, about 30% of MOR neurons were immunoreactive 
for nitric oxide synthase, and about 50% for vasoactive intestinal 
polypeptide (VIP), indicating they are descending neurons. Triple 
labeling showed that about one third of VIP/MOR-IR neurons also 
contained ChAT, indicating they are descending intemeurons. MOR-IR 
fibers formed a dense network around ICC in the deep muscular plexus. 
These findings demonstrate that MOR-IR occurs in functionally distinct 

.classes of myenteric neurons: excitatory neurons, which could include 
both motor neurons and intemeurons, inhibitory motor neurons and 
descending excitatory intemeurons. This study suggests that MORs 
mediate the opioid effects on intestinal motility by the inhibition of 
excitatory and inhibitory neurons, and a presynaptic inhibition of 
transmitters release from fibers surrounding the ICCs.
Supported by NIH DK51455 and 41301.

680.17

PATHWAYS FOR COUPLING CLONED OPIOID RECEPTORS TO Ca2+
AND K+ CHANNELS DIFFER IN GH3 CELLS. L. Song* and T. G. Hales. Dept. 
Pharmacol., George Washington University, 2300 Eye St. Washington DC 20037.

Opioid receptors couple to several effectors reducing cellular excitability and 
diminishing vesicular release. Since the cloning of p, 8 and k  receptors it has become 
apparent that each subtype expressed alone can simultaneously couple to adenylyl 
cyclase, IP3 turnover, Ca2+ channels and K+ channels. The regulation of these 
effectors is not mediated by a single type of G protein. It is possible that opioid 
receptors, bound to different G proteins, may have preferential interactions with 
specific agonist molecules. The ability of an agonist to selectively activate a specific 
signaling pathway could allow the development of more specific opioid agents.

We used the whole-cell patch-clamp technique to record Ca2+ and K+ channel 
activity (Charles et al., 1999 JBC 274: 7508) from GH3 cells that express either p 
receptors alone (GH3MOR) or both p and 8 receptors (GH3MORDOR). Opioid 
agonists had no effect on currents recorded from control GH3 cells that were 
responsive to somatostatin, p Receptor agonists inhibited Ba2+ currents and activated 
inwardly rectifying K+ (KIR) current in GH3MOR and GH3MORDOR. The selective 8 
agonist DPDPE had no effect on Ba2+ currents and only activated a very small K+ 
current in GH3MOR. By contrast, DPDPE activated a robust K1R current and inhibited 
Ba2+ currents in GH3MORDOR cells. The amplitude of K1R current activated by 
DPDPE was smaller in GH3MORDOR loaded with intracellular cAMP (100 pM and 
1 mM) while the inhibition of Ba2+ currents by DPDPE was unaffected by 
intracellular cAMP (1 mM). These data, and differences in coupling rate between 
opioid receptors and KIR and Ba2+ currents, suggest that distinct signaling pathways 
are involved which may use different G proteins. We have examined this possibility 
and tested the hypothesis that p receptor agonists can preferentially activate different 
signaling pathways in GH3MOR cells. (Supported by NIDA Grant DA-05010).

680.18
PHASIC BURSTING NEURONS IN THE RAT ARCUATE NUCLEUS: 
DEPRESSION BY OPIOIDS AND EXCITATION BY THE GROUP I MGLU 
AGONIST (S)-DHPG. Paul J, Emmerson* and Richard J. Miller. Dept of 
Pharmacol and Physiol Sci, The University of Chicago, Chicago, IL 60637

Using an in vitro slice of the rat hypothalamus, we have identified a population of 
neurons which exhibit oscillatory membrane potentials and phasic bursting activity. 
These neurons were observed within the rostral arcuate nucleus and in the 
neighboring periventricular area. Oscillations in the membrane potential occurred 
with a fixed interval of approximately ~30s. This activity was characterized by a 
slow biphasic depolarization followed by a burst of action potentials and 
subsequent rapid hyperpolarization of 5-20mV. Burst firing neurons could be 
identified using the loose-patch technique to select neurons which fired bursts of 
action potentials with a fixed interburst interval. In many cases, clusters of these 
neurons were observed. Synchronous bursting of these neurons was studied using 
simultaneous loose-patch of paired bursting neurons. By pairing a single neuron 
with many other bursting neurons we showed that these clusters fired overlapping 
bursts of action potentials. This synchronous bursting was limited to neurons 
located on the same side of the third ventricle because pairing with neurons across 
the 3V exhibited burst firing that was out of phase. The bursting activity of these 
neurons was unaffected by the ionotropic glutamate receptor antagonists DL-AP5 
and CNQX, or the GABA-A receptor antagonist bicuculline. Bursting activity was 
depressed by agonists at all opioid receptor subtypes (p, 8, k , and ORL-1) whereas 
excitation was observed with the mGluI agonist (S)-DHPG which caused an 
increase in the duration of action potential bursts. The identification of these 
neurons illustrates another possible mechanism by which endogenous opioids might 
control endocrine function.
This work was supported by grants DA02121, MH40165, NS33826, DK44840 and 
NS21442 to RJM.

680.19

SIGMA-2 RECEPTORS THAT MODULATE CALCIUM AND INDUCE 
CYTOTOXICITY ARE LOCALIZED INTRACELLULARLY. W.D. Bowen1*, A. 
Coop 2, and B.J. Vilner1. 1Lab. of Medicinal Chem., NIDDK, Bethesda, MD 
20892 and ^ept. Pharmaceutical Sci., Univ. Maryland, Baltimore, MD21201.

We have previously shown that activation of sigma-2 receptors by sigma 
ligands induces a rise in intracellular calcium ([Ca**]i> levels and ultimately 
induces apoptotic cell death. It is known that sigma receptors are localized 
mainly in subcellular organelles, particularly endoplasmic reticulum. Here we 
investigate the possibility that sigma-2 ligands must cross the cell membrane in 
order to be active. Human SK-N-SH neuroblastoma cells were used to 
measure rapid changes in [Ca**]i (indo-1) or cytotoxicity after a 24 hr treatment 
(LDH release). For each assay, two approaches were taken: 1) comparison of 
potency of compounds with similar sigma-2 affinity but with different 
lipophilicities and 2) comparison of potency of an individual compound under 
different pH conditions. Lipophilicity (LgP) and pKa values were determined 
for various sigma ligands using a predictive software package. In both assays 
at normal pH, the more lipophilic the compound (higher the LgP), the greater 
was the potency. At physiological pH, >90% of ligand in solution is in 
protonated form. Raising medium pH leads to increased deprotonation, and 
thus increasing lipophilicity. Relative to pH 7.2, raising the pH to 8.2 increased 
the activity of compounds in both assays, whereas lowering the pH to 6.5 
decreased the activity. This included the antagonists BD1047 and BD1063, 
which were ineffective in the calcium assay at pH 7.2 but active at pH 8.2. 
These results were not due to effects of pH on ligand binding. Cytotoxicity 
EDg) values determined at pH 7.2 and 8.2 differed by as much as 20-fold, 
always lower at pH 8.2. Correcting the ED® values at each pH for the fraction of 
deprotonated ligand present led to normalization to a much lower value which 
was similar at each pH. For example, BD737 EDg, (pM): at pH 7.2 = 142, corr. 
2.84; at pH 8.2 = 10.3, corr. 1.75. This indicates the active species as the 
deprotonated, more lipophilic form of the ligand. These results suggest that 
ligands must cross the membrane and acton intracellular sigma-2 receptors.
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681.1

CLUSTERING OF GABAa  RECEPTORS AND GEPHYRIN: THE 
y3 SUBUNIT SUBSTITUTES FOR THE y 2 SUBUNIT IN THE 
RETICULAR THALAMIC NUCLEUS OF ^o/o MICE C. Essrich,
K. Baer, D. K. Johnson2, B. Luscher3*, J.-M. Fritschy Inst. Pharmacol., 
Univ. Zurich, CH-8057 Zurich. 2Life Sci. Div., Oak Ridge Nat. Lab., TN 
37831-8077.3Dept. Biol., Penn State Univ., Univ. Park, PA 16802-5301

Synaptic localization of neurotransmitter receptors is tightly 
regulated and essential for proper neuronal function. Little is known 
about synaptic clustering of GABAa  receptors, the main inhibitory 
receptors of the brain. We have shown recently that the Y2 subunit and 
gephyrin are essential in this process, and that ectopic overexpression 
of the y3 subunit partially restores a deficit in synaptic clustering of 
GABAa  receptors and gephyrin in mice lacking the Y2 subunit (Y20/0)-

Here, we demonstrate immunohistochemically that not only ectopi-
cally expressed, but also endogenous Y3, is able to mediate clustering 
of GABAa  receptors in the reticular thalamic nucleus (RTN) of Y2q /0 
mice. While clustering of aj and a 2 subunit-containing GABAa  
receptors and gephyrin was strongly reduced in brain of Y20/0 mice at 
Pl4, there was no alteration in punctate a3 subunit and gephyrin 
immunoreactivity (IR) in the RTN. The a3 subunit and gephyrin IR 
were strictly colocalized with Y3 subunit punctae in Y20/0’ but not in 
wildtype (wt) RTN. Furthermore, in a mouse line lacking the Y3 
subunit, no deficit in a3 subunit clusters was detected in the RTN. We 
conclude that in wt RTN, the clustering function is most likely 
mediated by the Y2 subunit. In Y20/0 RTN, the Y3 subunit replaces Y2 m 
clustering of a3 subunit-containing GABAa  receptors. This suggests a 
conserved sequence motif required for synaptic clustering in the 
intracellular loop of both the Y2 and the Y3 subunit.

681.2

RESCUE OF y 2 SUBUNIT-DEFICIENT MICE BY TRANSGENIC 
OVEREXPRESSION OF THE y2S OR y2L SUBUNIT. K. Baer, C. Essrich,
S. Balsiger, M. Wick2, R. A. Harris3, W. Sieghart4, J. Benson*, J.-M.
Fritschy, B. Luscher1. Inst, of Pharmacol., Univ. of Zurich, Zurich; 'Dept. of 
Biology, Penn State Univ.; PA; 2Dept. of Pharmacol., UC Denver, CO; Tnst. 
for CMB, UT Austin, TX; 4Dept. of Biochem. Psych., Univ. Clinic, Vienna 
Inhibitory neurotransmission in brain is mediated largely by postsynaptic 
GABAa receptors. Structurally, GABAa  receptors are heteropentamers, 
typically consisting of combinations of various a and P subunits together 
with the y2 subunit. Mice with a targeted disruption of the y2 subunit gene 
(Y2ivo ) show an early postnatally lethal phenotype. Analysis of y 2(V0 mice 
demonstrated that the y2 subunit is essential for the formation of 
benzodiazepine (BZ) binding sites, normal channel gating, and postsynaptic 
clustering of major GABAa  receptor subtypes in vivo as well as for co-
clustering of GAB Aa  receptors with gephyrin (Gunter et al., 1995; Essrich et 
al., 1998). Transgenic overexpression of the y3 subunit under control of the 
P-actin promoter allows partial rescue of BZ sites and clustering of GABAa  
receptors with gephyrin but fails to alleviate the lethal phenotype of y2 
subunit-deficient mice. Here we show that similar transgenic overexpression 
of the y2S or y2L subunit in y 20/0 mice leads to complete rescue of BZ- 
sensitive GABAa  receptors, which are aggregated at postsynaptic sites and 
associated with gephyrin clusters, as in wild-type brain. Moreover, the y2S 
or y2L subunit function independently and give rise to viable mice that lack 
an overt behavioral phenotype. Thus, transgenic overexpression in a y 2W0 
background provides the means to test the in vivo function of y2 subunit 
isoforms and homologous subunits. We conclude that the y2S and y2L 
subunits can substitute for one another with respect to many if not all of the 
basic functions that are essential for postnatal life.

681.3

A CHIMERIC GABA pl/nACh a7 RECEPTOR DISPLAYS ALTERED 
PERMEATION PROPERTIES. V. E. Wotring.* and D, S, Weiss. Department of 
Neurobiology, University of Alabama at Birmingham, Birmingham AL 35294

In an effort to identify residues that define conductance and permeability, TM2 
of the pi receptor, a chloride channel, was replaced by the corresponding region of 
the nicotinic a7 receptor, a cation channel. No currents were seen in two-electrode 
voltage clamp experiments with Xenopus oocytes injected with the chimera, but 
when the chimera was co-expressed with the wilt type pi subunit, GABA-activated 
currents were observed. A previously described pi mutant Y198S (Amin & Weiss,
1994) was used for the coexpression studies because its permeability profile is not 
significantly different from pi wild type, but its GABA EC50 is about 3 orders of 
magnitude higher (2.9 mM) than pi receptors (0.85 pM). This allowed us to 
clearly distinguish between currents due to activation of Y198S homomeric 
receptors and Y198S/chimera heteromers. Ion replacement experiments revealed 
that the reversal potentials (in mV) of the chimeric channel were not significantly 
different if 50 mM of the NaCI in the extracellular solution was replaced by 50 
mM of the sodium salts of the indicated anions: -14.7 ± 1.4, SCN-; -10.4 ± 1.7, 
L; -13.4 ± 1.4, NO3-; -9.56 ± 1.1, Br; -12.5 ± 0.8, Cl) In Y198S, the reversal 
potentials were (mV) -57.4 ± 1.4, SCN-; 48.5 ± 0.8, L; -37.7 ± 0.8, NO3-; 
-34.8 ± 1.2, Br; -22.0 ± 1.2, CL. These results indicate that the chimera has 
radically disrupted ion selectivity. Furthermore, in the wild type or Y198S, the 
reversal potential of a 50 mM CsCl replacement solution was not significantly 
different from the normal NaCI (-22.0 ±1.2 mV, Na+; -25.5 ±1.5 mV, Cs+), 
but in the chimera the reversal potential was shifted from -12.48 ± 0.8 mV in 
NaCI to -1.96 ±1.8 mV in CsCl. This heteromeric channel whose pore consists 
of TM2 regions from both the pi receptor and the nACh al receptor is 
cation selective. NIH MH 11793 and NS 35291

681.4
A PHENYLALANINE IN THE TM1-TM2 LOOP OF pi GABAc SUBUNIT: A 
POTENTIAL ROLE FOR MEMBRANE TRAFFICKING.N. Filippova & D.Weiss* 
UAB, Birmingham, AL 35205.

GABA, Glycine, and Glutamate-activated CL channels represent a 
pharmacologically diverse group of proteins that function to regulate 
inhibitory synaptic activity in the CNS. Interestingly, all these receptors 
have 100 % homology in the presumed small intracellular loop between the 
first and second transmembrane domains. To assess the role of this region, we 
studied homomeric pi GABAc receptors, using two-voltage clamp, 
radioligand binding and site-direct mutagenesis.

Homomeric pi receptors expressed in Xenopus oocytes had an EC50 f°r 
GABA 0.87±0.05 gM (n=5), no desensitization, and were insensitive to 
bicuculline. The amplitude of the GABA-activated current varied from 100 
to 3000 nA. Mutation of phenylalanine to alanine (F/282/A) in the small 
intracellular loop of pi receptors diminished functional expression. 
[3HJGABA binding from the single oocytes injected with the F/A mutant was 
undetectable. Coexpression of the F/A mutant and a low affinity mutant of 
the pi receptor (Y198S, EC50 for GABA 2.2mM (n=4)) formed GABA- 
activated channels with both low and high sensitivity for GABA, 
suggesting that the F/ A mutant subunits could reach the membrane surface, 
and participate in channel function. Mutation of a serine to alanine 
(neighbor of F in pi subunit) did not change the receptors expression and 
properties. Similar results were observed in HEK-293 line cells transfected 
with pi subunits of GABAc channels, which suggests that the behavior of 
the F/A mutant is universal and does not depend on the expression system.

Thus, the phenylalanine in the intracellular loop may play an important 
role in the trafficking of GABAc receptors to the membrane surface.
Support: NIH grant NS35291

681.5

ALLOSTERIC ACTIVATION MECHANISM OF THE alJ32y2 
GABAa RECEPTOR REVEALED BY MUTATION OF THE 
CONSERVED M2 LEUCINE. Y, Chang* and P.S, Weiss. Department of 
Neurobiology, and Physiology and Biophysics, University of Alabama at 
Birmingham; Birmingham, AL 35294.

The conserved leucine of the second transmembrane domain (M2) in a 
ligand-activated ion channel family has been proposed to play an important 
role in receptor activation. In this study, we assessed the importance of this 
leucine in the activation of rat aip2y2 GABA receptors expressed in 
Xenopus oocytes by mutagenesis and voltage clamp. The hydrophobic 
conserved M2 leucine in al(L263), J32(L259), and y2(L274) subunits was 
mutated to the hydrophilic serine, and co-expressed in all possible 
combinations with their wild type and/or mutant counterparts. The mutation 
in any one subunit decreased the EC 50 and created spontaneous openings 
that were blocked by picrotoxin, and surprisingly, by the competitive 
antagonist bicuculline. The magnitude of the shift in GABA EC50 and 
picrotoxin IC 50 as well as the degree of spontaneous openings were all 
correlated with the number of subunits carrying the leucine mutation. In 
contrast to results from the nACh receptor, however, when three or more 
of the mutant GABA receptor subunits within the pentamer carried the 
mutation, the shift in GABA EC50 was not the product of the shifts induced 
by the individual mutations. Simultaneous mutation of the GABA binding 
site (p2Y157S; increases the EC50) and the conserved M2 leucine 
(32L259S; decreases the EC50) produced receptors with the predicted 
intermediate agonist sensitivity indicating the two mutations affect binding 
and gating independently. The results are discussed in light of a proposed 
allosteric activation mechanism (NS36195 & NS35291).

681.6

THE CYTOSKELETAL PROTEIN TAU ASSOCIATES WITH p 1 
GABA,, RECEPTORS. P.S. Weiss Y. Zong, M. Lesort, H. 
Fortinberrv, N. Filippova, and G.V.W. Johnson* Dept of 
Neurobiology, UAB School of Medicine, Birmingham, AL 35294.

Recent evidence indicates that GABAa  and GABAc receptors can 
directly bind to cytoskeletal proteins. This link of GABA receptors 
to the cytoskeleton may be important for receptor localization on the 
cell surface as well as regulation via recruitment to and from the cell 
surface. We constructed a fusion protein with the large intracellular 
loop between the third and forth transmembrane domains of the p 1 
GABAc receptor subunit and GST. Using this GST-IC loop fusion 
protein attached to sepharose beads we carried out pull down assays 
on HEK293 and human neuroblastoma SH-5YSY. In both cases, 
the microtubule associated protein tau was pulled down by the GST- 
IC loop fusion protein. In addition, immunocytochemistry studies 
using anti-pl and anti-tau antibodies in an HEK293 pi stable cell 
line indicated a strong co-localization between p 1 GABA receptors 
and tau at the membrane surface. Finally, pull-down assays with the 
GST-IC loop and recombinant tau suggests a direct interaction 
between tau and the pi GABA receptor. Tau has been shown to 
localize to the plasma membrane and has been purported to play a 
role in signal transduction. These results provide the first evidence 
that tau may serve as a link between these inhibitory synaptic 
receptors and the cytoskeleton. (Supported by NIH grants 
NS35291 and AGO6569)
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681.7
FUNCTIONAL ACTIVATION OF GABAb RECEPTOR HETERODIMERS 
REGULATES Na+/H+ EXCHANGE. J.A. Salon*, K.L. Morse, K.A. Jones 
and D.A. Craig. Synaptic Pharmaceutical Corporation, 215 College Road, 
Paramus, NJ 07652.

The principal inhibitory neurotransmitter GABA exerts its effects through 
both ligand gated channels (GABAa  and GABAC) and G protein coupled 
receptors (GABAb R1 and GABAb R2). Recently it was shown that 
GABAb R1 and GABAb R2 receptors are co-localized within single cells 
and expressed as heterodimers. Their activation by GABA stimulates 
GIRK channels and other cellular effectors. This has lent functional 
relevance to previous observations of high molecular weight GPCR 
species (now presumed to be dimers). We report here experiments 
indicating that co-expression of GABAb R1 and GABAb R2 receptors can 
lead to Na7H+ exchange most likely via the ubiquitous electroneutral 
antiportor system NHE1. When transiently expressed in CHO cells, 
changes in extracellular acidification rate upon exposure to the GABAb  
selective agonist baclofen could be observed only under circumstances 
where both GABAb R1 and GABAb R2 were present. Microphysiometric 
measurements of the response indicated it to be competitively 
antagonized by the GABAb selective compound GGP55845 and sensitive 
to both pertussis toxin and the NHE1 blocker methylisobutyl-amiloride 
(MIA). The ability to functionally reconstitute GABAb heterodimers and 
subsequently monitor the regulation of pivotal cellular responses such as 
Na+/H+-exchange may provide new perspectives on structure/function 
relationships for this and other therapeutically interesting GPCR systems.

This work was supported by Synaptic Pharmaceutical Corporation.

681.8
The  role  of  the  Amino  Terminal  Domain  of  Alpha  Subunits  in  
Regulation  of  y-AMINOBUTYRIC Acid a  Receptors  by  La .
Heeieong Kim’and Robert L. Macdonald1,2*. Departments of ‘Neurology and 
^Physiology, University of Michigan, Ann Arbor, MI 48104-1687

The trivalent cation lanthanum (La) affects GA3Aa  receptor currents in an a 
subunit subtype-dependent manner; al subtype-containing receptors are enhanced 
by La while a6 subtype-containing receptors are inhibited by La (Fisher & 
Macdonald, 1997). We determined that the N terminal extracellular domain of 
GABAa receptor a subunits is important for allosteric regulation of GABAa  
receptors by using al-a6 subunit chimeras that interchanged their amino terminal 
extracellular domains (Fisher & Macdonald, 1997). To determine the La regulatory 
sites of GABAa  receptors, we created new a 1-6 subunit chimeras by swapping 
amino acid sequences N terminal to the cysteine loop and expressing wild type and 
chimeric a subtypes with (33 and y2L subtypes in L929 fibroblasts. a6-103y2L 
receptors were more sensitive to GABA than a603y2L receptors with a GABA 
EC50 value of 1.6pM and al-603y2L receptors were 3 fold less sensitive than 
al03y2L receptors with a GABA EC50 value of 17 pM. al-603y2L currents were 
inhibited by La with an IC50 of 192pM and maximum inhibition by ImM La was 
70%. In contrast, a6-ip3y2L currents were potentiated by La with an EC50 value of 
506 pM and maximum potentiation by ImM La was 37%. We also determined the 
effects of La on receptors containing other a subunits (a3 and a5). The IC50 for 
inhibition of a5p3y2L currents (215 pM) was higher than for inhibition of a6P3y2L 
and al-6P3y2L currents, but the maximum inhibition of 80% was the largest among 
all subunits tested. La minimally affected a3P3y2L currents. These results suggest 
that amino acid sequences between the cysteine loop and beginning of TM1 of a 
subunits is important for the regulation of GABAa  receptor by La.
Supported by NIH grant NS 33300 (RLM)

681.9

Structural  Determinants  of  GABAa  Receptor  Gating  and  
Desensitization .
M.T. Bianchi1’*, K.F. Haas1, H. Chung2, J. Zhang2, and R.L. Macdonald2,3
’Neuroscience Program and Departments of 2NeuroIogy, and 3Physiology, 
University of Michigan, Ann Arbor, MI 48104

Kinetic properties of ligand-gated ion channels 2re important in shaping 
the time course of post-synaptic responses to neurotransmitter release. The 
diversity of pharmacological and kinetic behavior of recombinant and native 
GABAa  receptors reflects the influence of subunit combination on channel 
function. To explore the structural basis of channel function, we employed 
a chimera strategy, focusing upon two subunits that confer different gating 
and desensitization properties: the y2L and 5 subunits. aip3y2L receptors 
exhibit profound desensitization to high agonist concentrations, and single 
channel openings to three open states, while a 1038 receptors exhibit 
minimal desensitization and have two short duration open states. Chimeras 
were constructed with N-terminal 5 sequence spliced to y2L sequence at 
various points within the first two transmembrane domains. Steady state 
single channel analysis and rapid agonist application experiments were 
conducted to evaluate the gating and desensitization properties of receptors 
formed from chimera subunits co-expressed with al and P3 subtypes in 
mouse fibroblasts. Our findings revealed a structural dissociation of gating 
and desensitization: channel gating was dependent on the structure of M2 
and the Ml-M2 linker while desensitization was dependent on the structure 
ofMl.
Supported by NIH grant NS333OO (R.L.M.)

681.10
GABAa RECEPTOR ASSEMBLY: IDENTIFICATION AND 
STRUCTURE OF INTERSUBUNIT CONTACT SITES.
T. Klausberger1, K. Fuchs1, B. Mayer2, N. Ehya1 and W. Sieghart1*.
’Sect, of Biochemical Psychiatry, Univ. Clinic for Psychiatry, 1090
Vienna, Austria; 2Inst. for Theoretical Chemistry and Radiation 
Chemistry, Univ. of Vienna, 1090 Vienna, Austria.

GABAa  receptors are ligand-gated chloride ion channels composed of 
five homologous subunits that specifically recognize one another and 
assemble around an aqueous pore. To identify domains responsible for 
the specificity of subunit association, we constructed C-terminally 
truncated 72 subunits, as well as mutated and chimeric fragments. From 
their ability to interfere with aiP372 receptor assembly and to associate 
with full length subunits, we identified amino acid sequences of the 72 
subunit that form the sites mediating assembly with ai and p3 subunits. 
Neural network-based prediction PHDsec, Monte Carlo optimization and 
hydrophobicity analysis led to the conclusion that these sites also form 
the intersubunit contacts in the completely assembled receptor and 
provided important information on the structure of aip3Y2 GABAa  
receptors.

This work was supported by projects P9828-MED and P12637-MED 
of the Austrian Science Foundation.

681.11

CHARACTERIZATION OF A MURINE MELANOTROPE-DERIVED CELL 
LINE NATURALLY EXPRESSING GABAb RECEPTORS. ^.M. Chronwall, 
*YBL Davis, ‘SE, Wolfe, -D.M. Beatty, ~S.J. Enna, ~M.J. Low, and *S.J. 
Moms. *Dept. of Pharmacology, KU Medical Center, ’Vollum Institute 
Oregon Hlth Sci Univ, and ‘School of Biological Sciences, UMKC, Kansas 
City, MO 64110.

We have previously demonstrated GABAb receptor activity in explants of 
the melanotrope cells of the rat intermediate lobe. Because these primary 
explants are difficult to obtain, a cell culture model would be advantageous 
for this research. The mIL 4.1 cell line is derived from a mouse intermediate 
lobe tumor. It has previously been shown to express D2 receptors and to 
produce POMC. Using Western blot analysis, we have shown the presence 
of GABAb  R1A and R1B proteins. In addition, we have shown the presence 
of the corresponding mRNAs using Northern blotting techniques. The 
GABAb  R2 protein exists as a homodimer of approximately 110 kDa, and has 
been said to be necessary for GABAb  functionality. mIL 4.1 cells express this 
protein and its mRNA, as shown by Western and Northern analysis. With 
multiwavelength fluorescence video microscopy, we have demonstrated 
baclofen-induced inhibition of high voltage-activated calcium channel activ-
ity in mIL 4.1 cells, with a lq, significantly lower than other reported values for 
transfected cells. This inhibition is GABAb  specific, as muscimol treatment 
had no effect in calcium channel activity. Knockdown of R1 or R2 using 
antisense deoxyoligonucieotides rescues the cells from baclofen inhibition. 
These data suggest that the mIL cells act as a physiologically relevant cell 
culture model for melanotrope GABAb  activity.

Supported by NSF grant IBN-95-15226, Kansas Affiliates American Heart 
Association and the Loeb Charitable Foundation.

681.12
FUNCTIONAL CO-EXPRESSION OF GABAb RECEPTORS WITH N-TYPE 
Ca** CHANNELS REQUIRES BOTH GABAb, AND GABA^, SUBUNITS.
A. Rapin', D. Knisely1, S. Luhowskyj', D. Widzowski1, T. Lanthom1,
X. Emanuelssson2, A.J. Ekstrand2, D.Maierfspon.)*1 Astra Arcus USA, Inc.,
Rochester, NY 146231 and Astra Hassle, Molecular Biology, Umea, Sweden2.

Functional expression of GABAb receptors has been difficult, succeeding only 
when a crude cerebellar mRNA preparation was used. Recently, a second GABAb 
clone was reported. Coexpression of these two subunits, GABAbl and GABAb2, 
along with GIRKs, has been reported to result in GABAb agonist-mediated increases 
in K+ current. GABAb agonists, such as baclofen, have been shown to decrease Ca"" 
currents. This effect is likely to mediate the inhibition of transmitter release produced 
with these agonists. We investigated the interactions of human GABAb receptors on 
rat N-type Ca++ channels by coexpressing their subunits in Xenopus oocytes. Our 
studies were performed using the two-electrode voltage clamp technique. N-type 
Caw channel expression was achieved by injection of alB-b, a28 and 03 cRNA 
subunits.

Baclofen (10 uM) has no inhibiting effect on N-type Ca"" channel-medated Ba"" 
current expressed alone or when expressed with GABAbl only. However, in cells 
coexpressing both of the GABAb subunits plus N-type Ca++ channels, baclofen 
produces a dose-dependent inhibition of the Ba** current (ECS0 ~ 1 uM). Maximal 
inhibition by baclofen (10 uM) is approximately 30%. Reducing the ratio of GABAb 
cRNA to N-type Ca++ channel RNA in the injection mixture to less than 1:1 lowers 
the maximal effect of baclofen (10 uM). The competitive GABAb antagonist, SCH 
50911 (10 uM), reduces the baclofen (10 uM) induced inhibition of Ba** current by 
approximately 68%.
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681.13
Y64 OF THE 02 SUBUNIT OF THE GABAa RECEPTOR IS AN 
IMPORTANT DETERMINANT FOR HIGH AFFINITY MUSCIMOL 
RECOGNITION. J.G. Newell1, AN, Bateson1’2 3, and S.M.J. Dunn1 r 
’Dept. of Pharmacology, 2Divn. of Neuroscience, and 3Dept. of Psychiatry, 
Univ. of Alberta, Edmonton, Alberta, Canada, T6G 2H7.

The GABAa  receptor is a pentameric protein complex that carries at least two 
classes of binding sites for agonists that differ in their affinity by more than an 
order of magnitude. Using amino acid sequence alignments, we have identified a 
putative domain of the rat 02 subunit that may contribute to high affinity 
muscimol recognition. We have separately mutated tyrosine (Y) residues at 
positions 64 and 77 to both phenylalanine (F) and serine (S) to evaluate their 
contributions to muscimol recognition. Wild type and mutant al02y2 receptors 
were expressed in TSA201 cells for radioligand binding experiments and in 
Xenopus oocytes for electrophysiological studies.

Wild-type receptors recognized [3H]muscimol with high and low affinity (KDH 
= 8.9 ± 0.5 nM and KDl  ~ 429.1 ± 40.3 nM) and were activated by muscimol 
(ECso = 7 pM) and GABA (EC50 =31.8 pM). Expression of Y64F and Y64S 
resulted in a decrease in affinity for [3H] muscimol at the high affinity site, while 
the affinity of the low affinity sites appeared to be unaffected. Muscimol and 
GABA activated all mutants, but expression of Y64F and Y64S produced 
rightward shifts in the dose-response curves for these agonists. These changes 
were more pronounced when serine was introduced at this position. Mutations at 
position 77 did not alter the affinity for [3H)muscimol or the EC50 for receptor 
activation. These results suggest that Y64 contributes to the high affinity 
agonist site. Although the functional role of this site has not yet been defined, 
we have observed altered desensitization kinetics for Y64 mutants. We suggest 
that the high affinity site may be important in receptor activation and/or 
desensitization by coupling to the low affinity sites. (Supported by MRC, 
NSERC, AHFMR, and the Neuroscience Canada Foundation.)

681.14
MUTATION OF A GLYCINE RESIDUE IN THE FIRST TRANSMEMBRANE 
(TM1) REGION OF THE GABAa 02 SUBUNIT ALTERS ANESTHETIC AND 
AGONIST SENSITIVITY. BX Carlson1*, AC Engblom1, U Kristiansen1, A 
Schousboe1, and RW Olsen2. ’Dept. of Pharmacology, The Royal Danish School of 
Pharmacy, Copenhagen, DK-2100 Denmark and 2Dept. of Molecular and Medical 
Pharmacology, UCLA School of Medicine, Los Angeles, CA, USA 90095.

Site-directed mutagenesis of the GABAa  receptor 02 subunit has demonstrated that 
conversion of a conserved glycine residue at the entrance to TM1 to the homologous 
Pi residue, phenylalanine, alters the modulating effects of 4 different intravenous 
anesthetics: pentobarbital, alphaxalone, etoinidate, and propofol. Using the 
baculovirus expression system on Sf-9 cells, anesthetic-induced enhancement of 
[3H]muscimol and [3H]flunitrazepam binding in ai02(G219F) or a,02(G219F)y2 
receptors, respectively, displayed a significantly reduced efficacy in anesthetic 
modulation by all four of the intravenous anesthetics tested (p<0.05). Furthermore, 
GABAa receptors containing the ai point mutation (G223F) also significantly 
decreased the maximal effect of etomidate- and propofol-induced enhancement of 
ligand binding. Conversely, the homologous point mutation in p, receptors (F261G) 
changed the intravenous anesthetic-insensitive receptor to confer anesthetic 
modulation of [3H]muscimol binding. Although ligand binding displayed comparable 
Ki values between wild type and mutant receptors, electrophysiological whole cell 
patch clamp recordings of a,02(G219F)y2 receptors had a significantly lower EC50 for 
GABA than a]02y2 or ai(G223F)02y2. The a]02(G219F)y2 receptors also were more 
sensitive than wild type for pentobarbital direct channel activation in the absence of 
GABA. These results suggest that the TM1 glycine residue on the 02 subunit may be 
important for conformational or allosteric interactions of channel gating by either 
GABA or anesthetics. Supported by grants NS28772, AA07680 (RWO),MRC-9700671 
(AS), Academy of Finland (ACE), & Alfred Benzon Foundation (BXC)

681.15

PHARMACOLOGY OF y-HEXACHLOROCYCLOHEXANE (LINDANE) IN 
THE GABAa RECEPTOR IS DEPENDENT ON THE SUBUNIT 
COMPOSITION: A COMPARISON WITH THE PICROTOXIN SITE L.M. 
Houlihan1, P.D. Maskell1 K.A. Wafford2 and I. Bermudez1* ’School of Biological and 
Molecular Sciences, Oxford Brookes University, Gipsy Lane Campus, Oxford. 0X3 
OBP. UK. 2Merck, Sharp and Dohme Research Laboratories, Neuroscience Research 
Centre, Terlings Park, Harlow. Essex. CM20 2QR. UK.
y-hexacholorocyclohexane (y-HCH; Lindane), an inhibitor of GABAa  receptors, is a 
partial inverse agonist of the picrotoxin (PTX) site. In this study we investigated the 
role of subunits in the pharmacology of y-HCH and PTX to further clarify the vide 
infra hypothesis. Human GABAa  receptors containing different a(l, 4 or 6) and 0(1- 
3) subunits with or without a y2S subunit were expressed in Xenopus oocytes and the 
inhibitory effects of y-HCH and picrotoxin on GABA-mediated currents were 
investigated using two-electrode voltage-clamp. The a-subunit had no significant 
effect on the inhibitory effects of either y-HCH or PTX in a0y2s GABAa  receptors. 
The 0 subunit variant did not affect PTX action but markedly influenced the efficacy 
of y-HCH at a0y2s GABAa  receptors. The rank order of potency for this effect was 
01>02>03: At concentrations >10pM, a reversal of the y-HCH-mediated inhibition 
was observed that did not occur for PTX. The absence of y2S did not effect PTX 
action but significantly increased the potency of y-HCH. The latter effect was 
independent of the increased affinity of a0 GABAa  receptors for GABA. These 
results suggest that the efficacy of y-HCH-mediated inhibition is influenced by the 
type of 0-subunit and that the addition of the y2S subunit causes a decrease in the 
affinity of y-HCH for the GABAa  receptor. The reversal of the inhibition observed at 
high concentrations of y-HCH suggest that y-HCH may act at two sites on the GABAa  
receptor, the picrotoxin site and another unknown site. The observed differences in the 
subunit dependence of y-HCH inhibition compared to that of picrotoxin may be a 
consequence of its activity at this additional site.

681.16

SURFACE EXPRESSION AND INTERNALIZATION IN HEK293 CELLS 
OF GABAa  RECEPTORS CONTAINING al02 AND al04 SUBUNITS H 
Cinar* and E. M. Bames, Jr, Dept. of Biochem. and Div. Of Neurosci., Baylor 
Col. of Med., Houston, TX 77030.

In order to investigate the intracellular trafficking of GABAa  receptors, we 
have introduced c-myc epitopes, in triple tandem, into the amino-terminal 
regions of the chick 02S and P4L subunits. These subunits, alone and in 
combination with al subunits, were transiently transfected into HEK293 cells. 
After incubation of intact cells at 0°C with monoclonal 9E10 antibody against 
c-myc, washed cells were incubated further either at 0°C or 37°C, fixed, 
permeabilized, and evaluated by indirect fluorescence confocal microscopy 
using tyramide signal amplification. While the 0°C controls showed only 
surface fluorescence for the GABAa  receptor al02S- and al04L-subunit 
combinations, the cells incubated at 37°C had prominent punctate intracellular 
staining in addition to surface staining. When tagged 02S and 04L subunits 
were expressed alone, neither readied the surface membrane. These results 
indicate that surface GABAa  receptors formed from al02S or al04L subunits 
are constitutively internalized. In order to quantify surface expression, 125I- 
labeled 9E10 antibody was incubated with intact cells at 0°C. Tagged al02S 
and al04L subunit receptors gave, respectively, 2.44 ± 0.50 and 1.98 ± 0.27 
fmol/well of bound 125I-antibody, while untagged controls showed no 
significant binding. Thus, GABAa  receptors containing al02S and al04L 
subunits are expressed on the HEK cell surface at comparable levels. This 
approach may also be useful for future study of receptor internalization.

Supported by NIH grant NS34253.

681.17
BLOCKADE OF 5a-REDUCTASE PREVENTED CHANGES IN GABAa  
RECEPTOR GENE EXPRESSION IN CEREBELLAR GRANULE CELLS 
TREATED WITH PROGESTERONE. P. FoUesa*, M, Serra, G, Pisu. S. Floris, and
G. Biggio. Department of Experimental Biology, University of Cagliari, Italy, 09123.

In situ hybridization and RNase protection assay experiments revealed the 
presence of the 5a-reductase mRNA in rat cerebellar granule cells in culture. 
Accordingly, these cells synthesize allopregnanolone (AP) from progesterone 
(PRG). Treatment with 1 pM PRG for 5 days increased the concentration of AP of 
866 ± 90 %, and reduced the abundance of the y2L (-43 ± 5%), y2S (-26 ± 3%), al 
(-13 ± 3%), a3 (-12 ± 2%), and a5 (-13 ± 2%) subunits. Chronic PRG treatment 
had no effect on the abundance of a4, 02, or 03 subunit mRNAs. The 5a- 
ieductase blocker finasteride inhibited the PRG-induced accumulation of AP as 
well as the down-regulation of the y2 subunit mRNAs. PRG withdrawal induced a 
time-dependent increase in the abundance of the GABAa receptor a4 subunit 
mRNA; the maximal effect (+32 ± 4%) was apparent 6 h after progesterone 
withdrawal. Thus, cerebellar granule cells in culture are able to synthesize AP 
from PRG. In turn AP by stimulating the GABAa receptor may change the 
capability of cerebellar granule cells to differentially express the genes encoding 
various subunits of the GABAa receptor. This conclusion is in agreement with the 
observation that inhibition of 5a-reductase by finasteride, with consequent decrease 
in the brain content of AP, antagonized the effect of pregnancy on the GABAa  
receptor gene expression (FoUesa et al., EJN 1998; Concas et al., PNAS 1998). 
Our data support the idea that physiological fluctuation in brain content of PRG 
metabolites regulates the function and gene expression of the GABAa receptor. 
Thus, variations in the synthesis of neurosteroids, by modifying existing 
transcriptional programs of specific GABAa receptor subunit genes, may play a 
role in the development of mood and emotional alterations.

681.18
Adenovirus  mediated  expression  of  functional  GABA pi 
HOMOMERIC RECEPTORS. Q. Cheng*, S. Malik, J. Dubreck, J. Yang. Dept. 
Anesthesiol. and Pharmacol. / Physiol. University of Rochester Med. 
Center, Rochester, NY, 14642.

Neuronal excitability is determined by the balance between excitatory and 
inhibitory influences. Disinhibition due to loss of inhibitory GABA 
receptors can result in neuronal hyperexcitability. We investigated the 
possibility of using the recombinant adenovirus as a vector for transducing 
functional GABA receptors in neurons as a means for restoring balance 
between excitation and inhibition.

A full length cDNA encoding the human GABA pi receptor was inserted 
into the expression cassette of an adenovirus shuttle vector designed to co-
express the GFP reporter molecule. A replication deficient E1-, E3- deleted 
adenovirus that coexpresses pi and GFP (Ad(pl/GFP)) was created by 
homologous recombination. PCR analysis confirmed the absence of El gene 
and the presence of both pi and GFP cDNAs properly inserted within their 
respective expression cassettes.

Transduction of NGF stimulated PC 12 cells and cultured primary 
hippocampal neurons with 1 x 105 pfu / 35 mm dish results in GFP positive 
cells 24 - 48 hours post-viral transduction. The transduction efficiency in 
PC 12 cells was greatly enhanced by NGF (50 ng / ml) while the same 
treatment had no effect on cultured primary neurons. Patch clamp recordings 
from transduced cells demonstrated GABA induced currents with properties 
expected (ED50 of 1 pM and resistance to bicuculline blockade) from 
expression of functional homomeric pi channels. The effect of Ad(pl/GFP) 
transduction on neuronal excitability is under investigation using the Mg- 
ffee cell culture model of neuronal hyperexcitability.
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681.19
Location of an additional Zn2+ binding site on the GABAa  receptor p3 subunit.
Dunne*, E.L, Wooltorton, J.R.A., McDonald1, B.J., Moss1, S.J., Harvey, R.J. & Smart, T.G.
Dept of Pharmacology, The School of Pharmacy, 29-39 Brunswick Square, London, WC1N 
1AX, UK and1 L.M.C.B., University College, Gower Street, London, WC1E 6BT, UK.

Zinc ions, which are concentrated in the CNS, have an inhibitory effect on GABAa receptor 
function and this inhibitory activity is dependent upon the receptor subunit composition. A 
histidine residue (H267) in the second transmembrane domain of the (33 subunit has been 
identified as important for Zn2+ inhibition, but mutation of this residue does not completely 
remove Zn2* inhibition, indicating a lower affinity Zn2+ binding site on the (33 subunit. This study 
utilises P3 homomeric receptors to identify this additional site.

Whole-cell currents were recorded from Xenopus oocytes expressing p3 wild-type and mutant 
recombinant GABAa receptors, using the two-electrode voltage clamp technique. Zn2* inhibition 
was markedly reduced in the P3H267 mutant compared to wild-type (IC50S: 199 ± 11 pM and 
0.15 ± 0.06pM respectively). The residual effect of Zn2+on the (33H267 mutant can be abolished 
by lowering external pH to 5.4(implying competition between H+ and Zn2+ for amino acid 
residues, likely to be histidines) or by applying DEPC (diethylpyrocarbonate: 1mM), which 
covalently modifies histidine residues. Since Zn2* has an extracellular site of action, the 3 N- 
terminal histidines in the P3 subunit (H107, H119 and H191) were subjected to systematic 
mutation to alanines leaving H267A intact. Expression of the p3 mutant subunits H119.267A and 
H191,267A resulted in functional channels without altering the sensitivity to Zn2* {ICsos: 203± 
9pM and 151± 12pM respectively) implicating H107 in the low affinity action of Zn2*. Injection of 
P3 H107.267A did not result in functional receptor expression indicating a key role in the 
assembly/transport of the receptor to the cell surface. To further demonstrate the importance of 
H107 for Zn2+ inhibition]* the mutant P3 H119,191,267A was expressed. This mutant forms a 
functional pentobarbitone (PB)-gated receptor that still demonstrates residual sensitivity to Zn2* 
The effect of altering the pH on the inhibition of an EC50 PB dose by Zn2* was studied on this 
mutant, producing a pH titration curve with a pKa of 6.89 ± 0.003, This is consistent with our 
observations that a histidine residue is involved in the low affinity action of Zn2* and that the N- 
terminal H107 is responsible. This work is funded by the MRC and the Wellcome Trust.

681.20
THE GABA BINDING SITE IN GABA-BR1 RECEPTOR: COMPARISON WITH 
GABA-BR2. J.P. Pin1*, T, Galvez1, M. Franek1, C. Joly1, W. Froestl2, K. Kaupmann2 
and B. BettleP, ‘CNRS UPR 9023, 34094 Montpellier; France; 2Novartis Pharma, v 
Basel, Switzerland.
Functional GABA-B receptors are heteromers constituted of at least two proteins,
GABA-BR1 and GABA-BR2. Like the metabotropic glutamate (mGlu) and the other 
family 3 G-protein coupled receptors, BRI and BR2 possess a large N-terminal 
extracellular domain that share sequence similarity with periplasmic amino acid 
binding proteins. As part of a multidisciplinary approach to understand the functional 
importance of the heteromerization of GABA-B receptors, we characterized the ligand 
binding site of BRI and compared it with that of BR2.
Using molecular modeling associated with mutagenesis, we previously reported that 
the GABA-B extracellular domain is likely folded like the periplasmic binding 
proteins. Our previous study identified a series of mutations that suppress, decrease 
or increase the affinity for several GABA-B ligands as determined using [1251]- 
CGP64213 binding assay. The pharmacological profile of these and additional BRI 
mutants were analyzed after co-expression with the wild-type BR2 protein. We found 
that the potency of GABA on the heteromeric receptor correlated well with the GABA 
affinity on BRI, further indicating that GABA binding on BRI is necessary for the 
activation of the heteromer. The S246A mutant for which no CGP64213 binding 
could be detected was found to be functional, but the EC50 value for GABA was 
increased by almost 3 orders of magnitude, indicating this residue is critical for 
GABA binding in BRI. This residue is replaced by a proline in BR2. We also 
identified several hydrophobic residues in BRI the mutation of which suppress 
CGP64213 binding, but not the potency of GABA for the activation of the 
heteromeric receptor. These residues are therefore likely involved in the binding of 
CGP64213 but not of GABA in BRI None of these residues are conserved in BR2. 
Taken together these data provide a molecular explanation for the lack of binding of 
CGP64213 and CGP 54626A on BR2, and further indicate that the ligand binding site 
of BRI and BR2 proteins are very different. Supported by CNRS and EEC.

681.21

GABA-A Receptor subunits associate with Specific Gephyrin Isoforms.
F.K. Bedford, J.T. Kittler, S.C. Jones. T.S. Sihra*. R.J- Harvev_and.SJ-.MQSS.
MRC Laboratory of Molecular Cell Biology and Department of Pharmacology, 
UCL, London WC1E 6BT and the Department of Pharmacy .School of Pharmacy, 
29-39 Brunswick Square, London WC1N 1AX, UK.

GABA-A receptors and the glycine receptor (GlyP) clustering protein 
gephyrin are known to strongly co-localise in punctate clusters at 
GABAergic synapses. Disruption of GABA-A receptor clustering in 
y27 y2 mice is associated with a loss in gephyrin clusters at cortical 
GABA+synapses. Conversely, GABA receptor clusters are selectively lost 
when gephyrin is depleted in cultured hippocampal neurons using 
antisense oligonucleotides. However, the molecular events that are 
involved in linking these two proteins have been elusive. We now have 
evidence to suggest that a specific isoform of gephyrin, with a molecular 
weight of 116kD, may be responsible for the clustering of GABA-A 
receptors. This isoform is enriched in developing rat retina, where it is 
found at comparable levels to other gephyrin variants. Using an affinity 
purification assay we find that this isoform can associate with select 
GABA-A receptor a, (3 and y intracellular loops. Furthermore, we have 
mapped the binding site of this novel form of gephyrin on the 
intracellular loops of the GABA-A receptor pi and y2S subunits. This 
binding site is distinct from the region in the GABA-A receptor 3 loops 
that shares homology with the GlyR p subunit gephyrin binding site. 
Our results suggest that a different binding module on gephyrin 
interacts with GABA-A receptor subunits to that which interacts with the 
GlyR P subunit. In conclusion, we present provocative evidence which 
suggests that distinct splice variants of gephyrin interact with different 
inhibitory ion channel subunits.
This work is supported by the UK Medical Research Council.

681.22

GABAA RECEPTOR 6 SUBUNIT mRNA EXPRESSION IN 
CEREBELLAR SLICES IS MODULATED BY EXCITATORY AND 
INHIBITORY INPUTS. K. Xu and R.E. Siegel*. Department of 
Pharmacology, Case Western Reserve University, Cleveland, OH 
44106-4965.

Cerebellar granule neurons express several GABAA receptor subunit 
mRNAs. Previous studies examining receptor regulation in cultured 
granule neurons demonstrated that the level of the 8 subunit mRNA is 
selectively increased by depolarization and NMDA. Since these 
treatments mimic excitatory input to granule neurons from mossy 
fibers, we have now studied 8 subunit mRNA regulation in cerebellar 
slices, a system in which many aspects of cerebellar circuitry remain 
intact. Relative levels of the 8 subunit transcript were examined by 
RT-PCR. As in cultures of dissociated neurons, the 8 subunit 
transcript increased over time in slice cultures grown in defined 
medium containing 25 mM KC1. To examine the importance of 
excitatory signals in regulating 8 subunit mRNA expression in the 
slices, NMDA type glutamate receptors were blocked with 1 pM MK- 
801. This treatment reduced 8 subunit mRNA expression by 25% at 4 
days in culture. To examine whether inhibitory signals also modulate 
subunit expression, GABAergic input from Golgi neurons was 
blocked with 100 pM bicuculline. Surprisingly, this treatment reduced 
8 subunit mRNA expression by approximately 30%. Together these 
findings suggest that 8 subunit mRNA expression in vivo may be 
governed by the balance of excitatory and inhibitory input. 
(Supported by NS-34317)

681.23

RELATIVE MOBILITY OF THE GABAa  RECEPTOR M2 MEMBRANE- 
SPANNING SEGMENTS INFERRED BY DISULFIDE TRAPPING I 
Horenstein1, D.A. Wagner2, C. Czaikowski2 and M.H, Akabas1* *Ctr.
Molec. Recog. Columbia Uniy. New York, NY 10032 and 2Dept. of 
Neurophys., Univ. of Wisconsin-Madison, Madison, WI 53706.

To investigate the relative mobility of the M2 segment we assayed the 
ability to form disulfide bonds between cysteines substituted at aligned, 
channel-lining positions in the ai and pi subunits using electrophysiological 
and biochemical assays. Disulfide bonds form spontaneously in the mutants 
a!N275CpiE270C and aiPiE270C, aligned with the extracellular ring of 
charge. Following reduction by DTT the rate of spontaneous reoxidation is 
five times faster in the presence of GABA than in the absence. Western 
blots with epitope tagged subunits confirm the formation of reduction- 
sensitive dimers. Disulfide bonds do not form spontaneously at other M2 
channel-lining positions. Oxidation by copper phenanthroline induces 
disulfide bond formation in the mutants aiS272CPjH267C and in 
aiPiH267C, 1 helical turn below the extracellular ring of charge. Disulfide 
bonds cannot be induced at other channel-lining positions. Sulfhydryls must 
approach to within ~2 A to form a disulfide bond. Thus, the extracellular 
end of M2 is flexible enough to allow close approximation of the channel-
lining faces of M2 segments from different subunits; however, at more 
cytoplasmic positions the channel-lining faces are either not sufficiently 
mobile or are not oriented appropriately to allow disulfide bond formation. 
We infer that the mobility of the extracellular end of M2 is greater than that 
of the rest of the M2 segment. This may have important implications for the 
processes of gating and desensitization. Support NTH NS30808 & NS34727.

681.24

NOVEL POSITIVE ALLOSTERIC MODULATORS OF 
RECOMBINANT GABAa  RECEPTORS. U. Thometl R. Razet2. A. 
El Hadri2. R.H. Dodd2. F, Jurskv3. R. Furtmuller3. W. Sieghart3 and
E. Sigel1*. lDept. of Pharmacology, University of Bern, Switzerland; 
2Institut de Chimie des Substances Naturelles, CNRS, Gif-sur-Yvette, 
France; 3Section of Biochemical Psychiatry, University of Vienna, 
Austria

Three families of compounds of a novel structure were synthesized 
and optimized for binding affinity and stimulation of GABAa  receptor 
mediated currents. (A) had a butyrolactone structure and stimulated alp2 
but not alpl recombinant GABAa  receptor currents elicited by GABA. 
This type of subunit specificity is reminiscent of the action of loreclezole. 
(B) had a bicuculline like structure but did not interfere with the binding 
of GABA, but with that of ligands of the benzodiazepine binding site. (C) 
was chemically related to (B) but to a large extent lost its ability to interact 
with this site. Instead it allosterically stimulated current elicited by GABA 
or pentobarbital at concentrations >0.1 pM. Extent of stimulation was 
comparable to that by diazepam, with a preference for a6 vs. al, a2, a3 
and a5 containing receptors. Stimulation was not sensitive to the 
presence of 1 pM Ro 15-1788 and to the mutation P2N265S, indicating a 
mode of action different from benzodiazepines and loreclezole.
Supported by the Swiss National Science Foundation and the European Union grant 

BIO4-CT96-0585 (BBW 96.0010).
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681.25
THE SENSITIVITY OF A HUMAN GABAa RECEPTOR TO 
ISOFLURANE IS DETERMINED BY THE VOLUME OF A SINGLE 
AMINO ACID RESIDUE Arakins*-1. V.V, Koltchine2. N, Nikolaeva1. 
S. Finn1. A, Lin1 and N.L. Harrison1’2 Departments of Anesthesia and Critical 
Care1, Pharmacological and Physiological Sciences2, Univ. of Chicago, Chicago, 
IL 60637
We have recently shown that a mutation at position 270 of the human GABAa  
receptor a2 subunit removes the isoflurane sensitivity of the receptor1. More 
recently it has been reported that mutations at this position alter the apparent 
affinity of the receptor for GABA2. In order to further understand how the amino 
acid at this position controls gating and confers anesthetic sensitivity, this native 
residue (Ser270) was mutated to 11 other amino acids. Mutant a2(Ser270*) 
subunits were coexpressed with native 31 subunits in HEK 293 cells and currents 
activated by EC20 concentrations of GABA were recorded using the whole cell 
patch clamp technique. All of the mutations reduced the ability of isoflurane (at 1 
and 2 MAC) to potentiate receptor function. Replacement of Ser with another 
small residue (eg: Ala) resulted in only a modest reduction in isoflurane 
potentiation. Larger side chains (eg: Thr) significantly reduced isoflurane efficacy 
whilst the largest side chains (eg: Tyr or Trp) rendered the receptor insensitive to 
this anesthetic. This evidence is consistent with the amino acid residue at this 
position playing an important role in ion channel activation. It appears that the 
volume of the residue is a key determinant of agonist gating and isoflurane 
potentiation of human GABAa  receptors. Supported by NIH grant GM45129 
(N.L.H.) and DH 07255 (V.V.K.).
1: Nature 389: 385-9, 1997
2: Neuroscience Abs. 28: 46.3, 1998

681.26
[3H] ETHYNYLBICYCLOORTHOBENZOATE ([3H] EBOB) BINDING IN RAT 
CEREBELLUM AND RECOMBINANT GABAa RECEPTORS. M.A. Yagle1*, 
M.W. Martin1, C.M. deFiebre1, N.C. deFiebre1, J.A. Drewe2 and G.H. Dillon1.
'Dept. of Pharmacology, University of North Texas Health Science Center, Fort 
Worth, TX 76107 and 2Cyotiva, Inc., San Diego, CA, 92121.

Modulation of the GABAa receptor has been studied with noncompetitive 
convulsant ligands such as tert-butylbicyclophosphorothionate (TBPS) and 
picrotoxin (PTX). EBOB is a more recently developed ligand that appears to bind in 
the same region of the channel as TBPS, but with roughly a 10-fold higher affinity. 
While only a few studies have examined the binding of EBOB to vertebrate brain 
tissue, none have examined potential subunit-dependent binding of EBOB. We have 
thus examined [3H] EBOB binding in rat cerebellum and HEK293 cells stably 
expressing human aip2y2 and a2(32y2 GABAa  receptors. For comparison, [35S] 
TBPS binding was also examined in aip2y2 recombinant receptors. [3H] EBOB 
binding to cerebellum was inhibited by the CNS convulsants dieldrin, lindane, PTX, 
TBPS, and pentylenetetrazole (PTZ) at one site in a dose-dependent fashion. 
Affinities were in the pM range for all compounds except PTZ (mM range). In 
human aip2y2 and a2P2y2 receptors, lindane, PTX, and PTZ inhibited [3H] EBOB 
binding at one site in a dose-dependent manner. Lindane had the highest affinity 
(near 0.1 pM), followed by PTX with an affinity at least ten-fold lower, and then 
PTZ, with an affinity roughly 100-fold lower than that of PTX. Unexpected results 
were obtained with dieldrin and TBPS in both receptor subtypes. Dieldrin inhibited 
and then stimulated [3H] EBOB binding at low and high concentrations, respectively. 
Inhibition of [3H] EBOB by TBPS suggested a possible two site interaction. 

Differences seen in our data obtained from rat cerebellum and human aip2y2 and 
a2p2y2 receptors suggest that some characteristics of EBOB binding are subunit 
dependent. (Support: NIH R29 ES07904)

681.27
ANALYSIS OF THE GABAb HETERODIMER: INTERACTING PROTEIN 
PARTNERS AS REVEALED BY YEAST TWO HYBRID STUDIES. J.H. 
White, A. Wise and F. H. Marshall*.Receptor Systems, Molecular 
Pharmacology Unit, Glaxo Wellcome Medicines Research Centre, 
Stevenage, SG1 2NY United Kingdom.

The GABAb receptor comprises of two 7TM receptor subunits interacting 
through coiled-coil domains within their C-termini to form a heterodimeric 
complex. In order to understand the biology of the GABAb receptor, we used 
a yeast two hybrid approach to screen both GABAb-R1 and GABAb-R2 
subunits for interacting partners and have identified several proteins. Of 
primary interest, we have found two related transcription factors CREB2 and 
ATFx, which associate with GABAb-R1 and with both GABAb-R1 and GABAb- 
R2 respectively. The CREB2/ GABAb-R1 interaction has been confirmed 
biochemically and functionally analysed. This association suggests that the 
GABAb receptor is able to signal via these transcription factors. Indeed, 
CREB2 has been identified as a suppressor of memory in animal models and 
significantly GABAb agonists are known to impair memory and learning, 
suggesting a link between the two proteins. In addition, we have identified the 
signalling intermediary protein, 14-3-3 as interacting with GABAb-R1, 
suggesting a role for these proteins in GABAb signalling. Against GABAb-R2, 
we identified MUPP1, a multi PDZ domain protein, originally cloned as 
interacting with the 5HT-2c receptor. As with other PDZ proteins, MUPP1 
probably mediates GABAb receptor anchoring to the cytoskeleton and 
clustering at synapses to localise the receptor to effectors. Finally, we have 
identified a number of unique proteins and in these cases, the biology has 
been inferred from homology searches and identification of protein domains. 
Therefore, using a yeast two hybrid approach we have been able to build up 
a model of the GABAb receptor and how it operates in vivo.

681.28
GABAa  RECEPTOR TRAFFICKING USING A GAMMA 2 SUBUNIT GREEN 
FLUORESCENT PROTEIN (GFP) CHIMAERA.
Josef T, Kiltler.1, Trevor Smart2, Joanne Taylor^and Stephen J. Moss1.

‘MRC Laboratory of Molecular Cell Biology and Department of Pharmacology, and 
3Eisai Research Institute, University College London, Gower St, London, WC1E 
6BT, U.K.. 2The School of Pharmacy, Department of Pharmacology, 29-39 
Bunswick Square, London, WC1N 1AX, U.K..

The GABAa  receptor gamma 2 subunit is necessary for postsynaptic clustering of 
major GABAa  subtypes, for the interaction with the cytoskeletal linker molecule 
GABARAP and is important in regulating receptor internalisation. To further study 
the role of the gamma 2 subunit in receptor trafficking, we have constructed a 
gamma 2 subunit N-terminal green fluorescent protein chimaera that also includes an 
extracellular 9E10 epitope tag. In HEK 293, cells this construct can assemble with 
receptor alpha and beta subunits to form green fluorescent cell surface GABAa  
receptors with normal physiology and pharmacology. Furthermore, the presence of 
cell surface GFP tagged gamma 2 subunit can also be detected in unpermeabilised 
cells using antibodies directed against GFP, the 9E10 epitope and the gamma 2 
subunit N-terminus. In HEK 293 cells expressing the gamma 2 subunit in 
conjunction with an alpha and beta subunit, protein kinase C activation causes a 
time dependant internalisation of GFP tagged gamma 2 subunit to an intracellular 
compartment. We are presently using this GFP tagged gamma 2 subunit to measure 
GABA A receptor trafficking in both cell lines and primary neuronal cultures.

This work was supported by the UK Medical Research Council.
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682.1

CLONING OF A BICISTRONIC cDNA ENCODING A SUBUNIT OF AN N- 
METHYL-D-ASPARTATE RECEPTOR-LIKE COMPLEX. J. Mach*, K. N, 
Kumar, J. Huschenbette, R. Pal, C. Leary, and E, K. Michaelis, Dept. of 
Pharmacol. & Toxicol, and Ctr. Neurobiol.& Immunol. Res., Univ. of Kansas, 
Lawrence, KS 66045.

N-methyl-D-aspartate (NMDA) receptors play important roles in several 
physiologic processes such as long-term potentiation, neuronal 
development, and memory function. They are also implicated in the 
expression of many neurodegenerative processes. In addition to the 
NMDAR1 and NMDAR2 proteins that form functional NMDA receptors, there 
is another group of four proteins that has ligand recognition sites 
characteristic of NMDA receptors and forms NMDA-activated ion channels 
upon reconstitution into planar lipid bilayer membranes. In the present 
studies, polyclonal antibodies raised against the last component of this 
complex were used to screen a rat hippocampal cDNA library. A 1.3 kb 
clone was identified and sequenced. Based on the sequence, this appears 
to be a new cDNA not previously cloned. DNA sequence analysis and RT- 
PCR have revealed this done to be bidstronic, encoding two small proteins, 
PRO1 and PRO2. in vitro expression of these proteins leads to the 
formation of a ~43 kDa protein aggregate that is recognized by the 
antibodies used in the library screening. Antibodies raised against the 
predicted amino add sequence of PRO1 and PRO2 also labeled a 43-50 
kDa protein from synaptic membranes. The ligand binding characteristics of 
the expressed proteins show a ligand binding site for the NMDA receptor 
ligand rH]TCP that is sensitive to MK-801 (IC50 = 721 nM). In situ 
hybridization using an [^SJ-oligo probe shows the expression of this protein 
in hippocampal and cortical pyramidal neurons, in granule cells of the 
dentate gyrus and cerebellum, and neurons of the olfactory tubercle. 
(Supported by AA04732, AA11419, and AG12993 and the Self Fellowship)

682.2

EXPRESSION OF A GLYCINE BINDING REGION OF THE 
N-METHYL-D-ASPARTATE RECEPTOR SUBUNIT NR1.
J.MIYAZAKI1., S. NAKANISHI2 andH, JINGAMli.t- ^ept. of 
Mol. Biol., Biomolecular Engineering Research Institute, Suita, 
Osaka 565-0874, and 2Dept. of Biological Sciences, Kyoto Univ. 
Sch. of Med., Kyoto 606, Japan.

W-methyl-D-aspartate (NMDA) receptor channels are composed of an NR1 
subunit and at least one of the NR2 subunits (NR2A-D). Activation of the 
NMDA receptor requires co-agonists, glycine and glutamate. A glycine 
binding site has been proposed to be in the NR1 subunit. We have expressed 
a soluble form of the NR1 subunit, which was produced by connecting the 
N-terminal extracellular region with the extracellular loop between the 3rd and 
4th membrane segments, by a baculovirus system along with a full-length and 
a truncated membrane-bound form. The soluble NR1 receptor was efficiently 
secreted into the culture medium and showed high affinity to ligands.
A Ka value of a glycine site antagonist, [3H]MDL 105,519 ((E)-3-(2-phenyl-2- 
carboxyethenyl)-4,6-dichloro-l//-indole-2-carboxylic acid), for the soluble 
receptor, was 3.89 ± 0.97 nM which was comparable to a Kd value of 4.47 ±
1.39 nM for the full-length form. These values were close to the values which 
have been reported using rat brain membranes and Chinese hamster ovary cells 
expressing the full-length form of the NR1 subunit. The K{ values of other 
glycine site antagonists, L-689,560,5,7-dichlorokynurenate and 
5,7-dinitroquinoxaline-2,3-dione, for the soluble receptor were also similar to 
those for the full-length form of NR1. [3H]MDL 105,519 binding was also 
inhibited by agonists, glycine, and D-serine. Thus the soluble form of the 
NR1 subunit is sufficient to confer the affinity and selectivity of ligand binding 
characteristics of the NR1 subunit.
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682.3
AN INVESTIGATION INTO THE NMDA RECEPTOR SUBTYPE SELECTIVITY OF 
TWO NOVEL GLYCINE SITE ANTAGONISTS. B. Chopra, P.L. Chazot, M. Mugnaini1 
and F.A. Stephenson* School of Pharmacy, 29/39 Brunswick Square, London WC1N 
1AX; ‘GlaxoWellcome, Department of Pharmacology, Via Fleming 4, 37100, Verona, 
Italy.
The identification of the co-agonist glycine binding site on the N-methyl-D-aspartate 

(NMDA) receptor as a potential therapeutic target has led to the development of novel 
glycine site antagonists. The subtype selectivity of two of these, GV150.526A and 
GV196,771A to cloned NMDA receptors expressed transiently in human embryonic 
kidney (HEK) 293 cells was investigated by radioligand binding. Cells were collected 24 
h post-transfection and well-washed cell homogenates prepared. The Inhibitory Constants 
(Kj) were determined by the displacement of [3H] MDL105,519 radioligand binding by the 
filtration method with an incubation time of 90 min at 4°C. Both GV150,526A and 
GV196,771 A bound to the NRl subunit expressed alone, with no significant difference 
in affinity between the NRl-la and NRl-4b splice forms. The binding of both 
GV150,526A and GV196.771A to heteromeric receptors was best fit by a two-site 
competition model, with a rank order of potency for GV150,526A of 
NR1/NR2D>NR1/NR2A~ NR1/NR2B>NR1/NR2C. For GV196,771A the order of 
potency was NR1/NR2B- NR1/NR2C~NR1/NR2D>NR1/NR2A. GV15O.526A had an 
overall higher affinity for all NMDA receptors subtypes investigated compared to 
GV196.771A Thus these results substantiate earlier work that the major determinants for 
the binding of glycine site antagonists reside on the NRl subunit. Further, the N1 exon of 
the NRl subunit had no effect on the affinity for either compound. B. Chopra holds 
a Ph.D postgraduate studentship funded by GlaxoWellcome, Verona, Italy.

682.4
D-SERINE IS AN ENDOGENOUS LIGAND FOR THE GLYCINE SITE OF THE 
NMDA RECEPTOR: ELECTROPHYSIOLOGICAL CHARACTERIZATION IN 
CULTURED HIPPOCAMPAL NEURONS. A.T. Parent2*, J.P. Mothet1, SR. 
Snyder1 and M.A. Rogawski2. ‘Department of Neuroscience, The Johns Hopkins 
University School of Medicine, Baltimore, MD, 21205 and 2Neuronal Excitability 
Section, Epilepsy Research Branch, NINDS, NIH, Bethesda, MD 20892.

D-serine immunoreactivity resembles the distribution of NMDA receptors in the 
mammalian brain suggesting that D-serine may be an endogenous agonist for the 
glycine modulatory site of these receptors. However, until now there was no 
evidence for such a role of endogenous D-serine in NMDA-dependent 
neurotransmission. To explore the physiologic relevance of D-serine at 
glutamatergic synapses, NMDA-induced synaptic transmission has been extensively 
studied in hippocampal cell culture preparations. D-amino acid oxidase (DAAOX) 
was used to selectively metabolize D-serine. In hippocampal cell culture 
preparation, DAAOX treatment virtually abolishes detectable D-serine while having 
no effects on levels of glycine or other amino acids monitored by HPLC. Whole-
cell patch-clamp recording was performed from pyramidal cells after 12-15 days of 
culture. We evaluated basal glutamate-induced NMDA transmission selectively by 
recording spontaneous inward current. Application of DAAOX reduces spontaneous 
NMDA-induced EPSC by about 55%, while heat-inactivated DAAOX has no 
significant effect. To directly assess whether DAAOX can affect postsynaptic 
NMDA receptor responsiveness, application of NMDA-evoked steady-state current 
was measured. Short application of DAAOX (< 5 sec) during NMDA application 
produced a significant decrease of 45%. In both experimental condition, D-serine 
application fully reverse the effects of DAAOX, ensuring that the enzymatic 
treatment did not produced any irreversible effects on receptor mechanisms. We now 
report that, an enzyme that degrades specifically D-serine, considerably decreases 
NMDA receptor-mediated neurotransmission. Our results show that D-serine is an 
endogenous neuromodulator for the “glycine” site of the NMDA receptors.
Supported by U.S. Public Health Service Grant.

682.5

Understanding safety in NMDA antagonists: closed-channel egress is 
not correlated with lipophilicity.
G. Mealing1, T. Lanthom2?!). Small1, R. Murray2, K. Mattes2, P. Morley1 
1IBS, NRC, Ottawa, ONT, CAN; 2Astra Arcus USA, Rochester, NY, USA

Many NMDA antagonists fail in clinical trials because of side-effects which 
occur at therapeutic doses. Use-dependent NMDA antagonists should be 
active only during receptor hyperactivity and therefore avoid some of these 
side-effects. However, many of these antagonists become trapped on the 
closed channel and thereby lose their use-dependent character. Trapping 
channel block is generally modeled by a door closing off a vestibule in which 
the blocker is freely trapped, without interaction with the channel protein. 
However, some low-affinity, use-dependent antagonists that are particularly 
safe in clinical studies are not trapped completely. They appear to exhibit 
closed-channel egress. In order to study the mechanism of this unexpected 
facet of trapping-channel block, we determined the kinetics of block of 22 
structurally-related NMDA antagonists. A wide range of trapping block was 
observed. Two compounds exhibited almost complete trapping block -- 92 
and 93%. Only one compound was trapped less than 50% - only 8% of its 
initial block. One mechanism to account for escape from the closed channel 
is escape via a lipophilic pathway. However, we found no correlation 
between trapping and cLogP (slope = 0.022; r2 - 0.06), suggesting that a 
lipophilic pathway does not account for closed-channel egress. Moreover, 
the macroscopic off-rate from the closed channel appears to be similar to 
the macroscopic off-rate from the open channel. These data do not support 
closed-channel egress as due to escape through the lipid bilayer, but rather 
through a novel receptor protein configuration. In addition, this is not likely 
to involve a switch to sequential block as no tail currents were observed. 
Supported by a grant from AstraPharma.

682.6
ANESTHETIC DEPRESSION OF NMDA RECEPTOR-MEDIATED 
EXCITATORY SYNAPTIC TRANSMISSION K. Nishikawa* and M. B. Maclver. 
Dept. of Anesthesia, Stanford University School of Medicine, Stanford, CA 94305

Excitatory synaptic transmission mediated by NMDA receptors in the CNS could 
play an important role for general anesthetic-induced neural depression. However, 
effects of halothane on NMDA synapses have not been well characterized and remain 
controversial. We evaluated effects produced by halothane on electrophysiological 
responses of both NMDA and non-NMDA-mediated synaptic responses. Field 
excitatory postsynaptic potentials (fEPSPs) were recorded from young rat 
hippocampal slices in the area CA1 following electrical stimulation of the Schaffer- 
collateral-commissural pathway. NMDA receptor-mediated fEPSPs were isolated by 
adding an AMPA/kainate receptor blocker, CNQX (17.2 pM) and lowering external 
Mg2+ concentrations. Non-NMDA receptor-mediated fEPSPs were isolated by adding 
a NMDA receptor blocker, AP-5 (100 pM). Paired pulse facilitation was used as a 
measure of presynaptic effects of the anesthetic. Recording solutions included 
glycine (5 pM) and bicuculline (10 pM) to enhance NMDA currents and block 
GABA-mediated inhibition, respectively. Halothane was continuously applied to the 
recording chamber using a vaporizer with the O2/CO2 gas mixture used to oxygenate 
brain slices. Halothane (1.2 vol. %, 1 MAC in rat) produced a similar degree of 
depression for both fEPSPs amplitudes mediated by NMDA receptors (63.3 ± 14.0, 
mean ± SD, n = 7, p<0.001) and non-NMDA receptors (60.2 ± 7.3, n=5, p<0.001). 
In agreement with previous reports, paired pulse facilitation (60 ms pulse interval) 
of non-NMDA responses was significantly increased by halothane (from 1.32 ± 
0.22 to 1.91 ± 0.25, n=5, p<0.001). Neither rise times nor decay times of fEPSPs 
were changed in the presence of halothane. These results suggest that fEPSPs 
mediated by NMDA receptors appear to be as sensitive to clinically relevant 
concentrations of halothane as are non-NMDA mediated currents.
This work was supported by NIH grant GM54767.

682.7

ETHANOL INHIBITION OF NR1/NR2B NMDA-GATED ION 
CHANNELS DOES NOT REQUIRE THE INTRACELLULAR C- 
TERMINUS. R.W, Peoples* and R.R, Stewart. Unit on Cellular 
Neuropharmacology, Laboratory of Molecular and Cellular Neurobiology, 
National Institute on Alcohol Abuse and Alcoholism, National Institutes of 
Health, Bethesda, MD 20892.

The V-methyl-D-aspartate (NMDA) receptor-channel is considered to be 
an important target of alcohol action in the CNS, but the site and mechanism 
by which alcohol alters NMDA receptor-channel function has remained 
elusive. The aim of this study was to determine whether the intracellular C- 
terminus of the NMDA receptor-channel confers or alters the ethanol 
sensitivity of NMDA receptors composed of NRla/NR2B subunits. NRla836 
and NR2Bg48 C-terminal truncation mutants were constructed by introducing 
stop codons following TM4 in each subunit, and whole-cell patch-clamp 
recording was performed in CHO-K1 cells transiently transfected with 
NMDA receptor-channel subunits. Ethanol inhibited NMDA-activated 
current in cells expressing native NR1/NR2B NMDA receptors with an IC50 
of 138 mM and a slope factor of 1.2; these values are in good agreement 
with those previously obtained in hippocampal neurons. Int; cells expressing 
NRla836/NR2B848 mutant receptor-channels, the slope factor for ethanol 
inhibition was unchanged, but the ICJ0 of ethanol was 92 mM (ANOVA; p < 
0.01). These results suggest that the site of ethanol action is not located in 
the C-terminal region of NR1/NR2B NMDA receptor-channels, and that the 
presence of this region may instead reduce the sensitivity of the receptor- 
channel to ethanol. This work was supported by die intramural program of 
NIAAA, NIH.

682.8

STRUCTURAL BASIS OF ZINC AND PROTON INHIBITION 
OF NMDA RECEPTORS. Chian-Ming Low*, P. Lyuboslavsky, E,
Marchan and Stephen F. Traynelis. Dept. of Pharmacology, Emory University, 
Atlanta, GA30322.

In this study we have examined the structural determinants for the extracel-
lular modulators zinc (Zn2+) and protons (H+) on NMDA receptor. Since cysteine 
(Cys, C) and histidine (His, H) are the two most common residues that coordinate 
zinc in biological systems, and the free solution pKa of His is close to the IC50 for H+ 
inhibition Of NMDA receptor, we set out to test two hypotheses:(7) the high affinity 
binding site on NRl subunit consists of Cys and/or His residues on the extracellular 
domain of NMDA receptor and (2) a single His in NRl subunit is responsible for 
proton inhibition of the NMDA receptors. We performed site-directed mutagenesis on 
all extracellular Cys (C—>S) and His (H-»A) residues in the NRl subunit and used 
two-electrode voltage-clamp recording of NMDA evoked currents in the Xenopus 
oocyte expression system to investigate these hypotheses. In addition to previously 
reported Cys residues (C745,C798) that influence the IC50 for zinc inhibition 
(Traynelis et al., 1998), we now found two His (Hl62 and H727) and an additional 
Cys (C79) residue that appear to also influence the IC50 values for Zn2+ inhibition 
(n=63), but not the IC50 for H+ inhibition (n=30), when compared to the wild-type 
NR1/NR2B (n=34). Outward currents for these residues were determined to eliminate 
possible zinc channel block. The resulting shift of Zn2+ IC50 for Hl62A, H727A and 
C79S were 8.5-(n=15), 2.0-(n=21), 4.3-(n=21) fold, respectively. The magnitude of 
IC50 shift given by Hl62 for Zn2+ sensitivity suggests that this residue may participate 
in Zn2+ coordination in NRl subunit. The structural basis for the modest effects of 
H727A and C79S remains unclear. None of the His and Cys residues alone appear to 
account for pH sensitivity of NMDA receptor. A similar strategy is currently being 
applied to screen His and Cys residues in the N-terminus of NR2A subunit.
Supported by NINDS (S.F.T.)
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682.9
IDENTIFICATION OF RESIDUES IMPORTANT FOR HIGH AFFINITY ZINC 
INHIBITION OF NR1-NR2A NMDA RECEPTORS, A. Fayyazuddin1*, A. Le Goff1,
J. Lerma2, A. Villarroel2 and J. Neyton1. 1 Ecole Normale Superieure, Paris, FRANCE 
and 2Instituto Cajal, Madrid, SPAIN

Zn inhibits NMDA receptors in both a voltage-independent and voltage-dependent 
manner. The IC50 of voltage-independent Zn inhibition varies with subunit 
composition: the NRIa-NR2A combination has the highest affinity for Zn with an IC50 
of around 20nM while receptors expressing NR2C subunits show the least sensitivity to 
Zn with an IC50 of about 30pM. Chelation of contaminating zinc in experimental 
solutions, rather than redox modification, has been shown to underly the fast, reversible 
potentiation of NR1-NR2A receptors by DTT. Since early studies suggested that the N- 
terminal region of the NR2A subunit was necessary for the fast DTT mediated 
potentiation of NR1-NR2A receptors, we have started to look for determinants of Zn- 
binding in NR2A subunits using chimeras between the N-terminals of NR2A and NR2C 
subunits. Replacing residues N-terminal to TM1 by the homologous NR2C fragment 
removes high affinity Zn inhibition whereas introducing the NR2A N-terminal into the 
NR2C subunit confers high affinity Zn inhibition confirming the conclusions drawn 
from the DTT studies. The N-terminal region of NMDAR subunits contains two regions 
that share homology to two different bacterial periplasmic amino acid binding proteins. 
One of these regions (LAOBP-like), located just before TM1, has been shown to be 
involved in agonist binding while the other (LIVBP-like), located at the beginning of 
the N-terminal, has recently been implicated in receptor desensitization. Interestingly, 
replacing the LIVBP-like region of NR2C by the homologous fragment of NR2A is 
sufficient to confer high affinity Zn inhibition. In order to identify putative zinc ligands, 
we made point mutations in the LIVBP-like region of the NR2A subunit. We have 
identified four residues that, when mutated, shift Zn affinity by 500 fold. These 
mutations seem specific for Zn inhibition as they do not affect pH or Ni modulation nor 
do they change glutamate affinity. Preliminary 3D modeling of the LIVBP-like domain 
by homology to LIVBP is consistent with these residues participating as direct zinc 
ligands. Funded by CNRS and a grant from DGICYT (PM96-0008 to JL).

682.10
3-(1-PIPERIDINYL)-PROPIOPHENONES: A NOVEL CLASS OF 
EXCITATORY AMINO ACID ANTAGONISTS INTERACTING WITH 
THE POLYAMINE SITE OF THE NMDA-RECEPTOR
R, Gottschlich1*. H, Priicher1. J. Leibrock2. Merck KGaA,1 Medicinal 
Chemistry and ^Biomedicinal Research, 64271 Darmstadt

A series of 3-(1-Piperidinyl)-propiophenones

O
was synthesized and tested for binding affinity to the polyamine site 
of the NMDA receptor (f’HJ-ifenprodil binding). In order to establish 
structure-activity relationships structural variations were performed
- at the heterocyclic group A attached to the phenyl ring of the 

propiophenone
- at the moiety X connecting the phenyl ring to the piperidine ring
- at the substituent R
The most potent representatives of this new class of compounds 
showed higher binding affinity compared to the polyamine 
antagonists eliprodil, ifenprodil, CP 101 606 and Ro 25-6981. One of 
them, 6-{3-[4-fluorbenzyl)-1-piperidinyl]-propiony!}-3H-benzothiazol- 
2-one, was selected for further evaluation.

682.11
INFLUENCE OF pH ON THE BINDING OF [3H] IFENPRODIL TO NMDA 
RECEPTORS IN RAT BRAIN
B. Barr, P. Boxer*, L. Coughenour Neuroscience Therapeutics, Parke-Davis 
Pharmaceutical Research, Div. of Warner-Lambert Co., Ann Arbor, Ml 48105;

The phenylethanolamine ifenprodil has been shown to be neuroprotective in 
animal models of focal ischemia. Ifenprodil’s neuroprotective action appears 
to stem from its potent and selective blockade of the NR1a/2B subtype of the 
NMDA receptor (NR). Ifenprodil has been shown to interact with other 
receptors and binding sites including a-adrenergic, voltage-sensitive Ca++ 
channels, a sites, serotonin and histamine. In rat brain, [3H]-lfenprodil labels 
with high affinity a polyamine sensitive site that is associated with the 
NR1a/2B subunit of the NR. Recently, it has been shown that the potency of 
ifenprodil to blockade NMDA induced current in oocytes cloned with the 
NR1a/2B subunit increases under acidic conditions suggesting that ifenprodil 
may be enhancing the sensitivity of the NR to the inhibitory proton sensing 
site. This may contribute to its neuroprotective action. In this study, well 
washed rat membranes were examined for the effect of pH on [3H]-ifenprodil 
binding with a sites and other low-affinity sites blocked by trifluoperazine. 
There was no significant difference in the Ko of ifenprodil at acidic conditions 
(pH 6.8) as compared to physiological conditions (pH 7.4). In addition, no 
significant difference in the KD of ifenprodil at pH 8 when compared to pH 7.4 
was observed. These results suggest that ifenprodil does not have a greater 
affinity for the NR1a/2B subunit associated ^Hj-ifenprodil binding site under 
conditions of altered proton concentrations.
(Supported by Warner Lambert Co.)

682.12
POLYAMINE AND REDOX MODULATION OF NMDA RECEPTORS IN 
THE RAT SPINAL CORD AND CEREBRAL CORTEX. E, Sundstrom*,
L.-L, Mo and E.-B, Samuelsson. Div. of Geriatric Medicine, Karolinska 
Institutet, KFC NOVUM, S-141 86 Huddinge, Sweden.

Regional receptor heterogeneity in the spinal cord and cerebral cortex 
were investigated with regard to modulation of polyamines and redox 
state. Oxidation of the NMDA receptor with 0.2 mM DTNB reducted the 
affinity for [3H] MK-801 to synaptic membranes from both regions with 
no change in the number of binding sites. Reduction with 1 mM DTT did 
not change saturation binding parameters for [3H] MK-801. DTNB 
reduced binding at all concentrations of glutamate and glycine and 
increased the EC50-values for both agonists in the cerebral cortex while 
DTT increased binding of [3H] MK-801 at low glutamate concentrations 
only without any change in the EC50 for glutamate.

The polyamine spermine stimulated binding of [3H] MK-801 to 
membrane preparations with EC50-values that were 10 times higher in 
the spinal cord, with or without added glycine. At saturating 
concentrations of spermine and low concentrations of glutamate, glycine 
did not increase binding in the spinal cord but did so in the cerebral 
cortex, indicating a lack of glycine-independent polyamine stimulation in 
the spinal cord. The polyamine antagonist arcaine inhibited [3H]MK-801 
binding with IC50-values that were significantly lower in cortical 
membranes. Ifenprodil showed biphasic inhibition in both regions. The 
affinity of the high affinity site was 10 times higher in the cerebral 
cortex but the proportion, =35% was similar.

Immunoblots verified binding data, showing 40 times more NR1 in the 
cerebral cortex as compared to the spinal cord. We found no major 
differences in the NR2A/NR1 and NR2B/NR1 ratios while NR2C/NR1 and 
particularly NR2D/NR1 were considerably higher in the spinal cord. The 
data show that there is a regional NMDA heterogeneity in receptor 
binding which can not be predicted from the number of different NR2 
subunits only. Supported by the Swedish MRC.

682.13

The Ifenprodil Binding Site of The NMDA Receptor: 
Identification By Site-Directed Mutagenesis
T. Masuko1,3*, K. Kashiwagi1, T, Kuno1, N.D. Nguyen2, A.J.
Pahk2, J. Fukuchi1. K, Igarashi1 & K, Williams1* ‘Faculty of
Pharmaceutical Sciences, Chiba University, Chiba, Japan, Dept. of 
Pharmacology, University of PA, Philadelphia, PA; 3Dept. of 
Physiology and Pharmacology, SUNY HSC, Brooklyn, NY.

Ifenprodil is a non-competitive NMDA antagonist that selectively 
inhibits receptors containing the NR2B subunit (1). Ifenprodil has 
become widely used as a tool to study NMDA receptors, and analogs 
of ifenprodil are being developed as candidate neuroprotective drugs. 
Inhibition by ifenprodil may involve an increase in pH inhibition, and 
there are complex interactions between ifenprodil, pH, and spermine at 
NMDA receptors (2-4). The location of the ifenprodil binding site and 
the basis for its subunit-selectivity are unknown. We are studying the 
properties of recombinant NMDA receptors in Xenopus oocytes. We 
discovered that a mutation at residue NR 1 (DI30) abolished ifenprodil 
inhibition without affecting sensitivity to pH and spermine. We 
subsequently identified 7 residues in this region of the NR1 subunit 
that control the potency and/or efficacy (i.e. maximal inhibition) of 
ifenprodil. These residues form part of the ifenprodil binding site.
1. Williams, K. Mol. Pharmacol. 44; 851-859 (1993).
2. Traynelis, S.F. et al. Science 268: 873-876 (1995).
3. Mott, D.D. etal. Nature Neurosci. 1: 659-667 (1998).
4. Kew, J.N.C. & Kemp, J.A. J. Physiol. 512: 17-28 (1998). 
Supported by USPHS NS-35047 from NINDS.

682.14

MEMANTINE DOES NOT SHOW INTRACELLULAR BLOCK OF THE NMDA 
RECEPTOR CHANNEL. C.G. Parsons*1, P. Spielmanns1, J.P. Ruppersberg2 and P. 
Plinkert2. ’Dept. Pharmacology, Merz + Co. D-60318 Frankfurt/Main "Dept. 
Otolaryngology, Univ. Tubingen, D-72076 Germany.

Mg2* is known to gain access to the NMDA receptor channel from both the extra- 
and intracellular compartments. Memantine shows lysosomal accumulation which 
leads to intracellular concentrations (30pM) much higher than therapeutic 
extracellular concentrations (lpM). As such we were interested to know if 
memantine can also block the NMDA receptor channel from the intracellular 
compartment. NRla/NR2A receptors and NRla/NR2A(N596G) mutants were 
expressed in Xenopus oocytes. Two electrode voltage clamp recordings at -70 mV 
revealed that this mutation caused a 3000 fold reduction in the potency of Mg2* 
(IC50 WT = 21 ± lpM, mutant = 6.19 ± 0.52 mM) with little effect on the potency of 
memantine (IC50 WT = 0.88 ± 0.09 pM, mutant = 0.54 ± 0.09 pM). Voltage-ramps 
from -100 to +100 mV revealed strong inward rectification of NRla/NR2A receptor 
control responses at potentials above +40mV which was abolished by the N596G 
mutation in the NR2A subunit. Mg2* was less voltage-dependent and appeared to 
permeate NRla/NR2A(N596G) receptors. The voltage-dependency of memantine 
was similar on both receptors (WT 8=0.74, mutant 8=0.94). Patch clamp recordings 
from Xenopus oocytes (pipette glutamate ImM, Mg2* ImM) expressing 
NRla/NR2A receptors revealed similar rectification, at positive potentials in cell 
attached mode which disappeared after pulling an inside-out patch. Applies ion of 
Mg2* ImM to the intracellular side of the receptor re-introduced the rectification 
seen in cell attached mode and Mg2* 5mM produced much more pronounced 
rectification. In contrast, memantine 30pM was completely unable to block the 
NMDA receptor from the intracellular compartment. Further experiments are 
planned with similar recordings from NRla/NR2A(N596G) mutants. In conclusion, 
intracellular block of the NMDA receptor is not of significance for the therapeutic 
effects of memantine.
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682.15
THE MODERATE AFFINITY UNCOMPETITIVE NMDA RECEPTOR 
ANTAGONISTS MRZ 2/579 AND MEMANTINE ARE VERY WEAK 
ANTAGONISTS AT OTHER TYPES OF CA2+ PERMEABLE CHANNELS.
T. Tsmsadzc:\ N. Lozovaya1, O.A. Krishtal1 and C.G. Parsons2. ‘A. A.
Bogomoletz, Inst, of Physiology, Ukrainian Acad. Sci., Kiev 24, 252024, Ukraine, 
Dept. Pharmacol., 2Merz, D-60318 Frankfurt/Main, Germany.

Moderate affinity uncompetitive NMDA receptor antagonists might be predicted 
to block other Ca2'-permeable channels. We therefore tested memantine and MRZ 
2/579 on L- and N-type VACCs in freshly dissociated hippocampal neurones and 
P-type VACCs in freshly dissociated cerebellar Purkinje neurones. Both very weak 
antagonists at all three channel types (IC50s>180 pM). Memantine and MRZ 2/579 
were also very weak antagonists of voltage-activated Na+ channels in l.eshiv 
dissociated DRG neurones (TTX sensitive and TTX-resistant, IC5oS>lOO pM for 
both). In contrast, MRZ 2/579 and memantine had similar potency against NMDA- 
induced currents in these freshly dissociated and cultured hippocampal neurones.

Memantine MRZ 2/579
Current IC», pM SD,pM ICjo , pM SD,pM
NMDA 0.60 0.05 0.66 0.03

Neuronal Nicotinic 1.26 0.24 1.31 0.25
AMPA 10pM = 99.4% 0.9%

Ca2+, L-type 445 12 619 20
Ca2+, N-type 181 13 178 18
Ca2+, P-type 360 20 390 30

Na\ TTX-Resistant 121.1 4.47 167 32.9
Na+, TTX-Sensitive 254.4 21.3 211 39.5

In conclusion, both memantine and MRZ 2/579 seem to be selective uncompetitive 
NMDA receptor antagonists despite their moderate potency.

682.16
THE UNCOMPETITIVE NMDA RECEPTOR ANTAGONISTS MRZ 2/579 
AND MEMANTINE HAVE A SIMILAR IN VITRO - TI: LTP AND HYPOXIC/ 
HYPOGLYCAEMIC EXCITOTOXICITY IN HIPPOCAMPAL SLICES.
T. Frankiewicz* and C.G. Parsons, Dept. Pharmacol., Merz + Co, D-60318 
Frankfurt / Main, Germany,

NMDA receptor antagonists have therapeutic potential in many CNS disorders 
including acute neurodegeneration. Since these compounds can also target 
physiological processes, evaluation of their therapeutic potential should be based on 
the balance between these two actions expressed as a therapeutic index (TI - ratio 
of concentrations evoking side effects / efficacy against pathology). There is 
increasing evidence that moderate affinity rather than high affinity channel 
blockers could offer a favourable therapeutic profile. We previously reported [NSA 
24: #179.12] that memantine - a moderate affinity NMDA receptor channel 
blocker is superior to (+)MK801 - a high affinity compound - when investigated on 
the induction of long-term potentiation (LTP - model of NMDA receptor-mediated 
physiology) and 7 min. of profound hypoxia/hypoglycaemia-induced damage in 
CA1 of hippocampal slices in vitro (NMDA receptor-mediated pathology). The 
relative in vitro therapeutic index (TI) for memantine was over 3 times higher than 
that of (+)MK-801 (0.8 and 0.24 respectively). Here we tested a novel moderate 
affinity strongly use- and voltage-dependent NMDA receptor channel blocker MRZ 
2/579 in the same two in vitro models. Whereas MRZ 2/579 had a similar potency 
to memantine in blocking the induction of LTP (IC50 = 11.5 pM), its potency 
against hypoxia/hypoglycaemia-induced damage in area CA1 of hippocampal slices 
(expressed as a decrease in fEPSP amplitude) was two fold higher than memantine 
(ICso - 7.04 pM). The calculated relative TI of 1.63 indicates that the separation 
between physiology and pathology by MRZ 2/579 is somewhat better than for 
memantine. It may be assumed that in milder forms of pathology, the observed 
differences in TIs remain the same but the absolute values are likely to be higher.

682.17

MEMANTINE BLOCKING KINETICS ON NRla/NR2A RECEPTORS STUDIED 
USING VOLTAGE STEPS AND CONCENTRATION CLAMP IN INSIDE / 
OUTSIDE-OUT PATCHES FROM XENOPUS OOCYTES. P, Spielmanns*1, C.G. 
Parsons1, J.P. Ruppersberg2 and P, Plinkert2. ‘Dept. Pharmacol., Merz, D-60318 
Frankfurt/Main, 2Dept. Otolaryngology, Univ. Tubingen, D-72076 Germany.

Previous experiments on cultured hippocampal neurones revealed that block and 
unblock of NMDA receptor channels by memantine showed double exponential 
kinetics and that both on- and offset kinetics following a voltage step were much 
faster than following a concentration jump. There are two major problems using 
cultured hippocampal neurones for these experiments 1, expression of heterogeneous 
NMDA receptor subunits which could underlie double exponential kinetics and 2, 
slow space- and concentration-clamp due to neuronal morphology which could mask 
faster kinetics. Therefore we performed similar experiments with Xenopus Oocytes 
expressing exclusively one receptor type (NRla/2A) at high levels which allowed 
recordings from membrane patches with large currents. The use of inside-out patches 
for voltage step and outside-out patches in combination with a piezo driven fast 
application system negated space- and concentration-clamp problems. Block and 
unblock of the NMDA receptor by memantine after both voltage jump and 
concentration jump showed triple exponential kinetics (table, x in ms). The fast onset 
kinetics of NMDA receptor channel block following both concentration and voltage 
jumps from +70 to -70 mV were similar. In contrast, offset kinetics after a voltage 
step from -70 to +70mV were much faster than following a concentration jump at - 
70mV. This supports the hypothesis that rapid relief of block via strong synaptic 
membrane depolarisation underlies the good therapeutic profile of memantine.
Kinetic Cone

xon
Weight

%
VStep

xon
Weight
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Cone
xoff

Weight
%

VStep
xoff

Weight
%

Taul 3.5 55.8 2.8 45.6 36.1 12.3 6.9 28.7
Tau2 52.8 19.2 25.6 36.4 348.3 30.3 84.8 34.6
Tau3 1032.0 24.7 998.3 18.0 1343.2 57.4 1623.4 36.7

682.18
Residues That Differentially Affect Block of NMDA 
Channels By MK-801, TB-3-4, and Memantine
K. Williams1-2*, N.D, Nguyen1, T. Masuko2 3, T. Kuno3, K.
KashiwagP & K, Igarashi3 ‘Dept. of Pharmacology, University of
PA, Philadelphia, PA; 2Dept. of Physiology and Pharmacology, 
SUNY Health Science Center, Brooklyn, NY; faculty of 
Pharmaceutical Sciences, Chiba University, Chiba, Japan.

A large number of structurally dissimilar compounds are NMDA 
channel blockers. Their sites of action within the channel are largely 
unknown, although residues at the N and N+l sites in the M2 loop 
have a profound effect on many blockers and may contribute to their 
binding sites. We hypothesized that different channel blockers may 
share discrete but overlapping binding sites within the channel. We 
therefore studied the effects of point mutations on block by the high- 
affinity blocker MK-801, the low-affinity blocker memantine, and the 
novel polyamine derivative TB-3-4. We used NR1/NR2B receptors 
and voltage-clamp recording in oocytes. Mutations at the N and N+l 
sites affect all blockers, as do mutations at NR2B(W607), which also 
has a profound influence on Mg2+ block (1). Furthermore, mutations 
at residues in the extracellular sides of Ml and M3 affect block by 
MK-801 and TB-3-4 but not by memantine. In most cases these 
mutations reduce the affinity of block (i.e. increase the Kd(0)) without 
affecting the voltage-dependence (z5) of block.
1. Williams, K. et al. Mol. Pharmacol. 53: 933-941 (1998). 
Supported by USPHS NS-35047 from NINDS and the American 
Heart Association.

682.19

NMDA ANTAGONIST ACTIVITY OF N-TERMINAL 
FRAGMENTS OF CONANTOKINS L.-M. Zhou*, J.S. Nielsen. 
Y. Xiong, R.T. McCabe. Cognetix, Inc. 421 Wakara Way, Suite 
201, Salt Lake City, Utah 84108, USA.

The discovery that conantokins comprised a new family of 
NMDA receptor antagonists has provided novel prototypical, highly 
potent, NMDA-selective ligands for the development of 
therapeutical agents. Recently, conantokins have been characterized 
in seizure and Parkinson’s disease animal models through intracere-
broventricular (i.c.v.) injection. These molecules dose-dependently 
blocked sound-induced tonic extension in Frings audiogenic seizure- 
susceptible mice with ED50 in a range of 3 to 20 pmols, and a 
protective index (ED5O/TD5O) in a range of 13 to 27. In an animal 
model of Parkinson’s disease, conantokins potentiate the 
contralateral rotation induced by L-Dopa in rats with unilateral 6- 
hydroxydopamine-induced depletion of dopamine. As part of our 
drug discovery project, we attempted to identify active fragments of 
conantokins. We found that short conantokin N-terminal fragments 
(7 to 10 residues) possess NMDA antagonist properties assembling 
to the full-sized conantokins, although with a potency 10 times 
lower than that of the native peptides. In this report we will present 
structure-activity studies of N-terminal fragments of conantokins.

682.20
MODULATION OF THE NMDA RECEPTOR BY MAGNESIUM: 
COMPARISON IN YOUNG ADULT AND AGED RATS. Potier B., Jouvenceau 
A., Poindessous-Jazat F., Dutar P.* and Billard J.-M. INSERM U 159, 2 ter rue 
dAlesia, 75014 Paris. France.
The voltage-dependent blockade of N-methyl-D-Aspartate glutamate receptor 
(NMDAr) by magnesium (Mg2+) may vary during the lifespan. We have studied 
the effects of various Mg2+-containing solutions on extracellular field excitatory 
postsynaptic potentials (fEPSPs) recorded in the CA1 area of hippocampal slices 
from young (3-5 months old) and aged (25-33 months old) rats. The 1-0 
relationships of the fEPSPs, recorded in 0, 0.5, 1.5 and 3 mM Mg2+, were 
significantly smaller in aged rats, but no Mg2+-related alteration was observed. 
APV-sensitive fEPSPs were isolated in a Mg2+-free solution (0 Mg2+), in the 
presence of CNQX, a non-NMDAr antagonist. These NMDAr-dependent fEPSPs 
were significantly smaller in aged rats as compared to young ones. Increasing the 
extracellular Mg2+ concentration (0.05 to 0.5 mM) reduced a similar proportion 
of NMDAr-dependent fEPSPs in young and aged rats. The time-course of 
unmasking of the NMDAr-dependent component of the EPSP in 0 Mg2+, 
measured with intracellular recordings, was significantly slower in aged rats, 
suggesting a better efficacy of Mg2+ to block NMDAr during aging. Switching 
from control medium containing 1.5 mM Mg2+ to 0 Mg2+ increased the slope of 
the extracellular fEPSPs up to a plateau. In the presence of APV, this increase 
was significantly smaller. In aged rats, the plateau value was reduced by 50%, and 
the time-course to reach the plateau was two times longer. The depolarizing effect 
of 50 pM NMDA, applied in control medium, was similar in young and 25-29- 
month-old rats, but was markedly reduced in very old rats (30-33 months). These 
data suggest that the kinetics of the Mg2+ release from NMDAr might be altered 
in rat hippocampal neurones during aging.
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683.1

l-(HETEROARYLALKYNYL)-4-BENZYLPIPERIDINES AS ORALLY ACTIVE 
SUBTYPE-SELECTIVE NMDA ANTAGONISTS FOR THE TREATMENT OF 
PARKINSON’S DISEASE
J.L. Wright. P.A. Boxer. T.F. Gregory. S.R. Kesten, L.T. Meltzer. K. Serpa. and L.D.
Wise.* Departments of Chemistry and Therapeutics, Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Company, Ann Arbor, MI 48105; E,R. 
Whittemore and R.M. Woodward, CoCensys, Inc., 213 Technology Drive, Irvine, CA 
92618.

Non-selective NMDA receptor antagonists are known to potentiate the effects of L- 
DOPA in animal models of Parkinson’s Disease. Recently, NRla/2B subtype- 
selective agents also have been shown to have this effect. A previously discussed 
series of l-(4-hydroxyphenylalkynyl)-4-benzylpiperidines were potent and selective 
NRla/2B antagonists and potentiated the effects of L-DOPA in 6- 
hydroxydopamine(6-OHDA)-lesioned rats when administered ip, but not orally. 
Replacement of the rapidly metabolised phenol moiety in these compounds by 
bicyclic heterocyclic systems gave compounds that retained NRla/2B receptor 
activity. For potent NRla/2B activity, the heterocycle had to contain a para 
hydrogen-bond donating group. In addition, the more acidic benzimidazolone or 
indolone systems were preferred over less acidic indole. The alkynyl link was found 
to be optimal as propyne; butyne and pentyne gave weaker compounds. Finally, 
substitution on the benzyl moiety did not affect NRla/2B potency significantly. 5-{3- 
[4-(4-Fluorobenzyl)piperidin-l-ylJprop-l-ynyl}-l,3-dihydrobenzoimidazol-2-one (1) 
is a potent, selective NRla/2B antagonist (IC50 10 nM) with ICsoS at NRla/2A and 
NRla/2C receptors of 25 pM and >300 pM, respectively. Compound 1 had IC50S >1 
pM at a-adrenergic and dopamine D2 receptors, demonstrating > 100-fold selectivity 
for NRla/2B versus these receptors. In vivo, 1 potentiated the increase in rotations 
caused by L-DOPA (lOmg/kg sc) in the 6-OHDA-lesioned rat at 30 mg/kg orally. 
Supported by Warner-Lambert and CoCensys.

683.2
DISCRIMINATIVE STIMULUS EFFECTS OF GLYCINE-SITE NMDA 
ANTAGONISTS COMPARED TO OTHER NMDA ANTAGONISTS.
R.L. Balster*, K.L. Nicholson and Li Hua. Dept. of Pharmacol & Toxicol., Med. 
Col. of Virginia, Virginia Commonwealth University, Richmond, VA 23298-0310

Glycine-site NMDA antagonists may have a lesser likelihood of acute 
behavioral toxicity of the type typically produced by high-affinity NMDA channel 
blockers. To further compare the effects of systemically active glycine-site 
antagonists to those of channel blockers and competitive antagonists drug 
discrimination studies were performed in rats trained with phencyclidine (PCP) 
and the competitive antagonist NPC 17742. Rats trained to discriminate 2 
mg/kg PCP (i.p., 15 min presession) from saline using a two-lever operant 
conditioning procedure with correct-lever responding maintained under a FR 
32 schedule of food pellet reinforcement were tested (i.p.) with aminocylo- 
propane carboxylic acid methyl ester (ACPCM); (+)-HA-966; L701.324; MDL 
103,371; MDL 104,472; MDL 105,519; ACEA-0762; M.z 2/571 and Mrz 2/576. 
None of these drugs fully substituted for PCP (maximum of less than 50% PCP- 
lever responding) even though all were tested over a sufficiently high dose 
range to produce response rate decreasing effects. In addition, (+)-HA-966; 
L701.324; MDL 103,371; MDL 104,472; MDL 105,519; Mrz 2/571 and Mrz 
2/576 were tested in rats trained to discriminate 4 mg/kg NPC 17742 from 
saline (i.p. 60 min presession) under identical conditions. None produced full 
substitution in this procedure either. These results provide further evidence 
that the acute behavioral effects of glycine-site NMDA antagonists in rats differ 
from those of either potent channel blockers or competitive antagonists, 
consistent with the conclusion that they should be less likely to produce the 
adverse behavioral toxicity seen in clinical tests with these other types of site- 
selective NMDA antagonists. [Research supported by NIDA grant DA-01442]

683.3

GLYCINE POTENTIATES NMDA RECEPTOR RESPONSES IN 
HIPPOCAMPAL CA1 OF ADULT, FEMALE OVARIECTOMIZED RATS.
M. R. Zamani*, N. L Desmond and W. B Levy. Dept. of Neurosurgery, Univ. 
of Virginia, Charlottesville, VA 22908.

The TV-methyl-D-aspartate receptor (NMDAR) has at least four domains that 
are regulated by NMDA/glutamate, polyamines, cations and glycine/D-serine 
(Yonada et al., 1994, J. Neurochem. 62:102-12). Three domains act 
synergistically and interactively to modulate opening of the ion channel.
Neutral amino acids act on the NMDAR to potentiate its response. Reducing 
agents, e.g. dithiothreitol (DTT), and phosphorylation/dephosphorylation 
machinery also regulate the NMDAR. In hippocampal CA1, NMDAR activity 
varies with estradiol level (Woolley et al., 1997, J. Neurosci. 17:1848-59). The 
NMDAR may thus exhibit different affinities for its modulators as a function of 
estradiol level. We therefore examined the modulation of pharmacologically 
isolated NMDAR in CA1 in vitro from OVX rats treated with either estradiol or 
vehicle. In a nominally Mg2+-free/3.5 mM Ca2+ medium, glycine (100 pM) 
potentiated the NMDAR response 2- to 4-fold in CA1 from estradiol- and oil- 
treated animals. In the presence of glycine, spermine (200 pM) caused only a 
small response potentiation. Neither vanadate (100 pM) nor DTT (400 pM), 
when added sequentially to the bathing medium in the presence of glycine and 
spermine, further potentiated the response. Thus, in the presence of saturating 
concentrations of glycine, the NMDAR response to other modulators is largely 
occluded. However, because glycine is not saturated in vivo (Wood, 1995, Life 
Sci. 57:301-10), the NMDAR may be differentially exposed to glycine and 
possibly other endogenous modulators across the estrous cycle, unless these 
agents themselves change in parallel with the NMDAR as estradiol levels 
fluctuate. Supported by NIH and the Dept. of Neurological Surgery.

683.4
NMDA ANTAGONISTS DO NOT EXHIBIT CLEAR a-4 NICOTINIC AGONIST 
OR ANTAGONIST ACTIVITY IN SEVERAL RAT BEHAVIORAL TASKS 
A. Howelf^S. Awere, and D. Widzowski. Astra Arcus USA, P.O. Box 20890, 

Rochester, NY 14602.
Recent electrophysiological studies in cultured cells have shown that non-

competitive NMDA antagonists can act as non-competitive antagonists at a4 
nicotinic receptors. NMDA antagonists can also increase release of acetylcholine in 
the hippocampus and frontal cortex, possibly indirectly stimulating nicotinic 
receptors. The purpose of the present study was to determine if non-competitive 
NMDA antagonists (amantidine [AMN], memantine [MEM] and MK-801) exhibit 
ct4 nicotinic agonist or antagonist properties in rat behavioral tests. In rats trained to 
discriminate 0.4 mg/kg nicotine from vehicle, 0.4 mg/kg of nicotine engendered a 
high level (85%) of nicotine lever responding. Pretreatment of the rats with the 
nicotinic antagonists dihydro-(3-erythroidine (DHBE) or mecamylamine (MEC) 
before 0.4 mg/kg of nicotine potently blocked the nicotine stimulus reducing 
nicotine lever responding to <20% (comparable to vehicle). MK-801 administered 
alone induced partial substitution (50% nicotine lever responding) but administration 
of AMN or MEM alone resulted in no substitution (< 20% nicotine lever 
responding). Pretreatment with NMDA antagonists before nicotine only weakly 
reduced the nicotine stimulus (60-67% nicotine lever responding). In a familiar open 
field, nicotine, AMN and MEM all modestly increased locomotor activity (4-7 times 
vehicle levels) whereas MK-801 greatly increased locomotor activity (about 20 time 
vehicle). DHBE and MEC did not induced any activity. Finally, in reserpine- 
induced akinesia, MEM greatly increased locomotor activity (similar magnitude to 
L-DOPA), but AMN only modestly increased locomotor activity. Neither nicotine 
nor DHBE significantly increased locomotor activity in the reserpine model. These 
data do not support the hypothesis that non-competitive NMDA antagonists exhibit 
a4 antagonist or agonist properties in rat behavioral tests.

683.5

MRZ 2/579, A FAST KINETIC NMDA CHANNEL BLOCKER, DELAYS THE 
DEVELOPMENT OF MORPHINE TOLERANCE IN AWAKE RATS. A.K. 
Houghton C.G Parsons2 and P.M.Headley1. 'Dept. Physiology, School of Medical 
Sciences, Bristol BS8 1TD, UK and Dept. Pharmacology, 2Merz + Co., D-60318 
Frankfurt am Main, Germany

The purpose of the present study was to investigate whether NMDA antagonists 
with fast channel blocking kinetics, which show fewer side effects in man, can 
prevent the development of tolerance to morphine in rats. Rats were trained on the 
Randall-Selitto apparatus before being implanted, under halothane anaesthesia, with 
primed mini-osmotic pumps (240 gl/day). Six rats were implanted with a vehicle 
filled pump, 7 with a morphine filled pump (28.8 mg/kg/day), and 8 with 2 pumps 
one containing morphine and a second containing MRZ 2/579, a new NMDA 
antagonist (40 mg/kg/day). A fourth group was implanted with a morphine filled 
pump followed 25 h later by a MRZ 2/579 filled pump. Behavioural tests were made 
immediately before, and at 2, 4, 6, 8, 10, 12, 24, 48 and 72 h after the first pump 
was implanted. Before pump implantation, withdrawal thresholds were 120 ± 7 g 
(mean ± s.e.m., n = 30). Vehicle had no effect on withdrawal thresholds whereas 
morphine increased them significantly at 2 and 4 h after pump implantation (+ 2 h: 
208 ± 14 g; P < 0.001 vs control). From 6 h the analgesia elicited by morphine 
declined progressively; at 10 h withdrawal thresholds were significantly lower than 
the 2 h post-treatment value (P < 0.001). In rats treated with morphine plus MRZ 
2/579, thresholds remained significantly higher between 10 - 72 h post-implantation 
than with morphine alone (P < 0.05). In contrast, infusion of MRZ 2/579 once 
tolerance had developed did not reverse tolerance. Fast NMDA channel blockers 
such as MRZ 2/579 may prove to be useful in attenuating the development of 
tolerance to morphine, and so reducing morphine requirement in clinical pain 
conditions.

683.6

EFFECTS OF NMDA RECEPTOR BLOCKERS AND NITRIC OXIDE 
SYNTHASE INHIBITORS ON COCAINE-INDUCED LOCOMOTOR 
ACTIVITY IN MICE. S.M. Rezazadeh3*, H. Lal1, M.J. Forster1, and I.T. 
Uzbay.2 ’Dept. of Pharmacology, Univ. of North Texas, Health Sci Ctr at Ft. 
Worth, Texas 76107; 2Gulhane Military Medical Academy, Ankara, Turkey, 
and 3Dept. of Research, Terrell State Hospital, Terrell, Texas 75160.

Effects of two NMDA receptor blockers, MK-801 and ketamine, and two nitric 
oxide synthase inhibitors, NG-nitro-L-arginine methyl ester (L-NAME) and 
7-nitro indazole (7-NI), on cocaine-induced increase in locomotor activity were 
investigated in male Swiss-Webster mice. MK-801 (0.25-2.5 mg/kg), ketamine 
(10-50 mg/kg) and were injected 20 min before cocaine (5-20 mg/kg ip), whereas 
L-NAME (20-160 mg/kg) and 7-NI (10-80 mg/kg), were injected 30 min prior to 
cocaine injection (5-20 mg/kg, ip). Locomotor activity was measured for a period 
of 60 min immediately after cocaine treatment.. All drugs were also tested alone 
for their direct effect on locomotor activity. Injection of cocaine resulted in a 
dose-dependent increase in locomotor activity that was blocked dose-dependently 
by MK-801 or ketamine. L-NAME decreased locomotor activity in the absence 
of cocaine, but reduced the locomotor-activating effect of cocaine only when 
administered in combination with a relatively low dose of cocaine. Injection of 
7-NI reduced the locomotor-activating effect of cocaine (20 mg/kg) at only at the 
highest dose (80 mg/kg). 7-NI alone also caused a significant reduction in 
locomotor activity. Our results indicate that the cocaine-induced increase in 
locomotor activity may be modulated by NMDA receptor mechanisms, whereas 
nitric oxide does not seem to have a significant role in this phenomenon. 
[Supported by Scientific & Tech. Res. Council of Turkey (TUBITAK-SBAG)]
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683.7
EFFECTS OF PRENATAL ETHANOL EXPOSURE ON NMDA 
RECEPTOR FUNCTION IN RAT HIPPOCAMPAL NEURONS.
E.T. Costa, R.A. Cardoso, E. Soto, D.D. Savage and C.F. Valenzuela*, Dept. of 
Neurosciences; Univ. of New Mexico HSC, Albuquerque, NM 87131.

A number of studies have demonstrated that the function of NMDA receptors is 
affected by acute and chronic exposure to ethanol. Prenatal ethanol exposure has 
also been shown to affect expression and function of NMDA receptors. Moreover, 
there is experimental evidence indicating that hippocampal LTP, which in 
dependent in part on NMDA receptors, is affected by in utero exposure to alcohol. 
The aim of this study is to determine the effects of prenatal ethanol exposure on 
neonatal NMDA receptor function in hippocampal neurons. Sprague-Dawley rats 
were exposed to a liquid diet containing 5% ethanol during days 7-21 of 
pregnancy. Control pregnant rats were fed Purina rat breeder chow ad libitum or a 
liquid diet containing the same calories as the ethanol diet (pair-fed). Hippocampal 
neurons were cultured from the offspring (postnatal day 3) and maintained for 6-9 
days in alcohol-free media. Whole-cell patch-clamp electrophysiological 
techniques were then used to assess NMDA receptor function in these cells. 
NMDA EC50 concentrations were 7.4 +_1, 7.1 +.1, and 8.4 + 1.2 pM for the 5% 
ethanol-exposed, ad libitum, and pair-fed controls, respectively and the Hill slopes 
were 2.5 + 0.3. 1.8 + 0.3, and 1.8 + 0.6, respectively (n=3-4). Glycine EC50 
concentrations were 22 +_12 and 22 + 3 for the pair-fed controls and the 5% 
ethanol-exposed rats, respectively and the Hill slopes were 0.4 + 0.17 and 0.4 + 
0.2, respectively (n=5-6). These results suggest prenatal ethanol exposure does 
not affect agonist- or coagonist-induced activation of NMDA receptors. Further 
studies are underway to determine if other NMDA receptor functional parameters 
or receptor modulation are affected by prenatal ethanol exposure. Supported by 
NIH grants AA 00227.

683.8
DIFFERENTIAL EXPRESSION OF NR1 SPLICE VARIANT FORMS IN 
HIPPOCAMPAL NEURONS: EFFECTS OF CHRONIC ALCOHOL 
TREATMENT. R. Pal*, C. Leary, J. Hunt, M, Bechtel, K. N. Kumar, M, L. 
Michaelis, and E. K, Michaelis. Dept. Pharmacol. & Toxicol., Cent. Ment. 
Ret. Res., Cent. Neurobiol. & Immunol. Res., Univ. Kansas, Lawrence, 
KS 66045.
Chronic ethanol (EtOH) treatment causes increased expression of 

NMDA receptors (NMDARs) in brain. Using pan-antibodies (Abs) against 
the NR1 subunit it was shown that expression of this subunit is only 
modestly increased by EtOH treatment. The NR1, however, is expressed 
as 8 different exonic splice variant forms (alternative splicing of exons 5, 
21 and 22). The variant forms with or without exon 5 (NR1ex5) have 
differential sensitivities to agonists and antagonists, including EtOH. We 
hypothesized that select splice variant forms may be differentially 
expressed in neurons or their expression differentially affected by chronic 
EtOH treatment. Polyclonal Abs raised against 2 peptides, one for a 
sequence in exon 5, another for exon 21, were used in 
immunocytochemical studies of rat brain sections and neurons in primary 
cultures. Under normal conditions, in both brain sections and cell cultures, 
NR1ex5 was expressed primarily in neuronal cell bodies, whereas 
NR1ex21 was in both cell bodies and dendrites. Following treatment (72 
h) of 1 wk-old hippocampal cultures with 100 mM EtOH, expression of 
NR1ex5 increased significantly in neuritic processes, but not in cell 
bodies. On the other hand, NR1ex21 increased significantly in cell bodies 
and decreased in neuritic processes. Such differential expression 
following EtOH treatment was related to the age of neurons in culture and 
disappeared in 2 wk-old cultures. [Supported by grants AA 04732, 
AA11419, AG 12993, and HD 02528]

683.9 683.10

STRIATAL NR1 AND NR2B NMDA RECEPTOR SUBUNIT EXPRESSION IS 
ELEVATED IN ANIMAL MODELS OF L-DOPA-INDUCED DYSKINESIA 
P^Rayenscroft, B, Henry. A.R, Crossman, and J.M, Brotchie. Manchester Movement 
Disorder Laboratory, 1.124 Division of Neuroscience, School of Biological Sciences, 
University of Manchester, Manchester Ml3 9PT, UK. SPON: British Neuroscience 
Association

Despite the debilitating dyskinesias elicited by its repeated administration, the 
dopamine precursor L-DOPA remains the most common treatment for Parkinson’s 
disease. NMDA receptor antagonists reduce L-DOPA-induced dyskinesia. Conversely, 
some dopamine receptor agonists, such as bromocriptine, are able to alleviate 
symptoms of Parkinson’s disease with a reduced incidence of dyskinesias compared to 
L-DOPA. We thus hypothesised that enhanced NMDA receptor subunit expression 
may accompany repeated L-DOPA, but not bromocriptine treatment, in Parkinsonism. 
In this study, the topographical changes in striatal NMDA receptor subunit expression 
in the 6-OHDA-lesioned rat model of Parkinson’s disease was assessed using in situ 
hybridisation, following treatment with L-DOPA (6.5mg/kg) or bromocriptine 
(5mg/kg) twice daily for 21 days.

Following L-DOPA treatment, NR1 and 
NR2B subunit expression in the rostral 
striatum was elevated by 36% (P<0.05) 
and 23% (P<0.05) respectively, compared 
to vehicle-treated animals.
No significant changes were seen 
following bromocriptine administration.

Upregulation of NMDA receptor subunit expression may contribute to the neural 
mechanisms underlying L-DOPA-induced dyskinesia.

REGULATION OF NMDAR1 mRNA BY ANTIPSYCHOTIC DRUGS IN A RAT 
MODEL OF SCHIZOPHRENIA. C. Shannon Weickert *, Z. Z. Khaing, D, R. 
Weinberger and B, K, Lipska. Clinical Brain Disorders Branch, IRP, NIMH, Bethesda 
MD 20892.

The R1 subunit is a necessary component of the N-methyl D-aspartate receptor 
(NMDAR) which is a multi-subunit-ionotropic glutamate recpetor (Greenamyre and 
Porter 1994). Chronic exposure to haloperidol increases the levels of NMDAR1 
mRNA and protein in the rat striatum (Fitzgerald et. al. 1995 and Riva et. al. 1997). 
Increased binding to NMDAR has been reported in the putamen of schizophrenics 
treated with neuroleptics (Kornhuber et. al. 1989). Rats with neonatal hippocampal 
lesions display dopamine-related behavioral abnormalities reminiscent of 
schizophrenia (Lipska and Weinberger 1993). By use of RNase protection assay, we 
explored the impact of this lesion and chronic (28 days) neuroleptic treatment on 
expression of NMDAR1 mRNA in the caudate and medial prefrontal cortex of rats with 
early hippocampal lesions. Baseline levels of NMDAR1 mRNA in lesioned and control 
rats were similar in both regions examined. We found significant upregulation of 
NMDAR1 mRNA in the caudate of both haloperidol- treated (1 mg/kg/day) and 
clozapine-treated (15 mg/kg/day) rats compared to rats injected with vehicle. However, 
a similar up-regulation of NMDAR1 was not observed in caudate of lesioned rats; 
clozapine significantly down-regulated NMDAR1 in medial prefrontal cortex of lesioned 
animals compared to sham operates. Thus, NMDAR1 is regulated differently in the 
caudate and prefrontal cortex of a developmentally lesioned rat as compared to a 
normal rat. This suggests that disregulation of inducible NMDAR 1 gene expression 
may be a molecular component of behavioral abnormalities known to occur in this 
rodent model of schizophrenia.

683.11

CHRONIC LOW DOSE EXPOSURE TO MK 801 RESULTS IN A SELECTIVE 
LOSS OF PARVALBUMIN POSITIVE INTERNEURONS AND IMPAIRMENT 
OF RECURRENT INHIBITION IN THE CA 1 REGION OF RAT 
HIPPOCAMPUS
H. Grunze12*, A. Bender1, S. Wendhof,1 R, W, Greene2, D. Rujescu1.1 Dept. of 
Psychiatry, LMU, D-80336 Munich, 2 Harvard Medical School & VAMC 
Brockton, MA 02401

NMDA receptor hypofunction associated with decreased inhibitory drive of 
GABAergic intemeurons may play an important role in excitotoxic damage in 
cortical networks.. We.examined the effect of chronic, non-toxic, low dose 
application of MK-801 on two mterneuronal subpopulations in rat hippocampus. 
MK-801 (0,02mg/kg body weight) was injected i.p. in 52d old rats for 2 weeks 
(MK-801: n=6; saline controls: n=6). Whole cell patch clamp recordings were 
performed from CA 1 principle neurons. In addition, a relative cell count was 
performed on 15 pm cryostat slices triple-stained with anti-parvalbumin, anti- 
calretinin and DAPI, as markers for intemeuronal subpopulation and total cell 
number respectively. Recurrent inhibition evoked by alvear stimulation of 
GABAergic intemeurons was significantly reduced in the MK-801 group (IPSP 
amplitude -1,6 ±1,3 mV vs. -3,7 ±l,2mV in controls, p< 0,025). The number of 
parvalbumin positive intemeurons relative to the total number of neurons in CA 1 
was also significantly decreased in the treated group (p<0,01) whereas calretinin 
positive intemeurons seemed to be spared (p=0,62). Our results are consistent with 
the hypothesis that excitotoxic damage might me mediated through selective 
impairment of parvalbumin positive intemeurons with consecutive disinhibition of 
principle neurons. This mechanism may also play a role in psychiatric disorders 
such as PCP psychosis and schizophrenia.

683.12
Calretinin immunoreactivity is enhanced by NMDAR receptor activity in cortical 
neurons. J J,fens1. S.A,Berman3*...T, Iwasato4. A, Nanda1. S, Tonegawa4.and S. 
Bursztajn1'2. ’Dept.of Neurosurgery, 2Dept.of Pharmacology,3Dept. of Neurology, 
LSUMC, Shreveport, La71130;4Ctr.Memory&Leaming, MIT,Cambridge,MA02139

During excitation certain brain neurons release glutamate, a major excitatory 
neurotransmitter which binds to glutamate receptors.The N-methyl-D-aspartate 
receptors (NMDARs) are ionotropic glutamate receptors which serve as an 
important channel for calcium (Ca2+) entry. Receptor overactivity can trigger 
neurodegeneration and other brain dysfunction during ischemia and traumatic brain 
injury. In many excitotoxic models expression of the Ca2+ binding protein, calretinin 
correlates with cell survival. We have used cortical cells from genetically 
engineered mice to determine whether NMDAR activity regulates calretinin 
expression. These mice have had the normal NR1 gene knocked out (NR1-/-) and 
express a modified NR1 at either a normal (NRl+/+LTg++), or null (NR1-/-, 
knockout) protein level. Both (NR1+/+) and (NR 1-/-cortical cells have few 
apoptotic nuclei and little calretinin expression in the absence of glutamate. When 
exposed to glutamate (NR1 +/+) cells showed a decrease in viable neurons and an 
increase in apoptotic nuclei as a function of time and glutamate concentration. 
Surviving neurons showed intense calretinin immunoreactivity as well as NADPH 
diaphorase (NADPH-d) reactivity, a marker for nitric oxide synthase (NOS). The 
NR1-/- cortical cells exposed to the same concentration and time of glutamate 
showed a significant increase in neuron survival, compared to NR+/+ and these 
also had intense calretinin immunoreactivity. Western blots showed higher 
calretinin levels in NR1-/- than NR1+/+ in glutamate treated cells. Calretinin 
levels in cells not treated with glutamate were negligible. Our studies show 1) 
calretinin is associated with protection from glutamate toxicity and 2) glutamate can 
upregulate calretinin without NMDAR activation (Supported by LSUMC-S Res.).
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683.13
Functional N-methyl-D-aspartate receptors (NMDARs) are necessary for the 
initiation of apoptosis in cortical cells. S^&tfrszEUQ1:2* J.J.Feng1. T. Iwasato3,
S.A.Berman4. S, Tonegawa3 and A Nanda1 . 'Dept.of Neurosurgery, 
Pharmacology,“Dept. of Neurology, LSUMC, Shreveport, La 71130; 3Ctr.Memory 
& Learning, MIT, Cambridge, MA 02139.

Glutamate, a major central excitatory amino acid (EAA) neurotransmitter, 
initiates activity by binding to glutamate receptors. One type, the N-methyl-D- 
aspartate (NMDA) receptor, participates in synaptic plasticity. Receptor blockade 
early in development can trigger cell death (apoptosis) and extremes of activation 
later in life can also cause neuronal dysfunction and death as seen in traumatic brain 
injury, ischemia and certain neurodegenerative disorders. We have used cortical 
cells from genetically engineered mice to test cellular viability and survival to 
glutamate. These mice have had the NMDAR 1 (NR1) gene knocked out (NR1-/-) 
and express a slightly modified NR1 gene at either a normal level (NR1+/+ 
LTg++), or do not express detectable NR1 protein (NR1-/-, knockout). Cortical 
cells (NRl+/+LTg+/+) exposed to glutamate or NMDA show a time and 
concentration dependent LDH release indicating that membrane permeability of 
these cells was affected. After these treatments, NR1+/+ cortical cells showed 
compromised mitochondrial metabolism, condensation of chromatin material and 
DNA fragmentation. Cortical cells that have very little of functional NMDARs 
(NR1-/-) exposed to the same concentrations and time periods of glutamate or 
NMDA showed a smaller elevation of LDH release than do the NR1+/+ cortical 
cells. Similarly, the NR1-/- cells show milder mitochondrial dysfunction, chromatin 
condensation and DNA fragmentation. Exposure to kainate in the presence of 
MK801 resulted in a significant release of LDH and no significant differences 
between NR1+/ + , and NR1-/- was seen. Our results show that cortical cells 
having very little of functional NMDARs are significantly less susceptible to 
excitotoxicity and apoptosis. (Supported by LSUMC-S Research)

683.14
AXONAL EXPOSURE TO N-METHYL-D-ASPARTATE (NMDA) CAUSES 
RETINAL GANGLION CELL LOSS IN RATS. E.B.Drever,1* R.Naskar,1
L.McDermott,1 and C.K.Vorwerk12. 1Scheie-Eye-lnstitute University of 
Pennsylvania, Philadelphia, PA 19104 USA; 2Dept. of Ophthalmology, Otto- 
von-Guericke-University Magdeburg, Germany.

It has been demonstrated previously that intraocular administration of 
glutamate itself or related agonists (NMDA and kainate) results in retinal 
ganglion cell (RGC) loss. Pharmaceutical intervention to decrease 
subsequent RGC loss is mainly directed to block glutamate receptors found 
on cell bodies.

We sought to explore if overstimulation of glutamate receptor subtypes on 
the axon also lead to excitotoxic RGC death. Injections of NMDA into the 
optic nerve of adult hooded rats were performed. Injections were carried out 
with a 10ul Hamilton microsyringe attached to a 33gauge needle with 30° 
angle about 1,5mm behind the globe. The total volume injected was 3ul; a 
total amount of 30nmol (pH 7.4) was applied. Retinal ganglion cell survival 
was assessed one week postinjury by retrograde backlabeling of RGCs with 
the fluorescent tracer fluorogold from the superior colliculus.

Injections with the vehicle alone (phosphate buffered saline) resulted in a 
10% decrease in RGC survival, whereas NMDA injection Caused a 28% 
RGC loss after 1 week. RGC loss due to the vehicle injection alone probably 
reveals axonal injury from the injection itself. Immunohistochemistry against 
the NR2a/b subtype of the glutamate receptor showed an extensive staining 
within the optic nerve. We therefore believe that stimulation of NMDA 
receptors on the axon of the optic nerve can lead to excitotoxic death. 
Supported by NIH R01-10009

683.15

NMDA RECEPTOR SUBUNIT MRNA EXPRESSION IN THE 
HUMAN RETINA
M. DarsteinL W.A. Lagreze2 , T.J, Feuerstein1, G.B. Landwehrmever1.
’Dept. of Neurology and 2Dept. of Opthalmology, Albert-Ludwigs 
University Freiburg, Germany.

In eye disorders such as glaucoma elevated extracellular concentrations 
of glutamate might damage retinal ganglion cells by overstimulation of 
N-methyl-D-aspartate receptors (NR). There is evidence that this 
neuronal loss can be attenuated by applying NR antagonists. However, 
the presence of NR on retinal ganglion cells in human eyes has not been 
demonstrated so far and the NR subtype expressed are unknown. In the 
present study, the expression of NR subunit mRNA in this cell layer was 
studied. Eyes from five individuals were investigated with in situ 
hybridization histochemistry using 35S-labeled cRNA probes. Signals 
with a probe for the NR1 subunit were observed over almost all retinal 
ganglion cells. The majority of ganglion cells exhibited hybridization 
signals with probes directed to NR2C and NR2D subunit mRNA. Only a 
small fraction of cells displayed signals with probes for NR2A and 
NR2B. The pattern of expression did not vary among the five eyes. The 
NR2C and NR2D subunits seem to be coexpressed in individual cells 
since more than 50% of ganglion cells were positive for these subunits. It 
is unknown, however, whether NR2A and NR2B are coexpressed in 
individual ganglion cells.

Our study suggests that NRs in human retinal ganglion contain subunits 
NR2C and NR2D in most ganglion cells. Therefore, we would like to 
propose that subtype-specific NR antagonists may have a potential in the 
neuroprotective treatment of human retinal ganglion cells.

683.16

LESION-INDUCED CHANGES IN TRANSCRIPTION LEVELS OF NMDA 
RECEPTOR SUBUNIT mRNAs IN VISUAL CORTEX OF RATS.
S. Rumpel1,2, H. Hoffmann1, K. Gottmann’, H. Hatt1, T. Mittmann2 and U.T.
Eysel2*. ’institute of Cell Physiology and 2Dept. of Neurophysiology, Ruhr- 
University Bochum, D-44780 Bochum, Germany.

Previous studies reported functional changes of visual neurons induced by 
cortical lesions such as the "filling-in" of the scotoma by the receptive fields of 
neurons in the penumbra (Eysel UT, Schweigart G, Cerebral Cortex, 9:101, 
1999). We are interested in changes of synaptic properties in the surround of 
lesions that might underlie the reorganization of the cortical network. Lesions 
were induced in the visual cortex of rats (P22-P25) with a high intensity infrared 
diode laser (810 nm). After 8-10 days survival time coronal slices of the visual 
cortex were obtained using a standard protocol. Samples each containing ten 
layer n/m pyramidal neurons (0.1-1.0 mm lateral to the border of the lesion) 
were harvested under visual control (differential infrared contrast) using a patch 
pipette. Subsequently, competitive RT-PCR was carried out with primers for the 
NR2A and NR2B subunits of the NMDA receptor (Gottmann et al., J Neurosci, 
17:2766,1997). The PCR products showed a significant (p<0.01, t-test) reduction 
of the proportion of the NR2A product (25.7 ± 2.7%, mean ± SEM, n = 7) in 
lesioned animals compared to sham operated rats (36.3 ± 1.2%, n = 9).
These results indicate a reversion of the age related process of rising NR2A 
mRNA-levels during this phase of development. This might result in increased 
functional plasticity of neurons in the surround of a lesion. Ongoing experiments 
using the patch clamp technique investigate the biophysical consequences of 
changed mRNA levels for NMDA receptor mediated postsynaptic currents. 
Supported by the Deutsche Forschungsgemeinschaft (SFB 509, Cl and C4).

683.17

INHIBITION OF GLUTAMATE REUPTAKE MODULATES 
TRANSCRIPTION OF NMDA RECEPTOR SUBUNITS IN RAT 
CEREBELLAR GRANULE NEURONS. G. Cebers*, A. Cebere, H. 
Hogberg and S, Liliequist. Department of Clinical Neuroscience, Karolinska 
Institute, S-17176 Stockholm, Sweden

Previously we showed that in primary cultures of rat cerebellar granule 
cells L-PDC-induced blockade of glutamate reuptake substantially increased 
extracellular levels of glutamate and lead to gradual reduction of NMDA 
receptor-mediated functional responses. The down-regulation of NMDA 
receptor activity was accompanied by a dramatic decrease in the number and 
affinity of [3H]MK-801 binding sites, suggesting that L-PDC exposure might 
affect the expression of NMDA receptors.

In this study we investigated the effects of glutamate reuptake inhibition 
on the relative abundance of mRNAs coding for splice variants of NR1, NR2A 
and NR2B NMDA receptor subunits. We also monitored the expression of the 
corresponding receptor subunit proteins in the membrane fractions of cell 
homogenates. RT-PCR and immunoblot techniques were employed for the 
determination of mRNAs and receptor proteins, respectively.

The prolonged (48 h) L-PDC-induced glutamate reuptake blockade 
diminished the expression of the NMDA receptor subunits at both mRNA and 
protein levels. Furthermore, L-PDC exposure changed the expression ratio of 
several NR1 splice-variants. The decrease in the membrane expression of 
NMDA receptor proteins was considerably more pronounced than the 
reduction of the corresponding mRNAs, suggesting an involvement of a 
post-translational regulation.

This study was supported by the Swedish Medical Research Council.

683.18

DIFFERENTIAL TRANSLATION AS A MECHANISM FOR REGULATING 
FUNCTIONAL EXPRESSION OF NMDA RECEPTORS.
H.M.A. VanDongen and A.M.J. VanDongen*. Dept. of Pharmacology and 
Cancer Biology, Duke Univ. Med. Center, Durham, NC 27710.

NMDA receptors play critical roles both in the development of the nervous 
system, as well as in maintaining synaptic plasticity in the adult brain. 
Excessive stimulation of NMDA receptors caused by ischemia or other insults 
results in neurodegeneration. Neurons therefore must tightly regulate the 
expression level of functional NMDA receptors in order to balance plasticity 
and survival. We have previously shown that the 5 -untranslated region (5 UTR) 
of the NR2A subunit severely impairs protein synthesis in both Xenopus 
oocytes and a mammalian in vitro translation system (Wood et al., 1996,
J.Biol.Chem. 271:8115). The 5UTR of NR2A is more conserved between 
species than the coding region, suggesting an important biological role. On the 
other hand, the 5 UTR of the ubiquitously expressed NR1 subunit is not 
conserved and does not impede translation. Since heteromeric assembly of NR1 
and NR2 subunits is required for functional expression we propose a 
mechanism for modulating NMDA receptor activity through the translational 
control of the NR2A subunit. We are testing this hypothesis using a series of 
luciferase and GFP reporter constructs containing progressively shorter regions 
of the NR2A 5UTR. These cDNA constructs are expressed in a variety of non-
neuronal primary and transformed cell lines, as well as in hippocampal neurons 
in primary culture, by transient transfection. The results indicate that the 
relative expression of constructs containing the full-length 5 UTR varies 
amongst different cells, suggesting that the NR2A mRNA is subjected to 
differential translation. Supported by NINDS grant NS31557 to AMJVD
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683.19
RECIPROCAL EFFECTS OF CIS-ELEMENTS ON DEVELOPMENTAL 
ACTIVATION OF THE NRl GENE. Guang Bai1, Louis A. Marotti Jr A Alison
M. Beckmann2*, Eric J. Nestier2, Stuart A. Lipton1. ’The CNS Research Institute, 
Brigham & Women’s Hospital/Harvard Medical School, Boston, MA 02115, 
2Dept. Psychiatry, Yale University, New Haven, CT 06508.

NR! gene expression remains at a low level in developing brain during 
embryonic stages. A robust increase in NRl mRNA and protein occurs postnatally. 
To explore the underlying mechanism involved in this upregulation, we examined 
the rate of transcription of the NRi gene in the cerebral cortex of developing rat 
brain using nuclear run-on experiments and found that NRl gene transcription was 
enhanced postnatally. To further pursue the details of this transcriptional 
activation, we analyzed a 5.4-kb segment of the NRl promoter in rat embryonic 
neurons cultured for different periods of time in vitro and in neuronal cell lines. 
Our results show that two promoter regions were activated progressively in 
neurons cultured up to 16 days in vitro. Additionally, one negative region located 
between the two regions of activation was able to suppress the proximal region of 
activation even after 16 days in culture, while activity of the distal region could 
override the negative region only after this time point. PCI2 cells and 
differentiated Pl 9 cells displayed a pattern of promoter activation similar to that of 
the neurons cultured for 16 days. Studies on mutant promoters suggest that the 
major determinants in each region are as follows: an API site in the negative 
region, MEF2/Spl sites in the proximal region of activation, and SRE/NFk B sites 
in the distal region of activation. We are currently studying the role of specific Fos 
and Jun family proteins, which comprise the API transcription factor, in mediating 
negative regulation of the NRl gene. Our results suggest that complex mechanisms 
may be involved in the regulation of NRl gene expression during development, 
and raise potential mechanisms that could influence NRl expression in the adult 
CNS as well. Supported by P01HD29587 & EY05477 (to S.A.L.) and by 
MH51399 (to E.J.N.)

683.20
TIME COURSE OF NMDA RECEPTOR SUBUNIT SYNTHESIS, 
ASSOCIATION AND INCORPORATION INTO THE PLASMA 
MEMBRANE. S. Grimwood, R.A.J. Mcllhinnev’, E. Meddows’, K. 
Wafford, A. Macaulay, J. Kerby and P.J, Whiting*, Merck Sharp & Dohme 
Neuroscience Research Laboratories, Terlings Park, Eastwick Road, Harlow, 
Essex. CM20 2QR and ’Medical Research Council, Anatomical 
Neuropharmacology Unit, Mansfield Road, Oxford. OXI 3TH

We have used stably transfected L(tk-) cells, expressing recombinant 
human NRla/NR2A receptors under the control of a dexamethasone 
inducible promoter, to investigate the assembly of NMDA receptors. The 
time taken to generate NR la and NR2A subunits, for them to combine to 
form receptor complexes and to become incorporated into the plasma 
membrane as functional ion channels was measured from induction. Using 
western blot analyses, both NR la and NR2A subunits were detectable by 2- 
4h after induction, whilst the oligomer was only detectable at 6-8h. 
Radioligand binding experiments were performed on washed cell membranes 
from 16 time points (2-72h after induction) using [3H]L-689,560 as a marker 
for the formation of NRla subunits, [3H]CGP 39653 as a marker for NRla 
associated with NR2A and [3H]MK-801 as a marker for functional 
NRla/NR2A receptors. These experiments revealed detectable [3H]L- 
689,560 binding 8h after induction and [3H]CGP 39653 and [3H]MK-801 
binding 12h after induction. Whole-cell voltage clamp experiments revealed 
that functional channels were in fact present 6h after induction, with the 
majority of cells responding by 8h after induction. These experiments 
provide insight into the time course of synthesis and assembly of NMDA 
receptor complexes in a recombinant expression system. MSD Ltd.

ACETYLCHOLINE RECEPTORS: NICOTINIC VI

684.1

A NEW NEURONAL ACETYLCHOLINE RECEPTOR SUBTYPE 
FROM DROSOPHILA MELANOGASTER. K, Chamaon12. R, 
Schulz1, K.-H. Smalla'3, M.R. Kreutz1* andE.D, Gundelfinger1.
‘Leibniz Inst. f. Neurobiology, Magdeburg, Germany, 2FAN GmbH, 
Magdeburg, Germany; 3Medical Faculty, Otto von Guericke 
University, Magdeburg, Germany.

Nicotinic acetylcholine receptors (nAChRs) are an abundant class of 
excitatory neurotransmitter receptors in the CNS of insects. However, 
their subunit composition and stoichiometry is not known. In 
Drosophila, five genes encoding nAChR subunits have been identified 
and classified as ligand binding a-subunits ALS, Da2, Da3 and 
structural P-subunits ARD, SBD. We addressed the question, which of 
these subunits co-assemble into individual receptor complexes. Using 
biochemical and electrophysiological methods we previously have 
shown that one receptor subtype includes the two ligand-binding 
subunits ALS and Da2. Here we report on a receptor complex distinct 
from the ALS/Dcc2-containing nAChR. It includes the recently 
characterized subunit Da3 (Schulz et al., 1998, J. Neurochem. 71, 
853-862) and the structural subunit ARD. Immunohistochemical studies 
with subunit-specific antibodies have shown that these two subunits are 
essentially co-distributed in the synaptic neuropil of the Drosophila 
CNS. Punctate structures in the lamina of visual system constitute a 
striking example of exact co-localization. They are immunostained only 
by antibodies raised against Da3 and ARD, but not by antibodies 
against the other known subunits. Moreover, immunoprecipitation 
experiments using subunit-specific antibodies results in the isolation of 
a receptor complex containing Da3 and ARD subunits. Supported by 
the Land Sachsen-Anhalt and the ESF.

684.2

Cloning and characterization of the human a9 nicotinic receptor.
F, Besnard*. E. Charpantier. M. Partiseti. D. Graham and F. Sgard
Synthelabo, Department of genomic biology 10 rue des carrieres 
92500 Rueil-Malmaison, France <Fbesnard@synmail.synthelabo.fr> 
The latest member of the nicotinic acetylcholine receptor family, a9, 
has been shown to possess very distinctive pharmacological properties 
but has to date only been described in rat. In this study we report the 
cloning of the human a9 nicotinic receptor subunit from a fetal whole 
human cDNA library. Sequencing of the isolated cDNA (2.3Kb) 
revealed that it encodes a 479 aa protein with 90.8 % similarity to its 
rat counterpart. a9 cDNA injections into Xenopus oocytes induced the 
expression of a functional homomeric receptor activated by 
acetylcholine.
Preliminary data suggest that the human a9 subunit closely resembles 
the rat orthologue: application of lOOpM acetylcholine produces 
inward currents partially blocked by lpM atropine. Acetylcholine- 
induced responses are largely abolished in the absence of external 
calcium, suggesting that the human a9 channel is permeable to this 
divalent cation. Northern-blot analyses provided no evidence for a9 
gene expression in different regions of the human adult brain nor in 
the muscle, heart, liver, bladder and kidney. RT-PCR experiments 
using primers specific for the a9 subunit are currently being 
performed on other human tissues.

684.3

MIXED NICOTINIC-MUSCARINIC PROPERTIES OF THE a9 NICOTINIC 
CHOLINERGIC RECEPTOR. M. Verbitsky1, C.V, Rothlin1, E, Katz1’2 and A.B. 
Elgoyhen1*. ’instituto de Investigaciones en Ingenierla Gen6tica y Biologla 
Molecular (CONICET-UBA), 2Dept. Biologla, University of Buenos Aires, 
Argentina.
A cholinergic receptor composed of a9 subunits mediates synaptic transmission 

between olivocochlear efferent fibers and cochlear outer hair cells (Elgoyhen et al, 
Cell, 79:705, 1994). According to its primary structure a9 belongs to the nicotinic 
subfamily of acetylcholine receptors (AChRs). However, when expressed in 
Xenopus laevis oocytes, the a9 homomeric receptor-channel complex reveals 
atypical properties, coincident with those described for the outer hair cell receptor. 
The aim of the present work was to extend the pharmacological characterization of 
the recombinant a9 receptor to drugs that differentially act on various subtypes of 
nicotinic as well as muscarinic AChRs. Xenopus laevis oocytes were injected with 
a9 cRNA and electrophysiological recordings were performed after 3 to 7 days, 
under two-electrode voltage clamp. The nicotinic agonist methylcarbamilcholine 
was found to elicit currents through a9 with an EC50 of 42.5±4.7 pM (n=6), and a 
maximal response similar to that evoked by ACh. However, the nicotinic agonists 
nicotine, epibatidine and citisine blocked responses to ACh with a rank order of 
potency of: epibatidine (1.5±2.1 pM, n= 7) > nicotine (31.6±1.1 pM, n=4) > cytisine 
(43.6±7.7 pM, n=2). Moreover, a9 was blocked by the muscarinic agonists 
muscarine (IC50=87.2±6.7 pM, n=4), pilocarpine (IC50=85±18 pM, n=4) and 
betanechol (IC50=l 16±30 pM). Block by drugs was found to be of a competitive 
manner, suggesting interaction with the ACh binding pocket. Characterization of a 
chimeric protein a9(164)5HT3 expressed in Xenopus oocytes, suggests that the 
amino terminal portion of a9 is sufficient to render a receptor with pharmacological 
properties similar to those described for a9.
Supported by Howard Hughes Medical Institute International Program.

684.4

NEGATIVELY CHARGED RESIDUES ON THE CYTOPLASMIC SIDE 
OF THE PORE CONTROL BOTH CALCIUM PERMEABILITY AND 
INWARD RECTIHCATION OF NEURONAL NICOTINIC 
ACETYLCHOLINE RECEPTORS A, Peimun Haghighi and Ellis Cooper*DepL 
of Physiology, McGill University, Montreal, Qc, Canada H3G 1Y6.

Many nicotinic acetylcholine receptors (nAChRs) expressed by central 
neurons are located at presynaptic nerve terminals. These receptors have 
high relative permeability for calcium and exhibit strong inward- 
rectification, two important physiological features that enable them to 
modulate transmitter release. The inward rectification results from a 
voltage-dependent block by intracellular polyamines. Our goal is to 
identify the structural determinants that govern these 2 receptor properties. 
Based on data from glutamate receptors and ot? nAChRs, we hypothesize 
that a common structural feature mediates both calcium permeability and 
inward-rectification of all neuronal nAChRs. To test this idea, we used a 
combined approach of site directed mutagenesis together with 
electrophysiology. We focused on two ring-like collections of charged 
amino acids (inner and intermediate rings) near the intracellular mouth of 
the pore. We observed that partial removal of negative charges in the 
intermediate ring was sufficient to abolish both inward-rectification and 
Ca*+-permeability of a4p2 and a3p4 receptors expressed in Xenopus oocytes. 
However, mutations of the inner ring had little effect on either inward 
rectification or no Ca++-permeability. We conclude that negative residues 
on the intermediate ring are essential for interaction of polyamines with 
neuronal nAChRs and that these residues form a selectivity filter that 
controls Ca++-permeability of the receptor. This work was supported by 
MRC of Canada.
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684.5
A MASS ACTION EXPLANATION FOR THE SUBCONDUCTANCE STATE 
OF THE NICOTINIC ACETYLCHOLINE RECEPTOR. S.M.J. Dunn. L. Cao,
H.R. Jamshidi and W.F. Dryden*. Divn. Neuroscience and Dept. Pharmacology, 
Univ. Alberta, Edmonton, Alberta, Canada, T6G 2H7.

Subconductance states for nicotinic acetylcholine receptors (nAchR) have been 
attributed to a conformational change other than that which is associated with full 
conductance. To date, mass action models of this phenomenon have taken into 
account only the known pair of high affinity binding sites on the receptor 
oligomer. However, the evidence that ligand binding to the AchR occurs also at 
a number of lower affinity sites in order to accomplish activation has, as a 
corollary, the concept that binding to these sites and consequent conformational 
changes are also linked in the mass action scheme. This supposition has been 
investigated by exposing Torpedo nAchR reconstituted in giant liposomes to a 
range of low concentrations of flexible and semirigid ligands. Single channel 
recordings were made using detached inside out patch configurations, and the 
parameters of current amplitude and duration extracted using pClamp software. 
Results indicate that at submicromolar concentrations of flexible ligands, single 
channels showed predominantly subconductance currents, with the proportion of 
full conductance currents increasing with concentration of ligand. Semirigid 
ligands such as arecolone methiodide evoked mainly subconductance currents, 
even at high concentration. The data are consistent with a mass action scheme 
involving a multiple binding sequence in which subconductance states are seen at 
an intermediate stage where conformational change occurs.
Supported by the MRC of Canada.

684.6

ONSET OF AND RECOVERY FROM NICOTINE-INDUCED FUNCTIONAL 
INACTIVATION OF NICOTINIC ACETYLCHOLINE RECEPTORS (nAChR).
J.D. Fryer, C.M. Eisenhour, L. Ke, and R.J. Lukas*. Division of Neurobiology, Barrow 
Neurological Institute, Phoenix, AZ 85013.

Our previous work has shown that chronic nicotine exposure induces numerical 
upregulation (UR) and persistent functional inactivation (PI) of several rodent and 
human nAChR subtypes. Nicotine potencies and magnitudes and rates of onset of UR 
or PI differ within and across nAChR subtypes. Moreover, we’ve demonstrated 
pharmacological distinctions between UR and PI of human muscle-type or of 
autonomic nAChR. Here we characterize kinetics of functional effects. For all 
nAChR subtypes tested, loss of nAChR function on exposure to nicotine is time X 
dose-dependent whether measured electrophysiologically (Reitstetter et al., JPET, 
May, 1999) or by isotopic rubidium ion flux assays. Loss of function occurs more 
quickly and is increasingly persistent with increasing concentrations of nicotine. Loss 
of function occurs at progressively lower doses of nicotine and is increasingly 
persistent with increasing duration of nicotine exposure. Recovery from nicotine- 
induced functional loss is monophasic, regardless of the extent and persistence of 
functional loss. Collectively, these surprising results suggest that nAChR convert to a 
spectrum of conformational states with progressively deeper degrees of inactivation 
with increased dose X time of nicotine exposure, but that recovery of function occurs 
via a single pathway with kinetics dictated by dose X time of nicotine exposure. 
Human muscle-type (al*)-nAChR are more deeply inactivated than are human 
autonomic (a3*)-nAChR at a given dose and time of nicotine pretreatment, indicating 
nAChR subtype-specificity (and cell type-specificity?) of responses to nicotine 
exposure. The results have implications for how acute and chronic responsiveness to 
nicotine is integrated across nAChR subtypes in the brain and other organs in humans.

Funded by NIDA and Arizona Disease Control Research Commission.

684.7

HIDDEN MARKOV MODEL ANALYSIS REVEAL KINETIC DIVERSITY OF 
SINGLE ACETYLCHOLINE RECEPTOR CHANNEL CURRENT. H-L Wang*,
S. M. Sine. Dept. of Physiology and Biophysics, Mayo Foundation, Rochester, MN 
55905

We analyzed the kinetics of single AChR channels using Hidden Markov Modeling 
(HMM) as implemented by Sigworth and Venkataramanan. In contrast to standard 
likelihood analysis of detected intervals, HMM computes the likelihood for each 
digitized point, thus eliminating detection of conductance transitions and increasing 
the bandwidth. The figure shows HMM applied to the human AChR (expressed in 
293HEK cells) activated by 30 pM ACh and filtered at 25 kHz (top trace). The 
idealized output produced by HMM (center trace) reveals considerably more detected 
conductance transitions compared to the usual record filtered at 10 kHz (bottom 
trace). The corresponding HMM rate constants for a three state C-C-0 scheme are: 
opening rate 0=38,000 s'1, closing rate a=2,200 s'1 and dissociation rate k.=17,000 s'1. 
These rate constants agree well with
those obtained by standard interval 
likelihood analyses. Moreover, when 
applied to clusters of activity belonging 
to only one channel, HMM reveals that 
the rate constants distribute as Gaussian 
functions, indicating non-identity of 
individual channels. When applied to 
single clusters obtained from mutations 
that cause mode switching of the 
kinetics, HMM reveals markedly 
increased standard deviations for certain 
rate constants while others are 
unaffected. Supported by NIH grant 
NS31744.

684.8
LONG-LASTING INCREASE IN THE OPEN PROBABILITY OF 
NICOTINIC CHANNELS INDUCED BY INTRACELLULAR 
CALCIUM J.H, Hicks and R.A.J, Lester* Department of Neurobiology, 
University of Alabama at Birmingham, Birmingham AL 35294.

Transient signals capable of initiating long-term changes in receptor 
function are important mechanisms of neuronal plasticity in the CNS. During 
standard whole-cell recordings from medial habenula (MHb) neurons there is a 
time-dependent enhancement of nicotinic acetylcholine receptor (nAChR) 
function. After 20 min of whole-cell perfusion with an EGTA-containing 
intracellular solution, the response of MHb cells to nicotine had increased 2.8 ± 
0.4 fold (n=7). With a faster Ca2+ chelator, BAPTA, in the pipette, the 
enhancement was slightly reduced (2.2 ± 0.5 fold; n=5). Pre-incubation of the 
cells with BAPTA-AM (100 pM for 20 min), however, significantly reduced 
the augmentation of nAChR function (1.4 ± 0.5 fold; n=5). Because the 
presence of chelator before whole-cell “break-through” is necessary to prevent 
the change in nAChR responses, these data imply that a rapid (and possibly 
transient) rise in intracellular Ca2* concentration initiates the time-dependent 
enhancement. Pre-incubation of the cells in the ryanodine receptor antagonist 
dantrolene (30 pM) also largely prevents the enhancement (1.5 ± 0.3 fold; 
n=6), suggesting that release of Ca2* from intracellular stores is important. In 
addition, irreversible inhibition of functional nAChRs during the first 2 min of 
whole-cell recordings with the open channel blocker chlorisondamine 
completely eliminates the enhancement of function, implying that the increased 
activity of nAChRs is not due to the unmasking of previously silent receptors 
or the insertion of new channels. Because this time-dependent change is 
absent in perforated-patch recordings, we suggest that mechanical stress 
incurred during formation of the whole-cell configuration disrupts internal Ca2+ 
stores resulting in a rapid rise in intracellular Ca2* that directly or indirectly 
increases the open probability of nAChRs. Supported by PHS NINDS NS31669

684.9

DELETION OF A SINGLE CODON FROM THE LONG CYTOPLASMIC 
LOOP OF THE nAChR £ SUBUNIT GENE CAUSES BRIEF SINGLE 
CHANNEL CURRENTS
Xin-Ming Shen. Kiwi QhnQ..Takayasu Fukudome. Joan M, Brengman. Andrew
G. Engel*. Mayo Clinic. Department of Neurology. Rochester. MN55905. USA
Congenital myasthenic syndromes are diverse disorders caused by presynaptic, 

synaptic, or postsynaptic defects. Most postsynaptic defects are caused by 
mutations in AChR subunit genes. A 26-year-old woman had severe myasthenic 
symptoms since birth, a decremental EMG response, negative tests for anti-AChR 
antibodies, and responded partially to anti-cholinesterase drugs. No other family 
members are affected. End-Plate (EP) studies: a-bungarotoxin binding sites per EP 
were decreased to 30% of normal and the density and distribution of the AChR on 
the junctional folds were severely reduced. EP ultrastructure was preserved but 
some EP were simplified. Quanta! release by nerve impulse was higher than 
normal. The amplitude of the miniature EP current (MEPC) was reduced to 30% of 
normal and its decay time was prolonged. Noise analysis showed two channel open 
durations: one twice longer and one shorter than normal. Patch-clamp recording 
detected fetal type y-AChR at the EPs. Mutation analysis: This revealed deletion 
of an asparagine (e436delN), the last residue of the long cytoplasmic loop of the 
£ subunit, and a heteroallelic and previously observed splice-site mutation (eIVS9- 
1G—>C), which is a null mutation. After expression of genetically engineered 
e436delN in HEK cells, surface expression relative to wild-type was » 60% and the 
open intervals and bursts of the mutant channels were « 50% shorter than normal. 
To further investigate why e436delN shortens the opening events of the AChR 
channel, we engineered mutations into e and other subunits of the AChR and 
expressed these in HEK cells. Analysis of the artificial clones is in progress. 
Conclusions: (1) The identified mutations, like most others causing EP AChR 
deficiency, reside in the £ subunit gene. (2) The deletion of a single residue from 
the long cytoplasmic loopof £ can markedly affect AChR channel kinetics. (3) y- 
AChR expression at the EP is probably compensatory for the reduced expression of 
the mutant AChR. Supported by NIH grant NS6277.

684.10
DOMAINS RESPONSIBLE FOR DIFFERENCES IN 
SUSCEPTIBILITY TO NICOTINE-INDUCED INACTIVATION 
BETWEEN NICOTINIC ACETYLCHOLINE RECEPTORS a402 
AND a302. A. Kurvatov, F, Olale, C. Choi and J. Lindstrom*. 
Department of Neuroscience, University of Pennsylvania Medical School, 
Philadelphia, PA 19104-6074.

We and others have shown previously that chronic exposure to 
submicromolar concentrations of nicotine permanently inactivate 
a402 and a7 neuronal nicotinic acetylcholine receptors (AChRs) while 
a3p2 AChRs are resistant to inactivation. Phosphorylation of sites in the 
large cytoplasmic domain has been proposed as a possible mechanism for 
nicotine-induced functional inactivation. We demonstrate here that the 
large cytoplasmic domain of a3 and a4 subunits does not determine the 
susceptibility to nicotine-induced inactivation. Chimeric subunits 
containing the a4 sequence from either up to the beginning of the large 
cytoplasmic domain or the first transmembrane domain and the a 3 
sequence thereafter formed AChRs with 02 subunits. Both chimeras were 
as susceptible to nicotine-induced inactivation as were wild-type a4 
AChRs. The converse chimeras containing the N-terminal part of die a3 
subunit and the C-terminal part of the a4 subunit formed AChRs with 02 
subunits that were as resistant as wild-type a302 AChRs to nicotine- 
induced inactivation. Thus, inactivation of AChRs produced by chronic 
exposure to 0.2 pM nicotine cannot depend on the phosphorylation state 
of the cytoplasmic domain, but rather on changes in the N-terminus and 
transmembrane regions of a4. EC50’s for ACh and nicotine were entirely 
determined by N-terminal extracellular moieties, but efficacy for nicotine 
was determined by structures within transmembrane domains I and III.

Support for J.L. by NIH (NS 11323), STRC, Inc. and MDA.
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684.11

ROLE OF RAPSYN STRUCTURAL DOMAINS IN TARGETING, 
SELF-ASSOCIATION AND NICOTINIC ACETYLCHOLINE 
RECEPTOR (nAChR) CLUSTERING. M. K. Ramarao, M. J. Bianchetta, 
and J. B. Cohen* Department of Neurobiology, Harvard Medical School, 
Boston, MA-02115.

Previously we characterized the structural domains of rapsyn sufficient 
for its membrane targeting, self-association, and nAChR clustering 
(Ramarao & Cohen, PNAS, 1998). To further analyze the role of 
individual tetratricopeptide repeats (TPR) and other structural domains 
within rapsyn, another series of rapsyn mutants were created that were 
fused at their carboxy termini to green fluorescent protein and expressed in 
HEK293T cells along with nAChR. Results establish that a single TPR 
(TPR1 or TPR2 alone) is not sufficient for rapsyn self-association. While 
TPRs 1 and 2 of rapsyn are sufficient for self-association, they are not 
necessary, as deletion of TPRs 1 and 2 did not affect rapsyn clustering. 
Previously it was shown that the non-myristoylated rapsyn mutant (G2A- 
rapsyn) was targeted to the nucleus when expressed in non-muscle cells. 
Rapsyn360^i2 corresponding to RING-H2 domain is essential for nuclear 
targeting of G2A-rapsyn, as a rapsyn mutant lacking this domain was 
found to be distributed in the cytosol, excluded from the nucleus. These 
results, in conjunction with a model of rapsyn structure we have made 
based upon homology modeling with the known structure of the TPR 
domain of protein phosphatase 5, and the RING domain of equine herpes 
virus 63, provide a basis for further studies of rapsyn structure.
Supported in part by USPHS NS-19522

684.12

THE LARGE INTRACELLULAR DOMAINS OF THE NICOTINIC 
ACETYLCHOLINE RECEPTOR SUBUNITS MEDIATE THEIR 
ASSOCIATION WITH RAPSYN. *K.A. Huebsch and M.M. Maimone 
Department of Anatomy and Cell Biology, SUNY Health Science Center, 
Syracuse, NY 13210.

Proper signal transmission from motor nerve to muscle requires high 
density clusters of nicotinic acetylcholine receptor (AChR) in the 
postsynaptic membrane of the neuromuscular junction. Current evidence 
indicates that rapsyn, a cytosolic postsynaptic protein, is directly involved in 
AChR clustering; however, the molecular mechanism by which this occurs 
is unclear. Previous studies have shown that rapsyn can induce the 
clustering of each AChR subunit (a, (3, y and 8) when coexpressed in QT6 
cells. Since rapsyn is cytosolic, it is likely to associate with the AChR 
subunits through their intracellular domains. The AChR subunits are 
homologous to one another with each containing one large intracellular 
domain. To investigate the potential role of this intracellular domain in 
receptor clustering, we have generated a cDNA mutant for each subunit in 
which the region encoding the large intracellular domain has been deleted. 
Each mutant was coexpressed with rapsyn in QT6 cells and analyzed by 
immunofluorescence microscopy. We observed a significant decrease in 
colocalization between the mutant subunits and rapsyn compared to cells 
transfected with wildtype subunits and rapsyn. Consistent with these 
findings, Triton XI00 solubility assays showed that the solubility of mutant 
alpha subunit was not affected by the presence of rapsyn; whereas, wildtype 
alpha subunit was redistributed into the insoluble fraction in the presence of 
rapsyn. In addition, we expressed a chimeric potassium channel subunit 
containing the AChR alpha subunit intracellular domain and showed that it 
was clustered by rapsyn. Together, these data suggest that the large 
intracellular domains of the AChR subunits mediate their association with 
rapsyn. Supported by NIH grant #NS34070 (MMM).

684.13

REARRANGEMENT OF THE NICOTINIC RECEPTOR a SUBUNIT DURING 
FORMATION OF LIGAND BINDING SITES. M. Mitra. C.P. Wanamaker and 
W.N. Green*, Dept. of Pharmacology and Physiology, Univ. of Chicago, Chicago, 
IL 60637.

The nicotinic acetylcholine receptor (nAChR) is responsible for mediating fast 
synaptic transmission in the nervous system. The muscle-type form of the receptor 
assembles into pentamers containing 2 a subunits and 1 each of (3, y (or e) and 8 
subunits. Little is known regarding the subunit folding events leading to formation 
of the ligand binding sites, a subunit residues, 187-199, are part of the ligand 
binding sites. Using a monoclonal antibody (mAb 383c) specific for these a 
subunit residues, we found that this region is initially inaccessible to the mAb and 
becomes accessible as a-bungarotoxin (Bgt) binding sites appear. At the time Bgt 
binding sites form, we also found that ~20% of the a subunits could be alkylated at 
cysteines 192 and/or 193 by 10’4 M bromoacetylcholine without prior reduction, 
indicating that this proportion of the bonds had yet to form. At later times and on 
surface receptors, little or no BrACh alkylation occurred. These findings are 
consistent with a conformational change that exposes residues 187-199 to the ER 
lumen, thereby allowing cystine 192-193 to disulfide bond. When the a subunit 
was mutated to add an N-linked glycan at residue 187, which should keep this 
binding domain constitutively exposed, many more Bgt binding sites formed on 
the a subunits immediately following subunit synthesis. Furthermore, receptors 
containing mutated a subunits reached the cell surface faster than wild-type AChRs 
and assembled more efficently. Altogether, the results suggest that binding site 
formation involves a rate limiting rearrangement of the a subunit that exposes the 
187-199 region and allows cystine 192-193 disulfide bonding.
Supported by a grant from NIH and a NIDA training grant.

684.14
NICOTINE-INDUCED UPREGULATION OF a4(32 RECEPTORS IS CAUSED 
BY CONVERTING LOW- TO HIGH-AFFINITY BINDING SITES. Y.F. Vallejo,
H. Cheng?* & W.N. Green. Dept. Neurobiol, Pharm & Physiol, U. Chicago; 
Chicago, IL 60637.

Nicotine-induced upregulation of a4(32 receptors has been linked to features of 
nicotine addiction, in particular acute tolerance to nicotine. To test whether 
upregulation results from an increase in receptor number, rat a4 and (32 subunits 
were transiently expressed in tsA201 cells and l2sI-epibatidine binding measured with 
or without nicotine treatment. A hemaglutinin (HA) epitope tag added to the 32 
subunit C-terminus served as an accessible, extracellular site for anti-HA mAb 
12CA5 and l25I-protein A binding. A 5-6-fold upregulation of l25I-epibatidine binding, 
which saturates after 12-15 hrs, was observed with treatments of 1-10 pM nicotine 
and was half maximal at 220 nM. Nicotine treatments caused no change in receptor 
number as measured by the binding of anti-HA mAb 12CA5 and l25I-protein A to 
parallel sets of intact or permeabilized cells. On and off rates of l2H-epibatidine 
binding were measured to test whether nicotine treatment alters receptor affinity. 
Without nicotine treatment, l25I-epibatidine binds at two different rates: a rapid rate of 
9xlO7(Msec) ‘, which appears to be diffusion limited, and a much slower rate of 
2xl05 (M sec)1. l25I-epibatidine also comes off the receptor at two different rates: just 
at the limit of detection at a rate > 5x103 sec 1 and a much slower rate of lx 106 sec'1, 
Off rates reveal at least two classes of binding sites that differ in affinity for 
epibatidine by almost 4 orders of magnitude. After maximal upregulation, l25I- 
epibatidine binds only at the fast rate and dissociates only at the slow rate. These data 
indicate that nicotine induces most of the binding sites into the high-affinity state, 
and furthermore, that the slow component of epibatidine binding measures a 
conversion from the low- to high-affinity binding state. In short, nicotine converts 
low-affinity a432 receptors into a high-affinity state for agonists. Supported by 
grants from the NIH and Brain Research Foundation.

684.15

HOST CELL EFFECTS ON FUNCTIONAL PROPERTIES OF HUMAN a4p2 
NICOTINIC ACHRS. M.E. Nelson*. A, Kuryatov. and J.M. Lindstrom. Department 
of Neuroscience, University of Pennsylvania Medical School, Philadelphia, PA 19104.

Questions remain about the effect of host cell on cloned nicotinic AChR functional 
properties. We expressed human a4p2 AChRs in Xenopus oocytes (Kuryatov et. al, 
1997, J. Neurosci. 17:9035) and permanently transfected human embryonic kidney 
(HEK) cells. The ECW values for activation by acetylcholine and nicotine in oocytes 
were 2±0.1 and 0.3±0.04 pM, respectively, and in HEK cells were 67±5 and 27±5 
pM, respectively which reveals a significant difference in agonist potencies. Here we 
compare the single channel properties of a4|32 AChRs in each expression system to 
gain insight into the reason for the difference. In oocytes, two types of channel 
openings with similar frequencies of occurrence were observed at -80 mV when 
activated by ACh (0.05-1 pM). One type with an amplitude of 1.3 pA had open times 
of 3.6 and 24.3 ms, and another type with an amplitude of 2.3 pA had open times of
1.9 and 8.0 ms. In HEK cells, under the same conditions, the conductances were the 
same as for oocyte-expressed AChRs with amplitudes of 1.6 and 2.2 pA at -80 mV. 
However, channel activation required higher concentrations of ACh (1-5 pM) and the 
smaller conductance channel was less frequent. Only the larger conductance channel 
appeared at a high enough frequency in the patches studied thus far to obtain reliable 
time constants. They were 2.8 and 9.9 ms, which were not significantly different from 
the time constants determined for the larger conductance channel for oocyte-expressed 
a4p2 AChRs. Interestingly, when the a4 subunit contained the epilepsy (ADNFLE)- 
linked mutation (S247F), function (macrosopic) was rarely observed in HEK cells 
even though ligand binding AChRs were at levels similar to that found for wild type 
a4 AChRs and (S247F)a4[32 functioned in oocytes. This could be due to enhanced 
desensitization in HEK cells. In conclusion, the host cell does not influence a4(32 
AChR open times or conductances. Agonist potency differences between the 
respective cells must reflect differences in binding affinity and/or rates of 
desensitization. (Support: Grants to J.L. from NIH(NS11323), STRC, and MDA)

684.16
FUNCTIONAL STUDIES IN THE NICOTINIC ACETYLCHOLINE 
RECEPTOR IN A MOTIF ALSO PRESENT IN THE CATALASE. C. 
Morgado-Valle1, J. Garcia-Colunga2, R. Miledi2, M. Diaz-Munoz1 and G. 
Martinez de la Escalera3*. ‘Dept. of Developmental Neurobiology, 2Dept. of 
Neurophysiology, 3Dept. of Neuroendocrinology, Center of Neurobiology, 
National University of Mexico, Juriquilla, QRO. 76001, MEXICO.

The nicotinic acetylcholine receptor (nAChR) is the prototype of the 
superfamily of ligand-gated channels. nAChRs are formed by 5 subunits, and 
each subunit presents 4 transmembrane segments (M1-M4). The intracellular 
facing loop between M3 and M4 contains phosphorylation sites and sites of 
contact between the nAChR and cytoskeleton elements.

By using the program MOTIF (PNAS, 87, 826, 1990) focused in the 
loop between M3 and M4 of several ligand-gated channels, we have found a 
pattern of 5 aminoacids, in a block of 21, that is strictly conserved in 72 
subunits of the nAChR. The motif presented the sequence RXPXTH(X)14P, 
and was localized in the segment between M3 and the phosphorylation sites. 
Inspection of the sequences of the banks of cloned proteins showed that the 
motif is also present in another family of proteins, namely, the catalases. 
Catalases are enzymes localized in peroxisomes that metabolize H2O2 to 
produce H2O and O2, and are formed by 2 or 4 subunits. 14 Catalases from 
different sources had the same motif localized in the nAChRs.

To explore the functional significance of this pattern of conserved 
aminoacids, we are studying the expression of neuronal a2p4 AChR and its 
electrophysiological characteristics in Xenopus oocytes, and comparing these 
parameters with a2(34 AChRs in which the motif has been mutated.
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684.17

PROPERTIES OF STABLY AND HETEROLOGOUSLY-EXPRESSED HUMAN 
a4p2-NICOTINIC ACETYLCHOLINE RECEPTORS (nAChR). J.-H. Peng, J.B. 
Eaton, C.M. Eisenhour, J.D. Fryer, L. Lucero* and R.J. Lukas. Division of 
Neurobiology, Barrow Neurological Institute, Phoenix, AZ 85013.

Heterooligomeric nAChR composed of human recombinant a4 and (32 subunits have 
been stably expressed in a native nAChR-null human epithelial cell line. SH-EP1- 
ha4p2-nAChR cells express [3H]epibatidine-binding sites with pharmacological 
profiles expected for human a4|32-nAChR. Isotopic ion flux assays reveal rank order 
potency (EC50 values in parentheses) for nicotinic agonists of epibatidine (~10 nM) > 
nicotine (~1 uM) > acetylcholine (~2 uM) > cytisine (-3 uM) > DMPP (~5 uM) > 
carbamylcholine (~20 uM). Full efficacy is observed for each of these ligands except 
for DMPP (-80% of acetylcholine efficacy) and cytisine (-40%), and dose-response 
profiles are bell-shaped for nicotine (self-inhibitory IC50 of about 300 uM).
Antagonist profiles (IC50 values in parentheses for blockade of function stimulated by 
1 mM carbamylcholine) are mecamylamine (-500 nM) > dihydro-(3-erythroidine (-1 
uM) > methyllycaconitine (-10 uM) > hexamethonium (-20 uM) > alcuronium (-30 
uM) > pancuronium - d-tubocurarine (-100 uM) > eserine (-200 uM) > 
decamethonium (-300 uM), and a-bungarotoxin fails to block function at 1 uM. Sixty 
minute exposure of SH-EPl-ha4|32-nAChR cells to nicotine induces loss in function 
measured shortly after nicotine removal with an IC50 of less than 1 uM and with 
complete loss of function at nicotine concentrations of 10 uM or higher. However, 
function of human a4p2-nAChR recovers nearly completely 5 min after nicotine 
removal for nicotine pretreatment doses of 10 uM or lower. Thus, by contrast to 
findings of persistent inactivation of chick or rat a4(32-nAChR on chronic nicotine 
exposure, human a4(32-nAChR expressed in SH-EP1 cells are resistant to persistent 
inactivation, with important implications for cell specificity of nAChR expression 
and/or for human nicotine dependence and withdrawal.

Funded by Targacept and Arizona Disease Control Research Commission.

684.18

ULTRASTRUCTURAL ORGANIZATION OF ELECTRIC-FIELD 
INDUCED ACETYLCHOLINE RECEPTOR AGGREGATES. D. D, 
Kunkel* and J. Stollberg. Bekesy Laboratory of Neurobiology, 
University of Hawaii, Honolulu, HI 96822.

Acetylcholine receptor (AChR) aggregation is one of the key events 
in synaptogenesis at the neuromuscular junction. Aggregation begins 
shortly after contact by a motomeuron, and can be induced by several 
experimental manipulations including agrin and electric fields. Recently, 
using high resolution scanning electron microscopy (SEM) and 
quantitative image analysis, we reported that agrin-induced AChR 
aggregates had a spatial arrangement of lOnm and a hexagonal 
geometry. In this study we have employed electric fields to induce 
AChR aggregation.

Cultured Xenopus muscle cells were stimulated with electric fields 
(4V/cm), immuno-cytochemically labeled for AChRs using 12nm gold 
particles, and observed using field emission SEM. Backscattered 
electron images of the gold labeled AChRs were collected from random 
regions of membrane. Digital images were incorporated into 
Mathematica and gold particle locations were ascertained in order to 
produce a list of their X-Y coordinates (+/- 2nm). Previously reported 
Nearest neighbor analysis has been coupled with analysis of individual 
nano-aggregate size and geometry to compare the ultrastructure, as well 
as nanoaggregate size and shape, of field-induced and agrin-induced 
AChR aggregates. The results support previous observations suggesting 
that agrin and electric fields induce receptor aggregates by similar 
mechanisims.

Supported by NSF IBN97-24035 and AHA HIGS-17-95.
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685.1

Proliferation of Neural Progenitor Cells Mediated by 
Muscarinic Receptors through Activation of the PKB/Akt 
Pathway BinfcShsngLi Wu Ma2, Lei Zhang3, Veeranna David A,
Stengcr2 and Harish C, Pantl*

‘Laboratory of Neurochemistry, NINDS,3 Behavioral and Endocrinology Branch, 
NIMH, NIH, Bethesda, MD 20892-4130, USA.2 Center for Bio/Molecular Science 
and Engineering, Naval Research Laboratory, Washington, D.C. 20375, USA

Muscarinic acetylcholine receptor (mAChRs), a member of the G- 
protein-coupled receptors (GPCRs) gene superfamily, mediate the effects of 
acetylcholine on differentiation and proliferation in the central and peripheral 
nervous system. However, the role of muscarinic receptors in regulating the 
proliferation of neural progenitor cells as well as the downstream molecular 
events associated with receptor activation remain to be explored. Here we 
show that bFGF-expanded neural progenitor cell population dissociated from 
rat cortical neuroepithelium expresses m2, m3 and m4 subtype messenger 
RNAs. We further demonstrate that acetycholine angonists via muscarinic 
receptors activate a serine/threonine kinase, termed Akt or PKB, in a PI3Ks- 
dependent fashion. This in turn, stimulates DNA synthesis in the neural 
progenitor cells. Also, we report that transfection of PC 12 cells with Akt 
expression construct stimulated by carbachol resulted in an increase in 
proliferation. This effect was blocked by PI3K inhibitor, Wortmanin, or by 
transfection of dominant-negative forms Akt. These findings suggest that 
acetylcholine action through muscarinic receptors regulates PKB/Akt 
phosphorylation during the early stages of neurogenesis. This may provide a 
role for the PI3K/Akt signaling pathway in controlling proliferation of neural 
progenitors.

685.2
MUSCARINIC ACETYLCHOLINE RECEPTORS INDUCE EXPRESSION OF A 
NOVEL IMMEDIATE EARLY GENE, GIG-2. M. Mavhaus*1, H. von der 
Kammer1, C. Albrecht1, J, Klaudinv1 and R. M. Nitsch1’^ Center for Molecular 
Neurobiology, University of Hamburg, Martinistr. 52, 20246 Hamburg, 
Germany; ^Department of Psychiatry Research, University of Zurich, 
Switzerland

By using a differential display approach to identify genes that are activated by 
muscarinic ml acetylcholine receptor (AChR) signaling, we have cloned the 
cDNA for gig-2 (G protein coupled receptor-induced gene 2). Gig-2 expression 
was increased within one hour of receptor stimulation both in ml-transfected 
293 cells and in primary neurons. Receptor stimulation also triggered gig-2 
expression in presence of cycloheximide, indicating that gig-2 is an immediate 
early gene and that receptor-coupled expression was independent of de-novo 
protein synthesis. Pharmacological experiments showed that activation of the 
protein kinase C, phospholipase A2 as well as increases in intracellular 
calcium levels induced gig-2 expression. In contrast, activation of protein 
kinase A failed to alter the expression of this gene. Intraperitoneal injection of 
the muscarinic agonist pilocarpine into rats caused a strong induction of gig-2 
gene expression within one hour in brain cortical layers, the CA1 region of the 
hippocampus and in the putamen, with a pattern that was restricted to 
neurons. In unstimulated animals, gig-2 was expressed ubiquitously 
throughout many tissues, with highest levels in thyroid, lung and heart, and 
moderate levels in brain. Gig-2 encodes a protein of 372 amino acids, and 
antibodies directed against C- or N-terminal epitopes recognized a molecule of 
approximately 50 kDa. Gig-2 has homologies to domains VIII and IX of typical 
serine-threonine kinases, whereas other domains of these kinases are absent. 
The N-terminus of the gig-2 sequence contains a putative signal peptide, 
suggesting that gig-2 may be targeted to the secretory pathway. Our data 
suggest that gig-2 plays an important role in mediating long term effects of 
muscarinic AChR on neuronal functions. (Funded by BMBF, AFI).

685.3

IDENTIFICATION OF PROMOTER ACTIVITY IN THE GENE FOR 
THE HUMAN M3 MUSCARINIC RECEPTOR. H.L, Puhi* and R.S. 
Aronstam. Guthrie Research Institute, Sayre, PA 18840.

We sequenced over 25 kb of the 5' untranslated region of the gene 
encoding the human M3 muscarinic acetylcholine receptor, and identi-
fied 8 products representing the 5' ends of M3 transcripts. There is a 
complex pattern of splicing within the noncoding region. We confirmed 
the presence of a large (>20kb) intron 17 bp upstream from the transla-
tional start site and identified a 2nd intron with a 3' splice site about 130 
bp upstream from the 1st intron. We also identified at least three addi-
tional noncoding exons in the 5' untranslated region. The 5' cDNA ends 
represent potential transcription start sites, and are clustered within 3 re-
gions upstream from the 5' end of the second intron. The 1st region 
contains 3 potential start sites clustered in a region within 25 bp of the 
second intron. The 2nd region contains two sites and is located 220-260 
bp from the 2nd intron. The final region contains three potential start sites 
and is situated about 720, 680 and 520 bp from the 3' end of the second 
intron. To bypass these introns, ligation-mediated PCR method (LMPCR) 
was used to walk in a 5' direction from the ends of the cDNA products. 
Specific LMPCR primers were chosen to anneal just downstream from 
the longest and shortest RACE products. The genomic LMPCR frag-
ments were assayed for their promoter activity with a luciferase system. 
The genomic fragment produced by LMPCR from the shortest RACE 
product was 2.0 kb in length and produced negligible promoter activity 
compared to vector alone. The genomic fragment generated from the 
longest RACE product was 1.5 kb in length. The first 800 bp 5' from the 
putative transcription start site was sufficient to increase promoter activity 
by 52 fold in M3 expressing cells (SK-N-SH) and 70 fold in non-
expressing cells (HeLa). Sequence analysis shows a region of 80-90%
GC content within 200 bp of the putative transcription start site and a 
number of Spl and AP-2 transcription factor binding sites.

685.4
COMPREHENSIVE APPROACH FOR THE IDENTIFICATION OF 
INDUCIBLE GENES COUPLED TO ACTIVATION OF MUSCARINIC 
ACETYLCHOLINE RECEPTORS. Heinz von der Kammer1, Claudia 
Albrecht1, Manuel Mayhaus1, Barbara~Hoffmann\ Michaela Schweizer1,
Ulrich Drews*, Michael Wegner*\ and Roger M. Nitschu 'Center for
Molecular Neurobiology, University of Hamburg, Germany; institute of 
Anatomy, University of Tubingen, Germany; department for Psychiatry 
Research, University of Zurich, Switzerland.

In brain, muscarinic acetylcholine receptors (mAChRs) are involved in 
long-term potentiation, synaptic plasticity, as well as in higher cognitive 
functions including learning and memory. Plastic alterations in neuronal 
structure and function are associated with rapid and transient 
transcription of activity-dependent genes including the immediate-early 
genes c-fos, jun-B, Egr-1, and Egr-2. In order to identify genes that are 
coupled to mAChR signaling, we developed an mRNA differential 
display approach. With a set of 64 distinct random primers designed for a 
statistically comprehensive analysis of all mRNA species in a defined 
cell population, we analyzed HEK293 cells stably expressing ml mAChR 
stimulated with the muscarinic agonist carbachol. In the initial 108 PCR 
experiments, we identified 41 differential PCR products within 3h of 
receptor stimulation. Northern blot analyses confirmed differentially 
expressed genes in more than 80 % of all analyzed differential signals. 
Eleven immediate-early genes including Egr-1, Egr-2, Egr-3, c-jun,jun-D, 
GOS3, NGFi-B, ETR101, hCyr61, Gig-2 and Gig-3 were identified by 
sequencing. Carbachol-induced expression of Egr-1 and hCyr61 was also 
shown in both primary rat cortical neurons and the melanoma cell line 
SKMel28 with constitutively mAChRs at the cell surface. Our data show 
that multiple immediate-early genes are under the control of mAChRs, 
and they suggest that these may function in coupling receptor 
stimulation to long-term neuronal responses (Funded by DFG, SFB444).
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685.5

M2 MUSCARINIC RECEPTORS ARE THE PREDOMINANT INHIBITORY 
AUTORECEPTORS IN MOUSE STRIATUM: A STUDY IN MUSCARINIC 
RECEPTOR KNOCKOUT MICE. L, Zhang, 1 J, Wess.2 J. Gomeza,2 C. C. 
Felderl and F. P. Bvmaster. 1*1 Lilly Research Laboratories, Eli Lilly & Co., 
Indianapolis, IN 46285 and 2Lab. of Bioorganic Chemistry, NIH-NIDDK, 
Bethesda, MD 20892.
Muscarinic cholinergic inhibitory autoreceptors modulate CNS acetylcholine 
(ACh) release and muscarinic agents particularly alter ACh release in the 
striatum. Pharmacological studies with muscarinic antagonists of limited 
receptor subtype selectivity suggest that M2 and/or M4 receptors function as 
inhibitory autoreceptors in different brain regions. To identify the muscarinic 
receptor subtype mediating inhibition of ACh release in the striatum, we 
evaluated the effect of a muscarinic agonist on ACh levels in striatum of wild 
type (WT) and muscarinic M2 and M4 receptor knockout (KO) mice (Gomeza 
et al., PNAS 96:1692-1697, 1999; Gomeza et al., submitted). ACh striatal 
tissue levels were determined in vitro after s. c. administration of the non- 
selective muscarinic agonist oxotremorine (OXO), using high performance 
liquid chromatography and electrochemical detection. 0X0 (0.1-1 mg/kg) 
dose-dependently increased striatal ACh levels in WT mice ( >3- fold), 
indicative of decreased ACh release. In contrast, low doses of 0X0 (0.1 
mg/kg) did not increase ACh levels in the M2 KO mice. However, the highest 
dose of 0X0 (1 mg/kg) caused a partial elevation of ACh levels (about 1.5- 
fold). OXO-induced changes in ACh levels in striatum of WT and M4 KO 
mice were not significantly different. The present data suggest that the M2 
receptor is the predominant inhibitory muscarinic autoreceptor in striatum, but 
another autoreceptor, possibly M4, that is less sensitive to agonist 
stimulation, is also present.

685.6
ASSIGNMENT OF MUSCARINIC RECEPTOR SUBTYPES MEDIATING G- 
PROTEIN MODULATION OF Ca2+ CHANNELS USING KNOCK-OUT MICE.
M.D. Loose?* M.S. Shapiro,1 S.E. Hamilton,2 N.M, Nathanson,2 J. Gomeza,4 J.
Wess4 and B. HilleV Depts. of ^Physiology and Biophysics, and
^Pharmacology, Univ. of Washington School of Med.; Seattle, WA 98195; 
3Neuroscience Program, Oberlin College, Oberlin, OH 44074; 4Lab. of 
Bioorganic Chemistry, NIH, NIDDK, Bethesda, MD 20892.

Muscarinic receptors (MR) inhibit N-type and L-type Ca2+ channels in 
sympathetic neurons (SCG) via two distinct G-protein mediated mechanisms. 
One pathway is fast, membrane-delimited and voltage-dependent, and inhibits 
only N-type channels. The other is slow, uses a diffusible messenger, is voltage- 
independent, and inhibits both N-type and L-type channels. To identify MR 
subtypes mediating these pathways, we used the whole-cell patch-clamp and 
studied acutely dissociated SCG neurons from mutant mice in which individual 
MR genes had been knocked-out. We have shown previously that the slow 
pathway inhibiting N-type channels is absent in M! knock-out (KO) mice. To 
quantify modulation of L-type channels, we applied BayK 8644 (1 pM) or FPL 
64176 (1 pM) to enhance the L-type tail current and measured lCa 18-20 ms 
after the start of the tail current at -30 mV. Inhibition by the muscarinic agonist 
oxotremorine-M (oxo-M) was 53% in cells from wild-type (wt) mice. However, in 
cells from M! KO mice, inhibition by oxo-M was only 8%, indicating that 
muscarinic inhibition of L-type channels is via M! receptors. To identify the MR 
subtype mediating fast inhibition of N-type channels, we exploited the 10-fold 
difference in speed between the fast and slow pathways. To assay voltage- 
dependence, we used a double-pulse protocol in which the second pulse was 
preceded by a brief pre-pulse to 120 mV. In cells from both wt and M4 KO mice, 
oxo-M produced 1) a fast-onset inhibition in the first pulse that was much larger 
than that in the second pulse and 2) a slower-onset inhibition in both pulses. 
However, in cells from M2 KO mice, oxo-M produced no fast, voltage-dependent 
inhibition; only slow, voltage-independent inhibition was observed. Thus, in 
mouse SCG, M2 receptors mediate fast, voltage-dependent muscarinic inhibition 
of N-type channels, whereas M! receptors mediate the slow inhibition of N- and 
L-type channels. (Supported by NIH grants NS08174, NS26920).

685.7

GENERATION AND PHARMACOLOGIC ANALYSIS OF M4 
MUSCARINIC ACETYLCHOLINE RECEPTOR KNOCKOUT MICE. 
L. Gomeza,1 k Zhang 2_C.C, Felder J- F,P, Bymaster 2 J, Brodkin 2
HxEt Shannon,2 B, XiaJ E, Kostenis.1 C.-X. Deng.3 and J, Wess**.
iLab. of Bioorganic Chemistry, NIH, NIDDK, Bethesda, MD 20892; 
2Lilly Research Laboratories, Eli Lilly and Co., Indianapolis, IN 46285; 
3Lab. of Biochemistry and Metabolism, NIH, NIDDK, Bethesda, MD 
20892.

Muscarinic acetylcholine receptors (M1-M5) regulate many key 
functions of the central and peripheral nervous system. Interestingly, the 
M4 receptor subtype is abundantly expressed in the striatum and various 
other forebrain regions. To study its potential role in the regulation of 
locomotor activity and other central functions, we used gene targeting 
technology to create mice that lack functional M4 receptors. 
Pharmacologic analysis of M4 receptor-deficient mice indicated that M4 
receptors are not required for muscarinic receptor-mediated analgesia, 
tremor, hypothermia, and salivation. Strikingly, M4 receptor-deficient 
mice showed an increase in basal locomotor activity and greatly enhanced 
locomotor responses (as compared to their wild-type littermates) 
following administration of non-selective or DI-selective dopamine 
receptor agonists. These results indicate that M4 receptors exert 
inhibitory control on DI receptor-mediated locomotor stimulation, 
probably at the level of striatal projection neurons where the two 
receptors are coexpressed at high levels. Our findings offer new 
perspectives for the treatment of Parkinson’s disease and other 
movement disorders that are characterized by an imbalance between 
muscarinic cholinergic and dopaminergic neurotransmission.

685.8

SUSTAINED UNILATERAL BLOCKADE OF RAT STRIATAL ml 
MUSCARINIC RECEPTORS WITH ml-TOXIN IN VIVO. J.S. Liang. M.P, 
Santiago and L.T, Potter.* Molecular and Cellular Pharmacology, University 
of Miami School of Medicine, P.O. Box 016189, Miami, FL 33101.

ml-Toxin is a peptide from the green mamba, Dendroaspis angusticeps, that 
antagonizes ml muscarinic receptors specifically and irreversibly in vitro. It 
was injected into the right striatum of Wistar rats to determine whether it is 
possible to occlude ml receptors specifically in one area of the brain for 
several days (“ml knockdown”), and to develop an animal model to study the 
effects of striatal ml neurotransmission on movement. The specificity, regional 
extent and duration of ml-blockade were evaluated with receptor binding 
assays and light microscopic autoradiography. Single doses of one pg of ml- 
toxin blocked essentially all the ml receptors (binding sites for one nM 3H- 
pirenzepine) in the right caudatoputamen, followed by their slow recovery for 
a week to slightly supranormal levels. Smaller doses produced more focal 
effects, and bigger doses affected larger regions, including the cortex. Doses 
of ten pg blocked no more than half of the binding of one nM 3H-N-methyl 
scopolamine, indicating no blockade of the predominant m4 receptors in the 
striatum. Thus ml-toxin can be used to produce acute, focal, selective, 
unilateral and long-lasting ml-blockade in vivo, for investigations of the 
central effects of ml neurotransmission. Studies of the effects of right striatal 
ml-blockade on movement are in progress before and after the systemic 
administration of xanomeline, an ml+m4 agonist. This rat model or general 
approach should facilitate the development of behavioral tests to screen the 
effectiveness of ml agonists in the CNS. Supported by AG 06170.

685.9

RECOMBINANT m 1 -TOXIN 1. JJL Kraiewski,* I, M. Dickerson and L. T. 
Potter, Departments of Molecular and Cellular Pharmacology, and Physiology 
and Biophysics, University of Miami School of Medicine, P.O. Box 016189, 
Miami, FL 33101.

ml-Toxin 1 is the most prevalent of the ml-isotoxins of the East African 
green mamba, Dendroaspis angusticeps (=ml-toxin, Max et al., J Neurosci 
13:4293; Carsi and Potter, Toxicon in press). It binds specifically and 
irreversibly to ml muscarinic receptors in vitro and in vivo, and antagonizes 
ml neurotransmission. We have cloned and expressed the cDNA for this toxin 
(Life Sciences 60:1205 and 64:558) to obtain more active toxin than can be 
recovered from lyophilized venom, and to permit studies of the key amino acid 
residues of the toxin by site-directed mutagenesis. An adaptor-ligated cDNA 
library was prepared from venom glands using PCR-based techniques. The full 
length cDNA for ml-toxin 1 was found to have 513 base pairs, including the 
signal peptide sequence common to all cloned short chain neurotoxins. The 
cDNA was expressed in the yeast, Pichiapastoris, and recombinant ml-toxinl 
was purified from the media by cation-exchange and reversed-phase 
chromatography. Recovery averages 150 pg/1. Mass spectrometry shows a 
linear mass of 7471 Da (calculated mass=7473). Recombinant toxin blocks the 
binding of 1.0 nM 3H-N-methylscopolamine to cloned ml muscarinic receptors 
with an IC50 of 0.2 nM; by comparison, 100 nM toxin does not affect binding 
to m4 receptors. Expression and purification take a week, and yield a defined 
single toxin that is far more active than the same toxin from venom. This 
expression system is now being used to obtain mutant toxins and to prepare 
radioactive ml-toxinl. Supported by AG 12976 and AG 06170.

685.10

FUNCTIONAL ACTIVITY OF THE SELECTIVE MUSCARINIC Mj 
RECEPTOR LIGAND MT-7 AT CLONED AND NATIVE 
RECEPTORS. P. Onali*, A. Adem1, E. Karlsson1 and M.C, Olianas, 
Sect. Biochem. Pharmacol., Dept. Neuroscience, Univ. Cagliari, Italy 
and ^ept. Clin. Neuroscience, Div. Geriatr. Med., Karolinska Inst., 
Huddinge, Sweeden.

Muscarinic toxin-7 (MT-7) from the snake venom of Dendroaspis 
angusticeps has recently been identified as a high-affinity and selective 
ligand of muscarinic Mi receptors (Jolkkonen, Acta Universitatis 
Upsaliensis, Thesis 1996; Adem and Karlsson, Life Sci. 60, 1069, 
1997). Here, we report the pharmacological properties of MT-7 in 
functional assays of cloned human M1-M4 receptors expressed in CHO 
cells and native receptors present in N1E-115 neuroblastoma cells. In 
CHO/Mi cells, MT-7 (10 nM) markedly inhibited the maximal 
stimulation of [35S]GTPyS binding elicited by acetylcholine (ACh) and 
enhanced the agonist EC50 by about 3-fold. MT-7 (10 nM) failed to 
affect ACh-stimulated [35S]GTPyS binding in CHO/M2, M3 and M4 
cells. In N1E-115 cells, MT-7 (0.3-3.0 nM) caused a concentration- 
dependent reduction of the maximal stimulation of inositol phosphate 
accumulation elicited by ACh via endogenous Mj receptors. 
Conversely, the toxin did not affect the M4-mediated inhibition of 
PACAP-stimulated cyclic AMP formation. These data demonstrate that 
MT-7 selectively blocks Mi muscarinic receptors by acting as a 
noncompetitive antagonist. (Supported by Italian MURST).
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685.11

BINDING PROFILE OF A SERIES OF 2-ARYLPROPIONIC ACID 
ESTERS ON CLONED HUMAN MUSCARINIC RECEPTOR 
SUBTYPES (m,-m5) AND THEIR RELATIONSHIP TO NOOTROPIC 
ACTIVITY *1. Mizuma, 2C. Ghelardini, 2N. Galeotti, 2A. Bartolini, 
3M.N. Romanelli, 3E. Teodori, 3F. Gualtieri, ^ept. of Neuropharm., 
Univ. of Kyushu, Japan; 2Dept. of Pharmacol., Univ. of Florence, 
Italy; 3Dept. of Pharm. Sci., Univ. of Florence, Italy -SPON: ENA*

The muscarinic binding profile of a series of 2-arylpropionic acid 
esters on cloned human muscarinic receptor subtypes (mj-m5) was 
performed to investigate whether there is a correlation between 
pharmacological activity and muscarinic receptor subtype selectivity. 
Among the tested compounds, ET-103 {a-tropanyl 2-phenyl 
propionate}, PG-12 {a-tropanyl 2-1(3,4-di chloro )phenyl| propionate} 
and PG-9 {a-tropanyl 2-l(4-bromo)phenylj propionate} showed the 
highest affinity for the mo and 1T14 receptors. Compounds ET-103, PG 
12 and PG-9 have good affinity for 014 receptors (pKi = 7.87; 7.73 and
7.10 respectively) and are able to discriminate between m4/mj, m4/m3 
and m4/ms subtypes for 10-60 fold. Conversely, these compounds are 
able only to weakly discriminate between m4/m2. ET-103 (50-300 ug 
kg1 i.p.), PG-12 (1-10 ug kg'1 i.p.) and PG-9 (5-20 mg kg1 i.p.) 
injected 20 min before the training session, are able to prevent the 
amnesia induced by dicyclomine (2 mg kg1 i.p.) in the mouse passive- 
avoidance test. All compounds, at the highest antiamnesic doses, do not 
modify motor coordination and spontaneous motility as evaluated by the 
rota-rod test and Animex apparatus experiments.
This work was supported by grant from MUR ST.

685.12

HYDROPHOBIC INTERACTIONS BETWEEN ACETYLCHOLINE 
AND THR192 IN HM, MUSCARINIC RECEPTORS. Xi-Ping 
Huang.1* Peter I. Nagy.2 Frederick E, Williams.2 Steven M. 
Peseckis.2 and William S, Messer. Jr.2 ‘Department of 
Pharmacological Sciences, SUNY Stony Brook, Stony Brook, NY 
11794; 2Department of Medicinal & Biological Chemistry, The 
University of Toledo, Toledo, OH 43606.

Numerous studies have suggested a hydrogen bonding role of 
threonine residues in transmembrane domain V of muscarinic receptor 
subtypes. Few studies have addressed the possible involvement of 
hydrophobic interactions in the binding of acetylcholine. We 
examined the interaction of acetylcholine with wild-type and 
Thrl92Ser mutant HM, muscarinic receptors through a combination of 
site-directed mutagenesis and molecular dynamics studies.

Both receptors were stably expressed at comparable levels in A9 L 
cells and displayed similar Kd values for the muscarinic antagonist 
[3H]-(R)-quinuclidinyl benzilate. Acetylcholine displayed a much 
lower binding affinity for mutant than for wild type receptors, and 
stimulated phosphatidylinositol (PI) hydrolysis to a comparable level, 
yet with much lower potency at the mutant receptor. Molecular 
dynamics studies revealed an important role for the Thrl92 methyl 
group. Hydrophobic interactions between the Thrl92 methyl group 
and the acetyl methyl group stabilize an orientation of the ester moiety 
of acetylcholine which is favorable for hydrogen bond formation with 
the OH and NH2 groups of Thrl92 and Asn 382, respectively.

This work was supported by NS 35127.

685.13

A HOMOGENEOUS FLUORESCENCE POLARISATION ASSAY FOR THE 
BINDING OF A FLUORESCENTLY LABELLED NON-PEPTIDE ANTAGONIST 
TO M, MUSCARINIC ACETYLCHOLINE RECEPTORS. A.J. Harris1. S. Cox1. S.E. 
Hardwicke1. M.S.J. Briggs1, A. Patel2*, C.G. Norev1 and D.D. Bums1. 1 Nycomed 
Amersham, Cardiff Labs., Forest Farm, Whitchurch, Cardiff, South Wales. CF4 7YT. 
2Nycomed Amersham, Amersham Labs., White Lion Road, Amersham, 
Buckinghamshire, U.K. HP7 9LL.

There is currently a large demand for high affinity, fluorescent labels to study 
receptor/ligand interactions. This study describes the labelling of an amine 
functionalised derivative of telenzepine, (telenzepine amine congener ) a small non-
peptide Mi muscarinic receptor antagonist, with different fluorescent dyes; namely, 
fluorescein, Cy™5 and a Cy3 derivative. In radioactive competitive binding assays, 
using membranes prepared from Chinese Hamster Ovary (CHO) cells transfected 
with M] muscarinic receptors, the fluorescent ligands displayed only a minor loss 
of affinity compared to the unlabelled telenzepine amine congener.

The fluorescently labelled ligands were then tested in a homogeneous, polarisation 
assay format. Briefly, membranes derived from both CHO cells transfected with the 
Mi muscarinic receptor and non-transfected cells were incubated with low nanomolar 
concentrations of the fluor-labelled ligands. In the case of the transfected CHO cell 
membranes, significant increases in polarisation values were detected when the 
membrane protein was added to the Cy5- and derivatised Cy3-telenzepine whereas the 
non-transfected membranes produced only a slight increase in polarisation values. 
Competitive binding curves were generated with these ligands using the transfected 
CHO cell membranes and the unlabelled telenzepine amine congener and atropine as 
competing ligands. When the fluorescein labelled telenzepine was tested in a similar 
assay format, the increase in polarisation values detected was far lower than was seen 
with either the Cy5- or the derivatised Cy3-labelled telenzepine.
#Telenzepine amine congener was kindly provided by the NIMH Chemical Synthesis 
Programme.

685.14
REGULATION OF ACETYLCHOLINE BINDING BY ATP AT THE 
MUSCARINIC M, RECEPTOR IN INTACT CHO CELLS. M. K, O. Grant, 
A. Christopoulos, and E. E. El-Fakahanv*. Neuroscience Research, Dept. of 
Psychiatry, University of Minnesota Medical School, Minneapolis, MN 55455,
U.S.A.

ATP may have a modulatory effect on acetylcholine, as it is known that ATP is 
released as a co-transmitter with acetylcholine in nerve terminals. The ability of 
ATP to influence the binding of acetylcholine to the Mt muscarinic acetylcholine 
receptor expressed in intact CHO cells was investigated. In competition binding 
experiments, acetylcholine completely inhibited the binding of [3H]N- 
methylscopolamine, but yielded a shallow competition isotherm that was best 
described in terms of two affinity states. When these experiments were repeated 
in the presence of 1 mM ATP, the acetylcholine competition curve was better 
described in terms of a single, low affinity state with a Hill slope not significantly 
different from unity. This modulatoiy effect of ATP was completely reversed by 
the addition of the P2 purinoceptor antagonist, suramin to the assay medium. 
When the competition between the muscarinic receptor antagonist, atropine, and 
[3H]N-methylscopolamine was investigated, however, ATP was unable to 
modulate the binding of atropine, which was consistent with a one-site binding 
model in each instance. In contrast to the intact cell studies, ATP did not affect 
either affinity state of acetylcholine binding when studied in homogenate 
preparations. The results of the present study indicate that ATP, acting via 
endogenously-expressed purinoceptors, is able to influence agonist binding to the 
Mi muscarinic acetylcholine receptor via a cross-talk that requires the functional 
integrity of the intact CHO cell.
(Supported by NIH grant NS25743).

685.15

QUATERNARY-LBPOPHILIC CARBAMATES THAT ARE BASED ON
PYRIDOSTIGMINE ARE ALLOSTERIC M2 LIGANDS
G. Amitai*. R. Adani, I. Rabinovitz, G. Sod-Moriah, E. Rachaman and E. Heldman.
IIBR, Ness Ziona 74100, Israel

The molecular design of a novel series of carbamates is based on the attachment 
of aliphatic chains, with or without glucosyl moiety, to the quaternary pyridinium 
nitrogen of pyridostigmine (PYR). The incorporation of long alkyl chains (C6-Ci4) 
renders these PYR-X compounds lipophilic as displayed by the increase in 
n-octanol/water partition coefficient. BBB permeability was demonstrated 
functionally by a dose-dependent inhibition of brain ChE and hypothermia obtained 
after administration of PO (PYR-C8) and PD (PYR-C10) in rats. The bimolecular 
rate constants for inhibition by PO, PD and PDOD (PYR-C12) of HuAChE 
(3.5xl04,1.9xl06 and 5x10s Mimin'1) are similar to those obtained for HuBChE 
(7.3xl04, 7.8xl05 and l.OxlO6 Mimin'1, respectively). Selectivity of the PYR-X 
compounds PO, PD, and PDOD to M2 receptors was shown by displacing the 
selective M2 antagonist [3H] AFDX-384 from rat brain muscarinic receptors with K, 
values of 2.9xl0'6, 3.6xlO'7 and 5.4xl0'7 M, respectively, as compared to 5-13 fold 
larger Rvalues obtained for the displacement of the Ml antagonist 
[3H]pirenzepine. Functional antagonism of muscarinic physiological response was 
demonstrated by PO, PD and PDOD in isolated guinea-pig ileum with EC50 similar 
to the K values obtained in rat brain. Atropine-elicited dissociation of [3H]NMS 
from rat heart membranes is slowed down by PD and its glucosyl analog PDG in a 
dose-dependent manner. The dissociation rate constants for (3HJNMS in the 
presence of PO, PDOD, PD, PDG and PDGA at 50-100 pM are 0.1-0.2 min'1 as 
compared to 0.35 min'1 in the absence of these ligands. These data are consistent 
with a negative cooperative allosteric effect of these PYR-X compounds in rat heart 
M2 receptors.

685.16

A SIMPLE METHOD FOR ESTIMATING AGONIST ACTIVITY AT RECEPTOR 
SUBTYPES: COMPARISON OF NATIVE AND RECOMBINANT MUSCARINIC 
M3 RECEPTORS IN GUINEA PIG ILEUM AND TRANSFECTED CELLS. F.J, 
Efalsa'*.MX. Griffin2. G.W.&Wyg'-.anl&JSaiW. ’Dept. of Pharmacology, College 
of Medicine, UC Irvine, CA 92697 and 2Dept. of Environmental and Chemical 
Sciences, Chapman University, Orange, CA 92866.

We devised a simple method for estimating the pharmacological activity of agonists 
in native tissues and in cell lines transfected with a recombinant receptor. The method 
involves comparing the concentration-response curve of an agonist (A) with that of a 
standard agonist (S). In most situations, the product of the ratios of maximal responses 
(.Emax.AIEmta.s) and potencies (ECXJECX_A) is equivalent to the product of the affinity 
and intrinsic efficacy of A expressed relative to that of S. We define this relative 
estimate of agonist activity as the intrinsic relative activity (IRA) value of A. In a 
system with a cooperative stimulus-response function, the simple calculation of IRA 
underestimates the activity of a partial agonist relative to full, standard agonist. 
Nevertheless, we have devised a means of corfecting the IRA value in this situation. 
Wehave validated our technique by analyzing theoretical concentration-response curves 
generated using an operational model. These results showed that the IRA value of an 
agonist is equivalent to the product of its affinity and intrinsic efficacy expressed 
relative to that of the standard agonist. We also showed that the IRA values of agonists 
estimated from the contractile assay in the isolated guinea pig ileum (an M3 response) 
are in excellent agreement with those estimated from the phosphoinositide assay in 
Chinese hamster ovary cells transfected with the muscarinic M3 receptor. Our simple 
method of analysis can be used for a variety of purposes including: 1) to compare the 
activity of agonists in native tissue and in cell lines expressing a recombinant receptor 
2) to determine what receptor subtype mediates a particular response, and 3) to 
determine whether agonist activity is affected by the G protein with which the receptor 
interacts. This work was supported by NIH Grant NS30882.
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685.17
LATENT CARDIAC MUSCARINIC RECEPTORS. A, B. Pawagi. N, Pvo. P, 
Park. C.-S, Sum and J, W, Wells*. Faculty of Pharmacy and Department of 
Pharmacology, University of Toronto, Toronto, Canada M5S 2S2.

Differences in the maximal binding of A-[3H]methylscopolamine (NMS) and 
[3H]quinuclidinylbenzilate (QNB) to muscarinic cholinergic receptors raise the 
possibility of cooperative effects within an oligomeric array [e.g., Biochemistry 36, 
7361 (1997)]. In studies on m2 receptors from porcine atria, the ratio of capacities 
for [3H]NMS and [3H]QNB was 0.73 ± 0.02 in sarcolemmal membranes, 0.69 ± 
0.01 upon solubilization in digitonin, and 0.78 ± 0.02 with purified receptors 
devoid of G protein. Lower values were found with sarcolemmal membranes 
solubilized in 1.1% «-dodecyl-/?-Z)-maltoside (0.38 ± 0.04), 1.1% Lubrol-PX (0.37 
± 0.02), and a solution of 0.08% sodium cholate and 0.5 m NaCI (0.42 ± 0.02). 
Binding potencies (i.e., ECX) were 20 nM or less throughout (0.77 < nH < 1.3). 
When receptors solubilized in Lubrol-PX were exchanged into digitonin, the 
absolute capacity increased about 1,2-fold for [3H]QNB and 1.8-fold for [3H]NMS; 
when digitonin was added to receptors solubilized in cholate-NaCl, the absolute 
capacity increased 1.8-fold and 2.2-fold, respectively. The increase indicates that 
about 50% of the receptors can be latent under some conditions. In all 
preparations, the specific binding at near-saturating concentrations of [3H]QNB 
was inhibited fully at anomalously low concentrations of unlabeled NMS—a non-
competitive effect that points to cooperativity among interacting sites. 
Cooperativity also can account for the dependence of capacity on both the 
radioligand and the detergent, although those effects also could be explained in 
terms of a non-cooperative but asymmetric array. In either case, the range of 
relative capacities suggests that the receptor is at least tetravalent. Also, the 
possibility of latent sites complicates the interpretation of maximal binding, even 
with radiolabeled antagonists. (Heart and Stroke Fdn. of Ontario, MRC)

POTASSIUM CHANNELS: MODULATION

686.1

Kv3.1 ISOFORMS DIFFER IN THEIR RESPONSE TO PKC AND A 
PHOSPHATASE. CM Macica*, S Yokovamat. and LK Kaczmarek, Dept. of 
Pharmacology, Yale University School of Medicine, New Haven, CT 06525; 
Dept. of Biophysics, Kanazawa University School of Medicine, Ishikawa Japan. 
The level of a high-threshold K current Iht , influences the firing characteristics of 
the giant synapse in the medial nucleus of the trapezoid body (MNTB). Previous 
evidence indicates that the channel underlying Iht  is encoded by the Kv3.1 gene. 
By alternate splicing of RNA, the Kv3.1 gene yields two channel subunits, Kv3.1a 
and Kv3.1b that differ exclusively at the carboxy-terminus, where Kv3.1b has two 
additional putative phosphorylation sites for PKC. We have now addressed the 
possibility that PKC modulates Iht . Using the whole cell voltage clamp 
configuration, the effect of the PKC activator, phorbol myristate ester (PMA, 100 
nM) on Iht  in MNTB neurons was found to be bimodal, resulting in either an 
inhibition of current by 44.8 ± 2.2% or alternatively, having very little effect (4.5 ± 
0.8%). We tested the possibility that these differences could be due to differential 
expression of Kv3.1 isoforms. We found that Kv3.1a or Kv3.1b give rise to 
similar macroscopic currents in stably transfected CHO cells. Treatment of 
Kv3.1b with PMA however, resulted in a significant reduction of Kv3.1b current 
(32.4 ± 4.3%), whereas Kv3.1a current amplitude was not significantly affected 
(7.25 ± 5.2%). In biochemical studies, we have also shown that both channels 
exist constitutively as phosphoproteins and that this phosphorylation can be 
reversed by treatment with alkaline phosphatase (AP). We therefore tested the 
possibility that the channels are differentially modulated by phosphatases. 
Addition of 10 u/ml of exogenous AP to the intracellular pipette solution resulted 
in a rapid effect on macroscopic current. A time-dependent increase in amplitude 
was observed in Kv3.1b at all positive potentials (255 ± 42.8% of control at 5 min 
to 389 ± 55% at 15 min), whereas the effect on Kv3.1a current was less 
pronounced, (112 ± 4% at 5 min, to 152 ± 8% at 15 min). These data suggest that 
modulation of Iht  in MNTB neurons depends on the relative level of the two 
Kv3.1 channel isoforms, which are both present in these neurons.
NIH Grant 1-F32-MH12257-01

686.2

ANGIOTENSIN II (ANG II) STIMULATION OF NEURONAL Kv CURRENT IS 
MEDIATED BY 12-LIPOXYGENASE (12-LO) METABOLITES OF 
ARACHIDONIC ACID (AA). M, Zhu, C.H. Gelband, and C. Sumners*. Dept. of 
Physiology and Univ. of Florida Brain Institute, Univ. of Florida, Gainesville, FL 
32610.

Ang II acts via Ang II type 2 (AT2) receptors in neurons cultured from newborn 
rat hypothalamus and brainstem to increase delayed rectifier K+ (Kv) current. This 
effect involves a phospholipase A/AA pathway (Zhu et al., J. Neuroscience 18; 679, 
1988). In the present study we have investigated the role of LO metabolites of AA in 
this Ang II action since it is known that these metabolites are modulators of neuronal 
K+ channels/currents. Superfusion of cultured neurons with 100 nM Ang II (in the 
presence of lpM Losartan to block Ang II type 1 receptors) elicited an increase in 
neuronal Kv current that was attenuated (~60-70%) by the non-selective LO inhibitors 
ETYA(5,8,11,14-eicosatetraynoicacid; lOgM)ornordihydroguiareticacid(lgM). 
This effect of Ang II was not altered by treatment of neurons with the cyclooxygenase 
inhibitor indomethacin (1 OpM). Further, the stimulatory effects of superfused Ang II 
or AA (50pM) on neuronal Kv current were not altered by the selective 5-lipoxygenase 
(5-LO) inhibitor MK-886 (lOpM), but were attenuated (~50%) by the selective 12-LO 
inhibitor baicalein (lOpM). Finally, the effects of Ang II and AA on Kv current were 
mimicked by intracellular application of the 12-LO metabolite of AA, 12 S HETE (12 S- 
hydroxyeicosatetraenoic acid; lgM), but not by the 5-LO metabolites of AA 
Leukotriene B4 (lOnM) or Leukotriene C4 (lgM). These data indicate that the 
stimulation of neuronal Kv current by Ang II involves 12-LO metabolites of AA. 
(Supported by NIH grant HL-49130).

6863
Down -regulation  of  a  cloned  human  voltage -gated  k channel  
(hKVl.4) BY INHIBITION OF PROTEIN TYROSINE PHOSPHORYLATION Z-H, Zhang 
Y.T. Lee*' and O. Wang Wyeth-Neuroscience, CN 8000, Princeton, NJ 08543 

A human voltage-gated K channel (hKvl.4) was transiently expressed in 
CHO cells and the tyrosine phosphorylation and dephosphoiylation of hKvl.4 
were studied using patch clamp recording method. A tyrosine kinase inhibitor 
genistein (50 pM), reversibly reduced the peak currents of hKvl.4 at every 
step potential. At +50mV, genistein reduced Iptai by 44.9±12%(n=6). In 
addition, genistein slowed down the activation kinetics (xa). At +50mV, genistein 
increased xa from 1.81±0.3 to 5.0±0.6ms (n-10, p<0.01). Genistein significantly 
slowed down the inactivation (x,) at lower potentials and was without effect on x, 
at +50 mV or more depolarized potentials. Genistein has no effect on the 
deactivation(xd), but shifted the steady-state activation curve to the right with a 
change in the slop (k) of the curve (V1/2 from -7.4±4.4 to 7.7±2.7mV, k from 
17.4±2.2 to 23.0±1.0, n=6, p<0.05). Genistein also altered the slop of steady- 
state inactivation curve from -5.5±0.4 to -7.5±0.4 (n=8, p<0.01). The tyrosine 

phosphatase inhibitor vanadate (ImM) alone 
did not have much impact on Ipta)i or the 
channel kinetics. However, vanadate 
significantly reversed the effect of genistein on 
the current amplitude and kinetics. Daidzein, 
an inactive analogue of genistein, did not 
produce any effect on the current amplitude or 
kinetics. The data suggests that genistein-

induced inhibition of tyrosine phosphorylation down regulates hKvl.4 and 
markedly affects the channel gating. In addition, genistein may produce a non- 
catalytical (or direct) effect on this channel.

686.4
ROLE OF INHIBITORY (Gi/Go) VS. STIMULATORY (Gs) G-PROTEINS IN 
CANNABINOID RECEPTOR MODULATION OF POTASSIUM CURRENTS IN 
CULTURED RAT HIPPOCAMPAL NEURONS
J. MU*. S-Y. ZHUANG. R.E. HAMPSON and S.A. DEADWYLER. Department of 
Physiology and Pharmacology, Wake Forest University School of Medicine, Winston- 
Salem, NC 27157.

The brain cannabinoid receptor, CB1, is G-protein-linked via inhibitory (Gi/o) 
subunits directly to adenylate cyclase (Howlett et al. 1991) and calcium channels (Mackie 
and Hille, 1992); and indirectly via cAMP-dependent protein kinase (PKA) to potassium 
“A” (Hampson et al. 1995) and “D” current (Mu et al. 1997) channels. These CB1 effects 
are mediated by the dephosphorylation of membrane proteins. CB 1 receptors are also 
linked to stimulatory (Gs) subunits (Felder et al. 1996), which likely activate calcium- 
dependent protein kinase (PKC), resulting in phosphorylation of cellular proteins, 
including the CB1 receptor itself (Mackie et al. 1998). Stimulation of Gs subunits using 
cholera toxin (CTX) blocked the enhancement of potassium A-current produced by the 
potent CB 1 agonist WIN 55,212-2 - an event mediated by Gi/o-protein mediated decreases 
in cAMP and protein dephosphorylation. Similar effects to Gs stimulation on A-current 
were obtained by direct application of PKC.

In contrast, cannabinoid effects on potassium “K” currents were shown to result 
from stimulation of the Gs cascade by CTX, and were blocked by GDPpS. TEA-sensitive 
K-current was reduced 66% after exposure to WIN 55,212-2. This effect was also 
mimicked by Gs and PKC stimulation, but unaffected by PKA stimulation or manipulation 
of Gi/o proteins. Thus cannabinoid effects cannot be viewed in isolation with respect to 
activation of a single intracellular signaling cascade. Rather, cannabinoid effects must be 
viewed in the context of at least two different receptor-mediated G-protein-sensitive 
outcomes, each of which differentially modulates phosphorylation of proteins associated 
with different conductance mechanisms. [SupportedbyNIDA grants DA07625, DA03502 
& DA00114 (SAD) andDA08549 (REH).J
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686.5
INVOLVEMENT Kvl.4 AND PROTEIN KINASE C IN ANGIOTENSIN 
II-MEDIATED INHIBITION OF NEURONAL A-TYPE K+ CURRENT. 
S-J. Pan, C. Sumners and C.H. Gelband*, Dept. of Physiology and the UF 
Brain Institute, Univ. of Florida Coll, of Med., Gainesville^FL 32610.

We have previously determined that angiotensin II (Ang II), via the ATi 
receptor, inhibits hypothalamic/brainstem neuronal A-type Kv current (IA J. 
Neurophysiol. 1997;78:1021). The role of protein kinase C (PKC) and Kv 
channel subtypes were investigated in the ATj receptor-mediated inhibition of 
IA. The PKC blocker chelerythrine (1 pM), abolished the Ang Il-mediated 
inhibition of IA (n=6). Phorbol 12-myristate 13-acetate (PMA) produced an 
inhibition of IA (25%) which was similar to that observed with Ang II (17%, 
n=7). However, 4oc-PE, an inactive phorbol ester, had no significant effect on 
IA (n=6). At least three Kv channel isoforms may constitute neuronal IA 
including Kvl.4, Kv4.2 and Kv4.3. Antisense oligodeoxynucleotides made 
against Kvl.4, Kv4.2 and Kv4.3 were applied to the neurons for 24-120 hrs in 
order to manipulate the expression of neuronal Kv channels. Kvl.4 and 
Kv4.2 antisense treatment decreased the amplitude of IA by 31% (n=13) and 
39% (n=10), respectively. Kv4.3 antisense did not have any effect on IA 
(n=l 1). Application of missense to any of the Kv channel subunits had no 
effect on IA. Furthermore, Kvl.4 antisense treatment abolished the Ang II- 
mediated inhibition of IA (n=8) and significantly inhibited the PMA inhibition 
of neuronal IA (n=7). Kv4.2 antisense treatment had no effect on Ang II or 
PMA-mediated inhibition of IA (n=7). These results suggest that Kv 1.4 and 
Kv4.2 isoforms contribute to IA in rat hypothalamic/brainstem neurons. 
However, the ATj receptor-mediated inhibitory effect of Ang II on neuronal 
IA involves PKC and Kvl .4. (Supported by NIH HL-49130).

686.6
EICOSATETRAYNOIC ACID (ETYA), A NON-METABOLIZABLE 
ANALOGUE OF ARACHIDONIC ACID, BLOCKS THE FAST-
INACTIVATING K CURRENT (IK(f)) OF ADULT RAT MELANOTROPHS. S.J. 
Kehl,*Physiol. Dept., University of British Columbia, Vancouver, Canada.

This investigation of the effect of ETYA on the IK(f) of rat melanotrophs was 
prompted by reports that ETYA blocks transient K currents found in some neurons 
as well as those occurring in cardiac myocytes or mediated by Ky4.2 subunits. 
Whole cell recordings were made from acutely dissociated melanotrophs obtained 
from adult male rats. Bath solutions containing ETYA were prepared fresh each 
day from a stock solution in DMSO. Control and test solutions each contained 
0.1% (v/v) DMSO and were usually supplemented with 5 mM TEA+ to block a 
delayed rectifier-like K current (IK(s)). A rapid, 80-95% reduction of the peak 
amplitude of IK(f) was caused by 20 pM ETYA. This decline of the IK(f) amplitude 
was associated with an increased rate of current decay. A fit of the Hill function to 
concentration-response curves indicated a KD of 1.2 pM for the normalized charge 
transfer data; a fit to the normalized peak current data gave a KD of 3.3 pM. At a 
concentration of 1.25 pM, ETYA caused a 3 mV leftward shift of the steady-state 
inactivation curve. The mean,time constant for recovery from inactivation at -80 
mV was significantly slowed from 36 ms in control medium to 54 ms in 2 pM 
ETYA. This block of IK(f) by ETYA is qualitatively and quantitatively similar to 
that reported for transient K currents in some nerve cells and cardiac myocytes and 
might reflect an open channel blocking effect. Since ETYA was also observed in 
other experiments to block the IK(s), its usefulness in the pharmacological 
categorization of voltage-gated K channels appears to be limited. Supported by the 
Natural Sciences and Engineering Research Council of Canada (NSERC).

686.7

RUNDOWN OF AN A CURRENT IN MOUSE STRIATAL 
CHOLINERGIC INTERNEURONS IS ATTRIBUTABLE TO 
CHANGES IN CHANNEL VOLTAGE DEPENDENCE. W.-J,
Song*2*. S, Hattori1 and F, Murakami1. ’Div. of Biophys. Engn., 
Grad. Sch. of Engn. Sic.; 2Dept. of Ele. Engn., Grad. Sch. of Engn., 
Osaka Univ., Suita 565-0871, Japan

It is widely known that the amplitude of A-type potassium current (A current), as 
well as other currents, decreases during recording—a phenomenon often called 
rundown. Rundown may be a manifestation of disruption of mechanisms 
maintaining normal channel function. Thus understanding the mechanism underlying 
rundown may lead to the understanding of mechanisms regulating channel functions. 
Here we have studied the rundown of an A current in mouse striatal cholinergic 
(ACh) intemeurons.

Whole-cell recordings were made from acutely dissociated ACh intemeurons from
3-5 weeks old mice. The membrane potential was held at -60 mV, shifted to a pre-
potential of -100 mV for 500 msec, and depolarized to +20 mV to evoke potassium 
currents. Like ACh intemeurons in the rat (Song et al., 1998), mouse ACh 
intemeurons also expressed strong A currents. The amplitude of the currents 
decreased gradually during the initial 10 minutes of recording with an internal 
solution without ATP. When the pre-potential was set at -140 mV, however, 
rundown was greatly reduced, suggesting voltage-dependent nature of the rundown. 
Experiments employing a double-pulse protocol revealed that the voltage dependence 
of both activation and inactivation was shifted -10 mV towards hyperpolarization 
during rundown.

Our results thus provide a biophysical explanation for the rundown of A currents 
and suggest that the rundown is attributable to disruption of intracellular 
mechanisms regulating channel voltage dependence. (Supported by Japan MESCS 
and CREST).

686.8

SPECIFIC OXIDATIVE INHIBITION OF THE TRANSIENT K-CURRENT 
IA BY INTRACELLULAR ARACHIDONIC ACID IN RAT HIPPOCAMPAL 
NEURONS Wolfgang Muller* and. EC Bittner. AG Molekulare Zellphysiologie, 
lnstitut fur Physiologie der Charite, D-10117 Berlin, Germany

Oxidative modulation of ion channels by calcium-dependent activation of 
mitochondria and phosphilipases may contribute to plastic and degenerative 
processes. Because of its supposed membrane permeability arachidonic acid 
(AA) has been suggested as a transcellular messenger in synaptic plasticity 
and neurodegeneration. Using intracellular and extracellular application in 
the whole cell patch clamp configuration of cultured hippocampal neurons we 
show that AA is extremely potent in selectively reducing Ia  when applied 
through the patch pipette (50 % blockade at 1 pM), whereas extracellular 
application required a 106 fold concentration. AA did not affect the delayed 
rectifier current. The non-metabolized AA analog ETYA as well as blockade of 
the cyclooxygenase pathway of AA metabolism by indomethacin (20 pM) 
mimicked the effect of AA while the lipoxygenase blocker NDGA (10 pM) and 
the P450 blocker proadifem (5 pM) had no effect on Ia - The effect of AA was 
blocked by ascorbic acid (20 pM), indicating involvement of an oxidative 
mechanism. Intracellular application of the membrane impermeable reducing 
agent glutathione (2 mM) inhibited the effect of AA while extracellular 
application was ineffective, supporting an intracellular site of oxidation. 
Hydrogen peroxide blocked Ia  only at very high concentration (800 pM).

We conclude that IA is highly sensitive to free radicals generated by A A 
inside cells. Therefore moderate extracellular AA concentrations are effective 
despite a poor transmembrane permeability. Depending on subcellular 
oxidative status AA is likely to effectively control excitability and thereby 
action potential waveform and release of neurotranmitters.
Funded by the Deutsche Forschungsgemeinschaft (SFB 507/C4).

686.9

ENHANCEMENT OF A-TYPE POTASSIUM CURRENT BY mGluR IN 
CULTURED HIPPOCAMPAL NEURONS. Dmitry V. Vasilyev1. Svetlana A. 
Fedulova1. Victor A. Dericach*2 and Nickolay S. Veselovsky1. 'Bogomoletz 
Institute of Physiology, Ukrainian Academy of Science, Kiev-24, Ukraine; 
2Vollum Institute OHSU, Portland, Oregon.

A-type potassium current (A-current) was isolated upon substruction 
of the two whole-cell currents: the current after complete inactivation of A- 
current from the current before inactivation (two-pulse technique). The 
control pipette solution contained (in mM): K-gluconate 100, KC150, MgCl2 
2.5, EGTA 5, Tris-Cl 20; pH 7.4. The effect of GTP on A-current was 
measured by sequential recordings from the same neurons with two patch 
pipettes filled with the control solution but either without or with 50 pM GTP. 
Within 15 min of GTP infusion, A-current was slowly decreased to 80% of the 
initial amplitude. The effect was detected at the membrane potentials more 
positive than 0 mV. Metabotropic glutamate receptor agonist 1S.3R-ACPD 
(50 pM, lS,3R-aminocyclopentane-l,3-dicaiboxylic acid) was applied after 
developing of the GTP effect. The agonist caused an increase of the peak of 
A-cuirent on average by 40%. 1S.3R-ACPD had the same effect on A-current 
without GTP in the pipette. A selective antagonist of mGluR2 receptors, 
EGLU, abolished the effect of 1S.3R-ACPD on A-current. Supported by grant 
INTAS-93-3504 and by grant UB2-232 from the Civilian Research and 
Development Foundation.

686.10

ACTIVATION OF mGluR MODULATES A SLOW POTASSIUM CURRENT 
IN CULTURED HIPPOCAMPAL NEURONS. Svetlana A. Fedulova Dmitry 
V, Vasilyev1. Edwin W, McCleskey*2 and Nickolay S. Veselovsky1.
'Bogomoletz Institute of Physiology, Ukrainian Academy of Science, Kiev-24, 
Ukraine-,2 Vollum Institute OHSU, Portland, Oregon.

Effect of GTP on slow potassium current (SPC) was studied on the 
same neurons by sequentially using of two patch pipettes filled with control 
intracellular solution either without or with 50 pM GTP. The GTP effect 
developed within 15 min after establishment of whole-cell configuration and 
resulted in a decrease of SPC, evident at the membrane potentials more positive 
than +10 mV. When mGluR agonist 1S,3R-ACPD (50 pM, 1S,3R- 
aminocyclopentane-l,3-dicarboxylic acid) was applied after the apparent GTP 
effect, it brought an additional suppression of SPC in a voltage dependent 
manner. 1S.3R-ACPD did not affect SPC without GTP inclusion. Upon 
developing of GTP and 1S,3R-ACPD effects, application of 4-aminopiridine 
(4-AP, 100 pM) additionally and reversibly reduced SPC. 4-AP had the same 
effect either before or after application of 1S,3R-ACPD suggesting no 
involvement of a D-potassium current in die mGluR receptor mediated 
suppression. A selective antagonist of mGluR2 receptor, EGLU, abolished the 
effect of 1S.3R-ACPD. Actions of GTP and 1S,3R-ACPD could be explained 
by either acceleration of current inactivation or inhibition of a non-inactivating 
current which has an activation potential near 0 mV and a time constant of 
activation about 45 ms at +40 mV. Supported by grant INTAS-93-3504 and by 
grant UB2-from the Civilian Research and Development Foundation.

Society  for  Neuroscience , Volume  25, 1999



1728 POTASSIUM CHANNELS: MODULATION WEDNESDAY AM

686.11

COUPLING OF METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION 
TO MODULATION OF A SLOWLY INACTIVATING POTASSIUM 
CURRENT (/D) IN HIPPOCAMPAL PYRAMIDAL NEURONS. Rui-Lin Wu* 
and Michael E. Barish. Div. of Neurosciences, Beckman Res. Inst., City of Hope, 
Duarte, CA 91010.

/D is a slowly inactivating 4-aminopyridine (4-AP)-sensitive potassium current 
of hippocampal pyramidal neurons. We have recently reported that one prominent 
effect of metabotropic glutamate receptor (mGluR) activation by short exposures 
to the agonist lS^R-ACPD (100 pM) is suppression of /D by acceleration of its 
inactivation (Soc. Neurosci. Abs. 24: 1335; 1998). /D was identified as a target 
because inactivation of the component of total current sensitive to micromolar 
concentrations of 4-AP was accelerated by ACPD. Further, this action of ACPD 
was completely occluded by 4-AP, suggesting that other currents are not involved. 
Inactivation of/D was enhanced by inclusion of GTPyS in the internal solution, and 
blocked by inclusion of GDPpS, indicating a G protein-mediated process.

More recently, we have begun to characterize the intracellular messengers 
coupling mGluR activation to /D. We tentatively advance the hypothesis that /D 
inactivation is enhanced by dephosphorylation because (a) omission of ATP and 
GTP from the internal solution results in a form of “run down” - spontaneous 
acceleration of /D inactivation, and (b) inclusion of the Tris+ salt of GTP permits 
recovery of 7D after removal of ACPD, while recovery is blocked if the Li+ salt is 
used, suggesting that Li* may be blocking a kinase that re-phosphorylates the 
channel.

Further characterization of this linkage is in progress.
Supported by NIH R01 NS23857.

686.12

MODULATION OF ERG1, ERG2 AND ERG3 BY THE NATIVE TRH- 
INDUCED SIGNAL CASCADE. W. Schledermann, I. Wulfsen, J.R. 
Schwarz, C.K. Bauer* (SPON: ENA). Inst. Physiol., Univ. Hamburg, 
Martinistr. 52, D-20246 Hamburg, Germany.

In clonal rat pituitary somatomammotrophs (GH3/B6 cells), the 
endogenous erg K+ current contributes to the maintenance of the resting 
membrane potential. Its reduction by thyrotropin-releasing hormone (TRH) 
is involved in the TRH-induced stimulation of prolactin secretion (Bauer et 
al., J. Physiol. 1990, 429:169; Bauer et al., Receptors & Channels 1998, 
6:19). In order to elucidate the mechanism of the TRH effect we over-
expressed the three members of the erg family in GH3/B6 cells. Using the 
perforated-patch whole cell configuration, the three high amplitude r-erg 
currents could be modulated by TRH in the same way as the endogenous 
current. The main effect was a shift of the activation curves to more 
positive potentials. The modulation of the r-erg 1 current persisted in the 
cell-attached configuration confirming that a diffusible second messenger 
is involved. The fact that r-erg2 lacks putative phosphorylation sites for 
cAMP- and cGMP-dependent kinases as well as known tyrosine kinase 
recognition sequences excludes a direct channel phosphorylation by PKA, 
PKG or PTK. PKC or PTK inhibitors failed to inhibit the TRH response. 
Forskolin and PMA induced significant changes in r-erg 1 and r-erg2 
currents but were unable to completely mimick TRH effects or block 
further action of it. CCK-8, which is also a physiological ligand of GHVBe 
cells and known to activate the PLC pathway, had no effect on the erg 
current demonstrating that the IP3 cascade and DAG-sensitive PKC are 
not involved in the TRH-induced modulation of erg channels.

Supported by the DFG

686.13

MUSCARINIC INHIBITION OF KCNQ2/KCNQ3 K+ CHANNELS. J.P. 
Roche1,2*, M.S. Shapiro1, K. Mackie1,2. B. Hille1. 3Depts. of Physiology and 
Biophysics, and 2Anesthesiology, Univ. of Washington, Seattle WA 98195.

We expressed KCN2 and KCNQ3 K+ channels along with muscarinic M1 
receptors in TSA-201 cells to investigate the molecular events underlying 
muscarinic inhibition of neuronal M-current. Both KCNQ2 and KCNQ3 
produced robust currents when expressed individually. The TEA sensitivity 
of the homomeric and heteromeric channels was distinct, with an IC50 of 200 
pM, 7 mM and >100 mM for KCNQ2, KCNQ2/3 and KCNQ3 currents, 
respectively. Interestingly, homomeric KCNQ2 and KCNQ3 currents were 
inhibited by muscarinic agonists, so a modulatory site is contained on both 
subunits. Comparison of the amino acid sequence of these two channels 
reveals 5 homologous domains of unknown function in the C-terminus. 
Truncation of KCNQ3 at T576, removing the three distal homologous 
domains, resulted in channels that expressed well, appeared kinetical.’y 
identical to wt KCNQ3, and were similarly inhibited by muscarinic agonists. 
Truncation of the C-terminus of KCNQ3 at L492, removing a 4th homologous 
domain, resulted in functionally undetectable channels. Co-expression of 
L492Z-KCNQ3 with wt-KCNQ2 resulted in currents that were comprised 
solely of KCNQ2, based on the sensitivity of the current to TEA. The L492Z 
mutation is similar to naturally occurring mutations in this 4th homologous 
domain that result in neonatal epilepsy. Lack of expression of L492Z is 
further evidence for a critical role of the 4th homologous domain in 
expression/function of these channels. Further mutational analysis of 
muscarinic inhibition of KCNQ2/3 K+ channels will enable examination of the 
molecular events underlying this G-protein signaling pathway.
(Supported by NIH grants NS08174, NS07332, DA07278, DA11322,)

686.14
MUSCARINIC MODULATION OF CLONED KCNQ2/3 CHANNELS 
UNDERLYING THE NEURONAL M CURRENT M.S. Shapiro,1 E.J. 
Kaftan,' J. P. Roche,1'2 H. Cruzblanca,1 K. Mackie12* and B. Hille1. Depts. of 
'Physiology and Biophysics and 2Anesthesiology, Univ. of Washington 
School of Medicine, Seattle, WA 98195.
We co-expressed cloned KCNQ2 and KCNQ3 K+ channels and M, 

muscarinic receptors in TSA-201 cells to reconstitute the M current and its 
inhibition by muscarinic agonists. In sympathetic neurons, muscarinic 
inhibition of the M current occurs without observable intracellular Ca2* 
transients. To eliminate Ca2* transients in TSA-201 cells, whole-cell patch 
experiments were performed with pipettes containing 20 mM BAPTA plus 10 
mM Ca2* to "clamp" intracellular Ca2+ to physiological levels, and 100 pM 
pentosan polysulfate to inhibit IP3 receptors. Under these conditions, bath- 
application of the muscarinic agonist oxotremorine-M (10 pM) still strongly 
(>70%) inhibited heteromeric KCNQ2/3 currents. Like muscarinic inhibition 
of the M current in sympathetic neurons, inhibition of KCNQ2/3 currents was 
reduced by chelation of Ca2* from the internal solution using 20 mM BAPTA 
without added Ca2*. Simultaneous Ca2* photometry using indo-1 verified that 
the inhibition was not associated with observable Ca2* transients.
Additionally, inhibition still occurred after depletion of Ca2* stores with 
thapsigargin. The T286Y point mutation in KCNQ3 conferred high TEA 
sensitivity, near to that of KCNQ2. We are expressing KCNQ2 and T286Y- 
KCNQ3 channels in sympathetic neurons and, using TEA to isolate expressed 
vs. endogenous current, are looking for inhibition via the endogenous 
signaling mechanism of these neurons. Our results are consistent with the 
hypothesis that heteromeric KCNQ2/3 K* channels are the molecular correlate 
of the M current and that, while inhibition requires physiological levels of 
internal Ca2*, a rise in internal Ca2* concentration is not necessary. (Supported 
by NIH grants DA 07278, NS 08174, DA 11322, DA 00286, AR 17803).

686.15

MODULATION OF KCNQ2 K+ CHANNELS BY PROTEIN KINASES 
Flora Jow and KeWei Wang*, Department of Neuroscience, Wyeth-Ayerst 
Research, CN 8000, Princeton, NJ 08543-8000

KCNQ2 is a recently cloned novel K* channel gene that is mutated in an inherited 
epilepsy of newborns. The mutations in this gene exerted no dominant-negative 
effect on the channel function suggesting that up-regulation of KCNQ2 K* channel 
may prove beneficial in the treatment of this form of epilepsy. One specific 
question we have asked in this study was if the channel was modulated by protein 
phosphorylation, in particular tyrosine kinase and PKA. In order to answer the 
question, we recorded whole-cell current of human KCNQ2 channels expressed in 
HEK 293 cells in modified Hanks solution. 1. When 100 /xM genistein, a tyrosine 
kinase inhibitor, was applied to bath the KCNQ2 current was inhibited by 37 % 
(n=6), and this effect was reversible as currents returned to original level after 10 
min washout. The genistein effect resulted in an I-V curve shift to right with 
about 30 mV. The channel activation kinetics was slowed down from control 88 
ms to 118 ms (n=5). This genistein effect was further supported by its non-active 
form, daidzen, which has no effect in the current inhibition. Moreover, similar 
inhibitory effects (29%) were also observed when another specific and potent 
tyrosine kinase inhibitor, Herbimycin A (10 pM), was used. 2. Protein kinase A 
activation by application of 8-CPT-cAMP (100 pM) in bath increased the 
KCNQ2 currents by 38% at +40 mV. The I-V curve was also shifted to left about 
12 mV. Our preliminary findings suggest that KCNQ2 K+ channels can be down-
regulated by tyrosine dephosphorylation and up-regulated by PKA activation. 
Identification of molecular residues in KCNQ2 for the channel modulation using 
site-directed mutagenesis is currently underway.
(KCNQ2 clone was kindly provided by TJ Jentsch)

686.16
O2 DEPRIVATION INHIBITS CA2*-ACTIVATED K* CHANNELS VIA 
CYTOSOLIC FACTORS IN MICE NEOCORTICAL NEURONS. H. Liua, E, 
Moczydlowskib,c, & G.G. Haddad*^*. ’Department of Pediatrics (Section of 
Respiratory Medicine), bPharmacology., and cCellular. & Molecular Physiology, 
Yale University, School of Medicine., New Haven, CT06520, USA

Oxygen deprivation induces membrane depolarization in mammalian central 
neurons, We postulated here that the anoxia-induced depolarization is partly 
mediated by the inhibition K* channels. We therefore performed experiments using 
patch-clamp techniques and dissociated neurons from mice neocortex. Three types 
of K* channels were observed in both cell-attached and inside-out configuration, but 
only one of them was sensitive to lack of O2. This O2-sensitive K+ channel has a 
large conductance (210 pS) under symmetrical K*(140 mM) conditions, a strong 
voltage-dependence of activation, and a marked sensitivity to Ca2+ (BKca). A low 
oxygen medium (PO2= 10-20 mmHg) markedly inhibited this BKca channel open 
probability in a voltage-dependent maimer in cell-attached patches, but not in 
inside-out patches, indicating that this effect of O2 deprivation on this BKca channel 
was mediated via cytosol-dependent processes. Lowering intracellular pH or 
cytosolic addition of the catalytic subunit of a cAMP dependent protein kinase A in 
the presence of Mg-ATP caused a decrease in BKca channel activity by reducing the 
sensitivity of BKCa channel to Ca2*. In contrast, the reducing agents GSH and DTT 
increased single BKCa channel open probability without affecting unitary 
conductance. We suggest that 1) neocortical BKCa channel is modulated by O2 
deprivation via cytosol-dependent processes, 2) this reduction in channel activity 
during hypoxia could be due to reduced Ca2* sensitivity resulting from cytosolic 
alternations in pH; and phosphorylation. Because of its large conductance and 
prevalence in neocortex, hypoxia-induced inhibition of BKCa channels may function 
as a negative feedback mechanism in the anoxia-induced depolarization. The work 
is supported by NIH grants HD 32573 and NS 35918.
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686.17

ATP MODULATION OF RAT BRAIN LARGE-CONDUCTANCE 
K+ (rSlo) CHANNEL BY PROTEIN PHOSPHORYLATION
S.Y. Park*, S. Chung. Department of Physiology, College of Medicine, 
Chung-Ang Univ., Seoul 157-756, KOREA

Large conductance Ca2+"activated K+ channels (Maxi-K channel) 
have been implicated in many important physiological processes such as 
co-ordination of membrane excitability in neurons. Modulation of these 
channels are archived by the activity of various protein kinases. The 
most widely studied example of Maxi-K channel regulation by protein 
phosphorylation has been obtained using plasma membranes from the 
rat brain incorporated into lipid bilayers. One type of channel can be up- 
regulated by ATP by the activity of unidentified endogenous protein 
kinase, which is closely associated with channel protein (Chung et al., 
1991). Here we used cloned a-subunit of rat brain Maxi-K channels 
(rSlo), which was expressed heterologously in HEK293 cells. 
Application of ATP (0.1 - 4 mM) to the intracellular side of inside-out 
patches produced concentration-dependent activation of the channels. 
Application hydrolizable ATP analog (ATPyS) mimicked the ATP 
effect. However, non-hydrolizable analog (AMPPNP) did not mimic it, 
implying that ATP effect is due to the activity of endogenous protein 
kinase in patch membranes. Several protein kinase inhibitors were 
tested to reverse the effect. It is concluded that rSlo channel activity is 
subject to modulation by the activity of a closely associated kinase, 
suggesting that this system may be of physiological importance.

(Funded by Korea Research Foundation to C.S.)

686.18

Identification  of  multiple  PKA and  PKG phosphorylation  
SITES IN HSLO Kca CHANNELS
Theresa D’Souza* and Peter H. Reinhart. Department of Neurobiology, 
Duke University Medical Center, Box 3209, Durham, NC 27710.

Among several regulatory signals, protein kinases directly modulate the 
large conductance calcium activated potassium channels (}Qa). Previous 
studies, from this and other laboratories, have shown that the a-subunit of 
the human cloned Kca channel (hslo) is a direct modulatory target for the 
catalytic subunit of cAMP-dependent protein kinase (PKA) and an isoform 
of the cGMP-dependent protein kinase (PKG). To identify the modulatory 
domains of hslo Kca channels for these kinases, we have generated 
numerous glutathione S-transferase (GST)-fusion protein constructs 
containing overlapping C-terminal hslo fragments. Point mutations of 
Serine or Threonine to Alanine of the 14 consensus PKA sites and the 20 
consensus PKG phosphorylation sites were generated. Purified protein 
fragments were subjected to in vitro phosphorylation by PKA and PKG and 
analyzed by SDS-PAGE and autoradiography. We found that PKA and 
PKG each phosphorylated numerous hslo C-terminal fragments, indicating 
that the C-terminal domain of this protein can be phosphorylated at multiple 
sites. Some sites were phosphorylated by both kinases, while others 
responded only to either PKA or to PKG. The extent of phosphorylation 
also differs significantly between the different sites. Current experiments 
seek to define the molecular basis of hslo channel modulation by correlating 
functional effects of PKA and PKG with individual phosphorylation 
domains.
Supported by NIH grant NS31253 to P.H.R., and a postdoctoral fellowship from 
AHA (N.C. Affiliate) to T.D.

686.19

NITRIC OXIDE DIRECTLY POTENTIATES NEURONAL AND 
CLONED RAT Ca2+-ACTIVATED K+ (Maxi-K) CHANNELS
S. Chung1*, S.Y. Jeong2, C.-S. Park2. 'Dept. of Physiology, Chung-Ang 
Univ., Seoul 156-756,2Dept. of Life Science, Kwangju Inst, of Science 
and Technology (K-JIST), Kwangju 500-712, KOREA

Nitric oxide (NO) has many roles in various tissues from 
macrophages to smooth muscles. NO is also suggested as a neuro-
transmitter in brain. One of the mechanisms for NO action is through 
activating guanylate cyclase. In the excised patches of vascular smooth 
muscle cells, large conductance Ca2+-activated K+ (Maxi-K) channels 
can be activated by NO. We investigated whether NO directly affects 
the activities of the neuronal Maxi-K channel using cell-free excised 
inside-out patches from cultured rat hippocampus. Addition of 100 pM 
- 1 mM SNAP, a NO-releasing compound, increased channel activity by
2-3 folds. To get an insight of channel activation mechanism by SNAP, 
patches were pre-treated with NEM, which would alkylate free 
sulfhydryl groups. NEM did not prevent the effect of SNAP, suggesting 
that NO interacts directly with channel without involvement of 
nitrosylation of sulfhydryl group in channel protein. The effect of SNAP 
was also tested on the cloned a-subunit of rat brain maxi-K channels 
(rSlo), which was expressed heterologously in HEK293 cells. SNAP 
increased the macroscopic rSlo current in inside-out patches as in 
neuronal channels. NO shifted the activation curve of Maxi-K current to 
the left by about 15 mV. (Funded by KOSEF research grant to S.C.)

686.20

FATTY ACID-ACTIVATION OF BK-CHANNELS IN GH3 CELLS.
X. P. Wane, D. D. Denson and D. C. Eaton*. Depts of Anesthesiology and 
Physiology and The Center for Cell and Molecular Signaling, Emory University 
School of Medicine, Atlanta, GA 30322.

BK-channels are activated by arachidonic acid (AA) in both cell attached and 
excised patches in GH3 cells. Tonic AA production in these cells is primarly a result 
of the action of cytosolic phospholipase A2 (c-PLA2) on membrane phosholipids. 
Because c-PLA2 can produce other unsaturated fatty acids (FFA) in addition to 
arachidonic acid, we examined the effects of a number of C,g fatty acids on BK- 
channels in excised patches. For the excised patches, 150 mM KCI was used in both 
the pipette and bath solutions. In general, the bath (corresponding to the cytosolic 
surface of the patch) initially contained 1 ^M free Ca2+ (buffered with 5mM 
K2EGTA). After control recordings had been made at several holding potentials 
(between 0 and +60 mV), 2.5 /tM of the desired FFA was added to the bath 
solution and, after allowing the effect of FFA to stablize, the voltage paradigm was 
repeated. A minimum of 5 replicates were completed for each FFA. AA increased 
the activity of BK-channels by 3.6± 1.6 fold. The cis C,8 FFA, oleic, linoleic and 
linolenic acted in a similar manner increasing the activity 1.91 ±0.86, 2.08±0.44 
and 2.23±0.84 fold respectively. On the other hand, neither stearic (saturated) 
(1.07±0.13) nor the trans isomers (elaidic (1.05±0.16), linelaidic (0.96±0.13) and 
linolenelaidic (1.08±0.26)) of the Clg FFA had any effect on BK-channel activity. 
The cis unsaturated FFA shifted the Po vs voltage relationships to the left; however, 
the slopes of the Po vs voltage relationships were not different between control and 
any of the FFA treated cells. These data imply that the voltage sensing residues of 
the channel are unaffected by FFA treatment; but that the open state of the channel 
is stabilized by FFA. An alternative interpretation of these results is that cis 
unsaturated FFAs alter the conformation of the channel by alterations in membrane 
fluidity. Supported in part by NSF #IBN9603837.

686.21

THE EFFECT OF HYPOXIA ON WHOLE-CELL OUTWARD CURRENTS IN 
ISOLATED ADULT RAT CHROMAFFIN CELLS. J. Lee1, W. Lim1, S.Y. Eun1, S.J, 
Kim1, and J. Kim1*. 'Dept. of Physiology and Biophysics, Seoul National Univ. 
College of Medicine.; Seoul, 110-799, Korea.

It has been demonstrated that hypoxia reduced whole-cell outward currents in 
neonatal rat chromaffin cells, but the effect of hypoxia on adult rat chromaffin cells is 
still controversial. In this study, we investigated the effect of hypoxia on adult rat 
chromaffin cells. Chromaffin cells were isolated from Sprague-Dawley rats aged from 
8- to 12-weeks-old. All experiments were performed through the nystatin-perforated 
whole-cell patch clamp recording techniques in 4 ~ 24 hrs after isolation. Hypoxia 
reduced outward currents reversibly in the majority of cells (n=30); the effect of 
hypoxia was maximal at +20-30 mV range. This result implies that IK(Ca) which posses 
the major portion of whole-cell outward current at +20-30 mV range might be reduced 
by hypoxia. Apamin (a specific inhibitor of small-conductance Ca2+-activated K+ 
current (IK(Ci))> 200 nM) almost eliminated the effect of hypoxia on whole-cell outward 
currents. Iberiotoxin (50 nM), another specific inhibitor of large-conductance I,QCa), 
also reduced the effect of hypoxia. On the other hand, both I,^, and Iq , were not 
affected by hypoxia. In current clamp study, hypoxia induced the depolarization of 
resting membrane potential by 5 - 10 mV in most cells. However, hypoxia did not 
induce further depolarization after administration of apamin.

These results indicate that adult rat chromaffin cells have an oxygen-sensing 
mechanism associated with the selective inhibition of IK(Ca) which is also connected to 
the depolarization of membrane potential, and, maybe, to the exocytosis of 
neurotransmitter including epinephrine during hypoxia.

This work was supported by the Korean Science and Engineering Foundation (98).
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687.1
THE EXTRACELLULAR DOMAIN OF THE BETA1 SUBUNIT IS BOTH 
NECESSARY AND SUFFICIENT FOR MODULATION OF SODIUM CHANNEL 
GATING. K. A. McCormick, T. Scheuer*, and W. A. Catterall. Dept. of 
Pharmacology, Univ. of Washington; Seattle, WA 98195-7280.

The rat brain voltage-gated sodium (Na+) channel is composed of the large, pore-
forming a subunit, and the auxiliary subunits P1 and p2. Recently, a mutation in the 
extracellular (ec) domain of human pi has been associated with febrile seizures, 
indicating that pi has an important neurological function (Wallace, et al. (1998) 
Nature Genet. 19, 366-370). When expressed in Xenopus oocytes, pi modulates the 
gating properties of the type IIA a subunit, resulting in an acceleration of inactivation 
and recovery from inactivation, as well as a negative shift in the voltage-dependence 
of fast inactivation. We have previously identified amino acids residing along one 
edge of a putative Ig-fold motif in the P1 ec domain that contribute to the modulation 
of channel fast inactivation (McCormick, et al. (1998) JBC 273, 3954-3962). Fast 
inactivation is an intracellular process intrinsic to the a subunit. Therefore, we wished 
to determine whether the modulatory effects of P1 were strictly via ec contacts, or if 
the P1 transmembrane or intracellular domains were also involved. A series of 
domain-swapping chimeras between P1 and a structurally related protein, myelin P0, 
were constructed. The effects of these chimeric proteins on channel function were 
assayed in Xenopus oocytes by two-electrode voltage clamp. Only chimeras 
containing the piec domain were capable of pi-like modulation of channel gating 
kinetics. In a subsequent experiment, a truncated p 1 subunit was engineered in which 
only the P1 ec domain was fused to a recognition sequence for the attachment of a 
glycosylphosphatidylinositol (GPI) membrane anchor. We found the piec-GPI 
protein to be fully capable of modulation of Na+ channel function for all 
electrophysiological parameters tested. Our findings demonstrate that ec domain of pi 
subunit is both necessary and sufficient for the modulation of Na+ channel gating. 
Supported by NIH grants R01NS25704 (W. A. C.) and T32NS09842-03 (K. A. M.).

687.2
HETEROLOGOUS EXPRESSION OF SODIUM CHANNEL POINT 
MUTATIONS FROM RESISTANT H. VIRESCENS CONFERS 
PYRETHROID INSENSITIVITY AND ALTERED CHANNEL 
PROPERTIES. Y. Zhao*1, Y. Park1, and M. E. Adams',2. Depts. of ‘Entomology 
and 2Neuroscience, Univ. of California, Riverside, CA 92521.
Pyrethroid insecticides modify sodium channel gating by slowing transitions 
between different channel states. Insects have evolved mechanisms to resist the 
action of pyrethroids. One of the most important forms of pyrethroid resistance is 
called “knockdown resistance” (kdr), which can arise from point mutations in 
sodium channels. In the tobacco budworm, H. virescens, L1029H in IIS6 and a 
V421M have been associated with pyrethroid resistance. Changes in sodium 
channel biophysical and pharmacological properties have been shown in central 
neurons of a H. virescens strain containing V421M mutation. Here we used 
Xenopus oocytes to express the Drosophila para sodium channel gene carrying 
these two point mutations to examine the biophysical and pharmacological 
properties of the mutant channels. The cRNAs of para sodium channel gene (wild-
type), para carrying V421M and para carrying L1029H were co-injected with 
Drosophila TipE cRNA into stage III Xenopus oocytes. After two days of 
expression, sodium currents were recorded using two-electrode voltage clamp. 
Voltage-dependent activation, inactivation, and recovery from inactivation are 
slightly shifted in both mutant channels compared to wild-type. Both mutant 
channels showed lower sensitivity to permethrin compared to wild-type channels. 
Permethrin (10 nM) prolongs tail currents in wild-type channels, whereas 100 nM 
permethrin was needed to cause similar effects in mutant channels. Our results 
show that both of the L1029H and V421M point mutations confer pyrethroid 
insensitivity to the para sodium channel.

687.3

FUNCTIONAL ANALYSIS OF PYRETHROID RESISTANCE- 
ASSOCIATED MUTATIONS INSERTED INTO RAT PERIPHERAL 
NERVE SODIUM CHANNELS. Si Hveock Lee and David M. 
Soderlund*. Dept. of Entomology, New York State Agric. Expt. 
Station, Cornell Univ., Geneva, NY 14456.

Two point mutations in the house fly Vsscl sodium channel a 
subunit (M918T and L1014F) confer resistance of expressed channels to 
pyrethroid insecticides. To assess the functional impact of these 
subsitutions in another sodium channel context, we introduced the 
corresponding mutations into the cloned rat pyrethroid-sensitive, TTX- 
resistant peripheral nerve (SNS/PN3) sodium channel and determined 
the pyrethroid sensitivity of native and mutated channels expressed in 
Xenopus oocytes. Because vertebrate channels contain a conserved I at 
sequence positions corresponding to the conserved M918 of Vsscl and 
other insect channels, we first examined the effect of the I780M 
mutation in the SNS channel. Channels with the I780M mutation 
exhibited enhanced sensitivity to the pyrethroid cismethrin and larger 
decay constants for pyrethroid-modified channel states. Insertion of the 
resistance-associated mutation in domain IIS6 (L879F) reduced the 
cismethrin sensitivity of channels having either I or M at position 780. 
Insertion of the resistance-associated I780T mutation profoundly 
decreased the cismethrin sensitivity of expressed channels, whereas 
channels containing the I780T/L879F double muation were virtually 
insensitive to this insecticide. These results demonstrate the importance 
of these two residues in sodium channel homology domain II as 
important determinants of the pyrethroid sensitivity of sodium channels. 
(Supported by USDA NRI/CGP grant no. 97-3502-4323 and NIEHS 
grant no. R01-ES08967.)

687.4

A Point Mutation in Domain 4-Segmcnt 6 of Rat Skeletal Muscle Na Channel 
Produces an “Atypical” Inactivation State. J.P. O’Reilly2*. S-Y Wang1 and 
G.K. Wang2. ’Dept. Biological Sciences, SUNY, Albany, NY; 2Dept. Anesthesia, 
Brigham & Women’s Hospital, Harvard Medical School, Boston, MA 02115.

Voltage-gated Na channels (NaChs) open rapidly in response to depolarization 
and then enter an inactivated state from which they rarely open. NaChs usually 
exhibit two kinetically distinct types of inactivation, fast and slow. We have 
studied a mutant NaCh with a single amino acid substitution (lysine for tyrosine: 
Y1586K) in domain 4-segment 6 that exhibits a novel, intermediate “atypical” 
inactivated state. Patch clamp techniques were used to record whole-cell Na 
current from wild-type and mutant rat skeletal muscle NaChs (pi) expressed in 
HEK cells. Compared to wild-type pi, YI586K had a right-shifted and less steep 
activation (g-V) curve and a less steep fast inactivation (h®) curve. Fast 
inactivation and recovery after a +50 mV (2 ms duration) depolarization was 
similar and mono-exponential in pi and Y1586K. However, complete recovery 
from an 8 ms pulse in Y1586K was lOx slower than pi (500 vs 50 ms) due to a 
double exponential recovery from two (fast and atypical) inactivation states. A 
standard slow inactivation protocol demonstrates that Y1586K entered the 
atypical inactivation state with a time constant of «20 ms, which is intermediate 
between fast (200-300 ps) and slow inactivation (2-3 s). NaCh mutants with 
alanine (0 charge) and aspartate (- charge) substitutions at Y1586 were similar to 
pi, while arginine mutants (+ charge) were similar to Y1586K. Application of 
batrachotoxin (BTX), which binds in the pore of NaChs, eliminates the atypical 
inactivation in Y1586K. We hypothesize that the atypical inactivation is separate 
and distinct from typical fast and slow inactivation, that a positive charge plays a 
prominent role in the atypical inactivation phenotype, and that the atypical 
inactivation may involve movement of the S6 segment within or near the pore 
region of NaChs. Supported by NIH GM35401

687.5

A DOUBLE MUTATION IN THE PUTATIVE IV-S5 SEGMENT OF 
THE SODIUM CHANNEL IS RESPONSIBLE FOR HYPERKALAEMIC 
PERIODIC PARALYSIS. S. Bendahhoul, T.R. Cummins^, S.W, Rogers^. 
S.G. Waxman2 and L.J. PtacekL 'Howard Hughes Medical Inst., Univ. of Utah, 
Eccles Inst, of Human Genetics, Salt Lake City, UT 84112; 2Dept. of Neurology, 
Yale Univ. Sch. of Med., New Haven, CT 06510.

Hyperkalaemic periodic paralysis (HyperKPP) is a skeletal muscle 
disorder caused by single missense mutations in the voltage-gated sodium 
channel. We have recently reported the first HyperKPP-causing mutation 
occurring in the S5 segment of the fourth domain (Bendahhou et al. 1999,
J. Neurosci., In press). We now describe a novel double point mutation 
responsible for HyperKPP in two families.
Whole-cell voltage clamp technique was used to monitor currents 
expressed in human embryonic kidney 293 cells from four clones: wild 
type (WT), F1490L, M14931, and the double mutant F1490L/M14931. The 
mutations occur in the putative S5 segment of the fourth domain of the 
sodium channel a-subunit. Macroscopic currents showed that there was no 
difference in the current decay between WT and all other mutants, in 
contrast to other HyperKPP mutations. The activation and inactivation 
curves showed the following general pattern: while the F1490L mutation 
shifted both curves to hyperpolarizing potentials, the M1493I mutation 
shifted the curves to the depolarizing potentials, compared to WT. The 
effect observed in the two single mutants effectively canceled each other in 
the double mutant, where both curves were indistinguishable from those of 
WT. In addition, no significant difference was observed either in recovery 
from fast inactivation or in deactivation time constants for all mutants. 
However, slow inactivation was enhanced in the double mutant as well as in 
the F1490L construct. Our data may help to understand the occurrence of 
the disease in these two families, and to define new elements involved in 
sodium channel slow inactivation.

687.6

DISEASE-ASSOCIATED IVS6 MUTATIONS OF THE SKELETAL MUSCLE Na 
CHANNEL REDUCE USE-DEPENDENT BLOCK BY MEXILETINE.
M.P. Takahashi1*, S.C, Cannon12 ’Dept. of Neurology, Massachusetts General 
Hospital; 2Dept. Neurobiology, Harvard Medical School, Boston, MA 02114.

Over twenty different missence mutations in the a subunit of the adult 
skeletal muscle Na channel have been identified in families with myotonia 
(muscle stiffness), paralysis, or both. Mexiletine, a use-dependent Na channel 
blocker with a binding site localized to IVS6, is used clinically to reduce or 
prevent myotonia. We examined state-dependent block for mutations 
involving S6 segments (V445M, S804F, V1293I, V1589M and M1592V). 
Whole-cell Na currents were measured from wild type (hSKMl) and mutant 
channels transiently expressed in HEK cells. Use-dependent block with 50 pM 
mexiletine (10 ms pulse to -10 mV, at 20 Hz) was reduced for IVS6 mutants 
(V1589M, M1592V), but normal for IIS6 and IIIS6 (S804F, V1293I) and 
enhanced for IS6 (V445M). Resting state (-150 mV) affinity in mutant 
channels did not differ from wild type (653 ± 40 pM, n = 9). Depolarized 
state affinity was measured using conditioning pulses to the U1/2 value of the 
A® curve (typically -67 to -76 mV). Affinity for depolarized channels was 
reduced for V1589M and M1592V channels (43.0 ± 5.2 pM, n = 6; 41.3 ±
3.2 pM, n = 5), compared to wildtype 24.1 ± 2.5 pM, n = 5. Simulations 
demonstrate the reduced depolarized-state affinity for IVS6 mutants (V1589M 
and Ml592V) is sufficient to account for the reduced use-dependent block 
during pulse trains.

Supported by NIH grant R01-AR42703 (SCC), Sumitomo Life Insurance 
Welfare Services Foundation and MGH FMD (MPT).
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687.7
NEURONAL VOLTAGE-GATED SODIUM CHANNELS INTERACT WITH 
RECEPTOR PROTEIN TYROSINE PHOSPHATASE (3. C. F, Ratcliffe* and W. 
A, CatteraU, Dept. of Pharmacology, University of Washington, Seattle, WA 98195.

Voltage-sensitive Na* channels from rat brain are composed of three subunits: a 
large pore-forming a subunit and modulatory pi and (32 subunits. The (31 and (32 
subunits are small transmembrane proteins with extracellular immunoglobulin (Ig) 
domains. As many neuronal cell adhesion molecules contain similar Ig domains, 
this suggests the possible involvement of {31 and 02 in binding to extracellular 
matrix proteins. Interactions of pi and P2 subunits with the extracellular matrix 
would provide a possible mechanism for Na* channel sorting to the axon membrane 
and concentration at nodes of Ranvier. p2 shares homology with contactin, a cell 
adhesion molecule involved in neuronal outgrowth, and may interact with similar 
ligands. We therefore investigated the possible interaction of Na+ channels with 
receptor protein tyrosine phosphatase P (RPTPP), a membrane-spanning tyrosine 
phosphatase with an extracellular carbonic anhydrase-like domain, which has been 
shown to bind contactin. The extracellular domains of RPTPP were expressed as 
thioredoxin fusion proteins and in-vitro matrix binding techniques were used to 
demonstrate that purified rat brain Na+ channels, consisting of a, pi and P2 subunits, 
also interact with the carbonic anhydrase domain of RPTPp. Solid phase ELISA 
assays, where fusion protein was immobilized on a microtiter plate and then 
incubated with Na+ channels, confirmed this interaction. RPTPP was also shown to 
co-immunoprecipitate with Na+ channels from a P16 rat brain membrane lysate. 
Similar co-immunoprecipitation experiments show that Na+ channel subunits 
heterologously expressed in tsA-201 cells interact with an endogenous RPTPp 
isoform. RPTP0 is present in both neuronal and glial cells and is expressed at high 
levels during development. Interaction of this tyrosine phosphatase with Na+ 
channels may be important during axonal development which is dominated by 
tyrosine phosphorylation events.
This work was supported by a fellowship from The Wellcome Trust.

687.8
CYTOPLASMIC DOMAINS OF VOLTAGE-GATED SODIUM CHANNEL (3 
SUBUNITS ARE ESSENTIAL FOR ANKYRIN RECRUITMENT AND CHANNEL 
MODULATION IN HETEROLOGOUS EXPRESSION SYSTEMS. J.D. Malhotra1. 
L, Meadows3 D.S, Ragsdale3, M, Hortsch2, and L.L, Isom*1, Departments of 
‘Pharmacology and 2Cell Biology and Anatomy, The University of Michigan, Ann 
Arbor, MI 48109, ’Montreal Neurological Institute, Montreal, Quebec.

NaCh (3 subunits are members of the immunoglobulin (Ig) superfamily and contain 
extracellular Ig-like domains. Cell adhesion molecules (CAMs) belonging to the Ig 
superfamily have been shown to interact directly with ankyrin through their 
cytoplasmic domains. We investigated whether NaCh (3 subunits also interact with 
ankyrin in a similar way. Using the drosophila S2 cell transfection system we 
demonstrate that (31 and 02 subunits act as CAMs. 01 and (32 subunits when 
transfected into S2 cells exhibit strong homophilic cell adhesion leading to cell 
aggregation. In untransfected S2 cells ankyrin is not localized to any cellular 
organelle. S2 cells transfected with 01 or (32 subunits show ankyrin staining at cell-
cell contact sites. In contrast, 01 and (32 mutants that lack cytoplasmic domains show 
diffuse ankyrin staining. These results demonstrate that NaCh (3 subunits are CAMs 
and that their cytoplasmic domains play essential roles in cell adhesion-dependent 
recruitment of ankyrin. We also investigated the contribution of the cytoplasmic 
domain of pi to channel function in transfected mammalian cells.We showed 
previously that co-expression of pi and all subunits increases NaCh expression at the 
plasma membrane, shifts the voltage dependence of NaCh activation and inactivation 
in the hyperpolarizing direction, and accelerates the time course of inactivation 
compared with cells expressing allA alone. Coexpression of allA with a truncated 
form of pi lacking the cytoplasmic domain also increases mean sodium current 
amplitude and levels of plasma membrane NaCh. However, the voltage dependence of 
activation and inactivation, as well as the time course of inactivation remained the 
same as compared with cells expressing allA subunits alone. These results suggest 
that when coexpressed with all in mammlian cells, the cytoplasmic domain of 01 is 
required for modulation of channel function, but is not critical for 01-induced increases 
in NaCh density at the plasma membrane. This is in contrast to expression studies 
performed in Xenopus oocytes in which deletion of this domain had no observable 
effects on pi subunit function. Supported by RG2882-A-1 from the National 
Multiple Sclerosis Society to L.L.I..

687.9
CHARACTERIZATION OF VOLTAGE-GATED SODIUM CHANNEL 
LOCALIZATION IN NT2 CELLS. A,-Stetzer1*, P.J. Nicholls1, L.J, Greenfield2, 
R.L, Macdonald2, and L.L, Isom1. Departments of ’Pharmacology and 2Neurology, 
The University of Michigan, Ann Arbor, MI 48109.

Voltage-gated sodium channels (NaCh) expressed in the central nervous system 
consist of a, pi, and P2 subunits. Previous studies showed that NaCh a subunits 
exhibit polarized distributions in rat brain neurons: al is predominantly expressed on 
cell bodies while all is expressed axonally in hippocampal and cerebellar slices. Type 
III a subunits are expressed predominately during embryonic brain development. We 
have characterized endogenous NaCh a subunit subcellular localization in human 
teratocarcinoma (NT2) cells. NT2 cells can be terminally differentiated into neurons 
that exhibit polarized subcellular localization of cytoskeletal proteins such as MAP-2 
and phosphorylated neurofilament (NF). In polarized neurons, MAP-2 is localized 
somatodendritically, while NF is found predominately on axons. Using 
immunocytochemical methods, we show that al, all, and alii are all expressed at low 
levels intracellularly in undifferentiated NT2 cells. No sodium channels were detected 
on the membrane using [3H]-saxitoxin binding. Previous whole cell voltage clamp 
recordings from 5 weeks post retinoic acid treatment NT2 neurons (NT2-N) showed 
maximal currents of ~lnA ; in contrast, 10 week NT2-N maximal currents averaged 
14.2 +/- 3 nA, suggesting increased channel membrane expression. Single NT2-N 
cells, at 7-11 exhibit strong al staining on the cell bodies with weak staining on the 
dendrites. Strong all staining was observed on cell bodies as well as dendrites. 
Axonal staining was not observed for al or all in double-label experiments using 
NaCh and NF antibodies, alii immunofluorescence was not observed in polarized 
neurons. Subcellular localization of al and all in NT2-N ganglion-like structures 
was also investigated. We hypothesize that cellular organization, as seen in brain 
slices, is necessary for native localization of NaCh in differentiated NT2-N. Supported 
by a Johnson and Johnson Focused Giving Award to L.L.I., GM07767 and a NSF 
fellowship to A.S., and K08NS01652 to L.J.G..

687.10

ACTIN AND CALMODULIN-CALCIUM COMPETE FOR BINDING 
TO NEURONAL VOLTAGE-GATED SODIUM CHANNELS.
N. Tricaud, G. Alcaraz and F. Couraud*. INSERM U464, IFR Jean- 
Roche, Bvd P. Dramard, 13916 Marseille cedex 20, France.

Our results indicated that voltage-gated sodium channels in solubilized 
synaptosome preparations interact specifically with calmodulin in a 
calcium-dependent and independent manner. Using GST fusion proteins 
binding sites were revealed on the cytoplasmic loops of the neuronal 
allA subunit of sodium channels between transmembrane domains I and 
II, II-III, III-IV and on the C-terminal domain. Sequence analyses showed 
consensus sites for calmodulin binding on all these regions of the allA 
subunit. Among these consensus sites the one on loop I-II is of particular 
interest because it shows a strong homology with the actin/calmodulin 
binding site of the MARCKS protein. Calmodulin binding to loop I-II 
was found to be calcium-dependent and was further localized to amino 
acids 545-580, a sequence containing the MARCKS-like site. Similarly to 
the MARCKS protein, actin bound to the allA subunit of sodium channel 
at the same site and competed with calmodulin for binding. Moreover this 
sequence in loop I-II of the allA subunit contains a phosphorylation site 
for cAMP-dependent protein kinase (serine 573) and effects of 
phosphorylation on the binding of calmodulin or actin are currently under 
examination. These interactions of a cytoskeletal protein, actin, and a 
calcium sensor protein, calmodulin, with the same region of the major 
subunit of sodium channels could be involved in modulation of sodium 
channel activity and/or localization in neurons.

687.11

DIRECT INTERACTION BETWEEN SYNAPTOTAGMIN AND THE 
INTRACELLULAR LOOP I-II OF NEURONAL VOLTAGE-GATED SODIUM 
CHANNELS. B. Sampo *, N, Tricaud, C, Leveque, M, Seagar, F. Couraud and B. 
Dargent. INSERM U464, Institut Jean-Roche, Bvd P. Dramard, 13916 Marseille 
Cedex 20, France.

Many proteins have been found associated to the sodium channels, 
including ankyrin, syntrophin, tenascin and G-proteins. These protein-protein 
interactions are important for the distribution and function of sodium channels. Here 
we have investigated whether sodium channels were associated with the SNARE 
complex and to synaptotagmin, the major Ca2+ sensor for regulated exocytosis. We 
report that sodium channels can be co-immunoprecipitated with synaptotagmins I 
and II from solubilized adult rat synaptosomes. Using immobilized recombinant 
proteins, we found that Maltose binding Protein (MBP) synaptatagmin I was capable 
of binding sodium channels from extracted membranes. Incubation of extracted 
membranes with Ca2* resulted in a marked increase in the amount of synaptotagmin- 
sodium channel complexes immunoprecipitated by antibodies against each 
component. This effect is specific for Ca2+, Ba2+ and Sr2* but not Mg2* and occurs 
with an EC50 value of approximately 40pM Ca2*. In vitro binding assays were used 
to demonstrate a direct interaction between the two proteins and to map the binding 
domain on sodium channel. Synaptotagmin I was shown to interact with the 
cytoplasmic loop between homologous repeat domains I and II (LI-II, amino acids 
545-580) of the neuronal allA subunit of sodium channels. No binding with the a- 
subunit of adult skeletal muscle sodium channel (SKM1) was observed. These results 
demonstrate that the allA subunit can bind directly to synaptotagmin independently 
of SNARE proteins. We hypothesize that this interaction might modulate the activity 
and/or trafficking of sodium channels in neurons. Founded by INSERM

687.12
A CARBOXYL-TERMINAL REGION OF THE BRAIN SODIUM CHANNEL 
allA SUBUNIT IS INVOLVED IN AXONAL TARGETING. J.J. Garrido, B. 
Sampo I. Mouret and B, Dargent* . INSERM U 464, Institut Jean Roche,
Faculty of Med.-North, Bvd P. Dramard, 13916 Marseille cedex France

In neurons, it is well established that the presence of sodium channels in 
axons is crucial for the generation and the propagation of the action potentials. 
However, the mechanisms that underlie this compartimentalization are still 
largely unknown.

In hippocampal neurons maintained in cultured in the absence of 
oligodendrocytes, sodium channels including the all subtype were appropriately 
targeted into axons and enriched at the axon hillock. Western blotting analysis 
indicated that the a subunit of subtype II was associated with the auxiliairy 02 
subunit whereas no significant expression of the 01 subunit was observed. As a 
preliminary step troward the identification of sorting signal(s) involved in the 
polarized expression of sodium channel type II, we focused our work on all. We 
have chosen an approach based on chimeric proteins to circumvent difficulties of 
expressing such a large glycoprotein (260kD) by transfection in primary neurons. 
The cytoplasmic C terminus of the CD4 receptor was replaced by each of the 
cytoplasmic loops of allA. Distinct chimeras were expressed by transfection in 
polarized hippocampal neurons and their distribution was analyzed by 
immunostaining and confocal microscopy. The CD4 receptor deleted of its 
cytoplasmic region was randomly expressed in the somatodendritic and axonal 
domains. In contrast, the addition of the carboxy terminal region of all to the 
truncated CD4 resulted in a polarized surface expression of the chimera in 
axons. Our results suggest that a carboxy-terminal region of the sodium channel 
all subunit is involved in axonal targeting.
Founded by INSERM
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687.13
GENERATION OF SUBTYPE-SPECIFIC ANTIBODIES TO STUDY VOLTAGE-
GATED SODIUM CHANNEL DISTRIBUTION IN HUMAN TISSUES. A. J. 
Powell1, C. Plumpton1, W. J. Whitaker4, K. Coward3, P. Anand3. A, J. Aitken1, S. A.
Burbidge1, Y. H. Chen1, Z. M. Gladwell1, D. T. Grose1, C. A, Hick1, A. G. Hayes2*,
M. A. Romanos1, J. J. Clare1 and S. N. Tate1. ‘Molecular Pharmacology Unit; 2Group 
Discovery Portfolio Department, Glaxo Wellcome Research and Development, Gunnels Wood 
Road, Stevenage, Herts, SGI 2NY, U.K.;3 Department of Neurology, Imperial College School 
of Medicine, Hammersmith Hospital, Du Cane Road, London, W12 ONN, U.K.; ‘‘Department 
of Neurology, The Babraham Institute, Babraham, Cambridge, CB2 4AT, U. K.

Voltage-gated sodium channels are integral membrane glycoproteins responsible 
for the increase in sodium permeability during the initial rising phase of action 
potentials in most excitable cells. They comprise a large pore-forming ct-subunit that 
may be associated with one or both accessory subunits ((31, (32). Differential 
expression of distinct Na+ channel a-subunit subtypes contributes to the distinct 
electrophysiological characteristics of different neuronal membranes.

Subtype-selective antibodies were raised against the following neuronal Na+ 
channel a-subunits, the brain subtypes (I, II, III and VI), the neuroendocrine channel 
(hNE/PNl), and the sensory neuron specific subtypes (SNS1ZPN3 and SNS2/NaN). 
Due to the high degree of protein sequence similarity between the a-subunit 
subtypes, short synthetic peptides and recombinant fusion proteins were used as 
immunogens to target regions of minimum homology. The polyclonal antibodies 
were affinity purified from serum using immobilised antigens. The subtype 
specificity of each antibody generated was confirmed, where possible, by 
immunoblot on extracts from cell lines expressing each holoprotein. The antibodies 
have been used to determine the expression profile of each a-subunit subtype in 
human central and peripheral nervous system by immunocytochemistry. These 
subtype-specific antibodies will allow the characterisation of each Na+ channel 
subtype in selected pathologies. (Supported by Glaxo Wellcome R & D.)

687.14

SODIUM CHANNEL ISOFORM LOCALIZATION IN THE 
PERIPHERAL NERVE AND CHANGES FOLLOWING 
INJURY
Sanja Novakovic*, Elda Tzoumaka, Angela Tischler, Lakshmi 
Sangameswaran, Richard Eglen, John Hunter 
Center for Biological Reseach, Roche Bioscience, 3401 Hillview 
Ave, Palo Alto, CA 94304.
Sodium channel isoform (PNl/hNE, PN4/Scn8a/Nach6,
PN3/SNS and PN5/SNS2) localization in the peripheral nerve 
and dorsal root ganglion (DRG) neuronal somata was evaluated 
using specific antibodies. While all these isoforms were present 
in the DRG, only PN4 immunolabeling was found at the node of 
Ranvier, suggesting its importance in peripheral nerve 
conduction. The labeling intensity of PN4 at the node was similar 
to that observed with pan-sodium channel antibody which 
recognized all known sodium channel isoforms. The PN4 
labeling was not found at all nodes, suggesting some differences 
among the peripheral axons. Following nerve damage (chronic 
constriction injury, neuroma, chemical demyelination), specific 
redistribution of sodium channels occured in the peripheral nerve 
and corresponding neuronal somata. Thus, PN4 immunolabeling 
was no longer visible at the node, while some demyelinated or 
regenerating, thin axons started to show PN3 labeling. The 
significance of these differential changes will be discussed.

687.15

DIFFERENTIAL EXPRESSION AND REGULATION OF THE SENSORY 
NEURON SPECIFIC TTX-RESISTANT SODIUM CHANNELS SNS AND SNS2 IN 
DORSAL ROOT GANGLION CELLS.
M, Costigan1.1, Decosterd1. F, Amaya’. R.J, Mannion1. F.A, White1*. C Plumton2.
S. Tate2 and C.J. Woolf1. 'Neural Plasticity Research Group, Department of Anesthesia 
& Critical Care, Massachusetts General Hospital and Harvard Medical School, Boston 
MA 02129.2Gene Function Unit, Glaxo-Wellcome R&D, Stevenage, SGI 2NY, UK.

Voltage gated sodium channels (VGSC) are responsible for the rising phase of the 
action potential and play a key role in determining neuronal excitability. It has been 
proposed that TTX resistant (TTXr) VGSCs contribute to the sustained firing of 
nociceptors during neuropathic and inflammatory pain. Until recently, it was thought 
that the TTXr current present in small dorsal root ganglion neurons was mediated by 
one channel only, SNS/PN3. We have cloned a second TTXr channel SNS2 (NaN) 
which like SNS, is only expressed in primary sensory neurons (Nature Neuroscience, 
1(1998) 653). Using a combination of in situ hybridisation with single and double 
immunohistochemistry, we have localized the distinct sub populations of small DRG 
neurons that express SNS and SNS2. NGF and GDNF responsive neurons were 
identified using TrkA and the lectin IB-4 labelling respectively, and cells with 
myelinated axons were identified by heavy chain neurofilament staining (NF200). 
SNS and SNS2 expression spanned both the TrkA and IB-4 populations of small DRG 
neurons. SNS was present in 37.5±5.3% of TrkA positive and 41.2+/-6.7% of IB-4 
positive neurons, with SNS2 in 35.2±6.0% of TrkA and 40.3±6.0% of IB-4 neuronal 
cell profiles. Approximately half of the total small cell DRG profiles express the TTXr 
channels, with a high degree of co-localization between SNS and SNS2, 75.6±12.5%of 
SNS cells were SNS2 positive and all of these had a small diameter. Those cells that 
only expressed SNS were large, NF200 positive and all co-localized with TrkA. 
86.5±11.9% of SNS2 positive cells were also SNS positive. Both channels show 
marked down regulation of mRNA and protein after peripheral axotomy.

SODIUM CHANNELS: MOLECULAR STUDIES II

688.1

Coding sequence, genomic organization and chromosomal localization of mouse 
Sent la gene encoding the sodium channel NaN. S. D, Dib-H^j,1’2* L, Tyrrell.1,2 A. 
Escavg? P, M,..Wood/ M. H, Meisler? and S, G, Waxman12. 'Dept. of Neurology, 
LCI 707, Yale University School of Medicine, New Haven, CT 06510; and 
2Neuroscience Research Center, VAMC, West Haven, CT 06516. 3Dept. of Human 
Genetics, University of Michigan Medical School, Ann Arbor, MI 48109-0618. 
4Miami Project to Cure Paralysis and Dept. of Neurological Surgery, University of 
Miami School of Medicine, FL 33136.

Previous studies have shown that sodium channel a-subunit NaN is 
preferentially expressed in small diameter sensory neurons of dorsal root ganglia 
and trigeminal ganglia. These neurons include high threshold nociceptors that are 
involved in transduction of pain associated with tissue and nerve injury. In this 
study we show that mouse NaN is a 1765 amino acid peptide which is predicted to 
produce a current that is resistant to tetrodotoxin (TTX-R). Mouse and rat NaN are 
80% and 89% identical at the nucleotide and amino acid levels, respectively. The 
Scnl la gene encoding this cDNA is organized into 24 exons. Unlike some a- 
subunits, Scnl la does not have an alternative exon 5 in domain I. Introns of the U2 
and U12 spliceosome types are present at conserved positions relative to other 
members of this family. Scnl la is located on mouse chromosome 9, close to the 
two other TTX-R sodium channel genes, Scn5a and ScnlOa. The human gene, 
SCN1 IA, was mapped to the conserved linkage group on chromosome 3p21-24, 
close to human SCN5A and SCN10A. The co-localization of the three sodium 
channel genes supports a common lineage of the TTX-R sodium channels.
This work was supported in part by grants from the NMSS, the Medical Research 
Service, Department of Veterans Affairs, the Paralyzed Veterans of America and 
Eastern paralyzed Veterans Association (S.G.W.), USPHS grants NS34509 and 
GM24872 (M.M.), and NINDS grant NS09923-28 (P.W).

688.2

IDENTIFICATION OF SCN11A, A NOVEL VOLTAGE-GATED SODIUM 
CHANNEL EXPRESSED IN BOTH NEURONAL AND NON-NEURONAL 
CELLS. S-Y. Jeong.1-2 J. Goto.12 H. Hashida.1-2 T. Suzuki.1-3 K. Ogata.1-2 N. 
Masuda.12 M. Hirai.4 K. Ishihara.5 Y, Uchiyama.5 S. Kwak2*and I, Kanazawa1-2,
‘CREST, Japan Sci. and Tech. Corp.; 2Dept of Neurology, Grad. Sch. of Med., Univ. 
of Tokyo; Tokyo 113-8655, Japan; 3DepL of Medical Zoology, Univ. of Nagoya City, 
Med. Sch.; 4Div. of Anthropology, Dept. of Biological Science., Grad. Sch. of Sci., 
Univ. of Tokyo; 5Dept. of Cell Biology and Anatomy, Univ. of Osaka, Med. Sch.

We report here a novel voltage-gated Na channel a subunit, designated SCN 11 A, 
which was isolated from human brain. SCN11A was cloned by PCR using the 
primers that were designed based on the sequences of EST and consensus regions of 
Na channel a subunits. The longest open reading frame of SCN11A encodes 1,792 
amino acid residues. The deduced amino acid sequence is aligned well with those of 
other Na channels, especially in transmembrane segments. Judging from the location 
of serine residue in SS2 segment of domain I of SCN 11 A, the channel is predicted to 
be a tetrodotoxin resistant (TTX-R) Na channel, as in the case of Scnl0a/PN3/SNS 
and NaN/SNS2. The channel is very similar to NaN/SNS2 (73%) and shows 
significantly low similarity to the other mammalian Na channels (-50%). Northern 
blot analysis revealed that SCN11A was predominantly expressed in spinal cord, 
spleen, small intestine and placenta and the size of the message was approximately 
7.0 kb. In situ hybridization demonstrated that SCN11A was expressed in both 
neuronal and non-neuronal cells; the channel was mainly distributed in cerebellar 
granular layer and hippocampal granule cells in the brain, glial cells in the spinal 
cord, germ centers in the spleen and trophoblasts in the placenta, but was not in the 
DRG. RT-PCR analysis revealed that SCN11A was expressed in both neuroblastoma 
and glioblastoma cell lines. FISH analysis showed that the locus for SCN11A mapped 
to human chromosome 3p21.3-p23. We believe that SCN11A is a novel TTX-R Na 
channel and may form a new subfamily with NaN/SNS2.
This work was supported by CREST, JST.
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688.3
IDENTIFICATION OF NAT, A NOVEL MOUSE VOLTAGE-GATED 
SODIUM CHANNEL ALPHA SUBUNIT. K. Ogata.1'2 S.-Y. Jeong?2 J. 
Goto.1'2 H, Hashida? 2 N. MasudaJ 2 T. Suzuki?3 H, Murakmi2-2J>L HiaiAX, 
Isahara? Y, Uchivama5 and I, Kanazawa12*. ‘Dept. of Neurology, Grad. Sch. of 
Med., Univ. of Tokyo; Tokyo, 113-8655, Japan; 2CREST, Japan Sci. and Tech. 
Corp.; 3Dept. of Zoology, Nagoya City Univ. Med. Sch.; 4Div. of Anthropology, 
Dept. of Biol. Sci., Grad. Sch. of Sci., Univ. of Tokyo; 5Dept. of Cell Biol, and 

Anat., Osaka Univ. Med. Sch.
Recently, tetrodotoxin resistant (TTX-R) voltage-gated sodium channels expressed 

in the dorsal root ganglia, SCN10A/SNS/PN3 and NaN/SNS2, have been reported. 
We isolated a novel voltage-gated sodium channel alpha subunit, designated NaT, 
from mouse cDNA library. NaT was cloned by polymerase chain reactions (PCR) 
with the primers designed based on the consensus sequences among known 
voltage-gated sodium channel alpha subunits. The predicted amino acid sequence of 
NaT is divided into four domains and aligned with other mammalian sodium 
channels, as in the case of the other sodium channels. NaT shows only 50-60% 
similarity with other voltage-gated sodium channels except for NaN (87%). The 
serine residue underlying the TTX-R phenotype is conserved in NaT. Fluorescent in 
situ hybridization revealed that the gene for NaT was located in mouse chromosome 
9. Northern blot hybridization demonstrated that the mRNA of NaT was only 
expressed in the testis. Since NaN is expressed only in the dorsal root ganglia, but 
not in the testis, NaT is considered to be a novel TTX-R voltage-gated sodium 
channel and may be compose a new subfamily with NaN.
This work was supported by CREST, JST.

688.4
THE MYOGENIC bHLH TRANSCRIPTION FACTORS MYOGENIN AND 
MRF4 PLAY DISTINCT ROLES IN REGULATION OF SkMl GENE 
EXPRESSION. C. Chen, C. Zorc, R. Lu, H.-Y, Zhou, M.M. Rich*, and S.D. 
Kraner. Dept. of Neuroscience, University of Pennsylvania, Philadelphia, PA 
19104 and Dept. of Neurology, Emory University, Atlanta, GA 30322.

The basic helix-loop-helix (bHLH) family of transcription factors serve as 
“master regulatory” factors that control the determination of cell lineage for many 
cell types, including muscle and nerve. The four bHLH proteins of vertebrate 
muscle (myf5, MyoD, myogenin, and MRF4) have important roles in initiation of 
the muscle cell program (MyoD and myf5), formation of myotubes (myogenin), 
and maturation of the myofiber (MRF4). We have demonstrated previously that 
myogenin bound at the promoter E box of the of the rat skeletal muscle type 1 
sodium channel (SkMl) gene initiates transcription of the gene in differentiated 
muscle cells by releasing repression exerted by an upstream repressor element. We 
now demonstrate that both myogenin and MRF4 exert direct positive regulation on 
SkMl expression, in part through an interaction with a positive element located 
immediately downstream of the transcription initiation sites (3’ positive element). 
Both myogenin and MRF4 recruit this 3’ positive element, but MRF4 has a more 
potent effect, and the two bHLH factors together act synergisticaliy. Mutations in 
the promoter E box only partially interfere with the activity of MRF4, suggesting 
that MRF4 may bind at additional sites. The activity of myogenin and MRF4 in 
conjunction with the 3’ positive element is enhanced at later stages of development 
in muscle cell culture, suggesting that additional factor(s) are recruited. Our data 
indicate that myogenin and MRF4 play distinct roles in regulation of SkM 1 gene 
expression, but work with additional factors to regulate this gene. This work was 
supported by NIH grants NS-34954 (SDK) and NS-01852 (MMR).

688.5

CLONING AND FUNCTIONAL CHARACTERIZATION OF A 
PUTATIVE SODIUM CHANNEL AUXILIARY SUBUNIT FROM 
THE HOUSE FLY. Timothy J, Smith*, Si Hveock Lee and David M. 
Soderlund. Dept. of Entomology, New York State Agric. Expt. Station, 
Cornell Univ., Geneva, NY 14456.

The expression of Drosophila melanogaster para and house fly 
(Musca domestica) Vsscl sodium channels in Xenopus oocytes is 
enhanced, and the inactivation kinetics of the expressed channels are 
accelerated, by coexpression with the tipE protein, a putative sodium 
channel auxiliary subunit encoded by the tipE locus of D. melanogaster. 
These results predict the existence of tipE orthologs in other insect 
species. Using a PCR-based homology probing approach, we isolated 
cDNA clones encoding an ortholog of tipE (designated Vssc(3) from 
adult house fly heads. Clones comprising 3444 bp of cDNA sequence 
contained a 1317-bp open reading frame encoding a 439-amino acid 
protein that exhibited 72% identity to the entire D. melanogaster tipE 
protein sequence and 97% identity within the two hydrophobic segments 
identified as probable transmembrane domains. Coexpression of Vsscp 
with the house fly Vsscl sodium channel a subunit in oocytes enhanced 
the level of sodium current expression 4.5-fold and accelerated the rate 
oi sodium current inactivation 2.3-fold. Both of these effects were 
significantly larger in magnitude than the corresponding effects of tipE 
on the expression and kinetics of Vsscl sodium channels. These results 
identify a second example of a putative sodium channel auxiliary 
subunit from an insect having functional but not structural homology to 
vertebrate sodium channel pi subunits. (Supported by USDA NRI/CGP 
grant no. 97-3502-4323 and a grant from Bayer AG.)

688.6
TWO Na+CHANNEL GENES ARE EXPRESSED IN THE ELECTRIC ORGAN 
OF STERNOPYGUS. Gregory Lopreato, Ying Lu. Nigel Atkinson*, and Harold 
Zakon.

The weakly electric fish Stemopygus macrurus has an electric organ (EO) 
that is myogenic in origin. Many molecular characteristics of muscle remain in the 
EO after its transformation, whereas others change. We wished to compare the 
expression of the Na+ channel gene(s) in muscle and EO to determine whether the 
same or different genes are expressed in these tissues. Furthermore, the Na+ current 
in Stemopygus electrocytes shows individual variation and hormone-sensitivity in 
its kinetic properties. Thus, it is imperative to determine which channel genes are 
expressed in the EO to analyze this variation at the molecular level.

Two Na+ channel genes are expressed in mammalian muscle: SkMl in 
innervated skeletal muscle and SkM2 in denervated or embryonic skeletal muscle 
and cardiac muscle. SkMl is also expressed in the main EO of the eel. Using RT- 
PCR, we cloned fragments of an SkMl-like Na+ channel from mature EO and 
skeletal muscle and found their nucleic acid sequences identical. A Ribonuclease 
Protection Assay (RPA) detected the expression of this mRNA in EO, skeletal 
muscle, and in brain as well. This was a surprising result, as SkMl is not known to 
be expressed in mammalian brain. A second SkM2-like Na+ channel was also 
amplified by RT-PCR from EO and heart. RPA shows strong expression of the 
SkM2-like mRNA from heart and weak expression from EO. It was not detected in 
skeletal muscle.

From this we conclude that: 1) SkM2, previously know only in mammals is 
expressed in fish as well and is, therefore likely to be expressed generally in 
vertebrates; 2) while SkMl continues to be expressed in EO after it develops from 
muscle, EO expresses a second SkM2-like channel which is not expressed in adult 
innervated muscle; 3) unlike in mammals, Stemopygus expresses a channel 
common to both skeletal muscle and brain. This work was funded by NIH grant 
R01NS25513.

688.7

SUPPRESSION OF NEURONAL EXCITABILITY BY A HERPES 
SIMPLEX VIRUS-1 AMPLICON PREPARATION.
B,.H, White*1, T, R, Cummins2. D. H, Woll2, D. S. Russell2. S. G. 
■Waxman2 and L, K, Kaczmarek1. 1Dept. of Pharmacology, 2Dept. of 
Neurology, Yale University, New Haven, CT 06520.

Herpes Simplex Virus-1 (HSV-1) is one of several viruses being 
developed to express foreign genes in neurons. Because some strains 
of HSV-1 are known to suppress the excitability of their host cells by 
inhibiting sodium currents (Mayer et al., J Neurosci. (1986) &391-402) 
it is important to evaluate HSV-1 derived expression vectors for this 
capability. The pHSVprPUC amplicon, typically delivered with the 
replication-defective helper virus 5dll.2, is an HSV-l-derived vector 
widely used in gene transfer experiments. We have investigated the 
ability of this amplicon preparation to suppress excitability both in the 
natural host cells for HSV-1, the dorsal root ganglion (DRG) neurons, 
as well as in cortical neurons in primary culture. We find that this 
preparation inhibits approximately 80% of sodium current in both 
transduced DRG neurons (-8.0±3.8 nA (n=22) vs. -37.1±5.1 nA (n=22) in 
controls) and cortical neurons (-0.03±0.02 nA/pF (n=5) vs. -0.19+0.02 
nA/pF (n=7) in controls). Excitability is also profoundly suppressed 
in transduced neurons: Depolarizing current injection elicited action 
potentials in only 47% of transduced cortical neurons vs. 100% of the 
controls. In addition, the transduced neurons that were excitable 
generated on average only 3.3+1.2 (n=7) action potentials upon 
depolarization while control neurons generated 6.8±0.8 (n=19). 
However, excitability in some transduced neurons appeared normal, 
suggesting that co-infection of transduced neurons with helper virus is 
responsible for the physiological effects of the amplicon preparation. 
Supported by grants from the NIH, the Culpeper Foundation and the 
Eppley Foundation for Research.
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689.1
A COMPARISON OF LAYER II/III AND LAYER V IN SLICES OF MOTOR 
CORTEX FROM LTP INDUCED RATS. Z.X. Ji*, T.E, Boyd, D.J. Froc. R.J. 
Racine. Department of Psychology, McMaster University, Hamilton, ON L8S-4K1, 
Canada

We have reported that LTP can be reliably induced in motor cortex of adult, freely 
moving rats by the application of spaced and repeated high frequency stimulating 
trains to the white matter. The LTP effect was most evident in upper layer V in the 
chronic preparation. In the present study, we monitored field potentials (FPs) in both 
layer II/III and layer V in motor cortex slices taken from control and potentiated rats.

Coronal neocortical slices of motor cortex were prepared from potentiated and 
control rats (Long-Evans, 3OO-5OOg) using blind procedures. To compare the 
changes in the different cortical layers, FPs were recorded in layer II/III and layer V 
in response to biphasic stimulating pulses (200 psec, 10-60 pA) in layer IV and the 
border of layer V and layer VI respectively. The FP amplitude/stimulation intensity 
curve shifted left in layer II/III (P<0.05, n=20) in the potentiated relative to control 
rats, while the curve in layer V (n=20) did not change. In layer II/III (n=9), the half 
height duration (Dhaif) of the FPs did not differ between the potentiated and control 
rats. In layer V, however, the D^f showed a marginally significant increase in the 
potentiated rats (P=0.06, n=7). There were no differences in Dhaif between layer V 
and layer II/III in control rats. The amplitude of small spikes in the potentiated rats 
was significantly increased to 296% of the control values in layer V (P<0.05, n=7). 
The differences in synaptic properties between layer II/III and layer V was further 
confirmed in slices from naive rats. After perfusion of 1 pM BMI for 30 minutes, 
FPs in layer V increased to 195±36%, while FPs in layer II/III increased to 124±18% 
(n=6). Theta burst stimulation (TBS) induced LTP in layer II/III in 8 out 15 of 
slices, while TBS failed to induce LTP in layer V in any slice, with or without BMI. 
These results demonstrate that layer II/III and layer V has different synaptic 
properties, and undergoes different physiological changes in response to the LTP 
induced by HFS in vivo. (Supported by MRC Canada.)

689.2
INTERACTIONS BETWEEN NEOCORTICAL LONG-TERM POTENTIATION 
AND LONG-TERM DEPRESSION IN THE ADULT FREELY MOVING RAT. 
David J, Froc* and Ronald J. Racine. Department of Psychology, McMaster 
University, Hamilton, Ontario, Canada, L8S 4K1.

It has been proposed that incremental and decremental synaptic learning rules are 
reflected in long-term potentiation (LTP) and depression (LTD) phenomenon, 
respectively. These experiments were designed to assess the interaction, if any, 
between LTP and LTD in the neocortex of the adult, freely moving rat. Male Long- 
Evans rats were chronically implanted with stimulating and recording electrodes into 
the corpus callosum and motor cortex (Ml), respectively. Animals were then 
assigned to one of five groups. All groups received conditioning stimulation once 
daily for fifteen days. While the LTP control group received high frequency trains 
alone (HFS alone), the LTD control group received low frequency trains alone (LFS 
alone). A third control group that did not receive any conditioning stimulation served 
to verify the stability of the evoked neocortical potentials during these experiments. 
The experimental groups received both HFS and LFS, differing only in the order of 
presentation. The block 1 (HFS-LFS) animals received one session of high frequency 
trains followed two minutes later by one session of low frequency trains, every day 
for 15 days. Block2 (LFS-HFS) animals received LFS followed two minutes later by 
HFS. Analyses included EPSP amplitude measurements for both an early 
monosynaptic and a longer latency, polysynaptic component. Both LTP and LTD 
effects were reliably induced in both components. Application of low-frequency 
stimulation after high-frequency stimulation reduced the level of LTP in the 
polysynaptic component, but had no significant effect on the early component LTP. 
Application of low-frequency stimulation before high-frequency stimulation had no 
effect on the asymptotic levels of LTP achieved (even though LTP in these animals 
was induced on a depressed baseline). We have already shown that longer intervals 
(days) between HFS and subsequent LFS allow the expression of a strong 
depotentiation effect. These data show that shorter pairing intervals modulate 
changes in synaptic efficacy. Supported NSERC Canada.

689.3

NORADRENERGIC MODULATION OF NEOCORTICAL LONG-TERM 
POTENTIATION IN THE FREELY MOVING RAT. Tiffany E, Boyd1’, Christopher 
Trepel1’2 and Ronald J. Racine1. 'Department of Psychology, McMaster University, 
Hamilton, Ontario, Canada, L8S-4KI and 2W. M. Keck Foundation Center for 
Integrative Neuroscience and Department of Physiology, University of California,
San Francisco, CA 94143.

Though a putative site of memory storage, the neocortex has proven resistant to the 
induction of long-term potentiation (LTP) in the chronic preparation. We have shown, 
however, that the neocortex readily supports LTP induced by spaced and repeated 
trains. Previous work using both in vivo and in vitro preparations have demonstrated 
that noradrenaline plays modulatory roles in several plasticity phenomena. Alpha2 
agonists, for example, have been shown to depress both LTP in the chick forebrain 
slice as well as the acquisition of a variety of learning tasks in both humans and rats. 
Here, we show that clonidine, an alpha2 adrenoceptor agonist, modulates neocortical 
LTP in the freely moving rat.

Stimulating and recording electrodes were implanted into the corpus callosum and 
motor cortex respectively. LTP induction parameters included sixty 8-pulse 24 msec 
trains at 300 Hz. Groups received trains at intensities of 160 and 1260 microamps for 
a period of 15 or 10 days respectively. The train frequency at both intensities was 0.1 
Hz. Animals received clonidine (.3 mg/kg i.p.) or vehicle injections 40 minutes prior 
to high-frequency stimulation. Additionally, field potential measures were collected 
from animals receiving clonidine (.3 mg/kg i.p.) only.

Both clonidine paired with low-intensity trains and clonidine administered alone 
produced similar results, namely, depression of the early component (avg. latency-to- 
peak: ~8 msec) below baseline levels and prevention of late component potentiation 
(avg. latency-to-peak: ~20msec). Clonidine paired with high-intensity trains blocked 
both early and late component potentiation. These data indicate that alpha2 
adrenoceptors modulate LTP in vivo in the same way that they modulate LTP in vitro 
and memory formation. Supported by NSERC Canada.

689.4
SYNAPTIC PLASTICITY ASSOCIATED WITH MOTOR LEARNING. T.D, 
Aumann1? S.J. Redman3, and M.K. Home1,2. ’Dept. Physiology and Biophysics, 
University of Washington, Seattle, WA 98195,2Dept. Neurology, Monash Medical 
Centre, Clayton, VIC, Australia 3168, and 3Div. Neuroscience, John Curtin School of 
Medical Research, Australia National University, Canberra, ACT, Australia 2601.

The cerebellum has been proposed to play a role in our ability to learn motor skills. 
Activity dependent changes in the efficacy of synaptic transmission (synaptic 
plasticity) are thought to underlie our nervous system’s ability to alter our behavior. 
We obtained anatomical evidence that cerebello-thalamic synapses might exhibit 
plasticity. The aim of this study was to look for evidence of plasticity at these synapses 
associated with motor learning.

Adult Sprague-Dawley rats were trained for three weeks to overcome a novel load 
imposed on one of their forelimbs (tlie other forelimb acted as an internal control). 
The load was applied in a direction opposing shoulder adduction. Following training, 
cerebello-thalamic synapses from identified shoulder adduction regions of thalamus 
were examined with an electron microscope. A number of ultrastructural parameters 
from the control and experimental sides of each rat were compared statistically. The 
only consistent difference found was a significant increase, on the experimental side, 
in the proportion of pre-synaptic active zone with docked synaptic vesicles.

400 pm thick thalamic slices were cut from the brains of 18-20 day old Sprague- 
Dawley rats killed by decapitation. They were maintained between 33-35°C in an 
organ bath perfused with oxygenated artificial cerebrospinal fluid and lOpM 
bicuculline. The amplitude of intracellularly recorded EPSPs evoked by electrical 
stimulation of cerebello-thalamic afferents increased immediately, and remained 
increased for up to 2 hours, following high frequency stimulation.

We conclude (1) that LTP can be evoked across cerebello-thalamic synapses, and (2) 
an ultrastructural change, consistent with pre-synaptic expression of LTP, occurs at 
these synapses in association with motor learning. (Supported by NH&MRC #980900)

689.5

ROLE OF CYCLIC AMP-DEPENDENT PROTEIN KINASE IN THE 
HIPPOCAMPAL-PREFRONTAL CORTEX LTP. T.M. Jay, H. Gurden and T. 
Yamaguchi*’. NAMC, CNRS UMR 8620, Universite Paris-Sud, Bat. 446, 91405 
Orsay, France; ’Dept. Biochemistry, Tokyo Women’s Medical College, Tokyo, 
162 Japan.
The c-AMP dependent protein kinase (PKA) is considered to play a role in the 
induction of the late phase of long-term potentiation (LTP) in the hippocampus. By 
contrast, little is known about the function of PKA in cortical LTP. We have 
combined biochemical and pharmacological approaches to examine whether PKA 
was implicated in the NMDA receptor-dependent LTP induced in the prefrontal cortex 
(PFC) after high frequency stimulation of the hippocampus. Using a biochemical 
approach (non radioactive), we measured PKA activity in brain homogenates (cytosol 
and membrane) at different times (5,12 and 60 min) after induction of LTP. We found 
that there is an NMDA receptor-dependent increase of 180 % (p < 0.05) in cytosolic 
level of PKA activity relative to low-frequency-stimulated controls, 5 min after LTP. 
Such marked changes were not apparent at 12 and 60 min following LTP induction. 
These data suggest that PKA appears to be involved in an early component of LTP or 
if PKA is involved in die late phase, it does not appear to be through a persistent 
activation. Using a pharmacological approach, we tested the effect of an inhibitor of 
PKA, Rp-cAMPS (300 pM) on hippocampal-PFC LTP. After a 30 min infusion 
beginning 20 min before tetanization, potentiation in the PFC was dramatically reduced 
(83 %; p<0.005) for 30 min after induction and was still significantly lower than ACSF 
controls, 90 min later (53%; p<0.05). These results show that PKA inhibitor prevents 
the induction of hippocampal-PFC LTP. Taken together, these data suggest that PKA 
is required for the induction and initial expression of cortical LTP and its precise 
role in this early phase remains to be clarified. Once the distinct temporal phases 
of hippocampal-PFC LTP will be defined, it would be interesting to determine the 
role of PKA in a later phase of cortical LTP.

689.6

EXTRACELLULAR CONTROL OF SYNAPTIC DEPRESSION IN CEREBRAL 
CORTICAL SYNAPSES R.D. King*, P.R Montague. Center for Theoretical 
Neuroscience, Division of Neuroscience, Baylor College of Medicine; Houston, TX 
77030.
Synapses in the cerebral cortex and hippocampus display a wide array of short-term 
facilitation and depression. For example, even different synapses made by the same 
neuron can differ dramatically in the character of the facilitation and depression that 
they express. One particular focus of recent work is the short-term depression 
exhibited by synapses in the cerebral cortex. Models have shown that these synaptic 
efficacy changes, in particular short-term depression, may be the basis for encoding 
strategies employed by neurons. We propose a novel physical mechanism for this 
short-term synaptic depression based on the influence of external calcium levels on 
synaptic transmission. We have addressed these issues by developing an analytical 
approximation for external calcium changes at synapses, and by direct computer 
simulation. We show that the relationship between external calcium and 
neurotransmitter release accurately predicts the characteristics of experimentally 
observed synaptic depression, including die dependencies upon initial levels of 
extracellular calcium, provided that the expected calcium fluctuations due to spike 
activity are taken into account. This addition of external mechanisms that influence 
the regulation of synaptic plasticity yields new insight into testable physical 
mechanisms that could contribute to short-term depression at cortical synapses. The 
results suggest the possibility that synapses may possess private pools of external 
calcium that enforce some forms of short-term depression in a synapse-specific 
maimer.
Source of funding: NIH Grant MH52797 (PRM), NIMH Grant MH 19547 (RDK), 
UNCF-Merck Foundation (RDK)
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689.7
LONG-TERM SYNAPTIC PLASTICITY IN THE GRANULAR LAYER OF 
RAT BARREL CORTEX. A.I. Cowan* and C. Stricker. Institute of 
Neuroinformatics. Univ. of Zurich / ETH. Winterthurerstr.190, CH 8057 
Zurich, Switzerland.

The cellular basis of long-term synaptic plasticity in the granular layer of rat 
barrel cortex has not been extensively investigated. Parasagittal slices of 
300 p.m thickness were obtained from Wistar rats (P11 - P20) sacrificed by 
decapitation. Whole cell recordings from visualised neurones were 
performed at 34° C in a submerged slice chamber. Patch pipettes were 
filled with a K-gluconate based solution including 0.5% biocytin for 
subsequent reconstruction. 40% of recorded neurones (n = 60) were 
spiny stellate cells whereas the remaining 60% were star pyramids. Minimal 
stimulation was achieved by placing an extracellular electrode in either the 
infragranular or granular layer. The type of induction protocol used critically 
influenced the type of synaptic plasticity observed (LTP or LTD). An 
induction protocol involving low frequency stimulation paired with post-
synaptic depolarization gave data consistent with pooled data for all 
protocols. Only 20% of spiny stellate cells demonstrated LTP, whereas 
LTP occurred in 50% of star pyramids. 60% of spiny stellates and 40% of 
star pyramids demonstrated LTD. However, pairing pre-synaptic 
stimulation with a post-synaptic back propagating action potential (1) could 
significantly change the proportions of LTP and LTD. In spiny stellate 
neurones a long time interval of 60-80 ms between pre-synaptic 
stimulation and post-synaptic action potential appears to be the most 
successful in inducing LTP (80%, n= 5). This long interval may be the 
reason that reports of LTD rather than LTP are common for these 
neurones.
Supported by Swiss National Science (SNF 5002-242787) and Bonizzi- 
Theler Foundations.

(1) Markram, H. et al. (1997) Science 275, 213-215

689.8
UNIT SPIKE ACTIVITY UNDERLYING THE NEOCORTICAL LAYER 2/3 
RESPONSE TO ASCENDING/RECURRENT INPUT. R. B. Langdon* and E.
C. Walcott, The Neurosciences Institute, San Diego, CA 92121.

In neocortical slices, stimulation of layer 4 elicits a complex response in 
layer 2/3 that is subject to various forms of activity-dependent plasticity. Here, 
the spike component of this response was examined as a factor that may 
contribute to field potential amplitudes. Layer 4 was stimulated by 8 to 100 nA 
(x 200 jj .s ) in slices of adult rat somatosensory and visual cortex, and unit 
activity was assessed by cell-attached patch-clamp recording from visually 
identified pyramidal cells in adjacent layer 2/3 (n = 28). Spike latencies 
tended to be highly sensitive to changes in the stimulus level. Three cells 
(14%) were probably antidromically driven, in that they spiked within 1 to 1.7 
ms of stimulation (20 to 60 pA). Ten cells (36%) spiked within 3 to 8 ms, 
which is when field potential and intracellular response amplitudes are gene-
rally measured. Cumulative input/output functions were similar for spike 
incidence and field potential amplitudes. Both rose asymptotically from a 
threshold near 10 pA and were half-maximal at about 25 pA stimulation.

Field potential amplitudes range between 0.3 and 1.2 mV in typical layer 2/3 
plasticity experiments. Hypothetically, how many cells would need to spike 
synchronously to generate such potentials if synaptic currents were to play no 
direct role (i.e., if such potentials had no significant "field EPSP" component)? 
In the following, it was assumed that maximal antidromic population spikes 
occur when all cells spike synchronously. These were elicited by 200 to 400 
pA stimulation with neurotransmission blocked. They closely resembled 
hippocampal CA1 population spikes and were 6 to 7 mV in amplitude. This 
implies that synchronous spiking by only 5 to 20% of layer 2/3 cells could 
account for the field potentials observed in typical synaptic plasticity experi-
ments, and this value is in good agreement with the unit spike incidence data.

Supported by Neurosciences Research Foundation.

689.9

TETANUS TOXIN BLOCKS INDUCTION OF LONG TERM POTENTIATION 
OF INHIBITORY POSTSYNAPTIC CURRENTS IN DEEP CEREBELLAR 
NUCLEAR NEURONS. M. Ouardouz and B. R. Sastry*. Department of 
Pharmacology and Therapeutics, The University of British Columbia, 
Vancouver, BC, Canada V6T 1Z3.

Long term potentiation (LTP) of y-aminobutyric acid (GABA) A receptor- 
mediated inhibitory postsynaptic currents (IPSCs) in deep cerebellar nuclei 
(DCN) can be induced by a tetanic stimulation of inputs (Aizenman et al., 
Neuron 21: 827-835, 1998) or by postsynaptic cell depolarization. In the 
present study, we examined the effects of intracellularly injected tetanus toxin, 
a drug that interferes with transmitter release, on the LTP. Cerebellar slices 
(400 pm in thickness) were prepared from 7-9 day old Wistar rats. IPSCs 
were recorded from visually identified DCN neurons using an upright Zeiss 
microscope equipped with an infrared camera. In control neurons, high 
frequency stimulation (100 Hz, 20 stimuli), during a current-clamp of the 
recorded neuron, induced LTP of the evoked inhibitory synaptic current (141.7 
+ 13.0 % of control, in 8 of 11 cells tested). Voltage depolarizing steps to 0 
mV (18 pulses of 200 ms duration) could also produce LTP of the IPSC 
(126.4 + 6.2 % of control, in 7 out of 10 cells tested). The depolarization- 
induced potentiation, however, was not observed if recording electrodes 
contained tetanus toxin (20 nM) (IPSC as a % of control: 89.4 + 6.0, n=5) or in 
cells injected with BAPTA (10 mM) (IPSC as a % of control: 87.3 + 13.3, n=5). 
These results raise possibilities that LTP of the IPSC may involve (a) release 
of messengers from DCN neurons that modify presynaptic release properties 
and/or (b) postsynaptic changes like the insertion of new GABA receptors on 
postsynaptic cells. Experiments are currently underway to examine these and 
other possibilities.

Supported by NIH grant # 30959 to BRS.

689.10

ALTERED SPINAL DORSAL HORN SYNAPTIC PLASTICITY IN
PREPROTACHYKININ A GENE MUTANT MICE. D.H. Youn1, Y-Q. Cao2, A.I. 
Basbaum2, and M Randid1*. Dept. of Biomedical Sciences, Iowa State University, 
Ames, IA 50011; 2Neuroscience Program and Dept. of Anatomy, UCSF, CA 94143.

The existence of long-term modifications of primary afferent neurotransmission 
following repetitive stimulation of primary afferent fibers has been reported in spinal 
dorsal hom (DH) slices of young rats (Progress in Brain Res. 113, 463, 1996). The 
cellular mechanisms underlying these changes in synaptic efficacy are unclear. The 
tachykinin neuropeptide substance P (SP) coexists with the excitatory neurotransmitter 
glutamate in nociceptive primary afferents; both molecules have been implicated in 
long-term potentiation (LTP) of excitatory synaptic transmission in the DH (Progress 
in Brain Res., 110, 207, 1996). To further test the contribution of SP in synaptic 
plasticity, we assessed the ability of primary afferent-DH neuronal pathways to 
undergo LTP or long-term depression (LTD) in mice with a deletion of the 
preprotachykinin A (PPT-A) gene, which encodes SP and a related tachykinin, 
neurokinin A.

Synaptic transmission between primary afferents and neurons in the lumbar DH (LI- 
III) was examined by conventional intracellular recording in transverse spinal slices 
obtained from wild-type and PPT-A mutant mice after brief high intensity, high- 
frequency electrical stimulation (300 pulses at 100 Hz) of primary afferent A- and C- 
fibers. LTP was observed in 6 of 7 slices in PPT-A mutant mice and in 3 of 10 slices 
in wild-type mice. The average LTP, measured at 20 min after tetanus was 144±19% 
of control for the PPT-A mutant mice, and 143±10% for the wild-type mice. LTD was 
present in 1 of 7 slices in PPT-A mutant mice, and in 4 of 10 slices in wild-type mice. 
SP (1 pM, 10 min) increased EPSPs in 8 of 10 slices in wild type mice, but both 
increase (2 of 8 slices) and decrease (4 of 8 slices) was observed in PPT-A mutant 
mice. These results indicate that there is a complex regulation of synaptic plasticity by 
tachykinins in the mammalian spinal cord dorsal hom. Supported by NSF grant 1BN- 
9604654, PVA Spinal Cord Research Foundation, NS 14627 and DE 08973.

689.11

REVERSIBLE, NMDA DEPENDENT, ASSOCIATIVE DEPRESSION IN THE 
ELECTROSENSORY LOBE OF MORMYRID FISH. V.Z.Han1*! Grant2 and 
CCBell1 . ’Neurol. Sci. Inst., Oreg. Hlth. Sci. Univ., Portland, OR 97209; 2
C.N.R.S., Paris, France.

We have previously reported an associative depression at the parallel fiber 
to medium ganglion cell (MGC; a Purkinje-like cell) synapse in the electrosensory 
lobe (ELL) of mormyrid fish. We describe here some additional properties of this 
synaptic plasticity. Intracellular recordings were made in transverse slices of ELL. 
Epsps were evoked in MGCs by parallel fiber stimulation and paired with 
intracellular current pulses (l-2Hz for 5min).

Pairing the epsp with a current pulse that evoked a broad spike (believed to 
be dendritic) produced a depression in epsp size, but pairing the epsp with a current 
pulse that was just subthreshold for the broad spike did not produce depression. In 
addition, simply increasing the parallel fiber stimulus for 5 minutes, so that the epsp 
evoked a broad spike, produced a similar depression, as observed on return to the 
original stimulus. The depression could not be obtained during bath application of 
the NMDA receptor antagonist, AP-5, but could still be obtained in the same cell 
after washing out the antagonist. Intracellular application of the calcium chelator, 
BAPTA, also abolished the depression. Reversibility of the depression was 
demonstrated by first saturating the depression with two or three pairings, then 
allowing the epsp to recover by delivering the epsp at 1 Hz in the absence of the 
broad spike, and finally causing depression once again by appropriate pairing.

Thus, the associative depression at the parallel fiber-medium ganglion cell 
synapse is reversible, NMDA receptor-dependent, and requires a postsynaptic 
spike. (Supported by an NIMH grant to CCB.)

689.12

PHOSPHORYLATION OF 82 GLUTAMATE RECEPTOR AND ITS 
INVOLVEMENT IN LONG-TERM DEPRESSION. T. Kondo12*, M. Mishina3, 
and M. Yuzaki1.1Dept. of Developmental Neurobiol., St. Jude Children’s Res. 
Hosp., Memphis, TN 38105' 2Supermolecular Sci. Div., Electrotechnical Lab., 
Tsukuba 305-8568, Japan; 3Dept. of Pharmacol., Fac. of Med., Univ. of 
Tokyo, Tokyo 113-0033, Japan.

Glutamate receptors 82 are predominantly expressed in cerebellar Purkinje 
cells and they are believed to play a crucial role in cerebellar function. Mice 
lacking 82 receptors (b2'1') display impaired motor learning and long-term 
depression (LTD), a putative cellular model of cerebellar information storage. 
However, the mechanisms by which the 82 receptors participate in cerebellar 
functions are unclear. To understand how 82 receptors are involved in LTD, 
we studied the effect of protein kinase C (PKC) activation on the induction of 
LTD in 82 -/- Purkinje cells. In Purkinje cells cultured from wild type mice, 
PKC activation lead to LTD. In contrast, it did not induce LTD in 82-/- Purkinje 
cells, suggesting that 82 receptors may be involved in downstream events 
following PKC activation. Next, we investigated whether 82 receptors were 
directly phosphorylated by PKC. 82 receptors expressed in HEK293 cells 
were phosphorylated by phorbol ester. In addition, the carboxyl terminal 
region of 82 receptors fused with glutathione-S-transferase (GST) was 
potently phosphorylated by PKC at a specific serine residue. These data 
suggest that phosphorylation of 82 receptors by PKC may be involved in the 
induction of LTD.

This work was supported in part by NIH Cancer Center Support CORE 
grant P30 CA21765 and by the American Lebanese Syrian Associated 
Charities (ALSAC).
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689.13

Interneuronal communication via gap junctions is heterogeneous and 
dynamically regulated by synaptic activity Pereda, A.*, Smith, M.
MCP Hahnetnan University, Philadelphia, PA 19129

Primary auditory afferents terminate as mixed, single, "large myelinated 
club endings” (LMCE) on the lateral dendrite of the goldfish Mauthner (M-) 
cell. This group of afferents undergoes activity-dependent potentiations 
(LTP) of not only their glutamatergic EPSPs but also the gap junction- 
mediated electrical EPSPs. The induction of this process is synaptically- 
mediated, and depends on the activation of NMDA receptors. Using 
simultaneous pre- and postsynaptic recordings we explored the distribution 
of these changes between the population of fibers. We have found that, in 
control conditions for each fish, unitary electrical EPSPs vary in amplitude, 
from 0.25 to 2 mV (n=95). This finding most likely reflects the highly dynamic 
nature of electrical transmission at these fibers and results from different 
functional states of gap junctions between individual LMCEs because: i) no 
correlation was found between electrical EPSP size and its time to peak, ii) 
HRP injections showed that both small and large electrical EPSPs belong to 
LMCEs terminating in the distal portion of the lateral dendrite, iii) intradendritic 
injections of the tracer Neurobiotin revealed dissimilar staining of LMCEs in 
the same fish. Furthermore, tetanization of the posterior VIHth nerve modified 
the amplitude of the unitary electrical EPSPs. However, the degree and sign 
of the modification of the unitary electrical EPSP did not necessarily 
correspond to the potentiation of the population electrical EPSP(n=10). 
Thus, within these population of afferents, not only the degree of gap 
junction coupling but also its susceptibility for modification is heterogeneous, 
presumably reflecting the previous history of neighboring chemical 
synapses. Our results suggest that the degree of gap junction 
communication between a neuron and a population of coupled neighbors 
can be heterogeneous and susceptible to dynamic modulatory control by 
neighboring chemical synapses.
(Supported by NIH grants DC 03186 and NS15335)

SYNAPTIC PLASTICITY: LONG-TERM POTENTIATION X

690.1

INDUCTION OF LTP AND LTD AT RAT CORTICOSTRIATAL SYNAPSES 
UNDER NORMAL PHYSIOLOGICAL CONDITIONS IN VITRO: A QUESTION 
OF TOPOGRAPHY AND PATTERN OF AFFERENT STIMULATION.
J.P. Spencer and K.P.S.J, Murphv*, Dept. of Pharmacology, University of 
Cambridge, Tennis Court Road. Cambridge CB2 1QJ, United Kingdom.

Long-term changes in the synaptic efficacy of corticostriatal synapses are believed 
to be involved in motor learning. It is widely held that the predominant form of 
plasticity at these synapses in vitro is long-term depression (LTD) and that long-term 
potentiation (LTP) is only apparent under pathological conditions or after 
manipulation of NMDA or dopamine receptors (see Calabresi et al. (1996) TINS 19). 
However, in contrast to this view, it has recently been demonstrated that LTP can be 
readily induced at corticostriatal synapses in the anaesthetised rat (Charpier & Demau 
(1997) PNAS 94). We report here that both LTP and LTD can be induced under 
physiological conditions in striatal slices prepared from Wistar male rats (50-120g).

Monopolar stimulation of the white matter evoked glutamate receptor-mediated 
field EPSPs recorded in the dorsal striatum. In coronal slices, high frequency 
stimulation (HFS) of the white matter (3-6 x 100Hz) failed to induce a marked 
change in synaptic efficacy. Likewise, HFS of sagittal striatal slices also proved to 
be relatively ineffective. However, modest electrical stimulation (1-20 pulses at 
100Hz) of the striatum induced LTD at corticostriatal synapses in 12/19 slices 
(-44.6±7.8%; remaining slices exhibited a transient depression). Furthermore, this 
form of heterosynaptic LTD could be induced along the full rostral-caudal axis of the 
dorsal striatum. Remarkably, pairing HFS of the white matter with striatal 
stimulation induced LTP in 10/25 slices (+91.8±17%) in rostral striatum and LTD in 
4/6 slices (-42.9±9.5%) in caudal striatum. In summary, our data suggests that LTD 
at corticostriatal synapses is critically dependent upon the activation of local striatal 
neuronal circuits and that under normal physiological conditions LTP is easily 
induced at rostral corticostriatal synapses, (jps39@cam.ac.uk)

690.2

REGIONAL AND DEVELOPMENTAL HETEROGENEITY OF ACTIVITY- 
DEPENDENT LONG-TERM CHANGES IN SYNAPTIC EFFICACY AT 
CORTICOSTRIATAL SYNAPSES. K,C, Tang.13* J.G. Partridge23 and D.M, 
Lovinger1,2,3. 'Dept. of Molecular Physiology and Biophysics; 2Dept. of Pharmacology, 
’Center for Molecular Neuroscience, Vanderbilt University Medical School, Nashville, 
TN 37232.

Corticostriatal synapses are capable of expressing different plastic changes. In this 
study, we have focused on whether changes in corticostriatal synaptic plasticity are age- 
and /or region-dependent. Field potential/population spikes and excitatory postsynaptic 
currents were recorded using extracellular and whole-cell voltage-clamp techniques in 
corticostriatal slices from P12-P34 rats. High frequency stimulation (HFS) (4 trains of 
1 sec duration, 100 Hz, intertrain interval=10 sec) of the white matter overlying 
dorsolateral striatum resulted in long-term depression (LTD) of the postsynaptic 
responses in most slices from animals aged Pl6 to P34. HFS elicited a long-term 
potentiation (LTP) of synaptic responses in dorsolateral striatum from animals aged 
P12-P14. The same HFS paradigm administered to fibers innervating dorsomedial 
striatum resulted in a propensity to express an NMDA-receptor dependent form of LTP 
across the entire developmental time period (P16-P34). The LTP in dorsolateral and 
dorsomedial striatum persisted for at least 3 hours after HFS application. Preliminary 
results suggest that a late phase of this LTP was decreased when a DI dopamine 
receptor antagonist was present during HFS. Furthermore, induction of dorsomedial 
LTP was completely blocked by scopolamine, an antagonist of muscarinic-type 
acetylcholine receptors (n=4). The present data show expression of diverse forms of 
synaptic plasticity in the striatum during early postnatal development. These findings 
are consistent with the idea that subregions of striatum may differentially develop 
functioning synapses and that the different regions may play particular roles in the 
acquisition or encoding of some forms of motor sequencing and stereotypical behaviors. 
(Supported by NS30470)

690.3

GROUP I METABOTROPIC GLUTAMATE RECEPTORS ARE 
INVOLVED IN THE INDUCTION OF LONG-TERM 
DEPRESSION AT CORTICO-STRATAL SYNAPSES.
Ki-Wug Sung* & David M. Lovinger, Dept. of Molecular Physiology & 
Biophysics, Vanderbilt Univ. Med. Sch. Nashville, TN 37232.

Activation of metabotropic glutamate receptors (mGluRs), which are 
coupled to G-proteins, has important roles in certain forms of synaptic 
plasticity including cortico-striatal long-term depression (LTD). 
Extracellular field potential recording techniques were used to 
investigate the effect of recently developed mGluR antagonists on 
high frequency stimulation (HFS)-induced LTD of synaptic 
transmission in the cortico-striatal pathway of brain slices obtained 
from 15-25 day-old rats. (S)-4-Carboxy-phenylglycine (4-CPG, 50 
pM) or (RS)-1-aminoindan-1,5-dicarboxylic acid (AIDA, 20 pM), 
selective antagonists at group I mGluRs, prevented the induction of 
LTD when applied before and during HFS. The group II mGluR 
antagonist LY307452 (10 pM) did not block LTD induction at cortico-
striatal synapses but LY307452 was able to block transient synaptic 
depression induced by a group II agonist LY314593. Neither 4-CPG, 
AIDA nor LY307452 had an effect on basal synaptic transmission at 
the concentrations used. These results suggest that group I mGluRs 
contribute to the induction of LTD at cortico-striatal synapses. 
Supported by NS30470 & NS37615

690.4

NICOTINIC ACETYLCHOLINE RECEPTORS ARE INVOLVED IN THE 
INDUCTION OF CORTICOSTRIATAL LONG-TERM DEPRESSION 
J.G, Partridge*1 »3and D.M. Lovinger1 »2’3 1Dept. of Pharmacology,2Dept. of Molecular 
Physiology and Biophysics, Vanderbilt Univ. School of Medicine. 3Vanderbilt Center for 
Molecular Neuroscience. Nashville, TN 37232.

Nicotinic acetylcholine receptors (nAChR) expressed in the striatum have 
been shown to modulate the release of dopamine (DA). High frequency 
stimulation (HFS) (4,100Hz trains, 1 s duration, 10 s intertrain interval) to 
glutamatergic cortical afferent axons results in long-term depression (LTD) of 
cortical input to striatal spiny neurons. Corticostriatal LTD in adult animals has 
been previously shown to require the activation of both D1- and D2-type DA 
receptors. Because activation of nAChRs can potentiate the release of DA we 
tested the hypothesis that activation of nAChRs is necessary for the induction 
of striatal LTD. Nicotine (500 nM), had no effect on the expression (n=4) or 
maintenance (n=3) of striatal LTD. Hexamethonium (100 pM) and 
mecamylamine (100 pM), use-dependent blockers of neuronal nAChRs, 
prevented the expression of LTD in 29 of 37 slices examined with field potential 
recordings and in 13 of 15 whole cell recordings from slices obtained from 
neonatal rat pups (P12 to P21). These pharmacological agents had no effect on 
the maintenance of striatal LTD when applied 30 minutes after HFS 
(n=3).Furthermore, these compounds had no effect on the magnitude of 
postsynaptic current (n=20) or paired pulse facilitation ratios (n=3) in the 
absence of HFS suggesting that they do not alter low frequency synaptic 
transmission at a pre- or postsynaptic site of action. Attempts to bypass the 
nAChR mediated blockade by addition of exogenous DA receptor agonists 
failed to induce LTD. One possible explanation for the inability of these 
compounds to "rescue" LTD is that the spatial and temporal pattern of 
endogenous DA release is crucial for LTD induction. These observations 
support the idea that the nAChR may act as a parasynaptic element in the 
modulation of these synapses. Supported by NS30470 and the Tourette 
Syndrome Association.
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690.5
AMPA RECEPTOR MODULATION BY CALCIUM IN MOUSE 
BRAIN SECTIONS: BIDIRECTIONAL CONTROL IN THE CORTEX 
AND STRIATUM FORMATIONS. L, Lapierre. B, Valastro. J, Gaend. O, 
Ghribi and G, Massicotte*, University du Quebec h Trois-Rivifcres, D6pt. Chimie- 
Biologie, C.P. 500, Trois-Rivieres, Quebec, Canada, G9A 5H7.

The expression of synaptic plasticity in several brain structures has been proposed 
to result from changes in properties of the oc-amino-3-hydroxy-5-methyl-4-isoxazole 
propionate (AMPA) subtype of glutamate receptors by calcium-dependent 
mechanisms. Relatively well studied in rats, these changes have not been evaluated in 
mice, an animal model that has been used with increasing frequency as it offer the 
opportunity to study the effect of genetic modifications on neuronal function in 
several inbred strains and transgenic subjects. The goal of the present study was to 
determine how calcium treatment can influence the binding properties of AMPA 
receptor in different areas of mouse brain sections. Quantitative autoradiographic 
analysis of the calcium effect, over a range of concentrations (0.001 to 50 mM), 
reveals that [3H]AMPA binding was enhanced in a dose-dependent manner in all 
hippocampus areas. In the cerebral cortex and striatum formations, however, the 
calcium treatment generated a biphasic effect on [3H]AMPA binding with low 
concentrations causing a decrease and high concentrations an increase in agonist 
binding. Interestingly, inhibition of the lipoxygenase-mediated metabolism of 
arachidonic acid selectively abolished the calcium-induced decrease of [3H]AMPA 
binding observed in both cortex and striatum formations. Our results demonstrate 
that, depending of the brain regions, calcium can generate bidirectional or 
monodirectional modulation of AMPA receptor properties. Indeed, this regional 
variation in regard to the effect of calcium on AMPA receptors may have important 
implications for understanding the biochemical mechanisms underlying expression of 
synaptic plasticity across the various brain structures. Supported by Natural Sciences 
and Engineering Council of Canada (NSERC)

690.6
SYNAPTIC PLASTICITY IN THE STRIATUM OF MICE 
LACKING ENDOTHELIAL NITRIC OXIDE SYNTHASE. 
Y.Yanovsky, N, Doreulee, A. Godecke, J. Schrader, M. Pak* and
H. L. Haas Department of Physiology, Heinrich-Heine-University, 
POB 101007, D-40001 Diisseldorf, Germany

Synaptic plasticity (LTP and LTD) in striatum was tested on slices 
from eNOS7 -mice. No difference was found in membrane proper-
ties of medium spiny neurons, but the thresholds for evoking action 
potentials by cortical stimulation were significantly lower in slices 
from eNOS'7'mice (68 ± 9 pA) as compared to control animals (107 
± 14 pA). Tetanic stimulation of cortical afferents could evoke LTP 
(58 %) or LTD (37 %) in slices of control mice. Only 26% of slices 
from eNOS7 mice showed LTP, 48% displayed LTD. In Mg2-free 
medium 75 % (control) but only 37 % (eNOS7') showed LTP. No 
difference in the magnitude of LTP or LTD was found either in 
normal or in Mg2+-free medium. Sulpiride abolished LTD in slices 
from control mice. In contrast LTP was missing under sulpiride in 
slices from eNOS7 animals and the number of slices displaying LTD 
was increased to 73%. Treatment of the slices with sulpiride also 
removed the difference in excitability between slices from control 
and knockout mice in normal medium. Thus eNOS7' mice have 
altered thresholds for striatal LTP and LTD which seem to be due to 
an altered function of the dopaminergic input.

690.7

The electrophysiological study of striatal neuronal mechanisms in 

methamphetamine-sensitized rats. S._M()riguchi T, Shjmazoe N. Hori2 and 

S. Watanabe 1. Dept. of pharmacol., Fac. of Pharmaceut. Sci., Kyushu Univ., 

Fukuoka 812-8582 Japan. 2.School of Pablic Health, University at Albany NY 12144. 

Repeated administration of methamphetamine (MAP) produced sensitization referred to 

an augmentation of locomotor activity and stereotyped behavior even after long-term 

withdrawal. Biochemical studies showed that activation of nigrostriatal or mesoaccumbal 

dopamine (DA) systems was accompanied by enhancement of DA release in MAP- 

sensitized rats. However, the physiological mechanism of these effects is not well known. 

In the present study, intra- and extracellular responses evoked by subcortical white matter 

stimulation were recorded from the neostriatal slices of nomal or MAP-sensitized rats. 

The results of paired pulse stimulation suggested that transmitter release was increased 

from the corticostriatal fibers in MAP-sensitized rats. Intracellular recordings showed that 

the membrane resistance of MAP-sensitized rats was lower than the that of control rats, 

but that no significant difference was observed on membrane potential. Long-term 

depression (LTD) was induced in nomal rats by tetanic stimulation. However, long-term 

potentiation (LTP) was observed in MAP-sensitized rats. LTP was inhibited by a NMDA 

receptor antagonist, AP-5 or a DI receptor antagonist, SCH23390. These results suggest 

that the enhancement of transmitter release might be caused by the activation of NMDA 

and DI receptors in MAP-sensitized rats.

690.8
GENETIC EVIDENCE FOR A PRESYNAPTIC COMPONENT TO 
AMYGDALA LTP. Y.-Y. Huang?1 R. Janz.2 E. R. Kandel1 and T. C. Sudhof2. 
‘Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, New York, NY 10032; 
2Univ. of Texas Southwestern Medical Center, Dallas, TX 75235.

We recently obtained physiological evidence that in the lateral nucleus of the 
amygdala LTP is induced postsynaptically but that it is expressed presynaptically 
with a PKA-mediated mechanism (Neuron, 21:169, 1998). To begin to explore 
the mechanisms of amygdala LTP genetically, we examined mice lacking Rab3A 
protein (Nature 387:810, 1997; 369:493, 1994), a small GTP-binding protein 
thought to function in vesicle exocytosis by acting on effectors two of which 
(RIM and rabphilin) that are substrates of PKA. In mossy fiber synapse, mice 
lacking Rab3A show a defect in LTP and disinhibition of Ca2+-triggered glutamate 
release. We similarly find that in the lateral nucleus that LTP induced by 
either 100 Hz or 20 Hz tetanization is reduced significantly in Rab3A knockout as 
compared to wild-type mice. By contrast, the paired-pulse facilitation (PPF), a 
short-term synaptic facilitation mediated by presynaptic mechanism, is greatly 
enhanced in knockout mice. The association of increased PPF with decreased 
LTP indicates further that amygdala LTP might share components of the same 
presynaptic mechanism with PPF and that pre-activation of this presynaptic 
mechanism might occlude LTP in Rab3A knockout mice. Consistent with this 
possibility, LTP in wild-type mice occluded PPF and inhibiting PKA 
pharmacologically blocked LTP and released the occlusion of PPF. These results 
provide genetic evidence that the expression of LTP in the amygdala requires a 
PKA-mediated presynaptic mechanism perhaps mediated by effectors of Rab3 
that are targets of PKA action Supported by Dana Foundation and HHMI.

690.9

LONG-TERM DEPRESSION OF EXCITATORY SYNAPTIC 
TRANSMISSION IN THE RAT AMYGDALA. P.W. Gean* and S.J. 
Wang. Dept. of Pharmacol. National Cheng Kung Uni., Tainan City, 
Taiwan 701.

Long-term potentiation (LTP) of synaptic transmission in the 
amygdala is hypothesized to underlie kindling and fear conditioning. 
Thus, a means to counteract LTP may provide a new avenue for the 
treatment of epilepsy and post-traumatic stress disorder. Here, we show 
for the first time that lateral-basolateral synapses in the rat amygdala 
can express long-term depression (LTD) which is dependent on the 
input pathway, homosynaptic and requires activation of both N- 
methyl-D-aspartate (NMDA) and metabotropic glutamate receptors 
(mGluRs). Loading cells with Ca^+ chelator BAPTA or extracellular 
superfusion with protein phosphatase inhibitors prevents LTD, 
suggesting that LTD may result from dephosphorylation of a-amino-3- 
hydroxy-5-methyl-4-isoxazole propionate (AMPA) receptors. LTD 
could not be elicited in neurons from kindled animals. Thus, a loss of 
LTD could contribute to the kindling-induced long-term enhancement 
of excitatory synaptic transmission and epileptogenesis. (Supported by 
the National Science Council of Taiwan NSC88-2314-B006-030)

690.10
SYNAPTIC PLASTICITY IN THE BASOLATERAL NUCLEUS OF THE 
AMYGDALA: LTP, LTD AND DEPOTENTIATION G. Rammes, B. Lutz, A. 
Kresse & W. Zieglgansberger* Max Planck Institute of Psychiatry, Munich, 

Germany.
The basolateral nucleus of the amygdala (BLA) is involved in the storage of 

implicit memories of fears. The cellular mechanisms underlying synaptic plasticity 
in this nucleus are largely unknown. Electrophysiological experiments were 
performed to study synaptic plasticity in the BLA using an in vitro slice preparation. 
Population spikes (PS) were evoked in the BLA by stimulating either the external 
capsule or the lateral amygdala. Tetanic stimulation with a single train (lx 
lOOHz/ls) produced only short-term potentiation. Five trains of tetanus (5x 
lOOHz/ls; 10s ISI) induced long-term potentiation (LTP; 115.2% ± 6.2, after 
60min). This form of LTP was completely blocked by the competitive NMDA 
antagonist AP5 (50pM). In slices in which GABAergic inhibition was blocked by 
picrotoxin (10jlM), LTP induced by five trains was more pronounced (140.4% ± 
7.1; after 60min). Low frequency stimulation (lHz/900pulses) induced either long-
term depression (LTD; 71.5% ± 4.4, after 60min) or depotentiation. LTD could be 
blocked neither by infusion of AP5 (50|iM), nor by the L- and T-type Ca2+-channel 
blockers nifedipine (20pM) or Ni2+ (50|iM), respectively. Higher doses of AP5 
(lOOpM) attenuated the extent of LTD, but the PS amplitude did not reach control 
levels (93.6% ± 1.1, after 60min). The depression of LTD was totally blocked by 
picrotoxin (lOpM), indicating that the GABAergic system plays an important role in 
the expression of LTD in the BLA.
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690.11
BASOLATERAL AMYGDALA AND STRESS MODULATION OF 
HIPPOCAMPAL PLASTICITY I, Akirav and G. Richter-Levin*Dept. of 
Psychology, Univ. of Haifa, Haifa 31905, Israel.

Explicit memory is considered to be dependent upon the hippocampus, while 
the amygdala is considered as a part of an emotional memory system. We 
examined the effects of priming of the basolateral group of the amygdala (the 
BLA) on LTP in the dentate gyrus (DG) Compared to the control group, which 
received just high-frequency stimulation (HFS) to the perforant path (PP), 
priming the BLA resulted in an enhanced LTP in the DG 30, 90, 150 and 180 
minutes post-HFS. However, exposure to a behavioral stress (putting the rat for 
10 minutes on a platform in the center of a water-maze) inhibited LTP at 30 
minutes post-HFS. From 90-minute post-HFS onward, LTP was the same as in 
controls. Since the amygdala is considered to mediate emotional responses, we 
examined the apparent discrepancy between the effects of behavioral stress and 
of amygdala priming on hippocampal plasticity. Priming the BLA an hour prior 
to HFS (in order to equalize the interval between the manipulation and HFS) 
inhibited LTP in a way resembling the effects of the behavioral stress. 
Moreover, Exposure to the behavioral stress blocked the enhancing effects of 
BLA priming on LTP.

We propose a model in which both manipulations trigger two mechanisms: the 
first is activated immediately and decays quickly (a facilitating effect on 
synaptic plasticity), the second takes longer to be activated, but has a long 
lasting influence (an inhibiting effect).

690.12
CHANGES IN SYNAPTIC EFFICACY AFTER THETA FREQUENCY 
STIMULATION IN THE LATERAL AMYGDALA OF THE RAT IN 
VITRO. T. Heinbockel* and H.-C. Pape. Otto-von-Guericke-UniversitSt, Institut 
fur Physiologie, Leipziger Str. 44, D-39120 Magdeburg, Germany.

One basic principle of information processing in the amygdala is related to slow 
oscillating neuronal activity carried by projection neurons that generate membrane 
potential oscillations in the theta frequency range. As synaptic plasticity in the 
amygdala may play a critical role in conditioned fear and anxiety we have started to 
characterize the relation of these oscillations to synaptic plasticity in the in vitro 
amygdala slice of the rat. Our slice preparation allowed to separately stimulate 
primarily cortical or thalamic afferents to the lateral amygdala with single electrical 
stimuli or a theta frequency stimulation paradigm. Single electrical stimulation of 
cortical afferents typically evoked a triphasic sequence of a fast glutamate-receptor- 
mediated EPSP, followed by a fast GABAA-receptor mediated IPSP and a slow 
GABAs-receptor mediated IPSP. The cortical input at this stimulation rate was 
dominated by an IPSP, whereas thalamic input was often primarily excitatory.

Theta frequency stimulation of thalamic afferents resulted in a lasting decrease of 
EPSP amplitude evoked with single thalamic control stimuli while it had no effect 
on cortically evoked EPSPs. Theta frequency stimulation of cortical afferents did 
not result in a lasting change of EPSP amplitude of either input pathway. Short 
potentiating effects on inhibitory intemeurons were seen as increases of EPSP 
amplitude in projection neurons with either thalamic or cortical theta stimulation. 
In the presence of ethylglutamic acid, EGLU, a presynaptic and selective group II 
mGluR antagonist, theta frequency stimulation failed to induce enduring synaptic 
depression. By itself, EGLU did not affect the amplitude of synaptic potentials.

These changes in synaptic strength are input specific and could mediate balance 
shifts of thalamic vs cortical influences on the lateral amygdala with effects on 
mGluR-mediated fear conditioning neuronal circuits. Supported by SFB 426.

690.13

CONTROL OF SYNAPTIC STRENGTH IN THE HIPPOCAMPAL- 
PREFRONTAL CORTEX LTP BY THE MESOCORTICAL DOPAMINERGIC 
SYSTEM. H. Gurden, J.P Tassin§ and T.M Jay* NAMC, CNRS UMR 8620, 
Universite Paris-Sud, 91405 Orsay, France ; ^INSERM U114, College de France, 
75231 Paris, France.
Hippocampal excitatory afferents and dopaminergic fibers originating in the 
ventral tegmental area (VTA) are concentrated in the deep layers (V-VI) of the 
prefrontal cortex (PFC). In view of the prominent role of dopamine (DA) in 
cognitive functions, we examined the effects of (i) VTA stimulation and (ii) 
cortical DA depletion induced by VTA lesion on the induction of long-term 
potentiation (LTP) in the hippocampal-PFC pathway of anesthetized rats.
(i) Stimulation of the VTA at a frequency known to evoke DA overflow in the 
PFC (50 Hz) produces a long-lasting enhancement in the magnitude of the 
hippocampal-PFC LTP relative to controls (32.0% higher during the first 20 min 
post-tetanus;p<0.001 ; 18.3% higher 2 hours post-tetanus, /?<(). 05).
(ii) In VTA-lesioned rats, with 50% depletion in cortical DA compared to sham 
animals, a dramatic decrease in hippocampal-PFC LTP was observed over a 
period of one hour following tetanic stimulation (13.5% in lesioned rats and 
44.4% in sham) before the response slowly reaches a level of potentiation 
observed in the sham animals. In other VTA-lesioned rats with cortical DA level 
higher than 50%, there was no change in LTP. A significant correlation (r=0.8, 
p<0.001, n=14) was obtained between cortical DA levels and cortical LTP 
amplitude. In contrast to the effects on LTP, VTA stimulation, when applied at 
low or high frequency, induces a transient decrease in the amplitude of the 
hippocampal-PFC postsynaptic response evoked by test stimuli.
These data demonstrate the importance of the integrity of the mesocortical 
dopaminergic system for LTP to occur in the hippocampal-PFC pathway and 
support the finding that the neuromodulatory DA actions in the PFC are 
dependent on the excitatory amino-acid subtypes that are activated.

690.14

LONG-TERM DEPRESSION IN THE RAT AND MOUSE VENTRAL 
TEGMENTAL AREA.
A. Bonci1*, J.L, Komblum2, S. Jones2, C.W. Hodge1, J. A. Kauer2, and R.C.
Malenka3. ’Ernest Gallo Clinic and Research Center and Department of Neurology, 
University of California San Francisco, 94110 CA. 2Dept. of Neurobiology, Duke 
University Medical Center, Durham, NC 27710. 3Dept. of Psychiatry and 
Physiology, University of California, San Francisco, CA 94143.

The ventral tegmental area (VTA) is considered a key component of the neural 
circuitry that mediates the development of addictive behavior. We have previously 
shown that the dopaminergic neurons of the VTA can express synaptic plasticity in 
the form of long-term potentiation (LTP) (Bonci and Malenka, J. Neurosci., in 
press). In the present study, we examined whether dopaminergic neurons are also 
able to express long-term depression (LTD). Using whole-cell recording techniques, 
voltage-clamp recordings were made from midbrain slices of rats (12-35 days old) 
and DBA mice (21-35 days old), since these mice have been used to study the 
behavioral sensitization to psychostimulant drugs of abuse. Both in rat and mouse 
slices, LTD could be induced by holding the cell at -40 mV while stimulating the 
excitatory afferents at 1 Hz for 6 minutes and 40 seconds (400 stimuli). Following 
this protocol, EPSCs were reduced to 68.5+13.6% of baseline values (20 minutes 
after the induction protocol, n=12). Furthermore, the application of the NMDA 
receptor antagonist D-APV (50-100 pM) strongly reduced the magnitude of LTD 
(n=4) suggesting that NMDA receptor activation is necessary for the induction of 
this form of synaptic plasticity. Along with the previous work on LTP, these results 
indicate that activity can bidirectionally modify synaptic strength at excitatory 
synapses on dopaminergic cells in the VTA. Since the VTA is thought to play a 
crucial role in mediating the long-term changes that follow chronic exposure to drugs 
of abuse, these findings open new avenues of investigation on the synaptic 
modifications that contribute to addiction. Supported by UCSF Substance Abuse 
Research Program.

690.15

AMPHETAMINE BLOCKS LONG-TERM DEPRESSION (LTD) IN THE 
VENTRAL TEGMENTAL AREA (VTA).
JL Komblum*, S Jones, A Bonci1, RC Malenka2, and JA Kauer Dept. of 
Neurobiology, Duke University Medical Center, Durham, NC 27710. ’Ernest 
Gallo Clinic and Research Center, Department of Neurology, 1001 Potrero Ave., 
S.F., CA 94110. 2 Dept. of Psychiatry, Stanford University, Stanford, CA 94305.

Activity at the glutamatergic synapse onto the VTA dopamine cell is thought to 
play a role in the induction of behavioral sensitization to psychostimulants. A 
form of long-lasting synaptic depression has previously been shown to exist at this 
synapse. To investigate the effect of amphetamine on VTA LTD, whole-cell 
voltage-clamp recordings were made from VTA dopamine cells in acute horizontal 
midbrain slices (250 pm) taken from Pl6 to P20 rats. Dopamine cells were 
identified electrophysiologically and/or by positive tyrosine hydroxylase staining. 
Cells were voltage-clamped at -60mV and excitatory postsynaptic currents 
(EPSCs) were recorded while stimulating the presumed prefrontal cortex afferents 
at 0.1 Hz with a bipolar stimulating electrode. Afferent stimulation at 1 Hz for 6 
minutes paired with depolarization of the postsynaptic neuron to -40mV induced a 
long-lasting depression of synaptic transmission (>35 mins, EPSC amplitude 67 ± 
5% of baseline value at 20 mins, n = 8). Application of 100 pM amphetamine by 
itself, depressed the amplitude of the basal EPSCs to 58 ± 17% of baseline (n - 3); 
in the presence of the drug, the pairing protocol did not induce any further LTD. 
Application of 1 pM amphetamine had no significant effect on the basal EPSC 
amplitude and the pairing protocol induced very little LTD (EPSC amplitude 
depressed to 90 ± 4% of baseline, n = 4). These results demonstrate that 
amphetamine blocks the induction of long-term plasticity at the glutamatergic 
synapse onto the VTA dopamine cells. The drug-induced inability of this synapse 
to be plastic may be an important modification contributing to the development of 
addiction. Sponsored by NINDS DA 11289.

690.16

EFFECT OF AMPHETAMINE ON NMDA RECEPTOR (NMDA-R)- 
MEDIATED EXCITATORY SYNAPTIC TRANSMISSION IN RAT 
VENTRAL TEGMENTAL AREA (VTA) NEURONS
S. Jones*, J. L. Komblum and J. A. Kauer. Department of Neurobiology, 
Duke University Medical Center, Durham, NC 27710

We have previously reported that amphetamine depresses AMPA 
receptor-mediated excitatory postsynaptic currents (EPSCs) in the VTA. 
NMDA-R activation has been proposed as an important event in the 
initiation of behavioral sensitization to amphetamine. Therefore, we have 
investigated the effect of amphetamine on NMDA-R-mediated EPSCs in 
the VTA. Whole-cell recordings were made from identified VTA 
dopamine cells in horizontal midbrain slices from rats aged Pl6 to P23. 
Cell membrane potentials were voltage-clamped to +40 mV in the presence 
of picrotoxin (100 pM) and DNQX (10 pM) and EPSCs were evoked with 
a bipolar stimulating electrode; under these conditions, the remaining 
EPSC component was blocked by APV (100 pM). Bath perfusion of 
amphetamine (1-100C pM) caused a concentration-dependent depression of 
the NMDA-R-EPSC in 9/16 cells, similar to the effect of amphetamine on 
the AMPA-R-EPSC. This inhibitory effect of amphetamine on .the 
NMDA-R-EPSC may underlie the effect of amphetamine on long-term 
depression of glutamatergic transmission at this synapse (Komblum et al., 
accompanying presentation). Sponsored by NINDS DA 11289.
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691.1
DYNAMICS OF ACTION POTENTIAL GENERATION PREDICT THE 
RELATIONSHIP BETWEEN THE TIMING OF EXCITATORY INPUTS 
AND THE TIMING OF SPIKES IN CORTICAL PYRAMIDAL NEURONS. 
Boris S. Gutkin* and G. Bard Ermentrout. Department of Mathematics and Center 
for Neuroscience, University of Pittsburgh; Pittsburgh, Pa 15260.

The precise and reliable timing of individual spikes in a neuron's response 
to stimuli has been proposed to be an important information coding mechanism in 
the cortex. In this work we use a previously developed theory of the non-linear 
dynamics of action potential generation in cortical neurons (see Gutkin & 
Ermentrout, Neur. Comp. 1998) to examine the effects small excitatory inputs on 
the timing of action potentials in an intrinsically firing cortical neuron. We use a 
canonical model for type I neurons to quantitatively match experimentally measured 
phase response functions (PRCs). We show that our canonical model with a slow 
potassium current, producing spike-frequency adaptation, reproduces the 
experimental PRC shape in detail. For weakly adaptive neurons we find a strictly 
positive PRC, while neurons with strong adaptation, firing at low rates show a small 
negative region in the PRC. This shows that for weakly adapt'ng neurons epsps 
always advance the subsequent spike, while in strongly adapting neurons excitatory 
inputs can actually retard the spike. Furthermore for the strongly adapting neuron, 
we show that in order to significantly influence the timing of the subsequent spike, 
the excitatory inputs must come within a precise time window. We thus suggest a 
functional role for spike frequency adaptation and the spike generating dynamics in 
generating precisely timed spike responses.

691.2
DENDRITIC INITIATION OF ACTION POTENTIALS IN HIPPOCAMPAL 
CA3 NONPYRAMIDAL NEURONS. R. A. Chitwood* and D. B. Jaffe. Division 
of Life Sciences, Cajal Neuroscience Research Center, The University of Texas at 
San Antonio; San Antonio, TX 78249.
Traub and Miles (J. Computational Neurosci. 2: 291-298, 1995) proposed that 
action potentials (APs) in hippocampal intemeurons may initiate in dendrites to 
account for the high probability of unitary synaptic inputs triggering APs. High 
dendritic input impedance and/or the composition of dendritic voltage-gated 
channels could allow for synapses to trigger APs with an apparently lower threshold 
compared to spikes triggered by somatic current injection.

Whole-cell recordings of visually identified nonpyramidal neurons in stratum 
radiatum of the hippocampal CA3b region at -30° C. Synapses were stimulated 
using a low resistance glass pipette or a bipolar electrode placed in s. radiatum or 5. 
pyramidale. APs triggered by somatic current injection had thresholds 21.4 ± 3.0 
mV above the resting potential (n=36). A similar AP threshold (20.7 ±3.7 mV from 
rest) was observed for synaptic stimulation in 19 cells. However, in 10 of 17 
experiments, EPSPs (12.8 ± 4.4 mV) stimulated at low frequencies (0.2 Hz) were 
subthreshold. With temporal summation of 3-4 EPSPs (20-30 Hz) the threshold of 
spikes triggered by the later EPSPs was 4.4 ± 2.1 mV above rest. In the remaining 7 
cells, APs triggered by EPSPs stimulated at low frequencies had thresholds only 2.2 
± 1.8 mV above rest. In these cells the mean subthreshold EPSP amplitude was 11.2 
± 6.4 mV. The mean synaptic delay was 2.1 ± 1.6 ms while the mean delay to AP 
onset was 3.2 ± 1.7 ms indicating that the APs were not triggered by antidromic 
stimulation. To further control for the possibility of antidromic stimulation, 
replacement of Ca2+ with Co2+ abolished both the EPSPs and the APs (n = 3).

These results suggest that the dendrites of some CA3 nonpyramidal neurons are 
capable of AP initiation. This may allow for local dendritic processing to reliably 
produce an AP of what would otherwise be a subthreshold input at the soma.

This work was supported by the NSF- IBN 9511309

691.3
POSTSYNAPTIC SPIKE GENERATION AT THE SQUID GIANT SYNAPSE 
DEPENDS ON A CALCIUM-ACTIVATED CONDUCTANCE. I. Vinogradov a1* 
J. Zajicek2, E.R.Brown1-3. ‘Marine Biological Association Laboratory, 2Derriford 
Hospital, Plymouth; 3Dept. of Cell Physiology and Pharmacology, Univ. of 
Leicester, UK

Postsynaptic processes underlying action potential (AP) generation may largely 
contribute to the integral reliability of signal transmission. The role of Ca-activated 
conductance in postsynaptic AP generation has been studied using conventional 
microelectrode registration in giant synapses of the squid Alloteuthis subulata. 
Synapses were stimulated either via 40 Hz stimulation of presynaptic pallial nerve, 
or antidromically. Inclusion of 10 mM EGTA in the microelectrode recording 
postsynaptically caused about a four times increase in the number of APs 
transmitted before the 1st failure, and abolished the dependence of the time 
necessary for restoration of AP generation upon the duration of the presynaptic 
stimulation. Postsynaptically injected EGTA reduced potassium accumulation in 
the synapses activated orthodromically, without changing potassium accumulation 
observed when preparations were stimulated antidromically. Prevention of 
AMPA-glutamate receptor desensitization by bath application of 200 pM 
cyclothiazide caused postsynaptic depolarization and block of AP generation. 
Concanavalin A (60 pg/mL) was without effect. In some preparations the action of 
cyclothiazide was accompanied by a slowing of EPSP decay. Postsynaptic 
generation of APs was not influenced by 0.5 mM pentobarbital known to block 
GluR2 subunit responsible for the absence of Ca-permeability of AMPA-receptors. 
The data suggest that glutamate released from presynaptic terminals activates 
postsynaptic Ca-permeant AMPA glutamate receptors and Ca entry activates 
postsynaptic conductance which reduces the quantity of spikes generated in 
response to presynaptic stimulation.

Supported by the Wellcome Trust

691.4

THE RE-INTERPRETATION OF SPIKE POTENTIALS OF 
MOTONEURONS. B.V. Safronov1. M. WollT. D. Lima2, and W. Vo^cl1. 
’Physiologisches lnstitut, Justus-Liebig-Universitat. Aulwcg 129. D-35392 Giessen. 
Germany; 2Inst. of Histology' and Embryology. University of Porto, 4200 Porto. 
Portugal.

According to the classical point of view (Coombs et al.. 1957. J. Physiol.. 
139: 198-231), the antidromic spike potential recorded in the soma of adult 
cat motoneurons consisted of two major components. It was postulated that 
the first component originates from the axon initial segment, whereas the 
second one represents the response of the somato-dendritic membrane. Our 
recent experiments have however shown that the soma of spinal neurons in 
young rats has a low density of Na+ channels and is not able to generate spikes 
(Safronov et al., 1997, J. Physiol., 503. 371-385). We have therefore 
performed a computer simulation of the antidromic spike in an adult cat 
motoneuron, in order to test whether the two-component action potential could 
originate from a complex geometry of the axon hillock and axon initial 
segment. Using a model of a motoneuron w ith inexcitable soma and dendrites, 
it w'as possible to simulate a two-component action potential under conditions 
where Na+ channels were inserted only into the membrane of the axon hillock 
and axon initial segment. This model with an inexcitable soma allowed us to 
reproduce the major experimental observations which led Coombs et al. 
(1957) to their conclusions about the excitability of tlv' soma.

Our simulations allow us to suggest that the two-component spike potential 
observed in cat motoneuron can be generated in the axon hillock and axon 
initial segment, w'hile the somatic and dendritic membranes are inexcitable

691.5
PYRAMIDAL CELLS IN VIVO MAY BE MOST SENSITIVE TO SYNAPTIC 
INPUT TO THE APICAL TUFT. P.A. Rhodes12* and R. Llinas2. ’Math. Res. 
Branch, NIDDK, NIH, Bethesda, MD 20814; 2Dept. Physiology and Neuroscience, 
NYU Medical School, New York, NY 10016

Input to the apical tuft, a branching of the distal apical dendrite of pyramidal cells, 
has been considered unlikely to be capable of firing the cell, perhaps because in 
passive dendritic models the efficacy of this distal synaptic input is small. Yet data 
exists to refute this view: studies in which inputs to the tuft have been isolated in 
slices (Cauller and Connors 1992) have found that tuft input can fire the cell body. 
To examine the efficacy of inputs to the apical tuft of layer 5 cortical pyramidal cells 
and compare it to that of more proximal apical input we have employed compartment 
model simulations, with specification of the densities and properties of active 
conductances in the apical dendrite constrained by the requirement that the electrical 
characteristics of backpropagation in dendrites match that observed in vitro (Stuart et 
al 1997). Simulations were performed in two conditions; in one background input 
was absent, corresponding to the condition in slices, while in the other the entire 
dendritic tree and soma was blanketed by a background of synaptic input adequate to 
reduce somatic input resistance 4-5 fold as recently reported in vivo (Par£ and 
Destexhe 1999). In both cases, the surprising conclusion was that input to the apical 
tuft may be the single most effective input that layer 5 cells receive. This held even 
if the tuft itself was stripped of all voltage-gated depolarizing channels while the rest 
of the apical dendrite was excitable. With synaptic background the comparative 
advantage of synaptic input to the tuft was greatly enhanced: 200 nS synaptic input 
applied to proximal apical branches foiled to drive the cell, while 30 nS input to the 
tuft drove firing readily. This simulation prediction argues for a reevaluation of the 
importance of layer 1 input to the pyramidal cell apical tuft in triggering the firing of 
pyramidal cells in vivo. Supported by Grant NS13742.

691.6

AMPLIFICATION OF BACKPROPAGATING ACTION 
POTENTIALS BY EPSPs. G.J. Stuart and M, Hausser*
Div. of Neuroscience, John Curtin School of Medical Research, Canberra, Australia 
and Dept. of Physiology, University College London, London, United Kingdom.

Recent studies have shown that changes in synaptic strength resulting 
from pairing of backpropagating action potentials (APs) with excitatory 
synaptic potentials (EPSPs) depend critically on the relative timing of 
EPSPs and APs. The mechanisms responsible for this are unknown. 
Here we investigate the interaction between EPSPs and backpropagating 
APs in neocortical layer 5 pyramidal neurons in brain slices from 3 to 4 
week old rats at 35°C. Antidromic APs were elicited by axonal 
stimulation at various times before or after simulated EPSPs, generated 
by dendritic current injection into the apical dendrite. At distal dendritic 
locations (> 400 pm from the soma) pairing of APs with EPSPs 
increased die amplitude of backpropagating APs by up to 4 fold. This 
AP amplification was dependent on the relative timing of EPSPs and 
APs, and was greatest around the time of EPSP peak, i.e. when EPSPs 
and APs were evoked approximately simultaneously (n=5). AP 
amplification was dependent on the initial amplitude of both the EPSP 
and the backpropagating AP, and increased as the amplitude of 
backpropagating APs decreased. Simulations indicated that AP 
amplification by EPSPs is spatially confined to the region of synaptic 
input and occurs as the dendritic depolarization generated by EPSPs 
leads to increased activation of dendritic sodium channels by 
backpropagating APs. Amplification of backpropagating APs by EPSPs 
represents a form of local coincidence detection and may play a role in 
the induction of certain forms of Hebbian synaptic plasticity.
Supported by The Wellcome Trust.
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691.7

DENDROSOMATIC VOLTAGE AND CHARGE TRANSFER IN RAT 
NEOCORTICAL PYRAMIDAL CELLS. Daniel Ulrich* and Christian Stricker. 
Institute of Neuroinformatics. Univ. of Zurich I ETH. Winterthurerstr.190, CH 
8057 Zurich, Switzerland.

Most excitatory synapses on neocortical pyramidal cells are located on 
dendrites, which are endowed with a variety of active conductances. However, 
the ultimate initiation point for action potentials is thought to be at the initial 
segment of the axon. The transfer of synaptic voltage and charge along the 
dendrite to the soma remains largely unknown. Here we perform dual whole cell 
recordings in order to study voltage and charge transfer. Parasagittal slices of 
300 pm thickness were obtained from Sprague-Dawley rats of either sex (P12 - 
P18). Slices were incubated at 32°C for 1h before being transferred into a 
recording chamber. Experiments were done at room temperature with standard 
artificial cerebrospinal fluid. Thick walled patch pipettes were filled with a K- 
gluconate based solution. Layer V pyramidal cells of somatosensory cortex 
were visualized with infrared DIC video microscopy. Subthreshold time varied 
sinusoidal currents of 10 pA amplitude were injected into the dendrite and the 
resulting voltage was recorded at the soma. At the dendrite, a dynamic clamp in 
current clamp simulated a synaptic input of 1-5 nS. We find that around rest, 
the dendrite behaves like a low pass filter with a corner frequency of 5 Hz. In 
agreement with linearity, steady-state voltage and charge attenuation are equal 
in opposite directions, and the EPSP centroid time delays are in the order of the 
membrane time constant. However, transfer of EPSP charge, but not peak 
amplitude, is positively correlated with membrane potential. We conclude that at 
rest the integrative properties of dendrites appear to be linear. However, at 
depolarized potentials these properties are voltage dependent with a positive 
feedback towards spike threshold. Supported by Swiss National Science 
Foundation grants 5002-242787 and 50-52085-97.

691.8
INTEGRATION OF PYRAMIDAL CELL INPUTS BY FAST-SPIKING 
INTERNEURONS IN THE RAT NEOCORTEX
M.C. Angulo. J. Rossier. E. Audinat*. Laboratoire de Neurobiologie, ESPCI, CNRS 
UMR 7637, 10 rue Vauquelin, 75005 Paris, France.

Excitatory synaptic transmission from pyramidal cell to fast-spiking intemeuron 
(pyramidal-FS) connections were examined at 3O-33°C in neocortical slices of 14-35 
day-old rats. Presynaptic pyramidal cells were impaled with sharp intracellular 
microelectrodes and excitatory postsynaptic potentials (EPSPs) and currents (EPSCs) 
were recorded in FS cells with patch pipettes.

The kinetics and permeation properties of glutamate-mediated synaptic responses 
were studied at different membrane potentials by using bath applications of NMDA 
and AMPA receptor selective antagonists. We demonstrated that both calcium- 
permeable AMPA and NMDA receptors mediate the synaptic responses at these 
connections. However, the contribution of NMDA receptors is almost negligible at 
subthreshold potentials (below -50 mV).

In response to short trains of high frequency presynaptic action potentials, we 
observed only a limited temporal summation of unitary EPSPs, probably because of 
the rapid kinetics of AMPA receptors and the absence of NMDA component in these 
subthreshold synaptic responses. By combining paired recordings with extracellular 
stimulations, we demonstrated that EPSPs elicited by two different inputs were 
summed linearly by FS intemeurons at membrane potentials below the action 
potential threshold. We estimated that an average of 8 pyramidal cells should be 
activated simultaneously to make FS intemeurons fire an action potential from -72 
mV. The low level of temporal summation and the linear summation of excitatory 
inputs in FS cells favor the role of coincident detectors of these intemeurons in 
neocortical circuits.
Support. CNRS (France) and Colciencias (Colombia).

691.9
ARACHIDONIC ACID INCREASES BAC^R-PROPAGATING 
ACTION POTENTIAL AMPLITUDE IN DENDRITES OF CA1 
PYRAMIDAL NEURONS C.M. Colbert* and E. Pan

Department of Biology and Biochemistry, University of Houston, Houston, TX 
77204-5513

Back-propagating dendritic action potentials provide a rapid means for pyra-
midal neurons to signal their firing state throughout their extensive dendritic 
arbors. The amplitude of these spikes and their propagation through the den-
drites is highly dynamic, depending on both prior activity and on the state of 
various neuromodulatory inputs. Previous work in CAl pyramids has demon-
strated that the amplitude of the back-propagating spike and much of its mod-
ulation is determined by a fast, transient A-type K+ current. Here we report 
that the nonmetabolizeable analog of arachidonic acid (AA), ETYA, blocked 
the A-type transient current in CAl pyramidal cell dendrites and greatly in-
creased the amplitude of the back-propagating spike. AA had similar effects. 
Whole-cell and cell-attached patch recordings were made in visualized CAl 
pyramidal neuron apical dendrites (~ 200/zm from the soma) in Sprague- 
Dawley rats (150-250 gm). Cell-attached pipette solutions included ImM 4AP, 
10 mM TEA, and 1 +M TTX to block non A-type K+ and Na+ currents. K+ 
currents were evoked from a holding potential of -30 mV from rest to a com-
mand potential +90 mV from rest. Bath-applied ETYA (30-40 /zM) decreased 
the transient current to 46+18% (n = 5) of its control value. During whole-
cell recordings, ETYA (30-40 /zM) significantly increased the amplitude of the 
back-propagating spike 42+10% (n = 5). In two cases the action potential 
reached nearly 100 mV from a control value of ~50 mV. The maximum rate 
of rise, however, did not change (104+3%, n = 5), consistent with an effect 
on K+ rather than Na+ channels. These results suggest that arachidonic acid, 
which is released under conditions that induce synaptic plasticity, enhances 
signal propagation through pyramidal cell dendrites. (NS36982)

691.10

IONIC BASIS OF INTRINSIC BURSTING IN RAT SUBICULAR NEURONS
H. Jung*. N, Staff, and N, Spruston. Dept. of Neurobiology & Physiology, Institute 
for Neuroscience, Northwestern University, Evanston, IL 60208.

Subiculum, a major output area of hippocampus, is a relatively unexplored region 
compared to the adjacent Ammon’s hom. Interestingly, a majority of subicular 
pyramidal neurons fires bursts of action potentials in response to direct current 
injection or synaptic stimulation, a feature which may be important for integrating 
and amplifying the output information from the hippocampus. Several electrophysio-
logical studies of subicular neurons have been reported, but the ionic basis of burst 
firing has been controversial (Mattia et al, 1993; Mason, 1993; Taube, 1993; Mattia 
et al, 1997; Stewart and Wong, 1993). We used whole-cell patch-clamp recordings to 
further investigate the electrophysiologial properties of subicular neurons, focusing on 
the mechanism underlying burst firing.

Hippocampal slices were prepared from 5 to 10 week-old rats. Current clamp 
recorings revealed that in addition to regular spiking and single bursting neurons, 
which have been described in previous studies, a third type of neuron exists. These 
neurons fire bursts repetitively in response to a direct supra-threshold current injection. 
Although we classified subicular neurons into three groups, our data (including 
passive membrane properties) suggest that these neurons are very closely related, and 
are inter-convertible with experimental manipulation. Low concentrations of 4-AP 
were found to convert regular spiking cells to repetitive bursting neurons, while high 
concentrations (+ ImM) of Ni** or Co++ reversibly transformed repetitive- or single-
bursting neurons (intrinsic or induced by 4-AP) into regular spiking neurons. Focal 
application of 5 mM Ni++ on the somatic, but not on the distal dendritic region was 
found to block burst firing. In whole-cell voltage-clamp recordings, 1 mM Niw 
blocked a significant portion of isolated Ca** currents. Although preliminary data 
suggested that amounts of whole-cell Ca** or K* currents were not significantly 
different among three cell types, total K* conductances in subicular neurons were much 
smaller than those in CAl pyramidal neurons. Taken together, our preliminary data 
suggest that in subicular neurons, the balance of (high-conc.) Ni**-sensitive Ca** and 
(low cone.) 4-AP-sensitive K* conductances are important for determining their firing 
pattern. Supported by grants from the NIH (NS35180), NSF, HFSPO, and Sloan.

691.11

Visualization  of  a long -lasting  depolarization  of  the  post -synaptic  
DENDRITE MEMBRANE UPON A TETANIC STIMULATION WITH AN AID OF THE OPTICAL 

MEASUREMENT METHOD IN RAT HIPPOCAMPUS CAl REGION. T. Tominaga*, AL 

Tominaga. H. Yamada. and M. Ichikawa. Lab. for brain-operative device, Brainway 

Group, BSI, RIKEN, Hirosawa 2-1, Wako, Saitama 351-0198, JAPAN.

A long-lasting post-synaptic membrane depolarization upon a high frequency 
stimulation has been hypothesized to make the Mg2* block of NMDA receptor turn 

off, which then stimulate the intra-cellular signal cascade until it induce the long 

term potentiation (LTP) at the synapses of the CAl region of hippocampus. 

However the long-lasting membrane depolarization has not been fully identified. 

Hence, here we aimed to visualize the long-lasting membrane depolarization at the 

dendritic site of the hippocampal slice with an aid of the optical measurement 

method. The rat hippocampal slices (400 pm thickness) were stained with 

fluorescent voltage sensitive dye (Di-4-ANEPPS, 0.1 mg/ml ACSF) and subjected to 

the optical measurements of the membrane potential change. A tetanic stimulation 
(100 Hz 1 sec) onto the Schaffer collateral pathway evoked a long-lasting (1-3 sec) 

change in fluorescence at the stratum radiatum of CAl region, which should 
correspond to the long-lasting membrane depolarization. In fact, intra-cellular 

recordings from the dendrite region of the cell also show a long-lasting membrane 

depolarization. The duration and amplitude of the signal was dependent on the 

frequency and the duration of the tetanic stimulation and has a certain threshold to 

induce such long-lasting signal. The threshold was within a range required to the 
induction of LTP. The blocker of NMDA receptor (APV 50pM) did not block the 
signal. Other pharmacological dissections of the signal were made and discussed 

its mechanism and role in induction of LTP. [Supported by BSI, RIKEN]

691.12

DENDRITIC K+ CHANNELS REGULATE THE FIRING MODE 
OF HIPPOCAMPAL CAl PYRAMIDAL NEURONS. M. Carruth, 
R. Anand* and J.C. Magee. Neuroscience Center, LSUMC, NO, LA 70112

Hippocampal pyramidal neurons fire either single action potentials or high 
frequency bursts of multiple action potentials. The role of dendritic voltage-
gated ion channels in the generation of action potential bursting was investi-
gated in CAl pyramidal neurons located in hippocampal slices of adult rats. 
Normally, somatic current injections evoke single action potentials followed by 
an AHP. However, local application of 4-AP to the distal apical dendrites caused 
the same stimuli to generate multiple spikes riding on an after-depolarization 
(ADP). Proximal 4-AP application was without effect. The distal 4-AP ap-
plication allowed large amplitude Na+-dependent spikes, that were prolonged 
in duration, to backpropagate into the distal apical dendrites. Both the ADP 
and action potential bursting could be inhibited by the bath application of non-
specific concentrations of divalent Ca2+ channel blockers. Ca2+ channel blockade 
also reduced the dendritic spike duration without significantly affecting ampli-
tude. Low [TTX] (10-50 nM) also reduced the ability of the CAl neurons to 
fire in the busting mode by inhibiting the backpropagation of dendritic action 
potentials. The coordinated injection of transient, large amplitude depolarizing 
current into the dendrite could overcome the TTX block suggesting that the role 
of dendritic Na+ channels in bursting is to allow somatic/axonal action poten-
tials to backpropagate into the dendrites where they can then activate dendritic 
Ca2+ channels. T- and R-type Ca2+ channels appear to be most important as 
75 pM NiCl produced the greatest inhibition of action potential bursting. In 
summary, the data suggest that the activation of dendritic Ca2+ channels, by 
large amplitude backpropagating spikes, provides a prolonged inward current 
that generates an ADP and bursts of multiple action potentials in the soma of 
CAl neurons. Therefore dendritic K+ channels regulate the action potential 
firing mode of CAl pyramidal neurons by regulating spike back-propagation. 
(Supported by NS35865)
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691.13
DENDRITIC ARCHITECTURE CAN COMPENSATE FOR 
SYNAPTIC LOCATION WITHOUT ACTIVE CURRENTS: THE IMPORTANCE 
OF INPUT AND TRANSFER IMPEDANCE FOR SYNAPTIC 
INTEGRATION. N.T. Carnevale*1 and D.B. Jaffe2. ’Department of Psychology, 
Yale University, New Haven, CT 06520, and 2Division of Life Sciences, University of 
Texas at San Antonio, San Antonio, TX 78429.

Understanding synaptic integration requires knowledge of how dendritic location 
shapes the membrane potential at the spike trigger zone some distance away. The 
voltage transfer ratio = VSoma!vsynapse or its inverse (somatopetal voltage

attenuation ) is generally used to assess location-dependence of synaptic efficacy. 
However, a recent modeling study of hippocampal CA3 intemeurons found that 
attenuation of unitary synaptic events was much less severe than ksyn^soma suggested, 

and the range of somatic EPSP amplitudes was correspondingly narrower (Chitwood 
et al. J. Physiol. 515:743, 1999). Here we report that this unexpected finding results 
from two facts. First, for a large class of synaptic inputs, transfer impedance (Zc) is a 
better gauge of synaptic efficacy than is. Second, the spatial profile of Zc,

and therefore the sensitivity of somatic PSPs to synaptic location, can be predicted 
from dendritic architecture. Specifically, the presence of a long primary trunk in a 
dendritic field leads to a steep decline of Zc with distance, while the absence of a long 
primary dendrite favors relative uniformity of Zc across that dendritic tree. The 
consequent reduction of synaptic variance, which occurs despite substantial variation 
of both and input impedance with synaptic location, is so striking that we

call it “passive synaptic normalization” to emphasize the fact that participation of 
active currents is not required. We confirm the association between dendritic 
architecture and passive synaptic normalization in pyramidal and nonpyramidal cells 
from brain regions that include hippocampus, neocortex, and thalamus. Supported by 
NSF grants IBN-9511309 and HRD-9628514, and NIGMS grant GM08194-17S1.

691.14

DENDRITIC BRANCH POINTS COMPROMISE ACTION POTENTIAL 
BACKPROPAGATION IN THALAMOCORTICAL NEURONS.
S.R. Williams and G. Stuart* Division of Neuroscience, John Curtin School of 
Medical Research, Australian National University, Canberra, ACT0200, Australia.

Action potential backpropagation along the primary apical dendrite of pyramidal 
neurons has been extensively studied. Here we investigate action potential 
backpropagation in thalamocortical (TC) neurons that possess radial dendritic trees 
with complex branching patterns. Simultaneous somatic and dendritic whole-cell 
recordings were obtained from visually identified TC neurons in brain slices of the rat 
dorsal lateral geniculate nucleus. The amplitude of somatic action potentials were 
found to decrease by 3.2 mV per 10 pm (n=29) along the primary dendrite of TC 
neurons. However, if recordings were made after a dendritic branch point the slope of 
this relationship increased to 6.9 mV per 10 pm (n=13). Attenuation of steady-state 
voltage responses had a shallow slope (3.3% per 10 pm, n=42). Simultaneous 
recordings obtained before and after dendritic branch points in the same neuron (n=7) 
indicated that action potential amplitude decreased markedly after a branch point 
(19±4 mV, 16±3 pm). The degree of action potential attenuation for the first action 
potential evoked during a low threshold calcium potential driven burst discharge was 
similar to that of directly evoked action potentials. In some recordings (n=3) from 
secondary dendrites, dendritic but not somatic current injection evoked a bi-phasic low 
threshold calcium potential, suggesting the existence of dendritic calcium currents. A 
near unity relationship was found between the degree of action potential and steady- 
state attenuation along primary dendrites, indicative of active backpropagation. In 
order to explore the nature of backpropagation in these neurons cell-attached voltage- 
clamp recordings were made from their soma and dendrites (n=45). A similar density 
of sodium and potassium channels was found between the soma (Na: 7.1±1 pA; 
transient K: 50.4±7.2 pA) and primary dendrites (Na: 8.611.3 pA; transient K: 
56.516.5 pA), while secondary dendrites possessed a lower density (Na: 4.011.1 pA; 
transient K: 38.4110.6 pA). The impact of these channel densities and the role of 
cable properties at branch points on backpropagating action potentials are under 
investigation. The Wellcome Trust supported this work.

691.15

WHAT IS THE ADDRESS OF A GIVEN SYNAPSE?
Mike Neubia*, Department Physiology, University Laval, Quebec.

Central neurons receive thousands of synapses over their dendritic 
membrane. Are their individual identities important? To what extent does 
individuality collapse, rendering groups of synapses anonymous?

It has been argued since early on, for example in 30's in the work of Lorente 
de No, that active propagation towards the soma of dendritic inputs does not 
occur because dendritic arbors would loose much of their importance as 
spatially distributed structures, the effect at the soma of the synapse could 
be the same irrespective of its position. While the variety of active dendritic 
conductances continues to mount, many have wavelengths that are large 
compared to the sizes of arbors, meaning that colloquial notions of signal 
propagation that we owe to axon studies do not apply in the dendrites.

Despite, or perhaps due to, the fundamental significance of the issue of 
synapse identity, no theories have emerged which propose the means by 
which synapses are able to recognize each other and the conditions in which 
they are not. Moreover, short of this, attempts that have been made to 
delineate the substructure of arbors in a manner that recognizes the 
distributed nature of arbors, such as dendritic clusters, have been dependent 
on and nonlinearly sensitive to experimental settings.

Here we concretely describe and demonstrate 1) several levels of invariant 
substructure in dendritic arbors, and 2) several relations through which 
synaptic identity is expressed and repressed. The organization does not 
apply to all neuronal types and we show the types in which it does and does 
not occur by applying standard computational techniques to reconstructions 
of neurons of several types. Supported by a Bourse d'Excellence de Hydro-Quebec.

691.16
PRUNING THE DENDRITIC ARBOR OF NEOCORTICAL NEURONS WITH 
CALCIUM PLATEAUS: A GAIN CONTROL MECHANISM. J.C, Oakley, P.C. 
Schwindt, and W.E. Crill*, Physiology & Biophysics, University of Washington 
School of Medicine, Seattle, WA 98195.

We found previously that focal iontophoresis of glutamate on to the apical dendrite 
of a layer 5 pyramidal cell could evoke a long-lasting, all-or-none, Ca2+ -dependent 
plateau potential. Because of the small size of these plateaus when recorded at the 
soma we hypothesized that they were generated in a restricted portion of the 
dendrite and were propagated electrotonically to the soma. The fact that larger 
glutamate-evoked dendritic depolarization increased the duration but not the 
amplitude of the plateau suggested a large membrane conductance in the plateau-
generating region. We further hypothesized that this high membrane conductance 
would shunt synaptic current arising in more distal dendritic regions so they would 
have no influence at the soma. Thus, the plateau would functionally disconnect or 
“prune” the distal dendritic arbor from the soma. These hypotheses were tested 
using somatic whole-cell tight seal recording from cells visualized with IR-DIC optics 
and fluorescence microscopy in rat neocortical slices. Imaging experiments using 
Ca2+ -sensitive dyes confirmed that active plateau generation occurred over a 
restricted area of the dendrite (25-125pm in length). The pruning hypothesis was 
tested by simultaneous glutamate iontophoresis at different dendritic sites. When 
plateaus were evoked simultaneously at proximal and distal sites on the apical 
dendrite, a single plateau resulted with a peak amplitude measured at the soma 
equal to the plateau from the proximal site. No combination of proximal and distal 
depolarization resulted in a plateau amplitude greater than the plateau from the 
proximal site alone. If the proximal site remained subthreshold for evoking the high- 
conductance plateau, the proximal and distal responses summed, as did plateau 
responses evoked from a single site on the apical dendrite and a site on the basal 
dendrite. These results confirm that the dendritic arbor distal to the plateau 
generating region is functionally pruned during plateau generation and has no 
influence on the soma. Dendritic pruning may be an important gain control 
mechanism that limits the maximum current that can flow from dendrite to soma. 
Supported by NIH Grant NS16792.

691.17
NON-INACTIVATING TTX-SENSITIVE INWARD CURRENT CONTRIBUTES 
TO THE DEPOLARIZED UP-STATE IN BISTABLE MITRAL CELLS OF THE 
MAIN OLFACTORY BULB (MOB). Heyward PM. Shiolev MT*. Department of 
Anatomy and Neurobiology, University of Maryland, Baltimore MD 21201.

Mitral and tufted cells are the principal output cells of the MOB. Mitral cells 
are bistable. They maintain two levels of membrane potential: an up-state (about-50 
mV) at which action potentials and voltage oscillations occur, and a down-state (-60 to 
-65 mV), subthreshold for spike generation. Transition from the down-state to the up 
state can occur spontaneously, or in response to olfactory nerve (ON) stimulation, or 
following brief depolarizing current injections at the soma. The up-state may 
represent a depolarized plateau, or an epoch of increased excitability, that long-outlasts 
the stimulus. The response to ON stimulation is abolished by NMDA/AMPA receptor 
blockade, but generation of the up state following a depolarizing current pulse is not. 
We have investigated the membrane properties of mitral cells involved in generation 
of the up-state using whole-cell recording in rat and mouse slice preparations.

In current clamp experiments, mitral cells show increasing membrane voltage 
responses to injected current at membrane potentials positive to about -60 mV. 
Apparent membrane resistance changes markedly between -60 and -50 mV, increasing 
70% on transition from the down-state to the up-state. In the presence of TTX, this 
non-linearity in the current/voltage relationship is abolished. In voltage clamp 
experiments, mitral cells show voltage activation of a persistent inward current at these 
potentials. In the presence of TTX, the capacity for generating the up-state is lost; the 
depolarized plateau generated in response to brief somatic depolarizations is abolished, 
and voltage oscillation at depolarized potentials no longer occurs. The data suggest 
that the mitral cell up-state represents a depolarized plateau potential generated at least 
in part by a persistant Na+ current, activated at potentials subthreshold for spike 
generation. This regenerative current may contribute to transition between two 
discrete levels of excitability in mitral cells. Support DC00347, NS 36940.

691.18
RESTING MEMBRANE PROPERTIES AFFECTING VOLTAGE 

ATTENUATION IN CA1 PYRAMIDAL NEURONS T. Mickus*. N. Golding, 
and N, Spruston, Dept. of Neurobiology & Physiology, Institute for Neuroscience, 
Northwestern University, Evanston, IL 60208.

A neuron’s underlying resting membrane properties will determine the degree cf 
voltage attenuation throughout the neuron, which will in turn greatly influence 
ongoing synaptic integration. We have conducted experiments designed to 
understand how voltage attenuates along the somatodendritic axis, and to determine 
such cellular electrical parameters as the membrane resistivity (R») and the 
intracellular resistivity (R), as well as the distribution of any conductances that are 
active at the resting potential (VrM).

Hippocampal slices were prepared from 5 to 10 week-old rats, and dual whole-cell 
current-clamp recordings were made from the soma and apical dendrite of CA1 
pyramidal neurons. Hyperpolarizing current was injected at the soma and the 
resulting voltage deflections were measured simultaneously at the somatic and 
dendritic recording locations. Substantial voltage attenuation occurred in control 
conditions (50% steady-state attenuation at ~ 227 pm) but decreased (50% steady- 
state attenuation at ~ 320 pm) when 5 mM Cs+ was applied to block Cs+-sensitive 
conductances known to be active at Vnst in these neurons (Spruston and Johnston, 
1992). In a preliminary model, the three-dimensional morphology of an exemplar 
cell was reconstructed using NeuroLucida, and converted to a NEURON geometry 
file. Using NEURON, data from this cell were directly fit to determine the resting 
membrane properties. Best fits of both somatic and dendritic data were obtained 
when /?« was nonuniformly distributed throughout the somatodendritic axis 
(R^somcF1104,262 Gem2; R„end= 8,355 Gem2). The value of Rt that best fits these 
data was 154 Gem. We also explored the effects of varying distributions of a 
hyperpolarization-activated current (Ih), and found that die model suggests a 
nonuniform gradient of Ih, increasing along the length of the somatodendritic axis, in 
agreement with recent experimental data (Magee, 1998). Supported by grants from 
the NIH (NS35180 and T32GM08061), HFSPO, and Sloan.
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691.19
VOLTAGE-GATED CHANNELS AND PROPAGATION OF 
SUBTHRESHOLD EPSPs IN PREFRONTAL CORTEX NEURONS.
G. Gonzalez-Burgos* and G. Barrionuevo. Department of Neuroscience, and Center for 
the Neural Basis of Cognition, University of Pittsburgh, Pittsburgh, PA 15260.

In layer 5 pyramidal cells of rat prefrontal cortex (PFC), small 
subthreshold AMPA-R mediated EPSPs evoked by focal stimulation of layer 1 are 
amplified (increased in duration and amplitude) at depolarized membrane 
potentials (Soc. for Neurosci. Abstr. 24:1812, 1998). To investigate the effects of 
blockade of voltage-gated channels on the propagation of EPSPs, simultaneous 
patch clamp recordings were obtained from the soma and apical dendrite of layer 
5 pyramidal cells in slices from rat PFC (prelimbic/infralimbic). Simulated EPSPs 
(simEPSPs) were recorded at the soma following injection of AMPA-R EPSC-like 
currents into the apical dendrite. In a manner similar to EPSPs evoked by synaptic 
stimulation, small simEPSPs (peak: 2-3 mV) were amplified by depolarization 
positive to -60 mV. Amplification at potentials > -60 mV was significantly 
attenuated by tetrodotoxin 1 fiM (TTX), not affected by Cd2+200 pM + Ni2+ 100 
pM (Cd2++Ni2+) and enhanced by 4-aminopyridine 5 mM (4-AP). In other cells, 
we varied the amplitude of the EPSC-like current to elicit, in the same neuron, 
both small and large (peak > 5 mV) simEPSPs at membrane potentials negative to 
-70 mV. Small simEPSPs evoked at < -70 mV were not significantly affected by 
TTX, Cd2++Ni2+ nor 4-AP. Large simEPSPs evoked at < -70 mV, were attenuated 
by TTX but not affected by Cd2++Ni2+. The effects of 4-AP on large simEPSPs are 
currently under investigation. The results suggest that, in this sample of layer 5 
PFC neurons (all regular spiking, dendritic current injected at 50-270 pm from the 
soma), TTX-sensitive Na+ channels and 4-AP-sensitive K+channels amplify and 
attenuate, respectively, subthreshold EPSPs, depending on EPSP size and steady- 
state membrane potential. Supported by MH51234 and MH45156.

691.20
IMPACT OF ELECTROTONIC COUPLING ON GLUTAMATERGIC POST-
SYNAPTIC INPUTS TO RAT SYMPATHETIC PREGANGLIONIC 
NEURONES.
J, Leslie, S.D, Logan*, D, Spanswick Department of Biomedical Sciences, 
Institute of Medical Sciences, University of Aberdeen, Aberdeen, UK. AB25 2ZD

Sympathetic preganglionic neurones (SPNs) integrate multiple synaptic inputs 
in order to formulate outputs appropriate for the control of peripheral organs. We 
have examined the impact of electrotonic coupling between SPNs on 
glutamatergic postsynaptic responses, evoked by low-frequency (0.05 Hz; 1 ms 
duration; 6-17V amplitude) stimulation of either the ipsilateral or contralateral 
lateral funiculus, using whole-cell current-clamp recordings in transverse 
thoracolumbar slices (300-400 pm thick) from 8-15 day old rats. Electrotonic 
coupling was confirmed by the presence of either spontaneous membrane 
potential oscillations or an antidromically evoked short latency depolarisation 
(SLD) (Logan et al., 1996, J. Physiol. 495:491-502). Fast monosynaptic EPSPs, 
blocked by NBQX (5 pM) and D-APV (10 pM), were evoked in SPNs displaying 
no evidence of coupling. In coupled SPNs, low intensity stimuli (6-8 V) evoked 
EPSPs with similar properties. At higher stimulus intensities (9-17 V) complex 
postsynaptic potentials were evoked, consisting of EPSPs with a characteristic 
fast-depolarising transient at their peak, followed by rapid repolarisation and slow 
inhibitory component. The fast-depolarising transient and late inhibition were 
abolished by either NBQX or the gap-junction blocker carbenoxolone (100 pM). 
We suggest that these late complex components of the postsynaptic potential are 
due to electrotonic transmission of action potentials and their 
afterhyperpolarisations evoked by suprathreshold glutamatergic inputs in 
adjoining SPNs. These data suggest a novel mechanism by which SPNs may 
integrate excitatory synaptic inputs. Supported by British Heart Foundation.

PRESYNAPTIC MECHANISMS: PRESYNAPTIC PROTEIN MACHINERY I

692.1
THE RAB3 GDP/ GTP EXCHANGE FACTOR HOMOLOGUE AEX-3 IS A 
REGULATOR OF TWO DIFFERENT PATHWAYS FOR PRESYNAPTIC 
ACTIVITIES. K, Iwasaki* E, Jorgensen1, and R. Toyonaga Natl. Inst, of Bioscience, 
Tsukuba Japan: ’ Dept. of Biology, Univ. of Utah, Salt Lake City, UT, USA

Rab3 is a small GTP binding protein implicated in synaptic transmission. We 
previously identified aex-3 as a regulator of Rab3. aex-3 encodes a protein highly 
homologous to Rat Rab3 GDP GTP exchange factor (GEF). aex-3 mutants show 
various behavioral defects that are consistent with abnormal synaptic transmission. 
RAB-3 protein, which normally localizes to presynaptic terminals, is aberrantly 
localized in aex-3 mutants to neural cell bodies. These findings suggest that AEX-3 
regulates presynaptic activities through the RAB-3-dependent pathway.

aex-3 mutants, however, show defects in defecation which cannot be found in rab-3 
mutants, suggesting that AEX-3 may have function in addition to that as a Rab3 GEF. 
Furthermore AEX-3 was recently identified as a homologue of the human protein 
MADD (MAP kinase activating protein containing the Death Domain]. MADD 
interacts with the Tumor Necrosis Factor receptor through Death Domains (DD). 
Therefore, we hypothesized that AEX-3 may also interact through its C terminus or 
DD region with another protein(s) and that this interaction might be important for 
defecation control.

Using the yeast two hybrid system, we identified an AEX-3 C-terminal binding 
protein, cab-1 (£ terminus of AEX-3 binding). CAB-1 has no homology to other 
known proteins, cab-1 is expressed in various neurons, consistent with the notion that 
AEX-3 and CAB-1 interact in vivo, cab-1 mutants have defects in the defecation motor 
program, suggesting that CAB-1 functions in the aex-3 pathway. However, unlike aex- 
3 and rab-3 mutants, cab-1 mutants show np defects in other behaviors including 
pharyngeal pumping and male mating. As observed in mutants that are defective in 
synaptic transmission, cab-1 mutants are resistant to the acetylcholinesterase inhibitor 
aldicarb. These observations indicate tha AEX-3 is a regulator of two different 
pathways (the rab-3 and cab-1 pathways) for presynaptic activities. Supported by 
MITI, STA, & NIH.

692.2

BINDING OF TUBULIN TO SYNAPTOTAGMIN I
A^SUKQ HONDA HIDEO SAISUL TORU ISHIZUKA**, KAZUHIRO 
J, MORI2 and TERUO ABE1 department of Cellular Neurobiology. 
Brain Research Institute. 2Department of Biology, Faculty of Science. 
Niigata University. Niigata 951-8585. Japan.

There is substantial biochemical, genetical and physiological evidence 
that, synaptotagmin I (tagmin I) is a calcium sensor in transmitter 
release. Its calcium-dpendent. binding to syntaxin and SNAP-25 is 
thought to trigger the release process. Recent results suggest tagmin I is 
also involved in other presynaptic functions than transmitter release. We 
have found that, tagmin I binds to tubulin. Purified tubulins without 
MAPs and tau proteins bound tagmin I in a Ca2+-dependent manner. 
Blot overlay experiments showed that, tagmin I bound fi-t ubulin but not 
a-tubulin. Immobilized GST fusion protein of the entire cytoplasmic 
domain of tagmin I but. not of synaptotagmin II specifically retained 
tubulins in the brain soluble fraction. Immunoprecipitates from the 
Triton X-100 extract of crude synaptosomes with antibodies to tubulin or 
tagmin I contained three SNAREs (syntaxin. SNAP-25 and VAMP) 
besides tubulins and tagmin I. Moreover, tubulin binding did not 
interefere with self-association of recombinant, tagmin I. These results 
indicate that tubulin directly binds to tagmin I and that the binding 
does not inhibit SNARE complex formation. Supported by grants from 
the MESSC. Japan.

692.3
SYNAPSIN I IS AN ENDOGENOUS ACTIVATOR OF SYNAPTIC VESICLE 
cSRC F. Onofri’. S. Giovedi1, J, Bibb2, A.J. Czeraik2. F. Valtorta3, P, 
Greengard2 and F. Benfenati1,2* ’Dept. of Neuroscience, University of Roma Tor 
Vergata, Via di Tor Vergata 135, 00133 Roma, Italy; 2The Rockefeller 
University, 1230 York Ave, New York, NY, 10021; 3Dept. of Neurosciences, 
DIBIT, Via Olgettina 58,20132 Milano, Italy.

Synapsins are a family of synaptic vesicle (SV)-associated phosphoproteins that 
are implicated in the formation of synaptic terminals and in the regulation of 
neurotransmitter release. Synapsin I was recently found to bind with high 
specificity to Src homology 3 (SH3) domains.. We have shown that synapsin I is 
the major binding protein for the SH3 domain of kinase pp60c'wv (c-Src) in highly 
purified SV. The binding of synapsin I to the SH3 domain of c-Src was dose- 
dependent, but not phosphorylation-dependent, and resulted in a several fold 
stimulation of the tyrosine kinase activity of c-Src that was competitively 
antagonized by an excess of recombinant c-Src SH3 domain. Purified synapsin I 
was also found to be an excellent substrate for c-Src in vitro and was 
phosphorylated to relatively high stoichiometry on tyrosine residues. Endogenous 
synapsin I was also phosphorylated by c-Src and appeared to be able to regulate 
SV-associated tyrosine kinase activity. Intact SV depleted of synapsin I had a 
markedly decreased tyrosine kinase activity with respect to native SV that could 
be increased upon rebinding of synapsin I. In addition, treatment with anti- 
synapsin I antibodies significantly reduced SV-associated tyrosine kinase activity. 
The data suggest that Src activity can be regulated by the extent of association of 
synapsin I with SV and that the interactions between synapsin I and Src may be 
physiologically important in signal transduction at the nerve terminal level. 
Supported by grants from Fisher Cento: for Alzheimer’s Disease Research, 
Telethon and AIRC.

692.4

AN EFFICIENT METHOD FOR TRANSFECTION OF ADRENAL 
CHROMAFFIN CELLS USING THE SEMLIKI FOREST VIRUS GENE 
EXPRESSION SYSTEM. J, Rettia . U, Ashery1, T. Xu1, A Betz2, N, Brose2* 
and E. Neher1. ’Dept. of Membrane Biophysics, MPI f. biophysical 
chemistry, D-37070 Goettingen, Germany; 2Dept. of Mol. Neurobiology, 
MPI f. experimental medicine, D-37073 Goettingen, Germany.

We have expanded the use of the Semliki Forest virus (SFV) by 
infecting chromaffin cells with synaptic proteins at high efficiency. Using 
the SFV gene expression system, up to 40% of cultured bovine 
chromaffin cells express the protein of interest within 12-48 hr after 
infection. In order to learn about the basic physiological properties of 
transfected cells, we performed membrane capacitance measurements 
using the whole-cell patch-clamp technique and monitored 
catecholamine release with amperometry. We found that chromaffin 
cells Infected with green fluorescent protein (GFP) were comparable to 
control cells in intracellular calcium concentrations ((Ca2*ji), leak currents 
and cell sizes. In response to depolarization, calcium currents were 
elicited and the cells secreted catecholamine. Comparison of the 
calcium current amplitude and the size of the readily releasable pool of 
vesicles revealed a small decrease in these parameters compared to 
control cells. The refilling kinetics after pool depletion, however, were 
not altered. Overexpressed munc13-1 translocates to the plasma 
membrane In response to phorbol esters, an effect that Is also observed in 
fibroblasts transfected with conventional methods. Thus, the use of the 
SFV gene expression system to transfect chromaffin cells represents a 
major improvement in transfection efficiency compared to other 
methods. It opens up new opportunities to introduce synaptic proteins 
into chromaffin cells and study their role in secretion.
(Supported by HFSP grants and the Deutsche Forschungsgemeinschaft)
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692.5

ROLE OF THE STONED PROTEINS IN SYNAPTIC 
VESICLE RECYCLING. T, Fergestad, W. Davis. T. Parks* and 
K, Broadie. Dept. of Biology, University of Utah, Salt Lake City, UT 
84112.

The stoned locus was uncovered 25 years ago based on neurological, 
stress-sensitive mutants. Recent characterization of stoned has revealed 
a dicistronic transcript encoding two separate proteins, STNA and 
STNB (Andrews et al, 1996). STNA is novel out STNB has an AP50 
homology domain and a stoned viable mutation interacts genetically with 
both dunce and shibire (Petrovich et al, 1993), suggesting a role in 
synaptic vesicle endocytosis. Usingthe Drosophila NMJ as a model, we 
have shown that both STNA and STNB are expressed in the presynaptic 
terminal. We have assayed 4 stoned mutants to show a dramatic defect 
in synaptic vesicle biogenesis and a specific protein sorting defect in the 
localization of the synaptic vesicle protein Synaptotagmin (Fergestad et 
al., 1999). This work has suggested that the Stoned proteins may have 
two related functions: a structural role in vesicle biogenesis and a role in 
sorting specific vesicular proteins.

We are currently characterizing stoned mutants in combination with 
dunce, shibire ana synaptotagmin mutants to determine the molecular 
mechanisms of the Stoned protein functions. Detailed imaging analysis 
(light and EM), electrophysiological, and ultrastructural studies are 
being done to establish the precise location and function of the Stoned 
proteins in synaptic vesicle recycling. We are also engaged in work to 
separate specific functions of the A and B proteins. Our working 
hypothesis is that the Stoned proteins regulate a choice point between 
degradation and recycling of molecular components during the SV 
cycle, (supported by NIH grant GM54544-01Al and a Searle Scholarship to K.B. 
and an NIH Developmental Biology Training Grant 5T32 HD07491 to T.F.)

692.6
CHARACTERIZATION OF A MURINE VAP-33 HOMOLOGUE.
P.A.Skehel*, R.Fabian-Fine and K.Rosenblum. Division of Neurophysiology, 
National Institute for Medical Research, Mill Hill, London. NW7 1 AA, U.K.

ApVAP-33 was originally identified from Aplysia californica using a yeast 
two hybrid screen to identify VAMP/synaptobrevin binding proteins. 
Presynaptic microinjection of ApVAP-33 specific antisera inhibited evoked 
e.p.s.p.s in sensory-motor neuron co-cultures, suggesting that ApVAP-33 
function is required for efficient neurotransmitter release. By sequence 
homology we have identified a mouse homologue of ApVAP-33, termed 
mVAP-33, that also interacts with VAMP/synaptobrevin. Unlike the Aplysia 
gene, mVAP-33 mRNA is detectable in all tissues examined. Using mVAP- 
33 specific polyclonal antisera raised against bacterially expressed 
recombinant mVAP-33, the biochemical properties and cellular location of 
mVAP-33 has been examined. mVAP-33 immunoreactivity remains in 
pelleted fractions of brain homogenate and partitions into the detergent phase 
following Triton X-114 extraction, indicating that mVAP-33 is an integral 
membrane protein. Triton X-100, however, only partially extracts mVAP-33 
into the soluble fraction suggesting that the protein may also interact with 
larger oligomeric structures. Analysis of primary cultures of cortical cells by 
indirect immunofluorescent microscopy reveals an extensive reticular 
distribution of mVAP-33 immunoreactivity in both neurons and glia. While 
present in neuronal processes, mVAP-33 is not enriched at synapses. This 
may indicate a more general role for mVAP-33 in intracellular membrane 
trafficking.

In addition, the structural elements of mVAP-33 required for its intracellular 
targeting and distribution have been examined using GFP/mVAP-33 fusion 
proteins expressed in primary neuronal cell cultures.

692.7

SNAP-29, A SYNTAXIN 1A-BINDING PROTEIN IMPLICATED 
IN SYNAPTIC TRANSMISSION Qingning Su1, Sumiko 
Mochida2*, and Zu-Hang Sheng1, 'Synaptic Function Unit, National 
Institute of Neurological Disorders and Stroke, National Institutes of 
Health, Bethesda, MD 20892; 2Dept. of Physiology, Tokyo Medical 
University, Tokyo, 160-8402.

Using the yeast two-hybrid system we have identified a syntaxin 
IA binding protein from human brain cDNA library. The deduced 
amino acid sequence is identical to a recently cloned gene called 
SNAP-29 (Steegmaier et al., JBC 273, 34171, 1998). With a 3’- 
untranslated cDNA fragment as a probe, our Northern blots showed 
that SNAP-29 mRNA, 4.4 kb in length, was detected in multiple tissues 
including brain. Syntaxin IA binding was confirmed in vitro with 
recombinant proteins and with the native SNARE complex consisting 
of SNAP-25-VAMP-syntaxin isolated from synaptosomes. SNAP-29 
was also associated with syntaxin IA in co-transfected HEK293T cells. 
The amino terminal half of SNAP-29, which contains a coiled coil 
domain, is necessary and sufficient for its interaction with syntaxin IA. 
Introduction of the SNAP-29 coiled coil domain into presynaptic 
superior cervical ganglion neurons in culture significantly inhibited 
synaptic transmission. These findings suggest that while SNAP-29 may 
have a general role in membrane trafficking, it is also one of the 
components of the synaptic vesicle docking/fusion machinery or a 
regulator for exocytosis. Further characterization of the SNAP-29 
molecule, such as immunolocalization, biochemical fractionation and 
electrophysiological studies are currently underway. (Supported by 
DIR, NINDS, NIH).

692.8

IMPAIRED MOTOR PERFORMANCE AND ABNORMAL FEAR 
RESPONSE IN MICE LACKING SYNAPTOTAGMIN IV
G.D.Ferguson1, S.G.Anagnostaras2, L.Vician1*, A.J.Silva2,3,4, H.R,
Herschman1,5 'Department of Biological Chemistry, 2 Department of 
Neurobiology, ’Department of Psychiatry and Psychology, 4 Brain 
Research Institute, and ’Department of Molecular and Medical 
Pharmacology, UCLA School of Medicine, Los Angeles, CA 90095

Synaptotagmin IV (Syt IV) is a depolarization-inducible synaptic 
vesicle protein. To examine the functional role of this protein in vivo, we 
have developed a Syt IV knockout mouse. In contrast to Syt I knockout 
animals, which die within 48 hours after birth, Syt IV mutants are viable 
and, by appearance, are largely indistinguishable from wild-type and 
heterozygous littermates. Histological analysis revealed no gross 
anatomical differences in the brains of wild-type and Syt IV-/- mutant 
animals. Basic neurological function is also preserved in mutants. In 
more demanding tests of motor coordination, including the Roto-Rod, 
Syt IV -/-mutants display a significant performance deficit, while Syt IV 
+/- mice perform at wild-type levels. We examined both wild-type and 
Syt IV -/- mutants in the social transmission of food preference 
paradigm and found no difference between the groups. However, context 
and tone fear conditioning, while retained in wild-type and Syt IV+/- 
mice, is impaired in Syt IV -/- mutants. These data suggest that Syt IV is 
required for aspects of normal motor coordination and some forms of 
learning and memory. (Funded, in part, by NIH grant NS28660 to HRH)

692.9

MOLECULAR CHARACTERIZATION OF SYNTAPHILIN: A 
SYNTAXIN IA BINDING PROTEIN IMPLICATIED IN 
SYNAPTIC TRANSMISSION Divina S. Gryder*, Claudia M. Gerwin, 
Guifang Lao, Qingning Su, and Zu-Hanff Shen^. Synaptic Function 
Unit, National Institute of Neurological Disorders and Stroke, 
National Institutes of Health, Bethesda, MD 20892.

Previously, we reported the isolation of a brain-specific protein 
called syntaphilin, by yeast two-hybrid system (Lao et al., 24, 1568, 
Abstracts of Society for Neuroscience 1998). Now, we are 
characterizing syntaphilin with biochemical, cell biological and 
physiological approaches. The syntaphilin-syntaxin IA interaction 
was confirmed in co-transfected 293T cells. Double labeling the 
cultured hippocampal neurons showed that syntaphilin highly 
correlates with the staining of synaptic vesicle marker synaptophysin. 
Immunoblotting subcellular fractionations of synaptosomes reveals 
syntaphilin to be exclusively associated with membrane fractions, 
which is consistent with the sequence prediction of a carboxyl- 
terminal hydrophobic transmembrane segment. Our preliminary 
physiological studies in Xenopus nerve-muscle coculture system 
showed that syntaphilin, if loaded into single blastomeres of embryos 
at the two- to four- cell stage, significantly inhibits the frequency of 
spontaneous transmission. These findings suggest that syntaphilin 
may be a component of the synaptic vesicle docking/fusion machinery 
or a regulator for exocytosis. Further characterization of syntaphilin, 
such as immunolocalization and electrophysiological studies are 
currently underway. (Supported by DIR, NINDS, NIH).

692.10

RHO GTPASES IMPLICATED AS REGULATORS OF ACTIN DYNAMICS 
AT PRESYNAPTIC ENDOCYTIC REGIONS .
Jenny Gustafsson. Peter Low. Lennart Brodin. Oleg Shupliakov*. Dept, of
Neuroscience, I^hnska.Jhs,UtHtgt,-S-17.1.7L^.tQckh.9lm..^wgtenJ

The GTPase dynamin is essential in synaptic vesicle endocytosis, but
other GTPases are also likely to participate. To visualize GTPase-dependent 
endocytic intermediates, GTP-y-S was microinjected into living reticulospinal 
synapses in lamprey. The injections were followed by action potential stimulation 
and electron microscopic analysis of serially cut synapses. In microinjected axons, 
numerous clathrin-coated pits appeared in a region directly surrounding the active 
zone. They often had elongated necks covered with dynamin rings, in agreement 
with a recycling pathway using both clathrin and dynamin. In addition, a dense 
matrix of actin-like filaments was observed in a region that overlapped with the 
area containing clathrin-coated pits. Since Rho GTPases have been shown to 
regulate the rearrangement of actin in many cell types, we examined the effects of
C. difficile toxin B (which inactivates Rho, Rac and Cdc42) or C. botulinum C3 
toxin (which inactivates Rho). Microinjection of either of these toxins caused a 
reduction in the number of actin filaments around synapses and a strong inhibition 
of endocytosis. The number of coated pits around synapses in toxin B- or C3- 
injected axons significantly higher compared to control axons. These results 
suggest that in addition to dynamin, GTPases such as Rho/Rac/Cdc42 regulate an 
actin-dependent step in synaptic vesicle recycling. Supported by the Swedish 
MRC.
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692.11
SYNAPSINS AS MEDIATORS OF BDNF-REGULATED 
NEUROTRANSMITTER RELEASE. J. N. Jovanovic*1, A. J. Czernik1, A. A. 
Fienbeig1, P. Greengard' and Talvinder S. Sihra’. v Lab. Molecular & Cellular 
Neurosci., Rockefeller University, New York, NY, 10021 and 2Dept. of 
Pharmacology, UCL, London, WC1E 6BT, UK.

Neurotrophin-dependent enhancement of synaptic transmission involves both 
pre- and post-synaptic actions. To examine the presynaptic action of brain-derived 
neurotrophic factor (BDNF) specifically, we used isolated nerve terminals 
(synaptosomes) from rat cerebral cortices. 4-aminopyridine (4AP, 1 mM)-evoked 
and ionomycin (5 uM)-induced release were potentiated by 24 ± 2.2 % and 30 ± 1.8 
% respectively, in the presence BDNF (200 ng/ml). These results indicated that a 
major site of action of BDNF in the regulation of release was downstream of Ca2+ 
entry and likely involved the modulation of the dynamics of synaptic vesicle 
trafficking within the nerve terminal. At concentrations effective in modulating 
neurotransmitter release, BDNF stimulated the tyrosine kinase activity of TrkB 
receptors and caused the downstream stimulation of p42 (34 ± 9 %) and p44 (28 ± 8 
%) isoforms of MAP kinase. This resulted in an increase in synapsin I 
phosphorylation at MAP kinase-dependent P-sites 4/5 (43 ± 3 %) and P-site 6 (19 ± 
4 %) in parallel with enhanced neurotransmitter release. Using PD98059 (20-100 
pM) to specifically inhibit the upstream stimulation of MAP kinase, we found that 
decreased p42 and p44 MAP kinase activity led to decreased phosphorylation of 
synapsin I at P-sites 4/5 and P-site 6 and at the same time inhibited the evoked 
release of glutamate and GABA. Together, these results indicate a causal link 
between the BDNF/TrkB receptor/MAP kinase-mediated phosphorylation of the 
synapsins and the downstream facilitation of neurotransmitter release. To verify this, 
we compared the effect of BDNF on glutamate release using synaptosomes derived 
from xvild-type and synapsin-deficient mice. Deletion of the synapsin I, synapsin II 
and synapsin I&II genes progressively reduced the BDNF-mediated facilitation of 
4AP- and ionomycin evoked glutamate release. We conclude that the synapsins are 
major presynaptic effectors in the neurotrophin-dependent modulation of synaptic 
transmission. Supported by grants from NIA and NIMH to PG and the Wellcome 
Trust to TSS.

692.12

SYNAPTIC VESICLE RECYCLING IN SYNAPSIN II AND 
SYNAPSIN I/II KNOCKOUT MICE. P. Chi,1’2 P. Greengard1* 
and T.A. Ryan2, laboratory of Molecular and Cellular 
Neuroscience, The Rockefeller University ; 2Dept. of Biochemistry, 
Weill Medical College of Cornell University, New York, NY 
10021.

We have used the optical tracer FM 1-43 to label recycling 
vesicles in presynaptic terminals of synapses formed between 
hippocampal neurons in culture derived from either wild type (wt), 
synapsin II or synapsin I/II knockout (KO) mice. We have analysed 
several different parameters of presynaptic function relating to the 
kinetics of consumption of the vesicle pool, the timescale of vesicle 
recycling and the total functional pool size in these three genotypes. 
These measurements indicate that kinetics of pool depletion is 15- 
20% faster in both synapsin-deficient strains compared to wt while 
the total pool size is reduced by ~ 25%. These results implicate a 
role for synapsin in at least two separate steps in presynaptic vesicle 
trafficking including maintenance of the reserve pool and the 
efficiency of pool consumption by the exocytotic machinery of the 
nerve terminal.
This work was supported by NIH grant NS36942 to T.A.R., and the 
Cornell/Rockefeller/Sloan-Kettering Tri-Institutional MD-PhD 
Program to P.C.

692.13

GENERATION AND IDENTIFICATION OF A 
TEMPERATURE-SENSITIVE SNAP-25 
MUTATION. Suiata Rao, Ilya Vilinskv, and David 
Deitcher*. Dept. of Neurobiology and Behavior, Cornell 
Univ., Ithaca, NY 14853

Release of neurotransmitter is a complex process involving 
multiple steps. Although many components of the secretory 
machinery have been identified, it has been difficult to determine 
how these components interact and lead to neurotransmitter 
release. SNAP-25, synaptobrevin, and syntaxin have been 
shown to be crucial to neurosecretion. In order to determine the 
function of SNAP-25 in vivo, we performed a large scale 
temperature-sensitive (ts) paralytic FI screen to isolate a ts allele 
of Drosophila SNAP-25. Approximately 450,000 flies were 
screened at 38°C and paralytic flies were collected. A single line 
of flies containing a mutation in SNAP-25 was identified. This 
mutation is recessive and the restrictive temperature is 35°C.
The phenotype is rescued by expression of a SNAP-25 cDNA 
driven by the Drosophila neuronal-synaptobrevin promoter. 
Rescue of the mutant flies is seen up to 40°C. We are currently 
examining the phenotype of the ts allele both biochemically and 
through electrophysiology.

Supported by American Heart Association Scientist
Development Grant

692.14
PERTURBATION OF SYNAPTOJANIN FUNCTION IMPAIRS SYNAPTIC 
VESICLE ENDOCYTOSIS AT A LIVING SYNAPSE
H, Gad1, Q, Shupliakov1, P. Low1, Q. Kjaerulff1, N, Ringstad2, P. DeCamilli2, L.
Brodin1* 1 Dept. of Neuroscience, Karolinska Institutet, Stockholm, Sweden, 
2Howard Hughes Med. Inst., Dept. of Cell Biology, Yale University Sch. of Med., 
New Haven, CT, 06510.

Synaptojanin is a presynaptic polyphosphoinositide phosphatase implicated in 
synaptic vesicle recycling. It interacts with the SH3-domains of amphiphysin and 
endophilin in vitro. Here we investigate the effects of perturbing synaptojanin and its 
interactions at a living synapse. The experiments were performed using the giant 
reticulospinal synapse in the lamprey spinal cord.

The lamprey homologue of synaptojanin 1 was cloned and antibodies were 
raised against the proline-rich COOH-terminal which mediates the binding to SH3- 
domains. The antibodies recognized two major bands of 145 and 170 kDa in spinal 
cord protein extracts, and specifically labeled nerve terminals at the light 
microscopic level.

Presynaptic microinjection of the antibodies in the giant synapse led to an 
activity-dependent inhibition of synaptic vesicle endocytosis. Ultrastructural 
analysis showed that the synaptic vesicle membrane was trapped around the active 
zone, and the number of clathrin-coated pits in this region was increased. 
Furthermore, an increase in number of free clathrin-coated vesicles was observed. 
Injection of a proline-rich peptide, which corresponded to a conserved region in the 
COOH-terminal of synaptojanin and inhibited binding of lamprey synaptojanin to 
the SH3-domain of endophilin, had similar effects.

These experiments show the importance of synaptojanin in clathrin-mediated 
synaptic vesicle endocytosis. Its function appears to be dependent on interactions 
with SH3 domain-containing endocytic proteins. Supported by the Swedish MRC.

692.15

IMPAIRED CLATHRIN-MEDIATED RECYCLING OF SYNAPTIC VESICLES 
IN MICE DEFICIENT IN THE EXPRESSION OF THE 
POLYPHOSPHOINOSITIDE PHOSPHATASE SYNAPTOJANIN 1.
aCrgmona1’2’3, GDi Paolo1’g.MWenk1’2, A.Luthi4. W.T.KinA2, KTakei1 >2,
LDanieH1;2, Y.Nemoto1’2, R.A.FIavell1’5, D.A, McCormick4, P.De Camilli1’2*,
^Howard Hughes Med. Instit., 2Dept. of Cell Biology and Sect, of ^Neurobiology 
and ^Immunobiology, Yale Univ. Sch. Med.,New Haven, CT 06510, USA; 3Dipart. 
di Sc. Med., Univ. del Piemonte Orientale “A. Avogadro”, Novara, Italy

Growing evidence indicates that phosphoinositides play an important role in 
membrane traffic. Several proteins implicated in synaptic vesicle endocytosis were 
shown to bind phosphoinositides and a polyphosphoinositide phosphatase, 
synaptojanin 1, was identified as a major nerve terminal protein associated with 
endocytic intermediates. To gain insight into the function of synaptojanin 1 and, 
more generally, into the function of phosphoinositides at the synapse, we have 
disrupted the synaptojanin 1 gene in mice. Synaptojanin I'1' mice are born with no 
obvious anatomical abnormalities but fail to thrive, exhibit neurological defects 
including seizures and die early after birth. PIP2 phosphatase activity in brain is 
severely reduced in k.o. animals relative to control littermates. Long-term metabolic 
labeling of neuronal cultures from newborn animals revealed a nearly two-fold 
increase in the levels of [3H]-PIP2 relative to [3H]-PI in k.o. animals. Nerve 
terminals of mutant mice contained an increased number of clathrin coated vesicles. 
Furthermore, the brain cytosol of these animals is more potent than control cytosol 
in the generation of clathrin coated buds on PI containing liposomes incubated with 
ATP and GTPyS. Electrophysiological studies on hippocampal slices demonstrated 
enhanced depression after prolonged stimulation at high frequency and delayed 
recovery upon interruption of the stimulus. Our results support the hypothesis that 
phosphoinositides play an important role in clathrin coat recruitment and suggest that 
polyphophoinositide catabolism is required for normal synaptic vesicle recycling (see 
also Abstract by Gad H. et al.)

692.16
A CONSERVED CLATHRIN ASSEMBLY MOTIF IS ESSENTIAL FOR 
SYNAPTIC VESICLE ENDOCYTOSIS J.R. Morgan*, K. Prasad, W. 
Hao, G.J. Augustine, and E.M, Lafer. Dept Neurobiology, Duke University 
Medical Center, Durham, NC, 27710; Dept Molecular Medicine, 
University of Texas Health Science Center, San Antonio, TX; Marine 
Biological Lab, Woods Hole, MA.

Alignment of the primary sequences of the clathrin assembly 
proteins, API80 and AP-2, reveals a repeating motif that contains a central 
DLL sequence. To test whether these DLL motifs are important for 
clathrin assembly, API80 deletion mutants were constructed and tested for 
clathrin assembly activity. Clathrin assembly in vitro was closely 
correlated with the number of DLL motifs present, indicating that these 
motifs confer clathrin assembly properties. Peptides from regions of 
API80 and AP-2 that contained the DLL motif each were able to inhibit 
the ability of both API80 and AP-2 to assemble clathrin in vitro, while 
peptides with mutations in the DLL motif had no effect. This cross-
reactivity allowed the use of these peptides to evaluate the role of clathrin 
assembly by these two proteins in vivo. Microinjection of these peptides 
into the squid giant presynaptic terminal reversibly inhibited synaptic 
transmission evoked by low frequency (0.03 Hz) presynaptic action 
potentials. Control peptides with disrupted DLL motifs had no effect. 
Terminals injected with the DLL-containing peptide from AP-2 exhibited a 
dramatic decrease in the number of synaptic vesicles (38% of control) and 
coated vesicles (5% of control). These results indicate that the conserved 
DLL motifs within API80 and AP-2 are essential both for clathrin 
assembly in vitro and for synaptic vesicle endocytosis in vivo. Supported 
by NIH grants NS29051 and 21624.
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692.17
PURIFICATION AND PROPERTIES OF NOVEL CLATHRIN 
ASSEMBLY PROTEIN IN BOVINE BRAIN H.-L. Kim*, I,-A, Lee,
S.-H, Kang, and J.-Y. Suh Department of Biochemistry, Medical 
Collige, Ewha Womans University, Seoul, 158-056, KOREA

Clathrin-coated vesicles(CCV) are in pathways of receptor-mediated 
intracellular transport. Binding of clathrin assembly protein to clathrin 
induces their assembly into clathrin-coated vesicle. To understand the 
complex function of CCV at a molecular level, we purified novel 
clathrin assembly protein (CALM) from rat liver and characterized their 
clathrin assembly and binding property.

Coated vesicles from bovine brain tissue were prepared by 
sequencial homogenation and centrifugation in homogenation buffer 
(0.1M MES pH6.5, PMSF, EGTA, MgAc). Clathrin and associated 
proteins were dissociated from the coated vesicle by 0.5M Tris-Cl pH 
7.0 extraction and purified by Sepharose CL-4B gel filtration 
chromatography. The fractions were analyzed by Western blotting, 
using 1° Ab against N-terminal peptide fragment of rCALM protein 
expressed in E. coli. Then CALM fraction was applied to Mono S 
column, it was eluted by gradiented buffer. (50mM Tris pH 7.5, 1M 
NaCl) The superose 12 FPLC for the CALM fractions resulted in 
single protein band. The estimated Mr of CALM was 65kd on 
SDS-PAGE. pi value of the CALM was about 9.0 on chromatofocusing. 
The purified CALM can bind the clathrin and mediated the formation of 
clathrin cage in vitro. This research was supported in part by Korea 
Reseach Foundation(981-0704-032-2 and 1998-021-F00069)

692.18
PRESYNAPTIC Ca CURRENTS IN tg AND Ih MICE WITH Ca CHANNEL 
SUBUNIT MUTATIONS. J. Qian*, D.L. Burgess and J.L. Noebels. Department of 
Neurology, Baylor College of Medicine, Houston, TX 77030

Genetic alternations in Ca channel subunits have been identified in mouse mutants 
with epilepsy phenotypes. Given the important role of Ca channels in controlling 
neurotransmitter release, these mutations are anticipated to affect the function of 
presynaptic Ca channels and synaptic transmission. In the present study, we employed 
fluorescence imaging techniques to investigate presynaptic Ca currents at the 
hippocampal Schaff Collateral synaptic connection in both tottering (tg, a1A subunit 
mutation) and lethargic mice (Ih, (34 subunit mutation). Measured with a low-affinity 
Ca indicator (Magnesium Green), the presynaptic Ca transient of the P/Q-type current 
shows a large reduction in tg mice. Toxin studies reveal that the total Ca influx is 
about 68% N-type and 6% P/Q-type, while in the wild type, N-type and P/Q-type 
channels contribute about 35% and 39% of the total, respectively. In contrast, there is 
no significant difference in the channel subtype population between Ih and wild type 
mice. Transmitter release is apparently not affected at the investigated synapse in Ih 
mice and the Ca dependence of neurotransmitter release is similar to wild type. 
G-protein-mediated inhibition of Ca channels was also examined. Application of a 
saturating concentration of adenosine (100 pM) reduced the presynaptic Ca influx by 
a similar amount in both Ih and wild type mice. These results indicate that the a1A 
subunit mutation in tg mice leads to a severe decrease in presynaptic P/Q-type 
currents. In contrast, p4 may not participate in presynaptic Ca channel function at the 
investigated synapse. It is possible that mutation of the p4 subunit in Ih mice affects 
only certain types of neurons where P4 subunits are critical. Given the similarity of the 
resulting clinical phenotypes in tg and Ih mice, the same subset of vulnerable neurons 
may be responsible for the neurological disorder in P/Q-type deficient tg mice. This 
project was sponsored by the American Epilepsy Society with support from the 
Milken Family Foundation and NIH NS29709.
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693.1

LATRUNCULIN DELAYS OR INHIBITS RECOVERY FROM TETANUS IN 
SNAKE NEUROMUSCULAR TERMINALS. J. C. Cole*, B. R. S. Villa 
and R. S. Wilkinson. Department of Cell Biology & Physiology, 
Washington University School of Medicine, St. Louis, MO 63110.

Motor terminals in the transversus abdominis muscle of garter snake 
contain large terminal boutons with multiple release sites. Antibody or 
phalloidin staining reveals filamentous actin near the sites. Consistent 
with its location, actin may help to mobilize vesicles from the bouton’s 
central reserve pool to its peripheral readily-releasable (RR) pools.

To test this hypothesis, we briefly tetanized terminals in curarized 
muscles to partially deplete the RR pool, then recorded postsynaptic 
potential (PSP) amplitudes to assess recovery. Muscles soaked in the 
actin depolymerizing agent latrunculin A (LT; 10 pM) were compared to 
control muscles from the same animal. Pre-tetanus PSPs (elicited by 
neural stimulation at 0.1-0.2 Hz) were identical between control and LT- 
treated terminals. Following tetanic stimulation (25 Hz, 90 s), PSP 
amplitudes in control muscles (elicited by 0.1-0.5 Hz stimulation) 
recovered to 101% ± 6% of pretetanus levels (mean ± S.D., N = 5; 
recovery time range, 0-5 min). In muscles soaked in LT for 2 hours, post- 
tetanic PSP amplitudes achieved near-maximal recovery (90% ± 7%, N 
= 2), but required a longer recovery period (8-10 min). Post-tetanic PSP 
amplitudes from muscles soaked in LT for 4-5 hours did not recover to 
pretetanus levels (66% ± 23%, N = 4), even after extended recovery 
periods (>10 min).

These results implicate actin in post-tetanic recovery, perhaps via 
interaction with motors such as myosin II or V which have been implicated 
in vesicle mobilization. Supported by NIH grant NS24752.

693.2

REGULATION OF SYNAPSIN I PHOSPHORYLATION BY ACUTE 
NEURONAL EXCITATION IN VIVO.
Y, Yamagata*1. K. Obata1, P, Greengard2 and A.J. Czernik2. JLab. of 
Neurochem., Natl. Inst, for Physiol. Sci., Myodaiji, Okazaki 444-8585, 
Japan, and 2Lab. of Mol. and Cell. Neurosci., The Rockefeller Univ., 
1230 York Avenue, New York, NY 10021.

Ca2+/calmodulin-dependent protein kinase II (CaMKII) has been 
implicated in various neuronal functions, including synaptic plasticity. 
We previously studied the regulation of its active state in relation to acute 
neuronal excitation in vivo by examining the effect of electroconvulsive 
treatment (ECT) in rats, and showed that its active state was dynamically 
and precisely regulated in vivo.

In this study, we examined the phosphorylation state of one of its 
endogenous substrate, synapsin I, in response to acute neuronal 
excitation induced by ECT in rats by immunoblot analyses of 
homogenate from hippocampus and parietal cortex using 
phosphorylation state-specific antibodies to synapsin I. Soon after the 
electrical stimulation, phosphorylation at Ser-603 (site 3), one of 
CaMKII sites, showed a profound initial decrease (30% of control 
levels), and then a mild gradual increase which peaked at around 20 min 
(120-170%). On the other hand, phosphorylation at Ser-62/67 (site 
4/5), mitogen-activated protein kinase (MAPK) sites, showed an initial 
decrease (40% of control levels), followed by a rapid huge increase 
which peaked at round five minutes (300-350%), then gradually returned 
to the control levels in 60 min. Thus, phosphorylation state of synapsin 
I is physiologically regulated by acute neuronal excitation in vivo.

Supported by a grant-in-aid from the Ministry of Education, Science, 
Culture and Sports of Japan (no. 10680756).

693.3

IMPAIRED PITUITARY DEVELOPMENT AND FUNCTION IN THE MUNC18-1 
MUTANT MOUSE EMBRYO. N. Korteweg1, A. Maia1, B. Thompson2, E.W. Roubos2, 
M. Verhaqe1 and J.P.H. Burbach1 SPON: International Behavioural and Neural 
Genetics Society. ’) Rudolf Magnus Institute for Neurosciences, Utrecht University, 
3584 CG The Netherlands;2) Dept. of Animal Physiology, University of Nijmegen, The 
Netherlands

Munc18-1, a protein implicated in pre-fusion steps of synaptic secretion, interacts 
with several plasma membrane bound, vesicle-associated and Ca2+-binding proteins. 
Together these proteins may play a role in regulating Ca2+-dependency and/or 
docking mechanisms. Muncl 8-1 deficient mice show a general and complete loss of 
synaptic secretion and die after birth. Interestingly, the assembly of brain structures 
is not disturbed, and only after formation of the brain areas, degeneration sets in.

Regulated exocytosis of peptide hormones from neuroendocrine cells and 
peptidergic neurons requires different Ca 2+-stimuli for docking, release and 
localization of secretory granules then exocytosis of transmitters from neurons. 
Muncl 8-1 is highly expressed in the peptidergic neurons of the hypothalamo- 
neurohypophyseal system and in the neuroendocrine cells of the pituitary gland. In 
this study we analyzed the development and function of these peptidergic systems 
in the absence of muncl 8-1 and synaptic transmission.

Vasopressin and GAP43 immunocytochemistry revealed that the somata of the 
peptidergic neurons migrated normally, synthesized vasopressin, and the outgrowing 
axons were targeted towards the neural lobe of the pituitary. Whereas normally the 
neural lobe is innervated after embryonal day (E)14.5, very few axons reached their 
target in the mutant. At E18.5, no fibers were detected and most cell-bodies were 
degenerated. In contrast, the neuroendocrine cells had a normal structure and normal 
levels of ACTH and aMSH at E18.5, but plasma ACTH levels were decreased, and 
electronmicroscopic analysis of somatotropes revealed 10 times less exocytotic 
figures and an accumulation of most secretory granules at 30 nm from the 
plasmamembrane in the mutant mice.

We conclude that muncl8-1 and its binding partners are necessary for proper 
development and function, not only in neurons but also in the peptidergic systems 
examined.

Supported by Stichting Glaxo Research Nederland, projectnumber GRN 94002.

693.4

UBIQUITOUSLY EXPRESSED N-TERMINAL TRANS-SPLICE VARIANT OF 
MUNC13-2 DEFINES HIGHLY CONSERVED RIM-INTRACTING DOMAIN 
A, Betz and N.Brose*. Max-Planck-Institut fur experimentelle Medizin, AG 
Molekulare Neurobiologie, D-37075 Gottingen, Germany.

Muncl3s comprise a family of three brain-specific phorbol ester receptors 
(Muncl3-1, Muncl3-2, Muncl3-3). Muncl3-1, the best characterized isoform, is 
specifically localized to presynaptic active zones where it acts as an essential 
mediator of synaptic vesicle priming. Muncl3s share a highly conserved C-terminal 
region of 1200 residues that contains Cj- and C2-domains. In contrast, the N-termini 
of the known Muncl3 isoforms are completely divergent.

We have cloned a novel Muncl3 isoform from a rat lung cDNA library. Northern 
blot analysis demonstrates a ubiquitous expression of the respective mRNA, with 
highest levels in liver and kidney. Sequence comparison showed that the novel 
Muncl3 isoform is a trans-splice variant of the brain specific Muncl3-2. For this 
reason, we named it Muncl3-2ub and the prviously cloned isoform Muncl3-2br. 
Muncl3-2ub contains a novel N-terminus of 400 residues with very high homology 
to Muncl3-1. It is spliced into the known Muncl3-2br sequence at residue 764.

In order to elucidate the function of this conserved Muncl3-N-terminus, we 
searched for interacting proteins using the yeast-two-hybrid system. Screening a 
cDNA prey library from adult rat brain with a bait construct containing residues 1- 
181 of Muncl3-2ub (79 % homologous to residues 1-181 of Muncl3-1), we isolated 
three independent groups of interacting prey clones coding for the N-terminus of 
RIM, a brain-specific Rab3A-interacting protein of synaptic active zones. Additional 
experiments verified the Muncl3-2ub/RIM-interaction and showed that RIM-binding 
activity is conserved between the novel Muncl3-2ub and the homologous Muncl 3- 
1-N-terminus. Our experimental data, together with the fact that Muncl3-1 and RIM 
are colocalized at presynaptic active zones, suggest that the two proteins also interact 
in vivo to regulate transmitter release.
Funded by SFB406/A1 of the German Research Foundation.
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693.5
MUNC13-1 IS ESSENTIAL FOR PRIMING OF 
GLUTAMATERGIC SYNAPTIC VESICLES. C.Rosenmund1', I. 
Augustin2, T, Sudhof3, N. Brose2 ’Dept. of Membrane Biophysics, MPI 
biophysical Chemistry,; 2Dept. of Mol. Neurobiology, MPI f. experimental 
Medicine. Goettingen, D-37070 Germany 3Ctr. Basic Neurosci., U.of Texas, 
Dallas.

Neurotransmitter release is mediated by Ca2+-triggered exocytotic fusion 
of synaptic vesicles. Before fusion, vesicles dock at the presynaptic release 
site and a process of unknown molecular nature is thought to cause the 
priming of docked vesicles to a fusion-competent state.

Using primary autaptic microdot hippocampal cultures from mice lacking 
Munc13-1, we identified Munc13-1 as an essential synaptic vesicle priming 
protein. Morphological analysis showed that Muncl 3-1-deficient 
glutamatergic neurons form ultrastructurally normal synapses at normal 
densities. However, electrophysiological analyses demonstrated that 
synaptic currents are reduced by 90% (+/+: 1.43±0.43nA,n=50;-/-: 
0.11 ±0.01 nA,n=134). Similar reductions were observed for mEPSC rates, 
but not amplitudes. While no change in the sensitivity of release to external 
Ca2+ was observed, the macroscopic size of the readily releasable pool of 
vesicles was reduced from 2490±1010 (wt) to 270±40 (-/-). Surprisingly, a 
small subpopulation of synapses of any given glutamatergic neuron as well 
as all GABAergic synapses were not affected by the lack of Muncl3-1, 
demonstrating the existence of multiple and partly transmitter-specific 
priming processes in synapses.
(Supported by the Max-Planck-Society and the Deutsche 
Forschungsgemeinschaft)

693.6
IN VIVO ANALYSIS OF MUNC18-1 PROTEIN INTERACTIONS. TRANSGENIC 
APPROACH ON A MUNC18-1 DEFICIENT BACKGROUND.
R. F.G. Toonen, J. P. H. Burbach, and M, Verhaqe. (SPON: International 
Behavioural and Neural Genetics Society). Rudolf Magnus Institute for 
Neurosciences, Utrecht University, The Netherlands.

Muncl 8-1 is a mammalian, neuron-specific member of the SEC1-family of 
membrane-trafficking proteins implicated in secretion of synaptic vesicles. Recently, 
Muncl 8-1 knock out mice have been generated in our laboratory. Muncl 8-1 
deficient mice are paralysed, die postnatally and suffer from brain degeneration. 
Although docked synaptic vesicles in presynaptic terminals are observed, these 
mice suffer from a complete and general absence of synaptic activity. Therefore, 
muncl 8-1 is an essential effector in synaptic secretion acting downstream of 
synaptic vesicle docking. Different aspects of this drastic phenotype may be 
attributed to interactions with different gene families. Muncl8-1 interacts with at 
least 3 protein families at the synaptic nerve terminal: Syntaxinl, DOC2A/B and 
X11/MINT. We have generated a large number of Muncl8-1 mutations 
characterized by selective changes in interactions with its binding partners i.e., loss 
of affinity for one while preserving the affinity for others. These mutants enable us 
to establish the importance of each interaction. We have created transgenic mice 
that express Muncl 8-1 and certain crucial mutants in brain using three different 
brain specific promoters, the neuron specific enolase (NSE) promoter, the 
neurofilament light chain (NF-L) promoter and the human Thy-1 promoter. The NF-L 
promoter failed to drive expression, while the NSE and Thy-1 promoters produced 
neuron specific expression early in development. Overexpression of Muncl 8-1 does 
not have obvious effects on mouse behavior. Founder mice of both lines do express 
the transgene at birth and have been mated with Muncl 8-1 heterozygotes in order 
to obtain transgene positive Munc18-1 knockout mice. Transgenes carrying 
mutations in Muncl 8-1 known to effect the binding preference towards its binding 
partners are currently being analyzed.

Supported by a grant from the Dutch Society for Scientific Research (N.W.O.), 
project number 903-42-023.

693.7

CHARACTERIZATION OF A HETEROGENEOUSLY SIZED SYNAPTIC 
VESICLE POPULATION IN UNC-11 MUTANT NEMATODES. A. M, 
Holgado, J. T, Gibbons, and A. Alfonso *.
Department of Biological Sciences, University of Illinois at Chicago 
845 W Taylor St., Chicago IL 60607

Endocytosis of synaptic vesicle (SV) membranes via clathrin coated 
pits involves adaptor/assembly proteins such as AP-2 and AP180 and 
the GTPase dynamin. unc-11 encodes an AP180 homolog and has at 
least two functions; 1) specifying the size of SVs during recycling and 2) 
sorting of the SV protein synaptobrevin (Nonet et al., 1999). In vitro, 
UNC-11 binds to clathrin and promotes the formation of clathrin cages, 
which are homogenous in size (Golan, Prasad, Lafer and Alfonso, 
unpublished). Although unc-11 function is not essential for SV 
endocytosis, i.e. animals harboring null alleles have SVs; the size 
distribution is shifted towards a larger size. To further characterize the 
function of unc-11 in SV endocytosis we analyzed mutants in unc-11 
and dyn-1 (dynamin) using a combination of electron microscopy and 
vital fluorescent dye uptake. We induced SV recycling in the presence 
of FM4-64 both in single and double mutant strains. Experimental 
conditions were such that endocytosis was independent of exocytosis. 
Our results support the idea that UNC-11 is required for regulating the 
size of SV through clathrin coated pits. In the absence of unc-11 only 
large and apparently non-functional vesicles, accumulate at the 
presynaptic terminal under conditions that promote exocytosis and 
inhibit endocytosis. Surprisingly normal sized vesicles are observed 
after endocytosis is promoted. Thus, we postulate that in C. elegans 
endocytosis takes place by both clathrin-mediated and non-clathrin 
mediated mechanisms. Supported by NS 32449.

693.8

C. ELEGANS unc-13 MUTANTS ACCUMULATE VESICLES AND ARE 
DEFECTIVE IN EVOKED RELEASE. J. E. Richmond*, W. S, Davis and E. M. 
Jorgensen, Dept. of Biology, Univ. of Utah, Salt Lake City, UT 84112.

Several lines of evidence suggest that UNC-13 is important in synaptic 
transmission. First, unc-13 mutations produce paralysis, presynaptic 
neurotransmitter accumulation, and aldicarb resistance. Second, the 
mammalian homologue, Munc-13, is localized to active zones and interacts with 
syntaxin (a component of the synaptic release machinery) and DOC2 (a putative 
regulator of neurotransmitter release). Third, overexpression of Munc-13 
enhances phorbol ester-induced synaptic potentiation. Finally, the three 
calcium binding domains of UNC-13, suggest that this protein might be 
important in sensing calcium signals required for neurotransmitter release.

Null mutants of an unc-13 transcript in C. elegans, allowed us to further 
analyze the role of UNC-13 in synaptic function. First, in serial electron 
micrographs of the mutant allele unc-13(e1091) an 80% increase in vesicle 
density over wild-type was observed at morphologically defined active zones. 
The average intersynaptic vesicle density was also increased. These data 
indicate that the synaptic defect is not the result of insufficient vesicle numbers 
at the synapse. Second, we have developed an electrophysiological 
preparation, which allows us to measure evoked and endogenous synaptic 
responses at the C. elegans neuromuscular junction. Evoked release was 
severely reduced in the null alleles unc-13(e1091) and unc-13(e51) to less than 
7% of wild-type. Similarly, the frequency of endogenous synaptic activity was 
reduced by approximately 90% in both mutants, although the average miniature 
current amplitude was unaffected. Together these results indicate that UNC-13 
is an important regulator of calcium-dependent neurotransmitter release and is a 
potential calcium sensor.
Funded by NIH MH59820-01 (JER) and the Damon Runyon Fund (EMJ).

693.9

DROSOPHILA UNC-13 IS ESSENTIAL FOR EVOKED 
SYNAPTIC TRANSMISSION. B. Aravamudan. T. Fergestad and
K., Broadie*, Dept. of Biology, University of Utah, Salt Lake City, 
Utah 84112 ?

UNC-13 is a presynaptic protein known to associate with Syntaxin, 
Doc2 and B-Spectrin. Tne protein binds calcium and phospholipids and 
associates with SVs near fusion sites, indicating involvement in the SV 
cycle, possibly in Ca2*-triggered exocytosis. we have isolated and 
molecularly characterized the Drosophila homolog of UNC-13 (DUNC- 
13). The DUNC-13 cDNA is ~5.2 ko long and is predicted to code for a 
1750 ammo acid protein. It shares an overall ~67% homology with the 
previously characterized C.elegans UNC-13 and mammalian MUNC13- 
1 genes and contains one C-I and two C-H domains. RNA in situ 
hybridization on embryos shows that duncl3 message is specifically 
expressed in the brain and the ventral nerve cord (pan-neural).

We have identified a P-element insertion in the coding region of 
dunc!3. This insertion appears to generate an RNA null mutant allele 
and results in complete embryonic lethality. The mutant embryos are 
paralyzed but appear to have grossly normal anatomy. Analysis of NMJ 
synaptic architecture in this mutant shows normal patterning, suggesting 
that synaptic morphological development is not altered. However, 
electro-physiological studies show that synaptic function in this mutant 
is severely impaired, with <1% normal evoked transmission. This 
dysfunction phenotype is comparable to previously characterized 
syntaxin ano synaptobrevin null mutants, suggesting that DUNC-13 is a 
third protein essential for Ca2+-evoked synaptic transmission. Detailed 
electrophysiological, ultrastructural, ana immunohistochemical analyses 
of this and other dunc-13 mutants will be discussed, (supported by NIH 
grant GM54544-01Al and a Searle Scholarship to K.B.)

693.10
GPy acts downstream of Ca3* entry to inhibit neurotransmitter 
release T- Blackmer, S, Alford* and H.E. Hamm. NUIN and Depts. of Physiology 
and MPBC, Northwestern University Medical School, Chicago IL 60611.

Presynaptic activation of many G protein coupled receptors results in modulation of 
neurotransmission and synaptic plasticity. The relative roles Ga and G^y play in 
neuromodulation have not been defined. Gfty subunits can directly regulate ion 
channels through a membrane delimited pathway and since initiation of exocytosis 
relies on an increase in internal [Ca3*], G(fy could decrease neurotransmitter release 
by reducing the influx of Ca3* into the cell. However, few studies have shown that G 
protein-mediated modulation of ion channels is important at synaptic terminals. 
Heterotrimeric G proteins are also known to regulate synaptic transmission 
downstream of Ca3* entry and Gpy has been implicated in exocytotic regulation distal 
to Ca3* entry in other secretory cells. Due to the small size of most vertebrate 
presynaptic cells, determination of the molecular mechanisms underlying G protein 
receptor-mediated regulation has been difficult to examine. At the giant reticulospinal 
motor neuron synapse in the lamprey, activation of reticulospinal presynaptic 5-HT 
receptors results in an inhibition of synaptic transmission. We have investigated the 
mechanisms that underlie 5-HT mediated inhibition of neurotransmitter release in 
presynaptic reticulospinal axons (maximal reduction to 19.8±7.5 % of control; n=4). 
Using synaptically paired cell electrophysiological recordings, we have demonstrated 
that the scavenging of endogenous free Gpy by the PARK C-terminal peptide (cp- 
pARK) attenuates by 90% inhibition of neurotransmission by 5-HT application 
(91.8±12.7% after cp-^ARK; n=4). Also, microinjection of Gp,y2 in the presynaptic 
terminal mimics the effect of 5-HT and inhibits neurotransmission (by 53±33%, n=4). 
This inhibition of synaptic transmission does not change action potential evoked Ca3* 
transients measured using confocal microscopic imaging. Our data confirm that G^y 
plays an important role in suppression of synaptic transmission and acts downstream 
of Ca3* entry. We hypothesize that Gpy is interacting with exocytotic regulatory 
machinery in the presynaptic terminal to inhibit neurotransmitter release. This work 
was supported by NIH grants NS 31713 to SA and EY 10291 to HEH.
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693.11
a-LATROTOXIN RESPONSES AT AXON TERMINALS AND CELL 
SOMATA OF SUPRAOPTIC MAGNOCELLULAR NEURONS. C.S. Ho', 
M.D. Hlubek2, R.W. Hoiz2 and E.L. Stuenkel1. Depts. of Physiology1 and 
Pharmacology2, Univ. of Michigan; Ann Arbor MI 48109.

a-Latrotoxin (Ltx), a protein toxin in black widow spider venom, 
binds specific receptors and causes massive release of neurotransmitter from 
neurons of both the central and peripheral nervous system. Two classes of Ltx 
receptors have been identified and cloned; CIRL/Iatrophillin, which binds Ltx in 
the absence of Ca2+, and neurexin 1 oc/p, which binds Ltx only in the presence of 
Ca‘+. This investigation was designed to examine Ltx receptor expression at 
distinct anatomical regions of a type of central neuron and to characterize Ltx 
actions with regard to channel properties at the cell somata and axon terminals of 
the neuron in order to determine if one or the other type of Ltx receptor 
predominates in mediating responses at either region. To address these issues, 
we utilized peptidergic magnocellular neurons of the hypothalamo- 
neurohypophysial system (HNS) which have their cell bodies located in the 
supraoptic nucleus and their axon terminals located in the neurohypophysis.
This anatomical separation offers the advantage that events occurring in each 
location can be studied in isolation. Using patch-clamp techniques, we have 
determined that Ltx promotes channel formation at the level of the axon 
terminals. Channel formation occurred in the absence of extracellular Ca2+.
Under these conditions, the channel produced by Ltx had an average conductance 
of approximately 400 pS. When Ca'+ was present in the extracellular solution, 
the flux of cations (including Ca2+) through the channel increased cytosolic Ca2+ 
and stimulated hormone release. These properties suggest that supraoptic 
magnocellular neurons express a Ca2+-independent receptor for latrotoxin (CIRL) 
which mediates Ltx-induced channel formation at the level of the axon terminals. 
Ltx responses at the level of the cell somata are under investigation. Supported 
by Supported by grants to ELS (NS36227), RWH (RO1DK27959), and MDH 
(AHA Michigan Postdoctoral Fellowship).

693.12
STRUCTURAL REQUIREMENTS OF CIRL-1 IN MEDIATING a- 
LATROTOXIN-INDUCED CHANNEL FORMATION. M.D. Hlubek1, E.L. 
Stuenkel2*and R.W. Holz'. Depts. Pharmacology2 and Physiology2, Univ. of 
Michigan; Ann Arbor MI 48109.

a-Latrotoxin (Ltx), a protein toxin in black widow spider venom, 
interacts with a Ca2+-independent receptor for latrotoxin (CIRL-1) to promote 
channel formation and neurotransmitter release in neurons and other cells. The 
primary structure of CIRL-1 predicts a G-protein coupled receptor. This 
investigation was designed to examine the structural requirements of CIRL-1 in 
mediating Ltx-induced channel formation. To this end, we transiently expressed 
CIRL-1 and several mutant CIRL-1 constructs in HEK293 cells and examined 
the properties of the channels produced by their interaction with Ltx. In the 
absence of extracellular Ca2\ Ltx interacted with wild type CIRL-1 to produce 
stepwise increases in current. The channel produced by this interaction had an 
average amplitude of approximately 400 pS. When Ca2+ was present in the 
extracellular solution, current responses were reduced in amplitude and 
characterized by rapid flickering events. Ltx interacted with a deletion mutant 
(7TMR) which lacks the long cytosolic tail or with a deletion mutant (7.8N) 
which lacks most of the extracellular domain to produce channels which were 
nearly identical in terms of gating and conductance properties to those produced 
by Ltx interaction with wild type CIRL-1. In contrast, current responses 
resulting from Ltx interaction with a deletion mutant (1 TMR) which consists of 
the extracellular domain and only the first transmembrane segment along with 
the first intracellular loop were characterized by rapid flickering events (even in 
the absence of Ca2+) and sustained current steps were not observed. These 
results suggest that CIRL tethers Ltx to the plasma membrane and facilitates 
channel formation. Supported by grants to RWH (RO1DK27959), ELS 
(NS36227) and MDH (American Heart Association of Michigan Postdoctoral 
Fellowship)

693.13

Molecular mechanisms of persistent inhibition of synaptic vesicle 
release by Botulinum toxin A and truncated SNAP-25. George a . ovier.*
James E. Keller*, Krishna Juluri’, William J. Herring’, Daniel Drachman', Paul Fishman*, Elaine Neale", 
and Michael Adler*. *Depl of Neurology University of MD and VA Baltimore, + Neurotoxicology Branch 
USAMRICD, Aberdeen Proving Ground, ‘ Dept of JHU. “NICHD, NIH. The inhibition of synaptic 
vesicle release by clostridial neurotoxins through proteolytic cleavage of SNARE 
molecules is well established. In contrast, the molecular basis of the persistent 
inhibition of synaptic vesicle release by clostridial neurotoxins has not been explored. 
Both botulinum toxin A (Bot A) and botulinum toxin E (Bot E) cleave SNAP25, but 
paralysis induced by Bot A is 5 -10 times longer than Bot E. We have investigated the 
molecular basis of the increased duration of Bot A transmission inhibition compared 
with Bot E. By assessing the rate of recovery of full length SNAP25 and of glycine 
release in spinal cord cultures treated with Bot A, Bot E or a combination of Bot A and 
E, we have determined that Bot A metalloprotease activity persists in excess of 45 days 
while the Bot E proteolytic activity was eliminated from the presynaptic terminal within 
days. Chimeric light chain toxins of Bot A and E were used to map domains responsible 
for affecting duration of proteolytic activity within the light chain. The regulation of 
endosomal, lysosomal, and proteosomal targetting by Bot A and E were examined with 
particular emphasis on suppression of presynaptic ubiquitination signalling by Bot A. 
Additionally, the interference with presynaptic protein degradation pathways by Bot A 
truncated SNAP25 (1-198AA) was examined. Expression of GFP-SNAP25 wt, GFP- 
SNAP25 (1-198), and GFP-SNAP25(l-180) by Sindbis virus and adenovirus vectors in 
neuronal culture and in mouse brain in vivo has revealed substantial reorginization of 
the neuronal cytoskeleton and vesicular compartments by GFP-SNAP25 (1-198) but not 
GFP-SNAP25 wt or GFP-SNAP25 (1-180) indicating that the persistence of Bot A 
metalloprotease activity may be dependent on a dominant negative interfering function 
of Bot A truncated SNAP-25 fragment 1-198. Supported by BWF career award GAO., NIH WJH, 
EN.DD. DOD JEK, M Adler.

693.14

SYNAPTIC CORE COMPLEX ASSEMBLY FROM SNARES
UPREGULATES THE SIZE OF THE READILY RELEASABLE POOL OF 
SYNAPTIC VESICLES. G. Lonart* and T.C, Siidhof. Ctr. for Basic 
Neuroscience, Dept. of Molecular Genetics, HHMI, UT Southwestern Med. 
Ctr., Dallas, TX 75235

Assembly of core complexes from SNARE proteins is essential for 
membrane fusion at the synapse. However, the precise role of the core 
complex in fusion is unclear. We have found that stimulating synaptic vesicle 
exocytosis increases the abundance of core complexes from isolated nerve 
terminals. Interestingly, formation of SNARE complexes is also enhanced by 
processes which by themselves do not induce membrane fusion but potentiate 
subsequent fusion. More specifically, manipulations of intracellular Ca2+ 
levels by DHPG, a group I type metabotropic glutamate receptor agonist, or 
thapsigargin, an inhibitor of the Ca2+-pump of the internal stores, increase the 
abundance of SNARE complexes without changing the basal efflux of 
glutamate from isolated nerve terminals. However, these treatments enhance 
release evoked by subsequent potassium depolarization or hypertonic sucrose 
pulse. Inhibitors of protein kinase C prevent the enhancement. These data 
suggest that in synaptic vesicle exocytosis, assembly of SNARE complexes 
precedes the opening of the fusion pore and regulates the extent of subsequent 
neurotransmitter release.
Supported by KOI MH01505 (G.L.), RO1 MH52804 (T.C.S.) and the Perot 
Family Foundation (T.C.S.)

693.15

SVC IS A SYNAPTIC VESICLE PROTEIN, WITH A RESTRICTED 
DISTRIBUTION. R, Janz* and T.C. Sfldhof. Center for Basic Neuroscience, 
Department of Molecular Genetics and Howard Hughes Medical Institute, UT 
Southwestern Medical center, Dallas, TX 75235.

We identified a new protein in rat brain that shows 62% amino acid identity to the 
rat SV2A protein and 57% to SV2B. It has a similar domain structure with 12 
potential transmembrane spanning domains. The SV2 proteins are well 
characterized synaptic vesicle proteins with a broad distribution in different kinds of 
synapses in the brain. They show significant homology to a large group of proteins 
that are transporter molecules for a variety of substrates. We named the new protein 
SV2C and used a specific antibody to characterize the protein biochemically and 
study its localization. We show that the protein is N-glycosilated and concentrated 
on small synaptic vesicles in the brain. It was also detected on microvesicles in 
adrenal chromaffine cells. We studied the distribution of SV2C in rat brain by 
immunohistochemistry. In contrast to the wide distribution of SV2A and B we 
found SV2C only in few areas of the brain. High levels were found in phylogenetic 
old regions of the brain like the basal ganglia, the midbrain, the brain stem and the 
olfactory bulb. The protein was not detectable in the cerebral cortex and the 
hippocampus and was found at low levels in the cerebellum.
The results show that the gene family of SV2 is more complex then previously 
thought. The restricted expression of SV2C might indicate a specific function of 
this isoform. The high level of expression of SV2C in the basal ganglia could make 
this protein a useful marker for degenerative diseases, like Parkinsons disease.

The work was supported by the HHMI and by fellowships of the Deutsche 
Forschungsgemeinschaft and the Max-Planck-Gesellschaft to R.J.

693.16
L-TYPE VOLTAGE-SENSITIVE CALCIUM CHANNEL
INTERACTS WITH SYNTAXIN, SYNAPTOTAGMIN AND 
SNAP-25 IN A MULTIPROTEIN COMPLEX. O, Wiser1 and 
D, Atlas1*. ‘Dept. of Biological Chemistry, The Hebrew Univ. of Jerusalem, 
Jerusalem 91904, Israel.

Interactions of L-type calcium channels with the synaptic proteins syntaxin, 
synaptotagmin and SNAP-25 were determined using the Xenopus oocytes 
expression system. The kinetic properties of the channels, monitored by voltage- 
clamp were variably modified by co-expressing different combinations of synaptic 
proteins (Wiser et al. 1996). Current amplitude, rate of activation and rate of 
inactivation were reduced by expressing syntaxinlA. SNAP-25 increased the rate 
of inactivation with or without coexpression of syntaxin but it did not reverse 
syntaxin effect on current amplitude. The syntaxin mediated reduction of inward 
currents and rate of activation was restored by co-expressing synaptotagmin. The 
three synaptic proteins coexpressed together restored current amplitude but 
modified the rate of inactivation and steady-state voltage-dependent inactivation. 
The results suggest the formation of the excitosome- a multi-protein complex 
composed of synaptic proteins and the channel (Wiser et al. 1999). The 
multimolecular entity provides a spatially restricted region needed for short 
diffusion time of calcium ions to regulate fast transmitter release.
Wiser O., Bennet M., K., and Atlas D., (1996) The EMBO Journal 15:4100- 
4110.
Wiser O., Trus M., Herndndez A., Renstrom E., Barg S., Rorsman P., and Atlas
D., (1999) PNAS 96:248-253.

The study was supported by the H.L.Lauterbach fund.
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694.1

Retention  of  cleaved  SNAP-25 in  neuromuscul ar  junctions : A new  
HYPOTHESIS TO EXPLAIN PERSISTENCE OF BOTULINUM A POISONING.
D.A. Raciborska.1 R V. Harrison2*, and M.P. Charlton1. 'Dept. of Physiology, 
2Dept. of Otolaryngology, Univ. of Toronto, ON, MSS 1A8, Canada.

Botulinum neurotoxins can block neurotransmitter release for several months.
The molecular mechanism of their action is known, but the persistence of 
neuromuscular paralysis which they cause is unexplained. We showed previously 
that application of botulinum toxin A (BoNT/A) to frog neuromuscular junctions 
caused paralysis and reduced the C-terminus (C-ter) immunoreactivity (IR) of 
SNAP-25, but not that of the remaining N-terminus (N-ter) fragment. Botulinum 
toxin C (BoNT/C) caused paralysis and reduced syntaxin IR without affecting that 
of SNAP-25. Co-application of BoNT/A and BoNT/C reduced syntaxin IR, and 
that of both C-ter and N-ter of SNAP-25, indicating that SNAP-25 and syntaxin 
form complexes, and that retention of cleaved SNAP-25 requires syntaxin.

Here we ask to what extent interaction of SNAP-25 with the plasma membrane 
(PM) supports its retention in the nerve terminal after it has been cleaved by 
BoNT/A. SNAP-25 is thought to be anchored to PM by several palmitates. 
Hydroxylamine (HA) can de-palmitoylate proteins by severing cysteine-fatty acid 
thioester bonds. Application of HA to de-palmitoylate SNAP-25 and disrupt its 
interaction with the PM had no effect on the IR of SNAP-25 N-ter, or on the N-ter 
IR of BoNT/A-cleaved SNAP-25. In contrast, application of HA to nerve terminals 
where syntaxin had been cleaved by BoNT/C, caused a considerable reduction in 
N-ter IR of SNAP-25. Therefore retention of immunoreactive SNAP-25 at the 
neuromuscular junction relies on its interaction with syntaxin and this interaction 
helps to stabilize palmitoylation of SNAP-25. Persistence of BoNT/A-cleaved 
SNAP-25 in nerve terminals due to its interaction with syntaxin may prevent 
insertion of new SNAP-25 molecules, thereby contributing to the longevity of 
BoNT/A poisoning. (MRC, Canada)

694.2

a-SNAP ENHANCES CATECHOLAMINE RELEASE FROM RAT 
CHROMAFFIN CELLS AT RESTING [Ca2+L F.W, Tse1*. Oku', Y. Xu2, 
and G J. Augustine2, ’Dept. Pharmacol., Univ. Alberta, Edmonton, AB T6G 
2H7, Canada; 2Dept. Neurobiol., Duke Med. Center, Durham, NC, USA.

NSF (NEM-sensitive fusion protein) and SNAP (soluble NSF-attachment 
protein) disrupt SNARE protein complexes that are essential for membrane 
fusion in many cellular systems. To define the function of these proteins in 
neuroendocrine cells, we used whole-cell dialysis to increase the concentra-
tion of a-SNAP in the cytoplasm of rat adrenal chromaffin cells. Individual 
chromaffin cells (voltage-clamped at -80 mV) were dialyzed with 
intracellular solutions containing a-SNAP and a defined concentration of 
intracellular Ca2+ ([Ca2+]). Catecholamine release from these cells was 
simultaneously monitored by using carbon fiber amperometry. When a- 
SNAP (70 nM) was dialyzed into the cell at 180 nM [Cai+], the frequency of 
amperometric events increased over time and gradually reached a plateau of
3-4 spikes/min. after 10 min. This effect was sensitive to the concentration 
of a-SNAP, with a higher plateau of 10 spikes/min. reached when 500 nM 
a-SNAP was present in the pipette. The stimulatory effect of a-SNAP 
required Ca2+: when [Ca2+] was buffered to very low levels by adding 20 
mM EGTA, a-SNAP produced no significant increase in the frequency of 
spikes. We conclude that a-SNAP promotes catecholamine release via a 
mechanism that is sensitive to [Ca2+] near resting levels. Disruption of 
SNARE complexes by a-SNAP and NSF may trigger exocytosis by 
increasing the pool of releasable vesicles or by increasing the probability 
that Ca2+ causes these releasable vesicles to fuse with the plasma membrane. 
(Supported by MRC, AHFMR and NIH.)

694.3

PHYSIOLOGICALLY CONTROLLED LEVELS OF THE EXOCYTOSIS PROTEIN 
SNAP-25 IN XENOPUS NEUROENDOCRINE CELLS. S.M, Kolk1. R, Tuinhof2. A. 
R, Cools3, B.G, Jenks'* and E.W, Roubos.'Dept. Cellular Animal Physiology and 
3Dept. Psychoneuropharmacology, Nijmegen Institute for Neurosciences, Univ. of 
Nijmegen, The Netherlands; institute of Histology and General Embryology, Univ. of 
Fribourg, Switzerland.
The synaptosomal-associated protein of 25 kDa, SNAP-25 is generally thought to be a 
plasma membrane protein involved in fusion of plasma and vesicle membranes in 
exocytosis. The protein is predominantly expressed in neurons and neuroendocrine 
cells. This study demonstrates the presence of SNAP-25 in the brain and pituitary of 
the amphibian Xenopus laevis, which adapts the skin color to the color of its 
background. In a black-adapted condition, a-MSH is secreted from secretory granules 
(SG) of the melanotropes in the pituitary pars intermedia, whereas in a white-adapted 
condition this secretion is synaptically inhibited. Western blot analysis shows the 
presence of SNAP-25 not only in Xenopus brain but also in the pituitary 
neurointermediate and anterior lobe. Intensity line plots of confocal laser scanning 
microscope (CLSM) images indicate that SNAP-25 immunoreactivity (IR) in single 
melanotropes is present in both the plasma membrane and the cytoplasm. Moreover, 
immunoelectron microscopy shows a substantial amount of SNAP-25 in the bounding 
membrane of SG of the pars intermedia and nervosa. Quantitative Western blotting 
demonstrates a x2.6 elevation of SNAP-25 IR in single melanotropes of black-adapted 
toads compared to white-adapted ones. Furthermore, CLSM image analysis of the 
intensity of SNAP-25 IR shows an elevation in single melanotropes of black versus 
white-adapted animals (167.9 ± 2.1 vs 115.2 ± 4.4, resp.). In conclusion, our data 
reveal the presence of SNAP-25 in neuronal and neuroendocrine tissues of Xenopus 
and suggest a role of this exocytosis protein in the physiologically induced peptidergic 
secretion of a-MSH from SG. The presence of SNAP-25 in the SG membrane further 
demonstrates that this protein may serve both as v- and t-SNARE during exocytosis.

694.4

OLIGOMERIZATION OF SNARE COMPLEXES BY SYNAPHIN/ 
COMPLEXIN. H. Tokumaru,1’4* T. Ishizuka,2 K. Umayahara,14 L.L. 
Pelligrini,3'4 H. Betz,3 G. J. Augustine14 and T. Abe24. ’Dept. Neurobiology, 
Duke Med. Ctr., Durham, NC 27710; 2Niigata Univ.; ’Max Plank Institute for 
Brain Research; and 4Marine Biological Laboratory, Woods Hole, MA.

Synaphin (also known as complexin) is a cytosolic protein which 
preferentially binds to syntaxin when syntaxin is in the SDS-resistant SNARE 
complex. To understand the function of synaphin, we have further examined 
the biochemical and physiological properties of this protein. A peptide (SBD- 
2) from the syntaxin binding domain of synaphin was used as a ligand to 
purify SDS-resistant SNARE complexes (60 kDa) from detergent extracts of 
squid optic lobe or rat brain. Addition of synaphin to these purified SNARE 
complexes caused the 60 kDa SNARE complex to oligomerize to high 
molecular weight complexes (120-150 kDa). This oligomerization of SNARE 
complexes depended upon the concentration of synaphin and was prevented 
by the SBD-2 peptide. Similar effects could be observed when recombinant 
SNARE proteins were treated with synaphin, indicating that other proteins are 
not required for SNARE oligomerization. Microinjection of SBD-2 peptide 
into squid giant presynaptic terminals inhibited neurotransmitter release but 
did not prevent vesicles from docking at the presynaptic plasma membrane. 
These data indicate that synaphin catalyzes the oligomerization of SNARE 
complexes into higher-order structures and that the oligomerization of 
SNARE complexes is required for neurotransmitter release. Our results 
suggest that the function of synaphin is to assemble SNARE proteins into 
rings that serve as precursors for vesicle fusion during neurotransmitter 
release. Supported by NIH and HFSP grants.

694.5

REGULATION OF SYNAPTIC VESICLE ENDOCYTOSIS BY 
CALCINEURIN AND ASSOCIATED PROTEINS

M.M. Lai1*, J.J. Hong1, A.M, Ruggiero1, P.E, Burnett1, V.I,
Slepnev2, P. De Camillr, S.H. Snyder1, ’Dept. of Neuroscience.
Johns Hopkins Univ. Sch. of Medicine, Baltimore, MD 21205; 
2Howard Hughes Medical Institute and Dept. of Cell Biology, Yale 
Univ. Sch. of Medicine, New Haven, CT 06510

Endocytosis of synaptic vesicles is a calcium-dependent process 
closely coupled to neurotransmitter release. Dephosphorylation of 
several endocytic coat complex proteins initiates the endocytic 
process. We now demonstrate a physical association between the 
calcium-dependent phosphatase calcineurin and dynamin 1, a 
component of the synaptic endocytic machinery. The formation of the 
calcineurin/dynamin 1 complex is calcium-dependent, acting as a 
calcium sensor for endocytosis. Disruption of the calcineurin/dynamin 
1 interaction inhibits clathrin-mediated endocytosis. Additionally, we 
provide evidence for the regulation of calcineurin’s phosphatase 
activity within the endocytic complex by cain, a novel calcineurin- 
binding protein. Cain provides a kinase-dependent inhibition of 
calcineurin activity, allowing the re-phosphorylation and subsequent 
dissociation of endocytic coat complex proteins. Together, our 
findings indicate that calcineurin serves an essential role in synaptic 
vesicle endocytosis.
USPHS Grant MH-18501 and Research Scientist Award DA-00074 
(S.H. S.), NIH Training Grant GM-07309 (M.M. L., P.E. B.), NIH 
Grant NS36251 (V.I. S., P. D. C.)

694.6
DIFFERENCES IN TRANSMITTER RELEASE AT PHASIC AND TONIC 
SYNAPSES CANNOT BE ACCOUNTED FOR BY DIFFERENCES IN 
CALCIUM ENTRY. A.G, Millar1. M. Msghina1* M.P. Charlton1, C.K. Govind2,
H.L. Atwood1 . ‘Dept. of Physiology, MRC Neural Group, Univ. of Toronto, 
Toronto, Ontario, Canada M5S 1A8, and 2Life Sciences Division, Univ. of Toronto 
at Scarborough, Toronto, Ontario, Canada MIC 1A4.

Crayfish motor neurons display striking differences in synaptic performance; 
quantal output is typically 100 to 1000 times greater for phasic synapses. Tonic and 
phasic neurons supplying the leg extensor muscle were examined to determine 
whether differences in calcium entry and synaptic ultrastructure could explain large 
differences in transmitter release. For stimulation frequencies of 2 to 50 Hz, 
presynaptic intraterminal calcium signals measured with Fura-2 were approximately 
5 times larger at each stimulation frequency in phasic terminals; peak Ca2+ increased 
linearly with frequency for both terminals. Tonic terminal Ca2+ at 20 Hz was similar 
to phasic terminal Ca2+ at 2 Hz, yet transmitter release was still much higher for 
phasic terminals despite pronounced frequency facilitation at tonic terminals. Under 
similar peak calcium loads, initial decay of the calcium signal in tonic terminals was 
twice that of phasic terminals, indicating more rapid extrusion. Thus, the actual 
calcium entry into a bouton, when corrected for extrusion rate is 2.5 times larger for 
phasic terminals. Freeze-fracture images of synapses reveal on average similar 
numbers of prominent presynaptic active zone particles (putative calcium channels) 
for both neurons; however, there was a 2-4 fold phasic: tonic ratio of active zones per 
bouton volume. These results indicate that larger evoked calcium signals in phasic 
terminals are due to a slower calcium removal rate and a greater number of active 
zones per terminal volume; active zones admit similar amounts of Ca2+ in both 
terminals. Apparently, differences in synaptic strength are less closely linked to 
differences in synaptic channel properties and calcium entry than to differences in 
calcium sensitivity of release. (Supported by MRC and NSERC, Canada).
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694.7

LACK OF CALCIUM INFLUX DOES NOT EXPLAIN TEMPERATURE 
SENSITIVE BLOCK OF SYNAPTIC TRANSMISSION IN DROSOPHILA 
LACKING CYSTEINE STRING PROTEINS. K.D. Dawson-Scully1, K.E. 
Zinsmaier2, H.C. Kwan** and H.L. Atwood’. ’Department of Physiology, University 
of Toronto, Toronto, Canada M5S 1A8, ^Department of Neuroscience, University of 
Pennsylvania School of Medicine, Philadelphia, PA 19104-6074, USA.

We have found that Drosophila mutants lacking the vesicular cysteine string 
proteins (CSPs), have more calcium (Ca) ions entering the nerve terminal during 
stimulation than wild-type flies, even at non-permissive temperatures above 29°C 
when synaptic transmission is almost completely blocked. Previously, studies of 
Drosophila mutants lacking CSPs have suggested that CSPs and synaptic vesicles are 
important for the function of presynaptic Ca channels, especially at non-permissive 
temperatures. We have used the Ca indicator dye Fluo-4 with a novel loading protocol 
to examine the real-time dynamics of presynaptic Ca2+ influx at the neuromuscular 
junction with various temperatures and frequencies. There is a 10% to 100% increase 
in the Ca2+ accumulation in synaptic terminals of the csp null mutant. Interestingly, 
internal Ca2+ increases during a short 5 Hz stimulation train by -40% at 24°C up 
to 80% at 28°C and then declines to 20% at 34°C. In addition, Ca2+ extrusion is 
greatly slowed after stimulation at the higher temperatures. This deficiency in Ca2+ 
extrusion is markedly increased at 34°C with higher frequencies of stimulation. Our 
results indicate that depolarization-dependent Ca2+ accumulation is abnormal in csp 
null mutants. However, in contrast to earlier reports, our results show that impaired 
Ca2+ entry cannot account for the deficit in evoked neurotransmitter release at 
restrictive temperatures. Our results are in agreement with those of Zhang et 
al.{FEBS Lett 437(3):267, 1998), who found that impaired vesicle release is not 
attributable to a block of Ca2+ influx. (Supported by MRC Canada).

694.8
MODULATION OF SYNAPTOTAGMIN INTERACTION WITH t- 
SNARES AND CaM KINASE II BY KINASE ACTIVATION.
M. Popoli*, M. Verona1, C. Dorigo1, T. Schafer2, G. Racagni, Center of 
Neuropharmacology, Univ. of Milano (Italy); 'iRCCS S. Giov. di Dio, Sacred 
Heart Hospital-FBF, Brescia (Italy); 2Friedrich Miescher Institute, Basel 
(Switzerland).

Synaptotagmin (syt) is the putative calcium sensor in neuroexocytosis; its 
interaction with the presynaptic SNARE complex mediating docking and 
fusion might enable the complex to respond to nerve terminal stimulation. Syt 
is a substrate for CaM kinase II in synaptic vesicles and its phosphorylation by 
the kinase is activated by nerve terminal depolarization and augmented by 
psychotropic drugs stimulating release. Activation of soluble CaM kinase II 
by autophosphorylation with ATPyS markedly increased its binding to 
recombinant GST-syt I in vitro. Furthermore, preincubation of lysed 
synaptosomes or crude synaptic vesicles at physiological temperature with 
calcium/calmodulin activated phosphorylation of kinase and substrate and 
markedly increased the amount of CaM kinase II coimmunoprecipitated by 
monoclonal Ab for syt. In the same conditions the interaction of syt with the t- 
SNAREs syntaxin and SNAP-25 was increased after coimmunoprecipitation 
with syt Ab. In particular syntaxin associated to syt was increased by 1.35-fold 
in the absence and 1.88-fold in the presence of 1 mM calcium (p<0.005).

The present results suggest that CaM kinase II activation modulates its 
interaction with the substrate syt and the interaction between syt and the core 
of the SNARE complex.
Supported by grants from: IRCCS S.Giov. di Dio, Knoll Pharma, Pierre 
Fabre.

694.9

PKCI PROTEIN IS A NOVEL REGULATOR OF SNARE COMPLEX 
FORMATION AND NEUROTRANSMITTER RELEASE. P. Kerai, T. 
Dubois, K. Umayahara, S. Howell, G.J. Augustine*, and A. Aitken. Division 
of Protein Structure, NIMR, UK, Dept. Biomedical Sciences, Univ. 
Edinburgh, UK, Dept. Neurobiology, Duke Medical Center, Durham, NC, and 
Marine Biological Laboratory, Woods Hole, MA.

PKCI, a member of the ubiquitous HIT family of proteins, was originally 
proposed to be an inhibitor of protein kinase C. However, because PKCI does 
not actually inhibit PKC, the function of this protein is unclear. We have 
performed experiments which demonstrate that PKCI has an unanticipated 
role in neurotransmitter release. Immunofluorescence labeling with anti-PKCI 
antibodies indicated that PKCI is associated with the plasma membrane. 
Affinity chromatography and electrospray mass spectrometry demonstrated 
that PKCI binds to muncl8-1 (also called n-secl), a neuronal protein whose 
interaction with the SNARE protein, syntaxin-lA, is required for synaptic 
vesicle exocytosis. Binding of PKCI to muncl8-1 prevented association with 
syntaxin-1 A, suggesting that PKCI indirectly regulates SNARE complex 
formation in vivo. To test this possibility, we microinjected recombinant 
PKCI into squid giant presynaptic terminals. PKCI injection had little effect 
on transmitter released by single presynaptic action potentials but reduced the 
amount of synaptic depression evoked by high-frequency trains (50 Hz, 5 
sec.) of presynaptic action potentials. These results suggest that PKCI 
increases the number of synaptic vesicles available for neurotransmitter 
release. Thus, we propose that the physiological function of PKCI is to 
enhance vesicle availability by promoting SNARE complex formation. 
Supported by the MRC and NIH NS-21624.

694.10

DIFFERENTIAL ACTIONS OF SYNAPHIN/COMPLEXIN IN SPON-
TANEOUS AND EVOKED NEUROTRANSMITTER RELEASE AT 
HIPPOCAMPAL AUTAPSES. T.A. Blanpied*, H. Tokumaru, T. Abe, and
G.J. Augustine. Dept. Neurobiology, Duke Medical Center, Durham NC 
27710 and Niigata University, Japan.

The reactions that allow docked synaptic vesicles to participate in Ca- 
triggered fusion with the plasma membrane are largely undetermined. We have 
studied the role of synaphin (also known as complexin), a cystosolic binding 
partner of syntaxin, the SNARE protein required for synaptic vesicle 
exocytosis. Hippocampal neurons cultured on microislands make autapses, 
which permitted whole-cell patch-clamp recordings to measure 
neurotransmitter release while simultaneously dialyzing molecular reagents 
into the cytoplasm of presynaptic terminals. The binding of synaphin to 
syntaxin in vivo was prevented by either a recombinant protein fragment 
containing the syntaxin-binding domain of synaphin or a peptide derived 
from this domain. When introduced into the cultured neurons, both reagents 
reduced excitatory postsynaptic currents evoked by action potentials. This 
indicates that the binding of synaphin to syntaxin is necessary for transmitter 
release evoked by Ca influx. However, neither the protein fragment nor the 
peptide decreased the frequency of spontaneous miniature synaptic currents, 
even when evoked release was strongly inhibited. This demonstrates that the 
binding of synaphin to syntaxin is not necessary for spontaneous vesicle 
fusion. Therefore, spontaneous and evoked transmitter release differ in their 
requirements for synaphin. Given that synaphin promotes the oligomerization 
of SNARE complexes (see abstract by Tokumaru et al.), SNARE 
oligomerization may be an important step in preparing vesicles for Ca- 
regulated fusion. Supported by NIH NS-21624, NS-17771, and NS-10200.

694.11

CLONING AND MOLECULAR CHARACTERIZATION OF APLYSIA SYNAPTIC 
VESICLE PROTEIN SYNAPSIN. A. Angers*, A.J. Bean and J.H. Byrne, W.M. Keck 
Center for Neurobiology of Learning and Memory, University of Texas - Houston 
Medical School, Houston, Texas, 77030

Synapsins are neuronal phosphoproteins that coat synaptic vesicles and bind 
to the cytoskeleton. Although the mechanisms of action of synapsins are still poorly 
understood, their molecular properties are well characterized. Their ability to interact 
with both synaptic vesicles and cytoskeletal proteins, and their multiple 
phosphorylation sites has lead to the hypothesis that they are involved in the regulation 
of the traffic of vesicles between the storage pool and the readily releasable pool. As a 
first step in examining this hypothesis further, we have cloned and sequenced an 
Aplysia homologue of synapsins. Using a cDNA probe generated by PCR 
amplification using degenerated primers, we isolated several synapsin-like clones. 
Together, they form a complete cDNA sequence of 2678nt, with a single open reading 
frame of 1500nt (coding for 500a.a.). Two exons may be differentially spliced in the C 
domain, giving rise to 4 potentially different proteins. This domain is the most widely 
conserved region of the protein among different species. In addition, another exon is 
alternatively spliced in the 5’UTR region, introducing an alternative initiation codon. 
RT-PCR experiments show that all spliced variants are expressed in the central nervous 
system of the animal, as well as in most peripheral tissues. Interestingly, the position 
of the alternative splicing events indicate intron-exon boundaries at positions that are 
perfectly conserved in the human synapsin I gene (Sudhof, 1990). In contrast, none of 
these alternative splicing events are similar to those observed in the vertebrate synapsin 
genes. A Southern blot analysis demonstrates that a single gene encodes synapsin in 
Aplysia, suggesting that the splice variants may fulfill the functions of multiple 
synapsin genes in vertebrates. We now plan to examine the role of synapsins in 
transmitter release and its plasticity at the sensorimotor synapse.
Supported by the W.M. Keck Foundation and NIH grant NS 19895 to JHB.

694.12
INJECTION OF RECOMBINANT SYNTAXIN PROTEIN INTO APLYSIA 
SENSORY NEURONS INHIBITS 5-HT-INDUCED SHORT-TERM FACILITA-
TION. J.H. Byrne , A.J. Bean*and A. Angers, W.M. Keck Center for Neurobiology of 
Learning and Memory, University of Texas - Houston Medical School, Houston, 
Texas, 77030

The membrane protein syntaxin participates in several protein-protein 
interactions central to the process of synaptic vesicle fusion (Lin and Scheller, 1997). 
Presynaptic injection of syntaxin protein or of an anti-syntaxin antibody in the squid 
giant synapse and in Aplysia buccal neurons inhibits neurotransmitter release 
(Smirnova et al., 1995; O’Connor et al., 1997; Sugimori et al., 1998). Syntaxin 
primary structure, as many of the proteins involved in the release machinery, is very 
well conserved among very distant species. In order to examine its role in synaptic 
plasticity, we used the Aplysia sensorimotor synapse in cocultures. Recombinant rat 
syntaxin IA in which the transmembrane domain of the protein is deleted (Kee et al., 
1995) was injected in the sensory neurons while monitoring the evoked EPSP. The 
injected syntaxin was expected to compete with the endogenous binding sites of the 
membrane associated syntaxin, and thus prevent fusion of synaptic vesicles. An initial 
episode of ten stimuli at 30 sec intervals was immediately followed by application of 
lpM serotonin (5-HT). A second episode of ten stimuli was then given five min later. 
In contrast with the above mentioned work, injection of recombinant syntaxin had no 
effect on basal transmitter release. There was no significant difference between the 
depression observed in the syntaxin injected group, and the control group (injected 
with the buffer solution only) in the first episode of stimulations. However, 5-HT- 
induced facilitation in the syntaxin-injected group was significantly attenuated. Thus, 
alterations in the release machinery produced by addition of a syntaxin fragment result 
in inhibition of facilitation. The exogenous syntaxin does not totally prevent 
facilitation nor does it increase depression, suggesting an inability to compete with all 
syntaxin-binding partners.
Supported by the W.M. Keck Foundation and NIH grant 19895 to JHB.
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694.13
RAC, A MONOMERIC GTPase OF THE RHO FAMILY, IS ASSOCIATED 
WITH SYNAPTIC VESICLES AND IS IMPLICATED IN 
NEUROTRANSMITTER RELEASE. F. Doussau1, S. Gasman2, Y. Humeau1, M.R. 
Popoff3, P. Boguet4, T. Kuner5*, M.F, Bader2 and B. Poulain1. 'CNRS UPR 9009, 
Strasbourg, France; 2INSERM U-338, Strasbourg, France; 3Toxines bacteriennes, 
Inst. Pasteur, Paris, France; 4INSERM U-452 Nice, France; 5Dept. of Neurobiology, 
Duke Univ., Durham, NC 27710.

We have studied the role of monomeric GTPases of the Rho family in 
neurotransmitter release. We previously found that RhoA, RhoB, Racl and Cdc42 are 
present in rat brain synaptosomes and that RhoB and Racl are found on synaptic 
vesicles. To determine the function of these proteins, we have microinjected into 
identified cholinergic Aplysia neurons bacterial toxins which specifically impair the 
function of Rho-related proteins. The effects of these toxins on acetylcholine (ACh) 
release and synaptic plasticity were analyzed using voltage-clamp techniques. The 
most efficient blockade of ACh release was obtained with lethal toxin (LT) from C. 
sordellii, which inactivates Rac but not Rho nor Cdc42. A total inhibition of ACh 
release was also obtained with toxin B from C. difficile which inactivates Rho, Rac 
and Cdc42. Injections of CNF1 from E. coli and C3 exoenzyme from C. botulinum, 
which activate or inactivate Rho (but not Rac nor Cdc42) produced no consistent 
effect on ACh release. These data suggest that Rac is involved in neurotransmitter 
release, whereas Rho and Cdc42 are not. Interestingly, although LT strongly inhibited 
ACh release, this toxin had no effect on paired-pulse facilitation or on post-tetanic 
potentiation. Nevertheless, the LT-induced blockage of ACh release was use- 
dependent and was completely relieved in less than 1 sec during high-frequency 
trains. Because this effect was abolished by injecting EGTA into the terminal, we 
assume that residual Ca2+ accumulating near release sites trains shunts the effect of 
Rac on neurotransmitter release. These results suggest that Rac controls the number of 
synaptic vesicles available for fusion rather than controlling the probability of release 
or the recruitment of synaptic vesicles from the reserve pool.

694.14
HEAT SHOCK COGNATE PROTEIN 4, THE DROSOPHILA HOMO-
LOGUE OF HSC70, IS REQUIRED FOR NEUROTRANSMITTER 
RELEASE. K.E, Zinsmaier*, J,J, Wenniger. P. Bronk. S, Hong, and X. Guo. 
Department of Neuroscience, University of Pennsylvania School of Medicine, 
Philadelphia, PA 19104, USA.

A network of proteins acting in multi-subunit complexes mediates the regulated 
release of neurotransmitter. The dynamic assembly, rearrangement, and disassembly of 
these protein complexes is critical for the events leading to exocytosis and requires the 
function of protein chaperones. The 70 kD heat-shock cognate protein is an abundant 
ATPase which has been shown to uncoat clathrin-coated vesicles in vitro (Schlossman 
et. al., J. Cell. Biol. 99, 723, 1984). This is mediated by the cofactor auxilin which 
enhances the ATPase activity of HSC70 (Ungewickell et. al., Nature 378: 632, 1995). 
Similarly, the vesicular cysteine-string proteins (CSPs) have been suggested to recruit 
HSC70 for an unknown molecular function in evoked exocytosis. To determine the 
possible dual role of HSC70 in vivo, we generated loss-of-function mutations of heat- 
shock cognate protein 4 (HSC4), the presumed homologue of HSC70 in Drosophila 
(Perkins et. al., Mol. Cell. Biol. 10: 3232, 1990). We identified a semi-lethal P- 
element insertion in the hsc4 gene which we used to generate hsc4 deletions by re-
mobilizing the P-element. These deletions show no or reduced HSC4 expression and are 
lethal in early and late larval development. Although their development is delayed they 
show no severe morphological defects and normal neuromuscular junctions (NMJs). 
Immunostainings at larval NMJs show a normal distribution of cysteine-string proteins 
but a disturbed localization of clathrin. Recordings from larval NMJs show that evoked 
but not spontaneous neurotransmitter release is severely impaired but not abolished in 
hsc4 mutants. A further genetic analysis shows that hsc4 mutations genetically interact 
with csp mutations which is consistent with the in vitro binding of HSC4 to CSP. 
Together, our results suggest that HSC4 functions in evoked exocytosis and synaptic 
vesicle recycling. (Supported by NIH).

694.15
PARTIAL GENOMIC STRUCTURE OF THE HUMAN 

SYNAPTOTAGMIN H GENE 
ELZ. Kong and R.A. Maselli*

Department of Neurology, University of California, Davis 
Davis, CA 95616. dzjiang@ucdavis.edu & ramaselli@ucdavis.edu

Synaptotagmins comprise an extensive family of proteins with more than ten genes 
that participate in synaptic transmission and membrane traffic. Synaptotagmin I and 
II are abundant synaptic vesicle proteins and represent the best candidates for the Ca2* 
sensor. All synaptotagmins are characterized by a variable N-terminal transmembrane 
region and two cytoplasmic C2-domains (C2A and C2B) followed by a short 
conserved C terminus. The C2 A domain of synaptotagmin binds phospholipids and the 
synaptic plasma membrane protein syntaxin as a function of Ca2*. The C2B domain of 
synaptotagmin controls other Ca2*-regulated reactions including; dimerization, 
interaction with other phosphoinositide lipids and dissociation from the synaptic 
vesicle protein SV2. Using immunohistochemistry, we identified synaptotagmin II as 
the protein isoform that expresses at the human neuromuscular junction. The genomic 
structure of the human synaptotagmin II gene was determined by amplifying human 
DNA with multiple sets of primers constructed from available mouse and rat 
sequences. We found that the human Synaptotagmin II is encoded by 8 exons. The 
C2 A region is encoded by exons 4 and 5 that are interrupted by intron 4 which has a 
size of about 320 bases. On the other hand, the C2B region is encoded by exons 6,7 
and 8 that are interrupted by introns 6 and 7 which have sizes of about 1.25 Kb and 
2.8 Kb respectively. Knowledge of the genomic organization and sequence of these 
fundamehtal parts of the synaptotagmin II gene may allow future mutational analysis 
of congenital human disorders of neuromuscular transmission (Supported by the 
Muscular Dystrophy Association)

694.16
PHOSPHORYLATION OF RABPHILIN-3A BY PKA AT SER234 IN PC12 
AND CULTURED CEREBELLAR GRANULE CELLS. T. Koga*1, 
M, Itakura2’3. M, Kataoka2, H, Ohnishi2. S. Yamamon2, K, Sato2, and M, Takahashi.1.-2, 
•Dept. of Life Sciences, the Univ. of Tokyo, Meguro-ku, Tokyo 153-8902, Mitsubishi 
Kasei Inst, of Life Sciences, Machida, Tokyo 194-8511, and 3Tokyo Inst, of Tech., 
Kanagawa 226-8501, Japan

Protein phosphorylation plays a key role in the regulation of 
neurotransmitter release. Rabphilin-3A is a synaptic vesicle protein that 
interacts with rab3A, a small GTP-binding protein which is implicated in 
neurotransmitter release. Rabphilin-3A has two phosphorylation sites, Ser234 
and Ser274, which have been shown to be phosphorylated by cyclic-AMP- 
dependent protein kinase (PKA) and/or CaM kinase II in vitro. However, no 
direct evidence that these sites are phosphorylated in vivo has been provided, 
and the function of the phosphorylation remains unclear. To determine its 
functional role in vivo, we generated a specific antibody recognizing 
rabphilin-3A phosphorylated at Ser234 and measured the phosphorylation of 
rabphilin-3A in PC 12 and cultured cerebellar granule cells, using quantitative 
immunoblotting. The activator of adenylyl cyclase, forskolin, and membrane 
permeable cAMP analogues produced a significant increase of 
phosphorylation of rabphilin-3A in PC 12 cells, and this increase was 
accompanied by enhancement of calcium-dependent dopamine and 
acetylcholine release from these cells. Forskolin- and cAMP-treatment also 
stimulated the phosphorylation of the protein in cultured cerebellar granule 
cells. These findings indicate that Ser234 is indeed phosphorylated by PKA in 
vivo. Current studies are examining whether this phosphorylation is essential 
for the enhancement of neurotransmitter release.
Supported by Human Frontier Science Program RG-79/96.

694.17

REMOVAL OF D-LINKED V-ACETYLGLUCOSAMINE FROM 
CLATHRIN ASSEMBLY PROTEIN API80 CHANGES ITS 
SENSITIVITY TO PROTEASE. P.J, Yao* and P.D, Coleman. 
Department of Neurobiology and Anatomy, University of Rochester 
Medical Center, Rochester, NY 14642
Glycosylation by D-linked V-acetylglucosamine (O-GlcNAc) is a 
dynamic post-translational modification found on many nuclear and 
cytoplasmic proteins. Clathrin assembly protein API80 is one of these 
O-GlcNAc modified proteins. API80 protein is present only in clathrin- 
coated vesicles at synapses in neurons and is capable of promoting free 
clathrin into the coated structure. O-GlcNAc does not appear to affect 
the ability of API80 to interact with clathrin. Since API80 is also 
known for its high susceptibility to proteolysis, we sought to examine 
whether O-GlcNAc affects the sensitivity of API 80 to protease. API 80 
protein was immunoprecipitated from postmortem human brain tissue 
and modification by (9-GlcNAc was confirmed. After removal of the 
GlcNAc residues with (3-V-acetylglucosaminidase, API 80 became more 
vulnerable to trypsin digestion. This effect of glucosaminidase was 
abolished by heat inactivation. Our data suggest that glycosylation by 
D-GlcNAc could be an important factor in regulating the stability of 
AP180 protein and its resistance to proteolysis. Work work was 
supported in part by NIH grants AG14441, AG09016, AG 08665 and a 
Lucille Markey Charitable Trust award.

694.18

SYNTAXIN IS SUFFICIENT t-SNARE FOR SPONTANEOUS 
FUSION OF SYNAPTIC VESICLES TO PLANAR 
MEMBRANES. K.T, Rognlien and D.J. Woodbury*. Department of 
Physiology, Wayne State University School of Medicine, Detroit, MI, 
48201.

Fusion of synaptic vesicles with presynaptic target membrane is 
directed by the SNARE complex. We are currently investigating the 
role of t-SNAREs and v-SNAREs in mediating exocytosis. We have 
found that syntaxin IA, upon reconstitution into planar lipid bilayers, 
induces spontaneous fusion of modified synaptic vesicles (mSV) from 
Torpedo electroplax. The synaptic vesicle membrane was modified to 
contain nystatin channels, allowing each fusion event to be measured as 
current spike. The mSV did not fuse with planar membranes lacking 
syntaxin IA or with membranes containing only SNAP-25. Fusion was 
Ca2+-independant. Our fusion results establish that syntaxin IA is the 
minimal t-SNARE component necessary to induce fusion of mSV. This 
is of physiologic relevance because fusion can now be functionally 
assayed in a controlled environment.

Supported by NIH grant MH-50003.
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694.19
DISTINCT REGIONAL AND SYNAPTIC LOCALIZATION IN 
THE BRAIN OF THE TWO ISOFORMS OF SYNAPHIN 
/COMPLEXIN INVOLVED IN TRANSMITTER RELEASE 
MITSUNORI YAMADAL HIDEO SAISU2, TORU ISHIZUKA2, JUTOSH1
TAKAHASHI1 and TERUO ABE2*. Departments of Neuropathology, and 
2Cellular Neurobiology. Brain Research Institute. Niigata University. 
Niigata 951-8585. Japan.

Svnaphin/complexin is a cytosolic protein associated with SNARE 
complexes. Using the squid giant synapse, we have shown that the 
protein is required for transmitter secretion (Tokumaru et al.. Soc. 
Neurosci. Abstr. 24. 1567 (1998)). Two highly homologous isoforms of 
svnaphin/complexin (synaphin 1/complexin II and synaphin 2/complexin I) 
exist in the brain. In this study, we have examined their cellular and 
subcellular localizations in the rat brain by immunohistochemistry with 
monoclonal antibodies specific to each isoform. Their distribution 
markedly differed in regions such as cerebral cortex, hippocampus, 
amygdala, thalamus and cerebellum. In the neuropil of cerebral cortex 
and hippocampus, synaphin 1 was mainly in the axon terminals of 
axospinal and axodendritic synapses, while synaphin 2 was predominant 
in the axon terminals of axosomatic synapses. In the cerebral cortex, both 
proteins were occasionally present in dendrites and dendritic spines. 
These results suggest distinct physiological implications for the two 
isoform proteins. Supported by grants from the MESSC. Japan.

GENE STRUCTURE AND FUNCTION: TRANSCRIPTION FACTORS AND 
IDENTIFICATION OF REGULATORY SEQUENCES

695.1

IDENTIFICATION OF HYPOTHALAMUS-SPECIFIC REGULATORY 
ELEMENTS IN THE GONADOTROPIN-RELEASING HORMONE GENE IN 
VITRO AND IN TRANSGENIC MICE. Mark A LaW9Q-h.12. Sh.QllQy B, Nelson1, 
Andres Negro-yilar*. and EamglaJL, Mellon1. Department of PhgrmagQiogy,
Ligand.Pharmageuticals Ine. San.J3.iegQ. .CA 92121, -Peats, .pf Reproductive
Medicine and Neuroscience, University of California, San Diego 92093

Neuronal expression of the mammalian gonadotropin-releasing 
hormone (GnRH) gene is restricted to a small population of hypothalamic 
neurons. The molecular mechanisms targeting expression of GnRH to the 
hypothalamus are not well understood. We have utilized the GnRH-secreting 
neuronal cell line GT1-7, as a model system to identify a complex enhancer 
element (bases -1571 to -1873) and a minimal promoter element extending 
to -173 of the transcription start site that are necessary for GnRH neuron- 
specific expression of the rat GnRH gene. To demonstrate the sufficiency for 
the regulatory elements identified in vitro to direct GnRH expression in vivo, 
transgenic mice bearing a GnRH enhancer and minimal promoter driving 
expression of the p-galactosidase reporter gene were created. Expression of 
P-galactosidase was limited to GnRH neurons, confirming that the minimal 
enhancer/promoter regulatory elements direct expression to GnRH neurons 
in vivo. To determine whether the GnRH enhancer is sufficient to 
independently target expression to GnRH neurons in vivo, the enhancer was 
fused to a heterologous RSV promoter and used to create transgenic mice. 
In these mice the p-galactosidase gene was expressed in the hypothalamus, 
but not in GnRH neurons. Thus the GnRH promoter contains elements 
necessary for appropriate expression of the GnRH gene. To localize a cell- 
specific element in the GnRH promoter, we compared the relative activities of 
GnRH promoter deletion mutants in GT1-7 and the fibroblast NIH 3T3 cells. 
Transient transfection experiments demonstrated that the region from -76 to - 
26 of the promoter contains a cell-specific activation element. We show that 
sequences corresponding to -82 to -21 are sufficient to confer cell-specific 
expression to a heterologous promoter in vitro. We conclude that the 
sequences from -82 to -21 contains the regulatory sites necessary for GnRH 
promoter to direct expression to the GnRH neurons.

695.2
REGULATED EXPRESSION OF THE TRYPTOPHAN HYDROXYLASE GENE IN RESPONSE TO 
cAMP INDUCTION. G, Vodidani, F, Cote, N. Schussler, S. Boularand, A, Peirotes, E. Thevenot, S. 
Berrard* and J, Mallet Laboratoire de genetique moleculaire de la neurotransmission et des 
processus neurodegeneratifs, UMR9923 CNRS, Paris, France.

Tryptophan hydroxylase (TPH) is the rate limiting enzyme of serotonin biosynthesis. In the CNS, 
the presence of TPH is limited to the neurons of the raphe nuclei and the cells of the pineal gland. 
It is well known that altered regulation of serotonin neurotansmission plays an important role in 
various behavioural traits and mood disorders such as manic depression, anxiety or 
neurodegenerative diseases. We have isolated the human TPH (hTPH) gene spanning a 35 kbp 
region and also the 2117 bp sequence of the promoter. The expression of TPH gene is tightly 
regulated both at the transcriptional level and at the post-transcriptional level. One level of 
regulation of the gene is its expression in the pineal gland in response to cyclic AMP intracellular 
increase. The 2117bp hTPH promoter is inducible by cAMP although it lacks the canonical cAMP 
responsive element CRE. We have studied the transcriptional activity of the promoter in response 
to cAMP by transient transfection of rat primary culture pinealocytes with plasmid reporter 
constructions carrying different promoter segments. Deletions analysis led to a first identification 
of a minimal promoter (-73/+29) which is still able to confer cAMP inducibility. An inverted 
CCAAT box is present and is responsible for the inducibility since mutation in this element 
abolishes response to cAMP. When the same mutation is created in the context of an optimal 
promoter (-252/+29), we show that the inverted CCAAT box is not sufficient to give full 
inducibility. Other elements present in the promoter may bind factors which cooperate with the 
factor binding to the inverted CCAAT box. Our results indicate that the ubiquitous factor NFY is 
present in nuclear extracts from pinealocytes and binds to the CCAAT box.

DNase! footprint experiments with nuclear extract from pinealocytes defined protected regions 
encompassing the CCAAT box but also new sites. One of these corresponds to overlapping Sp1 
and AP2 binding sites. Indeed, an oligonucleotide probe corresponding to the protected sequence 
is recognized efficiently by the recombinant Sp1 and AP2 proteins. In the presence of nuclear 
extracts from pinealocytes one of the retarded bands corresponds to Sp1. Furthermore, an AP2- 
like factor appears to be present in pinealocytes.
His work was supported by: CNRS; Rhone-Poulenc Rorer; I’AFM.

695.3

THE PAIRED-LIKE HOMEODOMAIN PROTEIN PHOX2A 
TRANSACTIVATES DOPAMINE p-HYDROXYLASE (DBH) GENE BY 
INTERACTING WITH MULTIPLE BINDING SITES. H. Seo*, and K.-S. Kim1. 
Dept. Anatomy & Neurobiology, Univ. of Tennessee, Coll, of Med., Memphis, 
TN 38163; ’Molecular Neurobiology Lab., McLean Hospital, Harvard Med. 
School, Belmont, MA 02478.
Dopamine (3-hydroxylase (DBH) catalyzes the conversion of dopamine to 
noradrenaline and is a hallmark protein of noradrenergic neurons. We have recently 
identified two cL-regulatory elements, i.e., the homeodomain (HD) binding site of 
the composite promoter (domain IV) and domain II, that are essential for 
noradrenergic-specific DBH transcription (Kim et al., 1998, J.Neurosci., 18:8247- 
8260). Interestingly, both of these cL-elements are shown to be the binding sites 
for Phox2a. In this study, we present several lines of evidence which support the 
notion that transcriptional activation of DBH by Phox2a requires its multiple 
contacts at the DBH upstream promoter. First, a series of DBH-CAT reporter 
constructs containing different lengths of the DBH upstream sequence shows a 
progressive decrease of transactivation by exogenous Phox2a expression in DBH- 
negative HeLa and C6 cells. Second, using electrophoretic mobility shift, DNase I 
footprint, and site-directed mutational analyses, we show that the HD binding site 
of domain IV comprises of two Phox2a-binding sites with high and weak affinity, 
respectively. Third, mutant constructs, in which domain IV or II is mutagenized, 
still respond to Phox2a in cotransfection experiments. Finally, we expressed the 
full length or partial Phox2a fused to the histidine residue in E. coli and purified 
them by the Ni affinity column chromatography. DNase I footprinting assay 
using the E.coli-expressed recombinant Phox2a proteins has identified an additional 
Phox2a binding site at -105 to -85 bp usptream of the DBH transcription start 
site. This new Phox2a-binding site appears to be an important promoter element 
because its mutation diminished the DBH pormoter activity more than 80% in 
DBH-expressing cell lines. (Supported by NIH grant MH48866)

695.4

THE ALZHEIMER’S PS2 GENE IS REGULATED BY DUAL PROMOTERS
Paul Renbaum1' Rachel Beeri1, Avihu Klar^and Ephrat Levy-Lahad’2 1 Medical 
Genetics and Internal Medicine, Shaare Zedek Medical Center POB 3235, 
2Hebrew University; Jerusalem, Israel.

We are currently identifying and characterizing the promoter region of 
the Alzheimer’s Disease (AD) causative gene, presenilin-2 (PS2). 
Over-expression of this gene in tissue culture cells induces apoptotic 
responses, suggesting that changes in the steady state levels of PS2 mRNA, 
with age or insult, could account for the appearance of non-familial AD.

Employing primer extension assays we have observed two distinct 
transcription initiation sites on the PS2 gene. Identification and mapping of the 
different messages using 5’ Rapid amplification of cDNA ends (5' RACE), 
showed that the start point of the major transcript, of the PS2 message in 
human fibroblasts, is located within the second exon of the minor transcript. 
The genomic sequence surrounding the two transcription initiation regions 
contains numerous putative transcription factor binding sites and a 1 kp CpG 
island, a landmark often associated with the 5' regulatory region of 
housekeeping genes.

We have measured the transcriptional activity of this region using a 
luciferase reporter gene system. Promoter constructs have been prepared 
using PS2 5‘ sequences fused to a promoter-less luciferase expression vector. 
Transient transfections into human kidney 293 and neuroblastoma SK-N-SH 
cells revealed in both cell lines strong promoter activity in constructs which 
included a 1kb sequence spanning the first two exons. Physical separation of 
the two regions containing transcription start sites into two individual constructs 
demonstrated that each region could support significant promoter activity. 
Regions were identified which were responsible for positive or negative effects 
on the regulation of PS2 transcription.
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695.5
EFFECTS OF NF-KAPPA B ON THE MURINE BCL-X PROMOIER. J,N. 
Glasgow1, N.K. Herzog23. D.K. Rassin4* . and J.R. Perez-Polo1. ’Dept. of Human 
Biochemistry and Genetics, 2Dept. of Pathology, 3Center for Tropical Diseases, 
Dept. of Pediatrics, University of Texas Medical Branch; Galveston, TX 77555

The bcl-x gene is a member of the bcl-2 family of apoptosis regulating genes. 
In humans and rodents, two main mRNA species, bcl-xs (short) and bcl-xi (long) 
arise through differential mRNA splicing. Bcl-XL protein, like Bcl-2, is a 
dominant inhibitor of apoptotic cell death, whereas Bcl-Xs promotes apoptosis. 
Bc 1-Xl  is expressed throughout the brain of embryonic and adult rodents, and 
plays a critical role in commitment to apoptosis. The mouse bcl-x gene is 
organized as a three exon structure, with two distinct promoter regions. The 
upstream promoter region is utilized most frequently in thymus and brain. In the 
upstream promoter region there is a transcription start site at position -727 with 
respect to the start codon. Transcriptional control elements involved in this tissue- 
specific transcription initiation site of murine bcl-x have not been identified. We 
have identified three nuclear factor kappa B (NFk B) binding sequences clustered 
upstream of the brain-specific transcription start site (-1145, -967, -847 with 
respect to the start codon) in the upstream promoter region. NFk B proteins from 
nuclear extracts, hrp49, hrp5O, and p65 bind to these sites using EMSA and biotin- 
oligo/streptavidin affinity assays. NFk B over expression, coupled with reporter 
assays using 3.2kb of the murine bcl-x promoter and deletion mutants, has 
identified the downstream l.lkb of the promoter as necessary for basal promoter 
activity and induction by NFk B. Mutagenic removal of individual NFk B binding 
sequences revealed altered response patterns to NFk B stimulation. This suggests a 
role for NFk B in the regulation of expression of Bcl-XL via highly specific 
interactions where NFk B binding and bcl-x promoter activation is dependent on 
both DNA sequence and NFk B subunit composition. Supported in part by NINDS 
NS 33288, and grants from the PVA and TIRR.

695.6
RPE65 PROMOTER FUNCTION AND REGULATION OF GENE 
EXPRESSION IN THE RETINAL PIGMENT EPITHELIUM.
T.C. Stratman, A. Nicoletti and P.A. Thompson*. Depts. of Ophthalmology 
and Biological Chemistry, Univ. of Michigan; Ann Arbor, MI 48105.

The retinal pigment epithelium (RPE) carries out several functions critical 
for visual processing by the photoreceptor cells, including synthesis of the 
visual pigment chromophore, ll-c/s retinal. RPE65 encodes an RPE- 
specific protein that is necessary for 1 \-cis retinal synthesis. Mutations in 
RPE65 are found in patients with certain forms of autosomal recessive 
childhood-onset severe retinal degeneration. We are studying the regulation 
of RPE65 expression with an interest in understanding the mechanisms that 
regulate gene expression in the RPE and the role of RPE65 in retinal degen-
erative disease. We are working to identify the cL-acting elements and 
trans-acting factors that regulate the activity of the RPE65 proximal pro-
moter. We have identified regulatory elements in the RPE65 upstream re-
gion using cross-species sequence comparisons, consensus sequence analy-
sis, reporter gene assays and protein-binding studies. We have identified 
proteins that interact with these elements in yeast one-hybrid and recombi-
nant protein-binding assays. Our studies show that the neural retina leucine 
zipper protein (Nrl) binds to a site in the RPE65 proximal promoter and ac-
tivates transcriptional activity. A novel arginine-rich protein has been identi-
fied that binds to sequence adjacent to the Nrl binding-site, and is a candi-
date for regulating RPE65 gene expression in conjunction with Nrl. Our 
results suggest that gene expression in the RPE is controlled by a combina-
tion of general and retina-specific transcription factors.
Support: NIH EY09193, EY07003, RR00042. Research to Prevent Blindness.

695.7

ANALYSIS OF THE PROMOTER OF THE NEURON-SPECIFIC RAT CLASS 
III BETA -TUBULIN GENE. K. E. Dennis * and S. A. Moody. The 
Neuroscience Program and the Dept of Anatomy and Cell Biology at the 
George Washington University, Wahington D.C., 20037
Numerous investigations have provided insight into the molecular 
events functioning during neural development. These studies have 
identified a variety of signaling factors that are active in a progressive 
restriction ultimately determining neural cell fate. However, the factors 
necessary and sufficient for the final steps in determining a neuron at 
the time of terminal mitosis have not been defined. To this end, we 
have investigated the regulation of a structural gene expressed at the 
time of neuron cell determination. The expression of the class III Beta- 
tubulin gene (BTIII) is coincident with the time of terminal mitosis of 
most neuronal populations and is specific to neurons (Moody et al. 
1989; Lee et al. 1990; Easter et al.1993). To identify factors necessary 

for determining neuron cell identity at the time of terminal mitoses in 
neurons, we have begun the analysis of the regulation of the BTIII gene. 
Using a Pl rat genomic clone (Genome Systems) we have isolated a 
6.0kb subclone containing the BTIII promoter. The 6.0kb promoter 
region has been sequenced and the transcriptional start site 
determined. A search for cis-acting regulatory elements specific to 
neuronal gene expression reveals several putative sites known to be 
active in early neural development within the 6.0kb region. Chimeric 
constructs utilizing the first 500bps of the 6.0kb promoter region 
assayed using the Chloramphenicol Actetyltransferase (CAT) reporter 
gene system demonstrate that the promoter is functional and can drive 
gene expression in PCC7 embryonal carcinoma cells. Furthermore, 
expression increases when the cells are induced to differentiate into 
neurons suggesting that expression is neuron specific. Supported by 
NIH grant NS23158. (SAM).

695.8
REGULATION OF BRAIN/TESTES SPECIFIC POLYMERASE HI TRANSCRIPT 
BC1 BY UPSTREAM FLANKING SEQUENCES. -N. West, 2A.M. Engel, 2A. Rao, 
-C. Aleman, 1H.E.P. Bazan^nd 2P.L. Deininqer. 1 LSUMC Neuroscience Center, 
New Orleans, LA 70112,2Tulane Cancer Center, Department of Environmental 
Health Sciences, New Orleans, LA 70112.

Brain Cytoplasmic 1(BC1) is a rodent-specific short interspersed repetitive 
element (SINE), with the ability to retropose in the genome. BC1 is expressed 
highly in the brain and testes as an RNA-protein complex (RNP) in vivo. The 
protein components of the BC1 RNP are unknown. SINEs, short interspersed 
repeated DNA elements, undergo amplification through retroposition and 
subsequent integration into a new location in the genome. The SINE amplification 
model requires a first step of transcription by RNA polymerase III. We evaluated 
the ability of upstream flanking sequences to regulate the transcription of SINEs 
by constructing chimeric constructs using known 5’ flanking sequences of pol III 
transcribed genes upstream BC1. Upstream sequences from the 7SL RNA gene, 
U6 RNA gene, RNA vault gene, and BC1 gene increase transcription of BC1 in 
transient transfections of NIH3T3, HeLa, Neuro2a and C6 glioma cell lines. 7SL 
proved more efficient in increasing SINE transcription compared to the other 
upstream sequences tested from the transgenic mice. A 7SL upstream-BC1 body 
was used to create a transgenic mouse line. In contrast to the tissue specific 
endogenous BC1 transcription, BC1 transgene transcripts were detected in all 
tissues tested. However, the amount of BC1 transcript varied in a tissue specific 
pattern, highest in the brain, intermediate in the testes, and low in all other tissues. 
The BC1 RNP was detectable in brain, heart, liver, kidney and testes. This 
indicates that while BC1 RNA is expressed specifically in brain and testes in non- 
transgenic animals, the protein components of the complex are expressed in other 
tissues. Our observations in the transgenic mouse confirm the importance of the 
upstream flanking sequence in SINE transcription, but also suggest that the tissue 
specificity of BC1 expression is not primarily controlled by the flanking sequences. 
NIH GM45668

695.9
TRANSCRIPTIONAL REGULATION OF NA .K'-ATPASE p SUBUNITS 
IN DROSOPHILA AND CONSTRUCTION OF GAL4 LINES. P. Xu, B. Sun 
and P. M. Salvaterra*. Division of Neurosciences, Beckman Research Institute 
of the City of Hope, 1450 E. Duarte Rd, Duarte, CA 91010.

Drosophila has two Na+,K+-ATPase p subunit genes (Nervana 1 and 2; Nrv), 
with tissue specific expression patterns. Nrvl produces a single P subunit 
isoform expressed primarily in muscle tissue while Nrv2 codes for 2 different 
isoforms (2.1 and 2.2) expressed in the nervous system. We have determined 
the complete molecular genomic organization for both Nrv genes and tested 
genomic DNA positioned in the 5’ flanking region of each Nrv gene for tissue 
specific transcriptional regulatory activity. P-element transformation vectors 
were constructed which contained either 7.7 kb of Nrv2 or 3.5 kb Nrvl 5’ 
flanking DNA driving expression of a lacZ reporter gene. Multiple transgenic 
Drosophila lines (Nrv-lacZ) were established for each construct and analyzed 
for their p-galactosidase expression pattern. The tissue specific expression of 
each Nrv gene is independently regulated by the cis-element(s) present in the 
5’ flanking region. The Nrv2 5’ flanking DNA directs expression exclusively 
to the nervous system while Nrvl 5’ flanking DNA directs expression 
primarily in muscle tissue.

We also constructed multiple GAL4 driver lines with the Nrvl and Nrv2 5’ 
flanking region cloned in a P-element vector driving expression of GAL4, the 
yeast transcriptional activator. When crossed with UAS-/ucZ or UAS-GFP 
lines, GAL4 binds to the UAS and activates reporter gene expression. Nrvl or 
2 5’ flanking DNA results in lacZ or GFP gene expression in the correct tissue 
specific pattern. These GAL4 driver lines are valuable for visualization of 
nervous system at all stages of Drosophila development and will be useful to 
target gene expression in specific tissues for functional studies, (supported by 
the Beckman Foundation and the American Heart Association)

695.10

INVLOVEMENT OF MYC/MAX PROTEINS IN GLUCOCORTICOID- 
MEDIATED pl-ADRENERGIC RECEPTOR (PlAR) GENE ACTIVATION. 
Y.T. Tseng, J.P. Stabila, T.T. Nguyen, B, McGonnigal, J.A. Waschek? and
J.F. Padburv. Dept. of Psychiatry, UCLA School of Medicine; Dept. of 
Pediatrics, Women & Infants’ Hospital of Rhode Island, Brown University 
School of Medicine, Providence, RI 02905.

The effects of glucocorticoids on expression of the Pl-adrenergic 
receptor (PlAR) gene have been controversial. To study the mechanism 
underlying hormonal regulation of the j3lAR, transient transfection of 
progressively deleted ovine plAR promoter fragments were used to identify 
sequences critical to hormonal regulation. Using DNase I footprinting assays, 
we identified a fragment that contained a novel glucocorticoid regulatory unit 
(GRU) and conferred a 2-3 fold glucocorticoid-dependent increase in 
transcriptional activity on a heterologous promoter. Immediately downstream 
from the footprint is an E-box, or binding site for the Myc/Max proteins, 
which overlaps a GRE half-site. In gel shift assays, we demonstrated: 1) the 
E-box and the GRE half-site are critical for GRU and nuclear protein 
interaction; 2) complexes are formed between the GRU and the Myc/Max 
proteins, which in turn interact with glucocorticoid receptor. Further, co-
transfection of a cMyc antisense-expressing plasmid significantly reduced the 
transactivation activity of the GRU. We conclude: 1) the ovine PlAR 
promoter contains a novel, functional GRU. 2) Proteins of the Myc/Max 
family are involved in the cooperative cell-specific nuclear factor binding and 
transactivation via this element. The results suggest an alternate pathway 
through which glucocorticoids exert their effects on genes lacking a full 
consensus GRE. (Supported by NICHD 2PO1 HD11343).
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695.11
THE Mi mAChR GENE IS REGULATED BY A CONSERVED 
REGION AND A POLYPYRIMIDINE/POLYPURINE TRACT .
Mireia Garriga Canut'2, Ian C, Wood'2, Stefania Pepitoni', John Ouinn’and Noel J.
Buckley12. 'Wellcome Laboratory for Molecular Pharmacology, University College 
London, Gower Street, London WC1E 6BT. 2School of Biochemistry and Molecular 
Biology, University of Leeds, Leeds, LS2 9JT, U.K. ’Department of Veterinary 
Pathology, University of Edinburgh, Royal School of Veterinary Studies, 
Summerhall, Edinburgh EH9 1QH.

Relatively little is known about the mechanisms governing patterns of gene 
regulation in the CNS. The mAChR (M,-M5) belong to the GPCR family and have a 
very restricted pattern of expression in the adult brain. We are interested in the 
molecular mechanisms that give rise to the expression pattern of one of the mAChR 
genes, the M,. The five members of the mAChR gene family each have overlapping 
but unique patterns of expression. Expression of the M, receptor is widespread over 
neuroepithelium and subsequently becomes restricted to specific neuronal 
populations in the telencephalon, shortly after terminal neurogenesis.

In order to identify the genomic regions responsible for correct expression of 
the M, gene we have isolated a cosmid clone containing the M, gene and flanking 
regions. We show several regions within the first exon to be functionally important 
for M, expression. A polypyrimidine/polypurine (PPY/PPU) tract and a downstream 
sequence conserved between M, genes across species function as enhancers of 
expression. The PPY/PPU tract is capable of forming single stranded DNA. Both 
regions have been found to recruit single stranded DNA binding proteins. Screening 
of a rat cDNA library with the PPY tract and conserved region has identified 
nucleolin, a multifunctional nucleolar phosphoprotein able to interact with both 
RNA and DNA. Nucleolin is implicated in many functions including neural 
differentiation and maintenance, transcriptional repression and induction of 
chromatin decondensation. We are currently examining the role of these factors and 
their interactions in directing neuron specific expression.
This work is supported by the Wellcome Trust.

695.12
TRANSCRIPTIONAL REGULATION OF REST/NRSF, A 
REPRESSOR/ACTIVATOR OF NEURAL SPECIFIC GENE EXPRESSION.
M. Mistrv1. I.C. Wood1,2. N.S. Millar*1 and N.J. Buckley12. 'Wellcome Laboratory 
for Molecular Pharmacology, University College London, London, WC1E 6BT, 
U.K.2School of Biochemistry and Molecular Biology, University of Leeds, Leeds, 
LS2 9JT, U.K.

Many neuronal genes contain within their transcriptional regulatory region an 
RE1/NRSE. This motif is bound by the transcription factor REST/NRSF, a zinc 
finger protein. REST/NRSF is widely expressed in non-neuronal tissue both during 
development and in adult. Neuroepithelium expresses REST/NRSF, however upon 
differentiation shows decreased levels of expression. Also, sub-populations of adult 
neurons continue to display low levels of REST/NRSF. Analysis of reporter gene 
expression of RE1/NRSE containing genes in transgenic mice indicated that 
REST/NRSF may be able to mediate both transcriptional repression and activation of 
neuronal genes. REST/NRSF therefore appears to be a multifunctional transcription 
factor that is responsible for regulating expression of RE1/NRSE containing genes in 
both non-neuronal and neuronal cells. However, its relationship to other transcription 
factors regulating both neuronal subtype identity and neuronal differentiation is 
unknown. In order to define this relationship we have isolated a mouse REST/NRSF 
genomic clone and determined the gene structure. Current studies are aimed at 
identifying cis-regulatory elements involved in directing tissue/cell specific 
expression. A fragment extending 11 Kb upstream of the initiating methionine, 
spanning three alternative 5’ untranslated exons, fused to the luciferase reporter gene 
was able to drive expression in both non-neuronal and neuonral REST/NRSF 
expressing cell lines. The aim of future investigations is to understand the 
mechanisms regulating REST/NRSF expression

This work is supported by the Wellcome Trust.

695.13

ALTERNATIVE SPLICING OF REST/NRSF RESULTS IN THE 
FORMATION OF A POSITION DEPENDENT 
ACTIVATOR/REPRESSOR. A.Roopra.1 I.C.Wood.‘-2 F.Abogadie1* and
N.J.Buckley'2 ‘Wellcome Laboratory for Molecular Pharmacology, 
University College London, Gower Street, London WC1E 6BT. 2School of 
Biochemistry and Molecular Biology, University of Leeds, Leeds, LS2 
9JT, U.K.
It has become apparent that negative transcriptional regulation plays an 
important role in defining gene expression patterns within the nervous 
system. The essential transcription factor REST/NRSF has been 
characterised as a co-ordinate repressor of neuron specific genes. 
REST/NRSF acts via the RE1/NRSE element found in the regulatory 
regions of numerous neuronal and non-neuronal genes. However, in vivo 
studies have also implicated the RE1/NRSE in the activation of 2 neuron 
specific genes (the p2 nicotinic AChR gene and LI-CAM gene) within 
sub-populations of neuronal cells.

In neuronal cells the REST/NRSF gene undergoes alternative splicing 
to give rise to a truncated isoform, ANRSF(aal-327) is expressed. 
However, the physiological role of ANRSF expression has not been 
described. We show that ANRSF, when recruited to a promoter can 
regulate transcription in a distance dependant manner. Recruitment of 
ANRSF upstream of a promoter in a distal position results in repression of 
transcription. However, recruitment in a proximal upstream position or 
downstream of the promoter results in activation of transcription. The 
REl/NRSEs of the the (32 nicotinic AChR gene and LI-CAM genes are 
both found downstream of their respective promoters. These observations 
are therefore consistent with ANRSF activating these 2 genes. When 
heterologously expressed in yeast, a truncated REST/NRSF peptide that 
resembles ANRSF also activates transcription. We conclude that ANRSF 
is a position dependant activator/repressor.
This work is supported by the Wellcome Trust.

695.14

REST/NRSF INTERACTS WITH THE ENDOGENOUS M4 
ACETYLCHOLINE GENE IN NEURONAL BUT NOT IN NON-
NEURONAL TISSUES. I.C.Wood1’2, M.Mistry'. A.Roopra1 and
N.J.Buckley1'2. * 'Wellcome laboratory for Molecular Pharmacology, 
University College London, Gower Street, London WC1E 6BT, U.K. 
2School of Biochemistry and Molecular Biology, University of Leeds, 
Leeds, LS2 9JT, U.K.

REST/NRSF is an essential transcription factor that has been 
implicated in repressing expression of many neuronal specific genes in 
non-neuronal cells and mice lacking REST/NRSF die during 
embryogenesis. Most RE1/NRSE bearing genes are repressed by 
REST/NRSF in transient transfection assays and expression of a dominant 
/ negative form of REST/NRSF in chick brain results in the upregulation 
of at least some RE1/NRSE bearing genes. However transgenic mouse 
studies have also implicated REST/NRSF mediating activation of at least 
two RE1/NRSE containing genes in neurones. Taken together, these data 
imply that REST/NRSF has a broader role in controlling neuronal gene 
expression than initially perceived. In this study we have examined the 
interaction of REST/NRSF with an endogenous RE1/NRSE bearing gene 
encoding the M4, muscarinic AChR. We show that REST/NRSF interacts 
with the M4 gene in telencephalic areas that express the M4AChR but 
does not interact with the M4 gene in tissues which do not express the M4 
AChR such as cerebellum and liver. Furthermore, we show that 
REST/NRSF does not interact with the silent M4 gene in fibroblasts but 
that ectopically expressed REST/NRSF does interact with the active M4 
gene in neuronal cells where it represses but does not silence gene 
expression. This represents the first study of REST/NRSF:DNA 
interaction of an endogenous gene and indicates that REST/NRSF does 
not interact with the silenced M4 gene but may serve to limit levels of 
expression of the activated gene.
This work is supported by the Wellcome Trust.

695.15

ACTIVATION OF Msx2 PROMOTER BY THE TRANSCRIPTION FACTOR YY1
D.-P. Tan*, L, Shum. K, Non aka, G, H. Nuckolls and H, C, Slavkin 
Craniofacial Development Section, National Institute of Arthritis and Musculoskeletal 
and Skin Diseases, NIH, Bethesda, MD 20892

Msx2 is a member of the Msx family of homeobox genes expressed in a variety of 
embryonic tissues involved in instructive epithelial-mesenchymal interactions 
including programmed cell death (apoptosis). However, it is as yet unclear how Msx2 
transcription activity is regulated. YY1 is a zinc finger protein which serves as a 
repressor or activator to a variety of promoters. Despite molecular level studies of the 
transcription regulation by YY1, the role of YY1 during embryonic development 
remains unknown. In this report, we describe the regulation of Msx2 gene activity by 
the transcription factor YY1 during late stages of neurogenesis in mouse embryonic 
development. Using whole mount in situ hybridization, the expression pattern of 
YY1 was observed to overlap with that of Msx2. Increased levels of expression of 
both YY1 and Msx2 were detected in the cranial neural crest cells within first 
branchial arch and limb bud cells. To test the direct effect of YY1 on Msx2 promoter 
activity, the YY1 expression vector was cotransfected with the Msx2 
promoter-luciferase fusion gene into P19 cells. YY1 transactivation of the 
Msx2-luciferase gene was found to be dose-dependent. This biological activity was 
both dependent on both the DNA binding and activation domains of YY1. 
Electrophoretic mobility shift assay showed that YY1 protein bound specifically to 
sites on the Msx2 promoter. Mutation of these candidate sites in the Msx2 promoter 
significantly reduced the YY1 activation. These findings suggest that YY1 functions 
as a transcriptional activator for the expression of Msx2 gene, and that this regulation 
is required during critical stages of early craniofacial and limb morphogenesis in 
mouse embryonic development. (Supported by NIH funding Z01 AR41114)

695.16
INHIBITION OF HYPOXIA-INDUCIBLE FACTOR 1 ACTIVITY BY 
OVEREXPRESSING iNOS GENE. J.H. Yin12, D.-I Yang2, J.S. Hsu2, K.S.C. 
Chao3 and C.Y. Hsu2*. ‘Dept. of Medicine, Tao-Yuan Military General Hospital, 
Taiwan; 2Dept. of Neurology, ’Radiation Oncology Center, Washington Univ. Sch. 
Med.; St. Louis, MO 63110.

Hypoxia-inducible factor (HIF-1) is a transcription factor that mediates the 
transcriptional activation of several hypoxia-inducible genes including vascular 
endothelial growth factor (VEGF), glucose transporters and inducible nitric oxide 
synthase (iNOS). Nitric oxide (NO), a mediator of selected cellular processes has 
been implicated in transcription regulation. NO donor has also been reported to 
inhibit HIF-1 activity under hypoxia. In this study, we examined whether 
overexpression of iNOS gene can also exert inhibitory effect on HIF-1 binding 
activity. C6 glioma cells were transiently transfected with a luciferase reporter 
gene driven by VEGF promoter that can be activated by HIF-1 under hypoxia.
We found the induction of luciferase activity under 1% O2 was inhibited by 
sodium nitroprusside, a NO donor, in a dose-dependent fashion. Cotransfection of 
VEGF-luciferase reporter gene with the construct NS05 that overexpresses iNOS 
driven by the CMV promoter showed that the induction of the luciferase reporter 
gene could be inhibited under 1% O2 (HIF induction ratio: 1.42 ± 0.1136 in empty 
vector transfected cells vs. 0.86 ± 0.0954 in NS05 transfected cells, p=0.0055). 
Similar results were obtained using another iNOS expressing construct under the 
control of the human EF-promoter. Pretreatment of C6 cells with N-acetyl-L- 
cysteine, an anti-oxidant, at 1,10, or 100pM could not reverse the inhibition of 
HIF-1 activity caused by iNOS overexpression. These results suggest that 
overexpression of iNOS can serve as one of mechanisms in the regulation of the 
HIF-1 activity under hypoxia. (Supported by NIH grants NS25545, NS28995, 
NS37230)
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695.17
DOMINANT NEGATIVE FORM OF HYPOXIA INDUCIBLE FACTOR-la 
(HIF-la) ELIMINATES CHEMOTHERAPY RESISTANCE OF MALIGNANT 
GLIOMA UNDER HYPOXIA. J.S. Hsu1*, J H. Yin1, G.L. Semenza3, K.S.C. 
Chao2 and C.Y. Hsu1. ‘Dept. of Neurology, 2Radiation Oncology Center, 
Washington Univ. Sch. Med.; St. Louis, MO 63110; 3Dept. of Pediatrics, Johns 
Hopkins Univ. Sch. Med.; Baltimore, MD 21287

The histological features of malignant glioma such as the presence of a necrotic 
region surrounded by palisading cells and the formation of new blood vessels 
(neovasculization) are considered the hallmark of tumor hypoxia. Since hypoxia is 
an important feature of malignant glioma and has been associated with tumor 
resistance to chemo/radiation therapy, overcoming tumor hypoxia in malignant 
glioma has been under extensive investigations. HIF-1, a transcription factor, is 
promptly and specifically induced under hypoxia. It plays a pivotal role in cellular 
response to hypoxia by trans-activating the transcription of downstream hypoxia- 
responsive genes. We preconditioned C6 glioma cells either under 21% or 1% O2 
for 16h and then exposed them to 50 or 100 pg/ml BCNU for 5h. The luciferase 
reporter gene activity regulated by HIF-1 binding activity was induced by 1.7 to 
2.5 folds under hypoxia. Trypan blue dye exclusion assays demonstrated that 
hypoxia protected C6 glioma cells against BCNU cytotoxicity. To investigate the 
role of HIF-1 in the hypoxic protection of glioma cells against chemotherapeutic 
damage, a dominant negative form of HIF-la, the hypoxia-responsive element of 
HIF-1, was used to modulate the HIF-1 effects. Co-transfecting C6 cells with 
plasmids containing dominant negative form of HIF-la canceled both the increase 
of the luciferase reporter gene activity and the protective effect of hypoxia against 
BCNU toxicity. These results suggest that HIF-1 is involved in the hypoxic 
protection of C6 glioma against BCNU cytotoxicity. HIF-1 may potentially be a 
target for pharmacological or gene therapy aiming specifically at the resistant 
hypoxic tumor cells. (Supported by NIH grants NS 25545, NS28995, NS37230)

GENE STRUCTURE AND FUNCTION: DETECTION AND 
REGULATION OF GENE EXPRESSION CHANGES

696.1

POLY A+ RNA, PCR ANNEALING TEMPERATURE, AND THE OUTCOME OF 
RT-PCR DIFFERENTIAL DISPLAY WITH SELECTED PRIMERS 
J, Schroeder1. O.C, Ikonomov2*. H.K. Manii2. ‘Jenapharm, Jena, D-07745 and 
2Wayne State University, School of Medicine, Dept. of Psychiatry, Detroit 48201

Reverse transcription-polymerase chain reaction (RT-PCR)-based techniques have 
been increasingly useful in identification of differentially expressed transcripts. An 
important future direction is improving the detection of rare messages. We have 
introduced a modified differential display protocol with selected primers (SPR) aimed 
at isolation of messages of lower abundance (Ikonomov and Jacob, BioTechniques 
20:1030, 1996). SPR uses specific primers in arbitrary combinations and higher PCR 
annealing temperature, and is applicable to microscopic biological systems. To further 
optimize the protocol for isolation of rare messages, we compared the multiple band 
pattern obtained with (1) poly A+ vs. total RNA and (2) 50° vs. 63°C PCR annealing 
temperature. Total RNA was extracted from chicken brains dissected on embryonic day 
(E) 8 and El5. The expected differential expression of chicken ETO (5-fold decrease) 
and gephyrin (3-fold increase) mRNAs was confirmed by Northern blot analysis. Poly 
A+ mRNA was isolated by Oligotex mRNA mini system (Qiagen). Similar amounts 
of total and poly A+ RNA were transcribed using MMLV transcriptase and several 
antisense primers. Two identical PCR amplifications were done except for the different 
annealing temperatures. A comparison of the primer pair-specific band patterns on a 
6% sequencing gel showed very few (less than 5%) bands uniquely derived from total 
or poly A+ RNA. There was no significant difference in the patterns obtained with the 
same primers and RNA but at different annealing temperatures. However, sequence 
analysis of differentially appearing bands coming from poly A+ RNA revealed several 
homologies to known and low abundant mRNAs (chicken LIM kinase, poly A 
polymerase, etc.). Southern blot analysis of PCR products confirmed the 
amplification of these sequences only with poly A+ RNA. In conclusion, the bias of 
SPR to detect messages of lower abundance could be further increased by using poly 
A+ instead of total RNA. Supported by Jenapharm, Joe Young Research Fund, and 
Stanley Foundation

696.2
IDENTIFICATION OF PROTEIN DIFFERENCES BETWEEN AREA 17 AND 18 
OF CAT VISUAL CORTEX. S. Cambridge1*, M, Unlu2, W. Labeikosvky2, S. 
Schulze1, T. Bonhoeffer1, J. Minden2, and M. Htibener1. ’Max-Planck-Institute of 
Neurobiology, 82152 Martinsried, Germany; 2Dept. of Biological Sciences, Carnegie 
Mellon University, Pittsburgh, PA 15213.

A prominent feature of the cerebral cortex is its subdivision into many 
specialized areas with distinct functional properties. These functional differences 
most likely arise from different connectivities within the areas and from the different 
thalamic inputs they receive. However, it is conceivable that molecular differences 
also contribute to the functional specialization of cortical areas. To address this 
question, we compared the protein composition of two cortical areas with different 
functional properties, namely areas 17 and 18 of cat visual cortex.

To identify protein differences between the two areas, we used a technique 
called DIGE or difference gel electrophoresis. With DIGE, the two samples are 
labeled with two fluorescent dyes, which have distinct spectral properties. The 
labeled samples are then run on the same 2D gel followed by post-run imaging of the 
gel using two appropriate fluorescence channels. Difference proteins are seen as 
differently colored spots while spots of identical proteins completely overlap. Protein 
differences are identified by mass spectrometry peptide-mass fingerprinting. Initial 
experiments using DIGE with proteins extracted from tissue of areas 17 and 18 
demonstrated that there are very few notable protein differences between the two 
areas. As a control, a non-difference protein from an intense spot on the gel was 
identified as cyclophilin A, a protein known to be very abundant in the brain. So far, 
two difference protein spots, a voltage-gated K+-channel and a proteoglycan, were 
tentatively identified based on homology to other species. Once confirmed, 
difference proteins should provide new insights as to how genes contribute to 
cortical function.
Supported by the Max-Planck-Gesellschaft

696.3 696.4

FUNCTION OF HUMAN NOT (NURR1/NR4A2) SPLICE 
VARIANTS IN DEVELOPMENT AND PATHOLOGIES. T. Salin- 
Nordstrom and T. Neumari?Department of Surgery, Neurofunctional 
Surgery Center, Cedars-Sinai Medical Center, Los Angeles, CA 90048.

Mouse orphan nuclear hormone receptor Nurrl plays a critical role 
in development of dopaminergic neurons. Human homologue of mouse 
Nurrl, NOT, is expressed in dopaminergic neurons implicating 
functional similarity to Nurrl. Here we describe novel splice variants 
of NOT which differ in their molecular function and expression 
pattern. Splice variant NOTa, similar to Nurrla encodes a C- 
terminally truncated protein, NOTb and NOTc display inframe 
deletion between DNA and ligand binding domains, whereas NOTc is 
also C-terminally truncated. Electrophoretic mobility shift analysis 
(EMSA) using in vitro translated proteins and protein lysates from 
transfected cells demonstrated that NOT isoforms differ in their 
DNA binding characteristics and show altered ability to 
heterodimerize with RXRa (NR2B1). Transient transfection assays 
using constructs with NOT binding sites and a tyrosine hydroxylase 
promoter (4.8 kb fragment) linked to CAT-reporter gene demonstrated 
that different NOT isoforms have opposite effects on transcription. 
Analyses of mRNA expression by RT-PCR revealed different 
expression patterns for NOT isoforms during development and in 
various pathologies. Combined, our data show that alterations in 
NOT gene regulation have severe functional consequences. (Supported 
by the Cedars-Sinai Medical Center and Swedish Research Council 
for Engineering Sciences)

TRANSCRIPTIONAL CHARACTERISTICS OF THE KKIAMRE, 
A LEARNING-ASSOCIATED KINASE, REVEALED BY MUTANT 
MICE CARRYING THE REPORTER GENE LacZ H. Gomi?*
T. Sassa,1 W. Sun,2 R.F, Thompson,2 and S. Itohara2, 1 Laboratory 
for Behavioral Genetics, Brain Science Institute, RIKEN, Wako, 
Saitama, 351-0198, JAPAN, 2Neuroscience Program, USC, Los 
Angeles, CA 90089-2520.

We previously found that a cdc2-related protein kinase, 
KKIAMRE, is induced in the cerebellar deep nuclei of rabbits 
undergone eyeblink conditioning. To address the roles of this 
kinase in learning and memory processes, we disrupted KKIAMRE in 
mice by gene targeting. The amino-terminal 72 amino acids encoding 
the kinase domain was replaced with the LacZ coding region. Thus, 
the authentic promoter should drive the expression of LacZ. To 
characterize the transcriptional activities of this gene in detail, we here 
analyzed LacZ expression in the mutation heterozygous mice. LacZ 
was expressed in the neurons of various brain regions such as the 
cerebellar deep nuclei, red nuclei, thalamic nuclei, cerebral cortex and 
hippocampus. In peripheries, LacZ was expressed in the trigeminal 
and spinal ganglia and pseudostratified columnar ciliated epithelia, 
such as the olfactory epithelium, respiratory epithelium and epididymal 
duct cells. The results showed that the expression pattern of LacZ 
is consistent with the data of in situ hybridization and 
immunohistochemistry and that the P-galactosidase activity more 
conveniently reflects the KKIAMRE transcriptional activity. 
Supported by research grants from RIKEN BSI (HG and SI) and NSF 
(IBN-9215069) to RFT.
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696.5
DETECTION OF 8-OXOG DNA GLYCOSYLASE ACTIVITY AND OGGI 
TRANSCRIPTS IN THE RAT, QUAIL, TURTLE AND FROG CNS.*S, Araneda'.T. 
Verjat1, N. Mermet1 et P. Radicella2. ‘Inserm U480, U. Claude Bernard. 69373 Lyon. 
2CEA, 92265, Fontnay-aux-Roses, F.

Oggl protein, a functional homologue of the bacterial Fpg protein, is a DNA 
glycosylase which excises 8-oxoguanine (8-oxoG) and Fapy from damaged 
DNA.These metabolites are formed in living cells by actions of the reactive oxygen 
species which are normally generated by physiological process. Central neurons of 
the adult animals are postmitotic. They cannot divide but present a high metabolic 
activity. In this work, we studied the Oggl enzymatic activity in rat brain and the 
presence of the OGGI transcript in the CNS of rat, quail (Coturnix coturnix) turtle 
(Trctchemys scripta elegans) and frog (Rana esculenta). By using a radiolabeled 34 
mer oligonucleotide carrying a single 8-oxoG as specific substrate, Oggl enzymatic 
activity was detected in rat brain homogenates containing raphe nuclei, hypothalamus 
and cerebellum. We also detected mRNA OGGI by in situ hybridization with a mouse 
OGGI cDNA probe or with a specific oligonucleotide, that spans the region coding 
for the catalytic site. Radiolabelled cells were ubiquitously identified with a 
preferential localization in cortical structures of the telencephalon, the hypothalamus 
and the preoptic area in the diencephalon, the tectum opticum in the mesencephalon. 
They were also observed in the locus coeruleus, the raphe nuclei, the motor and 
sensory nerve nuclei in the rhombencephalon and in the cerebellar nuclei. These 
findings provide evidence for the presence of the OGGI transcript in cerebral 
structures presenting homologies in their evolution. Our results support the 
hypothesis that mechanisms underlying DNA repair are fairly conservative through 
the brain evolution.

Supported by INSERM (F)

696.6
DIFFERENTIAL EXPRESSION PATTERNS OF THE RELATED ECM 
GLYCOPROTEINS SCI AND SPARC IN NEURAL AND SKELETAL 
SYSTEMS OF THE RAT EMBRYO. AJ, Mothe* and I.R. Brown, Dept. of 
Zoology, University erf Toronto at Scarborough, Toronto, Ontario, Canada, MIC 
1A4.

It is well established that extracellular matrix (ECM) molecules play vital roles 
during mammalian development. SCI and SPARC are anti-adhesive ECM 
glycoproteins that share partial sequence homology at the carboxyl-terminus. 
SPARC/osteonectin is a multifunctional protein that regulates cell shape and 
adhesion, cell cycle progression, and cell-matrix interactions. SCI and SPARC 
are unique from other ECM molecules in that they are present not only during 
postnatal neural development, but also in the adult brain. We have now 
examined the expression of SCI and SPARC mRNA by in situ hybridization 
during rat embryonic development. At the earliest stage examined, embryonic 
day 13 (E13), SCI mRNA is expressed throughout the developing brain and 
spinal cord. In addition, a localized SCI signal is apparent in the mandibular 
component of the first branchial arch. In E17 embryos, SCI mRNA is strongly 
expressed in the cerebellar anlage, olfactory lobe, and spinal cord, regions where 
SPARC is not detected. In contrast, SPARC mRNA is highly expressed in 
cranofacial cartilage, developing vertebrae and skeletal structures. Cross- 
sections of developing long bones indicate SPARC expression in the bone collar 
and growth plate regions, compared to a lack of signal for SCI. These results 
suggest an important role for SCI in the developing nervous system, whereas 
SPARC participates in events associated with skeletal development. The 
differential expression patterns of SCI and SPARC may reflect the functional 
properties of their unique N-terminal domains. (Supported by NSERC)

696.7

EXPRESSION OF OSTEOPONTIN mRNA IN THE ADULT RAT BRAIN. M.-Y. 

Lee*, S.-L. Shin, J.-H. Cha, M.-H. Chun. Dept. of Anatomy, College of Medicine, 

The Catholic Univ. of Korea, 137-701, Seoul, Korea.

Osteopontin (OPN), a secreted glycoprotein, is known to be abundant in bone, 

kidney, decidua, inner ear and various epithelial surfaces. We have examined tlie 

presence and distribution of OPN mRNA in the rat brain using Northern blot analysis 

and in situ hybridization to investigate the role of OPN in the central nervous system. 

Northern blot analysis revealed its confined presence only in the brain stem with 

higher level in the pons and medulla than in the midbrain. In situ hybridization 

showed that OPN mRNA, localized in the likely neurons, was restricted to the 

olfactory bulb and brain stem, and was not observed in the telencephalon and 

diencephalon in adult rat. OPN expression in the brain stem was found in functionally 

diverse areas including motor-related areas, sensory system and reticular formation. 

In the motor system, the expression was prominent in the red, pontine, lateral reticular, 

deep cerebellar and cranial motor nuclei. The nucleus of the trapezoid body, cochlear, 

vestibular, trigeminal and external cuneate nuclei in the sensory system also showed 

the equivalent expression. These results demonstrate that OPN is expressed in specific 

neuronal populations in the olfactory bulb and brain stem, and it suggests that OPN is 

likely to play an important role in the central nervous system as in other systems.

696.8

PROTEIN KINASE C STIMULATES PNMT GENE EXPRESSION IN 
BOVINE CHROMAFFIN AND HUMAN NEUROBLASTOMA CELLS.
R. He and M.J. Evinger*. Dept. Pediatrics, SUNY Stony Brook, Stony Brook, NY.

Phorbol ester activation of protein kinase C (PKC) stimulates expression of 
the mRNA encoding the catecholamine biosynthetic enzyme PNMT. Previous 
studies indicate that PKC isoforms a, e, and £ are present in bovine chromaffin 
and human neuroblastoma cells. This study seeks to resolve whether phorbol 
esters enhance expression of PNMT promoter constructs transiently transfected 
into primary bovine adrenal medullary cells and human neural crest-derivative 
SH-SY5Y neuroblastoma cells.

Phorbol-12-myristate- 13-acetate(PMA) enhances luciferase expression driven 
by the '877 to+7 PNMT promoter 2.3-fold following transfection into bovine 
adrenal and SH-SY5Y cells. GF 109203X, catalytic domain inhibitor for all 
PKCs, blocks 76 and 100% of the PMA-stimulated response in SH-SY5Y and 
bovine chromaffin cells. Go 6976, a conventional PKC subtype inhibitor, 
prevents 79% of the PMA-stimulated response in SH-SY5 Y cells. Collectively, 
these data suggest that PKC a mediates the primary influence of phorbol ester 
PMA on PNMT expression in SH-SY5Y cells.

Transfection analyses reveal that the proximal promoter is required for PKC- 
stimulated PNMT transcription, as in RSI PC 12s. However, sequences within 
'757 to 440 bp must also be present to observe maximal effects: in SH-SY5Y 
cells, the distal portion of the PNMT promoter is the predominant contributor 
to the PMA response. Thus, PKC-mediated neural regulation of PNMT gene 
expression in primary chromaffin and in neural crest derivative cells involves 
multiple sites on the upstream PNMT promoter (NIH GM 46588 to MJE.)

696.9

AMYLOID PRECURSOR PROTEIN GENE REGULATION AT THE 
LEVEL OF TRANSLATION BY INTERLEUKIN-1 AND IRON.
JT. Rogers 1, H. Potter^ , L. Nilsson 2* Department of Medicine, Hematology 
Division, Brigham & Women's Hospital, Harvard Medical School, Boston, MA 
02115. Department of Biochemistry and Molecular Biology, University of
South Florida College of Medicine, Tampa, Florida 33612.

Features of APP-mRNA metabolism lead us to consider the influence of iron 
on APP biology and should shed more light on the role of this abundant 
membrane protein. First, the APP gene 5' untranslated region (5'UTR) is 
structurally very similar to sequences in the 5'UTRs of mRNAs coding for the 
light (L) and heavy (H) subunits of the iron storage protein, ferritin. Like, 
ferritin, the APP gene is regulated by up to 15-fold at die translational level in 
response to the primary inflammatory cytokine, interleukin-1 (IL-1) without 
changing the steady-state levels of APP-mRNA. This APP-mRNA 5'UTR 
translational enhancer maps from + 55 nt to + 144 nt from the 5' cap site and is 
homologous to related translational control elements in the 5'UTRs of the light 
(L) and heavy (H) ferritin genes. Second, upstream sequences (between positions 
+40 nt to +100 nt from 5' cap site of APP-mRNA) are homologous with the Iron 
Regulatory Element (IRE) in ferritin mRNAs, conferring iron responsive 
regulation to a CAT reporter gene in astrocytoma cells. Third, labeled transcripts 
for 5'UTR sequences in APP-mRNA interact specifically with a protein related to 
the Iron Regulatory Protein. Knowledge of how APP is integrated into iron 
metabolism will provide new therapeutic approaches for Alzheimer's disease. 
SUPPORTED BY THE NATIONAL INSTITUTE OF AGING (R03 115271).

696.10
SYNTHESIS AND DEGRADATION OF CYTOCHROME OXIDASE 
SUBUNIT MRNAS: DIFFERENTIAL BIGENOMIC REGULATION BY 
NEURONAL ACTIVITY. C. Zhang* and M.T.T, Wong-Riley. Dept. of Cell 
Biol., Neurobiol. and Ana., Med. Coll, of Wis., Milwaukee, WI 53226.

Cytochrome oxidase (CO) plays a key role in coupling the metabolic capacity 
of neurons with neuronal activity. Previous studies have shown changes in the 
level of its subunit mRNAs encoded by nuclear or mitochondrial genomes in 
response to changing neuronal activity. Our goals in the present study were to 
determine if changes were due to RNA synthesis rate or stability, or both. 
Using primary cortical neuronal cultures, the overall steady state levels of total 
RNA and mitochondrial RNA species were examihed by continuous 3H-uridine 
pulse-labeling under normal and depolarizing conditions. The steady state 
levels of CO subunit II (mitochondrial-encoded) and IV (nuclear-encoded) 
mRNAs were up-regulated in response to 5 hours of 20 mM KCI treatment. 
Using gene specific probes, the relative rate of synthesis of CO IV mRNA was 
found to increase after 3 hours of KCI treatment and returned to control levels 
afterwards. On the other hand, the synthesis of CO II mRNA was elevated 
significantly after KCI treatment, with a peak at 3 hours and remained higher 
than controls after 4 and 5 hours of treatment (p < 0.05). The degradation of 
CO II and IV mRNAs was followed by 3H-uridine pulse-chase labeling, which 
revealed a half-life of 84 min for CO II mRNA and 50 min for CO IV mRNA 
in cultured neurons. Under KCI treatment, the half-life of COIV was increased 
to 102 min. There was no statistically significant change in the half-life of CO 
II mRNA. These results indicate that mitochondrial subunits are regulated 
mainly at the transcriptional level, while the nuclear subunit mRNAs are 
regulated at both the synthetic and degradative levels. Both subunits, however, 
are tightly governed by neuronal activity. (Supported by NIH EY05439)
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696.11

MURINE NEOCORTICAL NEURONS REGULATE HSP72 
EXPRESSION AT A POST-TRANSCRIPTIONAL LEVEL B.J. 
Snider*, J. Choi, D.M. Turetsky and P.W. Choi. Center for the Study 
of Nervous System Injury and Dept. of Neurology, Washington Univ. 
School of Medicine, St. Louis, MO 63110.

Exposure of murine neocortical cell cultures to heat stress (42.5°C for 
1 hr) induces immunoreactive hsp70 protein in astrocytes, but not neu-
rons. However, a 2.7 kb mRNA corresponding to hsp70 was induced in 
both neuronal and astrocyte cultures by heat stress. Furthermore, ex-
pressing human hsp70 mRNA in mixed neuronal and astrocyte cultures 
via either a replication-deficient adenovirus vector, or plasmid trans-
fection induced robust astrocyte, but not neuronal, hsp70 expression. 
Control expression experiments utilizing the P-galactosidase gene 
resulted in both astrocyte and neuronal expression of p-galactosidase. 
Similar lack of expression of hsp72 protein after heat shock or adenovi-
rus infection was also observed in hippocampal and striatal cultures. 
Interestingly, expression of an mRNA construct consisting of the 
human hsp72 sequence followed by an internal ribosome entry site 
(IRES) and green fluorescent protein (HSP-IRES-GFP) resulted in both 
neurons and astrocytes expressing both hsp70 and GFP. These findings 
suggest the presence of additional mRNA sequences in the HSP-IRES- 
GFP construct can somehow support translation of hsp72 mRNA. 
Supported by NIH NINDS grants NS01827 (BJS) and NS30337

696.12

SEX-SPECIFIC EXPRESSION OF A SEX CHROMOSOMAL 
GENE IN THE BRAIN OF THE ZEBRA FINCH. R. J, Agate* and A.
P. Arnold.* Interdepartmental Program for Neuroscience and Dept. of 
Physiological Sciences and Neurobiology , UCLA Los Angeles, CA 90095-1527.

All sex differences in development stem originally from the sex chromosomes, 
which contain genes that are expressed in brain. Although many sex differences in 
neural development are induced by sex-specific secretions of gonadal steroids 
early in life, sex-specific expression of sex chromosome genes in the brain might 
also participate in the induction of sexual differentiation. In birds, females are 
heterogametic (sex chromosomes ZW) and males are homogametic (ZZ). We have 
studied the expression of two CHD genes (chromo-helicase-DNA binding protein) 
in the zebra finch, one of which is located on the W chromosome and the other on 
the Z. By screening zebra finch ovarian and telencephalic libraries with a fragment 
of CHD and then using PCR-based cloning strategies, we have sequenced the 
majority of CHD-W and CHD-Z, which have high homology to mammalian CHD- 
1 and chicken CHD-Z. The nucleotide sequences of zfCHD-W and zfCHD-Z are 
about 90 % homologous. In Northern blot analysis, a probe to a subregion of 
CHD-Z hybridizes with two bands from male and female telencephalic mRNA at 
about 7.5 kb and 1.0 kb. A probe to the same subregion of CHD-W recognizes the 
larger band in adult females only. This expression of CHD-W represents a 
sexually dimorphic phenotype. It will be interesting to determine if this expression 
plays a role in sexual differentiation of other brain phenotypes, and whether the 
expression of CHD-W is a sexual dimorphism that is regulated by early gonadal 
secretions or not. Supported by NIH grant DC00217.

696.13

DIFFERENTIAL EXPRESSION OF A NOVEL TRANSCRIPT OF 
GLYCERALDEHYDE-3-PHOSPHATE DEHYDROGENASE IN MALE AND 
FEMALE RAT BRAIN. J. Zheng.* R. Kink & V. D. Ramirez. Dept. Mol. & 
Integrative Physiol. & Neurosci. Program, Univ. of Illinois, Urbana, IL 61801

Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) is a key glycolytic enzyme 
that also participates in other cellular processes such as apoptosis, DNA repair and 
neurodegeneration. Only one somatic isoform and one testis-specific isoform of 
GAPDH have been reported. Recently, we have isolated two GAPDH cDNA variants 
(1.2 kb and 2.0 kb) from a rat brain cDNA library by a rapid PCR-based method. 
Here, we report the sequence of the 2.0 kb GAPDH cDNA and its differential 
expression in male and female rat brain. This novel clone is 2039 bp long, encoding 
a functional full-length GAPDH of 333 amino acids. It is unique in that it contains 
an extra 807 bp in the 5’-untranslated region (5’-UTR) which does not show any 
significant homology to sequences in the GenBank. The rest of this sequence (1232 
bp) has only one base in the open reading frame different from the 1.2 kb rat brain 
cDNA, which results in a replacement of a serine with an alanine at position 30 of 
the protein sequence. RT-PCR using specific primers designed from the 807-bp non-
coding region and the GAPDH coding region revealed that this novel GAPDH 
transcript was expressed in the hippocampus, hypothalamus and olfactory bulb of the 
adult male rat. Castration for three weeks significantly down-regulated the mRNA in 
both the hippocampus and hypothalamus, but not in the olfactory bulb. Female rats 
in proestrus showed similar expression as normal adult male rats, while in females in 
estrus the mRNA was significantly down-regulated in the olfactory bulb only. 
Ovariectomy for three weeks reduced the mRNA expression in all three tissues as 
compared with rats in proestrus. These results indicate that this novel 2.0 kb 
GAPDH transcript is present in the rat brain and is differentially regulated by sex 
steroid hormones. This GAPDH mRNA with an extended 5’-UTR could potentially 
arise by alternative initiation or splicing, as reported for several novel transcripts of 
GAPDH in adult chicken testis, and may be involved in the regulation of mRNA 
stability, translation or localization. Supported by NIH to VDR

BLOOD BRAIN BARRIER I

697.1

CELL DEATH IN THE MICRO VASCULATURE OF MONKEY
PREFRONTAL CORTEX INDUCED BY CHRONIC HYPERTENSION
E. Bartolak-Suki, M, B. Moss*, Department of Anatomy and Neurobiology, Boston 
University School of Medicine, Boston MA 02118.

In the central nervous system, vascular endothelial cells play an important 
role in maintaining the composition of the neural microenvironment by their 
blood-brain barrier (BBB) characteristics. In the brain, the proliferation of endothelial 
cells in the vasculature and perhaps vascular remodeling is negligible under normal 
conditions. Recently, endothelial cell death and proliferation have been shown after 
local ischemia in rat barrel cortex (Wei et al., Soc. Neurosci. Abstr. 852.8, 1998). In 
the present study, we investigated whether degeneration of the cerebral 
microvasculature occurs in the brain of monkeys with surgically induced hypertension 
of 39 month duration. Sections from the frontal lobe of normotensive monkeys 
(systolic blood pressure<140mmHg) and hypertensive monkeys (systolic blood 
pressure>150mmHg) were processed for fragmented DNA labeling with TUNEL 
method to detect cell death. We found that TUNEL positive staining in vascular cells 
was detectable in only the hypertensive monkey brain and was proportional to blood 
pressure. The staining was localized to the cell nuclei along the lumen of the capillary 
endothelium and in the vascular smooth muscle cells. Additionally, TUNEL positive 
staining was present in cells forming a circular configuration within microinfarcts and 
was also noticeable in the capillaries located in the middle of these microinfarcts. 
Scattered neuronal cell death was found in both monkey groups (1-5 labeled 
cells/whole section area). These findings suggest that chronic high blood pressure in 
the brain can result in vascular degeneration which may affect brain perfusion and 
BBB function. The vascular degeneration may also account for the white matter 
changes and cognitive impairment in hypertensive monkeys.
Supported by PO1 NS31649.

697.2

SERUM CONCENTRATIONS OF S100B PROTEIN ARE INCREASED IN 
PATIENTS WITH AFFECTIVE PSYCHIATRIC DISORDERS. M.L, 
Schroeter*1,2, S. Friihauf1, R. Hohne1, C.J, Fuhrhans1, I.E. Blasig2 and A.
Diefenbacher1. ’Konipn-Elisabeth-Hospital, Abteilung Psychiatrie, Herzbergstr.
79, 10362 Berlin; ‘Forschungsinstitut fur Molekulare Pharmakologie, A.- 
Kowalke-Str. 4, 10315 Berlin; Germany.

S100 is a dimeric Ca^-binding protein, which may consist of different 
monomers. The monomer S100B is expressed in the central nervous system 
especially in astrocytes. Thus, elevation of SI0013 level in serum could be a 
useful marker indicating damage to astrocytes and the blood-brain barrier. 
SIOOB levels were examined in 23 patients with acute psychiatric disorders with 
a monoclonal two-site immunoluminometric assay (LIA-mat® Sangtec®100) 
detecting S1000 specifically (detection limit 0.099 pg/L). Data are mean+SD. 
S10013 levels were not elevated in patients with paranoid or hebeprenic 
schizophrenia (ICD10 F20.0 or F20.1; 0.099+0.0003 pg/L). However, S10013 
levels were increased significantly in patients with (schizo-) affective disorders 
in comparison to schizophrenic patients (One-way ANOVA; p=0.007). In 
patients with depressive episode (ICD10 F32.2 or F32.3), SIOOB levels were 
elevated to 0.208+0.110 pg/L (p=0.004 in comparison to schizophrenic 
patients). Additionally, elevation of S100B levels significantly correlated with 
the severity of depressive symptoms as rated by Hamilton Depression Scale.
0.127+0.038 pg/L S100B were detected in patients with a manic episode of a 
bipolar affective disorder (ICD10 F31.1 or F31.2; p=0.022 in comparison to 
schizophrenic patients). In patients with schizomanic episode of schizoaffective 
disorder (ICD10 F25.0), SIOOB levels were elevated to 0.205+0.086 pg/L 
(p=0.001 in comparison to schizophrenic patients). In conclusion, increase of 
S100B levels indicates damages of astrocytes and the blood-brain barrier in 
affective psychiatric disorders.
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697.3
Alterations of Human Brain Endothelial cell (EC) Junction Protein in Multiple 
Sclerosis (MS). P A. Kuruganti1,2*, J.R. Hinojoza1,2, U. Ehmann2, R.A. 
Sobel1,2 ’Dept. of Pathology, Stanford University School of Medicine, 
Stanford, CA 940305; 2VA Palo Alto Health Care System, Palo Alto, CA 
94304.

Impaired blood-brain barrier (BBB) function correlates with clinical 
disease activity in MS patients. ECs act as barriers that limit entry of 
cells and large molecules into central nervous system (CNS) tissues. 
We hypothesize that alterations in expression and distribution of 
microvascular EC molecules that function in intercellular adhesion 
occur throughout the CNS white matter of MS patients. We analyze 
alterations in the EC junction protein zonula occludens-1 (ZO-1) using 
immunohistochemistry on MS and control CNS tissue. Effects of the 
inflammatory mediators, tumor necrosis factor (TNF-a) and hydrogen 
peroxide (H202), that may induce BBB molecular alterations are 
studied in vitro using human brain ECs (HB2C2) from Z. Fabry (Univ. 
of Wisconsin, Madison). Results indicate that EC ZO-1 staining in 
inflammatory MS lesions differs from that in control tissue. H2O2 and 
TNF-a induce EC shrinkage and a shift in the normal well-defined 
intercellular border staining to a more diffuse cytoplasmic and stronger 
nuclear staining. Ongoing analyses include studying reversibility of 
observed effects, intracellular and tight junction localization of ZO-1 
by immunoelectron microscopy, and functional correlations of changes 
in ZO-1 expression and localization.
Supported by NMSS Postdoctoral Fellowship FG 1296-A-l and NS-26773.

697.4

WITHDRAWN

697.5

ULTRASTRUCTURAL STUDY OF THE INTERACTION AND LOCALIZA-
TION OF ADVANCED GLYCATION END PRODUCTS (AGEs) IN MOUSE 
BRAIN VASCULATURE. A.W. Vorbrodt* and D.H. Dobrogowska. NYS Institute 
for Basic Research in Developmental Disabilities, Staten Island, NY, 10314.

Evidence has accumulated indicating that non-enzymatic glycation of albumin or 
other proteins occurs in living organisms during aging and at an accelerated rate in 
diabetes. It is also assumed that AGEs can accumulate in blood plasma and in vessel 
walls, leading to perturbation of the barrier function of brain vascular endothelium. 
In this study, electron microscopy was used to obtain new information related to the 
notions presented above. The following two experimental approaches were 
performed: 1) The interaction of AGE-modified bovine serum albumin-gold complex 
(AGE-BSA-G) with brain microvascular endothelium at 3, 15 and 30 min after 
intracarotid injection, and 2) immunogold localization of AGEs in brain vasculature 
of adult, aged and scrapie-infected mice. In both approaches, morphometry was 
applied and the gold-labeling density was evaluated quantitatively. The results of 
these observations revealed high binding of AGE-BSA-G to vascular endothelium, 
especially at the earliest times (3 min), compared with unmodified BSA-G, which, 
presumably due to the competition of blood plasma albumin, was almost not 
adsorbed. The binding of AGE-BSA-G together with the scanty transendothelial 
passage suggests the presence of receptors for AGEs (RAGE), which presumably are 
not sufficient for rendering the blood-brain barrier fully permeable for these 
complexes. The increased immunodetection of AGEs in microvascular wall 
components, in some perivascular structures and in red blood cells of aged and 
scrapie-infected mice suggests that in living organisms circulating AGEs can 
penetrate the vascular wall and accumulate in the perivascular area. Probably this 
process is rather slow and time-consuming. Also, the enlarged size of AGE-BSA 
after complexing with gold can impede the rates and pathways of its transport. 
Supported by funds from NYS/OMRDD.

697.6

FORMATION AND EFFECT OF ENDOTHELIN IN CELLS OF THE 
BLOOD-BRAIN BARRIER. I E. Blasig.1* D I. Utepbergenov? B, Eilemann,1 
M.L. Schroeter,1 H.D, Orczechowski,2 J. Furkert,1 J. Eichhorst,1 A, Oksche1 and
W. Rosenthal1, ’inst. Mol. Pharmacol., A.-Kowalke-Str. 4, 10315 Berlin; 2Free
University, 12200 Berlin; Germany.

Blood-brain barrier (BBB) function is thought to be regulated via various 
factors, including Ca2+ and cAMP. The content of both can be altered upon 
hypoxia, possibly under the influence of endothelin (ET), a mediator of hypoxic 
tissue injury. However, the exact mechanism both of ET liberation and ET 
action on the BBB function in hypoxia are unclear. Therefore, brain capillary 
endothelial cells (BCEC), forming the BBB, and astrocytes, inducing BBB 
properties in BCEC, were investigated. During 2 h hypoxia followed by 0.5 h 
reoxygenation, BCEC released ET-1, accompanied by a transient cytosolic 
accumulation of Ca2+ and a transient depression of ATP. Consequently, the 
paraendothelial permeability was enhanced, indicating opening of the BBB. 
Analysis of the effects of ET on BCEC showed: membrane binding of ET 
(displacement of l25I-ET-l by ET-l>ET-3), increase of intracellular inositol-3- 
phosphate (by ET-1 and ET-3, 100 nM) but no significant change in 
intracellular cAMP (ET-1/3, 100 nM). Vasopressin, which may regulate local 
blood flow and which may interfere with the ET-system, also stimulated the 
formation of inositol-3-phosphate in BCEC. The results suggest that ET, when 
released during hypoxia/reoxygenation, may disturb signal transduction of Ca2+ 
in BCEC and thereby contribute to hypoxic breakdown of the BBB.

697.7

HYPOXIA / AGLYCEMIA ALTERATIONS IN 
CYTOSKELETAL AND TIGHT JUNCTIONAL PROTEINS AT 
THE BLOOD-BRAIN BARRIER (BBB). T.J. Abbruscato* and
T.P. Davis Department of Pharmacology, University of Arizona 
College of Medicine, Tucson, AZ 85724. Tight junctional and 
cytoskeletal components of the BBB are necessary to maintain a semi- 
permeable barrier that supports normal brain homeostasis. Stresses 
such as hypoxia / aglycemia, which develop after cerebrovascular 
stroke, can impact the normal functioning of the brain endothelium 
contributing to vasogenic brain edema. Previous studies have shown 
that 6 hours of hypoxia / aglycemia alter the cellular distribution of f- 
actin (Abbruscato and Davis, 1999 JPET). Additional investigations 
demonstrate that vinculin, a protein that anchors F-actin to the cell 
membrane, decreases in a time-dependent manner after hypoxia I 
aglycemia. Paradoxically, C6 astrocytic co-culture exacerbated this 
decrease after the hypoxia / aglycemia. Additional work shows that 
protein expression of a calcium dependent cell-cell adhesion molecule, 
E-cadherin, is decreased in a time-dependent manner after hypoxia / 
aglycemia. This occurs when endothelial cells are cultured alone or 
withC6 astrogliomas grown on a separate culture surface. These data 
provide evidence that hypoxia I aglycemia leads to significant 
alterations in cytoskeletal barrier proteins important for maintenance 
of the BBB. (This work was supported by NINDS NRSA #10580 and 
ADCRC #1-341)

697.8

DEVELOPMENTAL REGULATION OF THE SYSTEM Y+ BASIC AMINO 
ACID TRANSPORTER AT THE RAT BLOOD-BRAIN BARRIER I. Stoll*, T. 
Nageshima, W.M. Williams, S.T. Vannucci and O.R. Smith Dept. of 
Pharmaceutical Sci., Texas Tech School of Pharmacy, Amarillo, TX 79106, 
Laboratory of Neurosciences, National Institute on Aging, Bethesda, MD 
20892, PSU College of Medicine, Hershey, PA 17033

The brain requires sufficient quantities of the cationic amino acids, lysine 
and arginine, for the synthesis of peptides and proteins. In addition, arginine 
is the direct precursor of nitric oxide, an important regulator of cerebral blood 
flow and neuronal function. Cationic amino acids are transported into the 
brain by System y+ amino acid transporters, which are encoded by three 
separate genes. We previously demonstrated that the CAT-1 gene is enriched 
in isolated cerebral capillaries relative to whole brain. It is expected that the 
dramatic growth of brain during the postnatal period would require greater 
amounts of lysine and arginine than adult brain and thus the activity of the 
System y+ transporter should be elevated. System y+ activity was measured in 
vivo by the in situ perfusion technique in rafs 1 week of age and compared to 
the activity of adult rats. We also monitored expression of the CAT-1 gene in 
mRNA from isolated capillaries obtained from similarly aged animals by 
RNAse protection assay. In vivo lysine transport showed elevated activity in 1 
week versus adult animals and showed properties consistent with System y+ 
activity. Vmax was increased 4-fold; the affinity (Km) of the transporter for 
lysine was unchanged. CAT-1 mRNA was elevated 3-fold in 1-2 week animals 
relative to adult animals. CAT-2 mRNA, assayed in the same samples, was 
present at only modest levels (< 10% of CAT-1) and was unchanged with 
development These results confirm the prediction of elevated System y+ 
activity during development. Further, the elevation of CAT-1 mRNA implies 
that the increased activity is due to increased CAT-1 gene expression. The 
elevated expression is not due to development activation of CAT-2. (This work 
supported by NIA and Texas Tech Univ HSC.)
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697.9

CLONING AND TISSUE DISTRIBUTION OF THE BOVINE BLOOD- 
BRAIN BARRIER LARGE NEUTRAL AMINO ACID 
TRANSPORTER. R.J. Boado*, J.Y. Li and W.M. Pardridge. 
Department of Medicine and Brain Research Institute, UCLA School of 
Medicine, Los Angeles, CA 90095.

Large neutral amino acids (aa) are transported to the brain via a 
facilitated transporter located at the blood-brain barrier (BBB). Because 
the BBB large aa transporter (LAT) has not yet been isolated, the aims of 
this investigation were to clone the BBB-LAT and to study the tissue 
distribution of this transcript. A bovine BBB-Xgtl 1 cDNA library was 
screened with a 32P-labeled 0.3 kb probe obtained by PCR amplification 
of the rat C6 glioma LAT1 cDNA. A ~2 kb bovine BBB-LAT clone was 
isolated and entirely sequenced. This clone encodes for the carboxyl 
terminal 257 aa of bovine BBB-LAT, which is 82% similar to rat LAT1. 
There is an 8-aa deletion and a 12-aa insertion in bovine BBB-LAT 
compared to the rat LAT1. The 3'-untranslated region (3'-UTR) of the 
bovine BBB-LAT is unrelated to that of rat LAT1 with the exception of a 
32-nt segment located near the stop codon, which is 87% similar to the rat 
LAT1. Northern blot analyses were performed with the 32P-labeled BBB- 
LAT and 2 pg polyA+ RNA. A single ~4.0 kb transcript corresponding 
to the BBB-LAT was highly abundant in BBB-RNA, and this signal was 
evident following a short exposure of the autoradiogram (2 h at 22°C). 
The detection of this mRNA in other tissues required an exposure time of 
7 days (at -70°C), and its abundance was: C6»>brain=spleen=testis. 
The BBB-LAT mRNA was not detected in liver, kidney, heart or lung. 
Data suggest that a BBB-LAT clone was isolated. This clone is related 
but not identical to the rat LAT1. The tissue distribution of BBB-LAT 
mRNA indicates that this transcript is principally expressed at the BBB.

697.10

SODIUM-DEPENDENT GLUTAMATE TRANSPORTERS (EAAT1, EAAT2, 
AND EAAT3) OF THE BLOOD-BRAIN BARRIER: A MECHANISM FOR 
GLUTAMATE REMOVAL. R.L. O'Kane’. I. Martinez-Ldpez2. M.R. 
DeJoseph1, J.R. Vita . R.A. Hawkins'*. 'Dept. ol Physiology and 
Biophysics, Finch Univ. of Health Sciencs/Chicago Medical School, North 
Chicago, IL 60064; 2Dept. de Bioquimica & Biologla Molecular, Univ. of 
Valencia, Valencia, 46010 Spain.

Na+-dependent transporters for glutamate exist on neurons and glia, and 
presumably assist in keeping the glutamate concentration in the 
extracellular fluid of brain in the low pM range. Recently, Na+-dependent 
transport was described on the abluminal membrane of the blood-brain 
barrier, and three transporters were identified in whole brain (EAAT1, 
EAAT2, and EAAT3). To determine the identity of the transporters on the 
blood-brain barrier, total mRNA was isolated from bovine cerebral 
capillaries. cDNA produced by RT-PCR amplification demonstrated the 
presence of message for EAAT1, 2, and 3. Messages for astrocytic and 
neuronal markers (glutamine synthetase and microtubule-associate 
protein, respectively) were not found, indicating a pure capillary 
preparation. Western blot analysis demonstrated all three transporters 
were expressed on the abluminal membrane, but none on the luminal 
membrane of the blood-brain barrier. The apparent Km was 14 pM at a 
membrane potential of -61 mV. Inhibition of glutamate transport using 
inhibitors specific for EAAT2 (kainic acid and dihydrokainic acid) and 
EAAT3 (cysteine) demonstrated all three transporters were active. The 
relative activity of the three transporters is 1:3:6 for EAAT1, EAAT2, and 
EAAT3, respectively. Therefore, three Na+-dependent glutamate 
transporters, found on the abluminal membrane of the blood-brain barrier, 
are in a position to pump glutamate out of brain extracellular fluid. 
Supported by NS 31017 and FIS 98/1461 (Spain).

697.11

AGE-ASSOCIATED DIFFERENCES IN GLUCOSE TRANSPORTER (GLUT-1) 
IMMUNOLOCALIZATION IN BLOOD VESSELS SUPPLYING VARIOUS 
REGIONS OF MOUSE BRAIN. D.H, Dobroeowska* and A.W. Vorbrodt. NYS 
Institute for Basic Research in Develop. Disabilities, Staten Island, NY, 10314.

The application of quantitative immunogold cytochemistry revealed asymmetric 
distribution of GLUT-1 in microvascular endothelia representing the anatomical 
site of the blood-brain barrier (BBB) of normal adult mouse. The asymmetry was 
manifested by approximately three-fold higher immunolabeling density of the 
abluminal than luminal plasma membrane of the endothelial cell (EC). The 
microvessels of adult Balb/c (6-month-old) mice supplying the cerebral cortex, 
hippocampus, and cerebellum showed similar density of immunosignals, whereas 
microvessels of the olfactory bulb were stained significantly less. In the cerebral 
cortex of physiologically aged Balb/c (28-month-old) mice several microvascular 
profiles showed thickening of the basement membrane (BM) and greater 
diminution of the labeling of the abluminal than the luminal plasmalemma of EC. 
As a result the ratio of the labeling density of luminal to abluminal plamalemma 
changed from 1:3 to 1:2.2. In 13-month-old senescence-accelerated prone mice 
(SAMP8), the blood microvessels of the cerebral cortex revealed insignificantly 
lowered immunostaining. Immunoreactivity for GLUT-1 in blood microvessels of 
the hippocampus of aging animals showed a tendency toward diminution according 
to the following gradation: adult > aged > SAMP8. Labeling of the vascular profiles 
of the cerebellum of aged mice was slightly lower than in adult animals, whereas it 
was significantly lower in SAMP8 mice. The intensity of labeling of the endothelial 
lining of blood microvessels supplying the olfactory bulb in all groups of mice was 
lower than in other brain regions, showing slight diminution in the following 
sequence: adult > aged > SAMP8 mice. These observations suggest that the 
process of aging affect unequally the distribution of BBB-associated GLUT-1 in 
various brain regions.
Supported by funds from NYS/OMRDD.

697.12

INFLUX OF IORN FROM SYSTEMIC CIRCULATION TO 
CEREBROSPINAL FLUID FOLLOWING CHRONIC EXPOSURE 
TO MANGANESE IN RATS. W. Zheng*. Div. of Environ. Health Sci. 
and Dept. of Pharmacology, Columbia Univ., New York, NY 10032.

Recent studies suggest that manganese (Mn)-induced neuro- 
degenerative toxicity may be partly due to its action on aconitase, which 
participates in cellular iron (Fe) regulation and mitochondrial energy 
production. This study was performed to investigate whether chronic 
Mn exposure in rats influenced the homeostasis of Fe in blood and 
cerebrospinal fluid (CSF). Groups of 8-10 rats received intraperitoneal 
injections of MnCl2 at the dose of 6 mg Mn/kg/day or equal volume of 
saline for 30 days. Concentrations of Mn and Fe in plasma and CSF 
were determined by atomic absorption spectrophotometry. Rats exposed 
to Mn showed a greatly elevated Mn concentrations in both plasma and 
CSF. The magnitude of increase in CSF Mn (11 fold) was equivalent to 
that of plasma (10 fold). Chronic Mn exposure resulted in a significant 
decrease in plasma Fe (-32%, p<0.01) and no changes in plasma total 
iron binding capacity (TIBC). However, it increased CSF Fe by 3 fold 
as compared to the controls (p<0.01). The ratio of CSF to plasma Fe 
(FeCSF/piasma) was increased from 0.16 in the control to 0.72 in the treated 
rats. When the cultured choroidal epithelial cells derived from rat 
choroid plexus were incubated with MnCl2 (100 juM) for 15 hrs, the 
expression of transferrin receptor (TfR) mRNA appeared to exceed by 
50% that of control (p<0.002). The results indicate that chronic Mn 
exposure alters Fe homeostasis possibly by expediting unidirectional 
influx of Fe from the systemic circulation to the cerebral compartment. 
The action appears likely to be mediated by Mn-facilitated Fe transport at 
brain barrier systems. (Supported by NIEHS RO1-ES08146)

BLOOD BRAIN BARRIER II

698.1

ORIGIN OF NON-SPECIFIC TMA+ LOSS IN VIVO REVEALED BY CONTENT 
AND DIFFUSION ANALYSIS IN VITRO. S. Hrabetovd* and C, Nicholson. Dept. 
Physiology & Neuroscience, NYU Medical School, New York, NY 10016.

The loss of the substances diffusing in the extracellular space can be measured as a 
non-specific uptake, k\ using the diffusion of tetramethylammonium (TMA+, 74.1 
A/r). In rat neocortex in vivo a typical value is U = 0.006 s’* (Lehmenkiihler et al., 
1993, Neurosci. 55, 339-351). Non-specific uptake (Nicholson, 1992 Can. J. Physiol. 
Pharmacol. 70, S314-S322) may represent entry of TMA+ into cells or loss across the 
blood-brain barrier (BBB). These two hypotheses were tested using brain slices to a) 
measure intracellular accumulation of TMA+ and b) to study k’ under controlled 
perfusion.

To test hypothesis a), intracellular TMA+, [TMA4],, was measured in rat neocortical 
slices (400 pm) by incubating them in artificial CSF (ACSF) containing 0.5 mM 
TMA+ for 0.5, 1, 2, 4, and 6 hrs. Then 6-8 slices were homogenized and [TMAT 
determined. Slices accumulated only a small amount of TMA+. This occurred slowly 
over the first two hours reaching 1.15 ± 0.08 mM (mean ± SEM, n = 5) and then 
stayed constant. To test hypothesis b), TMA* was applied as a short (50 s) 
iontophoretic pulse and measured with a nearby ion-selective microelectrode in 
neocortical slices. Slices were held in an interface chamber with flowing ACSF at the 
lower slice surface and humidified gas at the upper. With an ACSF flow rate of 1.7 
mL min'1, k’ was negligible in the center of the slice (depth 200 pm). On increasing 
the flow to 2.4 mL min'1, k’ rose to 0.0016 ± 0.0003 s'1 (n = 4). In addition, when 
measurements were made just above the lower surface (perfused at 1.7 mL min'1), k’ 
was 0.0062 s'1, similar to the value obtained in vivo. These results show that the 
uptake term, k\ is a function of proximity to the perfused interface and rate of flow.

We conclude that non-specific loss, represented by k\ is not caused by accum-
ulation of TMA* in cells. Rather, when k’ is significant it arises from the removal of 
TMA+ by local tissue perfusion. In vivo this may represent loss across the BBB. 
Supported by NIH Grants NS 28642 and NS 34115.

698.2

14C-AIT-082 CROSSES THE BLOOD-BRAIN BARRIER AND IS 
PUMPED OUT OF BRAIN BY A PROBENECID- AND 
VERAPAMIL-SENSITIVE MECHANISM E.M. Taylor1’ *, R. Yan1, 
M. P. Rathbone2, * 1 NeoTherapeutics, Irvine, CA 92618, USA;2 
McMaster University, Ontario, Canada

AIT-082 (Neotrofin™) enhances memory in mice and is currently in Phase 2 
clinical trial for Alzheimers disease. We previously showed that 14C-AIT-082 crosses 
the blood-brain barrier (BBB) in young adult, male Swiss-Webster mice via a non-
specific mechanism with a Ki of 4.7 ± 0.9 pL/g/min1. Here, we have shown that 14C- 
AIT-082 crosses the BBB in both young and old (12+ month) adult C57BL/6 mice 
with a K; of 3.9 ± 0.5 pL/g/min and 3.1 ± 0.6 pL/g/min, respectively. As in Swiss- 
Webster mice, the transport of I4C-AIT-082 across the BBB was not inhibited by 100- 
fold or 600-fold excess unlabeled AIT-082 indicating that ATT-082 diffuses across the 
BBB and that the rate of diffusion is unchanged in old animals. In Swiss Webster mice 
we demonstrated, using capillary depletion, that I4C-AIT-082 is transported into the 
brain parenchyma. Influx studies suggested that AIT-082 may be transported from 
brain to blood by a specific efflux mechanism. To investigate this possibility we 
administered 14C-AIT-082 intracerebroventricularly and measured radioactivity 
remaining in brain and various times after injection. 14C-AIT-082 was cleared from 
brain with a t1/2of 19.7 ± 1.1 min. This is considerably faster than could be explained 
by bulk flow of CSF and suggests the involvement of a specific mechanism.*Efflux of 
14C-AIT-082 is inhibited by 600-fold excess unlabeled AIT-082 further indicating a 
specific mechanism. Furthermore, both probenecid and verapamil inhibit the efflux of 
l4C-AIT-082 from brain. These data suggest that AIT-082 is pumped out of brain by 
the multi-drug resistance transporters, MRP and MDR1, respectively.
'Soc. Neurosci. Abstr. (1998) 1941: 770.3
This work was supported by NeoTherapeutics, Inc.
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698.3

GROWTH FACTOR RECEPTOR EXPRESSION IN THE 
CHOROID PLEXUS AND ARACHNOID VILLI IN 
ALZHEIMER’S DISEASE. E. Stopa.1 T. Berzin? V. Kuo-Leblanc? J. 

*
Szmydynger-Chodobska2, A. Chodobski2 andC. Johanson2. Depts. of 'Pathology 
and "Clinical Neurosciences, Brown U. and R. I. Hospital, Providence, RI 02903.

The concentration of growth factors in cerebrospinal fluid is altered in 
Alzheimer’s (AD) patients. Because the choroid plexus (CP) is involved in growth 
factor secretion as well as CSF dynamics, it is important to understand how growth 
factors in CSF interact with the brain parenchyma as well as with cells in direct 
contact with the flowing CSF, i.e. CP and arachnoid villi. It has been found that 
FGF-2 in entorhinal cortex of AD brains is elevated; on the other hand, FGF-2 in 
CSF is decreased, possibly due to neuronal sequestration from the CSF. With a 
lower level of FGF-2 in CSF in AD, we therefore expected to find an upregulation 
of FGF receptors in the CSF flow pathway. In autopsy specimens from AD 
patients with clinical and pathologic evidence of moderate to advanced dementia, we 
found that FGF receptor staining (polyclonal antibody, diluted 1:500) was enhanced, 
compared to controls, in both the lateral ventricle CP and in the arachnoid villi. 
There was also greater staining of amyloid and vimentin in AD arachnoid villi. Our 
findings thus indicate that tissues associated with the blood-CSF barrier (CP and 
arachnoid membrane) are altered in severe dementia. With implications for brain 
function, future studies need to assess how altered levels of FGF-2 in AD CSF 
affect rates of fluid formation and absorption, as well as possibly leading to changes 
in ventricle size. Supported by Agl0682 (E.S.) and NIH NS 27601 (C.J.), and by 
Lifespan funds from R.I. Hospital.

698.4
THE HUMAN ORGANIC ANION TRANSPORTING PROTEIN (OATP) 
TRANSPORT DELTORPHIN ACROSS THE BLOOD BRAIN BARRIER 
(BBB) B.Gao*, B.Stieger, B.Hagenbuch and P.J.Meier, Division of 
Clinical Pharmacology and Toxicology, Dept. of Medicine, University 
Hospital Zurich, CH-8091 Zurich, Switzerland.

Opioid peptide deltorphin II and its related analogues have been 
shown to cross BBB through transport system(s) both in vivo and in vitro. 
The molecular identitie(s) of the involved transport system(s) remains 
unknown. We report here that OATP, a member of the Oatp gene family 
mediating uptake of a variety of amphipathic organic compounds, is 
expressed in brain capillaries and mediates deltorphin II uptake when 
expressed in Xenopus laevis oocytes. In the present study, localization of 
OATP was visualized immunohistochemically with a specific antibody 
against OATP on human front cortex sections. Immunoreactivity for OATP 
was detected only in brain capillaries, but not in neurons and astrocytes. 
Oocytes injected with OATP cRNA exhibited saturable sodium-independent 
uptake of 3H deltorphin II (Km ~ 330 pM). This deltorphin II uptake was 
m-inhibited by the high affinity OATP substrate, estrone-3-sulfate, by other 
opioid peptides such as deltorphin I, leu-enkephalin, and DAMGO, and also 
by the opiate antagonist naloxone and naltrindole. In addition, oocytes 
injected with Oatpl, another member of the oatp gene family and being 
previously localized to choroid plexus epithelial cells, also showed sodium- 
independent uptake of 3H deltorphin II. Our results indicate that members 
of the oatp gene family play an important role in the active exchange of 
opioid peptides between the blood, brain and cerebrospinal fluid 
compartments. Supported by the Swiss National Science Foundation (grant 
31-045536.95).

698.5

EFFECT OF POLY(OXYETHYLENE)-POLY(OXYPROPYLENE) BLOCK 
COPOLYMER ON OPIOID TRANSPORT IN THE IN VITRO BLOOD 
BRAIN BARRIER
K A. Witt, R.D, Egieton, T.P.Davis*. Department of Pharmacology, University of 
Arizona, College of Medicine, Tucson, AZ 85724

The presence of the blood-brain barrier (BBB) limits the transport of 
chemotherapeutics and neuropharmaceuticals into the brain. Various methodologies 
have been investigated to improve CNS bioavailability (i.e. inhibition of P- 
glycoprotein), with varying degrees of success. The aim of this investigation is to 
characterize the uptake of opioids, opioid metabolites, and associated analogs 
incorporated within concentrations of a micellular vector. Self-assembling 
supramacromolecular complexes are formulated using polymeric surfactant block 
coploymer (polyethylene oxide)-block-poly(propylene oxide)-block-poly(ethylene 
oxide); P85). This unique drug delivery system has previously been shown to 
enhance the transport of rhodamine 123 (a P-gp substrate), providing evidence that 
P85 inhibits the efflux mechanism of P-gp (Batrakova, et al. Pharm. Res. Vol. 15, 
No. 10, 1998).

Confluent BBMEC monolayers (10-12 days growth / >2000cm2) were grown on 
Costar transwell filters (0.4pM pore size) precoated with collagen and fibronectin in 
astrocyte conditioned media. On the day of study, cells were washed with assay 
buffer, opioids were solubilized in pluronic micelles at concentrations above and 
below the critical micellular concentration (67gM). Receiver (time 0) and donor 
samples (time 5,20,40,60,90,120 min) were taken and analyzed via HPLC. Data 
indicates no significant increase in DPDPE (met-enkephalin analog) brain 
bioavailability, however the P-gp substrate morphme-6-glucuromde showed a 60% 
increase in accumulation (permeability coefficient 8.4330.8 x 10'4 cm/min to 
12.49±1.08 x 10"4 cm/min). These data indicate the value of using block-copolymer 
strategies for the delivery of therapeutic levels of analgesic substrates.

This work was supported by NIH grants #DA-06284 and DA-11271.

698.6

PSYCHOACTIVE DRUGS PERMEABILITY ACROSS THE BLOOD-BRAIN 
BARRIER: AN “IN VITRO” MODEL. C. Martini1*, F. Salvetti1. K.A. Stanness2.
D. Janigro2 and A. Lucacchini1. ’Dipartimento di Psichiatria, Neurobiologia, 
Farmacologia e Biotecnologie, University degli Studi di Pisa, 56126 Pisa, Italy. 
"Department of Neurological Surgery, University of Washington, Seattle, WA 98104.

Brain microvascular endothelial cells that constitute the blood-brain barrier (BBB) 
are responsible for the transport of metabolites, precursors and nutrients from the 
blood to the brain in order to maintain the homeostasis of the brain 
microenvironment. Rational CNS drug discovery has relied on numerous in vitro 
models of the BBB to predict drug accessibility or exclusion. A new generation of 
BBB models based on dynamic culturing of endothelial cells in the presence of flow 
and glia (DIV-BBB; Brain Res, 1997, 771 329-342) has been recently developed to 
closely mimic permeation across in situ BBB.

Although, serotonin specific reuptake inhibitors (SSRI) are used effectively in the 
clinical treatment of depression little is known about the movement of the SSRI 
across the BBB. The aim of our study was to clarify the transport of psychoactive 
drugs, such as [3H]imipramine and [3H]paroxetine, across an in vitro, dynamic 
model of the BBB based on co-culturing of endothelial cells and glia. Cells grown 
under these conditions develop BBB permeability properties, including >1,000 Ohm cm2 
electrical resistance, Psua-ose ~10’6 cm/sec, stereoselective transporters, and a 
probenecid-sensitive transporter. The transport rates of paroxetine and imipramine 
across the BBB, express as permeability coefficient P (cm/sec) was determined by 
perfusing an intraluminal solution containing [14C]sucrose and [3H]paroxetine or 
[3HJimipramine, and by measuring extravasation in the extraluminal space. Preliminary 
results indicated a different pattern of permeability between the two tested drugs as 
showed by the two permeability values (Pmupramme 1.05xl0’4; Pp^-nne 1.99X10’6). 
Studies (serum-free conditions, efflux assays and displacement experiments) are in 
progress to clarify this different behavior of the two antidepressive drugs.

698.7

AGE-RELATED REDUCTION IN RAT CHOROID PLEXUS CHLORIDE EFFLUX 
AND CSF SECRETION RATE. J.E. Preston*Institute of Gerontology, King’s 
College London, Franklin-Wilkins Building, Stamford St., London SE1 8WA, UK.

The maintenance of normal cerebrospinal fluid (CSF) intracranial pressure and 
volume is critical for optimal brain function and relies on a balance between CSF 
secretion and drainage. With increasing age there is evidence that CSF production is 
impaired, and turnover of proteins, drugs and toxins in CSF is reduced. Driving forces 
for CSF secretion are primary and secondary active ion pumps at the choroid plexus 
(CP), and this study investigated the ion transporting capabilities of young and aged 
rat CPs to determine whether this could be a site for age-related change. Chloride 
(36C1) efflux from isolated CPs was measured in adult (3-4 month old) and aged (22- 
26 month old) Fischer 334 rats as described (Preston JE, Dyas M, Johnson CE, 1993, 
Brain Research 624, 181-7). After 20 minute pre-incubation in artificial CSF with 36C1 
(0.5pCi /ml) CPs were placed in an efflux bath and samples taken every 20 sec for 
liquid scintillation p-counting to calculate the efflux rate. The efflux rate constant, k 
(s’1) was significantly lower in the older rats (20.1±1.3 xlO'3 s’1, n=8) compared to 
young rats (25.1±0.9 xlO’3 s’1, n=13) (p<0.005 unpaired t-test). Inhibitors of 
secondary active transporters DIDS (C1/HCO3 band 3), furosemide (Na/Cl) and 
bumetanide (Na/K/2C1) individually reduced the rate of 36C1 efflux in young plexuses, 
but not in old tissues. In a separate group of rats, CSF secretion rate was estimated in 
vivo by dilution of dextran (70K) placed in cerebral ventricles during ventriculo- 
cistemal perfusion, and a significant age-related reduction in secretion rate was seen. 
These data show that chloride efflux is reduced by 20% in old rats which may impact 
on normal CSF production, and that the down-regulation may involve the level of the 
secondary active tranporters for chloride. The consequence in vivo could be slow 
turnover of CSF and build up of solutes in the fluid which could have a profound 
effect on ageing brain function since there is free communication between CSF and 
brain interstitial fluid. -— Supported by the University of London CRF.

698.8

CHOROID PLEXUS MEDIATES UPTAKE OF LEPTIN INTO CSF.
M.B. Segal1*, S.A. Thomas1, M.R. Wilson2, J.E. Preston2 and K. Farrell3.
’Division of Physiology, GKT School of Biomedical Science, St. Thomas Campus, 
London SE1 7EH, "Institute of Gerontology, King’s College London, Cornwall 
House, London SE1 8WA and 3Amgen Inc., Thousand Oaks, CA.

Human obesity could be caused by the failure of leptin to reach its target within 
the brain. Substances can enter the brain via the blood-brain barrier (BBB) or the 
blood-cerebrospinal fluid (CSF) barrier (choroid plexuses). For leptin, the passage 
across the BBB has been examined (Banks et al, 1996, Peptides 17, 305-311; 
Golden et al, 1997, J. Clin. Invest. 99, 14-18), however, the involvement of the 
choroid plexuses has not been specifically addressed. This study investigated 
leptin transport at the blood-CSF barrier in the absence of the BBB by means of the 
isolated Ringer perfused sheep choroid plexus preparation (Preston & Segal, 1990, 
Brain Res. 525, 275-279). The extraction of [125I]leptin at the blood-face of the 
choroid plexus (at a Ringer concentration of 7.5 pmol.I1) was 21.1 ±5.7% (n=7; 
mean±SEM). This was greater than the extraction of the extracellular marker, 
[14C]inulin (7.2±2.7%), giving a net cellular uptake for [,25I]leptin of 14.0±3.7%. 
[,25I]leptin could be detected in newly formed CSF after 30-40 mins of vascular 
perfusion. All samples were treated with trichloroacetic acid and leptin was 
>95% and 88% precipitable in the Ringer and CSF samples respectively, 
indicating transport of predominantly intact protein across the blood-CSF barrier. 
Further studies showed that the choroid plexus extraction of [125I]leptin was 
saturable at physiological levels (0.5 nmol.l1). This study indicates that intact 
leptin can cross the blood-CSF barrier via a saturable transport mechanism and 
suggests that the choroid plexus could play a role in the regulation of leptin within 
the central nervous system.
This work was supported by Amgen, Inc.
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698.9
CALCIUM MOBILIZATION IN ISOLATED RABBIT AND SHEEP CHOROID 
PLEXUS. N.A. Kassem, A. M. Butt* & M.B. Segal. Division of Physiology, 
Guy’s, King’s & St.Thomas School of Biomedical Science, King’s College 
London, St.Thomas Hospital Campus, London SE1 7EH, UK.

The choroid plexus (CP) secretes large volumes of cerebrospinal fluid (CSF) into 
the brain ventricles. The physiology of the CP epithelium is not fully understood 
and we hypothesize that intracellular calcium ([Ca2+]i) may be important in the 
control of CSF secretion. In the present study, we have investigated changes in 
[Ca2+]i in response to altered cell volume caused by osmotic and chemical 
manipulation in the mammalian CP. Rabbits and sheep were deeply anaesthetized 
(rabbit -urethane 1.5g.kg sheep- thiopentone sodium 20mg.kg'). After 
decapitation, lateral CPs were removed from the brain and incubated at 37°C in 
artificial CSF (aCSF, 300 mOsm, norm-osmotic). Changes in [Ca2+]i were 
measured by using tlie ratiometric technique following loading with Fura-2 AM.
In both rabbit and sheep CP, raising [K+]o to 67 mM (67K; replacing NaCl with 
KC1 in die CSF) mediated an increase in [Ca2+]i which was blocked by Ca2+ 
removal (0 Ca2+ plus 10 inM EGTA), indicating calcium influx via voltage-gated 
Ca2+ channels. This 67K response was used as our control and all results were 
expressed as a % of this response. The results were qualitatively similar in sheep 
and rabbit CP, and were as follows. (1) Hypoosmotic shock (100-250 mOsm, CSF 
diluted with distilled H2O) caused an increase in [Ca2+]i ranging from 12-99%, 
depending on the level of osmotic shock. (2) Hyperosmotic (400 mOsm, addition 
of 100 mM sucrose to CSF) caused a 90% decrease in [Ca2+]i. (3) Exposure to 
0 Ca2+ resulted in a decrease in [Ca2+]i, ranging from 60-180%, and attenuated the 
hypo-osmotic mediated increase in [Ca2+]i. These results demonstrate that osmotic 
shock causes changes in [Ca2+]i in mammalian CP in situ, possibly mediated via 
stretch-activated Ca2+-channels. Presently, we are investigating the mechanisms of 
[Ca2+]> mobilization. Work funded by Altajir World of Islam Trust.

698.10
USE OF A DYNAMIC, IN VITRO BLOOD BRAIN BARRIER MODEL TO 
STUDY DRUG PASSAGE ACROSS THE BRAIN ENDOTHELIAL 
MONOLAYER. S.B, Munro.2 K.A. Stanness,' D, Janigro,1 J.S, Charleston,2 and 
S.G, Gilbert2*. 'Dept. of Neurological Surgery, University of Washington School 
of Medicine, Seattle, WA 98104; 2SNBL USA Ltd., Redmond, WA 98052.

Promising therapeutics aimed at the CNS often fail in clinical trials, since 
many drugs are excluded by the blood-brain barrier (BBB). Approaches to 
overcoming this predicament require the development of strategies aimed at opening 
the BBB, or the design of compounds suitable for targeted CNS delivery. We 
present an in vitro model of the BBB that can be used to investigate drug passage 
across the brain endothelial monolayer. The model consists of a three-dimensional, 
co-culture system, using several artificial capillaries supported inside a sealed 
chamber. Endothelial cells are seeded intraluminally, while glial cells are seeded in 
the extraluminal space. The ability of glial cells to induce a barrier in the 
endothelial monolayer is monitored by measuring the passage of 14C-sucrose from 
the intraluminal space into the extraluminal space. Permeate and impermeate 
compounds were applied to the in vitro BBB system intraluminally. Aliquots of 
media were taken from the extraluminal space (ELS) and the intraluminal space 
(ILS) at specific time intervals and assayed for presence of each compound. The 
permeability value for each compound was obtained by integrating the area under 
the ELS and ILS data points and normalizing for the ILS surface and ILS/ELS 
volume ratios. The data presented demonstrate the usefulness of the model in 1) 
assessing the ability of compounds to cross the in vitro blood-brain barrier and, 2) 
determining if compounds induce active exclusion by the barrier. The work 
presented was supported by SNBL USA, Ltd.

698.11

THE EXPRESSION AND FUNCTIONAL PROPERTIES OF MULTIDRUG 
RESISTANCE TRANSPORTERS IN CEREBRAL ENDOTHELIAL CELLS AND 
ASTROCYTES W. Zhang1., A. Muruganandam', H. Roberts1, E. Hamel2* and D. 
Stanimirovic'. 'institute for Biological Sciences, NRC, Ottawa, Canada K1A 0R6; 
2Montreal Neurological Institute, Montreal, QC H3A 2B4

Astrocyte end-feet envelop brain capillaries in vivo, and astrocytes have been 
shown to induce the blood-brain barrier (BBB) phenotype in cultured cerebral 
endothelial cells (CEC). Various carrier systems expressed on CEC regulate the 
passage of selected drugs and macromolecules across the BBB. In this study we 
characterized the expression and functional properties of a family of ATP dependent 
efflux transport proteins in human CEC and human and rat astrocytes in culture. 
Human CEC were found to express mdr-1, mrp-1, and rnrp-5 mRNAs, whereas both 
fetal human astrocytes (FHAS) and neo-natal rat astrocytes were shown to express 
mdr-1 and inrp-l mRNAs using a semi-quantitative RT-PCR. Both P-glycoprotein 
(P-gp) and multidrug resistance-associated protein (MRP) were also detected in all 
three cell types by immunocytochemistry using monoclonal antibodies C219 and 
MRPm6, respectively. Assessment of P-gp and MRP functional activity was done by 
measuring cellular accumulation of the chemotherapeutic drug, doxorubincin (DOX), 
and the fluorescent probe, fluorescein (FLU) in the presence and absence of various 
inhibitors. Cyclosporin A (CSA; 50 pM), verapamil (10 pM), and indomethacin (100 
pM) increased FLU accumulation in human CEC by 80%, 55%, and 59%, 
respectively. CSA and verapamil also increased DOX uptake by 50-70% in both 
human and rat astrocytes. However, pre-incubation of astrocytes with indomethacin 
(100-300 pM; 1 h) reduced DOX uptake by 50%. This study demonstrates for the 
first time that, in addition to CEC, both P-gp and MRP are expressed and functionally 
active in human and rat astrocytes. Therefore, P-gp and MRP transporters expressed 
by both CEC and perivascular astrocytes likely effect the overall BBB drug efflux 
activity, a major protective function of the BBB.
Funded by the National Research Council of Canada

698.12
NICOTINE AND COTININE INCREASE IN VITRO BLOOD-BRAIN 
BARRIER PERMEABILITY. C.L. Gentry*, T.A. Abbruscato, T.P. Davis. 
University of Arizona, College of Medicine, Tucson, AZ 85724.

The blood-brain barrier (BBB) plays a vital role in maintaining brain homeostasis.
Changes in BBB permeability could disrupt its ability to restrict toxic substances 
from gaining access to the CNS. It is generally agreed that cigarette smoking 
increases risk of stroke and vascular disease. Wang et cd. implicated nicotine in 
cerebrovasculature- toxicity by associating nicotine effects with depletion of the 
cerebrovascular pool of tissue plasminogen activator antigen in rats (JCBFM 
17.T36-146, 1997). We have used an in vitro model to evaluate effects of nicotine 
and its major metabolite, cotinine, on functional BBB permeability.
The in vitro model for the BBB consisted of bovine brain microvessel endothelial 

cells (BBMEC) grown on 10 pm polycarbonate mesh filters precoated with rat tail 
collagen and fibronectin. Filters demonstrating a confluent endothelial cell 
monolayer were treated with culture media containing 0.22 pM nicotine and 5.68 
pM cotinine, for 0, 12, or 24 hours before placement in a Side-Bi-Side diffusion 
chamber. Concentrations were equivalent to blood levels for smokers of 
approximately 2 packs of cigarettes per day (Russell et al. Br Med J. 280:972-6, 
1980). 1 pCi of a radiolabeled membrane impermeant marker, [HC]-sucrose, was 
added to the donor chamber. Samples were removed from the basolateral chamber 
at 15 to 120 minutes and scintillation counted to determine the quantity of [14C]- 
sucrose penetrating the endothelial cell monolayer at each time point. Permeability 
coefficients were calculated for BBMEC control group and those subjected to 12 
and 24 hours nicotine/cotinine exposure. Results of a Newman-Keuls statistical 
analysis indicate a statistically significant (p < .05) increase in [14C]-sucrose 
permeability at both 12 and 24 hours exposure to nicotine/cotinine relative to the 
control group. These data suggest that the BBB may be less restrictive following 
nicotine and cotinine exposure. (Supported by Ford Foundation, ADCRC grant # 1- 
341andNSF32 10580.)

698.13

GLYCOSYLATION IMPROVES THE BLOOD-BRAIN BARRIER (BBB) 
PENETRATION OF A LINEAR OPIOID PEPTIDE ANALOG. Egleton, R.D.*, 
Mitchell, S.A., Gillespie, T J. and Davis, T.P. Departments of Pharmacology and 
Chemistry, University of Arizona, College of Medicine, Tucson, AZ 85724.
Neuropeptide pharmaceuticals have an enormous potential in the treatment of 

neurological disorders. The presence of the BBB prevents the brain entry of 
most peptides, thus limiting their clinical use. A number of methodologies are 
currently being studied in our laboratory to improve brain penetration of 
peptide drugs. One method involves glycosylation. A number of opioids have 
been shown to have improved analgesia after glycosylation (Polt et aL, 1994. 
Proc. NatL Acad Sci. 91: 7114-7118; Tomatis et aL, 1997. J. Med Chem. 40: 
2948-2952), linked to improved brain entry (Egleton et aL, Society For 
Neuroscience 1998,108.7).

In this study we have investigated the effect of O-linked P-gJycoside addition to 
the Ser6 on the brain entry of the linear opioid peptide Tyr-D-Thr-Gly-Phe-Leu- 
Ser-NHj. Brain entry was investigated by in situ perfusion. Adult female rats 
were anesthetized, carotid arteries cannulated and the animal was perfused with 
oxygenated mammalian Ringers at 70-90 mmHg. The jugular veins were 
sectioned and [Ius] peptides were infused into the perfusion medium. At 20 
minutes the rat was decapitated, brain and perfusate samples were taken for 
radioactive counting.
The addition of a P-gtycoside to the Ser6 of Tyr-D-Thr-Gly-Phe-Leu-Ser-NH2 

led to a 2-fold increase in brain entry of the peptide (P<0.01 by Students T- test). 
In contrast, the octanol I saline distribution coefficient (lipophilicity) of the 
peptide was decreased by a factor of 10, indicating that the observed increase in 
brain uptake was not due to an increase in diffusion. Preliminary data indicates 
a saturable entry mechanism. This study shows that glycosylation is an effective 
strategy for improving the delivery of peptide neuropharmaceuticals to the 
brain. This work was supported by NIH grants #DA-06284 and DA-11271.
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699.1
Selectin expression in acute inflammatory disease in the CNS. D.C. Anthony^T. 

Newman, A.C. Iss ekutz, V.H. Perry. CNS Inflammation Group, School of Biological 

Sciences, University of Southampton, SO 16 7P, UK and Department of Pediatrics, 
Dalhousie University, Halifax, Nova Scotia, Canada B3J 3G9.

In adult rats 500ng rrIL-lp injected into the brain parenchyma produces an 

intense meningitis and disruption of the blood-CSF barrier by 4 hours. However, no 

increase in vascular permeability to HRP or leukocyte recruitment is observed at the 

site of injection. By contrast, in juvenile rats, lng of rrIL-ip injected into the striatum 

gives rise to recruitment of neutrophils and extensive neutrophil-dependent increases 

in BBB permeability by 4 hours. It has been suggested that the absence of appropriate 

adhesion molecules on brain ECs may account for the refractory nature of adult brain 

to proinflammogens. To investigate this suggestion, we examined the expression of E- 

selectin, P-selectin, and ICAM-1 by IHC on sections of rrIL-1 P-injected juvenile or 

adult brain from Wistar rats killed at various times after the injection of rrIL-ip. 

rrIL-ip induced increases in the expression of ICAM-1, which is constitutively 

expressed, in the ipsilateral hemisphere of both adult and juvenile animals. E-selectin 

and P-selectin were not detectable in non-injected and sham operated animals. 

However, E-selectin and P-selectin were both rapidly induced, to a similar extent, in 
the injected hemisphere of both the adult and the juvenile animals. Furthermore, E- 

selectin and P-selectin were expressed in vessels in juvenile animals that did not 
appear to be involved in neutrophil recruitment. We have previously shown that only a 

subset of vessels, in the juvenile animals, are involved in neutrophil recruitment and 

display increased vessel permeability. Thus, the refractory nature of brain parenchyma 

cannot be attributed to an absence of E- or P-selectin expression. However, as the 

selectins are induced, they may represent a potential target for therapeutic intervention.

699.2
CHARACTERIZATION OF p-CHEMOKINE BINDING SITES ON HUMAN 
BRAIN MICROVESSELS AND ASTROCYTES. JS Pachtei* and AV
Andjelkovic. Department of Pharmacology, University of Connecticut Health Center, 
263 Farmington Ave., Farmington CT 06030.

A seminal question in understanding central nervous system (CNS) 
inflammation is how chemokines cross the blood-brain barrier (BBB) to attract 
leukocytes into the CNS parenchyma? Most recently (J. Cell Biol., 145:403-412, 
1999) this laboratory has utilized a novel fluorescence method, combined with 
confocal microscopy and 3-D image reconstruction distribution, to view the binding 
of biotinylated derivatives of the P chemokines monocyte chemoattractant protein-1 
(MCP-1) and macrophage inflammatory protein-1 alpha (MIP-la) to human brain 
microvessels. As such sites might be crucial in communicating chemokine signals, 
using the same technical approach, we have extended these observations by 
employing competitive binding assays with other P chemokines to characterize the 
nature of these sites. Our results demonstrate that binding of biot.-MCP-l and biot.- 
MlP-la could be effectively inhibited by their unlabeled homologues, but not by the 
respective unlabeled heterologous chemokine. Moreover, binding of biot.-MCP-l 
could be antagonized by unlabeled MCP-3, suggesting that binding is to the 
chemokine receptor 2 (CCR2). Biot.-MIP-la binding could be similarly 
antagonized by unlabeled RANTES, MCP-3 and MIP-lp, suggesting that the 
binding sites for MIP-la along brain human brain microvessels include both CCR1 
and CCR5. Similar kinetic analyses were also performed on cultured human 
astrocytes with similar results. These findings highlight the novel prospect that 
MCP-1 and MIP-la might exert their inflammatory actions at the BBB by 
interacting with cerebral microvascular endothelial cells as well as with astrocytes, 
both of which cell types also express these same chemokines. They further prompt 
consideration that chemokines may also be involved in the migration of 
microvascular endothelial cells toward astrocytes, or vice versa, during the 
establishment of the BBB. Supported by NIH 1RO1-MH54718-01A and NMS 
RG2633-A-1/3.

699.3

COMPARISON OF THE BLOOD-BRAIN BARRIER PERMEABILITY OF 
ALBUMIN, INSULIN, AND ALZHEIMER’S HUMAN AP 1-40 IN THE 
NORMAL ADULT MOUSE AND RAT. Geoffry L. Curran*, Shelly Whelan, 
Thomas M. Wengenack, Joseph F. Poduslo. Molecular Neurobiology Laboratory, 
Depts. Neurol. & Biochem./Molec. Biol., Mayo Clinic, Rochester, MN 55905

The availability of transgenic mice carrying both mutant APP and PSI transgenes 
and having an accelerated Alzheimer’s phenotype will allow a direct test of whether 
BBB alterations correlate with decreased plasma AP levels, increased brain AP levels, 
and subsequent increased amyloid burden. We have adapted the i.v. bolus injection 
method originally developed for the rat to the mouse for determining the permeability 
coefficient-surface area product (PS) at the BBB for different proteins after correction 
for the residual plasma volume (Vp) occupied by the same protein labeled with a 
different isotope of radioactive iodine (1251 vs. 13’l) in blood vessels of different brain 
regions. The femoral vein and artery of the mouse are catheterized as contrasted with 
the brachial vein and artery of the rat. Blood (20gl) is sampled from the femoral artery 
of the mouse and directly TCA precipitated to generate the whole blood washout curve 
for the intact protein. Previously, we have shown that albumin is transported at the 
BBB by a mechanism of passive diffusion while insulin is transported by a receptor- 
mediated mechanism. The PS of albumin at the BBB in the cortex was 16-fold higher 
in the mouse compared to the rat (2.41 ± 0.24 x IO-6 vs. 0.15 ± 0.02 x IO"6 ml/g/sec), 
whereas the PS of insulin at the BBB in the cortex was 2-fold higher in the mouse 
compared to the rat (31.8 ± 2.8 x IO-6 vs. 15.8 ± 2.4 x 10-6 ml/g/sec). These 
observations suggest a distinct species difference in the permeability of proteins at the 
BBB. Interestingly, the PS of human Af3 1-40, which we have recently shown to be 
transported at the BBB by a receptor-mediated mechanism in the rat, has a PS that is 5- 
fold higher in the cortex of the mouse compared to the rat (52.3 ± 3.4 x 10-6 vs. 10.9 ±
0.6 x IO-6 ml/g/sec). These data provide baseline information for allowing a direct 
comparison of potential BBB alterations in Alzheimer’s transgenic mice. (Mayo)

699.4
SATURABLE UPTAKE OF THE ANTI-HIV DRUG, 2’,3’-DIDEOXYCYTIDINE 
(DDC), AT THE BLOOD-BRAIN AND BLOOD-CEREBROSPINAL FLUID 
(CSF) BARRIERS. S.G. El-Sayeh*, S.A. Thomas and M.B. Segal. Division of 
Physiology, Guy’s, King’s & St. Thomas School of Biomedical Science, King’s 
College London, St. Thomas Hospital Campus, London SE1 7EH, UK.

The human immunodeficiency virus-1 (HIV-1) can infect, inhabit and replicate in 
the brain, and in 15% of patients causes cognitive deficits. Therefore, the ability of 
anti-HIV drugs, such as 2’,3’-dideoxycytidine (ddC, Zalcitabine), to reach this viral 
reservoir is of clinical importance. Although ddC has been shown to be present in 
human CSF (Yarchoan et al., 1988: Lancet 8577: 76), the ability of this drug to 
cross the blood-brain barrier (BBB) in vivo is not known. This issue was addressed 
by means of the bilateral in situ brain perfusion technique in anaesthetised guinea- 
pigs in parallel with capillary depletion analysis (Thomas & Segal, 1998: Br. J. 
Pharmacol. 125: 49). The cerebrum uptake of [3H]ddC (1.9nM) was measured in 
the absence or presence of lOOpM unlabelled ddC (Table 1).
Table 1: Amount of radioactivity (Uptake) in the choroid plexus, whole brain, 
brain tissue or capillary endothelial cells expressed as a % of that in the artificial 
plasma (20 min perfusion, Student’s t-test, statistical significance taken as P<0.05).

13H1 ddC |3H1 + unlabelled ddC
Tissue Uptake % n Uptake % n P - value

Choroid plexus 17.05 + 4.56 3 6.01+0.59 4 0.01
Whole Brain 2.90 ±0.31 7 1.69 + 0.29 4 0.03
Brain Tissue 3.03+0.27 7 1.83+0.27 4 0.02
Endothelial Cells 1.06 + 0.23 7 0.42 ± 0.08 4 0.08
Overall, these data, and the low lipophilicity of ddC (octanol-saline partition 

coefficient 0.007+0.001), suggest the presence of low capacity, transport carrier(s) 
for ddC at the BBB and the blood-CSF barrier formed by the choroid plexus.
Study funded by Guy’s, King’s & St. Thomas School of Biomedical Sciences.

699.5

CNS ENTRY OF A NEW ANTI-HIV NON-NUCLEOSIDE REVERSE 
TRANSCRIPTASE INHIBITOR, GW420867X. S.A. Thomas*1, W. Prince2, A. 
Bye2 and M.B. Segal1. 'Division of Physiology, Guy’s, King’s & St. Thomas School 
of Biomedical Science, King’s College London, St. Thomas Campus, London SE1 
7EH, UK and 2Glaxo-Wellcome, Greenford, UK.

The treatment and possible eradication of HIV infection requires that anti-HIV 
drugs reach the brain at therapeutic concentrations (Cohen, 1998). Clinical studies 
examine drug concentrations in human CSF. However, the differing characteristics 
of the blood-CSF barrier compared to the blood-brain barrier (BBB) and the sink 
action nature of the CSF to the brain, means that the presence of a drug in the CSF 
does not necessarily reflect brain drug concentrations (Thomas & Segal, 1998). The 
bilateral in situ brain perfusion technique in anaesthetised guinea-pigs quantifies the 
uptake of drugs into the brain and CSF simultaneously (Thomas & Segal, 1998) and 
was used in this study to examine the movement of GW420867X, a derivative in the 
quinoxaline class of non-nucleoside reverse transcriptase inhibitors. The brain 
uptake of [14C]GW420867X (LOpM) was greater than that of the vascular marker, 
[3H]mannitol (11.4nM), at the 6 time points (up to 30 min, n=3, Wilcoxon Signed 
Rank Test; P<0.001), and was greater than that determined for the anti-HIV 
nucleoside drugs, D4T, AZT and abacavir (Thomas & Segal, 1997; 1998; 1999). 
Brain uptake of [14C]GW420867X was also greater (steady state flux: 38.4±7.7 
pmol.min'.g'1) than uptake into CSF (1.20±0.15 pmol.min'.g'1; P<0.001). These 
data suggest that [14C]GW420867X crosses the BBB and enters the brain, confirm 
that drug concentrations in the CSF do not represent brain drug concentrations and 
support the use of GW420867X in clinical studies of HIV-1 infected patients.
Cohen 1998. Science 279: 1854-1855; Thomas & Segal 1997. J. Pharm. Exp. Ther. 
281: 1211-1218; Thomas & Segal 1998. Br. J. Pharmacol. 125: 49-54; Thomas et 
al., 1999. J. Physiol. 515P, 7P.
This work was supported by Glaxo-Wellcome.

699.6

HUMAN BRAIN CAPILLARY ENDOTHELIUM: SIGNAL TRANSDUCTION 
PATHWAY IN ET-1-INDUCED Ca2+ MOBILIZATION IS MODULATED BY NITRIC 
OXIDE. Y. Chen1, R.M. McCarron3, T. Hoffman3, N. Azzam1, F.A. Lenz2 and M. 
Spatz1*. 1Stroke Branch, NINDS, NIH, Bethesda, MD; 2Johns Hopkins University 
Hospital, Baltimore, MD; 3RMD, Naval Medical Research Center, Bethesda, MD.

Recent observations demonstrating NO modulation of endothelin-1 (ET-1) 
induced Ca2+ mobilization and F-actin filament reorganization in cerebral 
microvascular endothelial cells (EC) suggest their involvement in microvascular 
function. This study examines the existence of a similar functional relationship in 
EC derived from isolated capillaries of human brain. To assess Ca2+ accumulation, 
confluent capillary EC cultures were incubated with 2.5 fiM fluo-3/AM (a fluorescent 
Ca2+ indicator) for 90 min at 37° C. Cells were pretreated with buffer or NO-donor 
(Nor-1) for 1 min followed by addition of 20 nM ET-1,5 pM Mas7,10 jxM inositol 
trisphosphate (IP3), or 10 fiM thapsigargin (Thap). Staining with Texas Red-x 
phalloidin was used to assess changes in F-actin. Nor-1 dose-dependently 
inhibited (30-70%) ET-1-stimulated Ca2+ accumulation. Pretreatment with 8-bromo- 
cGMP mimicked this effect. ODQ, an inhibitor of guanylyl cyclase, prevented the 
inhibitory effect of Nor-1. Pretreatment with Rp-8-pCPT-cGMPS, an inhibitor of 
protein kinase G, also reversed the effect of Nor-1. Finally, both Nor-1 and cGMP 
also inhibited intracellular Ca2+ accumulation stimulated by Mas7 (activator of GTP- 
binding protein), IP3, or Thap (inhibitor of Ca2+-ATPase). Also, both NO and ET-1 
induced changes in cytoskeletal arrangements of F-actin. These findings 
demonstrate an interaction between NO and ET-1 pathways leading to rapid 
changes in intracellular Ca2+ and cytoskeleton in capillary endothelium. These 
changes may play a role in the regulation of capillary tone, microcirculation, and 
blood-brain barrier function.
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699.7
NITRIC OXIDE DONORS PROMOTE PEROXYNITRITE-MEDIATED 
CEREBROVASCULAR ENDOTHELIAL INJURY FOLLOWING IN VITRO 
ISCHEMIA A.R. Shah, T.P. Misko1, J.M. Rieger, A.M. Lewis, J.L. Dowling*, T.S. 
Park, J.M. Gidday. Dept. of Neurosurgery, Washington University School of 
Medicine, St. Louis, MO 63110 and fMonsanto/Searle R&D, St. Louis, MO 63167

The powerful oxidant peroxynitrite (ONOO), formed by the interaction of super-
oxide radical and nitric oxide (NO), may play an important role in the pathophysiology 
of ischemic brain injury. We showed previously that cerebrovascular endothelial cells 
produce lethal concentrations of superoxide (Beetsch et al., Brain Res. 786: 89,1998); 
since these cells also produce NO, they may be particularly vulnerable to ONOO - 
mediated injury under conditions of ischemia/reperfusion. This hypothesis was tested 
in pure confluent cultures of mouse brain endothelial cells (MBECs). MBECs lose 
their ability to produce NO by the 2nd passage, as assessed by media nitrate and nitrite 
measurements and NADPH diaphorase staining following Ca++-ionophore treatment; 
thus, we used exogenous S-nitroso-N-acetyl-penicillamine (SNAP) to donate NO. 
MBEC cultures (passes 5-12) were deprived of oxygen, glucose, and serum for 3-6 h 
at 37°C in a customized anaerobic chamber. “Reperfusion” was instituted by return of 
oxygen, glucose, and 1% serum for 2 h, followed by spectrophotometric measures of 
media LDH to quantify cell death. MBECs were not injured by this in vitro ischemia 
paradigm in the absence of SNAP; however, exposing the cells to SNAP during in 
vitro ischemia caused a robust dose- and duration-dependent increase in MBEC 
killing which occurred primarily during reperfusion. The involvement of ONOO' in 
MBEC death was tested using the novel ONOO' decomposition catalyst FeTPPS 
(Misko et al., J. Biol. Chem. 273: 15646, 1998). Cell killing by in vitro ischemia plus 
SNAP (lOOpM) was attenuated 20-70% (p<0.05) by 2.5-25 pM FeTPPS (n=4). These 
results indicate that ischemic MBEC are vulnerable to ONOO'-mediated cytotoxicity, 
and suggest therapies directed at ONOO' may reduce cerebrovascular dysfunction and 
injury following stroke. (Supported by NIH NS 21045)

699.8

QUANTIFICATION, VIA LECTIN BINDING, OF SUBPOPULATIONS 
OF CHOROID PLEXUS EPITHELIUM TREATED WITH FIBROBLAST 
GROWTH FACTOR-2 OR ARGININE VASOPRESSIN. C. Johanson,1*
T. Hayamizu,1P. Chan,1 H-T. Nguyen,u and P. McMillan? Dept. of 
‘Clinical Neurosciences and 2Dept. of Pathology, R. I. Hospital and Brown 
University, Providence, RI 02903.

Using a battery of 23 lectins, we previously showed that lectin binding 
to glycoproteins of rat choroid plexus epithelial cells (CPE) correlated 
with gestational and early postnatal developmental stages (Mol. Biol. Cell. 
4: 371a). Using 25 lectins conjugated to peroxidase, fluorescent, and 
colloidal gold markers, we now show that in CPE from mature rats, nine 
lectins, which exhibit either no binding, or only apical plasma membrane 
binding, to 98 % of CPE, exhibit intense lectin binding to a subset(s), 
ranging from 0.5% to 2.0 % of all the epithelial cells. Treatment, in vitro, 
in artificial cerebrospinal fluid containing fibroblast growth factor-2 (1 
ng/ml) or arginine vasopressin (1 nM) resulted in 5-fold and 10-fold 
increases in subpopulation staining, respectively. In regard to the CPE, 
three distinct binding patterns have been observed: 1) plasma membrane 
and diffuse cytoplasmic, 2) plasma membrane and perinuclear, and 3) 
staining of all domains including intranuclear. Typically, a single pattern 
was elicited by a particular lectin. Confocal and ultrastructural analyses, 
as well as double labeling studies, have been used to determine whether 
lectins are staining distinct or overlapping subpopulations of CPE. 
Supported by NIH R01 NS 27601 and Lifespan research funds at R.I. 
Hospital.

699.9

LOCALIZATION OF BASIC FIBROBLAST GROWTH FACTOR AND 
ITS RECEPTOR IN THE ADULT PORCINE CHOROID PLEXUS.
A. Hakvoort,1 J. Szmydynger-Chodobska, ** P. McMillan/ E. Stopa,2
A. Chodobski1 and C. Johanson1. Depts. of ‘Clinical Neurosciences
and ’Pathology, Brown U. and R. I. Hospital, Providence, RI 02903. 

Growth factors secreted by choroid plexus (CP) into CSF likely exert
autocrine effects on CP epithelium (apical membrane) as well as endo-
crine effects (by volume transmission) on cells in the brain. To ascertain 
FGF-2’s role in the CP-CSF system of pigs, we sought to identify the 
presence of FGF-2 in CP, and the epithelial localization of receptors for 
this peptide. Choroid epithelial cells from adult pigs were seeded on 
permeable membranes and formed confluent monolayers by 8-12 days; 
transepithelial resistance was 260-290 Q-cm2. Immunostaining of FGF-2 
demonstrated a cytoplasmic presence of the peptide, indicating apparent 
availability for secretion by CP; this agrees with previous findings by us 
for human and rat CP that FGF-2 immunostaining is most prominent in 
cytoplasm adjacent to the apical membrane (which stained for the alpha 
subunit of Na,K-ATPase). Levels of FGF-2 in nascent CSF are being 
analyzed by ELISA. By immunostaining, we were also able to demon-
strate the FGF-2 receptor at both the apical and basolateral membranes 
of pig CP epithelium. These FGF-2 receptors are present in a subpopula-
tion of epithelial cells, i.e., about 5-10% of the total. Our findings lend 
support to the working hypothesis that choroidally-derived FGF-2 
modulates the growth, maintenance and repair of cells that border the 
ventricular system. Supported by NIH NS R01 27601 (CJ.), NSIAG-91- 
03 (E.S), and by Lifespan research funds from R.I. Hospital.

699.10
THE BLOOD BRAIN BARRIER IN CENTRAL NERVOUS SYSTEM 
PATHOLOGY: ALTERATIONS IN THE PERIVASCULAR MACROPHAGE 
PRECEDE THE ONSET OF CLINICAL SYMPTOMS AND LEUKOCYTE 
INFILTRATION DURING EXPERIMENTAL ALLERGIC ENCEPHALO-
MYELITIS. M.M.J, Polfliet1, F. van de Veerdonk1, W.J.A.J. Smeets2*, C.D. 
Diikstra*, T.K. van den Berg1. ‘Dept. of Cell Biology and Immunology, Faculty of 
Medicine, Vrije Univ. Van der Boechorststraat 7, 1081 BT Amsterdam; 2Dept. of 
Anatomy, Vrije Univ. Amsterdam, the Netherlands.

Multiple sclerosis is a chronic disease of the central nervous system 
(CNS), accompanied by inflammation and demyelination. Damage to the 
blood brain barrier (BBB) allows leukocyte infiltration into the CNS and 
therefore plays a critical role during CNS inflammation. However, the initial 
cause for BBB breakdown is not known. The perivascular macrophage 
(PVM) constitutes a major population of resident macrophages in the normal 
adult CNS. They can be distinguished from microglial cells on the basis of 
their selective localisation in the BBB and the expression of the rat mature 
macrophage marker ED2. To study a possible role for the PVM during CNS 
inflammation, we have analysed the PVM during experimental allergic 
encephalomyelitis (EAE) in the rat. Our results show that there is a 
remarkably increase in the expression of the ED2 antigen on PVM, 11 days 
post EAE induction. This early increase precedes the onset of clinical 
symptoms and infiltration of leukocytes into the CNS, and therefore provides 
the earliest marker of pathology during CNS inflammation. These 
observations support the idea that PVM plays a crucial role during early 
stages of inflammation in CNS.

699.11

TNFa -INDUCED ICAM-1 AND GELATINASE B EXPRESSIONS ARE ALTERED IN 
MnSOD DEFICIENT MOUSE ASTROCYTES. J-C. Copin^.Y. Gasche*. J. Massengale* and 
EH Chan1. 'Departments of Neurosurgery Neurotogy and Neurological Sciences, and Program 
in Neurosciences Stanford University School of Medicine, Palo Afto, CA94304.

TNFa induces ICAM-1 and gelatinase B (proMMP-9) expression in various cell 
types including astrocytes. This cytokine is also considered to exert its cytotoxicity 
on susceptible cells through oxygen free radicals. On the other hand, ROS are 
known to induce ICAM-1 and MMP-9 production. The aim of this study was to 
investigate the expression of ICAM-1 and gelatinase B in astrocytes derived from 
mice deficient in MnSOD. Astrocytes were isolated from wild type, MnSOD-/+ 
and MnSOD-/- knockout animals. As MnSOD-/- astrocytes grow poorly in 
normoxia, cells were grown in normoxia or hypoxia (5%) for 2 weeks and used for 
experiments at confluence after 3 weeks of culture (last week in normoxja). Cells 
were stimulated with 102 U/ml, 103 U/ml and 5T03 U/ml during 18h and 36h for 
ICAM-1 or proMMP-9 measurement, respectively. ICAM-1 was measured by flow 
cytometry and proMMP-9 by zymography followed by densitometric analysis. No 
cytotoxicity was observed following TNFa challenge in any cell type. ICAM-1 
was increased by TNFa in a dose dependent manner up to 400% of the basal 
expression on wild type astrocytes grown in hypoxia or normoxia. MnSOD-/- 
astrocytes showed a very weak response to TNFa reaching only 20-30% of 
increase. Consistenly, ICAM-1 expression in MnSOD-/+ astrocytes grown in 
normoxia or hypoxia was intermediate as compared to wild type or MnSOD-/- 
cells. Similar results were obtained for proMMP-9, which was very weakly induced 
by TNFa (5.103 U/ml) in MnSOD-/- astrocytes: mean OD: 0.44±0.1 in resting 
condition, mean OD: 2.08±0.2 after stimulation, but strongly increased in wild type 
astrocytes: mean OD: 2.5±0.7 versus 13O±3O . These results suggest that MnSOD 
plays a promoting role in TNFa-induced ICAM-1 and MMP-9 expressions in 
astrocytes (Supported by NIH grants NS14543, NS25372, NS34167 and 
NS38653).

699.12

ADRENOMEDULLIN RECEPTORS IN RAT CEREBRAL 
MICROVESSELS
H. Kobavashi*. S, Minami. R, Yamamoto. K, Masumoto. T, Yanaeita.
H..,YokoQ, S. Shirai?hi.and A^.Wada Dept. of Pharmacology, 
Miyazaki Medical College, Miyazaki, 889-1692, JAPAN

To know regulatory mechanism of cerebral microcirculation, the 
effects of adrenomedullin on cyclic AMP accumulation in the rat 
cerebral microvessels were investigated. The microvessels were 
prepared from rat cerebral cortex by albumin flotation and glass beads 
filtration technique, and were free of neural and glial elements. 
Adrenomedullin and calcitonin gene related peptide (CGRP) increased 
cyclic AMP level in the microvessels in dose-dependent manners. The 
effect of adrenomedullin was 100 times more potent than that of 
CGRP, and was inhibited by adrenomedullin[22-52], an 
adrenomedullin receptor antagonist, but not by CGRP[8-37], a CGRP 
receptor antagonist, suggesting that adrenomedullin increased pyclic 
AMP accumulation by acting receptors specific to adrenomedullin. 
RT-PCR experiment revealed that mRNA for calcitonin-receptor-like 
receptor which forms adrenomedullin receptor was highly expressed in 
the microvessels. These results suggest that adrenomedullin is 
involved in regulation of cerebral microcirculation.
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699.13
INDUCTION OF BLOOD-BRAIN BARRIER PROPERTIES IN IMMORTALIZED 
BOVINE BRAIN ENDOTHELIAL CELLS BY ASTROCYTIC FACTORS. & 
Yamamoto', K._SQbue2.K. Yoneda3. Yutaka Miura'*. Kivofumi Asai'.and Taiji Kato'
'Dept of Bioregulation Research and 2Dept of Anesthesiology and Resuscitology, 
Nagoya City University Medical School, Mizuho-Ku, Nagoya 467; 3Dept of 
Pharmaceutics, Faculty of Pharmaceutical Science, Nagoya City University, Mizuho- 
Ku, Nagoya 467, Japan
The blood-brain barrier (B-BB) protects the free passage of substances into the brain and 

maintains the homeostasis of the central nervous system. It is commonly accepted that 
astrocytes surrounding brain endothelial cells influence the B-BB formation and the 
exhibition of B-BB function of capillaries. To begin the in vitro study on B-BB, it is 
essential to obtain a homogenous and sufficient supply of brain endothelial cells as well as 
astrocytes. We thus immortalized bovine brain endothelial cell (BBEC) by transfection of 
the SV40 large T antigen and obtained a single clone, t-BBEC-117, which retained the 
brain endothelial cell phenotype. Astrocyte in coculture was found to tighten the 
intracellular contacts of the immortal cells resulting in a reduced L-glucose permeability,- 
and its conditioned medium (CM) augmented a B-BB phenotype, alkaline phosphatase 
(ALP) activity. Among known astrocytic factors, only fibroblast growth factor-basic 
(bFGF) could mimic the actions of astrocytes as measured by L-glucose permeability and 
ALP activity. Moreover, anti bFGF antibody canceled 90% of ALP activation by astrocyte 
CM. Basic FGF, however, failed to induce other B-BB phenotypes such as the expressions 
of multidrug resistance (mdr) and glucose transporter (GLUT-1) genes. These data 
suggest that bFGF is one of the most plausible astrocytic factors to induce the B-BB 
properties of immortal brain endothelial cells together with some unknown factors in the 
astrocyte CM.

699.14
DEXAMETHASONE INDUCES BBB-SPECIFIC GENES IN HUMAN 
AORTIC ENDOTHELIAL CELLS Gerald A, Grant1*, Peter Nelson2, H. Richard 
Winn1, Leroy Hood2, Kathe Stanness1, Carl Soderland, and Damir Janigro1. Depts.
of Neurosurgery1 and Molecular Biotechnology2, Univ. of Washington. Seattle, WA 
98 J 04

The mechanism and site of action of dexamethasone (DEX) in the brain remains 
unknown. It has been demonstrated that both astrocytes and glucocorticoids 
modulate BBB function. We proposed that DEX will induce the expression of BBB- 
specific genes in peripheral aortic endothelial cells. DEX (10 pM) was applied to 
human aortic endothelial cells (Cell Systems, Inc.) for 72 hours. RNA was 
extracted from the cells in culture a single-step acid phenol guanidium 
isothiocyanate procedure (TRIzol, Gibco/BRL). Northern hybridization of the RNA 
from the aortic cells was performed with GLUT-1 (human glucose transporter) and 
P-glycoprotein cDNA probes. GLUT-1 was markedly induced by DEX along with 
G3PDH(glyceraldehyde-3-phosphate dehydrogenase), a housekeeping gene, known 
to be induced by glucocorticoids. In contrast, there was no induced expression of P- 
glycoprotein. Human aortic cells are presently being loaded intraluminally into the 
hollow fibers of the dynamic in vitro BBB model (DIV-BBB) to assess the 
functional effect of DEX when exposed to pulsatile flow. We have furthermore 
constructed a cDNA library using human aortic cells to study the constellation of 
changes in gene expression induced by DEX using high-density cDNA array 
hybridization. In conclusion, dexamethasone has direct effects on gene expression 
in human aortic endothelial cells. The changes in gene expression following 
dexamethasone, in part, mimic those seen when endothelial cells are co-cultured 
with cerebral astrocytes. [NIH-NS 51614, AHA-WA]

699.15

MODULATION OF CYTOKINE-INDUCED ICAM-1 AND NOS-2 EXPRESSION 
BY cAMP IN RAT BRAIN ENDOTHELIAL CELLS. I.V, Balvasnikova. S, Dragon, 
E, Galea*. Dept. of Anesthesiology, Univ. of Illinois at Chicago, Chicago, IL 60612.

Brain endothelium is innervated by noradrenergic and VIP- ergic fibers, which can 
stimulate cAMP-dependent pathways. We postulate that these fibers could regulate 
inflammation in brain endothelium. To test this idea, we studied whether activation of 
cAMP-dependent pathways modulates the cytokine-induced expression of the 
intercellular adhesion molecule ICAM-1 and the inflammatory nitric oxide synthase 
(NOS2) in primary rat brain endothelial cell cultures (RBEC), and an immortalized 
cell line (GPS). NOS2 and ICAM-1 protein expression was assessed by nitrite release 
and ELISA, respectively. Both, NOS2 and ICAM-1 proteins were up-regulated by IL- 
lb and IFNy in a dose-dependent manner. DbcAMP (ImM) and FSK (0.1 mM) further 
increased NOS2 expression up to 3-fold, but decreased that of ICAM-1 over 70%. 
RT-PCR analysis revealed that NOS2 and ICAM1 mRNA contents changed 
accordingly. Responses were comparable between RBEC and GP8 cells. L-NMMA, a 
NOS2 inhibitor, completely blocked the production of nitrites into the culture 
medium, but did not change neither the basal nor the cytokine-induced expression of 
ICAM-1', indicating that, in contrast to peripheral endothelium, the increased release 
of NO induced by cAMP was not the cause of the parallel decrease in ICAM-1. 
Accordingly, SNAP, a NO donor, did not change the constitutive or cytokine-induced 
ICAM-1 expression. Gel shift assays revealed that exposure to dbcAMP did not alter 
the IL-1-induced nuclear translocation of two NFkB complexes, suggesting that the 
mechanism underlying the cAMP effect is independent of NFkB activation. 
Transfection with oligonucleotides antisense to CREB-binding protein (CBP) 
decreased the cytokine-induced up-regulation of ICAM-1 and NOS2 by 64% and 63% 
respectively, indicating a role for this transcriptional co-activator. In conclusion, we 
found that cAMP modulates the expression of NOS2 and ICAM, thus supporting the 
idea that perivascularly released neurotransmitters may regulate endothelial 
inflammation in vivo.

699.16

TRANS ENDOTHELIAL PERMEABILITY TO ZIDOVUDINE 
IN A DYNAMIC MODEL OF THE HUMAN BLOOD-BRAIN 
BARRIER
Susan M. Lea man', H. Richard Winn1*,Gerry A. Grant', Kathe A.
Stanness1, Damir Janigro1. ‘Dept. of Neurosurgery, Univ. of Washington, 
Seattle, WA 98104
AIDS dementia complex (ADC) has been ameliorated with administration of 
zidovudine (AZT). However, despite its lipophilicity, permeation of AZT 
across the blood-brain barrier (BBB) does not result in a significant 
accumulation in the CNS in situ. In contrast, most in vitro studies result in 
high permeability of AZT across a brain endothelial cell monolayer. These 
conflicting results present the problem of finding an in vitro model that can 
reliably represent the BBB’s in vivo environment for in vitro drug studies. We 
used the dynamic in vitro blood-brain barrier (DIV-BBB) model pioneered in 
our laboratory to investigate the permeability of AZT across the brain 
endothelium. The DIV-BBB is a tri-dimensional model, which co-cultures 
glial cells with endothelium in a hollow fiber apparatus while exposing the 
cells to pulsatile flow. Unlike its two-dimensional counterparts, the DIV-BBB 
exhibits the unique properties of the BBB of a high transendothelial electrical 
resistance, selective transport mechanisms, PSUCrose ~ 106 cm/sec, and the 

expression of normally occurring ion channels. Over a 40-minute infusion 
period (n=4), 14C-AZT and 3H-Sucrose crossed the BBB endothelium with a 
mean permeability of 2.6*10'5 cm/sec ±1.8*10'6 (S.E.M.) and 2.7*10‘5 cm/sec 
±2.8*10‘6 (S.E.M.), respectively. We concluded that 1) AZT can be actively 
excluded from the brain by the CNS endothelial cells; 2) the DIV-BBB is a 
suitable in vitro model for the complex studies of drug permeation at the 
blood-brain interface. [Viral Partners]

699.17

MONOCYTE:ASTROCYTE INTERACTION REGULATES
PRODUCTION OF MONOCYTE CHEMOATTRACTANT PROTEIN-1
Andjelkovic AV*, Kerkovich D, Dzenko KA and Pachter JS . Dept. of Pharmacology, 
University, of Connecticut Health Ctr., Farmington, CT 06030.

Interaction between invading monocytes and astrocytes, which are in intimate 
contact with the CNS endothelial cells that the comprise the blood brain barrier (BBB), 
could play a pivotal role in production of chemokines and proinflammatory cytokines 
and, thus significantly impact on inflammatory process. To begin evaluating this 
possibility, experiments were performed to assess whether monocyte:astrocyte 
interaction regulates monocyte chemoattractant protein-1 (MCP-1)
expression/secretion. The paradigm utilized in this study involves the co-culture of 
freshly isolated human peripheral blood monocytes with human fetal astrocytes. 
Specifically, the following cell culture conditions were used: 1) single cell cultures of 
monocytes and astrocytes, 2) co-culture in which these cell types were allowed to 
adhere to each other, and 3) co-culture wherein these cells were physically separated by 
semipermeable membrane (Transwell dual-chamber system). Astrocytes and monocytes 
cultured separately did not secrete or expresse detectable amounts of MCP-1. However, 
in co-culture conditions where monocytes attached to astrocytes, significantly increases 
in MCP-1 expression and secretion were observed. When monocytes and astrocytes 
were cultured in a Transwell dual-chamber system, this effect was significantly 
attenuated. These results establish that physical contact between monocytes and 
astrocytes is obligate for MCP-1 stimulation. Additional experiments demonstrated 
that antibody to both IL-1(3 and TNF-a also resulted in diminished 
expression/secretion of MCP-1 in co-cultures, further implicating a role for these 
proinflammatory cytokines in communicating the signal to induce MCP-1. Lastly, the 
effect on MCP-1 in co-culture was greatly inhibited by antibodies to both ICAM-1 and 
VCAM-1, highlighting a likely role for specific adhesion-mediated events in regulating 
MCP-1 expression/secretion. These results strongly suggest that interaction between 
infiltrating monocytes and astrocytes may control local chemokine activity at the 
blood brain barrier and thus contribute to regulating severity and duration of CNS 
inflammation. Supported by NIH 1RO1-MH54718-01A and NMS RG2633-A-1/3.

699.18

LEUKOCYTE INFILTRATION, NEURODEGENERATION 
AND NEURITE GROWTH ADJACENT TO FOREBRAIN 
INJURY AFTER ABLATION OF REACTIVE ASTROCYTES 
IN ADULT TRANSGENIC MICE. T.G. Bush1*, C.H. Homer1, A. Polito1,
L. Mucke2, M.H. Johnson1 and M.V. Sofroniew1. ‘MRC Cambridge Centre for Brain 
Repair and Dept. of Anatomy, University of Cambridge, CB2 2PY, UK; and 
Gladstone Molecular Neurobiology Program, UCSF, San Francisco, CA 94141.

To investigate rol$s of reactive astrocytes after brain injury we 
generated transgenic mice expressing herpes simplex virus thymidine kinase 
(HSV-TK) from the mouse glial fibrillary acidic protein (GFAP) promoter 
(Cell 93:189, 1998). In adult transgenic mice, 7 days of continuous 
subcutaneous treatment with the antiviral agent ganciclovir ablated 
proliferating reactive astrocytes adjacent to stab injury in the forebrain. 
Neural parenchyma depleted of astrocytes was not repopulated by GFAP- 
positive astrocytes for at least 35 days, and compared with controls exhibited 
a prolonged, 25-fold greater density of CD45-positive leukocytes, including 
ultrastructurally identified monocytes, macrophages, neutrophils and 
lymphocytes. Astrocyte ablation prevented blood brain barrier (BBB) repair, 
and preceded substantial neuronal degeneration that could be attenuated 
significantly by chronic glutamate receptor blockade. Wound margins 
depleted of astrocytes exhibited a pronounced increase in local neurite 
outgrowth. These findings demonstrate roles for astrocytes in regulating 
leukocyte trafficking, repairing the BBB, protecting neurons and restricting 
nerve fiber growth after injury in the adult CNS.

Supported by Action Research, The Wellcome Trust, and MRC.
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700.1
DEXAMETHASONE PRE-TREATMENT INTERFERES WITH APOPTOTIC 
DEATH IN D384 ASTROCYTOMA CELLS. A.M, Gorman. U.A, Hirt. S. Orrenius 
and S, Ceccatelli*. Institute of Environmental Medicine, Division of Toxicology, 
Karolinska Institutet, Box 210, S-171 77 Stockholm, Sweden.

Glucocorticoids are known to influence the ability of cells to undergo apoptosis. 
Dexamethasone, a synthetic glucocorticoid, has been reported to induce partial 
resistance to certain anticancer drugs in glioma cell lines. In the present study the 
effect of dexamethasone on apoptosis of human astrocytoma D384 cells was 
investigated. Exposure of D384 cells to staurosporine induced apoptosis as judged by 
the formation of condensed nuclei and caspase activation. Pre-treatment of D384 
cells with dexamethasone caused a reduction in staurosporine-induced apoptosis. 
Dexamethasone also conferred protection against the induction of apoptosis in D384 
cells by anticancer agents including camptothecin, etoposide and doxorubicin. The 
protective effect of dexamethasone was dose- and time-dependent, with maximal 
protection obtained with concentrations equal to or greater than 100 nM and a pre-
incubation period with dexamethasone of at least 24 h. Co-treatment with the 
glucocorticoid receptor antagonist RU38486 abolished the effect of dexamethasone, 
indicating that the protection due to dexamethasone is mediated via the glucorticoid 
receptor and probably involves altered protein expression. The ability of cytochrome 
c/dATP to activate the caspase cascade in cytosolic extracts of D384 cells was 
unaffected by prior exposure of the cells to dexamethasone (1 pM) for 48 h. In 
conclusion, dexamethasone inhibits the induction of apoptosis in astrocytoma cells at 
a point upstream of the activation of caspases. Since glucocorticoids are often used in 
the treatment of gliomas to relieve cerebral oedema, inhibition of apoptosis by these 
compounds could potentially interfere with the efficacy of chemotherapeutic drugs. 
(Supported by the Swedish Medical Research Council).

700.2
DIFFERENTIATION-ASSOCIATED CHANGES IN
GLUCOCORTICOID RESPONSIVENESS IN C6 GLIOMA CELLS.
K.J, Sipe* and J.P.Herman, Dept. of Anatomy and Neurobiology, 
University of Kentucky, Lexington, KY 40536-0298.

Gliosis is a common feature of aging and inflammation in the central 
nervous system (CNS). Under appropriate conditions, astrocytes can 
produce neuronal growth factors, such as nerve growth factor (NGF) and 
basic fibroblast growth factor (bFGF). They can also produce 
potentially deleterious agents, such as nitric oxide (NO) and 
inflammatory cytokines. Interestingly, a decrease in astrocytic bFGF has 
been reported in aged rats (Bhatnagar et al., 1997). Glucocorticoids, 
such as corticosterone (CORT), are anti-inflammatory hormones that 
have been implicated in impaired neuronal function associated with 
aging. Glucocorticoids also increase bFGF expression in cul ured 
hippocampal astrocytes (Niu et al., 1997). Modulation of astrocyte 
responsiveness to CORT is therefore likely to be an important 
component of aging and CNS inflammation. In this study, C6 
astrocytoma cells were used to identify mechanisms that may contribute 
to changes in glial responsiveness to CORT. C6 cells were plated on 
poly-D-lysine coated plates in DMEM supplemented with 10% FBS and 
antibiotics. After 24 h, the cells were differentiated by addition of ImM 
dibutyryl cyclic AMP. This differentiation paradigm generates cells with 
a phenotype characteristic of reactive astrocytes. Western analysis results 
indicate a marked decrease (6-fold) in glucocorticoid receptor (GR) 
expression in differentiated C6 cells relative to undifferentiated cells. A 
smaller but noticeable decrease is also observed in mineralocorticoid 
receptor (MR) protein levels. These changes may reflect decreased 
CORT responsiveness in reactive astrocytes and could have important 
ramifications for neuronal viability in ag’ng and injury.

Supported by AG 12962 and T32 AG00242.

700.3

GLIAL RESPONSES TO GLUCORTICOID TREATMENT IN MIXED PRIMARY 
HIPPOCAMPAL CULTURES. M, Zwick*. K.J. Sipe and J.P, Herman. Dept. of 
Anatomy and Neurobiology, University of Kentucky College of Medicine, 
Lexington KY 40356-0298.

Glucocorticoids can affect astrocyte function by altering gene transcription. 
Given these actions, it is possible that neuronal responses to glucocorticoids may 
be colored by actions on glial cell physiology. To test this hypothesis; we 
examined the effects of corticosterone (CORT) on hippocampal cultures grown in 
low or high glial density. Primary hippocampal cultures were grown in a medium 
containing either Neurobasal media (NB)/B27 supplement (B27) (Life 
Technologies) or NB/B27 with cytosine arabinoside (AraC), an inhibitor of DNA 
synthesis. Cultures were subsequently treated for 24 hours with dimethyl 
sulfoxide (DMSO, vehicle), E>MSO & spironolactone (SPIRO, MR antagonist) 
(500ng/ml) or DMSO & CORT (500ng/ml). High levels of CORT activate the 
glucocorticoid receptor (GR), which is associated with neuronal damage. 
However, low levels of CORT present in NB/B27 (lOng/ml) are sufficient to 
activate the mineralocorticoid receptor (MR), which is associated with neuronal 
viability. Immunocytochemical (ICC) staining using antibodies against 
microfilament associated protein 2 (MAP2) and glial fibrillary acidic protein 
(GFAP) indicated that neuronal survival and process outgrowth was more robust 
in high glial density cultures. Western blot analysis was performed using a 
GFAP antibody. Results indicated a decrease in the amount of GFAP expressed 
in AraC treated cultures, as expected. Other results show cultures grown in 
medium with or without AraC expressed higher levels of GFAP when treated 
with both CORT and SPIRO. These findings suggest that CORT may enhance 
glial function and may modulate the ability of neurons to survive toxic insult.
The increase in GFAP in mixed cultures regardless of MR blockade suggests that 
corticosterone acts through a GR mediated mechanism.
Supported by AG 12962.

700.4
ADENOVIRUS MEDIATED EXPRESSION OF CONNEXIN 43 IN C6 GLIOMA 
CELLS. M. Pickarski, S. Malik, J. Yang*. Departments of Anesthesiology and 
Pharmacology I Physiology, Univ. Rochester Med. Center, Rochester, NY 14642.

Several lines of evidence suggest that the gap junction may play a role in the 
control of cell proliferation and tumorigenesis. Previous studies have focused on 
the generation of stable cell lines designed to express specific connexins (Cx) where 
Cx expression resulted in restored gap junctional intercellular communication and 
significant growth retardation.

We used recombinant adenoviral technology to create a vector capable of 
expressing Cx43 in C6 cells. A replication deficient, E1-, E3-deleted adenovirus, 
designed to express both the Cx43 and the green fluorescent protein 
(Ad(Cx43/GFP)) was created by homologous recombination. In addition, control 
adenovirus expressing GFP alone (Ad(GFP)) was also created. Transduction of C6 
cells by either Ad(Cx43/GFP) or Ad(GFP) resulted in the appearance of GFP+ cells 
approximately 24 - 36 hours later. The transduction efficiency was titer dependent 
with nearly 100% of cells transduced at an MOI of 100. Western blot analysis 
reveals expression of either GFP alone or both GFP and Cx43 in C6 cells 
transduced with Ad(GFP) or Ad(Cx43/GFP), respectively. Additionally, the 
phosphoisoforms of Cx43 present in the transduced glioma cells resemble those 
seen in primary astrocytes indicating normal post-translational processing of the 
virally transduced Cx43. Immunocytochemistry reveals appropriate expression of 
Cx43 protein on the cell surface in virally transduced, GFP+ cells. The punctate 
staining pattern observed is characteristic of that seen in Cx43 expressing primary 
astrocytes. The non-transduced wildtype C6 cells expressed essentially no Cx43.

Growth rates of wildtype C6 cells were compared to growth rates of C6 cells 
transduced with Ad(GFP) or Ad(Ax43/GFP) at equivalent MOIs. Preliminary 
studies indicate that although some growth reduction is observed with adenoviral 
vector alone, clearly the addition of Cx43 further retards cell proliferation, in vitro. 
The Ad(Cx43/GFP) vector will be useful in determining the feasibility of Cx43 
overexpression as a strategy for in vivo glioma gene therapy.

700.5

p38 MAPK SIGNALS TRANSCRIPTIONAL ACTIVATION OF iNOS IN GLIA. 
1N. Bhat*, 1P. Zhana, 1E, Hogan, 2D, Feinstein, 1Neurol, Medical University of 
SC, Charleston SC 29425; 2Anesthesiol, University of IL, Chicago IL 60607.

Previous studies using specific inhibitors of mitogen-activated protein kin-
ases (MAPKs) have indicated that the iNOS expression in glial cells stimul-
ated with endotoxin and cytokine combinations is regulated by MAPK cas-
cades, in particular, p38 MAPK, a stress-activated protein kinase (SAPK) sub-
group (Bhat et al., J Neurosci 1998;18:1633; J Neurochem 1999;72:472). To 
further characterize MAPK regulated transcriptional activation of iNOS in glia, 
a 2.2kB portion of the rat iNOS promoter was ligated to the luciferase reporter 
gene, transfected in glial cells, and the cells stimulated with combinations of 
cytokines (TNFa, IFNy, IL-1) and lipopolysaccharide (LPS). SB203580, a 
specific inhibitor of p38 kinase, dose-dependently inhibited iNOS promoter 
activity. Similar results were obtained with C6 cell lines stably transfected with 
rat iNOS promoter constructs: C6-2.2 cells (containing the 2.2kB promoter 
fragment) and C6-CREB cells (containing a 130bp fragment with proximal 
NFk B, CRE, C/EBP and OCT-1 sites). Cells were also transfected with a 
constitutively active (truncated) form of MEKK1, an upstream kinase in the 
SAPK pathway. Introduction of AMEKK1 increased the phosphorylation of c- 
Jun N-terminal kinase (JNK) and p38 MAPK, the appropriate down-stream 
targets, and induced the expression of iNOS gene and its promoter. AMEKK1 
induction of iNOS was also susceptible to inhibition by SB203580. The kinase 
inhibitor suppressed cytokine- and LPS-induced phosphorylation of the trans-
cription factor, CREB. It is concluded that cytokines and LPS induce transcrip-
tional activation of iNOS in glial cells through nuclear signaling via p38 MAPK 
pathway. Supported by NMSS (RG-2849) and NIH (NS-31767) grants.

700.6
MECHANICAL INJURY INDUCES WIDESPREAD ACTIVATION OF 
ERK/MAP KINASE IN CULTURED ASTROGLIA. J.W. Mandell*. N.C. Goean. 
and S.R, VandenBerg. Dept. of Pathology (Neuropathology), Univ. of Virginia 
School of Medicine, Charlottesville, VA 22908.

Reactive astrogliosis is a prominent cellular response to many forms of central 
nervous system injury. Reactive astrocytes are thought to have both beneficial and 
detrimental consequences for neural regenerative responses. Transmembrane 
signals that trigger astrogliosis are largely unknown. We previously observed that 
the mitogen-activated protein kinases ERK1 and ERK2 are constitutively activated 
in human reactive astrocytes. We hypothesized that activation of this signaling 
pathway is involved in the triggering of astrogliosis. To test the hypothesis in a 
model system, we made linear scratch lesions in cultured monolayers of primary rat 
astroglia. Within 10 minutes after injury, cells near the lesion border exhibited 
activation of ERK/MAP kinase, as determined by immunohistochemistry and 
immunoblotting with a phosphorylation state-specific monoclonal antibody against 
ERK1/2. By 30 minutes and persisting for 4 to 8 hours, all the cells in the chamber, 
including those many millimeters distant from the scratch lesion, exhibited 
activation of ERK/MAP kinase. Activation returned to baseline by 24 hours post-
lesion. Activation of ERK/MAP kinase was blocked by the specific MEK (MAP 
kinase kinase) inhibitor, PD98059 (50 ^M). Conditioned medium collected from 
scratch-lesioned cells induced widespread ERK/MAP kinase activation with a time 
course similar to injury, suggestive that an autocrine loop contributes to astroglial 
activation. The rapid activation of the ERK/MAP kinase pathway both in injured 
astroglia and in uninjured bystander cells may be an early recruiting event in 
astrogliosis.

Supported by K02 NS 02065-01 to JWM
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700.7

EXPRESSION OF ADHESION MOLECULES IN 6-0HDA- 
LESIONED BRAIN: AN IMMUNOHISTOCHEMICAL 
APPROACH. A. Pierce. T, Nomura. E. Rosenthal. J, P,
Schwartz*. Neurotrophic Factors Section, National Institute of 
Neurological Disorders and Stroke, NIH, Bethesda, MD 20892.

A 6-hydroxydopamine (6-OHDA) lesion of the substantia nigra (SN) 
results in an increase in the number of GFAP-positive astrocytes in the 
ipsilateral striatum (Sheng et al, 1993). Le Gal La Salle et al found that 
reactive astrocytes express PSA-NCAM in hippocampus in the kainic 
acid-induced epilepsy model (1992). Our results demonstrate that 
PSA-NCAM is present in reactive astrocytes as well as large neurons 
on the ipsilateral side of the 6-OHDA-lesioned SN. Co-localization of 
GFAP and PSA-NCAM was confirmed for reactive astrocytes on the 
ipsilateral side of the SN using a laser-scanning confocal microscope. 
These cells were stellate shape with broad, thick processes. Negligible 
amounts of PSA-NCAM reactivity were detected contralaterally, 
although co-localization was noted on astrocytes with sparse, 
significantly thinner processes. In lesioned striatum, although many 
fewer astrocytes expressed PSA-NCAM relative to SN, the number on 
the contralateral side was even lower. In contrast to the results with 
PSA-NCAM, NG-2 was expressed only on neurons and only in the 
lesioned SN. We are currently examining expression of PSA-NCAM 
and NG-2 in our tissue culture model of reactive astrocytes. Our 
results suggest that PSA-NCAM can act as a marker for reactive 
astrocytes in the 6-OHDA model.

700.8
DOMAINS OF NEIGHBORING ASTROCYTES REVEALED BY DUAL COLOR 
INJECTIONS E. Bushong1*. M.E, Martone2, M.H. Ellisman2. ‘Biomedical Sciences 
Program; 2Dept. of Neurosciences and National Center for Microscopy and Imaging 
Research, Univ. of California, San Diego; La Jolla, CA 92093-0608

Astrocytes are known to play an important role in the development and maintenance 
of the nervous system. Glial fibrillary acidic protein (GFAP) is often used as a means 
of delineating the extent and pattern of astrocytic investment; however, GFAP 
labeling alone can yield an underestimation of the complexity of glial structures. We 
combined intracellular injection of Alexa 488 and 568 dyes to examine the 
relationships between neighboring astrocytes. Lightly fixed brain tissue was obtained 
by perfusion fixation of male rats with 4% paraformaldehyde, followed by post-
fixation. Vibratome slices (100-300 pm) were cut and astrocytes in the molecular 
layer of hippocampal area CA1 were filled with the fluorescent dyes Lucifer Yellow, 
Alexa 488, or Alexa 568 (Molecular Probes). Thicker slices were then resectioned and 
immunolabeled with anti-GFAP antibodies. Three-dimensional volumes of the 
astrocytes were acquired using a Biorad confocal laser scanning microscope and 
analyzed with Bitplane software. GFAP labeling did not extend into the fine vellous 
processes of the protoplasmic astrocytes and thus did not accurately delineate the 
extent or volume of individual astrocyte domains. Filling adjacent astrocytes with 
different dyes allowed for the examination of overlap between closely spaced cells. 
Preliminary analysis of five pairs of injected cells revealed that only slight overlap 
usually occurred between the territories of adjacent astrocytes. Occasionally, however, 
processes interdigitated greatly. These results suggest that some local areas of neuropil 
are influenced by a single astrocyte, whereas other areas are covered by multiple 
astrocytes. The degree of overlap has important implications for the establishment and 
maintenance of neuronal compartments and for the formation of astrocytic signaling 
networks. We are in the process of quantifying the overlap of neighboring astrocytic 
fields so as to provide data on the spacing of astrocyte domains. Supported by NIH 
Grants RR04050, DC03192, and T32GM08107.

700.9

PURIFICATION AND ANALYSIS OF IN VIVO DIFFERENTIATED 
OLIGODENDROCYTES EXPRESSING THE GREEN FLUORESCENT 
PROTEIN. Babette Fuss1*. Barbara Mallon2. Tom Phan2, Carsten Ohlemeyer3, Frank 
Kirchhoff3. Akiko Nishiyama4, Wendy B. Macklin2, ^ept. of Anatomy, Virginia 
Commonwealth University, Richmond, VA 23298; 2Dept. of Neurosciences, Lerner 
Research Institute, Cleveland Clinic Foundation, Cleveland, OH 44195; 3Dept. of 
Cellular Neurosciences, Max-Delbrueck-Center for Molecular Medicine, D-13092 
Berlin; 4Dept. of Physiology and Neurobiology, University of Connecticut, Storrs, 
CT 06269.
A complete understanding of the molecular mechanisms, involved in the formation 
and repair of the CNS myelin sheath, requires an unambiguous identification and 
isolation of in vivo differentiated myelin forming cells. Recent studies rely on the use 
of differentiation stage-specific antibodies recognizing oligodendrocyte surface 
antigens. However, differences in antibody specificities, both in vivo and in different 
species, complicate the generation of a comprehensive picture of oligodendrocyte 
behavior at maturated stages. In order to create a novel tool for the analysis of in vivo 
differentiated oligodendrocytes, we generated transgenic mice expressing a red- 
shifted variant of the green fluorescent protein (GFP) under the control of the PLP 
promoter. We demonstrate here that GFP expression in the CNS of 3 to 7-week-old 
mice is restricted to mature oligodendrocytes, as determined by their spatio-temporal 
appearance and by immunocytochemical as well as electrophysiological criteria. 
These GFP-positive oligodendrocytes could easily be visualized in live and fixed 
CNS tissue. We show that this convenient and reliable identification now allows 
detailed physiological analyses of differentiated oligodendrocytes in situ. In addition, 
we developed a novel tissue culture system for in vivo differentiated 
oligodendrocytes. Initial data using this system indicate the existence of yet ill- 
defined factors necessary for survival and/or maturation of in vivo differentiated 
oligodendrocytes. This work was supported by a grant from the NIH (NS25304, 
WBM) and a fellowship from the National Multiple Sclerosis Society (BF).

700.10
A ROLE FOR FYN TYROSINE KINASE IN OLIGODENDROCYTE 
DIFFERENTIATION D.J.Osterhout* and M.V.Chao, Molecular 
Neurobiology Program, Skirball Institute, NYU Medical Center, New 
York, NY 10016

In the central nervous system, the myelination of axons occurs when 
oligodendrocyte progenitors undergo terminal differentiation and initiate 
process formation and axonal ensheathement. The molecular mechanisms 
which regulate oligodendrocyte differentiation are not well understood; 
however, recent work suggests that Fyn, a member of the Src family of 
tyrosine kinases, may be involved in this process. The present study is 
aimed at defining the role of Fyn in oligodendrocyte development. Primary 
cultures of oligodendrocyte progenitor cells were established from neonatal 
rats, and allowed to differentiate into mature oligodendrocytes. While Fyn 
is expressed at low levels in the progenitor population, both Fyn protein 
levels and tyrosine kinase activity are upregulated as the progenitors 
differentiate. This occurs very early in the time course of differentiation. 
This upregulation is unique to Fyn, and is not observed with other Src 
family members. Fyn activation may be modulated by Csk, a tyrosine 
kinase which is a negative regulator of Src family kinases. Csk levels are 
higher in early oligodendrocyte progenitors as compared with the mature 
cells. Fyn activation is accompanied by the tyrosine phosphorylation of 
several Fyn associated proteins in the mature cells. Inhibition of Fyn 
tyrosine kinase activity during differentiation prevents myelin sheet 
formation, suggesting that Fyn interactions with the cytoskeleton may be 
important for myelination, (supported by MS FA1171A1/T and APA OBC 
1-9801-2 (DJO))

700.11

TRANSFECTION OF GOLLI PRODUCTS OF THE MBP GENE 
INDUCES MORPHOLOGICAL CHANGES IN OLIGODENDROGLIAL 
CELL LINES. S.D. Reyes and A.T. Campagnoni*. Neuropsychiatric 
Institute and Brain Research Institute, UCLA Medical School, 760 
Westwood Plaza, Los Angeles, CA 90024.
The myelin basic protein (MBP) gene encodes a second set of proteins, 

the golli proteins, that are expressed in both neurons and oligodendrocytes 
(OLs). One of the principal golli products (BG21) contains a 133 aa, golli- 
specific sequence (gss) at the N-terminus joined to first 57 aa of the classic 
MBPs. We generated constructs containing three fusion proteins of either 
BG21, gss, or MBP-sequence linked to GFP and transiently transfected 
them into two conditionally immortalized OL cell lines (N19 and N20.1). 
Cells transfected with the BG21::GFP and gss::GFP underwent dramatic 
morphological changes, including an increase in the length and number of 
processes (N20.1) and elaboration of membranous sheets (N19 and N20.1) 
typical of the sheets elaborated by primary OLs. After transfection, 
BG21::GFP and gss::GFP were localized primarily in the cytoplasm in 
these cell lines. In contrast, neither the MBP::GFP construct or GFP alone 
induced any morphological changes. Interestingly, the MBP::GFP fusion 
protein was targeted primarily to the nucleus in these cell lines. Thus, one 
of the functions of the golli products of the MBP gene may be as a 
morphogenetic agent in the elaboration of processes or sheets in OLs. 
(Supported by NS23022, NS33091 and NMSS RG2693).

700.12

STUDIES OF ROSENTHAL FIBERS IN GFAP TRANSGENIC MICE
R. Sullivan1, K.R. Viviano1, M. Brenner2, and A. Messing1*.
’Waisman Center, University of Wisconsin-Madison, Madison WI 53705;
2Depts. of Neurobiology and Physical Medicine & Rehabilitation, University of 
Alabama-Birmingham, Birmingham, AL 35294

Previously we reported that transgenic mice expressing a human GFAP 
transgene produce a phenotype of astrocyte inclusions resembling Rosenthal 
fibers. We now describe further studies on the evolution and molecular basis for 
these inclusions. At 2 weeks postnatal a 3-5-fold increase in total GFAP was 
observed for each of four transgenic lines analyzed, but in two of these lines the 
over-expression increased to 20-40-fold by six months. These two higher 
expressing lines displayed the only overt phenotype, a 30-55% reduction in body 
weight, but showed no increase in brain weight. In the Tg73.7 line (the most 
severely affected), inclusions first formed at about P7 in subpial astrocytes, 
predominantly in the ventral forebrain. Subsequently, common areas of 
involvement in all four lines included olfactory b.ulbs, dorsal midbrain, and 
caudal brain stem. In the Tg73.7 mice the cerebellum was also affected. The 
proportion of GFAP found in the soluble vs. insoluble pool increased 
significantly as judged by GFAP ELISA assays of homogenates prepared in 
either cold PBS or hot SDS. In addition, to test whether the inclusion bodies 
formed due to sequence incompatibility between mouse and human GFAP's, we 
bred the transgenics with mice in which the endogenous mouse GFAP gene had 
been inactivated. The Rosenthal fibers still formed in the absence of mouse 
GFAP. (Supported by NIH NS-22475).
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700.13

EFFECT OF TOLUENE INHALATION ON GLIAL FIBRILLARY 
ACIDIC PROTEIN (GFAP) EXPRESSION IN RAT BRAIN
K. Morita '•*, I. Tokunaga2 and S. Kubo2. !Dept. of Pharmacol.; 2 Dept. of Legal 
Med., Tokushima Univ. Sch. of Med., Tokushima 770, Japan.

Toluene, a widely used industrial solvent, is well known as one of 
the neurotoxic chemicals, and shown to cause its neurobehavioral and 
electrophysiological effects In previous work, both acute and chronic 
effects of toluene on neuronal cells have extensively been investigated. 
However, although glial cells are thought to play an important role in 
supporting the survival of neurons in the brain, the effect of toluene on 
glial cell function has not yet been well characterized. To address this 
point, the effect of toluene inhalation on GFAP expression in rat brain 
was examined. Toluene exposure (1,500 ppm for 4hr on 4 - 10 days) 
resulted in the augmentation of GFAP immunoreactivity in rat brain, 
particularly in hippocampus and cerebellum, without accompanying a 
notable increase in the number of proliferating cells. Further studies 
showed that toluene inhalation markedly enhanced GFAP expression 
in hippocampus and cerebellum. These findings suggest that toluene 
exposure may cause the activation of astrocytes, raising the possibility 
that astrocytes may play a potential role in neurophysiological changes 
observed in toluene intoxication.

700.14
FUNCTIONAL EVIDENCE FOR A WIDESPREAD PRESENCE OF ADP- 
SELECTIVE P2Y RECEPTORS IN THE RAT BRAIN. J.T, Laitinen'. 
Department of Physiology, University of Kuopio, FIN-70211, Kuopio, Finland.

(35S]GTPyS autoradiography is a novel technique to detect receptor-dependent 
activation of Gi/0 in brain tissue sections. I previously documented marked 
conversion of adenine nucleotides to adenosine in rat brain sections, resulting in 
tonic adenosine A, receptor-dependent G protein activity in basal conditions of 
this technique (Neurosciene 1999;90:1265-79). Here, I explore A, receptor- 
independent activation of Gj/0 by adenine nucleotides. In the presence of 10 6 M 
DPCPX, ADP (and also ATP) stimulated [35S]GTPyS binding in a dose-dependent 
manner. The ADP-evoked signal appeared as a punctate response with wide 
distribution over the white matter and was fully mimicked by 2MeSADP (“1000- 
fold more potent). In the presence of ATP regenerating system, responses to ATP 
were blunted suggesting that prior conversion to ADP was required. AMP, a,P- 
meATP, (3,y-meATP, UMP, UDP, UTP or ITP (each <103 M) evoked no 
detectable response. In all regions examined, the 2MeSADP-evoked signal was 
dose-dependently reversed by a known platelet P2TAC receptor antagonist whereas 
Sp-ATPaS, a,P-meATP or the P2Y, receptor antagonists A2P5P and A3P5P 
(each <10'4 M) exhibited no potency. Suramin, Reactive Blue 2 or PPADS could 
not be tested due to non-specific effects in this assay. The ADP-evoked signal did 
not originate from platelets, as evidenced by the fact that three platelet agonist 
(2MeSADP, noradrenaline and lysophosphatidic acid) each evoked a distinct 
pattern of G protein activation in rat brain sections. In conclusion, these data 
uncover the widespread presence of G1()-coupled ADP-preferring P2Y receptors in 
the rat brain white matter. The pharmacological behavior of these receptors is 
distinct from that of the molecularly identified P2Y, receptors but resembles that 
of the Gj-coupled platelet P2TAC receptor and in some aspects also that of the AC- 
linked P2Y receptor in rat C6 glioma cells. No external source of funding.

700.15

IN SITU LOCALIZATION OF HEAT SHOCK PROTEIN 108 mRNA IN 
CHICKEN CEREBELLUM D.H, Shin!, H.Y Lee1. H.W, Lee1. K.H, Lee2. G.S, 
Jeon3. E.J. Lee3. S.H.Baik3. S.S.Cho*Dept of Anatomy, 'Dankook University College 
of Medicine, Chonan; 2Sungkyunkwan University College of Medicine, Suwon and 
3Seoul National University College of Medicine, Chongno-Gu, Yongon-Dong, Seoul 
110-799, Korea

Heat shock protein 108 (HSP108), originally purified from chicken oviduct 
(Kulomaa, 1986), was known to be identical to transferrin binding protein (TfBP), 
which shows similar property to transferrin receptors. We have previously reported 
that HSP108 antiserum selectively stains avian oligodendrocytes and concluded that 
HSP108 antiserum will be useful in the study of oligodendrocytes and myelination in 
the avian CNS. However, there were not any data on the expression of HSP108 
mRNA even though chicken HSP108 gene was already cloned. The aim of the 
present study was to obtain the information about HSP108 mRNA expression in the 
adult chick CNS, especially laid focus on cerebellum. As seen in previous 
immunocytochemical study, the HSP108 positive cells were observed in the 
molecular layer, Purkinje cell layer and granular layer. However, the signal intensity 
of HSP108 mRNA was somewhat different from the immunocytochemical result; 
intense in Purkinje cell layer and molecular layer, weak in granular iayer and white 
matter. In the white matter, presumptive oligodendrocytes were found in rows along 
myelinated fibers. In addition to these cells, the cerebellar neurons were occasionally 
found in this region. In the Purkinje cell layer, intensely stained small cells, likely 
Bergmann glias, were seen in the proximity of Purkinje cell bodies, which showed 
no HSP108 signals. In the molecular layer, relatively intense signals were found in 
the stellate cells, scattered in the outer molecular layer of the cerebellum. Taken 
together, although there were some mismatches between the signal intensities of 
immunocytochemical and in situ hybridization results, general concurrence of these 
two studies were able to be the case.
*This study was supported by a grant (1998) from the Education and Research 
Foundation, Seoul National University College of Medicine.

TRANSPLANTATION: STEM CELLS

701.1

POTENTIAL MECHANISMS REGULATING THE DIFFERENTIATION OF 
NEUROEPITHELIAL STEM CELLS. D.C, Galloway*, K.L Mellodew, J.Price. 
ReNeuron, Institute of Psychiatry, Denmark Hill, London SE5 8AF.

A conditionally immortal mouse neuroepithelial stem cell line (MHP36) has been 
shown to repair spatial learning deficits as a result of global cerebral ischemia in rats 
(Sinden et al., 1997, Neuroscience 81:599-608). Little is known, however, about the 
mechanisms controlling the differentiation of these cells in vivo. We are studying 
the role of cell-cell interactions in regulating MHP36 differentiation by co-culturing 
MHP36 cells with established primary cultures of embryonic mouse cortex or 
striatum. Preliminary studies showed that cells seeded on primary cortex cultures 
after 1 day in the presence of bFGF, or after 3 days, appear to initiate differentiation 
as the expression of the stem cell marker, nestin, was down regulated. This indicates 
that these culture conditions provide a permissive environment for MHP36 cell 
differentiation.

We are analysing these processes more precisely by studying Notch signalling, 
which mediates lateral inhibition between neighbouring cells, and may play a role in 
maintaining CNS precursors in an undifferentiated state. Preliminary analysis of 
MHP36 cells revealed that the Notch ligands, Delta-likel and Jagged 1 and the three 
Notch receptors, Notch 1, Notch2 and Notch3 are expressed, indicating that these 
cells may utilise Notch signalling. Activation of Notch receptors regulates 
expression of the basic helix loop helix transcription factors, Hesland Hes5. The 
importance of this signalling pathway in regulating the differentiation fate of the 
mouse precursor cells will be determined utilising cells stably transfected with either 
a Hesl or Hes5 GFP reporter vector. Supported by ReNeuron Ltd.

701.2

PRODUCTION AND ASSESSMENT OF MURINE AND HUMAN 
NEUROEPITHELIAL STEM CELL LINES. H. Pilcher, J- P Hugnot, S. Wilkinson. 
J.D, Sinden*. ReNeuron Ltd, Institute of Psychiatry, De Crespigny Park, Denmark 
Hill, London SE5 8AF, U.K.

MHP36 is a conditionally immortal multipotent murine cell line derived from 
embryonic day 14 hippocampal neuroepithelium of the H-2Kb-tsA58 transgenic 
mouse, shown to be clonal on the basis of southern blotting. As a graft source, 
MHP36 cells restore spatial learning deficits and repopulate hippocampal CA1 in 
rats with ischemic lesions of the hippocampus (Sinden et al., 1997, Neuroscience 8L 
599-608). Therefore defining the cell biological phenotypes of this line will be 
critical to understanding the neurobiology of stem cells that can repair function post 
transplantation.

At the permissive temperature of 33°C, the temperature sensitive mutant of the 
SV40 large T antigen is active, and cells proliferate in defined serum free media 
supplemented with basic fibroblast growth factor. The cells ubiquitously express 
immunoreactivity to SV40 T antigen, and the neuroepithelial stem cell marker, 
nestin. A small percentage of cells also express the oligodendroglial lineage markers 
GalC, 01, 04 as well as precursor cells markers like A2B5 and embryonic NCAM. 
At 39°C cells in the presence of bFGF down-regulate the large T antigen but remain 
nestin positive. At this non-permissive temperature, cells can be induced to 
differentiate to form neurons, astrocytes and oligodendrocytes by modifying culture 
conditions. When cells are cultured in the absence of bFGF but with leukaemia 
inhibitory factor, cells differentiate to form GFAP positive astrocytes. When cells 
are cultured in the absence of thyroid hormones, large flattened GalC positive 
oligodendrocytes are formed. In contrast, when cells are cultured in the presence of 
forskolin, MHP36 cells differentiate to form Beta Ill-tubulin positive neurons. These 
phenotypic features are currently being assessed in human-derived neuroepithelial 
stem cell lines. Supported by ReNeuron Ltd.
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701.3
DIRECT ISOLATION OF HUMAN NEURAL STEM CELLS FROM FETAL 
BRAIN BY CELL SORTING. N, Uchida1, D. He1, M.J.Reitsma1, M. Masek1,1. 
Weissman2. F. Gage’Tand D, Buck1. 1 StemCells, Inc. 525 Del Rey Avenue Suite 
C, Sunnyvale, CA 94086; 2 Dept. of Pathology, Stanford University, Stanford, CA 
94305,3Salk Institute 10010 N. Torrey Pines Rd., La Jolla, CA 92037, USA

A large source of highly defined engraftable human cells capable of extensive 
neuronal regeneration could be an effective therapeutic product for the treatment of 
neurodegenerative disorders. To define reproducible methods for the enrichment of 
human neural stem cells (NSCs), we have developed and used monoclonal 
antibodies (mAbs) directed toward surface markers on human neural cells to 
identify and purify NSCs by fluorescence activated cell sorting (FACS). Based on 
FACS and immunohistochemical analyses, three mAbs, 5F3, 5E12 and 4D5 were 
identified. They defined small subsets of human fetal brain (hFBr) cells and 
displayed specific reactivity to sites known to contain CNS stem cells. These 
mAbs, stain less than 5% of fresh hFBr tissues, and greater than 95% of cells from 
long-term neurosphere cultures were positive. As an example, two cell populations 
5F3+CD34'CD45' (5F3+) and 5F3'CD34CD45' (5F3‘) were sorted and tested for 
their ability to initiate neurosphere cultures. The 5F3+ subset was highly enriched 
for neurosphere-initiating cell activity; they proliferated to form small neurosphere 
by 8-10 days in culture. In contrast, the sorted 5F3’ cells remained as a single cell 
suspension, failed to initiate neurospheres, and eventually died. The expanded 5F3+ 
sorted neurosphere cells were positive for nestin expression, and differentiated into 
neurons and glia following exposure to differentiation conditions. Using the NOD 
SCID mouse, in vivo studies show that at 8 weeks post transplantation the 5F3+ 
neurosphere cells can engraft and migrate. These studies show that we have 
identified and enriched human NSCs based on cell surface markers and flow 
cytometry and demonstrated that they retain their activity using in vitro and vivo 
assays.

701.4

THE USE OF A RECOMBINANT LENTIVIRAL VECTOR FOR DETECTION OF 
TRANSPLANTED, IMMORTALIZED NEURAL PRECURSOR CELLS.
C. Lundbeig,* V, Englund, C, .Rpsenblad, D, TrQPQ1, A.. Bjorklynd, K- Wlgtorip
Wallenberg Neuroscience Center, Div Neurobiology, Lund University, Sweden, ‘Dept 
of Genetics and Microbiology, University of Geneva Medical School, Geneva, 
Switzerland.
The ability to reliably detect transplanted cells at different time-points after 
intracerebral grafting is crucial for studies concerning survival and differentiation of 
implanted immature cells. One way of achieving this is to genetically modify the cells 
using integrating viral vectors. In the present study we infected the already 6-gal 
expressing immortalized neural cell line RN33B (Whittemore and White, 1993) with a 
recombinant lentiviral vector carrying Green Fluorescent Protein (GFP). The infection 
rendered the vast majority (80-95%) of the cells GFP expressing. Cells were then 
transplanted into the cortex (Cx), striatum (Str), hippocampus (Hpc) or 
mesencephalon (Mes) of either adult or neonatal Pl rats. At 3 and 15 weeks post-
surgery the animals were sacrificed and processed for GFP and 6-gal 
immunohistocheminstry. GFP expressing cells were detected in all animals at both 
time-points, but were more numerous in neonatal hosts compared to adults. Neuronal 
morphologies as well as astroglial and pericyte-like profiles were detected at all 
injection-sites. There were, however, differences in the proportion of neuronal profiles 
where Hpc and Cx injections generated the highest number of GFP-positive neurons 
followed by Str and then Mes. In animals left for 3 weeks most of the GFP-positive 
cells displayed non-neuronal morphologies while at 15 weeks most expressing cells 
were neurons. 6-gal expression was found to be only partly overlapping with that of 
GFP, showing more immature cellular profiles and less fully differentiated neuronal 
phenotypes in all animals. This study suggests that the recombinant lentiviral vector 
system have some features different from the Moloney Murine leukemia viral vectors 
and this might be very useful in grafting experiments as well as in the development of 
ex vivo gene therapy. Supported by the Swedish MRC and the Wenner-Gren Foundation (CL)

701.5

PROTECTIVE EFFECTS OF THE Cl7.2 NEURAL STEM CELL LINE IN 
NEURODEGENERATIVE DISEASE MOUSE MODELS. P, Akerud1 J.M. Canals2,
K. Akerlund1, E.Y, Snyder3 and E. Arenas1*. ‘Lab. Molecular Neurobiology, Dept. 
Medical Biochemistry and Biophysics, Karolinska Institute, Stockholm, SWEDEN; 
2Dept. Biologia Cel lular i Anatomia Patologica, Fac. Medicina, Universitat de 
Barcelona, IDIBAPS, Barcelona, SPAIN; 3Depts. Neurology and Pediatrics, Harvard 
Medical School, Children’s Hospital, Boston, MA, USA.

The main goal of the present work is to study the protective and regenerative effects 
of the Cl7.2 immortalized stem cell-like line against neurodegeneration. We have 
used two models of neurodegenerative disorders: intrastriatal injection of quinolinate 
as a model of Huntington’s disease and the injection of 6-hydroxydopamine as a 
model of Parkinson’s disease. We have observed that the C17.2 cell line integrates in 
the host striatum and has the ability to differentiate in several cell types. Interestingly, 
Cl7.2 disperse better when they are grafted in a brain lesioned structure than when 
they are grafted in non-lesioned animals. When Cl7.2 were grafted one day before a 
quinolinate lesion most Cl7.2 cells became astrocytes. Moreover, Cl7.2 cells 
protected the neostriatal cells against excitotoxicity and decreased the size of the 
lesion. In the 6-hydroxydopamine lesion model, intrastriatal grafting of C17.2 cells 
one day prior to. lesion reduced the apomorphine-induced circling behavior.

We are also studying the effects of a GDNF-overexpressing Cl7.2 cell line in 
neurodegenerative disease models. In vitro studies show that the GDNF-C17.2 cell 
line have a preferential neuronal fate with increased number and sizes of processes. 
Interestingly, long term grafting of GDNF-C17.2 but not C17.2 cells reduced 
apomorphine-circling behavior after a 6-hydroxydopamine lesion. Histological 
analysis and retrograde tracing experiments are currently being performed.

Supported by BIOMED2 Program of the European Commission and the Swedish 
MFR. JMC is a fellow of EMBO.

701.6

CHROMAFFIN CELL COGRAFTS IMPROVE SURVIVAL OF CORTICAL 
PROGENITOR TRANSPLANTS IN THE RAT BRAIN. M.A. Schumm*. E.B. 
Patter, BX FrydgL X.-TJ.Nie,..AtM, Moljpa, and J, Sagep. The Miami Project to Cure 
Paralysis, Univ. Miami Sch. Med., Miami, FL 33136

Cortical stem cells hold promise as a reparative strategy in the replacement of lost 
neuronal cells following brain injury. However, poor survival has been observed 
when these cells are transplanted into the adult CNS. Chromaffin cells produce 
several neurotrophic agents including basic fibroblast growth factor (bFGF) which 
may aid in both neuroprotection following injury and progenitor cell proliferation and 
survival. In addition, increased CNS catecholamines have been shown to improve 
functional recovery following insult. Thus, co-transplants of neural progenitor cells 
and chromaffin cells may be particularly useful. In order to address this, the survival 
of rat neural stem cells implanted into the adult rat brain was evaluated in the 
presence and absence of bovine chromaffin cell co-grafts. Cortical stem cells were 
isolated from rat cerebral cortex and grown in serum-free N2/bFGF media. Prior to 
transplantation, cultures contained nestin-positive spheres with few differentiated 
GFAP+- or (3-tubulin IlT-cells. Cortical stem cells were labeled with 
bromodeoxyuridine (BrdU) prior to transplantation. Chromaffin cells were isolated 
from bovine adrenal glands. Transplants were made bilaterally in the striatum or 
lateral ventricles, one side implanted with cortical stem cells alone and the other with 
mixed stem cell:chromaffin cell suspensions. Histological results after 7 and 18 days 
post-transplant revealed markedly improved survival of BrdU labeled cells in the co- 
grafts compared to grafts of stem cells alone, which contained either cellular debris or 
gliotic scarring. The composition of the co-grafts included numerous nestin+ cells, 
and some differentiated GFAP’- and P-tubulin IlT-cells. These results suggest that 
chromaffin cells may provide neurotrophic support to enhance survival of cortical 
stem grafts in the adult CNS. Supported by NS25054.

701.7

HEMATOPOIETIC POTENTIAL OF ADULT NEURAL STEM 
CELLS R.L. Rietzel2*,C.R.R. Biomson1'3. B.A, Reynolds1, M.C. Magli4,
A.L, Vescovi15. ‘NeuroSpheres Ltd.. Calgary. Canada: 2Walter and Eliza 
Hall Institute of Medical Research, Melbourne, Australia; ’University of 
Washington, Seattle, USA; 4Istituto di Mutagenesi, Consiglio Nazionale 
Ricerche, Pisa, Italy; ’istituto Nazionale Neurologico, Milan, Italy.

Stem cells are peculiar tissue elements whose function is to replace 
cells lost to physiological turnover or injury. In virtue of this function, 
stem cells possess unusual features, such as a highly undifferentiated 
phenotype and an extreme degree of developmental plasticity. Thus, here 
we investigated whether neural stem cells (NSCs) were restricted to 
generate exclusively neural cell types, or if they could give rise to 
hematopoietic progeny in vivo. Embryonic and clonal adult NSCs 
derived from ROSA-26 mice were injected systemically into sub-lethally 
irradiated Balb/c mice. Five months later, PCR analysis of splenic DNA 
revealed a strong Lac Z signal in NSC recipients. Flow cytometric analysis 
using antibodies specific to H-2 (MHC) antigens confirmed that 100% 
and 63% of embryonic and clonal adult NSC recipient animals showed 
.significant engraftment, respectively. Further, double-label immuno-
fluorescence assays revealed the presence of donor-derived differentiated 
blood cell types in the spleen, lymph, peripheral blood, and bone marrow 
of these mice. In vitro clonogenic assays of harvested bone marrow from 
NSC recipients, showed the presence of endogenous and donor-derived 
early hematopoietic .progenitors, consistent with the sub-lethal irradiation 
model employed. Thus, neural stem cells appear to have given rise to 
both hematopoietic progenitors and more differentiated blood cells, 
suggesting they possess a greater lineage potential than previously 
thought. (Science 283:534, 1999).

Funded by NeuroSpheres Ltd., Calgary, Canada and the Italian 
Telethon (Grant A 116 to ALV).

701.8

MULTIFOLD EXPANSION OF STRIATAL PRECURSORS RESULTS IN 
MATURE, FUNCTIONAL GABAERGIC NEURONS - IN VITRO AND IN 
VIVO DATA. Viviane Tabar2*. Lorenz Studer*. Nadine Kabbani1 and Ron McKay1, 
‘Laboratory of Molecular Biology, NINDS, NIH, Bethesda, MD 20892, division of 
Neurosurgery, Memorial Sloan Kettering Cancer Center, New York, NY 10021.

CNS stem cell expansion is a potential source for the generation of large numbers 
of specific neurons in therapeutic cell replacement strategies. We asked whether 1) 
multi-fold expanded striatal stem cells can give rise to mature neuronal phenotypes 2) 
whether neuronal differentiation can be modulated by extrinsic factors 3) whether 
stem-cell derived neurons are functional in vitro and in vivo upon transplantation into 
a rat model of Huntington’s disease.

Cells derived from the rat E14 lateral ganglionic eminences were mechanically 
dissociated and plated on polyomithine/fibronectin coated dishes. The cells were 
roliferated in serum-free DMEM/F12/N2 medium supplemented with lOng/ml 
FGF. All differentiation assays were carried out with precursors expanded over a 

period of 18 days during which the total number of cells had increased by 1500 fold. 
Out of a larger primary screen the effects of the following differentiation conditions 
were analyzed in more detail. DbcAMP promoted both neuronal and GABAergic 
differentiation as assessed by quantitative computer assisted reconstruction of the 
neuronal structure. BDNF or IGF treatment did affect only GABAergic differentiation 
without promoting general neuronal differentiation. Treatment with PDGF inhibited 
the morphological maturation of precursor derived GABAergic neurons. Subtype 
characterization of the GABAergic neurons revealed the presence of calretinin, 
calbindin, parvalbumin and DARPP32 positive neurons. Reverse phase HPLC 
measurements with electrochemical detection revealed the presence GABA and 
glutamate in the conditioned medium of differentiated striatal precursors. 
Predifferentiated LG precursors (1500 fold expanded, differentiated upon bFGF 
withdrawal under serum free conditions in the presence of BDNF) were grafted into 
the striatum of ibotenic acid lesioned rats. Transplanted animals showed progressive 
improvement in amphetamine induced circling behavior for up to 2 months post 
grafting. These data demonstrate that striatal precursors can be efficiently expanded 
and differentiated under controlled conditions and are a promising source of
GABAergic neurons for brain repair.
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702.1
DISTRIBUTION OF SNAP-25A AND SNAP-25B ISOFORMS DURING 
DEVELOPMENT OF THE MAMMALIAN RETINA. M. H. West Greenlee* and
D. S. Sakaguchi. Dept. of Zoology and Genetics, Neuroscience Program and Signal 
Transduction Training Group, Iowa State University, Ames, IA 50011.

Synaptosomal Associated Protein of 25 kDa (SNAP-25) has a very characteristic 
pattern of expression during retinal development. High levels of SNAP-25- 
immunoreactivity (-IR) are observed in the developing outer retina in the region of 
presumptive photorecptors. In addition, high levels of SNAP-25-IR are specifically 
and transiently expressed in the cholinergic, starburst amacrine cells prior to eye 
opening.

In the present study we have used in situ hybridization to examine the localization 
of mRNA for SNAP-25a or SNAP-25b isoforms and compare these patterns of 
distribution with the expression of SNAP-25 protein in the developing retina of the 
Brazilian opossum, Monode/phis domestics. In the Monode/phisTetix&, SNAP-25- 
IR in the region of presumptive photoreceptors was observed around 10 days 
postnatal (10PN) and appeared to increase until around 25PN. At 15PN, the signal 
for both SNAP-25a and SNAP-25b was uniformly diffuse throughout retina. 
Furthermore, there was no apparent increase in SNAP-25a or SNAP-25b isoforms in 
the outer retina at 25PN, though the relative levels of expression of both isoforms 
increased substantially within the inner retina. A transient increase in the levels of 
SNAP-25-IR was observed in starburst amacrine cells from 20-35PN. However, the 
increase in SNAP-25a and SNAP-25b message within somata in the ganglion cell 
layer and inner nuclear layer, did not appear to be specific to starburst amacrine cells.

No obvious differences were observed between the localization of mRNA for 
SNAP-25a and SNAP-25b during retinal development. Furthermore, the expression 
of relatively high levels of SNAP-25 protein did not appear to correspond with 
relatively high levels of mRNA expression of either SNAP-25a or SNAP-25b 
isoforms. These results suggest that the differential distribution of high levels of 
SNAP-25 protein may be the result of post transcriptional regulation during retinal 
development.
Supported by the ISU Biotechnology Council, Carver Trust and NSF.

702.2
STRIPES OF BETA-CATENIN PROTEIN EXPRESSION IN THE DEVELOPING 
CAT VISUAL CORTEX. S, Sabunciyan*, O, Gu, M, Cvnader, Dept. of Ophth., 
University of British Columbia, Vancouver, B.C., Canada, V5Z-3N9.

Development at the molecular level is turning out to be quite similar in different 
systems. Gene families such as the homeobox genes and the segment polarity genes 
are conserved not only between different species, but they are also responsible for 
giving rise to diverse structures including the nervous system. Our lab has been 
studying the possible involvement of these genes in the postnatal development of the 
cat visual cortex. We have previously reported that mRNA expression of the 
segment polarity gene Wnt-1 in the developing cat visual cortex corresponds to the 
critical period of ocular dominance column formation. We have began to characterize 
the expression patterns of the beta-catenin and the cadherin genes in the developing 
visual system since these molecules are possible targets of the Wnt-1 signal. Beta- 
catenin and the cadherins are cell adhesion molecules which are reported to be 
localized at synapses. Cadherins have also been demonstrated to be necessary for the 
induction of LTP. Our immunohistochemical data shows the beta-catenin and the 
cadherin proteins (as assessed with a pan-cadherin antibody) to be present in all the 
layers of the visual cortex with the highest expression levels being found in layer 4. 
Beta catenin seems to be localized to the neuropil of the cortex and despite the 
presence of Wnt-1 signaling, nuclear localization of beta-catenin in the cortex is not 
observed. However, nuclear localization of beta-catenin is observed in the LGN and 
the possibility of Wnt-1 acting as a retrograde messenger on LGN neurons is 
currently under investigation. Strikingly, stripes of beta-catenin protein expression 
are observed in flattened kitten cortex tissue sections. These stripes are somewhat 
reminiscent of the stripes formed by pair rule and segment polarity genes in the 
drosophila embryo. The developmental expression and the functional relevance of 
these beta-catenin stripes are under investigation.

Funded by the MRC of Canada

702.3

IDENTIFICATION OF CANDIDATE GENES FOR VISUAL CORTICAL 
PLASTICITY BY DIFFERENTIAL DISPLAY PCR. C, Yang*. B, Silver and
G.D. Mower, Dept. Of Anatomical Sciences and Neurobiology, University of 
Louisville School of Medicine; Louisville, KY 40292.

Dark rearing (DR) slows the progression of the critical period in visual 
cortex (VC) such that at 5 weeks of age normal cats are more plastic than DR 
cats but at 20 weeks DR cats are more plastic that normal cats (Mower, Dev. 
Brain Res., 58: 151-158, 1991). A stringent prediction is that genes involved in 
VC plasticity should show opposite direction differences in their level of 
expression due to age and rearing condition. We have been applying differential 
display PCR to VC of normal and DR cats at 5 and 20 weeks of age to identify 
such genes. To date we have screened 90 primer pairs (240 pairs are required 
to sample approx. 96% of expressed genes). We have repeatedly found two 
patterns of differential expression. One pattern is an elevation in normal cats at 
5 weeks and an elevation in DR cats at 20 weeks (candidate plasticity genes). 
The other pattern is the opposite: elevation in DR cats at 5 weeks and elevation 
in normal cats at 20 weeks (candidate anti-plasticity genes). 21 such gene 
products have been identified thus far. Differential expression is confirmed by 
northern blotting. Sequencing has revealed that some of these candidates share 
high homology with known genes (eg. RanBP3, PAK1, cytochrome b), others 
share homology with est fragments but not known genes (retina, brain, fetal 
liver, spleen and brain), others correspond to nothing known. It is most 
encouraging that a prediction based on electrophysiological results is translating 
to appropriate differential patterns of gene expression.
Support: NSF OSR-9452895; Jewish Hospital Foundation 970615-18

702.4

A PROTEIN WITH MULTIPLE IMMUNOGLOBULIN-LIKE DOMAINS 
INTERACTS WITH THE NORRIE DISEASE GENE PRODUCT NORRIN 
IN THE DEVELOPMENT OF RETINA, COCHLEA, AND COGNITIVE 
FUNCTION. S.K. Lockwood and K.B. Sims*. Neuroscience Center, 
Massachusetts General Hospital, Charlestown, MA 02129.

Norrie disease is an X-linked, recessive neurological disorder that 
produces congenital retinal dysplasia and blindness in affected males and 
may result in sensorineural hearing loss and cognitive impairment. The 
Norrie disease gene (NDP) sequence predicts the formation of a protein 
133 amino acids in length with an N-terminal signal peptide. Computer 
modeling of protein structure suggests that norrin is a member of a family 
of growth factors that contain a cystine knot motif (e.g., NGF, TGFB2, and 
PDGF).

A search for protein interactors to norrin using the yeast two-hybrid 
system to screen a fetal human frontal cortex library has been completed.
A cDNA approximately 800 base pairs in length has been isolated. This 
sequence was used to probe an adult human frontal lobe library to obtain a 
total sequence of 3.6 kb, containing the initial 800 bp sequence with the 
exception of an insertion of 46 base pairs which changes the position of 
the stop codon. 5’ RACE experiments have extended the sequence to 4.8 
kb, which encodes a protein of over 850 amino acids. The encoded protein 
contains at least four immunoglobulin-like domains and shows significant 
homologies to other proteins that contain immunoglobulin-like domains, 
such as cell surface receptors and NCAMs. Northern analysis reveals a 
prominent band at approximately 5.0 kb in all human adult and fetal 
tissues tested; this, together with the extent of protein homologies, suggests 
that additional 5’ sequence still needs to be obtained.

Protein binding assays to verify binding between norrin and this putative 
interactor, as well as additional 5’ and 3’ RACE experiments, are presently 
underway. (NIH Grant # R1EY10611A01)

702.5

EXPRESSION OF THE EXTRACELLULAR MATRIX (ECM) MOLECULES 
LAMININ-1, LAMININ-3, AND FIBRONECTIN IN THE DEVELOPING 
XENOPUS RETINA. M P- Lawler,.apdJ>tS.^SakagUCbi*. Dept. of Zoology and 
Genetics, Neuroscience Program, and Signal Transduction Training Group, Iowa 
State University, Ames, IA 50011.

During vertebrate embryogenesis the extracellular matrix (ECM) plays a vital 
role in a number of morphogenetic processes as diverse as cell proliferation, 
differentiation, adhesion, migration, and cell death. In the present study we have 
examined the developmental patterns of expression of three ECM molecules: 
laminin-1 (LN-1), laminin-3 (LN-3), and fibronectin (FN) in the developing 
Xenopus retina and in the Xenopus XR1 glial cell line. Expression of these ECM 
molecules was assayed using immunocytochemistry with specific antibodies. 
Antibody staining was carried out on tissue sections from Xenopus embryos and 
larvae at stages 25, 30, 37/38, 40, and 47. LN-l-like immunoreactivity (IR) was 
diffusely expressed throughout the retina at all stages. A decrease in LN-1 
expression was detected in the outer nuclear layer in the more mature retina. LN-3- 
like immunoreactivity (LN-3-IR) was most prominent in the plexiform layers and 
in radially oriented processes extending from the inner to outer limiting membrane 
in more developed retinas. Double labeling with the anti-LN-3 antibody and an 
anti-glial fibrillary acidic protein (GFAP) antibody revealed that Muller glial cells 
and astrocytes express LN-3. FN-like immunoreactivity (FN-IR) was 
predominantly localized outside of the neural retina in the sclera and also present in 
the inner limiting membrane and lens at early stages, but this expression decreased 
with development. XR1 cells, an immortal glial cell line derived from Xenopus 
retinal neuroepithelium, express LN-1 and LN-3 in a diffuse, punctate fashion and 
in addition express FN in a discrete streak-like pattern. These results suggest that 
these ECM molecules are likely to play important roles during the development and 
differentiation of the vertebrate retina. Supported by the ISU Biotechnology 
Council, the Carver Trust and NSF.

702.6

EXPRESSION PATTERNS OF INTEGRIN a5, av, and pi SUBUNITS IN THE 
DEVELOPING XENOPUS RETINA. M. Li* and P.S. Sakaguchi. Dept. of Zool. 
and Genetics, Neuroscience Prog., and Signal Transduction Training Group, Iowa 
State Univ., Ames, IA 50011.

During early retinal development, cellular interactions between neuroepithelial 
cells and neurons with the surrounding extracellular matrix are thought to be 
mediated in part by the integrin family of receptors. In the present study we have 
examined the patterns of expression of a5, av and pi integrin receptor subunits in 
the developing Xenopus retina and in the XR1 Xenopus retinal glial cell line. 
Expression of these integrin subunits was assayed using immunoblot and antibody 
staining procedures. Immunoblotting was carried out on eye samples from various 
stage embryos and larvae, as well as from XR1 glial cells. A band of 
approximately 150 kDa was observed with the anti-a5 antibody, while a band of 
approximately 125 kDa was observed with the anti-av and anti-31 antibodies. 
Immunoreactivities (IR) for antibodies directed against the a5 and av integrin 
subunits were expressed in a relatively diffuse fashion throughout the developing 
retina. Once retinal lamination has been established, labeling was strongest within 
the nuclear layers. 31-IR was also expressed in a diffuse fashion throughout the 
developing retina with most intense labeling within the nuclear layers. However, 
in contrast to the a5 and av-IR, 31-IR was also strongly expressed in the radially 
oriented Muller glial cells and on astrocytes along the inside of the retina. Lower 
levels of expression of 31-IR were observed in the outer segments of the 
photoreceptors as well as on the apical and basal surfaces of the retinal pigment 
epithelium. The XR1 glial cell line, derived from Xenopus retinal 
neuroepithelium, displayed immunoreactivity for all three integrin subunits. a5-IR 
was expressed in a diffuse, punctuate pattern with occasional focal adhesions. In 
contrast, av and 3l-IRs were frequently observed in discrete focal adhesions.
These results suggest that these three integrin subunits may play important roles 
during the development and differentiation of the retina. Supported by the ISU 
Biotechnology Council, the Carver Trust and NSF.
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702.7
SUBSTANCE P EXPRESSION IN ADULT OPTIC TECTUM IS REGULATED BY 
CHOLINERGIC INPUT FROM THE NUCLEUS ISTHMI. S. Tu* and E.A. Debski. 
School of Biological Sciences, University of Kentucky, Lexington, KY 40506

The optic tectum is the primary visual-processing center in amphibians. A 
bilateral structure, each tectal lobe receives direct visual input from the contralateral 
eye. Several cell populations have been identified within the tectum, one of which is 
immunoreactive to substance P (SP). We found previously that blocking non-NMDA 
receptor activity with CNQX in one tectal lobe caused a decrease in SP expression in 
the untreated lobe (Tu and Debski, Soc. Neurosci. Abstr. 24: 811, 1998). This 
suggests that brain structures that relay information from one tectum to the other must 
be involved in the regulation of tectal SP expression. One such structure is the 
nucleus isthmi (NI), a bilateral midbrain structu, *hat is the exclusive supplier of 
cholinergic input to the tectum.

To test the idea that input from NI regulates tectal SP expression, we blocked 
tectal cholinergic activity using antagonists to nicotinic (mecamylamine, 15 mM) 
and/or muscarinic (atropine, 0.3 mM) receptors. The drugs were embedded in Elvax, a 
slow-release polymer plastic. Slices of Elvax were then placed onto the surface of one 
of the tectal lobes in adult Ranapipiens frogs. After 6 weeks of chronic drug exposure, 
the animals were sacrificed and SP expression in both tecta was examined. SP 
expression was significantly decreased in tectal lobes chronically exposed to any of 
the drug treatments when compared to expression in the untreated tecta. No such 
decreases were seen in sham treated animals. These results suggest that both nicotinic 
and muscarinic receptor activity is involved in the regulation of SP expression. We 
conclude that SP expression in each tectal lobe is regulated by the visual activity 
originating from the ipsilateral eye as relayed through the NI. Such a control 
mechanism would allow for the adjusting of the strength of the reciprocal connections 
between the NI and the ipsilateral tectal lobe. This, in turn, could help balance the 
visual signals in the two tectal lobes. Supported by NSF grant IBN-9514614.

702.8
THE EXPRESSION PATTERN OF A WINGED-HELIX TRANSCRIPTION FACTOR, 
QIN, IN THE THALAMOFUGAL SYSTEM DURING EMBRYOGENESIS. C -C. Wu1. 
R.K, Charlton, S.M. Bokish, Q.-J. Lu1, H.J. Karten1*, and J. Li2. 1Dept. of 
Neurosciences, U.C. San Diego Sch. of Med.; 2Dept. of Molecular & Experimental 
Medicine, The Scripps Research Institute; La Jolla, CA 92037

The chicken sarcoma oncogene, Qin, a member of the winged-helix family of 
transcription factors, is suggested to play a role in the forebrain development of the 
vertebrate. The present study was aimed at investigating the time course of 
expression of Qin in the thalamofugal pathway during embryogenesis. Chick 
embryos were transcardially perfused and formaline fixed overnight. The brains 
were processed with DAB- and whole-mount methods. The Q/n-like 
immunoreactivity (Q/n-LI) was examined in the retinal ganglion cell (RGC) layer, the 
dorsolateral thalamic complex (DLA), and the posterior dorsal (Wulst/hyperstriatum) 
portion of the forebrain.

At E3, heavy Q/n-LI was seen in the cells in the innermost layer of the retina. At 
E5, while the inner retinal layers became more differentiated, there was an increase 
in the number of Q/n-LI cells in the prospective RGC layer. At E6-8, increasing 
numbers of Q/n-LI cells were restricted to RGC layer. At E10-12, the density of Qin 
was slightly increased and remained stable until hatching. In the dorsal thalamus, 
scattered Q/n-LI cells were diffusely located throughout the primordium of DLA by 
E3-5. By E6-8, increased labeling was restricted to the dorso-lateral border of DLA. 
After E10, the density of Qin was slightly increased, in the forebrain of E3 embryos, 
Q/n-LI cells diffusely spread in most of the subdivisions with a higher concentration 
in the subventricular zone. By E5, increasing labeled cells were seen in the dorsal 
and lateral telencephalon. By E8, Q/'n-Li cells were gradually restricted to the 
posterior-dorsal-lateral telencephalic regions, including visual Wulst. This pattern 
appeared comparable to that of the whole-mount labeling. The Q/n-LI was slightly 
increased until hatching. In addition, the axoplasmic tracing data indicated that the 
retino-thalamic and thalamo-hyperstriatal pathways were established by E8-8.5 (Wu 
and Karten, 1998). Thus, the present study demonstrates that the spatio-temporal 
order of expression of Qin corresponds to the pathway development of the retino- 
thalamo-hyperstriatal system in chicks during embryogenesis.

702.9

ISOLATION AND CHARACTERIZATION OF VAX 
HOMEOBOX GENE FAMILY(VAY7 AND VAX2). IC 
Ohsaki1, T. Morimitsu1, Y. Ishida1, R. Kominami", K.
Kato1* and N. Takahashi1.'Grad. Sch. of Biol. Sci. NARA 
Inst, of Sci. and Tech.; 2Dept. of Biochem. Niigata Univ. 
Sch. of Med.

We describe novel homeobox genes, Vaxl and Vax2, 
of the mouse expressed in retina primordium. Vaxl 
and Vax2 share the same gene organization, consisting 
of three exons with predicted amino acid sequences 
identical in the homeodomain. At 9.5dpc, both Vax 
genes were found expressed in optic vesicles. At 
11.5dpc to 14.5dpc, Vaxl became restricted to the 
optic stalk, while Vax2 was expressed in the ventral 
half of the neural retina. Mapping of Vax genes 
suggests that Vax2 - Emx 1 and Vaxl-Emx2 arose by 
chromosomal duplication of the same ancestral genes.

702.10

EFFECTS OF VISUAL INPUT ON GENE EXPRESSION OF NMDA 
RECEPTOR SUBUNITS IN THE RAT VISUAL CORTEX. Z. Cao*, M. 
E, Lickev, L. Liu, and B. Gordon. Institute of Neuroscience, University of 
Oregon, Eugene, OR 97403.

NMDA receptors may mediate activity dependent plasticity in the visual 
cortex during development. In rats, visual plasticity, defined by monocular 
deprivation, probably occurs between 24-50 days of age. To determine 
whether gene expression of NMDA receptor subunits is related to plasticity 
in the visual cortex of Long-Evans rats, we examined the effects of visual 
input on expression of NMDA receptor subunit genes with in situ 
hybridization. We found that normally reared P30 rats expressed higher 
levels of NR1, NR2A, and NR2B subunits than did adult rats (P90). Dark-
rearing from birth reduced the NR1 and NR2B gene expression at P30 
relative to normally reared rats. Introduction of light for four days at the 
end of dark-rearing caused recovery of NR1 and NR2B message to or 
above the normal level. In contrast, NR2A message in P30 rats was not 
affected by dark-rearing or exposure to light after dark-rearing. These 
changes in expression of NMDA receptor subunit genes in response to 
visual input suggest that the NMDA receptors containing NR2B subunit 
are regulated by visual input, and may be important to visual plasticity. 
Supported by NEI grant EY04050 to Barbara Gordon.

702.11

MOLECULAR ANALYSIS USING HIGH-DENSITY cDNA ARRAYS OF GENES 
EXPRESSED DURING THE ENHANCED PERIOD OF VISUAL CORTEX 
PLASTICITY. S,S. Prasad, L- Kojic, S.S, Lee, P.A. Hetherington, D.E. Mitchell, 
O. Gu* andM.S. Cvnader. Dept. of Ophthalmology and Brain Res. Center, Univ. of 
British Columbia, 2550 Willow St., Vancouver, B.C., Canada V5Z 3N9.

Abundant evidence has shown that the visual exposure history of the organism 
can markedly influence the course of future visual cortical development. The 
experience-dependant modifications of cortical connectivity and physiology in kittens 
have a well defined critical period which peaks at about 30 days of age. This critical 
period is itself input-dependant and can be prolonged into adulthood by restricting 
visual input to the cortex. The critical period for ocular dominance plasticity can be 
greatly prolonged simply by rearing kittens in the dark throughout the naturally- 
occuring critical period.

The goal of this study is to identify molecules which are specifically expressed 
during the enhanced periods of visual cortex plasticity. About 2 million expressed 
sequences exist in databases which have been grouped into approximately 64,000 
clustered sets. Assuming that these sets represent 64,000 genes, and human genome 
contains 60,000-70,000 genes, approximately 91-100% of the total number of 
expressed sequences are in the public database. Sets of High-density gridded filters 
(Genome Systems Inc., St. Louis, Missouri), containing 18,942 human cDNA 
cluster members on single nylon membrane were differentially screened with cDNA 
probes for 30 day old kitten and adult visual cortex to identify the developmentally 
regulated genes. Many of the genes that are expressed in young kitten cortex will be 
related only to aging, and not to developmental visual plasticity. Therefore, we also 
differentially screened sets of filters using cDNA probes for the visual cortex of 
normal and dark-reared animals (the latter retain plasticity). These multiple screenings 
have enabled us to identify only those genes which are common to dark-reared 
animals and young animals and are no longer expressed in adult visual cortex. We 
will present the results of these multiple screens which identifed a small number of 
cDNAs that may be related to plasticity.
Supported by March of Dimes Birth Defects Foundation.

702.12
EXPRESSION AND FUNCTION OF CLASS IMHC IN THE MOUSE CNS.
G, S-Huh. H, Du*, S. A. Wiese. P. A. Riquelme, and C. 1,5haU- Howard Hughes 
Medical Institute and Department of Molecular and Cell Biology, University of 
California, Berkeley, CA 94720

Genes of the class I major histocompatibility complex (MHC I) are expressed by 
subsets of neurons in the developing and mature CNS and are regulated by action 
potential activity. MHC I mRNA expression in the cat correlates with times and 
regions of activity-dependent axonal rearrangements (Corriveau et al. [1998], Neuron 
21: 505-520). These observations suggest that MHC I, which is involved in several 
aspects of immune system function, plays additional roles in activity-dependent 
structural rearrangements in the CNS. We have extended these studies to the mouse, 
where MHC I genes are better characterized than in cat. Using murine MHC I cDNAs 
cloned from hippocampus as probes for in situ hybridization, we found that MHC I 
mRNAs are expressed in the mouse CNS in spatiotemporal patterns that are consistent 
with those found in the cat. In addition, MHC I mRNA subclasses are differentially 
expressed by distinct subsets of CNS structures, raising the possibility that different 
MHC I molecules carry out distinct and multiple functions in neural development.

We have also undertaken an examination of the CNS in mice that are genetically 
deficient for cell surface expression of MHC I. A preliminary examination of the 
retinogeniculate projection in mutant mice indicates that, although the pattern of ipsi- 
and contralateral projections to the LGN is grossly normal, the ipsilateral projection in 
the LGN is expanded (-25%) relative to wildtype controls. In addition, in a small 
fraction of cases, the ipsilateral projection is grossly abnormal. Furthermore, enlarged 
ventricles are apparent in -40% of mutant mice, suggesting that MHC I is involved in 
aspects of brain development that are distinct from those related to activity-dependent 
synaptic rearrangements. This is consistent with our earlier finding that cells in the 
ventricular zone also express class I MHC. Taken together, these observations indicate 
that MHC I molecules participate in activity-dependent long term structural 
rearrangements and that MHC I plays additional roles during mammalian CNS

_ development. Funded by NIH grants MH48108 (CJS) and 1F32 EY06912-01 (HD). 
GSH is an HHMI Associate. CJS is an HHMI Investigator.
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702.13

RECOVERIN LABELED CELLS IN THE GANGLION CELL LAYER OF 
THE DEVELOPING AND MATURE RAT RETINA. Emine Giinhan-Agar* 
and Leo M. Chalupa, Neurobiology, Physiology & Behavior, University of 
California, Davis CA 95616.

The 23-kD calcium-binding protein, recoverin, has been shown to label 
different cell types in the adult and mature rat retina, including photoreceptors 
and two types of cone bipolar cells (Milam et al., 1993; Euler and Wassle,
1995). In the process of investigating the ontogeny of stratified ON and OFF 
bipolar cell axons in the postnatal rat retina, we noted a subpopulation of cells 
within the ganglion cell layer of the developing and mature rat retina that were 
intensely stained for the recoverin antibody. The recoverin labeled profiles 
were already present in the emerging ganglion cell layer at PO, the earliest day 
studied to date. At this age, some of the recoverin labeled cells within the 
ganglion cell layer had a distinctive size and morphology, resembling that of 
bipolar cells. Others appeared larger in size and lacked an axonal process. The 
incidence of such recoverin positive cells increased until P5, and remained at 
maturity. To determine whether or not the cells expressing recoverin in the 
ganglion cell layer were retinal ganglion cells, the optic nerve was transected 
in PO animals. This manipulation causes a rapid and complete loss of retinal 
ganglion cells. Remarkably, we found that the recoverin positive cells were 
still present in the ganglion cell layer of 3-4 week animals with optic nerve 
transection at PO. Moreover, the morphology and incidence of such cells in the 
retinas depleted of ganglion cells was virtually identical to that found in the 
normal retina. Collectively, these observations lead to the intriguing 
possibility that some of the recoverin labeled cells in the ganglion cell layer 
might be displaced bipolar cells, while others are most likely a subpopulation 
of displaced amacrine cells. (Supported by NSF IBN12593).

702.14

IN VITRO ASSAY OF ADENOVIRAL INFECTION OF NEONATAL RETINA
M. Bhattacharya and J.S.H. Taylor*. Dept Human Anatomy & Genetics, University of 
Oxford. 0X1 3QX UK.

Our interest is in the regeneration of neonatal retinal ganglion cells and the use of viral 
mediated gene transfer to enhance this process. In order to assess the efficacy of viral 
vectors during critical periods of visual system development we have used a flatmount 
retinal preparation. This avoids the technical problems of reproducible injections, 
especially during intra uterine periods and allows daily monitoring of infection levels.

Retinae from PO to adult mice and rats were mounted on millipore 0.45 pm filtres. A 
type 5 adenoviral construct containing Yellow Fluorescent Protein under the RSV 
promotor was placed onto the tissue at 2x10s*, 2x10", or 2xl0lz particles per ml and left 
for either 2 or 10 minutes. Infected retinae were cultured floating in DMEM for 14 days 
with daily inspection. Retinae were also cultured on Costar inserts with neonatal brain 
slices to assess differences in infection levels.

Irrespective of dilution, time for up-take, or age of retinal tissue, the levels of infection 
were very low, with only sporadic cells labelled in most explants. Higher levels were 
found at the retinal margins, possibly implicating tissue damaged as a factor. However, 
direct injection of virus into retinal tissue, or damage made by stabbing with forceps, had 
no effect on infection levels. In co-cultures of brain slices and retina dramatic 
differences between infection rates could be seen. Immunohistochemical labelling showed 
low levels of adenoviral a2 and a5 receptor in neonatal rat retina or brain, but lung and 
gut showed clear staining. We conclude that adenovirus 5 is not a suitable vector for the 
retina. Further, this in vitro method allows reliable evaluation of potential vectors for 
induction of genes into neonatal brain tissue.

This work is supported by the Wellcome Trust

FUNCTIONAL AND STRUCTURAL RESPONSES TO INJURY 
IN DEVELOPING SENSORY SYSTEMS

703.1

THE EFFECT OF SENSORY- OR MOTOR- STIMULATION, OR 
GROUP HOUSING ON THE RECOVERY OF EXPLORATORY 
BEHAVIOR FOLLOWING AN ISCHEMIC STROKE IN UNTRAINED 
RATS. D.M. Nicklous, C, Quinn, T. Miller, J. Rowand, C.L, Sauer, P.J. Hand1,
K. Takahashi2, J.H, Greenberg2, R.L. Craik3*. J.R. Hoffinan. ‘Dept. Animal 
Biol. & 2Cerebrovas. Res. Ctr., Univ. of Penn., Philadelphia PA 19104 and Dept. 
3Phys. Ther. & Biology Beaver College, Glenside PA, 19038.

Alterations to the vibrissae-barrel cortex system dramatically change the 
learning and completion of trained behavior in rodents. In this study, we 
examined the effects of sensory stimulation (brushing of whiskers at 5 Hz) or 
motor stimulation (treadmill running at 25-30 cm/sec) twice a day for 5 
minutes, on the recovery of behavior in rats following a transient right middle 
cerebral artery (3-vessel) occlusion. The effect of group housing (SG) versus 
isolated housing on recovery was also assessed. Animals were tested under red 
light illumination on an elevated circle maze composed of a runway flush 
against the wall of a 125 cm cylinder, with the inner edge of the runway 
forming a cliff. Animals with strokes traveled significantly shorter distances on 
the elevated circle maze, but group housed animals and motor stimulated 
animals recover to a normal range within 2 weeks. Directional biases were 
assessed by determining distance traveled in the clockwise and counter-
clockwise directions. SG animals demonstrated a dramatic increase in distance 
traveled in the counter-clockwise direction (intact vibrissal system against the 
wall), while only minor changes were observed in other groups or in terms of 
clockwise distance traveled. These results indicate that this test is sensitive to 
differences in rehabilitation paradigms in a rat ischemic stroke model.
Supported in part by NIH-NS33785.

703.2

VISUAL DEFICITS IN ADULT RATS FOLLOWING PRENATAL 
ADMINISTRATION OF MAMa. I. STEELE RUSSELL*& S. C. 
PEREIRA . Depts. of Psychiatry & Behavioral Science & Anatomy 
& Neurobiology, Texas A&M University Health Science Center, 
College Station, Tx 77843

Injections of the teratogen derivative of the glucoside cycasin, methylazoxy- 
methanol acetate (MAMe), into pregnant rats during the third trimester produce 
microencephalic off-spring. When adult such rats appear to be behaviorally 
normal. They show no learning or memory deficits with a variety of simple 
conditioning tasks, although they are impaired on spatial learning.
In the present study such animals were evaluated for impairments in motor 
performance using a comprehensive test battery ranging from simple placing 
reflexes to complex balancing behavior required to negotiate a 2 mm wide 
elevated track. Additional assessment was also made of two types of visual 
acuity using intensity and orientation difference scales.
The results showed normal mo.tor performance on all six motor performance 
tests. Entirely normal performance was found for the visual task using intensity 
differences, but profound deficits were found when the animals were tested for 
orientation vision. Control adult rats with lesions restricted to the visual cortex 
showed a similar behavioral dissociation, i.e. no impairment on an intensity 
difference task, but a complete deficit for orientation vision. These findings 
suggest that the reduced brain size of these animals is due to the disruption of a 
rostral-caudal cortical developmental gradient where the frontal motor regions 
develop earlier than the parietal occipital visual cortical regions. It would appear 
that the effect of prenatal MAMa is to induce a selective developmental lesion in 
the occipital cortex rather than producing a general microencephaly.

703.3

SOURCES OF HINDLIMB INPUT WITHIN THE CORTICAL STUMP 
REPRESENTATION IN ADULT RATS THAT SUSTAINED NEONATAL 
FORELIMB REMOVAL. A.S. Stoiic*, R.D. Lane and R.W. Rhoades. Dept. 
of Anatomy and Neurobiology, Medical College of Ohio, Toledo OH 43699

Previous work has shown that rats that undergo forelimb amputation at birth 
possess neurons in the forelimb-stump region of primary somatosensory cortex 
(S-I) that are responsive to hindlimb as well as stump inputs (J. Neurophysiol. 
77:2723-35, 1997). These hindlimb inputs can only be detected when the cortical 
GABA receptors are pharmacologically blocked. A major source of these hindlimb 
inputs is the S-I hindlimb representation (J. Neurophysiol. 81:625-633, 1999). 
The present study was designed to test whether the cuneate nucleus (CN), via the 
CN > thalamus > S-I stump representation pathway, also contributes hindlimb 
inputs to the S-I forelimb-stump region. The CN has previously been shown to 
possess neurons that express both forelimb-stump and hindlimb receptive fields 
(P.N.A.S. 92:4264-8, 1995), hence, these neurons may contribute to the 
expression of hindlimb inputs in S-I. In this study, we identified hindlimb 
responsive sites in the GABA receptor blocked S-I stump field after electrolytic 
ablation of the S-I hindlimb field (8 of 68 sites assayed in 2 amputated rats). The 
CN was then reversibly inactivated with CoCl2 while monitoring hindlimb 
responsive sites in the S-I stump region. Silencing the CN, but not the gracile 
nucleus, resulted in the temporary loss of both forelimb and hindlimb responsivity 
at the S-I sites. These results indicate that the S-I altered forelimb representation 
receives a small input of mixed stump and hindlimb inputs that originates in the 
CN of neonatally amputated rats. Furthermore, the results suggest that a 
combination of cortical and subcortical mechanisms are responsible for the S-I 
reorganization observed in these animals.

Supported by NS 28888 and DE 07734.

703.4

SALT TASTE RESPONSE PLASTICITY IN THE ANTERIOR TONGUE 
INDUCED BY COMBINED GLOSSOPHARYNGEAL NERVE SECTION AND 
DIETARY SODIUM RESTRICTION. D.L, Hill* and S.J. Hendricks, University of 
Virginia, Charlottesville, VA 22903.

Previously, we demonstrated that unilateral chorda tympani nerve section 
combined with dietary sodium restriction in adult rats causes functional alterations to 
sodium stimuli in the intact, contralateral chorda tympani nerve (Phillips and Hill, 
1994). For example, chorda tympani responses to 0.5 M NaCI on the intact side are 
reduced up to 80% of control values within days following nerve section. Neither 
imposition of the low sodium diet (0.03%), nor nerve section alone, is sufficient to 
manifest this response. To elucidate the specificity of this effect, another gustatory 
nerve, the glossopharyngeal, was sectioned in the adult rat. Unlike the chorda 
tympani nerve that innervates taste buds on the anterior tongue, the glossopharyngeal 
nerve innervates a separate population of taste buds on the posterior tongue. In 
addition to the physical separation, there are no known connections between receptor 
cell population or innervating fibers.

Following bilateral glossopharyngeal sections, rats were injected with 10 mg 
furosemide and placed on a low salt diet (0.03% NaCI). Whole nerve recordings from 
the left chorda tympani were obtained 4-15 days after surgery. Stimuli consisted of a 
concentration series of NaCI, sodium acetate, KC1, and NH4CI. Chorda tympani 
responses to sodium stimuli in sodium restricted rats receiving bilateral 
glossopharyngeal sections were reduced to 50% of their normal response.levels; 
responses to non-sodium salts were similar to controls. Responses to all stimuli from 
sham-operated controls did not differ from those of normal adult rats. Thus, the 
consequence of glossopharyngeal nerve section follows the same time course as 
contralateral chorda tympani section, albeit at a reduced efficacy. These findings 
further support the hypothesis that circulating factors triggered following 
degeneration of nerves and/or taste receptors in the tongue functionally interact with 
existing taste receptor cells. Supported by NIH grant P01 DC03576 to D.L.H.
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703.5
DIFFERENTIAL EFFECTS OF CAPSAICIN AND GUANETHIDINE ON 
CUTANEOUS INNERVATION. T. P, McNair1, T.L.Fletcher2* and F.L, Rice1. 
’Dept. of Pharmacology and Neuroscience and 2Dept. of Psychiatry, Albany Medical 
College, Albany NY, 12208.

The whisker pad of the rat contains an extensive mixture of NGF dependent 
sympathetic and small caliber sensory innervation, much of which was unknown 
until recently. Neonatal and adult rats were treated with either guanethidine or 
capsaicin with the objective of eliminating the sympathetic or small caliber sensory 
innervation respectively. Our goal was to determine exactly which sets of 
innervation in the epidermis and upper dermis of the whisker pad would be 
eliminated by these treatments and to assess the capacity of remaining innervation 
to sprout, presumably due to reduced competition for NGF. Whisker pad 
innervation was assessed by immunofluorescence immediately following, or six 
weeks after the drug treatment schedules. Treatments with capsaicin eliminated 
virtually all of the small caliber sensory innervation in adults but some CGRP 
innervation remained in neonates. Remaining sympathetic innervation did not 
noticeably sprout. However, a set of CGRP vascular innervation remained in both 
neonates and adults and sprouted extensively into the epidermis. Treatments with 
guanethidine eliminated the sympathetic innervation but, surprisingly, also reduced 
or eliminated several sets of sensory innervation. Some of the affected sensory 
innervation in rats treated with guanethidine as adults eventually recovered and 
may have hypertrophied while other sets were permanently lost. In contrast, the 
impact on the sensory innervation was mostly permanent in rats treated with 
guanethidine as neonates. These results indicated that there is an extensive 
interplay between the sympathetic and sensory innervation in the epidermis and 
upper dermis, with some sensory innervation being dependent on sympathetic 
innervation. This interplay may underlie the sequelae associated with complicated 
neuropathies such as reflex sympathetic dystrophy. NIH R01-NS34692.

703.6

PREVENTING THE DAMAGE-INDUCED UPREGULATION OF 
GALANIN DOES NOT RESCUE CENTRAL VIBRISSAE-RELATED 
PATTERNS. A. Shah, N.L. Chiaia*, T. Rizk, R.W. Rhoades. Dept. of 
Anatomy and Neurobiology, Medical College of Ohio, Toledo OH 43699

We have previously shown that transection of the infraorbital nerve (ION) 
at birth, results in a dramatic upregulation of galanin in the central terminals 
of trigeminal primary afferents in the brainstem and a loss of vibrissae- 
related aggregates of neurons in the brainstem, thalamus, and cortex of 
these animals. The present study utilized antisense oligonucleotide 
application in conjunction with ION transection to examine the potential 
role of the upregulation of this peptide in the reorganization of central 
whisker patterns. We employed cytochrome oxidase (CO) staining and 
galanin immunocytochemistry to qualitatively evaluate vibrissae-related 
patterns and galanin expression in the brainstems of rats that received 
antisense injection and ION transection (n=9) on the day of birth and were 
euthanized six days later. Neonatal antisense injection prevented the 
upregulation of galanin in both the principal sensory nucleus (PrV) and 
subnucleus interpolaris (Spl) of the trigeminal brainstem complex in all 
animals examined, but did not rescue vibrissae-related patterns in PrV, Spl, 
or cortex of these animals. These results indicate that the upregulation of 
galanin following either ION transection or vinblastine treatment is not a 
necessary condition for central reorganization in the V neuraxis. 
Supported by DE08971 and DE07734.

703.7

MORPHOLOGICAL INVESTIGATION OF THE RAT VIBRISSAL 
TRIGEMINAL SYSTEM FOLLOWING INDIVIDUAL FOLLICULAR 
NERVE DISSECTION. J. PAIi*, V. Gal and L. Negyessy. Laboratory of 
Neurobiology at Department of Anatomy, United Research Organization of the 
Hungarian Academy of Sciences and Semmelweis University Medical School, H- 
1450 Budapest, Hungary.

The regeneration and topography of the connections between the whisker pad and 
the trigeminal brainstem nuclear complex (TBNC) were studied using fluorescent 
retrograde tract tracing and transganglionic labeling techniques following dissection 
of a segment of the follicular nerve of the gamma (y) vibrissa in adult rats. Injection 
of the fluorescent retrograde tracer Fast Blue (FB) into the follicle of the y vibrissa 
revealed that the dissection resulted in a significant decrease in the number but not 
the entire loss of the retrogradely labeled neurons in the Gasserian ganglion. After a 
survival period of 180 days the number of the FB-labeled neurons increased 
significantly which indicates the regeneration of the dissected follicular nerve. 
Indeed, 180 days after the nerve dissection the injection of the transganglionic tracer 
choleratoxin (CTb) into the y follicle resulted in the reappearance of the labeled 
afferents in the TBNC. Using double fluorescent retrograde tracing it was found that 
normally 2-3% of the ganglion-cells send collateral branches to neighboring 
vibrissae. The’number of the double labeled neurons was not changed 180 days after 
the y follicular nerve dissection suggesting the lack of collateral sprouting in the 
periphery. According to our preliminary results a sparse CTb labeling was present in 
the deafferented regions of the TBNC when the injections were delivered into the 
next nearest sinus hairs of the y vibrissa. It therefore can not be completely ruled out 
that partial deafferentation results in some collateral sprouting of the central 
branches of the intact primary sensory neurons. It is suggested that the regeneration 
of the dissected follicular nerve is responsible for the restoration of functions in the 
vibrissal trigeminal system. Supported by OTKA grants F019289 and T022297.

703.8

THE EFFECTS OF FOCAL DENERVATION ON THE DEVELOPMENT OF THE 
RAT OLFACTORY BULB. J.M. Couper Leo1*, A.H. Devine2, and P.C. Brunjes12. 
’Program in Neuroscience and department of Psychology, University of Virginia, 
Charlottesville, VA 22903.

Many studies have examined the role of the olfactory nerve in the developing 
olfactory bulb. For example, several have examined the effects of near-total 
denervation by destroying the sensory receptor sheet, while others have examined 
functional denervation through unilateral naris closure. The present study presents a 
novel method of prolonged focal denervation that can be used to examine normal and 
deafferented tissue in the same specimen. Postnatal (P) 1 rats underwent surgery in 
which a small piece of Teflon was implanted immediately caudal to the cribiform 
plate, severing many afferent connections and preventing new olfactory axon 
ingrowth in the shadow of the Teflon implant Rats were sacrificed at P30, tire tissue 
Nissl-stained, and the sections examined with an image analysis program. Laminar 
measurements in the experimental bulb showed reductions in most layers, resulting in 
a robust decrease in bulb size. Cell counts revealed reduced mitral cell number and 
density. Furthermore, mitral cell survival appears to be correlated with innervation, 
as mitral cell number was proportional to the number and area of glomeruli. Golgi- 
impregnated tissue indicates abnormal bulb architecture and mitral cell morphology 
in denervated regions of the manipulated bulb. These results indicate that loss of 
afferent contact during development alters bulb growth and cell morphology, and 
produces changes that are not incurred with sensoiy deprivation.

Supported by grants DC 00338 and DC02400

703.9

BILATERAL COCHLEAR LESIONS IN NEONATAL FERRETS PREVENT 
REFINEMENT OF HORIZONTAL CONNECTIVITY IN PRIMARY 
AUDITORY CORTEX. W.-J. Gao1. DR. Moore2* and S L. PalU? ’Dept rf 
Biology, Georgia State University, Atlanta, GA 30303, USA and University 
Laboratory of Physiology, University of Oxford, Oxford OXI 3PT, UK.

In sensory neocortex, clustered long-distance horizontal connections are sculpted 
from an early diffuse pattern, and in adults they unite neurons with similar receptive 
field properties. We are interested in the roles of spontaneous activity and sensory 
experience in this refinement process. In the primary auditory cortex (AI), clustered 
horizontal projections connect neurons within anteroposteriorly-elongated 
isofrequency bands. The dependence of this connectivity pattern on auditory 
experience has not been studied. In visual cortex, cluster formation is prevented by 
early blockade of spontaneous activity, but bilateral enucleation has little effect on 
initial cluster formation, preventing only subsequent cluster refinement (Ruthazer & 
Stryker, ‘96). We report here that the clustered horizontal connectivity pattern in AI 
is also under the influence of sensory experience, but perhaps to a different degree.

On postnatal day 14, prior to the onset of hearing, ferret kits were subjected to 
manual lesions of both cochleae. In adulthood, small injections of biotinylated 
dextran amine were made in AI. After a survival period, the cortical hemispheres 
were removed and flattened, the pattern of synaptic boutons was mapped in 
tangential sections, and the degree of cochlear damage was assessed. We found that 
rather than the anteroposteriorly-elongated bands of clustered horizontal connections 
seen in normal ferret AI, the projections in deaf animals were exuberant and diffigy. 
lacking pattern almost entirely in the most extensively lesioned animals These 
data suggest that in auditory cortex, as in visual cortex, the ordered pattern of long-
distance horizontal connections depends on normal sensory experience. However, 
this dependence appears more extreme in auditory cortex than in visual cortex

Supported by NSF IBN-9511430, die Whitehall Foundation, the Georgia 
Research Alliance (S.LJ>.), and the MRC-UK (D.RM.).

703.10

POSTNATAL DORSAL ROOT GANGLIA GENERATE NEW NEURONS IN 
CULTURE. M. Namaka*, K.W.Cheng, E. Ling, S. Hochman . Department of 
Physiology, University of Manitoba, Winnipeg, Canada, R3E 3J7.

The properties of dissociated DRG neurons have been studied extensively. For cell 
culture, tissue extraction axotomizes DRG neurons, inducing phenotypic changes 
similar to those observed following axotomy in vivo. Axotomy also evokes neural 
apoptosis (e.g. Whiteside et al 1998; Eur. J. Neurosci. 10:3400} as well as elevations 
in basic fibroblast growth factor (bFGF) mRNA (Ji et al 1995; Eur. J. Neurosci. 
7:2458). Because bFGF proliferates neural precursors, we hypothesize that tbFGF 
serves to induce neurogenesis to replace dying neurons. Thus, we determined 
whether postnatal DRG are capable of generating new neurons in culture.

Dissociated DRG cells were cultured in a standard DRG culture media with or 
without bFGF. Bromodeoxyuridine (Brdu) was included to identify newly generated 
cells. Cells were maintained for 1 to 4 weeks in culture. Cells immunolabeled for 
MAP-2/NF-160 were considered neurons and counted in control and bFGF-treated 
groups at weekly intervals. In controls, neuron number remained stable for 3 weeks, 
but then doubled at week 4. In cultures containing bFGF, MAP-2/NF-160+ cell 
number nearly quadrupled by week 3 due to the presence of less intense spherical 
MAP-2ZNF-160* cells without neurites. Combined Brdu+ & MAP-2/NF-160+ cells 
were observed in both groups, confirming that new neurons were generated.

In another experiment, DRG cells were cultured for 2 weeks in a serum free media 
containing bFGF. No neuronal labeling was observed after 2 weeks in culture. 
However, subsequent addition of trophic factors (NGF, BDNF, NT-3, or GDNF) to 
these cultures for 4 days resulted in the production of MAP-2/NF-160+ cells having 
typical DRG neuronal morphology with extensive processes.

Thus, postnatal DRG can generate new neurons in culture. Furthermore, bFGF 
proliferates neuronal precursors that are induced to differentiate into DRG neurons 
following the addition of trophic factors.

Supported by the University of Manitoba Research Development Fund.
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703.11
AXOTOMY-INDUCED CELL PROLIFERATION AND NEUROGENESIS IN 
POSTNATAL DORSAL ROOT GANGLIA. D. Kinsley, M.P. Namaka, M. Sawchuk 
and S. Hochman*. Department of Physiology, University of Manitoba, Winnipeg, MB, 
Canada, R3E 3J7.

Trophic factors support the development and survival of DRG neurons. Sciatic nerve 
transection prevents the retrograde flow of trophic support from peripheral targets, and 
can lead to DRG neuron death. Ji et al (1995; Eur. J. Neurosci. 7:2458) demonstrated that 
mRNA levels for basic fibroblast growth factor (bFGF) are up-regulated in DRG cells 
following nerve injury. Since bFGF is a known mitogen, it is possible that axotomy 
induces the proliferation of neuronal precursors for subsequent neurogenesis. Thus, we 
sought to determine whether peripheral nerve axotomy increases neurogenesis.

Sciatic nerve lesions were done on post-natal day 11 rats. Bromo-deoxyuridine 
(BrdU) was injected IP at 1&2 or 5&6 days post-axotomy to label mitotically active 
cells. The animals were sacrificed and fixed 7 or 14 days post-axotomy and their L4-L6 
DRG extracted for immuno-processing with Brdtj and neuron specific enolase (NSE).

Small-diameter double-labeled cells (BrdU+/NSE+) were identified on both ipsi- and 
contralateral sides of lesion and sham groups. The lesion group pulsed day 1&2 and 
sacrificed 7 days after injury showed a 107%t in the number of double-labeled cells 
on the ipsilateral side compared to contralateral control side. All other treatment 
groups revealed no detectable differences in the number of double-labeled cells 
between control and lesioned sides. However, ipsilateral ganglia of all lesion groups 
displayed a 40% increase in BrdU+ cells compared to the control side.

Preliminary results in adult rat show that axotomy continues to induce extensive cell 
proliferation including neurogenesis, but largely restricted to the lesioned side.

Thus, the postnatal DRG is capable of generating new cells including putative neurons 
throughout life. The increased proliferation of these BrdU+/NSE+ cells appears to be 
induced within a narrow window after axotomy.

Supported by the University of Manitoba Research Development Fund

703.12
ACUTE AND CHRONIC EFFECTS OF ALCOHOL EXPOSURE ON RETINAL 
DEVELOPMENT IN VITRO.
G. Pinzon-Duarte. S, Fellner. B, Arango-Gonzalez. K.Kohler and E, Guenther.
{SPONSOR: European Neuroscience Association)
Dept. Exp. Ophthalmology, University Eye Hospital, Rontgenweg 11, D-72076, 
Tubingen, Germany.

Ocular anomalies are multiple in the Fetal Alcohol Syndrome. Although the 
pathophysiological mechanisms are not well understood, it is known that these 
malformations can be caused by exposure to single or multiple doses of ethanol 
during pregnancy. To investigate acute and chronic effects of ethanol on 
differentiation and neurotransmission processes in the developing retina, 
electrophysiological recordings on acute slice and immunohistochemistry on 
organotypic cultures of rat retinas were performed.

In retinal ganglion cells of postnatal rats perforated patch-clamp recordings 
revealed a half maximal inhibition of the NMDA-receptor current at 49 mM ethanol, 
when delivered for two seconds. Chronic exposure for more than 5 hours resulted in 
additional kinetic alterations of the NMDA-evoked currents. Ethanol did not show 
any effect on GABAa  receptor currents evoked by Muscimol under the same 
experimental conditions.

Neonatal retinas cultured up to 10 days (comparable to the last two thirds of 
human eye development in utero) in presence of 100 mM ethanol showed an 
increased immunoreactivity of AMPA receptors in horizontal cells, and alterations 
in the migration and organization of these cells. This dose also delayed and 
decreased the expression of rhodopsin in photoreceptor cells. The systemic 
administration of L-glutamate has similar effects on developing photoreceptor cells 
(Kanno C, et al. Cell Struct Fund 16:399-403 1998).

Taken together, we suggest that acute and chronic effects of ethanol on retinal 
development appear to be mediated, at least in part, through glutamate receptors.
G. P-D. was supported by Colciencias, Bogota-Colombia.

NEURONAL DEATH: SPINAL CORD

704.1
RESPONSE OF SPINAL MOTONEURONS IN THE EARLY 
POSNATAL DEVELOPING RATS TO DIFFERENT TYPES OF 
AXONAL INJURIES. Q.J.Yuan and W.Wu, (SPON: The Hong Kong Society 
of Neurosciences). Department of Anatomy, Faculty of Medicine, The 
University of Hong Kong, Hong Kong, China.

This study investigates response of spinal motoneurons to two 
different types of injuries (distal axotomy and root avulsion) in the developing 
rats from newborn to 21 day old. Motoneurons degenerated quickly when root 
avulsion was performed in the newborn or 7 day-old rats. Almost 100% of 
motoneurons died by 7 days post-injury. When root avulsion was performed in 
animals at the age of 14 or 21 days, onset of motoneuron death delayed which 
trended to be similar to the condition in adult animals. On the other hand, 
distal axotomy in 14 or 21 day-old rats did not cause significant motoneuron 
death which is similar to adult animals. However, distal axotomy in younger 
rats (newborn or 7 day-old) resulted in a delayed motoneuron death, which 
was similar to the results of root avulsion performed in 14 or 21 day-old rats. 
Although the time course and pattern of motoneuron death following root 
avulsion in 14 and 21 day-old rats was similar to that following distal axotomy 
in new-born and 7 day-old ones, expression of nitric oxide synthase (NOS) 
was only observed in motoneurons after avulsion injury but not distal 
axotomy. Results of the present study have shown that change of cellular 
molecules in response to injury is different in developing spinal motoneurons 
following different types of axonal injuries. Therefore, motoneuron death in 
developing animals may undergo different mechanisms depending on the 
types of axonal injuries. (Supported by research grants from the University of 
Hong Kong and Hong Kong Research Grant Council).

704.2
MOTONEURONS SURVIVE CRUSH OF NEONATAL MONKEY SPINAL 
NERVE. S.C. Mears1, M. Yaster2, T. Crawford3 and T.M. Brushart*1,3. ’Dept. of 
Orthopaedic Surgery, 2Anesthesiology, and 3Neuroiogy, Johns Hopkins Medical 
Institutions, Baltimore, MD 21287.

Neonatal nerve injury results in motoneuron loss in lower mammals. The 
persistence of clinical deficit in some patients with obstetrical brachial plexus 
palsy suggests a similar mechanism. However, the response of primate 
motoneurons to nerve injury is poorly defined. In this study, two baby Rhesus 
monkeys aged 8 and 10 days were anesthetized and the C7 nerve roots were 
crushed at the neural foramen with jewelers forceps. Four weeks later, the 
monkeys were sacrificed and the spinal cords and ventral roots were removed. 
Counts were made of motoneuron nucleoli in the ventral half of the spinal cord 
at the C7 level. The ventral roots were embedded in plastic and myelinated 
axons were counted. Motoneuron and axon counts were strikingly similar on the 
injured (I) and control (C) sides. Counts in animal 1 were 76 + 2 (I) vs. 76 + 2 
(C) nucleoli per section and 5045 (I) vs. 5011 (C) axons. Counts in animal 2 
were 74 + 3 (I) vs. 73 + 3 (C) nucleoli per section and 4343 (I) vs. 4479 (C) 
axons. Neonatal primate motoneurons thus survive crush when Schwann cell 
contact is maintained in the dorsal and ventral roots and the distal pathway 
remains intact. The effects of more severe injury in the form of nerve transection 
and root avulsion are under study.

704.3

EFFECT OF PERIPHERAL NERVE INJURY ON NEURON NUMBERS AND 
PEPTIDE EXPRESSION IN MOUSE DORSAL ROOT GANGLIA T-J, Shi1. T, 
Tandrup2, E, Bergman1. Z-O. Xu1, U. Kopp1*and T, Hokfelt1. ^ept. Neurosci., 
Karolinska Inst., Stockholm, Sweden; 2Stereological. Res. Lab., Univ. Inst. 
Pathology, 2nd Univ. Clin. Int. Med., Inst. Expt. Clin. Res., Univ. Arhus, Denmark.

Several types of changes have been observed in dorsal root ganglia (DRGs) 
following peripheral nerve injury, including loss of neurons and increases and decreases 
in peptide expression. However, with regard to loss of neurons, results have not been 
consistent, presumably due to'different methodologies. Therefore we used stereological 
methods (SMs) to determine the number of neurons and the expression of galanin- 
message-associated peptide (GMAP) and neuropeptide Y (NPY) in mouse lumbar 5 
DRGs after sciatic nerve transection (axotomy). Optical-disector technique and 
systematic random sampling were used for analysis in (1) a conventional fluorescence 
(CF) microscope and (2) a confocal laser-scanning (CLS) system, respectively. Also, 
both conventional profile-based sampling method (CPBM) and SM were used to 
examine peptide levels after nerve injury. Seven days after axotomy, 25% of the DRG 
neurons were lost (p<0.001), and 50% were lost 28 days after axotomy (p<0.001). No 
difference was found in cell numbers in control DRGs when a CF microscope and a 
CLS system were used. With regard to peptide expression the results differed markedly 
when comparing the CPBM and the SM. Thus, seven days after axotomy, when using 
the CPBM, 52% of the DRG neuron profiles were GMAP-positive and 23% NPY- 
positive, whereas 19% of the DRG neurons were GMAP-positive and 15% NPY- 
positive when using the SM. These results show the importance of using SMs in 
determining the number of DRG neurons and peptide levels in studies on mouse. 
Moreover, there is a clear species difference, in that the marked neuron loss seen 28 
days after axotomy at midthigh level in the mouse can not be seen 28 days after 
axotomy in the rat (Tandrup et al., in preparation). This study was supported by the 
Swedish MRC 04x-2887.

704.4

INVOLVEMENT OF TNF-a SIGNALING PATHWAY IN NEURONAL 
AND GLIAL APOPTOSIS AFTER SPINAL CORD INJURY. Y.B. Lee*S. 
Du, H.W. Rhim’, E.H. Lee1, Y.C, Kim2, G.J, Markelonis, and T.H, Oh .
Dept. of Anatomy & Neurobiology, Univ. of Maryland Sch. of Med., Balto., 
MD 21201, ’Biomedical Res. Center, KIST, Seoul, Korea and 2College of 
Pharmacy, Seoul National Univ., Seoul, Korea.

The signaling pathways mediating the onset of programmed cell death after 
contusion to the spinal cord in rats were investigated. After spinal crush, 
apoptotic neurons and oligodendrocytes were observed by means of TUNEL 
staining. The peak number of TUNEL-positive cells was seen between 24 
and 48 hrs after the initial insult. TNF-a, a cytotoxic cytokine, was detected 
at the lesion center as early as 1 hr after spinal cord crush. The expression of 
TNF-a gradually extended rostrally and caudally to a distance of several 
millimeters from the center of the lesion site. A neutralizing antibody against 
TNF-a reduced the number of apoptotic cells when injected into the crush 
site. The expression of iNOS, a target gene for TNF-a, was detected by 
immunohistochemistry and NADPH-diaphorase activity. Anti-TNF treatment 
reduced iNOS immunoreactivity; a NOS inhibitor, L-NAME, significantly 
reduced the number of TUNEL-positive cells at the lesion site as well. Two 
transcription factors, AP-1, as indicated by immunoreactivity of c-Jun, and 
NF-k B, were induced after the spinal crush. Bax, a well-known mediator of 
programmed cell death, was found to be expressed in some c-Jun-positive 
cells as demonstrated by a double-staining technique. Our results suggest 
that NO, produced via TNF-a-mediated expression of iNOS, is a mediator of 
neuronal and glial apoptosis after spinal cord injury. Supported by the NIH 
(NS34534), the MOST (Brain Science Program) and KIST, Korea.
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704.5
THE SURVIVAL AND NOS EXPRESSION IN SPINAL MOTONEURONS 
FOLLOWING DISTAL AXOTOMY AND VENTRAL ROOT AVULSION IN 
AGED RATS. Y.Y.Xie'"', Z.B.Yao2, and W.Wu' , 1 Department of Anatomy, Faculty 
of Medicine, The University of Hong Kong, Hong Kong, China, 2 The brain research 
division. Department of Anatomy, The Sun Yat-Sen University of Medical Sciences, 
Guangzhou, China, 510089

Our previous studies have shown that neuronal NOS can be de nova induced 
in spinal motoneurons of both developing and adult rats following root avulsion. 
Expression of NOS was found to coincide with the death of the injured motoneuron. 
The present study investigates response of spinal motoneurons to axonal injury in aged 
rats (24-26 month old). Both neuronal survival and NOS expression were observed 
following two types of axonal injuries, the root avulsion and distal axotomy (10 mm 
from the spinal cord). Following distal axotomy, NOS was not detected in motoneurons 
although a slight decline of motoneuron survival was observed by 8 weeks post-injury. 
In contrast, de nova expression of neuronal NOS and significant loss of motoneurons 
were found after root avulsion. Expression of NOS was first observed by one week 
(24%) post-injury, reached the peak level by 3-4 weeks (65%), and gradually 
decreased afterward. By 12 weeks post-injury, about 22% of motoneuron was still 
NOS positive. No significant motoneuron death was observed during the first 4 weeks 
after the avulsion. The onset of motoneuron death began at 4 weeks post-injury. The 
number of surviving motoneurons declined gradually over the next 8 weeks. By 12 
weeks after root avulsion, about 34% of motoneurons was still survived. More than 
half of these surviving motoneurons was NOS positive. Results of this study have 
demonstrated that avulsion injury in the aged rats caused induction of NOS and death 
of motoneurons which is similar to the adult rat. However, the onset of motoneuron 
death is later and the progress of such death is slower in the aged rats than the adult 
ones. (Supported by research grants from the University of Hong Kong and Hong 
Kong Research Grant Council).

704.6
EXPRESSION OF THE CONSTITUTIVE AND STRESS-INDUCIBLE 
70kDa HEAT SHOCK PROTEINS IS DEVELOPMENTALLY 
REGULATED IN NORMAL AND AXOTOMIZED DORSAL ROOT 
GANG LI A. M.E. Brown,1 R.P. Ciavarra,2 C.W. Morgan,1 S.M. Bufton,' F.J. 
Liuzzi,1 and B. Tedeschi1*. 'Dept. of Pathology and Anatomy, 2Dept. of 
Molecular and Cell Biology, Eastern Virginia Medical School, Norfolk, VA 
23501.

Neonatal DRG neurons are more susceptible to the pathogenic consequences of 
injury than adult neurons. Since heat shock proteins (HSPs) might be important 
for mounting an effective cellular homeostatic response to injury, develomental 
changes in 70kDa HSP synthesis were assessed in normal and axotomized rat 
DRG. At one of several different ages (7, 10, 15, 18, 21, and adult), DRG 
proteins were briefly (lhr) metabolically radiolabelled with j5S-methionine in vivo 
(normal profile) or in vitro (axotomy profile). Radiolabelled DRG proteins were 
analyzed by two-dimensional polyacrylamide gel electrophoresis, fluorography, 
and computer-assisted densitometry. The results showed that both the constitutive 
HSP70 (hsc70) and stress-inducible HSP70 (hsp68) were significantly lower in 
young DRG than adult DRG in both the normal and axotomy profiles. Both DRG 
hsc70 and hsp68 reached adult levels of expression at 21 days postnatal. Other 
DRG heat shock proteins (e.g. hsp90 and grp78) did not show this marked 
developmental profile. These results suggest that low levels of the major 70kDa- 
HSPs in young DRG may partially account for their greater susceptibility to 
injury, relative to adult DRG. Research supported by Institutional Funds.

704.7
Heat Shock Protein 27 supports survival of sympathetic and sensory neurons
F.A.White, S.E.Lewis*, R. J. Mannion, M. Costigan, J.L. Martin, C.J. Woolf.
Neural Plasticity Research Group, Anesthesiology and Critical Care, Mass. Gen. 
Hospital, Boston MA 02114,

Adult rat lumbar dorsal root ganglion (DRG) neurons survive sciatic nerve 
lesion for up to 16 weeks while the majority of axotomized neonatal DRG neurons 
die within a week. We have previously shown that the survival of neonatal DRG 
neurons after axotomy on postnatal day 0 (P0) is strongly correlated with the 
expression of the small heat shock protein HSP27 and that all axotomized adult 
DRG neurons upregulate HSP27 after sciatic nerve lesion and survive. A similar 
correlation exists between neuronal survival and HSP27 expression after NGF 
withdrawal from dissociated cultures of neonatal DRG. Overexpression of HSP27 
in embyonic or neonatal sensory neurons in vitro significantly reduces nuclear 
pyknosis after NGF withdrawal. We now have evidence that HSP27 not only 
decreases nuclear fragmentation, but dramatically increases DRG neuronal survival 
after NGF withdrawal. 48 hours after NGF withdrawal only 58+/-5% of control 
infected neurons survive, while 90 +/-7 % of HSP27 infected neurons survive. In 
addition, we have further evidence to support the hypothesis that those neurons 
which survive P0 axotomy in vivo are almost exclusively those that express HSP27. 
One week after P0 sciatic nerve section, the vast majority of surviving axotomized 
DRG neurons (identified either by retrogradely transported fluorogold or by c-jun 
immunoreactivity) were HSP27 positive. Conversely, when DRG sections were 
double stained for TUNEL to identify cells with fragmented DNA and for HSP27 
immunoreactivity at 3 days post axotomy, only 1.88+/-0.74% of HSP27 positive 
cells were TUNEL positive, while many HSP27 immunonegative neurons were 
TUNEL positive. Finally, HSP27 overexpression can also rescue 40-50% of 
neonatal superior sympathetic ganglion neurons in vitro after NGF withdrawal or 
treatment with PI3 kinase inhibitors.
Supported by NIH NS38253-01.

704.8
ALTERATION OF BCL-Xl  LEVELS IN RAT SPINAL CORD AFTER A 
CONTUSION INJURY. J, R. Perez-Polo1*, J, Qiu1'2, G-Y. Xu2, D. J. McAdoo12, 
C. Hulsebosch2. xDept. of HBC&G; 2Marine Biomedical Institute, UT Med. 
Branch, Galveston, TX 77555-0652

The transcription factor NF-k B activates several stress response genes and 
apoptosis in neural cells and may be play a role in functional outcomes in spinal 
cord injury (SCI): for example locomotor recovery and chronic pain. In previous 
studies we have shown perturbation of NF-k B activation in SCI. Given that the 
promoter of the anti-apoptotic gene Bcl-x has NF-k B binding sites, the present 
study measured expression of the anti-apoptotic protein Bcl-xL after SCI. Male 
Sprague-Dawley rats (280-320 g) were anesthetized and a 10 gm. 3 mm rod (NYU 
Impactor) was dropped 12.5 mm unto the exposed spinal cord at T8 to produce 
SCI. There were four groups of rats: injected immediately with saline, artificial 
cerebrospinal fluid (ACSF), aspirin (Asp) and PSI (a NF-k B transcription factor 
inhibitor) respectively. Different spinal segments were harvested at 2 and 24 
hours and kept at -80°C until used. Western blot analysis showed that Bcl-xL 
protein levels decreased at the site of injury as compared to more cranial segments 
in all experimental groups. Bcl-xL protein levels also increased in T5 and T8 
segments in the PSI-treated rats. Our data are also consistent with PSI-induced 
BBB-scale improvement after PSI treatment. These results are consistent with a 
repressor role for NF-k B in the Bcl-xL promoter in some CNS acute injury 
paradigms.
Supported by grants from the PVA and TIRR.

704.9

CASPASE-3 ACCELERATES, BUT IS NOT REQUIRED FOR. THE 
APOPTOSIS OF AXOTOMIZED NEONATAL MOTONEURONS.
J.L. Vanderluit,* L.T. McPhail, K.J.L. Fernandes, C. Huguenot, and W. Tetzlaff

CORD (Collaboration on Repair Discoveries) and the Depts. of Zoology and 
Surgery, UBC, Vancouver. B.C. V6T 1Z4

Axotomy of the peripheral motoneuron in the newborn rodent induces apoptotic 
death in the majority of injured motoneurons (MNs) whereas in the adult, the 
majority of MNs survive. In the present study, we investigated whether 
differences in expression and/or activation of Caspase-3, may account for the 
differential susceptibilities of neonatal and adult MNs to axotomy-induced death. 
Our results demonstrate high expression of Caspase-3 mRNA and protein in 
neonatal facial MNs and almost undetectable levels of Caspase-3 expression in the 
adult MNs. Following facial motoneuron axotomy, both neonatal and adult MNs 
increased Caspase-3 mRNA and protein expression, however, Caspase-3 was only 
processed to its catalytically active form in axotomized neonatal MNs as revealed 
by immunohistochemistry with a conformational antibody to the catalytically 
active Caspase-3 (RT397). To examine whether Caspase-3 is necessary for 
axotomy-induced apoptosis in facial MNs, we counted the number of surviving 
MNs at 4 and 7 days following axotomy in wild type mice and mice homozygous 
for targeted Caspase-3 gene deletion. Significantly more MNs survived axotomy 
in the caspase-3 knock-out than wild type mice at 4 days (34% vs. 13%, p<0.05), 
and at 7 days (14% vs. 5%. p<0.05) (expressed as a % of uninjured contralateral 
MNs). These results demonstrate that Caspase-3 is involved in neonatal facial 
MN apoptosis, however targeted disruption of the Caspase-3 gene delayed, but did 
not prevent the apoptosis of axotomized neonatal motoneurons.
Supported by NSERC and BC Neurotrama Foundation, Canada.
Caspase-3 antibodies and breeding mice heterozygous for the Caspase-3 targeted 
gene deletion kindly provided by Merck Frosst, Ste. Claire-Dorval QU

704.10
ANTI-APOPTOTIC TREATMENT OF EXPERIMENTAL SPINAL CORD 
INJURY. Karin Lundstromer. Matt Fraidakis and Lars Olson*. Dept. of 
Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden

Apoptosis is responsible for cell loss and degeneration after SCI. It com-
mences hours after traumatic insult and persists for a prolonged period, con-
tributing to secondary degeneration that ensues the actual injury. Both neu-
rons and glial cells succumb to this form of cell death. Caspases are central in 
mediating apoptosis. Caspase-inhibition prevents apoptosis in vitro and in 
vivo. We employed caspase-inhibitors to block apoptosis in postinjury spinal 
cord degeneration. Female C57 mice were subjected to midthoracic complete 
crush SC injury and injected with either z-VAD-fmk (z-Val-Ala-Asp-Fluo- 
romethyl Ketone, Enzyme Systems Products, Livermore, CA) a broad-spec-
trum caspase inhibitor, or a control peptide, z-FA-fmk. Following behavioral 
tests (CBS and BBB) mice were sacrificed after various timepoints. All ani-
mals exhibited complete paraplegia from 8h to 3d (BBB=0) as was expected 
considering the severity of the injury and the fact that spinal shock lasts more 
than 3 days. TUNEL staining and double labeling for neurofilament demon-
strated the following: At 8 hours there was a 2-4 fold decrease of total num-
ber of TUNEL+ cells while at 3 days there was a 8-9 fold decrease in treated 
mice. At 8 hours the apoptotic cells were confined to the lesion area in both 
controls and treated, while at 3 days only the controls exhibited widespread 
distribution of TUNEL+ cells in distal and proximal white matter. Futher- 
more there was considerable cord tissue sparing in treated mice after 3 days, 
compared to the controls. Caspase inhibitors, apart from reducing the apop-
totic loss of tissue at the lesion epicenter that initiates hours after injury, seem 
to prevent the delayed wave of apoptosis affecting neurons and glia outside 
the lesion area. More animals are now being studied with behavioral tests for 
longer time periods. (Supported by the Swedish MRC, AFA, AMF, Hedlunds 
stiftelse, Swiss IRP, and USPHS.)
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704.11

ADENOVIRAL GENE TRANSFER OF HIAP1, HIAP2, XIAP AND NAIP CAN 
RESCUE MOTONEURONS AFTER NEONATAL SCIATIC NERVE 
AXOTOMY.
D. Perrelet1, A, Ferri1, D. Monnier1, P. Liston2, A. MacKenzie3, R. Korneluk2, G.
Kato4* and A.C. Kato1
'Division Clin. Neuromus. Res. & Dept. APSIC, Faculty of Medicine, Geneva, 
Switzerland; 2Apoptogen, Ottawa, Ontario, Canada; 3Mol. Gen. Res. Lab., Ottawa, 
Canada; 4MDS Panlabs Europe, Switzerland.

In several neurodegenerative diseases such Alzheimer disease, Huntington 
disease and amyotrophic lateral sclerosis, neuronal death is due in part to 
programmed cell death. In the model of axotomy-induced cell death in the 
newborn rat, apoptosis also seems to be involved in motoneuron death. For this 
reason, we have analyzed the effect of a new family of anti-apoptotic molecules, 
Inhibitor of Apoptosis (LAP), on motoneuron survival after sciatic nerve axotomy. 
An adenoviral gene transfer technique was used to deliver and express HIAP1, 
HIAP2, NAIP and XIAP (the human homologue of the IAP family) directly into 
the motoneurons. The adenoviral vectors were administrated via a cup onto the 
proximal sciatic nerve stump in 4 day old rats. The number of surviving 
motoneurons was analyzed by the application of fluorogold (a fluorescent tracer) 
simultaneously added to the cup. We have previously shown that the application of 
adv-NAIP was able to preserve the motoneurons from axotomy for up to 4 weeks 
with an increased rescue of 124% as compared to the control. Using the same 
paradigm, adv-HIAPl or HIAP2 have been shown to save motoneurons up to 4 
weeks with an improved survival of 154% and 176% as compared to the control. 
The administration of XIAP via an adenoviral vector is now being undertaken to 
compare its effect to other IAP proteins, (supported by the Swiss National Science 
Foundation and the French Muscular-Dystrophy Association)

704.12

THE EFFECT OF METHYLPREDNISOLONE ON APOPTOTIC CELL DEATH 
AFTER RAT SPINAL CORD TRANSECTION X. Li, M. Oudega, H. Dancausse, 
A.D.O. Levi*. The Miami Project to Cure Paralysis and Dept. of Neurosurgery, 
University of Miami School of Medicine, Miami, FL 33136.

Apoptosis is an important cell death mechanism after acute spinal cord injury (SCI) 
in rats, primates and humans. Methylprednisolone (MP) is currently considered the 
standard of care in the acute treatment of SCI patients. Administration of MP after rat 
spinal cord transection was found to diminish injury-induced tissue loss. (Oudega et 
al, 1999). MP has a number of putative roles in reducing secondary injury and in this 
study we sought to determine whether MP quantitatively reduces apoptotic cell death 
following SCI.

Methods: Fisher female rats weighing 150-160g underwent a complete sharp 
transection of the T8 spinal cord and either received a placebo or MP (30mg/Kg) 
through the jugular vein at 5 min., 2h and 4h post-injury. Placebo or MP rats were 
then sacrificed at 12h, 24h, 3 days or 7 days after injury. A total of 200 continuous 
sagittal wax sections (10 fxm thick) were obtained from the T8 spinal cord and the 
degree of apoptotic cell death was quantitated by counting the number of caspase 3 
positive cells (CM1 rabbit polyclonal antibody provided by Dr. Anu Srinivasan from 
Idun Pharmaceuticals, Inc. La Jolla, CA) on every 10th section in 3 areas; 0-0.5 
(area I), 1-1.5 (area II) and 2-2.5 mm (area III) both rostral and caudal to the 
transection site. The analysis was performed with the counter blinded to treatment 
group and the statistical analysis consisted of a paired t-test.

Results: Apoptosis was confirmed by cresyl violet, Hoechst 33342 and caspase 3 
staining at the injury site. The initial results for the early treatment groups 
demonstrated the following means ± sem for each area:

Groups No. of rats Area I Area H Area HI Total
12h. Control 4 67 ±13 23 ±5 14 ± 6 35 ±10

MP 4 79 ±19 16 ±2 12 ± 2 36 ±7

24h. Control 3 79 ± 6 26 ± 6 10 ± 2 38 ±7
MP 4 68 ±10 33 ±8 16 ± 4 40 ±6

Conclusion: 11 Apoptosis occurs after sharp transection of the rat T8 spinal cord and 
decreases in severity with increasing distance from the lesion site. 2) No differences 
were observed (p>0.05) in the quantity or the distribution of apoptotic cells between 
the control and MP treated group at early time points. ( Supported by The Health 
Foundation of South Florida)

704.13

Apoptotic  cell  death  of  motor  neurons  ani J microglia  following  
INTRACRANIAL FACIAL NERVE TRANSECTION IN THE ADULT RAT. M. Svensson (1),
P. Mattsson (1), K. Delfani(2), T. Mathiesen*(l) and A.M. Janson(2). (1 )Dept of 
Clinical Neuroscience, Section for Neurosurgery, Karolinska Institutet and 
Karolinska Hospital, S-171 76 Stockholm, Sweden (2)Dept of Neuroscience, 
Karolinska Institutet, S-171 77 Stockholm, Sweden.

Neuronal apoptosis has been detected in various animal models of neuro-
degenerative disorders. While apoptotic mechanisms are involved in the death of 
motor neurons in animals of young age, it has not yet been clear if this mode of cell 
death is also present in adult lesions of the facial nerve. We have previously shown 
that a proximal lesion of the facial nerve induces a massive nerve cell death 
compared to the subtle neuronal loss after a distal injury. The aim of this study was 
to investigate whether apoptosis occurred in the facial nucleus following these two 
lesion models. Adult rats underwent intracranial facial nerve transection or a distal 
transection outside the stylomastoid foramina. The facial nucleus was analyzed at 2,
7 and 14 days post operatively by immunohistochemical identification of motor 
neurons and glial cells combined with TUNEL detection of apoptosis. Facial motor 
neurons showed double-stranded DNA-fragmentation at 7 days after the proximal 
injury. In contrast, no neuronal apoptosis was observed after the distal axotomy. In 
agreement with earlier studies, apoptotic microglia were found at both 7 and 14 days 
post operatively in both lesion models. Nerve cell death was also studied quanti-
tatively using Nissl stain and a stereological technique, the optical fractionator.

In conclusion, we propose that intracranial transection of the facial nerve results in 
intracellular molecular mechanisms leading to massive apoptotic reactions. The 
triggering of such pro-apoptotic mechanisms may explain the intense neuronal 
degeneration following such lesions and thereby the poor functional restitution which 
sometimes occur in patients with proximal facial nerve injuries. This project was 
supported by grants from Karolinska Institutet.

704.14

REDUCED OLIGODENDROCYTE DEATH AFTER SPINAL CORD INJURY 
(SCI) IN MICE DEFICIENT IN BAX (-/-) OR IN MICE CARRYING A 
MUTATION CAUSING DELAYED WALLERIAN DEGENERATION (WLDS). 
H.X. Dong,* Y.W.Yoon, S.Korsmeyer, D.W. Choi, M.F. Jacquin and J.W. 
McDonald. Dept. of Neurology and CSNSI, Washington Univ. School Medicine; St. 
Louis, MO 63110

Genetically defined mice were used to evaluate the mechanisms of delayed 
oligodendrocyte (oligo) death, which occurs after SCI (Liu et al, J.Neurosci.
17;5395, 1997). T8 level lateral hemisections were completed in adult wild type 
mice (BAX +/+; C57BL/6J), BAX -/-, and Wlds mice. When examined 6-8 days 
later, a connective tissue scar formed around the hemisection in all animals. 
Neuronal, oligo, and astrocyte indices were evaluated using Nissl and Hoechst 
staining, immunohistochemical double labeling (NeuN, APC, GFAP and NFT) and 
stereologic techniques. In wild type C57BL/6J mice, glial but not neuronal numbers 
were significantly decreased (P < 0.05) on the injured side 1-4 mm rostral and caudal 
from the hemisection site compared to age matched Wlds C57BL/6J mice where glial 
numbers were not reduced. When compared to the uninjured side, neuronal numbers 
on the hemisection side were decreased in both wild type control and Wld5 mice for 
up to 4 mm from the site of hemisection (P < 0.05).

In BAX-/- mice, NeuN (+) and APC (+) cell numbers at 1-4 mm from the injured 
site did not change between injured and non-injured sides (except those lost to acute 
mechanical injury at the lesion epicenter, 0-1 mm). Quantitative analysis showed that 
BAX -/- mice had reduced scar size and less astrocyte reactivity than BAX+/+ mice. 
These results indicate that the Wld5 mutation and BAX -/- are associated with 
reduced oligo death following SCI. In additional studies, cultured oligos from Bax 
, +/-, and -/- mice were tested for their vulnerability to apoptosis death induced by 
cyclosporine (McDonald et al., Ann.Neurol. 40;750, 1996). Twenty-four hour 
exposures to cyclosporine killed the majority of oligos in the first two groups but not 
in the Bax -/- cultures. Our in vivo and in vitro data suggest that BAX is required for 
the delayed oligo death that occurs after SCI.

Supported by NIH grants DE07734 (MFJ), NS01931, NS32636 (JWM).

704.15

SYSTEMIC ANTISENSE THERAPY PREVENTS IN VIVO SPINAL MOTOR 
NEURON LOSS. K.S, Lowry1, S.S, Murray1. R, Epa2. P.F, Bartlett3. G.L, Barrett2 
and S.S, Cheema1*, ‘Dept. Anatomy, Monash Univ. Clayton 3168; 2Dept. Physiology, 
Univ. Melbourne, Parkville 3052; ’Walter & Eliza Hall Institute, Royal Melbourne 
Hospital 3050, Victoria, Australia.

Spinal motor neuron loss occurs within days of axotomy in the neonatal rat. The 75 
kD low-affinity neurotrophin receptor (p75) has been implicated in mediating 
neuronal cell death under certain conditions. Cheema et al (1996) showed that p75 
plays a role in signalling the death of dorsal root ganglia (DRG) sensory neurons 
following nerve lesion. Furthermore, our data shows that application of p75 antisense 
oligonucleotides (p75ASO) to the proximal nerve stump significantly reduced the loss 
of axotomised motor neurons. Since local (stump) application has limited clinical 
utility, the efficacy of systemic (intraperitoneal) administration of p75ASO was 
explored. Newborn rat pups were anaesthetised by hypothermia and the right median 
and ulnar nerves were transected. Intraperitoneal injections of p75ASO were 
administered daily for 14 days. Animals were killed with an overdose of sodium 
pentobarbital (200mg/kg, IP) and perfused with 4% paraformaldehyde. Cervical 
spinal cord and DRG were dissected, embedded in paraffin, serially sectioned at 
10pm and stained with 0.1% cresyl violet. Neuronal nucleoli were counted on every 
fifth section and the resultant neuronal loss expressed as a percentage of the 
contralateral intact side. In the antisense treated group, a mean motor neuron loss of 
18% was found to be statistically significant when compared to 46% in non-sense and 
48% in saline treated groups. No apparent side effects or reductions in body weight 
were observed. In the antisense treated group numbers of axotomised DRG sensory 
neurons were also evaluated and showed no rescue. These studies suggest that p75 
systemic antisense therapy may, under the experimental conditions used, selectively 
favour the rescue of motor neurons and could form the basis for development of a 
clinical therapy for human MND.
Cheema et al. J Neurosci Res 46: 239-245 (1996).

704.16

LESIONED MOUSE MOTONEURONS ARE PROTECTED 
BY NEUTRALIZATION OF TNF.
J. Terrado1, D. Monnier1, B. King1, L. Mattenberger1, D.
Vesin2, S. Jemelin2.1. Garcia2 and A.C. Kato1*.
1Dept. Pharmacology & Division of Clinical Neuromuscular 
Research; 2Dept. Pathology; Faculty of Medicine, Univ. 
Geneva, 1211 Geneva 4, Switzerland.

Tumor necrosis factor (TNF) is a cytokine that has been 
described to have both neuroprotective and neurotoxic 
actions in the CNS. In order to investigate the role of TNF on 
injured motor neurons, we axotomized the facial nerve in 7- 
day old transgenic mice (Balb/c and C57BI) that 
overexpress a soluble form of the human TNF receptor p55 
(shTNFRI). In these animals TNF was totally neutralized. 
Two weeks after axotomy, there was an approximate 2-fold 
increase in the number of motoneurons in the transgenic 
animals as compared to wild type controls. The number of 
surviving motor neurons was directly related to the level of 
circulating shTNFRI (correlation factor 0.59). These results 
show that motoneuron cell death induced by facial nerve 
axotomy may be partially prevented by neutralizing TNF, 
suggesting that TNF is toxic for lesioned motoneurons. (This 
work was supported by the Swiss National Science 
Foundation and AFM).
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704.17
NATURAL KILLER CELL MEDIATED DEGENERATION OF 
DORSAL ROOT GANGLIA NEURONS IN CULTURE E. Backstrom1, 
B.J. Chambers2, K. Kristensson1* and H.G, Liunggren2. ’Dept. of 
Neuroscience, Karolinska Institutet; 2Microbiology and Tumor Biology Center, 
Karolinska Institutet, S-171 77 Stockholm, Sweden.

Natural killer (NK) cells, considered as the third major lymphocyte 
population, are widely recognized as killers of tumor cells and virally infected 
cells. According to the “missing-self’ hypothesis, NK celts recognize and 
eliminate cells that fail to express self MHC class I molecules. This poses an 
intriguing problem for neurons which normally do not express MHC class 1. In 
order to analyze interactions between neurons and NK cells, mouse dorsal root 
ganglion neurons in culture with minimal numbers of surrounding glial cells 
were exposed to lymphokine activated killer (LAK) cells from syngenic mouse 
spleen. After 2 h, a marked neurodegeneration was seen which progressed to an 
almost total destruction of the neurons within 4 h. LAK cells caused only 
minimal degeneration of neurons cultivated in the presence of large numbers of 
glial cells. Non-activated spleenocytes and LAK cells from perforin-/- mice 
had no degenerative effects on the neurons. LAK cells from RAG1-/- mice, 
which lack functional B- and T-cells, showed the same activity as LAK cells 
from wildtype mice indicating that the neuronolytic activity of the LAK cells is 
mediated by NK cells and is perforin dependent. These experiments show that 
neurons, deprived of their surrounding glial cells, can be a direct target of 
activated NK cells. (Supported by grants from the Stanley Foundation 
Research Awards Program and the Swedish Medical Research Council, project 
4480.)

704.18

DIFFERENT LEVELS OF THROMBIN ACTIVITIES IN 
REGENERATING AND NONREGENERATING NERVOUS SYSTEMS 
FOLLOWING AXONAL INJURY SUGGEST A NEUROPROTECTIVE 
ROLE FOR THROMBIN INHIBITION. I. Friedmann. A. Faber-Elman,
E. Yoles* and M. Schwartz. Department of Neurobiology, The 
Weizmann Institute of Science, 76100 Rehovot, Israel

It is now widely accepted that injured nerves, like any other injured 
tissue, need assistance from their extracellular milieu in order to heal. We 
compared the postinjury activities of thrombin and gelatinases, 2 types of 
proteolytic activities known to be critically involved in tissue healing, in 
nonregenerative (rat optic nerve) and regenerative (fish optic nerve and 
rat sciatic nerve) neural tissue. Unlike gelatinases, whose induction 
pattern was comparable in all 3 nerves, thrombin-like activity differed 
clearly between regenerating and nonregenerating nervous systems. We 
show evidence suggesting that the post-injury levels of thrombin activity 
dictate whether it will display beneficial or detrimental effects on the 
course of recovery following axonal injury

We have further shown that inhibition of thrombin activity after partial 
crush injury in the rat central nervous system reduces degeneration of the 
spared neurons. Local treatment with a thrombin inhibitor (0.1 pmoles 
thromstop) following partial lesion of the rat optic nerve resulted in 
200% more retinal ganglion cells with functioning axons when compared 
to controls. The results of this study highlight the fact that substances 
that participate in wound healing play a crucial role in nerve recovery as 
well.

704.19

ACTIVE IMMUNIZATION WITH NONENCEPHALITOGENIC 
MYELIN-ASSOCIATED PEPTIDES, SLOWS-DOWN DEGENERATION OF 
RETINAL GANGLION CELLS IN SEVERELY INJURED OPTIC NERVES OF 
MICE J. Fisher1. H. Levkovitch-Verbin1, E. Yoles1. S, Haegiae2, M. Revel2 and M.
Schwartz1*, ’Dept. ofNeurobiology, 2Dept. of Molecular Genetics; The Weizmann
Institute of Science; 76100 Rehovot, ISRAEL.

We have recently demonstrated that autoimmune T cells specific to the abundant
central nervous system (CNS) self antigen, myelin basic protein (MBP), protect 
neurons from secondary degeneration following partial lesion of the optic nerve in 
adult Lewis rats, a strain known to be highly susceptible to experimental 
autoimmune encephalitis (EAE). In the present study, using the mouse optic nerve, 
we examined whether the neuroprotective effect is restricted to T cells specific for 
MBP or whether it is common to T cells of other specificities. We also examined 
whether the susceptibility to an autoimmune disease is a prerequisite in order to get 
neuroprotection. We found that active immunization with nonencephalitogenic 
peptides of either myelin oligodendrocyte glycoprotein (pMOGi.22) or proteolipid 
protein (pPLP 190.209), leads in the retinas of severely injured optic nerves of mice 
(C3H/SW and SJL, respectively) to a higher number of surviving retinal ganglion 
cells (approximately 50% more, p<0.012, n=12 and 70% more, p<0.0001, n=10). 
Injection of the same mouse strains with a nonself antigen such as ovalbumin or 
with a peptide derived from a nonmyelin-associated protein such as p amyloid had 
neither detrimental nor beneficial effect. These results suggest that the endogenous 
autoimmune responses elicited by pMOGi.22 and pPLP 190.209 immunization are 
neuroprotective. Furthermore, it appears that the neuroprotective effect might be 
restricted to myelin-associated peptides. The neuroprotective effect appeared also in 
Interleukin-6 deficient C3H/SW mice that are resistant to active induction of EAE. 
This might imply that the neuroprotection relates to the autoimmune response rather 
than to the susceptibility of the animal to an autoimmune disease.

704.20

ACTIVATION OF A CASPASE-ACTIVATED DNase (CAD) 
FOLLOWING SPINAL CORD TRAUMA. H.C. Mosser*1. M.C. 
Acosta1, J.E. Springer2, and J.R. Bethea1. ’The Miami Project to Cure 
Paralysis, Univ. of Miami School of Medicine, Miami, FL 33136, 
2Dept. of Anatomy and Neurobiology, Univ. of Kentucky College of 
Medicine, Lexington, KY 40536.

In normal cells, CAD is complexed with a specific inhibitor, ICAD, 
which blocks CAD’s intrinsic DNase activity. During apoptosis, 
caspase-3, a member of the ICE/CED caspase family, is activated to 
cleave ICAD. Upon release, CAD translocates to the nucleus to 
degrade chromosomal DNA and ultimately cause cell death. Using an 
antibody specific to the activated form of CAD (CAD 45), we looked 
at the activation of CAD during injury-induced apoptosis at 1,3 and 7 
days following spinal cord contusion in rats. Longitudinal spinal cord 
tissue sections were stained with antibodies to CAD 45 and glial 
fibrillary acidic protein (GFAP). Immunoreactivity for CAD 45 was 
found at the injury site and in surrounding gray and white matter. Cells 
undergoing apoptosis were identified using Hoescht dye, which 
revealed condensed chromatin in the nuclei of CAD 45+ cells. Cell 
types associated with CAD 45 activation are currently being studied 
using cell-specific markers. Supported by PVA 1890-01 and NIH RO1 
(JRB).

NEURONAL DEATH: DEVELOPMENT

705.1
THE DYNAMIC OF EXPRESSION FOR APOPTOSIS-REGULATORY PROTEINS 
(BCL-2, BCL-X, BAX AND BAK) AND CASPASES -3, -6,-8 AND -9 IN THE 
DEVELOPING MOUSE NERVOUS SYSTEM M. Kraiewski. JK. Mai* K.W.S. 
Ashwell5. J.C, Reed S. J.M, Zapata and S, Kraiewski ». The Burnham Institute, La 
Jolla, CA 92037; ®H.-Heine-University, Diisseldorf, D40001, F.R.G. and sSchool of 
Anatomy, The University of NSW, 2052, NSW, Australia

We have examined the expression of the bcl-2 family proto-oncogenes (bcl-2, bcl-x, 
bax, bak) and caspases 3, 6, 8 and 9 during pre- and postnatal mouse CNS and PNS 
development by western and paraffin immunohistochemistry. Mice embryos (E7 to 
E17) and pups (PO to P30) of the FVB strain were investigated. Bcl-2 gene family 
members were found to be expressed in restricted ways with different patterns for 
particular members. From Ell, Bcl-2 was down-regulated in the proliferative zones and 
instead became concentrated in selected groups of postmitotic neurons. Bcl-Xj 
immunoreactivity (IR) increased from El 1 in the CNS, with generalized pattern in the 
postmitotic neuronal somata. Caspase 9-IR dominated the other caspases and was 
found as early as embryonic day 8 in the lower parts of the neural tube. C9-IR 
increases with a time of mouse development, firstly in the peripheral sensory and 
autonomic ganglia and afferent axons, followed by spinal cord and brain stem strong 
IR. Spectacular observations of C9 positive nerve fibers projection were made in the 
developing olfactory system where C9 positive neurons of the olfactory epithelium 
sprout their axons into the olfactory bulb glomerular layer. Only selected neuronal 
subpopulations in the mesencephalon, basal ganglia and neocortex demonstrated 
typical granular-mitochondrial cytoplasmic IR. Striatal, commisural and pyramidal 
tracts were negative suggesting intriguing compartmalization of C9-IR to soma and 
axons of sensory neurons projecting to the upper levels of CNS. The spatio-temporal 
correlation of the high IR was found between Bclx and C9 expression levels. The 
developmental apoptosis ratio was monitored by Tunel and labeling for caspase 
activated deoxiribunuclease (CAD) where nuclear location was indicating early stages of 
apoptosis. C9 expression in afferent sensory and terminal fibers, suggests a role of bcl- 
2 and caspase family members in cellular interaction regulating the number of post-
synaptic neurons. NIH support: NS 36821

705.2

BRDU LABELING OF FOREBRAIN NEURONS: EVIDENCE FOR 
APOPTOTIC DEATH IN NEURONS IDENTIFIED BY BIRTHDATE.
R.T. Robertson*, J. Baratta, and J. Yu. Departments of Anatomy & 
Neurobiology and of Physical Medicine & Rehabilitation, College of 
Medicine, University California, Irvine, CA 92697.

Techniques to identify more precisely the populations of neurons that 
are undergoing apoptotic cell death would be useful in helping to 
understand the mechanisms, and the significance, of apoptotic cell death. 
Recent experiments in this laboratory have used bromodeoxyuridine 
(BRDU; Boerhinger) to label cells by birthdate. Examination of the 
morphological features, of BRDU labeled cell nuclei is proving useful for 
the identification of neurons undergoing apoptotic cell death. Timed 
pregnant female rats were given BRDU (lOOmg/kg; IP) on one or more 
days between gestational day 14 and 18. Pups from these litters were 
studied at ages from postnatal day 0 to 60. Some animals received 
placement of lesions in cerebral cortex 1-40 days prior to being 
euthanized. Tissue sections were processed for BRDU immunocyto-
chemistry (Boerhinger primary antibody), using either a fluorescent or 
biotinylated secondary antibody, and counter-stained with BoPro 
(Molecular Probes). BRDU immunocytochemistry revealed neurons with 
round and evenly labeled nuclei, indicating cells that underwent final cell 
division shortly after BRDU exposure; subsequent cell divisions produced 
cells with patchy BRDU labeling. In dorsal thalamus ipsilateral to a 
cortical lesion, many more cells than in controls displayed shrunken and 
fragmented BRDU staining patterns. Cells with fragmented BRDU 
staining patterns, and similarly fragmented BoPro staining, were 
interpreted as undergoing apoptotic cell death. Examination of subplate 
neurons showed more fragmented nuclei in animals older than postnatal 
day 10 than in littermates at postnatal day 0 to 4. These studies indicate 
that patterns of BRDU labeling may demonstrate apoptotic cell death of 
neurons of known birthdates. Supported by NIH grant NS 30109.
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705.3
QUALITATIVE AND QUANTITATIVE ESTIMATES OF APOPTOSIS FROM 
BIRTH TO SENESCENCE IN THE RAT BRAIN. L. White and S. Barone, Jr.* 
Neurotoxicology Division, Cellular and Molecular Toxicology Branch, National 
Health and Environmental Effects Laboratory, US Environmental Protection 
Agency, Research Triangle Park, NC 27711

Apoptosis, a form of programmed cell death, is crucial for the proper 
development of the mammalian nervous system. Approximately half of all central 
neurons that are produced during early ontogeny die as a result of this process. 
Thus, a comprehensive quantitative and qualitative characterization of normal 
apoptosis occurring in the central nervous system from birth through senescence 
was undertaken. Rat brainstem, neocortex, hippocampus, and cerebellum in early 
postnatal development, young adulthood, and senescence were assayed for 
apoptosis. Quantitative determinations using a cell death ELISA were augmented 
by qualitative assessments using agarose gel electrophoresis and TUNEL 
immunohistochemistry. Quantitatively, PND1 brainstem, neocortex and 
hippocampus demonstrated the highest levels of fragmented DNA compared to 
older ages. Cerebellum displayed a large peak at PND10 and a smaller peak at 
PND21. All regions showed very low levels of fragmented DNA throughout 
adulthood and into senescence, which was corroborated by gel and TUNEL data 
During early postnatal development apoptotic cells were located in proliferative and 
nonproliferative zones; while relatively fewer apoptotic cells were observed during 
adulthood and senescence. These data provide a temporal and regional baseline for 
further studies of the effects of perturbations of cell death during neural 
development. Changes in both the qualitative and quantitative nature of these 
regional profiles of apoptosis may be without overt dysfunction until advanced 
maturity with cumulative cell loss due to aging Environmental insults by 
neurotoxicants during early ontogeny may alter neuron number and serve as an 
antecedent to loss of function occurring later in life.

705.4

PEAK EXPRESSION OF THE BAX/BCL-2 RATIO PARALLELS 
THE TIMING OF NEURONAL DEATH IN THE RAT CORTEX AND 
THALAMUS. S.M. Mooney and M.W. Miller* Dept. Psychiatry. 
Univ. of Iowa, Iowa City, IA52242.

Proteins from the bcl family determine neuronal survival; some 
members promote cell survival (e.g., bcl-2 and Z?c/-xl), whereas 
others are death effectors (e.g. bax, bcl-xs). The expression of the 
individual proteins is less important than the ratio. Tissue from five 
pups, each from a different litter, was collected on gestational day
(G) 16, G19, postnatal day (P) 0, P3, P6, P12, P21, and P30. 
Samples from cortex and thalamus were prepared using a standard 
Western immunoblot analysis for bcl-2 or bax expression. In 
cortex, bcl-2 expression exhibited a small increase in expression 
until P30, whereas bax expression peaked on P12. The ratio of 
bax to bcl-2 in the cortex was relatively low in the prenatal period, 
increased over time until the middle of the second postnatal week. 
In the thalamus, bcl-2 and bax expression increased to a peak 
during the second postnatal week. The ratio also increased over 
time with the peak being reached in the first postnatal week. The 
timing of these results is consistent with the hierarchical timing of 
naturally occurring neuronal death in the cortex and the thalamus. 
Funded by the VA and NIH (DE07734, AA06916, AA07568, and 
AA09611).

705.5

CELL DEATH AND THE NEUROTROPHIC THEORY IN DEVELOPING 
THALAMUS. J.M, Edgar*. P. Asavaritikrai and D.J. Price, Department of 
Biomedical Sciences, University Medical School, Teviot Place, Edinburgh EH8 
9AG, UK
Apoptosis is known to play an important role in development. In the vertebrate 
nervous system, cell death is considered to be a consequence of the failure of 
cells to obtain sufficient trophic support from their target, as proposed in the 
Neurotrophic Theory. However, the regulation of cell death and the 
applicability of the Neurotrophic Theory in the brain are still unclear. Here we 
study cell death in embryonic and postnatal thalamus in normal mice and in 
mice with mutations of the trkB, trkC and pax6 genes. The trkB and trkC 
genes encode receptors for the neurotrophins; pax6 plays an important role in 
thalamocortical formation. Cell death was studied using terminal 
deoxynucleotidyl transferase (TdT) mediated dUTP nick end-labeling 
(TUNEL). The results revealed that, in normal mice, apoptosis can be found at 
a low rate (0.2%) in the thalamus as early as embryonic day 13 (El3), at which 
stage thalamic cells are still proliferating. The peak of cell death (averaging 2- 
4%) occurs soon after birth, at postnatal day 1 (Pl), especially in the 
ventrobasal complex (5-6%). This peak of apoptosis occurs after innervation 
of cortex by the thalamus, which is consistent with a role for the target in the 
regulation of cell death, as proposed in the Neurotrophic Theory. In mutant 
studies, there was reduced cell death in El3 trkC mutant (-/-) thalamus. In 
trkB mutants (-/-), there was increased cell death in dorsal lateral geniculate 
nucleus during E17-P1. In pax6 mutants (-/-), an increase in cell death was 
found in the posterior tier of the thalamus at E19 but not earlier. Together, 
these observations suggest that neurotrophins and pax6 are necessary for 
regulation of thalamic survival. The effects of mutation of pax6 may be 
mediated by the lack of thalamocortical innervation. Funded by Thai 
Government, The Wellcome Trust and the Medical Research Council.

705.6

MAPPING THE NEURONAL DEGENERATION IN NEW-BORN 
RAT PUPS USING SILVER STAINS. Jeannie Myer and Gaylord 
Edison* J?ept of Psychology JUCLA» 4fl5Hilgard Ave, Lp$ Angeles,
CA

It is well documented that substantial apoptotic degeneration occurs in 
the prenatal mammal. We attempted to study the anatomical 
distribution of this degeneration across various brain regions in the 
new-born rat pup. Newborn rat pups were sacrificed on immediately 
following birth (day E22) and subsequently silver stained for neuronal 
degeneration by R. Switzer of Neuroscience Associates.
The most densely packed populations of degeneration were found in 

the periaqueductal gray surrounding the inferior tectal aqueduct of the 
midbrain, radiating out into the inferior colliculus and central nucleus 
of the inferior colliculus; degeneration was also prominent in ventral 
and dorsal periaqueductal gray at the superior/inferior junction. Very 
densely packed degeneration was also found in the hippocampal 
formation and subicular area. Moderate degeneration was noted in 
supragranular and infragranular parts of the cortical plate (in the 
rhinencephalon, amygdala, amygdaloid subventricular zone, 
epithalamus, paraventricular and reuniens nucleus of the thalamus and 
the medial and lateral habenular complex).

Further studies have attempted to compare this pattern of degeneration 
with pups sacrificed at various time-periods earlier in prenatal 
development, (supported by NIDA DA07344).

705.7

REDUCTION BUT NOT ABSENCE OF NEUROBLAST APOPTOSIS 
WITHIN THE EMBRYONIC CORTEX OF CASPASE 3-DEFICIENT 
MICE. Maria Pompeiano1*. Anne J, Blaschke1, Richard A. Flavell2. Anu 
Srinivasan3 and Jerold Chun1, department of Pharmacology, School of Medicine, 
University of California, San Diego, La Jolla, CA 92093-0636, 2Sect. Immunobiol., 
Yale Univ. Sch. of Med., New Haven, CT 06510, 3Idun Pharmaceutical, La Jolla, CA 
92037.

The onset of significant apoptosis within the embryonic brain commences within 
regions of cell proliferation [Blaschke et al., Development 122: 1165, 1996 and J. 
Comp. Neurol. 396: 39, 1998]. In the cerebral cortex, this region is known as the 
ventricular zone from which a majority of neurons destined for the mature cortex arise 
after neuroblasts complete their final round of mitosis. Although the precise number 
of cells lost during embryonic development is uncertain because of cell clearance 
considerations, the overall magnitude must be large based on both DNA fragmentation 
studies as well as blockade of apoptosis by genetic deletion of caspase 3 or 9 in mice, 
which produces dramatic hyperplasia throughout the embryonic central nervous system 
(CNS) [Kuida et al., Nature 384: 368, 1996 and Cell 94: 325, 1998; Hakem et al., 
Cell 94: 339, 1998].

To understand the quantitative effects of caspase 3 deletion on cortical 
neuroblasts, we examined dying cells in caspase 3 -/- E12 mice embryos using ISEL+ 
[Blaschke, et al.,1996)]. Dying cells were decreased by about 30% in the developing 
cortex of caspase 3 -/- embryos compared to +/- and +/+ littermate controls; a small 
but significant decrease was also observed between +/- vs. +/+ cortices. Similar 
decreases in dying cells were observed for both proliferating and post-mitotic 
populations of cortical cells, although at E12, most cells of the cerebral wall are 
proliferating. These data indicate that caspase 3 deletion produces a pervasive yet 
incomplete decrease in cell death during early CNS development.
Supported by the NIH.

705.8

PATTERNS OF PROGRAMMED CELL DEATH IN RAT 
BRAIN NUCLEI DURING POSTNATAL DAYS 1-10 AS 
REVEALED WITH A SILVER DEGENERATION STAIN.
R.C. Switzer III*,D.L.Wheat, J.C. Turner, and C.A. Baker. 
NeuroScience Associates, Knoxville, TN 37922.

The patterns and times of “cell birthdays” that are well 
established in brain, are without the counterpart for “cell 
death-days”, ie. “programmed cell death” (PCD) of 
superfluous cells. The debris of the disintegrated cells is 
selectively and conspicuously stained by the cupric-silver 
method of deOlmos, providing easier visualization of 
locations of cell populations than traditional Nissl stains.
Cell bodies, dendritic and axonal arrays are stained black 
against a pale background. To begin the mapping of PCD the 
cupric-silver stained sections from the brains of Sprague 
Dawley rats, 2 males & 2 females at each of the ages 1-10 
days were examined (N=40). There was a broad temporal 
distribution of silver impregnated cell bodies and fragmented 
processes in both neostriatum and the accumbens core, 
ranging from postnatal day (PND) 1 to 8 with a peak at PND 
3-4. The temporal pattern in the CA fields of hippocampus 
was more sharply peaked for CA 2, 3 &4 on PND 1 tailing off 
by PND 5. The PCD in CA1 was less sharply peaked on PND 
1 but extended to PND 6. Other areas with distinct PCD in 
this age group include: thalamus, hypothalamus, colliculi, 
and septum. Funded by NeuroScience Associates
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705.9

TEMPORAL CHANGES IN APOPTOSIS AFTER BRAIN LESIONS IN YOUNG 
AND ADULT RING DOVES J, Cao* and M-F, Cheng. Psychology Department, 
Rutgers University, Newark, NJ 07102
Our previous experiment showed that hypothalamic electrolytic lesions in the ring 
dove brain can increase neuronal cell proliferation in the subventricular zone. In 
rodents, cell proliferation in the subventricular zone also persists in adult life, 
however such newly generated cells die before they have a chance to migrate 
(Morshead, C.M., et al, 1992). In the present study, we examined the level of 
apoptosis in the subventricular zone to determine whether lesions induced cell 
proliferating cells subject to postmitotic death. The birds were sacrificed from 3 days 
to one month post-lesion. The apoptotic cells were identified by examination of 
paraffin embedded sections with the terminal deoxynucleotidyl transferase-mediated 
dUTP-biotin nick end labelling (TUNEL) reaction. The results of the apoptotic cell 
density showed no significant change in the subventricular zone, telencephalic and 
thalamic regions. The only significant change occurred at the lesion site and adjacent 
area in the hypothalamus. The apoptotic cell density exhibits a different temporal 
pattern of change between young and adult birds. In young birds, apoptotic cells 
reached a peak within 3 days, then gradually fell back to a normal level in one 
month. In adult birds, there was a second peak of apoptotic cell loss in about two 
weeks to one month. These apoptotic cells may represent the death of the glia cells 
in the damaged region. In summary, our results suggest that hypothalamic lesions 
did not affect the rate of apoptosis within subventricular zone, even though cell 
death rose dramatically at the lesion site and surrounding regions.

Supported by NS/HD 36924

705.10
DENTATE GRANULE CELL APOPTOSIS DURING THE THIRD 
POSTNATAL WEEK IN THE RAT.
Grace S. Griesbach*. John H. Richburg1 & Abram Amsel Dept. of Psychology & 
Inst, for Neuroscience, & College of Pharmacy, Division of Pharmacology and 
Toxicology* University of Texas, Austin, TX 78712.

Normal dentate granule cell death has been observed in neonatal rats. Recent 
findings have shown that MK-801, a PCP receptor ligand and NMDA receptor 
antagonist, prevented this cell death. In order to observe if this normal cell death 
was due to NMDA modulated apoptosis, the effects of neonatal NMDA blockade 
on apoptosis in the dentate gyrus of the hippocampus were studied. Apoptosis 
occurs during the first postnatal weeks of normal development in the rat cerebral 
cortex and hippocampus. In addition to glutamate’s trophic role in neuronal 
growth and differentiation, it may also serve as a regulator of cell death. It is 
likely that regulation of neuronal cell survival involves NMDA receptors, which 
are especially effective during the developmental period. Rats were treated 
neonatally with MK-801 and sacrificed at different ages. Terminal 
deoxynucleotidyltranferase-mediated dUTP-biotin nick end labeling (TUNEL) was 
used to assess in situ DNA fragmentation. Apoptosis was confirmed if both 
TUNEL-positive labeling and apoptotic morphology' were observed. NMDA 
blockade did not have a significant effect on the number of apoptotic events. 
However, significantly more apoptotic events were found in the hippocampal 
dentate gyrus of 20-day-old rats when compared to rats sacrificed at earlier ages. 
The results strongly suggest that a decrease in granule cell number is, at least 
partially, related to later natural occurring apoptotic cell death that is not 
associated with NMDA function.

705.11

HISTOLOGICAL CHARACTERIZATION OF APOPTOTIC 
NEURODEGENERATION INDUCED IN THE DEVELOPING 
RODENT BRAIN BY BARBITURATES AND BENZODIAZEPINES.
K. Dikranian*, T. Tenkova, C. Ikonomidou, J.W. Olney. Washington 
Univ., St. Louis, MO; Humboldt Univ., Berlin, Germany.

We have recently shown that transient blockade of NMDA glutamate 
receptors for several hours during synaptogenesis triggers widespread 
apoptotic neurodegeneration in the infant rodent brain (Ikonomidou et al., 
Science 283, 70-74, 1999; Olney et al., this meeting). This 
neurodegenerative response is elicited by various drugs that block 
NMDA receptors, including phencyclidine, ketamine and ethanol. In 
addition to its NMDA antagonist properties, ethanol is a GABAa  agonist. 
The pattern of neurodegeneration induced by ethanol is quite extensive; it 
includes all of the same brain regions affected by other NMDA 
antagonists plus several additional regions. The additional pattern of 
degeneration may be due, at least in part, to the action of ethanol at 
GABAa  receptors, in that we have found (Ikonomidou et al., this meeting) 
that GABAa  agonists in both the barbiturate and benzodiazepine families 
trigger degeneration of specific neuronal groups that are affected by 
ethanol but not other NMDA antagonists. In the present study, we have 
determined that the cell death process induced in the infant mouse brain 
by phenobarbital or diazepam is apoptotic in that we have compared it 
with - and determined that it is ultrastructurally identical to - a well 
established example of apoptosis, namely physiological (programmed) 
cell death, the natural process by which biologically redundant neurons 
are deleted from the developing brain. A stage by stage description of 
this apoptotic cell death process will be presented at the meeting. 
Supported by NIH grants AG 11355, EY 08089 and DA 05072 and by 
DFG grant Ik 2/2-1.

705.12

NMDA RECEPTOR INHIBITION INDUCES FREE RADICAL GENERATION 
AND CELL DEATH OF CORTICAL NEURONS J.S. Kim-Han, E. Lovett, S.M. 
Rothman*, and L.L. Dugan. Department of Neurology and Center for the Study of 
Nervous System Injury, Washington University School of Medicine, St. Louis, MO 
63110.

Important roles for NMDA receptor activation in early developing brain have been 
suggested (Vallano, Crit. Rev. Neurobiol. 12:177-204, 1998; Ikonomidou et al., 
Science 283:70-74, 1999). To determine whether inhibition of NMDA receptors 
reduces cortical neuronal survival, we treated immature cortical cultures with the 
NMDA receptor antagonist, MK801 (1-10 pM). MK801 induced robust neuronal 
death in DIV 8-11 cultures, but had little effect in younger or older cultures, 
suggesting a time window during which NMDA receptor activation supports neuronal 
survival. Neurons exposed to MK801 showed mixed morphology, with apoptotic 
features including early annexin V staining, nuclear condensation, membrane 
blebbing, and shrinkage of most cells, as well as necrotic features such as cellular 
swelling in some neurons. MK801 toxicity was partially inhibited by the caspase 
inhibitors, ZVAD and BAF, but not by a NOS inhibitor, GN-Arginine. We noted 
increased production of neuronal ROS, measured by oxidation of a fluorescent ROS 
indicator, dihydroethidium, in neurons exposed to MK801; enhanced ROS production 
continued for at least 2 h after treatment. Two anti-oxidant carboxyfullerenes, E and 
C3, prevented MK801-induced neuronal cell death, suggesting that the production of 
ROS contributed to MK801 cytotoxicity. These data suggest that the inhibition of 
NMDA receptor causes neuronal death, in part, through induction of free radical 
generation, and further support the concept that activation of NMDA receptors is 
critical for neuronal survival at the early stages of brain development.

Supported by NIH NINDS grant NS 37688 (LLD).

705.13

ACTIVITY-DEPENDENT SURVIVAL OF SUBPLATE NEURONS.
C.E, McKellar, M.F. DeFreitas, and CJ. Shatz*. HHMI and Dept. of 
Molecular & Cell Biology, University of California, Berkeley, CA, 94720.

Subplate neurons are among the earliest neurons generated in the 
mammalian neocortex. They participate in the first cortical circuits, yet 
most are eliminated during early postnatal life. One possible cause of 
this cell death is that subplate neurons may depend on synaptic input 
from glutamatergic thalamic terminals that are subsequently withdrawn 
during the course of development. To test the hypothesis that subplate 
neurons require glutamate-mediated depolarization, the survival of 
immunopurified subplate neurons from prenatal rats was examined in 
the presence of ionotropic glutamate receptor antagonists. Whereas 
subplate neurons generally survive for up to a week in culture, rapid 
and widespread death occurred in cultures containing the 
AMPA/kainate receptor antagonist CNQX. A marked decrease in 
survival was also seen in the presence of the NMDA receptor 
antagonist APV. Since activation of either of these ionotropic glutamate 
receptors can lead to a rise in intracellular calcium, we then examined 
whether calcium might be an important component of the survival signal 
for subplate neurons. Indeed, survival was dramatically reduced by 
blocking voltage-dependent calcium channels with nifedipine, or by 
blocking Calcium release from intracellular stores with ruthenium red. 
These results suggest that a rise in intracellular calcium driven by 
synaptic input is an important factor governing subplate neuron 
survival. Supported by NIH E402858 and the Alcon Research 
Foundation.

705.14
CASPASE REGULATION OF NEURAL PROGENITOR CELL DEATH.
C. D’Sa-Eipper* and K.A. Roth. Division of Neuropathology, Washington 
University School of Medicine, St. Louis, MO 63110.

Programmed cell death (PCD) is critical for normal central nervous system 
development. Although the majority of studies have focused on target-derived 
trophic factor-dependent death of post-mitotic neurons, there is evidence that 
proliferating cortical neuroblasts also undergo PCD. In most cells, PCD is regulated 
by activation of caspases, aspartate-specific cysteine proteases.

We have developed an in vitro system to study PCD in cortical progenitor cells 
and examine the role of caspases in this death. Freshly dissociated telencephalic 
cells from El2/13 embryos were treated with the anti-mitotic drug AraC or the 
protein kinase inhibitor staurosporine, for 6 hours at 37°C. The cells were then 
labeled with the mitochondria-specific dye MitoTracker Red, and nucleic acid stain 
SYTOX Green and analyzed by flow cytometry. Cells were resolved into 3 
populations (viable, apoptotic and necrotic) based on fluorescence intensity of the 
two labels. Both AraC and staurosporine, caused an increase in the percentage of 
apoptotic cells with a corresponding decrease in the viable cell population. 
However unlike AraC, staurosporine also increased the percentage of cells 
undergoing necrosis. Treatment with the broad caspase inhibitor, BAF, protected 
against the apoptotic death induced by the two drugs; but not against staurosporine 
induced necrotic death. These results indicate that a caspase-dependent pathway is 
involved in neuronal stem cell apoptosis. Additional studies with cells derived from 
gene-disrupted embryos are required to define which specific caspase(s) is (are) 
activated by apoptotic stimuli in neural progenitor cells.
Supported by NIH Grants NS35107, NS35484 and T32-DK07296.
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705.15

A DOMINANT NEGATIVE FORM OF MYOCYTE 
ENHANCER FACTOR 2 (MEF2) ENHANCES APOPTOSIS 
DURING NEURONAL DIFFERENTIATION OF P19 CELLS.
Shu-ichi Okamoto*, K. Sherman, and S.A. Lipton. CNS Research 
Institute, Brigham and Women's Hospital; Program in Neuroscience, 
Harvard Medical School, Boston, MA 02115.

MEF2 is a transcription factor in the MADS (MCMl-Agamous- 
Deficiens-Serum response factor) family. MEF2 has been shown to 
promote myogenic differentiation in conjunction with the basic helix-loop- 
helix transcription factors MyoD and myogenin (Molkentin et al., Cell 
1995; Ornatsky et al., JBC 1997). MEF2 is also highly expressed in 
differentiating neurons in the developing brain, suggesting that MEF2 
play a role in neuronal differentiation. To test this hypothesis, we 
examined the effect of a dominant negative form of MEF2 on retinoic acid 
(RA)-induced neurogenesis of P19 embryonal carcinoma cells. We first 
established P19 cells [P19(DN) cells] that stably express a dominant 
negative form of MEF2. RA was then added to induce neuronal 
differentiation of these cells. However, the numbers of multipotent 
(nestin-positive) precursors, unipotent (Hu-positive) precursors, and 
MAP2-positive neurons were all reduced in RA-treated P19(DN) cells 
compared to controls lacking the dominant negative. Cell proliferation 
(assayed by bromodeoxyuridine incorporation) of the multipotent (nestin- 
positive) precursors was not diminished in P19(DN) cells. However, 
nuclear staining with Hoechst dye revealed increased apoptotic cell death 
in P19(DN) cells after RA treatment. Thus, the dominant negative form 
of MEF2 enhanced apoptosis of differentiating P19 cells, but did not 
affect proliferation of multipotent precursors. These findings suggest that 
MEF2 may play a role in preventing neuronal apoptosis during 
differentiation. Supported by P01 HD29587 and an AHA fellowship.

705.16
THE FATE OF RESCUED CRANIAL NEURAL CREST CELLS DESTINED 
FOR PROGRAMMED CELL DEATH DURING CHICK DEVELOPMENT. 
Debra L. Ellies1. Abigail S, Tucker1. Donald B. Dixon2*, Andrew G. S. Lumsden1.
’Department of Developmental Neurobiology, KCL Guy’s Campus, London, SE1 
9RT, UK. 2 Department of Pharmacology, KCL Strand Campus, London, WC2R 
2LS UK.

The odd-numbered rhombomeres, R3 and R5, do not significantly contribute 
neural crest (NC) cells to the branchial arches (Lumsden et al., Dev. 113;1281- 
1291, 1991). Rather, the odd-numbered rhombomere’s NC cells undergo apoptosis 
(Graham et al., Dev. 119; 233-245, 1993), sculpting discrete streams of NC cells 
from the even-numbered rhombomeres. This streamed NC cell emigration pattern 
suggests that apoptosis may play a role in keeping the distinct NC subpopulations 
from mixing with each other (Graham et al., Dev. 119; 233-245, 1993). Our aim is 
to understand what role apoptosis plays during NC cell patterning in the chick 
hindbrain. The role of apoptosis has been addressed by inhibiting apoptosis in the 
odd-numbered rhombomeres and analysing the migratory route and fate of the 
rescued NC cells. Different approaches, involving rhombomere micro-
manipulations, have been taken to ensure inhibition of apoptosis and recovery of 
morphologically normal NC cells destined for apoptosis. When odd-numbered 
rhombomeric NC cells have been rescued from apoptosis, they migrate into the “R2 
domain” (rescued R3 NC cells), and branchial arch 3 (rescued R5 NC cells). The 
resulting pattern of skeletal elements pertaining to the branchial arches is also 
perturbed. Results from apoptosis inhibition suggest that apoptosis does play a role 
in the segregation of neural crest streams entering the branchial arches.
Research funded by Special Trustees of Guy’s Hospital at GKT.

705.17

C-JUN EXPRESSION IN THE DEVELOPING MOUSE BRAIN
K. Muramatsu. R. A. Sheldon*, Z, S. Vexler, D, M, Ferriero. Depts. of 
Neurology and Pediatrics, University of California, San Francisco, CA 94143-0114

C-Jun is thought to be essentia, for the development of the CNS through 
regulation of nerve growth factor and induction of cell proliferation. In addition, 
c-Jun expression is induced in apoptotic cells and might kill developing neurons. 
To investigate these pivotal functions, the present study is focused on ascertaining 
the natural expression of c-Jun in normal CNS. CD1 mice at Postnatal Day (P) 0, 
4, 7, 14, 21, 28 and adult (n =6 for each age) were used. The brains were frozen 
and coronal sections (15 gm) were made. After 10 minutes fixation with 4% PFA, 
sections were immunostained with anti total c-Jun antibody (New England 
BioLab) and visualized with ABC method. Sections were evaluated by counting 
positive cells in subregions of cortex, hippocampus, thalamus, hypothalamus and 
corpus callosum. The number of positive cells was small and strength of staining 
was weak in P0 and P4 in most regions. After this early period, intense nuclear c- 
Jun immunoreactivity was found in all regions observed. The patterns of 
expression were divided into two groups: 1) The regions of CAl in hippocampus, 
parietal and retrosplenial cortex, ventral posteromed thalamus had a peak of 
expression from P7 to P21. 2) The regions of CA3 and dentate gyrus in 
hippocampus, piriform cortex, hypothalamus, and corpus callosum gradually 
upregulated the expression to the adult. Presumably, group 1) would be rather 
vulnerable to stress (e.g. ischemia, injection of EAA, UV radiation) than group 2) 
in the adult. These might indicate that c-Jun expression is one of the protective 
factors for the stress causing neural cell death. The differences of c-Jun expression 
might affect the vulnerability of neurons in the developing mouse brain.
This work was supported by grants NIH R01NS33997and PO1NS35902.
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706.1

CYTOCHROME OXIDASE ACTIVITY IS INCREASED IN 
LURCHER PURKINJE CELLS PRIOR TO THEIR 
DEGENERATION. M.W, Vogel*. M. Sinclair, and H, Fan. MD 
Psychiatric Research Center, Univ. of MD, Baltimore, MD 21228.

Lurcher (Lc) is a gain-of-function mutation in the 82 glutamate 
receptor (Grid2) that causes a constitutive current leak in +/Lc 
Purkinje cells (PC). Virtually all +/Lc PCs begin to degenerate 
following the first postnatal week by apoptotic mechanisms involving 
activation of caspase-3. To investigate the effect of chronic 
depolarization on +/Lc PC metabolism, cytochrome oxidase (COX) 
activity has been analyzed in +/Lc PCs at P10, P15-16, and P25. +/Lc 
and +/+ pups at these ages were killed by decapitation and their brains 
frozen on dry ice. 12 pm cerebellar cryostat sections were processed 
for COX histochemistry using standard protocols. COX activity 
increases with age in the +/+ postnatal cerebellum with PCs staining 
darkly up to P10. By Pl5, the molecular and PC layers develop a 
more punctate staining pattern such that individual PCs can no longer 
be resolved. In contrast, individual +/Lc PCs are darkly stained at 
P15-16 and P25 such that the cell bodies and dendritic trees of many 
individual PCs stand out against lower background activity in the 
molecular layer. Fewer PCs are labeled at P25 compared with P15- 
16, but the remaining Purkinje cells are still intensely labeled. 
Quantitative measurements of COX activity levels will be made to 
confirm these qualitative impressions. The results suggest that 
mitochondrial activity is stimulated in +/Lc PCs at some point prior to 
their degeneration, possibly due to the energy demands of maintaining 
homeostasis against chronic depolarization. Supported by NIH grant 
NS34309.

706.2

EFFECTS OF BAX INACTIVATION ON NEURONAL CELL DEATH IN 
NORMAL AND LURCHER MICE, F. Selimi1, H. Fan2, S.J. Korsmeyer’, 
M.W. Vogel2 and J, Mariani'. ‘Lab. Ddveloppement et Vieillissement du 
Syst£me Nerveux, CNRS-UPMC, UMR7624, 75005 Paris, France; ’Univ. of 
Maryland Medical School, Maryland 21228; ’Washington Univ. School of 
Medicine, St. Louis, MO63110. (SPOH: IBANGS)

The Bcl-2 family contains pro- and anti-apoptotic proteins that are 
essential regulators of apoptosis. In the present work, we studied the role of 
the pro-apoptotic protein Bax in the developmental cell death of cerebellar 
Purkinje cells. The number of Purkinje cells is increased by 36% in the Bax 
knock-out mice, demonstrating that Bax is involved in the developmental 
cell death of Purkinje cells. In parallel, we studied the role of Bax in an in 
vivo model of pathological neuronal death: the Lurcher mutant mice. The 
Lurcher mutation (Lc) is a gain-of-function point mutation in the 
glutamate receptor ionotropic 32 gene (Grid2). The expression of the 
Grid2 allele in Lurcher heterozygous mice induces a permanent 
depolarization of the cerebellar Purkinje cells and the subsequent 
degeneration of all these neurons beginning from the second postnatal 
week onwards. As a consequence, a massive target-related cell death affects 
the afferences of the Purkinje cell: the granule cells and the inferior olivary 
neurons. We have previously demonstrated that these two types of neuronal 
death are apoptotic and implicate caspase-3 activation. To further study the 
molecular events involved in these neurodegenerative processes, we 
generated Grid2”'/£t, Baxz mice and looked for an effect of Bax 
inactivation. In one month old-animals, the Purkinje cells had almost totally 
disappeared as in Grid2B,/£‘, Bax+/+ mice, whereas an increase in the number 
of surviving granule cells was clearly visible. These results suggest that Bax 
is not implicated in the apoptotic process affecting the Lurcher Purkinje 
cells, but plays a role in the target-related cell death affecting the granule 
cells of Lurcher mutant mice. Supported by EC Biotech (BIO4C960774) and 
Biomed (PL962492) grants and by NIH grant (NS34309).
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706.3

NEURONAL CELL DEATH IN MOUSE CEREBELLUM AFTER 
INTRACEREBROVENTRICULAR INJECTION OF VINCRISTINE
H. Shimizu*, M. Ohgoh, Y. Momose, Y. Nishizawa and H. Ogura 
Eisai Tsukuba Research Laboratories, 5-1-3 Tokodai, Tsukuba, Ibaraki, 
300-2635, Japan

Vincristine, an anti-mitotic agent, is known to cause apoptotic cell 
death in vitro. However, little is known about vincristine-induced 
neuronal cell death in vivo. In the present study, we characterized the 
behavioral, histological and biochemical features of mice injected with 
vincristine intracerebroventricularly. These mice made involuntary 
movements, such as tremors, pivoting and backward walking, in a dose- 
dependent (0.05, 0.15, 0.5 nmol/head) and time-dependent (dl-d7) 
manner. Behavioral tests of motor function, such as the bulb balance test 
and rotating rod test, revealed deficits of motor coordination. Histological 
examination following HE and TUNEL staining indicated that cell death 
was induced in the cerebellum, especially in granule cells, while Purkinje 
cells were relatively spared. Electromicroscopic analysis confirmed that 
the morphology of cell death was consistent with apoptosis. Biochemical 
studies showed that both DNA fragmentation by nucleosome release and 
caspase-3-like activation in the cerebellum paralleled changes in behavior. 
Caspase- 1-like activity remained low at all time points after vincristine 
injection. These findings demonstrate that degeneration of the 
cerebellum in mice injected with vincristine can be observed at behavioral, 
histological and biochemical levels. This vincristine model is a rapid and 
reproducible neuronal cell death model with caspase-3-like activation in 
the central nervous system and provides a useful tool for investigating 
the relationship between neuronal cell death and caspase-3-like 
activation which may occur in neurodegenerative disease.

706.4

ROLE OF E2F-1 IN DEATH OF CEREBELLAR GRANULE NEURONS. 
M.O’Hare, E.Keramaris, J.MacLaurin, S.Cregan, R.S.Slack, D.S.Park*.
Neuroscience Research Institute, University of Ottawa, 451 Smyth Rd. Ottawa 
Ont. K1H 8M5

Previous evidence suggests that certain proteins involved in cell cycle control 
may also modulate cell death. For example, increases in cyclin DI associated 
kinase activity and Rb phosphorylation have been observed during DNA damage 
induced death of cortical neurons and K+ deprivation of cerebellar granule neurons 
(CGNs). Additionally, several reports showed that expression of Rb protects 
proliferating cells from death induced by several different stimuli. Finally, 
extensive neuronal death in Rb deficient mice has been reported. One target of Rb 
is E2F-1, a transcription factor involved in the G1 to S phase progression of the 
cell cycle. Accordingly, we investigated the potential role of E2F-1 in neuronal 
death by examining whether 1) E2F-1 expression induces death in CGNs and, 2) 
lack of E2F-1 effects death of CGNs evoked by K+ deprivation. We report 
presently that adenovirus mediated overexpression of E2F-1 in CGNs results in 
significant reduction of survival compared to Lac-Z infected cells. This death was 
associated with increased caspase-3 like activity. Moreover, CGNs cultured from 
animals lacking Bax showed a dramatic reduction in death induced by E2F-1 
expression when compared to wild-type neurons. Interestingly, death of CGNs 
evoked by K+ deprivation was delayed but not completely inhibited in neurons 
deficient in E2F-1. These findings suggest a modulatory role for E2F-1 in 
controlling some forms of neuronal death.
This work was supported in part by grants from the Medical Research Council of Canada 
and Glaxo Wellcome.

706.5

MITOCHONDRIAL CHANGES IN POTASSIUM-IONOPHORE INDUCED 
NEURAL CELL DEATH. M. Poppe*, D, Bockelmann and J.H.M. Prehn. 
Interdisciplinary Center for Clinical Research (IZKF), Junior Research Group 
“Apoptosis and Cell Death”, Westphalian Wilhelms-Univ., 48149 Miinster, 
Germany.

A disturbance of the intracellular K+ equilibrium has been suggested to be a key 
event in apoptotic cell death. Valinomycin, a K+ ionophore, has been shown to 
decrease the mitochondrial membrane potential at nanomolar concentrations by 
causing leakage of K+ across the inner mitochondrial membrane. At micromolar 
concentrations, it has been shown to increase K+ permeability and potential of the 
plasma membrane. In human D283 medulloblastoma cells, mitochondrial 
depolarization was readily detectable after 15 min of treatment with lOnM 
valinomycin, measured by reduced uptake of the potential-sensitive fluorescent 
probes CMXRos and rhodamine-123. In contrast, treatment with lOpM valinomycin 
resulted in an increased cellular uptake of CMXRos. This increase was inhibited by 
incubating the cells in medium supplemented with 25 mM K+. Both valinomycin 
concentrations lead to a rapid loss of the mitochondrial staining pattern of CMXRos. 
While incubation of D283 cells with lOpM valinomycin resulted in approximately 
25 % cell death after 24 hours, treatment with lOnM valinomycin caused no 
decrease in cell viability. Cell death induced by lOpM valinomycin was associated 
with an early loss of plasma membrane integrity and the development of 
cytoplasmic vacuoles. Both concentrations of valinomycin did not cause significant 
activation of caspases, determined by cleavage of fluorogenic caspase substrates 
(Ac-DEVD-AMC, Ac-YVAD-AMC, z-IETD-AFC and z-VDVAD-AFC), or 
significant release of cytochrome c from mitochondria. These results indicate that a 
disturbance of the intracellular K+ equilibrium by valinomycin induces a necrotic 
rather than an apoptotic cell death in D283 cells.

Supported by IZKF Miinster (BMBF grant 01 KS 9604/0)

706.6

ANALYSIS OF SNRK, WHICH IS RELATED TO LOW 
K+-INDUCED APOPTOSIS IN CULTURED RAT CEREBELLAR 
GRANULE NEURONS. H. Hatanaka*, K. Yoshida, C. Nishio. A. 
Konishi and M. Yamada, Institute for Protein Research, Osaka 
University, Suita, Osaka 565-0871, Japan

After 4 days in culture of cerebellar granule neurons obtained 
from 11-day-old rats under high K+-meaium, the switch to the low 
K+-medium induced the neuronal cell death. We found that 
SNRK whose mRNA expression increased after the change to the 
low K+-medium. SNRK is belong to SNF1 family which is serine/ 
threonine kinase family, and has a serine/threonine kinase domain 
at the N-terminal. SNRK also possesses PEST sequence, nucl-
ear localization signal, and glycine-rich region which are located in 
the non-catalytic region. In vitro translation analysis of full length 
of SNRK showed that 81 kDa synthesized product which is just 
corresponding to the molecular mass of SNRK. Immunoprecipita-
tion study using anti N-terminal SNRK antibody generated against 
N-terminal SNRK synthesized peptides has done in the products 
which was prepared by in vitro translation of SNRK, and the resu-
lting positive band had a size of 81 kDa band. Endogenous SNRK 
protein showed a size of 65 kDa by western blotting analysis using 
anti N-terminal SNRK antibody. Like the expression of mRNA 
time dependent change after the lowering the K+ concentration, 
the expression of SNRK protein increased. However, unlike the 
data ot  time-dependent expression of mRNA and protein, SNRK 
kinase activity decreased after the switch to the low K+-medium. 
The immunocytochemical staining showed only nucleus of cultur-
ed rat cerebellar granule neurons were stained. Therefore, SNRK 
protein seemed to ex-press in only neurons. As a results, SNRK 
is expected to be involved in the cell death regulation. Further 
study of the role of SNRK will contribute the understanding the 
molecular mechanism of neuronal apoptosis.

706.7

RNA CHANGES DURING THE APOPTOSIS OF CEREBELLAR 
GRANULE NEURONS.
K. L Philpott, R. Ginham, D.C. Harrison and L. Facci* Dept. of 
Molecular Neuroscience, SmithKline Beecham Pharmaceuticals, New 
Frontiers Science Park, Harlow, Essex, England CM 19 5AW

Cerebellar granule neurons can be maintained in culture in a medium 
containing high serum and depolarising levels of KC1. When serum is 
removed and the KC1 levels dropped from 25 mM to 5 mM, the cells 
undergo apoptosis. Apoptosis can be prevented by using RNA or 
protein synthesis inhibitors in this system, suggesting that new proteins 
are necessary for apoptosis to occur. Recent advances in Per 
technology, using fluorogenic probes to measure an accumulating Per 
product in real time, allow the precise quantification of transcript levels 
in samples. Using this technique on RNA extracted from apoptosing 
cerebellar granule neurons, we have examined changes in mRNA levels 
for a range of genes postulated to be important in apoptosis.

We find elevated levels of some members of the caspase family, in 
the transcription factor c-Jun and in Fas ligand. We conclude that 
information describing new gene expression in models of neuronal cell 
death can suggest the potential role of particular signalling pathways in 
apoptosis and provide insights into disease models.

706.8

INHIBITOR-OF-DIFFERENTIATION 2 MEDIATES APOPTOSIS 
IN POTASSIUM-DEPRIVED CEREBELLAR GRANULE 
NEURONS. M.Gleichmann*, M.Weller, J.B.Schulz. Dept. of 
Neurology, Univ. of Tubingen, 72076 Tubingen, Germany.
Most paradigms of neuronal apoptosis, including potassium 
deprivation-induced apoptosis of cultured cerebellar granule neurons, 
involve new mRNA and protein synthesis and can thus be classified as 
active types of cell death. Using differential display PCR techniques, 
we identified the inhibitor-of-differentiation 2 (Id2) gene as an 
induced gene during potassium deprivation-induced neuronal 
apoptosis. Id2 belongs to a family of transcriptional modulators which 
are characterized by a helix-loop-helix region lacking a basic amino 
acid domain. Id2 mRNA expression was induced within one hour 
after both serum and potassium deprivation and peaked 2 hours after 
deprivation. Transfection of Id2 sense expression plasmids into 
cerebellar granule neurons accelerated apoptosis whereas Id2 
antisense expression plasmids were protective. Id2 sense-transfected 
neurons showed positive staining for activated caspases, suggesting 
that Id2 controlled genes may be critically involved in the initiation of 
caspase-dependent neuronal apoptosis.
(Supported by SFB 430 B6).
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706.9

CLEAVAGE OF CALCIUM-CALMODULIN DEPENDENT 
PROTEIN KINASE TYPE IV (CAMK IV) DURING APOPTOSIS 
INDUCED BY POTASSIUM DEPRIVATION IN CEREBELLAR 
GRANULE CELLS. V. See12, A.L, Boutillier1, Y. Larmet1*, H, Bito2 
and J.P. Loeffler1. ‘UMR 7519 CNRS, Univ. Louis Pasteur, 
Strasbourg, France; 2Dept of pharmacol., Kyoto Univ. Fac. of Med., 
Kyoto, Japan.

In cerebellar granule cells, depolarization and subsequent 
calcium entry exert essential neuroprotective effects in vitro. Indeed, 
These neurons rapidly die by apoptosis when extracellular potassium 
concentrations are switched from high K+ (30 mM) to low K+ (5 mM). 
Thus the intracellular effectors activated by increased calcium 
concentration have been proposed to contribute to prevention of default 
apoptosis. In this study, we investigated the fate of two mediators of the 
calcium signaling cascade: the calcium/calmodulin dependent protein 
kinases type II and IV (CAMK II and IV) during this apoptotic process. 
We show that upon potassium deprivation, CAMK IV but not CAMK 
II undergo a rapid proteolytic degradation. A parallel increase of CPP32 
(caspase-3) activity was observed. Furthermore this CAMK IV cleavage 
is strongly reduced by the cell permeant CPP32 antagonist ZVAD-fmk, 
suggesting that a caspase-3-mediated cascade lies upstream of CAMKIV 
degradation. The precise role for the loss of intact CAMKIV during the 
initiation of apoptosis of granule neurons is currently being 
investigated. Supported by "the Association pour la Recherche contre le 
Cancer", ARC n°9821 and by "Centre National de Recherche 
Scientifique: CNRS: Physique et chimie du vivant" (JPL) and by a 
Grant in Aid from the ministry of Education of Japan (HB).

706.10
Adenoviral gene transfer of antiapoptotic proteins blocks apoptosis in cerebellar 
granule neurons: Mechanisms of protection
E. Gerhardt, S. Kugler, M. Bahr, J.B. Schulz*
Department of Neurology, University of Tubingen, D-72076 Tubingen, Germany 

We have recently shown that adenovirus-mediated gene transfer of several members
of inhibitor of apoptosis proteins (XIAP, HIAP1, HIAP2, NAIP) delays potassium 
withdrawal-induced apoptosis in cerebellar granule neurons (J. Neurochem. 1999, 
Vol. 72, No. 1: 292-301). We now investigated the mechanisms of protection and we 
compared the effects with those of other virus encoded inhibitors of apoptosis, the 
cytokine response modifier A (crmA) protein and the baculovirus encoded protein 
p35.
In vitro, mature cerebellar granule neurons deprived of depolarizing levels (25 mM) of 
extracellular potassium at DIV7 undergo apoptosis. Infection with recombinant 
adenoviral vectors at DIV1 targeting XIAP, p35 or crmA into cerebellar granule 
neurons increased survival at 24 h after potassium withdrawal from 50% (controls) to 
66% (XIAP), 86% (crmA) and 84% (p35), respectively. The ectopic expression of 
these proteins also prevented an increase in potassium withdrawal-induced caspase 3 
activity. However, only expression of XIAP and crmA, but not of p35 prevented 
processing of pro-caspase 3, and 9 as shown by Western blot.
CrmA and p35 are cleaved by their target proteases, then undergo a change in 
conformation and form a stable complex. After denaturation this complex is identified 
by the processed form of the target caspase in Western blotting. This indicates that the 
protein p35 functions like a real pseudosubstrate for caspase 3 and 9. The inhibition of 
caspase 3 and 9 processing by crmA suggests that crmA may interfere with another 
process involved in the activation of caspase-9, which has not been identified yet.

706.11

RED WINE EXTRACT BLOCKS APOPTOSIS INDUCED BY GLUTAMATE 
IN CULTURED CEREBELLAR GRANULE CELLS. S, Algeri*C, De Ruvo. 
R. Amodio, G.M, D’Ancona and E, Esposito. Istituto di Ricerche 
Farmacologiche “Mario Negri”, Consorzio Mario Negri Sud, S. Maria Imbaro 
(Chieti), Italy.

Apoptosis is a form of programmed cell death which plays an important role 
in regulating the number of neuronal cells during the development of the central 
nervous system. Moreover, inappropriate apoptosis has been suggested to be 
involved in neuronal death which occurs in various human neurodegenerative 
disorders, such as Alzheimer’s disease, Huntington’s disease, amyotrophic lateral 
sclerosis, and spinal muscular atrophy. Reactive oxygen species (ROS) have been 
implicated as mediators of apoptotic neuronal death. Thus, in this study cultured 
cerebellar granule cells were used to test the antiapoptotic effect of red wine 
extract which contains a number of antioxidant compounds. The effect of red wine 
extract was compared with that of ascorbic acid. Primary cultures of cerebellar 
granule cells were prepared from 8-day-old Wistar rats. Dissociated cells were 
suspended in basal Eagle’s medium (BME) containing 10% heat inactivated fetal 
calf serum, 2 mM glutamine, 25 mM KC1, 100 gg/ml gentamycin, and plated in 
poly-L-lysine coated (10 pg/ml) 35 mm petri dishes (2.5 x 106 cells/dish). Glial 
proliferation was prevented by adding cytosine-arabinofuranoside (10 (iM final 
concentration) 18 h after plating. Cells were maintained in growth medium at 
37°C in humidified 95% air 5% CO2. All the experiments were performed with 
fully differentiated neurons (8 days in culture). To induce apoptosis, glutamate (50 
gM) was added to the culture medium 8 days after plating. Apoptosis was 
measured by the terminal deoxynucleotidyl transferase-mediated dUTP-fluorescein 
nick end-labeling (TUNEL) method. Red wine extract (5 gg/ml) completetely 
prevented the apoptosis induced by glutamate. Similar results were obtained with 
ascorbic acid (30 gM). Both red wine extract and ascorbic acid reduced the 
formation of ROS induced by glutamate. There is also evidence that red wine 
extract and ascorbic acid inhibit caspase-3 activity. These results are consistent 
with recent epidemiological data showing a protective effect of moderate wine 
drinking on dementia.

706.12

CARBOXYFULLERENES PROTECT CEREBELLAR GRANULE CELLS 
FROM APOPTOSIS. M. Bisaglia-, L. Mattoli-, R. Pellicciari- and G. Schettini— . 
’Unit of Pharmacology and Neuroscience, National Cancer Institute and 
Advanced Biotech. Centre; Pharmaceutical Chemistry and Technology Institute, 
Univ. of Perugia; Dept. of Oncology, Univ. of Genova; 16132, Genova, Italy.

Buckminsterfiillerenols were recently investigated for their protective 
properties in different models of acute and chronic neurodegeneration. Notably, 
the C3-regioisomer tris (dicarboxymethilene) fullerene exerts a potent antioxidant, 
activity in an in vivo model of FALS. We tested this compound in our in vitro 
model of apoptotic neuronal death, that consists in shifting cultural potassium 
concentration from 25 to 5 mM on rat cerebellar granule cells (CGC). 
Impairment of mitochondrial respiratory function that occurs in these conditions 
was rescued by C3-Carboxyfullerene in a concentration-dependent way up to 48 
hours. In the nuclear region, chromatin derangement, visualized at fluorescence 
microscopy, was greatly reduced by the malonic derivative as well. Again, 
fragmentation of DNA in apoptotic oligonucleosomes showed a marked 
reduction of the “ladder” electrophoretic signal up to 30 hours. To assess whether 
an antioxidant activity could account for the rescue of CGC from apoptosis, we 
tested the compound under FeSO4-induced oxidative stress, and found a 
significative protection.. Thus we visualized membrane and cytoplasmic 
peroxides and reactive oxygen species (ROS) at confocal laser scanning 
microscopy and found a significative reduction of the species after 24 hours in 5 
mM K+ with C3-Carboxyfullerene. These evidences suggest that C3- 
Carboxyfullerene exerts a protective role on CGC apoptosis accompanied by a 
reduction of oxidative stress.
(Project Biotech MURST CNR 5%, 95/95 to GS).

706.13

A ROLE OF PHOSPHATIDYLINOSITOL 3-KINASE (PI 3-K) IN 
NEUROPROTECTION ELICITED BY LITHIUM AND BRAIN- 
DERIVED NEUROTROPHIC FACTOR (BDNF) IN CEREBELLAR 
GRANULE CELLS. P. Leeds, E. Chalecka-Franaszek and D.-M. 
Chuang*, Section on Molecular Neurobiology, Biological Psychiatry 
Branch, NIMH, NIH, Bethesda, MD 20892.

In cerebellar granule cells (CGCs), lithium suppresses apoptotic death 
induced by two anticonvulsants, phenytoin and carbamazepine (Nonaka 
et al., JPET 286, 539, 1998). Since lithium has been shown to activate 
the PI 3-K/Akt signaling pathway (Chalecka-Franaszek and Chuang, 
this volume), the effects of wortmannin (Wort) and LY294002 (LY), 
two selective PI 3-K inhibitors, on neuroprotection elicited by lithium 
was examined. CGCs on day-6 in vitro were pretreated with either 
Wort (up to 100 nM) or LY (up to 10 gM) in the presence or absence of 
LiCl (5 mM), and then exposed to phenytoin (20 gM) or carbamazepine 
(200 gM) for 72 h. Lithium was found to significantly protect against 
neurotoxicity elicited by either anticonvulsant and, importantly, this 
neuroprotection was suppressed in a concentration dependent manner by 
either Wort or LY. In another paradigm, it was found that apoptosis of 
CGCs induced by treatment with cytosine arabinoside (AraC) (500 gM) 
on day-1 in vitro was completely protected by pretreatment with BDNF 
(2 ng/ml) for 24 h, while a 2-h BDNF pretreatment was ineffective. 
The BDNF protection, which involved tyrosine kinase but not PKC 
activation, was also blocked by either Wort or LY. Additionally, both 
PI 3-K inhibitors potentiated AraC neurotoxicity when BDNF was not 
present. Thus, PI 3-K may play a prominent role in the neuronal 
survival and neuroprotection elicited by lithium and BDNF in CGCs. 
Supported by NIMH, NIH.

706.14

A ROLE FOR THE TUMOR SUPPRESSOR PTEN IN APOPTOSIS OF 
CEREBELLAR GRANULE CELLS. R. F. Ren,*, and A. I. Faden. 
Georgetown Institute For Cognitive and Computational Sciences, Georgetown 
University Medical Center, Washington, D.C. 20007,

PTEN is a novel tumor suppressor gene located on human chromosome 
10q23. An important function of PTEN is to dephosphorylate 
phosphatidylinositol 3,4,5-trisphosphate, which mediates growth factor-induced 
activation of intracellular signaling through the serine-threonine kinase Akt. 
Recently, Akt activation has been shown to be associated with attenuation of 
apoptosis of cerebellar granule cells (CGCs). Whether PTEN plays a role in this 
process has not been addressed. We show that PTEN is present in rat primary 
cultured CGCs and significantly increases when CGCs are subjected to an 
apoptotic stimulus consisting of serum withdrawal and reduced K+ 
concentration (Eldadah, et al. J. Neuroscience, 17:6105,1997); such apoptosis is 
also associated with a marked reduction in the levels of Akt and PI3 proteins. 
In other studies, CGCs were transfected with plasmids containing antisense 
PTEN (AS), wild type PTEN (WT) or empty vector, using a green fluorescent 
protein reporter. Transfection with AS significantly increased Akt expression 
and decreased PTEN expression as compared to WT. In parallel experiments, 
transfection with AS significantly reduced apoptosis of CGCs following 
K+/serum withdrawal. These findings suggest that PTEN gene expression 
contributes to the apoptosis of CGCs after K+ /serum withdrawal through a 
pathway that may involve down-regulation of Akt signaling. Support by grants 
from the NIH (NS36537) and the Dept. of Defense (DAMD 17-93-V3018).
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706.15

HEPATOCYTE GROWTH FACTOR PROTECTS CEREBELLAR 
GRANULE NEURONS FROM APOPTOSIS BY PI3- KINASE/AKT 
PATHWAY. L.L. Zhang*, T. Himi and S. Murota. Dept. Mol. 
Physiol. Chem., Tokyo Med. Dent. Univ., Tokyo 113-8549, Japan.

Recent studies suggested that hepatocyte growth factor (HGF) 
functions as a neurotrophic factor in the central nervous system. In 
this study, we examined the molecular mechanism of 
neuroprotective effect of HGF, using cultured cerebellar granule 
neurons, which undergo apoptosis by switching from medium 
contained serum and 25 mM IC to serum-free medium with 5 mM 
K\ Cerebellar granule neurons were obtained from 7-day-old Wistar 
rats, and maintained in MEM containing 5% fetal bovine serum 
and 25 mM K+ for 7 days. Cells were exposed to serum-free MEM 
in the presence or absence of the indicated agents below for 24 h, 
and neuronal survival was determined by Trypan Blue staining or 
Hoechst 33342 staining. HGF (20 ng/ml) remarkably prevented 
apoptosis induced by low K+ (5 mM). The neuroprotective effect of 
HGF was blocked by wortmannin (50-500 nM), a specific inhibitor 
of phosphatidylinositol 3 (PI3)-kinase, but was not affected by 
mitogen activated protein kinase kinase inhibitor PD98059 (10-100 
gM). Downstream signal of PI3-kinase in this protection was further 
investigated. HGF enhanced phosphorylation of Akt, which leads 
to suppressing activation of caspase-9 and caspase-3. These results 
suggest that HGF prevents apoptosis in cerebellar granule neurons 
via PI3-kinase/Akt pathway.

This work is supported by the research grant from Sapporo 
Bioscience Foundation.

706.16
CONSTITUTIVE ACTIVATION OF NUCLEAR FACTOR KAPPA B (NFk B) 
IS NECESSARY FOR CEREBELLAR GRANULE CELLS (CGC) SURVIVAL.
P. Piccioli-, M. Paolillo—, and G. Schettini—. ’Unit of Pharmacology and 
Neuroscience, National Cancer Institute and Advanced Biotech. Centre; 2Dept. of 
Oncology, Univ. of Genova; 3*Inst. of Pharmacology, Univ. of Pavia, Italy.

The multigene family of NF-k B transcription factors is one of the most 
interesting regulators of gene expression, being involved in process such as 
neuronal plasticity, neurodegeneration and neuronal development. In 
unstimulated cells NF-k B is associated with inhibitory proteins (I-k B); following 
a stimulation the repressor is processed and degraded, allowing NF-k B to enter 
the nucleus and activate transcription. Here we present evidence that inhibition of 
the constitutive NF-k B activity in cerebellar granule cells induce cell death. 
CGC, cultured in 25mM KCI, showed a survival-reduction of 25% to 40-50% 
after 24hr treatment with increasing concentration of the proteosome inhibitor 
PSI (0.1-10pM). PSI induced-cell death showed the characteristic of apoptosis as 
revealed by both DNA fragmentation (laddering), microscopy analysis of nuclear 
morphology and ELISA-immunoassay. Transcriptional or translational inhibitors, 
as well as specific caspase inhibitors, added two hours before treatment with PSI 
were able to reduce or abolished cellular death. Taken together these results 
indicate that NF-k B exerts a prominent role in CGC survival. Experiments are in 
progress to characterize the possible target genes involved in survival/death 
process, which could be modulated by NF-k B.
(Project Biotech MURST CNR 5%, 95/95 to GS)

706.17

PHARMACOLOGICAL CHARACTERIZATION OF THE ANTAGONISM OF R-2- 
HEPTYL ^-METHYLPROPARGYLAMINE AND RELATED COMPOUNDS 
ANII-APOPTOTIC EFFECTS BY S-ISOMERS. M.D. Borv*. Neuropsychiatry 
Research Unit, University of Saskatchewan, Saskatoon, SK, Canada, S7N 5E4.

(R)-2-heptyl N-methylpropargylamine (R-2HMP) has previously been shown to 
prevent p53-dependent apoptosis in a number of model systems. This effect is 
stereospecific, with the S-isomer being devoid of either pro- or anti-apoptotic activity 
over a wide concentration range. This is surprising since even at the highest optical 
purity currently available (99.9%), high concentrations of S-2HMP would be expected 
to show some anti-apoptotic effects due to the trace quantities of R-isomer present. 
This suggests that S-2HMP is an antagonist of the anti-apoptotic effects of R-2HMP. 
Indeed, a dose-dependent antagonism by S-2HMP has previously been demonstrated. 
Further, there is good evidence for R-2HMP exerting its anti-apoptotic effect through 
an interaction with the same site as R-deprenyl. While R-2HMP and R-deprenyl 
appeared equipotent, S-deprenyl was a 10-fold more potent antagonist than S-2HMP 
(IC50 a 0.5//M and 5/<M). This previous study did not, however, take account of 
contamination by R and S isomers due to optical impurity. The current study has 
sought to more accurately characterize the antagonistic effects of S-isomers. A well 
defined cell culture system (cytosine g-D-arabinofuranoside induced apoptosis in 
cerebellar granule cells) in which R-2HMP has previously been shown to be active has 
been employed. Using solutions of different optical purity, concentration-response 
curves for R-2HMP in the presence of increasing concentrations of S-2HMP were 
obtained and subjected to Schild analysis. Since a concentration-response curve in the 
absence of antagonist can not be generated due to optical impurities, it has been 
assumed that when S-2HMP is present in concentrations below lOpM and R-2HMP is 
present in at least 10 fold higher concentrations then the amount of antagonism is 
negligable. In this way an initial estimate for the pA2 of S-2HMP of 10.94 has been 
obtained, which is equivalent to a Kd of 11.4pM. The slope of the Schild plot was 
close to unity, consistent with competitive antagonism at a single binding site. The 
potency of S-deprenyl is currently under investigation.
Financial support provided by Sask Health and Alv/va Biopharmaceuticals Inc.
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707.1

ABSENCE OF p75 NGF RECEPTOR DOES NOT AFFECT THE 
CHOLINERGIC SEPTOHIPPOCAMPAL SYSTEM OF AGING MICE
N.L, Ward*1, L.E, Stanford2, R.E, Brown2, and T, Hagg1. Dept. Anatomy & 
Neurobiology1, Psychology2, Dalhousie University, Halifax, B3H 4H7, Canada.

During aging of rodents and in Alzheimer's disease, basal forebrain 
cholinergic neurons atrophy and have reduced TrkA mRNA. Cholinergic 
medial septum neurons express TrkA and p75 nerve growth factor receptor 
(p75NGFR). Interactions between TrkA and p75NGFR are necessary for high- 
affinity binding and signaling of NGF through TrkA. In adult p75NGFR-deficient 
mice, retrograde transport of NGF and other neurotrophins by these neurons 
is greatly reduced (Hagg, Soc Nsci Abstr 22:1008), however these neurons 
maintain their cholinergic phenotype and size. There is evidence that NGF 
transport is reduced in Alzheimer's disease. Here, we investigated whether 
the absence of p75NGFR would affect the cholinergic septohippocampal 
system during aging in mice. In young (6-8 months), middle aged (12-18, 
average 14 months), and aged (>18, average 20 months) 129/Sv control mice 
the total number and cell body diameter of ChAT-positive medial septum 
neurons was similar. The cholinergic hippocampal innervation, as measured 
by the number of AChE-positive fibers in the molecular layer of the dentate 
gyrus, also did not change with age. Similarly, no age-related changes were 
observed in p75NGFR-deficient mice, suggesting that p75NGFR or neurotrophin 
transport do not play significant roles in the maintenance of these 
morphological parameters of the cholinergic septohippocampal system during 
aging. Alternatively, p75NGFR-deficient mice may have developed a 
compensatory mechanism, such as support by neurotrophic factors other than 
neurotrophins. Nonetheless, our findings do not exclude a role for p75NGFR in 
learning and memory-related deficits observed in Alzheimer's Disease. 
Support: Alzheimer Society of Canada, I.W. Killam Foundation, MRC Canada.

707.2

HIPPOCAMPAL SYMPATHETIC INGROWTH IS MEDIATED SPECIFICALLY 
BY CHOLINERGIC DENERVATION. L.E. Harrell*, D.S. Parsons, K. Kolasa and 
M. Roberson. Dept. of Neurology and Alzheimer’s Disease Research Center, V.A. 
Med. Ctr. and Univ. of Alabama, Birmingham, Al. 35294.

Isolated cholinergic cell loss as the mechanism of either cortical or hippocampal 
ingrowth of peripheral sympathetic fibers, originating from the superior cervical 
ganglia, has been an ongoing debate. Early studies did suggest this as the 
mechanism, as neither lesions of the locus ceruleus or raphe nuclei induced 
peripheral sympathetic ingrowth. Further, only lesions including cells in the 
substantia innominate or medial septum induced sympathetic ingrowth. Recently, it 
has been hypothesized that loss of cholinergic neurons results in increases in nerve 
growth factor, which is known to be trophic for peripheral sympathetic nerves and 
that this is responsible for the ingrowth of sympathetic nerves. The development of 
192-IgG-Saporin, which is a specific cholino-immunotoxin for cholinergic neurons 
in medial septum, has permitted the determination of the relationship between 
cholinergic cell loss and peripheral sympathetic ingrowth. Thus 1000 ng of Saporin 
was infused directly into the medial septum to cholinergically denervate the 
hippocampus. At 4 weeks post-lesion, a small number of peripheral sympathetic 
fibers were observed around blood vessels in the hippocampal fissure. These were 
seen to enter the molecular region of the dentate gyrus and CA3 of the hippocampal 
gyrus. By 8 weeks post-lesion, peripheral sympathetic fibers were clearly evident in 
the same regions as seen at 4 weeks, but more fibers were present. By 12 weeks 
post-lesion, there was no doubt that peripheral sympathetic ingrowth was occurring 
in the cholinergically denervated hippocampus, with distributions matching those 
seen with radio-frequency lesions of the medial septum. The results of this study 
prove that hippocampal sympathetic ingrowth is due to the loss of muscarinic 
cholinergic cells with resultant cholinergic denervation of terminal fields.
Sponsored by V.A. Merit Review.
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707.3

IDENTIFICATION OF A NOVEL, NEURON-SPECIFIC, NEUROTROPHIN- 
RESPONSIVE TRANSMEMBRANE PROTEIN. H, Kong1, J. Boulter2, C, Lai3* 
and M. Chao1. 'Skirball Institute, NYU Medical Center, New York, NY 10016; 
2Dept. Psychiatry, UCLA Medical School, Los Angeles, CA 90095; 3The Scripps 
Research Institute, La Jolla, CA 92037.

A novel gene has been identified in a yeast two-hybrid interaction hunt using ,the 
intracellular domain of p75 as bait and a rodent dorsal root ganglion (DRG) cDNA 
library as prey. The cDNA sequence of this clone, called HK14, encodes a protein of 
1,715 amino acids that are predicted to form an integral membrane protein spanning 
the lipid bilayer four times, with both the amino and carboxy termini being 
intracellular. The most striking feature of this protein is the presence of 11 
contiguous ankyrin repeats in the amino terminus. Other hallmarks include an 
ATP/GTP-binding motif downstream of the ankyrin repeats, multiple potential 
phosphorylation sites at various cytoplasmic residues, and a PDZ-binding motif at the 
3 carboxy terminal amino acids. Comparison of the first two putative transmembrane 
domains with known proteins in the database reveals a high degree of similarity to 
corresponding transmembrane domains of the nicotinic acetylcholine receptor alpha 
subunit and the 5HT3 receptor. The overall topology of HK14 is reminiscent of the 
transient receptor potential (TRP) ion channels first identified in drosophila and the 
capsaicin receptor and TWIK-like K’ channels in mammals. HK14 is abundantly and 
specifically expressed in neuronal cell populations, both central and peripheral, as 
assessed by in situ hybridization analysis. Finally, immunocytochemistry in both 
PC12 cells and HKl4-transfected 293T cells indicates cell surface expression of HK14 
that is co-localized with p75. Taken together, these data suggest that HK14 may be a 
founding member of a novel class of ion channels that serve an as of yet unidentified 
function in the nervous system. Current efforts are directed toward investigating 
signalling events downstream of HK14 in response to neurotrophins, including the 
control of intracellular Ca~ concentration.

707.4
REGULATION AND FUNCTION OF THE GP75 NEUROTROPHIN RECEPTOR IN 
MOTONEURON REGENERATION. A. Gschwendtner, G. DechanU, M. Graeber, 
J.M. Fradel, R. Kalla, L.L. Jones*, G.W. Kreutzberg, Y A. BardeV G. Raivich 
Dept Neuromorphology and (1) Dept Neurobiochemistry, Max-Planck-lnstitute of 
Neurobiology, D-82152 Martinsried, Germany

The common neurotrophin receptor is a 75kD glycoprotein (gp75NTR) shared by 
NGF, BDNF, NT3 and NT4, which is widely expressed on central and peripheral 
neurons and on non-neuronal cells during embryonic development. In the current 
study we examined the regulation and function of gp75NTR on regenerating facial 
motoneurons after a peripheral transection of the facial nerve.

Transection of the facial nerve leads to a strong increase in gp75NTR 
immunoreactivity on the axotomized motoneurons in the adult mouse facial motor 
nucleus. To determine the function of this receptor after injury we examined the 
effects of a complete transgenic deletion of gp75NTR (gp75E-KO) on neuroglial 
activation, the speed of axonal regeneration and neuronal survival after facial 
axotomy. Wild-type (WT) and homozygous KO animals were obtained from 
heterozygous breeder pairs. Compared with the WT animals, the absence of gp75 at 
day 4 led to a 80% increase in the immunoreactivity (IR) for neuronal CGRP, and a 
60% increase for the aMb2-integrin IR on the neighboring microglial cells in adult 
animals. There was no significant effect on reactiveastrocytes (GFAP-IR) or on the 
extent of axonal elongation in the crushed facial nerve at day 4 forgalanin or CGRP- 
positive neurites (galanin-IR: 6.2 vs 6.4mm for WT and KO animals (n = 4 each)resp; 
CGRP-IR: 5.8 vs 6.4 mm). There was also no effect on the number of dying 
motoneurons at day 14, the associated microglial response or the influx of T-cells into 
the affected facial motor nucleus. No significant effect was observed on the extent of 
motoneuron cell death after a postnatal (P1) transection of the facial nerve.

In summary, gp75 is upregulated on axotomized motoneurons and plays an 
important regulatory role in the expression ofaxotomy-associated molecules and in 
neuroglial activation. However, it does not appear to affect neuronal suvival or the 
speed of axonal regeneration. Supported by DFG Ra486/3-1

707.5

P75 RECEPTOR POTENTIATES BDNF AND NT3 SIGNALING IN 
THE DEVELOPMENT OF CRANIAL PROPRIOCEPTORS.
G-Fan1, S, Copray2, J, Walro3, R, Jaenisch1 and J, Kucera4*,
1 Whitehead Institute for Biomedical Research, 9 Cambridge Center, Cambridge, MA 
02142; department of Medical Physiology, University of Groningen, Groningen,
The Netherlands; department of Anatomy, Northeastern Ohio Universities College 
of Medicine, Rootstown, Ohio 44272; department of Neurology, Boston University 
School of Medicine, 80 East Concord Street, Boston, MA 02118

We examined whether the low-affinity neurotrophin receptor p75 plays a role in the 
development of cranial proprioceptors. Numbers of trigeminal mesencephalic nucleus 
(TMN) neurons and masticatory muscle spindles, the end organs of proprioceptive 
afferents, were reduced by 21% and 15%, respectively, in p75 null (-/-) mutants. The 
effect of p75 receptor may be mediated by its interaction with either neurotrophin-3 
(NT3)/trkC or brain derived neurotrophic factor (BDNF)/trkB signaling, because 
proprioceptive deficits were observed in mice lacking NT3 or BDNF but not nerve 
growth factor (NGF). Indeed, immunohistochemistry showed that p75 receptor was 
present in a majority of TMN neurons (approximately 80%), which simultaneously 
express trkB and trkC, but not trkA receptor. To examine directly whether p75 is 
required for the BDNF and NT3 action in vivo, we generated mice that lacked NT3 or 
BDNF in addition to p75. Spindle deficits in p75-/-; NT3+/- and p75-/-; BD+/- 
compound mutants were greater than the product of spindle deficits in p75-/- and 
NT3+Z- or BD+/- single mutants, suggesting that p75 can facilitate the trophic effects 
of NT3 and BDNF when levels of the neurotrophins are limiting. Consistent with the 
auxiliary role of p75 in NT3 and BDNF signaling, spindle deficits in p75-/-; BDNF-/- 
and p75-/-; NT3-/- mutants were larger than those in BDNF-/- and NT3-/- single 
mutants, respectively. Our results provided a first in vivo evidence that p75 receptor 
potentiates BDNF/trkB and NT3/trkC signaling in the development of cranial 
proprioceptive neurons. Supported by NIH grants to RJ and JK.

707.6

p75 NEUROTROPHIN RECEPTOR EXPRESSION IS INDUCED IN 
APOPTOTIC NEURONS FOLLOWING SEIZURE. P.P. Roux, M A, 
Colicos, T.E. Kennedy and P.A. Barker*. Centre for Neuronal 
Survival, Montreal Neurological Institute, McGill University, 3801 
University Avenue, Montreal, Quebec, Canada, H3A 2B4.

Seizure causes neuronal cell loss in both animal models and human 
epilepsy. To determine the contribution of apoptotic mechanisms to 
seizure-induced neuronal cell death, rat brains were examined for the 
occurrence of TUNEL-positive nuclei following pilocarpine-induced 
seizure. Numerous TUNEL-positive cells were observed throughout 
the post-seizure hippocampus, piriform cortex, and entorhinal cortex. 
Combined TUNEL/NeuN immunocytochemistry demonstrated that the 
vast majority of TUNEL-positive cells were neurons. To identify 
components of the signal transduction cascade promoting post-seizure 
apoptosis, the expression of the p75 neurotrophin receptor (p75NTR) 
was examined. Seizure-induced increases in p75NTR protein and 
mRNA were detected in hippocampus, piriform cortex, and entorhinal 
cortex. Immunohistochemical double labeling revealed almost 
complete correspondence between TUNEL-positive and p75NTR 
expressing cells, suggesting that seizure-induced neuronal loss within 
the central nervous system occurs through apoptotic signaling cascades 
involving p75NTR. This work was supported by grants from the 
Medical Research Council of Canada to TEK and PAB

707.7

ANTI-APOPTOTIC ROLE OF p75^GFR; DEPENDENCE ON p75/TrkA 
RATIO. N.F, Schor1* and H.U, Saragovi2. ’Depts. of Pediatrics, 
Neurology, and Pharmacology, Univ. of Pittsburgh, Pittsburgh, PA 
15213; Tlept. of Pharmacology and Therapeutics, McGill University, 
Montreal, QC H3G 1Y6, Canada.

Previous studies have variously ascribed the antiapoptotic effect of 
NGF binding to p75 to a cooperative interaction of p75 with TrkA or an 
independent activity at p75. We hypothesized that the ratio of p75 to 
TrkA determines which of these mechanisms obtains in a given cell type. 
Using SH-S Y5Y cells in culture that were transfected with either a TrkA 
expression construct (SY5Y-TrkA; p75/TrkA = 1/1) or a mock construct 
(SY5Y-ET; p75/TrkA = 100/1), we have demonstrated that the p75/TrkA 
ratio determines the mechanism by which NGF binding to p75 mediates 
protection from apoptosis. The protective effects of NGF from 
antimitotic agent-induced apoptosis in SY5Y-ET cells are completely 
blocked by preincubation of NGF with an antibody to its p75-binding 
site (data indistinguishible from that obtained in the absence of NGF; 
Student’s t test). In contrast, similar studies in SY5Y-TrkA cells 
demonstrate no effect of this antibody on NGF-mediated protection from 
apoptosis (data indistinguishible from that obtained in the presence of 
NGF alone; Student’s t test). Present efforts are aimed at determination 
of the effect of alteration of the p75/TrkA ratio on the downstream signal 
transduction events triggered by binding of NGF to p75.

Supported by a Research Grant from the National NF Foundation 
and grant CA74289 from the National Cancer Institute, NIH.

707.8

ROLE OF LOW AFFINITY NEUROTROPHIN RECEPTOR IN DEATH- 
SURVIVAL EFFECTS OF NEUROTROPHINS IN CULTURED PURKINJE 
NEURONS. J.L. Redondo* and H.K. Strahlendorf. Department of Pharmacology, 
Texas Tech University Health Sciences Center, Lubbock, TX 79430.

The purpose of this study was to investigate the role of p75 neurotrophic receptor 
(p75NTR) in the survival of cerebellar Purkinje neurons (PNs). PNs dissociated from 
16 day old embryonic rat brains were grown for one week in multiwell plates 
containing defined media under culture conditions that inhibit glial cell growth. PNs 
were chosen as a model system due to their expression of p75NTR continuously, 
differential expression of trk B and C at varying times, and a lack of trk A.

Immunocytochemistry confirmed that PNs (identified by calbindin-28K) express 
p75NTR abundantly and, at least in our culture conditions, do not seem to express 
high affinity trk neurotrophic receptors. We have developed a fluorescence based 
method to quantify surviving PNs in culture after various treatments. We have found 
a biphasic effect of nerve growth factor (NGF), neurotrophin-3 (NT-3) and brain 
derived neurotrophic factor (BDNF) on PNs. Treatment of cultures for five or seven 
days with these neurotrophins (0.1 to 100 ng/ml) resulted in a 20% death effect 
produced by NGF, a 20-60% dose related survival effect by NT-3 and a biphasic 
action of BDNF composed of cell death at low doses and survival at higher doses.

In order to assess the role of p75NTR in conjuction with these findings we have 
used a blocking anti p75 antibody to show that it reduces cell survival by half‘in 
control and neurotrophin treated cultures. We have also used antisense 
oligonucleotides to downregulate p75NTR, which has shown a reduced expression 
of p75NTR by Western Blot. Currently we are investigating the physiology of this 
result in relation to the neurotrophin effects observed.
This material is based in part upon work supported by the Texas Advanced Research 
Program under Grant # 010674-049.
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707.9
NGF WITHDRAWAL INDUCES APOPTOSIS IN PANCREATIC p-CELLS
Marlier L.NJL.1’3*, Plerucci DA Cicconi SA Bonini P.2, Micarelli N.2, Miele F.2,
Ammendola S.2, Nencioni L.2, Cozzolino F.23, Lauro RJ and Borbonl P.1,
1: Lab. Molec. Med., Dept. Int. Medicine, 2: Dept. Exp. Medicine, University of Rome “Tor
Vergata”, Italy, 3: National Research Council (CNR), Inst. Exp. Medicine (IMS), Rome Italy
We and other have previously demonstrated that NGF and its receptors (p75 and gp140Trk A)
are expressed in pancreatic islets. In the present study, we investigated the hypothesis that
NGF is synthesized and secreted in pancreatic p-cells and that NGF withdrawal induces p-cells
apoptosis. We used the insulinoma cell line PTC6-F7 as an experimental model. In order to
demonstrate that pancreatic p-cells produce biologically active NGF, PTC6-F7 cells were
cocultured with PC12 cells. Exogenous NGF induced neurite outgrowth within 48 hours in
control PC12 cells. In coculture conditions, endogenous NGF produced by PTC6-F7 induced
PC12 cells neurite outgrowth within 96 hours. The anti-apoptotic role of endogenous NGF in
PTC6-F7 cells was evaluated by analyzing the consequences of NGF withdrawal using a
monoclonal anti-NGF antibody. Early apoptotic events were investigated following membrane
phosphatidylserine (PS) and nucleosomes formation measured using ELISA. PS translocation,
revealed by Annexin V-FITC conjugated binding, was detected 30 min after NGF withdrawal;
nucleosome formation, measured by ELISA, was detected after 6 to 12 hours. Later on,
apoptotic nuclei were evidenced after 12 hours by FACS scan analysis, reaching the maximum
after 48 hours. Apoptosis was confirmed by TUNEL immunocytochemistry and DNA laddering
after 18 hours. These results demonstrate that NGF withdrawal rapidly induces apoptosis in
pancreatic p-cells suggesting that the autocrine production of NGF is necessary for cell survival.
To study the possible signal transduction mechanisms of p cell death induced by NGF
withdrawal, we investigated the expression of numerous pro- and amti-apoptotic protagonists
such as Bcl-2, Bc I-Xl , Bak, Bax... by western blot and immunofluorescent analysis. Results
indicate in particular that, while Bcl-2 expression is not significantly modified, Bcl-)Q. expression
is severely decreased after 18 hours. This suggest that NGF withdrawal mediated apoptosis in
pancreatic p-cells shares with neurons common mechanisms in the signal transduction
pathways involved. (Supported by NEFAC, CNR and MURST)

EFFECTS OF NEUROTROPHINS ON PROLIFERATION DIFFERENTIATION 
AND EARLY DEVELOPMENT

708.1
BDNF INCREASES OLIGODENDROCYTE PROGENITOR CELL (OPC) 
PROLIFERATION IN THE BASAL FOREBRAIN (BF). T.M.Zaremba*, E. 
DiCicco-Bloom, C.F.Dreyfus, Department of Neuroscience & Cell Biology, Robert 
Wood Johnson Medical School/UMDNJ, Piscataway, NJ 08854.

Previous studies indicate that brain derived neurotrophic factor (BDNF), nerve 
growth factor (NGF) and neurotrophin-3 (NT-3) increase numbers of mature myelin 
basic protein positive (MBP+) oligodendrocytes in culture. Increases in MBP+ cell 
numbers may occur through an increase in progenitor proliferation, differentiation, 
and/or survival. To begin to distinguish among these mechanisms we have examined 
the role of proliferation. Initial studies determined that subpopulations of bipolar 
OPCs co-localize A2B5 and trk A, trk B, trk C, or p75 receptors, suggesting that 
these cell populations may be responsive to neurotrophins. To determine whether 
this is true, we utilized OPC enriched cultures from postnatal day 1 (Pl) animals. 
These cells were incubated in oligodendrocyte medium in the presence or absence of
0.3, 1, 10, or lOOng/mL of BDNF, NGF, or NT-3. Thymidine incorporation was 
assessed at 24 hours following a terminal four hour pulse of thymidine. BDNF 
caused a 2.5-fold increase in thymidine incorporation, whereas NGF and NT-3 were 
without significant effect, suggesting that BDNF increases DNA synthesis. To 
define whether increased thymidine incorporation represented more cells entering the 
mitotic cycle or greater survival of the progenitor population, a labeling index (LI) 
was performed. LI is defined as the ratio of mitotic cells to total cell number. 
Cultures were incubated with BDNF for 20 hours and then exposed to 
bromodeoxyuridine for the final four hours to label mitotic cells. The LI was 
increased by BDNF treatment. BDNF elicited a 2-fold increase in mitotic OPC 
progenitors, while total cell numbers did not change. (LI: control=24±4.2%; 
BDNF=51.8±9.1%; p<0.005). These studies suggest that BDNF increases MBP+ 
cells, at least in part, by enhancing numbers of OPCs entering the mitotic cycle. 
(Supported by NIH HD 36647, MH/AG 19957, and the Nat’l. M. S. Soc.)

708.2
NEUROTROPHINS INCREASE MITOGENIC AND PHAGOCYTIC ACTIVITY OF 
MICROGLIA /A VITRO. J.M. Zhang, C.L. Lu, L.M. Hatcher, R. Colella, and F.J. Roisen*. 
Dept. Anatomical Sciences and Neurobiology, University of Louisville, School of 
Medicine, Louisville, KY 40292

Microglia are thought to play a key role in the development and regeneration of the CNS, 
although the mechanisms regulating their presence and activity are not fully understood. 
Phagocytic activity of microglia plays a pivotal role in the cellular response to injury by 
regulating the environment for regeneration. Substantial evidence suggests that Nerve 
Growth Factor (NGF) stimulates monocytes to differentiate into macrophages while also 
exerting a chemotactic effect. This study employed two murine microglial lines, BV2 and 
N9, and examined the action of NGF, BDNF, NT-3 and NT-4 on its mitotic activity and 
survival. We also examined the action of these factors on the phagocytic activity of BV2 
and N9. NGF (0-100ng/ml) was observed to have an effect on BV2 and N9 mitogenesis 
and survival in a dose-dependent manner for periods of two to seven days in vitro. Similar 
responses were elicited by BDNF. Mitogenesis and survival responses were blocked by 
K252a, a neurotrophin receptor tyrosine kinase inhibitor, suggesting that NGF and BDNF's 
actions were mediated by the tyrosine kinase receptors (Trk). In contrast, NT-3 and NT-4 
had no effect on the mitotic activity of these lines. However, continued investigation has 
shown that following exposure for 72 hours, NGF, NT-3 and NT-4 increased phagocytic 
activity of BV2 cells while BDNF decreased phagocytosis. These studies suggest that the 
neurotrophic factors may modulate the specific biological effect on these cells by activating 
different substrates through the same signal transduction pathway. Initial 
immunolocalization studies revealed a positive Trk PAN reactivity for BV2 and N9, but an 
absence of the low affinity p75 receptor. Further study has now revealed that the TrkPAN 
reactivity was due to receptors for TrkA, TrkB, and TrkC. These studies suggest that in 
addition to the neurotrophic actions, neurotrophic factors such as NGF, BDNF, NT3 and 
NT4 may also regulate microglial dynamics thereby influencing the surrounding milieu 
during neuronal regeneration. Supported by the KY Spinal Cord and Head Injury Research 
Trust.

708.3

NERVE GROWTH FACTOR (NGF) STIMULATES DIFFERENTIATION 
OF RAT AND HUMAN MYOBLASTS AND INFLUENCES THE 
PROLIFERATION OF HUMAN RABDOMYOSARCOMA CELLS 

M.Rende*, EBrizi, L.Catapano, R.Bruno*, S, Treves*. J, Conner*
Sect. Anatomy, Univ. of Perugia, Italy, Dept. Cell Biol., Univ. Of Calabria, Italy*, 
Inst. Pathology, Univ. Of Ferrara, Italy* ; Dept Neuroscience, Univ. California 
San Diego, USA*

Neurotrophins are expressed in muscle cells both during development 
and in adults. However, only fragmentary and controversial information is 
available regarding the responsiveness of muscle cells to neurotrophins. 
Previously we have shown that the addition of NGF to the medium of L6 
cells (a rat myogenic cell line) increases myoblast fusion rate. Furthermore, 
we have shown that the addition of a blocking antibody anti-NGF or the 
addition of K252a (an inhibitor for ail TrKs) results in a dose dependent 
decrease or inhibition of myoblast fusion. In the present study we expand 
these preliminary data and we show that NGF: (1) similarly increases 
myoblast fusion and proliferation in a primary culture of adult human 
myoblasts; (2) Tyrphostin AG-879 (a specific inhibitor for TrKA) prevents 
myoblast fusion and proliferation both in rat and human myoblasts. 
Furthermore, we show that the inhibition of TrKA by K252a or AG-879 is 
able to block the proliferation of a human rabdomyosarcoma cell line (TE- 
671) that expresses high levels of NGF.

These new data confirm that the expression of NGF and TrKA in 
developing muscle cells influence their proliferation and differentiation. 
Supported by Telethon-ltaly Grant #589.

708.4
NERVE GROWTH FACTORS BDNF, NT-3 AND NT-4 ENHANCE 
THE NUMBER OF FETAL SEROTONIN AND NORADRENERGIC 
NEURONS IN PRIMARY CELL CULTURE. S.R, Eaton and R.W. 
Clough*, P.C. Jobe, Southern Illinois University School of Medicine, Carbondale, 
IL 62901 and University of Illinois College of Medicine-Peoria, Peoria, IL 61656 

Our previous studies on genetically epilepsy-prone rats (GEPRs) have 
demonstrated profound deficiencies in neurite outgrowth from fetal locus coeruleus 
(LC) neurons in vitro (Epil Res. 29:135-146, 1998) that are partially due to reduced 
growth-promoting influences from certain target nuclei of these cells (Exp. Neurol., 
in press, 1999). We hypothesize that growth factor deficiencies contribute to 
reduced neurite outgrowth from these cells. Herein we report our initial studies on 
the development of fetal LC and Raphe neurons in the presence of various growth 
factors. Fetal LC and Raphe neurons were harvested, dispersed using standard 
technique and plated (500,000 cells/well) onto poly-d-lysine coated culture plates. 
Cultures were maintained for nine days with media replacement every third day. At 
day 1 in vitro and at each subsequent feeding, culture media was supplemented with 
either BDNF, NT-3 or NT-4 (100 ng/ml). At termination, cultures were processed 
for ICC staining of either TH or 5-HT and the total number of cells/well were 
counted. The results are shown in the following table (*=p<0.05 compared to 
controls by ANOVA):

Growth Factor # 5-HT cells # Th cells
Controls 304.0 ± 88.8 129.7 ± 05.0
BDNF 817.0 ± 66.6* 275.3 ± 45.6*
NT-3 704.5 ± 69.5* 214.2 ± 34.7
NT-4 746.8 ± 141.8* 336.2 ±23.1*

These data show that the absolute numbers of 5-HT and TH positive cells in culture 
are significantly enhanced in the presence of any of the growth factors (except NT-3 
effect on TH cells was not significant p=0.06). With these data, comparative studies 
can now be initiated on GEPR derived neurons. Supported by SIUSM and UICOM.
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708.5

DEFICITS IN CATECHOLAMINE CONCENTRATIONS WITHIN THE CNS 
OF BDNF MUTANT MICE. D. E. Dluzen1, G. Story1, K. Xu1, J. Kucera2 
and J. M. Walro1*;1 Dept. of Anatomy, NEOUCOM, Rootstown, OH 44272; 
2Dept. of Neurology, Boston University School of Medicine.

Inactivation of one or both copies of the BDNF gene was assessed in 
weanling mice by assaying dopamine (DA) and norepinephrine (NE) 
concentrations within the corpus striatum, hypothalamus and olfactory 
bulbs. DA, but not NE, concentrations within the corpus striatum of -/- mice 
were significantly reduced with levels being 54 and 49% of +/+ and +/- 
mice, respectively. Hypothalamic DA concentrations were equivalent 
among the three genotypes, but NE concentrations in the hypothalamus 
were significantly lower in -/- compared with +/+ (62%) and +/- (49%) mice. 
DA concentrations of -/- mice within the olfactory bulb were significantly 
reduced (69%) compared to +/-, but not +/+ mice. Olfactory bulb NE 
concentrations showed a statistically significant difference among each of 
the three conditions with minimal levels in -/- mice (62% of +/+ and 45% of 
+/-). These results show that homozygous BDNF mutations exert wide 
ranging effects upon catecholamine concentrations within the CNS 
exemplified by severe depletions within the nigrostriatal dopaminergic 
system and substantial reductions of NE within the hypothalamus and 
olfactory bulb. Interestin ', ->ximal catecholamine concentrations for all 
areas sampled were observed ir» se +/- mice, with statistically significant 
increases over +/+ mice for olfacK ' bulb NE. These latter findings 
indicate subtle changes in catecholamine functions resulting from a 
deletion of a single copy of the BDNF gene. Support: OBR Research 
Challenge grants to DED and JMW.

708.6
NT3 promotes the cholinergic phenotype of sympathetic neurons 
C. Brodski and G. Dechant*. Max-Planck-lnstitute of Neurobiology, Dept. 
of Neurobiochemistry, Am Klopferspitz 18a, 82152 Martinsried, Germany

Most adult sympathetic neurons are noradrenergic, but a subpopula-
tion secrets acetylcholine. The cholinergic sympathetic phenotype is 
promoted by still poorly defined target-derived growth factors during de-
velopment. Neurotrophic factors regulate at least two important aspects 
of epigenetic flexibility in the nervous system: the determination of neu-
ronal numbers during development and synaptic plasticity. Hence we hy-
pothesized that they also influence the neurotransmitter plasticity of 
sympathetic neurons.

We found that in explants of E12 chick sympathetic chains NT3 
upregulates the cholinergic markers ChAT and VIP, while at the same 
time the expression of adrenergic markers (TH, norepinephrine trans-
porter NET) was reduced. Reverse effects were observed with NGF. The 
induction of cholinergic markers in response to NT3 was distinctly 
stronger than the effects of CNTF, previously identified as a cholinergic 
differentiation factor. The NT3-receptor trkC is strongly enriched in ChAT 
and VIP-expressing neurons, whereas the NGF-receptor trkA is co-
expressed with TH and NET. Switch experiments, in which explants were 
first cultured in the presence of one neurotrophic factor, which was sub-
sequently replaced by the other, strongly indicated that the effects of 
NGF and NT3 are reversible.

Our experiments suggest chick sympathetic explants as a convenient 
and robust model system to further investigate the effects of neurotrophic 
factors on neurotransmitter plasticity, as well as the molecular mecha-
nisms leading to cholinergic differentiation.

708.7

CLONING AND CHARACTERIZATION OF THE PROMOTER REGION OF 
THE RAT EPIDERMAL GROWTH FACTOR RECEPTOR GENE AND ITS 
TRANSCRIPTIONAL REGULATION by NERVE GROWTH FACTOR IN 
PC12 CELLS. X.-W. Liu1, Y. Katagiri1, H. Jiang1*, A.C. Johnson2, M. 
Shibutani1, and G. Guroffr 'Section on Growth Factors, NICHD and 
^Laboratory of Molecular Biology, NCI, NIH, Bethesda, MD 20892.

Our previous studies have shown that treatment of PC 12 cells with nerve 
growth factor (NGF) causes a profound down-regulation of the epidermal 
growth factor receptor (EGFR) mRNA and protein. Further, the NGF-induced 
down-regulation of the EGFR is under transcriptional control. In order to 
elucidate the molecular mechanism of this down-regulation we have cloned a 
2.7-kilobase(kb) sequence from the promoter region of the rat EGFR from a rat 
Pl library. Six transcriptional start sites were identified by 5’-rapid 
amplification of cDNA ends (RACE) and primer extension. DNase I 
footprinting using purified Spl and AP2 revealed one Spl and two AP2 binding 
sites in the first 300 nucleotides upstream of the ATG codon. To investigate its 
transcription, 1.1 kilobases of the 5’-flanking sequence were fused to a 
luciferase reporter gene. This sequence exhibited functional promoter activity in 
transient transfection experiments with PC12, C6, and CV-1 cells. Treatment of 
PC 12 cells with NGF inhibited promoter activity. By transfection of promoter- 
deletion constructs, the nucleotide -266 was found to serve as a major 
transcription start site, a silencer-element was found between nucleotides -260 
and -181, and at least one site, between nucleotides -318 and -260 of the 
promoter region, appeared to be at least partially responsible for the down-
regulation of the EGFR by NGF. Supportive evidence for the relevance of this 
sequence was obtained from gel mobility shift assays. This isolation of the rat 
EGFR promoter will facilitate further studies of its transcriptional regulation and 
may lead to the identification of new NGF-responsive transcription factors.

708.8

THE PURINOCEPTOR P2X3 IS UPREGULATED BY NERVE GROWTH 
FACTOR IN A UNIQUE SUBSET OF PRIMARY AFFERENT NEURONS. 
M.S, Ramer1. E.J, Bradbury1* and S.B, McMahon1. 'Division of Physiology, GKT 
School of Biomedical Sciences, King’s College London, Lambeth Palace Road, 
SE1 7EH, UK.

It is generally accepted that nociceptive neurons in adult rat dorsal root ganglia 
(DRG) can be subdivided into two minimally overlapping populations which are 
responsive to either nerve growth factor (NGF) or glial cell line-derived 
neurotrophic factor (GDNF). The two populations express characteristic markers: 
CGRP and substance P are expressed in the NGF population, while GDNF- 
responsive neurons bind the lectin IB4, and express somatostatin and the 
purinoceptor P2X3. We have investigated the effects of intrathecal NGF and 
GDNF on the neurochemical phenotype of a little-studied bundle of afferent axons 
beneath the central canal of the rat spinal cord, here called the ventro-medial 
afferent bundle (VMAB). In normal rats, the VMAB has the features of NGF- 
sensitive afferents, expressing trkA, CGRP, SP, but not somatostatin or P2X3. 
Interestingly, the VMAB also binds IB4, unlike most NGF-sensitive neurons in the 
DRG. Following one week of intrathecal NGF treatment, P2X3 is strongly 
upregulated in the VMAB and colocalizes with CGRP. No such effect is seen with 
GDNF treatment, despite the known regulatory effect of GDNF on P2X3 following 
axotomy. In the dorsal hom, NGF treatment has little effect on the pattern of P2X3 
staining in lamina II inner, however both CGRP- and P2X3-positive axons appear 
in the gracile and cuneate fasciculi. The functional role of the VMAB is at present 
unclear, but its ability to bind IB4 is currently being exploited in tracing studies to 
determine its origins and projections. It is likely that the VMAB is responsible for 
some aspect of nociceptive signalling, and our results suggest a new mechanism by 
which NGF may modulate nociception: through P2X3 upregulation. Supported by 
the EU and the special trustees of St. Thomas’ Hospital.

708.9

REDUCTION IN MDEG CHANNEL EXPRSSSION BY LARGE DIAMETER 
SENSORY NEURONS IN NEUROTROPHIN-DEFICIENT MICE.
A.G. Mannsfeldt*, S.L. Mcllwrath, and G.R. Lewin. Dept. of Neuroscience, Max- 
Delbriick-Center for Molecular Medicine, 13122-Berlin, Germany

The molecular basis for the mammalian mechanotransduction complex is as yet 
unknown. In C.elegans it has been proposed that a DEG-like channel might form 
the core of a mechanotransduction complex. The MDEG gene can be expressed as 
two splice variants (MDEG 1 and MDEG2) and is a homologue of the C. elegans 
mechanotransduction channels. Here, we raised polyclonal antisera against an 
extracellular epitope of the MDEG channel that is common to both splice variants. 
We made primary cultures of mouse dorsal root ganglion neurons and performed 
indirect immunofluorescence experiments for the presence of these channels on the 
surface of these neurons taken from wild type and neurotrophin deficient mice. 
Heterozygote BDNF knockout mice (BDNF (+/-) have a specific deficit in sensory 
mechanotransduction amongst a population of large diameter sensory neurons 
(Carroll et al. 1998: Nat Neurosci. 1:42-6). In DRG cultures (n=5) from wild type 
littermates quantitative image analysis revealed that medium to large sized neurons 
were positive for the MDEG channel. Indeed, virtually all large diameter neurons 
>25pm diameter showed high levels of immunostaining. In cultures taken from 
BDNF +/- mice (n=5) 30% of the large cells displayed immunostaining below a 
threshold value determined with the peptide blocking control. This loss of MDEG 
immunostaining was accompanied by no change in the intensity of staining or the 
proportion of stained neurons amongst small to medium sized sensory neurons. 
Preliminary studies on other neurotrophin knockout mice where loss of low 
threshold mechanoreceptors is observed (NT-3 and NT-4) indicate that MDEG 
positive neurons are also lost. This data suggests that MDEG expression is 
associated with and may be functionally important for sensory neurons with low 
mechanical thresholds for activation. Supported by DFG.

708.10
NEUROTROPHIN 4/5 REGULATES THE DEVELOPMENT OF SLOW 
MUSCLE FIBER PHENOTYPE. D.I.Carrasco and A.W. English*. Dept. of Cell 
Biology, Emory University., Atlanta, GA 30322.

During the first twelve weeks of postnatal life, nearly half of the fibers in the 
rat soleus muscle change from expressing, the fast, Ila myosin heavy chain (MyHC) 
isoform to express the slow MyHC isoform (Wigston & English, J. Neurobiol. 23:61- 
70, 1992). During this period of life, the amounts of neurotrophin 4/5 (NT-4/5) 
messenger RNA present in skeletal muscle increases significantly and its production 
is modulated by neuromuscular activity in a dose-dependent manner (Funakoshi et 
al., Science 268:1495-1499, 1995). NT-4/5 also is known to modulate synaptic 
function in an activity-dependent manner (Wang & Poo, Neuron 19:825-835, 1997). 
It is possible then that muscle-derived NT-4/5 may be indirectly involved in the 
determining muscle fibers phenotype. We have exploited the naturally occurring 
MyHC isoform switch to evaluate the role of NT-4/5 in the regulation of muscle fiber 
phenotype. Intramuscular injections of NT-4/5 into the triceps surae of rat neonates 
produced an acceleration of the fast to slow MyHC isoform switch. At age 4 weeks, 
79 ± 3% of the soleus muscle fibers expressed slow MyHC, as compared to 62 ± 1% 
in untreated soleus muscles (p < 0.01). At 6 weeks, 92 ± 3% of the soleus muscle 
fibers expressed slow MyHC, as compared to 71 ± 1% in the untreated soleus 
muscles (p < 0.01). Decreasing the availability of endogenous NT-4/5 by injecting 
TrkB-IgG, a recombinant protein that binds to extracellular NT-4/5, produced a 
significant slowing of the natural conversion of fast to slow. The proportions of slow 
fibers was less than normal and an increase in the number of fibers expressing both 
slow and fast myosin heavy chains (mixed fibers) was seen. At 4 weeks, 49 ± 1% and 
18 ± 5% of the fibers were slow and mixed, respectively. The proportion of fast 
fibers in the treated and untreated soleus were not significantly different (33 ± 4% vs. 
36 ± 1%, respectively). It is concluded that muscle derived NT- 4/5 is required for 
the normal developmental switch in MyHC isoform content of rat soleus muscle. 
Supported by Regeneron Pharmaceuticals, Inc. and HD 32571 from the USPHS.
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708.11
ROLE(S) OF BONE MORPHOGENETIC PROTEINS IN THE DEVELOPMENT 
OF ENTERIC NEURONS IN THE FETAL RAT: INTERACTION WITH NT-3. 
Ai ChalazonitisT J.Chen, T.P. Rothman, and M.D. Gershon. Dept. of Anat. & Cell 
Bio., Columbia Univ. New York, NY 10032.

We tested the hypothesis that BMPs play a role in the development of enteric 
neurons. mRNA encoding BMPs 2 and 4 was detected by RT-PCR in the gut of fetal 
rats and mice (El2 and El4). Transcripts encoding the BMP 2/4-activated receptors, 
BMPR1B and BMPRII (but not BMPR1A), as well as the BMP antagonists, 
follistatin and chordin, were also found in the gut. In contrast, no mRNA encoding 
BMP 7 was observed in the bowel, although it was detected in brain. Crest-derived 
cells were immunoselected from the El2 and El4 rat gut with antibodies to p75NTR to 
analyze the effects of BMP 2 (Genetics Institute, Cambridge, MA) on the in vitro 
development of enteric neurons. Neurons were cultured ± BMP 2 or ± BMP 2 + NT- 
3 for 4-7 days. BMP 2 promoted neuronal development at both E12 and E14. The 
neurons tended to form clusters interconnected by long neuritic fascicles. In the E14 
cultures, the BMP 2-associated increase in the number of MAP5-immunoreactive 
neurons was as much as 5-fold and concentration-dependent. Both BMP 2 and NT-3 
increased the number of neurons that expressed TrkC immunoreactivity (BMP 2 » 
NT-3). The enhancement of TrkC expression by BMP 2 was synergistic with that of 
NT-3 (up to 25-fold). The precursors of enteric neurons are transiently 
catecholaminergic and in situ the expression of tyrosine hydroxylase (TH) normally 
disappears after E14. In vitro, TH is lost after 1-2 days. BMP 2 (10-fold) and NT-3 
(4-fold) each inhibited the in vitro disappearance of TH immunoreactivity and the 
action of BMP 2 was concentration-dependent. The effect of BMP 2 + NT-3 on TH 
expression was about s BMP 2 alone. These data suggest that BMPs (of the 2/4 
group), their receptors and/or antagonists are important regulators of the development 
of the ENS. The strong action of BMP 2 on TH expression, and its ability to induce 
TrkC expression suggests that BMPs are likely to be particularly important in the 
development of the sympathoadrenal-enteric lineage of neuronal precursor. Supported 
by NIH grants NS 15547 (MDG) and HD21O32 (TPR).

708.12
BDNF AND TRKB ARE MATERNAL AND EARLY ZYGOTIC MESSAGES 
IMPLYING NOVEL FUNCTIONS IN ZEBRAFISH DEVELOPMENT. Gerhard 
Heinrichand Tom Lum. VA Northern California Health Care System and 
East Bay Institute for Research and Education, Martinez, CA 94553.

We previously reported that zebrafish embryos express both BDNF 
and trkB mRNAs at 18 h post-fertilization (pf). At this stage the primary 
neurons (trigeminal, Rohon-Beard, motor, and reticulospinal neurons) 
are beginning to extend axons and to establish synaptic connections. 
We here employed RT-PCR to determine whether the onset of BDNF and 
TrkB gene expression and the birth of the first neurons at the end of 
gastrulation are coincident. Surprisingly, BDNF and trkB transcripts 
could be detected already at the 1-cell stage and at all subsequent 
stages up to 18 h pf. Since transcription of zygotic genes does not 
begin until the 1- 2 K ceil stage, when the mid-blastuia transition (MBT) 
occurs, the earlier transcripts must be maternal. The trkB transcripts 
lacked a kinase domain until the end of gastrulation. In situ 
hybridization revealed wide-spread expression of BNDF mRNA until 
MBT except in the enveloping cells. The transcripts then became more 
abundant in a 300 degree arch of the hypoblast ring. By 24 h pf 
expression was restricted to retinal ganglion cells, and clusters of cells 
in the midbrain, cerebellum, and hindbrain. Western blots detected 
mature BDNF at all embryonic stages, suggesting that BDNF transcripts 
are translated. We are presently identifying the cells that contain BDNF 
using immunocytochemistry and trkB mRNA using in situ hybridization. 
The presence of BDNF and its high affinity receptor long before 
neurogenesis implies novel functions. These will be tested by injecting 
embryos with anti-sense oligonucleotides and/or BDNF antibody. 
Supported by NIA RO1AG10565.

EXPRESSION AND REGULATION OF NEUROTROPHIC FACTORS: NEUROTROPHINS III

709.1

PILOCARPINE SEIZURES INDUCE EXTENSIVE DENDRITIC 
LOCALIZATION OF BDNF mRNA IN SUBICULUM AND CA1 
HIPPOCAMPAL NEURONS IN VIVO. Tongiorgi E1,2*. Armellin M1, Giulianini 
PG1, Ferrero EA1 and Cattaneo A2. 'BRAIN Centre for Neuroscience, Dept of Biology, 
University of Trieste-Italy. 2SISSA, Inti Sch for Adv Studies, Trieste-Italy.

Brain Derived Neurotrophic Factor (BDNF) is involved in hippocampal synaptic 
plasticity during learning and epileptogenesis. Electrical activity controls BNDF 
transcription, translation, storage and secretion. Moreover, electrical activity induces 
a strong increase of BDNF mRNA dendritic localization in hippocampal neurons in 
culture and accumulation of BDNF protein in the distal dendrites (Tongiorgi et al, 
1997 J Neurosci 17:9492). We analysed with non-radioactive in situ hybridization the 
effects of electrical activity after kainate or pilocarpine induced seizures on the 
subcellular localization of BDNF mRNA in vivo. In non stimulated adult rats, BDNF 
mRNA is localized in the soma and the proximal region of the dendrites of all 
hippocampal neurons except in DG neurons where only the somas were labelled. A 
strong increase in BDNF mRNA levels in all hippocampal subfields, particularly in 
DG could be seen 3h after kainate intraperitoneal (i.p.) injection (12mg/Kg). Kainate 
induced a dendritic BDNF mRNA labelling in the proximal 1/3 of the stratum 
radiatum of subiculum, CA1, CA3 and CA4 neurons and in hilar neurons dendrites. 
No dendritic staining could be seen in DG neurons. Pilocarpine induced a slightly 
lower BNDF mRNA increase (3h after 340mg/Kg i.p. injection) than with kainate 
while it induced an extensive BDNF mRNA dendritic labelling in subiculum and CA1 
apical dendrites extending through the whole stratum radiatum. Lesser extensive 
labelling could be seen in the dendrites of CA2, CA3, CA4 and hilar neurons. No 
dendritic staining could be seen in DG neurons. MK801 i.p. injection 20 min prior 
pilocarpine injection, restrained the increase of the dendritic labelling in the subiculum 
and CA1 to the proximal region. The ultrastructural localization of BDNF mRNA in 
the CA1 neurons analysed with non-radioactive in situ hybridization at the E.M. level 
confirmed a dendritic localization for this mRNA. (Supported by MURST}

709.2
BDNF INDUCES BDNF AND TRKB mRNA DENDRITIC TARGETING IN 
VITRO: THE INTRACELLULAR SIGNALLING PATHWAY. M. Righi?* E. 
Tongiorgi1,2 and A. Cattaneo1. ’Neurosci. Programme, SISSA, International School for 
Advanced Studies, 34013 Trieste, Italy. 2BRAIN Centre for Neuroscience, Dept. of 

Biology, Univ. of Trieste, Italy.
Dendritic targeting of BDNF and TrkB mRNAs is modulated by electrical activity 

(KC1 depolarization) and by addition of exogenous BDNF in hippocampal neurons in 
culture (Righi et al., 1998, Soc.Neurosci.Abstr. 24, 22.21). In order to investigate the 
intracellular pathways involved in the modulation of BDNF and TrkB mRNAs 
dendritic targeting by BDNF, hippocampal cultured neurons were treated with BDNF 
and a panel of drugs blocking the tyrosine kinase receptors signal transduction 
pathway at different levels; 1) the PI3-kinase inhibitor wortmannin; 2) the MAP- 
kinase-kinase inhibitor PD-O98O59 and 3) the CaMK II and IV inhibitor KN-62. 
Neurons were processed for non radioactive in situ hybridization using BDNF and 
TrkB riboprobes. The maximal distance from the cell body reached by these mRNAs 
was measured. Hippocampal neurons were incubated for 3 hours with BDNF, in the 
continuous presence of each drug. While PD-098059 and KN-62 do not affect the 
BDNF-induced dendritic accumulation of both BDNF and TrkB mRNAs, the PI3- 
kinase inhibitor wortmannin strongly reduces the dendritic accumulation of both 
mRNAs (75 % reduction). In order to assess the possible contribution of BDNF 
synaptically released nerotransmitters, hippocampal neurons were incubated for 3 
hours with BDNF in the presence of an antagonist cocktail to block the effects of 
neurotransmitters: picrotoxin, CGP, CNQX, APV and TTX. Under these conditions no 
reduction was observed in the mRNA dendritic localization for both BDNF and TrkB 
with respect to the effects observed after 3 hours incubation with BDNF alone. These 
results demonstrate that BDNF induces an increased dendritic accumulation of 
BDNF/TrkB mRNAs by a PI3-kinase dependent signal transduction pathway. 
Moreover, these results demonstrate that the effect of BDNF does not require the 
action of released meurotransmitters. Supported by MURST cofinanziamento 1998.

709.3

GM1 GANGLIOSIDE INDUCES THE RELEASE OF NEUROTROPHIN-3. S.J. 
Rabin and I. Mocchetti*. Dept. of Cell Biology, Georgetown University, School of 
Medicine, Washington, D.C. 20007.

GM1 ganglioside has been shown to possess neuroprotective and neuro- 
regenerative effects both in vitro and in vivo, however, the mechanism of action of 
GM1 remains unclear. We have previously demonstrated that GM1 is able to 
activate the nerve growth factor (NGF) receptor TrkA in TrkA transfected C6 
glioma cells (C6trk+). Using Trk transfected NIH 3T3 fibroblasts, we have found 
that GM1 treatment (80 pM) for 10 min also activates TrkA expressed in these 
cells, but more potently activates TrkC. We did not observe any significant effects 
of GM1 on TrkB activation in transfected fibroblasts. We then performed binding 
studies with iodinated neurotrophin-3 (NT-3), the ligand for TrkC, to determine if 
GM1 directly associated with the TrkC receptor. Using Scatchard and saturation 
binding analysis, we demonstrated that 125I-labeled NT-3 binds to a single high- 
affinity site (Kd =70 pM), however, GM1 did not appear to compete with NT-3 for 
binding to TrkC or significantly affect the binding affinity (KD) of NT-3 for TrkC. 
Since GM1 does not appear to be a ligand for TrkC, we utilized a two-site 
immunoassay (ELISA) for NT-3 to determine if GM1 is able to induce the release 
of NT-3 from cells. We found that GM1 treatment (80 pM) for 5 min results in a 
significant increase in the amount of NT-3 released from TrkA and TrkC-3T3 cells. 
In addition, treatment of C6trk+ cells with GM1 for one hr also resulted in a 
significant increase in NT-3 release. Immuno-precipitation of media from the Trk 
transfected cells followed by Western blotting with anti-NT-3 antibody confirmed 
the release of authentic NT-3 from these cells. Thus, GMl’s effects may be 
attributed to the increased release of NT-3 from cells, resulting in autocrine or 
paracrine activation of Trk receptors. Supported by a grant from the American 
Heart Association Nation’s Affiliate.

709.4
SUBCELLULAR LOCALIZATION AND REGULATED DISAPPEARANCE OF 
GFP-TAGGED BDNF IN HIPPOCAMPAL NEURONS. M, Kojima12? T.

Research, Osaka University, 3-2 Yamadaoka, Suita,Osaka 565-0871, Japan, 
2PRESTO, JST

There is a number of evidences that BDNF can modulate activity-dependent 

synaptic plasticity. However, to establish BDNF as a synaptic modulator, it is 
important to investigate the releasing sites of BDNF. In this study, we constructed 
BDNF fiised with GFP to monitor the releasing sites of BDNF in the primary 

cultured neurons from hippocampus. Plasmids of BDNF-GFP and unfused GFP 
were transfected into the neurons and GFP fluorescence was monitoredlO-14 days 

after transfection. BDNF-GFP vesicles were mainly distributed in the apical and 
basal dendrites of pyramidal cells while control GFP was distributed homogeneously 
throughout the cells. In BDNF-GFP expressing neurons, depolarization by high 
potassium or glutamate diminished the fluorescence intensity in dendrites rather than 

in cell body but no change was observed in control GFP expressing neurons, 
suggesting that neuronal-activity can promote the release of BDNF-GFP in neurites. 

Furthermore, we observed from time-dependent analysis of this release that the 
fluorescence of BDNF-GFP disappeared from neurites within several minutes after 

the stimuli. These results suggest that activity-dependent release of BDNF might 
occur rapidly from the dendrites where synaptic structures are distributed.
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709.5
MECHANISMS OF RELEASE OF ANTEROGRADELY 
TRANSPORTED NT-3 FROM PRESYNAPTIC AXON 
TERMINALS. XX,.Wang.t, R, Butgwt,, and C,§,..voi} Barthgld. Dept. 
of Physiol. & Cell Biol., Univ. of Nevada Sch. of Med., Reno, NV, 89557.

Mechanisms of the release of anterogradely transported NT-3 from 
retinotectal axon terminals were studied in chick embryos. 
Approximately 25-100 million retinotectal terminals were loaded with 
125I-NT-3 by injecting the factor in the eye and allowing transport to the 
tectum. The amount of exogenous NT-3 remaining in the axon 
terminals was measured by gammacounting of synaptosomal fractions 
and compared in normal tecta and tecta depolarized with high potassium. 
Depolarization increased the release of NT-3 significantly. This release 
required intra- and extracellular calcium as evidenced by treatment with 
BAPTA/AM or BAPTA, and release was diminished by cadmium or 
w-conotoxin. The role of intracellular calcium was confirmed by 
thapsigargin treatment which increased the release of NT-3 in low as 
well as high potassium. Release was diminished by pretreatment with 
tetanus toxin, indicating a role for intact synaptobrevin in exocytosis of 
NT-3. NT-3-containing vesicles were tentatively identified as large 
dense-cored vesicles. Exocytosis of NT-3-containing vesicles required 
intact microfilaments and microtubules, as shown by diminished release 
of NT-3 after treatment with cytochalasin D and colchicine, respectively. 
These data shed light into the mechanisms of release of anterogradely 
transported neurotrophins. Release from axon terminals differs from 
release from other compartments such as cell bodies/dendrites, as well 
as release from synaptosomes after incubation with 125I-neurotrophins.

Supported by NIH grants HD 29177 and NS 35931. NT-3 was kindly provided by 
Regeneron, NT-3 antibodies were gifts from Boehringer Mannheim and Robert Rush.

709.6
PROTEOLYTIC PROCESSING OF PRO-BDNF: ALTERNATE 
PATHWAYS. ST Mowla. M. ZhongU A.M. MamarhachiU P.A. Barker. N.G. 
SeidahT and R.A. Murphy*. Montreal Neurological Institute, McGill University, and 
^Clinical Research Institute of Montreal, Montreal, QC, Canada.

Brain-derived neurotrophic factor (BDNF) along with nerve growth factor (NGF), 
neurotrophin-3 (NT-3) and neurotrophin-4/5 (NT-4/5) constitute the mammalian 
members of the neurotrophin family of trophic factors. Neurotrophins are initially 
synthesized as precursor molecules that are cleaved intracellularly by proprotein 
convertases (PCs) to generate the biologically active mature form. We have already 
shown that in the constitutive secretory pathway, proBDNF is processed by furin-like 
enzymes at a level much lower than other NTs (Mowla et al, J Neurosci 19, 2069, 
1999; Farhadi et al, Soc Neurosci 1998). This accounts for the significant constitutive 
secretion of proBDNF (32 kDa) and its truncated form (28 kDa). We have also shown 
that the 28 kDa proBDNF is generated by the action of a novel enzyme (SKI-1) 
through an alternate and unique processing pathway (Seidah et al, PNAS 96, 1321, 
1999). The specificity of SKI-1 required to generate the 28 kDa form of proBDNF by 
cleavage at RGLTjSL is being investigated by site-directed mutagenesis. In an 
attempt to specifically block the processing of proBDNF into the mature (14 kDa) and 
28 KDa products, we have tested the hypothesis that inhibitory prodomains of PCs can 
independently fold and possibly act as potent intracellular inhibitors. Our results show 
that co-transfection of COS-1 cells with cDNAs encoding proBDNF and either pre- 
pro-furin or pre-pro-PC7 leads to either a complete or partial inhibition, respectively, of 
proBDNF cleavage into the 14 kDa product. Although the production of the 14 kDa 
BDNF can be abrogated by either pro-furin or al-PDX, only the former leads to the 
concomitant generation of a shorter 13 kDa product. A similar form was observed 
when incubating primary hippocampal cultures with radiolabeled proBDNF or BDNF. 
Work is in progress to determine the exact nature of the 13 kDa BDNF.
Supported by MRC Canada (RAM. PAB and NGS). PENCE (NGS, MZ) & Iranian MCHE 
(SJM)

709.7

DEVELOPMENT OF BDNF-IMMUNOREACTIVE STRUCTURES 
IN THE HIPPOCAMPAL FORMATION OF THE ..ua CAQUE 
MONKEY.
M. Hayashi* \ K. Shimizu \ F, Mitsunaga *, M, Itoh \ K, Ohira \ K.
J. Homma 2 and A Yamashita3. 1 Dept. Cell. Mol. Biol., Primate Res.
Inst., Kyoto Univ., Inuyama, Aichi 484-8506, Japan; 2 Grad. Sch. 
Pharm. Sci., Univ. of Tokyo, Bunkyo, Tokyo 113-0033, Japan,3 Dept. 
Anat., Nihon Univ. Sch. Med., Itabashi, Tokyo 173-0032, Japan.

Brain-derived neurotrophic factor (BDNF) has been reported to be 
involved not only in the survival and differentiation of neuronal cells 
during development, but also in the maintenace of the functions of 
neuronal cells in adulthood. In the present study, we examined the 
development of BDNF-immunoreactive structures in the hippocampal 
formation of the macaque monkey at embyonic day 140, postnatal day 7, 
postnatal months 3, 4, 6 and the adult stage. In the pyramidal cells in 
the CA1 and CA3 subfields and the subiculum, the immunoreactive 
dendrites were observed from embryonic day 140. The 
immunoreactivity in the cell bodies and dendrites was strongest at 
postnatal month 6. In contrast, in the granule cells of the dentate gyrus, 
few dendrites were immunoreactive at embryonic day 140. The 
strongest BDNF-immunoreactivity in the granule cells occurred at 
postnatal month 6, coinciding with the time of the synapse 
overproduction in the monkey dentate gyrus (Rakic P. et al. 1986). 
These results suggest that BDNF may be involved in the synapse 
overproduction in the monkey hippocampal formation. (This work was 
supported by Grant-in-Aid for COE Research 10CE2005 and Grant 
08838012 from the Ministry of Education, Science and Culture Japan)

709.8
MESOPONTINE CHOLINERGIC NEURONS CONTAIN 
neurotrophin -3. MTarnuy*. Sharsn Sampaw-and MighaslLL-Chass-. 
Department of Physiology and the Brain Research Institute, UCLA School of 
Medicine, Los Angeles, CA 90095.

The latero-dorsal and pedunculo-pontine tegmental nuclei (LDT and PPT, 
respectively) contain cholinergic neurons which are involved in the initiation of 
REM sleep (Jones BE, Neurosci 40:637-656,1991) as well as neurons which exhibit 
neurotrophin immunoreactivity (Yamuy et at, Soc Neurosci Abs Vol 23, Part 1, 
p330, 1997). These nuclei are reciprocally connected with the rostral pontine 
tegmentum, an area where the injection of NGF and NT-3 rapidly induces REM sleep 
(Yamuy et al., Neurosci 66:9-13, 1995). Based on these data, we sought to 
determine if cholinergic neurons in the LDT and PPT contain neurotrophins.

Experiments were performed on brainstem tissue obtained from two adult cats. 
Antibodies directed against NT-3 (Santa Cruz Biotechnol., California) and ChAT 
(Boehnnger-Mannheim) were used to immunostain cells from adjacent, 6 gm-thick, 
paraffin-embedded, coronal sections of the ponto-mesencephalic junction. ChAT and 
NT-3 immunoreactivities were visualized by the avidin-biotin procedure using the 
anti-rabbit ABC "Elite" kit. Immunolabeled neurons were visualized by bight-field 
microscopy. Digital images at different magnifications were taken using a SPOT 
camera and stored in a microcomputer. The images from adjacent sections 
immunostained for ChAT and NT-3 were then superimposed using Adobe 
PhotoShop software. Because the diameter of cholinergic neurons is 3 to 6 times 
larger than the thickness of the brainstem sections, ChAT immunostained cells in 
sections that also exhibited neurotrophin immunoreactivity in an adjacent section 
were readily identified.

A high proportion of ChAT+ neurons in the LDT and PPT contained NT-3. The 
presence of this neurotrophin in mesopontine cholinergic neurons, together with the 
fact that NGF and NT-3 produce long-lasting episodes of REM sleep when 
microinjected into the rostro-dorsal pons, support the hypothesis that one or more of 
these neurotrophins may act synergistically with ACh in the generation of REM 
sleep. Supported by USPHS grants NS09999, NS23426, and MH43362.

709.9

NERVE GROWTH FACTOR TRANSCRIPT IN HUMAN CILIARY 
EPITHELIUM—POTENTIAL NEUROTROPHIN IN AQUEOUS 
HUMOR
S.E. Moroi* and N.C. McLaren. Dept. of Ophthalmology and Visual 
Sciences, Univ. Michigan; Ann Arbor, MI 48105.
Purpose. Aqueous humor, a circulating intraocular fluid, is secreted by the 
ciliary epithelium. Many growth factors have been detected in this fluid 
and their receptors have been identified in the anterior segment of the eye, 
but little is known about neurotrophic molecules and their receptors in 
these ocular structures. Our purpose was to examine the expression of 
nerve growth factor (NGF) and its high affinity receptor, TrkA, in selected 
regions of the human eye. Methods. Reverse transcriptase-coupled PCR 
was used to evaluate the presence of transcripts encoding for NGF and 
TrkA in RNA prepared from human ciliary epithelium and trabecular 
meshwork, respectively. Transcript expression shall be verified by ELISA 
for NGF in aqueous humor fluid, and by immunohistochemistry in 
cultured cells using antibodies to NGF and TrkA. Results. NGF transcript 
was found in a human ciliary epithelial line (ODM-2) and the product was 
verified by cycle sequencing. A trabecular meshwork cell line contained 
transcript encoding for TrkA. Conclusions. Our preliminary data suggests 
that NGF is expressed in ciliary epithelium, and TrkA is expressed in 
trabecular meshwork. It is possible that NGF is secreted by the ciliary 
epithelium with paracrine effects on anterior segment structures, e.g., 
trabecular meshwork. Supported by: NIH EY00353, EY07003.

709.10
CULTURED OVINE APOCRINE GLANDS AS A MODEL SYSTEM FOR 
STUDIES OF TARGET-DERIVED-NGF PROHORMONE. G.P.M Moore. 
Z. Maras. G. Yardley. J, Lakshmanan. S. Soinila*. M.G. and K. Huff. School of 
Science, University of Western Sydney Nepean, Sydney, NSW Australia; Harbor- 
UCLA Medical Center, Torrance, CA, 90509, USA; University of Helsinki, 
Helsinki, Finland.

We previously immunolocalized NGF prohormones in outer root sheath cells of 
the hair follicle, the secretory cells of apocrine glands and the opening of the 
pilary canal at the skin surface of the sheep using antibodies specific to mature 
beta-NGF and pro-NGF domains (Soc. Neurosci. Abs. 21: 22.5, 1995). Western 
analysis of sheep skin extracts revealed the presence of 73, 63 and 53 kDa NGF 
prohormone isoforms (10th Intemat Cong. Endocrinol. Abs. P2.356, 1996). In the 
present investigation we utilize a culture system to explore the molecular nature of 
NGF prohormone expressed in ovine apocrine glands. Glands were micro- 
dissected from skin biopsies and cultured in petri dishes containing DMEM and 
10% fetal calf serum. By 2-3 weeks, outgrowths of cells containing large 
cytoplasmic secretory granules were evident. Cultures (8-12 weeks) were scraped 
from the dishes and processed for Western blotting following electrophoresis of 
cell extracts. Polyclonal PNGF antibody (Pro-Hormone Science) identified 73 
and 53 kDa NGF prohormone isoforms. The results confirm our previous 
immunohistochemical and Western blotting observations. The findings suggest 
that the NGF prohormone isoforms are the sole NGF gene products in apobrine 
glands and thus are the trophic factors for the apocrine innervating neurons. This 
study was supported by grants from the University of Western Sydney, Nepean, 
the Australian Research Council and CSIRO Division of Animal Production.

Society  for  Neuroscience , Volume  25, 1999



WEDNESDAY AM EXPRESSION AND REGULATION OF NEUROTROPHIC FACTORS: NEUROTROPHINS III 1787

709.11
NGF PROHORMONE BUT NOT THE MATURE NGF MEDIATES THE 
NEURON-TARGET INTERACTION. M, Reinshagen, I Geerling and K. 
Huff*. Dept of Internal Medicine-1, University of Ulm, Ulm, Germany and Dept. 
of Pediatrics and Neurology, Harbor UCLA Medical Center, Torrance, CA 90509.

Based on tlie biological actions of mature 13 kDa NGF and its antiserum on 
dorsal root ganglion neurons and the retrograde transport of radiolabeled NGF 
from source areas to neurons localized within the ganglia, NGF has long been 
considered to be a chemical mediator of neuron-target interactions. In the present 
investigation, we examine evidence for the presence of NGF in adult rat DRG, 
spinal cord, and colon by higlily sensitive chemiluminescence immunoblotting 
analysis. The DRG, spinal cord and colon dissected from adult rats were 
homogenized in Tris-HCl buffer pH 8.8 containing NaCI (lOmM), EDTA (ImM), 
NP-40 (0.5%) and Na-deoxycholate (0.5%). The homogenates were mixed with 
Laemmli’s electrophoretic sample buffer, heat denatured and processed for 
Western analysis. Polyclonal and monoclonal antibodies to mature NGF and NGF 
pro-domains were utilized to identify the molecular nature of NGF. In the DRG 
extracts, tlie beta-NGF polyclonal antibody (Pro-Hormone Science) identified 73 
and 60 kDa NGF proteins while the monoclonal antibodies (Promega and 
Boehringer-Mannheim) identified 170, 60, 53, and 40 kDa NGF proteins. The 
13kDa NGF was either absent or present at a barely detectable concentration. 
Two NGF prodomain antibodies (Pro-Hormone Science) identified a 60 kDa NGF 
protein in DRG, spinal cord, and colon extracts. Both the polyclonal antibodies to 
beta-NGF and NGF pro-domains also identified a 60 kDa NGF prohormone in a 
commercial recombinant human beta-NGF preparation. Based on the abundant 
presence of the 60 kDa NGF prohormone in DRG and its innervated source, we 
suggest that a NGF prohormone mediates the neuron-target interaction. This 
study was supported by the German Research Foundation (DFG Re 789/2-3).

709.12

INJURED LARGE PRIMARY SENSORY NEURONS SWITCH 
PHENOTYPE FOR BRAIN DERIVED NEUROTROPHIC FACTOR 
IN THE RAT X-F Zhou* E.T. Chie, Y-S. Deng J-H. Zhong, Qing 
Xue, R.A. Rush and C. Xian1 Dept of Human Physiology and Centre for 
Neuroscience, Flinders University of South Australia, GPO Box 2100, 
Adelaide 5001, Australia fChild Health Research Institute, North 
Adelaide 5006, Australia

Peripheral nerve injury results in plastic changes in the dorsal root 
ganglia (DRG) and spinal cord and is often complicated with 
neuropathic pain. The mechanisms underlying these changes are not 
known. We have now investigated the expression of brain-derived 
neurotrophic factor (BDNF) in DRG with histochemical and 
biochemical methods following sciatic nerve lesion in the rat. The 
percentage of neurons immunoreactive for BDJsfF in the ipsilateral DRG 
was significantly increased as early as 24 hours after the nerve lesion 
and the increase lasted for at least 2 weeks. The level BDNF mRNA 
was also significantly increased in the ipsi- but not contra-lateral DRG. 
Both neurons and satellite cells in the lesioned dorsal root ganglia 
synthesized brain-derived neurotrophic factor mRNA after the nerve 
lesion. There was a dramatic shift in size distribution of positive 
neurons towards large sizes after sciatic nerve lesion. Morphometric 
analysis and retrograde tracing studies showed that no injured neurons 
smaller than 600 pm2 were immunoreactive for BDNF. The BDNF-ir 
nerve terminals in the ipsilateral spinal cord were reduced in the central 
region of lamina II but increased m more medial regions or deeper into 
laminae III/IV. These studies indicate that following sciatic nerve 
injury, small neurons switched off their normal synthesis of BDNF, 
whereas larger ones switched to a BDNF phenotype. The phenotypic 
switch may have functional implication in neuronal plasticity and 
generation of neuropathic pain after nerve injury. Supported by 
NHMRC grants to X-FZ ana RAR.

709.13

BASAL FOREBRAIN (BF) ASTROCYTE FUNCTION IS
DEVELOPMENTALLY REGULATED. J. Lackland*, S.J. Campos, I.B. 
Black, and C.F. Dreyfus. Dept. of Neuroscience & Cell Biology, UMDNJ 
Robert Wood Johnson Medical School, Piscataway, NJ 08854.

To examine astrocyte function at different developmental stages, we 
assessed BDNF mRNA in enriched cultures of astrocytes from 
embryonic day 17 (E17), postnatal day 1 (P1), and adult rat basal 
forebrain. Nuclease protection assays were utilized to quantitate basal 
expression of BDNF mRNA in these cultures. BDNF was most highly 
expressed in E17 BF astrocytes. Level of expression in P1 cells was 
reduced by 50% and to 12% of E17 in adult cells, suggesting that 
astrocytic BDNF expression declines as the animal matures. To begin 
defining developmental effects of neuronal signals on astrocyte trophic 
function, we examined the effects of a general signal, K+. Initially 
cultures were treated with KCI (25mM,4hr.). P1 astrocytes exhibited 
enhanced expression of BDNF mRNA while adult astrocytes were not 
affected. Similarly, treatment with glutamate (100pM, 4hr.), or the 
acetylcholine agonist carbachol (50mM, 4hr.), increased expression of 
BDNF in P1 but not in adult cells. Our data suggest that astrocytes 
exhibit reduced expression of BDNF as well as reduced responsivity to 
neuronal signals as they mature. (Supported by NIH HD 23315 & 
MH/AG 19957)
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710.1

ACTIVATION OF A CT CONDUCTANCE BY GENERAL 
ANESTHETICS IN EMBRYONIC HUMAN DRG NEURONS. A.Y. 
Valevev1,3*, J.C, Hackman1’2'3, P.M. Wood4 and R.A, Davidoff2’3, ‘Spinal
Cord Pharmacology Laboratory, 2Neurophysiology Laboratory,
Veteran's Administration Medical Center, ’Department of Neurology 
and 4The Miami Project, University of Miami School of Medicine, 
Miami, Florida 33101

Patch-clamp methods were used to characterize the Cl' conductance 
activated by GABA and the anesthetic drugs halothane, etomidate and 
pentobarbital in embryonic human dorsal root ganglia (DRG) neurons. 
GABAa  receptor agonists/modulators were applied by pressure pulse 
from closely positioned micropipettes. DRG neurons responded to 
micromolar concentrations of GABA, pentobarbital, etomidate and 
halothane. In the presence of halothane and etomidate GABA-activated 
currents were potentiated in the same manner as pentobarbital. At higher 
concentrations halothane, etomidate and pentobarbital were also able to 
directly induce a Cl' conductance in the absence of GABA. Noise 
analysis of membrane current variance induced by GABA, 
pentobarbital, halothane and etomidate showed that the time open 
components were best fitted by double or triple Lorentzian functions 
indicating activation of Cl' channels with three different open times. We 
observed different combinations of Cl' channel open times in individual 
cells.

In summary, the anesthetics all enhanced GABA-induced currents and 
evoked a C1‘ current at high concentrations on the human embryonic DRG 
cell.
(Supported by VA Medical Research Funds and USPHS #NS 37946 and 
NS 0992-3).

710.2

N-METHYL D-ASPARTATE (NMDA) RECEPTOR ANTAGONISM PREVENTS 
NEUROANATOMIC PLASTICITY ASSOCIATED WITH REARING IN AN 
ENRICHED ENVIRONMENT (EE). C.C. Giza1, A. Echiverri1, S.M, Lee1 and P.A. 
Hovda1,2*. ’Div. of Neurosurg. and 2Depts. of Med. and Molec. Pharm. and Surg., 
University of California, Los Angeles, California, 90095.

Rearing rats in EE leads to significant morphologic CNS changes, including 
increased brain weights, increased cortical thickness, expanded dendritic arborization, 
and a greater number of synapses. The mechanism for this phenomenon is unclear. 
NMDA receptor blockade inhibits other forms of experience-dependent plasticity 
including the formation of ocular dominance columns and long term potentiation. 
Therefore, to determine whether NMDA receptor inhibition with dizocilpine (MK801) 
would likewise impair plastic changes induced by rearing in EE, weanling postnatal 
day 20 (P20) rat pups were divided into control (n=6) and MK801-treated (n=4) 
groups. Both were housed in a cage containing multiple toys, ladders and tunnels for 
14 days. MK801-treated rats received 0.2 mg/kg/dose MK801 i.p. twice daily (9 am, 6 
pm). After EE, rats were returned to standard cages for one month, perfused and then- 
brains sectioned for histologic analysis. MK801-treated rats demonstrated 
significantly thinner cortices than controls (occipital cortex, 1.35±0.04 vs. 1.47±0.03, 
respectively; p=0.03). To rule out drug-induced impairment of exploratory behavior, a 
second experiment quantified control vs. MK801-treated rat activity and found no 
significant differences in baseline cage crossings (day 7; 12.8±1.5 vs. 13.2±4.7, 
respectively), rearings (day 7; 12.2±3.8 vs. 12.2±2.6) or object interactions (day 7; 
32.8±4.5 vs. 27.4±6.5). Quantitative morphology demonstrated no loss of neurons in 
occipital cortices of MK801-treated pups compared with controls (45.9±3.7, 39.0±2.9, 
respectively), implying that the lack of cortical thickening was not due to cell loss but 
to a decrease in plasticity potential. These results suggest NMDA receptors play a 
critical role in EE-rearing induced neuroplasticity.

NIH grants NS3O3O8 and NS27544 and the Lind Lawrence Foundation.
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710.3

Ketanserin modulates GluR2/3 receptor expression in the rat cerebral 
cortex. F. Shutoh*r S. Hamada. M Narita and N. Okado. Neurobiol. 
Lab., Inst, of Basic Med. Sci., Univ. of Tsukuba, Tsukuba, Ibaraki 305- 
8575, Japan.

Serotonin is known to modulate various brain functions including 
glutamatergic transmission. Our previous study has shown that p- 
chlorophenylalanine (pCPA) modulates the density of AMPA type 
glutamate receptor subtypes, while 5-HT2A receptor was located 
beneath postsynaptic membrane specialization of asymmetrical 
synapses in the cerebral cortex {Mol. Brain Res, 54, 199, 1998). 
Because most of the asymmetrical synapses are considered as 
glutamatergic, it is highly possible that 5-HT2A receptor is involved in 
regulation of glutamatergic neurotransmission. The present study was 
carried out to clarify effects on expression of AMPA type glutamate 
receptor by antagonizing 5-HT2A receptor. Quantitative immunoblot 
analyses using antibodies against GluR2/3 receptor showed that the 
density of immunoreactive bands of the rat cerebral cortex was 
increased by injections of ketanserin compared to that of saline 
injected control animals. 5-HT2A receptor is suggested to be involved 
in modulation of GluR2/3 receptor expression. However, 
immunoreaction against GluR2/3 receptor was higher in pCPA treated 
animals than that of ketanserin treated ones. These data suggest that 
different receptor subtypes other than 5-HT2A may partially mediate 
the function of 5-HT to increase the expression of GluR2/3 receptor.

710.4

EXPRESSION PATTERN OF GLUTAMATE RECEPTORS IN THE RAT 
RETINA DURING DEVELOPMENT.
T. Bolla, E.Guenther*
Dept. Exp. Ophthalmology, Univ. Eye Hospital, Roentgenweg 11, D-72076 
Tubingen, Germany

In order to understand the role of glutamate receptors in the retina 
during development we have investigated the distribution of glutamate 
receptor subunits in the rat retina from birth to adult stages 
immunohistochemically. Specific antibodies against NMDA (NR1, NR2A-D) 
and AMPA (GluR1, GluR2/3, GluR4) subunits were used.

All NMDA and AMPA subunits are expressed in the rat retina at all 
developmental stages analyzed. NR1 is the most widely distributed subunit 
and was found in the whole inner nuclear layer (INL), in the ganglion cell 
layer (GCL) and in two bands within the inner plexiform layer (IPL). NR2A 
and NR2B are expressed in the inner INL early in development whereas 
NR2C is found in the whole INL at adult stages. NR2A, NR2B and NR2C 
are also located in the GCL and in the IPL. Moreover, the antibody against 
NR2B showed a strong punctuate labelling in the outer plexiform layer 
(OPL) and in few horizontal cell bodies at all developmental stages 
analyzed. The expression of NR2D was weak and was restricted to the 
GCL. All AMPA subunits are expressed in cells of inner INL, in the GCL 
and in distinct bands in the IPL. GluR2/3 and GluR4 are also present in 
horizontal cells at distinct developmental stages.

From these immunohistochemical studies we conclude that the 
distribution of NMDA and AMPA subunits differs spatially and temporally 
within the rodent retina. This indicates that specific cells selectively 
express glutamate receptors composed by different subunits combinations.

Sponsored by Graduirtenkolleg Neurobiologie

710.5 710.6

Table l.NMDAreporaesinmltiiedhippocan^neurcre_______
Peak Ndmaliaad Integral

Age Curat Curat Curat Time
_______________ (pA) (pA/pF) (nAms) (sec)

E18 1142±15.6A 3.3±0.4A 371.3fc8.4A l.SW^

Young 10m 19.6±4.6B l.G±02B 149.3i43.6B 9.&tl.7B
Aged26m 2&&S.96 1.7*03? 98.ftfcl&8B 7.1±1.4B
AJ3,C indicates significance^.05)ANOVAZNdiman-Kfiuls, Age 
(m=mordBXnurnbar<fodls;E18(15XYoung(16XA^d(14)

AGE RELATED DIFFERENCES IN NMDA RESPONSES IN CULTURED RAT 
HIPPOCAMPAL NEURONS. C. Cady1, G. Brewer1 and S. Evans*2 ‘DepamnentcfMicrobiology 
and Immunology, Southern Dlincis University School ofMedkane (SIU-SOM), Springfield, IL 
62794-9626,2DepartmertofNeurology, SIU-SOM, Springfield, IL 62749-9230

Glutamate receptors mediate most exatatcry neurctransirussoi in the central nervous system. A 
glutamate reoeptor subtype, the N-<nethyl-D-aspaitate receptor (NMDAR) is expressed in high density 
inoejdxaloartexandhippocampusardisin^xslantinlearningandmejmoiy. NMDAR are 
negatively influenced by the aging process and implicated in neurodegenerative disorders such as 
Alzheimer’s disease. Age related differences in NMDAR function were investigated, responses to the 
specific glutamate agonist NMDA were measured in embryonic (E18), young (10 month) and aged 
(26 month) cultured rat hippocampal neurons using whole cell, voltage damp. A saturating 
concentration of NMDA (200 pMZL) with ooagpnist glycine (50 pM/L) in Mg+2 free recording 
solutionvvaspressure-applied. Inyoungandagedneuronsoomparedtoembiyonieneurons,

significant decreases in NMDA 
current response, integral of current 
response and time at peak inwand 
current were demonstrated, 
suggesting NMDA responsiveness 
is reduced with age (Table 1). 
NMDA current response after 
normalization for capacitance was 
significantly reduced in young and 
aged cells compared to embryonic 
cells; but showing a greater

response in aged compared to young neurons. Relative increase in the aged response suggests an 
augmentation in receptor function. The above data supports the hypothesis tliat responsiveness of the 
NMDAR is altered during aging with an enhanced NMDA current in aged neurons compared to 
youngodls. Changes in reoeptor fimctxxiality maty be due to changes in receptor density, 
stoichiometry and alterations in subpopulations. Changes detected in the NMDAR in this study may 
suggest a mechanismforage-related changes in the hippocampus. NIAAG13435

The neuroprotective effect of glutamate mediated by mGluR receptors is suppressed by the 
toxic amyloid peptide fragment 25-35 A. Baskvs*and Y. Adamchik. Dept. Physiol., Univ. 
Toronto and Playfair Neurosci. Unit, The Toronto Hosp., Toronto, Ont. M5T 2S8, Canada.

Excessive activation of glutamate receptors causes nerve cell death but at low agonist 
concentrations neuroprotection was reported to occur. Glutamate is present in the 
cerebrospinal fluid but it is role in cell death and survival is unclear. To study this role, we 
measured cell death in hippocampal slices prepared from wistar rat pups (6d old) and cultured 
for 2 weeks in the culture medium containing no added glutamate. To induce cell death slices 
were subjected to a 100% culture medium exchange. Propidium iodide fluorescence was 
measured at 0, 24 and 72 h post-exchange using confocal microscopy and served as a cell 
death index. A progressive increase in cell death following the exposure of slices to a fresh 
medium could not be blocked by 20 pM D-APV or CNQX suggesting that ionotropic 
NMDA or AMPA glutamate receptors were not involved. It was significantly enhanced by 
exposure of slices to phosphoinositol-3 (PI-3) kinase inhibitor wortmannin (1-5 pM) 
suggesting that growth factor mediated signalling was likely involved. Cell death was 
significantly reduced by exposure of slices to a culture medium containing 10-500 pM L- 
glutamate for 2 h prior to the 100% medium replacement. Treatment of slices for 72 h with 
antisense oligonucleotides against mGluR5 but not with mismatched oligonucleotides prior 
to their exposure to the glutamate-containing medium resulted in a significant reduction of the 
glutamate effect suggesting mGluR5 receptor involvement. Exposure of slices to the toxic 
amyloid peptide fragment 25-35 (20 pM) or the inactive sequence 35-25 (20 pM) for 2 h 
prior to the culture medium exchange did not have a significant effect on cell death. However, 
in slices treated with the toxic amyloid peptide fragment 25-35 but not with the inactive 
peptide, the neuroprotective effect of glutamate was significantly reduced. These data suggest 
that ambient glutamate may protect nerve cells by acting on mGluR5 (or other) receptors. 
Suppression of this neuroprotective mechanism by amyloid could result in increased neuronal 
vulnerability and death typically observed in Alzheimer's disease.

Supported by the Research Initiative EBEWE Foundation.

710.7

THE ESTABLISHMENT OF GABAERGIC AND GLUTAMATERGIC 
SYNAPSES IS SEQUENTIAL AND DETERMINED BY THE DENDRITIC 
ARBORISATION OF PYRAMIDAL NEURONS. H. Gozlan, R. Tvzio, A. 
Repress*. I, Jorqnera, Y. Ben-Ari & L, Aniksztein. INSERM U29,123, Bid de 
Port-Royal, 75005-PARIS (France).

A morpho-functional analysis of the developing CA1 pyramidal cells was performed 
to follow the settling of the different ionotropic receptors mediated synaptic response 
and to understand the role of the target cell in the maturation of synaptic 
transmission. In P0 hippocampal slices 3 populations of pyramidal cells were 
classified according to their synaptic properties, morphological features and 
capacitances. Cells with low capacitance (Cm = 18.9 ± 1.2 pF) have just an anlage 
of apical dendrite and were synaptically non active, although they express functional 
GABAa  , AMPA and NMDA receptors. Cells with higher capacitance (Cm = 31.8 ± 
2.6 pF) have an apical dendrite reaching and aborizing in the stratum radiatum and 
have a synaptic response evoked by the stimulation of the stratum radiatum only 
mediated by GABAa  receptors, although glutamatergic pathways are present in this 
layer. Similar stimulation evoked in cells that have an apical dendrite reaching the 
lacunosum moleculare, a synaptic response mediated either by GABAa  and NMDA 
receptors (Cm = 46.5 ± 5.7 pF) or by GABAa  , AMPA and NMDA receptors (Cm = 
45 ± 5.1 pF). Furthermore, synapsin-1 and synaptophysin immunoreactivities were 
present in all the layers of the stratum radiatum except in the stratum pyramidale, 
suggesting that the somas of pyramidal cells are not contacted by afferent fibers. 
Therefore, die participation of ionotropic receptors to the synaptic transmission is a 
sequential process that is determined by the degree of development of the apical 
dendrite. Furthemore, an apical dendrite in the stratum radiatum is necessary for the 
establishment of GABAergic synapses which are exclusively peridendridic but it is 
not a sufficient condition for the establishment of glutamatergic synapses.

710.8

REELIN EXPRESSING CELLS, INCLUDING CAJAL-RETZIUS CELLS, 
CO-EXPRESS AMPA RECEPTOR SUBUNITS IN VIVO AND IN VITRO R 
Konig(1)*. MJ. Drian(1). M. Durand(I). K, Nakaiima(2) and M, Ogawa(3). (1) EPHE 
Quant Cell Biol and INSERM U 336, Montpellier, France; (2) Jikei University 
School of Medicine, Tokyo, Japan; (3) RIKEN, Wako, Japan.

Reelin is one of the factors by which Cajal-Retzius cells and other cells control 
brain development. It is not yet fully understood how the physiology of the Reelin- 
producing cells is regulated. One possible mechanism is the modification of 
intracellular ion concentrations through receptor-associated channels. Functional 
AMPA receptors are expressed at very early stages of embryonic development. The 
ion selectivity of these receptors (e g., their permeability to calcium) depends upon 
their subunit composition. The present study aimed at determining in sections of 
embryonic rat neopallium (14 to 19 days of gestation), and in cultures of cells 
dissociated on day 14, if AMPA receptor subunits are co-expressed with Reelin, and 
if these receptors are permeable to divalent cations. We utilized the cobalt-loading 
method, either alone or combined with double immunocytochemistry to detect Reelin 
and AMPA receptor subunits. Co-localization of cobalt label (with or without silver- 
intensification) and the proteins was analyzed with a confocal microscope. The 
Reelin-expressing cells contained GluR-1 but also GluR-2 protein. If edited at its Q/R 
site, the latter confers relatively low calcium permeability even to heteromeric 
receptors. Indeed, cobalt label was generally weak or undetectable in these cells, 
whereas neighboring cells were heavily labeled. We conclude that embryonic 
neocortical cells expressing Reelin presumably have AMPA receptors with higher 
permeability to sodium than to calcium, and that this feature is also developed and/or 
maintained in vitro. However, sodium influx through these receptors may trigger 
calcium influx through other ion channels.
Work supported by INSERM, AFM, IRME, HFSP, and Ministry of Education, 
Science and Culture of Japan.
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710.9

4-AMINOPYRIDINE ACTIVATES PHOSPHOLIPASE C AND ENHANCES 
CALCIUM MOBILIZATION IN RAT CORTICAL TYPE I ASTROCYTES: 
EFFECTS UNRELATED TO K+ CHANNEL BLOCKADE. M. Grimaldi, #M. 
Atzori. P. Ray and D.L. Alkon*. LAS, NINDS; *NIDCD; NIH, BETHESDA, MD- 
20817, USA.

In this study we analyzed the effect of 4-aminopyridine (4AP) on intracellular 
calcium homeostasis in type I cortical astrocytes. 4AP increased in a concentration 
dependent manner intracellular calcium concentration <[Ca2+]j) as measured with 
single cell fura-2 based imaging. [Ca2+]i elevation induced by 4AP consisted of two 
phases. The first phase was dependent on intracellular calcium, while the second 
required the presence of calcium in the extracellular bath. Depletion of intracellular 
calcium stores with thapsigargin, in the absence of extracellular calcium, prevented 
4AP-induced [Ca2+]j elevation. 4AP increased in a concentration dependent manner 
the production of inositol phosphates as measured by release of incorporated 
[3H]myo-inositoI. Furthermore, 4AP increased and prolonged the sustained calcium 
elevation induced by PL-C activating agents, e.g. ATP and Bradykinin. In addition, 
calcium entry induced by depletion of intracellular calcium stores was greatly 
enhanced by 4AP. The effect of 4AP on both InsP3-generated calcium transients and 
the increase of the calcium entry after store depletion were readily reversible, i.e. 
after 4AP was washed away. Since 4AP is a powerful blocker of the voltage-activated 
K+ channels in cortical type I astrocytes, we investigated a possible correlation 
between K+ channel blockade and modification of the calcium transients induced by 
4AP. The potentiation of CCE caused by 4AP was not mimicked by blocking the fast 
inactivating K+ current with a-dendrotoxin or low 4AP concentrations. Similarly, 
blockade of the delayed rectifier K+ current with TEA, or blockade of both currents 
with low concentrations of 4AP in the presence of TEA did not increase CCE. In 
conclusion, we report here two novel effects of 4AP on intracellular calcium 
mobilization that seem to not depend on its activity as a K+ channel blocker.

710.10
DEVELOPMENT OF MONOAMINERGIC SYSTEMS IN THE MOUSE IS 
LARGELY UNAFFECTED BY KNOCK-DOWN OF GABAa  RECEPTORS
S.D.Ugarte1*, L.S. Seiden2, G. Vosmer2, G. E. Homanics4 and D.L. Hammond1-3.
‘Committee on Neurobiology, 2Dept. of Pharmacol. Physiol. Sci., 3Dept. of 
Anesthesia & Crit. Care, Univ. of Chicago, Chicago, IL 60637 and 4Dept. of 
Anesthesiology & Crit.Care Med., Univ. of Pittsburgh; Pittsburgh, PA 15261

Application of y-aminobutyric acid (GABA) stimulates the survival and devel-
opment of serotonergic and noradrenergic neurons in cultures of E14 rat brainstem, 
Conversely, the GABAa  receptor antagonists bicuculline or the pesticide dieldrin 
reduce the survival and growth of these neurons'. It is not known, however, whe-
ther in vivo antagonism of GABAa  receptors similarly interrupts the development 
of brainstem monoaminergic neurons. We obtained mice in which the number of 
GABAa  receptors in the central nervous system is reduced by about 50% due to a 
targeted deletion of the (33 subunit gene of the GABAa  receptor2. High pressure 
liquid chromatography with electrochemical detection was used to measure the 
levels of dopamine (DA), norepinephrine (NE), and serotonin (5HT) and their 
major metabolites in the brainstem, cortex, striatum and spinal cord of female 
homozygous null (P3 / ) and wildtype (P3+/+) mice (20-30 g). P/ and p3+/+ mice did 
not differ in the levels of 5HT, NE or DA or their major metabolites in the 
brainstem, striatum or spinal cord. Unexpectedly, levels of 5HT and its metabolite 
in the cortex of P/' mice were 20% higher than in P3+/+ mice. These results suggest 
that the development and survival of brainstem monoaminergic neurons in vivo (1) 
may require activation of only a small fraction of the available GABAa  receptors or
(2) is not dependent on GABAa  receptors containing the P3 subunit. 1. Liu et al. J. 
Neurosci. 17:2420,1997. 2. Homanics et al. PNAS 94:4143, 1997. Supported by 
DEI 1423 (DLH), GM07151 (SDU), MH11191 (LSS) and AA10422 (GEH).

710.11

GABAB RECEPTOR SUBUNIT EXPRESSION IN THE 
EMBRYONIC RAT CORTEX. S.V. Smith. T.N. Behar, A.E, 
Schaffner*, I. Marie, and J.L. Barker. Lab. of Neurophysiology, 
NINDS, NIH, Bethesda, Maryland 20892

GABA induces embryonic rat cortical neurons to migrate from 
the ventricular zone (vz) to the cortical plate (cp) in the embryonic 
rat cortex via multiple GABA receptors and pathways. The 
pharmacology of the migratory response suggests that GABAB 
receptors (GABAB-Rs) mediate the motility signals of GABA.
Here, we used PCR, immunohistochemistry, and western blotting to 
demonstrate that E18 rat cortical cells express GABAB-Rs. PCR 
revealed that mRNAs encoding GABAB-Rla and GABAB-Rib 
subunits were present at El8, the age when peak migration to 
GABA is observed. Western blotting confirmed the presence of 
GABAb -R subunit protein, while immunohistochemistry showed 
that GABAb -R+ cells were distributed in both the vz and cp. 
Immunocytochemistry of dissociated vz cells revealed that 
GABAb -R+ cells were enriched in migrating populations. While 

<15% of the starting vz dissociate was GABAb -R+, over 60% of 
the cells that migrated in response to femtomolar GABA were 
immunopositive. These results confirm that GABAb -Rs  are 
expressed in the developing rat cortex, and demonstrate that cells 
exhibiting chemotropic responses to GABA express GABAb -Rs .

710.12

AMPA AND NMDA RECEPTORS ARE FUNCTIONAL BEFORE BIRTH IN 
THE CA1 AREA OF THE RAT INTACT HIPPOCAMPUS. S. Hennou, D. 
Diabira, N. Chevassus-aa Louis. Y. Ben-Art H. Simon* & H. Gozlan. 
INSERM U29,123, Bid de Port-Royal, 75005-PARIS (France).

The development of the hippocampus is thought to be, at least partially, an 
activity-dependent process. Since little is known concerning the maturation of 
glutamatergic synapses, we have determined the date of the first apparition of 
functional AMPA and NMDA responses in the CA1 area. We used the new 
preparation of the intact hippocampus formation (IHF) that preserved the integrity 
of the neuronal network and we recorded electrically-evoked field EPSPs. 1) Dil 
and biocytin labeling indicated that the 3 glutamatergic afferents were present in 
the stratum radiatum of CA1 at birth or even earlier. 2) Stimulation of the stratum 
radiatum consistently evoked a fEPSP in the CA1 area and the specific stimulation 
of the entorhinal cortex or, of the commissure between two interconnected 
hippocampi, also evoked similar fEPSPs in the stratum radiatum of CA1. 3) fEPSPs 
were TTX-sensitive and can be modulated by presynaptic processes, including 
variations of calcium and magnesium ion concentrations, adenosine Al agonists 
and antagonists or anoxic episodes. 4) fEPSPs were mainly blocked (-80%) by 
CNQX, NBQX but also by the specific AMPA receptor antagonist GYKI 53665, 
indicating that the response is mediated by AMPA and not by Kainate receptors. 
NMDA and GABAA receptors also contributed to this fEPSP as the response 
remaining after NBQX treatment was completely blocked in two steps by D-APV 
and then by bicuculline. 5) fEPSPs with similar properties were consistently 
recorded in the IHF from E19 but not at El8, indicating that first functional 
glutamatergic responses appeared in the late embryonic period.

Therefore, the glutamatergic activity should play a role in the development of the 
hippocampus before birth.

710.13

3a-HYDROXY-5a-PREGNAN-20-ONE NEUROSTEROID 
LEVELS IN RAT BRAIN VARY ACROSS DEVELOPMENT. A.C. 
Grobin*, M,J. VanDoren, TJ. Patel and A.L. Morrow. Department of 
Psychiatry and Center for Alcohol Studies, University of North 
Carolina, Chapel Hill, NC 27599.

Neurosteroids are a class of steroids synthesized de novo in 
brain. Several neurosteroids are potent modulators of GABAa  
receptor function. Given the trophic role proposed for GABA in brain, 
specifically stimulation at the GABAa  receptor, we determined the 
level of 3a-hydroxy-5a-pregnan-20-one (3a,5a-THP) in the cerebral 
cortex of rat brain at several time points during embryonic (E) and 
post-natal (P) development. Using a RIA with a sheep-derived 
polyclonal antibody we found that brain levels of 3a,5a-THP vary 
dramatically across development. As predicted, high levels of 3a,5a- 
THP were found in fetal brain during gestation, reaching a maximum 
on embryonic day 18 (18.76±1.25 ng/g). On E20, 3a,5a-THP levels 
in rat brain declined to l.l±0.03 ng/g; however, prior to parturition 
brain 3a,5a-THP levels rebounded to 4.5±0.4ng/g. Following birth, 
3a,5a-THP levels in the cerebral cortex remain low (~2 ng/g). At 
post-natal day 7, cortical 3a,5a-THP levels were 0.65±0.4 ng/g. 
Elevated cortical levels of 3a,5a-THP were observed on P10 
(3.3±O.8ng/g) and P14 (3.8±1.5ng/g), returning to basal levels by P21. 
No gender differences were observed before P21, when the females 
exhibited higher levels than males. It is possible that the variation in 
neurosteroid levels, particularly the elevated levels observed at P14 
could affect cortical organizational events and may play a role in 
disorders of neurodevelopmental. Supported by NIH grants.

710.14

THE GABA EQUILIBRIUM POTENTIAL CHANGES FOLLOWING 
SPONTANEOUS ACTIVITY IN THE DEVELOPING CHICK CORD.
N.Chub* and M. J. O'Donovan. LNLC, NINDS, NIH, Bethesda, MD 
20892.

Spontaneous activity is an important aspect of CNS development. In the isolated 
spinal cord of the chick embryo (Ell-12), this activity comprises recurrent, 
rhythmic episodes 40-80 sec in duration and with a period 10-15 min. Depolarizing 
GABAergic synaptic drive to ventral horn neurons is involved in the initiation and 
generation of these episodes. Following an episode, GABA currents are depressed 
and after slowly recover during the inter-episode interval. This activity-dependent 
modulation is thought to be important in the genesis of spontaneous activity but its 
mechanism is unknown.

Using whole-cell voltage-clamp and a voltage-ramp protocol, we computed I-V 
curves and reversal potentials (EGABA) for isoguvacine (0.1 mM) evoked GABAa  
currents before (40-60 sec) and after (40-50 sec), episodes. Neurons were voltage 
clamped at three holding potentials during an episode: -60, -30 and 0 mV. At -60 
mV (out-flux of Cl) the amplitude of the isoguvacine-induced currents was 
depressed (to 64% of the pre-episode control level) and this was accompanied by a 
negative shift of EGABA (of up to -15 mV, mean -9 ± SD 1.1 mV, n=5). At 0 mV (in-
flux of Cl ) the amplitude of IGABA increased (to 118% of the control level) and 
EGAba  became more positive (+7 ±1.1 mV). Relatively small changes of amplitude 
(5% decrease) and EGABA (-1.2 ± 0.5mV) occurred when the episode was clamped at 
-30 mV, which is close to pre-episode EGABA. These results suggest that post-
episode depression of GABA currents occur because of a decrease in the 
intracellular chloride concentration during prolonged (40-50 sec) opening of Cl 
channels during the episode. Furthermore, these changes are probably greater than 
we have observed because of CT entry from the electrode.
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710.15

THE GLYCINE RECEPTOR ALPHA2 SUBUNIT IS LOCALIZED TO 
SYNAPSES IN THE ADULT RAT SPINAL CORD.
M.A. Grill*. M.V. Langston. D.V. Kumar and P.A. St. John.
Dept. of Cell Biology and Anatomy, Univ. of Arizona; Tucson, AZ 85724.

Previous studies suggest that expression of the different alpha subunits of the 
multimeric glycine receptor (GlyR) is developmentally regulated. Studies of the 
different subunits have been limited, however, by the lack of a direct, selective label 
for the alpha2 subunit. In the present experiments, reverse transcription-polymerase 
chain reaction (RT-PCR) analysis demonstrated that the adult rat spinal cord 
contained transcripts for both alphal and alpha2 GlyR subunits, and restriction 
enzyme analysis showed that the alpha2A isoform predominated over alpha2B. 
Rabbit polyclonal antibodies were raised against synthetic peptides that represented 
unique portions of the alphal and alpha2 GlyR subunits as well as a third peptide 
conserved among all glycine receptor alpha subunits. In Western blots of membrane 
proteins from adult rat spinal cord, the affinity purified anti-peptide antibodies 
labeled proteins the size of the GlyR alpha subunits. The antibody designed to 
recognize the alpha2 subunit, in particular, specifically labeled a single band of 
approximately 49 kD. The anti-alpha2 antibody also labeled sections of adult rat 
spinal cord tissue for immunofluorescence microscopy. This staining showed a 
pattern similar to that previously seen with [3H]-strychnine binding. At high 
magnification, this alpha2 staining demonstrated focal clusters at the periphery of 
presumptive motor neurons. These clusters co-localized with synaptophysin in 
double-label experiments suggesting synaptic localization of the alpha2 subunit. 
These results, using subtype-selective mtibodies, provide strong evidence for the 
presence of GlyR alpha2 subunits at synapses in the adult rat spinal cord.

This work was supported by grants from NIH (NS29657) and the Arizona Disease 
Control Research Commission. MAG was supported in part by a training grant from 
the Flinn Foundation of Arizona.

710.16
GLYCINE RECEPTORS DURING EARLY DEVELOPMENT OF THE RAT BRAIN 
G. Garcia-Alcocer, A. Martinez-Torres, J. Garcia-Colunga & R. Miledi*. Centro de 
Neurobiologia, Campus UNAM-UAQ Juriquilla, A. P. 1-1141, Queretaro, Mexico and 
Department of Neurobiology and Behavior U. C. Irvine, CA 92717, USA.

The presence of active genes coding for glycine receptors (GlyRs) during early devel-
opment of the rat brain was assessed by expressing mRNA in Xenopus oocytes. Earlier 
work (Carpenter et al. Proc. R. Soc. B 234, 159-70, 1988) has shown that in the cerebral 
cortex GlyR mRNA was present at embryonic day 15 (El 5), increased to a maximum at 
birth and then decreased to reach the low adult levels. In contrast, GABAa  receptor 
mRNA was very low at El8 and increased to reach its high adult level. The present 
experiments were done to see if a similar activation of GlyR genes occurred during early 
development. For that purpose we measured the membrane currents elicited by glycine 
and GABA (both at 1 mM) in oocytes injected with mRNA isolated from El8 (vaginal 
plug = day 1) forebrain, midbrain, and stem. The mean current amplitudes elicited by 
ImM Glycine were 160, 300 and 113 nA respectively, indicating that GlyR genes were 
functionally switched on at this stage of development. In contrast the currents elicited by 
GABA were weaker (8, 30 and 5 nA respectively). The types of GlyR subunit mRNAs

Subunit E8,conceptus El3, cerebral vesicles E18, midbrain New Bom, midbrain
al ND ++ + ND
a2 ND ND ND ND
a3 ND + ND ND
Pl + ++ ++ ++

G3PD + +++ +++ +++
ND=not detected, G3PD=glyceraldehyde 3 phosphate dehydrogenase 

We conclude that the gene coding for the pi GlyR subunit is active before the nervous 
system is formed; and that the al and a3, but not the a2 subunit genes are activated 
later. Supported by CONACYT (Mexico) and NSF (USA). G. G. A. is a fellow from the 
Universidad Autonoma de Queretaro.

710.17

DIFFERENTIAL POSTNATAL DEVELOPMENT OF GABAa RECEPTOR 
SUBUNITS IN THE MEDIAL GENICULATE BODY OF THE RAT.
C. De Cabo De La Vega1*, R. Lujan1, M. L. Campos', G. Lopez1,2, J.M. Juiz1,2.
'institute de Neurociencias, University Miguel Hernandez, Campus de San Juan, E- 
03550 San Juan, Alicante, Spain; 2 Faculty of Medicine, University of Castilla-La 
Mancha, Campus de Albacete, E-02071 Albacete, Spain.

y-aminobutyric acid (GABA) is a major inhibitory neurotransmitter in the auditory 
system. The fast synaptic actions of GABA are mediated by GABAa  receptors, which 
are ligand-gated chloride channels. The GABAa receptor (GABAa R) consists of 
several subunits. These subunit classes include multiple variants (a,_6, pM, y^, 8, pj. 
2...). Usually, the a, p and y subunits are required for the expression of fully 
functional GABAa Rs . A different subunit composition may mean functional 
differences among of GABAa Rs . To investigate possible changes in subunit 
composition in GABAa Rs during postnatal development, we studied mRNA 
expression of these subunits at various ages (from postnatal day 0, P0, to P60) in the 
medial geniculate body (MGB) using an in situ hybridization technique. In the adult 
rat,ai a4, p2,y2and 5 subunits seemed to be the most abundant in this region. During 
the initial days of the first postnatal week, significant levels of ah 
a4 and p2 mRNAs were already observed, whereas the expression of y2 and 8 mRNAs 
was only reliably detected from P7 and P12 respectively. At P15, a pattern of mRNA 
labeling similar to the adult was found for a(a4, p2, and 8 subunits. The y2 subunit 
reached its peak of expression on day 15, decreasing its levels of mRNA from P21 to 
P60. Other subunits that showed lower expression in the adult rat (eg.: a2 and p3) 
presented significant mRNA levels during the first two postnatal weeks. Our results 
suggest that the composition of GABAa Rs in the MGB undergoes changes during 
postnatal development indicative of different pharmacological and 
electrophysiological properties, possibly related to the onset of hearing (around P12). 
Supported by grants DGICYT PB93/0931 and FIS 95/1672 to JMJ and GVDOC98- 
VS-23-12 to CdCdlV.

710.18

GABAa RECEPTOR CHANNEL-MEDIATED ANIONIC LOAD AND THE 
CONSEQUENT INCREASE IN INTERSTITIAL K+: A DEVELOPMENTAL 
STUDY SHEDS LIGHT ON THE MOLECULAR MECHANISMS INVOLVED. 
J. Voipio, E, Ruusuvuori and K, Kaila*. Dept. of Biosciences, Div. of Animal 
Physiology, Univ. of Helsinki, FIN-00014 Helsinki, Finland.

GABAa receptor channel mediated fast IPSPs are hyperpolarizing in 
hippocampal pyramidal neurons due to active extrusion of CF by the neuronal KC1 
cotransporter KCC2 that is expressed starting at postnatal day 5 (P5) in the rat 
(Rivera et al., 1999, Nature 397:251-255). On the other hand, the GABAa  channel 
mediated outward flux of bicarbonate carries an inward current component and 
gives rise to intracellular net hydration of CO2 and to an influx of CO2, which 
results in a net intracellular osmotic load. We have studied the mechanisms and 
consequences of this neuronal osmotic load using ion-sensitive microelectrodes and 
the isosbestic point of the fluorescent probe BCECF in rat hippocampal slices. In 
most experiments, the load was induced by iontophoretic injections of muscimol 
into CA1 stratum pyramidale.

Before P5, brief pulses of muscimol caused swelling of pyramidal neurons and 
shrinkage of the interstitial space, that was large enough to account for the 
associated rise in interstitial K+ ([K+]o). After P5, muscimol induced comparable 
[K+]o shifts but they were no longer paralleled by significant volume changes. 
These responses measured were not sensitive to TTX, but they were inhibited by 
picrotoxin and by removal of CO2/HCO3'. Similar results were obtained upon bath 
as well as iontophoretic applications of GABA. The results are consistent with a 
novel mechanism, that couples GABAA-channel mediated anion fluxes to an 
osmotic load and leads to an increase in [K+]o due to cellular swelling in the 
newborn rat hippocampus, whereas after P5 the rise in [K+]o is due to effective 
osmoregulation by KCC2. The appearance of intraneuronal and interstitial carbonic 
anhydrase activity during postnatal development affect the kinetic parameters of the 
mechanism. Supported by the Academy of Finland.

AXON GUIDANCE MECHANISMS AND PATHWAYS IV

711.1

Netrin-1 Increases During Rat Peripheral Nerve 
Regeneration R.D, Madison* l 2.3, and G.A. RobinsonL iDiv. 
of Neurosurgery, and 2 Dept. Of Neurobiology, Duke Univ. Med. Ctr., 
and 3VA Med. Ctr., Durham, NC 27710.

The presence of netrin mRNA in rat peripheral nerve was originally 
suggested by using a modified aRNA expression profiling technique 
(Madison & Robinson, BioTechniques, 1998) to screen for differential 
gene expression. This initial observation was directly confirmed by 
PCR, DNA sequencing, and immunohistochemistry which localized 
the protein to Schwann cells (Madison and Robinson, Soc. Neurosci. 
Absts.. 1998). The aim of the current study was to determine if netrin- 
1 levels (both mRNA and protein) are altered during nerve 
regeneration.

Adult male Sprague Dawley rats (N=6) received unilateral sciatic 
nerve transection and repair under deep anesthesia, with the 
contralateral nerve serving as a control. Four of the repaired and 
control nerves were processed individually for competitive PCR, and 
the remaining two animals were used for immunohistochemistry using 
paraffin embedded sections of the distal nerve (PC364, Oncogene 
Research Products; and S-100, Dako, Corp). The results show that 
netrin-1 mRNA is normally expressed at low levels in sciatic nerve, 
however there is a dramatic increase in the distal nerve four weeks 
following nerve transection and repair (~40 fold). Similarly, netrin-1 
protein is not detectable in normal nerve, but in regenerating nerve 
many Schwann cells are immunopositive. Supported by NS22404-13 
(RDM), VA Research Service (RDM), and Brain Injury Research Fund (GAR).

711.2

RECOVERY OF FIBER TYPE REGIONALIZATION AFTER REINNERVATION 
IN RAT HINDLIMB MUSCLES. L.C.Wang and D.Kernell* Dept. 
Med. Physiol., Univ. Groningen, The Netherlands

We have recently mapped out regional differences in 
fiber type composition within the muscles of the rat's 
lower hindlimb. Here we analyze the extent to which such 
patterns of fiber type regionalization are re-established 
following reinnervation. In young adult rats (n=5), five 
muscles were studied after sectioning and resuturing of 
the sciatic nerve above the knee (ext.dig.long.; flex. 
hall.S dig.long.; gastr.med., GM; peron.long.; tib.ant.). 
In two other groups of rats, only the GM nerve was cut 
close to the muscle and reinserted, either at its original 
entry site or more medially. Contralateral muscles served 
as controls. After 5 months survival, cryostat sections 
were prepared from different proximo-distal levels. Muscle 
cross-section outlines and the positions of all "slow" 
type I fibers (black, myofibrillar ATPase staining) were 
determined. On average, an almost completely normal 
direction of type I fiber regionalization was found for 
each target muscle, within cross-sections as well as,along 
the proximo-distal axis. There were in all reinnervated 
cases clear signs of fiber type grouping (many inter-fiber 
distances less than 50 ^im). Normal directions of type 
I fiber regionalization after reinnervation apparently 
largely reflected a regionalized ingrowth of slow motor 
axons.

Investigations supported by University of Groningen.
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711.3

PATTERNS OF AFFERENT PROJECTIONS TO DENTATE GYRUS IN 
VITRO. A. Tran, J Baratta, J. Yu* and R.T. Robertson, Departments of 
Anatomy & Neurobiology and of Physical Medicine & Rehabilitation, 
College of Medicine, University of California, Irvine, CA 92697.

Cholinergic neurons of the medial septum send their axons to the 
dentate gyrus of the hippocampus in a characteristic laminar pattern of 
termination that targets the proximal portion of granule cell dendrites. 
This characteristic pattern also is formed in vitro by co-cultured septum 
and hippocampus. Cholinergic neurons from other parts of the basal 
forebrain, which do not project to the dentate in vivo, form a similar 
laminar pattern in vitro, demonstrating that the proximal portions of 
dentate gyrus granule cell dendrites provide an attractive, and perhaps 
non-exclusive, target site for afferents. Experiments reported here 
explored whether other sources of afferents would also form the 
characteristic laminar pattern of ingrowth. Slices of hippocampus and 
neocortex were taken from postnatal day 4 (P4) to P6 rat pups and co-
cultured with slices of other tissues taken at PO - P6. Slices were 
maintained as co-cultures for 1-2 weeks before fixation and processing 
for histochemistry or immunocytochemistry. Cholinergic afferents from 
septum and from substantia innominata formed virtually identical patterns 
of growth into the dentate gyrus. Cholinergic afferents from the striatum 
(which never project to hippocampus in vivo) also form the same pattern, 
but cholinergic axons from the habenula do not grow into the dentate 
gyrus. Monoaminergic afferents from co-cultured brainstem regions are 
under study. These data support and extend the work of Gahwiler and 
Hefti (1984) and demonstrate that the dentate gyrus presents a partially 
selective target site for afferent axons. Supported by NIH grant NS 30109 
and UC-systemwide BREP 98-02.

711.4
CHOLINERGIC AXONAL INGROWTH TO HIPPOCAMPUS AND 
NEOCORTEX: QUANTITATIVE STUDIES USING COMBINED 
DISSOCIATED CELL AND ORGANOTYPIC CULTURES. J. Baratta*, J. 
Yu, and R.T. Robertson. Departments of Anatomy & Neurobiology and 
of Physical Medicine & Rehabilitation, College of Medicine, University of 
California, Irvine, CA 92697

Previous studies from this and other laboratories have demonstrated 
organotypic patterns of cholinergic ingrowth into co-cultured neocortex 
and hippocampus. Studies aimed at understanding the mechanisms by 
which growing cholinergic afferents reach their targets will be greatly 
facilitated by quantitative approaches, in which pattern and extent of 
ingrowth can be compared between different culture conditions. To aid 
this effort, we are developing a method that will allow a consistent number 
of cholinergic (or other) afferent cells to be co-cultured along with the 
target cortical tissues. Basal forebrain neurons from gestational day 17 
fetuses were dissociated and plated on 1mm discs of Millipore Biopore 
membranes coated with laminin. The membrane discs with cells are 
maintained in culture medium, supplemented with NGF, for 1 day to allow 
the basal forebrain cells to attach. The membrane discs are then treated 
like tissue slices, placed in culture dishes in proximity to slices of 
neocortex and/or hippocampus, and maintained as co-cultures. As a 
control, some discs are maintained in NGF supplemented culture medium 
without co-cultured tissue slices. After 1-2 weeks in vitro, the co-cultures 
are fixed and processed for AChE histochemistry. Isolated discs 
maintained with NGF-supplemented medium serve as reference points and 
reveal the presence of consistent numbers of cholinergic neurons. These 
studies allow quantitative assessments of cholinergic ingrowth in the co-
cultures. Supported by NIH grant NS 30109 and UC-systemwide BREP 
98-02.

711.5

Targeting Axon Growth along a Preformed Pathway from Transplanted 
Neurons to a Neurotrophic Source. George M. Smith*, Peter Johnson.
Aiith Nair. Mario I. Romero. Dept. of Anesthesiology and Pain Management,
U.T. Southwestern Medical School, Dallas, TX 75235-9068.

Fetal neuronal transplants have been used as either a supplementary 
source of neurotransmitter or to act as a bridge across an injury site. Rarely 
do neurons in these transplants reestablish the destroyed neuronal circuit. In 
order to reestablish the circuit, axonal growth from the transplant must be 
directed to the appropriate synaptic target location. In this study, we 
evaluated the prospect of directing axon growth out of a dorsal root ganglion 
neuron transplant in the cerebral cortex along a preformed pathway co-
expressing FGF-2 and the LI cellular adhesion molecules towards a 
neurotrophic target (NGF). Expression of these molecules both along the 
pathway and in the target were generated using replication-defective 
adenovirus. Four pathway/target combinations were used to test the 
specificity of axonal growth towards the target. The first combination served 
as a control and consisted of a pathway and target expressing LacZ; the 
second consisted of a pathway and target of FGF-2 and LI; the third 
consisted of a pathway of LacZ and a target of NGF; and the fourth consisted 
of a pathway of FGF-2 and LI and a target of NGF. Two targeting paradigms 
were examined in which cortical transplants were directed into either the 
ispilateral striatum or across the corpus callosum to the contralateral striatum. 
Neurons isolated from either postnatal day 2 or 14 DRGs were examined. 
Robust axonal growth out of the transplant, along the pathway and towards 
the target was only observed in animals injected with a pathway of FGF-2 
and LI and a target of NGF. Supported by NIH NS33776 to GMS.

711.6

PHOSPHATIDYLINOSITOL-SPECIFIC PHOSPHOLIPASE C (PI-PLC : 
EC 3.1.4.10) TREATMENT OF MUSCLE MEMBRANES DISRUPTS 
POSITIONALLY SELECTIVE GROWTH OF EMBRYONIC SPINAL 
CORD NEURITES. S. R. Chadaram* and Michael B. Laskowski. Department 
of Biological Sciences, University of Idaho, Moscow, ID-83844-4207.

Motor neurons form orderly topographic maps on their targets. Such maps are 
detectable in embryos and are partially restored upon reinnervation. Neurites 
from embryonic rat spinal cord slices grow selectively on stripes of membranes 
derived from neonatal muscles, preferring to grow on membranes of similar 
rostrocaudal position. We have previously shown that the tyrosine kinase family 
of ephrin A ligands is expressed in muscles endogenously and their 
overexpression or deletion significantly disrupts the topographic map.

Here we ask whether deletion of these ephrin A ligands from muscle 
membranes affects topographic selectivity in vivo. We treated PO rat muscle 
membranes with phosphatidylinositol-specific Phospholipase C (PI-PLC: EC 
3.1.4.10) from B. cerus. PI-PLC is an efficient cleaver/releaser of most 
glycosylphosphatidylinositol (GPI)-anchored proteins from cell membranes. 
When the treated membrane fragments were laid as alternating lanes in the stripe 
assay, the positionally selective growth of embryonic spinal cord neurites, is 
lost. The weak rostral preference of embryonic rostral spinal cord neurites was 
weakened further with considerable increase in their randomness. In contrast, 
strong caudal preference of embryonic caudal spinal cord neurites was 
significantly reduced forming nearly equally selective growth on rostral or 
caudal membranes. These results indicate that GPI-anchored molecules are 
involved in axon guidance, and further support an essential role for ephrin A 
ligands in neuromuscular topography. Supported by NIH.

711.7

TARGET REGULATION OF TRIGEMINAL SENSORY AXON 
GROWTH AND PATTERNING IN CHICK-RAT CHIMERIC EXPLANT 
COCULTURES. A. Haeberle* and R. S, Erzurumlu. Dept. Of Cell Biology 
and Anatomy, and Neuroscience Center, LSU, New Orleans, LA 70112.

Avian and rodent trigeminal neurons share common features in their 
neurotrophin requirements and target-directed growth. The whisker pad (WP) 
is the major target of the rat trigeminal ganglion (TG) and the infraorbital nerve 
(IO) is its largest peripheral component. The chick maxillary process (MP) is a 
small target field and the IO nerve is smaller than the ophthalmic or mandibular 
nerves. In the developing WP, IO axons course in thick fascicles from a caudal 
to rostral direction and form circular terminal plexi around each follicle. In the 
chick, IO axons travel as a thin bundle and branch into terminal fascicles with no 
specific patterning. We cocultured E15 rat TG with E5-6 chick MP or chick TG 
with rat WP explants in serum-free medium for 3-5 days. At the time of culture, 
the bilobed chick TG explants were small in size (each lobe about the size of an 
E15 rat DRG), and the rat TG explants were larger than the chick MP explants. 
After 3 days in vitro, chick TG explants tripled in size while rat TG explants 
diminished in size (presumably due to cell death). We examined TG axon 
growth patterns with Dil labeling or neurofilament immunohistochemistry. 
Chick TG axons showed robust growth in WP explants, thick bundles of axons 
travelled between follicle rows and often formed circular plexi around individual 
follicles. However, these axons were not as well patterned as rat TG axons 
growing into the WP. In the chick MP, rat TG axon growth was sparse, yet 
comparable to the normal innervation density of this target field in vivo. 
Furthermore, rat TG axons did not show any patterning. Collectively these 
results show that both chick and rat TG cells respond to similar target-specific 
peripheral cues in the establishment of innervation density and patterning. 
Research supported by NIH.

711.8

HIERARCHY OF DIRECTIONAL CUES IN CNS GROWTH CONE 
GUIDANCE: SUBSTRATUM SHAPE VERSUS A WEAK ELECTRIC 
FIELD.
Ann M. Rainicek*, James S. Drever, Matthew R. Nangle & Colin D. McCaig.
Department of Biomedical Sciences, Institute of Medical Sciences, University of 
Aberdeen, Aberdeen AB25 2ZD, UK.
Developing embryos maintain a self-generated DC electric current that is required for 
proper development of the CNS. Pattern formation of the CNS is also influenced by 
substratum contour. We examined the relative cooperative and competetive 
influences of substratum shape and a weak electric field presented simultaneously. 
Xenopus spinal neurons were grown on quartz microscope slides etched with a 
pattern of parallel, evenly spaced grooves 90 or 130 nm deep and 1 or 2 p,m wide. 
Neurons were exposed to a DC electric field aligned either parallel or orthogonal to 
the groove/ridge axis. In the absence of an electric field >90% of Xenopus spinal 
neurites grow parallel to the groove direction and on a planar quartz surface, neurites 
turn through large angles to grow toward the cathode and increase their growth rates 
toward the cathode. When the field and the grooves are parallel to each other there is 
a cooperative effect, which enhances growth directly toward the cathode. When the 
field was orthogonal to the groove direction the response was more complex, with 
cathode-facing neurites growing directly toward the cathode, thus ignoring the 
contact guidance cues presented by grooves. Neurites aligned parallel to the groove 
direction (at a right angle to the field) ignored the field and followed the contact 
guidance cues provided by the grooves. Neurites facing anodally turned through an 
average angle of 70 degrees away from the anode to align parallel to the groove 
direction. Confocal microscopy was used to investigate growth cone structure under 
all conditions. Our results indicate that CNS growth cones interpret simultaneous 
electrical and contact guidance cues in both cooperative and competetive ways, a 
situation that exists in situ.

Supported by the Wellcome Trust
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711.9
GRADIENT SHAPE ENCODES GROWTH CONE GUIDANCE INFORMATION 
IN VIVO. C. M. Isbister*, P. J. Mackenzie and T.P. O’Connor. Department of 
Anatomy, University of British Columbia, Vancouver, Canada, V6T 1Z3.

We demonstrate that during the period of Ti pioneer neuron axonogenesis and 
outgrowth the repulsive guidance cue grasshopper Semaphorin 2a (Serna 2a) is 
expressed in overlapping distal-proximal and dorsal-ventral gradients, with highest 
expression occurring in the distal and dorsal limb compartments. Interestingly, 
these gradients display different spatial decay constants: the exponential gradient of 
Serna 2a protein along the distal-proximal axis is significantly steeper than the 
exponential gradient along the dorsal-ventral axis. Therefore, to determine whether 
the shape of the Serna 2a gradient has functional significance for the pathfinding of 
Ti pioneer growth cones, we recorded the frequency of aberrant Ti pioneer neuron 
extension up the different Serna 2a chemorepulsive gradients. We found that Ti 
growth cones rarely project up the steep distal-proximal gradient of Serna 2a, 
whereas the majority of aberrant projections occur along the shallow dorsal-ventral 
gradient. Blocking the function of the Serna 2a gradients leads to a 10 fold increase 
in projection abnormalities and a disappearance of the skewed distribution of error 
subtypes, with distal projecting axons and Ti cell bodies with multiple short axons 
occurring as frequently as dorsal projecting axons. These results demonstrate that it 
is the steep distal-proximal gradient of Serna 2a that determines the initial proximal 
extension of the Ti pioneer growth cones. Furthermore, although the gradient 
steepness differs, the levels of Serna 2a surrounding the Ti cell bodies in the distal- 
proximal gradient are comparable to those observed in the dorsal-ventral gradient. 
Since the dorsal limb compartment is a region Ti growth cones readily explore, in 
contrast to the distal limb compartment, these results suggest that it is the steepness, 
or shape, of the distal-proximal gradient that encodes the critical chemorepulsive 
information. (Supported by MRC of Canada and The Rick Hansen Foundation.
We would like to thank Dr. T.H. Murphy for the generous use of his equipment.)

711.10

SENSORY AND MOTOR AXONS PAUSE INDEPENDENTLY IN THE 
PLEXUS REGION AND EXIT IN RESPONSE TO CUES DERIVED 
FROM THE LIMB. GY, Wang* and S.A, Scott. Dept. of Neurobiology 
and Anatomy, University of Utah School of Medicine, Salt Lake City, UT 
84132

During development, motor axons grow out slightly before sensory 
axons, and wait at the base of the limb for approximately 24 hr before 
invading the limb itself. We have begun to investigate the mechanisms 
responsible for, and the functional significance of, this waiting period. 
First, we asked whether outgrowing sensory axons also wait in the 
plexus region. TrkC staining in normal chick embryo hindlimbs showed 
that most sensory axons arrive at the plexus region by St.22 and, like 
motor axons, wait approximately one day before advancing into the limb. 
To test whether sensory neurons require motoneurons to wait in or exit 
from the plexus region, we removed motoneurons prior to axon 
outgrowth. In the absence of motoneurons sensory axons reached the 
plexus region, paused, and exited on schedule. To test whether motor 
axons pause to allow sensory axons to catch up before invading the 
limb, we eliminated sensory neurons by removing the neural crest. In 
the absence of sensory neurons, motor axons grow out, pause and 
invade the limb normally. Thus, sensory and motor axons can grow to, 
wait in, and exit from the plexus region independently of each other.

We then asked why do neurons pause in the plexus region, and what 
allows them to leave? Are outgrowing axons simply too immature to 
respond to permissive cues in the limb, or is the limb not yet favorable for 
axon growth? To distinguish between these possibilities, we grafted 
older limb buds (St.21-22) onto younger hosts (St. 17). Axons from the 
host embryo invaded the transplanted limb prematurely, with little or no 
delay, on a schedule dictated by the donor limb, but paused like normal 
in the host limb. Thus, axons wait in the plexus region for maturational 
changes to occur in the limb rather than in the neurons. Future studies 
will investigate the molecular changes in the limb that allow axons to 
invade it. Supported by NIH NS 16067 to SAS.

711.11

EFFECTS OF PREMATURE TARGET INNERVATION ON THE 
DEVELOPMENT OF SENSORY AND MOTOR NEURONS IN THE CHICK 
HINDLIMB. S.A, Scott* and GY, Wang. Dept. of Neurobiology and 
Anatomy, University of Utah School of Medicine, Salt Lake City, UT 84132.

During normal development, outgrowing sensory and motor axons pause 
for approximately 24 hr in the plexus region at the base of the limb before 
invading the limb itself. Within the plexus region, axons from different 
segmental levels come together and sort out before projecting selectively to 
their respective peripheral targets. We have shown that this waiting period 
can be essentially eliminated by transplanting an older limb bud (St.21-22) 
onto a younger (St. 17) host embryo; axons grow into the transplanted limb 
with little or no delay. We have used this preparation to ask whether the 
waiting period is required for axons to sort out accurately. That is, are 
peripheral projections established selectively if axons grow into the limb 
without pausing within the plexus region? In preliminary experiments, the 
distributions of sensory and motor neurons retrogradely labeled from 
individual muscles in host and transplanted limbs were indistinguishable, 
despite the donor limbs being 2-3 stages more mature than host limbs. Thus, 
neither sensory nor motor axons require a prolonged period in the plexus 
region to project to their appropriate peripheral targets.

We are currently investigating whether premature innervation of peripheral 
targets, which occurs following transplantation of older donor limbs, 
accelerates neuronal maturation. Preliminary results indicate that the lateral 
motor column and dorsal root ganglia are smaller on the operated side than 
on the control side, suggesting that early target innervation may accelerate 
the onset of naturally occurring cell death. In contrast, the central projections 
of sensory neurons, unlike their peripheral projections, are similar on control 
and operated sides. Premature innervation of peripheral targets does not, 
therefore, override the early inhibitory character of the dorsal horn. Future 
experiments will investigate whether the biochemical maturation of sensory 
neurons can be accelerated by premature innervation of peripheral targets. 
Supported by NIH NS16067 to SAS.

711.12

NEURO-ATTRACTIVE AND NEURO-REPULSIVE ACTIVITIES OF 
MERKEL AND EPITHELIAL CELLS FROM SINUS HAIR FOLLICLES 
IN COLLAGEN-GEL CULTURE. J. Fukuda*, H. Ishimine, S. Tsukada 
and K. Keino-Masu. Department of Physiology, National Defense 
Medical School of Japan, Tokorozawa, Japan 359.

Sinus hair follicles in whisker pad have mechano-receptor 
organs that are consisted of Merkel cell-nerve fiber complex and free 
nerve endings around their shafts. To examine how the sensory nerve 
fibers innervate the receptor organs, dorsal root ganglia (DRG) and 
trigeminal ganglia (TRG) were co-cultured with shafts of sinus hair 
follicles in collagen-gel. During culture in a serum-free medium, nerve 
fibers from newborn rat DRG and TRG grew preferentially towards the 
shafts of hair follicles dissected from the same animals. Such 
preferential growth of nerve fibers was seen even in the presence of a 
high concentration (50 ng/ml) of either NGF, BDNF, NT3, NT4, or all of 
the four species of neurotrophic factors in the medium; the preferential 
growth of nerve fibers was not due to that these neurotrophic factors 
were released from the receptor organs. In contrast, preferential growth 
of nerve fibers was not seen when E15-E17 DRG was co-cultured with 
newborn sensory organs. Moreover, nerve fibers of E13 and E14 DRG 
grew in a repulsive manner from the sensory organs from newborn rats. 
No attractive and repulsive growth was seen from nerve fibers grown 
from E14 retina, E19 hippocampus, E19-P5 cerebellum, E14 and E18 
spinal cord. Immuno-stains against synapsin 1 and synaptotagmin 
indicated accumulation of these synaptic proteins around the receptor 
organs. Altogether, we consider that innervation of the receptor organs 
by the sensory nerve fibers is likely achieved in the present serum-free 
culture system.

711.13

SELECTIVE NEURITE OUTGROWTH FROM MONGOLIAN GERBIL 
LUMBOSACRAL SPINAL CORD ONTO HORMONE-TREATED MUSCLE 
MEMBRANES IN VITRO. B. Mathison* and C. Ulibarri. Dept of VCAPP, 
College of Vet Med, WSU, Pullman WA 99164.
The spinal nucleus of the bulbocavernosus (SNB) in gerbils develops under the 
control of perinatal and peripubertal hormones. Male gerbils have about 300 
SNB motoneurons prior to puberty and 400 after completing puberty. At this 
point, the process underlying this difference is unclear. However, during any 
development period appropriate nerve-target interaction must occur. Previous 
studies have shown preferential growth of axons towards their target tissue in 
vitro, whether determined by positional labels or by gradients of specific 
membrane-bound guidance molecules. Adult gerbils were castrated and 
implanted with Silastic™ capsules containing testosterone propionate (TP), 
estradiol benzoate (EB), dihydrotestosterone (DHT), DHT+EB or nothing. 
Intact animals were used as controls. Membranes were prepared from 
bulbocavernosus muscles (harvested 4 weeks after surgery). Following laminin-
coating of nucleopore filters, membranes were coated onto the filters in 6-well 
culture dishes. Spinal cords were collected from postnatal day 1 gerbils, isolated 
and 300 /jm sections collected. Sections were then placed on the membrane- 
coated filters and incubated in culture medium for 5-7 days in a 5%CO2-95%air 
humidified atmosphere, fixed with 4% paraformaldehyde in phosphate-buffered 
saline, and stained with anti-neurofilament antibodies using a standard 
immunohistochemistry avidin-biotin protocol. Initial results suggest that BC 
muscle membranes from TP-treated male gerbils promote greater growth than 
do BC muscle membranes from castrated male gerbils. Supported by 
NIHCHHD-HD 30299 to CU.

711.14

NEGATIVE REGULATION OF AXON EXTENSION IN VIVO IS 
ASSOCIATED WITH THE MUSCLE TARGET OF AN IDENTIFIED MOTOR 
NEURON. P, Clark. A.E, Crowley, and J, Jellies*, Department of Biological 
Sciences, Western Michigan University, Kalamazoo, MI 49008.

The heart excitor (HE) motor neuron in the leech, Hirudo medicinalis, extends 
axons in the body wall before the appearance of the intersegmental tubular heart 
(HT), its definitive target. Recent in vitro studies from our lab have implicated a 
negative regulation over HE growth once neuromuscular contact has occurred. 
Additionally, previous studies revealed that if the HT was ablated the HE continued 
to elaborate arbors in the body wall. To test the hypothesis that a “stop-signal” 
stabilizes HE on the HT, we generated embryos in which HE in a single segment 
(Mil) was provided with an expanse of synaptically naive target. We extirpated 
ganglionic primordia in M7-M10 and M12-M15 at E10 before emergence of HT. 
After 5 or 7 days, axons in dissected and fixed embryos were labeled using a tubulin 
mAb. We measured axon extension along the HT anterior and posterior from the 
midpoint. Lengths were normalized to the distance between landmarks 
(nephridiopores) in adjacent segments. At 5 days axons extended along the HT in the 
segment of origin as well as into half the adjacent segments. The normalized arbor 
length was 0.87 ± 0.05 (SEM). At 7 days there had been no further extension 
relative to general elongation. The lengthwise arbor measured 0.90 ± 0.06. To 
determine whether there was any axon extension following neuromuscular contact 
we labeled HE motor neurons intracellularly at Ell, before the HT emerged. The 
length of HE axons in the body wall was 0.88 ± 0.03. Thus, neuron extension 
remains relatively static following target contact, even when presented an expanse of 
never-innervated muscle. There were no interactions with processes from 
segmentally homologous neurons. Thus, we conclude that there is a target- 
associated stop-signal that acts during normal development in vivo to stabilize HE 
terminal arbors on its definitive target muscle. Supported by NSF 9724064 (JJ).
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711.15

A PEPTIDE LIGAND OF NCAM IGI DOMAIN PREVENTS NCAM 
INTERNALIZATION AND DISRUPTS PASSIVE AVOIDANCE 
LEARNING. H.C. Gallagher1*, A.G. Foley1, B. Hartz2, L.C. Ronn2, V. 
Berezin2, E. Bock2 and C.M. Regan1, department of Pharmacology, 
University College Dublin, Belfield, Dublin 4, Ireland. 2The Protein Laboratory, 
University of Copenhagen, Panum Institute, 3C Blegdamsvej, DK-2200 
Copenhagen N, Denmark.

Using a combinatorial chemistry approach, a peptide (C3) has been 
identified that binds to the Igl domain of NCAM, with an affinity equivalent to 
that for NCAM Ig domain II. In vitro, C3 disrupts trans homophilic NCAM- 
NCAM interactions between Ig domains I and II, with the concomitant loss of 
neurite growth promoting activity. Intracerebroventricular administration of a 
single 5pg bolus of C3 in the 6-8h post-training period inhibited recall of a 
passive avoidance task in adult rats. The amnesic effect of C3 was similar to 
that seen with anti-NCAM, as it emerged slowly, not becoming apparent until 
the 48h recall time. Unexpectedly, C3 administration during task acquisition 
also inhibited recall at 48h. Moreover, it also prevented learning-associated 
NCAM internalization, via activation of the ubiquitin pathway, at the 4h post-
training period. It is therefore suggested that C3 antagonizes distinct 
functions of NCAM in memory consolidation during acquisition and in the 6-8h 
post-training period. While the latter window has been previously identified 
with anti-NCAM and most likely relates to the requirement for CAM-dependent 
signaling, the role of NCAM during acquisition, as identified by C3 
administration, is proposed to involve a trans homophilic interaction between 
Ig domains I and II. This may initiate the targeted removal of the CAM from 
the cell surface and serve as a clearing event for the removal of inhibitory 
constraints on memory storage in the period preceding synaptic growth. 
Supported by the Health Research Board of Ireland, Enterprise Ireland, The Lundbeck 
Foundation, The Danish Cancer Society and The Danish Medical Research Council.

711.16
COCAINE-INDUCED PLACE PREFERENCE AND ACTIVITY 
IN CD81 DEFICIENT MICE. L. Michna1, M. Brenz- 
Verca5, S,_Cheii2, J. Lee2, J., Rogrove2, R, zhouL.
E. Tsitsikov4, G.C. Miescher5, J-L. Dreyer5 and
G.C, Wagner2*. Toxicology1, Psychology2, 
Chemical Biology3 Depts. Rutgers Univ. New 
Brunswick, NJ 08903; Pediatrics Dept.4, 
Harvard Med. School, Boston, MA; Inst. 
Biochemistry5, Univ. Fribourg, Switzerland.

The CD81 protein, also identified as the 
target of an anti-proliferative antibody, is 
found on astrocytes and is upregulated after 
neuronal injury or cocaine exposure. Mice 
lacking this protein were evaluated in the 
place-preference and locomotor activity 
procedures following IP cocaine (0.1-10 mg/kg). 
Relative to controls, CD81-deficient mice 
exhibited a reduced sensitivity to cocaine- 
induced reward and hyperactivity. However, 
these mice were found to have no change in the 
levels of dopamine or its metabolites in the 
striatum. Results are discussed in terms of 
the role of CD81 in mediating neural responses 
to cocaine.

Supported by 1R01-DA11480 and a Charles 
and Johanna Busch Bequest.

711.17

REGULATION OF EphBl EXPRESSION BY DOPAMINE SIGNALING 
A.K. Halladay*1, Y. Yue2, L, Michna3, G.C. Wagner1 and R.P. Zhou2.
Departments of Psychology1, Toxicology3, and Laboratory for Cancer Research2, 
Rutgers University, Piscataway, NJ 08854.

The Eph family tyrosine kinase receptors and ligands play critical roles in the 
devlopment of neural circuits, and have been implicated in dopamine-mediated 
neural plasticity. In the present study we showed that depletion of dopamine by
6-hydroxydopamine (6-OHDA) administration significantly reduced the expression 
of EphBl in several brain areas including the cortex, thalamus and substantia 
nigra. Thirteen days after 6-OHDA administration to 3 day old mice, dopamine 
levels were reduced by 97 % in the striatum, 90 % in the cortex and 55 % in the 
tegmentum. In these dopamine-depleted mice, EphBl expression is severely 
reduced, indicating that EphBl-expression is dependent on dopamine signaling. 
Consistent with this observation, prenatal exposure to cocaine increased EphBl 
mRNA levels (42% in the coretx and 36% in the substantia nigra). Additionally, 
postnatal administration of cocaine on days 3-15 also induced EphBl expression. 
These studies suggest that dopamine signaling regulates the expression of EphBl. 
Since the Eph family receptors play key roles in regulating axonal growth and 
targeting, the regulation of EphBl by dopamine raises the possibility of circuit re-
wiring in neural plasticity mediated by the dopamine pathways.

Supported by 1RO1-DA11480 and a Charles and Johanna Busch Bequest

711.18
ANATOMICAL AND TEMPORAL SPECIFIC PATTERNS OF
SEMAPHORIN GENE EXPRESSION IN RAT BRAIN AFTER KAINIC ACID 
INDUCED STATUS EPILEPTICUS. G.N. Barnes*. Y, Luo. A. Ebens. & 
J.O.McNamara. Division of Neurology, Duke University Medical Center, 
Durham, NC and Exelixis Pharmaceuticals, Inc, South San Francisco, CA 
Mossy fiber axonal sprouting and other forms of synaptic reorganization may 
form the basis for recurrent excitatory networks in epileptic foci. Four major 
classes of axon guidance molecules, such as the ephrins, netrins, slits, and 
semaphorins provide targeting information to outgrowing axons along 
predetermined pathways during development. These molecules may also 
play a role in synaptic reorganization after injury in the adult brain and 
thereby promote epileptogenesis. We studied semaphorin gene expression 
assessed by in situ hybridization using riboprobes generated from rat cDNA 
in an adult model of synaptic reorganization, kainic acid (KA) induced status 
epilepticus (SE). Within the first week after KA induced SE, Semaphorin E, a 
class III semaphorin, mRNA content is decreased in CA1 area of 
hippocampus and increased in upper layers of cerebral cortex. These 
changes in gene expression are confined principally to neurons. By contrast, 
there was little change in content of semaphorin D and semaphorin F at this 
time. No changes in expression of any of these three semaphorin genes 
were detected 28 days after KA induced SE. Regulation of semaphorin gene 
expression following KA-SE suggests that neurons may regulate the 
expression of axonal guidance molecules and thereby contribute to synaptic 
reorganization after injury of the mature brain. The anatomic locale of the 
altered gene expression may serve as a marker for specific networks 
undergoing synaptic reorganization in epileptic brain. Supported by NINDS 
K08 NS01991-01, NINDS R01 NS32334, and Exelixis Pharmaceuticals, Inc.

GLIA AND OTHER NON-NEURONAL CELL SPECIFICATION AND DIFFERENTIATION: 
GLIAL REACTIVITY

712.1

DEVELOPMENT AND LOCALIZATION OF METALLOTIONEIN 
(MT-1, -2 AND MT-3) IMMUNOREACTIVE ASTROCYTES BY 
PEPTIDE NEURON IN HYPOTHALAMUS OF RATS. Toshiaki 
WATANABE*, Susumu KATO and Hiroshi YAMASHITA Department 
of Anatomy (I), Jikei University School of Medicine, Tokyo, JAPAN

Metallothionein (MT-1, -2 and -3) immunoreactive astrocytes in 
hypothalamus of Sprague Dawley (SD) rats were immunohistochemically 
examined using anti-MT-1, -2 (MT) monoclonal and/or anti-MT-3 (GIF) 
polyclonal antibodies. In adult SD male rat, MT immunoreactive cells 
(MT-cell) were localized on inner layer of Median eminence (ME) and on 
arcuate nucleus (ARC). In course of aging, MT was first detected on 
postnatal lday (Pl) on internal layer of ME. The number and area of MT- 
cells were increased significantly (p< .01) at old-age stage from P120 to 
P180 and at young-age stage from P5 to P30, respectively. In the other hand, 
highest immunoreactivity against GIF was detected at P30, and was 
gradually decreased to 39% level of P30 at Pl80 on neuronal plexus fiber of 
extra layer of ME. On ARC, MT-cells could be found at P10. After P10, 
both number and area of MT-cell increased significantly (p< .01) at adult- 
age stage from P30 to P90. Further more, cellular processes or cell bodies 
of MT-cells were adjacent to the cell body of tyrosine hydroxylase and (3- 
endorphin immunoreactive natron on ME and ARC, respectively.

712.2

INDUCTION OF HYPOXIA INDUCIBLE FACTOR (HIF-1) BY LEAD IN 
HUMAN FETAL ASTROCYTES. Mir Ahamed Hossain* and John Laterra. 
Dept. of Neurology, Johns Hopkins Sch. of Med. and Kennedy Krieger 
Research Institute, Baltimore, MD 21205.

Hypoxia inducible factor (HIF-1) is a nuclear protein which is 
essential for transcriptional activation of several hypoxia-inducible genes 
encoding for proteins that mediate homeostatic responses to reduced oxygen 
supply and altered metabolic demands. Lead is a widespread environmental 
neurotoxicant whose developmental neurotoxicity remains a major medical 
issue. However, the exact mechanisms of action of lead has not been fully 
elucidated. We examined the effects of lead on HIF-1 activity in immortalized 
human fetal astrocyte cultures. Induction of HIF-1 was determined by 
electrophoretic mobility shift assay and quantified by phosphor imaging. 
Maximum induction of HIF-1 resulted from exposing cells in medium 
containing 10% serum to 10 /^M lead acetate for 4 h. The HIF-1 specific 
bands disappeared when nuclear extracts were preincubated with 100-fold 
molar excess of unlabeled probes. Induction of HIF-1 was increased 86% by 
lead (10 ,uM; p<0.01) and 96% by the protein kinase C (PKC) agonist PMA 
(100 nM; p<0.05). Pretreatment with GF109203 (2 piM), a specific inhibitor 
of PKC, inhibited lead and PMA induction of HIF-1. Expression of VEGF, a 
HIF-1 regulated gene, was also increased following lead (74%, p<0.01) and 
PMA (122%, p<0.001) treatment as determined by Northern blot analysis, and 
is consistent with the activation of HIF-1 mediated downstream transcriptional 
events. These findings suggest that lead activates the transcription factor HIF-1 
via a PKC-dependent pathway. Supported by NIH grant PO1 ES08131.
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712.3

INCREASED INTRACELLULAR CALCIUM AND GDNF 
PRODUCTION IN HUMAN FETAL ASTROCYTES UPON 
STIMULATION OF D-j RECEPTORS. R. Geffen* N. KinoA
E. Golomb , S.R. Sampson*1 and G. Yadid ~ Faculty of Life Sciences, 
Bar-Ilan University, Israel, and Department of Pathology, Sackler 
Medical School, Tel-Aviv University, Israel

The use of fetal astrocytes for gene delivery into brains with 
neurodegenerative diseases has been suggested. Therefore, the effects 
of neurotransmitters in the brain on such cells is of interest. Herein, the 
presence of DI (DI A) receptors and the effect of dopamine on a fetal 
human astrocyte cell line (SVG cells) in vitro was examined. SVG cells 
expressed DI (DIA) but not D5 (DIB) receptors, as revealed by flow 
cytometry and RT-PCR. Exposure to dopamine and its agonist, 
apomorphine, increased intracellular free calcium and glial-derived 
neurotrophic factor (GDNF) production of SVG cells by ELISA. 
Exposure to the specific DI antagonist, SCH 23390, blocked these 
effects. These findings indicate that fetal astrocytes, if implanted into a 
brain region rich in dopamine or if transfected with the tyrosine 
hydroxylase gene, may serve as autocrine cells and be able to supply 
critical growth factors to diseased brain tissue.

712.4
HETEROGENEITY OF ASTROCYTE MORPHOLOGY CHANGES IN 
RESPONSE TO SERUM DEPRIVATION. Chuna-Kil Won and Young S. 
Oh*. Departments of Medicine and Neurobiology, University of 
Alabama at Birmingham, Birmingham, AL 35294.

It is well documented that serum removal from the astrocyte 
culture medium results in conversion of flat polygonal shape 
astrocytes into process-bearing, stellate astrocytes. In this study, 
we have examined the possible existence of astrocyte heterogeneity 
derived from different regions of the brain in response to serum 
deprivation. Astrocyte cultures were prepared from six different 
regions of postnatal day 3-5 rat brains, including cortex, 
hypothalamus, hippocampus, brain stem, mid brain, and cerebellum. 
Spinal cord astrocytes were also prepared and studied. Before and 
after serum deprivation (i.e., 0.5,1, 2, 4, 6, 12, and 24 h post-serum 
deprivation), cells were fixed and determined for their level of 
stellation. Astrocytes were identified by their immunoreactivity with 
monoclonal anti-GFAP antibody (Roche). The maximum stellation 
among different regional astrocytes was generally achieved after 1- 
2 h post-serum deprivation. After 12 h, in most astrocyte cultures 
the level of stellation returned to its original level, i.e., before serum 
deprivation. We found that cerebellar astrocytes were the most 
sensitive to serum deprivation in that about 75% of astrocytes in 
culture became stellate after 2 h. The order of maximum sensitivity to 
serum deprivation among different regional astrocytes is: cerebellum 
> mid brain > hippocampus, brain stem > cortex > spinal cord > 
hypothalamus. This finding suggests that astrocytes in different 
regions of the brain may maintain different levels of plasticity in their 
morphology changes. [Supported by NIH grant NS 34877]

712.5
ESTROGEN-INJURY INTERACTIONS IN ASTROCYTE-
NEURON CO-CULTURES: DECREASED GFAP EXPRESSION
AND ENHANCED NEURITE OUTGROWTH I. Rozovskv*, M.
Wei, C.P. Anderson and C.E.Finch. Andrus Gerontology Center and
Department of Biological Sciences, University of Southern
California, Los Angeles, CA 90089.
How sex steroids influence brain responses to neurodegeneration is 

poorly understood, but is of keen importance in a view of the 
protective role of estrogen replacement therapy on the incidence of 
Alzheimer’s disease. We have developed an in vitro model of 
astrocyte-neuron co-cultures to examine interactions between lesion- 
induced neurodegeneration, astrocyte reactivity and responses to 
estrogen. As a marker of astrocyte reactivity, we evaluated 
transcriptional changes in glial fibrillary acidic protein (GFAP) 
expression using a promoter construct of 1.9 kb 5’-upstream rat 
GFAP promoter with a Luciferase reporter. We analyzed effects of 
estrogen on GFAP transcription during responses to “wounding in a 
dish” and its influence on the extend of neurite outgrowth into the 
“wound”. In astrocyte-neuron co-cultures, estrogen inhibited the 
lesion-induced GFAP transcription and enchanced neurite outgrowth. 
Because estrogen increases reactive synaptogenesis in response to 
brain lesions, and also down-regulates astrocyte reactivity by inhibiting 
GFAP expression, we suggest that estrogen-mediated decrease of 
GFAP expression might be one of the mechanisms by which estrogen 
supports reactive synaptogenesis in response to brain injury. 
(Supported by AG13499-01 and AG14571 to CEF).

712.6
DIFFERENTIAL INFLUENCES OF MICROGLIA ON ASTROGLIAL
REACTIVITY. K.M. Elcombe-Strong', G.P Morris'. R.J. Riopelle2 and R.J. 
Boegman3*. 'Dept. of Biology; 2Dept. of Medicine; 3Dept. of Pharmacology and 
Toxicology; Queen’s University, Kingston, ON, K7L 3N6.

Following neurologic insult, microglia transform into an activated state, are recruited 
to the injury site, and release numerous factors, some of which are believed to 
contribute to the structural and functional consequences of brain damage. Among the 
secretory products of activated microglia are cytokines which regulate the growth and 
function of various cell types including astrocytes, and cytotoxins, which are proposed 
to account for the progressive loss of both neurons and astrocytes after central nervous 
system (CNS) injury. The objective of the present study was to determine the 
respective contributions of direct and indirect effects of activated microglia on the 
expression of glial fibrillary acidic protein (GFAP), a marker of a reactive astroglial 
response. Primary cultures were obtained from cortices of postnatal day 5 Sprague- 
Dawley pups. Following 12 days in culture, astrocyte- and microglia- enriched 
populations were isolated separately. On day 13, half of the microglia were activated 
with lipopolysaccharide (LPS) (lOpg/ml) for 6 hours while the other half were left 
untreated. The microglia were then either plated directly onto the astrocytes or plated 
onto tissue culture inserts above the astrocytes, for 24 hours. Western blotting 
demonstrated a significant decrease in GFAP expression in the astrocytes treated 
directly with activated microglia in comparison with those treated with resting 
microglia that could not be accounted for by astrocyte death. An increase in GFAP 
expression was observed in those astrocytes exposed to activated microglia plated on 
inserts versus those exposed to resting microglia plated on inserts. While the present 
observations support published studies indicating that microglia secretory products 
produce GFAP upregulation, this study suggests that direct microglia/astrocyte contact 
modulates this response. Supported by MRC Canada.

712.7

SPECIFIC EXPRESSION OF TIGR PROTEOGLYCAN IN THE CNS 
GLIAL SCAR. M. J. Jurynec1, T. D. Nguyen2, R. J. McKeon3, and C.R. 
Buck1*. Depts. of Physiology1 and Cell Biology3, Emory University, Atlanta, 
GA 30322 and Dept. of Ophthalmology2, UCSF, San Francisco, CA 94143.

Increased deposition of extracellular matrix proteoglycans by reactive 
astrocytes following CNS injury is generally inhibitory to neuronal fiber 
growth. Because significant axon outgrowth does not typically occur through 
areas of reactive gliosis, we sought to identify genes (including those encoding 
proteoglycans) specifically expressed in the CNS glial scar.

Using differential display PCR we have identified the Trabecular meshwork 
Inducible Glucocorticoid Response (TIGR) gene as one cDNA found in the in 
vivo glial scar and not in uninjured cortex or cultured astrocytes. TIGR primary 
structure indicates homology to olfactomedins, and also contains consensus 
glycosylation sites, glycosaminoglycan initiation motifs, and hyaluronic acid 
binding domains, consistent with the possibility that TIGR is a proteoglycan 
specifically expressed by reactive astrocytes following CNS injury. Moreover, 
oxidative and/or other cellular stress could induce TIGR gene expression as 
predicted by the presence of putative NF-k |3 and heat shock protein response 
elements in the TIGR gene promoter (Nguyen et al., 1998).

We have further demonstrated a specific increase in the expression of TIGR 
in the CNS glial scar with independent RT-PCR, immunoblot, and 
immunohistochemical analyses. TIGR mRNA and protein expression is 
primarily localized to reactive astrocytes of the glial scar in the injured adult 
rat brain. We are currently investigating a functional role for TIGR in the glial 
scar and its potential role as a CNS injury-induced proteoglycan. Supported by 
the Spinal Cord Research Trust of the Paralyzed Veterans of America and NS- 
35986 (RJM).

712.8

RESPONSE OF MULLER CELLS TO OPTIC NERVE CRUSH IN THE RAT.
H. Chen and A. J. Weber*. Department of Physiology, Michigan State University, 
East Lansing, MI, 48824.

Controlled optic nerve crush has been used previously to study retinal ganglion 
cell death in the rat. In the present study, we used a rat optic nerve crush model to 
investigate the effects that optic nerve crush-induced retinal ganglion cell 
degeneration has on Muller cells, the primary type of glia in the mammalian retina.

Adult Sprague-Dawley rats received a unilateral, intraorbital, optic nerve crush, 
and were allowed to survive for either 7 or 14 days. The rats then were perfused 
with 4% paraformaldehyde and the eyecups were cut at 20 pm in the coronal plane 
using a cryostat. Double-label immunohistochemistry was performed on the retinal 
sections using antibodies against glial fibrillary acidic protein (GFAP) and 
glutamine synthetase (GS), with Texas Red and Fluorescein labels, respectively. 
Microscopic images were captured with a Kodak DC-120 digital camera and 
analyzed using Image-Pro Plus software. Additional sections also stained for GS 
were reacted using the Avidin-Biotin Complex method, and the number of GS 
positive cells were counted using a 40x objective.

Double staining of GFAP and GS was found in the processes of Miiller cells, 
while their cell bodies were positive for only GS. The mean number of Muller 
cells per 100 pm in the inner nuclear layer of the normal, 7 day, and 14 day 
animals was 13±1, 13±2, and 12±2, respectively. Baseline expression of GFAP 
was present in normal retinae with a mean optical density (OD) of 0.87±0.12?The 
intensity of the GFAP staining increased significantly at day 7, showing an OD 
value of 0.68±0.01, and an additional increase to an OD of 0.6010.13 by day 14 
(p<0.05 for both). Other preliminary data suggest that Miiller cells do not express 
the TrkB neurotrophin receptor. Together, these results suggest that Miiller cells 
respond to optic nerve damage and RGC death, but in a manner different from that 
of reactive astrocytes in the brain proper.

Society  for  Neuroscience . Volume  25, 1999



WEDNESDAY PM SYMPOSIA 1795

713
SYMPOSIUM. BASIC NEUROBIOLOGIC MECHANISMS REGULATING 
SLEEP. M.U. Gillette. Univ. of Illinois, Urbana-Champaign (Chairperson); 
C.A. Czeisler, Harvard Medical School and Brigham & Women's Hospital; 
R.W. McCarlev. Harvard Medical School and Brockton VAMC; A.I. Pack. 
Univ. of Pennsylvania School of Medicine.

Considerable progress has been made in elucidating the temporal and 
homeostatic mechanisms controlling sleep. The identification of new critical 
neuronal groups and their connections has provided a platform from which to 
launch molecular studies of regulatory mechanisms. This symposium will 
provide both an overview of recent advances and an integrated picture of the 
mechanisms controlling sleep, from molecules to behavior. The temporal 
dynamics and functional organization of sleep and wakefulness in humans 
include regulatory interactions between sleep and neuroendocrine function 
(Czeisler). These are pertinent to the effects of sleep deprivation on sleep 
and circadian rhythms. Cholinergic signals from basal forebrain and brain 
stem, primary brain sites that regulate sleep and wakefulness, feed back 
upon the hypothalamic timing system. They regulate the suprachiasmatic 
nucleus via M1 mAChRs, stimulating lnsP3-induced intracellular Ca2+fluxes 
that drive long-term changes in temporal state (Gillette). Electrophysiological 
and microdialysis studies indicate that adenosine, acting on A1 receptors of 
wakefulness-active neurons in the cholinergic zone of the basal forebrain, is 
a mediator of the sleepiness that accompanies prolonged wakefulness. 
Experimental manipulations reveal that adenosine levels in basal forebrain, 
but not other regions, regulate behavioral state changes between nonREM 
sleep and wakefulness (McCarley). Accumulating evidence suggests that 
the homeostatic drive to sleep results from a molecular cascade that 
interacts with the neuronal circuitry that regulates sleep (Pack). These topics 
will be addressed at multiple levels, and with regard to the mechanisms 
underlying sleep dysfunctions.

714
SYMPOSIUM. GENETIC AND PHARMACOLOGIC APPROACHES TO 
NEUROPEPTIDE FUNCTION. I. Lindberg, LSU Med. Ctr. (Chairperson); R.Cone, 
Vollum, OHSU; J. Tallman, Neurogen; D. Schulz, Pfizer Central Res.

Dr. Lindberg-. The neuroendocrine marker 7B2 has been implicated in the 
mechanism of activation of prohormone convertase 2 (PC2), an enzyme responsible for 
processing neuropeptide precursors to active peptides. 7B2 null mice have been 
generated which lack PC2 activity, and these animals are indeed severely deficient in 
processing neuropeptide and neuroendocrine precursors. However, in contrast to the 
PC2 null animal, 7B2 null mice show markedly elevated circulating ACTH and steroid 
levels and die between 5-9 weeks. Potential mechanisms underlying the differential 
peptide phenotypes of the PC2 and 7B2 nulls will be discussed. Dr. Cone-. MSH and 
ACTH were known historically for their role in pigmentation and steroidogenesis. 
Cloning of the receptors for these peptides has led to the identification of an additional 
three melanocortin receptors with unknown functions. A combination of gene knockout 
experiments and more conventional pharmacological approaches has recently been 
used to elucidate roles for these receptors in unexpected physiological functions as 
diverse as regulation of energy homeostasis and exocrine gland function. Dr. Tallman-. 
Small nonpeptide molecules have been designed to specifically block receptors for 
NPY and CRF. Many of these molecules have now been extensively tested in vivo. 
Examples of CRF1 and NPY1 receptor antagonists and their effects on stress and 
ACTH (CRF) and food intake (NPY) will be described. These results will be 
compared to the results seen with genetic knockouts of neuropeptide or neuropeptide 
receptors. Dr. Schulz: Many pioneering efforts probing the functional significance of 
CRF in the brain employed central administration of peptide CRF antagonists. Data 
from these studies suggest that extrahypothalamic CRF systems may be involved in 
complex syndromes ranging from anxiety and depression to substance abuse and 
withdrawal. With the introduction of potent and selective nonpeptide CRF antagonists, 
the opportunity has arisen to refine and expand such hypotheses. Recent studies that 
have utilized these newer compounds in relevant animal models will be reviewed.

SYNAPTIC MECHANISMS

715.1

LOCAL POTENTIAL SPREAD IN DENDRITES OF ELECTRICALLY 
COMPACT NEURONS. A.Borst* and S. Single, Friedrich-Miescher-Laboratory of 
the Max-Planck-Society, Spemannstrasse 37-39, D-72076 Tuebingen, Germany.

Many model simulations had postulated that potential spread in neurons is 
asymmetric (e.g. Segev, I. & Rail, W., Trends Neurosci. 21, 453-460, 1998): When 
current is injected into a large diameter compartment of the cell such as the soma, a 
major fraction of the local potential shift will reach the dendritic tips. Such neurons 
are considered as electrically compact. In contrast, when the same local potential 
shift is generated by current injection into a dendritic tip, only a small fraction of the 
local potential will reach the soma. Thus, the compactness depends on the site of 
current injection. We tested these theoretical predictions experimentally on lobula 
plate tangential cells (LPTCs) of the fly visual system, which are known to be 
electrically compact (Borst, A. & Haag, J., J. Computat. Neurosci. 3, 313-336, 1996) 
and which receive retinotopically organized, directionally selective input on their 
large dendritic tree (Borst, A. & Egelhaaf, M., PNAS 89, 4139-4143, 1992). Using 
fluorescent calcium indicators we determined the spatial spread of calcium in LPTC 
dendrites in vivo following different types of local motion stimuli. When movement 
of a grating pattern was presented within only a very small fraction of the receptive 
field or a single bar moved along the preferred direction of the cells, calcium 
accumulated locally. Since the visually induced calcium increase has been 
demonstrated to be largely voltage-gated and, thus, represents a good reporter of 
membrane potential (Single, S. & Borst, A., Science 281, 1848-1850, 1998), this 
finding demonstrates that, in electrically compact neurons, a local synaptic input 
indeed induces a local potential spread. As is demonstrated by compartmental model 
simulations, the phenomenon is based on the topology and geometry of the dendritic 
tree together with its membrane parameters.
This work was supported by the Max-Planck-Society

715.2

LINEAR VS. NONLINEAR SYNAPTIC INTEGRATION IN A 
MODEL CA1 PYRAMIDAL CELL.

T.M. Brannon*, Neuroscience Program, USC, MC 2520, and B.W. Mel. 
Dept. of Biomedical Engineering, USC, MC 1451, LA, CA 90089.

Intracellular recordings indicate that dendrites of CA1 pyramidal cells con-
tain voltage-dependent inward currents, including NMDA, Na+, and Ca+ + 
currents, which can amplify synaptic inputs and support the initiation and 
propagation of dendritic action potentials. Though dendritic spike-generating 
mechanisms would seem likely to produce strong superlinear interactions among 
nearby excitatory synapses, a recent study using dual glutamate pipettes (Cash 
& Yuste, Neuron, 1999, 22:383) found that dendritic integration in response to 
activation of both pipettes was usually linear or sublinear (compared to predic-
tion based on individual pipette responses), depending on which combination of 
dendritic compartments was activated. Similar results were obtained for synap-
tic stimulation using extracellular electrodes (see also Urban & Barrionuevo, 
PNAS, 1998, 95:11450). To determine whether superlinear synaptic interac-
tions could have been overlooked in these studies, we used detailed compart-
mental simulations of a CA1 cell to quantify interactions between two synaptic 
stimuli within the stratum radiatum, with precise control of both their inten-
sity and relative position. Consistent with experiments, we found numerous 
stimulus configurations that produced linear or sublinear integration as mea-
sured at the soma. However, superlinear integration within oblique dendrites 
could be missed whenever the two stimuli were individually sufficient to fire 
the dendritic branch(es) involved—as is likely the case for the bulk stimulation 
methods used experimentally. Based on these results, we infer that CA1 cells 
could support expansive boosting of synaptic inputs confined to their oblique or 
other thin dendrites, whose outputs are then integrated through a compressive 
nonlinearity in the main apical trunk and/or cell body. Supported by NSF.

715.3
CALCIUM SPIKE INITIATION AND REPOLARIZATION ARE CONTROLLED 
BY DIFFERENT K+ CHANNEL SUBTYPES IN CA1 PYRAMIDAL CELLS.
N.L. Golding*. H. Jung. T, Mickus and N. Spruston. Dept. of Neurobiology & 
Physiology, Inst, for Neuroscience, Northwestern University, Evanston, IL 60208.

Calcium-dependent spikes occur in vivo during specific behavioral states, but 
little is known about die cellular mechanisms that govern their initiation and 
repolarization. Whole-cell recordings were made simultaneously from the soma and 
apical dendrite of CA1 pyramidal cells in hippocampal slices from 4-8 week-old rats. 
Calcium spikes mediated by multiple calcium channel subtypes were initiated with 
current injected in the apical dendrite but only rarely with current injected in the 
soma. These calcium spikes could be blocked with local application of 5 mM Ni2+ to 
the dendrites but not somata, further indicating that calcium spikes are initiated in 
the dendrites.

The high threshold for calcium spike initiation in the soma relative to that in the 
dendrite was eliminated in the presence of 0.5 pM TTX in 70% of cells, suggesting 
that potassium currents activated by sodium-dependent action potentials suppress 
calcium spike initiation at the soma. Putative D-type potassium channels played a 
prominent role in setting a high threshold for calcium spike initiation in the dendrite 
and especially at the soma. Blockers of D-type channels, 100 pM 4-AP or 0.5 pM 
a-dendrotoxin, reduced the voltage and current thresholds for calcium spike 
initiation in both the soma and dendrites.

Once calcium spikes were initiated, putative BK-type calcium-activated 
potassium channels influenced the repolarization of calcium spikes. TEA (250- 
500 pM) or charybdotoxin (70 nM) blocked the repolarization of calcium spikes, and 
induced repetitive calcium spike firing from tens to hundreds of milliseconds without 
a change in the resting potential. We conclude that the concerted action of calcium- 
and voltage-activated potassium channels constrains both the spatial and temporal 
extent of calcium spike-induced dendritic depolarization and calcium influx that 
occurs during strong, synchronous network excitation.
Supported by NIH (NS35180), HFSPO, Sloan (to N.S.), and an NRSA (to N.L.G.)

715.4

THE EXTRACELLULAR MATRIX MOLECULE TENACSIN-R AND ITS 
HNK-1 CARBOHYDRATE MODULATE PERISOMATIC INHIBITION AND 
SYNAPTIC PLASTICITY IN THE CA1 REGION OF THE HIPPOCAMPUS.
A.K. Saghatelyan, AE. Dityatev, S. Gorisscn, M. Albert, B. Hertlein and M.
Schachner*. Zentrum ffrrMolekulare Neurobiologie, Universitat Hamburg, Germany 

Perisomatic inhibition of hippocampal pyramidal cells limits their repetitive firing 
and so regulates efferent signalling from the hippocampus. The striking presence of
HNK-1, a carbohydrate associated with neural adhesion molecules, on parvalbumin 
immunoreactive perisomatic intemeurons and around the somata of CA1 pyramidal 
neurons prompted us to study the effects of HNK-1 antibody (Ab) on inhibitory 
transmission. Application of HNK-1 Ab to acute murine hippocampal slices 
decreased GABAa receptor (Remediated inhibitory postsynaptic currents (IPSCs) 
activated by the stimulation of perisomatic interneurons, but had no effect on 
dendritic IPSCs or excitatory postsynaptic currents. Block Of GABAbRs by 2(OH)- 
saclofen completely abolished the effect of the HNK-1 Ab. Similarly, the action of 
HNK-1 Ab was neutralized by the block of postsynaptic K+-currents by including 
Cs+ into the patch electrode or by addition of Ba2+ to the extracellular bathing fluid. 
Application of Baz+ after administration Of HNK-1 Ab rescued IPSCs. These 
observations suggest that the disruption of the interaction between the HNK-1 
carbohydrate and GABAbR by HNK-1 Ab leads to an activation of GABAbR- 
mediated K+-conductance which can shunt GABAR-mediated perisomatic 
inhibition. HNK-1 Ab applied before theta-burst stimulation (TBS) significantly 
increased LTP. The excess of externally applied HNK-1 mimicking peptides, but 
not control peptides reduced LTP, suggesting that a block of GABAbR by 
endogenous HNK-1 can be relieved during TBS. The HNK-1 Ab did not 
downregnlate IPSCs in mice deficient in the expression of the extracellular matrix 
molecule tenascin-R which carries the HNK-1 carbohydrate. Thus, we provide first 
evidence that an extracellular matrix recognition glycoprotein and its associated 
HNK-1 carbohydrate are involved in regulating neurotransmission and synaptic 
plasticity by modulating the level of perisomatic inhibition of the principal cells via 
direct or indirect interaction with postsynaptic GABAbRs . Supported by DFG.
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715.5
METABOTROPIC GLUTAMATE RECEPTORS ACTIVATE GIRK CHANNELS 
AND CONTRIBUTE TO A SLOW IPSP IN NUCLEUS HVc OF THE ZEBRA 
FINCH. D.J. Perkei*, P. Dutar, J.J. Petrozzino, M.F. Schmidt and H.M. Vu. Dept. 
Neuroscience, Univ. of Pennsylvania, Philadelphia, PA 19104-6074 USA.

A subset of neurons of the zebra finch song-control nucleus HVc are strongly 
hyperpolarized by activation of metabotropic glutamate receptors (mGluRs; Dutar 
et al., 1998) and exhibit a slow IPSP in response to tetanic stimulation of afferents 
(Schmidt & Perkei, 1998). The hyperpolarization is mediated by group II mGluRs 
(Dutar et al., 1999) and resembles the hyperpolarization induced by the GABAb  
receptor agonist baclofen in the same neurons. To investigate the mechanism and 
possible physiological role of this mGluR action, we made intracellular recordings 
from the area X-projecting neurons of nucleus HVc in brain slices prepared from 
adult male zebra finches. Application of 1S,3R-ACPD caused a robust 
hyperpolarization, which was associated with an increase in input conductance. 
The reversal potential of the hyperpolarization closely matched EK for several 
extracellular K+ concentrations. The response requires G proteins, since infusion 
of GTP-y-S or GDP-P-S through the recording electrode blocked the 
hyperpolarization. Buffering intracellular Ca++ with BAPTA or blocking Ca+*- 
activated K+ channels with extracellular TEA failed to affect the ACPD-induced 
hyperpolarization. Voltage-clamp experiments showed that the outward current 
evoked by ACPD was inwardly rectifying and was partially occluded by prior 
activation of baclofen. Intracellular application of the lidocaine derivative QX314, 
which blocks GIRK channels as well as Na+ channels, blocked the 
hyperpolarization. These data suggest that mGluRs are coupled to GIRK channels 
in these neurons. The group II mGluR antagonist MCCG blocked the response to 
ACPD. The slow IPSP elicited in these cells by brief tetanic stimulation is 
partially blocked by GABAb antagonists (Schmidt & Perkei, 1998). MCCG 
reduces the remaining slow IPSP by 60%. Thus, mGluRs and GABAb receptors 
can combine to mediate a slow IPSP via activation of GIRK channels in the 
vertebrate brain. Supported by NIH R01 MH56646 to DJP.

715.6
CALCIUM DYNAMICS AND BUFFERING IN A 

FUNCTIONALLY INTACT NEURONAL 
NETWORK FROM MOUSE

T. Ladewig, M.B, Lips and B.U. Keller*. Dep. Neurophysiology, Univ. 
Gottingen, Humboldtalle 23, D-37073 Gottingen, Germany.

While changes in [Ca]i have previously been determined with high 
spatio/temporal resolution, little is known about the dynamics and 
integration of [Ca]i in an intact neuronal network. In the brain stem of 
mouse, motoneurones (MN) in the nucleus hypoglossus can be isolated in a 
functionally intact state in slice preparations containing all relevant 
elements to generate their physiological pattern of rhythmic, 
respiratory-related activity. By using a combination of IR-DIC optics, 
patch clamp measurements, nerve recordings (XII) and rapid ratiometric 
imaging we were able to monitor [Ca]i during rhythmic-respiratory 
activity of hypoglossal neurones (3Hz in vivo).

Rhythmic electrical activity was paralleled by notable calcium 
oscillations both in somatic and dendritic compartments. A quantitative 
analysis of calcium homeostasis underlying rapid oscillations was 
performed by using the „added buffer" approach (Neher, E., 
Neuropharm., 34, 1995). Our results suggested that average extrusion 
rates, but exceptionally low calcium buffering capacities (Ks=41) 
represented critical determinants of rapid calcium oscillations. With 
respect to pathophysiological conditions, our results indicated that the 
selective vulnerability of hypoglossal MN to calcium-mediated 
excitotoxic stress might partially result from cellular adaptations 
responsible for rapid recovery of calcium transients during high-speed 
rhythmic activity. Supported by DFG, SFB

715.7

DIFFERENTIAL SUBCELLULAR TARGETING OF TRUNCATED 
NR2A SUBUNITS IN MOUSE HIPPOCAMPUS. F. Steigerwald1, T.W 
Schulz1, R. Sprengel1, L.T. Schenker2, M.B. Kenned/, P.H. Seeburg1
and G. Kohr*1 ^ax-Planck-lnstitute for Medical Research. Mol. Neurobiol..
Heidelberg and division of Biology 216-76, Caltech, Pasadena, CA 91125

Hippocampal CA1 neurons can regulate NMDA receptor signaling
by the differential expression, targeting or posttranslational modification 
of NR2A and NR2B subunits. Compositions and physiological 
properties of NR1-NR2 receptors alter progressively during 
development. At any time, the precise targeting of NMDA receptor 
channels to synaptic sites is crucial for the interaction with cytoplasmic 
proteins and the generation of synaptic plasticity. In the hippocampus 
of two and four week old NR2AAC/AC mice expressing C-terminally 
truncated NR2A subunits, NMDA peak currents are unchanged in 
somas but reduced in dendrites, when compared with wildtype mice. 
NMDA EPSCs decay twice as slowly as those in wildtype mice, 
reflecting the presence of a greater proportion of NR2B subunits at 
synapses in NR2AAC/AC mice. Western blots of synaptosomes and 
PSDs show greatly reduced amounts of truncated NR2A in mutant 
compared to full-length NR2A in wildtype mice. The NMDA component 
of miniature EPSCs (mEPSCs) is strongly reduced in NR2A4C/AC mice, 
suggesting that wildtype NR2A subunits localize preferentially at 
synaptic sites. Immunocytochemistry of NMDA receptors in 
hippocampal neurons shows less truncated NR2A at synapses in 
mutant neurons, when compared with full-length NR2A in synapses in 
wildtype neurons. These and previous results suggest that the C- 
terminal regions of NR2 subunits are important for appropriate 
localization at synaptic sites.
Supported by DFG Ko-1064/3

715.8
REGULATION OF SYNAPTIC TRANSMISSION BY THE INTER-
ACTION BETWEEN NSF AND GLUR2. C. Luscher1*, R, C. Malenka*3, 
and R. A. Nicol!1-2. Depts. of Cellular and Molecular Pharmacology1, Physiol-
ogy2, and Psychiatry3, Univ. of California, San Francisco, CA 94143

Recent studies using yeast two-hybrid screens and coiin- 
munoprecipitation have identified N-ethylmaleimide-sensitive 
ftision protein (NSF) as a protein that binds specifically to the C- 
terminm region of the GluR2 subunit of AMPA receptors (AM- 
PARs). We introduced a 10-amino acid peptide mimicking the 
NSF-binding site of GluR2 (G10) through the whole cell pipette 
into CA1 pyramidal neurons of hippocampal slices of 10-21 day 
old rats, inis manipulation led to a decrease of AMPAR re-
sponses by 30-40% over the time course of 60 minutes. In con-
trol experiments, using a p ptide with the same amino acids in a 
random sequence (S10) or monitoring isolated NMDAR re-
sponses in the presence of G10 perfusion, synaptic strength re-
mained constant, confirming the specific action of G10 on AM- 
PARs. A ‘run down’ was also observed when NSF function 
was blocked by NEM in the pipette solution. G10 mediated ‘run 
down’ was unaffected by d-APV, suggesting that NMDARs are 
not involved. To probe whether this process requires exocytotic 
fiision events N19, a peptide of 19 amino acids Known to inhibit 
exocytosis, was introduced through the pipette. This manipula-
tion left synaptic strength unchanged. These preliminary results 
suggest that AMPA receptors are subject to a rapid turnover at 
excitatory synapses, which may require NSF’s action but not 
exocytosis. Supported by NIH

715.9

Kainate  receptor -dependent  modulation  of  GABAergic  inhibition  by  
synaptically  released  glutamate . Ming=Yuan Min*. Zare Melyan, and 
Dimitri M Kullmann Dept Clinical Neurology, Institute of Neurology, University 
College London, Queen Square, London WC1N 3BG, UK, ‘Department of 
Medicine, Chinese Medical College, Taichung, Taiwan 404.

Exogenous kainate receptor agonists depress evoked monosynaptic 
GABAergic inhibition in the hippocampus. It is not known, however, if 
glutamate released from excitatory neurons has the same effect on inhibitory 
transmission.

We examined the effect of synaptic glutamate release on monosynaptic 
IPSCs in guinea pig hippocampal slices. We recorded from a CA1 pyramidal 
neuron, and delivered stimuli either via a ‘proximal’ electrode positioned 
nearby to recruit monosynaptically coupled inhibitory interneurons, or via a 
‘distal’ electrode to recruit Schaffer collaterals. NMDA receptors were 
blocked with APV (100 pM) throughout. When AMPA receptors were blocked 
with the selective antagonist GYKI52466 (100 pM), the response to the distal 
stimulus disappeared, but the proximal stimulus continued to elicit a 
monosynaptic IPSC. Brief bursts of stimuli delivered via the distal electrode 
consistently reduced the amplitude of the GABAergic IPSCs by 13-20%. This 
depression of inhibition was completely abolished by three different kainate 
receptor blockers: DNQX (50 pM), kynurenate (2.5-5 mM) and gadolinium 
(10 pM). The disinhibition persisted when GABAb receptors were blocked 
with CGP35348 (100 pM).

We conclude that synaptically released glutamate reduces monosynaptic 
inhibition via kainate receptors. Since this form of disinhibition may contribute 
to seizure initiation, kainate receptors may constitute an important target for 
anticonvulsant drug development.
Supported by the MRC

715.10
Kainate  receptor -dependent  depression  of  GABAergic  inhibition  by  
SYNAPTICALLY RELEASED GLUTAMATE: ROLE OF G PROTEINS AND PKC. Zare 
Melyan and Dimitri M Kullmann* Dept. Clinical Neurology, Institute of 
Neurology, UCL, Queen Square, London WC1N 3BG, UK.

Exogenous kainate receptor agonists depress evoked monosynaptic 
GABAergic inhibition in the hippocampus. Glutamate released from 
excitatory neurons has the same effect (Min, Melyan & Kullmann, this 
meeting). Rodriguez-Moreno et al (1998; Neuron 20, 1211-1218) proposed 
that kainate triggers a biochemical cascade involving G proteins and protein 
kinase C, which leads to a depression of GABA release from presynaptic 
terminals. Are the same secondary messengers involved in the depression 
of inhibition by endogenous glutamate?

We examined the effect of Schaffer collateral stimulation on the size of 
monosynaptic IPSCs recorded in CA1 pyramidal neurons in guinea pig 
hippocampal slices. NMDA and AMPA receptors were blocked with APV 
(100 pM) and GYKI52466 (100 pM). Brief bursts of stimuli delivered to the 
Schaffer collaterals reduced the amplitude of the GABAergic IPSCs by 15% 
±2% (mean ± sem, n=12). We previously showed that this depression is 
mediated by kainate receptors. Preincubation of slices in pertussis toxin (5 
pg/ml, 3-4 hours) abolished the depression (1% ±1%, n=12, unpaired t test: 
p<10'6). Incubating another set of slices in the PKC inhibitor staurosporine 
also abolished the depression (1% ±2%, n = 4; p < 0.01). In another set of 
experiments, the depression of IPSCs under control conditions was 13%
±1% (n=15). Perfusing the same slices with the protein kinase C activator 
PDBu (0.5 pM) reduced the depression to 2% ±1% (paired t test: p<10'4).

The results support the involvement of G proteins and PKC in the 
depression of inhibition, although they do not distinguish between causal and 
permissive roles.
Supported by the MRC
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715.11
EXCITATORY SYNAPSES ON NON-NEURONAL CELLS: AMPA
RECEPTOR SIGNALING IN HIPPOCAMPAL ASTROCYTES. D.E.Bergles* 
and C.E.Jahr. Vollum Institute, OHSU, Portland, OR 97201.

Conventional excitatory synaptic signaling occurs at specialized contracts 
between neuronal elements, and is characterized by the activation of ionotropic 
glutamate receptors in the postsynaptic membrane by a high concentration of 
glutamate. Although some glial cells express ionotropic glutamate receptors, the 
conditions under which these receptors are activated has been a mystery, as 
morphological synapses have not been found on these cells. Here we report 
evidence of functional excitatory synapses on a subset of hippocampal astrocytes.

Unlike traditional astrocytes, these cells had high input resistances (>300MQ), 
were not dye-coupled, did not exhibit glutamate transporter currents, and were not 
GFAP-immunoreactive (at Pl4). They also were not 04- or Gal-C-immunoreactive 
and were inexcitable, characteristics of astroglial “complex” cells (J.Neurophysiol. 
78:2916). Electrical stimulation in stratum radiatum (or glutamate application to 
CA3) elicited inward currents in these cells (Vm s -90mV) that were blocked by 
NBQX (5pM) or GYKI 52246 (50pM), and enhanced by cyclothiazide (lOOpM), 
indicating that they were mediated by AMPA receptors. These evoked responses 
exhibited double rectification that was more pronounced when spermine (25pM) 
was included in the pipette solution, suggesting that some of these receptors are 
Ca2+-permeable. Spontaneous AMPA currents had rapid kinetics (20-80% rise 
time: 263 p.s; tau decay: 539ps). A high concentration of L-glutamate (3mM) was 
necessary to produce AMPA receptor currents with a similar rise time in outside-out 
patches from these cells. These results, and the high variance of evoked responses, 
indicate that they were not mediated by spillout of glutamate from nearby synapses 
(PNAS 94:1482), and suggests that functional synaptic contacts are formed between 
CA3 pyramidal neurons and non-neuronal, astroglial cells in the CA1 region of the 
hippocampus. Supported by NIH NS21419.

NEURO-ONCOLOGY

716.1

NFk B MEDIATES CELL CYCLE DISREGULATION IN
GLIOBLASTOMA CELL LINES.
J, S. Gill* and A.J. Windebank. Mayo Clinic and Mayo Foundation, 
Molecular Neuroscience Program, Rochester, MN 55905 USA.

Central nervous system malignancies are often resistant to treatment. 
Studies directed at determining the molecular or genetic elements involved 
in glioblastoma (GBM) oncogenesis and proliferation can provide direct 
application for the prevention and control of this cancer. The focus of 
our work was to determine the role of the immediate early gene nuclear 
factor-KB (NFicB)/Rel in the proliferation of various human GBM cell 
lines. While the regulatory elements involved in NFk B activation have 
been studied in detail, limited information is available regarding its role in 
brain tumor oncogenesis and proliferation. Our studies revealed an 
aberrant nuclear expression of NFk B in GBM cell lines tested (U251, 
A172, H8). Untransformed glial cells did not display NFk B activity. 
Specific inhibition of NFk B activity via an oligonucleotide anti-sense 
based strategy allowed us to test the fimctional consequence of inactivated 
NFk B in GBM cell lines. Results from this work demonstrated NFk B 
mediated increase in cyclin DI protein expression, hyperphosphorylation 
of the retinoblastoma protein (pRb), and decreased expression of the 
endogenous cyclin DI inhibitor pi6 in GBM cell lines; evidence suggesting 
that NFk B mediates cell cycle disregulation. Specific molecular inhibition 
of NFk B revealed reduced cyclin DI protein expression that correlated 
with increased cell death via apoptosis. Pharmacological inhibition of 
cyclin Dl-dependent kinase 4 did not alter the activity of NFk B. These 
findings suggest that an upregulation of NFk B and/or fimctional mutation 
of its endogenous inhibitor Ik B may be responsible for the cell cycle 
disregulation observed in many GBM cell lines. We propose that errant 
NFk B activity plays a role in tumor progression and warrants further 
investigation as a potential therapeutic target in the control of human 
GBM. (Support: Mayo Foundation)

716.2
MAPPING DYNAMIC PATTERNS OF TUMOR GROWTH IN 
PATIENTS WITH GLIOBLASTOMA MULTIFORME JWongGK‘Haney 
S. ‘Thompson PM. 2 Alger J. ’Cloughesy TF. ‘Toga AW. ‘Dept. of Neurology, Lab. of 
Neuro Imaging and Brain Mapping Division; 2Dept. of Radiological Sciences; ’Neuro- 
Oncology Program. UCLA School of Medicine, Los Angeles, CA, 90095.

As part of a longitudinal evaluation of tumor growth in patients with glioblastoma 
multiforme (GBM), a battery of pattern recognition and 3-dimensional image analysis 
algorithms were applied to serial MRI scans. We evaluated the ability of semi-automated 
tissue classification algorithms (1) to quantify 3D volumes and accurately delineate the 
boundaries of the tumor, necrotic, and gadolinium-enhancing tissue as well as peritumoral 
edema, adjacent white matter, and cystic compartments; and (2) to detect and map changes 
in compartments over time. 3D T1-weighted (256x256 resolution; 3mm spacing) SPGR 
MRI volumes were acquired before and after the administration of gadolinium contrast from 
11 patients with GBM. Patients ranged in age from 4 to 54 at first scan. Scans acquired 
over a period up to 3.5 years at intervals ranging from 6 weeks to 6 months were digitally 
converted into Talairach stereotaxic space using 6-parameter rigid transformations. 160 
tags (170 when a cystic component was present) per anatomical region were then used to 
determine a Gaussian mixture distribution reflecting the intensities of specific tissue 
classes at each time-point in the scan series. A nearest neighbor algorithm was used to 
differentiate tissue types. Tissue maps were manually adjusted to better delineate class 
boundaries and the result of the automated and manual segmentations were compared. 
Volumetric changes in time ranged from -73% to +2,600 % corresponding to a halving time 
of 130 days and a doubling time of 13.8 days.

These preliminary data suggest that single tissue classification shows promise in defining 
tissue type. Multispectral classification, however, may be required to define peritumoral 
edema. Tissue maps, in conjunction with other growth rate data, will provide a valuable 
adjunct to clinical, spectroscopic and histopathological indices in mapping rates of 
change for different tumor attributes. They may also be useful in evaluating therapeutic 
response in individual patients and clinically defined groups. Grant Support: (to 
PT/AWT): NIMH/NIDA (P20 MH/DA52176); P41 NCRR (RR13642);(AWT): NLM 
(LM/MHO5639), NSF (BIR 93-22434), NCRR (RR05956) and NINCDS/NIMH (NS38753).

716.3
ASTROCYTOMAS DISPLAY ALTERED PH REGULATION BY THE NA+/H+ 
EXCHANGER COMPARED TO NON-TRANSFORMED ASTROCYTES. L 
McLean1, J, Roscoe2. P.M. Cala1. and F.A. Gorin2*. Departments of ’Human 
Physiology and 2Neurology, School of Medicine, University of California, Davis, 
California 95616.

Highly malignant astrocytomas (WHO grade III and IV) are transformed 
astrocytes with either genetic deletions or amplifications of chromosomal regions 
that lead to a loss of cell cycle regulation. The majority of these high-grade 
astrocytomas appear to have inactivated the pl6-CDK4/cyclin Dl-pRB pathway that 
normally suppresses cell division. Astrocytomas have increased reliance upon 
glycolytic metabolism when compared with nonproliferative astrocytes with, 
lactate/pyruvate ratios that are increased 3- to 4-fold. To maintain an alkaline pH, 
that is optimal for glycolysis, these glial tumors must possess an efficient means of 
removing the high levels of cytosolic H+ produced by their increased metabolism.

We have demonstrated that in the absence of CO2/HCO3', high grade astrocytomas 
maintain an intracellular pH; that is significantly elevated (0.3-0.5 pH units) above 
that of normal astrocytes, despite high rates of H+ production. This pH regulation 
depends predominantly upon the type 1 Na+/H+ exchanger (NHE1) that is present in 
both astrocytes and astrocytomas. NHE1 remains activated above pH 7.0 in 
astrocytomas and this activation is associated with increases in intracellular Na+ and 
volume. The altered pH set point of NHE1 in these astrocytomas is not caused by 
genetic alterations of the NHE1 gene, nor is it the result of increased levels of the 
exchanger protein. In the presence of CO2/HCO3', the astrocytomas again respond 
differently compared to non-transformed astrocytes. Astrocytes attain a slightly 
more alkaline pHf in the presence of HCO3 while glial tumors acidify; most likely 
from activation of a Na+-independent C1/HCO3’ exchanger. Finally, the expected 
acidic extracellular environment of astrocytomas in situ would predict that these 
gliomas rely primarily on NHE1 for regulation of pHi.
Funded by grants from the NTH and UC Davis Health Systems

716.4
AUTOREGULATION OF THE IL-1 SYSTEM AND CYTOKINE- 
CYTOKINE INTERACTIONS IN HUMAN ASTROCYTOMAS.
S.E, Ilyin.*1 I. .GQnZfiilfiz.-G.6mez>.2 A. Romanovich!? J1 £ayla?-E±L
Gilles.2 and C.FL ElatarSalam^n? 1Mol. Biol., Univ. Del., Newark, DE 
19716; 2Pathology, Childrens Hospital of Los Angeles, LA, CA 90027.

Cytokines are proposed to play important roles in brain tumor biology. 
Our previous studies reported on interleukin-1 p (IL-1p) production and 
IL-1 receptor type I (IL-1RI, signaling receptor) expression in human 
pilocytic astrocytomas. Other studies have focused on analysis of IL-1 p 
action in astrocytoma cell lines. However, all studies that have tested 
the direct action of cytokines have used exclusively astrocytoma cell 
lines which do not recapitulate the in situ astrocytoma. Here, we 
demonstrate that astrocytoma cells obtained shortly after the resection 
of posterior fossa pilocytic astrocytomas respond to the direct 
application of recombinant human IL-1 p (3.52 ng/ml) with a significant 
(p< 0.003) upregulation of IL-1a, IL-1 p, IL-1 Rl, and TNF-a mRNAs. The 
largest upregulation occurred with IL-1 p mRNA (11.5-fold increase). IL-1 
receptor antagonist mRNA was not upregulated. Application of heat- 
inactivated IL-1p had no effect on any cytokine component examined, 
demonstrating specificity of action. The data have implications for a 
positive autoregulatory IL-ip feedback system and synergistic IL-1p 
<—> TNF-a interactions which can be involved in the growth of pilocytic 
astrocytomas. The results together with our previous studies also 
support the notion that IL-1 receptor antagonist or a compound with 
similar inhibitory activity could be useful for brain immunotherapy of 
astrocytomas. Supported by the UD, Burton E. Foundation and the NIH.
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716.5
PHORBOL 12-MYRISTATE -13-ACETATE INDUCES PROTEIN KINASE C-q 
-SPECIFIC CELL PROLIFERATIVE RESPONSE IN ASTROCYTIC TUMOR 
CELLS. I. M. Hussaini1, L. R. Karns2, G. Vinton3, J. Carpenter1, G. T. Redpath1, J. 
J. Sando3 and S. R. VandenBerg' '̂Pept. of Pathology, 2Biomedical Engineering and 
’Pharmacology, Univ. of Virginia, Charlottesville, VA 22908.

Protein kinase C (PKC) activation mediates both cellular proliferation and 
motility in both reactive and neoplastic astrocytes. The roles of specific PKC 
isozyme activation in controlling these glial responses, however, are not well 
understood. The aim of this study was to characterize the expression of PKC 
isozymes and the role of PKC-q expression in regulating cellular proliferation in two 
well-established astrocytic tumor cell lines (U-1242 MG and U-251 MG) with 
different properties of invasive growth in cell culture. Both cell lines expressed 
conventional (a, pi and pil) and novel (e and 0) PKC isozymes which can be 
activated by phorbol myristate acetate (PMA). PKC-rj, a novel PKC isozyme, was 
expressed by U-251 MG cells only and was not detected in U-1242 MG cells. In 
contrast, PKC-6 was only expressed in U-1242 MG cells. PMA (100 nM) increased 
cell proliferation by 2-fold in PKC-T]-expressing U-251 MG cells in 24 h while it 
decreased mitogenic response by 94% in the PKC-rj-deficient U-1242 MG cells. To 
further examine the relationship between PKC-q expression and the effect of PMA 
on glioblastoma cell proliferation, PKC-r| was stably transfected into the PKC-q 
deficient U-1242 MG cells. PMA increased cell proliferation by 2.2-fold in a PKC-rj 
transfectant clone, similar to the U-251 MG cells. The cell proliferation induced by 
PMA in both U-251 MG and U-1242-PKCq cells was blocked both by the PKC 
inhibitor bisindolylmaleimide (BIM 0.5 pM) and the MEK inhibitor, PD 98059 (50 
pM). The data demonstrate that two glioblastoma lines with functionally distinct 
responses to PMA activation express different novel PKC isozymes, and suggest that 
the differential expression of PKC-r) may have functional effects on invasive tumor 
growth.

716.6
DIFFERENTIAL RADIATION SENSITIVITY OF PRIMARY RAT 
ASTROCYTES AND C6 ASTROGLIOMA CELLS IN VITRO-. 
MORPHOLOGICAL AND FUNCTIONAL COMPARISONS. 'L.C. McKinney*. 
‘S.J. Parks, *C.M. Miller, 2D.R. Livengood*, and *R.J. Lowy. ’Dept. of Radiation 
Pathophysiology and Toxicology; 2Dept. of Applied Cellular Radiobiology. Armed 
Forces Radiobiology Research Institute. Bethesda, MD 20889.

Exposure of the CNS to very high cumulative doses of ionizing radiation (e.g. 50- 
60 Gy for treatment of malignant glioma) can result in late delayed necrosis, a 
progressive, neurodegenerative syndrome that appears weeks to months following 
radiation treatment. Although radiation can damage neurons directly, damage to 
supporting glial cell populations has a large impact on neuronal viability and may 
play a role in delayed necrosis. This study characterized the morphological and 
functional changes, of one glial cell type, the astrocyte, to ionizing radiation in vitro. 
Primary rat astrocytes were isolated from 2-4 d neonatal rat pups and maintained in 
culture; experiments were done in parallel on rat C6 astroglioma. Assays of cell 
permeability, morphology, function, and growth rate were carried out. We found 
that (1) astrocyte growth rates were completely inhibited at doses of radiation (>10 
Gy) that did not completely inhibit C6 astroglioma cell growth; (2) although growth 
of astrocytes was inhibited, viability remained high for long times (days) following 
irradiation, and exceeded the viability of C6 cells at very high (50 Gy) doses (3) 
irradiation, even at high doses, did not induce apoptosis in primary astrocytes (by 
morphological criteria) (4) astrocytes could be sensitized to radiation by depletion 
of intracellular glutathione; and (5) cytokine-induced nitric oxide production was 
moderately inhibited in both cell types following irradiation. We conclude that, 
even though cell division was inhibited, primary astrocytes were able to sustain 
viability and functionality for long times following high doses of radiation. In 
contrast, C6 cells were able to escape growth inhibition following low dose 
irradiation, but were less able to withstand very high doses of radiation. Funded by 
AFRRI WU09501.

716.7

MITOCHONDRIAL BENZODIAZEPINE RECEPTORS: ROLE IN PORPHYRIN BIOSYNTHESIS 
AND PHOTODYNAMIC TUMOR THERAPY. A, Verma*, N, Butler, N. Augustus, A. Delgado. S. 
Facchina, and S, Beckwith. Dept. of Neurology, Uniformed Services Univ. of the Health Sciences, 
Bethesda, MD, 20184

Mitochondrial (peripheral) benzodiazepine receptors (mPBR) are distinct from neuronal “central” 
benzodiazepine receptors, are normally expressed on the outer mitochondrial membranes of several 
epithelial and steroidogenic tissues and display markedly increased expression on cancer cells such as 
gliomas. While the exact function of mPBR remains unknown, they are known to bind porphyrins, regulate 
mitochondrial cholesterol transport and modulate apoptosis. Porphyrin-mediated photodynamic therapy 
(PDT) is a rapidly emerging treatment modality for a laige number of human cancers that capitalizes on the 
ability of cancer cells to selectively accumulate or synthesize laige amounts of porphyrins which sensitizes 
them for subsequent light-mediated killing. We have recently shown that the therapeutic potencies of 
porphyrins in PDT correlate closely with their affinities for mPBR and sensitivities of tumor cell lines to 
PDT parallel their densities of these receptors. To further define a role for mPBR in PDT we evaluated the 
ability of PK11195, a specific ligand for mPBR, to modulate PDT in U87 human malignant glioma cells 
using either mesoporphyrin IX (MPIX; a stable analog of protoporphyrin IX) or the porphyrin precursor 
aminolevulinic acid (ALA). Pre-incubation of cells with either agent led to accumulation of cell associated 
porphyrin fluorescence. MPIX-induced fluorescence was diffusely localized by microscopy while ALA- 
induced fluorescence was punctate and co-localized with fluorescent mitochondrial markers as well as with 
a fluorescent mPBR ligand. Cell killing measured by the MTT assay was light- and dose-dependent for 
both agents. PK11195 dose-dependently blocked PDT induced by ALA but not by MPIX. This inhibitory 
effect was paralleled by the ability of PK11195 to inhibit ALA-stimulated protoporphyrin IX production 
and the mitochondria-associated porphyrin fluorescence. Further analysis revealed that PK11195 blocked 
the conversion step between coproporphyrin III and protoporphyrin IX. This step in porphyrin biosynthesis 
involves the transport of coproporphyrin IX across the outer and inner mitochondrial membranes. Our 
findings suggest that the mPBR plays a major role in porphyrin transport across mitochondrial membranes. 
Supported by The Defense and Veteran’s Head Injury program and USUHS grant RO-9287

716.8
MOLECULAR INVESTIGATIONS ON CELL PROLIFERATION, APOPTOSIS 
AND DRUG RESISTANCE IN PEDIATRIC BRAIN TUMORS. C. 
Ramachandran*1,3, A. Sotrel’, S.J. Melnick', E. Escalon2, Z. Khatib2, P. Jhabvala1,
A. Alamo3, G. Morrison4, J. Ragheb4, and P. Aldana4. ’Department of Pathology, 
department of Hematology and Oncology, 3Research Institute, department of 
Neurological Surgery, Miami Children’s Hospital, Miami, FL 33155.

We have analyzed four inter-related pediatric brain tumors for expression 
and function of genes associated with cell proliferation, apoptosis, and drug 
resistance and established primaiy cell lines from them. This study included tumors 
presumably originating from neural progenitor cells with varying degrees of neuronal 
differentiation (cerebral neuroblastoma and medulloblastoma) and tumors that most 
likely stem from the ventricular lining cells (astroblastoma and ependymoma). The 
ependymoma cells had diploid DNA content while the other tumor specimens had 
aneuploid DNA content Both cerebral neuroblastoma and medulloblastoma 
expressed comparable levels of Ki67, PCNA, p21, and N-myc mRNA, and only the 
neuroblastoma cells had p53 expression. The drug resistance marker (LRP) was 
detected only in medulloblastoma and not in cerebral neuroblastoma. The 
astroblastoma and ependymoma cells expressed p53, p2I, and drug resistance 
markers (MDRI or LRP), although only malignant ependymoma showed detectable 
levels of cell proliferation markers. In no case was the anti-apoptotic gene (Bcl-2) 
expressed, however, the pro-apoptotic gene (Bax) was expressed at varying levels in 
astroblastoma, ependymoma and medulloblastoma. The tumor cells from all 
specimens grew initially in high fetal bovine serum (20%) containing medium. The 
medulloblastoma cells grew as a suspended round cell aggregates in culture with no 
morphological signs of differentiation. In contrast, most cerebral neuroblastoma cells 
differentiated relatively quickly into mature neuron-like cells. The results of our 
continuing study indicate that molecular markers may be useful for specific 
classification of brain tumors, and serve as prognostic markers in treatment 
(Supported by grants from American Cancer Society Florida Division and Miami 
Children’s Hospital).

NEUROPSYCHIATRIC DISORDERS III

717.1

REDUCTION IN SEROTONIN TRANSPORTER SITES IN PREFRONTAL 
CORTEX IS LOCALIZED IN SUICIDE AND WIDESPREAD IN MAJOR 
DEPRESSION. V, Arango*, M.D. Underwood, M.J. Bakalian, S.A. Kassir,
S. Qppenheim, T. Kelly, A.J. Dwork and J.J. Mann. New York State 
Psychiatric Institute and Columbia University, New York, NY 10032.

We previously reported reduced binding to the serotonin transporter 
(SERT) in the ventrolateral prefrontal cortex (PFC) of suicide victims. In 
order to separate the effects of major depression (MD) and suicide, we 
now compared SERT binding in 105 individuals who underwent a 
psychological autopsy. All cases had negative toxicological screens for 
psychoactive drugs, except alcohol. Sets of pregenual coronal sections 
(20pm) were incubated with 0.4nM 3H-cyanoimipramine.

As reported previously, SERT binding was 23-30% lower in suicides 
(n=40) than in nonsuicides (n=65, /x.05) but only in ventrolateral PFC 
(Areas 45 and 47). SERT binding in the major depression group (n=28) 
ranged from 23 to 63% lower across all PFC areas compared to non-MD 
(n=77, p<.05). SERT binding was 31-48% higher in males (n=87) than 
females (n=18, /x.05) in all areas examined. A multivariate analysis 
indicated that the effect of sex and depression were independent and there 
was no significant interaction. There was no effect of alcohol.

This is the first report indicating that a history of MD is associated with 
less SERT binding through the dorsoventral extent of the PFC. The 
reduction in SERT binding sites in suicides is, as previously reported, 
localized to ventrolateral PFC. These findings are the first convincing 
evidence of the difference in the serotonergic abnormality of major 
depression and that associated with vulnerability to suicide. (MH40210, 
MH46745, AA09004)

717.2

FEWER SEROTONIN TRANSPORTER mRNA EXPRESSING 
NEURONS IN THE DORSAL RAPHE NUCLEUS OF SUICIDE 
VICTIMS. M. Boldrini, M.D, Underwood*, S, Hsiung, S.A. Kassir, H. Tamir,
K.C. Brennan, C.D. Dye, J.-X. Chen, J.J. Mann and V. Arango, New York State 
Psychiatric Institute and Columbia University, New York, NY 10032

Altered serotonin transmission in the prefrontal cortex of suicide victims 
is hypothesized based on increased 5HTiA and 5HT2a  receptors and a reduction 
of serotonin transporter (SERT) sites. We sought to determine whether the 
reduction in SERT is due to reduced expression of SERT mRNA in neurons of 
the dorsal raphe nucleus (DRN), one of the main sources of serotonergic 
innervation of the cortex.

We studied suicide victims and controls (n=7 pairs), matched for 
postmortem interval (PMI), age, and sex. Brainstems were collected at autopsy 
and processed for in situ hybridization histochemistry. 35S-labeled antisense oligo 
probe was synthesized based on the human SERT DNA sequence. SERT mRNA 
grain counting per neuron was performed using a computerized image analysis 
system (MCID, Imaging Research, Inc.) attached to a microscope.

There are fewer SERT mRNA expressing neurons (grain density>5X 
background) in the DRN of suicides compared to nonsuicides (p=0.03). There are 
also fewer SERT non-expressing neurons (grain density <5X background) in 
suicides compared to controls in each of the pairs sampled (p=0.05)f. Mean 
neuronal area and the grains per neuron of the SERT mRNA expressing neurons 
are not different between suicides and controls.

We previously reported an increase in the number of DRN serotonin 
neurons in suicide victims. This study suggests that expression of the SERT gene 
is suppressed in a significant proportion of serotonergic neurons of the DRN. 
This may explain the finding of fewer SERT sites in ventrolateral prefrontal 
cortex in suicide victims. (MH46745, MH40210 and DK52139)
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717.3

RELATIONSHIP OF PROMOTER FUNCTION AND GENOTYPE TO 
SEROTONIN TRANSPORTER BINDING IN MAJOR DEPRESSION AND 
SUICIDE. J.J. Mann*, Y. Huang. M.D. Underwood, M.J Bakalian, 
S.A.. Kassir, S. Oppenheim, A.J. Dwork, T, Kelly and V. Arango. NYS
Psychiatric Institute and Columbia University, New York, NY 10032. 

Serotonin transporter (SERT) binding is reduced in ventral prefrontal
cortex (PFC) of suicide victims. There is an insertion/deletion in the 5'- 
flanking regulatory region of the SERT gene that has been reported to result 
in greater gene expression, more SERT binding and higher maximal 
serotonin uptake (Vmax) in transfected cell lines with L (insertion or long) 
allele. Lesch et al. (1996) reported more SERT binding in the LL genotype. 
We assayed SERT binding using 0.4 nm 3H-cyanoimipramine in 20 gM 
pregenual PFC coronal sections from 146 individuals. Most had a 
psychological autopsy to establish the psychiatric diagnosis. Cases were also 
genotyped for the SERT promoter gene variants. Toxicology ruled out 
psychotropic agents that could alter SERT binding. Genotype was not 
associated with differences in SERT binding. Females had 40% less SERT 
binding across PFC compared to males. This sex difference was independent 
of genotype. SERT binding was diffusely lower across PFC (average 25%) 
in cases with a history of major depression. This was independent of 
genotype. Lower SERT binding in the ventral PFC of suicide victims was 
also independent of genotype. These three examples of striking differences 
in SERT binding to PFC are not explained by this variant in the promoter 
region of the SERT gene. (Supported by MH40210, MH46745 and 
MHAA09004)

717.4
PET MEASURES OF SEROTONIN 1A RECEPTOR BINDING POTENTIAL IN 
MAJOR DEPRESSION. W.C.Drevets*. E.Frank. J.C.Price. D.J.Kupfer, D.Holt.
P.Greer, HEpang,. C.A-M^fhis. PET Facility and Department of
Psychiatry, University of Pittsburgh School of Medicine; Pittsburgh, PA, 15213

The 5HT1A receptor system has been implicated in the pathophysiology of major 
depression by post mortem studies of suicide victims and depressed subjects dying of 
natural causes. This literature is in disagreement, however, regarding the brain 
regions where 5HT1A receptor binding differs between depressives and controls and 
the direction of such differences, possibly reflecting the diagnostic heterogeneity 
within suicide samples. PET imaging using the 5HT1A receptor radioligand, 
["C]WAY-100635, may clarify the clinical conditions under which binding potential 
(BP) is abnormal in depression. Using PET (Siemens/CTI HR+; 3D resolution 4.5 
mm) and [carhozty/-“C3WAY-100635 (10 mCi), the 5HT1A receptor BP was 
compared between 7 depressives (mean age 33±12) and 7 controls (mean age 
32±9.8). The depressives were unmedicated >_ 3 weeks and met criteria for bipolar 
disorder (BD; n=4) or familial pure depressive disease (FPDD; n=3). The 5HT1A 
receptor BP was computed using a reference tissue model in which the cerebellar 
radioactivity served as the reference for free and nonspecific binding. Regions-of- 
interest (ROI) were defined in the bilateral mesiotemporal cortex (MTC: hippocampus 
& amygdala) and ventral inferior frontal gyrus (IFG) on MRI images coregistered to 
the PET images. A ROI was defined over the midbrain raphe directly on the PET 
images. The mean 5HT1A receptor BP was reduced 34%, 28% and 44% in the 
MTC, IFG, and raphe, respectively, in depressives relative to controls (p<0.025). 
In a second group of depressives who had personal or family histories of alcohol 
dependence, the 5HT1A receptor BP was not decreased in these regions relative to 
controls. The abnormal reductions of 5HT1A receptor BP in BD/FPDD may reflect 
histopathological changes in the raphe, MTC, and lateral orbital C reported by post 
mortem studies of mood disorders, or in the MTC, may comprise an effect of cortisol 
hypersecretion. MH51137, MH54715, MH 30915, MH52247, Stanley Foundation

717.5

BRAIN 5-HT SYNTHESIS RATES IN PATIENTS WITH MAJOR DEPRESSION. 
Rosa, P1,2: Diksic, M2; Okasawa, H2; Debonnel, G1*.: Blier, P1: Mzengeza, S2.; 
Kapzinski, F1'2.: Levton, M1'2; Benkelfat, C1,2; 'Dep. of Psychiatry and of 2Neurology 
& Neurosurgery, McConnell Brain Image Centre, McGill University, 1033 Pine Ave., 
W., Montreal, Canada, H3A 1A1

A dysregulation of 5-HT neurotransmission has been proposed to play an important 
role in the neurobiology of major depression. a-[nC]-methyl-L-tryptophan (a- 
[nC]MTrp ) is a tracer that allows the measurement of 5-HT synthesis “in vivo” in 
brain using PET. Thirteen depressed subjects (9 female / 4 male) meeting DSM-IV 
criteria were scanned and their regional rates of 5HT synthesis were compared to 13 
normal subjects (7 females / 6 males). Images were acquired with an ECAT HR + 
PET scanner after injection of up to 20 mCi of a-[nC]MTrp for 60 minutes, 
subsequently co-registered to the MRI and resampled to Tailarach stereotaxic 
coordinates. 5-HT synthesis functional images were analysed by statistical parametric 
mapping (SPM96) using proportional scaling to remove the effect of global 
differences. Analyses of preliminary data suggest that female depressed patients 
exhibit lower 5-HT synthesis in the cingulate gyrus (BA24), temporal lobe (BA 22) 
and mesial frontal lobe (BA10). In comparison, clusters characterised by higher 5-HT 
synthesis were observed in the precentral gyrus (BA6) and inferior parietal lobe 
(BA40). Interestingly, the pattern of distribution of regional 5-HT synthesis was 
different between males and females depressive patients. CONCLUSION; These 
preliminary findings suggest regional alterations in 5-HT synthesis in major 
depression. Repeated measurements of 5-HT synthesis at various stages of recovery 
during treatment with antidepressant (paroxetin, mirtazapin or their combination) are 
currently obtained in some of these patients.
Research was supported by grants from the MRC (MT13368) and NIH (RO1-NS- 
29629)

717.6
DECREASED BINDING TO 5-HT3 RECEPTORS IN BRAIN REGIONS 
OF A RAT MODEL OF DEPRESSION. A. Zangen* R. Nakash, 
D.H. Overstreet1 and G. Yadid. Faculty of Life Sciences, Bar-llan University, 
Ramat-Gan 52900, ISRAEL. 'Dept. of Psychiatry, University of North Carolina, 
Chapel Hill, NC, USA.
Depressive disorder is associated with alterations in monoamine 
neurotransmission, but the etiology of the disease is not yet understood. Recently, 
we demonstrated absence of dopamine responsiveness to serotonin stimulation in 
the nucleus accumbens of an animal model of depressive behavior - the Flinders 
sensitive line (FSL) rats. These rats exhibit characteristic features of depressive 
behavior which are normalized by chronic antidepressant treatment. Since 
dopamine release is associated with motivation and hedonia, the absence of 
serotonin-dopamine interaction in FSL rats may account for their depressive 
behavior. The 5-HT3 receptor was suggested to be involved in the 
serotonin-dopamine interaction. Therefore we measured by autoradiography the 
Kd and Bmax values of 5-HT3 receptors in different brain regions of FSL rats, in 
comparison with control rats. Our results show 400-500% increase in Kd values 
in the nucleus accumbens, cyngulate cortex and striatum of FSL rats, and 
200-300% increase in Bmax values in the same regions. These alterations in the
5-HT.3 binding may explain the lack of responsiveness of dopamine to serotonin 
stimulation in physiologic levels, thereby leading to the anhedonia and lack of 
motivation that are observed in these rats. The role of 5-HT3 receptors in the 
etiology of depressive disorders and in the mode of action of antidepressant dnigs 
should be further studied.
Supported by the Bar-Ilan University Research Authority.

717.7
CYCLIC AMP-DEPENDENT PROTEIN KINASE (PKA) ACTIVITY IS ELEVATED 
IN POSTMORTEM BRAIN FROM PATIENTS WITH BIPOLAR AFFECTIVE 
DISORDERED). J. J. Warsh*w-4, A. Fields1, S. Kishl2>34and P.P. Li12’3. ‘Center for 
Addiction and Mental Health - Clarke Division, T)ept of Psychiatry and ’Pharmacology, 
and 4hstitute of Medical Science, University of Toronto, Toronto, ON, Canada, M5T1R8.

Previous observations of reduced f’Hj-cyclic AMP binding in postmortem brain regions 
from BD patients imply PKA function may be altered in this illness. To test this hypothesis, 
basal and stimulated PKA activity were determined in cytosolic and particulate fractions 
of postmortem brain from BD patients (n=10) and controls matched on age and 
postmortem interval. PKA activity was determined by radiometric assay using [y-”P]ATP 
and kemptide as the substrate. Phosphorylated kemptide product was adsorbed on 
phosphocellulose paper and radioactivity counted. Specific PKA activity was defined by 
phosphokemptide formed in the presence of protein kinase C and CaM kinase inhibitors. 
Maximal enzyme activity was significantly higher (104%) in temporal cortex cytosolic 
fractions from BD brain (4.65 ± 0.68 pmol/min/pg protein) compared with matched 
controls (2.28 ± 0.80, n=7, p=0.028, Wilcoxon matched-pairs signed-ranks test). In 
temporal cortex particulate fractions and in the cytosolic and particulate fractions of frontal 
and occipital cortex, smaller but statistically nonsignificant increments in maximal enzyme 
activity were detected. Basal PKA activity was also significantly higher (40%) in temporal 
cortex cytosolic fractions of BD brain (0.281 ±0.085 pmol/min4xg protein) compared with 
controls (0.200 ± 0.082, n=6, p=0.028). Estimated ECS0 values for cyclic AMP activation 
of this kinase were significantly lower (70% and 58%, respectively) in both cytosolic (280 
± 84 vs. 945 ± 407 nM; n=6, p=0.028) and particulate (261 ± 90 vs. 627h 225 nM; n=6, 
p=0.028) fractions of temporal cortex from BD patients compared with controls. These 
findings suggest that higher PKA activity in BD brain may be associated with a reduction 
of regulatory subunits of this enzyme, reflecting a possible adaptive response of this 
transducing enzyme to increased cyclic AMP signaling in this disorder.
(Supported by a grant from the NAMI Stanley Research Institute to JJW)

717.8
DISTRIBUTION OF GLURS 6 7-IMMUNOREACTIVITY (IR) ON NEURONS IN 
ANTERIOR CINGULATE CORTEX (ACCx) OF SCHIZOPHRENIC (SZ) AND MANIC 
DEPRESSIVE (MD) BRAIN. Walsh, J„ Stone, D. Berretta*S., Benes, F.M. Lab. 
for Structural Neuroscience, McLean Hospital, Belmont, MA; Program in 
Neuroscience and Dept. of Psychiatry, Harvard Medical School, Boston, MA

Recent studies have suggested that a loss of interneurons is present 
in ACCx of SZ brain. To determine whether this change is associated 
with altered expression of kainate-sensitive glutamate receptors (KRs), 
the distribution of the GluR5 6 7 subunit of this protein has been analyzed 
in a cohort consistirig of 18 normal controls (CONs), 18 SZs and 10 
MDs matched for age (61, 61 and 58 yrs, respectively) and PMI (18, 
19 and 18 hrs, respectively). The optical density (O.D.), as well as the 
size and numerical density (Nd) of IR somata were determined in layers 
II, III, V and VI. There were no significant differences in the O.D. of 
GluR6 6 7-IR somata among the three groups. In contrast, the Nd of IR 
nonpyramidal (NP) somata showed a reduction in both SZs (14%) and 
MDs (36%; p = 0.04, one-tailed) in layer II similar to that previously 
detected in cell counting studies. The SZs also showed a significantly 
lower Nd of IR NPs in layers V (p = 0.015) and VI (p = 0.022). 
Pyramidal neurons (PNs) showed no difference in either the O.D. or Nd 
in any of the laminae. There was no significant relationship of age with
O.D. or Nd; however, the PMI showed a significant negative correlation 
with the O.D. of GluR56 7-IR of SZs and MDs. Partialling out this effect 
with ANCOVA resulted in a significantly lower O.D. for NPs in layers V 
and VI of the SZs. Overall, these data are consistent with the 
hypothesis that a decreased density of NPs in the major psychoses may 
be associated with a decreased expression of the KR in ACCx. 
Supported by MH00423, MH42261, MH/NS31862 and MH31154.
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717.9

INCREASED PIP2 PLATELET LEVELS IN DRUG-FREE DEPRESSED 
BIPOLAR PATIENTS J.C. Soares*, A.G. Mallinqer, C.S. Dippold, K F, Wells, 
E. Frank, D.J. Kupfer Departments of Psychiatry and Pharmacology, 
Western Psychiatric Institute and Clinic, University of Pittsburgh School 
of Medicine, Pittsburgh, PA 15213.

Objective: Prior investigations in bipolar disorder patients have suggested 
abnormalities in the intracellular phosphatidylinositol (PI) cycle. This study was 
conducted to further examine this hypothesis by measuring platelet membrane 
phosphoinositides in drug-free bipolar disorder patients in the depressed state and 
healthy controls. We hypothesized that the platelet levels of PIP2 would be 
significantly increased in depressed bipolar patients. Method: We measured the 
relative platelet membrane content of phosphatidylinositol (PI), phosphatidylinositol-4- 
phosphate (PIP), and phosphatidylinositol-4,5-bisphosphate (PIP2) in platelet 
membranes with two-dimensional thin-layer chromatography followed by scanning 
laser densitometry (Mallinger et al, 1993). Nine unmedicated DSM-IV bipolar type I 
subjects (6 males, 3 females, mean age±S.D.=31.7±4.4 years) and 19 healthy controls 
(10 males, 9 females; mean agetS.D.= 34.2±9.0 years) were studied. Results: Bipolar 
patients had significantly increased levels of platelet membrane PIP2 compared to 
healthy individuals (0.67±0.14% and 0.44±0.17%, respectively; t test=3.710, d.f.^26, 
p=0.001). No significant differences in the levels of PIP (0.65±0.17% and
0.58±0.20%, respectively; t test=1.015, d.f.=26, p=0.324) or PI (5.92±1.23 and 
5.56±1.45, respectively; t test=0.677, d.f.=26, p=O.5O7) were found. Conclusions: 
These findings provide the first demonstration of increased PIP2 platelet levels in 
bipolar disorder patients in the depressed state. Combined with previous results that 
demonstrated increased PIP2 levels in the manic phase of the illness, they provide 
evidence that the PI pathway may be a site of abnormality in bipolar disorder patients. 
This work was supported by MH 29618 and MH 30915, the Stanley Center for the 
Innovative Treatment of Bipolar Disorder, and NARSAD.

717.10

PET IMAGING OF FATIGUE STATE IN THE BRAINS OF 
CHRONIC FATIGUE SYNDROME PATIENTS. Y, Watanabe1 *.
H, Kuratsune2. K, Yamaguti2. G. Lindh3. B. Evengard3. IC 
Matsumura1’4, H, Onoe1, GJHagberg5, and B. Langstrom5 
'Dept. Neurosci., Osaka Bioscience Inst., 6-2-4 Furuedai, Suita-shi, 
Osaka 565-0874, 2Hematology and Onocology, Osaka Univ. Med. 
School, Japan, 3Dept. Infectious Diseases, Huddinge Hospital, Sweden, 
4Grad. School of Informatics, Kyoto Univ., Japan, and 5Uppsala Univ. 
PET Centre, Uppsala Univ., Sweden.

Fatigue sense is derived from the brain, and some molecular and 
neuronal mechanisms should underlie in the sense. However, our 
knowledge about the brain mechanisms of sensing fatigue is limited 
although this might be a typical problem of neuro-immune-endocrine 
interaction study. Recently, Kuratsune et al. found the serum 
acylcarnitine (ACR) deficiency in the vast majority of patients with 
chronic fatigue syndrome (CFS). Serum ACRs are the bound form of 
short chain fatty acids to carnitine, but their physiological roles are 
unclear. To clarify the metabolism of ACRs in mammals, we 
investigated the dynamics of acetyl-L-carnitine labelled with nC by 
use of PET, and found that mammalian liver can immediately 
salvage and store the unused ACR when the supply of energy source is 
enough, and that a large amount of [2-11C] acetyl moiety was taken up 
into the brain. The lower uptake of [2-11C]acetyl-carnitine was 
observed in a part of Brodmann's areas 9 and 24 in CFS patients group 
as compared with age-matched normal control group. There is no 
specific correlation between the sites which show lower ACR uptake 
and those lower regional cerebral blood flow in CFS patients.
This work was supported in part by JSPS-RFTF 98L00201.

717.11

NEUTRAL AMINOACIDS MONITORING IN PHENYLKETONURIC 
PLASMA DLALYSATES USING MICELLAR ELECTROKINETIC 
CHROMATOGRAPHY AND LASER-INDUCED FLUORESCENCE 
DETECTION. X, P*ez*, P. Rada and L. Hernandez. Behav. Physiol. Lab., 
School of Medicine, Universidad de los Andes, M&rida 5101, Venezuela.

Phenylalanine (Phe), valine (Val), tyrosine (Tyr), threonine (Threo) and 
GABA are neutral aminoacids that have been difficult to separate by capillary 
zone electrophoresis. Adding a surfactant to the mobile phase, it makes 
possible their separation, by micellar electrokinetic chromatography. 
Phenylketonuria an inborn error of metabolism with decreased conversion of 
phenylalanine in tyrosine that causes severe neurological and mental 
deterioration, b confirmed by measuring plasma Phe and Phe/Tyr ratio. We 
separated and quantitated these aminoacids in control and phenylketonuric 
plasma microdialysates. Plasma was dialysed using 15-mm long probes of 
13,000 MW cut-off cellulose membrane perfused with 0.9% NaCl at 1 pl/imn 
flow rate. A Meridialysis capillar electrophoresis system equipped with an 
argon laser was used for fluorescence detection on a window of a 50-cm long 27 
mm ID x 346 mm OD fused silica capillary. Electrophoretic separation was 
done by applying 26kV. A borate buffer with SDS and methanol was the 
running buffer used. A calibration curves for the five aminoacids were 
prepared with increasing concentrations of the standard (10‘7-10‘5M) with FITC 
lO^M. Samples and standards were derivatized with FITC/carbonate buffer 
mixture overnight The aminoacids tested had an excellent signal/stsndard 
concentration linear relationship. Phenylketonuric patients had significantly 
higher Phe, lower Tyr, 21 times higher relation Phe/Tyr and decreased values 
of Val and Threo than controls. Microdialysis of biological fluids coupled with 
MEKC with laser induced fluorescence detection b a good alternative 
technique to measure neutral aminoacids.
Thb work was supported by CONICIT grants Sl-95001534 and 97003895024.

717.12

Sensitization  to  the  dopamine  agonist  quinpirole  as  an  animal  
model  of  OCD. H Szechtman*, K Culver and D Eilam. Dept. Psychiatry and 
Behavioural Neurosciences, McMaster Univ., Hamilton, Ontario, L8N 3Z5, 
CANADA and Dept. Zoology, Tel Aviv Univ., Ramat Aviv, ISRAEL.

Our previous findings strongly suggest that the motor performance of rats 
sensitized to quinpirole (QNP; 0.5 mg/kg every 3 days x 10) has the form of 
compulsive checking1. To strengthen the face validity of the quinpirole 
preparation as an animal model of OCD, the present study asked whether 
quinpirole rats show a reluctance and resistence to engage in compulsive 
checking, as do OCD patients. Rats (n=12/group) received 10 injections of 
either QNP or saline in a large open field with 4 objects in it. A cage was 
introduced into the open field for the next 4 injections. The cage was either the 
rat's home cage or an unfamiliar novel cage, and was placed into the open field 
either at the beginning of the 2 hr test or 60 min after QNP or saline injection. 
Introduction of the home cage reduced checking behavior, as quinpirole rats 
spent most of their time in the home cage and locomotor distance declined to 
virtually nil; introduction of the unfamiliar cage had no such effect. The decline 
in checking was most pronounced upon the initial exposure to the home cage: in 
the second hour of testing rats left and returned to the home cage often. Rats 
injected with saline also entered the home and not the novel cage, but they spent 
less time in it and did not show the high incidence of departure and returns 
typical of quinpirole rats. These findings show that given an opportunity 
quinpirole rats do not prefer to engage in checking behavior but they can cease 
to do so only for a limited period of time. Thus, the present study further 
strengthens the suggestion that the quinpirole preparation has strong face validity 
as an animal model of OCD and by implication that dopamine systems play a role 
in OCD.
1. Szechtman H, Sulis W, & D Eilam. Quinpirole induces compulsive checking 
behavior in rats: a potential animal model of obsessive-compulsive disorder. Behavioral 
Neuroscience, 1998,112,1475-85. HSis a Senior Research Fellow of the Ontario Mental 
Health Foundation (OMHF). Supported by MRC (MT-12852).
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718.1

AGRIN IN ALZHEIMER’S DISEASE: ALTERED SOLUBILITY 
AND ABNORMAL DISTRIBUTION WITHIN
MICROVASCULATURE AND BRAIN PARENCHYMA. T.M.Berzin1,
J. £. Donahue1, M. S. Rafii2, D. J. Glass3, G. D. Yancopoulos3, J. R. Fallon2, and
E. G. Stopa1*. ’Depts. of Pathology and 2Neuroscience, Brown U. Providence, RI 
02903,3Regeneron Pharmaceuticals, Inc., Tarrytown, NY 10591

Agrin is a heparan sulfate proteoglycan (HSPG) that is widely expressed in 
neurons and microvascular basal lamina in the rodent CNS. Agrin induces the 
differentiation of nerve-muscle synapses, but its function in either normal or 
diseased brains is not known. Alzheimer's disease is characterized by loss of 
synapses, changes in microvascular architecture, and formation of neurofibrillary 
tangles and senile plaques. Here we have asked whether AD causes changes in the 
distribution and biochemical properties of agrin. Immunostaining of normal aged 
human CNS revealed that agrin is expressed in neurons in multiple brain areas. 
Robust agrin immunoreactivity was uniformly observed in the microvascular basal 
lamina. In AD brains agrin is highly concentrated in both diffuse and neuritic 
plaques as well as neurofibrillary tangles. Neuronal expression of agrin was also 
observed to be increased. Furthermore, patients with AD had microvascular 
alterations characterized by thinning and fragmentation of the basal lamina. 
Detergent extraction and western blotting showed that virtually all the agrin in 
normal brain is soluble in 1% SDS. In contrast, a large fraction of the agrin in AD 
brains is insoluble under these conditions, suggesting that it is tightly associated 
with 8-amyloid. Together, these data indicate that the agrin abnormalities observed 
in AD are closely linked to 8-amyloid deposition. These observations suggest that 
altered agrin expression in the microvasculature and the brain parenchyma contribute 
to the pathogenesis of AD. (Supported by AG10682)

718.2

AGRIN IS A MAJOR HEPARAN SULFATE PROTEOGLYCAN IN
ALZHEIMER'S DISEASE. M.M. Verbeek1*, I. Otte-Holler, J. van den Bom2,
L.P.W.J. van den Heuvel3, G?David4, P. Wesseling1,5 and R.M.W. de Waal1. Dept.
of ’Pathology, 2Nephrology, 3Pediatrics and ^Neurology, University Hospital
Nijmegen, PO Box 9101, 6500 HB Nijmegen, The Netherlands and 4Center for 
Human Genetics, University of Leuven and Flanders Interuniversity Institute for 
Biotechnology, Leuven, Belgium.

Heparan sulfate proteoglycans (HSPGs) have been suggested to play an important 
role in the formation and persistence of senile plaques and neurofibrillary tangles 
(NFTs) in dementia of the Alzheimer type (DAT). In the present study we 
performed a comparative immunohistochemical analysis of the expression of the 
HSPGs agrin, perlecan, glypican-1 and syndecans 1-3 in the lesions of DAT brain 
neocortex and hippocampus. Using a panel of specific antibodies directed against 
the protein backbone of different HSPG species, and against the glycosaminoglycan 
(GAG) side-chains, we demonstrated the following. The basement membrane- 
associated HSPG agrin is widely expressed in senile plaques, NFTs (both 
intracellular and extracellular) and cerebral blood vessels, whereas - in contrast to 
other reports - the expression of the other basement membrane-associated HSPG 
perlecan is lacking in senile plaques and NFTs and is restricted to the cerebral 
vasculature. Glypican and three different syndecans, all cell membrane-associated 
HSPG species, are also expressed in senile plaques and NFTs, albeit at a lower 
frequency than agrin. HS GAG side-chains are also associated with both senile 
plaques and NFTs, confirming previous reports. Our results suggest that 
glycosaminoglycan sidechains of the HSPGs agrin, syndecan and glypican, but not 
perlecan, may be involved in the formation of both senile plaques and NFTs. In 
addition, we speculate that agrin, since it contains nine protease-inhibiting domains, 
may protect the protein aggregates in senile plaques and NFTs against extracellular 
proteolytic degradation, leading to the persistence of these deposits.
Financially supported by the Internationale Stichting Alzheimer Onderzoek.
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718.3
THE SIGNATURE OF ALZHEIMER’S DISEASE IN THE BRAINSTEM.
J. Parvizi*1. G. W. Van Hoesen1’’. and A. R. Damasio1.
'Department of Neurology and ’Department of Anatomy & Cell Biology, The University 
of Iowa College of Medicine, Iowa City, IA 52242.
Although there is evidence that Alzheimer’s disease (AD) involves subcortical structures, 
a comprehensive serial examination of the brainstem has been lacking. Here we present a 
study of neuropathological changes in the medulla oblongata, pons, and midbrain. 
Quantified data were obtained on the number of neurofibrillary tangles (NFT), neuritic 
plaques (NP), and neuropil threads (NT) in brainstem sections (stained with Thioflavin- 
S), from 32 patients with histopathologically confirmed AD (16 females and 16 males), 
13 patients with non-AD dementia (4 females and 9 males), and 13 normal controls (9 
females and 4 males). Selected sections were also examined after staining with Galiyas 
silver stain, or immunostained for ALZ 50, and NADPH diaphorase. We found: 1) a large 
amount of NFTs in the dorsal and median raphe nuclei, parabrachial nucleus, locus 
coeruleus, and the cholinergic subregion of the pedunculopontine nucleus; 2) a large 
amount of NPs in the central subnucleus of the inferior colliculus, the periaqueductal gray 
matter, the non-cholinergic subregion of the pedunculopontine tegmental nucleus, and 
nucleus cuneiforme; 3) a low to moderate amount of NFTs and NPs in the dorsal motor 
nucleus of vagus, intermediate reticular zone of medulla, substantia nigra pars compacta, 
ventral tegmental area, and laterodorsal tegmental nucleus; 4) an absence of NFTs, NTs 
& NPs in thioflavine-S stained sections in non-AD dementia patients and normal control 
subjects. The following provisional conclusions can be reached: 1) most structures in the 
brainstem are exclusively affected with either NFTs or NPs, and only a few structures 
show both types of change. 2) Because nuclei that are severely affected are known to be 
the main source of serotonergic, adrenergic, and cholinergic projections to thalamus, basal 
forebrain, and cortex, it is reasonable to hypothesize that their dysfunction plays an 
important role in the cognitive impairment seen in patients with AD. 3) The severe 
pathological changes of brainstem nuclei which are important modulators of autonomic 
functions, provides a neuropathological basis for the autonomic dysfunction seen in 
patients with AD, and may explain the increased rate of respiratory and gastroenteric 
morbidity noted in these patients. (Supported by the Scottish Rite Foundation of Iowa and 
NS-14944).

718.4
DETECTING 3D PATTERNS OF ALZHEIMER’S DISEASE PATHOLOGY 
WITH A DISEASE-SPECIFIC, POPULATION-BASED PROBABILISTIC 
BRAIN ATLAS Thompson PM, fMega MS, Woods RP, Blanton RE, Moussai J, 
Zoumalan CI, tCummmgs J, tMacDonald D. lEvans AC, Toga AW*. Lab. of 
Neuro Imaging, Dept. Neurology, Brain Mapping Division, f Alzheimer’s Disease 
Ctr., UCLA Medical Ctr., CA 90095; ^Montreal Neurol. Inst., McGill U., Canada.

We report a new strategy to create disease-specific brain templates that reflect the 
average anatomy and function of any clinical subpopulation. A disease-specific atlas 
was constructed to represent the human brain in Alzheimer’s Disease (AD). 3D 
anatomic variability patterns, based on 3864 structures, were encoded and used to 
detect pathology in new patients. The population-based atlases were created from an 
archive of Tl-weighted 2562xl70 3D MRI scans of 26 AD patients (age: 75.8±1.7 
yrs.; 14 females/12 males; MMSE score: 20.0±0.8) and 20 controls matched for age 
(72.9±5.6 yrs.), education, gender and handedness. Parametric surface meshes 
modeled 84 structures per brain: 16 deep sulcal, callosal and hippocampal surfaces, 
all major cortical sulci, Sylvian fissures, 14 ventricular regions, and 36 gyral and 
3D cytoarchitectural boundaries. Specialized strategies were developed for 
population-based averaging of anatomy. Sets of high-dimensional elastic mappings 
(0.1 billion degrees of freedom) reconfigured the 46 subjects’ anatomy into a mean 
anatomic configuration for each clinical group. These mappings created a crisp 
anatomical image template with highly-resolved structures in their mean spatial 
location. Disease-specific trends were visualized. Specialized approaches for group 
averaging of cortical topography encoded the magnitude and principal directions of 
local gyral pattern variation as a non-stationary Gaussian random tensor field. This 
was used to detect structural anomalies in new subjects. Regional asymmetries and 
disease-specific changes appeared in the average cortical representations that were 
not apparent in individual anatomies. Early AD-specific fiber loss at the callosal 
isthmus and hippocampus (p < 0.02) matched severe increases in left temporo-
parietal and occipital nom variability, with left faster than right degeneration in 
early AD. AD increased temporo-parietal, paracentral and ventricular asymmetries 
(p < 0.0002). New asymmetries of the human cortex were identified. These brain 
atlasing systems use specialized strategies for cortical pattern and whole brain 
anatomical averaging to encode group variations ana detect disease-specific 
patterns. Grant Support: (to PT/RPW/AWT): NIMH/NIDA (P20 MH/DA52176); P41 
NCRR RR13642 & NINCDS/N1MH (NS38753); (MSM): NIA K08-AG100784. (AWT): 
NLM (LM/MH05639), NSF (BIR 93-22434), NCRR (RR05956).

718.5

CELL LOSS IN THE EDINGER-WESTPHAL OF PATIENTS WITH ALZHEIMER’S DISEASE 
EXPLAINS PUPIL HYPERSENSITIVITY. L.F.M. Scinto.* K, Firla, K.R, Daffner, C.K, Wu, M, 
Frosch, C. Geula. Harvard Medical School, Boston, MA 02115

Patients with probable Alzheimer’s disease and some community dwelling 
elders exhibit a hypersensitive pupil dilation in response to dilute 
tropicamide. Such hypersensitivity in community dwelling elders is asso-
ciated with an increased risk of cognitive decline in memory. We published a 
report on neuropathological findings in the Edinger-Westphal nucleus (EW), 
part of the third cranial nerve nucleus, in PRAD patients and normal elderly 
controls which showed that the EW of PRAD patients was a target for 
Alzheimer’s pathology (tangles and plaques) whereas control cases 
exhibited no pathology. In both PRAD patients and controls, the somatic 
portion of the third cranial nerve nucleus was virtually free of pathology, 
suggesting that the EW is a specific target of pathology. The pathological 
changes in the EW may lead to neuronal loss and consequently upregulation 
of receptors at the iris, accounting for the observed pupillary hypersensitivity. 
We present data that PRAD patients compared to controls show neuronal 
loss in the EW. To determine if such loss occurred, we counted neurons 
using unbiased sample-probe stereology. Total neurons in one half of the 
EW nucleus were counted in seven cases, 4 PRAD patients and 3 control 
cases. Nonparametric comparison of neuronal counts revealed a significant 
difference at p = .04. On average PRAD cases had fewer neurons com-
pared to controls. These data, in conjunction with our previous work, further 
confirm the suggestion that pathology in the EW is a probable mechanism to 
explain observed pupillary hypersensitivity in PRAD patients and some 
community dwelling elders. Supported by the Laboratory of Higher Cortical Functions, 
Brigham and Women's Hospital, Harvard Medical School, Boston, MA

718.6

INCREASED NUMBER OF NEUROKININ-3 RECEPTOR 
IMMUNOREACTIVE NEURONS AND GLIA IN ALZHEIMER’S 
DISEASE D. Mileusnic1, D.J. Magnuson*2, S.A. Lorens', M.J. Hejna1,
E.M. Sigurdssorf, and J.M. Lee1,2, Dept. of Pharm. and Exp. Ther.1, Dept. 
of Path. , Loyola Univ. Stritch Sch. of Med., 2160 S. First Ave., Maywood, 
IL. 60153 and Dept. of Path.3, New York Univ. Med. Ctr., New York, NY.

Neurokinins such as substance P as well as neurokinins A and B are 
closely related mammalian neuropeptides, sharing a sequence homology to 
the amyloid-p-protein in residues 30-35. Neurokinins have been shown to 
play a role in inflammation, pain transduction and, to a limited extent, in 
neurodegenerative diseases. We have previously shown age-dependent 
decreases in neurokinin-3 (NK-3) receptors, the cognate receptor for NKB, 
on neurons, but increases in NK-3 receptors on neuroglia. In the present 
study, we found a significant increase in the number of NK-3 receptor 
positive neurons in the frontal and temporal cortices in AD compared to 
age-matched controls (2.4 fold and 3.2 fold, respectively). In addition, a 
significant number of NK-3 receptor positive astrocytes were found 
surrounding cerebral cortical amyloid plaques. Interestingly, the numbers 
of NK-3 receptor microglia did not differ between AD and age-matched 
controls. In F-344 male rats with bilateral amygdala injections of Ap 25-35 
there was an increase in the number of NK-3 positive neurons not only in 
the frontal and temporal cortices, but also in the hippocampus and 
amygdala (p< 0.05). In contrast to AD, in this animal model the number of 
NK-3 microglia was increased in these brain regions with no staining of 
reactive astrocytes. These findings suggest the neuronal NK-3 receptor 
system is affected in a similar manner in both AD and in an animal model 
of AD; and may play a role in the development and/or phenotype of AD 
itself. (Supported in part by an grant from Servier Pharmaceuticals and the 
Department of Pathology, Loyola University)

718.7

EXPRESSION OF CALRETICULIN IN THE HUMAN BRAIN AND IN 
ALZHEIMER DISEASE: IN VIVO AND IN VITRO STUDIES.
D.G, Walker*. C.K, Hall. T.G, Beach. Civin Laboratory of Neuropathology,
Sun Health Research Institute, Sun City, Arizona, 85351.

Calreticulin is a 60 kD, abundantly expressed, calcium-binding protein that is 
primarily localized to the endoplasmic reticulum. It can also be located in the 
nucleus and on the cytoplasmic membrane. Another function appears to be as a 
chaperone protein, though it is also involved in cellular adhesion and steroid 
receptor signal transduction. The protein is induced in stress situations, and is 
identical to a complement Clq receptor. Its involvement in human 
neurodegenerative diseases has not previously been reported.
Immunohistochemical studies of brains from elderly neurologically normal cases 
demonstrated strong neuronal expression in many classes of neurons, particularly 
pyramidal neurons of the cortex and hippocampus. These cells are particularly 
vulnerable in AD. Staining of similar sections from AD cases generally showed 
weaker neuronal staining with the induction of immunoreactivity in glial cells. 
Immunoblot analysis of extracts of inferior temporal gyrus for calreticulin 
demonstrated an approximate two-fold increase in expression in the AD cases. 
Double immunostaining of sections for calreticulin and, either phosphorylated tau 
or AP, showed no apparent colocalization. Noticeably, no calreticulin 
immunoreactivity was observed in dystrophic neurites. SH-SY5Y neuroblastoma 
cells and U373-MG astrocytoma cells, that are overexpressing a calreticulin 
expression plasmid, and cells expressing a calreticulin antisense plasmid have been 
isolated and employed in experiments to determine the role for calreticulin in 
protecting neural cells from cellular stress.
Supported by grants from the Alzheimer's Association and Alzheimer Society 
ofB.C.

718.8

AGE-RELATED LOSS OF THE AMPA RECEPTOR SUBUNIT GLUR2/3 IN 
THE HUMAN NUCLEUS BASALIS OF MEYNERT. D.M. Armstrong*, K, 
Mizukami, C. Geula, M.D Ikonomovic. Thomas Jefferson University, Lankenau 
Medical Research Center, Wynnewood PA 19029.

Immunocytochemical techniques were employed to examine the cellular 
localization of AMPA receptor subunits GluRl and GluR2/3 in the basal forebrain 
of eight non-demented elderly human subjects, range 66-102 years. For each case 
we observed GluRl-positive cells darkly labeled within all main divisions of the 
basal forebrain. Double-labeling immunohistochemical techniques confirmed that 
the overwhelming majority of these neurons were also positive for the p75 NGFr 
antibody. In contrast, GluR2/3 immunolabeling upon magnocellular neurons were 
relatively faint or non-existent. The latter observations were most apparent in cases 
of advanced age, and in the posterior part of the nucleus basalis of Meynert 
(NBM)(i.e., more vulnerable region of the NBM). In contrast, in adjacent 
structures (e.g. globus pallidus), a number of GluR2/?-positive cells were observed. 
In addition to the eight elderly subjects, we examined GluRl and GluR2/3 
immunostaining in the NBM of five younger cases, 5, 33, 36, 47 and 48 years of 
age. In these younger cases, we observed both GluRl and GluR2/3 labeling upon 
NBM neurons. On average, the distribution of labeled cells and the intensity of 
immunoreaction was comparable between GluRl and GluR2/3. The presence of 
GluR2/3 and GluRl-labeled neurons in the NBM of younger cases, but primarily 
GluRl in cases of advanced age, suggests an age-related decrease in GluR2/3. 
Functionally, the loss of GluR2 from the AMPA receptor complex results in ion 
channels highly permeable to Ca2+. The alterations in cation permeability of the 
AMPA receptor together with the occurrence of a number of other intrinsic and 
extrinsic events (i.e., deposition of A0, decrease Ca2+ binding protein) likely 
contributes to the vulnerability of these neurons in aging and in AD. Work 
supported by NIH AG08206.
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718.9

AGE-RELATED LOSS OF CALBINDIN FROM HUMAN BASAL 
FOREBRAIN CHOLINERGIC NEURONS: RELATION TO OTHER 
PATHOLOGY. C.-K, Wu*. D. Kuznetsov. D.M. Armstrong and C. Geula. 
Harvard Medical School and Boston University School of Medicine, Boston, 
MA 02215.

In earlier work we demonstrated a selective age-related loss of calbindin- 
D28k (CB) from the human basal forebrain cholinergic neurons (BFCN) 
(Neuroreport, 8:2209-2213, 1997). Here we report on the relationship between 
the loss of CB and presence of senile plaques (SP) and neurofibrillary tangles 
(NFT) using 5 young (20-71 years) and 9 old (72-99 years) normal cases. 
Eight out of nine old cases displayed a selective and significant loss of CB 
from the BFCN when compared with the young group. The loss of CB from 
the BFCN was more pronounced in the posterior sector of the basal forebrain 
(Ch4p) as compared with the anterior sector (Ch4a). In the sample as a whole, 
variable densities of cortical SP and NFT were observed using different 
methods of staining. In general, very few SP and NFT were found within the 
basal forebrain. We observed a double-dissociation between the density of SP 
and NFT and the loss of CB. Some cases with SP and NFT in cortex and basal 
forebrain showed completely intact CB in BFCN. Conversely, some old cases 
with few SP or NFT displayed significant loss of CB from the BFCN. A 
variable density of NFT was observed in the medial temporal lobe of most old 
cases, but was also unrelated to CB loss from the BFCN. Thus, the age-related 
loss of CB from otherwise normal BFCN appears to be a primary aging 
phenomenon unrelated to Alzheimer pathology. The loss of CB, along with the 
reported loss of the Ca2+ impermeable AMPA receptor subunit, is likely to 
disturb intracellular Ca2+ homeostasis and to contribute to the vulnerability of 
the BFCN in Alzheimer’s disease. (Supported by NIH AG14706)

TRAUMA: BASIC MECHANISMS OF NERVOUS SYSTEM INJURY

719.1

THE IMPORTANCE OF POST-TRAUMATIC BRAIN TEMPERATURE ON 
THE INFLAMMATORY RESPONSE FOLLOWING PARASAGITTAL FLUID 
PERCUSSION BRAIN INJURY. K. Chatzipanteli*, Ofelia Alonso, Susan Kraydieh, 
W. D. Dietrich. Departments of Neurological Surgery and Neurology, University of 
Miami School of Medicine, Miami, FL 33136, U. S. A.

The purpose of this study was to investigate; 1) the temporal and regional profile of 
polymorphonuclear (PMN) cell infiltration after moderate traumatic brain injury (TBI) 
using the F-P model and, 2) the effects of post-traumatic hypothermia (30°C) and 
hyperthermia (39°C) on the acute and subacute inflammatory response. We hypothesized 
that post-traumatic hypothermia would reduce the degree of inflammation whereas 
hyperthermia would exacerbate this response to injury. The myeloperoxidase (MPO) 
assay was used to identify the degree of PMNs infiltration into cortical and subcortical 
regions ipsilateral and contralateral to injury at 3-, 24-h, 3- or 7-d after TBI. In addition, 
rats were sacrificed 3-h or 3-d after a 3-h monitoring period at 36.5°C, 30°C or 39°C. In 
normothermic rats, MPO was significantly increased at 3-h within the anterior cortical 
segment and posterior (injured) cortical and subcortical segments (p<0.05). At 24-h and
7-d after trauma only the posterior cortical region (p<0.005, p<0.05, respectively) 
exhibited increased MPO activity. However, MPO activity peaked at 3-d in the anterior 
cortical region (213.97 ± 28.1 vs control 65.5 ± 26.15 U/g of wet tissue, p<0.05) and the 
posterior (injured) cortical and subcortical segments compared to sham-operated rats 
(305.76 ± 13.9 vs control 62.8 ± 12.4 and 258.67 ± 50.7 vs control 37.28 ± 17.8 U/g of 
wet tissue, p<0.0001, p<0.05, respectively). Immunocytochemical analysis of MPO 
reactivity at 3-, 24-h, 3- and 7-d showed large numbers of leukocytes within and 
associated with blood vessels, damaged tissues and subarachnoid spaces. At both 3-h 
and 3-d, posttraumatic hypothermia significantly decreased MPO activity throughout the 
ipsilateral hemisphere including anterior and posterior cortical and subcortical structures 
(p<0.05). In contrast, hyperthermia increased MPO activity in the injured region. Post- 
traumatic temperature variations may influence traumatic outcome by altering the 
inflammatory consequences of TBI. Supported by NIH Grant NS 30291.

719.2
EARLY POSTTRAUMATIC HYPOTHERMIA LIMITS CALPAIN-MEDIATED 
PROTEOLYSIS (CMSP) AND CONCOMITANT CYTOSKELETAL DAMAGE IN 
TRAUMATIC AXONAL INJURY (TAI)
A. Buki. H, Koizumi. J. Astruc* and J.T. Povlishock Dept. of Anatomy, Medical 
College of Virginia; Virginia Commonwealth University, Richmond, VA 23298-0709,

Traumatic brain injury (TBI) in animals and man generates widespread axonal 
injury characterized by focal axolemmal permeability changes, induction of CMSP 
and neurofilament compaction (NFC) leading to axonal disconnection. Recent 
observations have suggested that moderate hypothermia is neuroprotective in several 
models of TBI. Nevertheless the pathway by which hypothermia prevents traumatic 
axonal injury (TAI) is still a matter of debate.

The present study was aimed to evaluate the effects of moderate, early posttraumatic 
hypothermia on CMSP, implicated in the pathogenesis of TAI. Using moderate (32°C) 
hypothermia of 90min duration without rewarming in a rat impact acceleration injuiy 
model, tlie density of CMSP immunoreactive/damaged axons was quantified via LM 
analysis in vulnerable brain stem fiber tracts of hypothermic and normothermic 
animals. To assess tlie influence of posthypothermic rewarming, a second group of 
animals was subjected to 90min of hypothermia followed by 90min of rewarming to 
normothermic levels when CMSP was analyzed to detect if any attenuation of CMSP 
prevention persisted. Additionally to determine if this protection translated into 
comparable cytoskeletal protection in tlie same foci showing decreased CMSP, 
antibodies targeting altered/compacted NF subunits were also employed. Moderate 
hypothermia applied in tlie acute postinjury period drastically reduced the number of 
damaged axons displaying CMSP in both the hypothermic alone and rewarmed groups 
and also significantly reduced NFC immunoreactivity.

These results suggest that the neuroprotective effects of hypothermia in TBI are 
associated with the inhibition of axonal/cytoskeletal damage and also persist with 
posthypothermic rewarming.
This work is supported by grants NS 20 193 and The Martin Rodbell Fellowship.

719.3

IMMUNOFLUORESCENT CO-LOCALIZATION OF AMYLOID PRECURSOR 
PROTEIN (APP) AND RMO-14 WITHIN DISTINCT CLASSES OF 
TRAUMATIC ALLY INJURED AXONS J. Stone* and J.T. Povlishock Dept. of Anatomy, 
Medical College of Virginia; VCU, Richmond, VA 23298-0709

Antibodies to APP have become routine markers for detecting traumatic axonal 
injury (TAI). While previous interpretations have attributed this APP deposition to 
impaired axoplasmic transport, recent studies also suggest an unmasking of APP 
antigenic epitopes, allowing for improved immunocytochemical visualization. Using 
antibodies to APP, we recently reported on the LM and EM features of a new class of 
traumatically injured axons that undergo focal damage at the nodal and paranodal 
regions of small caliber fibers, in distinction to the intemodal change typically 
associated with TAI in large caliber axons. To study how this APP immunoreactivity in 
the nodal form of TAI relates to our previous descriptions of intemodal change and 
subsequent swelling, we initiated a dual immunofluorescent study of APP and RMO- 
14, a marker of compacted neurofilaments, traditionally used to detect those axons 
undergoing intemodal change and swelling. Rats were subjected to an impact 
acceleration traumatic brain injury and allowed to survive for 30 min to 4h postinjury. 
Brains were removed, sectioned, and processed utilizing the Tyramide Signal 
Amplification method for the APP immunocytochemistry, and conventional methods 
for visualizing RMO-14. Through this protocol, we demonstrated APP and RMO-14 
immunoreactivity as early as 30 min postinjury in separate, morphologically distinct 
forms of TAI. Antibodies to APP labeled the spheroidal/multilobulated form of TAI 
typically associated with the recently described nodal form of axonal injury. However, 
RMO-14 primarily labeled a separate population of damaged fibers that were linear 
and elongate in appearance. These findings suggest a complex axonal response to 
traumatic brain injury, involving multiple pathogenic processes that culminate in the 
common final pathway of delayed axotomy. This work is supported by grant NS 20193.

719.4
ACCUMULTION OF 6-AMYLOID AND TAU AND THE FORMATION OF 
NEUROFILAMENT INCLUSIONS FOLLOWING DIFFUSE BRAIN 
INJURY IN THE PIG. D.H. Smith1? X-H Chen1, M. Nonaka1, J.Q, 
Troianowski2, V.M-Y Lee2, K.E, Saatman1, M.J. Leoni1, B-N Xu1, J.A. Wolf1,
D.F. Meanev3. Depts of ’Neurosurgery, 2Path. and Lab. Med., and 
’Bioengineering, University of Pennsylvania, Philadelphia, PA 19104

Brain trauma in humans increases the risk for developing Alzheimer’s disease 
(AD) and may induce the acute formation of AD-like plaques containing 6- 
amyloid (AB). To further explore the potential link between brain trauma and 
neurodegeneration, we conducted neuropathological studies using a pig model 
of diffuse brain injury. Brain injury was induced in anesthetized animals via 
non-impact head rotational acceleration of 100° over 20 msec in the coronal 
plane (n=15 injured, n=3 non-injured). At 1, 3, 7 and 10 days posttrauma 
control and injured animals were euthanized and immunohistochemical analysis 
was performed on brain sections using antibodies specific for AB, amyloid 
precursor protein (APP), tau, and neurofilament (NF) proteins. In addition to 
the diffuse axonal pathology, we detected accumulation of AB and tau that 
colocalized with immunoreactive APP and NF in damaged axons throughout 
the white matter in all injured animals at 3-10 days posttrauma. In a subset of 
brain injured animals, diffuse AB-containing plaque-like profiles were found in 
both the gray and white matter, and accumulations of tau and neurofilament rich 
inclusions were observed in neuronal perikarya. These results show that this pig 
model of diffuse brain injury is characterized by accumulations of proteins that 
also form pathologic aggregates in AD and related neurodegenerative diseases. 
Supported by NIH grants NS08803, NS38104, AG12527, NS35721, AG09215, 
andAG10124.
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719.5

DIFFERENTIAL GENE EXPRESSION AFTER MECHANICAL 
INJURY OF ORGANOTYPIC BRAIN SLICE CULTURES.
B. Morrison III*1, D. Meaney1, R. Raghupathi2, K. Saatman2, and T.
McIntosh. Departments of ’Bioengineering and 2Neurosurgery, Uni-
versity of Pennsylvania, Philadelphia., PA 19104

The primary mechanical stimulus responsible for traumatic brain 
injury (TBI) occurs in less than a second, but initiates an extended 
physiological, cellular, and molecular sequelae requiring hours, days 
or even years to develop resulting in the death of brain cells. A more 
thorough understanding of these molecular changes, including altera-
tions in gene expression, could suggest new therapies for the TBI pa-
tient to either block detrimental or enhance any neuroprotective as-
pects of the post-traumatic sequelae. A novel in vitro model of TBI 
was developed to produce a precise and reproducible mechanical in-
jury of long term organotypic brain slice cultures at strains and strain 
rates thought to be responsible for in vivo TBI. A total of 41 cultures 
were injured with an additional 7 control cultures. After in vitro 
stretch injury, the expression of 23 genes was quantified using a re-
verse northern hybridization cDNA-array technique demonstrating 
that, at 24h post-injury, expression of BDNF, NGF, and TrkA was 
significantly increased whereas that of bcl-2, CREB, and GAD65 was 
decreased (MANOVA, p < 0.05; ANOVA, p < 0.05) while the other 
17 genes were unaltered. These results imply that TBI initiates a coor-
dinated and specific sequelae of genomic changes which suggest new 
therapies for the patient including infusion of growth factors e.g. 
BDNF or NGF. This work was supported in part by NINDS-P01 - 
NS08803, NINDS-R01-NS26818, NIGMS-R01-GM34690, and a 
Veterans Administration Merit Review Grant.

719.6
DEPOLARIZATION INDUCES INSULIN-LIKE GROWTH FACTOR BINDING 
PROTEIN-2 EXPRESSION IN RAT ASTROCYTES IN VIVO VIA NMDA 
RECEPTOR STIMULATION.
A-C. Sandberg Nordqvist*, S. Holmin, and T. Mathiesen, Department of Clinical 
Neuroscience, Section of Neurosurgery, Karolinska Hospital, S-171 76 Stockholm, 
Sweden

Insulin-like growth factors (IGFs) are important in normal growth and brain 
development and protect brain cells from several forms of injury. Traumatic brain 
injury (TBI) increases IGF-1, IGF binding protein (BP) -2 and -4 mRNA. The 
mechanisms for this up-regulation are largely unknown. The present investigation was 
undertaken to analyze the effect of depolarization and NMDA receptor blockade on 
IGF-1, IGFBP-2 and -4 expression in vivo. Potassium chloride (KC1) soaked filter 
pads were applied on rat brains for ten minutes. Some rats were treated with daily 
intraperitoneal injections of MK-801. The rats were sacrificed four days after the KC1 
exposure and the brains were analyzed by in situ hybridization, immunohistochemistry 
and TUNEL. A significant up-regulation of IGFBP-2 mRNA and protein was detected 
in astrocytes after KC1 exposure. This up-regulation was significantly reduced by MK- 
801 treatment. Depolarization in this model did not alter the IGF-1 or IGFBP-4 
mRNA levels. We did not detect TUNEL positive cells, morphological signs of 
necrosis or apoptosis, or neuronal loss in the depolarized zone. Taken together, these 
findings indicate that IGFBP-2 is up-regulated by depolarization and that this effect is 
mediated by NMDA receptors. Neuronal damage was not detected, indicating that 
astrocytic NMDA receptors could be responsible for this up-regulation. IGF-1 is 
considered a neuroprotecive agent, and it is possible that NMDA receptor stimulation 
after TBI induces IGFBP-2 which inhibits the beneficial effects of IGF-1. This could 
contribute to the detrimental effects on the CNS caused by excessive NMDA-receptor 
stimulation. Supported by Karolinska Institutet, the Swedish Society of Medicine, 
1987 Stroke fundation, Tore Nilsson fundation, and the Swedish MRC (12533).

719.7

ABNORMAL REACTION TO CENTRAL NERVOUS SYSTEM 
INJURY IN MICE LACKING GLIAL FIBRILLARY ACIDIC 
PROTEIN AND VIMENTIN. Milos Peknv1*, Clas B. Johansson2. 
Camilla Eliasson1, Claes-Henric Berthold3 and Jonas Frisen2, Dept. of 
Med. Biochemistry1 and Dept. of Anatomy and Cell Biology3, 
Gothenburg Univ., Gothenburg, Dept. of Cell and Mol. Biology2, 
Karolinska Institute, Stockholm, Sweden.

Astrocytes are considered to play an important role in the CNS 
response to injury. It remains unclear to what extent is this role beneficial 
(restoring the integrity of the CNS environment) and to what extent it 
may be detrimental (glial scar as an obstacle to neuroregeneration). In 
response to the CNS injury, astrocytes become reactive and express high 
levels of the intermediate filament (IF) proteins GFAP, vimentin and 
nestin. We have shown that astrocytes in mice deficient for both GFAP 
and vimentin (GFAP-/-vim-/-) cannot form IFs even when nestin is 
expressed and are thus devoid of IFs in their reactive state. We have 
studied the reaction to injury in the central nervous system in GFAP-/-, 
vimentin-/-, or GFAP-/-vim-/- mice. Glial scar formation appeared 
normal after spinal cord or brain lesions in GFAP-/- or vimentin-/- mice, 
but was impaired in GFAP-/-vim-/- mice which developed less dense 
scars frequently accompanied by bleeding. These results show that GFAP 
and vimentin are required for proper glial scar formation in the injured 
central nervous system and that some degree of functional overlap exists 
between these IF proteins.
Support: MFR, Cancerfonden, LS, SSMF, King Gustav V. Foundation

719.8
EVIDENCE FOR POLY(ADP-RIBOSE)POLYMERASE (PARP) ACTIVATION 
AFTER TRAUMATIC BRAIN INJURY (1B1) IN RATS. M.A, Satchell, R.S.B. 
Clark, M. Chen*, J.A. Melick, C. Szabo, P.M. Kochanek. Depts. of Anesthesiology/ 
CCM and Pediatrics, Safar Center for Resuscitation Research and Brain Trauma 
Research Center, U. of Pittsburgh, PA 15213, and Inotek, Cincinnati, OH 45219.

In preliminary studies, we demonstrated that PARP deficient mice were protected 
from functional deficits after TBI1. PARP is thought to facilitate DNA repair by 
attaching poly(ADP-ribose) polymers (PADPR) to damaged DNA and nuclear proteins 
using NAD+ in the process. Similar to cerebral ischemia, the protective effects of 
PARP gene disruption may be related to preservation of energy stores in injured 
brain2. DNA nicks produced by free radicals, including peroxynitrite, are potent 
activators of PARP. Peroxynitrite can be detected by nitrotyrosine residues on protein.

The purpose of this study was to verify that PARP activation occurs after TBI using 
a model of controlled cortical impact with imposed secondary insult in rats. Western 
blot showed nitrotyrosine residues on ~30 and -80kD proteins from ipsilateral cortex 
at 8, 24 and 72 h after TBI but not in naive controls. The DNA polymerase-mediated 
dATP nick-translation assay showed DNA nicks in ipsilateral cortex and hippocampus 
at 6, 24 and 72 h after TBI but not in naive controls. PARP activation was measured 
indirectly by detecting PADPR by Western blot. An increase in PADPR on multiple 
protein bands was demonstrated at 8 and 24h but not in naive controls. By 72 h, 
PADPR on proteins were reduced (vs 24 h). PADPR were also detected immunohisto-
chemically in injured brain. NAD+ levels, determined by an enzymatic cycling method, 
were depleted by -86% in cortex and hippocampus at 24 h after TBI (vs control).

These data support the conclusion that PARP is activated by DNA damage due to 
peroxynitrite and other oxygen free radicals. NAD+ depletion in injured brain suggests 
that energy failure as a consequence of PARP activation may contribute to the 
functional deficits produced by TBI and may explain tlie protective effects observed in 
PARP deficient mice.1 Whalen et al, Acta Neurochir (in press)’, 2Endres et al, JCBFM 
1997;17:1143-51. Supported by P50 NS30318 and RO1 NS38620.

719.9

CYTOCHROME C (CYT C) RELEASE AND CASPASE (CP) ACTIVATION IN 
TRAUMATIC AXONAL INJURY (TAI): THE POINT OF NO RETURN?
J.T. Povlishock1, A. Buki1, K.K.W, Wang2 D.O, Okonkwo1 and C.W. Christman1*
'Dept. of Anatomy, Medical College of Virginia; Virginia Commonwealth University,
Richmond, VA 23298-0709,2Dept. of Neuroscience Therapeutics Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Company, Ann Arbor, MI,

Recently we have demonstrated that mitochondrial damage has a pivotal role in TAI 
most likely causing severe disturbances in local axonal bioenergetics. This was related 
to increased local Ca2+ loads, tlie opening of the mitochondrial permeability transition 
(MPT) pore, and concomitant calpain activation with widespread cytoskeletal effects, 
all of which were attenuated by cyclosporin A which inhibits MPT (JCBF&M, 19:443-51). 

As release of CYT C and activation of CP proteases are also critical sequelae of MPT 
the present study sought to determine if these proteins are also linked to the above 
described pathological changes thereby constituting additional targets for therapeutic 
intervention. Rats were subjected to impact acceleration brain injury (TBI). After 15 
min (N=5), 60 min (N=5), 3 h (N=5), and 6 h (N=5) survival, brains were processed 
for immunocytochemical detection of CYT C and the CP-specific spectrin breakdown 
product 120 (SBDP120) at tlie LM and EM level and for immunofluorescent double 
labeling. These strategics demonstrated focal CYT C release and SBDP120 
immunoreactivity in tlie corticospinal tracts and medial longitudinal fasciculi. At 
15min few fibers revealed cliange, however, with continued survival proportionally 
more fibers demonstrated co-localized CYT C release and CP activation together with 
dramatic mitochondrial swelling and cytoskeletal disruption, the agonal events in tlie 
process of axonal disruption and disconnection.

These findings argue for activation of the caspase death cascade in foci of axonal 
injury triggered by focal mitochondrial failure and CYT C release. As caspases can 
exacerbate cytoskeletal damage by irreversible cleaving of spectrin, CYT C release 
and caspase activation may mark tlie point of no return in TAI.
This work is supported by grants NS 20 193 and Tlie Martin Rodbell Fellowship.

719.10
CELLULAR ALTERATIONS IN BAX, CYTOCHROME C, AND CASPASE-9 
AFTER TRAUMATIC BRAIN INJURY IN RATS. RSB Clark*, M Chen, PD 
Nathaniel, PM Kochanek, SC Watkins, SH Graham. Depts. of Anesthesiology/CCM, 
Pediatrics, Cell Biology and Physiology, and Neurology, Safar Center for Resuscitation 
Research and Brain Trauma Research Center, University of Pittsburgh, PA 15213.

While downstream events in the programmed-cell death (PCD) cascade including 
caspase-3 activation, DNA scission, and cellular shrinkage have been reported1,2; 
many upstream events in PCD are yet to be identified after traumatic brain injury 
(TBI). Thus, we examined whether: translocation of bax into mitochondria; egress of 
cytochrome c (Cyt c) into cytosol; and cleavage of caspase-9; occured after TBI in rats.

Rats were subjected to controlled-cortical impact to the left parietal cortex followed 
by 30 min of hypoxemia (PaO2=35-45 mmHg). Rats were killed at 8, 24, or 72h. Naive 
rats served as controls. Mitochondrial and cytosolic proteins were extracted from 
ipsilateral cortex and assessed for bax, Cyt c, and Cyt c oxidase using Western blot 
(n=3/group). Total protein was extracted from ipsilateral cortex and assessed for 
caspase-9 using Western blot (n=3/group). Immunocytochemical analysis of bax, bcl- 
2, and Cyt c was also performed to determine cellular localiztion.

Bax translocation into mitochondria was detected at 8 and 24h after TBI. Cytosolic 
bax was seen in both control and injured brain, and most cells had the morphologic 
appearance of neurons. In injured brain, bax co-localized with bcl-2 in cortex and 
hippocampus. Egress of Cyt c from mitochondria to cytosol was also seen at 8 and 24h 
after TBI but not in controls. Cytosolic lableing of. Cyt c occured in many neurons in 
injured cortex and hippocampus but not controls. Cyt c oxidase was only detected in 
mitochondrial fractions, thus the increase in cytosolic Cyt c did not represent a 
generalized release of mitochondrial proteins in response to TBI. Pro-caspase-9 and 
caspase-9 fragments were increased at 8, 24, and 72h after TBI vs. control. These data 
demonstrate that three key upstream events in the PCD cascade occur in our model of 
TBI, and identify putative targets aimed at reducing PCD after TBI. XJ Neurosci 
17:7415; 2J Neurosci 17:9172; Support: KO8NS01946, RO1 NS38620, P50NS30318.
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719.11

PRIMARY AND SECONDARY MECHANISMS OF HEMOGLOBIN 
MEDIATED CELL DEATH IN CORTICAL NEURONS IN VITRO.
X.Wang*, K.Matsushita. M.Asahi. M.A.Moskowitz. E.H.Lo.
Neuroprotection Research Lab and Neurovascular Regulation Lab, 
Massachusetts General Hospital, Harvard Medical School, Boston, 
MA 02129.

We have previously shown that apoptosis mediates cell death after 
intracerebral hemorrhage in vivo (Matsushita et al, Soc Neurosci Abstr 
24:252, 1998). Here, we examine the possibility that hemoglobin may 
be one of the mediators of the apoptotic process after hemorrhage. 
Exposure to hemoglobin for 24 hrs induced dose-dependent cell death 
in primary rat cortical neurons in vitro (EC50=5-10 uM). Cell death 
was not reduced by the broad spectrum caspase inhibitor zVADfmk, 
and Western blots showed no cleavage of the caspase substrate 
gelsolin. Double staining with propidium iodide and Hoechst 33258 
showed that less than 5% of the dying neurons appeared apoptotic. In 
contrast, after transient exposure to 50 uM hemoglobin (2-4 hrs) 
followed by recovery over 24 hrs, over 75% of dying cells were 
apoptotic. Apoptosis was also induced in naive uninjured cultures 
using media transferred from cultures previously exposed to 
hemoglobin. These data suggest that hemoglobin may be involved in 
apoptotic cell death after intracerebral hemorrhage, and as yet 
unidentified secondary mediators may also contribute to apoptosis after 
hemoglobin induced cytotoxicity. This model of direct toxicity versus 
indirect toxicity via media transfer offers an in vitro approach to dissect 
the primary and secondary pathways of hemoglobin induced apoptosis 
in neurons. Supported by NS32806, NS37074, and NS37141.

719.12
MATRIX METALLOPROTEINASES IN SPINAL CORD INJURY.
F.M. Donovan1, M.R. Weinzierl2, A.K. Liou2, Y. Li2. Z. Werb1 

and L.J, Noble2*. 1Dept. of Anatomy and 2Dept. of Neurological 
Surgery, Univ. of California, San Francisco, CA 94143.

There is considerable data suggesting that the early inflammatory 
response after spinal cord injury (SCI) results in secondary cell 
injury/death. A major feature of this inflammatory response is the 
infiltration of immune cells into the traumatized cord, and the 
secretion of many tissue degrading enzymes by these cells, including 
the matrix metalloproteinases (MMP). MMP-9 is dramatically 
increased following SCI in the mouse. In this study we have 
evaluated MMP-9 protein and activity after SCI in the mouse by 
immunocytochemistry and gel zymography respectively. In addition 
we analyzed the inflammatory response, blood-spinal cord barrier, 
histology and locomotor recovery in MMP-9 null versus litter mate 
control mice. In MMP-9 null animals the blood-spinal cord 
barrier breakdown at 24 hr post SCI was greatly decreased. 
Histological analysis and myeloperoxidase studies indicated that 
neutrophil infiltration into the cord was inhibited in these mice as 
well. Locomotor recovery was improved in the MMP-9 null 
animals when compared to controls, suggesting that MMP inhibition 
can result in increased functional recovery following SCI.
NS23324, Ruth and Milton Steinbach Fund, and NIEHS ES07106
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720.1
OXIDATIVE CONDITIONS AND LRP MEDIATED INTERNALIZATION OF Ap 
R.D. Moir*, A.J, Saunders, C.S. Atwood, D.M, Romano. X. Huang. A.I.
Bush, and R.E. Tanzi. Genetics and Aging Unit, Department of Neurology, 
Massachusetts General Hospital, Building 149, 13th St, Boston, MA 02129.

The low density lipoprotein receptor-related protein (LRP) is the cell 
surface receptor that binds and mediates the internalization of several 
proteins associated with Alzheimer's disease (AD), including the amyloid P- 
protein precursor (APP-KPI), apolipoprotein E (APOE) and 
a2-macroglobulin (a2M). Genetic studies have implicated all three LRP 
ligands as well as the receptor itself in AD neuropathologenesis. The 
pathogenic mechanism for these proteins in AD is not yet clear. However, 
APOE and a2M both bind the P-amyloid peptide (AP) and are thought to be 
involved in the clearance of this potentially neurotoxic protein. Mounting 
evidence implicates oxidative stress in AD pathology and suggests that Ap 
cytotoxicity may be mediated by oxygen radicals. Oxygen radicals have also 
been shown to inhibit LRP/ligand interactions and to generate modified AP 
species and Ap/APOE complexes.

We investigated how extracellular oxygen radicals and non-AP binding 
LRP ligands modulate the internalization of 3H-Ap. Our preliminary data 
suggest that LRP-mediated internalization of AP can be attenuated by 
hydrogen peroxide at levels that approach extracellular concentrations 
reported for brain. In contrast, conditions that inhibit oxygen radical 
generation promote LRP-mediated internalization. Our data also suggests 
LRP-mediated AP internalization is inhibited by secreted APP-KPI at levels 
we have previously reported for AD brain. The clearance of oxidatively 
modified A8 species and AB/APOE complexes is currently under 
investigation.
[Supported by grants from NIA, NINDS and MGH Fund for Medical Discovery]

720.2
Inhibition of AB peptide production in cells by an antagonist to the 

LDL receptor-related protein. Dudley K. Strickland1, Jeanette Beers'. 
Stina Mur. Paula G. Ulerv1, Robert D. Moir3. C.L. Grosskreutz*2,
Rudolph E. Tanzi3, Bradley T. Hvman1 and G. William Rebeck2.
‘Department of Vascular Biology, Holland Laboratories, American Red
Cross, Rockville, MD 20855; 2Alzheimer Research Unit and 
’Laboratory of Genetics and Aging, Department of Neurology, 
Massachusetts General Hospital, Boston, MA 02129.

The factors that govern the production and deposition of the B 
amyloid peptide (AB) in Alzheimer's disease are unknown. We 
previously demonstrated that the endocytic receptor, LRP, mediates the 
catabolism of soluble forms of the amyloid precursor protein (APP) 
containing the Kunitz protease inhibitor domain. To further investigate 
the consequence of the LRP/APP interaction, we used H4 cells 
transfected with APP751. Immunoprecipitation experiments confirmed 
that the transmembrane form of APP and LRP co-precipitate, suggesting 
that these two molecules can associate. Crosslinking experiments using 
a membrane impermeable NHS-ester crosslinking reagent suggested that 
this interaction can occur on the cell surface. We next investigated the 
consequence of disrupting the LRP/APP interaction on AB production. 
Cells cultured for several days with RAP, a potent LRP antagonist that 
disrupts ligand interactions, accumulate APP on their surface, secrete 
more sAPP into their media, and produce substantially less AB than 
control cells. Together, these data suggest that LRP-mediated processes 
can modulate APP/AB catabolism, and thus may be central to the 
pathology of Alzheimer's disease.

Supported by the American Health Assistance Foundation.

720.3

ALTERED GENE ACTION OF FE65 ISOFORMS IN “UNAFFECTED” 
REGIONS OF ALZHEIMER DISEASE Q, Hu1, L-W Jin2, M.G. Hearn1, S.L 
Bressler1 and G.M. Martin1'3*. 1Dept.of Pathology., 2Lab.of Neuropathology 
and ^Dept.of Genetics, Univ. of Washington, Seattle, WA 98195.

FE65 is a key “adapter” protein that links a multiprotein complex to an 
intracellular domain of p-amyloid precursor protein (pPP). Its overexpression 
facilitates the generation of p-amyloid (Ap). FE65 is predominantly expressed 
in brain. An exon 9-indusive isoform is exclusively expressed in neurons and 
an exon 9-exdusive isoform is only expressed in non-neuronal cells. We 
quantitated the two isoforms in middle temporal cortex, middle frontal cortex, 
cerebellar cortex and caudate nucleus of 17 Alzheimer disease (AD) 
patients, 12 normal controls and 9 neurodegenerative disease controls by a 
quantitative reverse transcription-competitive polymerase chain reaction 
technique. Expression of the two isoforms was significantly but differentially 
altered in brain regions with typical AD lesions, presumably reflecting the 
extents of neuronal loss and gliosis. More importantly, expression of both 
isoforms was significantly up-regulated in the cerebellar cortex and caudate 
nucleus of AD brains, regions free of typical AD lesions. These results 
suggest that up-regulation of both isoforms may occur in temporal and frontal 
cortices of AD brans before neuronal loss. Selective up-regulation of only the 
FE65 neuronal isoform was seen in the cerebellar cortex in association with 
other neurodegenerative diseases (largely Parkinson disease). Since FE65 
modulates the trafficking/processing of pPP and can increase the production 
of Ap, up-regulation of FE65 in AD brains may contribute to AD 
pathogenesis. Of more general interest is the concept that biochemical 
genetic alterations, uncomplicated by advanced pathology, may be profitably 
investigated in “unaffected” regions of the brains. This work was supported 
in part by National Institute on Aging Research Awards AG10917-07 and 
AG05136-15 (GMM) and Alzheimer Association Grant PRG-98-023 (QH).

720.4
Role of the WW domain of an adapter protein Fe65, which binds 
to the cytodomain of APP through PTB domain, in the processing 
of APP. Kira S. Sheinerman1. Spiros Efthimiopoulos1, Giuseppjna 
Minopoli2. Paola de Candia2, Nikolaos K, Robakis1, Totpmaso Russo2, 
and Marius Sudol1’*
From the Mount Sinai School of Medicine, New York, NY 10029, the 
2Univereita' degli Studi di Napoli “Federico II”, Napoli, Italy, 1-80131.

The presence of the extracellular amyloid plaques in the brain is considered to 
be a typical feature of Alzheimer’s brain. The principal component of these 
senile plaques is 40-42 amino acid p-amyloid peptide (AP) derived from the 120 
kDa receptor-like Alzheimer amyloid precursor protein (P-APP). One of the 
few proteins known to interact with the cytodomain of APP is Fe65, an adapter 
protein containing three protein-protein interaction domains: WW, PTB1 and 
PTB2. Fe65 interacts with the YENPTY internalization sequence of APP 
through its most C-terminal PTB2 domain. The WW domain of Fe65 interacts 
with five proteins in mouse brain, two of which were demonstrated to be 
isoforms of Mena, the mammalian homolog of the Drosophila Enabled. Finally, 
the PTB1 binds to the transcription factor CP2/LSF/LBP1. It has been recently 
shown that Fe<55 increases secretion of both APPa and Ap. In our study we 
demonstrate that Fe65 wild-type and Fe65 WW domain mutant, that renders 
the domain inactive in terms of ligand binding, have opposite effects on APP 
processing in cell culture. Thus, WW domain of Fe65 plays an important role 
in regulation of Ap production and in the generation of Alzheimer’s phenotype. 
Supported by grants: from Telethon (to T. R.), from AG08200 (to N. K. R.), and 
from NIH CA45757, CA01605 (to M. S.).
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720.5
LOCALIZATION OF APP AND FE65 IN GROWTH CONES: 
POSSIBLE ROLE IN MEBRANE MOTILITY. S.L. Sabo*, A.F. Ikin, 
J.D. Buxbaum, P. Greengard. Laboratory of Molecular and Cellular 
Neuroscience, The Rockefeller University; New York, NY 10021.

FE65 is a brain-enriched protein that binds to the cytoplasmic domain of 
the Alzheimer amyloid protein precursor (APP). We have shown that 
binding of FE65 to APP increases secretion of both aAPPs and Afi. This 
FE65-dependent increase the proteolytic processing of APP is 
accompanied by an increase in the amount of APP found at the plasma 
membrane. In addition to binding to APP, FE65 interacts with Mena, a 
protein thought to link signal transduction pathways to actin dynamics. 
Mena is known to localize to the tips of growth cone filopodia and is 
required for normal brain development. To determine if the FE65/APP 
complex might be involved in similar functions, we have first determined 
the localization of FE65 and APP in growth cones. Immunofluorescent 
labeling of FE65 and APP is found in growth cones of both primary rat 
neuronal cultures and differentiated SH-SY5Y human neuroblastoma cells. 
Immunoblots of growth cone particles isolated from embryonic rat brain 
confirm the localization of FE65 and APP in growth cones. Both FE65 and 
APP associate with the growth cone particle membranes. In addition, FE65 
and APP co-localize in the ruffled, mobile regions of non-neuronal cells. 
These data are consistent with a role for the FE65-APP complex in growth 
cone function and possibly in membrane motility. We are currently testing 
whether disruption of the APP-FE65 interaction or the FE65-Mena 
interaction alters growth cone morphology.

Supported by grants from NIH and the Alzheimer’s Association

720.6
IN VIVO DISASSEMBLY OF CEREBRAL AMYLOID-p (Ap) DEPOSITS IN 
RAT BRAIN. E. M. Sigurdsson1*, B. Permanne1, C. Soto13, T. Wisniewski1,2 
and B. Frangione1. Depts. of Pathology1 and Neurology2, NYU Med. Ctr., New 
York, NY 10016.

We previously demonstrated that a p-sheet breaker peptide (iApiS: LPFFD) 
was capable of blocking Alzheimer Api-42 peptide neurotoxicity in tissue 
culture, and amyloid fibril formation when the Api-42 was co-injected with 
iAf35 into the rat amygdala (Nature Med. 4:822-826, 1998). Here we injected 
the iAp5 8 days after the Apl-42 (5.0 nmol) was injected into the amygdala and 
allowed to form amyloid fibrils (n=36). The rats were then sacrificed 8 days 
later. The aim of the study was to determine: a) if iAp5 can induce disassembly 
of pre-existing Ap fibrils in vivo, and b) whether this leads to a reversal or 
prevention of Ap-induced histopathological changes. The results are that the 
size of the amyloid deposits was smaller in rats that were re-injected with iAp5 
(100.0 nmol iAp5: 29% reduction, p<0.05; 200.0 nmol iAp5: 67% reduction, 
p<0.001) than in animals re-injected with a vehicle. The iAp5-induced 
disassembly of Ap fibrils in vivo prevented and/or reversed neuronal shrinkage 
(p<0.05-0.001) caused by Ap and reduced the extent of interleukin-1 p positive 
microglia-like cells (p<0.05-0.01) that surround the Ap deposits. To verify the 
specificity of the disassembly, iAp5 or two control peptides, ETRGD and 
ISEVKMDAEF were injected eight days following Api-42 injections (n=41). 
Both the size of the initial Ap deposits, and the iAp5-induced disassembly of 
the AP fibrils were reproducible, with the control peptides having no effect. 
This data suggests that p-sheet breakers like iAp5 or similar peptidomimetic 
compounds may be useful for reducing the size and/or number of cerebral 
amyloid plaques, and subsequently diminishing Ap-related histopathology. 
Supported by AG05891, AR02594, AG15408, AG08721 and MH56472.

720.7

AMYLOID (3 PROTEIN (A(3)42 FORMS A 24-kD COMPLEX IN NORMAL 
CELLS: ITS NUCLEAR SHIFT IN RESPONSE TO DIFFERENTIATION AND 
GENOTOXICITY. Y^-QhyagL1*. T, Yamada? H. Asahara? T. Taniwaki.1 Y. 
Nakabeppu.2 S. Younkin? J. Kira1, 'Dept. of Neurology, 2Medical Inst, of Bioreg., 
Kyushu Univ., Fukuoka 812-8582, Japan; 3Mayo Clinic Jacksonville, FL 32224.

A{342 is invariably deposited in the Alzheimer’s disease (AD) brain. We 
analyzed the cellular A{3 by western blot. We have first detected a novel 24-kD 
protein that intensely reacts with Af>42-end specific antibody (BC-05) but not with 
Afi40-end specific antibody (BA-27) in normal cells. This 24-kD protein was also 
weakly labeled by other anti-Afi antibodies, and may thus be a complex form of 
AJJ42 (Afl42C). Boiling the cell lysate proteins in 10% trifluoroacetic acid (TFA) 
generated several smaller fragments such as 20-, 8-, and 4-kD peptides that all 
reacted with BC-05. Both 8- and 4-kD peptides were similarly labeled with other 
anti-AP antibodies, indicating that these fragments may correspond to the dimer 
and monomer of AP42, respectively. Despite substantial amounts of AP42C in 
normal cultures, the normal cells were not labeled by BC-05 at all, indicating that 
the epitope of this protein may be masked in normal cells. To further study Ap42C, 
we analyzed the nuclear and cytoplasmic protein distinctively. Remarkably, 
substantial amounts of AP42C were found in the nuclei of postmitotic neurons 
while it was little in the nuclei of proliferating cells. When PCI2 cells were treated 
with nerve growth factor (NGF) that induces neuronal differentiation, the 
nucleus/cytoplasm ratio of AP42C was ~2-fold increased. A similar phenomenon 
was observed when the cells were treated with hydrogen peroxide that causes 
genotoxic apoptosis. We previously found the aggregated AP42 to bind p53 
promoter in vitro (Asahara et al., Neuroscience Meeting 98). It is thus suggested i) 
that cellular AP42 exists in a complex form, and ii) that the physiological function 
of AP42C is regulation of protein expression related to cell cycle and apoptosis.

720.8
IDENTIFICATION OF A BETA-AMYLOID PROTEIN BINDING SITE LOCALIZED 
TO THE GLOBULAR DOMAIN REPEATS ON THE LAMININ A CHAIN.

A.D, Snow1. iProteoTech Inc, 14718 N.E. 87th St., Redmond, WA 98052-3400; 2Dept. 
of Pathology, Univ. of Washington, Seattle, WA 98195; 3VA Puget Sound Medical 
Center, Seattle, WA 98108.

Beta-amyloid protein (AS) is a major component of neuritic plaques and 
cerebrovascular amyloid deposits in the brains of patients with Alzheimer's disease (AD). 
Inhibitors of ABfibrillogenesis are being sought as potential therapeutics for AD and 
related disorders. In the present study, laminin was found to bind AS (residues 1-40) with 
a single dissociation constant, Kd= 2.7 x 10’9 M, and serve as a potent inhibitor of AS 

fibril formation. Laminin also caused partial dissolution of preformed AB amyloid fibrils 
following 4 days of co-incubation. In order to identify a potential AS-binding site(s) on 
laminin, laminin was digested with V8, trypsin and elastase. Studies using V8 and 
trypsin proteases generated small laminin fragments of ~55 kDa and -30 kDa, that bound 
biotinylated-AS. Elastase digestion yielded AS-binding laminin protein fragments of 
-120-130 kDa, -80-90 kDa, -65 kDa and a prominent band at - 55 kDa, in addition to a 
band at~850 kDa, believed to represent intact laminin. The interaction of these elastase- 
resistant laminin protein fragments with nanomolar concentrations of AS were only 
observed under non-reducing conditions suggesting that the AS interaction with laminin 
fragments was conformationally dependent. Amino acid sequencing of the -55 kDa 
elastase-digested laminin fragment revealed a conformationally-dependent AS-binding 
domain within laminin situated to the globular domain repeats on the laminin A chain. 
These studies demonstrate that laminin binds AB with relatively high affinity, and is a 
potent inhibitor of AB amyloid fibril formation. In addition, the identification of an AS- 
binding domain within the laminin A chain is postulated to lead to the design of new 
protein/peptide therapeutics for the inhibition of AS fibrillogenesis.

Supported by ProteoTech Inc. and NIH.

720.9

MELATONIN ABOLISHES THE PRO-AGGREGATORY EFFECTS OF 
APOE4 ON THE ALZHEIMER p-PROTEIN. B, Poeggeler1. Y.-J. Chvan1. 
T, Bryant1, T. Wisniewski2, B, Frangione2. J, Ghiso2. M, Pappolla*1.
’University of South Alabama, Mobile and 2New York University, New York.

We have previously reported that melatonin prevents oxidative 
damage and death of neurons exposed to AP (J Neurosci 1997). Melatonin 
also inhibits aggregation of AP into amyloid fibrils (JBC 1998). We now 
explored the anti-amyloidogenic effects of melatonin in the presence of 
apolipoprotein E4. To this end, we added melatonin to either Apl-40 alone 
and/or to Ap plus apoE4 at time 0 hr. Formation of beta-sheets structures 
and amyloid fibrils was monitored over several days using a thioflavin-T 
based assay and electron microscopy. Melatonin: AP:apoE4 concentration 
ratios were 100:100:1. ApoE4 alone had a dual AP-concentration 
dependent effect on peptide aggregation. ApoE4 alone inhibited 
fibrillogenesis at low Ap concentrations (<150 pM), but promoted peptide 
aggregation at high Ap concentrations (2 250 uM.) Addition of melatonin 
to sister tubes containing AP and/or apoE4 had striking effects. Not only 
did melatonin completely reverse the pro-aggregatory activity of apoE4 at 
high concentrations of Ap but remarkably, it restored the inhibitory effects 
of apoE4 that we observed at lower AP concentrations. N-acetyl- 
serotonin, a control indole analog, did not exhibit any effects. These 
findings along with our previous reports on neuroprotection by melatonin 
further strengthen the potential therapeutic properties of melatonin in AD.
Supported by NIH grants R55 AG14381 RO1 AG11130, RO1 AG05891

720.10
AB OLIGOMERS ARE PRESENT IN HUMAN CSF AND ACCUMULATE IN 
CULTURED BRAIN CELLS. D.M, Walsh1*, B.P, Tseng1, M.G. Schlossmacher1, 
J.H, Growdon2. M.B, Podlisny1 and D.J. Selkoe1. Harvard Medical School and 
'Brigham & Women’s Hospital, Boston, MA 02115 and 2MGH, Boston, MA 02114.

Inhibiting AB fibrillogenesis is an attractive therapeutic strategy because this process 
is thought to be exclusively pathogenic. We have focused our studies of AS 
aggregation in living cells, because this approach circumvents numerous problems with 
synthetic peptides and operates under conditions and concentrations which are 
physiologically relevant. Based on our previous report of the presence of small 
amounts of SDS-stable AB oligomers in conditioned media (CM) from APP transfected 
CHO cells (7PA2) (Podlisny et al., JBC 1995), we examined CM from APP transfected 
human neuroblastoma and neuroglioma cells and saw no SDS-stable oligomers. Thus 
to determine if non-fibrillar oligomeric species of AB were produced in vivo, we 
examined human CSF. In 15 out of 41 samples (volumes > 1.2 ml), SDS-stable 
oligomeric species reminiscent of those in CHO media were apparent. Detection of 
oligomers was independent of total AB concentrations as assessed by ELISA in the 
same CSF samples and did not correlate with age or presence of dementia. Incubation 
at 37°C for up to 14 h of either CSF or 7PA2 CM (in the absence of cells) resulted in 
no increase in the oligomer:monomer ratio. This lack of oligomer inducibility in 
extracellular fluid, together with our previous finding that Congo red can inhibit 
oligomerization of synthetic AB in CM but not endogenous AB secreted into medium 
(Podlisny et al., Biochem. 1998), suggested that endogenous oligomers may initially be 
formed intracellularly. We therefore sought and found SDS-stable intracellular 
oligomers in both brain-derived cell lines and in the non-neuronal 7PA2s. The 
apparent ability of neuronal-type cells to accumulate but not secrete these oligomers 
has implications for the design of anti-aggregation agents and demonstrates the utility 
of our cell culture paradigm in testing the activity of such agents. Moreover, the 
finding that SDS-stable oligomers are present in human CSF and exist inside neuronal 
cells warrants further characterization of these species. (Supported by NIH AG05134)
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720.11
FURTHER EFFICACY OF PTI-00703™: a  DERIVATIVE FROM THE AMAZON 
RAIN FOREST WOODY VINE UNCARIA TOMENTOSA (CAT’S CLAW) THAT 
IS A POTENT INHIBITOR OF BETA-AMYLOID PROTEIN FIBRILLOGENESIS.
G.M, Castillo,** J.A. Cummings.1 and A.D. Snow». IProteoTech Inc, Drug Discovery 
Unit. 14718 N.E, 87th St., Redmond, WA 98052-3400:
Alzheimer’s disease (AD) and normal aging are both characterized by the brain 

accumulation of insoluble fibrillar deposits that contain a specific protein known as the 
beta-amyloid protein or AB. We have discovered a natural substance derived from the 
amazon rain forest woody vine, Uncaria tomentosa (i.e. Cat’s claw)(referred to as 
PTI-00703™) which is a potent inhibitor of AB fibrillogenesis. Thioflavin T 
fluorometry assays indicated that PTI-00703 was a potent inhibitor (9.2pg/300pl total 
volume caused 86% inhibition by 1 hour) of AB (l-40)(25|lM) fibril formation and 
exerted its effects in a dose-dependent manner. Solid phase binding assays also 
demonstrated a significant 71% inhibition by PTI-00703 on AB-AB interactions 
(important for amyloid fibril growth), and a 97% inhibition of A8-glycosaminoglycan 
interactions (important for AB amyloid deposition in tissues). Disruption/ dissolution of 
preformed AB 1-40 and 1-42 amyloid fibrils by PTI-00703 was shown by Thioflavin T 
fluorometry (18.3pg/60pl total volume caused a 83% dissolution of 25pM AB 1-40; 
and a 82% dissolution of 25pM of AB 1-42 within 2 hours of incubation) and Congo 
red staining assays. Groups of Sprague-Dawley rats were also stereotaxically infused 
(for 1 week into hippocampus) with 50 pg of AB only (in lOOpl water), or AB in the 
presence of increasing concentrations of PTI-00703 (0.1 pi, l.Opl and lO.Opl of a water 
extract). Amyloid deposition was assessed by blind scoring of Congo red stained 
sections throughout the infusion site using an arbitrary scale of 0 to 5 (Snow et al, 
Neuron 12: 219-234, 1994). A significant (p<0.01) 74% and 87% inhibition of AB 
amyloid deposition was observed with Ipl (18.3pg/100pl) and lOpl of PTI-00703, 
respectively. These studies further implicate PTI-00703 as a natural ingredient for the 
prevention and disruption of AB fibrillogenesis which occurs in all patients with AD, 
and during normal aging. Supported by NIH. ProteoTech Inc & Rexall Sundown Inc.

720.12
THE COMBINATION OF PTI-00703 AND GINKGO BILOB A (NEUROSHARP™) 
IS AN EFFECTIVE INHIBITOR OF AB AMYLOIDOSIS ASSOCIATED WITH 
ALZHEIMER’S DISEASE AND NORMAL AGING. A.S. VrablicJ G.M, Castillo.2 
J.A, Cummings,7 D.A,DeSantis1 D. Nochlin,3* and A. p. Snow2, lRexall Sundown 
Inc., Boca Raton, FI 33487; 2ProteoTech Inc, 14718 N.E. 87th St., Redmond, WA 
98052-3400; 3Dept. of Pathology, Univ. of Washington, Seattle, WA 98195.

PTI-00703™ is a derivative obtained from the Amazon rain forest woody vine, 
Uncaria tomentosa (i.e. Cat’s Claw) that has been previously shown to inhibit the 
formation and growth of beta-amyloid protein (AB) deposits. In the present study, the 
combination of PTI-00703 with a standardized leaf extract of Ginkgo biloba (i.e. 24% 
Ginkgoflavoglycosides; 6% terpene lactones)(referred to as Neurosharp™) was also 
tested as a potential inhibitor of AB fibrillogenesis. These studies were implemented to: 
1) determine whether the previously observed amyloid inhibitory ability of PTI-00703 
was altered by the addition of Ginkgo biloba, and 2) determine whether there were any 
synergistic effects observed by the combination of PTI-00703 and Ginkgo biloba. Using 
Thioflavin T fluorometry assays, 0.5pl (11.5pg/ 300 total volume) and l.Opl 
(23pg/300pl) of a Neurosharp water extract inhibited AB 1-40 (25pM) amyloid fibril 
formation by 68% and 77%, respectively at 1 hour; and by 76% and 86%, at 1 week. 
Neurosharp also caused a significant 71% inhibition of AB-AB interactions, and a 54% 
inhibition of AB-glycosaminoglycan interactions, revealed by solid phase binding 
assays. Within a 2-hour incubation, 0.5pl (11.5pg/60pl total volume) and 1 .0pl 
(23pg/60pl) of a Neurosharp water extract caused a 68% and 89% disruption of 
preformed AB 1-40 (25pM) fibrils, respectively; and a 28% and 64% disruption of AB 1- 
42 (25pM) fibrils, respectively, which was confirmed by a dose-dependent reduction in 
congophilia. Noted synergistic effects by the combination of PTI-00703 and Ginkgo 
biloba (in comparison to PTI-00703 alone) includedl) enhanced inhibition of AB 
amyloid fibril growth, and 2) enhanced disruption of preformed AB amyloid fibrils. 
These studies suggest that the combination of PTI-00703 and Ginkgo biloba may also 
prove beneficial for the treatment of brain AB amyloidosis associated with AD and 
normal aging. Supported by Rexall Sundown and ProteoTech Inc.

720.13

B-AMYLOID PROTOFIBRIL FORMATION, QUANTIFICATION, STABILITY 
AND INHIBITION STUDIED USING TEM, SEC AND ThT FLUOROMETRY 
UNDER PHYSIOLOGICAL CONDITIONS. A. Westlind-DanielssonT* R. 
Kaiser2, T. Thyberg3 and M. Hasselgren4. 'Cell Biology, CNS Preclinical R&D, 
’Pharmaceutical Analysis, ’Pathology, Astra AB, Gartuna Alle,1A4AstraZeneca, 
S-151 85 Sodertalje, Sweden; 3Dept. of Cell and Molecular Biology, the 
Medical Nobel Institute, Karolinska Institute, S-171 77 Stockholm, Sweden.

Accumulating evidence suggests that the in vitro formation of synthetic [J- 
amyloid 1-40/42 protein fibrils proceeds via distinct intermediate oligomeric 
species, protofibrils, using a variety of techniques'. Importantly, oligomers of 
endogenously produced ^-amyloid has been detected in a physiological 
setting, in a CHOV717F cell culture2. The discovery of protofibrils have 
redirected thinking concerning the pathophysiology of Alzheimer's disease 
(AD) in the context of P-amyloid protein mediated neurotoxicity and 
microglial activation. Whether protofibrils play a role in these processes has 
yet to be determined. However, their size, potential mobility and, moreover, 
extreme adhesiveness/reactivity makes protofibrils a strong candidate for 
involvement in the pathologyphysiology of AD.

We have studied protofibril formation in vitro from soluble synthetic p- 
amyloid 1-40 and 1-42, and stability of these protofibrils under physiological 
conditions using transmission electron microscopy (TEM), size exclusion 
chromatography (SEC) and thioflavin T (ThT) fluorometry. Quantification of 
soluble, protofibrillar and fibrillar P-amyloid protein was done using SEC 
and amino acid analysis in the absence and presence of potential inhibitors of 
fibrillization. With this methodology one can also firmly establish where in 
the fibrillization cascade compounds may be acting. 'Harper JD, Wong SS, Lieber CM, 
Lansbury Jr PT, Chemistry & Biology, 4; 119-125, 1997 and refs. therein.2Podlisny MB, Walsh DM, 
Amarante P, Ostaszewski BL, Stimson ER, Maggio ]E.,Biochemistry 37; 3602-11, 1998.

720.14

PERLECAN AND HIGHLY SULFATED GLYCOSAMINOGLYCANS INDUCE 
SPONTANEOUS FORMATION OF ALZHEIMER’S AMYLOID PLAQUES

D. DeWitt3 and G.M. CastilloL IProteoTech Inc. Redmond, WA 98052-3400; 
2University of Washington. Dept, of Pathology, Seattle, WA 98195: 3Cage Western 
Reserve University. Institute of Pathology, Cleveland. OH 44106.

We have discovered that perlecan and highly sulfated glycosaminoglycans (GAGs) 
spontaneously induce amyloid plaque formation in vitro that is virtually identical to 
compact amyloid plaques present in human AD brain. Various co-components known 
to be present in AD plaques were tested for their potential to spontaneously induce 
amyloid plaque formation, including P component, alphaj-antichymotrypsin, ApoE, 
Clq, C3, laminin, type IV collagen, fibronectin and perlecan. Different conditions 
(concentrations, molar/weight ratios, incubation times) were tried in an effort to 
reduplicate the formation of the spherical congophilic maltese-cross cores of amyloid 
plaques present in AD brain. Under the appropriate experimental conditions, only 
perlecan (and not other plaque co-components) was able to induce congophilic 
maltese-cross amyloid plaque formation. Testing of different GAGs and related 
macromolecules including heparin, heparan sulfate, chondroitin-4-sulfate, chondroitin-
6-sulfate and dermatan sulfate also revealed that heparin/ heparan sulfate GAGs were 
effective as amyloid plaque inducers under appropriate conditions. Further studies 
indicated that sulfate residues of GAGs were essential for plaque induction as partial or 
complete removal of sulfate from heparin resulted in complete loss of plaque 
formation. Transmission and scanning electron microscopy of amyloid plaques formed 
by perlecan and highly sulfated GAGs revealed virtually identical morphology to 
human amyloid plaque cores isolated from AD brain. Since previous studies indicate 
that heparan sulfate GAGs also induce paired helical filament formation, the discovery 
that perlecan and heparan sulfate GAGs induce amyloid plaque formation further 
demonstrates the importance of specific proteoglycans in the pathogenesis of AD.

Supported by ProteoTech Inc.

VISUAL SYSTEM DEVELOPMENT: EFFECTS OF ELECTRICAL ACTIVITY 
AND VISUAL EXPERIENCE II

721.1

BIDIRECTIONAL REGULATION OF NMDA RECEPTOR SUBUNIT 
COMPOSITION IN THE RAT VISUAL CORTEX BY SENSORY 
EXPERIENCE. E.M. Quinlan* and M.F, Bear HHMI/Department of 
Neuroscience, Brown University, Providence, RI 02912

In the visual cortex, as elsewhere, the long-term consequence of synaptic 
activation can depend upon the amount of calcium entering the NMDA subtype of 
glutamate receptor (NMDAR). In the neocortex at birth, NMDARs are composed of 
NR1 and NR2B subunits, while over development there is a progressive inclusion 
of the NR2A subunit, and a concomitant shortening of NMDAR-mediated synaptic 
currents (Carmignoto and Vicini, 1992, Monyer et al., 1994; Sheng et. al., 1994). 
We have previously shown that visual experience induces the rapid (within one 
hour) insertion of newly synthesized, functional NMDARs into synaptic sites in the 
visual cortex (Quinlan et al., 1999). The newly synthesized NMDARs have a 
higher proportion of the NR2A subunit and, as a consequence, different functional 
properties. Here we test the hypothesis that the activity-dependent regulation of 
NMDAR composition is bidirectional, by examining the effect of sensory 
deprivation following normal visual experience on the level of NR2A protein in the 
visual cortex.

Quantitative immunoblotting of synaptoneurosomes, prepared from the visual 
cortices of P23 Long Evans rats, revealed that sensory experience had a significant 
effect on the level of NR2A protein (one-way ANOVA p<0.05). Dark-reared 
animals exposed to light for 2 hrs (DR+2) showed a robust increase in NR2A levels 
(174.1+23.2% of DR), which was not affected by placing the animals in the dark for 
24 hrs (160.1+13.3% of DR). However, returning DR+2 animals to the dark for 
>72 hrs induced a significant decrease in the level of NR2A (84.8+20.8% of DR). 
To further explore the activity-dependent down-regulation of NR2A, animals reared 
in a normal 12:12 light:dark environment (LR) were placed in the dark for various 
times. Dark-exposure for 24 hrs did not affect the level of NR2A (148.5±6.8% of 
DR compared to 147.1±15.8% of DR for LR controls). However, dark-exposure for 
>72 hrs induced a significant decrease in NR2A levels (97.0+11.1% of DR). We 
propose that this activity-dependent bidirectional change in NMDAR composition 
may serve to regulate synaptic plasticity, so that synaptic efficacy is maintained 
within an appropriate dynamic range. [Supported by HFSP and HHMI]

721.2
EXPERIENCE-DEPENDENT REGULATION OF SYNAPTIC NMDA 
RECEPTORS IN RAT VISUAL CORTEX. B.D. Philpot*, A.K, Sekhar, M.F. 
Bear. Department of Neuroscience and HHMI, Brown University, Providence, RI 
02912.

Under the influence of normal sensory experience, synaptic currents mediated 
by NMDA receptors (NMDARs) in rat visual cortex progressively shorten during 
the first 5 postnatal weeks (Carmignoto and Vicini, 1992). Experience-dependent 
changes in NMDAR subunit composition are likely responsible for this change in 
kinetics. In support of this hypothesis, we recently demonstrated that, in dark- 
reared rats, visual experience is sufficient to induce a rapid insertion of NMDARs 
with a higher proportion of NR2A to NR2B subunits (Quinlan et al., 1999). The 
present study tests two additional hypotheses: (1) that the change in NMDAR 
subunit composition in visual cortex triggered by visual experience is 
accompanied by a decrease in NMDAR current duration, and (2) that NMDAR 
subunit composition can be bidirectionally modified. To address the first 
question, patch-clamp recordings were performed in layer 2/3 cells from dark- 
reared rats (n - 11 cells) or dark-reared rats given two hours of light exposure (n 
= 9 cells). NMDAR-mediated currents were isolated, and double exponentials, 
with fast and slow components, were fit to current decays. Brief light-exposure 
significantly shortens NMDAR currents; the percent of the NMDAR current 
described by the slow exponential was 60.5 in dark-reared rats and 43.5 % after 
two hours of light exposure. These data demonstrate that brief visual experience 
alters NMDAR kinetics and thus is likely to modulate cortical plasticity. To test 
the second hypothesis, we examined the effects of light deprivation in rats reared 
normally to ~P25. To assess the proportion of NMDARs containing NR2B, we 
measured the ifenprodil sensitivity of NMDAR-mediated field potentials in 
layers 2/3 of visual cortex as described previously (Quinlan et al., 1999). We 
found that NMDAR-mediated field potentials in layers 2/3 exhibit increased 
ifenprodil sensitivity (i.e. increased NR2B) when light-reared rats are deprived of 
light for 5 days (but not for 1 day). These data suggest that NMDAR subunit 
composition can be bidirectionally modified during the critical period of visual 
cortex development. [Supported by HHMI]
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721.3
CONSISTENCY AND MODULATION OF SPONTANEOUS WAVES OF 
EXCITATION IN THE DEVELOPING RABBIT RETINA. Dichen Zhao1, 
Lawrence Cornett1*; and Z. Jimmy Zhou1,2. Dept of ’Physiology and Biophysics and 
Ophthalmology, Univ. of Arkansas for Medical Sciences, Little Rock, AR 72205

This study investigated the spatio-temporal and pharmacological properties of 
spontaneous excitation in a wholemount preparation of the developing rabbit retina 
using Ca2+ imaging and patch-clamp recordings. Spontaneous, rhythmic increases in 
Ca2+ concentration were detected from Fura-2-AM-loaded ganglion and displaced 
amacrine cells from rabbits aged between E30 and P5. This activity was highly 
correlated, propagating in local domains of the retina in the form of a wave. The 
wave front was 400-800 pm in radial dimension and propagated at a speed of 
~200pm/s, resulting in a brief (2- to 4-s-long) burst of excitation in most of the cells 
invaded by the wave. Morphological examination post whole-cell patch-clamp 
recording and Ca2+ imaging identified both ganglion and displaced starburst cells as 
participants of the rhythmic wave. The inter-wave duration was 0.5-2 min at E30 
and increased monotonically to 4-10 min at P5. The amplitude of the correlated 
activity also decreased as the retina matured such that spontaneous waves became 
undetectable at age P6 and older. Application of GABAa  receptor blockers not only 
significantly increased the frequency of the spontaneous wave in E30-P5 retinas, but 
also induced rhythmic waves in P6-P9 retinas which otherwise had no detectable 
waves. Blocking glycine receptors with strychnine produced a similar, but much less 
pronounced effect. The rhythmic wave was also critically dependent on cholinergic 
input. Moreover, the action of the cholinergic input was found to undergo a 
transition from a nicotinic receptor-mediated effect to one mediated purely by 
muscarinic receptors at P3, a time immediately before glutamate was also found to 
contribute to the spontaneous wave.
Supported by grants to Z.J.Z. from NIH (RO1 EY10894) and RPB.

721.4
SPATIO-TEMPORAL PROPERTIES OF RETINAL WAVES ARE 
DETERMINED BY cAMP AND INFLUENCE AXONAL SEGREGATION 
IN THE LGN D, Stellwagen*. M.B. Feller. C.J, Shatz. Howard Hughes 
Medical Institute, Department of Molecular and Cell Biology, University of 
California, Berkeley, CA 94720 and NINDS/NIH, Bethesda, MD 20892.

Waves of spontaneous activity sweep across the developing mammalian 
retina and are relayed to the lateral geniculate nucleus (LGN) where they are 
thought to influence the pattern of central connections made by the ganglion 
cell axons. Complete blockade of these waves prevents the segregation of 
eye-specific layers within the LGN, and loss of wave activity in one eye 
results in the inactive axons losing LGN territory to the axons from the active 
eye (Penn et al., 1998, Science 279:2108). The retinal waves are driven by 
synaptic input from amacrine cells, a class of retinal intemeurons, and are 
independent of sodium action potentials, suggesting that the amacrine cells 
alone propagate the activity. The waves have distinct spatio-temporal 
properties that are determined by endogenous release of adenosine. 
Adenosine sets the intracellular levels of cAMP through activation of A2 
receptors present on developing amacrine and ganglion cells. Increasing 
cAMP levels increases the size, speed, and frequency of the waves. 
Conversely, inhibiting adenylate cyclase reduces these metrics. Preliminary 
results suggest that in vivo manipulation of cAMP levels that leads to 
alterations in the spatio-temporal properties of the waves can bias the 
segregation of the ganglion cell axons in the LGN. The results imply that the 
spatial and temporal patterns of activity are critical for determining the 
activity-dependent re-arrangements which occur during development. 
Supported by NIH MH48108 and the Alcon Institute (CJS), and IRP,NINDS 
(MBF).

721.5
MICE LACKING SPECIFIC NEURONAL nAChR SUBUNITS HAVE ALTERED 
RETINAL WAVES. A. Bansal and M, B. Feller*, Synapse Formation and Function 
Unit, NINDS, NIH, Bethesda MD 20892.

Spontaneous generation of correlated waves of action potentials in the developing 
mammalian retina requires activation of a nicotinic acetylcholine receptor (nAChR) of 
a3(32 subunit composition (Penn, et al., Science, 279: 2108, 1998.) We used optical 
imaging of fura-2 stained neonate (P0-P8) retina from transgenic mice lacking either 
the a3, the (32, or both the £2 and (34 subunits of the nAChR to study their role in 
wave generation. Mice lacking the a3 subunit still generate highly correlated retinal 
activity through a predominantly cholinergic mechanism, although small regions 
(<0.025mm2) of synchronously activated cells remain in the presence of cholinergic 
antagonists (n=4 retinae). In contrast, mice lacking the (32 subunit show no evidence 
of any correlated activity between Pl and P8 (n=5 mice). After P8, correlated activity 
is detectable and is blocked by the glutamatergic antagonist CNQX. 
Immunohistochemical labeling for choline acetyltransferase (ChAT) reveals no 
significant alteration in the distribution of cholinergic amacrine cells in (32 transgenic 
mice, demonstrating that spontaneous cholinergic activity is not required to maintain 
ChAT bands in the IPL. By using a deconvolution microscope system to visualize 
ganglion cells that had been filled with lucifer yellow, we determined that retinal 
ganglion cell (RGC) dendrites segregate into ON/OFF sublaminae in wild type mice 
by P8 (n=13 cells). However, RGC dendrites remain diffusely distributed throughout 
the IPL in (32 knockout mice of the same age (n=13). By P14, RGC dendrites appear 
similarly segregated in wild type (n=6) and (32 knockout mice (n=7). These results 
indicate that spontaneous activity mediated by cholinergic circuitry may normally 
drive the development of distinct functional circuits within the retina but is not 
required for their formation.
Supported by the NINDS IRP. AB is an HHMI-NIH Research Scholar.

721.6
DIFFERENTIAL PATTERNS OF SPONTANEOUS SPIKING ACTIVITY IN 
IDENTIFIED RETINAL GANGLION CELLS DURING DEVELOPMENT. 
C.W. Lee*and R.O.L Wong. Dept of Anatomy and Neurobiology, Washington 
Univ. Sch. Med., St. Louis, MO 63110.

ON and OFF ferret retinal ganglion cells (RGCs) exhibit distinct patterns of 
spontaneous bursting activity during the period when their axonal terminals 
segregate into sublaminae in the dorsal lateral geniculate (dLGN). Because this 
activity is thought to underlie the segregation process, we recorded extra- 
cellularly from pairs of identified ganglion cells during the period of ON-OFF 
segregation. Rhythmic bursts of spontaneous action potentials were observed in 
alpha and beta, and ON and OFF types of RGCs which were identified after 
intracellular dye-filling. As previously suggested from calcium imaging, the 
current spike recordings confirm that ON and OFF cells exhibit differences in 
burst frequency independent of their major cell class (alpha or beta). Recordings 
also revealed additional structure in the activity patterns which differentiates 
alpha from beta and ON from OFF-type cells. Alpha OFF cells fired in either 
minor bursts of action potentials consisting of a few spikes (-5-10), or in major 
bursts consisting of about 40-100 spikes. The major bursts of OFF cells were 
highly correlated with ON bursts, whereas minor OFF bursts often occurred in 
the absence of ON activity. These observations suggest that major and minor 
bursts of OFF cells may involve different mechanisms of generation. In 
addition, alpha and beta cells had characteristically different spiking behaviors. 
The spiking patterns of alpha cells were more complex, and the burst durations 
of alpha cells (5-10s) were also consistenty greater than that of beta cells (l-2s). 
These differences in alpha and beta cell activity would convey a separate 
physiological identity of their inputs to the dLGN. The characteristics of the 
spontaneous activity obtained from our spike recordings now provide a basis for 
detailed modeling of the role of patterned activity in the remodeling of visual 
connections during development. (Supported by NIH)

721.7

REGULATION OF DYNAMIC DENDRITIC REMODELING IN DEVELOPING 
RETINAL GANGLION CELLS. W, T, Wong* and R. O. L. Wong. Dept. of 
Anatomy and Neurobiology, Washington University Sch. Med.; St. Louis, MO 
63110.

Dendrites of retinal ganglion cells undergoing synaptogenesis display structural 
reorganization that occurs extensively across the dendritic arbor over a time scale of 
seconds. These involve rapid protrusive and retractive behavior that are consistent 
with a role of establishing contact with axons. Using a combination of time-lapse 
confocal imaging of green fluorescent protein-labeled cells and calcium multiphoton 
imaging, we studied this process in the intact and spontaneously-active embryonic 
chick retina. We find that dendritic remodeling occurs in an age-dependent manner, 
being prominent when glutamatergic synapses on ganglion cells are first forming 
(Embryonic day (E)13) and becoming less so when synaptogenesis is more advanced 
(El6). Also, restructuring events are balanced across the entire arbor, maintaining 
overall arbor size and complexity over hours. These movements are mediated by 
reorganizations in the actin cytoskeleton, as inhibition of actin polymerization with 
cytochalasin D strongly inhibits motility. The magnitude and speed of dendritic 
remodeling at El3 are also significantly reduced when endogenous glutamatergic 
transmission is blocked, indicating a novel role for afferent signaling underlying 
spontaneous electrical activity in regulating dendritic structure. However, the 
blockade of GABAergic and cholinergic transmission at this age has a much smaller 
effect. As GABAergic and cholinergic synaptogenesis occurs before that of 
glutamatergic synapses, our results suggest that the effect of neurotransmission on 
dendritic remodeling may be specific to the nature of synapses being formed at that 
time.
Supported by Human Frontier Science Program and the McDonnell Foundation.

721.8
CONTRIBUTION OF CHOLINERGIC AND GLUTAMATERGIC CONNECTIONS TO THE 
SPATIOTEMPORAL PATTERNS OF RETINAL WAVES IN THE CHICK EMBRYO. E, 
Semagor1*. S.J. Eglen2 and M.J. O'Donovan3, ’Dept. of Child Health, Med. Sch., 
Univ. of Newcastle, Newcastle upon Tyne NE2 4HH, UK; 2Inst. for Adaptive and 
Neural Computation, Div. of Informatics, Univ. of Edinburgh, Edinburgh EH8 
9LW, UK; 3Lab. of Neural Control, NINDS, NIH, Bethesda, MD 20892, USA.

In the immature vertebrate retina, neighbouring ganglion cells (GCs) express 
spontaneous bursting activity (SBA), resulting in propagating waves. Previous 
studies suggest that the mere presence of SBA, asynchronous between the two eyes, 
controls the segregation  ̂GCs projections into eye-specific layers in central targets. 
However, the contribution of the waves to the refinement of retinotopic maps is still 
hypothetical. To support that idea, one must first understand how the waves 
propagate. We have investigated how cholinergic and glutamatergic connections, the 
two major excitatory synaptic drives involved in SBA, contribute to the 
spatiotemporal patterns of the waves. To that end, chick embryonic retinal GCs 
(E14-15) were back-labelled with calcium green dextran, a calcium-sensitive dye. 
Spontaneous calcium transients, elicited during the waves, were analysed in hundreds 
of GCs scattered across the retina. We found that both cholinergic and glutamatergic 
connections are required for wave generation and propagation. During partial blockade 
of nicotinic cholinergic connections (with curare or mecamylamine, 0.5-5 pM), the 
cellular recruitment decreased, leading to spatially more restricted waves. The velocity 
of wave propagation decreased during partial blockade of non-NMDA (with CNQX,
0.5-5 pM) and NMDA (with D-AP-5, 5-20 pM) glutamatergic connections, but 
cellular recruitment remained substantially higher than during cholinergic blockade, 
resulting in l4ss co-activation of distant GCs. These findings show that cholinergic 
and glutamatergic connections respectively contribute to the spatial and the temporal 
properties of the waves, and raise the possibility that they may play different roles 
during visual development. Supported by NATO CRG 960789 to E.S. and M.O.D. 
and a Wellcome Trust Mathematical Biology Fellowship 051282 to S.E.
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721.9
FUNCTIONAL MODIFICATION OF DEVELOPING RETINO- 
TECTAL CONNECTIONS INDUCED BY REPETITIVE VISUAL 
STIMULI. L. I. Zhang*, H.-z. W. Tao and M.-m. Poo. Dept. of Biol. Univ. 
of California at San Diego, La Jolla, CA 92093

Activity-dependent synaptic modification is known to play an important 
role during the development of nervous system. An unresolved issue is 
whether and how synaptic modification occurs under the condition of natural 
sensory inputs. In this study, in vivo whole-cell recording from tectal 
neurons in developing Xenopus tadpole (stage 40-41) revealed that stepwise 
increase or decrease in the intensity of stationary diffuse light illuminated on 
the contralateral retina frequently elicited bursting activity in the tectal cell. 
Following repetitively application of a stepwise decrease in the diffuse light 
(dimming stimuli) to the contralateral retina while holding the postsynaptic 
tectal cell in current clamp, we observed persistent increase in the amplitude 
of excitatory postsynaptic currents (EPSCs) with shortest delay of onset, 
while inhibitory postsynaptic currents (IPSCs) with slower onset was not 
affected. No change in the EPSC amplitude was observed when the 
dimming stimuli failed to elicit spiking of the tectal cell. By applying theta 
burst stimulation (TBS), which simulates natural bursting response of the 
tectal cell, directly to the retinal ganglion cells, similar synaptic potentiation 
of excitatory monosynaptic inputs to the tectal cell was found. No synaptic 
modification was induced by either dimming stimuli or TBS in the presence 
of NMDA receptor antagonist (APV). These studies showed that natural 
visual stimuli indeed are capable of inducing long-term functional 
modification of retinotectal synapses in a developing visual system. 
(Supported by NSF IBN-9808723).

721.10
COMPARISON OF OCULAR DOMINANCE COLUMNS IN NORMAL AND 
STRABISMIC SQUIRREL MONKEYS. J.C. Horton*. D.R. Hocking, and D.L. 
Adams. Beckman Vision Center, Depts. of Ophthalmology and Physiology, UCSF, 
San Francisco, CA 94143-0730.

Goodhill and Lowel (TINS, 18:437-39, 1995) have reported that cats raised with 
strabismus have wider ocular dominance columns. To test the effect of strabismus in 
primates, we induced an exotropia in 5 squirrel monkeys (Saimiri sciureus 
peruviensis) by cutting both medial rectus muscles at age 1 week. Recordings were 
made in 4/5 animals to verify that strabismus had disrupted cortical binocularity. 
Most units indeed were monocular, although 51/136 (38%) of cells still fell into 
Hubei & Wiesel’s categories 2-6. Six normal monkeys were obtained from the 
same colony for comparison. Recordings from 5/6 normal animals showed that most 
units were binocular, with 116/137 (85%) cells assigned to categories 2-6. In 
addition, we obtained 6 normal animals (Saimiri sciureus boliviensis) from a separate 
colony. No recordings were made from these monkeys. The 12 normal control 
monkeys were also used for an unrelated study of the representation of the Purkyne 
retinal tree in striate cortex (Adams et al., 1999). All 17 monkeys underwent 
intraocular [3H]proline injection or monocular enucleation to label the ocular 
dominance columns. After a survival time of 8-10 days, flatmount sections of striate 
cortex from each hemisphere were processed for autoradiography or cytochrome 
oxidase. The 5 strabismic monkeys had relatively coarse ocular dominance columns, 
with mean widths ranging from 400 pm to more than a millimeter. The 12 control 
animals showed even more variability in column periodicity. The 6 control monkeys 
from the same colony exhibited a range of column widths, from fine to coarse. Of 
the Bolivian monkeys, 5/6 lacked ocular dominance columns altogether. The 
remaining monkey had coarse columns. Our findings provide support for the idea 
that strabismus increases the width of ocular dominance columns, but the data are 
confounded by the tremendous intrinsic variability of column width among normal 
animals, and by the possibility that genetic factors (e.g., parentage, colony origin) 
may influence column width. Supported by NEI.

GABA RECEPTORS I

722.1

ETHANOL ELEVATES PLASMA AND BRAIN LEVELS OF THE 
NEUROSTEROID 3a-HYDROXY-5a-PREGNAN-20-ONE: A 
NOVEL MECHANISM OF ETHANOL ACTION. A.L. Morrow*, 
G.C. Janis, M.J. VanDoren, D.B. Matthews, A.C. Grobin and L.L.
Devaud. Ctr. for Alcohol Studies, University of North Carolina, 
Chapel Hill, NC 27599.

Many effects of ethanol are believed to be mediated by GABAa  
receptors. Ethanol activates the HPA axis and elevates various 
steroids in rats and man. Since the GABAergic pregnane steroid 3a- 
hydroxy-5a-pregnane-20-one (3a,5a-THP) is a potent modulator of 
GABAa  receptors, we tested whether ethanol alters 3a,5a-THP levels 
in rats. Acute systemic ethanol administration (i.p.) increased plasma 
and brain levels of 3a,5a-THP to pharmacologically active 
concentrations in rats. Ethanol (2g/kg) elevated cerebral cortical 
levels of 3a,5a-THP to 10.8±l .4 ng/g in male rats and 19.2±1.9 ng/g 
in estrus female rats. The effect of ethanol on cerebral cortical 3a,5a- 
THP in male rats was time and dose dependent with maximal effects 
at 2.5g/kg, 40-80 min following injection. To determine if 3a,5a- 
THP levels increased via de novo biosynthesis, we tested the effect of 
the 5a-reductase inhibitor, finasteride. Finasteride pretreatment 
caused a 45±15% decrease in the effect of a moderate ethanol dose 
(2g/kg), but did not alter the effect of a high ethanol dose (4g/kg). 
Therefore, other mechanisms, such as steroid release, may alter brain 
levels of 3a,5a-THP. The 3a,5a-THP effect was not observed in 
ethanol dependent male rats, suggesting that tolerance to ethanol is 
associated with habituation to ethanol induction of 3a,5a-THP. 
These data suggest that 3a,5a-THP may contribute to ethanol action 
in the CNS. Supported by NIAAA grants.

722.2

THE NEUROSTEROID 3a-HYDROXY-5a-PREGNAN-20-ONE 
CONTRIBUTES TO BEHAVIORAL EFFECTS OF ETHANOL. M.
J. VanDoren*, D, B. Matthews, A. C, Grobin, and A. L, Morrow.
Department of Psychiatry and Center for Alcohol Studies, University 
of North Carolina, Chapel Hill, NC 27599.

Ethanol is known to increase the levels of several steroids in rats 
and humans. We have found that acute systemic ethanol 
administration increases levels of the GABAergic pregnane steroid 
3a-hydroxy-5a-pregnane-20~one (3a,5a-THP) in rats that were 
handled and sham injected five days prior to testing. This increase 
can be partially blocked by pre-administration of the 5a-reductase 
inhibitor, finasteride. The time course of ethanol-induced 3a,5a-THP 
elevation correlates with an increase in bicuculline-induced seizure 
threshold. Finasteride pre-administration (50 mg/kg, s.c. 4 and 2.5 
hours pre-ethanol) reversed the anti-convulsant effect of ethanol (2 
g/kg, i.p.) However, finasteride did not reverse the motor in-
coordinating effects of ethanol measured by the Majchrowitz 
intoxication scale or by deficits in the arial righting reflex. We found 
a significant (r=0.59, p<0.0001) correlation between brain levels of 
3a,5a-THP and ethanol-induced sleep time as measured by duration 
of the loss of righting reflex. Using these behavioral paradigms, we 
have found that ethanol-induced 3a,5a-THP contributes to the anti-
convulsant and hypnotic effects of ethanol. Supported by NIAAA 
grants.

722.3

FINASTERIDE PRETREATMENT SELECTIVELY BLOCKS ETHANOL- 
INDUCED INHIBITION OF SPONTANEOUS MEDIAL SEPTAL/DIAGONAL 
BAND OF BROCA NEURONS. D.B. Matthews*, M.J. VanDoren, A.L. Morrow. 
Skipper-Bowles Center for Alcohol Studies, Dept. of Pharmacology and Psychiatry, 
University of North Carolina - Chapel Hill, Chapel Hill, NC 27599-7178.

In rats and humans an acute dose of ethanol increases circulating levels of several 
steroids including progesterone. Progesterone is a precusor of several neuroactive 
steroids including 3a-hydroxy-5a-pregnan-20-one (3a, 5a-THP). 3a, 5a-THP is a 
potent GABAa  receptor modulator that is elevated to pharmacologically active levels 
following an acute dose of ethanol. Inhibition of the biosynthesis of 
allopregnanolone by pre-administration of finasteride attenuates some of ethanol’s 
behavioral effects. Since acute ethanol administration inhibits the spontaneous neural 
activity of medial septal/diagonal band of Broca neurons (MS/DB), we investigated if 
pre-administration of finasteride would block this ethanol-induced inhibition.

Adult male Sprague-Dawley rats (250-300 g) were administered 25 mg/kg or 50 
mg/kg finasteride, or vehicle, 2.5 and 5 hrs prior to recording. Spontaneous MS/DB 
neurons were recorded via a single barrel glass micropipette. Baseline neural activity 
was collected for 5-min before animals were injected, i.p., with 1.5 g/kg (w/v) 
ethanol. Following ethanol injection, an additional 60 minutes of neural activity was 
recorded. Ethanol significantly reduced the amount of spontaneous MS/DB activity 
that was completely reversed by pretreatment with both 25 mg/kg and 50 mg/kg 
finasteride early in the recording session (20-25 min) but was prevented only by 50 
mg/kg finasteride late in the recording session (25-40 min; 41-45 min). Furthermore, 
pretreatment with finasteride does not produce global alterations in neural activity as 
evidenced by no change in the spontaneous neural activity of lateral septal neurons 
following ethanol injection. These results suggest that ethanol-induced increases in 
3a, 5a-THP may selectively mediate ethanol’s effects on neural activity in MS/DB. 
Supported by NIAAA grants.

722.4

REGULATION OF GABAa  RECEPTOR AND SUBUNIT mRNA 
EXPRESSION BY PUNISHMENT AND ACUTE ALPRAZOLAM 
J. R. Glowa* and M. Liu. Dept. of Pharmacology and Therapeutics,
LSU Medical Center, Shreveport 71130.

Quantitative autoradiography of benzodiazepine binding and 
competitive reverse transcription-polymerase chain reaction (RT-PCR) 
were used to characterize changes in selected GABAa  receptor subunits 
(al, P2, y2S and y2L) associated with the anti-punishment effects of 
acute alprazolam. Alprazolam alone had no effect on non-punished 
water drinking or pHJRo 15-1788 binding. Punishment decreased 
drinking and binding in the cerebral cortex, CA3 layer of the 
hippocampus, basolateral and medial nuclei of the amygdala, and 
mediodorsal and ventrolateral thalamic nuclei, compared to non- 
punished controls. All these effects were reversed by alprazolam, which 
also increased binding in the central nucleus of the amygdala. 
Punishment also decreased levels of al subunit transcripts and tended to 
increase the ratio of y2L to y2S transcripts taken from the basolateral 
nucleus of the amygdala, but this effect was not statistically significant. 
Alprazolam with punishment increased al and decreased the ratio of 
y2L to y2S subunit transcripts in the basolateral nucleus of the 
amygdala. The later effect suggested that alprazolam may affect 
alternative splicing of y2 transcripts, compared to punished controls. 
Punishment and alprazolam did not significantly alter expression of p2 
subunit transcript basolateral nucleus of the amygdala. These results 
support the hypothesis that punishment and alprazolam alter the 
function of the GAB Aa  receptor by eliciting changes in receptor subunit 
assembly. These changes may underlie the anxiolytic effects of 
alprazolam. (These studies were funded by a Developmental Grant 
fromLSUMC).
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722.5
GABAa  RECEPTOR ACTIVITY CHARACTERIZED WITH FIRST LATENCY 
AND CONDITIONAL OPEN PROBABILITY ANALYSES.
P. Burkat and K, Gingrich*. Department of Pharmacology and Physiology, 
University of Rochester, School of Medicine, Rochester, N.Y. 14642.

GABA binding to the GABAa  receptor (GABAR) triggers initial opening of an 
integral Cf channel followed by subsequent gating. To begin to separate initial 
binding-induced transitions from subsequent gating events, we investigated single-
channel first latencies (FL, time to first opening) and conditional open probabilty 
(Polo, open probability conditioned on the first opening). We measured single-
channel currents from recombinant GABARs (cxl(31y2) in outside-out membrane 
patches during rapidly-applied (wash-in time constant < 0.3ms) GABA (3- 
2000pM) pulse trains (100-600ms, 0.067Hz). Increased GABA concentration 
predictably accelerated FLs (Figure, complement of distribution), but also raised 
null sweep probability. Poio was dominated (>85% of relationship) by a single 
declining exponential (time constant-r) that was slowed by increased GABA 
concentration (lOpM, T=0.84ms±0.15; lOOpM, T=1.5ms±0.02; mean±SEM, N=4). 
These results point to divergent GABA-
dependent pathways which culminate 
either in a long-lived, non-conducting 
conformation or open state. In addition,
GABA may prolong open state lifetimes, 
enhance open state entry, or impair 
sojourns to near-by closed states. Further 
analysis of FL and Po)o functions will 
provide additional unique insights into 
GABAR gating.
Supported by the Whitaker Foundation

722.6
AN INTERNET-BASED INTEGRATED INFORMATION RETRIEVAL 
SYSTEM FOR GABA RECEPTORS. A. Rachedi1, M. Rebhan2 and H. Xue1* 
'Dept. of Biochemistry, Hong Kong Univ. of Science and Technology, Cleai 
Water Bay, Kowloon, Hong Kong. 2Astra Bioinformatics Center, 128 Sidney St 
Cambridge, MA 02139, USA.

A World Wide Web (Web) based system named as GABAresort has been 
designed and implemented for retrieving related and integrated data on GABA 
receptors. GABAresort is a modular system and its current version consists of two 
modules: a search engine (GABAengine) and an e-mail alert system (GABAalert). 
GABAengine is supported by four regularly updated in-house databases that are 
built by extracting GABA receptor-related data from PubMed 
(http://www.ncbi.nlm.nih.gov/PubMed/), DDBJ (http://www.ddbj.nig.ac.jp), 
SWISS-PROT/TrEMBL (http://www.expasy.ch) and Excite index 
(http://www.excite.com), respectively. Whenever possible, GABAengine presents 
users with integrated data by providing the results of each search with hyperlinks 
to PubMed abstracts, DNA and protein sequences, GeneCards 
(http://bioinfo.weizmann.ac.il/cards/) and contents of related Web sites. The 
system also provide query reformulation and spelling correction support. 
GABAalert is primarily for providing GABA receptor-related information at 
request in the form of immediate and/or monthly e-mail alert. Users can also use 
GABAalert to submit e-mail alert requests that are not necessarily related to 
GABA receptors. GABAresort can be accessed freely through the Web address: 
http://www.ust.hk/gaba. The project is supported by the HKSAR Industry 
Department (grant AF/140/96 and AF9/97).

722.7

GABAa RECEPTOR FUNCTION IN GENETICALLY EPILEPSY 
PRONE RATS. V. Jayaraman *, and T. Shalita. Dept. of Chemistry, 
Marquette University, Milwaukee, Wl 53201.

The function of the GABAa receptor in the hippocampus of the 
genetically epilepsy prone rat (GEPR-3) was elucidated by studying 
the channel opening mechanism of the receptor using a rapid flow 
method and a laser-pulse photolysis technique. These studies 
indicate that there are two kinetically distinguishable forms of the 
receptor in the hippocampus of the GEPR-3, namely a rapidly and a 
slowly desensitizing form, similar to that observed in normal rats. The 
dissociation constant of GABA from the receptor, for these two forms 
of the GABAa receptor in the GEPR-3, is -200 pM. This value is a 
factor of two higher than that observed for the normal rats. Thus 
indicating that the GABAa receptor function is lowered in the 
hippocampus of the GEPR-3 relative to that in normal rats. 
Furthermore, a decrease by a factor of approximately three is 
observed in the equilibrium constant for the channel-opening step for 
the slowly desensitizing form of the receptor. This decrease is a 
result of a six-fold decrease in the rate constant for channel opening 
and a two-fold decrease in the channel-closing rate constant for this 
receptor form. Hence, in addition to the lower affinity of the receptors 
for GABA there is also a deficit in the efficacy of channel opening in 
the slowly desensitizing receptor form in the GEPR-3 relative to that 
in normal rats. These defects would most likely play a role in the 
seizure susceptibility of these animals.

Marquette University(funding)

722.8
PHENOTYPIC ANALYSIS OF MICE LACKING EITHER THE al OR 
|32 SUBUNIT OF THE GABA-A RECEPTOR. T.W. Rosahl, C. Sur, D.S. 
Reynolds, K.L. Hadinqham*, N. Collinson, G.F. O’Dowd, 0. Howell. G.R.
Dawson, R.M. McKernan, P.J.Whitinq. Merck, Sharp & Dohme, 
Neuroscience Research Centre, Terlings Park, Eastwick Road, Harlow, 
Essex, CM20 2QR, United Kingdom.

The aip2y2 is the most abundant subtype of the GABA-A receptor and is 
present in many brain regions. Homozygous mice lacking the y2 subunit of the 
GABA-A receptor do not survive beyond weaning (Gunther et al., PNAS 92, 
7749-7753, 1995). Here we report that, surprisingly, mice lacking the al or 
p2 subunit are viable, fertile and survive up to adulthood.

Homozygotes deficient of the J32 subunit show no overt abnormal phenotype, 
have normal body weight and fertility. Ligand autoradiography of brain sections 
revealed that [35S]TBPS binding was dramatically reduced in the |32 -/- mice, 
especially in the thalamus where P2 is the predominant p subunit expressed. 
Autoradiography with [3H]flumazenil revealed a similar pattern. These data 
suggest a loss of receptors in regions where P2 is absent and argue against a 
compensatory upregulation of other GABA-A receptor subunits in the p2 -/- 
mice.

Mice lacking the al subunit of the GABA-A receptor show more noticeable 
impairments than the P2 -/- mice: crossing of al heterozygotes resulted in only 
14% homozygotes (25% expected; over 200 animals in total analysed) 
suggesting a prenatal lethality as no significant postnatal mortality was found 
among the -/- mice, al homozygotes have significantly lower body weights and 
are less fertile than their wildtype littermates. Behavioural analysis and the 
consequences of pharmacological challenges on the al and P2 deficient mice 
will also be presented.
Supported by Merck, Sharp & Dohme Ltd.

722.9

Decreased responsiveness of GABAa receptors in mouse neocortical 
slices with reduced levels of allopregnanolone (ALLO). G. Puia2*, J.-M. 
Mienville1, E. Costa1 and A. Guidotti1. 1 Psychiatric Institute, Dept. of 
Psychiatry, UIC, Chicago, IL 60612.2Dept. of Pharmaceutical Science, 
University di Modena, Modena (Italy).

SKF105,111 (SKF) is a potent inhibitor of Type I and II 5a-reductases. 
In 1 hr, SKF (47 pmol/kg i.p.) decreases mouse brain ALLO content by 
-80% (Matsumoto et al., Neuropharmacology, in press). To investigate 
whether this decrease alters GABAa currents, we patch-clamped layer ll/lll 
pyramidal neurons in neocortical slices from 14-16-day-old mice pretreated 
with either vehicle or SKF. Pyramidal neurons were identified by their 
morphology and by their "regular spiking" response to depolarizing pulses.

The Cl' current elicited by 0.1 pM muscimol was dramatically reduced 
by SKF pretreatment (20±5 pA, n=9, vs. 100±12 pA, n=13, in control). In 
contrast, the current elicited by 10 pM muscimol was 4407±111 pA (n=6) in 
control vs. 3660±340 pA (80% of control) in SKF-pretreated animals. Hill- 
type analysis of muscimol dose-response curves revealed nH's of 1.2 in 
control vs. 1.4 in slices from SKF-pretreated animals. Lineweaver-Burk 
analysis disclosed the appearance of positive cooperativity for the action of 
muscimol in cells from SKF-pretreated animals. Coapplication of 10 pM 
ALLO potentiated 0.1 pM muscimol-evoked currents by 123±48% in 
control and by 560±340% in neurons from SKF-pretreated mice. Since the 
control response to 0.1 pM muscimol is -5 times larger than in neurons 
from SKF-pretreated animals, 10 pM ALLO apparently restores a "normal" 
sensitivity to muscimol in neurons from SKF-pretreated mice. Taken 
together, these data suggest that endogenous brain levels of ALLO play an 
important role in regulating the affinity and function of GABAa receptors in 
brain. (Supported by grants MH49486 and MH56890 to A.G.).

722.10
IN MONKEYS IMIDAZENIL ANTAGONISM OF ALPRAZOLAM- 
INDUCED COGNITION IMPAIRMENT FAILS TO SHOW TOLERANCE. 
J. Auta\ A. Guidotti. and E. Costa. The Psychitric Institute, Department of 
Psychiatry, University of Illinois at Chicago, IL 60612.

Imidazenil is a partial positive allosteric modulator of GABA action at 
GABAX receptors (JPET 266:1018, 1993) that elicits anxiolytic action and is devoid 
of tolerance or dependence. A multiple schedule of repeated acquisition and 
performance of response chains was used to assess the effect of repeated 
administration of imidazenil alone, and on alprazolam-induced impairment of 
acquisition in monkeys. We have previously shown that an oral dose (0.025 
pmol/kg) of imidazenil that does not alter acquisition or performance, attenuated the 
disruptive effects of aprazolam and triazolam on both acquisition and performance 
(Behav. Pharmacol. 6:323, 1995; JPET 273:1307, 1995). In the present study, 
imidazenil (12.5 pmol/kg p.o.) given 60 min presession, produced a modest 
disruption of acquisition with little ot no effect on performance on day 1; however, 
this effect showed tachyphylaxis when this dose was repeated on day 2. The same 
dose given 60 min before alprazolam (1 pmol/kg p.o.) and 120 min presession on 
day 3 attenuated alprazolam-induced disruption on acquisition. This dose repeated 
for 7 to 14 days still attenuated the disruptive effects of alprazolam, and no signs of 
withdrawal were observed after abrupt discontinuation of imidazenil. Moreover, 14 
days repeated administration of imidazenil, fail to alter the acute disruptive effect of 
alprazolam administered chi  day 2 after discontinuation of imidazenil, suggesting a 
virtual lack of tolerance. These data suggest that it is not the benzodiazepine 
recognition site occupancy per se but the intrinsic efficacy of benzodiazepine 
receptor ligands that may be responsible for tolerance and/or dependence liabilities 
of the full positive allosteric modulators of GABA action (Supported by E.C. MH 
56500-03).
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722.11
POTENTIAL ANCHORING OF L-GLUTAMATE DECARBOXYLASE TO 
SYNAPTIC VESICLES THROUGH HEAT SHOCK PROTEIN AND ITS 
REGULATION BY PROTON GRADIENT. C.-C. Hsu1. W. Chen1, K. M. 
Dayis1, H. Jin1. T. Foos1, C.S, Bates1*, J.Y. SchJoss2,
department of Molecular Biosciences, University of Kansas, Lawrence, KS 
66045, U.S.A. department of Medicinal Chemistry, University of Kansas, 
Lawrence, KS 66045, U.S.A. and ’institute of Biological Chemistry, Academia 
Sinica, Taiwan.

Recently we have reported that the membrane associated form of the 
GABA synthesizing enzyme, L-glutamate decarboxylase (M-GAD) is activated 
by ATP through protein phosphorylation (Soc. Neurosci. Abs. vol. 24, p.348, 
1998). Now we have identified the M-GAD as GAD65 and its activation by ATP 
depends on the integrity of proton gradient on the synaptic vesicles (SV). This 
notion is supported by the observation that ATP activation of MGAD is abolished 
by conditions that disrupt the proton gradient of SV, e.g. in the presence of 
vesicular proton pump (V-ATPase) inhibitor, bafilomycin Al, or the 
protonophore uncoupler, carbonyl cyanide m-chorophenylhydrazone (CCCP) as 
well as the ionophore gramicidin. In addition, MGAD has been shown to form 
complex with heat shock protein, specifically heat shock cognate 70 (HSC70), 
which may provide an anchoring mechanism for MGAD to become associated 
with SV. Based on these observations, the following hypothesis is proposed: 
MGAD (presumably GAD65) is delivered to SV through complex formation with 
HSC70 and perhaps other cytoskeleton proteins. Once it is anchored to the SV, 
its activity is then regulated by proton gradient-dependent protein 
phsophorylation. (Supported, in part, by NSF grant IBN-9723079, Office of 
Naval Res., N00014-94-1-04572, and Research Development Grant from 
University of Kansas)

SECOND MESSENGERS AND PHOSPHORYLATION: GENERAL

723.1

INHIBITION OF NEUROPEPTIDE GENE EXPRESSION BY 
SUSTAINED ELEVATION OF INTRACELLULAR CALCIUM
P.L. Durham* and A.F. Russo. Dept. of Physiology and Biophysics, 
University of Iowa, Iowa City, IA 52242.

We have begun to investigate a novel mechanism by which sustained 
increases in intracellular calcium ([Ca2+];) inhibit calcitonin gene-related 
peptide (CGRP) gene expression in sensory neurons. Recently, we 
reported that activation of 5-HT, receptors by serotonergic antimigraine 
drugs caused a prolonged elevation of [Ca2+]; (< lpM, >15 minutes) and 
inhibited CGRP mRNA levels, promoter activity, and secretion. To 
determine whether elevated levels of [Ca2+L were directly mediating these 
inhibitory effects, we developed a system to mimic the drug-mediated 
calcium increase using the calcium ionophore, ionomycin. Ionomycin 
treatment of the neuronal cell line CA77 resulted in a dose-dependent 
inhibition of basal CGRP promoter activity similar to that caused by 
activation of the 5-HT, receptors. In addition, ionomycin treatment 
specifically repressed activity of the Elk-1 and c-Jun-dependent reporter 
genes. We are currently determining the signaling pathways involved in 
the calcium-dependent inhibition of neuropeptide gene expression and 
correlating increases in [Ca2+], following ionomycin treatment with 
promoter activity. Data from our studies have directly demonstrated that 
the inhibitory effect of serotonergic antimigraine drugs on CGRP gene 
expression is mediated by a sustained increase in calcium. These results 
support a model in which calcium acts not in a simple binary mode, but 
rather that the amplitude and duration are key determinants of 
neuropeptide expression.
Supported by grants from NIH HD25969, NS37386, and HL14388, AHA 
96013860, and National Headache Foundation.

723.2
DAILY VARIATION IN PLASMA cGMP IN HUMANS J. N. Marcus,
A.C. Busza, M S. Siniaia*, I. V. Zhdanova Dept. of Brain and Cognitive 
Sciences, Massachusetts Institute of Technology, Cambridge, MA 02139

Guanosine 3',5' cyclic monophosphate (cGMP) acts as a second messenger 
mediating the effects of multiple endogenous agents. We have earlier observed an 
increase in plasma cGMP levels in healthy volunteers after they ingested a 0.3 mg 
dose of melatonin at 1PM. In our search for possible cellular mechanisms of 
melatonin’s sleep-promoting effect in humans, we measured cGMP levels in human 
plasma throughout a 20-hour period with placebo administered before bedtime. 
Plasma cGMP levels were measured in nine normal human volunteers over 50 years 
of age (58±6.7 years old). Samples were obtained hourly throughout a 20-hour 
period that included the habitual hours of nocturnal sleep and minimal activity 
during the day. [125I] radioimmunoassay kits were used to measure plasma levels of 
cGMP (Amersham, UK) and melatonin (ALPCO, NH).

The area under the time- plasma cGMP concentration curve (AUC) showed a 
significant (p<0.001) increase during a nocturnal sleep period compared to a similar 
period of daytime wakefulness. The individual temporal patterns of nocturnal plasma 
cGMP were variable. An increase in plasma cGMP levels was typically observed 
soon after bedtime and was followed by either a further gradual increase, a gradual 
decline or a clearly bimodal pattern with a second peak occurring after 3am. Both 
maximum and minimum plasma cGMP levels observed in samples collected during 
the night period (min: 281.2L117.2 finol/lOOpL; max: 465.3±139.6 fmol/lOOpL) 
were significantly higher (p< 0.001) compared to daytime measurements (min: 
165.3±77.2 fmol/lOOpL; max: 328.7±134.3 fmol/lOOpL). No significant correlation 
between individual plasma melatonin and individual cGMP AUC was detected. This 
study demonstrates a substantial daily variation in plasma cGMP levels in humans, 
with an increase concurrent with the habitual hours of sleep. Supported by Center 
for Brain Sciences & Metabolism Charitable Trust and N.I.H. grant RO3- AG16080- 
OltoI.V.Z.

723.3
PATCH CRAMMING REVEALS THE MECHANISM OF LONG-TERM 
SUPPRESSION OF CYCLIC NUCLEOTIDES IN INTACT NEURONS.
R.H. Kramer* and B. Trivedi. Dept. of Molec and Cell. Pharm., Univ. of 
Miami Sch. of Med., Miami, FL 33101.

To understand the dynamics of cGMP in living cells, we used the patch- 
cramming technique with cyclic nucleotide-gated (CNG) channels as 
biosensors. In neuroblastoma and sympathetic neurons, both muscarinic 
agonists and NO rapidly elevate cGMP. However, with a delay, muscarinic 
agonists also elicit a long-term (2 hrs) suppression (LTS) of subsequent 
cGMP responses. Muscarinic elevation of cGMP involves intracellular Ca2+ 
mobilization, activation of NO synthase, which produces NO, directly 
activating soluble guanylate cyclase (sGG). Here we examine the mechanism 
of LTS. cGMP injection demonstrates that up-regulation of PDE rather than 
down-regulation of sGC is responsible for LTS. Biochemical measurements 
show that both cGMP and cAMP are suppressed, suggesting a non-selective 
PDE. Moreover, Ca2+-mobilization is necessary and sufficient for LTS 
induction, but once initiated, LTS maintenance is Ca2+-independent. Protein 
phosphatase injection reverses LTS, suggesting that phosphorylation is 
crucial for maintenance. Specific peptide inhibitors of Ca2+-calmodulin 
kinase II (CaMKII) prevent induction and inhibit maintenance. Our 
observation that LTS induction, but not maintenance is Ca2+-dependent is 
consistent with changes in CaMKII regulation upon autophosphorylation, 
similar to proposed mechanisms of long-term synaptic plasticity. The 
molecular machinery underlying LTS is common to many cells, suggesting a 
widespread new mechanism for long-term silencing of cAMP and cGMP 
signaling. Supported by grants from the NIH and AHA-FL.

723.4
SPINOPHILIN AND NEURABIN I: SYNAPTIC TARGETING SUBUNITS FOR 
SELECTED PROTEIN PHOSPHATASE 1 (PP1) ISOFORMS. R.J. Colbran12,
N, Cheng1, M.A, Bass1, S. Strack12, L.E. Limbird3*, B.E. Wadzinski23 & L.B,
MacMillan1. 1 Molecular Physiology & Biophysics, 2Ctr. for Mol. Neuroscience, & 
’Pharmacology, Vanderbilt Univ. Medical Center, Nashville, TN 37232-0615.

In cortical neurons, PPIy, is predominantly synaptic, whereas PP1p is mostly 
somatic (Strack et al., 1999. Submitted), indicating that there are isoform-
specific subcellular targeting mechanisms. We characterized 134 and 175 kDa 
neuronal proteins (PP1bp134 and PP1bp175, respectively) that selectively 
bind PP1a, PPIy, and PP1y2 over PPip (Colbran et al., 1997. J. Neurochem. 
69:920). A PP1 complex containing PP1bp134 and PP1bp175 and enriched 
in PPI^ over PP1(3 was purified from rat brain actin-cytoskeletal extracts.
Amino acid sequencing and immunological techniques demonstrated that 
PP1bp134 and PP1bp175 are the synapse-localized actin-binding proteins 
spinophilin and neurabin (Nakanishi et al., 1997. J. Cell Biol. 139:951; Allen et 
al, 1997. Proc. Natl. Acad. Sci. U.S.A. 94:9956; Saitoh et al. 1998. J. Biol. 
Chem. 273:3470). Recombinant spinophilin and neurabin, expressed in 
HEK293 cells, have identical sizes to PP1bp134 and PP1bp175, respectively, 
and also interact with endogenous PP1 and with each other. A GST-fusion 
protein with neurabin residues 146-616 selectively binds PPIy, from a mixture 
of protein phosphatase catalytic subunits, and inhibits recombinant PP1y,. 
Immunoprecipitation of spinophilin or neurabin from brain extracts selectively 
coprecipitates PP1y, over PP1J3. In addition, immunoprecipitation of PP1y, 
from forebrain extracts coprecipitates spinophilin and neurabin, whereas 
immunoprecipitation of PP1 p does not. In combination, these data indicate that 
an actin-associated PP1 holoenzyme (PP1A) containing PPIy, (or likely PP1a), 
spinophilin and/or neurabin is specifically localized to synapses; modulation of 
PP1A function likely plays a critical role in synaptic plasticity, including long-term 
potentiation and depression. Support: NIH (GM47973 and NS37508 to RJC) & 
AHA (LBM, Fellowship; RJC is an Established Investigator).
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723.5

THE ROLE OF NMDA RECEPTORS IN DOPAMINE-MEDIATED 
CREB PHOSPHORYLATION AND GENE EXPRESSION. A
Rajadhyaksha1* , W. Macias1, K. Kameyama2, R. Huganir2, and Tf.
Konraai1. ‘Laboratory of Molecular and Developmental Neuroscience,
Massachusetts General Hospital and Harvard Medical School, 
Charlestown, MA 02129. department of Neuroscience, Howard Hughes 
Medical Institute, The Johns Hopkins University, School of Medicine, 
Baltimore, MD 21205.

Glutamate is a major neurotransmitter in the mammalian brain. 
There is increasing evidence that glutamatergic neurotransmission 
contributes to dopamine signaling in the striatum. The dopamine second 
messenger pathway provides a mechanism for striatal plasticity observed 
in dopaminoceptive neurons in conditions such as drug addiction, 
neuropsychiatric disorders and Parkinson’s disease.

We have examined the role of NMDA receptors in CREB 
phosphorylation and gene expression in response to dopamine in 
primary rat striatal cultures. Dopamine and the dopamine D, agonist, 
SKF 38393 induce CREB phosphorylation and CRE-mediated gene 
expression which require extracellular calcium and are inhibited by the 
NMDA antagonists MK-801 and APV. Using phosphorylation site- 
specific antibodies we find that activation of the D, receptor 
phosphorylates the NR1 subunit of the NMDA receptor at Ser897. We 
further examined the importance of NR1 phosphorylation in gene 
expression by transfecting primary striatal cultures with phosphorylation 
site-specific mutants. We find that NR1 phosphorylation is essential for 
D,-mediated gene expression. We hypothesize that in the striatum, the 
dopaminergic signal transduction pathway recruits the NMDA pathway 
via a mechanism that involves phosphorylation of the NMDA receptor. 
Supported by NIDA grant DA07134 (C.K.)

723.6

MECHANISM AND REGULATION OF CAM KINASE II ASSOCIATION WITH 
THE NR2B SUBUNIT OF THE NMDA RECEPTOR. S. Strack*, R. B. McNeill & 
R. J. Colbran. Dept. Mol. Physiol. & Biophys. & Ctr. for Mol. Neurosci., 
Vanderbilt Univ., Nashville, TN 37232-0615

Calcium influx through N-methyl-D-aspartate (NMDA) receptors and activation 
of Ca2+/calmodulin-dependent kinase II (CaMKII) are necessary for induction of 
long-term potentiation at hippocampal CA1 synapses. Data from several labs 
suggest that CaMKII forms a complex with NMDA receptors, which may localize 
the kinase close to sources of postsynaptic calcium influx and its substrates. 
We have previously shown that CaMKII binds to residues 1260-1309 in the 
cytosolic tail of the NR2B subunit of the NMDA receptor and that this 
interaction requires autophosphorylation of the kinase at Thr286 (Strack & 
Colbran, 1998, J. Biol. Chem., 273:20689). Here, we further define the 
CaMKII-binding domain in NR2B and show by site-directed mutagenesis that 
several residues including and surrounding a high-affinity phosphorylation 
site, Ser1303, are critical. Phosphorylation of NR2B at Ser1303 by CaMKII 
inhibits binding and enhances the slow dissociation of the kinase from 
preformed CaMKII:NR2B complexes, providing a mechanism for negative 
feedback regulation. Several lines of evidence indicate that the catalytic 
domain of CaMKII, but not the substrate-binding site itself, interacts with 
NR2B. However, binding may be enhanced by the oligomeric structure of the 
kinase, since monomeric catalytic domain fragments of CaMKII do not form a 
stable complex with NR2B. In the HEK293 cell model system, CaMKII 
translocates to mitochondria after coexpression of a synthetic protein 
containing NR2B(1260-1309) fused to the mitochondrial targeting sequence 
of hexokinase I. Reversible translocation is controlled by intracellular calcium 
levels and the phosphorylation state of NR2B Ser1303. Thus, NR2B(1260- 
1309) acts as a CaMKII-targeting domain and imparts dynamic regulation of the 
subcellular localization of the kinase in intact cells. Support: NIH (GM47973 & 
NS37508) & AHA (Grant-in-Aid & Established Investigator, RJC).

723.7
EVIDENCE THAT THE RATE OF RISE AND SPATIAL FEATURES OF 

CALCIUM SIGNALS CONTROL GONADOTROPIN SECRETION. J.D. Johnson, F. 

Van Goor, J.I. Goldberg and J.P. Chang*. Dept. of Biol. Sciences, Univ. of Alberta, 
Edmonton, AB T6G 2E9.

Transient elevations in intracellular free Ca2+ concentration control many cellular 

functions, including hormone secretion and gene expression. Specific functions may 
be coded for by unique spatial and temporal features of Ca2+ signals. The 
characteristics of Ca2+ signals mediating basal and regulated gonadotropin (GTH-II) 

release were investigated quantitatively using Fura-II imaging of cultured goldfish 

gonadotropes, in parallel with hormone release experiments. GTH-II secretagogues 
(sGnRH, cGnRH-II, ionomycin, KC1, Bay K 8644 and caffeine) generated Ca2+ 

transients with an immediate onset, rapid rate of rise and rapid decay. Surprisingly, 

thapsigargin (Tg) induced a robust decrease in basal GTH-II release, despite 
generating Ca2+ signals of similar amplitude to secretagogues. When compared to 

secretagogues, Ca2+ signals originating from Tg-sensitive Ca2+ stores took 

significantly longer to appear and had a significantly slower rate of rise. Spatially, 
although GnRH- and Tg-generated Ca2+ signals often overlapped with those regions 
showing higher basal Ca2+ levels, secretagogue Ca2+ signals spread to distinct regions 

of the cell that were not occupied by the Tg-stimulated Ca2+ signals. A model, 

whereby the rate of rise could control spatial characteristics of Ca2+ signals in 

goldfish gonadotropes is proposed. Since oscillatory activity was not typically seen 
under the present conditions, features of the Ca2+ signals other than amplitude and 

oscillation frequency may code for regulated GTH-II secretion.

Supported by NSERC OGP-121399 to JPC.

723.8

PROTEIN TYROSINE PHOSPHATASE ACTIVITY IN FAST AND 
SLOW SKELETAL MUSCLE.
F. Hoover *, H. Augestad and T. Lomo,
University of Oslo, Institute of Physiology, 0317 Oslo, Norway. 
Different firing patterns of motor neurons are known to drive 
skeletal muscles towards a fast or slow phenotype. The molecular 
mechanisms underlying the effects of different activity patterns 
in skeletal muscles are poorly characterized but likely involve 
signal transduction systems. Using radioactive assays in muscle 
homogenates, we have investigated protein tyrosine phosphatase 
(PTP) activity in fast and slow skeletal muscle. The slow soleus 
muscle (SOL) displayed approximately twice as much PTP activity 
compared to the fast Extensor Digitorum Longus (EDL) muscle. In 
general, PTP activity was much lower in muscle compared with 
adult rat brain. Although the identities of the PTPs remain 
unknown, both soluble and membrane bound forms were present. 
Following denervation for up to three days, PTP activity 
increased in the EDL but changed little in the SOL. These results 
suggest that protein tyrosine phosphatase levels in skeletal 
muscle may be related to differences in nerve-evoked electrical 
activity patterns. This work was supported by a biotechnology 
grant from the European Union to T. Lomo.

723.9

REGULATION OF PKC BY SUPEROXIDE: THIOL AND ZINC 
STATUS OF PKC. L. T. Knapp* and E. Klann. Department of 
Neuroscience and the Center for the Neural Basis of Cognition, 
University of Pittsburgh, Pittsburgh, PA 15260.

We have been studying the role of superoxide (O2) as a signaling 
molecule that is necessary for long-term potentiation in area CA1 of the 
rat hippocampal slice (7. Biol. Chem. 273:4516; J. Neurophys. 80:452) 
and that stimulates PKC in a manner mimicked by thiol oxidation (Soc. 
Neurosci. Abstr. 24:1117). We observed that incubations of at least 30 
min with high concentrations of dithiothreitol reversed by 50% the O2 - 
induced stimulation of PKC from hippocampal lysates and purified 
PKC, suggesting that disulfide bond formation was involved in the 
stimulation of PKC. Because all of the isoforms of PKC have at least 
one cysteine-rich, zinc finger region, we tested whether disulfides are 
formed within this region. ZnCl2 (ImM) blocked the O2'-induced 
stimulation of PKC in hippocampal lysates, suggesting that zinc 
blocked disulfide formation by inhibiting zinc release from the zinc 
finger region and thereby stabilizing the motif. To more directly study 
oxidatively-activated PKC, we used DEAE column chromatography to 
isolate a fraction of autonomously active PKC from hippocampal 
lysates treated with xanthine / xanthine oxidase (X/XO). This fraction 
was not present in lysates treated with either water or X/XO in the 
presence of superoxide dismutase (25jig/ml). In addition, all of the 
isoforms we investigated (a,p,e,y,£) were present in this fraction. 
Currently, we are developing DEAE column chromatography as a 
method to isolate oxidatively-activated PKC from potentiated slices and 
to determine the thiol and zinc status of the isolated PKC to provide 
evidence supporting the role of O2' as a signaling molecule in synaptic 
plasticity. Supported by NINDS Grant NS34007 (EK) and NIMH 
NRSA Fellowship 1 F31 MH1198301Al (LTK).

723.10

PROTEIN PHOSPHORYLATION IN VITRO IN THE GUINEA PIG 
MEDIAL VESTIBULAR NUCLEUS (MVN) COMPARED TO 
PREPOSITUS HYPOGLOSSI (PH) FOLLOWING UNILATERAL 
VESTIBULAR DEAFFERENTATION. D.R, Kerr1. A.J. Sansom1, C.L, 
Darlington.2, P,F, Smith1, and J.A. Watson1* ‘Dept. of Pharmacology, Univ. of 
Otago Medical School, School of Medical Sciences and 2Dept. of Psychology, 
Univ. of Otago, Dunedin, New Zealand.

Severe ocular motor and postural disorders occur after unilateral removal of 
vestibular nerve input , to the vestibular nuclei, such as by unilateral 
labyrinthectomy (UL). These symptoms diminish in a process known as 
“vestibular compensation”. We previously studied the temporal correlation 
between vestibular compensation and protein phosphorylation in combined MVN 
and PH tissue. The present study examined the correlation between vestibular 
compensation and protein kinase C (PKC) mediated protein phosphorylation in 
separated MVN and PH. The MVN ipsilateral (I-MVN) and contralateral (C-MVN) 
and the PH ipsilateral (I-PH) and contralateral (C-PH) to UL, were dissected from 
55 guinea pigs at 10 hs and 53 hours after UL or sham surgery. Tissue extracts 
were incubated with (Y-33P]ATP±Ca2+ with phosphotidylserine and phorbol 12,13- 
dibutyrate (Ca2+/PS/PDB) for basal or enhanced PKC activity. Four protein bands 
(designated P75, P46, P22, and Pl8 based on apparent molecular weights) showed 
increased phosphorylation in the presence of Ca2+/PS/PDB. Data were analysed as 
the ratio of stimulated to basal 33P incorporation. The P46 band from C-PH 10 
hours post-UL displayed a significantly higher in vitro phosphorylation ratio than 
tissue from C-PH 10 hours post-sham. In vitro phosphorylation ratios of P75, 
P46, and Pl 8 decreased from 10 hours to 53 hours post-UL in the C-PH. The 
phosphorylation ratios of P75, P46, P22, and Pl8 in C-MVN were less than C- 
PH at 10 hours post-UL. This study suggests that vestibular compensation in 
guinea pig is correlated with changes in phosphorylation of some PKC substrates 
in C-PH.
Supported by New Zealand.Health Research Council grant 97/141.
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723.11

INTERACTIONS OF PROTEIN KINASE C WITH MEMBRANES 
AND CELLULAR PROTEINS IN LIVING NERVE CELLS. J. De 
Barry, V. Geeraert, JL Dupont, C. Huvet, G. Gombos* and A. Janoshazi.
Laboratoire de Neurobiologie Cellulaire, UPR9009, CNRS Centre de 
Neurochimie Strasbourg 67084 France.

PKC activation is triggered by diacylglycerol production. The 
conventional PKC isoforms are Ca2+-dependent while novel or atypical 
isoforms are not. It is generally accepted that PKC translocation from the 
cytosol to the membrane takes place during the activation process. PKC 
also interact with membrane and cytoskeletal proteins. We used, 
fluorescence imaging to study the influence of these interactions on PKC 
activation. With Fura-2 as a Ca2+ probe and Fim-1 as a PKC probe in the 
same cell we compared the PKC activation process in PC 12 cells and in 
cultured cerebellar granule cells. Upon cell depolarization PKC 
fluorescence increased in discrete sites near the plasma membrane in 
both models. The kinetics of the reaction was similar to the kinetics of 
the intracellular Ca2+-rise and the Fim-1 fluorescent signal went back to 
the baseline within 1 min following stimulation. PKC response was 
unaffected by treatment with toxins disrupting the actin cytoskeleton 
indicating that PKC activation does not primarily rely on interactions 
with F-actin. However using fluorescence energy transfer between Fim-1 
and a BodiPy-PS we observed a two step activation process : a first Ca2+- 
triggered PKC conformational change followed by a slow association of 
the enzyme with the plasma membrane. PKC interactions with membrane 
proteins were also tested.

723.12
EFFECTS OF CORTICOSTERONE TREATMENT ON |3HjPDBu BINDING 
TO PKC, ON PKC ACTIVITY, AND IN THE EXPRESSION OF PKC 
ISOZYMES IN THE RAT BRAIN. G.N. Pandey* and Y. Dwivedi. Dept. of 
Psychiatry, Univ. of Illinois at Chicago, Chicago, IL 60612.

Abnormalities in the hypothalamic-pituitary-adrenal axis (HPA) are associated 
with depressive illness. Some studies also suggest that alterations in HPA axis may 
cause changes in serotonin receptors and in the serotonin receptor-linked 
phosphoinositide (PI) signaling system. Earlier, we reported that the administration 
of dexamethasone, a synthetic glucocorticoid, caused changes in protein kinase C 
(PKC) in the rat brain. In the present study, we examined the effects of single and 
repeated administration of endogenous glucocorticoid, corticosterone (CORT) on 
[’HjPDBu binding to PKC, PKC activity and protein expression of PKC isozymes 
(a, p, y, 8, and e) in membrane and cytosol fractions of rat cortex. Rats were 
implanted with CORT pellets (25 or 50 mg/kg) either for 24 hr or for ten days, and 
then the rats were decapitated. [3H]PDBu binding was determination by radioligand 
binding technique whereas the expression of PKC isozymes was determined by 
western blot. We did not observe any significant effects of 24 hr treatment of CORT 
on pHJPDBu binding in cortex; however, we found that the Binax of [3H]PDBu 
binding to PKC was significantly decreased in membrane and cytosol fractions of 
cortex after 10 days of treatment with CORT pellets at both doses, and that this 
decrease was associated with a decrease in PKC activity. When we determined the 
expressed levels of PKC isozymes, we found that CORT treatment at both doses for 
10 days caused a significant decrease in the expression of PKCy and PKCs 
isozymes in membrane as well as in cytosol. These results thus show that protracted 
CORT treatment is associated with a decrease in [3H]PDBu binding, in PKC 

activity, and a decrease in specific PKCy and e isozymes. Supported by Grant # 
RO1-MH-56528.

COGNITION: LANGUAGE—IMAGING

724.1
MODALITY-INDEPENDENT NEURAL ORGANIZATION FOR LANGUAGE. A PET 
STUDY OF ENGLISH AND ASL PRODUCTION. A.R. Braun*, A. Guillemin. and M. 
Varga, Language Section, NIDCD, NIH, Bethesda, MD, 20892

In order to identify brain regions that play an essential role in the formulation and 
expression of natural language we used H2O-15 PET to measure regional cerebral blood flow 
(rCBF) in 12 hearing subjects for whom both English and ASL were acquired as native 
languages. We compared rCBF during cognitively matched, spontaneous, overt narrative 
speech and signing tasks with limb and oral motor control conditions and rest. SPM was used 
to evaluate both cognitive interactions (differences) and conjunctions (shared activations) 
between task pairs (English-oral motor vs. ASL-limb motor conditions), assuming that, for 
languages differing so completely in their mode of expression, these should provide 
meaningful information about the neural organization of language per se.

Differences in rCBF between English and ASL were attributed to differences in modality 
dependent - articulatory, phonological and syntactic - processes. These were observed in 
caudate nucleus, dorsal thalamus, superior prefrontal and anterior cingulate cortices 
(English>ASL) and in superior parietal lobule, supramarginal and superior precentral gyri 
(ASL>English), and found almost exclusively in the left hemisphere.

Conjunctions were observed in both anterior and posterior regions. The anterior areas - 
frontal operculum, anterior insula, lateral premotor cortices, anterior SMA and frontal pole - 
appeared to be more closely related to motor function, and could indeed be activated, in either 
instance, by complex oral-laryngeal or limb motor tasks, devoid of semantic content.

Posterior regions, on the other hand, were activated only during linguistic processing.
These included perisylvian (posterior superior temporal, anterior and posterior middle 
temporal, inferior angular gyri), occipitotemporal (fusiform, lingular, lateral occipital and 
striate cortices) and paralimbic areas (posterior cingulate and parahippocampal gyri). The 
posterior activations were attributed to modality independent processes associated with deep 
structure - conceptual preparation (including memory retrieval and visual image generation), 
semantic processing and the earliest stages of lexical access- shared by both languages.

While activations in anterior motor-related areas were strictly lateralized to the left 
hemisphere, posterior regions were in many instances activated bilaterally for both English 
and ASL. (Supported by the NIDCD Intramural Program).

724.2

TIMING OF SENSORY CHALLENGES AFFECTS CORTICAL ACTIVATION 
DURING BRAILLE READING IN THE VISUALLY DISABLED: A FMRI STUDY 
P. Melzer1*, D.R. Pickens2, R.R, Price2, V.L, Morgan2, R.S. Wall1 and F.F.
Ebner1. Institute of Developmental Neuroscience, John F. Kennedy Center 
for Research on Human Development, Peabody College, Vanderbilt 
University, and department of Radiology and Radiological Sciences, 
Vanderbilt University Medical Center; Nashville TN 37203.

We investigated whether the time of onset of the visual disability and/or 
the training in Braille influence cerebral activation during Braille reading in 
parietal, temporal and occipital cortex. Eleven female and eight male subjects 
(median age 43) participated in the present study. Five had lost eyesight at 
birth, five before puberty, five during adulthood and four were sighted. 
Thirteen subjects from the latter three groups recalled visual experiences. The 
persons with infantile onset learned Braille by the age of seven and were 
proficient readers whereas those with adult onset and the sighted persons 
struggled with reading Braille. All subjects read one-syllable nouns and a text 
silently in separate functional magnetic resonance imaging (fMRI) sessions. 
Both tasks activated the dominant hemisphere contralateral to the reading hand 
more extensively than the ipsilateral hemisphere. Moreover, in striate, middle 
occipital, occipitotemporal, posterior parietal, primary somatomotor, middle 
temporal and middle superior temporal cortex activation was greater during text- 
than during noun-reading in the late learners whereas the opposite was found 
in the early learners. This difference was statistically significant (P < 0.05) and 
most enhanced when the disability was acquired at birth. Consistently, the late 
learners reported difficulty with reading text while the proficient readers found it 
hard to concentrate on the nouns. The temporal regions in the dominant 
hemisphere had the greatest sensitivity for reading skill, and this finding is in 
harmony with the notion that they are near and in Wernicke’s area of language 
processing (support: Dr. and Mrs. Eskind).

724.3

WHOLE BRAIN fMRI IN EARLY AND LATE BLIND SUBJECTS WHO 
PERFORMED A VERB GENERATE TASK TO READING BRAILLE 
EMBOSSED NOUNS. H.Burton/1;2, T.Conturo2, E.AkbudaU, A.Snyder2, 
J.Ollinger2, V.Tolia', and M.Raichle23. Dep’ts. of Neurobiology1. Radiology, 
and Neurology3, Washington U. Sch. Med.; St. Louis, MO 63110.

Five early and five late Blind subjects (Ss) silently generated verbs appropriate 
for common nouns they read in Braille with one hand. An MR compatible device 
enabled sequential scrolling of solitary nouns into a "view window* in synchrony 
with TR intervals. We obtained fMRI using a custom asymmetric, ecno-planar 
pulse sequence (EPI) in a 1.5T Siemens Vision scanner. Whole brain images 
were acquired as 16, 8mm horizontal slices with 3.7mm voxels. The statistical 
analysis used the general linear model. A block paradigm consisted of three 
successive trials (one trial/frame) of verb generation contrasted with three control 
trials that involved touching a string of Braille cells for the # sign. A cycle of six 
trials was repeated 20 times per run, each with a TR between 5-7 seconds; longer 
duration TRs were used for slower readers. EPI pulses occurred only for the first 
2.178 seconds of each TR, leaving the remaining "quiet" time when a new word 
was moved into the viewing window and Ss read the Braille cells. BOLD 
responses were detected during the EPI pulses at the beginning of the following 
frame.

As in previous studies with sighted Ss using visually presented nouns, all blind 
Ss showed left dominant activation of language areas in inferior frontal-opercular 
and dorsolateral frontal cortex and, most displayed a posterior temporal focus. 
All early and some late blind Ss showed extensive, bilateral, but often left 
dominant, foci over the occipital, lingual and fusiform gyri. Additional bilateral, 
left dominant foci appeared in parietal-occipital transition cortex within the 
depths of the intraparietal sulcus. Activated foci in anterior cingulate in all and 
arm-hand zones of motor cortex in most Ss, respectively, suggest different extent 
of task engagement and motor behavior during word reading. Nearly all Ss 
showed minimal differential activation of somatosensory cortex. Thus, tactile 
stimulation through reading Braille extensively engaged striate and extrastriate 
visual cortex, besides accessing frontal and temporal areas in response to a 
semantic language task. Supported by NIH (NS31005, NS06833) & McDonnell 
Center for Higher Brain Function.

724.4
DISRUPTION OF LINGUSTIC AND NONLINGUISTIC PROCESSING IN 
DEVELOPMENTAL DYSLEXIA
E Temple^RA Poldrack2, A. Protopapas3, S. Nagarajan3’4, P. Tallal3,5, M. 
Merzenich3’4, & JDE Gabrieli1’2
Program in Neuroscience and 2 Department of Psychology, Stanford 
University, 3 Scientific Learning Corp., Berkeley, CA, 4UC San Francisco, 
5Rutgers University-Newark.

Developmental dyslexia, a disorder with a prevalence of 5-10%, is 
characterized by unexpected difficulty with reading in the face of normal 
intellectual function. We used functional MRI to examine linguistic and 
nonlinguistic processing in a group of subjects with a history of 
developmental dyslexia and normal controls. Whole-brain spiral fMRI was 
used while subjects performed 3 different tasks in separate scans. Scan 1 
involved pitch discrimination on non-speech tones with either rapid or slow 
formant transitions. Scan 2 involved sentence verification judgment on 
spoken or written sentences compared to fixation. Scan 3 involved sentence 
verification judgment on spoken sentences that were compressed in time to 
varying degrees (using a modified phase-vocoder algorithm). The control 
group showed greater activation that the dyslexic group in left dorsolateral 
prefrontal cortex for rapidly-changing compared to slowly-changing stimuli, 
both with linguistic stimuli (compressed sentences) and nonlinguistic stimuli 
(tones). Control subjects showed greater activity than dyslexics in left 
parieto-temporal cortex in tasks involving both spoken and written language. 
These findings extend previous functional neuroimaging studies which have 
demonstrated decreased activity in temporo-parietal regions in dyslexia, by 
demonstrating additional functional deficits in the processing of rapidly 
changing auditory stimuli in left prefrontal cortex.
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724.5
CO-LOCALIZATION OF VISUAL MOTION AND PHONOLOGICAL 
PROCESSING IN LATERAL EXTRASTRIATE CORTEX. J. Joseph, G. F. Eden, K. 
Jones, and T. A. Zeffiro*. GICCS, Georgetown University Medical Center, 
Washington, DC 20007.

Individuals with developmental dyslexia have behavioral deficits in visual 
motion and phonological processing. To investigate the possibility that* this 
behavioral comorbidity might be explained by a common neural processing 
system for these apparently different tasks, we conducted two separate fMRI 
experiments in six normal adults. In Experiment 1, participants viewed radial 
visual motion alternating with static dots or a fixation cross. The statistical 
contrast of dynamic versus static dots revealed that human area V5/MT was 
strongly activated in all subjects. In Experiment 2, participants performed 
three different phonological tasks with either visually or aurally presented 
words. These tasks included sound deletion, word segmentation and rhyme 
judgement.

Statistical contrasts of each of these tasks with word reading (visual 
condition) or word repetition (auditory condition) revealed that the three 
phonological tasks activated a common network of regions in the left 
hemisphere, including lateral extrastriate cortex, inferior parietal lobule and 
the inferior frontal gyrus. Group and single subject analyses revealed spatial 
congruence in lateral extrastriate cortex for task-related signal changes 
associated with both the phonological and visual motion processing tasks. 
This striking co-localization of task-related activity provides a 
neuroanatomical basis potentially explaining the co-occurrence of visual 
motion and phonological deficits in dyslexia.
Supported by grants from the Charles H. Dana Foundation and NICHD

724.6

LEFT HEMISPHERE (LH) FUNCTIONAL CONNECTIVITY 
DURING SPEECH AND LANGUAGE. B. Horwitz*. A. Guillemin and 
A. R. Braun. Language Section, NIDCD, NIH, Bethesda, MD.

We used PET measurements of regional cerebral blood flow (rCBF) 
obtained from 20 normal subjects to evaluate the functional 
connections (within-task, across-subject interregional correlations 
between normalized rCBF) of various language associated regions 
during spontaneous narrative speech and during a control task 
(producing laryngeal and oral articulatory movements and sounds) 
devoid of linguistic content. Chosen for the analysis were areas (local 
maxima) significantly activated for speech compared to control tasks 
(Braun et al., Brain, 1997). Of special interest were LH perisylvian 
regions in posterior superior temporal cortex (likely corresponding 
to Wernicke's area) and in the frontal operculum (likely 
corresponding to Broca's area). The Broca region (Talairach 
coordinates: -46, 2, 20; Brodmann area (BA) 44) had significantly 
large correlations during speech with other language associated areas 
in the LH, including regions in posterior temporal (BA22/39) and 
inferior parietal cortex (BA40). The Wernicke area (BA22; -48, 
-56, 16) had strong functional links during speech with LH parietal 
(BA40), temporoparietal (BA39) and frontal (BA45) perisylvian 
regions. Most of these strong functional connections were absent in 
the control task. Interestingly, correlations with right hemisphere 
homologous areas were larger for the control task. These results 
demonstrate that LH perisylvian regions interact strongly with one 
another during language production, but not during a task requiring 
similar muscle movements and vocalizations as speech.
(Supported by NIH Intramural Program)

724.7

HEMODYNAMIC CHANGES IN AUDITORY ASSOCIATION CORTEX 
DURING SPEECH RECOGNITION: FUNCTIONAL MAPPING WITH 
OPTICAL TOPOGRAPHY. K. L. Sakai1’2*, H, Sato1 andT. Takeuchi1. ’Dept. 
of Cognitive and Behavioral Science, Graduate Sch. of Arts and Sciences, Univ. 
of Tokyo, Komaba, Tokyo 153-8902, Japan; 2CREST, JST, Tokyo, Japan.

Cortical activity during speech recognition was examined using Optical 
Topography (OT), a recently developed noninvasive technique used to assess 
relative changes in hemoglobin oxygenation (Med. Phys. 22: 1997, 1995). Local 
changes of light absorption were measured from 22 points in the left hemisphere 
using near-infrared laser diodes (wavelengths, 780 nm and 830 nm; intensity, 2 
mW/mm2; intensity modulation, 1-10 kHz). Dichotic listening paradigms were 
used in this experiment, in which language stimuli and nonsense syllables were 
presented to different ears. Subjects were asked to track the language stimuli and 
press a button when the stimuli switched from one ear to the other. We compared 
three conditions: control condition, where a tone and white noise were used 
instead of language stimuli and nonsense syllables, respectively; repeat condition, 
where one sentence was repeated in a block; and story condition, where successive 
sentences constituted a story. Relative to the baseline level under the control 
condition, we observed significant increase in oxyhemoglobin concentration and 
significant decrease in deoxyhemoglobin concentration under the repeat and story 
conditions. This activity was localized in the superior and middle temporal gyri. 
Moreover, these signal changes under the story condition were two times larger 
than those under the repeat condition. We confirmed that this effect was not 
simply due to habituation to a repeated sentence. These results suggest that the 
activity in the left auditory association cortex reflects both the amount of auditory, 
memory, or language information, and the processing of this information. 
Supported by CREST grant of Japan Science and Technology Corporation (JST) 
to K.L.S.

724.8

OBJECT ACTIVATION VIA "FEATURE BINDING" IN THE SEMANTIC 
SYSTEM USING FMRI. J. Hart, Jr., S. Kremen, B. Gordon, R.P. Lesser*, M. 
Kraut. Depts. of Neurology and Radiology. Johns Hopkins Univ. School of 
Medicine; Baltimore, MD 21287

Numerous investigations have focused on the organization of the semantic system 
in human language, with few studies assessing the functions performed by this 
system. One essential function is object identification, however, the underlying 
neural structures and cognitive operations subserving this function are unknown. 
We propose that one salient mechanism in semantics is activation of the neural 
representation of an object from its component features (i.e., binding).

We studied nine normal controls using fMRI to determine brain regions 
associated with object activation in the verbal semantic system. The behavioral 
paradigm consisted of presentation of two words that represented aspects (e.g., 
features, etc.) of an object that could potentially "bind" to activate the representation 
of an object (e.g., "desert" & "humps" -> "camel"). We presented these pairs of 
word stimuli in implicit and explicit tasks of item activation using a baseline/task 
boxcar design. In the activated phase of the implicit task, the subjects made a 
grammatical judgment; in the explicit, they decided if the word pairs elicited the 
representation of a third object, not named in the word pair.

We detected consistent signal change across subjects in the regions of the superior 
frontal gyrus (polar aspect), middle frontal gyrus, inferior parietal lobule and 
possibly the extrastriate occipital cortex. These findings suggest that a network of 
several discrete brain regions are evoked when an object is activated in the semantic 
system.

724.9

Chinese  logographs  and  semantic  access  studied  with  
fMRI: ’WORDS’ OR ’PICTURES’? Michael WL Chee1* Brendan Weekes2, 
Choon Siong Soon1, Jia Jia Hoon1, Marilyn Chee1 Singapore General Hospital, 
Singapore1, University of Kent, Canterbury, UK2

It has been argued that the logographic nature of Chinese script makes the 
meaning of a character relatively transparent to the reader, unlike the recognition of 
English words which may require phonological decoding before access to meaning 
can take place. To what extent do picture and Chinese character semantic decisions 
activate similar or distinct areas? fMRI was performed on 6 healthy, right handed 
native Mandarin speakers while they made either associative semantic or perceptual 
size judgements on Chinese characters depicting concrete items and pictures. We 
used a modification of a previous experimental design (Vandenberghe*; Nature 
383:254-256). The tasks were performed with comparable accuracy across 
languages but RTs were slightly longer with Chinese. Areas jointly activated by 
Chinese and picture associative semantics compared to size judgement were: the left 
prefrontal (BA 47,9,44,45) left superior parietal region and the anterior cingulate/ 
supplementary motor area. Areas where Chinese processing produced stronger 
activation than pictures were the left mid and posterior temporal regions and an 
anterior part of the fusiform gyrus. Prefrontal activations in BA 9 and 47 were more 
extensive during Chinese processing. Areas which were more active with respect to 
pictures were the right parahippocampal gyrus and right inferior parietal region. The 
inferior temporal region was activated for both but a more anterior portion was 
activated for Chinese compared to pictures. Access to concepts for both Chinese 
words and picture share significant overlaps in as in a previous study* comparing 
English and picture semantics. However this data also suggests that Chinese 
logographs are processed as discrete linguistic units and not as pictures.

Supported by National Medical Research Council, Singapore Grant 98/00270

724.10
AN fMRI STUDY OF UNGRAMMATICALITY IN AN ERROR-DETECTION 
TASK. D. Embick1, A. Marantz1. Y, Mivashita2*, W. O’Neil1. K.L. Sakai3.
’ICORP, JST and Dept. of Linguistics & Philosophy, M.I.T., Cambridge, MA 02139; 
2ICORP, JST and Dept. of Physiology, Univ. of Tokyo Sch. of Medicine, Tokyo 113- 
0033, Japan; 3CREST, JST and Dept. of Cognitive & Behavioral Science, Graduate 
Sch. of Arts and Sciences, Univ. of Tokyo, Komaba, Tokyo 153-8902, Japan.

While the differences between complex and simple sentences have been addressed 
in functional imaging studies (e.g. Just & Carpenter 1996), and ERP correlates of 
syntactic violations have been proposed (P600), the effects of ungrammaticality on 
specific brain regions have not been made clear. The present study reports on the 
different cortical responses to ungrammatical and grammatical sentences. Subjects 
performed an error detection task on two types of sentences. One type contained 
grammatical violations in the form of word-order transpositions (GR): The man wrote 
the letter with pen Jill's in hallway the. The second type involved spelling errors (SP) 
using the same set of sentences. The task in each case was to determine whether a 
sentence contained one or two errors. In the control condition (CO), subjects viewed 
rows of colored letters, with a basic association of letter and color; the task was to find 
one or two matches to a ‘target’ combination shown in the upper left comer. Stimuli 
were projected onto a screen for 6 s, in alternating blocks: CO-SP-CO-GR-... 
Subjects responded by button-press; correctness and reaction time were recorded. MR 
scans were conducted on a conventional 1.5 T system (Stratis II, Hitachi Medical 
Corporation) using a SARGE sequence (TR/TE = 70/40 ms, flip angle = 30°, FOV = 
256, slice thickness = 8 mm). We found activation in established language areas 
(Broca’s and Wernicke’s) under the GR and SP conditions compared with the control. 
Activation in Broca’s area (z = +4 - +12) was significantly greater in the GR 
condition than it was in SP. These results suggest a specific cortical region in which 
the response to syntactic ungrammaticality can be studied.
Supported by ICORP and CREST grants of Japan Science and Technology 
Corporation (JST).
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724.11
SYNTAX IN THE BRAIN M, Tettamanti1. A. Moro2. D. Perani1*. S.F. 
Cappa4, -C ■Donati2, V, Forbice2, A. Compierchio2, F. Fazio2,3, ‘iNB-CNR, 
2IRCCS HSR, 3Universita Statale Milano, 4Universita’ Brescia, ITALY.

The paradigms which have been employed so far with functional imaging did not 
allow a clear differentiation among the activations related to the semantic, 
morphological and syntactic components, as traditionally defined within linguistic 
theory. In the present experiment, we isolated the correlates of morphological and 
pure syntactic processing with a reading task. This was done by requiring the 
detection of anomalies in sentences consisting of pseudo-words only ("pseudo-
sentences") which neutralised the access to the semantic component. Methods: 
150-water PET activation scans were performed according to standardised protocols. 
8 right handed subjects performed a reading task in four different conditions: 
Baseline (reading of pseudo-sentences).Phonology (detection of phonotactic 
anomalies in pseudo-sentences), Morphosvntax (detection of agreement errors in 
pseudo-sentences).Syntax (detection of "word order" violations in pseudo-sentences). 
On stereotactically normalised and smoothed PET scans we computed the simple 
main effects and correlative analyses (p<0.001), by using SPM-96. Results: The 
analysis revealed a common pattern of activation in morphosyntactic and syntactic 
conditions, involving the left inferior frontal gyrus (Ba 44) and associative visual 
areas and cerebellum, bilaterally. Selective activations in the right inferior frontal 
gyrus, the right superior prefrontal region (Ba 6), the right inferior parietal lobule 
and the left basal ganglia were found only for the syntactic condition. Comments: 
These results provide evidence for selective brain activations for morphosyntactic 
and pure syntactic processing. The involvement of right frontal and parietal 
structures concerned with visuomotor transformations suggests that syntax might 
involve neural mechanisms related to motor planning and organization. The finding 
of left basal ganglia involvement is compatible with the hypothesis of a link 
between "rule-based" linguistic processing and the neural substrates of procedural 
memory, derived from neuropsychological studies of Parkinson's disease patients. 
Supported by CNR. Italy

LEARNING AND MEMORY: PHYSIOLOGY

725.1
NEURONAL CORRELATES OF PARAMETRIC WORKING MEMORY IN THE 
PREFRONTAL CORTEX. R. Romo,* C.D. Brody, A. Hemdndez, L. Lemus. Institute 
de Fisiologia Celular, UNAM, Mexico D.F. 04510, Mexico.

Humans and monkeys have similar capacities to discriminate the difference in fre-
quency between two mechanical vibrations delivered sequentially on the fingertips. 
This discrimination task is a parametric working memory task in the sense that it 
requires the memorization of a continuous parameter, vibratory stimulus frequency. 
Where and how is the required memory trace held in the brain? We investigated this 
question by recording single neurons in the prefrontal cortex (PFCx) of four monkeys 
while they performed the discrimination task. We found neurons in the inferior con-
vexity of the PFCx whose discharge rates varied, during the delay period between the 
two stimuli, as a smooth monotonic function of the first stimulus frequency. Thus, the 
memory of the first stimulus frequency appeared to be encoded directly in the neurons’ 
firing rate. We describe this as ‘monotonic stimulus encoding’, and suggest that the 
result may generalize: monotonic stimulus encoding may be the basic representation 
of unidimensional sensory stimulus quantities during working memory. A consequent 
prediction is that other behavioural tasks, also requiring ordinal comparisons between 
scalar analog stimuli (as the discrimination task used here did), would give rise to 
monotonic responses similar to the ones we report. Finally, we note that the smooth 
monotonic encoding found is consistent with the existence of a parametric, rather than 
categoric, neural representation of the stimulus during working memory.

Supported by an International Research Scholars Award of the Howard Hughes Medical In-
stitute and grants from DGAPA-UNAM.

725.2
INTERACTIONS BETWEEN SINGLE PREFRONTAL NEURONS DURING PARA-
METRIC WORKING MEMORY. C.D. Brody,* A. Hernandez, L. Lemus, R. Romo. 
Institute de Fisiologia Celular, UNAM, Mexico D.F. 04510, Mexico.

Neuronal activity thought to underlie working memory is characterized by being 
both stimulus-dependent, and sustained over times much longer than the presence of a 
transitory sensory stimulus. What sustains the activity? Current models describe the 
long sustaining time as a network phenomenon, where feedback interactions between 
neurons keep neural activity levels constant.

Earlier in this volume, Romo et al. describe a parametric working memory task in 
which subjects must memorize the frequency of a mechanical vibration stimulus. Ap-
proximately 50% of the monotonic neurons found were positive monotonic (the higher 
the memorized frequency, the higher their discharge rate during the working memory 
delay period), while the other 50% were negative monotonic (the higher the frequency, 
the lower their discharge). We studied interactions between single neurons during this 
task by computing correlation coefficients r of trial-by-trial mean-corrected discharge 
rates of pairs of neurons recorded simultaneously through different electrodes. A his-
togram of r over all pairs shows that the mean r is not significantly different from zero. 
However, compiling the same histogram separately for pairs of neurons of different 
signal signs allows a clear pattern to emerge: for positive/positive or negative/negative 
pairs, the mean r is significantly positive (~ 0.2), while for positive/negative pairs the 
mean r is significantly negative (« -0.2). That is, this observation of interactions 
between neurons was crucially facilitated by the ability to assign a signal sign to each 
neuron, which in turn was possible thanks to the signed, parametric, nature of the task.

We discuss both the nature and timing of these interactions, and the extent to which 
they constitute experimental evidence for feedback interaction mechanisms during 
working memory.

Supported by an International Research Scholars Award of the Howard Hughes Medical In-
stitute and grants from DGAPA-UNAM.

725.3

CROSS-TEMPORAL AND CROSS-MODAL INTEGRATION IN MONKEY'S 
PREFRONTAL CORTEX. Toaquin M. Fuster*. Mark Bodner. and lames K. 
KiCggl- Neuropsychiatric Institute and Brain Research Institute, UCLA 
School of Medicine, Los Angeles, CA 90024.

The temporal organization of behavior is a cardinal function of the lateral 
prefrontal cortex. This function is largely based on the integration of stimuli 
occurring at different times during behavior. We investigated prefrontal cell 
firing in the behavioral integration of temporally separate auditory and 
visual stimuli. Two monkeys were trained to perform an audio-visual task. 
Each trial consists of the following: (1) a 2-sec tone, high-pitch or low-pitch, 
(2) a delay of 10 sec, (3) two color lights, red and green, in two stimulus- 
response buttons, (4) manual choice of red if the tone was high or green if it 
was low, and (5) reward for correct choice. Tone and color positions change 
at random. Practically all units reacted with firing change to one or more 
events in that sequence. In the upper dorsolateral prefrontal cortex, cells 
were selectively activated by the tones. Some cells sustained that activation 
through the 10-sec delay ("working memory"). Tone-selective cells showed 
transient color-selective firing changes at the choice of color. Differential cell 
reaction to the tones was significantly correlated with differential cell 
reaction to the colors. The highest correlations were observed between the 
firing of cells at the tone and their firing—some 12 sec later-in the 200 msec 
preceding the choice of the associated color. In incorrect-choice trials the 
firing correlations between tone and chosen color disappeared. We conclude 
that prefrontal cells mediate the cross-temporal transfer and integration of 
associated stimuli of different sense modality. The cross-temporal mediation 
of contingencies between associated stimuli is critical for structuring 
behavior, speech and reasoning. (Supported by RO1-MH51697)

725.4

MONKEY ORBITOFRONTAL NEURONS REPRESENT ASSOCIATED 
REWARDS IN THEIR RESPONSES TO VISUAL STIMULI. K. Matsumoto*, W. 
Suzuki, andK. Tanaka, Lab. for Cognitive Brain Mapping, RIKEN Brain Science 
Institute, Wako, Saitama 351-0198, Japan.

To reveal the roles of the orbitofrontal cortex (OFC) in rapid adaptive changes of 
visual discrimination behavior, we recorded single neuronal activity from OFC of 
monkeys while they performed a visually cued GO/NO-GO task across motor and 
reward reversals. While the monkey was gazing a fixation point (FP) on a CRT display 
and holding a joystick, one of two visual cues was presented for 0.6 s. When theFP 
dimmed after a delay, the monkey was required to conduct GO or NO-GO responses 
depending on the cue. The reward was asymmetrically given after correct GO or correct 
NO-GO responses. After the monkey learned the visual-motor correspondence, the 
motor requirement or the reward asymmetry was reversed. The monkeys frequently 
canceled no reward trials by breaking eye fixation, while the correct rate was >90 % 
with these canceled trials excluded. Many (36 %) OFC cells differentially responded to 
the two visual cues. We determined the relative contribution of 1) visual features, 2) 
motor responses to do later, and 3) expected rewards, on responses by 2 way or 3 way 
ANOVA. Over a half (58 %) of the OFC cells showed significant reward main effect. 
To evaluate the relative contribution of each effect more quantitatively, we calculated 
proportions of sum of squares (SS ratio) among the 3 main effects (visual, motor, and 
reward) and 4 interactions (visual x motor, visual x reward, visual x motor / reward, 
and visual x motor x reward). The distribution of SS ratio for reward main effect was 
significantly larger than that of SS ratio for other main effects or interactions. 40 % of 
the cells with significant reward main effect during the cue period also showed 
differential activity during the reward period. In many of these cases, the reward 
dependency was consistent between the two periods. We conclude that the OFC 
neuronal responses evoked by visual stimuli represent the rewards associated with the 
stimuli, but not the associated motor responses or visual features themselves.
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725.5
TIME COURSE OF HETEROSYNAPTIC DEPRESSION IN 
RAT HIPPOCAMPAL REGION CA1 IN VIVO.
B.P. Wyble*. B.E. Molyneaux, C, Linster & M.E. Hasselmo,
Department of Psychology, Boston University, Boston, MA 02215.

Activation of GABAb  receptors in hippocampal slices causes selective suppression
of excitatory fibers arising from region CA3 but not entorhinal cortex (Ault and 
Nadler, J. Pharm. Exp. Ther. 223:291). This suppression could change within each 
cycle of theta (Wyble et al. Soc. Neur. Abstr. 23:197.7), as hippocampal interneurons 
fire at a specific phase of theta. Computational modeling suggests that phasic changes 
in GABAb  modulation of transmission could enhance sequence encoding for spatial 
navigation (Wallenstein and Hasselmo, J. Neurophysiol. 78:393) and retrieval of 
overlapping sequences (Sohal and Hasselmo, Neural Comp. 10:889) and could allow 
sampling across synaptic strengths for retrieval of representations with different 
magnitudes, while avoiding excessive dampening or growth of activity. In slices, the 
time course of GABAb  suppression appears relatively slow, lasting over one second 
(Isaacson et al., Neuron 10: 165; Dittman and Regehr, J. Neurosci. 17:9048), but this 
could be due to differences in numerous biochemical properties in vitro. Here we 
have analyzed the time course of GABAb  suppression in more physiologically intact 
conditions, testing them in vivo in rats under urethane anesthesia. Stimulation of input 
from ipsilateral region CA3 to region CA1 was performed at different time intervals 
before paired pulse stimulation of input from contralateral region CA3. For certain 
electrode positions, the ipsilateral stimulation caused heterosynaptic depression of the 
response to contralateral stimulation, accompanied by increased paired pulse 
faciliation of the contralateral pathway response. Magnitude of depression ranged 
between 20% and 80%. The depression peaked between 0 and 160 msec following 
ipsilateral stimulation with a decay time constant between 140 and 240 msec (n=8). 
Local infusion of the GABAb antagonist CGP55845A decreased the magnitude of 
heterosynaptic depression. These experiments suggest that the time course of 
presynaptic inhibition should be sufficiently rapid for modulation to change 
significantly within each theta cycle. Supported by the NIMH MH 52732.

725.6
INTRINSIC PROPERTIES OF RAT ENTORHINAL CELLS 
RELEVANT TO WORKING MEMORY.
E. Fransen*, A. Alonso2. & M.E. Hasselmo3. *Royal institute of 
Technology, Stockholm, Sweden, 2Montreal Neurological Institute, Montreal, CA 
and 3 Dept. Psychology, Boston University, Boston MA 02215

Biophysical compartmental models of pyramidal-like neurons in layer II of the rat 
entorhinal cortex were used to explore activity-dependent changes in cellular 
excitability with a possible role in the short-term maintenance of neuronal activity for 
working memory function. The model used Hodgkin-Huxley representations of 
intrinsic currents. In the presence of the cholinergic agonist carbachol, these cells 
show sustained plateau potentials in response to depolarization. Cholinergic activation 
also affects other entorhinal cells. The stellate cell of layer II displays a depolarization 
and a decreased slow afterhyperpolarization (Klink and Alonso, J. Neurophysiol. 
77:1829). The pyramidal cell of layer V shows changes similar to the pyramidal-like 
cell of layer II. Modeling demonstrates that plateau potentials could arise from 
calcium-dependent non-specific cation currents (ICAN), which are enhanced by 
cholinergic activation and allow calcium influx through high-threshold calcium 
channels during spikes to elicit further depolarization resulting in persistent activity 
(the plateau potential). Persistent spiking activity could be important for working 
memory function of entorhinal cortex, and has been shown during delays in 
performance of a delayed match to sample task (Young et al., J. Neurosci. 17: 5183). 
Blockade of sustained activity could underlie the impairment by cholinergic 
antagonists of delayed-match to sample function and acquisition of stimuli for later 
recognition (Tang et al., PNAS 94:12667). Even without persistent spiking activity, 
the changes in ICAN could mediate memory type function. Simulations demonstrate 
that in control conditions, a weak synaptic input following a spike does not elicit 
additional spiking activity, whereas after cholinergic enhancement of ICAN, the same 
magnitude of synaptic input elicits additional spiking activity. This type of response 
could mediate recognition of matching stimuli in a DMS or recognition task. 
Supported by the Human Frontier Science Program.

725.7
CHOLINERGIC SUPPRESSION OF ASSOCIATION FIBERS IN RAT PIRIFORM 
CORTEX IS STRONGER IN PRE-STRENGTHENED SYNAPSES. M. E. Maloney, 
C. Linster, M. Patil and M.E. Hasselmo*. Dept. of Psychology, Boston University, 
Boston.
Computational modeling studies of the olfactory cortex, based on in vitro and in vivo 
electrophysiology, have proposed a functional role for cholinergic suppression of 
association fibers between pyramidal cells during learning of odor stimuli (Hasselmo 
and Bower, J. Neurophysiol. 67:1222,1992; Barkai et al., J. Neurophysiol., 72:644, 
1994;;Linster et al., J. Neurophysiol., in press, 1999). Recent simulations of a 
behavioral olfactory paradigm suggest that cholinergic suppression of association 
fibers should be stronger for previously strengthened synapses, thus allowing for 
formation of self-organized representations in posterior piriform cortex . We here test 
that prediction in a brain slice preparation of piriform cortex.

Stimulation and recording electrodes were placed in layer lb (which contains 
association fibers between pyramidal cells) in brain slice preparations of piriform 
cortex. Baseline potential amplitudes were established using a stimulus strength 
eliciting 50% of the maximally obtainable response. In one subset of the experiments, 
slices were perfused with 50 pM carbachol and potentials were recorded until a 
cholinergic suppression reached a stable amplitude. This amplitude yielded the 
control-suppression. In another subset of the experiments, LTP was induced (Kanter 
and Haberly, Brain Res., 525:175,1990) before the perfusion with carbachol. After 
LTP induction, a new baseline amplitude was obtained. During subsequent perfusion 
with carbachol, the suppression was recorded and compared to the control- 
suppression. These experiments demonstrated that in slices in which LTP was induced 
(127% +/-6% from baseline, n=15), the suppression of the potentials was significantly 
higher (31% +/- 4.2%, n = 15) than in the control slices (15.2% +/-5.5%, n = 10).

This work was supported by NSF grant IBN-9723947.

725.8

Fluctuations  in  ecf  glucose  during  a  maze  task  are  
LOCALIZED AND SENSITIVE TO COGNITIVE DEMAND, BUT ARE NOT 
DUE TO LOCOMOTOR ACTIVITY OR CHANGES IN BLOOD GLUCOSE. 
Ewan C. McNav*, Thomas M. Fries & Paul E. Gold, Neuroscience 
Program, University of Virginia, Charlottesville, VA 22903.

We have previously shown that, during spatial memory testing, the 
concentration of glucose in the hippocampal extracellular fluid (ECF) of freely- 
moving Sprague-Dawley rats decreases by up to 30% vs. baseline levels, and 
returns to baseline following testing. This decrease is prevented by pre-testing 
i.p. glucose administration at a dose that enhances task memory performance.

In the present experiments, we extended these findings to demonstrate that 
the decrease in hippocampal ECF glucose seen during maze testing varies with 
cognitive demand, and is not caused by changes in locomotor activity or blood 
glucose. Testing on a task very similar to, but simpler than, that originally used 
(spontaneous alternation in a 3-arm, rather than 4-arm, maze), did not produce 
the decrease in ECF glucose seen during 4-arm maze testing despite almost 
identical locomotor demands and environment. Moreover, measurement of 
blood glucose during testing on the 4-arm maze showed no decrease during 
maze testing, and in fact an increase toward the end of the test period with a 
similar magnitude to the recovery in hippocampal ECF glucose.

Further, measurement of ECF glucose in the striatum showed no decrease 
before, during or after spontaneous alternation testing, suggesting that decreases 
in ECF glucose are localized to areas involved in processing of a given task.

Thus, extracellular glucose is drained during memory testing in a manner 
(i) independent of blood glucose, (ii) localized to the hippocampus for a 
hippocampus-dependent task, and (iii) with a magnitude dependent on task 
complexity and presumably cognitive load. Supported by NIA (AG07648) and 
NINDS (NS32914), and by the U. Va. Retired Faculty Research Award.

725.9
LOCAL PROTEIN SYNTHESIS DURING SYNAPSE SPECIFIC LONG-TERM 
FACILITATION (LTF) IN APLYSIA. K, C, Martin,1* A. Casadio.1 M, Giustetto.1 
H, Zhu.1 M, Barad1 and E. R. Kandel1,2. 'Ctr. Neurobiol. & Behav., Columbia Univ.; 
2HHMI, NY, NY 10032.

Using a single bifurcated Aplysia sensory neuron making synaptic contact with 
two spatially separated motor neurons, we have found that local application of 
5 pulses of 5-HT to one set of synaptic connections produces a long-lasting facilita-
tion of that connection without any change in the synaptic strength of the other syn-
aptic connection. This synapse-specific facilitation depends on CREB, persists at 
least 72 hr, involves synaptic growth, and requires local protein synthesis in the sen-
sory cell process. In fact, isolated sensory cell processes are capable of translation, 
and this local translation is stimulated 3-fold by 5-HT, blocked completely by 
emetine, and blocked partially by the immunosuppressant rapamycin, which blocks 
the initiation of translation of a subset of mRNAs. Whereas local perfusion of 
emetine blocks synapse-specific long-term facilitation at 24 hr, local perfusion of 
rapamycin does not affect 24 hr facilitation but does block 72 hr facilitation. Simi-
larly, whereas emetine blocks synaptic growth, rapamycin does not prevent synapse 
growth at 24 hr, but like the increase in synaptic strength, this synaptic growth does 
not persist to 72 hr. Together, these findings indicate that local protein synthesis 
serves two potential functions in the establishment of long-term facilitation: first, a 
rapamycin-insensitive function which appears to be important for the signaling from 
the synapse to the nucleus to turn on transcription, and second, a rapamycin-sensitive 
function which appears to be important for the stabilization of new synaptic growth.

To identify the mRNAs whose translation is locally regulated by 5-HT, we have 
made a cDNA library from isolated sensory cell processes . One of the transcripts in 
this library encodes an a-tubulin isoform which has been shown in other systems to 
be translationally regulated in a rapamycin-insensitive manner by cytoplasmic poly- 
adenylation. (Supported by HHMI, NARSAD, and The Burroughs Wellcome Fund.)

725.10
INDUCTION OF THE POLYPEPTIDE CHAIN ELONGATION FACTOR EF la 
IS REQUIRED FOR LATE LONG-TERM FACILITATION (LTF) IN APLYSIA 
A. N. Hegde*, A. Casadio, K. Martin, K. Inokuchi, W. Pei, M. Giustetto, E. R.
Kandel and J. H. Schwartz. Center for Neurobiology & Behavior, Columbia 
University, New York, NY 10032.

Long-term sensitization of defensive reflexes in Aplysia, a simple form of memory, 
requires gene expression. Some of the new proteins synthesized are used for the 
growth of new synapses that are necessary for late LTF of sensory-to-motor neurons 
that persists up to 72 h. What genes are necessary for this persistence? The 
facilitatory transmitter 5-HT initiates a molecular cascade involving expression of 
immediate early genes that in turn leads to induction of late genes and the eventual 
growth of new synapses. During differential screens for genes induced by 5-HT, we 
isolated a partial EF la-like sequence. Isolation of the full-length cDNA and 
comparison with mammalian EF la shows about 70% overall homology in its 
predicted amino acid sequence. The GTP-binding region of the Aplysia elongation 
factor is identical to that in the mammalian protein. Anti-peptide antibodies raised 
against the predicted C-terminus recognize a single Mr 50,000 protein in Aplysia 
neurons. Northern blots showed that the maximal level of EF la mRNA appeared 6 h 
after starting the 5-HT treatment. Induction of EF la mRNA is blocked by the 
protein synthesis inhibitor emetine indicating that it is not an early response gene but 
a late gene. Injections of anti-EF la antibodies or antisense oligonucleotides into 
sensory neurons inhibit only the late (72 h) but not the early (24 h) phase of LTF. 
Even though new protein synthesis is needed for both early LTF and late LTF, we 
find that induction of EF la is necessary only for the late process. Since the 
elongation factor appears at axon terminals after 7 h, an attractive possibility is that 
EF 1 a is required to enhance protein synthesis at synapses. This would further 
implicate the proteins synthesized at terminals in the mechanisms underlying synaptic 
plasticity. (Support: NIH grants NS29255, MH4885O, and by HHMI).
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725.11
UBIQUITIN LIGASE-DEPENDENT CHANGES IN PHOSPHO-Ca2+/
CALMODULIN-DEPENDENT KINASE II MAY UNDERLIE MODULATION OF 
LTP INDUCTION IN A MOUSE MODEL FOR ANGELMAN SYNDROME.
E. J. Weeber1, B. Mirnikjoo3. Y-H. Jiang2. A. Beauder and J, J?. Sweatt13, ‘Division of 
Neuroscience, 2Deptartment of Molecular and Human Genetics and ’Mental Retardation 
Research Center, Baylor College of Medicine, Houston, TX 77030.

The ubiquitin ligase (Ube3a) maternal mutation in 129/SvEv mice has been shown 
to display a phenotype similar to that seen in human Angelman syndrome, exhibiting 
motor dysfunction, inducible seizures and context-dependent learning deficits. In 
addition, Ube3a mutants exhibit defective LTP in the area CA1 when using a protocol 
consisting of a single set of tetani while recording in an interface chamber maintained 
at 25°C. Mutant hippocampal slices had normal baseline synaptic transmission, paired 
pulse facilitation, and were able to achieve initial LTP; however, recordings dropped 
to baseline within a few minutes following high frequency stimulation.

In the present studies, we found that the early phase of LTP (but not late LTP) can 
be recovered in hippocampal CA1 field recordings when the interface chamber is 
maintained at 32°C. Furthermore, late phase LTP can be recovered if the tetanus 
protocol is strengthened to 3 sets of tetani, each separated by 10 minutes, at 32°C. 
This protocol produced robust LTP in Ube3a mutants, identical to LTP induced in 
wild type mice. Since it is well established that changes in PKC, MAPK and CaMKII 
can affect LTP induction, we utilized western analysis to determine if the turnover of 
these enzymes is altered in the hippocampus of Ube3a mutants. We found no 
significant changes in PKC (a, pi, J3II, y, 6, e, X and Q, MAPK (p42/p44), phospho- 
MAPK (p42) or total a-CaMKII. However, there were significant increases in 
phospho-a-CaMKII levels, utilizing an antiserum that selectively recognizes 
phospho-Thr 286. These results suggest a link between ubiquitin ligase and CaMKII 
regulation, and that the LTP deficits in Ube3a mutants observed during modest LTP 
induction may result from alterations in the CaMKII system. Supported by MRRC 
and HHMI at Baylor College of Medicine.

725.12
A NECESSITY FOR MAP KINASE ACTIVATION IN MAMMALIAN 
ASSOCIATIVE AND SPATIAL LEARNING. J.C. Selcher1. C.M. Atkins'. J.M. 
Trzaskos2, R. Paylor', T. Nekrasova3, G.E. Landreth3, and J.D, Sweatt'*. ‘Div. of Neurosci., 
Baylor Coll, of Med., Houston, TX 77030; 2DuPont Pharm. Research Laboratories, 
Wilmington, DE 19880; ’Alzheimers Research Laboratory, Case Western Reserve School of 
Med., Cleveland, OH 44106.

Although the biochemical mechanisms underlying learning and memory have 
not been elucidated, mounting evidence suggests that activation of protein kinases 
and phosphorylation of their effectors plays a major role. Our laboratory has 
demonstrated a requirement for the mitogen-activated protein kinase (MAPK) 
cascade in hippocampal synaptic plasticity. Therefore, we used an inhibitor of 
MAPK activation, SL327, to test the role of the MAPK cascade in hippocampus- 
dependent learning in mice. SL327 was administered intraperitoneally prior to cue 
and contextual fear conditioning. Administration of 30 mg/kg SL327 completely 
blocked contextual fear conditioning (5.1 ±1.5% freezing, compared to 35.7±9.1% for 
controls; p < 0.01) and significantly attenuated cue learning (39.7±2.5% freezing, 
compared to 68.5±4.2% for controls; p < 0.01) when assessed 24 h after training. To 
determine if MAPK activation is required for spatial learning, we administered SL327 
to mice prior to training in the Morris water maze. 30 mg/kg SL327 elicited 
significant attenuation of water maze learning; they took significantly longer to find a 
hidden platform compared to vehicle-treated controls (p < 0.0001) and also failed to 
search the trained quadrant selectively compared to the other three quadrants during 
subsequent probe trials with no platform. These impairments cannot be attributed to 
nonspecific effects of the drug; no deficit was seen in the visible platform task, and 
injection of SL327 following training produced no effect on the performance of these 
mice in the hidden platform task. These findings indicate that the MAPK cascade is 
required for spatial and contextual learning in mice. To further these studies, we will 
also screen knockout mice lacking the p44 isoform of MAPK for impairments in 
hippocampal LTP and learning-related deficits. Supported by NIMH.

GENE STRUCTURE AND FUNCTION

726.1

A PAIRED-LIKE HOMEODOMAIN PROTEIN FACILITATES TRANSCRIPTIONAL 
ACTIVATOR AND COACTIVATOR FUNCTION ON THE DOPAMINE (3- 
HYDROXYLASE PROMOTER. DJ Swanson* M Adachi EJ Lewis. Dept. 
Biochemistry and Mol. Biol., Oregon Health Sci. Univ., Portland OR, 97"2O1

We are investigating the molecular mechanisms by which the paired-like 
homeodomain protein, Arix/Phox2a, facilitates transcription of DBH by studying the 
protein interactions involved in DBH promoter activation. A previously described 
enhancer element, DB1, which is critical for basal and PKA stimulated promoter 
activity, contains a CRE/AP1-related site adjacent to two homeodomain recognition 
sites (HD). Recruitment of Arix to these HD sites is necessary for PKA activation 
through the CRE/AP1 site. Mutation of the HD sites (by a Gal4 UAS substitution) 
resulted in reduced PKA stimulation. Recruitment of an Arix fusion protein to this 
hybrid promoter substantially increased both basal and PKA stimulated activities. 
Since the adjacent CRE/AP1 site is necessary for PKA stimulation, these results 
suggest that Arix facilitates promoter activation through AP1 proteins binding to the 
adjacent CRE/AP1 site. This may occur by physical recruitment of AP1 proteins or 
by making the CRE/AP1 site a more favorable binding site for AP1 proteins.

Arix acting with AP1 proteins may recruit the transcriptional coactivator CBP to 
the promoter. We have demonstrated a profound synergism of Arix and CBP on 
DBH promoter activation in response to PKA. in vitro protein:protein interaction 
analyses indicate that Arix can physically interact with CBP and that this interaction 
requires the N-terminal portion of Arix. This N-terminal domain of Arix is critical to 
its function in that it contains an independent activation domain, determined by a 
5xGal-UAS reporter system and that deletion of this domain eliminates its basal and 
PKA mediated activity on the DBH promoter.

The interaction of Arix and AP1 proteins at the DBH promoter may provide 
multiple contacts for the stable recruitment of CBP to the promoter and thus 
stimulate transcription. Taken together these results suggest a model in which Arix 
is a tissue-specific component essential for recruiting the appropriate transcriptional 
machinery to the DBH proximal promoter. Supported by NIH Grants GM38696 
NS33159 P(EJL) and an AHA Postdoctoral Fellowship (DJS).

726.2
A NEW MEMBER OF THE SWI/SNF FAMILY - ARIP4, PREDOMINANTLY 
EXPRESSED IN THE BRAIN, REGULATES STEROID RECEPTOR-DEPENDENT 
TRANSCRIPTION. M, Reeben1'2*, N, Rouleau1. A.M, Moilanen1. J. Paivimo1. O.A. 
Janne1. Dept. of Physiology, Institute of Biomedicine, University of Helsinki, P.O. 
Box 9, Siltavuorenpenger 20 J, Helsinki, FIN-00014, Finland; 2A.I. Virtanen Inst., 
Univ. of Kuopio, FIN-70211 Kuopio, Finland.

Androgen receptor (AR) is a ligand-inducible transcription factor that mediates the 
effects of male sex steroids to the transcriptional machineiy. Lately, many new 
coregulatory proteins have been identified and shown to play an important role in 
assisting the receptors at the level of transcription initiation. In this work, we have used 
the yeast two-hybrid system to identify proteins that interact with the zinc finger region 
of AR. A 283-bp cDNA fragment identified in this screen encoded an AR-interacting 
protein and was used to isolate from a mouse 11-day embryonal library a full-length 
cDNA. We called the protein ARIP4 (androgen receptor-interacting protein 4). It is 
composed of 1466 amino acids. Sequence analysis of ARIP4 revealed a putative nuclear 
localization signal and a domain common to ATP-dependent helicases of the so-called 
SWI/SNF superfamily. The 283-bp ARIP4 cDNA fragment corresponded to a protein 
domain that interacts with AR in an hormone-dependent fashion both in yeast and 
mammalian cells. Interaction with AR was also confirmed by GST pull-down 
experiments. The interaction was also observed with other steroid receptors, albeit to a 
lesser degree. Analysis of ARIP4 mRNA expression pattern shows more mRNA in 
mouse tissues at the embryonic stage than in adult tissues where the mRNA is 
predominantly expressed in the brain. In transient cotransfection assays, ARIP4 
increased or reduced AR-dependent transcription from several promoters, depending on 
the promoter used. It is tempting to speculate that, similar to other SWI/SNF family 
members, ARIP4 regulates gene expression by affecting chromatin structure. In situ 
hybridization and immunohistochemistry studies are underway to investigate the 
subcellular and tissue distribution of ARIP4.

This work was supported by grants from the Academy of Finland.

726.3

CELL-SPECIFIC REGULATION OF THE GLIAL-SPECIFIC JC 
VIRUS EARLY PROMOTER BY LARGE T ANTIGEN. H.S. Kim*
N. Goncalves and J.W Henson. Molecular Neuro-Oncology Lab., 
Massachusetts General Hospital, Harvard Medical School, MA 02129

Progressive multifocal leukoencephalopathy (PML) is a fatal, AIDS- 
associated brain infection caused by JC virus. The JC virus early 
promoter directs cell-specific expression of the viral replication factor 
large T antigen, and thus transcriptional regulation constitutes a major 
mechanism of glial tropism in PML. To investigate the mechanism of 
JC virus regulation, the JC virus early promoter region was analyzed. 
We have previously demonstrated that T antigen controls the JC virus 
basal promoter in a glial-specific manner. T antigen repressed the JC 
virus and SV early promoter 4- to 5-fold in glioma cells. In contrast, 
T antigen induced 500- to 700-fold activation of the JC virus early 
promoter in nonglial cells, whereas the SV40 promoter was repressed. 
Site-directed mutagenesis indicates that T antigen-mediated activation 
requires the JC virus TATA box sequence, a pentanucleotide repeat 
immediately upstream of the TATA box and Spl binding site 
downstream of the TATA box. To further analyze these interactions, 
DNasel footprinting on the proximal promoter was performed using 
large T antigen and nuclear extracts from glial and non-glial cells. T 
antigen binding was rather extended than expected pattern of 
protection and nuclear proteins protected most of proximal promoter 
region in a cell-specific manner. In addition, three Spl binding 
domains were identified. These data suggest that JC virus promoter 
controls glial-specific gene expression and T antigen plays an 
important role for this regulation. (Supported by NIH grant R01 
NS35735)

726.4
OVEREXPRESSION OF SUPEROXIDE DISMUTASE IN MAMMALIAN 
CELLS VIA mRNA DELIVERY. K, Mitchell*. F. A. Welsh. V. M.-Y, Lee and K, 
Karikti. Department of Neurosurgery, University of Pennsylvania., Sch. Med., 
Philadelphia, PA 19104.

Recent studies indicate that functionally relevant proteins can be overexpressed 
by delivering mRNA to cells. Superoxide dismutase (SOD) is a key enzyme in 
cellular antioxidant defenses. Two forms of SOD exist in cells, a cytoplasmic form 
(SOD-1) and a mitochondrial form (SOD-2). The goal of the present study was (i) to 
transiently increase the levels of SOD-1 and SOD-2 in cultured cells by delivering 
encoding mRNAs and (ii) to determine whether increased expression was protective 
against oxidative stress. The coding sequences for rat SOD-1 and SOD-2 were cloned 
and used as a template to transcribe mRNA. The mRNA was complexed with 
lipofectin and the resulting complex was delivered to non-neuronal cells (CHO), 
human NT2N postmitotic neurons, at human brain endothelial cells (BB19) for 1 hr. 
SOD activity and protein levels were determined 1,4,24, or 72 hr after the onset of 
mRNA delivery by spectrophotometric assays, zymographic assays and western blot 
analysis. In CHO cells, increased expression of SOD-1 and SOD-2 was detected as 
early as 1 hr by western blot analysis and the expression was further increased at 24 
hr. Zymographic and spectrophotometric analysis revealed that SOD activity was 
detectable as early as 4 hr and that activity continued to increase at 24 hr. In NT2N 
cells, increased levels of rat SOD-1 were detectable at 24 hr (the earliest time assayed) 
and the levels increased by 72 hr as determined by western blot analysis. Finally, 
increased expression of rat SOD-1 was detectable in BB19 cells by 24 hr using 
western blot analysis. Preliminary results also suggested that both SOD-1 and SOD- 
2 protected BB19 cells against lipofectin-mediated injury. In summary, the present 
results demonstrate that delivery of mRNA encoding rat SOD-1 and SOD-2 causes 
immediate and reproducible overexpression of SOD-1 and SOD-2 which may function 
to protect cells against oxidative injury. Supported by NS-29331, AA-05419
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726.5

VISININ-LIKE PROTEIN (VILIP) BINDS dsRNA IN A 
CALCIUM-DEPENDENT MANNER IN THE CNS. Mathisen, 
P.M.*. Johnson. J.M.. Kawczak, J.A.. & Tuohv. V.K. The Cleveland 
Clinic Foundation, Lerner Research Institute, Department of 
Immunology, NB30, Cleveland, OH 44195.

Double-stranded (ds)RNA-binding proteins function in regulating 
the stability, translation, and localization of specific mRNAs. In the 
mammalian CNS, differential subcellular localization of specific 
mRNAs is responsible for the asymmetric distribution of proteins within 
neurons. To understand the molecular mechanisms regulating CNS 
mRNA localization, we have identified a dsRNA-binding domain in the 
CNS-specific calcium-binding protein visinin-like protein (VILIP) using 
degenerate PCR. Northwestern binding analysis and mobility shift 
assays demonstrated that VILIP can specifically bind dsRNA and does 
not bind single-stranded RNA. VILIP is unique among dsRNA-binding 
proteins, since it specifically requires the presence of calcium to bind 
dsRNA. In addition, we have shown that VILIP interacts with the 
mRNA for the high affinity neurotrophin receptor, trkB; an mRNA that 
is localized to the dendrites of hippocampal neurons in an activity- 
dependent manner. These data suggest that VILIP may employ a 
calcium-dependent mechanism for regulating its ability to bind RNA. 
Furthermore, VILIP may also have a role in regulating the expression 
and localization of important mRNAs in the CNS. (Funded by the NIH 
and the National Multiple Sclerosis Society).

726.6

Will the Real Transcript Please Stand Up: 
shakB in the Drosophila Giant Fiber 

Zhan.Zhang^Robert J. Wyman
Molecular, Cellular and Developmental Biology, Yale Univ., New Haven, CT 06520

The shaking B locus (abbrev: shakB-, synonym: Passover} codes for structural 
molecules of gap junctions in Drosophila. This work describes the complex set 
of transcripts from the shakB locus. A nested set of five transcripts is described. 
The transcripts share 3’ exons, but each has its own 5’ exon. The transcripts are 
arrayed as a series in the genomic DNA stretching over 60 Kb. The 5’ end of 
each successive transcript lies further proximal on chromosome. Each new 
transcript shares all the 3’ exons with the one preceding it, but adds one or two 
more 5’ exons.

The different transcripts are expressed in a wide variety of locations in the 
nervous system and in non-neural tissues. Some tissues express more than one 
transcript and the expression pattern for each is developmentally regulated.

Within the adult CNS, these transcripts have an expression pattern that is 
restricted to the Giant Fiber System (GFS). The GFS is a small set of neurons 
which mediates the visually induced escape jump. shakB is required for function 
of the GFS electrical synapses. The transcript previously defined as active in the 
Giant Fiber is not, in fact, expressed in that cell. Instead, we find that another 
transcript, shakB(N3), and maybe also shakB(N4), is expressed in the GFS; this 
transcript is not expressed elsewhere in the adult CNS. Two other transcripts, 
shakB(Nl) and shakB(N2) are expressed in the optic lamina, but not elsewhere 
in the CNS. This expression pattern explains the neurophysiological and 
behavioral defects in escape exhibited in mutants of shakB.

Support: NTH GM-57889; Culpeper Foundation.

726.7

ANTISENSE OLIGONUCLEOTIDES TO THE RAT GLUCOCORTICOID
RECEPTOR (GR), OPTIMISED BY RNASE-H ACCESSIBILITY MAPPING
OF IN VITRO TRANSCRIBED mRNA, MODULATE GR AND 5-HT2A
EXPRESSION IN C6 GUOMA CELLS. A. Islam? K.S.J. Thompson.2
S.C. Cheetham2*, S. Akhtar 1 and S.L, Handley '. 'Pharmaceutical Sciences Institute, Aston
University, Birmingham B4 7ET, UK. 2Knoll Pharmaceuticals, Nottingham NG1 IGF, UK.

Corticosteroids secreted by the adrenal cortex readily enter the brain and have a
modulatory action upon the expression of 5-HT and other neurotransmitter receptors
via specific binding to intracellular receptor proteins. Adrenal steroids and changes in
5-HT2a  receptor expression have been extensively implicated in die pathophysiology of
depression and schizophrenia. We are investigating the potential of down-regulating
expression of the GR with empirically-designed antisense oligodeoxynucleotides
(AS-ODN) in order to abrogate steroidal modulation of the 5-HT2A receptor subtype.
Using a library of random AS-ODN probes, RNase-H accessibility mapping of
T7-primed, in vitro transcribed GR mRNA revealed several potential cleavage sites.
An optimally acting AS-ODN sequence was isolated and then used to treat rat C6
glioma cells, which show steroid-regulated 5-HT2A expression. Using quantitative
RT-PCR and radioligand binding the magnitude of AS-ODN efficacy in down-
regulating GR mRNA and receptor protein was investigated. Our optimally designed
ODN produced a 56% down-regulation in GR mRNA levels and 80% down-regulation
in GR protein levels. Conversely, AS-ODNs to immediately adjacent regions of the
mRNA were without effect on mRNA or protein levels. In parallel, quantitative RT-
PCR revealed a 29% up-regulation in 5-HT2A mRNA expression following treatment
with the optimally-designed AS-ODN. These results show that a selective AS-ODN
sequence, optimised using the novel technique of RNase-H accessibility mapping in a
cell free system, produces marked inhibition of GR gene expression in cell culture,
with a consequential increase in 5-HT2A expression. Application of this AS-ODN icv
will reveal its efficacy in vivo, and illustrate the suitability of this AS-ODN design and
optimisation approach for other clinical applications. Funded by the EPSRC

PHARMACOLOGICAL AGENTS: ANTIPSYCHOTICS; GLUTAMINERGIC AND 
PATHOLOGICAL EFFECTS

727.1 727.2

ANTIPSYCHOTIC-LIKE EFFECT OF THE AMPA RECEPTOR 
ANTAGONIST LY326325 INDICATED BY SUPPRESSION OF THE 
CONDITIONED AVOIDANCE RESPONSE IN THE RAT

J.M. MathefM.V. Fagerquist and T.H. Svensson

Previous studies in rats show that antagonism of AMPA receptors may attenuate some 
behavioral and biochemical effects of psychotomimetic NMDA receptor antagonists, 
such as hyperlocomotion and stereotypies, as well as ameliorate deficits in cognitive 
function. These findings indirectly suggest an antipsychotic action of AMPA receptor 
antagonists. We have here studied the effect of the novel AMPA receptor antagonist 
LY326325 on the conditioned avoidance response (CAR), a behavioral methodology 
with high predictive validity in assessing of the putative antipsychotic effect of 
experimental drugs.
The effect of LY326325 (6-18 mg/kg, s.c.) on the CAR of the rat was assessed in a 
two compartment shuttle box. In addition, the putative propensity of this drug to 
induce extrapyramidal side effects was assessed by ratings of catalepsy.
Systemic administration of LY326325, 18 mg/kg subcutaneously, caused a selective 
suppression of the conditioned avoidance response. Escape behavior or intertrial 
crosses were not affected, findings which exclude that a general sedative action of this 
compound caused suppression of the CAR. In addition, no catalepsy was observed. 
Thus, the experimental results clearly support an antipsychotic effect of AMPA 
receptor antagonists with a low or absent liability for extrapyramidal side effects and, 
hence, an atypical antipsychotic profile.

PILOCARPINE REVERSES CLOZAPINE’S AND OLANZAPINE'S 
PREVENTION OF NMDA ANTAGONIST NEUROTOXICITY (NAN).
V. Jevtovic-Todorovic*, J.W, Newcomer, J.W, Olney, and N.B. Farber,
Washington University, St. Louis, MO 63110

Antagonists of the NMDA glutamate (Glu) receptor, including
phencyclidine (PCP), ketamine and MK-801, can injure neurons in 
corticolimbic areas including the posterior cingulate/retrosplenial cortex 
(PC/RSC). The neurotoxic action of NMDA antagonists (NA) is mediated 
by a complex disinhibition mechanism in which NA abolish GABAergic 
inhibition over two converging excitatory projections, resulting in the 
simultaneous excessive release of at least two neurotransmitters at receptors 
located on vulnerable PC/RSC neurons (acetylcholine at m3 muscarinic 
receptors and Glu at non-NMDA receptors). In addition, other receptors (oq- 
adrenergic, 5HT2A-serotonergic and sigma) can also modulate the excessive 
stimulation of the m3 muscarinic and non-NMDA receptors on vulnerable 
neurons. Previously we have found that both clozapine and olanzapine are 
potent inhibitors of NAN. In order to determine if these two antipsychotics 
were preventing NAN by modulating the excessive stimulation of m3 
muscarinic receptors we studied whether the muscarinic agonist, pilocarpine, 
could reverse the protective effect of a fixed dose of clozapine or olanzapine 
in rats treated with MK-801, a potent NA. We found that pilocarpine over a 
range of dosages from 10 - 100 mg/kg, ip, could attenuate the 
neuroprotective effect of clozapine or olanzapine. Therefore, we conclude 
that clozapine and olanzapine can prevent NAN by reversing the excessive 
stimulation of m3 receptors. However, it remains to be determined whether 
this reversing action is due to: 1) muscarinic receptor blockade, 2) 
modulation of receptors that regulate ACh release, or 3) both. Also, it 
remains to be determined whether these antipsychotic agents can modify the 
excessive stimulation of non-NMDA Glu receptors. Supported by NARSAD, 
AG11355, DA05072, DA00290 (NBF), DA00406 (VJT) and MH01510 (JWN).
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727.3
ATYPICAL ANTIPSYCHOTIC CLOZAPINE AUGMENTS NMDA 
RECEPTOR-MEDIATED POLYSYNAPTIC NETWORK TRANSMISSION 
IN PREFRONTAL CORTICAL NEURONS IN VITRO. L. Chen & C.R. Yang*. 
Neuroscience Research, Eli Lilly & Co., Lilly Corp. Center, Indianapolis, IN46285.

Cognitive deficits and psychiatric symptoms in schizophrenia, originating from 
impaired functions of the prefrontal cortex (PFC), are mimicked by blockade of 
NMDA receptor-channel complex (e.g. by phencyclidine, PCP). This suggests that 
hypofunction of glutamate (GLU) transmission and its consequence in the PFC may 
partly underlie the pathophysiology of schizophrenia. The atypical antipsychotic 
clozapine alleviates many cognitive and behavioral deficits in PCP-induced 
psychosis and schizophrenia. This may be due to its facilitatory actions on GLU 
transmission. To characterize clozapine’s actions on GLU transmission in PFC 
neurons, whole-cell patch clamp recordings in layer V-VI pyramidal neurons from 
rat PFC slices which retained a semi-intact local neural network were made visually 
under DIC-IR videomicroscopy. Removal of GABAa  receptor inhibition by bath- 
applied bicuculline (2-5|iM) was necessary to unmask GLU-mediated early- and 
late-onset EPSPs to layer V-VI stimulation (at 0.1Hz). Bath-applied clozapine (0.1- 
lpM) did not change the early (monosynaptic) GLU- EPSPs, but markedly induced 
the late- and variable-onset GLU-EPSPs to burst firing. The clozapine-induced burst 
firing were blocked by PCP (2pM) or APV (50gM), but not by L-type Ca2+ channel 
antagonists introduced intracellularly (D-600, 0.2mM) or extracellularly
(nimodipine, 2pM). These results suggest that the clozapine-induced burst firing 
was not triggered by soma-dendritic voltage-gated Ca2+ channel activation. 
However, elevation of [Ca2+]0 (7mM) to prevent polysynaptic activation reversibly 
blocked the clozapine-induced burst firing responses. These results suggest that one 
of the therapeutic actions of clozapine is to activate local glutamatergic polysynaptic 
network transmission mediated via NMDA receptor in the PFC.

727.4
THE ROLE OF NMDA RECEPTORS IN CATALEPSY AND 
SENSITIZATION R A Luthmann Sr.1, L.G. Zuck2r S P. Banerjee2.
TI Lidskv2*. l.Hunter Coll Biopsychology Dept,NY,NY 10021,2 
Inst. For Basic Research, Staten Island, NY, 10314.

Conventional antipsychotic drugs, such as haloperidol, produce 
catalepsy in rats. A second injection, even weeks later, evokes an 
enhanced cataleptic response, a phenomenon termed sensitization. It 
has been suggested that the D2 blocking properties of antipsychotics 
give rise to catalepsy. However, D2 antagonists (haloperidol, 
metoclopromide), in the presence of NMDA (MK-801) blockade, 
produce catalepsy (using the bar test) but do not produce sensitization. 
It has recently been shown that many antipsychotics also have effects 
on the glycine site of the NMDA type glutamate receptor. NMDA 
partial agonists (cycloserine, clozapine), drugs without D2 blocking 
properties, did not elicit catalepsy but did evoke sensitization if D2 
antagonists were administered at least 1 to 2 weeks later. These results 
suggest that dopamine receptor involvement is not crucial for the 
changes necessary for sensitization to occur and that this process may 
involve actions upon the NMDA associated glycine recognition site

727.5
THE ADENOSINE Ai RECEPTOR AGONIST N6-
CYCLOPENTYLADENOSINE BLOCKS THE DISRUPTIVE 
EFFECT OF PHENCYCLIDINE ON PREPULSE INHIBITION OF 
THE ACOUSTIC STARTLE RESPONSE IN THE RAT. Terrence
L. Sills*, Arezou Azampanah, Paul J. Fletcher, Biopsychology 
Section Centre for Addiction and Mental Health, Clarke Division, 
250 College Street, Toronto, Canada M5T 1R8.
Systemic administration of the NMDA receptor antagonist 
phencyclidine (PCP; 4 mg/kg) produced a profound reduction in 
prepulse inhibition of the acoustic startle response in rats. 
Pretreatment with the selective adenosine Ai receptor agonist N6- 
cyclopentyladenosine (CPA) blocked (0.5 mg/kg) or attenuated (0.1 
and 0.2 mg/kg) the disruptive effect of PCP on prepulse inhibition. 
These findings suggest that adenosine may regulate the inhibitory 
effect of NMDA receptor blockade on prepulse inhibition, and raises 
the possibility that adenosine may be a potentially useful target for 
anti-psychotic medication. Further, 0.5 mg/kg CPA by itself was 
without effect on prepulse inhibition but decreased startle amplitude, 
raising the possibility that adenosine, acting via Ai receptors, may be 
a component of the neurochemical substrate that modulates the 
acoustic startle response.

727.6

NEUROLEPTICS AMERIOLATE PHENCYCLIDINE-INDUCED 
IMPAIRMENTS OF SHORT-TERM MEMORY. U, Schroeder1*. H. 
Schroeder2. M. Martinez Sanchez1 and B.A. Sabel1 /institute of Medical 
Psychology; 2Institute of Pharmacology and Toxicology, Medical Faculty, 
Leipziger Str. 44, 39 120 Magdeburg, Germany

Phencyclidine (PCP), a non-competetive NMDA-receptor antagonist, is 
able to induce schizophrenia-like symptoms in animals and in humans. It is 
known that schizophrenic patients have deficits in memory processes. 
Therefore, we investigated whether daily subchronic pulsatile or continuous 
application of 5.0 mg/kg PCP in adult rats over a 5 day-period induce short-
term memory deficits in holeboard learning. When tested 24 h after 
discontinuing the treatment, but not at 15 min or lh, the animals were 
impaired in holeboard learning compared to untreated controls.

We also evaluated the action of two neuroleptics, haloperidol and 
risperidone, on the PCP-induced holeboard learning deficits in order to 
proof the specificity of the PCP model. The combined application of PCP 
and risperidone led to a complete antagonism of the short-term deficits, but 
the combined treatment with haloperidol was only partially able to 
antagonize PCP-induced deficits. PCP also led to an increase number of 
glutamate binding sites in striatum and nucleus accumbens, but the D2 
binding sites were reduced in striatum; DI binding sites remained 
unchanged. The receptor protein expression of mGluRl-7 was not modified 
after PCP compared with controls.

The present data of cognitive alterations after PCP treatment support the 
hypothesis of a hypoactive glutamate system in schizophrenia.

Supported by DFG (SFB 426, TP C3).

727.7

SUBANESTHETIC DOSE OF PHENCYCLIDINE (PCP) ACTIVATES 
MEDIAL PREFRONTAL CORTEX ACTIVITY IN FREELY-MOVING 
RATS. X-Suzuki1. E, Jodo1. S. Takeuchi. S. Niwa2 and Y. Kayama1’ Department 
of Physiology1, Department of Neuropsychiatry2, School of Medicine, 
Fukushima Medical University, Fukushima 960-1295, Japan.

Recent studies have reported that acute administration of PCP considerably 
increase the amounts of both extracellular glutamate and dopamine in the medial 
prefrontal cortex (PFCm). However, how PCP affects the firing activity of 
PFCm neurons is still unknown. In this study either PCP (5 mg/kg) or 
physiological saline (0.5 cc/kg) was intraperitoneally administered for freely- 
moving rats while recording impulse activity of PFCm neurons and cortical 
EEG. Rats were placed in the transparent box (30x30x60 cm) during a recording 
session. Behavioral activity was also measured by counting the number of 
muzzle crossing across each line drawn on the floor. The recording was started 
after they had fully habituated to an experimental environment. PCP or saline 
was injected after recording the baseline activity for 30 min. Most of PFCm 
neurons recorded (10/12) exhibited remarkable increase (2-fold or more) of the 
spontaneous discharge rate within 5min after PCP injection. This increase lasted 
for more than 60 min. The considerable augmentation of behavioral activity was 
also induced by PCP injection, almost parallel to the activation of PFCm 
neurons. Cortical EEG was shifted from high-amplitude slow waves (2-3 Hz) to 
low-amplitude fast waves (peak frequency; 8 Hz) by PCP injection. These 
results suggest that PCP-induced hyper-locomotion or behavioral abnormalities 
may be caused by hyperactivity of PFCm neurons.

727.8
CHRONIC HALOPERIDOL ADMINISTRATION DECREASES KYNUR-
ENIC ACID LEVELS IN RAT BRAIN. G. Ceresoli-Borroni*. H.-Q, Wu. P. 
Guidetti. A, Rassoulpour. R.C, Roberts and R, Schwarcz. Maryland 
Psychiatric Research Center, Baltimore, Maryland 21228.

Kynurenic acid (KYNA), a broad spectrum excitatory amino acid receptor 
antagonist, might act as a mediator between dopaminergic and glutamatergic 
systems. In the rat brain, KYNA levels are reduced after acute systemic treat-
ment with dopamine receptor agonists and are restored to control levels by co-
administration of dopamine receptor blockers. Acute injection of these antag-
onists alone does not affect brain KYNA content (Dev. Neurosci., 20; 146, 
1998). We now found that chronic administration of one of these drugs, the 
neuroleptic haloperidol (1.5 mg/kg/day in drinking water for 8 months), results 
in a 43-53% reduction in KYNA levels in several brain areas. In the same ani-
mals, tissue levels of the related metabolites kynurenine and 3-hydroxykynur- 
enine remained unchanged. The effect of chronic haloperidol on striatal extra-
cellular KYNA levels was also examined and found to be decreased to 55% of 
control values. Moreover, de novo production of 3H-KYNA from 3H-kynur- 
enine in the striatum was reduced (to 55% of controls) in chronically haloper-
idol-treated animals. These data raise the possibility that the therapeutic effect 
of haloperidol is related to the drug’s ability to attenuate KYNA levels and thus 
enhance glutamatergic function.

Supported by USPHS grants NS 28236, HD 16596 and MH 53494.
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727.9

CONTINUOUS SUBCUTANEOUS DELIVERY OF HALOPERIDOL 
INCREASES D3 RECEPTOR BINDING IN RAT BRAIN. M.D. Kennedy1,
B.J.Morris*1,2 & J.A.Pratt1’3, ^oshitomi Research Institute of Neuroscience in 
Glasgow, University of Glasgow, Glasgow, G12 8QQ & institute of Biomedical 
and Life Sciences, University of Glasgow, G12 8QQ & ’Department of 
Physiology and Pharmacology, University of Strathclyde, G4 ONR.

Chronic treatment with typical but not atypical antipsychotics has been 
shown to upregulate striatal D2-like receptors. However, the involvement of the 
D3 receptor is not fully determined. The aim of the present study was to 
determine the effects of chronic haloperidol and clozapine upon D3 receptor 
protein. Rats were administered haloperidol (lmg/kg/day), clozapine 
(20mg/kg/day) or vehicle for 21 days via osmotic minipumps. The brains were 
then frozen at -42°C and sectioned for receptor autoradiography. Binding to the 
D3 receptor was determined using [3H] 7-OH-DPAT (3nM) with U99194A 
(lOpM) used to define non-specific binding. Autoradiography was performed 
using a NaHepes (50mM) buffer containing EDTA (ImM).

[3H] 7-OH-DPAT binding was localised to the nucleus accumbens and 
islands of Calleja (minor & major). D3 receptor binding was significantly 
increased by 27% in the nucleus accumbens, 57% in the minor islands of Calleja 
and 84% in the major Islands of Calleja compared to controls after chronic 
haloperidol treatment. Chronic clozapine failed to produce any significant effect 
in any of these areas.

This study has demonstrated that chronic haloperidol treatment 
produced significant increases in D3 receptor binding. Since the D3 receptor is 
localised within the limbic structures of the brain it is possible that the D3 
receptor component of haloperidol binding may be partly responsible for the 
antipsychotic activity of the drug.

727.10
DOPAMINERGIC NEUROTOXICITY OF HALOPERIDOL AND PROTECTION 
BY a-PHENYL-rerr-BUTYLNITRONE IN ORGANOTYPIC NIGROSTRIATAL 
SLICE CULTURES. B, Komblit. J, Zimmer and J.B.P, Gramsbergen*. Anatomy and 
Neurobiology, Institute of Medical Biology, SDU-Odense Univ., Odense, Denmark.

Chronic neuroleptic treatment may induce tardive dyskinesia by accelerating disease- 
related neurodegenerative processes. In addition, mitochondrial inhibition, 
excitotoxicity and oxidative stress have been implicated in neurotoxicity of typical 
neuroleptic drugs, including haloperidol (HP). Here we studied the acute and subchronic 
neurotoxicity of HP and its metabolites in organotypic nigrostriatal and cortico- 
nigrostriatal slice cultures obtained from neonatal rat brain. Slices were cultured by the 
Stoppini method on semiporous membranes in Neurobasal medium (3 cocultures per 1 
ml well). After 3-4 weeks in culture, the slices were exposed to neuroleptic drugs for
2-12 days, followed by 2-6 days recovery in drug-free medium. In order to investigate 
the mechanism of HP neurotoxicity, cultures were cotreated with the mitochondrial 
inhibitor 3-nitropropionic acid (NPA), glutamate, MK801, memantine and the spin 
trapping agent a-phenyl-terr-butylnitrone (PBN). Dopaminergic neurons were 
selectively vulnerable for HP (25-50 pM), as assessed by HPLC analysis of dopamine 
and DOPAC in culture medium and tissue and immunohistochemistry of tyrosine 
hydroxylase. Decreased glutamic acid decarboxylase activity in tissue (indicating loss 
of GABAergic neurons) and increased lactate dehydrogenase activity in medium 
(indicating general cell death) were observed after 2 days treatment with 250 pM HP 
or 9 days with 100 pM HP. Mitochondrial inhibition by NPA (25-50 pM) or addition 
of exogenous glutamate (5 mM) did not potentiate HP neurotoxicity. In addition, 
MK801 (15 pM) and memantine (50-100 pM) did not protect against HP-induced 
dopamine and DOPAC depletions, but PBN (15 mM) significantly attenuated acute HP 
neurotoxicity. Thus, oxidative stress is involved in HP neurotoxicity, whereas no 
evidence was obtained for mitochondrial or excitotoxic mechanisms. Supported by the 
Danish MRC and the Novo Nordisk Foundation.

727.11

ROLE OF NEURONAL NITRIC OXIDE SYNTHASE (nNOS) IN CHRONIC 
HALOPERIDOL-INDUCED DOPAMINERGIC SUPERSENSITIVE RATS. 
Y.-S. Lau* and Y, Tan. Div. of Pharmacology, Sch. of Pharmacy, Univ. of 
Missouri, Kansas City, MO 64108.

Long-term administration of neuroleptic drugs, such as haloperidol, in the 
management of psychosis may irreversibly cause tardive dyskinesia (TD). It is 
hypothesized that TD is associated with a development of dopamine (D2) 
receptor supersensitivity in the basal ganglia, since locomotor hyperactivity and 
increased striatal D2 receptor binding sites were observed in animals treated 
chronically with haloperidol. Recently some studies have shown that 
haloperidol blocked brain NOS activity in vitro. Furthermore NOS inhibitors 
reduced animal locomotor activity and prevented chronic haloperidol-induced 
DA supersensitivity. These studies suggest a role of nNOS in the basal ganglia 
of an animal model of DA supersensitivity. Our laboratory has previously 
demonstrated that DA supersensitivity produced by chronic DA antagonists or 
MPTP neurotoxin resulted in an increase of striatal Ca++-calmodulin protein 
kinase activity and protein phosphorylation. Ca^-calmodulin is an essential 
modulator for nNOS. We therefore propose to study the effect of chronic 
haloperidol pn nNOS by using direct measurements. Male, Sprague-Dawley 
rats were treated daily with either saline (as controls) or haloperidol (1 mg/kg, 
s.c.) for 21 days. Five days after the last injection, striata were isolated and used 
for NOS activity determination by measuring the rate of [l4C]arginine 
conversion to [14C]citrulline and for nNOS protein estimation by Western blot 
technique. We observed a significant increase of NOS activity and nNOS 
protein expression in the striatum of chronic haloperidol-treated rats. Our 
results support the hypothesis that chronic DA antagonists may cause DA 
supersensitivity by neurochemically activating the regulation of Ca++- 
calmodulin and nNOS systems in the striatum.

727.12
BASAL GANGLIA VOLUMES FOLLOWING LONG-TERM ADMINISTRATION 
OF ANTIPSYCHOTIC DRUGS IN THE RAT. C. Andersson*, C.P. Lawler, J.A. 
Lieberman, and R.B. Mailman. UNC Neuroscience Center and Dept. of Psychiatry, 
University of North Carolina, Chapel Hill, NC, 27599

There is increasing evidence that the striatum undergoes considerable 
adaptation, or plasticity, as a result of chronic neuroleptic administration. Recently, a 
number of postmortem and magnetic resonance imaging studies have demonstrated 
increased caudate, globus pallidus, and thalamic volumes in schizophrenic patients 
following neuroleptic treatment. Interestingly, caudate volumes in these patients 
have been reported to return to normal following cessation of neuroleptic 
administration and subsequent treatment with clozapine, an atypical antipsychotic. 
In the rat, studies examining synaptic ultrastructure and synaptophysin expression 
have indicated that chronic neuroleptic drug administration induces synaptic 
reorganization in striatum. The present study was designed to determine if striatal 
volumes in the rat are altered by chronic administration of typical and atypical 
antipsychotics and to investigate the cellular and molecular responses underlying 
antipsychotic-induced striatal plasticity. Rats were administered haloperidol (1 
mg/kg/day), risperidone (1 mg/kg/day), olanzapine (3 mg/kg/day) or vehicle daily for 
eight months via drinking water. Our hypothesis is that striatal volumes will be 
increased in haloperidol-treated rats, and that cholinergic neurons may be decreased 
in these animals, while astrocyte number will be increased. Neuronal and glial cells 
were identified using cell-specific immunocytochemical markers. Changes in striatal 
volume and cell number were assessed stereologically using the MicroBrightField 
Stereology software. Preliminary results indicate that striatal volume is increased in 
animals undergoing chronic haloperidol treatment, as compared to animals receiving 
vehicle, risperidone, or olanzapine.

(Supported by Eli Lilly and Company Research Grant to CA, RBM, JAL, and 
NIEHS Fellowship to CA).
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728.1
D-AMPHETAMINE (AMPH) AND COCAINE INCREASE THE “SPEED” OF 
MULTISECOND OSCILLATIONS IN GLOBUS PALLIDUS (GP) UNIT 
ACTIVITY. D. Baek, D.N. Ruskin, P.A. Bergstrom and J.R. Walters.* 
Experimental Therapeutics Branch, NINDS, NIH, Bethesda, MD, 20892.

Previous studies from this laboratory have demonstrated periodic multisecond 
oscillations in firing rate in the GP in vivo, which are modulated by a number of 
directly-acting dopamine (DA) receptor agonists. This study examines the effects of 
the stimulants AMPH, cocaine and methylphenidate (MPH) on these oscillations in 
GP neuron firing activity. Single-unit extracellular recordings were performed in 
awake, immobilized rats. One unit was recorded per rat. Spectral analysis of unit 
activity was performed with the Lomb algorithm. A majority (~90%) of GP neurons 
had significant oscillations in basal firing rate with periods in the range of 5-60 sec 
(mean ± SEM: 25 ± 3 sec). Injection of vehicle (n=l 1) did not significantly affect 
these oscillations. AMPH (1.6 mg/kg iv, n=15) significantly decreased oscillatory 
periods ten min after injection: periods decreased to 13 ± 4 sec. In units held to 20 
min post-AMPH, periods decreased further to 7.2 ± 2.0 sec (n=9). AMPH effects on 
oscillations were reversed by haloperidol (n=6). MPH (3.2 mg/kg iv, n=10) effects 
were very similar to amphetamine: oscillatory periods were decreased to 9.5 ± 1.4 
sec 20 min after injection. Cocaine (3.2 mg/kg iv, n=8) also decreased oscillatory 
period (to 10 ± 3 sec) ten min post-injection; however, the effect was not significant 
at 20 min, indicating a shorter-acting effect. In addition to effects on multisecond 
oscillations, all three stimulants significantly increased overall firing rates. The data 
demonstrate that multisecond oscillations in the GP are modulated not only by direct 
DA agonists but also by stimulants which release endogenous catecholamines. The 
similarity of effects of stimulants and direct DA agonists (and the reversals by 
haloperidol) suggests that stimulant modulation of slow periodicities in the GP is 
mediated mainly via DA release. Changes in multisecond patterning of central 
activity may relate to the motor and cognitive effects of AMPH, cocaine and MPH.

728.2

ADRENERGIC a 1-MEDIATED INCREASE IN BURSTING OF DA NEURONS: 
ROLE OF GLUTAMATE. X.-X, Zhang. C.-L. Pun, B.S, Bunnev* and W.-X. Shi. 
Dept of Psychiatry, Yale Univ Sch of Med, New Haven, CT 06520

In the presence of dopamine (DA) receptor blockade, d-amphetamine has been 
shown to excite DA cells (see abstract by W.-X. Shi et al.). Evidence further 
suggests that the increase in bursting during the excitation is due to adrenergic al 
receptor activation. To determine whether the effect is mediated by al receptors on 
DA neurons, the selective al agonist phenylephrine was applied directly to DA cells 
using brain slices. In most DA cells tested, phenylephrine produced no significant 
effect, suggesting that the al effect on DA cells seen in vivo is indirectly mediated. 
The finding that forebrain hemitransections completely block the burst-increasing 
effect of d-amphetamine raises the possibility that al activation may lead to an 
enhanced excitatory input to DA cells from forebrain structures. To test this 
possibility and to determine if the proposed excitatory input uses glutamate as its 
transmitter, the effect of d-amphetamine was examined in rats with local nigral 
infusion of either the NMDA antagonist CGP37849 or the non-NMDA antagonist 
NBQX. Both glutamate antagonists significantly decreased the effect of d- 
amphetamine; however, neither eliminated the effect completely. When the two 
antagonists were co-administered, the effect of d-amphetamine was completely 
blocked in most cells tested. These results suggest that the a 1-mediated increase in 
bursting involves either an increase in presynaptic glutamate release or an enhanced 
postsynaptic response of DA cells to glutamate. The latter, however, is unlikely 
since studies in slices showed that the response of DA cells to either NMDA or the 
non-NMDA agonist AMPA was not affected by the presence of phenylephrine. 
Combined, our data suggest that the al-mediated increase in bursting is likely to be 
due to, an increase in glutamate release from forebrain terminals and involves 
activation of both NMDA and non-NMDA receptors. Supported, in part, by a 
NASARD Young Investigator Award (WXS), USPHS grants MH52686 (WXS) and 
MH28849 (BSB).
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728.3
OPPOSITE EFFECTS OF PSYCHOSTIMULANTS ON DA NEURONS 
MEDIATED BY DA AND NON-DA RECEPTORS. W.-X, Shi*, C.-L. Pun, X-X. 
Zhang, P. L, Smith, and M. D. Jones. Department of Psychiatry, Yale University 
School of Medicine, New Haven, CT 06520

Psychostimulants, including amphetamine and cocaine, are known to inhibit DA 
cell firing. This effect, believed to be due to activation of D2-like receptors, lias 
been suggested to play an important role in behaviors associated with the abuse of 
these drugs. Here, we report that (1) psychostimulant-induced feedback inliibition 
of DA cells involves not only D2 but also Dl-like receptors, and (2) when DA 
receptors are blocked, psychostimulants excite DA cells through, in part, adrenergic 
al receptors. Thus, as shown previously, systemic d-amphetamine inhibited DA 
cell firing. In chloral hydrate anesthetized rats, this inhibition was reversed only by 
a D2 antagonist. However, in rats without general anesthesia 0ow cerveau isold 
preparations), both DI and D2 antagonists reversed the inhibition. Further studies 
suggest tliat, in non-anesthetized rats, a large portion of d-amphetamine-induced 
inhibition depends on concurrent activation of DI- and D2-like receptors. When 
DA receptors were blocked, d-amphetamine, rather than producing no effect, 
powerfully excited DA neurons and markedly increased bursting. Tlie latter effect 
was mimicked by the selective NE uptake blocker nisoxetine and blocked by the al 
antagonist prazosin. Tlie 5-HT uptake blocker fluoxetine, on the other hand, 
produced no significant effect. Desipramine and imipramine, two antidepressants 
both with al antagonist properties, also failed to produce an excitation of DA cells. 
In contrast, all psychostimulants tested including cocaine, methamphetamine and 
metliylphenidate, mimicked the effect of d-amphetamine, exciting DA cells in the 
presence of DA receptor blockade. Thus, psychostimulants have two opposite 
effects on DA cells, an inliibition involving activation of both DI and D2-like 
receptors and an excitation mediated, in part, by adrenergic al receptors. Both 
effects may play a role in tlie abuse of these drugs. Supported, in part, by a 
NASARD Young Investigator Award (WXS) and USPHS grants MH52686 (WXS).

728.4
INTRASTRIATAL AMPHETAMINE PRIMARILY INHIBITS SUBSTANTIA 
NIGRA PARS RETICULATA NEURONS IN FREELY BEHAVING RATS. J.M. 
Gulley*, M. Kuwajima, and G.V. Rebec. Program in Neural Science and Department 
of Psychology, Indiana University, Bloomington, IN 47405.

Systemic or intrastriatal administration of amphetamine, which induces a 
characteristic pattern of open-field behavioral activation, leads to increases and 
decreases in the firing rate of motor- and nonmotor-related striatal neurons, respectively 
[Haracz et al., Neurosci. Biobehav. Rev., 17:1, 1993; Wang & Rebec, Brain Res., 
627:79, 1993]. In the present study, we tested the extent to which the pattern of 
striatal activity established by amphetamine is expressed in the substantia nigra pars 
reticulata (SNr) by recording single-unit activity in rats allowed unrestricted movement 
in an open-field arena both before and after intrastriatal infusion of 20 pg/pl d- 
amphetamine sulfate at either 0.5, 1.0 or 1.5 pl/min. While animals rested quietly 
prior to drug infusion, the firing of SNr neurons could be characterized as either regular 
or irregular based on differences in CV (i.e. coefficient of variation=standard 
deviation/mean firing rate x 100). For example, a typical regularly firing cell had a 
mean firing rate of 48.5 spikes/s with a CV of 16.2%. In contrast, a typical cell with 
an irregular firing pattern had a mean firing rate of 30.3 spikes/s and a CV of 43.6%. 
Periods of movement either lead to increases or decreases in firing rate by as much as 
33 arid 24%, respectively. Regardless of the cell's predrug behavioral responsiveness 
or firing pattern, infusion of amphetamine primarily inhibited SNr firing rate by up to 
97%. These inhibitions began within 5-10 min after infusion onset but before 
significant increases in open-field behavior were observed. In some cases, 
amphetamine infusion resulted in more variable responses including an increase or no 
change in firing rate. Taken with our previous studies showing systemic 
amphetamine-induced inhibitions in the SNr, these results suggest a predominant 
influence of the inhibitory striatonigral pathway during amphetamine behavioral 
response but the divergence in firing rate change seen in motor- and nonmotor related 
striatal neurons is not maintained in SNr. Supported by NIDA (DA-02451)

728.5

RATS PRE-EXPOSED TO AMPHETAMINE WILL SUBSEQUENTLY 
WORK MORE TO OBTAIN THE DRUG AND SHOW ENHANCED DA 
OVERFLOW IN THE NAcc. D.S. Lorrain*, J.D. Austin, G.M. Arnold & P. 
Vezina. Department of Psychiatry, U of Chicago, Chicago IL 60637.

Previous exposure to amphetamine (AMPH) facilitates its subsequent self-
administration. The aim of the present experiment was to determine the 
relationship between this enhancement and NAcc DA overflow. Rats were 
given five pre-exposure injections of saline or AMPH (1.5 mg/kg, IP), 
surgically prepared with IV catheters and IC cannulae aimed at the NAcc, 
trained to self-administer AMPH (200 pg/kg/infusion, IV) under fixed ratio 
schedules (FR1 and FR2), and then tested with this dose under a PR 
schedule for 6 days. NAcc DA responding was assessed with microdialysis 
on the 4th or 5*h day of PR testing either during the IV self-administration of 
AMPH or after an IP priming injection of AMPH (1 mg/kg). In the latter 
case, each schedule completion had no IV consequence. Both AMPH and 
saline pre-exposed animals readily acquired the lever pressing response. 
Importantly, the AMPH pre-exposed animals exhibited higher break points 
under the PR schedule and, during the microdialysis PR test session, showed 
a greater NAcc DA response compared to saline pre-exposed animals. 
When drug levels were controlled by giving an IP priming injection, a 
similar effect was observed. Together these results show that the 
effectiveness of the drug in elevating extracellular levels of DA in the NAcc 
appears to be related not only to the number of responses an animal will emit 
to obtain the drug but also to the number of responses induced by the drug. 
Supported by USPHS grant # DA-9397 to P.V.

728.6
RATS PRE-EXPOSED TO AMPHETAMINE IN THE VENTRAL 
TEGMENTAL AREA, BUT NOT IN THE NUCLEUS ACCUMBENS, 
WILL SUBSEQUENTLY WORK MORE TO OBTAIN THE DRUG. P. 
Vezina*, G.M. Arnold and D.S. Lorrain. Dept. of Psychiatry, U of 
Chicago, Chicago, IL 60637.

Previous exposure to amphetamine (AMPH) is known to promote its 
subsequent self-administration. The aim of the present study was to 
determine where in the brain AMPH might act to produce this effect. 
Studies that have measured the effects of AMPH on locomotor activity 
and nucleus accumbens (NAcc) dopamine overflow following a drug pre-
exposure regimen and subsequent withdrawal period indicate that the 
ventral tegmental area (VTA) is the key site for the induction of 
sensitization while the neural events underlying its expression occur in the 
NAcc. In this study, rats were given a series of pre-exposure injections of 
saline or AMPH (2.5pg/0.5gl/side) into the VTA or NAcc, surgically 
prepared with i.v. catheters, trained to self-administer a high dose of 
AMPH (200gg/kg/infusion over a mean of 3 days) on fixed ratio 
schedules (FR1 and FR2), and then tested for their self-administration of 
this dose under a progressive ratio (PR) schedule for 6 days. While no 
group differences were observed during training on the FR schedules, rats 
pre-exposed to VTA AMPH subsequently self-administered substantially 
more drug under the PR schedule than VTA saline pre-exposed rats. 
Previous exposure to NAcc AMPH was without effect. Thus, in agreement 
with the above findings, the present results indicate that AMPH acts in the 
VTA to produce changes that subsequently promote its pursuit and self-
administration. Supported by USPHS grant # DA-9397 to P.V.

728.7

D., AND D2 DOPAMINE RECEPTOR BINDING IN EMBRYONIC 
AND POSTHATCH CHICK BRAIN. N. Levensr, T. A. Green1, R. A. 
Hughes2, and M. T. Bardo1.1Dept. of Psychology, Univ. of 
Kentucky; Lexington, KY 40506; 2Dept. of Psychology, Iowa State 
University.

The avian model is useful for assessing behavioral effects of 
drugs of abuse that work on dopamine systems in brain. While D2 
dopamine receptors have been characterized in posthatch avian 
brain, little is known about dopamine receptor development during 
the avian embryonic period, especially about the D., dopamine 
receptor family. In the present study, binding of the D1 ligand 
l3H]SCH 23390 and D2 ligand [3H]spiperone was measured in brain 
homogenates taken from the cerebellum, optic tectum, brainstem, 
and forebrain of chicks (Gallus gallus) at embryonic day 14 (E14) 
and 18 (E18), as well as posthatch day 1 (P1) and 14 (P14). D! 
binding at P14 was highest in forebrain, followed by optic tectum 
and brainstem; no D1 binding was detected in cerebellum.
Forebrain Di binding was first evident at E18 and it increased 
progressively up to P14. D2 binding at P14 was highest in forebrain, 
followed by brainstem, optic tectum, and cerebellum. Similar to D1 
binding, forebrain D2 binding was First evident at E18 and increased 
progressively up to P14.

(Supported by USPHS grant DA05312.)

728.8
AMPHETAMINE CAUSES DEPLETION OF STRIATAL 
DOPAMINE TRANSPORTERS IN THE MOUSE BRAIN.
I.N.Krasnova*, B.Ladenheim. J.L.Cadet. Molecular
Neuropsychiatry Section, NIH/NIDA, Baltimore, MD 21124.

Amphetamines are drugs of abuse with potential neurotoxic 
side-effects. Although the toxicity of methamphetamine (METH) 
has been described extensively, little research has been carried out 
to evaluate the possible mechanisms involved in the neurotoxic 
effects of amphetamine (AMPH) itself. As a first step towards 
elucidating these issues, we have assessed the effects of various 
doses of AMPH [(2.5-20 mg/kg), i.p., given every 2hx4] on 
striatal dopamine transporters (DAT). The mice were sacrificed 
two weeks after AMPH administration and DAT was labeled with 
[125I]RTI-121. The results demonstrate that mice treated with 
AMPH at a dose of 2.5 mg/kg had no changes in DAT levels. 
Animals treated with higher doses of AMPH (5, 10, 20 mg/kg) 
showed marked dose-dependent decreases in DAT in the striatum. 
The depletion was more severe in the ventrolateral (VL) followed 
by the dorsolateral (DL), dorsomedial (DM) and ventromedial 
(VM) striatal subdivisions. The effects of AMPH on Cu-Zn 
superoxide dismutase mice will be presented.

Society  for  Neuroscience , Volume  25, 1999



WEDNESDAY PM DRUGS OF ABUSE: AMPHETAMINES—MONOAMINERGIC MECHANISMS 1821

728.9
DOPAMINE D3 RECEPTOR INVOLVEMENT IN
AMPHETAMINE-INDUCED CONTRALATERAL ROTATION 
FOLLOWING A 6-OHDA LESION OF THE MEDIAL 
FOREBRAIN BUNDLE IN RATS. P.M. Robinet*1 and M.T.
Bardo\ ’Dept. of Psychology, Colby College, 2 Dept. of Psychology,
University of Kentucky, Lexington, KY 40506.

The aim of the present experiment was to investigate the possibility 
that alterations in dopamine D3 receptors has a role in the normalization of 
function that occurs following a unilateral lesion of the medial forebrain 
bundle induced by 6-hydroxydopamine (6-OHDA). Unilateral lesions result 
in an enhanced rotational response to dopamine agonists that appears to be 
due to an increase in stimulatory D2 receptors on the lesioned side. The 
present experiment assessed the involvement of D3 receptors in rotational 
behavior by testing the animals at 48 hours post-lesion. At this time interval, 
D2 receptors have not become upregulated. In contrast, D3 receptors have 
been shown to be downregulated. Rats with extensive dopamine depletion 
induced by 6-OHDA exhibited mostly ipsilateral rotation in response to an 
injection of amphetamine. This rotation was not affected by pretreatment 
with the D3 antagonist U-99194A. Rats with more moderate dopamine 
depletion exhibited mostly contralateral rotation in response to amphetamine 
and this rotation was blocked by pretreatment with U-99194A. In addition, a 
decrease in D3 receptor binding was observed 48 hours post-lesion. These 
results support the hypothesis that the decrease in D3 receptors seen 
following denervation is involved in the compensatory response of the 
system. This may have important clinical relevance in the treatment of 
disorders such as Parkinson's disease and drug abuse. Supported by USPHS 
grant DA05312.

728.10
EFFECTS OF DOSES OF (/-AMPHETAMINE THAT PRODUCE 
STEREOTYPIC BEHAVIOR AND SEIZURES ON DOPAMINE AND 
SEROTONIN LEVELS IN AMYGDALOID MICRODI ALYS ATE. J. Tor- 
Agbidve, B.K. Yamamoto1 and J.F. Bowyer*. Div. of Neurotoxicol., 
NCTR/FDA, Jefferson, AR 72079-9502. ’Program in Basic and Clinical 
Neuroscience Department of Psychiatry, Case Western Reserve University 
School of Medicine Cleveland, OH.

Amphetamine (AMPH), methamphetamine and some related compounds can 
induce seizures that damage and/or produce neuroplastic changes to the forebrain 
and areas of the limbic system. Previous microdialysis studies have indicated that 
doses of AMPH that increased locomotor activity do not significantly increase 
extracellular levels of dopamine (DA) in the amygdala. However, little is known 
about whether doses of (/-AMPH that produce stereotypic behaviors and seizures 
increase extracellular levels of DA and serotonin (5-HT) in the amygdala. In vivo 
microdialysis in the amygdala of unanesthetized rats was used to determine the 
effect of doses of (/-AMPH on amygdaloid DA and 5-HT levels. Doses ranged 
from those just sufficient to produce stereotypic behavior (4x2.5mg/kg) to those 
that can induce limbic-type seizures (4xl5mg/kg). Dihydroxyphenylacetic acid 
ranged from 10 to 40 pg and those of homovanillic acid from 10 to 50 pg. 
Systemic administration of 4x2.5mg/kg (/-AMPH, elicited slight increases in DA 
and 5-HT in microdialysate from the amygdala. Significant increases in DA and 
5-HT levels were seen from the 4x 5mg/kg regimen (produces stereotypic 
behavior and pronounced hyperthermia but not myoclonic seizures) and 
4xl5mg/kg regimen (produces myoclonus, as well as stereotypic behavior and 
hyperthermia). Peak levels of DA and 5-HT in microdialysate occurred between 
40-60 min after each dose. This finding is commensurate with what is expected if 
the amygdala along with other areas of the limbic system and caudate/putamen 
play a key role in stereotypic seizures. Supported by an Intragency Agreement 
between the FDA and the NIEHS.

728.11

STIMULATION OF 5-HT1B RECEPTORS IN THE NUCLEUS ACCUMBENS 
REDUCES D-AMPHETAMINE SELF-ADMINISTRATION. P.J. Fletcher1* and 
A. Azampanah. Centre for Addiction and Mental Health, Clarke Div., and Dept. 
Psychiatry1, University of Toronto, Toronto, Ontario, Canada M5T 1R8.

Previously we have shown that activation of 5-HT1B receptors in the nucleus 
accumbens attenuates the potentiating effect of d-amphetamine on responding for a 
conditioned reward ( Fletcher and Korth, Psvchopharmacol. 142: 165-174, 1999). 
The present experiments were designed to extend these findings by examining the 
effects of stimulating 5-HT1B receptors on the primary reinforcing effects of d- 
amphetamine, as measured by intravenous self-administration. Adult male 
Sprague-Dawley rats were prepared with a silastic catheter implanted in the right 
jugular vein, and with bilateral guide cannulae aimed at the N.Acc. After a one 
week recovery period rats were trained to self-administer d-amphetamine (60 
pg/kg) according to a fixed ratio 1 schedule. Once responding was established 
amphetamine was delivered according to a progressive ratio (PR) schedule utilising 
the ratios 1,2,4,6,9,12,15,20,25,32,40,50,62,77,95,118 etc. Sessions lasted until a 
period of 1 h without an earned infusion had elapsed, or for a maximum of 5h. In 
Experiment 1 the number of infusions earned was reduced dose-dependently by the 
5-HT1B agonist CP93,129 (0.63, 1.25 and 2.5 pig) injected into the N.Acc. 
Injections of the 5-HTIA agonist 8-OH-DPAT (5 pg) or the 5-HT2 agonist DOI (10 
pg) did not alter self-administration. In Experiment 2, using animals that were 
trained to respond for food, rather than amphetamine, CP93,129 did not alter the 
number of food pellets earned under the same PR schedule. In Experiment 3 the 5- 
HT1B/1D antagonist GR127935 (3 mg/kg) reversed the suppressant effect of 
CP93,129 (1.25 pg) on d-amphetamine self-administration. These results 
demonstrate that activation of 5-HT]B receptors within the N.Acc. reduces the 
reinforcing effectiveness of d-amphetamine but not food. The findings are 
consistent with the view that increasing 5-HT function in the nucleus accumbens 
inhibits dopamine-dependent reward-related behaviour. (Funded by MRC Canada)

728.12

DIFFERENTIAL REGIONAL RESPONSES OF SEROTONIN 
TRANSPORTERS ON THE ACUTE EFFECTS OF PSYCHO-
STIMULANTS.
H. M. Haughev*, R. R. Metzger. J.W, Gibb, A.E. Fleckenstein and
G. R. Hanson. Department of Pharmacology and Toxicology, 
University of Utah, Salt Lake City, UT 84112.

Multiple administrations of methamphetamine (METH), meth- 
cathinone (MCAT) or 3,4-methylenedioxymethamphetamine (MDMA) 
differentially decreased serotonin (5HT) transporter (SERT) function 
in rat striatum and hippocampus, with [3H]5HT uptake into striatal 
synaptosomes being decreased to a greater extent. In addition, a 
single injection of METH, MCAT or MDMA decreased [3H]5HT 
uptake into striatal, but not hippocampal, synaptosomes. These data 
suggest that regional differences between the striatum and 
hippocampus may contribute to the observed differential effects. 
Since dopamine (DA) levels vary greatly between these brain regions, 
the role of DA and DA receptor activation was examined. In order to 
elucidate the role of DA, levels of this catecholamine were depleted by 
administering a-methyl-p-tyrosine prior to multiple administrations of 
METH. The role of DA receptor activation was determined by 
administering SCH23390 (DI antagonist) or eticlopride (D2 
antagonist) prior to multiple administrations of METH. DA depletion 
and the DI receptor antagonist, but not the D2 antagonist, attenuated 
the METH-induced decrease in [3H]5HT uptake into striatal 
synaptosomes, but not into hippocampal synaptosomes. These 
findings indicate that DA may contribute to the METH-induced 
decrease in SERT function in the striatum but not hippocampus. 
(Supported by NIH grants DA00869, DAI 1389 and DA00378.)
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729.1

EVIDENCE FOR A ROLE OF THE 5-HT TRANSPORTER IN THE MDMA- 
INDUCED FORMATION OF HYDROXYL RADICALS AND 5-HT 
DEPLETION IN THE STRIATUM. M. Shankaran1*, B.K. Yamamoto2 and 
G, A, Gudelsky11College of Pharmacy, University of Cincinnati, Cincinnati, 
OH 45267; 2Department of Psychiatry, Case Western Reserve University, 
Cleveland, OH 44106.

The mechanism of 3,4-methylenedioxymethamphetamine (MDMA)- 
induced depletion of brain 5-HT has been proposed to involve the 
generation of reactive oxygen species. In the present study, the 
generation of hydroxyl radicals was evaluated from the formation of 2,3- 
dihydroxybenzoic acid (2,3-DHBA) following the perfusion of salicylic acid 
through a microdialysis probe. MDMA (20 mg/kg, sc) produced an 
increase in the extracellular concentration of 2,3-DHBA, as well as 
dopamine, in the striatum. The administration of d-amphetamine (10 
mg/kg, ip) also produced a marked increase in the extracellular 
concentration of dopamine, but did not increase the extracellular 
concentration of 2,3-DHBA. The administration of fluoxetine (10 mg/kg, 
ip) 1 hour before the MDMA injection significantly decreased the MDMA- 
induced formation of 2,3-DHBA and also attenuated the MDMA-induced 
5-HT depletion. The injection of fluoxetine (10 mg/kg, ip) 4 hours following 
the administration of MDMA also resulted in a significant reduction in the 
MDMA-induced formation of 2,3-DHBA, as well as the MDMA-induced 5- 
HT depletion. These results are supportive of the view that MDMA- 
induced dopamine release alone is not sufficient for hydroxyl radical 
production, and, that activation of the 5-HT transporter is also necessary 
for MDMA-induced hydroxyl radical formation and 5-HT toxicity. 
(Supported by DA 07427)

729.2

MAZINDOL ATTENUATES THE MDMA-INDUCED FORMATION OF 
HYDROXYL RADICALS AND LONG-TERM DEPLETION OF 5-HT IN THE 
STRIATUM. G. Gudelsky*, B. Yamamoto and M. Shankaran. College of 
Pharmacy, Univ. of Cincinnati, Cincinnati, OH and Dept. of Psychiatry, 
Case Western Reserve Univ., Cleveland, OH.

The hypothesis that psychostimulant-induced neurotoxicity involves the 
generation of reactive oxygen species and oxidative damage has received 
considerable attention. In the present study, the effect of MDMA on the 
production of hydroxyl radicals in the striatum was studied by quantifying 
the stable adducts of salicylic acid and D-phenylalanine, viz., 2,3- 
dihydroxybenzoic acid (2,3-DHBA) and p-tyrosine, respectively. The 
extracellular concentrations of 2,3-DHBA and p-tyrosine were determined 
using microdialysis after inclusion of salicylic acid (5 mM) or D- 
phenylalanine (2.5 mM) in the dialysis buffer. The repeated administration 
of MDMA (10 mg/kg, ip every 2 hr for a total of 4 injections) produced a 
sustained increase in the extracellular concentration of 2,3-DHBA and p- 
tyrosine, as well as dopamine. In rats treated with mazindol (5 mg/kg, ip) 
30 min prior to each MDMA injection, the MDMA-induced increase in the 
extracellular concentration of both dopamine and 2,3-DHBA was 
significantly suppressed. Mazindol also attenuated the long-term 
depletion of 5-HT in the striatum produced by MDMA without altering the 
acute hyperthermic response to MDMA. These results are supportive of 
the view that MDMA produces a dopamine-dependent increase in the 
formation of hydroxyl radicals in the striatum that contributes to the 
mechanism whereby MDMA produces a long-term depletion of brain 5-HT 
content. (Supported by USPHS DA 07427)
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729.3
DETECTION OF OXYGEN FREE RADICALS IN VITRO FOLLOWING 
METHAMPHETAMINE EXPOSURE. J.W. Boja*1 and D.E. Dluzen2. 
1Dept. of Pharmacology and 2Dept. Of Anatomy, Northeastern Ohio 
Universities College of Medicine, Rootstown, OH 44272.

Recent studies have proposed the formation of various free radical 
species following methamphetamine administration. In order to better 
discern the generation of oxygen free radical species we utilized 
superfusion methodology to examine the generation of hydroxyl free 
radicals in striatal tissue in response to various doses of 
methamphetamine (MA). Striatal tissue from adult male Sprague-Dawley 
rats was removed, minced and placed into a superfusion chamber. The 
tissue was perfused, the perfusate collected for 10 ten min intervals. MA 
(0,10 and 100 pM) was added to the superfusion medium at two collection 
times (30-40 and 70-80 min). Hydroxyl free radical was detected utilizing 
the conversion of salicylate to dihydrobenzoic acid (DHBA). Dopamine 
release was dose-dependently elevated in response to MA during the first 
collection period, no further elevations were observed during the second 
collection period. In contrast, DHBA levels were stable during the first 
collection period and not elevated until the second exposure period. 
Significant elevations in DHBA were only observed in response to 100 pM 
MA. We postulate the hydroxyl free radicals are formed within the neuron 
from dopamine in response to the first exposure to MA. The formed 
hydroxyl radicals are contained within the neuron until released following 
the second exposure to MA. Thus the intracellular levels of free radicals 
may correlate with MA neurotoxicity better than extracellular levels. 
Support: NEOUCOM Research Challenge Funds

729.4

OXYGEN RADICALS DIFFERENTIALLY ALTER Na+/Cl- 
DEPENDENT TRANSPORTERS. J.M, Brown*. H.M, Haughev. 
G.R, Hanson, and A.E, Fleckenstein. Department of Pharmacology 
and Toxicology, University of Utah, Salt Lake City, Utah 84112

Dopamine, norepinephrine, and gamma-aminobutyric acid (GABA) 
transporters are members of the NaVCl'-dependent family of 
transporters. Each contains multiple cysteine residues and hence may 
be vulnerable to oxidative inactivation. To test this hypothesis, 
synaptosomes containing the transporters of interest were incubated 
with the oxygen radical-generating enzyme, xanthine oxidase. This 
treatment dramatically reduced striatal dopamine and GABA transporter 
activity, but was unexpectedly without effect on rat hippocampal 
norepinephrine uptake. To determine whether environmental 
differences between the striatum and hippocampus contributed to this 
lack of effect on norepinephrine transporters, synaptosomal GABA 
uptake was assessed in both regions. Xanthine oxidase similarly 
decreased [3H]GABA uptake in both the striatum and the hippocampus, 
supporting the conclusion that environmental differences did not 
account for the lack of an oxidative effect by xanthine oxidase on 
norepinephrine transport. These data suggest that the norepinephrine 
transporter is less vulnerable than other Na7Cl'-dependent transporters 
to oxidative inactivation. The relevance of these data to the mechanism 
of action of methamphetamine, an oxygen-radical generating 
psychostimulant, will be discussed. (Supported by USPHS DA04222, 
DA00869, DAI 1389 and DA00378).

729.5

ROLE OF METABOLIC INHIBITION IN METHAMPHETAMINE AND 
MDMATOXIpITY: EVIDENCE FOR DECREASED MITOCHONDRIAL 
FUNCTION FOLLOWING DRUG ADMINISTRATION. K. B Burrows1*,
G. A. Gudelskv2, and B. K. Yamamoto1. Dept. of Psychiatry1, Case 
Western Reserve Univ., Cleveland, OH 44106, and College of 
Pharmacy2, Univ. of Cincinnati, Cincinnati, OH 45267.

Methamphetamine (METH) and 3,4-methylenedioxymethamphetamine 
(MDMA), are potent psychostimulants known to damage dopamine and/or 
serotonin containing nerve terminals within the striatum. The exact 
mechanism of action has yet to be determined. Albers et al. (1996) 
demonstrated that infusion of the mitochondrial inhibitor, maionate, into 
the striatum increased dopamine depletion caused by systemic METH. 
Since METH also appears to enhance brain energy metabolism and 
decrease ATP stores, it is possible that perturbations of energy 
metabolism may also be involved in mediating the neurotoxic effects of 
these drugs. The objectives of this study were to: (1) Determine the 
disruption of energy metabolism following systemic METH (10 mg/kg x 4) 
or MDMA (10 mg/kg x 4) administration by examining histochemical 
staining for complex IV, cytochrome c oxidase (COX), of the electron 
transport chain. (2) Determine the time course of changes in COX activity 
by examining tissue 2 hrs, 24 hrs, or 7 days following drug administration. 
There is a rapid decrease in COX staining in the caudate/putamen (12- 
14%) and nucleus accumbens (16-17%) and substantia nigra (15-20%) 
following both METH and MDMA administration. This decrease in COX 
activity is transient and returns to control levels within 7 days post-drug, 
further suggesting that perturbations of the mitochondrial electron 
transport chain may mediate the neurotoxic effects of METH and MDMA. 
Supported by DA07606 and DA07427

729.6
METHAMPHETAMINE-INDUCED OXIDATIVE STRESS IN ASTROCYTES 
ENHANCES NEURONAL TOXICITY. A.Stadlin? J.W.S, Lau. M.S Au. H.L.Choi 
and Y.K, Szeto. Department of Anatomy, The Chinese University of Hong Kong, 
Shatin, N.T., Hong Kong.

Methamphetamine (METH) is a drug of abuse that is neurotoxic to the 
monoaminergic systems of the brain. It has been suggested that METH exerts its 
neurodegenerative effects by the production of both reactive oxygen species (ROS) 
and nitric oxide (NO). In addition, METH has been shown to cause astrogliosis in 
these brains. Previous studies from our laboratory have shown that METH can 
induce ROS (Soc. Neurosci. Abstr. 23:486.1) and NO (J. Neurochem. 72, Suppl.2) 
formation in cultured astrocytes as early as 4 h post treatment This suggested that 
astrocytes could also play a role in METH-induced oxidative injury. The present 
study therefore examined whether METH-induced oxidative stress in astrocytes can 
further enhance neuronal injury. Cath-a cell line, expressing tyrosine hydroxylase 
and dopamine transporter, were seeded onto astrocytes cultured from cortex, 
mesencephalon and striatum. 4 mM METH was added onto the neurons (N), 
astrocytes (A) and co-cultures (N + A) and were examined at 4 - 48 h post treatment. 
Cell viability was assessed using a live/dead viability kit (Molecular Probes, USA) 
and the amount of apoptotic cells was assessed using the Apoptag kit (Oncor, USA). 
Results showed that METH induced a significant increase (20%) in the no. of dead 
Cath-a cells from 8 h treatment, reaching a maximum of 50% by 48 h treatment 95% 
of the dead cells were shown to die from apoptosis. METH did not induce a loss in 
astrocytic viability, however, when neurons were cocultured with astrocytes, a 
further 2 fold increase in the no. of apoptotic Cath-a cells was observed as early as 
4 h METH treatment. This study showed that METH-induced oxidative stress in 
astrocytes enhanced the neurotoxicity of METH on dopaminergic neurons without 
affecting astrocytic viability. (Supported by RGC Direct Grant for Research 97/98 
awarded to A.S.)

729.7

RESTORATIVE EFFECTS OF GDNF ON STRIATAL DOPAMINE 
RELEASE IN ANIMALS TREATED WITH NEUROTOXIC DOSES OF 
METHAMPHETAMINE. W.A. Cass* and S.L. Bailey, Department of 
Anatomy and Neurobiology, University of Kentucky College of Medicine, 
Lexington, KY 40536.

Repeated methamphetamine (METH) administration to animals can result 
in long-lasting decreases in striatal dopamine (DA) release and content. Glial 
cell line-derived neurotrophic factor (GDNF) has pronounced effects on 
dopaminergic systems in vivo, including neuroprotective effects against 
METH. The present experiments were designed to examine the ability of 
GDNF to reverse, or accelerate recovery from, METH-induced alterations in 
striatal DA release. Male Fischer-344 rats were administered METH (5 
mg/kg, s.c.) or saline 4 times in one day at 2 hour intervals. Seven days later 
the animals were anesthetized and given a single injection of 10 pg GDNF 
(Amgen Inc.), or vehicle, into the right striatum. Three weeks later 
microdialysis experiments were carried out in both the right and left striata 
to examine basal and evoked levels of DA and its metabolites 3,4- 
dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA). In 
animals treated with METH followed by vehicle 7 days later, there were 
significant reductions in potassium- and amphetamine-evoked overflow of 
DA, and in basal levels of DOPAC and HVA, compared to control animals. 
In rats treated with METH followed 7 days later with GDNF, there were 
significant increases in potassium- and amphetamine-evoked overflow of DA 
on the right, GDNF treated, side of the brain compared to the left side. Basal 
levels of DOPAC and HVA were also elevated on the GDNF treated side of 
the brain. These results suggest that GDNF can accelerate recovery of 
dopaminergic release processes in the striatum of rats treated with 
neurotoxic doses of METH. Supported in part by USPHS Grant DA 10115.

729.8

ATTENUATION OF METHAMPHETAMINE-INDUCED
NEUROTOXICITY BY A SELECTIVE KAPPA OPIOID RECEPTOR 
AGONIST. VI. Chefer1*, E. El Daly2 and TS Shippenberg1 Suez Canal 
University, Suez, Egypt; Integrative Neuroscience Unit, Behavioral 
Neuroscience Laboratory NIH/NIDA IRP, Baltimore, MD 21224

The effect of the selective kappa-opioid receptor agonist, U69593, upon 
methamphetamine (METH)-induced decrements in mesostriatal dopamine 
(DA) neuronal function was assessed using in vivo microdialysis. Male 
Swiss Webster mice with dialysis cannula aimed at the dorsal striatum 
received 4 injections of methamphetamine (10.0 mg/kg; ip) at 2 hr intervals. 
U69593 (0.32 mg/kg; sc) or vehicle were administered prior to the first and 
third injections. Microdialysis studies assessing basal and stimulus-evoked 
DA overflow in the dorsal striatum were conducted 3 or 10 days after 
treatment cessation. METH treatment significantly reduced basal and K+- 
evoked (60, 100 mM) DA overflow relative to that of controls. The response 
to systemic (1.0-10.0 mg/kg) or local perfusion (5.0; 50 uM) of METH was 
also reduced in METH-treated mice. These effects were observed at both 
abstinence time points. In mice that had received U69593 with METH, 
basal DA levels did not differ from controls. The METH-induced reduction 
in K+-evoked DA overflow was also signi ficantly attenuated by U69593 
treatment. U69593 treatment also reduced the METH-evoked decrease in 
METH (50 uM; 10.0 mg/kg)-evoked DA overflow. No alteration in basal or 
stimulus-evoked DA levels were observed in mice that had received U69593 
alone. These data suggest that the administration of a kappa-opioid receptor 
agonist attenuates the neurotoxic effects of METH on DA neurons. It is 
suggested that the modulatory actions of kappa-opioid agonists on DA 
release and uptake may underlie their neuroprotective effects.
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729.9

AGE-DEPENDENT EFFECTS OF METHAMPHETAMINE ON 
DOPAMINE AND SEROTONIN NEURONS J.M. Kokoshka*, J.W, 
Gibb. A.E, Fleckenstein and G.R, Hanson. Dept. Pharmacol. 
Toxicol., Univ. of Utah, Salt Lake City, Utah 84112

Multiple injections of methamphetamine (METH; 4 x 10 mg/kg, s.c., 
2-h intervals) cause both transient (persisting < 24 h) and long-lasting 
(persisting weeks) decreases in several indices of dopaminergic (DA) 
and serotonergic (5HT) neuronal function, including diminished 
activity of the dopamine transporter (DAT) and tryptophan hydroxylase 
(TPH). Recent studies suggest that age may influence these responses. 
Hence, this study assessed effects of METH on DAT and TPH in rats 
at developmental stages corresponding to young adolescents and young 
adults in humans (i.e., post-natal day (PND) 40 and PND 90, 
respectively). Comparable DAT and TPH deficits were observed in 
PND 40 and PND 90 rats 1 h after METH treatment. In contrast, 
METH caused considerably greater decreases in DAT activity in the 
older rats 7 d after treatment. METH-induced deficits in TPH activity 
observed 7 d after treatment were comparable between the two age 
groups. Interestingly, the long-term METH-induced deficits in DAT 
activity observed in PND 90 rats were attenuated if these animals 
received 6 bi-weekly METH pre-treatments beginning at age PND 40. 
These data demonstrate: 1) age-dependent differences in the persistent 
response of DA parameters to METH treatment; 2) the acute effects of 
METH on DAT do not necessarily predict long-term effects; and 3) 
METH pretreatment during early adolescence may make adult rats 
resistant to the long-term effects of METH exposure. (Supported by 
USPHS DA04222, DA00869, DAI 1389 and DA00378).

729.10
EFFECTS OF METHAMPHETAMINE ON BODY TEMPERATURE AND 
LOCOMOTOR ACTIVITY IN TRANSGENIC MICE OVEREXPRESSING IFN- 
ALPHA. L. Gombart, J.R, Criado, S, Huitron-Resendiz. C, Kincaid, I.L. 
Campbell, and S.J, Henriksen*, Department of Neuropharmacology. The Scripps 
Research Institute, La Jolla, CA 92037.

The neurotoxic effects of prolonged use and abuse of drugs of addiction is 
considered a potential co-factor in NeuroAIDS. Converging lines of evidence 
suggest that methamphetamine (METH) abuse and viral-induced events elicit 
synergistic cellular processes that lead to neuropathogenesis. The objective of this 
study was to characterize the effects of chronic METH treatment on transgenic mice 
with astrocyte-targeted expression of the cytokine IFN-alpha. IFN-alpha is a 
cytokine pivotal in the anti-viral response that may be both protective or injurious 
to the host in viral infections to the CNS. Full length coding regions for murine 
IFN-alpha were inserted into a murine GFAP gene and micro-injected into fertilized 
eggs of C57BL/6J x SJL hybrid mice. Animals were implanted with telemetry 
transmitters (Data Sciences, Inc.) to record core body temperature and locomotor 
activity. Drug treatment consisted of four systemic injections of METH (10 
mg/kg) at 2 hr intervals. Our data show no significant difference in baseline core 
body temperature between IFN transgenics and sex-matched non-transgenic 
littermates (p>0.05). Chronic administration of METH produced a gradual increase 
in body temperature in both IFN transgenic and non-transgenic groups (p<0.05). 
However, METH-induced hyperthermia was produced faster in IFN overexpressing 
mice than in non-transgenic mice (p<0.05 after the second injection). We found no 
significant difference in baseline locomotor activity between IFN transgenics and 
non-transgenic mice (p>0.05). Chronic administration of METH produced a larger 
increase in locomotor activity in IFN overexpressing mice than in non-transgenic 
mice (p<0.05 vs. baseline). These data show that the neurotoxic effects of METH 
are augmented in a murine model of NeuroAIDS overexpressing the cytokine IFN- 
alpha (Research supported in part by P50 MH47680).

729.11
THE CYTOKINE, IL6, PARTICIPATES IN METHAMPHETAMINE 
NEUROTOXICITY. B, Ladenheim*.’ S, Jayanthi.1 T, H, Moran2 and J, L, 
Cadet1. ’Molecular Neuropsychiarty Section, NIDA/NIH, Baltimore, MD 
21224.; 2Dept. of Psychiatry, Johns Hopkins University School of Medicine.; 
Baltimore, MD 21205-2196

Methamphetamine (METH) is a drug of abuse that may have serious 
neurotoxic effects with long term use. We have demonstrated that repeated doses 
of METH cause long term striatal dopamine transporter (DAT) loss as well as 
monoamine neurotransmitter depletion in mice. The mechanisms responsible for 
the neurotoxic effects of METH are not fully understood. A cytokine that might 
contribute to neurotoxic properties is interleukin-6 (IL6), that has been implicated 
in controlling the proinflammatory responses at the cellular level. To assess if 
EL6 participates in METH-induced neurotoxicity, we examined the effects of 
METH administration in mice with a targeted deletion of IL6. IL6-/- mice and 
their controls were injected ip with METH (4x5 mg/kg) at 2 hr intervals and 
sacrificed at 14 days post drug. In vitro receptor autoradiography was used to 
measure DAT binding in the brain. Our results showed that, in control mice, 
DAT was reduced by 70% in the striatum and 42% in the cortex. In contrast, in 
IL6-/- mice, DAT was reduced by 46% in the striatum and 10% in the cortex. 
HPLC analysis was conducted for NE, DOPAC, DA and 5HIAA, 5HT levels in 
the cortex, striatum, hippocampus and brainstem. Dopamine depletions were 
significant at 3, 7, and 14 days in the striatum in both groups of mice receiving 
METH. Strain differences were only seen at 14 days, with 45% and 16% 
depletions in control and EL6-/- mice respectively. Using a mouse cDNA 
expression array profile, our lab has implicated IL6 as being down regulated in 
the presence of METH in cortical tissue. A possible role of cytokines in the 
neuropathology caused by METH will be discussed. (Supported by NIH grant HD 
24605 and NIDA/IRP.

729.12
INHIBITORS OF Na+ EXCHANGE ENHANCE' THE TOXIC EFFECT OF 
METHAMPHETAMINE ON BRAIN DOPAMINE NEURONS. B.T. Callahan ,J. Yuan 
and G.A. Ricaurte*. Department of Neurology, Johns Hopkins Medical Institutions, 
Baltimore, MD 21224.

The mechanism underlying the toxic effect of methamphetamine (MA) on brain 
dopamine (DA) neurons is not completely understood. In the present study, we sought 
to test the hypothesis that ionic dysregulation plays an important role in the mechanisms 
underlying MA-induced DA neurotoxicity. Mice were treated with MA alone, or in 
combination with various doses of methylisobutylamiloride (MIA), a specific inhibitor 
of the Na7H+ exchanger. One week after treatment, mice were killed and DA neuronal 
integrity was assessed by measuring DA terminal markers. Mice receiving MA in 
combination with MIA had DA deficits that were approximately twice as severe as those 
found in mice receiving only MA. Identical results were obtained with another inhibitor 
of Na+ exchange, amiloride. The effects of inhibitors of Na+ exchange on MA-induced 
DA neurotoxicity were not related to effects on temperature, DA transporter function or 
MA brain levels. To our knowledge, Na+ exchange inhibitors do not produce oxidative 
stress. These results indicate that inhibitors of Na+ exchange markedly augment the toxic 
effect of MA on brain DA neurons, and suggest that ionic dysregulation is an important 
step in MA-induced DA nerve terminal degeneration. These findings are consistent with 
the notion that aberrant flux of ions (Na+, Ca++, H+), perhaps arising from prolonged 
activation of the DA transporter, plays an important role in MA neurotoxicity. To the 
extent that ionic dysregulation is involved in DA nerve cell death in Parkinson’s disease 
and other neurologic disorders, MA may be a useful tool for studying neurodegenerative 
disease mechanisms. [Supported by NIH grants DA09487 and DA00206]

729.13

PET STUDIES OF METHAMPHETAMINE-INDUCED DOPAMINE 
NEUROTOXICITY IN THE PRIMATE USING [”C] WIN 35,428 AND [”C] DTBZ.
U.D. McCann2*, D.F. Wong ,’ J. Yuan? F. Yokoi? R.F. Dannals’and G.A. Ricaurte3.
’Departments of Radiology, 2Psychiatry and ’Neurology, Johns Hopkins Medical 
Institutions. Baltimore, MD 21224.

In animals, methamphetamine (MA) is toxic toward brain dopamine (DA) neurons. 
PET studies in human MA users using [”C]WIN 35,428 have demonstrated decreased 
brain DA transporter (DAT) binding, suggesting that humans are also susceptible to MA 
neurotoxicity. It has been speculated, however, that neuroadaptive changes in the DAT 
may underlie PET findings in human MA users, and that a more stable DA axonal 
marker, such as the type-2 vesicular monoamine transporter (VMAT) would be a better 
indicator of DA axonal integrity. The purpose of the present study was twofold: 1) To 
determine whether PET using [”C]dihydrotetrabenazine (DTBZ), a radioligand selective 
for the VMAT, is capable of detecting MA-induced DA neurotoxicity and 2) To compare 
results from PET studies using [”C]WIN 35,428 and [”C]DTBZ. To this end, an adult 
male baboon underwent PET studies with both radioligands prior to and two weeks after 
treatment with a neurotoxic dose of MA. An additional study using [”C]WIN 35,428 
was conducted six months after MA treatment and, immediately thereafter, the animal 
was sacrificed for direct measurement of DAT and VMAT. Two weeks after MA 
administration, kinetic modeling of the PET data revealed significant reductions in both 
[”C]WIN 35,428 and[”C]DTBZ. Six months after treatment, reductions in [”C]WIN 
35,428 binding persisted, and were associated with reductions in DAT and VMAT 
found post mortem. These findings indicate that, like [”C]WIN 35,428, [”C]DTBZ is 
a suitable PET ligand for detecting MA-induced brain DA neurotoxicity, and that 
reductions in DAT and VMAT, as measured by PET, are comparable. Similar studies 
of abstinent human MA users are underway. [Supported by NIH grants DA09487 and 
DA00206]

729.14

METHAMPHETAMINE-INDUCED DOPAMINERGIC NEUROTOXICITY 
BLOCKED BY THE CASPASE INHIBITOR BOC-(ASP)- 
FLUOROMETHYLKETONE S.F. Ali1*, S.Z. Imam1, S.C. Bondy2 and Y. 
Itzhak3. 1 Neurochemistry Laboratory, Div. of Neurotoxicology, 
NCTR/FDA, Jefferson, AR 72079 2Dept. Comm. & Env. Med. Uni. Calif. 
Irvine, CA 92697 and 3Dept. of Psychiatry and Behavioral Sciences, 
Univ. of Miami Sch. of Med., Miami, FL 33101.

Methamphetamine (METH)-induced dopaminergic neurotoxicity is mediated 
by the generation of reactive oxygen (ROS) and nitrogen (RNS) species. 
However, the underlying mechanism of METH-induced neurotoxicity is still 
unclear. Therefore, we propose to demonstrate if METH-induced dopaminergic 
neurotoxicity can be attenuated by the caspase inhibitor, boc-(asp)- 
fluoromethylketone (BAF), known to block apoptosis. In the present study, we 
investigated the effect of BAF on METH-induced dopaminergic neurotoxicity 
in PC12 cells. A dose-dependent depletion of dopamine and its metabolites 
have been observed 24 hr. after METH (100-1000 pM, and 200 pM + 0.5 mM 
kynurenic acid) treatment. The maximal dopaminergic changes were 
observed at 500 pM METH concentration, however, METH 200 pM+0.5 mM 
kynurenic acid also produced the same effect. Co-treatment of cells with BAF 
(20 & 40 pM) provided a significant protection against the METH-induced 
depletion of dopamine and its metabolites. These data suggest that METH- 
induced dopaminergic neurotoxicity may be mediated by apoptosis. 
Experiments in which mice will be treated with the neurotoxic doses of METH 
with or without caspase inhibitor to assess whether the neuroprotection can 
also be demonstrated in vivo are underway. Together these studies will 
establish the apoptotic mechanism in METH-induced dopaminergic 
neurotoxicity. Supported by NIDA DA08584 (Yl) and NCTR/FDA (SFA).
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729.15

Long-term effects of high-dose methamphetamine pre-treatment on 
low-dose methamphetamine-induced dopamine release in vivo.
K.E. Sabol*, J.T. Roach, S.L. Broom. Dept. of Psychology, 
University of Mississippi, University, MS 38677.

High doses of methamphetamine (METH) cause depletions of 
brain dopamine and serotonin in laboratory animals. The purpose 
of this experiment was to determine whether pre-treatment with 
high doses of METH would alter the ability of a subsequent small 
challenge dose of METH to release dopamine 6 weeks (range 4-7 
weeks) after the high-dose pre-treatment. Rats received a METH 
regimen of 40 mg/kg, 4 times at 2 hr intervals (160 mg/kg total 
regimen dose, N=6), or 4 injections of saline (N=7). Drug was 
administered in computer controlled environmental chambers. If 
core temperature surpassed 39.5 degrees C, the environmental 
chamber was cooled until core temperature dropped below 39.5 
degrees C. The chamber temperature was maintained at 24 degrees
C. at all other times. The rats were implanted with in vivo dialysis 
cannulae into the striatum 4 - 7 weeks after high-dose METH pre-
treatment. Immediately after surgery, the dialysis probes were 
perfused with artificial CSF (1.2uL/min flow rate). 16-20 hours 
later, baseline samples of extracellular dopamine were collected, 
and 4.0 mg/kg METH was administered. Rats which received 
METH pre-treatment showed decreased dopamine release after the 
low-dose METH challenge in comparison to rats which had saline 
pre-treatment. These results provide evidence that high-dose 
METH regimens have long-term consequences to the functioning 
of the striatal dopamine system in vivo. (Supported by DA8588).

729.16
METHAMPHETAMINE-INDUCED DECREASE IN DOPAMINE UPTAKE 
INTO RAT STRIATAL SYNAPTOSOMES IS ASSOCIATED WITH PLASMA 
MEMBRANE POTENTIAL. R, I. Westphalen* and A. Stadlin
Department of Anatomy, Chinese University of Hong Kong, Shatin, NT, Hong Kong. 
Employing in vivo (Fleckenstein et at) and in vitro (Westphalen et at) experimental 
design, previous studies have shown that the rate to which rat striatal synaptosomes 
take up pHjdopamine (pHjDA Vmax) decreases soon after methamphetamine 
(METH) treatment. In this study, significant reductions in pH]DA Vmax (58 ± 8% of 
control; p = 0.007) in rat striatal synaptosomes that had been exposed to lOpM METH 
for lh at 37°C, were found to arise without change in dopamine transporter (DAT) 
density (103 ± 8% of control), as assessed by [3HJ WIN35,428 binding. Rather, plasma 
membrane potential (PMP)-dependent accumulation of PHjtetraphenylphosphomum 
(pHJTPP,) into METH-treated synaptosomes was found to be significantly less than 
control (90 ± 1% of control; p = 0.02). Striatal synaptosomes were hyperpolarized 
using the Na+-channel blocker, vinpocetine (5pM; pHjTPP, = 111 ± 3% of control), 
which by itself, significantly increased pH]DA Vmax (144 ± 8% of control; p = 0.001), 
while in combination with METH, nullified (113 ± 8% of control; p = 0.3) the METH- 
induced decrease in PHjDA Vmax. Preliminary experiments showed that the DAT 
inhibitor nomifensine (lpM for lh at 37°C) also hyperpolarized striatal synaptosomes 
(pHJTPP, = 110 ± 4% of control), ensuing an increase in pHjDA Vmax (136 ± 12% of 
control). In combination with METH, nomifensine balanced PHjDA Vmax levels 
toward control (80 ± 0.3% of control), when compared with the METH-treated group 
(53 ± 3% of control). These results indicate that METH treatment reduced the PMP (a 
condition known to be involved in mechanisms of neurotoxicity) of isolated DA nerve 
endings, and may demonstrate how DAT inhibitors protect dopaminergic neurons 
against METH-induced toxicity.
Fleckenstein et at J. Pharm. Exp. Ther. 282: 834-838
Westphalen et at. Soc. Neurosci. Abst. 24: 486.8

729.17

LUBELUZOLE PREVENTS METHAMhHETAMINE4NDUCED DOPAMINE 
NEUROTOXICITY IN THE CAUDATE NUCLEUS OF THE RAT. T.L. 
Wallace1*, C.V. Vorhees2 and G.A. Gudelsky3. Neuroscience Graduate 
Program1, The Children’s Hospital Research Foundation2 and College of 
Pharmacy3, University of Cincinnati, Cincinnati, OH 45267.

The repeated high-dose administration of methamphetamine (MA) acutely 
elevates the extracellular concentrations of both dopamine and glutamate and 
produces long-term depletions in dopamine and serotonin content in the 
neostriata of rats. Whereas both dopamine and glutamate are believed to be 
factors in the mechanism of MA toxicity, the specific involvement of glutamate 
has yet to be elucidated. Compounds used to prevent the rise in extracellular 
glutamate or the activation of NMDA receptors are neuroprotective, but blunt 
MA-induced hyperthermia, an essential cofactor in MA neurotoxicity. 
Lubeluzole, a novel neuroprotectant targeted for stroke therapy, blocks the 
increase in extracellular glutamate after the induction of neocortical infarct, and 
does not alter body temperature in rats. The intent of the present study was to 
determine whether lubeluzole would blunt the MA-induced increase in 
extracellular glutamate, and prevent the depletions of dopamine and serotonin 
content in the caudate nucleus without affecting body temperature. Male rats 
were treated with MA (10 mg/kg, i.p.) or vehicle every 2 hrs for four injections, 
as well as with lubeluzole (1.0 mg/kg, i.p.) or vehicle every 3 hrs for three 
injections. Lubeluzole did not significantly alter the MA-induced increase in 
extracellular concentrations of dopamine or glutamate, nor did it affect the 
hyperthermic response of rats to MA. However, lubeluzole significantly 
prevented the MA-induced depletion of dopamine, but not serotonin, in the 
caudate nucleus. These results suggest that lubeluzole prevents MA-induced 
dopaminergic neurotoxicity via a novel mechanism. In addition, these data are 
suggestive that MA-induced depletions of dopamine and serotonin may involve 
different mechanisms. (Supported by DA 06733 and DA 07427).

729.18

METHAMPHETAMINE-INDUCED TOXICITY IN PC12 CELLS: ROLE 
OF NERVE GROWTH FACTOR IN DOPAMINERGIC DEPLETION 
AND FREE RADICAL PRODUCTION. SZ Imamab, GD Newport3, F Islamb, 
W Slikker Jr.a*and SF Alia . ’Neurochemistry Laboratory, Division of 
Neurotoxicology, National Center for Toxicological Research, Jefferson, AR 
72079, USA, bNeurotoxicology Laboratory, Department of Medical 
Elementology and Toxicology, Hamdard University, New Delhi 110 062, 
INDIA.

Methamphetamine (METH) is a widely abused psychomotor stimulant known 
to cause dopaminergic neurotoxicity in rodents, non-human primates and 
humans. METH administration selectively damages the dopaminergic nerve 
terminals which is hypothesized to be due to release of dopamine from synaptic 
vesicles within the terminals. This process is believed to be mediated by the 
production of free radicals. The present study evaluates the METH-induced 
dopaminergic toxicity in PC 12 cells cultured in the presence or absence of nerve 
growth factor (NGF). Dopaminergic changes and the formation of 3- 
nitrotyrosine (3-NT), an in vivo marker for peroxynitrite production, was studied 
in PC 12 cell cultures grown in the presence or absence of NGF after different 
doses of METH (100 pM-1000 pM, and 200 pM + 0.5 mM kynurenic acid) 
exposure. METH exposure did not cause any significant alterations in cell 
viability and did not produce any significant dopaminergic changes or 3-NT 
production in PC 12 cells grown in NGF negative media after 24 hr. However, 
cell viability of PC 12 cells grown in NGF positive media was decreased by 
45%, and a significant dopaminergic alteration and 3-NT production was 
observed 24 hr. after the exposure to METH. Presence of NGF in the media also 
increased the ability of PC 12 cells to synthesize and secrete catecholamines as 
compared to the cells grown in the absence of NGF. The present study supports 
the hypothesis that METH acts at the dopaminergic nerve terminals and 
produces dopaminergic damage by the production of free radicals.
Supported by USFDA/NCTR.
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730.1 730.2

CYTOTOXICITY AND DOPAMINE DEPLETION IN PC12 CELLS 
PRODUCED BY NOCARDIA ASTEROIDES CULTURE

and B.L, Beaman2, finical Neuroscience Program, Sinai Hospital, 
Detroit, MI, and 2Dept of Medical Microbiology & Immunology, 
University of California School of Medicine, Davis, CA.

Experimental infection of BALB/c mice with the acid-fast bacterium 
Nocardia asteroides GUH-2 results in loss of tyrosine-hydroxylase 
immunoreactive neurons in the substantia nigra and striatal dopamine 
(DA) depletion. Movement disorders, including turning and head 
shaking, are present in some of these animals. To explore die 
mechanism by which N. asteroides induces these effects, rat PC 12 
cells were incubated in cell-free culture supernatants from three strains 
of log-phase N. asteroides with differing virulence, or in growth 
medium alone for 24 or 48 hrs, after which time cell viability was 
assessed by trypan blue exclusion. In comparison with control cells, 
the viability of cells treated with nocardial supernatants was decreased 
slightly (1-9%) at 24 hrs, with further loss (11-16%) by 48 hrs. 
Despite the minimal toxic effects of nocardial supernatants at 24 hrs, 
concentrations of DA, its precursor, DOPA, and its major metabolites, 
3,4-dihydroxyphenylacetic acid and homovanillic acid, were markedly 
decreased in PC 12 cells after 24 hrs incubation with nocardial 
supernatants from the virulent strains GUH-2 and I-38-SYN. In 
contrast, supernatant from the avirulent strain 10905 had little effect on 
DA metabolism. These results suggest that some soluble factor(s) 
secreted (or shed) by N. asteroides may play a role in the loss of 
dopaminergic neurons in experimentally infected mice. (Supported by 
the National Parkinson Foundation.)

NEUROTOXICITY OF OCHRATOXIN A IN CULTURED 
NEURONAL CELLS AND MOUSE IN VIVO. S.H, Lee1. S.R, Rvu1. 
P.Y. Kim1, S.H.Sung1, J.I Kim1 and S.E. Kim2*. 'Dept. of Toxicology, 
National Institute of Toxicological Research, KFDA, 2Dept. of Nuclear 
Medicine, Sungkyunkwan Univ. School of Med., Seoul, Korea.

Mycotoxin, ochratoxin A (OTA) has been reported to produce 
microcephaly by prenatal exposure in mouse. We investigated the 
neurotoxicity of OTA in cultured neuronal cells and mouse in vivo. 
Cytotoxicity of OTA in human SK-N-SH and SK-N-MC cells was assayed 
by neutral red (NR) uptake and MTT assay. IC50s of OTA assayed by NR 
uptake were 8.8, 4.7 and 3.6 pg/ml when SK-N-SH cells had been exposed 
to OTA for 24, 48 and 72 hr, respectively. IC^ (19.74 pg/ml) of OTA in 
SK-N-SH cell obtained by MTT assay after 24 hr exposure of OTA was 
significantly different from that by NR uptake assay, while there was no 
difference of IC^s in terms of the assay method on 48 and 72 hr exposure 
of OTA. Cytotoxicity of OTA in SK-N-MC cells was similar to that in SK- 
N-SH. IC50S of OTA assayed by MTT after 1 week exposure were 1.2 and 
0.17 pg/ml in SK-N-SH and SK-N-MC, respectively. Treatment of vitamin 
E, piroxicam and /-phenylalanine (10'9 M - IO-6 M) for 24 hr before OTA 
exposure attenuated the OTA cytotoxicity in SK-N-SH, but SK-N-MC cells 
were not affected by those chemicals. Repeated intraperitoneal 
administration of OTA (0.01,0.1 and 1 mg/kg) in ICR mouse for 1 week or 
2 weeks didn’t change the superoxide dismutase (SOD) activities in brain 
tissues nor nitric oxide (NO) contents in blood. These results suggest that 
OTA is cytotoxic in human neuronal cells and some antioxidants and /- 
phenylalanine may be useful to prevent the neurotoxicity of OTA and the 
exposure of low dose OTA may not produce changes in oxygen radical or 
NO pathways.
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730.3
NEUROTOXIC IMPLICATIONS FOR THE TRANSPLACENTAL 
DISPOSITION OF BENZO(A)PYRENE : CARBON BLACK 
AEROSOLS. D B Hood, S. S. Mokha*, M M Greenwood, T Nayyar, A 
Ramesh, and F Inyang. Department of Pharmacology, Meharry 
Medical College, Nashville, TN

A novel model for the illumination of potential neurotoxic 
mechanisms as a result of the transplacental disposition of desorbed 
benzo(a)pyrene [B(a)P] from a particulate aerosol is the focus of this 
study. Refinements in this model will stimulate the development of 
neurotoxic dosimetry models that will reduce the uncertainty in our 
knowledge with respect to the transplacental disposition and fate of 
particulate matter and its associated constituents. Separate groups of 
timed-pregnant rats (8/group) were exposed for four hours on gestation 
day 15 to carbon black only or 100 ug/m3 of BaP: carbon black aerosol. 
Mobility gel shift analysis of nuclear extract incubations from various 
brain regions of the resulting pups on postnatal days 3,5,10,15,20 & 30 
with an Spl consensus sequence oligonucleotide revealed perturbations 
in the developmental profile of Spl as a result of nose-only particulate 
aerosol exposure to the timed-pregnant dam. The data suggest that Spl 
DNA-binding is developmentally regulated and expressed very highly 
in actively developing brain regions. The results from these studies 
contribute to an understanding of the biological mechanisms by which 
particulate matter hazardous constituents mediate adverse 
neurological health effects associated with particulate matter 
exposure. (Supported by Cooperative Agreement MHPF/ATSDR 
U50/ATU398948, NIH G12 RRO 3032, and NIEHS ES00287).

730.4
NEUROBEHAVIORAL EFFECTS FROM REPEATED EXPOSURE OF 
RATS TO JP-8 JET FUEL VAPOR. J. Rossi III*, A.F. Nordholm, S.M. 
Mclnturf1 and G.D. Ritchie1. Tri-Service Toxicology Consortium: Naval Health 
Research Center Detachment-Toxicology and ‘Geo-Centers, Inc., Wright-Patterson 
Air Force Base, OH, 45433-7903 USA

The US Air Force and Army utilize over 1.5 billion gallons of JP-8 jet fuel per 
year, providing opportunity for workplace and combat deployment exposure of 
personnel. The US Navy is presently converting from exclusive use of JP-5 jet fuel 
to use of JP-8 to accommodate the Joint Strike Fighter aircraft. This experiment 
was conducted to determine if repeated exposure of rats to real-world 
concentrations of JP-8 results in detectable changes in performance capacity. 
Groups of 32 male Sprague-DawleyCD rats were exposed for 6 hr/day, 5 days/wk, 
for 6 wk to JP-8 vapor (1.0 mg/L+10%) or room air control (AC; 50 L/min). No 
rats exhibited observable deficits or irritancy effects during any of the treatments. 
Following a 65-day rest period, rats were evaluated for performance deficits on a 
battery of tests selected from the Neurobehavioral Toxicity Assessment Battery 
(NTAB), including: (a) Forelimb Grip Strength (FGS); (2) Appetitive Reinforcer 
Approach Sensitization (ARAS); (3) Acoustic Startle Response (ASR); (4) Prepulse 
Inhibition of ASR (PPI); (5) Total Locomotor Activity (TLA); (6) Tail Flick 
Response (TFR); (7) Treadmill Physical Fatigue (TPF); (8) Morris Water Maze 
(MWM); (9) Porsolt Forced Swim Test (PFST); and (10) Conspecfic Approach 
(CA). Rats were sacrificed and assayed for changes in regional brain 
neurotransmitter levels, as well as for enzyme levels in several body organs. JP-8 
exposed rats, compared to controls, exhibited significant changes on the FGS and 
ARAS tests, consistent with significant changes in levels of dopamine and DOPAC 
in several brain regions. Preliminary data analysis indicates additional changes in 
several enzyme levels in the liver and kidneys. Funding Source: US Army Medical 
Research and Materiel Command research grant (.1810).

730.5

NEUROBEHAVIORAL EFFECTS FROM REPEATED EXPOSURE OF 
RATS TO JP-5 JET FUEL VAPOR. G.D. Ritchie1*, A.F. Nordholm, S.M. 
Mclnturf1 and J. Rossi HI. Tri-Service Toxicology Consortium: Naval Health 
Research Center Detachment-Toxicology and Geo-Centers, Inc.1, Wright-Patterson 
Air Force Base, OH, 45433-7903 USA

The US Navy traditionally utilizes over 1 billion gallons of JP-5 jet fuel per year 
to operate ship-deployed aircraft and land vehicles. There exists opportunity for 
repeated exposure of deployed personnel during transportation, fueling and 
maintenance operations. This experiment was conducted to determine if repeated 
exposure of rats to real-world concentrations of JP-5 results in detectable changes 
in performance capacity. Additionally, this work was conducted to allow 
comparison to the possible neurobehavioral toxicity of JP-8 jet fuel related to the 
Navy’s planned transition to that fuel. Groups of 32 male Sprague-DawleyCD rats 
were exposed for 6 hr/day, 5 days/wk, for 6 wk to JP-5 vapor (1.2 mg/L+10%) or 
room air control (AC; 50 L/min). No rats exhibited observable deficits or irritancy 
effects during any of the treatments. Following a 65-day rest period, rats were 
evaluated for performance deficits on a battery of tests selected from the 
Neurobehavioral Toxicity Assessment Battery (NTAB), including: (a) Forelimb 
Grip Strength (FGS); (2) Appetitive Reinforcer Approach Sensitization (ARAS);
(3) Acoustic Startle Response (ASR); (4) Prepulse Inhibition of ASR (PPI); (5) 
Total Locomotor Activity (TLA); (6) Tail Flick Response (TFR); (7) Treadmill 
Physical Fatigue (TPF); (8) Morris Water Maze (MWM); (9) Porsolt Forced Swim 
Test (PFST); and (10) Conspecfic Approach (CA). Rats were sacrificed and 
assayed for changes in regional brain neurotransmitter levels, as well as for enzyme 
levels in several body organs. While JP-5 exposed rats, compared to controls, 
exhibited no significant changes on NTAB tests, there were significant changes in 
levels of dopamine, DOPAC and HVA in several brain regions. Funding Source: 
US Army Medical Research and Materiel Command research grant (.1810).

730.6

USE OF THE NEUROBEHAVIORAL TOXICITY ASSESSMENT 
BATTERY (NTAB): CHANGES IN BEHAVIOR ASSOCIATED 
WITH JP-4 EXPOSURE. S.M. Mclnturf1, J. Rossi III2, N.A. Ritucci*3,
G.D. Ritchie1, and A.F. Nordholm2. ’Geo-Centers, Inc., 2Naval Health 
Research Center Detachment-Toxicology, Wright-Patterson AFB, OH 
45433-7903 and department of Physiology and Biophysics, Wright State 
University.

Groups of 16 male Sprague-DawleyCD rats (N =32) were exposed 
for 6 hr/day on 14 consecutive days to: Air Control [AC] or JP-4 Jet Fuel 
Vapor (2 mg/L) [V]. No rats exhibited visible deficits following any of the 
treatments. Rats were subsequently evaluated for performance on a battery 
of seven tests selected from the Navy Neurobehavioral Toxicity Assessment 
Battery (NTAB). Eight rats from each exposure group were evaluated 15- 
36 days post-exposure (Short Rest Group), while the remaining 8 animals 
from each group were tested 61-82 days post-exposure (Long Rest Group). 
The NTAB battery included tests of: (1) Forelimb Grip Strength (FGS); (2) 
Photosensitivity (PS); (3) Appetitive Reinforcer Approach Sensitization 
(ARAS); (4) Acoustic Startle-Prepulse Inhibition/Habituation (ASPH); (5) 
General Locomotor Activity (GLA); (6) Tail Flick Nociception (TFN); and 
(7) Treadmill Physical Fatigue (TPF). NTAB results revealed significant 
exposure effects relative to the Air Control Group for the ARAS, ASPH, 
GLA, and TFN tests. In some cases, neurobehavioral deficits varied 
between Short Rest and Long Rest Groups for the same exposure treatment. 
This work was supported by the US Army Medical Research and Materiel 
Command and the Naval Medical Research and Development Command.

730.7

EFFECTS OF FLUROCARBONS CFC-12 (DICHLORODIFLUOROMETHANE) 
AND HFC-134A (1,1,1,2-TETRAFLUOROETHANE) ON BRAINSTEM AND HIP-
POCAMPAL NEURONS. J. Lin*, J.B. Dean1, G.D. Ritchie2, J. Rossi III3 and A.F. 
Nordholm3, ManTech Environmental Technology; Inc., 'Dept. of Physiology and Bio-
physics, Wright State Univ.; 2Geo-Centers, Inc.; and 3Naval Health Research Center 
Detachment-Toxicology, Wright-Patterson Air Force Base, Dayton, OH 45433-7903.

The widespread replacement of the ozone-depleting fluorocarbon refrigerant CFC-12 
by HFC-134a has led to questions concerning comparative toxicity, especially related to 
cardiorespiratory control. The actions of CFC-12 and HFC-134a were tested on neurons 
in cardiorespiratory areas of the brainstem (dorsal motor nucleus, DMN; nucleus tractus 
solitarius, NTS; locus coeruleus, LC) and a non-cardiorespiratory area (hippocampus 
CA1) to determine if fluorocarbons affect neuronal properties. Perforated patch record-
ings were made in slices (rat, 200-350 pm, Pl-14) visualized using infrared video mi-
croscopy. Concentrations of CFC-12 and HFC-134a at the slice were determined using 
a gas chromatograph. Both chemicals were saturated at the slice after 15 min (0.6 mM 
and 4.3 mM for CFC-12 and HFC-134a). Bath application of HFC-134a or CFC-12 (20 
min) induced depolarization, increased firing rate, and decreased input resistance (Rin) 
in all brainstem neurons tested (8.6± 2.5 mV; Rin -32%). 30% of brainstem neurons 
tested depolarized suddenly (>A20 mV) and became swollen after 2-15 min of exposure 
to CFC-12 (0.1-0.6 mM) or HFC-134a (0.35-4.3 mM). The majority of brainstem neu-
rons survived, 40% of which recovered from 20 min of exposure to HFC-134a or CFC- 
12. There were no significant differences among the neurons from LC, DMN and NTS 
in response to either HFC-134a or CFC-12 exposure. All CA1 neurons tested survived 
20 min exposure of either HFC-134a or CFC-12. Bath application of HFC-134a (20 
min) induced depolarization associated with decreased R,n in CA1 neurons. Bath appli-
cation of CFC-12 (20 min), however, induced a 5% decrease in Rj„ but no significant 
membrane potential change. Thus, HFC-134a depolarizes neurons in both brainstem 
and hippocampus, but only neurons in the brainstem are irreversibly depolarized. How-
ever, CFC-12 affects neurons in the brainstem only (ONR, NIH HL56683).

730.8

INHALATION OF LOW CONCENTRATIONS OF TOLUENE INDUCE 
PERSISTENT EFFECTS ON SPATIAL MEMORY, BEAM-WALK 
PERFORMANCE, AND CEREBROCORTICAL SIZE IN THE RAT. G, von 
Euler'*., M, von Euler2, T.M, Pham2. M, Hillefors3, B. Bielke4, and B.
Henriksson2. 'Dept. of Clinical Neuroscience, Section of Neurosurgery, Karolinska
Institutet, Karolinska Hospital, S-17176 Stockholm, Sweden, 2Dept. of Clinical 
Neuroscience and Family Medicine, Karolinska Institutet, Huddinge Hospital, 
3Dept. of Neuroscience, Karolinska Institutet, and 4MR-Center, Karolinska 
Institutet, Karolinska Hospital, Sweden.

The organic solvent toluene is widely used in industry. The threshold limit value 
for extended occupational exposure to toluene is presently set to 200 ppm in the 
US. We have investigated the effect of an inhalation exposure of 80 ppm for four 
weeks (6 h/day, 5 days/week), followed by a post-exposure period of at least four 
weeks, on behavior and brain features in the rat. Toluene exposure appeared to 
affect spatial memory, since toluene-exposed rats showed a longer time in the 
correct quadrant in a Morris swim maze. This effect may indicate that the exposed 
rats used their praxis strategy longer before they started to look for the platform 
elsewhere. Toluene-exposed rats showed a significantly reduced beam-walk 
performance and trends for increases in both locomotion and rearing behaviors. 
Furthermore, toluene-exposed rats showed a decreased cerebrocortical area, as 
shown by magnetic resonance imaging of living rats and autoradiograms of frozen 
brain sections. The KD and Bmax values of the dopamine D3 agonist [3H]PD 128907 
were not affected by toluene, as measured in caudate-putamen and subcortical 
limbic area using biochemical receptor binding assays and in caudate-putamen and 
islands of Calleja using quantitative receptor autoradiography. Hence, previously 
demonstrated persistent effects by toluene on the binding characteristics of 
radioligands binding to both D2 and D3 receptors seem to indicate a persistent effect 
of toluene selectively on dopamine D2 receptors. Taken together, the present 
results indicate that exposure to low concentrations of toluene leads to persistent 
effects on cognitive, neurological, and brain-structural properties in the rat. 
Supported by the Swedish Work Environment Health Fund (92-0201) and the 
Swedish Medical Research Council (12593,06555).
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730.9
NEUROTOXIC EFFECT OF GENISTEIN AND DAIDZEIN ON CULTURED 
NEURONS AND THEIR MODE OF ACTION. H. Jin1. W.-O. Chen1, C.-
C.Hsu1. K.M, Davis1. T, Foos1. C. S. Bates1. J. V. Schloss2. N. Dahl1*and J.-Y.
Wu1,3. 1 Department of Molecular Biosciences, University of Kansas, Lawrence, 
KS 66045, U.S.A. 2Department of Medicinal Chemistry, University of Kansas, 
Lawrence, KS 66045, U.S.A. and3 Institute of Biological Chemistry, Academia 
Sinica, Taiwan.

It is known that estrogen can protect neurons from injury induced by 
excitotoxicity. Since phytoestrogens possess estrogen-like activity, it will be of 
interest to determine whether phytoestrogens can also protect neurons from 
glutamate-induced neuronal injury. It is surprising that phytoestrogens, 
specifically genistein and daidzein, are neurotoxic. At 50 |iM, both genistein and 
daidzein caused severe neuronal damage when cultured neurons were incubated 
in the presence of either genistein or daidzein for 24 hrs. At 300 pM, both 
genistein and daidzein induced neuronal injury with only 30 min incubation. 
Under the same conditions, estrogen such as {3-estrodiol did not show any effect 
on cultured neurons. To determine their mode of action, genistein and daidzein 
were tested on glutamate receptor binding and found to have little effect on 
glutamate receptor binding. However, both genistein and daidzein increased 
intracellular calcium level ([Ca2+];) significantly at
50 pM suggesting that the neurotoxic effect of genistein and daidzein is due to 
their ability to elevate [Ca2+];. (Supported, in part, by NSF grant IBN-9723079, 
Office of Naval Res., N00014-94-1-04572, and Research Development Grant 
from University of Kansas)

730.10
ULTRASTRUCTURAL ALTERATIONS OF THE INFERIOR 
COLLICULUS IN ADULT MICE PRENATALLY EXPOSED TO 
DIAZEPAM. A. Marquez-Orozco*, M.C. Marquez-Orozco, M.V. Gazca- 
Ramirez and G. de la Fuente-Juarez. Embryol. Dept. Faculty of Medicine 
UNAM POB 70-553 Mexico 04510 D.F.

We demonstrated histological changes in mesencephalic structures of 
mouse fetuses and adults exposed in utero to diazepam (DZ). The present 
work was aimed at determining if DZ 2.7 mg/kg doses produces 
ultrastructural alterations in the inferior colliculus of adult mice exposed 
prenatally. Two gestating CD-I strain mice groups were injected daily sc from 
day 6 to 17. The first group (DZ) was treated with single daily DZ doses (2.7 
mg/kg) and the second group with saline solution (S). A third group was non- 
treated (NT). The offspring’s were wet nursed by non-treated mice weaned 
and kept for 60 days. All females were killed in CO2 atmosphere; the inferior 
colliculi fixed in 2.5% glutaraldehyde, post-fixed in OsO4, and embedded in 
epoxy resin. The fine sections were contrasted with uranyl acetate and lead 
citrate and observed under a transmission microscope. In the inferior colliculi 
of DZ group was demonstrated the presence of small-sized neurons poor 
densely packed. The nuclei of the neurons were retracted and showed clumps 
of heterochromatin. The nucleoli were voluminous. The rough endoplasmic 
reticulum was frequently dilated and disorganized. The polyribosomes and 
Golgi complex were abundant. The neuropile were poorly differentiated, and 
were observed coarse, disoriented and few fibers with irregular myelin sheath. 
Non-ultrastructural differences were found between the S and NT groups. The 
results show long-lasting effects of prenatal exposure of DZ in the inferior 
colliculus of mouse. It could account for the alterations observed in the 
locomotor activity and swimming pattern.

730.11

DEVELOPMENTAL TREATMENT WITH ST. JOHN'S WORT 
(SJW) RESULTS IN MINIMAL NEUROBEHAVIORAL 
TOXICITY IN RATS. S.A. Ferguson*, A M, Cada, EP. Gray, D K, 
Hansen. Div. of Neurotoxicology and Genetic Toxicology, National 
Center for Toxicological Research/FDA, Jefferson, AR 72079

Increasing widespread use of SJW has led to concerns about its use 
in pregnant women, especially in light of the sensitivity of certain 
populations (Gulick et al., 1999). Here, alterations resulting from 
developmental treatment with SJW were investigated in Sprague- 
Dawley rats fed diets containing 0, 180, 900, 1800, or 4500 ppm SJW 
(hypericum) beginning on gestational day 3 and ending at offspring 
weaning. These doses span 2-50 X the normal human dose. Post-
weaning behavioral assessments of male and female offspring 
included: open field and running wheel activity, acoustic startle, 
performance of a complex maze and the Morris water maze, and 
activity in an elevated plus-maze. There was no maternal toxicity and 
offspring body weights were similar to same-sex control groups. 
There were no consistent SJW-related behavioral alterations. Whole 
and regional brain weights at adulthood indicated no significant 
effects from SJW. These results would indicate that, even at doses 
approximating 50 X the human dose, there are few neurobehavioral 
alterations resulting from developmental SJW treatment in rats. 
(Supported by NCTR Protocol E-7036)

730.12

EFFECT OF DIOXIN ON THE EXPRESSION OF CYP1A1 IN RAT BRAIN AND 
PITUITARY. P, Huang1, A. Rannug1, E. Ahlbom1, H, Hakansson1, G. DiBona2* and 
S. Ceccatelli1. ’institute of Environmental Medicine, Karolinska Institutet, S-171 77 
Stockholm, Sweden; 2Dept. of Internal Medicine, University of Iowa College of 
Medicine, Iowa City, IA 52242.

The dioxins represent a family of ubiquitous environmental pollutants causing a 
wide variety of neurological and endocrine alterations. In the present study we have 
investigated the expression of cytochrome P450-1A1 (CYP1A1), an enzyme 
involved in dioxin toxicity. Sprague-Dawley rats were treated with a single dose of 
dioxin (TCDD, 10 fJLg/kg), and the expression of CYP1A1 mRNA was analysed in 
different brain regions and pituitaries, using semiquantitative RT-PCR. Relative 
levels of CYP1A1 were dramatically increased in all regions examined including 
olfactory bulb, striatum, hypothalamus, hippocampus, cortex, cerebellum, substantia 
nigra and pituitary. The increase in CYP1A1 expression was time-dependent with 
the highest level observed 1 day after TCDD treatment. In addition, the expression of 
the aryl hydrocarbon receptor (AhR) and aryl hydrocarbon receptor translocator 
(Arnt) mRNAs was detected in the same areas. It is known that in liver and other 
organs AhR mediates most of the effects of dioxin-like halogenated aromatic 
hydrocarbons. When ligands bind to the AhR in the cytoplasm, the receptor 
dimerizes with the Arnt, and the AhR/Arnt complex binds to a distinct DNA 
sequence termed xenobiotic response element and influences the expression of 
enzymes involved in xenobiotic metabolism, such as CYP1A1. The present results 
suggest that the complex AhR/Arnt and the upregulation of CYP1A1 play a role in 
the onset of dioxin neuro- and neuroendocrine toxicity. The localization of AhR, 
Arnt and CYP1A1 in neuroendocrine regions provides anatomical and biochemical 
substrates for the impairment in neuronal and endocrine functions observed in case 
of dioxin intoxication. (Supported by the Swedish MRC)

NEUROTOXICITY: EXOGENOUS TOXINS II

731.1

APPLICATION OF THE 2-DEOXYGLUCOSE METHOD TO FISH, FOR 
IDENTIFICATION AND CHARACTERIZATION OF KNOWN AND 
UNIDENTIFIED ENVIRONMENTAL NEUROTOXINS
J, Sass. J, Choich, and E. Silbergeld*. Program in Human Health and the 
Environment, University of Maryland, 10 S. Pine St, 9-34 MSTF, Baltimore, 
Maryland, 21201.

Human exposure to marine neurotoxins is an ever-increasing problem. One of the 
research needs is to identify the toxins, and elucidate their mechanisms of action. 
We have developed a novel method of evaluating marine neurotoxins and other 
agents, according to their specific regional activities within the vertebrate CNS. This 
approach is based on the pioneering work of L. Sokoloff (1977), demonstrating a 
direct relationship between glucose consumption and neurological function in 
discrete structures of the brain in intact, conscious animals. Radiolabeled 2- 
deoxyglucose produces as a product deoxyglucose-6-phosphate, which is trapped in 
the tissue over the time course of the measurement. In order to adapt this to the 
study of unidentified marine neurotoxins we have adapted this method for use with 
fish (goldfish and zebrafish) during exposure to a variety of neurotoxins and known 
CNS stimuli. Living, healthy fish are exposed to neurotoxins dissolved in water, 
mimicking a real-life situation of environmental exposure. In connection with the 
experimental exposure, fish are injected intramuscularly with radiolabeled 2- 
deoxyglucose (0.1 uCi/g body wt, and 2-3 nmol glucose/g body wt). At the end of 
tht experimental period, the animal is decapitated, and the brain is removed and 
weighed. Total radioactivity is quantified by scintillation in whole brain, or selected 
brain lobes. Regional neural activity is identified in cryostat sections (12 um), 
followed by LM autoradiography. This method is particularly amenable to testing 
aquatic and environmental neurotoxins for effects at concentrations below those that 
elicit gross abnormalities or obvious behavioral effects. In addition, it will provide 
valuable information regarding discrete neural targets of toxins, aid in determining 
mechanisms of action, functional effects, and purification of neurotoxic agents, 
(supported by NIEHS grants P01ES09563-01 and 5-T32ES07263).

731.2

CTB-SAPORIN INDUCED DEMYELINATING MYELOPATHY IN 
THE RAT. G. Janni1*. P.A. Lappi2. P.T. Ohara3. L. Jasmin1. ’Dept. of 
Neurosurgery, Georgetown University, Washington D.C., 20007;
2Advanced Targeting Systems, San Diego, CA, 92121;3Dept. of 
Anatomy, UCSF, San Francisco, CA, 94143

In designing a rat model of demyelinating disease, we have used a 
newly developed neurotoxin, the B fragment of cholera toxin (CTB) 
linked to the potent ribosome inactivating protein saporin. Saporin 
linked to CTB targets cell expressing ganglioside GM1 on their surface, 
mainly Schwann cells, oligodendrocytes, and to a lesser degree neurons. 
After binding to GM1, CTB-Saporin is rapidly endocytosed and induces 
cell death. We demonstrate that intrathecal injection of 1 pg in 5 pi of 
CTB-Saporin at ihe lumbar level produces a demyelinating disease of the 
spinal cord. Behaviorally, this disease is characterized by an ascending 
paralysis that progresses most prominently from day 7 to day 14 post-
treatment. In approximately half of the animals, the disease progresses 
to the brainstem, while in the others the disease regresses 
spontaneously, leaving these animals with only a moderate residual 
neurologic deficit. Histologically and ultrastructurally, the spinal 
pathology is characterized by a loss of myelin and oligodendroglyocytes 
as well as an immune response involving circulating leukocytes. 
Immunostaining shows the presence of CD8 immunopositive T 
lymphocytes but not CD4 T lymphocytes. We therefore conclude that 
CTB-Saporin induced demyelination involves an immune, but not an 
autoimmune mediated component in addition to the direct cytotoxic 
effect. Supported by Georgetown University.
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731.3

CHRONIC TREATMENT WITH PARAOXON DECREASES SPINE 
DENSITY ON BASAL DENDRITES WITHOUT GROSS MORPHOLOGICAL 
ALTERATIONS IN PYRAMIDAL NEURONS OR FIBER TRACTS IN THE 
CA1 FIELD OF NEONATAL RAT HIPPOCAMPUS. H, R, Santos.1 C.M. 
Maciel,1 W.M. Cintra. Y, Aracava 1 and E.X, Albuquerque1-? toepto. 
Farmacol. Bas. Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 21944, Brazil; 
2Dept. Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 
21201, USA.

The organophosphate paraoxon, a cholinesterase (ChE) inhibitor, is 
widely used as an insecticide and poses a threat to human health, especially 
to newborns. To study the effects of repeated exposure to sublethal doses 
of paraoxon on morphology of pyramidal cells and fiber tracts during the 
initial stages of postnatal development, male Wistar rats were treated 
subcutaneously daily with paraoxon (100, 150 or 200 pg/kg) during the 
period of rapid brain growth (P8 to P21). Using the Ellman method to assay 
ChE activity in brain homogenates, we observed that at P21 paraoxon 
induced a 60% inhibition of ChE. Morphometric analysis of lucifer-yellow- 
filled CA1 pyramidal neurons in coronal sections (60-400 pm thickness) of 
P21 animals showed that paraoxon caused a decrease in spine density on 
basal dendrites but not on apical secondary dendrites. Dendritic parameters 
(Sholl analysis and total dendritic length) were not changed. No gross 
alteration of the distribution of ChE, choline acetyltransferase (ChAT) and 
Zinc-positive fibers was observed in paraoxon-treated animals. In summary, 
chronic exposure to paraoxon during the period of rapid brain development 
causes spine density changes on basal dendrites of pyramidal neurons, an 
area rich in nicotinic receptors.
(FUJB/UFRJ, CNPq, FAPERJ, PRONEX/ Brazil; U.S. Army Med. Res. Devel. 
Comm. Cont. DAMD-17-95-C-5063)

731.4
APPARENT MODULATION OF THE DEVELOPMENTAL EXPRESSION 
PROFILE OF SP 1 BY TCDD IN A TWO-STAGE MODEL. C. Bishop- 
Robinson, D. Shockley* and D. B. Hood. Department of Pharmacology,
Meharry Medical College; Nashville, TN 37208.

A halogenated hydrocarbon, such as dioxin, is a by-product of the chemical 
synthesis of herbicides. TCDD is a ubiquitous environmental pollutant. 
Exposure to TCDD results in a wide array of biological responses including 
cutaneous, reproductive, immune, developmental and hepatic toxicity in animals 
and humans. This paper describes a potential neurotoxic effect as a result of 
TCDD exposure. The objective of this study was to correlate alterations in 
cytochrome P-450d (CYP 1A1/1A2) levels, with the expression of the 
transcription factor, Sp 1. Timed pregnant female Sprague Dawley rats (n = 
5/group) were intraperitoneally initiated with diethylnitrosamine (DEN), 10 
mg/kg, on gestational day 8 followed by promotion with TCDD in com oil, and
0.25 ug/kg, or 0.50 ug/kg or 1 ug/kg BW, on gestational day 15. The control 
and experimental groups were as follows: S/C (controls receiving saline and 
com oil), DEN/C (initiated only), S/TCDD (promoted only), and DEN/TCDD 
(initiated and promoted). Mixed Function Oxidase activity indicated a 
significant (P < 0.05) induction of cyctochrome P-450 in the pups of TCDD 
exposed animals. The gel mobility shift assay was used in order to access 
alterations in the developmental expression profile of Spl as a result of TCDD 
exposure. The assay resulted in the elucidation of dose-dependent alterations in 
the developmental expression profiles for Spl as result of TCDD exposure as 
compared to controls. These findings demonstrate that in utero administration 
of TCDD results in an induction of cytochrome P-450 enzymes and alterations 
in the developmental expression profile of select brain regions, thereby 
suggesting a neurotoxic potential for TCDD. (Supported by NIH G12 RR0 3032 
and NIEHS ES00287)

731.5

BLOCKADE OF VACUOLAR PROTON ATPASE BY 
BAFILOMYCIN Al INDUCES NEURONAL APOPTOSIS IN 
MURINE CORTICAL CELL CULTURES. U.K. Kim1*, K ,S. 
Lee1 and C.S. Bae2. ^ept. of Pharmacology and 2Dept. of 
Anatomy, Chonnam Univ. Medical School, Kwangju 501-190, 
South Korea.

Bafilomycin Al, a potent and specific inhibitor of the vacuolar 
proton ATPase, has been shown to induce apoptosis in several 
types of cells. We examined the hypothesis that bafilomycin Al 
would also induce apoptosis in CNS neurons. Exposure of 
cortical cell cultures to 10-30 nM bafilomycin Al induced 
concentration- and exposure time-dependent neuronal death. The 
bafilomycin Al-induced neuronal death was characterized by cell 
body shrinkage, chromatin condensation, and DNA laddering, the 
hallmark features of apoptosis. Furthermore, the neuronal death 
was markedly attenuated by various anti-apoptotic interventions 
such as protein synthesis inhibitors (cycloheximide, emetine), 
high K+ medium or caspase inhibitor (ZVAD-FMK). 
Interestingly the death was also attenuated by trolox, an 
antioxidant. These data suggest that bafilomycin Al induces 
apoptotic neuronal death in cultured cortical neurons and that the 
exposure of cortical neurons to bafilomycin Al is useful in vitro 
model for studying apoptosis of CNS neurons.

Supported by Research Fund from CURIMS.

731.6
NEUROTOXIC EFFECTS OF AN INDUSTRIAL CHEMICAL 
FOLLOWING SYSTEMIC INTRODUCTION IN RATS.
‘Rafik Masalha, ‘Yuval Herishanu, 2Israel Sekler, 2Haddas Levi and
William F. Silverman*. Departments of ‘Neurology, 2Physiology and 

Morphology, Soroka Medical Center, Zlotowski Center for Neuroscience, 
Ben-Gurion University of the Negev, Beer Sheva, Israel, 84 105

In searching for potential environmental causes of Parkinson's disease 
[PD], we have tested a number of chemicals used in industry in the Negev 
region of Israel, an area previously shown to have a higher than average 
incidence of PD. One of these chemicals, a widely employed UV light 
stabilizer, demonstrated toxicity for dopaminergic (DA) neurons in cultures 
of rat mesencephalon and following intraparenchymal injection (Masalha et 
al., Brain Res. 774:260/97). We now report that chronic unilateral 
injections of 0.04 mg Tinuvin 123 into the internal carotid of rats produces 
a profound loss of DA neurons in the substantia nigra (SN) as well as their 
projections to the striatum. The effect at low doses is largely ipsilateral. At 
higher doses the lesion is asymmetric, albeit clearly bilateral, and induces 
bradykinesis in the subjects. Western blots demonstrated loss of tyrosine 
hydroxylase (TH) in the SN and striatum on the injected side and a >50% 
reduction on the contralateral side as well as in the ipsilateral olfactory 
bulb. In addition to its marked effects on DA neurons and their projections, 
a robust and largely bilateral astrogliosis is exhibited in these animals, 
particularly in the striatum and the substantia nigra pars reticulata. The 
potential significance of a nearly ubiquitous industrial chemical exhibiting 
characteristics of a dopamine-specific neurotoxin is readily apparent. 
Supported by a grant from the Israel Ministry of Health.

731.7 731.8

NEURONAL DIFFERENTIATION EXAGGERATED
ALLYLNITRILE-INDUCED APOPTOSIS IN PC12D CELLS. X-P, 
Zang1. H, Tanii1. R, Oka1. T, Higashi1. S. Fujii1. S-C, Leng1. T
Fukunaga and K, SaijohT Dept. Hygiene, Kanazawa Univ. Sch. Med., 
Kanazawa 920-8640, Japan and Dept. Leg. Med., Mie Univ. Sch. 
Med., Tsu 514-8507, Japan.

Nitriles were broadly used not only as organic solvents but also as 
materials to synthesize adhesives, plastics, etc, while they are also 
recognized as one of environmental chemical hazards. Among them, 
allylnitrile (CH2=CHCH2CN) caused in animals behavioral 
abnormalities similar to the excitement, choreoathetosis, and circling 
syndrome (ECC syndrome) described by Selye (1957). Although the 
habenulo-raphe pathway was suggested to play an important role in 
displaying behavioral abnormalities, underlying mechanism to impair 
specific neuron was not yet known. In the present study, possible 
involvement of apoptosis in allylnitrile toxicity was examined using 
PC12D cells with or without NGF stimulation. Treatment with 3 mM 
allylnitrile for 1 hr caused no significant difference in growth rate 
irrespective of NGF (+) or (-). However, more than 20 % of NGF (+) 
cells were trypan blue positive 24 hr after treatment, while less than 
20 % were positive in NGF (-) cells even after 96 hr. On the other 
hand, Hoechst 33258 stained 24.7 % of NGF (+) cells but only 9.6 % 
of NGF (-) cells. Moreover, fragmentation of nuclear DNA with 
typical ladder appearance in agarose gel electrophoresis was obvious in 
NGF (+) cells, but faint in (-) cells. It is suggested that apoptosis 
played an important role in allylnitrile-induced behavioral abnormalities, 
(supported by C2-09670353 and Hokkoku-gankikin)

A PLASTICIZER (DEHP) IN PERFUSION TUBING UNDERLIES ACUTE 
EFFECT OF ETHANOL ON INTRACELLULAR CALCIUM . K. Tully2. D. 
Kupfer1. A.M. Dopico1,2. S.N, Treistman1,2*. 'Department of Pharmacology and 
Molecular Toxicology, 2Program in Neuroscience, University of Massachusetts 
Medical School, Worcester, MA 01655.

Di(2-ethylhexyl)pthalate (DEHP) is a plasticizer widely used to provide 
flexibility to polyvinyl chloride (PVC) products. DEHP, a pervasive 
environmental toxin, has been demonstrated to be carcinogenic in rats and mice. 
During investigations of the effect of ethanol on intracellular calcium ([Ca2+D in 
PC12 cells and neurohypophysial nerve terminals, we inadvertently discovered 
that a contaminant from an I.V. drip chamber was profoundly altering [Ca2+]i 
measured with Fura-2. Saline solutions passed through an I.V. drip chamber 
produced a gradual rise in [Ca2+], after a delay of 2 to 5 minutes, with a sustained 
elevation even after a wash with control solution. The elevation of [Ca2+h is 
likely due to an influx of extracellular Ca2+, as the response is blocked by cither 
100 pM cadmium or by lowering the extracellular free Ca2+ concentration to 10 
pM. A contaminant from the I.V. drip chamber solution was identified by UV 
spectrophotometry as DEHP. The extraction of this contaminant from the I.V. 
drip chamber, as measured by spectrophotometry, was time-dependent, and was 
markedly accelerated by the presence of 50 mM ethanol in the solution. We 
further demonstrated that 800 nM DEHP added to saline solution caused a rise in 
[Ca2+], similar to that elicited by the contaminant-containing solution. In 
conclusion, we alert investigators in the ethanol field to a potential experimental 
artifact when studying calcium sensitive cellular processes, and inform the 
scientific community about this acute effect of DEHP on nervous tissue.
Work was supported by NIH Grant AA05542 to S.N.T.
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731.9
NEURONAL CELL DEATH INDUCED BY HYDROGEN SULFIDE IN 
ORGANOTYPIC HIPPOCAMPAL SLICE CULTURES. Mohammad A. 
Eghbal, Peter J. O’Brien and Peter S. Pennefather*. Faculty of Pharmacy, 
Univ. of Toronto, Toronto, Ontario, Canada, M5S 2S2.

Industrial sources of H2S are a major occupational health hazards and H2S 
produced endogenously may have physiological functions (Abe & Kimura, 
1996, J. Neurosci., 16:1066-71). This is particularly true in the brain where 
a precursor of H2S, cysteine is found in high concentrations. Here we report 
preliminary findings on the neurotoxicity of exogenously applied and 
endogenously produced hydrogen sulfide in organotypic hippocampal slice 
cultures. Necrosis was assessed by measuring the increase in propidium 
iodide (PI) labelling in the CA1 cell body region of slice cultures 24 hr after 
a 60 min incubation with various challenge solutions. The lipid soluble 
cysteine precursor cystine dimethyl ester was found to be toxic to 
hippocampal slice cultures unless cystathionine (3-synthase is inactivated by 
amino-oxyacetate. Cystine is likely metabolised in the brain by cystathionine 
(3-synthase to generate pyruvate and H2S. Exogenous hydrogen sulfide was 
toxic to the hippocampal slice cultures at 100 pM. This neurotoxic action 
was prevented by the cell permeable zinc:8-hydroxyquinoline complex at 50 
pM. This zinc complex was also effective at reducing cell necrosis (PI 
labelling) produced by cystine dimethyl ester. We believe that zinc combines 
with HS' and inactivates it. These data suggest that intracellular H2S and HS’ 
can initiate a chain of events leading to neuronal cell death. We are presently 
studying the involvement of polysulfide in this process.

731.10
INDUCTION OF THE MITOTIC KINASE p34odc2 IN DIFFERENTIATED SH- 

SY5Y NEUROBLASTOMA CELLS EXPOSED TO DOXORUBICIN. C. Rizzini*, 
A, Fontanini, L. Piccioni, D. Uberti and M. Memo Department of Biomedical 
Sciences and Biotechnologies, University of Brescia, Brescia, Italy

Members of the cdc2 family of protein kinases are best recognized for the pivotal 
role they play in regulating eukaryotic cell cycle. Little is known about their 
functional role in post-mitotic cells, like neurons. We evaluated the pattern of 
expression of the catalytic subunit of the cdc2 protein kinase, p34, in 
undifferentiated and retinoic acid-differentiated human neuroblastoma SH-SY5Y 
cells. We found that proliferating SH-SY5Y cells expressed significant levels of 
p34. After differentiation, p34 levels were virtually abolished. When these cells 
were exposed to 1 pM doxorubicin they exhibited a marked increase of p34 i.r.. The 
effect was time- and concentration-dependent, and associated with increased protein 
content and kinase activity. Using RT-PCR technology, we also found that 
doxorubicin treatment increased p34 mRNA levels. Analysis of the subcellular 
distribution of p34 showed that differentiated SH-SY5Y cells express this protein 
almost exclusively in the cytosol and this distribution was not modified by 
doxorubicin treatment. Finally, a strict correlation was found between the 
concentrations of doxorubicin capable to induce cell death and those required to 
induce cdc2 suggesting that cdc2 expression is part of the intracellular program 
activated by the neurotoxic insult. To better clarify this point, we used Butyrolactone 
I and caffeine to either inhibit or potentiate cdc2 kinase activity, respectively. We 
found that doxorubicin-induced cell death was potentiated by butyrolactone I and 
reduced by caffeine.

Our data suggest that degenerating neurons are able to re-express cdc2 kinase as a 
part of their protective response to a damaging insult, thus indicating that cdc2 
function is not restricted to cell-cycle regulation.

731.11

TCDD-INDUCED DEVELOPMENTAL NERVOUS SYSTEM 
ABNORMALITIES: MORPHOMETRIC AND BEHAVIOR EFFECTS.
D.S, Henshel1* and J.C, DeWitt*. Sch. Of Public and Env. Affairs, 
Indiana University, Bloomington, IN 47405.

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a known teratogen, 
causing abnormalities in multiple organ systems. We have analyzed the 
effects of TCDD on the developing avian nervous system, characterizing 
both the neuroanatomical and the behavioral changes induced following 
in ovo TCDD exposure. TCDD was injected into the air sac or the yolk 
of chicken eggs immediately prior to the start of incubation. The 
embryos were sacrificed at various time points throughout the 
developmental period, or were allowed to hatch undisturbed. A subset of 
the hatchlings were tested within 24 hours of hatching using a 
neurobehavioral test battery. The brains of embryos and hatchlings were 
analyzed morphometrically. We observed a TCDD-related dose- 
dependent increase in asymmetry in specific measurements of the 
forebrain and tectum. This gross brain asymmetry was detectable as 
early as 9 days of incubation, the earliest lime point we measured. When 
behavior was tested in the same chicks in which the brains were later 
measured, we found that changes in several behavioral responses 
(righting reflex, gait analysis, aversive responses to olfactory stimuli) 
appeared to correlate to dose-related changes in specific morphometric 
measurements. These gross brain asymmetries, and possibly the 
behavioral changes, mimic the gross brain asymmetries and behavioral 
abnormalities observed in wild birds exposed in the wild to mixtures of 
compounds containing TCDD-like contaminants.

This work was supported by NSERC, IU Fellowships to DH, and the 
Sust. Devel. Res. Init. of the B.C. Science Council and Env. Ministry.

731.12
ATTENUATION OF GONADOTROPIN RELEASE BY HIGH DOSE 
ATRAZINE IN RATS: A PITUITARY MECHANISM OF ACTION? M.M. 
Ford* and J.C. Eldridge. Department of Physiology and Pharmacology, Wake 
Forest University School of Medicine; Winston-Salem, NC 27157.

Atrazine (ATZ) is a commonly used chlorinated herbicide suspected to exhibit 
endocrine disruptor activity. It has been previously shown that high dose ATZ 
treatment to ovariectomized (ovex), estrogen-primed Sprague Dawley (SD) rats 
leads to a significantly diminished LH surge response. Because triazines have also 
been implicated in the modification of functional and developmental endocrine 
processes within the brain, investigations into the neuroendocrine mechanism 
responsible for this LH release attenuation by ATZ have primarily focused on the 
CNS as a target site. In this study the effects of ATZ on the pituitary were 
evaluated. Ovex and estrogen-primed SD rats were gavaged with vehicle or ATZ 
(300 mg/kg) for 3 days. On day 4 the rats were challenged with GnRH (500 pg, 
s.c.) and the plasma LH levels were determined between 10-65 minutes post-
injection. A significant reduction in LH release was found in ATZ-treated animals 
compared to the control rats. In a second experiment, GnRH was administered 
once daily on days 2-4 to assess the ability of ATZ to overcome GnRH self-
priming. Repeated GnRH administration failed to reverse the ATZ-induced 
decrease in LH release. Although the results do not exclude the possibility of ATZ 
interaction at the level of the CNS, we suspect that ATZ is also able to interact with 
the GnRH receptor and/or to modify the expression of estrogen-responsive peptides 
that facilitate LH release from the pituitary. Further studies are needed to 
characterize further the response of GnRH-stimulated LH release to ATZ. 
[Supported in part by Novartis Crop Protection]

731.13

COGNITIVE FUNCTIONING IN PATIENTS TREATED WITH REBETRON 
COMBINATION DRUG THERAPY® FOR CHRONIC HEPATITIS C. G, Park, A. 
Kleinmann, M, Sollman, T. Minton, L. Bank. K.R, Williams. R Burright, and P.
Donovick*. Environmental Neuropsychology Laboratory, State Univ. of New York at 
Binghamton; Binghamton, NY 13902.

Affecting approximately 4.5 million people in the United States and more than 200 
million people worldwide, Hepatitis C represents a major public health crisis. The 
symptoms of Hepatitis C are virtually absent until the advent of severe liver disease 
which can occur twenty years after infection. The pathology of Hepatitis C is 
particularly insidious as those who are infected remain contagious throughout the 
spectrum of tire disease. Rebetron Combination Drug Therapy® (RCDT), Interferon-a 
+ Ribavirin, is the current treatment of choice as studies have found that significantly 
fewer patients relapse upon completion of this regiment as opposed to that of Interferon- 
a alone. Administration of Interferon-a had been shown to be associated with adverse 
effects both neurological and physiological in nature (Dushenko, 1997). Poutiainen 
(1993), however, showed that the cognitive declines suffered during Interferon-a 
therapy (comprising the domains of memory/concentration, mental processing speed, 
and Visio-spatial skills) were transient for nearly all domains as a reversal of these 
declines were observed upon completion of the drug regimen. To date, no study has 
evaluated what cognitive deficits may be associated with RCDT®. To evaluate these 
effects, this study administered assessments to Hepatitis C patients determined to be 
eligible for reception of RCDT® by their physicians, a local gastroenterologists. Having 
assessed participants upon initiation of their therapy, this study continued to track any 
cognitive changes that occurred at three additional points throughout and beyond the 
end of their therapy. There is strong evidence to suggest that greater patient awareness 
of the costs and benefits of their treatment can improve their relationship with their 
medical provider. As such, elucidation of the relationship between RCDT® and 
cognitive deficits will afford the opportunity to introduce interventions that can 
improve patient compliance, satisfaction with their medical care, and satisfaction with 
their overall standard of livinc.
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732.1
ULTRAESTRUCTURAL ALTERATIONS AND ENHANCED LIPID 
PEROXIDATION IN THREE BRAIN REGIONS OF RATS AFTER PERINATAL 
COMBINED EXPOSURE TO CADMIUM AND DEXAMETHASONE. Mendez 
M1. Barroso-Mpguel R? Villeda J1. Hernandez R2 Leon JC2. Nava C‘and Rins-C.1
’Lab. Neuromorphology Cellular, Depi. Experimental Neuropathology and Dept. 
Neurochemistry. National Institute of Neurology and Neurosurgery M.V.S. and 
2Dept. Experimental Neuropathology National Institute of Nutrition S.Z. Mexico. 
Industrial and enviromental exposure to Cadmium (Cd) is well known to produce 
multiorgan toxicity in humans. Cadmium has been reported to damage endothelial 
cells in several organs including brain.On the other hand, metallothionein (MT) is 
an intracellular ligand for Cd. MT has been shown to protect against Cd-induced 
toxicity in many organs. We studied ultraestructural and lipid peroxidation changes 
in parietal cortex, striatum and cerebellum of rats following perinatal exposure to 
both cadmium and dexametasone (Dx). a drug known to induced MT synthesis in 
brain. Wistar rats of 13 days of age were treated for 5 days, as follows: l)Saline 
solution, 2)CdCL lmg/kg/day, 3) D> 2mgZkg/day 4) CdCl2 lmg/kg/day+ Dx 
2mg/kg/day. Rats were killed on either 18 or 28 days of age. Their brains were 
postfixed in 1% OsO4 and infiltrated with Epon and sections were stained with 
uranyl and lead salts. No lesions were observed in the brain of control rats. Rats 
treated with Cd at 18 days of age they showed swelling and disruption of 
mitochondria. At 28 days age showed disruption of mitochondria and endoplasmic 
reticulum and several apoptotic cells were observed. Rats treated with Dx at 18 
and 28 days age also showed slight alterations in mitochondria. Rats treated with 
Cd+Dx at 18 and 28 days age showed slight alterations in mitochondria and 
endothelial cells. Lipid peroxidation i ncreased in striatum of rats treated with Cd 
at 18 days of age. Rats treated with Cd+Dx showed decreased levels of lipid 
peroxidation in the tree regios at 18 days of age with respects to Cd. In general, 
data suggest that Dx treatment attenuated cadmium-induced lesions.

732.2
INDUCTION OF EGR-1 BY ZINC THROUGH ERK ACTIVATION 
IN CORTICAL CULTURE: ITS ROLE IN ZINC-INDUCED 
NEURONAL DEATH J.A. Park* and J.Y. Koh. National Creative Research 
Initiative Center for the Study of CNS Zinc, University of Ulsan College of 
Medicine, Seoul 138-736, Korea

Under conditions that induce comparable neuronal deaths, exposure to zinc but 
neither NMDA nor ionomycin, increased egr-1 mRNA and protein expression in 
neurons. Consistent with the idea that zinc influx through calcium-permeable 
channels mediates the egr-1 induction, both the zinc influx and the induction of 
egr-1 were attenuated by the NMDA antagonist MK-801, or to a lesser degree, an 
L-type calcium channel antagonist, nimodipine. Intriguingly, 30 min of exposure 
to zinc that induced extensive neuronal death, markedly increased Erk 
phosphorylation for prolonged time. Suggesting the involvement of Erk activation 
in the egr-1 induction, PD098059, a selective inhibitor of the Erk’s upstream 
kinase MEK1, blocked both Erk activation and egr-1 induction by zinc. PD098059 
also blocked the zinc-induced neuronal death, suggesting that egr-1 might 
contribute to zinc-induced neuronal death. Supporting this hypothesis, egr-1 
antisense, markedly attenuated zinc-induced neuronal death. Demonstrating that 
the antisense was working, it blocked the induction of not only egr-1 but also tnf-a 
mRNA, a gene downstream of egr-1, after the zinc exposure. The present study 
has demonstrated that not calcium but zinc influx induces egr-1 in cortical culture 
by the sustained activation of Erk. In addition, egr-1 appears to play an active role 
in zinc-induced neuronal death. We propose that translocation of endogenous 
synaptic zinc may be the key mechanism for the induction of egr-1 and its 
downstream genes such as tnf-a in brain injury.
Supported by Creative Research Initiatives of the Korean Ministry of Science and 
Technology

732.3

GAP JUNCTION INHIBITORS POTENTIATE THE ZINC 
TOXICITY IN MOUSE HIPPOCAMPAL ASTROCYTES C.H. 
Kim1* and Y.S. Ahn1. ‘Yonsei Brain Research Institute and Dept. of 
Pharmacology, Yonsei Univ. Col. Med.; Seoul 120-752, Korea.

Intercellular communication through gap junction has been suggested 
to be important in both dissipation and propagation of cytotoxic signal. 
In certain pathological conditions in brain such as ischemia, trauma and 
seizure, extracellular zinc is increased. Thus, we investigated the effect 
of gap junction inhibition on zinc toxicity in primary-cultured mouse 
hippocampal astrocytes. High dose of zinc induced the death of 
astrocytes. When astrocytes that were grown to confluence were treated 
with physiologic or non-physiologic gap junction inhibitor, arachidonic 
acid or 18(3-glycyrrhetinic acid, sublethal doses of zinc showed significant 
cytotoxicity. Arachidonic acid and 18P-glycyrrhetinic acid almost 
completely inhibited the gap junctional communication, which was 
determined by Alexa 350 dye coupling between adherent astrocytes. 
However, these gap junction inhibitors did not potentiate the zinc toxicity 
in the astrocytes that were grown isolated in low confluence. These data 
suggest that gap junction would be a protective path between astrocytes to 
counteract zinc toxicity.

This study was supported by a Research Fund from Yonsei University 
College of Medicine.

732.4

PYRITHIONE, A ZINC IONOPHORE, INHIBITS NF-k B 
ACTIVATION IN BOVINE CEREBRAL ENDOTHELIAL CELLS. 
Y.S. Ahn3*, C.H. Kim3. J.H, Kim3, S.J. Moon1. K.C. Chung3. C.Y. Hsu2
and J.T. Seo1. ’Dept. of Oral Biol., Yonsei Univ. Col. Dent.; 2Dept. of 
Neurology, Washington Univ. Sch. Med; 3Yonsei Brain Research Institute 
and Dept. of Pharmacology, Yonsei Univ. Col. Med., Seoul 120-752, 
Korea.

Pyrrolidine dithiocarbamate (PDTC) suppresses NF-k B activity and 
exhibits cytotoxic effects in bovine cerebral endothelial cells (BCECs), 
and we have previously reported that these PDTC effects were 
accompanied by an increase in intracellular zinc levels. To further 
explore the role of zinc in the modulation of NF-k B activation, we studied 
the effect of pyrithione, a zinc ionophore, on NF-k B activation in BCECs. 
Pyrithione inhibited NF-k B activity in a time- and dose-dependent manner. 
Various forms of membrane non-permeable metal chelators were added 
with pyrithione to BCECs. Ca-EDTA, but not Zn-EDTA, prevented 
pyrithione inhibition of NF-k B activity. Pyrithione increased the 
intracellular zinc level to a plateau within 15 min. This effect was also 
abolished by Ca-EDTA, but not by Zn-EDTA. The potency of 
pyrithione on NF-k B inhibition and zinc influx was approximately one 
order of magnitude more potent than PDTC. These findings establish the 
regulatory role of intracellular zinc levels on NF-k B activity in BCECs.

This study was supported by a grant (#HMP-98-M-5-0057) of the 
1998 Good Health R & D Project, Ministry of Health & Welfare, Korea 
and an NIH grant NS28995.

732.5

ENHANCED LEVELS OF ZINC IN DRINKING WATER 
ADVERSELY AFFECT SPATIAL LEARNING IN RATS.
J.Brightwell1, J. Magaha1, J.Flinn1, V. Chandhoke*2
& B.Jones3 . Depts of ’Psychology and 2Biology, 
George Mason Univ., Fairfax, VA 22030, 3 US
Geological Survey, Reston VA 20192.

We have examined the effect of enhanced levels 
of zinc in drinking water on spatial learning in 
rats. Pups were born to mothers drinking one type 
of water and were kept on the same type of water. 
We report here the results for groups raised on 
alkaline water with lOppm ZnC03 (HI), pH= 8.1 and 
on lab water, pH=7 (CON). The rats were tested 
in a Morris Water Maze, with 1 trial/day for 10 
days at 3 mths of age and re-tested at 9 mths. 
At 3 mths, an RMANOVA showed that the HI group 
were slower than the CON between days 3 and 7 
(p<.012). At 9 months the HI group was slower 
overall, (p<.006) and there was a trend for the 
females (F) to be slower than the males (M), 
(pc.l). All groups drank almost the same amount 
of water, so the lighter F received approx twice 
as much zinc/gm of body wt. The total time in the 
maze' for each group was, in secs: 506 (HI,F); 361 
(HI,M); 298 (CON,F); and 232 (CON,M). High levels 
of zinc are found, in natural waters in some 
regions. These data suggest that elevated levels 
of zinc can be a risk factor. Supported by USGS.

732.6
THE EFFECT OF DIFFERENT TYPES OF ZINC-ENRICHED 
WATER ON SPATIAL LEARNING IN RATS. J.Morvan1, 
J.Brightwell1, K.Navarette1, L.Krause1, J. Flinn,*1
& B.Jones3. xDept of Psychology, George Mason 
Univ. Fairfax, VA 22030,2 US Geol.Survey, Reston 
VA 20192.

Rats were raised on drinking water containing 
enhanced levels of zinc. The water conditions 
were chosen to demonstrate a typical range of 
acidity/alkalinity found in drinking water. The 
enhanced water contained 5ppm ZnCl2 at a pH of
4.1 (acidic), or lOppm ZnCO3 at a pH OF 8.1 
(alkaline) These levels of zinc were used in 
the expectation that they would provide 
equivalent levels of free (ionic) zinc. Three 
groups of rats were raised from conception on 
the lOppm ZnCO (HI), 5ppm ZnCl (LO), or lab 
water which had negligible Zn (CON). Rats were 
tested in the Morris Water Maze (MWM) at 3 
months and at 9 months. Preliminary analyses 
show that at 3 mths both the HI and LO groups 
were slower than the CON. At 9 months the HI 
group was slower than the CON but the main 
aspect of the LO group was an erratic 
performance in the MWM. TSQ, TIMMS and Golgi 
stains are being performed to compare the zinc 
binding and dendritic growth in each case. 
Supported by USGS.
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732.7

THE EFFECTS OF ARSENIC (As) ON NEUROBEHAVIORAL PARAMETERS.
V.M. Rodriguez1, F, Diaz-Barriga2, M.E. Jimenez-Capdeville3, L,Carrizales2 and
M. Giordano1 *. 'Center of Neurobiology UNAM-UAQ, Juriquilla, Qro, Mexico 
76230; Departments of2 Environmental Toxicology and 3 Biochemistry, UASLP, 
SLP, Mexico 78210.

Arsenic is a metalloid present in the environment. It is found in well water, soil 
and air, and it may be released from mining residues, industrial debris, among 
others. It has been previously reported that dopamine release and its metabolites 
decrease in the striatum of rats after ingestion of a mining waste with high content 
of As (Rodriguez et al.. 1998). Similarly, changes in the content of catecholamines 
in striatum, hippocampus and other cerebral regions in mice and rats exposed to As 
have been reported (Mejia et al.. 1997 ; Tripathi.et al., 1997). Few’ studies have 
looked at the behavioral alterations after intoxication with As, among the deficits 
reported are both increased and decreased locomotor activity and learning deficits 
(Itoh et al., 1990; Nagaraja and Desiraju, 1994).

To further characterize the behavioral alterations induced by As intoxication, in 
this study several groups of adult male Sprague-Dawley rats (7-8 rats per group) 
were intoxicated by intragastric route with 0, 5, 10 and 20 mg/kg of As during 15 
days. Intoxicated animals showed reduced spontaneous locomotor activity which 
returned to basal levels at the end of the intoxication period. This decrement 
seemed to be dose-related, no deficits in spatial learning tasks were found. As 
content in brain was similar for all intoxicated groups and significantly different 
from the control group. These results indicate that short-term As intoxication in 
adult rats induces reversible deficits in spontaneous locomotor activity and no 
deficits in spatial learning paradigms. Future studies will address the effect of As 
intoxication during development.
Supported in part by grant 25520-M (Conacyt, Mexico).

732.8
NEURODEGENERATION-INDUCED MICROSOMAL EPOXIDE 
HYDROLASE EXPRESSION IN REACTIVE ASTROCYTESG Y. Bing1*, N.Y. 
Zheng1. L, Jin1, Y, Qi1, R. Neal1, H. Kim,2 ‘Oklahoma Medical Research Foundation, 
Oklahoma City, Oklahoma 73104; 2Kangwon National University, Chunchon, Seoul, 
Korea 200-701.

The ability of exposed individuals to detoxify drugs and environmental toxins is 
important for minimizing their potentially toxic effects. Microsomal epoxide hydrolase 
(mEH, E.C. 3.3.2.3.), which is localized in the endoplasmic reticulum of virtually all 
tissues, is one of several critical biotransformation enzymes which plays a central role 
in xenobiotic detoxification. mEH catalyzes the hydrolysis of reactive epoxides into less 
reactive and more water soluble trans dihydrodiols. mEH has also been shown to 
biotransform many polycyclic aromatic hydrocarbons to toxic reactive diol-epoxide 
metabolites, indicating that this enzyme not only inactivates certain deleterious epoxides 
but also converts other compounds to more toxic metabolites. Although relatively little 
is known about the expression and function of mEH in the CNS, its dual function in the 
activation and inactivation of various reactive compounds has important implications 
regarding its role in neurotoxicity. We investigated the localization and expression of 
mEH in the rat hippocampus following treatment with neurodegenerative agents 
including kainic acid (KA) and trimethyl-tin. Our results indicate an increase in 
expression of mEH immunoreactivity in the hippocampus and entorhinal cortex after 
treatment with KA and trimethyl-tin. The mEH immunoreactivity is co-localized with 
GFAP positive reactive astrocytes. Northern blot analysis showed elevated levels of 
mEH mRNA at various time intervals post KA treatment in the rat hippocampus. 
Western blot analysis of astrocytes following LPS treatment revealed a marked 
enhanced level of mEH protein expression. These results suggest that mEH may play 
an essential role of in the neurodegeneration after exposure to both endogenous and 
environmental toxic chemicals. This work was supported by the OCAST (HR98-004).

732.9

INCREASED NF-k B EXPRESSION IN THE RAT HIPPOCAMPUS AFTER 
TRIMETHYLTIN-INDUCED BRAIN INJURY. Cheryl A, Kassed1, Christopher P. 
Phelps2 *. James P, O’ Callaghan3, and Keith R. Pennvpacker1. University of South 
Florida College of Medicine, Departments of Pharmacology and Therapeutics? 
Anatomy1 and Neuroscience Program, Tampa, FL 33612, Molecular and 
Neurotoxicology Laboratory, CDC-NIOSH, Morgantown, WV 26505.

Exposure to trimethyltin (TMT) leads to memory deficits, seizures and other 
neurological manifestations in hunlans. Intoxication with TMT results in selective 
neuronal degeneration and reactive gliosis in rat hippocampus and other limbic 
structures. Our lab has demonstrated induction of Fos related antigen-2 (FRA-2) in 
hippocampal neurons occurring in later phases of TMT-induced injury. The signal 
transduction pathways that regulate other events remain unclear. Our previous 
research has shown increased expression of nuclear factor-kappaB (NF-k B) in reactive 
astrocytes after kainate-induced neurodegeneration. Other investigators have shown 
NF-k B regulation in neuronal cells after injury, but its relation to cell death or 
survival remains obscure. The NF-k B transcription factor is composed of a family of 
subunits forming hetero- or homodimers, bound to the cytoplasmic inhibitory 
subunit -kappaB (Ik B). Upon activation, NF-k B translocates to the nucleus where its 
subunits bind specific regulatory sites in the promoter region of DNA to activate 
transcription of a great variety of genes, some related to immunity and inflammation. 
In this study, activation of NF-k B was investigated in the hippocampi of adult 
Sprague Dawley rats after a single intraperitoneal injection of 8mg/kg TMT from one 
hour to twenty-one days post administration. Preliminary studies using Western 
blotting of nuclear extracts revealed an increase in the expression of p50 and p65 
beginning one day after treatment. As expected, examination of cytosolic extracts 
revealed a correlating increase in the phosphorylation of Ik B. Immunocytochemical 
techniques enable localization of NF-k B in hippocampal sections. Our results 
provide evidence that NF-k B is involved in the signal transduction pathway of TMT- 
induced neurodegeneration.

732.10

EFFECTS OF THE NEUROTOXIN TRIMETHYLTIN (TMT) GIVEN TO 
MATURE RATS IS DEPENDENT UPON THE ABSOLUTE DOSE 
RATHER THAN THE RELATIVE (I.E., MG/KG) DOSE. S.B. Sparber*. 
Dept. of Pharmacology, Univ. of Minnesota, Minneapolis, MN 55455.

TMT was injected (6 mg/kg, i.p.) into 61/2 month old SD rats exposed to 
cocaine in utero, or controls, in order to determine if the "insulted" offspring were 
more sensitive to the second "insult". Acute and protracted toxicity of TMT has 
thus far been expressed as reductions in body weights, occasional convulsions 
and the premature emergence of mammary tumors in females. The degree of 
body weight loss during the month following TMT was significantly correlated 
with the absolute dose; heavier males and females showing the greatest effect, 
with males showing a greater reduction than females. Over the next 2-3 months, 
prior to emergence of mammary tumors, twice as many males, compared to 
females, died or were euthanized because of health deterioration. Significantly 
more TMT-treated rats of both sexes falling into this category were from the 
heavier half of the cohort. Six months after TMT (i.e., at 13 months) significantly 
more tumors have already appeared in the TMT females (15% vs. 0%). It 
remains to be determined if there is also a differential effect of in utero cocaine, 
with or without postnatal TMT, upon these offspring as they continue to age. We 
expect the aging process to be an additional "insult" to the single in utero cocaine 
"insult", as well as the postnatal TMT "insult". Supported in part by USPHS 
grant R37 DA 04979.

732.11
THE EFFECTS OF DEXAMETHASONE ADMINISTRATION ON TRIMETHYLTIN- 
INDUCED HIPPOCAMPAL INJURY. HIDEKIIMAI1', MIYUKI 
sadamatsu 2,tsutomu  nishimura L MICHINORI KABUTO1 AND NOBUMASA
KATO4. 'Regional Environ. Div.. Natl. Inst, for Environ. Studies. Tsukuba. Ibaraki 305-
0053, Japan, Dept. of Psychiatry, St. Luke’s International Hospital, Chuo, Tokyo 104- 
0044, Japan, 3Div. of Cortical Function Disorders, Natl. Inst. Of Neurosis.,NCNP, Kodaira, 
Tokyo 187-8502, Japan, Dept. of Neuropsychiatry, Graduate School of Medical Sciences, 
Univ. of Tokyo, Bunko, Tokyo 113-0033, Japan.

Trimethyltin (TMT), an organic compound, is known to cause the hippocampal damage 
and also to show an transient increase of plasma corticosterone (CORT) level on day 3 and 
4 after treatment, raising a question regarding the possible effects of CORT on the 
hippocampal damage. In the present study, therefore, the effects of adrenalectomy on the 
TMT-induced hippocampal damage and also its possible recovery by dexamethasone 
(DEX) supplement were investigated.

Male adult Sprague-Dawley rats (aged 5 weeks) were adrenalectomized and ALZET mini 
osmotic pumps were implanted under the dorsal skin. The pumps delivered DEX (10 
micrograms/day) constantly for 21 days. Seven days after surgery, rats were treated with a 
single dose of TMT ( 9mg/kg, p.o.) or water vehicle. On 14 days after TMT treatment, rats 
were sacrificed and brain samples were collected. The brains after perfusion by 
paraformaldehyde were cut and stained either with cresyl violet or with
immunocytochemical methods with antibodies against vimentin or glial fibrillary acidic 
protein (GFAP) as astroglial markers.

Neuronal loss was found mainly in CA3b pyramidal cell layer in the hippocampus in 
TMT-treated rats. Vimentin and GFAP immunoreactivity were localized in CA3b to CA3c 
regions. ADX exaggerated both of neuronal loss and immunoreactivity of astroglial 
markers. On the other hand, when compared to either TMT treatment alone, or to ADX and 
TMT administration, DEX supplement to ADX and TMT-treated rats reduced neuron loss 
and the immunoreactivity of vimentin and GFAP.

Since it was suggested by our previous experiment that interleukin-1 probably from the 
glial cells may stimulate the transient increase of CORT after TMT treatment, it is likely 
that activation of the glial cells by TMT is involved in the process of TMT-induced 
hippocampal damage. The present results, suggesting the protective effects of CORT on 
the hippocampal damage, may provide a further evidence suggesting the observed transient 
increase of CORT may have a role to attenuate the TMT-induced glial cell activation via a 
feedback manner as in the case of inflammatory reactions. (Supported by NIES Special 
research Grant T-13)

732.12
PATHWAYS OF Pb2+ PERMEATION IN MAMMALIAN NEURONS. Carla 
Marchetti*, Monica Mazzolini and Cesare Usai - Istituto di Cibemetica e Biofisica,
C.N.R., via De Marini, 6, 16149, Genova, Italy.

Lead (Pb2‘). an ubiquitous and highly toxic environmental contaminant, acutely 
blocks both voltage-dependent and NMDA-activated Ca channels. In addition, Pb2+ 
can permeate the neuronal membrane through different pathways. The influx of Pb2+ 
was studied in rat cerebellar granule cells, by means of microspectrophotometry and 
confocal microscopy, in cells loaded by the fluorescent probes, Fura2 or Oregon 
Green. The approach is similar to that we have used to investigate the pathways of 
Cd2+ influx in neurons (Usai et al., J.Neurochem. 72:2154, 1999). Different from 
Cd2+, application of 5 - 50 pM Pb2+ in Ca-free external bath determined a significant 
increase «of the fluorescence ratio (R = E34o/E38O) in Fura2-loaded cells and an 
increase in fluorescence intensity in Oregon Green-loaded cells, even in the absence 
of stimuli (depolarization or NMDA). Both effects were dose-dependent and readily 
reversed by the membrane permeant heavy metal chelator TPEN (100 pM). Pb2+ 
influx was not affected by mM Mg or Ca and only slightly antagonized by lanthanum 
(25 pM). The rate of rise, dR/dt, was increased up to a factor of 5 by depolarizing 
high-KCl solution, indicating a sizeable influx through voltage-dependent channels, 
but was not significantly modified by glutamic acid or NMDA, in the presence of 10 
pM glycine, suggesting that influx through NMDA channel is not a major pathway 
of Pb uptake. In situ calibration in the presence of 20 pM 4-Br-calcium. ionophore 
A23187 confirmed previous results that the maximum value of R in high Pb2+ 
(Rmax(Pb)) is approximately 1/6 of the ratio value in saturating Ca2+(Rmax(Ca)). The 
higher doses of Pb caused saturation of the dye, whose internal concentration is ~10 
pM, indicating that intracellular Pb can reach concentration in the micromolar 
range. These results show that, different from Cd2+, which permeates the cell 
membrane mainly through the same pathways as Ca2+, Pb2+ is rapidly taken up by 
neurons through a passive transport system, which still needs to be fully elucidated.
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732.13

EFFECTS OF CHRONIC LQW-LEVEL LEAD EXPOSURE ON 
PREPULSE INHIBITION OF ACOUSTIC STARTLE IN THE RAT. A.J. 
Barron*, M.Tavakoli-Nezhad, D.K. Pitts and R.L. Commissaris,
Department of Pharmaceutical Sciences, College of Pharmacy & Allied 
Health Professions, Wayne State University, Detroit, MI 48202.

Previous work has suggested that the behavioral effects of chronic low-level 
lead exposure on Fixed Interval (FI) operant behavior result from enhanced 
dopaminergic neurotransmission in the nucleus accumbens (Cory-Slechta et al., 
1998). The present studies were designed to further characterize the effects of 
chronic low-level oral lead exposure on another behavior modulated by 
dopaminergic neurotransmission in the nucleus accumbens. In these studies 
acoustic startle and the prepulse inhibition of startle were studied in rats 
following chronic low-level oral lead exposure. Weanling male rats were 
treated for 5-6 weeks with lead via drinking water (250 ppm lead acetate; 
controls drank 250 ppm sodium acetate). Acoustic startle reactivity (95,105 and 
115 dB noise bursts) and prepulse inhibition (prepulses of 1-8 dB over the 70 
dB background) of startle were tested following lead exposure. Lead exposure 
did not affect body weight. Lead exposure also did not significantly affect 
baseline (i.e., NO-PPI) acoustic startle. In contrast, for both the 105 dB and 115 
dB acoustic startle stimuli, chronic low-level oral lead exposure significantly 
attenuated the capacity of an acoustic prepulse to reduce the startle response. 
Given the strong link between dopaminergic neurotransmission in the nucleus 
accumbens and the modulation of prepulse inhibition, the present data are 
consistent with the hypothesis that chronic low-level lead exposure facilitates 
dopamine neurotransmission in the nucleus accumbens.

(Supported by EHS Center Grant P30 ES066394)

732.14
SPATIAL LEARNING DEFICITS ARE PRODUCED IN POSTWEANING RATS 
FOLLOWING CHRONIC LOW LEVEL LEAD EXPOSURE. K. L. Haik- 
Creguer*1. D. A. Shear1,4. S. Gorzinski3. E. W. Benson2. V. D. Hulce3, and G. L.
Dunbar1. ‘Brain Res. Lab., Dept. Psych.; 2Dept. Chem., Central Michigan. University,
Mt. Pleasant, MI 48859. ’Field Neurosciences Institute, Saginaw, MI 48604; 4Dept. 
Psych., Emory University, Atlanta, GA 30322.

Children exposed to lead (Pb) exhibit cognitive impairment, hyperactivity, and 
impaired postural balance. Animal models of chronic Pb administration have not 
produced consistent evidence of spatial learning deficits, hyperactivity, or impaired 
balance. The purpose of this study was to assess whether chronic Pb exposure affected 
performance on a comprehensive battery of behavioral tests in a dose-dependent manner. 
Four groups of male Sprague-Dawley rats (20-21 days old) were exposed to the 
following levels of Pb (via their drinking water): (1) 500 ppm; (2) 250 ppm; (3) 125 
ppm; and (4) 0 ppm (control) over a 182-day period. Lead treatment levels were 
confirmed through atomic absorption spectrometry. Prior to treatment, rats were 
pretrained on a balance beam and tested for nocturnal activity in an infrared motion 
detector and in an open field task. During treatment, rats were tested weekly for balance 
and nocturnal motion detection, and every fourth week for grip strength, paw placement, 
and nocturnal open field activity. Rats were tested for spatial learning ability in a radial 
arm water maze (RAWM) task for one week beginning 169 days after the initiation of Pb 
treatment. Results indicate that all groups of Pb-treated rats committed significantly 
more spatial memory errors than the control group in the RAWM. Rats treated with high 
levels of Pb exhibited impaired growth, however no significant differences were 
observed on any of the other measures. These findings suggest that rats chronically 
treated with the lowest levels of Pb show some learning deficits similar to what has been 
observed in humans. Further research is needed to determine if more prolonged Pb 
exposure at even lower levels can produce spatial learning deficits, and if extended Pb 
treatment at levels used in this study can also produce motor deficits that mimic what is 
observed in Pb-exposed children.
This project was supported by the Field Neurosciences Institute, St. Mary’s Medical 
Center, Saginaw, Michigan.

732.15

DNA-BINDING OF THE Egr FAMILY OF TRANSCRIPTIONAL FACTORS 
IS ALTERED IN THE NEONATAL BRAIN BY LEAD EXPOSURE.
C.R. Reddy, R. Sharan and N.H. Zawia*, Dept. of Pharmacology, Meharry 
Medical College; Nashville, TN 37208.

Zinc finger proteins (ZFP) of the Cys2-His2 class are among the major 
DNA-binding motifs that are involved in eukaryotic gene regulation. 
Studies in our laboratory have provided evidence for Spl, a ZFP, as a target 
site for perturbations of transcriptional regulation of developmental brain 
gene expression by metals such as lead (Pb). The objective of the present 
study was to examine whether Pb would induce similar changes in the 
DNA-binding profile of Egr-1 (Zif268), another ZFP of the Cys2-His2 class in 
the developing rat brain. The experimental rats were lactationally exposed to
0.2% Pb acetate from birth to weaning, and the brain regions were obtained 
on postnatal days (PND) 3-30. The Egr-1 DNA-binding analysis was done by 
electrophoretic mobility shift assay. Egr-1 DNA-binding in the postnatally 
developing cortex and cerebellum of control rats was low on PND 3 with a 
gradual increase to peak at PND 30. Unlike the controls, the Pb- exposed rat 
brains exhibited a shift in Egr-1 DNA-binding peak toward early postnatal 
days and decreased drastically thereafter, in a manner similar to the Spl 
DNA-binding that we reported earlier. These data provide additional 
evidence that Pb interferes with developmental brain gene regulation 
through modulation of ZFP DNA-binding.
Suported by NIEHS grant 129ES08104-01A, MRISP/NIMH grant MH57067 
and RCMI grant G12RR03032.

732.16

THE EFFECTS OF LEAD ON Spl DNA-BINDING IN PC12 CELLS 
INVOLVE PKC. P&.A&inst and NK Zawja- Dept of Pharmacology, 
Meharry Medical College; Nashville, TN 37208.

Numerous animal and human studies have confirmed that exposure to 
lead (Pb) during critical periods of neuronal development results in both 
cognitive and behavioral deficits. The mechanism of Pb's untoward effects is 
still unknown, but studies from this lab suggest that Pb may interfere with 
growth and differentiation by targeting key transcription factors (TFs) such 
as Spl either directly or via certain signaling pathways. The established role 
of PKC in differentiation and its known modulation by Pb suggest that it 
may participate in induction of TFs such as Spl. Consequently, we have 
previously shown that exposure of pheochromocytoma (PC12) cells to Pb 
induces Spl DNA-binding and neurite outgrowth. To investigate the 
mechanisms by which Pb modulates Spl DNA-binding and cellular 
differentiation, PC12 cells grown to semi-confluency were exposed to various 
concentrations of Pb, nerve growth factor (NGF), the potent PKC inhibitor 
staurosporine (STAURO) or combinations of these. Forty-eight hours later, 
cells were detached by trypsinization, and nuclear extracts were prepared. 
Gel mobility shift assays and western blots were then employed to determine 
the outcome of the exposures on Spl DNA-binding and PKC levels, 
respectively. The results obtained revealed a dose-dependent increase in Spl 
DNA-binding with both Pb and NGF which was not potentiated when they 
were combined. In addition, a dramatic effect was seen with STAURO to 
block Spl DNA-binding and to decrease the levels of PKC under all 
experimental conditions. These results suggest that Pb modulates Spl DNA- 
binding via a mechanism dependent on PKC activation.

This work was partially supported by MRISP/NIMH grant #MH57067 and 
in part by NIEHS grant #129ES08104-01A.

732.17

THE EFFECTS OF CHRONIC LEAD EXPOSURE ON SYNAPTIC 
TRANSMISSION IN MURINE FLEXOR MUSCLE. W.B. Al Shuaib*1
M.Y.Hasan2 and M.A. Fahim3 Dept. of Physiology1, Faulty of Medicine, 
Kuwait Univ., Kuwait, Dept. of Pharmacology2 and Dept of Physiology3, 
FMHS, U.A.E. Univ., United Arab Emirates.

Lead exposure is a potential health hazard. Various studies have 
reported the effect of lead on skeletal muscle. Most of these studies were 
performed under acute condition. The following project evaluated the 
action of chronic lead treatment on spontaneous and evoked transmitter 
release at flexor nerve terminals of lead-treated male C57 BL mice. 
Utilising intracellular recording method, miniature endplate potentials 
(MEPPs) and endplate potentials (EPPs) were measured in urethane- 
anaesthetized (2 mg/g, i.p.) control and lead-exposed mice. Exposure to 
lead (1.0 mg/kg) was carried by daily i.p. injection of lead acetate 
(dissolved in 5% glucose solution) for 4 weeks. It was found that MEPP 
frequency is 40% higher in lead-treated mice when compared to control 
(p<0.01). Unimodal and bimodal MEPP amplitude were present with no 
changes in the mean values at both control and lead-treated mice. 
Chronic lead treatment brought about 52% reduction of quantal content 
as calculated by the direct method (p<0.01). These results indicate that 
lead treatment significantly interferes with the process of spontaneous 
and evoked release of neurotransmitters, which in turn affects the 
strength of skeletal muscle. It is concluded that chronic lead exposure 
could potentially cause neuromuscular pathology. These actions are 
possibly attributed to the modification of calcium mobilization.

732.18

EFFECT OF CHRONIC MANGANESE TREATMENT ON 
ADENOSINE CONTENT AND A2a RECEPTOR BINDING 
PARAMETERS IN MOUSE BRAIN. V, Villalobos1. J, Suarez1. J. 
Estevez2, D. Giraldoth1, E. Bonilla2. D.N, Franz3* and M.E. 
Alburges3. JDept. de Biologfa-Facultad de Ciencias; 2Inst. de 
Investigaciones Clfnicas, Univ. del Zulia, Venezuela; 3Dept. of 
Pharmacol./ Toxicol., Univ. of Utah, Salt Lake City, UT 84112.

Manganese (Mn) intoxication in humans is characterized by an initial 
psychotic phase followed by an irreversible extrapyramidal motor 
disorder that resembles Parkinson's disease. We evaluated the effects of 
chronic Mn treatment on A2a receptor binding parameters and adenosine 
concentrations, in mouse brain. Male albino mice (NMRI) were injected 
with MnCl2 (5 mg/kg/day, i.p.) or saline for nine weeks. Animals were 
sacrificed two days after last treatment and hippocampus, hypothalamus, 
frontal cortex, cerebellum, olfactory bulb and caudate nucleus, were 
dissected. This treatment increased the receptor binding affinity of the 
A2a agonist, CGS21680, without changing in the number of receptor 
sites in cerebellum and frontal cortex. In addition, an increase in both 
Kd and Bmax values were observed in hippocampus tissues. The Mn 
treatment did not affect these binding parameters in caudate nucleus, 
olfactory bulb and hypothalamus but did decreased concentrations of 
adenosine in these three brain regions. The absence of changes in Kd 
and Bmax in caudate nucleus, olfactory bulb and hypothalamus may be 
due to the fact that these receptors are mostly localized in cholinergic and 
GABAergic neurons, which are more resistant to Mn treatment. 
Supported by Condes and Fundacite Zulia.
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732.19
EFFECT OF AMMONIUM CHLORIDE ON METABOLISM OF PRIMARY CULTURE 
OF NEURONS AND NEUROBLASTOMA CELL LINE.
N. Haghighat* and D.W, McCandless. Department of Cell Biology and Anatomy, 
Chicago Medical School, 3333 Green Bay Road, North Chicago, IL 60064.

Hyperammonia is a consistent finding in many metabolic disorders. The excess 
ammonia (NH4C1) interferes with brain energy metabolism possibly in part by 
inhibiting the tricarboxylic acid (TCA) cycle. Inhibition of the TCA cycle may result 
in depletion of ATP in the brain cells. In this study, the acute and chronic effect of 
NH4C1 (7.5mM and 15mM) on the metabolism of isolated neurons and neuroblastoma 
cells was examined. Primary neurons were isolated from the cerebral cortices of 1 5 
days-old rat (Sprague-Dawley) embryos, and neuroblastoma cells were purchased from 
American type culture collection (ATCC). These cells were treated with NH4C1 for 1 5 
and 24 hours. Our study showed that NH4C1 causes morphological alteration in both 
primary neurons and neuroblastoma cells. For biochemical studies, glucose, lactate, 
glutamate, ATP and PCr were assayed following the procedure developed by Lowry and 
Passonneau. Following 15 minutes treatment, except that the concentration of latate 
increased significantly in neuroblastoma cells, there was no significant differences in 
concentration of the other metabolites in neuroblastoma and primary neurons. 
Following 24 hours treatment the glucose utilization increased in both cell types. 
This high utilization of glucose in neuroblastoma cells, was in concert with an 
increase in lactate and decrease in glutamate and ATP. In primary neurons, following 
24 hours treatment, the glucose utilization also significantly increased, but the 
concentration of the other metabolites did not change significantly. Neuroblastoma 
cells consumed more glucose than primary neurons in the absence of NH4C1, but 
generated the same amount of lactate as neurons. The possible method of action of 
NH4C1 in both cell types is presented.

Grant: U.S.E.P.A.

732.20
BIOAVAILABILITY OF ALUMINUM FROM DEGRADABLE CHAFF 
COUNTERMEASURES. C. L. Wilson1, H. Zhang2, K. Lehman1, A. Miladi1, M. 
Holmes'.W. K. Alexander1 and A. F. Nordholm1*. 'Naval Health Research Center 
Detachment (Toxicology); 2ManTech Environmental Technology, Inc., Wright- 
Patterson Air Force Base, OH 45433.

United States military aircraft and ships currently use aluminized glass chaff as a 
passive countermeasure for radar guided threats. Heightened concern for the health 
impact of deployed chaff on human and animal habitats has led to the development 
of degradable chaff forms which consist of aluminum-coated degradable glass 
material. Aluminum, the principle toxic component of current and proposed 
degradable chaff, has been implicated in the etiology of at least one 
neurodegenerative disease, although data supporting this hypothesis are 
inconclusive. In an effort to assist in human health and ecological risk assessment 
of the geographical areas over which the new chaff will be deployed, current 
studies are evaluating the effects of exposure to degradable chaff. Environmental 
analysis of the Naval Research Laboratory-Chesapeake Bay Detachment (NRL- 
CBD), an area over which aluminized chaff has been deployed for nearly twenty 
years, suggests that soil bioavailable aluminum levels are not significantly different 
from background levels. Moreover, studies focusing on the reactivity of chaff 
under conditions which mimic the pediatric GI tract environment using a 
physiologically-based extraction bioassay suggest that chaff-derived aluminum is 
only minimally bioaccessible. Experiments in vivo are in progress to monitor 
bioavailability of chaff-derived aluminum and deposition in nervous tissue. 
Funding sponsor: Naval Air Warfare Center, Aircraft Division, Patuxent River, 
MD.

732.21

APOPTOTIC CELL DEATH INDUCED BY METHYLMERCURY IS 
PREVENTED BY THE FREE RADICAL SCAVENGERS 17(3-ESTRADIOL 
AND J811. E. Dare, M. Gotz, B. Zhivotovsky, E. Ahlbom* and S. Ceccatelli. 
Institute of Environmental Medicine, Karolinska Institutet, S-171 77
Stockholm, Sweden.

Methylmercury (MeHg) is a neurotoxic environmental pollutant from natural 
and industrial sources. Growing concern over the adverse effect of chronic low 
level exposure to MeHg is based on the evidence of accumulation of mercury 
into the food chain, particularly in fish. The developing nervous system is more 
sensitive to MeHg than the adult brain. The sensory, visual and auditory 
systems, as well as the cerebellum, are most commonly affected. Cerebellar 
granule cells (CGC) have provided a reliable model for evaluating mechanisms 
involved in MeHg toxicity. In the present study, we exposed rat CGC to low 
doses of MeHg (0.1-1 pM). The treatment caused a dose-dependent cell 
shrinkage, nuclear condensation and formation of high molecular weight-DNA 
fragments, suggesting the occurrence of apoptosis. Caspase-3 and calpain were 
activated by MeHg, as shown by the presence of the pl7 active fragment of 
caspase-3 and by the cleavage of fodrin into the 120 kDa and 150 kDa 
fragments. Two free radical scavengers, 17P-estradiol (10 pM) and the 
A8,9-dehydro estrogen J811 (10 pM) protected from MeHg damage (1 pM), 

preventing morphological alterations, chromatin fragmentation and activation 
of proteases. The protection exerted by these antioxidants underlines the key 
role of oxidative stress in MeHg toxicity. The shielding effect of the radical 
scavengers is potentially relevant for the development of therapeutic strategies 
for MeHg intoxication. (Supported by EEC (ENV4-CT96-0173), the Swedish 
Environmental Protection Agency (802-132-96 Fs) and MISTRA. J811 was 
kindly provided by JENAPharm.)

NEUROPSYCHIATRIC DISORDERS: PHARMACOLOGY

733.1

ACUTE rCBF CHANGES INDUCED BY HALOPERIDOL AND 
OLANZAPINE IN PATIENTS WITH SCHIZOPHRENIA. A.C. Lahti*, M. 
Weiler, H.H. Holcomb, C.A. Tamminqa. Maryland Psychiatric Research 
Center, University of Maryland School of Medicine, P.O. Box 21247, 
Baltimore, MD 21228.

In preclinical studies several antipsychotics show regional limbic 
selectivity both with acute and chronic administration whereas traditional 
antipsychotics are active both in limbic and motor brain areas. Using 
functional imaging studies with H2O15 we wanted to test whether these 
preclinical differences would be reflected in humans by a differential 
pattern of rCBF changes. For this purpose, we compared rCBF changes 
induced by the traditional antipsychotic haloperidol and the atypical 
medication olanzapine given to schizophrenic patients. Schizophrenic 
patients (n=12) with a history of partial good response to traditional 
antipsychotics were included in the study. They remained free of all 
medications for a period of two weeks prior to receiving a series of scans 
following a single acute dose of 10 mg of haloperidol (n=6) or 15 mg of 
olanzapine (n=6). Scans were obtained at baseline (n=2) and hourly 
thereafter for a period of up to 6 hours. Average images were constructed 
by contrasting baseline scans with scans obtained after medications and 
analyzed using SPM techniques. With haloperidol, increased activation 
was seen in caudate nucleus and thalamus and decreased activation was 
seen in R inferior frontal and L middle temporal cortices as well as in 
cerebellum. With olanzapine increased activation was seen in L insula, L 
superior temporal gyrus and anterior cingulate, while decreased activation 
was seen in thalamus and L lingual gyrus. These data appear to indicate 
greater subcortical metabolic activation with haloperidol and greater 
cortical activation with olanzapine.

733.2

EFFECTS OF ANTIPSYCHOTICS ON FIRING RATE OF MEDIAL 
PREFRONTO-CORTICAL NEURONS. AN EXTRACELLULAR IN VIVO STUDY 
A. Ceci*1, A Baschirotto1, G. Di Giovanni2, M, Grauert3-1. Boehringer Ingelheim 
Italia, Via Lorenzini 8, 20139, Milan. Italy -2.Consorzio Mario Negri Sud, Santa 
Maria Imbaro Chieti, 66030, Italy -3. Boehringer Ingelheim KG, Ingelheim D- 
55216, Germany

The medial prefrontal cortex (mPFC) is defined anatomically as the cortical 
area innervated by the mediodorsal nucleus of the thalamus and receives a 
prominent innervation from dopamine (DA)-containing fibers from the ventral 
tegmental area (VTA). In vivo, the VTA dopaminergic system exerts a major 
inhibitory influence on the activity of mPFC neurons. Structural and functional 
brain studies in schizophrenic patients and postmortem studies are providing 
evidence for the involvement of the mPFC in the pathophysiology of 
schizophrenia. Even if extensive studies have been done in the mPFC, the 
effects of systemic administration of antipsychotic drugs have never been 
studied in this area.

The aim of this study was to evaluate the effect of drugs effective (risperidone, 
haloperidol, clozapine and olanzapine) or ineffective (fananserin and L-754,870) 
in schizophrenic patients, on the electrical activity of mPFC neurons.

Extracellular activity of single neurons in the mPFC was performed on male 
Sprague-Dawley rats anaesthetized with chloral hydrate (400 mg/kg, i.p ).
All four of the effective antipsychotics increased, in dose related manner, the 
electrical activity of the mPFC neurons. The estimated ED50's were as follows: 
haloperidol (ED50=30 pg/kg; n=4), risperidone (ED50=14 pg/kg; n=4), 
olanzapine (ED50= 20 pg/kg; n=4) and clozapine (ED50 =9 mg/kg; n=3). In this 
animal model, the rank order of potency of the four drugs (risperidone > 
olanzapine > haloperidol > clozapine) correlate with the potency of these drugs 
in schizophrenic patients. Fananserin (up to 4.5 mg/kg) and L-754,870 (up to 
14.5 mg/kg) were not active on the mPFC neurons. The present results suggest 
that in vivo recording of mPFC neurons might be a useful animal model to 
evaluate the activity of antipsychotic drugs.
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733.3
VOLUME AND NEURONAL NUMBER OF THE PRIMATE MEDIODORSAL 
THALAMIC NUCLEUS: EFFECTS OF CHRONIC HALOPERIDOL 
ADMINISTRATION. IN. Pierri.1* D.S, Melchitzkv.' and D.A. Lewis.1,2 
Departments of 'Psychiatry and ^Neuroscience, University of Pittsburgh, 
Pittsburgh PA, 15213.

Several studies have reported a decrease in the volume and total neuronal 
number of the mediodorsal thalamic nucleus (MDTN) in subjects with 
schizophrenia. To determine whether these observations may be related to chronic 
treatment with antipsychotic medications, we estimated the volume and total 
neuronal number of the MDTN in four cynomolgus monkeys that were 
administered depot haloperidol using a concentration control design. Each drug 
treated animal was matched to one untreated control animal for sex, age, and 
weight. Haloperidol treated animals received a mean (±S.D.) haloperidol dose of 
16.1 ± 2.1 mg/kg injected intramuscularly every 28 days for 9-12 months, 
resulting in mean (±S.D.) maintenance trough plasma levels of 4.3 ± 1.1 ng/ml. 
All animals developed mild extrapyramidal symptoms that were controlled with 
benztropine. Blinded estimation of MDTN volume using the Cavalieri principle 
and total neuronal number using the optical fractionator is in progress. The results 
of this study will serve as an important experimental control for postmortem 
studies of the MDTN in subjects with schizophrenia. Supported by USPHS grants 
MH45156, MH00519, and MH18951.

733.4

BEHAVIOURAL CONSEQUENCES OF (+) MK-801 AND PCP
NEUROTOXICITY IN THE RAT. Frank Sams-Dodd*. Pharmacological 
Research, H. Lundbeck A/S, Ottiliavej 9, DK-2500 Valby, Denmark 
Studies in rats and primates have demonstrated that repeated phencyclidine 
(PCP) treatment can produce enduring cognitive deficits that may resemble 
the cognitive deficits seen in schizophrenia, suggesting that neuro-
degeneration resulting from NMDA-receptor dysfunction may be a valid 
model of schizophrenia. The purpose of the present experiments was to 
expand these findings and to study the effects of neurodegeneration induced 
by the NMDA-antagonists PCP and (+) MK-801 in animal tests with face 
validity for some aspects of the positive and negative symptoms of 
schizophrenia. Rats were treated with dose-regimes of (+)MK-801 and PCP 
that are known to produce mild and severe irreversible levels of neurotoxicity, 
and were tested 7 or 10 days after the last drug administration in the social 
interaction test and in standard activity cages. The rats did not show any 
enduring behavioural changes as a result of the treatment. The present study 
could therefore not provide additional evidence for the face validity of this 
model of schizophrenia.

733.5

EFFECTS OF ANTIPSYCHOTICS ON MESOPREFRONTAL DOPAMINE 
NEURONS: AN ELECTROPHYSIOLOGICAL STUDY. M. Diana*, M. Melis1, M. 
Pistis2 and G.L. Gessa1. Dept of Drug ScL Univ. of Sassari1Dept of Neurosci, Univ. 
of Cagliari; and 2Neuroscienze S.c.ar.l.

For many years antipsychotics have been utilized in the treatment of 
schizophrenia, but their mechanism of action remains to be elucidated. It has been 
shown that a hypofunction of dopaminergic function in the prefrontal cortex is one 
of the pathophysiological features of schizophrenia. Typical antipsychotics, like 
haloperidol, share the ability to selectively block D2 dopamine (DA) receptors. On 
the other hand atypical antipsychotics, like clozapine and olanzapine, have 
antagonistic properties at DI, D2, D4 DA, 5-HT2A, a,-adrenergic and muscarinic 
receptors with similar potency at clinically effective concentrations. Hence, it is 
difficult to establish a correlation between these two classes of drugs in terms of 
their pharmacological and clinical profile. Here we compare the effect of 
haloperidol, clozapine, olanzapine and the selective DI DA receptor antagonist 
SCH23390 on the spontaneous electrical activity of mesoprefrontal DA cells, 
utilizing standard extracellular recordings coupled with antidromic identification in 
anesthetized rats. The i.v. administration of haloperidol (0.025-0.2 mg/kg), 
olanzapine (0.125-1 mg/kg) and clozapine (0.0625-2.5 mg/kg) increased the firing 
rate and burst firing of mesoprefrontal DA neurons, with calculated ED50s (mg/kg 
i.v.) of 0.039, 0.152 and 0.615. At the highest dose tested the increase in burst 
activity was 236, 179 and 338%, respectively. In contrast, SCH 23390 (up to 0.1 
mg/kg i.v.) did not affect the firing rate and pattern of mesoprefrontal DA cells. Our 
results suggest that the ability of haloperidol, clozapine and olanzapine in enhancing 
the activity of mesoprefrontal DAergic neurons is correlated to their potency as D2 
DA receptor antagonists. Since DI receptor blockade by SCH23390 is per se 
ineffective, DI antagonistic properties do not seem to be involved in increased firing 
rate of DA neurons produced by both clozapine and olanzapine.

733.6
PREDICTION OF THE HEMATOTOXIC POTENTIAL OF NEWLY 
DEVELOPED ANTIPSYCHOTICS. J.-F. Liegeois,1-2* J. Bruhwyler,3 C. Petit,4 J. 
Damas,2 J. Delarge,1 J. Geczy,3 J.-M. Kauffinann,4 M. Lamy,5 H.Y. Meltzer6 and A.
Mouithys-Mickalad5. 'Lab. Med. Chem., Univ. of Lidge, Belgium 2Lab. Physiol., 
Univ. of Lidge, Belgium 3Therabel Research, Brussels, Belgium 4Lab. Instrumental 
Analysis and Bioelectrochemistry, Free Univ. of Brussels, Belgium 5Centre for 
Biochem. of Oxygen, Univ. of Liege, Belgium 6Dept. of Psychiatry, Vanderbilt 
University School of Medicine, Nashville, USA.

Some antipsychotic agents have been found to produce agranulocytosis and 
aplastic anemia. The oxidation phenomena and/or the formation of free radicals has 
been suggested to be causally related to various hematological disorders, e.g. 
agranulocytosis. Using HRP systems coupled to ESR, lipid peroxidation system and 
the determination of the electrooxidation potential, we evaluated the oxidative 
potential of compounds with and without a history of hematological side effects, 
e.g. agranulocytosis, aplastic anemia. A statistical analysis was undertaken for each 
experimental condition and a multivariate analysis combining all results was 
performed. An 87.5% success in classification was obtained when using the 
oxidation potentials of these drugs determined at pH 4.7 and at pH 7.4, and when 
using a multivariate analysis taking into account the five variables. In this case, the 
two clusters were better discriminated in terms of a “distance coefficient”. In a 
second analysis, the putative antipsychotic pyridobenzodiazepine analogues (JL5, 
JL8, JL18 and JL25) were classified in the cluster of toxic compounds while the 
oxa- and thiazepine analogues (JL2, JL3 and JL13) were classified as non-toxic 
compounds. The procedure described herein is, to our knowledge, the first which 
classifies molecules of different structures as well as different pharmacological 
profiles according to their hematotoxic potential. Such procedure could be used to 
predict drug-induced hematological side effects.

The “Fonds National pour la Recherche Scientifique de Belgique (F.N.R.S.) is 
gratefully acknowledgedfor financial support.

733.7

DECREASED INCORPORATION OF LABELED ARACHIDONIC ACID 
IN RAT BASAL GANGLIA CIRCUITS FOLLOWING CHRONIC 
HALOPERIDOL INDICATES DOWNREGULATION OF 
PHOSPHOLIPASE A2 SIGNALING
C. S. Myers*, M. A, Contreras, N. M, Appel, S.l. Rapoport 
Laboratory of Neurosciences, National Institute on Aging, National 
Institutes of Health, Bethesda, MD 20892.

Our laboratory developed an in vivo method to quantitatively evaluate 
drug-induced phospholipase A2 (PLAJ-mediated signal transduction in brain 
regions of awake rodents to identify uptake of radiolabeled arachidonic acid 
(PH1AA). Dopamine D2 receptors are coupled to G-proteins that activate 
PLA2, releasing AA from sn2 positions of phospholipids, and regional 
[3H]AA uptake is proportional to rate of release. In the present experiment, 
the D2 antagonist haloperidol (1.0 mg/kg i.p.) or vehicle was administered 
to male adult rats for 21 days. Rats were infused 3 days later with 1.75 
mCi/kg [3H]AA (i.v.), anesthetized and decapitated 20 min after infusion 
onset, and brains were processed for quantitative autoradiography. Chronic 
haloperidol significantly decreased ([3H]AA incorporation in basal ganglia- 
frontal cortex circuits (striatum, globus pallidus, prefrontal and cingulate 
cortices). In contrast, published studies using the deoxyglucose method 
showed few significant changes, and D2 receptor upregulation in these 
regions has been reported. Results suggest that haloperidol exerts its effect 
by downregulating D2-mediated PLA2 signaling involving AA release in basal 
ganglia-frontal cortex circuitry. In this regard, serum and platelet PLA2 
activities were reported to be elevated in drug-naive schizophrenics, which 
was subsequently reduced by chronic haloperidol.

733.8
EFFECT OF ANTIPSYCHOTIC DRUGS ON PHENCYCLIDINE-INDUCED c-Foe

of Neuropsychiatry, Fac. cf Medicine, Kagoshima Univ., Kagoshima, Japan.
Previous studies in human subjects have suggested that anterior regions of the

thalamus may respond to neuroleptics. The N-methyl-D-aqoartate receptor antagonist 
phencychdins (PCP) is a psychomimetic drug which produces schizcphrenomimetic 

psychosis. PCP-induoed psychosis includes both positive and negative symptoms, unlike 
methamphetamine-induced psychosis. Tb obtain a due for the molecular and 
neuroanatomical basis of schizophrenic symptoms, we have investigated the effect of 
antipsychotic drugs in rat brain administered PCP on c-fos gene expression as a brain 
activity mapping. Pretreatment with a typical antipsychotic drug haloperidol and an 

atypical neuroleptic clozapine led to similar effect on the midline thalamic 

paraventricular centromedian and rhomboid nudei and nucleus reunions. These 
results raise the possibility that some cf the shared therapeutic action of these drugs are 
mediated through circuits involving the midline thalamic nudei and that another region 
(nudeus accumbens, cingulate cortex, prefrontal ocrtex, hppocampus, and amygdala) 
have been implicated in producing the symptoms of schizophrenia.
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733.9
MEDIAL SEPTAL INACTIVATION SUPPRESSES HIPPOCAMPAL 
GAMMA WAVES AND THE BEHAVIORAL DISTURBANCES 
INDUCED BY PHENCYCLIDINE AND METHAMPHETAMINE. J. Ma.* 
and L.S, Leung. Depts. of Physiology and Clinical Neurological Sciences, 
Univ. of Western Ontario, London, ON., Canada N6A 5A5.

The relationship between hippocampal EEG and behaviors induced by 
either phencyclidine (PCP) or methamphetamine (MAP) was examined in 
behaving rats. The EEGs at the hippocampal CA1 region were 
simultaneously recorded with the animal’s behavior. PCP (10 mg/kg, I.P.) 
significantly increased locomotor activity (rearing, walking, rotation and 
circling). The EEG power spectrum showed that the gamma waves (30-70 
Hz), but not other frequency bands, were significantly increased from 5 to 
120 min after injection of PCP. Infusion of muscimol, a GABA-A receptor 
agonist, into the medial septum, 15 min prior to PCP suppressed both the 
gamma waves and locomotor activity. MAP (1.5 mg/kg, I.P.) also increased 
locomotor activity (locomotion and rearing) for 2 h. Hippocampal EEG 
during locomotion induced by MAP was not different from that during the 
same behavior in the normal rat. However, MAP-induced locomotor activity 
was suppressed by pre-injection of muscimol in the medial septum, which 
also decreased hippocampal gamma activity. It is suggested that the medial 
septum plays a role in behavioral disturbances induced by both PCP and 
MAP through control of the hippocampal gamma activity. (Supported by 
NSERC & OMH)

733.10
INDUCTION OF zif 268, c-fos and fos B AFTER ACUTE EXPOSURE TO 
PHENCYCLIDINE. S.M.Cochran1*, J.A.Pratt1’2 & B.J.Morris1’3. ’Yoshitomi Research 
Institute of Neuroscience in Glasgow, University of Glasgow, Glasgow, G12 8QQ & 
2Dept. of Physiology and Pharmacology, University of Strathclyde, Glasgow, G4 0NR 
& institute of Biomedical and Life Sciences, University of Glasgow, G12 8QQ

Phencyclidine (PCP) is a potent psychotomimetic drug which has been shown to 
produce cognitive and behavioural changes in humans which resemble those observed 
in schizophrenics after a single exposure to the drug. PCP has a complex 
pharmacological profile, affecting many neurotransmitter systems. However, the 
neural systems responsible for mediating the dramatic behavioural effects of PCP 
remain unknown. The aim of this study was to examine the effects of acute exposure 
of PCP upon the induction of a panel of immediate early genes mRNA using the 
technique of in situ hybridisation.

PCP (0.5mg/kg; 2 mg/kg and 5 mg/kg) or vehicle (3% glacial acetic acid in distilled 
water, pH4-5) was administered by ip injection to adult male hooded Long Evans rats 
(250-300g) 45 minutes prior to sacrifice. In situ hybridisation was carried out 
according to the method of Wisden et al. (Neuron, 4:603-614, 1990). A differential 
pattern of induction was observed for each immediate early gene mRNA. PCP evoked 
a widespread pattern of zif 268 and c-fos mRNA expression throughout the brain with 
PCP whereas a more restricted pattern of fos B induction was observed. PCP induced 
a significant increase in c-fos mRNA in a dose-dependent manner within the cortex and 
thalamic nuclei compared to controls (e.g. prelimbic cortex +39%, 0.5mg/kg, +72%, 
2mg/kg; +82% 5mg/kg;). A significant increase in zif 268 mRNA expression was also 
observed within the prelimbic cortex at 2 mg/kg (+42%) and 5mg/kg PCP (+37%) 
compared to vehicle-treated animals. No change in fos B expression was observed 
compared to controls. These results demonstrate that IEG expression after acute PCP 
exposure is mainly within structures involved in the corticothalamostriatocortical 
feedback loop which has been implicated in the symptomatology of schizophrenia

733.11

DIFFERENTIAL DISPLAY ANALYSIS OF THE MECHANISMS OF 
ACTION OF ANTIDEPRESSANT DRUGS. G. McAllister, V. Nikolic, E. 
Carlson, N. Rupniak* & P. Guest. Neuroscience Research Centre, Merck, 
Sharp & Dohme, Terlings Park, Eastwick Rd., Harlow, Essex CM20 2QR, 
United Kingdom.

A recent clinical study reported that Substance P antagonists (SPAs) might 
provide a novel approach in the treatment of depression [Kramer et al. 
,Science 281, 1640-1645 (1998)]. The therapeutic mechanism of SPAs is not 
known but pre-clinical studies suggest that it is distinct from that of classic 
antidepressant drugs such as selective serotonin reuptake inhibitors (SSRIs) 
and may involve the integration of emotional responses to stress in brain 
structures such as the amygdala. We have investigated the mechanism of 
action of SPAs in comparison with SSRIs using an RT-PCR differential 
display technique to identify mRNA species demonstrating altered expression 
in response to one or both treatments. Guinea pig pups were treated 
chronically for 5 days with either the SPA, L-760,735 (3mg/kg) or its inactive 
enantiomer, L-781,773 (3mg/kg), the SSRI fluoxetine (30mg/kg) or saline 
vehicle. The treatments were assessed each day for their ability to inhibit 
stress-induced vocalizations of the pups following maternal separation. On 
the final day of the study the animals were killed and whole brains removed 
for RNA isolation. The RNA was used to generate cDNA and differential 
display experiments were carried out using the Delta Differential Display Kit 
from Clontech. 35S-labelled PCR products were visualised on the Genomyx 
LR gel system and differentially expressed bands excised and reamplified for 
analysis. Several, up- or down-regulated cDNAs were observed and their 
isolation and characterization is underway. MSD Ltd.

NEUROMUSCULAR DISEASES: ALS

734.1
MOLECULAR MECHANISMS OF APOPTOSIS IN A CELLULAR MODEL OF 
AMYOTROPHIC LATERAL SCLEROSIS (ALS)
P. Pasinelli1, D.R. Borchelt2, J.W.Francis1* & R.H. Brown, Jr1.
'Day Neuromuscular Research Laboratory, Massachusetts General Hospital, 
Charlestown, MA 02129;2 Department of Pathology, John Hopkins School of 
Medicine, Baltimore, MD 21205

About 25% of familial amyotrophic lateral sclerosis (FALS) cases are associated 
with mutations in the gene encoding copper-zinc superoxide dismutase (SOD1). The 
mechanism by which mutant SOD1 causes motor neuron degeneration in FALS is 
still largely unknown. We recently demonstrated that caspase-1/ICE is activated in 
neurons expressing mutant SOD1 protein. In differentiated mouse neuroblastoma 
N2a cells, ICE activation is enhanced by oxidative challenge, which triggers secretion 
of mature interleukin ip (IL-1 P) and apoptosis. Conversely, in non-differentiated, 
dividing cells exposure to oxidative stress does not induce apoptosis regardless of 
whether the cells express the mutant SOD1 protein. To determine why the neural 
cells are more susceptible to apoptosis following oxidative challenge, we compared 
the levels of expression of selected cell death genes in N2a cells before and after 
differentiation. Western blot analysis showed that levels of bax and bcl-2 did not 
vary with differentiation. We also failed to see differences in expression of either 
anti- or pro-apoptotic genes in N2a cells expressing mutant as compared to WT 
SOD1. We have therefore considered the hypothesis that qualitative changes in these 
proteins mediated via post-translation modification might explain the differential 
sensitivity of neural N2a cells expressing mutant SOD1 protein. Ultimately, we hope 
that delineation of such events may allow new therapeutic interventions in SOD1- 
mediated ALS.
Sponsored by NIH, ALSA, MDA, Project ALS, the Angel Fund and Telethon Italia

734.2
AMPA receptor subunits expression in ALS-linked SOD1 mutant G93A.
Patrizia Longone* Alida Spalloni, Egle Paolucci, Simona Prisco, Nicola B. 
Mercuri e Giorgio Bernardi IRCCS Santa Lucia e Clinica Neurologica 
Universita’ di Roma “Tor Vergata”, Roma.
Amyotrophic lateral sclerosis is a progressive paralytic disorder of motor neurons 
in the cortex, brainstem and spinal cord. Of ALS cases, 5%-10% are familial, 
inherited in an autosomal dominant manner. The discovery of dominant, missense 
mutations in the metalloen2yme Cu-Zn superoxide dismutase (SOD1) as the 
primary cause of 15%-20% of familial ALS cases has focused attention on how 
mutants in this ubiquitously expressed enzyme cause selective death of motor 
neurons. To explore how mutations in SOD1 might selectively cause motor 
neuron degeneration, several lines of transgenic mice that express wild-type or 
mutant forms of human SOD1 have been produced. Within the different mutants 
the line of transgenic mice expressing the G93A human SOD1 (Gly93-»Ala) 
develop progressive hind-limb weakness and muscle wasting between 4 and 6 
months of age.
Glutamate-mediated excitotoxicity and oxidative stress have been implicated in 
neuronal injury. Furthermore there is a growing body of evidence implicating 
disturbances of glutamate metabolism and neurotransmission in ALS. To explore 
if a defect in the expression of the AMPA receptor may contribute to the onset of 
the disease, we are measuring the mRNA expression of the AMPA receptor 
subunits in the transgenic mice expressing the G93A mutation. Using a 
quantitative RT-PCR assay, we found a significant decrease in the GluRl subunit 
mRNA in the spinal cord of G93A transgenic mice that develop the disease at 4 
and 6 months of age. The same subunit doesn’t seem to change in the frontal 
cortex of the same animals. We are currently investigating other brain areas and 
the expression of the mRNA for the other subunits.
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734.3
THE GENDER SPECIFIC EFFECT OF ALPHA-LIPOIC ACID 
ON ALS-MICE
N. Cole, R. Fu, G. Deng and T. Slddlque*
Dept. Neurology, Northwestern University Medical 
School; Chicago, IL 60611

Transgenic mice over-expressing mutations in SODl 
gene develop disease similar to ALS (amyotropic 
lateral sclerosis ) in humans. Therapeutics can be 
rapidly screened in this animal model. The thiol 
lipoate and especially it’s reduced form dihydrolipoate 
(DHLA) are potent antioxidants in brain and peripheral 
nerves. Recently, we administered lipoic acid to our 
ALS-mice and onset of disease was delayed in females 
by 13 days. This represents the first observation in 
ALS transgenic mice of a gender difference which 
reflects the gender difference in the epidemiology 
of ALS in humans (1:1.6). Lipoic acid is therefore, 
another drug that delays the onset of disease in ALS- 
mice and may provide new insights into the pathogenesis 
of ALS.

Muscular Dystrophy Association

734.4
PARTIAL DEFICIENCY OF MANGANESE SUPEROXIDE DISMUTASE 
EXACERBATES A TRANSGENIC ANIMAL MODEL OF AMYOTROPHIC 
LATERAL SCLEROSIS. O.A. Andreassen1*. P, Klivenvi1. R.J. Ferrante2. A. 
Klein2. C.J. Epstein3 and M.F, Beal1,4. 'Neurology Service, Massachusetts 
General Hospital, Boston, MA 02114, 2Geriatric Research Education Clinical 
Center, VA Medical Center, Bedford, MA 02173, *3Depts. Neurology and 
Pediatrics, UCSF, CA 94143 and 4Neurology Department, New York Hospital- 
Comell Medical Center, New York, NY 10021.

The pathogenesis of neuronal cell death as a consequence of mutations in Cu,Zn 
superoxide dismutase (SODl) associated with familial amyotrophic lateral 
sclerosis (FALS) may involve oxidative damage and mitochondrial dysfunction. 
We examined whether crossing transgenic mice with the G93A mutation (FALS) 
with transgenic mice with a partial depletion of manganese superoxide dismutase 
(MnSOD) would affect the disease phenotype. The behavior of the animals was 
observed twice weekly by means of rotorod performance from 70 days of age 
until death. At 90 and 110 days of age brains and spinal cords were analyzed for 
histopathology by means of staining with Nissl and immunohistochemical 
markers. The performance on rotorod of the FALS transgenic mice started to 
decline at about 120 days of age, but the FALS+MnSOD transgenic mice was 
significantly worse than that of the FALS mice at time points of 106 days of age 
and greater. The lifespan of the FALS transgenic mice was about 149 days, and 
the crossed FALS+MnSOD transgenic mice survived 138 days, which was a 
significant decrease compared with the FALS mice. Stereological counts of 
ventral horn areas of the lumbar spine revealed an exacerbation of loss of motor 
neurons in the FALS+MnSOD mice compared to FALS mice. These findings 
provide further evidence that both oxidative and mitochondrial dysfunction may 
play a role in the pathogenesis of motor neuron death associated with mutations in 
SODl.
(Supported by NIH and NMH, the Muscular Dystrophy and ALS Associations, 
the Norwegian Research Counsel and the Veterans Administration).

734.5

HIGH-LEVEL EXPRESSION OF HUMAN SODl ACCELERATES THE 
DEVELOPMENT OF MOTONEURON DISEASE IN TRANSGENIC MICE 
EXPRESSING FALS-MUTANT SODl D. Jaarsma* E.D. Haasdiik, J.A.C. 
Grashorn, and J.C. Holstege Dept of Anatomy, Erasmus University, Rotterdam, 
3000 DR, The Netherlands

Transgenic mice expressing human superoxide dismutase (hSODl) with 
familial amyotrophic lateral sclerosis (fALS)-linked mutations develop a 
motoneuron disease resembling human ALS. To. study whether increased levels of 
wild-type SODl influence the toxicity of mutant SODl, we have crossed fALS- 
SOD1 mice carrying the gly93ala (G93A) mutation with transgenic mice 
expressing wild-type hSODl. Hemizygote G93A mice (G93A/-, line Gl, Jackson 
Laboratories) were mated with hSODl/- (line N29, Jackson Laboratories) or 
G93A/- males in order to obtain G93A/hSODl, G93A/-, hSODl/-, G93A/G93A 
and non-transgenic control mice. HSODl/- mice did not develop overt phenotypic 
abnormalities upto the 400 days of age. G93A/hSODl mice (n=4) developed 
paresis, as determined by examining the mice for extension of the limbs when 
suspended in the air by their tail, at age 149 ± 12 (mean ± S.D.) days and death at 
age 190 ± 17 days. These values are in between and significantly different (P <
0.01, Student’s /-test) from those of G93A/- (onset; 192 ± 16 days; death, 236 ±17 
days; n= 30) and G93A/G93A mice (onset, 115 ± 11 days; death, 146 ± 12 days; 
n=5). Pathologically, all ‘endstage’ mice showed a 50-60% reduction of ChAT- 
immunoreactive lumbar and cervical motoneurons, and further showed the same 
distribution of astro- and microgliosis and fibre degeneration in the spinal cord 
and brain stem. The mice also showed vacuolisation of dendritic and axonal 
mitochondria in the spinal cord and brainstem, most prominently in G93A/hSODl 
mice. In sum these data show that motoneuron death in G93A mice is facilitated 
by additional expression of wild-type SODl, suggesting that wild-type SODl 
facilitates the toxic action of fALS-mutant SODl.
Funding: NWO-MW (grant #903-51-165 to DJ) and FGG-EUR-ANA-11-02-11.

734.6

CHANGES IN CORTICAL GLUTAMATE LEVELS AND ITS REUPTAKE IN 
A MOUSE MODEL (G93A) OF ALS. G.M. Alexander*. J.L. Seeburger. J.S. 
Deitch. T.P, Heiman-Patterson. Department of Neurology, MCP Hahnemann 
University, Philadelphia, PA 19102.

Transgenic mice expressing a mutated (G93A) human Cu/Zn-superoxide 
dismutase (SODl) develop motor neuron pathology and clinical symptoms similar 
to those seen in patients with ALS, while transgenic mice expressing normal 
human SODl do not develop motor neuron pathology or clinical symptoms. The 
cortical glutamate reuptake system was evaluated in transgenic mice expressing 
both mutant (G93A) and normal human SODl as well as in control litter mates. 
Utilizing intracerebral microdialysis, the basal extracellular levels of glutamate, 
aspartate, glutamine and biogenic amines were evaluated by HPLC in pre- 
symptomatic (60 days old), mildly symptomatic ( 90 days old) and severely 
symptomatic (120-150 days old) animals. The extraction fraction of 3H-L- 
glutamate, corrected with 14C-mannitol, was also evaluated. The SODl mutant 
mice demonstrated a significant ( p<0.01) increase in basal levels of extracellular 
glutamate and a significant decrease in the ratio of glutamine to glutamate, an 
index of astrocytic glutamate uptake function (p<0.05). The extraction fraction of 
radiolabeled glutamate from the probe was increased in the SODl mutant mice 
though not statistically significant. However, when the extraction fraction was 
challenged with exogenous unlabeled glutamate, transport in the mutant SODl 
mice was significantly (p<0.05) decreased from control levels. This study 
demonstrates that in the frontoparietal cortex, an area of no visible pathology at 
this stage of the disease, SODl mutant mice demonstrate disregulation of ability 
to clear glutamate from the extracellular space.
Supported by; The Amyotrophic Lateral Sclerosis Association.

734.7

ALS-LINKED Cu/Zn-SOD MUTATION INDUCES MITOCHONDRIAL 
DYSFUNCTION AND DISTURBANCE OF CALCIUM HOMEOSTASIS. 
LI. Kruman*, S.Camandola, S.Thellung, H. Luo , and M.P. Mattson,
Sanders-Brown Research Center on Aging and Department of Anatomy and 
Neurobiology, University of Kentucky, Lexington, KY 40516 
Several observations suggest that the pathogenic action of Cu/Zn-SOD mutations 

in familial amyotrophic lateral sclerosis (ALS) does not result from a loss of 
function of the enzyme, but rather results from a gain of the adverse property of 
catalyzing hydroxylradical production which may then induce membrane lipid 
peroxidation. However, Cu/Zn-SOD is widely expressed in the nervous system 
and it is why only specific populations of neurons degenerate in patients with 
familial ALS. We employed a mouse model of ALS, in which the overexpression 
of ALS-linked Cu/Zn-SOD mutation leads to progressive motor neuron (MN) loss 
and a clinical phenotype remarkably similar to that of human patients. We also 
used a MN-like cell line (NSC-19 cells) expressing wild type and mutant (G37R 
missense mutation) human Cu/Zn-SOD. MNs in mixed spinal cord cultures and 
cortical cells from Cu/Zn-SOD mutant mice, as well as MN-like NSC-19 cells 
bearing the human G37R Cu/Zn-SOD mutation, exhibited- enhanced lipid 
peroxidation, increased intracellular calcium levels, decreased intramitochondrial 
levels, and decreased mitochondrial membrane potential under basal culture 
conditions. MNs and cortical cells from Cu/Zn-SOD mutant mice were 
characterized by an increased vulnerability to glutamate toxicity. However, the 
difference in vulnerability was much greater in the MNs than in the cortical 
neurons. These data suggest that Cu/Zn-SOD mutations promote mitochondrial 
dysfunction which manifests as perturbed mitochondrial calcium regulation and 
increased oxidative stress. This may result in an increase in vulnerability of 
neurons to excitotoxicity and lowering of the apoptotic treshold of MNs. 
Supported by the NIA and NINDS.

734.8

SODl IMMUNOREACTIVE PRECIPITATES IN MICE TRANSGENIC FOR 
HUMAN SODl WITH AND WITHOUT MUTATIONS. T. Brannstrdm/ K. Emhill?
A. Jonsson,2 P. Nilson,2 P. Andersen,3 L, Forsgren3and S.Marklund2. 'Department of 
Medical Bioscience (Pathology), department of Medical Bioscience (Clinical 
Chemistry), department of Clinical Neurosciences, Umea University, Umea, Sweden.

Mutations in copper-zink superoxide dismutase (SODl) has been closely linked to 
development of ALS. The Asp90Ala mutation shows mostly recessive heredity but all 
other hitherto described mutations are dominant. Transgenic mice carrying an insertion 
of a large number of copies of Asp90Ala mutant SODl gene were generated in our 
laboratory. Mice transgenic for wild type human SODl was used as controls. Tissue 
from the spinal cord of mice transgenic for the Asp90 Ala mutation had an increased 
SODl activity and an even more increased content of SODl protein, indicating the 
existence of large amounts of nonfunctional enzyme.

Heterozygotic Asp90 Ala mice began showing some symptoms of motor neuron 
disease with disturbed activity pattern at around 130 days. Progression of symptoms 
was extremely slow, as in humans with the Asp90Ala mutation, and the founder mice 
died at normal ages (700 to 800 days). Histological studies showed ubiquitinated 
precipitates containing SODl immunoreactivity in motoneuron cytoplasm, troughout 
the ventral spinal neuropil and in distended axonal profiles in the ventral roots.

Homozygotic Asp90Ala mice showed signs of advanced disease at around 370 days 
which rapidly progressed. The mean survival of these animals was 411 days (361-496; 
n=l 1). Histological investigation showed axons having ubiquitin-like and SOD-like 
immunoreactivity in the anterior half of the .spinal cord including the lateral columns. 
SODl immunoreactive precipitates werfe*distributed as in the heterozygotic mice.

Mice transgenic for the human wild type SODl also showed distended axonal profiles 
containing SODl immunoreactivity in the ventral root but fewer neuropil precipitates 
than seenin the other transgenic strains.

This stutfy was supported by the Swedish MRC and Vasterbotten CC.
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734.9
Inactivation  of  a  glial  glutamate  transporter  by  altered  
REACTIVITY OF FAMILIAL AMYOTROPHIC LATERAL SCLEROSIS- 

LINKED SUPEROXIDE DISMUTASE MUTANTS.
D. Trotti*, A. Rolfs, N.C. Danbolt, R.H. Brown Jr. & M.A. Hediger.
Membrane Biology Program, Brigham & Women’s Hospital, Harvard Medical 
School, 77 Avenue Louis Pasteur, Boston, MA 02115.

Underlying -25% of familial amyotrophic lateral sclerosis (FALS) cases 
are dominant inherited mutations in the gene encoding Cu2+/Zn2+ superoxide 
dismutase (SOD1). We find that oxidative reactions triggered by H2O2 and 
catalyzed by SOD1 mutants A4V and I113T but not wild type inhibit the human 
glutamate transporter GLT1 (EAAT2). Chelating the prosthetic Cu2+ of A4V with 
TEPA prevented GLT1 inhibition, consistent with suggestions that SOD1 mutants 
have peroxidase activity. Inhibition by the reaction products formed by SOD1 
mutants is remarkably specific for GLT1. Neither the neuronal glutamate 
transporter EAAC1 nor the metabotropic glutamate receptor mGluR 1 was affected. 
The reactivity of GLT1 is confined to the intracellular C-terminal of GLT1. The 
decrease in GLT1 activity did not involve its removal from the plasma membrane 
by endocytosis within the time frame of our experiments (lh). However, 
internalization may occur at a later stage. Proteins exposed to oxidative damage 
exhibit altered structure, and are likely the subject of spontaneous internalization 
and increased proteolytic fragmentation. This process may account for loss of 
GLT1 immunoreactivity detected in transgenic FALS models and in human 
specimens of FALS. Studies addressing the cellular mechanism of GLT1 
inactivation and degradation may provide new insight into ALS pathophysiology. 
Since inactivation of GLT1 results in neuronal degeneration, we propose that in 
SOD 1-linked FALS the toxic properties of SOD1 mutants lead to neuronal death 
via an excitotoxic mechanism. Supported by MDA and ALS Associations.

734.10
SERUM ANTIBODIES TO CAMPYLOBACTER JEJUNI AND GM1 IN 
GUILAIN-BARRE SYNDROME PATIENTS AND THEIR 
PATHOGENESIS. J, M. Yuan* and H. Li. Department of Neurology, 
First Hospital, Beijing Medical University, Beijing, 100034, China

CJ has been strongly implicated in the etiology of Guillain-Barre 
syndrome (GBS) by molecular mimicry via ganglioside-like structure. 
Sera from 81 GBS patients were determined with GM1, LPS antigens 
(CJ-LPS) and total CJ constituents of CJ (CJ-T) with indirect ELISA 
method, to deduce whether LPS is surely the epitope of CJ and 
whether CJ could induce GBS via GM 1-like structure. The results 
showed: The recent positively infective rate of GBS were 51.9% by 
CJ-LPS and 56.8% by CJ-T. In both assays, there was significant 
difference between GBS and normal control (NC), as well as other 
neurological diseases (OND). There was no difference between the 
positively infective rate of GBS patients detected with the two assays. 
In the GBS patients who had recent CJ infection, 43.6% IgM GM1 
antibody and 38.5% IgG GM1 antibody were detected. There was 
correlation between GM1 IgM antibodies and recent CJ infection, 
while no correlation for IgG type. We drew the conclusions: High 
incidence of GBS following CJ infection was confirmed once more, 
and LPS is surely one of the epitope of CJ in the pathogenesis of 
GBS, CJ may induce GBS via GM1-like structure and GM1 
antibodies, but not all GM1 antibodies derive from CJ infection. 
Supported by the National Natural Science Foundation of China.

734.11

SUBCELLULAR LOCALIZATION AND DEVELOPMENTAL REGULATION OF 
THE SURVIVAL MOTOR NEURON (SMN) PROTEIN IN THE RAT SPINAL 
CORD. G. Battaglia*, V, Setola, A. Giavazzi, S. Pagliardini, and M, Di Luca.
Neurological Institute "C. Besta", Milano, Italy, and Dept. of Pharmacological 
Sciences, Univ. of Milano, Italy.

The Survival Motor Neuron gene is the gene responsible for human spinal 
muscular atrophy (SMA), an autosomal recessive disorder characterized by 
progressive motoneuronal degeneration. The SMN protein has been localized in 
nuclear dot-like structures, dubbed as GEMS, with a proposed role in RNA 
metabolism, and recent experiments in cultured cells demonstrated its role in the 
biogenesis of spliceosomes (Pellizzoni et al., 1999). However, the mechanisms 
leading to the selective motor neurons degeneration associated with SMA are 
still unclear. To gain insight into the role of the SMN protein in motor neurons, 
we have investigated in the present study the subcellular localization of the 
SMN gene product in the rat spinal cord at different pre- and post-natal ages 
(El4, Pl, P15 and adulthood). Western-blot analyses of subcellular fractions 
were carried out with a battery of antibodies directed against different domains 
of the SMN protein. At embryonic day 14 (El4), SMN protein was present as a 
single band of about 39 kDa, mainly bound to the cellular and nuclear membrane 
fractions. At postnatal day 1 (Pl), a second SMN-specific band of about 36 kDa 
became evident in the cellular membrane fraction. At Pl5, the 36 kDa band was 
predominant in the cellular membranes and became evident also in the nuclear 
membrane fraction. In adulthood the 36 kDa band was more intense in both 
cellular and nuclear membrane fractions. No SMN-specific bands were detected 
in the cytosolic fraction at all ages examined. The present data demonstrate that 
SMN protein is expressed in the rat spinal cord as different molecular forms that 
are progressively modified during development. Experiments are in progress to 
verify whether the SMN forms are determined by post-translational modifications 
or alternative splicing of the SMN transcript. Supported by Telethon grant n° 
1053 to GB.

734.12
PRIMING ENHANCES MOTONEURON VULNERABILITY. R 
Mariotti1*, E. Tongiorgi2, M. Armellin2, K. Kristensson3, M. Bentivoglio1
’Dept. of Morphological-Biomedical Sciences, University of Verona, 2Dept. 
of Biology, University of Trieste, Italy, and 3Dept. of Neuroscience, 
Karolinska Institutet, Stockholm, Sweden.

We investigated whether a preconditioning lesion, which elicits oxidative 
stress by means of immune-mediated retrograde signaling, can affect the death 
rate of facial motoneurons after axotomy in the rat. Peripheral injections of 
the immunogenic lectin phytohaemagglutinin (PHA), which induces neuronal 
nitric oxide synthase (NOS) in the facial motoneurons but does not kill these 
cells, were followed by transection of the facial nerve. One month after 
axotomy, quantitative evaluation of motoneuron loss was performed in the 
facial nucleus, and compared with that of control cases in which peripheral 
injections of saline were followed by axotomy. The death of axotomized facial 
motoneurons was found to be significantly increased in the group in which 
preconditioning had been performed with PHA injections in respect to 
controls. To elucidate the molecular interplay of the priming mechanism, gene 
expression, in particular of the anti-apoptotic molecule bcl-2, was examined 6 
h, 24 h, 1 week and 3 weeks after PHA administration; preliminary results 
suggest an early bcl-2 up-regulation. With the purpose to determine whether 
the mutation of superoxide dismutase (SOD) can interfere with lesion-induced 
responses of motoneurons, injections of PHA were also performed in the 
facial muscles of mice cariying the G93A SOD mutation. NOS induction was 
observed in the facial motoneurons of these mutant mice. A sequential 
paradigm similar to that used in the rat is currently being applied to the SOD- 
mutant mice. (Supported by Telethon-ltaly, Project N. 1077)

734.13
GDNF GENE TRANSFER INTO LOWER MOTOR NEURONS IN VIVO: THE
POTENTIAL OF GENE THERAPY FOR SMA AND ALS
R, AngvdQvL.A, JaniL J, Qarfcrp2-3*, J. Kamholz23, ,m,E Jhy23, Q. Acsadi1'3-
Departments of Pediatrics1, Neurology2 and Center for Molecular Medicine and 
Genetics3, Wayne State Univ. Med. School, Detroit, MI 48201.

Spinal muscular atrophies [SMA] and amyotrophic lateral sclerosis [ALS] arc 
among the most prevalent neuromuscular disorders. The main clinical presentation is 
progressive muscle weakness and atrophy secondary to a degeneration of motor 
neurons [MN]. Although, a great deal of information emerged recently on the genetic 
and biochemical defects for both SMA and ALS there is no effective therapy 
available. Glial cell-derived neurotrophic factor (GDNF) has been shown to prevent 
motor neuron degeneration following injury when delivered to the MN.

In this study we have used an adenovirus vectors (AVR) expressing reporter genes 
(LacZ) and GDNF to study the efficacy of gene transfer to MN by intramuscular 
(I.M.) or intrathecal (I.TH.) administration into mice. We show that foreign genes 
can be efficiently transferred into the spinal cord or brainstem by I.M. or I.TH. 
delivery into both MN and glia. After I,M. administration of AVR, the viral genome 
is transported retrogradely to the MN as shown by PCR amplification of adenoviral 
DNA. The level of gene expression in MN is substantially higher in 
immunocompromised mice (FK506 treated, B2-microglobulin deficient and SCID) 
compared to control adult or newborn mice. The non-immunosuppressed mice are 
able to maintain however, at a lower level, significant gene expression (GDNF and 
LacZ) in the spinal cord or brainstem for at least two month when AVR is given by
I.M. route. In contrast, after I.TH. administered AVR, the gene expression is lost 
by one month.

In conclusion, AVR-mediated gene transfer appears to be a feasible approach to 
deliver nerve growth factors to MN in spinal cord and brainstem and study the 
downstream effects of these factors in animal models for motor neuron diseases.

Supported by MDA(G.A.), and CMTA (A.J.)

734.14

FILAMENTOUS HYPERTROPHY OF THE INTRAMEDULLARY AXON 
COLLATERAL SYSTEMS OF INTACT MOTONEURONS FOLLOWING 
PARTIAL DENERVATION OF MUSCLE - IMPLICATIONS FOR MOTOR 
NEURON DISEASE. L A. Havton* and J.-O. Kellerth, CIMR and Dept. of 
Neurology, SCVMC, San Jose, CA. 95128; Dept. Neurology and Neurological 
Sciences, Stanford Univ. Med. Ctr., Stanford, CA., 94305; Dept. Anatomy, UmeA 
Univ., S-901 87 Umea, Sweden.

In the adult cat, a partial (30-50%) transection of the medial gastrocnemius 
(MG) nerve was initially performed in the popliteal fossa. Single intact MG 
motoneurons were later physiologically characterized and intracellularly labeled with 
horseradish peroxidase at twelve weeks postoperatively for subsequent light and 
electron microscopic studies of their intramedullary axonal arbors.

Quantitative light microscopic studies show absence of any sprouting or 
elimination of collateral trees within the intramedullary axon collateral arbors of the 
intact MG notoneurons. However, the most distal portions of the majority of the 
motoraxonal arbors show prominent collateral hypertrophy with abnormal swollen 
and irregularly shaped rounded or elongated terminal swellings. The ultrastructural 
studies show that the hypertrophied distal motoraxon collateral arbors contain 
abnormal massive accumulations of neurofilaments arranged in bundles.

Very similar filamentous hypertrophy has also been reported and become 
hallmark findings in the proximal portions of motoraxons in amyotrophic lateral 
sclerosis and in various animal models of motor neuron disease. We suggest that the 
filamentous hypertrophy of motoraxons encountered also in these disease states may 
be related to reactive and compensatory changes in surviving motoneurons during or 
following peripheral sprouting in partially denervated muscles and not represent a 
degenerative process and signs of irreversible neuronal damage leading to cell death.

Supported by grants from The Valley Foundation (LAH), The Swedish 
Medical Research Council (Proj. 2886) and Ume& University (JOK).
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734.15
AMYOTROPHIC LATERAL SCLEROSIS IgG TREATED NEUROMUSCULAR 
JUNCTIONS DEVELOP SENSITIVITY TO L-TYPE CALCIUM CHANNEL 
BLOCKER
S.A. Fratantoni1, G. Weisz2, R. Reisin3, A. Pardal3 v O.D. Uchitel2*. 'Inst. de Biol. 
Cel. y Neuroc. Fac. de Medicina, UBA; 2Lab. Fisiol. y Biol. Mol., FCEyN, UBA y 
3Serv. de Neurol, del Hosjx Britanico, Bs. As., Argentina.

An autoimmune etiopathogenesis for ALS has been hypothesized for many years. 
We have previously shown that local application of ALS IgG onto motor nerve 
terminals induces dysfunction in neuromuscular transmission. At the mature, 
normal mouse neuromuscular junction (NMJ) P/Q-type, but not N- or L-type, 
calcium channels mediate transmitter release. In contrast, in regenerating motor 
nerve terminals, acethylcoline release is affected by the L-type channel blocker 
Nitrendipine indicating that this type of calcium channel is also involved in the 
release mechanism. The aim of this work is to search for changes induced by the 
application of human IgG onto the motor nerve terminals. The IgG fraction from 8 
ALS patients and 6 control subjects was injected subcutaneously on the mice 
Levator auris muscle. A week or a month after the last injection, the end plate 
potentials were recorded from at least 15 different muscle fibers before and after the 
incubation with 1 pM Nitrendipine. No changes in quantal content of transmitter 
release were observed. Neurotransmitter release remained sensitive to P/Q-type and 
insensitive to N-type calcium channels blockers as in untreated muscles. In contrast, 
IgG from 5 ALS patients induced a significant reduction in the quantal content of 
the evoked response after the incubation with Nitrendipine indicating that a novel 
sensitivity to this calcium channel blocker appears in these motor nerve terminals. 
These results further strength the hypothesis that ALS IgG are capable to induce 
alterations at the NMJ which may contribute to motoneuron death in ALS.
Financial support was provided by SeCyT-CONICET (PICT 310) and UBA (ME-064).

734.16
TEMPORAL CHANGES AND AGE DEPENDENCE OF 
BIOCHEMICAL PARAMETERS IN CSF AND PLASMA FROM 
PATIENTS WITH AMYOTROPHIC LATERAL SCLEROSIS 
Henrik Ryberg1. H Asklund2, Mats Sandberg3*. Ekaterina Perfilieva1 and
Lennart I, Persson1. Department of Clinical Neurosciences1, Institute of
Anatomy and Cell biology3, University of Goteborg, Goteborg, Sweden 
and Department of Neurology2, University of Uppsala, Uppsala, Sweden.

Samples of cerebrospinal fluid (CSF) and plasma from patients were taken 
at three times during ten months of the course of the disease in patients 
taking part in a double-blind cross-over study on lamotrigine treatment. 
Changes of CSF levels of aspartate, glutamate, neurofilament proteins 
(NFp), glial fibrillary acidic protein (GFAp) and serum levels of creatine 
kinase and circulating immune-complexes were observed during the 
progression of the disease. There was a difference in the CSF levels of 
GFAp, NFp and glutamate between patients with an age above versus an 
age below 60 years. The changes in clinical parameters between the period 
of lamotrigine treatment compared to the period of placebo treatment was 
age-dependent. This study was supported by grants from the Goteborg 
foundation for neurological research.

734.17

AUTOANTIBODIES AGAINST ALPHA-ENOLASE ASSOCIATED WITH 
AMYOTROPHIC LATERAL SCLEROSIS.
G.Goldsteins1,I.Alafuzoff2, S.Auriola3 and J. Koistinaho1,2*. ‘A.I.Virtanen Institute 
for Molecular Sciences, 2Neurology Clinic, Kuopio University Hospital, 
department of Pharmaceutical Chemistry, University of Kuopio, P.O.Box 1627, 
FIN-70211 Kuopio, Finland

We have previously analyzed the human IgG repertoire reactive with neural 
antigens, and demonstrated that there is a characteristic immunophenotype 
associated with sporadic ALS and other motor neuron diseases (MND). A major 
autoantigen p46 was found to be present in nearly 50% of MND cases, in contrast to 
only 25% of controls.

In order to further characterize the expression of autoreactive forms of p46, 
proteins extracted from the human spinal cord were analyzed by 2D electrophoresis 
followed by an immunoblotting with characteristic ALS sera. As many as 7 
immunoreactive isoforms of p46 were found. The corresponding protein spots were 
digested in-gel with trypsin. The extracted peptides were separated by HPLC and 
analyzed with electrospray mass spectrometry combined with collision induced 
dissociation. Protein sequence analysis of the peptides from p46 revealed a high 
homology with human alpha-enolase, an important glycolytic enzyme.

Alpha-enolase from the human spinal cord was purified to homogeneity by anion- 
exchange chromatography and preparative gel electrophoresis. The analysis of the 
immunoglobulin binding to purified alpha-enolase, employing BIACORE 
technology, revealed considerably higher avidity for sera from MND cases.

Although alpha-enolase autoantibodies have been previously identified in several 
degenerative diseases, their existence in MND has not been described. The origin 
and significance of these antibodies for the disease process are under investigation. 

G.G. would like to thank Dr. Riitta Keinanen for her helpful assistance.

734.18

EVALUATION OF THE CERVICAL SPINAL CANAL IN 
AMYOTROPHIC LATERAL SCLEROSIS (ALS) USING THE MR 
IMAGING. H.Yoshida*, T. Yoshizawa and S. Shoji. Department of 
Neurology, Institute of Clinical Medicine, University of Tsukuba, 
Tsukuba-city, 305-8575, Japan.

It has been well known that ALS patients have often cervical 
spondylosis. However, its frequency among ALS has not been 
established. In this study, we evaluated the frequency and degree of 
spinal canal stenosis in ALS patients using MR imagings. The study 
group was composed of 31 ALS patients [male 18: female 13, the 
average age ; 59.0years (range 33-78years)] and 58 controls without 
cervical spondylosis [male 27: female 31, the average age ; 52.4years 
(range 30-75years)]. Using the T2-weighted cervical MR images, we 
measured the anterior-posterior length of the cord and canal in the 
midsaggital view at the narrowest level, and calculated the ratios of 
cord/canal. The average values were 92% in ALS and 76% in controls. 
The ratio over 90% was observed in 64.5% of ALS patients. We also 
determined the ratio of cord/canal area with axial images. The average 
ratios were 83% in ALS and 69% in controls. 71% of ALS patients 
possessed the ratios over 80%. Although we do not have the data 
concerning the frequency of spinal stenosis in general population at 
present, these data showed the high frequency of cervical spinal canal 
stenosis among ALS patients.

734.19

PIGMENT EPITHELIUM-DERIVED FACTOR (PEDF) IS ELEVATED IN 
CEREBROSPINAL FLUID (CSF) OF PATIENTS WITH AMYOTROPHIC LATERAL 
SCLEROSIS (ALS). S.R. Bilak1, M.M. Bilak1, A.M, Corse1*, W, Royal1, P. Becerra2,
V. Cristofalo3, M.K. Francis3, R.W, Kuncl1, ‘Johns Hopkins University School of 
Medicine Baltimore, Maryland 21287; National Eye Institute, Bethesda, Maryland 
20892; ‘Linkenau Medical Research Center, Wynnewood, Pennsylvania 19096.

PEDF was initially isolated from the retina, but we found substantial PEDF 
immunoreactivity also in human, monkey and rat spinal cord motor neurons, axons, 
ependymal cells, CSF, and skeletal muscle. PEDF has been shown to be neuroprotective 
in models of acute and chronic glutamate induced motor neuron toxicity. Little is known 
about the levels of trophic factors in the CSF. For example, CNTF and BDNF are not 
normally measurable in CSF, and IGF-I is present in CSF of patients only with pituitary 
disorders. We asked whether PEDF levels in CSF were altered in patients with ALS. 
PEDF was detected by immunoblots using a specific anti-PEDF antibody, then 
quantitated by computerized densitometry, and expressed as a ratio to albumin. PEDF 
levels were significantly elevated more than 5-fold in the CSF of 9 patients with ALS 
compared to 16 disease controls (including other neurological disorders, myelopathies, 
severe chronic inflammatory demyelinating polyneuropathy, and other neuropathies) 
(p < 4 x 1 O'5). One hypothesis is that this increase could reflect upregulation of PEDF 
synthesis in muscle in response to denervation, as PEDF is present in myofibers and can 
be retrogradley transported. However, control CSF from denervating diseases did not 
have elevated PEDF. While the observed increase of PEDF in the CSF of ALS patients 
appears to be disease specific, the mechanism of this presumably reactive increase is not 
known. We propose that additional PEDF may be neuroprotective in motor neuron 
disorders. (Supported by the Cal Ripken / Lou Gehrig Fund and the Jay Slotkin Fund 
for Neuromuscular Research).

734.20
REDUCED FUNCTION OF MITOCHONDRIA IN AMYOTROPHIC 
LATERAL SCLEROSIS (ALS). C, Jung and Z. Xu*. Dept. of 
Pharmacology and Molecular Toxicology, Univ. Mass. Medical School, 
Worcester, MA 01655

ALS is a progressive neurodegenerative disorder causing paralysis 
and death. Mutations in Cu, Zn superoxide dismutase (SOD1) are one 
cause of this disease. Transgenic mice expressing mutant SOD1 develop 
clinical and pathological symptoms similar to those in human ALS. It has 
been suspected that mitochondrial damage plays a critical role in 
initiating motoneuron degeneration (Kong & Xu, J Neurosci 18: 3241- 
3250). To determine the functional changes of mitochondria in ALS, 
mitochondria were prepared from spinal cords and cerebellums of mice 
expressing a mutant SOD1 G93A at different disease stages. Oxidative 
phosphorylation enzyme complexes were separated by blue native 
polyacrylamide gel electrophoresis and quantified. The activities of 
complex I, II, and IV were measured using the histochemical reactions. 
The specific activities of these complexes were decreased in the spinal 
cords but remained relatively undiminished in cerebellums. Most notably, 
the enzyme activities in spinal cords were decreased before the onset of 
the disease, indicating that functional decline of mitochondria precedes 
morphological vacuolation. These results suggest that mutant SOD1 
damages mitochondria and mitochondria in spinal motoneurons are 
particularly susceptible to the mutant SOD1 toxicity.
Supported by ALS Association and NINDS.
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735.1
PROTEOLYSIS OF INTRACELLULAR TARGETS OF BOTULINUM TOXIN AT 
THE NEUROMUSCULAR JUNCTION. S_ Kalandakanond and J.A. Coffield*. 
Dept. of Physiol, and Pharmacol., University of Georgia, Athens, GA 30602.

Botulinum toxin is a potent neurotoxin responsible for poisoning of 
neuromuscular transmission. Three synaptic proteins (SNAP-25, synaptobrevin 
II, syntaxin I) have been recognized as toxin substrates in non-target tissues 
(e.g. brain). These proteins are integral components of the molecular fusion 
complex which mediates neurotransmitter release. Whether these intracellular 
proteins identified in non-target tissues are related to those targeted at the 
neuromuscular junction is currently unclear. Recently, we reported that we had 
identified two of these proteins (SNAP-25, synaptobrevin II) in mouse 
hemidiaphragm, a specific toxin target tissue. We also reported that one of these 
proteins, SNAP-25, was cleaved following exposure of the intact neuromuscular 
preparation to botulinum toxin type A. Here we report that we have further 
identified a third toxin substrate protein, syntaxin I, in the mouse hemidiaphragm. 
Further, we have found that incubation of the intact hemidiaphragm tissue with 
botulinum toxin type C results in proteolysis of syntaxin I. Briefly, phrenic nerve- 
hemidiaphragm preparations were isolated from adult mice and homogenized. 
Samples were fractionated by centrifugation, and resolved by Tris-tricine gel 
electrophoresis. Proteins were then blotted and probed with a primary 
monoclonal antibody to syntaxin I. In toxin experiments, one side of the 
hemidiaphragm was incubated in toxin type C, while the opposite side served as 
a control. Tissues were then processed as described above. These findings 
provide the first suggestive evidence that the paralytic activity of botulinum toxin 
type C at the mammalian NMJ results from the selective proteolytic inactivation 
of syntaxin I, a plasma membrane protein that functions as part of the molecular 
machinery which mediates transmitter release.

735.2

ADAPTATION TO THE ABSENCE OF CHOLINESTERASES IN 
THE BASAL LAMINA AT THE NEUROMUSCULAR JUNCTION 
E.Kreici1, L. Faille2, S. Supplisson1* , J. Massoulie1 and J. Molgo2,
'URA1857, CNRS, ENS, 75005 Paris, 2UPR9040, CNRS, 91 Gif/Yvette. France

Acetylcholinesterase (AChE) and Butyrylcholinesterase (BChE) are both 
accumulated in the synaptic basal lamina by a specific collagen, ColQ. 
Patients with Congenital Myasthenic Syndrome with End-Plate AChE Defi-
ciency (CMS-lc) have point mutations that either impair the production of 
the AChE collagen tailed forms (Ohno et al., 1998, PNAS, 95:9654) or the 
localization in the synaptic cleft (Donger et al., 1998, Am. J. Hum. Genet., 
63:967). We have shown previously that mice KO for ColQ lose all AChE at 
the neuro-muscular junction (NMJ), but as in human patient, BChE is still 
present. In mice KO for ColQ, BChE is only localized in the presynaptic 
domain and lost from the basal lamina. Most of the mice died during the first 
month. Few mice live several months and appear healthly. At the 
morphological level, a variability of the shape and the size of the NMJ was 
noted at all ages (Feng et al., 1999, J. Cell. Biol., 144:1349). We further 
investigated the physiological adaptation of these mice. We found strong 
fatigue of diaphragm muscle, as reported for human patients. Diaphragm 
muscle maintains tetanous at 20, 40 Hz-nerve stimulation, but not 80 Hz. 
Evoked Plaque Potentials are prolonged and are not modified by the BChE 
inhibitor Iso-OMPA. Functional poly-innervation is prolonged after the first 
month. Surprisingly, the quantal content increased in the older mice. These 
results will be discussed in terms of pre- and post-synaptic adaptation in the 
context of the absence of acetylcholine hydrolysis. Supported by grants from 
AFM and CNRS.

735.3

CADMIUM EFFECTS ON THE NEUROMUSCULAR JUNCTION OF 
STREPTOZOTOCIN-DIABETIC MICE. M.A. Fahim*1. M.Y. Hasan2 and W, B. 
Al Shuaib3. Dept of Physiology1, and Dept. of Pharmacology2, FMHS, U.A.E. 
Univ., United Arab Emirates and Dept. of Physiology3, Faulty of Medicine, Kuwait 
Univ., Kuwait.

Murine skeletal muscle function is compromised in diabetes. Ca2+ mobilization 
is suspected as a possible contributing mechanism to this phenomena. The present 
report utilized cadmium metal, which blocks Ca2+ entry into nerve terminals, to test 
such a hypothesis. Neuromuscular junction of the flexor muscle of C 57 BL adults 
male mice were chosen to study spontaneous transmitter release in streptozotocin 
(STZ)-induced diabetes and control mice. Twenty mice (28.7+ 0.9 g body weight) 
were divided randomly into 2 groups. One group (n=10) served as control and the 
other (n=10) were injected once with i.p STZ solution (60 mg/kg) to induce 
experimental diabetes mellitus. By using intracellular recording method, miniature 
endplate potentials (MEPPs) and resting membrane potential were measured in 
urethane-anaesthetized (2 mg/g, i.p.) control and four weeks diabetic mice. In 
control mice, exposure of the flexor muscle to 5 mM cadmium for 10 min. resulted 
in decreased MEPPs frequency significantly without affecting resting membrane 
potential of muscle fibers. In STZ-diabetic mice, the same exposure did not change 
resting membrane potential but raised MEPP frequency that persisted despite the 
removal of cadmium. The differential results of reduced MEPP in control and 
increased MEPP frequency in STZ-diabetic mice support the hypothesis that 
cadmium blocks Ca2+ entry into nerve terminal and works as a partial 
agonist/antagonist at intracellular sites. These calcium binding sites govern 
transmitter release at the neuromuscular junction and are found to be compromised 
in diabetes.

735.4

NEURONAL NITRIC OXIDE SYNTHASE DISTRIBUTION AT THE 
NEUROMUSCULAR JUNCTION OF REGENERATED MUSCLE FIBERS. M.J. 
Marques. E. MinateL H. Santo Neto*. Dept. of Anatomy, IB, Unicamp, Campinas, 
SP Brazil 13083-970.

Mdx animals are used as a model to study Duchenne muscular dystrophy 
(DMD), a dy strophy characterized by progressive degeneration of skeletal muscle 
fibers, probably related to the absence of dystrophin. Neuronal nitric oxide 
synthase (nNOS) is part of the dystrophin-glycoprotein complex and previous 
studies from our lab indicated that nNOS expression and acetylcholine receptors 
(AChRs) distribution are impaired at the neuromuscular junction of mdx animals. 
Considering that mdx animals have regenerated muscle fibers, we investigated 
whether changes in nNOS and AChRs were due to the absence of dystrophin itself 
or a feature of regenerated muscle fibers. Regeneration of muscle fibers was 
induced by injections of lidocaine hydrochloride (0,02g/ml) at the stemomastoid 
muscle of normal, adult Balb/C mice. 21 days after the injection, the muscles were 
fixed and nNOS was labeled with anti-nNOS followed by anti-mouse-IgG-FITC 
and AChRs with rhodamine-a-bungarotoxin. Fluorescence confocal microscopy of 
regenerated fibers showed that nNOS was associated to the extra-junctional 
sarcolemma and Schwann cells at the presynaptic region. No changes in nNOS 
expression were seen in regenerated muscle fibers. AChRs were breaking apart 
into islands of receptors. These results suggest that changes in nNOS expression at 
the presynaptic region and extra-junctional sarcolemma are a feature of dystrophin- 
deficient muscles. Conversely, disruption of AChRs distribution is a feature of 
regenerated muscle fibers, whether they are dystrophic or not.
Support: Fapesp, CNPq. Faep-Unicamp, Capes.

735.5

SEGMENTAL CONDUCTION TIME DISTRIBUTION IN
PERIPHERAL NEUROPATHY. PJ. Maccabee.*1 J. Wilier. M. Lipitz. 
V.E. Amassian. R.O, Cracco and L, Eberle. ’Dept. of Neurology, SUNY 
Health Science Center at Brooklyn, Brooklyn, NY 11203.

Using a large twin magnetic coil and a polyphasic induced 
neuromagnetic pulse, it is possible to stimulate peripheral nerve roots at 
both proximal and distal cauda equina, in addition to conventional electric 
stimulation at knee or ankle, recording from shin and/or foot muscles. The 
calculated segmental latencies regressed to height obtained from a normal 
population provide confidence intervals which may indicate the presence 
or absence of demyelinative slowing in a specific segment (defined as 
more than 150% above the upper limit of normal).

In conjunction with other conventional EMG-NCS parameters, the 
method has been employed in more than 60 patients resulting in a 
classification of neuropathy according to the specific segment involved: 
terminal segment (from knee or ankle), intermediate segment (distal cauda 
equina to knee or ankle), cauda segment (proximal to distal cauda equina); 
as well as proximal or distal gradient neuropathies (involving multiple 
segments); and cauda plus terminal segment neuropathies.

This approach critically improves diagnostic sensitivity, and correlates to 
some degree with nerve antibody titers and therapeutic response.

735.6
CALPAIN INHIBITORS ARE PROTECTIVE AGAINST EXPERIMENTAL 
VINCRISTINE NEUROPATHY. MS, Wane*, Y, Wu. D.G. Culver and J.D, Glass. 
Dept. of Neurology, Emory University School of Medicine, Atlanta, GA 30322

Vincristine is a commonly used chemotherapeutic agent whose major dose-limiting 
side-effect is a mixed sensory-motor neuropathy. Vincristine is a mitotic spindle 
inhibitor that may cause neuropathy as a consequence of impairment of axonal 
transport. Pathologically, vincristine neuropathy is characterized by length-dependent 
axonal degeneration. We assessed the role of calcium and the calcium-dependent 
protease calpain in axonal degeneration produced by vincristine. E-15 rat dorsal root 
ganglion (DRG) cultures were allowed to mature for 5 days, and were then exposed to 
0.01 pM vincristine alone or in combination with calcium-free media, EGTA 
(2mM), or the calpain inhibitor AK295 (50pM). Cultures were observed for 6 days 
following experimental treatment, and then fixed and stained with a monoclonal 
antibody to MAP-5. Axons of DRGs treated with vincristine showed signs of 
degeneration by 24 hours, and more prominent changes at 3 days. Most of the axons 
had disappeared by 6 days. The most distal portion of the neurites were the most 
susceptible to vincristine. Cultures changed to calcium-free media, or treated with 
EGTA showed remarkable preservation of axons. Although there are signs of 
degeneration at 24 hours, the process progressed much slower thereafter. At 3 days 
neurites were longer than those treated with vincristine alone, and most axons woe 
still intact by 6 days. Addition of calpain inhibitor AK295 provided partial protection 
for vincristine neuropathy, but protection was less effective than the low calcium 
environment. Comparisons were made to axonal degeneration seen after axotomy. All 
methods provided for preservation of axons. In this paradigm, AK295 showed even 
better capacity for protection. This study indicates that calcium and calpains play a 
role in vincristine-induced axonal degeneration, and that calpain inhibitors may 
provide a novel approach toward neuroprotection in toxin-induced neuropathy, 
(supported by NIH)
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735.7

TREADMILL EXERCISE FACILITATES RECOVERY OF 
MOTOR FUNCTION AFTER SCIATIC NERVE INJURY IN 
THE RAT. B-O Kim. S~B Choi, K-H Chun, M-K Sohn, K-J Kim*, 
Institute for Brain Research, Chungnam National University, Taejon, 
301-721, Korea

The purpose of this study was to observe the effects of treadmill 
training on recovery of motor function after sciatic nerve injury in the 
rat. Thirty two Sparague-Dawly male rats were anesthesized with 
ketamine and sciatic nerve was exposed and crushed with kelly. One 
group of rats were exercised for 25 minutes a day for 3 weeks on a 
15% grade motorized treadmill, at a speed of 8m/min from the 3rd 
postoperative week. Motor function was evaluated by the sciatic 
function index (SFI, De Koning et. al, 1987) and maximum angle of 
inclined plane(Rivlin and Tator, 1977). Electrophysiological recovery 
was assessed by onset latency and amplitude of the compound motor 
action potential recorded on the gastrocnemius muscle.

The result is summarized in the table below.
Group Experimental Control P

SFI (%) -7.6 ±0.4 -12.1 ±0.3 <.05
Mean maximum angle( °) 76.3 ±2.2 68.8 ±2.4 <.05

Latency (msec) 
Amplitude (mV)

1.8±0.1 2.5 ±0.2 <.05
20.5 ±1.4 16.4±0.6 <.05

It was concluded that the treadmill exercise facilitated the recovery 
of motor function behaviorally and electrophysiologically after sciatic 
nerve injury in the rat.

[Surported by MOHW #HMP-98-M~2-0034 to M-K Sohn]

735.8

TIMCODAR DIMESYLATE AND OTHER NEUROPHILIN 
LIGANDS IMPROVE OUTCOME IN THE STREPTOZOTOCIN 
RAT MODEL OF DIABETIC NEUROPATHY. D.CoIe'*,S. 
Ogenstad', M Yao2, B Brown2,1 Kazakova2, P. Chaturvedi1. 1 Vertex 
Pharmaceuticals, Inc., Cambridge, MA; Stanford Research Institute, 
Menlo Park, CA

Neuropathy commonly complicates diabetes. Treatment is 
unsatisfactory. We evaluated the effects novel, orally bioavailable 
small molecule neurophilin compounds on nerve function and integrity 
in the streptozotocin (STZ) diabetic rat. STZ-diabetic rats received 
timcodar dimesylate 5-50 mg/kg, V-10,367 50 mg/kg, or V-13,670 50 
mg/kg per day, or vehicle, po, for 10 weeks. Compound-treated rats 
had significantly (p<0.05) less hyperalgesia, greater increase in nerve 
conduction velocities, and greater skin innervation, than vehicle-treated 
rats. In a follow-up study, the effects of timcodar dimesylate were 
significant (p<0.05) and dose-dependent over a 0.15-15 mg/kg po per 
day range. Neurophilin ligands, administered po, dose-dependently 
improve behavioral, physiological, and anatomical outcome in small 
and large sensory and motor nerves in STZ-diabetic rats. Timcodar 
dimesylate, and other neurophilin compounds, may benefit patients 
with diabetic neuropathy. Support provided by Vertex 
Pharmaceuticals, Inc.

735.9

HSV/AAV HYBRID AMPL1CON VECTOR SURPASSES RECOMBINANT HSV ICP 
6 IN GENE DELIVERY FROM PERIPHERAL NERVE TO SPINAL MOTOR 
NEURONS.
J.D, Guest1 J. Bakowska2, X.O, Breakefield2 T, Huang3. V.K.H. Sonntag1, W. Jia*3
1- Barrow Neurologic Institute, Phoenix, AZ, 85013; 2- Molecular Genetics Laboratory, 
Massachusetts General Hospital, Boston, MA; 3- Departments of Ophthalmology and 
Neurosurgery, University of British Columbia, Vancouver, BC
Introduction: One strategy for highly specific gene delivery to the CNS is injection of 
virus vectors into nerves or muscles with subsequent uptake and retrograde transport. 
Motor neurons from all levels of the spinal cord can be infected by injecting appropriate 
muscles or nerves. Several pathologic conditions including ALS and spinal cord injury 
might be influenced by achieving gene expression in motor neurons. HSV/AAV hybrid 
amplicon contains elements of HSV-1 amplicon and two elements from AAV, rep genes 
and ITRs, and GFP reporter gene (Jacoby et al., 1997). ICP 6 is a recombinant HSV 
vector deleted in an early gene which cannot propagate in neurons (S.Weller, Univ. of 
Connecticut Health Center). Whereas ICP 6 requires helper cell conditions for replication 
HSV/AAV is produced using helper free conditions and cannot replicate in vivo. Exp 
Objectives: Efficiency of infection and cellular damage by toxicity or immunity were 
assessed at 3, 10 and 14 days following nerve injection. Methods: Adult Lewis rat sciatic 
nerves were injected with ICP 6 (5ul) at 10’7 pfu or with HSV/AAV (5ul) at 10'8 tu/ml. 
The spinal cord was harvested at 3, 10 or 14 days and assessed immunohistochemically 
with anti-HSV for ICP6 or with anti-GFP for HSV/AAV. Efficiency of motor neuron 
transfection was determined as compared to injected HRP (assumed to be 100%). 
Results: Intraneural injection with ICP6 resulted in motor neuron transfection efficiency 
of 36+/-7% at 3d. At 10 -14d infiltrating inflammatory cells and destruction of the 
ventral horn and motor neurons were visible. No evidence of trans-neuronal transport was 
observed. Intraneural injection with HSV/AAV resulted in an efficiency of transfection 
of 52+/-9% at lOd (similar values at 3d). No evidence of grey matter destruction or 
inflammatory cell infiltration was observed. Conclusion- Since HSV/AAV results in a 
high efficiency of gene transfection with minimal cellular toxicity and does not provoke 
a significant immune response at lOd, this specific amplicon vector will be used for future 
studies based on intramuscular injection. Supported by Barrow Neurologic Institute.

735.10

NEUROPROTECTIVE EFFECT OF T-588, A NOVEL MOTOR 
FUNCTION ENHANCER, ON WOBBLER MURINE 
MOTONEURON DISEASE (MND)
K. Ikeda1, ALMwasakiLM, Kinoshita1. S, Ono2*. S, Marubuchi2
’Fourth Dept. of Internal Medicine, Toho Univ. Med. Sch., Tokyo
153-8515, Japan; 2Research Laboratories, Toyama Chemical Co. Ltd., 
Toyama 930-8508, Japan.

T-588 inhibits facilitation in the crayfish neuromuscular junction 
and mammalian cerebellum (Nakagawa et al. Soc Neurosci Abstr, 
1997). Clinical trials of T-588 are underway in Alzheimer disease. We 
first show that T-588 treatment delays progression of motor 
dysfunction in the wobbler mouse MND. The wobbler mice colony 
was donated by Prof. Mitsumoto of the Cleveland Clinic Foundation. 
After initial diagnosis of MND at the postnatal age 3-4 weeks, wobbler 
mice received T-588 (3, 10, 30 mg/kg, each n=20, 20, 25) or vehicle 
(n=25), daily for 4 weeks by oral administration in a blind fashion. We 
compared symptomatic, pathological and biochemical changes among 
all groups. In comparison with vehicle, T-588-treated mice potentiated 
grip strength (P<0.001), attenuated forelimb contracture (P<0.001), 
increased weight of the biceps muscle (P<0.001) and denervation 
muscle atrophy (P< 0.001). The biochemical analyses revealed that T- 
588 administration elevated activities of choline acetyltransferase 
(ChAT, P<0.01) and lactate dehydrogenase in the biceps muscle 
(P<0.01), and enhanced ChAT activities of the spinal cord extract 
(P<0.01). These effects of T-588 were almost dose-dependent. Our 
results indicate the possibility that this agent has therapeutic potential 
in human motor neuropathy or MND.

735.11

LAMBERT-EATON ANTIBODIES PROMOTE ACTIVITY-DEPENDENT 
ENHANCEMENT IN BOVINE ADRENAL CHROMAFFIN CELLS. K, L. 
Engisch1*, M. M, Rich2, N, Cook1, and M, C, Nowycky1. 'Dept. of Neurobiology 
and Anatomy, MCP and Hahnemann Univ., Philadelphia, PA 19129; 2Dept. of 
Neurology, Univ. of Pennsylvania Sch. Med., Philadelphia, PA 19104.

Lambert-Eaton myasthenic syndrome (LEMS) is characterized by generalized 
muscle weakness and autonomic dysfunction. The hallmark of LEMS is reduced 
neuromuscular transmission that is dramatically facilitated by high frequency 
stimulation. Decreased transmission in LEMS is thought to be due to inhibition of 
presynaptic Ca2+ currents by autoantibodies. At many synapses, reduction in Ca2+ 
entry shifts the response evoked by repetitive stimulation from depression to 
facilitation. Facilitation is often attributed to the accumulation of Ca2+ ions during 
the train, adding to subsequent Ca2+ influx. Presumably under conditions of 
normal Ca2+ entry, facilitation is obscured by depressive mechanisms (e.g., 
depletion of vesicles). Exocytosis evoked by stimulus trains in bovine chromaffin 
cells was monitored with capacitance detection in perforated-patch voltage-clamp 
recordings. Bovine chromaffin cells display facilitation of exocytosis during 
trains of short duration depolarizations applied at 200 ms intervals. This form of 
facilitation, which we term enhancement, is not caused solely by Ca2+ 
accumulation, because it is prevented when pulses are applied at closer intervals. 
Chromaffin cells treated with LEMS antibodies from five patients had an 
increased proportion of responses with enhancement. As expected, this effect was 
partially attributable to reduced Ca2+ entry, which is associated with enhancement 
in chromaffin cells. However, two of the antibodies promoted enhancement to a 
greater extent than expected for the decrease in Ca2+ entry. These data suggest 
that some patients, in addition to having antibodies that interact with Ca2+ 
channels, also have antibodies to proteins involved in activity-dependent 
modulation of exocytosis. Supported by NIH grant NS22281and MDA.

735.12
THE CONTROL OF BLEPHAROSPASM BY ESSENTIAL FATTY 
ACIDS. S. Yehuda1*, S, Rabinovitz,1 D.I, Mostofcky2 and L.L. 
Delizonna2. 'Psychopharmacology Laboratory, Dept. of Psychology, 
Bar Ilan Univ., Ramat Gan, 52100, Israel; Laboratory for 
Experimental Behavioral Medicine, Dept. of Psychology, Boston 
Univ2.

Dopamine depletion induced by administration of Ro4-1284 
produces rapid and repeated eye blinking in rats. This condition 
mimics the human disorder, blepharospasm, which often accompanies 
Parkinsonism and other dopamine deficient disorders but is regarded 
as a dystonia of unknown etiology. The present report considers the 
role of dopamine in the context of fatty acid biochemistry where the 
application of a compound (SR-3) has previously been shown to be 
effective in other dopamine related disorders. Sprague-Dawley strain 
rats were given a 3 week course of SR-3 developed from a specific 
ratio of two free polyunsaturated fatty acids, linoleic acid and a- 
linolenic acid. Results demonstrated that the eyeblinking following 
administration of Ro4-1284 was reduced to saline and no drug control 
levels. Consistent with previous findings, these results suggest the 
favorable prospect of essential fatty acids in general, and SR-3 in 
particular, to provide an improved therapeutic option for the clinical 
management of benign essential blepharospasm.
This study was funded by the Psychopharmacology Laboratory, 
Department of Psychology, Bar Ilan University
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735.13

CHARACTERIZATION OF ELECTRORETINOGRAM IN DUCHENNE 
AND BECKER MUSCULAR DYSTROPHY. C. Zhang, Y. Yang, D.Z. 
Wu and X. Jiang. Dept. of Neurology, The First Affiliated 
Hospital, Sun Yat-Sen University of Medical Sciences. 
Guangzhou, Guangdong 510080, P.R. China.

To investigate visual changes of electrophsiology in Duchenne and Becker 
muscular dystrophy by electroretinogram (ERG) and determine whether ERG is 
valuable to the diagnosis of DMD/BMD and the dystrophin is significant to 
retinal neurotransmission. Nineteen DMD/BMD patients and controls were 
studied. All of the patients were examined by two experienced ophthamologists 
to exclude any eye disorders. Then the ERG was tested according to the 
international ERG standard. The results show: Fourteen (73.7%) patients were 
found to present abnormal ERG changes. Twelve had scotopic b-wave amplitude 
absence or reduction to the blue stimulus (P<0.001). Ten had scotopic b-wave 
amplitude reduction or prolonged implicit time to the bright-white flash stimulus 
(P<0.001). The b/a amplitude ratio was less than 1 in nine patients. In addition, 
the fourteen patients had the oscillatory potential (OP1-OP4) amplitude 
reduction. Conclusion: ERG is valuable to the DMD/BMD diagnosis and 
prediction. Dystrophin play an important role in the retinal neurotransmission. 
(Supported by Chinese National Natural Scientific Grant. No.39870804)

735.14
EFFECT OF ALPHA BUNGAROTOXIN (ALPHA BUTX) PRETREATMENT 
ON CALCIUM LEAKAGE ACTIVITY (CLA) AND ACHR ACTIVITY IN 
CULTURED MDX MYOTUBES. C.G. Carlson*. Dept. Physiology, Kirksville 
College Osteopathic Medicine, Kirksville, MO 63501.

Spontaneous transitions in the occurrence of CLA and AChR activity in individual 
patches from cultured mdx myotubes and results indicating that mdx patches 
exhibiting 100% CLA can be induced to exhibit AChR activity by the acquisition of 
an inside-out patch have led to the suggestion that AChRs contribute to CLA in 
dystrophic preparations (Carlson, Pfluegers Arch - Eur J Physiol, 437, 371, 1999; 
Carlson, Neurobiology of Disease, 5, 3, 1998). In order to further examine this 
hypothesis, cultured mdx myotubes were exposed to 5 pg/ml alpha BuTx for a 
period of 24 to 72 hours prior to recording single channel activity in the presence of 
5 x 10'7 M ACh (no alpha BuTx present). Examination of two alpha BuTx pre-
treated patches indicated reduced AChR and CLA in comparison to an untreated 
patch which exhibited a spontaneous increase in CLA (to an average of about 65 
events/sec) at membrane potentials between 0 and 75 mV hyperpolarized from 
resting potential (4/4 recording periods indicating elevated CLA). Most 
corresponding recording periods (9/16) from the treated myotubes failed to exhibit 
any CLA over the same range of membrane potentials, although some small channel 
activity could be induced at more hyperpolarized membrane potentials. Each of the 
two treated patches exhibited a small amount of AChR activity due to newly 
inserted receptors and one treated patch clearly failed to exhibit any CLA. The 
second treated patch exhibited CLA in only half of the recording periods obtained at 
membrane potentials between 0 and 75 mV hyperpolarized from resting potential. 
These results suggesting a reduction in both CLA and AChR activity following 
alpha BuTx pretreatment are consistent with the suggestion that AChRs contribute 
to CLA in mdx myotubes. Supported by the Wamer-Fermaturo Fund (KCOM).

735.15

MITOCHONDRIAL PROLIFERATION INDUCED BY ZIDOVUDINE 
(AZT) IN THE RAT CULTURED SKELETAL MUSCLE MODEL. R.O. 
Godinho1*, C.H. Tenqan2 and B.H Kiyomoto2. 1 Dept. of 
Pharmacology; 2 Dept. of Neurology and Neurosurgery; EPM- 
UNIFESP, Sao Paulo, SP, Brazil 04044-020.

Mitochondrial (mt) myopathy is characterized by a defect on mt function with 
abnormal mt proliferation. Dysfunction of mitochondria is often caused by 
mtDNA mutations but the mechanism involved in the induction of mt 
proliferation is still poorly understood. Long-term Zidovudine (AZT) treatment 
of AIDS patients may cause severe myopathy, with mt proliferation and 
cytochrome c oxidade (COX) deficiency due to mtDNA depletion. To examine 
the effect of AZT on mitochondrial proliferation, 8-day old primary skeletal 
muscle cultures from newborn rats were treated with AZT (10, 30 and 100 
pg/mL). After 48 h, the cultures were evaluated by histochemistry for mt 
succinate dehydrogenase (SDH) and for COX. The mitochondrial content from 
each fiber was determined by counting the SDH stain (pixel, p) with the NIH- 
image 1.61 software. The AZT treatment did not change neither the 
spontaneous contraction nor the COX stain (control = 147 ± 6, AZT 10 pg/mL 
= 148 ± 5; AZT 30 pg/mL =150 ± 7; AZT 100 pg/mL = 140 ± 4 p/fiber) but it 
increased the content of mitochondria (control = 120 ± 3 p/fiber) in a dose 
dependent manner (131 ± 5,137 ± 7, and 152 ± 4 p/fiber, respectively). Taken 
together, these results show that AZT induces mitochondrial proliferation in 
the rat cultured myotubes, as described in human muscles, and can be used 
as a model for experimental proliferation in vitro. Supported by FAPESP: 
96/1271-0 (R.O.G.) and 98/0157-5 (B.H.K.)

735.16

EVIDENCE OF OXIDATIVE DNA DAMAGE IN THE SKELETAL 
MUSCLES OF A TRANSGENIC MODEL OF INCLUSION BODY 
MYOSITIS. L-W. Jin, M.G. Hearn, O. Marcu, M.Y. Starbuck, B.Sopher*, and
G.M. Martin. Dept. of Pathology, University of Washington, Seattle, WA 98195

Inclusion body myositis (IBM) is the most common muscle disease in the 
elderly. Amyloid-p protein has been shown to accumulate abnormally in the 
vacuolated fibers and to localize to amyloid-like fibrils in muscles from IBM 
patients. We characterized a line of transgenic mice over-expressing the 
carboxyl-terminal 99 amino acids (C99) of p-amyloid precursor protein (pPP) 
with an a-secretase site mutation and found that they developed a myopathy 
similar to human IBM (Am J Pathol 153:1679-1686, 1998). Since the 
expression of IBM-like features was age-dependent, we hypothesize that high 
levels of C99 in the transgenic mice render the muscle fibers more susceptible 
to the oxidative damage that accumulates with age. In human IBM, initial 
studies also suggest a role of oxidative stress in pathogenesis. We used an 
antibody directed against 8-hydroxy-2’-deoxyguanosine, a marker for 
oxidative DNA damage, to stain the quadriceps muscle sections from 24- 
month-old transgenic mice and non-transgenic sibs. We found that positively- 
stained fibers were only present in the transgenic muscles. The angulated 
atrophic fibers and the degenerating fibers were invariably darkly stained, 
while there were scattered morphologically normal fibers showing light 
positivity. The staining was granular, cytoplasmic, and was enhanced in the 
subsarcolemmal region. The nuclei were negative. These results suggest that 
oxidative, likely mitochondrial, DNA damage precedes and may facilitate 
muscle fiber degeneration in our transgenic mice. (Supported by grants from 
the National Institute of Aging.)

735.17

DELAYED ONSET OF MUSCLE WEAKNESS IN A TESTOSTERONE 
DEPENDENT MUSCLE OF THE DYSTROPHIC (mdx) MOUSE. C. Souccarft
A.C.C. Vallin, M.C. Goncalo, I. Furlan, R.O. Godinho and A.J. Lapa. Dept. of 
Pharmacology, Escola Paulista Medicina, Universidade Federal de Sao Paulo, Brazil.

Duchenne muscle dystrophy (DMD) is a fatal X-linked degenerative myopathy 
resulting from gene mutations and absence of dystrophin. Dystrophin is also absent in 
the mutant mdx mouse. Muscle necrosis in mdx begins at 3-4 weeks of age, is 
maximal at 8-10 weeks, and is accompanied by regeneration of the muscle fibers. 
Because muscle degeneration and regeneration in the mdx mouse begins when 
androgen plasma levels increase, we examined the contractile properties and 
neuromuscular transmission of the testosterone-dependent levator ani (LA) muscle of 
normal (CS7Blio) and mdx mice at 1 to 18 months of age. The less sensitive to 
androgens diaphragm (D) muscle was used for control. The LA and D muscle weights 
did not differ between normal and mdx mice of the same age up to 18 months. In 
normal mice the tetanus tension (TT) and rate of force development (RC) in both 
muscles increased as the muscle weights increased. Muscle weakness in the LA of 
mdx mice was detected only in old (18 months) animals which presented a 30% 
decrease of TT. Gonadectomy of young (3 months) animals produced LA muscle 
atrophy (43% of control) and reduced by 31% the TT. The effect was reversed after 
testosterone treatment. Muscle weakness of the D muscle was detected in young mdx 
mice. The resting membrane potential, the spontaneous and nerve-evoked 
acetylcholine (ACh) release assessed by intracellular recordings did not differ among 
normal and mdx mice at any age. Specific binding of [125I]-a-bungarotoxin to ACh 
receptors was reduced (49%) in LA muscles from old mdx animals, while the toxin 
binding was not altered in the D at any age. Histochemical labeling of 
acetylcholinesterase at the endplate revealed loss of junctional folds at the post-
junctional membrane and deterioration of a few endplates in mdx muscles. These 
morphological changes were detected mainly in LA muscles from old animals, but 
they were observed in the D of young animals. The results indicated that in fee 
dystrophin-deficient mdx mouse, testosterone may influence fee onset and evolution 
of muscle dystrophy in hormone-dependent muscles. Financial support:FAPESP, CNPq.

735.18

MANIPULATION OF N-ACETYL-D-GALACTOSAMINE, A SYNAPTIC 
CARBOHYDRATE, AFFECTS UTROPHIN EXPRESSION, DISTRIBUTION 
AND FUNCTION IN DYSTROPHIC MUSCLES.
A. Kammesheidt* and P. T, Martin, Dept. of Neurosciences,
Univ. of California, San Diego, La Jolla, CA 92093-0691.

The mammalian neuromuscular junction contains a synapse-
specific carbohydrate, terminal B-linked N-acetylgalactosamine or GalNAc 
{Nature 300:646, 1982). This saccharide is also localized to postsynaptic 
specializations in cultured muscle cells {Neuron 14:743, 1995) along with 
many other synaptic proteins, including utrophin. Recently, ectopic 
expression of utrophin was shown to reverse the dystrophic phenotype in 
the mdx mouse, a model for Duchenne muscular dystrophy (Nature 
Medicine 4:1444, 1998). We show that manipulation of synaptic 
carbohydrates can alter utrophin protein expression and distribution in 
dystrophic mdx and non-dystrophic C2 muscle cells. Cross-linking of 
GalNAc-containing proteins by Vicia Villosa Agglutinin Isolectin B4 (VVA-B4) 
increased utrophin protein levels in mdx muscle cells in culture. VVA-B4 
addition also increased utrophin distribution in the extrasynaptic 
sarcolemma of C2 and mdx cells. Overexpression of an enzyme that makes 
the synaptic GalNAc-containing CT carbohydrate epitope, the CT GalNAc 
transferase, also increased utrophin protein levels in C2 cells and increased 
muscle membrane integrity in both C2 and mdx muscle cells when cells 
were challenged with osmotic shock. Thus, ectopic expression of a 
synaptic GalNAc-containing carbohydrate can improve skeletal muscle 
membrane resistance to injury, perhaps via a utrophin-mediated 
mechanism. These experiments suggest that the CT carbohydrate antigen 
is a target for therapeutic intervention in Duchenne muscular dystrophy. 
Supported by grants from MDA, NIH (PTM) and an NRSA (AK).
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735.19
GENOMIC ORGANIZATION AND 12 NOVEL MUTATIONS IN THE 
DYSFERLIN GENE IN MIYOSHI MYOPATHY (MM) AND LIMB GIRDLE 
MUSCULAR DYSTROPHY TYPE 2B (LGMD-2B)
Masashi Aoki1,3, Jing Liu2,3, Mitsuya Morita3, Hannah Brown3, Diane McKenna-
Yasek3, Sawsan Abdel-Razig3, Lawrence J Hayward3*Yasuto Itoyama1, Kyugo
Hirabayashi4, Kiichi Arahata5 and Robert H. Brown Jr.3
1 Department of Neurology, Tohoku University School of Medicine, Sendai 980- 
8574, Japan; 2PhargeTech Inc., Montreal, Canada;3 Day Neuromuscular Research 
Laboratory, Massachusetts General Hospital, Carlestown, MA;4 Neurology,
Tokyo Ebara Hospital, Tokyo, Japan;5 Neuromuscular Research, National 
Institute of Neuroscience, Tokyo, Japan

MM is autosomal recessive distal muscular dystrophy that we have mapped to 
chromosome 2pl3. We constructed a 3-Mb Pl-derived artificial chromosome 
contig spanning the MM candidate region. Using this and new polymorphic 
markers within it, we recently identified a novel, full-length 6.9 kb muscle cDNA, 
whose corresponding protein we designated "dysferlin". We next identified the 
adjoining intronic sequence at each of the 55 exons encoding the cDNA. Using 
single strand conformational analysis we screened all 55 exons in genomic DNA 
from candidate MM and LGMD-2B patients. Putative mutations identified in this 
way were confirmed by direct sequencing from the PCR products. We originally 
described nine mutations in the dysferlin gene with MM or LGMD-2B (Nature 
Genet, 1998:20:31-36). We report here 12 novel mutations in MM patients. Most 
are predicted to block translation of the dysferlin protein. In some cases, 
corresponding Western immunoblotting reveals absence of dysferlin in muscle 
biopsies. Our data confirm that dysferlin gene mutations are associated with MM 
and allow us to define mutational patterns that distinguish MM from LGMD-2B.

ISCHEMIA: NITRIC OXIDE AND FREE RADICALS

736.1
USE OF A NOVEL COMPOUND, DAF-2 DA, TO MEASURE REAL TIME 
PRODUCTION OF NITRIC OXIDE IN A MACROPHAGE CELL LINE. C.M. 
O’Hara, R. Poon & K.J. Watling*. Sigma Chemical Co., St. Louis, MO 63178.

Nitric oxide (NO) has been shown to play a major role in a variety of cell processes 
including neurotransmission, vasodilation, cytotoxicity and inflammation. NO is 
released following the conversion of L-arginine to L-citrulline by the action of the 
enzyme, nitric oxide synthase (NOS). Three isoforms of NOS have been discovered 
to date: neuronal NOS (nNOS), endothelial NOS (eNOS) and inducible NOS (iNOS). 
These isoforms are found in a variety of cell types with both nNOS and eNOS being 
constitutively expressed while iNOS must be induced by endotoxins and/or cytokines.

The current standard assay technology for measuring NOS activity involves isotopic 
detection in a soluble enzyme preparation. This represents an impediment in 
quantifying specific cell associated NOS activity. We used a novel compound, 4,5- 
diaminofluorescein diacetate (DAF-2 DA, Kojima et al., Chem. Pharm. Bull. 46: 373- 
375, 1998), to measure real time NO production in RAW 264.7 mouse macrophage 
cells. DAF-2 DA is a derivative of the compound DAF-2 which reacts with NO to 
form fluorescent triazolofluorescein. The addition of a diacetate group on DAF-2 
renders it membrane permeable. Upon entry into the cell, the ester bonds are quickly 
hydrolyzed by intracellular esterases, generating DAF-2 that is free to react with NO.

RAW 264.7 cells were used as a source of the iNOS isoform. Cells were aliquoted 
in a 96-well plate and treated overnight with 100-ng/ml lipopolysaccharide and 10 
U/ml y-interferon to induce iNOS. DAF-2 DA was added in the presence of L- 
arginine and cofactors, incubated for 60-90 min. and the plate read on a fluorescent 
plate reader to determine changes in relative fluorescent units. We observed a 5-10- 
fold increase in fluorescence in induced cells as compared with uninduced cells that 
can be completely inhibited with 100 pM S-methyl-L-thiocitrulline. These results 
suggested that this response is specific iNOS activity. Moreover, this is a valid and 
specific model system for looking at iNOS activity and there is a potential for 
utilizing this system in other paradigms to look at both eNOS and nNOS activity.

736.2

MONITORING RAT OPTIC NERVE AXON VIABILITY USING NITRIC 
OXIDE-STIMULATED cGMP ACCUMULATION: APPLICATION TO THE 
MECHANISM OF ISCHAEMIC DAMAGE.
G. Garthwaite, D. A. Goodwin and J. Garthwaite. Wolfson Institute for Biomedical 
Research, University College London, 1 Wakefield St. London WC1N 1PJ, UK. 
(SPON: British Neuroscience Association)

In the CNS, white as well as grey matter can become damaged during ischaemia, 
with both Ca2‘ and Na+ playing important roles in the process of axonal 
degeneration. Previously, electrophysiological and histopathological techniques 
have been used to quantify axonal damage in models of hypoxia and ischaemia and 
study the underlying mechanisms. We now show that optic nerve axons possess a 
remarkable ability to generate cGMP in response to nitric oxide (NO) and that this 
can be used to give a simple and reliable readout of axon viability.

Rat optic nerves were incubated at 37°C in an artificial CSF (aCSF) solution. 
Addition of the NO donor, DEA/NO (100 pM, 5 min) caused a large increase in 
cGMP levels which, by immunohistochemistry, was found to be confined to axons. 
If the nerves were subjected to oxygen and glucose deprivation (OGD) for 1 h and 
then given 90-180 min recovery in normal aCSF, extensive axonal degeneration 
was observed histologically. Accordingly, the cGMP response of such nerves was 
reduced to 20% of its normal value. cGMP immunohistochemistry indicated this 
residual response was attributable to the survival of a small number of axons. 
cGMP responsiveness was significantly restored if, during OGD, either Ca2+ or Na+ 
was removed from aCSF or 1 pM tetrodotoxin was included. Three Na+ channel 
inhibiting compounds, namely BW619C89, BW1003C87 and lamotrigine, also 
enabled significant restoration of the cGMP response in parallel with their ability to 
protect the axons, as determined histologically. We conclude that NO-induced 
cGMP formation in rat optic nerve provides a simple, rapid and reliable method for 
assaying optic nerve axon viability. (Supported by The Wellcome Trust)

736.3

Astrocytes protect neurons from NO toxicity by a glutathione-linked 
mechanism.
Nina E.Vartiainen*1,2, Jill K.Guenza3, Becky A.Stein3, Pak H.Chan2,
Jari E.Koistinaho1,2 and Raymond A.Swanson3.
1A.I.Virtanen Institute for Molecular Sciences, Univ. of Kuopio, Finland; 
2Dept. of Neurology and Neurosurgery, Stanford Univ. Medical Center; 
3Dept. of Neurology, Univ. of California and VAMC, San Francisco

Glutathione (GSH) can react directly with oxidant species such as H202 
and NO, and also function in regenerating other endogenous free radical 
scavengers such as ascorbate and vitamin E. Several reports suggest that 
astrocytes may contain higher concentrations of GSH than do neurons, 
indicating the possibility that astrocyte GSH may function in part to 
protect neurons from diffusible reactive oxygen species. This possibility 
was tested using a co-culture system in which murine astrocytes plated 
onto dialysis membranes were placed in wells containing a pure 
neuronal monolayer. Agents added to the medium could reach the 
neurons only by passing through the astrocyte layer.

Glutathione content in the astrocyte layer was manipulated by exposure 
to buthionine sulfoxide (BSO) prior to placement on the neuronal layer. 
NO was generated in the co-culture medium with the NO donors 
spermine NONOate or S-Nitroso-N-Acetylpenicillamine (SNAP). Neuronal 
viability was determined after 24 hours by use of the vital stain 5(6)- 
carboxyfluorescein diacetate. Both spermine NONOate and SNAP 
caused dose-dependent neuronal death. The neuronal death was in all 
cases much greater in the wells containing the glutathione-depleted 
astrocytes than in the wells containing the control astrocytes. These 
results suggest an important role of astrocyte glutathione or glutathione- 
linked antioxidants in protecting neurons against NO toxicity.
This study was supported by Finnish Ministry of Education, Saastamoinen 
Foundation and by NIH grant P50 NS14543

736.4
ROLE OF NITRIC OXIDE IN HYPOXIA-INDUCED DEPRESSION OF 
SYNAPTIC TRANSMISSION IN THE PRIMARY MOTOR CORTEX OF THE 
IMMATURE RAT. G. Aicardi*, I. Zironi and E. Marcato, Department of Human 
and General Physiology, University of Bologna, 40127 Italy.

We have recently shown that nitric oxide (NO) is involved in the reduction of 
neuronal excitability occurring in the primary motor cortex (MI) of the immature 
rat during a brief hypoxic episode. In the present study we examined the effect of 
hypoxia on synaptic transmission in the horizontal pathways of ML The 
experiments were carried out in neocortical slices (400 pm thick) prepared from 
juvenile (postnatal 16-18 days) male rats. Slices were placed in a submersion 
recording chamber perfused (3 ml/min) with warm (34°C) artificial cerebro-spinal 
fluid (ACFS) equilibrated with 95% O2 and 5% CO2 at pH 7.4 and containing 
bicuculline methiodide (3-5 pM) in most cases. Field excitatory postsynaptic 
potentials (fEPSPs) evoked by horizontal pathways stimulation were recorded 
from layers II-II1 of Ml, during and after 10 min of hypoxia induced by perfusing 
the slice with ACFS equilibrated with 95% Nj and 5% CO2. The amplitude of the 
AMPA-kainate receptor-mediated component of the maximal fEPSPs gradually 
decreased during hypoxia to 54.6% ±13.0 (mean ± S.E.M., n=5); this depressive 
effect was significantly attenuated in slices perfused with ACFS containing the NO 
sinthase inhibitor L-NAME (2 mM) or the NO-sensitive guanylyl cyclase inhibitor 
ODQ (0.1 mM): the amplitude decreased during hypoxia to 81.2% ± 10.4 (n=5) 
and to 76.1% ± 8.5 (n=4), respectively. The amplitude of the NMDA receptor- 
mediated component of the maximal fEPSP decreased during hypoxia to 57.1% ± 
10.2 (n=5), but neither L-NAME- (n=5) nor ODQ (n=4) significantly attenuated 
this effect. These observations suggest that hypoxia-induced depression of 
synaptic transmission in MI of the immature rat is only partly mediated by NO, 
possibly through guanylyl cyclase activation. Accordingly, synaptic transmission 
was slightly depressed by the NO donor sodium nitroprusside (0.3 - 0.9 mM, n=5). 
(Supported by C.N.R. and M. U. R.S. T. grants to G.A.)
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736.5

Endoplasmic reticulum (ER) calcium stores and neuronal protein 
synthesis are major targets of nitric oxide toxicity. J. Doutheil1*, S. 
Althausen2, M. Treiman3 and W, Paschen2. 'Queen's Medical Center, Neuroscience 
Institute & University of Hawaii, Honolulu, Hi, 96822, USA; 2Dept. of Experimental 
Neurology, Max-PIanck-Institute for Neurological Research, Koln, Germany; 3 Dept. of 
Physiology, The Pannum Institute, Copenhagen, Denmark.

Nitric oxide (NO) plays an important role in neuronal injury in various types of 
pathological states of the brain. However, the primary target of NO toxicity has not yet 
been identified. In the present study, rat primary cortical cell cultures were exposed to 
medium containing the NO-donor (±)-S-Nitroso-N-acetylpenicillamine (SNAP; lp- 
lmM) for 1 to 24h. NO-induced changes in ER calcium homeostasis, protein synthesis, 
and energy state were evaluated by measuring the activity of ER calcium pump 
(SERCA), the filling level of ER calcium stores (increase in cytoplasmic calcium 
activity induced by blocking ER calcium pump with thapsigargin), incorporation of 
3H-leucine into proteins, and levels of ATP, ADP and AMP. Exposing cells to SNAP 
for 2h caused an inhibition of SERCA activity to about 50% of control, and a complete 
depletion of ER calcium stores. Protein synthesis was reduced to 30% (1 -2h exposure) 
or 16% (6-24h exposure) of control and this suppression was reversed in the presence 
of 20 pM hemoglobin indicating NO-related effects. The energy state of cells was not 
disturbed before 6h exposure of cells to NO. In light of the regulatory role of ER 
calcium homeostasis on protein synthesis, the results imply that the NO-induced 
suppression of protein synthesis was induced by depletion of ER calcium stores caused 
by inhibition of SERCA. The results suggest that ER calcium stores are a primary 
target of NO toxicity and that NO-related deterioration of mitochondrial functions are 
secondary to disturbances of ER calcium homeostasis. It is concluded that disturbances 
of ER calcium homeostasis may play a primary role in the development of neuronal 
cell injury in all those states of the brain where an activation of NO synthase is 
believed to contribute to the pathological process. Supported by the Max-Planck 
Society, Germany.

736.6
ATTENUATION OF LPS-INDUCED CYTOKINE AND INDUCIBLE NITRIC 
OXIDE SYNTHASE (iNOS) GENE EXPRESSION BY N-ACETYL-O- 
METHYLDOPAMINE IN BV-2 MICROGLIA CELLS. S. Cho'*, B.T. Volpe1, J. 
Gal', C.K. Chu2, K. Lee2, T.H. Joh1 ' Dept. of Neurology & Neuroscience, 
Cornell University Medical College at W.M. Burke Medical Research Institute, 
White Plains, NY, 10605,2 College of Pharmacy, University of Georgia, Athens, 
G.A.30602

We have demonstrated that the administration of N-acetyl-O-methyl dopamine 
(NAMDA) significantly protected CA1 hippocampal neurons in rats that were 
subjected to 10 min of transient forebrain ischemia (Cho et al., 1999, J. Neurosci.). 
In the present study, we tested the hypothesis that the neuroprotective effect of 
NAMDA in cerebral ischemia may be mediated by inhibiting cytokine and NF-k B 
mediated gene expression. To test the hypothesis, we performed Northern blot 
analysis of IL-1 P, TNF-a, and iNOS gene expression in control, LPS (0.2 gg/ml), 
or LPS+NAMDA (5mM) treated BV-2 microglia cells. Compared to the control 
culture, LPS increased IL-1 (3, TNF-a, and iNOS gene expression 3 and 6 h after 
treatment. NAMDA treatment ablated this LPS-induced cytokine response. 
When the cultures were treated with TNF-a, they produced nitrite, an oxidative 
metabolite of nitric oxide (NO), in a dose-dependent manner, and NAMDA 
blocked TNF-a-induced nitrite production measured in the supernatant. These 
results demonstrated that NAMDA inhibits LPS-induced cytokine and iNOS gene 
expression, and TNF-a-induced NO production. The data support the view that 
up-regulation of cytokines and iNOS gene expression plays a role in ischemic 
neuronal injury and inhibition of this process by NAMDA may provide new 
therapeutic strategies for ischemic cerebral disease. (Supported by NIMH 24285 
to THJ and The Burke Foundation).

736.7

ANTISENSE OLIGODEOXYNUCLEOTIDES TO INDUCIBLE 
NITRIC OXIDE SYNTHASE PROTECTS FROM TRANSIENT FOCAL 
CEREBRAL ISCHEMIA. S, Parmentier1, G.A, Bohme2* D. Lerouet1. V. 
Beray1 and M, Plotkine1. JDpt. of Pharmacology, Univ. Paris - school of 
Pharmacy, F-75270 Paris, France, and 2Rhone-Poulenc Rorer S.A., Dpt. of 
Neurophysiology, F-94403, Vitry-sur-Seine, France.

Recent work in our laboratory has demonstrated that the selective 
inhibition of inducible nitric oxide synthase (iNOS) is neuroprotective in 
cerebral ischemia with an 18h therapeutic window (Parmentier et al., Br. J. 
Pharmacol., 1999, 127 : 546-552). Here we have studied the effects of 
antisense oligonucleotides (ODNs) directed against iNOS in a model of 
transient focal cerebral ischemia produced by the occlusion for 2 h of both the 
left middle cerebral artery and common carotid artery in Sprague-Dawley 
rats. Treatment with phosphodiester/phosphorothioate chimera ODNs (3 
nmol) was started 12h prior to injury and consisted in 7 
intracerebroventricular injections at 12h interval. Three days after ischemia, 
antisense treatment reduced the lesion volume by 30% and significantly 
improved the behavioral recovery with respect to animals treated with vehicle 
or the appropriate control sequence (random non-sense). This effect was 
associated with a 39% reduction in iNOS enzymatic activity evaluated as 
Ca2+-independent NOS activity, and with a 37% reduction in nitrotyrosine 
formation, reflecting protein nitration by NO-derived peroxynitrite and 
nitrites. These findings provide new evidence that iNOS contributes to post- 
ischemic neuronal injury. Thus, selective inhibitors of this isoform may be of 
interest for the treatment of stroke.

736.8
NEUROPROTECTIVE EFFECT OF MK801 ON THE NITRIC OXIDE 
SYNTHASE FOLLOWING HYPOXIA-REOXYGENATION. H.-M. Huang*», 
J.-C. Shen2, S.-J. Hsueh1, J.-Y.Yu L and H.-C. Ou1 'Dept. of Education and 
Medical Research, 2Section of Neurosurgery, Taichung Veterans General 
Hospital, Taichung, Taiwan, ROC

Focal ischemia or hypoxia which reduced blood or oxygen supply to the 
brain parenchyma, activated glutamate released, subsequently interacted with N- 
methyl-D-aspartate (NMDA) receptor, resulted in increase of intracellular 
concentration of Ca2+, that might lead to neuronal death. NMDA receptor 
antagonist, MK801, was used to elucidate the possible molecular pathways that 
were involved the hypoxia/reoxygenation induced neurotoxicity. Treatment of 
cortical cells with hypoxia (95% N2/5% CO2) for 2 hr and then reoxygenation 
for 24 hr, reduced numbers of MAP-2 positive cells while increased the lactate 
dehydrogenase (LDH) release in the medium. In addition, reoxygenated cells 
occurred nuclear condensation, indicating that cell death was via apoptosis. 
MK801 protects neurons against hypoxic- and/or reoxygenated- necrotic and 
apoptotic cell death. The immunoactivities as well as mRNAs encoding of 
neuronal nitric oxide synthase (nNOS) were enhanced after hypoxia in a time- 
dependent manner, while the numbers of nNOS-positive cells and their mRNA 
levels were reduced following hypoxia/reoxygenation. Furthermore, MK801 
attenuated these effects of hypoxia and/or reoxygenation on nNOS. Taken the 
results together, up-regulation of nNOS leads to increase of nitric oxide (NO) 
production, which in turn may contribute to the hypoxic-ischemic neuronal 
injury, and MK801 protected neuronal cells against hypoxia by diminishing the 
calcium influx and down-regulating nNOS (supported by TVGH874902B and 
887306D).

736.9

ARL17477, A SELECTIVE NEURONAL NITRIC OXIDE SYNTHASE 
INHIBITOR, WITH NEUROPROTECTIVE EFFECTS IN ANIMAL 
MODELS OF GLOBAL AND FOCAL CEREBRAL ISCHAEMIA. T.K. 
Murray1. T,R, Wiernicki2, D.R, McCarty2, C.A. Hicks', C.P, Dell1*, K.E, Patrick2.
M,A, Ward MTJ. Osborne1, C.R. Roman2, D, Lodge2. J.H. Fleisch2 J. Singh2 and
M-J- O’Neill1 Eli Lilly and Co. Ltd., 'Lilly Research Centre, Erl Wood Manor,
Surrey GU20 6PH, U.K. and 2Lilly Corporate Center, Indianapolis, U.S.A.

Studies using transgenic neuronal nitric oxide synthase (nNOS) knockout mice 
and selective nNOS inhibitors indicate that neuronal nitric oxide plays a detrimental 
role following cerebral ischaemia. Experiments described here investigated the 
effects of ARL17477 on nNOS and eNOS activity in vitro and in a model of global 
ischaemia in the gerbil and two models of transient focal ischaemia in the rat.

In global ischaemia male Mongolian gerbils (60-80g) were rendered ischaemic by 
clamping both common carotid arteries for 5 min. In the endothelin-1 (Et-1) model 
of focal cerebral ischaemia, Et-1 (200 pmols in 3pl) was infused near the middle 
cerebral artery, while in the intraluminal model, the middle cerebral artery was 
occluded for 2hr using 220 pm diameter nylon monofilament.

Results indicated that the ICW for ARL 17477 on recombinant human nNOS and 
eNOS was IgM and 15gM, respectively. ARL17477 (50 mg/kg i.p.) produced a 
significant reduction in the ischaemia-induced hippocampal damage following 
global ischaemia when administered either pre- or post-occlusion. In the Et-1 model 
of focal ischaemia ARL 17477 (1 mg/kg i.v.) significantly attenuated the infarct 
volume when administered at either 0, 1 or 2hr post Et-1 infusion. In the 
intraluminal suture model ARL 17477 (1 or 3 mg/kg i.v.) produced an apparent 
reduction in the infarct volume 1 day later, but this failed to reach statistical 
significance. The compound failed to provide any protection when administered at 1 
or 3 mg/kg i.v. upon reperfusion, 24 and 48 hr later and measuring the infarct 
volume at 3 or 7 days.

These results indicate that selective nNOS inhibitors such as ARL 17477 may be 
useful for the treatment of ischaemic conditions.

736.10
CELL CYCLE BLOCKERS AMELIORATE THE VULNERABILITY OF 
GLUCOSE-DEPRIVED ASTROCYTES TO NITRIC OXIDE 
CYTOTOXICITY. K-N. Yoon', J-J. Choi', W-K. Kim' and J-M. Chung2*. 'Dept. 
of Pharmacol., Col. of Med.; 2Dept. of Biol., Col. of Natural Sci., Ewha Womans 
Univ., Seoul 158-056, Republic of Korea.

Recently, we reported that immunostimulation made astrocytes much vulnerable 
to glucose deprivation-induced death via expression of inducible nitric oxide 
synthase (J. Neurosci. Res. 55: 870-875, 1998). We have also reported that the 
vulnerability of astrocytes to nitric oxide-induced cytotoxicity was dependent on 
their proliferative state (Neurosci. Lett. 256: 109-112, 1998). The present study 
evidences that the nitric oxide (NO)-induced potentiated death of glucose-deprived 
astrocytes is modulated by the specific cell cycle blockers. Cytotoxicity was 
assessed by measuring the release of lactate dehydrogenase. Of cell cycle blockers 
used in the present study, the Gl-S transition blockers ciclopirox and mimosine 
totally blocked the NO-induced potentiated death of glucose-deprived astrocytes in 
concentration-dependent manners. The G2-M transition blocker etoposide also 
prevented the augmented death. The G1 phase blocker deferoxamine, S phase 
•blocker aphidicolin and M phase blocker nocodazole did not alter the NO-induced 
augmented death of glucose-deprived astrocytes. These observations suggest that 
simply blocking the cell cycle at any point is not protective but, rather, that it is 
necessary to block at specific “safe” points. The mechanism for the preventative 
effects of cell cycle blockers on NO-induced augmented death of glucose-deprived 
astrocytes will be further discussed in the SFN meeting.

This study was supported by KOSEF through the Centre for Cell Signalling 
Research at Ewha Womans University and by a grant (#HMP-98-N-2-0013) of “the 
good health R&D project (1998)” of the Ministry of Health and Welfare, Rep. of 
Korea.
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736.11
NITRIC OXIDE-INDUCED AUGMENTATION OF APOPTOTIC DEATH 
OF GLUCOSE-DEPRIVED ASTROCYTES: INVOLVEMENT OF 
POLY(ADP-RIBOSE)POLYMERASE. J-J. Choi1, K-N. Yoon1, S.H. Cho2*,
K.H. Ko3 and W-K. Kim1. 'Dept. of Pharmacol, and 2Physiol., Ewha Womans Univ. 
Med. Sch.; 3Dept. of Pharmacol., Sch. of Pharm., Seoul Natl. Univ., Seoul, Rep. of 
Korea.

Recently, we reported that 48-h pretreatment with interferon-y (100 U/ml) and 
lipopolysacchride (1 pg/ml) made astrocytes much vulnerable to glucose deprivation 
via expression of inducible nitric oxide synthase (J. Neurosci. Res. 55: 870-875, 
1998; Neurosci. Lett. 256: 109-112, 1998). The augmented death of astrocytes was 
mimicked by the nitric oxide (NO) releasing reagent 3-morpholinosydnonimine 
(SIN-1). The present study demonstrated that NO evoked apoptosis, rather than 
necrosis, in glucose-deprived astrocytes. Apoptotic death was demonstrated by in 
situ DNA fragmentation (i.e., TUNEL). Apoptotic death was also assessed by using 
flow cytometry with 7-aminoactinomycin D. Chromatin condensation and nuclear 
segmentation, which are typical characteristics of apoptosis, were visualised under 
electromicroscope and by staining DNA with Hoechst 33258. Glucose-deprived 
astrocytes exposed to SIN-1 highly expressed poly(ADP-ribose)polymerase, of 
which the activation is reported to mediate mitochondrial injury during oxidant- 
induced cell death. The augmented death was prevented by the poly(ADP- 
ribose)polymerase inhibitors 3-aminobenzamide and nicotinamide. Our data indicate 
that ADP-ribosylation may be associated with the NO-induced augmented apoptotic 
death of glucose-deprived astrocytes.

This study was supported by KOSEF through the Centre for Cell Signalling 
Research at Ewha Womans University and by a grant (#HMP-98-N-2-0013) of “the 
good health R & D project (1998)” of the Ministry of Health and Welfare, Rep. of 
Korea.

736.12
DISTINCT REGIONAL EXPRESSION OF MANGANESE SUPEROXIDE 
DISMUTASE AND NEURONAL NITRIC OXIDE SYNTHASE IN RAT BRAIN. 
M.F. Poitras1- A.S. Mandir1. J. Gao1. T.M.1,2 Dawson and V.L, Dawson1,2* Depts. of 
Neurol.1 & Neurosci.2, Johns Hopkins Univ., Sch. of Med., Baltimore., MD 21287.

Manganese superoxide dismutase (MnSOD) is a major protective protein against 
oxidative stress. Previously, we showed that MnSOD is selectively enriched in nNOS 
neurons in cortical cultures and that it appeared to be essential for their selective 
resistance to NMDA mediated neurotoxicity. However detailed and comprehensive 
immunohistochemical studies in rodent brain on the localization of MnSOD have not 
been reported. The aim of this study was to determine MnSOD expression profile in 
rat brain. Anti-MnSOD polyclonal antibodies were raised in rabbit using purified 
recombinant rat MnSOD as an antigen. Subfractionation of whole brain homogenate 
and subsequent Western analysis with anti-MnSOD antibody revealed that MnSOD 
was mainly enriched in the mitochondrial fraction while very low levels of the protein 
were found in the nuclear, microsomal and the cytosolic fractions. Expression levels 
of MnSOD and nNOS were evaluated in different regions of the brain by Western blot 
analysis. Surprisingly, MnSOD was expressed at similar levels in the 
thalamus/hypothalamus, brain stem, cortex, caudate putamen, mid- brain, cerebellum, 
hippocampus and the olfactory bulb. MnSOD expression did not follow the 
expression pattern of nNOS, as high levels of nNOS were predominantly found in the 
thalamus/hypothalamus, cerebellum and olfactory bulb; and low levels were found in 
cortex, caudate putamen, mid-brain and hippocampus. Very low expression levels of 
nNOS were found in brain stem. Immunohistochemical studies performed with anti- 
MnSOD antibody revealed that MnSOD was expressed predominantly in neurons. 
While MnSOD is expressed in nNOS neurons, it is also expressed at high levels in 
other neurons. Thus, MnSOD is a widely distributed and ubiquitous antioxidant 
enzyme in the brain. Its distribution suggest that other mechanisms, in addition to 
MnSOD may account for the selective resistance of nNOS neurons to toxic insults in 
vivo. (Supported by NIH, AHA, HSFC andFCAR)

736.13

DUAL-PHOTON IMAGING OF FREE OXYGEN RADICALS IN SINGLE 
PYRAMIDAL CELLS IN MOUSE HIPPOCAMPUS
R. Huber*, M. Buchner, M. Schlieter, A.C.Ludolph, M.W. Riepe,
Dept. of Neurology, University of Ulm, D-89075 Ulm, Germany.
Dual-photon microscopy allows investigation of single cells in thick brain slices 
due to increased depth penetration of near infrared photons. Chemical 
preconditioning with inhibition of succinic dehydrogenase with 3-nitropropionate 
(3NP) increases cellular hypoxic tolerance. Pretreatment was achieved by a single
i.p. injection of 20 mg/kg 3-nitropropionate lh prior to preparation of hippocampal 
slices. The goal of the present study was to investigate whether chemical 
preconditioning changes generation of free oxygen radicals upon inhibition of 
mitochondrial complex I in single pyramidal cells. Control hippocampal slices 
were prepared from male mice (35 to 40 gr). Slices were stained with 10 pM DCF 
for lh prior to onset of experiment. A TiSa Laser was pumped with a 5 Watt solid 
state laser. Fluorescence was measured in a chamber mounted on a Zeiss inverted 
microscope with objective Zeiss C-Apo (63x, NA 1,2 water immersion). 
Simultaneous to fluorescence imaging population spikes were recorded in 
hippocampal region CA1 upon stimulation of Schaffer collaterals in hippcampal 
region CA3 (0.01 Hz). -Upon 15 min of baseline recording with perfusion of 
oxygenated control Ringer solution fluorescence in CA1 pyramidal cells increased 
to 105,3 ± 10 % due to a small production of free radicals under standard 
conditions. After 20 min of perfusion with amobarbital (2 mM) populations spike 
amplitude was reduced to 11±3% of onset level. At this time fluorescence did not 
change in control slices (104 ±10 %) due to total inhibition of respiratrory chain, 
slices of pretreated animals showed an increase to 110 ± 10%. During recovery 
slices of pretreated animals showed a larger increase of fluorescence (±134 19% vs 
104 ± 14%). We conclude that chemical preconditioning upon inhibition of 
mitochondrial complex I results in altered production of free oxygen radicals. 
Supported by a grant from the Deutsche Forschungsgemeinschaft to MWR.

736.14

EFFECTS OF NEURONAL CU/ZN SUPEROXIDE DISMUTASE (SOD1) 
OVEREXPRESSION ON OXYGEN FREE RADICAL TOXICITY IN VITRO 
W, Ying*2, Y, Chen2, B. A, Stein*, V. Simma2, J-C Coping P. H, ChatV, and
R. A. Swanson2, 1Dept. of Neurosurgery, Stanford University; and 2Dept. of 
Neurology, University of California andV.A.M.C.; San Francisco, CA 94121.

Oxidative stress may contribute to ischemic brain injury. It has been reported 
that SOD1 overexpression can produce both beneficial and detrimental effects in 
cerebral ischemia. The goal of this study was to identify conditions under which 
SOD1 overexpression is neuroprotective or neurotoxic using a cortical culture 
system. Neurons heterozygous for the hSODl transgene (SOD1-Tg neurons) 
were prepared from fetal Tg/wt X wt/wt crosses and plated onto a layer of 
wt/wt astrocytes. Neurons from each fetus were plated separately and 
immunostained for hSOD to establish phenotype. The NO donors SNAP, 
spermine-NONOate, and DEA-NONOate produced 35 - 55% less Tg neuron 
death compared with wt neurons (p < 0.01), suggesting attenuation of NO 
toxicity as one mechanism underlying the protective effects of SOD1 
overexpression on ischemic brain damage. However, the SOD1-Tg cells were 
more vulnerable than wt neurons to the intracellular superoxide generator 
menadione. Experiments further showed that the fluorescent dye 
dichlorofluoroscein (DCF), which reacts with H2O2 and other reactive oxygen 
species, produced nearly twice as much signal in SOD1-Tg neurons than in wt 
neurons during treatment with menadione (p < 0.01). These observations 
suggest that SOD1 overexpression can accelerate H2O2 production, and this may 
diminish or reverse the beneficial effects of SOD1 overexpression under some 
conditions. Additional studies did not find significant effects of SOD1 
overexpression on neurotoxicity elicited by H2O2 itself or by NMDA. (Supported by 
P50 NS14543)

736.15

Inhibition of Heme Oxygenase Activity by Amyloid Precursor Proteins 
Could Explain Neuronal Vulnerability to Oxidative Stress.
&• Dore*, NLTakahashi, S. Goto, K. Sampei, R.J, Travstman, R,C. Koehler, and S.H,
Snyder. Depts Neuroscience and Anesthesiology/Critical Care Medicine, Johns 
Hopkins University, School of Medicine, Baltimore MD 21205.

Amyloid precursor protein (APP) is a member of a family of proteins that includes 
amyloid precursor-like proteins (APLP-1 and -2). While the function of the APLP 
proteins is still unclear, APP has been well characterized as the precursor of the B- 
amyloid fragment (AB), known to be enriched in plaques in brains of patients with 
Alzheimer’s disease (AD). The role of AB in neurotoxicity is not fully established but 
may involve reactive oxygen radicals. We have reported that APP/APLP directly 
interact with heme oxygenase (HO) to inhibit HO enzymatic activity. APP harboring 
mutations linked to familial AD provide substantially greater inhibition of HO 
activity than wildtype APP (Soc. Neurosci. Abst. 24: 204, 1998). Two HO active 
isozymes are well known: HOI, an inducible heat shock protein, and HO2 which is 
exclusively expressed in neurons. HO catalyzes the conversion of heme to carbon 
monoxide, iron and biliverdin, which is immediately reduced to bilirubin. Bilirubin 
formed by activation of HO2 protects cultured neurons against H2O2-induced injury. 
It has been reported that transgenic animals overexpressing the Swedish mutation of 
APP (APPswe) have increased brain damage after middle cerebral artery occlusion 
(MCAO) stroke model. We wanted to know if one possible explanation would be the 
inhibition of HOs. Wildtype (WT), HO2 and HOI knockout mice were subjected to 
MCAO stroke model. Damage in the HO2'A was nearly twice that of the WT animals. 
No significant differences in the infarct volume were observed between HO I* and 
WT mice. The more extensive neural damage in HO2'Z' mice is comparable to the 
damage observed in the APPswe transgenic animals. These findings suggest that 
diminished neuroprotective HO2 activities against oxidative stress may play an 
important role in ischemic injury with HO-APP interactions being relevant to AD and 
possibly other forms of neural damage. (Supported by NIH grants and by MRCC)

736.16

DAMAGE TO PROTEIN SYNTHESIS AFTER
ANOXIA/AGLYCEMIA INVOLVES FREE RADICALS. S.E. 
Hye, I. Chatten-Brown and K.M. Ralev-Susman*Dept. of 
Biology, Vassar College; Poughkeepsie NY 12604

Anoxia/aglycemia damages protein synthesis in hippocampal neurons 
in the slice preparation. The events triggering this persistent form of 
damage involve activation of NMDA receptors and the elevation of 
calcium. NMDA receptor activation is known to cause a number of 
cellular events, including elevation of calcium, activation of proteases and 
kinases, and production of free radicals. This study explored the role of 
free radicals in the damage to protein synthesis after anoxia/aglycemia or 
direct exposure to a free radical generating system, xanthine/xanthine 
oxidase (X/XOD). Adult rat hippocampal slices were exposed to 7.5 min 
of anoxia/aglycemia or 5 min of X/XOD and allowed to recover for 2 hr 
prior to measurement of protein synthesis. Protein synthesis was 
measured on fixed 5 pm sections of slices autoradiographically using 3H- 
leucine. X/XOD damaged protein synthesis in neurons of the slice; the 
damage was attenuated by treatment with Vitamin E before, during and 
after the X/XOD exposure. Damage to protein synthesis caused by 
anoxia/aglycemia was only attenuated by free radical scavengers (Vitamin 
E, N-acetyl-cysteine, PBN) if calcium was lowered concomitantly. 
Intriguingly, if the free radical scavenger treatment (in lowered calcium 
buffer) was present before and during the insult, protection was evident. 
However, if the treatment occurred only in the recovery period, no 
protection was seen. Thus, free radical production in the anoxic/aglycemic 
period (or very early in the recovery period) itself appears most important 
for the damage to occur. „6 Nat. AHA EIG Award to K.M.R-S.
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736.17
EVALUATION OF THE FREE RADICAL SCAVENGING AND 
CYTOPROTECTIVE EFFECTS OF TAURINE AGAINST REACTIVE 
OXYGEN SPECIES (ROS) RELEASED BY NEUTROPHILS. S 
Kearns, T. Mehta and R. Dawson, Jr.* Dept. of Pharmacodynamics, 
College of Pharmacy, Univ. of Florida, Gainesville, FL 32610.

Taurine is the second most abundant amino acid found in the CNS. 
Taurine is released from both neurons and astrocytes during ischemia 
and other neurotoxic insults. The aim of the present studies was to 
determine if taurine would scavenge free radicals (HOCI, NO, ONOO') 
released during ischemia/reperfusion injury. The ability of taurine and 
taurine analogs to inhibit oxidation of dihydrorhodamine (DHR) to 
rhodamine was measured in the presence of 0.1 mM SIN-1(3- 
morpholinylsydnoneimine), a ONOO' generator. PC12 cells were used 
to test the cytoprotective actions of taurine against HOCI or the NO 
generator, sodium nitroprusside (SNP). Viability of PC12 cells was 
determined using the MTT assay. Taurine (50 mM) and hypotaurine (10 
mM) significantly reduced the oxidation of DHR induced by SIN-1. In 
contrast, taurine slightly increased the oxidation of DHR induced by 1.25 
mM SNP. Taurine (30 mM) failed to protect PC 12 cells from the 
cytotoxicity caused by 24-h exposure to 1 mM SNP. PC 12 cell death 
caused by exposure to 150 pM HOCI was significantly reduced when 
taurine was added simultaneously at concentrations as low as 0.5 mM. 
Protection of PC 12 cells appeared to be mediated by a direct 
scavenging mechanism since pre- or post-treatment with taurine were 
ineffective. These results suggest that taurine can effectively scavenge 
HOCI, but very high concentrations of taurine are required to scavenge 
ONOO'. Taurine may act to reduce neuronal injury during 
ischemia/reperfusion.

736.18
DIFFERENTIAL SENSITIVITY TO SUPEROXIDE TOXICITY IN PRIMARY 
NEURONS. M.L. Michaelis*, M. Pearson, N. McComb, D. Moore-Nichols, 
M. Bechtel, A. Zaidi, T. Robertson, and E.K. Michaelis. Dept. Pharmacol. & 
Toxicol., Ctr. Neurobiol. & Immunol. Res., Univ. of Kansas, Lawrence, KS 
66045

Numerous reactive oxygen species (ROS) such as H2O2, O2*~, OH*, 
ONOO can be generated in the brain under various conditions of stress. 
Superoxide (O2’~) has been implicated in both signaling and cell death 
cascades in neurons. The goal of our studies was to determine whether 
sensitivity to the damaging effects of O2’~ might be related to the neuronal 
phenotype in primary cultures. Cerebellar granule cells obtained from 
postnatal rat pups and cortical cells from embryonic brain were exposed to 
paraquat (PQ) to produce intracellular O2’“ or xanthine plus xanthine 
oxidase (X+XO) to generate extracellular O2’~ After 24 hours, neuronal 
viability was assessed with trypan blue exclusion and live/dead fluorescent 
assays. Exposure of cortical and cerebellar granule cells to 50pM PQ 
resulted in 29% and 66% cell death respectively, indicating that granule 
cells were considerably more sensitive to this free radical than cortical 
neurons. Since granule cells have high levels of nitric oxide synthase 
(NOS) and might produce NO that reacts with O2’~ to form the damaging 
anion ONOO', the NOS activity was inhibited with L-NAME and the toxicity 
of O2*“ evaluated. Reduction in NOS activity had only a small effect on the 
cell death in granule cells, suggesting that ONOO' is not likely to be 
responsible for the greater sensitivity of these cells to intracellular 
generation of O2*“. Cerebellar granule cells were also very sensitive to the 
generation of O2*_ in the extracellular environment. The cell death 
produced following exposure to 25 pM X and 0.05 u/ml XO also was not 
blocked by co-treatment of neurons with L-NAME. (Supported by NIH 
#1R25RR 10150_01A1 SRC 05, AG12993, & Alzheimer’s Assoc.)

736.19

PROTECTIVE EFFECTS OF NOS INHIBITOR, NMDA ANTAGONIST, AND 
ANTIOXIDANTS AGAINST NEURONAL INJURY CAUSED BY HYPOXIA- 
REOXYGENATION IN RAT CORTICAL NEURONS Ju-Yu Wang1,2*, Andrew 
Y.-C. Shum3 and Jia-Yi Wang1 ’Dept. of Physiology and Graduate Institute of 
Life Sciences, National Defense Medical Center, Taipei; 2Hung-Kuang Institute of 
Technology, Taichung; and 3Dept. of Pharmacology, National Yang-Ming 
University, Taipei, Taiwan, R.O.C.

It is well known that hypoxia-reoxygenation (H/R) can result in neuronal 
injury. The injury is caused by a cascade of events including excess release of 
glutamate, overactivation of NMDA receptor, increasing cytosolic calcium, 
production of nitric oxide (NO) and free radicals. In the present study, we 
examined the H/R induced neuronal injury and the protective effects of NOS 
inhibitor (L-NAME), NMDA antagonist (MK-801), and antioxidants including 
superoxide dismutase (SOD), Tempo (permeable SOD), dimethyl thiourea 
(DMTU), catalase, melatonin and p-estradiol against H/R induced injury. 
Primary rat cortical neuronal cultures were subjected to hypoxia (5% CO2+ 95% 
N2) for 3, 5, 7, 12 or 24 hr and reoxygenated for 24 hr. Cell injury was assessed 
by phase contrast microscopy and measurement of lactate dehydrogenase (LDH) 
activity in culture media. Cell survival was assessed by MTT assay. The 
production of NO was estimated by measuring the stable metabolite nitrite with 
Griess reagent. Our results indicated that the H/R caused time-dependent injury in 
neuronal cultures, but nitrite accumulation in culture medium did not change. 
Pretreatment with L-NAME, MK-801, and some antioxidants (DMTU, SOD, 
Tempo) reduced the neuronal damage and increased cell survival. However, the 
other antioxidants (catalase, melatonin, P-estradiol) were not neuroprotective 
against the injury. These results suggest that activation of NMDA receptors, 
production of NO, and generation of free radicals may play major roles in H/R 
induced neuronal injury. (Supported by NSC88-2314-B-016-073)

736.20

LONG TERM INFLAMMATORY RESPONSE AND LIPID PEROXIDATION 
AFTER HYPOXIC ISCHEMIC BRAIN INJURY IN THE 7DAY OLD RAT 
C.Palmer*1 S. Menzies2, R.L. Roberts1 and J.R. Connor2 1 Department of 
Pediatrics, * Neuroscience and Anatomy, Penn State University College of 
Medicine; Hershey, PA 17033.

Six months after a hypoxic ischemic (HI) insult to the brain of 7 day old rats 
we identified plaque-like foci of retractile extracellular material that stain positive 
for iron ( Soc Neurosci 23(2):1640,1997). The aim of this study was to 
determine the long term neuropathologic effects of the plaques with particular 
reference to the microglial response and oxidative injury. We injured the right 
cerebral hemisphere of 7 day old rats with a HI insult (right common carotid 
artery ligation and 2.25h hypoxia in 8% oxygen). The rats recovered for 6, 12 
or 18 months when groups (n=4 per group) were killed and the brains perfused 
wih 4% paraformaldehyde. Forty micron thick sections were stained for iron 
histochemistry (Peris stain), and for immunoreactivity to tomato lectin ( a 
microglial stain) and malondealdehyde (MDA), a marker of lipid peroxidation. 
The plaques were identified in injured regions at all recovery intervals. The 
plaques were robustly positive for iron at 6 months of age, however by 18m the 
plaque core no longer stained for iron. Amassed arround the plaques there 
were iron positive reactive cells at all recovery intervals. The plaques were 
also surrounded by a strong microgial reaction at 6m .however this was less 
intense by 18months recovery. The brain parenchyma adjacent to the plaques 
stained positive for MDA at 6 and 12m of recovery. At 18months recovery 
injured areas could no longer be identified by MDA staining. We conclude that 
following HI injury to the brain of 7 day old rats there is a long term microglial 
reaction to iron containing extracellular collections of materia, which we have 
termed plaques. The parenchyma adjacent to the plaques undergoes 
increased lipid peroxidation for at least a year following recovery.

736.21

PLASMA ASCORBATE AND OXYGEN CONSUMPTION DURING 
REWARMING FROM HIBERNATION IN ARCTIC GROUND SQUIRRELS. 
0, Toien l. M.E. Rice2. B, M, Barnes1 and K.L. Drew ^Institute of Arctic Biology, 
Univ. of Alaska Fairbanks, Fairbanks, AK 99775 and 2Depts. Of Physiology and 
Neurosurgery, New York University Medical Center, New York, NY 10016

During hibernation, rates of oxygen consumption of ground squirrels decrease to 
2% of basal levels, blood flow to the brain is reduced by 80-90%, leukocyte counts 
decrease 90% while plasma ascorbate levels increase up to 9-fold. During rewarming 
from hibernation, blood flow and leukocyte counts return to normal and oxygen 
consumption increases 300 fold. To investigate the dynamics of plasma ascorbate and 
oxidative stress during the surge in oxygen consumption plasma ascorbate and uric 
acid concentrations were determined by HPLC and leukocyte counts were determined 
manually in blood sampled every 15 min via chronic femoral arterial catheters. 
Oxygen consumption, body temperature, and electromyographic (EMG) activity from 
the pectoral muscles were recorded continuously. During rewarming, plasma 
ascorbate levels decreased quickly at a time corresponding to a peak in oxygen 
consumption and uric acid concentration. The peak in oxygen consumption was 
dissociated from the peak in EMG activity (shivering), indicating that a major part of 
oxygen consumption was due to non-shivering heat production by brown adipose 
tissue. At this time cheek pouch temperature increased from 3°C to 20-30°C, but 
rectal temperature was still about 10°C. Leukocyte counts returned to normal levels 
just after the peak in oxygen consumption when the animal began to move and 
posterior temperatures increased more rapidly. These results suggest 1) that elevated 
plasma levels of ascorbate may be utilized during the surge in oxygen consumption 
and protect against oxidative stress; or, 2) that ascorbate is taken up by white blood 
cells that re-enter the circulation upon return to normal blood flow. Funded by AHA 
98-AK-300 (KLD) and NS-34115 (MER).

736.22

MODULATION OF FERRITIN IRON MOBILIZATION IN VITRO 
BY CELL PROTECTIVE METALLOPORPHYRINS. B E. Dwyer*.
S.-Y, Lu, R.N. Nishimura and J.T, Laitinen. VA Medical Center, 
White River Junction, VT 05009-0001.

Tin-mesoporphyrin (Sn-mp), a potent inhibitor of heme oxygenase 
and manganese (III) tetrakis (l-methyl-4-pyridyl) porphyrin 
(MnTMPyP), a potent superoxide dismutase mimetic reduced the 
toxicity of H2O2 in cultures of transformed rat astroglial cells (ATs) 
(Dwyer et al., J. Neurochem 71, 2497-2504, 1998). H2O2 injury may be 
enhanced by redox active iron (the Fenton reaction) and we tested the 
hypothesis that a cell protective property of metalloporphyrins is 
inhibition iron release from ferritin, the major intracellular iron storage 
protein. The relative efficiency of sodium ascorbate and a series of 
thiols in an in vitro ferritin iron mobilization assay were cysteamine = 
thioglycolate > ascorbate = dithiothreitol > homocysteine = cysteine > 
2-mercaptoethanol = N-acetyl cysteine = glutathione. Sn-mp and 
MnTMPyP failed to stimulate ferritin iron mobilization. Whereas Sn- 
mp was generally without effect, MnTMPyP generally increased 
reductive ferritin iron release. The data did not support the hypothesis 
that previously observed protection by Sn-mp was due to inhibition of 
ferritin iron release. However, the general enhancement of reductive 
ferritin iron release by MnTMPyP suggested a mechanism for the 
toxicity of MnTMPyP observed previously in ATs.
Supported by the Department of Veterans Affairs.
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737.1
THE EFFECTS OF GLUCOSE ON NMDA RECEPTOR-MEDIATED NEURONAL 
DAMAGE IN HIPPOCAMPAL SLICE CULTURES L. B, Nguyen, M, S. Lee and D.
W. Newell*. Dept. of Neurological Surgery, Univ. of Washington School of 
Medicine, Seattle, WA 98195.

Mechanisms that operate to produce neuronal damage during ischemia are 
complex, multi-factorial, and vary depending on the type of ischemia or anoxia that 
occurs in different clinical settings. We found that NMDA receptor blockade by MK- 
801 does not protect neurons from severe anoxia in the presence of glucose.

A progressive decrease in effectiveness by MK-801 against NMDA 
receptor-mediated neuronal damage was observed with increased glucose 
concentration [glu]. NMDA receptor blockade with MK-801 produces marked 
neuroprotection from severe anoxia with no glucose (Omg% [glu]) present (52% 
damage in controls, 1% with MK-801). As the extracellular glucose concentration is 
increased, there is a progressive decrease in neuroprotection by MK-801 despite the 
fact that increasing [glu] prolonged neuronal survival: 60mg% [glu] present (51% 
damage in controls, 19% damage with MK-801); 80mg% [glu] present (53% damage 
in controls, 64% damage with MK-801); 100mg% [glu] present (66% damage in 
controls, 59% damage with MK-801); 600mg% [glu] present (69% damage in 
controls, 90% damage with MK-801).

Restoration of neuroprotection from severe anoxia at 100mg% [glu] by 
NMDA receptor blockade with MK-801 was observed by increasing the buffering 
capacity of the extracellular fluid (addition of 25mM HEPES).Mild acidosis (pH 6.5 - 
6.0) abolished the ability of NMDA receptor blockade with MK-801 to protect 
against neuronal damage from severe anoxia with no glucose present.

These results suggest that the glucose concentration during ischemia can 
modulate NMDA receptor-mediated neuronal damage from severe anoxia, probably 
through a pH dependent mechanism, which affects the activity of the receptors. 
Supported by CIDA1K08NS01596901 (DWN).

737.2
REGIONAL GLUT1 AND GLUT3 GLUCOSE TRANSPORTER mRNA EXPRESSION 
IN GROUND SQUIRRELS DURING HIBERNATION AND AROUSAL. D, Liu1, K.U. 
Frerichs2. M. Brenner2. I.A. Simpson1, J.M, Hallenbeck2 'DB NIDDK, NIH, 2N1NDS, NIH, 
Bethesda, MD 20892

Hibernation in mammals has been recognized as a natural model of adaptation and 
tolerance to ischemic stress. To test the hypothesis that this mechanism involves alterations in 
the glucose transporters, we analyzed the regional expression of the glucose transporters in 
brains of active, hibernating and aroused ground squirrels. GLUT1 and GLUT3 mRNAs were 
analyzed by in situ hybridization of adjacent coronal sections using 35S labeled riboprobes. 
GLUT1 cDNA was derived from rat; GLUT3 cDNA was cloned from ground squirrel total 
RNA. GLUT1 mediates glucose transport across the blood-brain barrier and into non-vascular 
brain, primarily glia. GLUT3 is the neuronal glucose transporter. Autoradiograms were 
analyzed by A1S image analysis for density quantification. GLUT1 mRNA expression was 
significantly reduced in the cerebral cortex in 4/5 hibernating animals and returned to awake 
levels immediately upon arousal. GLUT3 mRNA expression was reduced in specific brain 
regions of hibernating animals, with significant changes in cerebral cortex (p < 0.01). 
However, other regions such as reticular nuclei, amygdala and hippocampus retained normal 
levels of expression during hibernation and may play a role in the regulation of the metabolic 
suppression that allows tolerance to decreased delivery of blood flow, oxygen and glucose to 
brain during hibernation. As for GLUT1 mRNA, the alterations in GLUT3 mRNA expression 
were readily reversed at 1.5 hours of arousal, which preceded the normalization of body 
temperature and cerebral glucose utilization by ~ 5hours. Surprisingly, RNase protection 
assays of GLUT3 levels in whole brain from hibernating cf awake squirrels was not decreased 
suggesting a "sequestration” of the mRNA in the hibernating brain such that it is inaccessible 
to in situ detection, and presumably translation. It is important to determine whether these 
changes in mRNA expression are specific to the glucose transporters or a general protection 
of mRNA species in specific cell types.

737.3

MANIPULATING GLYCOGEN STORES IN ADULT WHITE MATTER 
INFLUENCES NERVE INJURY DURING HYPOGLYCEMIA.
R. Wender*, A. M. Brown and B. R. Ransom.
Dept. of Neurology. University of Washington, Seattle, WA 98195
In adult rat optic nerve, a central white matter tract, removal of glucose from 
bathing aCSF results in a delayed drop in evoked compound action potential (CAP) 
area and irreversible injury to the nerve as described by incomplete recovery of 
nerve function after 1 hour recovery in aCSF. We investigated the role of glycogen 
during periods of energy compromise in white matter. CAPs from adult rat optic 
nerve were recorded in vitro using suction electrodes and the area under the CAP 
was measured and used to monitor nerve function before and after periods of 
hypoglycemia. During a 1 hour period of hypoglycemia CAP function was 
maintained for 34.1 ± 2.2 minutes before failing, and CAP recovered to 43.0 ± 5.8 
%, n = 7. We hypothesize that the ability of nerve conduction to be maintained 
during periods of hypoglycemia is due to the axon’s ability to utilize astrocytic 
stores of glycogen in the form of lactate. Nerve conduction is maintained for 1 hour 
in the absence of glucose but in the presence of 20 mM lactate, indicating that 
axons can use lactate as an energy source. We employed compounds known to 
upregulate (insulin) or downregulate (norepinephrine) glycogen stores. Pre-
incubation of the nerves for 1 hour with 5 pM insulin and 25 mM glucose prior to 1 
hour of hypoglycemia resulted in a delayed fall in CAP function compared to 
control (44.3 ±3.3 minutes) and increased recovery (76.0 ± 9.7 %, n = 6). Pre-
incubation for 1 hour with 1 mM norepinephrine resulted in a decrease in the time 
for CAP failure (22.9 ± 1.6 minutes) and a decreased recovery (22.1 ± 3.9 %, n = 
6). These results indicate that manipulation of glycogen stores can influence both 
the time that conduction can be maintained and the degree of injury to central white 
matter during periods of energy compromise.
Supported by NIH brant NS 15589 (BRR)

737.4

The Dogma of Lactic Acid-Related Ischemic Brain Damage: Refuting Evidence 
and Counter Hypotheis. A. Schurr*, R.S. Payne, J.J. Miller, M.T. Tseng, B.M. 
Rigor. University of Louisville Sch. of Medicine, Louisville, KY 40292

Aerobic metabolism of glucose meets all the energy needs of the adult brain. 
During cerebral ischemia, anaerobic glycolysis can maintain those needs for only a 
few minutes before brain cell death ensues. Anaerobic lactate accumulation has been 
promoted as a major event leading to delayed ischemic brain damage. The 
aggravation of such damage by preischemic hyperglycemia has reinforced the 
hypothesis of lactic acid-related ischemic damage. Using a rat model of cardiac 
arrest-induced transient global cerebral ischemia (TGI), the present study revisited the 
issues of preischemic hyperglycemia and ischemic lactate accumulation to produce 
two major findings. First, inhibition of neuronal oxidative lactate utilization 
postischemia by injecting rats with the lactate transporter inhibitor with a-cyano-4- 
hydroxycinnammate (4-CIN, 90 mg/kg, i.p)) 60 min prior TGI significantly inceased 
the magnitude of ischemic neuronal damage in hippocampal CA1 region in 
comparison with control, vehicle-injected rats, as measured 7 days postischemia both 
by electrophysiologic and histologic means. Second, glucose injection (2 g/kg, i.p) 
120 min preischemia significantly reduced the magnitude of ischemic neuronal 
damage in comparison with control, saline-injected normoglycemic rats. When rats 
were injected with the same dose of glucose 15 min preischemia, the degree of 
ischemic neuronal damage measured in these rats 7 days potischemia was significantly 
greater than the damage measured in control, saline-injected rats. Both protocols of 
glucose injection, however, produced equal increases in hippocampal lactate levels at 
the end of the ischemic insult. The beneficial effect of glucose, when given 120 min 
prior to ischemia, was completely negated by the administration of 4-CIN 60 min 
prior to ischemia. The results of the present study refute the dogma of lactic acid- 
related ischemic damage and support the hypothesis that lactate plays a paramount 
role in neuronal recovery postischemia.

Supported in part by the Jewish Hospital Foundation, Louisville KY.

737.5

Corticosterone: A Possible Candidate for Hyperglycemia-Enhanced Ischemic 
Neuronal Damage. R.S, Payne, A. Schurr, M.T. Tseng, J.J. Miller, B.M. Rigor*. 
University of Louisville School of Medicine, Louisville, KY 40292.

Glucocorticoids (GCs) have been shown to exacerbate ischemic neuronal 
injury. Preischemic hyperglycemia is known to aggravate delayed neuronal damage 
postischemia, an effect known as the glucose paradox. Both in vivo and in vitro 
experiments were designed to test the possibility that GCs play a role in the 
exacerbation of ischemic neuronal damage by hyperglycemia. Male Sprague-Dawley 
rats (250-350 g) were administered corticosterone (CORT, 160 and 320 pg/kg, i.a) at 
15 and 120 min prior to 7 min of cardiac arrest-induced transient global cerebral 
ischemia (TGI). Rats were resuscitated after 7-min TGI, tested for the presence of 
audiogenic seizures 24 h later, and sacrificed 7 days later for electrophysio-logical 
and histological assessment of delayed neuronal damage in the hippocampal CA1 
region. Administration of CORT (320 pg/kg, but not 160 pg/kg) 15 min prior to TGI 
significantly increased the degree of ischemic neuronal damage in comparison with 
control, saline-treated rats. All rats in this group exhibited audiogenic seizure 24 h 
postischemia. Rats aministered CORT 120 min preischemia did not significantly 
differ from control rats in the degree of ischemic neuronal damage and none exhibited 
audiogenic seizures. In a separate set of in vitro experiments, the hippocampal slice 
preparation was employed to explore the possible mechanism(s) by which CORT 
aggravates neuronal damage during perturbations of energy metabolism such as 
hypoxia. When rat hippocampal slices, incubated in 5 mM glucose-aCSF, were 
exposed to 20, 50, and 100 pM CORT beginning 30 min before 5-min hypoxia, 60%, 
15%, and 0% of the slices, respectively, exhibited recovery of neuronal function 
(orthodromically-evoked CA1 population spike of >3 mV) 30 min posthypoxia. 
Combining this in vivo - in vitro approach, we are further exploring the roles of 
glucose and GCs in the mechanism underlying the glucose paradox.
Supported in part by the Jewish Hospital Foundation, Louisville KY.

737.6

THE EFFECTS OF LACTATE DURING HYPOGLYCEMIA IN RETINA. GD 
Zeevalk* and W.J. Nicklas. Dept. of Neurology, UMDNJ-Robert Wood Johnson 
Med. Sch., Piscataway,NJ 08854.

Retinal hypoglycemia can result from poor insulin management during diabetes. 
In animal models, retinal hypoglycemia results in acute alterations in tissue levels of 
several amino acids, a decrease in ATP, an acute secondary excitotoxicity, depicted 
by swelling of retinal neurons and amino acid efflux and, eventually, delayed cell 
death. Lactate has been postulated to serve as an energy substrate for neurons during 
periods of activation (Dev.NSci. 15:306(1993). Lactate has also been postulated to 
be an obligatory substrate for recovery of hippocampal neurons following hypoxia 
(J. Neurochem. 69:429(1997)). In mammalian retina, lactate is shuttled from Muller 
cells to photoreceptor cells for metabolism (J.Neurosci. 15:5179 (1995). The 
objective of the present study was to determine if lactate could substitute for 
glucose to protect against the acute and delayed effects of hypoglycemia in retina. 
Isolated, intact chick retina incubated in the absence of glucose for 60 min showed a
3-4-fold increase in tissue levels of aspartate and >50% decreases in glutamate and 
glutamine. ATP levels were 16.2±1.89 nmol/mg protein ± SD in control retina and 
were reduced to 3.15±1.63 nmol/mg protein m the absence of glucose. Typical 
neuronal swelling and efflux of GABA, glutamate and aspartate were observed. 
Return to glucose containing medium and recovery for 24 hr resulted in delayed cell 
death as shown by a 4-fold increase in LDH release. The presence of 20 mM lactate 
in the medium during incubation in the absence of glucose completely prevented the 
changes in tissue levels of aspartate, glutamate and glutamine and significantly 
protected against both the acute and delayed toxicity. Tissue levels of ATP, 
however, were only partially preserved: 8.1 ±1.6 nmol/mg protein at the end of 60 
min of zero glucose plus 20 mM lactate, a-hydroxy-4-cinnamate, (0.5mM), an 
inhibitor of the monocarboxylic acid transporter, blocked the protective effects of 
lactate during incubation in zero glucose medium. The above findings support the 
hypothesis that lactate serves as a substrate for oxidative metabolism in retina and 
can protect retina from cell damage associated with hypoglycemia. This study was 
supported by PHS grant EY 11140.
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737.7

GLYCOLYTIC CAPACITY FOLLOWING HYPOXIA-ISCHEMIA IN ADULT 
RAT HIPPOCAMPUS. L.B. Andersen* and B.H.J. Juurlink. Cameco MS 
Neuroscience Research Centre and Department of Anatomy & Cell Biology, 
University of Saskatchewan, Saskatoon, Canada, S7N 5E5.

The hippocampal CA1 region is selectively vulnerable to hypoxia-ischemia 
(HI). There is five times as much glucose in a volume of blood as there is 
oxygen for its oxidative metabolism. Since the ability to upregulate anaerobic 
glycolysis might determine whether a neuron survives an HI insult, we 
hypothesized that the CA1 neurons would have a lesser capacity to perform 
anaerobic glycolysis than the less vulnerable CA3 and that HI would result in a 
lesser upregulation of anaerobic glycolysis in CA1. Lactate dehydrogenase 
(LDH) activity was examined cyotchemically and the mRNA distribution of the 
anaerobic isoform (LDH-A) by in situ hybridization in adult male Wistar rats. 
Under normal conditions, in congruence with our hypothesis, there was lower 
LDH activity and less LDH-A mRNA in CA1 than CA3. After a unilateral 
carotid ligation followed by 35 minutes of hypoxia, ipsilateral LDH activity 
increased in CA1 by 12 hr post-HI, followed by an increase in all CA regions by 
24 hr. At 48 hr, when there was frank neuronal degeneration, activity dropped 
below control levels in CA1. Ipsilateral mRNA levels decreased in CA1 by 12 
hr and all regions by 24 hr post-HI, followed by a dramatic decrease in CA 1 and 
CA2 at 48 hr. HI did not preferentially upregulate the activity of any of the LDH 
isoenzymes. We conclude that it is unlikely that CA1 neurons are more 
vulnerable than CA3 because of an inability to increase anaerobic glycolysis. It 
is possible rather that an increase in iactacidosis due to the rapid upregulation erf’ 
glycolysis in CA1 may contribute to CA1 neuronal vulnerability. Supported by 
the Heart & Stroke Foundation of Saskatchewan.

737.8

ENHANCED PROTECTION DURING CEREBRAL ISCHEMIA-REPERFUSION 
USING POLY(ADP-RIBOSE)POLYMERASE INHIBITION COMBINED WITH 
ELEVATION OF BRAIN NAD. James D. Adams1, Lori Klaidman1, Maria Morales1 
and Carmen Vigo-Pelfrey 1̂ University of Southern California, 1985 Zonal Ave.,

Los Angeles, CA 90033 and 2Neurocal Inc., Mountain View, CA 94040.
Global cerebral ischemia is known to halt ATP production. Reperfusion of 

blood flow restores ATP formation but also promotes oxygen radical generation in 
the brain. Here, we report that 90 min. of cerebral ischemia diminishes ATP to 
24% of control levels and NAD to 63% of control levels in the cortex of mice. 
When ischemia is followed by 5 min. of reperfusion, ATP levels are restored to 
50% and NAD levels to 80% of control levels. Upon reperfusion of oxygenated 
blood, NAD loss is likely to occur through a well described pathway, whereby the 
oxygen radical promotion of DNA nicks induces the activation of poly(ADP-ribose) 
polymerase (PARP). This is followed by a rapid depletion of NAD as a substrate 
during DNA repair. This is consequently followed by a further rapid exhaustion of 
ATP and cell death as the cell attempts to replenish cellular NAD.

To restore ATP levels and cell viability, nicotinamide, a large pool of brain 
NAD, or both, were used prior to cerebral ischemia-reperfusion. Nicotinamide, an 
inhibitor of PARP, led to the enhancement of NAD levels in the brain by 20% after 
12 hours. The results indicate that increased brain NAD prior to ischemia- 
reperfusion restored ATP levels to 61 % of control levels. Elevated brain 
nicotinamide (PARP inhibition) prior to ischemia-reperfusion, restored ATP levels 
to 72% of control levels. Finally, elevated brain NAD and nicotinamide together 
restored ATP levels to 85% of control levels. In each group, the levels of brain ATP 
were strikingly parallel to the levels of brain NAD. Taken together, these results 
suggest that nicotinamide acts to block the depletion of ATP through inhibition of 
PARP. However, excess brain NAD may also offer further protection promoting the 
enhancement of ATP through various other pathways, such as increased glycolysis.

737.9

EFFECTS OF FRUCTOSE-1,6-DIPHOSPHATE ON MORPHOLOGICAL AND 
FUNCTIONAL NEURONAL INTEGRITY OF RAT HIPPOCAMPAL SLICES 
DURING ENERGY DEPRIVATION A.M. Benz, Y. Izumi*, S.B. Hammerman, 
M. Aoki, J.W. Olney and C.F. Zorumski Dept. of Psychiatry, Washington 
University School of Medicine, St. Louis, MO 63110.

It has been shown that D-fructose-l,6-diphospate (FDP), a high energy 
intermediate of glycolysis, attenuates ischemic damage in various tissues 
including the brain. In rat hippocampal slices FDP attenuated ischemic damage 
induced by 20 min deprivation of glucose and oxygen. To examine if FDP 
serves as an alternate energy substrate, hippocampal slices were treated with 
FDP during glucose deprivation. Unlike pyruvate, which is an endproduct of 
glycolysis, 10 mM FDP did not maintain synaptic transmission and failed to 
preserve morphological integrity of CA1 pyramidal neurons during glucose 
deprivation. Furthermore, FDP failed to sustain ATP levels during glucose 
deprivation. FDP, however, attenuated acute neuronal degeneration produced 
by 200 pM iodoacetate, an inhibitor of glycolysis downstream of putative FDP 
actions, suggesting that the neuroprotective effect of FDP is through a 
mechanism other than supplying anaerobic energy. Because MK-801, an 
antagonist of N-methyl-D-aspartate (NMDA) receptors, exhibited similar 
protection against iodoacetate damage, and because FDP, similar to MK-801, 
attenuated neuronal degeneration induced by NMDA, it is possible that MK- 
801 and FDP share a common mechanism for the neuroprotection. The 
neuroprotection offered by FDP during ischemia is unlikely to be through 
energy supply but is possibly mediated by other mechanisms such as alteration 
of intracellular calcium. Supported by ADRC (YI) and CNRU (YI) of 
Washington University, NIA (JWO), NIMH(CFZ).

737.10
THE AFFECT OF COMBINED OXYGEN AND GLUCOSE DEPRIVATION IN 
ORGANOTYPIC HIPPOCAMPAL SLICE CULTURES MIMICS DELAYED 
NEURONAL DEATH OF PYRAMIDAL CA1 NEURONES.
S. Nemali, F. Boris-Moller* and T. Weiloch Laboratory for experimental Brain 
Research, Wallenberg Neuroscience centre, Lund University, Lund, Sweden

Cerebral ischemia results in combined oxygen and glucose deprivation (OGD) in 
the brain and subsequent loss of neurones in the central nervous system. The CA 1 
neurones of the hippocampus are specially vulnerable to this conditions and the 
reasons for this are poorly understood. Hence developed an invitro hippocampal 
organotypic model which simulates selective CA1 vulnerability to moderate 
ischemic conditions. The selective CA1 neuronal damage is assayed by the uptake of 
propidium iodide (PI) using laser scanning confocal microscopy and staining for 
degenerating neurones by Flurojade

We conclude that following moderate combined oxygen and glucose deprivation the 
CA1 neurones of mouse hippocampus become vulnerable to delayed type of cell 
death which occurs after 24-30 hours reoxygenation. This type of delayed cell death is 
attenuated by the presence of antioxidants during recovery phase. The mitochondrial 
membrane permeability transition pore (mPTP) blocker MeValCsA acts 
synergistically with antioxidants in inhibiting the cell death in this paradigm thus 
implicating the involvement of both mitochondria and reactive oxygen species for the 
induction of selective CA1 damage in this paradigm. Blocking of mitochondrial MTP 
alone is not fully protective indicating at multiple pathways leading to neuronal cell 
death in this model. This model helps to understand the molecular basis for selective 
vulnerability of CA1 neurones of mouse hippocampus for hypoxic-ischemic injury.

Swedish MRC k97-14x-o8644-09

737.11

CYCLOSPORIN A PREVENTS SECONDARY MITOCHONDRIAL 
FAILURE AFTER LONG-TERM GLOBAL ISCHEMIA. Q.P, He*. P, A. 
Li, T, Kristian B. K, Siesid. Center for the Study of Neurological Disease, 
The Queen’s Medical Center, Honolulu, Hawaii

The objectives of the study were to investigate whether secondary 
mitochondrial failure precedes the tissue damage that is observed after 30 
min of 2-vessel occlusion in rats, and if cyclosporin A (CsA) prevents such 
deterioration. In an initial animal series, we studied mortality and 
histopathological outcome. At 37°C brain temperature, 30 min of forebrain 
ischemia is such a severe insult that no animal survived beyond the first 2 
days of reperfusion. Histopathological examination after 24 h of recovery 
revealed close to 100% neuronal necrosis in the CA1 and CA3 sectors of the 
hippocampus and massive damage in the parietal and cingulate cortex. CsA 
(10 mg/kg, i.p.), combined with a cerebral needle lesion to enhance CsA 
translocation into the tissue, markedly increased survival and reduced 
neuronal damage.

Mitochondrial respiratory activities (state-3 respiration and RCR) were 
reduced to -50% of control during ischemia, partially recovered after 1 and 3 
h of reperfusion, and deteriorated again after 6 h. CsA prevented the 
secondary mitochondrial failure. The results suggest that CsA ameliorates 
ischemic damage by preventing secondary mitochondrial failure.

Supported by the NIH NSO7838 (BKS), and the Queen Emma 
Foundation, Honolulu

737.12

EFFECT OF CYCLOSPORIN A AND UBIQUINONE 0 ON CALCIUM 
ACCUMULATION AND SWELLING IN BRAIN MITOCHONDRIA.
T, Kristian*. T, Bates. Bo K, Siesjo. Center for the Study of Neurological 
Disease, The Queen’s Medical Center, Honolulu, HI 96813.

Cyclosporin A (CsA) markedly ameliorates brain damage caused by 
forebrain and focal ischemia, and is a specific blocker of the mitochondrial 
permeability transition (MPT) pore. This support the notion that MPT pore may 
be involved in events leading to cells death. However most in vitro data on the 
MPT have been obtained on mitochondria from liver or heart tissue. We 
examined the ability of isolated non-synaptic brain mitochondria to accumulate 
calcium and the ability of this calcium to elicit mitochondrial swelling. 
Furthermore, we studied the effect of CsA and ubiquinone 0 on calcium uptake 
by brain mitochondria and on MPT pore opening. Calcium uptake was 
monitored by measurement of extramitochondrial calcium concentration in the 
reaction buffer using calcium-green fluorophore, and the swelling of 
mitochondria was estimated by recording the light scattering at 540 nm.

Brain mitochondria energized with glutamate and malate were repeatedly 
exposed to calcium pulses (40 nmol/mg protein). Calcium uptake caused about 
50 % swelling of the mitochondrial population suggesting that an MPT pore was 
assembled. CsA in rage 0.05 up to 5 pM partially inhibited the calcium induced 
swelling and also slightly increased the mitochondrial calcium uptake capacity. 
UbO was much more potent as an MPT inhibitor and at 30-50 pM concentration, 
completely prevented the MPT. These data suggest that brain mitochondria 
behave differently from mitochondria from liver or muscle. They also suggest 
that electron flow via complex I has a controlling/modulatory role in MPT 
formation in brain mitochondria, similarly as in mitochondria from liver or 
muscle tissue.
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737.13
METABOLIC NEUROTOXICITY AND HYPOXIC NEUROPROTECTION OF 
CYCLOSPORINE IN BRAIN SLICES: EVIDENCE THAT BOTH OCCUR 
FROM MITOCHONDRIAL INTERACTIONS. N.Serkova1, P.Donohoe2, 
D.Leibfritz3, L.Z.Benet1, L.Litt2, and U.Christians1. ’Dept. Biopharmaceutical 
Sciences and 2Dept. of Anesthesia, Univ. of California, San Francisco, CA 94143- 
0446; 3Instit. fur Chemie, Univ. Bremen, Germany.

The undecapeptide cyclosporine (CsA), the basis of most immunosuppressive 
protocols after organ transplantation, causes neurotoxicity via unknown 
mechanisms in up to 60% of patients. In contrast, CsA reduces cerebrocortical 
infarct volume and reperfusion injury in vivo in rats after brain ischemia. Using 
magnetic resonance spectroscopy (MRS) of both perfused rat brain slices and brain 
extracts, we found that under normoxic conditions CsA at therapeutically relevant 
concentrations (<500 nM) concentration-dependently reduced brain energy 
metabolism (ATP: 84±2% of control, phosphocreatine: 73±2%, n=6, P<0.01) via 
Kebs cycle (decrease of glutamate) and oxidative phosphorylation (decrease of 
NAD+-NADH). During 20 min hypoxia (PO2<5 mmHg), CsA at the same 
concentrations almost completely prevented the increase of intracellular Ca2+- 
concentrations in hippocampal neurons: (4.1-fold [Ca2+] increase without CsA vs.
1.4-fold with CsA, n=12, P<0.001). Also, after 2 hours of pre-treatment, CsA 
protected ATP (11±15% without CsA vs. 35±9% with CsA, n=3, P<0.05) as well 
as intracellular pH (6.2±0.1 without CsA vs. 6.6±0.1 with CsA, n=3, P<0.02) in 
perfused rat brain slices during 30 min hypoxia. CsA was detected post-mortem in 
brain mitochondria suggesting that it directly interferes with ATP production. The 
impression that clinical symptoms of CsA neurotoxicity are similar to those of 
mitochondrial encephalomyopathies is consistent with the hypothesis that both 
normoxic metabolic CsA neurotoxicity and hypoxic CsA neuroprotection arise 
primarily from CsA interactions in mitochondria.

737.14
ISCHEMIC PRECONDITIONING AND CALCIUM HOMEOSTASIS OF 
HIPPOCAMPAL MITOCHONDRIA
A, Rytter. H, Friberg, M, Shamloo* and T, Wieloch. Laboratory for Experimental 
Brain Research, Wallenberg Neuroscience Center, Lund University, Lund, Sweden

Brains that have been exposed to a short period of sub-lethal ischemia become 
resistant to damage caused by a subsequent period of prolonged ischemia. The 
mechanisms whereby ischemic tolerance is achieved are yet poorly understood, but 
may be linked to the regulation of signals/events normally involved in cell injury. 
The mitochondrial permeability transition (MPT) pore has been shown to play a 
central role in cell death after ischemia. Here we examined how the calcium 
induced opening of the MPT pore, measured as swelling, as well as the calcium 
uptake capabilities of mitochondria are affected by ischemic preconditioning. 
Tolerance was induced by three minutes of 2-VO ischemia. Rat hippocampal 
mitochondria were isolated 48 hours after preconditioning ischemia/sham 
operation. The sensitivity to calcium-induced MPT did not differ between 
mitochondria from preconditioned and sham operated rats either under de-energized 
or energized conditions. The Ca2+ homeostasis of mitochondria isolated from 
preconditioned brains were altered compared non-treated mitochondria. 
Preconditioning leads to a transient activation of pathological cell signalling which 
may activate negative feedback loops leading to downregulation of lethal 
signalling. As cellular Ca2+ homeostasis is a key regulator of many cell signalling 
cascades it is possible that the Ca2+ uptake capabilities of preconditioned 
mitochondria change after the second lethal ischemia and that this is what leads to 
downregulation of detrimental cell signalling. We conclude that ischemic 
preconditioning affect the handling of calcium ions by isolated hippocampal 
mitochondria. This work was supported by the Swedish Medical Research 
Council (grant nr K97-14X-08644-09).

737.15

PLATELET ACTIVATING FACTOR (PAF) INDUCES SWELLING OF
ISOLATED BRAIN MITOCHONDRIA
M.A. Parker, E.B. Rodriguez de Turco & N.G, Bazan*
Louisiana State University Medical School, Neuroscience Center, New 
Orleans, LA 70112.

In cultured cortical neurons, 1 -O-alkyl-2-acetyl-sn-glycero phosphocholine 
(PAF) triggers an increase in cytosolic reactive oxygen species, and a 
decrease in the mitochondrial membrane potential. Here we farther explore 
the possibility of a PAF effect in isolated brain mitochondria. Mitochondria 
from rat brain were isolated and purified by percoll gradient 
ultracentrifugation. The absorbance of 0.5 mg/ml mitochondria was 
monitored at 440 nm and room temperature in a Beckman DU 640 
spectrophotometer. The addition of the non-hydrolyzable PAF analog 
carbamyl-PAF (cPAF) at 1 mg/ml caused a decrease in 440 nm absorbance 
indicating mitochondrial swelling. The changes induced by cPAF were 
sustained and similar to that obtained using the uncoupler FCCP (ImM). 
Additionally, the permeability transition effector inorganic phosphate also 
resulted in a transient increase in mitochondrial swelling. These results 
suggest that cPAF may have a direct effect on mitochondrial function that 
induces swelling. The possibility of an interaction of PAF with proteins of 
the external mitochondrial membrane is currently being explored. PAF 
may activate mitochondrial phospholipases A2. Free fatty acids are potent 
uncouplers of oxidative phophorylation from the respiratory chain. In 
seizures, there is increased PLA2 activity, free fatty acid and PAF 
production, as well as mitochonrial impairments. (Supported by NIH 
NS23002)

737.16

MITOCHONDRIAL DEPOLARIZATION PRECEDES HYPOXIC 
SPREADING DEPRESSION IN RAT HIPPOCAMPAL SLICES S. Bahar, D, A. 
Turner, and P, G, Aitken*, Departments of Physics, Cell Biology, and Surgery 
(Neurosurgery), Duke University, and Durham VAMC, Durham NC 27710.

Under hypoxic conditions, slices of rat hippocampus can exhibit spreading 
depression-like depolarization (hypoxic spreading depression, or HSD), which can be 
monitored by the intrinsic optical signal (IOS). Mitochondria are clearly involved in 
hypoxia, but their role in HSD is unknown. We imaged mitochondrial depolarization in 
rat hippocampal slices simultaneously with IOS during HSD.

Hippocampal slices (400 pm) from 3-5 week old rats were stained with 5 pg/ml 
rhodamine 123 (R123), a fluorescent dye whose signal is proportional to the proton 
gradient across the mitochondrial inner membrane. Slices were subsequently 
maintained at 35°C in an interface chamber. The CA1 region was imaged with a linear 
cooled CCD camera (Pentamax). The slice was alternately transilluminated (650-700 
nm, for measurement of IOS) or epi-illuminated (510-560 nm, for R123 excitation), 
and imaged through emission filters (580-700 nm). Alternating images of IOS and 
R123 signals were taken at 1 second intervals during hypoxia and recovery.

The IOS underwent a brief increase after the onset of hypoxia, followed by a severe 
decrease coincident with HSD. Darkened regions moved like a wave through the 
tissue, primarily through st. radiatum. The arrival of the IOS signal at a point in CA1 
was coincident with a drop in the DC signal recorded with an extracellular electrode. 
The R123 signal typically occurred as a diffuse brightening of the tissue followed by 
wavelike increases in fluorescence (often originating in multiple locations within the 
slice) moved through CA1 in the same direction as the IOS (from CA1 toward CA3), 
but started earlier and extended farther than the IOS. We conclude that HSD and 
mitochondrial depolarization are weakly correlated processes in the response to 
hypoxia.

Supported by NIH grant NS 18670 and VA Merit Review Award (DAT).

737.17

Zn++ Inhibits Mitochondrial Respiration and is Potent Inhibitor of 
the a-Ketoglutarate Dehydrogenase Complex A.M. Brown*, B.S. 
Kristal, M.S. Effron, R.K.-F. Sheu, J.P. Blass, and A.J.L. Cooper. Cornell University 
Medical College, Burke Medical Research Institute, 785 Mamaroneck Avenue, 
White Plains, New York 10605.

Reduced mitochondrial function and elevated intracellular free Zn++ 
occur in a variety of pathological conditions, including ischemia-reperfusion 
injury and Alzheimer’s disease. The effect of Zn44- on respiration of isolated 
liver mitochondria stimulated by different substrates was tested in the range 
of free Zn44 reported to be in the cytosol of cultured hepatocytes (1-3 pM). 
Strong inhibition was observed for respiration stimulated by a-ketoglutarate 
(Kj ~1.3 pM) or succinate (Kj - 1.9 pM). In contrast, respiration stimulated 
by glutamate/malate was less sensitive to Zn++ inhibition (Kj > 10 pM), 
ruling out effects on complexes I or III/IV. Purified pig heart a-ketoglutarate 
dehydrogenase complex is strongly inhibited by Zn44- with an apparent K, = 
0.37 + 0.05 pM. In contrst, succinate dehydrogenase activity monitored in 
mitochondrial lysates is not inhibited by 100 pM Zn++. Therefore, the 
observed inhibition in the presence of added succinate is not due to inhibition 
of complex II, but might reflect inhibition of succinate transport.

The onset of inhibition of KGDHC depends upon enzyme cycling and 
can be reversed by EDTA. These observations suggest that concentrations of 
free Zn44- observed in hepatocyte cytosols are sufficient to modulate 
mitochondrial respiration, probably by direct inhibition of the a- 
ketoglutarate dehydrogenase complex. The possible role of Zn44- in the 
regulation of mitochondrial respiration as well as irreversible loss of 
respiration after toxic exposure to Zn44- will be discussed.

Supported by the Overbrook Foundation, NIA and NINDS (NS38741).

737.18

ZINC TOXICITY IN MILD FOCAL ISCHEMIC BRAIN INJURY. 
J-M. Lee, G.J. Zipfel*, K.H. Park, Y.Y. He, C.Y. Hsu, and D.W.
Choi. Center for the Study of Nervous System Injury and Dept. of 
Neurology, Washington Univ. School of Medicine, St. Louis, MO 
63110.

The toxicity of synaptically released zinc has been implicated in 
selective neuronal death induced by global ischemia. We examined 
whether extracellular chelation of synaptically released zinc could 
reduce brain injury after transient focal ischemia.

Adult male Long-Evans rats were subjected to transient middle 
cerebral artery occlusion (MCAO) for 30 min followed by 
reperfusion. By 3 h zinc was abnormally detectable in cortical 
neuronal cell bodies within the ischemic zone. Virtually all zinc-
positive neurons also appeared acidophilic after acid fuchsin staining, 
consistent with linkage between zinc translocation and neuronal 
degeneration. Intracerebroventricular injection of CaEDTA (5 pi, 100 
mM) 30 min prior to ischemia decreased the number of zinc-positive 
neurons 3 h later, and infarct volume by 67% 3 d later. Similar 
neuroprotection with CaEDTA was not observed with more severe 
ischemic insults (MCAO for 60 min). These findings suggest that 
zinc toxicity may contribute somewhat to neuronal death following 
mild transient focal ischemia, but may be masked by other injury 
pathways after more severe ischemic insults. Supported by a Pfizer 
Postdoctoral Fellowship (JML) and NINDS grant NS 32636 (DWC).
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737.19

EXPRESSION OF METALLOTHIONEINI/II INCREASES IN 
HIPPOCAMPAL CA1 ASTROCYTES AFTER TRANSIENT 
FOREBRAIN ISCHEMIA. K.H. Park*, A. Majid, G.J. Zipfel, A.H. 
Kim, Y. Bessho, T. Beasley, and D.W. Choi. Center for the Study of 
Nervous System Injury and Dept. of Neurology, Washington Univ. 
School of Medicine, St. Louis, MO 63110.

Metallothionein (MTs) are cysteine-rich proteins that bind Zn2+ 
with high affinity. MT I mRNA expression in hippocampus and 
cerebral cortex increases after transient forebrain ischemia. Here we 
examined the regional distribution of this change.

Forebrain ischemia was induced in rats for 10 min followed by 
reperfusion, and brains were examined 1, 3 and 7 d later. In controls, 
MT I/II was expressed mainly in the nucleus of astrocytes. MT I/II 
immunoreactivity increased 1-7 d after ischemia, especially in CA1 of 
hippocampus, and became prominent in astrocyte cell bodies and 
processes, as well as in some cortical neurons and ependymal cells. 
MT II expression as assessed with in situ hybridization also increased 
by day 3, mainly in CA1 region. While MT I/II expression may be a 
marker for astrocyte number and state, present observations are also 
consistent with the possibility that upregulation of MT I/II expression 
may serve a neuroprotective role by enhancing Zn2+ buffering, 
especially in the vulnerable CA1 region where zinc toxicity likely 
contributes to selective neuronal death after global ischemia. 
Supported by NINDSgrant 32636 (DWC).

737.20
INDUCTION OF METALLOTHIONEIN-1 AND -2 FOLLOWING MILD 
FOCAL ISCHEMIA: INVOLVEMENT OF METAL RESPONSE 
PROMOTER ELEMENTS. M.van Lookeren Campagne1*, H. Thibodeaux2, N. 
van Bruggen3, B. Cairns4 and D.G. Lowe2. Dept. of ‘Immunology, Cardiovascular, 
3Neuroscience and 4Pathology, Genentech Inc, South San Francisco, CA94080

Metallothioneins (MTs) are a family of four small cysteine-rich metal binding 
proteins which have been shown to perform crucial roles in zinc homeostasis and 
free-radical scavenging. We investigated the expression pattern and the 
transcriptional regulation of MT-1 and -2 following mild focal cerebral ischemia.

Transient focal ischemia was induced in rats by occluding the right middle 
cerebral artery for 30 min. Using real-time quantitative polymerase chain reaction, a 
10-fold increase in MT-1 and -2 mRNA levels were found in the cortex 24 h 
following reperfusion, whereas mRNA levels of the brain specific MT-3 family 
member (also named growth inhibitory factor) were reduced by 30% in the same 
tissue. In situ hybridization showed increased MT-1 and -2 mRNA levels in 
neurons, astrocytes and microvascular endothelial cells of the infarcted cortex, 
whereas MT-1 and -2 proteins were localized to astrocytes and microvascular 
endothelial cells only. Concomitant with an increase in MT-1 and -2 mRNA, 
accumulation of cytosolic chelatable zinc was found in acid fuchsin positive cells of 
the affected cortex. Gel shift assays were performed on nuclear extracts prepared 
from cortices before and at 6 h and 24 h following occlusion using radiolabelled 
probes coding for the glucocorticoid-, the IL-6-, the antioxidant- and the metal- 
response elements (MREs) in the MT-1 and -2 promoters. At 24 h following 
reperfusion, DNA binding of metal responsive transcription factor -1 to the MREs 
had increased, whereas no changes in DNA binding activity were found using 
probes coding for the other response elements. This study shows evidence for the 
induction of MT-1 and -2 through zinc-induced activation of MREs in the MT-1 and 
-2 promoter. The induction of MTs following cerebral ischemia and reperfusion 
may indicate a role in cellular protection against the toxic influx of free zinc.

ISCHEMIA: HORMONES, CYTOKINES AND GROWTH FACTORS

738.1
1.25- DIHYDROXY-VITAMIN Da (1,25-Da) INCREASES GLIAL HEME OXYGENASE-1 
(HO-1) EXPRESSION AFTER FOCAL CORTICAL PHOTOTHROMBOTIC INFARCTS
E. Qermann1, H.-J. Bidmon2, K. Schiene3, S. Geyer2' O.W. Witte3 and K. Zilles124. 1C.&0. Vogt 
Institute of Brain Research and Depts. of 2Neuroanatomy and 3Neurology of the University, D- 
40225 Dusseldorf and institute of Medicine, Research Center, D-52425 Julich, Germany.

From cell culture systems it is known that the steroid 1,25-D3 induces the expression of 
neurotrophic factors such as NT-3, NGF and GDNF. It modulates also the expression and/or 
action of cytokines such as TNF-a, TGF-p, IL-1, IL-2 and IL-8 as well as that of the 
transscription factor NFk B and proto-oncogen c-myc. All of these factors are considered to 
play key roles during neuronal development, neurodegeneration and neuroregeneration. 
Additionally 1,25-D3 is a potent repressor of NOS-2 expression in encephalomyelitis models. 
NOS-2, NFk B and c-myc are known to induce or modulate expression of HO-1 an enzyme 
which metabolizes cytotoxic free heme into endogenous antioxidants (biliverdin -» bilirubin). In 
order to studiy if 1,25-D3 could have beneficial effects in vivo after acute cerebral infarction, we 
treated focally lesioned rats (n=6 per group) at 1h or 12h post lesion (pi) with 4pg 1,25-D3/Kg 
dissolved in peanut oil. Controls received solvent only. The animals were sacrificed at days 1, 
2 and 5 pi and the fixed brains were analyzed immunohistochemically in order to detect 
changes at the protein level. In comparison to controls, one of the most prominent changes 
observed ,was a significant increase in the number of HO-1 expressing glial cells at days 1 
and 2 pi, which were quantitatively examined for the perilesional cortical areas and layers. The 
number of these cells was especially increased in the remote ipsilateral areas. Furthermore, 
animals treated 12h post lesion showed more cells than those treated 1 h pi. In contrast to 
that, GFAP expression remained uneffected or was even reduced. The latter result and the 
remote appearance of HO-1 positive glial cells suggests that mainly microglia contributed to
1.25- D3 HO-1 expression. At day 5 pi HO-1 levels were strongly reduced indicating that 1,25-
D3 does not shift or prolong injury induced transient HO-1 upregulation. Since HO-1 activity 
contributes potentially to neuroprotection, our results indicate that 1,25-D3 and its clinically 
used analogs which cross freely the blood brain barrier may be of therapeutic use in post 
stroke intervention. Supported by the DFG & Schering AG, Berlin.

738.2
NEUROPROTECTIVE EFFECT OF PACAP38 IN A RAT TRANSIENT 
FOCAL ISCHEMIA MODEL. D. Reglodi, A. Somogyvari-Vigh, S. 
Vigh and A. Arimura*. U.S.-Japan Biomed. Res. Labs, Dept. of 
Medicine, Tulane Univ. Sch. of Med., Belle Chasse, LA 70037.

The management of ischemic neuronal damage remains a major 
clinical problem. Dozens of substances exert protection against brain 
damage in middle cerebral artery occlusion (MCAO) models in animals, 
but only when given either before or shortly after the ischemic event. 
Pituitary adenylate cyclase activating polypeptide with 38 amino acids 
(PACAP38) has been shown to exert neuroprotective action in vitro in 
concentrations as low as 1013M. We have demonstrated that PACAP is 
transported across the blood-brain-barrier with 5 times the efficiency of 
morphine. Thus, it was considered possible to attain a 1013M 
concentration of the peptide in the brain tissue through systemic 
administration. We examined PACAP38 for neuroprotective action in 
the rat MCAO model. It was given as an iv bolus (5 nmol per rat), 
followed by an iv infusion over 2 days using a mini-osmotic pump at a 
rate of 160 pmol/pl//hr, beginning at various intervals after the insult. 
The size of infarct was determined by examining 2 mm thick brain 
sections stained with TTC, followed by image analysis. After MCAO for 
2 hr followed by reperfusion, the infarct size increased over time, 
reaching a maximum at 48 hr. The administration of PACAP38, which 
began 4 or 8 hr after the MCAO, significantly reduced the infarct size 
measured 48 hr after the insult, by 54% and 33%, respectively. The 
results of this study suggest that PACAP38 may be clinically useful in 
reducing brain damage resulting from stroke, even when administered 
(iv) several hours after the onset of the insult. (Sponsored by 
Intemeuron Pharmaceuticals, Inc.)

738.3

EFFECTS OF CALCITONIN ON NEURONAL CELL DEATH IN CORTICAL 
CULTURE. D. Lobner* and M. Asrari. Dept. of Biomedical Sciences, Marquette 
University, Milwaukee, WI 53201.

Calcitonin is a hormone that acts to decrease plasma calcium through the 
inhibition of osteolysis, because of this action it is used in the treatment of 
osteoporosis. Salmon calcitonin (sCT) is typically utilized in individuals for whom 
use of estrogen is contraindicated, for example, women with a high risk for breast 
cancer. It is also used in the treatment of other bone disorders such as Paget’s disease 
and bone pain. In addition to actions on bone, calcitonin may also have effects in the 
central nervous system. Receptors for calcitonin are present on central neurons, and 
calcitonin has been shown to alter calcium currents in brain synaptosomes. However, 
there have been no reports concerning the effects of calcitonin on neuronal cell death.

The purpose of the present study was to determine the effects of calcitonin 
on different forms of neuronal cell death in murine cortical cultures. Salmon 
calcitonin, at concentrations up to 1000 nM did not alter apoptotic cell death induced 
by serum deprivation of pure neuronal cultures, or exposure of mixed neuronal and 
glial cultures to 200 nM staurosporine. Treatment of mixed cultures with sCT acutely 
during 90 min of oxygen-glucose deprivation increased neuronal cell death at 
concentrations of sCT as low as 1 nM. Similarly, 1-1000 nM sCT potentiated 
neuronal cell death induced by 24 hr exposure to 30 pM kainate. In contrast, addition 
of sCT did not enhance cell death induced by 24 hr exposure to 10 pM NMDA, in 
fact, addition of a high concentration (1000 nM) of sCT attenuated NMDA toxicity. 
The potentiation of oxygen-glucose deprivation induced cell death by 10 nM sCT was 
largely blocked by the AMPA/kainate antagonist CNQX, which does not normally 
attenuate oxygen-glucose deprivation induced cell death in this system.

These results indicate that calcitonin is not a survival factor for cortical 
neurons, but that it can alter excitotoxic cell death. Specifically, it appears to 
potentiate oxygen-glucose deprivation induced cell death by the enhancement of 
kainate receptor mediated toxicity.

738.4
ESTRADIOL EXERTS NEUROPROTECTIVE EFFECT WHEN 
ADMINISTRATED AFTER ISCHEMIC INSULT S. H. Yang1, J. Shi2, Y. J. 
He2, T. H. Lucas1, W. J. Millard2*, A. L, Day1, J. W. Simpkins2. ‘Dept. of 
Neurosurgery, 2Dept. of Pharmacodynamics and Center of the Neurobiology of 
Aging, Colleges of Medicine and Pharmacy, Univ. of FL, Gainesville FL. 32610

Background and Purpose: 17P-estradiol (E2) has been reported exerted 
neuroprotective effects when administrated before ischemic insult. This study was 
to determine whether treatment of E2 after ischemic insult exerts these effects, the 
duration of the therapeutic window and whether these effects are associated with 
cerebral blood flow (CBF). Methods: Female SD rats were subjected to 2 days 
permanent middle cerebral artery occlusion (MCAO). In protocol 1, E2 was 
administrated in ovariectomized female (OVX+E2) at '/2 (n=8), 1 (n=6), 2 (n=7), 3 
(n=6) and 4 (n=9) hours after MCAO. Intact (INT n=6) and ovariectomized female 
(OVX n=12) were used as controls. Ischemic lesion volume was determined by 
2,3,5-triphenyltetrazolium chloride staining. In protocol 2, CBF was monitored 
before and 1 hour, 1 and 2 days after E2 administration in '/2 hour post-treatment 
study (INT n=6, OVX n=8, OVX+E2 n=6). Result: Ischemic lesion volume was 
significantly reduced when E2 was administrated within 3 hours after MCAO: INT 
20.9±2.2%, OVX 21.8±1.2%, OVX+E2 ('/2 hour 6.3±0.5%, 1 hour 10.3±2.1%, 2 
hours 11.8±1.8%, 3 hours 13.5±1.6% and 4 hours 17.9±2.8%). CBF was decreased 
to 43.1±2.2% and 25.4±1.0% in INT and OVX after MCAO, respectively. E2 was 
found to increase the CBF at 1 and 2 days after administration (INT 37.8±2.9%, 
43.3±6.3%; OVX 28.0±1.0%, 26.6±2.4%; OVX+E2 42.5±1.2%, 41.3±1.2%), but 
not within 1 hour after administration. Conclusion: E2 exerts neuroprotective 
effects when administrated after ischemic insult, with a therapeutic window of up 
to 3 hours in permanent focal cerebral ischemia. These effects maybe associated 
with a direct cytoprotective action of E2 as well as an effect of the steroid on CBF. 
(This study is supported by NIA grant AG 10485 and Apollo BioPharmaceutics, 
Inc.)
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738.5

ENT-ESTRADIOL EXERTS NEUROPROTECTIVE EFFECTS IN VITRO AND 
IN VIVO. P.S. Green1*. S.H, Yang1. K.R. Nilsson2, A. S. Kumar2. D.F, Covev2.
J.W. Simpkins1, 'Center for the Neurobiology of Aging, University of Florida, 
Gainesville, FL 32610. department of Molecular Biology and Pharmacology, 
Washington University, St. Louis, MO 63110.

Estrogens are potent neuroprotective compounds in a variety of animal and culture 
models. We have previously demonstrated that a phenolic A ring is required for 
these neuroprotective effects of estrogens. We assessed the enantiomer of 17(1- 
estradiol, ent-E2, for neuroprotective efficacy as ent-E2 contains a phenolic A ring 
and is reported to lack estrogenic activity. Ent-E2 was as potent and efficacious as 
17(3-estradiol (f3E2) in attenuating oxidative stress-induced death in HT-22 cells, a 
murine hippocampal cell line. Exposure to 5 mM glutamate resulted in a 70 - 75% 
reduction in cell viability which was significantly attenuated by treatment with 10 
nM of either ent-E2 or (3E2. Similarly, 10 nM ent-E2 and (3E2 protected 48 and 62% 
of HT-22 cells, respectively, from H2O2 toxicity. Ent-E2 significantly protected 
against H2O2 toxicity in human SK-N-SH neuroblastoma cells at a 0.1 nM 
concentration and completely attenuated the toxicity at a 10 nM concentration.

We have previously demonstrated that (3E2 reduces lesion size in a rat model of 
focal ischemia. Lesion size was assessed in ovariectomized female Sprague-Dawley 
rats by TCC staining 24 h following middle cerebral artery occlusion (MCAO). 
Ischemic lesion volume was 13.3% in animals receiving vehicle only. Injection of 
(3E2 (100 pg/kg) or ent-E2 (100 pg/kg) 2 h prior to MCAO resulted in a 60 and 61% 
reduction in lesion volume, respectively. Ent-E2 at the doses used in this study did 
not stimulate uterine growth in juvenile rats when administered daily for 3 days. 
These data support our phenolic A ring hypothesis for the neuroprotective effects of 
estrogens in both in vitro and in vivo models and suggest that the non-feminizing 
estrogen ent-E2 may be a useful neuroprotectant without untoward estrogenic 
effects. (Supported by NIH AG 10485, NIH GM47969, and Apollo
BioPharmaceutics, Inc.)

738.6
THE EFFECT OF LY 353381, A SELECTIVE ESTROGEN RECEPTOR 
MODULATOR (SERM), IN A RAT STROKE MODEL. MI Rossberg, SJ Murphy, 
JA Klaus, RJ Traystman*. PD Hurn. Depts. of Anesthesiology/Critical Care Med. 
and Comparative Med., Johns Hopkins Medical Inst., Baltimore, MD 21287.

The impact of postmenopausal estrogen replacement therapy on stroke severity 
remains controversial. Previously we have shown that tissue infarction volume 
sustained after middle cerebral artery occlusion (MCAO) is smaller in female as 
compared to age matched male rats. This protection is lost after ovariectomy, but 
restored by pre-ischemic 17|3-estradiol replacement. However, the therapeutic 
range for estradiol is suboptimal, since only doses resulting in a narrow range of 
plasma levels are protective in brain. The present study tested the hypothesis that a 
benzothiophene analog and SERM, LY353381, reduces tissue infarction after 
MCAO in estrogen deficient females. Age-matched, adult female Wistars were 
ovariectomized then fed LY353381 10 mg/kg (LY, n=5) or equivalent volume of 
vehicle (Veh, n=9) by gavage for a minimum of 5 days. Each animal was 
anesthetized with halothane (1.2%) and subjected to 2 hours of MCAO by the 
intraluminal filament technique and 22 hours of recovery. Ipsilateral parietal 
cortical perfusion was measured by laser-doppler flowmetry (LDF) throughout 
ischemia. Cortical and striatal infarctions were determined by 2,3,5- 
triphenyltetrazolium chloride staining and digital image analysis. Plasma estrogen 
and progesterone levels were 1±1 pg/ml and 9±1 ng/ml in LY and 2±2 pg/ml and 
11±5 ng/ml in Veh. Intra-ischemic blood pressure, arterial blood gases, temporalis 
m. temperature were not different between groups. Averaged LDF during MCAO 
was 40±9% in LY vs 29±3% of baseline signal in Veh. Cortical infarction (%ipsil 
ctx) was 10±5 vs 18±6% in LY and Veh respectively. Striatal infarction (% ipsil 
striatum) was 43±14% vs 50±4% in LY and Veh. These data suggest that intra- 
ischemic LDF is partially preserved in LY353381-treated animals. Supported by 
NR03521, NS33668, NS20020 and LY353381-HC1 as gift of Eli Lilly.

738.7

TAMOXIFEN IS AN EFFECTIVE NEUROPROTECTANT IN 
CEREBRAL FOCAL ISCHEMIA IN THE RAT. H K Kimelberg1’2/
P.J.Feustel1, Y.Jin1. J.Paquette1, A.Boulos1, RW.Keller2 and
B.ITranmer1. ’Division of Neurosurgery and department of 
Pharmacology and Neuroscience, Albany Medical College, Albany, 
NY 12208.

Tamoxifen (Tx) at 5mg/kg was administered in 0.1 ml DMSO 
intravenously, 15 min. prior to the start of 2h. ischemia in a reversible 
middle cerebral artery occlusion model (intraluminal suture) of focal 
ischemia in halothane-anesthetized rats. It was remarkably effective in 
limiting the volume of the infarct, as measured by TTC staining, from 
327.7±33.9mm3 (n=21,SEM) to 41.3±21.4mm3(n=6,SEM), a reduction 
of 87%. Protection of neurons, as determined by H & E staining, was 
also found. Tx was identically protective for infarct volume when 
given one hour after the start of the reperfusion period following 
ischemia, but was not significantly protective when given 2 or 4 hrs. 
after reperfusion. We had selected Tx based on its effective inhibition 
of swelling-induced excitatory amino acid (EAA) release from primary 
rat astrocyte cultures and its lipid solubility, but found that it had no 
effect on ischemia-induced glutamate, aspartate or taurine release in 
vivo. This suggests that Tx is exerting its neuroprotectant effect 
downstream of EAA release in current schemes of stroke-induced, 
neuron-damaging cascades (Supported by NS 35205 to HKK and a 
grant from Mizuho America Inc. to BIT).

738.8
CEREBRAL INTERLEUKIN-10 AND TUMOR NECROSIS FACTOR-a DURING 
AND AFTER MIDDLE CEREBRAL ARTERY OCCLUSION IN RATS.
J Kuluz*, E Xu, CL Schleien, WD Dietrich, & J Bethea. Pediatric Critical Care 
Medicine, University of Miami School of Medicine, Miami, FL 33101.

A robust thermoregulatory response to middle cerebral artery occlusion (MCAO) 
occurs in rats and results in both brain and body hyperthermia. Interleukin-1(1 (BL-
IP) and tumor necrosis factor-a (TNF-a) are pro-inflammatory cytokines, potent 
endogenous pyrogens, and mediators of cerebral ischemia-reperfusion injury. The 
present study was designed to determine the regional distribution of IL-ip and 
TNF-a in the brain during and after MCAO in rats.

Methods: Fasted adult male SD rats underwent MCAO (intraluminal suture 
method) for up to 2h ischemia and up to 3h reperfusion. Regional distribution of 
IL-1 (3 and TNF-a was assessed by immunocytochemistry, and brain concentration 
was measured by ELISA in 3-4 rats at lh and 2h MCAO, and at lh and 3h 
reperfusion after 2h MCAO. Data were analyzed by ANOVA (*p<0.05).

Results: Rectal temperature increased from 37.2±0.1°C at baseline to 
38.6±0.1°C* and 39.1±O.2°C* at lh and 2h MCAO, then decreased to 38.5±0.3°C* 
at 3h reperfusion. IL-ip and TNF-a were not detected in plasma at any time point. 
IL-ip was found primarily in glia (although occasionally in neurons) and was more 
concentrated at the perimeter of the infarct. In contrast, TNF-a appeared almost 
exclusively on neurons within the infarct. In the preoptic area of the hypothalamus 
immunostaining for IL-ip was greater than that for TNF-a and was not limited to 
the ischemic hemisphere.

Conclusions: Marked differences in the cellular and regional distributions of 
IL-ip and TNF-a were found after transient MCAO. IL-ip was present in the 
thermoregulatory region of the hypothalamus and may be at least partially 
responsible for the thermoregulatory response to stroke in this model.
(Supported by NINDS/N1H K08NS01890.)

738.9

TUMOR NECROSIS FACTOR-a EXPRESSION IN EDEMATOUS WHITE 
MATTER FOLLOWING PORCINE INTRACEREBRAL HEMORRHAGE.
K.R, Wagner*. C.L, Hall, G.M, de Courten-Mvers. Depts. Neurology & Pathology, 
Univ. of Cincinnati Coll. Med.; VA Medical Center, Cincinnati, OH 45220.

Intracerebral hemorrhage (ICH) in pigs produces rapidly developing, marked 
edema (>10% increases in water contents) in white matter adjacent to hematomas 
(Stroke 27:490-497, 1996). Edematous white matter regions undergo astrocytosis, 
myelin breakdown and ultimately atrophy. Tumor necrosis factor-a (TNF-a) may 
play a role in oligodendrocyte injury and demyelination following ICH as observed 
in other models. Previously, we examined the ultra-early time course of TNF-a 
induction in edematous white matter by ELISA (Soc. Neurosci. Abstr., 24:1230, 
1998). Presently, we report the localization of increased TNF-a protein expression.

We infused whole blood (2.5 ml) into frontal hemispheric white matter of 
pentobarbital-anesthetized pigs (~11 kg) over 15 min. We monitored and controlled 
physiologic variables and perfused brains in situ with buffered formalin at 2, 4 and 
24 hrs post-ICH. Following brain sectioning, standard immunocytochemistry was 
carried out with a porcine monoclonal TNF-a antibody (Endogen).

At 2 hrs following hematoma induction, strong TNF-a expression was present in 
glia (mainly microglia) in areas of white matter edema. Staining was also present in 
edema fluid being particularly notable in U-fibers. By 4 hrs, while glial staining was 
reduced, diffuse TNF-a immunoreactivity was present in cerebral cortical neurons 
adjoining areas of edematous white matter. By 24 hrs glial staining was no longer 
present, and moderate, diffuse neuronal staining was observed.

In summary: 1) TNF-a protein is rapidly induced in morphologically appearing 
microglial cells in perihematomal white matter following ICH; 2) immunoreactivity 
in cortical neurons adjoining edematous white matter may result by uptake from 
edema fluid or by direct expression. TNF-a may play an important early role in 
white matter damage following ICH. Support: NIH R0INS-30652; VA Merit Review.

738.10
PROTEIN CARBONYL FORMATION IS COMPARABLE FOLLOWING 
WHOLE BLOOD OR PLASMA INFUSIONS INTO PORCINE WHITE 
MATTER. B, A, Packard*. N.C. Hall. C. L, Hall, K.R. Wagner. Dept. Neurology, 
Univ. of Cincinnati College Medicine; VA Medical Center, Cincinnati, OH 45220.

Intracerebral hemorrhage (ICH) is the stroke sub-type with the highest mortality 
and morbidity. The biochemical mechanisms responsible for this poor outcome are 
undefined. Previously, we demonstrated that whole blood or plasma infused into 
porcine white matter produced rapidly developing, marked edema. Oxidative stress, 
as measured by protein carbonyl formation, also develops rapidly in white matter 
following ICH. Since perihematomal white matter contains clot-derived plasma 
proteins, we hypothesized that infused plasma alone would induce oxidative stress.

We infused either whole blood or plasma (2.5 ml) into frontal hemispheric white 
matter of pentobarbital-anesthetized pigs (~11 kg) over 15 min. We monitored and 
controlled physiologic variables and froze brains in situ at 1, 2,4 or 24 hrs post-ICH. 
White matter samples adjacent and contralateral to clots were homogenized in Hepes 
buffer containing protease inhibitors. Protein carbonyls in supernatants were 
determined by SDS-PAGE and immunoblotting (OxyBlot, Intergen), and quantitated 
after imaging (Molecular Dynamics Storm Imager) by ImageQuant software.

Marked protein carbonyl formation developed rapidly in edematous white matter 
adjacent to both blood and plasma clots. Optical densities of oxidized protein bands 
were significantly elevated (3 to 4-fold) in ipsi- vs. contralateral white matter already 
at 1 hr post-infusion. These values remained above control through 24 hrs.

In conclusion, oxidative stress develops rapidly and leads to protein oxidation in 
edematous white matter following ICH. This response, possibly by microglial cells, 
does not depend on the blood’s red cell component since comparable protein 
oxidation occurs following plasma infusions. Plasma protein-induced oxidative 
stress may play an important initiating role in the processes underlying white matter 
damage following ICH. Support: NIH R0 INS-30652; VA Merit Review.
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738.11
THE CHEMOKINE MACROPHAGE INFLAMMATORY PROTEIN 1-ALPHA 
(MIP-la) AND ITS RECEPTOR CCR5 ARE UPREGULATED IN A 
NEONATAL RAT STROKE MODEL. R.M, Cowell*. J.M. Galasso. and F.S, 
Silverstein, Depts. of Pediatrics and Neurology and the Neuroscience Program, 
Univ. Michigan, Ann Arbor, MI 48109.

MIP-la, a member of the p-chemokine family, attracts monocytes to sites of 
inflammation. Recent studies suggest that inflammatory mediators play a role in 
the pathogenesis of acute neonatal brain injury. Infiltration of activated microglia 
or monocytes to sites of injury may have ameliorative and/or detrimental effects on 
neuronal survival; the roles of chemokines in these processes are unknown. We 
used a neonatal stroke model to evaluate the impact of acute brain injury on the 
expression of MIP-la and its receptor CCR5, using immunohistochemistry and 
immunofluorescence with confocal microscopy. To induce a focal
hypoxic/ischemic (HI) insult, 7-day old (P7) rats underwent right carotid ligation 
+ 2.5h 8% oxygen. Commercial antibodies were used to detect MIP-la and 
CCR5; cell types were identified using anti-mouse NeuN (neurons), anti-bovine 
GFAP (astrocytes), and anti-mouse ED-1 (activated microglia). No MIP-la was 
identified in normal P7 brain (n=2). MIP-la (n=5) was detected throughout the 
ipsilateral hemisphere by 8 h after HI and persisted for up to 72 h; the most 
intense immunoreactivity was observed in patchy clusters of condensed nuclei. 
MIP-la was not colocalized with NeuN or ED-1; the cellular source was 
uncertain. In normal P7 brain CCR5 expression was limited to microglia in 
corpus callosum and ependyma. Injury-induced CCR5 expression (n=5) was seen 
at 32 h after HI; immunoreactivity was more widespread at 72 h. CCR5 
immunoreactivity was localized to astrocytes and microglia. In the acutely 
injured neonatal brain, MIP-la may directly influence glial responses via CCR5, 
inducing recruitment and/or activation. These data implicate diverse roles for 
inflammatory mediators in the pathogenesis of acute neonatal brain injury. 
Supported by NIMH grant #5T32MH14279-23 (RMC) and NS31054 (FSS).

738.12
CEREBROPROTECTION BY VASCULAR ENDOTHELIAL GROWTH 
FACTOR AGAINST FOCAL CEREBRAL ISCHEMIA OF RAT. W.S. Lee*.
S.Y Ko, B.Y. Rhim and K.W. Hong. Dept. of Pharmacology, Coll, of Med, 
Pusan National Univ., Pusan 602-739, Korea.

It was aimed to investigate the cerebroprotective effect of vascular 
endothelial growth factor (VEGF) on permanent focal cerebral ischemia of 
Sprague-Dawley rats by determining the infarct size, brain edema, and 
changes in regional cerebral blood flow (rCBF). Right middle cerebral artery 
(MCA) was occluded for 6 or 24 hours by an intraluminal monofilament 
technique. An open cranial window was made on the right parietal bone for 
determination of rCBF by laser-Doppler flowmetry. VEGF (1-100 pg/kg) 
was infused through the right femoral vein for 6 hours after MCA occlusion. 
Both the cerebral infarct size and the brain edema were dose-dependently 
reduced by VEGF in 24-hour MCA occlusion group but not in 6-hour MCA 
occlusion group. The decrement of rCBF during the period of ischemia was 
significantly attenuated in VEGF-treated group, compared with that in 
vehicle-treated group. The VEGF-induced increase in rCBF was 
significantly inhibited by pretreatment with suramin, a heparin-binding growth 
factor inhibitor. Based on these results, it is suggested that VEGF improves 
the rCBF, thereby has a cerebroprotective effect on focal cerebral ischemia. 
This study was supported by PNU Research Grant 95 and a grant (HMP-96- 
M-2-1043) of the Good Health R&D Project, Ministry of Helath & Welfare, 
ROK.

738.13

ROLE OF VASCULAR ENDOTHELIAL GROWTH FACTOR IN 
ISCHEMIC NEURONAL INJURY OF RAT BRAIN. WL.Bao, SD.Lu, 
LM.Zhang. XY. Shen*.and FY.Sun. National Key Lab. of Medical Neurobiology; 
Shanghai Medical University; Shanghai 200032, P. R. China.

Pharmacological and morphological methods were used to study the role of 
vascular endothelial growth factor (VEGF) in the neuronal damage induced by 
ischemia. Immunostaining and in situ hybridization showed that the induction of 
both VEGF and VEGF mRNA in the brain was time-dependently changed 
following a transient focal cerebral ischemia. In the ischemic core, VEGF and 
VEGF mRNA were expressed in the shrunken or swollen neurons at 6h and lasted 
for Id and disappeared at 3d reperfusion following the ischemia, such time-course 
of VEGF expression was consistent with the neuronal death determined by cresyl- 
violet staining. In the ischemic penumbra, the expression of VEGF and VEGF 
mRNA was dramatically increased at 6h and reached the peak values at Id and 
returned to the control levels at 3d after the ischemia. Double immunostaining 
showed that VEGF co-expressed with NSE, but not with GFAP or CD45 in the 
same neurons at Id or 3d following a transient ischemia, indicating that the 
expression of VEGF can be induced in the neurons by the ischemia. TUNEL- 
positive staining cells were observed mainly in the ischemic core and a few in the 
ischemic penumbra. Double staining with VEGF and TUNEL demonstrated that 
VEGF-positive cells are more resistant to ischemia-induced neuronal DNA 
damage. To understand the role of induction of neuronal VEGF in the 
pathophysiological process following the neuronal ischemia further, VEGF 
antidody (0.8 pg/ 0.4 pi/ d) was injected into lateral ventricular for 7d following 
focal cerebral ischemia in rats. The result showed that VEGF antibody could 
enhance infarct volume and TUNEL-positive stained neurons following cerebral 
ischemia. These suggest that expression of VEGF in the neurons may be a 
beneficial factor for the cell survival following ischemia.
Supported by the National Nature Science Foundation of China (No 39730170)

738.14

INTRAVENOUS OSTEOGENIC PROTEIN-1 ENHANCES 
FUNCTIONAL RECOVERY FOLLOWING FOCAL CEREBRAL 
ISCHEMIA IN RATS.
JingMei Ren1’2, Paul Kaplan3, Marc F Charette3 and Seth P Finklestein*1,2. 
CNS Growth Factor Research Laboratory1, Department of Neurology, 
Massachusetts General Hospital and Harvard Medical School2. Boston, MA 
02114; and Creative BioMolecules, Hopkinton3, MA 01748

We previously showed that the intracistemal injection of 
osteogenic protein-1 (OP-1, BMP-7), a growth factor that selectively 
promotes dendritic growth in neuronal cultures, enhances the recovery 
of sensorimotor function of the contralateral limbs following focal 
stroke in rats. In the current study, unilateral cerebral infarction was 
made in the dorsolateral cerebral cortex and underlying striatum by 
electrocoagulation of the proximal middle cerebral artery (MCA). 
Human recombinant OP-1 (2.5 mg/kg) or vehicle was infused 
intravenously for 3 h at one day following ischemia. We found 
significant enhancement of recovery of forelimb and hindlimb placing 
tests in OP-1 treated animals (p<0.01). This enhancement was 
apparent by 2 days after OP-1 administration and lasted for at least one 
month after stroke. There was no difference in infarct volume between 
OP-1 and vehicle-treated animals. The mechanism of enhanced 
recovery by OP-1 may involve penetration through the injured (or 
intact) blood brain barrier and stimulation of new neuronal sprouting 
and synapse formation in the uninjured brain.

Supported by NIH NS 10828 and Creative Biomolecules, Inc.

738.15

INSULIN DOES NOT PREVENT INJURY TO THE CYTOSKELETON 
AND ENDOPLASMIC RETICULUM OF RAT HIPPOCAMPUS CA3 
NEURONS FOLLOWING ISCHEMWREPERFUSION. J.A. Rafols*,
B.C. White, C. Owen and J.M, Sullivan. Depts. of Anatomy/Cell Biology and 
Emergency Medicine, Wayne State Univ. Sch. of Med., Detroit, MI 48201.

In a rat model of cardiac arrest/resuscitation, we showed previously that, by 
90 min reperfusion, high doses (20U/kg, iv) of insulin induced 
dephosphorylation of the phosphorylated eukaryotic translation initiation factor 
(elF) 2a. In addition, insulin restored protein synthesis in most of the 
hippocampus except in a subsector of the CA3 region. In this subsector we 
observed signs of atrophy together with increased immunoexpression of eIF2a 
(P) and inhibition of protein synthesis (assessed by 35S aminoacid incorporation 
and morphometric methods). In the present study we used electron microscopy 
to further assess the degree of injuiy in the same cells at 5 and 90 min of 
reperfusion. By 5 min reperfusion both insulin treated and untreated animals 
showed little ultrastructural damage in CA3 neurons or in adjacent dentate 
granule cells. However, by 90 min reperfusion, CA3 neurons in both insulin 
treated and untreated animals had severe disruption of the rough and smooth 
endoplasmic reticulum, as well as disassembly of cytoskeletal organelles. In 
contrast the integrity of subcellular organelles in dentate granule cells was 
maintained. These findings confirm that the primary reperfusion injury site 
occurs in the endoplasmic reticulum and the cytoskeleton of vulnerable 
neurons. They further reveal that a subsector of CA3 is unique in that insulin 
cannot prevent reperfusion injury. This injury results in the failure of these 
cells to maintain protein synthesis and cytoskeletal integrity. Supported by 
NIH-NS 33196.

738.16
COMPARISON OF THE NEUROPROTECTIVE EFFECTS OF IGF-I, IGF- 
H AND A PEPTIDE IGF BINDING PROTEIN INHIBITOR AFTER 
PERMANENT MIDDLE CEREBRAL ARTERY OCCLUSION IN RAT. S.A 
Loddick1*, N. Ling2 and A.C. Foster2.. ’Biol. Sci. Univ. of Manchester, Oxford 
Rd. Manchester. UK. 2Neurocrine Biosciences, Inc., 10555 Science Center Drive, 
San Diego, CA 92121. USA.

In a previous study (PNAS 95:1894-1898) we demonstrated 
neuroprotective properties of IGF-I using an in vivo model of stroke (permanent 
occlusion of the middle cerebral artery [pMCAO] in rats). Administration of 
synthetic human IGF-I (hIGF-I) into the lateral cerebral ventricle (icv) caused a 
significant reduction (38%) of the lesion volume when assessed at 24h. 
Furthermore, we observed similar protective properties of a hIGF analog 
([Leu24,59’60,Ala31]hIGF-I) which has no biological activity at the IGF receptors, but 
is assumed to elevate the levels of "free, bioavailable" IGF in CSF due to its high 
affinity for IGF binding proteins (IGFBPs). In the present study, we sought to 
investigate the dose response characteristics of hIGF-1, the IGFBP ligand inhibitor 
([Leu2^59,60,Ala31]hIGF-I) and IGF-II, since the IGFBP ligand inhibitor may elevate 
levels of both IGF-I and IGF-II. The peptides were administered (icv) immediately 
after pMCAO. Damage was assessed 24h later by TTC staining to determine the 
lesion volume. The lesion volume of vehicle treated animals was similar in the 
three experiments (hIGF-I study: 149 mm3; IGFBP ligand inhibitor study: 
151mm3, IGF-II study: 151 mm3). All three peptides reduced lesion size. Whereas 
5pg hIGF-I resulted in a small, non-significant reduction of damage, injection of 
25pg or 50pg hIGF-I caused a significant reduction in total lesion size of 32% and 
37%, respectively, compared to vehicle. At the lowest dose tested (5pg), hIGF-II 
resulted in a significant 38% reduction of the total infarct, and doses of 50pg and 
lOOgg produced no further effect. The IGFBP ligand inhibitor resulted in a 
significant, dose-dependent reduction of the lesion volume at (5gg, 50gg and 
lOOgg). lOOgg of the IGFBP ligand inhibitor appeared to result in the greatest 
level of protection (46%) compared to that seen with all doses of hIGF-I and 
hIGF-II, which may suggest that the protection caused by IGFBP inhibition results 
from elevation of both IGF-I and IGF-II levels.

S.A. Loddick is supported by a Royal Society Dorothy Hodgkin Fellowship.
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738.17
The  neuroprotective  effects  of  IGF-I on  organotypic  hippocampal  
SLICE CULTURES EXPOSED TO ISCHEMIC CONDITIONS. A.M. Vana, J.R. Eggold, 
G.Verge, Z-X. Lu, L. Yang, N. Ling, A.C. Foster*, G.S. Naeve. Department of 
Neuroscience, Neurocrine Biosciences, San Diego, CA 92121.
The insu]in-like growth factors (IGF-I and IGF-II) are expressed in the CNS and 
have been shown to promote neuronal survival and neurite outgrowth. They can 
also protect against various forms of neuronal injury, including exposure to 
hypoglycemic conditions in vitro and global and focal ischemia in vivo. In an 
organotypic hippocampal model of ischemia, we have analyzed the effects of IGF-I, 
IGF-II, and [Leu2459’60, Ala3,]hIGF (IGF-LI) which displaces IGF from binding 
proteins but does not bind to the receptors and is neuroprotective in a rat focal 
ischemia model (see Loddick et al., this meeting). In this system combined oxygen 
and glucose deprivation induces neuronal damage that is mediated by NMDA 
receptors. As such, glutamate receptor antagonists are very effective at protecting 
neurons exposed to this type of ischemic insult. Interestingly, our results show that 
treating hippocampal slice cultures with IGF-I, IGF-II, or the IGF-LI can also 
attenuate ischemic induced neuronal damage. Of these peptides, IGF-I is the most 
potent ligand followed by IGF-II and the IGF-LI. The neuroprotective effects 
require high concentrations of each of the ligands (7-15 pM) and may reflect the 
high levels of binding protein produced by the slices which were found in the 
growth media. Analysis of expression of the IGF family members shows that the 
hippocampal slice cultures produce IGF-I and IGF-II, as well as both IGF receptors, 
and the IGF binding proteins 3, 5, and 6. The presence of endogenously expressed 
IGFs and binding proteins suggests that the IGF-LI released IGF from the binding 
proteins, and although not as effective as directly adding IGF, the released IGF is 
capable of protecting neurons from ischemic damage. These studies further support 
the neuroprotective role of the IGF family in ischemia and provide an intermediate 
model for the purposes of characterizing the mechanism of protection observed in 
vivo using the native ligands as well as the IGF-LI.

738.18
THE ROLE OF FGF-2 IN THE RESPONSE TO CEREBRAL ISCHEMIA: FGF- 
2 EXPRESSION IN THE HIPPOCAMPUS AND CHOROID PLEXUS, AND 
THE NEUROPROTECTIVE EFFECTS OF INTRAVENTRICULAR FGF-2 
INFUSION IN A RAT MODEL OF TRANSIENT FOREBRAIN ISCHEMIA. 
Terry F, Havamizu, Percy T, Chan. Curtis E, Doberstein*, Lisa W, Sunwoo.
Maria A, Guglielmo and Conrad E, Johanson. Dept. of Clinical Neurosciences 
(Neurosurgery), Brown University/Rhode Island Hospital, Providence, RI02903.

Fibroblast growth factor 2 (FGF-2) has been the subject of extensive research 
for its possible neuroprotective role following brain injury or cerebral ischemia. 
Transient forebrain ischemia (TFI) results in delayed neuronal death manifested by 
multiple memory deficits believed to result from damage to the CA1 region of the 
hippocampus. In this study we analyzed the temporal expression of FGF-2 in the 
hippocampus and choroid plexus (CP) following TFI in a rat model, and correlated 
this with CA1 neuronal death. We found that FGF-2 immunoreactivity is 
markedly induced in the lateral ventricle CP, with highest levels at 6 hours 
following TFI, decreasing thereafter. In the CA1 region of the hippocampus, we 
showed that FGF-2 immunoreactivity is increased in the nonneuronal cells, 
reaching peak intensity at 48 hours, which corresponds with the onset of observable 
CA1 neuronal death. In order to further elucidate the possible neuroprotective role 
of FGF-2 in ischemia, we attempted to alter the time course of CA1 neuronal death 
by infusing FGF-2 into the cerebral ventricles before and after TFI. We found that 
intraventricular treatment with FGF-2 appears to result in a delay in neuronal death 
in the CA1 region following TFI, and also that the effects on CA1 neuron survival 
can be sustained for at least 2 weeks. We propose that choroid plexus-derived FGF- 
2 may play a significant role in the process of delaying CA1 neuronal death at early 
time points following TFI. Furthermore, treatments which increase FGF-2 levels 
in the CSF may be useful in augmenting die neuroprotective effects.
Supported by NIH Grant NS27601 and by Lifespan research funds at RI Hospital.

738.19

THE RELATIONSHIP OF GDNF RECEPTORS AND FETAL KIDNEY 
TRANSPLANTATION -INDUCED NEUROPROTECTION A.C. Tomac1. A. 
Grinberg1, S.P, Huang1, C, Nosrat2, Y. Wang3, C.V. Borlongan3, S.Z. Lin4. Y.H.
Chiang4, L.Olson2, H.Westphal1 and B.J, Hoffer3*. 'Lab. Mammalian Genes and 
Development NIH, Bethesda; 2Dept. Neuroscience, Karolinska Institute, Stockholm, 
Sweden; 4National Defense Medical Center, Taiwan; ^National Institute on Drug 
Abuse, NIH, Baltimore, MD 21224

Previous reports have indicated that fetal kidney cortex contains many trophic 
factors from the TGF(3 superfamily, such as GDNF, OP1 and TGFP itself. These 
trophic factors have all been reported to be neuroprotective. We recently found that 
that intracerebral administration of GDNF or implantation of fetal, but not adult 
kidney tissue, diminishes neocortical infarction after stroke in rats. Using 
homologous recombination, GDNFa receptor (GFRal) deficient homozygous (-/-) 
and heterzygous (+/-) mice were generated and compared to their wildtype (+/+) 
litermates. The -/- mice died within 24 hours of birth with renal agenesis and enteric 
nervous system defects as have been previously reported. To evaluate the role of GFR 
a-1 in neuroprotection, we pretreated adult chloral hydrate-anesthetized GFR-al +/- 
and +/+ mice with GDNF or fetal kidney tissue. We found that both pre-treatments 
decreased motor deficits induced by middle cerebral arterial ligation and reperfusion 
in +/+, but not in +/-, mice. The animals were subsequently sacrificed for TTC 
staining. We found that implantation of fetal rat kidney tissue decreased cortical 
infarction in +/+, but not in +/-, mice. Similar to fetal kidney grafting, local 
administration of GDNF also significantly reduced the incidence of severe infarction 
in +/+ mice, suggesting that the neuroprotective effect of GDNF in +/- mice, 
compared to -/- mice, is reduced. Taken together, our results indicate that the 
neuroprotection induced by fetal kidney grafting and GDNF administration may be 
derived from a similar mechanism and neuroprotective actions of exogenous GDNF 
also require full levels of GFRal receptor expression. (Supported by National 
Institute on Drug Abuse)

738.20
CORTICOTROPIN RELEASE-INHIBITING FACTOR REDUCES STRESS- AND 
STROKE-INDUCED BEHAVIORS AND BRAIN INFARCTION. C.E. Stahl1, S.Z. 
Lin1*, Y. Wang2, Y.H, Chiang1, E. Redei3, and C.V. Borlongan2. *'Department of 
Neurosurgery, National Defense Medical Center, Taipei, Taiwan; 2Cell. Neurobiol., 
National Institute on Drug Abuse, NIH, Baltimore, MD; ’Department Psychiatry and 
Behavioral Sciences, Northwestern University Medical School, Chicago, IL.

Corticotropin release-inhibiting factor (CRIF) attenuates stress-induced elevations of 
corticosterone, ACTH and prolactin, as well as stress-related behaviors in adult rats. In 
the present study, we introduced three-day old pups to a novel environment, and the 
time to start exploration was used as index of stressful behavior. Animals that were 
pretreated with CRIF (200 ug, i.p. X 2, 1 hour apart) had a significantly shorter time to 
initiate exploration compared to animals that were treated with saline. Cortisol 
(CORT; 30.22±3.12 ng/ml) and adrenocorticotrophin hormone (ACTH; 294.42±5.3 
pg/ml) levels of CRIF-treated animals were significantly lower than those of saline- 
treated animals (65.46±5.1 ng/ml and 369.17±13.04 pg/ml, respectively). Because 
brain insults produce stress, we examined the effects of CRIF on responses to the 
ligation of the middle cerebral artery (MCA). Fifteen adult male Sprague-Dawley rats 
(330-410 g) were intracerebrally injected with CRIF (6 ug/kg or 200 ug/kg) or saline 
at 1-2 hours before ligation of MCA. At 24 hours after reperfusion, behavioral tests 
revealed that animals that received CRIF, regardless of dosage, displayed some 
amelioration (25%) of motor asymmetry associated, while animals that received saline 
exhibited the stroke-induced biased swing activity. Histological assay using 
triphenyltetrazolium chloride revealed that animals (4 of 5) that received 200 ug/kg 
CRIF showed a marked reduction (90%-100%) in the infarction size in the frontal 
cortex, although the posterior sections of the cortex remained infarcted. In contrast, 
animals that received 6 ug/kg CRIF demonstrated infarction that did not differ in size 
and extent from those that received saline. The present results indicate that CRIF 
treatment ameliorates stress-mediated and stroke-related behavioral and neuronal 
alterations. [Supported by National Defense Medical Center, Taiwan]

738.21

HYPERBARIC OXYGEN: A NEW THERAPEUTIC STRATEGY FOR 
TREATMENT OF POST-ISCHEMIC STROKE. C.V. Borlongan1*, C.F. Chang2,
K.C. Niu2, B.T. Hoffer1 and Y. Wang'. 'National Institute on Drug Abuse, NIH, 
Baltimore, MD 21224; ^National Defense Medical Center, Taipei 100, Taiwan.

Hyperbaric oxygen (HBO) has been used for treatment of conditions 
involving oxygenation accidents as seen in scuba diving and high altitude 
sports activities like mountain climbing. We demonstrate in the present study 
that HBO is potentially therapeutic for ameliorating post-ischemic stroke 
symptoms. Adult Sprague-Dawley rats received middle cerebral artery 
occlusion (MCAo) for 1 hour, and thereafter animals were introduced to: A) 
immediate 1 hour HBO (3 atm) or 1 hour hyperbaric pressure (HBP, 3 atm), 
B) 1 hour delay, which corresponded to 1 hour reperfusion, prior to 1 hour 
HBO or HBP treatment, or C) no treatment at all. Behavioral examination 
using the elevated body swing test at 24 and 48 hours after reperfusion 
revealed that almost all animals exposed to immediate HBO did not display 
biased swing activity, a few animals in the 1 hour delay HBO and immediate 
HBP treatment groups also exhibited near symmetrical swing activity, while 
all the animals in the delayed HBP treatment and in the no treatment groups 
showed asymmetrical response. At 48 hours after reperfusion, 
triphenyltetrazolium chloride staining revealed that animals exposed to 
immediate HBO treatment showed no detectable brain infarction; a few 
animals in the delayed HBO and immediate HBP treatment groups also 
exhibited absence of brain infarction, but the rest of the animals displayed the 
characteristic brain infarction produced by MCAo. The present results 
indicate the efficacy of HBO and, to some extent, by early HBP in ameliorating 
ischemia-induced brain damage and behavioral dysfunctions, which are not 
fully addressed by current therapeutic strategies for stroke. (Supported by 
National Defense Medical Center, Taiwan]

738.22

METHAMPHETAMINE POTENTIATES BRAIN INFARCTION 
INDUCED BY MCA LIGATION IN MICE Y.H, Chiang1*. S.Z, Lin1,
T.-P. Su2. T. Hayashi2. L.-I. Tsao2. C.V. Borlongan2 and Y. Wang2.
’Department of Neurosurgery, National Defense Medical Center, 
Taipei, Taiwan; 2Cellular Neurobiology, National Institute on Drug 
Abuse/ NIH, Baltimore, MD 21224

We and others have reported that acute administration of 
methamphetamine (MA) induces free radical formation and up-regulates 
p53 mRNA expression. Since various neuronal insults, such as brain 
ischemia, involve free radical and p53, it is possible that MA may have 
an effect on stroke-induced brain damage. In this study, adult CD-I mice 
were treated with MA, (i.p. 10 mg/mg for four times, each two hours 
apart). Animals were later anesthetized with chloral hydrate and then 
placed in a stereotaxic frame. The right middle cerebral was transiently 
ligated for 45 minutes. Animals were sacrificed for TTC staining and 
p53 mRNA assay after 24 hours of reperfusion. We found that 
pretreatment with MA increased ischemia-induced cerebral infarction. 
Both ischemia and MA alone enhanced p53 expression. Moreover, MA 
potentiated the expression of p53 in the ischemic mice. Taken together, 
these data suggest that MA enhances ischemic insults in brain perhaps 
through the activation of apoptotic pathways and acute MA exposure 
may augment the pathologic sequelae of stroke in man. (Supported by 
National Institute on Drug Abuse)
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738.23

GLUCOCORTICOID AND ACTH MODULATION OF
HIPPOCAMPAL PROGENITOR CELLS. F.J. Antonawich*1’2. M. 
Towner2, C. Calandrella2. S.M. Fiore1. J.N. Davis1. ‘Department of Neurology 
and Program in Neurobiology, S.U.N.Y. at Stony Brook, Stony Brook, NY 
11794; Northport V.A. Medical Center, Northport, NY 11768; department of 
Biology, St. Joseph’s College, Patchogue, NY 11772.

In the adult brain significant populations of progenitor cells are located within the 
dentate gyrus of the hippocampus. We have previously examined the modulatory 
effects of glucocorticoids and ACTH on transient ischemic death of hippocampal CA1 
pyramidal cells. In this study, we studied these hormones on hippocampal progenitor 
cells plated on polv-L-omithine (PORN)/laminin coated dishes. Ihe cells were 
cultured in DMEM/F12 supplemented with N2 and FGF (20ng/ml). Corticosterone was 
administered between O.Ol-lOOpM, while two ACTH fragments, ACTH 4-10 and Org 
2766, were administered at dosages ranging from O.OOl-lOpM.

At the lowest concentration tested (lOnM), corticosterone induced sprouting and 
process growth. While corticosterone did not influence the percentage of neuronal or 
glial restricted precursors, which is normally about 85% glial dominated, at lOOnM it 
demonstrated pronounced mitogenic effects. In contrast, the ACTH fragments did not 
increase proliferation of the cultures, but did elevate the number of neuronal restricted 
progenitor cells in the cultures to approximately 30% (ACTH 4-10 at lOOnM; Org 2766 
at lOnM). This data is interesting since there is an increased proliferation in vivo in 
progenitor cells following transient ischemia (Sharp et al., 1998). Post-ischemic surges 
in glucocorticoids may exacerbate cell death by further inducing mitogenesis of glial 
dominanted progenitor cell populations, while ACTH would induce a neuronal 
restricted lineage and thus limit the number of cells becoming glia.

(Supported by NIH NS 09994 and the VA)

738.24
TRANSPLANTATION THERAPY FOR CHRONIC STROKE: FETAL CORTICAL 
CELLS, FETAL KIDNEY TISSUES AND HUMAN DERIVED CELL LINE (hNT) 
NEURONS AS GRAFT SOURCE. S.Z. Lin1, Y.H. Chiang1, Y. Wang2, T. Hayashi2, 
T.-P. Su2, B.J. Hoffer2, P.R. Sanberg*3'4, C.V. Borlongan2. ‘National Defense Medical 
Center, Taipei 100, Taiwan; 2National Institute on Drug Abuse, NIH, Baltimore, MD 
21224; 3Dept. Neurosurgery, Prog. Neurosci., Univ. So. Ft, Tampa, FL 33612; 
4Layton Biosciences, Inc., Atherton, CA 94027.

Clinical trials for transplantation using human derived cells (hNT neurons) have 
recently been conducted in a limited number of stroke patients with basal ganglia 
infarction. Preclinical studies using transplantation of fetal kidney tissues or 
intracerebral infusion of glial cell line-derived neurotrophic factor (GDNF) have also 
demonstrated protective effects against cerebral ischemia. We examined, in the 
present study, whether such surgical therapy ameliorated deficits associated with 
chronic cortical stroke in adult Sprague-Dawley rats. One month after right middle 
cerebral artery (MCA) ligation, animals received transplantation of fetal cortical cells, 
fetal kidney tissues, fetal kidney + fetal cortical cells, hNT neurons or vehicle infusion 
only. In 3 to 7 days after transplantation, all animals, except those that received 
vehicle infusion, exhibited transient recovery from asymmetrical locomotor activity. 
Histological assay at two weeks post-transplantation using triphenyltetrazolium 
chloride (TTC) staining revealed a substantial loss of the right frontal cortex in the 
animals that received hNT neurons or vehicle infusion. In contrast, surviving cells 
were detected in the damaged cortices of animals that received fetal cortical cell 
grafts, fetal kidney tissue grafts or combination of the two grafts. Previously, we 
hypothesized that short-term transplantation effects are mediated by release of trophic 
factors by the grafts. Indeed, ELISA assay of GDNF revealed varying levels of the 
protein across the three graft sources. The present results suggest that transplantation 
of GDNF-containing cells/tissues can provide beneficial effects against stroke. 
[Supported by National Defense Medical Center, Taiwan]

738.25

FOCAL CEREBRAL ISCHEMIA INCREASES THE PROLIFERATION OF 
THE HIPPOCAMPAL NEURAL STEM CELLS IN ADULT RATS J. Liu*.
T. Nagafuji, and F. R. Sharp Department of Neurology, University of 
California at San Francisco and SFVAMC, San Francisco, California 94121

The adult neural stem cells are located in the subventricular zone (SVZ) of 
the lateral ventricle, and the dentate gyrus (DG) of the hippocampus. Both 
populations of stem cells are known to generate neurons replacing those lost in 
their target areas during adulthood, namely, the olfactory bulb and the dentate 
gyrus. We have previously shown that global ischemia increased neurogenesis 
in the dentate gyrus granule cell layer. The mechanisms attributed to global 
ischemia-induced neurogenesis are perhaps the modulation of neurotransmitters 
and growth factors, and granule cell death. Focal cerebral ischemia is also 
associated with NMDA receptor modulation and growth factor induction, 
however, is less likely to cause damage in the hippocampal formation. To 
investigate if lesion of hippocampus is necessary for the regeneration of the 
dentate gyrus, we examine the proliferation of dentate gyrus progenitor cells by 
BrdU uptake. Permanent MCA occlusion was performed using Tamura’s 
model. BrdU was administered i.p. at 50 mg/kg 24 hour prior to the sacrifice. 
A 2-4 fold increase in BrdU incorporation at the dentate gyrus subgranular zone 
occurred in 50% of rats received permanent MCA occlusion. In contrast to the 
gerbils with increased neurogenesis after global ischemia, lesion of entorhinal 
cortex was commonly observed in the rats with increased DG neural progenitor 
proliferation after focal ischemic insult. The survival, migration, and 
differentiation of the induced dentate gyrus neural progenitor cells after MCAO 
is under further investigation.
This work was supported by NIH grants R01 NS28167, NS14543, NS38743, 

NS 38084, and HL53040 (FRS).

738.26
CORTICAL NEUROGENESIS AFTER TEMPORAL MIDDLE CEREBRAL 
ARTERY OCCLUSION IN ADULT RATS
y„.Jiang1,.w. G- Gp1, T, Brannstrpm2 and Px.WfiStSL*1

1 2Dept. Medicine and Pathology , Univ. Umea, S-901 87 Umea, Sweden
We have recently demonstrated cortical neurogenesis in adult rats in the 

morphologically restored region-at-risk following a photothrombotic ring stroke 
lesion and spontaneous reperfusion. This study aimed at exploring possible 
occurrence of cortical neurogenesis in adult rats following transient middle cerebral 
artery occlusion (MCA-O).

10 weeks old male Wistar rats were subjected to right MCA-O by a polylysine 
coated monofilament followed by reperfusion by withdrawal of the suture at 2 h after 
ischemia. The cell proliferation specific marker 5-bromodeoxyuridine (BrdU) was 
repeatedly injected intraperitoneally. Rats were transcardially perfused at 7, 30 and 
60 days after stroke. Coronal brain sections were processed for 
immunohistochemistry or immunofluorescence with the cell proliferation specific 
marker anti-BrdU, the neuron specific markers anti-beta-tubuline III and anti-Map-2 
and the glial marker anti-GFAP. Sections were examined by light or confocal 
microscopy.

Widespread cells incorporating BrdU were seen in the survived cortex, striatum as 
well as dentate gyrus of the hippocampus at 7-30-60 d after MCA-O. Cells double- 
labeled for BrdU and Map-2 or BrdU and beta-tubline III were observed scattered 
randomly in layer II-VI in the survived part of the ipsilateral cortex as well as in 
striatum and dentate gyrus at 30 and 60 days after MCA-O. Confocal microscopic 
examination confirmed the co-localization of BrdU and beta-tubuline III in the same 
cells.

These data demonstrate cortical neurogenesis in the adult rat brain following 
transient MCA-O and suggest that neurogenesis is an important brain repair 
mechanism following ischemic stroke.

DEGENERATIVE DISEASE: OTHER XI

739.1

PARTIAL SEQUENCE AND ANALYSIS OF THE GENE ENCODING THE 
CANINE HIGH MOLECULAR WEIGHT NEUROFILAMENT PROTEIN (NF- 
H). S. L. Green,1* J. Westendorf,2 and J. Ferrell.2 Dept. of Comparative Medicine1; 
Dept. of Molecular Pharmacology2, Stanford University; Stanford, CA 94305.

Neurofilament (NF) proteins are intermediate filament proteins that are the 
major cytoskeletal components of large diameter neuronal axons. Aberrant 
accumulation of abnormally phosphorylated NFs is a histopathologic feature of 
both amyotrophic lateral sclerosis (ALS) and a naturally occurring animal model 
for ALS, Hereditary Canine Spinal Muscular Atrophy (HCSMA). Partial or 
complete sequence of heavy NF (NF-H) is available for several mammalian 
species, but has not been reported in the dog. We have cloned and sequenced 
cDNAs encoding canine NF-H. A canine retinal A. ZAP Express cDNA library was 
screened with a radiolabeled 2.2 kb fragment of rat NF-H cDNA encoding the NF- 
H carboxy-terminus. Ten positive clones were obtained, yielding 3393 bases of 
sequence information. The predicted length of the canine NF-H protein is 1132 
amino acids, and it shares a 92-95% identity with other mammalian NF-H protein 
sequences. In most of the canine clones, the C-terminal tail region sequence 
indicates the presence of a series of 59 KSP amino acid triplet repeats. Two of the 
positive clones also contain an additional 24 nucleotide base pairs that encode an 
another KSP repeat. Of the 59 (or 60) repeats, 55 (or 56) of these are KSPXK 
motifs, which can be phosphorylated by the neuronal proline-directed protein 
kinases (PDPKs). This suggests that canine NF-H is an excellent substrate for the 
PDPKs, a family of protein kinases that have been implicated in the pathogenesis 
of both ALS and HCSMA.

Supported by NCRR grant PA95-094.

739.2

CALPAIN IS RAPIDLY DEGRADED AFTER AXOTOMY BUT 
BEFORE AXONAL DEGENERATION . D. G. Culver. Y. Wu 
and J.D. Glass*. Dept. of Neurology, Emory University School of 
Medicine, Atlanta, GA 30322

Calpains are intracellular, calcium-dependent cysteine proteases that are 
necessary for cytoskeletal degradation after axonal injury during experimental 
Wallerian degeneration. To investigate the presence, activation, and relative 
amounts of calpain in Wallerian degeneration and other forms of experimental 
axonal degeneration, we developed polyclonal antibodies to the major forms of 
calpains (m-calpain and g-calpain), and the intrinsic calpain inhibitor 
calpastatin. Rodent sciatic nerves were transected and the nerve homogenates 
were investigated for relative levels of calpains and calpastatin by western blot. 
Comparisons of transected nerves to their non-transected counterparts detected 
significant reductions of m-calpain immunoreactivity by 6 hours after nerve 
transection, which reached a low of 20% of control levels at 24 hours after 
axotomy. Axonal degeneration, as assessed by EM and neurofilament 
immunoblots, did not occur until between 24 and 48 hours after transection. 
The reduction of calpain protein levels was seen with multiple antibodies 
spanning the m-calpain 80 kD subunit. Calpastatin immunoreactivity did not 
change significantly. We conclude that calpains are activated within hours after 
nerve injury, and are an essential part of a proteolytic cascade that eventually 
leads to axonal degeneration. The loss of calpain immunoreactivity is a very 
early marker for axonal injury. Preliminary data show that interventions directed 
at delaying axonal degeneration also inhibits this early loss of calpain 
immunoreactivity. (funded by NIH)
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739.3
PEROXISOMAL NEURODEGENERATIVE DISEASES: METABOLIC 
ALTERATIONS AND MODULATION BY HORMONAL FACTORS. A.PetroniS*, 
N, PapiniS, M. BLasevich§, I, Cavarretta#, V. Magnaqhi# and R. C.Melcangi#.
§ Inst, of Pharm. Sciences, University of Milan, via Balzaretti 9, 20133, Milan,
# Dept. of Endocrinology, University of Milan, via Balzaretti 9, 20133 Milan, Italy.

The neurodegenerative diseases Zellweger and Adrenoleukodystrophy 
(ALD) are inherited defects of peroxisomal function. These pathologies are 
associated with the accumulation, in plasma and fibroblasts, of saturated very- 
long-chain fatty acids (VLCFA) such as lignoceric acid (24:0). The pathological 
accumulation of VLCFA is due to the impared p-oxidation, which normally takes 
place in the peroxisomes . The aim of our study was to investigate, in skin 
fibroblasts of ALD and control subjects,the levels of VLCFA, the p-oxidation of 
labeled lignoceric and arachidonic acid (AA), the conversion of labeled 
eicosapentaenoic acid (EPA) to docosahexaenoic acid (DHA), a process which 
takes place in the peroxisomes and the modulation by retinoids and 
androgens. Some of these parameters were also evaluated in fibroblasts of 
Zellweger patients. The measurements of labeled CO2 and the catabolic 
products derived from lignoceric acid-p-oxidation were evaluated according to 
the standard procedures . The experiments with labeled AA and EPA were 
performed by measuring the metabolic products by HPLC connected with a 
radiodetector. Levels of VLCFA were markedly elevated in plasma and 
fibroblasts of Zellweger and ALD patients, when compared to controls. The AA 
metabolite 4,7,10-hexadecatrienoic acid (16:3) was not present in the 
Zellweger patients, whereas almost 40% of the substrate was converted to this 
metabolite in ALD and controls; 22:5 n-3, an intermediate derived from EPA 
metabolism accumulated in fibroblasts of Zellweger patients whereas DHA was 
not produced. In ALD fibroblasts, levels of lignoceric acid were significantly 
decreased by treatment with androgens whereas retinoids were inactive. The 
fact that lipid metabolic modifications occurring in ALD can be modulated by 
steroid hormones is potentially interesting and needs further investigations.

739.4
PREVENTION OF EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS 
(EAE) BY A PROTEASOME INHIBITOR. H. Hosseini1, P. Andre2. J. Marvel2, L. 
Viala1, P.A. Dreyfus1, M. Peschanski1* and V. Lotteau2 'lNSERM U421, Hopital 
Henri Mondor, Creteil 94010.2INSERM U5O3, ENS, Lyon, France.

Experimental allergic encephalomyelitis (EAE) is an inflammatory, CD4’ 
Thl-mediated auto-immune disease, which serves as a model for multiple sclerosis. 
The proteasome plays an essential role in the immune response (MHC class I 
antigen processing, activation of the transcription factor NF-k B, expression of 
adhesion molecules). According to the hypothesis that inhibition of proteasome 
activity may prevent this autoimmune disease, we examined the effects of 
proteasome inhibitors on EAE in both Lewis rats and SJL mice. Ritonavir (rv) is an 
inhibitor of HIV-1 protease which modulates proteasome activity in vitro and in 
vivo. Intraperitoneally administered rv significantly inhibited EAE in both species, 
decreasing peak clinical score by >90%. This effect was dose and time dependent. 
Histological and immunocytochemical analysis of spinal cord sections from rv- 
treated animals showed neither demyelination nor mononuclear infiltration. All rv- 
treated animals were protected from re-induction of EAE, even those who did not 
show any sign of the disease. Transfer of myelin basic protein-reactive T cells from 
spleen and lymph nodes of rv-treated animals did not induce EAE. In untreated 
animals, Till cytokines (IL 13 and TNFa) are present in CNS during symptoms and 
recovery correlates with Th2 cytokine IL 10 production. In rv-treated animals, Thl 
and Th2 cytokines are produced concomitantly. This indicates that the Thl/Th2 
balance has been reequilibrated by rv. Preliminary FACS-analysis suggests that rv 
treatment can induce down regulation of certain adhesion molecules on PBL in vivo. 
This study suggests that proteasome inhibitor rv may provide a novel therapeutic 
approach to multiple sclerosis.

H.H. is supported by a Bayer/INSERMfellowship.

739.5

PREVENTION OF PHOTIC INDUCED RETINAL INJURY BY 
ELIPRODIL. RJ Collier. EA Martin, R, Landers. M Lin, MA Kapin*. 
Retina - Degenerative Disease Unit, Alcon Laboratories, Inc, Fort Worth, 

Texas, 76134-2099.
Eliprodil, a potent NMDA-antagonist, is neuroprotective in various retinal 

ischemia and glutamate toxicity models. The objective of this experiment 
was to determine if NMD A antagonists could prevent retinal photic injury.

Albino rats were dosed with Eliprodil or MK-801 (0,2,10, and 20mg/kg; 
IP) 48,24, and 0-hrs prior to blue-light exposure (220fc) for 6hrs. ERGs 
were measured 5-days and 3-wks after tight exposure prior to morphometric 
evaluation. Additionally, spread of laser bum lesions (200p, lOOmW, 0.1s) 
were evaluated 48-hrs after exposure in pigmented rats dosed with Eliprodil 
(20mg/kg).

Blue-light exposure to vehicle injected rats resulted in significant 
photoreceptor and RPE lesions and a 70% ERG reduction compared to 
controls. Dosing with Eliprodil or MK-801 resulted in a dose dependent 
preservation of retinal function and structure with complete protection 
measured in rats dosed with 20mg/kg of either agent. ERGs in normal rats 
not exposed to light and dosed with Eliprodil (20mg/kg) were no different 
than control or vehicle dosed rats. Eliprodil also reduced the area of retinal 
laser lesions by 50% compared to vehicles.

NMDA-antagonists, including Eliprodil, demonstrated novel potent 
activity in protecting photoreceptors and RPE cells from an oxidative stress 
and minimized laser induced retinal lesions.

739.6

NEUROPATHOLOGICAL LESIONS OF THE 
CEREBRAL CORTEX IN SWAYBACK DISEASE OF 
SHEEP AND GOAT. Dr. A. O. Adogwa*. School of 
Veterinary Medicine, Faculty of Medical Sciences, The 
University of the West Indies (UWI), Trinidad, W.I.

Extensive studies of the pathological lesions in 
swayback disease of sheep and goat have concentrated to 
the brainstem, cerebellum and the spinal cord. Only few 
studies so far, have dealt with the neuropathological lesions 
of the different regions of the cerebral cortex. The studies 
reported here investigated the neuropathological lesions in 
the cerebral hemisphere of four sheep and three goats 
naturally infected by swayback disease. The brains from 
these animals showed extensive cortical damage as 
evidenced by neuronal necrosis, gliosis, perivenous and 
perineuronal vacuolation in all cases. The pyramidal cells 
were more severely affected than the granule cells. 
Satellitosis was a common features in severely affected 
brains.
UWI Research Grant

739.7

INCREASED EXPRESSION OF CALSENILIN IN THE BRAINS OF SCRAPIE 
INFECTED MICE. Y.S. Kim1’, J.K. Ctioi!,.EK. Choi2, J.K. Jin1, H.G. Lee1, N.-Zaidi2,
W. Wasco2, J.D. Buxbaum3. and R.I. Carp4. ‘Inst, of Environ. & Life Sci., Hallym 
Univ.; 2Genetics & Aging Unit, Dept. of Neurology, MGH, Harvard Med. Sch.; 3Dept. 
of Psychiatry, Mount Sinai School of Medicine; 4NYS Inst, for Basic Research in 
Developmental Disabilities; Chuncheon, Kangwon-do, 200-702, South Korea.

Calsenilin, a member of calcium-binding protein identified recently, is known to 
contain four EF-hand motifs and to interact with both calcium and presenilin. The 
interaction between calsenilin and presinilin lias been reported in cell culutre and is 
known to modulate processing of presenilin. Scrapie, one of the prion diseases, is a 
transmissible neurodegenerative disease of sheep and goats; the pathogenesis of 
neurodegeneration shows a similar patterns with Alzheimer’s disease. Abnormal 
prion protein, PrPSc, is a major component of infectious agents in these diseases, and 
can induce neuronal degeneration and glial cell activation. PrP 106-126, neurotoxic 
fragment of prion peptide, can also induce an increase in intracellular Ca 
concentration. To study the expression of calsenilin in prion disease, we investigated 
the histochemical localization of the protein and its mRNA in brains of control and 
ME7-scrapie agent infected mice. In immunohistochemical studies, tlie localization of 
calsenilin was observed in neurons of cerebral cortex, striatum, hypothalamus, and 
cerebellum of both control and scrapie infected groups, however, the intensity of 
staining was markedly increased in the brains of scrapie infected mice. In addition, 
calsenilin immunoreactivity was observed in the activated astrocytes of the scrapie 
infected groups, but not in the control groups. Using in situ hybridization, calsenilin 
mRNA is expressed in neuronal cells and in activated astrocytes in cerebral cortex 
and hippocampus of scrapie infected, however, the expression of calsenilin was 
detected exclusively in neuronal cells in the control groups. These results suggest that 
increased expression of calsenilin in neuronal cells arid in activated astrocytes in 
scrapie infected brains plays an important role in neurodegenerative mechanisms in 
prion diseases.

739.8
MICROGLIAL ACTIVATION VARIES IN DIFFERENT MODELS OF 
CREUTZFELDT-JAKOB DISEASE. C.A Baker*1, Z.Y. Lu2, and
L. Manuelidis1,2. 1 Interdepartmental Neuroscience Program and 2Section of 
Neuropathology, Yale School of Medicine, New Haven, CT 06510.

Progressive changes in host mRNA expression can illuminate crucial 
pathogenic pathways in infectious disease. We examined general and specific 
approaches to mRNA expression in three rodent models of Creutzfeldt-Jakob 
disease (CJD). Each of these models displays distinctive neuropathology. 
Although mRNAs for the chemokine receptor CCR5, the lysosomal protease 
cathepsin S, and the pleiotropic cytokine transforming growth factor p-1 (TGF- 
P1) were progressively upregulated in rodent CJD, the temporal patterns and 
peak magnitudes of each of these transcripts varied substantially among 
models. Cathepsin S and TGF-pl were elevated more than 15-fold in mice and 
rats infected with two different CJD strains, but not in CJD-infected hamsters. 
In rats, an early activation of microglial transcripts preceded obvious deposits 
of prion protein (PrP) amyloid. However, in each of the three CJD models, the 
upregulation of CCR5, cathepsin S, and TGF-pl was variable with respect to 
the onset of PrP pathology. These results show glial cell involvement varies as 
a consequence of the agent strain and species infected. Although neurons are 
generally assumed to be the primary sites for agent replication and abnormal 
PrP formation, microglia may be targeted by some agent strains. In such 
instances, microglia can both process PrP to become amyloid and can enhance 
neuronal destruction. Because microglia can participate in agent clearance, 
they may also act as chronic reservoirs of infectivity. Finally, the results here 
suggest that TGF-P1 can be an essential signal for amyloid deposition. 
Supported by NIH grants NS12674 and NS34569.
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739.9 739.10
Biochemical and Conformational Variability of Human Prion Strains in 
Sporadic Creutzfeldt-Jakob disease. Pierre Aucouturier1, Richard J.
Kascsak2, David Quartermain^Blas Frangione3, Thomas Wisniewski13
Departments of Neurology1 and Pathology3,New York University Medical Center
550 First Avenue TH 427, New York, NY 10016 USA; NYS Institute for Basic 
Research in Developmental Disabilities2 Staten Island, NY 10314 USA 
The prion (PrP) diseases or prionoses are a group of neurodegenerative disorders, 
where the pathogenesis is thought to be related to conformational changes of a 
normal cellular protein called PrPc into a protease resistant protein called PrPSc, 
which is infectious by itself. A difficulty with this '"protein only” hypothesis is the 
existence of numerous PrP strains with distinct properties, that require PrPSc to have 
multiple pathological conformations. Sporadic Creutzfeldt-Jakob disease (CJD), 
which accounts for nearly 80% of human prionoses, was reported to include two 
“strains” termed types 1 and 2 which were distinguished by differing electrophoretic 
patterns of their proteinase K (PK)-resistant fragments (PrP27-30). We have 
analyzed the biochemical and structural properties of PrPSc and PrP27-30 isolates 
from six sporadic CJD patients. Fourier transform-infrared (FTIR) spectroscopy, 
PrP27-30 glycosylation patterns and studies of PK sensitivity revealed a striking 
heterogeneity giving little correlation with the type 1/type 2 distinction. 
Furthermore, one isolate yielded a PrP27-30 fragment with a lower mobility clearly 
different from previously described CJD strains. Although the average 6-sheet 
content was higher among type 1 PrP27-30 isolates, the secondary structures 
showed no clear strain-related pattern. A better correlation was found between 
sensitivity to prolonged PK treatment and secondary structures. Our study of a 
sample of cases suggests that human CJD-related prions display a greater 
heterogeneity than that simply based on the electrophoretic patterns of PrP27-30 
fragments. Supported by AR02594, AG 15408 and AG05891.

NEARLY MISSING SPECIES BARRIER IN WILD VOLES INOCULATED 
WITH SCRAPIE. H.-P. Lipp1, G. Dell’Omo1’3. O. Windl2. M, Bari3. S. Marcon3. CF 
Vaccari3, L, Busani3. D.P. Wolfer1*. U, Agrimi3. ‘Inst, of Anatomy, Univ. of Zurich, 
CH-8057 Zurich, Switzerland, 2Inst. of Neuropathology, Univ. of Gottingen, Germany, 
3Lab. of Veterinary Pathology, Istituto Superiore di Sanita, Rome, Italy.

In order to study whether wild rodents might show differential susceptibility to 
transmissible spongiform encephalopathy (TSE), we have inoculated a total of 103 
animals from three wild rodent species (the wood mouse Apodemus sylvaticus, the 
bank vole Clethrionomys glareolus and the field vole Microtus agrestis) and C57BL/6 
control mice with the mouse-adapted scrapie strain 139A, native sheep scrapie and 
native bovine spongiform encephalopathy (BSE).

All rodents succumbed to inoculations with 139A strain. In comparison to mice, sur-
vival time of the bank and field voles was significantly shortened by about 15-25 %. 
These voles died without neurological symptoms but with TSE neuropathology. Wood 
mice lived longer and showed a C57BL/6 pattern of neurological symptoms. After 
inoculation with sheep scrapie, wood mice showed (as C57BL/6) no reaction up to 
about 400 days. All bank voles died within a period from 167 to 298 days, showing 
full-blown TSE neuropathology and massive clinical signs of TSE. All field voles died 
within a period from 168 to 360 days as well, but the clinical picture was less pro-
nounced. Following inoculation of BSE material, none of the species tested developed 
clinical signs of TSE up to 400 days after inoculation, although in the bank and field 
voles, about 30% of the subjects were lost but without verified TSE neuropathology.

These data show a surprising susceptibility of bank and field voles to both natural 
and mouse-adapted scrapie. The amino acid sequences of the bank vole’s PrP gene 
were different from the sequences of both sheep and mice. The virtual lack of a species 
barrier against ovine scrapie but not BSE is thus not easy to explain. One possibility is 
a molecular peculiarity of the bank vole's PrP. Another hypothesis is that both, the 
mouse-adapted 139 and the native scrapie, are transforming prion proteins resembling 
those from which they have originated once, or had had interactions with in the past. 
This would imply ecological interactions between scrapie agents and wild rodent species 
possibly relevant for the epidemiology of TSE. Supp. by SNF 438+ 50333.97

739.11

THE APOPTOTIC EFFECTS OF THE PRION PROTEIN FRAGMENT 106-126 
CORRELATE WITH THE IMPAIRMENT OF THE L-TYPE CALCIUM CHANNELS 
ACTIVITY IN CEREBELLAR GRANULE CELLS. *T. Florio4. S. Thellung1. A. 
Corsaro1, C. Amico2. M, Robello2. F, Tagliavini2 M, and G, Schettini1 *Dept. Oncology 
Univ. Genova; Unit. Pharmacol, and Neurosci. National Cancer Institute; Advanced 
Biotech. Center; 2Unit INFM Dept Physics Univ. Genova, 3Inst C. Besta Milan; 4Dept. 
Biomed. Sci. Sect. Pharmacol. Univ. Chieti Italy

Prion diseases are neurodegenerative pathologies characterized by the accumulation in 
the brain of altered forms of the prion protein (PrP), termed PrPSc, that causes neuronal 
cell death. A synthetic peptide homologous to residues 106-126 of PrP (PrP 106-126) 
maintains in vitro the apoptotic and fibrillogenic characteristics of PrPSc. We report that 
prolonged treatment with PrP 106-126 induced cerebellar granule cells (CGC) apoptosis 
and that such effect was mimicked by the L-type voltage sensitive calcium channels 
(VSSC) blocker nicardipine; microfluorimetric experiments show that the PrP fragment, 
as well as nicardipine reduced the increase in the cytosolic calcium concentrations 
induced by depolarizing KC1 concentrations. Thus, we studied the direct effects of 
PrP 106-126 on calcium channels activity using whole cell patch clamp analysis: 
PrP 106-126 and nicardipine reduced the calcium current elicited by depolarizing 
stimuli, suggesting an interaction between the peptide and the L-Type VSSC. These data 
demonstrate that the PrP 106-126 induced apoptotic cell death in CGC and that the 
blockade of calcium channels is a mechanism responsible for such effect; the data 
obtained with the patch calmp analysis suggest that the reduction of calcium entry is 
mainly caused by the blockade of the L-type VSSC. (Financial support by Telethon, 
grant E.394 to GS and CNR 97.044562 Ct.04 and Fondi Ateneo ex60% Univ. Chieti 
1999, to TF is gratefully acknowledged).

739.12
NEUROPSYCHOLOGICAL ASSESSMENT IN EARLY CREUTZFELDT-JAKOB DISEASE 
A. Gigi,1* E, Kahana,2 E. Vakil? U, Hadar? I. Prohovnik,4 
'Dept. of Psuchology, Tel-Aviv University, Israel; 2Dept. of Neurology, Brazilai 
Hospital, Ashkelon, Israel;3 Dept. of Neuropsychology, Bar-Ilan University, Israel; 
4Dept. of Diagnostic Radiology, Yale University, USA.

Creutzfeldt-Jakob Disease (CJD) is a fatal degenerative disorder of the central 
nervous system, belonging to the prion disease group. Its rapid onset is 
characterized by psychiatric, neurologic and cognitive signs. The virulent course 
and short life expectancy make it difficult to study the evolution of the disease. 
However, an Israeli cluster of familial CJD among Libyan Jews is the largest in the 
world. Because we can identify mutation carriers, these families present a unique 
opportunity to observe disease progress shortly after, and even before, diagnosis. 
This is the first report of findings in presymptomatic healthy carriers.

To detect whether there are presymptomatic neuropsychological abnormalities in 
subjects who carry the CJD mutation, two groups, of healthy CJD families of 
Libyan Jews members (10 carriers and 10 controls) were administered a wide 
battery of neuropsychological tests. There were no significant differences in age 
(60.3±5.9 vs 59.6±7.9), education (8.7±3.2 vs 9.5±5.1) or MMSE (26.1±3.3 vs 
26.8±2.2) between the groups. Nevertheless, there were significant differences in 
variances between the groups in some of the cognitive tests. Especially prominent 
was the difference between the dispersion of the Verbal-IQ score. This was 
contributed by marked decline in the Verbal-IQ scores in 4 of the carriers (a) (one 
S.D lower than the known population average (Verbal-IQ < 85)), while the 
remanding 6 carriers (b) had a similar mean Verbal-IQ score as to the controls (c). 
Likewise, the same 4 carriers (a) showed prominent decline in picture recognition 
of unusual viewes, naming objects and sentences repeating.

We suspect that the carriers with reduced cognitive abilities may be suffering 
from pre-clinical levels of CJD. The study is continuing.

739.13

HEPARIN-BINDING CHARACTERISTICS OF PRION PROTEIN.
L. Ma, W. Wang, A. Varastehpour, Y. Ding, P. Gambetti, W.
Surewicz, S. G. Chen*. Div. of Neuropathology, Institute of 
Pathology, Case Western Reserve Univ., Cleveland, OH 44106

Prion protein (PrP) is a cell surface glycoprotein that is converted 
into an insoluble and protease-resistant isoform in prion diseases, a 
group of fatal neurodegenerative disorders. The normal function of 
PrP and the events that lead to its conversion into the pathogenic 
form remain elusive. Recent evidence indicates that PrP is capable 
of binding to glycosaminoglycans (GAG). Since protein interaction 
with GAG has been implicated in amyloidosis and other pathologic 
processes, we have attempted to identify the GAG binding domains 
on PrP. Using heparin as a model GAG molecule, we have 
compared heparin binding affinity of recombinant PrP. Our 
experiments have confirmed that full-length PrP has high degree of 
specificity in the binding interaction with heparin. We have also 
performed peptide mass mapping to further locate the heparin-
binding sites of PrP. Our data indicate that PrP contains at least two 
distinct heparin binding sites within the N-terminal region up to 
residue 144. Although much of this N-terminal region is flexible and 
unstructured in native PrP, its subsequent interaction with GAG may 
change the conformation of PrP in a way that promotes protein 
aggregation and fibril formation. The identification of these heparin-
binding domains may be useful in further studies of the importance 
of the PrP-GAG interaction in prion pathogenesis. Supported by NIH 
grant R03 AG15162 and the Britton Fund.

739.14

APOLIPOPROTEIN E POLYMORPHISMS ARE NOT 
ASSOCIATED WITH DEMENTIA IN A LATIN AMERICAN 
POPULATION. AJE, Molero1. G. Pino-Ramirez2, G. Barroso1. 
G.E. Maestre1*. 1IIB and CECTAS, Zulia University and 
2CINVEPSI, Rafael Urdaneta University; Maracaibo 4002A, P.O. 
Box 10.636, Zulia, Venezuela.

Although the association between dementia and the 
apolipoprotein E (APOE) e4 allele has been confirmed 
worldwide, no community based study has assessed that 
association in Latin America. In order to clarify the local 
relevance of that association, we assessed 830 subjects 
between 55 to 94 years old from a population-based study that 
has been launched in a community of Maracaibo, Venezuela. 
Diagnoses for dementia were based on criteria of the DSM-IV. 
The APOE types were diagnosed by genotyping. The allele 
frequencies for the general population were e2: 0.05, e3: 0.82 
and s4: 0.12 with no significant difference between normal and 
demented subjects, even when that association was stratified for 
age group. Therefore, APOE does not appear to increase or 
decrease the susceptibility of dementia in this Latin American* 
population. Supported by CONICIT (Grant G-97000726).
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739.15
ISOLATION AND CULTURING OF CEREBRAL VASCULAR 
SMOOTH MUSCLE CELLS FROM PATIENCE WITH HEREDITARY 
CYSTATIN C AMYLOIDOSIS. F.R.Thormodsson,* I.H.Olafsson,
D.Th.Vilhialmsson and H. Blondal. Dept. of Anatomy, University of 
Iceland, Med. Sch., 101 Reykjavik, Iceland.

Hereditary Cystatin C Amyloidosis (HCCA) is characterized by 
deposition of amyloid fibers in the walls of cerebral blood vessels and 
repeated hemorrhage leading to death early in life. The amyloid, con-
structed from variant of cystatin C, is also found in other tissues, but 
without any detectable tissue damage as is found in cerebral blood 
vessels. Microscopically the amyloid deposits is seen in close proximity 
to the vascular smooth muscle cells (VSMC) of the brain, that are seen to 
disintegrate and disappear as they get replaced by increasing accumu-
lation of amyloid. We have hypothesized that the VSMC are both active 
participants in the formation of the amyloid and also suffer from it’s 
presence. As a step toward testing this hypothesis, we have previously 
shown that vascular smooth muscle cells from human umbilical cords 
immunostain strongly for cystatin C, whereas the endothelial cells do 
not. Presently we have succeeded in isolating VSMS from HCCA 
patient and normal subject and successfully maintained them in culture. 
The cells show typical immunostaining for smooth muscle a-actin and 
also stain for cystatin C with a pattern characteristic for a protein destined 
for secretion. The cells isolated from HCCA patients appear to stain 
more intensely for cystatin C compared with normal VSMC, suggesting 
accumulation of the altered protein. These cells will serve as a research 
model for HCCA, to investigate possible alteration in the processing of 
the variant cystatin C that might subsequently lead to amyloid formation 
and destruction of the cells. [Supported by The Icelandic Research Council]

739.16
ALPFA2-MACROGLOBULIN GENE AND ALZHEIMER’S DISEASE IN 
JAPANESE. J. Nakane6, S. Matsushita6, M. Kimura6, T. Matsui1, T. Yuzuriha2, A. 
Takeda3, K. Urakami4, H. Arai1. J.Q. Trojanowski5, S. Higuchi6*. 'Dept. of Geriatric 
Med., Tohoku Univ. Sch. of Med.; 2Dept. of Psychiatry, Natl. Hizen Hosp.; 3Dept. of 
Neurology, Tohoku Univ. Sch. of Med.; 4Dept. of Neurology, Tottori Univ. Sch. of 
Med.; 5Dept. of Pathology and Lab. Med., Univ. of Pennsylvania; 6Div. of Clinical 
Research, Natl. Inst, on Alcoholism, Kurihama Natl. Hosp.; Yokosuka, Kanagawa 
239-0841,Japan.

Alpha2-macroglobulin (A2M) is a proteinase inhibitor that has been implicated in 
several pathophysiological processes in Alzheimer’s disease (AD). Recently, two 
independent laboratories using different markers have shown that the A2M gene is 
associated with late-onset familial as well as sporadic AD. However, evidence 
against these findings has also been reported. To confirm genetic contribution of the 
A2M gene to AD, we attempted to examine these associations using Japanese 
samples. The study subjects were 257 sporadic AD patients who fulfilled the 
NINCDS-ADRDA diagnostic criteria for probable AD, 110 patients with sporadic 
Parkinson’s disease (PD, disease controls), 382 age and gender-matched controls, all 
of whom were Japanese. For reference, we also examined 71 autopy-confirmed AD 
patients and 51 controls, most of whom were Caucasian. Genotyping of two markers 
of the A2M gene, the 5 bp Ins/Del polymorphism located in exon 18 and the 
lOOOVal/Ile polymorphism, were performed using the methods of previous studies 
with slight modification. The frequencies of the Del allele (3.5%) and the Vail000 
allele (5.6%) in the Japanese AD patients did not differ from those in normal controls 
and PD patients. Stratification of the samples by the presence of the apolipoprotein E 
r 4 allele did not produce any differences among these groups. In contrast, there 

were large differences in allele frequencies of both polymorphisms between the 
Japanese samples and the Caucasian samples. Although we are in the process of 
increasing the sample sizes, at this point we can not confirm any genetic association 
between the A2M gene and AD in Japanese.

739.17

THE RELEASE OF ADENYLATE KINASE VERSUS CYTOCHROME C 
FROM THE MITOCHONDRIAL INTERMEMBRANE SPACE DURING 
NEURAL CELL APOPTOSIS. A.N. Murphy*, and S. E. Wiley. MitoKor, San 
Diego, CA92121.

Mitochondrial cytochrome c (cyt c) release is an important event regulating 
apoptotic death in a number of paradigms relevant to neurodegeneration, 
including mitochondrial Ca2+ sequestration. We have previously observed that 
cyt c release from the intermembrane space, to the cytosol can be induced in 
cultured neural cells by mitochondrial Ca2+ loading, staurosporine, or by H2O2. 
Whether cyt c is being released under these conditions non-specifically via 
rupture of the outer mitochondrial membrane or whether a more specific efflux 
mechanism exists remains unresolved. To address this question, we have 
established a model in which we can probe whether cyt c release in response to 
various apoptotic signals is a specific process, or whether other proteins of the 
intermembrane space are released during apoptotic signaling in SH-SY5Y 
neuroblastoma cells. The mitochondrial isoform of adenylate kinase (AK2) is 
localized to the intermembrane space and is approximately double the size of cyt 
c (MW of AK2 = approx. 24 kDa). We have recently created a plasmid 
containing human AK2 carrying an epitope-tag (an HA tag), and have 
established stable clones of SY5Y cells carrying this plasmid, and/or a plasmid 
containing the gene encoding human Bcl-2. Further experiments will address 
whether cyt c and AK2 are coordinately released during Ca2+ ionophore, 
staurosporine, and pro-oxidant-induced apoptotic death. Such an approach will 
help elucidate the mechanism(s) by which cyt c is released during apoptosis. 
(Supported by NIH NS 34154 to ANM)

739.18

METHYLPREDNISOLONE ALTERS THE BALANCE OF Thl-Th2 
CYTOKINE mRNA IN BLOOD MONONUCLEAR CELLS FROM 
MULTIPLE SCLEROSIS PATIENTS. F N, Quandt*, G. Katsamakis, D. 
Stefoski, E. Hassen. and S. Sagett. Multiple Sclerosis Center, Rush 
University, Chicago, IL 60612.

Although corticosteroids are used in the acute treatment of Multiple 
Sclerosis (MS), the mechanism of action of this type of drug is not 
completely known. Th-1 lymphocytes may contribute to an exacerbation of 
MS by secreting the pro-inflammatory cytokine interferon-y (IFN-y). 
However, Th-2 cytokines such as interleukin-10 (IL-10) may be anti-
inflammatory. We tested the hypothesis that methylprednisolone (MP) alters 
the balance of cytokine expression in leukocytes. Total RNA was isolated 
from blood mononuclear cells in MS patients before and after a 5 day 
treatment with intravenous MP (7.5 g). The abundance of mRNA for CD-4, 
IFN-y and IL-10 were determined using a competitive RT-PCR assay. 
Before treatment patients generally exhibited an increase in the ratio of IL- 
10 to IFN-y mRNA as high as 5.7 when compared to healthy controls. After 
treatment with MP, CD-4 mRNA decreased to an average of 34.6 % (+/- 
18.7) and IFN-y mRNA decreased to 42.8 % (+/- 26.7) in 6 patients 
analyzed. However, in the same samples the ratio of IL-10 to IFN-y mRNA 
increased by 26.0 (+/- 11.9). The finding that MP increases the ratio of IL- 
10 to IFN-y mRNA in mononuclear cells suggests that a shift to an anti-
inflammatory state of the immune system may contribute to the therapeutic 
effects of this drug. Sponsored by the Illinois Chapter of the MS Society and 
funded by the Michael Reese Trust.

739.19

STRUCTURAL CHANGES IN THE SOLITARY TRACT NUCLEUS 
AFTER VAGOTOMY: ONE OF THE CAUSES OF INVERSION OF THE 
NOCICEPTIVE RESPONSES DURING ENDOTOXEMIA S.V, 
Koulchitskv* and V.A. Kulchitsky. Inst, of Physiology, Acad. Sci., 220072, 
Minsk, Belarus.

The work is based on the hypothesis of the implication of 
neurodegenerative processes, developing in the medulla after 
subdiaphragmatic truncal vagotomy, in changes of the nociceptive 
responses during endotoxemia. One group of rats were subjected to 
subdiaphragmatic truncal vagotomy (VG) or sham operation (SG). Another 
group (NG) were given the neurotoxin kainic acid (0.5 p.g, 100 nl) or 
vehicle (CG) to the caudal part of the commissural nucleus of the solitary 
tract (NST). Four weeks after the operations all animals received i.v. LPS 
(Escherichia coli, 3 ug/kg) followed by pyrogen-free saline, and vice versa. 
The pain sensitivity threshold was estimated by recording the tail-flick 
reflex latency (TFL). Pyrogen-free saline did not significantly change TFL 
in all groups. In SG and CG, LPS resulted in a significant (p<0.05) 
decrease in TFL by 25-35% (hyperalgesia). In VG and NG rats, LPS failed 
to shorten TFL even lengthened it. Thus, during endotoxemia the 
nociceptive responses were inverted both in vagotomized rats and in those 
with the neurotoxin-treated NST. An electron microscopic visualization in 
VG and NG animals revealed degenerations in the NST, affecting both cell 
bodies and processes. Structural changes in the NST of SG and CG 
animals were not found. It is suggested that disturbances of the 
nociception in vagotomized rats after systemic application of endotoxin are 
underlain by structural changes in the NST (following vagotomy or injection 
of neurotoxin to the NST) rather than by impaired conditions for vagally 
transmitted signals after subdiaphragmatic vagotomy.
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740.1
PRESENILIN 2 (PS2) TRANGENES RESCUE SKELETAL ABNORMALITIES IN 
PSI KNOCK-OUT MICE BUT NOT DEFICITS IN APP PROCESSING. M.A, 
ChishtiL R, Stromel. D.-S, Yangl*, J. Loukidesl, D. Shenk£, G, Carlsonl, P.

Westawayl. Centre for Research in Neurodegenerative Diseases, University of 
Toronto; 2Athena Neurosciences, South San Francisco, CA; 3McLaughlin Research 
Institute, Great Falls, Montana; 4Nathan Kline Institute, Orangeburg, NY; 5Dept. of 
Genetics, Hospital for Sick Children, Toronto.

Mutations in the presenilin (PS) genes PSI and PS2 cause early-onset familial 
Alzheimer disease (FAD). AD is characterized by accumulation of amyloid peptides, 
derived by endoproteolysis of the amyloid precursor protein (APP) by the enzymes B- 
and y-secretase. Overstimulation of y-secretase mediated by FAD mutant presenilins 
enhances production of mature amyloid peptides denoted ABj^o and AB 1.42 while PSI 

knockout (k/o) mice exhibit skeletal and CNS defects and hyperaccumulation of the 
APP C-terminal fragment denoted “C100”, indicating that PSI is involved in skeletal 
development and y-secretase activation. To investigate redundancy between PSI and 
PS2 we attempted to “rescue” deficits in PSI k/o mice by introduction of PSI and PS2 
transgenes. FAD-associated mutant alleles of both PSI and PS2 expressed with the 
prion protein gene promoter rescued skeletal defects in PSI k/o mice. However, unlike 
PSI mutant transgenes, mutant PS2 transgenes (N141I or M239V) failed to rescue 
hyperaccumulation of C100 in PSI k/o mice, even though these transgenes (i) 
expressed PS2 protein at high levels and in a similar neuroanatomic pattern to PSI 
transgenes and (ii) caused 3-4 fold elevation of AB1.42 levels in mice where the 

endogenous PS 1 gene remained intact. We conclude that effects of presenilins upon 
skeletal development and APP processing are dissociable, and that stimulation of y- 
secretase by PS2 is, unexpectedly, dependent upon the presence of PS 1.

Supported by the Medical Research Council of Canada.

740.2
PS2 PARTIALLY RESCUES PSI DEFICIENCY IN APP PROCESSING.
N. Chevallier and E.H. Koo*, Department of Neurosciences, University of California 
San Diego, La Jolla, CA 92093-0691.

Mutations in Presenilins (PS) 1 and 2 are responsible for most of the early onset 
Familial Alzheimer’s Disease (FAD). PSI and PS2 mutations consistently induce an 
increase in levels of A(3 1-42, suggesting specific alterations in APP metabolism. 
Presenilins have also been implicated in developmental processes, particularly in 
modulating signal transduction in the Notch pathway. In PSI deficient transgenic 
mice (-/-) there are major abnormalities in axial mesoderm development in the setting 
of embryonic lethality. Thus PS2,although expressed normally and is predicted to be 
functional homologous to PSI, is apparently unable to compensate for the loss of 
PSI. In cells cultured from PSI deficient animals, there is accumulation of APP C- 
terminal fragments (CTF) and abrogation of Ap secretion. In hemizygous PSI 
animals (+/-) no phenotype regarding Ap, APP or other proteins have been noted. 
Surprisingly PS2 deficient animals are normal (Neurobiol. Aging, 19:5283, 1998) 
including APP processing.

These observations lead us to hypothesize that either PS2 requires the presence of 
PSI to function normally or PS2, unlike PSI, is normally not expressed at a level 
sufficient to overcome the absence of PSI. In this context and to address the question 
of the role of PS2 in APP processing, we over-expressed human PS2 in PS 1 -/- 
fibroblasts. Interestingly PSI-/- cells accumulate less CTF in the presence of human 
PS2. However, at this level of PS2 expression, the amount of APP CTF was still 
higher than in PS 1 +/- cells. We are currently analyzing the levels of Ap in these cells. 
These preliminary results indicate that in cultured cells, over-expression of human 
PS2 can partially overcome the defects of PS 1 deficiency.
Supported in part by NIH NS 28121.

740.3

PRESENILINS ARE DEGRADED BY 26S PROTEASOME IN NUCLEUS AT 

THE FIRST DIFFERENTIATION STAGE DURING DEVELOPMENT. 

S.-J. leong1-ChangL D.H. Geum2, J.H. Seo1, H.-S. Kim1, C.H. Park1, JfC.

Rah1, K. Kim2, and Y.-H. Suh1- 'Dept. of Pharmacol., Coll, of Med.; 2Dept. of 

Mol. Biol., Coll, of Natural Science, Seoul Nat'l Univ.,. Seoul 110-799. Korea

Presenilin 1 (PSI) and Presenlin 2 (PS2) associated with Familial Alzheimer's 

disease (FAD) share the sequence similarity with sel-12 which plays a role during 

embryogenesis and is involved in the Notch signaling pathway. It was reported that 

the relative levels of PSs mRNA expression differed significantly among tissues 

and during the neural development. To elucidate the localization pattern of PSs 

during the early development, we examined the expressions of PSs in mouse 

oocyte and the [reimplantation mouse embryos using immunocytochemistry. PSs 

were expressed in not only the cytoplasm but the nucleus except in nucleoli from 

oocyte stage to 2.5dpc, but they were disappeared in nucleus at blastocyst stage 

(3.5dpc) which is the first differentiation stage during development. PS2 

degradation in nucleus was blocked by lactasystin, a 26S proteasome inhibitor. In 

addition PS2 were highly stained on the centrosome-kinetochore microtubules at 

metaphase. These results suggest that PS2 may play a role in the regulation of the 

cell division and the differentiation during the early embryogenesis.

740.4
EXPRESSION OF PSI AND NOTCH 1 IN HUMAN EMBRYONIC 
CNS. B. Kostvszyn, R.F. Cowburn. A.Seiger*, A. Kiaeldgaard1 and E.
Sundstrom Karolinska Institutet, Dept. of Clinical Neuroscience, 
Occupational Therapy and Elderly Care Research and 'Dept. of 
Obstetrics and Gynecology, Huddinge Hospital, S-141 86 Sweden. 
Expression of the Alzheimer's Disease related Presenilin 1 (PSI) gene 
was analysed in human embryonic CNS tissue during the first trimester 
of development. In view of recent evidence that PSI might be involved in 
Notch signal transduction during neurogenesis by modulating proteolytic 
release of the intracellular domain of the Notch-1 receptor, we compared 
expression patterns of Notch 1 receptor and PSI in order to look for co-
localization of these two functionally related proteins.CNS material was 
obtained from routine abortions, cryosectioned and studied by means of 
immunohistochemistry with antibodies to the N-terminus of PSI and to 
the C-terminus of Notch 1. At very early stages of embryonic 
development (4-5 gestational weeks ) Notch 1 appeared in neuronal and 
ependymal cells throughout the CNS, while PSI staining could be seen 
predominantly in neurites in the ventral horn of the spinal cord, 
overlapping NF-200 kD expression. 7-8 week CNS tissue showed similar 
patterns of PSI and Notch 1 expression as at 5 weeks, with the exception 
of the cerebral cortex where both proteins were co-localized in the 
ependymal cell layer lining the ventricles as well as in the intermediate 
layer. In the cortical plate Notch 1 was seen in cell bodies while PS 1 
stained thin neurites interspersed among Notch 1 positive cell bodies. At 
10 weeks PS 1 expression was reduced in spinal cord. These results show 
that although PS 1 and Notch 1 co-exist in differentiating cell 
populations in the human cerebral cortex, PS 1 and Notch 1 are 
otherwise confined to different neurons or neuronal compartments 
suggesting a role for PS 1 that does not involve Notch 1 processing. 
Supported by the Swedish MRC, Swedish Alzheimer's Disease 
Foundation and the Loo and Hans Osterman's Foundation.

740.5

EFFECTS OF PRESENILIN-1 ON THE NOTCH SIGNALING 
PATHWAY IN MURINE NEURAL DEVELOPMENT. X. Yang*, M. 
Handler, and J. Shen. Center for Neurologic Diseases, Brigham and 
Women’s Hospital, Harvard Medical School, Boston, MA 02115.

Approximately 50% of familial Alzheimer’s disease (FAD) cases are 
linked to mutations in the Presenilin-1 (PSI) gene. PSI is required for 
normal neural development, based on our previous finding that 
neurogenesis is impaired in PST-null mice. Studies of PSI homologs in
C. elegans and Drosophila indicate that PSI interacts with the Notch 
signaling pathway, which is involved in cell fate determination during 
development. To understand the mechanism by which PSI affects 
neurogenesis, we examined expression of genes involved in the Notch 
signaling pathway in the PST-null mice. In situ hybridization analysis 
of the AST-null brain at embryonic day 12.5 shows that expression of 
HES-5, a downstream effector of Notch, is reduced in the diencephalon, 
and to a less extent in the telencephalon, relative to the littermate 
control. The levels of the Dill transcript, a Notch ligand, which is 
negatively regulated by Notch, are higher in the telencephalon and 
diencephalon of the PS7-null brain than in the control, whereas the 
levels of Notch 1 transcripts are similar in the AST-null brain and the 
control. These results indicate that PS 1 is required for normal Notch 
signaling in the embryonic brain, and its regulation is not at the 
transcriptional level. Reduced Notch signaling is consistent with a 
reduction in the number of neural progenitor cells and neurons 
observed in the AS7-null brain. This result is also consistent with 
recent in vitro findings that the proteolytic cleavage of Notch 1 is 
reduced in cultured AS7-null neurons, which suggests that PSI may 
regulate Notch 1 signaling at the proteolytic processing level.

740.6

THE ROLE OF PRESENILIN-1 IN MURINE NEUROGENESIS. ML 
Handler*, X. Yang. J. Shen. Center for Neurologic Diseases, Brigham 
and Women’s Hospital, Harvard Medical School, Boston, MA 02115.

More than fifty distinct mutations have been identified in the Presenilin- 
1 (PSI) gene, accounting for approximately 50% of all cases of early- 
onset familial Alzheimer’s disease (FAD). To understand the pathogenic 
mechanism of these FAD-linked PSI mutations, we have been focusing 
on the normal physiological role of PSI in mice, particularly in the brain. 
The PST-null mouse we previously generated exhibits perinatal lethality 
due to skeletal malformations as well as cerebral hemorrhage of varying 
severity and impaired neurogenesis in the embryonic brain. To 
investigate whether a reduction in the number of neural progenitor cells 
and neurons observed in the PST-null brain is due to increased cell death, 
decreased proliferation, or premature differentiation and migration of 
progenitor cells, we carefully examined these processes in the PS7-null 
mice compared to littermate controls. Extensive studies of the PS/-null 
and littermate control brains at embryonic day 12.5 show that similar 
numbers of newly generated neural progenitor cells labelled with BrdU 
and apoptotic cells labelled by the TUNEL assay are found in the PSI- 
null and control brains. However, increased numbers of differentiated 
neurons were identified by MAP2 immunostaining in the telencephalon 
and diencephalon of the PST-null brain relative to control at embryonic 
days 11.5, 12.5 and 13.5. These results indicate that the impaired 
neurogenesis identified in the PST-null brain is due to premature 
differentiation of neural progenitor cells, rather than increased apoptotic 
cell death and/or decreased proliferation, resulting in depletion of the 
neural progenitor population.
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740.7
ALTERATION IN MUSCARINIC BINDING SITES IN BRAINS OF 
MUTANT PRESENILIN 1 M146L TRANSGENIC MICE E, Vaucher*\M.A. 
Chishti2, D. Westaway2, H.T.J. Mount2, R. Quirion1, S. Kar1. Douglas Hospital 
Research Centre, McGill University, Quebec, Canada, 2Centre for Research in 
Neurodegenerative Diseases, University of Toronto, Ontario, Canada.

Basal forebrain cholinergic neurons provide the major cholinergic innervation 
of the neocortex and hippocampus. Their loss is associated with cognitive deficits 
in Alzheimer’s disease (AD). Some autosomal dominant forms of AD are caused 
by mutations in the presenilin 1 (PSI) gene. Dysfunction of PSI may contribute to 
the etiology AD by affecting the metabolism of amyloid precusor protein and/or by 
disruption of intracellular trafficking. In this study, we investigated the effect of 
AD-associated mutant PSI expression on the levels of cholinergic receptors in 
transgenic mice. One year old PS1M146L +/- and littermate non-transgenic 
control brains were processed for immunocytochemical staining or in vitro receptor 
autoradiography. Immunostaining with antibody to the vesicular acetylcholine 
transporter did not reveal any overt abnormality of cholinergic neurons in the 
transgenic mice. Serial sections (20 pm) were used for the autoradiographic study 
of [3H]AFDX 384 (M2-like ligand), [3H]pirenzepine (Ml-like ligand) and non-
specific binding. AFDX 384 binding was significantly increased (P<0.05, by 
Student’s t-test) in the sensorimotor and entorhinal cortices, caudate putamen and 
medial septum of transgenic PS1M146L +/- brains, relative to littermate controls. 
No significant differences were seen in the cingulate cortex, hippocampus or 
nucleus basalis magnocellularis. Pirenzepine binding was significantly decreased 
(P <0.05) in most cortical areas investigated, as well as in the hippocampus. In 
sum, these results suggest that overexpression of the mutant human PSI may affect 
the cholinergic system of mouse brain, by modifying levels of binding sites for 
acetylcholine. (Supported by the Medical Research Council of Canada and the 
Alzheimer Society of Canada).

740.8
INCREASED APOPTOSIS IN PRIMARY NEURONAL CULTURES FROM 
TRANSGENIC MICE OVEREXPRESSING PSI MUTATIONS F.Terro 
C. Czech2. F, Esclaire1. N. Touchet2. MC Baclet1.
G. Tremp2, L, Pradier2. J.Hugon1*1 Neurobiology & Cellular Pathology unit, 
Faculty of medicine, Limoges-France
2 Rhone Poulenc Rorer, Research and Development, Vitry/Seine-France 

Mutations in the gene encoding presenilin 1 (PS-1) cause Alzheimer’s disease
with early-onset. The physiological functions of PS-1 are unknown. Its 
involvement in neuronal apoptosis remains controversial. Depending on the 
cellular type, the overexpression of PS-1 mutations may either potentiate or 
prevent apoptosis. Previous works have revealed that apoptosis observed in 
neuronal cell line overexpressing mutated PS-1 is linked to the production of 
free radicals. In this study we used cortical neuronal cultures from wiid-type and 
from PSlM146L-transgenic mouse embryos. Neuronal survival and apoptosis 
were evaluated at 7 DIV. The addition of the anti-oxidant, B-mercapto-ethanol in 
these two types of cultures, enhances the overall neuronal survival by 27%. In 
PSlM146L-transgenic cultures without B-mercapto-ethanol, only 6.1± 2.2% of 
neurons display a detectable human PS-l-immunoreactivity. The presence of B- 
mercapto-ethanol increased this proportion to 13.2±2.8%. These results 
indirectly indicate that about 53% (13-6/13) of PS-l-positive neurons die early 
in culture when B-mercapto-ethanol is omitted and suggest that these neurons 
are two fold more vulnerable to oxidative stress than the overall neuronal 
population. The spontaneous neuronal apoptosis (analyzed by the DAPI stain 
and by the TUNEL procedure) is increased in PSlM146L-transgenic cultures 
(28.9 ± 2,0% ) compared to what observed in wild-type cultures (15 ± 1,0 %). 
These data may suggest that the higher vulnerability to apoptosis mainly 
concerns a subgroup of cells with detectable level of mutated PS -1 protein 
overexpression.

740.9
ALTERED ANTIOXIDANT ENZYME ACTIVITY AND RADICAL 
OXYGEN FORMATION IN PS-1 MUTANT TRANSGENIC MICE. S,
Leutner1*, K. Schindowski1, C. Czech2, A. Eckert1 and W.E. Muller'. 'Dept. of 
Pharmacology, Biocenter, University of Frankfurt, Germany; 2Rhone-Poulenc 
Rorer, Centre de Recherche de Vitry-Alfortville, Vitry-sur-Seine, France

Many cases of early-onset familial Alzheimer's disease (FAD) result from 
mutations in the presenilin-1 (PS-1) gene located on chromosome 14. PS-1 
represents a serpentine protein with six to nine predicted transmembrane domains. 
Various mutations in PS-1 seem to enhance neuronal cell death. In our study, we 
could demonstrate that transgenic mice expressing two different human Alzheimer- 
linked PS-1 mutations (single and multiple mutations) exhibit an altered 
metabolism of reactive oxygen species (ROS) which may play a key role in 
cellular dysfunction and cell death. The activity of different antioxidant enzymes 
involved in oxygen free radical metabolism were investigated in mouse brain. 
Cytosolic superoxide dismutase (Cu-Zn SOD) was found to be decreased in the 
brain of both types of transgenic mice carrying the PS-1 mutations. In addition, 
mice with multiple PS-1 mutations which express the highest levels of full-length 
PS-1 due to impaired proteolytic processing showed a significantly decreased 
activity of the cerebral enzyme glutathione reductase which is responsible for the 
reduction of oxidized glutathione inside cells. In parallel to our studies in brain 
cells we investigated peripheral lymphocytes from the spleen of the same animals 
which also express human PS-1 to investigate mechanisms of acute oxidative 
stress. Thus, we could demonstrate that basal levels of ROS in spleenocytes were 
significantly increased in mice with multiple mutations which indicates 
disturbances in ROS-metabolism not only in brain but also in the peripheral 
organism. Our findings indicate that not only enhanced accumulation of P-amyloid 
1-42 but also disturbances in the metabolism of ROS inside cells caused by 
mutations in human PS-1 may be involved in the pathogenesis of early-onset FAD. 
(supported by grants from Fond der Chemischen Industrie and from the Dr. Robert 
Pfleger Stiftung)

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: ANIMAL MODELS, 
AP DEPOSITION

741.1

EARLY AMYLOID PLAQUE FORMATION IN AMYLOID PROTEIN 
PRECURSOR TRANSGENIC MICE ON THE SENESCENCE-ACCELERATED 
MOUSE BACKGROUND
X, Xu1*. J. Yan’, G.-O. Yu1, R, Rubenstein2, andL. Mucke1. ‘Gladstone Institute 
of Neurological Disease & Department of Neurology, University of California, San 
Francisco, CA; 2New York State Institute for Basic Research in Developmental 
Disabilities, Staten Island, NY.

Aging appears to be the most important risk factor for the development of 
Alzheimer’s disease (AD). AD is associated with the progressive cerebral deposition 
of amyloid plaques. On the C57BL/6JxDBA/2 (B6D2) background, transgenic mice 
with neuronal expression of mutant human amyloid protein precursors (hAPP) 
develop AD-like cerebral amyloid plaques around 6-8 months of age. To assess the 
effects of aging on amyloid plaque formation, we crossed hAPP mice (PDGF-hAPP 
line J9; Hisa, et al. 1999, PNAS 96: 3228-3233) for 3 generations onto the 
senescence-accelerated mouse (SAM) strain, P8, or onto the RI strain which matches 
the P8 background but is resistant to the SAM phenotype. At 2 months of age, 
thioflavin S-positive plaques were already detectable in half of the hAPP(P8) and 
hAPP(Rl) mice, but in none of the hAPP(B6D2) mice. At 6 months, all hAPP(P8) 
and hAPP(Rl) mice and about half of the hAPP(B6D2) mice had plaques. At 6 and 9 
months of age, the hippocampal plaque load was much greater in hAPP(P8) and 
hAPP(Rl) mice than in hAPP(B6D2) mice. However, no significant differences were 
identified between hAPP(P8) and hAPP(Rl) mice with respect to onset, distribution, 
character, and overall burden of amyloid plaques. Western blot analysis revealed 
comparable hAPP expression in all groups of transgenic mice analyzed. The 
comparable amyloid deposition in hAPP(P8) and hAPP(Rl) mice suggests that the 
SAM-prOne phenotype does not affect plaque formation in mice with high A(3 levels. 
A detailed assessment of neurodegenerative alterations is in progress. We are also 
examining whether elements of the SAM-related AKR strain are responsible for the 
striking acceleration of amyloid formation we observed in hAPP(P8 or RI) mice. 
Supported by the NIH (AG 11385).

741.2
AGE-RELATED INCREASE IN l25I LABELLED p-AMYLOID (1-40) 
EXTRACTION AT THE SHEEP CHOROID PLEXUS. M.R. Wilson1*, J.E 
Preston1, S.A. Thomas2, and M.B. Segal2, ’institute of Gerontology, Cornwall 
House, London SE1 8WA and division of Physiology, GKT School of Biomedical 
Science, King’s College London, St Thomas’ Campus, London SE1 7EH, UK.

A primary' pathological feature of Alzheimer’s disease is the deposition of p- 
amyloid in brain parenchyma and around cerebral vasculature. The involvement of 
the choroid plexuses (the primary site for cerebrospinal fluid (CSF) secretion and 
part of the blood-CSF barrier) in modulating central nervous system p-amyloid 
levels has not been investigated in detail. Soluble ,25I P-amyloid (i.4o) movement at 
both the vascular and ventricular sides of the plexus was studied using the isolated 
perfused lateral ventricle choroid plexus preparation (Deane & Segal, 1985. J. 
Physiol. 362: 245-260) in young (6-11 months) and healthy aged (7-9 years) sheep.

No age-related differences were observed in the movements of a non-transported 
marker (polyethylene glycol), either extraction from perfusate at the vascular side of 
the plexus or movement from CSF to perfusate, indicating that the integrity of the 
barrier was maintained with aging. Similarly, there was no difference in 125I labelled 
P-amyloid<i-40) movement from CSF to perfusate with aging (1.89±0.24% vs 
2.12±0.32% (mean+SEM) in young and old animals, n=6 observations from 3 
animals). However, extraction of 125I p-amyloid(i.40) from the perfusate was 
significantly greater in old compared to young sheep (15.7±1.64% vs 1.72±2.33%, 
n=7-8 observations from 3 animals in each group; p<0.001; Student’s t-test).

These data implicate the lateral ventricle choroid plexuses as sites for the 
extraction of P-amyloid (i-40) from the blood, and demonstrate that this increases 
dramatically with aging.
This work was supported by the Wellcome Trust; Grant 052210.
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741.3
AGE-RELATED INCREASE OF Ap40 AND AJ342 IN TRANSGENIC 
MICE OVEREXPRESSING HUMAN AMYLOID PRECURSOR 
PROTEIN. F. Bian*, R.A. Durham, WJ, Lipinski, M.J. Callahan, and
L.C. Walker. Neuroscience Therapeutics, Parke-Davis Research 
Division, Warner-Lambert Co., 2800 Plymouth Road, Ann Arbor, MI 
48105.

Specific mutations in the {3-Amyloid Precursor Protein (J3APP) are involved 
in the pathogenesis of Alzheimer’s disease. Aged transgenic mice (Tg 2576) 
overexpressing human PAPP with the Swedish mutation (APP695.SWE) 
develop amyloid plaques and behavioral deficits. In this experiment, we 
analyzed the levels of ^-Amyloid (Ap40 and Ap42) in relation to the 
formation of senile plaques in Tg 2576 mice. The amount of AP40 and Ap42 
peptides measured by double antibody sandwich ELISA starts to increase in 
brain by around 6 to 7 months of age. The amount of both peptides is 
substantially higher in 14-month-old mice, which were the oldest mice tested. 
The levels of AP40 are consistently higher than those of AP42 between 6 and 
14 months of age. Immunohistochemical analysis using antibodies specific to 
AP40 and AP42 revealed that amyloid deposits occur primarily in neocortex, 
olfactory system, and hippocampus of the transgenic mice. These A(i- 
immunoreactive senile plaques begin to appear at around 9-10 months of age. 
Plaques can be abundant by 14 months of age, although amyloid load varies 
among animals. In both assays, there is a positive correlation between the age 
of the transgenic mice and the amount of P-amyloid deposition in brain. These 
data indicate that the Tg 2576 mouse is a useful animal model for testing 
compounds targeting P-amyloid deposition for treatment of Alzheimer’s 
disease. Supported by Warner-Lambert.

741.4
EFFECTS OF INTRACEREBROVENTRICULAR ADMINISTRATION 
OF LIPOPOLYSACCHARIDE ON AP DEPOSITION IN THE APP V717F 
TRANSGENIC MOUSE X. Qiao*, and S.M. Paul. Neuroscience Discovery 
Research, Lilly Research Laboratories, Indianapolis, IN 46285.
Inflammation has been postulated to play a critical role in the pathogenesis 
of Alzheimer's disease (AD). To directly test whether an inflammatory 
stimulus can accelerates P amyloid (AP) deposition, we chronically injected 
the bacterial endotoxin, lipopolysaccharide (LPS), intracerebroventricularly 
into 2-month-old APP V717F transgenic mice, which overexpress the 
human amyloid precursor protein (APP 717V-F), for 2 weeks. Two weeks 
following LPS administration, brain tissue was examined for glial activation 
and AP deposition. A striking increase in GFAP immunoreactivity was 
found throughout the brains of LPS-treated mice, including the contralateral 
brain hemisphere, whereas only limited GFAP staining was seen along the 
cannula track in vehicle-treated animals. Localized microglial activation 
was also evident by lectin immunostaining adjacent to the cannula in LPS- 
treated mice. AP deposition was examined by thioflavin-S staining and by 
immunocytochemistry using a polyclonal antibody. Quantification of 
thioflavin-S positive Ap deposits revealed an increase of AP deposition in 
LPS-treated APP V717F mice compared to non-treated or vehicle-treated 
APP V717F mice. Statistical analysis using ANOVA demonstrated a 
moderate difference between the two groups. There was no significant 
difference between the ipsilateral and contralateral hemispheres nor various 
brain regions of LPS-treated mice. Our data suggest that an inflammatory 
stimulus accelerates Ap deposition in the APP V717F mouse model of AD.

741.5

A642 IS ASSOCIATED WITH THE PLASMA MEMBRANE OF 
CORTICAL NEURONS IN AGED CANINES
R, Torp E. Head 2 C, Cotman 2 and Q.P, OttersenLIpept. of Anatomy, 
University of Oslo, N-0317 Oslo, Norway; 2 Institute of Brain Aging and 
Dementia, University of California, Irvine, CA 92697-4540

Using high resolution immunogold cytochemistry and two different 
antibodies we have provided evidence that A642 is associated with 
dendritic and endothelial cell plasma membranes in aged dogs. A 
quantitative analysis confirmed this notion and showed that the peak of 
the gold particle distribution was on the extracellular side, between 2.4 
and 6.4 nm from the midpoint of the membrane (95% confidence interval). 
Afi42 was also found extracellularly (particularly in the perivasular 
space) and in association with myelinated axons, but this was particularly 
the case in more advanced lesions typical of dogs with substantial memory 
deficits. Interestingly, very low levels of A642 immunoreactivity occurred 
in intracellular compartments, except in neurons and glial cells with 
obvious disruption of the plasma membrane. Disrupted glial cells often 
showed glial and amyloid fibres in close contact, as revealed by labelling 
with two different gold particle sizes.

The association between A642 and dendritic plasma membranes 
may be interpreted in two alternative ways: 1; AB42 is secreted or 
generated at the membrane (by enzymatic processing of APP 
intracellularly or at the cell surface, respectively), or 2, A642 fibres, are 
generated elsewhere and selectively deposited at these membranes 
following diffusion through the extracellular space. Although no firm 
conclusion can be drawn at this point, we feel that the weight of evidence 
favours the first alternative.

741.6
THE EFFECT OF MODIFYING GENES ON Ap DEPOSITION IN 
THE TG2576 MOUSE. D G. Flood1*. Y.-G. Lin1. J.D. Hirsch1, P.M, 
Sullivan2. N. Maeda3. S.P. Trusko1. M.J. Savage1. A.G. Reaume1. KS.
Dorfman1. B M. Steffv1. D.M. Lang1, and R.W. Scott1. ‘Dept. of 
Neurobiology, Cephalon, Inc., West Chester, PA 19380, 2Div. of 
Neurology, Dept. of Medicine, Duke Univ. Med. Ctr., Durham, NC 
27710, and 3Dept. of Pathology, Univ. of North Carolina, Chapel Hill, 
NC 27599.

The Tg2576 mouse (Hsiao et al., Science, 274, 99, 1996), that is 
transgenic for APP695 with the Swedish mutation, has been shown to 
form Ap deposits. In our hands, this mouse forms rare deposits at 6 
months of age and demonstrates frequent and consistent deposition by 9- 
12 months of age. We have crossed this mouse with a number of gene- 
targeted lines of mice in order to study the impact of other genes 
implicated in Alzheimer’s disease or in other neurodegenerative 
diseases. Crosses with mice bearing gene-targeted Swedish mutations in 
the endogenous APP gene (APPnlh /nlh ) remove all mouse AP and 
slightly elevate the total AP levels. This cross did not significantly alter 
the time of onset of deposition but did increase the amount of deposition 
at 9 months. Crosses that introduced one or two alleles of a mutant PS-1 
with a ‘knock-in’ FAD mutation showed marked acceleration of AP 
deposition. PS-l1*26417* mice began to form deposits by 4 months and 
PS-1P264L/P264L mice by 2 months. Results of these crosses and others 
with humainizing mutations at the ApoE locus (ApoE4/4 and ApoE33) 
and with SODl'7' will be discussed. Supported by Cephalon, Inc.

741.7

Transgenic mouse model that accumulates pyroglutamyl p- 
amyloid peptide
H.-J. Lee*, K. Watanabe, M, SPkiquchi, S. Tsubuki, E. Hosoki, K.
MaruyamaH, N. Iwata, T. C, Saido. Laboratory for Proteolytic Neuroscience, 
RIKEN Brain Science Institute, Wako-shi, Saitama, Japan. ^Department of 
Molecular Biology, Tokyo Metropolitan Institute of Psychiatry, Tokyo.

One of the differences between the transgenic animal models that 
overexpress amyloid precursor protein and the actual human brains of 
Alzheimer's disease is in the molecular structure of amyloid p-peptide (AP) in 
senile plaques. While the transgenic models thus far produced to our 
knowledge that develop amyloid deposition accumulate mainly Api-42 and 
Api-40, the majority of Ap peptides deposited in human brains carry amino-
terminal modifications, the most predominant form of which is pyroglutamate 
at position 3. This is probably due to extremely high expression levels of 
APP in the mouse models intended to reproduce within a year or so the 
human pathology that generally takes several decades to arise. In order to 
overcome this discrepancy, we developed a transgenic model that 
accumulates pyroglutamyl Ap by generating a transgene, in which APP cDNA 
was manipulated by specific deletion and point mutations so that chances of 
pyroglutamyl Ap formation would be amplified. The transgenic mice start 
accumulating Ap in brain earlier than those expressing APP without such 
mutations, indicating that pyroglutamyl Apis more apt to accumulate than the 
standard Ap (1-42 and 1-40) and may play important roles in Alzheimer 
pathogenesis. Pathological characteristics of this animal model will be 
described. Supported by research grants from RIKEN BSI.

741.8
VISUALIZATION OF ZINC IN THE PLAQUES OF THE SWEDISH 
MUTANT APP TRANSGENIC MICE J.Y. Lee. H.J. Kim*. I. Mook-Jung. 
IXJ£Qh National Creative Research Initiative Center for the Study of CNS Zinc 
and Department of Neurology, University of Ulsan College of Medicine, Seoul 
138-736, Korea

Endogenous metals such as zinc may contribute to beta amyloid (A#) 
aggregation and hence the plaque formation. To examine this idea, brains of four 
Swedish mutant amyloid precursor protein (APP) transgenic mice at 12 months of 
age, were stained for histochemically reactive zinc. All the Congo red (+) mature 
plaques contained chelatable zinc, as demonstrated by staining with zinc-specific 
fluorescent dye, 6-methoxy-8-quinolyl-poratoluenesulfonamide (TSQ). On the 
other hand, Congo red (-) pre-amyloid A & deposits were not stained with TSQ. 
Interestingly, although cerebellum contained similar degree of pre-amyloid A 0 
deposits as cerebral cortex, it was completely devoid of Congo red- or TSQ- 
stained mature plaques. While zinc from plaques was only slowly and partially 
removed by a specific zinc remover dithizone, treatment of brain sections with 
heparinase-III that degrades heparan sulfate proteoglycan (HSPG), another major 
constituent of plaques, greatly fastened the zinc removal with dithizone. The 
present study has demonstrated the presence of histochemically reactive zinc in 
plaques, but not pre-amyloid A 0 deposits, of the Swedish mutant APP transgenic 
mice. Since pre-amyloid A ft deposits fail to develop into congophilic plaques in 
cerebellum where synaptic vesicle zinc is deficient, the synaptic zinc may be a 
necessary element in the plaque formation. In holding zinc inside plaques, HSPG 
may contribute in addition to A /?.
Supported by Creative Research Initiatives of the Korean Ministry of Science and 
Technology.
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741.9
NO CEREBRAL AMYLOIDOSIS IN AGED TREE SHREWS WITH 
PRIMATE-LIKE AMYLOID-6 SEQUENCE. M. Pawlik.l* e , Fuchs.l
L.C. Walkerl and E. Levyl-^-. Departments of Pharmacology1 and 
Pathology2, New York University Medical Center, New York, NY 10016; 
Division of Neurobiology, German Primate Center, 37077 Goettingen, 
Germany 3; The Neuropathology Laboratory, Department of 
Neuroscience Therapeutics, Parke-Davis Pharmaceutical Research, Ann 
Arbor, MI 481054.

A central pathological feature of Alzheimer's disease is the deposition 
of amyloid-6 protein (AB) in the brain parenchyma and vessel walls. A6 
also forms deposits in the brains of a variety of mammals, including all 
aged non-human primates studied to date. The sequence of A6 in these 
animals is identical to that in humans. No A6 deposits have been found 
in the brains of wild-type rats and mice, and it was suggested that the 
three amino acid differences between their A6 and that of amyloid- 
bearing mammals impedes the fibrillogenicity of A6.

The taxonomic status of tree shrews (family Tupaiidae) is 
controversial. Today they are regarded as an intermediate between 
insectivores and primates and are placed in the separate order 
Scandentia. Analysis of the primary sequence of the 6-amyloid 
precursor protein in tree shrews revealed a 98% similarity and 97% 
identity with the human protein. Furthermore, the predicted amino acid 
sequence of A6 in tree shrews is identical to that in humans. However, 
immunohistochemical analysis failed to reveal 6-amyloid deposits in the 
neural parenchyma or vasculature of eight aged (7-8 years) tree shrews 
(Tupaia bclangeri). The lack of correlation between the A6 sequence and 
amyloid formation suggests that other factors contribute to cerebral 
amyloid deposition in aged animals. Supported by NIII grant AG13705

741.10
p-AMYLOID ASSOCIATED DECREASE IN BCL-2 AND INCREASE IN BAX 

EXPRESSION IN THE TEMPORAL CORTEX OF AGED DOGS
E. Head*, B.Y. Azizeh, T. Satou. F. Hahn & C.W. Cotman. Institute for Brain
Aging & Dementia, UCI, Irvine, CA, 92697 and Lovelace Respiratory 
Research Institute, Albuquerque, NM, 87185.

Aged dogs accumulate p-amyloid (Ap) in the form of diffuse senile plaques
(SP) throughout many cortical regions with advancing age in the absence of 
any formation of neurofibrillary tangles. Ap is capable of inducing apoptotic 
cell death in vitro and proteins that either promote or inhibit apoptotic cell 
death are upregulated in AD where extensive Ap deposits are found. Two 
moderators of apoptosis, bax (proapoptotic) and bcl-2 (anti-apoptotic) were 
studied by Western blot analysis using frozen blocks of the temporal cortex in 
20 beagle dogs (4 to 15 years). Sections from the same regions were 
immunostained for Api-42 to determine the relationship between SP 
pathology and bcl-2/bax expression. Bcl-2 expression increased as a 
function of age in dogs, peaking at the age of 11 years and falling rapidly 
beyond that age in an inverse “U" function. In parallel, Ap deposition in this 
group of dogs was first noted at 11 years of age and increased steadily with 
more advanced ages. Bax expression was highest in the 15-year-old. A 
significant negative correlation between the expression of bax and bcl-2 in 
the temporal cortex suggests a shift in the balance towards pro-apoptotic 
activity with advanced age (r=-.529 p<.02). These findings suggest that bcl-2 
is upregulated prior to the formation of SP and then falls dramatically in 
response to Ap. On the other hand, bax remains relative constant with age 
until Ap appears, at which point expression levels increase. The upregulation 
of bcl-2 prior to the deposition of Ap suggests that it is an early signature of a 
stress response in the aging brain. The sudden drop in bcl-2 and increase in 
bax expression coincident with the deposition of Ap indicates a shift towards 
conditions that favor apoptotic cell death in the temporal cortex of the aged 
dog brain. Supported by Funds from NIH/NIA AG12694.

741.11

ALZHEIMER'S AMYLOID BETA MODULATES LIPID SYNTHESIS IN RAT 
HIPPOCAMPUS. N. V. Koudinova.1* A. R. Koudinov.1 T, T. Berezov.2 and
E.Yavin1. 1The Weizmann Institute, Department of Neurobiology, Rehovot 
76100 Israel, 2Russian Academy of Medical Sciences, Institute of Biomedical 
Chemistry, Miklucho-Maklay St., 8, Moscow 117198 Russia.

Membrane destabilization in Alzheimer's disease (AD) may be a 
consequence of altered lipid composition modulated by amyloid beta protein 
(Ap) (FASEB J1998,12:1097). The effect of Ap on lipid synthesis in adult rat 
hippocampal slices (400 p.), expressing normal synaptic physiology and long 
term potentiation as assessed by extracellular recording in the CA1, was 
examined. Slices were labeled for 21 h with [14CJ-acetate (0.1 pCi/ml of 
artificial cerebrospinal fluid, aCSF) in the absence or presence of Ap1-40 
(0.33 pg/ml). After labeling, lipids were extracted by hexane:isopropanol (3:2 
v/v), separated on thin layer chromatography, and radioactive lipid bands 
scrapped off the silica gel plates and counted. Ap1-40 increased synthesis of 
phosphatidylcholine (PC), phosphatidylethanolamine (PE) and cholesterol 
(Chi) by 33, 67 and 46 % above the control values, respectively. Slices 
treated with Ap showed two fold [14C]-acetate incorporation into iipicls in the 
CA1 pyramidal cell layer over untreated slices, as revealed by 
autoradiography. To test whether stimulation of slices attenuates the effect of 
Ap, KCI (50 mM) was added to aCSF for 2.5 min, followed by metabolic 
labeling of lipids in regular aCSF containing 2 mM KCI. Under these conditions 
Ap decreased the synthesis of PC and PE by ~29 % and ~34 %, respectively, 
but not synthesis of Chi. Our data suggest that Ap modulation of adult 
hippocampal lipid synthesis i) is dependent on neuronal physiological status, 
and ii) may be of value in understanding neurodegeneration and AD 
pathophysiology. Supported by Gulton Foundation, NY and Senetek, PLC.

741.12
HIGH FAT DIET POTENTIATES P-AMYLOID DEPOSITION IN 
THE APP V717F TRANSGENIC MOUSE MODEL OF 
ALZHEIMER’S DISEASE .
C.E. Fishman1, S.L. White2, C.A. DeLong3, D.J, Cummins3, W.H. Jordan2*,
K.R. Bales3 and S.M, Paul3, ‘Department of Veterinary Pathobiology, 
Purdue University, West Lafayette, IN 47907, 2Lilly Research Laboratories, 
Greenfield, IN 46140 and 3Lilly Research Laboratories, Indianapolis, IN 
46285.

Alterations in lipid metabolism may be involved in the pathogenesis of 
Alzheimer’s disease (AD). We investigated the influence of a high fat diet on 
the neuropathology of the APP V717F transgenic mouse. Fifty, four-month- 
old mice were equally divided into ad libitum fed groups which received 
either high fat diet (21.2% fat and 0.2% cholesterol) or control diet (5.5% fat 
and 0% cholesterol). At 6 and 12 weeks, mice were evaluated for serum 
triglyceride and cholesterol levels, and hippocampal amyloid beta peptide 
(AP) levels by ELISA. The percent of hippocampus and cortex occupied by 
fibrillar AP deposits (P-amyloid burden) was estimated using quantitative 
histochemistry at the 12 week time-point. High dietary fat increased serum 
lipids at both time points by 2-5- fold, in males greater than in females. High 
dietary fat increased hippocampal AP levels by 2-fold after 12 weeks, in 
male mice only. Moreover, males had a marked increase in brain P-amyloid 
burden of 4-5-fold after 12 weeks, while we observed a modest (~2-fold) 
but not statistically significant increase in the females.

Our data suggest that high fat diet facilitates Ap deposition, and 
particularly Ap fibrillization, in the APP V717F transgenic mouse model of 
AD, and that both the hyperlipidemia and amyloid deposition are influenced 
by gender. These data support the epidemiologic relationship between the 
elevated risk of AD and patients with hypercholesterolemia and in 
postmenopausal women not receiving estrogen replacement.

741.13

EFFECTS OF AN ATHEROGENIC DIET ON AMYLOIDOSIS IN 
TRANSGENIC MICE OVEREXPRESSING THE C-TERMINAL PORTION 
OF 6-AMYLOID PRECURSOR PROTEIN. L, Li*. S, Zeigler. J.R, Lindsey 
and K, Fukuchi. Dept. of Comparative Medicine, Univ. of Alabama at 
Birmingham, Birmingham, AL 35294

The major component of senile plaques (SP) found in Alzheimer disease 
(AD) is 6-amyloid peptide (A6) derived from 6-amyloid precursor protein (6PP). 
Clinical studies have indicated an increased prevalence of cerebral SP in 
cognitively intact individuals with coronary heart disease compared to age- 
matched controls with no heart disease. In vitro and in vivo experiments have 
demonstrated that cholesterol metabolism is closely related to the development 
of 6-amyloidosis. Dietary cholesterol has been shown to induce AD-like 6- 
amyloid immunoreactivity in the brains of rabbits. A transgenic mouse line 
generated in our laboratory overexpresses the C-terminal portion of human 6PP. 
Massive deposits of A6 have been detected in peripheral tissues such as 
pancreas, muscle, and intestine, but not in the central nervous system. We fed 
.an atherogenic diet to these mice for 18 weeks to investigate the effects of high 
plasma cholesterol and atherosclerosis on development of amyloidosis in tissues 
including the central nervous system. Transgenic mice on regular mouse diet 
served as controls. Elevated plasma cholesterol concentrations and formation of 
atheroslerotic lesions in the proximal aorta occurred in mice receiving the 
atherogenic diet. Various tissues were evaluated for the accumulation of A6, 
apolipoprotein E, and tau protein by immunohistochemistry. The results of 
such experiments may reveal the relationship between the development of 
atherosclerosis and AD pathology. Supported in part by the NIH (AG12850, 
RR07003, and RR11105).

741.14

EFFECTS OF CHOLESTEROL FEEDING ON HISTOPATHOLOGIC 
HALLMARKS OF ALZHEIMER'S DISEASE IN p-AMYLOID PRECURSOR 
PROTEIN (APP) TRANSGENIC MICE. F.S. Shie,1 R.C. LeBoeuf,2 J.B. 
Leverenz^ and L.W. Jin4*. Depts of 1 Nutritional Science, 2Pathobiology, 
^Neurology, Psychiatry & Behavioral Sciences and ^Pathology, Univ. of 
Washington; Seattle, WA 98195.

Recent studies suggest a possible association between incidence of 
atherosclerosis and Alzheimer's disease (AD). Our goal is to test the 
hypothesis that elevated peripheral cholesterol levels, known to be 
associated with atherosclerosis, will also promote the pathogenesis of AD. 
Transgenic mice overexpressing human APP695 Swedish mutation (APPsw) 
(K.Hsiao et a/.[1996]Science 274:99-102) were fed diets with low (<0.05%)/ 
rodent chow [LC]) or high (1.25%) cholesterol for 7 or 10 months. The high 
cholesterol diet (HC) also contained fat (15%) and cholic acid (0.5%) and 
produces atherosclerosis in mice. Brain sections were analyzed for Ap 
deposition (4G8 antibody) and astrocytosis (glial fibrillary acidic protein). 
Microglial activation was evaluated using Griffonia simplicifolia lectin 
binding. Behavior tests were performed in selected mice. Initial results 
suggest that, for both 7 and 10 month studies, control mice fed either LC or 
HC showed no Ap deposition or lectin binding. APPsw mice fed LC showed 
AP deposition only in the 10 month study (12 months of age). In contrast, age- 
matched APPsw mice fed HC showed increased lectin binding and Ap 
deposition at both time points. These results suggest that the HC accelerates 
the appearance of AD-like pathology in these transgenic mice and 
implicate elevated peripheral cholesterol levels as a potential risk factor 
for AD. More clinical studies of plasma lipid transport and AD are needed. 
Supported by NIH/NIA (P50 AG 05136)
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741.15

EXPRESSION OF THE SIXTH COMPONENT OF COMPLEMENT 
(C6) IN SUBSETS OF NEURONS AND UPREGULATION IN 
APP695SWE TRANSGENIC MICE
J.X. Yu1*K. Hsiao2 and N.R. Cooper1 . 1Dept. of Immunology, The 
Scripps Research Institute, La Jolla, CA 92037. 2Dept. Of Neurology, 
Univ. of Minnesota, Minneapolis, MN, 55455.

One hallmark of Alzheimer’s Disease (AD) is the presence of neuritic 
plaques (NP) in the hippocampus and certain other regions of the brain. 
NP are largely composed of the amyloid P peptide (Ap), but also 
contain components of the proinflammatory complement system. We 
and others have shown that fibrillar Ap is a potent complement activator 
in vitro. In order to study the role of the complement system in amyloid 
deposition, glial cell activation and neuritic dystrophy in the 
APP695SWE transgenic mouse model of AD, we have cloned, 
expressed and generated antibody to several late acting murine 
complement components. Initial studies with murine C6 are reported 
here. Although murine C6 is highly homologous to human C6 (76% 
identity), it is ~20 kDa smaller as it lacks the two C-terminal FIM 
modules found in human C6. Surprisingly, C6 was expressed in 
hippocampal CA subfield neurons, in many nearby cortical pyramidal 
neurons, and in cerebellar Purkinje neurons, but not in dentate or 
cerebellar granular neurons from APP695SWE mice. In non-tg mice, 
intraneuronal C6 expression was at markedly lower levels. The 
significance of these findings is under investigation. Supported by 
funding from the NIH (NS34682, AG04342) and Novartis (SPF1141).

741.16
THE PRODUCTION OF A RAT MODEL OF ALZHEIMER’S DISEASE. V.J. 
Marshall1*. KtK.-BsiaQ2 and P,F, Chapman1- 'Cardiff School of Biosciences, Cardiff 
University, Cardiff, CF1 3US, UK and 2Department of Neurology, University of 
Minnesota Medical School, Minneapolis, MN 55455, USA.

Mutations in the amyloid precursor protein (APP) gene are known to cause 
Alzheimer’s Disease (AD). Amyloid precursor protein (APP) transgenic mice 
demonstrated an age dependant effect on long term potentiation (LTP) and spatial 
working memory (Chapman et al., Nature Neuroscience, 1999, p271). This deficit was 
accompanied by an increased (3 amyloid (A|3) concentration comparable to that seen in 
humans with AD.

There are several compelling reasons for establishing a rat model of AD. APP 
transgenic mice do not show some key pathological features of AD, such as 
neurofibrillary tangles or extensive neuronal loss, possibly due to species specific 
physiology. Rats are also better suited to many standard behavioural tasks and have 
the added advantage of an increased size (e.g. for chronic electrophysiology).

A female Sprague Dawley transgenic rat (GP56) was produced by pronuclear 
injection of hamster prion protein (PrP) promoter driven HumanAPP695.SWE 
transgene (Hsiao et al., Science, 1996, p99) into fertilized rat oocytes. Positive 
identification of the transgene within the rat genome was achieved by Southern 
blotting techniques, using BamH 1 enzyme and a 2kb human APP probe. A transgenic 
line has since been produced.

The GP56 line will be used in behavioural and electrophysiological studies to 
investigate the effect of the transgene on LTP and learning and memory performance. 
The information gained, in addition to knowledge acquired from Tg2576 mice should 
provide valuable insights into the pathological mechanisms of AD. Supported by the 
Mayo Medical Foundation.

741.17

BASIC FIBROBLAST GROWTH FACTOR AND SERUM AMYLOID P 
COMPONENT BINDING TO AMYLOID DEPOSITS IN A 
TRANSGENIC ANIMAL MODEL OVEREXPRESSING p-AMYLOID: 
EVIDENCE FOR INTEGRITY OF THE BLOOD-BRAIN BARRIER. I 
Shi1*, G. Perry2, G. Aliev2, M.A. Smith2, and R.P. Fricdland1. Dept. of 
Neurology1 and Dept. of Pathology2, Med. Sch., Case Western Reserve 
Univ.; Cleveland, OH 44106.

The characteristic pathological features of Alzheimer’s disease (AD) are 
neuritic plaques of amyloid P (AP) and neurofibrillary tangles (NFT). 
Previous studies have found that basic fibroblastic growth factor (bFGF) 
and serum amyloid P component (SAP) interact with extracellular matrix 
molecules and bind specifically to Ap and NFT. Since SAP is synthesized 
only by peripheral organs, its presence in the brain in AD suggests 
impairment of blood-brain barrier (BBB). We assessed the binding of 
bFGF and SAP to Ap and the integrity of BBB by using the CS7B6/SJL 
transgenic mouse model overexpressing Ap. The binding of bFGF in this 
model is similar to that of AD cases in which bFGF binds to AP neuritic 
plaques and the basement membrane of cerebral microvessels. bFGF 
binding requires heparan sulfate proteoglycan because heparinase 
pretreatment can diminish the binding. When omitting the pre-incubation 
of bFGF protein and using bFGF antibody alone, we did not observe 
endogenous bFGF immunoreactivity in the brain. However, unlike in AD 
cases, no SAP immunoreactivity was found in transgenic mouse brain. 
These data suggested that even though the pathological features of this 
transgenic mouse model are similar to those of AD, there may be 
differences in the response of BBB function to the disease pathology.

741.18
NEUROTOXIC EFFECTS OF INTRA-AMYGDALOID INJECTION OF 
AMYLOID-P ON DENDRITIC ARBOR OF CINGULATE PYRAMIDAL 
NEURONS IN ADULT F344 RATS: A Quantitative  Golgi  
Analysis . J. McKean* T. PindelP.J.M Lee2 3. M.Heina2.!. Hantn3,&
R.F. Mervis11Neuro-Coqnitive Research Labs, Columbus, OH 43212;
2Dept. of Pathology and 3Dept of Pharmacology A Exp. Therapeutics, 
Loyola Univ. Chicago Medical Center, Maywood, IL 60153.

A potential animal model of Alzheimer's disease (AD) was assessed, 
based on the neurotoxic effects of amyloid-p (25-35) stereotaxically 
injected directly into the amygdala. Previously, this was found 
(Sigurdsson et al, 1996) to result in progressive trans-synaptic 
cytoskeletal and astroglial reactions, including tau2 immunoreactivity 
distally in cingulate cortex and hippocampus. The present study reveals 
additional information regarding neurostructural damage of cingulate 
neurons in this model. Young-adult (3 month-old) F344 rats (N=8) were 
given a single intra-amygdaloid injection of Ap (25-35) (5nmol/3pl) and 
killed 32 days post-operatively. Controls (N=7) were vehicle-injected. 
Formalin-fixed fronto-parietal tissue blocks were Golgi-stained. Layer V 
cingulate neurons (6/brain) were randomly selected from coded slides. 
Camera lucida drawings of the basilar tree were analyzed using Sholl 
analysis. Results revealed small, but consistent and statistically 
significant dendritic atrophy in Ap injected rats (Wilcoxin test.p<.05). 
The findings lend additional validity to this animal model of AD and 
suggest that it may be useful in the evaluation of therapeutic strategies. 
(Supported by NIH/SBIR Grant #1-R41-AG15740-01)
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742.1
SPATIAL MEMORY IMPAIRMENT IN HUMAN P-AMYLOID
PRECURSOR PROTEIN (PAPP) TRANSGENIC MICE
W.J. Lipinski* and L.C. Walker. Neuroscience Therapeutics, Parke-Davis Research 
Division, Warner-Lambert Co., 2800 Plymouth Road, Ann Arbor, MI 48105.

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder 
characterized, in part, by dementia and cerebral deposition of p-amyloid-containing 
plaques. Tg 2576 mice with human APP695 (Swedish mutation) form these plaques 
beginning at around 9-10 months of age. Forty Tg 2576 mice and 40 wild-type 
littermates from the Fj generation were tested for spatial memory in a standard 
mouse water maze (MWM) apparatus. The mice received four trials per day, in 
which they were allowed 120 sec to swim to a submerged platform. A subset of 
twenty mice was tested at each of the following four time points: 3, 6,9, and 12 
months of age. The transgenic mice performed consistently worse than their wild- 
type littermates at all ages and on 12 of 13 individual trial days. These differences 
reached statistical significance only in 9- and 12-month-old transgenic mice. The 
deficit seen in the 9-month age group occurred before any significant deposition of 
P-amyloid plaques, suggesting that this pathological feature may not be necessary to 
induce cognitive impairment. Additionally, the 9- and 12-month-old transgenic 
mice did :.ot differ from one another, indicating that the progressive accumulation 
of plaques does not dictate a worsening of performance in the water maze during 
this time. The results indicate that: 1) expression of the huPAPPswe transgene in 
Tg 2576 mice impairs spatial learning; 2) age exacerbates the behavioral deficit; and 
3) the presence of senile plaques per se is not a prerequisite for the deleterious 
effects of the transgene on performance in the water maze. Supported by Warner- 
Lambert.

742.2

DISSOCIATED INVOLVEMENT OF Cu/Zn-SUPEROXIDE DISMUTASE 
AND AMYLOID PRECURSOR PROTEIN IN NEURONAL AND 
BEHAVIORAL PLASTICITY. A.R.Koudinov.1* C.Cerruti.2 Y.Groner.2 and
M.Segal1. Weizmann Institute of Science, 1 Department of Neurobiology and 
department of Molecular Genetics, Rehovot 76100 Israel.

We have previously reported that transgenic mice (TG) expressing human 
Cu/Zn-Superoxide Dismutase (SOD), and thus modeling chronic oxidative 
stress, have cognitive behavioral deficits and do not maintain long term 
potentiation (LTP) in the CA1 area of the hippocampus (Eur J Neurosci 1998, 
10: 538; Neurosci Lett 1998, 51: S23). The aim of the present study was to 
elucidate the combined effect of SOD and human amyloid precursor protein 
(APP) expression on TG neuronal plasticity. To this end synaptic physiology 
and tetanus induced (t) LTP was studied in TG and corresponding control 
mouse hippocampal slices using extracellular recording of CA1 field excitatory 
postsynaptic potentials (fEPSPs). The input/output relationship and tLTP 
were expressed as a fEPSP slope change versus stimulus intensity and time, 
respectively. At ages 4-5 and 16-17 months, only mice overexpressing SOD 
or both SOD and APP have impaired tLTP. The mice, overexpressing APP 
alone showed no tLTP impairment. At age 16-17 months the amount of initial 
post-tetanic potentiation in both APP and SOD-APP mice did not differ 
significantly from the corresponding controls. APP TG slices maintained tLTP 
throughout the 20 min post-tetanic recording time (50.7±8.7%), while SOD- 
APP TG slices dropped to near baseline values (5.8±1.6%). Behaviorally, 
SOD-APP mice were much more impaired in spatial memory tasks then the 
single transgenes. This impairment was more severe in the older age group. 
Thus, a dissociation between behavioral and neuronal plasticity in SOD-APP 
transgenic mice is evident. Supported by Israel Science Foundation and Sir 
Charles Clore Fellowship.
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742.3
CHARACTERISATION OF A TRANSGENIC MOUSE MODEL OF 
ALZHEIMER’S DISEASE TO CORRELATE AMYLOID BURDEN WITH 
DEVELOPMENT OF COGNITIVE AND ELECTROPHYSIOLOGICAL 
DEFICITS. J.C. Richardson? R.A. Anderson? P.E. Soden? R.A. Gray?
F.M. Priest? E. Gower? S. Topps? J.R. Brooks? N.J. Clarke? J.C. Barnes,‘*and
H.T. Rupniak.1 Neurosciences Unit'/Molecular Pathology Unit2, GlaxoWellcome

Medicines Research Centre, Stevenage, Herts., SGI 2NY, U.K.
Overexpression studies of human amyloid precursor protein (APP) containing

familial Alzheimer’s Disease (AD) mutations in transgenic mice have been shown to 
reproduce some of the aspects of AD pathology, including significant amyloid 
plaque pathology in the mouse brain. We have generated transgenic mice 
overexpressing, under the control of a neuron-specific promoter, an isoform of APP 
harbouring a familial mutation linked to AD. Four of these transgenic lines are 
currently being characterised in order to choose the line that most closely correlates 
amyloid load with behavioural and electrophysiological deficits.
Data at the 6-month time point of a 2-year longitudinal study indicates:
a) A significant increase is observed in the levels of total beta amyloid in the brains 
of transgenics compared to the littermate controls. This increase was more 
pronounced in the hippocampus than the cortex.
b) Behavioural data shows very pronounced deficits in the Morris Water Maze for 
the line exhibiting the highest amyloid load. Mice from this line will now be 
analysed to determine whether such deficits are due to a combination of 
overexpression of the transgene and integration or whether the deficits genuinely 
correlate with a progressive increase in amyloid load in the brain. These data and 
the data from the 12-month old time point for all 4 lines will then enable a choice to 
be made of the optimum line for an in vivo screen to test anti-amyloid drugs.

742.4
ANTIBODY TO AMYLOID BETA PROTEIN ALLEVIATES IMPAIRED 
MEMORY PROCESSING IN SAMP8 MICE. S. A. Farr12, J. F. Flood12 and J. E. 
Morley12*.
Geriatric Research Educational and Clinical Center (GRECC), VA Medical Center,
St. Louis, and Department of Internal Medicine, Division of Geriatric Medicine, St. 
Louis University School of Medicine, St. Louis, MO 63106

SAMP8 mice develop learning and memory impairment early in their life span. We 
have previously shown using T-maze footshock avoidance that 12M SAMP8 mice 
required altered doses of cholinergic and glutamatergic agonists and GABAergic, and 
serotonergic antagonists to improve retention when injected in to the hippocampus 
and septum post-training compared to 4M old SAMP8 mice. We have also shown that 
antibody to A8P injected ICV 1 to 14 days prior to training improves acquisition and 
retention for T-maze footshock avoidance in 12M SAMP8. In the current study we 
examined if monoclonal antibody to ABP injected prior to training would return the 
optimal dose of cholinergic and glutamatergic agonist and GABAergic and 
serotonergic antagonists administered post-training in 12M P8 closer to the optimal 
dose for a 4M old P8 mouse. Mice were injected ICV 48 hours prior to training in a 
T-maze. Immediately following training mice received either intrahippocampal or 
intraseptal injections of cholinergic, GABAergic, glutamatergic or serotonergic 
agonist or antagonists. Retention was tested one-week later. Monoclonal antibody to 
ABP returned the dose that improved retention of arecoline and l-glutamate in the 
hippocampus to that of a 4M P8. In the septum pretreatment with antibody to ABP 
also returned methiothepin (5HT1) and ketanserin (5HT2) antagonists and bicuculline 
(GABAa ) and OH-saclofen (GABA6) antagonist to that of a 4M P8 mouse. These 
results suggest that altered neurotransmitter activity is due to elevated ABP in SAMP8 
mice. This may have findings important in understanding the pathogensis of 
Alzheimer's disease.

742.5

BEHAVIORAL DEFICITS AND CNS CHANGES IN THE APP- 
OVEREXPRESSING TRANSGENIC MOUSE. J.P. Cleary*. J.R. Ghilardi, J.E. 
MaggLQ'..P:W.. .Mantvh, J, Hofmeister^J\L..FritzJ.,K.-. Hsiao,„-and-£,-QLHafex
Behavioral Pharmacology Laboratory, VA Medical Center, Departments of 
Psychology, Neurology, and Preventative Science at the University of Minnesota, 
Minneapolis, MN 55417.

Transgenic mice (Tg 2576) overexpressing amyloid precursor protein (APP) and 
littermate controls were trained to stable performance under a fixed consecutive 
number 5 schedule of reinforcement (FNC 5). Mice were required to press 5 times 
or more on the left lever, then switch to the right lever which delivered food 
reinforcement for a single press. Switching before 5 presses on the left resulted in 
punishment (bright light). For half of the trials the 5th left-lever response was 
signaled by a light over the reinforcement lever. Training was begun when mice 
were 3 months old (n=8 tg, n=6 controls) and continued until they were 7 months 
(n=4 tg) or 11 months (n=4 tg, n=6 controls). At seven months of age, transgenic 
mice were behaviorally indistinguishable from controls. However, during the 8th 
month transgenic mice began to show deficits in the more difficult unsignaled 
portion of the FCN 5 task. The behavioral deficit continued and worsened through 
the 10th month. Brains of transgene positive mice, at 7 and 11 months of age, and 
controls, were assessed and compared for positive anti-AB immunofluorescence, 
Thioflavin S positive AB deposits, astrocytes, microglia, neurons and inflammatory 
markers. (Supported by: Alzheimer's Association Grant RG2-96-066; and VA Merit 
Review, Awarded to J. Cleary).

742.6
LACK OF COGNITIVE IMPAIRMENTS IN APP-OVEREXPRESSING SW 
2576 TRANSGENIC MICE. RA McArthur*, JE Burr, ML McNee,
D McKinley, J Sobie, D Sutter, TJ Vidmar and AE Buhl. Amyloid plaques, 
neurofibrillary tangles, neurodegeneration and associated cognitive impairments 
define Alzheimer’s Disease, presently being modeled in transgenic (Tg) mice. 
While amyloid overexpression, and deposits have been relatively easy to 
produce in these mice, cognitive impairments been more difficult to model. 
Tg2576, APPSw transgenics show impairments in the water maze and the Y- 
maze which correlate with amyloid deposition4,5. However, the behavioural 
specificity of these impairments has been questioned6. We tested Tg2576 mice 
of different ages (4, 8 and 12 mo) in various tests of coordination and muscular 
strength (wire grip, beam walking), locomotor (open-field and running wheel 
activity, rotarod) and sensory function (hot plate and tail flick, acoustic startle), 
plus in various tests of cognition (water maze, Y-maze, operant responding and 
passive avoidance responding). The behaviour of the Tg+ mice was compared to 
their wild-type littermates (Tg-) as well as age matched representatives of the 
background strain (BL6/SJL). BL6/SJL mice were proficient at the cognitive 
tasks presented. They learned to find the position of a hidden platform in the 
water maze from 60 to 40 sec within 5 daily sessions of 4 10 min trials.
However, both Tg- and Tg+ mice showed poor learning, never improving more 
that 50 sec. All mice learned to alternate lever responses in order to obtain a 
saccharin solution reward. Again, Tg and Tg- mice took longer than BL6/SJLs 
to learn this task. No differences were seen between strains in either Y-maze 
alternating behaviour, or in passive avoidance responding was noted. Tests of 
sensory and locomotor functioning showed that both Tg + and Tg- mice were 
impaired relative to BL6/SJLs, but not to each other. Tg+ mice, however, were 
hypoactive during dark phase running wheel activity compared to Tg- mice.

742.7

BEHAVIORAL IMPAIRMENT IN TRANSGENIC MICE 
CARRYING BOTH MUTANT APP AND PSI TRANSGENES: 
COMPARISON WITH SINGLY TRANSGENIC APP AND PSI 
MICE. DL King1. GW Arendash1*. D Morgan2. MN Gordon2. P Janteen2, J 
Hatcher1. C Hope1, and DM Diamond3. Alzheimer’s Research Laboratories, 
Depts. of Biology1 and Pharmacology2, and Dept. of Psychology3, Univ. of 
South Florida, Tampa, FL 33620.

This study was designed to provide a comprehensive behavioral 
characterization of mutant PSl(line 5.1 M146V), mutant APP(Tg2576; 
K670N;M671L), and doubly transgenic mAPP/mPSl mice through a series of 
behavioral tasks (sensorimotor, anxiety, and cognitive) administered between 
1416-16 months of age. Compared to non-transgenic controls, mPSl transgenic 
mice showed no impairment in any behavioral measure. Also, no transgenic 
group differed from controls in the plus maze test for anxiety or in Y-maze 
alternations, although doubly transgenic mice had an increased number of arm 
entries. By contrast, both mAPP transgenic and doubly transgenic mice 
exhibited a similar degree of cognitive impairment in standard water maze 
acquisition, visible platform training, and radial arm water maze (RAWM) 
acquisition. As the most difficult task in our test sequence, the novel RAWM 
was able to distinguish memory impairment exclusive to doubly transgenic 
mice. Impairment in RAWM performance was correlated with brain Ap 
staining in doubly transgenic mice (see companion abstract by Gordon et al.). 
Our results demonstrate a variety of behavioral impairments in both mAPP and 
mAPP/mPSl mice that are associated with Alzheimer’s pathology. Moreover, 
demanding working memory tasks, such as the RAWM, can distinguish 
differences in cognitive impairment between singly and doubly transgenic mice 
(Supported by AG14633 and the Benjamin Alzheimer trust to DGM)

742.8

AMYLOID PATHOLOGY IN 16 MONTH OLD mAPP/mPS1 DOUBLY 
TRANSGENIC MICE IS CORRELATED WITH DEFICITS IN SPATIAL 
LEARNING AND MEMORY. MN Gordon1*. DG Morgan1. DL King2. PT 
Jantzen1. KA Wright1. DM Diamond3. C Hope2. J Hatched, and GW 
Arendash2. Alzheimer’s Research Laboratories, Depts. Of Pharmacology1, 
Biology2, and Psychology3, Univ. of South Florida, Tampa 33612

Doubly transgenic mAPP 0g2576;K67ON;M671L)/mPS1(Line 5.1M146V) 
mice or their singly transgenic or non-transgenic littermates were tested 
behaviorally as described in the companion abstract (King et al.). The final 
task was a radial arm water maze (RAWM), a hybrid of the Morris and 
radial arm mazes in which platform position is changed daily. Following 
behavioral testing, brain sections were stained with antibodies reacting with 
total Ap, Ap40, AJ342 or stained with Congo red. “Amyloid burden” using the 
total Ap antisera in the mAPP/mPS1 mice reached 50% of the area in 
frontal cortex and 25% in hippocampus. Corresponding values for mAPP 
singly transgenic mice were 12% (frontal cortex) and 8% (hippocampus). 
The fraction of AP in fibrillar deposits (Congo red staining) was considerably 
lower, with 3-4 fold greater burdens in doubly transgenic mice compared to 
mAPP mice. The vast majority of Ap deposits were exclusively Ap42, with 
most Ap40 deposits corresponding to congophilic plaques. No deposits 
were discernable in non-transgenic or mPS1 mice. There were significant 
correlations between RAWM performance and extent of Ap deposition, both 
overall (all animals) and within the doubly transgenic group. Specifically, 
both acquisition and memory measures in the RAWM were correlated with 
Ap burden in both frontal cortex and hippocampus. These findings suggest 
that cognitive impairments related to Ap deposition are discerned by the 
more demanding spatial working memory task. (Supported by AG 14633 
and the Benjamin Alzheimer Trust to DGM)
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742.9
AMYLOID DEPOSITION AND COGNITIVE FUNCTIONS IN DOUBLE 
TRANSGENIC MICE OVER EXPRESSING hpAPP751-SFAD AND 
hPSlM146L OR hPS2N141I. T.G.Richards, L. Ozmen, G. Huber*, P. 
Malherbe, H. Tacobsen, M. Brockhaus, G. Higgins, I. Messer, F. Goepfert and
H. Bluethmann. Pharma Division, Preclinical CNS Research, F. Hoffmann-La 
Roche Ltd, CH-4070 Basel, Switzerland.

The creation of animal models of Alzheimer's disease (AD) has been 
approached genetically by producing amyloid plaques in those brain regions 
affected by the deposition of amyloid p-protein (AP) in AD, namely cerebral 
cortices and hippocampal formation.The overexpression of human P-amyloid 
precursor protein (hPAPP751-SFAD) together with human presenilin 1 or 2 
(hPSlM146L, hPS2N141I), driven by different promoters (mouse thy-1 and 
prion protein), was found to accelerate the deposition of AP in 3 different 
lines of double transgenic mice.
The following analyses were performed on mice of different ages: 1) A,.4O and 
AP,.42 immunoassays; 2) AP deposition revealed radioautographically, by 125I- 
AP binding and, immunohistochemically, by polyclonal antibodies to Ap; 3) 
astroglioses and microglioses revealed by GFAP and OX-42 
immunohistochemistry, respectively and, radioautographically, by 
[3H]lazabemide and [3H]PK11195 binding to MAO-B and peripheral 
benzodiazepine binding sites, respectively; 4) Cholinergic markers (ChAT, 
VAChT) as well as evidence for oxidative stress revealed 
immunohistochemically. In addition, preliminary behavioural studies in these 
mice will be presented. The temporal development of the amyloid load in the 
different lines, measured by quantitative radioautography and morphometry, 
as well as the appearance of neuropathological changes, will be presented.

742.10
A TEST FOR THE ‘SEEDING’ HYPOTHESIS AS A RODENT MODEL OF 
ALZHEIMER’S DISEASE: THE EFFECT OF INTRAHIPPOCAMPAL 
INJECTIONS OF A COMBINATION OF pi-40 AND pi-43 ON SYNAPTIC 
PLASTICITY AND LEARNING. S. Davis*. A. Stephan and S. Laroche. 
Laboratoiie de Neurobiologie de l’Apprentissage, de la Memoire et de la 
Communication, CNRS UMR 8620, University Paris Sud, Or say, France.

A theory postulated by Jarrett and Landsbury (1993) suggests that small quantities 
of the longer, and less soluble P-amyloid peptide pi-43 could act to seed the 
formation of amyloid plaques if in the presence of a supersaturatable level of the 
shorter, more soluble pi-40 peptide. To test whether a combination of these two 
peptides had a deleterious effect on LTP in the dentate gyrus and on learning, we 
compared the effects of intrahippocampal injections of the combination of peptides 
with injections of each peptide individually. The peptides, pi-40 (10 pg) and pi-43 
(5 pg) from Bachem were dissolved in sterile water containing TE A (0.1 %) and acetyl 
nitrile (35%) and injected either individually into rats or in combination. Six to seven 
weeks after the injections, we tested whether LTP could be induced in the dentate 
gyrus and found that rats receiving pi-40 (n=6) showed comparable and sustained 
LTP to that of control rats (n=12). In the pi-43 group (n=8), LTP was induced, but 
decayed back to basal levels within 3 hours and in the group receiving the combined 
injections (n=10) LTP was completely blocked. In a second experiment, more 
distributed injections of the combined fragments were made over the dorsal portion of 
the dentate gyrus, to assess a battery of behavioural tasks. The results suggest there 
is a modest deficit in reference memory learning tested on the radial aim maze, and 
selective deficits in spatial learning in the water maze and in a delayed match-to- 
sample task. Preliminary analysis has shown differential cell loss in the dentate 
gyrus of all rats and the presence of aggregated amyloid material in the rats injected 
with the combined peptides, using immunolabelling and thioflavin S staining. 
Whether, injections of this combination of peptides constitutes a model of the 
cognitive deficits associated with Alzheimer's disease remains to be determined. This 
work has been supported by the France Alzheimer Foundation.
Jarrett, J.T. and Landsbury, P.T. (1993) Cell, 73: 1055-1058.

742.11

EFFECTS OF ESTROGEN ON COGNITIVE FUNCTIONS IN AMYLOID 
PRECURSOR PROTEIN AND PRESENILIN-1 DOUBLE TRANSGENIC 
MICE. J, Puolivali.* A. Rissanen and P. Riekkinen Jr. Dept. Neurology and 
Neuroscience, Univ. Kuopio and Univ. Hospital of Kuopio, 70211 Kuopio, 
Finland.

Recent epidemiological studies suggest that estrogen replacement therapy 
(ERT) may slow down the memory decline in postmenopausal females and 
decrease the risk to develop Alzheimer’s disease (AD). In this study we 
investigate the effects of ovariectomy (OE) and chronic ERT on cognitive 
functions in control and amyloid precursor protein (APP) and presenilin-1 (PS- 
1) double transgenic mice (APP+PS-1). The APP+PS-1 mice develop amyloid 
plaques and have cognitive impairments at 9-12 months. The effects of ERT 
on APP metabolism will also be studied.

Mice were ovariectomized at the age 4 months and will be treated with 
estrogen pellets (placebo, 0.18 or 0.72 mg/pellet) for 3, 6 and 9 months. The 
mice will be tested in water maze (WM) (visible platform: non-spatial 
navigation; hidden platform: spatial navigation), radial arm maze (RAM) 
(allocentric spatial working memory), T-maze (egocentric spatial reference 
memory) and Y-maze.

The results from this study will give us new information about the effects of 
estrogen on cognitive functions and its interaction with amyloid metabolism.

This work is supported by the Academy of Finland.

742.12
Beta-amyloid [25-35] impairs learning and LTP in area CA1 in vivo.
D. Freir , N, Porter, C. Holscher* C. Herron. Department of Physiology, 
University College, Earlsfort Terrace, Dublin 2, Ireland

Beta-amyloid is a glycoprotein fragment, presumed to be involved in the 
development of Alzheimer's disease. In this study we tested the effects of the 
[25-35] fragment on learning and on synaptic plasticity. Male Wistar rats 
(200-250g) were anaesthetised with urethane (1.5 g/kg, i.p.) or pentobarbitone 
(50mg/kg) and injected icv. with beta-amyloid [25-35]. Amyloid (lOOnmol in 
5pl) did not affect baseline transmission. High-frequency stimulation (HFS: 
3x290 stimuli @200 Hz) 5 min post-injection produced short-tern 
potentiation in the amyloid injected group (117% ± 10 S.E.M.) of baseline 
measured 1 h post-HFS). The control group displayed stable LTP 
(199%±13SEM n=y) 1 h post-HFS; p<0.001). HFS applied 1 h post-injection 
blocked LTP in the amyloid group (87% ± 7 S.E.M of baseline measured 1.5 
h post-HFS) compared with controls (258% ± 13 S.E.M.); p<0.001). Injecting 
a lower dose (10 nmol in 5pi icv.) did not affect LTP when HFS was applied 
5 min post-injection (199% ± 35 S.E.M measured 1 h post-HFS). LTP was 
reduced when HFS was applied 1 h post-injection (136% ± 15 S.E.M. 
measured 1.5 h post-HFS; n=6 per group).

In a different series of experiments, in a spatial water maze task two 
weeks after surgery, acquisition times were longer in the amyloid group 
(lOOnmol in 5pl; p<0.001), and quadrant entries were lower in a transfer task 
(p<0.001). The amyloid group made more long-term errors in a spatial 8- arm 
maze task given at week 5 post-surgery (p<0.05; n=7 per group). The results 
show that amyloid impairs learning and synaptic plasticity.

This work was supported by the HRB and Forbairt, Ireland.

742.13

BEHAVIORAL STUDIES INDICATE A ROLE FOR GLUCAGON-LIKE 
PEPTIDE-1 IN MEMORY AND LEARNING IN RAT. J.-l. Oka*, E. Suzuki, 
and Y. Kondo. Dept. Chem. Pharmacol., Fac. Pharm. Sci., Meijo Univ.,
Nagoya 468, Japan.

Glucagon-like peptide-1 (GLP-1) is a neuropeptide involved in feeding and 

temperature regulation in the brain. We reported that GLP-1 (7-36)NH2, a 

naturally produced active fragment, transiently increased rat's hippocampal 
neuronal firing followed by an inhibition (NeuroReport 10, in press), and that 
endogenous GLP-1 appears in the hippocampus accompanied with progress 
in memory impairment (Soc. Neurosci. Abstr. 24, 689,1998). In the present 
study, we examined effects of GLP-1 (7-36)NH2 on memory processes by 
observing passive avoidance response and spontaneous alternation 
performance in male Wistar rats with or without continuous infusion of 
P-amyloid protein(1-40) into the lateral cerebroventricle using a mini-osmotic 
pump. GLP-1 (7-36)NH2 (0.5-3 ng, i.c.v.) had no obvious effect on either 
response in vehicle-infused rats, whereas improved memory impairment 
induced by P-amyloid protein-infusion. After the behavioral study, 20-gm 
frozen sections of the brain from all rats were cut, and staned by the TUNEL 
method. Apoptosis was observed in the hippocampus of p-amyloid protein- 
treated rats, and GLP-1 (7-36)NH2 prevented the progress of apoptosis. 
Injected GLP-1 (7-36)NH2 may additively work with endogenous GLP-1 in the 
hippocampus, and the improving effects on memory impairment may be due 
to prevention of neuronal death. Supported by the Sci. Res. Prom. Fund.

742.14

CORRELATION OF ALTERED HIPPOCAMPAL
SYNAPTIC TRANSMISSION WITH AGE-RELATED 
NEUROPATHOLOGY IN B-AMYLOID PRECURSOR 
PROTEIN TRANSGENIC MICE. J.L. Giacchino1*, S.J. 
Henriksen1, D, Games2. E. Battenberg1 and F, Bloom1. ‘Dept. of 
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 
92037; 2Elan Pharmaceuticals, South San Francisco, CA 94008.

The progressive neurodegeneration of Alzheimer's disease (AD) is 
associated with characteristic neuropathology including amyloid B- 
protein (AB) deposition, neuritic plaque formation, synaptic loss and 
gliosis. These exhibit regional specificity for the hippocampus and 
other brain areas important in memory and learning. Transgenic mice 
overexpressing a mutant human amyloid precursor protein (hAPP) 
exhibit age-dependent neuropathology similar to that seen in AD 
(Games et al., 1995). To elucidate the relationship between functional 
and histopathological changes in this mouse model of AD, in vivo 
alterations in hippocampal neurotransmission were examined and 
compared with neuropathological findings in both young (3-4 mo) and 
aged (24-27 mo) transgenic (Tg) mice and nontransgenic (nonTg) 
littermates. Extracellular electrophysiological recordings were obtained 
in the hippocampal CA1 cell field and dentate gyrus (DG) of aged and 
young adult urethane-anesthetized mice. In aged Tg mice, significant* 
changes in hippocampal neurotransmission included increases in CA1 
evoked response latency, decreases in CA1 neuronal population 
amplitudes and decreased intrinsic facilitation in both CA1 and DG. 
These changes were not statistically significant in young adult mice. 
However, CAT synaptic plasticity was attenuated m both aged and 
young Tg mice. Histopathological changes, including distribution and 
levels of hAPP and AB, were compared to electrophysiological data. 
Alterations in hippocampal synaptic transmission reflect the extent of 
hAPP/AB-associated pathology prior to extracellular AB deposition.
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742.15
LOSS OF LAYER II CELL ISLANDS IN RAT DORSOLATERAL 
ENTORHINAL CORTEX FOLLOWING TRANSECTION OF THE 
PERFORANT PATHWAY. L.A Rothblat1'2*. R.M. Torrisi-Gavin1. 
A, Izquierdo1 and J.M. Rosenstein2 , Department of Psychology 1 and 
Department of Anatomy & Cell Biology2, The George Washington 
University , Washington, DC 20052.

The entorhinal cortex (EC) is distinguishable from other cortical regions 
because of its unique cytoarchitectural organization. Unlike other regions 
where large neurons are located in the deeper cortical layers, many of the 
largest neurons in EC are found in layer II. Moreover, in many species, 
including humans, monkeys and rats, EC layer II cells are arranged in 
islands or clusters. The islands are made up of neurons with axons that 
project to the hippocampus via the perforant pathway and local circuit 
neurons that form intrinsic connections. While their functional 
significance remains to be determined, degenerative changes in EC cell 
islands are an early occurring and defining feature of Alzheimer's disease 
(AD), and loss of these cells is thought to contribute to the memory 
impairments that characterize AD. We previously have shown that 
bilateral transection of the perforant pathway in the rat leads to a severe 
and long-lasting impairment in declarative memory (Vnek et al., L 
Neurosci.. 1995). We now report that this axotomizing lesion also results 
in the loss of nearly all layer II island cells in dorsolateral EC. It thus 
appears that this model can be a useful tool for studying the progression 
of neurodegenerative and mnemonic changes that are seen in AD.

742.16
ACTIONS OF AMYLOID p-PROTEIN (Ap) ARE MODULATED BY PROTEIN 
TYROSINE KINASE (PTK) IN RAT CHOLINERGIC BASAL FOREBRAIN 
NEURONS. Kim H. Harris*. Caroline Cho. David MaeTavish, Balvinder Jassar and 
Jack H. Jhamandas. Department of Medicine, Division of Neurology, University of 
Alberta, Edmonton, Alberta, Canada T6G 2B7

AP, a 39-43 amino acid peptide, is a primary pathological feature of Alzheimer’s 
disease (AD), a condition characterized by a loss of cholinergic neurons in the basal 
forebrain that includes the diagonal band of Broca (DBB). We have previously 
reported that Ap modulates the excitability of DBB neurons through its actions on 
specific potassium conductances. PTK phosphorylation is an important biochemical 
event in die signal transduction of ion channels. PTK activity is present in the DBB. 
Therefore, we examined if the effects of Ap on identified cholinergic DBB neurons 
are mediated through PTK .

In acutely dissociated DBB neurons, bath application of Ap (25-35)(l pM) caused 
a reversible reduction of whole-cell currents in the -30 to +30 mV range (n=45). In 
the presence of genistein (100 pM, n=7), and tyrphostin B-44 (50 pM, n=6), inhibitors 
of PTK, Ap caused no further reduction in whole-cell currents (p < 0.05). However 
application of daidzein, an inactive analog of genistein, did not occlude the response 
to AP (n= 6, p <0.01). Using single cell RT-PCR analysis, we further determined that 
the effects of Ap were specific to cholinergic neurons of the DBB.

The present study provides insights into the intracellular signal transduction 
mechanisms that underlie the actions of AP in the basal forebrain. PTK 
phosphorylation may represent a pathway for prolongation of the effects of AP on 
cholinergic basal forebrain neurons. These observations could contribute to further 
understanding the role of Ap in AD.

Supported by the Medical Research Council of Canada and the Alberta Heritage 
Foundation for Medical Research

742.17

THE EFFECT OF IBUPROFEN ON SYNAPTIC MARKERS AND OPEN 
FIELD ACTIVITY IN HuAPPSw MICE. GP. Lim1'4*, T. Tran1, O. Ubeda1, F. 
Yang1,4, T, Chu1,4, W, Beech1, E. Gahtan2, J.J. Sigel1, S. Miller1, K. Hsiaoa,
and G.M. Cole1'4. Sepulveda VAMC GRECC 11E. CA: 91343: Depts of
Psychology.2 and Neurology.3, University of Minnesota; 55455; 4University of 
California, Los Angeles, Depts of Medicine and Neurology, CA 90095.

Previously, we reported widespread microglial activation, neuritic plaques, 
and impaired spatial learning in HuAPPSw (Tg2576) mice. Because many 
patients are taking OTC ibuprofen to treat or prevent Alzheimer’s disease 
(AD), we decided to test our hypothesis that ibuprofen would reduce 
inflammation, AD pathology, and behavioral deficits by studying its effects on 
regional synapse degeneration and open field activity in these mice. Ten 
month old Tg (+) and (-) mice were fed rat chow containing 375 ppm 
ibuprofen for 6 months before assays were performed. Immunoblotting 
showed that synaptophysin levels in the entorhinal cortex were elevated 21% 
in the Tg (+)-treated group (p=0.07, n=14) compared to the Tg (+)-untreated 
when normalized to actin. SNAP-25 expression was also increased 20% in 
the Tg (+)-treated group (p=0.09). No changes in synaptophysin or SNAP-25 
levels were seen in the Tg (-) groups. In open field activity assays, ibuprofen 
treatment corrected the hyperactivity normally seen in Tg (+) mice. 
Immunohistochemical analysis of inflammatory markers and neuritic plaques 
and measurement of CNS interleukin-1 p and Ap levels are in progress. This 
data indicates that a chronic high dose of ibuprofen affects pathology and 
locomotor activity in these transgenic mice. Supported by NIA-AG13471 
(GMC).

EXCITATORY AMINO ACIDS: EXCITOTOXICITY AND CELL DEATH VI

743.1

RAPID RECOVERY OF DENDRITIC SPINES AFTER SUBLETHAL 
GLUTAMATE RECEPTOR ACTIVATION IN CORTICAL CULTURES. M.J. 
Hasbani, D.A. Fisher, M P. Goldberg. Dept. of Neurology, Washington 
Univ. School of Medicine, St. Louis, MO 63110.

Dendritic spine loss is a hallmark of many neurodegenerative diseases, 
including stroke and epilepsy. Loss of spines occurs immediately after 
excitotoxic insults even in the absence of subsequent cell death 
(Neurobiol.Dis.3:215,1996). However, the fate of spines, once lost, is 
unclear. We have investigated whether dendritic spines recover after 
sublethal glutamate receptor activation in dissociated cortical cultures. 
Dendritic morphology in 15 day old cultures was assessed by labeling fixed 
cells with Dil or transfecting neurons with eYFP. Dendritic spine density was 
determined in 50-100 pm dendritic segments of Dil labeled cortical neurons.

Application of NMDA (30 pM) or kainate (100 pM) resulted in segmental 
dendritic beading and loss of dendritic spines within 10 minutes. After 
agonist application, spines retracted and were absorbed into the 
varicosities. Spine density was reduced to 30% of control levels 
immediately after 10 min of glutamate receptor activation. Varicosities 
resolved over the subsequent 30 to 120 min after drug washout. Many 
spines recovered through elaboration of long, thin filopodia-like structures 
which were irregularly distributed along the dendritic shaft. Spine density 
returned to control levels after 2 hrs of recovery in cultures treated under 
these conditions and remained stable up to 24 hrs.

These studies show that sublethal excitotoxic injury leads to reversible 
loss of spines. Spines may recover in injured neurons by recapitulating the 
process of spine growth in developing neurons. Supported by the American 
Heart Association and NIH NS32636.

743.2

FAC1 EXPRESSION AND FUNCTION DURING GLUTAMATE 
INDUCED EXCITOTOXICITY. G, J. Kress*. J, L, Rhodes. R, Bowser, 
and I, J, Reynolds. Depts. of Pharmacology and Pathology, Univ. of 
Pittsburgh, Pittsburgh, PA 15261.

FAC1, a novel transcription factor, is hypothesized to play an active 
role during neuronal differentiation and brain injury or disease. FAC1 is 
expressed at high levels during brain development and at lower levels in 
adult brain. In patients with Alzheimer's Disease or amyotrophic lateral 
sclerosis (ALS) there is an increase in FAC1 expression and redistribution of 
protein out of the nucleus and into the cytoplasm. In this study we 
investigated the characteristics of FAC 1 expression in primary cultures of 
neural cells from rat brain.

In neonatal rat forebrain co-cultures of neurons and glia, FAC1 
protein is observed throughout the cytoplasm and nucleus. This is in 
contrast to a predominantly nuclear location of FAC 1 in neurons of the adult 
rat brain. Within one hour after exposure to a 10 min, 100 pM glutamate 
stimulation, FAC1 is redistributed to the cytoplasm of both neurons and 
GFAP positive glia. Exposure of pure astrocytic cultures also resulted in the 
relocalization of FAC 1 staining from the nucleus to the cytoplasm. We are 
currently investigating which glutamate receptor(s) are responsible for this 
phenomenon. We believe that FAC1 along with other transcription factors, 
are important components of the glutamate receptor signaling pathway in 
astrocytes, and may play a role in regulating glial derived excitotoxicity 
observed in ALS. Current studies include gel mobility shift assays to 
directly determine altered function of FAC 1 and other transcription factors in 
astrpcytic cultures after glutamate treatment. Supported by NS34138, 
USAMRMC, American Heart Association, and the ALS Association.
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743.3
INCREASED EXPRESSION AND UPTAKE ACTIVITY OF THE GLAST 
TRANSPORTER DURING THIAMINE DEFICIENCY IN CULTURED 
ASTROCYTES. A.S. Hazell,1* D.V. Pow,2 and R.F. Butterworth1. 'Neuroscience 
Research Unit, Hopital Saint-Luc (University of Montreal), Montreal, Quebec, Canada; 
2Dept of Physiology and Pharmacology, University of Queensland, Brisbane, Australia.

Although previous studies have demonstrated an increase in extracellular glutamate 
concentration in vulnerable brain regions as a consequence of pyrithiamine-induced 
thiamine deficiency (PTD), the mechanism by which this occurs is currently unclear. 
Since glutamate transport is a major function of astrocytes and changes in their 
morphology represent one of the earliest pathological alterations in brain during the 
evolution of this disorder, we have examined the effect of PTD on glutamate 
transporter expression and function in these cells in primary culture. Astrocytes 
prepared from newborn rats were subjected to thiamine deficiency over a period of 10 
days by inclusion of 10-200 pM pyrithiamine in the culture media. Treatment with 10 
pM pyrithiamine led to an increase in [3H]-D-aspartate uptake, a non-metabolized 
analogue of glutamate, while 50 and 200 pM pyrithiamine resulted in decreased uptake 
but was associated with astrocytic cell death. Kinetic analysis of [3H]-D-aspartate 
uptake following exposure to 10 pM pyrithiamine revealed a 34% increase in Vmai, 
with no change in the Km value. While glutamate release was unaffected, [3H]-D- 
aspartate accumulation was increased in these cells by 126% following 2 hr of 
preloading. Immunoblot analysis of the astrocyte glutamate transporter GLAST 
revealed a 20% upregulation in levels of this protein in PTD-treated cells. Levels of the 
other glutamate transporter subtype GLT-1 were undetectable in culture. These findings 
indicate that exposure of astrocytes to pyrithiamine leads to a stimulation of glutamate 
uptake brought about by an upregulation of the GLAST transporter. Such an increase 
in glutamate uptake can lead to astrocyte swelling and eventual release of glutamate, 
suggesting an important role for this process in the pathophysiology of thiamine 
deficiency. (Supported by a grant from the Medical Research Council of Canada)

743.4
DECREASED PLATELET GLUTAMATE UPTAKE IN AMYOTROPHIC 
LATERAL SCLEROSIS (ALS).
C.Ferrarese*, G.Sala, C.Zoia1, B.Begni, R.Riva, T.Mennini2, E.Beghi and
L.Frattola. Department of Neurology and Anatomy1, University of Milan - 
Ospedale San Gerardo, Monza and2 "Mario Negri" Institute, Milano, ITALY.

Excitotoxicity seems to play a major role in motor neuron degeneration in ALS. 
Decreased glutamate uptake has been shown in synaptosomes from spinal cord and 
motor cortex of ALS patients; more recently, the uptake decrease has been linked 
to altered expression of the astrocytic glutamate transporter EAAT2 (GLT-1), due 
to abnormal mRNA splicing. To assess whether glutamate uptake can be a marker 
of disease progression and/or is observed in genetically susceptible individuals, we 
used platelets, which possess a high-affinity glutamate uptake, similar to that 
described in brain synaptosomes, and express EAAT2.

Glutamate uptake was determined in platelets from 41 ALS patients, 20 relatives 
and 32 age-related normal controls, as Na+-dependent [3H]glutamate influx. 
EAAT2 transporter expression was investigated by Western blot analysis using 
polyclonal rabbit antibodies.

A 38% reduction of glutamate uptake (p< 0.005) was observed in ALS patients, 
compared to controls; the decrease was not correlated with the disease severity, 
measured by the Norris scale, suggesting that glutamate uptake decrease could be 
an early marker of ALS. A 43 % reduction of glutamate uptake (p< 0.005) was also 
observed in relatives of ALS patients, compared to controls. Preliminary studies in 
10 ALS patients have shown an increased EAAT2 expression, which could be a 
mutated-non functional protein or a compensatory phenomenon for decreased 
activity of other transporters. Our data support a possible use of platelets as 
peripheral model of excitotoxic phenomena in ALS.

Source of founding was the University of Milan.

743.5
ASTROCYTES ARE RAPIDLY AFFECTED BY EXCITOTOXIC NEURONAL 
INJURY IN RAT STRIATUM. N. Finotti *, R. Schmidt-Kastner, I. Saul, M. 
Remmers, R. Busto and M.D. Ginsberg. Cerebral Vascular Disease Research 
Center, Dept. of Neurology (D4-5), University of Miami School of Medicine, 
Miami, FL 33101.

Incomplete infarction is characterized by common neuronal and astrocytic 
damage while vasculature and tissue texture are preserved. The development of 
astrocytic damage is not fully understood, e.g. rapid neuronal injury may 
negatively influence surrounding astrocytes. NMDA-type glutamate receptors are 
widely expressed in neurons, whereas mature astrocytes lack NMDA receptors. 
Taking advantage of this separate receptor localization, we induced an excitotoxic 
neuronal insult using the NMDA-receptor agonist, quinolinic acid (QUIN), and we 
used immunohistochemical markers for neurons and astrocytes.

Rats were anesthetized with halothane and infused with QUIN (250 nmol in lpl) 
into the striatum, unilaterally. Brains were perfusion-fixed after 6, 24 and 72 h 
(n=4-6), together with sham controls (n=8). Frontal sections (50 pm) were reacted 
free-floating with multiple immunohistochemical markers using the PAP- 
technique. Monoclonal antibody “NeuN” was used to label forebrain neurons; 
GFAP for astrocytes; GFAP, vimentin and nestin served to detect reactive 
astrocytes; HRP-conjugated isolectin GSA-I-B4 detected microglial cells; nestin, 
vimentin and von-Willebrand-factor marked vessels.

In the QUIN-infused striatum, NeuN-labeling decreased between 6 and 24 h, 
indicating severe neuronal damage. In a central area, GFAP decreased from 
baseline levels at 6 h and remained abnormally low. The NeuN/GFAP-negative 
zone was surrounded by reactive astrocytes with strong GFAP-, vimentin- and 
nestin reactivity by 24 and 72 h. Microglia, phagocytes and capillaries proliferated 
within and around the NeuN/GFAP-negative zone.

NMDA-receptor overstimulation of neurons could trigger acute astrocytic 
damage which is characterized by decreased GFAP-Iabelling and failure to 
upregulate GFAP, vimentin or nestin. (Supported by NS05820).

743.6

NEURONAL DEATH AND BLOOD-BRAIN BARRIER 
BREAKDOWN AFTER EXCITOTOXIC INJURY ARE 
INDEPENDENT PROCESSES. Zu-Lin Chen 12, Justin A. Indyk 12 3, 
Keith W. Kombrinck4, Jay L, Degen 4 and Sidney Strickland 1,2 *
1 Department of Pharmacology,2 Program in Genetics,3 MSTP Program, 
University at Stony Brook, Stony Brook, NY 11794-8651.4 Division of 
Developmental Biology, Children’s Hospital Research Foundation,
Cincinnati, OH 45229.

Neuronal damage in the CNS after excitotoxic injury is correlated with 
blood-brain barrier (BBB) breakdown. We have used a glutamate analog 
injection model and genetically altered mice to investigate the relationship 
between these two processes in the hippocampus. Our results show that BBB 
dysfunction occurs too late to initiate neurodegeneration. In addition, plasma 
infused directly into the hippocampus is not toxic and does not affect 
excitotoxin-induced neuronal death. To test plasma protein recruitment in 
neuronal degeneration, we utilized plasminogen-deficient (pig’ ’) mice, which 
are resistant to excitotoxin-induced degeneration. Plasminogen is produced in 
the hippocampus and is also present at high levels in plasma, allowing the 
contribution of each source to cell death to be determined. Intra-hippocampal 
delivery of plasminogen to pig’7' mice restored degeneration to wild type 
levels, but intravenous delivery of plasminogen did not. Finally, although the 
neurons in pig"7' mice do not die after excitotoxin injection, BBB breakdown 
occurs to a similar extent as in wild-type mice. These results indicate that 
excitotoxin-induced neuronal death and BBB breakdown are separable events 
in the hippocampus. This work was supported by HFSP (LT0486) to Z.-L. C. 
NIH grant (NS-35704) and the American Cancer Society grant (CB205) to
S.S.

743.7

The kainate-induced prostaglandin Ez release in the primary neuronal 
culture through COX-1 but not COX-2. E.J. Kim1*, J.E. Lee2, S.H. 
Jang2,S.H.Lee', C.H.Moon1, E.J.Baik1 'Dept.of Physiology, School of 
Med., AjouUniv., Suwon 442-749; 4Dept. of Anatomy, Col lege of Medicine, 
Yonsei Univ., Seoul 120-749, Korea
The expression of COX-2 in kainate-induced seizure model was closely 
associated with neuronal death. The release of prostaglandins, final 
products of COX in the pathological conditions such as ischemia and 
seizure was increased. Indomethacin, nonselective COX inhibitor, or 
NS-398, COX-2 selective inhibi tor showed the possibi 1 i ty of protection 
in neuronal death fol lowing ischemic or kainate induced neuronal death, 
though indomethacin or COX-2 selective inhibitors aggravated the 
seizure and following neuronal death in vivo model. We investigated 
the effect of COX inhibitors in kainate- induced PGE2 release and 
neuronal death in primary cortical, hippocampal pure neuron, 
cortical/astrocyte, hippocampal/astrocyte mixed culture. The 
neuronal cells were exposed to kainate(100 uM) for 24 hours. Neuronal 
cell death was measured by LDH assay and release of PGE2 was assayed 
by EIA. COX activity was assayed by measurement of PGE2 in the presence 
of 3 uM arachidonic acid. Also, indomethacin(20uM), aspirin(200uM), 
ketoprofen (20uM), NS~398(20uM), nimensulide(20 uM) and celecoxib(20 
uM) were administered 30 min. before kainate treatment. We observed 
the increase of PG E2 and COX activity in cortical, hippocampal pure 
neuron and mixed culture. Indomethacin, aspirin, ketoprofen and 
flurbiprofen(C0X-l preferential inhibitor) completely reduced PGE2 
and COX activity, whi le NS-398 and celecoxib could not reduce increased 
COX activity by kainate. In addition to, indomethacin and NS-398 
prevented partially neuronal cell death in hippocampal/astrocyte 
mixed culture. This study suggested kainate-induced PGE2 release was 
through COX-1 but not COX-2.

743.8

CHEMOKINES AFFECT NEURONAL TOXICITY INDUCED BY 0- 
AMYLOID OR NMDA IN CULTURE. M, D’Onofrio1* G. Besong1, R. 
Ngomba1 V. Bruno1, A. Copani2 and F. Nicoletti1’3. h.N.M. Neuromed. 
Pozzilli; ^Departments of Pharmaceutical Sciences and Chemical Sciences, 

University of Catania, Italy.
In the CNS, chemokines are mainly produced by astrocytes and microglia, 

whereas their receptors are also present in neurons. Several members of the CC, 
CXC or CX3C chemokine subfamilies have been reported to affect neuronal Ca2+ 
signalling and attenuate gpl20-induced apoptosis in hippocampal neurons 
(Meucci et al., Proc. Natl. Acad Sci. USA 95: 14500, 1998). Since chemokines 
are involved in neuroinflammation, which is a common feature of 
neurodegenerative disorders such as stroke or Alzheimer's disease, we decided to 
investigate whether they affect neuronal damage induced by p-amyloid peptide 
(PAP) or excitotoxins. In pure cultures of rat cortical neurons, addition of PAP in 
the presence of a cocktail of ionotropic glutamate receptor antagonists induced 
the development of neuronal apoptosis followed by secondary necrosis.The CC 
chemokine, RANTES (100 ng/ml), was neuroprotective against PAP-induced 
apoptosis, whereas MCP-1 and the CXC chemokine MIP-2 were virtually 
inactive. This scenario was different from that observed in mixed mouse cortical 
cultures challenged with NMDA where RANTES and MEP-la (which interact 
with the same chemokine receptors) potentiated neurotoxicity. IL-8 and IP-10 
also enhanced neurotoxicity when applied for 20 hours following a 10-min pulse 
with NMDA although IL-8 appeared to be protective when applied for 2 hours 
prior to NMDA. We conclude that chemokines differentially affect neuronal 
damage depending on the culture model and the paradigm of toxicity.
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743.9
BEHAVIOURAL TOXICITY OF DOMOIC ACID AND KAINIC ACID AT 
DIFFERENT STAGES OF RAT DEVELOPMENT. T.A, Doucette* and R.A.R. 
Tasker. Department of Anatomy & Physiology, Atlantic Veterinary College,
UPEI, Charlottetown, Prince Edward Island, Canada, CIA 4P3

Domoic acid (DOM) and kainic acid (KA) are both agonists at AMPA/kainate 
subtypes of glutamate receptors. Previous studies in adult rodents have shown 
both similarities and differences in the in vitro and in vivo pharmacology of these 
ligands. Our objective was to compare the behavioural toxicity profiles of DOM 
and KA in newborn rats at various stages of postnatal development- Aduit 
Sprague-Dawley rats (200-300g) were housed in a colony room with food and 
water available ad libitum. Females were harem-mated with males and the time of 
birth for each litter was recorded. For each litter the first 24 hours following birth 
was defined as post-natal day 0 (PO). Data from male and female pups were 
analyzed separately at first, but later grouped because no significant gender 
differences were found. Groups of rat pups (N=4 for each) were administered 
saline or varying doses of DOM or KA on P8 and P14 for both sexes. Toxicity 
was recorded as both cumulative behavioural toxicity according to a 4 point scale 
and as latency to the onset of persistent motor seizures. Analysis of the data 
revealed that on P8 KA was about one fourth as potent as DOM (TD so = 400 and 
95 gg/kg, respectively) whereas this difference increased to almost 10-fold at Pl4 
(TDS0 = 1300 and 145 pg/kg, respectively). Differences in both sub-convulsive 
and convulsive behaviours in animals receiving DOM or KA at different ages 
were also noted. No differences were observed between male and female animals 
at any dose or age. We conclude that a currently unidentified event during CNS 
maturation effectively differentiates between the behavioural toxicity profile of 
these two structurally similar excitotoxins.

743.10

NEUROTOXICITY OF GLUTARIC AND 3-OH GLUTARIC ACIDS 
IN AN IN VITRO MODEL OF GLUTARIC ACIDEMIA: A 
COMPARISON TO QUINOLINIC ACID TOXICITY
K B. Bjugstad1*. W.M, Zawada1. S.I. Goodman2, C.R. Freed1
Div Clin. Pharmacol1 & Depts. of Pediatrics2, U. Colorado Sch of Med. 
Denver. CO 80220

Glutaric Acidemia Type I is due to an inherited deficiency of glutarvl- 
CoA dehydrogenase, an enzyme involved in the metabolism of tryptophan 
and lysine. Decreased enzyme activity results in an increase in urinary' and 
CSF levels of glutaric acid (GA) and 3-hvdroxyglutaric acid (3-GA). 
Additionally, there is a specific atrophy of the caudate-putamcn possibly due 
to the loss of medium spiny-neurons. This study compared the in vitro 
neurotoxicity of GA and 3-GA to quinolinic acid (QUIN) in rat embryonic 
striatal cells (ED 15). Cells were exposed to 0, 5, 9, 16 or 50 mM of QUIN, 
GA, or 3-GA for 24 hours. Results show that both GA & 3-GA were more 
toxic than QUIN alone. 100% cell death was seen at 9 and 16 mM 
concentrations of GA and 3-GA, whereas QUIN treated cells, at the same 
concentrations, showed greater than 50% survival. Subtoxic concentrations 
of GA and 3-GA (5 mM) potentiated the neurotoxicity of QUIN. We 
conclude that the increased levels of GA and 3-GA in the CNS may 
contribute to striatal cell death. Since QUIN has been suggested as 
contributing to striatal degeneration in this disorder, the combination of GA. 
3-GA, and QUIN may be important in the degeneration of the caudate- 
putamen seen in glutaric acidemia patients.

This research was supported by grant # M01 RR00069 Gen Clin Res Ctr 
Prog Natl Ctr Res Resources, NIH; NS 18639, NIH, Natl Parkinson’s 
Foundation and Program to End Parkinson’s Disease.

743.11

IN VIVO IMAGING WITH MICROPET REVEALS PROGRESSIVE METABOLIC 
AND DOPAMINE RECEPTOR DEFICITS IN THE STRIATUM OF RATS WITH 
UNILATERAL QUINOLINATE LESIONS. D. M. Araujo*, S. R. Cherry, T. 
Toyokuni, H. I. Komblum. Depts. Pharmacol. & Pediatrics, Brain Res. Inst., UCLA, 
Los Angeles, CA 90095.

Positron emission tomography (PET) has been used extensively to 
characterize changes in cerebral glucose metabolism and neurotransmitter receptors in 
neurodegenerative diseases. In Huntington’s disease (HD) and primate models of the 
disease, PET imaging has demonstrated consistently a severe reduction in 
[18F]fluorodeoxyglucose (FDG) uptake in the striatum and cerebral cortex, as well as 
decreased levels of dopamine DI and D2 receptors. However, only recently, with the 
development of a high-resolution microPET scanner, has in vivo PET imaging of 
rodent models of HD become a feasible prospect. Rats with unilateral striatal 
quinolinic acid (QA) lesions exhibited metabolic deficits characterized by decreased 
FDG uptake ipsilateral to the lesion that were apparent as early as 1-5 days post-
lesion. In contrast, striatal dopamine D2 receptors, assessed using in vivo 
[18F]fluoroethylspiperone (FESP) binding, were not decreased significantly until at 
least 2-3 weeks post-lesion in the same rats that showed prominent decrements in 
FDG uptake early on. By 5 weeks post-lesion, FDG uptake and FESP binding were 
reduced significantly by 43.6 ± 4.1 and 40.3 + 3.2% (n=l 1) of the contralateral intact 
striatum, respectively. The in vivo decrements in dopamine receptor binding in the 
lesioned striata were confirmed by in vitro receptor autoradiography using 
[3H]spiperone binding. Moreover, other markers of the GABAergic striatal projection 
neurons that are most vulnerable to QA-induced degeneration such as 3H-SCH-23390 
(DI) binding and GAD in situ hybridization histochemistry were diminished to 
similar extents. In summary, the current results demonstrate that functional imaging 
using microPET is a useful tool to follow the progression of neurodegeneration in the 
same animal and may have future applications for the in vivo assessment of cell 
transplant and neuroprotective factor viability and efficacy in small animal models of 
CNS diseases. (Supported by DoE and NIH)

743.12

ISCHEMIC MODULATION OF EEG ACTIVITY IN RAT BRAIN SLICES
G. D. Rabinovich* H. S. Lukatch, F. A. Monroe and M. B. Maclver.
Dept. of Anesthesia, Stanford University School of Medicine, Stanford, CA 94305

EEG recordings exhibit profound and stereotypic alterations during transient 
ischemia in mammals. This study examined the effects of hypoglycemia, hypoxia 
or both (simulating full ischemia) on theta frequency micro-EEG oscillations evoked 
in rat neocortical brain slices using the cholinergic agonist carbachol (100 pM) and 
the GABAa  antagonist bicuculline (10 pM). Brain slice micro-EEG signals were 
altered by hypoxia, hypoglycemia and ischemia in a manner analogous to changes 
seen in vivo-, theta activity was replaced with delta waves and burst suppression 
discharges which progressed to isoelectric signals. Time to onset of isoelectric 
activity was faster under ischemic (7.0 ±1.8 min) and hypoxic (5.0 ± 1.5 min) 
conditions, than under hypoglycemia (25.6 ± 3.8 min, p<0.01, ANOVA). 
Ischemia-induced isoelectric activity preceded depression of an evoked population 
spike to 10% of control amplitude (12.6 ± 2.2 min, p<0.01, ANOVA). Under 
hypoxia and hypoglycemia, isoelectric activity occurred prior to significant 
population spike depression (87.7 ± 16.9% control, p>0.35 (t-Test compared with 
control) for hypoglycemia; 93.6 ± 27.0%, p>0.72 for hypoxia). Spreading 
depression (SD) was observed in 11/12 (91.7%) ischemic slices but not in hypoxic 
or hypoglycemic slices (0/5 for each condition). In all cases, SD occurred later than 
isoelectric activity (p<0.01, ANOVA). Theta oscillations recovered within 10 
minutes of restoration of oxygen and/or glucose in 13/14 (92.9%) slices that did not 
undergo SD. However, slices that underwent SD failed to recover theta activity 
(0/5), though all (5/5) at least partially recovered the population spike (>40%). 
These results suggest that synchronized micro-EEG activity may be a useful and 
sensitive indicator of early-onset and possibly reversible ischemic damage.

Supported in part by NIH GM49811 and a Howard Hughes Summer Fellowship.

743.13

MULTIPLE NEURONAL LAMININ CHAINS ARE 
EXPRESSED IN THE ADULT MOUSE HIPPOCAMPUS
Justin A. Indyk 12’3, Zu-Lin Chen12, Fernando J. Salles 1,2 * and Sidney
Strickland1,2,
1 Department of Pharmacology,2 Program in Genetics, and3 MSTP Program, 
University at Stony Brook, Stony Brook, NY 11794-8651.

Laminin is emerging as an important component of the extracellular matrix 
in the nervous system, and is important in the formation and function of the 
synapse, neuronal migration, regeneration and neuronal viability. Recent data 
implicate a tPA/plasmin proteolytic cascade and downstream laminin 
degradation in neuronal death after acute excitotoxic injuiy. To clarify the 
role of laminin in excitotoxic neuronal death, we examined the hippocampal 
laminin chains and the cell types expressing them. Reverse-Transcription- 
PCR (RT-PCR) revealed that, of the ten known laminin chains (alpha 1-5, 
beta 1-3, gamma 1-2), all were expressed except for y2. In addition, RNA in 
situ hybridization confirmed the expression of many of these chains, including 
al, a2, a4, a5, pi, P3, andyl. Immunostaining experiments further showed 
that for the beta and gamma chains, p 1 and yl appear to be the major species, 
respectively, whereas for the alpha chains, the hippocampal expression pattern 
may be more complex. Both RNA in situ and immunostaining patterns point 
to neuronal expression of these chains, which is consistent with important 
roles for laminin in the nervous system.
This work is supported by grants from NIH (to J. A.I. and S.S.) and MSTP (to
J.A.I.).

743.14

NMDA-INDUCED EXCITOTOXICITY IN NEURONS IS INHIBITED BY
ARGININE RELEASED FROM GLIAL CELLS
G. Grima*, B. Benz, K.Q, Do Hopital Psychiatrique Universitaire de Cery,
Lab. de Neurosciences Psychiatriques, 1008 Prilly-Lausanne, Switzerland

Overstimulation of V-methyl-D-aspartate (NMDA) receptors leads to 
neuronal cell death via activation of the neuronal nitric oxide synthase (nNOS). 
nNOS generates NO and superoxide at low L-arginine (Arg) concentrations. 
This might lead to the formation of the potent oxydant peroxynitrite. Glial 
cells, but not neurons, release Arg upon activation of glial glutamate receptors 
(Grima et al., 1997). Glial cells thus supply nNOS containing neurons with 
Arg. Moreover, this glial-neuronal Arg transfer controls the generation of NO 
by the nNOS (Grima et al., 1998). In the present study, we have investigated 
the role of the Arg availability and of its transfer from glial cells to neurons in 
the NMDA-induced cell death in neuronal cultures. 5min application of lOOpM 
NMDA evoked a significant increase in cell death, which was blocked by the 
antagonist of NMDA receptors, MK801, the NOS inhibitors NNA and 7- 
Nitroindazole, and the superoxide scavengers SOD and MnTBAP. The 
peroxynitrite scavenger uric acid also blocked the NMDA-induced toxicity. 
The effect of NMDA was inhibited by the presence of L-Arg (lOpM-lmM) 
during its application, whereas D-Arg (ImM) did not exert this inhibition. 
500pM glutamate elicited an increase in the extracellular Arg level from glial 
cell cultures. Addition of this glial conditioned medium (GCM), together with 
NMDA, significantly reduced the toxic effect of NMDA (from 84±3% to 
55±6% cell loss). Following the enzymatic removal of Arg, the GCM no longer 
inhibited NMDA-evoked cell loss. These data demonstrate that the glial- 
neuronal transfer of Arg is a determining factor in excitotoxicity.
(Human Frontier Science Program and Swiss National Foundation)
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743.15

N-METHYL-D-ASPARTATE RECEPTOR-INDUCED 
ACTIVATION OF THE RAP1 GTPASE IS MEDIATED BY 
NITRIC OXIDE K.Nandagopal1*, T.M. Dawson12 and
V.L.Dawson12 3 Departments of Neurology1 , Neuroscience2, and 
Physiology ’, Johns Hopkins University School of Medicine, Baltimore, 
MD 21287.

Although they are highly conserved across diverse species, the normal . 
biological functions of the Ras-related Rap GTPases are poorly 
understood. Studies in mammalian cells indicate that these proteins can 
be activated by calcium-dependent signaling events. Calcium influx 
through the NMDA receptor plays important roles in processes such as 
synaptic plasticity and excitotoxic cell death. In neurons, calcium and 
calmodulin are required for the enzymatic synthesis of nitric oxide from 
L-arginine. Nitric oxide has been implicated in neuronal survival, 
differentiation and plasticity, as well as its established role in 
neurotoxicity. Previously we showed that NMDA receptor-mediated 
increase in nitric oxide could activate p21ras. Thus, it was of interest to 
examine whether endogenous nitric oxide could activate other GTPases 
such as, the Rapl GTPase in response to NMDA receptor stimulation. 
Using an in situ GTP loading assay in which Rapl activation is 
monitored by the exchange of bound GDP for GTP, we observe a dose- 
dependent increase in the GTP-bound form of Rapl in response to 
NMDA applied to intact cortical neurons. Nitro-L-arginine methyl 
ester, a competitive nitric oxide synthase inhibitor, prevents Rapl 
activation elicited by NMDA. The results suggest that Rapl is a 
physiologic effector of NMDA receptor-mediated signaling pathways. 
(Supported by the NIH and American Heart Association and National 
Alliance for Schizophrenia and Depression)

743.16
NITRIC OXIDE TOXICITY IN CULTURED RAT FOREBRAIN NEURONS IS 
MEDIATED BY AN ELEVATION OF EXTRACELLULAR GLUTAMATE. Y. 
Zhang* and P.A. Rosenberg. Dept. of Neurology, Children’s Hospital, Boston, MA 
02115.

Nitric oxide (NO) is an important signaling molecule in the central nervous system. 
While it has long been suggested that NO can cause neuronal death, the mechanisms 
of NO toxicity are not fully understood. Using cultures of nearly pure rat forebrain 
neurons, we studied the effect of two NO donors on neuronal survival. We first 
studied 3-morpholinosydnonimine (SIN-1), whose breakdown in the presence of 
oxygen generates NO plus superoxide anion (O2 ). After 20-24 h exposure, SIN-1 
induced neuronal death in a dose-dependent manner with complete toxicity produced 
by 1 mM. The toxicity of SIN-1 at 300 pM could be completely prevented by 
simultaneous addition of superoxide dismutase (SOD; 100 U/mL) and catalase (CAT; 
100 U/mL), indicating that peroxynitrite (ONOO) may be the toxic species rather 
than NO , consistent with previous studies [Lipton et al. (1993) Nature 364: 626-632], 
Interestingly, 10 pM MK-801 could also reverse the SIN-1 toxicity, implying that 
activation of NMDA receptors was involved. Unlike SIN-1, diethylamine NONOate 
(DEA) generates NO without O2 ‘. It was more potent, and 30 pM DEA resulted in 
complete neuronal death. This toxicity could be fully prevented by hemoglobin, but 
not by SOD/CAT. These data suggest that NO rather than ONOO' is responsible for 
DEA toxicity, and therefore different in mechanism from SIN-1. MK-801 also 
blocked the toxicity of DEA. In order to test whether the toxicity of DEA was due to 
elevated extracellular glutamate, we used an enzyme system that degrades 
extracellular glutamate and found that 10 U/mL glutamate-pyruvate transaminase 
(GPT) and 2 mM pyruvate could completely protect neurons against the toxicity 
induced by 30 pM DEA. These results suggest that glutamate release and/or transport 
mechanisms may be targets for various NO species, and underlie their toxicity. Funded 
by grants from the Muscular Dystrophy Association, the United Cerebral Palsy Foundation, the 
Ron Shapiro Charitable Foundation and NIH (NS31353 and HD 18655).

743.17

NEURONAL PROTECTION BY OXIDATIVE STRESS ANTAGONISTS ON 
KA EXICITOTOXICITY IN ORGANOTYPIC HIPPOCAMPAL SLICE 
CULTURES
W. Liu’^S. Doctrow2, and M. Baudry1. Program in Neuroscience, University of 
Southern California, Los Angeles, CA 90089-2520, and 2Eukarion, Inc., Bedford, MA 
01730.

Oxidative stress has been suggested as an important mechanism for neuronal 
excitotoxicity. Previously, we reported rapid modifications in polyamine metabolism 
after kainate acid (KA) treatment. Additional studies have shown oxygen free radical 
production resulting from the activation of the interconversion pathway for 
polyamines and deacetylation of acetyl-spermine/spermidine by polyamine oxidase 
(PAO). We therefore investigated the potential role of PAO in KA-induced 
neurodegeneration in organotypic hippocampal slice cultures (OHC). Hippocampal 
slices were prepared from postnatal day 7 rat pups and cultured for two weeks. After 
24 hrs incubation with serum-free medium, cultures were exposed to KA (50 pM) for 
3 hrs and further incubated with fresh serum-free medium for another 24 hrs. The 
synthetic PAO inhibitor, MDL 72527, was applied during serum-free preincubation as 
well as during and after KA treatment. Neuronal damage was assessed by a propidium 
iodide (PI) uptake and by LDH activity. A partial but significant decrease in PI 
staining and LDH released was observed in cultures pretreated with MDL. Moreover, 
cultures pretreated with both MDL and the mitochondria permeability transition pore 
(PTP) blocker, cyclosporin A, exhibited an almost complete protection from KA 
neurotoxicity. Furthermore, we also evaluated the effects of EUK-134, a synthetic 
superoxide dismutase/catalase analogue, on KA excitotoxicity in OHC using a similar 
approach. EUK-134 (5 pM) provide a significant protection against KA toxicity. 
These results indicate that multiple mechanisms contribute to excitotoxicity and that 
combination of pharmacological agents might be need to achieve complete 
neuroprotection.
(Supported by grants from NIMDS(NS 18527), Eukarion, Inc., and Sankyo Co.)

743.18

NEURONAL DEATH AND NEURONAL ATP DEPLETION AFTER TOXIC 
GLUTAMATE, NITRIC OXIDE DONORS AND PROOXIDANT FeCl2 
CHALLENGES. E.G. Sorokina1. V P. Reutov1. A.I. Yurayavichus1, E.N. Arsenjeva1.
A.F. Vanin2. B I Khodorov*3. VG. Pinelis1 Scientific Center of Children Health, 
RAMS2, 2Inst. of Chem. Physics RAS, 3Inst. of Gen. Pathology & Pathophysiol., 
RAMS; Moscow 117963, Russia

Recent studies suggest that free radical reactions and energy substrates depletion 
play the significant role in glutamate (Glu) neurotoxicity. The present study is designed 
to clarify the question, whether there is a correlation between neuronal death and ATP 
depletion induced by Glu, NO-donors: NaNO2, SNP, dinitrosyl iron complexes 
(DNIC), nitrosoglutathione (NG) and prooxidant FeCl2 treatment. Experiments were 
performed on cultured cerebellar granule cells (CGC). Neuronal death (ND) was 
evaluated by counting of CGC containing and excluding trypan blue 4 hr after the 
termination of neurotoxic challenges. Neuronal ATP content was measured with 
luciferase method. Application of Glu (100 pM), NaNO2 (100 pM), SNP (100 pM) and 
FeCl2 (10 pM) for 15 min induced approximately the similar ND (near 20%). 100 pM 
DNIC significantly increased ND (34%) but NG had no toxic effect at all. Just after 30 
min application of Glu the ATP level was decreased to 47% of control level. The same 
ATP depletion was revealed after termination of DNIC and FeCl2 challenges. SNP 
only slightly decreased ATP and NaNO2 had no effect. On the contrary, the ATP level 
was increased after NG treatment despite its ability to release NO. The results obtained 
suggest that. (1) there is no strict correlation between neuronal death and ATP 
depletion because the used toxic agents may act on different targets in cells - neuronal 
membrane or mithochondria; (2) the ATP increase and the lack of ND after NG 
challenge may be resulted from protective effect of glutathione (Supported by RFBR).

743.19

REACTIVE OYGEN SPECIES FORMATION AFFECTS CYTOSOLIC CALCIUM ACTIVITY AND 
MITOCHONDRIAL MEMBRANE POTENTIAL ON A DIFFERENT TIME-SCALE
T. Gillessen*, C. Grasshoff and L. Szinicz. Institut fuer Pharmakologie und Toxikologie, 
Sanitaetsakademie der Bundeswehr, Ingolstaedter Landstrasse 100,85748 Garching-Hochbrueck

Glutamate receptor stimulation and formation of reactive oxygen species (ROS) have both been 
implicated in mitochondrial dysfunction. The aim of the study was to analyze the affect of ROS on 
the time relation of cytosolic calcium activity and depolarisation of the mitochondrial inner membrane 
potential Ay following glutamate receptor stimulation Ay was measured in rat neocorbcal primary 
cultures using tetramethylrhodamineethylster (TMRE) and cytosolic calcium activity was observed 
using Calcium Green-5N (CG-5N). Time of receptor stimulation was modified systematically (0.5 
min versus 3 min) and the antioxidant trolox 1 mM was added in some experiments to test for the 
effect of ROS on calcium activity and Ay. Stimulation of NMDAtype glutamate receptors for 0 5 min 
induced a transient decline in Ay followed by complete recovery within 30 min. Addition of the 
antioxidant trolox prevented the depolarisation. Cytosolic calcium activity instantaneously increased 
with receptor activation and thereafter declined to control values within 30 min. Addition of trolox 
resulted in a smaller peak value and an earlier decline to control values. Stimulation for 3 min 
induced a sustained decline of Ay with a peak depolarisation at 15 min (fluorescence 63% of 
control) after receptor stimulation and only a slight repolarisation to 64.5% of control values Addition 
of trolox lead to a decline of Ay with oomparable kinetics and a peak depolarisation 15 min after 
stimulation but with a much smaller amplitude of peak depolarisation (fluorescence 82% of control 
values). Ay recovery was much faster and resulted in a recovery to 92% of baseline 30 min after 
stimulation. CG-5N showed comparable rise time and decay time kinetics for experiments without 
antioxidants and those after addition of trolox Only the peak of cytosolic calcium activity seems 
slightly smaller for experiments performed with addition of troloxThe data suggest, that antioxidants 
can prevent depolarisation of Ay following short stimulation of NMDA receptors, diminish 
depolarisation and accelerate repolarisation following more sustained receptor stimulation. Results 
indicate that antioxidants may exert protective effects through different mechanisms: on a fast time 
scale they may affect membrane ATPases and mitochondrial dehydrogenases leading to 
accelerated calcium clearance and maintainance of Ay. On a longer time scale the calcium 
clearance seems to be debilitated, possibly due to ATP-depletion. Therefore the effect of 
antioxidants on calcium clearance can be discovered only in the early phase after stimulation. 
Nevertheless the antioxidant trolox accelerates repolarisation of Ay probably due to inhibition of 
deleterious effects of ROS on dehydrogenases and the mitochondrial permeability transition

743.20

CONTRIBUTION OF REACTIVE OXYGEN SPECIES (ROS) TO THE 
MITOCHONDRIAL DEPOLARIZATION AND PERTURBATION OF Ca2+ 
HOMEOSTASIS ASSOCIATED WITH GLUTAMATE NEUROTOXICITY.
O. Vergun*. J, Keelan and M. R. Duchen, Dept. of Physiology, University College 
London, London WC1E 6BT, U.K.

The overstimulation of NMDA receptors induces the production of ROS in 
cultured central neurons (Dugan at al., 1995). The aim of the present work was to 
study the role of ROS in the mechanism of glutamate-induced mitochondrial 
depolarization (MD) and the deterioration of [Ca2+]i homeostasis in the postglutamate 
period. Digital fluorescence imaging techniques were employed to monitor 
simultaneously the dynamics of [Ca2+], and mitochondrial potential in cultured 
individual hippocampal neurons coloaded with fura-2FF and rhodamine 123.

10 min glutamate (100 pM) application induced an initial small and slow MD 
followed after a variable delay by a secondary fast and complete MD. The 
mitochondrial responses were associated with similar two-component Ca2+ responses 
consisting of an initial [Ca2+]i transient followed by a secondary [Ca2], increase to a 
plateau level. The second phases of MD and [Ca2+]j responses coincided in time. 
Preincubation of neurons for 40 min with cocktail of antioxidants (500 pM tempo, 
250 u/ml catalase, 1 mM ascorbate, 750 pM trolox) dramatically increased the delay 
in the profound MD. The duration of the first phase of the MD inceased from 
2.2±0.21 min (n=33) in control to 8.71±0.58 min (n=40). Correspondingly, the delay 
between the first and second components of Ca2+ response was also increased; the 
secondary Ca2+ increase followed with a small delay the second phase of MD. In most 
cells, the antioxidants did not prevent either a profound MD or the high [Ca2+], 
plateau in the postglutamate period.

The results obtained suggest that the ROS production play an important role in the 
development of the glutamate-induced MD. Antioxidants may serve to delay the 
accumulation of ROS to a critical level required for opening of the mitochondrial 
permeability transition pore (PTP). This supposition is supported by the finding that 
the blocker of the PTP V-methyVal-4-cyclosporin A, also dramatic delayed the 
development of die second phase of MD. (Supported by The Wellcome Trust)
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744.1
DP-VPA, a Demand-Regulated Prodrug of Valproate, in the Seizure-Prone 
Frings Mouse
Jonathan E. Friedman* H. Steve White2, Matthew Barton2, H.H. Wolf and Alex 
Kozak1, ’D-Pharm Ltd, Kiryat Weizmann, Rehovot, Israel and 2Anticonvulsant 
Screening Program, Dept. Pharmacology, Univ. Utah, Salt Lake City, UT

Anti-epileptic drugs (AEDs) such as valproate (VPA) significantly reduce the 
incidence of seizures in epileptic patients. However, risk of sever side effects must 
be considered in design of treatment strategy. The goal of targeted delivery of 
AEDs is to provide therapeutic levels of the drug only in the vicinity of epileptiform 
neuronal activity. Constraining release of the active drug to a restricted region of the 
brain should reduce overall systemic levels of the drug necessary for therapeutic 
activity and associated side effects. DP-VPA is a phospholipid prodrug of VPA. The 
prodrug is activated by the seizure-enhanced increases in intracellular phospholipase 
A2 activity. Hence, release of the active drug is selective, site directed and 
self-limiting. Efficacy was assessed using the s.c. pentylenetetrazol (scPTZ) model 
of recurrent, generalized clonic seizures in CD-I mice (lOOmg/kg s.c.), or 
audiogenic seizure prone Frings mice. Frings mice have a short refractory period and 
are capable of responding to multiple stimuli. We have previously shown, using the 
scPTZ model, that DP-VPA demonstrates an ED50 5 0-times lower than VPA, a 
greater PI (6 vs. 2) and a longer effective half-life (t,/2). In the Frings mouse model 
of epilepsy, the ED50 of DP-VPA was ~4.5mg/'kg, t1/2 =4 hrs (lOmg/kg e.d.) when 
challenged with a single stimulus. Administration of DP-VPA, i.p., 8 h 
pre-stimulation protected 25% from seizures. Subsequent stimuli of the same mice 
increased efficacy to -70%. Exposure of Frings mice to repetitive stimuli every 2 
hours following i.p. DP-VPA (lOmg/kge.d.) increased the t1/2 of DP-VPA from 4 to 
over 24 hours. The VPA prodrug DP-VPA represents a new technology for the 
targeted release of AEDs. Whereas we have previously demonstrated that DP-VPA 
can enhance the safety and efficacy of VPA and improves its pharmacokinetic 
profile, we have now confirmed that DP-VPA’s effect is demand7disea.se activated. 
Supported by D-Pharm Ltd and NINDS Contract No. N01-NS-42311.

744.2
ELECTROCORTICOGRAPHIC CORRELATES OF NEUROPROTECTION 

FOLLOWING SOMAN-INDUCED STATUS EPILEPTICUS 
G. P. H. Ballough*2, J. S. Forsterl, C. D. SmithL M. J. Jaworski2 and M. G. Filbertl

1 Neurotoxicology Branch, Pharmacology Division, US Army Medical Research Institute of
Chemical Defense, Aberdeen Proving Ground, MD, USA 21010-5425
2 La Salle University, Department of Biology, Philadelphia, PA, 19141-1199

Recent findings by our laboratory have shown that dexanabinol (i.e., HU-211, 
Pharmos Ltd, Rehovot, Israel), a non-psychotropic derivative of THC, provides 
considerable neuroprotection against brain damage resulting from soman-induced 
seizures, without preventing status epelipticus. The present study compares 
electrocorticographic (ECoG) activities, between neuroprotected- and unprotected 
animals, following soman-induced status epelipticus. Male Sprague-Dawley rats 
were challenged with 1.6 LD50 soman were subsequently given a single 
intraperitoneal injection of 25 mg/kg dexanabinol at 5 min post-onset of seizures. 
ECoG recordings were analyzed at each of the following time-points: baseline, 
soman administration, 15 min, 30 min, 60 min, 120 min, 240 min, and 24 hr post-
soman administration. Rats were euthanatized 27h after soman administration. 
Macroscopic temporal lobe lesions were assessed using moiphometric image analysis 
of MAP2-negative immunocytochemical staining. No significant differences in total 
ECoG power were seen between the soman-dexanabinol and soman-saline groups at 
any of the above periods. For both groups, a pronounced increase in total power was 
first seen at 15 min post-soman; the magnitude of this increase remained relatively 
unchanged for 120 min, but was markedly attenuated at 240 min. Both groups 
showed temporary but marked increases in relative delta activity immediately 
following soman injection; this increase in delta rapidly returned to normal by 15 min 
post-soman injection. At 120 min post-soman, a marked increase in relative delta 
activity was again seen in both groups. Relative delta activity remained elevated, in 
both groups, at 240 min. However, at 24h a significant elevation in delta activity was 
seen in the soman-control group only. Massive temporal lobe damage was also seen 
in animals belonging to this group. In comparison to the soman-control group, 
temporal lobe lesion volume was reduced by 87% in dexanabinol-treated group. This 
observation supports the suggestion by Walton & Treiman (Brain Res 553: 97-104, 
1991) that as status epilepticus progresses a persistent, increased percentage of power 
in the delta band may be an electrographic marker of neuronal injury.

744.3

SYSTEMIC L-4-C1-KYNURENINE PREVENTS KAINATE-INDUCED 
NEURONAL LOSS IN THE RAT PIRIFORM CORTEX. H-Q, Wu* . S.-C, 
Lee and R. Schwarcz. Maryland Psych. Res. Ctr., Baltimore, MD 21228.

Targeting of the strychnine-insensitive glycine site of the NMDA receptor is 
considered an attractive strategy to develop novel neuroprotective and anticon- 
vulsive agents. 7-Cl-kynurenic acid (7-C1-KYNA) is a selective antagonist of 
NMDA/glycine receptor site with potent neuroprotective properties, but pene-
trates poorly through the blood-brain barrier. Its prodrug L-4-Cl-kynurenine 
(4-C1-KYN) readily enters the brain and provides neuro-protection after focal 
infusion in adult rats (Eur. J. Pharmacol. 319: 13, 1997) and after systemic 
administration in young animals (Soc. Neurosci. Abstr. 24: 179.18, 1998). We 
now examined the effect of 4-C1-KYN on the neuronal loss caused by systemic 
kainate (KA) administration in adult rats. To this end, 4-C1-KYN (50 mg/kg, 
i.p.) was given 10 min before, 30, 120 and 360 min after KA (10 mg/kg, s.c.). 
This treatment prevented the lesion in the piriform cortex and provided sub-
stantial neuroprotection in the hippocampus. Neurons in layer III of the ento-
rhinal cortex were not protected. Continuous EEG recording for 48 h revealed 
that 4-C1-KYN delayed seizure onset (KA alone: 20.4 min; KA ± 4-C1-KYN: 
29 min, p < 0.05) and reduced the total time spent in seizures (KA alone: 12.2 
± 1.2 h; KA + 4-C1-KYN: 7 ± 1.2 h , p < 0.05). Moreover, microdialysis and 
tissue level measurements in 4-Cl-KYN-treated rats showed that the concentra-
tion of 7-C1-KYNA in the brain of KA-injected animals was significantly high-
er than in the absence of KA. Thus, systemic administration of 4-C1-KYN pro-
vides an attractive strategy for the blockade of central glycine/NMDA recep-
tors. Supported by grant NS 16102.

744.4

EFFECTS OF SOME ANTIEPILEPTIC DRUGS' ON THE KAINATE- OR 
VERATRIDINE-INDUCED TOXICITY IN CULTURED HIPPOCAMPAL 
NEURONS. A.F. Ambrdsio1*, A.P. Silva1 J O. Malva12, P. Soares-da- 
Silva3, A.P. Carvalho1 and C.M. Carvalho1. 'Center for Neuroscience of 
Coimbra, 3004-517 Coimbra, Portugal; ^Faculty of Medicine, University of 
Coimbra; 3BIAL Laboratories, Portugal

Previous studies indicate that some antiepileptic drugs (AEDs) can be 
either neurotoxic, neuroprotective or have no effect. We investigated and 
compared the toxicity profile, as well as possible neuroprotective effects 
of some AEDs, two of them already used in the treatment of epilepsy, 
carbamazepine (CBZ) and oxcarbazepine (OCBZ), and two new putative 
antiepileptic drugs, BIA 2-024 and BIA 2-093, in cultured hippocampal 
neurons. The assessment of neuronal injury was made by using the 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyl (MTT) assay and the morphology, after 
24 h exposure to the drugs. BIA 2-024 was not toxic, and BIA 2-093 was 
slightly toxic at 300 pM. CBZ or OCBZ were both toxic, even at lower 
concentrations. The presence of CBZ did not further enhance the toxic 
effect of OCBZ, and CBZ-induced toxicity was not mediated by NMDA or 
AMPA receptors. We also evaluated the effects of the AEDs against 
kainate- or veratridine-induced toxicity. The kainate-induced toxicity was 
mediated by the activation of AMPA receptors and the AEDs did not 
rescue neurons from kainate toxicity. The toxic effect of veratridine was 
dose-dependent, and the AEDs also failed to protect neurons. The results 
indicate that CBZ or OCBZ were more toxic to neurons as compared to 
BIA 2-024 or BIA 2-093, suggesting that the new AEDs may have some 
advantages as anticonvulsants. However, the AEDs failed to protect 
neurons from the toxic insults of kainate or veratridine.
(Supported by Foundation for Science and Technology, PRAXIS XXI 
Program, Grant PRAXIS XXI/BD/5604/95, Portugal; and BIAL 
Laboratories, Portugal)

744.5

BIPERIDEN OR ATROPINE AS ANTICONVULSANT IN ORGANOPHOSPHORUS 
NERVE AGENT-INDUCED SEIZURES. T.-M. Shih*, T. Rowland, J. D. McMonagle, 
A. M. Potempa and J. H. McDonough. USAMRICD, APG, MD 21010

The ability of the nerve agents tabun, sarin, soman, GF, VR and VX to produce brain 
seizures and the efficacy of biperiden HC1 or atropine SO4 as an anticonvulsant treatment 
were studied in a guinea pig model. Animals were implanted a week earlier with cortical 
electrodes for EEG recordings. On the experimental day, animals were treated with 
pyridostigmine (0.026 mg/kg, im) 30 min before challenge with 2 x LD50dose (sc) of a 
given agent. In another study, animals were challenged with 5 x LD50 of soman. One 
min after agent they received im 2 mg/kg atropine SO4 admixed with 25 mg/kg 2-PAM. 
Five min after seizure onset, animals were treated im with different doses of biperiden or 
atropine and observed for seizure termination. The anticonvulsant ED50 of biperiden or 
atropine for termination of seizures was calculated and compared. With 2 x LD50 of each 
agent, continuous EEG seizures (status epilepticus) developed in all (100%) animals 
challenged with soman, tabun, or VR, in 90% with GF or sarin, and in only 50% with 
VX. The times to onset of seizures for soman, tabun, GF and sarin were rapid (5 - 8 
min); for VR, 10 min, and for VX, 21.3 min. VX-induced seizures terminated 
spontaneously 3-5 min after onset in -20 % of the animals. The anticonvulsant ED50s of 
biperiden for soman, GF, VR, tabun, sarin and VX were 0.57,0.51, 0.41,0.2,0.1 and 
0.09 mg/kg, respectively, while those of atropine for soman, tabun, GF, sarin and VX 
were 12.2, 10.4,10.3,5.1 and 4.1 mg/kg, respectively. The anticonvulsant ED50s for 
atropine or biperiden were virtually identical when seizures were triggered by either 2 or 
5 x LD50 of soman. Thus, this study shows that status epilepticus can be induced by all 
potential nerve agents and biperiden or atropine could terminate these seizures if given 
shortly (5 min) after onset. Higher doses of either drug were needed to control seizures 
induced by soman, GF, VR or tabun than were needed to control those induced by sarin 
or VX. VX had the lowest incidence of seizure and was most sensitive to control by 
either anticholinergic. Regardless of the challenge doses (2 or 5 x LDsqs ) of soman used 
to initiate seizures, the dose of biperiden or atropine required to terminate the seizures 
was the same.

744.6

MECHANISMS OF ACTION OF NEW ANTIEPILEPTIC AGENTS: 
INSIGHTS INTO THEIR CLINICAL UTILIZATION. F, Spadoni, 2, A, 
Stefani.l,2 N.B. McrcurJ-2 *, F, Lavaroni,2 and G. Bernardi 2. 1; IRCCS S. 

Lucia, Via Ardeatina 306 00179; 2: Dept. Neuroscience, Univ. di Tor 
Vergata, Via di Tor Vergata 135, 00133 Rome Italy.

Recently introduced antiepileptic agents have been tested in a variety of 
clinical conditions, either acute (neuropathic pain, stroke-related neuronal 
damage) or chronic, as mood disorders or motor neuron disease. The 
rationale for these utilization is not always clear. Putative interference with 
voltage- or ligand-gated currents at the cellular level may explain, at least in 
part, their efficacy. Therefore, we studied the effects of lamotrigine (LTG), 
BW619c89 (a lamotrigine derivative) and gabapentin (GBP) on pyramidal 
cortical neurons acutely dissociated form the adult rat brain. In particular, we 
have analyzed their impact on : a) glutamate and GABA-mediated ionotropic 
currents ; b) high-voltage-activated Ca2+ currents ; c) Na'sodium currents ; d) 
voltage- and Ca2+-dependent potassium conductance.

LTG exerted a voltage- and use-dependent blockade of Na+ currents, 
associated with the decrease of Ca2+currents carried by N-type Ca2+ channels. 
No effective modulation of glutamate and GABA signals was promoted by 
LTG. At variance, GBP failed to inhibit Na+ channels but consistently 
inhibited Ca2+ signals. Surprisingly, GBP was responsible of a slight reduction 
in GABAa  induced currents; in addition, GBP caused a large inhibition of 
Ca2+-dependent outward K+ currents. The latter effect might explain some 
unconventional effects of this agent, as its putative effectiveness in postural or 
essential tremor.
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744.7
INVESTIGATIONS TO ELUCIDATE THE AGONIST PROPERTIES OF 
RETIGABINE ON K+ CURRENTS USING CLONED CHANNELS 
C. Rundfeldt*1, J. Ludwig2, U. Bischoff3, R. Netzer3. ‘Corporate R&D ASTA Medica 
AG, Arzneimittelwerk Dresden, Department of Pharmacology, MeiBner Str. 191, 
01445 Radebeul, FRG; 2MNF/Physiology II, Ob dem Himmelreich, 72074 Tubingen, 
FRG. 3GENION, AbteistraBe 57, 20149 Hamburg, FRG;

Retigabine (RGB) is a new anticonvulsant compound undergoing phase II clinical 
evaluation. In previous studies we showed that RGB acts as a K+ channel opener in 
NGF-treated but not in untreated PC12 cells (Rundfeldt, Epilepsy Res. 35, 99-107, 
1999). The aim of the present study was to define the pattern of K+ channel expression 
induced in PC 12 cells by NGF treatment and to test retigabine on these channels.

Poly-A+-RNA was prepared from undifferentiated or NGF-treated PC12 cells 
using the Qiagen mRNA kit. Reverse transcribed RNA polymerase chain reactions 
(RT-PCRs) were performed using PCR primers selected with respect to known 
K+ channel (sub-) families on both RNA pools. PCRs were either carried out using 
primer pairs specific for one channel or degenerated primers specific for the Kvl.x or 
eag family of K+ channels. The differences in channel expression between NGF- 
treated and untreated cells and the known pharmacology of this channel was used to 
select clones for functional analysis. Channels were transiently expressed in CHO 
cells and the effect of retigabine was investigated.

From the detected clones the majority displayed a different pharmacology com-
pared to the retigabine-induced current. Due to similarity in pharmacology REAG1, 
RERG1 and RERG3 channels were selected for expression in CHO cells and investi-
gated electrophysiologically. In none of the preparations retigabine induced a current 
indicating that the drug did not interact with these channels. Further work is in prog-
ress using additional clones. The present data can be taken as an indicator that the in-
teraction of retigabine is very selective since no agonistic effect could be found in a 
variety of potassium channel families examined so far.

The work was funded by ASTA Medica AG, Dresden.

744.8
INHIBITION OF rBIIa SODIUM CHANNELS IN HEK-293 CELLS BY Co 102862: 
KINETIC AND STEADY-STATE PARAMETERS. V. I. Ilyin, and D. D. Hodges*. 
CoCensvs, Inc., 201 Technology Drive, Irvine, California 92618.

Co 102862, a novel orally active non-sedating anticonvulsant [Dimmock et al., J. 
Med. Chem. 36:2243-2252 (1993)], inhibits voltage-gated Na4 channels in rat 
hippocampal neurons by binding predominantly to inactivated state(s) of the channel 
[Ilyin et al., Soc. Neurosci. Abstr., 23:2163 (1997)]. Our data on hSkMl channels 
expressed in HEK-293 cells determined that prolonged depolarization or high-frequency 
pulsing (mimicking hyperexcitability episodes during seizures) was required for 
significant inhibition by Co 102862 [Ilyin et al., Soc. Neurosci. Abstr., 24:1939 (1998)] 
This implies that drug binding to inactivated Na4 channels is slow.

Since the most abundantly expressed sodium channel a subunit in the adult brain is 
Nalla we have stably expressed this isoform in HEK-293 cells and used it for 
subsequent studies. To understand the anti-convulsant profile of Co 102862 it is 
important to consider both the steady-state potency and the kinetics of inhibition. We 
therefore measured pseudo-first order rate constant (k+) of binding to inactivated Na‘ 
channels and steady-state inhibition constant (K,). The k. (~1 pM"‘s‘) and K, (~0.2 pM) 
values measured at -20° C are very similar to those obtained on hSkMl channels. Co 
102862 also tremendously retarded the rate of repriming from inactivation, a feature of 
significant importance for effective removal of Na+ channels from repetitive cycles of 
excitation. At the free plasma concentration of -0.3 pM which produces anticonvulsant 
activity Co 102862 should inhibit 56% of inactivated channels within -10 s. The 
possible therapeutic implications and comparison with the binding parameters for other 
anticonvulsant drugs will be discussed. {Supported by CoCensys, Inc.)

744.9

THE NOVEL ANTIEPILEPTIC DRUG CANDIDATE LEVETIRACETAM DOES 
NOT MODIFY THE BIOPHYSICAL PROPERTIES OF THE Na+ CHANNEL IN 
RAT CORTICAL NEURONS IN CULTURE. C. Zona1'2, C. Marchetti2,
D.-G. Margineanu3*. 1 Dept. Neuroscience, Univ. Rome “Tor Vergata”,21.R.C.C.S. 
Clinica “S. Lucia”, Via Ardeatina 306, Rome, Italy, 3 UCB S.A. Pharma Sector, 

R&D, Chemin du Foriest, B-1420 Braine-I’Alleud, Belgium.

Levetiracetam (ucb L059; LEV) is a novel antiepileptic drug candidate whose 
mechanisms of action still have to be unraveled. To investigate whether LEV acts on 
Na+ channels, we recorded the voltage-dependent Na+ currents in rat cortical 

neurons in culture, using the whole-cell configuration of the patch-clamp technique. 

The TTX-sensitive inward currents were evoked by depolarizing the cortical 

neurons from a holding potential of -80 mV. The voltage-threshold for the 

activation of the current, the potential at which the current reaches the maximal 
value and the time constant of the decay did not change with bath perfusion of LEV, 

in clinically relevant concentrations 10 - 1000 pM, in all tested neurons (n = 45). 
Moreover, the steady-state activation and inactivation of the current, the fast kinetics 
of the inactivation, the time-to-peak and the recovery from the steady-state 
inactivation were not changed by 200 pM LEV in the bath, in any recorded neuron. 
Thus, LEV did not decrease the voltage-dependent Na+ currents in rat cortical 
neurons in culture and did not alter the biophysical properties of the Na+ channel. 
We conclude that these Na+ channels are not directly involved in the antiepileptic 

mechanism of action of LEV. Supported by UCB S.A., Pharma Sector, Belgium.

744.10

DIFFERENTIAL EFFECTS OF GABAPENTIN AND PINACIDIL TO INHIBIT 
K+-EVOKED [3H]-NORADRENALINE RELEASE FROM EPILEPTIC AND 
NON-EPILEPTIC HUMAN NEOCORTICAL SLICES. T.J, Feuerstein1, T.M. 
Freiman1, J. Kukolja1, D.J. Dooley3*, P.L. Juneau4 and J. Zentner2 Section 
of Clinical Neuropharmacology and 2Neurosurgery Clinic, Neurozentrum, 
University of Freiburg, D-79106 Freiburg, Germany; Depts. of Neuroscience 
Therapeutics3 and Preclinical Biometrics4, Parke-Davis Pharmaceutical 
Research, Division of Warner-Lambert Co., Ann Arbor, Ml 48105.

Gabapentin (GBP; Neurontin®) is an efficacious anticonvulsant as 
demonstrated by several clinical trials. The mechanism of action of this drug 
may relate to our previous observation that it can decrease K+-evoked [3H]- 
noradrenaline ([3H]-NA) release from human neocortical slices. This effect 
was antagonized by the KATP channel antagonist glibenclamide, and, 
conversely, mimicked by the KATP channel agonist pinacidil (PAD). In the 
present study, we addressed whether GBP and PAD can inhibit [3H]-NA 
release from human drug-resistant epileptic neocortical slices. Epileptic 
neocortical tissues from patients with sclerotic hippocampi and focus- 
resections were compared with non-pathological neocortex from transcortical 
approaches to hippocampi and subcortical tumors. Slices of these tissues, 
prelabeled with [3H]-NA, were superfused and release was evoked by 
increasing [K+]o from 3 mM to 15 mM for 8 min in a two-stimulus (S^ S2) 
protocol. In non-epileptic neocortical slices, GBP (100 pM) reduced K+- 
evoked [3H]-NA release by 31% (p = 0.0006), whereas no inhibition occurred 
in epileptic neocortical slices (p = 0.47). PAD (10 pM) produced similar 
differential effects. These results support the hypothesis that GBP acts as a 
KATp channel agonist with this action at the epileptic focus possibly 
compromised by high ATP concentrations, suggesting a pathological 
involvement of KATP channels in drug-resistant epilepsy. Consequently, the 
anticonvulsant efficacy of GBP may relate to decreased seizure propagation 
distal to the epileptic focus.

744.11

EFFECTS OF PREGABALIN (S-(+)-3-ISOBUTYLGABA, CI-1008) ON THE 3,4- 
DIAMINOPYRIDINE (DAP)-INDUCED DECREASE IN CATECHOLAMINE 
SYNTHESIS IN RAT BRAIN. T. A. Pugsley* and S. Z. Whetzel. Neuroscience 
Therapeutics, Parke-Davis Pharmaceutical Research, Div. of Warner-Lambert Co., 
Ann Arbor, MI 48105.

Pregabalin is a novel anticonvulsant and antihyperalgesic agent that has been 
shown to bind to the a26 subunit of voltage-dependent calcium channels. The 
corresponding R-(-)-enantiomer of pregabalin is about 10-fold weaker. 
Anticonvulsant and antihyperalgesic actions have been postulated in part to reflect 
effects on catecholaminergic neuronal activity. In this regard, pregabalin has been 
shown to inhibit K+-evoked [3H]NE and [3H]DA release from rat neocortical and 
striatal slices, respectively. Therefore the present study was initiated to evaluate in 
vivo the possible effects of pregabalin and its enantiomer on catecholamine synthesis 
in the presence and absence of DAP in rat brain. Pregabalin at 100 mg/kg, i.p. did 
not alter the basal synthesis rates of NE and DA as assessed by an unchanged 
accumulation of L-3,4-dihydroxyphenylalanine (DOPA) in the NE-enriched 
hippocampus and DA-enriched striatum. DAP (2 mg/kg, i.p.) induced a significant 
increase in DOPA accumulation in hippocampus and striatum with the effect of DAP 
being antagonized in a dose-dependent fashion by pregabalin (1-100 mg/kg, i.p.). In 
contrast, the R- (-) enantiomer of pregabalin at 100 mg/kg, i.p. was not effective in 
antagonizing the DAP-induced increase in NE and DA synthesis in hippocampus and 
striatum, respectively. Although the underlying mechanism for these effects is not 
completely understood, the inhibitory effects of pregabalin on stimulated NE and DA 
neurons may be involved in explaining in part the CNS effects of this drug.
Supported by Warner-Lambert.

744.12

VIGABATRIN INCREASES TOTAL GABA LEVELS IN RAT OPTIC NERVE 
WHILE GABAPENTIN AND PREGABALIN DO NOT. G.R. Mirchandani. S. 
Agulian*. W. Abi-Saab. L, Tyrrell. RH, Mattson. J.D, Kocsis. Dept. Neurology, 
Yale Sch. Med., Neuroscience Research Center, VAMC, West Haven, CT 06516. 
The goal of these studies was to determine if the antiepileptic drugs vigabatrin 
(VGB), gabapentin (GBP), and pregabalin (PGL) elevate total intracellular GABA 
levels. GABA is the most abundant inhibitory neurotransmitter in the brain. The rat 
neonatal optic nerve was selected because of its high concentration of GABA and 
GABAa receptors. While GABA receptor modulators (benzodiazepines and 
barbiturates) directly enhance post-synaptic effects of GABA, increasing seizure 
threshold, GABA-mimetic antiepileptics do not, but may modulate GABA 
metabolism. GBP, whose site of action remains unknown, has been shown 
electrophysiologically in rat optic nerve to increase GABA-induced depolarizations 
using nipecotic acid (NPA), which exerts its effect through the GABA transporter 
and independently of synaptic transmission. VGB is known to irreversibly inhibit 
GABA transaminase, the enzyme that degrades GABA, and it also increases NPA- 
induced depolarization in electrophysiologic study. Those data suggest that these 
drugs may increase the levels of cellular free GABA, which is releasable through the 
GABA transporter. Rat pups were injected with these drugs and sacrificed thereafter. 
Optic nerves were isolated, and pairs of nerves were mechanically homogenized in 
Kreb’s solution. Suspensions were centrifuged, and supernatant was assayed by 
HPLC for GABA levels. Results were normalized to protein levels from a modified 
Bradford and reported as pM GABA per mg protein. Data revealed a significant 
increase in GABA levels in optic nerves from pups treated with VGB (10-fold over 
controls, p<0.0001, n=16 VGB, and n=22 control). Pups treated with GBP showed 
an increase of 6 % over controls (p=0.67, n=28) and pups treated with PGL showed 
no change in GABA levels (p=0.97, n=28). Although the change in GABA levels 
caused by GBP was small, it is possible that a small rise in levels is enough for 
electrophysiologic and clinical effects. Supported by NIH grant NS06208.
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744.13
BEHAVIORAL EFFECTS OF TIAGABINE IN THE RAT: CONDITIONED 
TASTE AVERSION & ACOUSTIC STARTLE RESPONSE. W, Pizzi*, R. 
Andrews, and M. Mick, Northeastern Illinois University. Department of 
Psychology, Chicago, IL 60625.

We will report on a series of behavioral pharmacological studies of 
tiagabine, a GABA transporter blocking agent. Tiagabine (TIA) is an effective 
anticonvulsant drug which appears to produce its effect by increasing the 
synaptic levels of GABA. Interestingly, there have been several reports that at 
relatively high doses in clinical patients and in experimental animals the drug 
induces nonconvulsive status epilepticus (NCSE) and in animals EEG 
paroxysms and myoclonus. Our first study looked at the ability of TIA to induce 
a conditioned taste aversion (CTA) at 5, 15, & 30 mg/kg, ip. TIA did not 
produce a CTA at the 5 & 15 mg doses but a CTA was seen at the known 
toxic dose of 30 mg/kg. Next we studied the effects of TIA on the habituation 
of an acoustic startle response, and its modification of the prepulse inhibition 
(PPI) of startle. The 15 mg group showed a faster response time to reach its 
maximum amplitude when compared to the VC & 5 mg groups. In the PPI 
paradigm both the 5 & 15 mg groups exhibited an enhanced inhibition to the 
highest prepulse stimulus. The startle data suggest a complex interplay of 
inhibition and disinhibition related to the dose of TIA. While preliminary, the 
startle data may reflect mechanisms similar to those involved in TIA being an 
effective anticonvulsant in partial seizures, while exacerbating absence 
seizures.

744.14
REGIONALLY SPECIFIC EFFECTS OF ETHOSUXIMIDE ON SPIKE- AND 
WAVE-RELATED ACTIVITY IN THALAMUS AND CORTEX. R. Staak T, 
Seidenbecher*. B. Schmidt, S. Staak and H.-C. Pape. Institute of Physiology, Medical 
School, Otto-von-Guericke University, D-39120 Magdeburg, Germany.

Genetic Absence Epilepsy Rats from Strasbourg (GAERS) and WAG/Rij rats are 
established animal models for primarily generalized epilepsy characterized by the 
spontaneous development of absence seizures with a spike-and-wave discharge 
(SWD) pattern on the EEG. Burst discharges of neurons in thalamic ventrobasal 
(VB) and ventrolateral (VL) nucleus, the reticular thalamic nucleus (NRT), and of 
the somatosensory cortex (SI) are correlated with the spike component on the EEG. 
In contrast, neurons of the thalamic intralaminar paracentral (PC) and centrolateral 
(CL) nucleus produce wave-locked burst discharges. The aim of this study was to 
investigate the specific effects of the petit mal anticonvulsant ethosuximide (ESM) on 
SWDs and on seizure-related neuronal activity in different parts of the brain 
Iontophoretic application of ESM was performed while recording bilateral EEG and 
unit activity simultaneously under neurolept-anesthesia. In WAG/Rij, local 
application of ESM significantly decreased spike-related neuronal activity in 
thalamic VB, VL, NRT, and in the SI. When ESM was applied to neurons of the 
VB, the largest decrease in seizure-related neuronal activity was obtained (by 63.6%). 
Additionally, the number of SWDs significantly decreased. In GAERS, local 
application of ESM also decreased significantly the spike-related activity of thalamo-
cortical neurons (VB, VL). When ESM was applied to neurons of intralaminar 
nuclei, a significant reduction in synchronized wave-locked neuronal activity (PC: 
33.1%, CL: 42.7%) and a suppression of SWDs were obtained.
It is concluded that ESM exerts significant effects on SWD-related neuronal activity 
both in thalamic and cortical areas. The anticonvulsant effects obtained by local 
application of ESM in the VB or in the intralaminar nuclei may indicate that these 
thalamic nuclei play an important role in amplification of neuronal oscillations 
leading to petit-mal seizures. This work was supported by KM-LSA.

744.15

FELBAMATE LACKS THE DETRIMENTAL SIDE EFFECTS OF 
PHENYTOIN ON LEARNING AND MEMORY TASKS IN RATS. M.K. 
Banks1,2*. M. Milekic2. J. Besheer2. J.D. Churchill1,2, and P.E. Garraghtv1,2. 
’Prog. Neural Sci., 2Dept. Psychology, Indiana University, Bloomington,
Indiana, 47405.

We previously reported that adult rats treated with phenytoin (DPH; Dilantin, 
Parke-Davis) demonstrate deficits on two learning and memory tasks: an 
instrumental conditioning appetitive-to-aversive transfer task and the Morris 
Water Maze (MWM). Animals treated with DPH are deficient in learning the 
avoidance response (tone-signaled barpress) after prior experience in the 
appetitive context. In the MWM task, 3 of the 11 DPH-treated animals never 
learned the escape response, and the animals that did learn the escape response 
required more training and had significantly longer escape latencies and path 
lengths than control animals. In the present experiments, we have treated adult 
rats with felbamate (FBM; Felbatol, Wallace Laboratories), and compared their 
performance in the instrumental transfer and MWM tasks with that of DPH- 
treated and control animals. The performance of the rats treated with felbamate 
was indistinguishable from controls, and significantly better than DPH-treated 
rats, for both tasks. We have suggested, based on behavioral data from our 
laboratory together with observations made by others, that the deleterious effects 
of DPH in these paradigms (and in an eyeblink discrimination reversal 
paradigm) is due to its actions (most likely indirect) on NMDA receptor activity. 
Indeed, the effects of DPH and specific NMDA receptor antagonists are 
comparable in each of the tasks. Felbamate has been characterized as a “weak” 
NMDA receptor blocker, with its anticonvulsant properties most likely due to 
that property. The present data suggest that its actions at NMDA receptors is 
not sufficiently robust to impair the performance of FBM-treated rats in learning 
tasks, in which both DPH and specific NMDA receptor antagonists have 
pronounced negative effects. Supported by Indiana University research funds.

744.16
DEPRESSION OF EPILEPTIFORM ACTIVITY IN RAT HIPPOCAMPAL 
SLICES VIA INHIBITION OF ADENOSINE DEAMINASE AND Na+ 
CHANNELS BY THE NOVEL ANTICONVULSANT BW534U87
J.R.B. Dupere, T.J. Dale, E. Southam, R.M. Hagan, X.M. Xie*. Neuroscience Unit, 
GlaxoWellcome R & D, Medicines Research Centre, Stevenage SGI 2NY UK 
The mechanism of action of the novel anticonvulsant, 4-amino-l-[(2,6-di- 
fluorophenyl)-methyl]-lH-l,2,3-triazolo[4,5,c]- pyridine Hydrochloride 
(BW534U87; Kelley et al., 1995, J. Med. Chem. 38: 4131-4134)) is unknown. In the 
light of data demonstrating that BW534U87 inhibited rat brain adenosine deaminase 
(ADA; Kj = 7 pM), we examined the consequences of this inhibition on membrane 
excitability and synaptic transmission, using intracellular recordings from CA1 
pyramidal neurons in rat hippocampal slices in vitro
Resting potentials, normal excitatory and inhibitory post-synaptic potentials (epsp- 
ipsps) were unaffected by BW534U87 (50 pM). Epileptiform activity was induced 
using a Mg2+-free medium containing bicuculline (20 pM). Under these conditions, 
spontaneous action potentials and synaptic-evoked bursts were reversibly inhibited 
by BW534U87 (50 pM). These effects were mimicked by the ADA inhibitor 
erythro-(2-hydroxy-3-nonyl)adenine EHNA (30 pM) and were reversed by the 
adenosine receptor antagonist 8-phenyl theophylline (8-PT, 30 pM). BW534U87 (50 
pM) also augmented the inhibition of epsps by exogenously applied adenosine (IC50 
was reduced from 46 ± 14 pM to 19 ± 8 pM).
Sustained repetitive firing of neurons, elicited by depolarizing current injection, was 
inhibited by BW534U87 (50 pM). This reduction was voltage- and frequency- 
dependent and was insensitive to 8-PT (30 pM). In whole-cell patch-clamp 
recordings from CHO cells stably expressing human brain type ILA Na+ channels, 
BW534U87 (10 pM) inhibited Na+ currents in a voltage- and frequency-dependent 
manner indicating a direct interaction with Na+ channels. The dual mode of action 
of BW534U87, inhibition of ADA and Na+ channels, may explain the potent 
antiepileptic effects and the large therapeutic index of the drug in vivo.

EPILEPSY: BASIC MECHANISMS VI

745.1

ACTIVITY-DEPENDENT EXPRESSION OF PARVALBUMIN IN THE GERBIL 
ENTORHINAL CORTEX. C. Nitsch1*, R. Bender2, M.-C. Hoffmann1 and M. 
Frotscher2 institute of Anatomy, Univ. of Basel, Pestalozzistr. 20, CH^4056 
Basel, Switzerland; institute of Anatomy I, Univ. of Freiburg/Br., Germany

Mongolian gerbils develop spontaneous seizures upon exposure to 
novel environment or stressful manipulation. Behavioral characteristics and 
recordings indicate a limbic origin of seizures. A species-specific property of 
the gerbil is the presence of the calcium-binding protein parvalbumin (PV) in 
the perforant path. The development of PV expression and the effects of re-
peated seizure-activity were investigated. From postnatal day 15 (P15) on PV 
mRNA is detectable in the entorhinal cortex (EC). Labeled neurons continue 
to concentrate in layer II until, at P30, well before the occurrence of behavioral 
seizures, the adult pattern is reached with a compact band of PV mRNA in 
layer II and some scattered neurons in the other layers. Double-labeling for 
PV protein and GAD-67 mRNA reveals that only scattered neurons coexpress 
PV and GAD, while the large majority of layer II neurons are not GABAergic. 
Exposure of adult gerbils to repeated spontaneous seizure activity reduces PV 
expression in inhibitory neurons, as it is the case in hippocampus proper, but 
does not change PV expression of layer II projection neurons. Yet, if PV ex-
pression in adult EC is not modulated by seizure activity, is there activity de-
pendence during development? In organotypic slice cultures of isolated gerbil 
EC the same time course and pattern of PV expression as in vivo can be ob-
served, indicating that extrinsic (hippocampal) afferents are not an essential 
inductor for PV-expression. If, however, spontaneous local activity in the iso-
lated EC-culture was blocked with the sodium-channel blocker tetrodotoxin, 
the number of PV-expressing neurons was massively reduced, indicating that 
locally generated synaptic activity is a prerequisite for PV expression. Thus, 
the species-specific presence of PV in the gerbil EC is controlled by activity- 
dependent species-specific differentiation processes intrinsic.to the EC. 
Sponsored by funds of the Univ. of Basel and by the DFG (SFB'505).

745.2
MODULATION OF NON-SYNAPTIC EPILEPTIFORM ACTIVITY BY 
OSMOLALITY. P.J. Hahn1*, Marom Bikson1, S.C. Baraban2, and D.M. 
Durand1. Depts. of ’Biomedical Engr. and 2Pediatrics, Neural Engineering 
Laboratory, Case Western Reserve University, Cleveland, OH 44106.

The contribution of ephaptic interactions to seizure susceptibility in the rat 
hippocampus has previously been studied by testing the effects of osmolality on 
spontaneous epileptiform activity. However, the effect of these osmotic 
changes on intrinsic cell properties has not been examined. To determine the 
mechanism of osmotic modulation of epileptiform activity we studied the effect 
of increases in osmolality on spontaneous bursting and intrinsic cell properties 
in slices perfused with zero-Ca+2 media. Small increases in osmolality (+ 25- 
50 mosM) attenuated burst frequency and amplitude. Large increase in 
osmolality (+ 50-100 mosM) annihilated bursting. The effect of changes in 
osmolality on the cell resting membrane potential, input resistance, action 
potential threshold, and input resistance were examined. Osmotic changes 
sufficient to modulate epileptiform activity decreased pyramidal cell 
excitability. Whole-cell voltage clamp recordings were used to determine the 
effect of osmotic changes on the fast and persistent sodium currents. No effect 
was found at any osmolality tested (+ 25-50 mosM). Our data suggests that 
increases in osmolality attenuate epileptiform activity by modulating intrinsic 
cell properties.

Supported by the The Whitaker Foundation and NSF grant #IBN93-19591
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745.3
EFFECT OF HIGH FREQUENCY STIMULATION ON EPILEPTIFORM 
ACTIVITY IN THE HIPPOCAMPUS. M. Bikson, Jun Lian, and D.M, 
Durand*, Dept. of Biomedical Engr., Neural Engineering Laboratory, Case 
Western Reserve University, Cleveland, OH 44106.

Electrical stimulation of the human brain with high frequency pulses has been 
used successfully to treat neurological disorders such as chronic pain, 
Parkinsons disease, and epilepsy. However, the mechanisms by which chronic 
brain stimulation alleviates disease symptoms have not been determined. Using 
the hippocampal slice preparation and stimulation protocols similar to those 
applied clinically, we studied the effectiveness of electrical fields at inhibiting 
zero-Ca+2, low-Mg+2, and high-K+ epileptiform activity. To elucidate the 
mechanisms of stimulus actions and optimize stimulation protocol, we 
examined the effects of varying field waveform, frequency, amplitude, and 
orientation. We found that low frequency (20-50 Hz) sinusoidal fields were 
effective in annihilating epileptiform bursting during stimulation and for 1-3 
minutes following termination of the stimulus. High frequency (500-5000 Hz) 
stimulation was not effective in suppressing activity at any amplitude tested. 
The efficacy of the induced sinusoidal fields was not orientation dependent. 
Fields generated using 50 Hz biphasic square pulses had a lower threshold for 
annihilation than 50 Hz sinusoidal fields. The possibility of using low duty 
cycle fields to continuously suppress activity was also investigated.

Supported by the The Whitaker Foundation and NSF grant #IBN93-19591

745.4

PERSISTENT EPILEPTIC ACTIVITY INDUCED BY BICUCULLINE IN 
A HORIZONTAL SLICE MODEL OF THE MOUSE LIMBIC SYSTEM
E. Pralong and R. Stoop*. Institut de Biologie Cellulaire et de Morphologie 
(IBCM), University of Lausanne, CH 1005 Lausanne, Switzerland.

Synaptic plasticity in the limbic system, besides its implication in certain 
forms of memory acquisition, may play an important role in the development 
of temporal lobe epilepsy. We have developed a slanted-horizontal slice 
preparation to study epileptogenesis simultaneously in the hippocampus, the 
entorhinal cortex (EC) and the basolateral amygdala (BLA) in vitro. In our 
preparation, connections between these three regions have remained intact as 
shown by extracellular recordings following electrical stimulation in the 
presence of (-)bicuculline methiodide (BMI). BMI also induced spontaneous, 
regularly occurring (0.1-0.2 Hz) interictal-like bursting events (ILEs) that 
appeared first in the CA3 region and with typical 50-80 ms delay times in the 
EC and BLA. Interestingly, after removal of BMI, these ILEs persisted for as 
long as 6 hours in all three regions. Cutting the synaptic connections between 
the hippocampus, EC and BLA still generated ILEs in all three regions during 
BMI, but only produced persisting ILEs in the isolated CA3 region after 
removal of BMI. The ILE persistence was not due to incomplete BMI 
washout, as pre-incubation with the NMDA antagonist D-AP5 or the protein 
synthesis inhibitor cycloheximide, which in itself did not block ILE 
appearance during BMI administration, inhibited the persistence of ILEs after 
BMI removal. Thus, it appears that in this model of epileptogenesis two 
conditions, that are often necessary to produce long-term potentiation namely 
NMDA receptor activation and protein synthesis, are also required to produce 
persistent interictal-like bursting events in the CA3 region.

745.5

MONITORING OF SPONTANEOUS SEIZURE ACTIVITY IN RATS 
FOLLOWING MASSED STIMULATION OF THE ANTERIOR AND 
CENTRAL PIRIFOM CORTEX.

Pharmacy, School of Veterinary Medicine, 30559 Hannover, Germany.
Massed stimulation (MS) of the anterior piriform cortex (PC) was described to

lead to delayed development of severe chronic and progressive epilepsy with 
spontaneous seizures in female Sprague Dawley rats (Timofeeva and Peterson, 
Brain Res. 754: 227-238, 1997). Thereby, the observation of seizures was made by 
case. The aim of the present study was to investigate usefulness of MS to induce 
frequent spontaneous generalized seizures in female Wistar rats. Furthermore we 
compared massed stimulation from two different locations in the anterior PC and the 
central PC, i.e. the transition zone between anterior and posterior PC. During MS 
(stimulation for 1 sec every 5 min for 6 h), rats implanted in the anterior PC tended 
to exhibit more severe seizures, with significantly longer seizure duration and 
afterdischarge duration. When thresholds for afterdischarges were determined prior 
to MS (pre-ADT) as well as 7 weeks after MS (post-ADT), seizure severity as well 
as seizure and afterdischarge duration were significantly increased at the post-ADT 
determination in both groups compared to pre-ADT determination. During 
restimulations (constant current of 2x pre-ADT) which were performed 1, 2, 4, and 
7 weeks after MS seizure frequency and seizure severity increased with each 
stimulation period regardless of the electrode location. For behavioral recording of 
spontaneous seizures animals were video monitored for 8 h once per week (4 h 
during light cycle and 4 h during dark cycle) starting 1 week after MS and continued 
for 7 weeks. In the 8th week after MS, rats were controlled by 24 h video recording. 
Furthermore we investigated if seizures can be induced by stress exposition, with 
ultrasound and handling. Generalized seizures were only observed once in two out 
of 20 animals, in one case following stress. Thus, the present data indicate that 
occurence of spontaneous seizures seems to be a rare event after MS of the PC in 
rats, regardless of the stimulation site.

745.6

EFFECTS OF CANNABINOID DRUGS ON KINDLED SEIZURES AND 
STATUS EPILEPTICUS in  rats . X, Zhang. K, Mackie, P,K> Hannesson, p, 
Mohapel, A. Wallace. J, Howland, A,A, Boulton, and M.E, Corcoran^
Neuropsychiatry Research Unit, Department of Psychiatry, University of 
Saskatchewan, Saskatoon, SK, Canada S7N 5E4. Department of Anesthesiology, 
University of Washington, Seattle, WA 98195.

Marijuana has been used medicinally for over 4,000 years for the treatment of 
many disorders including seizures. We and others have reported that systemic 
administration of the principle psychoactive ingredient of marijuana, delta-9- 
THC, suppresses kindled seizures. Here we describe the effects of cannabinoid 
drugs selectively activating or blocking brain cannabinoid CB1 receptors on 
kindled seizures and status epilepticus. We also describe the effects of kindled 
seizures and status epilepticus on CB1 receptor expression in the rat brain.

Acute injection of the potent CB1 receptor agonist HU210 (500 pg/kg, i.p.) 
blocked kindled behavioral seizures and inhibited kindled EEG seizures, whereas 
the same dose of HU210 reduced the incidence of status epilepticus induced by 
systemic kainic acid (KA), from about 60% to about 25%. In contrast, acute 
administration of the selective CB1 receptor antagonist AM281 (3 mg/kg, i.p.) 
markedly enhanced or prolonged kindled seizures and increased the incidence of 
KA-induced status epilepticus, from about 60% to 100%.

Kindled seizures were associated with significantly increased CB1 receptor 
immunoreactivity in the stratum lucidum (SL) of the CA3a subfield only, 
whereas status epilepticus was associated with dramatically elevated CB1 receptor 
immunoreactivity in the SL of the CA3a-CA3c subfields and the superficial 
molecular layer of the subiculum 5 days after KA injection. Since at this time 
KA-induced status epilepticus also caused neuronal death in the CA3 pyramidal 
cell layer, the increased immunoreactivity in the SL is likely produced by 
increased expression of CB1 receptor mRNA in the dentate granule cells.

Our results point to the involvement of the CB1 receptor system in the 
development of epilepticform activity.

Supported by grants from the MRC and NSERC awarded to MEC.

745.7

AUGMENTATION OF SEIZURE BY HIGH POTASSIUM STIMULI AND THE 
EFFECT OF ANTICONVULSANT ON GLUTAMATE RELEASE IN THE 
HIPPOCAMPUS OF RATS
T. Doi*, Y, Ueda. J. Tokumaru, Y. Mitsuvama. Dept. of Psychiatry, Miyazaki Med. 
College, 5200 Kihara, Kiyotake, Miyazaki 889-1692, JAPAN

Although there are many reports investigated the relationship between seizure 
induction and glutamate (Glu) release, it is remains to be resolved whether Glu is 
cause or result of seizure induction. In this study, we monitored extracellular Glu 
level changing by 40 mM high K + stimuli for 3.3 min in the ventral hippocampus 
using in vivo microdialysis combined with on-line enzymatic fluometric detection of 
Glu in the freely moving state. Behavior was not changed by the first high K + 
stimulation in all rats, and then following repetitive stimuli seizure was augmented. 
Seizure by high K+ dialysis is augmented gradually as the same with electrical 
kindling. The increase ratio of Glu release by high K + dialysis is also augmented 
until C-4 (Racine's scale). At reaching C-4, rats were injected anti-epileptic drug 
(AEDs) intraperitoneally. AEDs used in this study are as follows: phenytoin (PHT, 2 
Omg/kg), valproic acid (VPA, 50mg/kg), zonisamide (ZNS, 40mg/kg), topiramate 
(TPR, 4 Omg/kg). We are already reported augmentation of Glu release in the ventral 
hippocampus following electrical kindling. Similarly with kindling, we observed 
augmentation of Glu release by repeated high K + dialysis in this study. Although 
AEDs succeeded to suppress the transient Glu release and its augmentation, AEDs 
injected at C-4 failed to stop augmentation of seizure. From these data, there are 
observed augumentation of Glu release following kindling phenomenon, but 
augumentation of Glu release will not be essential for epileptogenesis and there 
should be existed another trigger mechanism for seizure induction (This study was 
supported by a Grant-in-Aid for Scientific Research (10770490) from the Ministry of 
Education, Science, Sport and Culture, Japan (to Y.U.)).

745.8

MODULATING EPILEPTIFORM BEHAVIOR IN THE IN VITRO 
HIPPOCAMPUS USING CHAOS CONTROL.
M.W. Slutzky1 and D.J. Mogul1,2* Depts. of Biomedical Engineering1 and 
Neurobiology & Physiology2, Northwestern University; Evanston, IL 60208.

Over 20% of all epilepsy patients remain refractory to medical treatment. The only 
current alternative for these patients is to have the epileptic focus surgically 
removed. A hallmark of epilepsy is the presence of interictal spikes on an EEG. 
While the precise role of interictal spikes in epileptogenesis is not yet known, it is 
conceivable that manipulating them might enable one to prevent a seizure from 
occurring. The in vitro analog of these spikes is believed to be spontaneous bursting 
induced in brain slices. Bursting activity from three different in vitro rat 
hippocampal epilepsy-induction models (high-[K+]0, zero-[Mg2+]o, and GABAa - 
receptor antagonism) was analyzed using two measures of nonlinearity: Lyapunov 
exponent calculation and unstable periodic orbit (UPO) detection. Positive 
Lyapunov exponents and UPOs of multiple periods were found in the vast majority 
of slices from all three models, implying that the bursting was chaotic (Slutzky & 
Mogul, Soc. Neurosci. Abs. 24:1213, 1998). The prevalence of UPOs suggests that 
chaos control techniques may provide a promising method of controlling bursting. 
We have been investigating the efficacy of these techniques for manipulating 
interictal bursting in the rat hippocampal slice. Bursts are recorded extracellularly in 
the CA3 pyramidal layer using glass pipette microelectrodes. A stimulating 
electrode provides precisely-timed current pulses to the Shaffer collaterals. Chaos 
control techniques possess the advantage of requiring less frequent stimulation of the 
tissue than simple periodic pacing, which could possibly induce new epileptic foci 
via kindling.
This work was supported by grants from the NSF and the Whitaker Foundation.
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745.9
NEUROTOXICITY OF CORIARIA LACTONE, AN EPILEPTOGENIC 
AGENT IN PRIMARY RAT CORTICAL NEURONAL CELLS CULTURE.
D.S.He, D.S.Zheng’, W.Y.Deng. Research Institute for Neuroscience, Guangzhou 
Medical College, Guangzhou, 510182 China

Coriaria lactone (CL) is an abstract of a parasitic plant named Loranthus 
Parasitias Merr, its host is Coriaria Sinica Maxim. It has been known as a definitive 
epileptogenic agent, the epilepsy animal modal induced by CL has been used to study 
the mechnisam of epilepsygenesis. The aim of this study is to observe the effect of 
CL on survival of cortical cells in vitro. Cultured cortical neuronal cells from fetal 
rats in vitro 5~7 days were treated with CL (10'6M~10'3M) or kainic acid (KA) a 
known neurotoxicity (10'6M~10'3M). The morphological characteristic of cultured 
neurons treated with CL or KA was observed. Neuronal cells apoptosis in situ 
detection with TUNEL assay and the colorimetric LDH assay were performed to 
determine the neurotoxic activity of CL, and compare to that of KA. Results show 
that both CL and KA can induce morphological changes (e.g. short or disappear of 
the processes, shrink or swell of cell bodies, cellular fragment) after treatment for 48 
hr, but these changes were more prominent in KA treated group than that in CL 
treated group, and increase of LDH release appeared in both CL and KA treated 
groups, their LD50 values (Log concentration) were 5.93 pM of CL and 2.7 pM of 
KA respectively. Both CL and KA can induce the apoptosis on cultured cortical 
neuronal cells, the numbers of apoptag’s positive cells of both treatment group are 
significantly higher than that of DMEM/F12 medium with seurm. These suggest that 
CL appears neurotoxicity on cortical neuronal cells in vitro and apoptosis is one of 
the major events involved in CL-induced cytotoxicity.

745.10
REGIONAL EXPRESSION OF CFOS-LIKE IMMUNOREACTIVE NEURON 
IN MOUSE BRAIN FOLLOWING EXPOSURE OF HYPERBARIC 
ENVIRONMENTS. Hee Duk Kim1, Min Sun Kim1, Hee Ahn1, Hyung Bae Jung", 
Byung Rim Park3* 1 Ocean and Underwater Medical Research Center, Korean Navy, 
Chinhea, 2Surgeon General, Korea Navy Headquarters, Daejeon, Department of 
Physiology, Wonkwang University School of Medicine, Iksan, Korea

The purpose of this study was to evaluate the regional activation of the brain 
using cFos-like immunoreactivity (cFLI), a marker of neural excitation, following 
short-term exposure of hyperbaric air or O2 environment. The spatio-temporal 
expression of cFLI in the brain was investigated following generalized seizures 
induced by hyperbaric oxygen toxicity in the mouse. Awake mice w'ere exposed to 
compressed air at 5 atm (gauge pressure) for 5 min or 100% O2 at 5 atm 
(gauge pressure) for 1 min, in which any apparent seizure behaviors were not 
observed. Other animals were subjected to hyperbaric 100% O2 at 5 atm for 10 
min in order to elicit the generalized epileptic seizure. Two hours after hyperbanc 
air exposure, expression of cFLI was the highest level in cingulate cortex, piriform 
cortex, caudate-putamen and was also prominent in entorhinal cortex, amygdala, 
septal nucleus, and cerebellar cortex. Subnuclei of thalamus and hypothalamus were 
consistently expressed, and mild expression of cFLI was observed in hippocampus, 
central gray matter, and recticular formation. In addition, regional pattern of cFLI 
expression following exposure of hyperbaric O2 for 1 min was very similar to 
that of mouse brain receiving hyperbaric air. Hyperbaric oxygen toxicity-induced 
seizure resulted in the highest induction of cFLI in hippocampal neurons, also 
significant increase in number of cFLI in many brain structures described in the 
compressed air exposure. The increased number of cFLI in the brain was 
maintained for 6 hrs but decreased dramatically 24 hrs after the seizure. However, 
expression of cfos mRNA gene revealed by in situ hybridization was peaked at 30 
min and reduced markedly 2 hrs after the seizure. The findings suggest that 
regional induction of cFLI represents functional alteration of the brain following 
short-term exposure of hyperbaric air or oxygen environment and synaptic 
excitation of hippocampus may play an important role in generation of hyperbaric 
oxygen toxicity-induced seizure. (Supported by research grant from Korea Navy 
Academy)
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746.1

DISCRIMINATIVE EFFECTS OF SAMERIDINE, A NOVEL TYPE 
OPIOID WITH LOCAL ANESTHETIC AND ANALGESIC EFFECTS.
M. D. B. Swedberg*, M. St&hlberq, C. Velasquez, and A.-C. Ericson.
Astra Pain Control, Dept. Pharmacology, S-151 85 Sodertalje, 
Sweden.

Sameridine was 268- and 131-fold selective for p over 8 and k  
opioid receptors, respectively, and was a weak partial agonist at 
cloned human p-opioid receptors (LaBarre et al., 1997). Sameridine at 
a maximally tolerable dose (100.0 pmol/kg), unlike morphine (100.0 
pmol/kg), was ineffective in the naloxone induced jumping assay for 
physical dependence potential in mice (Swedberg et al., 1997). We 
now demonstrate that in a rat morphine (10 pmol/kg, s.c., 30’) drug 
discrimination assay, sameridine at 30 pmol/kg produced partial 
(approximately 60%) morphine appropriate responding, but was 
ineffective at doses 1-10 pmol/kg. We also show that in rats 
discriminating either cocaine at 30 pmol/kg, i.p., 15’, or cocaine at 10 
pmol/kg, i.p., 15’, sameridine did not cause cocaine-like discriminative 
effects at doses ranging from 3 to 56 pmol/kg. These data show that 
sameridine may produce morphine-like discriminative effects at high 
doses but is devoid of cocaine-like discriminative effects.

LeBarre et al., Soc. Neurosci. Abstr., 23:1207,1997.
Swedberg et al., Soc. Neurosci. Abstr., 23:126,1997.

Funded by Astra Pain Control.

746.2
MORPHINE AND NALOXONE DISCRIMINATIVE CONTROL IS 
MEDIATED BY THE MU OPIOID RECEPTOR SUBTYPE: ASSESSMENT OF 
OPIOID SUBSTITUTION AND ANTAGONISM. S.D. Grabus*. G.W. Stevenson.
F.P. Canadas and A.L, Riley. Psychopharmacology Laboratory, American Univ.; 
Washington, DC 20016.

Both morphine and naloxone are effective training drugs in drug discrimination 
procedures. Recently, Stevenson, Canadas and Riley (1999) demonstrated that in 
animals trained to discriminate 10 mg/kg morphine or 1 mg/kg naloxone from vehicle, 
both morphine (1.8-10 mg/kg) and naloxone (0.1-1 mg/kg) displayed dose-related 
substitution. Contrastingly, the delta opioid agonist SNC80 (3.2-18 mg/kg) and 
antagonist naltrindole (1-18 mg/kg) did not substitute for morphine or naloxone 
respectively. Although suggestive that the discriminative control of morphine and 
naloxone was mediated by their activity at the mu (and not delta) receptor subtype, 
there was no independent assessment of the ability of mu opioid agonists and 
antagonists to substitute for the training drug under these specific experimental 
conditions. To that end, in the present experiment the ability of the selective mu opioid 
agonist methadone and antagonist naltrexone to substitute for morphine and naloxone, 
respectively, was assessed in rats trained to discriminate these latter compounds from 
vehicle within the same conditioned taste aversion baseline of drug discrimination 
learning. Methadone (3.2-6.5 mg/kg) and naltrexone (0.1-.56 mg/kg) both displayed 
dose-related substitution for morphine and naloxone, respectively. Further, the opioid 
antagonist naloxone and the delta opioid antagonist naltrindole were administered 60 
min prior to the same training dose of morphine (10 mg/kg). Naloxone (3.2 mg/kg) 
completely blocked the discriminative control established to morphine, whereas 
naltrindole (5.6-10 mg/kg) did not block the morphine stimulus at any of the doses 
tested. These data suggest that the discriminative control established to morphine and 
naloxone is mediated by their activity at the mu opioid receptor subtype.

Acknowledgements: Supported by a grant from the Mellon Foundation to ALR

746.3

PARTICIPATION OF 5-HT2C RECEPTOR SITES IN THE 
DISCRIMINATIVE STIMULUS PROPERTIES OF INDORENATE.
S&nchez H*, Ramirez Jl, Concha G, Osorio A, Castaneda A,
Velazquez-Martinez DN. Depto. Psicofisiologia, Fac. Psicologia.
Universidad Nacional Autdnoma de Mexico. Mexico, D.F. 04510. 
Indorenate (5-methoxytryptamine p-methylcarboxilate, INDO), is an 
antihypertensive, anxiolytic and anorexic agent. It has been 
described as a serotonin (5-Hydroxytryptamine, 5-HT) agonist with 
high affinity for the 5-HT1A receptor sites and somewhat lower 
affinity for 5-HT1B and 2C receptor sites. In behavioral tests, INDO 
can exert stimulus control at a dose of 10 mg/Kg, administered 90 
min before the session. The aim of the study was to further 
determine if the cue of INDO may be substituted or reverted by 
compounds with affinity for 5-HT receptor sites. Subjects were male 
Wistar rats weighting 200-300 g at the start of the experiment. The 
subjects were trained in standard operant chambers to discriminate 
between INDO (10 mg/kg. i.p.) from vehicle for lever selection 
under fixed ratio 10 (FR10). In substitution tests, was administered 
MK-212 (5-HT2C agonist), chlorophenylbiguanide (5-HT3 agonist) or 
ritanserin (S-HT^c antagonist). In interaction tests were 
administered the antagonist cinanserin (5-HT2C), metergoline (5- 
HT2C), ritanserin (S-HT^J or NAN-190 (5-HT1A). In the substitution 
tests, only MK-212 was able to substitute for INDO. Furthermore, 
the discriminative cue of INDO was prevented by metergoline and 
cinanserin, but NAN-190 also produced partial antagonism. In 
accordance to previous studies, result suggests the participation of 
5-HT2C/2A receptors in the stimulus properties of INDO.

Supported by DGAPA-IN229998 and CONACYT 25090H.

746.4

STIMULUS PROPERTIES OF INDORENATE: SUBSTITUTION BY 
ADDING THE EFFECTS OF DIVERSE 5-HT AGONISTS. Miranda 
F1*, Velazquez-Martinez DN2. 2Depto. Psicofisiologia, Fac. 
Psicologia and ’ENEP-Iztacala. Universidad Nacional Autonoma de 
Mexico. Mexico, D.F. 04510.
The discriminative control of indorenate (INDO) is generalized to 8- 
OH-DPAT (5-HT1A), TFMPP (5-HT1b /2C) and a-Me-5-HT (5-HT2A/2C) 
agonists, but not to 2-Me-5-HT (5-HT3) agonist. Accordingly, it has 
been proposed that the discriminative effects of INDO involve 5- 
HT1A, 5-HT1b and 5-HT2C receptors. Here was examined if the 
effects produced by low doses of 8-OH-DPAT, TFMPP or a-Me-5- 
HT (that are able to produce only partial substitution) when injected 
in combination may add to produce full substitution of INDO. Also, it 
was examined if the additive effects are specific to the INDO’s 
binding profile. Subjects were male Wistar rats deprived of water 
and trained in a conditioned taste aversion procedure. One group 
received the administration of INDO (10.0 mg/kg, i.p.) before a 20 
min period of access to sucrose followed by an injection of LiCI; on 
alternate days, subjects received saline before and after the access 
to sucrose solution. The other group had the contingencies 
reversed (e. g., the administration of saline correlated with LiCI). It 
was observed that the effects produced by TFMPP and a-Me-5-HT 
but not those of 2-Me-5-HT, when combined with the effects of 8- 
OH-DPAT may produce a stimulus that fully generalized to that of 
INDO. These suggest that the combined stimulation of 5-HT1A and 
5-HT1B/2C but not 5-HT3 receptors are compatible and specific to the 
INDO binding profile.

Supported by DGAPA-IN229998 and CONACYT 25090H.
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746.5

STIMULUS PROPERTIES OF AMPHETAMINE: EFFECTS OF 
DIFFERENTIAL OUTCOMES FOR LEVER SELECTION AND THE 
MODULATION BY SEROTONERGIC AGONISTS. Velazquez- 
Martinez DN*, Castaneda A, Sanchez H, Ramirez Jl, Concha G,
Osorio A. Depto. Psicofisiologia, Fac. Psicologia. Universidad 
Nacional Autonoma de Mexico. Mexico, D.F. 04510.
Amphetamine (AMPH) is able to exert stimulus control over 
behavior. This control is mediated by dopaminergic (DA) 
mechanisms, particularly D2 receptors, since the cue is prevented 
by D2 receptor antagonists and serotonin (5-hydroxytryptamine, 5- 
HT) compounds may be able to modulate the cue. Here, was 
determined if differential outcomes correlated with the lever 
selection are able to speed the acquisition and to study the 
interaction of AMPH with 5-HT compounds. Subjects were male 
Wistar rats, trained in a discrimination between AMPH (1.0 mg/kg, 
i.p.) or saline solution. Lever selection was correlated with different 
outcomes in different groups. After training criteria, reinforcement 
contingencies were inverted for 5 sessions and then reinforcement 
contingencies were reestablished. Substitution or combination 
studies with AMPH, haloperidol, m-cholorophenilbiguanide (m- 
CPBG) or TFMPP were carried. Results suggest that different 
reinforcement conditions can affect drug discrimination acquisition. 
Haloperidol antagonized the AMPH cue despite differential 
outcomes. None of m-CPBG or TFMPP substituted amphetamine, 
but when tested in combination with AMPH, only m-CPBG 
enhanced AMPH cue. This suggests that 5-HT3 mechanisms may 
modulate the sensibility of DA neurons.

Supported by DGAPA-IN229998 and CONACYT 25090H.

746.6

SELF-ADMINISTRATION OF REMIFENTANIL, AN ULTRA- 
SHORT ACTING OPIOID
Leigh V. Panlilio*2, Stanley J. Weiss', and Charles W. Schindler2.
‘Psychology Department, American University; 2Intramural Research
Program, National Institute on Drug Abuse, Baltimore, MD 21224 

The mu-opioid agonist, remifentanil, has become a popular anaesthetic
compound because of its exceptionally fast onset and offset of action. In 
rats, its halflife is reported to be approximately 45 seconds, and its 
metabolite is inactive. Because it is metabolized so quickly, this opioid 
may be especially useful in animal models of drug abuse where longer 
acting drugs may accumulate and have disruptive effects on learning and 
behavior. To establish a basic dose-response function, rats were allowed 
to self-administer remifentanil on a continuous reinforcement schedule by 
performing a nose-poke response. Self-administration (at a dose of .002 
mcg/kg/infusion, iv) was acquired rapidly, within 1-2 sessions lasting
2.5 hours. High rates of responding were maintained at doses that did 
not appear to produce behavioral disruption or tolerance.

Supported by 2NIDA-IRP and 'NIDA grant DA-08651-01A1.

746.7

PRETREATMENT WITH CORTICOSTERONE OR DEXAMETHASONE 
FAILS TO AFFECT ONGOING COCAINE SELF-ADMINISTRATION IN 
RATS. N.E. Goeders* and G.F. Guerin, Departments of Pharmacology & 
Therapeutics and Psychiatry, Louisiana State University Medical Center, 
Shreveport, LA 71130-3932

We have previously reported that daily pretreatment with corticosterone (2.0 
mg/kg. IP) facilitates the acquisition of cocaine-seeking behavior in rats (Mantsch 
et al., JPET 287:72-80, 1998). In contrast, rats pretreated with dexamethasone 
never learned to self-administer cocaine, likely due to the inhibition of 
corticosterone secretion resulting from the de.xamethasone-induced activation of 
negative feedback on the HPA axis. The following experiment was therefore 
designed to determine the effects of pretreatment with these adrenocorticosteroids 
on ongoing cocaine self-administration. Adult male Wistar rats were implanted 
with jugular catheters and trained to respond on an alternating schedule of food 
and cocaine reinforcement. Rats were allowed 15 min access to food (45 mg 
pellets), which was followed by 15 min access to cocaine (0.125, 0.25 or 0.5 
mg/kg/infusion). Sessions were conducted 5 days per week and lasted 2 hours. 
Access to food and cocaine alternated every 15 min, and the session could begin 
with either food or cocaine reinforcement. Pretreatment with dexamethasone (0.1, 
0.2, 0,5 or 1.0 mg/kg. ip) 30 minutes before the start of the behavioral session had 
no effect on either food- or cocaine-reinforced responding at any dose tested. This 
was true even though plasma corticosterone measured at the end of the session was 
reduced almost to undetectable levels. Likewise, pretreatment with corticosterone 
(2.0 or 4.0 mg/kg, ip) also did not affect responding maintained by either cocaine 
or food. These data suggest that different mechanisms are obviously involved in 
the acquisition and maintenance of cocaine self-administration in rats and 
highlight the need for additional research on the role for adrenocorticosteroids in 
cocaine reinforcement. This work was supported by USPHS grant DA06013 from 
the National Institute on Drug Abuse.

746.8

TOLERANCE TO THE THRESHOLD RAISING EFFECTS OF 
MAGNESIUM ON BRAIN STIMULATION REWARD IN THE RAT. 
J.E.G. Williams*. N.G. Carmichael, & J.P. Pope, Department erf 
Psychology, Behavioral Pharmacology Laboratory, Eastern Illinois 
University, Charleston, IL 61920.

Drugs associated with drug addiction and euphoria, lower reward 
thresholds for intracranial self-stimulation (ICSS) to reward areas of the 
rat brain (Kornetsky & Esposito, 1981). This lowering reflects enhanced 
sensitivity of brain reward mechanisms. Research suggests the behavioral 
effects of magnesium chloride (MgCl^), similar to that of cocaine and 
amphetamine, results from its action on glutamate receptors. It has also 
been demonstrated that MgCl^ substituted for cocaine self-administration 
in a dose-related manner (Kantak, 1991) and that MgCl^, phencyclidine 
and dizocilpine all substituted for cocaine in drug discrimination studies, 
demonstrating that NMDA-associated ion channel blockers are capable of 
producing stimulus effects similar to those produced by cocaine (Kantak 
et al., 1992). We previously demonstrated that the acute administration of 
MgCP raised the threshold for ICSS, indicating that brain pathways 
mediating ICSS reward are in fact attenuated. This project determined 
whether tolerance would develop to chronic MgCl^ injection on ICSS 
thresholds in rats. Rats (n=6, male Sprague-Dawley) were injected with 
MgC£ and tested daily for five days in the ICSS procedure. Drug test 
performance was converted to Z-scores based on the pre-post differences 
seen on saline days during baseline training. MgCl^ raised the ICSS 
threshold on days 1-2 suggesting an attenuation of the reward efficacy, a 
result seen during acute administration of MgCl^ in previous experiments, 
but had no effect on thresholds for days 3-5, demonstrating tolerance to 
MgCl^. Results suggest the role of MgCl^ in the mediation of reinforced 
behavior is complex and may involve time and physiological mechanisms.

746.9
HOW MOTRICITY BECOMES WITH AGE INCREASINGLY DEPENDENT ON 
THE ACTIVITY OF CENTRAL MONOAMINERGIC SYSTEMS, AND HOW 
AND WHY TREATMENT WITH EGb761 (TANAKAN®) STRENGTHENS 
FUNCTIONAL NEUROCHEMICAL-BEHAVIOR RELATIONSHIPS C. Cohen- 
Salmon1*, M.C. Pardon1, N. Hanoun2, F. Perez-Diaz1, C. Joubert1. and M. Hamon2.
‘CNRS UMR 7593, 2INSERM U 288, 12IFR Neurosciences, Hopital de la
Salpetriere, 91 Bd de l'Hopital, 75013 Paris, France.

We describe the results of a canonical correlation analysis between a set of
behavioral variables related to motricity and a set of neurochemical variables linked 
with dopaminergic and serotoninergic activity in four cerebral structures (brain stem, 
cortex, striatum and hippocampus).
5-6, 11-12, 17-18 and 23-24 month-old female mice were evaluated in the open-field 
test, and concentrations of serotonin (5-HT), dopamine (DA) and their metabolites (5 
-HIAA, DOPAC and HVA) in the four structures were measured by HPLC. Chronic 
treatment with EGb761 (TANKAN, IPSEN, France), an extract of Gingko biloba 
containing flavonoid and terpenoid substances, which has been shown to have a 
neuroprotective action and a positive influence on certain biological and behavioral 
effects of aging, was administered to 50% of the two oldest groups of mice.
Analysis showed: 1) at 5-12 months, motor activity was only correlated with 
dopaminergic activity, 2) with aging, these correlations increased markedly, and 
correlations with 5-HT appeared in the striatum and hippocampus along with a 
marked decline in motor activity, 3) EGb761, along with a slight improvement in 
motricity, had a positive action on age-related modifications of the DA and 5-HT 
systems and strengthened neurochemical-behavioral correlations in the striatum and 
brain stem.
These results are discussed in the light of an adaptation of monoaminergic systems to 
the decline in motricity of the organism via interactions between 5-HT and DA. The 
pharmacological treatment was thought to favor these functional neurochemical- 
behavior relationships.

746.10

QUANTITATIVE TRAIT LOCI MAPPING OF 
METHAMPHETAMINE INDUCED PHYSIOLOGICAL AND 
BEHAVIORAL TRAITS. S.E. Bergeson, H.S. Hain, M.W. Jarvis,
L.A. O’Toole, M.L. Helms and J.K. Belknap*. Dept. of Behavioral 
Neuroscience, Oregon Health Sciences University and Research 
Service, V.A. Medical Center; Portland, OR 97201.

Methamphetamine is a psychomotor stimulant and one of the 
most reinforcing drugs known. As many responses to drugs of abuse 
have been shown to be influenced by both environmental and genetic 
components, a quantitative trait loci (QTL) analysis for four 
methamphetamine-induced characteristics was completed. A two- 
step mapping strategy was employed. Associations between home 
cage activity, thermic response, stereotypy, and exophthalmos 
induced by 8 mg/kg of methamphetamine and several known 
genomic microsatellite markers were determined using 25 strains of 
BXD recombinant inbred mice. The provisional QTLs suggested by 
the initial mapping were tested in a B6D2 F2 population. Loci that 
contain genes that affect these traits were confirmed to map to 
mouse chromosomes 4, 9,14 and 17.

Supported by NIAAA training grant T32 AA07468 (SEB), VA 
Merit Review (JKB) and United States Public Health Service Grant 
RO1 DA10913.
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746.11
DIFFERENTIAL SUBSTITUTION OF DOPAMINERGIC DRUGS IN A 
COCAINE-OTHER DRUG DISCRIMINATION PROCEDURE.
M. E. Chachich*, W, B. West, J. McLaughlin and J. B. Appel.
Behavioral Pharmacology Lab., Department of Psychology, Univ. of 
South Carolina, Columbia, SC, 29208, USA

There is agreement that the stimulus effects of cocaine are 
mediated by dopaminergic neural systems. However, some studies 
suggest that serotonin (primarily 5-HT1) might also be involved in 
the cocaine cue. In an attempt to develop a more selective 
behavioral assay, rats were trained to discriminate cocaine 
(10 mg/kg) from a group of “other” drugs. In the present 
experiment, the “other” group consisted of LSD (0.08 mg/kg), 
pentobarbital (5 mg/kg), and saline.

The only compounds found to substitute completely (> 80%) for 
the training drug were cocaine and d-amphetamine. However, 
other dopaminergic compounds, methylphenidate (Ritalin), 
apomorphine, and lisuride also induced at least 50% responding on 
the cocaine-appropriate lever. Drugs that did not appear to have 
cocaine-like properties included the 5-HT 1A agonists buspirone 
(Buspar), fluoxetine (Prozac), yohimbine, WAY 100635, and the 
anesthetic lidocaine. It was concluded that the D-Other training 
procedure may be particularly sensitive to the DA properties of 
cocaine perhaps because one of the drugs in the “other” group was 
the serotonin agonist, LSD.
Supported by USPHS Research Grant 5 R37 DA02543, from the 
National Institute on Drug Abuse.

746.12

SCHEDULE-SPECIFIC EFFECTS OF HALOPERIDOL AND AMPHETAMINE 
WITHIN-SUBJECT EFFECTS REVEALED IN A MULTIPLE-SCHEDULE 
TASK. W. F.Caul* and N. A. Brindle. Dept. of Psychology, Vanderbilt Univ., 
Nashville, TN 37240.

Rats were trained to respond for food in a two-lever operant chamber. When the 
light was illuminated above the left lever, responding on it was reinforced on a 
continuous reinforcement schedule (CRF). When the light was illuminated above 
the right lever, responding on it was reinforced on a progressive ratio (PR) schedule 
The 18 min sessions included alternating periods of responding under each 
schedule: 1 min CRF, 5 min PR, 1 min CRF, 5 min PR, 1 min CRF, 5 min PR. 
Under the PR schedule, the first response was reinforced, then the third, then the 
fifth, and so on. For the second and third exposures to the PR schedule, the 
schedule resumed at the uncompleted ratio of the previous PR period. After 
preliminary training, 30 acquisition sessions were conducted. Dose-response 
assessments for haloperidol and amphetamine were then completed.

Doses of .0075 mg/kg and .125 mg/kg haloperidol (SC 20’ prior to testing) did not 
affect responding under either schedule, while .03 mg/kg produced schedule- 
specific effects. Response rate under the CRF schedule was unaffected while 
response rate and final ratio completed were decreased under the PR schedule The 
.06 mg/kg dose suppressed responding on both schedules.

Schedule-specific effects were also observed following administration of 
amphetamine (SC 20’ prior to testing). Over the range of .0675 - .75 mg/kg, there 
was a dose-dependent increase in response rate under the CRF schedule and dose- 
dependent decreases in both response rate and final ratio completed under the PR 
schedule.

These patterns of results are important for evaluating hypotheses regarding 
response output as a function of response effort and dopaminergic mediation of 
reward.

746.13

A CHAIN SCHEDULE PROCEDURE TO ASSESS ETHANOL-SEEKING AND 
SELF-ADMINISTRATION. C.L. Czachowski* and H.H. Samson. Wake Forest 
Univ. School of Medicine, Medical Center Blvd., Winston-Salem, NC 27157.

The objective of this project is to develop an animal model for assessing the 
motivational factors involved in the regulation of ethanol (EtOH) consumption. 
These factors precede the actual act of drinking alcohol, and are commonly referred 
to as “craving”. It is proposed that the processes that control this “EtOH -seeking” 
differ from those that control the maintenance of EtOH intake once begun, and 
moreover that the models currently in use to assess EtOH reinforcement do not 
successfully dissociate these two phases of EtOH-directed behavior. Therefore, the 
present “chain” procedure has been developed which separates the initial “cost” to 
begin drinking (appetitive responding) from the actual EtOH self-administration 
(consummatory responding) and thus allows for a more direct measurement of EtOH 
motivated behaviors as well as EtOH reinforced behaviors. In single daily sessions, 
male Long Evans rats were trained in operant chambers to respond on varying fixed 
ratio (FRIO, FR20, FR30) schedules on Lever A to gain access to Lever B. 
Responses on Lever B then provided access to 10% EtOH [following EtOH initiation 
by sucrose-substitution (Samson, 1986)] on a continuous reinforcement schedule for 
a single drinking bout (the session ended when 2 min of no responding occurred). 
This procedure thereby allowed for the assessment of the initial “seeking” response 
that was unconfounded by any pharmacological impairments of EtOH. Subjects 
responded on the chain schedule, and EtOH intake did not change significantly as 
response cost varied from 10 to 30 lever presses on Lever A (mean: 0.60-0.68, SEM: 
0.05-0.08 g/kg). This finding is in agreement with previous reports that the demand 
for sucrose/EtOH is relatively “inelastic” in response to changes in cost requirements 
and that the amount of EtOH intake is “defended” under a variety of conditions 
(Petry & Heyman, 1995). More importantly, the use of this procedure confirms that 
the processes that regulate EtOH-seeking and self-administration may be 
functionally distinct. Supported by grants A A11997 and AA07565.

746.14

COCAINE SEEKING BY RATS:
REGULATION, REINFORCEMENT AND ACTIVATION

M. C. Olmstead1*, J.A. Parkinson2, F, J, Miles2, B. J. Everitt2, A. Dickinson2.
’Dept. of Psychology, Queen’s University; Kingston, Ontario K7L 3N6 and 2Dept. 
of Experimental Psychology, University of Cambridge, UK 3B2 3EB

The present studies examined the role of regulative mechanisms on intravenous 
(IV) cocaine self-administration by rats using a heterogeneous chain (tandem FR1 
RI 30 sec) FR 1 schedule that independently measures drug-seeking and drug-
taking. Experiment 1 established responding undo- this schedule with different 
doses of cocaine (0.08, 0.25 and 0.5 mg/infusion) and determined that both drug 
intake and the latency to initiate drug-seeking were inversely related to dose. 
Seeking responses were systematically related to the concentration of a sucrose 
solution confirming the paradigm is a valid measure of reinforcement. In 
Experiment 2, the effect of dose on the latency to initiate drug-seeking was reversed 
when a time-out (TO) period (0, 4 or 12 min) was imposed between successive 
cycles of the chain schedule. Moreover, at the longest TO period, drug-seeking 
responses per infusion increased in the high dose group and the number of cocaine 
infusions declined in the low dose group. The latency to drug-seek for the low dose 
was reduced dramatically in Experiment 3 when the first drug-seeking response was 
preceded by a drug-taking response, even when this response did not produce a drug 
infusion. The overall pattern of behavioural results suggests that drug-seeking and 
drug-taking are controlled by three interacting processes. First, the initiation and 
performance of drug-seeking are controlled by a regulative process that depresses 
seeking behaviour in the short-term. Second, drug-seeking is enhanced by a tonic 
level of behavioural activation which is sustained over longer intervals by higher 
drug doses. Finally, the reinforcing effect of cocaine increases with dose when the 
regulative process is controlled.

746.15

EXPRESSION OF c-fos IN THE NUCLEUS ACCUMBENS AND 
BEHAVIORAL SENSITIZATION FOLLOWING REPEATED INJECTIONS 
OF NICOTINE IN THE RAT. L Shim1*. H.T. Kmf. K.H. Shin1 andB.K. Chun1. 
Dept. of 'Pharmacology and ’Psychology, Korea Univ., Seoul 136-705, Korea.

It has been demonstrated that repeated injections of nicotine can produce an 
increase in locomotor activity, a phenomenon termed behavioral sensitization. 

Substantial evidence suggests that behavioral and reinforcing effects of nicotine 
can be mediated by the mesolimbic dopamine system. The current experiments 
examined Fos-like immunoreactivity (FLI) in the nucleus accumbens underlying 
behavioral sensitization following repeated nicotine injections. Chronic injections 
of nicotine (0.4 mg/kg, s.c. twice daily for 7 days) produced a pronounced 
increase in locomotor activity when chellenged 3 days after last injection erf 
nicotine, compared to single nicotine challenge (single, 218.1 ± 61; repeated,
659.1 ± 94.9, respectively). Repeated injections of nicotine resulted in 
significantly higher increase in FLI in the nucleus accumbens than single nicotine 
did. Pretreatment with nicotine receptor antagonist mecamylamine (2 mg/kg, s.c.) 
blocked nicotine-induced FLI in the nucleus accumbens and behavioral 
sensitization. The results of the current study demonstrate that behavioral 
sensitization produced by clironic nicotine can be associated with activation of 
Fos-like immunoreactive cells in the dopamine target area, nucleus accumbens. 
Since chronic administrations of nicotine produced much higher levels of Fos-like 
immunoreactivity in the nucleus accumbens than sinle acute injections, our results 
strongly support that the nucleus accumnebs can play a major role in mediating 
action of chronic nicotine.

746.16

EFFECTS OF NOVEL PIPERIDINES ON COCAINE-INDUCED
ENHANCEMENT OF REWARD - BRAIN STIMULATION REWARD 
STUDY. P. Pimentel1, M. Trzcinska1*, A. Crowell', J. R. Stellar', J-R. Zhang2, A.P. 
Kozikowski2, M. Smith’ and J. Babich’. Dept.Psych.', Northeastern University, 
Boston, MA 02115, Drug Discovery Program2, Georgetown University Medical Ctr., 
Washington D.C. 20007, and Zebra Pharmaceuticals’, Inc. Cambridge, MA, 02142.

Male rats were implanted with unipolar electrodes into the lateral hypothalamus and 
trained on a rate frequency curve-shift paradigm, a method that allows for a 
quantitative dissociation between motor/performance (MAX) and rewarding (LOR) 
effects of drugs. Cocaine is known to enhance brain stimulation reward (BSR), as 
measured by decreases in LOR. In the present study, three compounds from a group 
of novel piperidines (Pl, P2 and P3) were screened for their potential anti-cocaine 
effects. First, animals were trained to reliably respond to BSR under no drug 
condition, then LOR was measured at several doses of each drug (administered IP) in 
separate groups of subjects. Doses of each drug that had the most neutral or weakly 
hedonic effect on LOR were selected to be combined with cocaine in order to 
determine whether cocaine-induced reward enhancement could be counteracted, as 
compared to cocaine’s effect on LOR alone. There were no differences in MAX at 
either dose of each piperidine, nor when selected doses were combined with cocaine. 
For subjects receiving Pl and P3 there was no effect of dose on LOR, however, P2 
was found to significantly enhance reward when administered alone (0.2 log units or 
30% reduction in LOR) at 20 mg/kg (p< 0.01), which is nearly equivalent to the 
reward-enhancing effects produced by cocaine. Interestingly, P3 showed a 
significant reduction in cocaine-induced enhancement of reward [F(2,4) = 9.64, p< 
0.03] when 10 mg/kg of P3 was combined with 10 mg/kg cocaine. Such effects were 
not found for Pl and P2. These preliminary results indicate that at least one of the 
novel piperidines, P3, may constitute a potential pharmacotherapeutic agent for 
cocaine’s addictive properties. Supported by Zebra Pharmaceuticals, Inc.
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746.17

THE EFFECTS OF A BENZODIAZEPINE ON BRAIN STIMULATION 
REWARD THRESHOLDS. P.S. Wallace, D.G. Wallace, J.P. Flavelle.
S.B. Fountain, and D.C. Riccio? Dept. of Psychology, Kent State 
University, Kent, OH 44242.

Benzodiazepines have been found to interact with the brain’s limbic 
system by increasing maximum lever-pressing response rates in rats 
receiving brain stimulation reward (BSR) (Caudarella, Campbell, and 
Milgram, 1982; Moriyama, Ichimaru, and Gomita, 1984; Carden and 
Coons, 1989; Harris and Bielajew, 1991). Although this effect has been 
found to occur, very little is known regarding the cause of this increase in 
response rates. Through the use of the rate-frequency curve shift paradigm 
(Edmonds and Galistel, 1974), researchers have been able to separate 
reward-specific effects from motoric effects by analyzing train-duration 
thresholds (the point at which 50% of maximum response rates occur).

In the current study, male Long-Evans rats lever-pressed for BSR 
administered through bipolar electrodes implanted in the lateral 
hypothalamus. All animals were randomly administered six doses of 
diazepam (1.25, 2.5, 3.75, 5, 10, and 12.5 mg/kg) intraperitoneally. Both 
maximum response rates and train-duration thresholds were recorded over 
90 trials for drug, saline, and control days. Dose response curves showing 
increased thresholds and increased maximum response rates with 
increasing dosages were produced. The results go beyond the previously 
reported response rate data to indicate that diazepam may actually alter the 
hedonic state of animals.

746.18
EFFECT OF DOPAMINE D3 RECEPTOR ANTAGONISTS ON 
LOCOMOTION RESPONSE TO AMPHETAMINE. *N.M. 
RichlanstA Logue,. L, Tubbs, and R,H, Spitzer- Psychiatry 
Service, Cincinnati Veterans Affairs Medical Center; and 
Department of Psychiatry, University of Cincinnati Medical Center, 
Cincinnati, OH 45267.

The Dopamine D3 receptor has a restricted pattern of mRNA and 
protein expression in limbic brain regions suggesting an important 
role in the behavioral response to stimulant drugs such as 
amphetamine. The close structural similarity between D3, D2 and 
D4 receptors has limited the availability of ligands selective for the 
dopamine D3 receptor. Few studies have characterized the effect of 
D3 selective antagonists on the behavioral response to amphetamine. 
We have used the D3 selective antagonists Nafadotride (kind gift of 
Dr. P. Sokoloff) and GR 103,691 to test the hypothesis that the D3 
dopamine receptor plays a critical role in the behavioral response to 
amphetamine. Male Sprague-Dawley rats were treated with varying 
doses of Nafadotride and GR 103,691 and locomotion response to 
amphetamine was determined. Results are discussed in the context 
of a novel hypothesis of behavioral sensitization.

746.19

Self -Administration  Studies  With  Selegiline  (L- 
Deprenyl ) under  Second -Order  Schedules  of  I.V. 
Drug  Injection  in  Squirrel  Monkeys
S.R. Goldberg*! and S, Yasar2. lPreclin Pharma Lab, NIH, NIDA, 
Intramural Research Program, Baltimore, MD 21224 and 2Div of 
Geriatric Med & Gerontol, Johns Hopkins U Sch Med, Baltimore, MD

Behavioral effects of selegiline were explored using a second-order 
schedule of I.V. drug injection that provides a sensitive baseline for 
studying the reinforcing actions of drugs with relatively slow onsets of 
action. Under the second-order schedule, 0.56 mg/kg d-amphetamine 
was injected I.V. only at the end of a 30-min session and lever-press 
responding during the 30-min interval was intermittently reinforced by 
brief-light stimuli previously paired with drug injection. Ten consecutive 
days of selegiline pretreatment (0.3 or 1.0 mg/kg, I.V., 30 min before 
each session) had no significant effect on amphetamine self-
administration. When selegiline or saline was substituted for 
amphetamine for 10 consecutive sessions, moderate rates of self-
administration responding were maintained by I.V. doses of 0.3 to 3.0 
mg/kg selegiline, but not by saline. However, rates of responding were 
much lower than those maintained by amphetamine. Although selegiline 
appeared to have weak reinforcing effects, this could be due to 
psychomotor stimulant effects of residual active metabolites from the 
previous day. When saline was substituted for amphetamine during self-
administration sessions and 1.0 mg/kg selegiline was given I.V. 2 hr 
after each daily session, moderate rates of self-administration responding 
were observed over 10 consecutive sessions, similar to those maintained 
when selegiline was substituted for amphetamine. Supported by ‘NIDA.

746.20

AN EXAMINATION OF THE GABAERGIC INNERVATION PATTERN IN THE 
VENTRAL PALLIDUM OF RATS EXPOSED TO REPEATED COCAINE. K.R. 
De Leon, M.S. Todtenkopf, J.R. Stellar*. Dept. of Psychology, Northeastern 
University; Boston, MA 02115

The ventral pallidum (VP) is known to have reciprocal GABAergic 
projections with the nucleus accumbens (NAc), and that these connections 
play a significant role in reward and behavioral sensitization. The VP has been 
implied in drug reward through studies showing that it plays a significant role in 
mediating cocaine and heroin self-administration in the rat, as well as in 
behavioral studies employing locomotor techniques. It has been suggested 
(Pierce & Kalivas, 1997) that the GABAergic projections from the NAc to the 
VP are augmented, and therefore may be a significant mediating factor in 
sensitization. Understanding this projection could reveal notable biological 
alterations that cocaine may induce upon repeated exposure. The present 
study was done to determine any differences in glutamate decarboxylase-65 
(GAD^) immunoreactivity in the rat VP after repeated cocaine administration.

Repeated cocaine (15mg/kg i.p.) or saline (1ml/kg i.p.) was given bi-
daily, separated by 6 hours, for 5 consecutive days to rats. Either 2 or 14 days 
following the last injection, animals were sacrificed by intracardial perfusion. 
Sections (80pm) were taken from the VP and processed 
immunocytochemically for GAD^ and counterstained with cresyl violet. 
Computer-assisted microscopy revealed no significant differences in either the 
medial or lateral portions of the VP with respect to the number of GADgs- 
immunoreactive varicosities making contacts with neuronal cell bodies, or in 
the neuropil between cocaine-treated animals and saline controls after 2 or 14 
days withdrawal from cocaine treatment. These results indicate that the 
quantity of GABAergic boutons in the VP most likely do not play a role in 
behavioral sensitization to psychomotor stimulants.
This work was supported by the Whitehall Foundation and by University Funds

746.21

ASSESSMENT OF TYROSINE HYDROXYLASE IMMUNOREACTIVE 
INNERVATION IN THE DIFFERERENT SUBREGIONS OF THE NUCLEUS 
ACCUMBENS SHELL IN COCAINE SENSITIZED RATS. M.S. Todtenkopf*, 
J.R. Stellar. Dept. of Psychology, Northeastern University; Boston, MA 02115

Recent anatomical and neurochemical data has indicated that the 
shell of the nucleus accumbens (NAc) in the rat can be subdivided into distinct 
regions: e.g. a dorsomedial zone (NACqms ), a depression zone (NAcDEP), a 
dorsal intermediate zone (NAcD|Z), the intermediate zone (NAc int ), and the 
ventrolateral zone (NAcla T). To date, there has not been a complete study 
assessing the role of these subregions in the shell in sensitization to a 
psychomotor stimulant. The current study examines the innervation patterns of 
dopaminergic containing terminals in the above 5 subregions from the shell of 
the NAc after a repeated dosing regimen of cocaine.

Repeated cocaine (15mg/kg i.p.) or saline (1ml/kg i.p.) was given bi-
daily, separated by 6 hours, for 5 consecutive days to rats. Either 2 or 14 days 
following the last injection, animals were sacrificed by intracardial perfusion. 
Sections (80pm) were taken from the NAc at the level of the Major Island of 
Calleja, processed immunocytochemically for tyrosine hydroxylase (TH), and 
counterstained with cresyl violet. Computer-assisted microscopy revealed an 
augmentation in the number of varicosities forming contacts with cell bodies in 
the NACoep and the NAcINT(p = 0.019 and p < 0.012, respectively) after 2 days 
of withdrawal, but no significant differences following 14 days of withdrawal. 
These results indicate that the innervation patterns of TH in these 2 
subregions, at least in relationship to neuronal cell bodies, could play a role in 
the induction mechanisms of behavioral sensitization, but probably do not play 
a role in the long-term expression of behavioral sensitization.
This work was supported by the Whitehall Foundation and by University Funds

746.22
NICOTINE INDUCES DRUG-SEEKING BEHAVIOR AND C-FOS ACTIVATION 
IN SPECIFIC BRAIN AREAS IN JUVENILE RATS. H.S. Oliff*. R, Khaia. K.K. 
Ghuman. F.M. Leslie. Dept. of Pharmacology, College of Medicine, Univ. of 
California, Irvine, CA 92697-4625

The conditioned place preference (CPP) paradigm can be used as a measure of drug 
reward and has been used successfully with numerous drugs of abuse. However, in 
adult rats the results with nicotine have been mixed. We used CPP as a model to test 
the ability of nicotine to induce a drug seeking/reward response in juvenile (P30-P50) 
and adult rats. After three days of drug-free preconditioning and eight days of 
conditioning with either 0.50 mg/kg nicotine or 1 ml/kg saline, the rats were placed 
in the CPP apparatus drug-free for the test phase and the time each rat spent in either 
compartment of the apparatus was measured. The rat brains were then removed, 
processed for c-fos mRNA expression using in situ hybridization, and quantitated by 
autoradiographic image analysis. Using the CPP biased method, juvenile rats 
significantly preferred the nicotine-paired compartment. Using the CPP 
counterbalanced method, there was a trend toward significance in juvenile rats. 
Quantitative analysis revealed that juvenile rats who had been conditioned with 
nicotine prior to the CPP test phase had significantly increased c-fos mRNA 
expression in the ventral postero-medial thalamic nucleus (p<0.018), the medial 
geniculate nucleus (p<0.009), the dorsal endopiriform nucleus (p<0.05), the entorhinal 
cortex (p<0.004), and the CA1,2 (p<0.003) and CA3 (p<0.012) regions of the 
hippocampus. Also, there was a significant decrease in c-fos mRNA expression in 
central amygdaloid nucleus (p<0.009) and intermediate lateral septal nucleus 
(p<0.044). Therefore, using CPP as a paradigm, we have shown that nicotine acts as a 
drug of reward, causing drug-seeking behavior and specific c-fos mRNA activation in 
juvenile rats. Supported by the Tobacco Related Disease Research Program grant 6RT- 
0416.
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746.23

DETERMINATION OF THE PLACE PREFERENCE PROPERTIES OF 
THE POTENT SEROTONIN 5-HT2 RECEPTOR ANTAGONIST 
AMPEROZIDE (FG 5606): A COMPARISON WITH COCAINE.
D.J. Rademacher *. K.A, Anders, M.G. Riley, J.T, Nesbitt, and R.E,
Steinpreis. Dept. of Psychology, Univ. of Wisconsin-Milwaukee, 
Milwaukee, WI53211.

Amperozide (FG 5606), is a potent 5-HT2 receptor antagonist, with 
moderate affinity for ccj adrenoceptors, and a low to moderate affinity for 
Dt, D2, D3, and D4 receptors. Amperozide increases social contact, 
promotes affiliation, inhibits aggression, and reduces craving for cocaine 
and alcohol without interfering with motor coordination or causing 
sedation. Intraperitoneal administration of amperozide produced a place 
preference in the dose range from 3.0 mg/kg to 10.0 mg/kg. This result is 
consistent with the finding that amperozide increases extracellular 
dopamine concentrations in mesocorticolimbic structures. Rats exhibited 
a significantly greater place preference for the chamber paired with 2.0 
mg/kg and 20.0 mg/kg but not 0.02 mg/kg cocaine compared to the 
chamber paired with 5.0 mg/kg amperozide. The fact that cocaine is a 
much more potent dopamine uptake inhibitor compared to amperozide 
provides a reasonable explanation for why cocaine is much more 
reinforcing than amperozide. The results indicate that although 
amperozide is appetitive, it has limited abuse potential, suggesting that it 
may be useful as a cocaine and alcohol anti-abuse pharmacotherapy. The 
results underscore the potential usefulness of the conditioned place 
preference paradigm to allow measurement of the dose comparison trade-
off between two appetitive compounds.
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747.1

AMPHETAMINE SENSITIZATION AND TOLERANCE IN YOUNG 
DOMESTIC FOWL. R. A. Hughes*. Neuroscience Program and Dept. of 
Psychology, Iowa State Univ., Ames, IA 50011.

Amphetamine (AMPH) effects on motor activity were examined in cockerels 
during the first two weeks posthatch (PSTH). In one experiment chicks were given 
10 min. apparatus habituation on PSTH days 6-8 followed on PSTH days 9-12 by 
AMPH at 0.0,0.25,0.5 & 1.0 mg/kg IP and a 30 min activity test session on each 
day. Activation effects were modest (g,>.05) with a slight suggestion of 
sensitization over three days and tolerance on day 4 at the 1.0 mg/kg dose. A 
second experiment involved the same procedures with AMPH dosages of 0.0,1.25, 
& 1.5 mg/kg and 60 min test sessions. Modest activation effects were again 
obtained and general activity tended to decrease substantially after 30 min. A third 
experiment repeated the procedures of the first experiment with AMPH dosages of 
0.0, 2.0, 2.5, & 5.0 mg/kg and 30 min. test sessions. The 2.0 mg/kg group 
displayed the highest activity, which declined over days (tolerance). Activity of 
the 2.5 mg/kg group increased on days 1-3 (sensitization) and declined on day 4 
(tolerance). The 5.0 mg/kg group displayed the lowest activity on day 1 and an 
activation effect did not emerge until day 4. Thus, sensitization and tolerance are 
dose-dependent and when sensitization occurs it can be followed by tolerance. 
Funding provided by the Iowa State Psychology Dept. Chicks provided gratis by 
HY-LINE Inc, Dallas Center, I A.

747.2

THE EFFECTS OF TRAINING DOSE ON DOSE-RESPONSE FUNCTIONS IN 
RATS TRAINED TO AN AMPHETAMINE-VEHICLE DRUG 
DISCRIMINATION. J.R. Stadler*. W.F, Caul, and R.J. Barrett. Department of 
Psychology, Vanderbilt University, Nashville, TN 37240.

Animals were trained to discriminate one of three doses of amphetamine (AM). 
0.5, 1, or 2 mg/kg, from vehicle in a food-reinforced operant task on a variable- 
interval 20s schedule of reinforcement A dose-response relationship was plotted 
for each group. The purpose of the study was to evaluate a method to describe and 
interpret the degree of substitution that occurs across groups that have been trained 
to different training doses. The method required calculation of linear regression 
equations based on the dose-response data collected for each group. These 
equations were used to calculate the predicted dose of AM that would produce the 
percent drug-appropriate responding observed in the different training dose groups 
following the same test dose of drug. To test this method, the three groups were 
administered a dose of 0.375 mg/kg AM and percent AM-lever responding was 
measured 20 min later. When dose-response relationships were plotted and linear 
regression functions calculated for the three groups, it was found that there was not 
a parallel shift of the functions to the right as training dose was increased. This 
result was confirmed by transforming doses to the log of the training dose and 
superimposing the three functions on each other. The 2.0 mg/kg training dose 
group demonstrated the flattest slope compared to the 0.5 mg/kg and 1.0 mg/kg 
groups. In addition, using the linear regression equations to determine predicted 
AM dose based on responding following the 0.375 mg/kg dose of AM resulted in a 
predicted dose higher than that actually administered for the 2.0 mg/kg training 
dose. These results may provide support for sensitization developing during the 
normal course of discrimination training.

747.3

EFFECTS OF COMBINED TREATMENT WITH D-AMPHET AMINE AND 
THE SELECTIVE 5-HT RELEASING AGENT, MMAI ON BEHAVIOR, 
THERMOREGULATION, AND BODY WEIGHT. D, Marona-Lewicka*, J.R. 
Selken, and P.E. Nichols. Department of Medicinal Chemistry and Molecular 
Pharmacology, Purdue University, West Lafayette, IN 47907.

MMAI (5-methoxy-6-methyl-2-aminoindan) is a non-neurotoxic and highly 
selective 5-HT releasing agent. It posses a behavioral profile similar to the 
anorectic drug fenfluramine. D-amphetamine, a standard psychostimulant also has 
appetite suppressant properties, mediated by release of brain dopamine. In drug- 
discrimination assays, D-amphetamine induces only saline-like responding in 
MMAI-trained rats. However, MMAI produces long lasting (up to 7 days) 
disruption of drug responding in amphetamine-trained rats, without affecting the 
saline response. To explain this long-lasting and unusual effect in the drug 
discrimination paradigm we investigated the effects of different combinations of D- 
amphetamine with MMAI on thermoregulation, body weight, locomotor, and 
exploratory behavior in rats. MMAI at doses of 1.25-5 mg/kg did not change 
significantly body temperature, or induce the 5-HT syndrome. Higher doses of 
MMAI (10-40 mg/kg) decreased body temperature with an amplitude and duration 
that is dose-dependent. Multiple doses of MMAI (8 x 10 mg/kg, every 12 hrs) did 
not produce tolerance for the MMAI-induced hypothermic effect. Amphetamine 
(2.5-5 mg/kg) produced mild hyperthermia that disappeared after the second 
treatment (tolerance). Combined treatment with amphetamine (2.5 mg/kg) and 
MMAI (10 mg/kg) produced only a decrease of rat core temperature, independent of 
whether amphetamine was given 30 min. before or after each MMAI dose. MMAI 
significantly reduced rat body weight compared to saline controls. Moreover, 
combined treatment with MMAI/amphetamine markedly and significantly reduced 
body weight compared to MMAI alone. Significant body weight differences 
between control and treated animals still persist 7 days after cessation of drug 
treatment. Studies of combined treatment with MMAI/amphetamine in the 
Behavioral Pattern Monitor are in progress. These studies were supported by NIDA 
grant DA04758.

747.4
DOSE-DEPENDENT EFFECTS OF ASCORBIC ACID PRETREATMENT ON 
BOTH THE BEHAVIORAL RESPONSE TO AMPHETAMINE AND ASCORBIC 
ACID ACCUMULATION IN RAT NEOSTRIATUM. Zhongrui Wane* and 
George V, Rebec, Program in Neural Science and Dept. Psychology, Indiana 
University, Bloomington, IN 47405.

Pretreatment with a relatively high dose (1000-2000 mg/kg) of ascorbic acid (AA) 
has been shown to attenuate the behavioral activation induced by amphetamine in 
rodents. Considerably lower doses (50-200 mg/kg) of AA have been reported to have 
the opposite effect. These dbse-dependent differences may relate to the opposing 
effects of low and high concentrations of AA on the activity of neostriatal neurons, 
which play a critical role in amphetamine-induced behavioral effects. To shed light 
on this issue, we assessed the behavioral response to amphetamine in rats pretreated 
with either vehicle, 100, or 1000 mg/kg AA; the animals were implanted with 
carbon-fiber voltammetric electrodes for simultaneous assessment of extracellular AA 
levels in neostriatum. With either dose of AA, the neostriatal AA signal increased 
by >25% within 30 min of injection. Subsequent administration of 1.0 mg/kg d- 
amphetamine caused a further, prolonged rise in the AA signal, but paradoxically, 
this effect was greater in the low- than in the high-dose AA rats. These animals also 
differed in their behavioral response to amphetamine. Consistent with previous 
reports, 100 mg/kg AA significantly enhanced amphetamine-induced locomotion 
compared to rats pretreated with 1000 mg/kg AA. Collectively, these results 
emphasize the importance of AA dose and neostriatal AA accumulation in the ability 
of AA pretreatment to alter amphetamine-induced changes in open-field behavior.

Supported by NS-35663.
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747.5
CHANGES IN SENSITIVITY TO THE LOCOMOTOR INHIBITORY 
EFFECTS OF THE a-2 RECEPTOR AGONIST, CLONIDINE. 
FOLLOWING CHRONIC FLUOXETINE.
E. Spreekmeester.^A. Mar & J. Rochford. Departments of Neurology & 
Psychiatry, McGill University, Douglas Hospital Research Center. 6875 
Boul. Lasalle, Verdun, P.Q., Canada. H4H 1R3.

Chronic antidepressant treatment is known to induce alterations in 
monoaminergic receptor number and affinity. The behavioral consequences 
of these changes have not been studied extensively. The present study 
examined putative changes in noradrenergic (NA) a-2 receptor function, 
following chronic fluoxetine administration. The experiment involved 
measuring the impact of the NA a-2, clonidine, on open field behavior. In 
addition, we employed the olfactory-bulbectomy (OBX) model in order to 
assess whether monoaminergic receptors were differentially modulated by 
chronic antidepressant treatment in a neurally compromised rat.

Fluoxetine (1 Omg/kg/day) was given in drinking water to male 
Sprague Dawley rats for 21 days starting one week following OBX surgeries. 
A two day washout period was given to all groups of animals. Behavioral 
testing was conducted during which clonidine (3pg or .25mg/kg, i.p.) or 
saline was given 30 minutes prior to the open field exposure. Our findings 
indicate that fluoxetine increased the total activity in the open field in all 
animals (p<.05). In addition, animals that received the 3pg clonidine 
challenge crossed more squares in 5 minutes than the ,25mg clonidine group 
(p< 05). Further analysis revealed that this difference was mainly due to the 
dampening effect of .25mg clonidine on activity in the saline, but not 
fluoxetine treated animals. While the 3pg clonidine dose increased the 
number of squares crossed in the fluoxetine group, this increase was not 
siginificant These results suggest that while ,25mg clonidine was able to 
decrease activity in saline animals, it is without effect in the fluoxetine group 
due to a subsensitivity of the a-2 receptors following chronic antidepressant 
treatment.
This research was supported by MRCC.

747.6
CENTRAL NORADRENERGIC DEPLETION ENHANCED HOLE-
POKING BEHAVIOR IN ISOLATED RATS. M.D.S. Lapiz. Y. Mateo,
T.L. Parker and C, A. Marsden. (SPON: British Neuroscience Association) School 
of Biomedical Sciences, University of Nottingham Medical School, Queen’s Medical 
Centre, Nottingham NG7 2UH, United Kingdom.

Social isolation from weaning in the rat influences behaviour in the adult. This 
study investigated the effect of isolation rearing on aspects of locomotor activity 
(LMA) and the influence of central noradrenergic (NA) depletion, using A'-(2- 
chloroethyl)-/V-ethyl-2-bromobenzylamine (DSP-4) on these behaviors.

Male Lister hooded rats (24) were housed for 6 weeks either singly or in groups 
(6/cage) after weaning (21 days). 14 days post-weaning, the rats were injected with 
DSP-4 (25mg/kg i.p.) or 0.9% saline. During week 4, the rats were tested in photocell 
LMA cages. Activity was counted as beam breaks in the bottom, middle and top 
fields, measuring hole-poking, locomotor and rearing behavior, respectively. Activity 
was tracked for 30 min by computer and analysed using ANOVA (Table 1).
The results showed the characteristic increased LMA and rearing activity of 

isolation reared rat in a novel environment. Hyperactivity was not affected by DSP-4 
treatment. Social isolation alone did not influence hole poking, an exploratory 
behaviour. However, DSP-4 treatment of isolated rats significantly enhanced this 
behaviour. This suggests of a possible isolation-induced alteration in the central NA 
neurotransmitter system in these rats.
Table 1. Mean (± SEM) photocell beam breaks in photocell LMA cages.

Treatment Hole-Poking Locomotor Activity Rearing
Group-Saline
Group-DSP4
Isolate-Saline
Isolate-DSP4

1.83 (±0.14)
1.69 (±0.20)
2.14 (±0.21)
4.39 (±0.31)***

9.93 (±0.87)
10.83 (±0.87)
15.67 (±0.86)***
15.63 (±0.56)***

5.27 (±0.43)
5.25 (±0.59) 
7.67 (±0.60)* 
6.93 (±0.52)

♦P<0.05, *** P0.001

747.7 .

L-NAME BLOCKS PCP-INDUCED LOCOMOTOR ACTIVITY MORE 
POTENTLY THAN L-NITROARGININE AND OTHER NOS INHIBITORS 
D.V. Widzowski*, J.M. Weaver and J. Walton. Astra Arcus USA, P.O. Box 20890, 
Rochester, NY 14602.

Recent studies have shown that NOS inhibitors (e.g. L-NAME) can block 
phencyclidine (PCP)-induced locomotor activity and PCP-induced impairments in 
prepulse inhibition of acoustic startle, suggesting possible utility of NOS inhibitors 
as antipsychotic agents. The purpose of the present study was to further characterize 
the potency and efficacy of NOS inhibitors at blocking PCP-induced locomotor 
activity and compare these effects with reference antipsychotic agents. Naive rats 
were injected with either vehicle, a NOS inhibitor or an antipsychotic 15 minutes 
before administration of PCP (5 mg/kg) or vehicle. Following PCP, the rats were 
placed in open field chambers and activity data collected for 90 minutes. PCP greatly 
increased locomotor activity (distance traveled 8 times vehicle levels). L-NAME 
administration dose-dependently blocked the PCP-induced locomotor activity and 
stereotypic movements (e.g. head-weaving) with an ED50 of 0.28 mg/kg. Other NOS 
inhibitors also blocked PCP-induced locomotor activity and stereotypic movements 
but with much lower potency; ED50 doses: L-nitroarginine = 10 mg/kg sc, S-methyl 
thiocitrulline = 5 mg/kg, arcaine - 5 mg/kg. This order of potency is surprising 
given that L-NAME is a much weaker inhibitor of NOS in vitro and less potent at 
inhibiting NOS in ex vivo assays. PCP-induced locomotor activity was reduced by 
haloperidol (ED5o=0.08 mg/kg) at similar doses to those that reduced spontaneous 
locomotor activity and induced catalepsy(ED,o=O.O4 mg/kg). Clozapine reduced 
PCP-induced locomotor activity (ED50=0.38 mg/kg) but affected spontaneous motor 
activity only at much higher doses (ED50=9.3 mg/kg). L-NAME did not significantly 
reduce spontaneous locomotor activity at doses up to 50 mg/kg sc. These results 
confirm that NOS inhibitors block PCP-induced locomotor activity and suggest that 
L-NAME may have special properties compared to other NOS inhibitors.

747.8

ORPHANIN FQ/NOCICEPTIN ATTENUATES THE MOTOR 
STIMULATORY EFFECT OF BOTH APOMORPHINE AND 
COCAINE IN RATS. K, Lutfv^and Nigel T. Maidment. Dept. of 
Psychiatry and Biobehavioral Sciences, Neuropsychiatric Institute, 
University of California, Los Angeles, Los Angeles, CA 90024.

Orphanin FQ (also known as nociceptin) has been shown to suppress 
motor behavior and decrease extracellular dopamine in rats. In the 
present study we sought to further investigate the effect of orphanin FQ 
on dopaminergic neurotransmission and motor behavior. In order to 
shed more light on the mechanism of the inhibitory effect of orphanin 
FQ on motor behavior, we determined if orphanin FQ would selectively 
attenuate the motor stimulatory effect of the indirect dopamine receptor 
agonist cocaine, but not that of the direct acting dopamine D1/D2 
receptor agonist apomorphine. To obtain a dose of apomorphine and 
cocaine to elicit a similar increase in motor activity, rats were adapted to 
testing chambers and injected with either apomorphine (1-10 mg/kg, i.p.) 
or cocaine (3-30 mg/kg, i.p.). Control groups were injected with saline. 
Apomorphine and cocaine each produced a dose-dependent increase in 
motor behavior and apomorphine was found to be approximately 3 times 
more potent than cocaine. In subsequent studies, rats were injected with 
artificial cerebrospinal fluid or orphanin FQ (3-30 nmoles, i.c.v.). 
Approximately 5 min later, rats were injected with either apomorphine (3 
mg/kg, i.p.) or cocaine (10 mg/kg, i.p.). It was found that orphanin FQ 
dose-dependently blocked the motor stimulatory effect of both 
apomorphine and cocaine to a similar degree. (Supported in part by DA 
05010 and DA09359 to NTM; KL was supported in part by a training 
grant T32DA07272)

747.9

MORPHINE SENSITIZATION IS NOT PREVENTED BY DIZOCILPINE 
INFUSION
C. Gambarana*1, S. Scheqqi1, M.G. De Montis2 and A. Taqliamonte1
1 Clinic of Nervous and Mental Diseases, University of Siena, Siena, Italy
2 Dept. of “Scienze del Farmaco”, University of Sassari, Sassari, Italy 

Sensitization to morphine (MF) was induced in rats by the use of 2 different
protocols: a) 3 day administration of increasing doses of MF (10, 20 and 40 
mg/kg b.i.d, s.c.) and 2 weeks of wash-out; b) daily administration of 10 
mg/kg of MF s. c. for 7 days and a week of wash-out. After wash-out, 
sensitization was evaluated on the basis of locomotor activity and 
stereotypies elicited by a challenge dose of 5 mg/kg MF. The 2 protocols 
yielded similar results. Dizocilpine, a non competitive antagonist of NMDA 
receptors, was administered to rats during the exposure to MF sensitization 
protocol (a) or (b) either by daily injection of 0.25 mg/kg (before MF 
administration) or by s.c. infusion through osmotic minipumps delivering 0.1 
mg/kg/die. In animals sensitized using protocol (a) or (b), the development 
of MF sensitization was prevented only by the higher dose of dizocilpine, at 
variance with the results observed with cocaine sensitization (Gambarana et 
al., Behav. Pharmacol. 9, 61, 1998). However, infusion of the low dose of 
dizocilpine was able to completely antagonize the development of tolerance 
to the analgesic effect of MF. CPP, a competitive NMDA receptor 
antagonist, administered daily (0.1 mg/kg i.p.) during the exposure to 
protocol (b), completely prevented the development of MF sensitization. 
Animals previously sensitized to MF and then exposed for 7 days to infusion 
or daily i.p. administration of dizocilpine, either in the presence or in the 
absence of a daily MF challenge, maintained the status of MF sensitization. 
(This study was supported by grants from the Italian MURST).

747.10

THE 5-HT1A AGONIST 8-OH DPAT AND ANTAGONIST WAY 100635 BLOCK 
DIFFERENT ASPECTS OF THE BEHAVIORAL HABITUATION TO A NOVEL 
ENVIRONMENT. Ernest Damianopoulos*. Gail DePalma and Robert J, Carey. Dept. 
of Psychiatry, S.U.N.Y. Health Science Center and Research and Development (151), 
V.A. Medical Center, Syracuse, N.Y. 13210.

During brief exposure to a novel environment, rodents typically exhibit a decline in 
locomotor activity. Upon a second exposure to the same environment, activity is less than 
during the initial exposure. These two facets of habituation, within and between session, 
are characteristic features of an animal’s response to a novel environment and are 
considered to represent a basic adaptive learning process. In this study, we assessed the 
effects of pharmacological modification of 5-HT1A receptor activity on this type of 
adaptive behavior using the 5-HT1A agonist, 8-OH DPAT and the 5-HT1A antagonist, 
WAY 100635. We used the lowest dose level of 8-OH DPAT (0.2 mg/kg) which both 
modified 5-HT turnover ratios in the frontal cortex and did not substantially impact upon 
overall activity levels. The dose level of WAY 100635 used (0.4 mg/kg) was one which 
both prevented the effect of 8-OH DPAT on cortical 5-HT turnover and did not affect 
activity levels. There were four groups (n=20) which received either saline, 8-OH DPAT 
(0.2 mg/kg), WAY 100635 (0.4 mg/kg) or 8-OH DPAT (0.2 mg/kg) plus WAY 100635 
(0.4 mg/kg) 20 min prior to placement in an open-field test environment for 10 min. All 
groups were retested for 10 min 24 hr later. In this test, all groups received saline. 
Groups given saline or 8-OH DPAT plus WAY 100635 performed similarly and 
exhibited both a within session decline in activity on day 1 and a reduction in activity 
from day 1 to day 2. In contrast, the group treated with 8-OH DPAT exhibited within 
session habituation on day 1 but did not exhibit a decline in activity from day 1 to day
2. The results for the WAY group were just the opposite. Thus, pharmacological 
modification of 5-HT1A receptor occupancy which does not alter overall locomotor 
activity levels can disrupt basic attentional and/or memory processes.
This research was supported by NIDA R01DA05366-12 and a VA Merit Review grants.
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747.11
PENATAL AND POSTNATAL EXPOSURE OF NICOTINE: LOCOMOTOR 
EFFECTS IN RAT OFFSPRING. Mary B. Newman*1, R. Doug 
Shytle1'3, Cheryl L. Kirstein14, and Paul R. Sanberg1'3.
Departments of Psychology1, Neurosurgery2, Neuroscience 
Program3 and Pharmacology & Therapeutics4, University of 
South Florida, College of Arts and Science and College 
of Medicine, Tampa, FL 33613

The purpose of this study was to determine if 
prenatal/postnatal nicotine exposure results in 
hyperactive offspring. Rat offspring were exposed to 
nicotine, through implantation of osmotic mini-pumps in 
dams, at levels of 0.75, 1.5 and 3.0 mg/kg/day for 19 
days prenatally and 16 days postnatally. Higher 
percentage of pup deaths resulted from nicotine-exposed 
dams than from control dams. Significantly less litter 
body weight was shown in nicotine-exposed offspring on 
postnatal day 1 when compared to controls. However, 
these offspring surpassed the control groups in litter 
body weight on postnatal day 14 and 21. Hyperactivity 
was found in offspring exposed to prenata1/postnatal 
nicotine at levels of 0.75 and 3.0 mg/kg/day on 
postnatal day 14. Results are consistent with the 
hypothesis that rat offspring are susceptible to the 
neurochemical and neurobehavioral effects of 
prenatal/postnatal nicotine-exposure.

747.12
MK-801 PREVENTS THE DEVELOPMENT OF SENSITIZATION TO 
METHYLPHENIDATE: STATE DEPENDENT LEARNING OR PLASTIC 
EVENTS. Q. Gaytan, A. Swann, J. Aronowski* and N. Dafny. Dep. of Neurobiology 
and the Dept. of Psychiatry and Behavioral Sciences, UT Medical School at Houston,
P.O. Box 20708, Houston, TX 77225.

Repeated administration of methylphenidate (MPD) produces sensitization to its 
locomotor effects that can be disrupted by administration of MK-801, a non-
competitive NMDA receptor antagonist. The present studies compare the ability of a 
high and low dose of MK-801 to prevent the development of sensitization to MPD, 
and investigates what role, if any, state-dependant learning (SDL) plays. Male 
Sprague-Dawley rats (n=88) were housed in computerized test cages and 
continuously recorded for 15 days. After 3 days of baseline and saline control, rats 
were randomly divided into the following groups on day 4. Groups 1-5 received six 
daily i.p injections (days 4 to 9) of 0.05 mg/kg, 0.30 mg/kg MK-801, 2.5 mg/kg MPD 
(s.c.) or 0.30 mg/kg MK-801 given either 1 h prior to, or 1 h after, MPD. Groups 6-11 
all received MPD on days 4 to 9. Groups 6-7 received either 0.05 or 0.30 mg/kg MK- 
801 1 h prior to MPD from days 5-9. Groups 8-9 received 0.05 or 0.30 mg/kg MK- 
801 1 h prior to MPD on day 4, while groups 10-11 received a only 0.3 mg/kg MK- 
801 either on day 3 or on day 5. All rats were re-challenged on day 15 with the same 
treatment they received on challenge day 4. Repeated MPD and 0.30 mg/kg MK-801 
sensitized to their own locomotor effects when given either alone or in combination 
on days 4 to 9. MK-801 (0.30 mg/kg) prior to MPD either singly (day 4) or on days 5 
to 9 blocked the development of sensitization to MPD, but a single injection of this 
dose of MK-801 on day 3 or day 5 did not. The low dose of MK-801 (0.05 mg/kg) 
was only able to disrupt sensitization to MPD when given repeatedly on days 5 to 9. 
In conclusion, it appears that the MK-801 is able to disrupt the sensitization to MPD 
through effects on both plastic events and through SDL effects. Supported in part by 
Pat Rutherford, Chair in Psychiatry.

747.13

BLOCKING OF SENSITIZATION TO THE LOCOMOTOR EFFECT OF 
METHYLPHENIDATE BY SODIUM VALPROATE. P. Yang1'2, A. Beasley, K. 
Eckerman, O. Gaytan1,2, A. Swann2*, and N. Dafny1. 'Dept. of Neurobiology and 
Anatomy, 2Dept. of Psychiatry, Univ. of Texas Medical School at Houston, P.O. 
Box 20708, Houston, TX, 77225.

Methylphenidate (MPD) is the drug widely used to treat attention deficit/ 
hyperactivity disorder in children. Because of its rapid increase in consumption and 
because it has pharmacological stimulant properties similar to amphetamine and 
cocaine, MPD has the potential of abuse. Repeated administration of amphetamine, 
cocaine, and MPD has been reported to elicit behavioral sensitization to their 
locomotor and stereotypic effects in rodents. GABAergic drugs have shown to 
inhibit behavioral effects of stimulants, i.e., amphetamine. Therefore, the objective 
of the present study was to determine whether single (Group I) or multiple (Group 
II) administration of sodium valproate (VAL), a GABA agonist, prevents the 
expression of sensitization to the locomotor effect of MPD once it has developed. 
Male Sprague-Dawley rats were housed in test cages and behavioral activities of the 
two groups (I and II) were recorded as follows: baseline activity (Day 1); saline 
injection (Day 2); six days of a repeated dose of 2.5 mg/kg MPD, s.c. (Day 3-8); a 
dose of 50 mg/kg VAL, i.p. (Day 9); washout for Group I while a repeated dose of 
50 mg/kg VAL, i.p., for Group II (Day 10-13), and a rechallenge dose of 2.5 mg/kg 
MPD, s.c.(Day 14). All injections were done at 13:00 or 14:00 for VAL and MPD, 
respectively. Horizontal activity, total distance, vertical activity, and number of 
stereotypic movements were recorded and analyzed. Results showed that single 
administration of VAL on Day 9 blocked only the expression of sensitization to 
horizontal activity of MPD in the rats. However, multiple administration of VAL 
prevented the expression of sensitization to total distance as well as vertical activity 
of MPD. Supported by: Pat Rutherford Chair in Psychiatry.

747.14
VALPROIC ACID MODULATES THE INDUCTION OF SENSITIZATION 
TO METHYLPHENIDATE A. Beasley, Eckermann, O. Gaytan, A. Swann, J.
A. Ferrendelli*, and N. Dafny UT Medical School - Houston, P.O. Box 20708, 
Houston, TX 77225

Recurrent use of amphetamine or cocaine elicits side effects such as 
sensitization. More recently, it was repeated that exposure to methylphenidate 
(MPD; Ritalin) also elicits sensitization to its locomotor effects. Since drugs 
that affect the y-amino-butyric acid (GABA) system are reported to modulate 
the effects of amphetamine and cocaine, this study was designed to test the 
ability of valproic acid (Val), a GABA agonist, to modulate the development of 
sensitization to MPD. An automated computerized animal activity monitoring 
system recorded the locomotor activity continuously for 16 days. Male 
Sprague-Dawley rats (180-200g; n=24) were randomly assigned to three groups 
which received: 1) a single injection of Val (50 mg/kg; i.p.) 1 hour prior to the 
first of six daily MPD (2.5 mg/kg; s.c.) injections, 2) a daily Val injection 1 hr 
prior to the six MPD injection days, or 3) saline prior to the 6 days of MPD 
injections. On Day 1, baseline activity was recorded. Day 2 recording served 
as a saline control. On Days 3-8, the rats were treated according to their 
groupings. There was no treatment on Days 9-13. All groups were re-
challenged with MPD (2.5 mg/kg; s.c.) on Day 14. It was found that 
Administration of MPD alone (group 3) produced a sensitized response by the 
last day of the repeated MPD injections (Day 8) that was still present six days 
later (Day 14) in all four motor indices analyzed. However, the activity score of 
groups 1 and 2 did not significantly increase throughout the 6 days of MPD 
treatment induction phase as well as following the re-challenged MPD on Day 
14. In conclusion, 50 mg/kg Val given singly or repeatedly was able to block 
the induction of sensitization of MPD whether given singly or repeatedly. 
Support in part by Pat Rutherford, Chair in Psychiatry.

747.15

DOSE-RELATED MODULATION OF THE ACUTE AND CHRONIC 
EFFECTS OF METHYLPHENIDATE BY VALPROIC ACID K. Eckermann, 
O. Gaytan, A. Beasley, A. Swann, and N. Dafny* Department of Neurobiology and 
Anatomy and the Department of Psychiatry, UT Medical School at Houston, P.O. 
Box 20708, Houston, TX 77225

Repeated administration of methylphenidate has been reported to produce 
sensitization to its locomotor effects. Sensitization to other stimulants, such as 
amphetamine, can be modulated by administration of MK-801 (a noncompetitive 
NMDA receptor antagonist) or valpoic acid (a GABA transaminase inhibitor). This 
study investigates the dose-related effects of a single injection of Valproic Acid 
(Val), on the acute and chronic effects of methylphenidate. Thirty-two male 
Sprague-Dawley rats (180-220 gm) were housed in activity monitoring system test 
cages and continuously recorded for 9 days as follows: Days 1- Baseline; Day 2 - 
Saline Injection; Day 3 - rats received either an i.p. injection of 0.0, 50, 100, or 200 
mg/kg of Val one hour prior to s.c. injection of 2.5 mg/kg methylphenidate; on Days
4-8 all rats received single daily injections of 2.5 mg/kg methylphenidate. 
Following five days of no treatment (Days 9-13), rats were re-challenged with 
methylphenidate alone (Day 14) and on Day 15. The moderate dose of Val (100 
mg/kg) had no effect on the acute response to methylphenidate, while the two other 
doses (50 and 200 mg/kg) attenuated the locomotor response to methylphenidate. 
Repeated administration of methylphenidate produced progressive locomotor 
sensitization. However, a single administration of the lowest dose of Val (50 
mg/kg) 1 h prior to the first administration of methylphenidate prevented the 
development of sensitization during subsequent repeated methylphenidate 
treatment. The middle Val dose has some effect but not significantly while the 
higher Val dose did not have any effect on sensitization. In conclusion, Val is able 
to disrupt the development of sensitization to methylphenidate in a dose-dependent 
manner. Support in part by Pat Rutherford, Chair in Psychiatry.

747.16

WITHIN SUBJECTS TESTING PROCEDURES FOR ASSESSING 
PSYCHOMOTOR STIMULANT EFFECTS OF ETHANOL. J. A. Fogarty*,
B.C. Dudek. Dept. of Psychology, University at Albany - SUNY; Albany,
NY 12208

In order to assess psychomotor stimulant effects of ethanol within 
individuals for genetic analysis, a within subjects testing procedure is used. 
Lister (1987) found differential effects of preexposure to the testing 
environment on locomotor and exploratory activity in DBA/2 mice. In order 
to determine if repeated exposure to a testing environment would affect 
activity measures either in the untreated or treated state, three different 
strains were exposed to activity monitors for either two, four or zero sessions 
before baseline measures were taken. This habituation to the testing 
environment failed to consistently reduce the variance of the activity score for 
either baseline or ethanol-treated activity scores. Habituation also produced 
differential effects on activity across strains. Both mice from a genetically 
heterogeneous stock and the C57B1/6 Abg strain showed reduced activity 
levels with increasing habituation, while the DBA/2 Abg strain did not. 
Habituation did not affect activity scores taken after ethanol treatment. 
However, the reduced baseline activity of C57Bl/6Abg mice appeared as 
ethanol-induced activation when only difference scores were considered. 
Strain differences in habituation may reflect a variety of behavioral strain 
differences, and have implications for repeated measures designs. However, 
for the short test times employed in this paradigm, these manipulations did 
not alter the alcohol response. (This research supported by NIH grants 
KO2AA170 and R01AA09038.)
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747.17

[35S]GTP-GAMMA-S BINDING AND [4 5CA2lj transport  activities  in  the  thirteen - 
LINED GROUND SQUIRREL (SPERMOPHILUSTR1DECEMLINEATUS) BRAIN SECTIONS REMAIN 
SENSITIVE TO AGONIST REGULATION DURING HIBERNATION. W. Watson1*, D. Cai2.K. 
Frerichs3. J. Hallenbeck2, and A. Verma1.1 Dept of Neurology, Uniformed Services Univ. of the Health 
Sciences,2 Stroke Branch, NINDS; Bethesda, MD 20814;3 Div. of Neurosurgery, Brigham and Women’s 
hospital, Harvard Medical Sch., Boston, MA, 02115

Mammalian hibernation represents a physiological state in which the activity of the CNS is 
maintained at extremely low, but functionally responsive levels. This reversible CNS hypoactivity may 
reflect an adaptation of brain neurotransmitter signaling function. Although alterations in brain protein 
phosphorylation and nerve terminal calcium influx have been reported in hibernation, metabotropic 
receptor-mediated signaling pathways have not been assessed. The activity of a broad range of 
neurotransmitter action could be modified via regulation of the G-protein and intracellular calcium 
responses that sub-serve several neurotransmitter receptor signaling systems. We measured basal and 
agonist-stimulated 35S-GTP-gamma-S binding as well as the sequestering capacity and IP3 sensitivity of 
endoplasmic reticulum (ER) Ca2+pools in brain sections of hibernating and non-hibernating ground 
squirrels to determine whether an alteration in these signaling components is associated with the 
hibernating state. 35S-GTP-gamma-S bound to fresh-frozen squirrel brain sections in a specific and 
saturable manner. This binding was stimulated by agonists of several neurotransmitter receptors including 
serotonin, opioid, histamine, and adenosine receptors. Basal and agonist-stimulated 35S-GTP-gamma-S 
binding was confined to grey matter structures by autoradiography. Stimulated responses displayed 
regional heterogeneity with agonist-specific anatomical localizations. 45Ca2+uptake into brain section ER 
compartments was ATP- and Mg2* -dependent and was inhibited by thapsigargin and A23187. IP3 
sensitivity of brain ER calcium pools was maintained in the hibernating brains. Autoradiographic analysis 
of 45Ca2+ uptake revealed some hibernation-specific regional changes in ER calcium compartments with 
the Purkinje cell layer of the cerebellar cortex having a reduced Ca2+ sequestering capacity vs. the non- 
hibernating brains. These findings demonstrate that a general decrease in receptor G-protein coupling and 
ER calcium handling does not account for the CNS hypoactivity associated with the hibernating state. 
Supported by Tine Defense and Veterans Head Injury program.

747.18
FINE MOTOR CONTROL IN RATS IS DISRUPTED BY DELTA-9- 
TETRAHYDROCANNABINOL (THC)
S. Camicom*. P.J. McLaughlin. C.E. Delevan. J.K. Robinson &
J.M, Brener Dept. of Psychology, S.U.N.Y. at Stony Brook, Stony Brook, 
NY, 11794-2500.

Evidence has suggested that cannabinoids such as THC, an active ingredient 
in marijuana, cause deficits in motor control and the production of movement. 
However, the specific components of motor control that are affected by 
cannabinoids has yet to be analyzed. The present study used an operant beam 
press paradigm with a force criterion to determine the effects of THC on 
different parts of the force-time trajectory. Seven rats were trained to 
press a beam with at least 50 grams of force to receive a sugar solution.
THC was injected, as was apomorphine (APO), a selective dopamine D1/D2 
receptor agonist that acts as an antagonist at low doses. Low doses of APO, 
which have been found to cause deficits in motor execution, were used as a 
control for the effects of THC. Average peak force of a given press, as well 
as rate of rise of force, were significantly lowered by THC, as well as by 
apomorphine. Past research suggests that deficits in the rate of rise of 
force that can be attributed to depletion of dopamine in the nigrostriatal 
pathway, as in the case of low doses of APO, reflect failures of motor unit 
recruitment rather than of motor memoiy. Similarities in the motor effects 
of THC and APO suggest that THC plays a role in recruitment and 
synchronization of motor neurons appropriate for a given task.

747.19

RATS WITH AMYGDALA LESIONS FAIL TO SHOW COCAINE 
SENSITIZATION OF THE ACOUSTIC STARTLE RESPONSE

L.J. Coughlin*, M. Lindblad*, A. Chess*, S. Nugent#, A. O’Neal*.
J. Romano*, & W.P. Jordan.

Psychology and Biology, St. Mary's College of Maryland,
St. Mary's City MD 20686

After several intermittent, low doses of cocaine, a raf s motor behavior becomes 
sensitized to subsequent doses. Cocaine sensitization involves increased dopamine 
activity in the ventral tegmental area (VTA)--nucleus accumbens (NAcc) system, but 
other brain areas (e.g., the amygdala, AMG) have been implicated. The present study 
investigated the effect of AMG lesions on sensitization of the acoustic startle response.

Sixteen male, albino rats (Zivic-Miller) received large, bilateral AMG lesions; 
another group (Sham, n=16) served as controls. The startle stimulus (105dB, 50ms 
white noise) was presented ten times per session on a 20s ISI. Following habituation 
training without drugs, animals received either cocaine (COC, 10 mg/kg i.p.) or saline 
every three days, 20 min before behavioral testing.

Startle amplitudes of lesioned animals displayed more long-term habituation than 
controls. Startle amplitudes of sham animals were sensitized by COC. AMG lesions 
abolished both the acute and sensitizing effects of COC on the acoustic startle 
response. First responses of each session were more affected by COC in non-lesioned 
animals than were the mean responses of each session (trials 3-10), suggesting an 
interaction between the sensitizing properties of cocaine and the arousal produced by 
the repeated presentation of the startle stimulus.

These results clearly demonstrate a role for the amygdala in the expression of 
behavioral sensitization to cocaine and suggest that neural mechanisms outside of the 
VTA-NAcc also may be necessary for the development of cocaine sensitization.

* This research was conducted by these undergraduate nonmembers.

747.20
TEST SPECIFICITY OF TWO INFORMATION PROCESSING 
PARADIGMS: P50 GATING AND PREPULSE INHIBITION. N.M.W.J. 
de Bruin,1'2 E.L. J.M. van Luijtelaar,2 A.R. Cools,1 M. Frenken1 and B.A.
Ellenbroek1. NICI/1Dept. of Psychoneuropharmacology; 2Dept. of 
Comparative and Physiological Psychology, Univ. of Nijmegen, PO BOX 
9104, 6500 HE Nijmegen, The Netherlands.

Schizophrenic patients suffer from deficits in P50 gating and 
prepulse inhibition (PPI), commonly used paradigms that assess gating in 
both animals and in humans. In both paradigms the response to a second 
auditory stimulus (S2) is attenuated by an inhibitory effect of the first 
auditory stimulus (SI). The aim of the study was to investigate whether or 
not these two paradigms reflect distinct inhibitory processes. First, the 
correlation approach was used to study the interrelation of gating as 
measured with auditory evoked potentials (AEP’s) and PPI of the acoustic 
startle response (ASR) in rats: no correlation was found. Secondly, a 
comparison between the effects of two drugs on AEP gating and PPI of the 
ASR was made. ^/-Amphetamine reduced gating in both paradigms. In 
contrast, the N-methyl-D-aspartate (NMDA) antagonist ketamine (10 
mg/kg) did not affect AEP gating, but disrupted PPI to the extent that 
prepulse facilitation occurred. Finally, the interstimulus interval (ISI) for 
optimal gating was established in each paradigm. These studies showed 
that maximal inhibition occurred with ISI’s of 60 to 120 ms in the PPI 
paradigm, but with ISI’s between 200 and 1000 ms in the AEP paradigm. 
It is concluded that PPI and AEP gating reflect distinct inhibitory 
processes. Therefore, research on the neurophysiological substrate of each 
type of gating process, namely PPI and AEP gating, is required to extend 
our knowledge about the gating problems seen in schizophrenic patients.

747.21

ROLE OF DOPAMINERGIC MECHANISMS IN PREPULSE 
INHIBITION OF ACOUSTIC STARTLE Christian Forks tan" 
Jianhua Zhang. Jorgen A Engel , and Lennart Svensson. Department of 
Pharmacology, Goteborg University, P.O.Box 431, Goteborg, Sweden

Prepulse inhibition of acoustic startle is the reduction in startle response 
to an intense auditory stimulus when this stimulus is immediately preceded 
by a weaker prestimulus. Prepulse inhibition ocurres normally in humans 
and experimental animals but schizophrenic persons often exhibit a 
marked impairment in this measure. Previous studies have shown that 
dopamine (DA) dependent neuronal mechanisms are involved in the 
modulation of prepulse inhibition. In the present study, experiments were 
conducted in rats to further elucidate the involvement of these mechanisms 
in prepulse inhibition. In line with previous studies, the indirect DA 
agonist, d-amphetamine, was shown to decrease prepulse inhibition. This 
effect was more pronounced in d-amphetamine-treated rats compared to 
rats treated with equimolar doses of cocaine. The combined treatment with 
subthreshold doses of the selective DA DI agonist, SKF 38393, and the 
selective DA D2 agonist, quinpirole, was also shown to decrease prepulse 
inhibition. In other experiments, the selective DA D2 antagonist, 
raclopride, was shown to enhance prepulse inhibition. Finally, a close 
inverse relationship between DA overflow in the nucleus accumbens and 
the level of prepulse inhibition was shown using a technique allowing 
concomitant measurement of these parameters in awake, freely moving 
rats. In agreement with previous studies it is concluded that DA 
neurotransmission is implicated in the modulation of prepulse inhibition 
and that the ventral part of the mesostriatal DA system may serve an 
important role in this modulation.

Supported by Swedish MRC (4247) and Stanley Foundation.

747.22

CHRONIC BLOCKADE OF DOPAMINE DI RECEPTORS INDUCES 
SPONTANEOUS HYPERACTIVITY IN MICE. J.C. Wingard and G.J. LaHoste*. 
Department of Psychology, University of New Orleans, New Orleans, LA 70148.

Dopamine (DA), acting at its DI and D2 receptors, is known to have a major effect 
on spontaneous activity. Many studies have examined the effects of chronic D2 
blockade on DA-mediated behavior, but few have examined chronic blockade of DI 
receptors. The latter objective was addressed in the present study by injecting two 
groups of adult male Swiss-Webster mice daily with either saline or the selective DI 
antagonist SCH 23390 (0.5 mg/kg) for 28 days. Beginning 72 h after the last of the 
chronic injections, all mice were injected with a test solution and placed in automated 
activity monitors (Omnitech) 15 min. later for a duration of 30 min. On Days 1 and 3 
of testing, all mice were injected with saline. On Day 2, mice were injected with 
methylphenidate (5 mg/kg) and on Day 4 mice were injected with d-amphetamine 
sulfate (2.5 mg/kg). All drugs were given subcutaneously.

Mice treated chronically with SCH 23390 were significantly more active 
spontaneously than control mice when tested after drug withdrawal. On both saline 
test days, the chronic SCH 23390 group showed significantly elevated scores for 
Horizontal Activity (P < .002), but not Vertical Activity. Following methylphenidate 
or amphetamine, Horizontal Activity was significantly elevated in all mice at the 
doses used. Chronic SCH 23390-treated mice were significantly more active than 
controls following methylphenidate (P < .004), but not amphetamine. Thus, for 
amphetamine, the increase in activity' over baseline was smaller for ‘chronic 
SCH23390-treated mice than for controls. These data show that chronic treatment 
with a dose of SCH 23390 that significantly elevates DI but not D2 receptor density 
in striatum alters postsynaptic reactivity to DA under basal conditions and following 
stimulant-induced release of endogenous DA. Thus, spontaneous hyperactivity 
induced by chronic blockade of DI DA receptors may help lead to an animal model 
of hyperkinetic disorders, such as ADHD. This work was supported by MH49690.
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747.23
MENSTRUAL-CYCLE RELATED CHANGES IN MOTOR CORTEX 
EXCITABILITY. M.J. Smitff, B.D. Greenberg1, L.F. Adams1, P.J. Schmidt1, D.R. 
Rubinow1, E.M. Wassermann2 'National Institute of Mental Health; National 
Institute of Neurological Diseases and Stroke, Bethesda MD 20892.

Estrogen and progesterone are reported to exert opposite effects on cortical 
excitability. Paired-pulse transcranial magnetic stimulation (pTMS) measures 
cortical excitability by identifying changes in motor evoked potentials (MEPs) as a 
function of the latency between paired magnetic stimuli and seems to reflect the 
balance between cortical glutamatergic and GABAergic activities. In a previous 
pTMS study on normal women, we observed decreased cortical inhibition and 
increased cortical facilitation (suggesting increased glutamatergic activity relative to 
GABA activity) in the follicular phase (days 5-11) of the menstrual cycle compared 
to the luteal phase (days 18-27). To confirm these results and to further define the 
influence of hormonal factors, pTMS (left primary motor area stimulation, 1 -20ms 
interstimulus interval) was performed in normal women during three phases: early 
follicular (days 2-5), late follicular (days 9-12), and luteal (6-11 days post LH 
surge). Hormonal profiles for each of the three phases were confirmed with serial 
plasma gonadal steroid levels. Preliminary results from 10 subjects show less 
intracortical inhibition and greater intracortical facilitation during the late follicular 
phase (high estrogen, low progesterone) compared to either the early follicular (low 
estrogen, low progesterone) or the luteal (high estrogen, high progesterone) phase. 
These results are consistent with previous reports of potentiation of glutamatergic 
function by estradiol and of GABAergic function by progesterone. pTMS may 
represent a non-invasive means of evaluating in vivo the contribution of gonadal 
steroids to changes in cortical excitability and the underlying balance of central 
nervous system glutamatergic and GABAergic activity.

REPRODUCTIVE BEHAVIOR: NEUROTRANSMITTERS

748.1
MODULATION OF GABA TRANSPORTERS BY GONADAL 
STEROIDS IN THE HYPOTHALAMUS AND MIDBRAIN OF ADULT 
MALE AND FEMALE RATS.
A2, MurptlY*, A-M- DavisVS^. Amateau*. G.E, Hoffman*, and M.M,
McCarthy* Depts of Anatomy and Neurobiology* and Physiology*, University 
of Maryland School of Medicine, Baltimore, MD 21201

GABA expression is potently modulated by endogenous gonadal steroids. 
The mRNA for two high affinity GABA transporters (GATs; GAT-1 and 
GAT-3) have been detected in the rat CNS. The present study examined short-
term steroid exposure on GAT protein in the hypothalamus and midbrain. 
Using the Palkovitz punch technique, several forebrain and midbrain regions 
were microdissected and GAT-1 and GAT-3 protein levels determined by 
Western blot. Overall, abundant levels of GAT-1 were detected in the 
magnocellular POA (McPOA), medial amygdala (AMe) and hippocampus. 
Lower levels were found in the medial POA (mPOA), dorsomedial nucleus 
(DMN), ventromedial nucleus (VMN) and periaquaductal gray (PAG), and 
GAT-1 levels are very low in the arcuate nucleus (ARC). GAT-3 protein was 
abundant in the PAG, mPOA, McPOA, DMN, VMN, and ARC but low in the 
AMe and hippocampus. In females, treatment with estrogen and progesterone 
(10 gg EB 48 & 24 hr; 1 mg P 4 hr) significantly decreased GAT-1 protein 
levels in the McPOA (ANOVA, p<.05), but did not alter GAT-3 levels. There 
was no hormonal modulation of either GAT-1 or GAT-3 protein in the mPOA, 
VMN or midlevel PAG. We are currently examining the hippocampus, DMN, 
ARC, and AMe, as well as other levels of PAG. These same regions are also 
being examined in gonadectomized and intact males. Supported by NIH grants 
MH59187 to AZM and MH52716 to MMM.

748.2

Differential effect of Yl and Y2 receptor activation underlies reduced 
pup growth and the early return to estrus in chronic neuropeptide Y- 
treated lactating rats. D. J Toufexis * and B, Woodside. Center for Studies in 
Behavioral Neurobiology, Psychology Dept., Concordia University, Montreal, Que. 
Neuropeptide Y (NPY) is an effective regulator of energy balance, as well as a 
significant modulator of the hypothalamic-pituitary-gonadal axis and hypothalamic 
levels of NPY are elevated under circumstances where energy requirements are increased. 
In addition, chronic NPY administration acts to inhibit estrous cyclicity in adult female 
rats, suggesting that reproductive capacity is suppressed during prolonged periods of 
heightened energy demand. In contrast to this, previous studies in our laboratory have 
shown that chronic I.C.V. NPY administration to the lactating rat results in decreased 
pup growth and a premature return to estrus. In the present study we attempt to 
characterize the involvement of specific NPY receptor subtypes in mediating the effect 
of chronic NPY treatment that we have observed in lactating females. To accomplish 
this; independent groups of lactating rats received either NPY(6|lg/day), or a 
Yl(leu31,pro34,NPY,6gg/day), or Y2 (NPY13_36(,12gg/day), NPY receptor agonist were 
dissolved in a phosphate-based vehicle solution and infused (lgl/hr for 7 days) into the 
lateral ventricle from Days 8-15pp. Additional groups of vehicle-infused and non- 
operated lactating females served as controls. Preliminary results show that litters nursed 
by lactating females treated with either NPY or the Yl agonist displayed a significant 
weight loss compared with those nursed by vehicle-treated or non-operated lactating 
females. In addition, lactating females infused with either NPY or the Y2 agonist 
showed a significant reduction in the duration of lactational diestrus compared to vehicle 
or non-operated controls. These data suggest that the reduction in litter growth observed 
in chronic NPY-treated lactating rats results from activation of the Yl receptor whereas 
the early termination of lactational diestrus seen in these females is an effect of Y2 
receptor activation. This work is supported by MRC Canada

748.3

CHANGES IN NPY RECEPTOR LEVEL DURING LACTATION IN RATS C.-D, 
Walked* JS^Huang'.Y.Dumont1, R, Ouirion1, and B, Woodside2. 'Douglas Hospital 
Research Centre, Psychiatry Department, McGill University, 2Centre for Studies in 
Behavioral Neurobiology, Psychology Department, Concordia University, Montreal, 
Quebec.

Lactating rats have high levels of Neuropeptide Y (NPY) both in cell bodies in the 
arcuate nucleus and in terminal fields. Food restriction in these females further 
increases NPY production. In this study we determined whether the changes in NPY 
activity during lactation with or without food restriction resulted in changes in NPY 
receptor density in the hypothalamus as well as the dentate gyrus of the hippocampus 
and the septum. Brains from virgin females and from lactating rats, either fed ad lib or 
food restricted at 50% ad lib for the first two weeks postpartum (pp.) were collected on 
Day 15pp. Brain sections were incubated either with 50pM [125I] [Leu31,Pro34]PYY in 
the presence of absence of 0.1 gM BIBP 3226, a specific Yl antagonist or [125I] 
hPP(Y4/Y5). Non specific binding was measured in the presence of NPY or hPP 
respectively. In all areas examined females on Day 15 of lactation showed lower 
levels of [l23I] [Leu31,Pro34]PYY/ BIBP 3226-sensitive (Yl) binding sites than virgins 
and there was no further change with food restriction. Similarly, lactation was 
associated with a decrease in hPP (Y4/Y5) binding sites. In this case however, food 
restriction increased Y4ZY5 receptor levels in the paraventricular, lateral hypothalamic 
and medial preoptic nuclei relative to ad lib fed lactating rats. These data suggest that 
the increase in NPY levels in lactation is associated with a decrease in NPY receptors 
and that Y4/Y5 and Yl receptor levels are differentially regulated. Further studies 
using more selective ligands are needed to discriminates between Y4 and Y5 subtypes. 
This research was supported by grants from the Medical Research Council of Canada 
and Ferring Inc.

748.4
NEUROPEPTIDE Y SUPPRESSES ESTROUS BEHAVIOR THROUGH Y2 
RECEPTORS, BUT ENHANCES FOOD INTAKE THROUGH Y5 
RECEPTORS IN SYRIAN HAMSTERS. E.S, Corp*. J.B, Powers. B, Greco,
C.L, Marin Bivens and G.N, Wade. Neuroscience & Behavior Prog, and the 
Center for Neuroendocrine Studies, Univ. of Massachusetts; Amherst, MA 01003 

The effect of PYY3-36 and Leu31Pro34PYY (LPPYY) on lordosis (1, 5 & 9 h after 
ICV injection) and total 2 h food intake (FI) was tested in ovariectomized, steroid 
primed (5 pg estradiol benzoate and 500 pg progesterone) Syrian hamsters. PYY3- 
36 was more potent than LPPYY in reducing lordosis duration, interaction 
p<0.0001. PYY3-36 suppressed lordosis 1 hr after ICV injection at all doses, with 
the lowest dose, 240 pmol, yielding 91% suppression. The effects of PYY3-36 
were long lasting, producing significant suppression 5 h after ICV injection. 
LPPYY, by comparison, reduced lordosis duration with less potency and efficacy, 
yielding a 66% suppression that was significant only at 2400 pmol, p< 0.0001. 
Recovery of lordosis response was complete 5 h after LPPYY injection. Conversely, 
LPPYY and PYY3-36 acted with comparable efficacy in stimulating FI at 2 h, 
interaction p = 0.93. Dose response analysis showed LPPYY was modestly more 
potent, stimulating increases over baseline FI measured at 720 and 2400 pmol 
doses, p <0.0001. PYY3-36 also stimulated an increase in food intake, p = 
0.0028, but the effect was significant only at 2400 pmol. Fos immunoreactivity 
(Fos-IR) was determined in the PVN and other regions after an ICV injection cf 
either veh., 720 pmol PYY3-36 or 720 pmol LPPYY. In PVN, the number of Fos- 
IR cells differed significantly between treatments, p<0.0001: PYY3- 
36>LPPYY»veh. Behavioral results suggest that Y2 receptors mediate inhibition 
of lordosis, a key feature of nutritional infertility; but, Y5 receptors mediate feeding 
stimulatory effects of NPY. PVN Fos-IR reflected agonist potencies on lordosis.

Supported by NS 10873 and MH00321
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748.5
INHIBITION OF MALE RAT EJACULATORY BEHAVIOR BY STIMULA-
TION OF CENTRAL 5-HT1B RECEPTORS. S. Ahlenius'*, V. Hillegaart', and K. 
Larsson2. Departments of Physiology & Pharmacology', Karolinska Institute, 
Stockholm, and Psychology2, Goteborg University, Goteborg, Sweden.

The administration of the 5-HT precursor 5-HTP (12.5-50.0 mg kg1 i.p.), in 
combination with benserazide (25 mg kg1 s.c.), produced a dose-dependent 
increase in the ejaculation latency of male rats, and this effect was enhanced 
by the additional treatment with the 5-HT, receptor antagonist (-)-pindolol (2 
mg kg1 s.c.). The 5-HT2A/c receptor agonist (±)-l-(2,5-dimethoxy-4- 
iodophenyl)-2-aminopropane (DOI) (0.125-0.5 mg kg'1 s.c.) did not by itself af-
fect the male ejaculatory behavior, but the additional treatment with 
(-)-pindolol (2 mg kg’1 s.c.) produced a dose-dependent decrease in number of 
ejaculating animals. The increased ejaculation latency produced by 5-HTP was 
fully antagonized by treatment with the 5-HT,„ receptor antagonist isamoltane 
(4 mg kg1 s.c.), but not by ritanserin (2 mg kg1 s.c.) treatment. The selective
5-HT1A receptor antagonist WAY-100635 (0.15 mg kg'1 s.c.) enhanced the in-
hibitory actions of 5-HTP, as well of the SSRI citalopram, on the male rat 
ejaculatory behavior, in a dose which fully antagonized 8-OH-DPAT-induced 
facilitation (0.25 mg kg1 s.c.) of the ejaculatory behavior. WAY-100635 (0.04- 
0.60 mg kg1 s.c.) did not, by itself , significantly affect the male rat sexual be-
havior.

The results strongly suggest an inhibitory role for postsynaptic 5-HT1B re-
ceptors in the effects produced by 5-HTP on male rat ejaculatory behavior. 
Furthermore, 5-HTP-induced inhibition of the male rat ejaculatory behavior is 
partially controlled by stimulation of inhibitory 5-HT,A autoreceptors, since the 
effects of 5-HTP were accentuated by treatment with (-)-pindolol, as well as by 
the more selective 5-HT]A receptor antagonist WAY-100635.

Supported by the Swedish Humanities and Social Sciences Research Council

748.6
MICROINJECTION OF SELECTIVE 5-HT, AND 5-HT1A AGONISTS AND ANTAGONISTS: 
EFFECTS ON MALE RAT COPULATORY BEHAVIOR J.V, Riolo*, R.D, Friedman, E.M, 
Hull Dept. Of Psychology, State University of New York at Buffalo:Buffalo, NY. 14260

There is evidence that serotonin (5-HT) levels in the anterior portion of the lateral 
hypothalamic area (LHAa) influence male rat copulatory behavior (Lorrain, et al., 1997). Our 
lab has shown, using microdialysis, that during the male rat’s postejaculatory interval (PEI), 
there is a dramatic increase in extracellular 5-HT levels in the LHA*; 5-HT levels return to 
baseline as the animal resumes the next copulatory series (Lorrain, et al., 1997). The 
present experiment examined the effects of LHA* bilateral microinjections of a 5-HT2 
selective agonist (DOI HCI) and antagonist (LY-53,857) and a 5-HTtt agonist (8-OH-DPAT) 
and antagonist (MPPI) on the male rat’s PEI, mount, intromission and ejaculation latencies 
and frequencies. Male Long-Evans rats were tested in a completely counterbalanced within 
subjects design, and the data were analyzed using a one way repeated measures ANOVA. 
Blockade of the 5-HT2 receptor subtype (1pg/1pJ LY-53,857) significantly decreased the 
males’ PEI and mount, intromission and ejaculation latencies compared to both the DOI and
8-OH-DPAT drug conditions. Stimulation of the 5-HT2 receptor subtype (1 pg/1 pi DOI HCI) 
almost completely inhibited male copulatoiy behavior. Gross motor behavior appeared to be 
unaffected; however, a separate test of motor behavior is being conducted. The 5-HT1A 
agonist (8-OH-DPAT) did not significantly affect the males’ PEI or ejaculatory latency 
although mount and intromission latencies were significantly longer compared to all other 
drag conditions. Administration of the 5-HT1A antagonist (1jj.g/1pJ MPPI) significantly 
decreased male copulatory behavior compared to the LY-53,857 and 8-OH-DPAT drug 
conditions.

Therefore, stimulation of 5-HT2 receptors in the LHAa may mediate at least some of the 
inhibitory effects of serotonin selective reuptake inhibitors (SSRI) drugs on male sexual 
function. The present findings suggest that some of the sexual side effects observed 
following SSRI administraion might be attenuated by the addition of a 5-HT2 antagonist. In 
addition to the above findings full dose response curves for the drugs used will be 
calculated. Supported by NIMH grant MH-40826 to E.M.H.

748.7

V,a RECEPTOR ANTAGONIST STIMULATION OF PROCEPTIVE AND 
RECEPTIVE FEMALE SEXUAL BEHAVIOR IS MEDIATED BY OXYTOCIN
L. Marson1* and C.A. Pedersen2. ’Dept. of Urology; 2 Dept. of Psychiatry, UNC 
Neuroscience Center, Univ. of North Carolina, Chapel Hill, NC 27599-7160.

Previous studies found that central administration of V]a antagonist stimulated 
lordosis but did not examine other aspects of female sexual behavior (FSB). Central 
oxytocin (OT) facilitates both proceptive and receptive components of FSB. The 
purposes of the present study were to determine 1) whether Vu receptor antagonism 
increases proceptivity as well as receptivity and 2) if OT is involved in V]a 
antagonist activation of FSB.

In Experiment 1, ovariectomized and estradiol benzoate-primed (1 ug/day sc x 2 
days) rats were infused ICV with Vla antagonist (1 ug in 5 ul of buffered normal 
saline) or saline alone at 10:30 and tested for FSB 2, 4, and 6 hr later (lights out at 
12:00). Lordosis quotients (LQs) as well as hopping, darting, and ear-wiggling 
were higher in the Vla antagonist-treated rats at 4 and 6 hr after ICV treatment, 
differences that were significant only at the latter time point. Experiment 2 
employed those rats from Experiment 1 that had exhibited an LQ of 50 or greater by 
6 hr after V)a antagonist infusion. Those rats were infused ICV with OT antagonist 
(1 ug in 5 ul saline) or saline alone at 09:30, infused ICV with Via antagonist (1 ug) 
at 10:30, and tested for FSB 2, 4, and 6 hr later. Rats pretreated with OT antagonist 
exhibited lower LQs and less hopping, darting, and ear-wiggling than saline- 
pretreated rats at 4 and 6 hr which were significant at the latter time point.

These findings demonstrate that Via receptor blockade has a delayed activating 
effect on proceptive and receptive components of FSB and suggest that these effects 
are produced by disinheriting OT neurotransmission. Future studies will focus on 
determining whether progesterone may stimulate FSB in low dose estradiol-primed 
rats by diminishing Vi„ receptor activation.

Supported by MH56157 to CAP.

748.8

MALE SEXUAL BEHAVIOR CHARACTERISTICS IN THE FLINDERS 
RATS: A GENETIC ANIMAL MODEL OF DEPRESSION. A. Ferreira- 
Nuflo1.* D. Overstreet2 and J. Veldzquez-Moctezuma1. 1 Biology of 
Reproduction, Univ.Autonoma Metropolitana, C.P. 09340. Mexico; 2 
Skipper Bowles Center for Alcohol Studies. Univ. North Carolina, Chapel 
Hill, NC 27599-7175.

The Flinders Sensitive Line (FSL) of rats has been selectively bred for 
cholinergic supersensitivity. Some of their behavioral characteristics 
closely resemble the symptoms of human depression and, therefore, they 
have been proposed as a genetic animal model of depression. It would be 
expected that, due to depression, sexual behavior (SB) would be inhibited. 
Nevertheless, cholinergic stimulation enhances masculine SB. In this 
study, we analyzed the development of spontaneous masculine SB. In 
addition, during adulthood subjects were allowed to copulate repeatedly in 
order to determine the characteristics of sexual exhaustion. FSL rats, as 
well as Flinders Resistant Line (FRL) and Sprague-Dawley (SD) control 
rats were tested weekly for SB from week 22 to week 30. Tests lasted for 
30 minutes. For SB exhaustion tests, animals from the same three groups 
were allowed to copulate repeatedly until reaching a criterion for sexual 
exhaustion (no SB for 90 min.) and were tested again 24 hours later. In 
spontaneous SB tests, both Flinders lines were significantly less active 
than SD rats, with a significantly lower percentage of active subjects. 
During sexual exhaustion tests both Flinders lines became exhausted 
sooner than the SD control rats, showing a significantly lower ejaculatory 
frequency. Results suggest a marked deficit of SB expression in both 
Flinders lines. Because both Flinders lines differ in cholinergic sensitivity 
from control SD rats, it is possible that alterations in either direction can 
negatively influence SB alternatively. An alteration of sensitivity in the 
serotoninergic system might account for the present results

748.9

PHARMACOLOGICAL REGULATION ON MALE SEXUAL BEHAVIOR IN 
GOLDEN HAMSTER (Mesocricetus auratus). M. Arteaga*, J. Motte-Lara 
& J. Veiazquez-Moctezuma. Dept. Biol. Reprod., Universidad Autdnoma 
Metropolitana, Iztapalapa, C.P. 09340, D.F. Mexico.

Sexual behaviour in male rats is under the control of several central 
neurotransmitters. Particular attention has been devoted to the role of the 
noradrenergic, serotonergic, dopaminergic and cholinergic systems. In 
male golden hamsters, however, studies on the possible participation of 
central neurotransmitters are very limited. On the other hand, after being 
exposed to repeated mating, male hamsters display a peculiar copulatory 
pattern known as Long Intromission (LI). The functional meaning of this 
peculiar behavior is still unknown. The aim of this study was to analyze the 
effects in hamsters of some drugs that stimulate male sexual activity in 
rats, paying particular attention in the alterations of LI. Adrenergic 
(yohimbine 2 mg/Kg), serotoninergic (8-OH-DPAT 0.0625 mg/Kg), 
dopaminergic (apomorphine 0.0625 mg/Kg) and cholinergic (oxotremorine 
0.2, 0.4 and 0.8 mg/Kg) drugs were used. Unexpectedly, cholinergic 
stimulation induced a marked inhibition of sexual behavior, mainly reflected 
by an increase in mount and intromission latencies as well as by a 
decrease in ejaculatory frequency. On the other hand, monoaminergic 
drugs were able to increase ejaculatory frequency and to decrease mount 
and intromission latency. In addition, latency to LI decrease and the 
number of ejaculations displayed after the first LI increases after the 
administration of adrenergic, dopaminergic and serotoninergic agents. The 
results suggest the existence of marked differences in the neurochemical 
regulation of masculine sexual behavior between rats and hamsters. It is 
concluded also that the presence of LI reveals the onset of an inhibitory 
process.
This study was partly supported by CONACyT (JVM) 400200-5-2644M

748.10

EFFECTS OF OXOTREMORINE, 8-OH-DPAT, YOHIMBINE AND 
APOMORFINE ON SEXUAL BEHAVIOR OF NEONATALLY 
DEMASCULINIZATED MALE RATS. A. Morales-Otal* & J. Veldzquez- 
Moctezuma. Dept. Biol. Reprod. Universidad Autdnoma Metropolitana- 
Iztapalapa. C.P. 09340. Mexico.

Sexual behavior during adulthood largely depends upon hormonal 
events that take place around birth. Administration of the antiestrogen 
Tamoxifen (T) to males immediately after birth induces a marked 
decrease of masculine sexual behavior during the adulthood. On the other 
hand, it is well known that masculine sexual behavior can be stimulated 
by the administration of specific drugs acting on the adrenergic, 
cholinergic, serotoninergic and dopaminergic system. In this study, new 
bom male rats were treated with T in order to induce demasculinization. 
During adulthood their masculine sexual behavior was analyzed both 
spontaneously and after the administration of drugs that stimulates sexual 
behavior. Administration of T induced clear impairments of masculine 
sexual behavior. Administration of oxotremorine (cholinergic muscarinic 
agonist), 8-OH-DPAT (a serotoninergic 5HT1a receptor blocker), 
yohimbine (an alpha2 adrenergic receptor blocker) and apomorphine (a 
dopaminergic agonist) were unable to fully restore masculine sexual 
behavior in demaculinized males. Only slight improvements of some 
behavioral parameters were observed, mainly with 8-OH-DPAT. 
Oxotremorine administration seems to induce a worsening of sexual 
behavior impairments. Results obtained with yohimbine and apomorphine 
administration were not significantly different from those obtained with 
saline administration.
This study was partly supported by CONACyT (JVM) 400200-5-2644M
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748.11

EFFECT OF L-NAME ON THE INDUCTION OF FOS IN THE 
HYPOTHALAMUS OF FEMALE RATS FOLLOWING CENTRAL 
OXYTOCIN ADMINISTRATION AND OSMOTIC STIMULATION.
N.Popeski*, & B, Woodside. Center for Studies in Behavioral 
Neurobiology, Concordia University, Montreal, Canada 
In rats, the peptide oxytocin (OT) is released within the supraoptic (SON) 
and paraventricular (PVN) nuclei of the hypothalamus under various 
conditions and recently we have demonstrated that central infusion of OT 
induces Fos expression in these nuclei. Previous research has shown that 
nitric oxide (NO) modulates Fos induction in the SON and PVN following 
a variety of environmental stimuli. Here,therefore, we investigated 
whether NO is involved in regulating Fos-like immunoreactivity (-lir) in 
hypothalamic nuclei following central OT administration and compared the 
effects with those seen following an osmotic stress. In Experiment 1, 
lactating females received an intraperitoneal (ip) injection of L-NAME 
(50mg/kg) or vehicle followed 30 mins later by a central injection of OT 
(50ng in 2pl) or vehicle (2pl saline). In Experiment 2, females received L- 
NAME or vehicle followed by an ip injection of urethane (1.4g/kg). One 
hour following urethane,OT or vehicle injection rats were sacrificed and 
the brains were processed for Fos-lir. Animals receiving L-NAME and OT 
had a greater number of cells showing Fos-lir in both the SON and PVN 
than the other three groups. Conversely, L-NAME administration reduced 
Fos-lir induced by urethane administration. Together these data suggest 
Fos induction following central OT administration or an osmotic stressor 
is differentially modulated by NO. This research was supported by funds 
from NSERC and FCAR Quebec.

748.12

MONOAMINES CHANGE WITH SEX REVERSAL IN A CORAL 
REEF FISH
D.O. Norris*!, E.T. Larson 1, and C.H. Summers^, 1 Department of 

Environmental, Population and Organismic Biology, University of 
Colorado, Boulder, CO 80309-0334. ^Department of Biology, 
University of South Dakota, Vermillion, SD 57069.

Monoamines are the first endogenous chemical signals 
regulating the HPG axis. In teleosts with behavioral sex determination, 
much is known about the behavioral cues for sex reversal but the 
mechanisms of their conversion to an internal signal are largely 
unknown. The saddleback wrasse, Thalassoma duperrey, was used to 
investigate monoaminergic involvement in sex reversal. Although 
gonadal sex reversal can take 8 weeks, the largest female exhibits 
aggressive and courting behaviors soon after male removal. These 
behavioral changes mirror complex neuroendocrine changes associated 
with sex reversal. There is a marked reorganization of monoaminergic 
activity in both the preoptic area (POA) and the raphe nucleus (RN) 
associated with behavioral sex reversal. These changes coincide with 
initiation of courting. In the POA, serotonergic activity drops allowing 
for an increase in noradrenergic activity. This is a likely trigger for the 
reorganization of the HPG axis. A marked decrease of serotinergic 
activity seen in the RN could drive the transition from female to male 
sexual behaviors. This study suggests a link between monoamines and 
behavioral sex reversal. This work was supported by NIH (1 F31 
MN11595-01) and NSF (IBN-9412077).

748.13

CHRONIC STRESS AFFECTS FEMALE RAT SEXUAL BEHAVIOR 
AND CNS MONOAMINES. L. Sterbank, V.N. Luine^A. Sacatos, and
K.D. Beck. Dept. of Psychology, Hunter College of CUNY; NY 10021.

Chronic stress alters a variety of behaviors. We assessed effects of 
restraint stress for 6 h/day for 21 days on receptive, proceptive and 
motivational aspects of female sexual behavior in mating arenas which 
allowed the female to pace sexual contacts. Open field behavior, 
assessed the day after stress termination, was not altered. Then rats 
were ovariectomized (Ovx) and received 5 ug of EB followed in 42 h 
by 500 ug P. Stressed rats entered the male area faster (4 vs 13 s), 
spent more time there (83 vs 62%), had more intromissions (20 vs 11) 
and shorter intromission return latencies (22 vs 124 s). Lordosis 
quotients (LQs) were maximal in both groups. When Ovx during the 
21 day stress period, stressed rats showed a different pattern. 
Stressed were more active on open field and spent less time in the 
male area (38 vs 62%); however, LQs were not altered. Monoamines 
and metabolites were measured in striatum, nucleus accumbens 
(NAc), and ventromedial (VMN), preoptic and raphe nuclei. Both Ovx 
and stress altered chemistry. The VMN, important for LQs, showed 
Ovx but not stress effects. Dopamine (DA) in NAc, important in 
motivation, was affected by both. Thus, restraint stress enhances 
motivational but not receptive components of sexual behavior.
Further, the gonadal and adrenal axes interact in mediating stress 
effects on the behavior. Finally, stress effects on motivation/pacing 
maybe mediated by dopaminergic activity in the,NAc. (NSF IBN 
14369 and NIH G132RR03037).

748.14

DOPAMINE RECEPTOR SUBTYPES IN PROGESTIN RECEPTOR (PR)- 
RICH REGIONS OF THE HYPOTHALAMUS IN FEMALE RATS 
J.D. Blaustein, L.S. Lubbers, J. Meredith, and G.N. Wade*. Center for 
Neuroendocrine Studies, University of Massachusetts, Amherst MA 01003.

Activation of PR is essential for display of the full array of female sexual behaviors 
in rodents. The classical interpretation of PR activation requires that its ligand, 
progesterone, must first bind to the receptor; however, recent evidence indicates that 
PR can be activated though a ligand-independent mechanism involving dopamine 
receptors. As a first step in understanding the mechanism underlying ligand- 
independent activation of PR and the role that dopamine receptors might play we have 
used in situ hybridization histochemistry to identify dopamine receptor subtypes 
located in PR-rich regions of the hypothalamus of female rats. Brains were collected 
from ovariectomized female rats 48 h after animals received a single injection of 
estradiol benzoate. cDNA sequences specific for rat PR, and dopamine receptor 
subtypes 1A and 2 were used to generate 33P-labeled cRNA probes which were 

hybridized on 16 pm thick tissue sections overnight. mRNA for PR was observed in 
hypothalamic areas known to facilitate female sex behavior, including the medial 
preoptic area, bed nucleus of the stria terminalis, lateral division of the ventromedial 
nucleus of the hypothalamus, and arcuate nucleus. Preliminary observations indicate 
that mRNA distributions for both dopamine receptor subtype 1A and 2 overlap with 
that of PR mRNA in the medial preoptic area, lateral ventromedial nucleus of the 
hypothalamus, and arcuate nucleus. These observations provide anatomical evidence 
consistent with the hypothesis that PR interacts with dopamine receptor subtypes to 
affect female sex behavior. (Supported by MH01312 and NS 19327 to JDB).

748.15

ANDROGEN-SENSITIVE NEURONS IN A13 AND A14 HYPOTHALAMIC 
DOPAMINERGIC CELL GROUPS OF MALE RATS. S. Sato* and E. M. Hull. 
Dept. of Psychology, SUNY at Buffalo, Buffalo, NY 14260

We have shown that extracellular dopamine (DA) levels increase in the medial 
preoptic area (MPOA) of male rats in response to estrous females and during 
copulation; this increase is influenced by androgen levels (Hull et al, 1995). 
Castration also decreased basal extracellular levels, but increased intracellular DA 
levels (Du, Lorrain, and Hull, 1998). The source of this DA is assumed to be mostly 
the A14 DA cell group in the periventricular nucleus of hypothalamus, and possibly 
the A13 DA cell group in zona incerta (ZI). Both of these cell groups have been 
shown to project to the MPOA (Bjorklund et al, 1975; Wagner et al, 1995).

The present study investigated the androgen sensitivity of the A13, and A14 DA 
cells with immunocytochemistry for tyrosine hydroxylase (TH) and androgen 
receptor (AR). Six male Long-Evans rats were used. 40 um sections were stained for 
TH and/or AR.

A small number of double-stained cells were found in the dorsal part of A14 DA 
cell group, rostal to the paraventricular nucleus (PVN). Most double-stained cells 
were in the rostal half of the A14 cell groups. In the Al 3 cell group, a small number 
of double-stained cells was found in the anterolateral part of A13 cell group. In both 
the rostal half of the A14 and in the A13 cell groups, double stained cells constituted 
less than five percent of all TH-IR cells.

These data suggest that the effects of androgens on DA levels are not mediated by 
AR in A13 and A14 DA cells. The effects of androgens seem to be mediated by 
NO-synthesizing cells, thereby affecting DA release at the terminals.

Supported by NIMH grant MH 40826 to EMH

748.16

INFLUENCE OF OLFACTORY EXPOSURE TO AN ESTROUS FEMALE ON NITRIC OXIDE 
SYNTHASE IN THE MPOA OF MALE RATS. Juan Domingue2lnd E.M. Hull. Dept. of 
Psychology, State University of New York at Buffalo; Buffalo, NY 14260

The medial preoptic area (MPOA) plays an important role in the regulation of male 
rats' sexual behavior. The neurotransmitter dopamine (DA) facilitates sexual behavior across 
a number of species, including men and rats. The MPOA is one site where DA may promote 
sexual behavior. Nitric oxide (NO) is a free radical gas which can function as a messenger 
molecule in the nervous system, and is synthesized from L-arginine by the action of nitric 
oxide synthase (NOS). We have reported that local administration of a NO precursor 
increased DA levels in the MPOA, whereas local administration of a NO synthesis inhibitor 
prevented such an increase, during copulation. We have also reported an increase in the 
number of NOS immunoreactive cells in the medial preotic nucleus of sexually experienced 
animals when compared to naive animals. Such studies suggest that NO may function as a 
permissive factor, to ease MPOA DA release.

The MPOA projects to and receives inputs from various brain areas, including 
sensory information from the vomeronasal system. Sensory inputs are received by the 
olfactory bulbs, which pass the information to the amygdala. The amygdala then conveys 
those inputs together with other sensory information to the bed nucleus stria terminalis and 
the MPOA. The present experiment tested whether olfactory exposure to an estrous female 
would influence nitric oxide synthase immunoreactivity in the MPOA of male rats.

Ten male Long-Evans rats (about 250 grams) were used in this experiment. Five 
were exposed to an estrous female, while the other five were exposed to a similar apparatus 
minus the female. For the experimental group the sexually receptive female was behind a 
mesh cage where the male could see and smell her, but not be able to copulate with her. 
Olfactory exposure occured in sessions of one half hour every other day for a total of ten 
days. Following the last olfactory exposure all animals were perfused and fixed. Brains were 
removed, sliced, and processed for NOS immunoreactivity.
Supported by NIMH grant MH 40826 to EMH
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748.17

HORMONAL MAINTENANCE OF COPULATION IN MALE CASTRATES: ASSOCIATION 
WITH MPOA DOPAMINE LEVELS. S.K, Putnam*, J.V, Riolo, S, Sato, and E.M, Hull, Dept. 
of Psychology, State University of New York at Buffalo; Buffalo, NY 14260

We have shown that there is an increase in dopamine (DA) release in the medial preoptic 
area (MPOA) of sexually experienced male rats before and during copulation (Hull et al., 
1995). Recent testosterone (T) is permissive for this DA response. Estradiol (E) has been 
shown to be sufficient for partial restoration of copulation; however, T appears to be 
necessary for complete restoration (McGinnis & Dreifess, 1989). A previous study 
investigated which metabolite(s) of T promote(s) female-stimulated DA release in male rat 
castrates. Both T and a combination of E and dihydrotestosterone (DHT) maintained full 
sexual behavior and the precopulatory DA response. Animals receiving E replacement 
maintained the ability to intromit, but not ejaculate. Their basal DA levels were significantly 
higher than in oil and DHT-treated animals. It has been reported that oil-treated castrates 
have significantly higher MPOA tissue levels of DA when compared to 14-day TP-treated 
castrates (Simpkins et al, 1983) or intact males (Du et al., 1998), despite lower extracellular 
levels. These data suggest that it is DA release, and not storage or synthesis, that is 
diminished in animals without T.

The present study investigated which metabolite(s) of T influence(s) tissue levels of DA in 
the MPOA. Twenty-five experienced male Long-Evans rats were castrated, after which they 
received daily subcutaneous injections of either estradiol benzoate (EB, 20 pg), 
dihydrotestosterone benzoate (DHTB, 500 pg), the combination of EB and DHTB, 
testosterone propionate (TP, 500 pg), or oil vehicle for three weeks. All animals were then 
given copulation tests and sacrificed. One mm thick bilateral punches taken from the MPOA 
were assayed using high performance liquid chromatography with electrochemical detection 
(HPLC-EC). Oil-treated castrates (n=3) had the highest levels of tissue DA, whereas EB- 
treated castrates (n=4) demonstrated the lowest DA levels. Significant differences (p<0.05) 
were also found between oil-treated and EB + DHT - treated (n=5) animals.
Supported by NIMH grant MH 40826 to EMH

748.18
SUPPRESSION OF HORMONE-INDUCED LORDOSIS BEHAVIOR IN 
OVARIECTOMIZED RATS TREATED WITH OPIOID RECEPTOR AGONISTS
M. Acosta-Martinez* and A. M. Etgen. Dept. Neuroscience, Albert Einstein Coll. 
Med., Bronx, NY 10461.

The present study investigated the effect of highly selective opioid receptor agonists 
on lordosis behavior in ovariectomized rats treated with 3 pg of estradiol benzoate 
followed 48 hours later by 200 pg of progesterone. Female rats were tested 3.5-4 
hours after progesterone injection. The number of lordosis responses as well as the 
quality of each lordosis was recorded 30, 60, 90 and sometimes 120 after minutes 
infusion of drug or saline (controls). In addition, motor activity was tested after the 
first lordosis test. Intracerebroventricular infusion of the endogenous p opioid 
receptor agonists endomorphin-1 and -2 suppressed receptive behavior in a time- and 
dose-dependent fashion. At 6 pg, both endomorphin-1 and -2 inhibited lordosis 
behavior within 30 minutes. However, while the effect of endomorphin-1 lasted 60 
minutes, endomorphin-2 inhibition lasted up to 120 minutes after infusion. 
Receptivity did not decrease significantly with lower doses (1 or 3 pg) of 
endomorphin-1 or of endomorphin-2. When motor activity was tested, endomorphin- 
1 had no effect at any dose. By contrast, 3 pg of endomorphin-2 significantly 
increased both rearing and ambulation without interfering with lordosis behavior 
Finally, preliminaiy data indicate that infusion of endomorphin-1 or endomorphin-2 
into the medial septum-diagonal band complex (MSDB) or into the preoptic area 
(POA) inhibits lordosis behavior. In addition, the k receptor agonist U50-188 
decreased lordosis when infused into the MSDB, the POA or the nucleus accumbens. 
The behavioral effects of these agonists suggest that endogenous opioid systems might 
modulate estrogen and progesterone-induced lordosis behavior. Future studies will 
investigate the effect of these and other opioid receptor agonists on lordosis behavior 
when infused into different brain regions. Supported by the Minority Neuroscience 
Fellowship Program, and by Grants R37 MH41414 andT32 DK07513.

748.19

MT-II INDUCES PENILE ERECTION AND INCREASES PLASMA OXYTOCIN 
LEVELS IN THE RAT. A.M. Shadiack*, G.W. Herbert, J.K. Celentano, and 
C.H. Blood. Dept of Biology, Palatin Technologies®, Edison, NJ 08837.

Melanotan-ll (MT-II) is a cyclic heptapeptide analog of the melanocortin a- 
melanocyte-stimulating hormone. Melanocortins have been implicated in 
several behaviors including grooming, yawning, food intake, and penile 
erection. We treated male Sprague-Dawley rats with MT-II and/or 
apomorphine (Apo) and observed their behavior for 30 minutes. MT-II as well 
as Apo delivered either i.p. or i.v., induces penile erection in a dose-dependant 
manner. However, simultaneous administration of MT-II delivered i.v. and Apo 
delivered i.p. to the same rats did not result in an increase in penile erections 
beyond single drug treatment suggesting a shared mechanism.

The administration of Apo has neuroendocrine effects in rats, namely 
increasing plasma concentrations of oxytocin (OT). We treated rats with MT-II 
and measured the plasma levels of OT by radioimmunoassay. As early as 5 
minutes after i.v. injection, OT levels in the plasma reach their highest levels, 
increasing significantly above levels in control (saline-treated and untreated) 
rats. These levels rapidly declined and returned to control values by 30 
minutes. Furthermore, the plasma levels of OT were dependent on the dose 
of MT-II given to the animals. Immunohistochemical analysis of the pituitary 
glands of MT-II- and Apo-treated rats showed a decrease in OT- 
immunoreactivity in the posterior pituitary suggesting release from these 
stores.

In conclusion, we have shown that not only does MT-II share apomorphine’s 
ability to induce penile erection, but also it’s ability to increase plasma levels of 
OT. The role of circulation OT in penile erection is under further investigation.

Funded by Palatin Technologies®

INGESTIVE BEHAVIORS: NONPEPTIDE MEDIATORS

749.1

5-HTzc RECEPTOR AGONISTS MAINTAIN HYPOPHAGIA AND WEIGHT 
LOSS IN RATS WHEN CHRONICALLY ADMINISTERED BY OSMOTIC 
MINI-PUMP. S.P. Vickers, C.A. Bass, M.B. Hesselink, G.A, Kennett, and M.J, 
Bickerdike*. Cerebrus Ltd, 613 Reading Road, Winnersh, RG41 5UA, UK.

5-HT2c receptor agonism has been demonstrated to induce hypophagia, 
consistent with the induction of satiety, in acute rodent feeding models. 
However, maintained efficacy upon chronic injection of these agents has not 
been routinely observed due to the development of tolerance (Aulakh et al, 
1995, Neuropsychopharm, 13:1). The current studies employed osmotic mini-
pump delivery to assess the effect of continuous infusion of d-fenfluramine (d- 
fen) and the 5-HT2C receptor agonists mCPP and Ro 60-0175, on feeding and 
body weight. Drugs were delivered (6 mg/kg/day d-fen; 12 mg/kg/day mCPP; 
36 mg/kg/day Ro 60-0175) subcutaneously to male rats (180-205g) for 14 
days. Vehicle-treated rats demonstrated a normal growth curve and all three 
compounds significantly reduced both food intake and body weight increase 
throughout the study (from day 2 to day 14). In a second experiment, male 
rats (245-270g) were implanted with osmotic mini-pumps which delivered 
either d-fen (6 mg/kg/day, 7 or 14 days) or mCPP (12 mg/kg/day, 7 or 14 
days). Weight gain (mean ± sem; g) for each treatment group is shown below:

Treatment Duration Weight gain to day 7 Weight gain to day 14
Vehicle 14 days 71.4 ±3.6 111.9 + 3.8
D-fen 14 days 40.3 ± 2.5 74.2 ± 2.9

7 days 37.3 ± 2.5 88.6 ±3.7*
mCPP 14 days 43.0 ± 2.5 79.6 ±2.3

7 days 43.3 ± 2.3 90.7 ± 3.7 *
The significant weight gain in 7 day- over 14 day-treated rats by day 
14 (*p<0.01) suggests that the drug effect is maintained in days 8-14. Thus, in 
contrast to repeat injection studies, osmotic mini-pump delivery does not result 
in a marked tolerance to the hypophagic effects of 5-HT2C receptor activation.

749.2

HYPERPHAGIA AND FAT ENERGY STORES IN THE 5HT2c 
RECEPTOR NULL MOUSE. S.F, Akana*. A.C, Chu, L, Soriano. L. S. 
Wong, C.L, Tran and M.F, Dallman. Department of Physiology, UCSF, San 
Francisco, CA 94143-0444.

Mice with targeted null deletion of the serotonin 5HT2c receptor (KO) express 
postpubertal hyperphagia followed by obesity and late-life expression of 
hyperinsulinemia and hyperleptinemia. Two studies with different housing 
conditions were conducted with 17 week old male wildtype (WT) and KO mice to 
explore the hormonal mechanisms of hyperphagia In Experiment 1, diurnal 
measurement of body weight (BW) and food intake in individual mice housed in tub 
cages was undertaken for 5 basal days. To test the contribution of plasma insulin in 
hyperphagia, mice in Experiment 1 were then injected with either vehicle or 
streptozotocin (STZ) to induce diabetes mellitus. In Experiment 2, twice-daily urine 
was collected for 5 basal days from mice maintained in metabolism cages in addition 
to daily BW and food measurements. All mice were then injected with STZ and 
measurements continued for an additional 5d. Results. Experiment 1 established that 
although the KOs were hyperphagic(TlO%), BW was identical to WT. Moreover, 
fat stores are globally increased in perirenal, subcutaneous, mesenteric, and 
epidydimal depots in the vehicle-treated KO compared to vehicle-treated WT 
(=120%) but uniformly weighed the same in WT and KO when treated with STZ. In 
Experiment 2, basal urinary insulin, but not corticosterone or leptin, is greater in 
KOs than WTs. Over the 5d after STZ injection, urinary insulin decreased by Ijalf, 
corticosterone increased 4-fold, leptin excretion tripled, and food intake increased to 
the same extent in both genotypes. We conclude that 1. the phenotypic hyperphagia 
and increased fat energy stores of the 5HT2cR KO, relative to WT, may depend on 
insulin, 2. leptin excretion in STZ-treated mice may reflect urine flow and, 3. there 
is no site-specificity in fat depot accretion or STZ-induced fat mobilization in the 
KO. (supported by MH56975, DK28172 and a grant from the ADA.)
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749.3
THE 5-HT 2C/1B AGONIST m-CHLOROPHENYLPIPERAZINE (mCPP) 
REDUCES EATING BY RABBITS. K, J. Simanskv*. J. M. Padron, M. F, 
Szaina and V. J. Aloyo. Dept. of Pharmacology, MCP Hahnemann Univ. Sch. 
Med.; Philadelphia, PA 19129.

Serotonergic 5-HT2c and 5-HTiB subtypes have been implicated in the central 
action of 5-HT agonists to reduce eating in rodents. Rodent 5-HT1B receptors 
differ structurally and especially pharmacologically from the human-type (h) 5- 

HT1B receptors. In contrast, rabbit 5-HTiB sites are similar to h5-HTiB 
receptors. Accordingly, we recently tested several agonists at this subtype in 
rabbits and demonstrated that GR 46611, L-694,247 and CP-135,807 reduced 
eating in a behaviorally selective manner in male and female rabbits. The 
present study extended the pharmacology of ingestion in rabbits by assessing the 
actions of mCPP, which reduces feeding largely by an agonist effect at 5-HT,( 
receptors in rats. Male adult Dutch belted rabbits (N=4, 2.2-3.1 kg) were housed 
individually (lights on 0600 h - 1800 h), given free access to water and restricted 
to pelleted chow from 1500 h - 1000 h daily. Injections were made s.c. at 1430 h 
and food measured from 1500 - 1530 h. mCPP (0, 0.15, 0.6, 2.5 and 10.0 

gmol/kg) reduced food intake from baseline (8.1 + 1.4 g) by 6 - 100 percent (IDjo  
« 0.45 gmol/kg). The reduction in intake was associated with a decrease in the 
frequency of feeding and an increase in inactivity and resting. The 0.6 gmol/kg 
dose reduced intake by 60% without changing nonfeeding activity. In cortical 
membranes from rabbit brain, 3H-mesulergine labeled 5-HT2C sites with a KD « 

0.4 nM and 5-HT2A sites with a KD « 21 nM. Unlabeled mesulergine displaced 
3H-ligand at the 2C site with a K, « 0.5 nM and mCPP displayed a Ki « 76 nM. 

These values at 5-HT2C are very similar to those reported for rats. The present 
results establish a further basis for investigating the roles of the serotonergic 2C 
and IB subtypes in a rabbit model for human ingestion. Supported by NIMH 
41987 (KJS)

749.4
LINEAR AND NON LINEAR CORRELATIONS BETWEEN FOOD INTAKE 
AND CHANGES IN CONCENTRATIONS OF SEROTONIN AND DOPAMINE IN 
LHA AND VMN IN LEAN ZUCKER RATS.
S. O. Fetissov*, C. Chen, M. M. Meguid, G. Miyata. Neuroscience Program, Dept. 
Surgery, SUNY, HSC, and Dept. Quantitative Methods, Syracuse University, 
Syracuse, NY, 13210.
To evaluate a possible correlation between food intake and changes in concentrations 
of serotonin and dopamine in the lateral (LHA) and medial (VMN) hypothalamic 
areas, long-term microdialysis was performed in free moving rats with ad libitum 
access to food and water. Lean Zucker rats (n=6) were implanted with double 
intracerebral guide cannula simultaneously reaching ipsilateral LHA and contralateral 
VMN. 20-min dialysates were collected continuously for 24 hrs, serotonin and 
dopamine concentrations were assayed via HPLC and food intake concomitant with 
every sample was measured. Linear correlations between each spontaneous food 
intake and changes in dopamine and serotonin concentrations were analyzed in each 
rat separately using Minitab 11.11. At the 5% level of significance (p-value <0.05), 
two rats showed food intake correlation (p^0.4 and p=0.5, p<0.03) with LHA 
serotonin in dark phase, and one of them also in light phase (p=0.45, p<0.01). Two 
others rats showed food intake correlations (p=0.4 and p=0.36, p<0.04) with VMN 
serotonin in dark phase. In two others rats no correlations were found. We found also 
significant time synchronized linear correlations between changes of serotonin and 
dopamine within LHA or VMN or between LHA and VMN varying in individual rats, 
hence co-movement as non-linear correlations may exist between food intake and 
changes in dopamine concentrations. We conclude that linear and non-linear 
correlations between a meal as an event and increased release of serotonin and 
dopamine in the LHA or VMN may exist in several rats, but is irreproducible inter-
rats and thus these correlations are not essential for feeding. These correlations 
however may represents individual characteristics of the rat autonomic nervous 
system, reflecting its phenotypical reactivity. This study was supported by DK 63796.

749.5

DOPAMINE RECEPTOR SUBTYPE ANTAGONISM SUPPRESSES THE 
ACQUISITION OF CONDITIONED FLAVOR PREFERENCES IN SHAM-
FEEDING RATS. W.Z. Yu*, A. Sclafani and R.J. Bodnar. Neuropsychology & 
Experimental Doctoral Programs, Graduate School & University Center, Queens 
and Brooklyn Colleges, CUNY, Flushing, NY 11367 and Brooklyn, NY 11210. 
Dopamine is involved in the orosensory aspects of the expression of conditioned 

flavor preferences since D, (SCH23390) and D2 (raclopride) receptor subtype 
antagonists reduced conditioned flavor preferences in sham-feeding rats. The 
present study examined whether systemic administration of equimolar doses of 
SCH23390 or raclopride altered the acquisition of a conditioned flavor preference 
per se, and altered the subsequent ability of the two antagonists to suppress the 
expression of conditioned flavor preferences in sham-feeding rats. Food-restricted 
(85% weight) rats with gastric fistulas were treated daily with vehicle, SCH23390 
(200 nmol/kg) or raclopride (200 nmol/kg), and trained (30 min/day, 10 days) 
during sham feeding to associate one flavor with sucrose (16%, CS+) and another 
with saccharin (0.2%, CS-) on alternating days. An additional vehicle-treated 
yoked-control group received those amounts of CS+ and CS- solutions consumed 
by the antagonist-treated groups. Choice tests occurred after equimolar doses 
(0,200,800 nmol) of SCH23390 or raclopride. Acquisition of conditioned flavor 
preferences was significantly impeded by both D, (61%) and D2 (64%) antagonists 
relative to vehicle (81%) and yoked-control (70%) treatments. Whereas vehicle- 
trained animals displayed dose-dependent reductions in the expression of 
conditioned flavor preferences induced by either D, or D2 antagonists, both 
SCH23390-trained and raclopride-trained animals displayed greater sensitivity to 
the suppressive effects of these antagonists. These data implicate a role for both D, 
and D2 receptor subtypes in the acquisition of conditioned flavor preferences in 
sham-feeding rats. Supported by CUNY Grant 991998.

749.6

DOPAMINE RECEPTOR SUBTYPE ANTAGONISM ALTERS MU OPIOID 
AGONIST-INDUCED FEEDING IN THE RAT NUCLEUS ACCUMBENS. A. 
Ragnauth*, V. Znamensky and R.J. Bodnar. Neuropsychology Doctoral Program, 
Graduate Sch. & Univ. Ctr., Queens Col., CUNY, Flushing, NY 11367.

The nucleus accumbens (NAc) has been implicated in the mediation of 
different forms of ingestive and reinforcing behaviors, including its ability to 
sustain spontaneous intake following microinjections of g and 6 opioid receptor 
agonists. Antagonists directed towards g, 6, and k  opioid receptors in the NAc 
block g and 6 agonist-induced feeding as well as feeding elicited under 
deprivation, glucoprivic, and palatable conditions. A role for dopamine in the 
rewarding, addictive, and motor properties of opioid drugs in the NAc has been 
established. The present study examined whether pretreatment with D,
(SCH2339O: 15-100 nmol) or D2 (raclopride. 12-100 nmol) receptor antagonists in 
the NAc altered spontaneous feeding elicited by the g opioid agonist, DAMGO (2.5 
gg) in the NAc of rats during the light cycle. DAMGO elicited robust feeding 
responses for up to 4 h following microinjection. The D, antagonist, SCH23390, 
produced dose-dependent and time-dependent decreases in DAMGO-induced 
feeding in the NAc following doses of 15 (33%), 30 (28%) and 100 (35%) nmol. 
The D2 antagonist, raclopride, produced comparable dose-dependent and time- 
dependent decreases in DAMGO-induced feeding in the NAc following doses of 12 
(28%), 20 (18%) and 100 (44%) nmol. These antagonistic effects peaked after 2 h, 
and DAMGO-induced feeding appeared to return after 4 h. The D, and D2 
antagonist effects in the NAc upon opioid-induced feeding were not as marked as 
those observed for opioid antagonist effects, but provide evidence for a partial role 
for dopamine receptors in this opioid-mediated ingestive response in the NAc. 
(Supported by NSFIBN-9816699).

749.7

CONDITIONED OVER-EATING AND ITS NEUROCHEMICAL BASIS.
M.F. Roitman*, T.E. Thiele, I.L. Bernstein and G. Van Dijk., Program in 
Neurobiology and Behavior, University of Washington, Box 351525 Seattle, 
WA 98195, USA.

Food intake can be stimulated by homeostatic as well as non-homeostatic 
factors. Mechanisms regulating non-homeostatic eating are less well 
understood but could involve dopamine (DA) and/or opioids. The present 
studies examined whether distinctive environmental contexts associated with 
food availability versus food deprivation elicit differential food intake in tests 
during which all rats are tested with food available. During the conditioning 
phase rats received overnight pairings of one novel, distinctive environment 
with food deprivation (DEV) and another with ad lib availability of lab chow 
(FEV) (environments counterbalanced). After 5 pairings in each 
environment, with multiple home cage nights between conditioning and test 
sessions, rats were tested by being placed in either the DEV or FEV with ad 
lib chow. Rats tested in DEV ate more than four times as much chow as rats 
in FEV during the first hour of the dark phase (3.9±0.7 vs. 0.7±0.4 g, 
respectively). To elucidate the neurochemical basis for this behavior, a DA 
antagonist was administered just before the start of the test session. DA 
antagonism [raclopride (0.2mg/kg)] completely blocked conditioned over-
eating of animals in the DEV (1.2±0.6) while having no effect on intake in 
the FEV (1.0±0.5). DA antagonism also had no effect on 24 h deprivation- 
induced feeding in the home cage. Opiate blockade was also tested and will 
be discussed. These results suggest that conditioned elevations in food 
intake are dependent on DA transmission, while normal, deprivation-induced 
(homeostatic) elevations in food intake are not. Supported by T32HD07391.

749.8

PATTERNS OF FOS-LLKE IMMUNOREACTIVITY (FLI) ASSOCIATED 
WITH EATING ELICITED BY NMDA REVERSE DIALYZED INTO THE 
LATERAL HYPOTHALAMUS (LH). AM. Khan. M.A. Duva. R. Kaplan. A, 
Sukhaseum. M.O. Walker, and B.G, Stanley*. Departments of Neuroscience and 
Psychology, University of California, Riverside, CA 92521.

NMDA microinjected into the LH of satiated rats elicits intense feeding 
accompanied by behavioral hyperactivity (Stanley et al., Brain Res. (1993) 613. 88; 
630.41); whereas, NMDA delivered into the LH by reverse dialysis produces similarly 
intense feeding with little or no hyperactivity (Tomkins et al., Soc. Neurosci. Abstr. 
(1996) 22, 1409). We have previously used FLI as a metabolic marker to examine 
polysynaptic LH efferents associated with NMDA-elicited eating after pressure 
injections of NMDA (Stanley et al., Soc. Neurosci, Abstr. (1997) 23, 252), but the 
data were difficult to interpret because the observed widespread increases in FLI 
could have been due to the hyperactivity of the animals, as opposed to the feeding 
response itself. Here we attempt to resolve this by examining the patterns of FLI 
associated with the behaviorally selective eating response produced by reverse 
dialyzed NMDA. Rats received a 10 min. infusion of NMDA (660 gM) into the LH 
by reverse dialysis. NMDA infusion produced a mean food intake of 5.2 grams within 
20 min. This eating was associated with discrete, primarily bilateral FLI in a number 
of brain regions including the orbitoffontal, piriform, perirhinal and entorhinal cortex; 
olfactory nuclei, lateral septum, nucleus accumbens, paraventricular nucleus of the 
thalamus, medial amygdala, and the parabrachial nucleus. FLI was virtually absent 
from similarly treated controls. The FLI was less widespread than that produced by 
NMDA pressure injected into this region. Therefore, reverse dialysis combined with 
Fos immunohistochemistry may help to better resolve those brain regions that are 
more proximally relevant to eating stimulation and also provide information about the 
LH efferents mediating this behavior. (Supported by Amgen, Inc.)

Society  for  Neuroscience , Volume  25, 1999



1884 INGESTIVE BEHAVIORS: NONPEPTIDE MEDIATORS WEDNESDAY PM

749.9

FEEDING ELICITED BY LATERAL HYPOTHALAMIC INJECTION OF 
AMPA OR KAINIC ACID IS SUPPRESSED BY CNQX. S.R. Hettes*.
W.J.L, Gonzaga, T.W. Hevming. B.G, Stanley. Depts. of Psychology and 
Neuroscience, University of California, Riverside, CA 92521

We have previously shown that AMPA, kainic acid (KA), and the 
AMPA/KA receptor antagonists, CNQX and NBQX, each elicit intense feeding 
when injected into the lateral hypothalamus (LH) of satiated, adult - male, 
Sprague-Dawley rats. While the agonists are most effective in the LH, the 
antagonists are most effective further medially - NBQX in the perifomical area 
(PFH) and CNQX in the paraventricular nucleus (PVN). We next sought to 
determine if AMPA- and KA-elicited feeding can be suppressed by 
pretreatment with doses of CNQX and NBQX that are below those that elicit 
feeding. CNQX (3 nmol), NBQX (0.1 nmol), or 0.3 pi of their aCSF/H2O 
vehicle was microinjected into the LH via indwelling guide cannulas, followed 
by LH injection of AMPA (1 nmol, n=l 1), KA (0.33 nmol, n=14) or 0.3 pi of 
their aCSF vehicle and food intake was measured 30 minutes later. Control 
injections of CNQX, NBQX, or vehicle did not elicit feeding (less than 0.4 g 
eaten). However, CNQX suppressed the AMPA-elicited, 8.0 g feeding 
response by up to 68%, and suppressed the KA-elicited, 4.3 g feeding response 
by up to 65%. In contrast, NBQX did not suppress either AMPA- or KA- 
elicited feeding. While the reasons for NBQX’s ineffectiveness remain to be 
resolved, one possibility is that its suppressive effect in the LH may have been 
counteracted by its feeding stimulatory actions in the nearby PFH. The CNQX 
data suggest that both AMPA and KA may be eliciting feeding by acting on 
AMPA and/or KA receptors in the LH.
This research was funded by NIH grant NS24268

749.10
GASTRIC PARTICIPATION IN INCREASED FOOD INTAKE FOLLOWING 
NMDA RECEPTOR BLOCKADE. R.C. Ritter*. M. Covasa and G.A. Bums. 
Department of VCAPP, Washington State University, Pullman, WA 99164-6520.

Systemic administration of MK-801, a non-competitive NMDA receptor 
antagonist, increases meal size and duration in rats. To assess the role of the 
stomach in MK-801-induced increase of food intake we performed two separate 
experiments. First, we examined intake of 15% sucrose or 5 mM saccharin/0.1 M 
glucose solution in rats equipped with pyloric cuffs that prevent gastric emptying 
when closed. MK-801 (100 pg/kg, IP) significantly increased 30-min intakes of 
sucrose in the cuff-open condition (MK-801:18.3±1.5 mis; NaCl: 13.2±0.7 mis) 
but not in the cuff closed condition (MK-801:12.4±1.0 mis; NaCl: 11.6±0.7 mis). 
Also, MK-801 did not alter intake of saccharin/glucose mixture in either cuff-open 
(MK-801:13.7± 1.1 mis; NaCl: 12.3±0.8mls) or cuff-closed condition (MK-801: 
10.4±0.9 mis; NaCl: 12.5±0.6 mis). These results suggested that MK-801 only 
increases food intake when the stomach is allowed to empty. Therefore, we 
hypothesized that MK-801 might increase food intake by increasing gastric 
emptying rate. Consequently, we measured the effect of MK-801 (100 pg/kg, IP) 
on 10 min gastric emptying of 15% sucrose, 0.9% NaCl, or 5 mM saccharin/0.1 M 
glucose mixture. MK-801 significantly increased gastric emptying of NaCl (4.72 
± 0.4 ml) and sucrose (4.76 ± 0.5 ml) solutions compared to vehicle injection (3.54 
± 0.3 ml and 2.93 ± 0.23 ml, for NaCl and sucrose loads, respectively). The 
saccharin-glucose load was completely emptied within 10 min and, therefore, MK- 
801 did not affect its rate of emptying. These results suggest that acceleration of 
gastric emptying may contribute to increased meal size following NMDA receptor 
blockade. Supported by DK-52849 and NS-20561.

749.11

INCREASED FOOD INTAKE FOLLOWING NMDA RECEPTOR BLOCKADE 
DOES NOT DEPEND ON IMPAIRED INTESTINAL NUTRIENT 
DETECTION. G. A. Bums*, M. Covasa and R.C. Ritter. Department of VCAPP 
and Program in Neuroscience, Washington State University, Pullman, WA 
99164-6520.

Systemic administration of MK-801, a non-competitive NMDA receptor 
antagonist, increases meal size in rats, suggesting that satiation involves NMDA 
receptors. Nutrient infusions into the small intestine generate signals that 
contribute to satiation. MK-801 might increase meal size by attenuating nutrient- 
derived intestinal signals. To test this hypothesis we examined nutrient-induced 
reductions of real feeding and sham feeing following systemic injection of MK- 
801 or saline vehicle. We examined MK-801’s effect on reductions of intake 
produced by intestinal infusions of NaCl, maltotriose (0.52 kcal/ml), oleic acid 
(0.08 kcal/ml), or phenylalanine (0.13 kcal/ml). All infusates were isotonic with 
plasma and adjusted to pH 7.3. Real feeding rats given intestinal infusions of 
isotonic NaCl consumed significantly more 15% sucrose following injections of 
MK-801 than vehicle. Intestinal infusions of all three nutrients significantly 
reduced sucrose intake, compared to intestinal NaCl infusion. MK-801 restored 
real feeding of sucrose to levels observed following NaCl infusion, but intakes 
remained significantly below those observed under the saline infused, MK-801 
injected condition. In sham feeding rats sucrose consumption was significantly 
reduced by intestinal infusions of all three nutrients, compared to NaCl infusion. 
Furthermore, MK-801 did not increase sham sucrose intake following intestinal 
NaCl infusion, and reduction of sham feeding was not attenuated by MK-801 for 
any of the three nutrient conditions. We conclude that increased food intake 
observed following MK-801 injection does not depend upon blockade of intestinal 
feedback signals and may be related to MK-801 effects on gastric emptying. 
Supported by DK-52849 andNS-20561.

749.12

NICOTINE’S ANORECTIC EFFECT IS ENHANCED IN KAINATE 
INDUCED VMN LESIONED RATS VIA AN ENHACED DECREASE IN 
MEAL NUMBER. M. M. Meguid*, G. Miyata. Neuroscience Program, 
Dept. Surgery, SUNY, HSC, Syracuse, NY, 13210.

Food Intake (FI) = Meal Size (MZ) x Meal Number (MN). We previously 
reported that nicotine’s anorectic effect is achieved via reduction of MZ 
without compensatory increase in MN, while cessation of nicotine caused 
hyperphagia via increase in MZ with compensatory decrease in MN. 
Ventromedial hypothalamus (VMN) is postulated to modulate inter-meal 
interval reflecting MN. Hence, the role of VMN in nicotine’s anorectic 
effect was tested using VMN lesioned female rat. VMN lesion was made by 
injecting 1 mM kainic acid (0.5 pi in each side), controls had Saline. Ten 
days later, osmotic mini-pump, containing 5 mg/kg/d nicotine, was 
implanted subcutaneously in both groups. FI, MZ and MN were measured 
continuously by rat eater meter for 10 days before VMN injection and for 7 
days after infusion of the nicotine. Data analyzed by one way ANOVA; t- 
test used to compare groups. During nicotine infusion period, reduction of 
FI in the VMN lesioned rat was greater than the Control (p < 0.05). This 
greater anorectic effect was achieved via a greater decrease in MN, while 
MZ was relatively higher in the VMN lesioned rats during nicotine infusion. 
Hyperphagic effect after cessation of nicotine was less apparent in VMN 
lesioned rats. Since the absence of VMN enhances the nicotine’s anorectic 
effect by a reduction of MN, this finding suggests that in normal controls 
VMN has a role to shorten the inter-meal interval but in lesioned rat this no 
longer occurs, resulting in prolonged inter-meal interval, thus decreased in 
MN. This study was supported by grant from smokeless tobacco research 
council inc.

749.13

THE DISTRIBUTION OF GLUCOKINASE mRNA IN ADULT RAT BRAIN 
SUPPORTS A ROLE IN NEURONAL GLUCOSE RESPONSIVENESS.
A.A. Dunn-Meynell*1,2, R.M, Lynch3 and ,B.E, Levin1,2, ’V.A. Medical Center., 
East Orange NJ 07018,2Dept. Neurosci. NJ Med. Sch., Newark NJ 07103 & 3Dept. 
Physiol., Arizona Hlth. Sci. Ctr., Tuscon, AZ, 85724.

The brain contains glucose responsive neurons which depolarize and increase their 
firing rate when ambient glucose levels rise. Depolarization of glucose responsive 
neurons and of pancreatic beta cells with elevated glucose is thought to be mediated 
by an ATP-sensitive potassium channel. ATP generated by glycolysis inactivates the 
channel causing neuronal depolarization. In beta cells, this response involves the 
glycolytic enzyme glucokinase. But little is known of the occurrence of glucokinase 
in neurons.

To examine the possibility that glucokinase might be involved in neuronal glucose 
responsiveness, the distribution of glucokinase mRNA in the brain was examined 
using in situ hybridization with radiolabelled riboprobes for rat glucokinase in adult 
rat brain.

Glucokinase mRNA was most abundant in the hypothalamus, where it was found 
in the paraventricular (PVN), ventromedial (VMH), dorsomedial (DMH), arcuate 
(ARC), supraoptic, and preoptic hypothalamic nuclei. It was less abundant and 
diffusely distributed in the lateral hypothalamic area. Glucokinase mRNA was also 
seen other forebrain areas including the olfactory bulb, bed nucleus of the stria 
terminalis, habenula, and paraventricular thalamic nucleus. Glucokinase mRNA was 
less common in the hindbrain, where it was strongly expressed in the locus 
coeruleus and, to a lesser degree, in the olivary nucleus.

The concentration of glucokinase mRNA in the VMN, PVN LC, ARC and DMN 
(which all contain glucose responsive neurons) supports a potential role for 
glucokinase in the mediation of neuronal glucose responsiveness.

Supported by the Research Service of the Dept.Veterans Affairs and NIDDK 
grant RO1DK53181

749.14
DISTRIBUTION OF GLUCOKINASE-LIKE IMMUNOREACTIVITY IN 
THE RAT BRAIN: A POSSIBLE BRAIN GLUCOSE-SENSING 
MECHANISM. F. Maekawa1, Y, Toyoda2, N. Torii2, I, Miwa2. R.C, 
Thompson3. D.L. Foster 3,4t S. Tsukahara1. H. Tsukamura1, K.-I. Maeda1*
1 Graduate Sch. of Bioagricultural Sci., Nagoya Univ., Nagoya 464-8601, 
Japan;2 Dept. of Pathobiochem., Fac. of Pharmacy, Meijo Univ., Nagoya 
468-8503, Japan; 3 Reproductive Sciences Program; 4 Dept. Ob/Gyn and 
Biology, Univ. Michigan, Ann Arbor, MI 48109

Pancreatic glucokinase (GK) is considered an important element of a 
glucose sensing unit in pancreatic J3-cells. In order to determine if the 
brain utilizes similar glucose sensing units, anatomical distribution of 
pancreatic GK-like immunoreactivities was determined in the rat brain. 
We found strong GK-like immunoreactivities in the ependymocytes, 
endothelial cells and serotonergic neurons. Dual immunohistochemistry 
revealed that the ependymocytes has GK-like immunoreactivities within 
their cytoplasm and glucose transporter (GLUT) 2-like immunoreactivities 
on their cilia. The ependymocytes also had GLUT 1-like
immunoreactivity on the cilia and GLUT4-like immunoreactivities within 
the cytoplasm. In serotonergic neurons, GK-like immunoreactivities were 
found in the cytoplasm and their processes. The present results raise the 
possibility that these GK-like immunopositive cells comprise a part of a vast 
glucose-sensing mechanism in the brain.
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749.15

THE ANORECTIC EFFECT INDUCED BY AMPHETAMINE AND 
COCAINE IS MEDIATED BY THE a?AD ADRENOCEPTOR SUBTY-
PE N. Galeotti, C. Ghelardini, N. Morrocchi, P. Cardelli, A. Bartolini 
Dept. of Pharmacology, Viale G. Pieraccini, 6, 50139, Univ. of 
Florence, Italy, SPON: EBBS*

The important role of the central noradrenergic system on feeding 
behaviour has long been recognized. Since little attention has been paid to 
identify the receptor subtype involved in the well known anorectic effect 
of amphetamine and cocaine, we carried out the following investigation. 
Amphetamine (1-2 mg kg'1 i.p.) and cocaine (5 mg kg"1 i.p.) signifi-
cantly reduced food consumption in 12 h-food-deprived mice. The ano-
rectic effect produced by the above-mentioned drugs was comparable to 
that exerted by the two ci2 agonists: clonidine (0.125 mg kg'1 i.p.) and 
guanabenz (0.3 mg kg'1 i.p.), used as reference drugs. Pretreatment with 
yohimbine (1-3 mg kg'1 i.p.) but not with prazosine (1 mg kg'1 i.p.) shif-
ted amphetamine and cocaine dose-response curves to the right, sugge-
sting a competitive pharmacological antagonism. Furthermore the <x 2ajd  
selective antagonist BRL-44408 (1 mg kg * i.p.) but not the a2BC 
ve antagonist ARC-239 (10 mg kg 1 i.p.) was able to antagonise 
amphetamine and cocaine anorectic effect. Yohimbine and BRL-44408, 
when administered alone, did not produce any change in the amount of 
food consumed and did not modify the reduction in feeding induced by 
tetraethylammonium (K+ channel blocker) and salmon calcitonin. These 
results are consistent with a role for the a2AD"a<^renerS’c recePtor ’n the 
control of appetite exerted by amphetamine and cocaine. All drugs tested 
did not impair mouse performance and spontaneous motility evaluated 
respectively by rota-rod and hole-board tests.
This work was supported by grant from MURST.

749.16
DIFFERENTIAL EFFECTS OF (/-AMPHETAMINE ON INTAKE OF A 
NOVEL VS A FOOD EATEN TO SATIETY. S. Ahn* and A.G. Phillips. Dept. 
of Psychology, Univ. of British Columbia, Vancouver, B.C., Canada V6T 1Z4.

Amphetamine is well documented in both human and animal literatures to have 
anorectic effects on food intake. However, in rats, lower doses of amphetamine have 
been shown to stimulate food intake (Wise et al., 1989). The present study was 
undertaken to examine whether amphetamine may selectively affect intake of a novel 
versus a recently consumed food presented within a sensory-specific satiety protocol.

Rats were food-deprived for 24 hr prior to being presented with an opportunity to 
consume two foods, a fruit-flavored cereal or onion-flavored chips. A test session 
involved presentation of one of the two foods, a 40 min break (during which no food 
was available) and then presentation of either the same (satiated) or a different 
(novel) food. Each presentation began with the placement of the food behind a 
perforated screen, removal of the screen 10 min later and then access to the food for 
40 min. Animals were injected with one of three doses of (/-amphetamine (0.25, 0.5,
1.0 mg/kg, i.p.) or saline 10 min prior to presentation of the second meal.

The initial meal was consumed by animals at a rate which gradually declined 
during the consummately period. Interestingly, saline injections stimulated intake of 
a second meal, irrespective of the sensory properties of the food - an effect which 
may be an injection-related stress-response. Administration of (/-amphetamine 
resulted in a dose-dependent decrease in intake of a second meal of the familiar food. 
Following 0.25 and 0.5 mg/kg injections, consumption of the familiar food was 
significantly more suppressed than that of the novel food (p<0.05). Following 1.0 
mg/kg injections, intake of both types of foods was almost completely suppressed. 
The general pattern of results suggests that amphetamine may have 1) interacted 
with the sensory properties of the two foods to enhance the contrast in incentive 
salience of the novel and satiated foods, and 2) counteracted the stress-related 
increase in food intake. Funded by MRC Canada

749.17

EFFECTS OF DELTA9 - TETRAHYDROCANNABINOL ON
PALATABLE FOOD INTAKE IN LEWIS RATS.
J. E. Koch*& S. M. Matthews . Department of Psychology, University of 
Wisconsin Oshkosh, Oshkosh, WI 54901.

The present study extends the link between food intake and cannabinoid 
substances, particularly delta9-tetrahydrocannabinol (THC), in Lewis rats 
which appear to be responsive to potential appetite-stimulating effects of 
THC alone (SFN abstract 847.18, 1998) and when combined with lateral 
hypothalamic stimulation (Trojinar & Wise, 1991). While the previous 
studies focused on intake of chow and powdered high-fat and sweetened 
high-fat diets, the present set of studies examined effects on intake of a soft 
palatable food, which was high in fat and sugar. Male Lewis rats (n=15) 
were maintained on standard rat chow pellets and, on testing days, 
presented with chocolate cake batter (CCB) for 4h during the light cycle in 
addition to chow. Following establishment of baseline food, CCB and water 
intake, rats were injected i.p. with vehicle (1 ml/kg), 0.5, 1.0 and 2.5 mg/kg 
THC. In the presence of CCB, rats failed to eat chow under any conditions. 
CCB intake was measured at 0.5h, lh, 2h & 4h, following injection and 
data were analyzed via repeated measures ANOVA and Scheffe post-hoc 
comparisons. THC significantly increased CCB intake over vehicle in the 
following pattern: 1) at 0.5h following the 1.0 mg/ml dose; 2) at lh 
following the 0.5 & 1.0 mg/ml doses; 3) at 2h following the 1.0 post-
injection; 4) no significant increases were seen following the 2.5 mg/kg dose 
and no differences were noted at 4h post-injection. Current studies involve 
the effects of anandamide on palatable food intake, antagonism of the 
appetite-stimulating effects of THC with SR141617A & central (ICV) 
administration of THC. Work supported by a grant from Univ. WI Oshkosh 
faculty development program (FDR714).

749.18

ACTIVITY LEVELS IN ACOMYS CAHIRINUS WITH CHRONIC 
CAFFEINE INGESTION. N.E. Kinney* and C. A, Woolsey. 
Department of Psychology, Southeast Missouri State University, 
Cape Girardeau, MO 63701.

Male Acomys cahirinus (Egyptian spiny) mice were allowed to 
explore an open field box on four consecutive days. Subjects 
were then observed during three baseline, three low caffeine and 
three high caffeine treatment days. During treatment days, all 13 
mice were given caffeine (either 0.128 mg/mL for low caffeine or
0.256 mg/mL for high caffeine) in their drinking water ad libitum. 
Mice were observed in the field box for 4 minutes each day, then 
weighed and returned to the home cage. Daily body weights 
throughout the study showed only small variations, and water 
consumption measurements revealed increased intake during 
treatment days. Activity level during low caffeine exposure was 
significantly higher than during both baseline and high caffeine 
days. In addition, activity during high caffeine was significantly 
lower than during baseline. The literature to date has been 
conducted almost entirely with rats given high acute doses of 
caffeine. Caffeine studies with Acomys cahirinus are almost 
unknown. Interestingly, these results differ from those found 
previously in our lab with chronic low caffeine ingestion in male 
Mus musculus.

749.19

CENTRAL ADMINISTRATION OF ANANDAMIDE INDUCES 
HYPERPHAGIA IN SATIATED RATS. TC, Kirkham* and C.M. 
Williams. Department of Psychology, University of Reading, 
Whiteknights, Reading, RG6 6AL, England.

Intoxication by cannabinoids derived from marijuana is linked to 
spontaneous, compulsive eating in humans. We recently reported that 
overeating induced by A9-THC in rats is mediated by central type, 
CB1, cannabinoid receptors and that peripheral administration of the 
endogenous CB 1 ligand, anandamide, can also induce hyperphagia, 
suggesting a role for brain cannabinoids in appetite regulation. Here we 
report the feeding effects of centrally administered anandamide.

Male Lister hooded rats (Harlan UK Ltd, n=6) were prepared with 
chronic cannulae aimed at the shell of the nucleus accumbens. Under 
nocturnal conditions, rats were pre-satiated with a wet mash and 
injected unilaterally with 0, 2.5 or 5 pg of anandamide prior to a 2 hour 
chow intake test. Anandamide exerted dose-related hyperphagic effects 
(F2,6=13 .462, p<0.01). Baseline intake was increased from 0.6 ± 0.2 g 
;o 1.8 ±' 0.3 g and 2.9 ± 0.6 g after 2.5 and 5 pg of anandamide, 
respectively.

These data further support brain cannabinoid involvement in 
appetite, possibly via modulation of orosensory reward processes.

Supported by a joint University of Reading/BBSRC Institute for Food Research
Life Sciences studentship (CMW), ARISE and the Royal Society (TCK).
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750.1 750.2

ANATOMICAL SUBSTRATES FOR POSSIBLE CIRCADIAN CONTROL 
OF EXTRA-SCN VASOPRESSIN RELEASE INTO THE CSF. P.Nagappan, 
J. A. Whittaker, K. Thomas and J. Patrickson*. Neuroscience Institute, 
Morehouse School of Medicine, Atlanta, GA 30310.

Vasopressin (VP) release into the CSF follows a circadian pattern, with peak 
values occurring during the light period in both diurnal and nocturnal animals. 
The suprachiasmatic nucleus (SCN) has long been considered the source of this 
VP. However, transplantation studies following SCN lesions, foil to adequately 
restore CSF VP to prelesion levels (van Esseveldt, et al., 1999). This study was 
designed to test the hypothesis that the post-lesion VP deficit is due to a possible 
reduction in circadian drive to extra-SCN VP sites within the hypothalamus. 
Conventional anterograde tract-tracing, combined with immunohistochemistry, 
was employed in order to assess VP terminal sites for SCN efferent projections. 
The SCN of 8 Sprague-Dawley adult rats were injected with biotinylated 
dextran-amine (BDA) to label its efferent fibers. At seven (7) days post-
injection, the brain tissue was harvested, cryo-sectioned, and processed 
histochemically for visualization of the BDA labeled fibers utilizing nickel- 
intensified diaminobenzidine (DAB) as chromagen. Serial sections containing 
BDA-labeled projections were subsequently immunostained utilizing an anti-VP 
polyclonal antibody. Our results demonstrate that neurons immunopositive for 
VP within the hypothalamic periventricular area (PVA) receive direct SCN 
efferents. This suggests the possibility of a direct SCN drive to PVA cells 
located adjacent to the third ventricle (3 V). The data suggest that VP neurons 
located in the periventricular area may be a source of CSF VP and may be 
directly modulated by the SCN. Support: NIH grants U54-34194 & RR3034.

DISTRIBUTION OF ml AND m2 MUSCARINIC ACETYLCHOLINE 
RECEPTORS IN RAT SUPRACHIASMATIC NUCLEUS E.A. Van der Zee ,
B.A.M. Biemans and M.P, Gerkema, Zool. Lab., Biological Center, Univ. of 
Groningen, Kerklaan 30, 9751 NN Haren, The Netherlands.

The suprachiasmatic nucleus (SCN) receives cholinergic input from the basal 
forebrain system and brainstem. Cholinergic neurotransmission is primarily mediated 
by muscarinic acetylcholine receptors (mAChRs). Five subtypes of mAChRs are 
known (ml-m5). The distribution of mAChRs has been previously studied 
immunocytochemically using the monoclonal antibody M35 (Van der Zee et al., 
Brain Res. 542:348-352, 1991). M35 specifically binds to the internalized mAChR 
and recognizes all 5 subtypes (Van der Zee and Luiten, Prog. Neurobiol. 1999, in 
press). Here, we analyzed die distribution of ml and m2 mAChRs in rat SCN (n=6) 
using rabbit anti ml and m2 antibodies (Alomone Labs, Israel), ml mAChRs were 
expressed abundantly in rat SCN, both postsynaptically in nearly all SCN neurons and 
presynaptically in numerous terminals. The averaged diameter of the ml-positive cells 
is 7.63 ± 1.54 pm, and the density of ml-positive terminals is 41 ± 7 per 2.500 pm3. 
m2 mAChRs were only expressed presynaptically, with an almost two-fold higher 
density of terminals (71 ± 10 per 2.500 pm3). The m2 terminals were usually smaller 
than the ml terminals. These results indicate that ml and m2 are predominantly 
expressed in axons of different neurons. SCN neurons express ml and use it 
postsynaptically and as presynaptic heteroreceptors, whereas m2 terminals are most 
like presynaptic autoreceptors on cholinergic afferents regulating acetylcholine 
release. Comparison of ml- and M35-positive cells revealed that M35-positive 
neurons are much less abundant in the SCN (ml:M35 ~ 10:1), and belong to a 
subpopulation of large SCN cells (average diameter is 10.6 ± 2.11 pm). Taken 
together, these results suggest that 1) nearly all SCN cells express ml (but no m2) 
mAChRs, 2) two classes of mAChR-positive SCN cells exist (large cells with inactive 
mAChRs and smaller cells with active mAChRs, and 3) presynaptic mAChRs play a 
dominant role in SCN neurotransmission, both on intrinsic SCN connections via ml 
and on (cholinergic) SCN afferents via m2. (NWO/GpD 970-10-025)

750.3
MUSCARINIC ACETYLCHOLINE RECEPTORS STIMULATE 
PHOSPHOLIPASE C (34-INDEPENDENT Ca2+ SIGNALING IN THE 
SUPRACHIASMATIC NUCLEUS. M, Ikeda, T, Sugivama. K, Suzuki, T, Moriva.
C.K, Meshul*. C.N, Allen. andT. Yoshioka. Advanced Res Cntr for Human Sci & 
Dept. of Molec Neurobiol., Waseda Univ., Tokyo 202-0021 Japan, Cntr Res Occup 
& Environ Toxicol & Depart Physiol. & Pharm., OR Hlth Sci Univ, Portland, OR 
97201.

The daily physiological and behavioral rhythms in mammals are controlled by a 
central pacemaker located within the hypothalamic suprachiasmatic nucleus (SCN). 
Among diverse neurotransmitters in the SCN, muscarinic acetylcholine (mACh) 
receptors have been extensively studied. One of the mACh-mediated intracellular 
events is activation of phospholipase C (PLC) and subsequent Ca2+ release from IP3- 
sensitive stores. However, these signaling pathways have not been fully described in 
SCN neurons. Polyclonal antibodies for PLC ((31-4) subtypes were used together 
with irhmunostaining techniques to describe the types of PLC present in the SCN. 
PLC-31 was expressed throughout the hypothalamus in contrast to PLC-|34, which 
was confined in the SCN. PLC-32 or PLC-33 expression was not observed in the 
SCN. Fura-2-based Ca2+ imaging analysis indicated that carbachol (1-100 (iM) dose- 
dependently elevated intracellular Ca2+ in the SCN. The Ca2+ response to carbachol 
was not significantly different between wild type and PLC-(34 knockout mice. The 
results demonstrate PLC-(34-independent Ca2+ signaling via stimulation of muscarinic 
receptors in the SCN. (Supported by grant NS036607).

750.4

DIFFERENCES OF ENTRAINMENT FUNCTION BETWEEN INSULIN- 

DEPENDENT AND NON-INSULIN-DEPENDENT DIABETIC MODEL RATS. T. 

Shimazoe’^S. Yamanouchi1, M. Maetani1, J. Ishida2, M.Yamaguchi2, K. Miyasaka3, A. 

Funakoshi4 and S. Watanabe1. ’Dept. of Pharmacol., Fac. of Pharmaceut. Sci., Kyushu 

Univ., Fukuoka, Japan, 2Dept of Analyt. Chem., Fac. of Pharmaceut. Sci., Fukuoka 

Univ., Japan, 3Dept. of Clinic. Pharmacol., Tokyo Metropol. Inst, of Gentol., Tokyo, 

Japan, 4National Kyushu Cancer Center, Fukuoka, Japan

We studied entrainment function of circacfian rhythms in both insulin-dependent and 

non-insulin-dependent diabetic model rats. Streptozotocin (STZ, lOOmg/kg, i.p.) was 

administered in 8-10-week-old Wistar rats for an insulin-dependent diabetic model. Otsuka 

Long Evans Tokushima Fatty (OLETF) rats were used as a non-insulin-dependent diabetic 

model. The term for re-entrainment to the new light dark cycle was not different between 

control and STZ-induced diabetic rats. On the other hand OLETF rats siginificantly 

needed more days for re-entrainment to the new light-dark cycle than control rats. Same 

level of phase delay by glutamate application was observed between control and STZ- 

induced diabetic rats on the suprachiasmatic nucleus neuronal activity rhythms. In 

OLETF rats, however, the phase delay was significantly smaller than that in control rats. 

In STZ-induced diabetic rats, 5-HT function of various brain regions was decreased In 

OLETF rats, 5-HT function was increased These results suggest that entrainment 

function is maintained in STZ-induced diabetic rats, but that the function is disordered in 

OLETF rats. Then, 5-HT mechanism may play an important role in these differences.

750.5

NEUROPEPTIDE Y, PROTEIN KINASE A INHIBITION, AND PROTEIN 
KINASE C INHIBITON PHASE SHIFT THE HAMSTER CIRCADIAN CLOCK 
AT DIFFERENT TIMES. Kathryn M. Schak, Jennifer M. Lee, Mary E. 
Harrington*. Neuroscience Program, Smith College, Northampton, MA 01063.

The suprachiasmatic nuclei (SCN) act as the central pacemaker for circadian 
rhythms in mammals. SCN rhythmic output can be studied in vitro. Neuropeptide 
Y (NPY) induces phase shifts in in vitro rhythms in rats and hamsters, but phase 
response curves are widely divergent across labs. Phase response curves for 
protein kinase A (PKA) and protein kinase C (PKC) inhibition have not been 
reported. In this study, we investigated the roles of NPY application, or inhibition 
of PKA or PKC, on circadian rhythms in vitro. Hypothalamic slices containing 
the SCN were prepared from male golden hamsters and maintained in an interface 
chamber. Drug treatments were applied on day 1 in vitro at 2 h intervals over 24 
h, and the rhythm in spontaneous firing rate was recorded on day 2. Each drug 
[NPY (175pM); Rp-cAMPS (PKA inhibitor; lOpM); chelerythrine chloride (PKC 
inhibitor; 10pM)] was applied directly to the SCN as a 200 nl microdrop.

We found ,Iiat NPY phase shifts the clock with advances during the subjective 
day. Protein kinase A inhibition phase delays the circadian rhythm only during a 
restricted temporal window at Zeitgeber time (ZT) 10. Protein kinase C inhibition 
phase advances the clock during the late subjective night and early subjective day, 
ZTs 20-4.

The pattern of phase shifts to NPY are similar to those from another lab 
(Shibata S, Moore RY, Brain Res 1993, 615:95-100) as well as those seen in vivo 
(Albers HE, Ferris CF, Neurosci Lett 1984, 50:163-168). The time-dependent 
effect of inhibition of PKA and PKC suggests roles for these kinases in circadian 
clock function during different temporal windows.

750.6

TOPOGRAPHICAL ORGANIZATION OF EFFERENT PROJECTIONS 
ARISING FROM HYPOCRETIN (HC)-CONTAINING NEURON 
POPULATIONS LOCATED IN THE LATERAL HYPOTHALAMUS (LH). 
^.E. Abrahamson* and 'A3R.Y, Moore. Depts. of 'Neuroscience,2Neurology and 
3Psychiatry, University of Pittsburgh, Pittsburgh, PA, 15261

The LH constitutes over 50% of the total volume of the hypothalamus, extending 
from the preoptic area rostrally to the ventral tegmental area caudally. The LH remains 
relatively poorly characterized despite the enormous number of neurons and fiber 
bundles it contains. The LH is involved in a wide range of regulatory systems, from 
behavioral state control to cardiovascular modulation, and increasing evidence suggests 
that the grouping of cells in the LH is topographically organized with respect to 
transmitter content and efferent projections. In one recent example the newly 
characterized neuropeptide HC (de Lecea et al., 1998) has been immunocytochemically 
localized to a large group of cells situated in the LH. HC neurons project widely 
throughout the neuraxis, and are implicated in the regulation of feeding and the control 
of arousal. This investigation reexamines the projections of the LH by using a 
combination of retrograde tracers and dual-label immunocytochemistry for HC. The 
goals of the investigation were to examine 1) whether different populations of LH cells 
contribute to ascending versus descending projections and 2) if there is a topography in 
the distribution of HC cells with respect to efferent projections. Tracer was injected 
into multiple cortical areas, septum, midline thalamus, dorsal raphe, locus coeruleus, 
periaqueductal grey and parabrachial nucleus. In all cases, large numbers of retrogradely 
labelled cells are found throughout the LH with little evidence for topography. t 
However, double labelling for tracer/HC reveals large numbers of labelled cells* in the 
perifomical nucleus (PFX) following midline thalamic or brainstem injections. In 
contrast, heavy retrograde labelling in the tuberal lateral hypothalamus (LHt) is 
observed following cortical or brainstem injections, but not after midline thalamic 
injections. We conclude 1) LH neuron populations throughout the LH contribute to 
ascending versus descending projections and 2) HC neurons are topographically 
organized with respect to efferent projections. HC neurons located in the PFX likely 
influence cortical activity through projections onto midline thalamic nuclei, whereas 
HC neurons in the LHt are in a position to directly (via direct cortical projections) and 
indirectly (via brainstem projections) influence cortical activity. NIH T32 MH18273.
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750.7
LEPTIN PHASE ADVANCES THE SCN CIRCADIAN CLOCK IN VITRO.
H.E, Bergeron* and R.A. Prosser. Dept. of Biochem. & Cell. & Molec. Biol., 
Univ. of Tenn., Knoxville, TN 37996.

The circadian clock in mammals is located in the suprachiasmatic nuclei
(SCN). In addition to their involvement in circadian rhythms, the SCN have 
also been implicated in the regulation of food intake and energy metabolism 
(Brain Res. 304:237: Neurosci. Lett. 211:1). Leptin is a hormone secreted 
by adipose tissue that informs the brain about adipose stores (Science 
269:475). Leptin receptors are located in many hypothalamic areas 
(J.CIin. Invest. 98:1101). Further, rodents with mutations involving the leptin 
signaling pathway can exhibit abnormal circadian rhythms (Am.J. Physiol. 
263:R1169). These data raised the possibility that leptin modulates SCN 
clock activity. In these experiments we investigated whether leptin phase- 
shifts the circadian clock in vitro.

SCN brain slices from adult male Sprague-Dawley rats were prepared and 
maintained as described previously (J.BioI.Rhythms 8:1). Leptin was bath- 
applied for one hour at various times on day 1 in vitro. Extracellular, single-
unit activity was recorded on day 2 to determine the time of peak activity. 
Phase shifts were determined by comparing the time-of-peak in treated 
slices to that of control slices (ZT 5.94 ± 0.2, n=4, where ZT 0 = time of 
lights on).
Preliminary results indicate that leptin (10nM) primarily modulates the SCN 

clock by inducing phase advances during the subjective day. Application of 
leptin at ZT 4 causes a phase advance of 2.27±1.0h (n=3). Similar 
advances are seen after applications at ZT 8 and ZT 10. These results 
suggest that leptin may be involved in modulating circadian timing in 
rodents.

This work was supported by NIH grant MH53317 (RAP).

750.8
PITUITARY ADENYLATE CYCLASE ACTIVATING PEPTIDE 
(PACAP) PHASE SHIFTS CIRCADIAN RHYTHMS IN A MANNER 
SIMILAR TO LIGHT VIA POTENTIATION OF NMDA CURRENTS. 
M-E-Harrington1, S.Hoque1. A.C.Hall1’2*, D.Golombek3 and 
S.Biello4. Psychology & Biological Sciences Depts., Smith College, 
Northampton, MA. 01060; 2Biology Dept., Mount Holyoke College, 
So.Hadley, MA.01075; 3Fisiologfa Departamento, Buenos Aires 
Universidad, Argentina; Psychology Dept., Glasgow Univ., UK.

The endogenous circadian pacemaker in mammals is located in the 
suprachiasmatic nuclei (SCN) of the hypothalamus. Various cues can 
reset circadian rhythm phase, thereby entraining the internal rhythm to 
the environmental cycle, and these effects can be investigated using an 
in vitro single-unit recording method in brain slices to measure phase 
shifts of the SCN. While pituitary adenylate cyclase activating peptide 
(PACAP) is localized in retinal inputs to the SCN, it has been reported 
to alter clock phase only in the subjective night. We show that PACAP 
can reset the clock in the photic pattern during the subjective night when 
applied in lOpM-lnM doses. This appears to be mediated by 
potentiation of NMDA currents. Given at higher doses (>10nM), 
PACAP shifts in the subjective day, apparently via activation of 
adenylate cyclase and increased intracellular cAMP. These results 
indicate dose and phase specificity of the effects of PACAP and a new 
role as a transmitter in the retinohypothalamic tract.

Supported by NIH grants NS26496 & NS01641 (MEH), CONICET, 
ANPCyT, Univ. of Buenos Aires and Fund. Antorchas (Argentina) 
(DAG), and Royal Society Grant 403-010-0001 (SMB).

750.9

IMPLICATION OF THYROID SPECIFIC TRANSCRIPTION FACTOR-1 (TTF-1) 
FUNCTION IN THE DIURNAL REGULATION OF NEUROENDOCRINE 
HYPOTHALAMUS. B.J, Lee1*. W.S. Choi2 and M.S. Kim1 'Dept. of Biological 
Sciences, Univ. of Ulsan, Ulsan 680-749, and 2Dept. of Anatomy, College of 
Medicine, Gyeongsang Nat’l Univ., Chinju 660-280, Korea

TTF-1 (also called as Nkx-2.1) plays a pivotal role in the ventral diencephalon 
formation during fetal development. Recently, TTF-1 was found to remain active in 
the postnatal rat hypothalamus and play an important role in the regulation of 
puberty initiation. The present study aimed at elucidating a possible role of TTF-1 in 
the regulation of hypothalamic day-night cycle. Four week-old male rats were 
housed under a normal light and dark cycle (light on 0600 h - 2000 h) at least for 2 
weeks and sacrificed at 1200 h (light group) and 2400 h (dark group). RNase 
protection assay and in situ hybridization were carried out to determine the day-night 
change in TTF-1 mRNA levels' in the rat hypothalamus. TTF-1 mRNA was observed 
in the several brain areas including optic chiasm, anterior commissure, 
suprachiasmatic nucleus, supraoptic nucleus and arcuate nucleus. Level of TTF-1 
mRNA was significantly increased by dark in the medial basal hypothalamus (MBH) 
and preoptic area (POA). Pinealectomy clearly suppressed the dark-induced increase 
of TTF-1 mRNA levels both in MBH and POA. Continuous light condition removed 
diurnal changes in TTF-1 gene expression. Level of TTF-1 mRNA was lowest in the 
morning, increased at the afternoon and reached peak at the midnight with samples 
of 3-hr intervals. Inversely, the level of cfos mRNA, a known candidate of circadian 
phase maker in the hypothalamus, was highest around noon and remained lower 
during dark period. The present result suggests that TTF-1 may play a role as a 
regulator of the diurnal rhythm in the neuroendocrine hypothalamus.
Supported by KOSEF through HRC (HRC-01-02).

750.10

OPIOID-INDUCED NONPHOTIC PHASE SHIFTS OF HAMSTER 
CIRCADIAN ACTIVITY RHYTHMS. M. Byku and R.L. Gannon*. 
Dept. of Biology, Dowling College, Oakdale, NY 11769.

Hamster circadian wheel running activity can be phase advanced by 
certain nonphotic stimuli administered several hours before the normal 
onset of wheel running under conditions of constant darkness (DD). The 
geniculohypothalamic projection from neurons in the intergeniculate 
leaflet of the thalamus to the suprachiasmatic nucleus is necessary for 
most instances of nonphotic shifting in hamsters, and one of the 
transmitters in this pathway is enkephalin. In this study, we demonstrate 
that the delta opioid agonist SNC 80 can dose-dependently phase 
advance hamster wheel running activity rhythms when administered in 
DD at circadian times (CT) 8 and 10. Intraperitoneal injections of 1 
mg/kg SNC 80 phase advanced activity rhythms by 0.43 hr and 0.48 hr 
when administered at CT 8 and CT 10, respectively. Phase advances 
were increased to 0.75 hr and 0.84 hr when injected at the same CT 
times with 2.5 mg/kg SNC 80, the highest dose tested. Vehicle 
injections and injections of lower doses of SNC 80 had no significant 
effect. In contrast to agonist activity, administration of both the broad 
spectrum opioid antagonist naltrexone and the specific delta opioid 
antagonist naltrindole were without effect at either CT 8 or CT 10 at 
doses up to 2.5 mg/kg. These results suggest that activation of delta 
opioid receptors, presumably by endogenously released enkephalin, may 
mediate some of the nonphotic stimuli capable of phase shifting hamster 
wheel running activity rhythms. Supported by NSF grant IBN-9728574.

750.11

PHOSPHORYLATION OF SEROTONIN N-
ACETYLTRANSFERASE BY PROTEIN KINASE A. X. Li*, and 
S. H. Snyder. Department of Neuroscience, Johns Hopkins 
University School of Medicine, 725 North Wolfe Street, Baltimore, 
MD 21205

The circadian hormone melatonin is synthesized predominantly in 
the pineal gland by the actions of two enzymes: serotonin N- 
acetyltransferase (NAT) and hydroxyindole-O-methyltransferase 
(HIOMT). NAT is the rate-limiting enzyme, which exhibits a 
day/night rhythmic activity controlled by the clock-driven adrenergic 
signal. The elevated cAMP level at night, which activates protein 
kinase A (PKA), correlates with the increase of NAT activity. We 
attempted to study the role of PKA phosphorylation in regulating 
NAT protein level and activity. We found that NAT is specifically 
phosphorylated by PKA in HEK293 cells. cAMP can induce 
phosphorylation of NAT at the two consensus PKA sites, as 
confirmed by mutation analysis. The regulatory subunit of PKA can 
specifically inhibit the cAMP induced phosphorylation of NAT. 
Furthermore, the half-life of NAT appears to be extended in the 
presence of constitutive PKA in C6 cells.

UHPHS Grant DA-00266 and Research Scientist Award DA-00074 
(S.H.S.).

750.12
BLOCKADE OF DRN-ELECTRICALLY STIMULATED SCN 5-HT RELEASE IS 
MEDIATED BY 5-HT^ BUT NOT 5-HT, RECEPTOR SUBTYPES LA, PiNardo* 
and J.D. Glass, Dept. Biol. Sci. Kent State Univ., Kent, OH 44242.

Recent studies have demonstrated serotonin (S-HT)-mediated effects in the 
suprachiasmatic nucleus (SCN) following electrical stimulation of the dorsal raphe nucleus 
(DRN), despite die lack of direct DRN-SCN serotonergic innervation. Furthermore, we 
recently observed that systemic pretreatment with the general 5-HT, 2 receptor antagonist 
metergoline totally abolished the increase in SCN 5-HT release following DRN, but not 
median raphe nucleus (MRN), stimulation. These data suggest that a serotonergic 
projection from the DRN to an intermediate target underlies these DRN-stimulated effects 
on SCN 5-HT release. The present study was undertaken to determine the 5-HT receptor 
subtype responsible for metergoline’s effects on DRN induced release of 5-HT in the SCN 
of male Syrian hamsters. In vivo microdialysis was used to assess the effects of DRN 
electrical stimulation (20 min @ 150 pA, 10 Hz, 2 msec pulse duration) on 5-HT release 
in the SCN following systemic pretreatment with the 5-HT,A antagonist NAN 190 
(5mg/kg), 5-HTIB/D antagonist methiothepin (5mg/kg), 5-HT27 antagonist ritanserin 
(5mg/kg), or vehicle (DMSO) delivered 20 minutes prior to electrical stimulation. Drug 
injections were administered separately, in random order, at ZT6 over consecutive days. 
Pretreatment with ritanserin effectively blocked maximal DRN-stimulated 5-HT release 
(12.3±11.5% increase) compared to vehicle controls (121.6±43.2% increase; p<0.01; n=5). 
In contrast, the enhancement of 5-HT release following DRN stimulation was unaffected 
by pretreatment with either methiothepin (maximal increases. 184.5±57.4%-methiothepin 
vs. 134±79%-vehicle control; n=4) or NAN 190 (maximal increases: 90.23±2.4%-NAN 
190 vs. 73.35±9.7%-vehicle control, n=2). These results suggest that the serotonergic 
projection from the DRN to an intermediate target (possibly die MRN) contributing to 
DRN-induced modulation of 5-HT actions within the SCN is mediated by the 5-HT2 or 5- 
HT7 but not 5-HT,, receptor subtype. Supported by NIGMS grant GM19984-01 to LAD 
andNS35229to JDG.
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750.13
DORSAL RAPHE NUCLEUS PROJECTIONS TO THE FOREBRAIN 
ARE TOPOGRAPHICALLY ORGANIZED
‘M. Avramut*and L2.3R.Y. Moore , Depts. of Neuroscience, Neurology and 
3Psychiatry, University of Pittsburgh, Pittsburgh, PA 15261

The dorsal raphe nucleus (DRN), the major source of forebrain serotonin 
innervation, is comprised of distinct subdivisions. The principal objective of this 
study was to characterize these subdivisions and the pattern of their projection to 
forebrain, thereby defining functional subregions of the raphe complex. Serotonin 
immunocytochemistry and retrograde transport of cholera toxin B subunit (CTB) were 
used. CTB was injected into 16 sites in the rat forebrain including multiple cortical 
areas, limbic structures, hypothalamic areas, striatum and thalamus. In both the DRN 
and the median raphe nucleus, there is a rostrocaudal and mediolateral pattern of 
projection. This pattern is only partially congruent with the cyto- and 
chemoarchitecturally defined subdivisions. Neurons located in the medial regions of 
the midbrain raphe project to various areas of the cortex and also to structures related 
to motor function. The neurons projecting to the cortex can be found throughout the 
rostrocaudal extent of the DRN, whereas those sending projections to motor 
structures predominate rostrally. In contrast, thalamic projections originate in 
neurons situated laterally throughout most of the rostrocaudal dimension of the raphe; 
neurons projecting to the visual thalamus and other regions related to visual function 
are mainly localized within the caudal region of the DRN. Hypothalamic and limbic 
regions receive afferents from lateral and medial parts of the raphe respectively, both 
from rostral and caudal levels. Thus, in contrast to most prior studies, our work 
indicates that the DRN has a greater anatomical complexity than previously 
recognized. The data indicate the existence of a complex topographically organized, 
but overlapping, pattern of projection from DRN subdivisions to regions which it 
innervates. Supported by NS 16304

750.14
DRUG-INDUCED PHASE ADVANCES OF THE CIRCADIAN BIOLOGICAL 
CLOCK: 8-OH-DPAT AS A 5-HT7 AGONIST. L.S. Reynolds, J.P. Braselton, 
A.W, Schmidt and J.S, Sprouse*. Pfizer Central Research, Groton, CT 06340

The suprachiasmatic nucleus (SCN) is the site of the endogenous biological clock 
which drives circadian rhythms in mammals. In rat hypothalamic brain slices, 
neurons in the SCN fire spontaneously, peaking in firing rate near ZT6 or at the 
midpoint of the light phase in a 12:12 LD cycle. 5-HT agonists produce a shift in 
this daily rhythm, the magnitude of which is dependent upon dose and the time of 
treatment. In the present studies, bath application of 8-OH-DPAT, a mixed 5-HT1A/5- 
HT7 agonist, at ZT6 dose-dependently shifted the peak of neuronal firing yielding a 
phase advance of 2.7 ± 0.8 h (n =4) at the highest concentration tested (10 pM). Co-
application of ritanserin (10 pM) reduced this advance whereas the 5-HT1A antagonists 
WAY-100,635 and UH-301 were ineffective. These findings are supported by r5-HT7- 
coupled adenylate cyclase assays demonstrating agonist and antagonist activity for 8- 
OH-DPAT and ritanserin, respectively, and are consistent with previously published 
reports suggesting a 5-HT7-mediated mechanism for 8-OH-DPAT. Based on these in 
vitro data, it was reasoned that 8-OH-DPAT should produce similar phase advances 
when given in vivo. To test this idea, rats continuously maintained on a 12:12 LD 
cycle were injected with 8-OH-DPAT (10 mg/kg sc) at ZT3 to mimic in vitro dosing 
at ZT6, 1-5 days before harvesting the brains for recording. Day 1 rats (in which brain 
slices were prepared 1 day after drug administration) displayed a 3.1 ± 0.3 h advance (n 
= 3) which gradually waned when examined in the day 3 & 5 animals. While the shift 
is assumed to be 5-HT7-mediated, the relative contribution of 5-HT1A vs. 5-HT7 
receptor activation remains to be explored. These data suggest that (1) 8-OH-DPAT 
produces phase advances in vitro via 5-HT7 receptor activation; (2) in vivo dosing with 
8-OH-DPAT also produces phase advances as determined by in vitro recording; and (3) 
the gradual decline in phase advance may be due to the preeminence of light vs. drug as 
entraining cues and/or the re-establishment of pre-drug rhythm with passing time.

750.15

SEROTONERGIC PHASE ADVANCES OF THE SUPRACHIASMATIC 
CIRCADIAN PACEMAKER IN VITRO ARE BLOCKED BY GLUTAMATE 
AGONISTS. R.A. Prosser*. Dept. of Biochemistry & Cellular & Molecular 
Biology, University of Tennessee, Knoxville, TN 37996.

The mammalian circadian clock in the suprachiasmatic nucleus (SCN) 
produces 24 h rhythms of neuronal activity in vitro. Various neuromodulators 
phase-shift the SCN clock in vitro, including serotonin (5-HT), which maximally 
advances the SCN clock during mid subjective day. Apart from their phase-
shifting actions, 5-HT agonists in vivo have also been shown to block light and 
glutamatergic effects in the SCN during the subjective night. The experiments 
presented here investigated whether glutamate (GLU) agonists can modulate 
phase shifts induced by the 5-HT1w7 agonist, 8-OH-DPAT (DPAT) in vitro.

For these experiments brain slices prepared from male Sprague-Dawley rats 
were maintained as described previously (J.BioI.Rhythm 8:1). Drugs were bath 
applied on day 1 in vitro for 1 h. In blocking experiments a GLU agonist was 
applied 15 min prior to and after co-application with DPAT. 5 min samples of 
single-cell activity were made during day 2 in vitro. Neuronal firing rates were 
grouped into 2 hr running averages to determine time-of-peak. Phase shifts were 
calculated as the difference in time-of-peak from untreated controls (zeitgeber 
time (ZT) 6.0+0.35, n=3, where ZT 0 = lights-on).

DPAT(10uM) alone induced a phase advance (a^J of 3.67±0.5 h (n=3). GLU 
(10mM) reduced the A0Ato 2.17±0.2 h (n=3); NMDA(100uM) had no effect (a (J)a 
= 3.17±0.4 h, n=3); and AMPA(10uM) completely blocked the a (J)a (0.33±0.2 h, 
n=3). GLU, NMDA, and AMPA did not induce phase shifts by themselves at ZT 
6. These results indicate that GLU agonists can inhibit 5-HTergic phase advan-
ces in vitro, acting in part through AMPA receptors. Additional experiments on 
specific GLU receptor involvement in this effect, and their associated 
mechanisms, are ongoing. This work was supported by NIH grant MH53317.

750.16

SEROTONIN CONTAINING NEURONS IN THE SCN OF RODENTS 
V. Alones, S. Yamazaki* and M. Menaker. Dept. of Biology and NSF 
Center for Biological Timing, University of Virginia, Charlottesville, VA 
22903.

Serotonin (5HT) containing neurons have been found in the 
suprachiasmatic nucleus (SCN) of hamsters maintained in constant 
darkness (DD) for five months (Yamazaki et al., 1999), using 
immunocytochemical techniques.

We tested for the existence of this phenomena in another widely used 
lab rodent, Wistar rats, kept in DD for three and five months. We also 
tested hamsters in skeleton photoperiods, (SKI4; 10) exposed to two, 30 
minute light pulses per day for five months. Wheel-running activity was 
monitored for all animals. They were all sacrificed by cardiac perfusion 
with Zamboni's fixative at circadian time 6 (CT 6), subjective day except 
for 2 SKI4:10 hamsters perfused at CT 18. Brain sections were stained 
with antisera for 5HT and analyzed.

No 5HT positive neurons were seen anywhere in the Wistar rat brains 
except raphe nuclei, the expected location. This suggests that serotonin- 
SCN mechanisms differ significantly between rats and hamsters.
5HT positive neurons were found in the SCN of the skeleton photoperiod 
hamsters but at levels below those found in the DD hamsters in the 
previous study. Exposure to even limited amounts of light inhibits the 
mechanism (synthesis, uptake or both) by which SCN neurons 
accumulate 5HT.
Supported by NIH grants MH56647 and NS38483.

750.17

PHASE-SHIFTING EFFECTS OF TIMED IN VIVO MICRODIALYSIS 
PERFUSION OF THE SCN WITH 8-OH-DPAT. J.C. Ehien1, M. Antle2, R.E. 
Mistlberger2, G. Grossman1 and T.P, Glass1'.1 Dept. Biol. Sci. Kent State Univ., 
Kent, OH 44242; 2Dept. Psychol.Simon Fraser Univ. Burnaby, B.C. V5A 1S6.

It is not clear if the phase-shifting action of 5-HT on the circadian system of 
rodents is a result of its direct action on the SCN. There are reports that the 5- 
HT1A,7 agonist, 8-OH-DPAT, either possesses or lacks phase-shifting effects when 
applied near or within the SCN. Possibly, a lack of shifting effect is due to 
insufficient dose or duration of drug in both SCN's, down-regulated SCN 5-HT 
receptors or actual lack of a 5-HT-responsive phase-shifting mechanism in the 
SCN. In this study, the phase-shifting effect of a timed perfusion of 8-OH-DPAT 
in the SCN region was examined in male Syrian hamsters pretreated with the 5- 
HT synthesis inhibitor p-CPA to mimic lowered 5-HT release in the SCN slice. 
This was compared to the effect of a unilateral SCN injection of 8-OH-DPAT (7.5 
nmol in 0.5 pi) in untreated hamsters. In both trials, animals were released from 
LD into constant darkness at the time of drug treatment. A microdialysis probe 
was inserted into a unilateral reentry guide cannula the day before perfusion. 
Perfusion with artificial cerebrospinal fluid alone (n=7) or containing 8-OH- 
DPAT (producing ~30 pM external concentration; n=5) was undertaken in 
different animals for 3 hrs from ZT 6-9. Animals were quiescent throughout the 
perfusions. The 8-OH-DPAT and control treatments produced phase-advances 
of 72.4+15.2 min vs. -3.3+16.9 min respectively; p<0.01. In contrast, 8-OH-DPAT 
microinjection at ZT 8 failed to phase-shift (-2.9+4.3 min vs. -1.9+6.5 min for 
vehicle controls; both n=9). Yet, this treatment markedly suppressed light- 
induced phase-advances at ZT 18.5 (37.9+9.8 min vs. 92.1+9.4 min for controls; 
p<0.01). These results support the existence of a 5-HT-responsive phase-resetting 
mechanism in the SCN region that can be stimulated using appropriate 
conditions of 8-OH-DPAT administration. NIH NS-35229 JDG, NSERC REM.

750.18

GROUP 1 AND GROUP 2 METABOTROPIC GLUTAMATE AGONISTS 
ATTENUATE THE PHASE DELAYING EFFECTS OF LIGHT IN SYRIAN 
HAMSTERS. E.M. Mintz* and H.E. Albers. Laboratory of Neuroendocrinology and 
Behavior, Departments of Biology and Psychology, Georgia State University, Atlanta, 
GA 30303.

There is considerable evidence that glutamate is the primary transducer of photic 
information to the circadian clock located in the suprachiasmatic nucleus (SCN). 
Recently, we demonstrated that microinjection of NMDA directly into the SCN region 
induced circadian phase shifts which are similar to those induced by brief light pulses. 
To further characterize this response, hamsters were surgically implanted with guide 
cannula aimed at the SCN region and placed in constant darkness in cages equipped 
with running wheels. After a stable free-running wheel-running rhythm was 
established, hamsters received 200nl microinjections of 0.9% saline or one or more of 
the following drugs active at metabotropic glutamate receptors at a concentration of 
lOmM: (S)-3,5-Dihydroxyphenylglycine (DHPG, a group 1 agonist), (2S,l'S,2'S)-2- 
(Carboxycyclopropyl)glycine (L-CCG-I, a group 2 agonist), (RS)-1-Aminoindan-1,5- 
dicarboxylic acid (AIDA, a group 1 antagonist), (2S,3S,4S)-2-Methyl-2- 
(carboxycyclopropyl)glycine (MCCG, a group 2 antagonist). Immediately following 
an injection animals received a 15-min light pulse (-50 lux). Both DHPG and L-CCG-I 
significantly attenuated the phase delay induced by the light pulse, while the two 
antagonists did not alter light-induced phase delays. These data suggest that 
metabotropic glutamate receptors in the SCN region modulate the phase shifting effects 
of light.

Supported by NIH MH58789
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750.19
PACAP: A PIVOTAL MODULATOR OF GLUTAMATERGIC
REGULATION OF THE SUPRACHIASMATIC CIRCADIAN CLOCK. D. 
Chen1, G. F. Buchanan1 , J. M. Ping2,*J. Hannibal3 and M. U. Gillette1,2. *Depts 
of Molecular & Integrative Physiology, and 2Cell & Structural Biology, University of 
Illinois at Urbana-Champaign, Illinois 61801, USA; 3Dept of Clinical Biochemistry,, 
Bispebjerg Hospital, University of Copenhagen, Copenhagen DK 2400 NV, 
Denmark.

The circadian clock in the suprachiasmatic nucleus (SCN) of the 
hypothalamus organizes behavioral rhythms, such as the sleep-wake cycle, on a near 
24-h timebase and synchronizes them to environmental day and night. Light 
information is transmitted to the SCN via direct retinal projections through the 
retinohypothalamic tract (RHT). Both glutamate (Glu) and pituitary adenylyl 
cyclase-activating peptide (PACAP) are localized within the RHT. While Glu is an' 
established mediator of nocturnal entrainment by light, the context of PACAP action 
has been unknown. In order to understand the significance of this colocalization, we 
assessed the effects of Glu and PACAP on phasing of the circadian rhythm of 
neuronal firing in SCN brain slices. When co-administered, PACAP blocked the 
phase advance normally induced by Glu during late night. Surprisingly, blocking 
PACAP neurotransmission, with either PACAP6-38, a specific PACAP receptor 
antagonist, or anti-PACAP antibodies, augmented the Glu-induced phase advance. 
Blocking PACAP in vivo also potentiated the light-induced phase advance of the 
rhythm of hamster wheel-running activity. Conversely, PACAP enhanced the Glu-. 
induced delay in the early night, while PACAP6-38 inhibited it. Together, these 
results reveal that PACAP is a significant component of the signal conveyed to the- 
SCN by light and Glu, but Glu is necessary to permit PACAP to affect the clock at 
night. When Glu activates the system, PACAP receptor-mediated processes can 
provide the gain-control that generates graded phase-shifts. Together, the relative 
strengths of the GLU and PACAP signals would encode adaptive responses to the 
natural range of intensities of nocturnal light.

750.20
GABAb-INDUCED PHASE ADVANCES OF THE SCN CIRCADIAN 
CLOCK IN VITRO MAY INVOLVE INCREASES IN cAMP. K.R. Biggs* 
and R.A. Prosser. Dept. of BCMB., Univ. of Tenn., Knoxville, TN 37996.

The suprachiasmatic nuclei (SCN) in mammals contain a circadian clock that 
expresses 24 h neuronal activity rhythms in vitro. The GABAb agonist baclofen 
(BAC) advances this clock when applied at zeitgeber time (ZT) 6 (where ZT 
O=lights on; Brain Res. 807:250). Stimulation of GABAb receptors can increase 
cAMP, and increases in cAMP can induce advances at ZT 6. BAC-induced shifts 
are blocked by NPY, which has been shown to inhibit increases in cAMP (Brain 
Res. 808:31). To investigate whether BAC-induced shifts involve increases in 
cAMP, we co-applied Rp-cAMPs, a protein kinase A inhibitor, with BAC.

SCN brain slices from adult male Sprague-Dawley rats were prepared and 
maintained as described previously (J.BioI.Rhythms 8:1). Drugs were bath-applied 
at ZT 6 on day 1 in vitro. Neuronal activity was recorded on day 2 to determine the 
time of peak activity. Phase shifts were determined by comparing the time-of-peak 
in treated slices to time-of-peak of control slices (ZT 5.5±0.3, n=4).
BAC (lpM) advances the SCN clock (mean shift = 1.7±0.5 h, n=4) when applied 

alone. Rp-cAMPs (100 pM) completely blocked BAC-induced advances (mean 
shift = 0.25±0.4 h, n=2). To further investigate cAMP involvement in BAC- 
induced phase shifts, we tested whether melatonin blocks BAC-induced advances 
at ZT 6. Melatonin blocks serotenergic phase shifts at ZT 6, possibly by 
preventing increases in cAMP (Brain Res. 818:408). Melatonin (10 nM) blocked 
BAC-induced phase advances at ZT 6 (mean shift = 0.33±0.4 h, n=3). Rp-cAMPs 
and melatonin had no effect when applied alone. Together, these results suggest 
that BAC advances the SCN circadian clock in part through increasing cAMP 
activity.

Support: NIH grant MH53317 (RAP)

750.21

PHASE ADVANCES INDUCED IN THE RAT FOLLOWING 
SUBCUTANEOUS INJECTION OF CHLORODIAZEPOXIDE AND D- 
AMPHETAMINE. J.I, Novik. M.-T Romero*, Psychology Dept., 
Binghamton University.-SUNY, Binghamton, NY 13902.

Phase shifts in circadian rhythms may be induced in hamsters through 
scheduled activity sessions or pharmacological manipulations that increase 
activity levels. Activity-mediated entrainment has been difficult to induce 
in rats due to the high levels of activity necessary to produce the effect; 
activity must be forced resulting in stress and failure to generate the levels 
of activity seen in the hamster model. In rats, mice, humans and other 
primates, studies have shown that the combined effects of amphetamines 
and benzodiazepines yield hyperactivity levels greater than the sum 
effects of the two drugs administered individually. We postulate that this 
kind of induced hyperactivity would produce phase shifts in rats due to 
the circadian modulatory work of the benzodiazepine, in conjunction with 
hyperactivity produced by the cocktail. Adult male rats housed in 
constant dim, red-light were injected subcutaneously with
chlorodiazepoxide (25mg/kg) immediately followed by d-amphetamine 
(2.36mg/kg, in saline) four hours before onset of subjective night. All rats 
showed significantly higher levels of activity as compared to baseline data 
for 3-5 hours following drug delivery. Seventy-five percent of the rats 
showed phase advances of 1-3 hours in activity onset on subsequent days. 
No change was observed in the offset of the active period. These data 
provides evidence for separate mechanisms regulating the offset and onset 
of activity in the rat. Whether these effects are solely related to 
hyperactivity has yet to be determined. Supported by the Research 
Foundation of SUNY.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—THALAMUS

751.1 751.2

COMPARISON OF THE THALAMOCORTICAL PROJECTIONS OF THE CAU- 
DOMEDIAL LOBULE, AREA 23, AND AREA 30 IN JAPANESE MONKEYS. H. 
Shibata12*, H. Konagaya2, and M. Yukie2. ‘Dept. of Veterinary Anatomy, Faculty of 
Agriculture, Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183- 
8509; 2Dept. of Behavioral Physiology, Tokyo Metropolitan Institute for Neuros-
cience, Fuchu, Tokyo 183-8526, Japan

The caudomedial lobule (CML) in the monkey is a small part of the posterior cin-
gulate cortex, and located just caudoventral to the splenium of the corpus callosum. 
The CML was regarded as a caudoventral extension of area 23 by Vogt et al. ('87), but 
recent cytoarchitectonic and immunohistochemical studies have suggested that the 
CML is part of area 30. In the present study, an attempt was made to characterize the 
CML, by comparing the thalamocortical projections of the CML with those of adjoin-
ing cortical areas (areas 23 and 30 of Vogt et al., ’87).

In Japanese monkeys, we injected retrograde tracers (Fast Blue, Diamidino Yellow, 
cholera toxin B subunit, and wheat germ agglutinin-horseradish peroxidase) into the 
CML, area 23, or area 30, and observed resulting labeled cells in the dorsal thalamus.

After tracer injections into the CML, most of labeled cells were located in the ante-
romedial nucleus (AM), anteroventral nucleus (AV), laterodorsal nucleus (LD), nu-
cleus lateralis posterior (LP), medial pulvinar (MP), and nucleus limitans. Injections 
into area 23 labeled cells in the AM, LD, LP, and MP. Injections into area 30 labeled 
cells in the AV, LD, LP, and MP, but the labeled cells in the AV is small in number.

The results suggest that the thalamocortical projections of the CML are similar to 
those of area 23, rather than those of area 30.

Supported in part by a grant (No. 10660279) from the Ministry of Education, Sci-
ence, and Culture of Japan.

ARE THE MIDLINE NUCLEI OF THE THALAMUS INVOLVED IN COGNITIVE 
FUNCTIONING? A NEURO ANATOMICAL ACCOUNT. Y.D. Van Per Werf^M.P. 
Witter. Graduate School Neurosciences Amsterdam, Dept Anatomy Vrije Universiteit, 
Van Der Boechorststraat 7, 1081 BT Amsterdam, the Netherlands.
Cognitive dysfunctions after infarctions to the thalamus are found when the lesion is 
located anteriorly or close to the midline. The thalamic cell groups generally thought 
to be involved in cognition are the anterior and the mediodorsal nuclei. However, 
lesions located close to the midline also damage the smaller midline nuclei. There is 
evidence that these midline nuclei are involved in the resulting cognitive dysfunctions. 
Here we examine the possible neuroanatomical substrate of the involvement of the 
midline structures in mental functioning. Injections of the anterograde tracer 
substances Phaseolus vulgaris-leucoagglutinin or Biotinylated Dextran Amine were 
placed in the nucleus paraventricularis thalami (Pv), the nucleus reuniens (Re) and the 
nucleus centralis medialis (CeM) of the rat. We observed specific laminar and 
topographical distribution of projection patterns for each of the nuclei studied. Both 
the anterior and posterior Pv project strongly to the infralimbic and prelimbic cortices, 
moderately to the anterior cingulate and perirhinal cortices and weakly to both the 
medial and lateral entorhinal cortex. In addition a strong innervation of the central 
nucleus of the amygdala is present. The anterior Re projects to the hippocampus 
proper, the entorhinal, infralimbic, prelimbic and orbital cortices, whereas the caudal 
Re has more intrathalamic projections and few extrathalamic targets. The medial part 
of the CeM preferentially projects to the anterior cingulate cortex whereas the lateral 
parts do not. Both anterior and posterior CeM project to the amygdala. In view of their 
significant projections to cortices known to mediate cognition, we propose a role for 
the midline nuclei of the thalamus in influencing these cognitive capacities. From the 
largely segregated terminal distribution of the efferents of these nuclei it is likely that 
each nucleus affects different aspects of cognition. Also, the topographical 
organization of efferent fibers emanating from a single nucleus might indicate that 
subregions within nuclei exert differential effects on cognition.
Netherlands Organization for Scientific Research (NWO), grant 970-10-012.
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751.3
THE EFFECTS OF LESIONS TO THE ANTERIOR THALAMIC NUCLEI OR THE 
HIPPOCAMPUS ON SPATIAL CONDITIONAL ASSOCIATIVE LEARNING IN 
RATS. V. Sziklas* and M. Petrides. Dept. of Neurology and Neurosurgery, 
McGill University; Montreal, Quebec, Canada.

Rats with lesions of the anterior thalamic nuclei (ATN), the hippocampus
(H), or an unoperated control group (C) were trained on an allocentric 
visual-spatial conditional associative learning task in which they had to 
learn to go to one of two locations depending on the particular visual cue 
presented on each trial; the rats approached the cues from different 
directions. All animals were subsequently tested on a spatial working 
memory task, the eight-arm radial maze. Rats with damage to the ATN 
were able to acquire the conditional associative learning task at a rate 
comparable to that of the OC animals but the performance of the H animals 
was significantly impaired. The performance of both the ATN and the H 
groups was severely impaired on the radial maze. The present findings, in 
combination with those of our earlier work (Sziklas et al., 1999), continue 
to suggest that the anterior thalamic nuclei are involved in spatial memory 
processing. However, the finding that lesions to this region do not impair 
some forms of spatial conditional associative learning suggest that the role 
of this region in spatial memory may be more selective than previously 
suggested. In addition, the finding of a dissociation between the 
performance of hippocampal and ATN animals on the conditional task 
suggests that despite the significant anatomical connectivity between these 
two areas, they contribute differentially to spatial mnemonic processes.

This work was supported by a grant from NSERC to V. Sziklas.

751.4

ALLOCENTRIC-SPATIAL WORKING-MEMORY IN RATS 
WITH ELECTROLYTIC OR THIAMINE-DEFICIENCY- 
INDUCED LESIONS OF THE INTERNAL MEDULLARY 
LAMINAE. M.J. Glenn.* D.A. Kvriazis. and D.G. Mumbv. Dept. 
of Psychology, Concordia University, Montreal, Quebec H4B 1R6.

Pyrithiamine-induced thiamine deficiency (PTD) in rats produces 
thalamic lesions and deficits on various memory tasks. Correlational 
evidence from previous studies suggests that damage to the internal 
medullary laminae (IML) may underlie PTD-induced deficits of 
spatial memory. We tested rats on an allocentric-spatial working- 
memory task - delayed matching-to-place (DMTP) in a water maze - 
after either PTD or electrolytic IML lesions. DMTP trials consisted 
of paired swims, and the hidden escape platform was moved to a new 
location on each trial. PTD rats whose thalamic damage included the 
IML displayed delay-dependent DMTP deficits, whereas PTD rats 
with IML sparing were not impaired. In contrast to the DMTP 
deficits seen in PTD rats with IML damage, rats with electrolytic 
IML lesions were not impaired. The results suggest that IML-damage 
may not be the cause of PTD-induced deficits in allocentric-spatial 
working-memory. (Supported by Natural Science and Engineering 
Research Council of Canada).

751.5

EFFECTS OF INTRALAMINAR THALAMIC, PREFRONTAL 
CORTICAL, OR HIPPOCAMPAL LESIONS ON A SEVEN 
CHOICE SERIAL REACTION TIME TASK. J.A. Burk*, J.
Koch & R.G. Mair. Department of Psychology,
University of New Hampshire, Durham, NH 03824.

Rats were trained presurgically on a seven 
choice serial reaction time task and then given lesions 
of the intralaminar thalamic nuclei (ILn), prefrontal 
cortex (PFC), or hippocampus (H) or sham-control 
surgery. PFC lesions decreased accuracy at brief 
stimulus durations. PFC and ILn lesions increased 
reaction time. H lesions did not have any significant 
effect. Manipulations of distractibility did not 
differentially affect any groups. The PFC group 
showed a larger decrease in accuracy when stimulus 
discriminability was decreased. All groups were able 
to take advantage of decreasing the number of 
alternatives, but the PFC group did not show 
improvement when side cues were given. These 
results provide evidence that PFC damage disrupts 
speed of stimulus processing. Both PFC and ILn lesions 
affected motor speed. Supported by NS26855 from 
NINDS.

751.6

VARIABILITY AND TEMPORAL CORRELATIONS IN RABBIT CINGULATE 
CORTEX AND LIMBIC THALAMUS DURING LEARNING
R. Lestienne*1, N.J. Pastorek2, A. Duvel2, S.J. Sara1, M. Gabriel2
1 Institut des Neurosciences, Univ P&M Curie, 9 quai St. Bernard 75005 Paris, France.
2 Dpt of Psychology, Beckman Institute, Univ of Illinois, Urbana, IL 61801.

Multiunit, multisite recordings were taken from A24 and A29 (cingulate cortex) and
AV and MD (anteroventral and mediodorsal thalamic nuclei) of 78 rabbits before and 
during discriminative avoidance learning, using different tones as CS- (no shock) and 
CS+ (shock) [Gabriel et al, Exp Brain Res 76:441-457], Here we examine the stability, 
the variability and temporal correlations of the discharges in these four areas separately, 
during pretraining sessions, early training (120 trials), and overtraining. Our study use 
four time windows . (-300, -150) ms before tone (k= 1), (-150, 0) just before tone (k=2), 
(+100,+250), during which rabbits usually respond to CS+ (k=3), and (+250,+400) ms 
after the tone (k=4). Recorded spikes were counted in each of these time windows 
separately. Cortical discharges were more stable than thalamic ones. For the subsequent 
analysis, only sessions with an appropriately defined stability were considered.

Variability is the ratio of the variance to the mean (= Fano factor, FF). For all areas FF 
is relatively high (mean —1.7), and decreases during the course of training, especially at 
the time of behavioral responses (k=3). This decrease is particularly prominent in area 
A24, where it is also significant in time windows k=2,3 and 4 (but not 1). Correlation 
between the various time windows in all areas is >0. Standard coefficients of correlation 
between adjacent time windows are ~ 0.25-0.30, and decrease only slightly over time.

Populations of independent cells, each firing as a Poisson process, should give FF = 1 
and time correlation coefficients =0. Our observations could be due to coherent 
populations of cells partly synchronously firing and/or by cells having more than one 
stable state, among which they switch from trial to trial. The decrease in FF with 
training is suggestive of the establishment of more regular, quasi oscillatory discharges 
in trained animals at the time of their behavioral response.
Supported by CNRS, UMR7624, and by the CNRS-IJ1UC agreement.

751.7

EFFECTS OF EXCITOTOXIC LESIONS IN THE VENTRAL 
STRIATOPALLIDAL-THALAMOCORTICAL PATHWAY ON REVERSAL 
LEARNING: INABILITY TO EXTINGUISH AN INAPPROPRIATE 
RESPONSE. A.T. Ferry*, X.C.M. Lu and J.P. Price. Department of Anatomy 
and Neurobiology, Washington University, St. Louis, MO 63110.

The role of the ventral striatopallidal pathway and related cortical areas in 
stimulus-reward association reversal behavior was studied by inducing bilateral 
lesions with the excitotoxin, N-methyl-D-aspartate (NMDA) at restricted sites in 
the system. The areas lesioned were the ventral pallidum (VP), the ventral 
striatum (VS), the medial prefrontal cortex (mPFC), (i.e. the prelimbic (PL) and 
infralimbic (IL) cortexes), and the orbital prefrontal cortex, (i.e. the dorsolateral 
orbital (DLO), ventral lateral orbital (VLO), and lateral orbital (LO) cortexes). 
Rats with lesions of the dorsal caudate putamen (dCPu) served as a positive 
control in this study. Water deprived rats were trained on two-odor olfactory 
discrimination tasks with water as a reward, and then tested for their ability to 
reverse the associated stimuli. The number of errors made before successfully 
learning the stimulus-reward association were measured in relation to a sham 
lesion control group that did not receive injections of NMDA. In experimental 
rats, the induced lesions did not substantially affect their ability to learn a 
stimulus-reward association for novel odors, but there was a significant increase 
in the number of false responses produced after the associated stimuli were 
reversed. Rats with damage to the CPu did not show a significant effect when 
compared to the controls during reversal problems. The results support the 
hypothesis that the ventral striatopallidal system, together with related thalamic 
and frontal cortical structures, functions in reversal learning by suppressing 
inappropriate responses to stimuli that are no longer rewarded. Supported by 
NIH grant DC00093.

751.8
HOW LARGE IS THE DIFFUSION OF MUSCIMOL AFTER
INTRACEREBRAL MICROINJECTION ? A PARAMETRIC STUDY.
J-M. Edeline*, B, Hars, N. Cotillon & E, Hennevin NAMC UMR 8620, 
Univ. Paris-Sud, 91405 Orsay cedex, France.

Microinjection of muscimol is a widely used technique to inactivate 
brain structures during learning tasks. However, little is known about 
the exact extent of drug diffusion in the neural tissue. In the present 
study, quantitative autoradiography was used to investigate some of 
the parameters that control muscimol diffusion.

Anesthetized rats (n=25) were injected either in the nucleus basalis 
(NB) or in the thalamic reticular nucleus (RE) using a 33-gauge 
cannula connected to a 0.5p,l syringe. We compared the effects of 
different (1) volumes of injection (0.1 vs 0.05pl), (2) modes of injection 
(hand vs pump) (3) times after injection (15min vs lh), on muscimol 
diffusion. Measures were obtained from 20p.m coronal sections (spaced 
by 200pm) using a Biocom images analyzer. The optical density (OD) 
and the surface of diffusion on each section, as well as the rostro- 
caudal extent of diffusion were averaged in 3-5 animals per condition.

The volume and the mode of injection influenced the OD at the 
injection site, but not the rostro-caudal extent of diffusion (4mm at lh 
for 0.1 and 0.05p.l). The site of injection influenced the surface (larger 
in the NB than in the RE) but not the rostro-caudal extent of diffusion. 
The time after injection influenced the surface and the rostro-caudal 
extent of diffusion (for 0.05pl: 2.5mm at 15min vs 4mm at lh). The 
large extent of muscimol diffusion was fully confirmed (i) by 
quantification performed with a high resolution radioimager (HRRI) 
and (ii) by electrophysiological recordings (multiunit activity).

These results question the possibility to selectively inactivate small 
brain regions with muscimol microinjection.
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752.1
EXTENSION OF THE SENSITIVE PERIOD FOR EARLY OLFACTORY 
LEARNING BY INTRA-BULBAR INFUSIONS OF ISOPROTERENOL. R.M. 
Sullivan*, Department of Zoology, University of Oklahoma, 
Norman, OK 73019

During the first postnatal week, rat pups acquire a conditioned 
approach response to odors associated with stimuli normally 
received from the dam. These learned responses are associated with 
specific changes within the olfactory system, and NE from the locus 
coeruleus (LC) to the olfactory bulb (OB) is critical for their 
acquisition. During the second postnatal week (around PN10), 
however, approach responses become more difficult to condition. 
We have hypothesized that this sensitive period for early learning 
may correspond to the reported phase of heightened LC responsivity 
to sensory input during early development. If this is the case, then 
the sensitive period for early learning could perhaps be extended 
by direct infusion of NE agonists into the OB of older pups.

Long Evans rat pups had bilateral cannulas implanted into the 
OB at PN6 (during the sensitive period) or PN12 (after the 
sensitive period). The following day, training consisted of pairing 
an odor with intra-OB infusion of either the NE B-receptor agonist 
isoproterenol (50 pM) or saline. The results demonstrate that 
odor associated with isoproterenol at either age produces a 
conditioned approach to that odor, suggesting that the end of the 
sensitive period may be due to a decrease in stimulus-evoked NE 
release in the OB, rather than a change in the OB itself.

This research was supported by NIMH grant HD33402 to RMS.

752.2
EFFECTS OF GLUCOSE AND MULTIPLE REACTIVATION EPISODES ON 
MEMORY ACROSS THE LIFE SPAN. C. A Home,1 and W.A. Rodriguez2*.
1 Psychobiology Lab., N.M. Highlands Univ.; 2Depts. of Psychology and 
Statistics, Calif. State Univ.-Hayward; Las Vegas, NM 87701.

After a memory has become inactive, an effective retrieval cue will not 
benefit the recovery of that memory. Research is needed to determine if 
prevention of the fading of the memory by multiple reactivations (“reminders”) 
will alleviate the forgetting and allow the recovery of the memory. A passive 
avoidance-to-active avoidance negative transfer (discrimination reversal) 
paradigm was used to measure the ways in which multiple reactivation 
treatments and glucose modulate the memories of rats. Three-, 12-, and 24- 
month old rats were initially trained on a passive avoidance task. Twenty-four 
hrs later they received the first reactivation treatment, then one time per week 
for five successive weeks they were subjected to the same reactivation 
treatment again. Twenty-four hrs after the last reactivation episode, they 
received active avoidance training. Immediately after each reactivation 
treatment the animals were injected (sc) with either glucose (100 mg/kg) or 
saline. In addition, four control groups of rats were used: reactivation/no 
glucose; no reactivation/glucose; no reactivation/saline; and no 
reactivation/no injection. Rats receiving glucose + multiple reactivations and 
rats receiving only multiple reactivations showed enhanced memory at each 
age level. For aged rats, no significant difference in retention was found 
between those receiving multiple reactivations only and those receiving 
multiple reactivations + glucose, while significant differences in retention 
between these conditions for young and adult rats were found. No statistically 
significant effects of age on memory were found for any group. Regardless of 
age, multiple reactivations of a memory alleviate forgetting and aid in the 
recovery of a memory.
Funding Source: NIGMS-MBRS GM-08066.

752.3

ADOLESCENT ETOH EXPOSURE ALTERS THE SUBSEQUENT ETOH- 
INDUCED CONDITIONED TASTE AVERSION IN ADULT C3H MICE. D. L. 
Graham, J, L. Diaz-Grana^s*, p, Uerin, J, Lygg, H, Kiley and D.,Tallman, Dept.
of Psychology and Neuroscience, Baylor University; Waco, TX 76706 

Previous research investigating ethanol induced conditioned taste aversion (CTA)
in mice has found that pre-exposure to EtOH will result in an attenuated CTA to 
saccharin. In most research the delay between pre-exposure and conditioning is 
typically 48 or 72 hours. The purpose of the present study was to investigate 
whether a protracted delay between US pre-exposure in adolescents would also 
result in an attenuated CTA in adult mice. Adolescent C3H mice (and appropriate 
controls) were exposed to continuous ethanol vapor (via inhalation) on post-natal 
day 28. Approximately 6 weeks following adolescent treatment animals were 
individually housed, put on water deprivation for 5 days which included unlimited 
access to tap water for a 30-min. interval. On the day of conditioning animals were 
given 30 min of unlimited access to a .15% saccharin solution, which was followed 
immediately by an IP ethanol injection of 2.5g/kg. Forty-eight hours following 
conditioning all animals were again given 30 min of unlimited access to saccharin 
and the amount of fluid intake was measured and recorded. Results showed that 
C3H mice who were pre-exposed to EtOH during adolescence developed an 
attenuated CTA as compared to controls (p< .01). These results demonstrate that 
ethanol pre-exposure in adolescence does alter the adult CTA response. One 
possible explanation for these results is that early alcohol exposure alters the 
adolescent developing brain. A second and more likely explanation is based on the 
US-preexposure phenomenon, which states that prior exposure to an unconditioned 
stimulus will decrease the subsequent conditioning associated with that 
unconditioned stimulus. Current studies are addressing the above issues by 
investigating the ethanol-CTA in adult mice 40 days after continuous ethanol 
exposure during adulthood. Supported by Baylor University, URC Grant #017-D98

752.4
EFFECTS OF PRENATAL EXPOSURE TO NICOTINE. M.A, Rahman.* Neurosci-
ence Program, Uniformed Services University of the Health Sciences, 4301 Jones 
Bridge Road, Bethesda, MD 20814-4799.

Despite decades of public education programs, cigarette smoking remains one of 
the leading preventable causes of morbidity and mortality. Although years of epide-
miologic studies have shown that smoking cigarettes results in behavioral and cogni-
tive deficits in the offspring, few studies have robustly examined the cognitive and 
neurobiologie sequelae of nicotine exposure in utero. Therefore, the present experi-
ment examined offspring of Sprague-Dawley rats that received nicotine (0, 6, or 12 
mg/kg/day) during pregnancy'. Timed-pregnant rats were obtained on gestational day 
2 (GD2), minipumps were implanted on GD4. Minipumps pumped at a constant rate 
of .45 ul/hr and delivered 0, 6, or 12 mg/kg nicotine/day for 21.1 days. Offspring 
were cross-fostered 24 hours after birth to standardize litter size and were weaned on 
post-natal day 23 (PND23) and housed two-per-cage. A battery of behavioral and 
cognitive tests (consisting of radial-arm maze, water maze, passive avoidance, 
acoustic startle, pre-pulse inhibition of acoustic startle and locomotor activity) were 
conducted during adolescence (PND37-50) and adulthood (PND60+). Effects of pre-
natal nicotine exposure depended on nicotine dosage, the sex and age of the subject. 
Specifically, females and males that had been exposed to the highest dose of nicotine 
in utero weighed less than the other offspring throughout the experiment. Nicotine- 
exposed males and females performed poorly on the water maze as adolescents and 
male but not female adults performed poorly on radial-arm maze. When tested in 
adulthood, the females that had been exposed to 6 mg/kg/day nicotine showed en-
hanced pre-pulse inhibition whereas males were impaired. Prenatal nicotine exposure 
affected locomotor activity in adults only resulting in increased activity in males and 
decreased activity in females. Males but not females showed enhanced passive 
avoidance learning. These data suggest that exposure to nicotine produces some im-
pairments in the ability to perform certain cognitive tasks and that these effects are 
gender and age dependent Source of funding: USUHS Intramural Grant T072CI

752.5

NEONATAL DAMAGE OF THE RAT VENTRAL HIPPOCAMPUS IMPAIRS 
ACQUISITION OF A WORKING MEMORY TASK.
B. Moghaddam1, J. Aultman1, D.R, Weinberger2*, B, K, Lipska2. Dept. Psychiatry,
1Yale Univ. Sch. Med., West Haven, CT 06516 and 2Clinical Brain Disorders Branch, 
IRP, NIMH, Bethesda, MD 20892.

A discrete trial T-maze delayed alternation paradigm, that involves continuous 
changing of strategy and is not prone to overtraining, has been used to assess 
working memory in rodents. We examined the effects of neonatal and adult excitotoxic 
lesions of the ventral hippocampus on the performance in the delayed alternation test. 
Rats lesioned as adults were tested 6 weeks postoperatively. Rats lesioned as 
neonates (PD7) were tested in adulthood around PD70. Animals were food restricted 
prior to testing, adapted to a T-maze and then trained for spatial alternation. In this 
paradigm, they were first presented with a randomly chosen forced run which was 
rewarded, followed by choice runs (with a delay 1, 10 or 40 sec between the runs) 
which were rewarded if alternation occurred. At each delay, animals were given 10 
paired trials of randomly chosen forced runs. Animals were trained until their 
performance stabilized for 5 consecutive days. Adult lesioned rats performed similarly 
to sham-lesioned controls at all three delays. Performance of neonatally lesioned rats 
was severly impaired compared to appropriate controls as well as adult lesioned 
animals. Most of the neonatally lesioned animals were not able to leam the task, and a 
few that could took significantly more time to achieve a criterion of 80% correct 
choices on consecutive days. The results of this study suggest that neonatal but not 
adult damage of the ventral hippocampus impairs working memory, and that this 
abnormality may be reflective of impaired function of the prefrontal cortex.

752.6

DEPRIVATION OF MEMORY FORMATION FOR SONG IN 
FEMALE BIRDS SEVERELY AFFECTS NEURONAL STRUCTURE 
IN SONG SYSTEM NUCLEI. V. Hintz. G, Kreck and B.E. Nixdorf- 
Bergweiler*. Dept. of Biology, Humboldt University, D-10115 Berlin.

The anterior forebrain pathway has been shown to be important for 
song learning processes in males. Only recently, data is accumulating that 
also in females song system nuclei are involved in song processing 
(Brenowitz, 1991; .Del Negro et al., 1998). In bird species were only 
males sing and females do not, song system nuclei are much smaller than 
those of males. In zebra finches and cowbirds, however, there is one 
exception: the lateral magnocellular nucleus of the anterior neostriatum 
(LMAN). This nucleus is very similar in size in both sexes (Nixdorf- 
BergweUer, 1996; Hamilton et al., 1998). We have studied the efferent 
projection system of LMAN in female zebra finches in the in vitro slice 
preparation and were able to demonstrate a projection towards the LPO, a 
projection similar to area X in males (Nixdorf-Bergweiler et al., 1995; 
Vates and Nottebohm, 1995). Sensory deprivation of song memorization 
severely affects the neuronal structure in LMAN in males (Wallhaeusser- 
Eranke et al., 1995). Because LMAN is involved in song discrimination 
in both, males and females, we were interested in studying the effects of 
song deprivation at the neuronal level in female birds in LMAN arid one 
of its target, the RA. Whereas neuronal soma sizes remained enlarged in 
song deprived females in LMAN, they were reduced by 20% in RA. The 
volume of RA was also 54% smaller in song deprived females. Our data 
demonstrate an important role of song system nuclei in female zebra 
finches, since sensory deprivation of an adequate song pattern early in 
life severely affects the neuronal structure in adulthood.
Supported  by  the  Deutsche  Forschungsgemein schaft  SFB 515
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752.7

NEURONAL AND BEHAVIORAL EFFECTS OF DEPRIVATION OF 
MEMORY FORMATION FOR SONG ARE MULTIFACETED. B.E, 
Nixdorf-Bergweiler . A. Bindrich. C. Frever, and V. Hintz. Dept. of 
Biology, Humboldt University, D-10115 Berlin. (Sp0N. EBBS )

Zebra finches develop abnormal songs if they cannot interact with an 
adult song tutor early in life (Price, 1979). This untutored song differs 
from normal song both in the acoustic structure of syllables and in their 
organization. Normal song development in zebra finches is accompanied 
by regressive events in song nucleus LMAN (Nixdorf-Bergweiler et al., 
1995). Early isolation from conspecific song delays or prevents the 
developmental decline in spine density (Wallhausser-Franke et al., 
1995). To get more information of the impact of auditory deprivation on 
the development of song and its neuronal substrate, zebra finches were 
raised without access to song and song system nuclei were studied and 
compared to those of song tutored males. At the behavioral level we 
found amongst other effects that the length of an introductory note 
probably is genetically fixed while the introductory note period length is 
a learned feature of song. At the macroscopic level untutored birds have 
smaller HVc volumes, while area X, LMAN and RA do not differ in 
size between tutored and untutored birds. In untutored birds neuronal 
density is enhanced in RA, but similar in LMAN and HVc, respectively. 
The increase in the frequency of CLA nucleoli (Nixdorf-Bergweiler, 
1997) is present in both groups, therefore, independent of specific 
auditory input in the sensory phase. Our data demonstrate that 
preventing die development of normal song is accompanied by various 
alterations in neuronal structure at the macroscopic and neuronal level. 
Supported  by  the  Deutsche  Forschungsgemeinschaft  SFB 515

752.8

LIMBIC-CORTICAL FUNCTIONAL RELATIONSHIPS DURING PERSISTENT 
AND INHIBITED BEHAVIOR: AGE-RELATED CHANGES IN INFANT RATS
H.P. Nair* and F. Gonzalez-Lima. Inst. Neuroscience and Dept. Psychology, 
Univ. of Texas, Austin, TX 78712

We showed that rat pups at postnatal day (P) 17 but not P12 trained in a 
straight-alley runway on an alternating schedule of reward and nonreward 
(patterned single alternation-PSA) readily inhibit their responding when 
switched to continuous nonreward (extinction). The development of functional 
interactions within the hippocampus proper and between the septo- 
hippocampal system and the ventral tegmental area (VTA) appears to be 
related to this ontogenetic effect. In this study, we analyzed acute changes in 
metabolic activity, as revealed by quantitative fluorodeoxyglucose (FDG) 
autoradiography, brought about by persistent instrumental responding in P12 
and P17 pups. Pups were trained on a pseudorandom schedule of reward and 
nonreward (random partial reinforcement - PRF), injected with FDG and then 
shifted to continuous nonreward (extinction). Both P12 and P17 PRF trained 
pups demonstrated attenuated extinction rates relative to P17 PSA pups. 
Covariance analysis of FDG uptake revealed significant positive correlations 
between the CA fields of the hippocampus and mammillary bodies, septum and 
mammillary bodies, dentate gyrus and entorhinal cortex, entorhinal cortex and 
primary motor cortex, and primary motor cortex and the VTA in P17 PRF pups 
during extinction. No significant correlations were found between sampled 
regions in P12 pups. The absence of functional interactions both within the 
hippocampus proper and between the septum and VTA in P17 PRF animals 
supports the interpretation of our previous finding, i.e. that these particular 
interactions in PSA-trained animals engaged in rapid extinction are related to 
the inhibition of instrumental responding. Persistent responding appears to be 
mediated by a functional system involving the mammillary bodies, entorhinal 
cortex, primary motor cortex, and VTA in P17 animals but not in PI2 animals. 
A different system involving the VTA and lower brainstem regions may mediate 
the same behavior in P12 pups. Supported by RO1 NS37755 to FGL and F31 
MH11968 to HPN.

752.9

EFFECTS OF EARLY EXPERIENCE AND MATERNAL CARE 
INTERACTION ON COGNITIVE DEVELOPMENT IN THE RAT. 
Mathew Pirritano*, Jennifer Jones, Timothy Verstynen, and Akaysha Tang, 
Department of Psychology and Neurosciences, University of New Mexico, 
Albuquerque, NM 87131.

A maternal mediation hypothesis has been suggested by Liu-et al (97) to 
account for effects of neonatal handling on cognitive and stress response sys-
tems (Meaney et al 88). Specifically, neonatal handling has been shown to 
reduce emotional responses in an open field task and to retard cognitive aging 
measured by performance in the Morris Water Maze Task. Frequency of ma-
ternal licking-grooming and arched-back nursing has been shown to predict 
glucocorticoid receptor density, basal and stress evoked glucocorticoid release, 
and also the recovery rate of evoked release. The maternal mediation hypoth-
esis states that handling affects maternal behaviors, such as licking-grooming 
and nursing, which in turn influence the development of the stress response 
system and cognitive functions. We tested a maternal modulation hypothesis, 
which states that handling exerts a direct influence on the offspring, and that 
this effect is modulated by the variability of the maternal behavior. We report 
that the handling induced enhancement in spatial working memory was neg-
atively correlated with maternal behavioral variability regardless of the fre-
quency of those behaviors. This result suggests a new dimension in which 
maternal behavior can interact with environmental factors, such as handling, 
in determining the course of cognitive development. We also plan to present 
results from our current work on the effects of maternal variability on basal 
and stress-induced glucocorticoid release and its recovery rate.

752.10

NEONATAL HANDLING INDUCED ENHANCEMENT IN MULTI-
PLE COGNITIVE TASKS AND ITS NEUROANATOMICAL BASES.
A. Koener*, T. Urbanski, L. Zamora, J. Jones, T. Verstynen, and A.C. Tang, 
Department of Psychology and Neurosciences, University of New Mexico, 
Albuquerque, NM 87131.

Early life experience can have a profound influence on the developing ner-
vous system. Previous studies have shown that neonatal handling (a few min-
utes isolation in a new housing cage) can lead to permanent changes in the 
stress response system including its major target structures such as the hip-
pocampus and the frontal cortex. In this study, we further test the hypoth-
esis that neonatal handling induced cognitive enhancement is mediated via 
changes in the glucocorticoid receptors in these target structures by examin-
ing functions supported by these structures. We used a working memory ver-
sion of the Morris Water Maze Task as the hippocampal depedent task and an 
odor association task as a putative frontal lobe task. We found that neonatal 
handling enhanced working memory in the water maze task, enhanced the 
retention of the odor association memory in the odor recall task, and reduced 
perseveration in the subsequent reversal odor learning. We also equalized the 
amount of "handling" by experimenter between the handled (H) and non- 
handled (NH) groups in a subset of animals. We were able to detect significant 
differences in task performances. Together, our results suggest that the com-
ponent of the traditional neonatal handling that is critical for enhanced cog-
nitive performance is not the "handling", per se, but the exposure to novelty 
(new environment and absence of the dam and siblings during 3 min isola-
tion), and that early exposure to novelty may stimulate the HPA axis, which 
in turn can modulate a variety of functions performed by its target structures. 
We also plan to present neuroanatomical results on possible differences in the 
hippocampal formations of H and NH rats.

752.11

MATURATION OF RELATIONAL MEMORY PROCESSES IN MONKEYS.
L.Malkova1, M.C. Alvarado*2, E.L. Pixley3, A.M. Belcher3, M.Mishkin3, & I.
Bachevalier2. 1Dept. of Pharm., Georgetown Univ. Med.Ctr., Washington, 
2D.C., Dept. of Neurobio. & Anat., U.T.-Houston Health Sci. Ctr., Houston, 
TX, & 3Lab. of Neuropsych., NIMH, Bethesda, MD.

Memory can be dissociated into multiple systems that are subserved by 
different neural circuits and that have different developmental timetables. For 
example, relational memory processes, as measured by the transverse 
patterning task, are late developing in humans (Rudy et al., 1993). To assess 
whether relational memory processes are also late developing in monkeys, we 
trained 15 infant rhesus monkeys (Macaca Mulatta), ages 3, 6, 12, 24, or 36 
months, to solve transverse patterning. Subjects learned three pairs of 
concurrent discriminations formed from three
stimuli (A, B and C) as follows: 1) A+ vs.B, 2)
B+ vs. C, 3) C+ vs. A (+ denotes correct choice).
The monkeys were trained to a criterion of 90% 
correct across the 3 problems, or a maximum of 
2000 trials. Figure 1 shows performance 
(percent of correct responses) averaged across 
the 3 problems at the end of training. Only the
36-month-old animals reached the training criterion. However, the 
performance of the younger monkeys showed a qualitative and quantitative 
improvement with age. Three-month-old infants performed at chance levels 
on all 3 problems. Six-month-olds solved all 3 problems at 75-80% correct. 
The results suggest that in monkeys, as in humans, relational memory 
processes develop late. In addition, they show a developmental continuum 
throughout the first three years of life. Supported by NIMH-IRP, MH54167 to J.B. 
and NRSA MH10929 to M.C.A.
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753.1
A “MIRROR SYSTEM” FOR ORO-FACIAL MOVEMENTS IN MAN. AN fMRI 
STUDY. G. Buccino? F. Binkofski.2 G.R. Fink,2 L. Fadiga, 1 L. Fogassi, 1 V, 
Gallese, 1 K. Zilles? G. Rizzolatti? R.J. Seitz,2 H.-J. Freund2*, ’inst. of Human 
Physiology, Univ. of Parma, Italy; 2Dept. of Neurology, Univ. of Dusseldorf, 
Germany; 3Inst. of Medicine, Research Center Jiilich, Germany.

The ventral pre-motor cortex (vPMC) of monkeys (area F5) contains 
neurons that discharge when monkeys perform a specific goal-directed motor act 
with one of their hands or when they observe the same action performed by another 
or by an experimenter. To explain this phenomenon, the concept of “mirror neurons” 
has been introduced. There is increasing evidence available that a similar “mirror 
neuron” system may exist in man. In the monkey, such “mirror neurons” have also 
been described for oro-facial movements. The aim of the present study was to 
investigate whether in man such a “mirror system” related to oro-facial movements 
may also exist.
Six healthy right handed subjects were studied using functional magnetic resonance 
imaging (fMRI). During scanning, subjects were asked to observe video taped oro-
facial movements of another person that was chewing, biting, or making (silent) 
monosyllable mouth movements. Neural activity related to oro-facial movement 
observation was related to that measured during the observation of static faces. 
Categorical comparisons were performed at a threshold of p<0.001 (corrected p > 
0.05) using SPM97. The analysis revealed activation in the precentral gyrus 
bilaterally during observation of oro-facial movements. Observation of syllables 
being produced led to a stronger activation in the left hemisphere, the area of 
activation including Brodmann's areas (BA) 44/45. By contrast, observation of 
biting movements led to relatively stronger neural activity in the corresponding 
regions of the right hemisphere. These findings suggest that: a) there is a mirror 
system related to oro-facial movements in man; b) visual information enters the 
language circuit in frontal motor areas, including BA 45.

Supported by the Deutsche Forschungsgemeinschaft (SFB 194) and by a 
BioMed grant to G.R

753.2
SPECIALIZED NEURAL SYSTEMS UNDERLYING TIME PERCEPTION: 
AN EVENT-RELATED FMRI INVESTIGATION. D.L Harrington1*, L.A. 
Mead2, A.R. Mayer2, K.Y. Haaland1, and S.M. Rao . 1 Department of 
Veterans Affairs and the University of New Mexico, Albuquerque, NM 
87108;2 Medical College of Wisconsin, Milwaukee, WI 53226.

The neural systems involved in timing behavioral events is controversial, 
especially the role of the striatum and the cerebellum. To investigate this 
issue, 17 subjects underwent whole-brain event-related fMRI (1.5T, 17 
saggital slices, TR=2.5 sec) while performing 3 tasks. In the time perception 
task, subjects judged whether a comparison tone pair was longer or shorter 
than a standard tone pair (300, 600, or 1200 ms) by making a key press with 
their right index or middle finger. The frequency perception and 
sensorimotor control tasks contained the same auditory events except that 
subjects compared the pitch of tones (higher, lower) or made a key press 
response after a series of 4 tones, respectively. In the analyses of the 
functional data, the sensorimotor control condition was subtracted from the 
time and the frequency perception conditions. Temporal resolution of 
functional activity was obtained by separately analyzing images prior to and 
subsequent to motor cortex (M1) activation. Prior to M1 activation, temporal 
processing was associated with unique activation in the striatum bilaterally 
and the right inferior parietal cortex, right anterior insula, and right middle 
temporal gyrus. Subsequent to M1 activation, functional activity in 
distributed neural systems was less specialized. The results provide 
converging support for the role of the striatum in timekeeping operations and 
cortical areas in nontemporal processes such as attention and working 
memory, which support timing. Supported by grants from NIMH 
(P01MH51258) and the Department of Veterans Affairs.

753.3

INVOLVEMENT OF NETWORK FOR VISUOMOTOR CONTROL DURING 
MENTAL CALCULATION IN JAPANESE ABACUS EXPERTS. T. Hanakawa,2*
M. Honda,1,2 T. Okada,1,3 N. Sawamoto,2 H. Fukuyama,2 J. Konishi3 and H. 
Shibasaki2. ’Lab. of Psychophysiology, NIPS; 2Depts. of Brain Pathophysiology and 
’Nuclear Medicine, Kyoto Univ. Graduate Sch. of Med.; Kyoto 606-8507, Japan.

Supreme experts of the Japanese abacus can calculate multi-digit numbers (up to 
15 digits) in mind with astonishing rapidity and correctness. They seem to simulate 
the abacus operation in mind (mental abacus). To clarify neural substrates 
underlying this capability, we examined brain activities during mental calculation in 
abacus experts by using fMRI.

Studied were 6 nation-leading abacus experts and 7 age- and sex-matched 
controls who had never been trained in the abacus. The subjects performed 3 tasks 
which required mental operation of visually-presented stimuli; 1) Arithmetic task, 
adding numbers serially (6-digit for the experts and 1-digit for the controls), 2) 
Spatial task, moving an imagined marker in a 2-dimensional grid, 3) Verbal task, 
advancing the day of the week. All of the task conditions were contrasted by visual 
fixation. Functional images were obtained with a 1.5 T MRI scanner by using T2*- 
sensitive echo-planar imaging.

In the abacus experts, the arithmetic task activated the premotor, parietal and 
visual association cortices, all bilaterally, which is similar to activation pattern of the 
spatial task in the both groups. By contrast, in the controls, the arithmetic task 
activated the prefrontal, premotor and parietal activation strongly lateralized to the 
left hemisphere, which resembled activation pattern of the verbal task in the both 
groups.

The findings suggest that the mental abacus is a capability to simulate 
visuospatial motor control after longstanding training.
[Supported by JSPS-RFRF97L00201]

753.4

ALPHA (10HZ), BETA (20HZ) AND GAMMA (40HZ) NETWORKS IN THE 
HUMAN BRAIN AND THEIR FUNCTIONS IN A VISUOMOTOR 
COORDINATION TASK REVEALED BY MEG. Y.Chen, M.Ding* &
J.A.S.Kelso, Center for Complex Systems & Brain Sciences, Florida Atlantic 
University; Boca Raton, FL33431.

Using a full head SQUID sensor array (CTF Systems, 66 channels), we recorded 
magnetoencephalography (MEG) from 5 subjects performing right finger extension or 
flexion movement while synchronizing or syncopating with a visual metronome at 
1Hz (Kelso et al., Nature 392:814,1998). Spectral and coherence analysis revealed 
three distinct interconnected networks of activities, in the a, p and y range, 
respectively. Specifically, in all subjects, strong alpha (9-12Hz) activities were found 
in motor and parietal areas on both sides of the brain. The coherence was high within 
each hemisphere (phase close to zero) and relatively low (weak connection) between 
hemispheres. Beta activities (15-2OHz) appeared in a network connecting frontal and 
visual areas. Coherence was strong among frontal channels and among visual channels 
with small phase differences between left and right hemispheres. Between frontal and 
visual channels the coherence was also high with ± 7t phase differences (antiphase). In 
addition, a clear gamma (35-40hz) network was found in 2 subjects involving motor 
areas of both hemispheres, with left and right sides strongly connected and antiphase 
to each other. More detailed analysis showed Event-Related Desynchronization (ERD) 
in 10Hz activities and Event-Related Synchronization (ERS) in 20 and 40Hz activities 
during movement Furthermore, properties of the networks such as the power and 
coherence allowed us to differentiate the four different movement conditions and the 
control condition (visual stimuli only), clearly demonstrating the functional roles of 
these frequency-modulated networks. Supported by NSF, ONR and NIMH grant 
MH42900.

753.5

AN rTMS COMPARISON OF DORSOLATERAL PREFRONTAL CORTEX AND 
PRE-SMA IN WORKING MEMORY AND WILLED ACTION K.A. Hadland1*, M.F.S. 
Rushworth1, R.E, Passingham1, M Jahanshahi2, J.Rothwell2 Dept. of Experimental 
Psy chology, Univ. of Oxford, Oxford, 0X1 3UD, MRC HMBU, The National Hospital 
for Neurology and Neurosurgery, Queen Square, London, WC1N 3BG, UK

It has been suggested both that the dorsolateral prefrontal cortex (DLPFC) plays a role 
in working memory and that it is essential for willed action. It has proved difficult to 
distinguish between these hypotheses. Subjects were instructed to perform three tasks 
in which they made bimanual sequences of eight non-repeating finger movements. In 
the Free Selection (FS) task subjects chose the order of movements at random. Eight 
blue circles on a computer monitor corresponded to the eight possible finger movements. 
After a given movement had been made the colour of the corresponding circle changed 
from blue to red. The display obviated the need for subjects to maintain the movements 
they had made in working memory. The FS task involved ‘willed action’ in the absence 
of ‘working memory’. No ‘willed action’ was required for the two remaining tasks as 
responses were cued. In the two control tasks the colour change of the circles preceded 
the movement and was an instruction to make the corresponding movement. The 
attentional demands of the control tasks varied. In the High Load (HL) version subjects 
had to maintain their attention. This requirement was absent in the Low Load (LL) task. 
A 10Hz, 4 pulse rTMS train at 100% of motor threshold was delivered before the second 
or the seventh move in the sequence. The train was triggered by the execution of the 
preceding first or sixth move. The coil was placed over the DLPFC or the pre-SMA.

rTMS over DLPFC slowed response times in the FS task and at the end (ie seventh 
move) of the sequence in the HL task but had no effect on any stage in the LL task. This 
suggests that either just a willed action component in the absence of working memory 
or just an attentional demand means that a task will depend on the DLPFC. rTMS over 
the pre-SMA only slowed response times in the FS task but not in the HL task. This 
suggests that the pre-SMA also has a role in willed action.

Supported by the Wellcome Trust, Royal Society, and Medical Research Council

753.6

SENSORIMOTOR ACTIVITY IS CORRELATED BETWEEN IMAGINED 
AND EXECUTED MOVEMENTS WITH VARYING FORCE-TIME 
PROFILES. D.H. Romero1’3*, M.G. Lacourse12. K.E. Lawrence12, and M.J. 
Cohen2. 'California State University, Long Beach; 2 Veterans Affairs Medical 
Center, Long Beach, CA 90822; 3 Arizona State University, AZ 85287-0404

It has been consistently shown that the supplementary motor area (SMA) is 
activated during motor imagery (MI), however activation of the sensorimotor 
cortex (SI) during MI has been inconclusive. To date, studies investigating the 
hypothesis that MI and movement execution (ME) activate similar brain regions 
have not manipulated movement parameters such as speed and/or force. We 
previously presented data indicating the SMA is similarly activated during MI as 
during ME when speed and force of a movement are varied. This study 
investigated the correlations of SI activity during MI and ME performed under 
various force-time constraints. Event-related potentials (ERPs) were recorded 
from the contralateral and ipsilateral SI (C3 and C4 sites) during both imagined 
and executed cued isometric muscle contractions performed with a hand 
dynamometer, while time to percent peak force (rapid: <250 ms; slow-graded: 
>500 ms) and percent peak force (low: <20% MVC; high: >60% MVC) were 
varied. Twenty-six right-handed male (age 21 - 37 years) participants also 
completed a tone-only control condition. Cross-correlations between MI and ME 
at each site and between sites were conducted. Contralateral SI activity was low 
to moderately correlated between MI and ME, suggesting different processing 
occurs depending on the task, whereas correlations at the ipsilateral SI were 
moderate to high, indicating similar neural activity during MI and ME. 
Correlations between MI and ME at both sites were greatest during the slow- 
graded conditions, suggesting similar neural activity during this condition. This 
research was funded by a Dept. of Veterans Affairs Minority Research Training 
Initiative Grant.
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753.7

CEREBELLAR ACTIVATION IN GRIP FORCE ADJUSTMENTS DURING 
TRANSPORTING AN OBJECT HELD IN A PRECISION GRIP.T. Tamadaf S. 

Mivauchi2. H, Imamizu'. T. Yos hi oka1 and M. Kawato1-3 • Kawato Dynamic Brain 
Project, ERATO, JST, Kyoto, 619-0288, Japan; 2 Communication Research 
Laboratory, Hyogo, 651-2401, Japan;3 ATR Human Information Processing Research 
Laboratories, Kyoto, 619-0288, Japan

When an object is transported held in a precision grip (by grasping it between the tips 
of the thumb and forefinger), grip force perpendicular to the object's surface is adjusted 
in parallel with changes in load force induced by arm movements, so that it is always 
slightly greater than the minimum required to prevent slip {e.g. Flanagan et al., 1993; 
Johansson and Westling, 1984). This prehensile behavior includes moving the arm, 
grasping the object with a precision grip, and coordinating these two components. We 
investigated whether the cerebellum is involved in this coordination by using fMRI. 
An experimental session consisted of four phases: (a) moving an object with a 
precision grip in a rhythmic manner (arm movement(-t-), grasping(+)), (b) moving the 
arm in the same rhythmic manner with the object attached to the hand (arm 
movement(+), grasping(-)), (c) grasping the object with a precision grip and 
rhythmically changing the grip force (arm movement(-), grasping(+)), and (d) rest (arm 
movement(-), grasping(-)). We used a conventional pixel-by-pixel cross-correlational 
method with a box-car reference function to find out which pixels produced higher MR 
signal intensity during the task phases ((a) to (c)) than during the rest phase (d) (p <
0.05) and identified combined-movement-and-grasping related (a-d), movement related 
(b-d) and precision-grip related (c-d) regions. Comparison of these regions showed that 
the combined-movement-and-grasping related region could not be expressed as the 
sum of the other two regions, but it contained a large number of residual pixels in the 
inferior lateral part of the anterior lobe ipsilateral to the used arm and hand. Therefore, 
this cerebellar region might be related to the coordination between the grip force and 
the load force during arm movements.

753.8
TOPOGRAPHIC SEGREGATION FOR MOVEMENT RECOGNITION IN MAN. 
AN fMRI-STUDY. F. Binkofski,1 G. Buccino,2 G.R. Fink,1 A. Schnitzler,1* L. 
Fadiga,2 L. Fogassi,2 V. Gallese.2 R.J. Seitz? K. Zilles,3 G. Rizzolatti,2 H.-J,
Freund.1 ’Dept. of Neurology, Univ. of Diisseldorf, Germany; 2Inst. of Human 
Physiology, Univ. of Parma, Italy; 3Inst. of Medicine, Research Center Julich, 
Germany.
The term "mirror neurons" indicates cells which discharge when a monkey performs 
a specific goal-directed movement and when another monkey or a man performs a 
similar movement watched by the animal. Mirror neurons were found to be located 
in the ventral premotor cortex (vPMV, area F5) of monkeys. There is evidence that a 
mirror system exists also in man. Up to now a systematic study on these neurons 
was only performed for arm movements, but preliminary evidence show that mirror 
neurons coding face movements are also present. It is still unknown whether a 
mirror neuron system exists for foot movements.
Five healthy right handed subjects were studied using functional magnetic resonance 
imaging (fMRI). During scanning, subjects were asked to observe the following 
video taped movements performed by another person. 1. oro-facial movements - 
biting (an apple), biting (without object) 2. arm movements - reaching for different 
objects, reaching without object 3. foot movements - kicking, stepping. Neural 
activity related to movement observation of different body parts was related to that 
measured during the observation of static faces, arms or legs, respectively. 
Categorical comparisons were performed at a threshold of p<0.001 (corrected p > 
0.05), using SPM97. The analysis revealed an activation in the opercular part of the 
inferior frontal gyrus bilaterally, including Brodmann's areas 44/45 during the 
observation of oro-facial and arm movements, whereas during the observation of 
foot movements an activation was present in mesial frontal areas.
These findings suggest that: a) there is a mirror system related to oro-facial, arm and 
foot movements in man, with a topographyc segregation; b) mirror neurons for foot 
movements are not located in vPMC.

753.9

fMRI INVESTIGATION OF BRAINSTEM & CORTICAL REGIONS 
ACTIVATED DURING AN EXOGENUS TACTILE ATTENTION 
TASK. FMcGlone1-3*, S. Francis 2> D.Lloyd 1, J Newton2 and R Bowtell 
2- Neuroscience Group, Unilever Research, Wirral, L63 3JW, UK; 2 
MR Unit, Univ. of Nottingham, NG7 2RD, UK. 3 School of Psychology, 
Univ. of Wales, Bangor, LL57 2DG, UK.

Tactile attention can be oriented voluntarily to a 
stimulated body location, or reflexively captured by an unexpected tactile 
stimulus - the touch to the shoulder. These effects have been studied 
primarily with behavioural measures of RT, and we have recently 
established that the inhibition described by Posner (IOR), when a visual 
stimulus is presented after a delay at the same spatial location as a 
previously unattended cue, is also present in the tactile domain (Lloyd 
et.al., Mechanisms of attention in touch. Somat. & Motor Res. 16,
1; 1999). In this study 6 subjects were imaged (3.OT EPI/BOLD) during 
a tactile exogenous orienting task in which uninformative, and non- 
predictive, vibratory cues were delivered bilaterally to the feet, followed 
by targets (SOA’s of 200 & 700 msec) at the cued locations. Stimuli 
were randomised and RT’s collected. Significant activation was 
observed in the superior colliculus, posterior parietal areas, Ml, SMA, 
insular, cingulate, DLPFC & cerebellum (dentate). A fronto-parietal 
attentional system similar to that described for vision exists, and 
activation states will be discussed in relating to behavioural measure of 
inhibition.
This work was supported by Unilever Research.

753.10
TACTILE OBJECT RECOGNITION ACTIVATES THE SECONDARY 
SOMATOSENSORY AREA (SII): AN fMRI STUDY. Catherine L.
Reed,1 Shy Shahom,2 Eric Halgren,3 and Richard Normann2* 'Dept. of 
Psychology, Univ. of Denver, 2Dept. of Bioengineering, Univ. of Utah, 
3Dept. of Radiology, Univ. of Utah.

We used fMRI to investigate the neural substrates involved in tactile 
object recognition (TOR). Activation was compared for TOR of common 
real objects, tactile exploration of “nonsense” objects, and rest. With their 
eyes closed, subjects received a set of 120 real objects and 16 nonsense 
objects on their open right hand. They haptically explored both types of 
objects using the same “grasp, rub, rub” motor sequence. A control 
condition was rest with closed eyes, an open palm, and attention directed to 
the right hand. Subjects performed six four-minute sessions with blocked 
tasks alternating every 24s. A series of 15 axial EPI slices (7mm skip 0mm) 
were acquired every 3s using a 1.5 T GE scanner. Confirming expectations, 
TOR led to higher activation in left rolandic somatic sensory and motor 
areas, and bilateral SII versus rest; rest did not provide any areas more 
active than TOR. When TOR was compared to nonsense object palpation, 
the rolandic sensory and motor areas were no longer differentially active, 
leaving SII bilaterally active during TOR only. Activation near area V3 
was also present during TOR. Consistent with other studies, the right 
precuneus and intraparietal sulcus were more active during the feeling of 
nonsense objects than TOR; these areas are typically active during rest and 
less difficult tasks. These results confirm existing theories of the neural 
bases of tactile object recognition in finding that SII is activated during 
modality-specific tactile object recognition.

Supported by NSF(IBN-9805999) and USPHS(NS 18741)

753.11

Crossed vs. Uncrossed Simple RTs with Visual and Tactile 
Stimuli: On the Generality of the Method of Poffenberger.
Robert Fendrich* and Jeffrey J, Hutsler, Program in Cognitive 
Neuroscience, Dartmouth College, Hanover NH 03755.

Simple reaction times (RTs) to visual stimuli are longer by 2 to 
3 ms when the responding hand is contralateral to the visual field of a 
stimulus than when the hand is ipsilateral to the stimulus. This small 
crossed vs. uncrossed difference (CUD), first demonstrated by 
Poffenberger in 1912, has generally been attributed to the time required 
for sensory information to cross the corpus callosum when the 
hemisphere receiving the sensory input is not the one initiating the 
motor response. Since the projection path for somatosensory input is 
also primarily crossed, we wondered if a similar CUD would be found 
with tactile stimuli. Our initial results suggest that tactile and visual 
CUDs are comparable. Momentary tactile stimulation was 
administered to subject’s left and right legs. Response RTs with the 
contralateral hand were 2 to 5 ms longer than responses with the 
ipsilateral hand. The magnitude of this effect was similar to one 
obtained with briefly flashed lateralized visual targets. However, 
further investigation is required to determine whether these multimodal 
CUDs can be attributed to callosal transmission times rather than 
delays in subcortical transfer pathways. This research was supported 
by NIH 2P50-NS-17778-18.
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754.1

EFFECTS OF INTRA-ACCUMBENS INFUSIONS OF AMPHETAMINE 
OR FLUPENTHIXOL ON SUSTAINED ATTENTION IN RATS.
J.P, Bruno*, A.M, Himmelheber and M, Sarter. Department of Psychology and 
Division of Neuroscience, The Ohio State University, Columbus, Ohio, 43210.

Performance in an operant sustained attention task in rats depends upon intact 
cholinergic transmission in the cortex and is sensitive to manipulations in the 
excitability of basal forebrain corticopetal cholinergic neurons. Evidence 
suggests that the efferent projections of the nucleus accumbens (NAC) to the 
basal forebrain contribute to the regulation of the excitability of basal forebrain 
corticopetal cholinergic projections. Thus, modulation of NAC dopaminergic 
(DAergic) transmission was hypothesized to influence task performance. In 
Experiment 1, amphetamine (0, 3, 10, 30 pg/pl/hemisphere) was bilaterally 
infused into the NAC prior to performance in the sustained attention task. 
Amphetamine dose-dependently impaired attentional performance, largely by 
impairing animals’ ability to detect signals. In Experiment 2, the nonselective 
DA receptor antagonist m-flupenthixol (0,3,10,25 pg/pl/hem) was bilaterally 
infused into the NAC prior to task performance. Flupenthixol also dose- 
dependently impaired performance, but appeared to decrease animals’ ability to 
detect signals as well as to reject non-signals, and these effects were manifested 
primarily in later blocks of trials. The pattern of the attentional effects of 
flupenthixol corresponds with speculations that NAC DA receptor blockade 
augments the inhibition of basal forebrain corticopetal cholinergic neurons, and 
that this inhibition mediates the impairments in attention.
Supported by NTH Grants MH57436, NS32938, NS37026.

754.2

SUSTAINED ATTENTION PERFORMANCE IS ASSOCIATED WITH 
CORTICAL ACETYLCHOLINE RELEASE IN RATS.
A.M, Himmelheber*. M, Sarter and J.P, Bruno. Department of Psychology and 
Division of Neuroscience, The Ohio State University, Columbus, Ohio, 43210.

Cholinergic transmission in the cerebral cortex has been implicated in cognitive 
processes, especially attention. Corticopetal cholinergic projections from the 
basal forebrain mediate performance in an operant task that assesses sustained 
attention in rats. To further characterize the relationship between cortical 
cholinergic transmission and attentional processing, cortical acetylcholine (ACh) 
release was measured using in vivo microdialysis while animals were actively 
performing in the sustained attention task. A robust enhancement of cortical ACh 
release was observed upon transfer of animals into the operant chamber, and 
cortical ACh release remained significantly elevated during the 18 min period 
prior to task onset. A new basal level of ACh release was calculated based on 
pretask values, and further changes in release were expressed as a percent change 
from this new baseline. Upon task onset, cortical ACh release increased 
moderately above the new baseline and remained elevated throughout attentional 
task performance. Following task completion, cortical ACh release declined to 
below pretask levels. The robust increase associated with transfer into the operant 
chamber may be attributed to anticipatory and contextual cues associated with 
attentional task performance, or with instrumental responding in general. Data 
from further experiments designed to dissociate the relative contributions of these 
factors will be presented. These results support and extend previous findings 
regarding the critical role of cortical cholinergic transmission in sustained 
attentional processing.
Supported by NIH Grants MH57436, NS37026.

754.3

THE ROLE OF ACETYLCHOLINE WITHIN THE MEDIAL PREFRONTAL 
AND POSTERIOR PARIETAL CORTICES DURING SUSTAINED VISUAL 
ATTENTION IN THE RAT. T.M, Gill*. J, J. Masters. M, Sarter, and B. Givens. 
Department of Psychology, The Ohio State University, Columbus, OH 43210.

The goal of the present study was to investigate the modulatory role of 
acetylcholine (ACh) within the medial prefrontal cortex (mPFC) and posterior 
parietal cortex (PPC) in sustained visual attentional performance. Male Long- 
Evans rats were trained on an operant-based attentional task requiring a 
discrimination between the presence and absence of brief, unpredictable visual 
signals in order to obtain water reinforcement. After reaching criterion 
performance under baseline conditions, the rats were tested under conditions 
requiring varying levels of increased attentional demand. Upon completion of 
initial attentional testing, the rats received bilateral intracortical infusions of 192 
IgG-saporin, an immunotoxin that specifically destroys cholinergic neurons, or 
saline into either the mPFC or PPC. Preliminary results indicate the presence of 
a double dissociation between the loss of ACh input within the mPFC and PPC on 
sustained visual attentional processing. The removal of ACh within the mPFC 
selectively impaired the ability to correctly detect the presence of short latency 
visual signals (25 & 50, but not 500 ms) under all testing conditions, while at the 
same time increasing response latency. Conversely, the removal of ACh within the 
PPC selectively impaired the ability to correctly detect the absence of visual 
signals, especially under conditions requiring increased levels of attentional 
demand, while at the same time increasing response latency. Although cortical 
ACh input may be globally regulated, these results suggests that distinctive aspects 
of sustained visual attentional processing may depend on the intact function of ACh 
within specific cortical regions. This work was supported by RO1 NS37026.

754.4

CHOLINERGIC DEAFFERENTATION OF THE HIPPOCAMPUS OR 
CORTEX PRODUCES DIFFERENTIAL MODULATION OF ATTENTIONAL 
PROCESSING. J J, Waite* Depts. of Neurosciences & Neurology, UCSD & 
VAMC, San Diego, CA 92161.

Dissociation of attentional changes produced by lesion of the 
cholinergic neurons in the medial septum (MS) and nucleus basalis 
magnocellularis (NBM) was investigated by selective lesion with the 
immunotoxin 192 IgG-saporin followed bytesting in the multiple choice 
serial reaction time task. Male F-344 rats were trained in the 5-choice 
reaction time task. After criterion performance was attained, the toxin was 
administered intraparenchymally into the MS (75 ng/site bilateral) and/or 
NBM (150 ng/site bilateral) to selectively destroy cholinergic neurons 
projecting to hippocampus and cortex, respectively. Residual ChAT 
activity, expressed as percent of PBS-infused control, was: in frontal cortex, 
28% (NBM); 88% (MS); and 21% (NBM+MS); in hippocampus, 103%
(NBM); 18% (MS); and 19% (NBM+ MS). Animals reacquired the baseline 
task to equivalent levels among groups, based on both accuracy and 
omissions within ten sessions. MS rats performed with greatest accuracy 
when the intertrial interval (ITI) was short. They always had fewest 
omissions. Accuracy for this group suffered when the ITI was long and 
when a noise was presented just before the light stimulus. NBM rats had 
the most omissions, but accuracy was generally as good or better than 
controls and the MS group. Rats with both MS and NBM lesions were 
frequently between MS and NBM performance curves, putting them close to 
controls in many tests. They performed worse than all groups in terms of 
accuracy when the ITI was short and when the light intensity was reduced. 
Thus, the double lesion had an additive effect when the salience of stimulus 
was reduced and when the frequency of trials was faster. Supported by NIH 
NS33371.

754.5

UNILATERAL, BUT NOT BILATERAL STRIATAL INFUSIONS OF THE 
NMDA GLUTAMATERGIC ANTAGONIST CPP PRODUCE ATTENTION 
DEFICITS. J.M. Vargo*. L.E. Tilton and RA. Grachek.
Department of Surgery, Hennepin County Medical Center and MMRF's 
Institute for Brain and Immune Disorders, Minneapolis, MN 55415.

Neglect (hemi-inattention) caused by unilateral cortical damage may at least 
partially result from the loss of corticostriatal glutamatergic projections. 
Unilateral infusion of a glutamatergic antagonist into the caudate-putamen 
(CPu) of rats produces neglect (Schuller, 1998). Kinsbourne's Hemispheric 
Imbalance Theory states that neglect wiB be seen when an asymmetry in the 
level of activation between the two hemispheres exists. The present study tested 
this theory by bilaterally infusing the NMDA antagonist +/- CPP (0375pg) into 
dorsal CPu and testing for neglect Bilateral infusions, rather than producing 
bilateral neglect, should produce no attention deficits because symmetry would 
be preserved between the two hemispheres.

Twenty-three, male, Long-Evans hooded rats received unilateral infusion of 
CPP with vehicle infiised contralaterally, or bilateral infusion of CPP or vehicle. 
Animals were tested before and 50 min after infusions on beam walking, tactile 
placement, and an orientation (attention) task where the degree of head turn 
towards unilateral visual, tactile, or auditory stimuli was scored. While 
unilateral CPP produced contralateral neglect (p < 0.05), bilateral CPP infusions 
did not affect orientation to either body side. In direct contrast to these findings, 
bilateral, but not unilateral CPP infhsions led to deficits in beam walking.

The results of this study support Kinsbourne’s Hemispheric Imbalance 
Theory of neglect Bilateral, but symmetrical disruptions of striatal 
glutamatergic actions may “spare” the animal from attention deficits that would 
be seen after unilateral disruption only. In contrast, sensorimotor impairments 
may be seen after bilateral, but not unilateral disruption.

Funded by the Surgery Department of HCMC.

754.6
THE EFFECTS OF DOI ON PREMATURE RESPONSES WITHOUT 
HYPERACTIVITY - ATTENUATION BY PRAZOSIN.
T. Koskinen1, J, Sirvio1,2* ’A.I.Virtanen Institute, University of Kuopio, P.O.Box 
1627, Fin-70211 Kuopio, 2Orion Pharma, Turku, Finland.

DOI [(±)-l-(2,5-dimethoxy-4-iodophenyl)-2-aminopropane hydrochloride], a 5- 
HT2 receptor agonist, has been found to increase premature responses without 
affecting choice accuracy in the 5-choice serial reaction time (5-CSRT) task 
(Koskinen et al., Soc. Neurosci. abstr. 1997; 313.9). In this study we wanted to test 
if this increase in impulsive responding parallels the hyperactivity of rats and can it 
be attenuated by blockade of a, receptors.

DOI (0.05-0.2 mg/kg; s.c.) increased premature responses (reflecting impulsivity) 
in the 5-CSRT task but had no effect on reaction times or on perseverative panel 
responses during the intertrial interval (ITI), which indicates unchanged 
behavioral/motor activity. On the other hand, a high dose of DOI (0.2 mg/kg) 
increased the probability of omission and latency to collect earned food pellets, 
indicative of interference with motivation for the food rewarded task.

Furthermore, the same doses of DOI (0.05-0.2 mg/kg; s.c.) which enhanced 
premature responding in the 5-CSRT task, did not increase ambulation in an open- 
field. Actually, DOI 0.2 mg/kg shortened distance ambulated and decreased the 
number of rearings. This also indicates that the systemic administration of DOI does 
not produce locomotor hyperactivity per se.

Prazosin (0.3 mg/kg s.c.), an a, antagonist, attenuated the DOI (0.1-0.2 mg/kg) 
induced increase in premature responding. Alone prazosin did not affect premature 
responding but it decreased the number of trials completed and slightly lengthened 
the latency to respond to the stimulus.

Taken together, DOI enhances impulsivity and this is not due to locomotor 
hyperactivity. Furthermore this enhancement in impulsive responding can be 
attenuated by an a, receptor antagonist. Supported by the Academy of Finland.
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754.7

BASAL FOREBRAIN GLUTAMATERGIC MODULATION OF SUSTAINED 
ATTENTION PERFORMANCE IN RATS. J. Turchi* and M. Sarter. 
Department of Psychology & Neuroscience Program, The Ohio State University, 
Columbus, OH 43210.

Basal forebrain NMDA receptors have been hypothesized to be selectively 
involved in the performance of tasks associated with activation of cortical 
cholinergic inputs (Turchi & Sarter, 1998). Rats were trained in either a 
sustained attention task (McGaughy & Sarter 1995) requiring animals to 
discriminate between unpredictably occurring visual signals of varying lengths 
(25, 50, 500 msec) and non-signals, or in a visual cued response task. Chronic 
guide cannula were implanted bilaterally for the infusion of NMDA receptor 
ligands into the area of the nucleus basalis of Meynert and substantia 
innominata. The effects of administrations of N-methyl-D-aspartate (NMDA: 
0.5, 1.0 & 3 nmol in 0.5 pl/hemisphere) and the NMDA receptor antagonist D-2- 
amino-5-phosphono-pentanoic acid (AP5: 6, 10 & 20 nmol in 0.5 pl/hemisphere) 
were tested in separate groups of animals. As anticipated, neither drug affected 
performance accuracy among animals trained in the visual cued response task; 
however, administration of NMDA and AP5 yielded contrasting impairments of 
performance in the sustained attention paradigm. Infusion of NMDA (3 nmol) 
resulted in an increase of false alarms, whereas infusion of AP5 (10 nmol) 
produced a decrease in hits to longest signals. Taken together, these findings 
support the role of basal forebrain NMDA receptor stimulation in the 
performance of tasks which explicitly tax attentional processes.
Supported by NIH Grants NS32938, NS37026 and AG10173.

754.8
EFFECTS OF LIGHT DEPRIVATION ON NEGLECT INDUCED BY 
DISCONNECTION OF MEDIAL AGRANULAR AND POSTERIOR PARIETAL 
CORTEX IN RATS. K.J, Burcham*, J.V. Corwin, and T.M. Van Vleet. Psychology 
Department, Northern Illinois University, DeKalb, IL 60115.

Unilateral lesions of either the medial agranular prefrontal cortex (AGm) or the 
posterior parietal cortex (PPC) produce multimodal neglect of the contralesional side of 
space that is qualitatively similar to that observed in human neglect patients. Studies 
have indicated that 48hr of light deprivation (LD), when administered within 4hr post-
surgery, produces complete and permanent behavioral recovery of function from neglect 
induced by unilateral lesions of either AGm or PPC.

Recent studies have indicated that severe neglect in rats can also be produced by 
disconnecting AGm from PPC via transverse knife-cuts. A prior study indicated that 
apomorphine produces acute recovery from neglect in disconnection operates in a 
fashion virtually identical to either AGm or PPC operates. The present study examined 
whether 48hr of LD will produce recovery in disconnection operates.

Two groups received surgical procedures which disconnected AGm and PPC. A third 
group received unilateral AGm lesions. Neglect testing was done by blindly rating the 
degree of orientation to visual, tactile, and auditory stimuli. Following verification of 
severe neglect at 4hr post-surgery, disconnection groups were randomly assigned to 
either 48hr of LD or a 12/12 light/dark cycle. The AGm group received LD. After the 
environmental manipulation, all animals were tested 3 times/week for 3 weeks.

The results indicated that 48hr of LD is ineffective at producing behavioral recovery 
from neglect induced by disconnection of AGm and PPC. Both disconnection groups 
demonstrated significantly more severe neglect than AGm-LD animals. These results 
are in contrast to the effectiveness of LD following unilateral lesions of either AGm or 
PPC. It remains to be determined whether modification of the parameters of LD will 
lead to recovery in disconnection operates.

Supported by funds from the NIU Psychology Department.

754.9

INFUSION OF APOMORPHINE INTO THE DORSAL CENTRAL STRIATUM 
PRODUCES ACUTE RECOVERY FROM AGm-INDUCED NEGLECT IN RATS. 
T.M. Van Vleet*, J.V. Corwin, and K.J, Burcham. Psych. Dept., Northern II Univ., 
DeKalb, 11 60115

Several studies have indicated that the dorsal central striatum (DCS) may play a 
crucial role in neglect and recovery from neglect induced by unilateral lesions of medial 
agranular cortex (AGm). The DCS, a component of the dorsolateral striatum, is the site 
of projections from AGm. Destruction of the DCS induces neglect; physiological studies 
of AGm-induced neglect and recovery have also found changes in metabolic activity and 
receptors in the dorsolateral striatum. Further, acute recovery from AGm-induced 
neglect has been produced by systemic administration of apomorphine (APO). The 
important role of the striatum in recovery from neglect induced by cortical or subcortical 
lesions suggests that it may be the site of action of APO induced recovery. In the present 
study, we examined the effects of direct infusion of APO into the DCS.

Subjects were randomly assigned to two surgical groups: a DCS group and a ventral 
lateral striatal control group (LSC). Subjects in both groups received a unilateral lesion 
of the AGm and an ipsilateral implantation of a guide cannula into either the DCS or 
the LSC. Both groups were tested on post surgery day 4 and 8, and at 24 hours 
following drug administration. The rater was blind to group affiliation. Prior to 
administration of APO, severe neglect was verified by rating the magnitude of 
orientation to visual, tactile, and auditory stimulation. Subjects were then tested 10 
minutes after drug administration and again 24 hours later.

The results indicated that direct infusion of APO into the DCS produced significant 
recovery from neglect. Infusions of APO into the lateral striatum, or infusions of vehicle 
into the DCS did not produce recovery (p<05). DCS animals demonstrated a 
reinstatement of severe neglect when tested 24 hours after infusion. The results suggest 
that the therapeutic effects of APO on AGm-induced neglect may occur in the DCS.

Supported by funds from the NIU Psychology Department.

754.10
ENRICHED HOUSING AND REGIONAL BRAIN CYTOCHROME OXIDASE: 
DOES ENRICHED HOUSING ALTER ATTENTIONAL MECHANISMS? C_. 
Westhead, S. Smith, P. Williams, R. Saari and M. J.
Saari*. Neuroscience Research Unit, Nipissing University, 
100 College Dr., North Bay, ON. P1B 8L7.

Cerebral metabolism as measured by 2-deoxyglucose 
methods or cytochrome oxidase histochemistry is altered 
by enriched or isolated housing. The alterations appear 
to be more evident in certain brain areas than others. 
Further, a number of structures show significant 
morphological alterations. In this experiment, enriched 
rats were reared in colony cages containing varied 
objects and placed daily into an open field with other 
novel objects. Isolated rats were housed singly and left 
undisturbed except for routine care. Humidity,
temperature and the light cycles were controlled. The 
expected improved water maze learning following enriched 
housing was observed. Litter mates of these rats were 
housed as above but not tested in the behavioral tasks. 
The brains of the enriched rats were significantly 
heavier than the isolated. Significant regional
differences in cytochrome oxidase activity were found in 
hippocampal, thalamic and hypothalamic areas and the 
expected increases in thickness measures (M.C.I.D., 
Imaging Research) were found in hypothalamic and cortical 
areas. Examination of the correlation matrices was 
followed by factor analysis (varimax rotation) for both 
the metabolic and morphometric measures. The results are 
discussed in light of Newman's (1997) theory of 
consciousness. (Approved by the Animal Care Committee; 
supported by Nipissing University.)
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755.1

DEVELOPMENTAL DIFFERENCES IN IMPLICIT LEARNING; PERCEPTUAL PRIMING VS. 

SKILL LEARNING, CHANGES BETWEEN FOUR AND SIX YEARS OF AGE. K. C. Turner1. 

J. D. E.Gabrieli1. E. Hazeltine1. C. Vaidya1. M. Verfaellie2* .Department of 

Psychology, Stanford University, Palo Alto, CA 94305; Memory Disorders Research 

Center, Boston University School of Medicine,Boston, MA 02215.

Cognitive neuroscience has revealed that there are multiple implicit memory 

systems, and that these systems may have dissimilar developmental trajectories. 

The present studies examined the developmental trajectories of perceptual priming 

and sensorimotor skill learning in four-year-olds, six-year-olds and adults. For the 

perceptual priming study, participants named pictures (line drawings) of common 

objects and animals in a study phase, and then identified incomplete versions of 

those (old) and baseline (new) pictures. Priming was assessed by the difference in 

picture identification threshold for old over new pictures. There was no significant 
difference in the magnitude of priming across the three age groups. Sensorimotor 

skill learning was assessed by a serial reaction time (SRT) task in which stimuli 

appeared in one of four locations on a computer screen and subjects pressed the 

key beneath each stimulus location. There were seven blocks in which the stimuli 

locations appeared in a recurrent sequence, 1 block of random stimuli, and one 

final block of sequenced locations. Six-year-olds and adults performed with 

increasing speed across the sequenced blocks, but slowed down for the random 

block. In contrast, four-year-olds displayed less sensitivity to the difference 

between sequenced and random blocks. These results suggest that visual priming, 

which is thought to be mediated by occipital neo-cortex, matures by age four, but 

that sensorimotor sequence learning, thought to be mediated by a fronto-striatal 

system, matures at a later age. This study was supported by NIH grant MH19114.

755.2

DUAL-TASK PERFORMANCE OF NONDECLARATIVE TASKS IN 
YOUNG AND OLDER ADULTS. M.M. Downey-Lamb* & D.S. 
Woodruff-Pak, Department of Psychology and Neuroscience Program, Temple 
University, Philadelphia, PA 19122.

In a series of studies we have used dual-task methodology with young adults 
to demonstrate independence and overlap of substrates engaged during 
nondeclarative task performance. Previously we reported that dual-task eyeblink 
conditioning and word stem completion priming did not reduce performance on 
either task. Dual-task word stem completion priming and sequential finger 
tapping impaired priming and tapping performance in young adults. Here we 
report that dual-task performance of sequential finger tapping and eyeblink 
conditioning impaired eyeblink conditioning suggesting cerebellar engagement in 
the finger tapping task that was previously associated with frontal cortical 
activation (Moscovitch, 1994). Older adults (aged 60-94) tested recently with 
the same dual-tasks provided similar results. Performance did not differ for 
priming and eyeblink conditioning single-task and priming/eyeblink conditioning 
dual-task conditions. Dual-task performance of word stem completion priming 
and sequential finger tapping did not impair priming in older adults. However, 
significant priming deficits were observed for the priming/tapping dual task 
indicating that priming interfered with tapping. Taken together, these results 
suggest that priming and eyeblink conditioning engage distinct brain memory 
systems that can still perform without interference in old age. However, priming 
and tapping may overlap in the neural circuitry they engage in both young and 
older adults. The interference between tapping and eyeblink conditioning may 
occur with engagement of frontal-cerebellar circuitry.
Supported by a stipend from the Temple University Neuroscience Program.
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755.3

NEURONAL ACTIVITY IN HUMAN TEMPORAL CORTEX 
RELATED TO IMPLICIT MEMORY. G. Ojemann2*, J. Schoenfield- 
McNeill2, D. CorinaL department of Psychology, 2 Department of 
Neurosurgery, University of Washington; Seattle, WA 98195.

A long standing distinction in human memory studies has been 
made between implicit and explicit memory. Priming is one example 
of implicit memory. We recorded activity of 48 human anterior 
temporal cortical neurons in 15 patients (12 neurons in 4 patients 
from R brain) during awake neurosurgery for epilepsy, while the 
patient performed priming tasks for text, pictures, and auditorily 
presented words. Activity was compared during initial and 
repeated presentations of the same items. Eight neurons (in 5 
patients) showed statistically significant differences in activity. 
Contrary to expectations from animals studies, half of the changes 
were greater activity for the repeated item. All but two of the 
changes were for only one modality, either text or auditorily 
presented words. These changes were significantly more likely in 
recordings from more posterior temporal lobe. Explicit memory was 
assessed for the same modalities for 41 of the 48 neurons including 7 
neurons with implicit memory changes (4 patients): 3 of those 
showed no changes in explicit memory while 3 had explicit memory 
changes for the same modality that showed implicit memory 
changes. Explicit memory changes were significant more frequent 
than implicit memory changes in recordings from anterior temporal 
lobe.

Supported by NIH grant NS36527 and McDonnell-Pew 
Foundation.

755.4
ABSENCE OF INTERHEMISPHERIC TRANSFER OF PERPCEPTUAL 
PRIMING IN ACALLOSAL SUBJECTS.
J. Forget*, and M. Lassonde, Psychology Dept., C.P. 6128, Succ. Centre-
ville, Universite de Montreal, Montreal, Canada, H3C 3J7.

Acallosal subjects usually do not display any disconnection signs in 
tasks requiring an explicit or declarative type of response. However, they 
show impairments on tasks assessing interdependent motor control and 
they are also unable to intermanually transfer an implicit, procedural 
motor skill (De Guise, & al., 1999). Milner (1994) has suggested that 
interhemispheric transmission of implicit information may not occur in 
cases of callosal agenesis, possibly because the early development of this 
type of skill does not allow enough time for functional adaptation of these 
processes. The aim of the present study was to assess interhemispheric 
transfer in a non-declarative, perceptual priming task that did not involve 
any motor component. Four acallosal subjects were shown a lateralized 
version of the fragmented picture task (Snodgrass, Smith, Feenan, & 
Corwin, 1987). They were paired with 12 control subjects. The task 
consisted in pressing a key as soon as the fragmented object was 
recognized. The subjects performed five sessions of training confined to 
the right hemisphere (RH). Subsequently, priming effects were assessed 
by comparing the level of recognition of old (primed) and new sets of 
pictures presented to each hemisphere. Interhemispheric transfer of 
perceptual priming was found in each control subject. Acallosal subjects 
showed priming effects within the trained hemisphere (RH) but did not 
show any transfer of priming to the untrained hemisphere. These data 
indicate that cortical areas and commissures may be the regions 
responsable for implicit perceptual treatment and its interhemispheric 
transfer. This work was supported by NSERC and FCAR.

755.5

TIME-DEPENDENT CONSOLIDATION IN AN ENUMERATION TASK
B. Hauptmann and A Kami*. Dept of Neurobiology, Brain Research,
Wsizmam Institute of Science, Rehovot, 76100 ISRAEL

Repetition priming and skill learning are two manifestations of implicit 
memory. Little is known, however, of the relationship between them. Recently it 
was suggested that skilled performance is characterized by a cfistinct time- 
course: initial within-session improvement is followed by delayed, betwsen- 
session gains in performance (consolidation) provided sufficient practice was 
given. (Karri & Sagi, Natire 1993). Moreover, consolidation seems to be a time- 
dependent process.

To investigate the relationship between priming and the consolidation phase 
of skill leaning we designed a paradigm of spaced item repetition where Ss had 
to decide if letter strings (non-words of 3-6 letters) were odd or even. 16 items 
were presented in pairs of blocks: in the first block in a fixed order (primer) and 
in the following block in a random order (test). Average RTs on each block as 
well as the gain in RT (delta-RT) between primer and test were computed.

In the first session 24 Ss trained on either 3 or 10 pairs of blocks and were 
retested 20 or 40 hours later. Priming (delta-RT) showed a distinctive time 
course with significant effects only within the first 4-6 pairs of blocks. After the 
8th pair, delta-RT became zero. Mean RTs on test blocks showed no further 
improvement after the 4th pair. By the next day, however, while delta-RTs 
remained zero, significant reductions in RTs were found incficating an inter-
session improvement but only when sufficient practice was gven (10 pairs).
VUth limited training (3 pairs) we found inter-session improvement only 40h but 
not 20h after the first session. We propose that the zeroing of delta-RT (I.e., the 
disappearance of priming) reflects a system switch in stimulus processing which 
is a necessary step to initiate slow learning processes. Moreover, our results 
indicate that the time-dependent consolidation of memory processes is also a 
reciprocal function of item repetition.
Support from the Bnhom -Dominic Foundation is acknowledged
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756.1

FRONTAL-PARIETAL ERP CHANGES ASSOCIATED WITH LEARNING 
VISUOMOTOR TASKS. M. Padilla. W.R. Staines and R.T.Knight*. Dept. of 
Psychology, University of California, Berkeley, CA 94720-1650

Novel visuomotor learning involves precise processing of sensory information to 
produce accurate motor responses. Event-related potentials (ERPs) were used to 
characterize neural activity associated with both motor and sensory processes 
during learning of a novel visuomotor task. We hypothesized that skill acquisition 
would result in more efficient motor preparation and sensory processing. Further, as 
task performance reaches automaticity there would be a relative posterior shift in 
scalp electrical activity. Surface EEGs were obtained from 8 subjects. In each of 4 
conditions, subjects controlled a cursor on a computer screen with a joystick held in 
their right hand. The goal was to move the cursor from a start position to a specified 
target after a short delay and to hold it for Is. In one of 3 conditions (n=60), a 
joystick movement to the right either caused the cursor to move to the right 
(Linear), to the left (Reverse), or upwards (XY). In a final more difficult condition 
(n=200), joystick movement controlled cursor velocity, not displacement (Rate). 
For this condition, individual trials were grouped into the first 60 (Ratel) and last 
60 trials (Rate2). ERPs were averaged (n=60) to movement onset, onset of target 
location, and cue for movement. Sensory-related ERPs showed an increased frontal 
negativity in the Rate task compared to all non-rate tasks (p<0.05). Subjects were 
significantly more accurate and responded faster in Rate2 compared to Ratel 
(p<0.05), although performance never became automatic. ERPs associated with 
movement onset were larger in amplitude and onset earlier over centro-parietal sites 
as learning occurred (Rate2 vs. Ratel, p<0.05). In contrast, ERPs to the cue to move 
were enhanced fronto-centrally during initial learning (Ratel > Rate2, p<0.05). The 
results suggest that learning of novel visuomotor tasks is associated with changes in 
fronto-parietal networks involved in motor preparation and sensory integration. 
(Supported by NSERC (Canada) & NIH Grant NS 21135)

756.2

NEUROLOGICALLY INTACT PARTICIPANTS CAN 
IMPLICITLY LEARN SEQUENCES OF INTERVALS. L 
Salidis* and D. B. Willingham. Dept. of Psychology, Univ. of 
Virginia, Charlottesville, VA 22903.

Research on implicit learning in motor skills suggests that 
learning with and without awareness may be functionally and 
neurally dissociable. However, past research has exclusively 
focused on the development of spatial, rather than temporal 
accuracy. To begin to address this gap, two experiments were 
conducted to determine whether people can implicitly learn 
temporal information. In Experiment 1, participants learned 
the duration of several target intervals in a simple response 
time task. However, they were subsequently able to 
consciously produce the intervals, indicating that the learning 
had been explicit. Experiment 2 investigated whether people 
could implicitly learn to time responses' in accordance with 
both ordinal and interval information. Participants learned 
sequences of response-to-stimulus intervals. Furthermore, 
they did not differ from control participants on an explicit task 
that maintained the same cues, context and response metric as 
the implicit task. These results indicate that people can 
implicitly learn to time responses. Further research on implicit 
temporal learning may contribute to a greater understanding 
of the neural and psychological determinants of structured 
temporal behavior.
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756.3
ACTIVATION OF HUMAN BASAL GANGLIA IN LEARNING AND 
RETRIEVING MOTOR SEQUENCES REVEALED BY nC- 
DIACYLGLYCEROL-PET METHOD H. Takcmoto, Y. Imahori*. K. Toyama. 
R. Fujiif H. Wakita. M, Kimura Faculty of Health and Sport Sciences, Osaka 
University, Dept. of Neurosurg., Physiol., Kyoto Pref. Univ. Med., Cyclotron 
Unit, Nishijin Hospital; Japan.

Functional imaging of the human basal ganglia (BG) was conducted using 
positron emission tomography (PET) with radioactive 1,2-"C-diacylglycerol 
(“C-DAG). The analysis based on a 3-compartment model, consisting of the 
blood (BL), neural membrane (NM) and phosphoinositol (PI) fractions indicated 
that the increased radioactivity in the contralateral striatum (ST) during various 
motor tasks represented an increased uptake of the tracer into the NM rather than 
the PI fraction (Imahori et al., 1998). Experiments were conducted on 10 male 
subjects. In the resting condition, the radioactivity in the ST reached the steady- 
state 15 min. after a single injection of the tracer to the left arm vein. This level 
was maintained for the next 40 min. Changes in the ST radioactivity from the 
baseline were studied in three types of motor tasks using sequential 6 button 
presses. There were a moderate increase for the motor learning task where the 
subjects were learning a correct sequence for button press by trial and error bases, 
a stronger increase (10-20%) for the memory-guided motor task where the 
subjects were performing the button press, retrieving the previously learned 
sequence, and a smaller increase for the visually triggered motor task where the 
subjects performed the button presses instructed by light illumination. No 
significant increase was observed in the globus pallidus and ipsilateral ST. The 
present study using activity-dependent imaging showed crucial involvement of 
the BG in retrieving learned motor sequence as well as in learning motor 
sequence, (supported by grant, #96L00201)

756.4

FUNCTIONAL MRI OF EXPLICIT AND IMPLICIT TRAJECTORY LEARNING 
IN A VISUALLY GUIDED MOVEMENT PARADIGM. J. Matthews1, I. Tracey1. 
and R.C. Miall2*. ’FMRIB, Univ. Dept. Clinical Neurology, John Radcliffe 
Hospital, Oxford, UK; 2University Laboratory of Physiology, Univ. of Oxford, UK.

Visuomotor movements following visual target motion are more precise if the 
target has a predictable trajectory. The target can be presented implicitly or 
explicitly and learning has been demonstrated in each case. However, the neural 
systems involved in each form of learning are largely unknown, and it is also 
unclear if there is a single neural site responsible for the representation of the 
trajectory waveform. We have studied these questions with fMRI of the whole brain 
using a 3T Varian-Siemens system. Five right handed subjects (2 female, 3 male) 
followed the continuous smooth motion of a visual 2-D target with index finger 
movement across a touch pad. No visual feedback of finger movement was 
provided. Three experiments were performed: i) rest vs. random trajectories; ii): 
random vs. un-signaled repetition of a fixed 21s trajectory; iii) random vs. signaled 
repetition of a different, fixed trajectory. Each block lasted 21s; and was repeated in 
an AB design seven times.

Comparing rest and random movement, activity was seen in contralateral sensori-
motor cortex, bilateral cerebellum, posterior parietal cortex (LPi, BA 40) and 
temporal cortex. Comparison of random and implicit learning activated bilateral 
cerebellum, SMA, and ipsilateral LPi (BA 40). Comparing random vs. explicit 
learning again activated bilateral cerebellum and parietal LPi , but also basal 
ganglia, and contralateral DLPFC.

These result suggest that different neural systems are involved in implicit and 
explicit trajectory learning, with activation of cerebellum in both cases, but basal 
ganglia and prefrontal areas only in the latter instance. One possible common site 
for representation of the target trajectory is the inferior parietal cortex.

Funding: Wellcome Trust studentship (JM), fellowship (RCM) and by MRC (IT).

756.5

MEMORY IMPAIRMENT OF MOTOR SKILL LEARNING IN HYDROCEPHALUS. 
0 Lai, Y-C. Ding*, J.P. McAllister. B.K.K. Koo, A. I. Canady. S. D. Ham & S.S, Sood,

Health & Physical Education; Neurosurgery, Wayne State University School of Medicine; 
Neurology, Pediatric Neurosurgery, Children’s Hospital of Michigan, Detroit, MI 48201

Hydrocephalus is characterized by a pathological enlargement of the cerebral 
ventricles that results from an abnormality of flow of cerebrospinal fluids. Recent studies 
reveal that hydrocephalic patients have various degrees of disability most often associated 
with motor and cognitive deficits. The goal of this study was to investigate the motor memory 
impairment of hydrocephalic children when they learn a timing rhythm task. Hydrocephalic 
children 9-15 years old who had undergone shunting procedures and normal control children 
at the same age were asked to learn 5 predetermined timing intervals by pressing keys on a 
computer keyboard alternatively with their 2 middle fingers. In acquisition phase, visualized 
goal timing intervals and feedback were presented to all participants before and after their 
key-press, respectively. Modeled auditory information about the goal timing intervals was 
provided to the participants prior to each trial. A retention and transfer test without modeled 
information and feedback was administered approximately 24 hours after the completion of 
acquisition practice. A questionnaire and a neurological exam were conducted prior to the 
experiment. All patients integrated into normal schools had normal intelligence and they 
physically were able to do the programmed task. ANOVA indicated that the hydrocephalic 
children improved their performance with practice in the acquisition phase like normal 
children. However, on the retention and transfer tests the hydrocephalic children produced 
significantly higher errors on timing rhythm relative to the controls. These data suggest that 
hydrocephalic children are able to acquire the motor timing-pattern by the assistance of 
modeled auditory information and visualized feedback. However, the motor timing-pattern 
might not be consolidated into long-term memory or be generalized for a transfer task. These 
results further imply that in hydrocephalus memory systems located in the hippocampus, 
rather than motor cortical systems, may not completely recover after shunting procedures. 
Supported in part by Interdisciplinary Research Grant.

756.6
LEARNING AND RETENTION OF TEMPORAL MOTOR SEQUENCES IN 
HUMANS. VB Penhune*, K Desouza, A Milewski and J Doyon. Departments of 
Psychology, Laval University and McGill University.

Numerous studies have examined motor sequence learning, but learning of the 
temporal aspect of such tasks has been little explored. Learning is thought to have 
an early, fast phase and a later, slow phase. Movement sequences become auto-
matized in the late phase, and can be retained for long periods without practice. The 
aim of this experiment was to explore temporal-motor learning across both early 
and late phases of learning as well as at long-term retention.

Ss were 17 right-handed young normal volunteers who were explicitly taught to 
tap a temporal sequence and then practiced it 48 times on each of 5 days. Sequences 
were presented on the computer screen and Ss imitated them by tapping in 
synchrony using the mouse. Each sequence contained 5 short (250 ms) and 5 long 
(750 ms) elements with a constant ISI (500 ms). Learning of the practiced sequence 
was contrasted with performance of a novel sequence, practiced only 12 times per 
day. Retention was tested after a 4-week delay. Key-press and key-release times 
were recorded and learning was assessed by computing: percent correct, variance of 
response durations, and synchrony of responses with onset of target stimuli.

Across trials 1-4 on Day 1, percent correct improved across trials and responses 
became better synchronized. Across Days 1-5, percent correct and synchronization 
improved further and variance decreased. Performance did not differ for the 
practiced and novel sequences, suggesting Ss do not simply learn the sequence of 
short and long elements, but the temporal relationship between them. After a 4-week 
delay, there was no decrement in performance for any of the variables in comparison 
with Day 5 of learning. These results indicate that learning of temporal sequences 
follows a time course similar to other motor sequence tasks, and that temporal 
relations are well retained after a delay. Future studies will investigate the neural 
mechanisms underlying learning and retention of temporal motor sequences.

Supported by: FRSQ and NSERC

756.7

EFFECTS OF VISUAL DISPLAY ROTATION ON HUMAN SPATIAL 
SEQUENCE LEARNING. K. Kitaguchi*, K, Sakai, and O, Hikosaka, Department 
of Physiology, Juntendo University School of Medicine, Tokyo 1130033, Japan.

We have studied the neural mechanisms for procedural leaming/memory using 
a trial-and-error visuo-spatial learning task called 2x5 task (for monkeys) and 2x10 
task (for humans) (Hikosaka et al., The Cognitive Neurosciences, 1999). The studies 
have indicated that learning occurred at differentially for correct performance vs. 
quick performance, suggesting that separate neural systems are involved in learning. 
To test this hypothesis, we asked 11 human subjects to learn new sequences in two 
conditions: ROTATE and CONTROL. On a keypad were arranged 16 LED buttons in 
a 4x4 matrix and a homekey. When the subjects pressed the homekey, 2 of the 16 
LED buttons were illuminated simultaneously and the subjects had to press them in 
the correct order, initially by trial-and-error. A total of 10 sets of illuminated buttons 
were presented in a fixed order for completion of a trial. If the subjects failed, they 
had to start from the first set. By repeating the same sequence, the subjects acquired 
the correct and quick performance. The subjects had to perform 20 trials successfully, 
each comprising 10 consecutive sets with no error, to complete 1 session. The 
experiments were done in 2 sessions. In the 2nd session of ROTATE condition, the 
keypad was rotated clockwise by 90 deg; in the CONTROL condition, it was not 
rotated. Compared with the 1st session, the mean number of errors for the 2nd 
session decreased significantly in both conditions. In contrast, the mean performance 
time decreased in CONTROL condition, but not in the ROTATE condition. These 
results suggest that the memory indexed by the performance time is relatively 
specific to the sensory environment, while the memory indexed by the number of 
errors could be dissociated from the sensory environment. The distinction may be 
relevant to the procedural/declarative dichotomy.

756.8
TASK DEPENDENCE IN MOTOR SEQUENCE LEARNING: O. Soto? D. B. 
Willingham2, and J, Ashe1*. ‘Brain Sciences Ctr. and Dept. of Neurology, VAMC, 
University of Minnesota, MN 55417; 2Dept. Of Psychology, University of Virginia, 
Charlotesville, VA 22903.
The serial reaction time task (SRTT) has been used to study implicit and explicit learning 
in human subjects. We used a modification of the SRTT to ask whether sequence 
learning was influenced by the occurrence of movement. We studied nine healthy adult 
subjects (4 M, 5 F) who used a joystick manipulandum to control the movement of a 
cursor on a video screen. They were required to hit targets presented in one of 4 possible 
directions (0°, 90°, 180°, 270°). The targets were presented either randomly (R) or 
following a repeating 12 element sequence (S). Each subject was presented with 7 
blocks of 96 trials each. The order of block presentation was: R-S-S-S-S-R-S. The 
response to stimulus interval was 500 ms. There were two different behavioral 
conditions. In the isometric group ( n = 4) exertion of force but no movement was 
required to perform the task. In non-isometric group (n= 5), displacement of the 
manipulandum was necessary. At the end of the experiment, subjects performed a 
sequence recognition task, which assessed the level of explicit knowledge of the 
sequence. There were no differences in the numbers of performance errors between the 
groups. The non-isometric group showed evidence of sequence learning as assessed by 
a significant difference in response time between the 5th (S) and 6th(R) blocks [mean 
difference in RT, 10.6 ms (p = 0.02)]. Two of five subjects developed explicit 
knowledge. There was no evidence of sequence learning, on the basis of RT measures, 
in the isometric group. Nonetheless, two of four subjects developed explicit knowledge 
of the sequence. This dissociation between the development of explicit knowledge, and 
improvement in RT as a reflection of that knowledge, suggests that in isometric 
conditions the translation of explicit sequence knowledge to savings in RT is impaired. 
Alternatively, perhaps, improvement in RT is primarily related to implicit learning which 
is defective in the isometric condition. (Supported by NSF and Dept of Veterans Affairs).
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756.9
Is a Dual-Task approach beneficial for improvement of automaticity?
0. Janke, J. Netz, V. Homberg*
Neurological Therapeutic Centre; Heinrich-Heine-U niversity Diisseldorf, Germany
A recurring problem of rehabilitative physiotherapy is the transfer of relearned motor 
abilities into everyday life. New movement patterns can be established in the 
rehabilitation phase but won't be executed in patient's privacy. A possible explanation 
of these findings is the following: newly aquired movements lack sufficient automaticity 
and require cognitive effort. A possible way to obtain information about the level of 
automaticity is a Dual-Task Paradigm frequently used in cognitive psychology to 
determine levels of overlearning and cognitive effort by obtaining data on two 
interfering tasks. We conducted an experiment in which one group of patients with gait 
disorders (testgroup) had to solve a „word-counting task“ in parallel to standard 
physiotherapy. Another group of patients received only this standard physiotherapy. The 
level of automaticity were determined before and after therapy from reaction times 
obtained simultaneously during a walking task and by scoring the patients’ video-taped 
walking by experienced blinded physiotherapists using a specially created motoric score. 
In addition step durations were measured. Significant improvements of reaction time 
could be stated in the testgroup. There were no changes in step durations for either 
group. A distinct change of movement pattern could also be found in the testgroup. It 
can be concluded that a learning procedure using the Dual-Task Paradigm is 
advantageous in terms of gaining automaticity and can consequently lead to a more 
frequent everyday life usage of relearned movement patterns.

756.10

TEMPORAL CONSTRAINTS OF MOTOR CONTROL AS A FUNCTION 
OF CHILD COGNITIVE DEVELOPMENT. E. Szelag(1), L. Do(1), J. 
Kowalska(1), K. Rymarczyk(1), E, Poppel(2) (SPON: European Brain and 
Behaviour Society) (1)Department of Neurophysiology, Nencki Institute of 
Experimental Biology, 02-093 Warsaw, Poland, ^Institute of Medical 
Psychology, D-80 336 Munich, Germany.

We have previously shown developmental effects on the limits of temporal 
integration in different perceptual tasks in the domain of around 3000 ms. Here 
we report developmental remodelling also in temporal constraints of motor 
control on two different temporal levels: around 3000 ms and 300 ms. The 
former was assessed by measuring the temporal segmentation in every day 
activities performed during the experiment, such as: waving, scratching, patting, 
stroking, etc. Across different cultures in spontaneous behaviour such movement 
patters have a duration of approx, a few s, reflecting probably underlying 
temporal binding mechanism. Temporal processing in the range of approx. 300 
ms was studied with a maximum speed in finger tapping task. We tested 60 
children classified into 3 equal age groups (age range: 6-7, 9-10, 13-14 years).

The results showed that the action units produced by children with the left and 
right hand were temporally segmented in a narrow span which usually did not 
exceed a “3000-ms-window”. Moreover, we found shortening of the action 
length as result of child cognitive development. Similarly, the acceleration in the 
maximum finger tapping tempo with cognitive development was observed, 
moreover, the tapping speed for the right (dominant) hand was faster than that 
for the left hand. From these observations we conclude that temporal control of 
movement, similarly as temporal perception, is strongly tied to normal child 
development. Our results support also the notion of highly co-ordinated 
coexistence of different temporal mechanisms operating in various time 
windows. (Supported by the KBN grant No 4.PO5E. 09609).

756.11

THE EFFECT OF MENTAL PRACTICE IN THE LEARNING OF A SEQUENCE 
OF FOOT MOVEMENTS P.L. Jackson*1, M.F. Lafleur1, F. Malouin2, C. Richards2 
and J. Doyon1. ’Psychology & 2Rehabilitation Depts., Laval Univ., Quebec, Canada.

To examine the role of mental practice (MP) in the rehabilitation of patients with 
locomotor impairments, we have recently developed a foot-sequence learning task. 
The objectives of the present study were to test the effect of MP on the learning of a 
sequence of single-joint movements of the foot (flexion-extension) and to investigate 
the nature of the learning processes underlying the performance gains associated 
with mental practice. Three groups of healthy volunteers matched for age, gender 
and education participated in this study. The subjects' physical performance on the 
foot-sequence task was measured over six consecutive weekly sessions in both a 
sequence and a random movement condition. Each subject was taught explicitly a 
six-item sequence before the beginning of the experiment. Between testing sessions, 
participants were asked to practice mentally the sequence on 12 occasions (60 
repetitions each) using either motor imagery (MI group, n=6) or verbal rehearsal 
(VR group, n=5). A control group (CT, n=5) without mental practice was also 
included. It was predicted that the MI group would show greater improvement in 
performance than both the VR and CT groups. Analysis of the subjects’ movement 
and reaction times in the testing sessions reveal that 1) all groups learned the 
sequence when compared to the random condition, 2) the learning curve was steeper 
in the MI group than in the CT group, 3) the learning rate did not differ between the 
MI and the VR groups. These preliminary findings support the notion that MP can 
influence the learning of a sequence of single-joint movements, but that this effect 
does not depend entirely on the visual and kinesthetic components involved in motor 
imagery. The implications of these results are discussed with respect to the role of 
declarative knowledge in skill learning based on Annett's Action-Language- 
Imagination model (1996), and the use of MP in physical rehabilitation.
This work was supported by the Fonds de Recherche en Santd du Quebec.

756.12

FUNCTIONAL NEUROANATOMY OF EXECUTED AND IMAGINED 
SEQUENTIAL MOVEMENTS OF THE FOOT IN HUMANS EXAMINED WITH 
PET. M.F. Lafleur1 *, P.L. Jackson1. F. Malouin2. C L. Richards2. A. C. Evans3 and J.
Doyon1,3. 1 Psychology Dept.,2 Rehabilitation Dept., Laval Univ., Quebec, Canada;
3 McConnell Brain Imaging Center, McGill Univ., Montreal, Canada.

Recent imaging studies comparing executed and imagined actions have focused 
primarily on the neural substrates mediating sequential movements with the upper limbs. 
However, the cerebral structures participating in the acquisition of a new motor 
sequence involving the lower limbs in both overt or covert conditions remains unknown. 
The present study aimed at exploring the dynamic changes that occur over the course of 
learning a sequence of movements of the foot in both physical execution (PE) and motor 
imagery (MI) conditions. Seven healthy volunteers were scanned under four 
experimental conditions (twice [PE; MI] at an early phase of learning; twice [PE; MI] 
after a one-hour training period of an explicitly known sequence of movements of the left 
foot), and three control conditions (two random [PE; MI]; one perceptual).

The behavioral findings show that subjects learned the sequence as their mean 
response time decreased significantly with practice. Only the blood flow data comparing 
the experimental and random conditions are presented here. CBF changes associated 
with PE of the sequence early in the learning process were observed in the SMA, inferior 
parietal and dorsal premotor cortex. After training however, these motor cortical regions 
were no longer activated, suggesting that they are critical for establishing the motor 
routine involved in executing a sequence of movements of the foot. By contrast, 
increased level of activity was seen in the anterior cingulate and the striatum, which 
implies that these structures may allow for the development of a long lasting 
representation of the sequence. Interestingly, a similar pattern of dynamic changes with 
learning was also observed in the MI conditions. This last finding suggests that the 
plasticity that occurs during the incremental acquisition of a motor sequence executed 
physically is reflected by the covert production of this skilled behavior. Support: FRSQ 
Grant to J.D., F.M., and C.L.R.; Laval Univ. Rehabilitation Scholarship to M.F.L.

756.13

LEARNING OF SPATIAL AND TEMPORAL PATTERNS IN SEQUENTIAL 
HAND MOVEMENTS: EFFECTS OF TEMPORAL PREDICTABILITY AND 
COMPLEXITY. D. Lee*. Dept. of Neurobiology and Anatomy, Wake Forest Univ. 
Sch. Med. Winston-Salem, NC 27157.

Repeated execution of a particular movement sequence leads to performance 
improvements specific to die learned sequence. Although previous studies of 
sequence learning have mostly focused on spatial aspects of movement sequence, 
temporal factors may also play important roles in the learning and performance of 
movement sequences. In this study, effects of two temporal factors on sequence 
learning were examined: (1) predictability of the timing of target presentation, and (2) 
complexity of the temporal pattern. In each trial, human subjects controlled the 
position of a feedback cursor in a computer monitor with hand movements in a 
ffonto-parallel plane to acquire a series of 9 targets. Hand movements were 
monitored by tracking a reflective marker attached to the right index finger with a 3D 
optical sensor. In most trials, target locations followed a consistent pattern, whereas 
in some trials, they were randomly determined. In addition, timing of target 
presentation (i.e., response-stimulus interval, RSI) was manipulated in two ways. 
Effects of temporal predictability were examined by comparing performance in trials 
in which RSI followed a consistent pattern to that in trials for which RSI was 
randomly determined for each target presentation. The complexity of the temporal 
pattern was also manipulated. To determine if sequence learning occurs for a specific 
spatiotemporal pattern, the phase between the spatial and temporal patterns was 
altered in some trials. Analysis of reaction time showed that regardless of temporal 
complexity, a phase-shift produced a modest performance deficit, suggesting that 
subjects learned specific spatiotemporal patterns in movement sequences. Learning 
of a temporal pattern was slowed down as the complexity of temporal patterns 
increased. However, temporal complexity did not influence the learning of spatial 
pattern, suggesting that the learning of spatial and temporal patterns proceed largely 
independently.

756.14

THE EXTENT OF PRACTICE WITHIN THE FAST ACQUISITION STAGE 
INFLUENCES THE CONSISTENCY BUT NOT THE OVERALL LEVEL OF 
CONSOLIDATION OF MOTOR SKILL LEARNING. A. Sitnard*. M, Barre, S. 
Tremblay and J. Doyon. Dept. of Psychology, Laval University, Quebec, Canada.

The consolidation of a new skilled behavior, as defined by the spontaneous 
improvement in performance between separate training session without additional 
practice, has previously been reported in both visuoperceptual and motor 
paradigms. However, this effect is not always present in all subjects, due possibly 
to the fact that prior studies used a fixed number of practice trials within the first 
training session instead of a subject-tailored approach. Considering the 
heterogeneity in individuals’ capacity to learn new skills, the former design is apt 
to produce great disparities in proficiency to execute the task, and thus to affect the 
subsequent level of consolidation. This study aimed at comparing the effect of the 
extent of practice (early Vs asymptotic performance) of a motor adaptation task 
before testing for consolidation. It was predicted that subjects who trained until 
they reached asymptote in their performance would show greater consolidation of 
the adapted movements. Groups of healthy subjects were trained on a new version 
of the eight-target tracking task, in which they were required to follow a curved 
(instead of a straight) trajectoiy to reach a target within three seconds. The 
relationship between the movement of the cursor and the movement of the joystick 
was inverted on both X and Y axes. Based on the results of a pilot study, subjects 
were either given 4 (early) or 16 (asymptotic) blocks of 16 trials each on day one. 
They were tested again approximately 24 hours later. Contrary to our prediction, 
the two groups did not differ systematically in their level of consolidation as 
measured through a performance index based on the differences between the 
executed and the intended trajectory as well as on the relative difficulty of the 
movement required. However, other indices of performance revealed that subjects 
in the 16-block condition were more precise in their movements and showed a 
higher and more stable number of completed trials. These findings suggest that 
the amount of training within the fast acquisition stage does not affect the overall 
level of consolidation, but that it influences several performance parameters 
reflecting the consistency of this phenomenon.
Support: NSERC grant to Julien Doyon and IRDPQ scholarship to Alain Simard
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756.15
COGNITIVE SKILL LEARNING MEASURED USING A REPEATING VERSION 
OF THE TOWER OF LONDON TASK. M-C, Ouellef*and J. Doyon, Dept. 
Psychology, Laval University, Quebec, Canada.

Cognitive skill learning refers to the process by which rules, procedures, and 
strategies relevant to the performance of mental operations come to be combined and 
used effectively following practice. The cognitive parameters and neural substrate 
mediating the ability to acquire new cognitive skills remain largely unknown because 
of the multifactorial nature of the processes involved and the limited number of tools 
available to measure this type of memory. In this study, we used a computerized 
version of the Tower of London (TOL) task to investigate (1) the course of learning 
associated with practice of repeated TOL problems and (2) the changes in cognitive 
processes allowing the development of this type of problem-solving ability. Thirty- 
six healthy volunteers were randomly assigned to two groups. In the RANDOM 
group, subjects were given 5 blocks of 15 trials, each block composed of non-
recurring problems requiring 4, 5, or 6 moves to reach the solution. Subjects in the 
SEQUENCE group were asked to solve problems of similar difficulty, but 
unbeknown to them, a specific sequence of 3 problems was repeated on Blocks 2, 3 
and 4, while randomized problems were presented on Blocks 1 and 5. Indices of 
execution, planning and total time, as well as the number of moves necessary to 
solve each problem were used to measure learning. Both groups showed significant 
learning over time. Moreover, subjects in the SEQUENCE group showed even 
greater improvement during Blocks 2, 3, and 4, when the sequence was presented, 
followed by a significant decrement in performance on most dependent measures 
when the sequence was removed. This effect was independent of subjects’ declarative 
knowledge of the sequence. These results suggest that the specific rules, procedures, 
and strategies pertaining to the solution of a repeating sequence of problems can 
develop above a more general ability at executing this task. These findings indicate 
that this new repeating version of the TOL task is a valid tool to measure cognitive 
skill learning and that it could be useful in future lesion and brain imaging studies to 
identify the neural substrate underlying this type of acquired skill. Support: NSERC 
grant to J.Doyon, FRSQ-FCARsante scholarship to M-C. Ouellet.

756.16
EXPLICIT KNOWLEDGE PROMOTES IMPLICIT LEARNING OF THE 
SERIAL REACTION TIME TASK IN INDIVIDUALS WITH UNILATERAL 
BRAIN DAMAGE. L.A. Boyd, L.L. Baker*, C.J. Winstein. Motor Behavior Lab, 
University of Southern California, Los Angeles, CA 90033.

Implicit learning is characterized by the acquisition of task relevant 
information without conscious, declarative awareness. One paradigm used to 
demonstrate implicit learning is the serial reaction time task (SRTT) (Nissan & 
Bullimer, 1987). During SRTT practice a sequence is practiced without the 
subject’s awareness. In individuals without neurologic deficits, practice leads 
to decreased reaction times (RT); sharp increases in RT are evident when 
random responses are practiced. With continued practice, explicit awareness 
of the sequence’s existence may be gained. It has been reported that explicit 
knowledge prior to practice did not significantly improve implicit learning in 
individuals without neurologic deficits (Reber & Squire, 1998). Previously, we 
reported absent implicit learning of the SRTT in individuals with unilateral 
stroke compared to healthy age-matched controls (Boyd & Winstein, 1998). 
The purpose of this pilot investigation was to determine if prior explicit 
knowledge would promote implicit SRTT learning in persons with unilateral 
stroke-related brain damage. The task and sequence was explicitly explained 
to two individuals with stroke one day before testing. In addition, each was 
asked to study a schematic representation of the 9-element sequence the 
night before practice. Before testing, subject 1 (S1) demonstrated partial 
recall and recognition, while subject 2 (S2) had full explicit knowledge of the 
sequence. Responses were made with the arm ipsilateral to the brain lesion 
and the sequence was practiced 24 times. Relative to the random condition, 
both subjects decreased RT with practice (S1 -50 ms; S2 -72 ms). However, 
movement time did not change. These data together with our previous 
findings suggest that deficient implicit learning following stroke can be 
ameliorated by prior explicit knowledge.

156.Y1
WHEN LEARNING FAILS: EXPLORING A CONNECTIONIST ACCOUNT OF 
LOSS OF PLASTICITY IN ADULTHOOD Adam G. Thomas* and James L, McClel-
land. Center for the Neural Basis of Cognition, Carnegie Mellon University and Uni-
versity of Pittsburgh, Pittsburgh, PA 15213.
The human brain’s capacity for learning is unrivaled by any other system, biological or 
man-made. Nevertheless, in some cases learning fails even with extensive experience. 
One striking example is the difficulty adults have in learning to recognize and produce 
phonemes in a language other than their native tongue (Lenneberg, 1967). This is a 
problem for native Japanese adults, who have difficulty distinguishing between 
English /r/ and /!/ even after living in an English speaking environment for several 
decades. The general idea that poor learning in adulthood is solely due to a loss of 
plasticity after a biologically programmed time period is challenged by demonstrations 
of significant plasticity in the organization of adult sensory cortices given carefully 
structured training experiences (Recanzone et al, 1992; Jenkins, 1990). Thomas and 
McClelland (1997) put forth a Kohonen-type network model in which a Hebbian 
learning mechanism led to a stable configuration of perceptual categorization, illustrat-
ing how an adult might fail to learn a simple phoneme discrimination even though the 
brain’s underlying mechanisms of plasticity remained intact. The model also predicted 
that these deficits could be remediated by a simple training procedure using exagger-
ated stimuli. McCandliss et al. (1999) demonstrated the utility of these ideas in train-
ing Japanese adults to distinguish between /r/ and /l/. McCandliss and colleagues also 
found that feedback plays a major role in enhancing the effectiveness of training. Here 
we demonstrate how feedback may be incorporated into the model without resorting to 
error back-propagation, capturing the beneficial effects of feedback in training human 
subjects. We also demonstrate that the absence of other phoneme tokens during train-
ing reduces competition and significantly speeds remediation. This idea will soon be 
subjected to experimental test. The method used to constrain synaptic weights has also 
proved to be an important factor in the remediability of the model. A multiplicative or 
subtractive normalization scheme typical of competitive learning algorithms leads to 
relatively early remediation using exaggerated patterns. However, using an activity 
dependent weight decay caused remediation to be far more difficult. Implications for 
hypotheses about plasticity in real biological systems are considered. NSF/LIS Grant 
#9720348

LIMBIC SYSTEM AND HYPOTHALAMUS II

757.1

MORPHOLOGY OF SPINY NEURONS IN THE HUMAN ENTORHINAL 
CORTEX: INTRACELLULAR FILLING WITH LUCIFER YELLOW.
M. Mikkonen,1* A. Pitkanen,1-2 H. Soininen,1 I. Alafuzoff,1- 3 and R. Miettinen1.
'Dept. of Neuroscience and Neurology, 2Epilepsy Research Laboratory, A.I. 
Virtanen Institute, 3Dept. of Pathology, Univ. of Kuopio and Kuopio Univ. 
Hospital, Kuopio, Finland

We investigated the morphology of spiny neurons in the human entorhinal 
cortex. 200-pm-thick coronal entorhinal slices were obtained from autopsies of 
three subjects. Spiny neurons (n=132) filled with lucifer yellow were analyzed in 
different subfields and layers of the entorhinal cortex. Based on the shape of the 
somata and primary dendritic tree, spiny neurons were divided into morphologic 
categories: (1) classical pyramidal, (2) stellate, (3) modified stellate, and (4) 
horizontal tripolar cells. In layer II, the majority (81%) of spiny neurons had 
stellate or modified stellate morphology, but in the rostromedial subfields (EO and
F.R) there were also horizontal tripolar neurons. Dendritic branches of layer II 
neurons extended to layer I (94%) and to layer III (83%). Unlike in layer II, most 
(74%) of the filled neurons in layers III, V, and VI were classical pyramidal cells. 
The majority of pyramidal cells in the superficial portion of layer III had dendrites 
that extended up to layer II, occupying the space between the neuronal clusters. 
Some dendrites reached down to the deep portion of layer III. Apical dendrites of 
layer V and VI pyramidal cells traveled up to the deep portion of layer III. Vertical 
extension of dendritic branches to adjacent layers supports the idea that inputs 
terminating in a specific lamina influence target cells located in various entorhinal 
layers. More overlap exists in the dendritic fields between superficial layers II and 
III than between the superficial (II-III) and deep (V-VI) layers supporting the idea 
of segregation of information flow targeted to the superficial or deep layers in the 
human entorhinal cortex.

757.2

THE ENTORHINAL CORTEX OF THE MOUSE; INTRINSIC 
ORGANIZATION. Th. van Groen*, I. Kadish and P, Riekkinen Jr. University of 
Kuopio, Dept. of Neuroscience and Neurology, Canthia Building, P.O. Box 1627, 
FIN 70211 Kuopio, Finland.

Few studies have analyzed the intrinsic connections of the entorhinal cortex in 
the rat. In the rat, the superficial layers (i.e., II and III) of the entorhinal cortex 
have been shown to project to the superficial layers predominantly within the same 
entorhinal region, and the layer V-VI axons also terminate in the superficial layers 
within the same entorhinal region. Species differences have been demonstrated in 
these connections, e.g., in the monkey, therefore we hypothesized that in the mouse 
these connections might also be distinct from the rat. We used anterogradely and 
retrogradely transported tracers to study these connections in adult, male mice. 
Adult, male mice (C57BL/6J) were anesthetized, the entorhinal cortex was injected 
with Fast Blue or Fluoro Gold (20 nl of tracer), in other mice iontophoretic 
injections of biotinylated dextran amine were made. Ten days later the animals 
were sacrificed and transcardially perfused. The brains were cut in three coronal 
series of 50 pm sections, the first series was Nissl-stained, the second for AChE, 
and the third was either mounted unstained (fluorescence) or stained with avidin- 
HRP and DAB-Nickel. The data demonstrate that in mice the intrinsic entorhinal 
cortex connections are very similar to those in the rat. In mice, the intrinsic 
entorhinal cortex terminals are present in the superficial layers of the entorhinal 
cortex, predominantly contained within a rostrocaudal band. However, in the 
mouse a dense projection from the layer II entorhinal cells to the contralateral 
entorhinal cortex (terminating in layer I) is present, this projection is not found in 
the rat. Supported by the Finnish Academy of Sciences.
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757.3
ULTRASTRUCTURAL ANALYSIS OF THE DEEP-TO-SUPERFICIAL LAYER 
CONNECTIONS IN THE RAT ENTORHINAL CORTEX.
T. van Haeften*, B. Jorritsma-Bvham and M.P. Witter.
Research Institute Neurosciences Vrije Universiteit, Department of Anatomy; 
Vander Boechorststraat 7, 1081 BT Amsterdam, The Netherlands.

Neurons providing the connection between deep and superficial layers of 
the entorhinal cortex (EC) constitute a pivotal link in the neuronal network 
underlying reverberation of neuronal activity in the entorhinal-hippocampal 
system. Little is known regarding the morphology and postsynaptic targets of 
these deep-to-superficial projecting neurons. In this study, layer V entorhinal 
neurons were labeled by pericellular tracing and their synaptic organization in 
layers II and III was assessed with light- and electron microscopy. In five rats, 
tiny injections with the pericellular tracer Neurobiotin were made in layer V of 
the EC. Rats were perfused after one day and labeled neurons were 
visualized with a DAB-reaction. In all rats, a few neurons were labeled in a 
'Golgi-like’ fashion. Two major types could be distinguished: (1) pyramidal 
neurons with apical spiny dendrites traversing all superficial layers and 
ramifying in layer I, and (2) stellate and horizontal neurons with spiny 
dendrites confined to the deep layers. Both types displayed axons ramifying 
profusely in layers II and III and to a much lesser extent in layer I. Electron- 
microscopical analysis of labeled terminals in layers Il-Ill showed that 54% of 
the terminals formed asymmetrical synapses on spines (presumed principal 
neurons) and 14% on dendritic shafts (presumed interneurons). A small 
fraction of the synapses was of the symmetrical type which were made on 
both spines (15%) and dendritic shafts (17%). These findings suggest that 
the deep to superficial projections are mainly excitatory in nature, subserving 
both excitation and feed-forward inhibition. There is an additional weaker 
inhibitory component to these projections, which may have a direct inhibitory 
and disinhibitory effect on the entorhinal network. NWO 903-47-051.

757.4
INFORMATION PROCESSING IN THE PARAHIPPOCAMPAL CORTEX 
(AREAS TH and TF): A NEUROANATOMICAL STUDY OF INTRISINC 
PROJECTIONS IN THE MACAQUE MONKEY. W.A. Suzuki*, T. Yoon, and
D.L. Forshaw. Center for Neural Science, New York University, NY, NY, 10003.

Findings from a previous retrograde study showed that different medial-laterally 
oriented bands within the macaque monkey parahippocampal cortex (areas TH and TF) 
tend to receive different kinds of cortical sensory inputs (Suzuki & Amaral, 1994). 
The medially situated area TH is distinguished by its inputs from auditory association 
areas. The laterally adjacent area TF receives strong inputs from visual areas TE, TEO 
and V4, as well as polysensory inputs from retrosplenial cortex and the dorsal bank of 
the superior temporal sulcus. The lateral subdivision of area TF (area TF1) is 
differentiated from the medial subdivision (area TFm) by receiving stronger 
projections from parietal areas 7a and LIP. These findings suggested that different 
medial-laterally oriented bands within the parahippocampal cortex may be specialized 
for processing different kinds of sensory information. Another factor that will have a 
powerful influence on information processing within the parahippocampal cortex is the 
organization of its intrinsic projections. To evaluate this aspect of parahippocampal 
connectivity, we placed discrete injections of the anterograde tracers PHA-L and BDA 
throughout the parahippocampal cortex in 2 macaque monkeys. Preliminary findings 
from 2 successful injections suggest evidence for extensive projections within a given 
band as well as moderate to weak projections between bands. For example, case M7-98 
contained an injection of BDA involving layers III through V of the lateral portion of 
area TH. This injection led to extensive projections to the full rostral-caudal extent of 
area TH. A moderate to weak projection was seen throughout a large extent of area 
TFm. Only a small rostral-caudal extent of area TF1 contained labeled fibers. These 
preliminary results suggest that sensory information projecting to a given medial- 
lateral band within the parahippocampal cortex is not only processed extensively 
within that band, but can also be integrated with other kinds of sensory inputs via these 
inter-band projections. Sponsored by a McKnight Scholar Award to WAS.

757.5

CORTICAL RETURN PROJECTIONS FROM THE ENTORHINAL 
CORTEX. TOPOGRAPHICAL, LAMINAR DISTRIBUTION TO 
NEOCORTEX AND COMPARISON WITH PERIRHINAL AND 
POSTERIOR PARAHIPPOCAMPAL CORTICES IN THE MONKEY
R. Insausti*and M.Munoz. Dept. Health Sciences, Univ. Castilla-La Mancha 
Sch. Medicine, Benjamin Palencia Bldg., 02071 Albacete, SPAIN.

The entorhinal cortex (EC) receives direct cortical input from polysensory 
association areas of the neocortex. EC is a major link between the polysensory 
association areas in the neocortex and the hippocampus. The association areas in 
the neocortex has been proposed as the final repository of memory via direct 
backprojections from EC and possibly through prirhinal cortex (PRC) and 
posterior parahipocapal cortex (PHC). The laminar and topographical 
organization of these projections were analyzed in a total of 26 deposits in 14 
monkeys {Macaca fascicularis) of the retrograde tracers Fast Blue (FB) and 
Diamidino Yellow (DY) in different points of the superior temporal gyrus 
(STG), area TE, orbitofrontal cortex, cingular cortex (area 24), infralimbic 
cortex (area 25) and prelimbic cortex (area 32), the parietal cortex (areas 5 and 
7), the dorsal prefrontal cortex (areas 12, 45 and 46). Serial sections were 
obtained and labeled neurons charted at 1 m intervals, and represented 
graphically in unfolded maps. Layer V of EC, PRC and PHC showed abundant 
labeling after injections in the rostralmost portion of the STG and caudal 
portions of orbitofrontal cortex. Injections in area 24, area 25 and area 32 also 
labeled abundantly the EC. Sparse or no labeling was observed after injection in 
the dorsal prefrontal cortex. Lateral portions of the EC showed the densest 
labeling, although PRC and PHC showed higher number of labeled neurons at 
comparable topographical levels. Supported by DGICYT PM94-1552.

757.6

PIRIFORM CORTEX PROJECTIONS TO THE ENTORHINAL CORTEX 
Gerardo Biella (*) and Marco de Curtis, Dept. Experimental Neurophysiology, 
Istituto Nazionale Neurologico, via Celoria 11, Milano, Italy.

The olfactory projection to the entorhinal cortex and hippocampus has been studied 
extensively with anatomical means. These report demonstrate that the lateral 
olfactory tract (LOT) and the associative fibers that originate from the piriform 
cortex project to the rostral part of the entorhinal cortex (ERC). Both projections are 
more intensely distributed in the lateral ERC, even if some studies report a diffuse 
projection that involves also the medial ERC. In order to study the olfactory 
projection pattern to ERC sub-regions, we utilized the isolated guinea pig brain 
preparation to map the responses evoked by LOT stimulation. Extracellular 
recordings were performed with glass micropipettes filled with 1 M NaCl and with 
16-channel silicon probes manifactured by the University of Michigan (100 pm- 
vertical spacing between leads). Current source density analysis of laminar field 
potential profiles demonstrated that the most lateral aspect of the rostral ERC receive 
a very weak monosynaptic olfactory input, whereas an associative polisynaptic 
response can be recorded in the entire lateral ERC. No projection (neither mono, nor 
disynaptic) to the medial ERC was observed. No local field responses were observed 
also in the perirhinal region The deep layers of the medial ERC were exclusively 
activated poli-synaptically via the hippocampus when large population spikes were 
generated in the DG-CA1 region by increasing the stimulation intensity. The medial 
ERC could also be entrained during repetitive low intensity stimulation of the LOT 
at frequencies between 1 and 10 Hz. The results demonstrate that the lateral and the 
medial ERC differ substantially in terms of connectivity and pattern of activation, 
suggesting the possibility that they represent cortical structures with distinct and 
peculiar functional properties that play different role in the integration of olfactory 
sensory inputs.

757.7

PARIETAL CONNECTIONS TO THE PRESUBICULUM TERMINATE WITH 
LARGE ARBORS AND BRANCH WIDELY TO OTHER AREAS. S.L. Ding?* 
G.W. Van Hoesen.1,2 and K.S, Rockland1. ’Dept. Neurology, 2Dept. Anat. and 
Cell Biol., Univ. of Iowa; Iowa City, IA 52242.

Anatomical evidence suggests that the presubiculum, which receives dense 
inputs from several cortical regions (temporal, cingulate, prefrontal, and parietal 
areas), is an important component of the medial temporal lobe memory system. 
Detailed understanding of connectional microcircuitry, however, and its possible 
relation to mnemonic processes, is not available. In this study we further 
investigate aspects of presubiculum organization by single axon analysis (n = 14) 
of parietal lobe connections, anterogradely labeled by BDA, in 2 rhesus monkeys.

Parietal connections, as reported by others, terminate in a columnar pattern 
concentrated in layers I and II (the external principal layer). Typically, there are 
3 columns over 1.2 mm. Within these fields there is evidence of several types of 
axons. Some axons (n = 3) appear to terminate only in layer I. These travel for 
2.0 -2.8 mm in layer I, with terminal branches along the distalmost portion (£ 
0.6 mm). Most of the axons, however, terminate with multiple aibors either in 
layer II alone, or layers I and II together. Single arbors frequently measure 0.6- 
0.8 mm in the long axis. With multiple arbors, the entire field can extend up to
1.4 mm ML. Thus, terminations from a single axon can cover at least half the 
width of the presubiculum (2.0 mm) at a given coronal level. Five additional 
axons analyzed from the contralateral presubiculum all had single arbors 0.6-0.8 
mm wide, mainly in layer II with extensions into layer I.

Two features are distinct from what has been reported for axons in early 
sensory areas. First, individual arbors are larger. Second, there appears to be a 
greater degree of collateralization. In addition to terminating in the 
presubiculum, 9 of 11 axons (excluding those directed to layer 1) send branches 
to parts of the parahippocampal gyrus (ventromedial TE, TF, or lateral 
entorhinal cortex). This second feature suggests that parallel processing may be 
of particular importance in this system. (Supported by NS19632).

757.8

COLOCALIZATION OF GABA, CALCIUM-BINDING PROTEINS AND 
NEUROPEPTIDES IN THE ENTORHINAL CORTEX OF THE RAT.
F.G, Wouterlood^and W, Hartig2. ‘Research Institute Neurosciences Vrije 
Univer-siteit Amsterdam, The Netherlands, Department of Anatomy; 
department of Neurochemistry, Paul-Flechsig Institute for Brain Research, 
University of Leipzig, Germany.
The entorhinal cortex of the rat contains a large population of intemeurons, of 
which the majority is GABAergic. In order to characterize subpopulations of 
intermeurons we incubated sections of 10 rat brains according to a double-immuno-
fluorescence protocol with pairs of primary antisera and cocktails of secondary 
anti-bodies conjugated to, respectively, the fluorophores Cy2™ (green-) and Cy3™ 
(red fluorescence). Primary antibodies were used against GABA; calcium (Ca)- 
binding proteins: parvalbumin (PV), calretinin (CR) and calbindin (CB); and 
neuropeptides: somatostatin (SOM), vasoactive intestinal polypeptide (VIP), 
neuropeptide-Y (NPY), and cholecystokinin (CCK). The sections were studied in a 
fluorescence microscope equipped with a Cy2-Cy3 combination filter with which 
colocalization of markers in cells is immediately noticed because such cells 
fluoresce yellow.
Preliminary observations suggest that some GABAergic neurons co-express Ca- 
binding proteins and neuropeptides. An exception was NPY which did not occur in 
GABAergic cells. Of the Ca-binding proteins, PV was always colocalized with 
GABA whereas CR and CB were also seen in GABA-negative cells. Calbindin was 
colocalized in some PV-expressing cells. We found no sign of colocalization of CR 
with PV. Somatostatin was seen in both GABA-positive and -negative cells. CCK 
and NPY were observed in CB-expressing cells. Studies of the degree of 
colocalization of CR and neuropeptides are in progress.
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757.9

DISTRIBUTION OF AMPA, KAINATE AND NMDA RECEPTORS IN THE 
QUAIL BRAIN: AN IMMUNOCYTOCHEMICAL STUDY. C, Comil. A. Foidart.
B. Lakave* and J, Balthazart. Lab. Biochemistry, Univ. Libge, B-4020 Liege Belgium

The excitatory ammo acid glutamate has been implicated in the control of many 
neuroendocrine (e.g. GnRH secretion) and behavioral (e.g. various forms of learning)

Erocesses. The ionotropic glutamate receptors are usually divided into the N-methyl- 
>-aspartate (NMDA) and non-NMDA Ikainate and AMPA) subtypes. These receptors 
have all been shown to be constituted of subunits that have been cloned in a few 

mammalian species. Information available in birds is more limited. We showed 
recently that, in quail, the brain aromatase activity that catalyzes the transformation of 
androgens such as testosterone into estrogens, can be regulated bv glutamate agonists 
of the Kainate, AMPA, and NMDA subtypes (see adjacent poster). These compounds 
rapidly (within min) decrease aromatase activity like several other manipulations 
affecting intracellular Ca2+ pools and this effect is reversible. This suggests that 
glutamate could control estrogen production in the brain but the anatomical substrate 
supporting these interactions is poorly understood. In quail, aromatase is mainly 
localized in the preoptic-hypothalamic-limbic system. Previous autoradiographic 
studies have shown the presence in these brain areas of high densities of NMDA and 
non-NMDA receptors (mostly kainate subtype) but this technical approach does not 
allow one to determine whether the receptors are present at the surface of aromatase 
cells. We used immunocytochemical procedures to visualize the distribution of the 
major ionotropic glutamate receptors in quail. Studies were carried out by indirect 
immunocytochemical methods (DAB staining) using commercial primary antibodies 
raised against rat glutamate receptor 1 and receptors 2-3 (GLU1, GLU2-3: AMPA 
subtype, Chemicon, CA), mammalian glutamate receptors 5-7 (GLU5-7: kainate 
subtype, Pharmingen, CA) and mammalian NMDA receptors (NMDAR1, 
Pharmingen, CA). Dense and specific signals were obtained with all antibodies. The 4 
types of receptors were broadly distributed in the brain and, in particular, significant 
concentrations of immunoreactive cells were identified within the major aromatase cell 
groups located in the medial preoptic nucleus, ventromedial hypothalamus, nucleus 
striae terminalis and nucleus taeniae. Dense specific populations of immunoreactive 
cells were also present with a receptor subtype-specific distribution in broad areas of 
the telencephalon. These data indicate that glutamate sensitive cells coexist with 
aromatase-immunoreactive cells in all major nuclei where they occur. Additional 
studies are now undertaken to determine whether the receptors are colocalized with 
aromatase or if intemeurons mediate the effects of glutamate on aromatase.
Supported by NIMH 50388, FRFC 9.4565.96F, Credits Sp6ciaux Ulg.

757.10
AROMATASE ACTIVITY IN THE PREOPTIC AREA IS ACUTELY INHIBITED 
BY CALCIUM-DEPENDENT PHOSPHORYLATIONS. J, Balthazart*1. M. 
Baillienl and G.F. Ball2. Lab. Biochemistry, Univ. Libge, B-4020 Libge, Belgium (1) 
& Dept Psychology, Johns Hopkins Univ., Baltimore MD 21218, USA (2).

Many actions of testosterone in the brain require its conversion to estrogenic 
metabolites via the enzyme aromatase or estrogen synthase (EC 1.14.14.1). Cloning 
of the aromatase gene has revealed a coding region that spans 9 exons and tissue- 
specific regulations of aromatase transcription due to the utilization of tissue-specific 
promoters. Estrogens are generally viewed as slow-acting messengers that act via 
changes in gene transcription. This view is consistent with observations that the local 
production of estrogen is regulated through genomically mediated changes in the 
concentration of the aromatase enzyme. More recently it has been recognized that 
estrogens also have rapid non-genomic effects, presumably at the level of the cell 
membrane, on brain physiology. One major unsolved question associated with this 
hypothesized fast action is that the regulation of estrogen synthesis is only known to 
occur via relatively slow changes in enzyme (aromatase) concentration. It is difficult 
to reconcile the slow regulation of estrogen synthesis with a rapid action at the 
membrane level. Even if a fast transduction mechanism is available, this will not 
result in rapid changes in brain function if the availability of the ligand does not also 
change rapidly. Here we report that aromatase activity in neural tissue is rapidly down- 
regulated by Ca2+-dependent phosphorylation. A A is decreased within a few min in 
tissue homogenates exposed to conditions that are known to enhance protein 
phosphoiylation (addition of Ca2+, Mg2+, ATP). This inhibition is significantly 
affected by selected kinase activators and inhibitors, including a CAM-kinase. A 
similar fast (within min) and reversible regulation of AA is also observed in 
hypothalamic explants incubated in vitro and exposed to high Ca2+ levels following 
a K+-induced depolarization or treatment by thapsigargin, a lactone known for its 
capacity to modify intracellular Ca2+ pools. Ca2+ influx presumably induced by the 
stimulation of glutamate receptors of the NMDA and non-NMDA subtypes similarly 
inhibits AA. This indicates that the local availability of estrogens in the brain can be 
rapidly and dramatically changed by Ca2+ based on variation in neurotransmitter 
activity. Given that aromatase is present in pre-synaptic boutons, rapidly changing 
levels of locally produced estrogen are therefore available for non-genomic regulation 
of neuronal physiology in a manner more akin to the action of a .neurotransmitter or a 
neuropeptide than previously hypothesized.
Supported by NIMH 50388, FRFC 9.4565.96F, Credits Speciaux Ulg.

757.11

ELECTROCONVULSIVE SEIZURES (ECS) INCREASE LEVELS OF PREPRO- 
TRH-DERIVED PEPTIDES IN RAT HYPOTHALAMUS, CINGULATE AND 
LATERAL CEREBELLUM. A.E, Pekary'*. J. Me verb off’. and A. Sattiir. 
'Research and "Psychiatry Services, West Los Angeles VA and 'Medicine and 
"Psychiatry & Brain Research Institute, UCLA School of Medicine, UCLA School 
of Medicine, Los Angeles, CA 90073 and 3Dept. Neuroendocrinology, Div. 
Neurosciences, Walter Reed Army Institute of Research, Washington, DC 20307

Recent functional neuroimaging studies suggest that alterations of mood and 
volition and disturbance of autonomic functions, which accompany severe 
depression, may involve brain regions outside the limbic system. In order to 
measure the neuroanatomic extent of ECS-responsive prepro-TRH gene 
expression and its possible intereaction with forced swimming, we have treated 
young, adult, male Wistar rats, in a 2 x 2 Latin square protocol of 
swimming, no swimming, 3 daily transcorneal ECS or sham ECS. Twenty 
different brain regions were dissected and measured for TRH, TRH-Gly, and 
Ps4 by RIA. ECS, in addition to elevating TRH, TRH-Gly and Ps4 levels in 
various limbic regions as we have previously reported, also significantly 
increased Ps4 levels in hypothalamus, posterior cingulate and lateral 
cerebellum, and increased TRH-Gly levels in hypothalamus. Interestingly, the 
combination of ECS and swimming significantly reduced the levels of TRH- 
Gly in the anterior cingulate compared to the sham ECS-no swim group.
This observation is consistent with combined ECS and swimming-induced 
conversion of TRH-Gly to TRH and/or secretion of prepro-TRH-derived 
peptides by the anterior cingulate, a brain region which has been reported to 
have a substantially reduced number of glia in familial severe unipolar and 
bipolar depression. We conclude that ECS can alter the expression and 
secretion of prepro-TRH peptides in the hypothalamus, cingulate and lateral 
cerebellum, regions not generally considered part of the limbic regions but 
which are increasingly implicated in the autonomic, behavioral and volitional 
changes which accompany severe depression and its treatment.
Supported by Medical Research Service Funds, US Department of Veterans Affairs

757.12
THE PARVALBUMIN-IMMUNOREACTIVE NUCLEUS OF THE RAT VENTROLATERAL 
HYPOTHALAMUS. Marco R, Celio1* and Clifford B, Saper", 'Institute of Histology 
and General Embryology, University of Fribourg, CH-1705 Fribourg, Switzerland 
and "Harvard Institute of Medicine, 77 Av. Louis Pasteur, Boston MA 02115, USA

A solitary cluster of parvalbumin-immunoreactive (PV-ir) neurons has been 
observed in the rat ventrolateral hypothalamus (Celio M.R., 1990, Neuroscience 
35, 375-475). Here we describe the topography, cyto- and myeloarchitectonics, 
ultrastructure, neurochemistry and hodology of this nucleus. The small, round, bi- 
or multipolar PV-ir neurons form a fairly compact cluster lying among a group of 
thick, myelinated fibers of the medial forebrain bundle. The PV-ir neurons belong 
to two size-classes, with diameters of 20 pm and <15 pm. They form an 
elongated, rod-like nucleus orientated longitudinally. This thin cord of nerve cells 
spans 2.5 mm, between the levels Bregma -1.80 and -4.30. When observing 
consecutive coronal sections, three topographically distinct portions of the PV-ir 
nucleus can be distinguished. The first is a continuation of the medial preoptic 
area and lies dorsolateral to the optic tract. The second portion adheres to the 
dorsal surface of the optic tract. The third, more caudal part lies ventromedial of 
the optic tract and the internal capsule. It is the most superficial portion and 
sometimes bulges the basis of the brain. This description is reminiscent of the 
topography of the lateral tuberal nucleus in primates. In rats the PV-ir nucleus is 
almost indistinguishable in Nissl-stained sections, but its position is readily 
identifiable as a myelin-rich zone under darkfield illumination. At the 
ultrastructural level, PV-ir neurons receive both symmetrical as well as 
asymmetrical synapses, some of them being PV-ir. Double-staining of the PV-ir 
neurons with antibodies to neurotransmitters and neuromodulators indicate that 
the nerve cells of this nucleus do not express any of the tested markers. 
Preliminary antero- and retrograde tracing experiments show inputs to the PV-ir 
nucleus from the infralimbic cortex and reciprocal connections to the ventrolateral 
periaqueductal gray and laterodorsal tegmental nucleus. The knowledge that PV 
is a marker for this less well known hypothalamic nucleus in rodents may 
facilitate the further study of its connections and functions.

757.13

STEREOLOGICAL ANALYSES OF THE ACTIVATED SUPRAOPTIC NUCLEUS 
(SON) AND SUBJACENT VENTRAL GLIAL LIMITANS (SON-VGL) OF RATS.
N, Hawrylak'*and A, K. Salm", Depts. of Physical Therapy 1 and Anatomy2, West 
Virginia Univ. Med. Sch., Morgantown, WV 26506.

Hypothalamic SON magnocellular neuroendocrine cells (MNCs) are invested with 
astrocyte processes from the subjacent ventral glial limitans (SON-VGL). We have 
shown that the SON-VGL becomes reversibly thinner with dehydration and rehydration 
and hypothesize that this is related to the reversible decline in astrocyte coverage of the 
activated MNCs. Here we asked if the reduction in SON-VGL thickness is the result of 
fewer astrocytes, leading to a decrease in SON-VGL volume. Rats were divided into 
hydrated controls (C); rats given 2% saline in lieu of drinking water for 2 and 7 days 
(D7) and 7 day dehydrated rats rehydrated with tap water for 21 days (R21). Rats were 
perfused with fixative and their brains were sectioned at 90 pm for thionin staining. 
Volumes of the SON and the SON-VGL were determined with computerized image 
analysis using Cavalieri's estimator. We also estimated the linear mediolateral extent 
of the SON-VGL. Astrocyte numbers in the SON-VGL were estimated using the optical 
disector method. A significant (F = 18.81, 3, 27; p < 0.001), 36% increase, was found 
in the volume of the MNC region in dehydrated rats which was not apparent until D7 
(q = 8.28,4,24; p < 0.05). Volumes at R21 were not different from controls. No changes 
in SON-VGL volume were detected across hydration state, however, the relative 
proportion of SON-VGL to MNC total volume was reduced from 18% to 11% by 
dehydration. Comparison of C and D7 groups indicated a significant mediolateral 
enlargement of the SON-VGL in dehydrated animals (t=2.039, 11; p < 0.03). No 
changes were detected in SON-VGL astrocyte numbers across the 4 conditions. These 
results indicate that the thinning of the SON-VGL is likely due to a conservation of the 
existing volume of astrocytic neuropil to provide an interface, albeit thinner, between 
the MNC region and the pial surface. A change in the absolute number of SON-VGL 
astrocytes is not a factor in this thinning. Supported by NSF IBN 951457.

757.14

PROJECTIONS OF THE BASAL RETROCHIASMATIC AREA: A 
NEURAL SITE INVOLVED IN THE PHOTIC CONTROL OF 
PINEAL METABOLISM. E.R. Ribeiro-Barbosa, N.M. Hossokawa, D.E. 
Hamassaki-Britto*.J. Cipolla-Neto and N.S. Cameras. Dept. of Physiol. & 
Biophys., Inst. Biomed. Sci., Univ. of SSo Paulo, SP, 05508-900, Brazil.

We have recently shown that the basal retrochiasmatic area (RCHb), 
situated immediately ventral to the third ventricle behind the suprachiasmatic 
nucleus and in front of the arcuate nucleus, is implicated in the nocturnal 
inhibitory process of melatonin production induced by short-term retinal 
photo-stimulation (Cipolla-Neto et al. Neuroendocrinotogy 69: 97-104).

In the present study, the projections of the RCHb have been examined 
using the Phaseolus vulgaris leucoagglutinin (PHA-L) method in the rat. 
Considering the putative role of the RCHb in contributing to the short-term 
photo-inhibition of the pineal gland during the night, it is reasonable to 
suppose that the RCHb may ultimately inhibit the sympathetic outflow of the 
upper thoracic segments, known to be critically involved in the control of 
melatonin secretion. Interestingly, the present anterograde tract-tracing study 
indicates all possible paths from the RCHb which may conceivably be involved 
in influencing the sympathetic outflow and, therefore, melatonin production. 
Thus, apartfrom a direct projection to the intermediolateral column at thoracic 
levels of the spinal cord, the RCHb is in a position to control the sympathetic 
outflow through other potential routes, such as the dorsal parviceiiular part of 
the paraventricular nucleus of the hypothalamus, lateral hypothalamic area, 
ventromedial nucleus of the hypothalamus, lateral part of the periaqueductal 
gray and Barrington’s nucleus.

Functional studies are obviously needed to explore the particular relevance 
of each of these paths in the context of the photo-inhibitory process of 
melatonin production. Supported by Fapesp grant 97/09904-5.
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757.15

CHOLINERGIC MODULATION OF SYNAPTIC INPUTS TO 
SUBFORNICAL ORGAN NEURONS. K. lnenaga?S. Xu and E, 
Honda. Department of Physiology, Kyushu Dental College, 
Kokurakitaku, Kitakyushu 803-8580, Japan.

Cholinergic stimulation of intracerebroventricular regions by 
acetylcholine or carbachol causes vigorous drinking and 
vasopressin secretion. The subfornical organ (SFO) is a 
responsive site to such stimuli. We tested cholinergic action 
on inhibitory postsynaptic currents (IPSCs) to SFO neurons by 
using rat slice preparations and whole cell clamp recordings. 
IPSCs were inhibited by the GABA antagonists bicuculline (10 
uM) and picrotoxin (50 uM). Carbachol decreased the 
frequency of IPSCs in dose-dependent manner. Muscarine 
induced similar responses to carbachol. These actions 
remained in TTX solution. They were antagonized by the 
muscarine antagonists atropine (1 uM) and methoctramine 
(10 uM). Carbachol also induced inward currents. The action 
was also antagonized by atropine. From these results, it is 
suggested that acetylcholine suppresses GABA release 
through muscarine receptors in the presynaptic terminals. In 
the postsynaptic membrane, acetylcholine may also affect 
postsynaptic membrane through muscarine receptors.

SX is supprted by JSPS fellowship.

757.16
SUPRACHIASMATIC NUCLEUS (SCN) STIMULATION INHIBITS 
HYPOTHALAMIC PARAVENTRICULAR NUCLEUS (PVN) NEURONS 
RETROGRADELY LABELED FROM RAT SPINAL CORD. L.-N. Cui*, E. M. 
Coderre and L. P. Renaud Neurosciences, Loeb Health Research Institute, The 
Ottawa Hospital-Civic Site and University of Ottawa, Ottawa, Ontario, CANADA, 
K1Y 4E9

Spinal-projecting parvocellular neurons in the PVN are considered to mediate 
central control of spinal autonomic functions, including information from SCN 
that is likely to regulate circadian variations in autonomic functions. To define 
their electrophysiological properties, we injected a suspension of rhodamine latex 
microspheres, a retrograde tracer, into the upper thoracic spinal cord of lialotliane 
anesthetized young rats. 3-5 days later, we used near infrared videomicroscopy to 
facilitate whole cell patch clamp recordings from retrogradely-labeled (RL) and 
other unlabeled (UL) PVN neurons in hypothalamic brain slice preparations that 
allowed for electrical stimulation of their SCN inputs. Comparative data from RL 
and UL neurons revealed no significant difference in resting member potential, 
action potential properties or spike after-hyperpolarization. I-V plots of RL 
neurons revealed significantly lower input resistance (471 ±38 MQ vs 761 
± 96MQ) and larger low threshold spikes when depolarized from hyperpolarized 
levels (4.4 ± 1.2 mV vs 1.3 ± 0.6 mV). 64% of RL and 44% of UL cells displayed 
time-dependent rectification. SCN stimulation was observed to evoke inhibitory 
postsynaptic currents in RL cells, blockable with bicuculline and reversing near 
the chloride equilibrium potential. Therefore spinal projecting PVN neurons do 
appear to have unique electrical properties, and receive GABAA-mediated 
monosynaptic inputs from SCN, presumably imparting the circadian rhytlunicity 
to certain autonomic functions.

Supported by MRC and the Heart and Stroke Foundation of Canada.

757.17

NEUROSECRETORY AND PREAUTONOMIC PARVOCELLULAR 
NEURONS OF THE HYPOTHALAMIC PARAVENTRICULAR NUCLEUS 
EXPRESS DIFFERENT ELECTROPHYSIOLOGICAL PROPERTIES. J. A. 
Luther*, K. Cs. Halmos, and J. G. Tasker. Neuroscience Program and Dept. of Cell 
and Molec. Biol., Tulane University, New Orleans, LA 70118.

Parvocellular neurons of the hypothalamic paraventricular nucleus (PVN) are 
either neurosecretory and project to the median eminence to regulate pituitary 
hormone secretion, or preautonomic and send descending projections to regulate 
autonomic nervous system outflow (Swanson and Sawchenko, Ann. Rev. Neurosci. 
6:269-324, 1983). Preliminary studies suggest that parvocellular neurons can be 
divided into subpopulations based on differences in the expression of 
electrophysiological properties (Daftary and Tasker, Soc. For Neurosci. Abstr. 
23:419, 1997). Intravenous injection of fluorogold (40mg/Kg) was used to label 
neurosecretory neurons and whole-cell patch-clamp recordings were performed in 
hypothalamic slices to test the hypothesis that neurosecretory and preautonomic 
neurons express different electrophysiological properties. Recorded cells were 
injected with biocytin. Parvocellular neurons were distinguished from 
magnocellular neurons on the basis of specific electrophysiological properties 
(Tasker and Dudek, J. Physiol., 434:271-93, 1991), and neurosecretory and 
preautonomic parvocellular neurons were identified based on fluorogold positivity 
and negativity, respectively. We found that neurosecretory parvocellular neurons did 
not express a low-threshold spike (LTS) (6/6) and that 10/11 preautonomic neurons 
expressed a LTS ranging from -5-25 mV, which was prolonged in some cells 
lasting up to 300 ms. We found no consistent differences in the expression of other 
electrophysiological properties between the two cell groups. Thus, neurosecretory 
and preautonomic parvocellular neurons differ in their electrophysiological 
properties. This work was supported by N1H grants NS34926 and NS31I87.

CIRCUITRY AND PATTERN GENERATION: VERTEBRATE LOCOMOTION

758.1

NEURONAL MECHANISMS GENERATING 5-HT-INDUCED RHYTHMIC 
ACTIVITY IN THE FETAL RAT SPINAL CORD K. Nakayama.1 2 H. Nishimaru1 
and N, Kudo1*. ’Department of Physiology, Institute of Basic Medical Sciences, 
University of Tsukuba, Ibaraki 305-8575; 2Center for Medical Sciences, Ibaraki 
Prefectural University of Health Sciences, Ibaraki 300-0394, Japan

It is known that bath-application of 5-HT can induce locomotor activity in the 
lumbar ventral roots (VRs) in in vitro preparations from neonatal rats. Such activity 
is alternate between the left and right VRs as well as between the roots representing 
the flexor (L2/L3) and extensor (L5) activity. These alternate rhythmic patterns are 
mediated by glycinergic inhibitory inputs. However, in fetuses aged between 
embryonic day (E) 14.5-16.5, 5-HT-induced rhythmic bursts between the left and 
right VRs as well as L2/L3 and L5 are synchronous (Iizuka et al. (1998) 
Neuroscience Research 31:107-111). In the present study, we examined the neuronal 
mechanisms generating 5-HT-induced rhythmic activity during these early stages. 
Bath-application of strychnine (5 pM), a glycine receptor antagonist, suppressed the 
frequency of the rhythmic activity to 63% and 46% of the control at E14.5 and E15.5 
respectively. Concomitant application of strychnine and kynurenate (4 mM), a 
glutamate receptor antagonist, abolished the rhythmic activity in all preparations. 
These results indicate that glycine plays an important role as an excitatory 
transmitter in the rhythmic activity during these early stages. Moreover, rhythmic 
activity in the upper lumbar (L2/L3) and lower lumbar (L4/L5) VRs was highly 
correlated in a 1:1 fashion. Although correlation between the two regions was 
disrupted by transecting the spinal cord at the mid-lumbar level (L3-L4), the 
rhythmic bursts could still be observed in both upper and lower lumbar VRs in all 
preparation examined showing that both regions are capable of generating the rhythm 
independently. However, after the transection, the frequency of the rhythm was 
greatly reduced in the lower lumbar VR while the rhythm in the upper region was 
relatively unaffected indicating that the rostral region is more capable of generating 
the rhythm than the caudal region.

758.2

MAPPING OF LOCOMOTOR REGIONS IN IN VITRO LARVAL BULLFROG 
BRAINSTEM WITH EXCITATORY AMINO ACID MICROINJECTION. C.P. 
Lvnn and G.R Davis*, Dept. of Biology, Wofford College, Spartanburg, SC 29303

Stimulation of locomotor initiation regions in the brainstem of vertebrates results 
in locomotor activity. This goal of this study was to identify sites within the larval 
bullfrog brain from which locomotor activity could be elicited. The CNS was 
removed from Rana catesbeiana larvae (n=6, T&K Stage III to XIII) and 
maintained in oxygenated Mg++-free Ringer’s solution. Locomotor activity 
(alternating bursts in ventral roots to axial swimming muscles recorded with suction 
electrodes) occurred spontaneously. After abolishing spontaneous locomotor 
activity by inclusion of 1.6mM Mg++ in the Ringer’s, a mixture of glutamate 
(5mM) and aspartate (5mM) was unilaterally pressure ejected systematically at 
250um intervals in a grid-like pattern into the periventricular gray matter. Those 
sites from which locomotor activity could be reliably elicited were marked with a 
dye for identification in histological sections. The latency to the onset of locomotor 
activity varied from region to region within the brain with some locomotor episodes 
beginning within a few seconds of neurotransmitter injection. Stimulation of other 
regions resulted in the onset of locomotor activity at longer latencies (up to 60 
seconds). Statistical comparison of locomotor parameters (cycle time, burst' 
proportion, and phase) showed no significant differences in short latency and longer 
latency evoked episodes and spontaneous Active locomotor activity. Fictive 
locomotion could be initiated from a small region of the diencephalon, a relatively 
extensive region in the rostral mesencephalon, and the rostral rhombencephalon. 
Injection of glutamate-aspartate into adjacent brain regions did not evoke activity 
nor did injection of vehicle into regions from which locomotor activity had been 
elicited with neurotransmitters.
Support: Howard Hughes Medical Institute Grant to Wofford College.
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758.3

MEMs SENSORS FOR BIOMIMETIC UNDERWATER 
ROBOTS. Joseph Ayers*. Nicol McGruer & George Adams, 
Marine Science Center & Microfabrication Laboratory, Northeastern 
Univ., East Point. Nahant & Boston, MA 01908

We are developing biomimetic underwater robots based on the 
lobster and lamprey. These robots employ neuronal circuit-based 
controllers and artificial muscle based on shape memory alloys. To 
mediate interactions with the environment, we are developing sen-
sors based on MEMs technology that mimic the antennae, stato- 
cysts, hair-fan organs and funnel canal organs. The MEMs devices 
are formed on silicon or krylon and form miniature cantilever sys-
tems. These cantilevers can be formed into hair-like structures 
which when deflected close a switch. The MEMs devices therefore 
embody a labeled-line code with a modality and receptive field.

One example of a MEMs sense organ is the antennae. These 
bilateral sense organs are formed from a long tapered polycarbon-
ate beam that is mounted on a base to allow rotation into four yaw 
plane orientations. Four MEMs bend sensors are mounted along the 
axis of the beam. The two distal elements contain one bending sen-
sor and respond to bends of the tip in the two directions. Two other 
MEMs devices are mounted in the middle and base of the beam. 
These devices contain three bending sensors, each of which respond 
to different degrees of bending of the beam. When configured in 
this fashion, the sensor can distinguish collisions from water cur-
rents. Currents primarily bend the basalar portion of the beam 
while collisions bend all ranges of the beam, and allow coding for 
the magnitude of events by range fractionation.

Supported by DARPA/DSO through ONR Grant N00012-98-1-0381

758.4
GABAERGIC INPUTS ONTO PRIMARY AFFERENTS IN THE NEONATAL 
RAT. L. Vinav, S. Fellippa-Marques and F. Clarac*. Lab. Neurobiologie. et 
Mouvements, CNRS, 31 chemin J Aiguier, F-13402 Marseille ex 20, France.

Antidromic discharges can be recorded from lumbar dorsal roots in the in vitro 
brain stem-spinal cord preparation of neonatal rats (0-5 days old). They occur 
either spontaneously or following pharmacological activation of central pattern 
generators or electrical stimulation of the ventral funiculus [Neuroscience 90 
(1999): 165-176]. In the latter case, they are blocked by bath application of 
bicuculline, a GABAa  receptor antagonist. The aim of this study was to examine 
the contribution of GABAa  receptors to the spontaneous and locomotor-related 
antidromic firing in dorsal roots. The spontaneous antidromic firing increased 

significantly in saline solution with Cl' concentration reduced to 50% of control 
and was sharply decreased by bicuculline, at low concentrations (1-2 pM), or 
picrotoxin. Spontaneous discharges were therefore due to GABAa receptor- 
mediated primary afferent depolarization (PAD) reaching firing threshold. Our 
data also suggest that, bicuculline, at high concentrations (10-20 pM), may have 
other effects on spinal cord networks, in addition to blocking GABAa  receptors. 
Dorsal root firing was observed during Active locomotion induced by bath 
application of excitatory amino acids (EAA) and serotonin (5HT). A phasic pattern 
and a contribution of GABAa  receptors were demonstrated. A double-bath was 
then used to separate the mechanisms which generate locomotion from those 
mediating PADs. EAA + 5HT were perfused in the rostral pool only. Decreasing 
the concentration of chloride in the caudal bath caused an increase in the number 
of antidromic action potentials recorded from the L5 dorsal root. These discharges, 
which were modulated in phase with the locomotor rhythm, were blocked by 
bicuculline, thereby demonstrating the existence of a locomotor-related 
GABAergic input onto primary afferent terminals in the neonatal rat.

758.5

CALIBRATING RENSHAW RECURRENT INHIBITION IN 
MODELS OF SPINAL MOTOR CIRCUITRY. D. P. Bashor*, L. Lin, 
M. A. Young, A.G. Davidson, J. Lechner. Dept. of Biology, UNC 
Charlotte, NC 28223

We describe further refinements to our large scale (100 neurons in 12 
populations) model of the lumbar spinal reflex system (Bashor, Biol. 
Cybem. 78:147-157. 1998). Simulation environment was Spinal 
Simulator (SpSim)© v.1.08 (Subramanian, et al. 1997). Physiological 
data underlying the study were (1) the burst of spikes produced in RCs 
when MNs are activated simultaneously (as in ventral root stimulation, 
references in Windhorst 1990), (2) connection density from RC to MNs 
(Fyffe 1991, Culheim, Kellereth, and Conradi 1977). By using these 
physiological and anatomical data to calibrate the input to Renshaw cells 
and their effect on motoneurons, we can now describe the effects of RC 
firing on MN output.

At estimated physiological connection density, RCs caused elevated 
variance of MN interspike interval distributions at high levels of MN and 
RC drive, but not at low levels of drive. The model also showed that RCs 
limit the number of MNs activated in a pool at all levels of activity.

These additions to the model also illustrate the way in which realistic 
models of complex neural circuitry can be approached. Supported in 
part by MRC of Canada.

758.6

ACTIVATION OF METABOTROPIC RECEPTORS DEPRESSES 
EVOKED POTENTIALS IN THE DEVELOPING SPINAL CORD.
J. Tabak* and M, J. ODonovan. Laboratory of Neural Control, NINDS, NIH, 
Bethesda, MD 20892.

The embryonic chick spinal cord in vitro spontaneously generates episodes of 
electrical activity separated by intervals lasting several minutes. Experimental 
evidence and modeling studies suggest that episodes are terminated by activity- 
dependent network depression which peaks about 30-60 seconds after an episode. The 
network slowly recovers from this depression during the inter-episode intervals. Here 
we investigate the possibility that activation of metabotropic receptors might be 
involved in the depression. For this purpose, we monitored lumbosacral ventral root 
potentials evoked by stimulating the ventrolateral white matter or the dorsal roots, 
in control conditions and after application of various metabotropic receptor agonists. 
The agonists were introduced in the perfusion system for a brief period of time (30 
sec) to mimic the effect of episodes.

Application of the group III metabotropic glutamate receptor agonist L-AP4 (100 
pM) decreased evoked potentials to about 60 % of their control amplitudes. This 
depression recovered within 10 minutes and was antagonized, but not completely, by 
200 pM CPPG. The GABAb agonist baclofen (50 pM) similarly decreased the 
evoked potentials by about 50 %, with a recovery time of 15-20 minutes. This 
effect was only slightly prevented by hydroxysaclofen (100 pM) but was totally 
antagonized by SCH 50911 (100 pM). Studies are in progress to establish if the 
prolonged effects are due to slow washout or are physiological.

Bath-application of the GABAb receptor antagonist SCH 50911 (50-100 pM) 
induced an increase in the duration of episodes (+ 25 %) and inter-episode intervals 
consistent with the effects of agonist application. These findings suggest that 
activation of GABAb and possibly glutamatergic metabotropic receptors may be 
involved in episode termination.

758.7

CALCIUM IMAGING OF SPINAL NETWORK BEHAVIOR DURING 
LOCOMOTOR-LIKE ACTIVITY IN THE NEONATAL MOUSE.
A.Bonnot, P.J. Whelan, M.J. O^Donovan* LNLC, NIH, Bethesda, MD, 20892.

Video-rate imaging of spinal neurons loaded with calcium-sensitive dyes was 
used to investigate the calcium dynamics and cellular organization of neuronal 
populations during locomotor-like activity in the neonatal mouse spinal cord. Spinal 
neurons were loaded either retrogradely for 8 hours with calcium-green dextran 
(25mM) or with bath-applied fura-2am (membrane-permeant form, lOpM) for 1 hour. 
Locomotor-like episodes (see also Whelan et al. this meeting) were evoked by dorsal 
root stimulation or by drugs (5pM NMDA, lOpM 5HT and 50pM Dopamine). 
Labeled neurons were imaged through the ventral surface or from the cut transverse 
surface. Following dye application to the ventral white matter (L6/S1), ipsilateral and 
contralateral intemeurons were labeled up to 3 segments away. Bath-loading filled 
neurons throughout the transverse face of the cord (T13/L1).

During rhythmic activity evoked by dorsal root stimulation, motoneurons 
exhibited alternating calcium transients in phase with ipsilateral ventral root discharge. 
The transients were superimposed on a tonic increase of fluorescence. Active, bath- 
labeled intemeurons were located dorsal and medial to the motor column and near the 
central canal. The retrograde fills allowed us to establish that some of the active 
intemeurons projected contralaterally. We hypothesize that these intemeurons may be 
involved in the alternation of motoneurons on the left and right sides of the cord. 
During chemical activation of the locomotor-like activity, intemeurons exhibited 
fluorescence oscillations of the same frequency as the ventral root discharge. Further 
experiments will be required to identify the contributions of dorsal root stimulation, 
drug action and locomotor-like activity to the recorded fluorescence transients.

758.8
ELECTROPHYSIOLOGICAL CHARACTERIZATION OF NETWORK 
BEHAVIOR DURING LOCOMOTOR-LIKE ACTIVITY IN THE NEONATAL 
MOUSE. P.J, Whelan*, A. Bonnot, M.J. O’Donovan. LNLC, NIH, Bethesda, MD, 
20892.

We have studied locomotor network function in the in vitro neonatal 
mouse spinal cord (P0-P7). For this purpose the spinal cord together with 
lumbar/sacral ventral roots or muscle nerves was dissected free and continuously 
superfused with mouse Ringer's solution. Locomotor-like activity was elicited by 
either: (1) stimulation of the dorsal roots with trains of stimuli or (2) bath 
application of a drug cocktail (5 pM NMDA, 10 pM 5-HT, 50 pM Dopamine 
(Jiang et al., 1999, Brain Res, 816:493-9)). Dorsal root stimulation, at low stimulus 
intensities, elicited a tonic depolarization in the ventral roots that was generally of 
larger amplitude than the ongoing spontaneous depolarizations. Alternating 
discharge superimposed on the tonic depolarization could be recorded from the left 
and right ventral roots when the dorsal root stimulus intensity was increased. 
Further increases in stimulus intensity raised the number of cycles per evoked 
episode. In contrast to the rat spinal cord, bath application of 5-HT and NMDA 
alone failed to produce locomotor-like activity which required co-application of 
dopamine. These findings suggest that the spinal network responsible for 
alternating motoneuron discharge in the mouse has a high threshold for activation.

Recordings from flexor and extensor nerves, during chemical network 
activation, revealed an alternating pattern of activity within the limb similar to that 
described for in vivo locomotion. In addition, whole cell patch recordings from 
ventral neurons identified cells that discharged both in- and out-of-phase with the 
ipsilateral ventral root discharge. Collectively, these findings indicate that 
locomotor-like networks in the neonatal mouse have a high threshold for activation, 
but are now amenable for study using electrical and optical methods.
Funded by NIH, NSERC and AHFMR
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758.9

NONLINEAR MODULATION OF SPINOCEREBELLAR STEP CYCLE 
RESPONSES BY SEROTONIN. A.M. Rankin, G. Bosco, and R.E. 
Poppele*. Dept. of Neuroscience, Univ. of Minnesota, Minneapolis, MN 
55455.

The activity of most DSCT cells is linearly related to kinematic parameters 
of hindlimb endpoint, that is the position of the foot relative to the hip. Many 
of the cells, however, respond nonlinearly to limb movements. We show here 
that these nonlinearities are modulated by serotonin.

The hindlimbs of pentobarbital-anesthetized cats were moved passively by a 
robot arm through various foot trajectories, including a step cycle and figure 
8, covering a major part of the parasagittal workspace. During the step cycle a 
majority of cells (80%) showed a peak of activity at the end of either the 
forward or backward swing followed by a decrease after the “turn-around” in 
the foot trajectory. Many of these cells further showed a direction- and 
position-dependent potentiation of the firing rate on the rising activity peak 
and an active inhibition following the response peak. The potentiation seen 
during the step cycle depends on the specific trajectory of movement and is 
rarely seen in the figure 8 pattern. It thus represents a form of intrinsic 
modulation dependent on the spatial-temporal pattern of the sensory input. 
Administration of ketanserin eliminated the potentiation but not the inhibition. 
Conversely, raphe stimulation or administration of 5-HTP increased the 
potentiation in firing rate.
Serotonin, an extrinsic modulator, thus shapes the sensory activity in the 

DSCT in behaviorally relevant regions of the step cycle related to touchdown 
and liftoff by modulating an underlying intrinsic modulation and 
differentially increasing the gain of the response.

Supported by NIH grant NS21143.

758.10
POPULATION RECONSTRUCTION OF THE LOCOMOTOR CYCLE 
FROM INTERNEURON ACTIVITY IN THE MAMMALIAN SPINAL 
CORD Tresch, MC’\ Kiehn O. Section of Neurophysiology, Panum Institute, 
Blegdamsvej 3, 2200N Copenhagen, Denmark
Lesion studies have shown that neuronal networks in the ventromedial regions of 
the neonatal rat spinal cord are critical for the production of locomotion. Several 
studies have shown that interneurons recorded in these regions of the spinal cord 
are rhythmically active during locomotion. However, the modulation of the 
spike frequency in these neurons is relatively weak: although there is a 
statistically significant modulation of this activity, relatively few action potentials 
comprise the difference between the activity of a neuron during its preferred and 
nonpreferred phase of locomotion (Rastaad and Kiehn, 1999). This weak spike 
modulation makes it generally difficult to predict the phase of locomotion based 
on observing the activity of any individual neuron. In the present study, we 
examine whether this prediction of locomotor phase can be performed reliably 
using information represented across a population of neurons. We used a 
probabilistic reconstruction procedure to predict the most likely phase of 
locomotion given the observed activity in the neuronal population (Sanger, 1996; 
Zhang et al., 1998). The population reconstruction was able to predict the 
correct locomotor phase with high accuracy using a relatively small number of 
neurons. This good prediction demonstrates that although the spike modulation 
of individual spinal interneurons in the ventromedial region is weak, the 
locomotor phase can be accurately predicted when information from the 
population is combined. This result is consistent with the proposed 
involvement of these spinal interneurons in the production of locomotion. 
Research supported by Lundbeck Foundation and Novo Nordisk.

758.11

RHYTHM-GENERATING NEURONS ARE LOCATED AT 
MULTIPLE SITES IN THE RAT SPINAL CORD. R. Demir, B-X. 
Gao. M B. Jackson and L. Ziskind-Conhaim*. Dept. Physiology and 
Center for Neuroscience, University of Wisconsin, Madison, WI 53706.

The spatiotemporal pattern of spontaneous rhythmic voltage 
oscillations in the developing rat spinal cord was characterized using 
real-time images with the aid of a voltage-sensitive fluorescent dye. 
Rhythmic oscillations were apparent in slices of lumbar spinal cords of 
postnatal rats (P2-4), with pronounced out-of-phase bilateral activity: 
depolarization in one side of the cord was temporally correlated with 
inactivity in most areas in the opposite side of the cord. Oscillations 
were blocked by Co2k (1 mM), indicating that they were mediated via 
Ca2+-dependent processes. To examine the spatial organization of 
rhythm-generating neurons, sagittal and horizontal lesions were 
performed, and the ability of fragments from various areas of the cord to 
produce rhythmic oscillations was studied. Midsagittal sections 
disrupted the bilateral coordinated left/right activities, but each side of 
the cord continued to oscillate independently. Moreover, spontaneous 
oscillations were generated in eight dorsal and ventral fragments created 
by one horizontal and three sagittal sections of the cord. Our data 
suggest that clusters of neurons capable of triggering rhythmic activity 
are located at multiple dorsal and ventral sites in each side of the cord. 
This work was supported by NIH grants NS37212 (to M.B.J) and 
NS23808 (to L. Z-C).

758.12

MONOSYNAPTIC CONNECTIONS BETWEEN AXONS IN THE 
VENTROLATERAL FUNICULUS AND INTERNEURONS IN THE 
LUMBAR SPINAL CORD OF THE NEONATAL RAT Jianguo Cheng* 
and David S. K. Magnuson. Department of Neurological Surgery, University 
of Louisville School of Medicine, Louisville, KY 40202.
The initiation of locomotion by activation of specific regions in the brain is 

believed to be mediated by the descending fibers in the ventrolateral funiculus 
(VLF) of the spinal cord in the cat (Noga et al. 1995) and rat (Magnuson and 
Trinder 1997). Tract-tracing experiments, on the other hand, suggest that there 
are ascending fibers in the VLF from intemeurons in the lumbar region that 
may be involved in generating locomotion (Magnuson et al. 1998). We 
hypothesized that intemeurons in the intermediate laminae of the lumbar 
region (L2-4) can be activated either antidromically or monosynaptically by 
VLF stimulation. Intracellular recordings were made from intemeurons of 
neonatal rat spinal cord (P2-6) to determine their connection to the VLF. The 
spinal cords were isolated and separated along the midline and the right half 
of the cords was used for the experiments. The L2 and L5 ventral roots were 
monitored with suction electrodes for motor output. Rhythmic locomotor-like 
bursts (~0.5 -1 Hz) were induced by VLF stimulation at the cervical and 
thoracic levels in 8 out of 19 preparations. Fourteen out of 17 cells recorded 
were activated by VLF stimulation. The majority of the cells tested (12/14) 
showed monosynaptic connection with the VLF stimulation. This is 
considered the first direct demonstration that fibers in the VLF make 
monosynaptic connections with spinal intemeurons in the lumbar region that 
may be part of the neuronal networks for locomotion. Supported by the 
Kentucky Spinal Cord and Head Injury Research Trust.

758.13

EFFECT OF ADDING LEG WEIGHTS ON WALKING MOTOR PATTERNS IN 
CHICKS. A, Bekoff*, B, C. Hurtt and J, L, Rvan. EPO Biology 
Department and Center for Neuroscience, University of Colorado, 
Boulder, CO 80309-0334.

We are interested in examining the role of sensory input in 
modulating rhythmic motor patterns. In this study we used kinematic 
analysis to examine the effects of ankle weights on leg movements 
during walking in chicks.

Previous studies in our lab have characterized normal walking in 
chicks using kinematic (Johnston & Bekoff, 1992. J. Exp. BLol.
23:43) and EMG recordings (Johnston & Bekoff, 1996. J. Comp. 
Physiol. 179:169). Walking motor patterns are asymmetrical: 
extension duration is longer than flexion. During walking, extension 
duration increases with increasing cycle period while flexion does not.

In the present study, we increased resistance to flexion by placing 
small weights just below the chicks' ankles. Chicks were videotaped 
during walking for five minutes prior to adding the weights. After 
weights were added, chicks walked for five minutes to adjust to the 
weights and then were videotaped during the subsequent five minutes. 
Markers were digitized to determine hip, knee and ankle joint angles. 
From these data, cycle period, flexion and extension at each joint, 
phase values, and joint excursions were calculated. Although flexion 
must occur against increased resistance, changes are seen in swing 
extension and stance, but not in swing flexion.

Supported by NSF IBN9630498 and NIH HD28247 grants to A.B 
and undergraduate research funds from Hughes Biomedical Support 
Grant to J.R.

758.14

INITIATION OF TURNING LOCOMOTOR ACTIVITY IN LARVAL LAMPREY.
A.D. McClellan*. K, Deane. R Ferguson. K, Halsey, and R Melichar, Biol. Sciences, 
Univ. of Missouri, Columbia, MO 65211

Three approaches were used to examine turning locomotor activity in larval 
lamprey: (a) whole animals - sensory-evoked turning motor activity; (b) in vitro 
brain/spinal cord preparations - sensoiy-evoked turning motor activity; and (c) 
computer modeling - descending modulatoiy inputs to oscillators along the cord.

During locomotor behavior in whole animals, brief electrical stimulation of e.g. 
the left side of the oral hood during burst activity on the right resulted in turning to 
the right, away from the stimulus. During turning to one side, there was an increase 
in the duration and amplitude of ipsilateral muscle burst activity, and cycle time also 
increased. In contrast, stimulation during burst activity on the left usually had little 
effect or sometimes resulted in a decrease in cycle times during the perturbed cycle.

During brainstem-initiated in vitro locomotor activity, brief electrical stimulation 
applied to e.g. the left side of the oral hood during burst activity on the right elicited 
turning-like locomotor activity. Lesions of the medial tracts in the rostral spinal cord 
did not abolish turning activity. In contrast, stimulation during burst activity on the 
left usually had little effect or sometimes decreased cycle time during the “turn cycle”.

In a computer model, right and left spinal cord phase oscillators were coupled by 
reciprocal inhibition, and longitudinal coupling of*-oscillators along the cord was 
stronger in the descending direction (Hagevik and McClellan, 1994). First, brief 
descending excitation (inhibition ) of the right (left) oscillators during “bursting” on 
the right produced turning-like output patterns. Second, excitation of only the right 
oscillators or the right, rostral oscillator during “bursting” on the right results in 
incomplete turning activity, unless reciprocal inhibition was relatively strong.

In summary, turning probably is mediated by descending modulatory inputs in the 
lateral spinal tracts to the oscillator networks along the spinal cord.

Supported by NIH Grant NS29043 and NSF Grant 9817905 awarded to A.D.M.
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758.15

CHARACTERIZATION OF VOLTAGE DEPENDENT K' CHANNELS IN 
THE LAMPREY SPINAL CORD NEURONS.
D. Hess and A. El Mantra*. Nobel Institute for Neurophysiology’. Dept. of 
Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden.

Potassium channels control the excitability of neurons and are targets of 
neuromodulators that alter the activity of neural networks. To understand the 
roles of the different voltage dependent potassium channels in the spinal 
locomotor network in lamprey, the types and pharmacology of these channels 
have been characterized. Whole cell patch-clamp recordings were performed 
from isolated lamprey spinal cord neurons while Na" and Ca" channels w ere 
blocked. Application of depolarizing voltage steps from different holding 
potentials elicited an outward K+ current consisting of a fast transient and a 
sustained current that could be subdivided into two components. The 
transient current was blocked by 4-aminopyridine (4-AP, 0.1-2 mM) and 
catechol (10-500 pM), and is characterized as an A-current. 4-AP also 
blocked a portion of the sustained current, whereas the remainder of the 
current was blocked by tetraethylammonium (TEA). Blockade of the fast K 
by 4-AP or catechol broadened the action potentials and increased their 
amplitude. In addition, the amplitude of the fast afterhyperpolarization was 
decreased resulting in a depolarization of the membrane potential and a delay 
in the onset of the second spike.

Thus, we have characterized three types of voltage dependent K channels 
based on their kinetics and pharmacological profile. These channels play a 
role in controlling the firing properties of lamprey spinal cord neurons. The 
importance of each of these channels in motor pattern generation w ill be 
addressed Supported by the Swedish MRC (project ~ 11562).

758.16

MECHANISMS OF mGluR-MEDIATED MODULATION OF THE 
LAMPREY LOCOMOTOR NETWORK. P. Krieger*, J. Hellgren- 
Kotaleski, P. Kettunen and A. El Manira, Nobel Institute for 
Neurophysiology, Dept. of Neuroscience, Karolinska Institutet, S-171 77 
Stockholm, Sweden.

Activation of group I metabotropic glutamate receptors (mGluRs) 
increases the frequency of the locomotor activity in the lamprey spinal cord. 
We have investigated the mechanisms underlying this modulation using 
experimental and computational approaches. Activation of group I mGluRs 
potentiates NMDA-induced current and calcium response through a G- 
protein-dependent mechanism. These effects were blocked by the group I 
mGluR specific antagonist CPCCOEt, but were unaffected by inhibitors of 
protein kinase A, C and G. Activation of group I mGluRs also modulates 
NMDA-induced membrane potential oscillations in the presence of TTX. 
The duration of the plateau phase increased while that of the hyperpolarized 
phase decreased. The effect of mGluRs activation on the oscillation 
frequency varied depending on the membrane potential. Simulation of the 
mGluR-mediated potentiation of the NMDA current reproduced the effects 
of group I mGluRs activation both on the membrane potential oscillations 
and on the frequency of the locomotor rhythm.

Thus, the potentiation of the cellular responses to NMDA provides a 
sufficient explanation to account for the effects of mGluRs on the locomotor 
network activity.
Supported by the Swedish MRC (project # 11562).

758.17

SYMBOLIC ANALYSIS OF LAMPREY LOCOMOTION TIME 
SERIES DATA. S, Lesher, L. Guan, and A. H. Cohen*, University of 
Maryland, Institute for Physical Science and Technology and Department 
of Biology, College Park, MD 20742
We describe here a methodology for analyzing time series of interspike 

(or interburst) neural data. It represents a novel synthesis of several 
existing approaches from neurophysiology and genomic sequence 
analysis. Beginning with a time series of individual events (e.g. 
interspike intervals), we produce a coarse-grained symbolic 
representation of the original nonlinear time system. We compare several 
techniques for this, from simple derivative signs to matrix analysis of 
local linear approximations to the original system. We show that 
transitions between states, e.g. from bursting to quiescent, in this 
symbolic dynamics can be modeled using Markov chains. These state- 
transition models can then be used to classify different patterns of spike 
sequences, in a manner analogous to Markov models of genomic 
sequence patterns. This research was supported by NIMH grant 
MH44809 to AHC.

758.18

ESTIMATES OF THE COUPLING STRENGTH OF THE 
INTERSEGMENT AL COORDINATING FIBERS OF THE LAMPREY 
CENTRAL PATTERN GENERATOR FOR LOCOMOTION. L. Guan*, 
T. Kiemel and A. H. Cohen, University of Maryland, Department of 
Biology, College Park, MD 20742

We report here estimations of the coupling strength among the 
segmental oscillators of the lamprey centrall pattern generator for 
locomotion using stochastic inference methods previously published 
(Kiemel and Cohen, 1998). Using the standard isolated spinal 
cord/notochord preparation, fictive swimming activity was elicited by D- 
glutamate. Partitions were places separating the spinal cord into four 
regions: 15 segments on each end, and two regions in the middle with 10 
segments each. The bursting was collected under four conditions: 1) 
control from all 50 segments intact and active; 2) across 10 segments in 
the middle portion of the spinal cord whose activity was blocked by 
GABA/glycine/low Ca ions; 3) across 20 segments in the middle whose 
activity was blocked by GABA/glycine/low Ca ions; 4) across two 
hemisections at segments 17 and 22 on opposite sides of the spinal cord 
with all segments active; 5) across the two hemisections with the activity 
blocked around them. Conditions 2 and 3 allow measurement of long 
fibers. Condition 4 allows measurement of short fibers. We found that 
long coupling can be predominantly descending, but with considerable 
ascending coupling; that long coupling can be very strong; that short 
coupling is predominantly ascending. This research was supported by 
NIMH grant MH44809 and a grant from the American Paralysis 
Association to AHC.

758.19

ACTIVITY-DEPENDENT PLASTICITY OF TRIGEMINAL INPUTS TO RE-
TICULOSPINAL NEURONS IN LAMPREYS. D, Le Ray2 and R. Dubuc*1-2, ’D6p. 
Kinanthropologie, University du Quebec & Montreal, H3C 3P8 and 2Dyp. Physiolo-
gic, CRSN, University de Montryal, Quebec, Canada H3C 3 J7.

Reticulospinal (RS) neurons integrate various sensory inputs to generate, modify 
or stop locomotor activity (Viana Di Prisco et al., Science 1997,278:1122). Electrical 
stimulation of trigeminal nerves, which convey sensory information from the head 
region elicits, in RS neurons, mixed disynaptic excitation and inhibition mediated by 
glutamate and glycine, respectively (Viana Di Prisco et al., Brain Res. 1995,695:76). 
The present study investigates plastic changes that may occur in the transmission of 
trigeminal inputs to RS neurons. Intracellular recordings were performed from Mul-
ler neurons of the middle rhombencephalic reticular nucleus and electrical stimula-
tion was applied to the ipsilateral trigeminal nerve with a tungsten microelectrode. 
Synaptic responses were recorded before and after applying a tetanizing train of 
stimuli to the trigeminal nerve (train duration from 400 ms to 1 s). Only the excita-
tory component of the responses was analyzed.

The tetanization (50 Hz) of the trigeminal nerve produced either a long-term de-
pression (LTD) or a short-term potentiation (STP) of the synaptic response evoked 
by single shocks (2ms duration, repeated every 5 to 10 s) to the trigeminal nerve. 
LTD was characterized by a reduction of 50 to 75% of the evoked EPSP amplitude 
and lasted for about one hour. STP was of shorter duration (less than 10 min) and 
consisted of an increase in the evoked EPSP amplitude (about 50%). The occurrence 
of either LTD or STP was not related to changes in the membrane potential of the 
recorded neuron, or to the duration of the tetanizing stimulation. In contrast, the state 
of activity within the RS system seemed to influence the expression of one or the 
other plastic phenomenon, suggesting the occurrence of behavioral adjustments of 
synaptic strength in the trigemino-reticulospinal pathway, funded by a Group grant 
from the Canadian MRC andFCAR (Quebec). D.L.R. was an INSERMfellow.

758.20

MOTOR RESPONSES ELICITED BY SKIN STIMULATION IN LAMPREYS. S, 
Cardin2. D. Le Ray2, R. Robitaille*2 and R. Dubuc12. ‘Ddp. Kinanthropologie, Uni-
versity du Quebec a Montreal, H3C 3P8 and 2Dep. Physiologie, CRSN, Universite 
de Montryal, Quebec, Canada H3C 3J7.

Cutaneous inputs elicit, in lamprey reticulospinal (RS) neurons, NMDA-dependent 
depolarizing plateaus that play a role in the initiation of locomotion (Viana Di Prisco 
et al., Science 1997,278:1122). Previous studies have described the motor responses 
elicited by cutaneous inputs in lampreys (McClellan and Grillner Brain Res 1983, 
269:237; McClellan and Hagevik J Neurophysiol 1997,78:214), but little is known 
about the effects of skin stimulation applied at different sites along the body. This 
study addresses this question. Mechanical or electrical stimulation was applied to 
four different regions on either side of the body and the motor responses were stud-
ied kinematically with a video camera (n=43) and/or with EMG recordings (n=4). 
The stimulation strength was adjusted at 3X threshold.

Stimulation of the skin on the dorsal surface of the snout or at the tail region elic-
ited forward escape swimming directed predominantly to the contralateral side 
(snout: 84±19% contra and 16±19% ipsi, P<0.01 Student's t-test; tail: 87±14% con-
tra and 13±14% ipsi; P<0.01). On the other hand, stimulation behind the gills or at 
mid-body elicited escape swimming that was not preferentially directed to one side 
(gills: 64±20% ipsi and 36±20% contra, P>0.05; mid-body: 57±17% ipsi and 
43±17% contra, P>0.05). This pattern of response was not affected by increasing the 
stimulus strength (P>0.05). After a complete transverse section between the mesen-
cephalon and the rhombencephalon, escape swimming was still induced, but with an 
increase in threshold (P<0.01). The latency of the responses was not changed by the 
transection (PX).05). A complete transverse section at the obex abolished escape 
swimming. Taken together, these results indicate that the disynaptic pathway from 
cutaneous afferents to RS neurons is necessary and sufficient for the expression of 
escape swimming in lampreys. Funded by a Group grant from the Canadian MRC 
and FCAR (Quebec). D.L.R was an INSERM fellow.
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759.1

THE GENERATION OF BURSTING NETWORK ACTIVITY IN 
DISSOCIATED CULTURES OF RAT SPINAL CORD J. Streit1 ,
L. Scicluna1* M. Heuschkel2 and P. Renaud2 Dept. of Physiology, 
University of Bern, and 2EPFL-IMS, Lausanne, Switzerland.

In isolated spinal cord preparations from neonatal rat, spontaneous 
regular bursting with or without fast intraburst oscillations appears under 
conditions of disinhibition . Similar patterns are seen in slice and 
dissociated cultures of fetal rat spinal cord, suggesting that they are a 
property of random excitatory networks. While the fast oscillations seem to 
be generated by the interplay of excitatory feedback and fast synaptic 
depression, the origin of burst initiation remains unclear. Here we 
investigated possible mechanisms involved in burst initiation in dissociated 
spinal cultures using multielectrode arrays and whole cell patch clamp of 
spinal neurones. Synchronous network bursting was induced in these 
cultures by disinhibition with strychnine and bicuculline. Multisite 
recordings showed that bursts were initiated at multiple sites in these 
cultures, with a preference for certain initiation sites. At some but not all of 
theses sites asynchronous low-rate activity was seen in the intervals 
between the bursts. The rate of this activity was increasing towards the end 
of the intervals. In single neurones bursts of spontaneous posrsynaptic 
excitatory currents (EPSCs) were seen under disinhibition. The rate of 
EPSCs between the bursts was also low, however had a tendency to 
decrease towards the end of the intervals. When the glutamatergic 
transmission was blocked by a combination of CNQX and AP-5 the EPSCs 
disappeared while extracellular activity persisted at some of the initiation 
sites. These findings suggest that bursts are initiated by spontaneous 
spiking at distinct sites and not by glutamatergic synaptic noise.
Supported by SNF grants 3100-49277.96 and 3150-4344.95

759.2
GENERATION AND PROPAGATION OF RHYTHMIC ACTIVITY IN 
RAT SPINAL CORD SLICE CULTURES: A MULTIELECTRODE 
ARRAY STUDY A, Tscherter1 , M. Heuschkel2, P. Renaud2 and J. Streit1*
1 Departement of Physiology, University of Bern, Switzerland; ^EPFL-IMS, 
Lausanne, Switzerland.

Increased excitation evokes rhythmic spontaneous activity in motoneurons 
of the fetal and neonatal rat. Therefore local spinal networks seem to be able 
to generate a rhythmic output to motoneurons. However, the source of 
rhythm generation in these networks is still unknown. To investigate the 
generation and propagation of rhythmic activity, we extracellularly 
recorded from multiple sites of fetal rat slice cultures. These cultures were 
grown on planar multielectrode arrays fabricated by lithographic 
microtechnology. Rhythmic activity appeared mainly under increased 
excitation induced either by lowering extracellular magnesium or by 
disinhibition with bicuculline and strychnine. This activity consisted of 
irregular bursts at low rates (1-10/min) and in many cases of intraburst 
oscillations at high rates (2-8/sec). The burst as well as the oscillations were 
highly synchronized over both hemispheres of the slice. In slice cultures 
with a recognizable morphology, the bursts normally started ventrally on 
one side and propagated to the other side as well as to the medial part of the 
spinal cord. The propagation time was usually less than 80 ms. A similar 
propagation was observed on the level of the oscillations. Between the 
bursts asynchronous activity at low rates was recorded. The rate of such 
activity increased at the end of some intervals between the bursts. It might 
therefore be responsible for the start of a new burst. These findings suggest 
that rhythmic activity in spinal slice cultures originates in distinct areas of 
the ventral cord. Supported by SNF grants 3100-49277.96 and 3150-4344.95

759.3

Identification of spinal neurons responding to activation of a pathway that 
stops swimming in Xenopus tadpoles using intracellular recording and 
neurobiotin injection. Ray Perrins*. School of Biological Sciences, University 
of Bristol, Woodland Road, Bristol, BS8 1UG, United Kingdom.

Although rhythmic behaviors can stop by simply running down, they 
are normally terminated by the appropriate sensory stimulus (or lack of 
stimulus). Swimming in Xenopus tadpoles has been extensively used as a simple 
model system in which to study various features of the neural basis of rhythmic 
behavior. In Xenopus, both swimming and fictive swimming can be stopped by 
pressure to the head skin or cement gland. Previous studies suggested that the 
pathway from head skin to spinal central pattern generator (CPG) involves 
activity in trigemminal neurons, excitation of midhindbrain reticulospinal 
neurons and GABAergic inhibition of presumed motorneurons. It remained 
unclear whether this inhibition also effected other levels of spinal ciruitry 
involved in swimming (CPG interneurons, sensory interneurons, primary 
sensory neurons). This was mainly because anatomical identification of neurons 
by intracellular dye injection has been very difficult due to the high resistance of 
the electrodes needed to make good physiological recordings (150-200 MQ). 
However, by using 2% neurobiotin in 2 M potassium acetate we have recently 
been able to get good recordings and well filled cells. Filled neurons were 
visualized using avidin conjugated horse radish peroxidase followed by reaction 
with diamino benzoate and H2O2. Using this technique we have shown that 
neurons with anatomy matching both motorneurons and premotor interneurons 
receive inhibition following pressure to the cement gland. We are currently 
investigating if sensory neurons and interneurons in the spinal cord which are 
involved in starting swimming in response to a touch to the tail skin are also 
inhibited by this higher pathway. (Work funded by the Wellcome Trust).

759.4
COMPUTATIONAL MODELING OF THE SPINAL CORD NEURAL CIRCUITRY 
Ilya A. Rybak, Simon GiszteA Steven J. Wieland 1*, and John K. Chapin
School of Biomedical Engineering, Drexel University, Philadelphia, PA 19104
*Dept. of Neurobiology and Anatomy, MCP Hahnemann University, Philadelphia, PA 19129

The brain controls movements in a hierarchical manner. Descending commands 
from higher centers utilize structural organization of the mammalian spinal cord 
circuitry. Most supraspinal signals activate primarily the spinal cord interneurons 
which in turn distribute the commands to corresponding groups of motoneurons. This 
reduces needs for supraspinal structures to dictate the detailed activity of single 
motoneurons.

Our model of spinal cord neural circuits consisted of interacting neural 
populations and simplified models of flexor and extensor muscles controlling the 
forelimb joint movements. Single neurons were modeled as typical single 
compartment neurons of the Hodgkin-Huxley (HH) type and contained the fast sodium 
and a series of potassium and calcium ionic channels. The populations of a- 
motoneurons provided activation to flexor and extensor muscles. The following 
interneuronal populations were incorporated into the model: Renshaw cells, la and lb 
interneurons; and the neurons associated with the conditional locomotory central 
pattern generator. Each neural population consisted of 10 HH neurons. The model 
produced a series of stereotypic (e.g. locomotory or reaching) movements initiated by 
external signals to different neural populations. Our simulations have shown that even 
a relatively simple model of the spinal cord can have a number of functional states in 
which the model produces different behavior using the same neural substrate.

We believe that the model will allow us to integrate the competing concepts that 
(i) the neural architecture of the spinal cord is entirely distributed and multifunctional 
and (ii) the neural architecture of the spinal cord comprises defined modularity.

759.5

BURSTING NETWORK ACTIVITY INDUCED BY DIFFER-
ENT TYPES OF SYNAPTIC ADAPTATIONS. W. Senn1*, J, Tabak2, J. 
Rinzel3 and J. Streit1. ‘Dept. of Physiology, University of Bern, Biihlplatz 5, 3012 
Bern, Switzerland; 2Laboratory of Neural Control, NINDS/NIH; 3Center for Neural 
Science, New York University.

Many central pattern generators drive locomotion through rhythmic bursting ac-
tivity in spinal networks. One way to regulate the burst frequency is to modulate the 
synaptic strength within the network. Whether the interburst frequency increases or 
decreases under a change of the synaptic strength, however, depends on the type of 
the burst generating mechanism. In embryonic rat spinal cord cultures it appears that 
the fast intraburst oscillations are generated by the interplay of excitatory feedback 
and fast synaptic depression, but the slow burst generating mechanism is not yet 
identified. Possible candidates are a second slow synaptic depression and a slow ad-
aptation of the cell's excitability. We show for a class of models that if the bursts are 
generated by a slow synaptic process, either by adapting the probability of vesicle 
exocytosis, by saturating the postsynaptic receptors or by the depletion of a reserve 
pool, the interval between bursts (IBB) always increases when the synaptic strength 
is reduced. In contrast, if the bursts are generated by an adaptation of the cell's firing 
threshold, the IBBs decrease when synaptic strength is reduced. By considering the 
effects of noise and the correlation between interval lengths and burst durations we 
can further distinguish these mechanisms. If bursting is controlled by synaptic ki-
netics, the IBB is correlated with the duration of the subsequent burst while correla-
tion with the previous burst duration occurs only when bursting arises from intrinsic 
spike adaptation. These results help to identify the dominant mechanisms being in-
volved in the generation of rhythmic activity in different spinal cord preparations. 
Supported by SPP 5002-03793

759.6

RHYTHMICAL DISCHARGES OF SYMPATHETIC POSTGANGLIONIC 
NEURONS ARE RESET BY SOMATIC AFFERENT STIMULATION. K. 
Staras*, H-S. Chang and M.P. Gilbey. Autonomic Neuroscience Institute, 
Department of Physiology, Royal Free and University College Medical 
School, London, NW3 2PF, UK.

Somatic afferent stimulation evokes spinal and supraspinal sympathetic 
reflexes. While these reflexes have been studied extensively, the 
consequences of noxious input on the pattern and rhythm of ongoing 
sympathetic activity have not been examined. Previous work from our 
laboratory has established that postganglionic neurons (PGNs) 
innervating the caudal ventral artery of the rat tail exhibit a characteristic 
dominant rhythm (0.4-1.2 Hz) driven by multiple independent oscillators 
(Chang et al., 1999, J. Neurosci., 19:3183-3197). Here we investigate the 
effect of radial nerve (RN) stimulation, suprathreshold for C-fibre 
discharge, on ongoing rhythmical activity recorded in anaesthetized rats, 
1) at the population level from the ventral collector nerve and 2) from 
single PGNs using a focal recording technique. At the population level we 
observed a short latency (~370 ms) discharge after RN stimulation, 
followed by a silent period and subsequent bursty discharge. Recordings 
from single PGNs indicate that the bursty activity arises from a resetting 
of the sympathetic oscillators evoked by the RN stimulation and transient 
synchronization of the oscillator pool. We suggest that the resetting of 
multiple oscillators may provide a mechanism for producing a sustained 
and coordinated response to noxious input. (Supported by Wellcome 
Trust (051155) and Chang Gung Memorial Hospital).
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759.7

COMPLEX DYNAMICS OF PERIODICALLY DRIVEN SYMPATHETIC 
OSCILLATORS. H-S. Chang, K. Staras and M.P. Gilbey*. Autonomic 
Neuroscience Institute, Department of Physiology, Royal Free and 
University College Medical School, London, NW3 2PF, UK.

Previous studies have shown that multiple oscillators (intrinsic 
frequency, 0.4-1.2 Hz) drive activity of postganglionic sympathetic 
neurons (PGNs) innervating the caudal ventral artery (CVA) of the rat’s 
tail (Chang et al., 1999, J. Neurosci., 19:3183-3197). One characteristic 
feature of biological oscillators is that complex non-linear dynamics may 
arise when they are subjected to a periodic driving force. In the present 
study, we examined the behavior of PGN activity in response to 
frequency changes of a periodic activity, lung-inflation cycle (LIC) related 
inputs. Single PGN activity of anaesthetized rats was recorded focally 
from CVA and population PGN activity was recorded from the ventral 
collector nerve of the tail. It was observed that when LIC frequency 
varied, the interaction between single PGN and LIC displayed frequency- 
dependent non-linear dynamics including constant phase shift, relative 
coordination, higher order rational frequency-locking and 1:1 entrainment. 
While dramatic changes in synchronization were apparent at single 
neuron level, we found these fluctuations were graded and smoothed at 
population level. We propose that this ‘metastability’ of synchronization in 
the sympathetic motor outflow represents an important mechanism for 
directing appropriate autonomic responses. (Supported by Wellcome 
Trust (051155) and Chang Gung Memorial Hospital)

759.8

SPATIO-TEMPORAL PATTERN OF POPULATION 
CO-ACTIVATION IN DEVELOPING HIPPOCAMPUS. S, Bolea, 
J.V. Sanchez-Andres1* and J.-Y. Wu. Institute for Cognitive and Computational 
Sciences, Georgetown University Medical Center, Washington D.C. 20007. 
'Departmento de Fisiologia, Universidad Miguel Hernandez, Alicante, Spain.

Population co-activation is commonly seen in developing nervous systems. 
This kind of activity introduces coherence in certain spatio-temporal scales, 
and may play an important role in construction of functional neuronal 
circuits. In developing hippocampus the population co-activations are known 
as Giant Depolarizing Potentials (GDPs). Optical imaging with a 
voltage-sensitive dye (NK 3630 ne: RH 482) was used to examine the 
propagation of GDPs in hippocampal slices from 2 to 5 day old rats. The 
voltage signals of GDPs had a high signal-to-noise ratio, allowing an 
accurate measurement of propagation velocity on a small scale (-40x40 pm) 
from 40 to 100 neighboring locations. The propagation of GDPs was highly 
directionally selective, correlated to the laminar structure: in CA3 area the 
vertical velocity (perpendicular to the pyramidal layer) was 68±18 mm/sec 
(mean±SD), significantly faster than the horizontal velocity (along the 
pyramidal layer, 20±4 mm/s). Propagation in the horizontal direction had 
significant variability: from the same location in consecutive trials, or within 
a given trial from location to location, the velocity varied between 6-60 
mm/s. The locations of the abnormal velocity were not fixed; they moved 
from trial to trial, suggesting that they were not determined by anatomical 
differences. Our data suggests that propagation of the co-activation is 
governed not only by the anatomical organization of the neurons but also by 
the dynamic features of the network, probably the distributed connections 
between interneurons and principle neurons.
(Supported by NIH NS 31425, DOD 17-93-V-3018 and FIS 99/0906).

759.9

ASSOCIATIONS OF LOCAL-CIRCUIT NEURONES AND POSSIBLE 
SYNAPTIC INTERACTIONS IN THE ADULT RAT ANTERIOR 
MEDULLARY VELUM. M. Ibrahim1, H.C. Cromwell2* and M.R. Celio1. 'Inst, 
of Histology & Gen. Embryology; ^Inst. of Phsyiology; Univ. of Fribourg, CH-1705 
Switzerland.

Local-circuit neurones, in the adult rat anterior medullary (AMV), have 
previously been shown to be labelled, in non overlapping populations, by the 
calcium binding proteins, calretinin (CR) and parvalbumin (PV). In this study, we 
have investigated associations between CR and PV-labelled neurones. Whole AMV 
were isolated and double immunofluoresence labelled using antibodies against CR 
and PV. Possible synaptic connections of CR or PV-labelled neurones were also 
investigated by double immunofluoresence labelling using synaptophysin (SYN, a 
synaptic-vesicle-associated protein). In the rostral region of the AMV, CR-labelled 
bi-polar and multi-polar neurones extended processes to form pericellular boutons 
around the soma of PV-labelled bi-tufted neurones. Punctate CR-labelling was also 
present along dendrites of PV neurones. Double labelling with PV and SYN revealed 
SYN-immunoreactive (SYN-IR) clusters around both the soma and dendritic 
extensions of PV-neurones. The pattern of SYN-IR cluster distribution was 
comparable to the pericellular and dendritic associations made by CR. Labelling 
with CR and SYN revealed that CR-labelled pericellular buttons around unlabelled 
soma were in close association with SYN-IR pericellular clusters. However, not all 
SYN-IR could be attributed to CR-PV associations, and it was clear that both 
separate populations of PV and CR neurones formed networks of interconnecting 
dendrites. In the caudal region of the AMV, CR mainly labelled unipolar brush cells 
(UBCs), which were morphologically characterised by a large dendritic expansion 
emerging from one end of the soma. Very often these enlarged dendritic expansions 
of UBCs surrounded PV-labelled neuronal somata. CR and SYN labelling showed 
that UBCs dendritic expansions were rich in SYN-IR clusters. Very few SYN-IR 
clusters were seen around the soma of the UBCs. In the caudal region of the AMV 
multi-polar PV neurones, formed a network of SYN-IR dendro-dendritic 
associations. This study shows that populations of CR and PV-labelled local-circuit 
neurones not only make associations with one another but may also be synaptically 
coupled. EM analysis of possible synaptic coupling is now being investigated.

759.10

BIOMECHANICS AND NEURAL CONTROL OF A MUSCULAR 
HYDROSTATIC TONGUE MODEL E. C. Pierce. H. J. Chiel, and R. 
D. Beer*. Depts. of Electrical Engineering and Computer Science, 
Biology, and Neuroscience, Case Western Reserve University, 
Cleveland, OH 44106.

How do the biomechanical properties of the periphery affect its 
neural control? We have focused on muscular hydrostatic structures, 
such as tongues, in which muscle both generates force and provides 
support, by analyzing a tongue model (Chiel et al. Biol Cyber 1992). 
Since biological neural networks for tongues have not been described in 
detail, we used evolutionary algorithms to generate continuous-time 
recurrent neural network central pattern generators for this model 
tongue. Model circuits were evaluated by the total amount of food 
conveyed to the mouth in a fixed time, which depends on their ability to 
rhythmically extend the tongue into a reservoir, remain there long 
enough to get food, and then to shorten the tongue until it is within the 
mouth, and keep it there long enough to transfer the food. 
Biomechanical analysis of the model suggests that there are few 
activation patterns that will best lengthen or shorten the tongue, but 
there are a family of equivalent solutions for keeping the tongue long or 
short. Evolved neural network controllers for this task reach 99% of 
maximum possible performance. Patterns of neural output are 
consistent from network to network where the biomechanics strongly 
constrains them, and highly variable otherwise. Initial analyses of these 
neural networks suggest that dynamical modules (Chiel et al, Beer et 
al., J Comp Neur, in press) play a crucial role in their function.

Support: Whitehall Foundation (M97-12), Human Frontier 
Science Program (RG0084/1997-B).

759.11

STRYCHNINE-RESISTANT SLOW MODULATORY RHYTHMS 
IN THE TURTLE SPINAL CORD. S.N. Currie*, Dept. Neuroscience, 
University of California, Riverside, CA 92521.

In recent work, we showed that superfusion of the glutamate agonist 
AMPA over the anterior hindlimb enlargement elicited vigorous bursting 
motor patterns in the hindlimb muscle nerves of low-spinal immobilized 
turtles (Currie ’99, J Physiol Paris 93, in press). When fully developed, 
AMPA-evoked motor output was expressed bilaterally in hindlimb nerves 
and exhibited strict hip flexor-extensor (HF-HE) and right-left alternation 
with an average cycle period of 3.2 sec. In most turtles, the monoarticular 
knee extensor nerve (FT-KE, femtib) was active during the HE phase of each 
cycle, a timing similar to pocket scratch reflex. In the present experiments, 
our goal was to examine the effect of blocking glycinergic inhibition on 
intralimb and interlimb coordination during AMPA-evoked motor activity. 
Four adjacent spinal cord segments in and near the anterior hindlimb 
enlargement (D7-D10) were pre-treated for 30 min with the glycine 
antagonist strychnine sulfate (50 p.M) followed by co-application of AMPA 
(5 p.M) + strychnine (50 |iM). Under these conditions, a slow right-left 
alternation (cycle period ~ 60-90 sec) emerged that was superimposed on the 
faster AMPA-evoked activity. Preparations exhibited several consecutive 
burst cycles on one side (with normal HF-HE alternation) alternating with 
several burst cycles on the contralateral side. While hindlimb nerves on one 
side were bursting, nerves on the opposite side were either silent, or 
displayed tonic/weakly modulated discharge. Supported by NSF grant IBN- 
9723973 to S.N.C.

759.12
TASK BLENDS IN THE SPINAL TURTLE: SCRATCH-SWIM HYBRIDS. 
Gammon M. Earhart* and Paul S.G. Stein. Biology Dpt., Physical Therapy Dpt., 
and Movement Science Program, Washington University, St. Louis, MO 63130.

A turtle with a complete transection of the spinal cord just posterior to the 
forelimb enlargement (D2-D3 border) produces coordinated hindlimb movements. It 
produces rostral scratching in response to ipsilateral stimulation of the midbody shell- 
bridge (J Neurophysiol 53: 1517, 1985). It produces forward swimming in response 
to electrical stimulation of the contralateral dorsolateral funiculus (DLF) at the anterior 
cut face of the D3 segment (J Neurophysiol 49: 768, 1977). Both behaviors exhibit a 
powerstroke phase and alternating hip flexion and extension (J Neurophysiol 78: 1394, 
1997). Each behavior has distinct kinematic and electromyographic features.

There is substantial hip flexion during the rostral scratch powerstroke; the limb 
reaches toward and the foot rubs against the stimulated site. In the forward swim, 
there is less hip flexion and the foot does not contact the shell. The forward swim 
powerstroke occurs during hip extension; there is more hip extension in the forward 
swim than in the rostral scratch. Hip flexor and knee extensor electromyograms 
(EMGs) have larger amplitudes in the rostral scratch compared to those in the forward 
swim (Abs Soc Neurosci 12: 790, 1986). Hip extensor EMGs often have larger 
amplitudes in the forward swim compared to those in the rostral scratch.

Simultaneous stimulation of the ipsilateral shell bridge and contralateral DLF 
elicited a scratch-swim hybrid: a rhythmic behavior that blended the features of both 
rostral scratch and forward swim. During each hybrid cycle, the limb reached forward 
and rubbed the stimulated shell-bridge site, and then reached back with a forward swim-
like powerstroke. There was substantial hip flexion as in rostral scratch, as well as 
substantial hip extension as in forward swim. Hip flexor and knee extensor EMGs had 
amplitudes similar to those during the rostral scratch powerstroke; hip extensor EMGs 
had amplitudes similar to those during the forward swim powerstroke.

The demonstration that the spinal cord coordinated blends of two distinct tasks, 
rostral scratch and forward swim, is consistent with the hypothesis that there is 
sharing of network elements between the spinal pattern generators for rostral scratch 
and forward swim. Supported by NIH Grants R01-NS30786 and T32-HD07434.
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759.13
A CONFOCAL STUDY OF SPINAL INTERNEURONS IN LARVAL ZEBRAFISH.
M.E. Haig. D, Ritter. D. Bhatt. S. Higashijima. H...Qkamoto..and JJ^.Fetcho?. Dept.
Neurobiology and Behavior. SUNY at Stony Brook, NY 11794.

We recently developed techniques for imaging neural activity and ablating single cells
which allow us to study the behavioral roles of neurons in zebrafish. To apply these 
techniques to spinal intemeurons, we needed to understand better the distribution and 
organization of cell types. Building upon the work of Bernhardt et al. (1990), we used 
confocal microscopy to examine the spinal intemeurons. Cells of 5 day old wild type and 
a stable transgenic line expressing GFP were backfilled with Texas Red dextran (10,000 
MW), The transgenic line shows strong labeling of motoneurons allowing easy 
definition of segment boundaries. In addition, several commissural intemeuron types 
were GFP labeled facilitating morphological and ablation studies. The main ipsilateral 
intemeuron in zebrafish is the CiD cell type. There is typically one large, dorsally 
located CiD cell and a few smaller more ventral CiD cells per hemisegment. CiD cells 
have long (some over 10 segments) descending axons, and in rostral cord have a shorter 
ascending axonal branch. There are two main classes of descending commissural 
intemeurons. The VeLD cell crosses the cord ventrally and descends for as many as 13 
segments. The CoLD cell, not previously described, has a main branching dendrite that 
extends laterally from the soma. The CoLD cell’s axon arises from the ventral side of the 
dendritic trunk, crosses in cord and descends in ventral cord for as many as 10 segments. 
CoLD morphology is reminiscent of stretch receptor neurons in other species. The two 
main types of ascending cells in larval cord, CoPA and CoSA cells, are commissural 
cells with dorsal axons. Our injections typically labeled one of the larger CoPA cells in 
every other hemisegment and multiple CoSAs per hemisegment. The presence of other 
backfilled neurons that do not easily fall into currently defined classes suggests that there 
may be cell types yet to be fully described. In the transgenic fish, we have identified 
GFP positive VeLDs and CoLDs, but other commissural cells may also be labeled. Our 
observations lead to several hypotheses about the functional roles of the cell types and 
lay a foundation for functional studies using calcium imaging and laser ablations. 
Supported by NIH NS26539 and MH1186101.

759.14
A NOVEL ROLE OF THE IH CURRENT IN REGULATING THE 
FREQUENCY OF THE RESPIRATORY RHYTHM IN MICE.
M. Thoby-Brisson*, P. Telgkamp, J.M. Ramirez. Dept. Anatomy & Comm. 
Neurobiology, University of Chicago, Chicago, IL 60637, USA.

In most rhythm generating networks the Ih channel plays an important 
role by providing a hyperpolarization-activated depolarizing current which 
triggers a subsequent rhythmic cycle. In these networks blockade of this current 
delays the onset of the next cycle and decreases the frequency. This is not the 
case in the respiratory system. In medullary slice preparations that generate 
spontaneously the respiratory rhythm (Ramirez et al. 1996) selective blockade of 
the Ih current with either CsCl (2.5 - 5mM) or ZD 7288 (100 pM) causes a 
pronounced increase in the frequency of the respiratory rhythm (162% +/-17, 
n=T 5) and a phase advance of the next inspiratory burst. In inspiratory neurons 
the Ih current is fully activated 2-4 seconds before the onset of the subsequent 
respiratory burst. Thus, it is unlikely that this current triggers the next respiratory 
cycle. Instead we propose that the Ih current-induced depolarization delays the 
onset of the subsequent respiratory burst by inactivating bursting properties of 
inspiratory pacemakers. We identified one type of pacemaker neuron with 
membrane properties that are consistent with this hypothesis. In the functional 
network this pacemaker discharges in phase with inspiratory activity, it is 
hyperpolarized for 1-2 seconds following an inspiratory burst and depolarized at 
-50mV during the remaining interburst interval. Blockade of glutamatergic 
synaptic activity (30pM CNQX) abolishes network activity and this pacemaker 
neuron remains tonically active at a potential of -50mV. Blockade of the Ih 
current hyperpolarizes this neuron and induces rhythmic pacemaker activity. 
Depolarizing the pacemaker abolishes endogenous rhythmicity. We propose that 
this type of pacemaker neuron may be responsible for the Ih current dependent 
regulation of the respiratory frequency.

759.15

LONG TERM FACILITATION OF RESPIRATORY ACTIVITY FOLLOWING 
ANOXIA IN VITRO. DM. Blitz*, P. Telgkamp, M. Thoby-Brisson, J.M. 
Ramirez. Department of Anatomy, University of Chicago, Chicago, II60637.

An important modulator of respiratory activity is oxygen level. Several in vivo 
preparations have demonstrated long term changes in respiration following 
repetitive hypoxic episodes (eg Bach & Mitchell, Resp Physiol 104:251,1996). 
These include a modulation of respiratory frequency, and an increase in motor 
neuron activity including nucleus XII motor neurons. These changes have 
been collectively referred to as long term facilitation (LTF). We sought to 
determine whether LTF also occurs in vitro. The neural network underlying 
respiration can be isolated in a transverse medullary slice preparation 
containing the pre-Bdtzinger complex (pBC), thought to be the site of 
respiratory rhythm generation, motor nucleus XII and modulatory inputs 
including serotonergic raphe nuclei (Ramirez et al, J Physiol 491:799, 1996). 
Anoxia was induced by replacing carbogenated artificial CSF with aCSF 
containing 95% N2/ 5% CO2. We found that LTF occurred following brief (5 
min) episodes of anoxia. Like in vivo, an initial frequency depression was 
followed by a long lasting increase in respiratory frequency. The amplitude of 
integrated mass activity was enhanced in both the XII nucleus and the pBC. 
LTF in vivo is serotonin dependent (Bach & Mitchell, Resp Physiol 104:251,
1996). Similarily, bath application of the serotonin receptor antagonist 
methysergide (40pM) blocked the increases in respiratory frequency, nucleus 
XII and pBC mass activity in vitro. Thus, there are central serotonin-dependent 
long term changes which resemble the in vivo response to episodic hypoxia. 
Therefore, the transverse slice preparation will be a useful model for studying 
the mechanisms of LTF which may be an important adaptation for maintaining 
stable breathing during sleep and exercise.

Supported by NIH HUNS 10168 and HUNS 60120

759.16

INVOLVEMENT OF THE CAUDAL RAPHE NUCLEI IN HOMEOSTATIC 
MECHANISMS, A STUDY IN RATS BY THE Fos EXPRESSION. 
M.I.Noqueira*. L.F.Takase. L F.de Souza, E.R.Garcia, J.R. Barone and L A. 
Pereira. Dept. of Anatomy, Biomedical Sciences Institute, Universidade de 
Sao Paulo, Sao Paulo, Brazil, 05508-900.

The caudal raphe nuclei, magnus (RMg) pallidus (RPa) and obscurus 
(ROb) have been related to many somatic, visceral, autonomic and endocrine 
functions, in order to study the involvement of each one of these nuclei 
experiments were performed using
stressing stimulus and the Fos expression. Adult norwegicus rats wistar 

strain, 3-4 months old, housed in a 12 h light dark cycle, at 23°.C with food 
and water ad libitum, previously adopted, were submitted to the different 
following experimental conditions, group 1-feeding (animals in a meal feeding 
schedule (fed only from 7:00-h to 9:00h) during 15 days were studied in 
relation to the feeding behavior phases, search of, ingestion and satiety of 
food); group 2-activity (15 min of exercise in a running-wheel), group 3- pain 
(cervical injection of 150 pi of formalin 5%, 30°.C); group 4- temperature (one 
subgroup were submitted to 7°.C and another to 37° C during 30 min ), 
group 5-volume (from one subgroup designed as hipovolemic, 3.2 ml of 
blood volume was removed and injected in another subgroup-hipervolemic). 
After 1 -h,30 min. of the stimulus, the animals were deeply anesthetized and 
fixed with PF 4%, pH 9.5, 4°.C. Fos antiserum 1:1000, ABC elit kit and DAB 
techniques were employed.

The microscopic analyses revealed a stimulus dependence of Fos 
immunopositivity. The groups that labeled a higher number of neurons in the 3 
nuclei were, in decreasing sequence, the temperature 37°.C, pain and 
hipervolemic.The RMg labeled more neurons only in the formalin group, in all 
the other groups the RPa presented the higher number of labeled cells. The 
ROb was more labeled in the temperature at 37° C.
Supported by Fapesp and CNPq

759.17

BROADLY TUNED SPINAL NEURONS FOR EACH FORM 
OF FICTIVE SCRATCHING IN SPINAL TURTLES. A.
Berkowitz*. Dept. of Zoology, Univ. of Oklahoma, Norman, OK 73019.

A spinal turtle responds to tactile stimulation of the body surface by 
rhythmically scratching the stimulated site. The turtle uses one of three 
forms of scratching-rostral, pocket, or caudal—depending on which 
region of the body surface is stimulated. An immobilized, spinal turtle 
can appropriately select and generate each form of fictive scratching.

Previous research (Berkowitz & Stein, J. Neurosci. 14:5089-5104, 
1994) showed that many spinal intemeurons are activated during both 
rostral and pocket fictive scratching, but respond most strongly to tactile 
stimulation of one region and progressively less strongly as one moves 
away from that region; i.e., these neurons are broadly tuned to a region of 
the body surface. These data suggested that the spinal cord selects an 
appropriate form of scratching via a large population of broadly tuned 
neurons rather than a small number of neurons dedicated to one form of 
scratching. These experiments, however, utilized a reduced preparation 
that produces rostral and pocket, but not caudal fictive scratching.

In the current work, I used an immobilized, spinal preparation that 
produces all three forms of fictive scratching to ascertain whether some 
spinal neurons are broadly tuned to a caudal scratch region. Single 
neurons were recorded extracellularly in the hindlimb enlargement spinal 
gray matter, using metal-filled glass micropipettes. Several spinal 
neurons were broadly tuned to a caudal scratch region; others were tuned 
to a pocket scratch or a rostral scratch region. These data are consistent 
with the hypothesis that the turtle spinal cord relies on a population of 
broadly tuned neurons for selection of each form of scratching.

Supported by NSF Award #9807991 to A.B.

759.18
STUDY OF THE PROPERTIES OF NEURONS OF NUCLEUS PONTIS CAUDALIS 
AND THEIR TRIGEMINAL INPUTS. C, Ciannini, C. Scott, 1. Lund, and A. Kolta*. 
Centre de Recherche en Sciences Neurologiques & Dep. de stomatologie, Univ. de 
Montreal, C.P. 6128, Succ. Centre-Ville, Md, P.Q., Canada, H3C 3J7 and Faculty of 
Dentistry, McGill University.

An increasing body of evidence suggests that nucleus pontis caudaiis 
(nPC) plays a significant role in genesis of rhythmic jaw movements. To 
determine the intrinsic properties of neurons in nPC, intracellular and 
extracellular recordings were performed in the nPC of rat, using an in vitro 
slice preparation, and in rabbits in vivo. In intracellular records, nPC neurons 
had a resting membrane potential of -54.5 mV (±1.7mV; SE) and an input 
resistance of 91 MO (±19.2 MO; SE). The most common characteristic of 
these neurons was their high level of spontaneous firing. Seventy three percent 
of cells recorded in nPC fired spontaneously at an average rate of 10Hz (±2.8 
Hz; SE). Similarly, a large number of spontaneously tonically active neurons 
were also encountered in rabbit in vivo preparation (=60%). The tonic 
discharge in vitro was extremely stable and persisted in the absence of Ca++ 
in the perfusate suggesting that it is intrinsically and not synaptically induced. 
Bath applications of NMDA in vitro resulted in an increased frequency among 
66% of the cells analyzed and a decreased frequency in 33% of cases., 
whereas microinjections of NMDA into nPC in the rabbit, increased firing 
frequency of most neurons recorded in vivo (89%), and decreased activity in 
11% of neurons. These findings demonstrate that a large percentage of cells 
in nPC are spontaneously active in vitro and in vivo, and are predominantly 
activated by application of NMDA. Activation of these neurons by excitatory 
ihputs should have an important effect on masticatory output Research 
sponsored by the Natural Science and Engineering Research Council and 
Medical Research Council.
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759.19

COMMON DATA MODEL 2000: OPEN METHODS FOR 
NEUROSCIENCE DATA DESCRIPTION AND INTERCHANGE. 
Daniel Gardner*, Michael Abato, Robert DeBellis, Steven M. Erde,
Kevin H. Knuth, and Thomas White. Dept. of Physiology, Weill 
Medical College of Cornell Univ., New York, NY 10021.

A Common Data Model for our somatosensory and invertebrate 
neurodatabases spans microelectrode datatypes, descriptive and 
searchable metadata, cortical units and identified neurons, query tools, 
and multiplatform Java viewers for experimental records including 
timeseries, 1-D event lists and histograms, and 2-D datasets.

Plug-in architecture enables Java2 support and client interoperability 
for project-designed Virtual Oscilloscope and query tools.

To extend interoperability to other neuroscience data resources, we 
offer an open extensible standard for describing and sharing data and 
data models: Common Data Model 2000. The CDM2000 data model 
abstracts and relates generalized elements for data (including wrappers 
and metadata), site (neurons, other anatomical and functional 
structures), reference (publication), model (hypothesis, model 
parameters), and method (protocols, simulation engines). CDM2000 
data descriptions use open standard Resource Description Framework 
and XML syntax. Data models, metadata, and dataset formats of a wide 
range of neuroscience data resources can be derived from these 
generalized elements and described using CDM2000. Adding these 
open standard descriptions and methods to existing and emerging 
resources enables evolving methods for neuroscience data interchange.

See http://mollusc.med.cornell.edu/ and http://cortex.med.cornell.edu/
Supported by NINDS: NS36043, NIMH: MH57153, & NSF: BIR-9506171.

759.20

GENERALIZABILITY OF COMMON DATA MODEL 2000 TO 
REPRESENTATION AND EXCHANGE OF DATA FOR ADVANCED 
NEUROIMAGING TECHNIQUES. Kevin H. Knuth*, Michael Abato, 
Thomas White, and Daniel Gardner. Dept. of Physiology, Weill Medical 
College of Cornell Univ., New York, NY 10021.

To encompass distinct electrophysiological techniques specific to 
different preparations, our Common Data Model 2000 generalizes 
microelectrode-derived datasets and neuron definitions into data and 
site elements (Gardner et al., this meeting). We now assess the utility of 
these abstractions for neuroimaging, surface electrode, and generic 
image-based data including MRI, fMRI, PET, EEG and MEG.

CDM2000 data elements include both datatypes and wrappers, each 
extensible to imaging modalities. Multichannel EEG/MEG data can be 
represented as sets of traces, each a time series; fMRI image slices as 
sets in which each trace is a 2-D array of scalar values. The experiment- 
view-trace wrapper is compatible with multiple modalities: dual views 
can link related EEG and fMRI data. A sequence wrapper accommodates 
related datasets at multiple time points thus incorporating animations. 
Multilevel scoped metadata can include technical and subject/patient 
attributes. Site element abstractions transcend neurons to describe 
anatomical structures and spatial or temporal region-of-interest subsets.

Implementation is similarly extensible. A core Binary Large OBject 
encompasses multidimensional arrays of scalar values, and the XML- 
RDF framework can describe any datatype, enabling exchange and 
comparison of single or multi-modal neuroimaging data.

See http://cortex.med.cornell.edu/ and http://mollusc.med.corneil.edu/
Supported by NIMH: MH57153, NINDS: NS36043, & NSF: BIR-9506171.
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760.1 760.2
A BIOLOGICALLY REALISTIC ARM MOVEMENT CONTROL MODEL 
BASED ON MULTIELECTRODE RECORDINGS. G. Gaal* and J. K. Chapin, 
MCP Hahnemann University, Philadelphia PA 19129.

Population coding algorithms were developed to predict motor output 
from neural activity or to reconstruct sensory input. A vectorial method was 
introduced by Georgopoulos et al. (1986) to combine activities of motor 
cortical neurons and their preferred directions to predict the direction of the 
upcoming arm movement. The extent of such population vectors could 
account for velocity. The method could be used to estimate more complicated 
trajectories, such as sinusoids (Schwartz, 1993), if the preferred directions 
were fixed in the workspace of the arm (but see Mason et al., 1998). However, 
the method can not adequately reconstruct arm trajectories from muscle 
activities, although muscle activities are also directionally tuned during 
reaching. In order to develop an online algorithm for control in 
neuroprosthetic devices, we estimated arm trajectories from muscle and neural 
activities in sliding windows along the time axis as well as at neighboring 
trajectory phase space locations. The coding coefficients could be obtained by 
multiplying the pseudoinverse of the covariance matrix of biological signals 
with the covariance matrix of trajectories (dependent variables) and biological 
signals (independent variables). The calculations were successfully tested with 
data from different experiments involving behaving subjects (monkeys, cats 
and rats) engaged in various sensorimotor tasks (Donoghue et al., 1998; Gaal 
et al., 1998; Chapin et al., 1999). If such coding coefficients were embedded 
into networks after implemented trials by Hebbian-like algorithms, they could 
be combined to estimate desired biological signals in subgroups for desired 
trajectories; desired and predicted trajectories could be compared, and the 
coefficients could also be used in adaptation during reaching. Supported by NIH 
and ONR.

EMERGENCE OF SEQUENCE-SPECIFIC NEURAL ACTIVITIES WITH 
HIERARCHICAL MULTIPLE PAIRED FORWARD AND INVERSE MODELS 
M.Haruno*k K.Doya^. D.M. Wolpert? and M.Kawato L2 lATRHuman Info. Proc. 
Res. Labs., 2-2 Hikari-dai Seika-cho Soraku-gun Kyoto, Japan; ^Dynamic Brain 
Project, ERATO, JST, Japan; •’Sobel Dept. Institute of Neurol ogy, Queen Square. 
London WC1N 3BG, UK

Recent studies on monkey of sequence learning (Tanji et al. 1994,1998) found a 
group of cells in SMA whose activity is exclusively related to a specific sequence of 
multiple elementary movements (i.e., push, pull and turn). We propose a novel 
hierarchical and modular neural-network architecture that addresses how these neural 
responses arise without assuming a one-to-one correspondence between neurons and 
the elementary movements. In distinction to previous models, the proposed 
archit ecture automatically acquires both the “ symbol -like” elementary movements 
(chunking) and their temporal order (sequencing) through “analogue” sensory-motor 
learning. It directly tackles the symbol grounding problem; how do symbols emerge 
internally through interactions of the brain with the external world? In the proposed 
architecture, each component module is made up of a forward model and an inverse 
model (Kawato and Wol pert 1998). In the lowest level, the inverse model computesa 
motor command, while the forward model predicts the consequence of the command A 
responsibility (probability) signal for each module represents the accuracy of the 
predictions generated by that module’s forward model. These responsibilities guide 
competitive learning resulting in the self-organization of elementary movements. A 
set of higher-level modiles learn to predict the responsibilities of the lower-level 
modules. The architecture was tested in a simulation of object manipulation under a 
periodically changing environment (Haruno et al. 1999). During learning, the 
lowest-level modules gradually converge to different conditions, each of which 
corresponds to an elementary movement. The responsibi lities change periodically and 
each higher-level module learns a sequence of them. After learning, the higher-level 
modules oscillate by themselves even if the responsibilities from the lower level are 
not provided These oscillations, corresponding to the sequence-specific neural 
activities, can trigger the automated control of the elementary movements through 
top-down information flow alone. This corresponds to memory guided sequence 
execution. (Supported by HFSP and Special Coordination Funds for promoting 
Science and Technology of STA)

760.3

A UNIFIED ACCOUNT FOR RHYTHMIC AND DISCRETE ACTIONS WITH 
PROGRAMMABLE PATTERN GENERATORS. D. Sternad1*, W.J.Dean', and 
S, Schaal2. 'Dept. of Kinesiology, Pennsylvania State University, University Park, 
PA 16802, 2Computer Science and Neuroscience, University of Southern California.

In the study of the coordination and control of limb movements there appears to 
be a dividing line between investigations that examine discrete pointing 
movements, mostly rooted in a control theoretical perspective, and studies that 
investigate rhythmic single or interlimb actions, many of them persuing a dynamic 
systems perspective. Most daily activities, however, consist of a sequence or a 
combination of phasic and cyclic elements. The presents study proposes a unified 
account for the coordination of discrete and rhythmic actions, extending from the 
dynamic systems perspective. We suggest that the effector is controlled by two 
interacting dynamic pattern generators, one point attractor and one rhythmic limit 
cycle attractor for each degree of freedom. To determine the nature of this 
interaction, we performed a single-joint elbow movement in the horizontal plane, in 
which participants oscillated their forearm at a prescribed frequency around a 
specified target. Upon hearing a metronome signal, they shifted their center of 
oscillation to a second specified target as fast as possible, without stopping the 
oscillation. Analyses extracted several parameters that quantify the mutual 
influences of the rhythmic and the discrete component of the task. (1) The onset of 
the discrete movement was confined to a limited phase window in the rhythmic 
cycle; (2) the discrete movement's duration was close to the period of oscillation; (3) 
the rhythmic oscillation was “perturbed” by the discrete movement as is showed by 
phase resetting, typical for perturbed nonlinear oscillations. From these interaction 
effects we conclude that there are two control systems which are simultaneously 
present and are coupled with each each other. A dynamic model is proposed which 
simulates these effects. NSF SBR-97-10312

760.4

SPECTRAL ANALYSIS OF DISCRETE MOVEMENTS-IMPLICATIONS 
FOR MOTOR CONTROL. S.J. Goodbody1, D.M. Wolpert1 and C.M. Harris2. 
(SPON: European Neuroscience Association). Sobell Dept., institute of 
Neurology and institute of Child Health, Queen Square London WCIN, UK.

Analysis of movement trajectories has generally been carried out in the 
temporal domain. However, a frequency domain approach using Fourier 
analysis can enhance the information that can be gained from measurement of 
the outcome (the movement) of a driving signal to a plant. Transients, for 
example discrete movements such as point to point arm movements or 
saccades, have energy spectra with well defined features. Minima occur at 
frequencies that depend critically on the movement duration and overall 
shape, while the decay in energy with frequency depends critically on the 
abruptness of the movement initiation and end. This movement signature in 
the frequency domain not only allows differentiation between movements 
similar in the temporal domain, but must be reproduced by any model of arm 
movement control. The analysis has been applied to recorded (1000 Hz) rapid 
point to point arm movements. The energy spectra for the real movements 
have a surprisingly slow decay with frequency. The features cannot be 
captured in profiles resulting from minimization of a cost dependent on a 
single kinematic variable such as acceleration, jerk or higher derivatives. 
Better agreement is found for kinematic costs dependent on more than one 
derivative. In addition, the decay in energy for recorded movements depends 
on the movement condition, inconsistent with kinematic planning models. 
Comparisons between experiment and predictions of several models of motor 
control are made for one degree of freedom movements. (Supported by the 
Wellcome Trust and the Medical Research Council.)
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760.5
REDEFINITION FOR ACTIVE AND PASSIVE MOVEMENTS ON VISUAL 
REACHING TASKS. T.Maeda*, Y. Yanagida, and S. Tachi. Dept. of Math. Eng. & 
Inf. Physics, Univ. of Tokyo; Tokyo 113-8656 Japan

In the experiments of perceptual-motor coordination focused on active and passive 
movements, it has been an ordinary paradigm that efferent copy of motor command 
affects space perception. The paradigm was based on the concept that the active 
movement was caused with voluntary motor command and the passive movement was 
not. However, the voluntary motor command was made from the perception under the 
condition of the active/passive movement. Whether the presence of the motor command 
caused the difference of perception or was caused by it ?In this report, we submitted that 
the phenomenal difference of space perception should depend on not efferent copy but 
intention on sensory integration. In the first experiment, the difference between active 
movement condition and passive movement condition was confirmed. In the experiment 
of reaching a visual target, active and passive movements yielded different results. This 
observation submitted that the adaptation encouraged by prismatic stimulation was non- 
relevant to defining the difference between the condition with active movement and the 
condition with passive movement. The second experiment involved the task of reaching 
for a nonvisual haptic target. Results indicated no difference between active and passive 
movements. This observation submitted that the efferent copy of motor command was 
not significant to the difference between the condition with active movement and the 
condition with passive movement. The third experiment involved visual reaching tasks 
and adaptation to prismatic stimulation. The results confirmed that, not only the 
subjects adapted more effectively to the active reaching task in active movement 
condition, but also he adapted more effectively to the passive reaching task in passive 
movement condition. This observation submitted that there are the independent 
conversion processes from sensory signals to motor commands for each organ to be 
moved voluntarily, such as eyeballs, hands, and so an. Those occur alternatively for a 
particular task. Therefore it is also submitted that the phenomenal difference of space 
perception between active and passive movements would come from the difference of the 
conversion mechanisms from sensory signals to motor commands. This study was 
supported in part by Laboratories of Image Information Science and Technology.

760.6
AUTOMATIC WORD READING INFLUENCES THE CONTROL OF ARM 
MOVEMENTS. M. Gentilucci, F. Benuzzi, L. Bertolani, E. Daprati, P.F, Ferrari*, 
M. Gangitano. Istituto di Fisiologia Umana, Via Voltumo 39,1-43100 Parma, Italy

Subjects reached and grasped an object on which the following Italian words 
were printed: VICINO (near) or LONTAN (far) on an object located at either a near 
or a far distance from the agent (experiments 1 and 2); PICCOLO (small) or 
GRANDE (large) on either a small or a large object (experiment 4); ALTO (high) or 
BASSO (low) on an object located at either a high or a low position (experiment 5). 
The kinematics of the initial phase of reaching-grasping was affected by the meaning 
of the printed words. That is, subjects automatically associated the meaning of the 
word with the corresponding property of the object and activated a reaching and/or 
grasping motor program affected by the word. No effect on initial kinematics was 
observed for words related to object properties not directly involved in reaching- 
grasping control (experiment 3). In experiments 5, and 6, the effects of the Italian 
adjectives ALTO (high) and BASSO (low) on reaching-grasping control were 
compared with those of the Italian adverbs SOPRA (up) and SOTTO (down). 
Adjectives influenced visual analysis of target-object properties, whereas adverbs 
more directly influenced the control of the action. We suggest that these effects 
resemble the structure of a sentence where adjectives are commonly referred to 
nouns, and adverbs to verbs. In other words, class of words, and, in a broad sense 
grammar, influenced motor control. The results of the present study show that 
cognitive functions, such as language, can affect visuo-motor transformation. The 
data are in support of the notion that a strict relation between language and motor 
control exists, and that the frontal cortex can be involved in interactions between 
automatic word reading and visuo-motor transformation. (Supported by MURST and 
CNR, Italy)

760.7

THE VISUOMOTOR TRANSFORMATION FOR ARM MOVEMENT 
ACCOUNTS FOR 3-D EYE ORIENTATION AND RETINAL 
GEOMETRY. D Y.P. Henriques1*, J.D. Crawford1, and T. Vilis2. ’Depts of 
Biology & Psychology, Center for Vision Research, York University, Toronto, 
Canada. 2Dept. of Physiology, University of Western Ontario, London, Canada.

Previous studies have demonstrated that visual target location in eye 
coordinates (J eye) is a function of Tspace and 3-D eye orientation (Crawford & 
Guitton 1997) and that the oculomotor system accounts for this in a non-linear 
reference frame transformation to generate accurate movements (Klier & Crawford 
1998). Our goal was to determine if the visuomotor transformation for arm 
movements performs the same operation when pointing between horizontally 
displaced targets at different elevations. Seven head-fixed subjects pointed to a 
briefly flashed LED 40° - 80° right of fixation, at 5 vertical eye positions (0°, ± 15° 
&30° from eye level) in complete darkness. Geometrically correct Teye directions 
were computed by rotating Tspace by the inverse of initial 3-D eye orientation 
(Crawford & Guitton 1997). Whereas 'Tspace were displaced horizontally from the 
fixation point, Teye tilted obliquely as a function of eye rotation. Thus, the 
standard linear (additive) visuomotor model predicted pointing errors with a 
similar fanning out pattern. However, pointing responses to remembered targets 
did not show any systematic errors consistent with these predictions. When actual 
vertical pointing errors were compared to those predicted by the additive model, 
the mean slope across subjects was only -0.035. These results indicate that the 
brain performs a 3-D eye-to-head reference frame transformation to compute 
correct pointing responses. Moreover, this process requires that the mechanism for 
comparison between RE and eye position be rotatary (ie. multiplicative) rather 
than additive. Supported by a Canadian NSERC grant.

760.8

AGE-RELATED CHANGES IN 3D POINTING TO REMEMBERED TARGETS. 
S.V. Adamovich*. M.B. Berkinblit and H. Poizner. Center for Neuroscience, Rutgers 
Univ., Newark NJ 07102.

Pointing movements produced without vision at a comfortable speed to five 
remembered targets were compared in 7 young (22-26 years) and 7 senior (63-75 
years) subjects. One target was located 55-60 cm in front of the shoulder. Four other 
targets formed a diamond in a frontal plane, centered 45-55 cm in front of the 
shoulder, 25 cm to the left, to the right, higher and lower than the center of the 
diamond. Subjects were seated, with their upper arm positioned horizontally on the 
lap, so that the arm endpoint was below the targets before the movement onset. 
Constant, but not variable pointing errors were significantly larger in the senior 
group. The senior subjects showed radial distance undershoots whereas controls 
showed overshoots. On average, for each of the five targets the final arm endpoint 
position was higher in the senior subjects when compared to the control subjects. 
The lateral error components were also different across groups: the senior subjects 
pointed closer to the center than the control subjects. The observed differences in the 
age-related changes in the lateral and elevation pointing errors may indicate 
relatively independent motor planning for these two motor components. Both 
sensory and motor factors can contribute to the observed age-related changes in the 
error pattern. We suggest a stronger influence of head and eye rotations during the 
aiming phase on the constant pointing errors, or some age-related changes in the 
accuracy of integrating proprioception from the moving arm with the target 
coordinates stored in visuospatial memory. Finally, the error pattern changes could 
be explained by the reduced ability of the senior subjects to take into account the 
inertial properties of the moving arm. The movement kinematics, including peak 
tangential velocity was not different across the two groups of subjects. This may 
indicate that in this motor task without online visual guidance, preferred movement 
speed may not decrease with the subject’s age. Supported in part by NIH Grant# 
NS36449.

760.9

CONSTRAINT SATISFACTION AND ERROR CORRECTION IN 
MULTUOINT ARM REACHING MOVEMENTS. E. Torres’, 
D.Zipser’*.’Department of Cognitive Science, Univ. of California, San Diego.;La 
Jolla, CA 92093-0515

Reaching for and manipulating objects requires the solution of the extra- 
degrees-of freedom problem. For example, given a particular arm configuration 
in terms of joint angles, there is a function that specifies a unique hand position, 
however this function has no inverse giving joint angles for hand locations. 
Movement trajectories are also under specified, since there are infinite number of 
paths from one hand position to another. Yet, the nervous system selects a 
particular path and specifies an arm configuration for each point along the path. 
Movements also have to respect many constraints ranging from the physics of the 
arm to the cognitive demands of the task.

In this poster, we present an approach to sensory-motor integration that divides 
the problem into three stages, sensory, geometrical and motor. We focus on the 
geometrical stage and show how path selection, joint angle specification, error 
correction and constraint satisfaction can be solved geometrically.

A solution to path selection in 3D and joint angle specification at each point in 
the path is presented. The method uses a 7 degree-of-freedom representation of 
the human arm and implements the solution using Gradient Descent in joint angle 
space. The minimized objective function is the distance between the current hand 
position and the target point in 3D.

Error correction and examples of constraint-satisfaction involving non-violation 
of joint angle boundaries and reduction of physical effort are presented. Computer 
simulations will also be provided.
Supported by Grant Number: 5 F31 NS10109-04

760.10

MOVEMENT-RELATED CORTICAL POTENTIAL DURING CONCENTRIC 
AND ECCENTRIC MUSCLE CONTRACTIONS. V. Siemionow**, Y. Fangf 

and G.H. Yue . Department of Biomedical Engineering, The Cleveland Clinic 
Foundation, Cleveland, OH 44195.

The central nervous system (CNS) control strategy for eccentric muscle 
contractions is postulated to be different from that for concentric contractions. 
However, data related to brain activation during these two types of contractions 
are scarce. The purpose of this study was to determine if the brain activates 
differently from concentric to eccentric contractions of elbow flexor muscles. 
Subjects were seated in a experimental chair with the left arm parallel to the 
ground surface and supported by a device that can be rotated with little friction. 
A weight was attached to the wrist through a pulley so that the weight was 
pulled up during a concentric contraction and lowered during an eccentric 
contraction. Each subject participated in two sessions of experiments. In one 
session, the end position of the concentric contractions was always the initial 
position of the eccentric contractions and vice versa. In the other session, the 
initial position and range of movement for both the concentric and eccentric 
contractions were the same. In each session, 30 to 50 contractions were 
performed for each task (concentric or eccentric) at each of the two load levels 
(20% and 80% maximum weight). EEG signals were recorded from the scalp 
overlying a number of cortical areas. In each trial,, the movement signal was 
used as the triggering signal for the EEG averaging to derive movement-related 
cortical potential (MRCP). Several components of the MRCP were quantified, 
readiness potential, negative slope, and after-movement positivity. These 
measurements were compared between the concentric and eccentric contractions 
at different load levels and arm positions.

Supported by NIH grants (NS 35130, NS 37400)
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760.11
THE QUICKEST HANDPATH BETWEEN TWO POINTS IS NOT A STRAIGHT 
LINE. D. Kalakanis* and R.L. Sainburg. School of Health Related Professions, State 
University of New York; Buffalo, NY 14214

Rapid, accurate reaching requires precise control of dynamic interactions, 
arising from the neuro-musculo-skeletal (NMS) structure, in accord with task spe-
cific constraints. For an isolated point mass, the shortest time for moving between 
two locations requires a straight path. However, the non-linear NMS dynamics of the 
moving arm have been speculated to affect the ideal trajectory of the hand.

We now employ computer assisted mathematical modeling and numerical 
optimization methods to systematically investigate the effect of certain NMS dynam-
ics on arm coordination during a minimum time reaching task. Our model consisted 
of two planar links, and four actuators each controlled by a set of excitation nodes. 
We simulated 10 cm long movements made in 8 radial directions on a horizontal 
frictionless surface. Minimum time solutions were obtained for all eight directions 
with: a) Instantaneous control of the actuators and b) Physiological excitation- 
contraction (EC) delays. Each simulation altered a single variable in the task’s or 
system’s definition. These multiple optimal simulations allowed us to study the dy-
namic effect of movement direction and (de)activation delay dynamics on the opted 
control and resulting coordination of highly skilled planned movements. For com-
parison, we, also, obtained a minimum-time straight-handpath solution toward one 
target.

The simulated handpaths showed substantial curvatures. The magnitude and 
type of curvatures depended on target direction and EC dynamics. Actual move-
ments, performed with the dominant arm and without visual feedback, revealed simi-
lar, but usually smaller, curvatures. Our results indicate that minimum time reaching 
requires curved hand trajectories which are task specific and are effected by NMS 
dynamics.

NIH Grants: 1 KOI HD01186-01, and T32HD07423

760.12
DYNAMIC FIELD THEORY AND DIRECTIONAL ARM MOVEMENTS.
K, McDowell1*, J.J, Jeka1, and G. Schoner2, 1Program in Neuroscience and
Cognitive Science. University of Maryland, College Park, MD 20740;
zLaboratoire de Neurosciences Cognitives, CNRS, Marseilles, France,
Dynamic Field Theory (DFT) (Schoner, Kopecz, & Erlhagen, 1997) proposes 
that information content is as important as quantity of information for motor 
planning. For example, in a pointing task, DFT hypothesizes reaction time is 
influenced by the degree of angular differentiation of the target position as 
well as by the number of possible responses. DFT predictions were 
examined for a two choice, variable target spacing experiment. Reaction 
time, movement end-point, movement trajectory, and movement time were 
recorded. In each of two conditions, a frequent arrow (80%) or a rare arrow 
(20%) was presented briefly on a computer screen to specify movement 
direction from a central position. In the narrow condition, the frequent arrow 
appeared +/- 20° from the rare arrow. In the wide condition, the frequent 
arrow appeared +/- 120° from the rare arrow. In both conditions, the rare 
arrow specified the same movement direction. Both conditions were 
performed within a pointing task, which involved a reach to the target, and a 
reacting task, which required only a simple stylus lift. Reaction time data 
(n=32) indicated a frequency by condition by task interaction that was 
predicted by DFT. Reaction time differences were found in the pointing task 
but not in the reacting task. These differences were interpreted as arising 
from motor planning rather than visual attention. Particularly interesting, 
movement onset to the rare arrow was faster in the narrow than in the wide 
condition for the pointing task despite the positions of the two arrows being 
identical. Overall, reaction time and movement related results were 
consistent with predictions of DFT. Supported by NSF grant SBR-9709361.

760.13

ARM REACHING MOVEMENTS DURING VOLUNTARY TRUNK ROTATION 
INVOLVE COMPENSATION FOR SELF-GENERATED CORIOLIS FORCES. P. 
Pigeon*, S.B, Bortolami, P, DiZio and J.R, Lackner, Ashton Graybiel Laboratoiy 
and Volen Center, Brandeis University, Waltham, MA 02454.

Coriolis and centripetal forces result when an arm movement is performed during 
voluntary trunk rotation. To explore whether the CNS compensates for such self-
generated interaction forces, hand trajectories were recorded in reaching tasks 
combining arm extension with and without leftward trunk rotation. Subjects stood in 
front of a table slightly above waist level inlaid with 2 targets in its left portion and a 
start button near the sagittal midline. The target locations were chosen such that a 
similar arm configuration relative to the trunk was required for reaching both targets, 
but one target required substantial trunk rotation and the other very little. Without 
moving their feet or leaning the trunk, subjects reached for the targets in near planar 
movements using all necessary arm joints and trunk rotation at a natural pace (slow) 
and rapidly (fast) in normal lighting and in total darkness. In movements with trunk 
rotation, the mean peak angular velocity of the trunk was = 130 and 190 deg/s in 
slow and fast reaches, respectively. In slow movements, the mean peak velocity of 
the finger relative to the trunk was smaller when the trunk rotated versus when the 
trunk was motionless (0.8 and 1.0 m/s, respectively, p<0.01). In fast movements, the 
values were similar (1.55 and 1.64 m/s, p>0.4). Subjects pointed more accurately in 
the light than the dark. Trunk rotation did not affect terminal pointing precision 
(p>0.05). In movements with trunk rotation, terminal errors and trajectory curvature 
were similar in slow and fast movements (p>0.3), indicating that larger Coriolis, 
centripetal and inertial interaction forces occurring during rapid reaches were 
compensated by additional joint torques. Trajectory characteristics did not vary with 
the visual condition (p>0.5), indicating that compensation did not depend on visual 
feedback. A companion abstract compares joint torques produced during slow and 
fast reaching movements with and without trunk rotation. Supported by a NSERC 
Postdoctoral Fellowship to PP and NASA grants NAG9-1037 and NAG9-1038.

760.14
SELF-GENERATED CORIOLIS FORCES ON THE ARM DURING 
NATURAL TURNING AND REACHING MOVEMENTS. S.B. Bortolami*, P. 
Pigeon, J.R. Lackner and P, DiZio. Ashton Graybiel Spatial Orientation 
Laboratory, Volen Center for Complex Systems, Brandeis University, Waltham, 
MA 02454.

Subjects in a slowly (60%) rotating room (SRR) unaware they are turning have 
their reaching movements deflected from their intended paths and endpoints in the 
direction of the transient Coriolis forces generated on the arm (Lackner & DiZio, 
1994). A companion abstract (Pigeon et al., 1999) reports that subjects in a normal 
environment simultaneously turning and pointing to targets in a natural manner make 
accurate movements. We have evaluated the arm joint torques produced during 
active turning and reaching movements.

We used an OPTOTRAK system to measure the essentially planar arm movements 
seven subjects made reaching to two targets embedded in a Plexiglas surface on a 
chest-high table. One target required arm extension and leftward trunk rotation to 
reach and the other a similar pattern of arm extension (similar joint angles) with 
almost no trunk rotation. Calculation of peak joint torques with an inverse dynamic 
model showed approximately twofold increases at the shoulder and elbow in 
reaching with trunk rotation as compared to just moving the arm. Arm velocities 
relative to the trunk decreased slightly during trunk rotation. The doubling in joint 
torques occurred both when subjects moved at a natural and a rapid pace. The trunk 
angular rates in movements with trunk rotation were -130% and -190% (peak 
averages) for natural and rapid movements, respectively.

We conclude that subjects compensate for self-produced Coriolis forces that are 
much larger than those produced during passive, undetected rotation in the SRR 
which disrupt movement trajectories and endpoints.
Supported by NASA grants NAG9-1037, NAG9-1038, and NSERC Postdoctoral 
Fellowship to P. Pigeon.

760.15

FINGERTIP CONTACT FORCES MAP REACHING ENDPOINT.
P.DiZio*, N. Landman and J.R, Lackner. Ashton Graybiel Laboratory, 
Volen Center, Brandeis University, Waltham, MA 02454

Fingertip contact with a surface at the terminus of point-to-point reaches is 
essential for adaptive elimination of endpoint errors caused by transient 
Coriolis force perturbations in a rotating room (Lackner & DiZio, 1994). 
We have measured how fingertip landing forces relate to reaching endpoint 
on a horizontal surface when no perturbations are present.
Three subjects stood in darkness with their body midline near but not 

touching the centerline of a Kistler Model 9268 force plate which rested 89 
cm high on a desktop. Holding down a midline start button projected a laser 
target onto the plate surface at a near (7 cm) or far (22 cm) distance at one 
of 22 lateral positions (5 cm intervals left and right), and lifting the finger 
to start a reach extinguished the target. The instructions were to reach and 
touch the target position using comfortable arm and torso motions at a 
natural speed and to hold the finger in the touchdown position for 2 sec.

The resultant forces 30-50 ms after initial contact peaked at ~6 N and 
settled at -4 N by 200 ms. Horizontal forces accounted for 95% of this 
settling, the vertical component remained constant over time. There were 
significant variations in peak horizontal impact force as a function of target 
distance and lateral position. The direction of horizontal impact force was 
highly correlated with target direction relative to the shoulder. We conclude 
that terminal fingertip contact forces provide a spatial map of reaching 
movement endpoint that contribute to calibration of limb position and 
sensorimotor control.

Supported by NASA grants NAG9-1037 and NAGA9-1038.

760.16
LEFT AND RIGHT HEMISPHERES HAVE DISTINCT ROLES IN THE 
RECALIBRATION OF VISUALLY GUIDED REACHING.
J. R, Moeller1, M. F, Ghilardi2,3*. C, Ghez2, V. Dhawan4. D. Eidelberg4
1NYS Psychiatric Inst., 2Ctr Neurobiol & Behav., Columbia Univ., New 
York, 3INB-CNR, Milan,4 NSUH, Manhasset., New York

\Ne sought to identify the brain networks that mediate the process 
of adaptation to novel visuomotor transformations (vmt) during 
reaching movements using 15O-H2O PET. During 90' scan, 9 right 
handed subjects moved their dominant hand on a digitizing tablet from 
a central location to equidistant targets in synchrony with a 1/s tone. 
Success was signaled when the correct target was reached in a time 
window centered on the tone. A sensory (visual and auditory) control 
without movement (Sref) and 2 movement conditions were examined: 
Mref, movements to predictable targets; Mrof, adaptation to a rotated 
hand-path display by an angle between 30° and 60°.
Using principal component analysis of contrast images, we identified a 
regional covariance pattern (rcp.vmt) of hemisphere activity whose 
expression on the left and on the right showed comparable levels of 
activity in Mref and Mrof that were greater than the Sref level. The 
topography included basal ganglia, intraparietal cortex, vermis, primary 
and premotor cortices, and SMA. Individual scores for rcp.vmt 
expression on the left were correlated with changes in spatial errors for 
Mref, but not with rotation angle for Mrof. Subject rcp.vmt scores on the 
right were correlated with rotation angle for Mrof, but not with spatial 
errors for Mref. These results suggest that in visually guided reaching, 
the continual improvement of movements to predictable targets may be 
mediated by regions in the left rcp.vmt brain network; and, adaptation 
to a novel hand-centered reference frame, by regions in the right 
rcp.vmt brain network. Supported by NS 37564, NS 22715, NS 01961.
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760.17
EYE-HAND COORDINATION DIFFERS DURING INTERNALLY- 
GENERATED VERSUS VISUALLY-TRIGGERED MOVEMENTS. J. A. 
Staub and P. van Donkelaar*. Department of Exercise and Movement 
Science, University of Oregon, Eugene, OR 97403

Eye-hand coordination during internally-generated movements is poorly 
understood. It has been suggested that the basal ganglia preferentially 
contribute to this class of movements, whereas the cerebellum preferentially 
contributes to movements based on visual cues. Thus, it is possible that eye- 
hand coordination may differ in these two types of movements. To examine 
this issue we compared the response characteristics of eye and hand 
movements made to visual versus remembered targets. In both conditions, 
subjects made eye and hand movements simultaneously or in isolation.

Our results demonstrated that hand movement amplitude was greater 
when the hand movements were produced in isolation versus in combination 
with an eye movement. This was true regardless of whether the movement 
was made to a visual or a remembered target. This suggests that integration of 
eye position information into the manual motor response occurs at a common 
upstream site. In contrast, the timing between saccade and hand onsets and 
offsets differed in the two conditions, as did the overall accuracy and 
variability of the hand movements. This is consistent with the idea that these 
components of eye-hand coordination are controlled separately by the basal 
ganglia and cerebellar systems. Taken together, the results from this study 
demonstrate that certain processes underlying eye-hand coordination during 
visually-triggered and internally-generated movements appear to share a 
common neural substrate, whereas others can function independently.

Funded by and MRF of Oregon grant to PvD.
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761.1

MENTAL-EFFORT EFFECT ON HUMAN MUSCLE, STRENGTHENING.
G.H. ^ue ’ *, V.K. Rangayathan , V. Siemionow ’ , J.Z.^Liu , and V.
Sahgal . Departments of Biomedical Engineering and Rehabilitation 
Medicine, The Cleveland Clinic Foundation, Cleveland, OH 44195.

It is well known that to strengthen a muscle one should perform training 
involving heavy loads or resistance. Training intensity below 66% of maximal 
produces no strength improvements (review: Atha, Exerc Sport Sci Rev 9: 1- 
73, 1981). Recent studies, however, have shown that substantial voluntary 
strength gains can be achieved with training involving no resistance but strong 
mental effort (e.g., Yue & Cole, J Neurophysiol 67: 1114-1123, 1992). It 
appears that the amount of mental effort involved during training plays a 
important role in strength improvements. This study tested the hypothesis that 
early muscle strength improvements depend primarily on the level of mental 
effort during training, not the training intensity (resistance) per se. Two 
groups of subjects (6 in each group) paiticipated in a 4-week (20 sessions) 
training program. In the low mental effort (LME) group, in each session 
subjects exerted 20 trials (10 s each trial) submaximal elbow flexion 
contractions roughly at 30% MVC force while watching a TV program. In the 
high mental effort (HME) group, subjects performed a same number of 
contractions in each session at 20% MVC force but they mentally urged the 
muscles to contract strongly. After training, the MVC force of the HME group 
increased significantly (21. l%t20.13%, P<0.05) but that of the LME group 
remained unchanged (1.9%±2.3%, P>0.5). The level of training load that the 
brain thinks that the muscles resist determines the level of gain in strength.

Supported by NIH grants (NS 35130, NS37400).

761.2
PRACTICE INFLUENCES THE COORDINATION OF VISUAL AND HAPTIC 
INPUTS DURING GRASPING. A. Dubrowski 1*, L, Proteau 2, H. Carnahan 1. 1 
Dept. of Kinesiology, Univ. of Waterloo, 2 Dept. of Kinesiology, Univ. of Montreal.

It has been reported that the programming of precision grip force is based on the 
somatosensory information gained from previous lifts (Johansson & Westling, 1988). 
Visual cues about object size can also be integrated in the programming of the forces 
required for successful lifts (Gordon et al., 1991). Furthermore, Proteau (1992) 
proposed that motor learning is specific to the sources of information available during 
practice. Thus, we hypothesized that with practice the sensory-motor system will 
develop a relationship between visual cues and somatosensory information and use 
this relationship to preprogram grip forces based on visual clues alone. To test this 
hypothesis three groups of subjects practiced lifting visually identical objects with 
different masses (lOOg, 150g, 200g). After practice there was a transfer phase in 
which subjects performed additional lifts of the 150g object. While performing these 
lifts, the object mass was unexpectedly changed to either lOOg or 200g. Group 1 
practiced the lifting and performed the transfer trials with no color-mass coding. 
Group 2 practiced with color-mass coding (red-lOOg, black- 150g, green-200g), 
however there was no coding during transfer. Group 3 practiced with the same color- 
mass coding as group 2, and the coding remained during the transfer. Results showed 
that during the transfer phase, group 3 scaled the peak grip forces appropriately to the 
object mass. Also, starting at the onset, the grip force generation trajectory differed 
for the three object mass. On the contrary, the initial part of grip force trajectory did 
not differ for groups 1 and 2. This indicates that visual information was used in the 
process of developing and accessing an internal model of object mass for force 
production. Furthermore, the peak grip force for the perturbed trials for group 2 were 
not proportional to the mass of the object. This supports the specificity of practice 
hypothesis, where visual information about the color-mass relationship acquired 
during practice became important for the preprogramming of the lifting forces, and 
when this information was withdrawn, performance suffered. (Supported by NSERC)

761.3

15-30 Hz COHERENCE BETWEEN MEG AND HUMAN HAND AND 
FOREARM MUSCLES IS GREATER FOR AUXOTONIC THAN FOR 
ISOMETRIC PRECISION GRIP. J.M. Kilner1, S.N. Baker1*, S. Salenius2, R. Hari2 
and R.N. Lemon1. 1 Sobell Department of Neurophysiology, Institute of Neurology, 
UCL, London WC1N 3BG. UK. 2Brain Research Unit, Helsinki University of 
Technology, 02015 HUT, Espoo, Finland.

Previous work in humans and monkeys has demonstrated 15-30 Hz oscillations in 
sensorimotor cortex that are coherent with EMG. In precision grip, EMG-EMG 
coherence in the 15-30 Hz range was greatest during steady hold periods after 
movement and was abolished during movement (Kilner et al. 1999 J. Physiol. 516:2).

hi this study 9 subjects used index finger and thumb to grip two levers that were 
under robotic control. Each lever also was fitted with a sensitive strain gauge. 
Subjects squeezed the levers against a force of 1.1 N and held them steady for 3 s; 
they then linearly increased the force to 1.4 N over a 2 s period and held for a further 
3 s before releasing. Subjects received visual feedback of lever force levels, and 
were instructed to keep them within target boxes throughout the trial. Surface EMGs 
were recorded from 4 hand and forearm muscles and MEG was recorded using a 306 
channel neuromagnetometer. All subjects showed significant levels of coherence 
(0.086-0.599) between MEG and muscle in the 15-30 Hz range. There were 
significant differences in coherence with task performed: under auxotonic (compliant 
load) conditions, coherence was significantly larger than under isometric conditions, 
although the hold period force levels were identical and carefully controlled. MEG- 
force and EMG-force coherence also showed the same pattern of modulation at 15- 
30 Hz, showing that oscillatory activity at this frequency is affecting mechanical 
output. A -10 Hz peak, seen only in the EMG-force coherence spectra, was 
relatively unchanged during the task. This suggests the ~10 and ~20 Hz EMG power
have different origins. (Supported by the Wellcome Trust and Neuro-BIRCH II).

761.4

NEUROMUSCULAR ENTRAINMENT AND THE MECHANICAL-REFLEX 
HYPOTHESIS OF FINGER TREMOR. D.E. Vaillancourt1, K.M. Newell2, and 
M.L. Latash3*. Department of Kinesiology, The Pennsylvania State University, 
University Park, PA 16802.

Several hypotheses for the genesis of tremor have been proposed. Among them, 
the mechanical-reflex oscillator hypothesis holds that the dominant frequency of 
limb oscillation is determined by limb mechanics and that neuromuscular activity 
entrains at the effector mechanical frequency to drive the amplitude of the 
tremulous oscillations. We tested this hypothesis by examining postural finger 
tremor in a spatial positioning task under a wide range of inertial loads (Exp 1: 0, 
10, 20, 30 & 40 g; Exp 2: 0, 50, 100, 150 & 200 g). Ten adults were required to 
maintain their middle finger at a square target (1.5 cm) under different loads. 
Surface EMG (1-21 Hz) was used to measure the activity of the extensor digitorum 
communis muscle. The acceleration level followed a nonlinear function increasing 
and then leveling off as inertial load increased, whereas the level of EMG activity 
increased linearly with increasing load. Power spectral estimates of acceleration 
over load indicated that at 0 g there existed two spectral peaks, one at 20-25 Hz 
and the other between 10-12 Hz. At 100 g, both acceleration peaks grouped at 10- 
12 Hz, but separated at the 200 g load. The two spectral peaks at 200 g were at 5-7 
Hz and the second between 10-12 Hz. However, the EMG frequency remained 
within 10-12 Hz independent of load. In contrast to the mechanical-reflex 
hypothesis, neuromuscular activity did not entrain with the finger oscillation. We 
thus conclude that an invariant central and/or peripheral 10-12 Hz neurogenic 
oscillation interacts with the mechanical frequency of the finger to affect the 
amplitude of tremor.

Supported by NIH grant-5 R01 NS35694-11.
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761.5

LEFT HEMISPHERE CONTROL OF THE SELF-PACED FINGER 
TAPPING TEMPO. M. Wittmann? E. Szelag,2 N. v. Steinbuchel,1 E. 
Poppel1*. 'institute of Medical Psychology, University of Munich (LMU), 
Germany; 2Nencki Institute of Experimental Biology, Dept. of 
Neurophysiology, Polish Academy of Science, Warsaw, Poland.

Left hemisphere dominance is not limited to complex functions such as 
language. Experimental evidence demonstrates this asymmetry in the 
temporal perception of sensory stimuli. Moreover, there are indications that 
also temporal aspects of motor performance depend on processes of the left 
cortical hemisphere. To test this hypothesis, we studied patients with 
infarctions to the brain with a self-paced and a maximum speed finger 
tapping task. We tested patients with left-hemispheric lesions to the cortex 
with aphasia, patients with right-hemispheric lesions to the cortex, and 
patients with left-hemispheric injuries in predominantly subcortical regions 
without aphasia syndromes. The patients with left-hemispheric injuries and 
aphasia performed with a significantly slower mean tapping rate in the 
voluntarily chosen tempo. In this task, the patients in the group with left- 
hemispheric subcortical injuries consistently tapped at a faster rate than the 
controls. No group differences, however, were detected in the maximum 
speed task. With these results, the dissociation between the self-paced and 
the maximum tempo in motor performance is shown. The tempo in 
voluntary movement control seems to depend on the functioning of the left 
cortical hemisphere. Furthermore, as only the patients with aphasia are 
slowed down, one can speculate about an association between general 
temporal aspects of sensorimotor processing and language functions. 
(Supported by BMBF)

761.6
ARE THE MOVEMENTS OF THE DIGITS CONTROLLED WHEN GRASPING? 
Jeroen B.J. Smeets* & Eli Brenner. Fysiologie, Erasmus Universiteit Rotterdam, The 

Netherlands
Reaching out for an object is often considered to consist of the control of two 

components: transporting the hand to the object’s position, and the scaling the grip 
with object size. We recently (Motor Control 3(3), 1999) proposed an alternative view 
According to this view, grasping consists of controlling the digits, not the hypothetical 
transport and grip component.

This alternative view makes some clear predictions, which are tested in the present 
experiment. The basis for these predictions is the assumption that opening of the hand 
emerges from the trajectories of the digits. Therefore, not the maximum aperture of the 
grip is controlled, but the maximum deviation of the finger and the maximum deviation 

of the thumb. The first prediction is that the well-known relation between object size 

and grip aperture (slope about 0.8) holds for each digit, with a slope of about 0.4. The 

second prediction is that the same relation holds if the object is grasped with two hands 
instead of with the thumb and finger of one hand. The third prediction is that variations 

in the timing of the maximum deviation of one digit are independent of those in the 
other digit.

We asked 7 subjects to grasp disks ranging from 5 to 8 cm, with the two digits 
contacting the disk at equal distance from the starting position. The subjects grasped 
the disks either with index finger and thumb of one hand, or with both index fingers.

The maximum deviation of both the thumb and the finger (for one-handed 
grasping) increased with 0.40 times the object size. For two-handed grasping, the slope 
of this relationship was 0.36, which did not differ from the predicted value 0.4 (p>0.1). 
The digits had their maximum deviation at 58% of the movement for one-handed 
grasping and at 60% of the movement for two-handed grasping. For none of the 
subjects was the timing of the maximum deviation of the finger and thumb correlated 
in one-handed grasping; in two subjects, the timing of the deviation of both fingers in 
two-handed grasping was correlated.

These results support our hypothesis that during grasping the movements of the 
digits are controlled.

761.7

SENSORIMOTOR INTEGRATION IN WHOLE-HAND 
GRASPING IS NOT DIGIT SPECIFIC
R. Reilmann12,3*, A.M. Gordon1,2 and H. Henningsen3. 1Dept. of 
Biobehavioral Sciences, TC, Columbia University; 2Dept. of 

Rehabilitation Medicine, Columbia Presbyterian Medical Center, New 
York, NY 10027; 3Dept. of Neurology, Westfalische Wilhelms- 

University, 48129 Munster, Germany
The aim of the present study was to determine whether the fingertip 

forces during whole-hand grasping are independently adjusted to the 
local frictional conditions. Subjects grasped and lifted an object 
instrumented with force transducers at each finger while the grip 
(normal) forces were recorded. Fifteen lifts were performed either 
with sandpaper contact surfaces at all digits or with a more slippery 
surface (rayon) at the index, middle, ring or small finger in a random 
order. The introduction of the rayon surface at the index, middle, and 
ring finger resulted in large increases in grip forces in all these 
fingers, though the grip force of the small finger remained 
unchanged. Interestingly, only a small increase (<10%) in grip force 
was seen with rayon at the small finger, however the grip forces of all 
other digits increased up to 20% in this condition. This data suggests 
that the scaling of fingertip forces in whole-hand grasping is a 
complex central motor task that is driven by sensorimotor information 
that is not digit specific.

Supported by the German Research Foundation (Deutsche 
Forschungsgemeinschaft) (R.R.), NSF-IBN-9733679 (A.M.G.), and 
VIDDA Foundation (A.M.G.).

761.8

COUPLING OF MOTOR AND RESPIRATORY CONTROL DURING OBJECT 
MANIPULATION. A.M. Gordon12, S. Catalano1 and J.H. Mateika12*. 'Dept. of 
Biobehavioral Sciences, Teachers College, Columbia Univ.; 2Dept. of Rehabilitation 
Medicine, Columbia Presbyterian Med. Center; New York, NY, 10027

In the present investigation we examined the coordination of breathing and object 
manipulation. Subjects sat in front of a table with their dominant hand resting on the 
edge of the table. In response to an auditory signal, subjects reached forward 20 cm, 
grasped and lifted an instrumented object (either 150 g or 1000 g) 15 cm above the 
table surface at their own pace. The subjects wore a face mask that was connected to 
a pneumotachometer, which measured inspiratory and expiratory airflow. The 
measured airflow served as a trigger to the auditory go-signal that was activated in 
response to four conditions which were imposed randomly. The conditions included. 
1) the transition from inspiration to expiration, 2) the transition from expiration to 
inspiration, 3) midway through inspiration and 4) midway through expiration. 
Position of the wrist and instrumented object, fingertip forces, and the inspiratory 
(T,) and expiratory time (TE) of the breathing cycle associated with the onset of the 
signal were recorded. The findings indicate that the response latency, reaching 
duration and isometric force increase were longer for the heavier object. 
Interestingly, subjects were in expiration at the onset of the lifting movement in 
more than 80% of the trials, except when the auditory signal was presented during 
mid-expiration. The likelihood of being in expiration was increased for the heavier 
object when the auditory cue was presented at inspiration onset, primarily by 
reducing T, in this condition. The overall duration of T, was decreased in all 
conditions compared to baseline breathing, and both T, and TE were significantly 
correlated with subjects response latencies and reaching durations. These findings 
suggest a coupling of voluntary motor control and respiratory control, which may 
depend on the task constraints.

Supported by the VIDDA Foundation and NSF-IBN-9733679 (A.M.G)

761.9

DIGIT SPECIFICITY DURING PRECISION GRIP. I, Salimi*. I, 
Hollander, W, Frazier, A.M. Gordon, Dept. of Biobehavioral Sciences, 
Teachers College, Columbia University, New York, NY 10027

Subjects lifted an object using the precision grip while the orthogonal 
forces and the angle about the normal axis (roll) were measured. The 
object’s center of mass could be shifted 2 cm laterally in either direction 
from the object’s center. Emphasis was placed on lifting the object so that 
its bottom remained parallel to the table surface. In the first experiment, 
subjects performed 20 trials with the weight positioned in the center, left 
and right side of the object, respectively. When the center of mass was 
located on one side, the load force rate was initially equal at each digit, 
resulting in a large roll to the heavier side. With practice, there was a 
significant increase in the load force rate in the digit on the heavier side, and 
conversely a significant reduction in the load force rate in the opposing 
digit. This change in the load force rate stabilized by the fourth trial, 
resulting in minimal roll. In the second experiment, subjects performed 5 
lifts with the center of mass located on one side of the object and then 
rotated the object 180° without lifting it and performed 5 more lifts. During 
the first trials after rotation, the load force rate was nearly equal in the 
thumb and index finger. Consequently there was initially a significant roll 
toward the heavier side. These results indicate that subjects achieve a stable 
representation of the object’s weight distribution, which is used to scale the 
motor output, within a few trials. Furthermore the object representation is 
specific to the effectors employed.

Supported by the National Science Foundation (#9733679) and VIDDA 
Foundation.

761.10

ACQUISITION OF SKILLED TYPING MOVEMENTS. S. Rov, R. 
Parasher, A.M. Gordon*. Dept. of Biobehavioral Sciences, Teachers College, 
Columbia University, NYC, NY 10027.

Planning of typing movements has been suggested to be represented in 
terms of the effector used and the spatial location of the key. Previously we 
found that when subjects were asked to type phrases using a novel 
arrangement of keys, there was a non-uniform influence on the timing delays 
- perturbations that involved mirror movements of homologous digits were 
less disruptive than perturbations involving only the right hand. In this study 
we extended this investigation to perturbations involving additional 
keypresses within the left hand. Six right-handed touch typists were required 
to learn a novel arrangement of keypresses such that the letter ‘n’ was 
physically switched with letters involving a mirror movement of the 
homologous digit (v), a non-mirror movement of the homologous digit (t), 
and mirror and non-mirror movements of other digits of the left hand (z and 
w). Subjects practiced for a total of 200 trials. The results demonstrated that 
subjects were able to learn irrespective of the perturbation. But more 
interestingly, disruptions in timing intervals were less when the switch 
involved the letter ‘z’ (mirror movement involving a different finger) & ‘w’ 
(opposite movement involving a different finger). These preliminary results 
suggest that perturbations involving different fingers were less disruptive, 
perhaps due to the fact that they shared the least in common.

Supported by the VIDDA Foundation and NSF- IBN 9733679 (A.M.G.)
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761.11

SPATIO-TEMPORAL ANALYSIS OF MOVEMENT-RELATED 
CORTICAL ACTIVITY USING EEG AND FMRI

E. Daprati1. P.P. Battaglini2*, A. Brovelli1, R. Budai3, & A. Muzur1
1 SISSA-ISAS Cognitive Neuroscience Sector, Trieste, 1-34014; 

2Dipartimento di Fisiologia e Patologia, University di Trieste, 1-34127 
’Servizio di Neurofisiopatologia, Ospedale Santa Maria della 
Misericordia, Udine, 1-33100

Voluntary movements are preceded by “readiness potentials”, slow 
negative potentials starting 1500 ms before movement onset. Different 
components have been described in the RP complex. Several studies have 
attempted to locate the underlying generators of the RP, and recent fMRI 
studies have suggested that the vascular response is coupled to the 
neuronal activity in the supplementary motor area (SMA) and in primary 
motor cortex (Ml). In the present experiment we attempt to compare the 
locations of electrical event generators, as obtained by means of 
combined ERPs and MRI analysis, with the areas of increased fMRI 
signal.

Subjects were asked to position their index finger on a micro-switch, 
and make self-paced voluntary movements. One hundred movements 
were collected, discarding those occurring at time intervals less than 4 
seconds. ERPs were calculated using the Scan 4.0 software. Electrode 
positions were digitised for subsequent integration with MRI data. MRI 
and fMRI were conducted on a commercial 1.5 T scanner (Gyroscan ACS 
II Philips). ERPs and MRI data were merged by means of CURRY 3.0 
software. Preliminary results on normal subjects are discussed.

Supported by MURST and CNR.

761.12

SIMULTANEOUS MEASUREMENTS OF HUMAN FUNCTIONAL MRI, 
MUSCLE FORCE |ND EMG^T.H, Dai1, J.Z. Liu1, V. Siemionow1, TC. 

Ng * and G.H. Yue . Depts of Biomedical Engineering and Radiology, The 
Cleveland Clinic Foundation, Cleveland, OH 44195

Functional MRI (fMRI) has been increasingly used in studying human brain 
function given its non-invasive feature and good spatial resolution. In human 
motor control, recent fMRI data of brain activation have confirmed and 
extended the findings of previous electrophysiological studies in animals and 
patients who underwent neurological surgery. However, difficulties in acquiring 
data from peripheral during fMRI studies of motor function hinder 
interpretation of the fMRI data and designing more detailed investigations. In 
this study, hand grip force and surface EMG of finger long flexor and extensor 
muscles were recorded simultaneously with the fMRI data. The grip force was 
recorded by a hydraulic pressure transducer that was connected to a hand-grip 
device through a nylon tube filled with distilled water. The EMG signals were 
recorded by silver-silver electrodes (bipolar) that were attached to the skin 
overlying the belly of the muscles. The wires from the electrodes were shielded 
and connected to the amplifiers located outside of the MR room. The shielded 
electrode and transducer wires were formed into a flat cable that could go 
through between the wall and shielding door of the MR room with the door still 
being tightly shut during the experiments. Quality of the images of fMRI 
between the conditions of with and without the force and EMG recording system 
was not significantly different. Our data show that the brain activation volume 
was positively correlated with the grip force and finger flexor EMG.

Supported by NIH grants (NS 35130, NS37400).

761.13

BIMANUAL COORDINATION IN VIOLIN PLAYERS: SYNCHRONIZATION 
AND PREPARATION OF FINGER MOVEMENTS.
A.P. Baader2*, P. Milani1 and M. Wicscndanger'.'Laboratory of Motor Systems, Dept. of 
Neurology, Insclspild and’Dept. of Physiology, University of Berne, CH-3012 Berne, 
Switzerland.

Skilled violin performance critically depends on accurate timing and positioning 
of individual fingers of the left hand which have to be synchronized with the right 
bowing arm. Two amateur and one professional violin players were studied with the 
aim to quantify proficiency in performance. As a first step, we assessed the degree of 
coordination between the 2 hands. Subjects played a simple sequence consisting of 16 
tones (one per bow stroke). The sequence was played 10 times at 4 metronome- 
imposed speeds. Reflecting markers were attached for recording displacements of the 
left lingers 11. Ill, IV, V and of the bow. One additional marker was fastened to the 
metronome pendulum for reference and 2 markers were placed on the violin in order to 
transform the spatial coordinates into the reference frame of the violin. Trajectories 
were obtained by means of llic ELITE system (2D,100Hz). Within the tested range of 
playing speeds (80 to 192 bcats/min), intcrmanual intervals ranged between -10 and 
+35ms. They were neither varying with performance speed, nor with the proficiency 
of the players, nor with the finger precedence as long as the preceding Eager was at a 
lower position on the string than the action finger (e.g. finger sequence II > V). The 
small departures from 0-ms-synchronizalion did not appear to affect musical 
perception. However, if the fingering sequence was from higher to lower pitches on 
die same string (e.g. from V > II), the lower finger was placed in anticipation of its 
actual due lime. Consequently, this resulted in longer anticipatory intervals of about 
60ms, with the index finger sometimes exceeding 200ms. It is concluded that the 
observed small deviations from perfect intcrmanual synchronization do not affect 
musical perception. However, anticipatory linger positioning was considered to reflect 
an economical preparatory adjustment. Il tended to be more pronounced in the best 
performer. Supporicdby the Swiss National Science Foundation(NFP38) and the Novartis Foundation.

761.14

INTERLIMB COORDINATION IN CELLISTS IS MULTIPLY DETERMINED. 
R.J.N. Albers1, J.C. Galloway2, H. Winold3, E. Thelen2*. ’Faculty of Human 
Movement Sciences, Vrije Universiteit, 2Dept. of Psychology, ’School of Music, 
Indiana Univ., Bloomington, IN 47405

Playing the cello poses a complex problem of interlimb coordination. Cellists strive 
to produce smooth bow strokes with the right arm and precisely timed fingerings of the 
left hand. Bow kinematics showed that, even in highly skilled cellists, changes in bow 
velocity within a bow stroke coincided with finger movements of the left hand (Winold 
et al 1994). Interestingly, cellists were unaware of these changes in bow velocity. This 
study investigated the specific nature of these bow velocity changes to further 
understand the apparent interlimb coupling. Two faculty and three student cellists of 
the IU School of Music, and three beginners participated. Each cellist played repeated 
trials of a relatively easy and slow fragment of the Dvorak cello concerto from 
memory. This fragment required 2-3 fingerings per bow stroke. Cellists played the 
fragment under 3 separate conditions: 1) normal fingering and bowing (Normal), 2) 
fingering and bowing by different players, which altered interlimb coupling (Two 
Players), 3) normal fingering but bowing on a different string, which altered auditory 
feedback but maintained interlimb coupling (Different String).

In the Normal condition, timing of fingerings and bow velocity minima occurred 
synchronously for all skill levels. Amplitude of bow velocity decelerations, however, 
was larger in less skilled cellists. With altered interlimb coupling (Two Players), 
fingerings and bow velocity minima became asynchronous, and amplitude of bow 
velocity decelerations became smaller. With altered auditory feedback (Different 
String), decelerations of bow velocity also became smaller. However, not just the 
fingering influenced bow smoothness. Cellists instructed to play only the bow also 
showed changes in bow velocity. These had a strong rhythmic structure when cellists 
were cued with a metronome. Without a metronome, bow velocity was smoother but 
also appeared rhythmic.

These results suggest that multiple factors influence the smoothness of the bow, 
including interlimb coupling, but also external auditory cues and perhaps internal 
timekeeping. (Supported by NIH R01 HD2283013 and NIMH KO5MH01102 to E.T.)

761.15

CLEARANCE & PREHENSION IN ESSENTIAL TREMOR. C.A. Larson, C.W. Worrinqham 
& S.H. Brown*. Division of Kinesiology, Univ. of Michigan, Ann Arbor, Ml, 48109.

Recent studies have shown that obstacle clearance is a function of upper extremity trajectory 
variability. Also, maximum prehension aperture during an object grasp task is a function of 
object size, distance and variability in approach trajectory. How precisely do persons with 
Essential Tremor (ET) take their increased spatial variability into account when moving around 
obstacles or when picking up objects? This study’s purposes were to investigate clearance over 
vertical & horizontal obstacles and prehension grasp of two object sizes over two distances.

Five subjects with ET & five control subjects matched for age (range 23-72) and sex were 
recruited. Clearance task: The subjects’ index fingertip & obstacle top markers were tracked 
using a 3D Optotrak motion analysis system. Subjects were asked to move repeatedly over 
either a vertical or horizontal obstacle “as fast as possible without hitting the obstacle”. 
Prehension task: Subjects were asked to quickly grasp an object as index fingertip, thumb, 
wrist and object markers were tracked for the four object size-distance conditions.

Clearance: Mean minimum clearance was significantly greater in the ET group as compared 
to the control group for both the vertical obstacle (p < 0.001) and the horizontal obstacle 
(p < 0.00001). The ET group had slower movement speeds than the control group 
(p < 0.001, vertical obstacle; p < 0.001, horizontal obstacle). No clear correlation existed 
between mean tremor amplitude and mean minimum clearance in either the vertical or 
horizontal clearance tasks. Prehension: Mean maximum approach aperture was 
significantly greater (p < 0.013) and mean movement time was not significantly different 
(p < 0.202) for subjects with ET as compared to control subjects over all four object 
size/distance conditions. Mean maximum prehension aperture was greater for a wide 
object as compared to a narrow object in both the ET and control groups. Mean maximum 
prehension aperture was greater at the long reach distance as compared to the short 
reach distance in subjects with ET while control subjects had the reverse distance effect.

The CNS appears to account for the variability due to Essential Tremor during clearance & 
prehension movements. How precise subjects with ET change their movements due to tremor 
is questionable since there was no clear correlation between tremor amplitude and clearance.

761.16

HUMAN FINGER MOVEMENTS ARE NOT INDEPENDENT
Hager-Ross CK 12, Schieber, MH1*1 Dept of Neurology and St. Mary’s Brain 
Injury Unit, University of Rochester, Rochester, NY, 14642, USA, 2Dept of 
Rehabilitation medicine, UmeA University, SE-901 87 UmeA, Sweden.

Whereas movements of different human fingers often are regarded as being 
independent of one another, finger movements recorded during typing or piano 
playing typically show multiple fingers in simultaneous motion during each 
keystroke (e.g. Soechting & Flanders 1992). Even in such sophisticated tasks, 
however, subjects have no specific requirement to keep the other fingers still while 
one finger strikes a key, as long as the other digits do not strike other keys. To 
determine whether other digits move when normal humans attempt to move just 
one digit, we asked ten right-handed subjects to move one finger at a time while we 
recorded the motion of all 5 digits simultaneously with both a video motion 
analysis system and an instrumented glove. We quantified the independence of the 
digits with the previously described Individuation Index (Schieber 1991) to 
compare: i) the different digits, ii) the right versus left hand, and iii) movements 
at a self-paced frequency versus externally paced movements at 3 Hz. Preliminary 
results show that even when asked to move just one finger, normal human subjects 
do produce motion in other digits. Movements of the thumb, index finger, and little 
finger typically were more highly individuated than movements of the middle or 
ring fingers. Fingers of the dominant hand were not more independent than those 
of tlie non-dominant hand. Movements made at a self-paced frequency were more 
highly individuated than externally paced movements at 3 Hz. Simultaneous 
motion of non-instructed digits may result in part from passive mechanical 
connections between the digits, in part from the organization of multitendoned 
finger muscles, and in part from distributed neural control of the hand.

Support: P41-RR0283, St. Mary’s Brain Injury Unit. C.K HAger-Ross was 
supported by the Swedish Medical Research Council
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761.17
PREFERENCES IN INTERJOINT COORDINATION DURING HAND MOVEMENTS.
N. Dounskaia, G.E. Stelmach* and A.W.A. Van Gemmert. Motor Control Laboratory, 
Arizona State University, Tempe, AZ 85287-0404.

It is usually assumed that graphic targets in handwriting are represented in an 
effector-independent, spatial form, and that the motor system of the effector serves to 
implement the preplanned graphic target sequences. However, the hand holding a pen 
has specific biomechanical properties, which possibly make some coordination patterns 
between finger and wrist movements easier to produce than the others. We hypothesize 
that there are preferences in coordination between finger and wrist movements and that 
the most preferred coordination patterns prevail during typical hand movements. To 
verify this hypothesis, subjects were asked to repetitively draw a circle of about 2.5 cm 
diameter with a pen on a digitizer surface. The forearm position was fixed, and only the 
fingers and wrist were involved in the movement. The pen left no trace, which limited 
visual information about the shape of the end-point path. Circle drawing was performed 
at four frequency levels, from slow (one circle per second) up to “as fast as possible”. 
The result demonstrated that the circular contours were produced at lower frequency 
levels (the ratio between the longest diameter and the perpendicular diameter within 
each contour was close to one). However, the contours gradually became more elliptic 
as cycling frequency increased, the ratio of the diameters reaching, on average, 1.8 
during “as fast as possible” movements. The elliptic forms observed during fast 
movements had a consistent tilt that is usually observed during writing I- and e- 
strokes. These results suggest that, although subjects were able to produce circular 
forms during slow movements, the requirement to maintain high frequency of drawing 
forced subjects to simplify the control and to adopt a preferred coordination mode 
between the fingers and the wrist. The preference to move the pen along the tilted 
elliptic contours may reflect a tendency in neural control strategies to benefit from 
specific mechanical influence of finger movements on wrist motion and vice versa.

SPINAL CORD AND BRAINSTEM: NEUROTRANSMITTERS

762.1

SUBSTANCE P-IMMUNOREACTIVE BOUTONS CLOSELY APPOSE 
INSPIRATORY PROTRUDER HYPOGLOSSAL MOTONEURONS IN THE 
CAT. P.J. Gatti1', Q.-J. Sun3, I.J. Llewellyn-Smith2, J.P. Chalmers3 and P.M.
Pilowskv3 1 Dept. Pharmacology, Howard Univ. College Med.;2
Cardiovascular Neuroscience Group, Flinders Univ., Bedford Park, S. 
Australia 5042, 3 Hypertension and Stroke Res. Labs., Royal North Shore 
Hosp., St. Leonard’s, N.S.W. 2065.

The activity of hypoglossal motoneurons (HMN’s) is modulated by a 
number of putative neurotransmitters found in the hypoglossal nucleus. 
However, in these studies, the HMN’s were not functionally characterized. 
The purpose of this study was to study the circuitry of HMN’s which have 
been functionally identified as protruder HMN’s. Seven adult cats were 
anesthetized with pentobarbital and left phrenic nerve activity was recorded. 
The left hypoglossal nerve was dissected down to its bifurcation into medial 
and lateral branches. Protruder motoneurons send their axons to protruder 
muscles via the medial branch whereas retractors send their axons via the 
lateral branch. Intracellular recordings were obtained from HMN’s which were 
antidromically activated from the medial branch and thus were identified as 
protruder motoneurons. Neurons were identified as respiratory if there was a 
clear depolarization or hyperpolarization of membrane potential during 
phrenic discharge. Neurons were then filled with Neurobiotin and the animals 
were then perfused and the brainstem removed for both Neurobiotin 
histochemistry and substance P immunocytochemistry. Of 21 protruder 
motoneurons, 6 had inspiratory activity. All 6 increased firing in response to 
hypoxia. Three of these neurons were filled with Neurobiotin and were 
located in the ventral portion of the nucleus. All 3 neurons had SP boutons 
apposing somata and processes. These data are the first to show SP input to 
functionally identified hypoglossal motoneurons. (Support: NRC of Australia)

762.2
ROLE OF SPINAL MONOAMINERGIC SYSTEMS IN BRAINSTEM- 
EVOKED LOCOMOTION IN THE NEONATAL RAT. D.M.Fyda &
L.M. Jordan*. Dept. of Physiol., Univ. of Manitoba, Winnipeg, Manitoba Canada 
R3E 3J7.
Neuronal networks capable of generating locomotion have been localized in the 

lumbar segments of the neonatal rat spinal cord and may extend into the caudal 
thoracic region (Cowley & Schmidt, J. Neurophysiol., 77:247, 1997). Release of 
monoamines (MAs) during locomotion has also been demonstrated in these 
segments in the isolated spinal cord (Fyda, Vriend, & Jordan, Soc.Neurosci. Abstr.,
1997). Here, the role of MAergic receptors in the initiation of locomotion was 
investigated. Electrical stimulation (150/zA, 0.5ms, 10Hz) of the medioventral 
medulla evoked locomotion in the 1-3 day old rat brainstem-spinal cord preparation 
(post-collicular decerebration). Bath partitions at T13-L,, L2-L3, and medullary-C, 
junctions were positioned and several 5-HT and dopamine (DA) receptor antagonists 
were applied to the three spinal segments either alone or in combination. The 5-HT7 
receptor antagonist clozapine (0.1-1.0^M), when applied to the rostral cord or the L2 
-L3 segments, abolished locomotion; however, it was without effect in the caudal 
segments. When clozapine was combined with either normethyl-clozapine (1 .Op/M), 
a 5-HT2c antagonist, or spiperone (1-10/zM), a DA2 3 antagonist, and applied to the 
rostral or L2 -L3 segments of the cord, locomotion was abolished, suggesting that 
clozapine’s inhibitory actions on locomotion were not the result of its affinity for 5- 
HT2c or DA2 3 receptors but were likely due to its effect of 5-HT7 receptors. 
Normethyl-clozapine alone failed to affect locomotion. Spiperone alone in the 
rostral or L2 -L3 segments had no effect; however, in the caudal region of the cord it 
greatly attenuated the amplitude of the locomotion. Ketanserin (20//M), a 5-HT2 
receptor antagonist, was without effect in the rostral and L2 -L3 segments but 
abolished locomotion when applied caudal to L3. These results suggest that 5-HT7 
receptor activation in the lower thoracic-upper lumbar cord is required for 
brainstem-evoked locomotion in the neonatal rat. Supported by the M.R.C. Canada.

762.3

IONOTROPIC AND METABOTROPIC GLUTAMATE RECEPTORS IN THE 
RAT CAUDAL PONTINE RETICULAR NUCLEUS: IMPLICATIONS FOR THE 
ACOUSTIC STARTLE RESPONSE. T. Wagner1, A. Guthmann1. S. Wenzel1, S. 
Risso-Bradlev2, P.J. Conn2, U. Behrens3* and H. Herbert1. 'Tierphysiologie, Univ. 
Tubingen, D-72076 Tubingen, Germany. 2Dept Pharmacol., Emory Univ., Atlanta, 
GA 30322,3Anatomisches Institut, Univ. Tubingen, D-72074 Tubingen, Germany.

The giant neurons of the caudal pontine reticular nucleus (PnC) are the sensori-
motor interfaces of the acoustic startle response (ASR), a simple sensorimotor 
behavior in mammals. The ASR can easily be quantified and serves as a model for 
examining the cellular and molecular bases of a simple mammalian behavior. We 
characterized the distribution and expression of iono- and metabotropic glutamate 
receptors (GluR) in the PnC by means of immunocytochemistry and in situ 
hybridization to reveal their presence in this crucial relay of the ASR pathway. 
Expression of AMPA receptor subunit mRNA was found primarily in PnC giant 
neurons. All four subunits and their flip/flop splice variants were expressed in low 
to moderate levels. NMDA NR1 and NR2D were the predominantly expressed 
NMDA receptor subunit mRNAs in PnC giant neurons. NMDA NR2A and NR2B 
mRNA expression was low while NR2C mRNA was inconsiderable. Metabotropic 
GluRs (mGluRs) were localized by immunocytochemistry and exhibited distinct 
distributions in the PnC. mGluRla was found on cell bodies and particularly on 
presumed distal dendrites. mGluR2/3 results in diffuse labeling of the neuropil 
especially in the ventrolateral PnC. mGluR4a was found on neuropil and small 
neurons but not on PnC giant neurons. Immunoreactivity for mGluR5 was weak 
and present only in small PnC neurons. Finally, mGluR7a was found almost 
exclusively on cell bodies of PnC giant neurons. Supported by DFG (SFB 430 / C7) 
and DFG He 1842/6-1, /6-2.

762.4

NMDA INDUCED CONDUCTANCES OF XENOPUS LARVAL 
SPINAL NEURONS. B. Saint-Mleux AND L. E. Moore*, Laboratoire de 
Neurobiologie des Reseaux Sensorimoteurs, UPRESA 7060. 45, rue des 
Saints-Peres ,75270 cedex 06 Paris, France.

Whole cell clamp experiments were done on Xenopus laevis spinal 
neurons at larval stages 42-47 where the dendritic structure is clearly 
developed and likely to play a definitive role in locomotor behavior. The 
principle basis of our method is the use of a voltage clamp to isolate the 
soma from the dendritic tree. A whole cell clamp in both voltage and 
current clamp modes was used to provide data that more uniquely 
constrains membrane parameters than either method alone. In addition, 
both real time and frequency domain measurements were used to determine 
the electrotonic behavior and take into account inevitable electrode 
properties. A quantitative analysis of the two responses provides a means 
to separate and analyze the membrane properties of dendritic and somatic 
regions. A NMDA induced conductance was analyzed over a range of 
membrane potentials and shown to be fully activated in the absence of 
exogenous 5HT. Serotonin ocassionally increased a net inward NMDA 
induced current, however, the data were interpreted as a reduction of an 
outward potassium current. A neuronal model with NMDA dendritic 
receptors was shown to quantatively describe the voltage clamp data. 
Neurons with dendritic areas greater than 3 times that of the soma showed 
dendritic oscillations during a soma voltage clamp. Current clamp 
simulations of the NMDA oscillations are similar to those experimentally 
observed. Supported in part by the CNRS, France.
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762.5
DIFFERENTIAL DISTRIBUTION OF GLUTAMATE RECEPTOR 
SUBUNITS IN THE TURTLE BRAINSTEM-CEREBELLUM USING 
IMMUNOCYTOCHEMISTRY.
J, Keifer* and M. T. Carr. Neuroscience Group, Division of Basic Biomedical 
Sciences, University of South Dakota School of Medicine, Vermillion, SD 57069.

As an initial step in understanding the synaptic organization of the abducens eye- 
blink reflex circuitry in the turtle Chrysemys picta, we have examined the distribution 
of glutamate receptor subunits in the brainstem-cerebellum using
immunocytochemistry. Antibodies specific for NMDAR1 or the AMPA receptor 
subunit GluRl (Pharmingen) and visualized with Cy3 or Cy2 fluorescent secondary 
antibodies showed label in neuronal cell bodies and dendrites. Nuclei that were 
immunoreactive for both receptor subunits were the red nucleus, cerebellar nuclei, 
granule cell layer of the cerebellum and most of the cranial nerve nuclei including the 
principal and accessory abducens motor nuclei, and the principal trigeminal nucleus. 
Both receptor subunits appeared to be colocalized to individual neurons. Regions that 
labeled with NMDAR1 but showed no or light label with GluRl were most of the 
Purkinje cells (PCs), the raphe and the cochlear nucleus. Only a subset of PCs 
appeared to label with NMDAR1 as areas of labeled perikarya were adjacent to 
unlabeled areas. Far fewer PCs labeled with GluRl than with NMDAR1, and these 
were interspersed in the cerebellum. Antibodies to the GluR2/3 subunit of the AMPA 
receptor appeared to label axons or dendritic processes and not cell bodies. Antibodies 
to GluR4 and to the metabotropic receptor mGluRa resulted in label of cell bodies in a 
very selective set of neurons. Control experiments in which the primary antibodies 
were omitted showed no label. The molecular nature of the antigens recognized by 
these antibodies in the turtle has yet to be determined. Future studies will be aimed at 
determining the morphological localization of glutamate receptor subunits in the eye- 
blink reflex circuitry, particularly for the abducens motor nuclei, and whether there is 
an alteration in subunit composition after in vitro classical conditioning of these 
pathways (Anderson & Keifer, J. Neurophysiol. 81: 1242, 1999.) Funded by NIH 
MH-58709 and NS-31930 to J.K.

762.6

SPINAL MOTONEURONS EXPRESS THE NEUROTROPHINS NT-4. 
BDNF AND NT-3 IN ADULT AND DEVELOPING RATS. C.R. Buck and
T.C. Cope*. Dept. of Physiology, Emory Univ., Atlanta, GA 30322.

Neurotrophins influence synapses made on and by spinal motoneurons in 
both developing and mature mammals. To further examine the source of these 
neurotrophins, we examined spinal motoneurons in vivo for expression of 
neurotrophin mRNA and protein, using non-radioactive in situ hybridization 
and immunohistochemistry, respectively. The neurotrophins NT-4, BDNF and 
NT-3 were expressed in adult rat motoneurons with overlapping but non-
identical patterns of expression. Extensive co-localization of mRNA and 
protein for both NT-4 and BDNF was evident, supporting the possibility of 
autocrine or paracrine neurotrophin signaling on the part of motoneurons. 
Conversely, more motoneurons seem to express NT-3 protein than NT-3 
mRNA, suggesting that adult motoneurons derive NT-3 primarily via outside 
sources. In developing rats, NT-4 and BDNF mRNAs were undetected in 
motoneurons at postnatal day 1 (Pl), but NT-3 mRNA expression was present 
at that time. We observed BDNF mRNA in motoneurons first at P5 and NT-4 
mRNA is first seen in these cells at P9. Our findings lead us to speculate that 
the proposed regulation of growth and remodeling of the neuromuscular 
junction by NT-4 suggested by Funakoshi et al. (Science, Vol. 268, 1995), 
might involve NT-4 expression by motoneurons rather than depending solely 
upon expression by muscle. Also of interest is the apparent reduction during 
development of BDNF mRNA in muscle reported by Funakoshi et al., in 
contrast with its increase in motoneurons. This comparison suggests a shift in 
the source of neurotrophin during development.

This work was supported by NIH R01 grant 38963.

762.7

C-TERMINALS ARE ASSOCIATED WITH POSTSYNAPTIC MUSCARINIC 
(M2) ACETYLCHOLINE RECEPTORS IN RAT SPINAL CORD ALPHA 
MOTONEURONS. J.C. Skinner, F.J. Alvarez and R.E.W. Fyffe*. Department of 
Anatomy, Wright State University, Dayton, Ohio 45435, USA

C-terminals are large boutons characterized by the presence of an extensive 
subsurface cistern beneath the postsynaptic membrane, and are prevalent over the 
somatic and proximal dendritic surface of alpha motoneurons1. These boutons appear 
to be cholinergic in nature2, but the type of neurotransmitter receptor(s) present at 
these synapses is not known. The present study demonstrates, using confocal 
microscopy, that cholinergic C-terminals are closely apposed to postsynaptic 
membrane clusters of muscarinic receptors. C-terminals were immunolabeled with 
goat antibodies (Abs) against the vesicular acetylcholine transporter (VAChT; 
Chemicon) and revealed with FITC-coupled secondary Abs. Muscarinic (m2) 
receptors were immunolabeled with rabbit Abs (Alamone Labs.) and Cy3-coupled 
secondary Abs. The somatic surface membrane of alpha motoneurons was studded 
with VAChT-immunoreactive (IR) C-terminals and was outlined by m2 receptor 
immunoreactivity. The more or less continuous surface m2-immunoreactivity was 
punctuated by large bright "hot spots" of labeling. Detailed confocal analysis with 
optical sectioning in both the XY and XZ planes demonstrated that each of these m2- 
IR bright patches was apposed by a large VAChT-IR terminal; conversely, each large 
VAChT-IR terminal on the motoneuron soma was apposed by a m2-IR patch. M2- 
immunoreactivity did not appear presynaptically inside C-terminals. Smaller VAChT- 
IR terminals in ventral lamina VII, in the region of termination of motor axon 
recurrent collaterals, were not associated with m2-immunoreactivity. The results 
suggest that C-terminals, whose origin is as yet undetermined, exert their postsynaptic 
effects via m2 muscarinic receptors and may therefore exert a modulatory action that 
serves to inhibit motoneuron firing. (Supported by grant NS 25547 to REWF).
1, Bodian, D.1966 Bull. Johns Hopkins Hosp. 119:1645 ; Conradi, S.1969 Acta 
Physiol. Scand. Suppl. 332:5-48. 2, Nagy J.I. et al 1993 Synapse 15:1732.

762.8

A COMPARATIVE STUDY OF METHIONINE ADENOSYLTRANSFERASE 
ACTIVITY AND REGIONAL DISTRIBUTION IN MAMMALIAN SPINAL 
CORD.
T, Ekeqren, S.-M. Aquilonius* and C. Gomes-Trolin. Dept. of Neuroscience, 
Neurology, University Hospital, S-751 85 Uppsala, Sweden.

S-adenosyl methionine (SAM) is the primary biological methyl group 
donor being involved in transmethylation and decarboxylation reactions in 
the cell. The synthesis of SAM from methionine and ATP is catalysed by 
the enzyme methionine adenosyltransferase (EC 2.5.1.6, MAT).
To provide a background to investigations in neurodegenerative disorders 
the present study compared the activity and regional distribution of MAT in 
mammalian spinal cords. Tissue samples from pig, bovine and human 
spinal cords were dissected into dorsal horn, ventral horn and white matter 
regions and analysed. Additionally, the effect of post-mortem delay on MAT 
activity in rat spinal cord was also studied.
MAT activity was estimated by measuring the rate of formation of 3H-SAM 
from L-[methyl-3H]methionine and ATP. A similar distribution of MAT 
activity was found in bovine and human spinal cords with highest activity in 
dorsal horn regions. On the contrary, in pig spinal cords the highest MAT 
activity was found in the white matter region and an equal distribution in 
grey matter areas. Study on the effect of post-mortem delay on MAT 
activity (time interval 0-72 hours, where of 8 hours at +23°C and the 
remaining time at +4°C) showed a decrease during the first four hours but 
after that the activity remained at 60% of initial value.
This work was supported by The Swedish Medical Research Council 
(project 4373).

762.9

LOCALIZATION AND CONTROL OF AROMATASE IN THE DORSAL HORNS 
OF THE QUAIL SPINAL CORD. H, Evrard.l* M, Baillien.l A, Foidart.l P. 
Absil.l N. Harada.2 and J. BalthazarU*. Lab. Biochemistry. Univ. Lifcge, B-4020 
Liege Belgium (1) & Molec. Genetics, Fujita Health Univ., Toyoake Aichi 47011, 
Japan (2).

The transformation of aromatizable androgens such as testosterone into estrogens is 
catalyzed by aromatase, a P450 enzyme encoded by the gene CYP19. Because a) brain 
aromatase is often closely associated with cells containing estrogen receptors, b) 
estrogen receptors are present in the dorsal (sensitive) horns of the spinal cord and c) 
we recently observed a group of aromatase-immunoreactive (ARO-ir) cells in the quail 
myelencephalon (descending nucleus of the trigeminal nerve) that seems to extend 
further caudally, we investigated the presence of aromatase in the quail spinal cord, a 
species where brain aromatase is particularly active and reliably detected by 
immunocytochemistry. In adult male and female Japanese quail, ARO-ir cells were 
identified in the spinal dorsal horns throughout their rostro-caudal extent from the 
upper cervical segments to the lower sacral area. These ARO-ir cells are mostly 
located in laminae!, II and III, with additional sparse cells being present in the medial 
part of lamina V and, at the cervical level exclusively, in lamina X around the central 
canal. Radioenzyme assays based on the measure of tritiated water release confirmed 
the presence of substantial levels of aromatase activity throughout the rostro-caudal 
extent of the spinal cord. This activity is higher at the brachial and thoracic than at the 
cervical or lumbo-caudal levels; it is not different in sexually mature males and 
females and is also not influenced by castration nor by the treatment of castrated males 
with testosterone contrary to what is observed in the brain. Accordingly the number of 
ARO-ir cells per section in the sacral part of the spinal cord is not affected by changes 
in plasma testosterone in males but fewer cells are present in females than in males. 
The spinal aromatase therefore appears to be controlled by specific mechanisms 
different from those acting in the brain. These data demonstrate, for the first time, the 
presence of a local estrogen production throughout the spinal cord of a higher 
vertebrate. Given that estrogens are known to modulate afferent sensory inputs to the 
spinal cord, this localized estrogen production in the dorsal horns where afferent 
nociceptive fibers and estrogen receptors have been previously identified in avian and 
mammalian species, suggests an implication of aromatase in the modulation of 
sensory and in particular nociceptive processes. This opens the possibility that 
estrogen production and action are regulated locally so that sensory perception can also 
be modulated on a local basis.
Supported by NIMH 50388, FRFC 9.4565.96F, Credits Speciaux Ulg.

762.10

WITHDRAWN
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762.11

CHANGES ON BENZODIAZEPINE RECEPTORS DENSITY IN 
THE LUMBAR SPINAL CORD OF DIABETIC RATS.
V.B. Dorfman. M.C. Vega and H. Coirini*.
Laboratory of Neurobiology - IByME / CONICET and Department of Human 
Biochemistry, University of Buenos Aires, Argentina.

Streptozocin-induced diabetes (STZ-D) alters male sexual behavior and induces a 
significant fall in plasma testosterone concentration. The deficits in mount, 
intromission, and ejaculatory behaviors of these animals could be prevented by insulin 
replacement. Chronic treatment with diazepam produces similar hormonal and 
behavioral pattern and its effect has been partially ascribed to changes in brain 
benzodiazepine receptor (BzR) density. The purpose of the present study was to 
examine the regulation of BzR on the lumbar spinal cord of STZ-D rats. Motoneurones 
involved on penile erection and ejaculation reflexes have been described in this region 
and their morphology and activity are affected by testosterone levels. Adult male rats 
(60-90d) were injected intravenously with STZ (55 mg/kg) or vehicle. STZ-D rats were 
divided in 3 groups: STZ-Dl (n=5): rats killed 10 days after STZ injection ; INS (n=6) 
: rats with insulin replacement started on day 10 (7 TU/kg injected just before the lights 
were turned off and 4 IU/kg injected within 1 h of the lights being turned on) and killed 
11 days later, and STZ-D2 (n=4): rats killed 21 days after STZ injection. Control rats 
were killed at the time of STZ-Dl rats (n=4) and INS /STZ-D2 rats (n=4). After 
decapitations, spinal cords were processed for receptor autoradiographic studies. Coronal 
L5-L6 sections were labelled with pH]~Flunitrazepam (lOnM) using 5/^M diazepam as 
non-specific binding. Autoradiographic analysis showed a significant 28% reduction 
[F(3,19)= 22.6 pcO.OOOlJ of the specific binding in STZ-D rats respect controls. 
Binding was localized on the layers I and II of the dorsal horn and insulin replacement 
treatment reverted it to control values. The decrease of BzR density may suggest an 
alteration on the levels of endogenous benzodiazepines and/or GABAergic function as a 
consequence of the diabetes induction. This change could be one of the mechanisms 
associated to the decreased copulatory behavior of the diabetic animals.
Supported by TM-12-UBA and PIP 0819/98 CONICET.

762.12
SEROTONIN DEPRESSES MULTISEGMENTAL SENSORY
CONVERGENCE AND RECEPTIVE FIELD SIZE IN SPINAL CORD 
NEURONS. B. Shay*& S. Hochman. Dept. Physiology, University of Manitoba, 
Winnipeg, MB, Canada, R3E 3J7.

Serotonin (5-HT) potently depresses sensory transmission in the spinal cord. 
There is evidence for tonic release of 5-HT in spinal cord, suggesting that 
descending serotonergic systems continuously modulate the gain in spinal sensory 
transmission. We hypothesized that 5-HT limits divergence of primary afferent 
activity thereby controlling receptive field size in spinal cord.

Whole-cell recordings were undertaken from neurons in the deep dorsal horn and 
intermediate grey matter in the hemisected thoracolumbar spinal cord of rats aged 8- 
10 days old. Stimulating electrodes (between 4 and 6) were placed on adjacent 
lumbar dorsal roots to study convergent afferent input onto individual neurons.

Homonymous and usually several adjacent dorsal roots evoked synaptic 
responses. PSP amplitude was greatest from stimulation of the neuron’s 
homonymous root and progressively decreased in amplitude with more distant 
dorsal root stimuli. In the homonymous dorsal root, bath application of 10-50 pM 5- 
HT depressed the early but largely abolished longer-latency synaptic events in all 16 
neurons sampled. Evoked PSPs from more distant roots were commonly completely 
blocked. 5-HT produced synaptic depression even in the presence of GABAa  & 
glycine receptor antagonists (n=2) suggesting an action independent of activity from 
inhibitory intemeurons. The 5-HT evoked synaptic depression was concentration 
dependent: At 0.1 or 1.0 pM, evoked depression of peak amplitude was small 
(meani = 18 and 25% respectively) but became pronounced at 10 pM (80%>l, n=6).

Thus, 5-HT can restrict the segmental convergence of primary afferents onto 
spinal neurons. These effects are concentration dependent and suggest that 
descending serotonergic activity can control sensory receptive fields in a graded 
fashion. Supported by the American Paralysis Association and NSERC Canada.

762.13

SEROTONIN INDUCES A LONG-LASTING REFLEX FACILITATION IN 
ISOLATED RAT SPINAL CORD. D.W. Machacek*, S.M. Garraway, B. Shay & S. 
Hochman. Dept. Physiology, University of Manitoba, Winnipeg, MB, Canada R3E 3J7.

5-hydroxytryptamine (5-HT), derived mainly from brainstem nuclei, modulates 
spinal cord sensorimotor function. Recently, Hori et al (1996. J. Physiol. 492.867} 
observed that 5-HT2 receptor activation could induce a long-lasting facilitation (LLF) 
of EPSCs recorded in superficial dorsal horn neurons. 5-HT2 receptors are coupled to 
phospholipase C activation. Since PLC activates signaling pathways also recruited by 
nociceptive stimuli that contribute to hyperalgesia and enhanced withdrawal reflexes, 
we sought to determine whether 5-HT could also contribute to LLF of spinal reflexes.

The primary experiments were done on isolated intact or hemisected neonatal rat 
spinal cords (P3-10 days). Primary afferents were activated electrically via dorsal 
roots stimulation and motor activity was monitored with ventral root ENG recordings.

While substantial spontaneous activity emerged in the presence of 5-HT (10-30 pM), 
reflexes evoked both by low or high intensity stimulation were depressed. LLF of 
reflexes began shortly after washout in 8/9 preparations and remained elevated for up 
to 21/2 hrs. More pronounced LLF was observed following brief application of the 5- 
HT2c  receptor agonist DOI (500nM). LLF was prevented by pre-application of the 5- 
HT2C receptor antagonist normethyl-clozapine (lpM) while drugs targeting other 5- 
HT receptor subtypes did not prevent nor produce LLF.

We then characterized primary afferent evoked synaptic responses in neurons in the 
deep dorsal horn (DDH) in both hemisect and slice preparations using whole-cell 
blind patch recordings. Application of 5-HT evoked synaptic depression that was 
followed by LLF after washout (recorded for up to 50 minutes) in 6 of 12 cells tested.

The data suggests that 5-HT2 receptors can mediate a long-lasting facilitation of 
spinal reflexes and that some DDH neurons contribute via LLF of their sensory input. 
Supported by the MRC of Canada and the American Paralysis Association.

762.14

THE ROLES OF GLYCINE AND GABA IN MEDIATING 
INHIBITORY SYNAPTIC CURRENTS CHANGE DURING 
DEVELOPMENT OF THE RAT SPINAL CORD. B-X. Gao* and L, 
Ziskind-Conhaim. Department of Physiology and center for 
Neuroscience, University of Wisconsin, Madison, WI 53706

The relative roles of glycine and GABA in mediating miniature 
inhibitory postsynaptic currents (mIPSCs) was examined in spinal 
motoneurons of embryonic (El7-18) and postnatal (Pl-3) rats. Three 
mIPSC components were distinguished based on their decay time 
constant(s): (1) fast-decaying, bicuculline-resistant, glycine receptor 
(glycineR)-mediated mIPSCs, (2) slow-decaying, strychnine-resistant, 
GABAa  receptor-mediated mIPSCs, and (3) dual-component decaying 
glycineR- and GABAR-mediated mIPSCs. At El7-18, about 60% of 
mIPSCs consisted of GABAR-mediated currents, while at Pl-3, 60% of 
mIPSCs comprised of glycineR-mediated mIPSCs. At both ages, 17- 
20% of mIPSCs were generated by co-activation of glycine and GABA 
receptors, suggesting that receptor co-localization did not increase 
during this developmental period. The postnatal increase in mIPSC 
unitary current was attributed to an increase in glycineR-mediated 
current. Our data suggest that early in spinal network formation, 
GABAergic synapses dominate spontaneous inhibitory synaptic 
transmission, but the contribution of glycinergic synapses increases after 
birth, resulting from developmental changes that occur at presynaptic 
and possibly postsynaptic sites. This work was supported by NIH grant.

762.15

LENTIVIRAL GENE TRANSFER AND STABLE TRANSGENE EXPRESSION IN 
THE ADULT RAT SPINAL CORD. U. Blomer13. P.J. Homer1*. P.M. McTigue2,
B.T. Stokes2. M. Samii3, F.H. Gage1. “Laboratory of Genetics, The Salk Institute, La 
Jolla, CA, 2Dept. of Physiology, The Ohio State University, Columbus, OH, 3Dept. 
of Neurosurgery, Med. School Hannover, Germany.

Inherited or acquired spinal neurological diseases represent a difficult clinical prob-
lem, however an increasing number of trophic factors are known to be potentially 
therapeutic. Since the mechanism of spinal cord repair may involve cell specific target-
ing and only a limited amount of gene products may be required, gene transfer to the 
spine is a useful tool. Direct gene transfer in the spinal target cell, however, has been 
limited because viral vectors did not obtain stable expression in terminally differenti-
ated cells like neurons, or the vector did not infect glial cells. Lentiviral vectors based 
on native HIV have shown stable long term expression (>2 years) in a variety of dif-
ferentiated cells (e.g., neurons) of the mature CNS without transgene shut off. In pre-
sent experiments we examine transgene expression via lentiviral vectors delivered to 
the contused rat spinal cord. A contusion lesion was made in adult Fischer rats at the 
8th thoracic level using the Ohio State injury device. Three months later we injected 
replication deficient lentiviral vector encoding GFP distal to the lesion into the gray 
matter of the spine. The animals received cortical BDA injections 14 days before sacri-
fice. Immunohistochemistry revealed that a variety of spinal cells were stably express-
ing the transgene. Cells displaying neuronal morphology were co-expressing NeuN 
(terminally differentiated neurons), cells morphologically displaying oligodendrocytes 
were further characterized by counterstain with APC and RIP. Neuronal fibers were 
filled with the transgene product detectable at multiple levels. These data suggest len-
tiviral vectors may have a unique potential for gene delivery to the injured spinal cord. 
Stable transgene expression in a sufficient number of cells may allow this vector to be 
used for Spinal cord repair. Work supported by The Hollfelder Foundation, the German American 
Academic Council, The International Spinal Research Trust and NS 10165-21.

762.16
THE SYNAPTIC ORGANIZATION OF AFFERENT PROJECTIONS TO THE 
INFERIOR OLIVARY NUCLEUS OF THE MACAQUE. D.D, Ralston* and
H.J, Ralston, IH. Department of Anatomy and W.M.Keck Foundation Center for 
Integrative Neuroscience, UCSF, San Francisco CA 94143-0452

The primate inferior olivary nucleus (ION) occupies a key position in the 
central motor network, but relatively little is known about its fine structure, or 
changes that occur in its circuitry following partial deafferentation. We have 
labeled projections to various subdivisions of the inferior olivary complex by 
making microinjectioms of tracer (WGA-HRP or biotinylated dextran amine- 
PBDA) into major sources of afferent projections to the inferior olive in 
anesthetized animals (M. fascicularis). The injected sites include: the primary 
motor cortex, the mesodiencephalic region (which includes the red nucleus), the 
deep cerebellar nuclei, and the spinal cord. Following appropriate survival times 
to permit axonal transport of the tracer, the animals were euthanized and zones of 
the ION that exhibited transported reaction product were prepared for electron 
microscopic analysis of labeled afferent axonal terminals. In addition, GABA 
immunoreactive (GABA-ir) profiles were demonstrated by postembedding 
immunogold techniques.

The organization of the synaptic populations of the ION is very complex, 
ranging from simple axodendritic contacts to elaborate arrays of axon terminals 
that form interrelated axoaxonic and axodendritic contacts. For instance, rubro- 
olivary terminals contain rounded synaptic vesicles and synapse upon dendrites 
and upon other profiles that contain synaptic vesicles, some being GABA-ir, 
others revealing no GABA immunoreactivity. In preparation for an analysis of 
plastic changes in the ION following partial deafferentation, a quantitative 
analysis of the synaptic populations of the ION will be presented.

All animals were housed and cared for according to approved institutional 
protocols and USDA regulations. Supported by NS-23347 from the NIH.
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762.17
CHANGES IN THE CALCIUM HOMEOSTASIS OF RAT NOCICEPTIVE 
NEURONS UNDER DIABETES. N.Voitenko1, E.Kostyuk1, I.Kruglikov1, 
V.Shishkin1, S.Hocherman2*. ’international Center of Molecular Physiology, 
Bogomoletz Institute of Physiology, Bogomoletz St.4, 252024 Kiev, Ukraine; 
University of Tulsa, 600 S. College St, Tulsa OK 74104, USA.

Neuropathic complications are one of the most severe consequences of diabetes. 
They manifest themselves, among others, by an increase in the transmission of 
nociceptive signals and changes in intracellular calcium signaling in nociceptive 
neurons. The changes in the neuronal Ca2+ homeostasis were studied in dorsal horn 
neurons from spinal cord slices and in freshly isolated small dorsal root ganglion 
neurons of rats with streptozotocin (STZ)-induced diabetes. The cytoplasmic free Ca2+ 
concentration ([Ca2+],) was measured using fura-2 and indo-1 based microfluorimetry. 
The recovery of depolarization-induced [Ca2+]j increase was delayed in both types of 
neurons from diabetic rats in comparison with the normal animals. The amplitude of 
calcium release from caffeine-sensitive endoplasmic reticulum calcium stores became 
significantly smaller in neurons from diabetic rats, which indicated disturbance in the 
activity of the endoplasmic reticulum under diabetes conditions. Mitochondria 
participation in [Ca2+]j homeostasis was studied using mitochondrial protonophore 
(CCCP) application to the small DRG neurons. In control cells 10 mM CCCP applied 
before membrane depolarization induced an increase in the amplitude of 
depolarization-induced [Ca2+]j transients and disappearance of a plateau phase of the 
recovery, indicating the participation of mitochondria in fast uptake of Ca2+ from the 
cytosol during the peak of the transient and subsequent slow release back during 
transient decay. CCCP applied after depolarization induced an additional rise in 
[Ca2+]j that obviously reflected massive release of Ca2+ previously stored in the 
mitochondria in control animals. In small DRG neurons from diabetic animals such an 
elevation was much smaller. In this case, in small neurons the residual [Ca2+]j after 
CCCP application was also higher than in control animals. We conclude that STZ- 
induced diabetes is associated with prominent changes in the mechanisms responsible 
for [Ca2+]j regulation in neurons of the nociceptive system. These changes presumably 
include deterioration of Ca2+ elimination from the cytoplasm by endoplasmic 
reticulum and mitochondria. Supported by CRDF grant UBI-318 to N.V.

OCULOMOTOR SYSTEM: SUPERIOR COLLICULUS, SUBSTANTIA NIGRA AND MODELS

763.1

NEURAL MECHANISMS SUBSTANTIATING NON-LINEAR ACTIVATION 
PROPERTY OF LOCAL CIRCUITS IN THE INTERMEDIATE LAYER OF RAT 
SUPERIOR COLLICULUS. Tadashi Isa*. Tnshiaki Endn &. Yasuhiko Saito, Dept 
Integrative Physiol. Natl. Inst. Physiol. Sci. Okazaki, JAPAN
Synaptic responses of neurons to stimulation of the optic tract (OT) were recorded 
in the neurons in the superficial, optic and intermediate layers (SGS, SO and SGI) of 
superior colliculus of rats (PND17-24) in slice preparations using whole-cell patch 
clamp recording technique. Under the presence of 10 |iM bicuculline, single shock 
stimulation to the OT induced long-lasting depolarization (often longer than 1 s) and 
repetitive firing of a large number of spike trains (more than 20) in SGI neurons. 
In these cases, the number of spikes showed marked non-linear correlation with the 
stimulus strength. However, in general, depolarization was short-lasting and 
maximally a few spikes were induced in SGS and SO neurons by the OT stimulation, 
although some SO neurons produced 5-10 spikes. The long-lasting 
depolarization was observed when the SGI was isolated and stimulation was applied 
within the isolated SGI. In response to current pulses, the number of spikes 
showed linear-like correlation with the amplitude of the injected current in these 
SGI neurons. Thus, contribution of the intrinsic property to the long-lasting 
depolarization was excluded. These results suggested that local excitatory 
connections within the SGI, substantiated the non-linear activation property of SGI 
neurons, which may contribute to the presaccadic bursting activity of SGI neurons 
in higher mammals.

Supported by Grants from the Ministry of Education, Science, Culture and Sports of 
Japan, CREST JAPAN, and Mitsubishi Foundation.

763.2
SYNCHRONIZATION OF A NEURONAL POPULATION IN THE LOCAL 
CIRCUITS OF THE INTERMEDIATE LAYER OF THE RAT SUPERIOR

Physiol. Natl. Inst. Physiol. Sci., Okazaki 444-8585, JAPAN
Simultaneous whole-cell recordings were performed from a pair of neurons in the 
intermediate layer (SGI) of the superior colliculus (SC) in the slice preparations 
from young rats (PND 17-22 days). In a pair of adjacent SGI neurons, where no 
monosynaptic connection was detected with each other, repetitive firing in one cell, 
caused by current injection, did not induce any voltage responses in the other in the 
control solution. However, in the presence of 10 jiM bicuculline, repetitive firing 
in one cell could sometimes induce successive burst firing in the other cell. This 
suggests that repetitive firing in one cell could cause bursting discharges in a 
population of neurons, which were linked with excitatory connection with each 
other, to which the other cell belonged to. The excitatory connection appeared to 
be uncovered by removal of GABAergic inhibition. Furthermore, enhancement of 
background activity by application of 4-aminopyridine or elevating extracellular K 
concentration induced spontaneous depolarizing fluctuation and bursting discharges 
in the recorded cells. The spontaneous membrane potential fluctuations were 
highly synchronized between the cell pair. The synchronized depolarizing 
fluctuations between the cell pair were suppressed by application of D-2-amino-5- 
phosphonovelarate (APV). These results suggest that local potent excitatory 
connections exist among a population of SGI neurons. The excitatory connections 
are usually suppressed by GABAergic inhibition and activation of NMDA-type 
glutamate receptors contribute to the synchronization. The synchronized 
depolarization of a neuronal population may contribute of generation of motor 
command from the SGI, which controls rapid eye movements or orienting behavior. 
Supported by grants from the Ministry of Education, Science, Sports and Culture of 
Japan, CREST, JST, JAPAN and Mitsubishi Foundation.

763.3

CONTRIBUTION OF SUPERFICIAL GRAY LAYER NEURONS TO 
GENERATION OF PRESACCADIC BURSTS IN THE SUPERIOR 
COLLICULUS. G. Ozen, G.J. Augustine, and W.C, Hall*, Dept. 
Neurobiology, Duke Medical Center, Durham, NC 27710.

Activation of the superficial visuosensory layer of superior colliculus slices 
with single, brief stimuli causes prolonged synaptic currents sufficient to 
generate bursts of action potentials in motor cells of the intermediate layer 
(PNAS 94, 13299). This intracollicular circuitry may play a role in generating 
the bursts of action potentials that command saccadic movements of the head 
and eyes. Here we examine the origin of the prolonged synaptic activity that 
occurs in the intermediate layer following superficial layer stimulation in the 
rat. The superficial layer was stimulated while whole-cell patch clamp 
recordings of synaptic responses were made from 78 superficial layer neurons. 
Most of these cells (71/78) responded to the stimuli with one or two action 
potentials. The brief duration of their responses suggests that these cells are 
not the source of the bursts of synaptic input to the intermediate layer neurons. 
The remaining cells responded with bursts of action potentials. Two of these 
were horizontal cells, which produced bursts at 20-30 Hz frequency and 200- 
400 msec in duration but did not project to the intermediate layer. Three were 
wide or narrow field vertical cells that were located in the upper part of the 
superficial layer and exhibited protracted activity in response to brief stimuli. 
These cells fired action potential bursts at 40-50 Hz frequency and 80-200 
msec in duration and projected to the deeper layers. The prolonged activity of 
these cells may play a direct role in the generation of prolonged synaptic 
activity. We therefore conclude that synaptic mechanisms in the superficial 
layer may contribute to the generation of presaccadic bursts. Supported by 
NIH grants EY-08233, NS-34045, and Fogarty International Fellowship 
TW05412.

763.4

FUNCTIONAL MAPPING OF SUPERFICIAL-DEEP PROJECTIONS 
IN FERRET SUPERIOR COLLICULUS (SC), M.A, Meredith* and H.R. 
Clemo. Dept. Anatomy, Virginia Cmmnwlth. U. Sch. Med., Richmond, VA.

For nearly a decade now, anatomical studies have documented connections 
between the superficial and deeper layers of the SC. Subsequently, in vitro 
studies physiologically verified these connections, primarily to targets in the 
intermediate layers. However, these studies were not designed to map the 
functional extent of the projection. The present study used extracellular 
stimulation and recording techniques, in combination with in vitro slice 
methods, to examine the rostro-caudal, medio-lateral, and ventral extent of 
functional superficial layer inputs to the deeper layers of the SC. Six adult 
ferrets were used to provide coronal (n=6) or parasagittal (n=6) SC slices. 
Deeper layer responses to electrical stimulation of the superficial layers 
(concentric bipolar) were recorded at approximately 300 /zm intervals across 
the breadth and depth of each slice. Threshold current for activation was 
determined at each recording location and electrolytic lesions marked the end 
of each recording row. Recording sites (and associated activation threshold) 
were plotted on a histological reconstruction of each slice. Recording sites 
with similar activation thresholds (<75/zA, 75-150 /zA, 151-300 /zA, 301- 600 
/zA, and >600 /zA) were grouped to plot the functional access of superficial 
layers to the deeper layers.

Low threshold (e.g., <75/zA) inputs were found to extend within the adjacent 
superficial layers as well as short distance (mean - 140/zm± 160 STD) into the 
intermediate layers. Higher threshold (>75<600 az A) activity was considerably 
more extensive, and always occupied >50% of the intermediate layer area. In 
50% of the cases, effects of superficial layer stimulation ceased within the 
lower SGI; 25% in the SAI; and 25% in the SGP. These data indicate that the 
superficial layers of the SC have considerable functional access to the layers 
ventral to them. Supported by Human Frontiers Science Program.
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763.5

SACCADE-RELATED NEURONS IN PRIMATE SUPERIOR 
COLLICULUS ARE NOT MONOCULAR ML Walton and L. E. 
Mays* Dept. of Physiological Optics, Univ. of Alabama at 
Birmingham, Birmingham, AL 35294.

A recent study by Zhou and King (1998) recorded premotor saccade- 
related neurons in the pons of awake monkeys and found that nearly 80% were 
monocular. We investigated whether or not this was also the case for saccade- 
related neurons in superior colliculus, since this structure is thought to occupy an 
earlier stage of processing in the saccadic system. Single neurons were recorded 
from the superior colliculus of awake monkeys during conjugate saccades, and 
saccades accompanied by convergence or divergence. Using velocity criteria of 
20°/s to define saccade onset and offset, a time window was delineated, beginning 
40 ms before saccade onset, and ending at saccade offset. The number of spikes 
occurring within this time window was counted. Movement fields were plotted 
separately for the two eyes in each of these conditions. For most cells (14/16), the 
locations of the peaks of the movement fields were not consistently related to one 
eye or the other. In many cases (8/16), the movement fields were most closely 
related to the eye that was making the smaller of the two movements, which is a 
different eye for convergence than for divergence. The movement fields were no 
more likely to be consistently related to the cyclopean eye than to either eye 
alone.

Our results do not support the hypothesis that the majority of saccade- 
related neurons in superior colliculus are monocular. Moreover, most cells do not 
appear to be consistently cyclopean. It is possible that the association of a 
movement field with the movements of the right eye, left eye, or cyclopean eye 
reflects a variety of behavioral strategies for combining saccades with vergence. 
(Supported by NIH Research Grant R01EY03463).

763.6
THE INTERACTION OF VISUAL AND ELECTRICAL ACTIVITY OF NEURONS IN THE 
MONKEY SUPERIOR COLLICULUS: SITE AND TRAIN CHARACTERISTICS AFFECT 
SACCADE LATENCY, AMPLITUDE AND DIRECTION. R, P. Kalesnykas* and D. L. Sparks. 
Division of Neuroscience, Baylor College of Medicine, Houston TX 77030.

Both spatial and temporal aspects of activity in the superior colliculus (SC) of monkeys are 
critical in the generation of eye saccades (Stanford et al., JNP, 76, 1996), We studied the 
interaction of visually- and electrically-derived oculomotor activities and its effect on saccade 
latency, amplitude and direction. The goals were to determine: a) the electrical stimulus 
features important in influencing latency and the degree of vector averaging; and b) the effects 
of varying the relative locations of visually- and electrically-evoked activity. Each electrical SC 
site was microstimulated with at least two different frequencies at various delays following a 
brief 50 ms presentation of the visual target stimulus. Stimulation of two separate sites, one 
visually, the other by electrical microstimulation, within either the same colliculus (unilaterally) 
or opposite colliculi (bilaterally) yielded saccadic eye movements with end points that were the 
vector average of the saccades observed from each of the sites stimulated by the respective 
modality alone. Latency of vector averaged saccades showed a gradient of effects, from 
shortened to prolonged, and visual saccades were often postponed until train offset when sites 
were bilateral. Our results show that relative site location, the number of pulses and frequency 
significantly influence latency and the degree of vector averaging of saccades.

These results provide insights into the mechanisms used to extract the information needed to 
generate accurate saccades from the spatial and temporal pattern of collicular activity. We 
found an interaction between the number of pulses and train frequency revealing a temporal 
integration process which influences the time of occurrence of the saccade trigger signal, as 
well as the weighting factor during averaging for the stimulated SC site. In addition, the 
hypothesis of local excitation and distal inhibition between SC sites is supported.

Funded by EY01189 and the McKnight Endowment Fund for Neuroscience.

763.7

EMG RESPONSES ON NECK MUSCLES FOLLOWING STIMULATION IN 
PRIMATE SUPERIOR COLLICULUS: VARIATIONS IN STIMULATION 
PARAMETERS AND STATE OF FIXATION. B.D. Corneil1*. E. Olivier2, A.H. 
Bell1, D.P, Munoz'. 'MRC Group in Sensory-Motor Neuroscience, Dept. of 
Physiology, Queen’s University, Kingston, Canada. laboratory of 
Neurophysiology, UCL, Brussels, Belgium.

We recorded EMG responses from dorsal neck muscles following electrical 
stimulation in the primate superior colliculus (SC) to understand the nature of the 
neural commands driving head movements. Previously, we described the patterns of 
facilitation and suppression evoked on activity of obliquus capitis inferior (OCI) and 
splenius capitis (SP) muscles following stimulation within the SC. We now describe 
the EMG responses and patterns of eye-head coordination following variations in 
either the stimulation parameters, or in the state of the monkey’s fixation at the time 
of stimulation onset. At many SC sites, the current thresholds to evoke responses on 
OCI and SP were less than the current thresholds to elicit saccadic eye movements or 
gaze shifts. Electrical stimulation (100 ms, 1.5 X threshold for gaze shifts) in a head- 
unrestrained monkey evoked gaze shifts composed of coordinated movements of the 
eyes and head. At the same site, stimulation trains at a reduced current (0.3-0.8 X 
threshold for gaze shifts) drove head movements in the same direction as before 
without evoking gaze shifts; fixation was maintained via compensatory VOR 
movements of the eyes within the head. In another experiment, the SC was 
stimulated during periods of either visual or non-visual fixation. At 12 of 16 sites, 
stimulation during non-visual fixation evoked a larger EMG response on 
contralateral OCI and SP compared to stimulation during visual fixation. These 
results suggest that the SC command to the head is influenced by the state of visual 
fixation, and is at least partly independent of the brainstem circuitry gating the 
generation of saccadic eye movements or gaze shifts.

Supported by MRC Canada. E.O. was supported by a HFSP grant.

763.8

A VISUAL SEARCH TASK UNMASKS A PREVIOUSLY UNDESCRIBED 
TARGET-RELATED BURST IN SUPERIOR COLLICULUS NEURONS. R.M. 
McPeek* and E.L. Keller. Smith-Kettlewell Eye Research Institute, San Francisco, 
CA 94115.

Visuomotor (VM) burst neurons in the primate superior colliculus (SC) are 
typically described as producing a biphasic pattern of discharge, consisting of an 
initial visual burst, followed by a second burst occurring around the time of saccade 
onset. We compared the activity of VM neurons in conventional saccade and delayed 
saccade tasks with their activity in a visual search task. In the search task, rhesus 
monkeys were rewarded for making a saccade to an odd-colored target presented 
along with three distractors. Under these conditions, VM neurons often exhibited 
three temporally well defined bursts of activity, instead of the usual two: an initial 
visual response, a previously undescribed second burst of activity occurring 100-135 
ms after target onset, and, finally, a motor burst, occurring shortly before the saccade. 
The second burst of activity revealed in search was clearly time-locked to the onset 
of the search array, rather than to the beginning of the saccade. Furthermore, it was 
present even in trials in which saccades were made out of the neuron’s response field. 
Thus, we conclude that it is related to the visual stimulus, rather than to saccade 
execution. However, across our population of burst neurons, the second burst was 
significantly larger on trials in which saccades were made into the neuron’s movement 
field, indicating that the magnitude of this response predicts the goal of the eye 
movement. Interestingly, the appearance of this second burst is not limited to the 
search task: we observed a similar, but much less pronounced, burst of activity in the 
delayed saccade task. We speculate that this burst may reflect either inherent 
oscillatory tendencies within the SC, or the influence of afferents from higher areas 
on the SC.

(Supported by NIH F32 EY06881 andROl EY06860.)

763.9

RHESUS MONKEY PERFORMANCE AND SUPERIOR COLLICULUS 
ACTIVITY DURING A REACTION TIME TASK. M. A. Segraves*' 3. A. Cherian13. 
and R. Ratcliff2. 'Departments of Neurobiology and Physiology, Psychology, and 
’Institute for Neuroscience, Northwestern University, Evanston, IL 60208.

An important focus for the study of high-order motor control is to understand how 
a neuronal system selects a single movement from several possible alternatives. In the 
literature of human reaction time studies, there are comprehensive models for such be-
havior (see Luce, 1986). Our aim is to relate these models to neuronal activity. We 
chose a two-choice reaction time task with variability in feedback (Ratcliff et al., 
1999), allowing accuracy and reaction time measures to be varied over a range and to 
allow the fitting of behavioral models. A monkey was presented with 2 spots of light 
(size-cue) separated by a vertical distance of 2-10° in 1 ° increments. The monkey’s task 
was to decide whether the separation between the 2 spots was “large” or “small” and 
signal her decision by making a saccade to one of 2 horizontally displaced target lights 
that were always in view. For the “large” response, for example a saccade to the right 
target light, a decreasing probability of reward was assigned to decreasing size-cue sep-
aration. This meant that for the largest separation (10°), the monkey was rewarded 98% 
of the time for indicating that the separation was large by making a rightward saccade. 
At the midpoint (6°), a large response was rewarded 50% of the time, and at 2° of sep-
aration, the reward probability for a rightward saccade was 2%. For 3 monkeys, the be-
havioral data was qualitatively very similar to that of humans. Response time (size-cue 
onset to saccade start) ranged from 220-600 ms. Response times were shorter and the 
percentage of correct responses higher in the extreme cases (reward probability = 
98%). Response time increased by about 50 ms, and percent correct decreased in the 
difficult conditions (reward prob. = 50%). Fitting of the monkey data to the diffusion 
model (continuous random walk; Ratcliff et al., 1999) fully accounted for the relative 
number of correct and error responses, their response times and distributions. We have 
examined the presaccadic activity in the superior colliculus during the performance of 
this task in a single monkey. Of particular interest were visual and prelude/buildup ac-
tivities both of which began after the onset of the size-cue even though a response target 
was always present within the receptive field of the neuron. A preliminary examination 
suggested that the start of the monkey’s decision process coincided with the beginning 
of prelude/buildup activity. Supported by NIH Grants EY08212 and MH44640.

763.10
INFLUENCE OF VISUAL DISTRACTORS ON THE SUPERIOR COLLICULUS 
ACTIVITY RELATED TO SACCADE INITIATION. E. Olivier'\M. C. Dorris2 and 
D. P. Munoz 2, ' Lab. of Neurophysiology, UCL, Brussels, Belgium and 2 Medical 
Research Council Group in Sensory-Motor Neuroscience, Department of Physiology, 
Queen's University, Kingston, Ontario, Canada.

Recent experiments have suggested that the neuronal activity preceding target 
presentation in saccade-related neurons of the superior colliculus (SC) plays a critical 
role in the preparation and initiation of saccadic eye movements (Dorris and Munoz
1998). Because the presentation of a visual distractor has been shown to affect either 
the timing or the metrics of target-directed saccade, depending on its position relative 
to the target (Walker et al., 1997), this paradigm was used to investigate further the 
relationship existing between collicular cell activity and both the timing and metrics of 
saccades.

The activity of SC saccade-related cells showing a build-up activity was recorded 
while monkeys performed a gap paradigm in which the target was always presented in 
the cell’s response field. Just prior to target presentation (100 ms) a visual distractor was 
presented at one of many possible locations in the visual field. The monkey was 
rewarded only if it made visually-triggered saccades to the target without responding to 
the distractor.

When the distractor was presented close to the target location, the neurons discharged 
a transient visual burst that, superimposed on the ongoing preparatory activity, often 
triggered a short-latency saccade to the distractor itself. In contrast, when the distractor 
was presented far from the target location, there was a transient inhibition in cell activity 
that was almost never accompanied by saccades to the distractor.

The present results further support the functional link that exists between the 
preparation and triggering of specific saccadic vectors and collicular cell activity and 
emphasize the complex pattern of inhibitory and excitatory intrinsic connections within 
the collicular salience map.

Supported by MRC Canada (MD and DM) and HFSP (EO).
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763.11
ACTIVITY OF MESENCEPHALIC VERTICAL BURST NEURONS DURING 
SACCADES AND SMOOTH PURSUIT. P, Lefevre,1,2* S. de Brouwer? E, Olivier2 
and M. Missal2.1CESAME and 2Lab. of Neurophysiology, UCL, Brussels, Belgium.

Accurate orienting toward moving targets requires a tight interaction between 
saccadic and smooth pursuit eye movements. However, the way this coupling occurs 
in the nervous system remains unknown. It has been hypothesized that the superior 
colliculus (SC) could play a role in this interaction (Missal et al., 1995; Krauzlis et al., 
1997). In the present study, we recorded from brainstem burst neurons that constitute 
a major relay of collicular output signals for saccade generation; this was done during 
both saccades and smooth pursuit in cats trained to pursue a moving visual target.

The activity of 23 vertical burst neurons (VBNs) was recorded in the region of the 
interstitial nucleus of Cajal (NIC) and the rostral interstitial nucleus of the medial 
longitudinal fasciculus (riMLF). As expected, saccades were preceded by a burst of 
spikes in both cell populations and a tight correlation between saccade and burst 
parameters was found. The burst of activity led saccades in riMLF-VBNs (n=8) by 
12±3 ms and by 13±3 ms in NIC-VBNs (n=l 3). Whereas riMLF-VBNs discharged 
exclusively during saccades, NIC-VBNs were also found active during smooth pursuit, 
even during temporary disappearance of the target. Average eye velocity during 
smooth pursuit was tightly correlated with average firing rate (r=0.72±0.15; n=13). 
The relationship between firing rate and eye velocity during both saccades and smooth 
pursuit can be described by a nonlinear exponential model. Although some NIC-VBNs 
(n=6) discharged during fixation, their activity was not correlated with the position of 
the eye in the orbit.

The present results demonstrate that some brainstem burst neurons receive a 
convergent signal from both the saccadic and smooth pursuit systems. The activity of 
these NIC-VBNs could either be premotor or serve as an efference copy of the eye 
velocity that may be important in controlling the saccadic and smooth pursuit 
interaction. Supported by FNRS, FSR, FRSM and SSTC (Belgium).

763.12
THE SUPERIOR COLLICULUS RECEIVES FEEDBACK FROM THE PONTINE 
SACCADE GENERATOR. R, Soetedjo1-3. C.R.S. Kaneko2-3 and A.F. Fuchs2'3 
Depts. Bioengineering1 and Physiology & Biophysics2 and Regional Primate 
Research Center3, Box 357330, University of Washington, Seattle, WA 98195-7330

We tested the possibility that the Superior Colliculus (SC) receives feedback 
from the saccade generator. We injected the GABA agonist, muscimol, in the 
omnipause neuron (OPN) area to slow the saccades (Kaneko, 1996). At the same 
time, we monitored the discharge of SC saccade neurons (SCSNs). After delivering 
-100-200nL of muscimol, saccades in all directions were slower (as much as -60% 
of their normal peak velocity) but still reached their targets. The SCSNs’ discharges 
had lower peak frequencies and longer durations. The result from an up SCSN ( 95° 
preferred direction) and 8° preferred amplitude is shown below.

Before the injection, saccade and burst metrics (i.e. duration/duration and peak 
velocity/frequency) were uncorrelated. After the injection, the metrics showed 
better correlations. When both before and after injection data were combined, the 
slopes and correlation coefficients were 0.26; r=0.41 and 1.3; r=0.74 for duration 
/duration and peak velocity/burst frequency relationships, respectively. This 
injection has revealed the hidden metric relationship between SCSN discharges and 
saccades. We conclude that the SC receives feedback from the pons.
Supported by PHS grants EY06558, EY00745, EY07031 (NEI) and RR00166 (NIH)

763.13

A MODEL OF THE BRAINSTEM SACCADE GENERATOR WHICH IN-
CLUDES THE SUPERIOR COLLICULUS. M. FUJITA* Dept. of Industrial 
and Systems Engineering, Hosei University, Koganei, Tokyo 187-8584, Japan

Models of local feedback system are well-known with the brainstem saccade 
generator, but they have at least two difficulties. First one is about the physi-
ological identification of the leaky integrator or the resettable integrator which 
is supposed to encode a neural replica of the size of a saccadic eye movement. 
Second one is about the way how the horizontal and vertical components of a 
saccade are generated. Here we present a model which has a common source 
generator, the superior colliculus (SC), and nonlinear independent burst genera-
tors, the burst neurons (BNs).

In our model, the activity of the SC during a saccade, when summed up 
temporally and spatially, holds a constant value. The amplitude of a saccade is 
encoded by three possible ways; the numbers of the output units of the SC, the 
numbers or the synaptic efficacy of axon terminals of the SC output neurons. 
The direction of a saccade could be encoded by the synaptic efficacy of axon 
terminals from the SC as in other models, but here we present a new hypothesis 
of population coding in the burst neuron pools.

The computer simulation of the SC showed a constant output irrespective of 
the variance in the command signal strength owing to an intrinsic feedback sys-
tem of the model SC. The output saturation of the burst neurons, which explains 
the main sequence of the saccade, does not contradict with the stretch phenom-
ena owing to the population coding of the BNs.

Further study of a present model is needed to explain other results like the 
collision experiments of saccades as well as the function of the buildup neurons 
in the SC.

763.14

THE SUBSTANTIA NIGRA PARS RETICULATA ENCODES MEMORY- AND 
VISUALLY-GUIDED DELAYED SACCADES EQUIVALENTLY A. Handel*. H.
M. Bayer, & P. W, Glimcher. Center for Neural Science, New York University, New 
York, NY 10003.
Last year we provided a quantitative description of the response profiles of 72 substan-
tia nigra pars reticulata (SNr) neurons during a visually-guided delayed saccade task. 
We found that the response fields of these neurons could be well-described as ‘planar’: 
across our population, planar regressions to the relationships between firing rate during 
a trial and the horizontal and vertical amplitude of the saccade at the end of the trial 
accounted for an average of 87% of the variance in firing rate (VAF).
This year, we present data on 28 of these neurons which were also examined during a 
memory saccade task. In the memory saccade task a randomly chosen target LED was 
illuminated for 200-1000 msec and then turned off for an additional 200-800 msec 
while subjects fixated a central LED. The central LED was then turned off and the mon-
key was reinforced for aligning gaze (± 4-6°) with the remembered location of the target 
LED. We found that the response fields of SNr neurons during this memory saccade 
task could also be described as planar.
We could thus use comparisons of parameters from these planar fits to quantitatively 
test the hypothesis (Hikosaka & Wurtz 1983c, 1985ab) that the SNr preferentially 
encodes gaze shifts to remembered targets. We found that the firing rates of our popula-
tion of SNr neurons during the memory saccade task could be accurately predicted from 
their firing rates during the delayed saccade task. In fact, contrast ratios that directly 
compared both the overall magnitude and the spatial selectivity of neuronal modulations 
indicated that the response of our population of SNr neurons was equivalent during the 
two tasks. These data suggest that the SNr does not preferentially encode memory- 
guided saccades over visually-guided saccades in these non-reaction time tasks.

Supported by MH11359 and EY10536.

763.15

DO THE SACCADE-RELATED NEURONS OF THE SUBSTANTIA NIGRA PARS 
RETICULATA (SNr) CARRY INFORMATION ABOUT SACCADIC AMPLITUDE 
OR ENDPOINT? H.M. Bayer*, A. Handel & P. W. Glimcher. Center for Neural Sci-
ence, New York University, New York, NY 10003.

In previous work we have shown that, in a delayed saccade task in which monkeys 
were rewarded for making saccades that shifted gaze from a fixation LED to an eccen-
tric target, many neurons of the SNr showed a peri-movement decrease in firing rate. 
We found that this modulation was stronger for contraversive than for ipsiversive move-
ments. However, in those experiments, all trials employed a single fixation position 
which made it impossible for us to determine whether firing rate modulations encoded 
the amplitude of the ongoing movement or the orbital position of the eye at the end of 
the saccade.

In order to dissociate these two variables, we are now studying the responses of SNr 
neurons while awake-behaving monkeys perform a delayed saccade task in which the 
initial fixation position varies randomly from trial to trial amongst three possible loca-
tions along the horizontal meridian: one straight ahead, one to the left and one to the 
right. This allows us to compare the peri-movement responses of a single neuron during 
movements having the same amplitude but different endpoints, and those having the 
same endpoint, but different amplitudes. We can then plot the peri-movement firing 
rates of each neuron, for all movements from a single origin, as a function of both the 
horizontal amplitude of the movement and the horizontal endpoint of the movement. 
This procedure produces a set of six curves for each neuron, three in amplitude coordi-
nates and three in endpoint coordinates. If the three curves plotted in amplitude coordi-
nates are more highly correlated than the three curves plotted in endpoint coordinates, 
then we can conclude that the neuron under study encodes information in a coordinate 
frame more tightly coupled to movement amplitude than to movement endpoint.

Our data suggests that for many neurons, peri-movement firing rate is better correlated 
with the amplitude than with the orbital endpoint of the movement.
Supported by an NSF predoctoral fellowship (HMB) and EY10536-.

763.16
SPONTANEOUS DEVELOPMENT OF PARALLEL TASK MODULES AND 
COORDINATE SYSTEMS IN A NEURAL NETWORK MODEL OF THE 
VISUOMOTOR TRANSFORMATION FOR SACCADES. M. A. Smith*1, and J. D. 
Crawford1,2. Center for Vision Research, Depts. of Psychology1 and Biology2, York 
University, 4700 Keele St., Toronto, Ontario, M3J 1P3, Canada.

Recent studies suggest that the oculomotor system requires a visuomotor reference 
frame transformation (RFT) if saccades are to be accurate from all initial eye 
positions and still obey Listing’s Law (Crawford & Guitton 1997, Klier & Crawford 
1998). Our goal was to determine if and how a neural network could learn this RFT. 
A 3 layer back-propagation learning neural network was trained to perform the RFT 
using various retinal errors (RE) and from various initial positions in Listing’s plane. 
The neural network learned the correct position dependent mapping between RE and 
motor error (ME) without developing a headcentric map of space. However, in the 
process of doing so it spontaneously developed three groups of hidden unit types. 
Group 1 (48% of units) had sensory and motor sensitivity vectors along an orthogonal 
coordinate system rotated 45° from vertical/horizontal. In this group, ME and RE 
were in the same direction (the position sensitivity was small.) Group 2 (23%) had a 
large ME and position sensitivity but in the opposite direction to each other. This 
group had a minute RE component parallel to ME. Finally, Group 3 (29%) had a 
large ME component with RE and position roughly orthogonal to ME. Simulated 
lesions confirmed our hypothesis that group 1 provided the main drive for saccades 
and ensured that resultant motor output was generally of the correct direction and 
magnitude, whereas the correct position-dependent pattern required a balance 
between groups 2 and 3. Thus, the neural network implicitly solved the RFT problem 
but not, contrary to expectation (e.g. Robinson 1992), in a completely distributed 
fashion. Rather, it developed clearly recognizable coordinate systems and functional 
groups similar to those found in the real oculomotor system.
Supported by a Canadian NSERC grant and an A. P. Sloan fellowship.
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763.17
NEURAL NET SIMULATION OF PREMOTOR EYE-POSITION COMMANDS 
TO ABDUCENS MOTONEURONS P, Dean* & T.R.Hazel Dept. of Psychology, 
University of Sheffield, Sheffield S10 2TP, England.

The firing rate of an abducens motoneuron (AbMN) is linearly related to 
eye-position with slope K, above recruitment threshold T. Within the AbMN 
population K increases as T increases. It is not known how these properties 
depend on the major premotor inputs to AbMNs, namely position-vestibular-pause 
cells (PVPs) and eye-head velocity cells (EHVs) in the medial vestibular nucleus, 
and eye-position cells (EPs) in the nucleus prepositus hypoglossi.

Premotor inputs to AbMNs were modeled by a linear net, in which the 
output nodes represented AbMNs and the input nodes the three classes of premotor 
units (n = 20 per class). AbMNs did not vary in intrinsic properties (gain and 
threshold). Conjugate eye-position commands were used to generate observed 
firing rates in PVPs, EPs and EHVs (e.g. Scudder and Fuchs 1992). The output of 
the net was compared with observed AbMN firing rates, and the resultant error 
used to adjust the magnitude and sign of the connection weights between premotor 
units and AbMNs. To provide additional constraints on permitted weights, the net 
was also trained under simulated smooth pursuit, cancellation of the vestibular- 
ocular reflex (VOR), and the VOR itself (all at 0.5 Hz)

In the trained model: (1) Position-related AbMN firing-rates were derived 
mainly from an excitatory drive from PVPs and an inhibitory drive from EPs with 
the opposite ON-direction. Variation in K and T depended on the strength of the 
EP drive: AbMNs with high K and T received a strong EP input. (2) EHV firing 
opposed the PVP vestibular signal so that the VOR could be cancelled, and VOR 
gain was appropriate. Surprisingly, the EHV population as a whole contributed 
only slightly to smooth pursuit firing in AbMNs.

A prediction from these findings is that blocking the inhibitory EP drive to 
AbMNs should lower both their position threshold and sensitivity. The functional 
roles of EHVs (putative floceular target neurons) require further elucidation.

(Supported by Engineering and Physical Sciences Research Council, U.K.)

763.18
EXPERIMENTAL TESTS OF A NEURAL-NETWORK MODEL FOR 
OCULAR OSCILLATIONS V.E. Das1, P. Oruganti1, P. D. Kramer2 and R.J. 
Leigh1* 1 VA Medical Center and Case Western Reserve Univ., Cleveland OH 
44106; 2JFK Medical Center, Edtson NJ 08818.
Spontaneous sinusoidal oscillations of the eyes are a feature of disorders 
affecting central myelin, including multiple sclerosis. The abnormal 
mechanism responsible for these oscillations, which are referred to as acquired 
pendular nystagmus (APN), is unknown. We tested the hypothesis that APN 
is due to instability in the network of neurons that normally guarantees steady 
gaze by integrating pre-motor signals. A neural-network model, described by 
Arnold and Robinson (1997), was trained to integrate head velocity signals and 
hold gaze steady during position-step head rotations. It was possible to make 
this neural network unstable and produce sustained oscillations, so that it 
simulated APN. One prediction of the oscillating model is that a large ocular 
motor signal, such as is required to generate a saccade or a fast vestibular eye 
movement, will transiently suppress the activity of some neurons in the 
network, and that this will “reset” the oscillations, i.e., produce a phase shift. 
Alternatively, if the source of APN is outside the neural integrator (i.e., is 
present on inputs to the stable integrator), then it should not be possible to 
reset the oscillations with a fast eye movement. We compared the phase 
relationships of APN prior to and following saccades in 8 patients with 
multiple sclerosis. Patients showed large phase shifts of their ocular 
oscillations following large (> 10 deg) saccades; smaller saccades (< 5 deg) 
caused smaller phase shifts. We conclude that, in multiple sclerosis, APN 
arises from an instability in the neural integrator for eye movements, which 
depends on a distributed network of neurons in the brainstem and cerebellum. 
Supported by NIH EY06717, Veterans, and Armington Fund.

763.19

SUPERIOR COLLICULUS ACTIVITY DURING BLINK-PERTURBED 
SACCADES: IMPLICATIONS FOR SACCADE CONTROL MODELS. 
John Van Qpstal*1 and Jeroen Goossens2, *1 Dept. Biophysics, University of Nijme-
gen, p.o. Box 9101 6500 HB Nijmegen, The Netherlands, and 2Dept. Physiology-1, 
Erasmus University, Rotterdam, The Netherlands.

The monkey superior colliculus (SC) has been implicated in the local feedback 
control of saccades. Evidence in support of this hypothesis has been obtained from 
microstimulation of brainstem omnipause neurons and of the SC rostral fixation zone. 
To further clarify the role of the SC in saccade generation we superimposed a highly 
variable, non-invasive mid-flight perturbation on saccadic eye movements to briefly 
flashed targets by means of an air-puff induced blink. During this paradigm we have 
recorded the activity of 25 single units in the intermediate and deep layers of the SC 
(three monkeys). Despite severe perturbations of movement trajectories and kine-
matics, the eye typically landed close to the extinguished target position (open loop 
conditions). Cell activity underwent a consistent short-latency (~10 ms) inhibition, 
leading the blink by about 10 ms. Collicular burst duration was tightly linked to 
eye movement duration for all saccade-related burst neurons and for perturbed as 
well as unperturbed conditions. Quite remarkably, the number of spikes in the burst 
remained approximately constant, both for perturbed and control saccades. Further 
analysis revealed a fixed relation between the instantaneous cumulative number of 
spikes in the burst and current eye-displacement along the cell’s optimal movement- 
field vector, regardless the actual 2D trajectory. A model of saccade-blink interactions 
is proposed that may account for these data.
Supported by Univ. Nijmegen (JVO), the Human Frontiers Science Program (RG0174-98 
JVO) and NWO-SLW (805-01.072 JG)

BASAL GANGLIA: ANATOMY

764.1

SINGLE AXON TRACING STUDY OF THE MESOSTRIATAL PROJECTION 
IN THE RAT. L, Prensa* and A, Parent. Centre de recherche Universite Laval 
Robert-Giffard, Beauport, Quebec, Canada, G1J 2G3.

The axonal projections arising from the ventral tegmental area (VTA) and the 
substantia nigra pars compacta (SNc) in the rat were mapped after labeling small 
pools (5-10 cells) of neurons with biotinylated dextran amine. Injections were made 
under electrophysiological guidance within different sectors of the VTA/SNc 
complex, including the dorsal and ventral tiers of SNc. Immunostaining for the p- 
opiate receptors was used as a marker of the patch/striosome striatal compartment. 
Labeled axons were reconstructed from serial sagittal sections with a camera lucida 
and a 3-D computerized image analysis system. Axons from VTA neurons were 
found to arborize mostly within the ventral striatum, where they preferentially target 
p-receptor-rich areas. At these levels, axons break out into numerous thin collaterals 
that display small varicosities. Other labeled fibers course within the dorsal striatum 
and terminate in the p-receptor-poor matrix area located in the lateral aspect of the 
dorsal striatum. Occasionally, 2 or 3 individual fibers emerging from VTA target 
one specific patch located at the junction between dorsal and ventral striatum. These 
fibers emit small collaterals terminating within this patch and then continue their 
course to the ventral striatum, where they arborize profusely within p-receptor-rich 
areas. Axons of neurons located in the dorsal tier of SNc branch abundantly and 
arborize very densely within the ventral striatum, but other axons course in the dorsal 
striatum and arborize preferentially in the matrix. In contrast, most axons arising 
from neurons in the ventral tier of SNc remain confined to the dorsal striatum. 
These axons are poorly branched and terminate mainly in the dorsolateral aspect of 
the striatum. Our results reveal that neurons of either VTA or dorsal tier of SNc 
densely innervate the ventral striatum, whereas neurons in the ventral tier of SNc 
mainly target the dorsal striatum. Furthermore, neurons in VTA and dorsal tier of 
SNc densely innervate p-receptor-rich areas of the ventral striatum, but also provide 
input to the matrix compartment of the dorsal striatum. [This research was 
supported by the Medical Research Council of Canada].

764.2

A SINGLE CELL LABELING STUDY OF THE STRIATAL OUTPUT SYSTEM 
IN THE RAT Y, Wu and A. Parent.* Centre de recherche Universite Laval Robert- 
Giffard, Beauport, Quebec, Canada, G1J 2G3.

According to the current model of the organization of basal ganglia, the striatal 
output system is composed of two separate pathways: (1) the direct pathway, 
projecting to the internal pallidum (GPi) or the substantia nigra pars reticulata (SNr); 
and (2) the indirect pathway, projecting exclusively to the external pallidum (GPe). 
However, recent single cell labeling investigations in rats and monkeys have revealed 
that striatofugal axons are highly collateralized, providing branches to two or three of 
the striatal recipient structures (GPe, GPi, SNr). The present single cell labeling 
study aimed at determining the branching pattern of the striatofugal axons arising 
from a relatively large number of striatal projection neurons in adult rats. Individual 
projection neurons were labeled juxtacellularly with biotinylated dextran amine. The 
axons of 77 neurons distributed in all sectors of the dorsal striatum were traced from 
cell body to terminal fields. On the basis of their axonal branching patterns, 3 types 
of striatal projection neurons have been identified: (1) neurons projecting to the 
globus pallidus (GP) only (28 neurons, 36.4%); (2); neurons projecting to the GP 
and SNr (20 neurons, 26%); (3) neurons projecting to the GP, entopeduncular 
nucleus (EP) and SNr (29 neurons, 37.6%). These three types of projection neurons 
had no preferential distribution in the striatum. They were in fact closely 
intermingled in all sectors of the dorsal striatum. This study demonstrates that: (1) 
The high degree of axonal collateralization is a common feature of a large proportion 
of striatofugal axons. About two-thirds of the labeled axons project to more than 
one target structures, including one third that projects to all three striatal targets. 
Only one third of them projects exclusively to the GP. (2) All striatofugal axons 
send collaterals to the GP, a finding that weakens the current concept of dual and 
well-segregated output systems from basal ganglia. (3) About one third of the 
labeled axons projects simultaneously to two output nuclei (EP and SNr). The 
results of this study shed a new light on the functional organization of the basal 
ganglia in rodents. [Supported by the MRC of Canada].
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764.3
FUNCTIONAL STRIATAL TERRITORIES: EXAMINATION OF CORTICO-
STRIATAL AFFERENTS USING RETROGRADE TECHNIQUES.
N.R, McFarland* and S.N. Haber. Dept. of Neurobiology & Anatomy, University of 
Rochester School of Medicine & Dentistry, Rochester, NY 14642.

Anterograde studies have demonstrated that corticostriatal projections are topo-
graphically organized. In general, sensorimotor cortices project to the dorsolateral 
striatum, dorsolateral prefrontal and posterior parietal cortices project to a large 
central striatal region, and orbital and medial prefrontal cortices project to the 
ventromedial striatum. These studies have grossly subdivided the striatum into 
respective functional territories: sensorimotor, association/cognitive, and limbic. 
While anterograde studies describe where specific cortical areas project within the 
striatum, complementary retrograde studies can characterize the density and distribu-
tion of corticostriatal projections to specific striatal regions. This study examines the 
organization of cortical afferents to discrete regions of the dorosolateral and central 
striatum using retrograde techniques. The results are compared to those from a 
previous study describing the organization of orbital and medial prefrontal projec-
tions to the ventral striatum (Haber et al. 1995, J.Neurosci.).

Retrograde tracers (dextran-LY or FITC, and WGA-HRP) were placed into dif-
ferent regions of the dorsolateral and central striatum and the distributions of labeled 
neurons were charted. The dorsolateral-most putamen received dense primary motor 
(Ml) cortical projections and moderate projections from the supplementary (SMA) 
and cingulate motor (CMA) areas. In contrast, the central-dorsal putamen received 
fewer Ml projections but dense SMA and dorsal premotor projections. Inputs to the 
ventral putamen arose primarily from the ventral premotor cortex. SMA and dorsal 
premotor cortical areas mediate complex motor behaviors such as internally-guided 
movements. Ventral premotor areas respond to visually-guided movements. These 
results suggest that the dorsolateral striatum can be functionally subdivided into 
lateral, central-dorsal, and ventral areas which mediate movement kinetics, 
internally-guided movements, and visually-guided movements, respectively. 
(Supported by MH11661 toN.R.M. andNS22511 to S.N.H.)

764.4
CONVERGENCE OF DISTINCT NEOCORTICAL REGIONS ONTO 
GABAERGIC PARVALBUMIN-POSITIVE INTERNEURONS IN
THE NEOSTRIATUM, j.. j, Hanley1 *, j;.M, Deaiau2 & J, P, Boiam1.
^MRC Anatomical Neuropharmacology Unit, Department of Pharmacology, 
Oxford OXI 3TH U.K. 2Universite Pierre et Marie Curie, Institut des 
Neurosciences, Paris, France.

One of the functions of the basal ganglia is to integrate functionally diverse 
information originating in the neocortex. Part of this integration may occur within 
the neostriatum, the main target of neocortical afferents. The aim of this study was 
to determine whether neocortical afferents from the primary motor (Ml) and 
primary somatosensory neocortices (SI) overlap and converge on neostriatal 
neuronal populations. This abstract reports on the investigation of convergence on 
GABAergic, parvalbumin-positive intemeurons.

Rats received deposits of Phaseolus vulgaris leucoagglutinin in Ml and 
biotinylated dextran amine in SI of the neocortex. After 5-8 days, they were 
perfused-fixed and sections of the neostriatum were processed to sequentially reveal 
the neuronal tracers and parvalbumin-immunoreactivity. Anterograde tracers in Ml 
and SI led to labelling of distinct, but partially overlapping arbors of varicose 
axons. The overlap from Ml and SI was densest in the rostral dorsolateral 
neostriatum. Preliminary estimates indicate that up to 10% of parvalbumin- 
positive intemeurons in this region are apposed by terminals from both Ml and SI. 
Analysis to determine whether these convergent appositions form synaptic contacts 
with the parvalbumin-positive intemeurons is in progress. The parvalbumin- 
positive, GABAergic intemeurons, which provide feedforward inhibition of striatal 
projection neurons, are thus in a position to provide a substrate for the integration 
of neocortical information.

This work was funded in part by BIOMED grant BMH4-CT97-2215 and the 
Medical Research Council, UK.

764.5

QUANTITATIVE ANALYSIS OF GLOBUS PALLIDUS NEURONS 
PROJECTING TO THE NEOSTRIATUM, THE SUBTHALAMIC NUCLEUS, 
AND THE SUBSTANTIA NIGRA IN THE RAT. H. Kita*Dept. of Anatomy 
and Neurobiology, Coll, of Medicine, Univ. of Tennessee Memphis, 875 
Monroe Av. Memphis, TN 38163.

It has been considered that the main projection site of the globus 
pallidus (GP) is the subthalamic nucleus (STN). However, recent 
anatomical studies suggest that the GP also project heavily to the 
neostriatum (Str) and the substantia nigra (SN). To estimate the 
number and the parvalbumin (PV) immunoreactivity of GP neurons 
projecting to the Str, the STN, and the SN, a quantitative analysis of GP 
neurons retrogradely labeled after injection of Fluoro-Gold (FG) into 
these GP efferent sites were performed. Immunostaining for a neuron- 
specific nuclear protein was used to identify non-FG labeled neurons. 
FG injections into the dorsolateral Str region resulted in labeling of 44- 
48% of neurons in the center region of the GP, and 44 - 49% of these 
neurons were PV immunoreactive. FG injections into the medial or the 
ventromedial region of the Str produced labeling of 32-37% of neurons 
in a narrow area facing to the Str and also 40-44% of neurons in the 
area immediately rostral to the internal capsule. Eight to 20% of these 
neurons were PV immunoreactive. FG injections into the STN labeled 
88-92% of the GP neurons and 81-86% of the labeled neurons were PV 
immunoreactive. FG injections into the SN labeled 72-86% of the GP 
neurons and 78-92% of the labeled neurons were PV immunoreactive. 
These results indicated that approximately 1/3-1/2 of GP neurons 
project to the Str, and PV-negative neurons dominate in this projection. 
Most of GP neurons, including both PV-positive and PV-negative ones, 
project to the STN and the SN. Through these heavy projections, the GP 
may exert strong control the neuronal activity of all the basal ganglia 
nuclei. Supported by NIH grant NS-26473 and NS-36720.

764.6
POSTNATAL DEVELOPMENT OF CORTICOSTRIATAL AFFERENTS AND PATCH/MATRIX 
IN RAT; A LIGHT MICROSCOPIC EVALUATION
N.A. Sharpe* and JM, Tepper. Center for Molecular and Behavioral Neuroscience, Rutgers, The State 
University of New Jersey, Newark, NJ USA 07102

The rat neostriatum undergoes significant postnatal development The level of excitatory input to the 
neostriatum has been shown to increase significantly during the third postnatal week (Sharpe and 
Tepper, 1998). The increase in excitatory input has been attributed primarily to the development of 
asymmetric axospinous synapses. Additionally, medium spiny neurons under goes significant functional 
changes during the third postnatal week. These functional changes are concomitant to the development of 
the excitatory axospinous synapses (Tepper et al, 1998). Limited studies of postnatal patch/matrix 
development have suggested that the fundamental patch/matrix organization is in place on or prior to 
postnatal day 15 (P15). However, little is know about the relationship between the postnatal 
development of corticostriatal afferents and the development of the patch/matrix organization. In the 
present study we examine the postnatal development of corticostriatal afferents and patch/matrix 
organization.

Biocytin was iontophoretically injected into the lateral agranular cortex of neonatal rats ages P10, P15 
and P21. Sections containing the neostriatum and injection sites were processed to visualize both biocytin 
labeled corticostriatal afferents and p-opioid reactive (gOR) structures. Sections were infiltrated with 
Durcupan, placed on slides and coversliped. Sections were evaluated using the ligfit microscope.

By the earliest age evaluated, P10, the patch/matrix organization was well defined. At P10 the 
proportional area of neostriatum labeled for patch appeared greater than at P21. By P21 the proportional 
area of neostriatum labeled for patch appeared similar to that noted in the adult Biocytin labeled 
corticostriatal afferents were noted in both patch and matrix at all ages evaluated. Interestingly, at P10 
and P15 the corticostriatal axons displayed several properties not observed at P21. At P10 and P15 single 
corticostriatal fibers innervated both pOR and non-pOR areas as suggested by the presence of numerous 
varicosities on single corticostriatal axons projecting to both patch and matrix. This type of organization 
was not seen at P21 and is atypical for what has been previously described for the adult Additionally, at 
P10 and P15, corticostriatal afferents in patch appeared to formed axosomatic synapses as suggested by 
the presence of varicosities in close opposition to cell bodies. This arrangement was not seen at P21 nor 
in matrix at any age evaluated. The neonatal corticostriatal afferent organization may explain how the 
limited innervation in the neonate can have the previously noted functional impact on the medium spiny 
neuron and neostriatum. Supported by NS34865.

764.7

NIGRAL AND CORTICAL INFLUENCES ON THE DEVELOPMENT 
OF STRIATAL PATCH/MATRIX ORGANIZATION IN ORGANOTYPIC 
CULTURES. D.J. Graber, R.A. Waniewski*, and A. Snyder-Keller. 
Wadsworth Center, New York State Dept. Health, Albany, NY 12201.

Organotypic cultures of fetal or early postnatal striatum were used to 
assess striatal patch formation and maintenance in the presence or 
absence of nigral dopaminergic and cortical glutamatergic influences. 
Vibratome-cut slices of striatum prepared from E19-P4 rat pups were 
cultured on Costar clear membrane inserts in DMEM/F12 (1:1) media 
with additional supplements and/or horse serum (20%) or fetal calf 
serum (5%). Some were co-cultured with E12-16 ventral mesenceph-
alon (“nigra”) and/or E16-P4 cortex, which produced a dense dopamin-
ergic innervation and a modest cortical innervation. Striatal patches 
(marked by BrdU immunolabelling in striatal slices taken from fetuses 
or rat pups injected with BrdU at E13-14) were maintained in organo-
typic cultures of late prenatal (E20-22) or early postnatal striatum in the 
absence of nigral dopaminergic and cortical glutamatergic influences.
In slices taken from E19 fetuses prior to the time of in vivo patch 
formation, patches of BrdU-immunoreactive cells were observed to 
form after 10 DIV, in 33% of nigral-striatal co-cultures compared to 7% 
of striatal slices cultured alone or in the presence of cortex only. 
Patches of TH-immunoreactive fibers were observed in the majority of 
nigral-striatal co-cultures, and patches of GluRl immunoreactivity in 
nearly all striatal cultures regardless of age. Thus co-culturing with 
substantia nigra enhances striatal patch formation, although more than 
dopamine innervation may be necessary. Supported by MH46577.

764.8

CONTRALATERAL CORTICOSTRIATAL PROJECTIONS FROM SI 
AND SII CORTEX OF RATS. K.D. Alloway*, J.J. Mutic and C. 
Douglas, Penn State University, Hershey, PA 17033.

Several studies indicate that the topography of bilateral projections 
to the neostriatum differs according to cortical area. For this report we 
compared the distribution of contralateral and ipsilateral corticostriatal 
projections from the whisker representation of SI and SII cortex.

Anterograde tracers fluofo-ruby (FR) or biotinylated dextran amine 
(BDA) were deposited into the vibrissal representation of SI or SII 
cortex in one hemisphere. One week later each rat was perfused and 
coronal sections through the neostriatum were processed for the 
presence of FR and BDA. The distributions of labeled axonal 
varicosities in both the contralateral and ipsilateral neostriatum were 
plotted with a digital microscopic reconstruction system.

Although projections from both SI and SII cortex were considerably 
less dense on the contralateral side, both hemispheres exhibited similar 
topography in the pattern of corticostriatal labeling. Thus, contralateral 
and ipsilateral projections from SI and SII terminated in a narrow band 
of neuropil located in the superficial rim of the dorsolateral 
neostriatum. Our initial data analysis, however, suggests that SII may 
send a larger proportion of projections contralaterally than SI.

Supported by NIH grant NS29363.
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764.9
DIFFERENTIAL ULTRASTRUCTURAL MORPHOLOGY IN RAT OF 
PYRAMIDAL TRACT TYPE AND INTRATELENCEPHALIC TYPE 
CORTICOSTRIATAL TERMINALS. N. Del Mar. Y. Jiao', and A. Reiner. 
Department of Anatomy & Neurobiology, University of Tennessee - Memphis, 
Memphis, TN 38163.

Two major types of corticostriatal projection neurons have been identified: 1. - 
Pyramidal Tract corticostriatal projection neurons or PT type, 2. - Intratelencephalic 
corticostriatal projection neurons or IT type. To determine if the intrastriatal 
terminals of IT type neurons differ from those of PT type neurons, we injected 
biotinylated dextran amine 10,000 MW (BDA 10k) into the right medial agranular 
cortex, which selectively labels IT type terminals in the contralateral striatum. PT 
type terminals and neurons were selectively labeled by injecting biotinylated 
dextran amine 3,000 MW (BDA 3k) into the pyramidal tract at caudal pontine 
levels. At the EM level, labeled IT type corticostriatal terminals were observed to 
make en passant asymmetric synaptic contact with spine heads and less frequently 
with dendrites. These terminals were characteristically small (average of 0.5 micron 
in diameter) and often regular in shape, while the PT types were larger (over 1.0 
micron in size) and commonly irregular in shape. IT type neurons and PT type 
neurons are both found in layer V. In light of the difference between them in 
intrastratial terminal morphology, we sought to determine if they differ in their 
location within layer V. To label corticostriatal neurons in the same hemisphere, we 
injected dextran amine 3,000 MW tetramethylrhodamine (RDA 3k) in the left 
striatum and BDA 3k into the right pyramidal tract at caudal pontine levels. We 
observed that IT type neurons are typically medium-sized and located in the upper 
half of layer V, while PT type neurons are typically large and located in the lower 
half of layer V. We thus conclude these two type of corticostriatal projection 
neurons differ in their intrastriatal terminal size, and in the size and laminar location 
of their cell bodies. Supported by NS-19620 (A.R).

764.10
PROJECTIONS FROM THE PEDUNCULOPONTINE TEGMENTAL 
NUCLEUS TO IMMUNOHISTOCHEMICALLY DEFINED 
SUBTERRITORIES OF THE RAT VENTRAL PALLIDUM. E. Mensual*. 
M.J. Bosch. E. Erro and J.M. Gimenez-Amava. Departamento de Anatomla, 
Facultad de Medicina, Universidad de Navarra, 31080 Pamplona, Navarra (Spain).

The rat ventral pallidum (VP) comprises two immunohistochemically defined 
subterritories which seem to give rise to two different downstream projection 
systems. Moreover, VP is reciprocally connected with the pedunculopontine 
tegmental nucleus (PPTg), which is strongly related with the basal ganglia. The 
aim of this study was to analyze how PPTg fibers reach each 
immunohistochemically defined subterritory in the VP. Thus, BDA was 
iontophoretically injected in different regions of PPTg and a double 
immunohistochemical procedure was carried out to reveal the tracer and substance 
P-immunoreactivity in a single section. Adjacent sections were processed to 
reveal either calbindin D-28k or enkephalin, as chemical markers of the 
dorsolateral VP. Our results illustrate that the fibers from PPTg to VP were not 
restricted to either immunohistochemically defined subterritory. Instead, at the 
level of the subcommisural-sublenticular VP, they were distributed forming a 
continuous oblique band, dorsomedially to ventrolaterally oriented. After lateral 
injections in PPTg, this oblique band of terminals was medially situated, only 
reaching the more ventral portions of the ventromedial VP. After intermediate 
injections in PPTg the terminal fibers were more dorsally located, invading the 
dorsolateral VP, and after the most medial injection in PPTg, the oblique band 
filled the ventromedial and the dorsolateral VP, and even extended within the 
lateral globus pallidus. Our data show that PPTg innervate large areas of VP and 
may act upon both transpallidal dowstream projection systems.
This work was supported by CICYT, Fundacion Marcelino Botin and Universidad 
de Navarra.

764.11
STRIATAL INPUTS FROM THE VENTROBASAL COMPLEX OF

Amava* Departamento de Anatomla. Facultad de Medicina. Universidad de 
Navarra 31080 Pamplona. Navarra Spain.

Thalamostriatal projections of the rat originate mainly from the intralaminar 
and midline thalamic nuclei. Little is known regarding the projections to the 
caudate putamen coming from the sensory relay thalamic nuclei in mammals. 
Projections from these specific sensory thalamic nuclei are the main source 
of afferents to the striatum in amphibians.

Neurons in the ventrobasal complex projecting to the striatum were found 
in the rat thalamus after deposit of the retrograde tracer Fluoro-Gold into 
caudal regions of the caudate putamen. These results were further 
confirmed by injections of the anterograde tracer biotinylated dextran amine 
into the ventral posteromedial and ventral posterolateral thalamic nuclei, in 
which the retrogradely labeled neurons were found to be located. 
Anterogradely labeled terminal fields consisting of thin and ramifying fibers 
with varicosities, were always found in the parenchima of the caudal striatum 
after injections of biotinylated dextran amine into the ventrobasal complex.
These results provide evidence suggesting that the caudal striatum of the 

rat receives information directly from specific sensory relay nuclei. These 
findings might help our understanding of the complex functional 
organization of the mammalian basal ganglia.

Supported by CICYT, Fundacion “Marcelino Botin” and Universidad de Navarra

764.12

OUTPUT AND INPUT CIRCUITS OF THE PRIMATE BASAL GANGLIA: THE 
RELATIONSHIP BETWEEN THE PALLIDOTHALAMIC PROJECTION AND 
IDENTIFIED THALAMOSTRIATAL NEURONS. JL Lancieao*. E Erro, J Arribas 
and JM Gimenez-Amava. Departamento de Anatom la. Facultad de Medicina. 
Universidad de Navarra. 31080 Pamplona. Navarra. Spain.
The present report is focused on the analysis of whether pallidothalamic 

axons contact thalamic neurons projecting to the putamen (Put) and/or 
thalamic neurons projecting to the caudate nucleus (Cd).

These circuits are studied by means of a triple tract-tracing procedure 
enabling the simultaneous detection of anterogradely transported biotinylated 
dextran amine (BDA, injected in GPi), and retrogradely transported cholera 
toxin B subunit (CTB, delivered in Put) and Fluoro-Gold (FG, injected in Cd).

Thalamic neurons projecting to Cd are found to be located in ventral thalamic 
nuclei and in the medial part of the centromedian-parafascicular nuclei (CM-Pf). 
Thalamic neurons projecting to the putamen showed a wider distribution: CTB- 
labelled neurons are found in ventral thalamic nuclei, central lateral nucleus, 
lateral dorsal nucleus, and in the lateral part of the CM-Pf nuclei. Pallidothalamic 
axons are distributed through the ventral thalamic nuclei as well as in the lateral 
part of the CM-Pf nuclei. These axons displayed different morphologies 
depending on the target localization: pallidothalamic afferents to ventral 
thalamic nuclei are arranged in patches of densely packed thick fibres with 
many large varicosities, giving rise to pericellular basket-like arborizations. By 
contrast, pallidothalamic afferents to the CM-Pf nuclei consisted, of thinner 
axons and varicosities. These fibers targeted specifically individual thalamic 
neurons projecting to Put without apparent contacts with thalamic neurons 
projecting to Cd.

Supported by CICYT, Fundacion “Marcelino Botin” and Universidad de Navarra

764.13

IDENTIFICATION OF A HISTOCHEMICALLY DISTINCT 
CELLULAR COMPARTMENT IN THE EXTRASTRIOSOMAL 
MATRIX OF THE RAT STRIATUM. RM, Cassidy*. L.S. Janis 
and LF, Kromer. Interdisciplinary Program in Neuroscience and 
Department of Cell Biology, Georgetown University Medical Center, 
Washington, DC 20007.

The mammalian striatum is often divided into two anatomically 
and histochemically distinct cellular compartments, known as the 
striosomes and matrix. In the present study, we identify a unique 
cellular compartment in the rat striatum composed of clustered 
neurons that express EphA7, a member of the Eph family of receptor 
tyrosine kinases. This compartment is organized similarly to the 
striosome and matrix compartments, but corresponds to neither. 
Instead, these neurons are arranged as a banded and patchy mosaic 
largely confined to the extrastriosomal matrix. Axons arising from this 
compartment are organized into discrete fascicles that project to 
selective regions of the globus pallidus, entopeduncular nucleus and 
substantia nigra. The temporal profile of EphA7 phosphorylation in 
the striatum correlates with the ontogenetic development of this novel 
compartment, which closely parallels the development of the 
striosomes and matrix. These results support a role for ephrins and the 
EphA7 receptor in the formation of this striatal subcompartment and 
the guidance of axons arising from this subcompartment to distinct 
target nuclei. [Supported by NIH grant HD07549]

764.14

PATHWAYS DESCENDING FROM THE PEDUNCULOPONTINE 
REGION IN THE RAT G.L. Keating* and D.B. Rye Dept. of Neurology, 
Emory Univ. Sch. of Med., Atlanta, GA 30322

Delineation of the descending projections of the pedunculopontine 
(PPN) region has been restricted by methodological limitations and the 
chemo- and cytoarchitectural heterogeneity of the region. We centered 
small (<900 sq. pm), overlapping, iontophoretic injections of either 
Phaseolus vw/garw-leucoagglutinin (PHA-L) or biotinylated dextran (BD) 
upon the cholinergic PPN nucleus (n=4) or the adjacent glutamatergic 
midbrain extrapyramidal area (MEA; n=2) in the rat. Tissue was processed 
for tracer alone, or in combination with counterstains for Nissl substance, 
choline acetyltransferase or tyrosine hydroxylase. Topography and 
pattern of afferent/efferent connectivity with forebrain nuclei allowed for 
accurate ascription of injection loci. Shared patterns of anterograde 
labeling included: 1) nucleus tegmenti pontis of Bechterew; 2) the 
paramedian pontine reticular formation (PPRF) including dense labeling 
of that region responsible for saccadic generation; 3) all divisions of the 
gigantocellular field; and 4) raphe magnus. Numerous perisomatic and 
peridendritic presumptive boutons outlined the somatic profiles of 
individual large neurons in each of these loci. PPN injections were unique 
in labeling cardiorespiratory related regions of the ventrolateral medulla 
(e.g., surrounding the nucleus ambiguus). MEA injections were unique in 
exhibiting: 1) dense bilateral labeling of longitudinal cell columns of the 
inferior olive; 2) scattered terminals in the dorsal parvocellular medulla 
(immediately adjacent to the spinal trigeminal nucleus); and 3) occasional 
terminal labeling in cranial nerve motor nuclei. This study is most relevant 
in confirming multisynaptic pathways through the MEA by which the 
basal ganglia can: 1) modulate the skeleto- and oculomotor hallmarks of 
REM sleep; and 2) engage reticulospinal and cerebellar related motor 
pathways. Supported by ASDA and NS-35345.
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764.15
PALLIDAL AND CEREBELLAR INPUTS TO THE DIGIT 
REPRESENTATIONS OF THE DORSAL AND VENTRAL PREMOTOR 
AREAS (PMd and PMv). R.P. Dum*1 and P.L. Strick2. Research Service, 
VAMC2 and Depts. Neuroscience / Physiology12 & Neurosurgery2, SUNY- 
HSC@Syracuse, NY 13210.
The organization of pallidal and cerebellar projections to the various motor 

areas of the frontal lobe is unresolved. To begin to address this issue, we 
used intracortical stimulation to locate the digit representation in the PMd or 
PMv of cebus monkeys. Then, we injected a digit representation with a 
strain of HSV1 that is transported transneuronally in the retrograde direction 
and allowed animals to survive long enough (~4.5 days) for virus to be 
transported to “second-order” neurons. Virus injections into the PMd or PMv 
labeled neurons both in the inner segment of the globus pallidus (GPi) and 
in the deep cerebellar nuclei, especially in the dentate (DN). Approximately 
equal numbers of second-order neurons were labeled in GPi and DN after 
virus injections into either premotor area. Regardless of the premotor area 
injected, second-order neurons were concentrated rostro-caudally near the 
middle third of GPi and DN. However, GPi neurons labeled from PMd 
injection sites were located dorsal and slightly caudal to those labeled after 
PMv injections. Furthermore, DN neurons labeled from the PMd injection 
sites were located slightly rostral and dorsal to those labeled after PMv 
injections. These findings suggest that both premotor areas are the target 
of basal ganglia and cerebellar output. Moreover, separate output channels 
from GPi and DN influence each premotor area. Support: USPHS 24328 
(PLS).

764.16
RETROGRADE TRANSNEURONAL TRANSPORT OF RABIES VIRUS 
THROUGH BASAL GANGLIA-THALAMOCORTICAL CIRCUITS OF 
PRIMATES. R.M. Kellv^nd P.L. Strick. Research Service, VAMC and Depts. 
of Neurosurgery & Physiology, SUNY-HSC@Syracuse, NY 13210.

We examined whether rabies virus is transported transneuronally through 
basal ganglia-thalamocortical circuits in primates. We injected a fixed strain 
of rabies virus (1 x 107 7 PFU/ml) at multiple sites (0.2-0.4 pl/site) in the primary 
motor cortex (M1) in 6 monkeys (Cebus apella). Injections were placed 
throughout the ‘arm’ area or were localized to sites where intracortical 
stimulation evoked digit movements at thresholds <10 pA. After a 2-4 day 
survival period, immunohistochemical procedures were used to localize virus. 
At the 2 day survival time, virus was transported in the retrograde direction 
from the injection site to 'first-order' neurons in the ventrolateral thalamus which 
are known to project to M1. In contrast, we found no evidence of anterograde 
transport of rabies virus to sites innervated by M1. At the 3 day survival time, 
virus was transported transynaptically in the retrograde direction from first- 
order neurons in the thalamus to 'second-order' neurons in the internal 
segment of the globus pallidus (GPi). At the 4 day survival time, virus 
underwent another stage of transynaptic transport from second-order neurons 
in GPi to 'third-order' neurons in the external segment of the globus pallidus, 
subthalamic nucleus (STN) and putamen. Ma/iy of these third-order neurons 
were found in regions of the putamen and STN that are known to be innervated 
by the arm area of M1. These results suggest that, with careful adjustment of 
survival time, transneuronal transport of rabies virus can be used to reveal 
mapping principles in basal ganglia-thalamocortical circuitry. Furthermore, our 
initial observations imply that the macro-organization of the circuits which 
interconnect the basal ganglia and M1 is characterized by closed loops. 
Support: NS24328, MH48185, MH56661.

764.17

OBSERVATIONS ON THE POSTNATAL DEVELOPMENT OF THE RAT NUCLEUS 
ACCUMBENS AND EXTENDED AMYGDALA. D.S, Zahm* and E.A, Williams. 
Department of Anatomy and Neurobiology, Saint Louis University School of 
Medicine, St. Louis, MO 63104.

The nucleus accumbens (Acb) contributes substantially to selection and initiation 
of responses to novel, rewarding and aversive stimuli. While its adaptive import-
ance fits with the general conceptualization of Acb as “limbic” or a “limbic-motor 
interface” with temporally distant phylogenetic origins, the migration of postmitotic 
neurons to the Acb is completed at a significantly later postnatal timepoint than is 
that to the phylogenetically newer neostriatum. In the present study, early postnatal 
injections of Fluoro-Gold (FG) were utilized in the manner of Fishell and van der 
Kooy (J. Neurosci. 7:1969,1987) as was the preferential uptake of Fluoro-Gold by 
more mature (patch) neostriatal neurons (A.M. Snyder-Keller, Neurosci. Lett. 91: 
136,1988) to examine the development of the Acb. FG was injected by pressure 
into the striatum, ventral mesencephalon or mesopontine tegmentum of anesthetized 
Sprague-Dawley rats on postnatal days 0 (day of birth), 1, 2, 3, 4, 5, 6, 8 and 11. 
After varying survival times, the brains were processed for FG immunoperoxidase. 
After striatal injections at P3 and prior, FG immunolabel was observed in neostriatal 
patch and, to a lesser extent, matrix neurons, but not in Acb. Interestingly, the bed 
nucleus of stria terminalis and related extended amygdala structures also exhibited 
FG robustly at these early dates. Following FG injections in ventral mesencephalon 
and meospontine tegmentum from PO onward, structures in the neostriatum and 
extended amygdala were strongly retrogradely labeled, while the Acb was essential-
ly unlabeled up to P5, with the exception of some neurons in the ventral rostral pole 
and ventromedial shell, which labeled similarly to extended amygdala. The data are 
consistent with injected FG being available for transport only briefly and indicate 
that Acb neurons mature and establish downstream connections later than striatal 
and extended amygdala neurons. Supported by NS-23805.

764.18
NEURONS OF ORIGIN OF THE NEUROTENSINERGIC PLEXUS ENMESHING 
THE VENTRAL TEGMENTAL AREA AND SUBSTANTIA NIGRA PARS 
COMPACTA IN RAT: RETROGRADE LABELING AND IN SITU HYBRIDIZATION 
COMBINED. E.A. Williams, S. Grosu. M.H. Cooper* and D.S. Zahm. Dept. 
of Anat. and Neurobiol., Saint Louis Univ. Sch. Med., St. Louis, MO 63104.

The big neuropsychiatric implications of mutual functional and regulatory interac-
tions of brain neurotensin (NT) and dopamine (DA) were first appreciated by Nemer- 
off and colleagues (Biol. Psychiat. 15:283,1980) and confirmed in numerous subse-
quent studies (many reviews of this literature are listed in Zahm et al., JCN 400:487, 
1998). But, whether any of the multiple neuroanatomical substrates that might un-
derlie such interactions is predominant remains uncertain (see Kitabgi, Neurosci. 
14:111, 1989; Deutch and Zahm, A.N.Y.A.S. 668:232, 1992). A salient candidate for 
NTergic effects on the mesotelencephalic DA projection is the dense plexus of NT 
immunoreactive axons that enmeshes the ventral tegmental area and substantia nigra 
compacta (SN-VTA, Woulfe and Beaudet, Brain Res. 479:402, 1989; JCN 321:163, 
1992). But the locations of the neurons that give rise to this plexus have not been 
identified and its systemic context remains obscure. This study was carried out to 
identify these sites. Fluoro-Gold (FG) was injected into the SN-VTA of Sprague- 
Dawley rats and the brains were processed to localize FG (immunohistochemistry) 
and NT/neuromedin N mRNA (non-isotopic in situ hybridization). While ample evi-
dence for uptake by fibers of passage was acquired (e.g., Ill nerve), the following 
was consistently observed. Few doubly-labeled neurons were scattered in many 
sites consistent with the known afferents of VTA-SN. Substantial concentrations of 
doubles were appreciated in two locations - the ventromedial quadrant of the lateral 
preoptic area and the dorsal raphe and adjacent periaqueductal gray. Haloperidol, 
utilized to elicit NT/N mRNA expression in striatum resulted in virtually no double-
labels. The corresponding study with amphetamine was in progress, but results 
were unavailable at this writing. Experiments to verifiy these findings (anterograde 
tracing, lesion, microinjection) are required. Supported by NS-23805.

764.19

A PHA-L STUDY OF THE DORSOLATERAL DIVISION OF THE BED NUCLEUS 
OF STRIA TERMINALIS: DISTRIBUTION OF EFFERENTS RELATIVE TO FORE-
BRAIN CHOLINERGIC AND PARVALBUMIN AND NOS IMMUNOREACTIVE 
NEURONS. M, Gastard*. J.R, Martin. HI and D.S, Zahm, Dept. of Anat. and 
Neurobiol., Saint Louis Univ. Sch. of Med., St. Louis, MO 63104.

The dorsolateral division of the bed nucleus of the stria terminalis (dlBST) is re-
garded as an integral component of the central division of the extended amygdala, 
which also includes the central nucleus of the amygdala (CeA), a dorsal tier of the 
subenticular gray substance that extends between the dlBST and CeA, and some neu-
rons embedded in the lateral part of the stria terminalis (Alheid et al., The Rat Ner-
vous System, G. Paxinos, ed., Academic Press, 1995, 495-578). It was reported that 
efferent projections from the CeA tend to avoid forebrain territories occupied by 
cholinergic neurons, except in caudal reaches of the sublenticular extended amygda-
la, where cholinergic neurons embedded within the CeA outputs were smallish and 
lightly immunoreactive [-ir] (Zahm et al., Soc. Neurosci. Abst. 24:662,1998). This 
study was done to test whether cholinergic neurons are also avoided by dlBST effer-
ents and, since a published PHA-L study of dlBST afferents in rat was not found, the 
extent to which the projections of dlBST and CeA correspond. Following PHA-L in-
jections in BST, brain sections were processed for PHA-L-ir and either cholinergic 
(ChAT- or VAChT-), parvalbumin (PV)- or nitric oxide synthase (NOS)-ir neurons. In 
addition, sections immunolabeled with ChAT and PV or ChAT and NOS were exam-
ined. It was observed that dlBST efferent projections are virtually identical to those of 
the medial CeA, targeting extended amygdala, where NOS-ir neurons are concentra-
ted, and avoiding districts rich in ChAT or PV immunoreactive neurons, except in the 
amygdalostriatal transition area, where cholinergic neuron resemble those in striatum 
more than basal forebrain. Furthermore, forebrain territories enriched in ChAT- and 
PV-ir neurons were distinct, the latter marking the ventral pallidum, which is virtually 
devoid of NOS. The data support three rostrobasal forebrain territories of which 
only one is substantially innervated by dlBST or CeA. Supported by NS-23805.

764.20

FUNCTIONAL INTERCONNECTIONS BETWEEN THE CAUDAL INTRALAMINAR NUCLEI 
AND THE STRIATOPALLIDAL COMPLEX IN MONKEYS. Y. Smith* and M. SidibS. Yerkes 
Primate Center and Dept Neurology, Emory Univ., Atlanta, GA 30329, USA

Although connections between the caudal intralaminar nuclei and the striatopallidal 
complex have long been established, very little is known about the functions and 
synaptic microcircuitry of this neuronal network. In this study, we combined retrograde 
(WGA-HRP and cholera-toxin) and anterograde (biotinylated dextran amine-BDA) 
tracers to elucidate the organization of functional loops that convey information between 
the centre median/parafascicular nuclear complex (CM/Pf), the striatum and the internal 
segment of the globus pallidus (GPi) in squirrel monkeys.

lontophoretic injections of BDA were performed in different functional territories of the 
GPi combined with pressure injections of retrograde tracers in either the caudate 
nucleus (CD) or the putamen (PUT). The relationships between retrogradely labelled 
thalamostriatal neurons and anterogradely labelled pallidothalamic fibers were then 
analysed at the light and electron microscope levels in CM/Pf. The main findings of this 
study are as follows: (1) Projections from the sensorimotor, associative and limbic 
territories of the GPi are largely segregated in CM/Pf, whereas the sensorimotor GPi 
projects exclusively to the CM, inputs from the associative territory are confined to the 
dorsolateral part of the Pf (Pfdl) and the limbic-related information is sent to the rostral 
third of Pf, (2) The CM/Pf and the striatopallidal complex are interconnected by both 
closed and open functional loops. For instance, thalamostriatal neurons in CM, which 
receive inputs from the sensorimotor GPi, send projections back to the sensorimotor 
striatum, whereas thalamostriatal neurons in Pfdl, which receive inputs from the 
associative CD-receiving territory of the GPi, do not project back to the CD, but rather 
innervate the pre-commissural PUT, (3) Thalamostriatal neurons in Pf that project to the 
CD do not receive inputs from the GPi and (4) Thalamocortical neurons in the lateral CM, 
which project to the motor cortex, receive inputs from the sensorimotor GPi.

These data provide multiple routes through which basal ganglia outflow might control 
activity of thalamostriatal and thalamocortical neurons in caudal intralaminar nuclei in 
monkeys. {Supported by NIH grant R01NS37948-Q1}
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765.1
GENOMIC AND NON GENOMIC MOTOR EFFECTS OF VENTRAL 
PALLIDUM MICROINJECTION OF AMINOESTROGEN IN RATS. 
A.Granados Granados , C. Lemini Guzman , N, Gispert Cruells . I. Zarco de
Coronado*Facultad de Medicina. Universidad National Autonoma de Mexico. AP 
70250 MEXICO, D.F.
It has been suggested that the activity involved in motor behavior of dopaminergic 
(DA) neurons in substantia nigra (SN) is modulated by GABA inputs arising from 
the axon of pars reticulata and globus pallidus neurons. They also receive 
substance P (SP) mediated modulation from ventral pallidum (VP) neurons. We 
already described that, after capsaicin demielimzation and destruction of such 
neurons and reduction of the neuropil of nigral DA neurons, the motor behavior 
increases. On the other hand, 17p-(N.N, diethylendiamine)-l,3,5(10) estratrien-3- 
ol)dihydrochlonde (DED) produces short term (non genomic) and deep depression 
of motor activity. This experiment investigated the possible transient (non 
genomic) or long duration (genomic) effects on motor activity of DED in the VP 
neuronal population. Adult male Wistar rats were anesthetized and a single 
cannulae was implanted in right VP and DED (20ptg in 2 (j.1) was injected in 2 
min. Control animals received 2 p.1 of saline solution. Activity of contralateral and 
ipsilateral posterior leg muscles was analyzed by electromyographic recording 
before and 2 mm after injection. One week later the animals were tested at a runnig 
wheel and open field. The injection day: a) control rats did not showed changes in 
electromyographic recordings b) experimental rats presented ipsilateral excitation 
(11) or inhibition (6) in the electromyographic recordings; in the contralateral leg 
10 rats exhibited excitation and 7 inhibition. After one week, the experimental 
animals presented increase on motor activity in both tests. These results indicate 
that short term effects of DED are probably mediated by interactions of the steroid 
with membrane receptors but also long term genomic effects were present.

765.2

TOPOGRAPHIC AND PHENOTYPIC ORGANIZATION OF 
HYPOTHALAMIC INPUTS TO THE VENTRAL TEGMENTAL AREA.
J. Fadel* and A.Y. Deutch. Depts. of Psychiatry and Pharmacology and 
Center for Molecular Neuroscience, Vanderbilt University Medical Center, 
Nashville, TN 37212.

Dopaminergic projections arising from the mesencephalic ventral tegmental 
area (VTA) modulate information processing in cortical and limbic sites. 
Alterations in DA transmission in these mesotelencephalic sites have been 
implicated in neuropsychiatric disorders such as schizophrenia. Although certain 
VTA afferents (e.g., the prefrontal cortex) have been extensively investigated, 
other areas projecting to the VTA have received less consideration.

While the existence of a dense hypothalamic input to the VTA has been known 
for some time, little attention has been paid to the topographic and phenotypic 
organization of this projection. Here, we utilize tract-tracing and 
immunohistochemistry in the rat to describe in greater detail the nature of 
hypothalamic inputs to the VTA. Following iontophoretic deposits of the 
retrograde tracer Fluoro-gold (FG) into the VTA, a group of labelled cells was 
observed in the perifomical hypothalamic region, extending ventrolaterally into 
the lateral hypothalamus. Additional clusters of retrogradely-labeHed cells were 
observed in the retrochiasmatic and arcuate nuclei, and in the region of the 
posterior paraventricular hypothalamus. Dual immunostaining for FG and 
leumorphin (Dynorphin B-29) revealed a subset of cells in the perifomical 
nucleus and dorsal portion of the lateral hypothalamus that provide an opioid 
peptide input to the VTA.

While the precise synaptic architecture of these VTA inputs remains to be 
determined, these data suggest a means by which interoceptive-related 
hypothalamic activity may modulate meso-corticolimbic DA pathways.

(Supported by MH 45124 and MH 57995)

7653

NETWORK MODEL OF PARKINSONIAN NEURONAL OSCILLATIONS IN 
THE CORTICO-BASAL GANGLIONIC CIRCUIT. J.A. Goldberg,1’2’3 D, Hansel,4 H, 
Bergman1,3* and H. Sompolinsky2,3. ^ept. of Physiology, Hebrew Univ. - Hadassah 
Med. Sch.; 2Racah Inst, of Physics, Hebrew Univ.; 3Center for Neural Computation, 
Hebrew Univ., 91904, Jerusalem, Israel; 4Laboratoire de Neurophysique et 
Physiologie du Systeme Moteur, CNRS, 75270, Paris, France.

Parkinsonian symptoms are accompanied by the appearance of bursting oscillations 
throughout the basal ganglia. Oscillations in the internal segment of the globus 
pallidus (GPi) of MPTP treated tremulous vervet monkeys exhibit two frequency 
bands: low frequency (LF, 5-8 Hz) asynchronous discharge and synchronous high 
frequency (HF, 11-15 Hz) activity. Lesioning of the subthalamic nucleus (STN) in this 
animal leads to a decrease in the number of cells that discharge in the HF band, while 
ameliorating the tremor. A recent MEG study of human parkinsonian patients has 
revealed a significant nonlinear phase locking between HF oscillations in cortex and 
limb tremor. These results suggest that the tremor (at 4-7 Hz) is causally related to the 
synchronous HF oscillations. We present a network model for the generation of 
oscillations in the cortico-basal ganglionic circuit. In this model, strengthening of the 
striatum-GPi link, which presumably occurs in parkinsonism, generates a strong 
negative feedback loop in the circuit, resulting in the appearance of synchronous HF 
oscillations. Their frequency depends strongly on the substantial polysynaptic delay in 
the circuit. We further hypothesize that the additional asynchronous LF modulation of 
the GPi cells' discharge results from these cells' tendency to burst upon depolarization. 
Our model accounts for the observed disruption of the HF oscillations foljowing STN 
lesioning, and predicts that similar effects may be obtained by stimulation of 
structures in this circuit. This may explain the transient suppression of tremor 
observed following cortical or deep brain stimulation. The LF parkinsonian tremor 
may originate from a transformation performed downstream on the HF output of the 
circuit. Supported by the PICS-CNRS 236 (to DH) and by grants from the Israeli 
Ministry of Science and the French Ministry of Science and Technology (to HB).

765.4
A theory of basal ganglia control of normal and Parkinsonian hand-

writing. J.L. Contreras-Vidal* and D. Bullock. Motor Control Laboratory, 
Arizona State University, Tempe, AZ 85287, and Department of Cognitive and 
Neural Systems, Boston University, 677 Beacon Street, Boston, MA 02215.

The basal ganglia are adaptive subcortical circuits whose segregated outputs 
inhibit thalamic regions that in turn project to specific regions of the frontal 
cortex. In response to learned task requirements, selective striatal inhibition of 
tonically active medial pallidal (and nigral reticulata) cells can phasically disin- 
hibit selected cortico-thalamo-cortical pathways. Such conditioned disinhibition 
enables on-line gating and scaling, whereby the basal ganglia control selection, 
initiation, execution and interleaving of plans for mnemonic, orienting, and ma-
nipulative actions. The high frequency temporal and spatial switching require-
ments of handwriting make handwriting kinematics a sensitive indicator of basal 
ganglia function and dysfunction. A quantitative theory of basal ganglia inter-
actions with a cortical hand control circuit has allowed us to model and predict 
distinct contributions to handwriting kinematics of variations in tonic vs. phasic 
components of medial pallidal inhibition of thalamus. This work identifies condi-
tions under which: (1) disruptions in the gain and rate of disinhibition can result 
in impaired action selection, akinesia, bradykinesia and hypometria; (2) abnor-
mal rates of pallidal gating (opening and closing) of thalamo-cortical loops cause 
impairments in switching motor programs and movement sequencing. More gen-
erally, abnormal basal ganglia gating can also account for observed deficits in 
motor coordination, problems in the learning of sensory-motor associations, and 
disordered cortical and subcortical responses in dystonia and Parkinson’s dis-
ease. Supported by DARPA/ONR N00014-95-1-0409.

765.5

COMPUTER SIMULATIONS SUGGEST A MECHANISM BY WHICH 
APAMIN PROMOTES NMDA-INDUCED BURST FIRING IN RAT MID-
BRAIN DOPAMINE NEURONS. C.C. Canavier1 and S.W. Johnson2* 
^ept. Psychology, University of New Orleans, LA 70148 and 2Dept. Phys-
iology and Pharmacology, Oregon Health Sci. Univ., Portland, OR 97201.

Voltage and time-dependent membrane currents were recorded in dopa- 
mine-containing neurons in the rat brain slice using single-electrode voltage- 
clamp. In TTX (500 nM), a voltage step to -30 mV (400 ms duration) 
evoked a time-dependent outward current that reached its peak value after 
a latency of 150 ms. Apamin (100 nM) blocked 500-1500 pA of this peak 
current, and also eliminated the 500 pA tail current (150 ms duration) (n = 
3). Apamin-sensitive currents remained prominent in the presence of NMD A 
(10-20 pM). These data show that dopamine neurons generate a prominent 
apamin-sensitive calcium-activated potassium conductance (gKCa)-

We used an existing computer model (implemented using the NEURON 
simulator package) to test the effects under simulated current-clamp condi-
tions of adding a conductance with voltage and time dependence matching 
that of the voltage-clamp data on qkco .- During simulations of the applica-
tion of NMD A alone, only single spike firing could be observed, whereas if 
the application of apamin was also simulated, burst firing could be observed 
if a small (~70 pA) hyperpolarizing current was injected. In addition to 
the sodium dynamics underlying burst-firing that were modeled previously, 
we have incorporated the voltage-dependent calcium currents as well as the 
accumulation, diffusion, and buffering of calcium ions, in order to model 
the changes in calcium concentration that evoke gxca- Nullcline analysis of 
a canonical version of the model supports the hypothesis that apamin ex-
erts its effects by blocking a nonlinear outward current (pkco ) that opposes 
the nonlinear NMDA-generated inward current responsible for burst-firing. 
Our results are consistent with previous experimental reports showing that 
blocking the apamin-sensitive gKCa enables NMDA-induced burst firing in 
dopamine neurons.
Supported by NIH grants NS37963 (C.C.C.) and MH40416 (S.W.J.)

765.6

IRREGULAR FIRING INDUCED BY APAMIN IN DOPAMINE NEURONS 
IS CHAOTIC. L. P. Lovejoy1, P. D. Shepard2, and C. C. Canavier3*. ^ept. 
of Biomedical Engineering, Tulane University, New Orleans, LA 70118, Mary-
land Psychiatric Research Center, Baltimore, MD 21228, and 3Dept. of Psy-
chology, University of New Orleans, New Orleans, LA 70148.

Application of the nonlinear forecasting method (NLF) of Sugihara and 
May (1990) to interspike interval (ISI) data obtained from rat midbrain 
dopamine neurons in vitro revealed that the predictability of the apamin- 
induced irregular firing fell off exponentially with increasing length of the 
prediction time, as would be expected if the dynamics that produced the ISI 
data were chaotic. In contrast, after an initial linear drop, the predictability 
of the regular pacemaker-like activity observed under control conditions in 
vitro remained constant, as would be expected for a periodic system with 
additive noise. We tentatively attribute the linear drop to the presence of 
correlated noise.

Whereas dopamine neurons in vitro fire in a regular pacemaker-like fash-
ion, they generally fire irregularly or in bursts in vivo, presumably due to 
synaptic inputs lost in the slice preparation. Apamin has previously been 
shown to increase the irregularity of firing and to promote burst firing. The 
mechanism by which apamin produces irregular firing in vitro has not previ-
ously been examined; however, other studies (Hoffman et al., 1995, Mascio et 
al., 1998) have found nonlinear structure in sequences of ISIs from dopamine 
neurons in vivo. Our method differs from the previous studies in that NLF 
was not applied directly to the ISI sequence, but rather to a continuous func-
tion of time called the spike density function (SDF) that was generated’by 
convolving a Gaussian window function with a train of impulse functions 
whose timing coincides with ISI events (Szucs, 1998). Use of the SDF allows 
the quantification of the loss of predictability as a function of the elapsed 
time in the prediction interval, which is required to discriminate between dif-
ferent types of nonlinear structure. Our method was successfully tested on a 
model system (Plant and Kim, 1976) for which the dynamics were known a 
priori.

Supported by NIH grants NS37963 (C.C.C.) and MH48543 (P.D.S.)
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765.7
A DOPAMINERGIC NEURON AS A CHAIN OF OSCILLATORS: ANALYSIS 
OF TRANSIENT DYNAMICS.
G.S. Medvedev1, C.J. Wilson2, J.C. Callaway2, and N. Kopell1’*

1 Center for BioDynamics and Department of Mathematics, Boston University, 
Boston MA 02215, 2 Department of Anatomy and Neurobiology, University of 
Tennesse, Memphis, TN 38163.

We study a compartmental model of a cell with an excitable dendrite, in 
which each piece of the dendrite is capable of autonomous oscillations. The model 
is motivated by recent calcium imaging experiments of Callaway and Wilson on 
dopaminergic neurons in the mesencephalon of mammals in slices. The objective 
of the model is to explain the role of calcium dynamics in the isolated cell, to 
give clues to the origin of in vivo firing patterns.

In slices, dopaminergic cells fire in the rythmic single spiking mode, which is 
driven by a rythmic calcium current and can be observed after sodium channels 
are poisoned with TTX. The model captures well the most salient features of the 
Ca-dynamics observed in a poisoned cell. Our mathematical analysis explains 
the mechanism for synchronous oscillations of voltages in the somatic and all 
dendritic compartments, which can be clearly seen from both simulations and 
experiments. We give a detailed analytical description of the transient dynamics, 
following a perturbation of the oscillation. We show that the transient dynamics 
can have considerable length if the electrical coupling between compartments is 
very strong. The analysis predicts that over the course of the transient dynamics, 
the cells slow down, giving an analogue of spike frequency adaptation. Unlike the 
usual adaptation, this is not a property of any local currents, but occurs because 
of the interaction of compartments.

Supported by NIH grant NS36843 (to JCC) and by NIH grant MH47150 (to 
NK).

765.8
A DYNAMIC FOCUS MODEL OF INTEGRATED ACTION. John C. Fentress*: 
Psychology Departments, Dalhousie University, Halifax, Nova Scotia B3H 4J1, and 
University of Oregon, Eugene, Oregon 97403.

The objective of this study is to account for dual properties of integrated 
behavior: a) the separation of individual action properties, and b) the combination of 
these action properties into higher-order functional patterns. In both behavioral 
science and neuroscience two extreme models have often been proposed to account 
for these dual properties. The first emphasizes local modular operations. The second 
emphasizes global processing. Hierarchical models are often formed to provide 
gradations in local versus global processing. Flowever, most of these hierarchical 
models are fundamentally static in their form. An alternative approach is to view 
control systems as having dynamic variations in their local versus global focus. That 
is, the same system may be relatively broadly focussed under some circumstances 
(global) and more narrowly focussed under other conditions (local).

Data on motor, motivational and attentional systems are presented that 
suggest behavioral “control fields” can be conceptualized in neurobiologically 
realistic terms with models that are based upon relatively low threshold excitatory 
cores and higher threshold inhibitory surrounds. These data taken from a variety of 
species indicate: a) low activation often produces relatively diffuse operations that are 
loosely structured, sensitive to extrinsic events, and easily interrupted, b) higher 
activation tightens the focus, increases output stereotypy, extends suppression of 
alternative actions, and protects the activated system from disruption. Simultaneously 
activated systems can shift from independent operations to synergistic and 
antagonistic operations by a simple combination of quantitative and temporal rules.
In this poster I shall show how this dynamic focus model relates to striatal functions 
as they are now understood, including the role of the striatum in the sequencing of 
action patterns. Possible extensions to development will also be considered.

Support by grants from MRC and NSERC (Canada)

765.9

MODEL OF BASAL GANGLIA CIRCUIT FUNCTION. JC Hedreen.* 
Dept. Psychiatry, Tufts Univ. Sch. of Med., Boston, MA, 02111.
The standard model of basal ganglia circuit function has been helpful in 
research, teaching, and clinical application, but is currently under fire. 
Recent immunohistochemical and electrophysiological findings suggest a 
modification of the model. These results imply that dopamine may act on 
medium spiny neurons primarily or solely through modulation of 
corticostriatal synaptic effects. If this is true, one dilemma of the original 
model is resolved, namely how corticostriatal activation could have an 
effect on basal ganglia output if it has opposite effects via the direct and 
indirect pathways that would apparently cancel out. In the new model, 
dopamine release would inhibit the response of the indirect pathway to 
corticostriatal activation (which would not be the case if dopaminergic 
and corticostriatal synapses had independent effects). Moreover, in the 
resting state dopamine would have little or no effect instead of having 
chronic excitatory and inhibitory effects on the two types of medium 
spiny neurons. It follows from this view that basal ganglia modelers 
should analyze separately corticostriatal resting vs. active states. When 
models of Parkinson’s disease, Huntington’s disease, and hemiballism 
are looked at in this light, the hypokinesia of Parkinson’s disease is seen 
to derive from the failure of the basal ganglia circuit to respond 
adequately to phasic corticostriatal input, rather than being simply the 
result of a constant effect of low dopamine; hyperkinesia in 
Huntington’s disease is seen to derive from a hypersensitive basal 
ganglia circuit response to corticostriatal activity; and hyperkinesia in 
hemiballism is seen to occur continually, in both resting and active 
corticostriatal states.
Funded by NIH/NINDS grant NS29484.

765.10
A ‘NEW’ MODEL FOR BASAL GANGLIA CONTROL OF THE SUPERIOR 
COLLICULUS (SC). J, G. McHaffie*. H. Jiang, and B. E. Stein. Dept. 
Neurobiology & Anatomy, Wake Forest University School of Medicine, 
Winston-Salem, NC 27157.

Recent notions of basal ganglia regulation of limb movements emphasize processes 
of focal disinhibition and global inhibition. Despite the obvious implications such a 
synergistic model has for understanding SC-mediated eye/head movements, it has 
been postulated that there are fundamental differences between the manner in which the 
basal ganglia influences SC activity (Mink, Prog. Neurobiol. 50:381, 1996). A 
heuristic model is presented wherein the basal ganglia uses three distinct populations 
of nigrotectal neurons to couple widespread inhibitory influences with focal 
disinhibitory influences in its control of SC activity. In the present experiments, 
nigrotectal neurons (n=37), identified by antidromic activation from indwelling 
stimulating electrodes, were studied in semi-chronic, ketamine-anesthetized cats 
(n-3). In contrast to the well-known phasic cessation of activity evoked by visual 
stimuli in the majority of uncrossed nigrotectal neurons (n= 19, 61%), all of the 
crossed neurons (n=6, 100%) proved to be excited by such stimuli. The receptive 
fields of crossed neurons were large, often bilateral, and heterogeneously organized. 
Combined retrograde HRP and GAD immunohistochemistry suggests that the 
crossed projection is, like its uncrossed counterpart, GABA-ergic. These nigrotectal 
influences are exerted via crossed and uncrossed projections to coordinate activity in 
the colliculi on both sides of the brain. Specifically, inhibition of GABA-ergic 
nigrotectal neurons in the middle aspect of the ipsilateral SNr (uncrossed) produces 
focal disinhibition of a population of tectospinal neurons in the ipsilateral ‘saccade 
zone’ that specify the metrics of the desired eye/head movements. At the same time, 
phasic activation of GABA-ergic nigrotectal neurons in the rostral aspect of the same 
SNr (crossed and uncrossed) inhibits activity in both ipsilateral fixation neurons (to 
disengage fixation) and contralateral saccade neurons (that would initiate opposing 
movements). Presumably, this arrangement would prevent competing sensory stimuli 
and/or motor events from gaining access to the brainstem motor circuitry that could 
impair the accuracy of the specified movement. Supported by NIH grant NS35008

765.11

CHARACTERIZATION OF SILENT AND SPONTANEOUSLY ACTIVE 
NEURONAL POPULATIONS IN . STRIATUM OF AWAKE, 
UNRESTRAINED RATS. M.l. Sandstrom', E.A. Kivatkin, and G.V. Rebec, 
Program in Neural Science and Dept. Psychology, Indiana University, 
Bloomington, IN 47405.

Spontaneous neuronal activity in the anterior striatum of the rat has been 
shown to be highly dependent upon glutamatergic corticostriatal inputs. 
Studies designed to evaluate the activity of striatal neurons typically use 
either anesthetized animals or brain slices in which corticostriatal activity is 
minimized or eliminated. Consequently, these preparations typically do not 
exhibit any unstimulated spontaneous unit activity. The present 
experiments were designed to evaluate the spontaneous activity of striatal 
units in an intact, fully functioning neuronal system. Single-unit recording 
was combined with iontophoresis of glutamate and related excitatory amino 
acid (EAA) receptor agonists in awake, unrestrained rats. We quantified 
EAAagonist responsive units as either spontaneously active or silent using 
36 equally spaced electrode positions from dorsal through ventral striatum. 
This analysis was restricted to periods of quiet rest to avoid complications 
introduced by movement. First, the percentage of spontaneously active 
neurons was found to be 25-30%, which is greater than that observed in 
either anesthetized or in-vitro preparations (typically 0-1%). Second, 
spontaneously active neurons were not distributed homogeneously, but 
tended to cluster in specific regions (~4.5-5.5 and 7.0-8.0 mm ventral from 
brain surface). Finally, like glutamate, movement induced bouts of unit 
activity temporally restricted to the movement period in regions containing 
otherwise silent neurons.

Supported by NIDA DA-02451, DA-00335, and NINDS NS-35663.

765.12
EFFECT OF ACUTE HALOPERIDOL ON SUBSTANTIA NIGRA PARS 
COMPACTA AND PARS RETICULATA NEURONS IN FREELY MOVING 
RATS. *A.L. Muntonil,3 , G.L. Gessa2,3 , J. M. Gulleyl, B.C. Hainlinel and G.V. 
Rebec 1. IProgram in Neural Science, Dept. Psychology, Indiana University, 
Bloomington, IN 47405; 2Dept. of Neuroscience, University of Cagliari, Italy and 
3Neuroscienze s.c.a.r.l., Cagliari, Italy.

Previous in vivo and in vitro electrophysiological investigations suggest that 
substantia nigra pars reticulata neurons (SNr) inhibit pars compacta dopaminergic 
neurons (SNc) probably via their axon collaterals. On this basis, a classic view 
postulates that acute neuroleptics would stimulate dopaminergic cells by relieving 
them from a tonic GABAergic inhibition. The aim of this study was to determine 
whether the acute, systemic administration of haloperidol, which is known to increase 
the neuronal activity of the SNc, might indeed produce an inhibition of the SNr, in 
freely moving rats. Single-unit recordings were performed in awake, unrestrained rats 
from both pars compacta and pars reticulata neurons of the substantia nigra. SNc and 
SNr neurons were identified on the basis of their well-known electrophysiological 
characteristics. As expected, the administration of haloperidol (0.5 mg/Kg s.c.) induced 
a large increase in firing rate and burst firing of nigral dopaminergic neurons. The 
effect was dose-dependent, as a subsequent administration of haloperidol (0.5 mg/Kg 
s.c., after 40-60 min) was able to further stimulate SNc cells. On the other hand, 0.5 
mg/Kg haloperidol produced a slight excitation and a regularization of firing rate in 
SNr. However, a higher dose (1 mg/Kg s.c.) decreased SNr activity. While not 
conclusive, our results question the hypothesis that low doses of haloperidol stimulate 
dopaminergic activity of SNc by an inhibition of SNr neurons, supporting instead a 
selective action of low doses of haloperidol on D2 somatodendritic autoreceptors.

Supported by DA 02451. ALM is supported by Neuroscienze s.c.a.r.l., Italy.
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765.13
Context Dependent Modulation of Neurons in the Internal Segment of the Globus 
Pallidus. Martha Johnson Gdowski*, Emmanuel Nenonene, Lee E. Miller, James C. 
Houk. Northwestern University Department of Physiology and Evanston Hospital, 
303 E. Chicago Ave., Chicago, IL 60611.

Studies by other research groups have provided evidence that basal ganglia neurons 
carry signals related to movement initiation, movement kinematics, sequencing of 
multi-segment movements, or the expectation of reward. This is the first in a series 
of experiments designed to investigate the role of neurons in the internal segment of 
the globus pallidus (GPi) during movement generation in different behavioral 
contexts. Neuronal responses were recorded during externally-cued forearm 
movements that were rewarded if executed correctly. These neuronal responses were 
compared to responses elicited during intemally-cued forearm rotations which were 
never rewarded to address the question: Do pallidal neurons participate in the encoding 
of contextual information during sequenced movement execution?

Single unit extracellular recordings were made in the GPi of an awake behaving 
adult monkey (macaca mulatta). The animal was trained to align a handle with a 
target in the neutral position (0° target) and make an initial, externally-cued 
movement to one of 4 LEDs positioned in 35° increments about the 0° target for a 
reward. The second movement was a self-paced, unrewarded movement that returned 
the hand to the 0° target. Unit responses to each target were analyzed separately. Of 
56 GPi neurons, 30% were modulated during movement preparation or execution as 
evidenced by pausing (9/17), bursting (6/17), or both (2/17). Most neurons (15/17) 
were modulated only during the externally-cued, rewarded movement, while a few 
neurons (2/17) responded during both movements. Thus, responses of most GPi 
neurons were uniquely modulated with respect to movements generated in a particular 
behavioral context during this task. These findings suggest that GPi participates in 
the identification of contexts in which movements are executed and that reward 
dependent striatal activity may be passed on to these neurons.

Support: Northwestern University Department of Physiology, and the Evanston 
Hospital Department of Neurology Ruggles Fellowship

765.14
LOW-FREQUENCY OSCILLATORY DISCHARGE IN THE PRIMATE 
SUBSTANTIA NIGRA PARS RETICULATA (SNr) IN THE NORMAL AND 
PARKINSONIAN STATE. T. Wichmann, H. Bergman, M.A. Kliem, J. Soares*, 
and M. R. DeLong. Dept. Neurology, Emory Univ., Atlanta, GA 30322

Previous studies have demonstrated that oscillatory neuronal discharge in the 3-8 
Hz and 8-13 Hz ranges occurs in the basal ganglia in normal primates, and is more 
prevalent in the parkinsonian state. Recent studies in the rat SNr (Walters et al.) 
have found oscillatory discharge also at frequencies below 0.5 Hz. We describe 
such low-frequency oscillations in a monkey in the normal and parkinsonian state.

Standard extracellular recordings of SNr neurons were made in a Rhesus monkey 
before and after induction of stable parkinsonism through treatment with MPTP. 
Interspike-intervals (ISIs) were extracted off-line, with subsequent generation of 
power spectra. Peaks in the power spectra data were considered significant if they 
were greater than the mean+fi ve SDs of a power spectrum generated from randomly 
shuffled ISIs of the same data stream.

Data segments lasting 13.3 ± 0.7 min (mean ± SEM) were evaluated in 41 
neurons before, and 32 after MPTP. Average discharge frequencies rose from 52.8 
± 3.7 /s to 75.9 ± 5.5 /s (p < 0.05, /-test) with MPTP. Significant power spectral 
peaks at frequencies below 0.5 Hz were found in 4/41 (9.8%) of cells in the normal 
state, and 10/32 (31.3%) of cells after MPTP (p < 0.05, x2'-test). The average 
frequency of the most prominent power spectral peaks rose from 0.065 ± 0.038 Hz 
(oscillation period 15.4 s) to 0.090 ± 0.016 Hz (oscillation period 11.1s)

The results indicate that SNr neurons show low-frequency oscillations. The 
proportion of such cells is increased in parkinsonism. The frequency ofoscillations 
in the < 0.5 Hz range may be increased with dopamine depletion.

Supported by a grant from the NINDS (R01- NS34872).

765.15

NEURONAL DISCHARGE RELATED TO MOTOR TASK PERFORMANCE IN 
THE PRIMATE SUBSTANTIA NIGRA PARS RETICULATA (SNr). M.A. Kliem 
and T. Wichmann*. Dept. Neurology, Emory Univ., Atlanta, GA 30322

It has been amply demonstrated that the internal segment of the globus pallidus 
(GPi) shows prominent changes in neuronal discharge during execution of active 
movements in primates. However, movement-task-related discharge in the second 
major basal ganglia output nucleus, the SNr, is far less established.

Electrophysiologic recordings were made systematically throughout the entire SNr 
in a Rhesus monkey during performance of a step-tracking task (STT), and a delayed 
response task (DRT), both involving elbow movements. Torque pulses were applied 
during the holding period of the tasks. Peri-event raster diagrams and histograms 
were calculated for all behaviorally relevant epochs. The data were aligned to arm 
movement records and EOG traces. EOG-confirmed saccade responses occurred in 
21% of cells, and were excluded from the analysis.

We evaluated 140 SNr cells. Movement-related responses were seen in 39/122 
cells (32%) in the STT, and in 41/134 cells (31%) in the DRT. In the DRT, 37% of 
cells showed responses to cue presentation. Of these, 10 (24.4%) showed long lasting 
post-event responses, likely related to memory, and 30 cells (73%) showed short pre-
event responses, likely related to cue expectation. Torque-related responses occurred 
in 7/140 cells (5%). Responses to fixation point onset were found in 10/140 (7.1%) 
and responses to reward in 19/139 cells (14%). Responses to fixation point onset were 
found mostly in the posterior SNr, the other responses did not show a clear spatial 
predominance.

The results confirm that the SNr participates in motor functions of the basal 
ganglia. In contrast to GPi, fewer neurons respond to passive movements (torque 
application), responses are generally less spatially grouped, and a larger proportion 
of cells responds to memory-contingent and other “associative” aspects of behavior.

Supported by a grant from the NINDS (R01- NS34872).

765.16

EFFECTS OF INHALATIONAL ANESTHETICS ON NEURONAL 
DISCHARGE PATTERNS AND MAPPING PROCEDURES IN 
THE PRIMATE PALLIDUM. K. Mewesf J. Zhang, J.L. Vitek, M.R. 
DeLong, M, Baron. Dept. of Neurology, Emory University, Atlanta, 
GA 30322.

The effect of a combination of Isoflurane (ISO, 0.5-0.8%) and 
nitrous oxide (0-1%) on neural discharge patterns in the external 
(GPe) and internal pallidum (GPi) was studied in 3 normal and one 
MPTP-treated rhesus monkey during acute pallidotomy surgery. In 
comparison to normal awake animals, mean discharge rates for 
normal and MPTP-treated animals under anesthesia therapy were 
significantly reduced in GPe and GPi (GPe: 37.1 + 2.3 Hz (awake),
19.3 + 4.2 Hz (ISO), 11.6 + 1.8 Hz (MPTP + ISO); GPi: 53.4 + 2.2 
Hz (awake), 21.1 + 1.9 Hz (ISO) and 36.2 + 3.5 Hz (MPTP + ISO)). 
Under anesthesia, the GPi pattern became more irregular (mean 
dispersion = 17.1 + 1.9 (awake), 107.3 + 30.3 (ISO) and 51.6 + 11.8 
(MPTP + ISO)) and as a result, it was difficult to distinguish the GPi 
cells from the "pauser " type cells of the GPe. Isoflurane levels 
greater than 0.8% resulted in significantly reduced activity in the 
striatum, GPe and GPi impeding any attempt of mapping neuronal 
discharge in these areas. Responses to microstimulation in the 
internal capsule were totally absent. Light-evoked activity, however, 
could still be recorded from the optic tract rendering it a reliable 
landmark under conditions of general anesthesia.

765.17

CHARACTERISTICS OF PRIMATE PUTAMEN NEURON ACTIVITY 
DURING PERFORMANCE OF SEQUENCE MOTOR TASKS WITH 
AND WITHOUT VISUAL GUIDANCE
Y.Ueda* and M.Kimura Faculty of Health Sport. Sci., Osaka Univ., 
Toyonaka Osaka, 560-0043, Japan.

We recorded single neuron activity of the primate putamen during 
performance of sequence motor tasks. A monkey (Macaca fuscata) was 
trained to perform lever turn either to the right or to the left, then to 
press one of two buttons. The two kinds of movements were performed 
in a particular sequence under visual guidance, then the same sequence 
of movements was performed without visual guidance but with auditory 
timing cues. Out of 142 putamen neurons recorded, 36% of them showed 
activity specifically during visually guided movements, 41% of them 
showed strong activity during performance without visual guidance, 
and activity of 22% of them was not selective to performances with and 
without visual guidance. 16% of neurons showed tonic discharges either 
preceding the auditory cue asking the monkey to initiate remembered 
particular motor sequence (short-term memory), or preceding the first 
visual cue to initiate and memorize a new motor sequence (presumably 
a reset of memory of previous motor sequence). Neurons that were 
specifically activated during performance with visual guidance were 
predominantly located in the dorsolateral part of the putamen, while 
most neurons with specific activity during the memory-guided 
movements were found in the ventromedial putamen. These 
observations added new knowledge on how the basal ganglia are 
involved in performing sequential movements under visual guidance 
and/or in memorizing and retrieving motor sequences through the 
cortico-basal ganglia loops, (supported by grants #08279106, #96L00201, JSPS 
Research Fellow)

765.18

COINCIDENT SPIKE ACTIVITY IN PAIRS OF STRIATAL NEURONS 
ASSOCIATED WITH REWARD, CUE AND MOVEMENT IN THE CAT. U
E. Hadden, S. Gilman and J. W. Aldridge* Dept. of Neurology, Univ. of 
Michigan, 1103 E. Huron, Ann Arbor, MI 48104.

We investigated the relationship between visually cued forelimb movement 
and coincident neural activity in pairs of striatal neurons. Extracellular single-
unit activity was recorded simultaneously from pairs of neurons in the caudate 
and/or putamen of 4 cats performing a Go/No-Go task. We recorded 1031 
pairs of neurons at 180 sites with multi-wire electrodes. Coincident spikes 
were defined as those pairs of spikes which occurred in the two neurons within 
5 ms of each other with a probability that was significantly greater than chance, 
based on instantaneous firing rates (Riehle et al., Science, 1997, 278: 1950). 
More than half (560) of the neuron pairs exhibited coincident spike activity. Of 
those, 332 (59%) were behavior-related, defined as responding within 500 ms 
after cue, movement, or reward. Compared to the background period, the mean 
number of coincident spikes across neuron pairs was significantly higher after 
the visual cue (p<0.001). The cue also evoked the most coincident spikes (a 
mean of 15.0 coincident spike pairs in the 500 ms epoch, p<0.001). Reward 
presentation elicited the fewest coincident spikes (8.9 per 500 ms); movement 
was intermediate between the two (11.2 per 500 ms). The latency between the 
onset of the behavioral event and the first coincident spikes was shortest (173 
ms) for reward (p<0.001). The latency was longer, and similar, for cue and 
movement (245 ms and 237 ms, respectively). We conclude that coincident 
spikes may represent behavior-driven, coordinated transitions to the up state in 
pairs of striatal neurons.
Support: NIH training grant NS07222, NIH grant NS31650 [JWA]
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765.19
DOES THE SUPERIOR COLLICULUS PLAY A ROLE IN THE ACTIVATION 
OF DOPAMINE CELLS BY NOVEL STIMULI ? P. Redgrave* and G.W.M. 
Westby. Dept Psychology, University of Sheffield, Sheffield S10 2TP, U.K.

Unexpected behaviourally significant stimuli have the capacity to elicit a short- 
latency burst of firing in midbrain dopaminergic (DA) neurones. For many years it 
has been known that the superior colliculus (SC) is essential for normal reactions 
to sudden novel events. The purpose of the present study was to test whether the 
representations of unexpected stimuli in the SC could provide a source of 
excitatory input to midbrain DA cells. Although there are no direct efferents from 
the SC to the ventral midbrain anatomical evidence indicates there are several 
plausible indirect routes. Our first step was therefore to establish whether 
experimental stimulation of the SC can influence the activity of DA neurones.

Two procedures, acute electrophysiology and immunohistochemical detection 
of the neural activity marker c-fos, were used to test the effects of direct chemical 
excitation of the SC on the activity of DA neurones. Concurrent recordings from 
pairs of DA (N=6, determined by established electrophysiological criteria) and SC 
neurones in urethane (1 3g/kg) anaesthetised rats demonstrated correlated patterns 
of burst firing following local injections of bicuculline (200pmole/200nl) into the 
SC. Cross-correlation analyses revealed highly significant associations between 
die two spike-trains. Direct injections of an excitatory, non-toxic dose of kainic 
acid (70pmole/500nl) into the SC also induced regional expressions of Fos-like 
immunoreactivity (FI A) in substantia nigra pars compact and the ventral tegmental 
area. Potential intermediate relay structures including the subthalamic nucleus, 
parafascicular thalamus, pedunculopontine nucleus and the amygdala also 
contained increased levels of FLI following SC stimulation. Concurrent 
identification of DA cells with tyrosine hydroxylase immunohistochemistry, 
however, revealed very few (<0.1%) double labelled cells.

Together, these results show that experimental stimulation of the SC can 
activate identified DA neurones, several of their known afferents, and non-DA 
cells in their immediate vicinity. (Supported by Wellcome Trust grant 038011/2J93)

765.20
FIRING RATES AND MULTISECOND OSCILLATIONS IN THE RODENT 
ENTOPEDUNCULAR NUCLEUS (EPN): EFFECTS OF DOPAMINE (DA) 
AGONISTS AND NIGROSTRIATAL LESION. D.N. Ruskin,* D.A. Bergstrom and
J.R. Walters. Exp. Ther. Branch, NINDS, NIH, Bethesda, MD, 20892.

Current models of basal ganglia function make predictions about how DA affects 
the activity of the basal ganglia output nuclei, the EPN and the substantia nigra 
reticulata. However, few studies have examined the effects of DA agonists on EPN 
firing activity in rodents. In a prior study [1] we found unexpected effects of iv 
apomorphine on EPN activity in intact rats: apomorphine increased firing rates of most 
EPN neurons, and increased the strength and oscillatory frequency of multisecond (2- 
60 s) periodicities which were present in most spike trains. In the present study, the 
combined injection of DI and D2 agonists (3.4 mg/kg SKF 38393 and 0.26 mg/kg 
quinpirole, iv) also increased firing rates (52% increase). This dose combination 
increased the strength of slow oscillations, but did not consistently shift their 
frequency. Since SKF 38393 (3.4 mg/kg iv) alone did not significantly affect slow 
oscillations, but the effect of the SKF 38393/quinpirole combination on oscillatory 
strength was reversed by SCH 23390, both DI and D2 receptors appear to be involved 
in control of oscillatory strength. After nigrostriatal lesion, SKF 38393 alone (3.4 
mg/kg iv) modulated both net firing rate (61% decrease) and slow oscillations (mean 
oscillatory period reduced from 22.8 s to 5.7 s). After nigrostriatal lesion, quinpirole 
alone (0.10 or 0.26 mg/kg iv) had variable effects on firing rate (increases and 
decreases in different neurons) and variable effects on oscillation frequency and 
strength. In freely-moving nigrostriatal-lesioned rats, these iv doses of quinpirole 
cause rotation. The data show that nigrostriatal lesion causes supersensitivity of the DI 
receptors that influence firing rate as well as slow oscillations in the EPN. Also, DA 
agonists do not decrease EPN firing rates in all conditions, and DA-mediated 
behavioral activation is not necessarily related to net reductions in EPN firing rate, as 
predicted by many models. [1] J. Neurophys. 81:2046

765.21

CORRELATIONS OF MULTISECOND OSCILLATIONS IN FIRING RATE IN 
PAIRS OF BASAL GANGLIA NEURONS. K.A. Allers,* D.N. Ruskin, D.A. 
Bergstrom, L.R. Molnar, and J.R. Walters ETB, NINDS, NIH, Bethesda, MD, 
20892.
Multisecond oscillations in firing rate are present in a majority of subthalamic 
nucleus (STN), globus pallidus (GP) and substantia nigra reticulata (SNr) neurons 
in vivo in awake rats. We have shown these multisecond oscillations (range 
studied: 2-60 sec) are known to exhibit shortened periods and increased regularity 
in response to dopamine agonist administration1,2. As coordination of neuronal 

activity is thought to relate to function in motor circuitry, experihients were 
performed to assess the coincidence of these multisecond oscillations in neuronal 
pairs within the basal ganglia. Pairs of neurons were recorded in locally- 
anesthetized, immobilized rats: STN/STN pairs (same hemisphere, n=6), GP/GP 
pairs (opposite hemispheres, n=l 1) and GP/SNr pairs (same hemisphere, n=8). The 
presence and synchronization of slow oscillations were determined with spectral 
and cross-correlation analyses. In baseline activity, 10 pairs (40% of all pairs) had 
significant oscillations in both neurons; other pairs had significant oscillations in 
only one neuron or in neither neuron. Of pairs with oscillations in both neurons, 6 
pairs (24% of all pairs) had strongly coincident oscillations (as shown by the cross- 
correlogram and/or by coincident spectral peaks). Analysis of data after iv 
injection of dopamine agonists indicates 7 of 11 pairs (64%) had strongly 
coincident oscillations after agonist. Pairs with correlated oscillations in baseline 
or after drug included intranuclear, internuclear and inter-hemispheric pairs. Phase 
relationships in all these types of pairs varied between 0° and 180° (although many 
were at or near 0°). Notably, synchronization of slow oscillations can occur even in 
distant neurons, suggesting the phenomenon arises from distributed networks of 
neurons. 'Ruskin et al. (1999), J. Neurophysiol. 81, p. 2046; 2Allers et al. (1998) 
Soc. Neurosci. Abstr. 24, p. 1981.

VISUAL CORTEX: EXTRASTRIATE—MAPPING AND CONNECTIVITY

766.1

TOWARDS PROBABILISTIC SURFACE-BASED ATLASES OF PRIMATE 
CEREBRAL CORTEX. H.A, Drury*. D.C. Van Essen. J.W, Lewis1. Washington 
University, St. Louis, MO 63110. ^Medical College of Wisconsin, Milwaukee, WI 53226.

Surface-based atlases offer a valuable substrate for charting the location of the 
estimated 100 or more distinct areas arrayed across the cortical sheet in primates. 
Such atlases must take into account individual variability in the size, shape, and 
location of each area, and in the pattern of cortical folding, as well as the diversity of 
partitioning schemes in current usage. Accordingly, we are developing probabilistic 
surface-based atlases for both humans and macaques based on surface 
reconstructions of a particular hemisphere that can be viewed in multiple 
configurations (3D, spherical, and flat). Locations on the atlas are precisely and 
objectively specified using spherical coordinates of latitude and longitude. 
Partitioning schemes from data obtained in other hemispheres are brought into 
register on the atlas hemisphere using a method of surface-based warping that is 
constrained by gyral and sulcal landmarks (Van Essen et al., PNAS, 95: 788,1998). 
The macaque atlas includes architectonically defined areas charted in multiple 
hemispheres in a partitioning scheme adopted by Lewis and Van Essen (Soc. 
Neurosci. Abstr.22:398,1996), plus a partitioning scheme for orbitofrontal cortex by 
Carmichael and Price and schemes for the whole hemisphere by Bonin and Bailey; 
Brodmann; Felleman and Van Essen, and others. The human atlas includes the 
partitioning scheme of Brodmann, plus maps of topographically organized visual 
areas revealed by fMRI. Probabilistic descriptions are obtained wherever possible by 
explicitly representing transitional regions in the initial assignments of areal 
boundaries, and'by extracting information about the overlap between corresponding 
areas mapped in different hemispheres. The combination of probabilistic and 
surface-based approaches made available in readily accessible digital formats should 
greatly enhance the utility of cortical atlases for the analysis of physiological, 
anatomical, lesion, and neuroimaging data. Supported by Human Brain Project, 
MH/DA 52158 (NIMH/NASA/NIDA).

766.2

AN AUTOMATED METHOD FOR RECONSTRUCTING COMPLEX 
SURFACES, INCLUDING THE CEREBRAL CORTEX. D.C. Van Essen*
H.A, Drury. C.H, Anderson. Washington University, St. Louis MO 63110.

Surface reconstructions provide invaluable substrates for visualizing and 
analyzing information about structures with complex, irregular shapes, such 
as the cerebral cortex. Currently available surface reconstruction methods 
are limited in spatial accuracy when dealing with noisy image data (e.g., MRI 
scans), and they often require extensive editing in order to obtain 
topologically accurate representations. We have developed and implemented 
a new method (Sure-Fit: SUrface REconstruction by Filtering and Image 
Transformations) that achieves high fidelity reconstructions by combining 
multiple types of information available in the image data. Evidence on the 
location of the gray/white (inner) boundary and the pial (outer) boundary is 
collected using a probabilistic approach that postpones overt segmentation 
until it is based on maximally reliable measures. Boundaries between 
neocortical gray matter and adjacent structures such as the hippocampus and 
amygdala are identified by automatically segmenting the non-neocortical 
structures using criteria related to geographic location, geometric shape, and 
known imaging characteristics.

The Sure-Fit method has been successfully used to generate high-fidelity 
reconstructions of the entire cerebral neocortex in humans. The method 
should be particularly useful for neuroimaging studies of human cortical 
structure and function, but it can be generalized for modeling a wide variety 
of other complex biological structures. Supported by Human Brain Project, 
MH/DA 52158 (NIMH/NASA/NIDA).
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766.3 766.4
WHITE MATTER CONNECTIVITY OF THE HUMAN VISUAL SYSTEM 
EXPLORED BY HIGH ANGULAR RESOLUTION DIFFUSION MRI. D.S. Tuch 
J.W. Belliveau,* M.R. Wiegell, R.B. Tootell and V.J. Wedeen. Massachusetts 
General Hospital, NMR Center; Charlestown, MA 02129.

We have developed a computational method to derive the white matter trac- 
tography of the human brain from high angular resolution diffusion MRI. The 
technique is able to resolve intravoxel fiber crossing and heterogeneity, thus ren-
dering the white matter connectivity problem far more tractable. In comparison, 
tract solutions based solely on the bulk homogeneous fiber direction will be am-
biguous in regions of fiber crossing and divergence (Figure). The high angular 
resolution method was used to generate tractography maps of the human visual 
cortex. The tract solutions may ultimately provide the wiring diagram underly-
ing retinotopy and functional connectivity. This work was supported by the Sol 
Goldman Charitable Trust, NIH, AHA, and the Whitaker Foundation.

Axial diffusion tensor MRI 
of the ROI. The line seg-
ments depict the princi-
pal eigenvector of the dif-
fusion tensor. The tract 
solutions show the pro-
jection from the occipital 
lobe to the LGN through 
the optic nerve. Note also 
the U-fiber between the 
middle temporal and mid-
dle occipital gyri.

ANALYZING ANATOMICAL AND FUNCTIONAL CONNECTIVITY IN 
GRAPHS AND CORTICAL CONNECTION MATRICES.
O. Spoms*, G. Tononi, and G.M. Edelman. The Neurosciences Institute, 10640 John 
Jay Hopkins Drive, San Diego, CA 92121, USA.

Neuroanatomy is a major determinant of the patterns of functional connectivity 
within extended brain networks. Are there distinctive neuroanatomical motifs that give 
rise to specific patterns of functional connectivity? To address this question, we 
examined the relationship between structural features of networks (graphs) and global 
information-theoretical measures of functional connectivity. These measures are based 
on the concepts of statistical entropy and mutual information, which can be derived 
from a system’s covariance matrix. The measures we used were entropy (H), a measure 
of statistical independence, integration (I), a measure of statistical dependence, and 
complexity (C), capturing the interplay between functional segregation and integration 
(TICS 2, 474-484, 1998). We developed an iterative quasi-evolutionary procedure 
based on structural variation and selection to search for graphs generating different 
functional dynamics. We find that functional-dynamics with high H, I and C are 
associated with distinct classes of graphs. Only those graphs obtained by selecting for 
high complexity are characterized by the formation of clusters of units that are weakly 
interconnected among each other. Such graphs contain a large number of short 
reciprocal paths (cycles), and their connections can be arranged with very short overall 
wiring lengths. An examination of several cortical connection matrices reveals very 
similar structural characteristics, with cortical areas organized in distinct anatomical 
clusters. Furthermore, cortical matrices, when “run” as dynamical systems, give rise to 
functional connectivity characterized by high values of complexity, and they also 
permit the delineation of functional clusters, e.g. corresponding to the dorsal and 
ventral streams of visual cortex. We conclude that networks with realistic 
neuroanatomical features that are ubiquitous within the cerebral cortex support 
functional connectivity of high complexity.
(Supported by Neurosciences Research Foundation)

766.5

CAN INDEPENDENT COMPONENT ANALYSIS (ICA) ISOLATE 
CORTICAL AREAS ?
A. Bartels and S. Zeki*, Wellcome Department of Cognitive Neurology, University 
College London. London WC1E 6BT, UK.

We applied ICA (Bell & Sejnowski 1995) to fMRI data timeseries that were 
obtained in experiments designed to study the human visual cortex. These included a 
study on the retinotopic modulation of visual areas by attention to motion and color 
in different visual quadrants, on color constancy, and on the recognition of objects 
from motion (Bork & Zeki 1998). In each, ICA isolated areas which were also 
apparent in a statistical parametric mapping analysis using SPM97 (Friston et al. 
1995) and whose associated activity time-courses correlated with the performance of 
the different tasks. In the colour study ICA isolated the two components of the 
human color center, V4 and the newly discovered color selective region anterior to it, 
V4a (Bartels & Zeki 1999). In the attention study it isolated the visual areas that 
were retinotopically activated with attention to the four visual quadrants and which 
were almost identical to those delineated by SPM (i.e. areas VI, V2, V4 and V5). In 
the object-from-motion study V5 was isolated and paired with an area in the 
inferotemporal cortex implicated in object recognition. ICA also isolated areas that 
were not detected in the standard statistical analysis with SPM presumably because, 
though active, they were not specifically related to the task or in unexpected ways. 
For example, in the color study ICA isolated areas from the V5 complex which 
escaped SPM. Similarly, in each of the studies various areas located in the parietal 
cortex, temporal and frontal lobes were isolated either as separate components or in 
groups of co-active regions. Since ICA does not rely on a priori knowledge of the 
stimulation paradigm, it can isolate areas even if they are active spontaneously or in 
unpredicted ways. ICA could therefore act as a powerful companion to SPM in 
localizing cortical areas before their functional specialization is known.

Our work is supported by the Wellcome Trust London; AB is supported by the 
Swiss National Science Foundation.

766.6

APPLICATION OF INDEPENDENT COMPONENT ANALYSIS (ICA) TO 
MAGNETOENCEPHALOGRAPHY S.Kajihara1, K.Yoshikawa2, N.Murata3, 
S.Ikeda3, M.Tanigawa4, Y. Ohtani5, Y. Ejima4, and K.Toyama2* technology Research 
Lab., Shimadzu Corp., 2Dept. of Physiol, Kyoto Prefectural Univ. of Med, 3RIKEN 
Brain Science Institute, 4Graduate Sch. of Human & Environmental Studies Kyoto 
Univ., and 5Faculty of Eng. Kyoto Inst, of Tech.

Independent component analysis (ICA) is a method to reconstruct individual source 
signals from the complex signal containing signals and noises from various sources, 
based on the second or higher order statistics of the complex signal, and has been 
found to be useful for improvement of signal to noise (S/N) ratio in 
electroencephalograms (EEGs) and other electrophysiological recordings. We applied 
ICA to magnetoencepharograms (MEGs) for separation of MEG signals arising from 
different cortical areas as well as for improvement of S/N ratio. MEG signals recorded 
from 4 male subjects using a 129 channel magnetometer focused to the left occipital 
cortex during presentation of visual stimuli (stationary sinusoidal grating and moving 
random dots) to the right visual field. A demixing matrix was determined so that 129 
ICA components conveyed the minimum cross-correlation (a range of time delay, 0-70 
ms). Less than 10 of the entire components were usually synchronized to the visual 
stimuli, and the original MEGs were reconstructed by inverse-transforming those 
components through the inverse demixing matrix. There was a dramatic improvement 
in the S/N ratio (10 times). In addition, analysis by spatial filters transforming MEGs 
into local currents in the brain (Toyama et al., 1999) revealed that it was possible to 
identify responses arising from different cortical areas based on the temporal patterns 
of the ICA components. Stationary sinusoidal grating produced a single response 
localized in VI, while moving random-dots produced multiple responses with different 
time courses localized in VI, V2/3 and V5, respectively. Supported by Grant-Aid from 
the Japanese Ministry of Edu. Sci. and Cul. and Special Coordination Funds from the 
Sci. and Tech. Agency of the Japanese Govenment, Grant in Aid for Scientific 
Research on Priority Area,Research for the future 1996L00201

766.7

MAGNETIC RESPONSES OF HUMAN VISUAL CORTEX UNDERLYING 
FIGURE-GROUND SEGMENTATION EVOKED BY LUMINANCE-CONTRAST 
EDGES Y. Ohtani1’, S. Okamura2, Y. Yoshida2, Y. Takanashi3, K. Toyama2 andY. 
Ejima4. Tac. of Engineering & Design, Kyoto Inst, of Tech., JAPAN,2 Tech. Res. 
Lab., Shimadzu Co. LTD., JAPAN, Yiept. of Neurol., Kyoto Pref. Univ. of Med., 
JAPAN, Graduate Sch.of Human & Environmental Studies, Kyoto Univ., JAPAN.

Visually evoked magnetic responses to stimuli with luminance-contrast-defined 
edges were recorded with a 129-sensor, SQUID-coupled gradiometer system (Shimadzu 
SBI-100). The visual stimuli were vertical sinusoidal gratings (3 cpd: 80 % contrast) 
presented in the center field (12° (W) x 2°(H)) and in the upper and the lower fields 
(12° x 8.5°) adjacent to the center field. When the center grating and the upper and 
the lower gratings were presented with in-phase (i.e., the whole pattern was a single 
grating of 12° x 19°), the magnetic response showed an early and large peak at around 
80-90 msec and a late and small peak at around 170 msec. When the center grating 
and the upper and the lower gratings were out-of-phase, or when the contrast of the 
center grating was set to zero (producing edges at the borders between the center and 
the upper and lower fields), the amplitude of the second peak clearly increased, while 
that of the first peak did not vary widely. Current source localization using a single 
dipole model in conjunction with MRI data indicated that the first- and the second-peak 
components originated from the cortical activity in VI and in the posterior part of 
POS, respectively. When only the center gating was presented (the contrast of the 
upper and the lower gratings was set to zero), the second peak almost disappeared, 
indicating that this peak was not evoked by the luminance-contrast edge per se. These 
results suggest that the second component of the magnetic response may be related to 
the visual processing underlying figure-ground segmentation. Supported by Special 
Coordination Funds from the Sci. and Tech. Agency of the Japanese Government.

766.8

AN MEG STUDY OF RESPONSE LATENCY AND VARIABILITY IN THE 
HUMAN VISUAL SYSTEM DURING A SIMPLE VISUAL-MOTOR INTEGRA-
TION TASK. B. A. Pearlmutter,1* A. C. Tang/23 M. Zublevsky,1 T. A. Hely,4 
and M. P. Weisend? 1 Department of Computer Science. Psychology. $Neu- 
roscience, University of New Mexico, Albuquerque, NM 87131,4Santa Fe In-
stitute, Santa Fe, NM 87501,5VA Hospital, Albuquerque, NM 87108.

Despite the reliability of the human visual system as a whole, neuronal 
populations subserving visual information processing at various stages of pro-
cessing vary in their latency from trial to trial. Single-unit recording from mul-
tiple visual cortices in monkeys revealed that variabilities in the first spike la-
tency do riot increase significantly at successive visual processing stages (Mar- 
sdlek et at, 1997.) We test die hypothesis that variability of visual responses 
increases at succesive cortical processing stages in human subjects. Using con-
textual independent component analysis (Pearlmutter and Parra, 1996), a vari- 
ent of Bell-Sejnowski ICA, we analysed the MEG signals recorded from sub-
jects performing a simple visual-motor integration task. For each separated 
source, we performed single-trial stimulus-locked event detection and mea-
sured average response latency and variability in response latency. We were 
able to detect source response latencies ranging between 80-200ms. To deter-
mine whether variabilities in visual responses increase at successive process-
ing stages, we calculated the correlation between die source response latency 
and source latency variability. We found a positive (R — 0.86) correlation be-
tween response latency and variability. Assuming that sources with longer 
response latencies (on a time scale greater than 40-50ms) correspond to visual 
areas at later processing stages, this positive correlation is consistent with the 
hypothesis that visual response variability increases at successive stages of vi-
sual processing.
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766.9
COMPARISON OF VISUAL EVOKED POTENTIALS IN A 
PATIENT WITH A VI LESION AND IN NORMAL SUBJECTS
A Rao , AC Nobre and A Cowey. University of Oxford, Department of 
Experimental Psychology, Oxford 0X1 3UD. ( SPON: BNA)

We compared visual evoked potentials (VEPs) in a patient with a VI 
lesion (GY) and in 10 normal controls matched for age. Visual stimuli 
were rectangles (5 x 6° visual angle) containing downward moving vertical 
gratings (18 °/sec). They were presented randomly in either the left or right 
visual field (4.75° to the closest border), in the top or bottom half of the 
screen (0.5°). VEPs were recorded from 54 electrodes (250 Hz acquisition 
rate, 0.1-100 Hz filter, linked-mastoid reference). Normal controls showed 
clear VEPs that were larger over the hemisphere contralateral to 
stimulation. They included the NP80 component (76ms peak latency), 
generated in primary visual cortex (VI); as well as Nl (140ms) and P2 
(224ms), generated in extrastriate visual areas. In GY, stimulation in the 
blind right visual field evoked significantly diminished and slowed VEPs. 
No NP80 or earlier VEP could be identified. Later VEPs were observed, 
but had abnormal time courses and scalp distribution. In contrast, there 
were no significant differences between normal subjects and GY in 
response to left visual field stimulation. The results confirm that 
stimulation in the blind field can elicit visual processing after a lesion to 
VI, indicating the existence of alternate pathways to extrastriate visual 
areas. There was no evidence of activity at the latencies of early visual 
processing in VI or before.

Supported by the UK Medical Research Council grant G9711247

766.10
ANATOMICAL RELATIONSHIP BETWEEN AREA VI AND 
IMMEDIATELY SURROUNDING VISUAL CORTEX IN RAT 
A. Rumberger'^C.J. Tyler2, J.S. Lund1 .1 Department of Visual Science,

Institute of Ophthalmology, UCL, London, EC I V 9EL, UK.2 Department of 
Physiology, NYMC, New York 10595, USA.

Despite numerous mapping studies, there is no consensus regarding the 
organization of the visual cortex immediately surrounding area V1 of the rat. At 
one extreme it is suggested that a single V2 area surrounds the rim of VI 
(Malach, ^9); at the other extreme, the rim region is divided into multiple small 
areas (Espinoza & Thomas, $3; Spatz et al., "91; Coogan & Burkhalter, 93; 
Montero, 93). For rodents other than rat, it is proposed that V2 occupies the 
antero lateral region of the rim of VI (mouse: Drager, '75; Wagor et al., '80; 
golden hamster: Tiao & Blakemore, ’76). Methods: Single, small iontophoretic 
BDA injections (uptake zone ~ 400 (im) were made in the rim region surround-
ing V1 in the anaesthetized rat with 3-5 days survival allowed for transport. 
Mainly orthograde label was traced in tangential sections of the fixed occipital 
cortex. Results: We found evidence for two areas in the rim region: one small 
medial area, and a second larger rim zone surrounding the rest V1. Small points 
in VI project to both areas in a patchy fashion. Injections in the rim zone give 
multiple terminal patches in rim, in medial area and in V1. Injections in the 
medial area give patches in the medial region and VI, but not in rim zone. Con- 
clusions:We believe these two border areas are comparable to the V2 and 18b 
regions described for mouse cortex by Wagor et al., '80. The intra- and interareal 
patching of connections suggests intra-areal functional parcellation.
Supported by MRC grant G9408137.

766.11
POTENTIAL AREAS OF CONVERGENCE OF THE VISUAL PATHWAYS IN 
THE PIGEON (COLUMBA LIVIA). A. Bowers*, S. Husband, and T. Shimizu. 
Departments of Psychology and Surgery, University of South Florida, Tampa, FL 
33620.

In all amniotes, visual information from the retina is conveyed to the 
telencephalon in two routes: the lemnothalamic and collothalamic pathways. In 
mammals, these two pathways terminate in anatomically distinct telencephalic 
regions (the striate and extrastriate cortices), and then converge in areas of the 
extrastriate cortex. In order to discern if there is convergence of comparable 
pathways in the avian visual system as well, a connection study was performed on 
the higher visual areas of the brain in pigeons (Columba livia). Retrograde and 
anterograde neuronal tracers were deposited either bilaterally or unilaterally into the 
telencephalic targets of each of the two visual pathways, the ectostriatum and the 
Wulst, and their closely related areas. The results showed that both the ectostriatum 
and the Wulst send direct or indirect efferent projections to several telencephalic 
regions, including 1) the lateral portion of the neostriatum frontale (NFL), 2) the 
area temporo-parieto-occipitalis (TPO), 3) the lateral portion of the neostriatum 
caudale (NCL), and 4) the basal ganglia (paleostriatum augmentatum). In each of 
these regions, however, it is not yet clear whether the projections from the 
ectostriatum and the Wulst converge in a single group of neurons, or if they 
terminate in distinct subgroups within a region. At least within NFL, the results 
showed that the ectostriatum and the Wulst sent projections to adjacent but different 
areas. These results indicate that although multiple telencephalic areas are possible 
sites for the convergence, the information from the two visual pathways may still 
be processed in a parallel fashion, and not integrated in these areas.
(Supported by NASA and USF.)

VISUAL CORTEX: STRIATE—RESPONSE PROPERTIES, ANALYSIS METHODS AND MODELS

767.1

RECEPTIVE FIELD ORGANIZATION OF PRIMARY VISUAL CORTEX IN A 
METATHERIAN MAMMAL (MONODELPH1S DOMESTIC A). D. M. Kahn, D. A 
Slutsky & L. A. Krubitzer*. Center for Neuroscience and Department of Psychology, 
University of California Davis, USA.

Visuotopic organization of primary visual cortex was examined in three adult 
possums using multi-unit electrophysiological recording techniques. Once the 
animals were anesthetized, an eye ring was sutured to the sclera in order to immobilize 
the right eye, and a craniotomy was performed to expose the cortex of the left 
hemisphere. Visual stimuli consisted of full field flashes, and moving or flashing 
circles and bars of light presented in the right visual hemifield to the right eye. The 
entire rostrocaudal and mediolateral extent of VI was mapped by advancing the 
microelectrode in rows from the medial wall to the rhinal sulcus. Upon completion of 
electrophysiological recordings, the animals were euthanized and transcardially perfused 
with saline, followed by a fixative of 4% paraformaldehyde. The cortices were 
removed, flattened, and cut tangential to the pial surface. A series of sections was 
stained for myelin, and electrophysiological borders were related to myeloarchitecture. 
The area functionally defined as VI corresponded to a myelin dense region in the 
posterior portion of the cortex. As recording sites progressed from caudomedial to 
caudolateral in the cortex, corresponding receptive fields progressed from the peripheral 
visual field to the vertical meridian. As recording sites progressed from caudal to 
rostral, receptive fields of neurons at those sites progressed from the upper to lower 
quadrant of the visual field. The vertical meridian was represented along the rostral and 
lateral border of VI, and the VI/VII border was defined by reversals in receptive field 
progressions. The visuotopic organization of VI was similar to that described in other 
marsupials, and other mammals, suggesting that it is a universal feature of neural 
organization in mammals, and was present in the common mammalian ancestor. This 
work was supported in part by grants from the NIH (R01NS3-510301Al) and the 
Whitehall Foundation (M20-97) to L. Krubitzer.

767.2

A COMPARISON OF SPATIO-TEMPORAL RECEPTIVE FIELDS (RFs) 
USING SPARSE AND DENSE NOISE STIMULI IN THE LGN AND VISUAL 
CORTEX. M. Menz, I. Ohzawa, R.D. Freeman*. Group in Vision Science, School 
of Optometry, University of California, Berkeley, CA 94720-2020

Compared to low contrast gratings, cortical cells respond to high contrast gratings 
with shorter latencies and higher preferred temporal frequencies (D.G. Albrecht, 
1995). Is this effect a direct result of contrast level, or is it more appropriately 
viewed as a dependence on total energy in the stimulus? To address this question, 
we have used dense noise (multiple bars presented simultaneously) and sparse noise 
(a single presentation) that differ in total energy due to the quantity of bars 
presented at one time.

Extracellular recordings were made from the LGN and binocular cells in Area 17 
of anesthetized, paralyzed cats. The dense noise consists of 16 bars generated 
according to a binary m-sequence, presented dichoptically for cortical cells and 
monoptically for LGN neurons. The sparse noise bars are identical, except they are 
presented one at a time, and not in an m-sequence. Dense and sparse noise results 
are compared using space-time and disparity-time plots. Spatial and temporal 
aspects of the responses are considered separately by slicing through these plots 
along a line of either constant position or constant time.

For both LGN and visual cortex, dense noise on average produces larger RFs with 
more subregions and shorter latencies and durations. The magnitudes of these 
effects are quite variable, with some cells having nearly identical RFs, while other 
cells exhibit substantial changes in one or more parameters. The variability in these 
effects is greater in the visual cortex compared to the LGN.

We conclude that high energy dense noise produces spatio-temporal RF maps that 
differ from sparse noise RF maps in the same way that responses to high contrast 
gratings differ from those of low contrast. (EY01175)
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767.3
NOISE IN NEURONS IS MESSAGE-DEPENDENT G.A.Cecchi, 
M.Sigman, J.M Alonso. L.Martinez, D.Chialvo*, M.O.Magnasco. The
Rockefeller University, NY,NY 10021.
Variability in their response is a conspicuous property of neurons. It is 
shown how such variability (i.e., the precision of action potential timing) 
depends on the particulars of the input that drives them, based on a simple 
geometrical argument and simulations of Integrate-and-Fire and 
FitzHugh-Nagumo model neurons. Independently from the rate response, 
we propose that the timing precision is determined by the time derivative 
of the evolution of the membrane potential before threshold crossing. We 
present experimental data confirming the predictions in the LGN of cats, 
driven by stimuli with different speeds and contrasts. The results suggest 
that a simplification usually made in the application of information theory 
to neural processing is violated: noise is not always independent of the 
message. To ensure the contrary neurons should work at a regime of fast 
threshold crossings. A message dependent noise or variability might be 
useful for processing in the brain. Our experimental data shows neuronal 
responses in the LGN to different stimulus that can be discriminated by 
their different variability, but not based on their individual or mean 
responses. If changes in the noise or variability are used to code for 
different stimulus, a question is who is reading it and how is it being read. 
We are currently studying neuronal responses in different layers of VI to 
study the mapping properties of a system in which the voice changes with 
each tune.

767.4
RESPONSE TIME-COURSE OF SIMPLE CELLS AND THEIR 
GENICULATE INPUTS IN CAT VISUAL CORTEX. Jose-Manuel 
Alonso13*, W. Martin Usrev12. and R. Clay Reid12, 'The Rockefeller University, 
New York, NY, 10021.2Harvard Medical School, Boston, MA, 
02115.University of Connecticut, Storrs, CT 06269

It has been proposed that the direction selectivity of simple cells originate from 
the convergence of multiple geniculate inputs with different response time- 
courses (Saul and Humphrey, J. Neurophysiol. 68:1190, 1992). According to this 
hypothesis, for each position in visual space the simple cell and its geniculate 
inputs should generate responses with similar timing. To test this prediction, we 
recorded simultaneously from simple cells and geniculate cells with overlapping 
receptive fields while estimating connectivity by cross-correlation analysis. 
Receptive fields were mapped with white-noise by reverse correlation (16x16 
positions) and the time-course of the responses measured at different receptive 
field positions (single pixel with the strongest geniculate response; sum of 
several pixels at the center of the geniculate receptive field).

We have found that the response timing of each region in the simple receptive 
field tends to match the response timing of the geniculate input. In contrast, a 
mismatch in response time-course was found among geniculate/simple cell pairs 
that were not connected even if they had same-sign overlapping receptive fields 
(e.g. on- superimposed with on-).

Our results support the idea that the response timing of simple cells is 
determined by their geniculate inputs to a great extent. However, these results do 
not exclude other additional mechanisms that may also help generate timing 
differences across the receptive field. Supported by EY06604, EY10115, 
EY05253, the Klingenstein Fund, The Harvard Mahoney Neuroscience Institute, 
and the C.H. Revson Foundation.

767.5

IN V1 COMPLEX CELLS, PHASE-SENSITIVE RECEPTIVE FIELD 
NONLINEARITIES SIGNAL A VARIETY OF SPATIAL FEATURES AND 
VIOLATE A PURE ENERGY-OPERATOR MODEL. F. Mechler*, D.S.
Reich, and J.D. Victor. Dept. of Neurology and Neuroscience, Weill Medical 
College, New York NY 10021.
Nonlinearities in the receptive field (RF) of V1 simple cells, as shown 
previously, signal various spatiotemporal features—not just edges—via the 
fundamental component of the response, in a phase sensitive manner. 
Complex cells, however, are commonly thought of as phase-insensitive 
nonlinear energy operators. We tested this notion in 37 single V1 complex 
cells in the anesthetized macaque. We used a set of equal-energy stimuli— 
combinations of the same four Fourier components in different relative 
phases—that drifted at an optimal orientation. These compound gratings 
(0.2 c/deg, 1 Hz fundamental) feature spatiotemporal on- and/or off- 
transients, including one that approximates an edge. Responses were 
recorded to each stimulus in the set, as well as the four drifting sinusoidal 
components, in multiple randomly interleaved 4 s repeats. Even-order 
nonlinearities, detected in the even harmonics (especially the DC and 
second harmonic), were dominant in the responses of complex cells to the 
compound gratings, but the fundamental also contributed strongly. Just as 
for simple cells, we observed a systematic dependence of response 
harmonics (amplitude and phase) on the relative phase of the component 
gratings. In any one complex cell, a particular transient feature may evoke 
optimal nonlinear responses, inconsistent with the stimulus energy model of 
complex cell RFs. Across the population of complex cells, however, much 
as for simple cells, optimal features were distributed in the explored stimulus 
space with no bias. This indicates that RF nonlinearities in V1 neurons 
contribute to the visual processing of a variety of spatial profiles.

Supported by EY9314 (JV).

767.6

SPATIAL FREQUENCY-DEPENDENT RESPONSE MODULATION 
BY BACKGROUND STIMULUS IN THE CAT PRIMARY VISUAL 
CORTEX. H. Sato1*, T. Akasaki,1 Y, Yoshimura2 and S. Shimegf 
Department of Exercise Physiology. School of Health and Sport Sciences, 
Osaka University, Toyonaka 560-0043, Japan1; Department of Visual 
Neuroscience, Research Institute of Environmental Medicine, Nagoya 
University, Nagoya 464-8601, Japan2

To study mechanisms for an integration of stimulus information 
distributing wide area in the visual field, we examined modulatory 
effects of visual responses of neurons by grating stimuli presented 
outside of receptive field in the primary visual cortex of anesthetized cats. 
Responses to the optimally oriented grating patch in the receptive field 
were suppressed by surrounding stimulus particularly in complex cells of 
the superficial layer. Effectiveness of surrounding stimulus was 
dependent on relationship between the cell's preferred spatial frequency 
(SF) and the SF of surrounding grating. Among the 21 cells which 
exhibited significant suppression with a presence of surrounding 
stimulus, the most effective SF of surrounding stimulus for the 
suppressive modulation was same as that of the optimal SF for the 
receptive field stimulus in 12 cells and different in 6 cells. In remaining 3 
cells, SF dependency of the response modulation by SF was not observed. 
Our results suggest that neural connection among SF domains sharing 
similar SF preference is one of the basis of the contextual modulation of 
responses in the visual cortex.

Supported by JSPS-RFTF96L00201, and 09268221 and 08458268 from 
Japanese Ministry of Education, Science, Sports and Culture.

767.7

RESPONSE PROPERTIES OF NEURONS IN THE CYTOCHROME OXIDASE 
COMPARTMENTS OF CAT VISUAL CORTEX. S. Schulze, T. Bonhoeffer and M. 
Hubener*. Max-Planck-Institut fur Neurobiologie, 82152 Martinsried, Germany.

We have previously shown that the cytochrome oxidase blobs in cat area 17 
coincide with domains responding best to low spatial frequency stimuli, while the 
interblob regions have a preference for higher spatial frequencies (Shoham et al., 
Nature 385, 529, 1997). Here we address the question whether neurons in both 
compartments also differ in other functional properties.

We first localized the blob and interblob regions in vivo, taking advantage of the 
fact that the cytochrome oxidase staining pattern corresponds to the spatial frequency 
map, which was visualized with optical imaging of intrinsic signals. Targeted 
electrode recordings were then employed to study the receptive field properties of 
single blob and interblob neurons in detail.

Cells in both compartments did not exhibit any obvious differences in their ocular 
dominance distribution or in their direction selectivity. Overall, neurons in the blobs 
had slightly broader orientation tuning curves. While the difference was significant, 
it might simply reflect the known fact that a given cell’s orientation tuning curve 
broadens when lower spatial frequencies are used to stimulate it. We are currently 
performing experiments to resolve this issue. A clear difference was observed in the 
contrast response functions: blob cells tended to have higher contrast sensitivity 
compared to interblob cells, whose contrast response curves were shifted towards 
higher contrast values (c50-value for blob cells: 8.0±3.9%; c50-value for interblob 
cells: 20.0±7.9%; p<0.001).

Thus, as in the primary visual cortex of macaque monkeys, neurons located in the 
blobs of cat area 17 are characterized by a combination of low spatial frequency 
preference and high contrast sensitivity. These observations are compatible with our 
and other anatomical findings, which indicate that geniculate Y-cells terminate 
preferentially in the blobs.

Supported by the EC-Biotech Program and the Max-Planck-Gesellschaft

767.8

WITHDRAWN
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767.9
A POPULATION DENSITY APPROACH THAT FACILITATES LARGE- 
SCALE MODELING OF NEURAL NETWORKS. D. Nykamp1* and 
D. Tranchina2’1,3. ^ourant Institute of Mathematical Sciences; 2Dept. of Bi-
ology; 3Center for Neural Science, New York University; New York, NY 10012.

Realistic neural network simulation is severely restricted by the computer 
time required. We explore a computationally efficient method introduced by 
Knight, Manin, and Sirovich (1996) in which integrate-and-fire neurons are 
grouped into large populations of similar neurons. For each population, we 
calculate the evolution of a probability density function (PDF) describing the 
distribution of neurons over state space. The population firing rate is given by 
the flux of probability across the threshold voltage for firing an action potential.

We present two versions of the population density model: one in which both 
excitatory and inhibitory synapses are fast, and another in which inhibitory 
synapses are slow. We demonstrate the accuracy of the results by comparison 
to conventional direct simulations of individual neurons.

We apply this approach to modeling orientation tuning in the visual cortex. 
Our population density model is based on the recurrent feedback model of a 
hypercolumn in cat visual cortex of Somers et al. (1995). We simulate the 
response to an oriented flashed bar. As in the Somers model, a weak orientation 
bias provided by lateral geniculate input is transformed by intracortical circuitry 
into sharper orientation tuning which is independent of stimulus contrast.

The population density method is hundreds of times faster than conventional 
methods of simulating individual neurons, enabling one to more easily explore 
parameter space and simulate more complex networks. The method produces 
smooth rate functions with one pass of the stimulus without signal averaging. 
Furtheremore, this model captures network dynamics missed in simple firing 
rate models. (Supported by a NSF Graduate Fellowship.)

767.10
SPARSE CODING MAY ACCOUNT FOR THE INTEGRATION OF ORIENTATION, 
OCCULAR DOMINANCE, AND DISPARITY IN THE STRIATE CORTEX MAPS.
D. M. Gorinevski*, A.Ya. Mukovski. Institute of Neuroinformatics, ND04, Ruhr University of 
Bochum, D-44780, Bochum, F.R.G.

As shown by Gorinevski et al. [to appear in Neural Computation, 1999] sparse cod-
ing of natural images may account for pinwheels of the preferred orientation in mam-
malian cortical Area VI. This gives rise to the hypothesis that this information- 
theoretic coding description might provide a general explanation for the integration of 
other visual submodalities. We devised an original model for the emergence of joint 
orientation, ocular dominance, and disparity maps in the striate cortex. It is based on 
the sparse coding of the stereoscopic images by a network of oriented binocular RFs 
bearing a number of tuning parameters. The model is characterized by the following:

1.1:1 retinotopy is realized by the two grids of Gabor-function RFs,one for each eye.
2. The tuning of each neuron is parameterized by two RFs. All the RFs have the 

same size and the same spatial frequency, but different preferred orientations, phases, 
and complimentary ocular dominances.

3. Both the representation of the stereo visual scene in the network and the adjust-
ment of RFs minimize the approximation error as well as sparseness of the image 
encoding, the representation dynamics being faster than the adjustment.

The training of the network by the stereo images of natural environments leads to the 
formation of the ordered orientation maps with pinwheels corresponding to both left 
and right eyes. This is surprising, since no interocular interactions were explicitly 
assumed in the system. The initially 1:1 retinotopy becomes specifically disturbed in 
the vicinity of the pinwheel centers due to the phase shifts in the RFs. The continuous 
maps of the ocular dominance and of the preferred horizontal disparity arise, whose 
structure is highly correlated with the structure of the binocular orientation maps.

Hence, our model shows that sparse coding sufficiently explains the geometric 
aspects of visual integration in the striate cortex. Supported by BMBF.

767.11

Contrast-Invariant Orientation Tuning in Cat Visual Cortex: an Analysis.
Todd W, Troyer,* Anton E. Krukowski, and Kenneth D. Miller, Keck Center for 
Integrative Neuroscience, Univ. of California, San Francisco CA 94143

Previously we have shown that a simple model circuit of layer 4 simple cells in 
cat VI can account for the contrast-invariance of orientation tuning. (J. Neurosci 
18(15):5808-27) Robustness of contrast-invariance was shown using computer 
simulations, but the underlying computational mechanisms were unclear. Here we 
present a complete analysis of a simplified version of the model for drifting grating 
stimuli. This simplified model contains two cortical simple cells, whose LGN 
connectivity is modeled by Gabor functions. One cell is inhibitory and provides 
“push-pull” intracortical inhibition onto the other (excitatory) cell. We find that 
the following condition is sufficient to ensure contrast-invariant tuning: 
DC(C)+(b-\|/)/(l-w) = k F1(C). DC(C) and FI(C) are the mean and first harmonic 
of the LGN firing rates as a function of contrast C; b is the amount of stimulus- 
independent input from other cortical cells; vg is spike threshold; w determines the 
strength of the inhibition (and hence the amount of inhibition-dependent sharpening 
of orientation tuning); and k is a constant of proportionality. Further analysis and 
simulations show that this condition is relatively easy to satisfy: contrast- 
invariance depends weakly on b and y, but depends critically on
3lDC(C)]/9C = k 3[F1(C)]/3C, which holds above 5-10% contrast for a linear 
rectified model of LGN spiking. More generally, we provide a simple framework 
for analyzing how threshold and synaptic nonlinearities in the LGN and cortex may 
combine with “push-pull" circuitry and linear filtering provided by simple cell 
receptive fields to explain a broad range of linear and nonlinear properties of 
simple cell responses.

Supported by a Whitaker Foundation Biomedical Engineering Research Grant and an Alfred P. Sloan 
Research Fellowship (KDM), a HHMI Prcdoctoral Fellowship (AEK), and the NIH (TWT).

767.12

ASSIGNING CELL IDENTITY ACROSS TIME IN TETRODE 
RECORDINGS

A.A. Emondi,1’2’5 S. P. Rebrik*,5 B. D. Wright4,5 and KD. Miller3’4,5 ‘institute for 
Sensory Research, Syracuse University, 2 Air Force Research Laboratory/IFGC, 
3Dept. of Physiology, 4Sloan Center for Theoretical Neurobiology, 5Keck Center for 
Integrative Neuroscience, University of California at San Francisco, CA 94143.

Tetrode recordings at a single site over extended time periods present 
challenges in cell identification. Due to electrode "drift" and perhaps time-varying 
intrinsic neuronal properties, positions and shapes of clusters change in time and 
therefore change among files recorded at the same location. In some cases the very 
number of clusters may differ from file to file, especially if the stimuli change across 
files. In the case of dozens of files per location and 5-7 cells recorded per tetrode, 
manual assignment of clusters from different files to the same cell or “metacluster” 
becomes time-consuming and unreliable.

We report on a semi-automated metaclustering procedure based on a 
computed cluster similarity matrix. This matrix characterizes the similarity between 
all possible pairs of clusters within the same data file and across data files. We 
discuss and compare different metrics and spike properties that can be used to 
compute the similarity matrix. Pairs of clusters that have sufficient similarity and lie 
within some maximal time interval are assigned to the same metacluster. To set the 
similarity threshold we calculate two distributions: one for within-file similarities 
and another for across-file similarities. The threshold is set to the value that best 
separates the two distributions. The suggested approach significantly reduces the 
time of data processing while increasing the reliability of metaclustering. The results 
can give a measurement of the stability of the physiological preparation in addition 
to a realistic time-scale for recording from the same group of cells. Supported by 
grant R01-NS33787 from the NINDS (KM), by grants from the Alfred P. Sloan 
Foundation (KM.BW) and by the AFRL (AE).

767.13

REPRESENTING MULTIPLE ORIENTATIONS IN THE PRIMARY VI-
SUAL CORTEX BY FAST MODULATION OF RECURRENT CORTICAL 
COMPETITION L. Schwabe, P. Adorjan, and K. Obermayer*FR2-l, Dept. of 
Computer Science, Technical University of Berlin, D-10587 Berlin, Germany 
In the primary visual cortex sharp contrast invariant orientation tuning is likely 
to be obtained by strong recurrent excitation and inhibition. The local cortical 
circuitry realizes a strong competition among neurons tuned to different orien-
tations. On the one hand, the cortical reprocessing leads to a fast and robust 
extraction of the salient orientation presented in the receptive field. However, 
on the other hand, such a competitive network fails to process multiple orien-
tations within the classical receptive field and in some cases signals spurious 
orientations. Also the strong local competition does not allow for long range 
modulation from outside the classical receptive field. It would be clearly advan-
tageous to realize both, the robust feature extraction and the signaling of local 
and global details of the visual stimulus by the same cortical circuitry. Here 
we propose that fast depression of the recurrent excitatory synapses can shift 
the cortical amplifier from the highly competitive regime (marginal phase) to 
a linear mode. To investigate our hypothesis we set up a computational model 
for an orientation column. The neural network model incorporates connection- 
ist neurons coupled in an orientation specific manner. The excitatory synapses 
exhibit fast depression. The model predicts that in the initial transient phase 
of the cortical response the network signals the orientation of the edge with 
the highest contrast. Due to the activity dependent depletion of the available 
synaptic transmitter the recurrent competition becomes weaker and the net-
work operates in the linear phase. In this latter phase the cortical neurons 
are able to signal accurately multiple orientations with small differences and 
various intensities. These computational results demonstrate that it is possible 
to obtain contrast invariant sharpening of the weakly tuned feed-forward input 
and allow the cortical representation of fine multiple features with the same lo-
cal cortical circuitry. We also propose that long range integration could emerge 
in this second phase and explore this hypothesis with an extended model for 
multiple hypercolumns.
Supported by Wellcome Trust (050080/Z/97) and DFG (GK120-2).

767.14
MEAN-FIELD MODELING OF CORTICAL CONTRAST SATURA-
TION AND ORIENTATION TUNING H. Bartsch, M. Stetter, C. Weber* 
and K. Obermayer Computer Science, Technical University of Berlin, D-10587 
Berlin, Germany;

Orientation selective cortical neurons show contrast saturation and an ori-
entation tuning that is independent of contrast. In this work we address the 
question, if and to what extent these effects can be reproduced in a framework 
of mean-field models for cortical dynamics. In these models, each cortical 
hypercolumn is described as a set of densely connected orientation columns, 
which consist of one or several excitatory and inhibitory neuron populations 
characterized by different activation thresholds. Each column is driven by 
broadly tuned geniculate input. We summarize the following observations: (z) 
If we consider one isolated hypercolumn with one excitatory and one high- 
threshold inhibitory cell-type, we find two disjunct regimes (dependent on 
the strength of self-excitation), where exclusively either contrast saturation or 
contrast-independent orientation tuning occur, (it) If low-threshold inhibitors 
are added to each orientation column, we find, both contrast saturation and 
contrast-invariant orientation tuning at the same time: tonic inhibitors keep 
the gain of the cortical amplification finite, whereas high threshold inhibitors 
cause contrast saturation, (m) When considering a whole stochastic distribu-
tion of threshold values, we find that the bimodality of the inhibitory threshold- 
distribution serves as a necessary and sufficient criterion for the model to show 
contrast saturation and constant orientation tuning. Based on our results we 
hypothesize cortical contrast adaptation is the result of two physiologically 
distinct types of inhibitory interneurons: Tonically active local inhibitors and 
inhibitors with high activation thresholds. The model predicts that the activa-
tion threshold of the latter cell type should coincide with the onset of contrast 
saturation of the pyramidal neurons.

Supported by the Wellcome Trust (050080/Z/97)
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767.15
CHARACTERIZATION OF FUNCTIONAL INPUT TO INDIVIDUAL 
LAYER 6 NEURONS IN PRIMATE PRIMARY VISUAL CORTEX.
F, Briggs and E, M. Callaway*. Systems Neurobiology Labs, The Salk Institute, 
La Jolla, CA 92037 and Department of Biology, UCSD, La Jolla, CA 92093.

Anatomical studies of layer 6 pyramidal neurons in macaque monkey primary 
visual cortex reveal at least seven morphologically distinct types. Understanding 
possible differences in input to each cell type will provide information about their 
contributions to visual processing. Different patterns of dendritic arborization 
suggest different sources of functional input onto each layer 6 cell type, but these 
anatomical observations cannot distinguish between many possible patterns of 
functional connectivity. We utilized scanning laser photostimulation to characterize 
the sources of functional input to individual layer 6 neurons in macaque V1 brain 
slices. This technique entails recording postsynaptic currents from a single neuron 
while focally uncaging glutamate to stimulate potential presynaptic neurons at 
distinct sites. We hypothesize that class II pyramidal neurons in layer 6 receive 
functional input from layers 5 and 2/3 because they have dendrites in layer 5B, in 
contrast to class I pyramids which lack dendrites in 5B. Class I cells have dendrites 
in 4C which, dependent on cell type, can be specific for 4C(3 or 4Cot. We therefore 
expect class I neurons to receive input from layers 6 and 4C, with specific input 
from 4Cp or 4Cot. We have obtained photostimulation data from twelve layer 6 
neurons. Six of these cells are class I pyramidal neurons: two are of type If3 with 
arbors in layers 6 and 4C(3 only; two are of type IpA with arbors in layers 6, 4CP 
and 4A; one is type la with arbors in layers 6 and 4Ca; and one is type IC with 
arbors in layers 6, 4C and 4A. Four cells are type IIA pyramidal neurons with 
arbors in layers 6 and 5. The last two cells are inhibitory, with arbors primarily in 
layer 6 and some arborization in layer 5. Thus far, our results are consistent with 
the above hypotheses. Future recordings from additional cells will help support or 
refute our hypotheses of layer specific functional connections to layer 6 neurons. 
Supported by NIH grants EY10742 and T32-GM08107.

767.16
COMPARISON OF THE VISUAL RESPONSE PROPERTIES OF CELLS IN LAYERS 
5 AND 6 OF THE CAT AND PRIMATE PRIMARY VISUAL CORTEX.
P.C. Murphy1’^H.E. Jones1, N. Oakley1 & A.M. Sillito1 1 Dept. of Visual Science, 

Institute of Ophthalmology, University College London, London EC IV 9EL, UK. and 
2 Dept. of Physiology, St. George’s Hospital Medical School, London SW17 ORE, UK.

Cells in layer 6 of the primary visual cortex have the potential to gate the transmission 
of retinal information, both via a massive corticofugal projection and a recurrent input to 
layer 4. The factors that control the visual responses of these cells are therefore of great 
interest. The main intrinsic input to layer 6 is from the overlying layer 5, which also 
projects to the superior colliculus, pulvinar, and other cortical and subcortical visual 
centres. The interplay between these layers is therefore of great interest. Unfortunately, 
the only functional connection so far demonstrated relates to layer 6 cells that do not have 
the characteristic response properties that would identify them as participating in the 
corticofugal or recurrent circuits.

The heterogeneous inputs to layer 5 cells suggest that they may participate in the 
global analysis of visual stimuli rather than purely local feature detection; their extensive 
axonal arborisations suggest a role in implementing the influence of stimulus context on 
visual processing within layer 6. With this in mind, we made a study of the responses of 
infragranular layer cells in the striate cortex of anaesthetised, paralysed cats and primates, 
to a range of complex stimuli. In many cases the cells were recorded using biocytin-filled 
electrodes, with a view to establishing how the patterns of connectivity linking the two 
layers might relate to the presence of long-range visual influences. Preliminary results 
showed substantial differences between the patterns of context-dependency within the two 
layers, and between the data for cats and primates. Long-range modulatory influences in 
general appeared less prevalent in the cat, especially in layer 5 where the cells also failed 
to show the degree of surround suppression that characterises primate layer 5. We have 
therefore performed a detailed comparison of the response properties of cells in these two 
species, focussing on stimulus paradigms that seek to reveal the underlying relationships 
between the two layers. Supported by the MRC.

767.17

SPATIAL FREQUENCY TUNING OF MACAQUE VI NEURONS TO PURE 
COLOR AND LUMINANCE GRATINGS. E.N. Johnson*, M.J. Hawken & R. 
Shapley. Center for Neural Science, New York University, New York, NY 10003.

In order to understand the effect of color on form, we are investigating the relation 
between the spatial tuning of macaque primary visual cortical neurons to color gratings 
and the spatial tuning to luminance gratings. We record extracellular visual responses 
of single neurons in anaesthetized, paralyzed macaque monkeys to drifting sinewave 
gratings modulated in luminance (black/white) or equiluminant chromatic (red/green) 
contrast. Both types of gratings were equated for cone contrast. For each neuron, drift 
rate, patch size, and orientation were optimized from the standard receptive field 
characterization using luminance. About half of the neurons did not give a response to 
the highest equiluminant contrast (80/167). Of the remaining neurons, the majority 
(70/167) responded to both luminance and equiluminant color gratings. A small 
number of cells were responsive only to equiluminant gratings (17/167). To make 
quantitative comparisons, we fit the spatial frequency responses with a Gaussian 
function of spatial frequency, and extract the optimal spatial frequency and the spatial 
tuning bandwidth from each tuning curve.

Most neurons showed band-pass spatial frequency tuning, although some (31/167) 
gave low-pass responses to at least one type of grating. The cells that give low-pass 
responses were excluded from the optimal spatial frequency and bandwidth 
calculations. Most of the luminance only cells are band-pass in spatial frequency 
(78/80). Conversely, most of the cells that respond only to equiluminance show low- 
pass spatial frequency tuning. Most of the cells that respond to both luminance and 
equiluminance are band-pass for both color and luminance (52/70). The mean spatial 
frequency preference of these cells was similar for both types of gratings: =2.8 c/deg. 
The bandwidth for these cells is somewhat broader for equiluminance (mean = 3.5 
octaves) than for luminance (mean = 2.9 octaves). These results suggest that there are 
similar cortical mechanisms of spatial tuning for cells that respond to both 
equiluminant color and luminance. Supported by NIH-EY01472.

767.18

EVIDENCE AGAINST CROSS-ORIENTATION INHIBITION IN THE 
RESPONSES OF MACAQUE VI CORTICAL COMPLEX CELLS T. J. 
Gawne* Dept. of Physiological Optics, U.A.B., Birmingham, AL 35294

Orientation-selective neurons in cortical area VI can exhibit cross-orientation 
inhibition, i.e., the responses to a visual stimulus at the optimal orientation can be 
reduced by the simultaneous presence of a stimulus oriented 90° away. This 
phenomena is thought to be important in maintaining a constant degree of 
orientation tuning over a broad range of contrasts, and perhaps also in separating 
out a salient edge from a background of weaker distractors. However, many of 
the studies reporting this phenomena have used crossed full-field grating stimuli. 
For these stimuli the response suppression might have been due to the orientation 
of the crossed gratings, or it might have been a non-orientation specific adaptation 
to the increased visual activity resulting from a stimulus that covers the entire 
receptive field.

To investigate this issue single-unit recordings were made from 28 VI cortical 
complex cells in awake macaques. The animals were trained to fixate on a spot of 
light on a computer screen, and stimuli consisting of either single bars, bars with 
orthogonal gratings superimposed, or bars with single orthogonal bars 
superimposed, were presented centered in the receptive fields.

Cross-oriented grating stimuli consistently inhibited the responses to optimally 
oriented bars, reducing the response an average of 43.1±3.4% (stderr). However, 
single cross-oriented lines or edges did not cause significant inhibition. 
Preliminary data (n=8) where the spatial offsets were varied to control for any 
mis-centering of the stimuli gave identical results.

These data are inconsistent with orientation selectivity in these neurons being a 
'winner-take-all' (competitive) process.

Supported by the McDonnell-Pew Program in Cognitive Neuroscience: 96-27, 
and NIH grant EYI1552-01.

767.19

SENSITIVITY TO DYNAMIC RANDOM DOT STEREOGRAMS AND 
BINOCULAR INTERACTION IN THE VISUAL CORTEX OF THE 
MONKEY. M.S. Justo*, F. Gonzalez, R, Perez and C, Ulibarrena. Dept. de 
Fisiologia, Laboratories “Ramon Dominguez”, Facultad de Medicina. 
Universidad de Santiago de Compostela. Santiago de Compostela, E-15705. 
Spain.

We investigated the relationship between sensitivity to dynamic random dot 
stereograms (dRDS) and binocular interaction in areas VI and V2 of three awake 
Macaca mulatta monkeys. Sensitivity to dRDS was assessed by using a 
stereofigure with several horizontal disparities. Binocular interaction was 
assessed by using a flashing bright bar.

We recorded 207 cells from area VI. 23% of them showed sensitivity to dRDS 
and were classified in tuned excitatory (TE, 17%), tuned inhibitory (TI, 48%), 
near (NE, 25%) and far (FA, 10%). We observed facilitatory binocular 
interaction in 43% of cells and suppressive binocular interaction in 44%. The 
majority of TE cells showed facilitatory interaction (75%), whereas the majority 
of TI cells showed suppressive interaction (70%). NE/FA cells showed both 
types of interaction with similar percentages, (41% facilitatory and 53% 
suppressive). Cells insensitive to disparity were of facilitatory type (45%) or 
suppressive type (41%) in similar percentages. In a small sample of cells 
recorded from V2 (n=25), nine (36%) were sensitive to dRDS. TI and TE cells of 
this area also showed suppressive and facilitatory interactions respectively.

Our data suggests that the responses elicited by dRDS in TE and TI cells of 
areas VI and V2, may be a result of facilitatory and suppressive binocular 
interactions respectively. Grant: DGES PB97-0521.

767.20

TWO-BAR INTERACTIONS IN SPACE AND TIME; EVIDENCE FOR COMMON 
MECHANISMS IN STEREOPSIS AND DIRECTION SELECTIVITY M.S. 
Livingstone* Dept. Neurobiology, Harvard Medical School, Boston MA02115. 
part 1 I characterized 45 direction-selective cells in macaque V1 using pairs 
of stimuli presented in rapid succession to different parts of the receptive 
field; cells showed either facilitatory or suppressive interactions, depending 
on the direction of the apparent motion. In some cells stimulation of one part 
of the receptive field could block responses from all parts of the receptive 
field; in other cells it blocked only more distal parts (that is, position-invariant 
direction selectivity). These results suggest that in some cells some kind of 
shunting mechanism is involved in generating direction selectivity. Shunting 
inhibition could explain the observed broad velocity tuning and position 
invariance of direction selectivity.
part 2 Disparity selectivity and direction selectivity commonly co-occur. Cells 
selective for both were mapped using bars presented simultaneously to the 
two eyes or sequentially to one eye. Some of these disparity-selective 
direction-selective cells showed position-invariant disparity selectivity and 
position-invariant direction selectivity. The co-occurence of directionality and 
disparity selectivity and the similarities in scale of the position-invariant 
interactions suggest that the two properties share mechanisms. Some of the 
direction-selective disparity-selective cells showed direction-selective 
suppressive interactions that blocked subsequent stimuli presented 
anywhere in the receptive field. The presence of a receptive-field-spanning 
suppression is inconsistent with a model based on summing of simple-cell 
inputs. Therefore it is possible that neither directionality nor disparity 
selectivity in complex cells are inherited from a series of direction-selective 
and/or disparity-selective simple cells but rather may be computed directly on 
the complex cell itself. Supported by NIH grant EY10203
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767.21
VARIABILITY AND RELIABILITY OF VI NEURONAL RESPONSES TO 
ORIENTED BARS AND NATURAL SCENES.
S. R. Schultz, D. K. Chelvanayagam, A. James and T. R. Vidyasagar*, Division of 
Psychology and Centre for Visual Science, Australian National University, 
Canberra ACT 0200.

The responses of cortical neurons are highly variable, even to supposedly 
identical stimuli. It has been suggested that the pattern of spikes elicited by natura-
listic stimulation is more reproducible (and thus less variable) than that elicited by 
typical laboratory visual stimuli. To investigate this, we simultaneously recorded 
the responses of pairs of cells from the primary visual cortex of the anaesthetised 
cat, in response to oriented bar stimuli and to flashed images of natural scenes. We 
measured the variance in the number of spikes and the number of coincidences 
(action potentials from both cells in a short time period, 20ms in this case), as a 
function of the mean number of spikes (or coincidences). The mean number of 
spikes and coincidences was varied by presentation of different stimuli. The slope 
of the resulting variance versus mean curves were significantly higher for natural 
stimuli, both for the number of spikes and the number of coincidences. The variance 
of the number of spikes was 2-6 times the mean for natural scenes, in comparison 
to 1-2 for bars; similarly, the variance of the number of coincidences was 4-10 
times the mean for natural scenes, and only 2-4 for oriented bars. These results 
thus do not support the hypothesis that specific patterns of spikes are elicited more 
reliably by naturalistic than by laboratory stimuli. Instead, they suggest, if the 
variability is mediated by the summation of excitatory and inhibitory processes, 
that there is a more tight balance of excitation and inhibition in the case of natural 
scenes than for simple laboratory stimuli. Supported by the Australian Research 
Council.

767.22

NATURAL IMAGE REVERSE CORRELATION IN AWAKE 
BEHAVING PRIMATES. S. V. David1, W, E. Vinje2 and J. L. 
Gallant3* 1 Depts. Bioengineering, 2Molecular and Cellular Biology 
and Psychology, U. C. Berkeley, Berkeley CA 94729-1650

We are developing new methods to estimate receptive field 
properties in awake behaving animals using natural or artificial stimuli. 
Cells’ spatio-temporal response profiles are estimated by a modified 
reverse correlation procedure. First, estimates are normalized to correct 
for biases caused by the non-white power spectra and non-stationary 
statistics of natural image sequences. Second, the method is modified to 
reveal the orientation and spatial frequency profiles of complex cells.
We recorded from single cells in area V1 while stimulating with natural 
image sequences simulating natural vision or with random grating 
sequences. Preliminary results suggest that our reverse correlation 
analysis produces good estimates of cells’ response profiles from only 
one to two hundred seconds of data. Estimates of peak orientation and 
spatial frequency tuning obtained with natural images agree with those 
obtained with gratings. Natural image reverse correlation should be 
valuable in studies of extrastriate visual areas that respond poorly to 
conventional grating stimuli.

Supported by the National Science Foundation.

767.23

SPARSE CODING DURING NATURAL VISION BY THE NON- 
CLASSICAL RECEPTIVE FIELD. W. E. Vinje* and J. L. Gallant. 
Dept. Psychology, U. C. Berkeley, Berkeley, CA 94720-1650

Natural stimulation of the non-classical receptive field (nCRF) 
has a large, predominantly suppressive effect on responses. To 
investigate nCRF function in more detail we presented movies 
simulating natural vision in and around the classical receptive field 
(CRF) of area V1 neurons in an awake behaving primate. The influence 
of non-classical receptive field (nCRF) stimulation was investigated by 
changing the size of these movies. Changes in selectivity were 
quantified in terms of response sparseness across stimuli for each 
neuron. Non-classical receptive field (nCRF) stimulation increases 
sparseness in 80% of VI neurons (at four times CRF diameter). 
Stimulation of the nCRF also decorrelates the responses of pairs of VI 
neurons (recorded separately) to similar stimuli. These results support 
the hypothesis that V1 neurons represent natural scenes using a low- 
redundancy sparse code. During natural vision the nCRF sculpts 
responses and increases the selectivity of neural filters. Both excitatory 
and inhibitory influences appear to contribute to sparseness, suggesting 
that multiple nCRF mechanisms are responsible for these effects.

Supported by U.C. Berkeley and the Rennie Foundation.

767.24

SPATIOCHROMATIC INDEPENDENT COMPONENT 
FILTERS OF NATURAL SCENES 
D.R. Tailor, L.H. Finkef, andG. Buchsbaum 
Department of Bioengineering, University of Pennsylvania,
3320 Smith Walk, Philadelphia, PA 19104, USA

Independent Component Analysis (ICA) of images of natural scenes 
has been shown to generate basis functions, or filters, which resemble 
spatial (Bell & Sejnowski, 1997; van Hateren & van der Schaaf, 1998) 
and spatiotemporal (van Hateren & Ruderman, 1998) receptive fields of 
simple cells of the primate striate cortex. Using the extended-infomax 
algorithm (Lee et al., 1999), we performed linear ICA on natural scene 
data to extend the emerging independence model of visual cortical 
processing to the spatiochromatic domain. The resulting independent 
component filters (ICFs), receptive field correlates, separate 
spatiochromatic information into a luminance and two color channels. 
The luminance filters are localized and mostly oriented edge detectors as 
reported previously. The two color channels are composed of ICFs 
which resemble either blue-yellow or red-green complex double-
opponent receptive fields with various spatial frequencies and 
orientations. There is an equal number of filters belonging to each of 
the three receptive field types such that they collectively and almost 
exclusively span the entire set of ICFs. ICA predicts that 
spatiochromatic information is optimally coded in statistically 
independent white-black (luminance), blue-yellow, and red-green 
opponent pathways. ICA also predicts a relatively equal representation 
of each of these pathways in visual processing.
Supported by ONR (N00014-97-1 -0212-P00001)

767.25
LEARNING RECURRING PATTERNS BY THE VISUAL SYSTEM. L. Shams*. 
Dept. of Computer Science and NIBS, University of Southern California, Los 
Angeles, CA 90089-2520, University of Southern California, Los Angeles, CA 
90089-2520

Human brain has a phenomenal perceptual learning ability. The results of a recent 
psychophysical study show that the visual system is able to learn and segment novel 
visual patterns after exposure to a limited number of scenes containing the novel 
pattern and in the absence of any segmentation cue (Brady 1998). That is, after 
viewing a small number of visual patterns in which a novel subpattem recurs, the 
recurring subpattem, which was not segmentable from the background at the 
beginning, emerges as a familiar pattern and becomes segmentable! These results 
point to an active unsupervised learning mechanism which is tuned to the extraction 
of recurring patterns from the sensory input by means of comparing various scenes 
with each other. We present a model of how such learning may take place. Our 
model takes a small number of scenes (of the type used in Brady’s-experiments) as 
input, and based on a VI complex cell type representation, and using the labeled 
graph matching and cross correlation methods, outputs the recurring patterns as the 
emergent new representations. Our model does not use any a priori knowledge 
about the structure, location or size of the recurring patterns. We had previously 
shown how the same model can learn object shape primitives from exposure to a 
small number of composite objects. This style of learning may be the basis for 
learning perceptual regularities ranging from objects to more local invariant shape 
features.
(Supported by NSF’s IMSC at USC.)

767.26

NEURAL FIELD DESCRIPTION OF STATE-DEPENDENT RECEPTIVE 
FIELD RESTRUCTURING IN THE VISUAL CORTEX
K. Suder1, F. Worgotter1, K. Funke1’* and T. Wennekers2 Unst. of Physi-
ology, Dept. of Neurophysiology, Ruhr-Universitat Bochum, D-44780 Bochum 
2Planck-Institute for Mathematics in the Sciences, D-04103 Leipzig, Germany 

Receptive fields in the primary visual cortex (VI) have been found to be wider 
during synchronized than during non-synchronized EEG states, where, in ad-
dition, they can shrink over time in response to flashed stimuli. In the present 
paper we employ a neural field approach to describe the changing activity pat-
terns in VI analytically. Expressions for spatio-temporal receptive fields are 
derived and fitted to experimental data. The model analysis and the results of 
the fit support the idea that the observed RF-restructuring is mainly driven by 
state-dependent LGN firing patterns (burst vs. tonic mode) without the neces-
sity of recurrent intracortical receptive field sharpening. The mechanism of the 
restructuring can be described as an ‘iceberg’ effect with a constant threshold 
and a constant spatial activity profile, but a time- and state-dependent height. 
The figure shows the fit between of the model to the experimental data in the 
spatial (A) and the temporal (B) domain.
Acknowledgements: Deutsche Forschungsgemeinschaft SFB-509 and HFSP
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767.27
VARIANCE OF SPIKE COUNT IN MONKEY VI DEPENDS ON 
MEAN SPIKE COUNT, BUT NOT ON STIMULUS SET OR EYE 
MOVEMENTS. B. J. Richmond1*, M. C. Wiener1, and M. W. Oram2. 
'Laboratory of Neuropsychology, NIMH, Bethesda, MD 20892, USA and 
“School of Psychology, University of St. Andrews, Scotland, UK.

We seek to characterize the variability of responses of neurons to visual 
stimuli. A linear relationship between log(mean) and log(variance) of 
spike counts has been observed in many parts of the brain. Changes in the 
mean-variance relation exhibited by a neuron’s responses would indicate 
that the variability of responses, and therefore neuronal information 
processing, had changed. It is therefore important to know under what 
conditions such changes occur. We recorded supergranular complex cells 
from VI cortex of a fixating macaque monkey. The monkey’s eye position 
was monitored with a resolution of 2 minutes of arc (magnetic search coil). 
Stimuli were presented for 300 ms, positioned to cover the entire excitatory 
receptive field and extend into the near surround. The responses to four 
kinds of stimuli (oriented bars and sine-wave gratings, Walsh patterns, and 
photographs) gave rise to a single mean-variance relation (p > 0.05, f-test 
on residual sums of squares using a single regression for all data or one 
regression for each stimulus set). In sixteen cells, a median of 70% 
(interquartile range 60-76%) of all trials showed no detectable eye 
movement. The mean-variance relation calculated using trials with eye 
movement and the relation calculated using trials without eye movement 
were indistinguishable (p » 0.05). Thus, in these neurons there is no 
evidence for changes in variability of responses to different kinds of 
stimuli or due to small changes in eye position. Support: IRP/NIMH.

767.28
A METHOD TO QUANTIFY THE ADDITIONAL INFORMATION IN 
THE SPIKE TIMES OF A POPULATION OF SIMULTANEOUSLY 
RECORDED CELLS.
S. Panzeri and S.R. Schultz* Neural Systems Group, Department of Psychology, 
University of Newcastle upon Tyne, Newcastle upon Tyne, NE1 7RU, UK, and 
Division of Psychology, ANU, Canberra, ACT 0200, Australia.
Is the information transmitted by a population of neurons transmitted solely by 
the number of spikes fired by each cell, or do temporal relations between the 
action potentials of different cells play a significant role? Quantification of this 
problem is made difficult by the large amount of data needed to sample correctly 
the probabilities of occurrence of the observed spike sequences in response to a 
stimulus. We derive a simple formula which enables this question to be answered 
rigorously for short time-scales (roughly of the order of one interspike interval). 
This analysis provides in this limit a solid method to quantify the encoding of 
information in the temporal pattern of activity of real cortical cells, and is 
applicable even to a limited set of data. The analysis provides fundamental 
constraints upon the nature of a neural code, showing that temporal encoding 
contributes significantly to the rate of information transmission when the 
instantaneous firing rates of the cells fluctuate with a time scale much shorter 
than the time window in which most of the information is transmitted. If the 
instantaneous probabilities of spike emission do not fluctuate quickly compared 
to the time window considered, the additional information present in the temporal 
structure of the signal is less relevant. It is also shown that in general over short 
time-scales correlations between spikes cannot dominate information 
representation, and the temporal structure of the correlations between the spikes 
contribute less to the information than the variations of instantaneous firing rates 
of the individual cells. Supported by the Wellcome Trust and the European 
Commission.

767.29

DISPARITY TUNING OF COMPLEX CELLS IN A RECURRENT 
MODEL. F. S. Chance* & L. F. Abbott Dept. of Biology & Volen 
Center for Complex Systems, Brandeis University, Waltham, MA 02454 
Complex cell responses are relatively insensitive to the spatial phase of a 
monocular grating stimulus. However, for binocular stimuli many 
complex cells demonstrate significant tuning to the relative phase, or 
disparity, of the images presented to the two eyes (Ferster, 1981, J. 
Physiol. 311: 623; Ohzawa and Freeman, 1986, J. Neurophysiol. 56: 
243; Poggio, 1995, Cerebral Cortex 5: 193). In a recent model, the 
spatial-phase insensitivity of complex cell responses arises through 
amplification by strong, spatial phase invariant recurrent connections 
(Chance, Nelson, and Abbott, 1999, Nature Neurosci. 2: 277). Here we 
show that, in such a model, complex cell responses can be both disparity 
tuned and insensitive to absolute spatial phase. The degree of disparity 
tuning is determined by the pattern of recurrent connectivity. Neurons 
within one network can exhibit the "tuned-excitatory" and "near and far- 
tuned" types of disparity selectivity. Because the model neuron 
responses arise through recurrent amplification, feedforward input can 
be relatively weak. Thus monocular stimuli that do not normally elicit a 
response from a neuron can affect the response to binocular stimuli. 
Gratings drifting in opposite directions presented monocularly to each 
eye result in a frequency doubled response similar to that for a 
counterphase grating even though one or both of the gratings may not 
elicit a response when presented alone (Ohzawa, 1986). Supported by 
NSF-IBN-981784.

767.30
A SPARSE MODEL LARGELY PREDICTS HUMAN TEXTURE 
VISION. P.E. Hallett1’2*. R.Y. Cho1, D. Ebrahimi2.1Dept. Physiology 
& 2lnst. Biomed. Eng., Univ. Of Toronto, Toronto, Ont. M5S 1A8, Canada.

In our simple model, retinal Cones - cortical Simple Cells 
Complex Cells. Nearly all operations are linear. Model 
neurons are few. For each Cone there are just 8 Simple Cells 
out of 121 types and 0.01 Complex Cells out of 31 types. 
Statistics of the ensemble of Complex Cell responses 
correspond to the attributes Coarseness, Directionality and 
Contrastiness. Also texture Lightness signals mean spatial 
reflectance. The model’s responses correlate well (r = 0.78- 
0.90) with those measured by Cho, Yang & Hallett 
{Perception & Psychophysics, submitted) for tens of subjects 
rating the perceptual differences between pairs of Brodatz 
textures, and with other studies. Someone might argue that 
very refined judgements of spatial pattern should require a 
much richer set of neurons. However, Cho et al. find that 
ratings are credible judgements —perceptual spaces for ratings 
are similar across both textures sets and subjects; the 
dimensionality of the perceptual space (order 4) is the same for 
ratings and for errors in texture identification. So our sparse 
model may apply more generally than to ratings.

Funded by the Medical Research Council of Canada.

VISUAL CORTEX: STRIATE—PLASTICITY

768.1
THE EXCITATORY NEUROTRANSMITTERS ASPARTATE AND 
GLUTAMATE ARE AFFECTED DIFFERENTLY DURING CORTICAL 
REORGANIZATION Y. Qu1, E. Vandenbussche2, U.T. Eysel3, F. Vandesande1, L. 
Arckens'*, ‘Lab. Neuroendocr. & Immunol. Biotechnol., 2Lab. of Psychophysiol., 
Katholieke Universiteit Leuven, B-3000 Leuven, Belgium; 3Dept Neurophysiol., 
Medical School, Ruhr-Universitat Bochum, D-44770 Bochum, Germany.

Removal of retinal input from a restricted region of adult cat visual cortex leads to 
a substantial reorganization of the retinotopy within the sensory-deprived cortical 
zone. Earlier immunocytochemical investigation of glutamate suggested the 
involvement of changes in excitability and synaptic efficacy in retinotopic 
reorganisation. To investigate the role of excitation in cortical plasticity in detail, we 
developed an in vivo microdialysis method to sample extracellular neurotransmitters 
in deprived versus non-deprived cortex of awake, behaving cats 18 to 35 days 
following retinal lesions, as well as in normal cats. The extracellular and total 
(intracellular and extracellular) concentration of aspartate and glutamate were 
analyzed by microbore HPLC-ED methods. The total concentration of aspartate and 
glutamate as well as the extracellular aspartate concentration are significantly 
decreased in deprived cortex. In contrast, the extracellular concentration of glutamate 
is significantly increased in non-deprived cortex and remains unchanged in deprived 
cortex in comparison to normal animals. These results suggest that 1) the release of 
aspartate is regulated by neuronal activity; 2) the release of glutamate is controlled 
by both neuronal activity and synaptic plasticity. These findings reveal that synaptic 
plasticity or cortical reorganization occurs both inside and outside of the sensory- 
deprived cortical zone.

This work was supported by the Belgian Queen Elisabeth Medical Foundation, the 
Belgian program of Inter-University Poles of Attraction P4/22 and the Fund for 
Scientific Research - Flanders, Belgium.

768.2
INCREASED OCULAR DOMINANCE SHIFTS LATE IN THE 
CRITICAL PERIOD WITH INFUSION OF A PKA 
ACTIVATOR, Sp-8-Cl-cAMPS. C.J. Beaver, Q-H. Ji, & N.W. Daw*, 
Dept. Ophthalmology & Visual Science, Yale University School of Medicine, New 
Haven, CT, 06520-8061.

We have recently presented results showing that infusion of a specific PKA 
antagonist during a period of monocular deprivation at the peak of the critical period 
(P27-33) blocks ocular dominance shifts in the area of cortex (<4mm) surrounding 
the infusion site1. We hypothesized that if PKA plays a crucial role in mediating the 
effects of monocular deprivation, infusion of a PKA activator late in the critical 
period (Pl05-116) might permit larger shifts of ocular dominance than would 
normally be observed. Cats (Pl05) were implanted with an osmotic minipump that 
infused 10 mM Sp-8-Cl-cAMPS (Biolog) at a rate of 0.5 ul/hr for 2 weeks. On the 
following day animals were monocularly deprived for a period of 10 days, a 
manipulation that has been shown to cause only very small shifts in ocular 
dominance at this age2. At the end of 10 days animals were prepared for in vivo 
physiology and ocular dominance histograms constructed. In two animals the ocular 
dominance histogram for penetrations near the pump (<4mm) was shifted slightly, 
but significantly more (p<0.05) towards the nondeprived eye than that recorded 
further away (>4mm). Mean weighted ocular dominance scores (±SEM) were
0.69±0.05 and 0.54±0.04, respectively. These results provide further evidence that 
PKA may be an important component of the pathways that mediate the effects of 
monocular deprivation.
‘Dawetal. (1999) Invest. Ophthal. Vis. Sci. Suppl. 40, s643.
2Olson & Freeman (1980) Exp. Brain. Res. 39, 17-21.

PHS grant R01EY00053
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768.3
PROLONGED RECOVERY FOLLOWING RETINAL INJURIES 
IMPROVES THE RESPONSIVENESS OF NEWLY ACTIVATED UNITS 
FOLLOWING CORTICAL MAP REORGANIZATION K. Matsuura, Bin 
Zhang, E.L. Smith III, and Y. ChincfOollege of Optometry, University of 
Houston, Houston, TX 77204-6052
The mature usual cortex reorganizes its topographic map in response to 
small laser lesions in retina. A recent study, however, suggested that 
recovery from transient thermal and/or physical damage in the retina 
caused by a laser burn, not cortical plasticity, may be responsible for the 
previously reported "cortical alterations^'. To avoid transient retinal 
involvement, we allowed an exceptionally long period of recovery 
following retinal injuries (over 3 years), compared to 6 months in 
previous studies. We determined whether the nature of the retinal injury 
was altered between 6 months and 3 years following laser treatment, 
and whether the long post-injury recovery leads to more extensive 
and/or complete reorganization in area 17. In anesthetized and 
paralyzed cats, we employed standard extracellular single/multi-unit 
recording methods to map cortical topography and investigated the 
receptive-field properties of individual cortical neurons. Retinal histology 
showed that laser lesions caused “transient" retinal damage which 
varied greatly in nature and extent between subjects. However, these 
transient effects completely disappeared by 6 months following retinal 
lesions in all subjects. Moreover, the map reorganization was more 
complete and newly acquired receptive-fields were more responsive in 
the subjects that received 3 years of recovery compared to 6 months. 
These results support the notion that map reorganization is a cortical 
phenomenon, and that a use-dependent increase in synaptic efficacy at 
critical cortical sites, not just "dynamic re-routing" of signals, may be 
involved in map reorganization following retinal injuries (Supported by 
NIH grant EY-08128)

768.4
EFFECTS OF MONOCULAR LID SUTURE ON THE MONOCULAR 
REPRESENTATIONS OF CENTRAL VISUAL SPACE IN FERRET VISUAL 
CORTEX. D. Fitzpatrick*, D.M. Coppola and L.E. White. Department of 
Neurobiology, Duke University Medical Center; Durham NC 27710.

In ferret visual cortex, the V1/V2 border coincides precisely with a boundary 
between exceptionally large and irregular ocular dominance domains. On the VI 
side is a representation of the central portion of the ipsilateral visual field that is 
driven solely by the contralateral eye. On the V2 side is a mirror-reversed 
representation of the contralateral visual field that receives geniculate input 
exclusively from ipsilateral-eye layers of the LGN. Since this VI/V2 border is also 
an ocular dominance boundary, we wondered whether it would be subject to 
experience-dependent plasticity, a characteristic of ocular dominance domains in VI 
of cat and macaque. To address this question, optical imaging of intrinsic signal 
was used to demonstrate maps of ocular dominance and visual space in VI and V2 
of untreated ferrets and those that had undergone monocular lid-suture prior to 
natural eye-opening. In animals with normal visual experience, the area of cortex 
driven preferentially by the contralateral eye is 1.5 times greater than the area driven 
by the ipsilateral eye. In animals that had undergone monocular lid suture, the 
cortex contralateral to the deprived eye showed either no bias or a bias toward the 
ipsilateral eye (mean ratio approximately = 0.8). The results were more variable in 
the cortex ipsilateral to the deprived eye, but at least in one case it was clear that the 
contralateral eye domains had expanded (ratio = 3.0).

These findings indicate that the large, irregular ocular dominance domains, like 
their smaller more uniform counterparts in the binocular segment of VI, are subject 
to experience-dependent plasticity. Furthermore, these changes in the size of the 
large domains necessarily imply a reorganization of the topographic mapping of 
central visual space and the location of the VI/V2 boundary. Supported by 
EY06729, EY11488 & The McKnight Foundation.

768.5
EFFECTS OF MONOCULAR LID SUTURE ON THE MAP OF ORIENTATION 
PREFERENCE IN DEVELOPING FERRET VISUAL CORTEX. D.M. Coppola*,
L.E. White and D. Fitzpatrick. Department of Neurobiology, Duke University 
Medical Center, Durham NC 27710.

We have shown previously in the developing ferret that the map of orientation 
preference is highly sensitive to the effects of visual experience, while maps of 
ocular dominance and visual space are not. Thus, animals deprived of patterned 
vision by bilateral eyelid suture done prior to natural eye opening never develop 
normal orientation preference maps. Here we studied the effects of monocular 
deprivation on the development of orientation preference maps in the region of the 
V1/V2 border, where there are large monocular representations of central visual 
space. These large monocular zones are ideal for this purpose because they permit 
comparison of experienced and deprived territories within the same visual cortex. 
Animals underwent monocular lid suture about two weeks prior to the age of natural 
eye opening and maps of orientation preference and ocular dominance were 
demonstrated by optical imaging of intrinsic signal after 10-25 day survival times. 
Just prior to imaging, the previously closed eye was opened and oriented stimuli 
were presented monocularly. Within the non-deprived eye’s ocular dominance 
zones, the orientation preference map was normal in structure and strength. In 
contrast, within the deprived eye’s domains, orientation signal was weak or absent. 
The absence of orientation signal cannot be explained by lack of responsiveness. 
Single-condition imaging experiments showed that stimuli presented to the deprived 
eye could vigorously drive the cortex, but the pattern of activation was uniform 
throughout the deprived eye domain. Single- and multi-unit recordings confirmed 
this loss of orientation selectivity from deprived eye domains. These results 
emphasize the importance of patterned visual experience for the elaboration of 
orientation selective responses in ferret visual cortex and suggest that the 
mechanisms that mediate the effects of experience operate on a surprisingly local 
level. Supported by EY06729, EY11488 & The McKnight Foundation.

768.6
VISUAL FIELD ENLARGEMENT FOLLOWING COMPUTER-BASED 
VISUAL RESTITUTION TRAINING IN PATIENTS WITH 
HEMIANOPIA: STABILITY OF REGAINED VISION AFTER A 6- 
MONTHS NON-TRAINING INTERVAL

Erich Kasten*, Ulrike Bunzenthal & Bernhard A. Sabel, Institute of Medical 
Psychology, Otto-von-Guericke-University of Magdeburg, Leipziger Str. 44, 
D-39120 Magdeburg, Germany

Partial blindness after brain injury has been considered non-treatable for 
several years. In two independent clinical trials we showed that a computer- 
based visual restitution training (VRT) increased the size of the intact visual 
field [Nature med., 1998, Vol. 4, 1083], Patients with post-chiasmatic brain 
injury (n=19) or with optic nerve injury (n=19) received either VRT or 
fixation training (placebo) one hour daily for 150 hrs. We now report a 
follow-up study in which 31 patients of the original 38 patients were again 
assessed (i.e. 16 out of the treatment groups and 15 out of the placebo 
groups) to determine if the visual field enlargement was stable even after 
a 6 months training-free interval. Follow-up assessment was made with 
high-resolution perimetry (HRP) and with the Tiibinger Automatic 
Perimeter. At follow-up, patients showed only a minor loss of visual 
functions which they had regained due to the restitution training (0.8% 
decrease). In the Placebo-groups which originally received fixation training 
we also noted no change (+0.3%). Thus, visual field enlargement after 
visual restitution training is stable, which indicates that patients are using 
there newly gained visual functions in everyday life.
Supported by the Government of Saxonia-Anhalt (Germany), Kuratorium 
ZNS and Deutsche Forschungsgemeinschaft (DFG).

768.7

REORGANIZATION OF VISUAL CORTEX BY 
ADAPTATION TO LEFT-RIGHT REVERSED VISION.

T, Tashiro__. ’Osaka Univ., Osaka, Japan; Communications Res. Lab., Kobe,
Japan; 3Kanazawa Univ., Kanazawa, Japan; 4Osaka City Univ., Osaka, Japan, 
Communications Res. Lab.; Kobe, 651-2401, Japan.
Purpose: After adaptation to left-right reversed vision, VI neurons in the 
anesthetized monkey respond to stimuli presented not only in the contralateral but 
also in the ipsilateral visual field (Sugita, 1996). Here we studied whether such 
plasticity can be observed in human VI or the hMT complex. Methods: Four 
students continuously wore reversing prisms for 35-39 days. FMRI experiments 
were performed 5 times using a 1.5 T scanner (pre-test, 4, 18-19, 32-37 days after 
wearing, and post-test). In a VI activation task, the subjects were required to watch a 
fixation cross at the center of the screen for the control condition, and to watch the 
fixation with a flickering checkerboard pattern presented in the left-lower or 
right-lower visual field quadrant for the test condition. In an hMT* activation task, 
dot pattern was presented in either the right or left visual field with coherent 
movement (test condition) or random movement (control condition). Functional 
images were collected using a T2*-weighted EPI sequence (pixel size: 2.3mm, slice 
thickness: 5 mm) and analyzed using a cross-correlation method. Results: 
Functional images before adaptation showed no ipsilateral VI activation. After 
adaptation, all subjects showed ipsilateral VI activation. Compared with the 
activation induced by a contralateral stimulus, the ipsilateral activation area was 
restricted to a small area within VI. On the other hand, adaptation had no effect on 
the hMT* activation pattern. Conclusions: In humans, ipsilateral VI activation 
appears with adaptation to left-right reversed vision. Some subjects showed 
ipsilateral VI activation just 4 days after wearing reversing prisms. Reorganization 
of the brain induced by wearing reversing prisms may start much sooner than 
expected from monkey neurophysiology.

768.8
PRACTICING A MOTION-DEFINED FORM TASK DOES NOT INDUCE 
VISUAL CORTEX RESISTANCE TO TRANSCRANIAL MAGNETIC 
STIMULATION. D. Cortez1, S. Anand2*, and J. Hotson3. 1 Dept Psychology, 
San Jose State University; 2Dept Biological Sciences, San Jose State University; 
3Dept Neurology & Neurological Sciences, Stanford University, & Calif Inst 
Med Res; San Jose, CA 95128.

Transcranial magnetic stimulation (TMS) degrades perceptual performance 
when delivered over visual cortex in a discrete time window following the onset 
of a visual display. TMS is most effective when the visual display is difficult to 
see and performance is not perfect. Since practice improves performance in 
difficult perceptual tasks, we hypothesized that visual channels may become 
more resistant to TMS perturbation with continued practice. Two subjects were 
trained in a 66-ms, four-alternative, forced-choice motion-defined form (MDF) 
task. The display consisted of a square of randomly moving dots in which 90- 
100% of the dots within the form of a block letter C moved in a coherent 
direction. Subjects discriminated whether the gap in the C pointed up, down, 
left, or right. Subjects completed 720-1160 practice trials interspersed with 600- 
900 TMS trials over a 2-3 week experiment. Subjects received feedback about 
response correctness in practice trials. In TMS trials, TMS was delivered to 
occipital cortex at 80% intensity through a 7 cm round coil 75 to 160 ms after 
the onset of the visual display. At the beginning of the experiment, TMS 
degraded percent correct discriminations to near chance when delivered 130-145 
ms after the onset of the MDF. TMS delivered at these delays continued to 
degrade performance for the duration of the experiment. Practice therefore did 
not increase visual cortex resistance to TMS. It is possible that learning a lower 
level visual task will produce different results.

Sponsored by the Valley Foundation and NIH MARC grant GM08253
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768.9

EXPANSION OF RECEPTIVE FIELDS BY INTRACORTICAL 
MICROSTIMULATION IN THE OPOSSUM STRIATE CORTEX. 1 
Mourao-Miranda1; A. Pereira Jr.2; L. Oliveira1, C.E. Rocha-Miranda1 & E.
Volchan1*. 1Federal University of Rio de Janeiro. Rio de Janeiro. Brazil
and federal University of Para, Belem, Brazil.

Changes in receptive field size following electrical
microstimulation of somatosensory cortex were described both for rats 
and monkeys (Recanzone et al., 1992, Cereb. Cortex 2: 181-196). In the 
present work, we examine the occurrence of such phenomena in the 
primary visual cortex of the opossum (Didelphis aurita), employing a 
paradigm similar to that used in the somatosensory cortex. Multi-unit 
recordings were performed in anesthetized and paralyzed animals with 
an array of tungsten microelectrodes that were lowered together into the 
cortex. Visual receptive fields were mapped before and after intracortical 
microstimulation delivered through one of the tungsten microelectrodes. 
Receptive fields were mapped with oriented light bars backprojected onto 
a tangent screen using either a handheld projector or an optic bench 
under computer control. Current pulses of 5pA for 200ps were delivered 
in trains of 300Hz and 40ms duration. Following a stimulation period of 3 
hours receptive fields at and close to the stimulation site displayed up to 
seven-fold increase in area. We hypothesize that the covariance of pre- 
and post-synaptic activity induced by microstimulation leads to the 
Hebbian strenghening of previously silent synapses, thereby generating 
receptive field expansion. These results may rely on similar mechanisms 
irrespective of sensory modality.

Supported by CNPq, FAPERJ, PRONEX.

768.10
CHANGES IN NEURAL FIRING ACTIVITY AFTER KINDLING IN CAT 
PRIMARY VISUAL CORTEX. D. J. Warren*, R. A, Normann. Moran Laboratory 
in Applied Vision & Neural Sciences, University of Utah, Salt Lake City, UT 84112.

Researchers have proposed electrical stimulation of cerebral cortex to provide 
sight to the blind and hearing to the deaf. Electrical stimulation also is used to induce 
kindling; an epileptic-like condition of wide spread concerted neural firing. We have 
investigated whether primary visual cortex can be kindled and what are the 
electrophysiological indicators of kindled cortex. Simultaneous, multi-channel 
extracellular recordings were obtained from area 17 of anesthetized, paralyzed adult 
cat using a 100 electrode array. Electrodes have 1 mm length and are arranged in a 
10 by 10 grid with 0.4 mm spacing. Five electrodes in a 1 mm2 area were stimulated 
with 250 Hertz trains of 15 biphasic pulses of 150 pA amplitude and 0.2 millisecond 
duration, repeated once a second, for eight hours, a stimulation regime that might be 
expected in a neuroprosthesis application. After 5 hours of stimulation, after 
discharges were detected on an electrode near the site of stimulation. After 8 hours, 
the after discharges coalesced into a Vi Hertz rate. Compared to before stimulation, 
cooperative neural firing increased in the stimulated region, indicated by a doubling 
of the spike time cross-correlation. No change was noted for electrodes 2 mm from 
the site of stimulation. Similarly, the size of the peri-stimulus time histogram 
increased near the site of stimulation but did not for those at a distance. Paradoxically 
there were no significant changes in the size, relative locations, or temporal 
properties of the receptive fields. The changes in firing patterns without a change in 
receptive field properties allow the inference of the mechanism. We propose that 
kindling increased the neuron’s excitability, that is, increased the probability of firing 
for a given postsynaptic potential. Further, the results suggest that the changes in 
neural activity will not obviate the value of a neuroprosthesis but that care must to be 
taken to avoid stimulation patterns that might induce kindling.

This work is supported by the Whitaker Foundation and NSF Grant IBN 94-24509.

768.11

RESIDUAL VISION FOLLOWING DAMAGE TO THE PRIMARY VISUAL 
PATHWAY: ADDITIONAL SUBJECTS, ADDITIONAL ISLANDS.
C.M. Wessinger*, E.L. Loback, R, Fendrich, and M.S, Gazzaniga.
Center for Cognitive Neuroscience and Department of Psychology, Dartmouth 
College, Hanover, NH 03755.

Previously, we have demonstrated restricted regions of residual visual abilities 
within the field defect of several subjects with homonymous hemianopia. Regions 
of phenomenal vision along the vertical meridian were demonstrated within the 
blind field of two hemispherectomized individuals (Wessinger et al., 1996). Given 
the pattern and character of these regions of vision, it is likely that such abilities 
are mediated by an expanded zone of naso-temporal overlap. Similar regions of 
phenomenal vision along the vertical meridian were also demonstrated within the 
blind field of seven stroke patients (Wessinger, et al., 1999). Furthermore, four of 
these patients also demonstrated isolated areas of residual vision within their field 
defect. Interestingly, these isolated areas of vision were in the absence of 
acknowledged awareness, and thus can be described as “islands of blindsight”. 
Given the between and within subject variability, concerning the location of and 
abilities within these islands, it is likely that such islands are mediated by spared, 
albeit dysfunctional, remnants of the primary visual pathway.

We now report data from additional subjects demonstrating residual visual 
abilities within their field defect. Two subjects (MO & WS), hemianopic 
subsequent to stroke, show phenomenal vision along the vertical meridian. 
Furthermore, both subjects demonstrate isolated regions of above chance 
performance within their field defect (“islands of blindsight”). Monte Carlo 
simulations of our stabilized field-mapping techniques indicate such isolated 
regions of above chance performance are not random occurrences. These data 
further support the notion that such islands of blindsight may be a common 
occurrence in subjects that are heminaopic subsequent to stroke and have important 
implications in terms of understanding blindsight and visual awareness. Supported 
by funding from NIH/NINDS and the McDonnell-Pew Foundation.

SUBCORTICAL VISUAL PATHWAYS: SUPERIOR COLLICULUS AND TECTUM

769.1

IMMUNOCYTOCHEMICAL LOCALIZATION OF THE
METABOTROPIC GLUTAMATE RECEPTOR mGluR2/3 IN MOUSE 
SUPERIOR COLLICULUS: DISTRIBUTION, CO-LOCALIZATION WITH 
CALBINDIN D28K, AND EFFECT OF ENUCLEATION. M.-A. Kim, J.-H, 
Kong, Y.-S, Kang, W.-M, Park and C.-J. Jeon*. Dept. of Biology, Coll, of 
Natural Sci., Kyungpook Nat’1. Univ., Taegu, 702-701, Korea.

Eight subtypes of metabotropic glutamate receptors (mGluR) have been 
identified. These receptor subtypes occur in various types of cells in the 
central nervous system with a very high degree of regional and cellular 
specialization. We have studied the distribution of mGluR2/3 in the mouse 
superior colliculus (SC) with immunocytochemistry and compared this 
labeling to that for calbindin D28K. Furthermore, we examined the effect of 
enucleation on this distribution.

Anti-mGluR2/3-immunoreactive (IR) cells formed distinctive laminar 
patterns within the lower optic and upper intermediate gray layers. By 
contrast, anti-calbindin D28K-IR cells formed obvious laminar patterns in 
three layers: one within the zonal and upper superficial gray layers, a second 
within the optic and intermediate gray layers, and third within the deep gray 
layer. The distribution of mGluR2/3-IR cells thus matches the second layer of 
calbindin D28K cells. Two-color immunofluorescence revealed that more 
than half (52.5%) of mGluR2/3-IR cells were also labeled with antibody to 
calbindin D28K. The majority of mGluR2/3-IR cells were small to medium-
sized round/oval or stellate cells. Immunoreactivity for mGluR2/3 was clearly 
reduced in the contralateral SC following unilateral enucleation. The present 
results show that mGluR2/3 has a unique cellular sublaminar organization in 
SC that includes some calbindin D28K-IR cells. The effects of enucleation 
suggest that the retinal projection may control the expression of mGluR2/3 in 
some cells in the mouse SC.

Supported by Korea Research Foundation grant #1997-001-D00294.

769.2

GABAa  AND GAB Ac  RECEPTORS DIFFERENTIALLY AFFECT EXCITABILITY 
IN RAT SUPERIOR COLLICULUS. M. Schmidt1*, B. Pau1, M, Boiler1 and M. 
Pasternack2. 'Dept. Zoology & Neurobiology, Ruhr-University, D-44780 Bochum, 
Germany and institute of Biotechnology, FIN-00014 University of Helsinki, Finland.

We have recently described high level expression of GABAC receptor p subunits in 
the superficial gray layer of rat superior colliculus (SC). To study their possible 
function for information processing we investigated the effects of GABAa and 
GABAC receptor agonists and antagonists on stimulus-evoked extracellular field 
potentials in the rat SC superficial gray layer. Electrical stimulation of the SC optic 
layer induced a biphasic, early and late, potential in the adjacent superficial layer. The 
late component was completely inhibited by the AMPA receptor antagonist CNQX or 
by CoCl2, indicating that it was generated by postsynaptic activation. GABA and 
muscimol, a potent GABAa  and GABAC receptor agonist, strongly attenuated this 
postsynaptic potential at concentrations above 0.5 mM and 10 pM, respectively. In 
contrast, the GABAc receptor agonist cis-aminocrotonic acid (CACA), as well as 
muscimol at concentrations below 5 pM increased the postsynaptic potential. This 
increase was selectively blocked by (l,2,5,6-tetrahydropyridine-4-yl)methylphosphinic 
acid (TPMPA), a novel competitive antagonist of GABAC receptors. TPMPA had no 
effect on field potential decreases following application of GABA or myscimol at 
higher concentrations. Our findings demonstrate the presence of functional GABAC 
receptors in the rat superficial SC, and suggest a disinhibitory role of these receptors in 
SC neuronal circuitry. We propose that GABAc receptors are specifically expressed by 
local GABAergic intemeurons and thereby control overall excitability in superficial 
SC.

Supported by Deutsche Forschungsgemeinschaft and Academy of Finland.
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769.3

THE FUNCTIONAL INFLUENCE OF NICOTINIC CHOLINERGIC RECEPTORS ON 
THE VISUAL RESPONSES OF NEURONES IN THE SUPERFICIAL GREY LAYER 
OF THE SUPERIOR COLLICULUS (SGS).
K. E. Binns* and T.E .Salt. Dept. Visual Science, Institute of Ophthalmology, University 
College London. Bath Street, London, EC IV 9EL. (k.binns@ucl.ac.uk)

In the rat the SGS receives glutamatergic projections from the contralateral retina and 
the visual cortex. The projection from the ipsilateral retina is sparse, but indirect 
ipsilateral visual input is provided by cholinergic fibres from the opposing parabigeminal 
nucleus (PBG). To test the hypothesis that cholinergic activation might influence visual 
responses we recorded single neuronal extracellular activity in the SGS of hooded rats 
under urethane anaesthesia and applied cholinergic agonists by iontophoresis. All four 
agonists studied (lobeline, carbachol, 1 -acetyl-4-methylpiperazine (AMP) & 
methocholine) depressed responses to visual stimuli (moving bars).

The depressant effects of nicotinic agonists eg. Lobeline and AMP are intriguing since 
nicotinic receptors are found on retinal terminals in SGS , and the activation of pre- 
synaptic nicotinic receptors normally facilitates the release of transmitter (i.e. glutamate). 
However, as many retinal afferents contact inhibitory neurones in SGS, it is possible that 
glutamate released due to nicotinic activation causes the liberation of GABA from these 
neurones thus inhibiting visual activity. We therefore attempted to reverse the effects of 
lobeline with the GABA receptor antagonists. CGP35348 (a GABAb  receptor antagonist) 
reduced the effects of lobeline whereas bicuculline (a GABAa  receptor antagonist) was 
ineffective, indicating that the ultimate effects of nicotinic activation in SGS were 
mediated by GABA and GABAb  receptors. We have previously shown that GABAb  
receptors are involved in the generation of response habituation in SGS thus this 
Acetylcholine -> Glutamate -4 GABA circuit might contribute to the mechanism of 
novelty detection for which the superior colliculus is famous.

769.4

SUPERIOR COLLICULUS LESIONS AFFECT BEHAVIOR GUIDED 
BY INTERMITTENT DISTAL SOUND CUES. L. Goodrich, R.C. 
Davison and M.C. Zrull*. Dept. of Psychology, Appalachian State Univ.; 
Boone, NC 28608.

The superior colliculus (SC) is involved in the spatial localization of 
stimuli of many modalities. In this study, the role of the intermediate 
gray of the SC (SCig) in mediating maze problem-solving ability guided 
by distal sound cues was examined. Adult, male hooded rats were trained 
to navigate through various, modified Hebb-Williams mazes to obtain a 
water reward. Sighted (V+A, w=8) and surgically blinded (AUD, w=8) 
rats received sequential, spatially distinct noise burst pairs (2x100 ms, 2- 
16 kHz, 50 dB) as cues to avoid blind alleys or received no distal cues to 
guide navigation. Half of the animals in each group received bilateral 
quisqualate (QUIS, 100 mM, 1.0 pL) lesions targeted at the SCig and 
half were sham operated. Two maze solving series of 13 sessions of 4 
trials were conducted. AUD (+25%) and V+A (+8%) rats with ECIC 
lesions ran more trials with errors than sham operated controls (/?< 05). 
Similarly both AUD (+113%) and V+A (+79%) rats with lesions 
averaged a greater percentage of possible errors per working memory 
trial than sham operated controls {p<.Q5). Cell counts from Nissl sections 
indicate similar SCig lesions across groups receiving QUIS injections 
with 66% cell loss relative to sham controls (/?<.05). The SCig may 
contribute to integration of spatially and temporally distinct sound cues 
into a useful representation of the environment that can be used to guide 
behavior, in this case navigation through unfamiliar mazes, by both blind 
and sighted animals.

Partially supported by DC02476 and the ASU URC.

769.5

TEMPORAL CODING IN THE SUPERIOR COLLICULUS OF THE AWAKE 
CAT IN RESPONSE TO A MOVING VISUAL STIMULUS. Q. Pauluis1, 
S.N. Baker2 A. Roucoux1*, E. Olivier1. 1 Lab. of Neurophysiology, Universite 
Catholique de Louvain, Brussels, Belgium and 2 Department of Anatomy, 
Cambridge University, Cambridge, CB2 3DY, UK.

We show that neighboring multi-unit activities recorded with 2 electrodes (>300 pm) in 
the superior colliculus of the awake cat synchronize their discharge with a few-millisecond 
precision when a moving light spot is presented during a fixation task. Of 181 recordings 
selected as having a reasonable amount of data (>500 spikes in each train, mean cross-
correlation count > 15), 111 exhibited a significant central peak in the cross-correlation 
histogram (CCH, width at half-peak <8 ms), but only 11 CcHs had another significant 
peak accounting for a possible oscillatory process. We show with a simple counting model 
(Shadlen and Newsome, 1998), that the CCH central peak and troughs can be explained by 
a common inhibitory feedback with delay.

We also use a new method to assess significance of coincident spikes, which permits 
analysis of non-stationary data and direct quantification of the shift predictors. This method 
estimates the instantaneous discharge probability directly from the spike train in order to 
calculate the expected correlation (Pauluis and Baker, 1999).

Two coincident spikes were regarded as a coincident event (CE) when they were part of 
the CCH central peak. CEs were found (1) to cluster in 8-14ms packets separated by a 
variable delay (10-70 ms), (2) to be sometimes oscillatory at 65 Hz, and (3) to be time- 
locked to the stimulus presentation, whereas usual cross-correlation shift predictors were 
flat. CEs could therefore code stimulus-locked information better than spike trains, and this 
fact could provide a strong argument for temporal coding in the SC.

However, CE clustering and stimulus-locking could partly be due to the presence of 
bursts in the spike trains and not to synchronous discharges. Firstly, CE clustering and 
time-locking indeed disappeared if the bursts were removed before the analyses by iterative 
suppression of the second spike in each burst Secondly, CE clustering and time-locking 
were exacerbated when we simulated some non-correlated burst trains according to a 
smooth discharge density, which was estimated from the data on a single trial basis.

This work suggests that CEs could code information locked to the stimulus presentation 
more reliably than any spike train. But when cells are bursting, great care should be taken 
in the statistical analysis of the CE trains.

Supported by FDS, FNRS, and CGRI-British Council.

769.6

RELATIONSHIP BETWEEN VISUAL INPUTS, NMDA RECEPTORS 
AND PREDORSAL BUNDLE NEURONS IN THE FERRET SUPERIOR 
COLLICULUS. T.P. Doubell* and A.J.King. University Laboratory of 
Physiology, Parks Road, Oxford, OX1 3PT, UK.

Recent anatomical and electrophysiological studies have provided 
clear evidence for the presence of connections between the superficial 
and deeper layers of the superior colliculus (SC). These interlaminar 
connections provide a circuit by which visual activity in the superficial 
layers could be transmitted to premotor neurons involved in generating 
saccadic eye movements. Moreover, many of the deeper layer neurons 
receive converging inputs from different sensory modalities; signals 
from the superficial layers have been implicated in establishing the 
alignment of these multisensory receptive fields during development.

Previous studies in cats have shown that many of the neurons that 
project via the predorsal bundle to the brainstem and spinal cord have 
multisensory receptive fields. By combining NMDA NR1 immuno-
cytochemistry with injections of biotinylated dextran amine into the 
predorsal bundle in adult ferrets, we found that most of the retrogradely 
labelled SC projection neurons were double labelled. Moreover, 
superficial layer axons form boutons on NR1 immunopositive cells in 
the deeper layers. Dil/DiA tracing studies in foetal and neonatal ferrets 
showed that axons from the superficial layers descend through the 
deeper layers and lie in close proximity to the predorsal bundle 
neurons. These results suggest that visual signals from the superficial 
layers may activate NMDA receptors on deeper layer projection 
neurons both during map development and in adult animals.
(Supported by the Wellcome Trust)

769.7

RETINAL TERMINALS FORM EXTENSIVE SYNAPTIC CONTACTS WITH 
NEURONS LABELED BY ANTI-NEURONAL NITRIC OXIDE SYNTHASE IN 
THE CAT SUPERIOR COLLICULUS R.R. Mize*Department of Cell Biology and 
Anatomy and the Neuroscience Center, Louisiana State Univ. Med. Ctr; New Orleans, 
LA 70112.

We have recently shown that nitric oxide synthase (NOS) contributes to the 
refinement of the ipsilateral retinocollicular projection (IRP) in the mouse superior 
colliculus (SC). Thus, in double knockout mice in which the neuronal and endothelial 
NOS genes have been disrupted, the pathway is much more extensive at P21-P42 than 
it is in normal mice and is not fully refined until adulthood. Despite this evidence, it 
is not known in which neurons NOS is contained nor whether these neurons receive 
synaptic input from retinal terminals. We have used light and electron microscope 
immunocytochemistry to examine this question in the adult cat. A polyclonal antibody 
raised against neuronal NOS was used to identify profiles containing this enzyme. 
Retinal terminals were identified by their characteristic normal morphology, including 
pale mitochondria and large round synaptic vesicles. Antibody within the 
retinorecipient zone (the superficial gray layer, SGL) of SC was contained within 
several classes of neuron, including vertical fusiform neurons with vertical dendrites 
directed to the surface of SC, and a few horizontal cells with long horizontal dendrites 
running parallel to the pial surface. At the em level, antibody was contained primarily 
within dendrites and cell bodies. Label was associated with rough e.r., microtubules, the 
membranes of mitochondria, and post-synaptic densityies opposite synaptic terminals. 
Retinal terminals were frequently found to contact nNOS labeled dendrites within the 
SGL, most of which were conventional. Synaptic terminals containing flattened 
vesicles also contacted labeled dendrites. We conclude that nNOS containing neurons 
in SC do receive input from retinal ganglion cells and comprise several different types 
of neuron. Supported by USPHS NIH EY02973 and NS36000.

769.8

VISUALLY EVOKED EXTRACELLULAR SPIKES RECORDED FROM 
THE LIZARD OPTIC TECTUM IN VITRO ARE POSTSYNAPTIC. R.V. 
Stirling*, S.A. Dunlop and L.D. Beazley. Department of Zoology, The 
University of Western Australia, Nedlands, WA 6907, Australia.

We have developed an in vitro technique for recording visually evoked extra-
cellular spike activity in the optic tectum in a dissected eye-brain preparation (1). 
The method allows us to investigate changes in the organisation of me retinotec- 
tal map as optic axons regenerate following optic nerve crush (2). By perfusing 
the eye and brain separately with various pharmacological agents ana recording 
from the optic tectum in vitro, we tested whether the spike responses are gener-
ated pre- or post-synaptically. After isolating the brain stem with eyes attached
(1), a vaseline wall was Constructed to form separate chambers for the eyes and 
brain. While the retina was perfused with normal Ringers, various pharmaco-
logical agents were added to the brain chamber perfusate and extracellular re-
sponses to standard diode flashes to the contralateral eye recorded with tungsten 
in glass electrodes. In normal animals, replacement of calcium in the brain 
chamber perfusate with 5mM cobaltous chloride reversibly blocked the flash 
evoked spike responses as did 3mM kynurenate, a general excitatoiy amino acid 
receptor blocker. These observations suggest that responses recorded in the op-
tic tectum to stimulation of the contralateral eye are produced by the tectal cells 
in our mapping experiments and those of others. They also open up the exciting 
possibility of investigating the pharmacology of the retinotectal projection dur-
ing regeneration (2) in an intact functioning system using ‘natural’ stimuli.
1. Stirling, R.V., Dunlop, S.A. and Beazley, L.D. (1998) J.Neurosci. Methods 
81 '85-89^Stirling, R.V., Dunlop, S.A. and Beazley, L.D. (1999) Yis. Neurosci. {in press). 
Supported by the National Health & Medical Research Council of Australia Pro-
gram Grants 953204 and 993219.
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769.9

MONOAMINERGIC INNERVATION OF THE CHICK OPTIC TECTUM.
C.A.B. Toledo,'2 * L.R.G. Britto2 and M. Metzger3. 'College of Physical Therapy, 
UNICID; 2Dept. of Physiology & Biophysics, ICB/USP; 3Heart Institute, (InCor) 
HC-FMUSP, Brazil.

The avian optic tectum (TeO) is a multilayered mesencephalic structure and the 
major target of retinal projections. Monoaminergic inputs have been implicated in 
the modulation of signal processing in the visual system of several species. In order 
to study the distribution of these molecules in the chick TeO, we used antibodies to 
noradrenaline (NA), serotonin (5-HT), and tyrosine hydroxylase (TH). Four to 7- 
day-old domestic chicks (Gallus gallus) were perfused with 4% paraformaldehyde 
(5-HT) or 5% glutaraldehyde (NA, TH). Brains were sectioned in the coronal plane 
with a vibratome and standard immunoperoxidase and immunofluorescence 
techniques were used for visualization. Our results demonstrated that the TeO is 
densely innervated by fibers immunoreactive for NA, TH, and 5-HT. Although 
labeling for 5-HT was present throughout virtually all layers of the TeO, we found a 
strong accumulation of 5-HT-positive (+) fibers in layers 4/5a and 5c/6. With regard 
to the catecholamines NA and dopamine (DA), NA+ and TH+ fibers could be 
observed throughout almost all layers of the TeO. A slight accumulation of NA+ and 
TH+ fibers was discernible in the retinorecipient layers 4/5a and 7, whereas the 
deeper layers showed a more diffuse distribution pattern. In almost all layers, NA+ 
fibers were at least as abundant as the TH+ fibers. Only in layers 14 and 15 TH+ 
fibers outnumbered NA+ fibers. Ours results demonstrate that the TeO is densely 
innervated by monoaminergic transmitter systems. The accumulation of 5-HT+, 
NA+, and TH+ fibers in the upper- layers points to a possible modulatory role of 
these transmitter systems in gating visual information. The abundance of NA+ fibers 
suggests that NA and not DA is the primary catecholamine present in the TeO. 

Supported by: CAPES-DAAD, FAPESP, CNPq, and Pronex/MCT

769.10

LATE DEVELOPMENT OF DARPP-32, A DOPAMINE-AND cAMP- 
REGULATED PHOSPHOPROTEIN, IN THE CHICK OPTIC 
TECTUM. L.R.G.Britto1*. C.MAraki1 and M.Metzger2. 'Inst. Biomedical 
Sciences, Univ. Sao Paulo; 2 Heart Inst., HC-FMUSP, Sao Paulo, SP, 
Brazil.

DARPP-32, a dopamine and c-AMP-regulated phosphoprotein, appears 
to be associated with the DI receptor system. This study was undertaken to 
characterize neurons that express DARPP-32 in the developing chick optic 
tectum. Brains from chicks of embryonic stages 6 (E6) through E21 and 
postnatal day 1 (Pl), P15, and adult (P60) were used. Late embryos and 
postnatal chicks were deeply anesthetized with ketamine and xylazine and 
perfused. Immunohistochemistry was performed with a monoclonal antibody 
against DARPP-32 (kindly donated by H.C. Hemmings, Jr.). The first 
DARPP-32-positive cells were only detectable between El3-14. 'The level of 
expression then increased steadily from E15 through Pl. After Pl5, the 
pattern of expression of DARPP-32 reached the adult pattern, with many 
labeled cells in tectal layers 11 and 12 and long processes directed both to 
the deep and the superficial layers. These results suggest that DARPP-32 
may not have a function in early ontogenetic processes. The DI dopamine 
receptor system may become activated only in advanced stages of tectal 
development, as opposed to cholinergic and glutamatergic receptors, which 
are expressed very early in the chick tectum.

Supported by: CAPES-DAAD, FAPESP, CNPq, and PRONEX/MCT.

769.11

IN-VITRO STUDY OF MOTION DETECTION IN THE TECTOFUGAL 
PATHWAY OF CHICK. H. Luksch', H.J. Karten2, D. Kleinfeld3\ and R. Wessel3. 
‘Inst. Biology II, 52074 Aachen, Germany; Departments of “Neuroscience and 
3Physics, University of California at San Diego, La Jolla, CA 92093.

Neurons in the deep layers of the avian optic tectum (SGC) respond preferentially 
to small moving objects and their response is suppressed by whole-field motion in 
vivo. We studied the circuit comprised of anatomically defined SGC type I cells and 
their presynaptic small retinal ganglion cells with respect to their ability for motion 
detection using a slice preparation. Type I SGC cells responded with one or multiple 
bursts to depolarizing somatic current injection. Electrical stimulation of the retinal 
ganglion cell axons caused an EPSP/spike response in the SGC I soma with a sharp 
onset and a latency of 12 ± 2 ms. Direct electrical stimulation of the SGC I dendrites 
caused a response in the soma similar in shape to synaptic stimulation, however with 
a shorter latency of 5 ± 1ms. For two pulse electrical stimulation of the retinal 
ganglion cell axons at the same location, the second pulse did not cause a response in 
the SGC I soma for an interval of less than 700 ± 600 ms (phasic response). 
However, when separate groups of retinal ganglion cell axons were stimulated at 
different times, the second pulse did cause a response for an interval down to 23 ± 12 
ms. Furthermore, for two pulse direct electrical stimulation of the SGC I dendrites at 
the same location, the second pulse did cause a response for an interval down to 
21 ± 8 ms (tonic response). Together the data suggest that (a) cells from deep tectal 
layers which have been shown to respond in-vivo with bursts to small fast moving 
spots are identified as SGC I cells, and (b) the signal transmission from the retinal 
ganglion cell axons to the distal dendrites of these cells is phasic, whereas the 
transmission from the distal dendrites to the soma is tonic. These features yield a 
differential response to small moving objects and background motion: A small 
moving object excites different dendrites consecutively, leading to sustained somatic 
bursting, whereas whole-field motion excites all dendrites simultaneously and leads 
to a short initial response followed by a suppressed response.
(Supported by DFG Lu 622 2-1 to H.L., and NSF IBN-9604799 to R.W..)

769.12

VISUAL DISCRIMINATION IN THE PIGEON (Colombo livid}-. 
EFFECTS OF SELECTIVE LESIONS OF THE NUCLEUS 
ROTUNDUS. A.V. Laverghetta^and T, Shimizu12. 'Dept. of Psychology, 2Dept. 
of Surgery, University of South Florida, 4202 E. Fowler Ave., Tampa, FL, 33620.

The nucleus rotundus is a thalamic nucleus in birds and plays a critical role in many 
visual discrimination tasks. In order to test the hypothesis that there are functionally 
distinct subdivisions in n. rotundus, selective lesions were made in the nucleus to 
examine the effects on visual discrimination performance. Pigeons were trained to 
discriminate visual stimuli presented on a computer monitor screen in an operant 
chamber. The following four tasks were successively presented in each pre-operation 
session: 1) stationary stimuli consisting of 40 small squares ("bright yellow" vs. 
"light cyan"); 2) stationary stimuli consisting of large squares ("bright yellow" vs. 
"light cyan"); 3) slow moving (3.32 cm/sec) stimuli consisting of 40 small squares 
("left to right" vs. "right to left"), and 4) fast moving (16.63 cm/sec) stimuli 
consisting of 40 small squares ("left to right" vs. "right to left"). The training 
sessions continued until the birds reached the criteria (over 80% for two successive 
sessions for all four tasks). The pigeons then received bilateral electrolytic lesions in 
either the anterior or posterior portions of n. rotundus. After seven days of the 
recovery period, the post-operation training sessions started. The tasks and criteria 
were identical to those used in the pre-operation training sessions. When they reached 
the criteria again, the birds were deeply anesthetized and perfused. The relationships 
between the areas of lesions and the saving scores were studied using multiple 
regression analyses. The analyses revealed that lesions only in the anterior, but not 
the posterior, division caused deficits in discrimination of small stationary stimuli. 
Lesions in neither the anterior nor posterior divisions predicted effects in 
discrimination of moving stimuli. These results are consistent with a prediction led 
from the hypothesis that n. rotundus is composed of functional subdivisions. The 
study was supported by a grant from NASA and USF.

PAIN MODULATION: PHARMACOLOGY—ADRENERGIC PERIPHERAL/CENTRAL

770.1

INVOLVEMENTS OF PURINERGIC SUBSTANCES IN NEUROPATHIC 
PAIN. S.K. Park*, K. Chung and J.M. Chung, Marine Biomed. Inst., Depts. 
of Anat. & Neurosci. and of Physiol. & Biophys., Univ. Texas Med. Br., 
Galveston, TX 77555.

Although sympathectomy relieves pain behaviors in a spinal nerve 
ligation model of neuropathic pain, adrenergic blockers are not consistently 
effective. We tested the hypothesis that this paradox is because 
sympathectomy not only blocks adrenergic transmitter release, but also 
impairs the release of the co-transmitter, ATP. To test this, we examined the 
effects of systemic injection of a purinoreceptor blocker, suramin, on 
mechanical hypersensitivity of neuropathic rats in combination with the 
adrenoreceptor blocker, phentolamine.

Neuropathic rats were produced by tight ligation of the left L5/6 spinal 
nerves. One week later, the mechanical thresholds of paw flinch were 
determined before and after i.p. injection of one of the following drugs: 
phentolamine (5 mg/kg), suramin (100 mg/kg), a combination of 
phentolamine and suramin, and saline.

Injection of phentolamine or suramin alone did not produce any change 
in mechanical thresholds. However, injection of the combination of 
phentolamine and suramin raised the mechanical threshold significantly in 
about half of the neuropathic rats.

Our results suggest that ATP, in combination with adrenaline, is 
involved in the sympathetic action of maintaining pain behaviors in 
neuropathic rats. (Supported by NIH grants NS31680, NS35057 and 
NS11255)

770.2

INVOLVEMENT OF THE SYMPATHETIC NERVOUS SYSTEM IN PERIPHERAL 
OPIOID ANALGESIA. Waltraud Binder, Li Zhou, Michael Schafer?Christoph Stein. 
Dep. of Anesthesiology, Freie Universitat Berlin, Germany, and The Johns Hopkins 
University, Baltimore,USA
The aim of this study was to investigate the involvement of the sympathetic nervous 
system, specifically peripheral adrenergic neurotransmitters, in endogenous opioid 
analgesia within inflamed tissue. Four days after injection of 0.15 ml of Freund’s 
complete adjuvant into the right hind paw of male Wister rats, antinociceptive effects of 
intraplantar (i.pl.) or i.v. noradrenaline (10-100 ng) and isoprenaline (10-100 ng) were 
measured by paw pressure algesiometry. To test specificity, a- (phentolamine, 60 - 600 
ng) and |3- (propanolol, 60 - 600 ng) adrenergic antagonists were coadministered with 
the agonists. Selective p- (CTOP, 25 - 400 pg), 5- (naltrindole, 20 - 200 pg) and k - (nor 
BNI, 20 - 200 pg) opioid receptor antagonists were used to identify the opioid receptors 
mediating antinociceptive effects. The effect of adrenergic antagonist pretreatment and 
sympathetic neurotransmitter depletion (6-hydroxydopamin: 75 mg/kg i.p. for three 
days) on cold water swim stress (CWS; 4°C for 1 min)-induced antinociception was 
also investigated. Intraplantar noradrenaline (and to a lesser extent isoprenaline) 
produced dose-dependent antinociception (P < 0.05, linear regression). This effect was 
completely abolished by the opioid antagonist CTOP and reduced by naltrindole (80%), 
while norBNI was not effective. The effect was adrenoreceptor-specific because it was 
reversed by propanolol and phentolamine. CWS-induced antinociception was abolished 
following 6-hydroxydopamine and was reduced by the adrenergic antagonists 
propanolol (67 %), phentolamine (79 %) and their combination (86 %) (P < 0.05, linear 
regression). These results indicate that noradrenaline- induced antinociception is 
mediated via adrenergic and opioid receptors and most likely involves the release of 
opioid peptides within inflamed tissue. In addition, the mechanism for CWS-induced 
antinociception apparently involves the release of noradrenaline from postganglionic 
sympathetic neurons.
Acknowledgements: Supported by Deutsche Forschungsgemeinschaft (Ste 477/4-1)
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770.3

ADRENOCETOR SUBTYPE MEDIATING ONGOING AND COLD- 
INDUCED PAIN BEHAVIORS IN RATS WITH NERVE-LIGATION 
INJURY. J.W. Leem*, Y.S. Gwak, T.S. Nam, and K.S. Paik. Dept. 
of Physiology, Yonsei Univ. Col. Med., Seoul, Korea.

The aim of this study was to identify adrenoceptor subtype mediating 
ongoing and cold-induced pain behaviors that were developed with a 
sympathetic dependency in rats with L5/L6 spinal nerve ligation (SNL).

Ongoing and cold-induced pain behaviors were examined for 5 min 
by measuring cumulative duration of time that the rat lifted its foot off a 
plate held at room or a cold temperature. Comparisons in each pain 
behavior were made between SNL rats and SNL rats treated (i.p.) with 
adrenoceptor subtype antagonist before or after neuropathic surgery.

In SNL rats, foot lifting on the ligated side at both temperatures 
increased as compared to the pre-operative period. When antagonist was 
treated on SNL rats preoperatively, the development of increased 
ongoing foot lifts was partially suppressed by either prazosin or 
yohimbine, and the development of increased cold-induced foot lifts 
was suppressed by prazosin without being affected by yohimbine. A 
similar pattern of suppression was observed when antagonist was treated 
on SNL rats postoperatively.

The results indicate that ongoing pain behavior is mediated by both 
alpha-1 and alpha-2 adrenoceptors, and that cold-induced pain behavior 
is mediated primarily by alpha-1 adrenoceptor. (Supported by KOSEF 
975-0700-006-2)

770.4
NORADRENALINE PRODUCES NON-SPECIFIC EFFECTS IN AXOTOMIZED 
NEURONS IN DRG ISOLATED IN VITRO. M. Lopez de Armentia, M. Stebbing, 
P.W. Hodges*, E.M. McLachlan. Prince of Wales Medical Research Institute, High 
Street, Randwick, NSW 2031, Australia.

Noradrenaline (NA) has been suggested to mediate chronic pain after peripheral 
nerve trauma by activating primary sensory neurons via a-adrenoreceptors. It has 
been reported that in extracellular recordings from dorsal root ganglion (DRG) 
preparations in vitro, NA (100-500pM) increased or generated ongoing activity in 
some neurons but nothing is known about the mechanism of this effect.

NA (lOpM-lmM) was applied to neurons impaled with high resistance 
microelectrodes in DRGs (L4-L5) isolated in vitro together with their dorsal roots 
from rats in which the relevant spinal nerve was transected 3 weeks previously. lOpM 
NA applied to the bath for 5s produced a small depolarization (2-6 mV) which lasted 
2 to 10 minutes in 85% of cells tested. The same type of response was observed in 
Aa/p, A8 and C axotomized neurons. Similar responses were observed when higher 
concentrations of NA were used (0.1-1 mM). In control neurons, application of NA 
produced a similar response. The a-adrenoreceptor blocker, phentolamine 5pM, did 
not affected the responses to NA. Specific a-adrenoreceptor agonists (phenylephrine 
1 mM, clonidine ImM) did not evoke any response in either axotomized or control 
DRG cells.

Catecholamines are easily oxidized due to their reactive catechol moiety. When 
catechol (ImM) was applied to axotomized and control DRG neurons it produced 
responses similar to those produced by NA. These data suggest that any effects of NA 
on DRG somata are not mediated by specific a-adrenoreceptors.
Supported by the NH&MRC of Australia (970908).

770.5

ALPHA, ADRENORECEPTOR mRNA EXPRESSION IN THE 
DORSAL ROOT GANGLION (DRG) AFTER SPINAL NERVE 
LIGATION. J. Xie*, J.M. Chung and K. Chung. Marine Biomed. Inst., 
Depts. of Anat. & Neurosci. and of Physiol. & Biophys., Univ. Texas Med. 
Br., Galveston, TX 77555.

Our previous study showed that segmental spinal nerve injury in 
Lewis rats produces adrenergically dependent pain behaviors that are 
mediated by a, adrenoreceptors (a,-AR). Here we test the hypothesis that 
there is an up-regulation of one or more subtypes of a,-ARs in sensory 
neurons after spinal nerve injury by examining the mRNA expressions of 3 
subtypes of AR (a,A/c, o -ib , and a,o) in the DRG of normal and nerve 
injured Lewis rats.

The L4-5 spinal nerves were ligated bilaterally in Lewis rats. One 
week later, the L4-5 DRGs were collected and total RNA isolated. The 
mRNA’s for 3 subtypes of a,-AR were measured using RNase protection 
assays.

These results show that the mRNA of a,A/c-AR was greatly 
reduced while that of a,B-AR was slightly increased after nerve ligation. 
The a,D-AR mRNA was not detected either in normal or in nerve injured 
DRGs. This suggests that the a,-AR subtype is not significantly up- 
regulated in the DRG after spinal nerve injury. Whether adrenergic 
dependency is due to down-regulation of a,A/c-AR is not clear at the 
present time. (Supported by NIH grants NS31680, NS35057 and NS11255)

770.6
CATECHOLAMINERGIC NEURONS ARE INCREASED IN DORSAL 
ROOT GANGLIA FROM PAIN PATIENTS K.E. Rogers*, M.R. 
D’Andrea, and A.L. Oaklander2. Drug Discovery, RW Johnson Pharm. 
Res. Inst., Spring House PA 19477; 2Depts. of Anesthesiology and 
Neurology, Massachusetts General Hospital, Boston MA 02114.

Peripheral sensory neurons use multiple neurotransmitters; 
predominantly glutamate and various peptides. Studies of rodents with 
experimental neuropathic pain have demonstrated that noradrenergic 
axons sprout into dorsal root ganglia (DRG) and form basket-like 
structures around sensory neurons, providing a potential substrate for a 
sympathetic contribution to neuropathic pain. We have investigated 
whether similar events occur in human pain patients. Pathological DRG 
were obtained after being surgically removed from patients with well- 
characterized neuropathic pain syndromes. Age-matched normal 
ganglia were obtained at autopsy. Sections from these DRG were 
incubated with antibody recognizing tyrosine hydroxylase (TH). In 
normal ganglia, approximately 15% of neuron-specific-enolase (NSE) 
positive neurons were also TH positive. Co-localization with other 
markers, such as calcitonin gene related peptide and dopamine B- 
hydroxylase, is being used to further define this population. No TH 
positive axonal baskets were evident in DRG from neuropathic pain 
patients, but on average, the proportion of NSE positive neurons that 
were also TH positive was approximately doubled. This study failed to 
demonstrate a human correlate of the TH positive axonal processes 
described in rat models of neuropathic pain, but provides preliminary 
evidence for involvement of catecholaminergic sensory neurons in 
chronic pain.

770.7

INTERACTION BETWEEN CLONIDINE AND OPIATES IN AN 
ANIMAL MODEL OF NEUROPATHIC PAIN. B.H. Lee1’3*, J.S. 
Yoon1,3, R, Won1’3, K.H, Lee1’3, J-H. Sohn4, Y.G. Park2’3. ’Medical 
Research Center, "'Dept. of Neurosurgery, 3Brain Research Institute, 
Yonsei Univ. College of Medicine, C.P.O. Box 8044, Seoul 120-752, 
Korea. 4Dept. of Psychology, Chungnam Nat'l Univ., Taejon 305-764, 
Korea.

Clonidine, an a 2-adrenergic agonist, is a potent antihypertensive 
drug. It also has a very powerful antinociceptive effect like opiates. 
Clonidine and opiates cross-react and produce similar effects on 
various systems. This indicates that there is an interaction between 
clonidine and opiates. The present study was conducted to determine 
if clonidine interacts with opiates or not in an animal model of 
neuropathic pain.

Under pentobarbital anesthesia, male Sprague-Dawley rats were 
subjected to neuropathic surgery by tightly ligating and cutting the 
left tibial and sural nerves, leaving the common peroneal nerve intact. 
For the purpose of intrathecal injection of clonidine, a catheter was 
passed under the arachnoid membrane until the tip was positioned at 
the 13th thoracic segment. Behavioral tests for mechanical sensitivity 
to von Frey filament and thermal sensitivity to acetone were 
conducted for 2 weeks postoperatively. Intrathecally administered 
clonidine inhibited mechanical allodynia and cold allodynia. 
Intraperitoneally applied naloxone, an opioid antagonist, reversed the 
antinociceptive effects of clonidine. These results suggest that 
clonidine and opiates may interact with each other in neuropathic 
pain symptoms which have been previously known to resistant to 
opiates. This work was supported by KOSEF 981-0713-095-2.

770.8
SPINAL ALLOGRAFTS OF ADRENAL MEDULLA REDUCE WIND-UP OF 
DORSAL HORN CELLS TO C-FIBER INPUT. I.P. Hentall1,2*, C.W. Hunter1,
B.R. Noga’, and J. Sagen’. ’The Miami Project to Cure Paralysis, U. Miami 
School Med., Miami, FL 33136 and 2U. Illinois Coll. Med., Rockford, IL 61107.

Adrenal chromaffin cells from primary cultures or directly excised tissue 
markedly reduce pain when implanted subdurally in the spinal canal of rats or 
humans. We have been exploring the physiological basis for this effect.

Adult male Sprague-Dawley rats underwent a laminectomy over the L3/L4 
spinal segments to receive adrenal medullary (n=5) or control striated muscle 
(n=5) tissue from adult allogeneic donors through a small slit in the dura. Pain 
responses were tested 3-4 weeks later by intraplantar subcutaneous formalin 
injection. Rats with adrenal medullary grafts showed a significant reduction in 
hind paw flinching, compared to controls.

Within 1 week after pain testing, the laminectomy was reopened under halo- 
thane anesthesia (1-1.5% in air). Single dorsal horn neurons were recorded 
extracellularly within the level of the implant or <3 mm rostral. Electrical 
stimuli were applied through bipolar needle electrodes to the foot (0.1 Hz, 10 to 
40 V, 1 ms). Cells showing spikes at both A-fiber (<20 ms) and C-fiber latencies 
(60-300 ms) were tested for wind-up, by giving 20 stimuli at 1 Hz. The se-
quential rise in the spike count at long latencies (60-800 ms) was significantly 
less in cells of adrenal-implanted than muscle-implanted rats (both n=10). 
Linear regression slopes for pooled data were 0.15 ±0.13 and 0.47 ±0.14 
(spikes/stimulus, ±95% conf, level). Since implants were fully or partially re-
moved for recording, the lowered wind-up may have been of neurotrophic origin.

We conclude that adrenal implants produce analgesia partly by reducing wind-
up, which should lower sustained acute nociception.

Supported by NIDA grant DA 10546.
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770.9
ANTINOCICEPTIVE PHARMACOLOGY OF INTRATHECAL TRANSPLANTS OF 
BOVINE ADRENAL CHROMAFFIN CELLS J.Sagen' *, Y. Lu2, and D. C. Yeomans2. 
'The Miami Project to Cure Paralysis, Univ. of Miami Sch. Med., Miami, FL 33136; 
2Depts. of Anatomy and Cell Biology and Anesthesiology, Univ. of Illinois at Chicago, 
Chicago, IL 60612.

The antinociceptive effects of transplants of free bovine adrenal chromaffin cells into 
the intrathecal space of rats have been previously demonstrated. The differential effect 
of these transplants on responses mediated by the activation of different nociceptor types, 
particulary with regards to the pharmacology of these antinociceptive effects has not 
been examinined. The purpose of this study was to compare the effects of 
transplantation of chromaffin cells on responses mediated by the activation of A6 and 
C fiber thermonociceptors and to examine which pharmacologic receptor categories 
mediate these effects.

Bovine chromaffin cells were isolated and differentially plated, resulting in a 
preparation of chromaffin cells that was approximately 90% pure. Approx. 350,000 cells 
were infused into the intrathecal space of adult male Sprague Dawley rats. No 
immunosuppression was used.

Five days after transplantation, the animals were lightly anesthetized with 
pentobarbital (35 mg/kg, i.p.). Latencies to foot withdrawal responses evoked by low 
(C fiber) or high (AS) rate skin heating were measured over the next hour. The following 
day, the animals were given a transcutaneous intrathecal injection of one of the following 
in a 20 pi solution: 100 nmoles Idazoxan (a2 antagonist); 100 nmoles MPPI (5-HT1A 
antagonist); 200 nmoles naloxone (opiate antagonist); or saline vehicle. Response 
latencies were then retested. Rats demonstrated significant (p < 0.05, ANOVA) 
antinociception for C, but not AS mediated responses. These effects were significantly 
attenuated by all three antagonists, but not by saline, implicating spinal opiate, a2, and 
5-HT-1A receptors in the C fiber antinociceptive effects of chromaffin cell transplants. 
Supported by DA08256 (DCY) and DA 10546 (J.S.).

770.10

ROLE OF MUSCARINIC AND NICOTINIC RECEPTORS IN CLONIDINE- 
EVOKED NITRIC OXIDE RELEASE IN SPLNAL CORDS OF 
NEUROPATHIC RATS. Z Xu,* SR Chen, JC Eisenach, and HL Pan Dept. 
of Anesthesiology, Wake Forest Univ. Sch. Med., Winston-Salem, NC 27157

Intrathecal administration of a2 adrenergic agonists, such as clonidine, is 
effective to alleviate neuropathic pain. Recent studies suggest that nitric oxide 
mediates the analgesic effect of clonidine. Compared to nicotinic receptors, 
muscarinic receptors play a greater role in the analgesic effect of intrathecal 
clonidine. In the present study, we tested a hypothesis that clonidine-evoked 
nitric oxide release is more dependent on muscarinic receptors in spinal cords 
from rats after nerve injury. Neuropathy was induced by ligation of the left 
L5/L6 spinal nerves in rats. Using an in vitro spinal cord perfusion preparation, 
the effect of muscarinic and nicotinic receptor antagonists on clonidine-evoked 
nitrite (a stable product of nitric oxide) release was assessed. Both muscarinic 
and nicotinic antagonists dose-dependently attenuated clonidine-elicited nitrite 
release. The inhibitory effect of atropine and scopolamine on nitrite release was 
more pronounced, compared to similar concentrations of mecamylamine and 
hexamethonium. However, in spinal cords obtained from sham animals, the 
inhibitory effect of muscarinic and nicotinic antagonists on nitrite release was 
not significantly different. These results suggest muscarinic as well as nicotinic 
receptors mediate clonidine-induced nitric oxide release in the spinal cord. 
Furthermore, these data suggest that after nerve injury, the interactions between 
a2 adrenergic receptors, muscarinic receptors, and nitric oxide in the spinal cord 
plays a predominant role of the analgesic effect of intrathecal clonidine on 
neuropathic pain.

Supported by HL-60026 from NIH.

770.11
CHOLINERGIC SPINAL INTERNEURONS ARE RESPONSIBLE FOR 
CLONIDINE-INDUCED ACETYLCHOLINE RELEASE IN A CHRONIC 
NEUROPATHIC PAIN RAT MODEL. X. Paqueron, X. Li, J.C. Eisenach*. Dept. 
of Anes., Wake Forest Univ. School of Medicine; Winston-Salem, NC 27157,

Intrathecal (IT) injection of the a2 agonist Clonidine (CLO) produces spinal 
analgesia, and is thought to stimulate the release of acetylcholine (ACh). 
Nevertheless, the source of released ACh has not been determined. We studied, in 
a rat model of chronic pain, the involvement of cholinergic interneurons on CLO- 
induced analgesia and ACh release. Male Sprague-Dawley rats (275-350 gr.) with 
spinal left L5-L6 posterior spinal nerve ligation randomly received IT a single 
injection either of saline (n=8), or 2 or 5 nMoles of the neurotoxin AF64-A 
(ethylcholine mustard aziridium, n=8 and 9 respectively). Results are mean ± SD. 
The mechanical threshold remained similar before and 7 days after treatment 
(around 2 gr.). The analgesic effect of IT CLO (15 gg) was reduced in both groups 
receiving AF64-A compared to saline (saline =• 22.28 x 10.4 gr.; 2 nM = 9.26 x 8.0 
gr.; 5 nM 4.4 ± 4.1 gr., p < 05). Compared to saline ACh concentration of the 
dorsal horn decreased after AF64-A treatment (saline = 3.50 ± .27 pmol/mg of 
tissue; 2 nM = 2.64 ± .81 pmol/mg; 5 nM = 2.52 ± .19 pmol/mg, p <05). Thus, 
destruction of the spinal cholinergic interneurons did not alter the hyperalgesia in 
nerve injured rats, but decreased the analgesic efficacy of IT CLO and reduced the 
ACh concentration of the dorsal horn. This is the first evidence that cholinergic 
interneurons may be the origin of CLO-induced ACh release. This result also 
suggests that the cholinergic interneurons are not directly involved in the 
mechanisms of maintenance of hyperalgesia since the mechanical threshold was 
not altered by the decrease of ACh.
Supported in part by NIH grant GM35523. X Paqueron is supported by a grant 
from the "Societe Franchise d'anesthesie et de Reanimation".

770.12

POTENTIATED OPIOID ANALGESIA IN NOREPINEPHRINE 
TRANSPORTER KNOCKOUT MICE
F. Xu, L. Bohn, K. Miller, Y-M. Wang*, M. G. Caron. Howard Hughes 
Med. Inst., Dept. of Cell Biology, Duke Univ. Medical Center, Durham, 
NC 27710.
Activation of the noradrenergic system presumably through a-2 
adrenergic receptors can induce analgesia and also potentiate opiate- 
mediated antinociception (Stone et a!., J Neurosci 1997, 17:7157-65). 
Desipramine, a potent inhibitor of norepinephrine reuptake, has been 
extensively shown in animal studies to enhance the analgesic effects of 
opiates. In addition in human, tricyclic antidepressants (TCA) are 
reported to modulate pain perception. Therefore, we sought to examine 
this paradigm in a mouse line genetically engineered to lack a functional 
norepinephrine transporter (NET-KO). Treatment of mice with 
morphine (10 mg/kg, s.c.) produced greater analgesia as assayed in the 
warm water tail flick assay in NET-KO than in wild type mice and no 
difference was observed in the basal threshold between the two genotypes. 
The oc-2 adrenergic antagonist, yohimbine, blocked the potentiation of the 
opiate-dependent analgesia. The same potentiated effect was observed in 
the NET-KO mice when tested in an endogenous model of analgesia (3 
min swim in 33”C water). This paradigm is mediated by endogenous 
opioids as the analgesia observed in the NET-KO mice was reversed by 
the opiate antagonist naloxone. These results demonstrate in an animal 
model that both endogenous and exogenous opiate-mediated analgesia 
can be enhanced by activation of the noradrenergic system. Moreover, 
these results support that the NET-KO may represent a model to examine 
the mechanisms underlying TCA attenuation of pain perception.
Supported in part by NIH grant and NS 19576 and a Bristol Myers 
Squibb Unrestricted Award (M.G.C.)-

770.13

ANTINOCICEPTIVE PROFILE OF RWJ-52807 Charlene D. Connelly*. John R. Carson, 
Philip M. Pitis, Richard J. Carmosin, Allen B. Reitz, Robert B. Raft'a and Ellen E. Codd. The
R.W. Johnson Pharmaceutical Research Institute, Spring House, PA 19477-0776 and Temple 
University, Philadelphia, PA 19140.

RWJ-52807 is a structurally novel adrenergic receptor agonist. In radioligand binding 
studies, RWJ-52807 has Ki values of 61 and 9nM at the ar and cs-adrenoceptor respectively, 
providing 6.5-fold selectivity for co over cq-adrenoceptors. In vitro functional studies show 
that RWJ-52807 is an agonist at the a2A site. The antinociceptive profile of RWJ-52807 was 
evaluated following oral administration in the mouse abdominal irritant test, rat abdominal 
irritant test, and the mouse 48°C hot plate test. RWJ-52807 was efficacious in each test, with 
ED5o values of 5.8, 23.1, and 14.2 mg/kg respectively. The antinociception of RWJ-52807 
was apparent within 15-30 minutes and lasted 4-5 hours in the mouse abdominal irritant test. 
2-3 hours in the rat abdominal irritant test and 1 hour in the mouse 48°C hot plate test. The 
antinociceptive activity of RWJ-52807 was also evaluated in the presence of several 
antagonists for neural receptors to obtain information about the compound’s mechanism of 
action. The antagonists were administered subcutaneously over a range of doses from 0.003 
to lOmg/kg. RWJ-52807 was administered orally at its approximate ED90 dose for the mouse 
abdominal irritant test and the mouse 48°C hot-plate test. The antagonists (and the receptors 
for which they are selective) used were: idazoxan («2-adrencrgic, L), atipamazole (a2- 
adrenergic). prazosin (oq-adreneigic). naloxone (opioid), ritanscrin (5-HT2), methiothepin (5- 
HT,), and clozapine (5-HT^). The antinociceptive activity of RWJ-52807 in the mouse 
abdominal irritant test was fully blocked by atipamazole and partially blocked by idazoxan. 
Prazosin, naloxone, rilanserin, methiothepin, and clozapine did not inhibit the antinociception 
of RWJ-52807 in the mouse abdominal irritant test. The antinociceptive activity of RWJ- 
52807 in the mouse 48°C hot-plate test was fully blocked by atipamazole. Neither prazosin 
(1 mg/kg) nor idazoxan (1 mg/kg) reduced RWJ-52807 (30mg/kg) -induced antinociception. 
These in vivo antagonist studies confirm an a2-adrenergic agonist role in RWJ-52807- 
mediated antinociception. RWJ-52807 is a novel therapeutic agent for the potential treatment 
of moderate to severe pain states.
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771.1
EFFECTS OF GABAPENTIN ON SYNAPTIC TRANSMISSION AND 
SIGNAL TRANSDUCTION IN LAMINA II NEURONS OF THE ADULT 
RAT SPINAL CORD. K. A. Moore*, H. Baba, R. R. Ji, and C. J. Woolf. 
Department of Anesthesia and Critical Care, Neural Plasticity Research Group, 
Harvard Medical School and Massachusetts General Hospital, Charlestown, MA, 
02129.

Gabapentin, a 3-substituted GABA analog, is a remarkably effective treatment for 
neuropathic pain in both animal models and humans. Though it was originally 
synthesized as a GABA analog, gabapentin is not a GABA mimetic. Gabapentin 
has been shown to interact with the a25 subunit of voltage-dependent Ca2+ channels, 
however the cellular mechanisms of gabapentin’s antinociceptive effect have 
remained elusive. Modulation of synaptic transmission between primary afferents 
and substantia gelatinosa (SG) neurons (lamina II of the spinal dorsal horn) as well 
as blockade of postsynaptic signal transduction are two potential mechanisms of 
gabapentin action. We have used an in vitro preparation to study the effects of 
gabapentin (100 pM) on synaptic transmission and signal transduction in the adult 
rat spinal cord. Thick (500- 600 pm) transverse spinal cord slices, with either the 
L4 or L5 dorsal root left intact, were prepared from naive and nerve injured rats. 
The effects of gabapentin on both spontaneous and Ag- or C-fiber evoked post-
synaptic currents (EPSCs: Vh = -70 mV; IPSCs: Vh = 0 mV) were examined using 
the blind whole-cell patch-clamp recording technique. The effect of gabapentin on 
primary afferent fiber evoked activation of signal transduction pathways in SG 
neurons was also investigated. (Supported by an unrestricted gift from Parke- 
Davis.)

771.2
REPEATED BUT NOT SINGLE INJECTIONS OF GABAPENTIN ATTENUATE 
PAIN-RELATED BEHAVIOUR IN A RAT MODEL OF TRIGEMINAL 
NEUROPATHIC PAIN. D. Christensen, M. Gautron, G. Guilbaud and V, Kayser*. U 
161 INSERM, 2 rue d’ Alesia, 75014 Paris, France.

Chronic constriction injury to the infraorbital nerve (CCI-IoN) of the rat induces 
sensory abnormalities in the trigeminal area which may reflect some aspects of 
trigeminal neuropathic pain. Beginning on post-operative day 7-12, rats with a CCI- 
IoN display asymmetric face grooming directed to the injured nerve territory and a 
hyperresponsiveness to mechanical stimulation of the vibrissal pad which may be 
indicative of paraesthesias/dysesthesias and mechanical allodynia (Vos et al., 1994, J. 
Neurosci; Idanpaan-Heikkila and Guilbaud, 1999, Pain).

Gabapentin (Neurontin®) is a novel antiepileptic with an unknown mechanism of 
action. Clinical reports indicate that this substance relieves trigeminal neuropathic pain 
including trigeminal neuralgia. We examined the antinociceptive effect of acute and 
chronic treatment with gabapentin in the CCI-IoN model of peripheral neuropathy.

The mechanical response thresholds (MRT, in grams) were evaluated one day 
before (mean MRT > 12.5 g) and 2 weeks after surgery using a graded series of von 
Frey filaments. The filaments were successively applied within the IoN territory near 
the center of the vibrissal pad until the force inducing either 1. a brisk withdrawal 
reaction, 2. escape/attack, 3. repetitive face wash strokes, was reached. On post-
operative day 14 the mean MRT was 0.3 ± 0.03 g (n=32) in CCI-IoN rats and 11.2 ±
1.3 g in sham-operated rats (n=8). Single injections of gabapentin (3, 10, 30, 100 
mg/kg i.p.) had no effect on the MRT. In contrast, repeated injections (30 mg/kg i.p. x 
5) separated by an interval of 1.7 hours (the half-life of the drug in the rat) increased 
the MRT (peak-effect 4.7 ± 1.8 g) and produced no significant effect on motor 
coordination. These data further indicate that chronic treatment with gabapentin may 
alleviate trigeminal neuropathic pain. (Supported by INSERM and the Danish 
Research Academy)

771.3

GABAPENTIN POTENTIATES NMDA RESPONSES IN 
GABAERGIC DORSAL HORN NEURONS. Y. Gu1* and L.-Y. M. 
Huang1,2. ’Marine Biomedical Institute and department of Physiology 
and Biophysics, University of Texas Medical Branch, Galveston, 
Texas 77555-1069.

The antiepileptic agent, gabapentin, was found to reduce nociception in 
patients and prevent hyperalgesic responses in animals. We have shown 
that gabapentin enhances NMDA responses in dorsal horn cells with 
elevated protein kinase C (PKC). To understand the consequence of this 
action, it is important to find out if neurons responding to gabapentin are 
excitatory or inhibitory neurons. We therefore determined GABA content 
in our recorded cells. NMDA responses were recorded from single dorsal 
horn neurons isolated from the rat spinal cord using patch clamp 
techniques. The recorded cells were marked intracellularly with Lucifer 
Yellow (LY) or biocytin, postfixed and stained with an antibody against 
GABA using standard immunocytochemical techniques. In 75% of the 
cells tested, gabapentin potentiated NMDA-evoked currents when PKC 
was intracellularly introduced into the cells. GABA immunoreactivity 
was seen in LY-labeled cells. The level of labeling in cells was not 
uniform. Many cells were intensely labeled. Most labeled cells were 
multipolar and some were bipolar. These results suggest that most 
neurons responding to gabapentin are GABAergic. Increasing the activity 
of GABAergic neurons in the spinal dorsal horn may underlie the 
antinociceptive action of gabapentin. Supported by NIH grants NS30045, 
NS11255, Human Frontier RG0073/96, and Park Davis Co.

771.4

PHENYTOIN-INDUCED ANTI-HYPERALGESIA BUT NOT 
ANTINOCICEPTION IN THE RAT TAIL-FLICK TEST
R.N. Sharif. K, Yashpal* and J.L.Henrv. Depts. of Physiology and 
Psychiatry, McGill University, Montreal, Qc IDG 1Y6.

Antiepileptic drugs, such as phenytoin, are used occasionally for 
treatment of pain but the mechanism of the analgesic action remains 
to be determined. The present study examines the effect of spinal 
administration of phenytoin in the formalin test and in two paradigms 
of hyperalgesia using the tail withdrawal reflex in awake male 
Sprague Dawley rats (300-350 g). Neither intrathecal (10 pg, N=5) 
nor intraperitoneal (lOmg/kg, N=5) administration of phenytoin had 
any effect on formalin-induced nocifensive behaviours. In rats 
pretreated with CSF, intrathecal administration of substance P (6.5 
nmol, N=5) or of NMDA (1 nmol, N=5) elicited the typical transient 
hyperalgesia, which was maximum at one min after administration 
and which lasted 5-10 min. Pretreatment with 1 pg phenytoin 
intrathecally (N=10) reduced both types of hyperalgesia and 10 pg 
(N=10) blocked them completely. In no case did phenytoin alter 
baseline reaction time (N=20). These data indicate that spinal 
administration of phenytoin blocks hyperalgesia but has no effect on 
brief nociceptive responses. This study therefore provides evidence 
for a spinal action of anticonvulsants in attenuating nociceptive 
mechanisms, and this action is specifically on hyperalgesia rather than 
on nociceptive pain. {Supported by the Canadian MRC).

771.5

NICOTINE ANALGESIA; THE EFFECTS OF CHRONIC SUCROSE 
INTAKE IN FEMALE RATS
R.B, Kanarek.*, S. Mandillo. Dept. of Psychology, Tufts University, 
Medford, MA 02155.

The objective of this study was to evaluate the effects of duration 
chronic sucrose intake on analgesia induced by nicotine. Female Long 
Evans rats were given continuous access to water and chow. Half of these 
rats were also given a 32% (w/v) sucrose solution. After three weeks, the 
animals were injected with nicotine (0.1, 0.3, 1, 3 mg/kg, s.c.) using a 
cumulative dose regime and tested for analgesia 10 minutes after each 
injection using the tail flick test. The rats that had access to sucrose showed 
significantly higher levels of analgesia than animals fed chow only. After a 
total of five weeks of access to sucrose, the test was repeated. Five weeks of 
access to sucrose increased the antinociceptive effect of the lower doses of 
nicotine (0.1, 0.3, 1 mg/kg). These results show that chronic ingestion of a 
palatable solution enhances the antinociceptive properties of nicotine in rats. 
It can be hypothesized that a similar mechanism may be involved in the 
increase of sweet food intake observed in humans during withdrawal from 
nicotine.
This study was supported by Grant #RO1 DA04132 from NIDA

771.6

INTERACTION BETWEEN SPINAL NICOTINIC
ACETYLCHOLINE RECEPTORS AND ACETYLCHOLINE IN THE 
FORMALIN TEST IN RATS. A. Hama*, G.K. Lloyd and F, Menzaghi. 
SIBIA Neurosciences, Inc., La Jolla, CA 92037.

Intrathecal (i.t.) clonidine significantly reduces pain in humans. 
However, side effects are observed with i.t. clonidine at therapeutic 
doses, which precludes its general application. The effect of clonidine at 
the spinal level has been shown to be related to an increase of 
acetylcholine (ACh). The purpose of this study was to determine if 
further increasing spinal ACh by a nAChR agonist, such as epibatidine, 
could potentiate the analgesic effect of clonidine in an animal model of 
pain. The effect of the co-administration of clonidine and epibatidine on 
pain behavior was examined in the formalin test. A biphasic elevation of 
pain behaviors was observed over time in rats that received i.t. saline 
prior to hind paw formalin (5%) injection. Intrathecal pretreatment with 
epibatidine did not affect pain behaviors. Rats treated with i.t. clonidine 
displayed decreased early and late phase pain behaviors. Combination of 
clonidine and epibatidine shifted the clonidine dose response curve to the 
left. These data may suggest that significant analgesia may be obtained 
by enhancing spinal CSF ACh. Furthermore, these data suggest that co-
treatment with a known analgesic and a nAChR ligand, may be useful in 
the treatment of pain.
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771.7
EFFECT OF EPIBATIDINE ON PAIN-RELATED BEHAVIORS IN 
RATS WITH PERIPHERAL NERVE INJURY. J. Hittner*, J. Peay, A. 
Hama. G.K. Lloyd and F. Menzaghi. SIBIA Neurosciences, Inc., La 
Jolla, CA 92037.

The non-subtype selective nicotinic acetylcholine receptor (nAChR) 
agonist epibatidine is more potent and efficacious than nicotine when 
evaluated in animal models of acute pain. However, epibatidine’s effect 
in animal models of persistent neuropathic pain has not been well 
characterized. It is possible that epibatidine may be preferentially 
efficacious to sensory disorders such as hyperalgesia and allodynia. 
Clarification of the analgesic properties of epibatidine should enable 
understanding of the role of nAChRs in the modulation of abnormal pain 
processes. For this purpose, the effect of epibatidine was examined in 
rats with loose ligation of the sciatic nerve or tight ligation of spinal 
nerves L5/L6. Responsiveness to innocuous cold and touch and noxious 
heat stimuli were evaluated. Epibatidine reduced thermal hyperalgesia 
and tactile allodynia in nerve injured rats but was not as efficacious at 
reducing symptoms of cold allodynia. The differential effects of 
epibatidine suggest that different neural mechanisms underlie 
hyperalgesia and allodynia. The analgesic effect of epibatidine on 
different pain syndromes may be mediated by different nAChR subtypes. 
Thus, subtype selective nAChR ligands may be useful in the potential 
treatment of specific types of pain.
Supported by SIBIA Neurosciences, Inc.

771.8
INVOLVEMENT OF MUSCARINIC M3 RECEPTORS 
IN THE SPINAL CORD IN FORMALIN-INDUCED 
NOCICEPTION IN MICE. K. Honda, T. Harada, R. Saito, Y. 
Takano* and H. Kamiya, Dept. of Pharmacology, Fac. of 
Pharmaceutical Sciences, Fukuoka Univ., Fukuoka 814-0180, Japan

We studied the role of cholinergic nervous in the spinal cord in 
formalin-induced nociception in mice. The injection of formalin into the 
hind paw of mouse induces a biphasic increase in licking and biting 
responses, the first phase of the response lasting for 5 min and second 
phase lasting for at least 30 min from approximately 7 min after 
theinjection. Pretreatment with the muscarinic antagonist atropine (0.1- 
10 ng, i.t.) and selective M3 receptor antagonist 4-DAMP (0.1-20 ng, 
i.t.) inhibited only the the second phase of the formalin-induced 
responses in a dose-dependent manner but high doses of atropine (20 - 
100 ng, i.t.) did not inhibit. However, the selective Mj receptor 
antagonist pirenzepine and M2 receptor antagonist AF-DX116 had no 
effect on both phase of responses. Pretreatment with the choline uptake 
inhibitor hemicholinium-3 (1 gg, i.t.) abolished the 4-DAMP-induced 
antinociceptive response. Pretreatment with the acetylcholinesterase 
inhibitor neostigmine (25 ng, i.t.) significantly inhibited only the second 
phase of response.

These data support the possibility that endogenous acetylcholine in the 
spinal cord acts as a transmitter in antinociception, and suggest that 
acetylcholine release regulated by presynapic M3 receptors is involved 
in the formalin-induced continuous nociception.

771.9

CONTULAKINS: POTENT, BROAD-SPECTRUM ANALGESIC CONOPEP-
TIDES. J.D. Wagstaff1*, R.T. Layer1, A.G. Craig2, B.M. Olivera3 and R.T.

McCabe*. 1 Cognetix, Inc., Salt Lake City, UT 84108; 2 Salk Institute, La Jolla, CA 
92186; 3Dept. Of Biology, University of Utah, Salt Lake City, UT 84112.

Contulakin G (g-CTL) is a novel glycosylated conopeptide from the 
marine snail Conus geographus that shares homology with neurotensin 
(NT), but has a unique in vitro binding profile at cloned NT receptors. 
When administered intracerebroventricular (icv) injection into mice, NT 
is a potent analgesic in models of acute pain. To compare the analgesic 
properties of g-CTL and its non-glycosylated form (CTL) with NT, the 
three compounds were administered intrathecally (i.t.) or icv and assessed 
in models of acute, persistent, and neuropathic pain. Following icv 
administration, all three compounds equipotently increased the latency to 
response in the hot-plate test. In the formalin test after i.t. administration, 
both g-CTL and CTL dose-dependently blocked the second phase, with 
complete block at 100 pmol/mouse, and g-CTL significantly attenuated 
the phase 1 response. NT was approximately 100-fold less potent than g- 
CTL or CTL in the formalin test following i.t. administration. CTL at 
100 pmol i.t. completely reversed the mechanical allodynia following a 
partial sciatic ligation on the ipsilateral side, but did not significantly alter 
the mechanical threshold on the non-ligated side. The effects of g-CTL 
and NT will be compared in this model of neuropathic pain. Contulakins 
are novel, effective broad-spectrum analgesics with properties distinct 
from NT.

771.10

Small  Molecule  BRADYKININ BI Receptor  Antagonists : Role  in  
Pressor  and  Pain  Responses .
R.A. Horlick*, D. deBlois2, M.H. Ohlmeyer, B. Strohl, I.L. Stroke, G. Pan,
A.E. Schilling, V. Paradkar, J.G, Quintero. M. You, C. Riviello, R.E. Dolle,
M.L. Webb, J.J. Baldwin, and N.H. Sigal
Pharmacopeia, Inc., CN5350, Princeton, NJ 08543-5350, USA; 2CHUM 
Research Center, 3840 St-Urbain, Montreal (QUE) CANADA H2W 1T8

The efficacy of two small, non-peptide molecules, PS247664 (Kr = 12±1 
nM) and PS309799 (Kj = 3±1 nM), representative of Pharmacopeia’s 
human bradykinin BI receptor antagonist lead series, and their respective 
inactive regioisomers was assessed in primate (Vervet) models of [des- 
Arg'°]kallidin (dAK) mediated edema and hypotension. In both models, BI 
receptors were induced by systemic injection of lipopolysaccharides (LPS). 
Coinjection of [des-Arg10, Leu9]kallidin (dALK), or topically applied 
PS247664 and PS309799, were effective in reversing dAK-induced edema 
while neither inactive regioisomer was effective. Neither of the compounds 
was active when edema was induced by bradykinin (bk) demonstrating the 
BI specificity of the active compounds. In the hypotensive model, IV 
injection of dAK or bk caused a significant dose dependent decrease in 
blood pressure. Preliminary evidence shows that the dAK mediated pressor 
response was effectively antagonized by IV administration of PS309799, 
but not by its inactive regioisomer. These data suggest that members of 
Pharmacopeia’s lead series of BI antagonists offer an excellent opportunity 
to explore the role of BI receptors in disease models and represent a 
potential therapeutic avenue.

771.11

CHARACTERIZATION OF THE ANALGESIC PROPERTIES 
OF NOMIFENSINE IN RATS. A.K. Gilbert and K.B.J. 
Franklin*. Dept. of Psychology, McGill University, Montreal, 
PQ, Canada, H3A 1BL

Many classes of drugs that have high abuse potential also 
produce powerful centrally-mediated analgesia (Franklin, 1998). 
Like many dopamine stimulating drugs, nomifensine produces 
reinforcing effects in animals but its analgesic properties have not 
been studied. The aim of these studies was to examine the potential 
analgesic effects of systemically injected nomifensine in phasic 
and persistent models of pain. Nomifensine produced analgesia in 
the formalin test but not in the tail immersion and hot plate tests. In 
order to verify whether nomifensine analgesia is mediated through 
descending systems, descending fibers were shut off by 
microinjection of muscimol (50ng) in the nucleus raphe magnus 
(NRM). This procedure was previously shown to block opioid- 
induced analgesia (Gilbert and Franklin, 19^8). Microinjection of 
muscimol in the NRM did not alter nomifensine analgesia neither 
was this analgesia affected by pre-treatment with the opioid 
antagonist naltrexone s.c. (2.5 to 40 ^g/ml/kg). However, the 
dopamine antagonist eticlopride injected i.p. (181.3-270 ^g/ml/kg) 
dose-dependently reversed nomifensine analgesia. The results 
indicate that the analgesic effects of nomifensine in the formalin 
test are not mediated by opioid systems and do not require the 
integrity of descending fibers from the NRM. Nomifensine 
analgesia is dependent on dopaminergic systems which suggests 
the possibility of forebrain-mediated analgesia.
(Funded by NSERC, FCAR and MRC studentship to A.K.G.)

771.12
ANALGESIC AND PREEMPTIVE EFFECTS OF SPC-1: A NOVEL 
DERIVATIVE OF ACETAMINOPHEN. A.L, Vaccarino*2>, J.P. Latour* & N.G. 
Bazan2, ‘Department of Psychology, University of New Orleans, LA 70148; 
Neuroscience Center of Excellence, LSU Medical Center, New Orleans, LA 70112

In the present study the antinociceptive effects of SPC-1, a novel derivative of 
acetaminophen, were assessed. To examine the effects of SPC-1 in a model of 
inflammation, male Swiss Webster mice were injected with SPC-1 (200 mg/kg, i.p.) 
or vehicle (DMSO) 15 minutes before injection of 20 ul of 5% buffered formalin 
acetate into the plantar surface of one hind paw (the formalin test). The time spent 
licking the injected paw was recorded for 60 min after formalin injection. SPC-1 
produced a significant reduction in pain during the late phase of the formalin test (20- 
60 minutes after formalin injection). In a second experiment, the analgesic effect of 3 
related compounds (SPC-4, -5, & -6; doses: 0, 30, 100 & 300 mg/kg, i.p.) were also 
examined in the formalin test as described above. All three compounds produced dose- 
dependent analgesia during the late phase, with the highest doses of SPC-4 and -6 (300 
mg/kg) producing analgesia during the early phase as well (0-5 min after formalin 
injection). In a final study, to examine the preemptive effects of SPC-1 treatment in a 
model neuropathic pain, male long Evans hooded rats were injected with SPC-1 (300 
mg/kg, i.p.) 15 minutes before or after transection of the sciatic and saphenous nerves 
of one hind leg under sodium pentobarbital anesthesia. Autotomy behaviour was 
observed daily for the 30 days following nerve section. It was found that SPC-1 given 
before nerve section produced a significant reduction in autotomy behaviour for the 
entire 30-day observation period. However, SPC-1 given after nerve section had no 
affect. Taken together, these results suggest that SPC-1 (and related compounds) are 
a new class of acetaminophen-derived compounds with potent analgesic and/or 
preemptive properties. Supported by LSU Neuroscience Center (NGB) & NIDA Grant 
DA 11839(ALV).
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772.1

A BDNF-SYNTHESIZING CELL LINE AMELIORATES 
CHRONIC NEUROPATHIC PAIN. PJ. Cejas? J, A, Plunkett? M 
Martinez,1 S. Karmally? J. A. McKillop1, and M. Eaton1,2*. ’The 
Miami Project to Cure Paralysis and 2Dept. of Neurological Surgery, 
Univ. of Miami Sch. Of Med.; Miami, FL

Alterations in spinal biochemistry after PNS and CNS injuries may lead to 
the induction and maintenance of chronic pain. Changing the levels of inhibitory- 
neurotransmitters and neurotrophins in the dorsal horn micro-environment after 
injury Iras been proposed as a method to recover normal function such that the 
behavioral hypersensitivity to tactile and thermal stimuli does not lead to sensory 
dysthesias and chronic pain. To this end, we have investigated the use of cellular 
therapy to deliver the neurotrophin brain-derived neurotrophic factor (BDNF) after 
unilateral chronic constriction injury (CCI) of the sciatic nerve and examined the 
effects of subarachnoid grafts of a BDNF-synthesizing cell line on chronic pain. 
The rat BDNF gene was transfected into the conditionally-immortalized raphe 
neuronal cell line, RN33B, and the BDNF-cell line, 33B-4, isolated. In vitro 
analysis of the cell lines demonstrated that the 33B-4 cell line synthesizes 
significant levels of BDNF at permissive (33 °C) and after differentiation at non- 
permissive (39°C). After CCI and subarachnoid lumbar transplant of the cell 
lines, 33B-4 cells continue to survive and synthesize significant BDNF under 
control of the CMV promoter greater then 7 weeks after grafting. As well, one 
week after CCI plus transplant of 33B-4 cells, thermal hyperalgesia, tactile 
allodynia and hyperalgesia induced by CCI were potently and permanently 
reversed. These data suggest that chronic neuropathic pain is sensitive to BDNF 
levels after nerve injury and that cellular therapy could be used to reverse chronic 
pain after PNS and CNS injuries in humans. This work was supported by the 
Miami Project, NINDS R29-36438-03 and The Hollfelder Foundation.

772.2
CHANGES IN TRKB RECEPTOR-LIKE IMMUNOREACTIVITY AFTER 
CARRAGEENAN-INDUCED PERIPHERAL INFLAMMATION IN THE 
MOUSE. R. Groth and L. M, Aanonsen* Biology Dept., Macalester 
College, St. Paul, MN 55105

Previous studies have demonstrated that peripheral inflammation induces 
a nerve growth factor-mediated increased expression of brain-derived 
neurotrophic factor (BDNF) mRNA in the dorsal root ganglion (DRG). 
Further, the increased synthesis of BDNF occurs in the subtype of DRG 
neurons that expresses substance P and calcitonin gene-related peptide, 
known nociceptive transmitters that also increase following peripheral 
inflammation. Though BDNF is transported anterogradely from the DRG 
to terminals in the spinal cord, its functional role in spinal nociceptive 
processing remains unclear. Tyrosine kinase B receptors (trkB) 
preferentially bind BDNF and are expressed in the dorsal horn of the spinal 
cord. Modulation of these receptors following peripheral inflammation has 
not yet been characterized and is the puipose of this study.

Peripheral inflammation was induced in male, ND4 Swiss mice by 
bilateral intraplantar (ipl) injection (10 pi) of 6% carrageenan; ipl saline 
was injected in the control group. To assess hyperalgesia, a response to a 
noxious thermal stimulus (hotplate, 55 °C) was determined prior to 
treatment (baseline) and at various times after treatment. 
Immunohistochemistry was performed on fixed, frozen sections of spinal 
cord using an affinity purified polyclonal goat antibody raised against trkB 
and visualized using an avidin-biotin peroxidase complex. As previously 
shown, ipl. carrageenan induced a significant thermal hyperalgesic 
response. TrkB-like immunoreactivity in the superficial laminae of the 
lumbar spinal cord increased over time in the spinal cords of mice 
receiving ipl carrageenan when compared to controls. This suggests that 
trkB receptors are up-regulated following peripheral inflammation and 
further links BDNF in spinal nociceptive processing. This research was 
supported by a grant from the Howard Hughes Medical Foundation.

772.3
NGF-INDUCED PAIN IS MEDIATED BY THE PN1 SODIUM CHANNEL. M.A. 
Klitenick* , X. Lu2, S. West1, L.A, Borden1, Y, Zheng2 and V.R. Albert2 Dept. of 
’Behavioral Neuropharmacology, 2Molecular Biology, Allelix Neuroscience Inc., 
Cranbury, NJ 08512.

A growing body of evidence indicates a role for nerve growth factor (NGF) in the 
regulation of inflammatory pain. Peripheral administration of NGF induces an acute 
state of pain in rats and man characterized by thermal hyperalgesia and mechanical 
allodynia. Furthermore, NGF-induced hyperalgesia is associated with the activation 
and subsequent sensitization of nociceptive sensory neurons; the alteration in firing 
rate has been ascribed to changes in the density of sodium channels, which are 
similarly affected following nerve injury. Interestingly, NGF has been shown to 
modulate the expression of sodium channels in cultured cells. We therefore 
examined the role of PN1, a recently described sodium channel largely restricted to 
dorsal root ganglia (DRG), in NGF-induced pain. Similar to other results, significant 
reductions in paw withdrawal threshold (von Frey filaments), and hot plate latency 
were measured 24 hrs after NGF (1 mg/kg, i.p.) administration in rats. Although 
demonstrated in vitro, we sought to determine whether NGF could induce PN1 
mRNA expression in vivo. Levels of PN1 mRNA in the DRG were quantified using 
in situ hybridization in rats treated with NGF. Compared to saline, NGF treatment 
resulted in a 2-fold increase in labeling of PN1 mRNA. To assess whether the 
induction of PN1 mRNA was causally related to NGF-induced pain, animals were 
administered antisense oligonucleotides complementary to PN1 mRNA (12.5 pg,
I.T.; twice daily for three days). Treatment with the PN1 antisense oligo completely 
blocked NGF-induced pain. In contrast, sense-treated rats displayed NGF-induced 
hyperalgesia and allodynia similar in magnitude to that elicited in unoperated 
controls. In addition, antisense treatment resulted in a 36% reduction of PNl mRNA 
in lumbar DRG, compared to sense-treated rats. These findings suggest a pivotal 
role for PN1 sodium channels in inflammatory pain and lend further support 
suggesting that NGF can regulate the expression of these channels.

772.4
LOCAL ANESTHETICS AND KETAMINE INHIBIT NERVE GROWTH FACTOR 
OUTPUT FROM BLADDER SMOOTH MUSCLE M.F, Durieux, TB Sherer. T, 
Dean-McKinney. W.D. Steers, and J.B. Tuttle*. Depts of Anesthesiology, 
Neuroscience, and Urology, University of Virginia, Charlottesville, VA 22908.

Local anesthetics and ketamine are effective preemptive analgesics, but mechanisms 
are not fully clear. Greater effectiveness after systemic than after subarachnoid or 
epidural administration suggests a peripheral site of action. Nerve growth factor, NGF, 
may mediate the development of prolonged pain states and intra-operative sensitization 
of pain pathways. We tested the effects of local anesthetics and ketamine in an in vitro 
model of NGF generation. Bladder smooth muscle cells (BSMCs) were established 
from WKY rats. Basal NGF secretion was monitored for 24h before addition of test 
agents, and sampled 4, 6, and 24h afterward. NGF was assayed by ELISA. Bupiv- 
acaine, lidocaine, and ketamine were studied. Calcium imaging studies used fura-2. 
Data are reported as mean ± SEM and were compared by t-test. Basal NGF secretion 
was similar in all experiments. Bupivacaine (100pM) reduced NGF output by 18+ 9% 
at 4-6h and 34 + 6% at 6-24 h. Lidocaine (100pM) decreased NGF production by 46± 
7%at6-24h. The effect of ketamine was concentration-dependent: 10pM ketamine 
inhibited less than 10%, lOOpM inhibited about 30% and ImM inhibited 60± 12%. 24h 
exposure to lOOpM ketamine had no effect on basal Ca levels. Since ketamine is an 
NMDA antagonist, we studied a role for NMDA signaling. NMDA (lOOpM, ImM) 
did not cause a calcium transient, suggesting that BSMCs do not express functional 
NMDA receptors. Nonetheless, the NMDA antagonist MK-801 (10pM) mimicked the 
effect of ketamine on NGF release, inhibiting by 35 ± 8% at 4-6h. High concentrations 
of NMDA (ImM) showed a similar inhibitory effect. Local anesthetics and ketamine 
inhibit NGF output, suggesting that their preemptive analgesic effects may be due in 
part to prevention of increased NGF generation after injury. Since BSMCs do not 
appear to express NMDA receptors, ketamine’s mechanism of action remains to be 
investigated. Supported by NM research grants.

772.5

CARRAGEENAN EVOKES INCREASED LEVELS OF 
PHOSPHORYLATED TRKA IN SKELETAL MUSCLE. L.J. Kehl*, T.M. 
Trempe, and A.S. Leong, Dept. of Diagnostic. & Surgical Sciences., Univ. 
of Minnesota, Minneapolis, MN.

We previously reported that endogenous levels of nerve growth factor 
(NGF) are increased two-fold in triceps muscle at 6, 12 and 24 hours 
following i.m. carrageenan injection relative to PBS injected controls (Kehl 
et al., Soc. Neurosci. Abstr. 250.8, 1998). The current study was under-
taken to determine whether a concomitant increase in trkA receptor 
activation occurs within skeletal muscle. A positive finding in this study 
would provide additional information regarding the mechanism for NGF's 
modulation of muscle hyperalgesia.

Male Sprague Dawley rats (100-150g) were briefly anesthetized with 
halothane and injected with either PBS (50pl) or carrageenan (4mg/50pl) 
into the triceps muscles bilaterally. Then 24 hours post-injection, triceps 
muscles were harvested and relative levels of trkA measured with 
immunoprecipitation followed by western blotting. Blots were probed 
using an antibody directed against trkA as well as an antibody directed 
against phosphorylated trkA to measure relative levels of trkA activation.

Analysis of western blot banding using Molecular Analyst software 
(BioRad) indicated that 24 hours following i.m. carrageenan, the area 
(O.D. * mm) of positive 140kD banding was significantly greater (pc.Ol) 
in carrageenan injected muscle (2.98 ± 0.67, n=6) compared to PBS 
injected control muscle (0.51 ± 0.19, n=6). Likewise, levels of activated 
trkA were also significantly greater (p<0.01) 24 hours following i.m. 
carrageenan when compared to i.m. PBS. These data provide evidence that 
increased levels of phosphorylated trkA in skeletal muscle participate in the 
development of carrageenan-evoked muscle hyperalgesia. This finding 
suggests that drugs targeted at blocking activation of trkA in skeletal 
muscle may have therapeutic utility for treating muscle pain. (Supported 
by DA00240 and a DE09737 pilot project to LJK).

772.6
INVESTIGATION OF THE ROLE OF NEUROTROPHINS IN 
CHRONIC PAIN STATES USING HERPES SIMPLEX VIRUS 
BASED VECTORS J.A, Palmer . R.H. Branston, S.P. Hunt1, D.S. Latchman 
and R.S. Coffin The Windeyer Institute of Medical Sciences, University College 
London, 46 Cleveland Street, London, W1P 6DB, UK ’Department of Anatomy and 
Developmental Biology, University College London, Gower Street, London, WC1E 
6BT, UK (SPON: British Neuroscience Association)

We have developed herpes simplex virus (HSV) based vectors to deliver high 
levels of potentially therapeutic gene products to sensory neurons of the peripheral 
nervous system in chronic pain states. HSV based vectors readily enter sensory 
neurons where they remain latent for the life time of the animal, therefore these 
vectors may allow long-term gene expression after once only administration.

In addition to the well known developmental role in neuronal survival, nerve 
growth factor (NGF) and other neurotrophic factors have recently been shown to have 
functions in the adult nervous system. Although NGF is not required in the adult 
nervous system for neuronal survival it has an important role in the maintenance and 
plasticity of sensory neuron phenotype. The role of NGF in the development of 
pain states suggests that NGF antagonists may be of scientific and clinical use. 
Therefore, in order to further elucidate the role of growth factors in chronic pain 
states, we have developed HSV based vectors expressing high levels of TrkA-IgG and 
TrkB-IgG fusion molecules to sequester endogenous neurotrophins in vivo. We have 
also produced vectors containing brain derived neurotrophic factor (BDNF), substance 
P and antisense to substance P to investigate the function of these molecules in 
chronic pain states. We show that these vectors allow expression for extended 
periods of time and are potentially extremely useful tools for elucidating the 
physiological function of molecules over long periods of time and may also be of 
use for gene therapy. Supported by the Medical Research Council, UK.
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772.7
SENSORY RECEPTOR TYPE AND ELECTROPHYSIOLOGICAL 
PROPERTIES OF A-FIBER DORSAL ROOT GANGLION (DRG) 
NEURONES THAT EXPRESS trkA IN THE RAT. Xin Fang , L. Diouhri 
and S.N. Lawson .Dept. of Physiology, Medical School, University Walk, Bristol 
BS8 1TD, UK. SPON: British Neuroscience Association

TrkA (the high affinity NGF receptor) is expressed in a subpopulation of DRG 
neurones in the rat most of which express CGRP. Some of these are medium to 
large neurones and presumably have A-fibers. The aim of this study was to test 
whether trkA expression occurs in A-fiber neurones (>1.3m/s) and, if so, whether 
it is limited to those with nociceptive function and/or certain electrophysiological 
properties. 7-week old female Wistar rats were anaesthetized with Na 
pentobarbitone (60mg/kg i.p.). Intracellular voltage recordings were made from 
the left L5 DRG with glass micropipettes filled with Lucifer Yellow, ethidium 
bromide or cascade blue fluorescent dye. Somatic action potentials (APs) were 
evoked by electrical stimulation of the cut dorsal root. The sensory receptive 
properties of the units were identified by light or noxious mechanical stimuli, 
cooling and heat stimuli. A-fiber units responding to these stimuli were classified 
as high threshold (HTM), or low threshold (LTM). The LTMs include muscle 
spindle (MS) and field or G hair (F/G) units. Following characterization of their 
receptive properties, neurons were electrophoretically labelled with a fluorescent 
dye. Serial 7 pm frozen sections of DRGs were cut. ABC immunocytochemistry 
with a primary antibody to trkA, a gift from Prof. L.F. Reichardt, was carried out. 
All HTM units (AS n=5; Aa/(3 n=2) showed clear trkA-like immunoreactivity 
(trkA-LI) but none of the MS (n=4) or F/G (n=7) units did. TrkA-LI positive 
units had longer durations of: AP at base, afterhypolarization to 80% recovery, 
AP rise time and AP fall time than those in trkA-LI negative units. The results 
demonstrate the presence of trkA receptors on A-fiber nociceptive DRG 
neurones in the rat. Supported by a Wellcome Trust UK grant to SNL.

772.8
INFLAMMATION INDUCED CHANGES IN THE ACTION
POTENTIAL (AP) SHAPE OF C NOCICEPTIVE DRG NEURONS IN 
GUINEA PIG ARE REVERSED BY NGF SEQUESTRATION.
L Diouhri* , D Dawbarn, AGS Robertson & SN Lawson. Department of 
Physiology, Medical School, Bristol BS8 1TD. SPON. British Neuroscience 
Association.

This study investigates whether the decreases we have shown in duration of 
somatic APs in C-and A8-fibre nociceptors and afterhyperpolarizations in A- 
fibre nociceptors during inflammation induced by complete Freund’s adjuvant 
(CFA) are related to NGF. These changes may contribute to hyperalgesia e g. 
by permitting higher discharge frequencies. NGF is thought to be the linchpin 
linking inflammation to hyperalgesia. Sequestration of endogenous NGF with a 
trkA fusion molecule has previously been shown (McMahon et al.1995, Nature 
Medicine) to block carrageenan-induced inflammatoiy hyperalgesia. To 
sequester endogenous NGF, we have used the NGF binding domain of human 
trkA (trkA domain) consisting of residues 253-375 which was made in E.coli, 
purified, refolded and shown to bind to NGF with a similar affinity to the wild 
type membrane bound receptor. 3 groups of young guinea pigs were used. In 
Group 1, a hind limb inflammation was induced by intradermal CFA injections 
(70 pi) in the foot and leg 4 days prior to recording. Group 2 had the same 
treatment of CFA plus injections of the trkA domain (15pg) in the same sites as 
CFA every day for 4 days. Group 3 was treated with trkA domain only but no 
CFA every day for 4 days. Intrasomal voltage recordings from L6 and SI DRG 
neurones were made in deeply anaesthetized animals. TrkA domain treatment 
reversed the CFA induced decrease in AP duration in C nociceptors indicating 
possible regulatoiy actions of NGF on ion channels that control AP duration in 
these neurons during inflammation in guinea pig. Supported by a grant to SNL 
from the Wellcome Trust, UK.

772.9

NGF ENHANCES RELEASE OF SUBSTANCE P FROM ADULT 
SPINAL SENSORY NEURONS. J.E. Adler* and A.M. Skoff. 
Dept. of Neurology, Veterans Administration Medical Center and 
Wayne State Univ. Schl. of Med., Detroit, MI 48201.

Nerve growth factor (NGF) increases expression and cell content of 
substance P in both developing and mature spinal sensory neurons. 
Its effect on peptide release, however, is less clear. Does NGF play a 
direct role in substance P secretion? Does the increased cellular 
content of substance P resulting from NGF exposure lead to increased 
release upon stimulation? To approach these questions, we examined 
substance P release from cultures of mature rat sensory neurons which 
do not require NGF for survival. Neurons grown without added 
NGF had a low but readily detectable basal release. This increased 
with depolarization by KC1 (50 mM) but never achieved statistical 
significance. By contrast, NGF-treated neurons had a significantly 
higher basal release, which doubled with KC1 depolarization. 
Secreted peptide never constituted more than 5% of neuronal content. 
Stimulation with capsaicin (IO 7 M) yielded similar results. Repeated 
depolarization always increased release. Further, prolonged periods 
of depolarization did not significantly reduce intraneuronal stores of 
the peptide. NGF alone had no effect on substance P release nor did 
its addition enhance the actions of either KC1 or capsaicin. Our results 
suggest that NGF increases substance P secretion primarily by 
increasing peptide content.
(Supported by a grant from the Veterans Administration)

772.10
CENTRAL AND PERIPHERAL EFFECTS OE CHRONIC NGF ON RAT 
NEUROPEPTIDE CONTENT AND RELEASE. WR^BOWLESLj\4L_SABINOL_CH 
HARDING-ROSE1, A GUO1, HARGREAVES KM2 (Univ. of Minn, Minneapolis, MN, 
and UTHSC, San Antonio, TX)

Research into endogenous factors involved in pain or inflammation may offer avenues 
for developing novel, clinically useful, therapeutic agents. This research evaluated effects 
of nerve growth factor (NGF), known to evoke hyperalgesia in rats and humans (Lewin 
1993; Andreev 1995), on capsaicin-sensitive fibers at central (spinal cord) and peripheral 
(hindpaw) sites. We tested the hypothesis that chronic NGF modulates the initiation of 
neurogenic inflammation, as measured by the release of neuropeptides. Additionally, the 
effect of chronic NGF on CGRP content and VR-1 receptor levels were examined in rat 
hindpaw skin. Male Sprague-Dawley rats (Harlan, Madison, WI; 250-300 g) were injected 
subcutaneously at the back of the neck with either 1.0 mg/kg NGF (high dose), 0.1 mg/kg 
NGF (low dose), or saline (control) every other day for one or two weeks. Capsaicin- 
evoked release of immunoreactive calcitonin gene-related peptide (iCGRP), and iCGRP 
content were evaluated in the dorsal horn and in hindpaw skin. Additionally capsaicin- 
evoked release of immunoreactive substance P (iSP) was evaluated from dorsal hom 
slices. Superfusion results were analyzed using ANOVA and Duncan’s multiple range test. 
Content data were analyzed using the Student’s t-test. Groups receiving high dose NGF 
for 1 week demonstrated significantly increased iCGRP release from dorsal hom slices as 
compared to controls (183% increase) while no significant difference was seen in iSP 
release. Chronic (2 week) low and high dose NGF demonstrated no difference in iCGRP 
or iSP release. In hindpaw skin, no difference in iCGRP release was seen between the 
NGF and control group at 1 week, while groups receiving chronic (2 week) low and high 
dose NGF demonstrated significantly increased capsaicin-evoked release of iCGRP, with 
the latter showing the greatest amount of iCGRP release (291.2% vs. 114.9%). A 44% 
increase in hindpaw iCGRP content was observed in animals treated with high dose NGF 
for 2 weeks when compared to control. No upregulation of the VR1 (capsaicin) receptor 
was seen using immunofluorescence in the chronic high dose NGF group when compared 
to control, thus suggesting that the increased release is due to increased content rather than 
increased receptor levels. These data are consistent with observations that NGF plays a 
major role in inflammation at both peripheral and central sites. NIH 5P35-DE07271.

772.11

LOSS OF TACTILE SENSITIVITY IN ADJUVANT-INDUCED 
INFLAMMATION IS ASSOCIATED WITH DOWN-REGULATION 
OF BDNF EXPRESSION: ACCELERATED RECOVERY BY

ArakawaL* 1 Dept. of Pharmacy, Branch Hospital, School of Medicine, 
University of Tokyo, Tokyo 112-8688, Japan

NGF induced in inflammatory skin has been shown to be involved in 
the regulation of hyperalgesia. Here we tested using the same model 
whether another neurotrophin BDNF, whose receptor exists in some 
sensory neurons projecting skin, also regulates some type of sensory 
functions in adult animals. Complete Freund's adjuvant (CFA) was 
injected subcutaneously at the plantar skin of a rat hind paw and the skin 
tissues were corrected after certain time for the measurement of mRNA. 
In parallel, we measured sensory functions. NGF mRNA levels were 
markedly elevated with a peak at 6 hr after CFA injection followed by a 
rapid decrease. These changes coincided with the time course for the 
occurrence and elimination of thermal hyperalgesia. Mechanical 
hyperalgesia, in which NGF is also thought to play a role, emerged 
rapidly with a peak at 6 hr and lasted for more than 3 days. 
Surprisingly, we have found that in these rats the tactile sense was 
markedly decreased with nearly complete loss at 10 hr and with a return 
to normal after 2 days. The loss of tactile sense coincided with decreases 
in the expression of BDNF. When BDNF, lpg, was injected into the 
same hind paw at 10 hr, when BDNF expression was lowest, the 
recovery of tactile sense was accelerated with the complete recovery after 
1 day. These results indicate that NGF is involved in mechanical and 
thermal nociception, whereas BDNF may regulate tactile sensitivity.

772.12

EFFECTS OF CHRONIC NERVE GROWTH FACTOR TREATMENT ON RAT 
URINARY BLADDER AND BLADDER AFFERENT NEURONS. N. Yoshimura1*,
N.E. Bennett2, M.W. Phelan2, M.B. Chancellor2, W.C. de Groat1. 'Dept. of 
Pharmacology, 2Div. of Urology, Univ. Pittsburgh Sch. Med., Pittsburgh, PA 15261.

Nerve growth factor (NGF) has been proposed as an important mediator inducing 
bladder hyperactivity under pathological conditions such as spinal cord injury, bladder 
outlet obstruction or cystitis. We examined the effects of chronic NGF treatment on 
bladder activity and the properties of bladder afferent neurons (B-AN). In adult female 
rats, NGF (2.5 pg/pl) was infused continuously into the intrathecal (i.t.) space at the L6 
and S, level of spinal cord or directly into the bladder wall for 2 weeks using osmotic 
pumps (0.5 jul/hr). B-AN were labeled with axonal transport of Fast Blue injected into 
the bladder wall. Following i.t. injection of NGF, cystometrograms under urethane 
anesthesia revealed that voiding was induced at a significantly smaller bladder capacity 
(0.51 ± 0.2 ml, mean ± SE, n=5) than in control rats (1.17 ± 0.3 ml, n=7). ELISA 
analysis showed ~3 fold increase in NGF concentration (normal: 3.9 pg/mg protein) in 
L6 and S, DRG of i.t. treated rats. Bladder capacity was also significantly smaller (0.39 
± 0.3 ml, n=3) in rats in which the bladder was treated with NGF than in control rats 
(0.89 ± 0.4 ml, n=3). The NGF-treated rats (bladder injection) also exibited non-voiding 
contractions during bladder filling. In patch-clamp recordings, dissociated B-AN from 
NGF-treated (i.t.) animals were larger in diameter (29.6 ± 1.0 pm, n=23) than those from 
control animals (25.6 ± 1.3 pm, n=20). Action potentials in NGF-treated B-AN were 
elicited at significantly lower thresholds (-27.8 ± 0.9 mV) than in B-AN from control rats 
(-21.7 ± 1.2 mV). In addition, the number of action potentials during 500 ms 
depolarizing pulses was significantly higher in NGF-treated B-AN (10.9 ± 0.8 spikes) 
than in control B-AN (3.1 ± 0.4 spikes). These results indicate that chronic NGF 
treatment induced bladder hyperactivity as well as hyperexcitability and somal 
hypertrophy of B-AN. These findings agree with the hypothesis that chronic exposure 
to NGF contributes to the emergence of bladder hyperreflexia by sensitizing bladder 
afferent pathways. (Supported by American Paralysis Association)
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773.1
PNU-151774E, A NOVEL NA’ CHANNEL BLOCKER, SHOWS ANALGESIC 
EFFECTS IN SOME ANIMAL MODELS. P. Salvati1, R. Maj1, R.A. Me Arthur2,
M.A. Cervini2, W. Kozak2 L. Benatti1* and R.G. Fariello1. 'Newron 
Pharmaceuticals, Gerenzano (VA), I- 21040, Italy, 2Pharmacia and Upjohn, Inc. 

Kalamazoo, MI 49001, USA.
Chronic and neuropathic pain produces a hyperexcitable state including 

hyperalgesia, allodynia and spontaneous pain subserved by changes in ion channel 
function. The formalin test produces neurogenic inflammation and continuous pain, 
modelling some features of neuropathic pain in man. Several anticonvulsant drugs 
with sodium channel blocking properties are used for the treatment of some chronic 
pain conditions. PNU-151774E [((S)-(+)-2-(4-(3fluorobenzyloxy) benzylamino) 
propanamide, methanesulfonate] is a novel compound with potent sodium channel 
blocking properties.
The aim of this study was to examine the potential analgesic activity of PNU- 
151774E in the formalin model of tonic pain, and to profile its potential analgesic 
activity in models of acute pain such as the hot-plate and tail-flick tests. 
PNU-151774E (15-60 mg/kg; po) dose dependently reduced cumulative licking time 
from 160.2 (± 2.6) to 63.1 (± 2.6) sec (P< 0.01) during the acute phase of the 
formalin test in mice. Cumulative licking time was also reduced from 74.8 (±3.7) to
38.1 (±3.6) (P< 0.01) during the late phase of the test. These doses did not affect 
locomotor activity and coordination in these mice. PNU-151774E showed limited 
antinociceptive effects in the hot-plate and tail-flick models of acute pain at doses up 
to 120 mg/kg; po.
The results of this study indicate that PNU-151774E has antinociceptive properties 
in a model of neuropathic pain, and support the concept that blockade of NA+ 
channels may be beneficial in the treatment of these conditions.

773.2
LOCAL INFUSION OF THE DORSAL ROOT GANGLION WITH LIDOCAINE 
ATTENUATES CUTANEOUS SENSITIVITY TO MECHANICAL STIMULATION 
OF THE HIND PAW IN AN ANIMAL MODEL OF LOW BACK PAIN, J.-M. Zhang', 
H, Li1, Y.-P. Jia2* and S. J, Brull1. 'Dept. of Anesthesiology, Univ. of Arkansas for Med. 
Sci., Little Rock, AR 72205; 2Dept. of CNS/CV, Schering-Plough Research Institute, 
Kenilworth, NJ 07090.

We aimed to correlate the enhanced excitability of mechanically compressed DRG cells 
with development of cutaneous hyperalgesia by local infusion of lidocaine to the compressed 
ganglion to suppress the spontaneous activity originating in the DRG in an animal model of 
low back pain and sciatica. A perforated, hollow stainless steel rod (2x4 mm in length and
0.7 mm in diameter) was inserted through the L5 intervertebral foramen to produce chronic 
compression of the L5 DRG in the rat. The rod was connected to a 200 pi, subcutaneously 
implanted osmotic pump, which was filled with either 2% lidocaine or normal saline. The 
incidence of withdrawal response of the hind paw to punctate indentations of skin using 
different forces was measured before and after surgery.

Behavior testing results indicate that in all saline-treated rats the withdrawal thresholds for 
the ipsilateral and contralateral paws to mechanical stimuli decreased significantly as early as 
24 hr after surgery. Mechanical hyperalgesia maximized around day 13 P.O. on both sides of 
the hind paw, and the withdrawal threshold decreased 46.67% for the contralateral (56.39 ± 
22 vs.35.07 ± 1.87 mN) and 63.07% for the ipsilateral foot (55.81 ± 1.96 vs. 20.61 ± 2.97 
mN), respectively. There was a greater threshold decrease in the ipsilateral than in the 
contralateral paw. Local perfusion of the compressed DRG with 2% lidocaine for 7 days at a 
low flow rate (1 pl/hr) partially reversed the mechanically hyperalgesia on the ipsilateral 
foot. A greater effect was noted when the DRG was infused with the same concentration of 
lidocaine but at a higher flow rate (8pl /hr) and shorter perfusing time (lday vs. 7days). The 
incidence of foot withdrawal in response to light stroking (allodynia) using a cotton wisp 
decreased significantly in both lidocaine treatment groups. The results demonstrate the 
feasibility of infusing local anesthetics at the site of compressed lumbar ganglia through the 
implanted osmotic pumps in an animal model of low back pain. It is anticipated that this 
model will be useful in exploring and evaluating therapeutic approaches to patients suffering 
low back pain and sciatica. (Supported by Dept. of Anesthesiology, UAMS)

773.3

DIFFERENTIAL ELECTROPHYSIOLOGICAL AND PHARMACOLOGICAL 
PROPERTIES OF SMALL SCIATIC SENSORY FIBERS RECORDED IN RAT 
SPINAL ROOTS IN VIVO. A.P.Gokin*, G.R.Strichartz, Pain Research Center, 
Brigham and Women’s Hospital; Harvard Medical School, Boston, MA 12115 
The object of this study was to correlate the electrophysiological properties of small 
sciatic afferent fibers with their susceptibility to blockade by lidocaine (L). In 
anesthetized rats, activity of A8- and C- fibers was elicited by electrical stimulation 
of sciatic n. distal to site of L injection (0.1 ml, 0.25-0.5%) and recorded from small 
filaments teased from L4-L5 dorsal roots. Activity-dependence (no L) and use- 
dependence (phasic block, with L) were tested with trains of stimuli at physiological 
frequencies (40 Hz for AS, and 5-6 Hz for C-fibers). AS- fibers (c.v. 2.3-20 m/s) were 
‘conditionally’ identified as ‘fast’ (c.v. > 10 m/s, n=l8) and ‘slow’ (< 10 m/s, n=24). 
C-fibers were also subdivided onto ‘fast’ (1.4-1.96 m/s, n=8) and ‘slow’ (0.68-1.3 
m/s, n=34) units, or >Im/s (n=20) and <Im/s (n=22). Activity-dependent slowing of 
conduction in A5-fibers was typically less (4.6+0.63%) than in C-fibers (7.9+0.64%, 
p<0.001). Fast A8-units slowed less than slow ones (2.8 vs. 6.9 %, p<0.001), but for 
C-fibers fast units slowed relatively more (12.1 vs. 7.3%, p<0.05). Tonic lidocaine 
(0.25%, 9.25 mM) blockade (at 0.5 Hz stimulation) of AS was greater (76%) than 
that of C-fibers (60%). Fast C-fibers were more sensitive to tonic L, than slow ones, 
opposite to the order of block among myelinated fibers (Aafi less than AyS). Use- 
dependent procedures increased blockade for all A8-fibers: 100% vs. 76% tonic 
block. C-fibers varied in their behavior: moderate further slowing occurred in most 
(90%) of units and in 26% units tonically blocked, impulses recovered during phasic 
stimulation. Units with such ‘phasic recovery’ had higher mean c.v. (1.2+0.08m/s), 
than those without ‘relief (0.92+0.04 m/s, p<0.005). Differences in activity- 
dependence properties, tonic sensitivity to L and phasic block or relief among A8- 
and C-fibers may provide characteristics of peripheral fibers useful for functional 
identification. Supported by NIH grant GM 35647.

773.4

CAPSAICIN AND MECHANICAL CRUSH PRODUCE SENSITIZATION OF 
THE FOOT-LIFT RESPONSE TO RADIANT HEAT IN HELIX ASPERSA : 
EFFECTS OF SYSTEMIC LIDOCAINE AND MK-801 M.S. Osmanski, L.A. 
Polowczuk, J.L. Maddem, & J.T. Cannon*. Department of Psychology and 
Neuroscience Program, University of Scranton, Scranton, PA 18510-4596.

Here we sought to determine if capsaicin or mechanical crush could induce 
sensitization of a nocifensive response to radiant heating in the land snail Helix 
aspersa that may parallel the tail-flick response in rodents. We also examined 
whether MK-801 or lidocaine could diminish any sensitization observed.

Snails (N=90) were maintained with food and water available ad libitum on a 
12:12 light:dark cycle and tested during their dark cycle. For “snail-flick” testing, 
animals were placed on a transparent plastic sheet and radiant heat (2mm 
aperture) was directed at one of three test spots on the caudal third of the foot. At 
2 min intervals, the heat source was activated and remained on until either that 
portion of the foot was withdrawn, or a 7 sec “cutoff’ time was reached.

Capsaicin, suspended in oil (20 mg/ml), was administered topically (20 pi) to 
the dorsal surface of the foot over one of the three test spots. Crush (1 mm2) was 
administered by blunt forceps grasping the edge of the foot, also at one of the 
three test spots. Lidocaine (50 mg/ml) and MK-801 (.19 mg/ml) were dissolved 
in molluscan saline (2 pi) and injected into the side of the foot. All animals 
received 7 baseline trials immediately followed by administration of: crush, 
capsaicin, or the application of vehicle (oil). Testing continued for 27 trials after 
which animals were injected with: lidocaine, MK-801, or saline. Testing then 
continued for 15 trials.

Examining percent shift from baseline, ANOVA revealed that both capsaicin 
and crush produced significant reductions in response latencies relative to the 
vehicle control and that these reductions were most pronounced at the spot where 
either noxious stimulus had been applied. At this spot, latencies dropped across 
the first 24-30 min of testing. In contrast, latencies dropped across only the first 
12-18 min at the other 2 spots. Lidocaine appeared to eliminate the sensitization 
produced by both capsaicin and crush. In contrast, MK-801 had no significant 
effect on sensitization.

773.5

MIDAZOLAM ENHANCES GABA-MEDIATED RESPONSES IN 
SUBSTANTIA GELATINOSA NEURONS OF ADULT RAT 
SPINAL CORD SLICES
T. Kohno1*, T. Ataka2, M, Okamoto1. H. Baba3, E. Kumamoto2. K,
Shimoii1 and M, Yoshimura2. ‘Dept. of Anesthesiology, Niigata
Univ., Niigata 951-8510, Japan; 2Dept. of Physiology, Saga Medical 
Sch.; 3Dept. of Anesthesia, Massachusetts General Hospital

Although intrathecal administration of midazolam has been found to 
produce analgesia, how midazolam exerts this effect is not fully 
understood at the neuronal level in the spinal cord. The effects of 
midazolam on either spontaneous or electrically-evoked inhibitory 
transmission and on a response to either exogenous gamma-aminobutyric 
acid (GABA), a GABAA-receptor agonist, muscimol, or glycine were 
examined in substantia gelatinosa (SG) neurons of adult rat spinal cord 
slices by using the whole-cell patch-clamp technique. Bath-applied 
midazolam (1 pM) did not affect the amplitude of electrically-evoked and 
miniature inhibitory postsynaptic current (IPSC), mediated by either 
GABAa - or glycine-receptor, while prolonging the decay phase of 
GABAergic but not glycinergic IPSC. GABA- and muscimol-induced 
currents were enhanced in amplitude by midazolam (0.1 pM) in a manner 
sensitive to a benzodiazepine-receptor antagonist, flumazenil (1 pM); 
glycine currents were, however, unaltered by midazolam. Midazolam 
augmented both the amplitude of GABA-induced current and the duration 
of GABAergic synaptic current in SG neurons by acting on the GABAa - 
benzodiazepine receptor; this would increase the inhibitory GABAergic 
transmission. This may be a possible mechanism for die 
antinociception by midazolam.

773.6

INHIBITION BY BACLOFEN OF C-AFFERENT TRANSMISSION IN 
SUBSTANTIA GELATINOSA NEURONS OF ADULT RAT SPINAL CORD 
SLICES. T. Ataka1’2, MHyadomiL E- Kumam.Qtoh H, Hasuo3*, K- Shimoji2, .and 
M. Yoshimura1. 3Dept. of Physiology, Saga Med. Sch., Saga 849-8501; 2Dept. of 
Anesthesiology, Niigata Univ. Sch. Med., Niigata 951-8510; 3Dept. of Physiology, 
Kurume Univ. Sch. Med., Kurume 830-0011, Japan.

When administrated intrathecally or systemically, baclofen, a selective agonist of the 
GABA (type B; GABAb) receptor, has an antinociceptive effect in various pain 
models. The substantia gelatinosa (SG) neurons of the dorsal horn (lamina II of 
Rexed) of the spinal cord play an important role in modulation of nociceptive 
transmission, since there are many excitatory or inhibitory intemeurons and primary- 
afferent C-fibers excited by painful stimuli terminate predominantly in SG. The 
present study examined the presynaptic action of baclofen on sensory transmission in 
SG by applying the blind patch-clamp technique to spinal cord slices from the adult 
rats. Under the condition where a postsynaptic action of baclofen was inhibited by 
using a patch-pipette solution containing Cs+ and GDP-P-S, bath applied baclofen 
(lOnM-lOpM) dose-dependently reduced the frequency of both miniature excitatory 
postsynaptic currents (mEPSCs) and miniature inhibitory postsynaptic currents 
(mIPSCs), obtained in the presence of tetrodotoxin, without a change in their 
amplitudes. Stimulation of the dorsal root at a strength, sufficient to activate the C 
afferent fibers, evoked an AS fiber- and/or C fiber-mediated monosynaptic fast EPSC 
in the majority of neurons. Baclofen reduced the amplitude of C afferent as well as AS 
afferent EPSCs. This baclofen action was inhibited by the selective GABAB-receptor 
antagonists, CGP35348 and CGP55845A. The present observations suggest that 
baclofen affects sensory signals from periphery by modifying excitatory and inhibitory 
transmission within the SG of the spinal cord, and the baclofen-induced reduction of 
excitatory transmission from C-fibers to SG may serve as a mechanism for the 
analgesic action by baclofen.
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773.7
EFFECT OF CHRONIC DIAZEPAM (DZ) TREATMENT, AND FLUMAZENIL 
(FLU)- AND PK 11195 (PK)-INDUCED WITHDRAWAL ON THE PAIN 
THRESHOLD IN FEMALE RATS. J.W. Sloai  ̂E.P. Wala, X.Jing, J.R. Holtman, Jr. 

Dept. Anesthesiology, Coll, of Medicine, Univ.of KY., Lexington, KY 40536.
The sedative, anxiolytic, myorelaxant, and anticonvulsant properties of 

benzodiazepines (BZ) are well-established, whereas their analgesic properties are 
controversial. Thus, the present studies were undertaken to determinate whether chronic 
exposure to DZ and the withdrawal induced by the central (FLU) and peripheral (PK) 
BZ receptor antagonists affect the response to noxious thermal stimuli in rats. Sprague 
Dawley rats were exposed to DZ (90 mg/wk, n=5) slowly released from subcutaneously 
implanted silastic capsules or empty capsules (controls, n=5). The pain threshold was 
measured by the tail-flick latency (TFL) evoked by radiant heat (adjusted to give a 
baseline response of about 3 sec). The TFL was measured 3 times prior to (baseline) and 
2 times per wk during exposure to DZ-filled or empty capsules. Total locomotion and 
ambulation were determined immediately after testing the TFL. After the 5th implant the 
rats were challenged in weekly intervals with IP injections of FLU or PK(10mg/kg) and 
FLU+PK (10 mg/kg of each) after the 6th, 7lh, and 8th implant, respectively. The TFL was 
measured at 5 and 10 min intervals prior to (antagonist baseline) and at 5,15 and 30 min 
after injections. Although the TFL was significantly elevated in DZ-treated compared 
to control rats, it was not different from the preDZ baseline. The TFL in control rats, 
however, decreased across time (wk 4 and wk 5 < baseline). Both FLU and PK 
produced a nonsignificant increase in the TFL in DZ-treated and control rats, while 
FLU+PK produced a nonsignificant synergistic effect in elevating the TFL in both 
groups. Chronic DZ treatment reduced total locomotion and ambulation whereas FLU, 
PK and FLU+PK enhanced motor activity in DZ-dependent but not in control rats. 
These data suggest that chronic DZ antagonizes both stress-induced analgesia and stress- 
induced hyperalgesia; that it produces minimal analgesia in female rats that is 
mediated through nonBZ receptors. Supported by U. of KY Anesthesiology Dept.

773.8

PERIPHERAL BENZODIAZEPINE-MEDIATED ANALGESIA IN 
THE FORMALIN TEST. M.-C. Albanese. F.V, Abbott*. J. Okker and 
G. Debonnel. Dept Psychiatry, McGill Univ, Montreal, QC H3A 1 Al.

Peripheral nerves contain high concentrations of the neurosteroid, 
pregnenolone (PREG). In the CNS, PREG potentiates the inhibitory 
effects of GABA. We explored the possibility that PREG also has 
inhibitory actions in the peripheral nervous system by examining the 
effects of locally injected PREG on the behavioural pain response 
produced by intraplantar formalin.

PREG was injected s.c. into the plantar surface of one rear paw 10 min 
before 50 pi of 1% formalin. PREG dose-dependently inhibited the second 
phase of the pain response, with peak analgesia of about 50% at 5 pg and 
a U-shaped dose-effect relation. The immediate precursor of PREG, 
cholesterol produced similar effects. These analgesic effects were 
antagonized by pretreatment with the GABAa  antagonist bicuculline, but 
not by the o-antagonist NE-100 nor the opioid antagonist naltrexone. 
Similar suppression of second phase pain was also produced by 10 pg 
diazepam or 0.2 pg GABA. There were no effects on pain in the first 
phase of the formalin response.

These data suggest that neurosteroids have inhibitory actions in the 
periphery at GABAa  and/or peripheral benzodiazepine, but not sigma, 
receptors.
Supported by the Natural Science and Engineering Research Council of Canada. M.-C. A. 
was supported by a studentship from Fonds pour la Formation des Chercheurs et Aide a 
la Recherche.

773.9

DYNAMIC CHANGES OF TOUCH- AND LASER HEAT-EVOKED 

CORTICAL POTENTIALS DURING PENTOBARBITAL ANESTHESIA IN 

RATS. F.-Z. Shaw* JLT.. Chen and C.-T. Yen. Dept. of Zoology , National 

Taiwan University, Taipei, Taiwan, ROC 106.

Cortical evoked potentials (EPs) to innocuous mechanical and noxious 

laser stimulation were compared before and after sodium pentobarbital (PB) (i.p., 

50 mg/kg) in chronically implanted rats. In wakeful condition, there were two 

distinctive EP components each after mechanical stimulation (MEP1 and 2) and 

laser stimulation (LEP1 and 2). Following PB administration, the positive peak 

in MEP1 was enhanced and all the other components disappeared during the 

anesthetized period of the animal. These components returned with different 

time courses. Two hrs after PB, when the rat had spontaneous movements and 

flexor reflexes, the LEP2 showed a reversed polarity (changed to positive from a 

large negative peak during control). MEP2 returned gradually 3 hrs after PB 

when the rat regained its ability of coordinated movements. It’s only 4 hrs later 

that the LEP1 began to reappear and the LEP2 returned to its negative waveform. 

We concluded, therefore, that PB strongly modulated cortical neuronal activities, 

especially noxious evoked responses.

773.10
SUPRASPINAL AND SPINAL MECHANISMS OF PREGABALIN-INDUCED 
ANTINOCICEPTION ON INFLAMMATORY COLONIC PAIN. L. Diop\ C, 
Lambert, M. Chovet. Institut de Recherche Jouveinal/Parke-Davis, 3-9, rue de 
la Loge, Fresnes, France.

Intraplantar (paw) administration of formalin is a very well established model 
of acute inflammation and somatic pain. In this model, pregabalin (PGB) has 
shown antinociceptive activity. Administration of formalin into the wall of the rat 
colon produces inflammation and visceral pain. The aim of this study was to 
evaluate the antinociceptive activity of CI-1008 by different routes (icv, it and sc) 
in visceral pain induced by colonic intraparietal injection of formalin.
Methods: Under light anesthesia (1.5% halothane; 2/3 N2O and 1/3 O2), 
female SD rats received a colonic intraparietal injection of formalin (5%, 50pI) at
3.5 cm from the anus. During the following two hours, the animals displayed 
various noxious behaviors ranked by their order of intensity: 1) licking, 2) 
stretching, 3) writhing and 4) whole body contraction. Drugs were given by 
subcutaneous (sc), intracerebroventricular (icv), intrathecal injection at 30 min, 
5 min and 5 min before the injection of formalin respectively.
Results: After central administration, the maximal activity (99%) was obtained 
at 200 pg/rat (or 0.8 mg/kg) PGB and after subcutaneous administration, the 
maximal activity (70.8%) was observed at 200 mg/kg PGB. For intrathecal 
administration, the partial activity (60.4%) was observed at 300 pg/rat PGB 
(maximal dose tested).
Conclusion: PGB at the supraspinal and spinal levels exhibits potent 
antinociceptive activity on inflammatory colonic pain. The ratio between the 
active peripheral and central doses (icv and it) is about 250, indicating the 
involvement of supraspinal and/or spinal pathways in the mediation of the 
colonic antinociception induced by PGB.

CARDIOVASCULAR REGULATION: CENTRAL CONTROL V

774.1

CALCIUM REGULATION OF ENDOCYTOSIS IN NODOSE GANGLIA 
NEURONS WITH THE STYRYL DYE FM1-43. J.Pamidimukkala* and 
M.Hav. Dalton Cardiovascular Research Center and Dept. of Vet.Bio.Med 
Sci., University of Missouri, Columbia, MO 65203.

The overall aim of these studies is to understand the cellular mechanisms 
underlying alterations in synaptic transmission of baroreceptor afferent 
terminals at the nucleus tractus solitarius (NTS). The process of exocytosis 
and endocytosis in aortic baroreceptor neurons can be studied directly by 
quantitative imaging of the dye FM1-43. Previous studies have shown that 
exocytosis in aortic baroreceptor neurons is Ca++ dependent and that 
endocytosis is dependent on the frequency and duration of stimulation. The 
purpose of the present study was to evaluate the effect of extracellular 
calcium ([CaH]0) on endocytosis in aortic baroreceptor neurons. 
Experiments were carried out in Dil labeled aortic baroreceptor neurons 
maintained in culture for 6-9 days. Endocytosis was induced by stimulating 
the neuronal cells at a frequency of 10Hz, for 10 secs with 1.0 msec pulses. 
The stimulation was stopped and 2.0 pM of FM1-43 was added to the bath 
with or without [Ca^E for 3 minutes. The cells were washed for 15 mins to 
remove excess dye. The nerve process with boutons loaded with FM1-43 
was visualized using fluorescent microscopy. Fluorescence intensity in these 
boutons was measured and normalized to KC1 maximum intensity. 
Endocytosis in the absence of [Ca++jo was 36±4 % of maximum intensity and 
76±6 % in presence of [Ca++]o(n=20). Preliminary conclusion from these 
studies is there is some endocytosis in the absence of [Ca^lo but maximum 
endocytosis requires extracellular Ca++. Supported by NIH 
HL59676,HL03620.

774.2
IMPAIRED CENTRAL MEDIATION OF THE BAROREFLEX IN HUMAN 
RENIN/HUMAN ANGIOTENSINOGEN DOUBLE TRANSGENIC 
HYPERTENSIVE MICE. X.Y. Ma, C.D. Sigmund, F.M. Abboud and M.W. 
Chapleau *. Univ. of Iowa and Vet. Aff. Med. Ctr., Iowa City, IA 52242.

Previous studies have shown that mice expressing the human renin and 
angiotensinogen genes (R+A+) are chronically hypertensive in the 
conscious state but normotensive after pentobarbital anesthesia. 
Furthermore, baroreflex (BR) control of renal sympathetic nerve activity is 
impaired in anesthetized R+A+ mice despite normalization of the pressure. 
We hypothesized that impairment of the BR in R+A+ mice may be caused 
by a defect in the central nervous system processing of BR afferent nerve 
activity. To test this hypothesis, we measured BR mediated decreases in 
mean arterial pressure (MAP) and heart rate (HR) during stimulation of the 
central end of the crushed left aortic depressor nerve (ADN) in 
anesthetized R+A+ mice (n=5) and littermate control mice (n=7). The ADN 
was stimulated for period of 20 s two to three times in each mouse at 
frequencies of 20, 40 and 80 Hz (10 V, 2 ms). Baseline MAP averaged 
71±5 and 74±6 mmHg, and HR averaged 449±18 and 414±15 bpm in R+A+ 
and control mice, respectively. BR mediated decreases in MAP were 
significantly less in R+A+ (n=15-16) compared with control mice (n=14-16)

Baseline MAP (mmHg)
AMAP (mmHa) durina stimulation of ADN

20 40 80 Hz
Control 74±6 -16.6±1.5 -22.8±2.0 -30.7±3.0
R+A+ 71±5 -12.3±1.5‘ -17.2±2.2‘

-—-—
-19.7±1.9‘

control mice but the difference was not significant (-43±14 and -70±16 bpm 
at 80 Hz in R+A+ and control). We conclude that impairment of the BR in 
R+A+ mice is mediated in part by a central mechanism. (VA, NIH HL 14388)
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774.3
ANATOMICAL SUBSTRATE FOR SEPARATE PROCESSING OF SENSORY 
AND REFLEX VISCERAL INFORMATION. Fernando Torrealba*, Claudio 
Acufla, Pablo Fuentealba. : Fac Cs. Biologicas, Univ. Catolica de Chile. Alameda 
340, Santiago 1; Chile.

We hypothesized that the brain is built to separately handle sensory and reflex 
visceral information, very much like other sensory systems. If this were right, the 
visceral information may be split into two divergent channels quite early in the 
visceral pathway. We tested if individual NTS (nucleus tractus solitarius) or AP 
(area postrema) neurons distribute their outputs to known reflex or to sensory 
networks. To this end, we injected in the same rat two different retrograde axonal 
tracers: red fluorescent beads into PBN(parabrachial n.) and green fluorescent beads 
into VLM (ventrolateral medulla).

We found that, at all NTS levels, less than 10 % of the labeled neurons were 
doubly labeled, while nearly 90% of the labeled NTS neurons projected to either 
PBN or VLM in similar proportions. We found a statistically significant spatial 
segregation of red- and green- labeled neurons within intermediate NTS levels, and 
a mingling of VLM- and PBN- projecting neurons in caudal or rostral NTS levels, 
or in AP. In rats injected with WGA-HRP in PBN or VLM, we found that the NTS 
neurons projecting to VLM were larger than those projecting to PBN (medians: 371 
vs. 326 pm2; p<0.001, Mann-Whitney test).

We conclude that different populations of NTS neurons distribute visceral 
information to either premotor autonomic (including respiratory) circuits or to 
ascending, sensory, circuits. This dichotomy makes it likely that the activity of 
individual NTS neurons can be differentially modulated, according to their sensory 
or reflex function, by central or peripheral inputs.

Financed by Fondecyt 8980006.

774.4
SYNAPTIC RELIABILITY DISTINGUISHES MONO- FROM POLY-
SYNAPTIC RESPONSES TO SOLITARY TRACT (ST) STIMULATION 
IN MEDIAL NUCLEUS TRACTUS SOLITARIUS (mNTS). M.C. AndreserT 
and M.W. Doyle. Dept. of Physiology & Pharmacology, Oregon Health 
Sciences University, Portland, OR 97201.

Visceral sensory afferents in the ST synapse on second order neurons 
in mNTS. ST stimulation in horizontal brain slices evokes post synaptic 
currents (PSCs) with variations in latency across neurons. In principle, 
latency can vary due to axonal conduction time and number of synapses. 
In this brain slice, conduction distances are too short to account for much 
variation. Thus, synaptic delays are a critical variable. Our goal was to 
develop criteria for distinguishing mono- from poly- synaptic PSCs. Mono-
synaptic transmission should be most reliable. We examined three 
synaptic reliability variables: 1) Latency, time between stimulus and PSC; 
2) Jitter, variability in the latency among stimuli; and 3) Failures, ST 
stimuli which fail to evoke PSCs. At latencies < 3.5 msec, latency is 
directly correlated to jitter. For latencies >3.5 msec, the relation between 
latency and jitter is lost, variability in jitter increases and high frequency 
failures appear. We judge that monosynaptic responses have latencies 
< 3.5 msec, jitter <100 psec and no observable failures. We compared 
ST reliability criteria in mNTS neurons with labeled boutons from the rat 
aortic depressor nerve (ADN) which contains only baroreceptor afferents. 
DiA placed on the ADN fluorescently labels sensory mNTS boutons. 

Overlaying the fluorescent image with a live DIC image identifies mNTS 
neurons with mono-synaptic ADN input. ST evoked synaptic responses 
in these cells meet the reliability criteria established above. HL41119

774.5

CAPSAICIN AND SOLITARY TRACT (ST) STIMULATION EVOKE 
NON-NMDA RESPONSES IN MEDIAL NUCLEUS TRACTUS 
SOLITARIUS (mNTS). M.W. Doyle*and M.C. Andresen. Dept. of 
Physiol. & Pharmacol., Oregon Health Sci. Univ., Portland, OR 97201.

Glutamate (Glu) is the primary neurotransmitter between visceral 
sensory afferents in the ST and second order neurons in mNTS. Several 
lines of evidence suggest participation of non-NMDA and NMDA 
receptors. The purpose of this study was to compare electrical with 
chemical excitation of ST sensory afferents using capsaicin (CAP), 
which is known to excite somatic sensory neurons. We asked whether: 
1) CAP selectively activates ST sensory afferents; and 2) Glu released 
by CAP application or by ST stimulation involves both NMDA and non- 
NMDA receptors.

ST stimuli evoked short latency excitatory post synaptic currents 
(EPSCs). All synaptic responses met mono-synaptic reliability criteria. 
CAP (100-1000 nM) concomitantly: 1) evoked a transient, inward 
current (leap); 2) transiently increased spontaneous synaptics; and 3) 
blocked ST evoked EPSCs. ST evoked EPSC amplitude decreased 
during development of leap. In maintained CAP, ST evoked EPSCs 
remained blocked after leap subsided to control. Non-NMDA antagonist 
NBQX (100 pM) blocked all ST evoked synaptic activity and blocked 
leap with or without extracellular Mg++. Conclusions: 1) CAP acts pre-
synaptically to transiently release Glu from sensory afferents resulting 
in leap and preventing ST evoked EPSCs; and 2) non-NMDA 
antagonists are sufficient to prevent post-synaptic responses to Glu 
release by CAP application or ST stimulation. HL41119; AHA-National

774.6

PRESYNAPTIC METABOTROPIC GLUTAMATE RECEPTORS 
CONTRIBUTE TO FREQUENCY-DEPENDENT DEPRESSION (FDD) OF 
AUTONOMIC SIGNAL TRANSMISSION IN NUCLEUS OF THE SOLITARY 
TRACT (NTS). C-Y. Chen, J.M. Horowitz, & A.C. Bonham*. Div. 
Cardiovas. Med., U.C. Davis, Davis, CA 95616.

We have previously shown, with whole-cell recordings in vitro, that 
presynaptic mechanisms contribute to FbD. Our previous in vivo data 
indicate that presynaptic metabotropic glutamate receptors (mGluRs) 
contribute to FDD of baroreceptor signal transmission in the intact 
animal. The purpose of this study was to more directly examine the 
extent to which presynaptic mGluRs contribute to FDD of autonomic 
signal transmission, under voltage-clamp conditions, to eliminate the 
confounding influences of postsynaptic voltage-dependent changes. 
32 solitary tract stimuli (1-10V) were delivered at frequencies of 0.4, 3, 
9 and 24 Hz in random order. We found that: 1) the mGluR agonist, 
(2S,1’S,2’S)-2-(Carboxycyclopropopyl) glycine (L-CCG-I), attenuated 
solitary tract-evoked EPSCs (0.1 -0.2 Hz) in a dose-dependent manner 
(p=0.02,EC50 =21 pM); 2) the mGluR antagonist, (2S,3S,4S)-2-Methyl- 
2-(carboxycyclopropyl) glycine (MCCG) prevented L-CCG-l-induced 
depression of synaptic transmission, blocking the depression by 30 
pM L-CCG-1 (from 30±4 to 3±5 %,n=5,p=0.03) and 100 pM L-CCG-1 
(from 39±4 to 7±5 %, n=4,p=0.04); and 3) MCCG did not affect solitary 
tract-evoked EPSCs at low stimulation frequencies (0.1-0.2Hz) but 
diminished FDD of evoked EPSCs at higher frequencies of 0.4-24 Hz 
(n=7, p<0.05). The data suggest that activation of presynaptic Group II 
mGluRs contributes to ~30 % of FDD of autonomic signal transmission 
in the NTS. Support: HL-60560.

774.7

EFFECTS OF CPP IN THE NTS OR THE CVLM ON THE RESPONSES OF PUTATIVE 

RVLM PRESYMPATHETIC NEURONS TO BARORECEPTOR REFLEX ACTIVATION 

IN RATS. W.J, Yuan? J.J. Wang. W.F. Rong. G.X. Hou. Dept. of Physiology, Second Military 

Medical Univ., 800 Xiangyin Road, Shanghai 200433, P.R.China.

In an experiment performed in 17 urethane-anaesthetized male Sprague-Dawly rats, 27 

RVLM neurons were identified as putative presympathetic neurons according to their arterial 

baroreceptor reflex related properties, where they were inhibited by stimulation of the aortic 

nerve, silenced by elevation of blood pressure and had a cardiac cycle related rhythm of 

spontaneous discharge. Responses of these neurons to baroreceptor reflex activation were 

used as an index to observe the effects of CPP, a selective NMDA antagonist, microinjected 

(0.Ipl, 50mM) into the NTS or the CVLM. Following results were observed: in the NTS, 

CPP eliminated or attenuated the inhibition of these neurons to aortic nerve stimulation, but 

did not affect the inhibition induced by blood pressure elevation and the cardiac cycle related 

rhythm of spontaneous discharge. Whereas in the CVLM, CPP eliminated not only the 

inhibition of these neurons to aortic nerve stimulation, but the inhibition induced by blood 

pressure elevation and the cardiac cycle related rhythm of spontaneous discharge disappeared. 

These results suggest that NMDA mechanism be importantly involved in the mechanism of 

the baroreceptor reflex both in the NTS and in the CVLM, and that the second order 

barosensitive neurons in the NTS project to ipsilateral CVLM.

774.8

ACTIVATION OF a-BUNGAROTOXIN INSENSITIVE 
NICOTINIC RECEPTORS IN THE nTS ELICITS 
DEPRESSOR AND BRADYCARDIC RESPONSES IN THE 
RAT. S. Dhar. V. C. Chitravanshi* and H. N. Sapru. 
Department of Neurosurgery, New Jersey Medical School, 
Newark, NJ 07103.

In urethane-anesthetized adult male Wistar rats, nicotine 
(0.01-10 pM) microinjected (50-100 nl) unilaterally into the nTS 
elicited dose-dependent depressor and bradycardic responses (n 
= 5). In separate experiments (n = 5 for each series), injections 
(100 nl) of hexamethonium, d-tubocurarine, methyllycaconitine, 
atropine, mecamylamine, and a-bungarotoxin (each antagonist 
or toxin, 10-125 pM) into the nTS failed to block the effects of 
subsequent injections of nicotine (10 pM) at the same site. In 
other experiments (n = 5), sequential injections (100 nl) of AP-7 
(10 mM), NBQX (2 mM) and MCPG (50 mM) into the nTS failed 
to block the effects of subsequent injections of nicotine (10 pM) 
at the same site. These results indicate that: 1) nicotinic receptors 
in the nTS are different from those located at the neuromuscular 
junction or autonomic ganglia, and 2) depressor and bradycardic 
responses elicited by their activation are not mediated by the 
release of an excitatory amino acid.

Support: NIH (HL24347) & AHA (NJ).
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774.9

SUBSTANCE P POTENTIATION OF NON-NMDA RECEPTOR- 
INDUCED CHANGES IN BLOOD PRESSURE. A.R. Cowan, M. Bago,
C. Dean and J.L. Seagard*, Department of Anesthesiology, Medical 
College of WI and VA Medical Center, Milwaukee, WI 53295.
Evidence indicates that the primary transmitter in the baroreflex pathway 
in the NTS is glutamate. Recent studies have suggested that the non-V- 
methyl-D-aspartic acid (non-NMDA)glutamate receptor subtype may be 
involved in encoding blood pressure (BP) related baroreceptor activity on 
neurons in the NTS. Studies from this laboratory indicate that 
microinjection of substance P (SP) in the NTS decreases BP while 
increasing the sensitivity of the baroreflex. The present study was 
performed to determine if the effect of SP on BP control involves 
nonNMDA receptor-mediated effects in the NTS. Changes in BP and 
heart rate produced by the microinjection of the non-NMDA receptor 
agonist DL-a-amino-3-hydroxy-5-methyl-isoxazole-4-propionic acid 
(AMPA) were examined before and after microinjection of SP in 12 rats 
anesthetized with sodium pentobarbital (50mg/kg), using a multi-barreled 
electrode inserted into the NTS. AMPA was microinjected (Ing in 20nl) 
and control responses were observed. When the response returned to 
baseline, SP was microinjected (lOng in 20nl). Ten minutes after the SP 
injection, the AMPA injection was repeated. AMPA produced 
hypotension and bradycardia. After the SP injection, the AMPA-induced 
decrease in BP was significantly enhanced while the time to the peak BP 
response and the magnitude of the bradycardia were unchanged. These 
results indicate that SP can increase an AMPA-induced depressor 
response and suggest a modulatory role for SP through a sensitization of 
the baroreflex. Supported by VA Med. Res. Funds and NIH HL-55490.

774.10
SUBSTANCE P MODULATION OF ARTERIAL BAROREFLEXES.
C. Dean* and J.L. Seagard. Dept. of Anesthesiology, Medical College 
of WI and VA Medical Center, Milwaukee, WI 53295.

The presence of neuropeptides including substance P (SP) at all 
levels of the baroreflex arc suggest that this peptide may play a 
modulatory role in baroreflex control of blood pressure (BP). Studies 
from this laboratory in the dog model found that microinjection of SP into 
the NTS can produce a depressor response and an increase in 
baroreflex sensitivity. The present study was undertaken to determine if 
the effect of SP on baroreflex control of BP at the level of the NTS is 
influenced by the degree of activation of the baroreceptors. The effects 
of NTS microinjections of SP on tonic versus dynamic carotid baroreflex 
control of BP were recorded in anesthetized dogs, using constant mean 
carotid sinus pressure (CSP) perfusion (baseline) and slow ramp 
increases (slope) in CSP, respectively, in an isolated sinus. The reflex 
responses of BP to constant mean and ramp CSP perfusion were 
determined before and after microinjection of SP (10 pM; 50 nl) into the 
NTS at different levels of baseline CSP. The mean CSP was randomly 
set to a low (50 mmHg), medium (100 mmHg) or high (150 mmHg) 
conditioning level. The greatest decrease in baseline BP occurred at low 
CSP, which may reflect the fact that baseline arterial BP was highest at 
this level of CSP, and thus had a greater range over which to decrease. 
The greatest increases in baroreflex slope occurred at the medium and 
high CSP, suggesting that the degree of modulation of this component of 
the baroreflex is dependent on the level of baroreceptor input. These 
data suggest that SP modulation of the arterial baroreflex at the level of 
the NTS is dependent upon the degree of activation of the 
baroreceptors or the activation of baroreceptors with different thresholds. 
Supported by VA Medical Research Funds and NIH HL55490.

774.11

POSTNATAL STRESS CAN AFFECT DEVELOPMENT OF
CARDIOVASCULAR CONTROL MECHANISMS VIA A CENTRAL ATI 
RECEPTOR MECHANISM. James P. Porter*. Dept. of Zoology, Brigham 
Young University, Provo, UT 84602.

One-week icv infusion of ANG II in 3-wk old rats has recently been shown 
to increase the expression of brain angiotensin type 1 (ATI) receptor. The aim 
of the present study was to determine if brain angiotensin II (ANG II) plays a 
role in shaping the postnatal development of the baroreflex. Young rats (3 
wks) were prepared with lateral ventricular cannulae connected to osmotic 
minipumps that delivered either ANG II (1 pg/hr), the ATI receptor antagonist, 
losartan (2 pg/hr), or sterile saline (0.5 pl/hr) for 14 days. Within two weeks 
after the end of the infusions, the rats were then tested for baroreflex control of 
heart rate using bolus iv injections of phenylephrine. There was no significant 
difference in baroreflex sensitivity among the three groups, although the 
losartan-treated group did show a significant decrease in the pressor response 
to bolus icv injections of ANG II. To determine if brain ANG II might affect 
baroreflex development only under stimulated conditions, a second group of 
rats receiving 2 wks of icv losartan or saline were subjected to twice daily (45 
min) restraint stress for 10 days of the 2-wk infusion. Compared to the icv- 
saline infused rats, the icv-losartan infused rats showed a significant decrease 
in baroreflex sensitivity (slope: -8.4 ± 2.6 A bpm/A mm Hg, icv saline versus 
-2.9 ± 0.5, icv losartan). These data raise the possiblity that under certain 
conditions, brain ATI receptors may affect the shaping of central 
cardiovascular control mechanisms during the postnatal period. Supported by 
Brigham Young University.

774.12

INVOLVEMENT OF CARBON MONOXIDE ON BAROREFLEX 
REGULATION. W.C. Lo1, H.C. Lin2, B.H. Kang3, F.J. Wan3, C.J. Tseng1* 
Dept. of Med. Education & Res., Veterans General Hospital-Kaohsiung; 

Institutes of Life Science2 and Undersea & Hyperbaric3, National Defense 
Medical Center, Taipei, Taiwan, R.O.C.

Recent studies suggest carbon monoxide (CO), which is produced in 
significant quantities in many brain regions, may function as a 
neurotransmitter. Heme oxygenase catalyzes the metabolism of heme to 
biliverdin and CO. However, the physiological role of CO in central 
cardiovascular regulation was not well understood. In the present study, we 
evaluated further the baroreflex response of CO in the nucleus tractus 
solitarii (NTS) of rats. Male Sprague-Dawley rats were anesthetized with 
urethane, blood pressure and heart rate was monitored intra-arterially. 
Unilateral microinjection (60 nL) of hematin, a heme molecule cleaved by 
heme oxygenase to yield CO, into the NTS produced prominent dose-related 
depressor and bradycardic effects. Baroreflex response were elicited by 
increasing dose of phenylephrine (10-30 pg/Kg i.v.) before and after intra- 
NTS administration of zinc deuteroporphyrin 2,4-bis glycol (ZnDPBG) (1 
nmol), an inhibitor of heme oxygenase activity, or vehicle. The reflex 
bradycardia elicited by phenylephrine was significantly inhibited by the 
pretreatment of ZnDPBG. Furthermore, the inhibitory effects on baroreflex 
activation of ZnDPBG were dose dependently. These results suggest that 
CO formed by brain heme oxygenase plays a role in the central 
cardiovascular regulation and that CO synthase inhibitor attenuated 
baroreflex activation.
(supported by VGHKS88-30, Kaohsiung; DOH87-HR-705, R.O.C.)

774.13

CARDIOVASCULAR RESPONSES TO MICROINJECTION OF 
ADENOSINE TRIPHOSPHATE (ATP) INTO THE NUCLEUS 
TRACTUS SOLITARY (NTS) OF AWAKE RATS. B.H. Machado*
L.G.H, Bonagamba and P.M. de Paula, Dept. of Physiology, School of 
Medicine of Ribeirao Preto, USP, 14049-900, Ribeirao Preto, SP, Brazil.

Previous studies indicated that ATP may play a role as a 
neurotransmitter in the pathways involved with the central neural control of 
the circulation. In the present study we performed microinjection of ATP into 
the lateral commissural NTS of awake rats and the changes in the mean 
arterial pressure and heart rate were compared with the responses to 
microinjection of L-glutamate into the same site. Four days previous to the 
experiments the rats received guide cannulas in the direction of the NTS and 
one day before, the femoral artery and vein were catheterized. Microinjection 
of ATP (1.25 nmoles/50 nl) into the NTS produced pressor (32 ± 8 mmHg) 
and bradycardic responses (-157 ± 29 bpm) similar to the pressor (35 ± 6 
mmHg) and bradycardic responses (-127 ± 26 bpm) to the microinjection of 
L-Glutamate (1 nmol/50 nl) into the same site (n=8), performed at least 20 
min apart. Microinjection of ATP in the doses of 0.625 and 2.5 nmoles/50 nl 
produced pressor responses of 20 ± 6 and 50 ± 10 mmHg, respectively. The 
data indicate that the cardiovascular responses to microinjection of ATP into 
the lateral commissural NTS are similar to those produced by L-Glutamate 
and that the pressor response to ATP microinjection into the NTS was dose- 
dependent. These findings support the concept that ATP play an important 
role in the processing of the cardiovascular reflexes in the NTS.
Supported by FAPESP, PRONEX and CNPQ.

774.14

ANTEROGRADE AND RETROGRADE TRACERS DEFINE PROJECTIONS 
BETWEEN NUCLEUS TRACTUS SOLITARII AND SUPERIOR SALIVATORY 
NUCLEUS IN RATS.
Kh. Agassandian1. V.P.S. Fazan2, M.D, Cassell1, L-H. Lin1, & W.T. Talman1*,
'University of Iowa and VAMC, Iowa City, IA, USA 52242 and 2School of Medicine
of Triangulo Mineiro, Uberaba, MG, Brazil 38015-050.

Arterial baroreflexes may influence cerebral blood flow (CBF) through actions on 
parasympathetic neurons that innervate cerebral blood vessels, but the anatomical 
substrate for those actions has not been established. We tested the hypothesis that the 
cardiovascular nucleus tractus solitarii (NTS) projects to pontine preganglionic para-
sympathetic neurons of the superior salivatory nucleus (SSN). Biotinylated dextran 
amine (BDA, 3 rats) or biocytin (4 rats) was iontophoretically deposited into the 
cardiovascular region of NTS or WGA-HRP (6 rats) was deposited into SSN. Control 
injections were made in adjacent regions of brain stem in other rats. After a period 
allowing for transport, the rats were euthanized and the brain was removed and fixed. 
Transverse and horizontal sections of brain stem from caudal NTS to rostral facial 
nucleus were processed for light microscopic visualization of tracers. Biocytin and 
BDA produced identical results. When tracers had been deposited into NTS, labeled 
processes were present in nucleus ambiguus and caudal ventrolateral medulla. 
Labeled axons and boutons in close apposition to neurons of SSN were mainly 
observed ispsilateral to the injection. No tracer was found in SSN when tracer had 
been deposited in regions adjacent to, but not including, NTS. WGA-HRP deposited 
in SSN was retrogradely transported to neurons in cardiovascular NTS.

These data support there being a monosynaptic projection from NTS to SSN that 
may participate in baroreflex modulation of CBF. Moreover, neurons in SSN may 
play a role in baroreflex-mediated vasodilatation of cerebral vessels and increases in 
CBF during hypertension.

Support: CAPES and Fulbright fellowship (VPSF); American Heart Association 
GIA 9950392N and NIH R01 HL59593-01 (WTT).
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774.15

ANTEROGRADE TRACING OF NUCLEUS AMBIGUUS PROJECTIONS TO THE 
RAT HEART. Z. Cheng*, and T.L, Powtey. Purdue Univ., West Lafayette, IN 47907.

Estimates of the relative extent and organization of the dorsal motor nucleus of the 
vagus (DmnX) and nucleus ambiguus (NA) projections to the heart based on 
retrograde tracing and physiological studies have been controversial. To 
complement these conventional strategies, we recently used anterograde tracing, 
confocal microscopy, and stereological counting methods (Cheng et al., 1999) to 
characterize the DmnX innervation of cardiac ganglia. Here we report the application 
of the identical methods to investigate NA projections to the heart. Rats (n=13) 
received multiple unilateral injections of Dil in the NA (to anterogradely label cardiac 
motor neurons) and systemic injections of FG (to label cardiac ganglia, the DmnX, 
and the NA). To avoid any nonspecific axon-of-passage labeling, DmnX motor 
neurons and nodose ganglia somata were verified as unlabeied with Dil, thus 
establishing that axonal labeling in the nerve originated exclusively from the NA. Our 
data show that: (a) the NA supplied significant numbers of fibers to both atria (left: 
82-151 axons; right: 60-122). (b) NA axons formed complex basket or calyx 
endings around principal neurons (PNs) in cardiac ganglia, (c) 2248±289 PNs were 
innervated by NA fibers in the left vagus, and 1784+159 PNs by those in the right 
(d) The average estimated divergence was 1 NA axon to 27 PNs for the left vagus 
and 1:30 for the right. Additionally, these observations on the NA contrasted with our 
earlier DmnX results: (a) NA fibers did not innervate SIF cell clusters in cardiac 
ganglia, whereas DmnX axons did. (b) In contrast to fibers originating from the 
DmnX, NA efferents appeared much larger in diameter, (c) The NA projections to 
the heart diverged ~3 times as much as DmnX axons. Collectively, these results 
indicate that the NA supplies approximately the same number of cardiac motor fibers 
to the heart as the DmnX does, but that its larger fibers ramify into much larger pools 
of motor neurons, including ~3 times as many PNs as DmnX axons contact. Thus, 
the NA and the DmnX may contribute different and heterogeneous controls over 
cardiac functions. NIH DK27627, NIMH MH01023, and AHA 9930173.

774.16
LOCALIZATION OF GLUTAMATE AND GABA RECEPTOR SUBUNITS ON 
VAGAL PREGANGLIONIC NEURONS PROJECTING TO THE RAT HEART
E.KA. Corbett1*. W. Sieghart2, P.N. McWitliam1 & T.F.C. Batten1, ‘institute for 
Cardiovascular Research, Medical School, Leeds University, Leeds LS2 9JT, U.K. & 
2University Clinic for Psychiatry, Wahringer-Gurtel 18-20, A-1090 Vienna, Austria.

Cardiac vagal preganglionic neurons (CVPNs) in the rat brainstem were identified 
by retrograde tracing with Dil and cholera toxin B-subunit (CTb) applied to the atria 
of the heart. The majority of CVPNs (>80%) were found in the nucleus ambiguus, 
with fewer (5-10%) located in the dorsal vagal nucleus, and the remainder (10-15%) in 
the intermediate reticular region. Sections containing CVPNs retrogradely labelled 
with red fluorescence were incubated with specific antibodies to glutamate, GABAa  
and GAB Ab  receptor subtypes/subunits. Bound antibodies were visualized with green 
fluorescence (Cy2-conjugated anti-IgG or ABC-peroxidase followed by tyramide 
signal amplification with fluorescein). Antibodies to AMPA subunits GluR2/3 and 
GluR4 gave intense cytoplasmic labelling in many CVPNs of each subpopulation 
Labelling for GluRl and NMDA subunits NR1 and NR2a/b was less intense. Immuno-
reactivity for metabotropic glutamate receptor mGluR5 was strong in many CVPNs, 
but the reactivity for mGluR la and 2/3 subtypes was generally rather weak. Labelling 
for GABAa  aisubunit was characterized by light cytoplasmic labelling with more 
intense labelling decorating the periphery of somata and along dendrites. The a3 
labelling was strong, and a2 and y2 weak in the cytoplasm of most CVPNs. The fl2 and 
B3 subunit labelling was most intense in fibres and varicosities surrounding vagal 
neurons GABAb  receptor immunoreactivity was present on many CVPNs as intense 
punctate labelling superimposed on lighter cytoplasmic labelling. Not ail CVPNs 
labelled with equal intensity, but the pattern of expression of each receptor subunit or 
subtype did not appear to differ between the three anatomical subgoups. These results 
suggest that vagal neurons projecting to the heart form a heterogeneous population 
with respect both to their location in the medulla and their composition of receptors for 
excitatory and inhibitory amino acids. Supported by the British Heart Foundation,

774.17

THERE ARE SYNAPTIC INTERACTIONS BETWEEN NEGATIVE 
CHRONOTROPIC VAGAL PREGANGLIONIC NEURONS AND NEUROPEPTIDE 
Y (NPY)- IMMUNOREACTIVE NERVE TERMINALS. J.-M. Lauenstein, T.A. 
Johnson*, S.S, Newton, and V.J. Massari. Dept. of Pharmacology, Howard Univ. 
College of Medicine, Washington, D.C. 20059.

NPY perikarya and terminals are found widely distributed in the ventrolateral 
medulla, including the ventrolateral nucleus ambiguus (NA-VL). Microinjections of 
NPY into the caudal NA-VL cause a profound dose dependent bradycardia which could 
be blocked by vagotomy. This bradycardia may be caused, at least in part, by the 
negative dromotropic effects of microinjected NPY. In the present report we have 
evaluated the hypothesis that NPY-immunoreactive nerve terminals may influence 
cardiac rate by a monosynaptic interaction with negative chronotropic neurons in the 
NA-VL. Four cats were anesthetized and the retrograde tracer CTB-HRP was injected 
into the right atrial intracardiac ganglion which mediates the vagal control of sino-atrial 
rate, i.e. the SA ganglion. Three days later the cats were anesthetized and perfused with 
a combination of aldehyde and acrolein fixatives. A histochemical method using 
tetramethylbenzidine tungstate was used to locate NA-VL neurons containing CTB- 
HRP. This, method results in a crystalline reaction product. Immunocytochemistry 
utilizing diaminobenzidine as a chromogen was used to locate NPY. This method results 
in an amorphous reaction product. By electron microscopy, NPY immunoreactive 
terminals were observed synapsing upon the somata, proximal and distal dendrites of 
negative chronotropic neurons in the NA-VL. Therefore, NPY terminals of the NA-VL 
monosynaptically modulate preganglionic vagal control of sino-atrial rate. Funding 
provided by NIH grant HL-51917 and The American Heart Association.

774.18

VAGAL PREGANGLIONIC CONTROL OF HEART RATE IS MODULATED 
MONOSYNAPTICALLY BY ENKEPHALINERGIC NERVE TERMINALS IN THE 
VENTROLATERAL NUCLEUS AMBIGUUS. K.J. Blinder*, T.A. Johnson, S.S. 
Newton, J.-M. Lauenstein, and V.J. Massari. Dept. of Pharmacology, Howard 
University College of Medicine, Washington, DC 20059.

The vagal control of cardiac rate is mediated by negative chronotropic 
preganglionic and postganglionic neurons found in: 1) the ventrolateral nucleus 
ambiguus (NA-VL); and 2) aright atrial intracardiac ganglion, the SA ganglion (SAG), 
respectively. Relatively little is known, however, about the neurotransmitters which 
mediate the central control of these functionally specific chronotropic circuits. By light 
microscopy, leu-enkephalin (LEnk) terminals have been demonstrated in NA-VL. 
Microinjection of LEnk, met-enkephalin, or opiates into NA-VL causes bradycardia 
which can be prevented by naloxone. An ultrastructural analysis is needed, however, to 
determine whether these physiological effects of enkephalins are mediated by 
monosynaptic or polysynaptic pathways. Four cats were anesthetized with isoflurane, 
and the retrograde tracer CTB-HRP was injected into SAG. Three days later the cats 
were anesthetized and perfused with a combination of aldehyde and acrolein fixatives. 
A histochemical method using tetramethylbenzidine tungstate was used to locate NA-VL 
neurons containing CTB-HRP. This method results in a crystalline reaction product. 
Immunocytochemistry utilizing diaminobenzidine as a chromogen was used to locate 
LEnk. This method results in an amorphous reaction product. By electron microscopy, 
LEnk immunoreactive terminals were observed synapsing upon the somata, proximal 
and distal dendrites of negative chronotropic neurons in NA-VL. These observations 
demonstrate that enkephalinergic terminals of NA-VL monosynaptically modulate 
preganglionic vagal control of sino-atrial rate. Funding provided by NIH grant HL- 
51917 and The American Heart Association.

774.19

SYMPATHETIC CONTROL OF CARDIAC RATE: ENKEPHALINERGIC 
MODULATION OF POSITIVE CHRONOTROPIC NEURONS IN THE STELLATE 
GANGLION? S.S. Newton, J.-M. Lauenstein, T.A. Johnson, K.J. Blinder, and V.J. 
Massari* Dept. of Pharmacology, Howard U. Coll, of Med., Washington, D.C. 20059.

The vagal postganglionic controls of cardiac rate, atrioventricular conduction, 
and ventricular contractility are mediated by separate functionally independent 
intracardiac ganglia (the SA, AV, and CV ganglia, respectively). Vagal preganglionic 
neurons innervating these ganglia also comprise three separate populations of neurons 
in the nucleus ambiguus. Is there an analogous anatomical and functional organization 
of the sympathetic input to the heart? In four cats, one of two fluorescent retrograde 
tracers was injected into the SA or the CV ganglia under isofluorane anesthesia. Ten 
days later, cats were anesthetized, perfused with fixatives, the stellate ganglia were 
removed, and the tissues were examined using fluorescence optics. In two other cats, 
both fluorescent tracers were injected into the pericardial space in order to control for 
diffusion of the tracer from the injection sites. Injections into the SA or CV ganglia 
labeled two completely overlapping but separate populations of stellate cardiac neurons, 
i.e. each neuron was singly labeled. Injections into the pericardial space by contrast 
caused double labeling of about 86% of stellate cardiac neurons. Therefore there are 
separate populations of neurons in the stellate ganglion which innervate different regions 
of the heart. Subsequently, four cats received injections of CTB-HRP into the SA 
ganglion, and the stellate ganglion was processed for the simultaneous ultrastructural 
demonstration of retrogradely labeled neurons as well as the immunocytochemical 
visualization of leu-enkephalin (LE). LE was observed in axons, nerve terminals, 
dendrites, and somata in the stellate ganglion. LE terminals formed axo-dendritic 
contacts with unlabeled as well as LE immunoreactive profiles, however, no contacts 
were observed on neurons retrogradely labeled from the SA ganglion. These data suggest 
that the cardioinhibitory effects of enkephalins on heart rate may be mediated through 
an invervening intemeuron. Supported by HL-51917 and the American Heart Assoc.

774.20
KETAMINE INHIBITS VAGAL CARDIAC NEURONS IN THE NUCLEUS 
AMBIGUUS BY REDUCING SYNAPTIC AND VOLTAGE GATED Na 
CURRENTS. D. Mendelowitz2*, M.C. Andresen1, K.Eaton2, J. Humphrey2 and
G. Northcutt2. ’Dept. Pharmacol, and Physiology, Oregon Health Sciences 
Univ., Portland, OR, 2Dept. Physiology, Univ. of Tenn., Memphis, TN 38163.

A major risk of general anesthetics is an impairment in cardiovascular reflexes 
and an imbalance in autonomic control. The objective of the present study was to 
examine the direct cellular effects of ketamine, at clinically relevant 
concentrations, on the firing properties, voltage gated currents and synaptic 
activation of rat cardiac vagal neurons.

The soma of these neurons were visualized in an in-vitro 250p thick brainstem 
slice and identified by the presence of a fluorescent tracer that had been 
previously applied to their peripheral terminals surrounding the heart. Whole 
cell patch clamp techniques were used to study the firing properties, synaptically 
evoked and voltage gated currents in these neurons.

Ketamine (at concentrations of 0.1-10 pM) reduced the firing of cardiac vagal 
neurons in response to injection of depolarizing current. This inhibition could be 
partially reduced by hyperpolarizing prepulses. Consistent with these results 
ketamine inhibited the voltage gated Na currents in cardiac vagal neurons, both 
by reducing their peak amplitude as well as by shifting their voltage-dependent 
inactivation properties to more negative potentials. In addition, ketamine, at low 
concentrations, reduced the excitatory synaptic activation of cardiac vagal 
neurons by selectively inhibiting NMDA, but not non-NMDA synaptic currents. 
These results provide a cellular foundation for understanding the mechanisms by 
which ketamine anesthesia blunts cardiovascular reflexes, increases heart rate, 
and augments the risk of cardiac arrhythmias.

Supported by NIH grants HL 49965, 59895 and 58760.
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775.1

CORTICOSTERONE INCREASES PRESSOR RESPONSE TO 
CENTRAL ANGIOTENSIN D. Scheuer* Dept. of Pharmacology, 
School of Pharmacy, Univ. of Missouri-Kansas City 64108-2792

There is accumulating evidence that glucocorticoids contribute to 
the development of hypertension in humans. This study was 
conducted to test the hypothesis glucocorticoid-mediated increases in 
arterial pressure (AP) are mediated in part by facilitation of the central 
actions of angiotensin II (ANGII). Experiments were performed in 
control rats (con) and in rats treated for 2-3 wk. with 100 mg 
subcutanous corticosterone (cort) pellets. Experiments were 
performed in conscious rats that had been previously instrumented 
with intracerebral ventricular (icv) cannulae and arterial and venous 
catheters. All drugs were administered in artificial CSF at a pH of 7.4 
and in a volume of 5 /d. Baseline AP was significantly (P<0.05) 
greater in cort rats (129±6 mmHg) than in con rats (114±3 mmHg). 
ANGII (100 ng icv) increased AP significantly (P<0.05) more in the 
cort than in the con rats (24±1 vs 13±1 mmHg). The ANGII 
antagonist Losartan (10 pig icv) significantly (P<0.05) reduced AP 
and heart rate only in cort rats. In cort rats AP fell -5±2 mmHg in the 
first 10 min following Losartan. The maximum reduction in AP of - 
7±2 mmHg occurred from 30-50 min after Losartan. In cort rats HR 
decreased from a baseline of 406±17 to a low of 370±8 bpm at 30 min 
following Losartan. These results support the hypothesis that 
increased central ANG contributes to cort-induced elevations in AP. 
Supported by HL 56112.

775.2
CHARACTERIZATION OF AREA POSTREMA (AP) BIG CONDUCTANCE Ca++ 
ACTIVATED K+ CURRENT (MAXIK+) AND MODULATION BY 170- 
ESTRADIOL Zhicheng Li'*and Meredith Hav2 ‘Dalton Cardiovascular Research 

Center; 2Dept of Veterinary Medical Science, Univ of Missouri, Columbia, MO 65211
Estrogen has been proposed to delay the onset of hypertension. Its potential role 

in the central regulation of cardiovascular function has yet to be established. The AP 
is a circumventricular organ known to be important in central cardiovascular 
regulation. Previous studies have shown that 17P-estradiol potentiates AP potassium 
currents (IK). The purpose of this study was to determine the acute effects of 17(3- 
estradiol on AP MaxiK+. AP neurons were harvested from 12-day-old Sprague- 
Dawley rats and plated for cell culture. Following 36-48 hours in culture, whole-cell 
patch clamp recordings of IK were obtained. Bath solution consisted of (in mM) 137 
NMDG, 5.4 KC1, 1.0 MgCl2, 2.0 CaCl2, 10.0 glucose, and 10.0 HEPES, pH=7.4. 
Pipette solution consisted of (in mM) 145 KAsp, 10.0 glucose, 1.0 MgCl2, 2.0 CaCl2,
2.2 EGTA and 5.0 HEPES, pH=7.20. IK was evoked by depolarizing AP neurons to 
+20mV from -80mV holding potential. A selective blocker, iberiotoxin (IbTX) was 
used to detect and isolate AP MaxiKL MaxiK+ was obtained by digitally subtracting 
IK in the presence of IbTX (lOOnM) from IK in the absence of IbTX. MaxiK+was 
found in all AP neurons tested (n=7/7) and contributed an average of 52±5% to the 
total IK. The MaxiK+ activated near -30mV and increased its peak amplitude linearly 
with more positive depolarization voltages. To determine the effects of 17p-estradiol 
on MaxiK+, 17P-estradiol (50nM) was applied to AP cells in the presence and absence 
of IbTX. In the absence of IbTX, 17(3-estradiol increased averaged MaxiK+ by 187%. 
Following application of IbTX (lOOnM), 17P-estradiol’s effects on IK were blocked 
(n=2). These results suggested that 17f3-estradiol may inhibit AP activity via 
activation of MaxiK+. Future study will determine the cellular mechanisms underlying 
17P-estradiol’s effect on MaxiKL (Supported by AHA-9804674X and AHA- 
9950128N)

775.3

THE EFFECT OF GLYCYL-L-GLUTAMINE AND CHOLINE 
COMBINATION ON CARDIOVASCULAR SYSTEM IN 
HAEMORRHAGED RATS. M S, Gurun*. W.R. Millington and I. H. Ulus. 
Uludag University Medical Faculty, Department of Pharmacology and Clinical 
Pharmacology, Goriikle, 16059, Bursa, Turkey.

Glycyl-L-glutamine (Gly-Gln) is a nonopioid dipeptide synthesized through 
the post-translational processing of endogenous opioid peptide (3-endorphine 
and can restore blood pressure in haemorrhaged conscious rats. Choline, a 
precursor of the neurotransmitter acety lcholine, also can reverse haemorrhagic 
hypotension.

The present study aimed to investigate the effects of centrally injected Gly-Gln 
and choline combination on hemodynamic parameters under haemorrhagic shock 
conditions in conscious animals. Adult Sprague-Dawley rats of either sex (250- 
300g) were used throughout the study. The left femoral artery and left cerebral 
ventricles of rats were cannulated under ether anesthesia to perform drug 
injections and monitorization of blood pressure. Hemorrhagic shock was 
produced by bleeding 2.5 ml of blood per 100 g of body weight within 20 min 
Intracerebroventricular (i.c.v.) administration of either Gly-Gln (30 nmol/10 gl) 
or choline (25 gg/10 gl) alone, produced very little increase in blood pressure in 
haemorhaged hypotensive rats. However, combination of Gly-Gln (30 nmol/10 
gl) and choline (25 gg/10 gl) injected i.c.v. reversed hypotension very 
effectively. This effect was time-dependent. Pressor response reached to its 
maximum within 20 min. Blood pressure was still significantly higher than 
control values at 60 min after haemorrhage. On the other hand, centrally 
administration of same doses of Gly-Gln (30 nmol/10 gl) and choline (25 gg/10 
gl) combination failed to change cardiovascular parameters in nonhaemorrhaged 
normotensive animals.

775.4

REVERSAL OF HEMORRHAGIC SHOCK IN CONSCIOUS RATS BY CDP- 
CHOLINE. V. Savci*, S. Cavun and 1. H, Ulus. Uludag University Medical 
Faculty, Department of Pharmacology and Clinical Pharmacology, Goriikle, 
16059, Bursa, Turkey .

In the present study, effects of central and peripheral injected CDP-choline 
(cytidine-5’-diphosphate choline) on blood pressure were investigated under 
hemorrhagic shock conditions. Adult Wistar rats of either sex (250-300g) were 
used throughout the study. The left common carotid artery, the left juguler vein 
and left cerebral ventricles of rats were cannulated under ether anesthesia to 
perform drug injections and monitorization of blood pressure. Hemorrhagic 
shock was produced by bleeding 2.1-2.2 ml of blood per 100 g of body weight 
within 7-10 min. Intracerebroventricular (i.c.v.) administration of CDP-choline 
(0.1, 0.25, 0.5 and 1 gmol) induced a prompt, dose-and time-dependent increase 
in blood pressure in hemorrhaged rats. Hypotension was completely reversed by 
the i.c.v. injection of 1 gmol of CDP-choline. I.c.v. administration of equimolar 
dose of choline (1 gmol) also reversed hypotension while cytidine (1 gmol; i.c.v.) 
produced little effect. Similarly, intravenous (i.v.) injection of CDP-choline (100, 
250 and 500 mg/kg) restored hypotension dose-dependently. Pretreatment of rats 
with hemicholinium-3 (20 gg; i.c.v.) was greatly attenuated the pressor response 
to i.c.v. and i.v. CDP-choline. Mecamylamine (50 gg; i.c.v.) pretreatment 
produced similar attenuation in the blood pressure response while atropine (10 
gg; i.c.v.) failed to change the effect. Moreover, increase in plasma and cerebral 
ventricule choline levels were observed after i.v. and i.c.v. administration of 
CDP-choline, respectively. Results show that exogenus administration CDP- 
choline can reverse hypotension in hemorrhagic shock and its choline component 
can contribute this effect.

775.5

CENTRAL PRESSOR EFFECT OF PHYSOSTIGMIN IN THE CONCIOUS 
HEMORRHAGED AND NON-HEMORRHAGED RATS: THE ROLE OF 
VASOPRESSIN. IH. Ulus*, V. Savci and B. K. Kiran. Uludag University 
Medical Faculty, Department of Pharmacology and Clinical Pharmacology, 
Goriikle, 16059, Bursa, Turkey.

Intracerebroventricular (icv) injection of physostigmin (15 gg), a reversible 
inhibitor of acetylcholinesterase, to acutely hemorrhaged (2.1 ml of blood 
removed per 100 g of body weight within 5-10 min) and non-hemorrhaged 
control rats increased blood pressure. In non-bled rats, the increase in blood 
pressure to a given dose of physostigmin is much smaller in magnitude and 
shorter lasting than the response observed in hemorrhaged rats. The pressor 
response to icv physostigmin in non-bled rats was abolished by pretreatment with 
atropine (10 gg, icv) but not mecamylamine (50 gg, icv). In hemorrhaged rats, 
the pressor response was attenuated by pretreatment with atropine (10 gg, icv) 
and mecamylamine (50 gg, icv). The pressor response to icv physostigmin (15 
gg) was associated with a several fold increase in plasma level of vasopressin in 
both hemorrhaged and non-hemorrhaged rats. Vasopressin increases in plasma in 
response to physostigmin (15 gg,icv) in hemorrhaged and non-hemorhaged rats 
were blocked by atropine (10 gg, icv), but not mecamylamine (50 gg, icv). In 
hemorrhaged rats, die pressor response to icv physostigmin (15 gg) was 
attenuated by systemic administration of the vasopressin antagonist, [(3-mercapto- 
p^-cyclopenta-methylenepropionyl^O-Me-TyF-Arg*!- vasopressin (10 gg/kg, 
i.v). The present results demonstrate that the acetylcholinesterase inhibitor, 
physostigmin, increases blood pressure in hemorrhaged and non-hemorrhaged 
rats by activating, mainly, central muscarinic cholmoceptors. An increase in 
plasma vasopressin appears to be involved, at least partially, in this effect of 
physostigmin.

775.6

DELTA OPIOID RECEPTORS IN THE CAUDAL MIDLINE MEDULLA 
MEDIATE HYPOTENSION EVOKED BY HEMORRHAGE IN THE 
HALOTHANE ANESTHETISED RAT.
L.A, Henderson1*. K.A, Keav1-2 & R, BandlerL2 Dept of Anatomy & 
Histology 1 and Centre for Anaesthesia and Pain Management Research2, 
The University of Sydney, NSW, 2006, Australia.

Under halothane-anesthesia microinjections of excitatory amino acids 
(EAAs) made into the caudal midline medulla (CMM) evoke hypotension (- 
18+1%) and bradycardia (-7±1%) [1]. Further, in the halothane-anesthetised 
rat inactivation of the CMM using either lignocaine or cobalt chloride 
completly blocked or attenuated the hypotension and bradycardia 
("decompensation") evoked by progressive blood loss [2]. Systemic 
injections of the opiate antagonist Naloxone(3-10 mg/kg) have been shown 
to block decompensation, an effect thought to be due to action on delta (d)- 
rather than mu-opioid receptors. In this study we investigated the effects on 
decompensation of blockade of 3-receptors in the CMM. Microinjections of 
the d-opioid receptor antagonist, Naltrindol were made into the CMM of 
halothane-anesthetised rats prior to 15% hemorrhage. Although Naltrindol 
injections [500nl; 20-0.2mM] had little effect on resting arterial pressure or 
heart rate, they dramatically attenuated, and in some cases abolished the 
hypotension and bradycardia evoked by 15% hemorrhage. Preliminary data 
indicate that microinjections (500nl) of the 3-receptor agonists deltorphin 
[ImM] or DPDPE [lOOmM] into the CMM evoke hypotension (-20%) and 
bradycardia (-15%). On balance these data suggest that actions at 3- 
receptors within the CMM mediate the hypotension and bradycardia evoked 
by hemorrhage in halothane anesthetised rat. [1] Henderson et al (1998) 
Neuroscience: 82, 201-221, [2] Henderson et al (1998) NeuroReport: 9, 
1839-1844.
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775.7 

ANESTHETIC-MODULATION OF THE CARDIOVASCULAR 
FUNCTIONS OF THE CAUDAL MibLINE MEDULLA IN RAT. 
D.J Heslop! K.A. Keayl,2* LA. Henderson I & R. Bandler 1,2 Dept of 

Anatomy & Histology I and Centre for Anaesthesia and Pain 
Management Research2, The University of Sydney, NSW, Australia. 

Under halothane-anesthesia microinjections of D,L-homocysteic 
acid (DLH; 0.2M) made into the caudal midline medulla (CMM) 
evoke hypotension (-18±1%) and bradycardia (-7±1%), as do DLH 
injections into the caudal ventrolateral medulla (CVLM) (hypotension 
-29±3%; bradycardia -15±3% ). In contrast, under urethane anesthesia 
( l.5g/kg) microinjections of DLH (15-30nl; 0.2M) into the CMM 
evoke hypertension (+29±3%) and tachycardia (+22±2%), although 
DLH microinjections into the CVLM still evoke hypotension (-
18±2%) and bradycardia (-18±4%). Thus the cardiovascular functions 
of the CMM appear to be anesthetic dependent. In the halothane
anesthetised rat, it has been reported that the CMM is critical in 
triggering the hypotension and bradycardia ("decompensation") 
evoked by blood loss(!]. To investigate whether urethane anesthetic 
might alter the contribution of the CMM to decompensation, 
microinjections of the local anesthetic lignocaine (500nl, 2%) were 
made into the CMM of urethane-anesthetised rats prior to 15% 
haemorrhage. As in halothane-anesthetised rats, lignocaine blockade 
of the CMM had little effect on resting arterial pressure or heart rate. 
However, in contrast to the abolition of decompensation under 
halothane, under urethane anesthesia decompensation not only 
persisted, but was evoked prematurely. These data suggest that CMM 
functions are profoundly altered by anesthetic. [l] Henderson et al 
(1998) NeuroReport:9, 1839-1844 

775.9 

ANTALARMIN ANTAGONISM OF CRF INDUCED HYPERTENSION IN TIIE 
RAT. R J. Briscoe'* CL Cabrera1 C. Raphalides 1 S. Frankel2 N Adappa' G. 
Winger 1 K. Rice 3 and J.H. Woods 1,2• 1 Dept. of Pharmacology and 2 Psychology, 
Univ. of Michigan, Ann Arbor, MI 48109; 'NIH, Bethesda, MD. 

Corticotropin releasing factor (CRF) antagonists have played an important role in 
the understanding of the function of CRF in recent years. These compounds may 
have potential utility in treating a number of conditions including depression, anxiety 
and drug abuse. The selective non-peptide CRF I receptor (CRFRl) antagonist 
antalannin has been shown to inhibit a number of CRF-mediated effects, but it has 
not been clearly demonstrated in vivo 1) whether antalarmin crosses the blood brain 
barrier and 2) whether it is selective for cardiovascular effects associated with 
CRFRl. Male Wistar rats were implanted with i.c.v. and carotid artery cannula. 
Following recovery, continuous monitoring ofblood pressure and heart rate was done 
in awake, freely moving rats. CRF 1 µg i.c.v. induced a substantial increase in mean 
arterial pressure (approx. 30 mmHg) that was dose dependently antagonized by the 
i.p. administration of antalannin (0, 10, 32 mg/kg). In a second group of rats with 
carotid artery and jugular vein cannula, antalarmin failed to antagonize the 
hypotensive effects of 10 µg/kg i.v. CRF at all doses tested. The hypotensive effects 
of peripherally administered CRF were shown to be effectively antagonized by alpha
helical CRF,..1 (120 µg /kg, i.v.). These data suggest that antalannin crossed the blood 
brain barrier and antagonized CRF at presumably the central CRFRl. Since the 
CRF-induced hypertension was blocked by alpha-helical CRF941 , but not antalarmin, 
this suggests that antalarmin may possess considerable selectivity of action. 
This work was supported by USPHS Grants DA-00254, DA-09163. 

775.11 

CHRONIC ENDOTHELIN-1 BLOCKADE REDUCES SYMPATHETIC NERVE 
ACTIVITY IN RABBITS WITH HEART FAILURE. LH. Zucker1*, J-L. Liu1 K.G. 
Comish 1 and Y-T. Shen 2• 1Department of Physiology and Biophysics, Univ. of Nebraska 
College of Medicine, Omaha, NE 68198; 'Merck Research Labs, West Point, PA 19486 

Endothelin -1 (ET!) is elevated in the heart failure (HF) state. In this study we 
determined the effects of chronic ETI blockade on renal sympathetic activity (RSNA) in 
conscious rabbits with pacing-induced HF. Rabbits were chronically paced at 320-360 
bpm for 3-4 weeks until clinical signs of HF and cardiac dilation were present. 3-5 days 
before the experiment, rabbits were chronically instrumented. RSNA was expressed as the 
% of maximum nerve activity. In addition, the arterial baroreflex was evoked by altering 
arterial pressure using either phenylephrine or sodium nitroprusside. Responses were 
compared in rabbits before and after receiving the ETl antagonist L-754, 142 by osmotic 
minipump ( a combined ET A and ET 8 inhibitor; 0. 5 mg/kg/hr for 72 h). The data are shown 
in the table below. These data suggest that ETI contributes to the sympatho-excitation in 
the HF state 

Pre L-754 L-754 Post L-754 

MAP(mmHg) 77.0±2.6 64.2±0.9* 72.0±1.5 

RSNA(¾max) 45.0±1.7 29.7±2.8* 42.5±1.6 

BP50(mmHg) 74.4±3.6 58.0±1.8* 74.5±1.4 

Slope(¾max/mm 2.8±.3 4.9±.5* 3.0±.1 
Hg) 

*P<0.05 compared to both Pre L-754 and Post L-754. BP50 = midpoint ofbaroreflex 
curve. Slope=peak baroreflex sensitivity. 
Supported by Merck and Co. and the American Heart Association (Nebraska Affiliate). 
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775.8 
RAPHE PALLIDUS CONTROLS SKIN BLOOD FLOW IN RABBITS 
ED Nalivaiko Y-H Yu and WW Blessing* Centre for Neuroscience, 
Flinders University, Bedford Park SA 5042, Australia. 
We have detennined whether alteration of neuronal function in raphe pallidus alters ear 
pinna blood flow, measured by an implanted Doppler ultrasonic probe, in anesthetised 
rabbits. Inhibition of a restricted area in the raphe pallidus hy local injections of 
GABA (5 nmol/50 nl) increased ear flow from 6.0±1.0 to 31±10 KHz (n=9, P<0.05) 
(Fig IA), but did not affect rnesenteric blood flow (n=3). Conversely, focal electrical 
stimulation (10-15 µA, 50 Hz, 10s) of the same area caused selective and prominent 
vasoconstriction (from 41±6 to 9±3 KHz; n=8, P<0.05) (Fig.lB). In both cases, 
blood pressure was not altered. Vasoconstriction caused by stimulation of raphe 
neurones was preserved following bilateral injection of tetrodotoxin (IO pmol/100 nl) 
to RVLM (n=4). Inhibition of raphe neurons by muscimol (5 nmol/100 nl) attenuated 
vaso1.:onstriction of the ear vascular bed, induced by electrical stimulation of the spinal 
tract of the trigeminal nerve, to 23±3% of control responses (n=6, P<0.05). Taken 
together with available neuroanatomical evidence, our results indicate that raphe 
pallidus contains presympathetic bulbospinal motoneurons controlling cutaneous 

775.10 

CENTRAL 8-OH-DPAT INJECTION INCREASES RENAL 
RESISTANCEDURINGHYPOTENSlVEHEMORRHAGEINRAT. K.E. 
Scrogin* and V.L. Brooks, Dept. Of Physiology and Pharmacology, Oregon 
Health Sciences University, Portland, OR 97219. 

Rats show a bi-phasic response to hemorrhage characterized by an initial 
increase in renal sympathetic activity (RSNA) which suddenly falls 
simultaneous with the onset ofhypotension. Central injection of the selective 
5-HTIA receptor agonist, 8-0H-DPAT, prolongs and exaggerates the rise in 
RSNA during hemorrhage. It is unclear whether the larger rise in RSNA is 
sufficient to influence renal vascular resistance (RR). The following study 
tested the hypothesis that 8-0H-DPAT also increases RR during hemorrhage. 
Rats were instrumented with a lateral ventricular (Iv) cannula, vascular 
catheters, a renal sympathetic nerve recording electrode as well as a renal 
artery Doppler flow probe. BP, RSNA and renal blood flow (RBF) were 
measured in conscious rats during vehicle (C, n-5) or 8-0H-DPAT (DPAT, 
n=4) injection (20 µg, Iv) and subsequent hemorrhage (1.26 ml/min arterial 
blood withdrawal). RR (BP/RBF) was similar between C and DPAT rats prior 
to the fall in BP (l.19±.07 vs. l.15±.08 mmHg/o/obaseline RBF). In C rats, RR 
fell during the sympathoinhibitory and hypotensive phase of hemorrhage, 
reaching a nadir of 0.87±.05 mm Hg/% baseline RBF (p<0.05 compared to pre
Ii ypotensive RR). DPAT rats showed a slower fall in BP accompanied by a fall 
in RBF and a continuous increase in RSNA. RR rose in DPAT rats (1.32±.04 
mmHg/¾baseline RBF, p<0.05 vs. pre-hypotensive RR) and was significantly 
greater than RR in C rats throughout the development ofhypotension (p<O.O I). 
These data suggest that the greater hemorrhage-induced rise ofRSNA observed 
after 8-0H-DPAT injection increases RR. Supported by AHA9930l04N. 

775.12 

THE ROLE OF THE SYMPATHETIC NERVOUS SYSTEM IN 
HYPERTENSION AND SALT-SENSITIVITY IN OBESE ZUCKER RATS. 
SH Carlson* J Shelton and J M Wyss Vascular Biology and Hypertension, 
University of Alabama at Birmingham, Birmingham, AL 35294. 

The Zucker rat is a well accepted rodent model of diabetes and obesity, but its 
association with hypertension remains unresolved. Several studies indicate that 
obese (vs. lean) Zucker rats fed a basal salt diet are hypertensive, but other 
studies report no difference in mean arterial pressure (MAP) between obese and 
lean Zucker rats. We tested the hypothesis that obese (vs. lean) Zuckers are 
hypertensive when fed a basal NaCl diet and display salt-sensitive hypertension 
when exposed to high NaCl. MAP and heart rate were measured using telemetric 
recording in male Lean and Obese Zucker rats maintained on a basal (0.6%) 
NaCl diet followed by exposure to a high (8%} NaCl diet. Average 24-hour 
MAP was significantly higher in Obese (vs. Lean) rats fed the 0.6% NaCl diet by 
7 mm Hg, and nighttime peak MAP was elevated by 11 mm Hg. Following 
exposure to the high NaCl diet, MAP increased in Obese rats above basal levels 
by 9 mm Hg, and nighttime peak MAP and daytime nadir MAP were also 
significantly elevated. MAP was unaffected by the 8% NaCl diet in Lean rats. 
Blockade of the sympathetic nervous system with hexamethonium (10 mg/kg) 
caused a significantly larger decrease in MAP in Obese versus Lean rats fed 
either diet, while acute blockade of angiotensin-AT 1 receptors with losartan (10 
mg/kg) resulted in a similar decrease in MAP in all groups. Together, these data 
suggest that the sympathetic ncrvous system contributes to increased MAP in 
obese Zucker rats on basal or high NaCl diets. In contrast, the renin-angiotensin 
system appears to contribute negligibly to these effects. 
Supported by grant HL-37722. 



1954 CARDIOVASCULAR REGULATION: CENTRAL CONTROL VI WEDNESDAY PM

775.13 775.14
INFLUENCE OF AMBIENT TEMPERATURE AND FASTING ON 
CARDIOVASCULAR AND METABOLIC STATUS IN THE SHR. IB. 
Chambers1*, T.D. Williams2, A. Nakamura2, R.P. Henderson1. M.E. Rashotte1. and
J.M. Overton . Depts. of Psychology and Nutrition, Food and Exercise Science ; 
Program in Neuroscience, Florida State Univ., Tallahassee, FL 32306-1270.

Ambient temperatures (Ta) in the thermoneutral range (28-32°C) are associated 
with basal metabolic rate in rodents. Since cardiovascular and metabolic variables 
respond in parallel to both temperature and caloric challenges, we hypothesized that 
spontaneously hypertensive rats (SHR) would have lower blood pressure and heart 
rate in thermoneutral conditions (TN). In addition, we examined the cardiovascular 
and metabolic responses to fasting within TN conditions. SHRs (n=4; 12 wks of 
age) were implanted with radio-telemetry devices for continuous monitoring of mean 
arterial pressure (MAP; mmHg) and heart rate (HR; beats/min). The animals were 
housed in metabolic chambers for continuous measurement of oxygen consumption 
(VO2; ml/min/kg075). We obtained 10 hr light-phase measurements during 4 
baseline days (Ta=23°C) and 13 TN days (Ta=29°C), which included a 48 hr fast

23°C 29°C: Day2 Day6 Fast Day2 Refeed Day3
MAP 132 ±2 114± 1 122 ±2 109 ±2 123 ±1
HR 329 ±6 279 ±2 278 ±3 244 ±2 274 ±2
vo2 16.4 ±0.5 13.5 ±0.3 13.4±0.4 11.0 ± 0.1 13.4 ±0.4

These data illustrate rapid reductions in MAP, HR and VO2 upon warming to 
thermoneutral conditions, suggesting high thermal sensitivity of mechanisms 
involved in both cardiovascular and metabolic status. Fasting further reduced MAP, 
HR and VO2 within TN. These findings suggest that the central neural mechanisms 
which mediate cardiovascular and metabolic responses to negative energy balance 
are preserved in a basal metabolic state. Supported by NIH HL56732 and by NIH Joint 
Neuroscience Predoctoral Training Grant (NIA, NICHD, NIDCD, NIDCR, NIGMS, NIMH, 
NINDS, NINR).

ALTERED IMMUNOREACTIVITY FOR c-FOS IN THE BRAIN OF 
2K1C HYPERTENSIVE RATS. S, Nam*, S, Kim1, M, Kim. W. Kim1 and 
I, Lee. Dept. of Physiology, Chonnam Univ. Med. and 1Dent. Sch. Kwangju, 
501-190 Rep. of Korea

The present study was aimed to investigate the central neural 
mechanism of hypertension in two kidney, one clip (2K1C) 
hypertensive rats. Immunoreactivity for c-Fos in the neurons of 
several brain regions related to baroreceptor reflex control and 
cardiovascular or autonomic regulation were studied after baroreceptor 
unloading. 2K1C hypertension was made in rats with renal artery 
clipping. Blood pressure in 2K1C hypertensive and sham-operated rats 
was reduced by intravenous infusion of sodium nitroprusside (SNP) 
for 60 minutes, whereas it was not changed by intravenous saline 
infusion at the same rates of SNP infusion in both groups. The 
number of c-Fos positive neurons in rostral ventrolateral medulla 
(RVLM), paraventricular nucleus (PVN) and supraoptic nucleus (SON) 
of the hypothalamus of 2K1C hypertension groups were higher than 
in those of sham-operated group after saline infusion. SNP infusion 
markedly increased the number of c-Fos positive neurons in SON, 
RVLM, PVN, nucleus tractus solitarius (NTS) subfomial organs (SO), 
area postrema (AP) and parabrachial nucleus (PBN) from both groups 
compared to those after saline perfusion. In the RVLM, SON, NTS 
and PVN, however, the number of c-Fos positive neurons after SNP 
infusion was higher in 2K1C hypertensive rats compared to those in 
sham-operated rats. These results suggest that the altered neural 
activity in the brain regions related to the regulation of arterial blood 
pressure might be involved in development and maintenance of 
hypertension in 2K1C rat model. This work was supported by the 
Korea Science and Engineering Foundation.

775.15

CHANGES IN THE LEVELS OF PKC ISOFORMS IN DIFFERENT BRAIN 
REGIONS OF SPONTANEOUSLY HYPERTENSIVE RATS. R. Ramakrishnan, A, 
Malave* and A. Rathinavelu . College of Pharmacy, Nova Southeastern University, 
3200 South University Drive, FT. Lauderdale, FL-33328.

PKC (Protein Kinase C) family is one of the most important groups of enzymes 
that are involved in the regulation of various intracellular functions. PKCs have long 
been suspected to play a crucial role in the regulation of abnormal cardiovascular 
function in hypertensive subjects. In this connection we have previously reported 
increased activities of PKC in the peripheral tissues as well as in select brain regions 
of the SHR (spontaneously hypertensive rats) compared to their age matched WKY 
(Wistar-Kyoto Young) control rats. During our earlier studies, the assay for total 
PKC activity had clearly revealed a 251% higher PKC activity in hippocampus and 
167% higher activity in the midbrain regions of the SHR compared to their 
respective controls. Interestingly, our recent immunoblot studies using PKC-a and 
PKC-e specific monoclonal antibodies have revealed significant changes in the levels 
of both PKC isoforms in 4 weeks old SHR. The plasma membrane fraction separated 
from the cortex, hippocampus and midbrain regions of the SHR showed significantly 
higher levels of PKC-e than in the WKY rats. However, no significant change in the 
levels of PKC-e was observed in the plasma membranes isolated from the cerebellum 
of the SHR compared to the controls. The levels of PKC-a were significantly higher 
only in the hippocampus and midbrain regions of the SHR but not in the cortex and 
cerebellum. Based on our results we strongly suspect that the increased levels of 
PKC-a and PKC-e seen in the different regions of SHR brain may be linked to an 
abnormal cardiovascular condition of these rats. Supported by Research Grant of the 
College of Pharmacy, Health Professions Division, Nova Southeastern University.

775.16
CARDIAC PARASYMPATHETIC OUTPUT IS NOT ALTERED IN 
SPONTANEOUSLY HYPERTENSIVE RAT R.-F, Chen1*. R.-J, Chiou2 and

C.-T. Yen1 ’Dept. of Zoology, National Taiwan University; 2Dept. of Anatomy, 

Taipei Medical College; Taipei, Taiwan, ROC 106
The distribution, tonicity and reactivity of the cardiac parasympathetic 

neurons in the medulla of the 12-16 week old spontaneously hypertensive rats 

(SHR) were compared with age matched normotensive Wistar-Kyoto rats (WKY). 
In the first series of experiments, rats were anesthetized with a-chloralose and 
urethane. L-glutamate (Glu, 10 mM, 10-30 nl) was microinjected into the medulla 
to map the distribution of the cardioinhibitory neurons. The distribution pattern of 

the bradycardiac sites was similar in the two strains of rats. The maximal 
bradycardiac responses were not statistically significant either. In the second 
series of experiments, rats were chronically instrumented for intra-arterial 
recording of blood pressure and heart rate. Pharmacological blockers, atropine 
(3mg/Kg, i.v.) and atenolol (3mg/Kg, i.v.), were used to examine the cardiac 
parasympathetic tone. The cardiac parasympathetic tone in the two strains of rats, 
as estimated by percentage change (AHRp/Hri) obtained after atropine bolus 
injection, were not statistically significant. Taken together, these results suggest 
that cardiac parasympathetic activity of the SHR is not significantly altered. 
Therefore, the diminished cardiovagal response of the SHR after peripheral 
baroreceptor stimulation may be due to alterations of the input side.

775.17

AMINOPEPTIDASE A INHIBITORS AS POTENTIAL CENTRAL 
ANTIHYPERTENSIVE AGENTS. A. Reaux1, M-C. Fournie-Zaluski2, C. David2. S. 
Zini1, B.P. Roques2, P, Corvol1 and C. Llorens-Corfes1*, 'INSERM U36, College ds 
France, 3 rue d’Ulm, 75005 Paris, France. 2INSERM U266, URA DI500 CNRS 4 
avenue de l’observatoire, 75270 Paris Cedex 06, France.

Overactivity of the brain renin-angiotensin system (RAS) has been implicated in the 
development and maintenance of hypertension in several experimental animal models. 
We recently reported that in the murine brain, angiotensin II (Angll) is converted to 
angiotensin III (AngHI) by aminopeptidase A (EC 3.4.11.7, APA), whereas AngIH is 
inactivated by aminopeptidase N (EC 3.4.11.2, APN). Injected 
intracerebroventricularly (i.c.v.), both peptides (Angll and AngIH) cause equipotent 
pressor responses. Since Angll is converted in vivo to Angni, the exact nature of the 
active peptide is not precisely determined.
Here we report that i.c.v. injection of the selective APA inhibitor EC33 blocked the 
pressor effect of exogenous Angll suggesting that Angll must be converted to Angin 
to increase blood pressure (BP). Furthermore, EC33 injected alone i.c.v. but not i.v. 
induced a decrease in BP by blocking the formation of brain but not peripheral AngHI 
showing that, in brain, AngIH is the main effector peptide of the RAS in regulating 
BP. This is confirmed by the BP increase observed after APN inhibitor PC 18 i.c.v. 
injection which increases the half-life of brain AngIH. Finally, this pressor effect was 
blocked by pretreatment with the AT, receptor antagonist, losartan, showing that brain 
AngIH increases BP via ATI receptors. In conclusion, we have demonstrated that 1) 
AngIH generated by APA is a major effector peptide of the brain RAS, exerting a tonic 
stimulatory action on the central control of BP and 2) the blockade of brain APA with 
specific and selective inhibitors leads to a decrease in BP. Thus APA, the enzyme 
forming brain AngIH, may constitute a new central therapeutic target which justifies 
the development of APA inhibitors, as potential central antihypertensives agents.
This research received a financial support from INSERM and CNRS Institutes.
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776.1
ACTIVATION OF 5-HTj RECEPTORS IN LATERAL PARABRACHIAL 
NUCLEUS (LPBN) ATTENUATES THE PRESSOR RESPONSE TO 
NOXIOUS TRIGEMINAL AFFERENT STIMULATION. R.B, Felder* and 
A.P. Rilev, Cardiovascular Center and Dept. of Internal Medicine, Univ. of 
Iowa, and Dept of Veterans Affairs Medical Center, Iowa City, IA 52242

We previously demonstrated that the pressor response to noxious 
trigeminal stimulation can be attenuated by unilateral microinjection of a 
calcitonin gene-related peptide (CGRP) antagonist into the LPBN. The 
present study was designed to determine whether sumatriptan (SUMA), a 
5-HT; receptor agonist which inhibits the release of CGRP from nerve 
terminals, can act in LPBN to reduce the magnitude of the nociceptive 
pressor response. In 5 sodium pentobarbital anesthetized Sprague Dawley 
rats, mean arterial pressure (MAP), heart rate (HR) and renal sympathetic 
nerve activity (RSNA) were recorded during electrical stimulation of the 
left mandibular incisor (10 Hz, 1- 3 mA, 2 ms pulse duration, 5 s) at 15 min 
intervals before and for 2h after bilateral microinjection of SUMA (2 pg in 
200 nl) into LPBN. Dental stimulation elicited modest and reproducible 
increases in MAP (14.3±6.2 mmHg) and RSNA (56.8 ±16.6%), but little 
change in HR (6.2±1.2 bpm). SUMA had no effect on resting values or on the 
RSNA or HR responses to dental stimulation, but significantly (p<0.05) 
attenuated the increase in MAP (5.0±2.1 mmHg 90 minutes after 
microinjection). Thus, SUMA mimicked the effect of CGRP receptor 
blockade in attenuating the pressor response to noxious stimulation of 
trigeminal afferents. These results support the hypothesis that release of 
CGRP into LPBN contributes to the pressor response to noxious trigeminal 
afferent stimulation. Although SUMA does not cross the blood brain 
barrier, newer 5-HTj agonists that do cross may act centrally to ameliorate 
the cardiovascular responses to pain. (Supported by NIH HL14388 and in 
part by a VA Merit Review)

776.2
VESTIBULAR STIMULATION LEADS TO DISTINCT HEMODYNAMIC 
CHANGES. LA. Kerman*, B. A. Emanuel, & B.J, Yates. Depts. of Neuroscience 
and Otolaryngology, Univ. of Pittsburgh, Pittsburgh, PA 15213.

Previous work demonstrated that electrical stimulation of vestibular afferents leads 
to selective patterning of sympathetic nerve activity. Amongst nerves innervating 
visceral organs, the renal nerve is most sensitive to vestibular stimuli, whereas 
responses of muscle vasoconstrictor efferents depend on rostro-caudal location. The 
current study sought to determine whether electrical vestibular stimulation could lead 
to patterned blood flow changes that are different from those elicited by other 
somatic afferents. In baroreceptor-denervated chloralose/urethane-anesthetized cats 
(n=8), blood flows to the forelimb (left brachial artery), kidney (left renal a.) and 
hindlimb (left femoral a.) were simultaneously recorded using Doppler blood flow 
cuffs. Electrical stimulation of vestibular afferents at 1.5-4 times the reflex threshold 
for 30 sec at 333 Hz led to small depressor responses (7±2 mmHg; mean±SEM). 
These changes in blood pressure were accompanied by blood flow increases to the 
hindlimb, decreases in blood flow to the forelimb and small changes in renal blood 
flow. As a result, hindlimb resistance decreased by 20±4%, forelimb resistance 

increased by 13±7%, while renal resistance decreased by 5±2%. In contrast, 
electrical stimulation of skin and muscle afferents (3-10 mA, 333 Hz for 30 sec) in 
the same animals led to a distinctly different pattern of hemodynamic changes. This 
stimulus led to pressor responses (22±6 mmHg) and was accompanied by resistance 

increases of 427± 135%, 69±25%, 20±9% in the hindlimb, forelimb and renal 
vascular beds, respectively. These findings suggest that vestibular stimuli influence 
vascular resistance in muscle more than in visceral organs. Furthermore, rostro- 
caudal differences in vascular resistance during vestibular stimulation are consistent 
with changes in muscle vasoconstrictor nerve activity and suggest a specific role for 
the vestibular system in controlling muscle blood supply during movement.

Supported by NASA GSRP 97-125 and R01 DC00693 from NIH.

776.3

THE ROLE OF THE POSTERIOR CEREBELLAR VERMIS IN MODULATING 
VESTIBULOSYMPATHETIC REFLEXES. M.J. Holmes2*. L.A. Cotter1. C. 
Sprando1, A.P. Crookshank1. and B.J. Yates1,2. Depts. of Otolaryngology1 and 
Neuroscience2, Univ. of Pittsburgh, Pittsburgh, PA 15213.

Recent evidence suggests that the vestibular system plays an important role in 
maintaining stable blood pressure during postural changes. Awake animals with a 
bilateral transection of cranial nerve VIII exhibited more lability in blood pressure 
during 60° nose-up tilts than vestibular-intact animals. However, within a period of 
days to weeks following the vestibular lesion, the animals’ orthostatic responses 
returned to pre-lesion values. Presumably, visual and somatosensory inputs, which 
have been shown to modulate vestibulosympathetic reflexes, can be used to trigger 
compensatory cardiovascular responses during movement. The caudal cerebellar 
vermis may be involved in producing this adaptive plasticity, as this region is known 
to influence cardiovascular control, has prominent projections to the vestibular 
nuclei, and modifies other vestibular-elicited reflexes. The purpose of the present 
study was to explore the role of the caudal cerebellar vermis in modulating 
orthostatic responses. Heart rate and blood pressure were monitored using telemetry 
from awake animals trained to remain sedentary on a tilt platform during nose-up 
body rotations. Lesions of the caudal cerebellar vermis (including lobules VIII-X) 
attenuated the cardiovascular response during nose-up tilt in vestibular-intact 
animals. However, following recovery from bilateral VUIth nerve transection, 
lesions of the caudal vermis did not affect the cardiovascular response to tilt. These 
findings support the hypothesis that the caudal cerebellar vermis modulates 
vestibulo-cardiovascular reflexes and may participate in adaptive plasticity in these 
responses.

Supported by NIH grant R01 DC00693.

776.4

COULD SYMPATHOACTIVATION EVOKED BY STIMULATION 
IN THE DEFENCE AREA OF THE PERIAQUEDUCTAL GREY 
MATTER (PAG) COMPROMISE CARDIAC FUNCTION?
T.A. Lovick*. Dept. Physiology, University of Birmingham, 
Birmingham B15 2TT, U.K.

In man, emotional stress can precipitate cardiac arrhythmias. In rats, 
activation of the ‘defence’ region in the PAG induces aversive 
behaviour combined with sympathoactivation which mimics the 
response to acute stress in man. The present study investigated 
whether stimulation in the PAG in rats also evoked changes in the 
ECG which might indicate myocardial distress.

In Saffan-anaesthetised rats (9-12mg Kg ’h1 iv) stimulation in the 
dorsal half of the PAG (1ms pulses, 80Hz, 40-80//A for 10s) evoked 
a pressor response (37.3±3.5 mmHg), tachycardia (39.0±4.6 beats 
min'1 ) and vasodilatation in hindlimb muscle (conductance increase 
0.124±0.02ml min’mmHg1). The T-wave of the ECG became 
flattened and the interval between the peaks of the S and T-waves (ST) 
increased by 46.2±7.0%. The response was unchanged in paralysed 
and ventilated animals (n=3) or following adrenalectomy (n=3). 
indicating it was not secondary to respiratory changes or circulating 
catecholamines. However metoprolol, a cardioselective 6-antagonist 
(ImgKg1 iv, n=4) abolished the tachycardia and increase in ST .

The results indicate that stimulation in the PAG at intensities which 
produce moderate sympathoactivation also evokes electrocardiographic 
changes which may indicate myocardial ischaemia. The response to 
PAG stimulation could be a useful model for investigations of the 
underlying cause of stress-induced cardiac changes which increase the 
vulnerability of the heart to the development of fatal arrhythmias. 
Supported by The Wellcome Trust

776.5

PATHWAYS MEDIATING CARDIOVASCULAR DEPRESSOR 
RESPONSES FROM STIMULATION OF THE VENTRAL 
TEGMENTAL AREA. G.J. Kirouac* and Q.J. Pittman. Neuroscience 
Research Group, Dept. of Physiol, and Biophysics, University of Calgary, 
Calgary, Alberta, Canada, T2N 4N1.
Experiments were done in a-chloralose anesthetized rats to determine the 
pathways mediating the cardiovascular depressor responses elicited from 
stimulation of neurons in the ventral tegmental area (VTA). The 
magnitude of the depressor responses produced by microinjection of 
glutamate (0.1 M/30 nl) in the VTA was compared before and after 
microinjection of a 4% lidocaine solution (1 pi) in areas of the brain 
containing ascending projections from the VTA. Bilateral injections of 
lidocaine in the medial forebrain bundle (n = 6) and in ascending 
periventricular fibers (n = 5) did not attenuate the depressor responses 
elicited from stimulation of the same site in the VTA. Anterograde tract-
tracing experiments using biotin-dextran amine revealed a dense bilateral 
projection from the VTA to the ventrolateral periaqueductal gray region 
(vlPAG). Very few or no fiber terminals were found in the ventrolateral 
medulla, raphe magnus, nucleus of the solitary tract or parabrachial 
nucleus. Bilateral injections of lidocaine (4%/lpl; n = 5) and cobalt 
chloride (n = 3) into the vlPAG significantly attenuated the depressor 
responses elicited from stimulation of the VTA. These experiments 
support the hypothesis that the depressor responses elicited from activation 
of neurons in the VTA are mediated by a pathway to cardiovascular 
depressor neurons located in the vlPAG. (Supported by the Heart and 
Stroke Foundation of Alberta).

776.6

MICROINJECTION OF BICUCULLINE WITHIN THE PARAVENTRICULAR 
(PVN) NUCLEUS ALTERS THE FREQUENCY COMPONENTS OF 
SYMPATHETIC NERVE DISCHARGE BURSTS. M.J. Kenney*1, M.L. Weiss1, 
K.P. Patel2, and R.J. Fels1. ’Department of Anatomy and Physiology, Kansas 
State University, Manhattan, KS 66506 and department of Physiology and 
Biophysics, University of Nebraska College of Medicine, Omaha, NE 68198

The PVN of the hypothalamus is an important forebrain structure involved 
in autonomic regulation. Although microinjection of GABA receptor 
antagonists within the PVN increase sympathetic nerve activity, the effect on 
the frequency components of sympathetic nerve discharge (SND) bursts is not 
well established. We used autospectral and coherence analyses to determine 
the influence of PVN microinjections of bicuculline methiodide (2 nmol) on 
SND patterns and on the relationships between the activity patterns of 
different sympathetic nerves. Renal and splenic SND recordings were 
completed in chloralose-anesthetized rats (n=5). Key findings include: 1) PVN 
bicuculline microinjections transformed the cardiac-related bursting pattern of 
SND to a pattern that contained low-frequency, noncardiac-related bursts. This 
transformation occurred despite the fact that arterial pressure increased more 
than 20 mmHg after bicuculline microinjection; 2) the pattern transformation 
was uniform in the renal and splenic nerves; and 3) PVN bicuculline 
microinjection enhanced the coupling between SND and phrenic nerve bursts. 
These results suggest that inhibition of hypothalamic GABAa receptors can 
markedly influence sympathetic nerve regulation. Supported by NIH HL- 
48564 and NIH NS-34160.
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776.7

THE RELATIONSHIP BETWEEN THE SINGLE UNIT ACTIVITY 
IN PARAVENTRICULAR NUCLEUS REGION OF HYPOTHALA-
MUS AND HEMODYNAMICS IN THE CONSCIOUS RAT.

T. Kunitake, Q.-H. Jin, T. Shirasaka, S. Miyahara* and H. Kannan
Department of Physiology, Miyazaki Medical College, Miyazaki, 889- 

1692, JAPAN
To elucidate the relationship between the unit activity in the para-

ventricular nucleus (PVN) and autonomic cardiovascular regulation, we 
simultaneously recorded the single unit in the PVN, electrocardiogram 
(ECG) and arterial blood pressure in conscious freely-moving rats. The 
eight microwires via miniature drivable apparatus attached to the skull 
was used for the recording of single unit. Certain neurons temporarily 
showed the short bursting activity of which interspike interval was less 
than 7.5 msec, and the maximum number of spikes was seven. While 
showing short bursts, the time lag between the initiation of the burst 
and the preceding R wave of ECG was relatively constant, however, in 
other moment, firing pattern changed to continuous or random pattern. 
During resting condition, these neurons increased firing rate frequently 
prior to the “spontaneous” tachycardia with short duration. However, 
vasoactive-drug induced changes in blood pressure did not vary firing 
of these neurons through the baroreceptor reflex. Histological examina-
tion verified that these neurons were situated in the dorsal portion of 
the PVN. This finding suggests that putative parvocellular neurons in 
the PVN may take part in higher control of autonomic nervous outflow, 
independent of baroreceptor reflex.

776.8
ROLE OF NITRIC OXIDE WITHIN THE PARAVENTRICULAR 
NUCLEUS ON RENAL SYMPATHO-INHIBITION ELICITED BY 
ACUTE VOLUME EXPANSION. Kaushik P. Patel & Yi-Ming 
Zhang Department of Physiology & Biophysics, University of 
Nebraska Medical Center, Omaha, NE. 68198-4575

Nitric oxide (NO) is known to provide inhibitory inputs to the 
paraventricular nucleus (PVN) of the hypothalamus and is involved in 
the control of sympathetic outflow. The purpose of the present study 
was to examine the role of NO in the regulation of renal sympathetic 
nerve activity during acute volume expansion in rats. The response of 
renal sympathetic nerve activity to acute volume expansion (7.5% of 
body wt.) with isotonic saline was measured both in the presence and 
absence of blockade of the NO system (with N-Nitro-L-Arginine 
Methyl Ester; L-NAME; 100 nmol) within the PVN. Microinjection of 
L-NAME (100 nmol) elicited increases in renal nerve discharge, arterial 
blood pressure and heart rate reaching 20±6 %, 7±3 mmHg, 17±7 
beats/min, respectively. Acute VE elicited significant decreases in the 
renal sympathetic nerve discharge reaching 50±6 % at 7.5 % of body 
wt. VE in rats with saline administration within the PVN. This 
sympatho-inhibitory response to acute VE was masked by prior 
blockade of the NO system with L-NAME. Furthermore, acute VE 
elicited an increase in NO release from the PVN. In conclusion, our 
data indicated that the inhibitory effect of endogenous nitric oxide 
within the PVN on the renal sympathetic nerve activity is necessary to 
elicit the sympatho-inhibition in response to acute VE. Supported by 
NIH grant HL-48023 & AHA National Grant-In-Aid.

776.9

UPREGULATION OF NEURONAL NITRIC OXIDE SYNTHASE, 
VASOPRESSIN AND OXYTOCIN GENE EXPRESSIONS IN THE 
PARAVENTRICULAR AND SUPRAOPTIC NUCLEI OF 
HYPERTENSIVE RATS. Y, Ueta]\ R. Serino1, M. Nomura1 I.

Occup. and Environ. Health, Kitakyushu 807-8555, Japan; 2Depat. of 
Physiol., Niigata Univ., Dept. of Physiol., Niigata 951-8510, Japan.

We investigated the neuronal nitric oxide synthase (nNOS), arginine 
vasopressin (AVP) and oxytocin (OXT) gene expressions in the 
paraventricular (PVN) and supraoptic nuclei (SON) of hypertensive rats, 
using in situ hybridization histochemistry. Dahl rats used in the present 
study were separated Dahl salt-sensitive (Dahl-S) rats that develop 
hypertension with high salt diet containing 8% NaCl and Dahl salt- 
resistant (Dahl-R) rats that don’t cause hypertension with the high salt 
diets. Dahl-S rats consuming the high salt diet for 4 weeks developed 
remarkable hypertension. High salt loading caused increases of nNOS, 
AVP and OXT mRNAs in the PVN and SON of Sprague-Dawley, Dahl-S 
and Dahl-R rats, compared with normal diet loaded rats. The nNOS 
mRNA in the PVN and SON, AVP mRNA in the PVN, OXT mRNA in 
the SON and plasma concentration of AVP were significantly increased in 
hypertensive Dahl-S rats in comparison with those of Dahl-R rats with 
high salt diet. These results suggest that hypertensive state may contribute 
to elevation of nNOS, AVP and OXT gene expressions in the 
hypothalamo-neurohypophysial system.

776.10

ENDOGENOUS VASOPRESSIN MODULATES FOS EXPRESSION AFTER 
CENTRAL SALT LOADING IN CONSCIOUS RATS. K. Kato1, H. Kannan1*,
K. Todaka2, Y. Ishida2, Y. Mitsuvama2, and T. Nishimori3. Depts. of 1 Physiology, 
2Psychiatry, 3Biology, Miyazaki Med. College, Miyazaki, 889-1692 Japan.

At first, we examined where neurons in the brain exhibited Fos induction in 
response to central administration of various concentrations of hypertonic 
saline (0.3 M, 0.67 M, and 1.0 M, 1 pl/min for 20 min) in conscious rats. The 
regions examined were as follow; the median preoptic nucleus (MnPO), the 
organum vasculosum laminae terminalis (OVLT), the paraventricular nucleus 
(PVN) and supraoptic nucleus (SON) of hypothalamus, the subfornical organ 
(SFO), and the area postrema (AP). Fos induction increased in a dose-depen-
dent manner up to 0.67 M NaCl administration, except the SFO, but after 1.0 M 
NaCl administration there was a tendency of decreasing Fos induction. We 
have previously demonstrated that peripheral vasopressin system participate in 
the control of renal sympathetic nerve activity (RSNA) via vasopressin Vi 
receptor (Kato et al. JANS in press) during central salt loading in conscious 
rats. We investigated the participation of central and peripheral vasopressin 
systems in Fos induction in the brain after central salt loading (0.67 M). Fos 
induction in the PVN and the SON significantly increased after pretreatment 
with central (10 pg/kg, i.c.v.) and peripheral (5 mg/kg, i.v.) vasopressin Vi 
receptor antagonist (OPC-21268, Otsuka). Moreover, pretreatment with central 
vasopressin Vi receptor antagonist significantly increased Fos induction in the 
PVN after central 1.0 M NaCl administration. The pressor responses during 
central salt loading were not significantly changed by pretreatment with vaso-
pressin Vi receptor antagonist. These results suggest that vasopressin can act 
centrally and peripherally in a negative feedback manner to attenuate its own 
neuronal activation in response to central hyperosmotic and/or hypernatremic 
stimulation.

776.11

CENTRAL ADRENOMEDULLIN ACTIVATED HYPOTHALAMIC OXYTOCIN- 
PRODUCING CELLS AND SECRETED OXYTOCIN R. Serino.l H, Yamashita 
Y. Ueta.l I. Shibuya.l J.A. Russell,— K. Kitamura,- and K. Kangawa4.
^Department of Physiology, School of Medicine, University of Occupational and 
Environmental Health, Kitakyushu 807-8555, Japan; ^Department of Physiology, 
University Medical School, Teviot Place, Edinburgh EH8 9 AG, U.K.; -^First 
Department of Internal Medicine, Miyazaki Medical College, Kihara Kiyotake, 
Miyazaki 889-1601, Japan; ^National Cardiovascular Center Research Institute, 
Fujishirodai, Suita, Osaka 565-0873, Japan.

The effects of intracerebroventricular (icv) administration of adrenomedullin (AM) 
on plasma oxytocin (OXT) level, c-fos protein (Fos) and c-fos mRNA in the 
paraventricular (PVN) and supraoptic nuclei (SON) of the rat were investigated using 
radioimmunoassay for OXT, immunohistochemistry for Fos and in situ hybridization 
histochemistry c-fos mRNA. Central administration of AM caused a significant 
increasein plasma OXT level. The concentration of plasma OXT was 192.8 ± 56.8 
pg/ml, 240.9 ± 65.5 pg/ml and 24.8 ± 4.5 pg/ml 5, 10 and 15 minutes after icv 
administration of AM (10 pg/rat), respectively. The concentration of plasma OXT was
36.6 ±6.1 pg/ml, 17.0 ± 1.0 pg/ml and 8.2 ± 1.2 pg/ml 5, 10 and 15 minutes after 
icv administration of vehicle, respectively. Icv administration of AM caused a marked 
induction of Fos-like immunoreactivity (LI) in the PVN and in the dorsal parts of the 
SON. In the PVN and SON, OXT-LI cells predominantly exhibited the nuclear Fos-LI 
in comparison with arginine vasopressin (AVP)-LI cells. The induction of c-fos 
mRNA in the PVN and SON was increased in a dose-related maimer 30 min after icv 
administration of AM. This induction was reduced by pretreatment with the AM 
receptor antagonist, human AM-(22-52)-NH2. These results suggest that central AM 
is responsible for activating the neurosecretory cells in the PVN and SON via 
selective AM receptors and AM stimulates the secretion of OXT by activating 
hypothalamic OXT-producing cells.

776.12
ACTIONS OF ADRENOMEDULLIN IN THE PARAVENTRICULAR 
NUCLEUS: PHYSIOLOGICAL CONSEQUENCES AND CELLULAR 
CORRELATES. P.M. Smith, K.J, Latchford, D. VanVugt*, and A.V. Ferguson. 
Dept. of Physiology, Queen's University, Kingston, ON Canada, K7L 3N6.

Adrenomedullin (ADM) is a novel hypotensive peptide that has been shown to 
be involved in the control of fluid and electrolyte homeostasis. ADM-like 
immunoreactivity has been demonstrated in the paraventricular nucleus (PVN) of 
the hypothalmus. The PVN has been strongly implicated in the control of 
cardiovascular function. We have investigated the effects of ADM actions in the 
PVN using in vivo (microinjection) and in vitro (whole cell patch clamp recording) 
techniques. In vivo studies revealed that a bolus (0.5pl) microinjection of 10'5 M 
ADM into the PVN causes a decrease in blood pressure (-426.6±51.1 mmHg*sec, 
n=5; mean AUC ± SEM, p < 0.001, Newman-Keuls post hoc analysis), without 
effect on heart rate (-8.9±6.8 beats, n=5, p > .05). This effect was shown to be 
repeatable (2nd injection -386.6±182.4 mmHg*sec, n=5, p > .05, paired t test). 
This hypotensive effect is dose dependent as microinjection of IO’6 M ADM into 
the PVN also caused a significant decrease in blood pressure (-213.3±68.9 
mmHg*sec, n=4, p<0.01, Newman-Keuls post hoc analysis) which was 
significantly different from the 10‘5 M microinjection (p < .01). We also evaluated 
the effects of ADM using in vitro whole cell patch clamp techniques in PVN slices. 
Application of 10‘7 M ADM hyperpolarized 2 of 3 of Type I (putative 
magnocellular) neurons tested, and increased input resistance. In contrast, 3 of 5 of 
Type II (putative parvocellular) PVN neurons depolarized in response to bath 
application of 10"7 M ADM. These depolarizations were accompanied by a 
decrease in input resistance.

This study suggests that ADM acts in the PVN to cause decreases in blood 
pressure through direct actions on PVN neurons.
Support: Medical Research Council of Canada
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776.13
CO-LOCALIZATION OF PACAP AND CATECHOLAMINE IN 
NERVE TEMINALS AND ITS SIGNIFICANCE FOR THE 
INITIATION OF EXOCYTOSIS IN HYPOTHALAMIC 
NEUROENDOCRINE CELLS S. Shioda1*, T. Yada3A S. Muroya3, S. 
Nakajo2, K. Uramura3, H. Funahashi1. UJept. of Anatomy, Sch. of Med. and 2Lab. 
of Biol. Chem. Sch. of Pharmacol. Showa Univ., Tokyo 142-8555; 3Dept. of 
Phyiology, Sch. of Med. Kagoshima Univ. & 4Lab. of Intracell. Metab., Nat. Inst. 
Physiol. Sci.

We report that neurons in the caudal ventrolateral medulla, containing pituitary 
adenylate cyclase-activating polypeptide (PACAP) and noradrenalin (NA), project to 
the hypothalamic neuroendorince cells and they are involved in the regulation of 
vasopressin (VP) neurons. At the ultrastructural level, PACAP immunoreactivity 
was demonstrated in the granular vesicles (80-100 nm in diameter) in 
catecholaminergic nerve terminals that made synapsis to VP neurons. Both PACAP 
(^1 nM) and NA (1 /<M) induced large increases in the cytosolic Ca2+
concentration ([Ca2+]i) in isolated VP cells. PACAP at 0.1 nM and NA at 0.1 pM 
had much lesser effects, if any, on [Ca2+]j. However, when 0.1 nM PACAP and 0.1 
pM NA were added together, they evoked large increase in [Ca2+]j in VP cells. An 
inhibitor of protein kinase A (PKA) (H89) completely inhibited the PACAP-induced 
increase in [Ca2+}j, and partly inhibited the NA-induced increase in [Ca2+ji- In VP 
cells which were prelabeled with quinacrine, PACAP and NA acted synergistically to 
induce a loss of quinacrine fluorescence, suggesting secretion of neurosecretory 
granules from them. These results suggest that PACAP and NA, co-released from 
the same nerve terminals, act in concert to evoke calcium signaling and secretion in 
VP neurons, which is partly mediated through the cAMP-PKA pathway. The 
synergism between PACAP and NA may constitute to the regulation of secretion of 
neurosecretory granules and it may also stimulate to upregulate the gene 
transcription of VP under physiological conditions. (Supported in part by Ministry 
of Education, Science, Sports and Culture of Japan)

776.14

NORADRENERGIC ACTIVATION AND CARDIOVASCULAR 
EFFECTS OF NITROGLYCERIN IN THE POSTERIOR 
HYPOTHALAMUS IN RATS. S-X. Ma* and X-Y. Li, Dept. of 
OB/GYN, Harbor-UCLA Medical Center, Torrance, CA 90502.

We have recently observed that systemically administered 
nitroglycerin (NTG), a nitric oxide (NO) donor, increases NO 
concentration in the posterior hypothalamus which facilitates central 
sympathetic function. In this study, we examined the cardiovascular 
effects of NTG in the posterior hypothalamus and determined whether 
the responses are involved in noradrenergic activation or cyclic GMP. 
NTG (3, 10, and 30 pg/kg i.v.) produced a dose-dependent decrease in 
arterial blood pressure in anesthetized Sprague-Dawley rats. 
Hypotensive responses to i.v. administration of NTG were attenuated 
by bilateral microinjection of NTG (0.3 jig) into the posterior 
hypothalamus. The pressor responses to NTG injected into the 
posterior hypothalamus were abolished by bilateral microinjection of 
guanethidine (3 fig) into the posterior hypothalamus in an additive 
fashion to produce noradrenergic blockade. The responses to 
microinjection of NTG into the posterior hypothalamus were not altered 
by pretreatment with ODQ, a selective guanylyl cyclase inhibitor, 
injected into the area. These results suggest that NTG in the posterior 
hypothalamus produces pressor responses which attenuate hypotensive 
responses to systemic administration of the drug. We conclude that 
NTG causes NO-mediated noradrenergic activation in the posterior 
hypothalamus which contributes to cardiovascular effects of the drug 
but the central effects may not depend on cyclic GMP.

Supported by AHA Grant-in-Aid Award-96011320 to SXM.

776.15

HYPOTENSIVE RESPONSES TO THE INJECTION OF ACETYLCHOLINE 
INTO THE CINGULATE CORTEX OF THE RAT. G.P. Pajolla1, G.E1. Crippa,
S.A.L.2 Correa and F.M.A. Correa1*. 1Dept. Pharmacology and 2Dept. 
Physiology, Sch. Medicine Ribeirao Preto, USP, 14049-900, SP, Brazil.

Injections of acetylcholine (ACh) into the cingulate cortex (Cg3) of rats 
caused hypotensive responses without changes in heart rate (Crippa et al., 
cerebral Cortex,1999, in press). Responses were similar to those previously 
described after electrical stimulation of the medial prefrontal cortex (MPFC). 
There are evidences of the involvement of the lateral hypothalamus (HL) in 
the mediation of the responses to the electrical stimulation of the MPFC. In 
the present we report the effects of bilateral lesions within the LH with 
NMDA on the responses to ACh into the Cg3. We also report connections 
between the injection site and the LH as well as other subcortical areas 
evidenced using bi-directional neuronal label (biotin-dextran amine, BDA) 
injected in the Cg3 or the LH. Additionally to the well known thalamic 
projections, discrete projection of fibers but not neuronal bodies was 
observed in the LH after injection of BDA into the Cg3. Neuronal cell bodies 
from afferent projections were labeled in the diagonal band and amygdala. 
Whenever BDA was injected into the LH, neuronal cell bodies were labeled 
in the Cg3 as well as other MPFC areas. NMDA injections bilaterally into the 
LH, one week prior to the experiments, caused a significant reduction in the 
hypotensive responses to ACh into the Cg3. Injections of L-glutamate into 
the LH site caused hypotensive responses similar to those of ACh-injections 
in the Cg3. The results suggest that the LH is a relay area in the 
hypotensive pathway activated by the injection of ACh into the Cg3 area. 
Acknowledgments - A., I. I. B. Aguiar, I.A.C. Fortunato , S.S. Guilhaume 
and A.S.S. Pereira, for technical support. Grants from CNPq and FAPESP.

776.16
EFFECTS OF BILATERAL STIMULATION OF THE POSTERIOR INSULA ON 
LATERAL HYPOTHALAMIC BARORECEPTOR-RELATED NEURONS IN 
THE RAT. S.M. Oppenheimer* and Z.H. Zhanq. Laboratory of Neurocardiology, 
Department of Neurology, Johns Hopkins University School of Medicine, 
Baltimore, MD 21287.

Lateralization of insular cortex (IC) control of cardiovascular function has been 
demonstrated. Since the lateral hypothalamus (LHA) contains an obligatory 
synapse for insular cardiovascular efferents, we investigated the effects of 
lateralized insular inputs on baroreceptor-related LHA neurons. Seventy three 
neurons were recorded extracellularly in the right LHA in 11 urethane- 
anesthetized male Sprague-Dawley rats. Baroreceptor-related LHA neurons 
were identified according to their response to phenylephrine and sodium 
nitroprusside. Electrical stimulation (100-150pA; 0.5ms; 1Hz; 90 s) of the 
posterior IC inhibited LHA baroreceptor neuron firing by -88.2±2.6% (Right IC 
stimulation; n=25) and -71.2±3.6% (Left IC stimulation; n=14). The mean onset 
latency and duration of inhibition were 21.6±3.5 ms and 260.0±66.9 ms for right 
IC stimulation, 33.3±7.24 ms and 279.2± 24.2 ms for left IC stimulation. Six 
neurons showed biphasic excitation response to IC stimulation (5 R and 1 L); 
firing rate increased by 447.5±108.4% with onset latency 10.7±2.3 ms and 
duration 17.3±7.2 ms. Two units showed long latency monophasic excitation. 
More LHA responses were elicited on ipsilateral right IC than left IC stimulation 
(26/41; 61% Right, 15/41; 34% Left, p=0.026). Three Interaction patterns on 
simultaneous right and left IC stimulation were identified: summation (19); 
facilitation (4); suppression (6). Bilateral chemical stimulation (L-Glutamic Acid, 
10mM; 100pl) of the right and left IC produced similar qualitative responses to 
electrical stimulation. Glutamate injection did not affect the baseline blood 
pressure. This study suggests that both the ipsilateral and contralateral IC 
modulate LHA baroreceptor-related neural activity, and inhibitory effects are 
predominant.

776.17

INSULAR BARORECEPTOR-RELATED NEURONS RECEIVE BILATERAL 
PARABRACHIAL INPUTS RELAYED BY THE VENTROBASAL THALAMUS 
IN RATS. Z.H. Zhang* and S.M. Oppenheimer Laboratory of Neurocardiology, 
Department of Neurology, Johns Hopkins University School of Medicine, 
Baltimore, MD 21287.

Insular cortex (IC) receives cardiovascular afferents from many subcortical 
structures involved in cardiovascular control including the lateral parabrachial 
nucleus (LPB). Bilateral afferents from the LPB to IC were studied with 
extracellular recording. Possible thalamic relay function was investigated using 
the synaptic blocker, cobalt. Baroreceptor-related insular neurons were 
identified on the basis of response to phenylephrine and sodium nitroprusside 
in 10 urethane-anesthetized male Sprague-Dawley rats. Thirty seven right 
insular cells were tested for response to bilateral electrical LPB stimulation. 
Right LPB stimulation (100-150 pA; 0.5ms; 1Hz; 90s) excited 9 insular units 
(24%) and inhibited 6 units (16%). Left LPB stimulation excited 16 units (43%) 
and inhibited 5 units (12%). The onset latency of excitatory responses were 9.8 
± 2.8 ms for right LPB stimulation and 10.9 ± 3.0 ms for left. The duration of 
response was 54.6 ± 31.3 ms for right LPB and 50.6 ± 13.9 ms for left. The 
onset latency for inhibition was 23.3 ± 9.5 ms (right) and 28.0 ±11.1 ms (left). 
The durations were 96.7 ± 6.7 ms (right) and 80 ± 7.1 ms (left). Three 
Interaction patterns on simultaneous bilateral LPB stimulation on insular unit 
activity were identified: summation (12); facilitation (9); suppression (8). Ten 
insular neurons were tested with chemical stimulation (L-Glutamic Acid, 10mM; 
10Opl) of right and left LPB. Eight of ten units (80%) responded to right LPB 
stimulation; 5/10 units (50%) responded to left LPB stimulation. The responses 
of 6 right insular units to left LPB electrical stimulation were blocked 
75.3±23.6% 10 minute after microinjection of cobalt (10mM; 10Onl) into the 
ventrobasal thalamus. This study provides electrophysiological evidence for 
bilateral LPB projections to right insular baroreceptor-related neurons. The 
ventrobasal thalamus is an important relay for these afferents. Information 
from the right and left LPB may interact in the posterior insular cortex to regulate 
the cardiovascular function.

776.18
A NEW APPROACH TO THE ANALYSIS OF CENTRAL NEURAL CONTROL 
OF CARDIOVASCULAR SYSTEM THROUGH USE OF MULTINEURON 
RECORDING AND SIMULTANEOUS MEASUREMENT OF HEART RATE 
AND BLOOD PRESSURE. D.J. Woodward*M.F. Callahan, K. Anstrom, A. 
Azarov, J.Y. Chang, and J. Rogers. Dept. Physiol./Pharm., Wake Forest U. Schl. 
Med., and Biographies Inc. Winston Salem, NC 27157
The CNS plays a key role in the generation of complex cardiovascular adjustments 
to ongoing behavioral tasks. Research into these mechanisms has been hindered by 
lack of techniques to simultaneously examine neural activity from multiple brain 
regions involved in central cardiovascular regulation along with cardiovascular 
parameter. Recent advances in instrumentation have made possible many of the 
required capabilities. Multiple arrays of Teflon coated 50 mcm stainless steel wires 
can be implanted in CNS sites obtain long term recordings, over days or weeks, of 
unit responses of populations of single neurons in cerebral cortex, thalamus, basal 
ganglia, hypothalamus, and brain stem of rats and in many regions of primate brain. 
Groups of 64 microwires in a rat brain have recorded up to 100 spike trains. 
Parallel multichannel amplifiers and digital signal processors sort and capture spike 
waveforms timed to within 20 microsecond. This capability now allows concurrent 
study of activity patterns within CV regulatory regions. Hardware and software has 
recently been adapted for the concurrent continuous sampling and storage of heart 
rate and blood pressure. State machine software for Windows NT permits control of 
complex behavioral paradigms and with acquisition of spike waveforms, and 
continuous voltage signals. Analysis software allows precise correlation of heart 
beat, pulse waveform and mean blood pressure with ongoing neural activity patterns 
and allows remote monitoring over local area networks in a distributed computing 
environment. This system and its future versions will allow study of the integration 
of chemo and baroceptors reflexes originating from lower centers with the 
anticipatory commands originating at cortical levels to meet the perceived 
functional demands. Supported by NSF DBI-9619063, DA2338, and AA10980 to
D.J.W.

Society  for  Neuroscience , Volume  25, 1999



1958 CARDIOVASCULAR REGULATION: CENTRAL CONTROL VII WEDNESDAY PM

776.19

IS THERE A REFERENCE OF THE CARDIOVASCULAR REGULATION ? : A 
NEURAL NETWORK MODEL. B.S. Zanutto1*2, B, Cernuschi-Frias1 and E.T. 
Segura2. 'Fac. de Ingenieria, Univ. de Buenos Aires, Paseo Colon 850, 1063 Buenos 
Aires, Argentina. 2IBYME, Vuelta de Obligado 2490, 1428 Buenos Aires, Argentina.

Considering physiological data, the fact that the long-term blood pressure is 
stabilized by the nervous system is analyzed. We have previously presented that if the 
nervous system behaves as a linear system, the NTS will function as a comparator 
between its rostral afferents and the cardioreceptor feedback afferents (from the 
baro-chemoreceptor and the cardiopulmonary receptors). In this way the rostral 
afferents act as the reference of the feedback system. Here we present a non linear 
formal model where the NTS has the emergent property of a comparator. On these 
bases, the question that rises is whether there is a reference for the cardiovascular 
regulation system and its ontogeny. It is well known that the maturation of the 
sympathetic system takes place mostly during the postnatal period. During ontogeny, 
the chemoreceptors discharge when the partial pressure of oxygen and carbon dioxide 
in the arterial blood are not normal (95mmHg and 40 mmHg respectively.) Baroreflexe 
is also functional, and the cardiovascular responses to perturbations of tire feedback 
loop are similar to those in adult animals but, the baroreflex is not involved in the long 
term regulation. Until development is completed, the reflex cannot provide the optimal 
efferent to each tissue from the error signal of the comparator (between the reference 
and the receptors). In this model it is hypothesized that during ontogeny with a fix 
reference, the nervous system learns to produce the correct sympathetic efferent of each 
tissue from the chemoreceptors’ feedback. In this way after development, the mean 
arterial pressure (MAP) is controlled in such a way that the local blood flow could be 
regulated in each tissue by autoregulation. The baroreflex would then stabilize the 
instantaneous pressure value to the prevailing carotid MAP. In this model, the 
reference of the feedback loop is a set of inputs to the NTS that controls the 
cardiovascular variables. In this way, the rostral structures play a functional role, not 
only under steady conditions, but also in different behaviors and pathologies.

776.20
CARDIAC SIGNAL COMPLEXITY CORRELATES WITH CSF 5-HIAA 
CONCENTRATIONS AND IS EFFECTED BY KETAMINE IN RHESUS 
MONKEYS.
A.J. Bennett.1 P.B. DePetrillo,1 d’Armond Speers.2 S.E. Shoaf? S.G. Lindell.l A.C. 

Hurley.1 S.J. Suomi.3 and J.D. Higlev*. ‘Laboratory of Clinical Studies, NIAAA, 
Bethesda, MD, USA 20892; 2Division of Intramural Clinical and Biological 
Research, NIH; Intelligent Systems, Thomson Labs, Rockville, Md. ’Laboratory of 
Comparative Ethology, NICHD.

Naturally occurring interindividual differences in serotonin (5-HT) turnover, as 
measured by cerebrospinal fluid concentrations (CSF) of the serotonin metabolite, 5- 
hydroxyindoleacetic acid (5-HIAA), are correlated with rhesus monkeys’ behavioral 
response to pharmacological agents acting on the 5-HT and N-methyl-D-aspartate 
(NMDA) systems. We studied physiological responses to one such agent, ketamine, 
by measuring cardiac signal complexity with a method which extracts the Hurst (H) 
parameter of an interbeat interval time series. The relationship between this measure, 
ketamine response, and CSF 5-HIAA concentrations was suggested by the dominant 
5-HT innervation of neural control of heartrate regulation, the nucleus tractus 
solitarius. Data were collected from ten male rhesus monkeys for a 20-min period 
during awake restraint and for 20 min after ketamine anesthesia. Ketamine 
administration resulted in large increases in cardiac signal complexity (p=.0001). CSF 
5-HIAA concentrations obtained previously were inversely correlated with cardiac 
signal complexity, as shown in a multiple linear regression model including age 
(p=.OO7). There was no significant relationship between CSF 5-HIAA concentrations 
and heartrate. These results demonstrate that the Hurst parameter derived from the ECG 
interbeat interval time series provides a sensitive measure of drug effect on cardiac 
signal complexity. The data also show that interindividual differences in serotonin 
function alter monkeys’ response to ketamine, and that age is an important 
determinant of cardiac signal dynamics. Research supported by NIAAA and NICHD 
Intramural research programs.

HPG REGULATION IV

777.1

INSULIN AS A SIGNAL TIMING PUBERTY IN SHEEP. S. Nagatanii*,
C. Dwight1, T. Tanaka4. S. Ohkura5, P. Juanita1, D.C. Bucholtz1. and D.L. Foster1'2-3.
'Reproductive Sciences Program, Departments of 2Biology, and 3Obstetrics and 
Gynecology, University of Michigan, Ann Arbor, MI 48109; 4Laboratory of 
Veterinary Reproduction, Tokyo University of Agriculture and Technology, Tokyo, 
Japan; 5Primate Research Institute, Kyoto University, Aichi, Japan

The possibility that insulin is involved in the timing of puberty in sheep is based 
on correlative data in the developing lamb which demonstrate that basal insulin 
secretion is higher after puberty (high LH) than before (low LH) (Bucholtz and 
Foster, unpublished). Moreover, LH secretion is reduced in lambs made diabetic by 
Streptozotocin, and increased acutely after insulin supplementation (Bucholtz, et al., 
28th Annual Meeting Society for Neuroscience, Abstract 110.2,1998). As part of 
testing our overall hypothesis, the present study determined if increasing insulin early 
in life advances the ontogeny of pulsatile LH secretion in the developing sheep. Thus, 
we monitored LH concentrations in immature non-diabetic male lambs 
(gonadectomizeci, steroid replaced) treated twice daily with insulin (1 /ru/kg sc, n=10) 
from 4 to 14 weeks of age. Control lambs received saline (n=6). To determine the 
time of puberty (ontogeny of high frequency LH pulses), blood samples were 
collected every 12 min for 4 h at 4,7 and 10 weeks of insulin supplementation.
Insulin administration did not affect the growth of lambs compared to saline-treated 
animals. After the 4th week of treatment, more animals in the insulin-treated group 
produce LH pulses (> 1 pulse/4h, 10 of 10 lambs) than controls (4 of 6 lambs, p<0.05 
by Chi-Square test). LH pulse frequency tended to be higher in insulin-treated 
individuals (4.3±0.5/4h) compared to those receiving saline (2.8±1.1). Insulin 
supplementation increased LH pulse amplitude, but not LH pulse frequency, after 
both the 7th and 10th week of treatment (7.1± 1.5 ng/ml vs. 3.5±0.6 at 7th week;
11.7±3.3 vs. 4.8±0.9 at 10th week, P<0.05), These results suggest that insulin 
modulates LH secretion in the developing sheep, and are consistent with the 
hypothesis that insulin may serve as a metabolic or growth-related cue timing 
puberty. (Supported by NIH-HD-18394).

777.2
CHANGES IN THE DOPAMINERGIC AND SEROTONINERGIC ACTIVITY 
IN THE ANTERIOR (AH) AND MEDIAL (MH) HYPOTHALAMUS DURING 
PREPUBERTY OF THE FEMALE RAT. R Dominguez*, ME Castro, J Monroy, 
and ME.Ayala.UIBR. FES Zaragoza, UNAM. Mexico AP 9-020 CP 15,000.
There is evidence that the secretion of gonadotrophin releasing hormone (GnRH) is 
modulated the dopaminergic and serotoninergic systems at the AH and MH. These 
neurotransmitters play an inhibitory and stimulatory roles in the regulation of the 
onset of puberty during the prepubertal period. Based on these observations we 
decided to analyze the changes in the activity of the dopaminergic and serotoninergic 
systems in the AH and MH during the prepubertal period of the female rat. The 
neurotransmitter and metabolite concentrations were measured by HPLC and the 
activity calculated as [metabolite]/[neurotransmitter]. The figures show the changes

* p<0.05 vs. to preceding age group (AH--------- )

■(■ p<0.05 vs. to preceding age group (MH--------- )
These results suggest that neuronal dopaminergic and serotoninergic activity in the 
AH and MH varies along the prepubertal period in a different way. This changes may 
be associated with the maturation of the neuroendocrine mechanisms regulating 
puberty.
Supported by DGPAIN208796

777.3

GLIAL ERBB-4 TYROSINE KINASE RECEPTORS ARE REQUIRED FOR 
NORMAL FEMALE SEXUAL DEVELOPMENT. Y.J. Ma,1* C. Rio.2 W.L. Dees.3 
S.R. Ojeda1 and G. Corfas2 1Div.Neurosci., Or. Reg.Primate Res. Ctr/Or. Hlth 
Sci Univ., Beaverton, OR; 2Div. Neurosci, Children's Hosp., Harvard Med. 
School, Boston, MA; 3Dept. Vet. Anat, Texas A&M Univ., College Station, TX.

Cell-cell signaling mediated by erbB receptor tyrosine kinases is essential for 
a variety of biological functions. In the brain, erbB receptors are integral 
components of the mechanism underlying glial-neuronal communication. In the 
hypothalamus, activation of astroglial erbB-4/erbB-2 receptor complexes 
results in the production of bioactive molecules, which stimulate the secretory 
activity of those neurons that secrete LHRH, the neuropeptide controlling 
sexual development. Although glial erbB-4 receptors have been shown to 
participate in glial-neuronal interactions critical for neuronal migration, their 
importance in ensuring the normalcy of neuroendocrine neurons, such as 
LHRH neurons, has not been determined. To resolve this issue we used mice 
carrying a transgene encoding a dominant negative erbB-4 receptor mutant 
under the control of the GFAP promoter, which targets mutant expression to 
astrocytes. Ligand-dependent glial erbB receptor phosphorylation is severely 
impaired in these animals. The size of their litters is significantly smaller than 
that of wild-type mice. The pups, which appear to grow normally, show a 
marked deficit in uterine growth. A neuroendocrine defect was indicated by a 
striking decrease in circulating FSH levels detected on postnatal day 12, a time 
at which the first steroid-independent activation of the reproductive axis is 
initiated within the neuroendocrine brain. The results suggest that a functional 
complement of neuregulin-activated, glial erbB receptors is required for the 
timely unfolding of the developmental program by which the brain controls 
mammalian sexual maturation. Supported by NIH grants HD25123 and 
RR00163 (SRO), NS35884 (GC), and AA07216 (WLD).

777.4
CHARACTERIZATION OF TRANSGENIC MICE OVEREXPRESSING A 
DOMINANT NEGATIVE FGF RECEPTOR IN GnRH NEURONS. H. Postigo1, R. 
Weiner2, S. Moenter3, L, Zhang1, P, Tsai1*.‘Dept. of Physiol, and Neurobiol., Univ. 
of Connecticut, Storrs, CT 06269, Reproductive Endocrinol. Center, Univ. of 
California, San Francisco, CA 94143,3Dept. of Medicine, Univ. of Virginia, 
Charlottesville, VA 22908.

Gonadotropin-releasing hormone (GnRH) neurons are central to the regulation of 
reproductive functions. Despite their importance, little is known about neurotrophic 
factors regulating their development and maturation. Previous studies indicated that 
basic fibroblast growth factor (bFGF) is a potent neurotrophic factor in GT1 GnRH 
neuronal cells. Thus, bFGF may regulate the development of endogenous GnRH 
neurons. To test this hypothesis, transgenic mice were generated with expression of a 
dominant negative FGF receptor (FGFR) targeted to GnRH neurons. GnRH neurons 
from these mice were examined to determine the effect of cell type-specific elimination 
of FGFR function. Two lines of mice, lines 1 and 5, were generated. Both lines were 
fertile between ages of 2-6 months. Northern blot analysis showed robust transgene 
expression in brains of line 5 heterozygotes and homozygotes, but only low levels of 
expression in line 1 homozygotes, with expression in line 1 heterozygotes below the 
level of detection. Immunocytochemistry showed a 35% reduction in the number of 
GnRH neurons in line 5 heterozygotes but not line 1. A significant reduction (35%) in 
GnRH neuron number was observed, however, in line 1 animals bred to homozygosity. 
Both lines showed normal GnRH neuron distribution, with the reduction in GnRH 
neuron number not being localized to a particular GnRH neuron-containing brafn 
region. GnRH content in the median eminence was reduced in line 5, but not line 1, 
heterozygotes. Thus, abolishing FGFR functions in GnRH neurons resulted in a 
general reduction of GnRH neuron number without affecting their distribution, and this 
reduction is correlated with the level of the transgene expression. Overall, this study is 
the first to implicate bFGF in the maintenance of endogenous GnRH neuron 
population. However, bFGF is not the only factor involved. Other factors may 
interact with bFGF synergistically or sequentially to ensure the proper development of 
these neurons. (Supported by NSFIBN-9733237)
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777.5
CYCLIC STEROID REPLACEMENT IN OVARIECTOMIZED FEMALE 
RATS: AGE-RELATED LH RESPONSE. A. Brown, R. King, J. Janik and
P. Callahan*. Miami Univ., Center for Neuroscience, Dept of Zoology, 
Oxford, OH 45056.

We investigated the LH response induced by single and multiple cycles of 
steroid replacement in prepubescent (6 weeks), pubescent (9 weeks) and 
mature (13 weeks) ovariectomized Sprague-Dawley rats.

Six, 9 or 13 week old female rats were ovariectomized. One week later, 
the rats were injected with 17 p-estradiol (50 pg/kg) at 1000 h on day 1 and 
progesterone (2.5 mg/kg) at 1000 h on day 3 of a five day cycle. Rats of 
each age received either 1,3 or 6 successive treatments of this steroid 
replacement regimen. Blood samples were collected on the day of the final 
progesterone injection to examine the presence of an LH surge, i.e. at 
1200, 1400, 1500, 1600, 1700, 1900 and 2100 h. Plasma LH levels were 
quantified by RIA.

As compared to mature females, both 6 and 9 week old animals had a 
significantly attenuated LH surge regardless of the number of cycles of 
steroid replacement. These results indicate that steroid hormone 
replacement treatment cannot induce an LH surge in 6 or 9 week old female 
rats, even when the steroids are administered cyclically and repeatedly. 
Although 9 week old females appeared to be pubescent, as indicated by 
vaginal opening and appearance of the ovary, they still did not exhibit an LH 
surge of the same magnitude as the mature females. However, animals that 
exhibited an LH surge, even though it was significantly attenuated, had 
increased uterine weight compared to females of the same age that did not 
exhibit any LH surge. In conclusion, cyclic steroid replacement does not 
induce an LH surge in 6 or 9 week old animals, even when the steroids are 
administered in a repeated, cyclic pattern mimicking estrous cyclicity. 
Supported by NIH grant # DK 54065-01 to PC.

777.6
FUNCTIONAL DIFFERENTIATION OF THE HYPOTHALAMIC GT1-1 NEURONAL 
CELLS BY PHORBOL ESTER. H. Lee, Y. Choe, and K. Kim' Dept. of Molecular Biology 
and Research Center for Cell Differentiation, Seoul National University, Seoul 151-742, 
Korea

Gonadotropin-releasing hormone (GnRH) is a pivotal neuroendocrine regulator of 
mammalian reproduction. Little is known about the differentiation mechanism of GnRH 
neurons due to their scarcity and disperse distribution in the brain. Activation of protein 
kinase C (PKC) with 12-O-tetradecanolyphorbol-13-acetate (TPA) induced morphological 
differentiation of immortalized hypothalamic GT1-1 neuronal cells. The functional 
significance of TPA-induced neurite outgrowth in GT1-1 cells was assessed by observing 
the effects of y-amino-butyric acid (GABA) on intracellular Ca2+ levels: Activation of 
GABA.-A receptor with 10 pM muscimol resulted in the increase of intracellular Ca2+ 
levels in normal GT1-1 cells, whereas this stimulatory effect apparently disappeared in 
the differentiated GT1-1 cells. Moreover, GnRH release patterns upon muscimol 
treatment paralleled changes in intracellular Ca2+ levels. Such a rapid differentiation of 
GT1-1 neuronal cells may be, at least partially, attributed to p-catenin as its mRNA levels 
were shown to increase readily by differential display-PCR. Along with an increase in p- 
catenin protein levels within 3 hr following TPA treatment, p-catenin/N-cadherin 
complexes re-allocated from cell-cell adhesion sites to growth cones within that time 
frame. Transient transfection studies were also performed with various p-catenin 
constructs fused to green fluorescent protein to elucidate p-catenin function in neurite 
outgrowth. The present study ascertained the morphological and functional differentiation 
of GnRH-producing GT1-1 neuronal cells by PKC activation, and identified p-catenin as 
one of the genes putatively involved in the differentiation process.

777.7

FUNCTIONAL MATURITY OF PRIMARY LHRH NEURONS IN 
MOUSE NASAL EXPLANT CULTURES. J.P. Moore, Jr.* and S. 
Wray. NIH, NINDS, Cellular and Development Neurobiology, Bethesda, 
MD, 20892.

Investigations of the mechanisms involved in pulsatile release of LHRH 
have been hampered by the small number and dispersed location of 
LHRH neurons within the forebrain. To obtain a concentrated population 
of primary LHRH neurons, we take advantage of their embryonic origins 
and culture LHRH neurons within their original native environment in 
nasal explant cultures. LHRH neurons derived from El 1.5 staged mice, 
and maintained as explants in serum-free defined media, differentiate and 
migrate in patterns similar to those observed in vivo. The purpose of this 
investigation is to evaluate the functional maturity of primary LHRH 
neurons in this in vitro system. ICC techniques have revealed the 
presence of -150 LHRH neurons within our nasal explant cultures after 7 
days in vitro. Utilizing an ELISA, these neurons were found to possess a 
similar amount of LHRH/cell as found in vivo, in LHRH neurons of a 
similar age (PN1). Analysis of LHRH secretion from nasal explants 
revealed a basal level of LHRH of ~6% and that application of TTX (KT6 
M) for 24 hr, decreased the secretion of LHRH over 2-fold. In parallel, 
we have also determined that LHRH neurons within these cultures 
exhibit spontaneous intracellular Ca2+ oscillations that can be stimulated 
by bath application of 40 mM KC1. These data suggest that LHRH 
neurons develop functionally in nasal explant cultures.

777.8

NEURONAL HYPERTROPHY OCCURS WITHOUT NEURON LOSS IN 
THE INFUNDIBULAR NUCLEUS OF POSTMENOPAUSAL WOMEN.
T.W. Abel* and N.E. Rance. Dept. Pathology, Univ. of AZ College of 
Medicine, Tucson, AZ 85724

Menopause is associated with hypertrophy and increased tachykinin gene 
expression in neurons of the hypothalamic infundibular (arcuate) nucleus. 
We have hypothesized that these changes are due to the loss of ovarian 
steroids rather than aging. Degenerative changes, however, including neuron 
loss, have been reported in the arcuate nucleus of aged female rodents. In 
addition, the number of neurons expressing proopiomelanocortin mRNA is 
diminished in the infundibular nucleus of postmenopausal (POST) women 
(Abel and Rance, Mol. Brain Res., In press). To evaluate whether neuron 
loss is associated with reproductive aging in women, unbiased stereological 
methods were used to estimate the total number of infundibular neurons in 
groups of premenopausal (PRE, n = 5) and POST (n =4) women. The optical 
fractionator was used to estimate total neuron number, and the rotator 
technique used to estimate neuronal somatic volume. The volume of 
neuronal somata was increased by 40% in POST women (PRE: 1,860 + 180 
mm3; POST: 2,610 ± 230 mm3, mean + SEM, p < 0.05). In contrast, the 
mean number of infundibular neurons was not significantly different between 
groups (PRE: 520,000 ± 42,000; POST: 505,000 ±51,000, mean ± SEM, p >
0.05). These results indicate that extensive neuron loss in the infundibular 
nucleus is not a feature of normal aging in women. Furthermore, these data 
support the hypothesis that neuronal hypertrophy is a response to the ovarian 
steroid withdrawal of menopause rather than a compensatory response to the 
death of adjacent neurons, (supported by NIH AG-09214)

777.9

FOS INDUCTION IN GnRH NEURONS RECEIVING VIP INPUT IS 
REDUCED IN MIDDLE-AGED FEMALE RATS. K. Krainak1*. K.L. 
Rosewell2. and P.M. Wise2. 1 Biology Dept. W. Virgina University,
Morgantown, WV 26506,2 Dept of Physiology, Univ. of Kentucky,
Lexington, KY 40536.

Vasoactive intestinal polypeptide (VIP) containing axons from the 
suprachiasmatic nuclei (SCN) appear to synapse directly on gonadotropin 
releasing hormone (GnRH) neurons, and play a role in regulating the timing and 
amplitude of die surge of luteinizing hormone (LH) in female rats. Both the 
overall levels of VIP mRNA and the rhythmicity of its expression in the SCN 
decline during aging. Therefore, we hypothesized that the age-related decline in 
Fos induction in GnRH neurons, and the subsequent changes in the LH surge, are 
due to decreased communication between VIP and GnRH neurons. To test this 
hypothesis, triple label immunocytochemistry for GnRH, Fos and VIP was 
performed on brains sections collected from young (2-4 mo) and middle-aged 
(10-12 mo) females that were ovariectomized and treated with estrogen and 
progesterone to induce an LH surge. The number of neurons expressing each 
antigen and combination of antigens was quantified. The total number of GnRH 
neurons and the number of GnRH neurons apposed by VIP terminals were not 
affected by age. However, aging resulted in a significant decrease in the number 
of GnRH neurons expressing Fos and in the number of GnRH-Fos 
immunopositive neurons that were closely apposed to VIP immunopositive 
fibers. Based on these results, we suggest that although VIP innervation of 
GnRH neurons does not decrease during reproductive aging, the sub-population 
of GnRH neurons receiving VIP input are less likely to express Fos in aged- 
females. (Supported by NIH AG02224, AG13425 to PMW, and AFAR A98078 
toKK).

777.10
NMDA RECEPTOR COLOCALIZATION IN GnRH NEURONS 
DECREASES DURING REPRODUCTIVE AGING IN FEMALE RATS.
G-Yeung, Jan,§ss.nj±JJL. Morrison,. D.. A,. Labowitz, J J. Rosenberg, A-C.
Gore. Neurobiology of Aging Labs, Mt. Sinai School of Medicine, New York, NY 
10029

The GnRH neurosecretory system undergoes age-related alterations that may 
contribute to the loss of reproductive function. Evidence for this is provided by 
studies showing that the.magnitude of the preovulatory GnRH/LH surge is delayed 
and attenuated in middle-aged (MA) rats. Moreover, the increases in GnRH gene 
expression and Fos expression in GnRH neurons that normally occur before the 
preovulatory GnRH/LH surge are decreased in MA rats. Among the inputs that 
may be involved in the age-related decrement in GnRH function is glutamate, 
acting via NMDA receptors, which stimulates GnRH/LH release. It has been 
reported that this stimulatory effect decreases during aging. To investigate whether 
the anatomical relationship between NMDA receptors and GnRH neurons changes 
during reproductive aging, we performed double labeling of NMDA receptor subunit 
1 (NR1) in GnRH neurons in young (5-6 mo.) and MA (12-14 mo.) rats. Female 
Sprague-Dawley rats were monitored by daily vaginal smear and perfused on 
proestrus with 4% paraformaldehyde. The brains were blocked and sectioned with a 
Vibratome at 40 pm. Three sections from the OVLT/POA were selected from each 
brain and immunostained with both rabbit anti-GnRH (HU60 1:1000) and mouse 
anti-NRl (54.1 7.2 mg/ml 1:750). The antibodies were then conjugated with 
Texas-Red and fluorescein respectively for analysis. The double-labeled sections 
were analyzed with the Zeiss Axiophot under 200X objective and images were taken 
from the Zeiss LSM 410 inverted microscope at 630X. GnRH positive neurons 
were counted and evaluated for colocalization with NR1. The results show that 
young proestrous rats had a significantly higher percentage of GnRH neurons 
colocalized with NR1 (29% +4%) compared to middle age proestrous rats (9% ± 
6%). These data provide cellular evidence for an age-related decrease in the direct 
regulation of GnRH neurons by NMDA receptors that precedes reproductive failure. 
Supported by funding from the Brookdale Foundation (ACG).
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777.11
EFFECTS OF ESTROGEN ON GnRH AND NMDA RECEPTOR 
GENE EXPRESSION DURING REPRODUCTIVE SENESCENCE.
Twethida Oung, Shouyee Yung, John H. Morrison*, and Andrea C. Gore. 
Neurobiology of Aging Labs, Mount Sinai School of Medicine, NY, NY 10029

Changes in GnRH neurons are thought to be associated with declining 
reproductive function in aging females, culminating in acyclicity. GnRH neuronal 
inputs such as glutamate, acting via its NMDA receptor, play a key role in this 
decrement in function. Some of these changes are steroid-dependent while others 
maybe due solely to the aging process. We investigated these changes, specifically 
GnRH and NMDA receptor gene expression, in an ovariectomized (ovx) rat model 
in the presence or absence of estrogen. Methods: Female Sprague-Dawley rats aged
4-5 months (young) or 13-14 months (middle aged - MA) were ovx for 1 month 
(young and MA) or 6 months (MA). They were then given a silastic capsule 
containing 17-p estradiol or vehicle (cholesterol) for 2 days or 2 weeks, and 
sacrificed at 1500 hr. The POA-anterior hypothalamus was dissected out and RNA 
extracted. RNase protection assays of GnRH, NMDA-R1 (NR1), and NMDA-R2b 
(NR2b) mRNAs were performed. Results: 1) GnRH mRNA levels: No significant 
changes in GnRH mRNA levels are found with aging. However, a significant effect 
of estrogen is observed, but only in MA rats in which estrogen causes a significant 
decrease in GnRH mRNA levels. 2) NR1 mRNA levels: NR1 mRNA levels 
decrease significantly with age. No significant change is found in response to 
estrogen treatment. 3) NR2b mRNA levels: NR2b mRNA levels exhibit no 
significant change in response to either age or estrogen treatment. These results 
suggest that there is an increased sensitivity to estrogen in GnRH neurons of the 
MA rats as compared to young rats. Moreover, there is an age-related decrement in 
NR1 mRNA levels that occurs independently of estrogen status. NR2b mRNA 
levels do not vary with age or estrogen status. Although the extent to which this 
ovx model is comparable to the natural transition to acyclicity is debatable, it is 
apparent from these studies that the estrogen sensitivity of GnRH neurons changes 
during reproductive aging, as does its neuronal inputs as reflected by changes in 
NR1 gene expression. Supported by funding from the Brookdale Found’n (ACG).

777.12
ESTROGEN REGULATION OF HYPOTHALAMIC IGF-1 GENE 
EXPRESSION IN AGING FEMALE RATS. Kathleen A. Sheridan. 
Twethida Oung, and Andrea C, Gore*. Neurobiology of Aging Labs, Mount Sinai 
School of Medicine, New York, NY 10029.

In the hypothalamus, the neurotrophic factor insulin-like growth factor-1 
(IGF-1) influences cellular growth and metabolism and is important in 
neuroendocrine development and function. With respect to the reproductive axis, 
IGF-1 interacts with the gonadotropin releasing hormone (GnRH) system to affect 
GnRH release and puberty. We were interested in the regulation of the IGF-1 
system by changing levels of estrogen during reproductive aging. We therefore 
measured the effects of estrogen on IGF-1 mRNA levels in two critical 
neuroendocrine regions, the preoptic area-anterior hypothalamus (POA-AH), the site 
of GnRH perikarya, and the medial basal hypothalamus (MBH), the site of GnRH 
neuroterminals, in aging rats. Methods: Female Sprague-Dawley rats aged 4-5 mo 
(young) and 10-11 mo (middle aged-MA) were ovariectomized. Three weeks later, 
they were implanted with a silastic capsule containing 10% Yl-fi estradiol or 
cholesterol (vehicle). After 48 hrs, rats were killed and POA-AH and MBH were 
dissected out and frozen. RNA was extracted and IGF-1 mRNA levels were 
measured using RNase protection assay. Data were normalized to levels of 
cyclophilin mRNA. Results: In the POA-AH of MA rats, estrogen increased IGF- 
1 mRNA levels, while in the POA-AH of young rats, estrogen had no effect on 
IGF-1 mRNA levels. In the MBH, in MA rats estrogen had no effect on IGF-1 
mRNA levels, but in young rats, estrogen increased IGF-1 mRNA levels. These 
results suggest that: 1) IGF-1 mRNA levels are regulated by estrogen; 2) this 
differs between the POA-AH and the MBH; and 3) this differs between young and 
MA rats. Thus, IGF-1 gene expression is subjected to both age- and estrogen- 
modulation, with differential regional sensitivities.
Supported by a Brookdale Foundation Fellowship (ACG.)

111A3
DECREASED EXPRESSION OF HYPOTHALAMIC PROGESTERONE (P) 
RECEPTOR (PR) mRNA IN AGING FEMALE RATS. R. Mills1*, P. Micevych1, 
K. Sinchak1, P. Popper1, P. LaPolt3, and J. Lu12. 1 Depts. of Neurobiology & 
2OB/GYN, UCLA School of Medicine, Los Angeles, CA 90095 & 3Dept. of 
Biology/Microbiology, California State University, Los Angeles, CA 90032.

Aging female rats exhibit a gradual loss of regular ovulatory cycles 
associated with decreasing preovulatory LH surge response to estrogen 
(E) positive feedback. Thus, middle-aged females become acyclic and 
persistent-estrous (PE) spontaneously. Aging rats exhibiting early PE 
(acyclic for less than 40 days) are unresponsive to the positive feedback 
action of E, these females can respond to a P challenge with an LH surge 
and ovulation. In long-term PE rats (acyclic for over 90 days), however, 
neither E nor E plus P challenge can elicit an LH surge. We hypothesize 
that the latter maybe due to a diminished expression of PR mRNA in the 
hypothalamus. Young proestrous (4 months of age), early PE (12 
months) and long-term PE (14 months) rats were anesthetized at 1400 
h and transcardially perfused. Sections (20 pm) containing the medial 
preoptic nucleus (MPN), ventromedial hypothalamus (VMH), and arcuate 
nucleus (ARC) were processed for PR in situ hybridization using a probe 
that recognizes PR-A and -B mRNA. Hybridization (grains/area) was 
quantified by digital image analysis (NHI, Image). Compared with young 
proestrous and early PE rats, PR expression in the VMH, ARC, and MPN 
were significantly decreased in long-term PE rats. These findings suggest 
that, in long-term acyclic, PE aging rats, a lack of LH surge response to 
P challenge may be due to a diminished estrogen-induced expression of 
PR in key regions of the hypothalamus. Supported by NIH AG04810 & 
AG10620.

777.14
CHRONIC ESTRADIOL (E2) CAUSES SEQUENTIAL AGING-LIKE LOSS OF 
E2- AND PROGESTERONE (P)-INDUCED LUTEINIZING HORMONE (LH) 
SURGES IN YOUNG RATS. H.-W, Tsai*, W. H. Callahan, and S. J. Leean, 
Department of Physiology, University of Kentucky, Lexington, KY 40536.

In aging persistent-estrous (PE) rats, there is a sequential loss of the ability of 
first E2, and later P to induce an LH surge. PE rats have chronically elevated plasma 
E2 levels (~30 pg/ml), whereas in young ovariectomized (OVX) rats, chronic E2 
extinguishes daily LH surges within 14 days. Thus, we hypothesize that the age- 
related loss of the LH-surge-inducing actions of E2 and P is partly dependent on 
chronic E2 exposure. Therefore, this study determined whether chronic E2 causes a 
sequential decrease in the ability of E2 and P to activate LHRH neurons, and 
thereby to induce LH surges. Regularly cycling rats (3 months old) were bilaterally 
OVX and treated with a sc E2-implant on Day 0. On Days 3, 7, 14, or 28, blood 
samples were obtained via an intra-atrial cannula hourly between 1200-1800 h to 
determine plasma LH levels. At 1200 h, either P (0.5 mg/100 g bw) or com oil was 
injected sc. Between 1700-1800 h, all rats were perfused. Brains were sectioned and 
stained by immunocytochemistry (ICC) to localize cFos- and LHRH-immuno- 
reactive (ir) cells in the septum/diagonal band of Broca/preoptic area. An E2- 
induced LH surge was observed in 100%, 67%, 35%, and 0% of rats (n=6-12/group) 
on Days 3, 7, 14, and 28 after E2, respectively, with peak LH levels of 11.30, 6.17, 
and 3.25 ng/ml. Thus, chronic E2 abolishes daily LH surges within 2 weeks. In 
contrast, P induced an enhanced LH surge in 100%, 100%, 100%, and 33% of rats 
(n=2-3/group) at the same times, respectively, with peak LH levels of 18.25, 14.31, 
4.49, and 3.27 ng/ml. cFos-ir was seen in LHRH-ir cells only in those rats 
exhibiting an LH surge. These results support the hypothesis that chronic E2 can 
produce an aging-like sequential loss of the LH-surge-inducing actions of E2 and P 
in young females. We are next examining whether this phenomenon is mediated by 
decreases in the number of steroid receptor-containing neurons in brain areas that 
control LH surges. (Supported by AG 13454 and MH 12289)

777.15

LHRH RECEPTOR mRNA LEVELS AND GONADOTROPIN SUBUNIT 
mRNA LEVELS ARE REDUCED IN PITUITARIES OF MIDDLE-AGED 
RATS ON THE DAY OF A STEROID-INDUCED LH SURGE.
B.S, Rubin* and M, Jimenez-Linan. Dept. of Anatomy and Cellular Biology, 
Tufts Medical School, Boston, MA 02111

LHRH secretion is altered in middle-aged female rats in conjunction with the 
steroid-induced LH surge, and this alteration undoubtedly plays a role in the 
diminished LH surge observed in middle-aged relative to young females. The 
parameters of LHRH secretion modulate LHRH receptor (LHRH-R) gene 
expression as well as gonadotropin subunit gene expression in the pituitary. 
Therefore, the present study employed RNase protection protocols to examine 
LHRH-R mRNA levels as well as LH beta, FSH beta and alpha subunit gene 
expression in RNA extracts from the pituitaries of young and middle-aged 
female rats at 4 time points (lOOOh, 1400h, 1800h and 2000h) on the day of a 
steroid-induced LH surge. Overall levels of LHRH receptor mRNA, FSH beta 
mRNA, LH beta mRNA and alpha subunit mRNA were reduced in middle- 
aged relative to young females (p LHRH.R = 0.0002; p FSHbeta and p^^ and p^ 
<0.0001). The age-related decrease in the parameters of pituitary gene 
expression measured are consistent with altered hypothalamic signals, and they 
suggest that diminished LHRH-R and gonadotropin subunit gene expression 
may directly contribute to the attenuated LH surge observed in aging animals. 
These data are also consistent with distinct age-related deficits at the pituitary 
level. Additional studies are required to further delineate the relative 
contributions of the hypothalamus and pituitary to the age-associated decline 
in pituitary gene expression. Supported by AG 14974, HD 19174.

777.16
EFFECTS OF AGE-RELATED CHANGES IN GFAP 
EXPRESSION ON THE ESTRADIOL-INDUCED LH SURGE IN 
RATS. C.P. Anderson*, I. Rozovskv, Y. Song. L.M. Lopez, and
C.E.Finch. Andrus Gerontology Center and Department of Biology, 
University of Southern California, Los Angeles, CA 90089

Middle-aged female rats show conspicuous impairments in the preovulatory 
surge of LH, upon which fertility cycles depend. The LH surge can be modeled in 
ovariectomized (OVX) rats by utilizing treatments with estradiol (E2) and 
progesterone (P) to simulate a preovulatory status. In the arcuate nucleus of the 
hypothalamus, glial fibrillary acidic protein (GFAP) expression varies during the 
normal estrous cycle. GFAP mRNA is elevated on proestrus, when E2 is highest. 
GFAP protein levels increase 12 hours later at estrus (Stone et al., 
Endocrinology, 139:3202-3209). These cyclic variations in GFAP levels may 
mediate the increase of gonadotropin releasing hormone (GnRH), which drives the 
LH surge. We have seen a lack of GFAP mRNA induction in the arcuate nucleus 
in middle-aged rats which are incapable of producing an LH surge, compared with a 
50% increase in GFAP mRNA in young rats exhibiting an LH surge. We are 
attempting to restore LH surge capacity in middle-aged acyclic rats, to evaluate if 
this change in GFAP message is directly related to age or more closely involved 
with the mechanism of the surge itself.

Young (3 mo.) and middle-aged (18 mo.) F344 rats of known cycling status 
were OVX, treated +/- E2 with 17BE2 pellets, and allowed a recovery/clearance 
period of 5 weeks. Rats were primed sc with E2 benzoate (EB, 8pg/100g BW), 
and 3 days later, progesterone (P, 0.5mg/100g BW). Animals were sacrificed 3 and 
7 hours after P injection, (Lu et al, Endocrinology , 1981). We are examining LH 
levels and neuronal /glial messages in the arcuate nucleus of these animals. 
(Supported by AG13499 and AG14571 to CEF).
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777.17

IDENTIFICATION OF DIFFERENTIALLY EXPRESSED GENES 
IN THE FEMALE RAT HYPOTHALAMUS DURING AGING.
M. Wade. V.B. Mahesh*. and D.W. Brann. Department of Physiology 
and Endocrinology, Medical College of Georgia, Augusta, GA 30912.

The mRNA Differential Display (mRNA D.D.) technique was 
utilized to identify differentially expressed genes in the hypothalamus 
during aging in the female rat to determine genes which may be 
involved in reproductive aging. mRNA D.D. was conducted utilizing 
RNA isolated from young (3 mos.) and middle-aged (9 mos.) female 
Sprague-Dawley rats and the RNAimage system (GenHunter Corp.). 
Two age-related differentially expressed cDNA (ADEC) candidates 
were confirmed by Northern analysis to be down-regulated in 
hypothalami isolated from middle-aged as compared to young rats. 
ADEC #5 is 89% and 100% homologous to the 3’ end of human 
elongation factor protein 1-delta (hEF-1-8) mRNA and the C-terminal 
end of hEF-1-8 protein, respectively, and 100% homologous to a rat 
EST sequence similar to hEF-1-8 mRNA. ADEC #7 may represent a 
novel mRNA. EF-1-8 mRNA plays an important role in protein 
translation elongation efficiency and fidelity. Down-regulation of EF- 
1-8 mRNA might be involved in the decrease in protein synthesis that 
has been observed during aging.

This study was supported by a Research Grant (DWB) from the 
National Institute of Child Health and Human Development 
(RO1HD28964), NIH, US Public Health Service.

777.18
AGE DIFFERENTIALLY INFLUENCES ESTROGEN RECEPTOR-P (ERP) 
GENE EXPRESSION IN SPECIFIC REGIONS OF THE BRAIN. M.L. Kashon1.
M.E. Wilson1 K.L. Rosewell’, P.J. Shughrue2, K.P. Mehta2.1. Merchenthaler" and
P.M. Wise1 'Department of Physiology. University' of Kentucky. Lexington. KY
40536 and "Wyeth-Ayerst, Radnor, PA 19087 

Previous studies have shown that the ability of estradiol (E2) to induce LH surges,
activate GnRH neurons, and protect the cortex against injury decrease with age. It 
was thought that this decreased responsiveness may be due to decreases in the 
density of estrogen receptors (ER), although no changes in ERa mRNA have been 
observed. With the discovery of a new ER subtype, ERp, we hypothesized that 
changes in this receptor may explain the changes in E responsiveness. We assessed 
ER mRNA levels in intact rats to assess normal aging, and in ovariectomized 
(OVX) E2-treated rats to eliminate the potential confounding effects of varying 
levels of endogenous E on ER mRNA. In the first experiment, we used intact 
young (Y, 3-4 mo), middle-aged (MA 11-12 mo) and old (O, 18-24 mo) female 
rats. In a second experiment, we OVX (1 wk) Y, MA and O rats and treated them 
with E2 (2 days). To analyze ER in the suprachiasmatic nuclei, rats were killed at 7 
times of day. In situ hybridization was performed using previously described 
methods to assess ERa and ER(3 mRNA levels. In intact rats, ER(3 mRNA 
exhibited a slight decrease with age in the cortex and hippocampus, but changes 
were not statistically significant. In contrast, in OVX E2-treated rats, ERP mRNA 
was significantly lower in the cortex by MA. In addition, ERp levels exhibited a 
diurnal rhythm in the suprachiasmatic nucleus of Y and MA rats and this rhythm 
was significantly blunted by the time rats were O. ERp mRNA levels did not 
change in the medial preoptic, periventricular preoptic or paraventricular nuclei. 
ERa mRNA levels were detected in the medial preoptic and arcuate nuclei and did 
not change with age in these regions. Using these experimental and methodological 
parameters, ERa mRNA was not detectable in the cortex, hippocampus or 
suprachiasmatic nucleus. In summaiy, our data confirm that ERa and ERp mRNA 
are differentially distributed in different brain regions and that age influences the 
expression of ERp mRNA in a region specific manner. (Supported by NIH 
AG02224, AG05762 and AGO5818)

SIGNAL TRANSDUCTION: GENE EXPRESSION—OTHER TRANSCRIPTION FACTORS

778.1

Regulation of CBP-Mediated Transcription by Neuronal Calcium 
Signaling.
S. C. Hu*, and A. Ghosh; Dept. of Neuroscience, Johns Hopkins Medical 
School, Baltimore, MD 21205.
Studies of the molecular mechanism of learning and memory have 
shown that activity-dependent gene expression is involved in long term 
neuronal plasticity. CREB is the prototypical activity-regulated 
transcription factor and its importance in plasticity has been 
demonstrated in different organisms including aplysia, flies, and rodents. 
In this study, we observed that activation of both NMDA receptors and 
voltage-sensitive calcium channels leads to CREB-mediated transcription 
in cortical neurons via a mechanism regulated by CREB-binding protein 
(CBP). Recruitment of CBP to the promoter is not sufficient for 
transactivation, but calcium influx can induce CBP-mediated 
transcription via two distinct transactivation domains. CBP-mediated 
transcription is stimulus strength-dependent and can be induced by 
activation of CaM kinase II, CaM kinase IV, and protein kinase A, but not 
by activation of Ras-MAP kinase pathway. These observations indicate 
that CBP can function as a calcium-sensitive transcription coactivator that 
might act as a regulatory switch for glutamate-induced CREB-mediated 
transcription. Given the possibility that CBP might confer the calcium 
responsiveness to other associated transcription factors, we are currently 
developing the cloning strategies to identify novel activity-dependent 
transcription factors.

Supported by grants from the EJLB and the Klingenstein Foundations.

778.2
CONTROL OF RECRUITMENT AND TRANSCRIPTION-ACTIVATING 
FUNCTION OF CBP DETERMINES GENE REGULATION BY NMDA 
RECEPTORS AND L-TYPE CALCIUM CHANNELS
G. E. Hardingham, S.Chawla, F. Cruzalegui and H. Bading.*MRC Laboratory of 
Molecular Biology, Hills Road, Cambridge CB2 2QH, UK

Recruitment of the coactivator CREB binding protein (CBP) by signal-regulated 
transcription factors, such as CREB, is critical for stimulation of gene expression. 
However, we show uncoupling of the CBP recruitment step (CREB phosphorylation 
on serine 133) from CREB-mediated transcription. Thus it is incorrect to view the 
presence of phosphorylated CREB as a marker for transcriptional activation. We show 
that an additional activating step is required and propose that this step is targeted at 
CBP. CBP-dependent transcription is controlled by nuclear Ca2+ and Ca2+/ calmodulin 
dependent protein kinase IV. Cytoplasmic Ca2+ signals, stimulating the Ras/MAP 
kinases (ERKs) cascade provide the CBP recruitment signal but do not increase CBP 
activity and fail to activate CREB/CBP-mediated transcription (1,2).

In hippocampal neurons, the regulation of CBP recruitment by signal-regulated 
transcription factors and stimulation of CBP activity are also key events in the 
induction of gene transcription following Ca2+ flux through ligand and/or voltage-
gated ion channels (3). The CBP recruitment step to CREB is differentially controlled 
by the mode of Ca2+ entry (L-type Ca2+ channels versus NMDA receptors), providing 
a molecular basis for the observed Ca2+ channel type-dependent differences in gene 
expression. In contrast, activation of CBP itself is triggered irrespective of the route of 
Ca2+ entry, as is activation of c-Jun, that recruits CBP independently of 
phosphorylation at the two major regulatory sites on c-Jun, serines 63 73. This 
control of CBP recruitment and activation is likely to be relevant to other CBP- 
interacting transcription factors and may represent a widespread mechanism through 
which Ca2+ signals associated with electrical activity regulate the expression of many 
genes. However, we also show that other transcription factors can interpret Ca2+ signal 
information in a very different way.
1) Hardingham et al. Nature 385, p260. 2) Chawla et al. Science 281, p!5O5.
3) Hardingham et al. Neuron 22, (4). Work supported by the Medical Research Council.

778.3

INDUCTION OF THE IMMEDIATE-EARLY GENE ZENK IN ASSOCIATIVE 
FOREBRAIN AREAS OF THE CHICK BRAIN DURING AUDITORY 
IMPRINTING. J. Bock1, C. Thode2, M. G. Darlison2 and K.Braun1*. ’Leibniz 
Institute for Neurobiology, POB 39008, 39118 Magdeburg, Germany and 2Institut 
fur Zellbiochemie und klinische Neurobiologie, Universitat Hamburg, Martinistr. 52, 
20246 Hamburg, Germany.

Auditory filial imprinting in the domestic chick is a rapid juvenile learning 
process which is accompanied by dramatic synaptic rearrangements in associative 
forebrain areas such as the prefrontal cortex equivalent mediorostral 
neostriatum/hyperstriatum ventrale (MNH) and the dorsocaudal neostriatum (Ndc). 
However, the cellular mechanisms that mediate these synaptic changes that may be 
related to memory formation during this learning process are still unclear.

Induction of immediate-early genes (IEGs), the majority of which encode 
transcription factors, seems to be a crucial step in the intracellular mechanisms 
related to memory formation. One such IEG is ZENK (also known as zif-268, egr-1, 
NGFI-A and Krox-24), which encodes a zinc-finger transcriptional regulator and is 
widely accepted as as an endogenous marker of neuronal activity. For example, 
experiments on songbirds demonstrated that ZENK is rapidly induced in discrete 
areas in the brain of songbirds during song acquisition and production.

In the present study the induction and distribution of the ZENK mRNA in the 
chick forebrain after auditory imprinting was evaluated. Therefore a portion of the 
corresponding complementary DNA was cloned and this sequence was used to 
design a specific oligonucleotide probe for in situ hybridisation. We found that 
ZENK mRNA was induced in several forebrain areas including the imprinting 
relevant associative areas MNH and Ndc. The ZENK transcript was also present in 
the auditory cortex analogue Field L but not in the visual cortex analogue 
ectostriatum. These results indicate a’ selective induction of ZENK mRNA in areas 
relevant to auditory imprinting.
Supported by DFG (SFB 444/A5) and state of Saxony Anhalt grant # 2517A/0086H.

778.4

THE EGR3 N-TERMINAL CONTAINS A ROBUST 
TRANSCRIPTIONAL ACTIVATION DOMAIN. K. T. O'Donovan* and 
T. M. Baraban. Dept. of Neuroscience, Johns Hopkins Univ. Sch. of Med. 
Baltimore, MD 21205.

Egr3 is a transcription regulatory factor that is rapidly induced 
in brain neurons by synaptic stimulation. Recent studies (Mol and Cell 
Biol, July 99, in press) identified multiple Egr3 isoforms in brain that 
are generated by use of alternate translation start sites. Also, reporter 
studies using a tandem repeat of the Egr response element (2X ERE) 
revealed that full length Egr3 (Egr3al) exhibits higher transcriptional 
activation than an endogenous truncated Egr3 isoform that lacks over 
100 amino acids of the N-terminus (Egr3(3). Thus, we hypothesized that 
the Egr3 N-terminus contained a transcriptional activation domain. To 
test whether the N-terminal segment alone was sufficient to induce 
transcriptional activation, we fused the Egr3 N-terminal (amino acids 
1-104) to the GAIA DNA binding domain (GAL4 DBD/Egr3 1-104) and 
assayed its activity using a GAL4 response element reporter construct in 
hEK-293 cells. In these studies, we observed a dramatic increase in 
reporter activity when we expressed the GAL4 DBD/Egr3 fusion 
protein as compared to the GAL4 DBD alone. Ongoing studies are 
focused cn further defining the N-terminal transcriptional activation 
domain(s). Thus, these studies strongly support the hypothesis that 
the Egr3 N-terminus contains a bona fide transcriptional activation 
domain and that there are important functional differences between 
endogenously expressed Egr3 isoforms. Work supported by NIH.
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778.5

INTERACTION BETWEEN CASK/LIN-2 AND TRANSCRIPTION 
FACTOR T-BRAIN-1: NUCLEAR TRANSLOCATION AND 
TRANSCRIPTION REGULATION BY A CELL JUNCTION 
MAGUK PROTEIN. Y.-P. Hsueh*, F.-C. Yang, and M. Sheng. 
Howard Hughes Medical Institute and Department of Neurobiology, 
Massachusetts General Hospital and Harvard Medical School,
Boston, MA 02114

The MAGUK protein CASK/LIN-2 is concentrated at cell junctions 
such as neuronal synapses where it binds to neurexins and syndecans 
via its PDZ domain. Here, we report that via its guanylate kinase 
domain CASK interacts directly with Tbr-1, a T-box transcription 
factor involved in cerebrocortical development. CASK translocates 
into the nucleus in a Tbr-1-dependent manner, binds to a specific 
DNA target sequence (T element) in a complex with Tbr-1, and 
regulates the transcriptional activity of Tbr-1. Moreover, CASK is 
present in a T element-binding complex in the nuclei of neurons of 
developing rat brain. Thus the subcellular distribution CASK is 
dynamically regulated in vivo. CASK may function in transcription 
regulation during cortical development, possibly relaying signals 
from sites of cell-cell contact to the nucleus. (HHMI and NIH grant 
NS35050 (M.S.)).

778.6
A KRAB-ZINCFINGER PROTEIN THAT SPECIFICALLY BINDS TO 
AND COLOCALIZES WITH ARG3.1/ARC mRNA IN DENDRITES
U.Putz1, J.Kremerskothen1, O.Georgiev2 and D.Kuhl1* ’Zentrum fiir 
Molekulare Neurobiologie Hamburg (ZMNH), University of Hamburg, 
D-20246 Hamburg, Germany and 2Institut fiir Molekularbiologie der 
Uni versitat Zurich, CH-8057 Zurich, Switzerland.
Dendritic localization of RNAs has been proposed to underlie the structural 
and functional polarity of neurons, as well as certain aspects of synaptic 
plasticity. An example can be seen in the expression and distribution of 
Arg3.1/Arc mRNA and protein. Following synaptic stimulation Arg3.1/Arc 
mRNA synthesis and protein expression are dramatically induced and the 
mRNA is rapidly distributed to dendritic processes. Although this dendritic 
localization is believed to be achieved by specific RNA-protein interactions, 
no such targeting proteins have yet been identified. We have developed the 
Tri-hybrid Method for the in vivo reconstruction of specific RNA-protein 
interactions. Using this technique in a genetic screen we identified several 
clones that specifically interact with the Arg3.1/Arc mRNA and not with non- 
dendritically localized control RNAs. One of these proteins contains a domain 
of repeated zinc fingers required for the specific binding to Arg3.1/Arc 
mRNA. In addition, we identified a KRAB domain dispensable for mRNA- 
binding but capable of exerting a negative regulatory function when fused to a 
heterologous protein in a biochemical assay. The expression of the Krab-Zinc 
finger protein is predominantly dendritic suggesting that upon specific 
binding it may control transport and/or translation of the Arg3.1/Arc mRNA 
in this compartment. (Supported by DFG)

778.7

EXPRESSION OF STEROL REGULATORY ELEMENT BINDING PROTEIN-1 
(SREBP-1) IN THE RODENT AND PRIMATE BRAIN : A LIGHT AND 
ELECTRON MICROSCOPIC IMMUNOCYTOCHEMICAL STUDY. W.Y. 
ONG1 , C.Y. HU1, S, SURESH2 and S.C. PATEL3, ’Department of Anatomy, 
National University of Singapore, Singapore 119260, 2New England Biomedical 
Research Center and 3Neurobiology Research Laboratory, VA Connecticut 
Healthcare System, Newington, CT 06111.

Sterol regulatory element binding proteins (SREBPs) activate transcription of 
genes regulating cholesterol and fatty acid metabolism in animal cells. Here we 
have investigated expression of SREBP-1 in the rat and monkey temporal cortex by 
immunocytochemistry and light and electron microscopy. Using an affinity 
purified rabbit polyclonal antibody against a peptide corresponding to an amino 
acid sequence mapping within an internal epitope of the amino-terminal portion of 
SREBP-1, we found SREBP-1 in the RER and nuclei in layers II, III, Vand VI of 
the rat and monkey temporal neocortex, and in the stratum pyramidale and 
granulosum of the hippocampus. The labelled nuclei were found to be those of 
neurons at electron microscopy, whilst nuclei of glial cells and mural cells in the 
walls of blood vessels were unlabeled. SREBP1 expression was observed to be 
predominantly neuronal in the mature rodent and primate brain as well as in the 
actively myelinating (P9-14) rodent brain. In Niemann-Pick type C disease (NP-C) 
mice, which have a deficiency in intracellular cholesterol transport and develop 
progressive neurodegeneration, we found a similar pattern of predominantly 
neuronal SREBP-1 expression which was however, significantly reduced. These 
results suggest that in vivo, neurons have active SREBP-1-mediated transcriptional 
activity that may be important for the synthesis of cholesterol and fatty acids for 
maintenance of cell membranes.

[Supported by grants from the National University of Singapore (RP920367) and 
the National Institutes of Health (NS34339)].

TRANSPORTERS: NOREPINEPHRINE

779.1

MOLECULAR CLONING AND FUNCTIONAL EXPRESSION OF 
HUMAN NOREPINEPHRINE TRANSPORTER ISOFORMS 
PRODUCED BY ALTERNATIVE RNA SPLICING. S. Kitayama*, K. 
Morita and T. Dohi. Dept. of Pharmacology, Hiroshima Univ. Sch. 
Dentistry, Kasumi 1-2-3, Minami-ku, Hiroshima 734-8553, Japan.

Splicing variants of human norepinephrine transporter (hNET) was 
identified and cloned from human neuroblastoma cell line SK-N-SH cells. 
From 3’-RACE, we isolated two different cDNAs which encode different 
carboxy terminal, designated hNET-S (short form) and hNET-L (long 
form). hNET-S encodes the NET protein carboxy terminal of which was 
homologous to human NET reported (GenBank accession no. M65105) as 
well as bovine (X79015), mouse (U76306) and rat (Y13223) NETs. On 
the other hand, hNET-L encodes different carboxy terminal of NET and a 
part of which was homologous to another bovine NET (U09198). 
According to our previous observation in rat (S. Kitayama et al., J. Biol. 
Chem., in press), we designated the former as hNETa and the latter as 
hNETb2. Based on both sequences, we analyzed 32 different clones of 
hNETs in RT-PCR amplifications from hNET-S (hNET 1-4, hNET9-20) 
and hNET-L (hNET5-8, hNET21-32) sequences. Among these, hNET4 
and hNET8 showed properties encoding hNETa and hNETb2, 
respectively. Transient expression of hNETa and hNETb2 in COS cells 
revealed a robust uptake of PHjnorepinephnne. Kinetic and 
pharmacological characterization of these NETs showed different transport 
properties, suggesting that hNETa and hNETb2 may differently participate 
in noradrenergic synaptic transmission.

779.2

THE FIRST INTRON RESIDING IN THE 5’ UNTRANSLATED REGION IS 
ESSENTIAL FOR HUMAN NOREPINEPHRINE TRANSPORTER (hNET) 
TRANSCRIPTION. C.H, Kim and K.-S. Kim1*, Dept. Anatomy & 
Neurobiology, Univ. of Tennessee, Coll, of Med., Memphis, TN 38163; 
‘Molecular Neurobiology Lab., McLean Hospital, Harvard Med. Sch., Belmont, 
MA 02478.

The norepinephrine transporter (NET) is a major target for antidepressant as 
well as illicit drugs, and its expression is significantly changed in major 
depressive subjects. To understand NET gene regulation, we have recently 
characterized the structure of the hNET gene promoter, including identification of 
the first intron of 476 base pairs within the 5’-untranslated region residing at 
+181 to +656 bp (Kim et al., 1999, JBC, 274:6507-6518). A series of reporter 
constructs containing different lengths of the upstream region fused to the 
chloramphenicol acetyltransferase reporter gene are generated and tested in NET- 
positive and -negative cell lines. These transient transfection assays demonstrated 
that the combination of the 9.0-kb upstream region and the first intron supports 
the highest level of noradrenergic cell-specific transcription. Cotransfection 
analysis of the homeodomain protein Phox2a and Phox2b suggests that 
mechanisms of noradrenergic cell-specific expression of NET and dopamine (3- 
hydroxylase (DBH) are not identical. In addition, different areas of t|je 5’ 
upstream region are shown to be important for the cell-specificity. Further 
analysis of the first intron showed that the 3’ part residing at +339 to +656 bp, 
but not the 5’ part at +181 to +391 bp, is critical for the transcriptional activity. 
The specific cis-regulatory elements residing within this area of the first intron are 
being analyzed by DNase I footprinting and site-directed mutagenesis. Strikingly, 
the first intron of the human NET failed to modulate the tk promoter activity 
either in the 5’ or 3’ position, suggesting that its function may be promoter- 
and/or location-specific. (Supported by MH48866)
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779.3
SUBREGIONAL EFFECTS OF THE CATECHOLAMINE UPTAKE BLOCKER 
NOMIFENSINE IN SUBREGIONS OF THE RAT PREFRONTAL CORTEX.
E.A. Pehek* and C.P. Pluto. Department of Psychiatry, Case Western Reserve 
University and Cleveland VA Medical Center, Brecksville, OH 44141.

Current research has sought to understand the neurochemistry of the prefrontal 
cortex (PFC) because of its involvement in cognitive and emotional behaviors. 
The current project examined the functional neurochemical differences between 
the dorsolateral caudate-putamen (CP) and subregions of the PFC (the more dorsal 
anterior cingulate cortex and the more ventral prelimbic cortex). In vivo 
microdialysis was used to measure extracellular DA concentrations. Brain regions 
were perfused with Dulbecco’s phosphate buffered saline until baseline DA 
concentrations were stable. Nomifensine, a DA and norepinephrine (NE) uptake 
blocker, was then dissolved in the perfusion medium (10 or 100 pM) and 
administered through reverse dialysis for one hour. Nomifensine increased 
dialysate DA in all three brain areas in a concentration-dependent manner. 
Following the 10 pM dose, the greatest rise was observed in the CP where DA 
efflux increased to 605% of baseline after 60 min of drug treatment. Responses in 
the PFC were significantly lower at this time point: DA in the anterior cingulate 
cortex increased to 376% of baseline while rising to 283% in the prelimbic area. 
There were no significant differences between the two PFC subregions. The 100 
pM concentration elicited a greater, but similar, pattern of results. These results 
differ from our previous results with d-amphetamine. There we found a greater 
increase in dialysate DA in the prelimbic, relative to the cingulate, cortex. The 
contrasting effects of these two drugs in different subregions of the PFC may 
reflect their differential affinities for DA, relative to NE, uptake sites. 
Additionally, they may reflect differing innervation densities of these PFC 
subregions by dopaminergic versus noradrenergic terminals.
Supported by NIH MH52220 to EAP.

779.4
IN VIVO POTENCY AND DURATION OF ACTION OF TOMOXETINE, A 
SELECTIVE INHIBITOR OF NOREPINEPHRINE UPTAKE
J.Shaw, P. Threlkeld*, and D.T. Wong
Neuroscience Research, Lilly Research Laboratories, Eli Lilly and Company. 
Indianapolis, Indiana, 46285

Tomoxetine is known to selectively inhibit the uptake of norepinephrine (NE) 
(Wong, et. al., J. Pharmacol. Exp. Ther., 1982). In the present study, we confirm 
that tomoxetine inhibits the uptake of [3H]-NE, [3H]-serotonin (5-HT), and [3HJ- 

dopamine (DA) in synaptosomal preparations of rat brain with inhibitor constants 
(Kj) of 4.5, 152.2 and 657.6 nM, respectively. We evaluated the occupancy of 
tomoxetine at the NE and 5-HT transporters labeled with [3H]-nisoxetine and [3Hj- 
paroxetine, respectively, following in vivo administration of tomoxetine at 2, 5, 10. 
30 and 60 mg/kg p.o. Rats were sacrificed one hour after dosing with tomoxetine. 
We observed that tomoxetine dose dependently inhibited (3H]-nisoxetine binding ex 
vivo with an ED50 of 2.4 mg/kg p.o., with 30% inhibition on [3H]-paroxetine binding 
ex vivo at 60 mg/kg p.o. In a time course study, tomoxetine, at 30 mg/kg p.o. was 
found to inhibit [3H]-nisoxetine binding maximally in the first hour at 80% 
inhibition, which was sustained up to six hours. We also observed significant 
inhibition of 25% on [3H]-paroxetine binding to the 5-HT transporter at one and six 
hour time points. Thus, tomoxetine selectively inhibits the uptake of NE in vitro, 
being 34 and 147 times more potent at the NE transporter than at the 5-HT and DA 
transporter, respectively. Consistent with in vitro findings, tomoxetine potently 
inhibited uptake of NE in vivo, and only at a 25 times higher dose, might also inhibit
5-HT uptake.

Research funded by Lilly Research Laboratories, Eli Lilly and Company, 
Indianapolis, Indiana

779.5

IRREVERSIBLE INHIBITION OF THE HUMAN
NOREPINEPHRINE TRANSPORTER WITH NOVEL 
DOPAMINE ORTHO-QUINONE AFFINITY REAGENTS. R E. 
Whitehead* and J.B. Justice. Jr, Dept. of Chemistry, Emory 
University, Atlanta, GA 30322

There is evidence to suggest that the oxidation product of dopamine, dopamine- 
o-quinone (DAQ), forms a covalent bond with protein cysteinyl residues. This 
interaction is an excellent probe to help identify and characterize the substrate 
binding site of the catecholamine transporters. We have investigated this 
potential interaction in LLC cells expressing the hNET using radioligand binding 
experiments with 3H-nisoxetine, and uptake measurements of dopamine with 
rotating disk electrode voltammetry (RDEV). The binding parameters of 3H- 
nisoxetine to LLC-NET membrane preparations were determined (KD=5.07 ±
0.03 nA/, 7L«k =20.2 ± 0.8 pmol/mg (n=3)). DAQ was shown to inhibit the 
binding of 3H-nisoxetine, increasing in a concentration dependent manner from 
25% to 85% over a range of 100 to 1000 pM DAQ. This effect could be 
prevented by the presence of lpM nisoxetine. A similar concentration 
dependence was seen with 6, 7-ADTN quinone, where inhibition also reached a 
maximum at 85%, however the IC50 was 120pM compared to 370pM for DAQ. 
Using RDEV, ImM DAQ was also shown to reduce the initial rate of uptake of 
dopamine from 3.9 ± 0.5 pmol/s to 0.92 ± 0.01 pmol/s (n=3). These inhibition 
effects could be due to the binding of the quinone to a cysteine residue, or 
potentially a histidine or lysine. Thus, these affinity reagents should be useful in 
identifying the binding site on the transporter. Similar work is being conducted 
on the hDAT expressed in HEK293 cells, using 3H-CFT as a probe. This work is 
supported by NIDA 1 RO1 DAI 1176.

779.6

DIFFERENTIAL REGULATION OF RECOMBINANT BIOGENIC AMINE 
TRANSPORTERS BY PROTEIN KINASE C. A.J. Eshleman*, E. 
Vandegrift, C. Teemer, and A, Janowsky, Research Service, VAMC, and 
Depts. Physiology and Pharmacology, Behavioral Neuroscience and 
Psychiatry, Oregon Health Sciences Univ., Portland, OR 97201.

Activation of protein kinase C (PKC) decreases the density of cell-surface 
biogenic amine transporters in many expression systems. Pretreatment of 
HEK cells expressing the human transporters for dopamine (HEK-hDAT), 
norepinephrine (HEK-hNET), or serotonin (HEK-hSERT) with the phorbol 
ester PMA revealed regulatory differences among the transporters. For HEK- 
hDAT and HEK-hNET cells, pretreatment with PMA (100 nM) for 2 hr 
resulted in a decrease in initial neurotransmitter uptake rates, as measured by 
rotating disk electrode voltammetry, which was reversed by treatment with a 
protein kinase inhibitor. However, HEK-hSERT cells were at least an order 
of magnitude less sensitive to the effects of PMA with no significant decrease 
in initial uptake rates. In agreement with others, [3H]serotonin flux assays (10 
min uptake) demonstrated a 24% decrease in maximal uptake rate after 
pretreatment with PMA (1 pM, 30 min). Using cocaine-analog binding to 
total particulate membranes prepared from each of the three cell lines, a 
decrease (65%) in binding sites was measured only in HEK-hDAT cells, with 
the decrease in binding sites occurring by two hours of PMA treatment and 
returning to pretreatment density by 12 hrs. Using intact cell binding assays, 
a decrease in density following PMA exposure was detected only in HEK- 
hDAT. These differences among the transporters suggest that, following 
activation of PKC, the transporters may be internalized to distinct cellular 
localizations. (Supported by NARSAD Young Investigator Award (AJE) and VA 
Merit Award (AJ) and NIDA contract.)

779.7

MODULATION OF NOREPINEPHRINE TRANSPORT ACTIVITY 
BY G-PROTEIN COUPLED RECEPTOR KINASES AND BETA- 
ARRESTIN. T.T. Nguyen*, B.G. McGonnigal, J,P. Stabila, Y.T. 
Tseng, and J.F. Padbury. Department of Pediatrics, Women and 
Infants’ Hospital of RI, Brown University, Providence, RI 02905.

Re-uptake norepinephrine (NE) from the synapse is mediated by the 
plasma membrane norepinephrine transporter (NET). Sequence 
similarities between the adrenergic receptors and the biogenic amine 
transporters suggest a role of G-protein coupled receptor kinases 
(GRK) and beta-Arrestin (PARR) in the regulation of NE transport. 
The HeLa cell/Vaccinia virus transient expression system was used to 
characterize the effect of co-expression of NET, PARR, GRK2 & 3 on 
NET-dependent NE uptake. 3H-NE uptake was inhibited by 
desipramine and other transport inhibitors in a NET-dependent fashion. 
GRK2 & 3 produced a significant 20-40% reduction of NE transport. 
PARR alone did not significantly affect uptake. Co-expression of 
PARR effectively blocked the reduction of NE uptake associated with 
over-expression of GRK3. An antisense construct of GRK3 
significantly elevated NE transport, which was abrogated by co-
expression of pARR. These results suggest that both GRK3 and pARR 
may interact with NET, resulting in decreased transport activity, either 
by reducing NET density at the cell surface or by altering NET kinetic 
properties. Studies are in progress to assess these alternatives. 
(Supported by DA07753)

779.8

Functional Characterization and Regulation of Natively 
Expressed Norepinephrine Transporters. L. D. Javanthi* and
L. J. DeFelice. Dept. of Pharmacology, Vanderbilt University School 
of Medicine, Nashville, TN 37232-6600.

The Na7Cl'-dependent norepinephrine transporter (NET) is a 
critical component of noradrenergic system and is responsible for the 
temporal and spatial restriction of norepinephrine in the synapse. The 
regulation of NET has been studied in great detail using cell lines and 
heterologous expression systems. However, such mechanistic studies 
on native NETs expressed in primary cultures are lacking. Furthermore 
biophysical analyses of heterologously expressed transporters face the 
criticism that over-expression of proteins may foster channel-like 
properties of transporters. Primary cultures of rat placental trophoblasts 
express desipramine-sensitive NET, which is sensitive to the NET- 
specific antagonist nisoxetine but not to the DAT-specific antagonist 
GBR12909. The kinetic parameters, Km and Vmax are 0.42 pM and
3.1 pmol/mg prot/min respectively; this is similar to values obtained for 
the HEK-hNET stable cell line. Paroxetine sensitive serotonin uptake is 
negligible in trophoblast cultures, providing us with an opportunity to 
study the biophysics of native NET. At present we know that the PKC 
activator P-PMA and the calcium pump blocker thapsigargin modulate 
NET activity in trophoblast cultures. Since transient increases in 
intracellular calcium are the trigger for neurotransmitter release, detailed 
mechanistic studies will be carried out to understand the role of calcium 
and other protein kinases in NET regulation utilizing biochemical and 
biophysical tools. Supported by NIH NS34075 and NARSAD.
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779.9
CYTOPLASMIC DOMAINS OF THE HUMAN NOREPINEPHRINE 
TRANSPORTER SUPPORT FUNCTIONAL EXPRESSION AND 
PROTEIN-PROTEIN INTERACTIONS U. Sung*, P.A. Bauman, S, 
Schroeter and R.D. Blakely. Dept. of Pharmacology, Center for Molecular 
Neuroscience, School of Medicine, Vanderbilt University, Nashville, TN 37232-6420

The norepinephrine (NE) transporter (NET) is responsible for the termination of 
adrenergic signals by clearing released NE. The activity of NET is dependent upon 
appropriate surface expression and catalytic function. We have engineered a series of 
mutated transporters and recombinant N- and C-terminal transporter domains to 
explore the role of these elements in transporter expression and regulation. Mutation 
at either the N- or C-terminus of hNET have effects on activity and/or surface 
expression. For example, removal of the C-terminal amino acid significantly 
reduces [3H]-NE uptake relative to wild type hNET. Preliminary data suggest that 
reduced uptake in this mutant is a reflection of the intracellular retention of the 
mutant transporter, and are consistent with data obtained using hNET tagged on its 
C-terminus with green fluorescent protein, which also accumulates intracellularly. 
These studies support an interaction of cytoplasmic domains with cellular proteins 
that affects hNET surface expression. hNET cytoplasmic fusion proteins have been 
used to identify hNET interacting proteins in cell line and tissue extracts. At present, 
we have evidence of specific interactions between the N-terminus of hNET and 
cellular proteins including a 90 kDa protein from noradrenergic neuroblastoma SK- 
N-Be-M17 cells and a similarly sized protein from rat vas deferens. Taken together, 
these data suggest that the cytoplasmic domains of hNET contain critical 
information for the surface expression of hNET and support specific interactions 
with other cellular proteins. Efforts to identify the nature of these interacting 
proteins using affinity purification as well as yeast two-hybrid techniques are under 
way. This work is supported by NIH Award MH58921 to R.D.B.

779.10
IMMUNOLOCALIZATION OF NOREPINEPHRINE TRANSPORTERS IN VIVO 
AND IN VITRO. S. Schroeter1*. L.A.H. Miner?, S JL Segack2 and R.D. Blakely1. 
!Dept. of Pharmacology & Center for Molecular Neuroscience, Vanderbilt Univ. Sch. 
of Medicine Nashville, TN 37232-6420; 2Depts of Neuroscience & Psychiatry, Univ. 
of Pittsburgh, PA 15260.

Norepinephrine (NE) transporters (NETs) constitute the primary mechanism for 
inactivation of synaptically released NE and are targets for tricyclic antidepressants and 
psychostimulants. Although the regional distribution of NETs has been defined 
through autoradiographic approaches, NET protein expression has yet to be resolved at 
the cellular level. We have developed antibodies that detect NET in both native and 
transfected cells and have used these antibodies to define the cellular and subcellular 
distribution of NET in vivo as well as in primary cultured neurons. In the rat CNS, 
NET-immunoreactivity (ir) is confined to noradrenergic soma and axons and enriched at 
axonal varicosities. At the level of light microscopy, there was no apparent labeling of 
dendrites or of cell body-associated plasma membranes, whereas axonal labeling was 
readily detectible and colocalized at varicosities with the presynaptic markers syntaxin, 
SNAP-25, and synaptophysin. Glial cells in vivo lacked NET-ir. CNS ependymal cells 
were an unexpected site of labeling. NET-ir was also present in a subset of adrenal 
chromaffin cells and in sympathetic fibers in the heart and vas deferens where labeling 
was absent from intervaricose segments. Preliminary electron microscopic examination 
of the rat prefrontal cortex revealed immunogold-silver localization of NET along the 
plasmalemmal surface of small unmyelinated axons and axon varicosities that rarely 
formed symmetric synapses. In cultured sympathetic neurons, NET-ir filled axonal 
processes and was more intense at varicosities and colocalized with presynaptic 
markers. The nonuniform distribution of NET-ir along axons supports the spatial 
organization of signaling by noradrenergic neurons. Support: MH58921 (RDB), 
MH50314 (SRS)

779.11

VENLAFAXINE IS PREDOMINANTLY AN INHIBITOR OF 5-HT UPTAKE IN 
RAT BRAIN. L. J. Dreshfield*, P. G. Threlkeld, J, F. Shaw, V. L. Lucaites, D. L. 
Nelson, D. O. Calligaro, J. S. Nissen, J. E. Audia, S, K. Luecke, L. K. Thompson, and
D. T. Wong. Lilly Research Laboratories, Eli Lilly and Company, Lilly Corporate 
Center, Indianapolis, IN 46285.

Venlafaxine (l-[2-(dimethyl-amino)-l-(4-methoxyphenyl)-ethyl]cyclohexanol 
hydrochloride) is a serotonin (5-HT) and norepinephrine (NE) uptake inhibitor used in 
the treatment of depression. In the present series of experiments, we characterized the 
in vitro and in vivo effects of venlafaxine. In vitro, venlafaxine inhibited both 5-HT 
and NE uptake, Kj = 77 and 538 nM, respectively (see Table 1). Ex vivo, venlafaxine 
inhibited 3H-paroxetine binding to the 5-HT transporter, ED50 = 1.99 mg/kg s.c., while 
the ED5o  for 3H-nisoxetine binding to the NE transporter was >10 mg/kg s.c.(rat 
cortex).

Table 1. In vitro binding affinity. Ki (gM)
3H-paroxetine / 3H-nisoxetine 0.181/3.187

5-HT / NE uptake 0.077 / 0.538
oq- and a2-adrenergic > 100

p-adrenergic > 10
Db D2, Hb 5-HT2, muscarinic > 10

Venlafaxine dose-dependently increased extracellular 5-HT concentrations in rat 
hypothalamic microdialysates in vivo at sequential doses of 0.3, 1, and 3 mg/kg s.c. 
(120, 170, and 240% of basal levels, p < 0.05 at all doses). Subsequent administration 
of WAY100,635, a selective 5-HT1A antagonist, at 1.0 mg/kg s.c., further increased 
levels to a maximum of 328% of basal, indicating in vivo 5-HT uptake blockade. Thus, 
we conclude that venlafaxine is a potent inhibitor at the 5-HT transporter, with weaker 
potency at the NE uptake site.

(Funded by Lilly Research Laboratories, Eli Lilly and Company)

779.12

Venlafaxine as an inhibitor of serotonin and norepinephrine uptake in rats. 
Linda K. Thompson, D. T. Wong, Jeffrey S. Nissen, James E. Audia, L. J.
Dreshfield and Susan K. Hemrick-Luecke*, Lilly Research Laboratories,
Eli Lilly and Company, Lilly Corporate Center, Indianapolis, IN 46285.

Venlafaxine (VEN) (l-[2-(dimethyl-amino)-l-(4-methoxyphenyl)- 
ethyljcyclohexanol hydrochloride) is an inhibitor of serotonin (5-HT) and 
norepinephrine (NE) reuptake with therapeutic potential in the treatment of 
depression. In rats, VEN dose-dependently blocked the p-chloroamphetamine- 
induced depletion of rat brain 5-HT concentrations with an ED50 = 5.9 mg/kg, 
i.p. 5-HT concentrations in rat hypothalamus were unaffected by VEN 4 hours 
after 1-10 mg/kg doses, but were significantly increased 1, 2 and 4 hours after 
a 30 mg/kg, i.p. dose. Concentrations of the 5-HT metabolite, 5- 
hydroxyindoleacetic acid (5-HIAA), in rat hypothalamus were dose- 
dependently decreased 4 hours after 10 and 30 mg/kg VEN. The decrease in 
5-HIAA levels after 30 mg/kg VEN persisted from 1-8 hours, but by 24 hours 
had returned to control values. This decrease in 5-HIAA concentrations was 
attributed to a decrease in 5-HT turnover in rat hypothalamus, shown also by a 
decrease in the accumulation of 5-hydroxytryptophan after decarboxylase 
inhibition. VEN antagonized the depletion of rat heart NE after systemically 
injected 6-hydroxydopamine with an ED50 value of 25.9 mg/kg, i.p. In vitro 
VEN was not a potent inhibitor of rat brain monoamine oxidase type A (100 
mM 5-HT as substrate) or type B (12.5 mM phenylethylamine as substrate) 
with IC50 values of 7.4 x 10‘4M and 1.2 x 10'3M, respectively. These data 
support evidence that VEN is a potent inhibitor of the 5-HT transporter and 
less potent as an inhibitor of the NE transporter in vivo. (Funded by Lilly 
Research Laboratories, Eli Lilly and Company)

779.13

M3 MUSCARINIC RECEPTOR-MEDIATED REGULATION OF THE 
HUMAN NOREPINEPHRINE TRANSPORTER. PA Bauman* and RD 
Blakely, Dept. of Pharmacology, Center for Molecular Neuroscience, Vanderbilt 
University Medical Center, Nashville, TN 37232-6420.

We have previously shown that exposure to phorbol ester or activation of 
muscarinic receptors by methacholine (MCh) diminishes the uptake capacity of 
human norepinephrine transporter (hNET) in SK-N-SH cells. These effects are both 
at least partially blocked by protein kinase C (PKC) inhibitors (Apparsundaram et 
al., JPET 287:733, 1998). We sought to establish a model system in which the 
muscarinic receptor-mediated regulation of hNET could be recapitulated and the 
structural determinants of hNET required for regulation could be explored. In our 
initial studies, CHO-hm3 cells which stably express human muscarinic m3 receptor 
(Buckley et al., Mol. Pharm. 35:469, 1989) were transiently transfected with hNET 
cDNA. In this system, as in SK-N-SH cells, uptake of [3H]-norepinephrine (NE) is 
reduced in response to MCh in an atropine-sensitive manner due to a decrease in 
uptake capacity. However, our preliminary data suggest that this response is not 
identical to that of endogenous hNET in SK-N-SH cells. We are presently 
investigating alternative signalling pathways that may be involved the regulation of 
hNET in CHO-hm3 cells, and whether mutant forms of hNET retain sensitivity to 
MCh. This work was supported by NIH Award MH58921 to RDB.

779.14

MONOAMINE NEURONAL UPTAKE INTO SYNAPTOSOMES AND 
TYROSINE HYDROXYLASE ACTIVITY FOLLOWING CHRONIC IGMESINE 
TREATMENT IN RAT. K.T, Zoski, J, J. Cordon. R. B, Brandon. S. Z. Whetzel. 
H. C. Akunne, T. A. Pueslev and T. G. Hefiher*. Neuroscience Therapeutics, 
Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Company, 
Ann Arbor, MI 48105

Igmesine has been reported to exert various CNS actions, and in particular to be active in 
pre-clinical animal models predictive of antidepressant activities. Previous reports showed 
that igmesine is a selective sigma (a)-l ligand (Ki = 75 nM) with weak actions at 
monoamine neuronal uptake systems (Zoski etal., Neuroscience 1998, #583.15). In an 
attempt to understand the possible mechanism of action of igmesine, its activity on 
synaptosomal monoamine neuronal uptake and tyrosine hydroxylase activity (the first 
enzyme in the catecholamine biosynthetic pathway) were conducted following chronic 
treatment. Male Sprague-Dawley rats were treated by the intraperitoneal route for 21 days 
with vehicle (saline), igmesine (15 mg/kg), fluoxetine (10 mg/kg) and desipramine (10 
mg/kg). There were no gross observable differences in behavior between the treated groups. 
There was a slight decrease (20%) in body weight gain of the desipramine-treated group as 
compared to vehicle and other drug-treated groups. As expected, the fluoxetine- and 
desipramine-treated groups showed deficits in serotonin (5-HT) and noradrenaline (NE) 
neuronal uptake with a decline in uptake binding density of 40 and 30 %, respectively. In 
contrast, the igmesine-treated group did not show any changes in 5-HT and NE neuronal 
uptake. Furthermore, there were no changes between the groups in tyrosine hydroxylase 
activity in the basal ganglia (caudate, limbic, thalamic, locus coeruleus) brain region 
studied. It appears that igmesine may not exert its antidepressant action through the 
monoamine system. (Supported by Warner-Lambert Co.).
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779.15
LONG-TERM TREATMENT WITH IGMESINE AND 
ALTERATION IN RECEPTOR NUMBER AND SENSITIVITY IN 
THE RAT. H. C. Akunne*. K, T, Zoski, J. J. Cordon. R. B. Brandon,
S. Z. Whetzel, T. G. Heffner and T, A. Pugslev. Neuroscience 
Therapeutics, Parke-Davis Pharmaceutical Research, Division of 
Warner-Lambert Company, Ann Arbor, MI 48105

Igmesine is a selective sigma (o)-l ligand that has been reported to exert pre- 
clinical and clinical antidepressant action but its mechanism of action is not 
understood. It has been suggested that the therapeutic effects of chronic 
administration of tricyclic antidepressant drugs, monoamine oxidase inhibitors, 
lithium or electroshock is associated with a selective decrease in receptor number 
and/or sensitivity, such as beta-adrenoceptors. We investigated the action of 
igmesine on the density and/or sensitivity of several central receptor systems, 
including beta-adrenoceptors (P), a and GABAb  receptors. Male Sprague-Dawley 
rats were treated intraperitoneally for 21 days with vehicle (saline), igmesine (15 
mg/kg), fluoxetine (10 mg/kg) and desipramine (10 mg/kg). Data obtained showed 
that the dissociation constant (Kj) and density of a and GABAb  following 
igmesine were not altered under this paradigm as compared to control in the basal 
ganglia (limbic and thalamic areas). However, the density of p receptors were 
decreased (18%, fluoxetine-treated group, 32%, desipramine-treated group and 
20%, igmesine-treated group as compared to control). It appears that in this study, 
the actions of igmesine is consistent with reported decreases in beta-adrenoceptors 
for other clinically effective antidepressants. (Supported by Warner-Lambert Co.).

TRANSPORTERS: VESICULAR

780.1

Aging of Vesicular Monoamine Transporter (VMAT2) Knockout 
Mice: Enhanced Effects on Locomotor Activities and Amphetamine 
Responses.
Kaori Itokawa1*. Ichiro Sora1, Junichi Kitanaka1, F.Scott Hall1, Niraia 
Karmacharya1. Xiao-Fei Li1. Nobuyuki Takahashi3 & George R. Uhl12 
Mol Neurobiol, IRP-NIDA/NIH’, & Depts Neurol & Nsci, JHUSM2 
Baltimore, MD 21224, Dept Neurol, Osaka Univ Med Sch3, Japan.

Vesicular monoamine transporters (VMAT2) pump monoamine 
neurotransmitters from neuronal cytoplasm into synaptic vesicles of 
neurons including the midbrain dopaminergic neurons important 
for regulating locomotor activities and psychostimulant responses. 
Since VMAT2 plays significant roles in determining the intracellular 
compartmentalization of dopamine, a potential age-related oxidative 
toxin, we have assessed age-related changes in baseline- and 
psychostimulant-modulated locomotor activities in VMAT2 
heterozygous and wildtype mice. Age produced larger decreases in 
VMAT2 heterozygotes than in wildtype mice in locomotor activity in 
a novel environments and in the increment in locomotor activity 
following 1 mg/kg amphetamine. Each of these results is consistent 
with the idea that VMAT2 heterozygotes display enhanced age- 
related changes, since each of these changes is in the same direction 
as the age-related differences between young and aged wildtype 
mice. Supported by NIDA Intramural Research Program,

780.2
HUMAN VESICULAR MONOAMINE TRANSPORTER 2 GENE
STRUCTURE, 5'FLANKING SEQUENCES AND POLYMORPHISMS S Li,
M Hazama+, Z. Lin, & G.R. Uhl*. Mol. Neurobiol., IRP, NIDA, NIH & Depts.
Neurol, and Neurosci., JHUSM, Baltimore, MD 21224. ^Present address Takeda 
Ltd, Osaka 532, Japan.

The vesicular monoamine transporter (VMAT2) compartmentalizes 
monoamines transporters. Definition of the human VMAT2 gene 
sequences and examination of polymorphisms could provide insights 
into roles for important VMAT2 allelic variants. We have now report 
assembly of human genomic sequence for each VMAT2 gene protein 
coding exon and analyses of the transcription factor recognition elements 
found in more than 30kb of VMAT2 5’ flanking sequence. We have 
extended initial analyses of a polymorphic tetranucleotide repeat ca. 5kb 
5* to the transcription start site. More than 10 alleles are found at this 
locus in Caucasian or African American subjects. The common alleles 
(CA)t -(GA)9 and (CA)7-(GA)U are named A and B, respectively. We 
have sought coding sequence polymorphisms in VMAT2 exons of 
substance abusing and control individuals sampled based on genotypes at 
this tetranucleotide repeat. Initial analyses of VMAT2 exons 2,11,12 
and 13 from subjects with AA and BB genotypes at the -5kb 
tetranucleotide repeat locus revealed high conservation of these human 
VMAT2 coding regions. No common protein coding variants were found 
among 24 polysubstance abusing or control individuals. Analyses of 
these and other sequences will provide a comprehensive view of the 
common VMAT2 allelic variants in protein coding and in regulatory 
sequences. Supported financially by NIDA-IRP

780.3

DISRUPTION OF VMAT2 FUNCTION AND DEPLETION OF DA STORES 
MAY CONTRIBUTE TO EXTRAPYRAMIDAL SYMPTOMS CAUSED BY 
Caz+ CHANNEL BLOCKERS. R.G.W. Staal*. L. Manzino and P.K. Sonsalla. 
UMDNJ-RWJMS, Dept. Neurology, Piscataway, NJ 08854.

Calcium channel blockers (CCBs) are commonly used antiarrhythmic and 
antihypertensive agents. A drawback of therapy with CCBs is the development of 
drug induced parkinsonism or extrapyramidal symptoms (EPS). One mechanism 
proposed to explain how high doses or chronic treatment with CCBs can cause EPS 
is that they interfere with dopaminergic function by reducing Ca2+ triggered 
neurotransmitter release. A second proposed mechanism is that the drugs block DA 
D2 receptors. However, many of these drugs bind only weakly to DA D2 receptors. 
In vivo, several of these drugs have produced behavioral or neurochemical changes 
resembling the acute effect of reserpine, a VMAT2-inhibitor. Thus we have 
hypothesized that the CCBs may interfere with vesicular function in the 
dopaminergic neurons resulting in a depletion of DA stores. The purpose of these 
studies was to compare the drugs for their inhibition of the 1) accumulation of [3H]- 
DA into striatal synaptic vesicles via VMAT2 and 2) binding of [3H]-raclopride to 
D2 receptors in striatal membrane preparations. We demonstrate that the CCBs with 
the greatest propensity to cause EPS, flunarizine, cinnarizine and verapamil 
effectively inhibited VMAT2 mediated [3H]-DA uptake into striatal vesicles 
(IC50<lpM) while they were poor inhibitors of [3H]-raclopride binding (ICS0>lpM). 
All drugs tested were more potent at inhibiting [3H]-DA uptake into vesicles than 
[3H]-raclopride binding to D2 receptors. These studies suggest that the EPS caused 
by CCBs may be due to inhibition of vesicular function and thus depletion of DA 
stores rather than blockade of D2 receptors. This work was supported by grant 
AG08479.

780.4

VESICULAR UPTAKE OF DA, BUT NOT [3H]-DTBZ BINDING TO 
VMAT2, IS COMPROMISED 24 H AFTER METHAMPHETAMINE 
TREATMENT. K.A, Hogan*. R.G.W. Staal. P.K. Sonsalla. Department of 
Neurology, UMDNJ-RWJMS, Piscataway, NJ 08854

[3H]-Dihydrotetrabenazine ([3H]-DTBZ) binding to the brain vesicle 
monoamine transporter (VMAT2) has been used to characterize the integrity of 
DA nerve terminals within the striatum of humans and experimental animals. 
Several days after the treatment of animals with toxic doses of METH, [3H]- 
DTBZ binding is reduced, as would be expected if there were a loss of DA nerve 
terminals. However, [3H]-DTBZ binding was not reduced in post-mortem brain 
tissue of humans who had died within 24 h after ingestion of METH although 
other measures (DA, TH protein, DAT binding) were significantly reduced. The 
purposes of the present studies were: 1) to compare the time course for loss of 
[3H]-DTBZ binding with other DA measures, 2) to determine the time course for 
loss of vesicular ftinction, and 3) to compare recovery rates for VMAT2, DAT 
and TH. Within 24 h after administration of METH (4x10 mg/kg), DA, TH 
activity, [3H]-CFT binding to DAT, and uptake of [3H]-DA into striatal vesicle 
preparations were comparably reduced (-75%). In contrast, striatal [3H]-DTBZ 
binding was unaltered at this time although a progressive loss of binding 
occurred over the next 4 days. Some recovery occurred over several months, but 
all neurochemical measures remained significantly below control values (-32%) 
85 days after treatment. Moreover, [3H]-DTBZ binding recovery paralleled that 
for the other measures. Taken together, these data suggest that during the acute 
phase of METH toxicity, there is a preservation of the [3H]-DTBZ binding site 
despite the loss of functional integrity of the VMAT2 protein. However, with 
time, a loss of 3H]-DTBZ binding occurs and parallels that for other DA 
measures. The time course for loss of [3H]-DTBZ binding may reflect the actual 
time course for degeneration of the DA nerve terminal. Supported by DA 
06236.
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780.5
Go 2 REGULATES NEURONAL VMAT2 -VESICLES CONTRIBUTION 
TO SYNAPTIC PLASTICITY?
M. Holtie1, B. von Jaqow1, M. Lautenschlager2, B. Nurnberg3, H.
Hortnagl2, G. Ahnert-Hilger1* 1lnstitut fur Anatomie der Charite, Humboldt-
Universitat zu Berlin, Philippstr. 12 D-10115 Berlin, 2lnstitut fur
Parmakologie und Toxikologie der Charite, Dorotheenstr.94 D-10117 
Berlin, 3lnstitut fur Pharmakologie, Freie Universitat zu Berlin, Thielallee 
67-73, D-14115 Berlin

Storage of monoamines in secretory granules of neurons or 
neuroendocrine cells is mediated by two related monoamine 
transporters, VMAT1 and VMAT2. By using the human serotonergic 
neuroendocrine cell line BON, containing either type of transporter 
we here show that both VMAT1 and VMAT2 are regulated by Go2, 
the neuronal VMAT2 being more sensitive. In addition establishing 
streptolysin-0 permeabilization of serotonergic neurons in primary 
culture we found VMAT2 also to be down-regulated by Go2.
In BON cells both transporters were found mainly on large dense 
core vesicles, whereas in raphe neurons VMAT2 preferentially 
localizes to small synaptic vesicles. We thus conclude that 
regulation of vesicular monoamine transmitter uptake by 
heterotrimeric G proteins is a general feature by which the content 
of both large dense core and small synaptic vesicles is controlled. 
This might contribute to the phenomenon of synaptic plasticity in 
neurons.

780.6

Using C. elegans genomic sequence data to search for the vesicular 
glutamate transporter
Miles Trupp ', Kim Schuske2, Marc Hammarlund2, Hongkyun Kim', Courtney Strand', Steve 
McIntire' and Erik Jorgensen2 .
'Gallo Center, UCSF, San Francisco, CA 94110 
2Dept. of Biology, U of Utah, SLC, UT 84112

Previously, we cloned the unc-47 gene and demonstrated that it encodes the vesicular 
GABA transporter which is required to transport GABA from the cytoplasm into 
synaptic vesicles, unc-47 identifies a new subfamily of transport proteins conserved in 
Caenorhabditis elegans, yeast, Drosophila and mammals, which are most similar to 
amino acid permease proteins in plants. For several reasons we believe that the 
vesicular glutamate transporter is related to the vesicular GABA transporter. The 
molecular structures of GABA and glutamate are very similar; glutamate and GABA 
also exhibit similar bioenergetics of transport into synaptic vesicles; and the 
metabotropic receptors for glutamate and GABA are related.
We have screened through the thirteen C. elegans members of the family using GFP 
reporter constructs to determine whether any of these genes are expressed in 
glutamatergic neurons. Of the thirteen candidate transporters, eight are expressed in 
neurons, although none exclusively in glutamatergic neurons. While this family of 
transporters likely maintains a function in storage or regulation of amino acids in all 
cells, the evolution of this family of genes may have been critical to the development 
of amino acids as neurotransmitters. We have isolated cDNAs for the leading candidates 
and have ectopically expressed them in PC 12 and COS-7 cells in order to assay 
transport activity as well as cellular localization. Generation of antibodies specific for a 
putative vesicular glutamate transporter will provide a valuable marker for 
glutamatergic neurons and facilitate investigations of the regulation of transport via 
phosphorylation. Finally, we will identify nematode mutants deleted in candidate genes, 
and determine if they are defective for glutamatergic neurotransmission.

TRANSMITTERS IN INVERTEBRATES III

781.1

Synaptotagmin immunostaining in the developing antennal lobe 
of the sphinx moth Manduca sexta, J. Schachtner*1, K. Menon2 and U. 
Homberg', 'FB Biologie, Tierphysiologie, Philipps-University, 35032 
Marburg, Germany and 2Division of Biology, Caltech, Pasadena, CA 
91125, USA.

During metamorphosis of the sphinx moth M. sexta, levels of cGMP are 
transiently upregulated in local neurons of the antennal lobe (AL). This rise 
in cGMP is partly regulated by NO and correlates in time with the major 
wave of synapse formation in the AL (Schachtner et al., 1998, J. Comp. 
Neurol. 396:238-252). To investigate the possible role of NO and cGMP in 
synapse formation, we used an antiserum against the ubiquitous synaptic 
vesicle protein synaptotagmin (syt) for labeling of synaptic contacts in the 
developing AL. Early in metamorphosis a spheroidal neuropil area stains at 
the site were the AL develops. Starting about 5 days after pupal ecdysis (P5) 
the syt staining in the growing AL becomes concentrated in an outer shell 
area of the neuropil. Beginning on days P7/8 the stained shell area is 
reorganized into distinctly stained glomeruli. At Pl 1/12, when the main 
wave of synaptogenesis ends, the glomeruli show an overall robust syt 
staining. By Pl6/17 the glomerular staining changes to a more differentiated 
labeling, suggesting areas of different synaptic density within each 
glomerulus.

In order to test whether NO and cGMP are involved in synapse 
formation, we started to pharmacologically interfere with the NO/cGMP 
signaling pathway. At times when cGMP levels are regulated in vivo, we 
infused inhibitors of the NO/cGMP pathway. We are currently performing 
density measurements of the syt immunostaining to detect differences 
between pharmacologically treated and control animals.

781.2
THE RESPONSE OF THE DEVELOPING STOMATOGASTRIC 
GANGLION TO NEUROMODULATION. K.S. Richards* and E. 
Marder. Volen Center, Brandeis University, Waltham, MA 02254.

The stomatogastric ganglion of the adult lobster Homarus americanus 
generates regular pyloric rhythms with a characteristic period of 0.5-
1.5Hz. To study the changes in the pyloric rhythm during embryonic and 
larval development, we recorded EJPs evoked by the Lateral Pyloric 
(LP) neuron activity. Early in development the motor discharge of the 
LP neuron was irregular, preventing use of conventional analysis 
methods that rely on extracting burst times to calculate cycle frequency 
and its variability. Instead, we determined cycle frequency from the peak 
of the power spectrum obtained from the EJP occurrence times. The 
ratio of the power in the peak to the power from 0 to 3 Hz was used as a 
relative measure of the regularity of the rhythm. Throughout embryonic 
and the first larval stage LP neuron activity was slow (peak ~ 0.2Hz) and 
irregular. The frequency and regularity significantly increased by the 
postlarval stage IV.

We studied the effects of crustacean cardioactive peptide (CCAP) on 
the frequency and regularity of the rhythms through development. 
CCAP was active at all developmental times. The peak frequency seen 
in CCAP was ~ 0.3Hz at all stages of development, regardless of initial 
frequency. When anterior inputs were removed, CCAP applications 
activated the isolated STG at all developmental stages. These data 
suggest that the adult response to the modulator CCAP is already present 
by mid-embryonic development.

Supported by NS 10770 and NS 17813.

781.3

MODULATORS CONVERGING ONTO THE SAME IONIC CURRENT HAVE 
DIFFERENTIAL ACTIONS AT THE NETWORK LEVEL. A. Swensen* and E, 
Marder. Volen Center, Brandeis University, Waltham, MA 02454

The pyloric rhythm produced by the crustacean stomatogastric ganglion (STG) is 
modulated by a number of peptides and amines. We have found that at least seven of 
these modulators [proctolin, CabTRP (cancer borealis tachykinin-related peptide), 
CCAP (crustacean cardioactive peptide), RPCH (red pigment concentrating 
honnone), TNRNFLRFamide and SDRNFLRFamide and pilocarpine] converge onto 
the same ionic current. At the network level, however, these substances all appear to 
elicit distinct motor patterns. How do these convergent modulators produce divergent 
effects on network output?

To determine the cellular targets for each of the different substances, the STG was 
isolated from higher modulatory input using a sucrose block of the stomatogastric 
nerve. Neurons were semi-isolated using picrotoxin to block glutamatergic synaptic 
transmission and photoinactivation to eliminate electrically coupled cells. The 
modulators were then pressure applied to the STG and two-electrode voltage clamp 
recordings were made of each of the pyloric cells to look for activation of the 
characteristic ionic current onto which these substances converge.

We found that the modulators act on different subsets of neurons and that most 
neurons only respond to a subset of the modulators. The lateral pyloric (LP) neuron 
responds to all seven substances while some other cell types only respond to three or 
less. RPCH and CCAP are the most selective modulators acting on only one and two 
of the pyloric cell types, respectively. Proctolin, CabTRP and pilocarpine, on the 
other hand, affect many of the cell types involved in the pyloric rhythm. We also 
found that the voltage of the peak modulator current is different in the various cell 
types. We are now examining to what degree the differential targeting by these 
substances is responsible for their characteristic modulation of network output. 
Supported by NS17813.

781.4

SEQUENTIAL DEVELOPMENTAL ACQUISITION OF
CHOLECYSTOKININ-LIKE IMMUNOREACTIVITY IN THE 
STOMATOGASTRIC NERVOUS SYSTEM OF THE LOBSTER HOMARUS 
AMERICANUS. C. Velazquez-Marrero1, B.S. Beltz*2, and E. Marder1. 'Volen 
Center, Brandeis University, Waltham, MA 02454 and 2Dept. of Biology, 
Wellesley Col, Wellesley, MA 02181.

A cholecystokinin (CCK)-like peptide is involved in the feeding-related 
activation of the gastric mill rhythm of the stomatogastric ganglion in the lobster 
Panulirus interuptus (Turrigiano G.G. and Selverston A.I., 1990. Nature, 344: 
866-868.). Using whole-mount immunocytochemistry and confocal microscopy 
we studied the developmental acquisition of CCK-like immunoreactivity 
contained within the fibers and neuropil of the stomatogastric ganglion (STG) of 
embryonic, larval, juvenile, and adult Homarus americanus. CCK-like 
immunoreactivity is first clearly visible in the LII larval stage, and continues 
throughout development, very much like that seen for serotonin-like 
immunoreactivity in H. americanus. However, a pair of neurons in the brain show 
transient expression of CCK-like immunoreactivity as early as E70. The brain 
itself shows a bead-like pattern of immunoreactivity throughout development. In 
the adult H. americanus the Gastro-Pyloric Receptor (GPR) neurons of the 
stomatogastric nervous system contain serotonin-like, allatostatin-like, FLRFNH;- 
like as well as CCK-like immunoreactivities. We find that all the CCK-like 
immunoreactivity in the STG is found in serotonin-staining profiles, indirectly 
indicating that the CCK-like staining in the STG is all derived from GPR 
projections. These data enhance our understanding of the developmental 
acquisition of the cotransmitters in the stomatogastric nervous system. Supported 
byNS17813.
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781.5
EFFECTS OF MANDUCA sexta FLRFamide PEPTIDES ON ISOLATED 
SKELETAL AND CARDIAC MUSCLES. Y. Miao* and J. L. Witten. Dept. 
of Biological Sciences, Univ. of Wisconsin; Milwaukee, Wl 53201.

We examined the effects of three Manduca sexta FLRFamide 
(MasFLRFamide) peptides on the isolated fifth instar larval abdominal 
ventral internal longitudinal (VIL) muscle and pharate adult heart of this 
insect. On both in vitro preparations, all three peptides (F7G, F7D, and 
F10) were excitatory and their effect was dose-dependent. F7G is the 
most potent, followed by F7D and then F10. Thresholds on both 
preparations were similar: ~5 nM for F7G, and -50 nM for F7D and F10. 
On the nerve-invoked VIL twitch: (1) 1 pM F7G, F7D, and F10 increased 
the twitch tension by 50%, 25%, and 17%, respectively; (2) at 0.3 pM or 
higher concentrations, these peptides often increased muscle tonus 
which contributed to -20% of the twitch tension increases; (3) these 
peptides enhanced the twitch amplitude without altering either the 
contraction or the relaxation duration, thus accelerating both contraction 
and relaxation rates. On spontaneous cardiac contraction, 0.3 pM F7G, 
F7D, and F10 raised the heart rate by 90%, 38%, and 23%, respectively. 
As a control, 0.3 pM CCAP increased heart rate by 60%. The finding 
that F10, whose sequence is highly homologous to the myosuppressins, 
did not inhibit heart rate was unexpected. Since these MasFLRFamides 
are released at ecdysis, their excitatory effects on these muscular 
systems further supports our hypothesis that they act as neurohormones 
to facilitate molting.
Supported by NIH 1R15 NS34117-01 (JLW).

781.6
MOLECULAR CHARACTERIZATION OF A FLRFamide GENE IN THE 
TOBACCO HORNWORM. D. Lu1, G. C. Ekman1, F. M. Horodyski2 and
J.L.Witten1*. 1Dept. Biological Sciences, U. Wisconsin-Milwaukee, 
Milwaukee, Wl 53201; 2Dept. Biomedical Sciences and The College of 
Osteopathic Medicine, Molecular and Cellular Biology Program, Ohio U., 
Athens, OH 45701

A family of at least 5 FLRFamide peptides has been isolated from 
Manduca sexta. To determine if the expression of the Manduca sexta 
FLRFamides (MasFLRFamides) is cellular-specific and to help elucidate 
the regulatory mechanisms, we have isolated and sequenced a cDNA 
from a developing adult brain library. This cDNA encodes for three 
peptides: F39, F24 and F10. Differential processing of the prohormone 
could determine which peptide is expressed. Using in situ hybridization, 
we have mapped the cellular distribution of the message in the CNS and 
periphery. The highest concentration of labeled neurons is found in the 
brain and terminal ganglion. During metamorphosis the number of 
labeled neurons decreases in the brain and increases in the terminal 
ganglion, suggesting steroid hormones may modulate its expression. 
Hybridization signals are detected in the endocrine cells of the larval gut, 
with the highest concentration found in the posterior midgut. No neurons 
of the enteric nervous system are labeled although subsets of these 
neurons express FMRFamide-like immunoreactivity. These results 
parallel the biochemical data and suggest the MasFLRFamides are 
expressed in a tissue and cellular-specific manner.
Supported by NIH 1R15 NS34117-01 (JLW) and NSF IBN- 
9807907 (FMH).

781.7

MYOSUPPRESSIN MODULATES AEDES AEGYPTI HEART RATE. 
Rosario, C.jX, Romanick, R.l, Minnick, S.2, Jean, C.3 and Nichols,
R.2J3 BjO|ogy Department1, Biological Chemistry Department2, 
Undergraduate Research Program3, The University of Michigan, 830
N. University Avenue, Ann Arbor, Ml 48109-1048

Biologically active peptides can often be grouped together 
based on a common structure. The peptides structurally related to the 
molluscan cardioexcitatory tetrapeptide FMRFamide by a C-terminal 
RFamide are known as FaRPs or FMRFamide-related peptides.
FaRPs are present in both invertebrates and vertebrates and regulate 
numerous physiological functions.

Myosuppressins, a subfamily of FaRPs, share a high degree of 
sequence similarity represented by the consensus structure 
X1DVX2HX3FLRFamide. Myosuppressins are also similar in activity; 
they affect spontaneous contractions of heart, gut, and oviduct. The 
Drosophila myosuppress peptide, TDVDHVFLRFamide, is identical in 
fruitfly, flesh fly, and stable fly. Thus, in general, DMS may also be 
used to represent Dipteran myosuppressin.

In order to explore FaRP signaling, we investigated the 
expression and activity of myosuppressin in the mosquito Aedes 
aegypti. DMS immunoreactive material is present in the mosquito 
nervous system and DMS decreases the spontaneous contractions of 
Aedes heart. The responses evoked by myosuppressin analogs 
suggest that two FaRP signaling pathways exist in Aedes cardiac 
tissue.

781.8

DROSOPHILA MYOSUPPRESSIN MODULATES OVIDUCT
MOTILITY. Fuentes, J.LX, McCormick, J.B.2 Zornik E.J.l and 
Nichols, R.2 Biology Department1' Biological Chemistry Department2 
The University of Michigan, 830 N. University Avenue, Ann Arbor, Ml 
48109-1048

Peptides with a common RFamide C-terminus serve as 
messengers and modulators of numerous functions. Here we report 
the activity, site of synthesis, and structure-activity relationship of the 
RFamide peptide TDVDHVFLRFamide, Drosophila myosuppressin 
(DMS). DMS reduced the frequency of spontaneous contractions of 
the Drosophila oviduct. DMS antisera-stained processes from gut cells 
innervate the ovaries and oviduct indicating that DMS acts locally to 
modulate motility, and that the role of DMS in reproductive physiology 
is regulated by the gastrointestinal system. DVDHVFLRFamide, DMS 
(2-10), was more inhibitory than DMS, while VDHVFLRFamide, DMS 
(3-10), DHVFLRFamide, DMS (4-10), HVFLRFamide, DMS (5-10), and 
VFLRFamide, DMS (6-10) decreased oviduct motility comparable to 
the parent peptide. FLRFamide, DMS (7-10), was less active than 
DMS, and LRFamide, DMS (8-10), had little, if any, effect on oviduct 
motility. Thus, VFLRFamide is the active core or the shortest 
truncated analog that retained activity equivalent to DMS. 
Benzethonium chloride, Bztc, a nonpeptide with a conformation 
resembling VFLRFamide had a slightly more inhibitory effect on 
oviduct motility than DMS. In contrast to the effect of DMS, 
FLRFamide and Bztc both caused a prolonged decrease in 
contractions suggesting that an additional, novel signaling pathway 
exists to modulate oviduct motility.

781.9

DROSOPHILA ALLATOSTATIN DECREASES HEART AND GUT 
CONTRACTIONS Nichols, R.l ,̂ Merte, J.2, Petrick, E.2, Minnick,
S.l Price, M.D,3, Bendena, W.3 Koladich, P.l and Tobe, S.S.l
Biological Chemistry Department1 and Undergraduate Research 
Program2, University of Michigan, Ann Arbor, Ml 48109-1048,
Biology Department3, Queen's University, Kingston, Ontario, and 
Zoology Department4, University of Toronto, Toronto, Ontario

We established heart rate and crop motility assays in 
Drosophila melanogaster to measure the effect of substances on 
cardiovascular and gastrointestinal tissue movement. In this study 
we explored how allatostatin (AST) modulates Drosophila heart rate 
in the whole animal during development. In addition, we measured 
how AST affects crop motility in adult Drosophila.

Drosophila AST, pEVRYRQCYFNPISCF, has a high degree 
of structure identity with Manduca AST, pEVRFRQCYFNPISCF. We 
found that AST decreases in vivo heart rate in Drosophila larva, 
pupa, and adult, although the effects differ among the developmental 
stages. In all cases, the maximal inhibitory response occurs quickly 
within a minute of application. AST also decreases the spontaneous 
contractions of the Drosophila crop, suggesting that the peptide has 
multiple physiological roles. The observed activities are consistent 
with the expression of AST mRNA at all stages of development and 
AST staining in both neural and gastrointestinal tissue.

781.10

THE ROLE OF CO-TRANSMITTERS AND PEPTIDASE ACTIVITY IN 
SHAPING THE ACTIONS OF PEPTIDERGIC NEURONS. MP Nusbaum* & DE 
Wood. Dept. Neurosci., Univ. of Penn. School of Med., Philadelphia, PA 19104.

Specificity in the actions of neurons with multiple peptides is often attributed 
to their distinct co-transmitter complements. However, extracellular peptidase 
activity can also shape neuronal responses to neuropeptides. We are using the 
multifunctional neural network in the stomatogastric ganglion (STG) of the crab 
Cancer borealis to investigate how distinct projection neurons that contain the 
same neuropeptide, but have different co-transmitters, elicit different motor 
patterns from such a network. Two identified projection neurons, the modulatory 
proctolin neuron (MPN) and modulatory commissural neuron 1 (MCN1), elicit 
different STG motor patterns. Both of these neurons contain the peptide 
proctolin plus GABA, but MCN1 also contains a tachykinin-related peptide. 
Previously, we used a tachykinin antagonist (Spantide I) to show that the 
additional peptide in MCN1 does not account for all of the differences between 
the actions of MPN and MCN1 (Wood & Nusbaum, Soc Neurosci Abstr, 1998).

The STG contains an aminopeptidase activity that degrades proctolin, and the 
peptidase inhibitor amastatin prevents degradation of bath applied proctolin 
(Coleman etal, J Neurosci 1994). We are now examining if amastatin also alters 
the actions of MPN and MCN1. Our initial results indicate that, after MPN 
stimulation, the latency to return to pre-stimulation levels of the pyloric rhythm 
cycle frequency is increased significantly by amastatin (>10‘5M). Also, during 
either MPN or MCN1 activation, spiking activity of neurons known to be excited 
by proctolin increased in the presence of amastatin. Thus, peptidase actions 
appear to limit the local concentration and duration of proctolin actions after its 
release from these projection neurons. We next aim to use this approach to 
determine whether peptidase control of proctolin actions is responsible for the 
distinct pyloric rhythms elicited by MPN and MCN1 when the tachykinin actions 
of MCN1 are suppressed. Support- NSF: IBN9808356, NIH: NS29436 (MPN).
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781.11
IMMUNOCYTOCHEMICAL LOCALIZATION OF THE GABA TRANSPORTER 
IN THE TOBACCO HORNWORM, MANDUCA SEXTA. A, Umesh.1 M.L, Oster- 
Granite.1,2* and S.S. Gill1, 'Environmental Toxicology Graduate Program, Division 
of Biomedical Sciences, University of California, Riverside; Riverside, CA 92521.

It is well established that y-aminobutyric acid (GABA) is the major inhibitory 
neurotransmitter in both vertebrates and invertebrates. Our laboratory previously 
cloned a GABA transporter from the embryonic library of the tobacco homworm 
Manduca sexta, with 50-60 % identity to its known mammalian counterparts.

This study demonstrates the development of an antibody against MasGAT and its 
use for immunocytochemical localization. Localization was monitored from the larval 
through to the adult stages of development, using whole mount immuno-
cytochemistry as well as immunohistochemistry on paraffin sections. In addition to 
the central nervous system, whole larvae were used in paraffin sections while the 
ventral nerve cord was used in whole mounts. Results show that not only is 
MasGAT localized exclusively in the CNS of the larvae, but that within this it occurs 
primarily in the neuropile regions of the brain and ganglia during these stages. A 
similar profile is observed during the pupal stages, with intense staining in the 
antennal and optic lobes arising with the development of the brain. Such 
immunoreactivity is maintained in the adult brain, and is reminiscent of that 
published for GABA (Hoskins, et al, 1986, Homberg, et al, 1987). Whole mount 
immunocytochemistry shows staining of the axons projecting from the third thoracic 
ganglia in both the larval and pharate pupal stages. Taken together, the results 
indicate that this GABA transporter is extremely abundant throughout the life of the 
insect. (AL32524)

781.12

THE LOCALIZATION OF GABA- AND GLUTAMATE IMMUNO- 
REACTIVE MATERIAL IN THE CARDIAC GANGLION OF THE SPINY 
LOBSTER, PANULIRUS ARGUS, M W Miller*. Inst, of Neurobiology 
and Dept. of Anatomy, 201 Blvd del Valle, San Juan, Puerto Rico 00901.

The study of crustacean motor systems has contributed substantially to 
the classical characterizations of GABA as an inhibitory neurotransmitter 
and glutamate as an excitatory neurotransmitter. The roles of these 
transmitters within the central pattern generator networks associated with 
these motor systems are less completely understood. In this study, 
wholemount immunohistochemical methods were used to examine the 
localization of GABA and glutamate within the cardiac system of the 
Caribbean spiny lobster Panulirus argus. All of the GABA-like 
immunoreactivity in the cardiac ganglion originated from a single bilateral 
pair of fibers that entered the heart via the two dorsal nerves. Each fiber 
bifurcated immediately prior to entering the ganglion. Additional 
branching gave rise to fibers and terminals surrounding the somata of each 
of the four large anterior motor neurons. The fifth motor neuron and the 
posterior ‘small’ cells were less densely innervated. Glutamate-like 
immunoreactivity (GLUi) was observed in large fibers that originated in the 
motor neurons and coursed the length of the ganglion. Branches of these 
fibers entered each of the major nerves and gave rise to finer branches that 
innervated the cardiac muscle bundles. GLUi was also found in the small 
cells and in fibers enveloping the motor neuron somata. Taken together, 
these findings support previous electrophysiological, pharmacological, and 
anatomical studies indicating that GABA mediates extrinsic inhibition and 
that glutamate is the principal neuromuscular and intraganglionic 
transmitter in this system. Support: NSF (CAREER), and NIH (MBRS).

781.13

PROCTOLIN-LIKE IMMUNOREACTIVITY IN THE NERVOUS SYSTEM 
OF THE TROPICAL SHRIMP ATYA LANIPES. G. Maynard-Salgado*. 
S.Soto-Morales. J. Monterrubio and C, Zuazaqa. Inst, of Neurobiology, 
Univ. of Puerto Rico, Med. Sci. Campus, San Juan, PR 00901.

Whole-mount immunocytochemical procedures were used to map 
proctolin-like immunoreactivity (PLI) in the central nervous system of the 
tropical shrimp Atya lanipes. PLI was detected in cell bodies and neuropil 
regions in the brain and all central ganglia. Labeled axons were found in 
most interganglionic connectives and nerve roots, including all abdominal 
motor roots. Backfills were used to identify the motoneurons that 
innervate the tonic flexor muscles of the second abdominal segment: five 
were localized in the first abdominal ganglion and two in the second 
abdominal ganglion. Double labeling studies indicated that two of the five 
motoneurons in the first abdominal ganglion express PLI. Labeled nerve 
terminals were found across the entire tonic flexor muscle in all 
abdominal segments. Although many aspects of the distribution of PLI in 
A. lanipes were similar to those in crayfish (Siwicki & Bishop, J. Comp. 
Neurol. 243:435,1986), differences were found in several neuronal 
groups, particularly motoneurons that innervate the tonic abdominal flexor 
mucles. Differences in the distribution of this peptide between A. lanipes 
and other crustaceans may result in differences in its physiological action 
on central and peripheral targets. (Support: NIH NS-07464, RR 03150, 
GM 08224).

PEPTIDE RECEPTOR STRUCTURE AND FUNCTION: EXPRESSION, EVOLUTION AND OTHERS

782.1

CHARACTERIZATION OF NEUROPEPTIDE Y Y5 RECEPTOR 
DISTRIBUTION BY IMMUNOCYTOCHEMISTRY. R.E.Lyle, M.S.Smith and
K. L. Grove*. Div. of Neuroscience, Oregon Reg. Primate Research Center, 
Dept. of Phys./Pharm., Oregon Health Sciences Univ., Beaverton, OR 97006

Neuropeptide Y (NPY) displays a diverse mode of action in the CNS 
including the modulation of feeding behavior, hippocampal neuronal firing, 
GnRH release, and stress responses. NPY has been shown to bind to 
multiple receptor subtypes. We utilized an antibody raised against the NPY 
Y5 receptor to characterize the distribution of NPY Y5 receptors in the rat 
brain. Western blot analysis with this antibody displays a single band at 
approximately 75kD, which agrees with the estimated molecular weight. Y5 
like immunoreactivity (-ir) was observed in magnocellular neurons in the 
supraoptic nucleus (SON) and in magnocellular and parvocellular neurons in 
the paraventricular nucleus (PVH). Fiber and cell body staining were 
observed in the arcuate nucleus, median eminence, and hippocampus. 
Intense staining was observed in GABAergic-like interneurons as well as in 
fibers throughout the cortex. In the brainstem, Y5-ir was most intense in the 
locus coeruleus and the mesencephalic 5 nucleus. In the SON and PVH, 
single-labeled Y5-ir cells, single labeled oxytocin and vasopressin cells, and 
double labeled cells were observed. In the cortex, NPY positive fibers came 
in close contact with Y5-ir GABAergic-like interneurons. However, NPY was 
not expressed in these Y5-ir neurons, suggesting that NPY expressing 
GABAergic interneurons can regulate non-NPY GABAergic interneurons 
through actions on the Y5 receptor. Also, Y5 protein was measured in brain 
regions of the lactating rat, a model of hyperphagia and resistance to 
epileptic seizures, both physiological responses presumed to be mediated 
through Y5 receptors. The lactating rat had a significant increase in Y5 
protein levels in the hypothalamus and cingulate cortex. (Supported by NIH 
grants HD14643 and RR00163)

782.2
PRELIMINARY CHARACTERIZATION OF GROWTH HORMONE 
RECEPTORS IN THE RAT HIPPOCAMPUS. R, M, Aguilar. E. J, Barea- 
Rodriguez. A, O. Martinez, A. T. Tsin*. and L. S. Haro. Division of Life 
Sciences, University of Texas at San Antonio; San Antonio, TX 78249-0662.

Growth hormone (GH) has been referred to as the “bionic hormone” because 
of its multiple effects, both direct and !• direct, on the human physiology. The 
extent of GH effects can be attributed to the complex heterogeneity of the 
hormone and its receptors. Recently, researchers have found GH-like proteins 
and GH receptors (GH-R) in the rat, primate, and human brains. However, due 
to the novelty of the findings, limited research has been conducted in the area of 
the hippocampus, an area associated with learning and memory. Our research is 
directed toward elucidating the receptor heterogeneity of the rat hippocampus. 
Two main GH-R found in the rat include a full length receptor (GH-RfU„) and the 
GH-binding protein (GH-BP) with relative molecular weights of 100,000 and 
40,000 Daltons, respectively. Although the rat GH-BP shares the same external 
binding domain of the GH-RfUn, it possess a C-terminal hydrophilic tail. 
Previous immunostaining methods have used antibodies directed toward the 
external domain of the GH-Rfun, not taking into account the GH-binding protein. 
Monoclonal antibodies against the hydrophilic tail of the GH-BP would serve as 
a marker for proper GH-BP concentrations. Preliminary data using western blot 
analysis indicates that the GH-binding protein is present in rat hippocampal 
extracts with a relative molecular weight of 40,000 Daltons. Monoclonal 
antibodies for the internal part of the GH-Rfu„ have been unsuccessful in finding 
the full length receptor in the rat hippocampal extracts. The presence of the GH- 
BP instead of the GH-Rfun may indicate different physiological actions of the 
GH-BP in the rat hippocampus. (Supported by NIH grant GM07717)
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782.3
DISTRIBUTION OF MELANOCORTIN RECEPTOR SUBTYPES IN 
RAT BRAINS - AN AUTORADIOGRAPHY STUDY WITH 12T-MT-II. 
H. Yu*, P. Trivedi, K. McKee, S.-S. Pong, A. Howard, L.H.T. Van der
Ploeg and X.-M. Guan. Dept. of Obesity Research, Merck Research 
Laboratories, Rahway, NJ 07065
Several melanocortin receptor subtypes (MC-3, MC-4 and MC-5Rs) are 
expressed in the brain, but their precise binding sites within specific brain 
regions remain unclear due to a lack of subtype specific ligands. We 
characterized the binding of a recently developed radioligand 125I-MT-II 
in rat brain sections. Although MT-II is a non-selective
melanocortinergic agonist, 125I-MT-II labeled only a subset of the binding 
sites detected by 125I-NDP-a-MSH, a ligand with high affinity to all 
melanocortin receptors expressed in the brain. Specific 125I-MT-II 
binding was detected in several brain regions. The areas with most 
abundant signals include olfactory tubercle, striatum, nucleus accumbens, 
the paraventricular nucleus of the hypothalamus, median eminence, 
superior colliculus and dorsal motor nucleus of vagus. In contrast, 
highest levels of 125I-NDP-a-MSH binding were observed in the 
ventromedial hypothalamic nucleus and interpeduncular nucleus. The 
specific 125I-MT-II binding was insensitive to y-MSH (a MC-3R selective 
ligand), but was completely displaced by 20 nM HS014 (a MC-4R 
antagonist). Our data suggest that 125I-MT-II preferentially binds to the 
MC-4R under the current conditions, and may be a useful tool to study 
the distribution and regulation of MC-4R in the rat brain.
Supported by Merck & Co., Inc.

782.4
EXPRESSION OF A GPR10/UHR-1-LIKE G-PROTEIN COUPLED 
RECEPTOR IN RAT CNS. P. Panula, M. Nieminen, A. Brandt*, K. Kuokkanen ,
J. Westerlund and P. Pietila. Dept. of Biology, Abo Akademi University, Biocity, 
Tykistokatu 6A, 20520 Turku, Finland

A G-protein coupled receptor was cloned from rat brain and human A549 tumor 
cells using primers designed from nucleotide sequences of GPR 10 and UHR1 
receptors. Full-length cDNAs were used for sequence comparisons and 
production of cRNA probes. The probe for rat receptor was used in in situ 
hybridization procedures in rat brain.

The rat receptor expression was highest in the thalamic reticular nucleus, central 
hypothalamus associated with the walls of of the third ventricle, and dorsal 
medulla oblongata, especially area postrema. Expression was low in e.g. ventral 
medulla and spinal cord. Expression levels were significantly elevated in lactating 
rats. The dorsal medulla contained neurons which expressed the two prolactin-
releasing mammalian RF-amide peptides, neuropeptide FF and prolactin-
releasing peptide PrRP. Distribution of the GPR10/UHR1 related receptor mRNA 
corresponded in part with location of nerve terminals immunoreative for PrRP or 
NPFF, but some moderately or densely innervated areas, including the nucleus of 
the solitary tract, trigeminal complex and ventrolateral medulla displayed low 
receptor expression. The results suggest that the GPR 10/UHR1-related receptor 
may be associated with multiple functions in the CNS.

Supported by the Academy of Finland and the Technology Development Center 
(TEKES).

782.5

PLASMALEMMAL NEUROKININ 1 (NK1) RECEPTOR DISTRIBUTION 
IN CHOLINERGIC NEURONS AND IN SUBSTANCE P TARGETS IN THE 
NUCLEUS ACCUMBENS. V.M. Picker, Jennifer Douglas1, J. Chan1, P.D. 
Gamp2, and N.W, Bunnett2'3.1Dept. of Neurology and Neurosci., Weill Med. 
College of Cornell University, NY, NY 10021, Depts of 2Surgery and 
3Physiology, University of California, San Francisco, CA, 94143.

Substance P (SP) activation of NK1 receptors in the nucleus accumbens 
(NAc) has been implicated in stress evoked analgesia, which may involve 
local cholinergic interneurons. To determine the functional sites for NK-1 
receptor activation, we examine the ultrastructural localization of sequence 
specific antipeptide antisera against the receptor in this region of rat brain. 
Immunoperoxidase or immunogold- silver labeling for NK1 receptor was 
prominently displayed along the plasmalemma of large, sparsely distributed 
cells, having the ultrastructural features of aspiny neurons. Within the 
cytoplasm of these neurons, the labeling was mainly associated with the 
membranes of Golgi lamellae and smooth endoplasmic reticulum. In 
separate experiments, the peroxidase and gold markers were combined for 
the dual labeling of NK1 receptor and either (1) the vesicular acetylcholine 
transporter (VAchT), or (2) SP. The analysis showed that many of the 
dendrites containing plasmalemmal NK1 receptors were immunoreactive for 
VAchT, and were targeted by one or more SP-labeled terminals that formed 
asymmetric, excitatory-type synapses. Our results suggest that in the NAc 
shell, NK1 receptors on plasma membranes of cholinergic neurons are 
readily accessible to SP that is released from afferent axon terminals. 
(Supported by grants from NIMH, MH00078; MH40342).

782.6

EXISTANCE AND EVOLUTION OF THE NEUROPEPTIDE Y 
TYPE 1 (Yl) RECEPTOR IN FISHES.
E.T. Larson*, R. Fredriksson. A. Wraith and D. Larhammar. 
Department of Neuroscience, Unit of Pharmacology, Uppsala 
University, SE-75124 Uppsala, Sweden.

Neuropeptide Y (NPY) belongs to a family of structurally 
related neuroendocrine peptides that bind to G protein-coupled 
receptors. Five different receptor subtypes have recently been cloned 
in mammals and we have found another three receptor genes in the 
zebrafish (zYa, zYb, zYc) that appear to be distinct from the 
mammalian subtypes as deduced from their widely different 
sequences. The zYb subtype has also been recently cloned in cod. 
While all three fish genes seem to belong to the Y1 group, none of the 
genes are Yl. Yl has been cloned from two species of anuran 
amphibians as well as chicken. These combined results initially led 
us to assume that Yl is unique to tetrapods. However, we have 
recently succeeded in cloning receptors from a sturgeon Acipenser 
baeri that has much higher similarity to the tetrapod Y1 receptors than 
to the zebrafish receptors. Furthermore, this gene shares with all 
tetrapod Y1 genes
an intron in the coding region after TM5. No other NPY receptor 

gene has an intron in the coding region. This maintains the NPY 
receptor family the largest among G protein-coupled peptide 
receptors. These results demonstrate, however, that the Yl subtype is 
not an exclusively tetrapod phenomenon. We continue screening a 
panel of various fish species to elucidate the evolution of this family 
of receptors. This work was supported by a grant from the Swedish 
Natural Science Research Council (NFR).

782.7

CLONING OF A Neuropetide Y Y2 RECEPTOR ORTHOLOGUE IN THE 
ZEBRAFISH R, Fredriksson*, I. Lundell and D. Larhanunar Deptartment 
of Neuroscience, Pharmacology, Uppsala University,
Box 593, SE-75124 Uppsala, Sweden.
The neuropeptide Y (NPY) family of receptors currently consists of five 
cloned members in mammals, named Y1 to y6, where Y3 is yet to be 
cloned. Until recently there were three additional receptor subtypes cloned 
in the zebrafish, named Ya, Yb and Yc. Yb and Yc probably arose in a 
recent gene duplication, as shown by our isolation and sequencing of a 
Yb/c receptor in Atlantic cod which is equally identical to both the Yb and 
the Yc receptor in zebrafish. Chromosomal mapping in the zebrafish 
suggest that Yc, or rather the Yb/c ancestor, is the orthologue of the 
mammalian y6 receptor, while Ya probably represents a novel subtype not 
yet cloned in mammals. Using degenerate oligonucleotide primers based 
on the previously cloned Y2 receptors we have obtained a PCR-fragment 
corresponding to a Y2 orthologue in zebrafish. This receptor has 
approximately 50% amino acid identity to the mammalian Y2 receptors. 
We are currently characterizing a bacterial artificial chromosome (BAC) 
clone from a zebrafish genomic library which has the full-length gene. 
From this clone we will obtain the complete sequence and use that for 
functional expression as well as for chromosomal localization. The 
chromosomal localization will provide further insight into the relationship 
between -the four zebrafish receptors and the five cloned mammalian 
receptors. Also, using the same techniqe, we have obtained PCR products 
with other sets of PCR primers based on the Y2 and Y5 receptors from a 
number of other speices, including the common european frog Rana 
ridibunda, the Atlantic cod and lamprey which are currently beeing 
carachterized.

782.8

NEUROPEPTIDE Y RECEPTORS IN DOMESTIC PIG - IMPLICA-
TIONS FOR THE EVOLUTION OF THE NPY RECEPTOR FAMILY. 
A. Wraith1, A. Tornsten2, Leif Andersson2 and D. Larhammar1*. 1Dept of 
Neuroscience, Pharmacology, Uppsala University, Box 593, SE- 
75124 Uppsala, Sweden; ^Dept. of Animal Breeding and Genetics, 
Swedish University of Agricultural Sciences, Uppsala, Sweden.

Neuropeptide Y (NPY) and peptide YY (PYY) are highly conserved 
peptides that influence many functions including feeding-metabolism 
and blood pressure. Their receptors belong to the superfamily of G- 
protein-coupled receptors. Five receptor subtypes have been cloned 
in mammals, i.e., Y1, Y2, Y4, Y5, and y6. The genes for Y1, Y2 and Y5 
are located in the same segment on human chromosome 4 (Hsa4), 
whereas in mouse Y2 is on a different chromosome from Y1-Y5. The 
human genes Y4 and y6 are on chromosomal segments that are 
paralogous to Hsa4, namely Hsa10 and Hsa5, respectively. To 
deduce the gene duplications that gave rise to the NPY receptor 
family, we have cloned and chromosomallylocalized the genes in pig.

The pig genes encoding Y1 and Y5 are in a region paralogous with 
Hsa4, namely pig chromsome 8. The distance between the two genes 
is larger than in human which may have implications for gene 
regulation. The Y2 gene is in a different region of the same chromosome 
due to two inversion events. These results as well as chromosomal 
mapping of the genes in chicken suggest that the human NPY genes 
still have the ancestral chromosomal organization. All three of these 
genes are highly conserved. The pig Y4 and y6 genes are more 
variable like in other mammals. The localization of Y4 and y6 in human 
suggests that their chromosomal segments arose as copies of Hsa4 
after the Y1-Y2-Y5 triplet had arisen. Thus, the chromosomes carrying 
Y4 and y6 may once have had Y2-like and Y5-like genes.

Supported by the Swedish Natural Science Research Council.
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782.9
EXPRESSION OF THE HUMAN PACAP (PAC,) RECEPTOR AND A REPORTER 
GENE FROM A MODIFIED Pl ARTIFICIAL CHROMOSOME IN TRANSGENIC 
MICE. S. Shen, W. J, Sheward and A, J. Harmar* Department of Neuroscience, University 
of Edinburgh, Edinburgh, EH8 9JZ, UK.

Pituitary adenylate cyclase-activating polypeptide (PACAP) is a member of the 
glucagon/secretin/vasoactive intestinal peptide family that exists in two molecular forms 
(PACAP-27 and PACAP-38). PACAP is widely distributed in the central and peripheral 
nervous systems and has been proposed to function as a neurotransmitter. In addition, 
PACAP may play a role as a neurotrophic factor during brain development and following 
neuronal injury. Three distinct G protein-coupled receptors for PACAP have been 
identified, one (the PAC] receptor: PAC)R) that is specific for PACAP and two (VPACj 
and VPAC2 receptors) that also respond to VIP with high affinity. To explore the function 
and regulation of the PAC]R in the nervous system, we have created transgenic mice 
expressing the human PAC,R gene from a Pl artificial chromosome construct. To 
simplify the localization of regions where the PAC,R gene is expressed and to facilitate 
the identification of agents that regulate the expression of the PAC,R gene, the construct 
was modified by homologous recombination to introduce a LacT, reporter gene, 
downstream of an internal ribosomal entry site (IRES), into the 3' untranslated region 
of the gene. The expression of the reporter gene was examined in 10 independent 
transgenic lines at different stages of development from embryonic day 8.5 to adulthood. 
In 9 lines, the distribution of ZzzcZ expression (determined by X-gal staining) closely 
resembled that of endogenous mouse PACjR mRNA (detected by in situ hybridization). 
Transgenic mice expressing the human PACjR gene and the LacZ reporter gene in an 
appropriate cell-specific and developmentally regulated manner should enhance our 
understanding of the functions of the PACiR gene in the developing and adult nervous 
system. The use of modified Pl artificial chromosome constructs may have widespread 
application in the study of gene function and regulation.
Work supported by the MRC

782.10

GALANIN RECEPTORS 1 (GAL-R1) ARE EXPRESSED BY 
FUNCTIONALLY DISTINCT ENTERIC NEURONS. C. Stemini1*. 
T. Pham1, H, Wong1-J, Minnis1, J.H. Walsh1 andM. Tonini2. 
’CURE Dig. Dis. Res. Center, Div. of Dig. Dis., Depts. of Med. and 
Neurobiol., UCLA, LA, CA, 90095,2Dept. of Inter. Med., Div. of 
Pharmacol.,Univ of Pavia, Italy.

Galanin influences gastrointestinal motility and secretion by acting 
directly on target cells or indirectly by affecting neuronal transmission. 
Galanin actions are mediated by three subtypes of galanin receptors, 
GAL-R1, GAL-R2 and GAL-R3. We have shown that GAL-R1 are 
localized to the plasma membrane of enteric neurons of the rat stomach 
and intestine. Here we characterized the populations of enteric 
neurons expressing GAL-R1 in the rat small intestine using double 
labeling immunohistochemistry with an antibody to the third 
intracellular loop of the rat GALR-1Y225 238 and markers for 
functionally distinct types of enteric neurons. GAL-R1 was expressed 
by numerous substance P (SP) myenteric and submucosal neurons, 
and by many vasoactive intestinal polypeptide (VIP) submucosal 
neurons, but not by VIP myenteric neurons. GAL-R1
immunoreactivity also colocalized with vesicular acetylcholine 
transporter immunoreactivity in varicosities in the enteric plexuses 
and intestinal wall. These results indicate that GAL-R1 are expressed 
by functionally distinct populations of enteric neurons, including 
ascending excitatory motor neurons and secretomotor neurons, and 
perhaps ascending excitatory intemeurons and primary afferent 
neurons. GAL-R1 mediate the indirect effects of galanin on intestinal 
motility and secretion via distinct neuronal pathways.
Supported by NIH grants DK51455 and DK41301.

782.11

NMR IMAGING OF NEUROTENSIN RECEPTORS IN THE BRAIN WITH A 
NEWLY DEVELOPED PARAMAGNETIC LIGAND.J, Tenney^, R. E. Carrawav2. 
M, Mattingly^JD, P, Olson—.J.A, King-. G, Zhu^, C.F.Ferris-. ^Dept Biology, 
Worcester Polytechnic Institute, Worcester, MA; Bruker Medical, Billerica, MA; 
2Dept Physiology, University of Massachusetts Medical School; 4Dept Psychiatry, 
University of Massachusetts Medical School, Worcester, MA 01655.
A single-step, solid phase peptide synthesis process was developed to enrich 
neurotensin (NT) neuropeptide with paramagnetic gadolinium for use as a contrast 
agent in nuclear magnetic resonance imaging. Neuropeptides synthesized to carry 
from one to eight gadolinium atoms were screened in vitro for receptor binding, 
peptide immunoreactivity, and gadolinium saturation. Paramagnetic ligands retained 
high binding affinities (1-4 nM) in receptor membrane preparations and transfected 
cell lines, immunoreactivity in radioimmunoassay, and complete gadolinium 
occupancy as assessed in a metal binding assay. The paramagnetic ligand with eight 
gadoliniums was tested in an awake rat using a 4.7 T MR spectrometer (Biospec, 
Bruker Medical). Ligand was injected into the lateral cerebroventricle in a volume of 
3 gl at a concentration of 10 nM. Paramagnetic NT caused changes in T j relaxation 
producing signal contrast in specific NT binding sites during Tj weighted multislice 
echo planar imaging. The chemical process and imaging procedure used to develop 
and test paramagnetic NT could be applied to most neuropeptides; thereby, providing 
tools for visualizing CNS receptors using very high field MR spectrometers. All 
animals were acquired and cared for in accordance with the guidelines published in 
the Guide for the Care and Use of Laboratory Animals (NIH publication no. 85-23, 
revised 1985). (This work was supported by NIMH-MH52280 to CFF, and NSF-DBI- 
9604937 to JAK.

782.12

REGULATION OF THE PITUITARY GROWTH HORMONE-RELEASING 
HORMONE RECEPTOR IN AGING RATS. P. Gaudreau* and L. Boulanger. 
Notre-Dame Hospital Research Center and Department of Medicine, University 
of Montreal, Montreal, Canada, H2L 4M1.

In aging, alterations of pituitary growth hormone-releasing hormone receptor 
(GHRH-R) binding sites between 8 and 18 months have been proposed as one 
of the initiating factors contributing to the loss of somatotroph responsiveness 
to GHRH. Changes in characteristics and/or concentration of the functional 
GHRH-R could take place, in the course of aging and reduce the sensitivity of 
the somatotroph axis to GHRH. To better understand the dynamic of changes 
occurring at the GHRH-R level, a study was undertaken in 2-, 8-, 14- and 18- 
month-old male Sprague Dawley rats. Analysis of GHRH-R forms by Western 
blotting, using a site-directed polyclonal antibody recognizing the C-terminal 
portion (392-404) of the rat GHRH-R, revealed significant decreases of 65- 
(28%-32%) and 47-kDa (48%-76%) GHRH-R proteins but not the 44-kDa 
protein in pituitaries from 8- to 18-month-old rats compared to those of 2-month- 
old rats (P<0.05). Analysis of the 2.5 and 4 kb GHRH-R mRNA transcripts by 
Northern blotting revealed a 30 % decrease of the 2.5 kb transcript in 50 % of 
pituitaries from 18-month-old rats (P<0.05), a 1.8-2.3-fold increased of the 4 kb 
transcripts in all pituitaries from 8- to 18-month-old rats (P<0.05) and a 1.5-1.7- 
fold increase of the 4 kb/2.5 kb ratio in all pituitaries from 14- and 18-month-old 
rats (P<0.05) when compared to those of 2-month-old rats. Immunoreactive 
concentrations of the pituitary transcription factor Pit-1 and hypothalamic GHRH 
and SRIF did not varied in the four groups. Serum levels of IGF-1 were 
significantly decreased in 18-month-old rats compared to 2-month-old rats 
(P<0.05). It suggests that changes in the abundance of GHRH-R mRNA 
transcripts and proteins contribute to the loss of functionality of the somatotroph 
axis. The mechanisms responsible for the regulation of putative GHRH-R 
isoforms in aging remain however to be elucidated. Supported by MRC.

782.13

CHARACTERIZATION OF THE CGRP-RECEPTOR COMPONENT PROTEIN 
(RCP) - A NOVEL SIGNAL TRANSDUCTION MOLECULE. Evans. B. N.. and 
Dickerson. I. M. Department of Physiology and Biophysics, University of Miami 
School of Medicine, Miami, FL 33101.

We have discovered a novel protein, the CGRP-Receptor Component Protein 
(RCP) which confers CGRP responsiveness in Xenopus laevis oocytes and NIH3T3 
cells. RCP is a small, hydrophilic, peripheral membrane protein that shows no 
homology to other proteins in GENBANK, besides itself. We do not believe that 
RCP is a CGRP receptor itself, but instead hypothesize that RCP is part of a complex 
of proteins that together constitute a functional CGRP receptor. RCP is detected by 
western blot analysis in cell lines and tissues that express CGRP binding sites, and 
recent work from our laboratory has described a correlation between the biological 
actions of CGRP and expression of RCP protein. These results strongly implicate 
that CGRP exerts its effect via a RCP-associated CGRP receptor. The CGRP 
receptor thus represents one of the first examples of a G protein-coupled receptor 
that requires an accessory protein.

To determine the role of RCP in cell culture, RCP was depleted from NIH3T3 cells 
using antisense strategy. RCP protein expression was undetectable by western blot 
in the resulting RCP-null NIH3T3 cells, and the CGRP-induced cAMP response was 
greatly reduced. However, the loss of RCP had no effect on the cAMP production in 
response to isoproterenol and NECA, agonists for the p2 adrenergic and A2b 
adenosine receptors respectively, suggesting that RCP acts exclusively with the 
CGRP receptor in NIH3T3 cells. RCP thus represents a prototype for a new class of 
signal transduction proteins that are required for regulation of G protein-coupled 
receptors.

This work was supported in part by AHA Award # 9810018FL (to I. M. D.) and NIH Award # 
DK52328 (to I. M. D.).

782.14

PHARMACOLOGICAL COMPARISON OF HUMAN ANGIOTENSIN 
ATI RECEPTORS. S.E. Perschke*, S. C. Chang, M. Sathyamoorthy and 
A. Weissman. NovaScreen Division of Oceanix Biosciences Corp., 
Hanover, MD. 21076.

We recently reported the identification of a functionally active 
endogenous angiotensin ATI receptor expressed on the human 
neuroblastoma KANTS cell line. Comparison of the binding properties of 
human ATI receptors found in liver, KANTS cells and the commercially 
available recombinant ATI receptor expressed in CHO cells are mostly 
similar. However, there is a substantial difference in the affinity for 
certain agonists. Specifically, angiotensin III revealed a 400-fold 
difference in its affinity for the liver and KANTS cells (IC50 = 2000 nM) 
versus the recombinant receptor (IC50 = 4.5 nM).

DNA coding for the ATI receptor isolated from KANTS cells was 
determined to be identical to that published as the ATI sequence. This 
suggests that post-transcriptional modifications are responsible for the 
pharmacological differences between receptor sources.

The KANTS ATI gene has been transfected into CHO cells in-house 
and is the target of on-going research into those post-transcriptional 
changes.
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782.15
SOMATOSTATIN SUBTYPE RECEPTOR 2 (SST2) MEDIATES THE 
SOMATOSTATIN-INDUCED INHIBITION OF CYTOSOLIC FREE CALCIUM 
IN GC CELLS. C. Petrucci, D, Cervia and P. Bagnoli*. Dept. of Physiology and 
Biochemistry, Pisa Univ., 56127 Pisa, Italy.

In a rat pituitary tumor cell line (GC cells), oscillations of the intracellular 
concentration of Ca2+ ([Ca2+])i mediate growth ormone (GH) release that is, in turn, 
inhibited by somatostatin (SRIF) application. GC cell membranes express SRIF 
subtype (sst) 1/2 receptor mRNAs. In the present study, fluorimetric measurements 
of [Ca2+]j were performed in GC cells loaded with Fura-2 at the aim of establishing 
an involvement of specific sst receptors in the SRIF-induced control of [Ca2+];. 
SRIF decreases either the basal level of [Ca2+k or the [Ca2+h rise in response to 
forskolin through the inhibition of voltage-dependent Ca2+ channels of the L-type. 
SRIF agonists, that bind to sst 1/2 receptors with different affinities, differentially 
reduce [Ca2+];. In particular, SRIF or octreotide, a long-lasting SRIF agonist with 
high affinity for sst2 receptor, similarly influence [Ca2+];, suggesting that the native 
peptide and its agonist activate the sst2 receptor. Cell pretreatment with Cyanamid 
154806, a specific sst2 receptor antagonist, prevents the SRIF-induced inhibition of 
[Ca2+]j. In addition, cell pretreatment with octreotide, but not with CH-275, that 
binds to sstl receptor, prevents the SRIF-induced inhibition of [Ca2+]i- 
Immunocytochemistry using a sst2A receptor antibody demonstrates that cell 
exposure to octreotide, but not to CH-275, results in a drastic reduction in cell 
surface sst2A receptor immunofluorescence that, in fact, translocates to the 
intracellular pool. Sst2 receptors couple to specific G-proteins sensitive to pertussis 
toxin (PTX) that, in turn, activate molecular cascades likely involving the 
inhibition of adenylyl cyclase (AC) activity.
Grant sponsor : Italian Board of Education ; Grant number : F06/PB/RS40%

782.16
HUMAN MELANOCORTIN 4 RECEPTOR (MC4-R) COUPLES FUNCTION-
ALLY TO CYSTIC FIBROSIS TRANSMEMBRANE REGULATOR (CFTR) IN 
XENOPUS OOCYTE EXPRESSION SYSTEM. C.S. Cheng. M.K, Lescoe. 
M.M, Bennet. T.H. Ciesielski and T.A. Pitler*. Dept. of Electrophysiology 
and Molecular Biology, Neurogen Corporation, Branford, CT 06405.

In mice, the signaling of alpha-melanocyte hormone (a-MSH) on MC4-R is 
responsible for the regulating action of a-MSH on body weight. This physi-
ological mechanism may be conserved in other mammalian species including 
humans. In order to explore the function of MC4-R on the molecular level it is 
necessary to establish exogenous expression systems with functional cou-
pling to a convenient read out system. The work presented here represents 
just such a system for human MC4-R.

Human MC4-R was PCR cloned from a commercial human testes cDNA 
library. In vitro transcribed mRNA from this clone was co-injected with CFTR 
mRNA into Xenopus oocytes. Voltage clamp recordings were taken from these 
oocytes in response to a range of concentrations of a-MSH perfusion. Upon 
treatment with a-MSH a strong current change was observed in the oocyte 
constructs indicative of activation of the CFTR channel by a rise in intracellular 
cAMP levels. This result was consistent with activation of the signaling path-
way of MC4-R as an established Gs linked G-protein coupled receptor. 
Further recordings were taken to establish a minimum effective concentration 
of a-MSH perfusion.

Future use of this novel, functionally based, exogenous expression system 
will allow us to examine the previously reported effects of different peptide 
antagonists on MC4-R function. It will also be possible to test the effects of 
new molecules in way that will be faster and more convenient than the 
behavioral tests previously conducted.

782.17

BIOCHEMICAL APPROACH OF THE FISH MCH RECEPTOR
B. Cardinaud3, T. Suplya, M.C. Retford* J. Duhault5 , J.A. Boutinb and
J.-L. Nahon3
* IPMC/CNRS, 06560 Valbonne. b IdRS, 91000 Suresnes, France

Melanin-concentrating hormone (MCH) is a peptide which acts as a 
skin-paling factor in teleost fishes and regulates a broad array of 
functions in mammals. In particular, MCH is a regulator of food-intake 
behavior in rodents. The mechanisms involved in MCH actions and the 
nature of its cellular receptor(s) are still largely unknown.

To date, the fish melanophore remains the only cellular model 
possessing a functional MCH receptor. We developed a bioassay using the 
eel (Anguilla) skin, which allowed to quantify the MCH-induced 
melanosomes aggregation. The rat/human MCH was as potent as the 
salmon MCH in this test (EC5Q: 1.0 and 1.6 nM, respectively).

Deletions and mutations of the rat/human MCH permitted us to define 
a 12 a.a. structure conferring 100% of the activity, and that was smaller 
and less hydrophobic that the native peptide. This peptide is presently 
being used as a backbone in the elaboration of a new radio-ligand.

The eelskin assay was also used in pharmacological and biochemical 
studies, in order to characterize the intracellular signalling pathways 
activated by MCH. For this purpose, we performed second messenger 
measurements (cAMP, cGMP, IP3) and pharmacology experiments 
(using pertussis toxin, staurosporine, phorbol esters, IBMX, wortmannin, 
etc.). MCH decreased the intracellular concentration of cAMP, but this 
effect was not dependant upon the activation of a PTX sensitive G- 
protein (i.e. Gi/Go). cGMP and IP3 concentrations were also modified.

Our results allowed us to precise the nature of the signalling pathways 
involved in the MCH-induced melanosome aggregation

782.18

THE SEVENTH TRANSMEMBRANE-SPANNING DOMAIN 
MAY POSSESS A CENTRAL ROLE IN AGONIST 
ACTIVATION OF BOTH THE AT2 AND THE AT, 
ANGIOTENSIN II RECEPTORS. J. Hines*. S.J, FluhartvS and
D.K, Yee§, *Dept. of Pharmacology and §Dept. of Animal Biology, 
University of Pennsylvania; Philadelphia, PA 19104.

Previous studies on the intramolecular mechanism whereby the 
angiotensin II (Angll) type 1 (AT,) receptor subtype activates 
intracellular signaling in response to Angll binding have demonstrated 
the importance of a pair of residues in the seventh transmembrane- 
spanning domain (TM7) of this receptor. Despite the fact that these 
residues are not conserved in the type 2 (AT2) receptor subtype, a 
chimeric AngH receptor — constructed of AT, receptor sequence up until 
TM6, and then AT2 receptor sequence to the end of the cytoplasmic tail - 
will bind the agonist with near wild-type affinity and similarly activate 
intracellular signaling in an Angll-dependent manner. Interestingly, the 
weak agonistic activity of the non-selective AngH receptor antagonist, 
SARILE, was significantly enhanced in this chimeric AngH receptor. 
This suggests that some distal portion of the AT2 receptor is able to 
adequately compensate for the missing crucial residues in TM7 of the 
AT, receptor. The construction and testing of additional chimeric AngH 
receptors have eliminated both TM6 and the third extracellular loop of the 
AT2 receptor from consideration and focus on TM7 of the AT2 receptor 
as the domain which compensates for the missing TM7 of the AT, 
receptor. The results of this study suggest a re-evaluation of the current 
model of AT, receptor activation, especially with respect to how it might 
extend to the AT2 receptor and perhaps to formulate a more general model 
of Angll receptor activation. Supported by HL58792 and MH43787.

782.19

IDENTIFICATION OF DISULFIDE BRIDGES IN THE 
EXTRACELLULAR DOMAINS OF THE ANGIOTENSIN II TYPE 2 
RECEPTOR. J.N.Heerding, D.K.Yee, and S, J.Fluharty*. Dept. of Animal 
Biology & Inst, of Neurological Sciences, Univ. of PA, Phila., PA 19104.

The angiotensin II (Angll) Type 1 (AT,) and Type 2 (ATJ receptors 
both conform to the seven transmembrane structural motif of G protein 
coupled receptors (GPCRs) and share identical affinities for Angll (3-4 
nM), despite sharing only 34% homology. However, the presence of the 
reducing agent dithiothreitol (DTT) affects the two subtypes differently: 
affinity of Angll for the AT, subtype is reduced whereas affinity for the 
AT2 subtype is enhanced. AT, DTT sensitivity has been suggested to arise 
from disruption of disulfide bonds that link extracellular domain (ECD) 1 
to 4 and bridge ECD 2 to 3 [Ohyama et al. (1995) Regul. Pept. 54:141]. 
However, these cysteines are also conserved in the AT2 subtype, thereby 
leaving the role of these residues unclear. We therefore mutated the 
conserved cysteines in the AT2 receptor to investigate their possible 
involvement in disulfide bridges and ligand binding. Our studies have 
shown that mutating the cysteines in either ECD 2 or 3 decreased receptor 
affinity for Angll (13.1 and 14.0 nM affinities, respectively), in 
agreement with a highly conserved disulfide bond between these domains 
that has been demonstrated in other GPCRs. However, mutation of the 
cysteine in either ECD 1 or 4 of the AT2 receptor increases the affinity for 
Angll from 3.7 nM (wild type) to 1.8 and 2.0 nM, respectively. This 
suggests that cysteines in ECDs 1 and 4 form a disulfide bridge that is 
importantly involved in the increased Angll affinity of the AT2 receptor 
in the presence of DTT. The increased Angll affinity of the mutants still 
did not match that of the wild type AT2 receptor in the presence of DTT 
(0.9 nM), thus indicating that other residues may also be involved. 
Supported by HL58792 and MH43787.

782.20

THE THIRD EXTRACELLULAR LOOP AND SEVENTH 
TRANSMEMBRANE DOMAIN OF THE ANGIOTENSIN II TYPE 2 
RECEPTOR ARE DIFFERENTLY INVOLVED IN HIGH AFFINITY 
BINDING AND RECEPTOR ACTIVATION BY THE PEPTIDE 
CGP42112A. D.K.Yee1*, J.Hines2, J.N.Heerding1, and S. J.Fluharty1,3. 
^pt. of Animal Biology, "Dept. of Pharmacology, and Tnstitute of 
Neurological Sciences, Univ. of PA, Phila., PA 19104-6046.

The peptide CGP42112A is a specific agonist for the angiotensin II 
(Angll) type 2 (ATJ receptor. In contrast, the type 1 (AT,) receptor 
exhibits low CGP42112A affinity and is not activated by this ligand. In 
order to identify structural domains that are involved in high affinity 
binding and in receptor activation for this compound, a series of Angll 
receptor chimeras, exchanging portions of the type 1 (AT,) and the AT2 
subtypes, were constructed. When expressed in COS-3 cells, each of the 
AT,/AT2 receptor chimeras efficiently bound 125I-Angll and demonstrated 
Angll-induced inositol triphoshate production, a characteristic of AT, 
receptors. Further pharmacological characterizations showed that these 
chimeric receptors also lost high affinity binding to both the AT,-specific 
nonpeptide losartan and the AT2-specific nonpeptide PD123319. 
However, competition of 12SI-Angll with CGP42112A showed that 
chimeras that possess the AT2 third extracellular loop acquired high 
affinity for this peptide, suggesting that this portion of the AT2 receptor is 
importantly involved in the binding of CGP42112A. When examining 
receptor activation, AT,/AT2 chimeras possessing the AT2 seventh 
transmembrane domain also exhibited CGP42112A-induced inositol 
triphoshate production, thereby indicating a role of this transmembrane 
domain in receptor activation by this peptide. Further experiments are 
now in progress to more precisely determine the AT2 structural elements 
that interact with CGP42112A. Supported by HL58792 and MH43787.
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783.1
O-(CNB-CAGED) GABA SELECTIVELY BLOCKS INHIBITORY SYNAPTIC 
TRANSMISSION IN DENTATE GRANULE CELLS. P. Molnar* and J. V. 
Nadler. Depts. Pharmacology and Neurobiology, Duke Univ. Med. Ctr., Dur-
ham, NC 27710.

GABA, a-carboxy-2-nitrobenzyl ester (O-(CNB-caged) GABA) is a stable 
photoactivatable probe used to study GABA receptors. GABA is released from 
this caged compound when it is exposed to UV light, but little is known about 
the electrophysiological effects of the compound itself. Initial experiments 
demonstrated that O-(CNB-caged) GABA blocked the polysynaptic IPSC e- 
voked in dentate granule cells by antidromic stimulation. Further studies tes-
ted its effect on inhibitory and excitatory synaptic transmission in rat hippo-
campal slices with use of whole cell patch clamp recording. O-(CNB-caged) 
GABA reduced monosynaptically-evoked inhibitory postsynaptic currents with 
an IC50 of 28 pM. In contrast, this compound had no effect on excitatory 
postsynaptic currents evoked by perforant path stimulation. Depression of 
inhibitory synaptic transmission by O-(CNB-caged) GABA could not be ex-
plained simply by antagonism of postsynaptic GABAa receptors, because it 
inhibited muscimol-evoked currents by only 15% at a concentration of 40 pM. 
The effect was not mediated by depression of GABA release through activa-
tion of presynaptic GABAb receptors, because it could not be reversed by CGP 
55845A, a GABAb receptor antagonist. O-(CNB-caged) GABA (40 pM) re-
duced the mean frequency of spontaneous IPSCs by 72%, their mean peak 
amplitude by 46% and their mean decay time constant by 26%. Mean rise 
time increased by 23%. These effects may be explained either by a combina-
tion of presynaptic and postsynaptic actions or by selective block of transmis-
sion at a subset of GABA synapses. (Supported by NIH grants NS 17771 and 
NS 38108.)

783.2

THE ORGANOPHOSPHATE SOMAN INHIBITS THE EVOKED 
RELEASE OF y-AMINOBUTYRIC ACID (GABA) IN RAT 
HIPPOCAMPAL SLICES. M.D. Santos.1 S.R. Chebabo1^ and E.X. 
Albuquerque1,2. 1Dept. Pharmacol. Exp. Ther., Univ. Maryland Sch. 
Med., Baltimore, MD 21201, USA; 2Depto. Farmacol. Bas. Clin., ICB, 
CCS, UFRJ, Rio de Janeiro, RJ 21944, Brazil.

The organophosphate soman, one of the most potent cholinesterase 
inhibitors, has been thought to exert its high toxicity in the central 
nervous system by the inhibition of the cholinesterase enzyme (Fund. 
Appl. Toxicol. 17: 208, 1991). However, preliminary studies have 
demonstrated that soman and several other organophosphates (OPs), 
such as sarin (Abstr. Soc. Neurosci. 24: 1581, 1998), VX (Abstr. Soc. 
Neurosci. 24:1581,1998) and paraoxon (J. Pharmacol. Exp. Ther. 278: 
1175, 1986), may act at different sites in the peripheral and central 
nervous systems. In this study, pre- and postsynaptic effects of soman 
(0.1-50 nM) on neurons of the pyramidal layer of the CA1 field of rat 
hippocampal slices were investigated by means of the whole-cell mode 
of the patch-clamp technique. At concentrations below 50 nM applied 
via the bath for several minutes, soman decreased the peak amplitude 
of GABAergic postsynaptic currents evoked by field stimulation of the 
Schaffer collaterals. At similar concentrations, soman did not affect 
glutamatergic postsynaptic currents. The impairment by soman of the 
function of the inhibitory synaptic input may account for the convulsant 
effects observed in soman-intoxicated animals.
(U.S. Army Medical Research & Development Command Contract 
DAMD-17-95-C-5063)

783.3

TETRACYCLINE-REGULATED GAD EXPRESSION. L. Hanssen. B. Middleton,
E. Melamed, A. Olcott. D. Zekzer, J. Tian and D. Kaufman*. Dept. of Molecular and 
Medical Pharmacology, University of California Los Angeles; Los Angeles, CA 
90095.

Glutamate decarboxylase (GAD) is the enzyme responsible for synthesizing y- 
aminobutyric acid (GABA), the major inhibitory neurotransmitter in the adult 
mammalian nervous system. For reasons which remain unclear, GAD expresses only 
at very low levels in both transfected tissue culture systems and transgenic mice, 
confounding studies of its role in neuronal development and function. We 
hypothesized that non-mammalian GAD genes, such as those from yeast, bacteria, and 
plants, which have almost no homology to mammalian GAD genes, could have 
significantly greater enzymatic activity when expressed in mammalian cells. Using in 
vitro transfection systems, we have tested several non-mammalian GADs and found 
that cell homogenates expressing GAD from the petunia plant had 25-fold higher 
activity than those expressing mammalian GADs. We next used the tetracycline- 
inducible system to express the petunia plant GAD fused with the first 27 amino 
acids of murine GAD65 (described by Solimena) to generate a high activity GAD 
which should be directed to nerve termini. In this system, a doxycyline (a tetracycline 
derivative) controlled transactivator directs expression of the fusion protein. In the 
absence of doxycyline, the transactivator can bind to the tetracycline-responsive 
promoter, leading to expression of the mouse/petunia GAD gene and a reporter gene 
(LacZ). We have successfully shown inducible expression of our fusion and reporter 
proteins in vitro as determined by GAD and (3-galactosidase activity assays. We have 
recently generated transgenic mice which carry the gene for our fusion protein and the 
reporter gene. In these transgenic mice, the transactivator gene is under control of a 
tissue-specific promoter (generated by Kandel), which should result in hippocampal- 
specific expression of the mouse/petunia GAD gene and the LacZ gene in the absence 
of doxycycline. We hope this tetracycline-regulated transgenic mouse model will 
provide insight into the role of GAD in development, seizure activity, and learning 
and memory in vivo.

783.4
GABA INDUCES HYPEREXCITABILITY IN CULTURED 
HIPPOCAMPAL NEURONAL NETWORK. H. Golan*1’2, K. Mikenberg1, V. 
Greenberger and M. Segal1. ’Dept of Neurobiology, Weizmann Inst. Rehovot, 
76100. 2Dept of Virology and Development Ben-Gurion University, 
Beer-Sheva, 84105, Israel.

Chronic exposure to GABA has been shown to have anticonvulsant effect. 
Withdrawal from this chronic treatment is followed by appearance of 
paroxysmal discharges at the site of treatment. Furthermore, it increases the 
population of bursters neurons. These effects last for hours to days, depending 
on the GABA concentration and they are resistant to most of the common 
anticonvulsant drugs. The purpose of the present study was to examine the 
effect of GABA withdrawal on network neuronal activity in controlled, in vitro 
conditions. The pattern of activity and the network connectivity were tested on 
dissociated neuronal culture made from prenatal rat hippocampi. Electrical 
activity was monitored beginning on 7th day in vitro using multi electrode 
array. At this stage the neurons were inhibited by GABA application. Long 
exposure to GABA remarkable attenuated neuronal activity. GABA 
withdrawal effect was examined 48 h after GABA washout. At this time the 
number of active neurons observed increased by up to 40 %. The general 
pattern of activity was mostly preserved: burster neurons remain bursters. 
However, the inter-spike -interval was extended, and the inter-burst interval 
became shorter. Non-burster neurons presented mixed (burst and non -burst) 
activity as a result of GABA withdrawal. This behavior also affected the 
neuronal network synchronization. These findings demonstrate an induced 
change in the intrinsic neuronal properties as a result of GABA withdrawal and 
their effect on network activity. Supported by grants from the Israel Academy 
of Science.

783.5

NON-VESICULAR GABA RELEASE IS ENHANCED BY ANTICONVULSANTS 
THAT INCREASE BRAIN [GABA]. Y. Wu, W. Wang & G.B. Richerson*. 
Neurology and Cellular & Molecular Physiology. Yale Univ., New Haven, CT 06510 
and VAMC, West Haven, CT 06516.
The GABA transporter normally clears GABA from the extracellular space, but dep-
olarization and collapse of the sodium gradient favor its reversal. We have proposed 
that reversal of the GABA transporter leads to activity-dependent postsynaptic 
inhibition during high frequency firing (J. Neurophysiol. 80:270, 1998). If this were 
the case, an increase in cytosolic free [GABA] should enhance nonvesicular GABA 
release. The hippocampus was dissected from neonatal rats, and neurons were main-
tained in dissociated tissue culture for 3-12 weeks. Whole-cell patch clamp record-
ings were used to measure the postsynaptic response due to non-vesicular GABA 
release induced by pressure microejection of nipecotate (NPA, 10 mM). When 
gabapentin (GBP, 100 pM) was applied at the onset of recording, there was a slow 
increase in the response to 190% of control. When neurons were exposed to GBP 
(100 pM) for 12-24 hours prior to recording, the response was enhanced compared to 
control neurons. Pre-incubation of neurons with vigabatrin (VGB) for 12-24 hours 
also led to a dose-dependent increase in the response, to 281% of control at 100 pM. 
The response to direct application of GABA (2 pM) was not affected by either agent, 
indicating that neither drug directly affects the postsynaptic GABAa  receptor. In 
contrast, phenytoin (100 pM) had no effect on the response to either NPA or GABA 
application, whereas phenobarbital (200 pM) enhanced both. VGB and GBP both 
lead to an increase in brain [GABA], the former by blocking GABA degradation and 
the latter by an unknown mechanism. We conclude that the final common mechanism 
for both GBP and VGB is to increase free cytosolic [GABA], increasing the driving 
force for reversal of the GABA transporter. We propose that non-vesicular GABA 
release is a novel form of activity-dependent neuronal inhibition, and is targeted by 
some new anticonvulsants. Supported by NIH NS-06208 and the VAMC.

783.6
ESTRADIOL REGULATES GAD IMMUNOREACTIVITY IN THE CA1 REGION 
OF THE ADULT FEMALE RAT HIPPOCAMPUS. S.A. Hart, C.N. Rudick, N. 
Spruston* and C.S. Woolley, Department of Neurobiology and Physiology, 
Northwestern University, Evanston, IL 60208.

Previous in situ hybridization, receptor binding and electrophysiological data 
suggest that estradiol (E) may regulate inhibitory function in the hippocampus 
of adult female rats. Additionally, E has a phasic effect on y-aminobutyric acid 
(GABA)ergic inhibition in vitro, initially decreasing and subsequently increasing 
measures of GABAergic function in hippocampal cultures. The goal of this 
study was to determine whether E has a similar phasic effect on hippocampal 
GABAergic neurons in vivo. We used conventional and confocal laser 
scanning microscopy to quantify immunoreactivity for glutamic acid 
decarboxylase (GAD), in the CA1 region of the hippocampus in ovariectomized 
adult female rats at various time points following E treatment.

Rats were ovariectomized (OVX) in diestrus and injected with 173-estradiol 
benzoate (E) or oil vehicle (O) on the 3rd or 3rd and 4m days following OVX. 
GAD-65 immunoreactivity was evaluated at: 3 days OVX (before injections), 2h 
and 24h following a single E or O injection and 48h following the 2nd E or O 
injection (n=6 each). The density of GAD immunoreactive cells in DAB labeled 
tissue was determined using the optical disector and GAD immunofluorescence 
in puncta was quantified from confocal images of FITC labeled tissue.

Preliminary analyses with both methods showed that OVX decreases GAD 
immunoreactivity and that E protects against this decrease. Comparison of 3 
days OVX to 48h following the 2nd O injection revealed a significant decrease, 
whereas no significant difference was observed between 3 days OVX and 48h 
following the 2nd E injection. GAD immunoreactivity was intermediate at the 
intermediate time points.

These results demonstrate that inhibitory circuitry in the CA1 region of the 
hippocampus is regulated by estradiol in vivo (Supported by NS 37324).
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783.7

GABA-INDUCED EXCI TATI CN IN DORSAL MOTOR NEURONS 
RECEIVING IN VIVO AXONAL INJURY. LNabelura*, Y. 
Furukawa. T. Ueno and N. Akaike. Dept. of Physiol. Fac. of 
Med. Kyushu Univ. 812-8582, Japan.

Alteration of GABA response after the neuronal injury 
was investigated in the motoneurons of dorsal motor 
nucleus of vagus (DMV) receiving the axonal injury in vivo. 
In the injured DMV, GABA increased intracellular Ca-+ as 
well as glutamate. In addition, GABA induced the decrease of 
fluorescent intensity of Cl" sensitive dye, MEQ. suggesting 
that GABA induced an efflux of □" from the injured DMV 
neurons. Intracellular recordings demonstrated that the 
reversal potential of GA BA-mediated synaptic potentials in 
the injured neurons were significantly more depolarized 
than that in the control DMV neurons. Thus, intracellular 
Q" concentration ([Q"]i) was supposed to be elevated in the 
injured DMV. The higher concentration of intracellular 
Cl" was also confirmed using a gramicidin perforated patch 
recording on the acutely dissociated DMV neurons 
receiving in v ivo axonal injury at 1-3 days before making 
preparation. These results suggest that neuronal injury 
might alter the Cl" regulators, resulting in an increase of 
[O~]i and the switch of GABA response from inhibitory to 
the excitatory in the injured neurons.

783.8

IMPAIRMENT OF THE GABAERGIC SYSTEM DURING SCRAPIE 
INFECTION IN HAMSTERS: INSIGHTS FROM FUNCTIONAL AND 
STRUCTURAL STUDIES. E. Bouzamondo12, A.M, Milroy3, T, Lisse12, H, J, 
Ralston III3*, and S.B. Prusiner24, S.J. DeArmond1,2 Dept. of Pathology1, 
Neurology2, Neuroanatomy3, and Biochemistry and Biophysics4. University 
of California San Francisco CA 94143.

A number of studies suggest that GABAergic neurons are the most 
vulnerable in prion diseases. Here we tested whether or not evoked GABA 
release from synaptosomes is altered during scrapie in male Syrian 
hamsters. We isolated synaptosomes from different brain regions 
(neocortices, thalami, hippocampi and cerebella) during the course of 
scrapie (1 , 3, 5, 7 and 10 weeks) and tested their ability to release GABA. 
They were incubated with 3H-GABA and catabolism of GABA blocked with 
amino-oxy-acetic acid. Reuptake of GABA was blocked with Nicopetic acid. 
The fraction of 3H-GABA released by 40 mM KCI was calculated by 
subtracting basal release from evoked release and dividing by the amount 
of 3H-GABA taken up by the synaptosomes.

Statistically significant decreases in the fraction of 3H-GABA released was 
found late in the course of disease in the neocortex and the thalamus.

Decreased release correlated well with the amount of the PrPSc 
accumulation in synaptosomes. These findings support a hypothesis that 
loss of the GABA inhibitory network in combination with accumulation of 
PrPSc in pre- and post-synaptic membranes enhances the neurotoxic 
effects of excitatory neurotransmitters which results in vacuolar 
degeneration of neurons. We are now correlating these functional 
alterations with the expression of GABA by immunohistochemistry for both 
light microscopy and by post-embedding-immunogold labelling for electron 
microscopy.
Supported by: AG 10770, NS-21445 and NS-23347

783.9

SUBMOLECULAR MOTIONS OF THE GABA TRANSPORTER 
GAT1, AN IN VIVO FLUORESCENT KINETICS STUDY 
Minz LI, Yongxin LI Norman Davidson*, Henry A. Lester,
Division of Biology, Caltech, Pasadena CA 91125
We simultaneously measured the fluorescence and voltage-clamp 
currents of rGATl, expressed in Xenopus oocyte membranes and 
labeled with fluorescent dye, in order to study the submolecular 
motion's during GAT1 function. The sulfhydryl-reactive fluorescent 
dye tetramethylrhodomine (TMRM) was used for labeling. Previous 
work (Yu et al., 1998) showed that Cys74 of rGATl is the only residue 
that reacts with the SH-reactive MTSET; and the signals described here 
did not occur with the Cys74Ala mutant. Therefore, we propose that 
TMRM also labels rGATl at Cys74. During hyperpolarizing voltage 
jumps, the fluorescence increases by -1% in a two-exponential process 
with time constants of ~10 ms and -120 ms. The substrates, GABA, 
Na+ and Cl", affect the fluorescence signal differently. Na+ has the 
most significant effect on the signal: NMDG substitution for Na+ 
blocked the slower component. The GAT1 inhibitors NO-711 and 
SKF-89976A also affect the fluorescence differently, while NO-711 
blocked the slower component, SKF-89976A blocked the faster 
component. These results provide insight about the molecular 
mechanism of substrate and inhibitor action at GATE We propose that 
upon Na+ binding, the side chains near Cys74 undergo a 
conformational change that is important for rGATl function.
Support: NS-11576, DK-47027

783.10

MOLECULAR CLONING AND DEVELOPMENTAL EXPRESSION OF 
T-AMINOBUTYL ALDEHYDE DEHYDROGENASE.
Y. Yanagawa*1,2, K. Ishii1, K. Makinae1,2, Y^ Murashima3, and S. Tamura1. 
*Inst. Development, Aging and Cancer, Sendai, 980-8575, Japan; 2Lab. of 
Neurochem., Natl. Inst. Physiol. Sci., Okazaki 444-8585, Japan; ’Tokyo Inst. 
Psychiat., Tokyo 156-8585, Japan.

GABA is thought to be involved in neurogenesis and synaptogenesis. 
GABA is synthesized by glutamate decarboxylase (GAD). GABA can also be 
formed from putrescine and y-aminobutylaldehyde dehydrogenase 
(ABALDH) is considered an essential enzyme in this pathway. To elucidate 
the mechanism of GABA synthesis during early development of the CNS, we 
cloned mouse ABALDH and GAD67 cDNAs and characterized 
developmental expression of their mRNAs. Northen blot analysis showed 
that ABALDH mRNA is expressed highly on embryonic day 13.5 (E13.5), 
moderately on E17.5 and at lower levels on postnatal week 4 (P4W) in 
mouse brain. On the other hand, GAD67 mRNA was detected on E13.5 and 
found to be increased in developmental stage-specific manner. Whole mount 
in situ hybridization studies indicated that ABALDH transcripts were readily 
detected in mouse embryos both on E7.5 and on E9.5, whereas GAD67 
transcripts were undetectable on these days. These results indicated that 
ABALDH mRNAs were expressed at early embryonic stage before the onset 
of GAD67 expression and supported the proposal that GABA could be 
mainly synthesized by ABALDH during early development.

783.11

REGULATION OF THE MOUSE GLUTAMATE DECARBOXYLASE 
67 GENE EXPRESSION IN PILOCARPINE-INDUCED SEIZURES.
K. Makinae. Y. Yanagawa. O. Stork*. K. Obata. Lab. of Neurochem., 
Natl. Inst. Physiol. Sci., Okazaki 444-8585, Japan.

A large population of GABAergic neurons has been proposed to be 
resistant to seizure-induced cell losses. To understand the molecular 
mechanisms of GABAergic transmission during seizures, we studied the 
effects of pilocarpine-induced seizures on the expression of GABAergic 
genes in the mouse hippocampal formation.

In situ hybridization studies with a probe corresponding to the coding 
sequences showed that pilocarpine-induced seizures increased the level of 
GAD67 mRNA in granule cells of the dendate gyrus, but did not affect the 
level of GAD65 and VGAT mRNAs. To investigate the mechanisms of 
GAD67 mRNA elevation, we used another two probes corresponding to exon 
OA or OB, which contains noncoding sequences upstream of exon 1. After 
pilocarpine injection, no obvious changes were found with both probes for 
noncoding exons. These results suggested that the other noncoding exon with 
a corresponding promoter might be involved in the regulation of GAD67 
gene expression during pilocarpine-induced seizures.

This study was supported by Grants-in-Aid for Scientific Research from 
the Ministry of Education, Science, Sports and Culture of Japan and Life 
Science Foundation of Japan.

783.12

GENERATION OF TRANSGENIC MICE EXPRESSING A GREEN 
FLUORESCENT PROTEIN IN PARVALBUMIN-POSITIVE NEURONS 
A.H, Mever1* and H, Monyer1 ’Zentrum fUr Molekulare Biologie der Universitat 
Heidelberg, Im Neuenheimer Feld 282,69120 Heidelberg, Germany

GABAergic intemeurons do not only provide the main inhibition in the CNS 
but are also critically involved in the synchronization of neuronal activity. The 
role of the different subsets of GABAergic intemeurons in different networks has 
remained elusive so far. One type of GABAergic intemeurons are the parvalbumin- 
positive cells, which are specific with regard of their localization and connectivity.

To label specifically parvalbumin-positive intemeurons with an in vivo marker 
we generated transgenic mice which express a green fluorescent protein (EGFP) 
under the control of the parvalbumin promotor. For the generation of transgenic 
mice a 180 kb mouse BAC clone was used in which an EGFP gene had been 
inserted into the translatjonal start of the parvalbumin gene.

EGFP expression was detected in a subset of neurons in the hippocampus as 
well as in a number of other brain regions like cerebellum, cortex and reticular 
thalamus. In all brain regions analyzed immunohistochemical analysis using a 
parvalbumin antibody revealed that cells expressing EGFP were also positive for 
parvalbumin. In all brain regions that proved positive for parvalbumin, EGFP 
expression was also detected. The results indicate that the EGFP expression 
pattern closely resembles that of the parvalbumin gene.

Brain slices obtained from these mice will facilitate the functional analysis of 
receptor expression in these neurons tremendously and will help in elucidating the 
role of different GABAergic intemeurons at a system level.

This work was supported by Novartis Pharma Ltd.
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783.13

GAMMA-AMINOBUTYRIC ACID TRANSPORT PROTEINS ARE PRESENT IN 
SPERM AND TESTIS
A, A<mesen^. C. Osterlund^.'E. Anderssonk C, Gottlieb1. B, Meister^ and G. 
Fried-*-, ’Dept. Woman and Child Health; department of Neuroscience, Karolinska 
Institute, S - 171 76 Stockholm, Sweden.

Gamma-aminobutyric acid (GABA) specific binding sites are present in human 
spermatozoa. We have investigated whether these GABA binding sites represent 
GABA transport proteins (GABA-Tp) in sperm and testis. Swim-up preparations of 
human spermatozoa were incubated with inhibitors of GABA transport (NNC-711, 
Guvacine, Hypotaurine and ACHC) followed by addition of radiolabelled GABA. 
The results confirmed that human spermatozoa possess a high affinity GABA 
transport system. The calculated IC50value for GABA was 7mM, and for the most 
effective inhibitor NNC-711, the IC50value was 4mM. Immunohistochemistry using 
confocal laser microscopy after incubation with antibodies to GAT antibodies 
showed immunoreactive material in the sperm midpiece and neck region, as well as 
in the cytoplasm of germ cells. Following SDS-PAGE electrophoresis of sperm 
extracts, antibodies against three previously cloned GABA-Tp, GAT-1, GAT-2 and 
GAT-3, detected bands of 65kDa. We used RT-PCR to detect expression of mRNA 
for GABA-Tp in human and rat testis. Oligonucleotide primers were designed on 
basis of sequences for previously cloned GABA transport proteins. PCR products of 
the size predicted from the respective DNA sequences were generated from primers 
corresponding to cDNA clones of human and rat GABA-Tp. Sequencing of these 
PCR products revealed exact homology to the nucleotide sequences of GAT-1, GAT- 
3 and BGT-1 in human testis and GAT-3 in rat testis. We conclude that GABA 
transport proteins are present in spermatozoa, and that the expression of three 
different GABA-Tp in human testis, together with a unique uptake profile indicate 
that two or more of these may co-exist in the plasma membrane of human sperm.

Supported by Swedish MRC (#5696 and #7164), KI Fonder and SSMR.

783.14
IPSPs ELICITED IN CA1 PYRAMIDAL CELLS BY INTERNEURONES 
SHOWING PARVALBUMIN-LIKE IMMUNOREACTIVITY.
D. I. Hughes*, A. P. Bannister, H. Pawelzik, and A. M. Thomson. Dept. of 
Physiology, Royal Free Hospital School of Medicine, Rowland Hill Street, 
London. NW3 2PF. UK.

Combined immunocytochemical and morphological studies have previously 
shown that hippocampal basket cells, whose axons target somatic and proximal 
dendritic regions of both pyramidal and non-pyramidal cells, are immunopositive 
for either parvalbumin (Pv) or CCK and VIP. Previous studies have demonstrated 
a wide range of electrophysiological properties for basket cells and of durations for 
the IPSPs elicited by these cells. The present study was performed to determine 
whether any distinct physiological or morphological characteristics correlated with 
the presynaptic intemeurone being immunopositive for Pv.

Twenty two CA1 recorded and biocytin-filled intemeurones were tested for Pv- 
immunoreactivity, 17 of these were immunopositive. These included one 
bistratified interneurone and two wide axonal arbour basket cells, the remainder 
being more classical narrow arbour basket cells. Thirteen of the basket cells were 
classical fast spiking cells, one a burst firing cell and one a regular spiking cell. 
The IPSPs elicited by Pv-positive basket cells in simultaneously recorded 
pyramidal cells (n=19) had a mean amplitude of 0.82±0.40mV, a 10-90% rise time 
of 4.5±1.9ms and a width at half amplitude of 33.4±12.6ms. Ultrastructural studies 
showed that boutons from narrow arbour basket cells made primarily axo-somatic 
contacts, whereas wide-arbour basket cells contacted more distal dendrites in 
stratum radiatum in addition to making perisomatic contacts. These data indicate 
that Pv-immunopositive basket cells are typically fast spiking cells with narrow 
axonal arbours and elicit relatively brief IPSPs, but that this is clearly not 
exclusive. Supported by Novartis Pharma (Basel), the Welcome Trust and the 
MRC.

783.15

LOCALIZATION OF GLUTAMIC ACID DECARBOXYLASE 
(GAD) 67 IN NERVE TERMINALS AND GABAERGIC 
TRANSMISSION OF THE GAD65-DEHCIENT MOUSE 
CEREBELLUM. K Qbata* T. Fukuda1. S. Konishi2. F.-Y. Ji. H. 
Mitoma2. and T. Kosaka1. Natl. Inst, for Physiol. Sci., Okazaki 444- 
8585, ^ept. Anat. & Neurobiol., Kyushu Univ., Fukuoka 812-8582, 
2Mitsubishi Kasei Inst. Life Sci., Machida 194-8511, Japan.

The previous investigations have suggested that glutamic acid 
decarboxylase (GAD) 65 is mainly involved in the synthesis of the 
neurotransmitter, GABA, and that GAD67 is transported to the nerve 
terminals only after association with GAD65. This idea was evaluated 
in the cerebellum of the GAD-deficient mice generated by homologous 
recombination of its gene. GABA content was decreased by 25%. 
Immunohistochemistry and immunoelectron microscopy showed that 
GAD67 was similarly concentrated in putative GABAergic terminals 
from basket/stellate and Golgi cells. Patch-clamp recording from 
Purkinje cells in slice preparation revealed that basket cell-derived 
inhibitory postsynaptic currents and GABA sensitivity were unaffected. 
The high potassium stimulation similarly increased the extracellular 
GABA concentration in the microdialysis samples. These results 
indicate that GAD67 is concentrated in the nerve terminals and 
provides GABA for synaptic transmission even in the absence of 
GAD65.

783.16

A RAPID TRANSPOSON-BASED TECHNIQUE FOR MAKING 
CONDITIONAL GENE-TARGETING VECTORS: PRODUCTION OF 
MICE LACKING THE NEURONAL K+/CF COTRANSPORTER KCC2.
S. Eerikainen, H. Vilen, H. Savilahti and M.S. Airaksinen*. Institute of 
Biotechnology, Viikki Biocenter, FIN-00014 Univ. of Helsinki, Finland.

The emerging Cre/loxP conditional gene-targeting technique has expanded 
the potential of gene-targeting methods, because it allows introducing of 
inducible and tissue specific mutations into the mouse genome. However, 
production of a conditional gene-targeting vector is still a time-consuming 
task. Suitable restriction enzyme sites for cloning around the exon of interest 
may not be found even after sequencing the genomic locus, which will require 
laborious and sophisticated cloning methods. Here, we describe an alternative 
transposon-based strategy, which does not require knowledge of intronic 
sequences and simplifies production of technically demanding gene-targeting 
constructs. This quick and efficient strategy could prove useful also if 
contributions of several exons within a gene are studied. We show that the 
presence of transposon arms in the targeting vector does not affect the 
frequency of homologous recombination in ES cells or the Cre-mediated 
excision in the Kcc2 locus. Developmental regulation of KCC2 expression 
appears to be responsible for the homeostatic shift in intracellular chloride 
concentration that changes GABAergic transmission from excitatory to 
inhibitory. Chances in KCC2 expression may also play role in pathological 
conditions such as epilepsy and neuronal trauma. To study the in vivo roles of 
KCC2, we have produced several ES clones with targeted Kcc2 locus, which 
should produce mice with null-mutant, hypomorphic and conditional alleles. 
First chimeras have been mated for germline transmission. Supported by the 
Academy of Finland.

GABA RECEPTORS: ANATOMY

784.1

NOCICEPTIVE REGULATION OF GABAb RECEPTOR GENE 
EXPRESSION IN RAT SPINAL CORD. Kenneth E, McCarson and 
S.J. Enna* Department of Pharmacology, Toxicology and 
Therapeutics, University of Kansas Medical Center, Kansas City, KS 
66160-7417 USA.

Activation of y-aminobutyric acid (GABA) neurotransmission 
evokes antinociceptive responses in laboratory animals. The recent 
cloning of GABAb receptor gene products makes it possible to 
examine the regulation of this receptor system as it relates to the 
mediation of pain-related sensory information. Inasmuch as acute and 
chronic pain alter the expression of genes encoding a number of 
nociception-related receptors, and that such changes are important 
components in the regulation of pain, the present study was 
undertaken to determine whether GABAb receptor gene expression is 
altered in sensory systems following an inflammatory peripheral 
nociceptive stimulus. Solution hybridization-nuclease protection 
assays conducted 24 h after formalin injection into the right hindpaw 
of the rat revealed a significant bilateral increase in GABAb R1 and 
R2 receptor expression in the dorsal lumbar spinal cord, and a 
significant increase in GABAb R1 receptor mRNA in the ipsilateral 
lumbar dorsal root ganglia. These findings indicate an activity- 
dependent, differential regulation of GABAb  Rl and R2 receptor gene 
expression in spinal sensory systems in response to chemogenic 
nociceptive activation, suggesting that GABAb  receptor plasticity may 
play an important role in regulating the mediation, and perception, of 
chronic pain.

784.2

CO-LOCALIZATION OF MULTIPLE GABAa  RECEPTOR SUBTYPES WITH 
GEPHYRIN REVEALED BY HIGH-RESOLUTION CONFOCAL LASER 
SCANNING MICROSCOPY COMBINED WITH IMAGE DECONVOLUTION. 
P. Panzanelli1*, M. Sassoe-Pognetto1, J.-M. Fritschy2. ’Dept. of Anatomy, 
Pharmacology and Forensic Medicine, University of Turin, 1-10126 Turin, Italy; 
2Inst. of Pharmacology, University of Zurich, CH-8057 Zurich, Switzerland.

Clustering of GABAa  receptors to postsynaptic sites requires the presence of 
both the y2 subunit and gephyrin. Here, we analyzed by confocal laser scanning 
microscopy the co-localization of gephyrin and GABAA-receptors containing the 
subunits al, a2, a3, or y2 in adult rat brain. The vast majority of GABAA-receptor 
clusters containing one of these subunits were co-localized with gephyrin in 
cerebellum, hippocampus, thalamus, and olfactory bulb. In addition, a diffuse 
immunoreactivity was observed for each subunit in the neuropil, presumably 
representing extrasynaptic GABAA-receptors. Only a few gephyrin clusters were 
not co-localized with GABAA-receptor subunits in these regions, suggesting the 
presence of a small population of glycinergic synapses. High-resolution images 
(voxel size: 50x50x150 nm) were restored with an iterative image deconvolution 
procedure (Huygens system; Scientific Volume Imaging) using a measured point- 
spread function. A considerable heterogeneity in the microorganization of 
gephyrin and GABAA-receptor clusters was detected. For instance, while gephyrin 
and al subunit clusters largely overlapped in the cerebellar molecular layer, the 
co-localization was only partial in glomeruli of the granule cell layer, where small 
gephyrin clusters typically were "embedded" in larger GABAA-receptor clusters.

These findings show that gephyrin is associated with a majority of GABAa - 
receptor subtypes in brain and document the usefulness of image deconvolution for 
analyzing the structural organization of the post-synaptic apparatus by 
fluorescence microscopy.
Support: Swiss National Fonds for Scientific Research and Italian M. U.RS. T.
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784.3
IDENTIFICATION OF NEUROTRANSMITTERS INVOLVED IN MEDIATING 
THE EFFECT OF GABAB RECEPTOR ACTIVATION IN THE MEDIAN 
RAPHE NUCLEUS (MRN) ON HIPPOCAMPAL ACTIVITY. V. Varga1*, A. 
Sik2, T.F. Freund2, J.M.Fritchy,3 and B Kocsis1. 1Natl. Inst. Neurosurgery, 
2lnst.Exp.Med, Budapest, Hungary, 3lnst. Pharmacol., Univ. Zurich, 
Switzerland.

We have previously shown that the activation of GABAb receptors in the 
MRN by Baclofen produced stable lasting theta rhythm in the hippocampus 
which however vanished 60-80 min later in spite of continuing Baclofen 
administration. The primary goal of the present study was to identify the 
target neurotransmitter system of this effect using a combination of 
anatomical and electrophysiological methods. 12 rats were treated with the 
5-HT depletor PC PA for two days prior to the experiments (400 mg/kg/day, 
ip). On the third day 8 rats received Baclofen (0.5 mM in ACSF) into the 
MRN through a microdialysis probe. In another 4 rats the GABAb antagonist 
CGP55845a was administered prior to Baclofen. The degree of 5-HT 
depletion was verified in 3 rats by 5-HT immunhistochemistry. The 
localization of GABAb receptors in the MRN were examined in 6 rats with 
combined GABAb/5-HT immunohistochemistry. In PCPA treated rats, the 
control period was dominated by theta rhythm. Similar to the untreated 
animals, Baclofen administration caused a further increase in the theta/non- 
theta ratio but the cessation of theta rhythm occurred later than in untreated 
rats. The GABAb antagonist CGP55845a slightly increased the theta/non- 
theta ratio and delayed the effect of Baclofen. Immunohistochemical 
investigations revealed that the majority of 5-HT cells (91%) contain GABAb 
receptors in the MRN (n=112) and in the dorsal raphe nucleus (87%, 
n=118), and 5-HT cells accounted for all the GABAb receptor labeling. The 
results suggest that only serotonergic cells mediate the effect of GABAb 
receptor activation in the MRN. Support: OTKA T-17778, ETT-085/1996.

784.4
GABAb  R2 RECEPTOR MRNA DISTRIBUTION IN RAT DRG AND SPINAL 
CORD:INFLUENCE OF CHRONIC SCIATIC NERVE AXOTOMY 
MR,Edmunds,B. J.Bowery.K.Dang.L.Utban and N.G.Bowery*
Dept of Pharmacology,University of Birmingham B15 2TT UK,
♦Novartis,Gower St,London WC1E 6BN UK

The GABAb receptor component GABAb R2(GBR2),has recently been 
demonstrated to act either as a trafficking protein to enable the GBR1 unit to be 
transported to the neuronal cell membrane or as a form of the GABAb  receptor 
which can produce functional responses in the apparent absence of the GBR1 
unit(eg.Kaupmann et al 1998 Nature,396,683-687). We have examined the 
distribution of mRNA for GBR2 by in situ hybridisation in rat DRG and spinal 
cord(SC) to compare with the levels and distribution of mRNA for the GBR1 
isoforms,GBRla and GBRlb.Lumbar SC and DRG were obtained from adult 
male Wistar rats(250g) and frozen in liquid nitrogen. In situ hybridisation was 
performed using a standard protocol with 35S-labelled antisense nucleotides on 
12um sections fixed in paraformaldehyde. GBR2 mRNA could be detected 
throughout the DRG in association with neurones. Levels were comparable with 
pan GBR1 mRNA.In the SC GBR2 mRNA could also be readily detected with 
the highest densities in laminae IV,V,VI,VII and X.

The density of GBR2 mRNA appeared to be greater than GBR1 mRNA in all 
regions of the the SC examined. In rats 15 days after axotomy of the left sciatic 
nerve we have previously shown that GBR1 mRNA is not altered in the SC or 
DRG. By comparison our preliminary data with GBR2 mRNA suggest that this 
may increase significantly within the DRG and SC of axotomised rats. Whether 
these possible changes are reflected in the concentration of GBR2 protein in 
these tissues has yet to be determined.

784.5

GABAa  RECEPTOR SUBUNIT mRNA EXPRESSION AND [35S]TBPS 
BINDING AFTER COCAINE AND LIDOCAINE KINDLING IN RATS.
M.S. Abel*. A.B. Olinger. J. Li. and S.M. Drengler. Dept. of Cell Biology 
& Anatomy, FUHS/The Chicago Medical School, North Chicago, IL, 60064.

Cocaine [C] and lidocaine [L] produce kindled seizures, perhaps due to 
their local anesthetic action. Because L does not share with C the additional 
property of dopamine (DA) uptake inhibition, and because of CNS DA 
systems interactions with GABAergic systems, we examined differences in 
GABAa  receptor subunit expression after L and C kindling.

Male Sprague Dawley rats were treated (i.p.) with C (55 mg/kg), L (65 
mg/kg), or saline vehicle daily for 35 days. Behavioral observations and 
computer-recorded locomotor data were recorded for 90 minutes after 
treatment. Brains were taken from animals 24 hours after the third day of 
seizures. Brains were removed 24 hours after the last drug treatment from 
those animals that did not have 3 days of seizures. Blood was collected from 
all animals for serum corticosterone level measurements. Brain tissue was 
processed for in situ hybridization of probes for selected subunits of the 
GABAa  receptor, and for [35S]TBPS binding.

Both L and C produced an increase in scores based on the Racine scale. 
Brain regional and subunit selective differences were observed in L- and C- 
treated animals in expression of mRNA for the GABAa  receptor. In the CA1 
region of hippocampus d message was decreased after both L and C 
treatments, however, it was decreased in CA3 and Dentate Gyrus only after 
C treatment. These Endings, in addition to data on TBPS binding, will be 
presented in terms of the neuroanatomy erf kindling and the differential 
effects of L and C. Supported by NIH R01-DA11504-02

784.6

GABAa  RECEPTOR SUBUNIT mRNA EXPRESSION AND f5S]TBPS 
BINDING AFTER BEHAVIORAL SENSITIZATION IN RATS. A.B. 
Olinger. S.M. Drengler*. J. Li. and M.S. Abel. Dept. of Cell Biology & 
Anatomy, FUHS/The Chicago Medical School, North Chicago, IL, 60064.

Repeated administration of Cocaine [C] or WIN 35,428 [W] produces 
behavioral sensitization, an effect considered to be due to the inhibition of 
dopamine (DA) reuptake. Because of the interaction of CNS DA systems 
with GABAergic systems, we undertook these studies to evaluate the effect 
of C or W sensitization on GABAa  receptor subunit expression.

Male Sprague Dawley rats were treated (i.p.) with W (1 mg/kg), C (15 
mg/kg), or saline vehicle daily for 10 days. Behavioral observations and 
computer-recorded locomotor data were recorded for 90 minutes after 
treatment. Brains were removed and blood was taken to measure serum 
corticosterone levels 24 hours after the last injection. Brain tissue was 
processed for in situ hybridization of GABAa  receptor subunits and for 
[35S]TBPS binding.

Both W and C produced behavioral sensitization, defined by increases in 
ambulation and rearing behavior. Differences were observed between W- 
and C-treated animals in the expression of mRNA for selected GABAa  
receptor subunits in specific brain regions. In the CA1 region of 
hippocampus y2 message was increased after both treatments, however, a2 
message was increased in CA3 and Dentate Gyrus only after C treatment. 
There was an increase in al mRNA in the Nucleus Accumbens in animals 
sensitized by C. These findings and TBPS binding data will be presented in 
terms of the neuroanatomy of sensitization and the differential effects of W 
and C. Supported by NIH RO1-DA11504-02

784.7

COMPARATIVE EXPRESSION OF GABAb RECEPTOR ISOFORMS 
AND THEIR SPLICE VARIANTS IN HUMAN AND RAT TISSUES. A.R, 
Calver1, M.J, Robbins1. A.D. Medhurst1, A. Couve2, S.J. Moss2, S.G.
Taylor1. D.N. Middlemiss1 and M.N, Pangalos1*. ’Neurosciences Research,
SmithKline Beecham, NFSP-North, Third Avenue, Harlow, Essex CM 19 
5 AW, UK; 2LMCB, UCL, Gower Street, London WC1E 6BT, UK.

GABA is the major inhibitory neurotransmitter in the mammalian CNS, 
and exerts its actions via both ionotropic (GABAa /GABAc ) and 
metabotropic (GABAb ) receptors. GABAb receptors are seven 
transmembrane (7-TM) G-protein coupled receptors which share some 
homology with the metabotropic glutamate receptors (mGluR). However, in 
contrast to the mGluRs and other 7-TM receptors, which usually exist as 
homodimers, it has recently been shown that GABAb receptors are only 
functionally expressed on the cell surface as heterodimers.

Two subunits have been cloned, GABAb R1 and GABAbR2, and each 
exists in a number of alternatively spliced forms both in human and rat. We 
have used in situ hybridization with oligonucleotide probes to map the 
distribution of these subunits and their splice variants in the rat brain. In 
addition we have used Taqman fluorescent probes against these subunits and 
splice variants to carry out semi-quantitative PCR on human CNS regions. 
Specific antisera to GABAb receptors have also been generated in order to 
study protein expression of the two isoforms by immunocytochemistry. 
Areas of non-overlap between GABAbR1 and GABABR2 expression are 
likely to contain novel GABAb receptor isoforms, as expression of either 
subunit on its own will not form functional GABAb  receptors.

Source of funding: SmithKline Beecham PLC

784.8

SYNAPTIC CLUSTERING OF GABAa -RECEPTORS IS ALTERED IN 
MICE DEVOID OF DYSTROPHIN (MDX MICE). I. Knuesel, M.C. 
Mastrocola, B.C. Bomhauser, R.A, Zuellig, M.C, Schaub, J.-M. Fritschy*,
Institute of Pharmacology, University of Zurich, CH-8057 Zurich.

Dystrophin, which is expressed by neurons in the neocortex,
hippocampus, and cerebellum, is selectively localized in postsynaptic 
densities. Here, we analyzed immunohistochemically whether dystrophin is 
associated with GABAA-receptor subunits. In both rats and mice, 
dystrophin was extensively co-localized with clusters containing the al 
and y2 subunits in Purkinje cells and in the molecular layer of the 
cerebellum, the a2 and y2 subunits in hippocampus CA1-CA3 pyramidal 
cells, and all three subunits in the cerebral cortex. To determine the 
functional relevance of this finding, we investigated in mdx mice whether 
the absence of dystrophin affects the synaptic clustering of GABAA- 
receptor subunits. In addition, we analyzed whether this is paralleled by a 
loss of the synaptic molecule gephyrin, which has been shown to be 
required for GABAA-receptor clustering. Furthermore, by analogy to the 
situation in mdx muscle, where dystrophin is replaced by its autosomal 
homologue utrophin, we tested whether an upregulation takes place in 
neurons expressing utrophin. Whereas a marked reduction in number and 
size of GABAA-receptor clusters was observed in both Purkinje cells and 
pyramidal cells of mdx mice, these alterations were not accompanied by a 
change in gephyrin clusters, nor by an increase in utrophin expression. 
These results indicate that, while both dystrophin and gephyrin contribute 
to the clustering of GABAA-receptors, gephyrin clusters are formed 
independently of dystrophin. Dystrophin may therefore play an important 
role in maintaining and stabilizing GABAA-receptor clusters in a subset of 
inhibitory synapses. Since utrophin does not replace dystrophin in CNS 
synapses, these deficits may underlie the cognitive impairment seen in 
Duchenne patients. Support: Swiss National Fonds for Scientific Research.

Society  for  Neuroscience , Volume  25, 1999



1976 GABA RECEPTORS: ANATOMY WEDNESDAY PM

784.9
ALTERATIONS OF GABAB IMMUNOREACTIVITY IN THE HIPPOCAMPUS 

AFTER PERFORANT PATHWAY LESION.
S.Hidaka,1* K.Mizukami1 M.iwakirh1 M.lshikawaJN J<atoJ_ M.D.lkonomovic.2

D.M.Armstrong,3 H.Shiraishi', 'Dept. of__ Psychiatry^. Univ^ oLTsukuba. lbarakj
305, Japan. . 2D.epL-QlPsychiatry. Univ^ of-Pittsburgh. Sch. Med., Pittsburgh. PA
15213,3Pept. of Pathol Anat & Cell BioL Thomas Jefferson Univ. Lankeneau Me_d, 
ResJ2lrJEhiladelphiaJEAI2926.

Immunohistochemical techniques were employed to examine the alterations 

in the GABAB receptor within the hippocampus of the rat brain 1, 3, 7, 14 and 30 
days after a unilateral perforant pathway lesion. In the hippocampus of sham- 
operated controls and in the contralateral hippocampus an intense GABAB 
immunoreactivity was observed in the molecular layer of the dentate gyrus as well 

as striata pyramidale of CA3 subfield. The soma and proximal portions of dendrites 

of pyramidal cell in CA3 as well as interneuron throughout the hippocampus were 
intensely labeled while pyramidal cells in CA1 and granule cells of the dentate 
gyrus were modestly labeled. One day post-lesion we observed a decrease in 
GABAB immunolabeling in the granular cell and pyramidal cell in the CA3 

subfield ipsilatera! to the lesion. Three days post-lesion we observed an increase in 

GABAB immunolabeling in the outer portion of the molecular layer of the dentate 

gyrus and a diffuse staining of the neuropil in the hilar region. These alterations, 
however, were transient and disappeared by 7 days post-lesion. The labeling 

pattern appeared indistinguishable 14 and 30 days post-lesion compared to controls. 
These data suggest a unique pattern of GABAB immunolabeling in the 
hippocampus in response to perforant pathway lesion.

784.10
OCURRENCE AND DISTRIBUTION OF GABAa RECEPTORS IN 
CEREBRAL BLOOD VESSELS AND CRANIAL GANGLIA OF THE RAT. 
Y.GONO. N.SUZUKI*. F.SAKAI, Dept. of Neurology, School of Med. Kitasato Univ. 
Sagamihara, 228-8555, JAPAN.

In pathological conditions such as migraine, valproate or neurosteroid is suggested 
to suppress neurogenic inflammation in cephalic vessels. Activation of GABAa  
receptors seems to be responsible for ameliorating trigeminal irritation. However, the 
functional site of valproate or neurosteroid on cranial vessels is still unclear. We 
histochemically explored the nature of GABAa  receptors in cerebral blood vessels as 
well as cranial ganglia in the rat.

Ten adult male Sprague-Dawley rats were used. The animals were deeply 
anesthetized and perfused with a Zamboni’s fixative transcardially. The major cerebral 
arteries and the cranial ganglia, i.e., superior cervical(SCG), trigeminal(TG) and 
pterygopalatin(SPG) ganglia, were dissected to be served for an immunohistochemical 
analysis of GABAa  receptors. We utilized a mouse anti-GABAA receptor Jl-chain 
monoclonal antibody in the avidin-biotin peroxidase complex method.

The immune reaction was observed as a discrete staining of nerve bundles on the 
cerebral arteries, particularly in the anterior portion of the circle of Willis. It was also 
recognized on the cell membrane of the cranial ganglia examined. The density of 
immune materials was the most conspicuous in SPG followed by TG. SCG was among 
the most discretely stained ganglia examined.

GABAa  receptors distribute not only in the central nervous system but also in the 
peripheral nervous system in certain pathological mechanisms as neurogenic 
inflammation.

784.11

ULTRASTRUCTURAL LOCALIZATION OF THE a2 SUBUNIT OF 
THE GABAa  RECEPTOR IN THE RAT DENTATE GYRUS: A 
POSTEMBEDDING IMMUNOGOLD STUDY. N, Zhang1, O.P. 
Ottersen3, J.-M. Fritschy4, and C.R. Houser1,2'* ’Dept. of Neurobiology and 
Brain Research Institute, UCLA School of Medicine, and 2VA Medical 
Center, West Los Angeles, CA 90095; 3Dept. of Anatomy, Univ. of Oslo, 
Oslo, Norway; 4Inst. of Pharmacology, Univ. of Zurich, Zurich, Switzerland.

Light microscopic studies have shown that the a2 subunit of the GABAa  
receptor is abundant in the dentate gyrus and is localized diffusely 
throughout the dentate molecular layer as well as at perisomatic locations in 
the granule cell layer. To determine the corresponding subcellular 
localization of this subunit, a guinea pig antiserum to the cc2 subunit 
(Fritschy and Mohler, J. Comp. Neurol. 359:154, 1995) was used for 
postembedding immunogold labeling of fixed, freeze-substituted tissue from 
the rat dentate gyrus. The a2 subunit of the GABAa  receptor was highly 
concentrated at synaptic rather than extra-synaptic sites and was primarily 
present along the postsynaptic membranes of symmetric synapses that are 
likely to be GABAergic. Immunogold labeling was found at both somatic 
and dendritic synapses, but the density of colloidal gold particles appeared 
to be higher at synaptic profiles on the dendrites than at those on the cell 
bodies of granule cells. These findings suggest that the a2 subunit is a 
prominent subunit at many GABAergic synapses in the molecular layer of 
the dentate gyrus and that the a2 subunit is also present at some synaptic 
sites on the somata of dentate granule cells. Supported by NIH P01 
NS35985.

784.12

DISTRIBUTION OF GABAb-R1 and GABAb-R2 mRNAs IN RHESUS 
MONKEY BRAIN. Y. Fang*, M, A. Bosch, B. R, Naylor, O. K. Ronnekleiv. 
Dept. of Physiology and Pharmacology, and Oregon Regional Primate 
Research Center, Oregon Health Sciences Univ., Portland, OR 97201.

Metabotropic y-amino-butyric acidB-receptors (GABAb-R) are G-protein 
coupled receptors and their activation produce long lasting, modulatory 
effects through several mechanisms including coupling to K+ channels, 
inhibition of Ca2+ channels and inhibition of adenylyl cyclase activity. Two 
subtypes, GABAb-R1 and -R2, have been described in rat and human and 
co-expression is needed to form a functional unit. We used RT-PCR to 
clone cDNA fragments of monkey GABAB-receptors, and the distribution 
of GABAb receptor mRNAs was examined in a 120 day infant and a day 
130 fetal monkey brain using ribonuclease protection assay. GABAb-R1 
mRNA was found in high concentration (655-1420 fg/pg RNA) in all infant 
brain regions examined, which included cortex, septum, striatum, 
hippocampus, amygdala, thalamus, hypothalamus, substantia nigra, 
brainstem and the cerebellum. The highest expression of GABAb-R1 
mRNA was found in the cerebellum, septum and the substantia nigra, and 
the lowest in the frontal cortex. GABAb-R2 mRNA was also found in all 
regions examined, and the levels were approximately 15-35 % of GABAb- 
R1 mRNA (81-454 fg/pg). The highest level of GABAb-R2 mRNA was 
observed in the cerebellum and the lowest in the striatum. The fetal brain 
regions examined had GABAb-R mRNA similar to the infant. The results 
suggest that GABAb-R1 and -R2 mRNAs are co-expressed in the infant 
and fetal monkey brain and form functional GABAb receptors, which may 
be important for neuronal development. Supported by NIH Grant DA07165.

784.13

IMMUNOHISTOCHEMICAL LOCALISATION OF GABAb RECEPTORS GBR1 
AND GBR2 IN HUMAN BRAIN. A. Billinton1*, A.O. Ige1, J.H.White2, G.H.Pisney2,
F.H.Marshall2, H.J, Waldvogel3, R.L. Faull3, and P.C. Emson1. ‘Dept of Neurobiology, 
Babraham Institute, Babraham, Cambridge, CB2 4AT, UK, 2Molecular Pharmacology 
Unit, GlaxoWellcome, Stevenage, Herts., SGI 2NY, UK, and 3Dept of Anatomy, 
School of Medicine, University of Auckland, Private Bag 92019, Auckland, NZ.

GABAb receptors are thought to be responsible for the late IPSP and involved in the 
suppression of neurotransmitter release. GBR1 was the first GABAb receptor to be 
cloned; though functional expression in cell lines proved to be difficult, with the 
majority of the protein being retained in the endoplasmic reticulum. Recently, a 
second GABAb receptor, GBR2, was discovered by bioinformatics and yeast two 
hybrid approaches, which, when co-expressed with GBR1 gave rise to functional 
GABAb  receptors. Here we describe the localisation of GBR1 and GBR2 in selected 
regions of human brain using immunohistochemistry, and co-localisation in the 
cerebellum using immunofluorescence. 50 pm free floating sections were cut using a 
freezing sledge microtome from blocks of several different regions of post-mortem 
perfused-fixed human brain. Immunohistochemistry was performed with affinity 
purified GBR1 and GBR2 specific antisera, using a standard protocol utilising an ABC 
detection kit with DAB substrate. Immunofluorescence was carried out using 
secondary antibodies labelled with fluorescein (GBR1) and Texas Red (GBR2), and 
analysis performed using laser scanning confocal microscopy. Staining was observed 
for both GBR1 and GBR2 in all regions examined. In the cerebellum, the molecular 
layer stained strongly for both receptors, and Purkinje cells with associated dendrites 
showed high levels of GBR2 expression. Both receptors were present throughout the 
hippocampus with predominantly neuropil staining. Cortical pyramidal cells were 
strongly stained for both receptors. Immunofluorescence confirms the co-localisation 
of GBR1 and GBR2 in the human cerebellum. The data presented suggest that 
GABAb  receptors GBR1 and GBR2 are co-localised in regions of the human brain. 
Supported by the BBSRC, MRC and GlaxoWellcome.

784.14

SUBCELLULAR LOCALIZATION OF GABAb RECEPTOR 
ISOFORMS IA AND IB IN CEREBRAL CORTEX, HIPPOCAMPUS 
AND THALAMUS OF THE RAT. X.-B. Liu* and E.G, Jones, Center for 
Neuroscience, University of California, Davis, CA 95616.

•y-Aminobutyric acid (GABA) inhibitory activity is mediated by ionotropic 
(GABAX and GABAc) and metabotropic (GABAb) receptors. GABAb  
receptors modulate synaptic transmission by presynaptic inhibition of 
transmitter release or by increasing a K+-conductance responsible for long- 
lasting inhibitory postsynaptic potentials. Recent cloning, in situ 
hybridization and immunocytochemical studies have demonstrated that 
GABAb  receptor la and lb isoforms are widely expressed in the brain. Little 
is known about the subcellular distribution of GABAb receptor isoforms. 
This present study applied preembedding immunogold technique combined 
with electron microscopy (EM) to address this issue in the rat brain. Layer 
III-V of the somatosensory cortex, CA1 region of the hippocampus and VPL 
nucleus of the thalamus were subjected to EM examination. In all three 
regions, immunogold labeling was mainly confined in postsynaptic elements, 
including dendritic spines (CA1 region and cerebral cortex) and dendritic 
shafts (VPL, CA1 and cortex); approximately 6-10% of immunolabeled 
particles were distributed in presynaptic terminals. In postsynaptic elements, 
70% of labeled particles were associated with plasma membranes close to 
synaptic contacts but never coincident with them. In VPL, immunogold 
labeled perisynaptic membranes were associated with excitatory and 
GABAergic synapses; the labeling pattern was similar to that of group I 
metabotropic glutamate receptor subtypes. This preliminary study revealed 
the subcellular distribution pattern of GABAb receptor isoforms la and lb in 
three different brain regions and indicated that they are mainly localized in 
postsynaptic elements.

Supported by NIH grant NS21377.
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784.15

IN VIVO LABELING OF «5 SUBUNIT-CONTAINING GABAa  
RECEPTORS IN MICE USING THE a5 SELECTIVE LIGAND 
[3H]L-655,708. J.R. Atack*, A.J. Smith and R. McKeman. Merck 
Sharp & Dohme Research Laboratories, Neuroscience Research 
Centre, Harlow, CM20 2QR, U.K.
L-655,708 is a benzodiazepine-site ligand possessing 50 to 100 fold 
selectivity for GABAa  receptors containing an a5 rather than al, a2 or 
a3 subunit (respective Ki’s of 0.45, 49, 27, 25 nM). In the present 
study, [3H]L-655,708 was used to label mouse forebrain a5 subunit 
containing GABAa  receptors in vivo. [3H]L-655,708 rapidly entered 
and was cleared from the brain such that optimal binding was achieved 
1 min. following i.v. injection of the equivalent of 2 pCi/mouse. Non-
specific binding was defined using 5 mg/kg i.p. bretazenil. L-655,708 
occupied binding sites with an ED5o of 0.2 mg/kg. Autoradiographic 
localization of in vivo labeled binding sites showed a distribution 
comparable to that seen using in vitro labeling techniques. Thus, 
expression of a5-containing GABAa receptors was highest in the 
hippocampus with essentially no specific binding observed in the 
cerebellum and was distinct from the distribution of the total GABAa  
receptor population labeled in vivo with [3H]Ro 15-1788 (flumazenil). 
The similar structures of L-655,708 and flumazenil, the latter of which 
is widely used as a radioligand for positron emission tomography 
(PET), suggests that L-655,708 may be a suitable radioligand for use in 
man and could help clarify the physiological and pathological roles of 
this GABAa  receptor subtype. (Supported by MSD Ltd.)

784.16
IMMUNOCYTOCHEMICAL LOCALIZATION OF THE & SUBUNIT 
OF THE GAB Aa  RECEPTOR IN THE RAT BRAIN. C.P. Miralles, M. 
Li, A.K. Mehta, Z. Khan and A.L. De Bias*. Dept. Physiology and 
Neurobiology, University of Connecticut, Storrs, CT 06269.

We have prepared a novel anti-P3 subunit-specific antibody by 
immunizing a rabbit with a fusion protein expressed in bacteria. This 
protein had the large intracellular loop, which expands between the 
putative M3 and M4 transmembrane domains of the P3 subunit, fused 
to protein A. The antiserum immunoprecipitated both the solubilized 
and the affinity-purified GABAa  receptor. The anti-P3 antibody was 
affinity-purified on immobilized (33 large intracellular loop peptide. In 
immunoblots, the purified antibody reacted with a 57KDa peptide. 
Immunocytochemistry with the affinity-purified antibody has revealed 
the localization of the |33 subunit in the rat brain. A comparative study 
with the immunocytochemical distribution of (32 was also done. There 
are areas and cell types where the distribution of P2 and P3 overlap (ie. 
cerebral cortex and cerebellum). There are also clear differences in 
the expression of p3 and P2 in other brain areas and cell types. Thus, 
high P3 but low or no p2 expression was observed in the corpus 
striatum and in the granule cells of the olfactory bulb. In the 
hippocampus the expression of P3 was considerably higher than P2 but 
some hippocampal intemeurons showed high expression of P2. High 
P2 but little or no expression of P3 was observed in thalamic nuclei, 
substantia nigra, inferior colliculus and the short axon cells of the 
olfactory bulb. This research was supported by Grant AG 13398 from 
the National Institute of Aging.

EXCITATORY AMINO ACID RECEPTORS: LIGAND-GATED CHANNELS IX

785.1

LITHIUM REVERSES GLYCINE INHIBITION OF NMDA RECEPTOR 
DESENSITIZATIQN. C, J. Hough*, M, A. Rogawski and D.-M. Chuang. 
Department of Psychiatry, Uniformed Services University of the Health 
Sciences, Bethesda, MD 20814 and Epilepsy Research Branch, NINDS 
and Biological Psychiatry Branch, NIMH, Bethesda, MD 20892.

Lithium can dramatically reduce NMDA receptor-mediated 
excitotoxicity in cultured neurons (S. Nonaka et al., Proc. Natl. Acad.
Sci. USA 95:2642, 1998) and also in models of brain ischemia in vivo 
(S. Nonaka & D.-M. Chuang, Neuroreport 9:2081, 1998). To 
investigate the mechanism underlying these neuroprotective actions, we 
studied the effects of extracellular lithium on NMDA receptor function 
in cultured rat hippocampal pyramidal and cerebellar granule cells 
maintained in culture for 8 to 14 days. NMDA receptor functional 
activity was assessed using fura-2 fluorescence microphotometry and 
whole cell patch clamp recording. Lithium chloride (0.1-10 mM) 
inhibited NMDA receptor-mediated calcium influx with an IC50 of ~0.5 
mM in10 pM glycine. At low glycine (<1 pM), NMDA receptor 
responses showed marked desensitization. Glycine concentrations 
abovel pM reduced desensitization in a concentration-dependent 
fashion. Coapplication of lithium inhibited glycine suppression of 
desensitization at glycine concentrations between 1 and 50 pM. Above 
50 pM glycine, however, lithium was no longer able to induce NMDA 
receptor desensitization. These results show that lithium inhibits 
NMDA-mediated calcium influx through a reversal of glycine-mediated 
reduction of NMDA receptor desensitization. This novel mechanism 
could have relevance for the neuroprotective actions of lithium in 
NMDA receptor-dependent excitotoxicity.

785.2
REGULATION OF N-METHYL-D-ASPARTATE RECEPTOR 
DESENSITIZATION BY ANGELF’S SALT
Muyiwa Gbadegesin1, Stefano Vicini *’2, David A. Wink3, Michael Espey3,
Katrina Miranda3, Olga Chernyshev2* Carol Colton 1,2
Interdisciplinary Program in Neuroscience’, Department of Physiology and 
Biophysics2, Georgetown University School of Medicine, Washington, DC 
20007, and Radiation Biology, NCI, NIH3, Bethesda, MD 20892

We have examined the effects of Angeli’s salt (nitroxyl anion and nitric 
oxide) on NMDA receptor desensitization. HEK 293 cells were transfected with 
NRla, NRlb and NR2A cDNA and voltage-clamped with the whole cell patch 
clamp technique. In the presence of saturating concentrations of glycine, 1 mM 
Angeli’s salt (AS) had little effect on peak glutamate currents but strongly 
potentiated steady state currents in both NRla-NR2A and NRlb-NR2A 
transfected cells, indicating an effect on glycine-insensitive desensitization. The 
effect of AS was voltage-independent and expended solutions of AS had no 
effect. There was no effect of AS on glycine-sensitive desensitization or on 
calcium-dependent inactivation. Intracellularly applied AS was also able to 
reduce NMDA receptor desensitization. At the single channel level, AS 
increases open probability of NRla-NR2A single channel currents without an 
effect on the mean open time. To our knowledge this is the first report of 
regulation of glycine-insensitive desensitization of the NMDA receptor by 
reactive nitrogen-oxygen species such as nitric oxide and nitroxyl anion. Our 
results suggest possible endogenous upregulation of the NMDA receptor by 
nitroxyl anion and nitric oxide which are both products of nitric oxide synthase, 
an enzyme that is co-localized with the NMDA receptor in vivo. (Supported by 
NIH Grant # AG162026)

785.3

CONANTOKINS INHIBIT POLYAMINE AND Mg2+ STIMULATED 
[3H]CGP 39653 BINDING. R.T, Layer*, A.A. Kergaye, J.S. Nielsen, and
R.T. McCabe. Cognetix, Inc., Salt Lake City, UT 84108.

Spermine (SPM) and Mg2+ increase the binding of [3H]CGP 39653, 
a competitive NMDA receptor antagonist. This effect is mediated by a site 
independent of the primary polyamine site defined using [3H]dizocilpine 
binding. Conantokin-G and -T (Con-G and -T), small peptides isolated 
from cone snail venom, act as functional antagonists of the NMDA 
receptor. Since conantokins inhibit SPM-stimulated [3H]dizocilpine 
binding, we sought to determine if they could also inhibit polyamine 
actions at this distinct SPM site. Conantokins, but not arcaine or ifenprodil 
(100 pM each), inhibited SPM- and Mg2+-Stimulated [3H]CGP 39653 
binding. SPM produced a ~7 fold increase in [3H]CGP 39653 binding with 
an EC50 of 10.4 ± 0.4 pM. SPM- (20 pM) enhanced [3H]CGP 39653 
binding was inhibited by Con-G (IC50: 11.2 ± 2.4 pM) and Con-T (IC50:
0.76 ± 0.21 pM). Similarly, Mg2+ produced an ~8 fold increase in 
[3H]CGP 39653 binding with an EC50 of 190.3 ±3.2 pM. The inhibition of 
Mg2+(200 pM)- enhanced [3H]CGP 39653 binding by Con-G and Con-T 
was best fit to a two-site model (Con-G: site 1 IC50 was 0.08 ± 0.06 pM 
and represented 37 ± 3% of specific binding; site 2 IC50 was 102.3 ±21.2 
pM; Con-T: site 1 IC50 was 0.44 ±0.17 pM and represented 60 ± 5% of 
specific.binding; site 2 IC50 was 237 ± 142 pM). These data indicate that 
conantokins, but not other putative polyamine antagonists, inhibit the 
effect of SPM at a distinct polyamine regulatory site, and that Con-T and 
Con-G have distinct mechanisms of action.

785.4

DUAL EFFECTS OF EXTRACELLULAR CALCIUM ON NMDA 
RECEPTOR CURRENTS N. Chen* and L.A. Raymond Kinsmen 
Laboratory, Dept. Psychiatry, Univ. British Columbia, Vancouver, Canada, 
V6T1Z3.

Previous studies have shown that N-Methyl-D-aspartate (NMDA) 
receptors are modulated by both intra- and extracellular Ca2+. Intracellular 
Ca2+ has been implicated in NMDA receptor current rundown, inactivation 
and phosphorylation, while extracellular Ca2+ (Ca2+e) has been shown to block 
the pore and modulate NMDA receptor sensitivity to co-agonist glycine. Here, 
we present data demonstrating that Ca2+e can also modulate NMDA receptor 
channel open probability (Po) and sensitivity to glutamate. We found that 
decreasing Ca2+e concentration resulted in potentiation of saturated glutamate 
(1 mM, with 50 pM glycine) evoked whole cell currents recorded from human 
embryonic kidney (HEK) 293 cells transiently transfected with NR1A/NR2A 
or NR1A/NR2B subtypes. Maximal potentiation of peak current amplitude for 
both subtypes was ~6-fold, in 5 mM EGTA compared with 1.8 mM Ca2+e. 
Relieving Ca2+e block of the pore cannot fully account for the increase in peak 
current, and further experiments showed that reducing Ca2+e also increased 
NMDA receptor Po. On the other hand, we found that eliminating Ca2+e shifted 
the glutamate dose response curve to the right, and increasing Ca2+e shifted the 
curve to the left, indicating that Ca2+e increases sensitivity to glutamate. Since 
both peak current potentiation and the shift in glutamate dose response were 
observed with the calcium-impermeable NR1A(N598R)/NR2A mutant 
receptor, these effects were not due to Ca2+ influx through the pore. 
Modulation of NMDA receptor currents by Ca2+e may play a role in some 
pathological conditions.

Supported by Medical Research Council (MRC) Canada.
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785.5

SELECTIVE ENHANCEMENT OF NMDA RECEPTOR- 
MEDIATED CURRENTS BY LIGHT. D. N. Leszkiewicz*, W. 
K. Potthoff, K. K. Kandler, E. Aizenman. Dept. of Neurobiology, 
Univ. of Pittsburgh Sch. of Med., Pittsburgh, PA 15261

NMDA receptor function can be modified by the action of several 
endogenous and exogenous modulatory processes. In the present 
study, we report that brief focal pulses of light potentiate NMDA, but 
not non-NMDA receptor-mediated whole-cell currents in cultured 
cortical neurons. The enhancement of the NMDA-induced response, 
optimal at wavelengths <324 nm, persisted for several minutes, after 
which it partially reversed. An additional exposure to light could 
potentiate NMDA receptor-mediated currents a second time. Light 
did not alter the NMDA or glycine apparent affinities nor did it affect 
the pH sensitivity of the receptor. The effects of light were also 
observed in currents mediated by recombinant NR1/NR2A receptors 
expressed in Chinese hamster ovary cells. In outside-out neuronal 
patches, the effects of light on NMDA-activated unitary currents 
were manifested as a two-fold increase in open channel frequency 
without changes in single channel amplitude or mean open dwell- 
time. Our results suggest the presence of a light sensitive moiety 
within the NMDA receptor, or in a closely associated structure, that 
affects channel properties. Supported by NS29365 and NARSAD.

785.6
CALMODULIN REDUCES THE MEAN OPEN TIME OF NATIVE NMDA 
RECEPTORS IN RAT HIPPOCAMPAL GRANULE CELLS. B, K Rycroft, 
J. Pina-Crespo* and A. J. Gibb. Department of Pharmacology, University 
College London, London WC1E 6BT, UK
In recombinant NR1ZNR2A NMDA receptors, the ubiquitous calcium binding 
protein calmodulin (CaM) has been shown to cause a decrease in mean open time 
and open probability by binding to the carboxy tail of the NR1 subunit (1). We 
have investigated the effect of CaM on the mean open time of native NMDA 
receptors in outside-out patches from granule cells in hippocampal slices taken 
from 12-day-old rats. 12 nM active CaM, present in the pipette solution, was 
applied to the intracellular surface of the patch. NMDA receptors were activated 
with NMDA (0.1 - 1 pM) and glycine (10 pM) and the resulting channel 
openings analysed using the method of time course fitting. At membrane 
potentials, between -80 and -30 mV, NMDA receptor-mediated single-channel 
currents had a mean slope conductance of 52.6 ± 3.46 pS (n=6) for control and 
51.0 ± 2.42 pS (n=7) for CaM treated patches. Mean open time (r0) was 
significantly reduced (two-tailed, unpaired t-test, p<0.05) in CaM treated patches: 
at -60 mV xo = 1.12 ± 0.19 ms compared to 4.16 ± 0.88 ms in control patches. 
These results demonstrate that CaM reduces the open time of native hippocampal 
NMDA receptors and are in agreement with the results of (1). Activation of CaM 
by influx of calcium through the open NMDA receptor channel provides the 
potential for an auto-inhibitory mechanism whereby excessive NMDA receptor 
activation] which could lead to excitotoxicity, may be prevented. Supported by the 
MRC. B.K\R. holds an MRC Ph.D. studentship.
REFERENCES
1. Ehlers M.t> vZhang. S., Bemhadt J.P. & Huganir, R.L. (1996). Cell.
84(5): 745-755.

785.7

INHIBITION OF THE c-ABL TYROSINE KINASE BY THE NR2D 
SUBUNIT OF THE NMDA RECEPTOR
Amy L. Buller*, Steven Kelly and Kristina M. Vigliaturo. Dept. Neuroscience, 
University of Pittsburgh, Pittsburgh, PA 15260 and Dept. Biology, University of 
Nebraska at Omaha, Omaha, NE 68182.

NMDA receptors interact with a number of cellular signaling proteins that 
may regulate the structure, function or localization of the receptor. The Src 
homology 3 (SH3) domain mediates interactions between signaling proteins and 
proline-rich target sequences that adopt a left-handed helical confonnation 
(polyproline type II helix). The C-terminal domain of the NR2D subunit contains 
proline-rich sequences with homology to known SH3 binding motifs. We have 
previously shown that an epitope-tagged fragment of the NR2D subunit, containing 
this proline-rich region (2D 866'1064), binds selectively to the c-Abl SH3 domain and 
that co-expression with 2D866 1064 or full length NR2D inhibits Abl kinase activity. 
In the present study, we determined whether interaction of NR2D with the SH3 
domain of Abl was sufficient to mediate kinase inhibition. Two key proline residues 
in the SH2-kinase linker of Abl were mutated, releasing the negative regulation of 
catalytic activity by the SH3 domain. In co-expression studies, 2D866 1064 did not 
inhibit Abl-PP kinase activity, suggesting that the spatial relationship between 
2D866’1064 and the Abl SH3 and kinase domains is required for the inhibitory effect. 
In contrast, the full length NR2D subunit partially inhibited Abl-PP kinase activity, 
consistent with a requirement for additional sites of interaction between NR2D and 
Abl for the observed inhibitory effect. In addition, although Abl is inhibited by 
NR2D, we have observed Abl-dependent phosphorylation of the proline-rich 
fragment of NR2D, suggesting that NR2D phosphorylation may be required for Abl 
inhibition. (Supported by NIH AA 00153)

785.8

TYROSINE PHOSPHORYLATION OF MOUSE NMDA RECEPTOR NR2A 
BY CO-EXPRESSION with v-Src or Fyn. M. Yang* and J.P. Leonard. 
Department of Biological Sciences and Laboratory of Integrative 
Neuroscience, University of Illinois at Chicago, Chicago, IL 60607.

Electrophysiological experiments showed that NMDA receptor currents could be 
potentiated by both the non-receptor protein tyrosine kinases Src, and Fyn, and also 
by activation of IGF-1 receptors. The C-terminal regions are likely candidates for 
direct tyrosine phosphorylation of NMDARs, although the specific residues have 
yet to be identified.

HEK 293 cells were transiently transfected by plasmids of NMDA receptor 
subunits with or without the cDNA of v-Src or Fyn. After 3 days, cells were 
harvested, and NMDA receptors were precipitated by specific subunit antibodies. 
Immunoblotting with the anti-phosphotyrosine antibody, PY-20, showed that the 
NR2A subunit could be tyrosine phosphorylated by both Src and Fyn. A relatively 
tiny amount of v-Src cDNA (1:1: 0.01 for NR2A/NRl0n/v-Src) could induce 
tyrosine phosphorylation of NR2A and the tyrosine phosphorylation is maximal at 
(1:1: 0.20). However, co-transfection of v-Src or Fyn could not induce detectable 
tyrosine phosphorylation of any other subunit. Parallel experiments in which the 
HEK 293 cells were stimulated with 4 pM insulin, 40 ng/pl PDGF or 5 ng/pl BDNF 
for 5 min, failed to show any change in phosphotyrosine level for any NMDAR2 
subunit. Co-transfection of HEK293 cells with plasmids of both NMDA receptors 
and human insulin receptor followed by stimulation with 4 pM insulin for 5 min 
could not induce tyrosine phosphorylation of NR2A and 2B. Two deletion mutants 
of NR2A were made, Al deleted the final 569 amino acids of a total 627 in the C- 
terminal domain of NR2A, the other (A2) deleted the last 20 amino acids of the C- 
terminal. As Al eliminated the Y-P signal while the Y-P level of A2 was unchanged 
in v-Src co-transfection experiments, NR2A C-terminal residues other than the last 
20 aa are crucial for tyrosine phosphorylation. Supported by NIH R01 -NS31962.

785.9

UPREGULATION OF NATIVE NMDA RECEPTOR FUNCTION BY TYROSINE 
PHOSPHORYLATION INDEPENDENT OF EXTRACELLULAR ZINC. K.A, 
Pelkev'-2* Z.G. Xiong1. W.Y, Lu1. M.W. Salter1-2 and J.F, MacDonald1, 'Dept. Physiol.,
U. Toronto; 2Prog. Brain and Behav., Hosp. Sick Children, Toronto, Canada M5G 1X8.

The protein tyrosine kinase Src associates with and upregulates the activity of neuronal 
NMDA receptors (Yu et al., Science 275:674, 1997). Work with recombinant NMDA 
receptors expressed in HEK293 cells suggests that Src potentiates NMDAR currents by 
removing tonic Zn2+inhibition (Zheng et al., Nature Neurosci. 1:185, 1998). We 
investigated whether the upregulation of native NMDA receptors by tyrosine 
phosphorylation is due to removal of tonic inhibition by Zn2+. We found that treating 
acutely isolated hippocampal CA1 neurons with the Zn2+ chelator EDTA (10 pM) did 
not significantly increase whole-cell NMDAR currents (107±2.3% of control, n=4 cells, 
p>0.05 paired Mest). In contrast, intracellular perfusion with Src kinase significantly 
increased whole-cell NMDAR currents (134±9.5% of control, n=5 cells) and the 
potentiation by Src was unaffected when Zn2+ was chelated with EDTA (10 pM) 
(139±6.0% of control, n=4 cells). Moreover, Src did not affect the concentration 
dependence of Zn2+ inhibition of NMDAR currents in CA1 neurons (IC50 for Zn2+ of 
20±5 pM before Src versus 19±6 pM during Src, n=5). With recordings from inside-out 
patches from spinal dorsal horn neurons, application of a Src activating peptide to the 
cytoplasmic face of the patches significantly increased both the overall open probability 
(Po) and mean open time (Q of NMDAR-mediated single-channel currents to 209±36 
and 135± 11 percent of control respectively (n=5 patches). When extracellular Zn2+ was 
chelated with EDTA (10 pM) activating Src still increased NMDA channel activity (Po 
and to increased to 214±51% and 140±15% of control respectively, n=6 patches) and this 
increase was not significantly different from the increase produced when EDTA was 
absent (p>0.05, Student’s r-test). The present results indicate that removal of tonic Zn2+ 
inhibition is not able to account for the upregulation of native NMDA receptors by 
tyrosine phosphorylation in dorsal horn and hippocampal neurons. (Supported by the 
MRC of Canada, the HSF of Canada, and the Savoy Foundation.)

785.10

UPREGULATION OF NMDA RECEPTOR FUNCTION BY TYROSINE KINASE 
CAKp/PYK2. Y.O, Huang 12*, W-Y. Lu2. H, Aoto3. T. Sasaki3, M.W. Salter12 and J.F, 
MacDonald2. 'Brain and Behaviour Program, Hospital for Sick Children, 555 Univ. Ave., 
2Dept. Physiol., Univ. Toronto, Toronto, ON, Canada, M5G 1X8., and 3Dept. Biochem., 
Sapporo Medical University, S-l, W-17, Sapporo 060-8556, Japan

NMDA channel function is upregulated by the tyrosine kinase Src (Yu et al. Science 
275, 674,1997) but how Src is regulated in CNS is not understood. One tyrosine kinase 
which is known, from work in non-neuronal systems, to activate Src is CAKB, also known 
as Pyk2. CAKB is highly expressed in the CNS and our goal was to determine whether 
CAKB might regulate NMDA receptor through a Src-dependent mechanism. Our first step 
was to investigate the subcellular localization of CAKB. We found that CAKB is present 
in post-synaptic density preparations, which are enriched in NMDA receptor subunit 
proteins and Src. Furthermore, we found that CAKB co-precipitate with NMDA receptor 
subunit proteins and vice versa, indicating that CAKB associates NMDA receptors, either 
directly or indirectly. Effects of CAKB on NMDA receptor function were investigated by 
whole-cell recording from acutely isolated hippocampal CA1 neurons. We found that 
including purified recombinant CAKB (0.5 pg/ml) in the record pipette led to a progressive 
increase in the peak amplitude of NMDA currents which stabilized at 150±20% (mean 
±SEM, n=10 cells) of the initial level by 12 min into the recording. With co-application of 
the Src inhibitory peptide, Src(40-58), NMDA currents were 109±6 % of the initial level 
after 12 min of recording whereas with co-administration of a control peptide, scrambled 
Src(40-58), NMDA currents were 158±4.5% control (two-way ANOVA, p<0.002).In other 
experiments with whole-cell recordings from cultured hippocampal neurons, we found that 
intracellular application of CAKB increased the amplitude of the NMDA but not the AMPA 
component of miniature EPSCs: 127±5.5% and 102±3.5% control, respectively(n=12 
cells). The enhancement of NMDA-mEPSCs was blocked by co-application of Src(40- 
58)(n=7 cells). Taken together these findings indicate that CAKB is associated with and up-
regulates the function of NMDA receptors. Moreover, the upregulation by CAKB is 
dependent upon Src function. Supported by the SCRF of the PVA, the HSFC, and MRC 
of Canada.
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785.11
IDENTIFICATION OF INSULIN SIGNALING PATHWAYS THAT MODULATE 
NMDA RECEPTOR ACTIVITY P.A. Skitter, O.V. Chaika, R.E. Lewis and D.T. 
Monaghan*. Dept. of Pharmacology and the Eppley Cancer Institute, University 
of Nebraska Medical Center; Omaha, NE 68198

N-methyl-D-aspartate (NMDA) receptors are regulated by a variety of 
signaling systems. Our lab has shown that insulin potentiates NMDA receptor 
activity in both Xenopus oocytes and rat hippocampus. In the present study we 
report that insulin potentiation of NMDA receptor activity is dependent on insulin 
signaling pathways. Chimeric receptors composed of the colony stimulating 
factor-1 receptor (CSF-1R) extracellular domain and the insulin receptor (IR) 
transmembrane and intracellular domains allow us to selectively activate IR 
signaling events using CSF-1 without stimulating endogenous Xenopus oocyte 
insulin receptors. Using various CSF-1/IR mutants coexpressed with 
NR1a/NR2A subunit cRNAs in oocytes, we find that the potentiation of NMDA 
receptor activity by CSF-1 is dependent upon the 12 amino acid juxtamembrane 
domain of the insulin receptor that is necessary for IRS-1 and She signaling. 
Additionally, kinase dead mutants show that autophosphorylation of the insulin 
receptor is required for NMDA receptor potentiation. Many of insulin’s 
pleiotropic actions are carried out by IRS-1 and it’s isoforms because it provides 
docking and activation sites for many downstream effectors. Using specific 
inhibitors of pathways that are downstream of IRS-1, we also show that 50 nM 
wortmannin completely abolished the potentiated response, suggesting that PI 
3’ kinase may be an intermediate effector. In contrast, conventional PKC 
inhibitors and the MEK-1 inhibitor, PD 98059, do not block insulin potentiation of 
NMDA receptor activity. These results indicate that insulin’s actions are 
dependent on the insulin, and possibly IGF-1, receptor and that insulin may 
possibly be signaling through IRS-1 and PI 3’ kinase to modulate NMDA 
receptor activity. These results further suggest that other modulators utilizing 
these signaling pathways have the potential to modulate NMDA receptor 
activity. This work was supported by NIH grant NS 37849.

785.12
PLASMIN AND THROMBIN REGULATION OF NMDA RECEPTOR 
FUNCTION. C. Jurige, G. Mannaioni, M.B. Gingrich* and S.F. Traynelis Department 
of Pharmacology, Emory University, Atlanta, GA, 30322

Accumulating evidence suggests that the serine proteases plasmin and thrombin, 
which participate in the blood coagulation and thrombolysis pathway, are also signaling 
molecules in the central nervous system. We have compared the effects of plasmin and 
thrombin on the NMDA receptor current response in CA1 pyramidal neurons from rat 
hippocampal slices. In addition, we have also used conventional and confocal 
microscopy to compare the subcellular pattern of plasmin- and thrombin-activated 
intracellular Ca2+ signaling in rat primary hippocampal cultures loaded with the Ca2+ 
sensitive fluorescent dye Fluo-3.

Both 100 nM plasmin and 100 nM thrombin significantly potentiated NMDA-evoked 
currents by 3.4±0.5 (mean±SEM, n=7) and 2.3±0.3 fold (n=30) in CA1 pyramidal 
neurons in rat hippocampal slices held under voltage clamp at -60 mV, compared to 
buffer-treated control slices (1.0±0.03; n=7; p<0.05 Mann-Whitney). This effect could 
be mediated by the G-protein coupled protease activated receptor 1 (PARI) expressed 
in neurons since 100 nM thrombin and 30 nM plasmin can activate recombinant PARI 
expressed in Xenopus oocytes, as measured by a Ca2+ activated Cl' current. In Ca2+ 
imaging experiments, plasmin (100-200 nM) caused a greater than 1.2-fold increase in 
Fluo-3 somatic fluorescence (1,25±0.15; n=105), whereas thrombin caused an 1.8-fold 
increase in somatic Fluo-3 fluorescence (1.84±0.12; n=84). Interestingly, plasmin 
causes a qualitatively different effect on dendritic Fluo-3 fluorescence, evoking a 
punctate pattern of increased fluorescence intensity rather than a uniform elevation of 
Fluo-3 fluorescence throughout the cell body and dendrite elicited by 10 nM thrombin.

These data indicate that both plasmin and thrombin can cause a marked potentiation 
of NMDA receptor responses. However, the similar effects of these two proteases may 
be a common endpoint of different intracellular signaling pathways. Supported by 
NINDS (SFT), NIMH (MBG)

785.13

PKC POTENTIATION INVOLVES RECRUITMENT OF NMDA 
RECEPTOR CHANNELS. J.Y. Lan*, X. Zheng, A.P, Wang, R. S. Zukin 
and M.V.L. Bennett. Department of Neuroscience, Albert Einstein 
College of Medicine, Bronx, NY 10461.
Single channel activity of NR1100/NR2B receptors in various 
configurations was recorded before and after application of the PKC 
activating phorbol ester TPA. To examine PKC effects on single 
channel kinetics, low (10 pM) NMDA was applied. Cell-attached 
patches formed after TPA application and outside-out patches excised 
after TPA application exhibited increased np0 (no. active channels/ 
patch x open probability). For outside-out patches, np0 = 0.023 vs. 
0.154 before and after TPA; channel conductance (58 pS vs. 58 pS) 
and mean open time (7.9 msec vs. 7.7 msec) were unchanged. 
Outside-out patches excised after application of TPA exhibited a ca. 5- 
fold increase in the maximum number of simultaneously active channels 
per patch observed with rapid application of saturating NMDA. This 
finding suggests that PKC induces insertion of new channels in the cell 
membrane and/or activation of silent channels. When activatable 
receptors were blocked by MK-801 and NMDA before TPA application, 
NMDA still induced whole cell currents after TPA application, an 
observation further supporting recruitment of new receptors. Cell 
attached patches recorded from during TPA application did not show 
potentiation, nor did TPA application to excised patches cause 
potentiation. These data are consistent with cytoskeletal involvement 
in potentiation (see Lin etal., Zheng etal. abstracts). Supported by NIH 
grant NS 20752.

785.14

PKC POTENTIATION OF NMDA RECEPTORS EXPRESSED IN 
XENOPUS OOCYTES; ROLE OF THE C TERMINI. X. Zheng*, L. 
Zhang, A.P. Wang, J.Y. Lan, R.S, Zukin and M.V.L. Bennett. Dept.
Neuroscience, Albert Einstein College of Medicine, Bronx, NY 10461 

Protein kinase C (PKC) potentiates NMDA-elicited currents and
phosphorylates serine residues in the C1 splice of the NR1 subunit 
cassett. Here we examined PKC potentiation of recombinant NR1/NR2K 
receptors expressed in Xenopus oocytes. PKC was activated by the 
phorbol ester TPA. V\fe previously showed that degree of potentiation 
depends on the NR1 splice variant and that presence of the C1 cassette 
decreases potentiation. Ser to Ala mutations to remove C1 residues 
phosphorylated by PKC block the effect of the C1 cassette and 
apparently PKC potentiation does not involve phosphorylation of NR1. 
Truncation just downstream of TM4 of either NR1 or NR2 did not 
change PKC potentiation of receptors. Truncation of both C-termini 
significantly reduced the whole cell currents and PKC potentiation. PKC 
potentiation appears to be contributed to by recruitment of additional 
receptors (see Lan et al. abstract), which may involve accessory 
proteins binding to the C terminal domains. Supported byNIH grant NS 
20752.

785.15

PSD-93 AND -95 REDUCE PKC POTENTIATION OF RECOMBINANT 
NMDA RECEPTORS. Y.Lin*, J.Y. Lan, A.P. Wang, R.S. Zukin, M.V.L, 
Bennett, and X.Zhenq. Department of Neuroscience, Albert Einstein 
College of Medicine, Bronx NY 10461
The gostsynaptic density 95 (PSD-95) family of membrane-associated 

proteins with putative guanylate kinase domains mediate clustering and 
attachment of channel proteins to the neuronal cytoskeleton. The 
NMDA receptor NR2A and/or NR2B subunits bind via their cytoplasmic 
tails to PSD-95-related proteins; NR1 splice variants with the C2‘ 
cassette have a PSD-95 binding consensus sequence. In the present 
study, we examined the effects of PSD-93/95 on NMDA receptor 
channel activity. Co-expression of PSD-93 or -95 with NR1100/NR2A 
receptors (which have C2’) in Xenopus oocytes did not alter single 
channel conductance (recorded in excised outside-out patches) or 
agonist affinity. However, PSD-93/95 reduced PKC potentiation of 
NMDA elicited currents (from 10.5 ± 2.0-fold to 2.5 ± 0.5 for PSD-93 
and to 4.4 ± 0.5-fold with PSD-95; n = 5). NR1100/NR2A receptors in 
which the C-terminus of NR2A was truncated just after TM4 did not 
show the PSD-93/95 effect (TPA potentiation to 8.6 ± 1.1-fold vs. 8.4 
± 1.0 for PSD-93, 8.0 ± 0.6 for PSD-95; n=5). However, PSD-93/95 
reduced PKC potentiation of truncated NR1/NR2A receptors in which 
the NR1 subunit lacks the C2' cassette (from 11.5 ± 1,4-fold to 4.0 ± 1.6 
for PSD-93, to 4.4 ± 0.8 for PSD-95; n=5). We suggest that PSD-95 
proteins interact with NMDA receptors via the C-terminal tail of NR2A 
(and not with C2’ of NR1) to reduce PKC potentiation of NMDA 
currents. Supported by NIH grant NS 20752.

785.16

ACTIVATION OF PROTEIN KINASE C (PKC) ACCELERATES Ca2+- 
DEPENDENT INACTIVATION OF N-METHYL-D-ASPARTATE (NMDA) 
CHANNELS. W.-Y. Lu*, D. Bai, B.A, Orser, J.F. MacDonald. Department of 
Physiology, University of Toronto, Toronto, ON, Canada M5S 1A8

The influx of Ca2+ through NMDA channels in turn rapidly inactivates them. In 
the present study, we investigated the effects of PKC on this Ca2"-dependent 
inactivation. Rapid applications of NMDA (300 pM, saturating glycine) to isolated 
CA1 hippocampal neurones evoked currents characterized by a peak current (IP) which 
decayed to a steady state value (Iss). Bath-applications of the phorbol ester 4(3-PMA 
(100 nM) potentiated IP (12 ± 6.6%) and depressed Iss (54 ± 11.2%) resulting in a 
reduction of ISS/IP from 0.48 ± 0.08 to 0.26 ± 0.07 (n = 12, P < 0.05). The effects of 
PMA were prevented by inclusion of the selective PKC inhibitor chelerythrine in the 
patch pipette (n = 6). We previously demonstrated that PKC enhances IP indirectly 
through activation of the tyrosine kinase, Src (Lu et al., Nat. Neurosci. 2:331,1999). 
However, inclusion of the Src-inhibitory peptide Src(40-58) in the patch pipette failed 
to block the depression of Iss (n = 7). This result demonstrates that the PKC-induced 
depression of Iss is independent of Src activity. Increasing extracellular concentrations 
of Ca2+ ([Ca2+]e) reduced Iss/IPj indicative of an enhanced Ca2+-dependent inactivation. 
The degree of this reduction was linearly related to [Ca2+]e and it was accelerated by 
applications of PMA (kCon= -0.021 mM'1, n = 5; kPMA= -0.031 mM'1, n = 5). Also, the 
effect of PMA was blocked by the intracellular application of the Ca2+-chelator 
BAPTA (20 mM, n = 6). Intracellular applications of calmodulin (CaM, 20-50 nM) 
also reduced ISS/IP but occluded the depressant effect, of PMA on Iss (n = 7) whilst 
intracellular applications of a CaM-binding peptide (KY9) blocked the depression of 
the ISs by PMA (n = 4). Our results suggest that PKC regulate Ca2+-dependent 
inactivation of NMDA channels perhaps by modulating the interaction of receptor 
subunits with Ca2+-CaM and various anchoring proteins. (Supported by the MRC of 
Canada and the Heart and Stroke Foundation of Canada)
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785.17
ENHANCED PHOSPHORYLATION OF THE NMDA NR1 
SUBUNIT ON SPINAL DORSAL HORN NEURONS 
FOLLOWING INTRADERMAL INJECTION OF CAPSAICIN 
IN RATS. X.J.Zou, Q. Lin and W.D. Willis * Dept. of Anatomy 
& Neuroscience, Marine Biomedical Institute, UTMB, Galveston, 
TX 77555-1069.

Spinal N-methyl-D-aspartate (NMDA) receptors have been suggested to be 
involved in central sensitization of nociceptive dorsal horn neurons by affecting 
their functions. One proposed mechanism is protein phosphorylation of these 
receptors. We have examined if there is phosphorylation of the NMDA receptor 
subunit. NR1, following intradermal injection of capsaicin (CAP). CAP was 
injected intradermally into the glabrous skin of one hind paw of anesthetized 
Sprague-Dawley rats. The rats were then transcardially perfused with 4% 
paraformaldehyde 30 or 120min following CAP injection. The lumbosacral 
spinal cord (Ls-Si) was removed and 10 micron frozen sections were cut. 
Immunofluorescence double labeling and immunohistochemical staining were 
performed using antibodies against NR1 and NR1 phosphorylation. Our results 
showed that the NR1 has a widespread distribution throughout spinal cord dorsal 
horn There was no difference in the distribution of NR1 neurons on this two 
sides of the spinal cord, but dense phospho-NRl staining was mainly localized 
on the side ipsilateral to the CAP injection. In iinmunofluorscence double 
labeled neurons it was calculated tliat more than one half of the phospho-NRl 
neurons were found neurons in the superficial laminae and laminaV on the 
injection side. These results provide direct evidence that NMDA receptors are 
phosphorylated on the NR1 subunit when central sensitization develops 
following CAP injection. (This work was supported by NIH Grants NS09743 
and NS 11255)

785.18
LEU-ENKEPHALIN POTENTIATION OF NMDA-ACTIVATED CURRENT 
MAY BE MEDIATED BY THE GLYCINE CO-AGONIST SITE ON THE 
NMDA RECEPTOR. M. Hosoi*, L. Zhang and F.F. Weight. Laboratory of 
Molecular and Cellular Neurobiology, NIAAA, NIH, Bethesda, MD 20892-8115

We investigated the effect of leu-enkephalin (leu-enk), a 8 and p-opioid receptor 
agonist, on the current mediated by recombinant NMDA (NR1/NR2B) receptors 
expressed in Xenopus oocytes. At low extracellular glycine concentrations (<100 
nM), leu-enk, at concentrations from 1 to 30 pM, potentiated NMDA-activated 
current in a concentration-dependent manner. The EC50 of the leu-enk 
concentration-response curve was 2.73 pM and a maximal potentiation of 1310 ± 
261% (n=10) was observed at 30 pM leu-enk. The potentiation by leu-enk was 
dependent on extracellular glycine concentration. With increasing glycine 
concentration, the potentiation by leu-enk decreased. At 10 pM, [Des -Tyrijleu- 
enk, a non-opioid peptide, but not DPDPE or DAMGO, selective 8 and p-opioid 
receptor agonists, respectively, potentiated NMDA receptor function. In addition, 
naloxone (100 pM), an opioid receptor antagonist, did not alter the potentiation by 
leu-enk (10 pM). To localize the molecular site on the NMDA receptor that may 
mediate the leu-enk potentiation, we examined the effect of leu-enk on two distinct 
mutant receptors, NR1(K483Q) and NR1(D732E), which have previously been 
reported to decrease the apparent affinity of NMDA receptors for glycine (Mol. 
Pharmacol. 47:374-380, 1995; 50:701-708, 1996). When these mutants were 
coexpressed with NR2B, the potency of glycine was reduced by 15-fold and 2400- 
fold, respectively. In the absence of added extracellular glycine, 30 and 100 pM leu- 
enk did not potentiate the NMDA-activated current of these mutant receptors. The 
findings indicate that leu-enk can potentiate NMDA receptor-mediated current at 
low extracellular glycine concentrations, and suggest that the potentiation by leu-enk 
is a non-opioid effect that may be mediated through the glycine co-agonist site on 
the NMDA receptor. Supported by the intramural program of NIAAA, NIH

ACETYLCHOLINE RECEPTORS: NICOTINIC VII

786.1

CORAL AND TOBACCO CEMBRANOIDS INHIBIT THE 
EXPRESSION OF NICOTINE SENSITIZATION OF EXPLORATORY 
ACTIVITY IN RATS. P A. Ferchmin*12, Y. Nicolau1’2, O R. Pagan*2, M. 
Rosado2, S. Cortes12, R. J. Lukas4, J.D. Fryer4, R.M. Hann12, AD.
Rodriguez13 , V.A. Eterovic1,2. 1 Center Mol. Behav. Neurosci., 2Dept.
Biochem., Univ. Central del Caribe, Bayamon, P. R. 00960-6032 and 3Dept. 
Chemistry, University of Puerto Rico, Rio Piedras, PR 00931. 4Div. of 
Neurobiol. Barrow Neurol. Inst., 350 W. Thomas Rd., Phoenix AZ 85013.

Nicotine injected daily (0.3-0.4 mg/kg) for 10 or more days sensitizes 
locomotor activity in rats. In the present study nicotine sensitization of 
exploratory activity in the Greek cross maze was studied. Sensitization could 
be maintained for 70 days with 4 weekly nicotine injections. Sensitization was 
observed as a 55 to 74% higher exploratory activity after nicotine injection 
versus saline injection. Expression of nicotine sensitization was blocked by 
mecamylamine (1 to 3 mg/kg) or cembranoids (6 mg/kg). The cembranoids 
tested were eunicin and eupalmerin acetate from Caribbean Gorgonians and the 
tobacco cembranoid (4R)-2,7,1 l-cembratriene-4-6-diol (gift from Dr. I. 
Wahlberg). The inhibition of exploratory activity by cembranoids ranged from 
25 to 77%. Cembranoids did not affect the exploratory activity of naive controls 
or of nonsensitized rats injected once a week with nicotine. The inhibition of the 
expression of sensitization by cembranoids probably reflects their effect on the 
neuronal nicotinic receptors. We have shown that coral and tobacco 
cembranoids are antagonists of neuronal and embryonic muscle-type nicotinic 
acetylcholine receptors. Supported by: NIH MBRS S06GM50695, RCMIG- 
12RR03035 and RO1GM52277.

786.2
STUDIES INVESTIGATING THE ROLE OF NICOTINE a7 RECEPTORS 
IN REWARD AND ATTENTION
Grottick AJ, Wyler R, Higgins GA* (PRPN-B & PRPN-C, F. Hoffmann-La 
Roche Ltd., Basel, Switzerland)

In the CNS, nicotinic Ach receptors (nAchR) are largely divided into 2 main 
classes; A bungarotoxin-sensitive, low affinity nicotine site which is believed 
to be a homomeric pentamer comprised of a7 subunits, and a high affinity 
nicotine site, which is made up of various combinations of a2_6, P2-4 subunits to 
form heteromeric pentamers, the most common of which is a4p2 (Lena & 
Changeux, 1997, Curr. Opin. Neurobiol. 7: 674-682). Using subtype selective 
ligands we have begun to investigate the contribution of a7 receptors to 
nicotine-induced hyperactivity and performance in the 5-choice serial reaction 
time task (5CSRT). In male, Sprague-Dawley rats sensitised to nicotine (10 x 
daily injections 0.4mg/kg sc), nicotine (0.1-0.4mg/kg) produced a robust 
hyperactivity that was completely blocked by mecamylamine (1 mg/kg). The 
a7 antagonist methyllycaconitine (5-10mg/kg) produced a small (=20%), but 
nonetheless significant attenuation. The a7 agonist AR-R-17779 (10-30mg/kg) 
did not affect locomotor activity in a further group of nicotine-sensitised rats. 
In the 5-CSRT task, rats were trained to a criterion of 80% correct, <20% 
omissions to a visual stimulus of 0.5s duration. Mecamylamine (lmg/kg) but 
not methyllycaconitine (5-10mg/kg) selectively slowed choice reaction time 
and impaired choice accuracy. Based on these limited data, we presently 
conclude that nicotine a7 receptors do not underlie the attention enhancing 
effects of nicotine, but may contribute to a nicotine-induced hyperactivity. 
Supported by Hoffman-La Roche Neurobiology Research.

786.3

ROLE OF ALPHA7 NICOTINIC RECEPTORS IN THE VENTRAL TEGMENTAL 
AREA IN THE REINFORCING ACTIONS OF NICOTINE. G.G. 
Nomikos,‘*G.Panagis,2 A.Kastellakis,2 S.S.Southall1 and C.Spyraki2. ‘Eli Lilly and 
Co., Lilly Corp. Ctr., Indianapolis, IN 46285-0510; 2Dept. of Pharmacology, Univ. of 
Crete, Sch. Hlth. Sci./Div. Medicine, 71409 Iraklion, Crete, Greece.

It has previously been shown that (i) nicotine facilitates intracranial self-stimulation 
(ICSS) reward, (ii) nicotinic acetylcholine receptors (nAChRs) in the ventral 
tegmental area (VTA) are of primary importance for its reinforcing and dependence- 
producing actions, and (iii) a7 nAChRs in the VTA contribute to both the acute 
effects of nicotine on the mesolimbic dopaminergic system and to nicotine withdrawal 
reaction. Here, using the curve-shift method, we studied the effects of graded doses 
(1.0, 3.0, 9.0 pg/pl/side) of methyllycaconitine (MLA), a selective a7 receptor 
antagonist, microinjected into the VTA on the potentiation of brain stimulation 
(stimulating electrodes in medial forebrain bundle at the level of lateral 
hypothalamus) reward by systemic injection of nicotine (0.5 mg/kg, s.c.; expressed as 
free base). Nicotine produced a significant reduction in reward threshold, without 
altering maximal rates of responding; MLA attenuated this effect in the two lowest 
doses tested, whereas it failed to alter reward threshold or maximal rates of 
responding, when given alone. In a similar experiment, MLA also attenuated the 
reinforcing effect of cocaine (5 mg/kg, i.p.) in all doses tested, without altering the 
performance of the animals. In a preliminary study, we also found that systemic 
injection of MLA (4.0 mg/kg, i.p.) decreased the acute, depressant action of nicotine 
on locomotor activity and delayed, although ultimately did not prevent, the nicotine- 
induced sensitization of locomotion. These results suggest that al nAChRs in the 
VTA are involved in mediating the reinforcing actions of drugs of abuse and provide 
evidence that al nAChR antagonists may be clinically useful in attenuating the 
rewarding effects of addictive drugs.

786.4

ROLE OF ALPHA 7 NICOTINE RECEPTORS IN INDUCTION OF 
TYROSINE HYDROXYLASE (TH) AND DOPAMINE p- 
HYDROXYLASE (DBH) GENE EXPRESSION IN PC 12 CELLS. V.D. 
Gueorguiev1*, R.J. Zeman2 and E.L. Sabban1. Dept. ‘Biochem. & 
Molecular Biology and 2Cell Biol. & Anatomy, New York Med. Coll. 
Valhalla, NY 10595.

Previously, we have shown that treatment of PC 12 cells with nicotine 
elevates TH and DBH mRNA and requires a sustained elevation of [Ca2+], 
Here, we examined the subtype of nicotinic receptors involved. 
Pretreatment with a-bungarotoxin prevented the elevation in [Ca2+]j and 
changes in TH gene expression. To further analyze the improtance of al 
receptors, the al agonists dimethoxybenzilidine anabaseine (DMXB) and 
E,E-3-(cinnamylidene) anabaseine (3-CA) (provided by E. Meyer, Univ. of 
Florida) were used. They did not elicit the first large transient peak of 
[Ca2+]j seen with nicotine, however they led to slow rise in [Ca2+]; similar 
to sustained rise obtained with nicotine. L-type Ca channel blocker 
calciseptine and al nicotinic receptor antagonist a-bungarotoxin prevented 
the rise of [Ca2+]i induced by DMXB and 3-CA.

TH and DBH mRNA levels were determined after 6- and 24 hrs of 
continual exposure to 20pM DMXB, 20pM 3-CA or 200 11M nicotine. The 
al agonists increased TH and DBH mRNA levels (3-4 fold above the 
control) and even more (2-3 fold) than nicotine alone at 6hrs (DBH) or 24 
hrs (TH and DBH).

The results suggest that activation al nicotinic receptors is sufficient for 
induction of TH and DBH gene expression. (AHA fellowship to V. 
Gueorguiev, NS #28869 and STRC #251)
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786.5
LOW DOSES OF MECAMYLAMINE PRODUCE ANXIOLYTIC AND 
ANTIDEPRESSANT EFFECTS IN RATS. R.D. Shytle*, M.B, Newman, L. 
Amiri, B. Wilkinson, D.M. Diamond, S.J. Nazian, A.A. Silver and P.R.
Sanberg. Depts. of Neurosurgery, Psychiatry, Psychology, Physiology, 
Neurology, Pharmacology, and Neuroscience Program, Univ. of South Florida 
Coll, of Med., Tampa, FL 33612-4799.

Clinical studies have shown that mecamylamine (0.03-0.1 mg/kg, po) 
reduces the behavioral and emotional symptoms associated with Tourette 
disorder. The basis for these effects may be related to the finding that low 
doses of mecamylamine in rats (0.1 mg/kg, sc) can blunt the plasma 
corticosterone response to stress. We therefore tested the hypothesis that 
mecamylamine may have anxiolytic and antidepressant properties in rats at low 
doses.

Separate groups of male Sprague Dawley rats (250g) were pre-treated with 
saline or mecamylamine (0.1-3.0 mg/kg, sc) before being tested in the elevated 
plus maze or the Porsolt forced swim task. In both experiments, raters were 
blind to pre-treatment conditions. Preliminary results indicate that low doses 
of mecamylamine (0.1 or 0.3 mg/kg) produced anxiolytic and antidepressant 
effects in rats, while higher doses (1.0-3.0 mg/kg) were without significant 
effects. These findings suggest that anxiolytic and antidepressant properties of 
mecamylamine may explain the novel therapeutic response to mecamylamine 
observed in TD patients. (Supported, in part, by Layton BioScience, Inc., 
NINDS, and the TSA).

786.6
ROLES OF THE DORSAL RAPHE NUCLEUS, LATERAL SEPTUM AND THE
DORSAL HIPPOCAMPUS IN NICOTINE’S EFFECTS ON ANXIETY
S.E. File*, S. Chccta, P.J. Kenny, A-M. Ouagazzal and L.E. Gonzalez,
Psychopharmacology Research Unit, King’s College London, Guy’s Campus. 
London SE1 9RT.

The effects of nicotine in male hooded lister rats were examined in three different 
animal tests of anxiety, the social interaction test, which models generalised anxiety 
disorder (GAD), the elevated plus maze, which models some aspects of panic 
disorder, and trial 2 in the plus maze, which reflects a specific phobia. Nicotine was 
found to both decrease anxiety (anxiolytic) and enhance anxiety (anxiogenic). Two 
factors which affect nicotine’s effects on anxiety are the test used, and the 
neuroanatomical substrate into which nicotine was administered. Nicotine (0.005 
and 0.01 pg) administration directly into the dorsal raphe nucleus (DRN) was 
anxiolytic in the social interaction test, but was without effect on trials 1 or 2 of the 
elevated plus maze. However, a higher dose (4 p.g) was anxiolytic on trial 1. The 
lateral septum was identified as one structure that mediates the anxiogenic effects of 
nicotine across two animal tests of anxiety, and bilateral administration of nicotine 
(4-8 pg) was anxiogenic in the social interaction test, and on trial 1. However 
nicotine (4-8 pg) injected directly into this brain site had no effect on trial 2. 
Finally, the role of the dorsal hippocampus in mediating nicotine’s effects on 
anxiety was different across all three animal tests of anxiety. Nicotine (1-8 pg) 
administration was anxiogenic in the social interaction test, but had no effect on 
trial 1. However, nicotine (lpg) was anxiolytic in trial 2. In conclusion, the finding 
that administration of nicotine into different neuroanatomical structures results in 
different patterns of response across different tests of anxiety provides further 
evidence for differences in the nature of anxiety generated by each test situation.

Supported by British American Tobacco

786.7

THE ROLE OF 5-HT1A RECEPTORS IN MEDIATING THE ANXIOGENIC 
EFFECTS OF NICOTINE
P.J. Kenny*, S. Cheeta and S.E. File. Psychopharmacology Research Unit, King’s 
College London, Guys Campus, London SE1 9RT.

The dorsal hippocampus and lateral septum are two neuroanatomical substrates 
which mediate the anxiogenic effect of nicotine in male hooded lister rats. In the 
social interaction test of anxiety, direct administration of nicotine into either the 
dorsal hippocampus (1, 8pg) or the lateral septum (4, 8pg) was anxiogenic. Direct 
administration of the 5-HT1A receptor agonist 8-OH-DPAT (200ng) into either of 
these two brain regions also induced anxiogenic effects in this test. The effects of 8- 
OH-DPAT in the lateral septum were evident under conditions of both moderate and 
low anxiety, with effects being more pronounced in the latter condition. This 
suggests that endogenous serotonergic tone may be related to the level of anxiety 
generated by the test condition, with high tone accompanying high anxiety. The 
anxiogenic effect of 8-OH-DPAT (200ng) was antagonised by the specific 5-HT1A 
receptor antagonist WAY 100635 (200ng) after co-administration of both drugs into 
either the dorsal hippocampus or the lateral septum. Furthermore, the anxiogenic 
effect of nicotine (4, 8pg) in these brain sites was also antagonised by co-
administration of a behaviourally inactive dose of WAY 100635 (200ng), suggesting 
that nicotine’s anxiogenic effects are mediated through 5-HTiA receptors. In a 
second test of anxiety, the elevated plus maze, the anxiogenic effect of nicotine (4pg) 
was also antagonised by an inactive dose of WAY 100635 (200ng) after co-
administration into the septum. The finding that the anxiogenic effects of nicotine 
seen in both the social interaction test and the elevated plus maze are mediated by 
the 5-HTja  receptors suggest an important cholinergic-serotonergic interaction in the 
mediation of anxiety states.

Supported by British American Tobacco

786.8

NICOTINIC-CHOLINERGIC RECEPTOR (nAChR) AGONIST SIB 
1553A REDUCES DISTRACTIBILITY IN ADULT MACAQUES A.V. 
Terry, Jr.*, J.J. Buccafusco, F. Menzaghi, and G.K. Lloyd College of 
Pharmacy, Univ. of GA, Alzheimer’s Research Ctr. and Dept. Pharmacol, 
and Tox., Medical College of GA, Augusta, GA, 30912, SIBIA 
Neurosciences, Inc., La Jolla, CA, 92037 Nicotinic agonists have been 
demonstrated to reduce distractibility in working memory tasks and thus 
offer a potential therapeutic benefit to human patients affected with cognitive 
disorders where attentional deficits and susceptibility to distraction are 

resent. The purpose of this study was to evaluate the novel nAChR agonist, 
IB 1553A in adult pigtail (macaca nemestrima) monkeys in our recently 

developed Delayed-Matching-to-Sample Task with Distractor (DMTS-D) in 
which brief (task relevant) distracting stimuli were presented during some of 
the trials. The study was conducted over a six-month period to allow for 
proper randomization of task exposure (with standard DMTS), stabilization 
of baselines, and drug washout periods, etc. SIB 1553A was administered in 
doses ranging from 0.05 to 100 pg/kg dissolved in saline and administered
IM (gastrocnemius muscle) 10-min prior to testing. The compound improved 
accuracy across several low and even sub-pg/kg doses at the delay (short 
delay) which was most affected by interference sessions. Optimal doses 
(selected for each monkey and defined as the dose that had improved short 
delay performance by the widest margin in dose-effect studies) were re- 
admimstered on a separate occasion after a washout period. Optimal doses 
were also associated with significant improvements in DMTS-D accuracy at 
short delays, indicating the reproducibility of the drug effect, as well as a 
lack of rapidly developing tolerance. The nAChR agonist had no significant 
effects on latencies for sample or choice selection and was not associated 
with any adverse effects in tne animals across the doses tested. SIB 1553A 
thus may offer a potential clinical benefit for disorders in humans associated 
with the susceptibility to distraction such as Alzheimer’s disease, Parkinson’s 
Disease, Attention deficit disorder, schizophrenia, and others. Supported in 
part by SIBIA Neurosciences, La Jolla, CA

786.9

DIFFERENTIAL IMPROVEMENT IN MEMORY-RELATED TASK 
PERFORMANCE TO NICOTINE BY AGED MALE AND FEMALE 
RHESUS MONKEYS. W.J. Jackson*, R.R. Jonnala, A.V. Terry, Jr.1 and J.J. 
Buccafusco. Alzheimer ’ s Research Center, 'UGA College of Pharmacy, Medical 
College of Georgia, and VA Medical Center, Augusta, GA 30912-2300.

Central nicotine acetylcholine receptors have been targeted for the 
development of novel treatments for memory deficits and to provide neuro-
protection in Alzheimer’s disease (AD) and other neurodegenerative disorders. 
Nicotine itself has been shown to improve memory-related task performance in 
aged animals and in AD patients. More recently, certain steroid hormones have 
been shown to offer similar pharmacologic properties. In particular, estrogen 
replacement in menopausal women has been associated with significantly longer 
onset to develop AD. Low doses (2.5 - 20 pg/kg, i.m.) of nicotine have been 
shown to improve the performance of an automated delayed matching-to-sample 
(DMTS) task in aged rhesus monkeys. The purpose of this study was to 
determine whether aged females receive the same level of benefit to the 
mnemonic action of nicotine as do males. In this study 6 male (21.7±1.2 yr) and 
7 female (22.5±0.9 yr) rhesus monkeys each received an ascending series of 4 
doses of nicotine over 5 weeks. The males maintained a significant 
improvement in task performance over the entire dose range, especially for those 
trials associated with short and medium delay intervals. This level of 
improvement extended to 24 hr after nicotine administration. Females exhibited 
considerable variability over the dose range, and there were no significant drug 
effects. However, in calculating an individualized “best dose”, males and 
females exhibited a similar level of task improvement (-20% above baseline). 
Thus, female subjects may require a greater level of individualized treatment 
than do males. Supported by the Dept.Veterans Affairs Medical Center.

786.10

MEMORY AND NICOTINIC-ACETYLCHOLINE RECEPTOR 
(nAChR) DEFICITS IN DAHL SALT-SENSITIVE RATS C.M. 
Hernandez*, J.J. Buccafusco, and A.V. Terry, Jr College of Pharmacy, Univ. 
of GA, Alzheimer’s Research Ctr. and Dept. Pharmacol, and Tox., Medical 
College of GA, Augusta, GA, 30912. Extensive work in both humans and 
animals has established a correlation between hypertension and memory 
impairment which may appear prior to overt manifestations of 
cerebrovascular pathology. It is unclear, however, whether hypertension 
plays a causal role in memory deficits, whether hypertension ana cognitive 
deficits are more likely based in family history and not interdependent, or 
whether a combination of these factors contributes to the problem. Previous 
data in our laboratory in spontaneously hypertensive rats (SHR) indicated 
that memory impairment and reduced central nAChR’s were present, but that 
hypertension was not causal, since young, pre-hypertensive SHR and older 
SHR with or without pharmacological control of BP were affected. The 
purpose of the present work was to assess whether deficits in memory and 
nAChR’s were present in another selectively bred, hypertensive rat strain 
(Dahl salt sensitive), and whether the presence of hypertension per se 
(induced with an 8% Na diet) was indeed important. Memory was assessed in 
the Morris Water Maze, and Radial Arm Maze and nAChR's were measured 
via quantitative autoradiography (f 25I]-Bungarotoxin and [3H]-epibatidine).

As previously observed in SHR, Dahl salt sensitive rats were cognitively 
impaired in the behavioral tasks when compared to controls (salt resistant 
strain) and exhibited reductions in nAChr’s in several brain regions analyzed, 
including areas important for memory (e.g., hippocampal formation, 
amygdala, etc). However, the impairment did not appear to result from 
hypertension, since in several cases the salt sensitive animals were impaired 
relative to the salt resistant strain whether or not hypertension was induced 
with the high (8%) Na diet. Thus, the data in both SHR and Dahl rats to date 
support the hypothesis that family history (selective breeding in rats) rather 
than hypertension contributes to poor cognitive performance m hypertensive 
subjects. Supported by the American Heart Association (SE Affiliate).
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786.11 786.12
REVERSAL OF SCOPOLAMINE-INDUCED DEFICITS IN THE PASSIVE 
AVOIDANCE TASK BY TARGACEPT (TI) NICOTINIC AGONISTS 
ALONE AND IN COMBINATION WITH TACRINE AND DONEPEZIL. G.J. 
Gatto*, P.M. Lippiello, W.S, Caldwell, M. Bencherif. Targacept, Inc., P.O. Box. 
1487, Winston-Salem, NC 27102-1487.

The effects of the novel nicotinic agonists RJR-2403, RJR-2557 and RJR- 
1734 (TI compounds) and two cholinomimetics, tacrine (THA, l,2,3,4-tetrahydro-9- 
acridinamine) and Donepezil (E2020, ±-2,3-dihydro-5,6-dimethoxy-2-[l- 
(phenylmethyl)-4-piperidinyl]methyl]-1 tf-inden-1 -one) on scopolamine(SCOP)- 
induced deficits in rats were compared in a passive avoidance (PA) task. In the 
training trial, rats were pretreated with SCOP (0.5 gmol/kg; S.C.) prior to each TI 
compound (0.3-6.0 gmol/kg; S.C.), THA (1.2-30 gmol/kg; S.C.) or E2020 (0.1-3.0 
gmol/kg; S.C.) administration and then tested for step-through latency (STL). On 
the retention trial, SCOP resulted in significant impairment in the rats’ ability to 
recall the previous aversive stimulus (0.5mA footshock) given 24 hr earlier. The 
ED5o  values (in rank potency) for E2020, RJR-2403, RJR-1734 and RJR-2559 in 
reversing SCOP-induced deficits were 0.09 gmol/kg 0.39 gmol/kg, 0.89 gmol/kg,
1.23 gmol/kg, respectively. Each compound exhibited an inverted U-shaped dose- 
dependent effect. In separate rat groups, ineffective doses of RJR-2403 (0.3 
gmol/kg), RJR-1734 (0.6 gmol/kg) and RJR-2559 (1.0 gmol/kg) were co-
administered with a sub-maximal dose of either THA (1.2 gmol/kg) or E2020 (0.1 
gmol/kg) following 0.5 gmol/kg SCOP administration. This co-administration 
approach resulted in enhanced STLs in each of the TI compound + THA group and 
TI compound + E2020 group when compared to the STLs when the compounds 
were administered alone. The comparative findings indicate that TI compounds are 
effective in reversing pharmacological-induced disturbance in PA behavior. The 
polytherapeutic paradigm demonstrates that by combining compounds with 
different modes of action, it might be possible to increase clinical efficacy of 
cholinomimetics with decreased toxicity.

Azabicyclic Nicotine Analogs: Potent Agonists At Nicotinic Acetylcholine 
Receptors. M. Bencherif^B.S. Bhatti, W.S. Caldwell, J. Schmitt, and P. A. Crooks". 
Targacept, Inc., P.O. Box. 1487, Winston-Salem, NC 27102-1487, University of 
Kentucky, Lexington, KY.
Studies in vitro demonstrate that heterocyclic subsituted pyridine compounds are 
extremely potent in activating various nicotinic acetylcholine receptor (nAChR) 
subtypes. All exhibit binding affinities to a4p2 equal to or better than that of 
nicotine. RJR-1594, 1595, are full agonists and equipotent to epibatidine at 
ganglionic receptors.

Ki
(Rat Brain)

Dopamine
Release

(Striatum)

Muscle
(TE671)

Ganglionic 
(PC 12)

(nM) EC50 (nM) Emax EC50 (nM) EC50 (nM)

1595 3 33 114 100 150
1594 0.5 6 130 100 150
2429 1 2 40 59 1100
R-(+)-2429 0.18 9 55 50 375
S-(-)- 2429 2 30 55 362 8000

The racemate RJR-2429 is a potent partial agonist at nAChRs mediating dopamine 
release from rat synaptosomal preparations and a potent activator of muscle and 
ganglion-type nAChRs. The enantiomers of RJR-2429 exhibit different potencies at 
the various nAChR subtypes and have a 10-fold difference in the binding affinity to 
a4P2 and in the activation of muscle and ganglion-type nAChRs. The SAR of 
these various azabicyclic compounds may provide important clues for the 
development of ligands selective for nAChR.

786.13

Sensitization Of Locomotor Responses Can Be Discriminated From 
Activation Of Striatal Synaptosomes. P.M. Lippiello*, G.J. Gatto, W.S. 
Caldwell, M. Bencherif. Targacept, Inc., P.O. Box. 1487, Winston-Salem, NC 
27102-1487.

The effects of the nicotinic agonists RJR-2559 and RJR-1734, two selective 
and potent activators of thalamic and striatal nicotinic acetylcholine receptors 
were evaluated in rats following administration for 7-14 consecutive days. In 
behavioral tests designed to measure spontaneous locomotor activity, nicotine 
induced a biphasic change in locomotor activity with pronounced 
hypolocomotion followed by a slight increase in activity. In contrast, the 
subcutaneous administration of RJR-1734 or RJR-2559 produced a persistent 
reduction in spontaneous locomotor activity that was greater in magnitude than 
that seen following acute administration of nicotine. The reduction in 
locomotor activity by RJR-1734 or RJR-2559 appeared to be monophasic and 
lasted for the duration of the testing period (i.e., 90 min). Chronic administration 
of RJR-1734 or RJR-2559 resulted in rapid tolerance of the initial 
hypolocomotor effect with no sensitization of the hyperlocomotion as observed 
with chronic nicotine administration. Cognitive studies using the radial arm 
maze indicate that both RJR-1734 and RJR-2559 are effective following acute 
or chronic oral administration in rats. These results and others indicate that RJR- 
1734 and RJR-2559 have a markedly enhanced CNS-PNS selectivity ratio and 
an intra-CNS selectivity as evidenced by the improved cognition without 
increased locomotor activity. The similarity in efficacy and potency of RJR- 
2559 and nicotine in inducing dopamine release from striatal preparations and 
differential sensitization of locomotor effect with these compounds support the 
notion that different receptor targets and/or pathways mediate these effects.

786.14

ORAL ADMINISTRATION OF DMXB-A, AN ot7 NICOTINIC 
AGONIST, NORMALIZES DEFICIENT SENSORY INHIBITION 
IN DBA/2 MICE. J.K. Simosky1. K.E. Stevens2*', W.R. Kem3 & R. 
Freedman1,2, 'Dept. Pharmacol. &2Dept. Psychiatry, Univ. Colo. 
Health Sci. Ctr., Denver, CO 80262; 3Dept. Pharm. & Therap., Univ. 
of Florida Col. Of Med., Gainesville, FL 32610.

Abnormal sensory inhibition is observed in the majority of 
schizophrenics. DBA/2 mice spontaneously exhibit a similar deficit 
in sensory inhibition and thus provide a model for drug discovery. 
The impaired sensory inhibition is characterized by diminished 
response of the hippocampal evoked potential to the second of 
closely paired auditory stimuli (500 ms interval). The ratio of the 
amplitudes of response to the second (test) stimulus and the first 
(conditioning) stimulus provide a measure of sensory inhibition; the 
“TC Ratio” is 0.5 or less when normal sensory inhibition is 
occurring. A subnormal level of hippocampal a7 nicotinic receptors 
is associated with the deficiency in sensory inhibition in DBA/2 
mice and in schizophrenics. In agreement with studies of 
subcutaneously injected drug, orally administered DMXB-A [(3 -2,4- 
dimethoxybenzylidine) anabaseine], an al nAChR partial agonist, 
produced a transient normalization of sensory inhibition in DBA/2 
mice. Preliminary results also indicate that DMXB-A elicits less 
receptor desensitization than nicotine, allowing a repeatable drug 
effect.

Supported by USPHS Grant 5 P50 MH44211 and 1 R29 MH51931.

786.15

ACUTE BLOCKADE OF CENTRAL NICOTINIC CHOLINERGIC 
RECEPTORS AFFORDS LONG-TERM INHIBITION OF THE 
PRESSOR RESPONSE TO COCAINE. J.J. Buccafusco*, R.R, Jonnala and
L.C. Shuster. Alzheimer’s Research Center, Medical College of Georgia, and 
VA Medical Center, Augusta, GA 30912-2300.

Our recent studies have shown that medullary cholinergic neurons play a role 
in mediating the pressor response to cocaine in conscious rats. For example, 
partial depletion of medullary acetylcholine levels with HC-3 significantly 
inhibited the pressor response to intracistemal (i.e.) injection of cocaine. The 
purpose of this study was to determine whether direct cholinergic receptor 
blockade could similarly inhibit the pressor response to i.e. injection of cocaine. 
In conscious, freely-moving rats the i.e. injection cocaine (48 pg) produced an 
immediate increase in mean arterial pressure of about 40 mmHg that declined 
rapidly over the next 15-30 min. Pretreatment with either the selective M2 
muscarinic receptor antagonist methoctramine (1 pg) or atropine (20 pg) was 
without effect on the cocaine-induced pressor response. In the next series rats 
were pretreated by i.e. injection with 5 or 50 pg of the nicotinic acetylcholine 
receptor antagonist hexamethonium (HEX). Medullary nicotinic receptor 
blockade did not alter resting blood pressure, but the pressor response to 
injection of cocaine was significantly reduced. Unexpectedly, when cocaine 
was administered on the following day (in the absence of HEX) the pressor 
response was still reduced. In fact, cocaine failed to elicit a response of control 
magnitude until the 4‘h day after HEX treatment. Rats pretreated with vehicle 
responded to cocaine with a consistent pressor response each day. While the 
mechanism for this protracted blockade of cocaine’s action by HEX is unknown, 
it will be important to determine whether a similar relationship between the two 
drugs occurs for cocaine-induced self-administration. Supt: Dept. VA Med. Ctr.

786.16

NEONATAL AND ADULT EXPOSURE TO NICOTINE - EFFECTS ON 
BEHAVIOUR AND NICOTINIC RECEPTORS
E. Ankarberg, A. Fredriksson and P, Eriksson* Dept. of Environmental 
Toxicology, Uppsala University, S-752 36 Uppsala, Sweden

Low-dose exposure of neonatal mice to nicotine has been shown to induce 
an altered behavioural response to nicotine in adult mice. This study confirms 
these earlier studies, and shows that exposure to low doses of nicotine renders 
the mice more susceptible to a repeated nicotine exposure at adult age. 
Neonatal male mice, aged 10 days, were exposed s.c. to nicotine-base (33 or 
66 gg/kg b.w.) or saline (10 mg/kg b.w.) twice daily on 5 consecutive days. At 
the age of 4 months the mice received nicotine-base (66 gg /kg b.w.) or saline 
(10 mg/kg b.w.) in the same manner. One day after the adult treatment the 
animals were tested for spontaneous and nicotine-induced behaviour. The 
spontaneous behaviour test did not reveal any difference between saline- and 
nicotine- treated mice, whereas challenge with nicotine (40 gg and 80 gg 
nicotine-base/kg b.w.) elicited a hyperactive response to nicotine in controls 
and also in mice receiving only 33 gg nicotine-base/kg b.w. neonatally. 
However, mice that had been exposed to 33 gg nicotine-base/kg b.w. 
neonatally and nicotine as adults displayed a hypoactive behaviour in repojise 
to nicotine provocation, just as didthe mice that had received 66 gg nicotine- 
base/kg b.w. neonatally (both saline- and nicotine-treated adult). Analysis of 
a-bungarotoxin binding sites in the cerebral cortex revealed a dose-response 
related decrease in binding in animals exposed both neonatally and adult to 
nicotine.
(Supported by RALF, Swedish Match, SEPA and MISTRA)

Society  for  Neuroscience , Volume  25, 1999



WEDNESDAY PM ACETYLCHOLINE RECEPTORS: MUSCARINIC II 1983

787.1
EFFECTS OF PARTIAL AGONISTS AND Mg2+ ON INTERACTION OF M2 

MUSCARINIC RECEPTOR AND G PROTEIN Gi,a SUBUNIT IN M2-Gna 

FUSION PROTEIN. Q, Zhang, Z.-D, Gu<h_ M, Okamura, S, Takeda, and T, 
Haga*. Dept. Neurochem., Fac. Med., Univ. Tok>o, Hongo, Tokyo 1130033, Japan

A M2-Gj|OC fusion protein containing a M2 muscarinic receptor mutant with 

deletions in glycosylation sites and the central part of the third intracellular loop 
fused at its carboxyterminus to the aminoterminus of the G protein a,| subunit was 

expressed with relatively high yields (14 pmol/mg protein) using a baculovirus-Sf9 
system. Membrane preparations derived from Sf9 cells expressing the M2-Gjia 

fusion protein showed GTP-sensitive, high-affinity agonist binding and agonist- 
stimulated [35S]GTPyS binding activity. Displacement of [35S]GTPyS binding by 
GDP shifted to the right in the presence of muscarinic agonists. The degree of shift 
was higher for full agonists (150-fold) than for partial agonists, such as McN-343 and 
pilocarpine (30-fold), and no shift was observed for antagonists. This result indicates 
that the apparent affinity for GDP of ligand-bound M2-G;ia fusion protein reflects the 

efficacy of the ligand. The displacement of [35S]GTPyS binding by GDP in the 
presence of muscarinic agonist was shifted to the right with increases in MgCl2 

concentrations. 1C 50 values for GDP were 0.76, 1.6, 6.1, and 39 pM in the absence 

and presence of 0.1, 1 and 10 mM MgCI2, respectively, whereas IC50 values in the 

presence of atropine were 0.2 - 0.5 pM for all MgCl2 concentrations.These results 

indicate that Mg2+ is required for the interaction of agonist-bound M2 and Gpa 

forming a complex with a low affinity for GDP. We propose that the M2-Gj]a 

fusion protein provides a good model system for studies of interactions betweeen 
receptors and G proteins. (Supported by CREST and JSPS).

787.2
G PROTEIN y SUBUNIT INTERACTION WITH MUSCARINIC
RECEPTORS. I. Azpiazu1, P. Li', M. Gautam2*. M, Zhuo1 and N, Gautam1. 
’Dept. of Anesthesiology, Washington Univ. Med. Sch., St Louis, MO 63110; 
2Dept. of Pharmacology and Physiology, St. Louis Univ. Med. Sch., St Louis, 
MO 63104.

The G protein y subunit, yt, is important in the interaction of transducin (Gt) 
with rhodopsin. We ask if the G protein y subunit interacts with 
pharmacologically important receptors. Membranes from CHO cells expressing 
muscarinic receptor type 2 (m2) were purified and endogenous G-proteins 
removed. Agonist-m2 stimulation of GTP-y-35S uptake into Gi2 was inhibited by 
the GG (geranylgeranylated)-y5 , a GG-peptide with scrambled y5 sequence was 
inactive. His-ai2 binding to py was unaffected by the GG-peptides. G protein 
aoply5, mutated in the y subunit carboxy-terminus, activated GTP-y-35S uptake 
less than the aopiy5 wild type when stimulated by agonist-activated m2.
Binding of His-ai2 to the piy5 complex, wild type or mutant, was unchanged. 
To test if such interaction occurs under physiological conditions, we recorded 
synaptic currents between afferent fibers and dorsal horn sensory neurons of the 
spinal cord using the whole-cell patch-clamp technique. Activation of 
muscarinic receptors inhibited AMPA/kainate receptor-mediated synaptic 
currents. Postsynaptic injection of wild type y5 GG-peptide but not scrambled 
peptide decreased the inhibitory effect of carbachol. The inhibitory effects of 
other receptor agonists such as serotonin or clonidine were not affected in the 
same cells by the wild type y5 GG-peptide. We conclude that the interaction of 
the G protein y subunit is important for coupling of G proteins to receptors and 
that interaction between members of the y subunit family and receptors is 
potentially selective. Supported by NIDA/NINDS/NIGMS grants and AHA 
Established Investigatorship..

787.3

CHARACTERIZATION OF GTPy35S BINDING MEDIATED BY MUSCARINIC 
RECEPTORS IN RAT STRIATAL MEMBRANES VIA ANTIBODY CAPTURE 
SCINTILLATION PROXIMITY ASSAY. N. DeLapp and C. Felder*. Lilly 
Research Laboratories, Eli Lilly and Company, Indianapolis, IN 46285.

Determination of GTPy35S binding using anti-G-protein antibodies captured via 
immunoglobulin-coated scintillation proximity assay beads provides a medium 
throughput method for identifying classes of G proteins coupled to muscarinic 
receptors (DeLapp et. al., J Pharm Exp Ther, in press). GTPy^S binding in rat striatal 
membranes stimulated with the muscarinic agonist oxotremorine M (OxoM) was 
optimal at 0 and 50 pM GDP when measured with anti-Gq/11 and anti-Go 
respectively. No significant agonist signal was obtained in the absence of added GDP 
when whole membrane binding was determined without antibody capture. Carbachol 
was a full agonist and oxotremorine a partial agonist (60% of OxoM ) as determined 
with both antibodies. Pilocarpine stimulated a response 60% of OxoM when 
measured with anti-Gq/11, but produced no response with anti-Go. The Kb values 
for pirenzepine and AFDX 116 for block of Oxo M binding determined via anti- 
Gq/11 indicated that this response was mediated primarily by muscarininc M, 
receptors. Oxo M-stimulated GTPy^S binding measured with anti-Go was blocked 
by muscarininc antagonists with the following rank order of potencies: 
dicyclomine>methoctramine> pirenzepine>AFDX 116, an order identical to that 
reported by Olianas and Onali (J Pharm Exp Ther 259: 680-686, 1991) for reversing 
acetylcholine inhibiton of adenylate cyclase in rat striatal membranes, strongly 
indicating mediation by muscarinic M4 receptors. Use of antibodies selective for G 
protein alpha subunits allows the measurement of functional activation of both Gi 
and Gq coupled muscarininc receptors in brain membranes.

787.4

M3 MUSCARINIC RECEPTORS ARE COUPLED TO MAPK VIA 
PKC- AND EGF RECEPTOR-DEPENDENT PATHWAYS. B, E. 
Slack*. Dept. of Pathol., Boston Univ. Sch. Med., Boston MA 02118.

Muscarinic acetylcholine receptors are highly expressed in neurons, and 
are key regulators of learning and memory. These receptors increase the 
activity of mitogen-activated protein kinases (MAPKs), enzymes 
implicated in long-term potentiation, via several mechanisms. Regulation 
of MAPK by the acetylcholine analogue carbachol was examined in 
cultured cells stably expressing m3 muscarinic receptors (a gift from 
Ernest Peralta, Harvard Univ.). Activation of MAPK by carbachol was 
variably reduced by the PKC inhibitor GF109203X (the degree of 
inhibition ranged from 0 to 70%), suggesting the involvement of an 
additional pathway. Recent reports indicate that G protein-coupled 
receptors may signal via "transactivation" of the epidermal growth factor 
receptor (EGFR). The EGFR kinase inhibitor AG 1478 reduced 
carbachol-mediated MAPK activation by only 33 ± 6% (n=4). However, 
GF109203X and AG1478 in combination virtually abolished MAPK 
activation by m3 receptor stimulation. Carbachol alone had little effect on 
tyrosine phosphorylation of endogenous EGFRs, or the p52 isoform of 
She, an adapter protein that couples growth factor receptors to the Ras- 
MAPK cascade. However, in die presence of GF109203X, carbachol 
significantly increased tyrosine phosphorylation of both the EGFR and 
p52 She; a response that was blocked by AG1478. The results 
demonstrate that muscarinic m3 receptors mediate stimulation of MAPK 
via both PKC- and EGFR-dependent pathways; the latter pathway is 
unmasked by PKC inhibition. (Supported by NIH grants NS30791 and 
AGO9525)

787.5

MUSCARINIC ACTIVATION OF MAPK IN PC 12 CELLS. JL Berkeley/ LT 
Pottgrand Al Levey. Dept. of Neurology, Emory University, Atlanta, GA 30322.

Stimulation of muscarinic acetylcholine receptors (mAChR) activates a variety of 
downstream pathways, several of which lead to MAPK phosphorylation and 
activation. MAPK plays roles in regulating cell growth, differentiation, synaptic 
plasticity and other key processes. These pathways have been studied primarily in 
non-neuronal transfected cells overexpressing mAChR. Here, we examine the 
activation of MAPK in a PC 12 cell line that endogenously expresses mAChR. By 
Western blot analysis using an antibody specific for phosphorylated MAPK, we 
observed a dose-dependent increase in MAPK phosphorylation in cells stimulated 
with 0.1 pM to 100 pM carbachol with no concurrent change in total levels of MAPK 
protein. The maximal response occurred after a 5 minute stimulation with 100 pM 
carbachol and was reduced to baseline by 30 minutes of continuous stimulation. 100 
nM atropine pretreatment abolished MAPK activation in response to carbachol.

To investigate the receptors responsible for carbachol activation of MAPK in 
PC 12 cells, we determined the mAChR subtypes present using RT-PCR and 
immunoprecipitation techniques. Using primers specific for the 5 mAChR subtypes, 
we amplified fragments of die appropriate sizes for ml, m4 and m5, and confirmed 
the identity of the ml and m4 bands with restriction digests. Using subtype-specific 
antibodies, we immunoprecipitated both ml and m4, and determined that -95% of the 
expressed receptors are m4 while the remaining ~5% are ml. The highly specific ml 
toxin completely blocks MAPK phosphoiylation in response to carbachol stimulation, 
while the m4 antagonist PD 102807 (10 pM) does not block MAPK activation at a 
concentration greater than 100 times its IC50 for m4 (90 nM). Pretreatment with 
pertussis toxin also has no effect on MAPK activation. In addition, PKC inhibition 
blocks mAChR induced MAPK activation, suggesting that activation occurs through 
a PKC dependent signaling cascade. Thus, though ml represents a small proportion 
of the total mAChR population, the pharmacological evidence suggests that ml is 
responsible for MAPK activation in PC 12 cells. (Supported by NIH 5T32GM08169, 
Glenn/AFAR Scholarship and PhRMA Foundation Predoctoral Fellowship.)

787.6

INTRACELLULAR TRAFFICKING OF MUSCARINIC ACETYLCHOLINE 
RECEPTORS (mAChR) IN PC 12 CELLS L.A, Volpicelli*. J.J. Lah and A.L 
Levey Department of Neurology, Emory University; Atlanta, GA 30322

Intracellular trafficking of G protein-coupled receptors (GPCRs) is important 
for receptor regulation, including internalization, recycling to the cell surface and 
targeting to lysosomes for receptor downregulation. Trafficking pathways have not 
been well characterized for GPCRs and studies have mostly relied on 
overexpression in various cell types and/or tagged receptors which may not 
function like endogenous receptors in neuronal cells. We used 
immunocytochemistry to .define the trafficking of the ml and m4 subtypes of 
mAChRs which are endogenously expressed in PC 12 cells. Before carbachol 
(CCh) treatment, ml and m4 colocalize at the plasma membrane and a 
juxtanuclear compartment. Following 5 minutes of CCh, ml and m4 colocalize in 
large puncta localized throughout the cell. The receptors redistribute to a 
juxtanuclear compartment following 60 minutes treatment with agonist. However, 
throughout the time course of agonist treatment, ml remains more peripherally 
distributed in the cell where it does not colocalize with m4. Also, while m4 
disappears from the plasma membrane by 5 minutes, many cells show plasma 
membrane localization of ml even after 60 minutes of treatment with CCh. To 
identify the compartments through which mAChRs are trafficked, we determined 
the colocalization of the receptors with rabll and transferrin markers. In 'non- 
treated cells, m4 shows partial colocalization with transferrin and rab 11 in a 
juxtanuclear comparment, indicative of constitutive endocytosis and recycling. 
Following 60 minute treatment with CCh, m4 shows significantly enhanced 
redistribution to transferrin and rabl 1 positive comparments. In conclusion, these 
results indicate differential trafficking between ml and m4. In addition, the data 
suggest that m4 travels through defined compartments involved in sorting and 
recycling of cell surface receptors. {Supported by NIGMS Neuroscience training 
grant)
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787.7
IDENTIFICATION OF SPECIFIC AMINO ACIDS WITHIN
MULTIPLE TOPOLOGICAL DOMAINS WHICH DIRECT 
DYNAMIN-INDEPENDENT SEQUESTRATION OF THE M2
MUSCARINIC ACETYLCHOLINE RECEPTOR. M.L. Schlador*1,
R.D, Grubbs2, and N.M. Nathanson1. ’Dept. of Pharmacology, Univ. of 
Washington School of Medicine, Seattle, WA 98105; 2Dept. of Pharmacology and 
Toxicology, Wright State Univ. School of Medicine, Dayton, OH 98121

The family of muscarinic acetylcholine receptors belong to the superfamily of G 
protein-coupled receptors (GPCRs) which couple to effector molecules through the 
actions of heterotrimeric GTP-binding proteins. Previously, our laboratory defined a 
domain within the Gi/Go-coupled M2 receptor, comprised of the last two amino acids 
of the third intracellular loop and the sixth and seventh transmembrane domains, which 
confers agonist-dependent sequestration to the Gq-coupled Ml receptor when 
transiently expressed in JEG-3 choriocarcinoma cells (Goldman et al. JBC. 271, 
4215). The Ml receptor does not normally sequester in this cell line. We have 
recently identified 5 amino acids within this domain which, when substituted into the 
Ml receptor, result in a time course of sequestration that is very similar to that seen 
with the M2 receptor. Initial experiments using immunofluorescence staining suggest 
that the transfected M2 receptor sequestered into vesicles following treatment with a 
muscarinic agonist but that the receptor did not colocalize with dynamin either before 
or after agonist treatment. In addition, cotransfection of a dominant-negative dynamin 
construct had no effect on M2 receptor sequestration in JEG-3 cells. Finally, four of 
the amino acids, which are found near the interface of the 13 loop and sixth 
transmembrane domain, are thought to be important for M2 receptor coupling to the 
Gi/Go family of G proteins. Substitution of these amino acids into the Ml receptor 
had no effect on coupling to the activation of phospholipase C via the Gq family of G 
proteins, and did not confer coupling to inhibition of cAMP production via the Gi/Go 
family of G proteins. Thus, coupling of the M2 receptor to the dynamin-independent 
sequestration pathway in JEG-3 cells appears to be independent of its ability to couple 
to a specific subset of G proteins.

Supported by the NIH

787.8
ACTIVATED RHO-A DOES NOT AFFECT M3 MUSCARINIC 
SIGNALING PATHWAYS REGULATING ADENYLATE CYCLASE.
R.S Aronstam*, A. Morelli, C.L. Williams and H.L. Puhi. Guthrie 
Research Institute, Sayre, PA 18840.

Involvement of Rho proteins in certain muscarinic receptor signaling 
pathways has been demonstrated. In the present study, the role for Rho 
in cAMP signaling pathways associated with M3 receptors expressed in 
Chinese Hamster Ovary (CHO) cells was examined. High concentrations 
of carbamylcholine increase cAMP concentration in a variety of cells. 
Carbamylcholine (100 pM) caused a slight (25%) increase in cAMP 
concentration, while forskolin (which acts directly on the catalytic 
subunit of adenylate cyclase) increased cAMP 2-3 fold. In the presence 
of 10 pM forskolin, however, carbamylcholine increased cAMP con-
centration by an additional 2-3 fold with an EC50 of ~ 3 pM. The basis 
for this synergistic action is unclear. The effect was dependent on the 
expression of muscarinic receptors, was blocked by atropine, and dis-
played a pharmacology appropriate for M3 receptors (i.e., inhibition by
4-DAMP). Pretreatment (12 h) of the cells with pertussis toxin decreased 
forskolin stimulation of adenylate cyclase by 50% without decreasing the 
absolute magnitude of the carbamylcholine/forskolin interaction. To ex-
amine the influence of Rho proteins on this signaling pathway, CHO cells 
expressing M3 receptors were stably transfected with the genes for 
human wild-type RhoA and activated (V14)RhoA proteins. Compared to 
control cells stably transfected with the vector alone, Rho or (V14)RhoA 
did not affect the magnitude or sensitivity of the cells to carbamyl-
choline, forskolin or the carbamylcholine/forskolin combination. 
Moreover, the influences of pertussis toxin on the M3 response to 
forskolin + carbamylcholine was unaffected in magnitude or nature. 
Thus, while M3 receptors have a robust effect on cAMP signaling 
through an unconventional signaling pathway, there is no evidence for 
Rho participation in this event.

787.9

INOSITOL TRISPHOSPHATE IS A NECESSARY AND SUFFICIENT 
MEDIATOR OF THE CHOLINERGIC PHASE ADVANCE IN THE RAT 
SUPRACHIASMATIC NUCLEUS. L.R. Kuriashkina*, W.Yu, E. Gratton, 
M.U. Gillette. Depts. of Molecular & Integrative Physiology, Cell & 
Structural Biology, Neuroscience Program and Fluorescence Dynamics 
Laboratory , Univ. of Illinois, Urbana, IL 61801
The circadian clock in the suprachiasmatic nucleus (SCN) expresses 

temporally-gated sensitivity to phase adjustment by cholinergic stimuli. 
Cholinergic agonists advance the circadian rhythm of neuronal activity in 
the subjective night via muscarinic cholinergic receptors (mAChRs). 
Pharmacological analyses suggest that an M1-like mAChR mediates the 
the effect of carbachol on the clock. We have previously demonstrated 
that M1 mAChR protein and mRNA are present in the rat SCN. M1 
mAChRs can activate phospholipase CP, stimulating inositol trisphosphate 
(lnsP3) synthesis. Therefore, our objective was to determine whether the 
phase-shifting effects of cholinergic stimulation of the SCN are mediated 
via lnsP3-mediated release of intracellular Ca2+. lnsP3 treatment at CT 18 
induced a 5.5-h phase advance, similar to the effects of carbachol. 
Further, carbachol stimulation of the SCN CT 18 enhanced lnsP3 
synthesis by 2-fold. The lnsP3 receptor antagonist, Xestospongin C (1 
pM, a concentration selective for lnsP3 receptors in SCN) blocked the 
carbachol-induced phase advance, whereas inhibitors of intracellular Ca2+ 
release via ryanodine receptors were ineffective. Finally, similar patterns 
of Ca2+ release were observed by measuring dynamic intensity changes in 
Ca2+-Green fluorescence using 2-photon microscopy in the SCN brain 
slice after carbachol and lnsP3 treatment at CT 18. The results of this 
study indicate that lnsP3-induced intracellular Ca2+ release is necessary 
and sufficient to mediate the effects of mAChR signaling on the SCN 
clock. (Supported by NIH grant NS33470).

787.10

ACUTE EFFECTS OF PILOCARPINE ON RAT HIPPOCAMPAL NEURONS.
M.R, .Priel.1 _E,F,R, Pereira? P.R. Burt1* and E.X. Albuquerque1’2. Dept. 
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, USA; 
2Depto. Farmacol. Bas. Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 21944, Brazil.

Status epilepticus (SE) has been considered as an epileptogenic factor in 
humans. The occurrence of SE or prolonged febrile seizures during childhood 
has been related to temporal lobe epilepsy (TLE). Among animal models, the 
pilocarpine model (Behav. Brain Res. 9:315,1983) has been used to understand 
the mechanisms that underlie this pathology. In this model, after an acute period 
marked by SE, the rats exhibit recurrent spontaneous seizures, mimicking the 
clinical features of TLE. The aim of our study was to identify the molecular 
actions of pilocarpine that could account for its ability to induce SE. To this end, 
whole-cell mode of the patch-clamp technique was applied to cultured 
hippocampal neurons (2-3 weeks old) in the absence and in the presence of 
pilocarpine (1-100 pM). Pilocarpine (1 and 10 pM) caused an initial increase 
followed by a decrease in the frequency of spontaneous excitatory (EPSCs) and 
inhibitory (IPSCs) postsynaptic currents. At 100 pM, pilocarpine only decreased 
the spontaneous activity. The increase in the frequency of EPSCs and IPSCs was 
blocked by atropine (1 pM), indicating that this effect is mediated via muscarinic 
receptors. In the presence of tetrodotoxin (TTX, 300 nM), pilocarpine (1 pM) 
increased the frequency of miniature EPSCs and IPSCs without changing their 
amplitude during the first three min of application. At 1 pM, pilocarpine also 
caused a transient increase in the amplitude of IPSCs indirectly evoked by field 
stimulation of neurons synaptically connected to the neuron under study. On the 
other hand, pilocarpine promoted a sustained increase in the amplitude of 
electrically evoked EPSCs. These results indicate that pilocarpine, acting via 
muscarinic receptors, causes an imbalance between excitatory and inhibitory 
transmission that can result in generation of the SE observed in animals acutely 
treated with pilocarpine. (USPHS Grant NS25296; FAPESP Fellowship, Brazil)

787.11

M3 MUSCARINIC ENHANCEMENT OF SPONTANEOUS GABA 
RELEASE AND M1ZM2 MUSCARINIC REDUCTION OF EVOKED 
POSTSYNAPTIC CURRENT IN THE CHICK BRAIN. J.-Z. Guo* and 
V.A. Chiappinelli. Dept. Pharmacol., The George Washington Univ. 
Sch. of Med. and Health Sci., Washington DC 20037
We have previously reported that muscarinic receptors mediate 

enhancement of spontaneous GABA release and reduction of evoked 
postsynaptic GABAergic currents (ePSCs) in the chick lateral spiriform 
nucleus (SpL). Using whole cell recording in the SpL of embryonic chick 
brain slices, we now further examine the possible muscarinic subtypes 
involved in these responses. Pirenzepine and telenzepine, two Ml 
antagonists, methoctramine, a M2 antagonist, 4-DAMP mustard, a M3 
antagonist, and tropicamide, a M4 antagonist, all at a concentration range 
from 50 nM to 1 pM, were used for this purpose. The potency order to 
block muscarinic enhancement of GABA release was 4-DAMP mustard 
> telenzepine > tropicamide > pirenzepine > methocatramine. On the 
other hand, the potency order to protect against muscarinic reduction of 
evoked responses was telenzepine > pirenzepine = methoctramine > 4- 
DAMP mustard = tropicamide. Oxotremorine M, a M2 agonist, strongly 
inhibited the ePSCs at 50 nM but did not enhance the spontaneous 
GABA release. Over night incubation of slices in pertussis toxin (2 
pg/ml) did not influence these two types of responses. These results 
indicate that M3 muscarinic receptor mediated the enhancement of 
GABA release whereas M1/M2 muscarinic receptors mediated the 
reduction of ePSCs in SpL.
Supported by NIH Grant NS33135 to V.A.C.

787.12

Increased GABAa Receptor Sensitivity: One Of Multiple Effects Of 
Acetylcholine On GABAergic Synaptic Transmission In Cultured Rat 
Hippocampal Neurons. S. Konur, H. A. Lester, Y.-X. Li*. Caltech, Division of 
Biology 156-29, Pasadena, CA 91125.

We investigated the effects of acetylcholine (ACh, 100 pM) on 
GABAergic synaptic transmission in cultured rat hippocampal neurons using 
whole-cell patch clamp techniques (10 pM CNQX was added in the recording 
medium). (1) ACh induced a transient inward current, 50-700 pA, lasting for 1-4 
seconds in 13 of 30 cells. This current was blocked by 10 nM MLA, a nicotinic 
receptor antagonist. (2) There were 12-50 pA inward currents 1-1.5 min in 
duration. Without TTX, ACh increased both frequencies and amplitudes of 
spontaneous, action potential evoked synaptic currents. (3) With TTX in the 
recording medium, the change in holding currents was followed by a decrease in 
frequency of miniature postsynaptic currents (minis). (4) A slower increase in mini 
frequency, reaching a maximum of 5-10 Hz, or ~5 times the original value, 
appeared ~ 5 min after ACh application. (5) The increase in spontaneous mini 
frequency was accompanied by an increase in the amplitude of minis. There was 
no significant change in the waveform of the minis. Simultaneously with phase (5), 
the increased mini amplitude, we detected increased currents induced by exogenous 
applied muscimol, a GABAa  agonist, suggesting an increase in the number and/or 
the sensitivity of postsynaptic GABA receptors. Phase (5) was due to muscarinic 
receptors.

Support: GM-29836, MH-489176, NRSA.
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787.13
FUNCTIONAL ROLE OF MUSCARINIC M2 RECEPTORS IN a,p-METHYLENE 
ATP INDUCED, NEUROGENIC CONTRACTIONS IN GUINEA PIG ILEUM. & 
W, Sawver.1* and F. J. Ehlert’. ’Dept. of Pharmacology, Univ. of California, Irvine; 
Irvine, CA 92717.

The muscarinic acetylcholine receptors mediating the contractile response to 
endogenous acetylcholine released by a,p-methylene ATP (mATP) were investigated 
in guinea pig ileum. In the absence of any other contractile or relaxant agent, the 
contraction elicited to mATP was pertussis toxin-insensitive, irreversibly antagonized 
by 4-DAMP mustard, and weakly antagonized by the muscarinic M2/M) receptor 
selective antagonist AF-DX 116, consistent with a muscarinic M3 receptor mediated 
event. Using an experimental design shown by our laboratory to isolate muscarinic 
M2 receptor mediated responses from muscarinic M3 receptor mediated responses, we 
investigated whether endogenous acetylcholine binds M2 receptors to elicit 
contraction. This experimental design is divided into two phases: a treatment phase 
and an experimental phase. During the treatment phase the guinea pig ileum is 
incubated with 4-DAMP mustard in the presence of AF-DX 116 to inactivate 
muscarinic M3 receptors selectively. After extensive washing, the experimental phase 
begins with the addition of histamine to induce contraction, followed by the addition 
of isoproterenol to cause full relaxation of the histamine induced contraction. With 
histamine and isoproterenol still present, mATP elicited a pertussis toxin-sensitive 
contractile response that was potently antagonized by AF-DX 116, consistent with a 
muscarinic M2 mediated event. Collectively, our data suggests that endogenous 
acetylcholine released by mATP binds both muscarinic M3 receptors to elicit a direct 
contractile response and muscarinic M2 receptors to elicit an indirect contractile 
response by antagonizing the relaxant effects of isoproterenol on histamine induced 
contraction

This -work was supported by National Institutes of Health grant NS 30882.

787.14
ISOPROTERENOL INJECTED CENTRALLY INFLUENCE THE 
SALIVARY FLOW INDUCED BY PILOCARPINE. W.A, Saad2>. L.A.A, 
Camargo1. J.E.N, Silveira1. S. Simdes2 and R, Saad. ’Dept. Fisiologia e 
Patologia, Fac. Odontologia, UNESP, Araraquara, SP 14801-903, Brazil; 
2Dept. Odontologia, Universidade de Taubate, UNITAU, Taubate, SP, 
Brazil.

In the present study we investigated the participation of the 
adrenoceptors of the central nervous system in the control of the salivary 
flow induced by the central injection of pilocarpine (PIL). Male Holtzman 
rats with 250-300g were used. Stainless steel cannula were implanted into 
the lateral ventricle (LV), used for injection of the drugs. The injection of 
PIL into the LV induced a copious salivary secretion with dose-dependent 
curve when compared with control animals that received a injection into LV 
of saline 0.15 M NaCl. By other hand the injection of isoproterenol (5 
nmol./p.1) into LV also induced a salivary secretion (68 ± 4 mg/7 min) vs 
control (38 ± 2 mg/7 min). In the group that PIL was injected with 
isoproterenol (10 nM), the dose of PIL to produces salivary flow was 
reduced. In the dose of 20 pg/pl of PIL the flow was 81 ± 7 mg/7 min and 
was reduced to 50 ± 5 mg/7 min when injected with isoproterenol. The 
previously injection of propranolol (20 nM) into LV reverted the 
isoproterenol effects. These results contributes for the drugs interaction in 
the treatment of xerostomia and Sjogren’s sindrome.

Supported by FAPESP and CNPq.

787.15

MUSCARINIC RECEPTORS IN BIRDS.
M.l. Aller2*, R. Ibanez2, C.A. Benedet2, N. Bucco1, M.E. Alonso2. 
A. Fernandez-Lopez21Dpt. Ciencias. Universidade Cruz Alta. 
2Dpto. Biologfa Celular y Anatomia. Universidad de Leon. 
24071. Leon. Spain.

An autoradiographic study with brains of five avian species 
was performed to determine whether differences of these 
receptors exist through the avian brain evolution. For this 
purpose species belonging to five evolutively different groups of 
birds were studied: chick (Gallus gallus), duck (Anas 
platyrhynchos), pigeon (Columba livia), parakeet (Psittacicula 
krameri) and goldfinch (Carduelis carduelis). [3H]N-methyl 
scopolamine was used as a radioligand and atropine 1|iM was 
used to determine the non-specific binding to muscarinic 
receptors. Striking differences were observed among the 
different species. Parakeet showed the lowest levels of 
muscarinic binding in most of the structures analyzed. 
Statistically significant differences were found in structures 
such as hyperstriatum, lentiforme nuclei, area X, cerebellum 
and lobus paraolfactorius. Other brain structures such as the 
nucleus geniculatus lateralis showed very high levels of binding 
in all the species. The differences in binding found in this study 
support that muscarinic receptors play a role in the environment 
adaptative processes in birds.

This work has been supported by FIS 99/0604 and FEDER
1FD97-0004.

POTASSIUM CHANNELS: PHARMACOLOGY

788.1 788.2

ACTIVATION OF RECOMBINANT SK POTASSIUM CHANNELS FROM 
MAMMALIAN BRAIN BY METAL CATIONS AND 1-EBIO. Y.-J, Cao*.
J.C. Dreixler, M.T. Roberts. J.L. Richardson. K.M. Houamed. Dept. of 
Anesthesia and Critical Care, Univ. of Chicago, 5841 S. Maryland Ave., Box 
4028, Chicago, IL 60637.

Small-conductance calcium-activated potassium channels (SK channels) are 
normally activated by submicromolar intracellular calcium concentrations. Since 
many calcium-dependent processes can be activated by metal cations, we tested 
whether other metals can activate SK channels.

The recombinant human SK4 (also known as hIKl or hKCa4) channels and rat 
brain SK2 channels were constitutively expressed in HEK 293 cells. We tested 
nine metal cations for SK4 channel activation in inside-out patches. Cobalt, 
iron, magnesium, and zinc, at concentrations up to 100 pM, did not activate the 
SK4 channels. Barium, cadmium, calcium, lead, and strontium activated SK4 
channels in a concentration-dependent manner. The rank order of potency was 
Ca2+ > Pb2+ > Cd2+ > Sp+> Ba2+.

In addition, we found that externally applied 1-ethyl-2-benzimidazolinone (1- 
EBIO), a benzimidazolinone, activates SK2 channels in patch-clamped cells 
dialyzed with a nominally calcium-free intracellular solution. The activation 
was reversible, and dose-dependent. SK2 channels activated by 1-EBIO were 
inhibited by the SK2 channel blocker dequalinium. We conclude that 1-EBIO 
activates SK2 channels directly.

Supported by grants from the Brain Research Foundation, and the Diabetes 
Research and Training Center, The University of Chicago.

INTERACTION OF ANESTHETIC AGENTS WITH A RECOMBINANT 
MAMMALIAN NEURONAL SK POTASSIUM CHANNEL. J.C. Dreixler*. A. 
Jenkins. Y-J Cao. N, L. Harrison, and K.M, Houamed, Dept. of Anesthesia and 
Critical Care. University of Chicago; Chicago, IL 60637.

Ion channel modulation may underlie many of the effects (analgesia, hypnosis, 
amnesia, sleep) and side effects of general anesthetics. SK channels are small- 
conductance, voltage-independent, potassium channels gated by submicromolar 
concentrations of intracellular calcium. They regulate neuronal excitability and 
neuroendocrine secretion. SK channel block can cause sleep-cycle disturbances, 
affect learning ability, and can lead to hyper-excitability and convulsions.
Moreover, some anesthetics have been reported to interact with the SK channel- 
mediated slow afterhyperpolarization in hippocampal slices. The cloning of SK 
channels has enabled us to test for direct interactions of anesthetics with 
recombinant SK channels, independent of upstream processes involving intracellular 
calcium metabolism. Using whole-cell patch clamp techniques, we studied the 
effects of anesthetics on recombinant rSK2 channel, cloned from rat brain, and 
constitutively expressed in an HEK 293-derived cell line. SK2 channel current was 
activated by patch-pipette solutions containing ~ lgM free calcium, and completely 
blocked by 10 p.M of the specific SK channel blocker dequalinium (DEQ). Ethanol, 
butanol, ketamine, methohexital, and the local anesthetic lidocaine, reversibly and 
dose-dependently blocked rSK2 channels activated. The anesthetics produced partial 
inhibition of rSK2 channel current. The maximal block, normalized to block by 10 
|iM DEQ, was: ethanol 44 + 8% (n=12), butanol 57 + 7% (n=8), ketamine 69 + 
5% (n=l 1), methohexital 31+7% (n=6) and lidocaine 76 + 2% (n=5). Volatile 
anesthetics isoflurane, halothane, sevoflurane, chloroform, enflurane and desflurane, 
between 1 and 10 minimum alveolar concentrations (MAC) produced only slight 
inhibition (<22%). Thus, SK channel inhibition may contribute to the behavioral 
effects of some, but not all, anesthetic molecules. Funded by Brain Research 
Foundation and Diabetes Research and Training Center grants to KMH.
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788.3
BLOCK OF RECOMBINANT MAMMALIAN BRAIN SK POTASSIUM 
CHANNELS BY TRICYCLIC ANTIDEPRESSANTS AND STRUCTURALLY- 
REALTED MOLECULES. K.M. Houamed*. Y-J Cao. J.T, Bian. M.T.
Roberts. J, L, Richardson and J.C, Dreixler. Dept. of Anesthesia and Critical Care, 
University of Chicago, Chicago, IL 60637.

Small-conductance calcium-activated potassium channels (SK channels) underlie 
neuronal slow afterhyperpolarization and spike-frequency adaptation. They are also 
modulated by several receptor-activated second messengers. SK channels have 
been implicated in memory and learning, sleep cycle control, epilepsy, 
schizophrenia, bipolar disorder, and myotonic muscular dystrophy. Previous work 
on native SK channels indicated a distinct pharmacology, partially overlapping with 
other potassium channel types. To begin to characterize the pharmacology of 
cloned SK2 channels from rat brain we tested whether psychoactive compounds 
block these channels. Recombinant rSK2 channels were constitutively expressed in 
an HEK 293 derived cell line and maximally activated, in the whole-cell patch 
clamp mode, by dialysis with a patch-pipette solution containing ~ l(iM free 
calcium ions. SK2 currents in this system were blocked reversibly, dose- 
dependently, and completely with micromolar concentrations of amitriptyline, 
carbamazepine, chlorpromazine, cyproheptadine, imipramine, tacrine and 
trifluperazine. In contrast,, the cognitive enhancer linopirdine (DUP 996) was 
ineffective in blocking the currents. Our studies extend the pharmacological profile 
of SK channels and may be relevant in understanding the clinical effects of 
psychoactive drugs.

Supported by grants from the Brain Research Foundation, and the Diabetes 
Research and Training Center, The University of Chicago.

788.4
kA-CONOTOXIN-Siv A SELECTIVELY AFFECTS B NEURONS IN FROG 
SYMPATHETIC GANGLIA. P.J, West1, B.M. Olivera2, and D. Yoshikami2*. 
'Interdepartmental Program in Neuroscience and 2Department of Biology, 
University of Utah, Salt Lake City, Utah, 84112
A novel O-glycosylated peptide, KA-conotoxin-SivA, was recently 

isolated from the venom of the fish-hunting cone snail, Conus striatus. This 
peptide elicits spastic paralysis when injected into fish. It also reversibly 
induces repetitive action potentials in motor nerves of leopard frog (Rana 
pipiens) nerve-muscle preparations.

To further characterize this neuroexcitatory “spastic” peptide, its effects 
on sympathetic neurons of the leopard frog were studied. The 
preganglionic nerve of the 10th paravertebral sympathetic ganglion was 
electrically stimulated while the compound action potentials of B and C 
neurons were monitored from the postganglionic nerve. At concentrations 
as low as 100 nM, spastic peptide selectively and reversibly blocked B 
waves while sparing C waves. Additionally, action potentials were recorded 
intracellularly. After application of 100 nM spastic peptide, spontaneous 
repetitive action potentials were observed. Lastly, sympathetic ganglia 
neurons were enzymatically dissociated and voltage clamped (-70mV). 
Preliminary results indicate that spastic peptide reversibly blocks fast 
activating outward currents. These results suggest that xA-conotoxin- 
SivA targets potassium channels expressed in B, but not C, neurons of 
frog sympathetic ganglia. Supported by NIH grant GM48677.

788.5

INTERACTION OF k -CONOTOXIN PVIIA WITH THE SHAKER 
POTASSIUM CHANNEL. E.D. Koch^H, Terlau1 andB.M. Olivera2*. 
’Max-Planck-Institut fur experimentelle Medizin, D-37075 Gottingen, 
Germany; 2Dept. of Biology, Univ. of Utah, Salt Lake City, Utah, 84112.

K-Conotoxin PVIIA is the first Conus peptide found to inhibit 
Shaker-mediated currents (Terlau et al., Nature, 381:148-151, 1996). K- 
PVIIA interacts with the S5-6 loop (P-loop) of the channel protein (Shon 
et al., J. Biol. Chem., 273:33-38, 1998), also the high affinity binding 
region of charbdotoxin (CTX). The Shaker F425G mutation increases 
CTX affinity by 3 orders-of-magnitude but abolishes k -PVIIA 
sensitivity. Several amino acid residues within the P-loop of Shaker 
potassium channels known to be important for CTX binding were 
mutated and the effect of these mutations on the sensitivity for k -PVIIA 
was studied. By using the Xenopus oocyte expression system, whole-cell 
peak currents were measured before and after toxin application, and the 
IC50 for k -PVIIA binding was estimated. The changes in the affinity of 
k -PVIIA binding for several mutants are similar to what has been 
described for CTX binding (Goldstein et al., Neuron, 12:1377-1388, 
1994) although the effects were smaller. A major difference was obtained 
for mutant M448K, where CTX affinity is reduced by a factor of 840, but 
no major effect on the IC50 was seen for k -PVIIA. These results support 
the idea that CTX and k -PVIIA interact with the same region of Shaker 
potassium channels but with different microsites. We have started to 
search for toxin-channel interaction partners by mutant cycle analysis 
using k -PVIIA mutants with altered binding affinity to wild-type 
channels. Supported by SFB 406 and NIH GM 48677.

788.6
SENSITIVITY OF CARDIAC IKs CHANNELS TO INTERNAL TEA IS 
CONFERRED BY minK. F. Sesti*, K.K. Tai and S.A.N. Goldstein.
Department of Pediatrics and Cellular and Molecular Physiology, Boyer Center 
for Molecular Medicine, Yale University School of Medicine, New Haven, CT 
06536

IKs is a cardiac potassium channel formed by coassembly of the pore-forming 
subunit KvLQTl and the small protein with a single transmembrane segment 
called minK. To study the effect of tetraethylammonium ions (TEA) on Iks 
channels, subunits were heterologously expressed in Xenopus oocytes and ionic 
currents studied by two electrode voltage-clamp or patch-clamp techniques. 
Channels formed only of KvLQTl subunits were poorly blocked by either 
cytosolic (K,/2=58 mM) or extracellular (K)/2= 91 mM) TEA. In contrast, minK- 
KvLQTl channel complexes were 6-fold more sensitive to block by cytosolic 
TEA (K,/2= 11 mM) whereas extracellular block was slightly diminished (K,/2= 
122 mM). The blockade displays characteristics consistent with an open-pore 
inhibition mechanism, as expected for TEA. Thus, blockade is voltage dependent 
and is modulated by the concentration and species of permeant cation on the 
opposite side of the membrane. Fitting of the dose response curves yields a Hill 
coefficient close to unity suggesting a single-step mechanism of interaction. The 
mean lifetime of the TEA-channel complex was estimated to be ~ 100 ps by 
noise-variance analysis. Some considerations about the function of the inner pore 
can be drawn.

This work was founded by an N.I.H. grant to S.A.N. Goldstein

788.7

BLOCKING MECHANISM OF LOCAL ANAESTHETICS:
EFFECTS OF BUPIVACAINE ON DIFFERENT K+CHANNELS 
EXPRESSED IN OOCYTES J Nilsson^M. Madeia2 and P. Arhem1.
’Nobel Institute for Neurophysiology and department of Neuroscience,
Karolinska Institutet, S-177 77 Stockholm, Sweden; Institut fur Physiologie,
D-481 49 Munster, Germany.

Local anaesthetics block voltage-gated channels in a complex state-dependent 
way. To investigate the mechanisms of action and associated binding sites we 
have analysed the effects of bupivacaine on a series of voltage-gated K channels 
(Kvl.l, 1.2, 1.5, 2.1, 3.1 and 3.4) expressed in oocytes. These channels have 
relatively simple kinetics (except for Kv3.4 all lack fast inactivation) and show 
structural variation in the internal vestibule, critical for the local anaesthetic 
binding (i.e. a form of natural site-directed mutagenesis approach). The results 
show that bupivacaine affects the Kv2.1 channel in a state independent way, 
while it causes a state independent and open-state dependent block of the Kvl.l,
1.2, 1.5, 3.1 and 3.2 channels. The analysis further suggests that the effects are 
caused by bupivacaine binding to separate sites and that the open-state dependent 
site is located 20% into the channel. Previous studies suggest that the S6 segment 
plays a fundamental role for the binding of local anaesthetics. To further clarify 
the role of this segment for the two binding sites postulated here we analysed a 
chimera, consisting of the Kv2.1 channel, containing only one site, and the S6 
segment of the Kvl.2 channel which contains two sites. The results suggest that 
the S6 segment contains part of the open-state site, but also only part of the state 
independent site. We also analysed the role of the inactivation gate by studying 
effects on the inactivating Kv3.4 channel. Recent studies suggest that the 
inactivation gate per se is unaffected by local anaesthetics. Our results do not 
support this view.

788.8
THE EFFECT OF TWO ISOMERS OF THE NOVEL SCORPION TOXIN, 
BT-2, ON THE CLONED POTASSIUM CHANNEL hKvl.6.
G.^CJaik1,,-J>l,K§lianfcL-3... ....................Allis3, J,5,Joseph4, M.Kini4,
P,Q9P,alakri§hPakpn<?4, KJgyaSS&lan y.and p.Q,Qwgn'*. 'Channelwork Group,
CeNeS Ltd, Cambridge, CB4 9ZR, UK, division of Biomedical Sciences, 
Sheffield Hallam University, SI 1WB, UK, ’imperial College of Science, 
London, SW7 2AZ, UK, and ^University of Singapore, Singapore 119260.

BT-2 is a novel 35 amino acid peptide which has been purified from the 
venom of the Indian red scorpion, Mesobuthus tamulus. The toxin contains 3 
disulphide bridges and is related to the charybdotoxin family. Two isomers of 
the toxin have been identified, one having a valine residue at position 6 (MW 
3946) and the other having an isoleucine (MW 3960). The toxin was identified 
in a dendrotoxin binding screen and its pharmacology investigated on the 
dendrotoxin-sensitive voltage-gated K+ channel, hKvl.6. Currents were 
measured by whole cell patch clamp electrophysiology in Chinese hamster ovary 
cells microinjected 4-8 hrs previously with the RNA encoding the hKvl.6 
channel. The effect of 500nM BT-2 on the whole cell current was evaluated 
using a standard voltage-step protocol, stepping from -60mV to +30mV for 
500ms every 10s. The Val-6 isomer was found to rapidly inhibit both the peak 
and steady-state current by 18.9±1.0% and 37.1±1.1% (n=7 cells), respectively. 
The difference in the proportion of inhibition may reflect some state-dependent 
mechanism. This effect was fully reversed upon washout of the toxin. The Ile-6 
isomer displayed only a small blocking effect on the peak current, 4.6±1.1% and 
on the steady-state current, 4.1±1.0% («=5 cells). The current voltage 
relationship showed that Val-6 isomer did not alter the activation voltage of the 
channel. Experiments are in progress aimed at determining the degree of 
specificity of BT-2 for sub-types of K+ channels.
Supported by Welcome Trust and National University of Singapore.
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788.9

INHIBITION OF SINGLE HETEROMERIC Kir3.1/3.2 CHANNELS BY 
ISOFLURANE AND 1,2-DICHLOROHEXAFLUOROCYCLOBUTANE.
B.D, Winegar*. Dept. of Anesthesia and Perioperative Care, University of 
California, San Francisco, CA 94143-0542.

Heteromeric Kir3 channels are widely expressed in the mammalian CNS 
and are a likely target of G-protein mediated receptors, producing inhibitory 
postsynaptic potentials upon receptor stimulation. The effects of volatile 
anesthetic and nonimmobilizer agents on Kir channels were studied with 
transfected HEK-293 cells that expressed m4AChR, Kir3.1 and Kir3.2. The 
mean open probability of Kir3.1/3.2 with 10 pM carbachol was reversibly 
inhibited -70% by 550 pM (2 MAC, 0.023 atm) isoflurane at -50 mV. The 
single channel open and closed times were each fit to single exponential 
functions. In the presence of isoflurane the time constants of the closed time 
distributions increased about 5-fold. In contrast, the open time distributions 
were unchanged and fit an exponential with a mean open time of 0.7 ms (sd 
= 0.1 ms, n = 5). Kir3.1/3.2 was studied in outside-out patches with 10 pM 
GTPyS and no carbachol. Isoflurane produced a comparable decrease in the 
mean open probability under these conditions. The experimental anesthetic 
xenon at a concentration of -0.7 atm had no actions on channel activity. The 
volatile convulsant, 1,2-dichlorohexafluorocyclobutane (2N) was a more 
potent inhibitor than isoflurane. Channel activity was completely but 
reversibly inhibited by 200 pM (0.24 atm) 2N. The open probability decreased 
-60% with 100 pM (0.12 atm) 2N with increased closed channel times and 
no effects on the open channel times. These results suggest that volatile 
agents may directly target Kir channels or their associated second messenger 
modulators. The relatively greater potency of 2N over isoflurane to inhibit 
Kir3.1/3.2 is consistent with its convulsant actions.

Thanks to Dr. Huai-Hu Chuang for the gift of stable transfected HEK-293 
cells. Supported by NIH grant GM57529.

788.10
EFFECTS OF XE991, A BLOCKER OF M-TYPE POTASSIUM 
CHANNELS, ON THE SPONTANEOUS ELECTRICAL ACTIVITY 
AND INTRACELLULAR CALCIUM CONCENTRATION OF 
PITUITARY CELLS. Michael P, Zimber* and Steven M. Simasko. 
Program in Neuroscience, Dept. of VCAPP, College of Veterinary Medicine, 
Washington State University, Pullman, WA, 99163.

Lactotrophs and the prolactin-secreting rat pituitary cell line GH3 express 
spontaneous electrical activity that drives oscillations of intracellular calcium 
concentration. It is well established that L-type voltage-dependent calcium 
channels are responsible for producing the action potentials observed in these 
cells, however the role of other currents is less defined. Both lactotrophs and 
GH3 cells express an M-like potassium current, and we have found that this 
current may be important in the regulation of action potential characteristics. 
Exposure of fura-2-loaded lactotrophs and GH3 cells to the M-type current 
blocking agents XE991 and linopirdine (DuPont Pharmaceuticals) resulted in 
an increase of intracellular calcium concentration and oscillatory behavior. 
Current clamp recordings of isolated GH3 cells revealed that treatment with 
XE991 or linopirdine produced a depolarization of the resting membrane 
potential, and can induce an increase in the activity of spontaneous action 
potentials. These results suggest that the M-type current may be an 
important regulator of cell excitability and intracellular calcium 
concentration. Furthermore, regulation of the M-current may be a 
mechanism by which lactotrophs and GH3 cells increase L-type calcium 
channel activity to promote the secretion of prolactin via an increase in 
intracellular calcium concentration.

788.11

THE EFFECTS OF CLOTRIMAZOLE ON THE sAHP AND Ca^ CURRENTS 
IN HIPPOCAMPAL PYRAMIDAL NEURONS. M.Shah* and DGHavlett. Dept. 
of Pharmacology, UCL, London, WC1E 6BT.
Apamin-insensitive small conductance Ca~-activated K ’ ion channels underlie the 
slow afterhyperpolarisation (sAHP) in hippocampal pyramidal cells. As yet, there are 
no potent or selective blockers for the sAHP in these cells. In cells isolated from 4-5 
day old rats and cultured for 8-15 days, a train of 13 action potentials was evoked 
under current clamp conditions and the cell then voltage-clamped at -50mV to 
record the current underlying the sAHP (sIahp ). Clotrimazole (a potent IK channel 
blocker (e.g. Ishii et al, 1997, Proc. Nat. Acad. Sci., 94, 11651-56.)), inhibited the 
s Iahp  by -0.1±6.4% (n=4), 37.5±3.6% (n=7), 69.1±3.7% (n=6) and 89.5±5.7% (n=4), 
at concentrations of 300nM, lpM, 3pM and 10pM respectively (ICso = 1.3pM). The 
action potentials were little affected.
Since clotrimazole has been reported to block L-type Ca++ ion channels in heart cells 
(e.g. Thomas et al, 1999, Br. J. Pharmacol., 126(7). 1531-33), we decided to also test 
the effects of clotrimazole on Ca++ currents. In freshly dissociated rat hippocampal 
neurons, the Ca" current was evoked using a ramp from -lOOmV to +40mV. 
Clotrimazole, at concentrations of 3pM and 10pM, was observed to inhibit the high 
voltage-activated (HVA) Ca^ current by 33.9±2.3% (n=4) and 76.6±3.5% (n=2) 
respectively. The HVA Ca44 current involves L-, N-, P-, Q- and R-type calcium ion 
channels. As lOpM nifedipine reduced the HVA Ca44 current by 18.8 ± 3.5% (n=7), 
this suggests that clotrimazole has effects on Ca++ channels other than the L-type. 
Given that clotrimazole blocks the IK channel and that lower concentrations of 
clotrimazole are required to inhibit the sIahp  than the Ca44 current in hippocampal 
cells, these results indicate that the inhibition of the sAHP by clotrimazole is at least 
partially due to a K4 channel block.
M.Shah has an MRC Studentship.

POTASSIUM CHANNELS: EXPRESSION I

789.1

PERINATAL AND POSTNATAL REGULATION OF SHAKER-RELATED 
GENES IN RAT SUPERIOR CERVICAL GANGLION. H. Pankevych, D, Kristufek 
and S. Huck*. Brain Research Institute, University of Vienna, A-1090 Vienna, 
Austria.

The products of the Shaker-related genes Shaker, Shab, Shaw and Shal, but also 
of accessory (3-subunits, form the basis of voltage-activated potassium channels. 
Voltage-gated potassium channel currents are, on the other hand, developmentally 
regulated and may determine not only the electrical properties, but also the 
differentiation of neurons.

The current project investigates the expression of several Shaker-related genes by 
RT-PCR techniques in superior cervical ganglia dissected from rats at eiribiyonic 
day 20 (E20), and at postnatal days 1 (Pl) and P14.

Genes related to the Shaker-subfamily Kvl remained unchanged (Kvl.l), 
decreased (Kvl.4), or moderately increased (Kvl.6) around birth (between E20 and 
Pl). The Shab-related genes Kv2.1 and Kv2.2 declined postnatally (between Pl and 
P14), and this phenomenon was particularly conspicuous for Kv2.2. The Shaw- 
related gene Kv3.4, on the other hand, appeared unchanged at the three 
developmental stages. All Shal-related genes (Kv4.1, Kv4.2, and Kv4.3) were 
upregulated around birth, but again declined postnatally, resulting in a peak 
expression at Pl that was particularly prominent for Kv4.2. Due to their low level of 
expression, the cDNA of the accessory subunits pi. 1, 02, and P3 was amplified by a 
two-step PCR protocol. We found moderate (Kvpi.l) or strong (KvP2) upregulation 
around birth, whereas the low embryonic levels of Kvp3 were maintained after birth.

Our data indicate distinct regulation of Shaker-related genes and of accessoty p- 
subunits during development. These results are discussed in view of purported 
postnatal changes of inactivating and non-inactivating voltage-gated potassium 
channel currents in rat superior cervical ganglia (McFarlane & Cooper, 1992). 
Supported by the AUSTRIAN SCIENCE FOUNDATION, Pl 1607-MED.

789.2

ANTISENSE SUPPRESSION OF xKv 3.1 PREVENTS MATURATION OF 
DELAYED RECTIFIER CURRENT IN A SUBSET OF EMBRYONIC 
spinal  NEURONS. AnaeYingaoL Nathan J, Lautennffch. Adelhcid Roth* and 
Nicholas C. Spitzer. Department of Biology and Center for Molecular Genetics, 
UCSD, La Jolla CA 92093.

Long duration Ca2+-dependent action potentials expressed in embryonic Xenopus 
spinal neurons are converted to brief Na+-dependent impulses by increases in the 
amplitude and kinetics of activation of delayed rectifier current (IKv) during a period 
of one day. Several Kv genes are upregulated during embryogenesis in parallel with 
increases in IKv, and encode delayed rectifier current when heterologously expressed, 
raising the possibility that they encode channels generating this current. We have 
used antisense (AS) cRNA to test the contribution of xKv3.1 to maturation of kv.

Forty percent of neurons cultured from neural plate stage embryos express xKv3.1 
mRNA by one day in vitro (Gurantz et al., 1996), suggesting that this gene may 
underlie increases in IKv. A 1.8 kb xKv3.1 AS transcript was prepared and injected 
into one cell of a two cell stage embryo, together with FITC-dextran to identify 
cells containing AS. Neurons were cultured from single embryos and whole cell 
voltage clamp recordings were made from fluorescent neurons expressing AS, for 
comparison with recordings from non-fluorescent control neurons in the same dish.

By one day in culture, AS reduces the amplitude and the rate of activation of IKv 
in 40% of neurons, recapitulating an earlier stage of differentiation. Furthermore, 
AS expression increases the duration but does not affect the amplitude of the action 
potential in 40% of neurons. No change in voltage clamped Ca24 current was 
detected, suggesting that the decrease in IKv was sufficient to account for lengthening 
of the action potential (Lockeiy and Spitzer, 1992). In situ hybridization 
demonstrates that xKv3.1 message is undetectable in cells containing AS up to 36 
hr of development, encompassing the period during which IKv matures. xK 
thus contributes to the maturation of IKv in a substantial percent of these develc 
spinal neurons. Future work will focus on the mechanisms by which 
transcripts are upregulated.

Supported by NIH NINDS T32 NS07220 (NJL) and NSF IBN-9603978 (/ 
NCS).
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789.3
Antagonistic  actions  of  two  different  target -derived  isoforms  
OF TGF-P ON THE DEVELOPMENTAL EXPRESSION OF CA2+-ACTIVATED K+ 
CHANNELS IN CHICK CILIARY GANGLION NEURONS.
Jill S. Cameron*, Laurence Dryer, and Stuart E. Dryer
Department of Biology and Biochemistry, University of Houston, Houston, TX 
77204-5513

The developmental expression of Ca2+- activated K+ channels (KCa) in 
chick ciliary ganglion (CG) neurons is regulated by secretion of TGF-P4, the 
avian ortholog of TGF-P 1, from target tissues in the eye. Here we demonstrate 
that a different isoform, TGF-P3, is also expressed in target tissues and inhibits 
the functional expression of K<a both in vitro and in vivo. Application of TGF- 
P3 inhibits the functional expression of KCa evoked by either TGF-P 1 or p- 
neuregulin-1 in CG neurons developing in vitro. A neutralizing antiserum 
specific for TGF-p3 potentiates stimulation of KCa evoked by a target tissue 
extract in CG neurons developing in vitro, indicating that TGF-P3 is an 
inhibitory component of these extracts. Intraocular injection of TGF-p3 causes 
a significant inhibition of the expression of KCa in CG neurons developing in 
vivo. Further, intraocular injection of a TGF-P3 neutralizing antiserum 
stimulates expression of Kca in CG neurons developing in vivo, indicating that 
endogenous TGF-P3 regulates the functional expression of this current. These 
data indicate that the developmental expression of KCa is regulated by two 
different target-derived isoforms of TGF-P, which produce opposing effects on 
the electrophysiological differentiation of these neurons. Supported by NS- 
32748.

789.4
TGF-P STIMULATES EXPRESSION OF CA2+-ACTIVATED K+ CURRENTS IN 

DEVELOPING CHICK CILIARY GANGLION NEURONS THROUGH A BIPHASIC 

MAP-KINASE dependent  pathway . Loic Lhuillier* and Stuart E. Dryer 
Department of Biology and Biochemistry, University of Houston, Houston, TX 
77204-5513
An avian ortholog of TGF-P 1 is the target-derived factor responsible for the 
developmental expression of large-conductance Ca2+-activated K+ (KCa) channels 
in chick ciliary ganglion (CG) neurons developing in vivo and in vitro. We have 
previously shown that 12 hr treatment with TGF-p 1 evokes an acute 
posttranslational stimulation of KCa that can be observed immediately after 
cessation of treatment. Here we show that TGF-p 1 can also induce long-lasting 
stimulation of Kca. A single 12 hr application of TGF-p 1 (1 nM) to cultured E9 
CG neurons induces functional expression of K<a that persists for at least 3.5 
days after the end of the treatment. Importantly, this long-lasting KCa stimulation 
differs from acute stimulation in that it can be blocked by reversible 
transcriptional or translational inhibitors during the first 24 hr. Therefore, 
protein synthesis must occur during the early phase to produce long-lasting KCa 
stimulation. In addition, we show that two different MAP-kinases are involved in 
TGF-P 1-evoked stimulation of KCa. Application of specific inhibitors of the 
p44/42 (PD98059) or p38 (SB203580) MAP-kinase pathways caused a complete 
block of the early phase of TGF-P 1-evoked KCa stimulation. Moreover, chronic 
treatment (4 days) with PD98059 partially blocked long-lasting KCa stimulation. 
Thus, TGF-p 1 elicits a biphasic stimulation of KCa that involves multiple MAP- 
kinase cascades. Supported by NIH grant NS-32748.

789.5

THE ROLE OF SHAL ALTERNATE SPLICING IN ESTABLISHING IA 
DIVERSITY. Cathy L. Lanning.2 Luis Quinones? Ronald M. Harris-Warrick.2 
Deborah J. Baro,1,2* Institute of Neurobiology, Univ. of Puerto Rico-MSC, San 
Juan, PR; Dept. of Neurobiology and Behavior, Cornell Univ., Ithaca, NY.

The 14 neurons of the pyloric network of the spiny lobster, Panulirus interruptus, 
have unique electrophysiological characteristics. This is partially based on differences 
in the properties of their transient potassium currents (IA). The somatic IA in each 
pyloric cell type is unique, despite the fact that the shal gene encodes the somatic A- 
channel a-subunits in every cell. One mechanism that could account for these data 
involves alternate splicing of the shal transcripts coupled with cell-specific isoform 
expression patterns. To investigate this possibility, we used modifications of the 
RACE technique to isolate six alternately spliced shal transcripts from lobster 
nervous system RNA. We then performed a combination of RT-PCR and Southern 
blotting to determine if additional transcripts were created by rearranging, removing, 
or inserting exons into the original six transcripts. These experiments uncovered four 
more transcripts. The existing data indicate that there are eight points of alternate 
splicing on the shal pre-mRNA molecule. Furthermore, the unprocessed shal 
transcript can be divided into at least 16 partial open reading frames (pORFs), each of 
which is composed of one or more exons. Each of the ten different transcripts 
contains between 4 and 10 pORFs. Two of the pORFs are invariant, meaning that 
they are found in all fully processed transcripts, while the other 14 are alternately 
spliced. The two invariant regions encode the first 70-90 percent of the protein, 
depending upon the isoform. Thirteen of the alternately spliced pORFs are arranged in 
various combinations to encode 9 different carboxy termini ranging in size from 57- 
191 amino acids. The remaining pORF can be inserted between the two invariant 
regions. We are currently using an oocyte expression system to determine the 
biophysical properties of the different shal isoforms. Preliminary data indicate that the 
non-terminal insert shifts the voltage dependence curves by roughly 20mV, while the 
two shortest C-terminal variants had similar properties. SUPPORTED BY RR03051 
and NS35631).

789.6
REGULATION OF ALTERNATIVE SPLICING OF THE Ca++ AND 
VOLTAGE-SENSITIVE POTASSIUM CHANNELS. J, Xie* and D.L, 
Black^Hflward Hughes MsdoUnstitutg,. UniYgf§.ity ,.Qf California at Los Angeles,
L9s,Aflgd£S1-CA2.Q921-1662-

Alternative splicing is a means of gene regulation that allows proteins of diverse 
structure and function to be produced from a single gene. This mode of regulation is 
especially common in neurons and endocrine cells. Potassium channels play 
important roles in shaping action potentials(AP), modulating cellular electrical 
excitabilities, and the secretion of neurotransmitters and hormones. The Slo gene 
encodes multiple Ca++ and voltage-sensitive BK channels through extensive 
alternative splicing. A large array of BK channels produced through alternative 
splicing contributes to the diversity in the electrical signals carried in APs. 
Differential expression of BK splice variants is seen in different tissues, or 
developmental stages, or in responses to different stimuli. However, the underlying 
regulatory elements and molecular mechanisms controlling BK channel expression 
remain unknown. We chose the STREX exon of Slo to approach questions of 
splicing regulation in a cell culture system. We screened several cell lines and 
extracellular factors for inducible changes in STREX exon splicing by RT-PCR. We 
find that caffeine significantly increases the inclusion of the STREX exon in the Slo 
mRNA. This increase is prevented by actinomycin D and cyclohexamide, suggesting 
that new gene transcription and translation are required for the change in splicing. To 
identify the RNA elements involved, mouse Slo BAC clones harboring the exon 
were identified and part of the genomic DNA was cloned into a splicing vector. 
Mutagenesis analysis of these clones is being carried out to identify RNA elements 
affecting STREX splicing and which respond to caffeine and other extracellular 
factors. These experiments support the notion that the composition of Slo channels 
and thus their electrical properties can be modulated by extracellular factors at the 
level of alternative splicing. This system also presents an interesting model to study 
how signalling pathways and RNA elements regulate alternative splicing in general. 
Supported by HHMI.

789.7

POSTTRANSLATIONAL REGULATION OF K+ CHANNEL 
SURFACE EXPRESSION BY DIFFERENTIAL ASSEMBLY OF a 
SUBUNITS. L. N. Manganas* and J, S. Trimmer. Dept Biochem & 
Cell Biology, SUNY, Stony Brook, NY 11794

Voltage-gated K+ channels are composed of combinatorial assemblies 
of four integral membrane a subunits and up to four cytoplasmic P 
subunits. The latter can play important roles in promoting the efficient 
cell surface expression of Kvl a subunit-containing channel 
complexes. We have now examined the role of differential Kvl a 
subunit assembly in regulating channel surface expression. Kvl a 
subunits were expressed alone or in different pairwise combinations in 
mammalian cells. Surface and intracellular expression levels were 
determined by immunofluorescence staining using ecto- and cyto- 
domain antibodies, and conventional and confocal microscopy. When 
expressed alone, distinct efficiencies of transport to the cell surface 
were observed: Kvl.4 = efficient, Kvl.l = inefficient, and Kvl.2 = 
intermediate. Coexpression with Kvl.l inhibited cell surface 
expression of Kvl.2 and Kvl.4, while coexpression with Kvl.4 
enhanced cell surface expression of Kvl.l and Kvl.2. Kvl.2 
coexpression did not affect the inherent cell surface expression 
efficiencies of Kvl.l or Kvl.4. Immunoblot analyses and glycosidase 
digests revealed a correlation between the presence of complex N- 
linked oligosaccharide chains and cell surface expression. Together 
these data suggest that Kvl a subunits exhibit intrinsic differences in 
their biosynthetic efficiency, and that differential subunit assembly can 
posttranslationally influence channel abundance through effects on 
efficiency of cell surface expression. Supported by NIH NS34383.

789.8

AAV-MEDIATED EXPRESSION OF A IsK-GFP FUSION PROTEIN IN 
HUMAN GLIAL CELL LINES.
A-Stathopoulos1,2, L.Tenenbaum1C.Melas1,2, B.Attali3, T.Velu2 and 
M.LevivierULai. of Exp. Neurosurgery, 2I.R.I.B.H.N., Free Univ. Brussels, 
Belgium 3 Dept Neurobiology, Weizmann Institute of Science, Israel.

IsK is a small protein which interacts with KvLQTl to form the slow cardiac IKS 
potassium channel complex. In order to study the cellular localization of the IsK 
protein, the coding sequence of the EGFP gene was fused to the 3’ end of the mlsK 
coding sequence under the control of the cytomegalovirus (CMV) promoter, 
resulting in a carboxy-terminal fusion of the IsK protein with green fluorescent 
protein (gfp). In order to promote stable integration of the hybrid mlsK-EGFP 
gene, the construct was made in an AAV vector also expressing the neomycin- 
resistance (neoR) gene. This construct was transfected into 2 human glial cell lines: 
U373-MG and U87-MG. As compared to an AAV-CMV-EGFP construct encoding 
a cytoplasmic gfp, the fluorescence of AAV-CMV-mlsK/EGFP transfected cells 
was weaker and heterogeneous, with a punctiform pattern. Most of the neoR clones 
obtained with the AAV-CMV-mlsK/EGFP plasmid did not express gfp. Few clones 
contained a low percentage of fluorescent cells harboring a morphology of dying 
cells with a damaged cytoplasmic membrane and a swollen aspect. In contrast, 
using the AAV-CMV-EGFP construct, neoR clones homogeneously expressed gfp. 
These data suggest that the fusion IsK-gfp protein is toxic to glial tumors. It is 
suggested that the typical morphology of the AAV-CMV-mlsk/EGFP transfected 
glial tumor cells could result from the expression of IsK possibly interacting with 
endogenous channels.
This work was supported by EC grant n°BIO-CT-97-2207, grants n°s 3.4540.96F 
and 3.4565.98F from the Belgian FNRS and a grant from the Belgian « Loterie 
Nationale ».
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790.1
ADAPTATION OF CA2+ HOMEOSTASIS IN CA1 PYRAMIDAL NEURONS 
OF CALBINDIN-D28K KNOCKOUT MICE. P, Kortekaas. J.A. van Hooft* 
and W.J. Wadman. Institute for Neurobiology, University of Amsterdam, The 
Netherlands.

Intracellular calcium is a crucial modulator in neuronal function. Calcium 
binding proteins (CaBPs), such as calbindin-D28k (CB), bind intracellular 
calcium with high affinity and control in concert with influx and efflux calcium 
homeostasis. CB is expressed in 30-50% of the pyramidal neurons of the 
hippocampal CA1 region. Knockout (KO) mice for CB were used to study 
adaptations of calcium homeostasis.

We first analyzed one of the most important influx pathways of calcium, the 
high voltage activated (HVA) calcium current. This current was measured in 
acutely dissociated pyramidal CA1 neurons from wild type (+/+), heterozygous 
(+/-) and homozygous (-/-) CB KO mice. The amplitude, kinetics and voltage- 
dependence of the HVA calcium current were determined. The voltage dependence 
of activation of the current was similar in all groups. The current amplitude 
however was much larger in the KO groups (+/-: -0.61±0.06 nA; -/-: 
-0.40±0.04 nA) compared to the wild type neurons (-0.24±0.06 nA), with the 
largest values in the +/- neurons. The inactivation of the current was slower in 
the KO neurons (+/-: 68±4 ms; -/-: 75±5 ms) than in the +/+ neurons 
(47±5 ms). Using Fura-2 ratio imaging the resting intracellular calcium 
concentration ([Ca2+]j) of the neurons was determined. The [Ca2+]j of the KO 
neurons was considerably larger than of the wild type neurons, with the largest 
values in the +/- neurons. The HVA calcium current was affected in all KO 
neurons and we found no indications of a distinction into two groups, i.e. a 
group containing non-CB neurons and a group of neurons that lost CB. This 
suggests adaptation of calcium homeostasis in CB KO mice.
Supported by NWO grant 903-42-065.

790.2

DIFFERENTIAL CONTRIBUTION OF VOLTAGE- AND TRANSMITTER 
GATED CURRENTS TO DENDRITIC CALCIUM RESPONSES. S. Single*, T. 
Oertner, J, Haag and A. Borst. Novartis Crop Protection AG, CH-4002 Basel, 
Switzerland and Friedrich-Miescher-Laboratory of the Max-Planck-Society, 
Spemannstrasse 37-39, D-72076 Tuebingen, Germany.

Lobula plate tangential cells (LPTCs) of the blowfly Calliphora vicina depolarize 
when stimulated by visual motion in their preferred direction. Concomitantly, an 
increase of the intracellular calcium concentration occurs. The major fraction of this 
increase is due to influx through voltage-activated calcium channels (VACCs). 
However, some minor fraction seems to enter the cells by a different mechanism. 
Because LPTCs possess nicotinic Acetylcholine receptors (nAChRs) and, for 
vertebrate nAChRs, a certain calcium permeability has been demonstrated, the 
question arose, whether the nAChRs on LPTCs are permeable to calcium, too.

When hyperpolarizing the cells in vivo by displaying motion in the null direction 
(ND), different calcium responses along the dendrite were observed. In the fine tips, 
the calcium increased, in the main dendrite it decreased. We propose the following 
explanation for this finding: Whereas VACCs are spread allover the cell, nAChRs are 
assumed to be located at the dendritic tips only. Since there is a constant calcium 
influx at the resting potential, the hyperpolarization during ND motion leads to a 
decreased calcium influx through VACCs. At the dendritic tips, however, the 
decreased calcium is compensated for by influx through nAChRs which are activated 
due to the low direction selectivity of the presynaptic elements. The interplay 
between these two mechanisms during motion stimulation results in different calcium 
responses along the dendrite. For a direct demonstration of the postulated calcium 
permeability of blowfly nAChRs, an in vitro experiment was carried out: Stimulating 
LPTCs by carbachol application in Na-free ringer activates nAChRs. Sodium carried 
depolarization and concomitant activation of VACCs is prevented under these 
conditions. Yet, a small local increase of cytosolic calcium is reliably observed. This 
hints to calcium entry through nAChRs. Supported by the Max-Planck-Society.

790.3

SIMULATED DENDRITIC INFLUX OF CALCIUM IONS THROUGH 
VOLTAGE- AND LIGAND-GATED CHANNELS USING MCELL.
K.M. Franks1’2*, T.M. Bartol1, D.M. Egelman1, M.M.Poo2 and T.J. Sejnowski1,2,3.
*CNL, The Salk Institute, La Jolla, CA 92037, 2Dept. of Biology, UC San Diego,
La Jolla, CA, 92093 and 3Howard Hughes Medical Institute.

Ca2+ is an important second messenger in many biological systems. Of
particular interest is its crucial role in the temporally asymmetric modification of 
synaptic strength (LTP/LTD), but the mechanisms underlying these changes 
remain unclear. Moreover, simultaneous high-resolution spatial and temporal 
profiles of intra- and extracellular Ca2+ dynamics are unknown. Using MCell, a 
general Monte Carlo simulator of cellular microphysiology, we have modeled the 
influx of Ca2+ through voltage- and ligand-gated ion channels. A simulated 
segment of proximal dendrite, with one or more spines, was embedded in 
neuropil and assorted types of channels were individually placed on pre- and 
postsynaptic membranes. Experimentally determined voltage-dependent gating 
of L, T and N-types of Ca2+channels and the gating of voltage-dependent Mg2+- 
block in NMDA channels were driven by dendritically recorded synaptic 
potentials and back-propagating action potentials. Published kinetic rate constants 
were used in activating ligand-gated NMDA channels. In the three-dimensional 
model, over 4 million Ca2+ ions were simulated representing 1.5 mM in the 
extracellular space, and a free intracellular Ca2+ concentration of 50 nM including 
Ca2+ buffers with known affinities. Postsynaptic Ca2+ influx was monitored 
following a single EPSP or back-propagating action potential. Simulations were 
then run for a range of intervals between paired EPSPs and dendritic action 
potentials. Known concentrations and binding affinities of various Ca2+ binding 
sites allow direct comparison and calibration of our simulated results with 
published estimates of Ca2+ dynamics. Supported by NSF, HHMI, NIH, Sloan 
Foundation & HFSP.

790.4

CA-INDUCED CA RELEASE MODEL FOR NEURONS: IDENTIFICA-
TION OF THE PARAMETERS. Y.A Bedrov. QE. Dick and GN. Akoev 
Pavlov Institute of Physiology, nab.Makarova, 6,199034 St.Petersburg

Changes in the free intracellular calcium concentration ([Ca];) play a pivotal 
role in a number of neuronal events, including neurotransmitter release, control 
of membrane excitability and emergence of bursting oscillations. The purpose of 
the work is to develop a minimal model of [Ca]; regulation in the soma neuron 
and identify values of its parameters based on experimental data. As structure 
elements of the model we have chosen l)Ca influx into the cytosol through 
voltage-gated Ca channels of the cytoplasmic membrane, 2)fast Ca buffering, 
3)Ca uptake by the endoplasmic reticulum (ER) within the cytoplasm mediated 
by Ca-ATPase pump, 4)Ca release from the ER into the cytosol mediated by 
ryanodine receptors. In describing the activation and inactivation of ryanodine 
receptors we consider their essential dependence on both [Ca]; and luminal [Ca] 
in the ER The activation is presumed to be instantaneous and the inactivation is 
described by the first order kinetics. The [Ca]; dependence of the Ca-ATPase 
pump rate is fitted by a Hill function with coefficient 2. In evaluating the fast Ca 
buffering we suppose that the binding of Ca to a buffer is rapid with respect to 
time scale of Ca uptake and Ca release. For the parameter model identification 
we have used the data of damped and undamped oscillations of [Ca]; induced by 
caffeine (Shmigol et al., Neurosci. 73:1061, 1996). The model data are fitted to 
experimental ones by downhill simplex method for nonlinear least-squares. 
Values of activation and inactivation parameters of ryanodine receptors, 
amplitude of Ca-ATPase pump, dissociation constant for fast buffering and total 
buffer concentration are evaluated. The estimates obtained are well agreed with 
the literature data. The model can be useful tool in studying mechanisms of Ca 
homeostasis and can be applied for early diagnostics of cellular pathologies 
caused by disruption of Ca regulation.

790.5

NITROUS OXIDE INCREASES INTRACELLULAR CALCIUM IN ACUTELY 
DISSOCIATED RAT HIPPOCAMPAL NEURONS D.M. Tavlor*. P.H. Donohoe, 
and P.E. Bickler, Departments of Anesthesia and Neurology, University of California, 
San Francisco, CA 94143

Despite more than 150 years of clinical use as an anesthetic, little is understood 
concerning the mechanisms of action of nitrous oxide (laughing gas). Recent studies 
into mechanisms of action of potent volatile anesthetics (e.g. Isoflurane), propofol, and 
barbiturates have shown increases in intraneuronal calcium which may be acting to 
increase GABAergic neurotransmission and inhibit glutamatergic activity at central 
synapses such as the Schaffer collateral- CA1 synapse. Recent studies have suggested 
that nitrous oxide is acting to antagonize glutamatergic NMDA receptor activity. We 
therefore chose to see if nitrous oxide causes similar increases in intraneuronal 
calcium.

Dissociated neurons were prepared by enzymatic digestion of dissected CA1 regions 
of hippocampal slices from 4 to 21 day old rats in 0.1% trypsin and 0.05% pronase. 
Cells were loaded with fura-2 in a phosphate buffered saline solution (PBS), and [Ca2*]; 
was determined using a microscope fluorometer. [Ca2+]j was measured in 
morphologically identified CA 1 pyramids, by adjusting slit apertures in the 
photomultiplier tube of the microfluorometer to include only the cell body. PBS was 
continuously bubbled with a gas mixture of 5% CO2, 35% O2, and either 60% N2 
(control and wash solutions) or 60% N2O (nitrous oxide). N2O caused a rapid, 
reversible increase in [Ca2+]i in 4 of 5 consecutive pyramids from 3 different neonatal 
rats. (143.2 nM control, 168.2 nM N2O, p< .03). A similar, but smaller increase 
in[Ca2+]i was found in cultured astrocytes.

These data demonstrate that as with potent volatile anesthetics, N2O causes a rapid, 
reversible increase in intracellular calcium in acutely dissociated CA1 pyramids. Such 
an increase, operating via Ca2+-dependent control processes, may underlie the 
antagonistic effects of N2O on NMDA receptors.
Supported by NIH GM-08440, and GM 52212

790.6

CALCIUM BUFFERING IN HIPPOCAMPAL CA1 PYRAMIDAL 
NEURONS AND DENTATE GYRUS GRANULE NEURONS. 
W.J.Wadman* and A.Borgdorff. Institute for Neurobiology, University of 
Amsterdam, The Netherlands.
Intracellular calcium is a crucial modulatory factor in neuronal function. 
Calcium homeostasis comprises at least influx (in particular through 
voltage dependent calcium channels), efflux by energy driven pumps and 
intracellular buffering through a variety of Calcium Binding Proteins. We 
used patch clamp in the amphotericin permeated whole cell configuration 
to evoke a controlled calcium influx through voltage dependent calcium 
channels. The acutely dissociated CA1 or FD neurons were bath-loaded 
with the ester forms of Magfura-2 or Fura-2. Ratio-imaging at 340 nm 
and 380 nm excitation wavelength using a photomultiplier tube allowed 
fast determination of changes in calcium concentration at the millisecond 
scale synchronous with electrophysiological measurements. The inward 
current evoked by 1 second depolarization was completely carried by 
calcium and allowed us to calculate the calcium flux responsible for the 
rise in calcium. At the same time a first order buffer could well describe 
the change in calcium observed. After cell volume was estimated from the 
microscope we concluded that in both cell types the lumped buffer had a 
calcium affinity around 10-14 pM and a concentration of about 1.5 mM. 
In the granule cells a 55% smaller calcium inlux resulted in a 55% higher 
calcium concentration in accordance with the smaller volume of the DG 
neurons. The pump rate for calcium in each cell was determined during 
the recovery phase of the calcium transient. The time constant of the 
relaxation in CA1 cells was between 3-5 seconds (at room temperature). 
In the FD granule neurons the decay of calcium was about three times 
faster.
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791.1 791.2
CONTROL OF SPONTANEOUS ACTION POTENTIAL FIRING FREQUENCY IN 
GT1 NEURONS: MATHEMATICAL MODELING ANALYSIS OF INVOLVEMENT 
OF STORE-OPERATED CALCIUM CHANNELS A.P. LeBeau’*, F. Van Goor2, S.S. 
Stoiilkovic2 and A. Sherman1. ’Math Research Branch, NIDDK, NIH; 2Endocr. Reproduc. 
Res. Branch, NICHD, NIH, Bethesda, MD 20892.

GT1 neurons are a cell line of gonadotropin-releasing hormone (GnRH)-secreting 
hypothamic neurons that are important in the regulation of the reproductive axis. 
Individual GT1 cells (which both respond to, and secrete GnRH) fire spontaneous action 
potentials (AP) at a low frequency (about 1 Hz; Van Goor et al., 1999, Mol. Endocr. 13: 
587-603). GnRH exposure transiently abolishes AP firing (due to depletion of 
intracellular Ca2+ stores and activation of a Ca2+-activated K+ current) but this is followed 
by an increase in AP firing frequency and a steady, raised intracellular [Ca2+]. 
Experimental evidence indicates that activation of a store-operated Ca2+ current (ISoc) maY 
underlie the increase in spike frequency (Van Goor et al., 1999, PNAS 96: 4101-4106).

To investigate control of firing frequency in GT1 cells we developed a mathematical 
model that describes the major ionic currents in GT1 cells. We achieved slow firing in 
the model, but this was not robust in the face of small amounts of positive injected current, 
which led to large increases in spike frequency. This was not consistent with experimental 
results and further analysis suggested that the cells exhibit spike-frequency adaptation 
when exposed to positive injected current. We considered potential mechanisms that 
might underlie the adaptation effect, based on known properties of GT1 cells. We found 
that including Isoc that was partially active under basal conditions enabled the model to 
adapt to small amounts of injected current. This occurred because an increase in firing 
frequency due to the injected current led to an increase in cytosolic, and thus stored [Ca2+]. 
This in turn fed back to reduce Isoc resulting in a compensation of the firing frequency. 
The model supports the hypothesis that Isoc contributes to the ionic current under basal 
conditions, and controls spike frequency in response to injected current.

PAPUAMINE AND HALICLONADIAMINE: CELL PERMEANT INOSITOL 
1,4,5-TRISPHOSPHATE RECEPTOR INHIBITORS. J. Gafm G.M. 
Nicholas2. T.F. Mohnski2 and I.N. Pessah1. Depts. of ’Vet. Molec. Biosd. and 
2Chemistry, University of California, Davis, CA 95616.

The phosphoinositide signaling cascade plays a prominent role in neuronal 
signaling, where it mediates such processes as neuromodulation, synaptic plasticity 
and sensory perception. In order to study inositol 1,43-trisphosphate receptor 
(IP3R)-mediated pathways, potent, selective membrane permeable IP3R inhibitors are 
needed. Recently, xestospongins (Xes), a group of bis-l-oxaquinolizadines isolated 
from Xestospongia sp. were shown to be potent selective, membrane permeable 
blockers of the IP3R (Gafni et d, 1997). Despite the success of Xes in inhibiting 
IP^-mediated Ca2* release in whole cell preparations, their usefulness in studying 
longer-term consequences of IP^R inhibition have been limited by their 
stereochemical lability. Using an IP3-mediated Ca2* release assay in cerebellar 
nucrosomes, we have identified four new compounds that have potent 1P3R 
inhibitory activity (Table). Papuamine and halidonadiamine were isolated from a 
yet to be identified marine sponge and their tetrahydro derivatives were subsequently 
synthesized from these compounds. All have some chemically similarity 
to Xes. Preliminary experiments
in undifferentiated 1B5 cells (a 
myoblast cell line) also suggests 
these compounds are able to 
permeate the cell membrane to 
block IP3 -mediated Ca2* release.
These compounds may prove to 
be valuable tools for studying 
IPjR-mediated processes.

This work was supported in 
part by NIH grant GM57560 and 
Training Grant ES07059.

Compound IC^(pM)

xestospongin C 0.36
xestospongin D 5.9
papuamine 5.9
halidonadiamine 8.9
tetrahydro-papuamine 7.0
tetrahydro- partial block
haliclonadimine

791.3
REQUIREMENT OF INTRACELLULAR CALCIUM IN THE OPENING OF 
STORE-OPERATED CALCIUM CHANNELS FORMED BY RAT TRP4.
S. Kaneko*, M. Kinoshita, M. Satoh and A. Akaike. Dept. of Pharmacol., 
Graduate School of Pharm. Sci., Kyoto Univ., Kyoto 606-8501, Japan.

In Xenopus oocytes, store-operated Ca2+ channel (SOC) response can be 
characterized by the response following application of Ca2+-containing solution 
to voltage-clamped oocytes pretreated with thapsigargin. We have previously 
found that the SOC response of oocytes injected with mRNA for rat trp4 
(rTRP4) increases and shows a higher sensitivity to external Ca2+ concen-
tration than the endogenous SOC response mainly mediated by Xenopus trp1. 
In the present study, we have further investigated the Ca2+ regulation 
mechanism of SOC, using cut-open method that enables artificial changes in 
the intracellular ionic environment of oocytes. Although injection of EGTA 
could unmask the Ca2+ current flowing through SOC in a conventional whole-
cell recording, intracellular perfusion of oocytes with a Ca2+-free solution 
containing 10 mM EGTA almost abolished all the SOC responses of both non- 
injected and rTRP4-expressing oocytes in the cut-open recording. The native 
SOC response was not fully restored by subsequent increase in the intra-
cellular Ca2+ concentration. However, a large SOC response was observed in 
the oocytes expressing rTRP4 after internal concentration of Ca2+ was 
increased up to 300 nM. These results suggest that cytosolic factors are 
required for the opening of SOC, and that rTRP4 requires intracellular Ca2+ for 
the opening. Supported by Monbusho, Japan.

791.4
CONTRIBUTION OF THE ENDOPLASMIC RETICULUM TO REGULATION 
OF Ca2* HOMEOSTASIS IN MAMMALIAN CENTRAL NEURONS. V. Pinelis*1, 
D. Favuk2, T. Storozhewkh1. N. Andreeva3. L. Khaspekov3, N. Grigortcievich2. N.
Vinskaya1. B. Khodorov2. 1 Institute of Pediatrics,2 Institute of General Pathology 
and Pathophysiology, 3 Brain Research Institute; Moscow, 117963, Russia.

The role of endoplasmic reticulum (ER) to regulation of Ca2+ homeostasis in 
mammalian central neurons is not elucidated. In the present work we tried to clarify 
this question with a special attention to the invoiment of ER in deterioration of Ca2+ 
homeostasis caused by overstimulation of glutamate (Glu) receptors. To study a 
contribution of endoplasmic reticulum (ER) to regulation of cytoplasmic Ca2+ 
([Ca2*];) in mammalian central neurons a specific inhibitors of the ER Ca2+ pump 
have been used. Experiments have been carried out on cultured hippocampal 
(cortical) neurons and cerebellaar granule cells (CGC) loaded with fura-2. 
Application of 10-30 pM cyclopiazorinic acid (CPA) or 5-10 pM thapsigargin (TG) 
to almost all the resting hippocampal or cortical neurons and to about 50% of CGC 
induced an increase in [Ca2*];. Removal of Ca2+ from CPA or TG solutions readily 
decreased [Ca2*]; to basal level. In Ca2* free medium the Ca2+ response to CPA or 
TG were transimt only in hippocampal or cortical neurons. These findings led us to 
conclude that the neuronal plasma membrane is endowed with the system of Ca2* 
permeable channels and Ca2* influx mediated by these channels generates the 
cytoplasmic Ca2+ response. CPA applications just following an 1 min 100 pM GLU 
pulse ceased [Ca2*], recovery and induced a new [Ca2+]j elevation which could be 
abolished by Ca2* removal. CPA induced an additional [Ca2*]; increase during 
prolonged (15-20min) GLU (100 pM) treatment and in the period of partial [Ca2*]; 
recovery after the termination of a GLU challenge indicating on a continious release 
of Ca2* from the ER stores which is fully compensated by a refilling of this stores. 
Only in neurons with exhibited high Ca-plateau in the post-glutamate period this 
mechanism of Ca2* store refilling was inactivated (no response to CPA), apparently 
owing to early established us the neuronal ATP depletion. Supported by RFBR.

791.5

Ca2* RELEASE FROM THE SUBMEMBRANE AND PERINUCLEAR Ca2* 
STORES INDUCED BY ACTION POTENTIALS AND ITS MODULATION 
OF THE CELL MEMBRANE EXCITABILITY IN CULTURED 
SYMPATHETIC NEURONS T. Akita and K. Knba*. Dept of Physiology, Nagoya 
Univ. Sch. of Med.; Nagoya 466-8550, Japan

To determine the site, modes of activation and physiological roles of calcium- 
induced calcium release in neurons, we investigated action potential (AP)- and short 
depolarizing pulse-induced Ca2+ transients in cultured bullfrog sympathetic neurons, 
using a conventional whole-cell patch clamp technique and confocal microscope 
fluorimetry. One to several APs or short depolarization pulses (10-50 ms) could 
effectively cause a Ca2+ transient spreading from the submembrane area, which 
consisted of fast propagation phase and slow diffusion phase. Some cells showed 
Ca2* transients both in the cytoplasm and nucleoplasm that originated in the nuclear 
boundary, indicating active Ca2* release from the nuclear envelope. These Ca2* 
transients were effectively blocked by ryanodine or thapsigargin, which did not 
significantly affect Ca2* influx at the cell membrane. Fluorescent ryanodine 
(BODIPY FL-X ryanodine) tended to accumulate at the submembrane region, 
especially around the nucleus. The time course of afterhyperpolarization (AHP) of 
APs was similar to that of the Ca2* transient in the fast phase. When ryanodine or 
thapsigargin blocked the Ca2* transient, the amplitude of the fastest component of the 
current underlying AHP was also reduced, suggesting the suppression of BK^ 
channel activity. Thus Ca2* released from the submembrane and perinuclear Ca2* 
stores predominantly takes part in the activity-dependent Ca2* signaling and it 
modulates the cell membrane excitability through acting on the submembrane Ca2* 
microdomain in sympathetic neurons.
(Supported by Grants in Aid for Scientific Research from the Japanese Ministry of 
Eduaition, Science and Culture)

791.6
PHYSIOLOGICAL AND PHARMACOLOGICAL CHARACTERIZATION OF 

RYANODINE-SENSITIVE CALCIUM CHANNELS DERIVED FROM LLAMA 

BRAIN CORTEX. J. J. Marengo, A. Llanos, M. I. Behrens* and R. Bull, ICBM, 

Universidad de Chile, Santiago Chile, ZIP code 6530499.

The llama (Lama glam a), that evolved in the Andean altiplano, has developed a 

number of physiological strategies to adapt to hypobaric hypoxia. Fetal llama 

exposed to hypoxia displayed reversible flat electrocorticogram traces. After 

recovery no seizures were observed following hours or days and no neuronal death 

was detected. In order to assess intracellular calcium homeostasis we characterized 

ryanodine-sensitive calcium channels derived from llama brain cortex. The channels, 

that displayed a conductance of 104 ± 3 pS, were activated by mM ATP or caffeine, 

and were inhibited by mM Mg2*, all added to the cytosolic side. Almost all channels 

recorded (56 of 60) displayed a bell-shaped calcium dependence with very low 

maximal activity (Po ( 0.1). The oxidation of sulfhydryl groups modified the calcium 

dependence rendering the channel more sensitive towards activation by Ca2* and 

caffeine. These results show that the brain cortex of Lama glama expresses 

ryanodine-sensitive calcium channels with similar physiological and 

pharmacological characteristics to lowland mammals but with lower sensitivity 

towards channel agonists. Supported by Fondecyt Grants 8980009 and 1970236.
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791.7
CAPACITATIVE CALCIUM INFLUX IS ALTERED AFTER TRAUMATIC 
INJURY OF CORTICAL NEURONS. J.T, Weber*. B.A, Rzigalinski.
K.A.Willoughby, H.A, Sitterding and E.F, Ellis. Dept. of Pharmacology and 
Toxicology, Medical College of Virginia of Virginia Commonwealth University; 
Richmond, VA 23298.

Previous studies in our laboratory have shown that intracellular free calcium 
([Ca2+ ],) is elevated immediately after mild, stretch-induced injury of cortical neurons 
in vitro and returns to basal levels by 3 hr. However, we found that elevation of [Ca2+]j 
in response to the metabotropic glutamate receptor agonist, trans-(IS,3R)-1 -Amino- 
1, 3-cyclopentanedicarboxylic acid (tACPD), or the smooth endoplasmic reticulum 
Ca2+-ATPase inhibitor, thapsigargin, is potentiated 3 hr after injury, suggesting that 
intracellular calcium stores become hyper-responsive. Depletion of Ca2+ from 
intracellular stores with tACPD or thapsigargin activates second messenger-operated 
channels (SMOCs) in the plasma membrane, resulting in an influx of extracellular Ca2+ 
and a further increase in [Ca2+L (capacitative calcium influx). Therefore, hyper- 
responsive intracellular Ca2+stores could be due to 1) increased Ca2+sequestration or 
2) an increase in capacitative Ca2+ influx from the extracellular space. We investigated 
these hypotheses in stretch-injured neurons of neuronal plus glial cultures using fura-2 
microspectrophotometry and Ca2+imaging techniques. Injury did not alter the size of 

neuronal intracellular Ca2+ stores, as measured by stimulation with thapsigargin in 
Ca2+-free media. Charging the stores with Ca2+, by elevating [Ca2+]j with KCl-induced 
depolarization, did not enhance the response to tACPD or thapsigargin in most of the 
neurons investigated, indicating that the stores are filled to maximum capacity at 
resting conditions in the majority of neurons. Blockade of SMOCs with SKF 96365 (1 
pM) prior to thapsigargin stimulation blocked the injury-induced hyper-responsiveness 
of the stores. These results suggest that post-traumatic hyper-responsive intracellular 
Ca2+ stores are due primarily to an increase in capacitative Ca2+ influx and not to 
increased Ca2+sequestration. Supported by NS 27214.

SYNAPTIC PLASTICITY: MODULATION

792.1

ACETYLCHOLINE RELEASE FROM DEVELOPING GROWTH CONES OF 
CULTURED DROSOPHILA CENTRAL NEURONS IN WILD-TYPE AND cAMP 
CASCADE MUTANTS W.-D, Yao.1* J. Rusch.2 M.-m, Poo2 and C.-F, Wu1. 
^Dept. of Biological Sciences, University of Iowa, Iowa City, IA 52242; 2p)ept of 
Biology, UCSD, La Jolla, CA 92093.

We describe a novel bioassay system that employs Xenopus embryonic myocytes 
(myoballs) to detect the release of acetylcholine (ACh) from Drosophila CNS neurons. 
When a voltage-clamped Xenopus myoball was manipulated into contact with cultured 
Drosophila "giant" neurons, spontaneous synaptic current-like events were registered. 
These events were observed within seconds upon contact and were blocked by curare 
and a-bungarotoxin, but not by TTX and Cadmium, suggesting that they are due to 
the spontaneous quantal release of ACh. The secretion occurred not only at the 
growth cone, but also along the neurite and at the soma, with significantly different 
release parameters among various regions. The amplitude of these currents displayed a 
skewed distribution. These features are distinct from synaptic transmission at more 
mature synapses or autapses formed in this culture system, and are reminiscent of the 
transmitter release process during early development in other preparations. The 
usefulness of this co-culture system in studying presynaptic secretion mechanisms is 
illustrated by a series of studies on mutants that disrupt different components in the 
cAMP signaling cascade, including dunce (dnc) and rutabaga (rut), which affect 
adenylyl cyclase and cAMP phosphodiesterase, respectively, as well as PAA^and 
PKAPCO, which disrupt the regulatory and catalytic subunits of the cAMP-dependent 
protein kinase A, respectively. These mutations affected the time course, but not the 
quantal contents of secretion, and the release frequency was enhanced by repetitive 
neuronal activity to a much greater extent in dnc than in wild-type growth cones. 
These results suggest that cAMP-dependent mechanism plays an important role in the 
activity-dependent regulation of transmitter release not only in mature synapses as 
previously shown, but also in developing nerve terminals before synaptogenesis. 
Supported by NIH grants NS26528 and HD 18577 to C-FW and NS22764 to M-mP, 
and a postdoctoral fellowship from The Paralysis Project Of America to JR.

792.2
INCREASED VARIABILITY OF EXCITATORY JUNCTIONAL CURRENTS 
AMONG SYNAPTIC BOUTONS ALONG IDENTIFIABLE MOTOR AXON 
TERMINAL BRANCHES IN THE DROSOPHILA cAMP CASCADE MUTANT, 
dnc AND rut. A. Ueda*, and C.-F, Wu. Dept. of Biological Sciences, 
University of Iowa, Iowa City, IA 52242.

The body-wall muscles of Drosophila larvae are each innervated by a few 
identifiable motoneurons. Excitatory junctional currents (EJCs) from single 
boutons at the neuromuscular junctions can be recorded focally by 
extracellular loose-patch recording. Previously, altered facilitation, 
augmentation, and potentiation were shown in the cAMP cascade mutants, 
dnc (cAMP phosphdiesterase), and rut (adenylyl cyclase), in whole-cell 
recordings at low external Ca2+. We examined those properties of individual 
synaptic boutons at a physiological Ca2+ concentration (Ca2+ 1.5mM in HL3 
saline). When the motor terminal was stimulated at 10Hz, synaptic 
depression was consistently seen in wild type (WT). In contrast, rut boutons 
showed either facilitation or depression, depending on the initial EJC 
amplitude whereas facilitation and depression were both observed in dnc 
boutons, uncorrelated to the initial EJC. Furthermore, the temporal control of 
transmitter release in response to nerve stimulation was affected in mutants, 
as indicated by the highly variable time to peak of EJCs in each individual 
dnc and rut boutons. Interestingly, the properties of individual boutons along 
an identified motor terminal branch on muscle 13 became highly 
inhomogeneous in the mutants. The most striking variability in EJC 
amplitude was seen in dnc boutons. In contrast, the EJC amplitude was 
relatively uniform among WT boutons in the same terminal branch despite 
variation among muscles. This study was supported by NIH grant NS26528.

792.3

REGIONAL HETEROGENEITY OF CALCIUM DYNAMICS WITHIN 
DROSOPHILA CULTURED NEURONS: EFFECTS OF cAMP MUTATIONS.
B.Berke,1* W.D, Yao.2. C.-F. Wu1’2. 1 Neuroscience Program, ^Department of 
Biological Sciences, University of Iowa, Iowa City, IA 52246.

We report that the giant neuron culture system derived from dissociated gastrulae 
embryos is suitable for optical measurements of neuronal Ca2+ regulation in 
Drosophila. Using the Ca2+ indicator fura-2 we investigated the role of the cAMP 
cascade in regional Ca2+ dynamics since loaded cells remain capable of firing spikes.

Neurons maintained a stable resting Ca2+ concentration, varying among cells 
between 10 and 40 nM. The perfusion of saline with high K+ concentrations (from 
2 to 30 or 60 mM KC1 for 30 to 120 s) depolarized the neurons and induced an 
internal Ca2+ rise. The increase was of greater amplitude but shorter duration within 
the neurites and growth cones than within the soma (numbers of cells/dissociations= 
6/3). The amplitude of the Ca2+ rise and its half-decay time in the soma increased 
with longer duration or higher concentrations of K+ stimulation (7/4). This Ca2+ 
rise is dependent upon an influx through voltage-gated Ca2+ channels, as it was 
absent in Ca2+ free salines (5/4) and blocked by 6 mM Co2+ (2/2).

Mutations of the dnc and rut genes disrupt cAMP-phosphodiesterase and 
Ca2+/CaM-activated adenylyl cyclase, respectively, resulting in memory deficiencies. 
When rut neurons were depolarized (60K for 30 s), the Ca2+ rise and decay differed 
from wild-type (CS) neurons depending on the cellular region. In peripheral soma 
near neurite initiation zones, the peak rise did not increase with longer duration 
stimuli (3/2). Other peripheral regions of the soma displayed a slower decay after 
depolarization (4/2). In contrast to the chronic effects of cAMP pathway mutations, 
the response to acutely applied membrane permeable cAMP analogues was 
examined. The application of 500 pM db-cAMP induced a Ca2+ rise in wild-type 
neurons (3/2). However, only 1 out of 14 dnc neurons (14/2) showed a detectable 
Ca2+ rise, suggesting that chronic defects in cAMP metabolism may alter the 
responsiveness of cAMP-mediated Ca2+ regulation.

This study was funded by NIH grants: HD 18577 and NS 26528.

792.4

CONSEQUENCES FOR PERIPHERAL SYNAPSES OF cAMP REDUCTION 
IN THE DROSOPHILA NERVOUS SYSTEM THROUGH TRANSGENIC 
OVER-EXPRESSION OF THE LEARNING AND MEMORY GENE dunce. 
Alexander J. Shayan2. Una S. Cheung1. Gabrielle L, Boulianne1,3, C.K. Govind1*,
and Harold L. Atwood1,2. ’Department of Zoology; department of Physiology; 
department of Molecular and Medical Genetics, University of Toronto, Toronto, ON 
Canada M5S 1A8.

We investigated the effects of chronically lowered cAMP on the morphology and 
physiology of the Drosophila larval neuromuscular junction, using two fly lines in 
which cAMP was significantly lower than normal in the nervous system: (1) 
transgenic flies in which the dunce (dnc) gene product was overexpressed in the 
nervous system; and (2) flies mutant for the rutabaga gene (rut1) which have reduced 
adenylyl cyclase activity. In comparison with controls, larvae with reduced cAMP 
exhibited a smaller number of synaptic varicosities. This effect was more pronounced 
in transgenic larvae, in which die reduction of neural cAMP was more pronounced. 
Synaptic transmission was also reduced in both cases, as evidenced by smaller 
excitatory junctional potentials (EJPs). Synaptic currents recorded from individual 
synaptic varicosities of the neuromuscular junction indicated almost normal transmitter 
release properties in transgenic larvae, and a modest impairment in rw? larvae. Thus, 
reduction in EJP amplitude in transgenic larvae is primarily due to. reduced 
innervation, while in rut1 larvae it is attributable to the combined effects of reduced 
innervation and a mild impairment of transmitter release. We conclude that the major 
effect of chronically lowered cAMP is reduction of innervation rather than impairment 
of transmitter release properties. This work was supported by grants from NSERC 
Canada to H.L. A. and MRC Canada to G.L.B.
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792.5
THE ROLE OF TRKB-LIGANDS IN THE LONG-TERM FACILITATION OF 
APLYSIA SENSORY-MOTOR NEURON CONNECTIONS IN CULTURE. 
M, GiustettoJ* S. Patterson? K. C. Martin1 and E, R, Kandel1’2. ‘Ctr. Neurobiol. 
& Behav., Columbia Univ.; 2HHMI, New York, NY 10032.

Neurotrophins play a crucial role in the development of the vertebrate nerv-
ous system, controlling neuronal proliferation, differentiation, neurite outgrowth 
and cell survival. Recent evidence suggests that neurotrophic factors may also be 
involved in synaptic plasticity in vertebrates (Thoenen, 1995; Lo, 1995) and in-
vertebrates (Zhang et al., 1997; McKay and Carew, 1996). For example, both 
BDNF and TGF-pi appear to be able to induce a long-term but not a short-term 
facilitation of Aplysia sensory to motor connections in the intact animal (Zhang et 
al., 1997; McKay and Carew, 1996). To extend these analysis to the relevant re-
ceptors, we have investigated in Aplysia cell culture the possible role of TrkB-like 
receptors. Using recombinant human TrkB “receptor bodies” (TrkB-Fc) that work 
as false TrkB receptors and sequester endogenous neurotrophins, we find that ex-
posure of the cultures to TrkB-Fc significantly reduced long-term but not short-
term facilitation of the connections between sensory and motor neurons. In the 
presence of TrkB-Fc (5 pg/ml), the long-term synaptic facilitation induced by five 
pulses of 5-HT was 25.37% (n=29) at 24 h, compared to 100.93% (n=29) in cells 
treated with five pulses of 5-HT alone. We found, using two different anti-TrkB 
antibodies, a single immunoreactive 140 kDa protein that may represent the Aply- 
sza-TrkB (Tp-TrkB). Finally, immunocytochemical staining of Aplysia neurons 
by the same antibodies reveals TrkB-like labeling widely distributed on both the 
pre- and the postsynaptic cells. These data are consistent with the idea that 5-HT 
may recruit a TrkB-dependent transduction pathway for expression of long-term 
facilitation at the sensory to motor synapse. (Supported by HHMI and HFSP.)

792.6
NEUROMODULATORS AFFECT EXPRESSION OF mRNAs ENCODING 
DIFFERENT ISOFORMS OF APLYSIA CELL ADHESION MOLECULE IN 
SENSORY AND MOTOR NEURONS. S. Schacher*. F. Wu. Z.-Y, Sun and D. 
Wang. Ctr. Neurobiol. & Behav. and Dept. Microbiol., Columbia Univ. College of P 
& S, and NYSPI; New York, NY 10032.

Aplysia neurons express multiple isoforms of apCAM, a cell adhesion molecule 
which contributes to the formation and maintenance of synapses. Changes in ex-
pression of apCAM isoforms on the surface of sensory neurons (SNs) and motor 
neuron L7 also accompany long-term functional and structural changes in SN-L7 
synapses evoked by neuromodulators. The transmembrane isoform (apCAM-19), but 
not GPI-linked isoforms (apCAM-12 and apCAM-15), is rapidly endocytosed from the 
surfaces of SN by 5-HT, or of L7 by FMRFa which accompany long-term synaptic 
facilitation or depression, respectively. To explore functions of the apCAM isoforms 
and how changes in their expression in SN versus L7 might contribute to different 
forms of plasticity, we used single cell RT-PCR to evaluate mRNA level for each 
apCAM isoform in SN and L7 before and after treatments with 5-HT or FMRFa which 
evoke long-term facilitation or depression. Individual SNs and L7s express all 
isoforms, but the proportional expression for each isoform varies for the two cells. 
SNs express more apCAM-12 than apCAM-19, while L7s express more apCAM-19 
than apCAM-12. There is a significant change in the mRNA profiles 90 min after 
treatment with neuromodulators. 5-HT evokes a change that exaggerates the 
differences in isoform expression between SN and L7 without changing total 
expression. SNs express proportionately more apCAM-12 and less apCAM-19, while 
L7s express proportionately more apCAM-19. By contrast, FMRFa evokes a change 
in both cells such that the cell-specific profile of isoform expression is no longer 
detected. Level of apCAM-19 mRNA in L7 is reduced while it increases in SN. 
Proportionate level of apCAM-12 increases in L7 while it decreases in SN. The 
results suggest that rapid changes in expression of splice variants of a NCAM-like cell 
adhesion molecule in both pre- and postsynaptic neuron may contribute to bidirectional 
modulation of synaptic efficacy. Supported by NSF grant IBN-9808938.

792.7

PLASTIC ENHANCEMENT OF TRANSMITTER RELEASE BY 
ADRENALINE AT FROG MOTOR NERVE TERMINALS. S.-MHuang,1 T. 
Akita,1 A. Kitamura.1 S. Nakayama,1 H. Tokuno,1 H. Koyano2* and K. Kuba1.
‘First Dept. of Physiology, Sch. of Medicine, Nagoya Univ., Nagoya 466-8550; 
2Dept. of Physiology, Sch. of Medicine, Kyoto Univ., Kyoto 606-8501; Japan.

Catecholamines increase transmitter release from presynaptic terminals in 
vertebrate neuromuscular junctions. Previous studies suggest that noradrenaline 
acts on a process of exocytosis after an impulse-induced increase in intracellular 
Ca2+ ([Ca2+]j). Conventional intracellular recording and confocal or video imaging 
techniques were applied to record postsynaptic potentials and changes in the 
fluorescence of Ca2+-sensitive probes, Fura-2 or Oregon green BAPTA-1, or 
membrane-bound dye, FM1-43. Adrenaline (5-20 pM) produced the enhancement 
of end-plate potentials (EPPs) with a decrease in the coefficient of variation of their 
amplitude in a low Ca2+, high Mg2+ solution. Adrenaline also augmented EPPs in 
normal Ringer solution containing d-tubocurarine in a. use-dependent manner. 
Enhancement of EPPs lasted for more than several hours even after the removal of 
adrenaline. The amplitude and frequency of miniature end-plate potentials (mEPPs) 
and impulse(s)-induced rises in [Ca2+]„ however, were not changed under the 
effects of adrenaline. Adrenaline increased the sum of the amplitudes of EPPs 
induced by a high-frequency tetanus and the post-tetanic potentiation of EPP. 
Furthermore, adrenaline enhanced the extent of staining of synaptic vesicles with 
FM1-43 after tetanic stimuli and the rate of de-staining during tetanic stimuli. The 
results suggest that adrenaline enhances transmitter release by increasing the 
readily releasable pool of synaptic vesicles in frog motor nerve terminals.
(Supported by Grants in Aid for Scientific Research from the Japanese Ministry of 
Education, Science and Culture)

792.8
DOWN-REGULATION OF SYNAPSE EFFICACY BY PMA IN MOUSE 
NEURO-MUSCULAR JUNCTION IN VITRO. MX. Li*. M.Jia. H, Jiang and
P.G. Nelson. NICHD, NIH, Bethesda, MD 20892

Previous work suggested that protein kinase C (PKC) down-regulated synapse 
efficacy in mouse neuro-muscular junction in vitro model. Phorbol 12-myristate 
13-acetate (PMA) in a short time exposure is a protein kinase C activator, but an 
inhibitor of PKC for a prolonged exposure. From Western blot analysis, we 
found that the PKC a level in muscle plasma membrane was increased after the 
muscles were treated with lOOnM PMA for 30-120 minutes, but the level was 
decreased with further treatment for 24 hours. The effect of PMA on the 
synaptic efficacy was tested in mouse motoneuron and muscle co-cultures in a 
multi-compartment chamber. After PMA treatments at the concentrations of 
20nM~lpM for 2 hours, average functional synapse loss was 65% while in 
control experiments the loss was only 4.4% (p<0.0001). After a treatment ol 
Ijj M PMA for 20 hours, the synapse loss was 4.8%, which is not significantly 
different from the control (p>0.9). Application of 150nM PMA in the neuron^ 
side chamber for 2 hours did not induce significant functional synapse loss 
(p>0.3). However application of 150nM PMA in the central chamber, so that 
the muscles and synapses were exposed to PMA, induced functional synapse loss 
of 64% (p<0.0001). Electrophysiology recordings show that excitatory post-
synaptic potentials (EPPs) were also reduced after a treatment of PMA for 2 
hours. The size of EPPS was reduced without a significant reduction of the co-
efficient of variation (i.e. quantal number), which suggests that post-synaptic 
cell may play an important role in synapse loss. Our results suggest that PMA 
induced functional synapse loss is due to the activation of cellular PKC and its 
down-regulation of synapse efficacy may involve the post-synaptic apparatus in 
mouse neuro-muscular junction model in vitro.

792.9

DEVELOPMENT OF DROSOPHILA LARVAE 
NEUROMUSCULAR JUNCTION: 

MAINTAINING SYNAPTIC STRENGTH
H. Li* D.A. Harrison, and R.L. Cooper. Sch. of Biol. Sci.,

Univ. of Kentucky, Lexington, KY 40506-0225.
The regulation of synaptic efficacy is essential for the development of 

functional neural circuits and adult plasticity. For practical reasons, most 
of our current knowledge of synaptic development and plasticity is derived 
from the studies of neuromuscular junction (NMJ). As a model system, 
Drosophila melanogaster, provides many experimental advantages for 
analysis of the mechanisms that regulate synaptic efficacy during 
development. The amplitudes of the evoked excitatory junction potentials 
(EJPs)of lb and Is neurons, recorded in muscle 6 within abdominal segment 
3 (A3), decrease sightly from the 1st to the 3rd larval instar. However, the 
input resistance of the muscle decreases dramatically as the muscle 
increases in its size. The EJPs were also recorded from muscles 6 and 7 
from A2 to A6, and the relationship between the EJP amplitude and the 
muscle size will be reported on. Determination of the relationship of the 
length and bouton number of the motor neuron terminals (lb and Is) and 
the surface area and volume of their targets at each larval instar is currently 
be analyzed. In addition, the synaptic strength and ultrastructure of primary 
varicosities of both Type lb and Is terminals is also be examined 
throughout the larval development. Supported by NSF grants IBN-9808631 
& ILI DUE-9850907 (RLC) and IBN-9723994 (DH).

792.10
SEROTONIN (5-HT) INCREASES THE RATE OF EVOKED 

NEUROTRANSMISSION AT THE CRAYFISH NMJ
R.C. Southard, S.W. Whiteheart1, J. F. Zolman*2, and R.L. Cooper. Sch. of Biol. 
Sci.; Dept. of Biochemistry1; Dept. of Physiology2, Univ. of Kentucky, Lexington,
KY 40506-0225. .

Synaptic vesicles and the mechanism(s) by which vesicles fuse to the 
presynaptic membrane are important to signal transduction at the 
neuromuscular junction (NMJ). Although exact mechanism(s) at the 
crayfish NMJ are not fully understood, the vesicular release of 
neurotransmitter is quantal. Using the crayfish tonic NMJ quantal events 
can be recorded directly at the release sites allowing assessments to be 
made regarding the parameters of vesicle action. These parameters 
include latency and frequency in the first evoked response and subsequent 
multiple responses. The kinetics of this action and the progressions in 
which the neuromodulators affect the parameters of the vesicular action 
can be obtained. The application of biogenic amines to various synapses 
has been known to produce varying results. We assessed the 
neuromodulatory effects of 5-HT through the analysis of the latency jitter 
at the NMJ. 5-HT stimulates an IP3 cascade, which is presumed to produce 
phosphorylation of a number of proteins related to vesicular transport (i.e., 
synapsins) and docking (i.e., Muncl8/nSecl). The presence of 5-HT at the 
terminal results in a smaller latent period or a faster rate of release as 
indexed by evoked currents and is enhanced by stimulation. Supported by 
HHMI undergraduate fellowship (RCS); NSF grants IBN-9808631 & ILI DUE-9850907 
(RLC); NIH-HL56652 (SWW).
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792.11

DOES SEROTONIN (5-HT) INCREASE THE POOL OF SYNAPTIC
VESICLES AT THE CRAYFISH NEUROMUSCULAR JUNCTION?

L.R. Listerman1, H.L. Atwood2, L. Marin2, H, Bradacs*3, and R.L, Cooper1.1 Sch.
of Biol. Sci., Univ. of Kentucky, Lexington, KY 40506-0225; 2Dept. of Physiol., 
Univ. of Toronto, Toronto, ON, Canada MSS 1A8; 3Inst. fur ZooL, Univ. Graz, 
Abt. fur Neurobiol., Graz, Austria A-8010.

Exposure of the crayfish neuromuscular junction to serotonin (5-HT) greatly 
augments evoked transmitter release without increased calcium entry (Delaney et 
al., J. Neurosci. 11:2631-2643, 1991). Uptake of the fluorescent indicator FM1- 
43 by synaptic vesicles is augmented in 5-HT, suggesting either an increase in the 
pool of synaptic vesicles, or enhanced participation of previously inactive 
synapses (Wang & Zucker, Neuron 21:155-167,1998). We tested which of these 
two possibilities was more likely by sectioning synaptic boutons of the crayfish 
neuromuscular junction and counting synaptic vesicles in electron micrographs in 
stimulated and non-stimulated preparations exposed either to crayfish solution 
containing 5-HT, or to normal crayfish solution. In unstimulated preparations, 
exposure to 5-HT had little effect on the size of the vesicle populations near 
synapses. In stimulated preparations, vesicle populations were markedly reduced 
injunctions exposed to 5-HT in comparison with stimulated controls. Reduced 
vesicle populations occurred at many synapses of stimulated preparations treated 
with 5-HT. We conclude that 5-HT enhances vesicle release, but does not 
immediately increase the pool of synaptic vesicle at active synapses, and that the 
increased FM1-43 labeling reflects higher rates of vesicle turnover possibly 
coupled with increased participation of synapses that would normally be relatively 
inactive. (Supported by MRC, Canada (HLA); NSF grants IBN-9808631 & ILI DUE- 
9850907 (RLC); HHMI undergraduate (LRL).

792.12

MOTOR COMMAND AND SYNAPTIC TRANSMISSION: ROLES 
OF CNS, SENSORY SYSTEMS, AND NEUROMODULATION 
J.R. Strawn, P.H. Bonner*, and R.L. Cooper. Sch. of Biol. Sci., Univ. of 
Kentucky, Lexington, KY 40506-0225.

The crayfish nervous system lends itself to easy experimentation and 
provides direct correlation of structure and function at individual synapses 
on single cells within an identified system. This model system allows 
assessment of neuromodulator effects on the motor command circuitry as 
well as on other systems and activities within the CNS. The present studies 
are testing the hypothesis that acute application of serotonin (5-HT) to the 
CNS of crayfish alters the CNS intrinsic command of motor neurons. 
Application of 100 nM 5-HT to intact (n=5) and reduced CNS (n=4) 
preparations increases the firing frequency of the motor neurons as 
assessed by intracellular recordings from fibers of the superficial flexor 
muscle. Additionally, in the absence of sensory input, the system remains 
responsive to 5-HT. To investigate possible sites of 5-HT action on motor 
units, en passant recordings from the third root and quantal analysis at the 
NMJ are in progress. In this manner, the effects of neuromodulators on 
each component of the circuit (sensory, CNS, motor neuron, motor nerve 
terminals, and muscle fibers) can be addressed independently. NSF-REU 
(JRS); NSF IBN-9808631 & ILI DUE-9850907 (RLC).

792.13

INCREASED SENSITIVITY OF TRANSFORMED (PHASIC TO TONIC-
LIKE) MOTONEURONS TO THE NEUROMODULATOR 5-HT.
B. Griffis*, P. Bonner, and R.L, Cooper. T.H. Morgan School of Biological 
Sciences, Univ. of Kentucky, Lexington, KY 40506-0225.

Long-term adaptation (LTA) can be induced in crayfish, Procambarus 
clarkii, phasic motoneurons by daily low-frequency stimulation (Lnenicka 
and Atwood, J. Neurobiol., 1985). Biochemical , ultrastructural, and 
physiological changes result in a new ‘tonic-like’ state.

We hypothesized that, compared to control motoneurons, motoneurons 
undergoing LTA would show an increased response to the neuromodulator 
serotonin, 5-HT. To test the hypothesis, phasic motoneurons innervating 
the abdominal extensor muscles of crayfish were stimulated through wire 
electrodes at 2.5 Hz, 2 h/day, for 7 days.

On day eight, control and conditioned motoneurons from the same 
segment were stimulated at 1 Hz via suction electrodes. Excitatory post-
synaptic potentials (EPSPs) were recorded from L, muscle fibers 
innervated by each motoneuron type. Recordings were made in crayfish 
saline without and with 100 nM 5-HT. 5-HT increased EPSP amplitude 
38% (control side; n=5) and 73% (conditioned side; n=5).

Since recorded EPSP amplitudes during 5-HT exposure from fibers 
innervated by conditioned neurons increased twice as much as control fiber 
EPSPs, the hypothesis is supported. Future studies will attempt to 
determine possible mechanisms for this increased sensitivity. NIH-NIMH 
BEACON training grant (BG); NSF-IBN-9808631 andNSF-ILI-DUE- 9850907 (RLC).

792.14

THE ANATOMICAL, PHYSIOLOGICAL AND BIOCHEMICAL
CHARACTERIZATION OF MUSCLES ASSOCIATED WITH 

THE ARTICULATING MEMBRANE IN THE DORSAL 
SURFACE OF THE CRAYFISH ABDOMEN

J. Sohn, D.L. Mykies1, and R.L. Cooper*. Sch. of Biol. Sci., Univ. of Kentucky, 
Lexington, KY 40506-0225; 1 Dept. of Biol., Colorado State Univ., Ft.Collins, 
CO 80523.

The anatomy, physiology, and biochemistry of the dorsal membrane 
muscle and the superficial extensor muscle accessory in the abdomen of the 
crayfish, Procambarus clarkii, is reported. These muscles have not been 
previously characterized physiologically or biochemically. The anatomy 
was described by Pilgrim and Wiersma (J. Morph. 113:453-587.1963). The 
arrangement of these muscles vary depending on the abdominal segment. 
The function of the dorsal membrane muscle is to retract the thin 
articulating membrane joining the cuticular segments so that the dorsal 
membrane does not evert during extension of the abdomen. Consequently, 
the articulating membrane does not protrude, and thus potential damage to 
the membrane is minimized. Examination of nerve terminal morphology is 
currently underway using confocal microscopy. The electrophysiological 
data indicate that there are at least two tonic-like motor neurons 
innervating these muscles: fatigue-resistant and facilitating. The 
electrophoretic analysis of myofibrillar proteins indicates that they are 
tonic-like fibers. Supported by NSF grants IBN-9808631 & ILI DUE-9850907 
(RLC) and a UC Davis Distinguished Research Fellowship (DLM).

792.15

HABITUATION OF THE CRAYFISH TAIL FLIP RESPONSE
S. Kellie, T.L.E, Wagner*, and R.L, Cooper. Sch. of Biol. Sci., Univ. of 
Kentucky, Lexington, KY 40506-0225.

Previous work on the habituation of the crayfish tail flip response has shown 
a distinct correlation to crayfish size, due to a trend of the cable properties 
associated with the increasing growth of the lateral giant (LG) responsible for 
the tail flip response (Edwards et al., Trends Neurosci. 22; 153-161,1999). We 
aim to determine if other factors, other than size of the LG, affect habituation. 
In order to test this idea, a behavioral study was utilized. Furthermore different 
variables were introduced into different groups being studied. Three groups of 
juvenile and adult crayfish were studied: (1) sighted with normal light/dark 
cycle; (2) sighted that were isolated for 2 wks in the dark; and (3) blind cave 
adapted. The induction of tail flips were examined in the presence of red light 
alone. The crayfish were touched on the tail with a rubber tipped glass stirring 
rod once every 30 sec until habituation or one hour had elapsed. The 
experiments were recorded on video. Adult blind cave crayfish exhibit 
habituation even though it is of comparable size to juvenile sighted crayfish that 
fail to habituate. Dark adapted (juvenile and adult) sighted crayfish failed to 
show any significant difference in their tail flip response. Thus far, the results 
seem to indicate that the relative size of the LG to synaptic input is responsible 
for habituation of the crayfish tail flip response and not absolute size 
(measurements in progress). The results of this study lead to several other 
questions associated with the habituation of the crayfish tail flip response related 
to levels of known intrinsic neuromodulators and pharmacologically induced 
alterations in overall receptor response to neuromodulators. Supported by NSF 
grants IBN-9808631 & ILI DUE-9850907(RLC); HHMI undergraduate. (SK).
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793.1
ACTIVITY-DEPENDENT REGULATION OF INHIBITORY QUANTAL 
AMPLITUDE V.L. Kilman*and G, G. Turrigiano. Dept. of Biology and 
Volen Center for Complex Systems, Brandeis University, Waltham, MA 
02254.

When visual cortex is deprived of activity, inhibition decreases. We have 
demonstrated this is also true for cortical networks in culture. We wanted to 
know if this is due to a decrease in inhibitory synapse number, strength, or 
both. Visual cortical neurons from p4-6 rat were cultured for 5-7 days, and 
were then deprived of activity for 48 hrs with TTX. MIPSPs onto pyramidal 
neurons were then recorded from TTX-treated or sister control cultures (in 
TTX, APV and CNQX). MIPSPs reversed at the Cl- reversal potential (- 
50mV) and were blocked by bicuculline. The mean mIPSP amplitude (at -80 
mV) was reduced in activity-deprived neurons to 60% of control values 
(control = -19.8 ± 2.6 pA), while Vm, Rin, whole cell capacitance and mean 
rise time did not differ.

To determine if presynaptic changes contribute to the decreased inhibition, 
we immunocytochemically double-labeled control and TTX-treated cultures 
for synapsin and GAD65, the isoform of the synthetic enzyme for GABA 
found in synaptic terminals. The number, size, and intensity of synapsin- 
stained profiles and the intensity of GAD staining in double-labelled profiles 
were quantified from digital images and averaged within each condition.
Total synapse number and size and inhibitory synapse size did not change. 
Preliminary data suggest that the number of inhibitory synapses also did not 
decrease after TTX treatment. However, synaptic GAD staining intensity was 
significantly decreased to 64% of control values in activity-deprived cultures 
(p< 0.01). The intensity of synapsin staining did not differ between 
conditions. This presynaptic reduction in GAD staining intensity may 
contribute to the reduced mIPSP amplitude. Taken together, these data 
suggest that activity-deprivation produces a coordinated regulation of pre- and 
postsynaptic function. Supported by NSF, NIH, and the Sloan Foundation.

793.2
POSTSYNAPTIC DEPOLARIZATION SCALES QU ANTAL AMPLITUDE IN 
CORTICAL CULTURES. K.R. Leslie*, S.B. Nelson. & G.G. Turrigiano. Department 
of Biology and Center for Complex Systems, Brandeis University, Waltham MA 
02454

Pyramidal neurons can scale the strength of all their excitatory inputs up or down in 
response to changes in activity, in the direction needed to stabilize firing rates. 
Activity-dependent release of BDNF mediates synaptic scaling induced by low, but 
not high, levels of activity. Here we show that postsynaptic depolarization can scale 
quantal amplitude in the absence of receptor activation, and that this scaling involves 
a non-BDNF mediated pathway.

Dissociated cortical cultures were made from p4-6 rat visual cortex, and recordings 
were obtained after 7-9 DIV. To test if pre- or postsynaptic activity scales quantal 
amplitude, we chronically blocked synaptic activity for 48 hrs (with CNQX, APV, & 
bicuculline), while depolarizing with high potassium. Varying the potassium 
concentration in synaptic blockade depolarized cells from -62 ± 2.6 mV (in 3 mM 
K+) to -51 ± 1.7 mV (6 mM), -45 ± 2.5 mV (9 mM), and -36 ± 1.7 mV (12 mM).
After 48 hours of depolarization without synaptic input, we measured AMPA 
mediated mEPSCs using whole-cell voltage clamp recordings. Quantal amplitude was 
significantly decreased (p < 0.01, single factor ANOVA) from -23.5 ± 2.6 pA (3 mM 
K+) to -19.1 ± 2.7 (6 mM), -15.1 ± 1.5 (9 mM), and -13.1 ± 0.8 pA (12 mM). To 
determine if spikes are necessary for this form of synaptic scaling, or if depolarization 
alone is sufficient, we chronically depolarized cells in the presence of TTX. TTX 
failed to block the decrease in quantal amplitude associated with high potassium 
treatment (p < 0.02, Student’s t-test).

To test if the effect of depolarization was mediated by BDNF release, we 
depolarized cells in TTX in the presence of a Trk B-IgG fusion protein. A 48 hour 
treatment with Trk B-IgG increased mEPSC amplitudes to 173% of control values 
when applied alone (p < 0.005), but failed to increase mEPSC amplitudes in the 
depolarized condition (p < 0.002, Student’s t-test). These results demonstrate that 
synaptic scaling may be mediated by the coordinated action of two different activity- 
dependent processes: BDNF release, and postsynaptic depolarization. (Supported by 
NSF, NIH, the Sloan Foundation, and a HHMI predoctoral fellowship).

793.3

ACTIVITY BIDIRECTIONALLY REGULATES THE QUANTAL AMPLITUDE 
OF NMDA CURRENTS IN CORTICAL PYRAMIDAL NEURONS 
A. J. Watt*, M.C.W. van Roggum, S.B. Nelson, Q.Q. Turrigiano. Biology Dept., 
Brandeis University, Waltham, MA 02454-9110.

We have recently shown that the amplitude of AMPA-mediated synaptic currents 
is scaled up or down by activity in a manner promoting stability in firing rates. Here 
we ask whether activity also regulates the NMDA-mediated component of excitatory 
synaptic transmission.

Whole-cell patch recordings were obtained from pyramidal neurons in dissociated 
cultures of P4-6 rat visual cortex after 7-9 DIV. Spontaneous activity was 
manipulated for 48 h prior to recording with TTX (activity-deprivation) or 
bicuculline (activity-enhancement). Miniature excitatory post-synaptic currents 
(mEPSCs), composed of a rapidly decaying AMPA component and a slowly 
decaying NMDA component, were recorded at -70 mV in 0 Mg2+. Under control 
conditions the amplitude of the NMDA component of the mEPSC (mNMDA-EPSC) 
was -5.4±0.7 pA. Activity-deprivation increased the amplitude of the mNMDA- 
EPSC to 168±10 % of control values (p<0.0005) while activity-enhancement 
decreased it to 82±5 % of control values (p<0.0001). For individual mEPSCs there 
was a strong correlation between the amplitude of the AMPA and NMDA 
components in both activity-deprived (R= 0.78) and control cultures(R=0.72). To ask 
whether the change in the mNMDA-EPSC amplitude was pre- or post-synaptic, we 
puffed 0.05 mM glutamate onto the soma of activity-deprived and control neurons 
while holding them at a series of potentials in the presence of CNQX and 
bicuculline. Activity-deprivation approximately doubled the glutamate-evoked 
NMDA current at all potentials while the reversal potential and the voltage- 
dependence of Mg2+ block were unchanged. Stationary noise analysis showed that 
this increase was accompanied by a 200+30% increase in the number of open 
channels (p<0.005), while the estimated unitary conductance increased only slightly 
from 5O±3 pS to 59±4 pS.

These data show that the quantal amplitude of NMDA currents can be modified by 
the history of activity of a neuron. As many forms of plasticity such as LTP and LTD 
are triggered by Ca2+ influx through NMDA receptors, this suggests that the 
threshold for inducing NMDA receptor-dependent plasticity may vary as a function 
of activity. (Supported by NIH, NSF, and the Sloan Foundation.)

793.4
REACTIVE OXYGEN SPECIES AND NITRIC OXIDE MEDIATE 
ACTIVITY-DEPENDENT AND DEVELOPMENTAL NEURONAL 
PLASTICITY. O, Yermolaieva1*, S. H. Heinemann2 and T. Hoshi1. 
1Dept. of Physiology and Biophysics, Univ. of Iowa, Iowa City, IA 52242, 
USA and 2Arbeitsgruppe Molekulare und zellulare Biophysik am 
Klinikum der Friedrich-Schiller-Universitat Jena, Drackendorfer Str. 1, 
D-07747 Jena, Germany.

Damaging effects of reactive oxygen species (ROS) have been 
extensively studied in acute tissue injuries, aging and 
neurodegenerative diseases. Using fluorescence methods, we 
demonstrate that ROS mediate activity-dependent plasticity of 
intracellular Ca2+ signaling in young rat cortical neurons and 
undifferentiated PC 12 cells. Concurrent application of K+-depolarization 
or agonist stimulation and physiological oxidizing agents (H2O2 or O2) 
induced long-lasting potentiation of subsequent Ca2+ signaling that was 
reversed by hypoxia. Both electrical and chemical stimulation increased 
the rate of cellular nitric oxide (NO) consumption and ROS utilization. 
NO scavenger hemoglobin, as well as NO synthase inhibitor L-NAME, 
abolished the Ca2+ signal potentiation. Moreover, application of NO 
donors and stimulation of NO synthase activity could mimic the effects 
of stimulation and induced the potentiation. A sustained elevation of 
cytosolic Ca2+ was also observed. This increase could provide a trigger 
for gene expression and synaptic long-term potentiation. Our results 
suggest that ROS may participate in the plasticity of nerve tissue on the 
cellular level and thereby contribute to the higher brain functions such 
as learning and memory. Supported by NIH grant GM57654.

793.5

PAIRED-PULSE DEPRESSION OF EXCITATORY SYNAPTIC
TRANSMISSION IN RAT FRONTAL NEOCORTEX. Zhiguo Chu* and John
J. Hablitz Departments of Neurobiology and Psychology, Univ. of Alabama at 
Birmingham, Birmingham, AL 35294, U.S.A.

Neocortical synapses display several forms of short-term plasticity including 
paired-pulse facilitation and depression. Paired-pulse responses were recorded from 
layer II/III pyramidal neurons in rat frontal neocortical slices using the whole-cell 
patch clamp method. Both paired-pulse facilitation (PPF) and paired-pulse 
depression (PPD) were observed in control saline. In the presence of 10 pM 
bicuculline (BIC), prominent PPD was consistently elicited. The maximal 
depression of the second EPSC occurred around 100 ms although PPD was still 
observed at intervals longer than 1500 ms. Manipulations that reduce transmitter 
release significantly affected PPD. Both conditioning (C)- and test (T)-EPSCs were 
reduced when the extracellular Ca2+ concentration was lowered from 3 to ImM. The 
decrease was greater in the C-EPSC resulting in a decrease in PPD. PPD decreased 
in the presence of the GABAB antagonist 2(OH)-saclofen (200-400 pM), and 
changed to PPF in some neurons. Activation of mGluRs by ACPD (30 pM), 
reduced the amplitude of EPSCs and diminished the PPD ratio. The statistical 
analysis of evoked EPSC variability, and results of manipulation of transmitter 
release suggest that PPD in frontal neocortex is primarily due to a presynaptic 
mechanism. Depression is a predominant phenomenon in excitatory synaptic 
transmission in frontal neocortex. It may play an important role in regulating the 
balance between excitation and inhibition, therefore maintaining stability in cortical 
circuits. (Supported by NS18145)

793.6

PAIRING INDUCED LTP PROGRESSION IN LAYER V 
PYRAMIDAL NEURONS OF EARLY POSTNATAL RAT
H.-Y. Hu, Thomas Berger*and H.-R. Luscher Institute of Physiology, 
University of Bern, Buhlplatz 5, 3012 Bern, Switzerland

The up- and down-regulation of synaptic connections was observed to depend on 
the precise timing of the postsynaptic APs relative to EPSPs (Henry Markram et al., 
Science Vol. 275, 1997). However, the details regarding saturation of this synaptic 
plasticity have not been demonstrated and this was the aim of the following work. 
Simultaneous voltage recordings were made from two connected thick tufted layer 5 
pyramidal neurons in neocortical slices of rats (Pl3-16) at 35°C. The presynaptic 
neuron was activated by eliciting 5 action potentials 10ms prior to the postsynaptic 
depolarization, (potentiation pairing), the frequency of stimulation being once every 
20s. This protocol, in most cases, led to synaptic potentiation of the first EPSP (147% 
of control, n=6) in a train of six EPSPs at 10 Hz. In some pairs, repetition of this 
protocol evoked stepswise progression of potentiation. This stepwise potentiation was 
linked to the number of repetitions and could reach a steady state (177% of the 
control, n=3), after 3-4 applications of the pairing protocol (interval of 20 min). 
Stable recording could be maintained up to 3 hours. A further observation was that 
once the potentiation was obtained, the following application of depression pairing 
(activation of the presynaptic neuron 10 ms after the postsynaptic one) induced further 
potentiation, but no depression. D-APV (50pM) could reversibly blQck the 
progression of potentiation. These results suggest that maximal LTP can only be 
reached after multiple application of the pairing protocol. The observation of the 
stepwise progression of LTP not being reversed by depression pairing indicates that 
the direction of LTP or LTD progression depends on the first experience of the 
synapses.

Supported by SNF 3100/042055.94
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793.7
SPATIOTEMPORAL DYNAMICS OF THE ACTIVATION OF 
CALCINEURIN IN LAYER II/III PYRAMIDAL NEURONS BY 
LTD-INDUCING STIMULATION IN RAT VISUAL CORTEX.
H. Yasuda12, H. Higashi3, Y. Kudo4, T. Inoue5 and T. Tsumoto1,2* ‘Div.
Neurophysiol., Osaka Univ. Grad. Sch. Med., Suita 565-0871, 
2CREST-JST, ’Mitsubishi Kasei Inst. Life Sci., Machida 194-8511, 
“^Tokyo Univ. Pharm. and Life Sci., Hachioji 192-0392 and 5Dept. Mol. 
Neurobiol., Inst. Med. Sci., Univ. Tokyo, Tokyo 108-8639, Japan

Calcineurin, a Ca2+/calmodulin-dependent protein phosphatase, is 
suggested to be involved in long-term depression (LTD) of synaptic 
transmission in neocortex and hippocampus. The spatiotemporal 
dynamics of its activity in cortical neurons during the induction of 
LTD is not known, however. With a novel fluorescent calcineurin 
indicator, P-ARII, we visualized calcineurin activity in pyramidal 
neurons in layer II/III of visual cortical slices of rats during low- 
frequency stimuli (LFS, 1Hz for 15min) of layer IV which induced 
LTD of synaptic responses. During LFS, an increase in fluorescence 
intensity with a latency of several minutes was observed in about a half 
of neurons tested. The fluorescence increase was evenly or soma- 
dominantly seen in the somatodendritic domain of neurons. The 
LFS-induced increase in fluorescence was not observed in neurons 
which were loaded with FK506 at the concentration of 50 pM. These 
results suggest that the intensity of fluorescence reflects calcineurin 
activity and the delayed activation of calcineurin by LFS may be the 
reason why such a long-lasting stimuli is necessary for the induction of 
LTD. Supported by MONBUSHO and CREST • JST.

793.8
LAMINAR DISTRIBUTION OF CHOLINERGIC- AND SEROTONERGIC- 
DEPENDENT PLASTICITY WITHIN KITTEN VISUAL CORTEX. L. Koiic*. O. 
Gu. R.M, Douglas. M. Cvnader, Dept. of Ophthalmology and Brain Res. Center, 
Univ. of British Columbia, 2550 Willow St., Vancouver, B.C., Canada V5Z 3N9 
Both cholinergic and serotonergic modulatory projections to mammalian striate 

cortex have been demonstrated to be involved in the regulation of visual cortex 
plasticity. A striking alteration in the number and distribution of cholinergic and 
serotonergic receptors takes place during the critical period for cortical plasticity. In 
addition, agonists of cholinergic and serotonergic receptors have been demonstrated 
to facilitate induction of long-term synaptic plasticity in visual cortical slices 
supporting their involvement in the control of activity-dependent plasticity in 
developing visual cortex. To test the role of muscarinic and serotonergic receptors in 
visual cortical plasticity, we recorded field potentials in visual cortex slices from 60- 
80 day old kittens. Field potentials were recorded from layers 4 and 2/3 after white 
matter stimulation, before and after a period of low frequency (LFS), high frequency 
(HFS), or theta-burst stimulation (TBS). At these ages, these protocols almost never 
induced LTD or LTP in layers 2/3 or 4 after white matter stimulation. In layer 2/3, 
agonist stimulation of Ml receptors facilitated induction of LTP induced with HFS 
or TBS stimulation, while the activation of serotonergic receptors had only a modest 
effect. By contrast, a strong serotonin-dependent LTP facilitatation and insignificant 
muscarinic effects were observed after HFS and TBS within layer 4. The results show 
that receptor-dependent stratification of synaptic modifiability underlies a complex 
control system gating the experience-dependent changes of synaptic organization 
within developing visual cortex.
Supported by Medical Research Council of Canada.

793.9

ROLE OF POSTSYNAPTIC INHIBITION AND REGULARITY OF 
STIMULATION IN LTD INDUCTION IN THE MATURE VISUAL CORTEX. 
SP, Perrett* and M. J. Friedlander. Dept. of Neurobiology, University of Alabama at 
Birmingham, Birmingham, AL 35294, USA.

Regular 1 Hz stimulation of afferents for 15 min can induce long-term synaptic 
depression (LTD) in the hippocampus and neocortex. In the visual cortex, LTD 
induction is dependent on age, cortical layer, and synaptic inhibition. When 
postsynaptic inhibition is blocked by intracellular application of DNDS and Cs, 1 Hz 
stimulation in layer 4 induces LTD of postsynaptic potentials (PSPs) recorded from 
single cells in adult guinea pig visual cortex layer 2/3. However, when postsynaptic 
inhibition is not blocked, LTD occurs infrequently, and synaptic depression is 
generally transient in response to regular 1 Hz conditioning or to more natural 
Poisson-distributed conditioning trains (1 Hz average frequency). Thus, we evaluated 
LTD induction by both types of conditioning protocols as a function of the presence 
of IPSPs. The likelihood of LTD induction by regular 1 Hz stimulation is greater 
when there is little inhibitory contribution to the PSP (n=4/4) or when the IPSP is 
blocked by DNDS-Cs (n=2/4) than when there is a substantial IPSP (n=0/8). Poisson 
patterns of stimulation rarely induce LTD, either in the presence (n=0/6) or absence of 
a significant IPSP (n=2/9). When LTD was induced by the Poisson pattern, the 
magnitude of depression was small (6.9±1.2% vs 16.7±2.6% for the regular pattern). 
We conclude that, in mature visual cortex, more natural patterns of prolonged afferent 
activity are ineffective at inducing LTD, while the induction of LTD by regular 1 Hz 
conditioning is regulated by postsynaptic inhibition. Thus, LTD induced by prolonged 
activity in visual cortex layers 2/3 may primarily be relevant during development, 
when inhibition is immature. Supported by NIH grant EY 05116.

793.10

ACTIVITY PATTERN-DEPENDENT DIFFERENTIAL INDUCTION OF 
LONG-TERM MODIFICATION AT EXCITATORY AND INHIBITORY 
SYNAPSES IN DEVELOPING RAT VISUAL CORTEX. Y 
YosLiimura1*, I, .Obmura2.. and Y, Komatsu!, 1Dept. of Visual 
Neuroscience, Res. Inst, of Environmental Med., Nagoya Univ., 
Nagoya 464-8601, Japan; 2Dept. of Ophthalmology, Nagoya Univ. 
School of Med., Nagoya, 466-8550, Japan

Compared with other brain regions of brain, neocortex neural 
circuits, including visual cortex, are complicated. Therefore, most 
previous studies of visual cortical plasticity in vitro have analyzed 
responses with mixed excitatory and inhibitory inputs, leading to 
contradictory experimental results. To avoid this complication, we 
studied long-term potentiation (LTP) and depression (LTD) by 
recording isolated excitatory (EPSP) and inhibitory postsynaptic 
potentials (IPSP) from layer II/III cells in response to layer IV 
stimulation in developing rat visual cortical slices with extracellular, 
intracellular and whole-cell recording methods. Theta-burst 
stimulation, which is known to be effective for induction of LTP, induced 
LTP of field potential. This LTP, however, resulted from LTD of IPSP 
but not LTP of EPSP. LTP of EPSP was induced by pairing low- 
frequency stimulation of input fibers with postsynaptic depolarization 
due to current injection. The results suggested that long-term 
modification occurs differentially at excitatory and inhibitory synapses 
depending on the activity pattern. Supported by Grant-in-Aid for 
Encouragement of Young Scientists 10780508 from the Japanese 
Ministry of Education, Science and Culture to Y.Y.

793.11
LONG-TERM POTENTIATION IN RAT PREFRONTAL CORTEX 
INDUCED BY STIMULATION OF OCCIPITAL CORTEX AND 
HIPPOCAMPUS. M.I. Kim. M.W. lung*. Neuroscience Laboratory, 
Institute for Medical Sciences, Ajou University School of Medicine, 
Suwon 442-721, Korea.

It is not known whether or not projections from sensory cortex to 
prefrontal cortex (PFC) support synaptic weight changes. To address this 
issue we attempted to induce long-term potentiation (LTP) of field potential 
responses in PFC that were evoked by stimulation of a sensory cortical area; 
we also compared this with LTP induced by stimulation of hippocampal 
projections to PFC. Young male Sprague-Dawley rats were anesthetized with 
urethane and field potentials were recorded in the infralimbic area in 
response to stimulation of the mediomedial part of the of occipital cortex 
area2 (0c2MM), which is a secondary visual cortex, and ventral 
hippocampus. Stainless steel wire (113 vm O.D.) was used for both 
stimulating and recording electrodes. After obtaining stable baseline responses 
to alternating low frequency (0.05 Hz) stimulation, high frequency stimulation 
(50 Hz for 2 sec) was delivered to 0c2MM or both regions. LTP could be 
induced in both conditions. Stable LTP was induced by stimulating 0c2MM 
alone (153.4± 13.5%, n=6) and by combined stimulation (179.1 ±17.8% in 
0c2MM evoked responses, 156.5 ±17.3% in hippocampus evoked responses, 
n=6). LTP induced by 0c2MM stimulation developed slowly whereas LTP in 
hippocampal projections reached maximum after immediately after high 
frequency stimulation, suggesting that mechanisms of LTP development are 
different in the two projection systems. The present results indicate that 
sensory cortical projections to PFC support synaptic weight changes. It 
remains to be determined whether or not 0c2MM projections and 
hippocampal projections show cooperative induction of LTP. [Supported by 
the KOSEF grant 971-0708-068-2 and Brain Disease Research Center at 
Ajou University.]

793.12

LONG-TERM POTENTIATION BUT NOT LONG-TERM DEPRESSION IS 
ENHANCED IN THE SURROUND OF VISUAL CORTEX LESIONS IN RATS.
T. Mittmann* and U.T. Eysel. Dept. of Neurophysiol., Medical School, Ruhr-Univ. 
Bochum, D-44780 Bochum, Germany.

Focal cortical lesions induce loss of cerebral tissue and functional disturbances like 
hyperexcitabilty and reduced GABAergic inhibition in the surrounding neurons. Retinal 
and visual cortical lesions have been shown to increase receptive field sizes of neurons 
around the scotoma in vivo. We are interested in the mechanisms of lesion induced 
changes of synaptic plasticity. Reproducible lesions were induced in the visual cortex of 
21-25 days old rats with a high intensity infrared diode laser (810 nm). Sham-operated age 
matched animals served as controls. After 1-6 days of survival time visual cortex slices of 
350 pm thickness were analyzed with conventional electrophysiological in vitro 
techniques. Nissl staining revealed massive necrosis in the lesioned area 0.5 to 1.5 mm in 
diameter ranging from the pia to layers IV/V. Intracellular recordings were performed with 
sharp microelectrodes 1-4 mm lateral to the lesion. Biocytin staining confirmed recordings 
of pyramidal neurons located in layers II/IH. Two bipolar tungsten electrodes were 
positioned lateral and below the recorded neurons to stimulate presynaptic fibers 
(0.08 Hz). Evoked excitatory postsynaptic potentials (EPSPs) reached 1 - 4 mV in 
amplitude. After 10 minutes of control recordings, theta-bursts were applied at one of the 
synaptic inputs followed by at least 50 minutes of test stimulation. Theta-bursts induced 
either long-term potentiation (LTP, n=23) or long-term depression (LTD, n=21). LTP of 
neurons recorded from the lesioned rat cortex reached a significant higher EPSP amplitude 
(175.8 ± 15.1 mV, mean ± SEM, n=12) compared to cells from sham operated animals 
(134.5 ± 9.9 mV, n=ll, p<0.05). However, EPSP amplitudes from cells showing LTD 
were not different in both experimental groups (lesion: 56.1 ±7.5 mV, n=9; sham- 
operated: 62.6 ± 6.4 mV, n=12). In conclusion, the lesion model selectively induced 
increased LTP, which might be an important factor for facilitation of synaptic plasticity 
and functional reorganization in the first 6 days following brain injury in the visual cortex. 
Supported by the Deutsche Forschungsgemeinschaft (SFB 509. C4 and C7).

Society  for  Neuroscience . Volume  25, 1999



1996 SYNAPTIC PLASTICITY: PRESYNAPTIC MECHANISMS WEDNESDAY PM

793.13

CHANGES OF SYNAPTIC DENSITY IN THE MONKEY 
CEREBRAL CORTEX FOLLOWING INJECTIONS OF DOPAMINE 
D2 ANTAGONIST. S. Kudo. I. Ishii and N. Okado*, Neurobiol. Lab. 
Inst, of Basic Med. Sci., Univ. of Tsukuba, Tsukuba, Ibaraki 305-8577, Japan

Our previous studies have shown that biogenic amines have a function 
to regulate the number of synapses in the developing and adult brain (J 
Neurobiol 24, 687, 1993; Neurosci Res 19, 111, 1994; Neurosci Lett 195, 
159, 1995; Neurosci Lett 230, 13, 13, 1997). Among biogenic amines 
dopamine is known closely related to psychiatric disorders, and densely 
innervates the primate cerebral cortex. The present study was undertaken 
to clarify whether dopamine has a function to regulate the number of 
synapses in the monkey cerebral cortex. Dopamine D2 receptor 
antagonist (0.1 and 0.5 mg / Kg weight of nemonapride) was daily 
administrated for three days to one, three and six year-old monkeys, and 
changes in the density of asymmetrical axodendritic synapses was 
examined in lamina I of prefrontal (area 46), motor (area 4), 
somatosensory (area 3-1-2), temporal association (area 21) and primary 
visual (area 17) corticies. By injections of 0.5 mg / kg weight of 
nemonapride the density of synapses in the prefrontal cortex significantly 
decreased by 30 % and 25 % in one and three year old monkeys, 
respectively. In contrast synaptic density was not changed in other areas 
of cerebral cortex examined in this study. No changes occurred in six year 
old monkeys. These data may suggest that dopamine facilitates 
maintenance of synapses in the prefrontal cortex in young monkeys via 
D2 receptor.

793.14
2-DEOXYGLUCOSE (2-DG) INDUCES LTP IN 
SUPRAGRANULAR LAYERS OF RAT SOMATOSENSORY 
CORTEX IN VITRO. Z.W, Zhang*2, K, Nguyen and K. Krnievic. 
Anaesthesia Research Dept., McGill University, Montreal, H3G 1Y6 QC;7on 
leave from CRULRG, Universite Laval, Quebec, G1J 2G3, QC, Canada.

Glucose metabolism has a prominent role in the physiology of neurons. 
Recent studies have shown that brief suppression of glycolysis by 2-DG induces 
long-term potentiation (LTP) of synaptic transmission in hippocampal slices of 
rats (Tekkok & Krnjevic, J Neurophysiol 74:2763, 1995) .To test whether a 
similar effect can be observed in the neocortex, experiments were done in brain 
slices from young adult Sprague-Dawley males. Electrical stimuli (50-200 ps, 
10-140 pA) were applied to layer I of the somatosensory cortex, and 
monosynaptic field potentials recorded with electrodes placed at same 
horizontal level in layer I. Replacement of ACSF glucose (10 mM) with 2-DG 
for 15 to 17 min produced a slight reduction (by «30%), followed by a 
sustained increase (by -150%) in synaptic responses that lasted for over 2 hr. 
As in the hippocampus, replacement of glucose with sucrose did not induce 
LTP; and the responses to 2-DG were not affected by the GABA antagonists 
bicuculline and CGP 35348 - which excludes an involvement of GABAergic 
transmission. There are major differences, however, between the effects of 2- 
DG in the neocortex and the hippocampus. In the neocortex, 2-DG-induced 
LTP: 1) is not sensitive to aminophosphonovalerate (50 pM); 2) is not 
mimicked by tetanic or © burst stimulation; 3) is less consistently depotentiated 
by stimulation at 1 Hz; and 4) is not associated with a change in paired-pulse 
facilitation. Thus, 2-DG produces a robust and sustained increase in synaptic 
transmission in the neocortex through mechanisms that are independent of 
NMDA receptor activation. {Supported by MRC of Canada).

793.15

MODIFICATION OF SPONTANEOUS SYNAPTIC ACTIVITY IN LAYER V 
NEOCORTICAL PYRAMIDAL NEURONS WITH AGING.
T, P, Wong1*. M, Casu.* A. Ribeiro-da-Silva1’2. A, C, Cuello1, and Y. De Koninck1,
‘Dept. of Pharmacology & Therapeutics, 2Dept. of Anatomy & Cell Biology, McGill
Univ., Montreal, Quebec, H3G 1Y6.

Atrophy of both pre- and postsynaptic structures in the aging neocortex may sig-
nificantly affect functional synaptic properties in this area of the brain. In the rat pa-
rietal cortex of Brown Norway x Fischer 344 (BN x F344) FI hybrid rats, a strain 
with enhanced resistance to many age-related pathologies, we reported a preferential 
decrease in the density of synaptic terminals in cortical layers V and VI with aging 
(Wong et al. (1998), Neuroscience 84: 403-412). Morphological analyses of pyrami-
dal neurons in this cortical region of aged rats also revealed significant changes, which 
included shrinkage of the cell body, decreases in the number of branches and the total 
length of basal dendrites, and decreases in the density of dendritic spines (Wong et al. 
(1998), Soc Neurosci Abstr 24: 825). To correlate these changes with modification of 
functional synaptic properties in this cortical region with aging, we used whole cell 
patch clamp recording to compare spontaneous (sPSCs) postsynaptic currents bom-
barding individual layer V pyramidal neurons in young (1-2 months-old) and aged 
(28-37 months-old) BN x F344 FI hybrid rats. We also characterized miniature (ac-
tion potential independent) postsynaptic currents (mPSCs) in both age groups.

Analyses of sPSCs in layer V pyramidal neurons revealed no change in frequency, 
amplitude, rise time and decay kinetics of the events with aging. In contrast, the fre-
quency of both mIPSCs and mEPSCs were significantly decreased in aged animals, 
albeit no change in amplitude, rise time and decay kinetics was observed. Since 
mPSCs correspond to spontaneous release of neurotransmitter from synaptic terminals 
making direct synaptic contacts with the recorded neurons, these results indicate a 
parallelism between the loss of both excitatory and inhibitory inputs to these cells and 
the age-related atrophy of postsynaptic structures in layer V and VI of the parietal 
cortex. Our results also suggest an increase in the frequency of action potential de-
pendent sPSCs that may reflect a compensatory mechanism for the loss of synapses 
(supported by NINDS, NIA and the Canadian MRC, TPW is the recipient of a Doc-
toral Award from the Alzheimer Society of Canada).

793.16

CHOLINERGIC TERMINALS ESTABLISH CLASSICAL SYNAPSES IN 
THE CEREBRAL CORTEX. Ill: SYNAPTIC PATTERN ON 
INTRACELLULARLY LABELLED PYRAMIDAL NEURONS. M.A. Casu? 3
T.P. Wong? P. Devoto,3* A, Ribeiro-da-Silva,12 Y. De Koninck? and A.C.
Cuello.1 a ‘Dent, of Pharmacology & Therapeutics; Dept. of 2Anatomy & Cell
Biology, McGill University, Montreal, Quebec, Canada H3G1Y6; 3Dept. of 
Neuroscience, University of Cagliari, Italy.

There is no adequate information on synaptic interactions between cholinergic 
pre-synaptic terminals of the basalo-cortical pathway and their post-synaptic targets 
in the cerebral cortex.

Several studies have revealed that there is a high density of cholinergic terminals 
in upper cortical layer V, where the large pyramidal neurons are located. Since 
these neurons constitute the main cortical output, we were interested in establishing 
the precise patterns of cholinergic terminals contacting the soma, proximal and 
distal basal dendrites of intracellularly labeled lamina V cortical pyramidal neurons 
in the rat.

Whole cell patch-clamp recording was performed on individual cortical neurons 
in 400 pm thick brain slices. Neurons were labelled with 0.1% biocytin during the 
recording for at least 10 minutes. Slices with single labelled neuron were fixed and 
immunolabelled for VAChT, which is a marker for cholinergic boutons.

The relative number of cholinergic (VAChT-IR) boutons synaptically connected 
to the intracellularly labelled cell per unit of length (density) was quantified at the 
electron microscopy level. The densities of the non-cholinergic population (VAChT 
immunonegative) of apposed boutons were similar in all three regions (cell body, 
proximal and distal dendrites) of the pyramidal neuron. The neurons received 
approximately 8% of appositions from VAChT-IR boutons, with a higher density in 
proximal and distal dendrites than in the cell body.

The data show a direct communication between VAChT-IR input and pyramidal 
neurons, indicating that these neurons in parietal cortex might be an important post-
synaptic target of cholinergic fibers from the nucleus basalis magnocellularis. 
{Supported by NIA, NINDS and the Canadian MRC).

793.17

CHOLINERGIC TERMINALS ESTABLISH CLASSIC SYNAPSES IN 
THE CEREBRAL CORTEX. I: AN ELECTRON MICROSCOPY STUDY. 
A.C. Cuello1-2*, A. Ribeiro-da-Silva1-2 and P. Turrini1. ‘Dept. Pharmacology & 
Therapeutics and 2Anatomy & Cell Biology, McGill University, Montreal, 
Quebec, Canada H3G1Y6.

In this study we investigated whether the cortical cholinergic terminals 
(varicosities) establish classical synapses or communicate with their targets non- 
synaptically. For this, we studied the frequency of synaptic specializations in 
layers II and V of the adult rat parietal cortex. To visualize the cholinergic 
varicosities, we used high resolution immunocytochemistry applying a polyclonal 
antibody against the vesicular acetylcholine transporter (VAChT). To improve 
the visualization of varicosities and synaptic differentiations, we used a fixation 
protocol with a rather high glutaraldehyde concentration. VAChT-IR varicosities 
were selected randomly and the morphometric features and the frequency of their 
synaptic contacts were evaluated in both isolated and serial ultrathin sections. 
Preliminary results showed that, in isolated sections, the cholinergic varicosities 
were relatively small and exhibited a high frequency of synaptic specializations 
(55% in layer II, 60% in layer V). Moreover, the synaptic incidence increased 
drastically when the cholinergic varicosities were studied in serial sections. The 
cholinergic post-synaptic targets were often identified as thin dendrites and to 
lesser extent dendritic spines. Our findings demonstrate that the cholinergic 
terminals establish preferentially typical synaptic contacts with neurons in the 
parietal cortex of adult rats. This study provides evidence that the cholinergic 
neurotransmission in the cerebral cortex is mediated by conventional synapses as 
opposed to the prevalent concept that acetylcholine in the CNS acts as a “volume 
transmitter”. (Supported by NIA and the Canadian MRC. PT was recipient of a 
fellowship from Accademia Nazionale dei Lincei)

793.18
CHOLINERGIC TERMINALS ESTABLISH CLASSIC SYNAPSES IN 
THE CEREBRAL CORTEX. II: AGE-RELATED SYNAPTIC ATROPHY.
P. Turrini1. L. Garofalo1*, A. Ribeiro-da-Silva12 and A.C. Cuello12. ’Dept. 
Pharmacology & Therapeutics and 2Anatomy & Cell Biology, McGill University, 
Montreal, Quebec, Canada H3G1Y6.

The cholinergic system in the brain is involved in a variety of higher functions 
including learning and memory. Several studies have also shown that there is an 
impairment of this system during aging. Indeed, it has been suggested that the 
decline of cognitive abilities observed in aging could be, in part, due to a 
cholinergic depletion. However, the mechanisms of cholinergic transmission in 
the cerebral cortex and their possible changes in aging still remain unclear. A 
previous study from our laboratory has shown that the density of cholinergic 
presynaptic terminals (varicosities) in the parietal cortex of aged rats decreases in 
the deeper cortical layers (Marchese et al., Soc. Neurosci. Abstr. 24:1493, 1998). 
In this study, we characterised the ultrastructural properties of the cholinergic 
varicosities in both young and aged rat parietal cortex. We carried out an 
immunohistochemical study by using a polyclonal antibody against the vesicular 
acetylcholine transporter (VAChT) as a marker of the cholinergic varicosities. 
We compared a deeper cortical layer (laminae V) with a superficial layer 
(laminae II) as they represent cortical areas with a very different 
cytoarchitectonic organisation. The morphometric features and the synaptic 
incidence of the VAChT-IR varicosities were evaluated in both single and serial 
ultrathin sections. Preliminary results show a decrease in synaptic contacts (23% 
in layer II, 31% in V) in aged rats. Moreover, the mean cross-sectional area and 
perimeter of these varicosities appeared to decrease in both cortical layers 
studied. When examining the cholinergic varicosities in serial sections, a 
reduction of their volume was found in aged rats. Our results provide the first 
ultrastructural evidence for a shrinkage of individual cortical cholinergic 
varicosities in aged rats. These findings suggest that the atrophy of cholinergic 
varicosities and the decrease in the number of their synaptic contacts could be 
one major cause for the cognitive deficits that occur during aging. (Supported by 
NIA and MRC. PT has a fellowship from Accademia Nazionale dei Lincei)
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793.19

NMDA RECEPTOR ANTAGONISTS IMPAIRS CONDITIONED TASTE 
AVERSION AND INSULAR CORTEX LONG-TERM POTENTIATION 
IN VIVO. M.L. Escobar*, I. Alcocer and F. Bermudez-Rattoni. Depto. de 
Neurociencias, Instituto de Fisiologia Celular, UNAM, Mexico, D.F. 04510.

It has been proposed that long-term potentiation (LTP) a form of activity- 
dependent modification of synaptic efficacy, may be a synaptic mechanism 
for memory formation. Recent studies on the insular cortex (IC) a region of 
the temporal cortex implicated in the acquisition and storage of conditioned 
taste aversion (CTA), have demonstrated that tetanic stimulation of the 
basolateral nucleus of the amygdala (Bla) induce an N-methyl-D-aspartate 
(NMDA) dependent LTP in the IC of adult rats in vivo. The aim of the 
present study was to investigate whether NMDA receptor antagonists could 
induce impairment of the acquisition of taste aversion learning task in a 
similar manner to their impairment of in vivo IC-LTP. Male Wistar rats 
weighing 380-400g were used. IC responses were recorded by using a 
monopolar stainless steel electrode placed in the IC stereotaxic coordinates. 
Responses were evoked via direct stimulation of the Bla, using a bipolar 
stainless steel electrode. The competitive NMDA receptor antagonists (CPP 
and AP-5) were microinfused either lhr prior to high frequency stimulation 
or prior to CTA acquisition session. The results showed that intracortical 
administration of the NMDA receptor antagonists (CPP and AP-5) disrupt 
the acquisition of conditioned taste aversion, as well as, the Bla-IC LTP 
induction in vivo. These findings are of particular interest since they provide 
support for the view that the neural mechanisms underlying NMDA 
dependent neocortical LTP, constitute a possible mechanism for the 
learning related functions performed by the IC.

GENE STRUCTURE AND FUNCTION: CLONING, GENE CHARACTERIZATION 
AND MISCELLANEOUS

794.1
CONSTRUCTION AND EVALUATION OF A LAMBDA PHAGE GENOMIC 
DNA LIBRARY FOR LIMULUS POLYPHEMUS. Y, Wang.1 Z. Cao,2 E.A. 
Reid.2 R.F. Newkirk.1 M.T. Ivy?* and J.G. Townsel2. ‘Dept. of Biological Sciences, 
Tennessee State University, Nashville, TN 37209 and 2Dept. of Anatomy and 
Physiology, Mehany Medical College, Nashville, TN 37208.

This study reports on the construction of a lambda (A) phage genomic DNA 
library for Limulus polyphemus brain containing approximately 1.275 x 106 clones 
in the KW 251 host using the A GEM-12 vector. An average size of 14.9 Kb was 
estimated from 28 randomly chosen clones; thus the library provides 10-fold 
genome coverage. Our laboratory has cloned a putative protein kinase C epsilon 
(PKCe)[Reid et al., Neurosci. Abs., 1999], which was selected for determination of 
the gene copy number. This target was detected in both the library and brain 
genomic DNA. The copy number was determined in both using PCR MIMIC 
methodology. For the Limulus genome, a single copy of PKCe was identified. A 
348 ng amount of complete constructed library DNA (the amount was equal to 0.1 
attomole of one coverage of Limulus genome in terms of the average insert 
molecular weight) was used for the assay. The library contains 80% genomic 
resource compared with the equal amount of genomic DNA as reflected by a gene 
copy number of 0.8. This percentage is termed the encoding rate. Based on these 
findings, we suggest that the encoding rate is an essential factor when evaluating 
the genomic library. Using the combination of the genomic coverage plus the 
encoding rate, an 8-fold library was determined. Thus, this study' provides a 
Limulus genome resource, and demonstrates the value of the gene copy number 
determination as a means to evaluate this resource. (Supported by NIH grants 
RRO8037, MH19843, MH57067 and P20-RR11808],

794.2
MESSENGER RNAs ENRICHED IN SYNAPTOSOMES OF RAT BRAIN.
T. Ishimoto1'. K. Mivaii2. K. Fujimori3. K. Ninomiya2. A. Uveda2. M. Kasai2.
T. Taguchi1*,
‘Lab. of Neurotechnology, Osaka National Research Institute AIST, Ikeda 
563-8577, Japan; 2Dev. of Biophysical Engineering, Osaka University 
Graduate School of Engineering Science, Toyonaka 560-8531, Japan; 3Dep. 
of Anatomy, Fukui Medical School, Fukui 910-1193, Japan.

Limited populations of neuronal mRNAs are selectively sorted into 
dendrite. Translation of the dendritic mRNAs was reported to be important 
to induce the synaptic plasticity. However the mechanism regulating the 
selective transport and translation of these mRNAs has not been clear. To 
elucidate the mechanism, it is required to get more information about 
dendrite sorted mRNAs. Synaptosomal mRNAs were prepared from 
forebrain of 3-weeks old rat. cDNAs synthesized from synaptosome mRNAs 
were compared with that from total forebrain mRNAs by the differential 
display method. Although most of mRNAs enriched in the synaptosomes 
were originated from mitochondria, we obtained two mRNAs originated 
from nuclear genome. These were ferritin H chain mRNA and a novel 
mRNA. Northern blot analysis showed the selective localization of the 
mRNAs in the synaptosomes. Sorting of these mRNAs to the dendrites were 
revealed by in situ hybridization in cultured dissociated neurons. Ferritin is 
an iron storage protein and known for its unique translational regulation. 
Ferritin H chain mRNA at synaptic region may regulate the iron storage at 
postsynapse. On this novel mRNA, we analyzed a full-length cDNA (2000 
bps) from rat brain cDNA library.

794.3

MOLECULAR CLONING OF A NOVEL MEMBER OF THE 
BRIGHT FAMILY EXPRESSED IN THE BRAIN.

Brain Res Inst, Niigata University, Asahimachi 1 -757, Niigata 951-8585, 
Japan

The molecular mechanism underlying transcriptional activation of 
neuron-specific genes has been poorly understood compared to that of 
theirtranscriptional suppression. We attempted to isolate cDNAs whose 
products are expressed in the neuronal/synapticfraction using its 
antisera One of 198 positive cDNA clones contains an inframe 18 CAG 
repeat, and its translational product has a DNA-binding motif that is 
commonly found in transcription factors of the Bright-family proteins 
including Bright, DRI, Eyelid. In contrast, all other regions of this molecule 
have no homology to DNA sequences in the published database. Thus 
we designated this molecule as Mammalian Eyelid-like Protein(MELP). 
Northern blot analysis revealed that MELP mRNA migrated at 9.5kb and 
enriched in the brain. We also analyzed the protein size and subcellular 
distributions of MELP using antibodies directed against recombinant 
MELP; Western blotting revealed that a specific 380kDa band was 
detected in the crude nuclear, cytosolic and synaptosomal fraction, but 
not in the myelin nor in the mitochondorial fractions. Currently, we are 
testing the hypothesis that MELP might be an enhancer-binding 
transcriptional regulator in neurons like Bright in immune cells. Supported 
by the Japan Society for the Promotion of Science (RFTF-96L00203).

794.4
ISOLATION AND CHARACTERIZATION OF GENES REGULATED BY A 
WINGED-HELIX GENE, BRAIN-FACTOR-1, IN CULTURED 
HIPPOCAMPAL NEURONS. J.-S. NAM, H.-G. CHOI, D.K. SONG, H.W. 
SUH, Y.H. KIM, and S.-O. HUH*. Dept. of Pharmacology and Institute of 
Natural Medicine, College of Medicine, Hallym University; Chunchon, 
Kangwon-Do, 200-702, SOUTH KOREA

Brain-factor 1 (BF-1) is a winged-helix transcription factor with restricted 
expression pattern in the telencephalic neuroepithelium of the neural tube and in 
the anterior half of the developing optic vesicle. It was previously observed 
that the targeted disruption of the BF-1 gene by homologous recombination 
leads to hypoplasia of the cerebral hemispheres with a more severe defect in the 
structures of the ventral telencephalon. To further investigate the molecular 
mechanisms by which BF-1 plays an essential role during brain development, we 
have adopted a strategy to isolate genes whose expression changes immediately 
after introduction of BF-1 in cultured neuronal cells. For neuronal cells, we 
utilized embryonic neuroprogenitor cells of hippocampal origin that were 
transfected with a temperature-sensitive SV40 T-antigen. At permissive 
temperature, 33°C, the cells continues to proliferate; at non-permissive 
temperature, 39°C, the cells start to differentiate and eventually apoptose unless 
anti-apoptotic factors are provided. In this presentation, we report that five 
genes were isolated by ordered-differential display cloning, that are up-regulated 
by overexpression of a brain-specific transcription factor, BF-1, in cultured 
hippocampal neurons. By nulceotide sequence comparison to known genes in 
the gene bank, we find that these clones represent novel genes whose DNA 
sequences have not been reported. To examine the spatio-temporal expression 
of these genes, in-situ hybridization studies are being carried out in the 
developing mouse brain
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794.5
CLONING AND CHARACTERIZATION OF THE CHICK 
HOMOLOG OF BRN-1. J.C. Lee*. M.R, Stark. G.C. Schoenwolf and 
M.S. Rao Department of Neurobiology and Anatomy, University of 
Utah School of Medicine, Salt Lake City, UT 84132

The POU domain family of transcription factors have been identified 
as important regulators of neural development. For example, expression 
of Bm 3.0 is required for sensory neuron differentiation. Several classes 
of POU domain transcription factors exist and their expression appears to 
be predominantly within the central nervous system (CNS). To determine 
if POU domain proteins are involved in inner ear development, we 
employed a degenerate PCR strategy to identify known and potentially 
novel POU domain proteins in the chick otocyst.

In addition to the ubiquitously expressed Oct-1, we identified Bm 3.0 
and Oct-6 as POU domain proteins that are present in the otic placode. 
Furthermore, we have isolated a novel sequence sharing >90% sequence 
similarity to Anolis carolinensis Bm-1 at the DNA level. Preliminary in 
situ hybridization data in the developing chick embryo localizes this 
transcript throughout the brain and spinal cord and in the otocyst. Such 
expression of chick Bm-1 confirms its role in neural development and 
further suggests a role in otic vesicle and spinal cord development. 
Currently, we are in the process of obtaining the full length cDNA 
sequence for this gene. In addition, expression analysis at different stages 
of development and in adult are being pursued.

Supported by NIH grants NS 18112 and NS35087.

794.6
MOLECULAR CLONING OF TRANSCRIPTION FACTOR IN THE 
REGULATION OF HUMAN MONOAMINE OXIDASE B GENE. Wong 
WK1. Chen K2. Fornai F3*. Shih JC1,2. ‘Dept. of Cell and Neurobiology, 
School of Medicine and 2Dept. of Mol. Pharmacology & Toxicology, School of 
Pharmacy, University of Southern California, Los Angeles, CA 90033. 3Dept. 
of Human Morphology and Applied Biology, University of Pisa, 56126 Pisa 
Italy.

Monoamine oxdiase (MAO) B plays a central role in the enzymatic 
degradation of a variety of biogenic and dietary amines. The core promoter of 
the human MAO B gene which consists of a TATA box, Spl and two novel 
transcription factors (F and M) binding sites. The mutations in the core 
promoter that abolished the binding of factors F and M significantly reduced the 
promoter activity, suggesting that factors F and M may be important for human 
MAO B gene expression.

In order to characterize factor F and factor M, a Southwestern blot analysis 
was performed. HeLa nuclear proteins were separated by SDS-PAGE, transferred 
onto a nitrocellulose membrane and hybridized with a 32 basepair 32P-labeled 
probe that contained the binding sites of these factors. Three bands 
corresponding to Spl, factor M and factor F were identified with estimated 
molecular weights of 110, 80 and 34 kDa, respectively. Since the Southwestern 
blot analysis suggested that factor F and factor M are made up of single 
polypeptides, the yeast one-hybrid system was then used to clone these factors. 
A three tandem repeats of the binding site were used as a bait to screen a HeLa 
cDNA library. Three independent clones were isolated containing different 
lengths of the same cDNA. The sequence of the cDNA clone matches with a 
GenBank EST clone which is expressed in the brain and intestine with 
unknown function. The binding property of this clone and its effect on the 
MAO B promoter activity will be discussed. (Supported by NIMH grants R01 
MH37020, R37 MH39085 (MERIT Award), K05 MH00796 (Research Scientist 
Award), and the Welin Professorship).

794.7

CLONING AND CHARACTERIZATION OF A BRAIN SPECIFIC 40 
kDa CATECHOLAMINE BINDING PROTEIN. V.D, Nair and R.K, 
Mishra*. Depts. of Psychiatry and Behavioural Neurosciences, McMaster 
University, Hamilton, Ontario, Canada L8N 3Z5.

We have previously described catecholamine binding proteins of 
47,40, and 26 kDa (CBP47/40/26) are present only in mammalian brain, 
which have been implicated as playing role in dopaminergic 
neurotransmission. We have cloned the cDNA encoding CBP40 from 
bovine brain. Analysis of the predicted amino acid sequence revealed that 
the CBP40 product contains an HSP70 motif and shares homology with 
heat shock protein, HSP70. By confocal and immunofluorescence 
microscopy, CBP40 was localized to the nucleus, a pattern different from 
HSP70. Exposure of neurons to heat shock (42°C, 4h) resulted in the 
translocation of CBP40 into the nuclear membrane. The effect of 
dopaminergic drugs on the translocation of CBP40 in neuronal nucleus 
have been investigated. Dopamine receptor agonists and dopamine 
releasing agents such as methamphetamine and reserpine translocated the 
CBP40 to the nuclear membrane. However, antagonists of dopamine 
receptor and dopamine transporter inhibitor cocaine had no effect on the 
translocation of the CBP40. These results suggest that CBP40 is involved 
in dopaminergic neurotransmission and translocation of CBP40 may be 
a mechanism to protect nucleus from increased concentration of 
catecholamines in the neurons. Supported by Medical Research Council of 
Canada.

794.8
HUMAN Ca2+/CALMODULIN-DEPENDENT PROTEIN KINASE II: cDNA 
CLONING AND GENE ANALYSIS. G.Y. Li1, G.D. Mower1*, L.O.Liu2, A.Laabich1,
N.G.F.Cooper1,2. ’Dept. of Anatomical Sciences and Neurobiology, 2Dept. of 
Ophthalmology and Visual Sciences, Univ. of Louisville Med. Sch., Louisville, KY 
40292

Ca27calmodulin-dependent kinase II (CaMKII) is a multifunctional kinase important 
to brain function. The a-CaMKII and P-CaMKII isoforms are neuron-specific and 
highly expressed in brain tissue. Previous reports have implicated CaMKII in some 
human brain disease, such as Alzheimer’s disease, but the complete cDNA sequence 
for the human CaMKII is unknown. To understand the gene structure of the CaMKII 
in human brain, a human brain cDNA library (CLONTECH) was screened using a 
probe isolated from human p-CaMKII EST clone (RESEARCH GENETICS, Inc.) and 
positive clones were sequenced. Two unique sequences were obtained. One was 
identified as containing the entire coding region of a putative P-CaMKII, and the 
deduced amino acid sequence was highly homologous to the rat P-CaMKII (98.7%). 
Another sequence is similar to the first one but contained a 25-amino acid deletion 
(residues 315-340). To identify a-CaMKII, we amplified cDNA from human brain 
total RNA (CLONTECH) by using specific PCR primers that span the Open Reading 
Frame (ORF) of rat a-CaMKII and subcloned the product into TOPO TA cloning 
vector. Two isoforms were isolated and identified as a-CaMK II and aB-CaMKII. 
The a-CamKII sequence contained a full length ORF and the deduced amino acid 
sequence shared high homology with rat CaMKII (99.6%). aB-CaMKII was similar 
to the a isoform but contained an 11-amino acid insertion (residues 329-339). 
Northern analysis shows a 4.4-kb mRNA of a-CaMKII and 3.9-kb mRNA of P- 
CaMKH from human. These data demonstrate that the CaMK II from different species 
is highly conserved and the differences between isoforms of each gene can be 
accounted for by a variable region. Supported by NSF-EPSCoR Grant OSR9452895

794.9

THE INTRACELLULAR NEURONAL CALCIUM SENSOR (NCS) 
PROTEIN VILIP-3: LOCALIZATION IN RAT CEREBELLUM AND 
FUNCTIONAL STUDIES IN CELL CULTURE SYSTEMS. C. Spilker1,
K. Richter2, K.H. Smalla2, E.D. Gundelfinger' and K.-H. Braunewell1* '
‘Leibniz Inst. f. Neurobiology, 39118 Magdeburg, Germany; zInst. f.
Medical Neurobiol., Otto-von-Guericke-University, Magdeburg, 
Germany.

VILIP-3 (visinin-like protein 3) is a member of the family of 
intracellular EF-hand calcium-binding proteins which are predominantly 
expressed in the central nervous system. This family comprises more than 
40 proteins from different species, including the retina specific recoverins 
and GCAPs as well as the frequenins and VILIPs. The latter ones are 
distributed throughout the whole brain, but in distinct regions suggesting 
a specific function in subsets of neurons. Some of the NCS-proteins were 
reported to act on cAMP and cGMP signal transduction pathways.
In this study we investigated the developmental and tissue distribution of 
VILIP-3 and some of its functional properties. We were able to show, that 
VILIP-3 expression appeared late in development in the rat brain, and 
that expression is mainly restricted to the cerebellum and hypothalamus. 
In situ hybridization and immunohistochemical studies revealed a strong 
expression in cerebellar Purkinje cells. Wild-type VILIP-3 was shown to 
be N-terminally myristoylated in transfected NG 108-15 cells and was 
able to associate with membrane fractions in a calcium-dependent 
manner. Moreover, in cells expressing a VILIP-3 mutant lacking the 
myristoylation consensus site membrane association was strongly 
reduced, suggesting that membrane interaction is mediated by a calcium- 
myristoyl-switch. Thus, the calcium-dependent association with 
membranes may be an important signaling mechanism of VILIP-3 
enabling the calcium sensor-protein to modulate Purkinje cell specific 
signaling cascades in the cerebellum.
This work was supported by the DFG and the Land Sachsen-Anhalt.

794.10

A HOMOLOGUE OF THE VERTEBRATE NEUROSERPIN IS 
EXPRESSED IN THE NERVOUS SYSTEM OF DROSOPHILA 
MELANOGASTER. T, Osterwalder*, W.-T. Chan. S. Hartman, and H. 
Keshishian MCDB Dept., Yale University, New Haven, CT 06511

Proteolytic processing of precursor proteins by serine proteinases is a 
critical process during development as well as in adult animals. The 
activity of these proteinases is often tightly regulated by specific 
endogenous inhibitors of the SERPIN (SERine Proteinase INhibitor) 
family. Serine proteinases and serpins have been implicated in the 
nervous system in neuronal migration, neurite outgrowth, synaptic 
plasticity, and cell death. We have chosen a reverse genetic approach 
to investigate the role of serpins in the nervous system of the fruitfly. 
Using RT-PCR and searches in databases, we identified several 
candidate serpin cDNAs. In situ hybridization to whole mount 
embryos and larval brains was performed to investigate the expression 
of these serpins in the nervous system. Among the tested serpins, 
dSerp2 was of particular interest. dSerp2 is expressed in a subset of 
cells in the larval ventral ganglion and the brain hemispheres. Genomic 
and cDNA sequences suggest a complex gene giving rise to different 
forms and specificity of dSerp2. One isoform showed significant 
homology to the vertebrate axonally secreted neuroserpin. The rdactive 
site of dSerp2 is likely to be recognized by proteinases processing their 
substrates at (di)basic sites. We mapped dSerp2 by chromosomal in 
situ hybridization to the region 42D-E, and we used a PCR-based 
screen of mobilized P-elements to find mutants disrupting the dSerp2 
gene. Several candidates from this screen are currently being tested. 
Supported by grants from the NIH and the Swiss NSF.
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794.11
A NOVEL TRYPSIN-LIKE PROTEASE, HIPPOSTASIN, IN THE HUMAN 
HIPPOCAMPUS.
S. Mitsui*, T. Yamada*, A. Qkui2, K. Kominami2, and N. Yamaguchi (Dept. Cell 
Biol., Res. Ins. Geriat., Kyoto Pref. Univ. Med., ^ept. Internal Med., Fukuoka Univ., 
2Fuso Pham. Co., Japan)
We have isolated cDNA encoding a novel serine protease, hippostasin, from human 

hippocampus cDNA pool by RT-PCR techniques. In situ hybridization confirmed that 
this gene was expressed by neuronal cells in the human hippocampus. Northern blot 
analysis showed 1.3 and 1.4 kb bands in the hippocampus, while a 1.3 kb band was 
observed in the whole brain. Interestingly, a 2.4 kb band was observed in the placenta, 
and a 1.4 kb band in the prostate and the lung. Sequence analyses revealed that at least 
two types of the 5’ ends were generated by alternative splicing, which caused the 
difference in the amino terminal ends of two types of human hippostasin, brain- and 
prostate- types, respectively. The ORF of brain-type was 250 amino acids with a 
putative signal peptide, while that of prostate-type was 282 amino acids with extra 32 
amino acids over the signal sequence of the brain-type. Transient expression in COS 
cells showed that both brain- and prostate- type hippostasin was secreted with the 
same two molecular mass, as 40 kDa and 44 kDa. Homology search against protein 
database revealed that human hippostasin showed 47% and 45% identity to 
trypsinogen II and kallikrein, respectively. The recombinant human hippostasin 
cleaved Bz-Phe-Arg-4-MCA, a kallikrein substrate, and weakly some other substrates 
for kallikrein and trypsin.

Furthermore, cDNA encoding mouse hippostasin was also isolated from a mouse 
brain cDNA pool, and it showed homology to human hippostasin. Sequence analyses 
and RT-PCR revealed two splicing variants at the 5’ end were caused by alternative 
splicing in mouse tissues like human hippostasin. The deduced amino acid sequence 
of mouse hippostasin showed 76.8% identity to humans. Northern blot analysis 
showed that mouse hippostasin was expressed in the fetal brain and the prostate, but 
not in the placenta.
These results indicate that hippostasin may be involved in the human hippocampal 

functions and the development of mouse central nerve system.

794.12
GENOMIC ORGANIZATION AND REGULATORY ELEMENTS OF THE 
RAT LATEXIN GENE, WHICH IS EXPRESSED IN SPECIFIC 
SUBPOPULATIONS OF NEURONS. N. Miyasaka*, Y. Hatanaka1, M-h. 
Jin2, and Y. Arimatsu. Mitsubishi Kasei Inst. Life Sci., Machida-shi, Tokyo 
194-8511, Japan. Present address: ’Dept. of Regulation Biology, National 
Inst, for Basic Biology, Japan; 2Okano Project, CREST, JST, Japan.

Latexin, a carboxypeptidase A inhibitor, is expressed in a cell type-specific 
manner in both central and peripheral nervous systems in the rat. In the 
neocortex, latexin-expressing neurons are distributed in layers V and VI of 
lateral areas. In the primary sensory ganglia, the expression is restricted to 
smaller diameter neurons. As a first step to clarify regulatory mechanisms 
underlying cell type-specific expression of latexin, we have determined the 
organization of the rat latexin gene and analyzed its regulatory elements. The 
latexin gene spans approximately 5.8 kb, and consists of 6 exons and 5 
introns. Three transcription initiation sites were mapped. The upstream 
region lacks typical TATA or CAAT boxes but has several GC-rich sites. To 
assess promoter activity, the luciferase reporter gene fused to the 5’-flanking 
region (6.4 kb) of the latexin gene was transiently transfected into several cell 
lines. Luciferase activity was 2-8 times higher in latexin-expressing cells 
(PC12) than non-expressing cells (NS20 and L6). Deletion analysis with 
PC12 cells revealed that a core promoter is located between nucleotide 
positions -261 and -201 relative to the initiation codon. NGF-responsive 
element(s) is located between positions -518 and -262, in which AP-1, AP-2 
and NF-k B binding sites are found. Furthermore, we demonstrate that a 1.3 
kb genomic fragment containing the first intron has transcriptional 
enhancing activity in PC12 cells. These results suggest that up- and 
downstream regulatory elements are involved in the control of cel, type- 
specific expression of latexin. Supported by Mitsubishi Kasei Inst. Life Sci.

794.13
HUMAN BRAIN EXPRESSION OF THE NEURONAL GAP JUNCTION 
PROTEIN CX36.A. Belluardo1*, A. Trovato-Salinaro2, G. Mudd3, Y L. Hurd4, D.F. 
Condorelli2 'Inst, of Human Physiology, Univ. of Palermo, Italy; 2Dept. of Chemical 
Sciences and ’Physiological Sciences, Univ. of Catania, Italy; 4Dept. of 
Neuroscience, Karolinska Inst., Stockholm, Sweden.

The connexins are the protein subunits of the gap junction intercellular channels 
responsible for metabolic and electrical coupling of adjacent cells. These intercellular 
channels are present in almost all cell types of vertebrate organisms and, in the 
nervous system, gap junction-mediated communication is the most common form of 
electrotonic coupling or "electrical synapses" between neurons. Recently, we have 
cloned a novel mouse and rat connexin, Cx36, that can represent the major connexin 
of neuronal cells and that is expressed in several brain regions and in the retina 
(Condorelli et al., 1998, Eur J Neurosci 10: 1202-1208). Based on the gene structure, 
the brain and retinal expression, and phylogenetic analysis it has been proposed that 
Cx36 represents the first mammalian member of a novel subgroup of the connexin 
family. Experiments with neurotoxins and in situ hybridization suggested the 
predominant localization of Cx36 in neuronal cells (Condorelli et al., 1998, Eur J 
Neurosci 10: 1202-1208). In the present communication, we report the cloning and 
sequencing of the human Cx36 gene, its chromosomal localization and its pattern of 
expression in the human brain analysed by radioactive in situ hybridization. The 
distribution of Cx36 in several regions of the human central nervous system is 
similar to that previously observed in rat brain. The most intense signal, among the 
cerebral areas examined by in situ hybridization, was observed in the inferior olivary 
complex, both in pricipal and accessory nuclei. A moderate labeling was also 
observed in several myelencephalic nuclei, in specific cells of the the cerebellar 
cortex, in a relatively large subpopulation of cells in the cerebral cortex, in the hilus 
of the dentate gyrus and in the strata radiatum and oriens of hippocampal subfields. 
Moreover, labeled cells were revealed in all the laminae of the spinal cord gray 
matter.

794.14

GENE STRUCTURES AND EVOLUTION OF MEMBRANE- 
ASSOSCIATED GUANYL ATE KINASE HOMOLOGS. J.-Th. 
Fraenzer1*, M. Stumm2, S. tom Dieck1, U. Thomas1, and E.D.
Gundelfinger1. ‘Leibniz Institute for Neurobiology, Magdeburg,
FRG; institute for Human Genetics, OvGU. Magdeburg, FRG. 

Chemical synapses are assembled from a number of different
molecules. A class of proteins, which support the precise and 
ordered assembly of both sides of chemical synapses are the 
membrane-associated guanylate kinase homologs (MAGuKs). 
Synaptic MAGuKs of mammals include SAP90/PSD-95, SAP97, 
SAP102 and Chapsyn-110/PSD-93, i.e. the SAP90/PSD-95 
subfamily. One member of the SAP90/PSD-95 subfamily of 
MAGuKs is known from Drosophila melanogaster (i.e. DlgA) and 
from Caenorhabditis elegans (which we name Ce-Dlg). Here we have 
analyzed the genomic structures of these MAGuKs. The gene 
encoding Ce-Dlg consists of at least 15 predicted exons and is 5.4 kb 
long. The first discovered member of the family, DlgA, is >25 kb and 
consists of at least 14 exons. In the genome of Mus musculus, there 
are great variations of the size of the introns of the analyzed genes; 
the exon/intron organization, however, appears to be largely 
conserved. Each protein is encoded 20 to 21 exons ranging in size 
from 31 to 1134 bp. We have analyzed by RT-PCR which 
alternative splice variants are produced in brain from the individual 
genes.
Supported by the Land Saxony-Anhalt.

794.15

THE PRESYNAPTIC CYTOMATRIX PROTEIN PICCOLO: 
CHARACTERIZATION OF THE HUMAN PICCOLO GENE 
S.D. Fenster1. U. Kampf2, L.E, Dobrunz*1, E.D. Gundelfinger2, CC.-Gamer!.
’Department of Neurobiology, University of Alabama at Birmingham, 
Birmingham, AL 35924, 2Leibniz Institute for Neurobiology, Brenneckestr. 6, 
D-39118 Magdeburg, Germany

Piccolo is a recently identified high molecular weight protein (530 kDa) found 
selectively enriched at the cytomatrix underlying the active zone of nerve 
terminals. The primary protein structure of Piccolo is closely related to another 
presynaptic cytomatrix protein, Bassoon. Comparison of rat Piccolo cDNA 
sequence (14,825 nucleotides) with database sequences made available through 
the Human Genome Project revealed three large human genomic clones spanning 
the majority of the human piccolo gene (PCLO). Using this information, we 
have characterized the exon-intron organization of human PCLO. The human 
gene has at least 19 exons ranging in size from 5080 to 27 nucleotides and spans 
over 350 kilobases in length. The 5’ end of the gene has not been identified. 
Recently, Winter et al. (1999) described the genomic structure and chromosomal 
localization of the human bassoon gene. The similarities of Piccolo and 
Bassoon seen at the amino acid level are also observed in genomic structure. 
Thus, Piccolo and Bassoon may have evolved from gene duplication and are 
members of a newly emerging protein family. Additionally, the human PCLO 
gene maps to chromosome 7qll.23-q21.3, a locus that lies in close proximity to 
a 2 mega-base deletion frequently observed in patients with Williams Syndrome 
(WS). A deletion of the Piccolo gene could account for some of the neurological 
deficits seen in WS patients.

Supported by NIH-NIA RO1 AG 12978-02

794.16

MOLECULAR CLONING OF HUMAN PEP5/VPS11/END1; ITS ENDOSOMAL 
LOCALIZATION IS MEDIATED BY RING-H2 FINGER MOTIF
B.Y. Kim, K. Arahata and C. Akazawa*. Dept. Neuromuscular Res., Natl. Inst. 
Neuroscience, NCNP, Tokyo 187-8502, Japan.

Recent molecular studies have shown that RING-H2 finger motif proteins play an 
important role in yeast protein sorting pathway. But the function of this motif has not 
been fully elucidated To understand the role of RING-H2 finger motif proteins in 
mammal, we isolated human homologue of yeast pep5/vpsll/ENDl from brain cDNA 
library. Sequence analyses revealed that it has an open reading frame of 878 amino acids 
and 50% similarity to yeast pep5/vpsll/ENDl. The RING-H2 finger motif resided at its 
carboxy terminus. Northern blot analyses showed that the mRNA was ubiquitously 
expressed in adult peripheral tissues examined, although the relatively low expression was 
detected in liver and lung. We focused on the detailed cellular expression in the adult rat 
brain. In situ hybridization analyses showed that mRNA was predominantly observed in 
the neurons of hippocampus, thalamus, main olfactory bulb, and cerebellum.

To examine the subcellular localization, we have constructed green fluorescent protein 
(GFP)-tagged human pep5/vpsll/ENDl and transfected into cultured cell lines. In the 
transfected COS-7 cells, GFP-tagged molecules were observed in vesicular structures. 
Double-staining analyses with intracellular organelle markers revealed that this GFP- 
tagged molecule was colocalized with EEA1, an early endosome antigen 1. To determine 
the molecular region which confers to its endosomal localization, we prepared series of 
GFP-tagged deletion mutants. Clearly, all deletion mutants showed endosomal 
localization only when RING-H2 finger motif was preserved, while the truncation of 
RING-H2 finger motif abolished its endosomal localization. These results suggest that 
the endosomal localization of human pep5/vpsll/ENDl is mediated by RING-H2 finger 
motif. (Supported by a Grant-in-Aid from Ministry of Health and Welfare, Japan)
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794.17
MOLECULAR CLONING AND CHARACTERIZATION OF RAT CASPASE- 
ACTIVATED DEOXYRIBONUCLEASE
G Cao, D Chen, RP Simon*, and J Chen, Department of Neurology, University of
Pittsburgh School of Medicine, Pittsburgh, PA 15213

Programmed ceil death (PCD) is an active process of cellular self-destruction with 
distinctive morphological and biochemical features. One hallmark of PCD is the 
degradation of chromosomal DNA into nucleosomal units. Recently, a specific DNase 
responsible for apoptotic DNA degradation, termed caspase-activated deoxyribonuclease 
(CAD), has been identified. CAD exists in cells as a complex with its inhibitor(ICAD). 
Caspase-3, upon activation, cleaves ICAD, and the CAD released from ICAD becomes 
active and cleaves chromosomal DNA. Here we report the molecular cloning and 
characterization of rat CAD.

A full-length cDNA encoding CAD was obtained from rat cerebellum using combined 
RT-PCR and rapid amplification of cDNA ends (RACE) strategy. The deduced rat CAD 
protein consists of 349 amino acids and shows 73% and 94% identity to the human and 
mouse CAD respectively. The rat CAD contains a stretch of 20 amino acids, repetitive 
glutamine, proline, arginine and lysine, at its C terminus, strongly suggestive of a nuclear- 
localization segment. Northern blot hybridization showed that a significant level of CAD 
mRNA was expressed in rat heart, liver, spleen, kidney, lung, and in various brain regions, 
including cerebellum, cortex, hippocampus, thalamus and caudate-putamen. Little 
expression was detected in the skeletal muscle. Moreover, the rat CAD protein was 
produced using a cell-free transcription/translation system in the presence of rat ICAD 
recombinant protein. Following treatment by active caspase-3, the CAD translation product 
was able to cause intemucleosomal DNA fragmentation in isolated nuclei, and the action 
was specifically blocked by the ICAD recombinant protein. These results indicate that a 
functional gene that may be responsible for apoptotic DNA degradation in the rat has been 
cloned. A possible role of the CAD/ICAD complex in regulating DNA fragmentation in 
neurological disorders such as cerebral ischemia that involve caspase activation and PCD is 
currently under investigation. (Supported by NIH grants NS 35965, NS 36736, and NS 
38560)

794.18

MOLECULAR CLONING AND CHARATERIZATION OF A
NOVEL PS 1-ASSOCIATED PDZ PROTEIN
X-M. Xu , Y-C. Shi, X. Wu, P. Gambetti^D. Sui, and M-Z. Cui.
Department of Pathology, Case Western reserve University 
School of Medicine, Cleveland, OH 44106

To understand the function of PS1, we have identified a 
novel molecule, PSAP (PS 1-associated protein) utilizing the 
yeast two-hybrid system. PSAP interacts specifically with PS1 
but not with PS2. Northern blot analysis revealed that PSAP is 
predominantly expressed in the brain. Deletion mutation 
experiments demonstrated that the C-terminal sequence of 
PS1, QFYI-COOH, a consensus sequence of the PDZ 
domain-binding motif, is required for optimal interaction with 
PSAP. This suggests that the interaction between PS1 and 
PSAP is mediated by the PDZ domain of PSAP. Our 
experiments also demonstrated that PSAP specifically binds to 
Ras, but not to Rho-family GTPases. This binding is probably 
mediated by a domain of PSAP, which shares a similarity with 
the Ras-binding domain of the PI 3-kinase p110 subunit. 
These observations suggest that PS1 may be involved in an 
intracellular signal transduction pathway, which involves Ras 
and/or PI 3-kinase.
This work was supported by grants from NIH, Alzheimer’s 
Association and SIGMAKAPA foundation.

794.19

Ania-6: An evolutionarily conserved cyclin potentially involved in 
differentiation and neural plasticity. J.D. Berke*, M. Krause, S.E. Hyman. 
National Institute of Neurological Disorders and Stroke, and National Institute of 
Diabetes, Digestive and Kidney Diseases. (Supported by NIH)

The novel gene ania-6 was recently identified in a screen for genes induced by 
dopamine stimulation in the rat striatum (Berke et al. 1998 - J.Neurosci. 18:5301). 
The mRNA shows transient increases in expression following cocaine, or after DI 
receptor activation in 6-OHDA lesioned animals. We have now obtained full-length 
cDNA and genomic DNA sequences. Analysis of the predicted open reading frame 
indicates that ania-6 is a member of a novel family of cyclins. The closest matching 
mammalian proteins are cyclins of the K/T/C/H type, that are reported to regulate 
transcription through interactions with RNA polymerase II. Consistent with this, the 
predicted protein sequence contains several probable nuclear localization signals. 
Although the matches to mammalian cyclins indicate that ania-6 clearly contains a 
'cyclin box', the nearest matches are all to uncharacterised genes of non-vertebrate 
species (Drosophila, C. elegans, Arabidopsis). All homologues of ania-6 have a large 
hydrophilic region at the C-terminal region. Mammalian forms of ania-6 have two 
major alternative splice forms; one of these forms lacks this large hydrophilic 
domain. Ania-6 is widely expressed in rat and human tissues, with some organs 
preferentially expressing one splice form or the other. In primary striatal neuronal 
cultures, ania-6 is an immediate-early gene, since induction is enhanced by 
cycloheximide, rather than suppressed. As an initial attempt to analyse ania-6 
function, we have used the RNA interference technique to inhibit the C. elegans 
homologue. This results in embryonic arrest - cells appear to proliferate normally but 
gastrulation fails to occur, and most cells do not differentiate. This is consistent with 
observations in other sysems that related cyclins are also involved in differentiation. 
Many authors have noted that similar processes occur during development and 
neuronal plasticity; ania-6 may be an example of a gene involved in both.

794.20
DENATURING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (dHPLC) 
ANALYSIS OF POOLED PCR SAMPLES FOR HIGH-THROUGHPUT 
SCREENING FOR DNA SEQUENCE VARIANTS
M. Radel, R. Aragon, C. Mazzanti, B. Kolachana, J, Rudolph and
D. Goldman* Laboratory of Neurogenetics, NIAAA, NIH, Rockville, MD 20852

Oefner and colleagues (1997) have detected DNA sequence variants 
using reverse phase HPLC in the presence of an ion-pairing agent. At the 
appropriate temperature, partially melted DNA heteroduplexes have relatively 
reduced affinity to the hydrophobic matrix, enabling DNA variants to be 
detected with high sensitivity. Here we report for the first systematic detection 
of single nucleotide polymorphisms (SNPs) in pooled PCRs from genomic 
DNA samples and using the Eclipse HP dsDNA column in an 8.5 min run. 
Evaluation of dHPLC pooling was conducted in blind fashion, using one 
standardized dHPLC method, and a single temperature for variant in each DNA 
amplicon analysis. The temperature for dHLPC variant detection was selected 
based on an initial temperature optimization conducted independently of 
observation of genetic variation. Three SNPs were evaluated: 5-HT5A 12 
A>T, GABRA6 1031G>C and GABRA6 1236C>T and the amplicons were, 
respectively, 196, 233, and 365 bp in size. The individually amplified genomic 
DNAs from eight individuals chosen for their previously known genotype were 
pooled, melted and reannealed to form mixtures of homo- and heteroduplexes. 
For all three SNPs, detection was accurately accomplished at a level of one 
heterozygous individual mixed with seven homozygotes, in other words, one 
part (allele) in sixteen. An advantage of SNP detection in pooled DNAs is that 
the denatured rarer allele strands have a greater chance to reanneal to DNA 
strands corresponding to the more abundant allele, augmenting the 
heteroduplex DNA signal. Sample pooling conserves template DNA and 
enhances the efficiency of dHPLC for automated high-throughput detection of 
DNA variants.

794.21

NUCLEAR TRIIODOTHYRONINE RECEPTOR COMPLEXES MAY ENHANCE 
PUTATIVE SEMICONDUCTOR PROPERTIES OF DNA AND INFLUENCE 
CONDUCTION IN THE NERVOUS SYSTEM. M.B.DRATMAN*. Depts.of 
Medicine and Psychiatry, U. Penn., Univ. and Woodland Aves., Phila., PA 19104

Background: Recent reports have described semiconductor behavior in small 
strands of DNA. Many genes have DNA response elements with high affinity for 
heterodimeric triiodothyronine (T3) receptors (T3Rs). The crystal structure of the 
dimeric complex formed by T3Rs and the RXR receptor, bound to its DNA response 
element, refined at 1.9 A,accommodates 4 zinc atoms and, when T3-liganded, 3 iodine 
atoms. Semiconductors become dramatically more conductive when properly “doped”. 
Candidate dopants notably include zinc and various forms of iodine. Therefore liganded 
T3Rs could provide the dopants, zinc and iodine for putative semiconductor-driven 
processes in DNA. Anatomical and Spatial Considerations: an example: 
Conduction along the unmyelinated axon is assumed to be exclusively ionic. Current 
flow through the axon is importantly influenced by the resting membrane potential, 
thought to come from “ ‘leakage currents’ of unspecified ionic basis”. However, glial 
cells, richly decorated with liganded T3Rs and contacting the axonal membrane through 
foot processes, might contribute electotonically to current flow. While the potential 
difference required to promote flow of electrons through a DNA semiconductor, if active 
in vivo, is likely to be ionically driven, net current flow through unmyelinated axons 
may reflect coupling of conventional with electronic conduction through “doped” DNA 
of glial cell nuclei. Formulation: A semiconductor mechanism may serve to 
modulate current flow through axons. The proposed contribution of T3/T3Rs to current 
flow through glia and unmyelinated axons may have broad implications for 
neuromodulation and excitation/inhibition processes in the nervous system. T3- 
liganded receptors donating both iodine and zinc may enhance DNA conduction whereas 
T3-unliganded receptors, contributing no iodine, may act as insulators. Since liganded 
T3Rs are abundant in noradrenergic (NA) target cell nuclei, the resultant contribution of 
both zinc and iodine to defined segments of NA target cell DNA may influence 
conduction throughout central NA networks.Support:Patricia Kind and MH44210
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795.1
CELL-TYPE SPECIFIC AND INDUCIBLE GENE EXPRESSION IN-VIVO 
FROM FIRST GENERATION ADENOVIRAL VECTORS
J.R.Smith-Arica , J.Smitht, P.R, Lowenstein , M, G. Castro*.
Molecular Medicine Unit, Room 1.302 Stopford Building, School of Medicine, 

University of Manchester, Manchester Ml3 9PT, England, and fZeneca 
Pharmaceuticals, Alderly Park, Macclesfield, Cheshire, England.

In many gene therapy protocols in the future, it will not only be a necessity to 
restrict transgene levels to sub-populations of cells but also to regulate the levels of 
such expression.

Here we combine transcriptional targeting in glial and endocrine cell subtypes in 
vivo, with inducibility provided by the tetracycline-dependent transcriptional system, 
using a dual adenoviral system. Three recombinant adenoviruses (RAds) were 
constructed 1) GFAP-tTA(nls): where the rat astrocyte specific, glial fibrillary acidic 
protein (GFAP) promoter is driving the expression of the tetracycline transactivator 
with a nuclear localisation sequence (tTA-nls). 2) Prl-tTA(nls): where the human 
prolactin (Prl) promoter is driving the expression of the tetracycline transactivator 
with a nuclear localisation sequence (tTA-nls). 3). TRE-LacZ: where the tetracycline 
response element (TRE), which comprises the tetracycline transactivator binding 
site, is used to drive the expression of the reporter gene p-galactosidase.

Stereotactic injection of GFAP-tTA(nls)/TRE-LacZ at a 10:1 ratio, into the 
hippocampus of adult rats resulted in strong transgene in only non-neuronal cells. 
This expression could be regulated by the administration of doxycycline. Injection 
of Prl-tTA(nls)/TRE-LacZ into a transplantable model for prolactinomas (7315b 
prolactinoma cells implanted subcutaneously in buffalo rats), resulted in high levels 
of transgene expression which could be regulated by the administration of 
doxycycline. Such restricted, inducible gene expression from adenoviral vectors may 
prove useful in numerous gene therapy protocols including cancer and neurological 
disorders.
Supported by; BBSRC/Case studentship.

795.2
COMBINED INJECTION OF rAAV WITH MANNITOL ENHANCES GENE EXPRESSION IN THE RAT 
BRAIN. M.Yu. Mastakov1, R.A. Xur, A.l, Mouravlev1, H. Fitzsimons1 and MJ. During1-2. 'Gene Therapy 
Center, Univ. of Auckland, New Zealand; 2CNS Gene Therapy Center, JeffersonMed College, PA 19107.

We recently compared 14 different expression cassettes in the setting of rAAV and found that 
a 1800 bp rat NSE promoter together with a posttranscription regulatory element (WPRE) was 
the strongest expression cassette for both in wZroand in vivo neuronal transduction (over 100- 
fold stronger than CMV). Moreover, this vector led to completely stable expression over 3 
months in vivo determined by both cell counting and quantitative luciferase activity. In addition 
to optimizing expression cassettes and viral titers, for efficient and global gene transfer in the 
mammalian CNS, optimal injection parameters need to be defined, limited data suggests that 
slow microinjections result in improved transduction using viral vectors. Moreover, in one study 
mannitol was added to an adenoviral vector stock enhancing transgene expression in rat brain 
(Nishinura et al., 1998). We therefore carried out a quantitative study looting at both simple 
injection parameters as well as the potential of mannitol to act as a facilitator of transduction 
and/or vector spread using high titer rAAV. First of all we conducted experiments to determine 
the relationship between the rate of perfusion of the vector and transduction efficiency using a 
luciferase-expressing vector. We injected lpl of virus over 2, 15, 30, 45 and 60 min into a 
single midstriatum site. 3 weeks later, luciferase enzyme activity was detected in die whole 
hemisphere. In general, the slower the speed die higher enzyme activity. Moreover the slower 
infusion rates resulted in less injury than faster infusion rates. A separate group of 16 animals 
was analyzed to determine, using the optimum infusion rate, the effect of mannitol on gene 
expression and vector distribution. These rats were injected with 2|il containing 7x1 (P virions 
of the above luciferase-expresshg rAAV virus with or without mannitol into the midstriatum, 
one side was injected with virus plus mannitol and the other side with virus plus saline. 3 weeks 
after injection, luciferase enzyme activity was measured both in sequential sections and in the 
whole hemisphere. We found total enzyme activity 2.57±0.74times higher and the spread of the 
virus 3±0.6 times greater with mannitol administration. Injections of rAAV expressing eGFP 
with or without mannitol showed the same differences. The number of transduced cells was 3-4 
times higher on the mannitol side; moreover transduced cells were distributed over 5mm in the 
mannitol hemispheres vs. 2mm in the control sides. In summary, the local injection of mannitol 
facilitates gene transfer to neurons increasing both the total number of transfected cells as well 
as vector distribution by 200-300%. Optimization of ve ctor infusion rates and addition of 
adjuvant like mannitol together with improved vector stocks and expression cassettes (see 
Mouravlev et al, 1999 abstr. this meeting) should be considered for the successful use of AAV 
in studies of neuronal physiology and gene therapy. Funded by NZ Health Research Council, 
Marsden Fund, Jefferson Faculty Fund.

795.3

TOWARDS GLOBAL GENE TRANSFER IN THE ADULT MAMMALIAN CNS USING HIGH TITER AAV 
VECTORS. A.Mouravlev1' M .Mastakov, R.Xu1, H.Fitzsimons1, D.Young1'' MJ During1,2. ’Gene Therapy 
Center, Univ. of Auckland, New Zealand; £NS Gene Therapy Center, Thomas Jefferson Univ., Philadelphia, PA 19107.

A major limitation for the successful translation of gene therapy to neurological disorders is the 
inability to achieve high level and stable gene expression in target cells. Our laboratory has focused on 
generating vectors and delivery methods which lead to highly efficient, stable and global gene transfer in 
the mammalian brain. Our current preferred vector is AAV, due to its lack of toxicity, neurotropism, 
integration and potential for stable expression as well as small size resulting in improved diffusion through 
the CNS. However, AAV has several limitations. In particular, it is difficult to obtain high titer stocks. We 
have modified published procedures to obtain high level transfection efficiencies in permissive 293 cells 
and using a combined Ad/AAV pDG helper plasmid (Grimm et al., 1998) and a modified AAV vector 
plasmid (with stabilized ITRs) to routinely generate vector stocks in excess of 105 virions per transfected 
cell. We have also improved and simplified the purification protocol using Freon 113 promoting release of 
viral particles and separation of cell debris. A recombinant AAV vector with a GFP expression cassette 
optimized for neuronal transduction was generated for the characterization of CNS gene transfer. Physical 
titer of the GFP vector stocks was measured by ELISA as 1-5x1012 particles/ml. PCR genomic analysis 
demonstrated that only approx. 50% of virions were intermecSates or empty particles and that the intact 
genome titer was approx. 5x10”. 2 pi (2x109 particles) injections of virus into rat midstriatum led to over 
100,000 readily detectable (using confocal microscopy) GFP positive cells. Intraparenchyma! infusion of 
20 pi of vector stock (2x1O’o particles) resulted in transduction of a complete hemisphere with approx. 1 
million cells transduced. Intraventricular injections resulted in widespread transduction in both 
hemispheres. Transgene expression increased over the first two weeks and then remained stable for the 
duration of the animal's life, with rats analyzed at 1,3 and 6 months. Additional groups of rats have been 
maintained for 1 and 2 years. The vector appeared devoid of any immunogenicity or toxicity, with no cell 
infiltration or inflammation at injection sites. In summary, we have developed an AAV vector with a strong 
neuronal expression cassette which leads to highly stable expression in target cells. Moreover the 
combination of optimized injection parameters with a highly concentrated vector stock can lead to global 
gene transfer. The efficiencies cf gene transfer are now approaching levels which suggest that the clinical 
translation of this system may result in both safety and efficacy in neurological disorders including 
neurodevelopmental and neurodegenerative disorders as well as epilepsy. Supported byNZ Health 
Research Council, Marsden Fund, Jefferson Faculty Fund.

795.4

THE ADENO-ASSOCIATED VIRUS (AAV) TERMINAL 
REPEAT CONTAINS PROMOTER ACTIVITY IN VITRO AND 
IN VIVO.
R.P, Haberman,* TJ, M&CQ.wiuand R.J.. Samulski, Curriculum in 
Neurobiology and Gene Therapy Center, University of North 
Carolina, Chapel Hill, NC 27599.

AAV vectors have been used as effective gene delivery tools 
in the central nervous system (CNS) where long-term expression has 
been obtained without significant immune response. In many 
applications of gene therapy, it is critical that lengthy gene expression 
be regulated. Although long-term regulation of AAV gene expression 
has been demonstrated using a tetracycline responsive system 
(Haberman et al., Gene Therapy, 1998) residual expression in the 
“off’ state suggests that the AAV components of the vector contain 
promoter or enhancer activity. To address this issue we have 
constructed a virus in which the AAV terminal repeat (TR), the only 
AAV component in recombinant vectors, was placed adjacent to the 
reporter gene, green fluorescent protein (GFP). This promoter-less 
virus expresses GFP in tissue culture cells and in the brainstem of 
rats. By using PCR to amplify specific regions within the TR, we 
were able to identify sequences that were sufficient for gene 
expression in vitro. These findings suggest that the TR may affect the 
ability of gene regulation systems to control gene expression in AAV 
vectors in the brain. Supported by NINDS grant #NS35633.

795.5

POTENTIAL ROLE OF CHROMATIN STRUCTURE IN REGULATION OF HSV 
AMPLICON-MEDIATED GENE EXPRESSION DURATION. Brandon K. Harvey*, 
William J. Bowers, Hui Huang, and Howard J. Federoff. Dept. of Neurology, and the 
Ctr. for Aging and Developmental. Biology, Univ. of Rochester, Rochester, NY 14642

HSV-1 amplicon vectors are attractive vehicles for the delivery of genes to the CNS 
as they display a natural neurotropism, are easily manipulated and constructed, and 
possess the ability to carry large transgene segments. One major obstacle encountered 
with the use of amplicon vectors and other gene delivery systems lies in the limited 
duration of gene expression. Following transduction, amplicon vector genomes exist 
indefinitely as episomes in post-mitotic cells and are likely to be organized into 
nucleosome-associated structures. We propose that the duration of HSV amplicon- 
mediated gene expression is a function of its chromatin organization, and that as time 
passes following initial infection, the amplicon genome develops a more inaccessible, 
heterochromatic DNA structure that leads to lower gene expression. To begin testing 
this hypothesis, we packaged HSVCMVlac, which contains the CMV immediate-early 
promoter driving the expression of the P-galactosidase (lacZ) gene, using the pBAC- 
V2 helper-free system. In vitro studies were conducted using primary mixed cortical 
neuronal cultures isolated from E15 mouse embryos infected with HSVCMVlac at an 
M.O.I. of 0.1. Gene expression and chromatin structure were assessed at 4, 10, and 21 
days after infection. For gene expression, cell lysates were prepared to determine LacZ 
activity and to quantitate amplicon genome retention using quantitative PCR. 
Chromatin structure was measured by sensitivity to micrococcal nuclease (Mnase). 
The levels of lacZ gene was quantitated for both Mnase-sensitive and Mnase-resistant 
fractions using quantitative PCR, and a Mnase sensitivity index (MSI) was calculated 
(sensitive /resistant). The expression of LacZ was elevated at day 4, maximal at day 
10, and decreased nearly to background at day 21. The MSI profile exhibits a 
progressive decline in Mnase sensitivity from day 4 to 21. The data suggests as 
amplicon chromatin formation is occurring, an optimal conformation is achieved and 
maximal expression is exhibited. However, as time passes this structure is not 
maintained and progresses to a transcriptionally inactive state.
Work supported by NIH F31-NS10781 to BKH and NIH R21-DK53160 to HJF.

795.6
A HERPES AMPLICON VIRUS VECTOR ENCODING CRE RECOMB INASE 
ELICITS SITE-SPECIFIC RECOMBINATION IN THE MURINE CNS. A.l. Brooks*, 
W.J. Bowers, R. Hoefen, J.F. Sanchez, C.A. Chadwick, S.L. Murg and H.J. Federoff.
Departments of Microbiology, Immunology and Neurology; Division of Molecular Medicine & 
Gene Therapy, University of Rochester School of Medicine, Rochester, NY 14642.

The cre/loxP recombination system has been employed by many groups to develop a 
somatic mosaic approach to studying gene expression. A bacteriophage Pl-derived 
recombinase (ere) recognizes two 34bp inverted repeats (loxP elements) and efficiently 
excises the segment of DNA between the loxP elements leaving one loxP element 
intact. Conveying complete spatial and temporal control of gene expression can be 
achieved by applying a binary germline/somatic approach to this system. We have 
utilized this approach in the CNS using a somatic mosaic gain of function mutation for 
NGF. To accurately assess the efficiency of recombination,in vivo, we have 
constructed a fusion protein that joins the amino terminus of the ere recombinase 
protein with the carboxyl terminus of green fluorescent protein (gfp). This chimera 
was inserted into an HSV vector and packaged into virus. Recombination was assessed 
in vivo by infecting loxP reporter mice and measuring expression of B-gaiactosidase 
both immunohistochemically and enzymatically. The reporter in this study is the CAG- 
CATZ mouse containing: A chicken B-actin promoter followed by a floxed CAT gene 
and downstream of which is a second loxP element followed by the coding region for 
B-galactosidase. Two brain regions were studied to determine whether recombination is 
regional and/or cell type-specific. Equivalent amounts of each virus (2xl05 infectious 
particles) were injected unilaterally into either the striatum or hippocampus. Six days 
post-infection animals were analyzed either immunocytochemically or enzymaticaly 
for B-galactosidase. Our data demonstrate that recombination in the hippocampus is 
22% more efficient than in the striatum. The gfpere chimera is less effective in the 
striatum and hippocampus than wild type ere as measured by enzymaytic activity. 
Experiments in progress will define the identity of recombined cells. This work is 
supported by NIH R01MH57047-02.
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795.7

TRANSGENIC EXPRESSION OF GREEN FLUORESCENT 
PROTEIN AND HUMAN OXYTOCIN NEUROPHYSIN IN MOUSE 
OXYTOCIN NEURONS. W. S, Young. Ill1*, A. Iacangelo1, X.-Z. J. 
Luo1, C, King2’ K, Duncan2. E. I. Ginns2. Section on Neural Gene 
Expression and 2Clinical Neuroscience Branch, National Institute of 
Mental Health, Bethesda, MD 20892-4068

Routine targeting of neurons for expression of exogenous genes would 
facilitate our ability to manipulate their internal milieu or functions, 
providing insight into the physiology of neurons. The magnocellular 
neurons of the paraventricular (PVN) and supraoptic (SON) nuclei of the 
hypothalamus have been the objects of limited success by this approach. 
Here we report on the placement of the enhanced green fluorescent protein 
(EGFP) coding sequence at various locations within an oxytocin (OT) 
transgene. Placement within the first exon yielded little to no expression, 
whereas placement in the third exon (as an in-frame fusion with the 
carboxyl terminus of the prepro-OT) resulted in cell-specific expression of 
EGFP in OT neurons. Furthermore, placement of the EGFP sequence 
downstream of a picomavirus internal ribosomal entry site (IRES), also in 
the third exon, allowed expression of the EGFP as a separate protein. We 
also replaced sequence coding for amino acids 41-107 (7 differences from 
mouse) of the rat prepro-OT with their human counterparts to see if 
conservation of that neurophysin sequence between OT and vasopressin 
within the same species is important for proper protein expression and 
processing. Animals homozygous for this new sequence crossed into an 
OT knock-out mouse line were able to reproduce and lactate successfully. 
A variety of sequences should now be amenable to expression within OT 
neurons to facilitate the study of their physiology.

795.8
CRE RECOMBINASE-MEDIATED GENE MANIPULATION IN A BRAIN- 
SUBREGION RESTRICTED MANNER USING KA-1 PROMOTER. K, Nakazawa* 
C, Carr. A. Chu, and S, Tonegawa . Center for Learning and Memory, HHMI, 
Massachusetts Institute of Technology (MIT), Cambridge, MA 02139-4307.

The Cre/loxP recombination system allows us to restrict somatic mutations to 
subregions of the brain, thus enabling the functional study of specific genes in 
selected regions. In hippocampal formation, CA3 subregion is proposed to be an 
autoassociative memory network based on the existence of the extensive recurrent 
collateral system of CA3 pyramidal cells. One of kainate receptor subunits, KA-1, is 
predominantly expressed in CA3 pyramidal cells, and to some extent in dentate gyrus 
granule cells. To develop the CA3 / dentate gyrus-restricted gene manipulation 
system, we isolated several bacterial artificial chromosome(BAC) clones containing 
C57BL/6 mouse KA-1 locus. We then analyzed the genomic structure of the region 
corresponding to 5'-untransIated region of KA-1 gene. The results of subcloning and 
partial sequencing suggested that at least 4 exons, including the initial ATG- 
containing exon, were scattered over more than 60 kb with huge introns in this locus. 
One of the BAC clones, which covers the putative 5'-transcriptional regulatory region 
of KA-1 gene, was co-injected with a nls(nulcear localization signal)-Cre recombinase 
construct carrying minimal promoter into pronuclei to generate transgenic lines. 
Among 5 lines analyzed, so far, two lines showed Cre/loxP-mediated recombination in 
a subregion specific manner. In the G32-4 line, the recombination was observed in 
CA3 pyramidal cells, dentate gyrus granule cells, and cerebellar granule cells, but 
almost not in other cell-types including CA1 pyramidal cells and cortical cells. In the 
G35.3 line, the recombination occurred almost exclusively in most of the neocortical 
and hippocampal principal cells, and the anterior olfactory nuclei. The expression 
pattern of recombination is fairly consistent with endogenous expression pattern of 
KA-1 mRNA throughout the development, but also affected probably by the 
integration locus of the transgene. The present results indicate that KA-1 Cre 
transgenic lines can be used to manipulate specific genes in a brain-subregion 
restricted manner. [Supported by NIH grant 65609, and HFSP(K.N.)]

795.9

CONDITIONAL GENE TARGETING OF FOCAL ADHESION KINASE IN 
THE MOUSE BRAIN
N.H. Komiyama, H. Asano and S.G.N. Grant. University of Edinburgh, Centre for 
Genome Research and Dept of Neuroscience, Edinburgh EH9 3JQ, UK. 
(SPONinternational Behavioural and Neural Genetics Society)

A cytoplasmic protein tyrosine kinase (Focal Adhesion Kinase, FAK) is 
highly expressed in the brain (especially in neurones of the hippocampus and 
cerebral cortex) and is activated by signals from integrins, N-CAM 140 and various 
G protein-coupled receptors. In rat hippocampal slices, several neurotransmitters 
(including glutamate and acetylcholine) and lipid messengers (such as anandamide, 
arachidonic acid and lysophatidic acid) strongly stimulate FAK phosphorylation. 
Fyn tyrosine kinase mutant mice show specific defects in synaptic plasticity and 
hippocampal development. Fyn directly interacts with FAK and in the brain of fyn 
mutants FAK was hypo-phosphorylated. This may suggest that FAK plays an 
important role for transducing signals generated by neuronal activity.

To test the physiological role of FAK in neurones we are generating mice 
lacking FAK using gene targeting. Homozygous FAK null-mutants (fak-!-) die 
during embryonic development (e8.5). To overcome this embryonic lethal 
phenotype and examine the neuronal function of FAK, we have generated mice 
which have two engineered loxP sites in the FAK gene. We are crossing these mice 
with the transgenic mice expressing Cre recombinase under the control of neuronal 
promoters to achieve the brain specific disruption of FAK gene in vivo. Phenotypic 
analysis of these mutant mice will be reported.

This work was sponsored by the EU, BBSRC and Wellcome Trust.

795.10

ELECTROPHYSIOLOGICAL ANALYSIS OF NEURONS DERIVED FROM 
EMBRYONIC STEM CELLS LACKING FOCAL ADHESION KINASE.
P. Charlesworth, N. H. Komiyama and S.G.N. Grant. University of Edinburgh, 
Centre for Genome Research and Dept of Neuroscience, Edinburgh EH9 3 JQ, UK. 
(SPON:International Behavioural and Neural Genetics Society)

Focal adhesion kinase (FAK) is a 125 KD protein tyrosine kinase 
implicated in a number of signal transduction pathways in neurons. In order to study 
the functions of neuronal FAK we have produced homozygous FAK null embryonic 
stem (ES) cells which have been differentiated in vitro into mature neurons (ES 
neurones, ESNs) and studied using the whole cell patch clamp technique.

FAK -/- ES cells were not detectably impaired in their ability to 
differentiate or grow in culture. FAK -/- and wild type (wt) ESNs expressed TTX- 
sensitive Na currents of similar magnitude, fired action potentials in response to 
depolarising current and formed synapses from ~ 7d in culture, as evidenced by the 
occurrence of spontaneous synaptic currents. Currents elicited by application of 100 
pM NMDA were not significantly different in wt vs. FAK -/- ESNs (1253 ± 177 vs 
1387 ± 137 pA). Modulation of INmda  by the tyrosine kinase inhibitor genistein (50 
pM) was examined and found not to differ: inhibition of INMDA was 35.4 ± 2.7 in wt 
and 34.6 ±3.5 % in FAK -/- ESNs. Initial studies on voltage gated calcium currents 
have revealed a difference: peak calcium current density was 52.3 ±8.7 pA/pF in wt 
and 111.1 ± 15.2 pA/pF in FAK -/- ESNs.

ESNs offer a powerful invitro system for studying the function of any gene 
in neurones and complements mouse knockout approaches.

This work was sponsored by the EU, BBSRC and Wellcome Trust.

795.11

TRUNCATED PROTEINS ARE RECOMBINANTLY EXPRESSED 
FROM MAMMALIAN CELL EXPRESSION VECTORS CONTAINING 
INTRONS DOWNSTREAM OF INSERTED OPEN READING 
FRAMES J.A. Bard*, S. Walker, Oleg Bortman, R. Ochalski, S. 
Nawoschik. Wyeth Neuroscience, Wyeth Research, Princeton, NJ 
08543.

Single introns have conventionally been included within the transcriptional 
unit of eukaryotic expression vectors to enhance expression levels of 
recombinant proteins through increased mRNA stability. We have examined 
expression of amyloid precursor protein (APP), Ap binding protein (BBP1), 
and serotonin 5-HT1B receptor protein recombinantly expressed from a 
downstream intron-containing expression vector, pWE, using reverse- 
transcription polymerase-chain reaction (RT-PCR), Northern blot analyses, 
and Western blot analyses. For all three genes, we observed, in addition to 
full-length mRNAs, aberrantly spliced mRNAs representing use of cryptic 
donor splice sites within the respective coding regions juxtapositioned with the 
downstream vector-derived T- antigen intron of simian virus 40 (SV40)(e.g. 3’ 
acceptor site). We demonstrate the presence of truncated APP- and BBP1- 
polypeptides by Western blots, consistent with translation of these truncated 
mRNAs. Site-directed mutagenesis of the 5’ cryptic splice site abrogated the 
synthesis of the specific truncated mRNA but lead to the utilization of an 
alternative cryptic 5’ donor splice site within the coding region. In contrast, 
expression of the gene from a non-intron containing expression vector, 
pcDNA3.1, failed to produce the truncated species of mRNA representing the 
downstream SV-40-derived intron. These results expand on previous findings 
(Huang and Gorman, Mol. Cell. Biol., 1990, 10:1805-10.), suggesting that 
introns placed 3’ of cDNAs lead to less efficient expression of protein, and 
have wider implications in research examining gene expression in vitro, 
transgenics, and human gene therapy.

795.12

ANTISENSE RNA AGAINST NEUTRAL SPHINGOMYELINASE (nSMase) 
REDUCES AMYLOID-BETA (Ap) CYTOTOXICITY IN C6 GLIOMA CELLS 
D.-I Yang*, J Kwan, E. Thompson, and C.Y. Hsu. Dept. of Neurology, Washington 
Univ. Sch. Med.; St. Louis, MO 63110.

Amyloid p peptide (Ap), known to stimulate ceramide synthesis, and C2 
ceramide, a synthetic ceramide analogue, caused C6 glioma cell death. Since 
sphingomyelin/ ceramide signaling pathway has emerged as an important 
regulatory mechanism in cell growth, differentiation, and apoptosis, and nSMase 
has been shown to confer cytotoxic effects of chemotherapeutic agents toward 
several types of neoplastic cells, we explored the role of nSMase in AP induced C6 
glioma cell death using an antisense strategy. A 350 bp cDNA covering the start 
codon of the murine nSMase was synthesized by RT-PCR and subcloned into the 
CMV promotor-driven Rev-TRE expression vector in antisense orientation and 
transfected into C6 glioma cells with empty vector transfected and parental cells 
served as controls. nSMase assays using ,4C-sphingomyeline as the substrate 
showed that antisense transfectants had 33% to 70% less enzyme activity in 
comparison with parental or vector transfected C6 controls while no difference in 
acidic SMase activity was noted. When the transfectants and controls were treated 
with 20 ng/ml tumor necrosis factor-a (TNF-a), serum deprivation, or 10«pM AP 
(25-35) for 40 hours, neither TNF-a treatment nor serum deprivation resulted in 
significant difference in cell viability between antisense transfectants and 
corresponding controls. However, AP caused cell death to a lesser extent in 
antisense transfectants (survival percentage: 63± 1 in antisense vs. 44±2% in vector 
controls; p=0.0006). These findings suggest that ceramide derived from nSMase 
may contribute to Ap induced C6 glioma cell death. (Supported by NIH grants 
NS25545, NS28995, NS37230).
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795.13
POLYETHYLENEIMINE (PEI)-MEDIATED TRANSFECTION OF 
SYMPATHETIC NEURONS IN VITRO. C. M. Horbinski', M. K. 
Stachowiak2, J. A. Roth1*, and D. Higgins'. 'Dept. of Pharmacology and 
Toxicology, 2Dept. of Anatomy and Cell Biology, State Univ. of New York 
at Buffalo; Buffalo, NY 14214.
Chemical methods of transfection that have proven successful with cell 
lines often do not work with primary cultures of neurons. As a result, viral 
vectors and intracellular injections are frequently required to reliably 
transfect post-mitotic neurons. Recent data, however, suggest that linear 
polymers of the cation PEI can facilitate the uptake of nucleic acids by 
neurons (Lambert et al., Molec. Cellular Neurosci. 7: 239-246, 1996). 
Consequently, we examined the ability of a commercial PEI preparation 
(ExGen 500, MBI Fermentas) to allow the introduction of foreign genes 
into post-mitotic mammalian neurons. Superior cervical ganglion neurons 
were obtained from perinatal rat pups and maintained for 5 days in the 
absence of nonneuronal cells. The cultures were then transfected with 
varying amounts of a plasmid encoding E. coli P-galactosidase using PEI. 
Optimal transfection efficiency was observed with 2 ug/ml of plasmid DNA 
and 5 ug/ml PEI. Expression of P-galactosidase was both rapid and stable, 
beginning within 6 hours and lasting for at least 21 days. A maximum yield 
was obtained within 72 hours with ~7% of the neurons expressing P- 
galactosidase, as assessed by both histochemistry and antibody staining. 
These data suggest that PEI is a useful agent for the stable expression of 
plasmid-encoded genes in neuronal cultures. (Supported by NSF grant 
IBN 9808565.)

795.14
LOCKED NUCLEIC ACIDS (LNA): A NOVEL AND EFFICACIOUS CLASS OF 
OLIGONUCLEOTIDES FOR ANTISENSE KNOCKDOWN IN VIVO. P. Salmi.
J. Kela. L. Good. F. Porreca1, J. Wengel2 and C. Wahlestedt*. Center for Genomics 
Research, Karolinska Institutet, Stockholm, Sweden, 'University of Arizona, USA 
and 2University of Copenhagen, Denmark.

LNA is a novel class of DNA analogs that provide marked improvements in a 
number of key properties. It combines by far the highest affinity ever found for a 
DNA analog towards complementary DNA and RNA with an excellent ability to 
discriminate between correct and incorrect target sequences. The term "locked nucleic 
acids" has been coined to emphasize that the usual conformational freedom of the 
furanose ring in standard nucleosides is restricted in LNA by a methylene linker that 
connects the 2'-0 position to the 4'-C position.

By targeting the rat delta opioid receptor, which was used as a model system, we 
have found that LNA-containing antisense oligonucleotides are efficacious given 
intracerebroventricularly as well as intrathecally.

Most importantly, no signs of behavioral or tissue toxicity have been observed upon 
these in vivo injections. In contrast, toxicity was seen with phosphorothioate 
containing oligonucleotides (the standard antisense agent for example used in a 
variety of clinical trials) tested in parallel. Moreover, LNA is extraordinarily stable in 
blood, cerebrospinal fluid and bacterial extracts.

Taken together, LNA shows promise as a component of antisense agents for a wide 
range of in vivo functional genomics efforts.
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796.1

Propofol  triggers  a  time  dependent  reorganisation  of  the  actin  
CYTOSKELETON IN PRIMARY CULTURED RAT NEURONS.
A. Oscarsson MD1 ;R. Massoumi'; A. Sjohindcr, PhD'; C. Eintrei MD PhD '
'Department of Anaesthesia and Intensive Care. Linkdpinp Cniversity Hospital. S-58185
Linkdping.Sweden.- Division of Experimental Pathology. Department of Laboratory Medicine 
.Lund Ihiiversity.S-20502 Malmo.Sweden.

Reorganisation of the cytoskeleton is an early cellular response to a 
variety of extracellular signals. It has previously been shown that the intravenous 
anaesthetic agent propofol induces a calcium dependent conformational change in 
actin, resulting in membrane ruffling. The aim of this study was to further clarify 
propofol’s effect on the actin cytoskeleton.
Primary cultured rat neurons, cultivated for ten days were stimulated with propofol 
3pg/ml (16,8pM) in a time-response titration (0-30 minutes). Western blot analysis 
was used to detect actin proteins. The cellular content of F-actin was detected by 
measuring the flourescence of flourecein-phalloidin on a spectroflourometer. 
Propofol triggers an time-dependent reorganisation of actin. A relatively slow 
change in cellular filamentous actin (F-actin) was seen, with an increase of 16% 
after 10 min., 30% after 15 min. and a maximum of 200% after 20 min, compared to 
controls. This increase was followed by a decrease down to the initial values after 30 
min.
The present study shows that the intravenous anaesthetic propofol induces a distinct 
reorganisation of the actin network in primary cultured rat neurons. Since the 
cytoskeletal reorganisation was relatively slow,with a maximum at 20 minutes, we 
believe that the changes seen are not primarily connected to anaesthesia per se. It 
might however be connected to slower cellular responses, such as channel 
regulation.
Supported by Ostergotland County Council, Sweden.

796.2
EFFECT OF DIBUTYRYL CYCLIC AMP ON THE EXPRESSION OF 
ACTIN ISOFORMS IN ASTROGLIA. E.M. Abd-El-Basset*. Anatomy 
Department, Faculty of Medicine, Kuwait University, Safat 13100, Kuwait.

Actin plays an important role in maintaining cell structure and cell motility 
and in generation of the contractile force in both muscle and non-muscle 
cells. Mammalian cells contain at least 8 actin isoforms. The actin isoforms 
are expressed in muscle and non-muscle cells in temporally and spatially 
regulated pattern. The functional significance and the mechanisms that 
regulate the expression of each actin isoform are not known. Using 
immunofluorescence staining, we have demonstrated that all astroglia in 
tissue culture express P-actin isoform and about 85% of astroglia express a- 
smooth muscle (sm) actin isoform. When astroglia were treated with 
dBcAMP for 4, 7, 14, 21 days, it was found that the number of the cells 
expressing a-sm actin isoform progressively decreased, whereas, the number 
of the cells expressing P-actin isoform remained constant. The western blot 
experiment showed that the amount of a-sm actin isoform expressed by 
astroglia treated with dBcAMP decreased whereas the amount of P-actin 
isoform expressed by the same cells did not show any changes. The cells 
treated with dBcAMP downregulated the expression of their a-sm actin 
isoform and have normal expression of P-actin isoform. These cells failed to 
migrate and close the area created by the scratch wound in monolayer 
culture. However, the non-treated cells which have normal expression of 
both a-sm actin and P-actin isoforms migrated and close the area created by 
the wound after three days. This study shows that the astroglia have different 
mechanisms in regulating the expression of different actin isoforms and that 
the a-sm actin isoform is important in migration of astroglia

Kuwait University through grant # MAO37.

796.3

Modulation of Kinesin-Vesicle Interaction and Regulation of Fast Axonal Transport. 
Ming-Ying Tsai, Gerardo Morfini, and Scott T, Brady* Dept. of Cell Biology UT 
Southwestern Medical Center Dallas, TX 75235-9111

The complexity and organization of neurons require specialized mechanisms to 
ensure that proteins are transported to their proper destinations, particularly in axons 
which lack protein synthetic machinery. Membrane proteins are packaged as 
membrane bounded organelles (MBOs) and delivered to axons by fast axonal transport 
along polarized microtubules. Kinesin is generally thought to mediate transport of 
MBOs, but up to 70% of cellular kinesin is recovered in soluble fractions during 
conventional subcellular fractionation. While most kinesin is in supernatants, the 
remaining vesicular kinesin is tightly bound suggesting active release of kinesin 
occurs during homogenization. When either N-ethylmaleimide (NEM) or EDTA is 
added during homogenization, kinesin bound to MBOs increased significantly. NEM 
and EDTA differentially affected kinesin light chain (KLC) isoforms in vesicle 
fractions suggesting that specific cytoplasmic factors may modulate kinesin 
association with membranes. Release of kinesin from MBOs by an antibody against 
KLC focused attention on factors interacting with KLC. Since KLC contains DnaJ- 
like motifs, we tested the effects of hsp70 chaperones. Hsc70 released kinesin from 
vesicles in a MgATP-dependent and NEM-sensitive manner. Release of kinesin by 
hsc70 correlated with phosphorylation of one KLC isoform and selected kinase 
inhibitors inhibited hsc70 mediated release of kinesin. Mass spectrometry of tryptic 
peptides from immunopurified rat brain KLC indicated that this KLC contains up to 
fifteen phosphorylated residues, most conserved between rat and mouse. Recent 
studies in our laboratory demonstrated a role for CDK-like kinases and/or other 
proline-dependent protein kinases in regulating fast axonal transport, but specific 
regulatory pathway and targets remain to be defined. This suggests that the combined 
action of hsp70 chaperones and one or more kinase/phosphatase pathways may 
regulate delivery of specific axonally transported materials in vivo by releasing 
motor proteins from their cargos in specific subcellular regions. Studies supported by 
NINDS and Welch Fdtn.

796.4

OXIDATIVE DAMAGE TO NEUROFILAMENT PROTEINS MODIFIES 
ANTIGENICITY. W.D. Hill1*, K. Spicer1, D. Circle1, D.A. Gearhart1, B.J. 
Balin2,1Dept. of Cell Bio and Anat., Medical Coll, of Georgia, Augusta, GA 
30912; 2Dept. of Pathology & Microbiology, Philadelphia College of 
Osteopathic Medicine, Philadelphia, PA 19131.

Current lines of evidence suggest that oxidative-mediated damage is 
involved in the pathogenesis of several neurodegenerative disorders 
including Parkinson's and Alzheimer's diseases. Cellular reactive oxygen 
species (ROS) damage may also lead to changes in the cytoskeleton 
including cytoskeletal derangements and the formation of inclusion bodies 
which are common features of certain neurodegenerative disorders. We 
propose that these changes include damage to neurofilaments which may 
render them incapable of performing their normal functions. Unassembled 
and assembled neurofilament triplet subunits were used as substrates. 
These neurofilaments were oxidatively damaged using an Fe3+/ascorbate 
ROS producing buffer system. Carbonyl groups generated by free radical 
damage were then detected via derivitization with dinitrophenylhydrazine 
(DNPH) and the use of anti-DNPH coupled to HRP. Damage to the 
neurofilaments varied over time (10 minutes to 48 hours) from minimal 
addition of carbonyl adducts that did not affect subunit mobility to total loss of 
normal subunits due to crosslinking and peptide backbone fragmentation. 
The ability of antibodies to well characterized neurofilament epitopes to 
recognize these sites following ROS exposure was determined. Loss of 
antigenicity for specific epitopes precedes crosslinking or protein 
fragmentation; distinct neurofilament domains are differentially vulnerable to 
ROS attack. The changes seen here are similar to those seen in 
neurofilamentous inclusions characteristic of Parkinson's disease. 
Supported by NS32835 (WDH).
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796.5

EVIDENCE THAT NITRIC OXIDE CAN DISRUPT AXONAL TRANSPORT 
NJ Gardiner1, S Love2, PA Felts1, M. Davies' & KJ Smith*1. ’Neuroinflammation 
Research Group, Dept. Clinical Neurosciences, Guy’s, King’s & St. Thomas’ Medical 
School, London, SE1 9RT. 2Dept. Neuropathology, Frenchay Hospital, Bristol, BS16 
1LE.

Amyloid precursor protein (APP) accumulates intra-axonally at regions of 
inflammation in multiple sclerosis (MS) lesions. APP accumulation suggests a 
disturbance in the energy-dependent process of axonal transport, but why this occurs 
remains unclear. Since inflammation in MS lesions is associated with increased nitric 
oxide (NO) production, and since NO is known to impair energy metabolism, we have 
examined whether NO impairs axonal transport.

Rats (n=7) were anaesthetised (halothane) and 6 of their lumbar/sacral dorsal roots 
exposed along their length. The roots were raised in a mineral oil pool at 37°C while 
maintaining their vascular supply. Each root was exposed for >8 hrs to either a control 
solution, or a known concentration of NO (from the NO donor DETA-NONOate; 
measured with ISO-NO II nitric oxide monitor, WPI). The roots were fixed in 
paraformaldehyde, processed for APP immunohistochemistry, and the APP labelling 
scored blindly on a 4 point scale.

Concentrations of NO <4 pM produced no detectable increase in APP, but 
concentrations of 6-10 pM caused statistically significant axonal accumulation (Mann- 
Whitney test, p<0.05) compared with that in controls. APP immunolabelling was 
negligible in control roots exposed to equivalent concentrations of either NO-depleted 
DETA-NONOate, or DETA.

The findings indicate that exposure to NO in the low pM range can disrupt axonal 
transport. If maintained, such disruption may cause axonal damage. The findings may 
be relevant to axonal damage in inflammatory neurological diseases, such as MS.

Supported by the MRC, the Multiple Sclerosis Society of GB and NI, The Special 
Trustees of Guy’s and St. Thomas’ Hospitals.

796.6

DIISOPROPYL PHOSPHOROFLUORIDATE (DFP) REDUCES FAST 
BIDIRECTIONAL AXONAL TRANSPORT IN VITRO AND IN VIVO.
J.P. Stone2, T.G. Oblak1, J.J. Buccafusco2, and D.W. Sickles1*. Alzheimers 
Research Center, ’Dept. of Cellular Biology and Anatomy, Medical College of 
Georgia, and 2VA Medical Center, Augusta, GA 30912.

Compromise of fast axonal transport (faAXT) may contribute to the delayed 
neurotoxicity (OPIDN), as well as, short-term memory impairment produced by 
certain organophosphorus (OP) agents, such as DFP. OP-induced changes in 
both anterograde and retrograde faAXT were evaluated using video-enhanced 
differential interference contrast (AVEC-DIC) microscopy. The number of 
vesicles moving bi-directionally within the axons was determined for 6 
consecutive 10 min intervals. Prior to the start of each interval, DFP (9.2 mM) 
or the non-neurotoxic analogue diethyl p-nitrophenyl phosphate (DEPP; 9.2 
mM) was added to the chamber containing mouse sciatic nerve axons. 
Anterograde and retrograde faAXT were rapidly and significantly reduced by 
90.0% and 89.7%, respectively, after 6 DFP exposures. In contrast, DEPP 
produced no significant changes in the quantity of faAXT. Chronic low doses 
of DFP (250 pg/kg/day), which produced no overt signs of cholinergic toxicity, 
were administered daily for 14 days to male Wistar rats. Anterograde and 
retrograde faAXT were reduced in peripheral nerve axons by 44.2% and 42.3%, 
respectively, 1 hr after the last toxicant exposure. Similarly, 24 hr after the last 
DFP exposure, anterograde and retrograde faAXT transport were decreased 
43.7% and 51.5%, respectively. Two weeks after the last injection, no deficits 
in bi-directional faAXT were observed. DFP reduces bi-directional faAXT both 
in vitro and in vivo, and these transport reductions may be a mechanism by 
which certain OP agents produce neurotoxicity. Supported by the GA Res. 
Alliance, the VA Med Ctr., and NIH grant ES05160.

796.7

PROPOSED MECHANISM FOR SLOW AXONAL TRANSPORT 
OF TUBULIN AND OTHER PROTEINS INVOLVING A CARRIER 
PRODUCED BY THE GOLGI. R.B. Campenot*, J. Soin, B.L. 
Maclnnis, M. Blacker, K. Lund, G. Martin, and H. Eng. Dept. of Cell 
Biology, University of Alberta, Edmonton, AB, Canada T6G 2H7.

The mechanism responsible for the slow axonal transport of 
cytoskeletal and cytosolic proteins are unknown. As in a previous 
study of tubulin (Campenot et al., J. Cell. Biol. 135:701-709, 1996), 
we measured axonal transport using [35S] methionine metabolic 
labeling in compartmented cultures of rat sympathetic neurons. 
Brefeldin A (1 pg/ml) applied to cell bodies/proximal axons for 6-20 h 
disrupted the Golgi and reversibly blocked the anterograde transport of 
all proteins, including tubulin, while only slightly depressing protein 
synthesis. The phosphorylation of Erkl and Erk2 in response to nerve 
growth factor was unaffected after 6 h of treatment with brefeldin A, 
suggesting that the block of axonal transport was specific and direct. 
Six hour exposure of distal axons to 50 pM colchicine blocked the 
transport of all proteins, but exposure to 25 pg/ml cytochalasin D for 
6-20 h had no effect, even though cytochalasin D disrupted the F actin 
cytoskeleton and blocked axon growth. Sucrose gradient 
centrifugation analysis indicated that 18% of the tubulin transported 
into distal axons during the 18 h of metabolic labeling was associated 
with a membrane fraction. Based on these results we propose that 
vesicles and/or lipid complexes traveling along microtubules may be 
the vehicles that carry proteins in the slow axonal transport system.

Funding: Operating grant (#MT-12159) from the MRC of Canada, 
salaries and studentship awards from the Alberta Heritage Foundation 
for Medical Research, the Alberta Neurotrauma Fund, and the MRC.

796.8
INVOLVEMENT OF PROTEIN PHOSPIIATASE-2 A AND -2B IN THE 
REGULATION OF PHOSPHORYLATION OF NEURONAL MICROTUBULE- 
ASSOCIATED PROTEINS, MAP1B AND MAP2.
C.-X. Gong*, J. Wegiel, T. Lidsky, L. Zuck, H. M. Wisniewski, I. Grundke-Iqbal,
and K. Iqbal. New York State Institute for Basic Research in Developmental 
Disabilities, 1050 Forest Hill Road, Staten Island, New York 10314.

The biological function of the neuronal high molecular weight microtubule- 
associated proteins MAP lb and MAP2 is regulated by their degrees of 
phosphorylation, which are in turn controlled by protein kinases and phosphatases. 
To investigate the protein phosphatases (PP) involved, we used okadaic acid and 
cyclosporin A to selectively inhibit PP2A and PP2B activities, respectively, in 
metabolically competent rat brain slices (400 pm thick) from adult CD rats. The 
alteration of the phosphorylation levels of MAP lb and MAP2 was examined by 
quantitative Western blotting using several phosphorylation-dependent antibodies 
and 125I-anti-IgG. The microtubule-binding activity of MAPs was determined by 
assaying their binding to taxol-stabilized microtubules. We found that the inhibition 
of PP2A, and to a lesser extent PP2B, induced an increased phosphorylation of 
MAP lb and inhibited its microtubule binding activity. Immunocytochemically, a 
remarkablely increased neuronal staining in inhibitor-treated tissue was observed 
with antibodies against the phosphorylated MAP lb. The inhibition of PP2A also 
induced phosphorylation of MAP2 at multiple sites and impaired its microtubule 
binding ability. These results suggest that PP2A might be the major PP that 
participates in regulation of MAP lb and MAP2 phosphorylation and their biological 
activities. (Supported by the New York State Office of Mental Retardation and 
Developmental Disabilities, and NIH Grants AG05892, AG08076, AG 14875 and 
NS18105)

796.9

PICCOLO, A PRESYNAPTIC CYTOMATRIX PROTEIN, INTERACTS 
WITH THE PRENYLATED RAB ACCEPTOR, PRA-1 W.J, Chung*1. S.D. 
Fenster1, R. Zhai1. E.D. Gundelfinger2, C.C, Garner1 1 Dept. of Neurobiology, 
University of Alabama at Birmingham, Birmingham, AL35294; 2Leibniz 
Institute for Neurobiology, Brenneckestr. 6, D-39118 Magdeburg, Germany

The molecular components comprising the cytoskeleton of the presynaptic 
nerve terminal remain largely unknown. Previously, we reported that a high 
molecular weight protein, Piccolo (530kDa), is tightly associated with the 
cytomatrix underlying the presynaptic active zone. Piccolo contains several 
putative protein-protein interaction domains including three coiled-eoil domains, 
a PDZ and C2 domain, and two double-zinc fingers. The zinc fingers of Piccolo 
share limited homology with two other presynaptic zinc finger proteins, Rim and 
Rabphilin3. Previous studies have implicated Rim and Rabphillin3 in the 
regulation of neurotransmitter release based on their ability to interact with the 
synaptic vesicle (SV) protein Rab3A through a single zinc finger (Shirataki et 
al., 1993; Wang et al., 1997). Utilizing in vitro binding assays, this study shows 
that the zinc fingers of Piccolo do not interact with Rab3A, but rather bind to a 
prenylated rab acceptor, PRA-1. The previous study has shown that PRA-1 
interacts with prenylated Rab GTPases and the synaptic vesicle protein VAMP2 
(Martincic et al., 1997). Thus, Piccolo may be a multidomain protein tethering 
the molecular machinery required for neurotransmitter release near or at the 
active zone of nerve terminals.
Supported by NIH-NIA RO1 AG 12978-02

796.10
EXPRESSION OF KALIRIN IN THE RAT CENTRAL NERVOUS SYSTEM.
M. Ma, P. Penzes, R.C. Johnson, R.E. Mains, B.A. Eipper*. Dept. of Neuroscience, 
The Johns Hopkins University School of Medicine, Baltimore, MD 21205.
Kalirin is a multi-functional protein first identified by its ability to interact with the 
cytosolic domain of peptidylglycine a-amidating monooxygenase (PAM), an enzyme 
essential for the biosynthesis of many neuropeptides. Multiple forms of Kalirin exist, 
all containing multiple spectrin-like repeats, a Dbl homology (DH) domain and 
adjacent pleckstrin homology (PH) domain; several unique 3’-ends encode novel 
COOH-termini that include additional DH/PH and SH3 domains. Kalirin binds Racl 
and can affect cytoskeletal organization, ACTH secretion and iNOS activity. 
Expression of the gene encoding Kalirin was examined in adult rat brain by in situ 
hybridization using an 35S-labeled cRNA probe and rabbit polyclonal antibodies 
specific for the spectrin-repeat region of Kalirin. The highest levels of Kalirin mRNA 
were found in the cerebral cortex, piriform cortex and hippocampal formation with 
high levels also in the thalamus, reticular thalamic nucleus, caudate putamen, septal 
nucleus, nucleus accumbens, amygdala, main and accessory olfactory bulbs and 
cerebellar cortex. Low levels of Kalirin mRNA were detected in the paraventricular, 
supraoptic, and arcuate nuclei and in the ventromedial hypothalamic nucleus. Brain 
areas that contained high levels of Kalirin mRNA showed strong Kalirin-like 
immunoreactivity. Pyramidal neurons with strongly staining cell soma and long 
dendrites were observed primarily in layer V of the cerebral cortex. In the 
hippocampus, a uniform distribution of stained neurons was observed in the 
pyramidal cell layer and in the granule cell layer of the dentate gyrus. Intense staining 
for Kalirin was observed in the soma and dendrites of isolated polymorphic neurons 
scattered over the entire hippocampal region. In the cerebellum, the Purkinje neurons 
exhibited intense staining in the cell soma and in extensive dendritic arbors extending 
to the surface of the molecular layer. Localization of Kalirin to the somatodendritic 
region of neurons provides the basis for future studies of its regulation and function. 
(Supported by NIH grants DA-00266 and DK-32948).
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796.11
KALIRIN-7, A BRAIN-SPECIFIC GDP/GTP EXCHANGE FACTOR FOR 
RAC1, IS ENRICHED IN THE POSTSYNAPTIC DENSITY AND INTERACTS 
WITH PSD-95. P. Penzes1, R. C. Johnson1, J. Xia1, \ R. L. Huganir1,2, R. E. Mains* 
and B. A. Eipper1. ’Dept. of Neuroscience and 2Howard Hughes Medical Institute, The 
Johns Hopkins University School of Medicine, Baltimore, MD 21205.
Kalirin is a brain-specific multidomain Dbl-family member, homologous to Trio and

UNC-73. Kalirin interacts with several proteins including peptidylglycine-a-amidating 
monooxygenase (PAM), inducible nitric oxide synthase (iNOS), and huntingtin- 
associated protein-1 (HAP-1). In this study, we identify rat Kalirin-7, a form of Kalirin 
equivalent to human Duo. Kalirin-7 contains 9 spectrin-like repeats, a Dbl-homology 
(DH) domain, an adjacent pleckstrin-homology (PH) domain, and a COOH-terminus 
(TYV) that matches the consensus recognition motif for PDZ domains (TZSXV). In 
adult rat brain, Kalirin-7 is predominantly associated with the membrane cytoskeleton 
and is enriched in the synaptosomal membrane fraction. Kalirin-7 is highly enriched in 
the postsynaptic density fraction. When transfected into NIH3T3 fibroblasts, Kalirin-7 
induces a phenotype characteristic for activation of Racl, a small GTP-binding protein. 
In cultured primary cortical neurons, Kalirin is in dendrites and cell soma. In low 
density hippocampal cultures, Kalirin is significantly enriched in dendritic spines and 
co-localizes frequently with AMPA receptors. In a yeast two-hybrid screen of a brain 
cDNA library with the COOH-terminal end of Kalirin-7 as bait we found PSD-95 as 
one of the interactors. PSD-95 co-immunoprecipitated with Kalirin from rat brain 
homogenates, and a GST-fusion construct of the COOH-terminal end of Kalirin-7 
bound PSD-95 from a rat cortex homogenate. When co-transfected into NIH3T3 
fibroblasts, PSD-95 affected the Kalirin-induced cell morphology, and co-localization 
of Kalirin-7 and PSD-95 was observed in ruffles and lamellipodia. Thus Kalirin-7, the 
first GDP/GTP exchange factor known to be enriched in the postsynaptic density, 
appears to be positioned optimally to regulate actin cytoskeletal dynamics, being 
potentially involved in generation of PSD structures, spine morphology, and receptor 
aggregation. Supported by NIH grants DA-00266 and DK-32948.

796.12

SPINE NECK AND SPINE APPARATUS OF HIPPOCAMPAL 
PRINCIPAL NEURONS ARE CLOSELY ASSOCIATED WITH 
THE ACTIN-BINDING PROTEIN SYNAPTOPODIN. T. Deller1*, T. 
Merten1, S. U. Roth2, P. Mundel3, M. Frotscher1 ]Anat. Institute, Univ. of 
Freiburg, D-79001 Freiburg, F.R.G.; 2Neuropathol., Univ. of Heidelberg, 
D-69120 Heidelberg, F.R.G.; 3Div. of Nephrol., Albert Einstein Coll, of 
Med., New York, NY 10461.

Dendritic spines are sites of synaptic plasticity in the brain. Moreover, 
spines are capable of remodeling their shape and size. However, little is 
known about the cellular mechanisms that regulate spine morphology and 
motility. Synaptopodin is a recently described actin-associated protein 
found in renal podocytes and dendritic spines (Mundel et al., J Cell Biol, 
1997, 139:193-204), and is believed to play a role in spine plasticity. The 
present study analyzed the distribution of synaptopodin in the hippocampal 
formation. In situ hybridization histochemistry revealed a high constitutive 
expression of synaptopodin mRNA in the principal cell layers. Light 
microscopic immunohistochemistry showed that the protein is distributed 
throughout the hippocampal formation in a region- and lamina-specific 
fashion. Postembedding immunogold histochemistry demonstrated that 
synaptopodin is exclusively present in dendrites and spines of neurons, 
specifically in the spine neck in close association with the spine apparatus. 
These data point to a role of synaptopodin in the actin-based motility of 
spines and suggest that the spine apparatus is directly linked to 
cytoskeletal molecules involved in spine plasticity (supported by the 
DFG).

796.13

INVESTIGATING INTERACTION DOMAINS OF GEPHYRIN
A. Hermann',M. Kneussel1, U. Ernsberger2*, J, Kirsch3, and H. Betz1. 'Max-
Planck-Institute for Brain Research, D-60528 Frankfurt, Germany; 2Institut of 
Anatomy, Ruprecht-Karls-University, D-69120 Heidelberg; 3Dept. of Ana-
tomy, University of Ulm, D-89069 Ulm.

Glycine receptors are ligand-gated ion channels composed of a- and [3- 
subunits. The glycine receptor associated protein gephyrin has been shown to 
be essential for the formation of postsynaptic clusters. This peripheral mem-
brane protein anchors the receptor complex to the underlying cytoskeleton. 
Drugs affecting the neuronal cytoskeleton were shown to alter profoundly the 
postsynaptic localization of both gephyrin and the glycine receptor. The gly-
cine receptor harbours a gephyrin binding motif located in the cytoplasmic 
loop of the (3-subunit between its third and fourth transmembrane segment. 
Heterologously expressed gephyrin forms intracellular aggregates, to which 
the (3-subunit is targeted upon coexpression.

Here we investigated the interaction between gephyrin and polymerized 
tubulin in an attempt to define the region responsible for binding to micro- 
tubuli. In addition by using immunocytochemistry on transfected mammalian 
cells, we characterized the glycine receptor (3-subunit binding and self-aggre-
gation of gephyrin.

The identification of specific amino acid residues, which are critical for 
binding of gephyrin to other polypeptides may help to further investigate the 
regulatory mechanism underlying receptor clustering.

796.14

POSTSYNAPTIC DENSITY PROTEINS DENSIN-180, CA2+/CALMODULIN- 
DEPENDENT PROTEIN KINASE II a, AND a-ACTININ INTERACT TO FORM 
A TERTIARY COMPLEX. R.S, Walikonis*. A, Qguni. F, Ascuncion, and M.B, 
Kennedy Div. of Biology, California Institute of Technology, Pasadena, CA 91125

Densin-180 is a transmembrane postsynaptic density (PSD) protein with multiple 
protein-protein interaction domains hypothesized to organize proteins at excitatory 
synapses. The intracellular region of densin-180 contains a 158 aa sequence followed 
by a c-terminal PDZ domain. The intracellular segment of densin-180 was used as 
bail in a yeast two-hybrid screen of a human brain cDNA library. Multiple clones of 
both CaMKIIa and a-actinin-4 were isolated as densin-180 binding partners. 
Subsequent two-hybrid screens demonstrated that the association domain of CaMKIIa, 
but not the kinase domain, binds densin-180. The beta subunit of CaMKII does not 
interact with densin-180. CaMKIIa binds to densin-180 in the 158 aa segment 
between the transmembrane domain and the PDZ domain in both two-hybrid and 
membrane overlay assays. The interaction in the overlay assay was enhanced by 
autophosphorylation of CaMKII. Densin-180 is phosphorylated at a single site in its 
COOH tail by CaMKII. This phosphorylation does not alter its binding to CaMKII. 
The second interaction is between densin-180 and a-actinin. Densin-180 potentially 
binds a-actinin through the a-actinin c-terminal -ESDL sequence, which is similar to 
the tSXV motif known to bind PDZ domains. The third interaction is between a- 
actinin and CaMKII. a-Actinin was found by two-hybrid assay to interact with 
CaMKII a and 6 subunits through their kinase domains. This interaction was verified 
by pull down assay. These results demonstrate that CaMKIIa, densin-180, and a- 
actinin can form a tertiary complex stabilized by interactions among each of the 
proteins. Supported by NIH NS 17660 and 28701 and by the FRAXA Foundation.

796.15

ELECTRON MICROSCOPIC VISUALIZATION OF THE ACTIN 
CYTOSKELETON IN DENDRITIC SPINES BY PHALLOIDIN. F. Capani*. 
M E. Martone, T.J, Deerinck and M.H. Ellisman. Dept. of Neurosci., National 
Center for Microscopy and Imaging Research, Univ. of California San Diego, La 
Jolla, CA 92093-0608.

A substantial body of evidence indicates that changes in spine shape are 
connected with plastic events believed to underlie learning and memory. Dendritic 
spines contain high levels of actin suggesting that their dynamic nature may be due 
to changes in the actin cytoskeleton. We have shown previously that phalloidin 
conjugated to the fluorophore eosin could be used for combined light and electron 
microscopic actin localization through fluorescence photooxidation of 
diaminobenzidine(DAB). Sections of rat brain stained by this method showed strong 
actin staining in the heads of dendritic spines. Using standard fixation conditions, 
however, we were unable to identify individual actin filaments. In this study, we 
employed a fixative protocol known to preserve filamentous actin combined with 
photooxidation of phalloidin-eosin to investigate the organization of the actin 
cytoskeleton in different classes of dendritic spines in the rat hippocampus. In 
tissue fixed with paraformaldehyde-glutaraldehyde-tannic acid and osmicated at pH 6, 
individual actin filaments could be visualized in the spines outlined by DAB 
reaction product. Bundles of actin filaments were visible in the spines heads, some 
in contact with the post-synaptic density. Individual filaments were more difficult to 
resolve in other actin rich structures such as astrocytic processes. Filaments were 
not visible in non-photooxidized material stained only with uranium and lead. 3-D 
reconstructions of labeled spines, performed using serial section reconstruction and 
electron tomography, indicated that the majority of labeled spines were mushroom-
shaped. This study suggests that stronger and selective actin labeling in the 
mushroom spines may determine their structural diversity and play a significant role 
in shape changes during synaptic plasticity. Moreover, this method provides a 
unique opportunity to study the organization of the actin cytoskeleton in spines at 
high resolution (Supported by NIH Grant RR04050).

796.16

ASSOCIATION OF AMPA RECEPTORS WITH A SUBSET OF GRIP 
PROTEINS IN VIVO. M. Wvszvnski*, J, G, Valtschanoff, A, Dunah. E. Kim, D. 
Standaert, R. Weinberg, and M, Sheng. Howard Hughes Medical Institute and Dept. 
of Neurobiology, Dept of Neurology, Mass General Hospital and Harvard Medical 
School, Boston, MA 02114; Dept. of Cell Biology and Anatomy, University of 
North Carolina at Chapel Hill, Chapel Hill, NC 27599; Dept. of Pharmacology, 
Pusan National University, Pusan, South Korea 609-735.

The NMDA and AMPA classes of ionotropic glutamate receptors are 
concentrated at postsynaptic sites in excitatory synapses. AMPA receptors bind via 
their GluR2/3 subunits to GRIP, ABP, and PICK1. We report here a novel cDNA 
(termed ABP-L/GRIP2) that is virtually identical to ABP except for additional 
GRIP-like sequences at the N-terminal and C-terminal ends. Using antibodies that 
recognize both these proteins, we examined the subcellular localization of GRIP1 
and GRIP2/ABP-LABP-L/GRIP2 (collectively termed GRIP) and their biochemical 
association with AMPA receptors. Immunogold EM revealed the presence of GRIP 
at excitatory synapses, but also at non-synaptic membranes and within intracellular 
compartments. Unexpectedly, immunocytochemistry of cultured hippocampal 
neurons and rat brain showed enrichment of GRIP in GABAergic neurons and in 
GABAergic nerve terminals. Interaction of AMPA receptors and GRIP has not been 
previously shown in vivo. Here, the biochemical association of native GRIP and 
AMPA receptors was demonstrated by coimmunoprecipitation from rat brain 
extracts. The majority of detergent-extractable GluR2/3 was complexed with GRIP 
in the brain. However, only about half of GRIP was associated with AMPA 
receptors. Collectively, these findings suggest that GRIP has additional functions 
unrelated to the binding of AMPA receptors at synapses.. (This work was supported 
by NIH grants NS 35050 (M.S.), CA66268 (M.W.), NS35527 (R.J.W.), NS34361 
(D.S.), and the Korea Research Foundation (E.K.). M.S. is Assistant Investigator of 
the Howard Hughes Medical Institute.)
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796.17
ISOLATION OF INTACT CNS SYNAPTIC JUNCTIONS: THE MAINTENANCE 
OF SYNAPTIC ADHESION. G.R, Phillips1*. H. Tanaka1. W.S. Shan1. K. Arndt1. 
L, Shapiro2. D.R, Colman1. ‘Dept. of Biochemistry and Molecular Biology; 2Program 

in Structural Biology; The Mount Sinai School of Medicine, New York, NY 10029.
Recent studies have suggested that cell adhesion molecules, and in particular the 

cadherins, play prominent roles in the formation and specificity of CNS synapses. 
We have searched for conditions that allow the isolation of intact CNS synaptic 
junctions, thus potentially preserving pre- to postsynaptic adhesion mechanisms. 
Here we show by thin section electron microscopy conditions for detergent extraction 
of synaptosomal membranes which preserve the tight apposition of pre- and post-
synaptic densities in the detergent-insoluble pellet. In contrast, the conditions usually 
employed in the preparation of synaptic material solubilize the presynaptic densities 
leaving only the postsynaptic density in the pellet. The retention of synaptic markers 
in the detergent-insoluble pellet was monitored under the various extraction 
conditions. It was found that under conditions which preserve intact junctions, N- 
cadherin and the postsynaptic markers GluR2/3 and NMDAR1, were retained in the 
detergent-insoluble pellet while conditions that solubilize the presynaptic density also 
caused the extraction of the majority of N-cadherin and GluR2/3, but not NMDAR1, 
from the detergent-insoluble pellet. Presynaptic proteins such as synaptotagmin, 
SNAP-25, and munc-18, were partially retained in the detergent insoluble pellet for 
conditions that preserve intact junctions suggesting that these molecules may be 
components of the presynaptic density. Other synapse-associated proteins such as N- 
CAM and synaptophysin were completely solubilized under all conditions. We are 
using this intact junction preparation to determine which pre- and postsynaptic 
molecules may be associated with the cadherin adhesive complex. We have found that 
the postsynaptic scaffolding protein, PSD-95, is associated with the cadherin adhesive 
complex. The results suggest that the cadherins are coupled directly to the synaptic 
ultrastructure and are likely to be important in the maintenance of the synaptic 
junction. Supported by a grant from the NIH (NS20147) to DRC and an NIH 
postdoctoral fellowship (NS 10836-01) to GRP.

796.18
SUBCELLULAR LOCALIZATION AND CYTOSKELETAL ASSOCIATION OF 
THE NOVEL NEURONAL CALCIUM-BINDING PROTEIN CALDENDRIN
C.l. Seidenbecher1#*, T.M. Bockers12, B. Hoffmann1, E.P. Gundelfinger1 and
M.R. Kreutz1. 1Leibniz-lnst. for Neurobiology, 39118 Magdeburg; #lnst. 
Pharmacology, O.-v.-G.-Univ. Magdeburg, 2lnst. Anatomy, WWU Munster, 
Germany.

We have recently identified a novel EF-hand CaBP, that was named 
caldendrin, because the protein is mainly associated with the somato-
dendritic cytoskeleton of mature neurons in brain. After biochemical 
fractionation of the different neuronal cytoskeletal systems we found 
caldendrin to be enriched in the microtubuli-associated protein (MAP) fraction 
rather than in the neurofilament (NF) or the membrane-based cytoskeletal 
fraction. These data are supported by the identification of putative interacting 
proteins in a Yeast-Two-Hybrid screen. Caldendrin is highly enriched in 
protein preparations of postsynaptic densities (PSD), however, it is not 
exclusively a component of the PSD. Interestingly, the amount of caldendrin 
bound to PSD material varies with the activity status of the cells. After kainate 
seizures the caldendrin content in the PSD fraction is drastically increased. 
Confocal laserscan microscopy shows that caldendrin immunoreactivity is not 
homogenously distributed in MAP2-labeled dendrites but exhibits frequently 
a patchy staining which does not completely correlate with synaptic 
structures. During postnatal ontogenesis both the soluble as well as the 
insoluble caldendrin immunoreactivity steadily increase with larger amounts 
being present only around the 2nd postnatal week. The proteins bipartite 
structure, the developmental regulation and the differential association with 
subcellular compartments suggest that caldendrin serves functions different 
from those of known neural CaBPs.
Supported by grants from the DFG (SFB 426/A1; KR-1255/4-1; KR 1879/1- 
1) and from the Fritz-Thyssen-Stiftung.

796.19

CLONING OF A NOVEL GENE ENCODING A PROTEIN 
HOMOLOGOUS TO S. CEREVISIAE SLA2P. T. Suzuki*1, A.
Okano1 K Furihata2, Q. B Tian1 and K. Nakayama3. Dept. 
Neuroplasticity, Res. Center on Aging and Adaptation, and 3Dept. 
Anatomy, Shinshu Univ. Sch. Med., 3-1-1 Asahi, Matsumoto 390- 
8621, Japan, and ‘The Scripps Res. Inst., La Jolla, CA92037

We have isolated a novel gene from a rat cDNA library. We call the 
gene tentatively L2. The L2 cDNA encoded 3960 nucleotides and 
contained at least 2903 base ORF. The predicted amino acid sequence 
had homology to talin and Sla2 in the carboxyl terminal half region, and 
to Huntingtin-interacting protein (HIP) in the whole range. Northern 
blotting showed a 4.2 kb single band and distribution in the brain and 
the testis. In situ hybridization using rat brain showed ubiquitous 
distribution in the neurons. Polyclonal antibody was raised against the 
L2-GST fusion protein. Western blotting using the affinity-purified anti- 
L2 antibody showed that the L2 protein of 120 kMr was expressed in 
the spleen as well as the brain and the testis. The protein was 
concentrated in the P1 and the synaptic plasma membrane fractions, 
and slightly associated with synaptosome fraction, but not detected in 
the supernatant, P2 and postsynaptic density (PSD) fraction prepared 
from the rat brain. The distribution of the protein resembled that of 
Huntingtin except for the supernatant and P1 fractions. These results 
suggested a role related to a linkage between cytoskeleton and plasma 
membrane at synpastic area.

NEUROGLIA AND MYELIN VIII

797.1

DYNAMICS OF MICROGLIAL ACTIVATION AND LOCOMOTION IN 
BRAIN TISSUE SLICES: 4-D CONFOCAL IMAGING. M.E. Dailey* and N, 
Stence. Dept of Biological Sciences, University of Iowa, Iowa City, IA 52242. 
Three-dimensional (3-D) reconstruction and confocal imaging were used to 
investigate the morphological dynamics and movement of activated micro-
glia within in vitro brain tissue slices. Microglia were visualized by staining 
with a fluorescentiy tagged isolectin, IB4 (MTC-IB4). At the time of tissue 
slicing microglia are highly ramified, but within a few hours most microglia 
have taken on an amoeboid appearance. Confocal reconstruction of cells in 
fixed tissue indicated that some ramified microglia begin proliferating with-
in one hour, apparently completing cytokinesis even before fully retracting 
all branched processes. To assess the dynamics of microglia in live tissue, 
we combined three-dimensional volume imaging with time-lapse confocal 
observations. Such 4-D time-lapse sequences revealed the dynamic behav-
ior of individual microglia within live tissue. Some microglia translocated 
on a seemingly random course through the tissue at rates over 5gm/ min, 
while other cells showed high levels of protrusion and retraction even when 
there was little net locomotion. For individual microglia, different cellular 
protrusions showed different dynamic behaviors: most protrusions were 
short-lived (<5 min), but some were much more stable. Many microglial 
cells lay along or had processes that contacted blood vessels, and time-lapse 
imaging revealed that microglia move toward and track along remnants of 
blood vessels. Moreover, 4-D imaging revealed that microglia moving 
through tissue transiently extend and retract thin protrusions that wrap or 
ensheath other cells, as if searching for compromised cells or tissue debris to 
phagocytose. These observations indicate that activated microglia within a 
dense 3-D brain tissue environment can sustain high levels of motility and 
locomotion that enable them to mobilize and rapidly engage other cells 
while roaming within injured neural tissue. Supported by grant IN-122R from 
the American Cancer Society, administered by the Univ. of Iowa Cancer Center.

797.2

LYSOPHOSPHATIDIC ACID INDUCED CALCIUM SIGNALS AND 
CATION CURRENTS IN CULTURED RAT MICROGLIAL CELLS 
David B. Musante1 Bruce R. Ransom2 and Thomas Mailer2*. 1Dept. of 
Neurosurgery and 2Dept. of Neurology, Univ. of Washington, Seattle, WA 
98122, USA.

Microglial cells are the intrinsic immunocompetent cells of the 
central nervous system. Following brain injury, these cells are 
believed to be rapidly activated by substances released from 
damaged cells within the brain, triggering long-term changes in 
microglial gene expression and reorganization of cell phenotype. 
Recent attempts to characterize the signal transduction mechanisms 
involved in this cascade have revealed the expression of several 
receptors linked to cytoplasmic Ca2+ signals in both microglial cells 
and microglia in acute brain slices.

Here we demonstrate by using fluorimetric calcium imaging 
techniques that lysophosphatidic acid (LPA), a phosoholipid 
messenger, induces an [Ca2+]j signal in cultured rat microglial cells. 
The signal vanishes in Ca2+-free medium and is not blocked by 
thapsigargin, therefore representing a Ca2+ influx via the plasma 
membrane. Preincuabtion with pertussis toxin does not block the 
generation of the LPA induced Ca2+ signal. In addition, using patch 
clamp recordings, we demonstrate a non-selective cation current that 
is activated by the application of LPA.

Our findings provide the first evidence of an LPA receptor on 
microglia and suggest a possible role for LPA in the pathway for 
microglial activation during CNS injury.
Supported by the NIH grant NS 15589.
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797.3

APOLIPOPROTEIN E MODULATES MICROGLIAL ACTIVATION S, 
Thekdi, S.K.D. Han*, T. Phillips, M. Vitek, D.T.Laskowitz Department of 
Medicine (Neurology) Duke University Medical Center, Durham NC 27710

Apolipoprotein E (apoE) is a 299 amino acid protein with multiple 
biological properties. There are three common human isoforms of apoE, 
designated E2, E3, and E4, which differ by single amino acid substitutions at 
residues 112 and 158. Presence of the E4 allele is associated with increased 
susceptibility of developing Alzheimer’s disease. Recent clinical evidence 
suggests that apoE genotype also modifies outcome from acute brain insults 
such as closed head injury, intracranial hemorrhage and stroke. One 
explanation for the role of apoE in acute and chronic neurological disease is 
that it downregulates glial activation, secretion of inflammatory cytokines, 
and reactive oxygen species. We examined glial activation and nitric oxide 
production in enriched primary murine microglial cultures stimulated with 
lipolysaccharide (LPS). In this model, biologically relevant concentrations of 
apoE suppress secretion of TNFa. ApoE also suppresses nitric oxide synthesis 
in a murine microglial cell line following stimulation with LPS. Apo E’s 
immunomodulatory effects are not species-specific, as inflammatory cytokine 
release was suppressed in a human microglial cell line. These effects were 
isoform-specific and dose-dependent. Our results suggest that apoE may 
influence the CNS response to injury by modulating microglial activation.
This work sponsored by 1 R03 AG16507 and 1 R01 NS36807-01A2.

797.4
CALCIUM RESPONSES IN HUMAN MICROGLIA INDUCED BY 
PLATELET ACTIVATING FACTOR AND ENDOTHELIN 
J.G. McLamon*. X. Wang. J.H, Bae1 and S.U. Kim1 Dept. of 
Pharmacology & Therapeutics and 1 Div. of Neurology, Dept. of 
Medicine, The Univ. of British Columbia, Vancouver, B.C. V6T1Z3

Fura-2 microfluorescence studies have examined the effects of platelet 
activating factor (PAF) and endothelin (ET) on levels of intracellular 
Ca2+ [Ca2+]i in human microglia. PAF (at 100 nM) caused a transient 
increase in [Ca2+]i in normal physiological solution (PSS). The increase 
in [Ca2+]i was considerably attenuated using zero-Ca2+ solution 
indicating that the response was largely a result of Ca2+ influx. A Mn2+ 
quenching study showed PAF to directly induce cation influx 
presumably mediated by activation of store-operated channels. The 
SERCA blocker cyclopiazonic acid (CPA) also caused a similar degree 
of Mn2+ quenching, however, the latter action was considerably delayed 
relative to application of PAF. Both ET-1 and ET-3 (at 100 nM) caused 
transient increases in [Ca2+]i indicating the presence of ETB receptors on 
human microglia. The expression of ETB receptors on human microglia 
was confirmed using pharmacological protocols where the selective ETB 
antagonist BQ780 significantly reduced endothelin-induced responses in 
[Ca2+]i whereas the ETA antagonist BQ610 was ineffective. The results 
of this work suggest that PAF and endothelin could act as stimulating 
factors in human brain by modifying Ca2+ signaling pathways in 
microglia.

797.5

INVASION OF ORGANOTYPIC BRAIN TISSUE BY ACTIVATED T CELLS 
CAUSES A FUNCTIONAL ACTIVATION OF MICROGLIAL CELLS AND 
RESULTS IN DESTRUCTION OF HEALTHY AXONS
U. Gimsa, S. Peter, I. Bechmann, and R. Nitsch. (SPON: German 
Neuroscience Society) Institute of Anatomy, Dept of Cell- and Neurobiology, 
University Hospital Charite, D-10098 Berlin, Germany.

Activated T cells are able to cross the blood-brain barrier in vivo and 
presumably trigger a cascade of immunological processes within the central 
nervous system (CNS). One of the initial steps may be the activation of 
microglial cells (MG) either by T cell cytokines or direct cellular interactions 
between T cells and MG. Autoreactive T cells are involved in demyelination 
and neurodegeneration in autoimmune diseases like multiple sclerosis. We 
studied the activation of MG by non-specifically activated T cells using 
organotypic entorhinal-hippocampal slice cultures from mouse. MG were 
highly activated in slices with activated T cells. This was judged by an 
amoeboid morphology, MHC-II and ICAM-1 expression in contrast to a 
ramified morphology and a negligible expression of MHC-II and ICAM-1 in 
control slices. MG phagocytosed pre-traced axonal material in slices with 
activated T cells, but not in control slices, indicating that healthy myelinated 
axons are damaged following invasion of activated T cells. The functional 
changes we found indicate that activated T cells drive MG into a state of full 
immunocompetence. This is best reflected in their ability of antigen- 
presentation to CD4+ T cells and their phagocytic activity and MHC-II 
expression. Further studies address the role of lymphocytes which are 
specifically activated with myelin basic protein and belong to the Th1 or Th2 
phenotype.
This study was supported by the Hertie-Stiftung GHS 2/461/98, the DFG SFB 
507/C1 and the GRK 238/1-96.

797.6

THAPSIGARGIN INDUCES MORPHOLOGICAL
TRANSFORMATION OF AMOEBOID MICROGLIA: A MODEL 
FOR MICROGLIAL RAMIFICATION IN VITRO.
S. Tanaka,* R. Yagi.
Mol. Neurobiol. Lab., Grad. Prog, in Biol. Sci., Hokkaido Univ., 
Sapporo 060-0810, Japan.

Microglia generally display amoeboid morphology under prevalent 
culture conditions. We found that cultured microglia derived from rat 
cerebral cortex undergo a morphological transformation from amoeboid 
to process-bearing microglia upon treatment with thapsigargin (TG), a 
specific Ca2-t~ATPase inhibitor of endoplasmic reticulum. Microglial 
ramification was further enhanced by a exposure of amoeboid microglia 
to serum free (N2) medium containing TG (TG/N2 treatment). 
Actinomycin D or cycloheximide, RNA or protein synthesis inhibitor, 
respectively, suppressed the TG-induced transformation.
Lipopolysaccharide or interferon-y, which promotes microglial 
activation such as upregulation of nitric oxide (NO) synthesis, 
suppressed the effect of TG. Ramification of microglia induced by the 
TG/N2 treatment was accompanied by downregulated expression of 
MRF-1, F4/80, or MHC class II, as assessed by immunocytochemistry 
or RT-PCR. The activity of NO synthesis was decreased in TG/N2- 
treated microglia while TG-treated microglia showed an increased level 
of the activity compared to control. TG/N2-treated microglia showed a 
marked reduction in the activity of phagocytosis. Thus, both 
morphological and physiological criteria suggest that TG promotes the 
ramification of amoeboid microglia in vitro. This method would helpful 
for characterization of ramified microglia in vitro.

797.7

UP-REGULATION OF OUTWARD K+ CHANNELS IN 
CULTURED MICROGLIA BY ACM AND TGF-p. T. Schilling,
U. Heinemann, A. Draguhn* and C. Eder. Institute of 
Physiology, Humboldt University, D 10117 Berlin, Germany

Cultured microglial cells exhibited an ameboid 
morphology. Treatment with astrocyte-conditioned medium 
(ACM) induced in microglia a transformation from the ameboid 
into a ramified morphology and a downregulation of 
macrophage markers. Upon membrane depolarization outward 
K+ channels (lK) were detected in the majority of microglia 
treated for 24 h with ACM, but only rarely appeared in 
untreated cells. The up-regulation of lK after treatment with 
ACM was only transiently, and could therefore not be 
correlated with the morphology or the immunophenotype of the 
cells. IK expression was not induced, when cells were treated 
with ACM containing anti-TGF-p, whereas anti-GM-CSF did 
not influence lK up-regulation by ACM. IK were also up- 
regulated after exposure of microglia to TGF-J31 or TGF-p2. 
IK were almost similar in microglia exposed to TGF-p or to 
ACM with respect to the kinetic and pharmacological properties 
of the currents, and closely resembled the cloned Kv1.3 
channels: The currents exhibited a strong frequency 
dependence and were highly sensitive to CTX and KTX. 
Supported by the DFG grant SFB 507/C3.

797.8

EFFECTS OF A NOVEL PEPTIDE DERIVED FROM
MICROGLIAL RESPONSE FACTOR-1 ON MEMBRANE 
MOBILIZATION AND CELL SURVIVAL. K.Sakai* and T, Koike 
Molecular Neurobiol. Lab., Hokkaido University, Graduate School of 
Science, Sapporo 060-0810, Japan

Extensive evidence indicates that microglia/brain macrophages are involved in 
tissue remodeling as well as in neuropathological conditions. As an attempt to 
understand cellular interactions between neurons and microglia under these conditions, 
we have searched for genes of microglia that respond to neuronal cell death 
(J.Neurosci. 18:6358, 1998). A novel microglial gene, mrf-1 was found to be up- 
regulated in response to cell death irrespective of apoptosis or necrosis. Although the 
induction of mrf-1 expression do not directly correlate with microglial phagocytic 
activity, it is associated with the activation of microglia. Conversely, the expression 
of this transcript is markedly down-regulated in ramified/resting microglia. In the 
MRF-1 protein, there is a sequence flanked by basic amino acids (KR—GKR)that is to 
be processed and released. This processing generates a 39-mer novel peptide (NH2- 
MLEKLGVPKTHLELKKLIREVSSGSEETFSYSDFLRMML-CONH2). This 
peptide was capable of promoting membrane mobilization of microglia which is 
associated with the migration and activation processes. This peptide itself failed to 
promote the survival of cerebellar granule neurons (Mol.Chem. Neuropathol. 30:101, 
1997; J.Neurosci.Res., in press). It did not suppress the cell death of microglia 
exposed to a NO generating agent, sodium nitroprusside (SNP, 1 mM). However, 
this peptide was able to promote the survival of microglia in a medium containing 
serum, in particular, in mixed culture environments. This implies that this peptide is 
potentially capable of producing diverse effects on microglia alone and under interactive 
conditibns in vitro. (Supported by theMESC Grant-in-Aid for Scientific Research and 
by Hokkaido University).
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797.9

THE MECHANISM OF MICROGLIAL ACTIVATION STUDIED ON RAT 
HIPPOCAMPAL SLICES EXPOSED TO ELEVATED CONCENTRATION 
OF POTASSIUM AND 4-AMINOPIRIDINE. A. Losonczv1. H, Abraham2. 
G, Czeh3. Gv, Lazar1 (SPON: European Neuroscience Association). ’Dept. of 
Human Anatomy, 2Central Electron Microscopic Laboratory, 3Dept. of 
Pharmacology and Pharmacotherapy, Univ. Med. Sch. of Pecs, H-7643, Pecs, 
Hungary.

Microglia are immunocompetent cells of the normal brain. Resting 
microglia may be activated by various kinds of injury, including ischemic 
insults. The mechanism controlling microglial (MG) activation is not known. 
Since extracellular potassium ion concentration ([K+]e) rises rapidly at the sites 
of brain injury, we examined the effect of high K+ level in MG activation. Rat 
hippocampal slices were exposed to 10, 20, 30, 50 and 125 mM concentration 
of K+ for 20-60 minutes under conventional circumstances for extracellular 
electrophysiology. MG cells were detected with immunohistochemical method 
using a monoclonal antibody raised against the CR3 complement receptor (OX- 
42). Our results suggest a direct dose-dependent and time-dependent 
relationship between the [K+]e and the degree of MG activation. We also 
examined whether blockade of voltage-gated potassium channels with 
extracellulary applied 4-aminopiridine (4-AP) could promote MG activation in 
combination with high [K+]e. Fura-2 AM was used to detect changes of the free 
intracellular calcium level in MG cells. Our results suggest that the 4-AP 
sensitive potassium channels may play a direct role in MG depolarization 
leading to intracellular calcium accumulation and MG activaton.
Supported by the Hungarian Research Fund OTKA T-025 759, T-020 567.

797.10
ROLE OF REACTIVE MICROGLIA IN DYSMYELINATION AND 
DEMYELINATION. B.D. Goetz. S.C, Zhang, J.-L. Carre, L.T. O’Connor*#, 
and I.D. Duncan. Dept. of Med. Sci., School of Veterinary Medicine, Univ. of 
Wisconsin, 2015 Linden Dr. W., Madison, WI 53706-1102, #Wyeth-Ayerst 
Labs, Radnor, PA 19087.

Loss of myelin in the CNS is often accompanied by gliosis whereas the role of 
reactive glia in demyelination remains obscure. To understand the relationship 
between gliosis and dysmyelination and demyelination, we analyzed the glial 
response in a new mutant rat called Long Evans Shaker (les) which exhibits early 
dysmyelination and a gradual loss of the few myelin sheaths present in the spinal 
cord. Changes in glial cell number and morphology were assessed in brain and 
spinal cord sections of les rats and normal littermates that were immunolabelled 
with 0X42 (for complement 3 receptor), OX6 (for MHC II antigen) and anti- 
GFAP antibodies at 1,2, 4, 8, 12, and 16 weeks of age. A microglial response, 
characterized by enlarged soma and stubby processes, was initially observed in 
the white matter of 2 week-old les. The labeling intensity was maximal at 4 
weeks and remained elevated over control through 16 weeks of age. The density 
of microglia, measured in cerebellar folia, increased by 4-fold in the white matter 
with no change in the grey matter, as compared to that in normal littermates. A 
similar temporal pattern of astrocyte hypertrophy was observed in the white 
matter of the les rat. These observations suggest that dysmyelination results in 
gliosis. The expression of MHC II antigen, which was restricted to reactive 
microglia, was first detected at 4 weeks of age, corresponding to the 
disappearance of myelin sheaths in the les CNS. This suggests that activated 
microglia may play a role in the loss of the myelin. Supported by NMSS 
RG2927.

797.11

RECOGNITION OF APOPTOTIC NEURONS BY MICROGLIAL CELLS.
A. Witting2, A. Herrmann1, P. Muller1, H, Kettenmann2 and C. Nolte2*.
’Dept. of Biology/Biophysics, Huboldt Univ. of Berlin;2 Dept. of Cellular
Neurosciences, Max-Delbruck-Center; Berlin 13092.

Neuronal apoptosis occurs during development, but also during insults of the
nervous system. Microglia are the most prominent phagocytes of the brain and play a 
crucial role in recognition and removal of dying neurons. The microglial receptors for 
the recognition of apoptotic neurons are not yet characterized. Possible candidates 
include lectin-like receptors, the vitronectin receptor (VNR), and an uncharacterized 
phosphatidylserine (PS) receptor, as shown for peripheral phagocytes (Savill J. 1997, 
Br. Med. Bull. 53). In the present study we examined which of these receptor systems 
are involved in recognition of apoptotic neurons by microglia. Apoptosis was induced 
in cultured rat cerebellar granule cells with lOOpM S-nitrosocysteine. After 2h 
microglial cells were added and cocultured for 6h either in the absence or presence of 
agents that potentially interfere with these receptors. After combined 
DAPI/propidiumiodide (for apoptotic /necrotic neurons) and Isolectin B4 staining (for 
microglia) the uptake of apoptotic neurons by microglia was determined. Uptake was 
reduced by N-acetylglucosamin, N-acetylgalactosamin or galactose suggesting that 
microglial recognition of apoptotic neurons involves asialoglycoprotein-like lectins. 
No effect was seen with mannose. Furthermore, the specific inhibition of the 
microglial binding/uptake of apoptotic neurons by the cationic aminosugar 
glucosamin and the RGDS peptide suggests an involvement of microglial VNR. Since 
microglia selectively bind lipid vesicles enriched in PS, and phospho-L-serine 
interferred with the uptake of apoptotic cells, an involvement of the PS receptor on 
microglia is rather likely. Collectively, these results suggest that apoptotic neurons 
generate a complex signal recognized by different receptor systems on microglia. 
Recognition most likely is a cooperative event involving several receptors which 
could well function suimultaneously or sequentially. This work was sponsored by 
Schering AG (to AW) and DFG (to HK).

797.12

ACTIVATION OF MICROGLIA DURING KAINIC ACID INDUCED 
APOPTOSIS IN RAT RETINA *K.H. Lee1. D.H. Shin2. H.Y. Lee2. H.W. Lee2. G.S, 
Jeon3. EJXee3, W.J.Lee3. D.H.Hwang3. S.S.Cho3. S.H.Baik3 'Dept of Anatomy, 
Sungkyunkwan University College of Medicine, Chonchon-Dong 300, Changan-Gu, 
Suwon 440-746; 2Dept of Anatomy, Dankook University College of Medicine and 
3Dept of Anatomy, Seoul National University College of Medicine, Seoul, Korea

We studied activation of microglia after kainic acid (KA) induced apoptosis in 
the adult rat retina. Using cresyl violet staining, we observed massive cell number 
increase at 24hrs after KA injection in the inner portion of retina; from ganglion cell 
layer (GCL) to outer plexiform layer (OPL). These cells were recognized as a 
microglia using RCA-1 histochemistry while we could not detect any significant 
signals in anti-GFAP and NeuN immunohistochemistry, which are specific for 
astrocytes, Muller cells and neurons. In the TUNEL staining, we found two types of 
the cells in KA induced retinal degeneration; the one type of the cells, TUNEL* 
cytoplasm and TUNEL' nucleus and the other type of the cells, TUNEL+ cytoplasm 
and TUNEL' nucleus. For confirming more accurate cellular identities, we performed 
electronmicroscopic study and found that the cells showing TUNEL+ cytoplasm and 
TUNEL' nucleus were likely to be microglial cells ingesting fragmenting DNA. On 
the other hand, the cells having TUNEL* signals both in cytoplasm and nuclei might 
be apoptotic dying cells. In addition, we showed that there was NOS mRNA signal 
increase in presumptive microglia using in situ hybridization technique. This means 
that nitric oxide, which is known to have correlation with microglia activation, is 
rapidly upregulated in microglia during KA induced retinal apoptosis.

797.13

ELECTROPHYSIOLOGICAL PROPERTIES OF RAMIFIED AND ACTIVATED 
MICROGLIAL CELLS IN ACUTE BRAIN SLICES
C. Boucsein, C. Nolte and H. Kettenmann (SPON: German Neuroscience Society) 
Dept. of Cellular Neurosciences, Max-DelbrUck-Center; Berlin, 13092.

Microglial cells are thought to serve as pathologic sensors of the brain. They are 
highly abundant in all regions of the CNS and are characterized by a ramified 
morphology within the normal tissue. In the present study, we have developed a 
procedure to study the membrane properties of identified, in situ microglia in acutely 
isolated brain slices from rat cortex, striatum and facial nucleus. Unlike the well 
characterized cultured microglial cells, ramified microglia in the slice are 
characterized by little if any voltage-gated membrane currents and a very low 
membrane potential. They are thus also distinct from neurons, other glial cells and 
non-brain macrophages. To study the consequences of microglial activation on the 
membrane channel pattern, we compared cells in the normal facial nucleus and at 
defined times after facial nerve axotomy. Within 12 h after axotomy, microglial cells 
expressed a prominent inward rectifier current and thus aquired the physiological 
properties of cultured microglia. 24 h after the lesion, the cells expressed an 
additional outward current, which is typical for LPS-activated microglia in vitro. 
Seven days after the lesion, at a time of major regenerative processes in the facial 
nucleus, the physiological properties of microglial cells were similar as prior to the 
pathological event. In conclusion, ramified microglial cells (1) represent a 
physiologically unique population of cells in the brain, (2) are distinct from their 
cultured form and (3) undergo a defined pattern of physiological states in the course 
of pathologic event. This work was sponsored by DFG.

797.14
TEMPORAL DEVELOPMENT OF MICROGLIAL RESPONSE FACTOR-1 (MRF- 
1) IMMUNOHISTOCHEMICAL RESPONSIVENESS AFTER NERVE INJURY.
C.Y. Chan1* and W.H.A. Yu2.1Dept. of Physiology & Pharmacology; 2Dept. of Cell 
Biology & Anatomical Sciences, City Univ. of New York Med Sch, NY, NY 10031.

The up-regulated expression of a newly isolated microglial gene, mzf-1, during 
neuronal apoptosis in development recapitulates in adults following axonal injury 
or transient blockage of axonal transport (Tanaka et al., J. Neurosci. 18:6358, 
1998; Yu, Neurosci. Abstr. 24:742,1998). The significance of heightened mrf-1 
expression remains unknown, though its possible association with microglial 
phagocytic activity has been ruled out. This study focuses on pre-phagocytic 
phases of microglial activation by quantifying the changes in MRF-1 
immunostaining after an axotomy procedure that caused minimal retrograde 
neuronal death. Following right hypoglossal nerve crush in adult rats, animals 
were perfused with fixative at several post operation (PO) time points. Serial 
transverse sections collected at set distances along the entire length of the 
hypoglossal nucleus (HGN) were processed for MRF-1 immunoreactivity (IR) by 
ABC-peroxidase staining. The IR intensities of the right vs. left HGN were 
analyzed using Scionimage Software. The mean IR intensity of the right HGN 
showed no difference from that of the left at 4 h PO, but significant increase at 8 
h PO. The intensity of IR changed in a complex manner at later time points, 
showing 2 peaks. The total area of microglia relative to HGN on the lesioned side 
showed a similar but exaggerated temporal pattern of change, especially in the 
rostral HGN (~2X of caudal). Since neuronal death from traumatic nerve injury is 
more severe in the caudal HGN (Yu, J. Neurosci. 9:3908,1989), the present data 
indicate that MRF-1 may be related to trophic rather than cytotoxic functions of 
microglia. Furthermore, when a crush was made on the medial or lateral branch 
of the hypoglossal nerve, increased MRF-1 IR was confined to the corresponding 
subdivision of the HGN even after 1 week PO. This suggests that signals for 
MRF-1 up-regulation propagates not far from the perikarya of axotomized neurons 
to stimulate neighboring microglia. Support: PSC-CUNY Aw#6692134 #669249.
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797.15
REGION-SPECIFIC EMERGENCE OF ACTIVATED
MICROGLIA/MACROPHAGES AND ASTROGLIOSIS IN CNS OF 
AGED RATS
S. Kullberg1*, H. Aidskogius2 and B. Ulfhake1 lDept. of Neuroscience, 
Karolinska Institute, S-171 77 Stockholm; 2Dept. of Neuroscience, Uppsala 
Univ., S-751 23 Uppsala, Sweden.

Aging is associated with a decline in neuromuscular and somatosensory 
functions, most pronounced in the hindlimbs and tail. In part this may be due to 
demyelination and/or dystrophy in afferent and efferent pathways. We here 
report a massive region-specific increase in activated microglia/macrophages in 
CNS of aged (30-month-old) Sprague-Dawley rats. By using
immunohistochemistry with antibodies against complement receptor 3 (0X42), a 
phagocytosis marker epitope (EDI) and glial fibrillary acidic protein (gfap), 
changes in the occurrence of activated microglia/macrophages were correlated to 
signs of astrogliosis. The infiltration of activated microglia/macrophages was 
most prominent in the spinal cord dorsal columns, including their sensory relay 
nuclei and the outer portion of the lateral and ventral columns. At these sites 
increased levels of gfap was observed. Also, the ventral and dorsal roots were 
heavily infiltrated by activated microglia/macrophages. The regions of the white 
matter with extensive gliosis correspond to regions where aging-related 
demyelination is prevalent, suggesting that these processes are associated. In the 
grey matter of aging rats, very few activated microglia/macrophages were 
encountered despite signs of focal astrogliosis such as the spinal cord motor 
nucleus, the CA1 and dentate gyrus. Hence, the process of axon dystrophy and 
axon terminal removal which occur in the grey matter during aging, may be 
different from those apparent in the white matter.
Supported by SMRC 10820 and M. and A. Wallenbergs Minnesfond

797.16
TURNOVER OF OXIDATIVELY-DAMAGED PROTEINS IN BV-2 
MICROGLIA CELLS IS PROTEASOME-DEPENDENT AND LINKED TO 
ITS ACTIVATION STATE BY POLY(ADP-RIBOSE) POLYMERASE
Ullrich, O., Bechmann, I., Steiner, B., Homberg, M., Hass, R„ Nitsch, R.
Dept. of Cell- and Neurobiology, Institute of Anatomy, Medical Faculty 
(Charit6)., Humboldt-University Berlin, Philippstr. 12,10115 Berlin; Germany

Brain pathologies are frequently associated with activation of microglia 
cells which results in an enhanced phagocytotic activity and production of 
large amounts of free oxygen radicals. This may contribute to protein 
damage either by direct oxidation or by reaction with secondary products 
such as free ADP-ribose originating from rapid poly(ADP-ribose) turnover by 
activated poly(ADP-ribose) polymerase (PARP). We investigated the ability 
of microglia cells to cope with oxidatively-damaged proteins using cultured 
BV-2 mouse microglia cells treated with TNFa or a-tocopherol to induce an 
activated/amoeboid or deactivated/ramified state. Activated BV-2 cells 
revealed an increased endogeous protein turnover and degradation of 
oxidatively-damaged proteins'. The enhanced degradation was dependent on 
the proteasome activity, which was elevated in nuclei of activated BV-2 cells 
in comparison to resting BV cells. The elevated proteasome activity could be 
reduced to the constitutive level by inhibition of the PARP. Neither living BV- 
2 cells nor cell lysates were capable to degrade incorporated ADP- 
ribosylated histones. Furthermore, proteasomal degradation of oxidatively- 
damaged proteins was strongly inhibited by ADP-ribosylated histones. 
Inhibition of the proteasome by MG-132 contributed to an increased level of 
protein oxidation products in activated BV-2 cells. Our results suggest that 
activated microglia cells are capable to protect themselves against oxidative 
protein damage by a PARP-dependent proteasomal pathway, (supported by 
the DFG, SFB 507/C1) SPON: German Neuroscience Society

TRANSPLANTATION: GENE DELIVERY

798.1
IN VIVO ELECTROPORATION ; A NEW STRATEGY FOR GENE 
DELIVERY INTO MOUSE BRAIN. J.M Vicat, P. Jourdes, S. 
Boisseau, D. Wion, R. Bouali-Benazzouz, M. Laine, A.L. 
Benabid, and F. Berger*. Lab. de Neurobiologie 
preclinique-INSERM U318- 38043 Grenoble, France.

We have developed a new non-viral gene transfer method in 
the adult mouse brain using in vivo electroporation. Optimal 
parameters including voltage, pulse number and amount of 
injected luciferase encoding plasmid DNA (pCMV-Luc) have 
been determined. High voltage and short pulse provided a 
700-fold increase in luciferase expression in comparison 
with pCMV-Luc injected without electroporation. Moreover, 
luciferase expression was 50-fold higher with 
electroporation than with pCMV-Luc complexed with 
PolyEthylenlmine (22 kDa), which was described as a 
powerful non-viral vector for brain gene transfer. A single 
injection of 13-galactosidase encoding plasmid DNA 
associated to electroporation induces a widespread 13-gal 
expression over several millimeters in cells lining 
ventricle, and in the underlying brain tissue. Most of 
transfected cells in parenchyma were astrocytes. 
Interestingly, sustained and long lasting gene expression was 
observed for at least six months. Thus, in vivo 
electroporation appears to be a new efficient gene transfer 
method in mouse brain.

798.2

ADENO-ASSOCIATED VIRUS (AAV) AS A MEANS FOR IN VIVO GENE 
DELIVERY TO CEREBELLAR PURKINJE CELLS. WF. Kaemmerer,1* R. 
Reddy,2 C. Warlick,1 R. S. Mclvor,1,2 and W.C. Low.1,3 Yaboratorv Medicine 
and Pathology; 2Gene Therapy Program, Institute of Human Genetics; 
3Dept. of Neurosurgery; University of Minnesota, Minneapolis, MN 55455.

Previously, investigators injecting adenovirus vectors (Ad) into cerebellar 
cortex have reported very low levels of gene transfer and expression in 
Purkinje cells (PC). Others have shown that AAV particles injected into 
inferior colliculus or hippocampus are preferentially taken up by neurons. 
Therefore, we investigated whether AAV vectors injected into the deep 
cerebellar nuclei will enter PC axon termini and be transported to the cell 
bodies, resulting in reporter gene expression. Six-week old FVB mice were 
injected unilaterally at two sites in the deep cerebellar nuclei with a 1:1 
mixture of 1.5 x 104 transducing units of TR-CMVp (a lacZ-transducing AAV 
vector) and wildtype Ad per site. Additional mice were injected with 1.5 x 
106, 1.5 x 107, or 1.5 x 108 plaque-forming units of Ad-pgal (a lacZ- 
transducing adenovirus), or 100 U of beta-galactosidase protein. One week 
later, mice were perfused and the cerebella sectioned and stained for 
calbindin and pgal activity. Ad-pgal vector transduced cells throughout the 
cerebellar white matter in a dose-dependent manner, but rarely transduced 
PCs. Despite its lower titer, TR-CMVp vector transduced several hundred 
PCs throughout the injected hemisphere, resulting in .pgal activity in dendritic 
processes as well as PC perikarya. Of the cells transduced by TR-CMVp, 
66.4% were Purkinje cells. Pgal DNA sequence was detectable in both Ad- 
Pgal and TR-CMVp injected mice by PCR, while control mice injected with 
pgal protein showed no PC uptake, ruling out pseudo-transduction effects. 
We conclude that injection of AAV vectors into the deep cerebellar nuclei is a 
feasible way to transfer foreign genes into Purkinje cells.

This work was supported by NIH fellowship 5F31 MH11640-02 to WFK.

798.3

A BACULOVIRUS-BASED PROTOCOL FOR THE PRODUCTION OF 
RECOMBINANT ADENO-ASSOCIATED VIRUS (AAV). J. Elmen*. K. 
Sollerbrant. and C. Wahlestedt. Center for Genomics Research, Karolinska Institutet,
S-171 77 Stockholm, Sweden.

Adeno-Associated virus (AAV) has several features that makes it an attractive 
vector for gene delivery in both basic and clinical neuroscience. Injection of AAV 
into living rodent brain has been found to produce long lasting gene expression and 
this virus thus constitutes a useful tool for in vivo functional genomics efforts.

Thought not to be a pathogen, AAV integrates site specifically and it is a naturally 
replication deficient virus that requires co-infection with a helper virus for replication. 
In addition, AAV shows minimal immunogenic activity in contrast to, e.g., 
adenovirus. We present here a new protocol for producing recombinant (r) AAV with 
the objective to simplify preparation and increase the titers of the vector.

The traditional method relies on the co-transfection of two plasmids; one plasmid 
that contains the transgene with a packaging signal and a second plasmid that supplies 
missing AAV genes. Subsequent adenovirus infection provides additional helper 
functions. In addition to involving inefficient transfection steps, the standard protocol 
also introduces undesired adenovirus contamination.

The novel protocol that we have developed overcomes some of these drawbacks and 
relies on the use of baculovirus. Since baculovirus can efficiently infect the producer 
cells (e.g., HEK 293 cells), but cannot replicate, we have replaced the standard 
transfection steps with Baculovirus infections. We have now demonstrated efficient 
gene transfer in HEK 293 cells by Baculovirus (in excess of 80% of cells being 
infected), robust expression of AAV genes, and production of rAAV. Subsequent 
optimization of the protocol (including complete elimination of the adenovirus) is 
currently underway.

798.4

IMAGING ADENOVIRAL VECTOR-MEDIATED OVEREXPRESSION 
OF DOPAMINE D2 RECEPTOR IN LIVING RATS WITH POSITRON 
EMISSION TOMOGRAPHY. O. Ogawa1, H. Umegaki1. K. Ishiwata2, D.
Ingram3, G. Roth3, H. Ikari1*,__ A. Iguchi1, and M. Senda2. ’Dept. of
Geriatrics, Nagoya Univ. School of Med. Nagoya, Aichi, Japan; 2Positron 
Med. Center Tokyo Met. Inst, of Gerotol., Tokyo, Japan; 3MPGS 
GRC/NIA/NIH, Baltimore, MD 21224.

Previously we demonstrated functional gene transfer of dopamine D2 
receptor (D2R) into the striatum of rats by using adenoviral vector and 
revealed the overexpression of the D2R with autoradiography. To 
visualize and measure overexpression induced by the adenoviral vector- 
mediated gene transfer in the living animals we applied positron 
emission tomography (PET) technology We injected the adenoviral 
vector containig the cDNA of D2R (D2R vector) into the unilateral 
striatum of young male Fischer rats and injected the control vector into 
the contralateral striatum. Three kinds of [llC]-labeled tracers, 
raclopride (RAC), N-methlspiperon and nemonapride were tried, and 
PET measurement indicated that the uptake of all three tracers were 
increased in the D2R vector-injected side of the striata. The binding 
potential of RAC to the transfected striatum was about 20% higher than 
that in the control side 3 days after the gene transfer. This study has 
demonstrated that PET technology is able to measure the adenoviral 
vector-mediated overexpression of D2R in the living rats.
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798.5

A NOVEL CELL-BASED METHOD FOR DELIVERING NERVE GROWTH 
FACTOR TO THE RAT BRAIN USING GENETICALLY MODIFIED BOVINE 
ADRENAL CORTICAL CELLS. K. Ozol12*, P. Hornsby3. L.L. Zou12, H.D. 
Shine1 and K. Yang1,2. ’Department of Neurosurgery; 2Center for Cell and Gene 
Therapy; 3Huffington Center on Aging, Baylor College of Medicine, Houston, TX 
77030.

Our lab has recently shown that cationic lipid mediated gene transfer of nerve 
growth factor (NGF) to the CNS is a potential treatment for brain injury {Zou et 
al: Gene Therapy, in press). We are now developing a new method for 
therapeutic peptide delivery to the brain using cell transplantation. Clonal bovine 
adrenal cortical cells have been successfully xenotransplanted into 
immunodeficient (scid) mice {Thomas et al., 1997, Nat. Med. 3(9):978-83). In 
scid mice, transplanted adrenal cortical cells survive under the kidney capsule and 
form a discrete functional endocrine tissue. Adrenocortical cells have an inherent 
property to regenerate a vascularized tissue of normal histology and ultrastructure. 
In this experiment, we used liposome-mediated gene transfection of NGF together 
with other plasmids designed for growth and selection of transfected cells to 
genetically modify primary bovine adrenal cortical cells. ELISA studies were 
used to screen the secretion of NGF protein in culture medium from 23 clones. 
An efficient NGF producing clone was selected for transplantation into the adult 
rat brain. Primary bovine adrenal cortical cells (non-genetically modified) 
introduced into the lateral ventricle of the adult rat survived for at least four days. 
These preliminary results suggest that genetically modified adrenal cortical cells 
have a potential to form tissue that secretes NGF in the brain after transplantation. 
This technology may prove useful for long term NGF delivery to attenuate 
cholinergic and cognitive deficits following traumatic brain injury. (Supported by 
grants: ATP 004949-049, NIH R01-NS35502-02, NIH R03-AG16033-01).

798.6
EX VIVO GENE THERAPY IN THE CNS USING HUMAN ADULT ASTROCYTE CELLS: 
APPLICATION TO B-GLUCURONIDASE DEFICIENCY. C, Serguera, C, Sarkis, J-L, Ridet and 
J. MalteC.CNRS UMR 9923,75013 Paris - France.
The combination of cell transplantation and gene transfer is a promising approach to deliver 
a therapeutic molecule in a defined organ. Astrocytes are a good candidate for grafting in the 
brain, because they are endogenous cells of the CNS, they have efficient secretory machinery 
and they have a role of neuronal support. More important is the possibility to cultivate 
astrocyte cells from adult humans as it opens the area of autologous graft for clinical trials, 
avoiding the use of immunosupressors.

Normal and genetically modified human adult astrocyte cells were grafted in the striatum of 
nude mice in order to estimate their ability to engraft in the CNS, and to study their behavior 
at short and long-term post-injection. Cells were infected with an adenovirus allowing 
expression for the B-glucuronidase gene. Extract and supernatant of the infected cells in vitro 
showed strong activity of 8-glucuronidase. The capacity of primary neural cells to recapture 
B-glucuronidase from a supernatant of astrocytes containing a high concentration of the 
enzyme was first assessed in vitro. In a second time; infected and normal astrocytes were 
grafted. They could survive at least 2 months post-injection and could migrate through the 
striatum and the corpus callum, and even through the cortex. Strong B-glucuronidase activity 
could be detected 2 months after grafting, and covered an important volume of the brain.

We conclude that these experiments are a first step toward autologous grafting of 
engineered astrocytes for the treatment of Sly disease.
This work was supported by R. P. R. and V. M. L.

798.7

LARGE HSV-1 VECTORS (<51 KB) SUPPORT COEXPRESSION CF 
MULTIPLE GENES, AND A NEURONAL-SPECIFIC PROMOTER, IN 
COMBINATION WITH MUTATIONS IN SEVERAL HSV-1 PARTICLE 
PROTEINS, ENHANCES LONG-TERM EXPRESSION IN THE RAT BRAIN. X. 
Wang, G, Zhang, T. Yang, W. Zhang, J. Tang, Y. Kona, M. Sun, and A.I.
Geller*. Div. Endo., Children’s Hosp., Boston MA, 02115.

We have previously described a helper virus-free HSV-1 plasmid 
vector system (J. Virol., 1996, 70, 7190-7197). Removing the 
helper virus reduces the side effects, such as cytopathic effects and 
immune responses, associated with gene transfer with helper virus 
systems. However, this system still requires improvements.

We now describe large vectors that can support coexpression of 
multiple genes. A 51 kb vector was properly packaged using the helper 
virus-free system, and the resulting vector stocks supported 
expression in the rat striatum. Similar construction strategies are 
now being used to isolate vectors that coexpress multiple genes, such as 
a constitutively active PKC and Lac Z or multiple dopamine 
biosynthetic enzymes.

To enhance long-term expression, we modified a neuronal-specific 
promoter and isolated mutations in 7 different HSV-1 particle proteins 
in the packaging system. This novel promoter, in combination with the 
preferred combination of virion protein mutations, improves long-
term expression: At 2 weeks after gene transfer into the striatum, we 
observed 83 % of the number of cells obtained at 4 days; at 1 month, 
57 % of 4 days; and at 2 months, 25 % of 4 days. This system also 
supports long-term expression in the hippocampus, perirhinal cortex, 
and postrhinal cortex. Supported by NIH NS34025 and Neurovir.

MOTOR SYSTEMS: MOUSE MODELS

799.1

TEMPORAL PATTERNS OF MYOSIN HEAVY CHAIN MESSAGE IN MOUSE 
MASSETER DURING DEVELOPMENT AND MATURATION. J.A.Morris- 
Wiman , E. Basco and C.G, Widmer*. Depts. of Orthodontics and Oral Surgery, 
University of Florida, Gainesville, FL 32610.

The adult masseter is comprised of multiple myosin heavy chain (MyHC) 
isoforms that have a distinct distribution within muscle partitions. Previously, we 
have shown that the expression of message for specific MyHC changes during aging 
of the mouse masseter muscle and that these changes are more pronounced in 
females. The purpose of this study was to examine the distribution of MyHC 
message during mouse masseter development and maturation to further evaluate 
transitions in myosin phenotype.

Masseter muscles were dissected from male and female CD-I mice at gestational 
day (gd) 14 and postnatal days (pn) 1, 8, 14, 20, 28 and 90. Muscles from postnatal 
ages were dissected into superficial, intermediate and deep layers; each layer was then 
divided into anterior and posterior portions and frozen on diy ice. Soleus, diaphragm, 
ventricle and atrium were also harvested as controls. Total RNA was extracted from 
muscle with TRIzol reagent for use in RT-PCR using primers designed for 
embryonic, neonatal, slow (type I), a-cardiac, and types Ila, lib, and IIx MyHC. RT- 
PCR conditions were tailored for each target message and resultant gels analyzed 
using Gel Pro (Media Cybernetics) software.

Distinct temporal patterns of expression for each MyHC isoform message were 
observed. Message for all isoforms except lib was detected in the gdl4 masseter, lib 
message was not detected until pnl in the female and pn8 in the male. The relative 
expression of message for embiyonic and neonatal isoforms was highest at pnl and 
then decreased with developmental age. Embryonic message coulano longer be 
detected at pn28. In contrast, neonatal message was maintained at significant levels 
in the adult masseter while not detected in the'heart or soleus. The expression of 
message for the Ila, IIx and lib isoforms was demonstrated to be biphasic with the 
highest relative expression at pn8 and pn28. a-cardiac expression was also biphasic 
with its highest expression at pnl and pn28. Type I expression was triphasic with 
elevated levels at pnl, pnl4 and pn28. Decreased levels of message expression were 
evident for all MyHC isoforms at pn20. The expression of a-cardiac and lib was 
found to be sexually dimorphic; females had higher levels of a-cardiac and an earlier 
expression of lib message, whereas males had a more prolonged and elevated 
expression of lib.

These findings suggest that there are at least two phases in mouse masseter 
muscle MyHC expression. An early expression prior to pn20 may correlate with 
muscle fiber proliferation whereas later expression may represent phenotypic changes 
associated with functional maturation.

Supported by NIDR/NIH DE 12207.

799.2

DELETION OF a7-INTEGRIN SUBUNIT LEADS TO MUSCULAR 
DYSTROPHY AND LATE DISAPPEARANCE OF POSTSYNAPTIC 
FOLDS IN TONIC MUSCLE. A. Werner*, U. Mayer1, G. Saher1, G.W. 
Kreutzberg and G. Raivich
1Dept. for Proteinchemistry, Max-Planck-lnstitute for Biochemistry; Dept. for 
Neuromorphology, Max-Planck-lnstitute for Psychiatry; D-82152 Martinsried, 
Germany
The integrin a7p1 is a receptor for the basement membrane proteins 
laminin-1, -2 and -4, and is localized in the myotendinous and 
neuromuscular junctions in the skeletal muscle. To examine the role of this 
integrin, the gene for the a7-subunit was recently deleted, which led to an 
early and severe muscle dystrophy in the homozygous animals (U. Mayer, 
Nature Genetics 17: 318). These cellular changes are mainly restricted to 
tonic muscle like m.soleus and are already apparent 20 days after birth, with 
foci of necrosis and phagocytosis. After 90 days, ongoing muscle 
degeneration leads to split fibers, hypertrophic fibers, central muscle nuclei 
and a corresponding increase in connective tissue. Ultrastructural analysis 
of the neuromuscular junctions in 3 month-old animals revealed normally 
folded muscle endplates in slow (m.soleus) and fast (m.tibilialis anterior, 
diaphragm) of wildtype and a7-deficient mice. However, there was a striking 
decrease in the number and length of junctional folds in the m.soleus 
muscle endplates of 6 month-old a7-deficient animals, with many endplates 
exhibiting only a smooth postsynaptic surface. In contrast, no changes were 
observed in the neuromuscular junctions of fast skeletal muscle.
These data underline an important role of the a7-integrin in the maintenance 
of the neuromuscular junction. The selective vulnerability of the slow muscle 
may be due to prolonged, tonic activation of this fiber type and the ensuing 
changes in calcium homeostasis, supported by bmbf  fkoi  K09703/3 and 9401/3.
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799.3
UNEXPECTED NADPH-DIAPHORASE STAINING IN NEURONS OF THE 
DORSAL VAGAL NUCLEUS FOLLOWING VAGOTOMY IN NOS KNOCK-OUT 
MICE. D, W, Saxon* and A.J. Beitz . Dept. of Anatomy, Indiana School of Medicine, 
8600 Univ. Blvd, Evansville, IN 47712, Dept of Veterinary/Pathobiology, University of 
Minnesota School Veterinary Medicine, 1988 Fitch Ave., St Paul, MN 55108.

In the rat surgical section of the vagus or hypoglossal nerve results in the induction of 
the enzyme, nitric oxide synthase (NOS) in neurons of the vagal (X) and hypoglossal 
(XII) motor nuclei, which can be detected by NOS immunocytochemistry and/or 
NADPH-d histochemistry. Neurons in NOS 1 knock-out mice lack the neuronal isoform 
of NOS and thus do not stain positive when processed for either NOS
immunocytochemistry or NADPH-d histochemistry. Unilateral section of the vagus or 
hypoglossal nerve was performed in both NOS knock-out and control mice. Following 
a survival time of 7 days, mice were perfused transcardially, cryoprotected and 
sectioned (40um thick). Sections were processed for NADPH-d histochemistry and/or 
NOS immunocytochemistry. Unilateral vagotomy in NOS knock-out mice consistently 
produced irregular punctate NADPH-d staining in the cytoplasm of perikarya in the 
ipsilateral X nucleus. The neuropil of the ipsilateral X was devoid of staining as was the 
neuropil and perikarya of the contralateral X. A few perikarya in the ipsilateral nucleus 
ambiguus also contained punctate staining. NOS immunocytochemistry performed on 
alternate sections from the same animals showed no evidence of punctate staining in 
perikarya of the ipsilateral X or nucleus ambiguus. Hypoglossal nerve section in NOS 
knock-out mice produced no detectable NADPH-d punctate staining in perikarya of XII. 
The results of these experiments suggest that: 1) increased NADPH-d staining in 
parasympathetic motor neurons of X following vagotomy may represent an increase in 
enzyme(s) not related to NOS or alternatively NADPH-d is up-regulated as a result of 
the induction of other NOS isoforms (iNOS or eNOS), 2) since NOS
immunocytochemistry failed to detect the induced granular labeling, the observed 
NADPH-d staining is not dependent on neuronal (NOS 1) NOS, 3) hypoglossal neurons 
do not respond to axotomy with an up-regulation of enzyme(s) detectable with NADPH- 
d histochemistry. The fact that there is a difference in the response between axotomized 
vagal and hypoglossal neurons is interesting from the viewpoint of parasympathetic vs. 
somatic motor neurons. Identification of the enzyme(s) up-regulated in the vagal 
neurons may shed light on the underlying mechanism(s) that account for the differences 
observed between vagal and hypoglossal neurons following axonal damage. (Supported 
by Grant #NS31318)

799.4

HIGH EXPRESSION OF HUMAN THY-1 IN SPINAL CORD MOTOR 
NEURONS OF TRANSGENIC MICE. L23Aj,w, Gordon. &S. Kawabata. 
5-V.L. Friedrich Jr*. L^M. Kiaei, ^Neurobiology of aging laboratories, 
^Fishberg Research Center for Neurobiology, ^Dept. of Geriatrics and adult 
development, 4Dept. of Ob/Gyn. & Reprod. Science, ^Arthur M. Fishberg 
Research center for Neurobiology, Mount Sinai School of Medicine, New 
York, NY 10029. ^Molecular Medicine Laboratories, Yamanouchi 
Pharmaceutical Co., Ltd, Japan.

Thy-1 is a cell surface protein originally identified as thymocyte 
antigen. In all mammals studied Thy-1 is expressed at high levels in 
intracranial neurons. The protein is not expressed in peripheral neurons, and 
spinal cord neurons have never been examined. When the human Thy-1 gene 
is introduced into mice, high expression in neurons of a variety of brain regions 
is observed (Gordon et al., Cell 50:445,1987). In the present study we 
examined intracellular expression of the bacterial lacZ reporter gene driven by 
the human Thy-1 promoter in adult mice. This construct allows for direct 
visualization of the cell bodies that express Thy-1. High expression of lacZ 
was observed in hippocampus and cortex in one line and moderate expression 
in the second line and with very low expression in cerebellum in both lines. 
Low expression in cerebellum is consistent with developmental regulation of 
endogenous Thy-1, the expression of which becomes progressively attenuated 
after birth. Staining sections with X-gal and counter staining with either Nissl 
or hematoxylin and eosin revealed that nearly all motoneurons express high 
levels of Thy-1. These findings indicate that Thy-1 is expressed in spinal cord 
motoneurons at high levels and with a temporal pattern that resembles 
hippocampal or cortical neurons in the brain rather than cerebellar neurons. 
These results offer potential for use of the human Thy-1 promoter to target 
expression of transgenes to spinal cord motor neurons.

799.5

CHARACTERIZATION OF SPONTANEOUS RHYTHMIC ACITIVITY 
IN THE MOUSE SPINAL CORD DURING EARLY DEVELOPMENT. 
S. A. Banerjee*, M. G. Hanson and L. T. Landmesser. Dept. of Neurosci., 
Case Western Reserve University, Cleveland, OH 44106.

During development, establishment of appropriate neuronal connections is 
partially dependent on the spontaneous activity of neural circuits, 
particularly in the visual system. Spontaneous activity has been described 
previously in embryonic day 15 (El5) mouse spinal cord, an age at which 
connections between spinal motoneurons and their muscle targets have 
already been established. We demonstrate here that spinal circuits are 
spontaneously active at El 1.5 - E12.5, at a time prior to and during target 
innervation. We further characterize the chemical neurotransmitters that are 
responsible for generating this activity and show that they are different from 
those involved both at slightly later stages of embryonic development and 
neonatally.

Spontaneous single bursts of activity in El 1.5 - E12.5 spinal cord occur 
every 1.5 to 3 minutes, as recorded from the sciatic and the crural nerves. 
Unlike E15 cords in which activity was shown to be primarily driven by 
GABA (Tabak et al, 1998, Soc. Neurosci. Abstr. 24: 1668), we found that 
acetylcholine, acting at least in part through nicotinic receptors with the 
pharmacological profile of a4|32 and oc3J34, drives this earliest activity. At 
this developmental stage, GABA is moderately excitatory, whereas 
glutamate does not appear to play a significant role. While bath-applied 
serotonin increased burst frequency, it is not likely to play an endogenous 
role since serotonin receptor antagonists had no effect on activity.

The identification of spontaneously active circuits in the early mouse 
spinal cord now allows us to use mouse mutants that are deficient in certain 
elements of the circuit to dissect out their contributions to specific aspects of 
activity in the circuit.
Supported by NIH grant NS 19640.

799.6

SEROTONIN EXCESS IN FETAL MICE MIGHT AFFECT THE 
MORPHOLOGY OF NEONATAL PHRENIC MOTONEURONS.
C. Bou, L. Vinav*. and G. Hilaire. CNRS UPR 9011, 30 Chemin 

Joseph Aiguier, 13402 MARSEILLES CEDEX 20, FRANCE.
In order to know whether serotonin (5-HT) might affect the in vivo 

maturation of motoneurons, the morphology of identified phrenic 
motoneurons (PMns) stained with biocytin was compared in two 
neonatal mice strains, the control C3H/HeJ line and the MAOA-KO 
line which presents endogenous 5-HT excess during the perinatal 
period (Cases et al. Science, 1995; Lajard et al, Neurosci. Lett., 1999). 
PMn dendritic trees were bipolar in the control line but multipolar in the 
MAOA-KO line where the total dendritic extension, the number of 
dendritic spines and varicosity-like profiles were larger than control.

Pregnant MAOA-KO mice received daily i.p. injections of the 5- 
HT2A receptor antagonist SR 46349B (50 mg/kg) from gestational day 
18 to delivery to protect fetal 5-HT2A receptors from elevated 5-HT 
endogenous levels. At birth, the studied MAOA-KO PMns resembled 
control PMns with bipolar-shaped dendritic tree and few varicosities.

Pregnant control mice received daily i.p. injections of the 5-HT2A 
receptor agonist DOI (50 mg/kg) from gestational day 18 to delivery to 
mimic the activation of fetal 5-HT2A receptors occurring in the MAOA- 
KO line. At birth, the studied control PMns resembled MAOA-KO 
PMns with multipolar-shaped and extended dendritic tree and 
numerous spines and varicosities.

These results suggest that abnormal 5-HT metabolism during 
gestation may disturb the maturation of motoneurons via activation of 
5-HT2A receptors. (CNRS support)

799.7

FUNCTIONAL DEFICITS IN SENSORY-MOTOR CONNECTIONS IN THE 
SPINAL CORD OF EGR3-DEFICIENT MICE. E. Frank1*, P.R, Ladle1, H.H. 
Chen1, J. Milbrandt2'4 and W.G, Tourtellotte2,3. fDept. of Neurobiol., Univ. of 
Pittsburgh, Pittsburgh, PA 15261; zDept. Pathology and Divs. of 
’Neuropathology and 4Lab. Medicine, Washington Univ., St. Louis, MO.

Egr3 is a zinc-finger transcription factor expressed at high levels in devel-
oping muscle spindles. In Egr3-deficient mice, muscle spindles initially begin 
to form but rapidly disassemble postnatally. Despite the spindle loss, parval- 
bumin immunohistochemistry demonstrates normal muscle sensory afferent 
axons projecting into the spinal cord. The persistence of morphologically in-
tact central muscle sensory afferent axons, despite the loss of muscle spin-
dles, suggests that functional connections between muscle sensory axons 
and motor neurons may be present The integrity of monosynaptic connec-
tions between central la afferent axons and motor neurons was examined in 
Egr3-deficient (-/-) and wild type (+/+) mice by using extracellular suction 
electrodes placed on ventral roots (VR) of P6 mice. Group la afferents, which 
transmit information regarding muscle stretch, were selectively stimulated by 
quick small amplitude stretches. Group lb afferents, which transmit informa-
tion regarding muscle tension, were selectively stimulated by muscle contrac-
tion initiated by stimulating the VR. In -/- mice, no measurable VR potential 
was observed when la afferents were selectively stimulated, whereas a 
monosynaptic potential was reliably evoked in +/+ animals. By contrast, there 
was no difference between the evoked VR responses in +/+ and -/- mice after 
selective stimulation of lb afferents. Stimulation of the quadriceps nerve in -/- 
mice evoked a small monosynaptic VR potential, whereas in +/+ mice this 
same stimulus evoked a large response, including some action potentials. 
We conclude that despite morphologically intact central muscle sensory affer-
ents, functional sensory-motor monosynaptic connections between central la 
afferents and motor neurons are impaired in -/- mice. (Support: NIH)

799.8

TRANSIENT GROUP IA AFFERENT-MYOTUBE CONTACTS IN EGR3- 
DEFICIENT MICE. J. Kucera1, J. Milbrandt2'4* and W.G. Tourtellotte23. 
1Dept. of Neurology, Boston University; 2Dept. of Pathology and Divs. of 
’Neuropathology and 4Lab. Medicine, Washington Univ.; St. Louis, MO 
63110.

Contact between a primary afferent and a primary myotube initiates forma-
tion of muscle spindles, end-organs of proprioception. Adult mutant mice 
lacking the transcription factor Egr3, have axial and limb muscles devoid of 
spindles. Whether group la afferents contact myotubes, resulting in the for-
mation of spindles which subsequently degenerate, or whether la afferents 
and spindles never form was examined by light and electron microscopy at 
embryonic (E) days 16.5-17.5 and at birth (P0) in hindlimbs of Eg/3-deficient 
(-/-) and wild type (+/+) mice. The density and appearance of spindles in -/- 
and +/+ mice did not differ at E16.5-E17.5, suggesting that Egr3 is not re-
quired for initiation of spindle formation. Golgi tendon organs and their lb af-
ferents were intact in Egr3 deficient mice. Soleus and medial gastrocnemius 
(MG) muscles of -/- mice contained a full complement of spindle-like struc-
tures innervated by afferents and efferents at birth. However, these spindles 
were abnormal in that they exhibited poorly developed equatorial nuclei, peri-
axial fluid spaces and spindle capsules. Moreover, spindle-like structures 
from -/- mice did not express “spindle specific” myosin heavy chain isoforms. 
In adult -/- mice, no spindles could be identified in the MG muscle and its 
nerve was deficient in large and small myelinated axons suggesting a loss of 
spindle afferents and efferents. We conclude that Egr3 expression in in-
trafusal fibers is required for maintaining la afferent - myotube contacts and 
for the phenotypic differentiation of muscle spindles. Egr3 may regulate 
genes that mediate the morphogenetic influence of la afferents on intrafusal 
myotubes, and its absence results in impaired spindle differentiation and sub-
sequent degeneration of peripheral la afferents. (Support: NIH)
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799.9

EGR3 MEDIATES MUSCLE SPINDLE RELATED MORPHOGENETIC 
SIGNALS FROM GROUP IA AFFERENTS. W.G. Tourtellotte1'2* and J. 
Milbrandt1,3. 1Dept. Pathology and Divs. of ^Neuropathology and sLab. 
Medicine, Washington Univ., St. Louis, MO 63110.

Adult mice lacking the zinc finger transcription factor Egr3 have gait ataxia 
due to impaired development of muscle spindles (Tourtellotte and Milbrandt, 
Nat. Genet. 20: 87, 1998). Egr3 expression within developing spindles is first 
identified at embryonic (E) day 15-15.5 in murine muscle and coincides with 
the arrival of the group la afferent, a critical event for the induction of spindle 
morphogenesis. These results suggest that the morphogenetic signals) 
imparted by group la afferents may, at least in part, be mediated by 
postsynaptic transcriptional activity of Egr3 and that its expression may be 
regulated by afferent innervation. Wild type mice received unilateral sciatic 
nerve transections (SNT) at either post-natal (P) day 0 or P3. Egr3 
expression within developing muscle spindles was examined using 
immunohistochemistry at both 24 and 48 hours after SNT. In lower hindlimb 
muscles receiving SNT, Egr3 was markedly downregulated by 24 hours and 
nearly absent in developing spindles by 48 hours. While spindles eventually 
degenerate if SNT is performed within a short postnatal period, within 48 
hours after SNT, spindles remained morphologically intact. Moreover, 
“spindle specific” myosin heavy chain was unaffected by SNT within the time 
period examined. We conclude that Egr3 is a critical “effector” molecule that 
regulates transcriptional events that mediate at least some of the spindle 
specific inductive control imparted by group la afferents on myoblasts. The 
specific transcriptional events mediated by Egr3 in developing muscle 
spindles is currently unknown but in vitro and in vivo studies aimed at 
identifying Egr3 regulated target genes are in progress. (Support: NIH)

NEURONAL DEATH: NEURODEGENERATION I

800.1

CASPASE INHIBITORS PREVENT MPP+ TOXICITY ON CULTURED 
MESENCEPHALIC DOPAMINERGIC NEURONES. S Harper1*,
J Bilsland1, S Roy2, D Nicholson2 & F Hefti1. ‘Merck Sharp & Dohme Research 
Laboratories, Neuroscience Research Centre, Terlings Park, Harlow, Essex, CM20 
2QR, UK. 2Merck Frosst Centre for Therapeutic Research, PO Box 1005, Pointe 
Claire-Dorval, Quebec H9R 4P8, Canada

Caspases are a family of cysteine proteases related to interleukin-1 (3 converting 
enzyme (ICE), which play a critical role in the execution of apoptosis. Caspase family 
members can be divided broadly into 3 groups based on their activity; the first group 
includes caspase 1 (ICE) and caspase 11, and is thought to be more involved in 
inflammatory responses. The initiators of apoptosis include caspases 8, 9 and 10. The 
executioners of apoptosis include caspases 2, 3, 6 and 7, which cleave specific proteins 
in the cell such as PARP, laminA, APP and actin to bring about apoptosis.

We have investigated the role of caspases in l-methyl-4-phenylpyridinium (MPP+) 
mediated neurotoxicity. In dissociated cultures of rat embryonic mesencephalic 
neurones, MPP+ is a selective toxin for dopaminergic neurones. Treatment with lOfiM 
MPP+ for 48 hours results in approximately 50% loss of tyrosine hydroxylase (TH) 
immunoreactive neurones compared to control cultures. A number of peptide caspase 
inhibitors were tested at concentrations ranging from 0.1 - 300|iM for neuroprotective 
effects when coadministered with MPP+. The broad-spectrum caspase inhibitor zVAD- 
fmk caused a significant increase in the number of TH immunoreactive neurones, to 
over 80% of control. zDEVD-fmk, a caspase 3 inhibitor, zLEHD-fmk, a caspase 9 
inhibitor and had survival promoting effects compared to MPP+ alone. The caspase 1 
inhibitor, zYVAD-cmk only had a small effect on dopaminergic neurone survival at the 
highest concentration tested (300pM).

In conclusion, inhibition of caspase 3 and caspase 9 but not caspase 1 prevents the 
toxicity induced by MPP+ on mesencephalic dopaminergic neurones in culture.

800.2
P21wafi /cipi  EXPRESSIOM MODIFIES RESITANCE OF PC 12 CELLS TO MPP+ 
TOXICITY. F. Soldner, M. Weller, S. Haid, R. von Coelln*, S, W, Miller, J. B. 
Schulz. Department of Neurology, University of Tubingen, D-72076 Tubingen, 
Germany, and MitoKor Corporation, San Diego, CA, USA.

The molecular and biochemical mode of cell death of dopaminergic neurons in 
Parkinson’s disease (PD) is uncertain. In an attempt of further clarification we 
studied the effects of l-methyl-4-phenylpyridinium (MPP+), the active metabolite of 
l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP), on dopaminergic PC12 cells. 
In humans and nonhuman primates MPTP/MPP+ causes a syndrome closely 
resembling PD. MPP+ toxicity is thought to be mediated by the block of complex I 
of the mitochondrial electron transport chain. Here, we report that treatment of 
undifferentiated PC 12 cells with MPP+ primarily inhibited proliferation of PC 12 
cells and secondarily led to cell death after the depletion of all energy substrates by 
glycolysis. This cell death showed no morphological characteristics of apoptosis and 
was not blocked by treatment with peptide inhibitors of caspases which are thought 
to be involved in almost all paradigms of neuronal apoptosis. The inhibition of cell 
growth was not dependent on an inhibition of complex I activity since MPP+ also 
inhibited cell proliferation in SH-SY5Y neuroblastoma cells lacking mitochondrial 
DNA and complex I activity (p° cells). As shown by flow cytometric analysis, MPP+ 
induced a block of Go/Gi-to-S phase transition that correlated with increased 
expression of the cyclin-dependent kinase inhibitor p21WAF1/C,PI and growth arrest. 
Since treatment with 1 m M MPP+ caused apoptotic cell death in p21WAF1/C1P1 . 
deficient (p21'z') but not in parental (p21+/+) mouse embryo fibroblasts, our data 
suggest that in an early phase MPP+-induced p21WAF1/CIP1 expression leads to growth 
arrest and prevents apoptosis until energy depletion finally leads to a non-apoptotic 
cell death.
This study was supported by grants from the Deutsche Forschungsgemeinschaft (KI 
782/3-1) and from the fortune-program of the University of Tubingen (project 214).

800.3

FLUORO-JADE: A FLUOROCHROME FOR NEURONAL DEGENERATION 
BUT ALSO FOR GLIAL CELLS. N.Sales1*, F.Conde2, N.Bizat2, K. Adjou3,
E.Brouillet2, P.Hantrave2, ‘INSERM U 334 , 2URA CEA CNRS 2210, SHFJ, 
DRM, DSV, CEA, 4 place du Gal Leclerc, 91401 Orsay, and 3 SNV, CEA, 
Fontenay aux Roses, France.

Following high doses of neurotoxicants and short survival, Fluoro-Jade (FJ) is 
reported to stain degenerating neurons in rat brain sections (Schmued et al., 
Brain Res. 1997, 751:37-46). We have tested the ability of this fast and easy to 
operate method to detect neuronal cell death in animal models of 
neurodegenerative diseases because such a method is acutely needed to estimate 
the loss of neurons and die potential benefits of various therapies. In hamsters 
intra-ocularly infected with scrapie (263K strain), FJ staining was observed in 
visual pathways (MGN, DGN) before the appearance of clinical symptoms and 
could therefore be a useful tool to study the progression of die disease. 
Surprisingly, in terminally-ill hamsters after intra-cerebral inoculation of 
scrapie, the fluorescence was essentially restricted to astrocyte-like cells. In rats, 
baboons and macaques with ongoing striatal degeneration produced by chronic 
systemic administration of the neurotoxin 3-nitroprop ionic acid (3NP), consistent 
neuronal striatal staining was also found. On die other hand, when animals were 
killed one month after die completion of the 3NP intoxication, only astrocyte-like 
cells were positive for FJ staining. In monkeys killed several weeks after MPTP 
intoxication similar FJ-positive glial-like cells were found within the substantia 
nigra. The FJ-positive glial cells were found weakly immunoreactive for GFAP, 
confirming that they were astrocytes. We are currently studying the possibility 
that FJ-positive cells (neurons and glial cells) show other well characterized 
signs of degeneration such as DNA strand breaks using double-labelling with die 
TUNEL method.
Supported by: CEA, CNRS and INSERM

800.4
FOOD CONSTITUENTS ATTENUATE NEUROTOXIC EFFECTS OF L- 
GLUTAMATE AND N-METHYL-4-PHENYLPYRIDINIUM ION IN PC 12 
CELLS. E.Nazzio and K.F.A. Soliman*. College of Pharmacy 
and Pharmaceutical Sciences, Florida A&M University 
Tallahassee, Florida 32307

The neuropathology of Parkinson's Disease involves 
oxidative stress, free radicals, dopamine autoxidative 
products, defects in the expression of glutathione 
peroxidase, altered calcium homeostasis, excitotoxicity 
and genetic defects in mitochondrial complex I. The 
effect of various compounds were tested against L- 
glutamate (15 mM) or MPP+-HC1 (5mM) induced toxicity in 
PC12 cells. In the present study, compounds which 
effectively suppressed neurotoxicity are known lipid 
soluble potent antioxidants, monoamine oxidase 
inhibitors, xanthine oxidase inhibitors and 
mitochondrial complex I contributing components. 
Compounds effective in attenuating L-glutamate induced 
cell death include actinomycin D, alpha-tocopherol, 
coenzyme Q-0, coenzyme Q-10, L-deprenyl, N-acetyl-L- 
cysteine, nicotine and sesame oil. Compounds which 
provided protection against (+)-MPP-HCl were 
allopurinol, coenzyme Q-10, L-deprenyl, N-acetyl-L- 
cysteine, quinacrine and sesame oil. In both models, the 
most prominent protection was provided by coenzyme Q10 
and N-acetyl-L-cysteine. There were no significant 
protective effects for azulene, ( + )-catechin, clove oil, 
copper sulfate, curcumin, (-)-epigallocatechin gallate, 
garlic oil, grapenol, green tea, morin, pygnogenol, 
rosmary oil, or silymarin at any of the concentrations 

tested.
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800.5
DOWN-REGULATION OF RET AND DOPAMINE 
TRANSPORTER PRECEDED THE REDUCTION OF TH IN MPTP 
MOUSE MODEL OF PARKINSON'S DISEASE. Y Hirata*, K. 
Adachi, S. Muraguchi and K. Kiuchi, Lab. for Genes of Motor Systems, 
Bio-Mimetic Control Research Center, The Institute of Physical and 
Chemical Research (RIKEN), Nagoya 463-0003, Japan.

MPTP and manganese at elevated concentrations are neurotoxic 
and can produce irreversible damage to the central nervous system in 
human and primates. We have previously reported on a model 
system in PC 12 cells designed to characterize apoptosis following 
acute exposure to manganese. Further study showed that receptors 
for trophic factors located in the plasma membrane such as p75 
NGFR, Trk, EGFR and Ret are down-regulated in manganese- 
treated PC 12 cells although the integrity of the membrane seems to 
be preserved. In contrast, the protein level of neuronal marker, 
tyrosine hydroxylase (TH) was not affected by manganese treatment 
(Hirata et al., Soc. Neurosci. Abstr. 24: 1553, 1998). In order to 
explore the role of Ret, a receptor tyrosine kinase for the glial 
cell-derived neurotrophic factor (GDNF) under the stress of 
neurotoxin in vivo, we use MPTP-treated mouse model. The 
treatment of mice with MPTP resulted in down-regulation of Ret and 
dopamine transporter prior to the loss of TH in the striatum. These 
results suggest that some of the membrane proteins are vulnerable to 
attack from neurotoxic substances and that the defect of 
neurotrophic actions through the receptor down-regulation leads to 
neuronal degeneration. (This work was supported by the Frontier 
Research Program.)

800.6

THE DEATH AND THE DYING IN A DEFINED NEURONAL 
POPULATION OF THE ADULT MOUSE BRAIN - IN VIVO 
TIME COURSE ANALYSIS NEURONAL APOPTOSIS IN 
SUBSTANTIA NIGRA PARS COMPACTA AFTER MPTP.
K. Delfani, A.M. Janson*. Dept. of Neuroscience, Karolinska Insti- 
tutet, Doktorsringen 17, S-l71 77 Stockholm, Sweden.

Neuronal death through apoptosis has been established in several 
human neurodegenerative disorders as well as in animal models of 
these diseases. Apoptotic mechanisms are known to be fast in the 
non-mammalian CNS. In analogy, the time course of programmed 
cell death has been estimated to span a few hours in the embryonic 
brain. Here we analyze the course of morphological changes during 
neuronal apoptosis in the lesioned mouse substantia nigra pars 
compacta using ultrastructural and immunohistochemical techniques 
to determine the phenotype of TUNEL-positive cells. Quantitative 
analysis of neuronal loss as well as of apoptotic markers have been 
used to estimate the rate of apoptosis in vivo. We also present data 
comparing different tissue processing protocols to detect apoptosis, 
indicating that several established techniques only identify a minor 
fraction of the apoptotic cell populations. Furthermore, we show that 
the apoptotic neurons remain in the tissue for several days and that 
the TUNEL-positive cells lose their immunohistochemical phenotype 
during the final stage of apoptosis. In conclusion, our data indicate a 
slower apoptotic process than shown in previous studies. Supported 
by the Swedish Medical Research Council (grant 10816).

800.7

MECHANISMS OF DOPAMINE TOXICITY. I. Cantuti-Castelvetri*, and 
J.A, Joseph. USDA, Human Nutrition Research Center on Aging at Tufts 
Univ., Boston, MA 02111.

Previous studies have shown that dopamine (DA) could induce loss of 
viability (as assessed via the MTT assay) in PC 12 cells. This loss is dependent 
on intracellular metabolism of the neurotransmitter, but is independent of 
monoamine oxidase (MAO) metabolism. Moreover, the phenomenon is not 
mediated by DA receptors. Exposure to DA also induced Ca2+ 
“dys regulation’’(recovery) (as assessed viafura-2-fluorescent image analysis). 
Unlike the loss of cellular viability, decrements in recovery were dependent on 
DA metabolism by MAO. In order to further elucidate the mechanisms of DA- 
mediated decreases in cellular viability and recovery, PC 12 cells were 
pretreated with cyclosporin A (50//M and lOO^M) for 30 min, and the 
caspase-3 inhibitor Z-DEVD-FMK (100//M) for 1 hour, before being exposed 
to DA. Results showed that 100//M (but not 50/zM) cyclosporin A pre-
treatment was effective in preventing the DA-mediated decrements in cell 
viability to control levels. However cyclosporin pre-treatment was only 
minimally effective in preventing DA-induced alterations in recovery. 
Caspase inhibition was not effective in protecting the cells from DA toxicity 
on cell viability. These preliminary results suggest that inhibition of 
mitochondrial permeability transition via cyclosporin A, prevents DA-induced 
cellular death, but there appears to be less involvement of caspase-3 enzymes 
in DA-mediated toxicity. Currently we are analyzing the role of other signal 
transduction pathways in DA-mediated cellular death, and the involvement of 
mitochondrial in DA induced calcium dysregulation.
(Supported by USDA Intramural).

800.8

L-DOPA-INDUCED NEUROTOXIC AND APOPTOTIC CHANGES ON 
TRANSDIFFERENCIATED CHROMAFFIN CELLS IN VITRO. A. A. 
Corona-Morales*, A. Castell2, B. Hernandez-Tellez2, A. Escobar3, R,
Drucker-Colinl1'4, R. Salin-Pascual1’5*, Limei Zhang1.1 Depto.Fisiologia,
2Depto. Biol. Celulular y Tisular, Facultad de Medicina, 3lnst Investiga- 
ciones Biomedicas, 4lnst. Fisiologla Celular, Universidad Nacional 
Autonoma de Mexico, Mexico D. F. 04510, MEXICO and sWest 
Roxbury VA Medical Center, Harvard Medical School, MA.
Free radicals from catecholamine oxidative pathway are thought to be 
involved in Parkinson’s disease generation processes. Grafting adrenal 
chromaffin cells (ACC), which undergoing neuronal transdifferencia-tion 
and enhancing their dopamine production in presence of striatal 
neurons (SN), has been used as a therapeutic strategy. Post-operated 
patients were continuously given levodopa. We thought it of interest to 
study the toxic effects of L-DOPA on transdifferenciated ACC. In the 
present study, we made co-culture at rate 1:1 of Wistar rat ACC and 
SN, at two different ages: new born and post-natal 10 days. Three 
different doses of L-DOPA (100, 200, 300 pM) were administrated at 
the 4th day. Culture media were changed every 24 hours. Subsequent 
immunocytochemical studies demonstrated that L-DOPA has a dose- 
dependent toxic effect on transdifferenciated ACC. Both necrotic and 
apoptotic cell deaths were observed. These changes were more 
apparent in the young rat group. These data suggest that therapeutic 
preventive measures during ACC transplantation processes should be 
taken. Supported by UNAM-DGAPA IN 104598.

800.9

PROLONGED DOPAMINE RECEPTOR ACTIVATION REDUCES 
BRAIN KYNURENIC ACID LEVELS AND ENHANCES STRIATAL 
VULNERABILITY IN THE IMMATURE RAT. R, Schwarcz*. A, Rassoul- 
pour and B, Poeggeler. Md. Psych. Res. Ctr., Baltimore, MD 21228.

In immature (PND 14) rats, systemic administration of a DI receptor agon-
ist (SKF 38393) or a D2 receptor agonist (quinpirole) results in substantial de-
creases in the brain content of the endogenous neuroprotectant kynurenic acid 
(KYNA) (Soc. Neurosci. Abstr. 23: 903.14, 1997). This effect is short lasting, 
with KYNA levels returning to basal levels within 3 h. SKF 38393 (5 mg/kg) 
and quinpirole (2 mg/kg) were now administered repeatedly (one i.p. injection 
per h for 3 h) to sustain the KYNA reduction for a longer period of time. Both 
treatments resulted in an extended decrease in forebrain KYNA levels (to 56 ± 
6% and 62 ± 5% of controls, respectively) 1 h after the last injection. These re-
ductions were prevented by pretreatment with the DI receptor antagonist SCH 
23390 and the D2 receptor antagonist raclopride, respectively. Dopamine re-
ceptor agonist-induced decreases in KYNA were also reversed by pretreatment 
with the kynurenine hydroxylase inhibitor Ro 61-8048 (20 mg/kg, p.o.). In sep-
arate animals, repeated injections of SKF 38393 or quinpirole resulted in a 
marked increase in neuronal vulnerability to an intrastriatal injection of NMDA 
(2 gg/1 pi). This pro-excitotoxic effect of prolonged dopamine receptor activa-
tion was prevented by the same pharmacological treatments used to attenuate 
the reduction in KYNA levels. These data confirm the dopaminergic regulation 
of cerebral KYNA levels and further support a role for KYNA in the modula-
tion of neuronal excitability and vulnerability.

Supported by USPHS grants NS 28236 and HD 16596..

800.10

STUDY OF THE PROTECTIVE EFFECTS OF MICROGLIAL CELLS 
ON THE DOPAMINE-INDUCED PC12 CELL DEATH. H.-C. Chiang1;2, Y- 
J. Lin1, and L.-S. Kao1-2*, ‘Institute of Biomedical Sciences, Academia Sinica, 
Taipei, Taiwan, R. O. C., and 2Institute of Biochemistry, National Yang-Ming 
University, Taipei, Taiwan, R. O. C.

Dopamine has been implicated as a source of oxidative stress, to cause the 
death of dopaminergic neurons. It has been shown that dopamine induced the 
death of several different types of cells. In this study, we used PC 12 cells as a 
model system to study the mechanisms involved in the action of dopamine. 
Among the various type of cells examined, C6 glioma cells, 3T3 fibroblast cells 
and PC 12 cells, PC 12 cells are most sensitive to dopamine. The sensitivity of 
the PC 12 cells to dopamine decreased as the cell density increased. Zn2+ and NO 
donors, such as hydroxylamine and sodium nitroprusside, enhanced the effect of 
dopamine. In contrast, the dopamine effect was partially reversed by pre-loading 
PC 12 cells with a Ca2+ chelator, BAPTA. Furthermore, we have found that by 
co-culturing of the PC 12 cells with a cell line derived from human microglial 
cells, C13NJ, the cell death induced by dopamine alone and the enhanced death 
by NO donor and Zn2+ plus dopamine .were completely inhibited.The 
protective effect of co-culture with C13NJ cells did not require the contact 
between the two types of cells because the conditioned medium exhibited 
similar protective effects. In addition to the dopamine-induced cell death, the 
conditioned medium partially protected the PC 12 cell death induced by 
ceramide and A23187. The conditioned medium obtained from murine J774 
macrophages, C6 cells, 3T3 cells, primary rat astrocytes and PC 12 cells showed 
similar protective effect, however, it required higher cell numbers than C13NJ 
cells to obtain the conditioned medium. It appears that cells may secrete some 
factor(s) that protects PC 12 cells from being damaged by dopamine. We have 
partially characterized the molecular identity of the factor; it was heat-stable 
(70°C, 30 min), it could not be extracted by ethyl acetate and its molecular 
weight was smaller than 3000.0ur results provide a further understanding of the 
mechanisms involved in dopamine-induced cell death and may help to find ways 
to prevent the cells from dopamine-induced death. (Sponsored by grants from 
National Science Council NSC 88-2314-B-001-041 and Academia Sinica, Taipei, 
Taiwan)
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800.11
GLIAL ACTIVATION PROTECTS MESENCEPHALIC CULTURES FROM 
CELL DEATH THAT FOLLOWS DEPLETION OF GSH BY L-BUTHIONINE 
SULFOXIMINE. B.C. Kramer*1, T.K. Robakis, C. Mytilineou Department of 
Neurology and 1Fishberg Center for Neurobiology, Mount Sinai School of 
Medicine, New York, New York 10029.

In previous studies, we have shown that the depletion of glutathione 
(GSH) with L-buthionine sulfoximine (BSO), which inhibits GSH synthesis, 
results in delayed cell death in mesencephalic cultures. We have observed 
that the presence of glial cells is necessary for toxicity. Depletion of GSH to 
levels that cause extensive degeneration in the presence of glia, cause no 
loss of cell viability in enriched neuronal cultures. In the present study we 
examined whether the activation of glial cells may play a role in sensitizing 
glia-containing cultures to GSH depletion. It is known that activated glia 
secrete both neurotoxic and neuroprotective compounds. We have used 
lipopolysaccharide (LPS), an endotoxin derived from bacterial cell walls, to 
activate glial cells in mesencephalic cultures. Addition of 1 or 10 pg/ml LPS, 
concentrations that are not toxic to cells, caused a reduction of GSH levels 
in purified astrocytes and in cultures containing both neurons and glia. 
Addition of BSO (10-50 pM for 48 hr) to cultures treated with LPS caused a 
further reduction in GSH. However, LPS treatment was protective against 
BSO-induced cell degeneration. Glial activation by LPS was documented by 
the increase in the number of process bearing microglial cells and GFAP- 
positive astrocytes in the cultures. We also examined whether activation of 
glial cells may protect mesencephalic cultures against other toxic insults. No 
protection by LPS was observed when cultures were treated with the 
dopaminergic neurotoxins 6-OHDA or MPP+. Our results show that glial 
activation can selectively protect against BSO-induced toxicity. Supported by 
The Bachmann-Strauss Dystonia & Parkinson Foundation.

800.12

SURVIVAL PROMOTING EFFECTS OF FGF-2 AND GDNF ON 
MIDBRAIN DOPAMINERGIC NEURONS ARE POTENTIATED BY GAP 
JUNCTION UNCOUPLING AGENTS. D.S.Y. Leung, B. Reuss, and K. 
Unsicker*. Neuroanatomy, University of Heidelberg, INF 307, EU-D-69120 
Heidelberg.

FGF-2 and GDNF are known to promote the survival of midbrain dopa-
minergic neurons both in vitro and in vivo (Otto and Unsicker, J. Neurosci. 
10, 1912-1921, 1990; Unsicker et al., Hdbk. Exp. Pharmacol. 134, pp189- 
224, 1999). Dopaminergic neurons are coupled by gap junctions (gj) during 
initial stages of their development and remain coupled to a significant ex-
tent in the mature state. We show now that FGF-2 increases gap junction 
(gj) coupling, while GDNF decreases coupling between cultured midbrain 
neurons. Moreover, we have asked whether or not the survival promoting 
effects of FGF-2 and GDNF on midbrain dopaminergic neurons can be 
/nodulated by gj-blockers. Serum free cultures were prepared from E14 rat 
ventral mesencephalon and maintained for 7 days in the absence or 
presence, respectively, of 10ng/ml of FGF-2 or GDNF, and various 
amounts of the gj blockers 18a-glycyrrhetinic acid (AGA) or carbenoxolone 
(CBN). On DIV7, tyrosine hydroxylase immunoreactive (TH+) neurons were 
counted. In the absence of trophic factors, both AGA and CBN reduced 
numbers of surviving TH+ neurons in a dose-dependent fashion. Both FGF- 
2 and GDNF were able to prevent the AGA- and CBN-mediated losses in 
TH+ neurons. Surprisingly, low concentrations of AGA (25pM) or CBN 
(35pM), which in the absence of trophic factors reduced neuron survival, 
potentiated the promoting effects of FGF-2 and GDNF as compared to 
unblocked cultures. Thus, closure of gj by itself does not augment survival 
of midbrain dopaminergic neurons, but rather enhances the effects of 
FGF-2 and GDNF. The underlying mechanisms of these effects are cur-
rently being investigated. Supported by DFG/SFB 317.

800.13

ROLE OF ASTROCYTES IN THE DEATH OF DOPAMINERGIC 
NEURONS IN THE NEUROLOGICAL MUTANT MOUSE WEAVER. A. 
DOUHOU, P.P. MICHEL, Y. AGID* and R. RAISMAN-VOZARI. INSERM 
U289, Hopital de la Salpetriere, 75013 Paris, France.

One of the main characteristics of the neurological mutant mouse weaver (wv) 
is the progressive loss of dopaminergic neurons that occurs after birth in the 
substantia nigra pars compacta (SNpc). The cell death process has been associated 
with the mutation of a G-protein-gated inwardly rectifying potassium channel, 
G1RK-2, but the underlying molecular mechanisms remain only partially 
understood. To study a possible role of astroglial cells in this process, we analyzed 
the distribution of GFAP+ (Glial Fibrillary Acidic Protein) and TH+ (tyrosine 
hydroxylase) cells in the SNpc, the ventral tegmental area (VTA) and the striatum 
of homozygous (wv/wv) weaver mice, at various stages of post-natal development, 
using double immunohistochemical labeling techniques. In the SNpc of ww/ww 
mice, there was a progressive loss of dopaminergic neurons starting between P6- 
P15, being maximal (-70%) two months after birth. Neuronal death was correlated 
with a large increase in the number of GFAP+ cells (4-5 fold) reaching a plateau 
between P15-P60. Within the VTA of mutant mice, there was a limited decrease in 
the number of dopaminergic neurons even 2 months after birth. Yet, the number of 
GFAP+ cells was also augmented approximately threefold. Finally, the loss of 
dopaminergic nerve endings which occurs preferentially in the dorsal part of the 
striatum did not lead to any significant change in astrocyte cell number in this 
structure. In summary, our results show that astrogliosis occurs massively in the 
SNpc and the VTA but not in the striatum of wv/wv mutant mice. Astrogliosis was 
associated to severe DA neuronal loss in the SNpc but not in the VTA. Hence, the 
role played by astrocytes in these animals appears to be complex and may depend 
on additional factors which have not been studied yet.
Funded by INSERM and CNRS. P.P.M. was supported by C.R.P.F.(Castres).

800.14

LOCALIZATION OF PARP TO MICROGLIA AFTER INJECTION OF 
KAINIC ACID IN ADULT RODENT CEREBRAL CORTEX K, Gilliams* 
and J.R. Naegele, Dept. of Biology, Wesleyan University, Middletown, CT 
06459

An excess of kainic acid, a glutamate analogue, can lead to overactivation of 
glutamate receptors. When these receptors are overstimulated, neuronal cell 
death occurs due to an inability to reestablish homeostasis. We hypothesized 
that many of the dying cells undergo activation of an apoptotic cascade. 
Consequences are activation of members of the cysteine protease family called 
caspases and cleavage of their respective subcellular substrates, including the 
DNA repair enzyme poly (ADP)-ribose polymerase (PARP). An increase in 
the expression and cleavage of PARP has been postulated to be an early 
indicator of apoptosis.

Male Long Evans rats received stereotaxic injections of kainic acid and the 
brains were processed for immunohistochemistry. We used antibodies against 
ED-1, a lysosomal enzyme in activated brain microglia, to identify the 
lesioned area at various time points after the injection. Further analyses 
focused on the temporal and spatial expression of PARP. To identify the 
cellular identity of PARP positive cells in the lesion sites, double- and triple-
label fluorescent staining experiments were carried out with markers for 
neurons, glia and microglia. In addition, we assessed the extent of DNA 
fragmentation of injured neurons by TUNEL.

The results of the immunostaining experiments showed strong and specific 
patterns of PARP-immunoreactivity within the lesions. ED-1 
immunoreactivity was observed as early as 20 hours post-injection and was 
maintained up to 10 days post-lesion. PARP expression was not detected until 
72 hours post-injection and expression was more restricted, both temporally 
and spatially. Preliminary results suggest early localization of PARP is 
occurring primarily in microglia. Supported by NSF IBN-9600974.

800.15

PRIMARY ASTROCYTES ENHANCE RESISTANCE TO TOXICITY IN 
NEUROBLASTOMA SH-SY5Y CELLS BY REDUCING p53 PROTEIN 
LEVEL. K. Tieu and P.H.Yu*. Neuropsychiatry Research Unit, University 
of Saskatchewan, Saskatoon, SK, Canada, S7N 5E4

Our laboratory previously repeated that human neuroblastoma SH- 
SY5Y cells became more resistant to the toxicity of 6-hydroxydopamine (6- 
OHDA) when they were co-cultured with mouse primary astrocytes. This 
enhanced tolerance required direct and specific adhesion between SH-SY5Y 
cells and astrocytes. We hypothesized that this interaction led to the 
biochemical changes in SH-SY5Y cells and thereby protected these cells 
from toxicity. To study these changes, we co-cultured SH-SY5Y cells and 
astrocytes then used discontinuous Percol gradient centrifugation to quickly 
separate SH-SY5Y cells from astrocytes. Because 6-OHDA has been shown 
to induce apoptosis in various cell lines and since Bcl-2 and p53 are two 
major factors involved in apoptosis, we therefore examined the changes of 
these proteins in the separated SH-SY5Y. From the Western blot analysis, 
there was a significant reduction of p53 protein in SH-SY5Y cells following 
co-culture with astrocytes as compared to the control group. This reduction 
is attributed to the enhanced resistance of the cells to apoptosis induced by 
6-OHDA We are currently assessing whether the levels of p53 and bcl-2 
mRNA are changed.
(This study is supported by Saskatchewan Health and a University 
Graduate Scholarship to KT)

800.16

Inhibition  of  Microglial  function  in  vitro  by  aluminum . BP He and MJ 
Strong*. Neurodegeneration Research Group, The John P. Robarts Research 
Institute, London, Canada.

We have previously demonstrated that chronic A1C13 exposure in New Zealand 
white rabbits induces a reversible motor system degeneration in which significant 
suppression of microglial activation is observed. Moreover, the suppression of 
microglia is associated with functional and neuropathological recovery upon A1C13 
withdrawal. This observation suggests that microglia may play a critical role in the 
induction and/or propagation of the motor neuron degeneration. In order to 
determine whether aluminum is directly toxic to microglia, we used the murine BV- 
2 microglial cell line to test the effect of aluminum on microglia function in vitro. 
Neither organic (aluminum lactate) or inorganic (A1C13) compounds induced 
microglial death through apoptosis, although LPS-stimulated phagocytotic function 
was inhibited in a dose-dependent manner. Similarly, the rate of cell division was 
significantly reduced following aluminum exposure, as was the extent of microglial 
migration. Our preliminary data suggest that microglial cytotoxicity to L929 cells, 
mediated by TNF-a, was also reduced following aluminum exposure of the BV-2 
cells.

The present study demonstrates in vitro that aluminum inhibits microglial function 
in the absence of inducing microglia cell death. In addition, in concert with our 
previous findings of reversal of aluminum-mediated neuronal damage in* vivo that 
correlates with the extent of microglia activation, these findings implies that 
microglia may play a prominent role in neurodegenerative disease states. To 
confirm this hypothesis, further in vitro experiments on the interaction of microglia 
and motor neurons will be carried out.

Acknowledgement: the BV-2 cell is a gift from Professor Elisabetta Blasi, 
Dipartimento di Medicina Sperimentale e Scienze Biochimiche, Universita di 
Perugia, Perugia, Italy.
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800.17

SUCEPTIBELITY OF DEVELOPING HUMAN ASTROGLIA TO FAS- 
MEDIATED DEATH IS INDEPENDENT OF CASPASE-ACTIVATION 
B. Becher, K. Wosik, A. Ezman and J.P. Antel*. Neuroimmunology 
Unit, Montreal Neurological Inst., Montreal P.Q. Canada

The adult human CNS does not express the death receptor Fas (CD95, 
Apo-1) under non-pathologic conditions. However, recent evidence 
suggests that Fas does play a role in the pathogenesis of inflammatory and 
degenerative processes within the CNS. Furthermore, during fetal 
development, immature astroglia transiently express Fas. In this study, we 
show that fetal human primary astroglia express high levels of fas on the 
cell surface, but are resistant to Fas-mediated apoptosis whereas malignant 
Fas-positive astroglia (U251) are susceptible. In order to identify the 
differences in cell death signaling, we compared the presence of Fas- 
signaling components in resistant fetal astroglia to susceptible U251 cells 
and Jurkat T cells. RNAse protection assays revealed that caspase 8 
(FLICE) is absent in the fetal astroglia suggesting that its absence is 
responsible for the resistance of fetal astroglia to apoptosis. However, we 
now demonstrate, that activation with pro-inflammatory mediators renders 
them susceptible to Fas-mediated killing, apparently without increasing 
Caspase 8 levels. Furthermore, this death pathway can not be inhibited by 
the caspase inhibitors IEDT-fmk or zVAD-fmk suggesting an alternative 
death pathway. Our data thus suggest a role for Fas in the developing CNS 
that differs from the classical caspase-dependent death pathway.

Support: Medical Research Council of Canada

800.18

EXOGENOUS MICROGLIA TREATED WITH INTERFERON 
GAMMA (INF- 7 ) SUPPERS DELAYED NEURONAL DEATH.
F. Imai,1*M. Sawada,2,3 H. Suzuki,1 andT. Kanno11 Dept. of 
Neurosurgery, Fujita Health Univ; Toyoake, Aichi 470-1192.2PRESTO, 
Japan Science and Technology Corporation, and 3 Institute for 
Comprehensive Medical Science, Fujita Health Univ.

We have been reported that exogenous microglia enter the brain from 
the blood and migrate into ischaemic hippocampal lesion. Microglia have 
been reported to be either neurotrophic or neurotoxic that have not yet 
been completely difined. In the present study, we investigated the effect 
of exogenous microglia on ischaemic hippocampal lesions.

Microglia were isolated from a primary culture of mixed glial cells 
from newborn mongolian gerbils. To make these exogenous microglia 
identifiable,they were tagged with a lipid-solbuble fluorescent dye. Then 
they were treated with IFN- 7 or lipopolysaccharase (LPS) and injected 
intra-arterially into Mongolian gerbils subjected to ischaemic- reperfusion 
neuronal injury. The effect was estimated by counting terminal 
deoxynucleotidyl transferase- mediated dUTP nick end labeling 
(TUNEL)- positive pyramidal neurons. Microglia treated with LPS or 
without any treatment did not augment ischaemic hippocampal neuronal 
injury, while microglia treated with IFN- 7 reduced TUNEL-positive 
pyramidal neurons. These data suggest the possible new cell therapy 
with microglia for the brain ischaemia.

800.19

Identification and Characterization of an Iron Transporting 
ATPase. D. E, Baranano* H, Wolosker, S.H, Snyder, and C.D. Ferris. The Johns 
Hopkins University School of Medicine, Department of Neuroscience, Baltimore 
MD 21205.

Iron overload contributes to the pathophysiology of several neurologic diseases, 
including Alzheimer’s disease and Parkinson’s disease. While the role of transferrin 
and ferritin in cellular iron uptake and storage are well known, the molecular basis 
for cellular iron mobilization/release remains obscure. Thus, the molecular basis of 
iron related pathophysiology is not known for most of these diseases. Recently, we 
found that heme oxygenases (HOI and HO2) reduce cellular iron levels and protect 
cells from stress-induced cell death. HO’s, with Cytochrome P450 Reductase and 
NADPH, metabolize heme to Biliverdin, CO, and free ferric iron. We wondered 
how HO activity, which releases free cytosolic iron, could result in lower cellular 
iron levels and protect cells. We hypothesize that an iron transport process might 
account for this apparent paradox.

We report the identification of an iron (Fe) translocating ATPase in microsomal 
membranes. Microsomes were prepared by dounce-teflon homogenization in 
isotonic buffered sucrose and stored at -80 C. After incubation in the presence of 
55FeCl3, the microsomes were collected by filtration. The Fe-ATPase activity is 
both time and temperature dependent and requires ATP and Mg++. Non-hydrolyzable 
ATP analogues fail to support 55Fe transport. Fe-ATPase activity is not blocked by 
inhibitors of known ATPases, including oligomycin (luM), Bafilomycin (200 nM), 
Oubain (luM), and Thapsigargin (200 nM). Ortho-vanadate provides partial 
inhibition at 100 uM. The tissue distribution of this activity closely matches that 
of HOI, consistent with its proposed role in iron homeostasis. The HOI 
knockouts show iron overload in their kidney and liver. We found the Fe-ATPase 
activity to be dramatically elevated in these tissues in the knockout. Because of 
high activity in the spleen, where iron is turned over in the reticular endothelial 
system, we studied the activity in a transformed macrophage line, RAW264.7. We 
found that the activity is induced twenty-fold when the cells are exposed to excess 
iron. Future efforts will be directed at molecular cloning of the Fe-ATPase.

800.20

A NOVEL ANALOGUE OF (-)-DEPRENYL HAS SIGNIFICANT NEUROPROTECTIVE 
ACTIONS AGAINST THIAMINE DEFICIENCY-INDUCED NEURONAL CELL DEATH. 1 E 
Kwan.3 L. Lina, 1G.B. Baker*, 2 A, Shuaib,1 R.T. Coutts and1 K.G. Todd.1 Neurochem. Res. Unit, 
Dept. Psychiatry, 2Div. Neurology, University of Alberta, and 3 CV Technologies, Edmonton, 
Alberta CANADA.

Thiamine deficiency (TD), encountered in patients with grossly compromised nutritional status 
and in chronic alcoholics, results in selective diencephalic and brainstem lesions. The 
pyrithiamine-treated rat provides a robust and reproducible model for thiamine deficiency- 
induced encephalopathy. Previous reports showed that daily administration of (-)-deprenyl 
(DEP) to rats afforded significant neuronal protection against brain cell death in areas vulnerable 
to TD. The purpose of the present series of investigations was to assess'the neuroprotective 
potential of a novel DEP analogue, N-methyl,N-propargyl-2- phenethylamine (MPPE). Male 
Sprague Dawley rats were randomly assigned to treatment groups and TD was induced by daily 
injections (sc) of pyrithiamine. The animals were concomitantly injected daily (ip) with either 
DEP, MPPE or vehicle [VEH, (n=6)]. When TD rats that received vehicle showed signs of severe 
thiamine deficiency (loss of righting reflex), they, and animals from each of the drug and control 
groups were sacrificed and the brains harvested for histological assessment. Only 1 MPPE- 
treated animal exhibited neurological symptoms of severe TD at the same time as VEH-treated 
TD rats. Neuronal cell counts obtained from vulnerable areas including thalamic nuclei and 
inferior colliculus showed significant neuronal cell survival in the DEP- and MPPE-treated rats 
(87% and 78% respectively compared to <5% in vehicle-treated controls). Immunohistochemical 
analysis of GFAP-positive astrocytes and ED1-positive macrophages/microglia showed 
significantly reduced numbers of reactive astrocytes and microglia in TD animals treated with 
DEP and MPPE. These results show that MPPE, a novel DEP analogue offers significant neural 
protection in TD, an animal model of selective brain cell death. Supported by the Davey 
Endowment Fund and NSERC.
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801.1

OVEREXPRESSION OF GLYCOGEN SYNTHASE KINASE-30 
DOWNREGULATES HEAT SHOCK FACTOR-1 AND POTENTIATES 
APOPTOSIS. G.N, Bijur*, P. De Samo. R.S. Jope. Dept. of Psychiatry and 
Behavioral Neurobiology, University of Alabama at Birmingham; 
Birmingham, AL 35294.

Glycogen synthase kinase-30 (GSK-30) phosphorylates numerous 
substrates, thus making it a mediator of diverse cellular functions. It has 
been reported that stressors such as oxidative stress, which has been linked 
to the pathogenesis of neurodegenerative diseases, and heat stress 
downregulate GSK-30 activity. Furthermore, overexpression of GSK-30 is 
reported to be pro-apoptotic in some cells. These facts underlie the 
importance of GSK-30 in the pathophysiology of neurodegenerative 
diseases and as a target for therapeutic intervention. To monitor the effects 
of GSK-30 on stress sensitive transcription factors we focused the present 
study on heat shock factor-1 (HSF-1), which is repressed by GSK-30 
phosphorylation, binds DNA robustly in response to oxidative stress and 
heat stress, and is reported to protect cells against stress-induced apoptosis. 
In gel-shift experiments, SH-SY5Y cells treated with H2O2 or heat stress 
time-dependently increased HSF-1 transcription factor DNA binding 
activity. SH-SY5Y cells that were stably transfected for GSK-30 
overexpression had significantly lower basal HSF-1 DNA binding activity 
compared to cells transfected with vector alone. Time-dependent exposure 
of GSK-30 transfected cells with H2O2 and heat stress revealed that these 
cells had significantly lower activation of HSF-1 DNA binding. Stable 
overexpression of GSK-30 did not result in cytotoxicity or alter the basal 
caspase-3 activity compared to untransfected or vector transfected SH-SY5Y 
cells. Overexpression of GSK-30 potentiated the staurosporine-induced 
activation of caspase-3 activity. This study shows the central role that GSK- 
30 plays in mediating stress-responsive transcription factors and apoptosis. 
Supported by NIH grants AG06569 and NS 10795.

801.2

DIFFERENTIAL EFFECTS OF FK506 AND RAPAMYCIN ON APP 
METABOLISM AND STAUROSPORINE-INDUCED APOPTOSIS
N. Sauer, S. Kellermann, G, Konig and F. G. Boess*. Bayer AG, CNS-Research, 
D-42096 Wuppertal

Immunsuppressant drugs like FK506 have anti-apoptotic and neurotrophic 
properties which could be useful for the treatment of neurological disorders. It has 
been suggested that inhibition of the prolyl-cis-trans-isomerase activity of FKBP12 
(a property shared by FK506 and rapamycin) is sufficient to achieve neurotrophic 
effects, while another possible mechanism of action may be inhibition of the 
protein phosphatase calcineurin (mediated by the FKBP12-FK506-complex, but 
not rapamycin). Recently, it has been shown, that FK506 can decrease the PGE2-or 
forskolin-induced increase of APP holoprotein in cultured astrocytes and that 
rapamycin can block the effect of FK506 (Lee, R. et al., J. Neurosci. 19, 940-947,
1999).
We have examined the secretion of the neuroprotective APP fragment sAPPa 
from HEK293 cells stably expressing APP(695) after treatment with FK506 and 
rapamycin. The cells were incubated for 18 h with concentrations from 1 nM to 
1 pM and conditioned medium was collected. Rapamycin did not change sAPPa 
secretion in this cell system, while FK506 (10 nM to 1 pM) increased levels of 
sAPPa. In addition we tested the effect of FK506 and rapamycin on apoptosis in 
neural cell lines. We established a staurosporine-induced cell death model in the 
human neuroglioma cell line H4 and the human neuroblastoma cell line SH-SY5Y. 
Two concentrations (100 nM, 1 pM) of FK506 and rapamycin were tested. Only 
FK506 was able to reduce staurosporine-induced apoptosis, while rapamycin was 
ineffective.
These results support the hypothesis that neuroimmunophilin ligands under the 
conditions used, could be effective for the treatment of neurodegenerative 
disorders such as Alzheimers disease.
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801.3

OVEREXPRESSING SUPEROXIDE DISMUTASE AND GLUTATHIONE PEROXIDASE INTO 
CORTICAL NEURONS USING ADENOVIRUS VECTORS INCREASES CELL RESISTANCE TO 
AMYLOID B-MEDIATED NEUROTOXICITY. M, Barkats, S. Millecamps, C. Icard-Lieokalns* 
and J. Mallet. Laboratoire de Genetique Moleculaire de la Neurotransmission et des 
Processus Neurodegeneratifs (LGN) CNRS UMR C9923, Paris, 75013.

Oxidative stress may constitute a final common mechanism for cell death in 
many neurodegenerative diseases, including Alzheimer’s disease. An increasing number of 
studies suggest the involvment of oxygen free radicals in AB induced cell death, and a 
central role of hydrogen peroxide (H2O2), superoxide radical (O2), and peroxynitrite 
formation, has been proposed. Increasing the antioxidant potential of cells is therefore a 
conceivable strategy to prevent the neurotoxic effects of AB, and to clarify the role of free 
radicals in AD pathogenesis. The superoxide dismutase enzyme (SOD) can prevent the 
accumulation of 02' by catalyzing its conversion to H202, which is further converted into 
H20 by catalase and glutathione peroxidase (GPx). Virai-mediated neuronal transfer of 
genes encoding antioxidative enzymes like SOD or GPx is an attractive method to increase 
the antioxidant defense mechanism of the cells. We have constructed replication-defective 
recombinant adenoviruses carrying the human Cu/Zn SOD (Ad-SOD1) and the bovine GPx 
(Ad-GPx) cDNAs under the control of the RSV promoter. In this study, we analyzed the 
capacity of these viral vectors to produce functional antioxidative enzymes into neuronal 
cortical cells after in vitro cell infection. The expression of the exogenous proteins was 
also investigated in vivo after stereotactical inoculation of the adenoviruses into the rat 
hippocampus. We then tested the ability of these ‘antioxidative’ vectors to render 
embryonic cortical neurons resistant to AB-induced neurotoxicity. In this model, Ad-S0D1 
and Ad-GPx were found to exert a neuroprotective effect on the cortical cell death induced 
by the AB 25-35 neurotoxic fragment These results demonstrate the implication of free 
radicals in AB neurotoxicity, and the protective potential of Ad-SOD and Ad-GPx against 
this toxicity.
This work was supported by the EEC Biotech IV contract (PL 96.0743).

801.4
TAU FRAGMENTS AS EFFECTORS OF APOPTOSIS. M. Visintin? G. 
Ugolini.1 L. Fasulo? A. Bradbury,1 V. Verzillo? M. Novak.1,2 and A. Cattaneo1*.
’Neuroscience Program, International School for Advanced Studies (SISSA), Via 
Beirut 2-4, 34013 Trieste, Italy. 2Institute of Neuroimmunology, Slovak Academy 
of Sciences, Dubravska Str.9, 84246 Bratislava, Slovak Republic.
Tau is a neuronal microtubule-associated protein promoting microtubule assembly 
and stability. Mutations and post-translational modifications of tau underlie several 
neuropathological conditions, collectively known as tauopathies. Recent evidence 
showed that tau is endogenously truncated in Alzheimer’s disease neurons (Ugolini 
et al., 1997, NeuroReport 8, 3709-3712). We demonstrated that the ectopic 
expression of a tau fragment (t  151 -391) induces cell death in COS cells (Fasulo et 
al., 1998, Alzheimer’s Reports 1, 25-32). In order to identify the maximum 
fragment still endowed with full apoptotic properties, we engineered three sets of 
tau mutants (C-terminal extensions, N-terminal extensions, N- and C-terminal 
truncations of x 151 -391) and expressed them in COS and NT2 cells in experiments 
of transient transfection. We observed that both proline-rich regions and the 
microtubule-binding domain contribute to the apoptotic effect of the fragments, 
while the last 19 aminoacids display protective properties. Thus we identified a 
sharp “transition point” in the carboxy-terminal portion of tau, located at residue 
Asp-421, which coincides with one of the three caspase-3 putative cleavage sites. 
In vitro proteolysis with that protease showed that only the Asp-421 cleavage site 
is effectively cleaved by caspase-3. This work, together with data from an in vitro 
model of neuronal apoptosis (Canu et al., 1998, J. Neurosci. 18, 7061-74) 
demonstrates that tau is, at the same time, a “substrate” and an effector of 
apoptosis, suggesting that it could be involved in a feedforward mechanism 
affecting neuronal viability in various neurodegenerative disorders.

801.5

MEASUREMENT OF CASPASE-CLEAVED ACTIN IN RAT BRAIN 
SYNAPTOSOMES BY FLOW CYTOMETRY. K.H. Gylys*, J.A. Fein, and G.M. 
Cole. UCLA School of Nursing, Box 956919, L.A., CA; Sepulveda VAMC GRECC, 
Sepulveda CA 91343 and UCLA Depts. Med. and Neurol., L.A., CA 90095.

In an project aimed at early identification of synapse loss in Alzheimer’s disease, 
we have developed methods for the analysis of synaptosomes (resealed nerve terminal 
particles) using fluorescence activated cell sorting (FACS). Previous work (Wolf and 
Kapatos, 1989) has demonstrated that synaptosomes prepared from rat brain can be 
characterized based on size, membrane potential, and cell surface markers to identify 
subpopulations (glial, neuronal, TH positive populations). We have extended this 
previous work to include 1) measurement of intracellular antigens through the use of 
gentle paraformaldehyde fixation (0.25%) followed by permeabilization with a 
detergent (Tween 0.2%) and 2) double labeling techniques to measure colocalization 
of cellular markers of interest. For the present study we have used an antibody 
directed against SNAP-25 to definitively identify the neuronal particles in the 
preparation, and an antibody (“fractin”) which detects actin cleavage fragments to 
detect caspase activation. Results show that SNAP-25 labels 43%(±13) of the total 
particles measured in our synaptosome preparation. However, when a data analysis 
‘gate’ is drawn to isolate the largest particles (largest 5%) and adjusted to exclude 
background staining, 99% (±.05; mean # particles/experiment = 7888) of the gated 
particles are specifically labeled with SNAP-25. Induction of oxidative damage by 
iron treatment resulted in a statistically significant increase in synaptosomal fractin 
staining within the data analysis gate. These results support the hypothesis that 
caspase activation in distal neuronal terminals may precede changes observed with 
conventional nuclear markers, and indicate the usefulness of this method for 
quantitative measurement of neuronal markers of interest in fresh brain tissue. 
Supported by NIA AG1374I to GMC.

801.6

ESTROGEN DOES NOT ATTENUATE THE LOSS OF CHAT-POSITIVE 
NEURONS IN THE BASAL FOREBRAIN PRODUCED BY NEUROCHEMICAL 
LESIONS OR FIMBRIA TRANSECTION P. Aggarwal* and R.B. Gibbs. University 
of Pittsburgh School of Pharmacy, Pittsburgh, PA 15261.

Loss of cholinergic neurons in the basal forebrain has been implicated in 
Alzheimer’s-related dementia. Recent research has shown that estrogen can have 
neuroprotective effects in the brain. The present study examined whether estrogen 
replacement would protect against the loss of basal forebrain cholinergic neurons 
produced by either neurochemical or mechanical brain injury.

Ovariectomized, Sprague-Dawley rats received either 3 mm silastic capsules 
containing 17-P-estradiol crystals (implanted s.c.) or sham surgery. One week later, 
animals received either unilateral injections of ibotenic acid (10 pg in 1 pL PBS) into 
the nucleus basalis magnocellularis (NBM) or unilateral transection of the fimbria. 
Two weeks later, animals were perfused and sections through the NBM and medial 
septum (MS) were processed for immunocytochemical detection of choline 
acetyltransferase (ChAT). Some animals with fimbria transection were also 
processed 3 months following injury. ChAT+ cells in the NBM and MS were 
quantified and compared.

Injections of ibotenic acid significantly reduced the number of ChAT+ cells in the 
NBM (-74.0% relative to the uninjured side). Fimbria transection likewise produced 
a significant decrease in the number of ChAT+ cells in the MS at 2 weeks (-51.8% 
relative to the uninjured side), but not at 3 months, following injury. In the NBM, 
significantly more ChAT+ cells were detected on the uninjured side of E-treated vs. 
non-E-treated animals; however, no evidence for an estrogen-mediated decrease in the 
loss of ChAT+ cells following either ibotenate injection of fimbria transection was 
detected. These data suggest that E-treatment does not protect cholinergic neurons in 
the MS or NBM from the effects of neurotoxic or mechanical injury.

Supported by NSF Grant #IBN-9630851 and NIH Grant #NS28896.

801.7

APOPTOTIC PROTEIN EXPRESSION IS CHANGED IN CHOLINERGIC 
DENERVATION AND HIPPOCAMPAL SYMPATHETIC INGROWTH IN RAT 
HIPPOCAMPUS. K.Kolasa*. D.S.Parsons. L.E.Harrell. Alzheimer’s Disease Ctr, 
Dept. Neurology, VA & University of Alabama Med.Ctr., Birmingham, AL 35294

Following cholinergic denervation (CD) of hippocampus by medial septal 
lesions, an unusual neuronal reorganization occurs in which peripheral adrenergic 
fibers, arising from superior cervical ganglia, grow into hippocampus (hippocampal 
sympathetic ingrowth-HSI). A similar process, in which sympathetic noradrenergic 
axons invade hippocampus, may occur in Alzheimer’s disease (AD). Even after 
developement, apoptosis may play an important role in hippocampus. Understanding 
apoptosis involves the characterization of several different proteins which positively 
and negatively modulate apoptosis. In our studies we measured the activity of the 
caspases, using fluorometric assay, and the expression of inducers and inhibitors of 
apoptosis in membranes, cytosol and mitochondria of rat hippocampus, using Western 
blots. We found that alterations in the distribution and expression of apoptotic 
proteins were dependent on specific fraction and experimental groups. In HSI and CD, 
bcl-2 and bcl-x optical density was increased when compared to the controls (C) 
expression, mostly within mitochondria. FAS and FAS-ligand were most abundant in 
mitochondria and evenly expressed in all groups. In membranes, they were detected in 
HSI and CD but not C. CPP32, was detected in all 3 fractions, with the highest level 
of expression in the mitochondrial fraction of HSI compared to C. In AD 
hippocampus, Notch-1 protein has been found to be elevated. Further, its expression 
in adult mouse and human hippocampus suggests a role in neuronal plasticity.
Thus,we are studying its distribution and expression in our animal model, normal 
human and AD hippocampal tissue. The 120kDa isoform of Notch-1 is expressed 
mostly in animals, with the 300kDa isoform found mainly in human tissue. The 
present results suggest that the apoptotic cell death may be involved in the cholinergic 
denervation and hippocampal sympathetic ingrowth. Supported by: VA Merit Review

801.8

Natural Cell Death Occurs in Dopamine Neurons of the Substantia nigra of Mice
V. Jackson-Lewis*, G. Liberatore1. J. Liu2, K.L. O’Malley2 and S. Przedborski1. Dept.
of Neurology & Pathology, Columbia University, New York, NY; and 2Dept. of 

Anatomy and Neurobiology, Washington University, St. Louis, MO.
During development, neuronal populations undergo natural cell death. 

Controversy exists as to the occurrence of this phenomenon in dopamine (DA) 
neurons in the substantia nigra pars compacta (SNpc) of mice. To address this issue, 
we used light and electron microscopy in the SNpc of mouse pups aged postnatal day 
(PND) 2 to PND32. We found shrunken SNpc neurons, whose nuclei exhibit 
chromatin clumps, intermingled with normal looking SNpc neurons. Some, but not all 
of these apoptotic SNpc neurons were still expressing tyrosine hydroxylase (TH), 
confirming their DA nature. These abnormal neurons also exhibited evidence of DNA 
fragmentation and of activated caspase 3. In electron microscopy, their cytosol 
appeared electron dense and contained preserved mitochondria while their nuclei 
appear highly and evenly condensed with occasional bleb formation. To assess 
whether during development the number of SNpc DA neurons in the mouse is 
regulated to match the number of post-synaptic neurons of the striatum, we destroyed 
intrinsic striatal neurons by a local unilateral injection of quinolinic acid (QA). One 
day post-lesion, there was a significant increase in the numbers of apoptotic cells in 
the SNpc on the side of the lesioned striatum. Furthermore, overexpression of human 
BCL-2 under the control of a 2.5 kb rat TH promoter attenuated the QA-induced 
increase in apoptosis in the mouse SNpc. Collectively, these studies provide 
compelling evidence that developmental cell death with the morphology of apoptosis 
does occur in the SNpc of the mouse.

Supported by the NINDS, the NIMH, the Department of Defense, the PDF, 
and the Lowenstein and Smart Foundations.

Society  for  Neuroscience , Volume  25, 1999



WEDNESDAY PM NEURONAL DEATH: NEURODEGENERATION II 2017

801.9

ANALYSIS OF mRNAS OVEREXPRESSED IN SUBSTANTIA NIGRA 
FOLLOWING DEVELOPMENTAL AXON-SPARING STRIATAL TARGET 
INJURY. N. Kholodilov1*, M. Neystat1, and R.E. Burke12. Depts. of1 Neurology 
and 2Pathology, Columbia University, New York, NY 10032.

We have shown that a unilateral axon-sparing lesion of the striatal target 
during development results in an induction of programmed cell death (PCD) 
within the substantia nigra (SN). In order to identify genes which play a role in 
PCD or in compensatory responses in surviving neurons , we have used the 
mRNA differential display approach in this unilateral model. We have 
previously reported on the identification of synuclein ( Neurology 48:A322, 
1997) and cytosolic branched-chain amino acid aminotransferase (Abstr 
SFNS 23:631, 1997) as expressed in surviving neurons. We have now 
identified other regulated mRNAs. We have cloned and sequenced 191 cDNA 
fragments corresponding to mRNAs overexpressed. Based on BLAST search 
in GenBank we identified over 120 sequences highly homologous to known 
genes. Some of these are known to be involved in cell cycle regulation, 
apoptosis or neurodegenerative diseases. One sequence (#126) is highly 
homologous to human retinoblastoma-binding protein 1 (RBBP1). Its 
overexpression has been confirmed by RT-PCR, Northern analysis and in situ 
hybridization (ISH). Other mRNAs have been confirmed as overexpressed by 
Northern analysis, RT- PCR and ISH, including human tpr (which is involved 
in oncogenesis ) (#111-2), rat thymosin beta-4 (#55) and human ubiquitin-like 
protein (PIC 1) (#71-2). An mRNA homologous to the RC6-1 subunit of the rat 
proteasome (#138) has been confirmed to be overexpressed by RT-PCR and 
ISH. We have also identified homologous sequences to human hepatic 
leukemia factor (HLF) (#43-21) and mouse topoisomerase-inhibitor 
suppressed gene (TIS) (#97-1), but we have confirmed their upregulation only 
by PCR, probably because of lower abundance of these mRNAs.
NS 26836, PDF, Lowenstein, Smart Foundations.

801.10
POTENTIAL INVOLVEMENT OF OXIDATIVE STRESS IN THE APOPTOTIC 
DEATH OF DOPAMINERGIC NEURONS IN THE SUBSTANTIA NIGRA 
DURING DEVELOPMENT
L. Groc1,2’3'4*, L. Bezin1,4, J.A. Foster1, D. Weissmann4, R.A. Levine1,2,3.
’Gossett Neurol. Labs, Henry Ford Hospital, ^Detroit VAMC, 3Dept. Pharm. Sci, 
Wayne State University, Detroit, Ml; 4Lab. Neuropharmacologie Moleculaire 
CNRS-UMR5542, F-69008 Lyon, France.

In rats, naturally occurring cell death via apoptosis has been reported in the 
developing substantia nigra, culminating during the perinatal period. 
Understanding the currently unidentified mechanisms underlying apoptotic 
death of these neurons in development may shed light on causes of their 
premature death in Parkinson’s disease. Our previous results demonstrated 
the inability of deprenyl, an inducer of antioxidant mechanisms, to rescue nigral 
dopaminergic neurons which normally undergo apoptosis during development. 
We have investigated the degree of oxidative stress in the substantia nigra and 
striatum of rats at postnatal days (PND) 3, 8, 14, and 42 by measuring lipid 
peroxidation (concentration of malonaldehyde and 4-hydroxyalkenals). The 
activities of antioxidant enzymes (superoxide dismutase, catalase, and 
glutathione peroxidase) were also measured at these times. Levels of lipid 
peroxidation increased progressively during development in both substantia 
nigra and striatum. During the apoptotic period (PND3), the level of lipid 
peroxidation was at the the lowest point. Superoxide dismutase activity 
increased progressively in substantia nigra and striatum, culminating in 
adulthood (PND42). Catalase activity was constant in both structures except for 
an increase at PND8 in the substantia nigra. Gluthatione peroxidase activity 
was unchanged in both substantia nigra and striatum at all time points. These 
results are consistent with the speculation that during the main apoptotic period 
(PND3) in the nigra, oxidative stress is not the major apoptotic pathway.

801.11

TIME COURSE AND MECHANISM OF CELL DEATH FOLLOWING A 6- 
HYDROXYDOPAMINE LESION OF THE NIGROSTRIATAL PATHWAY IN 
RATS. Christina L. Zuch1*, Lori A. Briedrick1, Vivian K, Nordstroem1, G. 
Hoemig1, Ann-Charlotte Granholm1 and Paula C. Bickford1,2. ’Univ. of Colorado 
Health Sci. Ctr. and 2Dept. of Veterans Affairs Med. Ctr., Denver, CO.

Parkinson’s disease (PD) is a progressive neurodegenerative disorder that 
affects dopaminergic neurons of the nigrostriatal pathway. 6-Hydroxydopamine (6- 
OHDA) has been used extensively in animal studies of PD since it is taken up 
selectively into nigrostriatal neurons and induces their death. The mechanism of 
dopaminergic cell death in Parkinsonian patients or following a 6-OHDA lesion has 
not been conclusively established. Additionally, the temporal onset of 6-OHDA- 
induced cell death in animal studies utilizing 6-OHDA has not been precisely 
determined. Therefore, we administered 6-OHDA (9 pg in 4 pi saline/0.02% 
ascorbate) unilaterally into the median forebrain bundle of adult male Sprague 
Dawley rats and sacrificed the animals at 6, 12, 24, 36, 48, 72 or 96 hours following 
the lesion to examine the time course and type of cell death. 40 pm sections through 
the substantia nigra (SN) were stained with Fluorojade, a marker of neuronal 
degeneration, and with an antibody to tyrosine hydroxylase (TH). TUNEL analysis 
was performed on 4 pm sections of SN. Death of SN neurons on the lesioned side, 
as indicated by Fluorojade staining, begins 12 hours post-lesion, increases at 24 
hours and stays elevated over the remaining time points examined. In comparison to 
the non-lesioned hemisphere, there is a trend toward increased TH staining at the 6 
and 24 hour time points. TH staining gradually decreases over the later time points 
on the lesioned side. Preliminary experiments indicate that a portion of neurons 
were positive for TUNEL staining 48 hours after the lesion, indicating the presence 
of apoptotic cells. Thus, it appears that SN cells begin to die as early as 12 hours 
post-lesion but that TH-positive cells do not decline until later time points. 
Supported by the VAMRS, AG00728 and AG04418.

801.12
PYRIDINYL IMIDAZOLE COMPOUNDS RESCUE DOPAMINERGIC 
NEURONS FROM APOPTOTIC CELL DEATH. W.M. Zawada,1* M.K, 
Meintzer? C. Sable.2 C.R. Freed? and K.A. Heidenreich2,3. ‘Div. Clin. Pharmacol.. 
Depts. Med. & 2Pharmacol., Univ. Colorado School of Medicine, ’Denver Veterans 
Administration Medical Center, Denver, CO 80262.

Parkinson's disease is marked by a progressive loss of dopamine neurons 
occurring, in part, by an apoptotic mechanism. To examine the role of p38 MAP 
kinase in apoptosis of dopamine neurons we studied the effects of pyridinyl 
imidazole compounds (PD169316, SB203580, and SB202190), putative p38 MAP 
kinase inhibitors, on apoptosis induced by serum withdrawal in E15 rat ventral 
mesencephalic cultures. Serum withdrawal reduced the number of surviving 
dopamine neurons to 10% of serum controls and PD169316 (10 pM) completely 
prevented dopaminergic cell death. The number of attached apoptotic cells 
increased from 1.4% to 14% following serum withdrawal. PD169316 blocked the 
increment in apoptosis by -90%. Protective effects of the SB compounds were less 
than than those of PD 169316. Under basal conditions in the presence of serum, p38 
MAP kinase activity was very low although kinase levels were present as detected 
by Western blotting. Serum withdrawal had no detectable acute effect on p38 
activity but lead to upregulation of the enzyme after 16-20 hrs. Upregulation of 
p38a was completely blocked by PD 169316. In contrast, JNK activity was high 
under basal conditions and serum withdrawal had no effect on the activity or levels 
of this enzyme. PD 169316, and to as lesser extent SB203580, markedly blocked 
endogenous JNK activity. These data suggest that the pyridinyl imidazole 
compounds block apoptosis in dopamine neurons by inhibiting endogenous JNK 
activity and preventing p38 upregulation. We conclude that simultaneous inhibition 
of p38 MAP kinase and JNK signaling is highly effective in protecting dopamine 
neurons from apoptosis. Inhibitors of stress-activated protein kinases may be 
beneficial in preventing apoptosis during brain transplantation and in the treatment 
of neurodegenerative diseases involving enhanced apoptosis. Supported by 
NS 18639, NIGMS GM07063, the NPF and VA Merit.

801.13

PROTEIN EXPRESSION OF CDK5 AND ITS ACTIVATOR P35 IN MODELS 
OF INDUCED PROGRAMMED CELL DEATH IN SUBSTANTIA NIGRA.
T.F. Oo1 and R.E. Burke12*. Depts. of1 Neurology and 2Pathology, Columbia 
University, New York, NY 10032.

We have shown that natural cell death with the morphology of apoptosis 
occurs postnatally in dopamine neurons of the substantia nigra (SN), and that 
this death event can be induced either by developmental striatal target injury 
(PNAS, 1994) or by intrastriata, destruction of dopamine terminals with the 
neurotoxin 6OHDA (J Neurosci, 1997). In the target injury model, we have 
shown that apoptotic profiles stain intensely for cdk5 (Neurosci Lett, 1997). 
This kinase is of particular interest in relation to degenerative neurologic 
disease, because it phosphorylates neurofilament and tau proteins. To 
determine the generality and functional significance of this cdk5 expression, 
we have here used immunohistochemistry (IHC) to examine its expression at 
a cellular level in a second model, that induced by 6OHDA. In addition, in the 
target injury model, we have examined the protein expression of the cdk5 
activator p35. Seven day old rat pups underwent unilateral striatal injection of 
either quinolinic acid (QA) or 6OHDA to induce target or terminal injury, 
respectively. 6OHDA-injected pups were studied at postlesion day (PLD) 4; 
QA-injected at PLD2. In the 6OHDA model, IHC for cdk5 (Santa Cruz C-8) 
revealed intensely positive cdk5 staining in apoptotic profiles in SNpc at 
PLD4. None of the profiles demonstrated preserved cytoplasmic features, 
and some appeared to be breaking up, suggesting that cdk5 expression is a 
late event in cell death. In the QA model, IHC for p35 with SC C-19 (carboxy 
terminus) demonstrated intense staining within apoptotic profiles. Attempted 
staining for the N-terminus with SC N-20 was negative, suggesting that the 
activator is present in an N-truncated form. We conclude that cdk5 
expression is a general feature of apoptotic neuronal death in SN neurons, 
and that it is likely to be functional, given the co-expression of p35.
NS 26836, PDF, Lowenstein, Smart Foundations.

801.14

EXPRESSION OF CDK5 AND ITS ACTIVATORS P35 AND P67 IN 
SUBSTANTIA NIGRA IN A MODEL OF INDUCED PROGRAMMED CELL 
DEATH. M. Neystat1*, ML Rzhetskava1, A. Wilson1, O Yarvoina1, T.F. Oo1, N. 
Kholodilov1, and R.E. Burke1*. Depts. of 1Neurology and 2Pathology, 
Columbia University, New York, NY 10032.

We have shown that natural cell death occurs in dopamine neurons of the 
substantia nigra (SN), and that this death event can be induced by early 
striatal target lesion. Many studies have shown that cell cycle-dependent 
proteins are expressed during programmed cell death (PCD). Cyclin- 
dependent kinase 5 (cdk5), while homologous to other cdks, is unique in that 
it is predominantly expressed in post-mitotic neurons, and its kinase activity is 
not dependent on associations with cyclins, but rather with activator proteins, 
including p35, p39 and p67. We have shown that cdk5 protein is prominently 
expressed within apoptotic profiles in induced PCD in SN following striatal 
target lesion (Henchcliffe & Burke, 1997). To better understand the molecular 
basis of this expression, we have examined mRNA expression of cdk5 and its 
activators p35 and p67 by Northern analysis, ribonuclease protection assay 
(RPA) and in situ hybridization (ISH). Riboprobes for each mRNA were made 
from cDNAs which had been generated by RT-PCR on SN total RNA extracts, 
using sequence-specific primers for each mRNA. Northern analysis revealed 
two transcripts for cdk5 mRNA, at 1.8 and 2.6 kb, in SN postnatally, and 
expression in SNpc was identified by ISH. Expression of p35 mRNA in SN 
postnatally was demonstrated both by RPA and ISH. Northern analysis 
revealed a single transcript for p67 at 4.0 kb. RPA revealed no induction of 
mRNAs for cdk5, p35 or p67 in SN at 4, 24 or 48 hours post striatal lesion. 
SN cdk5 kinase activity was increased at 24 hours, at the time of maximum 
induction of cdk5-positive apoptotic profiles. We conclude that induced PCD 
in SN is associated with increased cdk5 protein expression which is mediated 
at a post-transcriptional level.
NS 26836, PDF, Lowenstein, Smart Foundations.
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801.15
ALKALOIDS FROM ANNONA MURICATA (SOURSOP) ARE TOXIC 
TO DOPAMINERGIC NEURONS: POTENTIAL ROLE IN THE 
ETIOLOGY OF ATYPICAL PARKINSONISM IN THE FRENCH WEST 
INDIES. A. Lannuzel*1, P.P. Michel2, J. Abaul1, Y. Agid2, M. Ruberg2, and D. 
Caparros-Lefebvre1. ’CHU, Service de Neurologie and UFR Sciences, 97159 
Pointe-a-Pitre, 2INSERM U289, Hopital de la Salpetriere, 75013 Paris, France.

In the French West Indies, there is an abnormally high frequency of levodopa- 
resistant parkinsonism, closely resembling progressive supranuclear palsy and 
the neurological syndrome of Guam. Epidemiological and clinical evidence 
suggests that the disease may be caused by repeated consumption of fruits and 
herbal teas from tropical plants. Annona muricata (corossol or soursop) has been 
specifically implicated. To test the hypothesis that soursop may be responsible 
for the neurological syndrome, we have exposed mesencephalic dopaminergic 
(DA) neurons in culture to the total alkaloid extract (totum) and to two of its 
purified subfractions, coreximine and reticuline. After 24 hours, 50% DA 
neurons were lost with 20 pg/ml totum, 5 pg/ml (16 pM) coreximine or 100 
pg/ml (330 pM) reticuline. The high-affinity dopamine uptake transport system 
which attests to the function of DA neurons was similarly impaired. Nuclear 
condensation and fragmentation was detectable in dying neurons, suggesting that 
neuronal death occurred by apoptosis. Supplementation of the culture medium 
with glucose and/or serum proteins prevented neurodegeneration. The glutamate 
receptor antagonists MK-801 and CNQX were not protective suggesting that 
neuronal death was not excitotoxic. In summary, our data demonstrate that 
alkaloids from Annona muricata can exert potent neurotoxic effects on DA nerve 
cells in vitro. It is therefore conceivable that repeated use of this plant could lead 
to neurological deficits resulting in parkinsonism.
Financial support provided by INSERM (APEX) and CHU Pointe-a-Pitre (Guadeloupe). P.P.M. was 
supported by C.R.P.F., Castres, France.

801.16

TOXIC ACTION OF HOMOCYSTEINE ON DOPAMINERGIC 
NEURONS IN RAT PRIMARY CELL CULTURE.

Commissiong.2 ’Div. Neurol., Inst. Neurol. Sci., Tottori Univ. Fac. Med., 36-1 
Nishimachi, Yonago 683-8504, Japan; 2Neurotrophic Biosci. Inc., 96 Skyway 
Avenue, Toronto, Ontario, Canada M9w 4Y9

Hyperhomocysteinemia (HHC) has been reported in patients with Parkinson’s 
disease (PD). homocysteine (HC) is a sulfhydryl amino acid formed by 
demethylation of methionine. In patients with PD, we have found a significantly high 
incidence of Ala677Val mutation in the methylenetetrahydrofolate reductase gene, 
which is associated with mild HHC. HC is an NMDA-receptor mediated 
hyperexcitatory neurotoxic agent. We tested the effect of HC on rat mesencephalic 
dopaminergic neurons (MDNs) in culture to assess a possible link between HHC and 
degeneration of MDNs in PD. Serum-primed/serum-free microisland cultures of 
ventral mesencephalon, containing 20% dopaminergic neurons and <5% glia were 
used. At 6 days in culture (DIV6), when robust neurite growth and a mature 
neuronal morphology are usually evident, the cultures were treated with HC for 24 hr, 
and double-stained at DIV7 to identify tyrosine hydroxylase (TH) and microtubule- 
associated protein (MAP2) as markers for dopaminergic neurons and all neurons 
respectively. The percentage survival of 7TF neurons was 50.0*, 19.8*, 9.2*, 2.6* and 
0* of control, in response to 2.5, 3.8, 5.0, 6.3 and 7.5 mM HC respectively (N=16, 
p<0.0001 ANOVA, *p<0.05 vs control). General neuronal survival (MAP2') was 
not affected by 2.5 and 3.8 mM HC, but was significantly decreased in response to 5.0, 
6.3 and 7.5 mM HC. The results indicate that dopaminergic neurons are more 
vulnerable to HC, compared with non-dopaminergic neurons. HHC may therefore 
cause selective degeneration of dopaminergic neurons in PD. Supported by the Min. 
Edu. & Sci., and the Min. Health & Welfare, Govt, of Japan.

801.17

SELECTIVITY OF THE CELL DEATH INDUCED BY NITRIC 
OXIDE (NO) IN DOPAMINERGIC NEURON. T. Yamamoto1*. K. 
Yuyama1, K, Nakamura1. T, Kato1 and H, Yamamoto2. ’Lab. of Mol. 
Recognition, Grad. School of Integrated Sci., Yokohama City Univ., 
Yokohama 236 & 2Dept. of Psychopharmacol., Tokyo Institute of 
Psychiatry, Tokyo 134 Japan.

We have previously shown that nitric oxide (NO) donors produced 
apoptotic cell death in undifferentiated PC 12 cells at a relatively low 
concentrations (10-100 uM). In this study we further investigate the 
cell-type selectivity and sensitivity against NO toxicity using several 
cell lines, PC12, NB69, NG108-15 and C6 cellls. The human NB69 
neuroblastoma and rat pheochromocytoma PC 12 cells have been 
characterized as a model system for dopaminergic neurons. After the 
exposure of NO-donor, NOR3 (1-100 uM) for 24 h, both NB69 and 
PC 12 cells died about 50 % and 95 %, respectively. Fluorescence 
microscopy after Hoechst-33258 staining of chromatin and agarose gel 
electrophoresis of DNA showed apoptotic cell death. Unlike NB69 
and PC 12 cells, however, NOR3 did not induce cell death in NG1 OS- 
15 and C6 cells. Furthermore, in primary culture neurons from rat 
midbrain tyrosine hydroxylase (TH) positive neurons were selectively 
died after exposure of NOR3. These findings suggest the possibility 
that some cell-type, such as dopaminergic neuron, have high 
sensitivity against NO toxicity. We are now examining the molecular 
basis of this cell-type selective properties of NO toxicity.

801.18

THE pi-ADRENOCEPTOR AGONIST XAMOTEROL PROTECTS DOPAMINERGIC 
NEURONS FROM APOPTOSIS. P.P. Michel*1-2, M. Marien2, M, Ruberg1, F, Colpaert2, and 
Y, Agid1 ’INSERM U289, Hopital de la Salpetriere, 75013 Paris, and 2Centre de Recherche 
Pierre Fabre, 81106 Castres, France.

It has been proposed that the neurotransmitter noradrenaline plays a key role in the 
compensatory mechanisms attributed to the locus coeruleus in different models of acute or 
chronic neurodegeneration (Colpaert F. et al., 1993). To further test this hypothesis, we 
examined the potential neuroprotective effects of the pi-selective adrenoceptor agonist 
xamoterol, using a culture model in which mesencephalic dopaminergic (DA) neurons die 
progressively by apoptosis (Michel P.P. and Agid Y., 1996). Treatment of the cultures with 
xamoterol (50-1000pM) dramatically enhanced DA cell survival, in a dose-dependent 
manner. It also significantly increased dopamine uptake, attesting to the functional integrity 
of the neurons that were rescued. The trophic effect of xamoterol persisted after its 
withdrawal from the culture medium and was observed even if the treatment was delayed 
by several days after cell plating, i.e., at a stage where a significant loss of DA cells had 
already occurred. Trophic effects were mimicked by cyclic AMP elevating agents suggesting 
that activation of p-adrenoceptors was required. The nucleoside adenosine and several 
antimitotics were found, previously, to be neuroprotective in this culture model via a 
mechanism that involves astrocytes. Xamoterol significantly reduced the number of [3H]- 
thymidine positive nuclei suggesting that its trophic/neuroprotective effect was also indirect 
and resulted from growth arrest and/or differentiation of glial cells. Finally, our results 
support the idea that compounds which stimulate the noradrenergic neurotransmission may 
be useful in the treatment of progressive neurodegenerative conditions associated with a 
loss of dopaminergic neurons such as Parkinson’s disease.
Supported by INSERM and Centre de Recherche Pierre Fabre, Castres, France

801.19

PROTECTION OF DOPAMINERGIC NEURONS BY cAMP REQUIRES 
GROWTH ARREST OF PRESUMPTIVE GLIAL CELLS. M. Ruberg1, M. 
Marten*2. Y. Agid1 and P.P, Michel12. ’INSERM U289, Hopital de la Salpetriere, 
75013 Paris, and 2Centre de Recherche Pierre Fabre, 81106 Castres, France.

We have previously demonstrated that cyclic AMP elevating agents exert 
strong and selective protective effects on the dopaminergic (DA) neurons which 
degenerate spontaneously by apoptosis in mesencephalic cultures (Michel and 
Agid, 1996). Since we have shown that the nucleoside adenosine and low doses of 
antimitotics can provide protection to the same neurons by a mechanism that 
involves astrocytes (Michel et al., 1997, 1999), we hypothesized that dividing glia 
may also represent a target for cyclic AMP analogs. Comforting our hypothesis, we 
showed that dibutyryl cAMP, a cell permeant analog of cAMP, and forskolin, an 
activator of the adenylate cyclase, can produce a marked reduction in the number of 
mesencephalic cells (non neuronal cells) that incorporate [3H]-thymidine in then- 
nucleus. Using a procedure that combines double immunofluorescence labeling of 
vimentin and GFAP, and detection of [3H]-thymidine, we found that cAMP analogs 
exert their effects (1) on GFAP+ astrocytes which become more mature and more 
differentiated after treatment and (2) on a subpopulation of cells, presumably glial 
cells or their precursor cells, which exhibit short processes and express vimentin 
but little, or no GFAP at all, under basal culture conditions. The mitogen EGF 
which promotes DA cell death in this system was also very effective in stimulating 
the growth of this cell population. Interestingly, cAMP analogs prevented both the 
mitogenic and neurotoxic effects of EGF, reinforcing the idea that dividing GFAP- 
Zvimentin+ cells were instrumental in the death of DA neurons in our culture 
system. The underlying molecular mechanisms remain, however, to be elucidated. 
Financial support provided by INSERM. P.P.M. and M.M. were supported by 
C.R.P.F.
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802.1

SCHEDULE-INDUCED POLYDIPSIA: GENDER-SPECIFIC EFFECTS AND 
CONSEQUENCES OF PRENATAL COCAINE AND POSTNATAL HANDLING.
N.M. Katovic. J.E. Gresack. and L.P. Spear*. Department of Psychology and 
Center for Developmental Psychobiology, Binghamton University, Binghamton,
NY 13902-6000.

The impact of gestational cocaine in conjunction with early postnatal handling on 
schedule-induced polydipsia (SIP) was examined. Rat offspring were derived from 
Sprague-Dawley dams receiving subcutaneous injections of 40mg/kg/3cc cocaine 
hydrochloride (C40) on gestational days 8-20, dams injected with vehicle and pair 
fed four (PF4) days to mimic the acute anorexic effects of cocaine administration, 
and non-treated (NT) control dams. In adulthood, male and female offspring were 
reduced to 85% of their adult free-feed body weights and exposed to the SIP 
paradigm. SIP testing involved 13 daily 30 min. sessions during which these food 
deprived animals were exposed to a fixed time 60 sec. (FT60) scheduled food 
delivery with a drinking spout available in the operant chamber. This was followed 
by four days of pharmacological manipulations in which animals received saline, 5 
or 10 mg/kg of cocaine in a counterbalanced fashion prior to SIP testing. 
Acquisition and maintenance of SIP, but not cocaine-induced suppression of SIP 
performance, were observed to be dependent upon prenatal treatment, handling and 
gender. Females displayed faster acquisition of SIP along with notably higher 
overall levels of polydipsia than males. In non-handled animals, C40 and PF4 
offspring exhibited higher levels of SIP than NT offspring, differences that were 
attenuated by handling. When compared with non-handled animals, handling 
surprisingly increased levels of established SIP in NT offspring, while increasing 
rate of acquisition of SIP in both PF4 and C40 offspring. Effects will be discussed 
in relation to previously reported neurohormonal characteristics of these gender and 
treatment variables. Supported by NIDA grants R01 DA04478 and K02 DA00140.

802.2
PHYSIOLOGICAL AND IMMUNOCYTOCHEMICAL CHANGES IN INFANT 
RATS FOLLOWING MATERNAL GESTATIONAL CIGARETTE SMOKING: 
IMPLICATIONS FOR SUDDEN INFANT DEATH SYNDROME S. E. Tanks N.A. 
Lavidis*and D. V, Pow. Department of Physiology and Pharmacology, University of 
Queensland, Brisbane 4072, Australia

In humans, maternal gestational cigarette smoking is a risk factor for Sudden Infant 
Death Syndrome. To explore the causative link in this epidemiology, a model of 
gestational cigarette smoking was generated using Wistar rats. For two weeks prior to 
conception and throughout gestation and lactation, adult females were exposed to the 
human equivalent of 20 cigarettes per day (heavy smoking group) or 10 cigarettes per 
day (light smoking group). Other rats received daily subcutaneous injections of 0.3 
mg/kg/day of nicotine in another group; the effects of handling and injection were 
controlled for by a group receiving placebo injections only. Respiratory arousal 
responses of the pups to 15% oxygen and 5% carbon dioxide were measured on 
postnatal days 7, 10, 14, 17 and 21. Respiratory responses of nicotine and placebo 
groups did not differ from room controls; responses of the smoke-exposed group were 
delayed and respiratory frequency did not increase as significantly. Pups from smoking 
groups were smaller at all developmental ages examined. At each developmental age 
examined, a number of pups from each group were sacrificed via intraperitoneal 
injection of sodium pentobarbital ( 0.01 ml/mg) and perfused with fixative and brains 
were collected. Analysis involved histological examination and the distribution of 
neurotransmitters GABA, glutamate and 5HT, and GABA and glutamate transporters, 
in cardiorespiratory related regions of the brainstem. Initial findings indicate that 
distribution of the glutamate transporter, GLAST is upregulated in respiratory nuclei 
of the smoke-exposed pups. This may have important implications for the regulation 
of respiration by glutamatergic neurons in neonates exposed to tobacco smoke and 
may indicate a pathway by which SIDS is mediated.
Funded by NHMRC, Australia.

802.3

DOES A MATERNAL URINARY TRACT INFECTION DURING GESTATION 
PRODUCE TERATOGENIC EFFECTS IN THE LONG-EVANS RAT? K. 
Cronise, S. J. Kelly*, Department of Psychology, University of South Carolina, 
Columbia, SC 29208.

The effects of chronic exposure to either a maternal, asymptomatic urinary tract 
infection (UTI) or endotoxin (ENDO) on fetal outcome in rats were investigated. Prior 
to conception, dams of the UTI group were water deprived. The following morning, 
the dams were anesthetized and then the urinary tract was catheterized and injected 
with 0.2 of 1 X 109 Escherichia coli (E. coli). The ENDO group was injected with .03 
mg/kg lipopolysaccharide (LPS) beginning on the fourth day of gestation and the 
endotoxin dose was readministered every third day thereafter. The control groups were 
treated in the same manner with the exception that the infection control did not receive 
the catheterization or E. coli infusion, nor did the ENDO control receive the LPS.
There was also a nontreated control (NTC) group that was weighed daily. Beginning 
on postnatal day 19, juvenile offspring were tested daily in a spatial navigation task. 
The UTI control group showed some deficits. The number of direct paths taken and 
retention latencies (Sessions 6-10) did reveal subtle deficits in both the UTI and ENDO 
groups. Between 37 and 40 days of age, trunk blood samples were collected under 
nonstressed or stressed conditions. Corticosterone RIA’s revealed higher circulating 
corticosterone levels for the matched control groups, but not for the UTI or ENDO 
groups, compared to the NTC group. The finding of effects in the matched control 
groups suggest that the procedures in this study were producing prenatal stress effects. 
Overall, the findings suggest that fetal exposure to a maternal immune challenge may 
result in subtle adverse fetal outcome in a rat model and may be a contributing factor to 
the incidence of mental retardation in the human population. Supported by the 
Department of Psychology, USC.

802.4

MALE AND FEMALE PERINATAL OR MATERNAL BRAIN AROMATASE 
IS NOT ALTERED BY DIETARY PHYTOESTROGENS. K, Scott Weber1, K.D. 
Setchell2, R.W. Rhees1* and E.D. Lenhart'. 'The Neuroscience Center and 
'Department of Zoology, Brigham Young University, Provo, UT 84602 and 
Clinical Mass Spectrometry Laboratory, ^Children’s Hospital Medical Center, 
Cincinnati, OH 45229.

Phytoestrogens (plant estrogenic molecules): 1) have the ability to bind 
estrogen receptors, 2) potentially play a protective role in hormone-dependent 
cancers and 3) inhibit aromatase enzyme activity in human placental tissue. 
However, little (or almost no) information is known about phytoestrogens in 
relationship to positive or negative effects on brain development and function. 
Female Sprague-Dawley rats (30 days old) were randomly assigned to two 
treatment groups: 1) Phyto-free diet or 2) Phyto-600 diet. The Phyto-600 diet 
contained 600 micrograms/gram of phytoestrogens while the phytoestrogen 
content in the Phyto-ffee diet was below the limits of HPLC detection. At 85-90 
days old, the female rats were mated with breeder males and remained on the 
phytoestrogen diets throughout pregnancy and lactation. In both treatment groups, 
perinatal male and female or maternal rats at gestation day (GD) 16.5, GD 20.5, 
and postnatal day (PND) 3.5, brain aromatase [in the medial basal hypothalamic 
(MBH)-preoptic area (POA) region] was quantified by the tritiated water release 
assay. There were no significant differences in perinatal male and female or 
maternal MBH-POA aromatase at GD 16.5, GD 20.5 or PND 3.5 between the 
Phyto-600 vs. the Phyto-free treatment groups. The number of animals per 
treatment group ranged from 9 to 15 for perinatal data and 3 to 5 for maternal 
data. These findings suggest that in the MBH-POA region (unlike peripheral 
endocrine tissues) dietary phytoestrogens do not alter aromatase enzyme levels 
during perinatal development in male and female or in maternal rats during late 
pregnancy or early lactation. Funding- Natl. Sci. Foundation. IBN 9507972

802.5

EFFECTS OF UNDERNUTRITION AND PROTEIN MALNUTRITION ON 
THE SLOW C COMPONENT OF THE COMPOUND ACTION 
POTENTIAL OF PERIPHERAL CUTANEOUS NERVES IN 
DEVELOPING RATS. B. Segura3, G. Pratz1, J.C. Guadarrama1, L, Cintra2 
and I. Jimenez1*. Dept. de Fisiologia, CINVESTAV, IPN, Centro de 
Neurobiologia and ENEP Iztacala, UNAM, MEXICO. A.P. 14-720 
In a previous report (Abst. Neurosc. Meeting 27: 460.5, 1997), we have 
shown considerable reductions in area and maximal conduction velocity 
(CV) of the A component of the Compound Action Potential (CAP) 
recorded in sural nerves of undernourished (50% of normal diet) and 
malnourished (6% casein food pellets) rats. It was assumed that those 
effects were due to an inadequate myelination of fast conducting cutaneous 
fibers. In this report we analyze the effect of perinatal food restrictions on 
the C component of sural nerve-CAPs. A and C components of sural nerve- 
CAPs were evoked (2T and 10-20T current pulses, respectively) and 
recorded by mean of suction electrodes. The CAP A-component of control 
nerves gradually increase in area and conduction velocity (CV) during 
postnatal development (8 to 60 days old) but the CAP C-component 
practically had no changes. Compared to control nerves, the CAP A- 
component of undernourished (U) and malnourished (M) animals shows a 
significant reduction (ANOVA p < 0.01) in area (U; 60±18%; M: 56±11%) 
and CV (U: 30±8%; M: 25±16%) meanwhile the CAP C-component 
practically had no differences with control nerves. It is suggested that 
perinatal food restrictions only affect fast conducting, myelinated fibers but 
not high threshold cutaneous afferents. Partially supported by grant 
26342Nfrom CONACyT and Sistema Nacional de Investigadores, Mexico.

802.6

PRENATAL PROTEIN MALNUTRITION RESULTS IN INCREASED 
FREQUENCY OF MINIATURE INHIBITORY POSTSYNAPTIC 
CURRENTS IN RAT CA1 PYRAMIDAL CELLS. P.L. Shultz,1* D. 
Mokler2, J.R. Galler’ J. Luebke1 ’Center for Behavioral Development, 
Boston University School of Medicine, Boston, MA 02118; 2 Dept. 
Pharmacology, University of New England, Biddeford, ME 04005.

There is growing evidence for an effect of prenatal protein 
malnutrition on the GABAergic neurotransmitter system in the rat 
hippocampus and associated structures. In the present study, the 
functional electrophysiological consequences of observed alterations in 
GABAa  and benzodiazepine receptor systems were examined. Whole-
cell patch clamp recordings of spontaneous and of miniature inhibitory 
postsynaptic currents (mIPSCs) generated by CA1 pyramidal cells were 
performed in in vitro hippocampal slices. The characteristics of 
spontaneous synaptic currents were unaltered by the prenatal insult, as 
were the amplitudes and kinetics of GABAa  receptor-mediated mIPSCs. 
The frequency of mIPSCs, however, was significantly increased in CA1 
pyramidal cells in slices prepared from prenatally malnourished vs. 
control rats. The effect of the benzodiazepine receptor agonist 
chlordiazepoxide on the characteristics of mIPSCs was the same in cells 
from both nutritional groups. The increased frequency of mIPSCs 
together with the lack of a change in amplitude, kinetics or modulation 
by benzodiazepines of mIPSCs in response to prenatal protein 
malnutrition indicate a presynaptic locus of effect of this insult on 
GABAergic neurotransmission.

Supported by: NIH Grant # PO1HD22539.
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802.7

INCREASED LEVELS OF SYNAPTOPHSYIN (SYN) IN THE J . VENILE 
RAT HIPPOCAMPAL FORMATION (HF) FOLLOWING CHRONIC 
MALNUTRITION. A. Aguilar*1, R.M. Pifla1, L Granados2, G. Gutierre/.-Ospina1, 
and S. Dlaz-Cintra1. ‘Centro de Neurobiologla, Campus UNAM-UAQ, Queretaro, 
Mexico2- Instituto National de Pediatrla, S.S., Mexico, D. F.

Prenatal malnourished rats (PM) show adult alterations in the indvction and 
maintenance of dentate gyrus/CA3 hippocampal long-term poter.tiati m (LTP). 
These effects might reflect alterations in cell processes related io p esynaptic 
neurotransmitter release, to postsynaptic signal transduction pathways, (r both. In 
the present work, we begin e valuating possible changes in the presynaptic side by 
looking at the concentration of SYN in the HF of juvenile rats subjected to severe, 
chronic protein dietary restriction (6% vs. 25% casein in control ani.nals). Since 
SYN is a synaptic vesicle associated protein that plays a key role in 
neurotransmitter release, changes in its concentrations might explain, t least in 
part, some of the hippocampal LTP deficits observed in PM. HF fror 5 and 30 
days old 25% and 6%. Sprague Dawley rats were either pre: ssed for 
immunocytochemistry or immunoblotting. Immunocytochemically stain . I sections 
were then used to estimate tire number of SYN positive puncta per unit volume in 
HF. Immunoblots, were subjected to densitometric analysis to serni-qt^ntify the 
amount of SYN in the HF as a whole. Our results showed a consistent increase in 
the number of SYN positive: puncta per unit volume in all regions studied of the 
malnourished rats HF at both ages. Similarly, immunoblot-detee ted SYN 
hippocampal levels were found increased, albeit no significantly, in ?M. SYN 
levels tend to be higher in protein PM when compared to control ral;, at least 
during the first 30 days of lif;. This finding is puzzling since previous anatomical 
studies support that both s> napse number and synaptic efficacy are reduced in 
protein PM. Our observations might then be explain by the abnormal accumulation 
of synaptic vesicle proteins as a compensatory response to the reduced synapse 
number or as a result of deficits in the mechanism of neurotransnvttcr release. 
Supported by DGAPA-UNAM 1N209548. CONACyT 26293M and J28035M.

802.8

THE REGULATION OF RELEASE OF 5-HT FROM THE MEDIAN 
RAPHE NUCLEUS (MRN) AND DORSAL HIPPOCAMPUS (DH) OF 
PRENATALLY MALNOURISHED RATS. P.J. Mokler, S. Vaughan, 
J.R. Galler and P.J. Morgane* Dept. Physiol Pharmacol., Univ. New England 
ColL Osteopathic Med., Biddeford ME and Center for Behav. Devel. Mental 
Retardation, Boston Univ. Sch. Med., Boston MA

Our previous work has shown that prenatally malnourished rats have a 
large increase in the levels of 5-HT in the dorsal hippocampus and that 
electrical stimulation of the MRN produces a greater suppression of 5-HT 
release in the DH compared to well-nourished rats (Brain Research, 1999). 
We hypothesize that the release in malnourished rats may be altered as the 
result of either the sensitivity of the 5-HT 1A autoreceptor or the 
glutamatergic input to the raphd. In order to test this hypothesis we infused 
the 5-HT1A agonist 8-OH-DPAT or glutamate into the MRN of conscious 
rats and examined the release of 5-HT in the MRN and DH. Again, basal 
levels of 5-HT were elevated in malnourished animals. Infusion of 100 pM 
8-OH-DPAT (10% recovery = 10 pM into MRN) caused a decrease in 
release of 5-HT in the MRN and DH. Likewise there was a decrease in 5- 
HT release in the MRN and DH with infusion of lOmM glu. 8-OH-DPAT 
produced a greater suppression of 5-HT release in the DH of malnourished 
rats than well-nourished rats, suggesting a greater sensitivity of the 5-HT 1A 
autoreceptor in malnourished animals. Infusion of glutamate into the MRN 
also decreased the release of 5-HT in the DH of the malnourished rat. 
(Supported by NIH Grant HD-22539).

802.9

ECoG SPECTRAL FREQUENCY OF VIGILANCE STATES IN NORMAL AND 
MALNOURISHED RATS OF 30 DAYS OF AGE. P. Duran1*, M.A. Guevara2 and 
L, Cintra1. ‘Centro de Neurobiologla, Campus UNAM-UAQ Juriquilla, A.P. 1-1141 
Queretaro, Qro. C.P. 76001 MEXICO; 2Instituto de Neurociencias, Universidad de 
Guadalajara, Guadalajara, Jal. C.P. 44520 MEXICO.

In a previous study using ECoG spectral frequency (1.0-32.0Hz) analysis, we 
investigated the absolute and relative power densities of vigilance states (VS) 
recorded in the occipital cortex of normal 30-day-old rats. Results showed a peak at 
7.0 Hz during REM sleep (REMS), and a peak at 8.0 Hz during waking (WAK), both 
peaks are included in the traditional "theta band" of the rat's ECoG. The present study 
was designed to analyze, at one hertz intervals, the characteristic frequency bands of 
the VS (1.0-32.0 Hz) in normal (CO), prenatal (PM) and chronic (CM) malnourished 
rats (fed with a low protein -6%casein- diet) at 30 days of age.

Thirty Sprague-Dawley male rats (10 CO, 10 PM, and 10 CM) were implanted with 
stainless steel electrodes by stereotaxic method in the left occipital cortex and the 
dorsal neck muscles, seven days before the recording session. In a Pentium PC, 100 
segments of 4 sec each one, with a sampling frequency of 128 Hz were captured for 
each vigilance states per rat, WAK, slow wave sleep (SWS) and REMS, between 
10:30 to 11:30 a.m. of the light period established (9:00-21:00 h).
Results in WAK indicated that both PM and CM showed a significant different peaks, 
at 7.0 and 6.0 Hz respectively in comparison with 8.0 Hz that presented control rats. 
However, REMS in PM and CM showed both a peak at 7.0 Hz, same as CO. We 
found in SWS a 3.0 Hz peak in both malnourished groups that were significantly 
different with 2 Hz peak presented by CO. Also, the relative power of malnourished 
SWS frequencies was increased in relation to control group. These results indicate an 
important delay in the maturation and regulation mechanisms of delta and theta 
rhythms of malnourished rats. (Supported by DGAPA-UNAM IN-208494 and IN- 
208597 P.D. was Ph D. fellow from DGAPA).

802.10

VOLUME OF THE GkkNULE CELL LAYER AND MOSSti FIBER 
SYSTEM OF THE HIPPOCAMPAL FORMATION IN YOUNG MALE 
AND FEMALE PRENATAL PROTEIN MALNOURISHED RATS 
L Granados*1,2 N. Serrano1,2, Gutierrez-Ospina G1, L. Cintra1, A. Aguil r1 and S. 
Diaz-Cintra1 Centro de Neurobiologla, Campus UNAM-UAQ, Queretari, Mexico 
‘instituto National de Pediatna, S.S., Mexico, D. F.2

Prenatal protein malnutrition produces more alterations in the morphch gy of the 
hippocampal formation (HF) in older than in young male rats. Nevertheless, in 
female rats this situation is unknown. This study was designed to estimate the 
volume of the granule cell layer (GL) and the mossy fiber system (MFS), in male 
and female 30-day-old rats Sprague-Dawley rats were bom from dams sd either 
6% of 25% casein diet during gestation. At birth they were randomizer r id cross- 
fostered to 25% casein diet dams and maintained on this diet until sac. . ce. Four 
experimental rats groups were made: 1) male control, 2) male prenaa. protein 
malnourished, 3) female control and 4) female prenatal malnourished. F <e brains 
of each group were perfused and processed with Timm's method. In cacti one, the 
volume was estimated by using the Cavalier 's principle and the followirg regions 
were analysed: a) supra-, b) infra-, and c) total volume of GL, d) s ipra'/yramidal 
bundle, e) infrapyramial bundle plus liiliar zone and f) total volume of he MFS. 
With one exception (suprapyramidal bundle of MFS) all parameters tudied in 
female prenatal malnourished rats, showed significant (p<0.05) decn ises. No 
significant effects were fotnd in GL measurements between sex ii control 
animals. However, total volumen of MFS and suprapyramidal buedle, were 
significantly decreased in female vs male control rats. All regions of ’he GL GL 
and MFS were significantly smaller in female malnourished rats, t’ian in male 
malnourished rats. Supported by DGAPA-UNAM TN209548, CONACyT 2t 2'UM.

802.11

POSTNATAL NEUROANATOMICAL AND RECEPTOR DENSITY 
CHANGES IN THE HIPPOCAMPAL FORMATION OF 
PRENATALLY PROTEIN MALNOURISHED RATS. T.A. Fiacco.* 
T,k. Kemper, D.L. Rosene. J.A. Galler. and G.J, Blatt. Dept. of 
Anatomy and Neurobiology, Boston Univ. Sch. Med., Boston, MA 
02118.

In a rat model of human prenatal protein malnutrition, in vitro 
on-the-slide [’H]-ligand binding was used to quantify receptor density 
in the hippocampal formation of postnatal day 15, 30,90 and 220 rats. 
Kainate receptor density was increased 10-15% in the mossy fiber 
layer of CA3 in dl5, d90, and d220, but not in d30 prenatally 
malnourished rats. Interestingly, in our previous studies in the same 
rat model, Timm's heavy metal staining revealed a significant volumetric 
decrease in the mossy fiber plexus in dl5, d90, and d220, but not in 
d30 malnourished rats, suggesting an upregulation of postsynaptic 
kainate receptors on proximal CA3 pyramidal cell dendrites. The 
morphology of CA3 pyramidal cells is also altered in malnourished 
rats of dl5, d90, and d220, indicated by reduced complexity of dendritic 
branching and decreased dendritic spine density. The CA3 subfield 
thus appears especially vulnerable to the malnutrition insult and previous 
findings also demonstrated reduced 5-HTU and 5-HT1A receptor density 
in CA3 and reduced 5-HT afferents to the hippocampus. Additional 
receptor changes have been demonstrated in the hippocampus of 
malnourished rats such as increased GABAa receptor density and a 
significantly decreased M2 receptor density. Taken together, these 
changes in fiber systems and receptors may contribute to reported 
alterations in limbic system physiology and behavior in this animal 
model. Supported by NIH-NICHD HD-22539.

802.12

DIFFERENTIAL EFFECTS OF PERINATAL UNDERNUTRITION 
UPON THE DENDRITIC ARBOR AND PERIKARYA OF NEURONS IN 
THE FACIAL NUCLEUS OF THE RAT. E. Perez-Torrero*, C. Torrero, 
and M. Salas. Centro de Neurobiologla, Campus UNAM/UAQ. Juriquilla 
Queretaro, Qro. CP 76001. AP 1-1141. Mexico.
The facial nucleus (FN) of the rat contains multipolar neurons that are 
generated between gestational days G12 and G15. This nucleus is partially 
involved in the mechanisms underlying muscle contraction during suckling 
reflex. After birth the neuronal substrate of this reflex is gradually 
organized to allow several complex responses such as gnawing, chewing, 
swallowing and drinking. Undemutrition, frequently results in different 
degrees a severe delay in the physical growth of pups. Brain alterations are 
associated to suckling reflex impairments which interfere with the feeding 
of the newborn. In the current study it was demonstrated in Golgi-Cox 
impregnated FN neurons of 12, 20 and 30 days of age that pre and postnatal 
food deprivation result in dendritic arbor hypoplasia that may be related to 
both a lack of nutrients and a delay in the normal timetable FN 
neurogenesis. Results showed negligible effects upon the soma size of the 
three types of neurons except for the area which showed impairments 
throughout the study. Data suggested that the dendritic arbor hypoplasia and 
the minimal FN neuronal somatic effects may presumably interfere with the 
reception, integration and elaboration of motor discharges to modulate 
muscle contraction during suckling activity. Moreover, that neonatal 
nutritional restitution may have ameliorating effects upon FN neuronal 
maturation and the newborn suckling reflex.
Supported by DGAPA, IN200997 and CONACyT3714 PN.
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802.13
PRENATAL ALCOHOL EXPOSURE DURING THE FIRST TRIMESTER 
EQUIVALENT CAUSES ABNORMAL DENDRITE ARBOR DEVELOPMENT 
OF CORPUS CALLOSUM PROJECTION NEURONS IN RAT VISUAL 
CORTEX. A.J. Elberger* and M.W. Wang. Dept. of Anatomy and Neurobiology, 
The Univ. of Tennessee, Memphis, College of Medicine, Memphis, TN 38163.

Prenatal alcohol exposure can cause corpus callosum (CC) abnormalities. 
The goal of this study was to determine whether fetal alcohol exposure occurring 
before cortical cells are generated (Miller ‘86 Science) would have any effects 
on the development of dendrites of pyramidal CC projection neurons (CCpn).

Pregnant rats received 2.25-6.0 g/kg alcohol (EtOH) on gestational day (G)1 - 
10, and were matched with pairfed dams receiving isocaloric maltose dextrin 
and solid food (PF). Normal controls were also studied. All pups were perfused 
on G29; day of birth is normally G21. In hemisected brains, Dil crystals were 
placed in the anteroposterior extent of the midsagittal CC bundle. Tissue was 
stored in the dark at 37° C during Dil diffusion. Sections 100pm thick were 
examined with a confocal laser scanning microscope; series of optical images 
through each section were digitally combined to study the entire dendritic arbor.

Brains were grouped by BAC levels. Data from visual cortical areas 17 and 
18a were combined. The number of primary branches and the length of the 
longest branch were measured for apical and basilar dendrites; apical 
measurements were subdivided into supragranular (layer Il-Ill) and infragranuiar
(layer V-VI) CCpn. Abnormally oriented/shaped CCpn were also measured. 

The results show that EtOH applied before generation of cortical neurons
increases the number and length of apical and basilar dendritic branches of 
normal and abnormal CCpn in a dose-dependent manner. Thus, fetal alcohol 
exposure may alter the factors that affect CCpn process growth by failing to limit 
process growth and/or by causing overextension of processes. The timing in the 
present study suggests that factors affecting CCpn process growth are present 
in the first trimester equivalent. Supported by NIAAA grant AA11325 (AJE).

802.14
IN UTERO ETHANOL EXPOSURE REDUCES VIMENTIN-
IMMUNOPOSITIVE ASTROCYTES IN NEONATAL RATS. M. Druse- 
Manteuffel*, N. Tajuddin, L.A. Orrico. Molecular & Cellular Biochemistry, 
Loyola U. Chicago, Stritch School of Medicine, Maywood, IL 60153.

Prior work from this laboratory found that in utero ethanol exposure impairs the 
development of the 5-HT system. This damage may be related to ethanol’s effects 
on astrocytes; in vitro ethanol treatment reduces the production of astrocytic 
neurotrophic factors, which are essential for the normal development of the 5-HT 
system. The present study investigated the effects of in utero ethanol exposure on 
the development and maturation of astrocytes in a region containing the 
developing 5-HT raphe neurons. Specifically, we determined the density of 
vimentin- and GFAP-immunopositive astrocytes in proximity to the midline raphe 
glial structure (MRGS).

Female Sprague-Dawley rats were pair-fed, using either control or 6.6% ethanol- 
containing liquid diets. The diets were administered for 6 weeks prior to mating 
and during gestation. Brains were obtained from control and ethanol-exposed 
offspring on either the 20th day of gestation (G20) or the 5th postnatal day (PN5).

The results of this immunohistochemical study indicate that in utero ethanol 
exposure causes a reduction in the density of vimentin-containing astrocytes in the 
MRGS of G20 and PN5 offspring. This reduction parallels the reduction in 5-HT 
immunopositive neurons.

This research was supported by USPHS - AA03490-18.

802.15

EFFECTS OF NEONATAL ALCOHOL AND/OR COCAINE EXPOSURE ON 
LEARNING AND PLAY BEHAVIOR IN A SPATIAL DISCRIMINATION 
TASK IN RATS J.A. Willford. T.M, Segar. B.J, Basehart. and S. Barron*.
Dept. of Psychology, University of Kentucky, Lexington, KY, 40506

This study examined the effects of neonatal exposure to alcohol, cocaine 
or alcohol/cocaine in combination on learning and play behavior using a modified 
T-maze procedure. Previous studies in our lab have demonstrated that learning 
and social interactions in juvenile rats are affected by neonatal exposure to a 
moderate (20 mg/kg/day) dose of cocaine. After implantation with an mtragastnc 
cannula, subjects were artificially reared (AR) from postnatal day (PND) 4-11. 
There were five treatment groups; alcohol (6g/kg/day), cocaine (60mg/kg/day), 
alcohol/cocaine (6g and 60mg/kg/day), stock (isocaloric AR control) and sham 
(suckled control). Subjects were tested for 6 trials/day for 10 consecutive days 
beginning on PND 35. Subjects were required to choose a goal box in a modified 
t-maze for access to a play reward. Upon choosing the correct goal box, subjects 
were allowed to play for one minute. Learning as well as pinning behavior were 
measured. Pins were defined as one animal restraining the shoulders of another 
animal. There were no differences in learning related to neonatal treatment. In 
addition, neonatal exposure to alcohol or alcohol/cocaine did not result in altered 
play behavior. Cocaine exposed animals, however, showed an increase in pinning 
behavior. These results provide further support that neonatal cocaine exposure 
results in altered social interactions in juvenile rats. (Supported in part by 
NIAAA #09723 to SB)

802.16

CRITICAL PERIODS OF ALCOHOL EXPOSURE DURING 
DEVELOPMENT FOR BEHAVIORAL DYSFUNCTION. T. D. 
Tran1*, M. D. Marino2, K. Cronise1, C. L. Gobbel1, and S. J. Kelly1.
Department of Psychology1 and Department of Pharmacology and 
Physiology, School of Medicine2, University of South Carolina, 
Columbia, SC 29208.

This study investigated critical periods of alcohol exposure during 
development using a rat model of Fetal Alcohol Syndrome. Prenatal 
and postnatal alcohol administration was done via gastric intubation of 
of alcohol such that blood alcohol levels of approximately 320 mg/dl 
were induced in either the dam or the pup. Four ethanol groups 
consisted of rats exposed to alcohol from gestational day (GD) 1 to 10 
(ET1), GD 11 to 22 (ET2), postnatal day (PD) 2 to 10 (ET3), or GD 1 
to 22 and PD 2 to 10 (ET123). Control groups consisted of nontreated 
rats and rats exposed to the administration procedures but not alcohol. 
Offspring were tested for activity in an open field on PD 15 and 16 and 
in a water maze that tests spatial ability from PD 19 through 28. A 
control condition for the water maze using a visible platform was 
included. The ET123 group shows the most striking increase in 
activity and deficits in spatial learning compared to the control and 
other ethanol groups. The ET1 group shows no behavioral changes. In 
these tests, ethanol exposure during all three trimester equivalents 
induces greater behavioral dysfunction than any trimester equivalent 
alone. Supported by NIAAA Grant AA11566 to SJK.

802.17

THE ROLE OF EMBRYONIC GENOTYPE ON ETHANOUINDUCED CELL 
DEATH IN THE NEURAL TUBE OF THE MOUSE EMBRYO. K M. Harare1*,
M.A. Long2. X.P. Du1. ‘Dept. Anat. & Neurobiol., Univ. of Tenn., Memphis, TN 
38163. 2 Dept. of Neurosci., Brown Univ., Providence, RI 02912.

Ethanol exerts its teratogenic effects, at least in part, by inducing cell death, 
although the factors that modulate this cell death remain unclear. To examine the role 
of the genotype of the embryo on ethanol-induced cell death, we have characterized the 
regional localization of the cell death in the neural tube of mouse embryos of different 
strains (ICR, DBA/2J, C57BL6/J and recombinant inbred long-sleep). Pregnant dams 
were given either 5.5 g/kg ethanol or isocaloric maltose/dextrin on embryonic day 9.5. 
The embryos were collected 8 hours after the administration and stained with TUNEL 
or cresyl violet to visualize dying cells. Higher levels of cell death were found in 
embryos that were genotypically ICR, C57BL6/J and recombinant inbred long-sleep 
with lower levels in the DBA/2J. The regional localization of cell death within the 
developing neural tube showed a complex picture. The regions of the neural tube with 
the most cell death and the regions with the least cell death were the same among the 
different strains, although the amount of cell death differed between strains. However, 
embryos from susceptible strains also exhibited cell death in regions of the developing 
neural tube that showed no cell death in the DBA/2J embryos. These results suggest 
that the genotype of the embryo had a significant effect on the levels of cell death, but 
only moderate effects on the regional localization of cell death within the developing 
neural tube.

Currently, we are investigating the molecular mechanisms of this differential 
strain sensitivity following ethanol exposure by examining changes in gene 
expression. Messenger RNA was isolated from embryos and compared using a 
variation of the subtractive hybridization technique, representational display analysis. 
Several potential differentially-expressed messages have been found and are being 
analyzed. Support: NIH grant AAAI 1113

802.18

NEONATAL ETHANOL EXPOSURE REDUCES AMPA BUT NOT 
NMDA RECEPTOR LEVELS IN THE RAT NEOCORTEX. F.P. 
Bellinger1*, M.S. Davidson1, K.L. Bedi2, and P.A.Wilce1. The Alcohol 
Research Unit, Depts. of Biochemistry1 and Anatomy2, Univ. of 
Queensland, St. Lucia, OLD 4072 AUSTRALIA.

Fetal Alcohol Syndrome is the leading cause of mental retardation 
in western society. We investigated the possibility that ethanol 
exposure during development produces changes in glutamate 
receptor levels using radioligand binding and western blot analysis. 
Ethanol administered via a vapor chamber to neonatal Wistar rats 
three hours a day from postnatal day (PND) 4-9 produced blood 
alcohol levels between 300-400 mg/dL. Separation control groups 
were separated from their mothers for the same time and duration as 
the vapor treatment, while normal control groups were left to develop 
normally. Neither the affinity nor maximum binding of MK-8013 in the 
cortex of PND10 rats differed between treatment groups. Western blot 
analysis also failed to reveal any changes in NMDAR1, NMDAR2A, or 
NMDAR2B receptor levels. In contrast, the AMPA receptor subunit 
GluR1 was largely reduced in vapor-treated pups compared with 
control pups, as revealed by western blot analysis. A similar reduction 
was found in westerns with an antibody recognizing the GluR2 and 4 
subunits. These results indicate that ethanol reduces AMPA rather 
than NMDA receptors in the developing neocortex, possibly by 
blocking NMDA receptors during development.

This research was supported in part by the Australian NHMRC in 
the form of a project grant.
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802.19
THE EFFECTS OF ETHANOL EXPOSURE ON THE DEVELOPING
VESTIBULOCOCHLEAR GANGLION COMPLEX OF THE MOUSE EMBRYO.
Q. Tang*, X.P. Du. and K.M. Hamre. Dept. Anat. & Neurobiol., Univ. of Tenn., 
Memphis, TN 38163.

Children with FAS (fetal alcohol syndrome) exhibit four types of hearing disorders. 
Previous studies have demonstrated that excessive prenatal alcohol exposure can damage 
the central auditory system (Church & Kaltenbach, Alcohol. Clin. Exper. Res.
123:1997). However, the hair cell damage in the cochleas of these animals did not 
always seem extensive enough to account fully for the amount of sensorineural hearing 
loss as indicated by the ABR (evoked auditory brainstem responses) data. This 
suggested that there may be other damage to the peripheral auditory system. To test 
this hypothesis, pregnant mice (C57BL/6J) were administrated ethanol or isocaloric 
maltose/dextrin (3.0,4.5,5.5g/kg) via intragastric intubation cm gestational day 12.5 
(the age when a significant degree of differentiation occurs). The embry os were 
dissected out 8 hours after acute maternal ethanol or maltose/dextrin administration.
The paraformaldehyde-fixed paraffin sections were prepared and examined by cresyl 
violet staining or TUNEL (in situ DNA nick end labeling). Results showed that there 
was enhanced cell death in the vestibulocochlear ganglion complex, but no enhanced 
cell death in the primitive saccule or cochlea after ethanol exposure. The amount of the 
cell death was related to the dose of ethanol. The highest dose caused the most cell 
death in the ganglion. This suggests that ethanol exposure at this developmental time 
selectively affects the developing vestibulocochlear ganglion. The apoptosis induced 
by ethanol in the ganglion might be related to the hearing disorders associated with 
FAS.

Support: NIH grant AAAI 1113

802.20

THE EFFECTS OF EMBRYONIC EXPOSURE TO ETHANOL ON 
ZEBRAFISH DEVELOPMENT. J. Bilotta?* J. Barnett,1 L, Hancock1 
and S. Saszik2. 'Dept. of Psychology, Western Kentucky Univ., Bowling 
Green, KY 42101; 2College of Optometry, Univ. of Houston.

Prenatal alcohol exposure has been shown to produce the physical and 
behavioral symptoms known as Fetal Alcohol Syndrome (FAS). In 
addition, even low concentrations and/or short durations of alcohol 
exposure can produce more subtle problems referred to as Fetal Alcohol 
Effect. The purpose of this study was to use the zebrafish (Danio rerio) 
as an animal model to investigate the effects of embryonic ethanol 
exposure. Embryos were reared in varying concentrations of ethanol 
(1.5% & 2.85%) and exposure times (0-8, 6-24, 12-24, & 48-72 hours 
postfertilization (hpf)). Anatomical measures including eye diameter, 
standard body length, and heart rate were compared across groups. 
Embryos raised in 2.85% ethanol had a significantly higher mortality rate 
and more abnormal body distortions characteristic of FAS, than any 
other group. In addition, embryos reared at a lower concentration of
1.5% ethanol for a shorter duration period (0-8 hpf) exhibited more 
subtle effects such as significantly smaller eye diameter and lower heart 
rate than controls. These results indicate that embryonic alcohol 
exposure affects zebrafish external and internal physical development 
and that the zebrafish is a viable model for studying FAS.

802.21

HYPOTHALAMIC MONOAMINERGIC NEURON ACTIVITY 
WAS CHANGED BY FOLATE DEFICIENCY.
T.Z. Lai and L.M. Mai*Institute of Anatomy and Cell Biology, 
College of Life Science and Medicine, National Yang-Ming 
University, Taipei, Taiwan, R.O.C.

Folate involves in 35 kinds of transmethylation in the body. The 
folate concentration of brain and blood were markedly reduced with 
the folate-deficiency diet, and affected the deveolpment of the 
nervous system especial in the weanling rats. Whether the folate- 
deficiency may influence the hypothalamic monoamergic neuron 
activity was studied. The male weanling Sprague-Dawley rats were 
divided into two groups fed the basic and folate-deficiency diet for 
lasting 5 weeks. The folate-depleted group spilled much food than 
the control animals. We further observation of muscle fiber areas in 
the flexor muscles of forelimb and calf muscles of hind limb, which 
were quantitatived by Image-Pro Plus Data Analysis Program. The 
frequency distribution both of the muscle areas were shift left to the 
small size in folate-deficient rats. The hypothalmic dopaminergic 
and serotonergic neuron activity were analysis by HPLC-EC 
detection. The DOPAC levels in stria terminalis and median 
eminence were significantly decreased in the 5th weeks, and 
increased the PRL secretion to elevate the immune response. In 
conclusion, folate deficiency affected the monoaminergic neuron 
activity to change the moving distance and prolactin secretion.

802.22

EFFECTS OF RETINOIC ACID AND VITAMIN-A IN FETAL RETINA 
OF MOUSE. M.C. Marquez-Orozco*, A, Marquez-Orozco and M.V. Gazca- 
Ramirez. Embryol. Dept. Faculty of Medicine UNAM POB 70-553 Mexico 
04510 D.F.

Retinoic acid (RA), the activate derivative of vitamin A (VA), is more 
teratogenic than retinol excess causing many development abnormalities, the 
precise malformation depending largely on the time of administration. We 
investigated if single doses of VA 1,000 Ul/kg or RA 50 mg/kg administrated 
orally at 6th day of the gestation produce histological alterations in fetal retina 
of mouse. Three gestating ICR strain mice were intubated once on the 
morning (10 am) of 6th day and received a single dose orally. The first group 
VA 1,000 Ul/kg, the second group RA 50 mg/kg, and the third (CO) 100 pi of 
com oil with 10% of absolute ethanol. The fourth group was non-treated (NT). 
All females were killed in CO2 atmosphere, the 16* day of gestation, and the 
fetuses, and their eyes were fixed with 2.5% glutaraldehyde, post-fixed in 
OsO4 and embedding in epoxy resin. The semifine sections were stained with 
toluidine blue and observed under the light microscope in VA group the 
neuroblastic layers show degenerated cells with smaller nuclei than normal, 
and a greater nuclear density (p <0.05). The dorsal margin of the retina 
extended well past the equator of the lens is formed a rudimentary iris. 
Persistent retrolenticular mesenchyme occupied the space normally taken by 
the vitreous. Two cell layers formed the pigmented epithelium. In RA the 
neuroblastic layers show less nuclear density and nuclei smaller then normal. 
The retrolenticular mesenchyme was less abundant than in VA. Non- 
histological differences were found between CO and NT groups. The results 
show teratogenic effects of VA and RA in the retina of mouse fetuses were 
administrated in single doses at 6th day of gestation.

802.23

PRENATAL SOUND STRESS (PSS): EFFECTS ON SOMATIC AND 
IMMUNOLOGICAL RESPONSES TO STRESS. S.K. Sobrian*S. Varghese1, B.L. 
Jones', W.K. Ashe2 and N. Morrell1. 'Dept. of Pharmacology , and 2Dept. of 
Microbiology, Howard Univ. Col. of Med.; Washington, DC 20059.

Exposure of the gravid female to stress can alter immune function in the offspring. 
Pregnant rats were subjected to 60 random presentations of unsignalled, inescapable 
loud noise (90 dB fire alarm bell) for 1 hr from GD 14-20 (PSS). At 130 days of age, 
male (M) and female (F) offspring were exposed to the identical sound stress (PNSS) 
for 3 days, prior to an injection of HSV-1 (0.1 ml of 106 TCID50, ip), but not before a 
booster injection 5 weeks later. Serum samples were assayed for HSV-1 neutralizing 
antibodies and for IL-2, 3 weeks after the second injection of the virus. Body weights 
were determinedthroughoutand organ/body weights ratios were determined at sacrifice. 
PSS, either alone or in combination with PNSS, altered the somatic response to stress. 
PSS protected F offspring from the weight loss seen after 3 days of PNSS; combined 
stress exposure prevented weight loss following HSV-1. Treatment effects were evident 
for organ/body weight ratios of tissue of the HPA axis but not the immune system. 
Adrenal weights, initially decreased in both sexes by PPS, were further reduced in M 
by PNSS; spleen and thymus weights were unaffected by either treatment. Cytokine 
levels were increased in PNSS-exposed offspring, indicating that PSS enhanced the 
cellular response to HSV-1; this effect was most pronounced in PSS M. Humoral 
immunity was unaffected by either prenatal or postnatal stress; sera for all groups 
inhibited HSV-1 expression in culture. These data indicate that PSS enhances cellular 
immunity possibly indirectly through feed back mechanisms mediated by the HPA axis. 
(Supported in full by a NARSAD grant to SKS.)

802.24

COGNITIVE, SENSORY AND NUTRITIONAL FOOD CHARACTERS CONSTRUCTIVE 
ANALYSIS. PROBLEMS, ACHIEVEMENTS, POSSIBLE RESULTS. D. A. Ugolev^ln- 
stitute of Evolutionary Physiology and Biochemistry RAS, St. - Petersburg, 194223 
Russia
To understand the reality of food influence on the emotional, intellectual, behavioral, 
physical, etc. human conditions it is necessary to integrate the knowledge related to a 
wide area of various physiological, medical, humanitarian and technological disciplines, 
obtained with the help of different formal methods and non - formal heuristics tradi-
tional for these sciences. For constructive discussion of such a complex problem it is 
necessary to propose a concept integrating this amorphous structure of all the scien-
tific knowledge and methods mentioned above. It would be useful to discuss the prob-
lem in a frame of trophology paradigm. Trophology is a contemporary interdisciplinary 
science, consolidating modern theory of nutrition, universal functional blocks theory, 
“metatechnological” concept for integration of natural (dealing with living systems) and 
artificial technologies as well as neuroscience and evolutionary sciences. The goal of 
our investigations was to design the tools for practical trophology application to food 
characters - human conditions influence problem solving. Such tools, based on the 
modern achievements of psychometrics, physiological sciences, linguistics and 
chemometrics on the one hand and cognitive science, computer science and general 
evolutionary science, on the other, were applied to a few important problems. The 
back - bone of the tools proposed was the idea that all the possible information (the 
rules of its handling to be included) as well as internal expert and consumer fuzzy 
knowledge and feelings are to be transformed in computer - suitable form by all Means. 
The set of our own original mathematical and computer simulating models to integrate 
the cross - disciplinary knowledge permits to look for the existence of the algorithmic 
solution and to estimate the problem complexity (the total amount of analytical, computa-
tional and other possible resources need) and uncertainty of data obtained preliminary. 
As an example of the employment of the concept a role and influence of three main 
classes of food characters - cognitive, sensory and nutritional - is discussed in details.
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803.1
TRKA RECEPTORS IN CELLS OF THE RAT VISUAL CORTEX REVEALED 
BY A NEW ANTI-TRKA MONOCLONAL ANTIBODY. D. Tropea*. S, 
Capsoni. M. Novak. A. Cattaneo and L. Domenici. Neuroscience Program, 
International School for Advanced Studies (SISSA), 34014 Trieste, Italy.

Nerve growth factor (NGF) is a polypeptide of the neurotrophins family involved 
in the developmental plasticity of geniculo-cortical pathways. The actions of NGF 
in the Central Nervous System are mainly mediated by a high affinity receptor, 
TrkA. The presence of TrkA in rat visual cortex has been shown by PCR 
(Cellerino, Prog Neurobiol., 1996,49:53) and by immunoblot (Pizzorusso, Eur. J. 
Neurosci., 1999, 11: 204). However, little is known about the distribution of TrkA 
at the cellular level. In this study, we used a new, highly specific monoclonal 
antibody against TrkA (Cattaneo et al., .J. Neurosci., 1999, submitted) to analyze 
the distribution of NGF receptor in the rat visual cortex by immunohistochemistry. 
The experiments were performed during development and in adulthood. We chose 
four postnatal ages: P14 (i.e. a time before the eye opening), P22 (corresponding to 
the middle of the critical period for monocular deprivation), P36 (an age 
corresponding to the end of the critical period) and P90. Our findings show that 
from P14 to P36, TrkA is localized in nerve fibers entering the visual cortex from 
the white matter. At P90, TrkA has a cellular distribution, being expressed in a few 
neurons of layers V and VI. The staining is localized at the cellular and dendritic 
level. Our results show for the first time the distribution of TrkA in cells of the 
visual cortex and suggest that TrkA expression is developmentally regulated.

803.2
IMMUNOHISTOCHEMICAL EVIDENCE FOR TRK RECEPTOR 
ACTIVATION IN THE MOSSY FIBER PATHWAY IN ANIMAL 
MODELS OF EPILEPTOGENESIS. S.C. Panzer1*. D.K. Binder2 and J.O, 
McNamara1234. Depts. Medicine (Neurology)1, Neurobiology2, Molecular 
Cancer Biology3 & Pharmacology4, Duke University, Durham, NC 27710.

Limiting activation of the TrkB subtype of neurotrophin receptor 
inhibits epileptogenesis, but whether, where, and when Trk receptors 
undergo activation during epileptogenesis is unclear. Trk receptor 
activation involves phosphorylation of specific tyrosine residues. Since 
antibodies that selectively recognize these phosphorylated forms are 
available, a histochemical assessment of Trk receptor activation (P-Trk) is 
possible. Three different models of epileptogenesis - pilocarpine and 
kainic acid-induced status epilepticus, and partial kindling - were examined 
for P-Trk immunoreactivity. Twenty-four hours after the termination of 
kainate-induced status epilepticus, P-Trk immunoreactivity was increased 
bilaterally in the hilus, stratum lucidum, and in portions of stratum oriens 
below the CA3 layer - a distribution indistinguishable from the mossy fiber 
pathway. This effect was eliminated by seizure blockade with a 
benzodiazepine. A similar anatomic pattern of increased P-Trk 
immunoreactivity was detected after partial kindling or pilocarpine-induced 
status epilepticus. These results provide immunohistochemical evidence 
that Trk receptors undergo activation during epileptogenesis and suggest 
that the mossy fiber pathway is particularly important in the pro- 
epileptogenic actions of the neurotrophins. This work was supported by 
NIH NS07370, NINDS NS 17771, and NS32334.

803.3

ALTERED TrkB EXPRESSION AND THE ACCELERATED DEATH OF 
HIPPOCAMPAL NEURONS FROM THE TRISOMY 16 MOUSE. S.G. 
Dorsey1. B.K, Krueger2 and L.L, Bambrick2*.1 School of Nursing, Univ. of 
Maryland, 2Dept. of Physiology, School of Medicine, Univ. of Maryland; 
Baltimore, MD 21201.

Hippocampal neurons from the trisomy 16 (Ts16) mouse undergo 
apoptosis at an accelerated rate in vitro. This accelerated death could 
reflect an altered response to trophic stimuli. We have found that when cells 
are grown in the absence of other growth factors, the ability of exogenous 
BDNF to maintain neuron survival is dimihished in Ts16 as compared to 
control (euploid) neuron cultures. BDNF trkB receptors are present on 
Ts16 neurons and early experiments have shown that in both Ts16 and 
euploid neurons BDNF stimulates autophosphorylation of trkB and 
activates the ras/MAPK pathway leading to erk phosphorylation. 
Therefore, although BDNF-induced survival seems compromised in Ts16, 
some trkB-mediated signaling does occur. When trkB receptors were 
assayed by Western bldts of protein from euploid and Ts16 neuronal 
cultures, we found a change in the pattern of trkB expression. In euploid 
neurons, both the full length, catalytically active trkB (MW 145) and 
truncated trkB, missing the intracellular catalytic domain, (MW 95) were 
expressed at a full length to truncated ratio of 4. In contrast, there was an 
increased amount of the truncated trkB receptor in Ts16 cells with a full 
length to truncated receptor ratio approaching 2. This over-expression of 
the catalytically inactive trkB isoform could affect trkB signaling and lead 
to reduced survival of Ts16 hippocampal neurons. Supported by AG 10686, 
AG15207, F31NR07189.

803.4

EXPRESSION OF trk A AND B IN PERIPHERAL NERVOUS SYSTEM 
FOLLOWING INJURY TO RAT SCIATIC NERVE. S. Ok^jima1*. T. 
Tsujihara1. M. Shirasu1. A. Mizoguchi2. Y, JiirasawaLC Ids.2 . ’Dept. of 
Orthopaedic Surgery, Kyoto Prefectural Univ. of Med.; 2Dept. of Anatomy 
and Neurobiology, Kyoto University Graduate School of Med.

Neurotrophins and neurotrophin receptors play an important role in 
peripheral nerve regeneration. In the present study, the expression of trk 
A and B was studied in sciatic nerve, neurons of dorsal root ganglion 
(DRG) and spinal cord (SP, L4-L5 lumbar level). Sciatic nerves of 
Wister rats (female, n=20) weighing 200-250 gms. were crushed with 
forceps under anesthesia (sodium pentobarbiturate, 50 mg/kg body 
weight). Crushed nerves, neurons of DRG and SP were resected and 
immunostained by anti trk A and B antibodies (Santa Cruz Biotech Inc.) at
1,3,7 and 14 days after surgery. In sciatic nerves, immunoreactivity (IR) 
for trk A was present in myelin sheath and axon, and IR for trk B was 
observed in axon at 1 day after surgery. In DRG neurons, IR for trk B 
was expressed in small diameter neuron at 3 days after surgery, while 
medium size neuron had the IR for trk B in control group. In SP, glial 
cells had IR for trk A in control and injured group. The pattern of trk B 
expression in DRG neurons was changed before and after the injury to 
sciatic nerves. In SP, trk receptors were expressed mainly in glial cells. 
This study was supported in part by Grant-in Aid for Scientific Research 
(B) from the Ministry of Education, Science, Sports and Culture of Japan 
(No. 10470310).

803.5

TRKB RECEPTOR EXPRESSION IN PREFRONTAL CORTEX DURING POSTNATAL 
HUMAN DEVELOPMENT. T.B. Romanczyk1*C. Shannon Weickert1, M, Akil1, M.J. 
Webster2, M.M. Herman1, T.M, Hyde1, and J.E, Kleinman1; 1Clinical Brain Disorders 
Branch, NIMH, IRP, NIH, Bethesda, MD 20892; 2Stanley Laboratory of Brain Research, 
Dept. of Psychiatry, USUHS.
Increased expression of brain-derived neurotrophic factor (BDNF), a factor critical for 
neuronal survival, differentiation and synaptogenesis, correlates with neuronal 
maturation. TrkB is a high-affinity tyrosine kinase receptor which mediates cellular 
responses to BDNF. In order to determine whether the mRNA for full-length TrkB (TrkB- 
FL) is expressed in the DLPFC in the postnatal human brain, we cloned a 216bp region 
of TrkB-FL mRNA between the transmembrane and tyrosine kinase domain for use in in 
vitro transcription. In Northern Blot analysis of the adult human frontal cortex, we 
detected a strong hybridizing band at approximately 7.5kb, corresponding to the size of 
TrkB-FL cDNA. In situ hybridization showed that TrkB-FL mRNA was present in both 
pyramidal and non-pyramidal-shaped profiles. TrkB-FL mRNA was present in all cortical 
layers with the highest expression in superficial layers Il-Ill and intermediate expression 
in layer V. To determine if the pattern of TrkB-FL mRNA expression changes after birth, 
we probed fresh frozen postmortem brain specimens from cytoarchitectonically defined 
Brodmann's area 46 obtained from 40 subjects ranging in age from 1 month to 86 years. 
We evaluated five age groups: infants, (5wks-1yr, N=10), adolescents (14-18yrs, N=7), 
young adults (20-24yrs, N=8), adults (32-43yrs, N=8) and aged individuals (68-86yrs, N= 
7). TrkB-FL mRNA levels were significantly increased in layer Il-Ill in young adults as 
compared to the infants (44% higher), adults (43% higher) and aged groups (125% 
higher). The TrkB-FL mRNA levels in the aged group were markedly reduced throughout 
the cortex as compared to the other groups. The presence of TrkB-FL in the human 
DLPFC suggests that cortical neurons may be modulated by neurotrophic signals 
throughout life. Defining the role of TrkB and its interactions with BDNF during postnatal 
development will be critical in determining BDNF's role in normal and diseased states.

Supported by IRP, NIMH

803.6

HIPPOCAMPAL TRK-A RECEPTORS ARE COMPARTMENTALIZED WITHIN 
AXONAL TRANSPORT VESICLE SITES AND PRESENT IN SELECT 
ASTROCYTES. M.L Barker-Gibb1! S. Einheber2 and T.A, Milner1. 1Dept. 
Neurol.& Neurosci., Weill Med. Coll, of Cornell Univ., New York NY 10021 and 
2Dept. Cell Biol., New York Univ. Med. Ctr. New York NY 10016

Trk-A is a high affinity transmembrane tyrosine kinase receptor which is 
activated by it’s ligand, nerve growth factor (NGF), to mediate cell survival and 
the retrograde transport of NGF by septohippocampal cholinergic neurons. To 
determine its subcellularlocalization, antibodies to the extracellular domain of 
the Trk-A receptor (Chemicon; Upstate) were localized immunocytochemically 
in rat dentate gyrus by light & electron microscopy (LM; EM). These antibodies 
recognized two bands migrating at -125 and 140 kD on immunoblots of septal 
and hippocampal lysates. Consistent with previous LM reports, Trk-A-immuno- 
reactivity (-I) with both antibodies was found in fine, varicose fibers, primarily 
in the hilus. However, the Chemicon antibody also labeled fibers in the granule 
and molecular layers (ML) as well as numerous astrocytic profiles in the 
external and medial zones of the ML and the superficial blade of the hilus. EM 
analysis of the dentate gyrus using the Chemicon antibody revealed that Trk-A- 
I was in axons, axon terminals and astrocytes. Trk-A-I in axons was not 
homogeneous, but was concentrated in patches near regions where vesicles 
accumulated. Trk-A-I in terminals was affiliated with clusters of small synaptic 
vesicles frequently located away from synaptic specializations. In both axons 
and axon terminals, the clusters of Trk-A-labeled vesicles often were adjacent 
to somatic and dendritic profiles. Trk-A-labeled astrocytes in the hilus regularly 
closely apposed terminals presynaptic to dendritic spines. The findings support 
evidence that hippocampal Trk-A receptors are compartmentalized within 
transport vesicle sites. Also, they suggest that astrocytes play a role in the 
uptake and retrograde transport of NGF by septohippocampal cholinergic 
neurons to support their survival. (Support: MH42834; DA 08259)
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803.7

ACTIVATION OF TRK RECEPTOR IN STRATUM LUCIDUM OF 
HIPPOCAMPUS DURING EPILEPTOGENESIS DOES NOT REQUIRE NT-4 
X_,P. He1, L. Butler1. X.Liu4. J.O.McNamara1’23* Departments of Medicine 
(Neurology)1, Neurobiology2, and Pharmacology3, Duke University, Durham, NC 
27710; Department of Pharmacology4, UCLA, School of Medicine, CA 
The kindling model of epilepsy is a form of neuronal plasticity induced by 
repeated induction of pathological activity in the form of subconvulsive seizures.
A causal role for neurotrophins in epileptogenesis is supported by multiple studies 
of the kindling model. The development of kindling is inhibited by infusion of 
proteins that sequester endogenous ligands for the trkB, but not the trkA or trkC, 
receptor. Antibodies which selectively recognize the phosphorylated form of trk 
receptors permits a histochemical assessment of trk receptor activation. 
Immunohistochemical evidence of trk activation in the hippocampus of multiple 
models of limbic epileptogenesis has recently emerged (see Danzer et al this 
volume). We suspect that release of NT4, an endogenous neurotrophin may lead 
to the binding and activation of trk receptors in this model. To determine whether 
NT-4 is required for the kindling-induced increase of phosphotrk immuno-
reactivity, the effects of stimulation-evoked afterdischarges (AD) were examined 
in wild type (+/+) and NT-4 null mutant (-/-) mice. Phosphotrk immunoreactivity 
was quantitated by a densitometric method. Either a single AD or seven AD 
evoked in +/+ kindled mice induced significant increases of phosphotrk 
immunoreactivity in stratum lucidum of CA3 in comparison to unstimulated mice 
(p<0.001, ANOVA). Significant increases were anatomically specific in the 
dentate hilus and stratum lucidum of CA3. Either a single AD or seven AD evoked 
in -/- kindled mice also induced clear equivalent increases of phosphotrk 
immunoreactivity in comparison to unstimulated -/- mice (p<0.001, ANOVA).
Our results suggest that BDNF, but not NT-4, is required for AD-induced increase 
of phosphotrk immunoreactivity. Supported by NINDS RO1 NS32334.

803.8
THE LEVELS OF TrkA DETERMINE THE SENSITIVITY OF SYMPATHETIC 
NEURONS TO NGF FOR SURVIVAL. J. Kohn1*, J. Atwal1-2, L. LeSauteuH, 
M. Majdan2, D.R, Kaplan2, and F.D. Miller1. McGill University, Montreal 
Neurological Institute, 1Centre for Neuronal Survival and 2Brain Tumour 
Research Centre, Montreal, PQ, Canada, H3A 2B4.

The survival and growth of sympathetic neurons is dependent upon a 
physiological balance between activation of p75 and TrkA neurotrophin 
receptors, with TrkA mediating positive and p75 transducing negative 
biological responses. We have previously shown that activating p75 with its 
specific ligand BDNF in the presence of strong NGF-induced TrkA signals 
does not suppress survival in vitro (Bamji et al., 1998). Rather, p75 negative 
survival signals are suppressed by TrkA. However, if TrkA activation is weak, 
concomitant p75 activation now inhibits survival (Bamji et al., 1998). One 
prediction of this data is that increasing TrkA levels at a constant level of p75 
will allow sympathetic neurons to become more sensitive to TrkA ligands 
through efficient Trk-mediated suppression of p75 inhibitory signals. To test 
this hypothesis, we have taken two approaches. First, we have increased the 
level of TrkA to p75 using recombinant adenovirus. Second, we have 
cultured sympathetic neurons from p75 A mice. In both cases, the higher the 
TrkA:p75 ratio, the less NGF that was required for survival. This data 
indicates that in sympathetic neurons, p75 normally plays an inhibitory role, 
and that suppression of p75 inhibitory signals by increasing the levels of TrkA 
sensitizes these neurons to NGF. This is in contrast to the role of p75 in 
sensory neurons (Laramee et al., 1997), where p75 increases the sensitivity 
of TrkA to NGF-mediated survival signals. These results suggest that p75 
can function in different neuronal populations to either suppress or enhance 
TrkA survival signals, and that inhibitory signaling by p75 regulates the 
sensitivity of sympathetic neurons to NGF. Supported by MRC.

803.9

MORPHOLOGICAL BUT NOT CHOLINERGIC PHENOTYPIC 
DIFFERENTIATION IN NGF-TREATED NNR5 CELLS EXPRESSING 
TRKA RECEPTORS.
J.C. Baskev1,2, B.E. Kalisch1,2, S.O. Meakin2 and R.J. Rylett1,2*, department 
of Physiology, University of Western Ontario, and 2The John P. Robarts 
Research Institute, London, Ontario, Canada, N6A 5C1

Treatment of PC 12 cells with nerve growth factor (NGF) leads to 
morphological differentiation with neurite outgrowth and increased 
expression of cholinergic neuronal phenotype with enhanced choline 
acetyltransferase (ChAT) activity and mRNA. Signal transduction pathways 
regulating these events are the subject of considerable investigation. In the 
present study, we compared NGF-mediated changes in ChAT activity and 
steady-state levels of transcript isoforms for ChAT in PC 12 cells, nnr5 cells 
(a PC 12 variant which do not express TrkA receptors), and B5P cells (nnr5 
cells overexpressing TrkA receptors). In response to treatment with 50 
ng/ml NGF, PC 12 cells differentiate morphologically and have enhanced 
levels of ChAT activity and M- but not N2-ChAT mRNA. In contrast, while 
both nnr5 and B5P cells express low, but detectable (by RT-PCR) basal 
levels of ChAT transcripts, they do not have measurable ChAT enzymatic 
activity. Treatment with NGF leads to morphological differentiation of 
TrkA-expressing B5P but not nnr5 cells, but does not increase ChAT 
transcript levels or result in measurable ChAT activity in either cell line. 
These studies demonstrate that NGF-mediated morphological differentiation 
can be dissociated from regulation of expression of cholinergic phenotype 
through TrkA receptors.
(Supported by Alzheimer Society of Canada and MRC Canada)

803.10

DIFFERENTIATION AND PROLIFERATION INDUCED BY THE 
ACTIVATION OF p145,rkB IN NEURONAL AND NON-NEURONAL CELLS. 
A,.Kato:, Y, Naya, T, llQh-and...K, Nagaata> Shionogi Research 
Laboratories, Shionogi Co., Ltd., Osaka 553-0002, Japan

Neurotrophin-induced activation of trk family receptor tyrosine 
kinases arrests cell growth and subsequently induces differentiation 
in neuronal cells. In contrast, growth factors, such as EGF and FGF, 
activate different receptor tyrosine kinases that stimulate cell 
growth in non-neuronal cells. However, it has been demonstrated 
that putative downstream effectors of trk receptors might be 
similar to those of growth factor receptors. Consequently, we have 
tried to clarify the differences among tyrosine kinase signaling 
pathways between neuronal and non-neuronal cells. We have shown 
that BDNF and NT-4 induced differentiation in a neuro 2A mouse 
neuroblastoma cell line that stably expresses p145,rkB. However, 
BDNF and NT-4 induced proliferation in a NIH3T3 mouse fibroblast 
cell line that stably expresses p145,rkB. These results indicate that 
BDNF and NT-4 can act as neurotrophic factors in neuronal cells 
and, in contrast, as growth factors in non-neuronal cells. We have 
made a hybrid cell line of neuro 2A and NIH3T3 cells expressing 
p.145,rkB to test whether differentiation or proliferation is the 
dominant phenotype following activation of p145,rkB. Interestingly, 
BDNF and NT-4 still induced either differentiation or proliferation, 
depending on the presence of serum in the media, in this hybrid line. 
This indicates that the two different signaling pathways downstream 
of p145,rkB activation are maintained in the hybrid cell, and that 
this hybrid cell could be a good tool for analyzing p145’rkB signaling 
pathways.

803.11

ACIDIC SUBSTITUTION OF THE CATALYTIC TYROSINES IN TrkA 
SUPPORTS NERVE GROWTH FACTOR-INDEPENDENT CELL SURVIVAL 
AND NEURONAL DIFFERENTIATION. E.A. Gryz12t and S.O. Meakin1’2'3*. 
^eurodegeneration Group, The John P. Robarts Research Institute, 100 Perth 
Drive, London, Ontario, N6A 5K8, 2Graduate Program in Neuroscience and 
3Department of Biochemistry, The University of Western Ontario, London, Ontario, 
N6A 5C1, CANADA.

TrkA is the receptor tyrosine kinase (RTK) for nerve growth factor (NGF) and 
stimulates NGF-dependent cell survival and differentiation in primary neurons. 
TrkA expression in neuronal tumors also supports NGF-dependent differentiation of 
neuroblastomas and apoptosis of medulloblastomas. Phosphorylation of the 
catalytic core tyrosines in RTKs is essential to kinase activation as well as allosteric 
changes that facilitate substrate interaction and phosphorylation. Acidic amino acid 
(Glutamate and Aspartate) substitution of the catalytic core tyrosines in TrkA, 
Tyr683Tyr684, was performed to mimic the negative charges normally induced by 
ligand activation and receptor phosphorylation. A total of eight independent 
mutants containing single or double substitutions were generated for comparison. 
Herein, we demonstrate that acidic substitution of the catalytic tyrosines is sufficient 
to induce allosteric changes required for constitutive TrkA kinase activity as well as 
phosphorylation of the major TrkA signaling proteins such as She, PLC-yl, FRS-2 
and erkl/2. The strongest constitutively active TrkA mutants, GluAsp and AspGlu, 
support NGF-independent neuritogenesis and survival in serum-free media to levels 
approximately 65% and 90-100%, respectively, of NGF-activated wild type TrkA. 
Thus, constitutively active TrkA mutants may provide a useful strategy in future 
therapeutic approaches to limit the development and progression of neuronal 
tumors.
Supported by a grant from the Cancer Research Society (CRS).
tE. A. Gryz is the recipient of a studentship from the CRS.

803.12
EFFECT OF TRKA AND p75 NGF RECEPTORS ON TRAF-6 
binding  and  activation . G, .KhRtslso, J. .Wagpw*...and MX 
Chao. Mol. Neurobiology Program. Skirball Inst., NYU Med. Ctr., NY, 
NY 10016

NGF signals independently through two receptors: the tyrosine kinase 
receptor TrkA, and the p75 receptor, a member of the TNF superfamily. 
The TrkA receptor is associated with the p75 receptor. Signaling by the 
p75 receptor may be mediated through an interaction with Traf-6, a TNF 
Receptor Associated Factor. Our objective is to determine if expression 
of TrkA can regulate p75 signaling by altering Traf-6 function. A co-
immunoprecipitation assay in 293T cells was used to determine if TrkA 
influences the interaction between p75 and Traf-6. Expression of TrkA 
did not alter the interaction between p75 and Traf-6. Interestingly an 
association of TrkA with Traf-6 was detected that was not altered by p75. 
These data indicate that p75 and TrkA do not compete for Traf-6 but 
suggest that p75, TrkA and Traf-6 form a complex. Traf-6 has been 
shown to mediate NF-kB activation in a ligand dependent manner. To 
determine if TrkA and p75 can mediate NGF signaling through Traf-6 we 
used a luciferase reporter assay to measure NF-k B activity. Expression efr 
TrkA and p75 together with Traf-6 results in a ten fold increase in NF-k B 
activity with the addition of NGF. These results were also extended to 
PC-12 cells. Expression of Traf-6 with either p75 or TrkA in 293T cells 
did not show a significant increase upon NGF treatment. Our data 
suggest that TrkA and p75 together increase NGF induced NF-kB 
activity by recruiting and activating Traf-6 and possibly other proteins to 
a receptor complex.
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803.13
OLIGOMERIZATION OF rAPS AND SH2-B AND ITS FUNCTION DURING 
TRK SIGNALING. Xiaozhong Qian* and David D, Gintv, Department of 
Neuroscience, The Johns Hopkins University School of Medicine, Baltimore, 
MD 21205.
Neurotrophins influence growth and survival of specific populations of neurons 

through activation of Trks, members of the receptor tyrosine kinase family. 
Previously, we identified two novel substrates of Trk kinases, rAPS and SH2-B, 
which are closely related PH and SH2 domain-containing signaling molecules. 
rAPS and SH2-B bind directly to activated Trk receptors and are required for 
NGF-mediated survival of sympathetic neurons. Here we report that rAPS and 
SH2-B exist as homomultimers or heteromultimers in neurons. Multimerization 
of rAPS and SH2-B is independent of Trk receptor activation. Moreover, results 
from size exclusion chromatography experiments indicate that SH2-B exists in 
vivo as a tetramer or pentamer. Structure function analyses have demonstrated 
that the SH2-B oligomerization domain resides within its amino terminus. 
Oligomerization of rAPS and SH2-B seems to be critical for aspects of NGF 
signaling. First, overexpression of SH2-B prolongs TrkA phosphorylation 
following transient exposure of PC 12 cells to NGF. This effect was abolished if 
cells expressed SH2-B mutants lacking the oligomerization motif. Moreover, 
the oligomerization motif of SH2-B is critical for NGF mediated morphological 
differentiation of PC 12 cells since SH2-B mutants lacking this motif blocked 
NGF induction of neurite outgrowth. In summary, we have shown that rAPS 
and SH2-B exist as oligomers through amino-terminal association domains, and 
that oligomerization of these Trk substrates is indispensable for at least some of 
their functions during Trk signaling.
Supported by NIH grant NS 34814

EXPRESSION AND REGULATION OF TROPHIC FACTORS: CYTOKINES AND OTHERS III

804.1

IDENTIFICATION AND CHARACTERIZATION OF HEDGEHOG mRNAs 
AND PEPTIDES IN THE ADULT RAT BRAIN. Traiffort E., Charytoniuk D. 
A., Faure H., Sales N1, and Ruat MTINSERM Unit 334 SHFJ-CEA, 91401 Orsay 
and UPR 9040-CNRS, Junior Group ATIPE 91198 Gif sur Yvette, France.

Sonic Hedgehog (Shh), a secreted molecule, displays inductive, 
proliferative, neurotrophic and neuroprotective activities on various neural cells. 
Shh might exert its biological functions through binding to Patched (Ptc), a 
multipass transmembrane protein, associated with Smoothened (Smo), which 
displays hallmarks of serpentine receptors, leading to downstream activation of 
target genes. We have now identified cells expressing Ptc, Smo, Shh and Glil 
mRNAs in brain and spinal cord of the adult rat (Traiffort et al, Eur J Neurosci, in 
press). Shh positive cells were mainly observed in forebrain structures, in the 
Purkinje cells of the cerebellum, and in motor neurons. Ptc positive cells were 
frequently observed in brain areas devoid of any Shh transcripts, except in the 
median eminence or the facial nucleus suggesting local Shh signaling. The presence 
of Shh, Ptc and Smo transcripts in thalamic and hypothalamic areas may indicate a 
role of Shh signaling in the modulation of neuroendocrine functions. The expression 
pattern of these genes was regulated during cerebellum development suggesting a 
possible role for Hedgehog signaling for the generation of various cell populations 
within the cerebellum. During embryonic tissue patterning Shh is synthesized as a 
large precursor protein and undergoes autoproteolysis which leads to an 
aminoterminal product responsible for the biological activity of the protein. Using a 
rabbit polyclonal antibody raised against a mouse Shh-aminoterminal fragment 
linked to GST (Ab 167), we detected and characterized by western blot a ~ 20 kDa, 
membrane bound immunoreactive peptide from rat adult cerebellum suggesting that 
Shh mRNAs is translated and processed to mature peptides. These results suggest 
that Shh peptides might have various proeminent roles in the adult CNS.

804.2

EXPRESSION OF HEPATOCYTE GROWTH FACTOR AND MET 
DURING FOREBRAIN DEVELOPMENT. EM Powell*and P Levitt, 
Department of Neurobiology, University of Pittsburgh, School of 
Medicine, Pittsburgh, PA 15261

Early cortical axons that project through the internal capsule to 
subcortical targets, including the thalamus, originate from the subplate. 
Some of the cues that may guide these sets of connections have recently 
been elucidated, including Eph family members, the Ig-superfamily 
member limbic system-associated membrane protein, and the diffusible 
molecule netrin-1. The latter is expressed in the forebrain ganglionic 
eminence, which may serve as an intermediate target or axon pathway for 
cortical and thalamic axons. Other candidate guidance cues are expressed 
in the forebrain. The present study has focused on defining the 
expression patterns and activity of hepatocyte growth factor (HGF) and 
its receptor, Met (the protein product of the met protooncogene) during 
development in the murine forebrain. This signaling system has been 
implicated in axon guidance in other neuronal cell populations. HGF 
mRNA and protein were localized in the ganglionic eminence and cortical 
subplate at embryonic day 13.5, as well as the cortical plate (El6.5).
Cells in the subplate expressed Met message and protein at El3.5 through 
El9.5, the time frame corresponding to the establishment of 
corticothalamic connections. Western blot analysis confirmed temporal 
expression patterns. A scatter assay is being used to identify the precise 
spatial distribution of biologically active HGF. These expression and 
activity patterns suggest a role for HGF and Met in the formation of 
corticofugal projections. This work was supported by NIMH grant 
MH455507 to PL and NIH grant T32 NS07391 to EMP.

804.3

NEONATAL 5-HT DEPLETION OR 5-HT1A RECEPTOR BLOCKADE 
INCREASES SIOOB IMMUNOREACTIVITY IN THE RAT FASCIA 
DENT AT A J.H, Haring* and K.M, Faber. Dept. of Anatomy and Neurobiology, 
St. Louis Univ. Sch. Med., St. Louis, MO 63104.

Neonatal 5-HT depletion or 5-HT1A receptor antagonist treatment results in a 
significant and permanent reduction in dentate granule cell dendritic spines.
These treatments also retard synaptogenesis in the molecular layer. This effect 
could be mediated via neuronal receptors,but astrocytes also express 5-HT 1A 
receptors and secrete SIOOB in response to 5-HTIA stimulation. The present 
study sought to identify changes in S100B immunoreactivity in response to 5-HT 
depletion or 5-HT 1A blockade. Male, Sprague-Dawley rat pups were treated with 
1) 5,7-DHT (P3), 2) PCA (P3 and 4), 3) NAN-190 (P3-14) or sterile saline and 
studied on Pl4,21 and 60. Alternate sections through the dorsal hippocampal 
formation were immunostained for GFAP and S100B. The area of the molecular 
layer occupied by immunostained structures was estimated using either stereology 
or digital image analysis. Age-related changes in glial architecture were seen in 
GFAP sections, but no change in area occupied by GFAP-stained elements as a 
function of treatment was noted. At P14,5-HT depletion or 5-HT 1A blockade 
resulted in an increase in SIOOB immunoreactivity. This increase was significant 
only in the 5,7-DHT group. The area occupied by S100B immuno-positive 
elements decreased as a function of age in all groups, but the 5,7-DHT remained 
significantly elevated at P60. Thus, reducing 5-HT 1A stimulation resulted in an 
increase in S100B immunoreactivity. The observed increase in S100B could 
represent either increased synthesis or decreased secretion. We favor the latter, 
but this must be confirmed biochemically. Support NS31574.

804.4

POSTNATAL EFFECTS OF A PARACHLOROAMPHETAMINE INDUCED 
SEROTONIN DEPLETION. P, Tagliaferro, A.J. Ramos, E.M. Ldpez, J. Pecci 
Saavedra. A. Brusco*. Institute de Biol. Celular y Neurociencias "Prof. E. De 
Robertis", Facultad de Medicina-UBA, Paraguay 2155 3er piso (1121) Buenos Aires, 
Argentina.

Serotonin (5HT) is one of the neurotransmitters expressed early during the brain 
development. It has been proposed that 5HT could be involved in the signaling during 
die Central Nervous System development and plasticity phenomena. The glial SlOOp 
protein in one of the candidates for traducing growth effects of 5HT.

Using the halogenated amphetamine, Parachloroamphetamine (PCA), we used a 
model of postnatal treatment consisting of two doses of 15mg/kg which were injected 
subcutaneously to Wistar pups on P3 and P4 (P0=day of birth). Control rats received 
the same volume of sterile saline solution. Brain sections at P5, P7, P12, P19, P29 and 
P62 were studied. Anti-5HT and anti-S100P were used as primary antibodies for 
immunohistochemistry studies. Morphometric parameters of 5HT neurons and S100(3 
immunoreactive glial cells were analyzed.

In the midbrain raphe nuclei we observed morphological alterations in 5HT neuronal 
bodies, being more important at early stages (P5, P7, Pl2). A considerable reduction 
in 5HT fibers was observed at P5, P7, P12 in hippocampus, cerebellum and cortex. 
Interestingly, some fibers from these areas retained 5HT immunoreactivity. SlOOp 
immunostaining was quantified by the optical density (OD) measurement. In the 
control animals we observed that SlOOp expression progressively increases from P5 to 
P12. In the treated animals SlOOp immunoreactivity increases essentially in the same 
way, but OD values were always greater than those from control group.

These results showed that in the postnatal development, the PCA treatment 
produced a partial reduction of 5HT fibers, morphological alterations in 5HT neuronal 
bodies and enhanced SlOOp immunoreactivity. These alterations seem to be more 
significant in the animals studied a shorter time after this treatment.
Supported by grants of UBA MT-05 and CONICET-PIP4455.
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804.5
UP-REGULATION OF PACAP mRNA IN SUPERIOR CERVICAL GANGLION 
UPON PACAP TREATMENT IN VITRO AND ANTI-NERVE GROWTH FACTOR 
ADMINISTRATION IN VIVO. K.L, Boeshore*. S.A. Vaccariello, and R.E. 
ZigniQQSL Dept. Neurosciences, Case Western Reserve Univ, Cleveland, OH 44106.

Both pituitary adenylate cyclase activating peptide (PACAP) and vasoactive 
intestinal peptide (VIP) are up-regulated in rat superior cervical ganglion (SCG) 
following axotomy (Moller et al, 1997; Hyatt-Sachs et al, 1993). Up-regulation of 
VIP has been attributed both to increased leukemia inhibitory factor and to loss of 
target-derived nerve growth factor (NGF; Zigmond, 1997). In addition, VIP promotes 
further up-regulation of its own mRNA via a positive feedback mechanism (Mohney 
and Zigmond, 1998). To ascertain if PACAP is similarly engaged in its own up-
regulation upon axotomy, adult rat SCGs were grown in explant culture for 24 hrs in 
the presence or absence of 100 nM PACAP-27 or -38. Northern blot analysis 
revealed that explant culture conditions alone resulted in a 15X increase in PACAP 
mRNA. Addition of PACAP-27 or -38 further increased PACAP message levels 1.5- 
2X. Dose response analysis indicated that maximal PACAP-induced up-regulation 
(2.2X above explant alone) was achieved with 30 nM PACAP-38. To determine if 
PACAP-induced up-regulation of PACAP message is occurring through the PACAP 1 
receptor, the effects of maxadilan, a specific agonist for this receptor (Moro and 
Lerner, 1997), were tested. Maxadilan (50 nM) produced a slightly greater than 2X 
up-regulation of PACAP mRNA beyond that seen in explant culture alone. 
Therefore, PACAP-induced up-regulation likely involves activation of the PACAP 1 
receptor. The effects of NGF removal on PACAP mRNA in intact rat SCG were 
examined by daily injections of antiserum against NGF. Northern blot analysis 
revealed substantial (2.5X) up-regulation of PACAP mRNA after 7 days of treatment. 
Together, these data suggest multiple means of PACAP message regulation in SCG: 
positive-feedback by PACAP itself, and up-regulation in the absence of NGF. Both 
mechanisms are likely involved in promoting increased PACAP expression after SCG 
axotomy in vivo. Supported by NS 12651 and EY08885.

804.6
SECRETORY ACTIONS OF VIP IN THE EMBRYONIC NEURAL TUBE.
J.M. Hill1*, R. Castellon1, J.M, Mehnert1#, T.M, Phillips3 and D.E. Brenneman1,
‘Section on Developmental and Molecular Pharmacology, LDN, NICHD, NIH, 
Bethesda, MD 20892; 2Immunochemistry Laboratory, George Washington University 
Medical Center, Washington, DC 20037. *HHMI-NIH Research Scholar.

VIP regulates growth in the early postimplantation mouse embryo through binding 
sites primarily localized to the floor plate and adjacent neuroepithelium of the neural 
tube. The floor plate is composed of presumptive glial cells and is known to regulate 
development through the release of growth factors.

Many VIP actions are indirect, occurring through the release of several factors from 
astroglia. The growth-regulatory functions of VIP may also be indirect and due to the 
VIP-induced secretion of growth factors from the neural tube.

Explanted neural tubes from embryonic day 9.5 mice were incubated for 1 h in 
buffer alone, 10'7M or 10'10M VIP. Conditioned media from VIP-treated neural tubes 
was found to potently protect neurons in tetrodotoxin-treated CNS cultures. HPLC 
analysis of the conditioned medium revealed the presence of 30 factors (including 
several cytokines and neurotrophins) secreted by VIP-stimulated neural tubes which 
were absent from control explants. Western analysis detected an increase in heat shock 
protein 60-like and NGF-like immunoreactivity in VIP-treated conditioned media but a 
decrease of chaperonin 10-like (—60 kDa) immunoreactivity compared with controls.

These data suggest that the growth-regulatory actions of VIP occur indirectly 
through the release of factors from the neural tube and, additionally, that the 
neuropeptide VIP is a secretagogue for the neurotrophin NGF in the developing 
neuroepithelium. Supported by the NICHD Intramural Program.

804.7

ACTIVITY-DEPENDENT NEUROPROTECTIVE PROTEIN (ADNP): A 
PUTATIVE VIP-RESPONSIVE STRESS-DEFENSE GENE. R. Zamostiano*1, A. 
Pinhasov1, M. Bassan1, E. Giladi1, R.A. Steingart, J. Busiciglio2, D. E. Brenneman3
and I. Gozes1. ’Clin. Biochem., Sackler Med. Sch., Tel Aviv Univ., Tel Aviv 69978,
Israel; 2Pharmacol. Univ. CT Med. Sch. Farmington, CT 06030-6125; 3SDMP, LDN, 
NICHD, NIH, Bethesda, MD 20892.

Activity-Dependent Neuroprotective Protein (ADNP, 828 amino acids, pi 5.99, J. 
Neurochem. 72, 1283, 1999) is a glial derived protein that contains a femtomolar 
neuroprotective peptide, NAP (Gozes et al., this meeting). ADNP is widely 
distributed in many organs and its gene expression is more pronounced in the 
hippocampus, cerebral cortex and cerebellum. The neuropeptide, vasoactive 
intestinal peptide (VIP) induces increases in ADNP mRNA in astrocyes, suggesting 
that ADNP is a VIP responsive protein. Utilizing Northern blot analyzes it was now 
shown that brief heat-shock treatment (42 - 43 degrees C for 5 min) of cerebral 
cortical cells (mixed neuronal/glial population) significantly induced ADNP mRNA 
level in these cells. In rat pheochromocytoma cells (PC 12), VIP treatment also 
induced increases in ADNP mRNA. In this model system, the VIP treatment 
provided protection against oxidative stress. In vivo, in apolipoprotein E-deficient 
mice ADNP mRNA levels were higher in the brain in comparison to normal, age - 
matched controls. Preliminary results indicate that ADNP mRNA is decreased in the 
cerebral cortex of Down syndrome human brains (chromosome 21 trisomy) in 
comparison to normal age - matched controls. Taken together, these results suggest 
that ADNP is a putative novel stress protein and ADNP mRNA undergoes rapid 
changes to mediate neuropeptide action and adjust to physiological needs.
Support: US-Israel BSF; Lily and Avraham Gildor Chair for Investigations of 
Growth Factors (I.Gozes).

804.8

SYNCHRONOUS GRANULE CELL - INDUCED PURKINJE CELL 
DEVELOPMENT REGULATED BY ACTIVATION OF AMPA 
RECEPTOR IN VITRO. S. Yoshida1, A. Yabunaka1, G. Ashida1. T, 
Sekiguchi2 , M, Yano3. 'Dept. of Material Sci., Toyohashi Univ. of Technology, 
Tempaku-cho, Toyohashi 441-8122, ’SANYO Electric Co. Ltd., Tsukuba Research 
Center Koyadai, Tsukuba, 305-0074, and ’Research Institute of Electrical 
Communication, Tohoku University, Aoba-ku, Sendai 980-77, Japan

In cerebellum after birth, Purkinje cells are arranged to adult-like pattern 
with neuronal cell death, and granule cell layer is generated in an outside-in 
pattern with proliferation. Purkinje cells are projected many neurons both 
in and out of cerebellum in vivo. Especially the projections from inferior 
olivary nucleus (IO), referred to as climbing fibers, were assumed that 
teaching signals input to Purkinje cells. Using organotypic cultures, we have 
studied how to construct the cerebellar neuronal networks. In the cultures, 
synchronization of immature granule cells was induced their earlier 
differentiation in vitro, while most premature Purkinje cells were dead. We 
have therefore treated the cultures with AMPA (a-amino-3-hydroxy-5- 
methylisoxazole-4-propionate; 10pM) or AMPA with IOll M tACPD (1- 
Aminocyclopentane-l,3-dicarboxylic Acid), with synchronizing treatment, 
instead of input signals. In the culture, Purkinje cells became survived, while 
NMDA (N-methyl-D-aspartate; 10 |iM) had no effct. We have 
hypothesized that IO projection to Purkinje cells has these developmental 
effects in vivo.

804.9

SUBCELULAR LOCALIZATION OF DOPAMINE-RELEASING PROTEIN 
(DARP) IN THE RAT CENTRAL NERVOUS SYSTEM (CNS). S. Smith *, RK. 
Moats II and V.D. Ramirez. Dept. of Neuroscience and Molecular and Integrative 
Physiology, University of Illinois at Urbana-Champaign; Urbana, IL 61801.

Dopamine-releasing protein (DARP) is a multisubunit protein shown to have 
dramatic effects on development, recovery, and function of the rat catecholaminergic 
system. Subcellular localization of DARP was examined using a polyclonal 
antibody generated against DARP-36aa (anti-DARP-36aa) and anti-DARP B9-B10, 
a monoclonal antibody generated against partially purified DARP.
Immunocytochemical analysis of primary rat mesencephalic cultures with DARP 
antibodies and antisera generated against glial fibrilliary acidic protein (GFAP) 
demonstrated that DARP and GFAP immunoreactivity co-localized in these cultures. 
DARP immunoreactivity was observed in cell processes and perinuclear regions 
while GFAP immunoreactivity was equally distributed throughout the cytosol. 
However, the majority of DARP immunoreactivity was localized to cells without 
GFAP staining. Also, we are currently examining DARP localization in rat brain 
slices. Immunocytochemical labeling for DARP, neurons and astrocytes will allow 
us to establish a relationship between cell type and DARP production in the rat CNS.

In addition to immunocytochemical studies, intracellular transport of DARP-36aa 
was examined using a DARP-36aa colloidal gold conjugate (DARP-36aa: AU). 
Electron microscopy demonstrates that DARP-36aa: AU is incorporated into primary 
mesencephalic cells. Preliminary data reveals that DARP-36aa: AU can be seen in 
the microtubules of mesencephalic cell terminals as soon as 5 minutes after 
introduction into primary cultures. In addition, DARP-36aa: AU was found to have 
a perinuclear localization in mesencephalic cells 15 minutes post-exposure. 
Specifically, DARP-36aa: AU was observed mainly in dense-core vesicles in close 
contact with the Golgi apparatus. These results suggest that DARP-36aa: AU is 
rapidly taken-up by mesencephalic cell terminals and transported to the Golgi. 
Further studies are currently being performed to expand these initial results.
Soarce of Support: NIH gnat

804.10

NEUREGULINS IN BRAIN: ANALYSIS OF EXPRESSION AND FUNCTION.
T. Muller*, L. Li, S. Britsch, and C. Birchmeier, Dept. of Medical 
Genetics, Max-Delbriick-Center for Molecular Medicine, 13122 Berlin, 
Germany.

Neuregulins constitute a growing family of EGF-like factors that are 
ligands for the erbB-family of tyrosine kinase receptors. The functions 
of neuregulin-1 and its receptors erbB2/erbB3 during development of 
the peripheral nervous system and the heart were demonstrated in 
mice carrying null-mutations in these genes. Neuregulin-1 is strongly 
expressed in the developing brain. Neuregulin-1 and erbB2 mutants 
die at midgestation due to heart malformation, which precluded the 
analysis of functional roles of this signaling system during brain 
development. Moreover, two novel neuregulin genes (neuregulin-2 
and neuregulin-3) are expressed in the brain. Here, we compare the 
expression patterns of neuregulin-1, -2 and -3, and their receptors 
erbB3 and 4 in the developing and adult brain. While neuregulin-1 
mRNA is preferentially found in proliferative zones of the embryonic 
brain, neuregulin-2 and -3 mRNAs are localized to differentiating 
areas. Isoform-specific mutations of neuregulin were generated in our 
laboratory, and we are currently characterizing phenotypes in the 
central nervous system of these animals. (Sponsored by grants from 
DFG and BMBF)
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804.11

NEUROTROPHIC ACTIVITY OF A NEUREGULIN FOUND IN A MEDIUM 
CONDITIONED BY CULTURED SCIATIC NERVES. R. Villegas*, G.M. 
Villegas, M. Hernandez, M. Longart, A. Buonanno0, R, Garcia, B, Maqueira
and C. Castillo. Inst, de Estudios Avanzados • IDEA, Apdo 17606, Caracas 
1015A, Venezuela and °LDN/NICHD, NIH, Besthesda, MD 20892-4480.

We have reported the neurotrophic activity of a medium conditioned by 8- 
10 day-cultured rat sciatic nerves (CM). This CM produces rapid neuronal 
differentiation of PC12 cells, and survival and differentiation of chick embryo 
ganglia. Previous results related this activity to a heat-stable protein with 
heparin-affinity and molecular mass of 45-80 kDa [Villegas et al., Brain Res. 
685: 77-90,1995], characteristics shared with neuregulin (NRG) family 
members. The presence of NRG in intact and Wallerian degenerated sciatic 
nerves has been reported [Carroll et al, J. Neurosci. 17:1642-1659,1997].

The present work was oriented to search for a NRG protein in the CM and 
its active fractions. The fractions were obtained from a concentrate of the 
CM obtained by ultrafiltration (30,000 NMWL), followed by quaternary 
ammonium and Cibacron blue affinity chromatographies. The Cibacron blue 
most active fraction (B1.2) on PC12 cells and E8-DRG was further 
characterized by size-exclusion HPLC, heparin affinity, Western blotting with 
a pan-NRG polyclonal antibody and immunoprecipitation. Results reveal 
abundance of NRG mRNA in the cultured sciatic nerves by RT-PCR and the 
presence of a 54 kDa NRG protein in fraction B1.2. Gradual removal of the 
NRG protein by immunoprecipitation with same antibody and Protein A 
causes a progressive diminution in the neuronal differentiation of PC12 cells. 
The lack of axons in the cultured nerves used to prepare the CM suggests 
Schwann cells as the main source for the NRG protein, to which fibroblasts 
and perineurial cells might contribute.

Supported by CONICIT (Venezuela) grants S1-95000709 and S1- 
95000727, and the Vollmer Research Fund of CEC-Caracas. We are 
thankful to Dr. S.L. Carroll for the donation of the pan-NRG antibody.

804.12
NEUREGULIN 1 LIGAND AND RECEPTOR mRNA EXPRESSION BY THE 
B104 CNS NEURONAL CELL LINE. J. Michelle Edwards1* and Jane E. 
Bottenstein1,2. 1Marine Biomedical Institute and department of Human Bio- 
logical Chemistry and Genetics, University of Texas Medical Branch, 
Galveston, Texas, 77555-1043

The neuregulin (NRG) 1 gene is alternatively spliced to produce multiple 
growth factor isoforms that are ligands for erbB3 and erbB4, members of the 
epidermal growth factor receptor family (erbB1-4). It has been shown mainly 
by in situ hybridization methods at various CNS sites and developmental 
stages that neurons, glia, and their precursors can express multiple NRG 1 
isoforms and erbB receptors. It has been reported that NRG1 affects several 
aspects of retinal, cerebellar, and cortical neuronal differentiation (Berming- 
ham-McDonogh et al., 1996; Rio et al., 1997; Ozaki et al., 1997; Anton et al., 
1997). E12 cortical neuronal precursors in vitro express both erbB3 and 
erbB4 initially, but do not express erbB3 when they become postmitotic (Ea- 
gleson et al., 1998). The B104 neuronal cell line exhibits properties of divid-
ing neuronal precursors and is known to express the neu (erbB2) oncogene. 
Previous work from this lab shows that B104 cells express NRGp, but not 
NRGa or glial growth factor 2 (Edwards et al., 1997). In this study, we use 
nested RT-PCR to detect additional NRG1 isoforms and erbB receptors in 
the B104 CNS neuronal cell line. We show for the first time the expression of 
mRNA for multiple NRG1 ligands (NDFpl, NDFp2a, NDFp3, CRD-NRGp and 
SMDF, but not CRD-NRGa or NDFp4) and erbB3, but not erbB4, receptors. 
Our data suggest that B104 cells may provide an excellent model for mitotic 
neuronal precursors that do not yet express erbB4 receptors. This cell line 
may thus prove useful in further studies of NRG1 influences on neural devel-
opment. [Supported by a Sealy Foundation grant]

804.13

GLIOTROPHIC ROLE AND EXPRESSION OF CARDIOTROPHIN-1 IN 
POSTNATAL RAT CNS. A.L, Gard1*. E. Gavin1. V, Solodushko1 and D. 
Pennica2- ‘Dept. of Struct. & Cell. Biol., U. of South Alabama Coll, of Med., 

Mobile, AL 36688 and 2Dept. of Molec. Biol., Genentech, Inc., South San 

Francisco, CA 94080.
Two growth factor families promote the differentiation of precursor cells into 

astrocytes in the mammalian brain, ligands of the low-affinity leukemia inhibitory 
factor receptor (LIFR) and bone morphogenetic proteins. The significance of 
LIFR-mediated signaling to astrocyte development is underscored by profound 
deficits of GFAP mRNA and GFAP+ astrocytes in brains of embryonic LIFR (-/-) 

mice (Ware et al., 1995; Koblar et al., 1998). However, only modest and 
regionally specific reductions in the number of GFAP+ cells have been observed 
in brains of LIF-deficient mice.

Working under the hypothesis that astrocyte development is regulated by other 
endogenous cytokines signaling through LIFR, our studies have focused on 
cardiotrophin-1 (CT-1). In culture, glial lineage-restricted precursors 
corresponding to successive pre-migratory (PSA-NCAM+) and migratory 
(A2B5+), but not post-migratory (O4+), stages of oligodendrocyte development 

responded to recombinant murine CT-1 by differentiating into GFAP+ cells. 
Western blot and RT-PCR analyses of developing rat brain showed that CT-1 
protein and mRNA are expressed prominently in the choroid plexus and pia- 
arachnoid throughout the period of active postnatal gliogenesis. 
Immunohistochemistry following antigen retrieval revealed that in addition to 
these structures, CT-1 localizes to the ependyma and multiple neuronal 
subpopulations positioned throughout the neuraxis. Thus, CT-1 may play an 
important pleiotrophic role in glial and neuronal differentiation within the CNS. 
Supported by NS29648 (ALG).

804.14

ATP ACTIVATES RAT CULTURED ASTROCYTES TO EXPRESS 
LEUKEMIA INHIBITORY FACTOR mRNA. M. Minami. N. Kawaguchi, 
Y. Ohtani, A. Nishiyori and M. Satoh*. Dept. of Molecular Pharmacology, 
Fac. of Pharmaceutical Sciences, Kyoto Univ., Kyoto 606-8501, Japan.

Regulation of the expression of leukemia inhibitory factor (LIF) mRNA in rat 
cultured neurons, astrocytes and microglia was examined. Rat neuronal, astrocyte 
and microglial cultures were prepared from the cerebral cortex at El7-19, cerebral 
cortex at Pl and whole brain at Pl-2 of Sprague-Dawley rats, respectively. 
Expression of LIF mRNA was analyzed by northern blotting. Effects of several 
neurotransmitters/modulators (1 mM each) on the expression of LIF mRNA were 
examined. Glutamate and ATP weakly induced LIF mRNA in neuronal and 
microglial cultures, respectively. LIF mRNA was induced intensely by ATP and 
weakly by dopamine and isoproterenol in astrocyte culture. The induction by ATP 
in astrocytes was concentration-dependent (InM-ImM), reached the peak at 1 hour 
and partially antagonized by an ATP receptor antagonist suramin (300 pM) or PPADS 
(100 pM). Pretreatment with pertussis toxin (20 ng/ml, 24 h) partially suppressed 
the induction by 100 pM ATP, suggesting that the effect of ATP is mediated, at least 
in part, by pertussis toxin-sensitive G protein. The expression of LIF mRNA was 
markedly induced by ATPyS, UTP and UDP, weakly by ADP(3S and 2-MeSATP in 
a concentration-dependent manner (1 pM-100 pM), but not by a,P-meATP and 
P,y-meATP. UTP-induced LIF mRNA expression was suppressed by pretreatment 
with pertussis toxin or suramin, but not by PPADS. These data suggest that LIF 
mRNA expression can be regulated through ATP receptors, one of which is the 
subtype that can be activated by UTP and UDP and be pertussis toxin- and suramin- 
sensitive and PPADS-insensitive, likely a P2Y2 subtype.

This study was supported by the grant from the Ministry of Education, Science, 
Sports and Culture, Japan.

804.15

NICOTINE-ESTROGEN CROSSTALK IN BRAIN WITH REGARD TO 
IGF-1 mRNA EXPRESSION. S.Kito? A.S. Shingo, K.Sakurai. 
Research Institute of Hyogo Univ., Hyogo, Japan

Nicotine activates memory function at a short term 
level and counteracts neuronal degeneration, while 
estrogen plays a role in memory and learning. We have 
shown that both nicotine and estrogen increase the AP-1 
DNA binding activity and induce c-fos and IGF-1 mRNA 
expression in the rat hippocampus. Nevertheless, nicotine 
partially inhibits estrogen-induced IGF-1 mRNA 
expression. The present study was undertaken to analyse 
the mechanisms.

Estrogen receptor mRNA expression was observed by 
RNase protection assay in the rat hippocampus. A general 
injection of 3 estradiol increased estrogen receptor mRNA 
expression dose-dependently showing up-regulation of the 
receptors. Single injection of nicotine inhibited estrogen 
receptor mRNA expression when compared with control 
rats. Estrogen receptor mRNA expression was much more 
inhibited when estrogen and nicotine were simultaneously 
administered.

These results were confirmed and the mechanisms were 
analysed by in vitro experiments with use of Hl9-7 cell, an 
immortalized cell line from embryonic rat hippocampus 
which expresses both nicotinic and estrogen receptors.

H19-7 cell is a gift from Dr. E. Eves of The University of 
Chicago.

This work was supported by a grant from the Smoking 
Research Foundation.

804.16

HOW DOES ESTROGEN INDUCE IGF-1 mRNA EXPRESSION IN 
NEURON? A.S.Shingo? K.Sakurai, S.Kito. Research 
Institute of Hyogo Univ., Hyogo, Japan.

In our previous studies, it has been confirmed that 
estrogen induces IGF-1 mRNA expression in the rat 
hippocampus and cerebral cortex at brain injuries. The 
signal transduction passage for this response remains 
unknown. Recently, existence of membrane binding sites 
of estrogen coupling to the G protein-cAMP system has 
been advocated. Accordingly, crosstalk between non- 
genomic and genomic effects of estrogen has been one of 
current topics.

In the present study H19-7 cell, an immortalized cell line 
from embryonic rat hippocampus which expresses 
estrogen receptors and also nicotinic receptors, was used.

As the first step, we confirmed expression of estrogen 
receptors in Hl9-7 cells by in situ hybridization. When 
various doses of estradiol were added to Hl9-7 cells, there 
was an up-regulation of estrogen receptors in the cells. 
Treatment with lgM estradiol induced IGF-1 mRNA 
expression in Hl9-7 cells that was inhibited by addition of 
H8, an A kinase inhibitor, but not inhibited by tamoxifen, a 
nuclear estrogen receptor partial antagonist. Gel shift 
assay experiments revealed that ImM estradiol increased 
both AP-1 DNA and CREB DNA binding activities in Hl9-7 
cells. These results were analysed from viewpoints of 
interaction between non-genomic and genomic effects.

H19-7 cell is a gift from Dr. E. Eves of The University of 
Chicago. This work was supported in part by a grant from 
the Smoking Research Foundation.
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805.1

MOLECULAR AND STRUCTURAL ANALYSIS OF SPINE
FORMATION IN EXPLANT CULTURES OF HIPPOCAMPAL 
NEURONS. G-Y Wu*. K. Deisseroth, G. Chen. N. Harata and R. W, Tsien. Dept. 
Mol. Cell. Physiol., Stanford Univ., Stanford, CA 94305, USA.

Dendritic spines, the primary targets of excitatory synaptic inputs, are 
potential sites of both biochemical and structural plasticity. In an effort to understand 
the cellular and molecular mechanisms underlying spine plasticity, we have 
developed a rat dentate gyrus (DG) explant culture system. The explant retains key 
characteristics of intact tissues such as regular orientation of dendritic trees, while 
allowing excellent optical resolution for observing and measuring fine structures like 
dendritic spines. Using direct transfection of enhanced green fluorescent protein into 
the DG explant culture, we have monitored fine morphological changes (e.g. dendritic 
spine growth and movement of fine dendritic filopodia) in individual identified 
neurons by confocal timelapse imaging techniques. Importantly, the dendritic spines 
undergo a maturation program very similar to their in vivo counterparts: a 
stereotypical sequence of maturation from dynamic filopodia-like structures into 
stable mushroom-like spines, paralleled by functional synaptogenesis. Previous 
studies have revealed that the abnormal Ras signalling seen in NF1 patients or 
RasGRF mutant mice is associated with learning and memory deficiencies. We have 
found that expression of a constitutively active form of Ras (Ras+) dramatically alters 
spine formation. Instead of developing mature mushroom-like spines, neurons 
expressing Ras+ form numerous filopodial-type protrusions which lack the clear 
head-neck organization of mature spines. Immunostaining for synaptophysin revealed 
that despite the absence of dendritic spines, synapses are present on the filopodial 
structures and were increased in number on the dendritic shafts. Interestingly, under 
these conditions, functional synapses are still present as verified by electrophysiology. 
We are currently investigating the real-time dynamics, relevant signaling 
mechanisms, and physiological consequences of the abnormal growth of Ras+ 
dendritic spines. Supported by grants from the NIH.

805.2
SYNAPSE FORMATION IS NOT DEPENDENT ON DENDRITIC 
ELONGATION IN CULTURED HIPPOCAMPAL NEURONS. A, 
Ferreira* and A. Holgado Northwestern Institute for Neuroscience 
and Department of Cell and Molecular Biology, Northwestern 
University, Chicago IL 60611.

Dendritic elongation precedes synapse formation in cultured 
hippocampal neurons suggesting that the net elongation of minor 
processes might be an important step towards the acquisition of their 
functional properties as dendrites. The present study was conducted to 
obtain direct evidence of the role of dendritic elongation in the 
acquisition of postsynaptic competence to receive synapses. Dendritic 
elongation was impaired by suppressing the expression of the 
microtubule-associated protein 2 (MAP2) using specific antisense 
oligonucleotides. The antisense oligonucleotides were administered 
every 12 hs to 3 days in vitro dissociated hippocampal cultures and 
synapse formation was analyzed 2, 4 and 7 days later. The presence 
of synapses in control, sense- and antisense-treated neurons was 
determined using synapsin I and synaptophysin as synaptic markers. 
Cultures in which MAP2 was suppressed failed to elongate their 
dendrites. Although fewer synapses were detected in antisense-treated 
cells, synapse formation took place with the same time course than in 
control or sense-treated neurons. On the other hand, no changes were 
detected in synaptic density in 10 days in vitro antisense-treated 
cultures when compared to control or sense-treated cells. Taken 
collectively, these results suggest that synapse formation can proceed 
independent of dendritic elongation in cultured hippocampal neurons. 
Supported by grant #0100 510 33OU from the Northwestern Institute 
for Neuroscience to AF.

805.3

VISUALIZATION OF DENDRITIC DYNAMICS IN HIPPOCAMPAL CELL 
CULTURES USING 4D LASERSCANNING MICROSCOPY 
W,_Zuschratter, T, Dresbach, E. Gundelfinger, J, M. Crook*, and H. Scheich.
Leibniz Institute for Neurobiology, P.O. Box 1860, D-39008 Magdeburg, Germany

To visualize morphological changes at dendritic processes during or after formation 
of synaptic contacts, we transfected hippocampal primary neurons from E19 rats 
with DNA coding for the enhanced green fluorescent protein (EGFP). Transfection 
was performed either by using a liposomal reagent during plating of cells, by micro-
injection of DNA or by electroporation. After 48 h we began to take image stacks of 
EGFP expressing neurons by laser scanning microscopy (LSM). 3-dimensional time 
sequences were acquired between day 1 and days 19 in culture. Neurons grown in 
vitro for 10 days, displayed numerous growth cones at distal processes and highly 
motile filopodia along their proximal dendrites. Because the filopodia appeared and 
disappeared within minutes, we interpret their movements as early attempts to 
initiate axo-dendritic or axo-spinous contacts. By contrast, dendritic protrusions, 
which continuously changed their shape but persisted within the observed period of 2 
to 3 hours, were interpreted as early developmental stages of spines. Interestingly, 
small, motile filopodial protrusions arose also from the heads of these spine 
precursors. Neurons grown for more than 14 days showed only little spontaneous 
morphological dynamics. Their dendritic protrusions seemed to form rather stable 
arrangements along the dendrites. Following the imaging session cells were fixed and 
immunocytochemically processed with antibodies against cytoskeleton proteins 
(MAP2) or specific synaptic markers (Synaptophysin, Bassoon, ProSAPl). 
Comparison of the immunofluorescence stained cells with the live-images revealed 
mature synaptic contacts only in cultures grown for more than 14 days. In 
conclusion, the described set-up provides a valuable tool to decode the molecular 
cascade underlying the formation and dynamics of synaptic contacts.
Supported by grants from DFG and BMBF.

805.4

TRANSLOCATION AND LOCALIZATION OF DREBRIN WIHTIN 
DENDRITIC SPINES AND PARENT DENDRITIES. T, Shirao, Y, Sekino* and 
R. Kawai-Hirai Dept. of Neurobiology and Behavior, Gunma Univ. Sch. of Med., 
Maebashi, 371-8511, Japan

Drebrin is an actin binding protein that inhibits actomyosin interaction 
in vitro. Drebrin is enriched in the submembraneous cytoskeleton in the 
migrating neurons and growing dendrites. In adult rat cortical neurons, 
drebrin is mainly localized at dendritic spines (J. Neurosci. 1996). 
Overexpression of drebrin in cultured cortical neurons causes the 
elongation of dendritic spine through actin reorganization (J. Neurosci. in 
press). It is suggest that drebrin participates in spine functions through 
the interaction with other cytoskeleton proteins. We have reported that 
activation of NMDA receptors weakened the localization of drebrin in 
dendritic spines (Soc. Neurosci. Abstr., 1998). To understand the 
mechanisms that govern the regulation of drebrin localization in spines, we 
examined the effects of calcium ionophores, actin depolymerizing reagents 
and calcium channel blockers on drebrin distribution in the neurons. The 
reagents were applied to 3-week rat cerebral cortical primary cultures 
prepared from 20-day embryos. Ten minutes after applications of the 
reagents, we immunostained cells and examined the localization of drebrin 
in spines with a confocal microscope. We also analyzed whether the total 
amount of drebrin was affected by the treatments using immunoblotting 
technique. Our results showed that the application of glutamate or 
ionomycin translocate drebrin from spines into their parent dendrites. It is 
suggested that the intracellular Ca2+ concentration is related to the 
translocation and localization of drebrin within the spine and the parent 
dendrites. (Supported by grants-in-aid #094802Wand 09480227 from 
Ministry of Education, Science, Sports and Culture of Japan.)

805.5

INTRINSIC MOTILITY OF DENDRITIC SPINES FROM CORTICAL AND 
HIPPOCAMPAL PYRAMIDAL NEURONS IN BRAIN SLICES. A. Tashiro1*, A, 
Maiewska1, A^Dunaevsky2, C. A. Mason2 and R, Yuste1. 'Depts. Biological 
Sciences, and 2Pathology, Columbia University, New York, NY 10027.

Dendritic spines have been traditionally considered stable structures. Following 
Crick’s suggestion that spines may “twitch”, it has been recently shown that spines 
in cultured neurons are capable of rapid motility. We previously reported motility of 
Purkinje cell spines in cultured slices from P12 cerebellum (Dunaevsky et al., CSH 
Axon Guid. Abs. 223, 1998). We have now investigated if spines from pyramidal 
neurons are also motile using a custom-made two-photon microscope and time-lapse 
imaging of pyramidal neurons transfected with GFP constructs with a gene gun. We 
imaged neurons in acute and cultured slices from p8-p23 neocortex and hippocampus.

We find that, in both hippocampal and cortical pyramidal neurons, most spines 
exhibit motility with movements of ~1 spine head diameter over times as short as 3 
minutes. This motility is not an imaging artifact or a consequence of Brownian 
motion, because it disappears when cells are incubated at 45°C. Spine motility is 
also abolished by bath applications of cytochalasin-D and does not occur in whole-
cell recordings, indicating that is intrinsic to the neuron and that it requires actin- 
based biochemical pathways.

We investigated whether the developmental stage of the neurons affects this 
motility. Indeed we found that spines from older animal showed less motility, 
although at older ages (>p 19) 40 to 60% of spines still moved. Within the same age 
this motility was not appreciably different between acute (8hr) and cultured (2-20 
DIV) slices. We also investigated the role of activity in regulating this motility. No 
significant effects on motility were observed by either enhancing neuronal activity 
(KCI, NMDA, Mg2+-free ACSF, or LTP cocktails) or blocking synaptic activity 
(Ca2+-free media or APV/CNQX). We conclude that, as in Purkinje cells (see 
Dunaevsky et al., Soc. Neurosci. Abs. 99), spines from pyramidal neurons in slices 
are capable of actin-based intrinsic motility that appears activity-independent and is 
reduced as neurons mature. This motility could influence the function of developing 
cortical circuits. (Supported by the NEI, NINDS, HFSP and the EJLB Foundation)

805.6

DENDRITIC SPINE MOTILITY ON PURKINJE CELLS IN 
CEREBELLAR SLICES. A. Dunaevsky*1, R. Blazeski1, G. Dolen1, 
A. Maiewska2, R. Yuste2 and C.A. Mason1. Dept. Pathology, Coll. 
Phys. Surg.1, Dept. Biol. Sci.2 Columbia University, NY, NY.

Dendritic spines are sites of excitatory input in the brain. Previously we 
reported that spines are highly motile in EGFP-labeled Purkinje cells from 
P10 cerebellar slices, as revealed by two-photon microscopy. Spine 
motility was found to be actin-based and activity-independent. Neither 
enhancement of neuronal activity (KCI or Mg2+-free ACSF) nor blocking 
of synaptic activity (CNQX, or choline-ACSF) affected spine motility.

To investigate whether spine motility is developmentally regulated, we 
compared the motility of spines in P10 cerebellar slices to motility 
observed in P22 slices. Purkinje cells were transfected with CMV-EGFP 
using a gene gun. In P22 slices, dendritic spines were more dense and 
dendrites bore smaller, more uniform, headed spines than at P10. 
Moreover, spines on cells from P22 slices kept in culture for 18-24 hr 
were markedly less motile than spines on cells from P10 slices kept in 
culture for the same time. Interestingly, when P22 slices were kept in 
culture for 48 hr, more dendritic spines were motile than in slices kept for 
24 hours.

These results support the notion of developmental regulation of spine 
motility as has been shown for hippocampal cells (Dailey and Smith 
1996; see also Tashiro et al., Soc. Neurosci. Abstr., ’99.). By performing 
electron microscopy on imaged dendritic spines, we are currently 
investigating whether motility is correlated with presence of synaptic 
contacts on spines, or with the general compactness of the surrounding 
tissue. These studies will further elucidate the extent to which spine 
motility is an intrinsic property of both developing and mature neurons. 
(Supported by the NEI, NINDS, the HFSP and the EJLB Foundation)
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805.7
CHARACTERIZATION OF CUPIDIN-BINDING PROTEINS. A. Mizutanjl* Y, 

Shiraishi^, K. MikoshibaL and T. Furuichi2. ’Lab. of Developmental Neurobiology 
and 2Molecular Neurogenesis, Brain Science Institute (RIKEN); Wakoh, Saitama, 
Japan 351-0198.

Cupidin (CPD), an isoform of Homer/Vesl family protein (identical with Homer- 
2a/Vesl-2Al 1), is transiently expressed in the cerebellar granule cells during the 
postnatal development and highly concentrated at the postsynaptic sites of the 
glomeruli, the loci of synapses between granule cell dendrites and mossy fiber 
terminals. Biochemically, CPD interacts with F-actin and Rho family small 
GTPases as well as type I metabotropic glutamate receptors (mGluRs). When 
heterologously expressed in non-neuronal cell lines, CPD is still colocalized with 
submembranous F-actin at the cell-cell contact sites, and the localization is impaired 
in the C-terminal-truncated CPD which retains the F-actin-binding ability. These 
observations suggest that some other factors may contribute to the CPD localization 
at submembranous F-actin sites. To test the possibility, we tried to isolate CPD- 
binding proteins which target CPD to the submembranous F-actin sites. The N- 
terminal region of CPD (aa 1-111) was fused with glutathione S-transferase (GST- 
CPD/N). Purified GST-CPD/N from E.coli was incubated with each extract 
solubilized from various fractions of mouse cerebella of postnatal 7th day. The 
bound proteins were pulled down with glutathione-Sepharose and analyzed on SDS- 
PAGE. Two proteins were found to specifically interact with GST-CPD/N; 300 kDa 
protein from the crude microsome fraction and 120 kDa protein from the crude 
synaptosome fraction. Partial amino acid sequencing of the 300 kDa protein revealed 
that the protein was a novel one. The 120 kDa protein was not recognized either 
anti-mGluR-1 nor anti-mGluR-5 antibody. These proteins may be candidates for the 
CPD localization at the actin cytoskeleton of the post-synaptic sites.
Supported by grants-in-aid for Scientific Research from the Ministry of Education, 
Science, Sports and Culture, Japan.

805.8
CUPIDIN, A MEMBER OF HOMER/VESL FAMILY, IS A KEY 
MOLECULE FOR SYNAPTOGENESIS OF GROMERULUS OF 
POSTNATAL CEREBELLUM.
Y. Shiraishi 1 *, A. Mizutani2, K, Mikoshiba2 and T. Furuichi^.

^Lab. of Molecular Neurogenesis and ^Developmental Neurobiology, Brain Science 
Inst., The Inst, of Physical and Chemical Research (RIKEN); Wako, Saitama, 351- 
0198,Japan.

By differential display analysis of gene expression during the postnatal 
development of mouse cerebellum, we have identified a multi-modular protein 
Cupidin, a member of the Homer/Vesl isoform (named also as Homer 2a / Vesl- 
2A11). Cupidin displayed a transient gene expression profile with a peak around 
postnatal day 7 (P7) when active developmental events such as cell migration and 
synaptogenesis undergoing in granule cells are prominent. Cupidin protein was 
strongly concentrated at the postsynaptic density (PSD) in glomeruli in the inner 
granular layer of P7 mouse cerebellum. We characterized that Cupidin bound to 
filamentous actin (F-actin) as well as metabotropic glutamate receptor 1 (mGluRl) 
via its N-terminal region, and also bound to Rho family G proteins, via its C- 
terminal region, which contains a putative coiled-coil region, in a GTP-dependent 
manner. Cupidin heterologously expressed in mammalian cells was localized at sites 
of actin-based cell-cell contact. Also, in primay cultured granule neurons, Cupidin- 
signals were overlapped with F-actin,at synaptic sites, and furthermore, those 
signals were reduced by glutamate stimulation within a minute. Altogether, it is 
tempting to suggest that Cupidin serves as a scaffold protein that links multiple 
signaling molecules including mGluRl, actin cytoskeleton, and Rho family G 
proteins, thereby playing a regulatory function in the developmental events of 
cerebellar granule cells.
Supported by grants-in-aid for Scientific Research from the Ministry of Education, 
Science, Sports and Culture, Japan.

805.9

VISUALIZATION OF CaMKII AND RHO-KINASE SIGNALINGS IN 
SUBCELLULAR COMPARTMENTS AND POST-SYNAPTIC DENDRITIC 
SPINE. Naoyuki InagakiL^-, Miwako NishizawaL, Nariko 
Arimura,^- Hideyuki Yamamoto^ Yusuke Takeuchi^ Eishichi
Miyamoto^-, Kozo Kaibuchi^-and Masaki InagakiL. ^Laboratory 

of Biochemistry, Aichi Cancer Center Research Institute, 
Chikusa-ku, Nagoya 464-8681, Japan; 2Division of Signal 
Transduction, Nara Institute of Science and Technology, Ikoma 
630-0101, Japan; ^Department of Pharmacology, Kumamoto 
University School of Medicine, Kumamoto 860-0811, Japan

Eukaryotic cells including neurons are composed of 
functionally distinct subcellular organelles, each of which 
contains a different set of protein kinases. Moreover, many 
protein kinases change their subcellular localization upon 
activation. To understand the cell signaling of protein 
kinases, it is essential to know how they act in each of the 
subcellular compartments. Here we developed a method to 
visualize the activities of Ca2+/ calmodulin-dependent protein 
kinase II (CaMKII) and Rho-kinase in the cytoplasm, plasma 
membrane, and nucleus, separately, by utilizing targeted 
phosphorylation motifs and phosphorylation-specific 
antibodies. This approach also demonstrated CaMKII activity 
restricted in post-synaptic dendritic spines, thereby 
supporting a concept that synaptic efficiency can be changed 
in single spines. Modifications of the present strategy are 
useful for measurements of various protein kinase activities 
in desired subcellular regions.

805.10
TWO STAGES OF SYNAPTOGENESIS DEFINED BY F-ACTIN W. Zhang* 
and D. L, Benson Fishberg Research Center for Neurobiology, Mount Sinai 
School of Medicine, New York, NY 10029.

The relationships between synapse formation, dendritic filopodia and 
dendritic spines are poorly understood. We have examined these interrelationships 
by linking synapse formation with the development of distinct actin-based 
morphologies in dendrites of developing hippocampal neurons. Accumulation of 
synaptophysin immunoreactive puncta was used to mark synaptic sites while 
Texas Red tagged phalloidin was used to localize F-actin. We found that F-actin 
accumulation could be used to define and distinguish filopodia from dendritic 
spines. Filopodia were only lightly labeled with phalloidin and were pointed while 
dendritic spines had clear accumulations of actin at their tips whether they were 
short (stubby) or long. Six day-old neurons had numerous filopodia, but 
synaptophysin puncta were detected only on dendritic shafts and cell somata. 
Disrupting the actin cytoskeleton at this stage led to a complete loss of synaptic 
sites. In 13 day-old neurons, there were fewer filopodia and numerous dendritic 
spines. Synaptophysin puncta formed on dendritic shafts, at the base of filopodia 
and on the tips of dendritic spines, but were never detected on tips of filopodia. 
Unlike early synapses, disrupting the actin cytoskeleton did not alter the number of 
synaptophysin puncta. Our results suggest that the vesicle accumulation 
associated with mature synaptic structure may only form on shafts and somata in 
young neurons and molecules adhering synaptic proteins together are stabilized by 
their association with F-actin. Later, a spine may develop from an early synaptic 
site by pushing up from the shaft or emerging rapidly and simultaneously with 
synapse acquisition. Synapse acquisition at this later stage is distinctly different in 
that it is not completely dependent on its linkage with the actin cytoskeleton. 
Supported by grants from the NIH (NS37731) and NSF (IBN 9728003).
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806.1

NEURITE GROWTH ACROSS A KNIFE-CUT LESION IN 
ORGANOTYPIC HIPPOCAMPAL SLICE CULTURES IS 
NOT LAMININ-1 DEPENDENT. L, Paulman*. G, deRidder, 
and L.S. Jones. Dev, Biol, & Anat., U, South Carolina/Sch of
Med, tCflLumbia, SC 2920g
Previous studies have shown an increase in LN expression at the 
margins of the cut tissues, associated with glial cells. These studies 
also showed that neurite outgrowth across a razor-cut lesion in 
OTS cultures follows a laminin-1 rich pathway apparently laid 
down by "pioneer" glia, whose processes are the first to cross the 
lesion. Further studies demonstrated that neurite outgrowth from 
a cut edge would proceed into a LN containing collagen gel, but 
not into one containing only collagen. To test whether LN was 
essential to neurite outgrowth, cut slices were incubated with a 
function-blocking antibody to beta-1 integrin, an essential 
component of integrin dimers which bind to LN substrate. Results 
indicated that neurite outgrowth across the lesion occurred as 
previously, and with little difference from controls; however, LN 
expression did not increase in the presence of the beta-1 blocking 
antibody. Controls showed the previously observed pattern of an 
increase in LN expression followed by neurite outgrowth. 
Supported by DBAZUSC-SOM

806.2

NEUTRALIZATION OF THE IN-1 ANTIGEN LEADS TO 
INCREASED PLASTIC FIBER GROWTH AFTER UNILATERAL 
CORTICAL LESIONS IN ADULT RATS. Michaela Thallmair*1, 
Christian A. Wenk1, Antonio G. Iania1, Gwendolyn L. Kartje2 and Martin E.
Schwab1. ’Brain Research Institute, University of Zurich and Swiss Federal 
Instiute of Technology Zurich, Winterthurerstr. 190, 8057 Zurich, Switzerland. 
2Present address: Research Service, Hines VA Hospital, Hines, IL 60141.

Factors contributing to the poor structural plasticity in the mature central 
nervous system include the myelin-associated neurite growth inhibitors NI- 
35/250 neutralized by the monoclonal antibody IN-1. The mAb IN-1 allows 
long-distance regeneration after spinal cord lesions. Following unilateral 
lesions of the pyramid, mAb IN-1 led to extensive remodeling of the lesioned 
and unlesioned corticofugal fibers in parallel with a high degree of functional 
recovery in adult rats.

To investigate lesion-induced sprouting after a cortical lesion, we removed 
one motor cortex by suction, applied mAb IN-1 or a control antibody and 
traced the forelimb area of the spared hemisphere with the anterograde tracer 
biotin dextrane amine (BDA) in adult rats. In animals treated with the IN-1 
antibody, fibers from the spared motor cortex sprouted into the denervated, 
contralateral red nucleus and pons in a topographically specific pattern 
resulting in a bilateral cortical projection to the red nucleus and pontine nuclei. 
The lesion-induced plasticity was similar to the sprouting observed after 
unilateral neonatal motor cortex lesions performed at postnatal day 2.

If the application of mAb IN-1 leads also to structural remodeling of the 
spared corticospinal projections in the cervical spinal cord is currently under 
investigation. Behavioral tests for forelimb function are also underway.

Supported by the Swiss National Science Foundation and the American 
Paralysis Association.
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806.3

INHIBITORY ACTIVITY AND DOMAIN(S) OF THE MYELIN 
PROTEIN NOGO-A. M.S, Chen*, L. Schnell, M, van der Haar, T, Oertle, and 
M. E. Schwab. Brain Research Institute, University of Zurich and Swiss Federal 
Institute of Technology. Winterthurerstrasse 190, Zurich Switzerland.

We have been studying a major myelin inhibitor for neurite growth, which is 
neutralized by a monoclonal antibody (IN-1). Previous efforts to characterize this 
activity have resulted in the purification of a 220 kd protein (bNI220) from bovine 
spinal cords, and in the isolation of rat cDNA clones according to the peptide 
sequences of bNI220. We designated the gene encoding these cDNA products 
“wogo”, and its protein products “Nogo-A”, “Nogo-B”, and “Nogo-C”. 
Recombinant Nogo-A has an apparent size of 180 KD, and it contains all six 
peptide sequences derived from bNI220. Antisera generated against Nogo-A 
sequences identified a protein band of about 220 KD in bovine myelin extract. 
Preliminary results demonstrated that recombinant Nogo-A is inhibitory to 3T3 
fibroblast spreading, PC12 cell neurite growth, and neurite outgrowth from 
dissociated rat DRG neurons. The inhibitory effects of Nogo-A on DRG neurons 
and 3T3 cells were diminished by mAb IN-1. When E6-E9 chick retinae explants 
were grown on alternating laminin and Nogo-A/ laminin stripes, the retinal axon 
outgrowth was restricted to the laminin stripes.

Nogo-A is a novel neurite growth inhibitory molecule. It contains no 
recognizable motifs such as Ig-, fibronectin, EGF-, or sema-domains. Instead, 
Nogo-A is rich in proline and acidic residues, and it has multiple potential 
transmembrane domains. Preliminary results from the above-described assays 
demonstrated that Nogo-A inhibitory activity may reside mainly in a stretch of 
sequence which exists only in Nogo-A but not Nogo-B nor Nogo-C.
This study was supported by Grants from the Swiss National Science Foundation 
(Grant no. 31-45549.95).

806.4

GALACTOSE-CONTAINING EXTRACELLULAR-MATRIX
GLYCOPROTEINS INHIBIT NEURITE OUTGROWTH OF CULTURED 
LEECH NEURONS. F.F.de-Miguel1*, C. Escamilla1 and C. Arias2.’instituto 
de Fisiologia Celular and 2lnstituto de Investigaciones Biomedicas, U.N.A.M. 
Apartado Postal 70-253, 04510, D.F., Mexico.

This paper analyzes the role of galactose-containing extracellular matrix 
(ECM) proteins in the formation of an outgrowth pattern in identified neurons. 
Anterior pagoda (AP) neurons from the leech, cultured on the complex 
extracellular matrix inside the ganglion capsules that enwrap the central 
nervous system, develop a simple outgrowth pattern with two primary 
branches in opposite directions with later bifurcations. SDS-PAGE gradient 
gels of ganglion capsule homogenates showed 23 different proteic bands 
ranging from 14 to 1000 Kd. Galactose- and mannose-containing terminal 
glicosidations were detected on ganglion capsules and proteins transferred 
into nitrocelulose membranes, using specific dioxigenin-labeled lectins. 
Mannose terminal glicosidation appeared in laminin plus 4 additional bands 
of lower molecular weights. Two of these bands were presumably reduction 
products of laminin. In contrast, galactose terminal glicosidation appeared in 
4 other bands with molecular weights of 180, 200, 220 and 340 Kd. 
Incubation of ganglion capsules with 1 g/ml of peanut lectin that binds 
specifically to galactose terminal glycoproteins, increased the number of 
neurites of AP neurons by a factor of three. The shape and the number of 
branch points of these neurites were similar to those of AP neurons growing 
on non-perturbed conditions. Peanut lectin itself had no growth-promoting 
activity when tested as substrate for AP neurons. These results suggest that 
during development and regeneration of the nervous system, galactose- 
containing proteins may influence the neuronal branching pattern by 
inhibiting the number of primary neurites of AP neurons. Supported by 
PAPIIT grant IN213196 to F.F.M.

806.5

PSA-NCAM PLAYS A ROLE IN MOSSY FIBER REGENERATION. 
Rivkin, A.*, Gherman, L.I., Malouf, A.T. Depts. of Pediatrics and 
Neuroscience, Case Western Reserve University, Cleveland, OH 44106

We have examined the role of PSA-NCAM in directing mossy fiber 
(MF) regeneration in rat hippocampal slice cultures. Previous studies 
have shown that loss of PSA-NCAM effects both development and 
fasciculation of the MF tract. Absence of PSA-NCAM may also prevent 
MFs from regenerating their normal synaptic pattern following 
transection. Alternatively, upregulation of PSA-NCAM expression may 
facilitate the abnormal MF sprouting observed following epileptiform 
activity. To examine the role of PSA-NCAM in MF regeneration, we 
enzymatically removed the sialic acid residues from NCAM using endo-
N. Previous data from our laboratory and others have shown that 
transected MFs regenerate their highly restricted synaptic pattern in 
hippocampal slice cultures made from postnatal day 6 rats. However, 
application of endo-N produced a dramatic reduction in the ability of MFs 
to regenerate their normal synaptic pattern 7 days after transection. 
Application of endo-N to cultures in which MFs were not transected 
produced a more moderate alteration in MF synaptic pattern, which was 
similar to that seen in NCAM knockout animals. Our data suggest that 
PSA-NCAM plays an important role in MF regeneration and plasticity.

Supported by Childrens Research Foundation and the Developmental 
Biology Training Grant

806.6

THE ROLE OF CHONDROITIN SULFATE PROTEOGLYCANS IN 
PREVENTING ABNORMAL MOSSY FIBER SPROUTING. L Gherman, 
A. Rivkin, J. Silver and A.T. Malouf*. Depts. of Pediatrics and 
Neuroscience, Case Western Reserve Univ.; Cleveland OH 44106

We have examined the role of chondroitin sulfate proteoglycans (CSPGs) 
in directing mossy fiber (MF) outgrowth and regeneration in rat hippocampal 
slice cultures. The MF pathway generates its normal innervation pattern 
within the stratum lucidum (SL) in our in vitro cultured brain slice 
preparation. Blockade of PSA-NCAM or LI adhesion molecule function 
produces misrouting of MF into the CA3 pyramidal cell layer, but MFs were 
never observed in abnormal areas such as distal dendritic regions of area 
CA3 or in hippocampal area CA1. This restriction of misrouting of MF to 
the CA3 pyramidal cell layer suggests that negative guidance cues exist in 
areas outside the SL and pyramidal cell layer. Immunohistochemical 
analysis of P21 hippocampus revealed that chondroitin sulfate proteoglycans 
(CSPGs) are highly expressed in all layers of the hippocampus except SL and 
pyramidal cell layers. To examine whether CSPGs prevent abnormal MF 
innervation of distal dendritic areas outside of SL, hippocampal slice cultures 
were treated with the enzyme Chondroitin ABC lyase to remove the CS 
GAG sugars from the proteogylcan core protein. We observed that ABC 
lyase treatment produced widespread misrouting of regenerating MFs into 
abnormal areas outside SL. Thus, CSPGs appear to inhibit MFs from 
sprouting into areas outside SL and the CA3 pyramidal cell layer.

Supported by Childrens Research Fnd.Grant and the Developmental Biology 
Training Grant

806.7

DIFFERENCES IN ENTORHINAL CORTEX LESION-INDUCED SPROUTING 
IN THE HIPPOCAMPUS BETWEEN RATS AND MICE.
I. Kadish*. Th. van Groen. and P. Riekkinen Jr. University of Kuopio, Dept. of 
Neuroscience and Neurology, P.O. Box 1627, FIN 70211 Kuopio, Finland.

It has been demonstrated by many studies in rats that, following 
entorhinal cortex (EC) ablations, the dentate gyrus shows an early degeneration of 
the lesioned axons and terminals, followed later by a sprouting response of non- 
lesioned axons. Further, it has been shown that in rats this sprouting is altered by 
the presence of gonadal hormones. We hypothesized that the sprouting response to 
different estrogen levels would be different in mice . Therefore we partially 
lesioned the entorhinal cortex in normal, and ovariectomized (OE) animals, and 
OE, estrogen treated (ERT) animals, and analyzed the dentate gyrus. The EC was 
unilaterally lesioned by injections of ibotenic acid; four weeks later the animals 
were sacrificed and transcardially perfused. The brains were cut and stained for 
AChE, i.e., cholinergic fibers, and for synaptophysin, a protein that marks 
presynaptic terminals. Following lesions of the EC in the mouse the ipsilateral 
hippocampus demonstrates sprouting. The increase in expression of 
synaptophysin was present in the outer molecular layer of the dentate gyrus. Both 
normal and ERT mice had a similar response to the entorhinal cortex lesion, but 
OE mice did not show sprouting. In contrast, rats did not show sprouting of the 
entorhinal axons, but displayed clear shrinkage in the molecular layer of the 
dentate gyrus, only the associational axons sprouted in normal and ERT rats. 
Thus, mice and rats display dissimilar reactions to lesions of the EC, suggesting 
different reorganization processes following lesions in these two species. 
Supported by the Finnish Academy of Sciences.

806.8

ENTORHINAL CORTEX LESION DOES NOT ALTER REELIN mRNA 
EXPRESSION IN THE DENTATE GYRUS OF YOUNG AND ADULT 
RATS. QA, Haas! Z,..KrsnikLT. Dell^r1, A-.TielschLand M, Frgtscher’t 
’Inst, of Anatomy, Univ. of Freiburg, 79001 Freiburg, FRG; 2Croatian Inst, 
of Brain Res., Univ. of Zagreb, 10000 Zagreb, Croatia.

The extracellular matrix protein reelin plays an important role in neuronal 
pattern formation, axonal growth and guidance during the development of 
the central nervous system. With the concept that reelin might also be 
important for axonal growth in the injured nervous system we investigated 
whether reelin is reexpressed in areas of axonal growth (sprouting) after 
brain injury. The expression of reelin mRNA was studied in the denervated 
fascia dentata of adult rats 1, 4, 7, and 14 days following entorhinal cortex 
lesion (ECL). In situ hybridization histochemistry with digoxigenin-labeled 
reelin riboprobes revealed reelin mRNA expression in neurons located 
beneath the marginal zone and within the granule cell layer of the dentate 
gyrus. After ECL, this expression pattern did not change during the whole 
post-lesional time period despite a strong glial activation and reactive 
sprouting in the outer molecular layer of the dentate gyrus as visualized by 
GFAP immunohistochemistry and AChE histochemistry, respectively. The 
expression of reelin mRNA was also unaffected by ECL in the dentate gyrus 
of young animals (P8), where even a stronger sprouting response occurs. 
These results show that, unlike other extracellular matrix molecules, reelin is 
not reexpressed after brain injury in areas of axonal growth and that its role 
seems restricted to neuronal development.
(Supported by the Deutsche Forschungsgemeinschaft)
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806.9
INTRAVITREAL PERIPHERAL NERVE GRAFT ENHANCED c-JUN 
EXPRESSION IN SPROUTING RETINAL GANGLION CELLS (RGCs) IN 
ADULT HAMSTERS. K.S. Cho? K.-F. So? S.K. Chung2 and H.K. Yip1. (SPON: The 
Hong Kong Society of Neurosciences). ’Dept. of Anatomy and 2Inst. of Molecular 
Biology, The University of Hong Kong, Hong Kong, China.

Transplantation of peripheral nerve (PN) graft into the vitreous of axotomized retinas 
has been shown to induce sprouting of axon-like processes in axotomized RGCs. Since c- 
Jun has been suggested to be involved in the axonal regeneration of RGCs, we designed 
experiments to investigate whether c-Jun expression was upregulated in surviving and 
sprouting RGCs. Three groups of animals were prepared including optic nerve 
transection group (ONT), ONT + PN group and ONT + non-viable PN group 
(ON+nvPN). Results showed that following intraorbital optic nerve cut, there was no 
significant difference in the number of c-Jun positive RGCs (a brown color product after 
reaction of DAB) among the groups at 3, 7, 14 and 28 dpa. Nonetheless, stronger c-Jun 
immunoreactity was observed in RGCs located near the viable PN transplant. Two days 
before sacrificing the animals (ONT and ONT+PN groups) at 7 and 14 dpa, 6 % Fluoro- 
Gold (FG) was administered at the proximal stump of optic nerve in the operated eye. 
The percentage of FG-labeled RGCs expressing c-Jun (FITC-positive) was determined. 
About 85 % of the surviving RGCs expressed c-Jun in both ONT and ONT+PN groups at 
all investigated time points. In the ONT+PN group, the co-localization of c-Jun and 
sprouting RGCs (recognized by RT-97 antibody) was detected. Results showed that 
sprouting RGCs were detected at 14 and 28 dpa but not at 7 dpa and all sprouting RGCs 
were observed to be c-Jun positive. Taken together, the intravitreal PN graft upregulated 
the c-Jun expression at 7 dpa that was observed 7 days earlier than the detection of 
sprouting RGCs (at 14 dpa). In addition, a significantly higher proportion of sprouting 
than surviving RGCs expressed c-Jun. Therefore, c-Jun may be involved in the formation 
of sprouting RGCs.
[Supported by grants from Research Grant Council and Croucher Foundation]

806.10
COLLATERAL SPROUTING OF CGRP-IMMUNOSTAINED AXONS INTO 
THE SUPERIOR MESENTERIC GANGLION OF SPONTANEOUSLY 
HYPERTENSIVE RATS. K.M. Krol and M.D. Kawaja*, Department of Anatomy 
and Cell Biology, Queen’s University, Kingston, Ontario, Canada, K7L 3N6.

Collateral sprouting is a phenomenon that can be classified as either reparative in 
response to nerve injury or maladaptive in response to pathological insult. In the 
peripheral nervous system, postganglionic sympathetic and neural crest-derived 
sensory axons can undergo both types of collateral sprouting in response to elevated 
levels of target-derived nerve growth factor (NGF). We have reported that calcitonin 
gene-related peptide (CGRP)-immunostained axons, putatively of sensory origin, 
sprout into the NGF-enriched neuropil of the superior cervical ganglion in transgenic 
mice overexpressing NGF among central glial cells. This sprouting response is 
markedly enhanced in NGF-transgenic mice with a null mutation for the p75 
neurotrophin receptor (NTR). Using spontaneously hypertensive rats (SHR), which 
have elevated levels of NGF protein in the mesenteric vasculature and have a point 
mutation in the p75NTR gene, we sought to determine whether these factors also 
influence the degree to which CGRP-immunostained axons undergo collateral 
sprouting into the superior mesenteric ganglia of SHR. Indeed, the density of CGRP- 
immunostained axons in the mesenteric sympathetic neuropil was greater in the SHR 
over age-matched Wistar Kyoto control rats. Unlike p75NTR-deficient mice however, 
SHR displayed p75NTR-immunostained neurons in both the superior mesenteric and 
cervical ganglia, despite the point mutation. Thus, CGRP-immunostained axons, 
presumably primary visceral afferent axons sensitive to elevated levels of NGF, are 
capable of invading the sympathetic neuropil of the superior mesenteric ganglia, a 
maladaptive sprouting response to elevated levels of NGF characteristic of SHR. 
Supported by The Heart and Stroke Foundation of Ontario, Canada.

806.11

NGF GENE TRANSFER INDUCES EXTENSIVE SPROUTING OF 
SENSORY SPINAL CORD AFFERENTS AND HYPERALGESIA WHICH 
CAN BE MODULATED BY THE CONDITIONAL EXPRESSION OF LI. 
M.I, Romero*. N. Rangappa. Li L, Lightfoot S. Garry M.G.. G.M. Smith. 
Department of Anesthesiology and Pain Management, University of Texas 
Southwestern Medical Center, Dallas, TX 75235.

Despite the well known trophic properties of neurotrophic factors 
(NTFs) and cellular adhesion molecules (CAMs) on axonal growth, very 
little is known about the feasibility and consequences of long term 
expression of these molecules in the CNS. To examine the effect of these 
molecules, adenoviral (Ad) vectors encoding the NTFs: FGF-2, NGF, 
and NT-3, and the CAMs: LI and N-Cad were injected along the L4-5 
spinal cord of adult rats. Efficient and persistent expression of all the 
transgenes was demonstrated in the spinal cord by immunocytochemistry 
using antibodies against epitopes unique to the transgenes. 
Immunolocalization of calcitonin gene-related peptide (CGRP), a marker 
of primary afferent fibers, showed no change the CGRP innervation in the 
dorsal horn after expressing either of the CAMs, FGF-2 or NT-3. In 
contrast, those treated with NGF-Ad showed extensive collateral 
sprouting of CGRP-positive fibers through out the injected side of the 
spinal cord, which was prevented by the coadministration of NGF and 
LI. Further analysis showed that substance P, but not fluoride-resistant 
acidic phosphatase-containing sensory fibers, were also induced to sprout 
by NGF. Behavioral analysis of nociception and proprioception revealed 
that the induced expression of NGF, but not of FGF-2 or NT-3 resulted 
in hyperalgesia and motor deficits. These results indicate that conditioned 
expression of NGF profoundly enhances axon growth of adult sensory 
primary afferents and this hyperinnervation correlates with abnormal 
responses to noxious thermal stimulation. NIH NS38126 (GMS).

806.12

NOCICEPTIVE AXONS OF APOE KO MICE HAVE IMPAIRED 
COLLATERAL SPROUTING BUT NORMAL REGENERATION 
M. Holmes, E. Pertens and J. Diamond* . Dept. of Psychiatry and Behavioural 
Neurosciences, McMaster Univ., Hamilton, ON, Canada, L8N 3Z5.

The apoE4 isoform of apolipoprotein E (apoE) is now an accepted neurological 
risk factor, notably in Alzheimer's disease (AD) (Strittmatter et al., PNAS 90, 
1993). A putative victim of detrimental apoE functions is the membrane synthesis 
required in nerve repair (Muller et al., Science 228, 1985). However, in apoE 
knock-out (apoE KO) mice myelinated axons regenerate normally (Popko et al., 
J Neurochem 60, 1993), a result we have extended to their unmyelinated axons. 
Of possibly greater relevance to neural repair, especially in the CNS, is the 
collateral sprouting of spared fibres, reported by 2 separate groups to be both 
delayed (Masliah et al., in Recent Advances in ADRDA, Wiley & Sons, 1995) 
and normal (Anderson et al., Neuroscience 85,1998) in the hippocampus of apoE 
KO mice. We now find, in contrast to regeneration, that the collateral sprouting 
of both myelinated and unmyelinated nociceptive axons in those animals is 
significantly impaired. This sprouting, but not regeneration, is driven by 
endogenous nerve growth factor (NGF) (Diamond et al., J Neurosci 12, 1992). 
The possibilities that the nociceptive neurons of apoE KO mice are insensitive to 
exogenous NGF, and/or have defective NGF receptor expression, are being 
examined. We propose that apoE normally facilitates neuritogenesis driven 
specifically by NGF, perhaps involving a NGF-induced increase in membrane 
apoE receptors as reported for neuronal cell lines (Bu et al., J Biol Chem 273, 
1998). Compromised apoE actions would be anticipated to jeopardize circuitry 
repair, especially in NGF-sensitive neurons, among which are those most 
vulnerable in Alzheimer’s disease (Whitehouse et al., Science 215, 1982).

(Supported by the Ontario Neurotrauma Foundation and MRC Canada)

806.13

ENHANCED CORTICOFUGAL PLASTICITY AND FUNCTIONAL 
CONSEQUENCES AFTER UNILATERAL PYRAMIDAL TRACT LESION IN 
NEONATAL RATS. W.J. Z‘Graggen', K. Fouad1, G.A.S, Metz1. O. Raineteau1,
M.E. Schwab1 and G.L. Kartie2*. ’Brain Research Institute, University of Zurich and 
Swiss Federal Institute of Technology Zurich, CH-8057 Zurich, Switzerland; 
2Research Service, Hines VA Hospital, Hines, IL 60141 USA.

Neonatal (P2) and adult rats underwent unilateral section of the corticospinal tract 
(CST) at the level of the medulla oblongata. Three months after lesion the 
corticofugal projections to the red nucleus and the basilar pontine nuclei were 
anatomically analyzed. Intracortical microstimulation of the primary motor cortex 
with simultaneous EMG recordings of the Mm biceps and triceps brachii were used 
to investigate possible new connections of the affected motor cortex.

In the P2 lesioned animals corticorubral and corticopontine fibers grew across the 
midline and established bilateral, anatomically specific projections. Aberrant growth 
and regeneration of CST fibers into the spinal cord were also present. Such 
anatomical changes were not seen after adult lesions. Microstimulation of the cortex 
ipsilateral to the lesion with currents lower than 70 pA showed no EMG activity after 
adult lesions. In contrast, in P2 lesioned rats bilateral movements were found with a 
dominance of the ipsilateral response. EMG latencies were comparable for the 
ipsilateral and the contralateral response but were significantly prolonged compared 
to unlesioned animals. A possible involvement of the abnormal brainstem projections 
is under investigation. Supported by the Swiss National Science Foundation and the 
US Department of Veterans Affairs.

806.14

ANATOMICAL REORGANISATION OF THE SPINAL TRACTS AFTER 
CORTICOSPINAL TRACT LESION: A ROLE FOR THE RUBROSPINAL 
TRACT?
O. Raineteau , M. Thallmair & M. E. Schwab?Brain Research Institute, University 
of Zurich and Swiss Federal Institute of Technology Zurich, Winterthurerstrasse 
190, CH-8057 Zurich, Switzerland.

After spinal cord lesions in mammals a spontaneous but limited functional 
recovery can be observed. This recovery has been shown to be strongly increased 
following neutralization of. the myelin-associated growth inhibitor NI-250/35 by 
using the monoclonal antibody IN-1. This treatment has been reported in several 
studies to promote axonal regeneration of lesioned neurons as well as anatomical 
plasticity of the lesioned corticospinal tract (CST) resulting in a functional recovery 
in various behavioral tests.

The present study investigates the response of the rubrospinal tract (RST) after 
bilateral section of the CST (pyramidotomy). We take advantage of the well defined 
innervation pattern of the spinal cord (i. e. lamina V, VI and dorsal part of lamina 
VII) by the RST, to look at putative plasticity mechanisms. Following a bilateral 
pyramidotomy with or whithout antibody application, the RST was traced 
unilaterally by using the anterograde tracer biotin dextran amine. Two weeks after 
lesion the RST projection pattern was analysed at defined spinal cord levels.

Preliminary results show a tendency for the RST to extend its spinal projections 
and to invade target zones of the CST in the ventral horn. This expansion can be 
strongly enhanced by IN-1 treatment suggesting a reorganisation of the spared RST 
fibers after removal of one of the major descending tract.

These preliminary observations support the concept of the ability of major adult 
spinal tract systems to reorganise after injury. These mecanisms could be involved in 
the behavioral recovery observed after lesion.

Supported by: Swiss National Science Foundation
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806.15
TERMINAL SPROUTING OF CORTICOSPINAL AXONS FOLLOWING 
ABLATION OF THE RUBROSPINAL TRACT IN RATS
N.D. Jeffery & M. Fitzgerald*, Dept Anatomy and Developmental Biology, 
University College London, Gower Street, London WC1E 6BT, England.

It has been assumed that recovery of function after severe spinal cord injury 
results from the ability of undamaged pathways to assume control over partially 
deafferented neurons. In this study we examined the ability of undamaged 
corticospinal tract (CST) axon terminals to sprout in response to destruction of 
another motor pathway, the rubrospinal tract (RST).

The RST on the right side of the spinal cord was destroyed by injecting quinolinic 
acid into the left red nucleus of 19 rats. In one subgroup (n=7), neurotrophin-3 (NT- 
3) was injected bilaterally into the hindlimb sensorimotor cortex 3 days after lesion 
induction. CST axons were labelled bilaterally using biotinylated dextran amine. 
CST projection density in L4 spinal cord was determined by measuring total length 
of labelled axon terminals within defined regions of laminae X, V and III of each 
side of the cord using a computerised image analysis system. Terminal densities 
were then compared between left and right sides in unlesioned, lesion-only and 
lesion-plus-NT-3 animals.

There was no alteration in CST projection density following ablation of the RST 
alone. However, there was an approximate fourfold increase in density of axons on 
the right (lesioned) side within lamina III in rats that had received NT-3 after 
lesioning when compared to unlesioned or lesion-only animals. This alteration was 
not apparent in lamina V. We conclude that the stimulus provided by ablation of the 
RST is not sufficient on its own to induce sprouting of undamaged CST axon 
terminals, whereas the combination of lesion with neurotrophin administration leads 
to profuse sprouting in specific regions of spinal cord.

This work was supported by the Wellcome Trust.

806.16

SPROUTING OF NON-PEPTIDERGIC NOCICEPTIVE NEURONS 
IN DORSAL ROOT GANGLIA FOLLOWING PERIPHERAL 
NERVE TRANSECTION L. Li, Y-H. Yu*, X- F. Zhou Dept. Human 
Physiology and Centre for Neuroscience, Flinders University, Adelaide 
5001, Australia.

Following peripheral nerve injury, sympathetic nerve terminals and 
axons of peptidergic nociceptive sensory neurons sprout and form 
perineuronal terminal plexus around large neurons in the dorsal root 
ganglia (DRG). In the present study, we sought to investigate whether 
non-peptidergic nociceptive neurons also sprout in response to 
peripneral nerve lesion. After the left L5 spinal nerve was ligated and 
transected, the adult rats were allowed to survive for 1 day, 1, 2, 5, 8, 
10 and 12 weeks. The lectin IB4 binding protein was used as a marker 
of non-peptidergic sensory neurons and examined by light and electron 
microscopes. Biotinylated lectin IB4 was injected into the proximal 
stump of the L5 spinal nerve to label sprouting fibres. In the normal 
DRG, IB4 binding protein was mainly localized to small neurons. After 
spinal nerve transection, the IB4 binding protein was dramatically 
downregulated in small neurons but significantly increased in satellite 
cells. However, IB4 binding axons sprout robustly and form
erineuronal rings around larger neurons. This change began to appear 
weeks, and then dramatically increased between 8 and 12 weeks, after 

the nerve lesion. The retrograde labelling study showed that IB4- 
positive rings came from IB4 binding small neurons within the injured 
ganglia. In addition, the number or IB4-positive blood vessels was 
remarkably increased in the early stage, reaching a peak at 1 or 2 weeks 
post-lesion and then gradually declining at the later stage. These 
findings indicate that peripheral nerve transection induces sprouting of 
non-peptidergic nociceptive neurons and angiogenesis in DRG.
Supported by an NHMRC grant to XFZ.

806.17

EFFECTS OF TTX-INDUCED SPROUTING ON LIM KINASE 1 
EXPRESSION AT THE RAT NEUROMUSCULAR SYNAPSE.
D.L. Falls1. J.Y, Wang1. H.D. Black-Brewster1, M.J. Pinter2*, 
and T.C. Cope2, departments of ’Biology and 2Physiology, Emory 
University, Atlanta, GA 30322.
LIM Kinase 1 (LIMK1) is a non-receptor protein kinase that is 
predominantly expressed in the nervous system. In an 
accompanying abstract, we have reported that LIMK1 is 
concentrated in the presynaptic terminals of mature neuromuscular 
synapses. However, it was not found at nascent synapses. Based on 
these findings we have speculated that LIMK1 serves as an "anti- 
growth" protein that stabilizes the morphology of the adult nerve 
terminal. This hypothesis predicts that LIMK1 will not be found in 
axonal sprouts. To test this hypothesis, we examined LIMK1 
distribution at neuromuscular synapses in rat hindlimb muscle 
following muscle paralysis by application of a tetrodotoxin (TTX) 
cuff to the sciatic nerve. TTX-induced terminal and nodal sprouting 
in rat hind limb muscle has been previously described and has been 
reproduced in this study. Finding sprouts lacking LIMK1 label 
would support our hypothesis. In addition, observation of a 
reduction in the amount or distribution of LIMK1 within the nerve 
terminal that correlates with the degree of sprouting would suggest 
that LIMK1 must be reduced in the nerve terminal in order for 
sprouting to occur.
Support: NIH GM 56337 and NINDS 38963

806.18

SELECTIVE ABLATION OF PERISYNAPTIC SCHWANN CELLS 
(PSCs) FROM THE FROG NEUROMUSCULAR JUNCTION (NMJ) IN 
VIVO. L. V. Reddy*, S. Koirala, and C.-P. Ko. Dept. of Biological Sciences, 
University of Southern California, CA 90089.

PSCs are the glial cells capping the nerve terminal at the vertebrate NMJ. The 
function of PSCs is to a large extent unknown, although it has been shown that they 
guide regenerating nerve terminals, and that they may modulate synaptic function. In 
order to understand the role of PSCs in the maintenance and reinnervation of NMJs. 
we have developed a technique to selectively ablate PSCs in vivo using complement- 
mediated cell killing. For this we have used a monoclonal antibody, 2A12, that 
recognizes a surface membrane component of PSCs. The technique involved 
injections of purified mouse ascites containing 2A12, diluted in frog Ringer's 
solution, applied beneath the sartorius muscle. Control animals were given 
injections of plain Ringer's solution. The animals were injected similarly the next day 
with guinea pig complement. They were then sacrificed an hour later and their 
sartorius muscle was dissected. The muscle was then stained with ethidium 
homodimer-1, which stains the nuclei of dead cells, and flurorescent peanut 
agglutinin, that labels PSCs, to identify that the PSCs were dead. In the experimental 
group, >80% of PSCs were dead, while in the control group very few of these cells 
were dead. Both the experimental and control groups showed normal staining with 
FM4-64, a vital nerve terminal stain, and fluorescent a-bungarotoxin, which labels 
acetylcholine receptors (AChRs). This indicated that the ablation was specific to the 
PSCs and that this did not have any acute effect on the nerve terminals or AChRs. In 
conclusion we now have a technique to ablate PSCs selectively in vivo using 
monoclonal antibody, 2A12, and guinea pig complement. Studies are now underway 
to observe the chronic effects of the absence of PSCs, and to elucidate the role of 
these glial cells in the maintenance and reinnervation of the frog NMJ. (Supported by 
NIH grant 17954 and a Muscular Dystrophy Association grant.)

806.19

REGENERATING NERVE TERMINALS INDUCE SPROUTING OF 
PERISYNAPTIC SCHWANN CELLS (PSCs) AT THE FROG 
NEUROMUSCULAR JUNCTION (NMJ). S, Koirala* and C.-P. Ko. 
Department of Biological Sciences, University of Southern California, CA 90089.

At the vertebrate NMJ, sprouts extended by PSCs guide regenerating nerve 
terminals. The mechanisms underlying the induction and maintenance of PSC 
sprouts remain largely unknown. Our current results raise the possibility that 
regenerating terminals themselves may provide an essential trigger for PSC 
sprouting. The frog (Rana pipiens) cutaneous pectoris muscle was chronically 
denervated on one side while the contralateral muscle was denervated by a single 
transection of the nerve, allowing subsequent reinnervation beginning at ~2 wks.
At 3,4, 6, and 9 wks after axotomy, muscles were immunofluorescently labeled: 
antibodies to synapsin I and neurofilament 200 kD identified terminals and axons, 
and our monoclonal antibody, 2A12, marked the PSC membrane. In some cases, 
peanut agglutinin, which recognizes the extracellular matrix associated with PSCs, 
was used as an alternate marker. PSCs at chronically denervated endplates showed 
virtually no sprouting at any timepoint (~5% of endplates showed PSC sprouts, 
which is comparable to intact NMJs). In contrast, there was robust sprouting of 
PSCs at reinnervating endplates: at 53% of endplates at 3 wks, and 86 % at 4 wks. 
Significantly, almost all (99%) endplates with PSC sprouts showed some degree of 
accompanying reinnervation, indicating that the local presence of regenerating 
terminals is essential for PSC sprouting. Sprouts were maintained at 6 wks (77%) 
and 8 wks (62%). In contrast to mammals, in which axotomy alone is sufficient to 
trigger PSC sprouting at NMJs, our results in the frog point to an essential nerve 
terminal-mediated signal. Reinnervation may therefore involve cross-talk between 
regenerating terminals and PSCs: nerve terminal-mediated signal/s locally induce 
PSC sprouting, and these sprouts, in turn, guide nerve terminals. (Supported by 
NIH grant NS 17954 and a grant from the Muscular Dystrophy Association)

806.20

In vivo analysis of axonal changes after axotomy and target deprivation in mice 
expressing GFP in motor neurons. M.L. Bernstein*, G-P. Feng, J.R. Sanes, and J.W. 
Lichtman, Dept Anatomy and Neurobiology, Washington U. School of Medicine, St 
Louis MO, 63110

Transgenic mice expressing Yellow Fluorescent Protein (YFP) under control of the 
Thy 1 promoter were used to study anterograde alterations in axons following axotomy 
and retrograde alterations in axons following target deprivation. Twelve to twenty 
hours after transection of the nerve 3-5 mm proximal to the stemomastoid muscle, 
axonal branches to muscle fibers underwent Wallerian style degeneration in which the 
axons segmented into a number of ellipsoid shaped YFP filled bodies. Slightly 
preceding axonal fragmentation, terminal axonal branches at neuromuscular junctions 
disappeared. The loss of YFP from terminal branches occurred abruptly; in some 
axons followed over time in vivo the whole process took less than an hour. The loss of 
YFP staining from nerve terminals preceded the loss of neurofilament and 
synaptophysin staining suggesting that protein leakage from the membrane may be one 
of the earliest steps in the structural dissolution of degenerating axons. The effects of 
target deprivation on YFP labeled motor axons were studied by selective ablation of 
individual muscle fibers in vivo. Beginning 2-4 days after muscle fiber death, the 
overlying motor axon and its terminal branches underwent a series of changes that 
differed from those following axotomy. The earliest structural change was withdrawal 
of some of the terminal axon branches. The withdrawal was associated with bulb-like 
swellings in the remaining distal branches. The loss of nerve terminal branch staining 
with YFP matched the disappearance of neurofilaments and synaptophysin staining 
suggesting that target deprivation caused branch retraction. In addition to the nerve 
terminal retraction, in some cases, the preterminal axon branch underwent 
considerable atrophy. The atrophy was sometimes evident over nearly the entire extent 
of the preterminal axon. These results indicate that the axonal response to loss of 
anterograde versus retrograde factors is different. Thus ongoing support from the cell 
body and target play different roles in the maintenance of the nerve terminal.
This work supported by the NIH and the MDA
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807.1
VESICLE FORMATION IN PC 12 CELLS ASSOCIATED WITH CELL 
PROCESS OUTGROWTH. J. Maguire1*, W. Jia2, G.T. Simon3, Neuropathology, 
Vancouver General Hospital, V5Z 1M9, University of British Columbia1*2, and 
McMaster University3.

The mechanisms of clathrin and non-clathrin mediated vesicle transport systems 
within neuronal cells have generated considerable interest, but are still poorly 
understood. Clathrin-coated pit formation has been reported to be associated with 
growth cone formation, and show response to nerve growth factor (NGF) 
treatment. The association of cellular processes of neuronal cells with clathrin 
coated vesicle formation remains largely unknown. In order to further define the 
relationship of coated pits with cell process formation in a cellular model of 
neuronal cells we undertook an ultrastructural analysis of PC 12 cells exposed to 
NGF, and allowed to grow for periods of 3 mins, 15 mins, 24 and 48 hrs. prior to 
fixation. Cells were examined ultrastructurally using a transmission electron 
microscope, and compared to control cells. Cell process and coated pit formation 
were then assessed. There was an apparent increase both in the number of cell 
processes and the number of coated vesicles in the NGF-exposed PC 12 cells 
compared to the control cells. Occasional cell processes extended directly to 
coated pits on the cellular membranes of adjacent cells. Isolated vesicles were 
noted immediately adjacent to the base of cellular processes and outgrowths from 
the same cell. No more than one vesicle per cellular process was noted. The 
association was too frequent and obvious to be coincidental, and was more 
frequently noted in the NGF-treated cells. These data imply a causal role in the 
formation of one of these cellular structures from the other, the initiating 
sequences and earl events of which remain unknown. This association within 
neuronal cells could involve functions which include cellular receptors, neuritic 
growth and intracellular transport systems.

807.2
OVEREXPRESSION OF STRIATAL ENRICHED PHOSPHATASE 
(STEP) PROMOTES THE NEURITE OUTGROWTH INDUCED BY A 
CYCLIC AMP ANALOGUE IN PC12 CELLS
A. Okamura*, S. Goto, T. Nishi, T. Hamasaki and Y. Ushio. Dept. 
Neurosurgery, Kumamoto Univ. Sch. Med.; Kumamoto, 860-8556, 
JAPAN.

A cytoplasmic protein tyrosine phosphatase (PTPase) designated as 
striatal enriched phosphatase of which molecular weight is 46 kDa 
(STEP46) is highly expressed in striatal neurons with dopamine Dl- 
receptors. To examine the hypothesis that STEP46 is involved in the 
neuronal functions modulated by the cyclic adenosine 3’, 5’- 
monophosphate (cAMP)-signaling system, we introduced the 
complementary DNA of STEP46 into the pheochromocytoma cell line 
PC 12, which exhibits neuronal differentiation characterized by neurite 
outgrowth in response to cAMP and nerve growth factor stimulation, 
and we established subclonal cell lines that constitutively overexpress 
STEP46 protein with PTPase activity. The subclones expressing 
STEP46 showed increased neurite outgrowth during differentiation 
induced by a cAMP analogue (dibutyryl cAMP). The positive 
regulatory role of STEP46 in the cAMP-induced neuronal 
differentiation of PC 12 cells indicates that STEP46 may play a role in 
neuronal processes modulated by the cAMP-signaling cascade as a 
PTPase. (Supported by: Grant-in-Aid for Scientific Research from 
the Ministry of Education, Science and Culture of Japan)

807.3

THE ALPHA SUBUNIT OF Go MODULATES NEURITE 
OUTGROWTH INDUCED BY cAMP IN F11 CELLS S,H Ghil1, B.J. 
Kim1, E.J. Choi2*, Y.D. Lee1, and H.Y. Suh-Kim1. Dept. of Anatomy, 
Ajou Univ., Sch. of Med., Suwon, 442-749; Graduated Sch. of 
Biotechnology, Korea Univ., Seoul, 136-701, South Korea

Among all G-proteins, Go is found in a large quantity in brain and 
one of the major protein in growth cone membranes, which implies an 
importance of Go in neuronal cells. But its role in neuronal cells has 
not been fully understood. Here we show that a subunit of Go (ao) 
modulates neurite outgrowth by regulating signaling pathways induced 
by cAMP in neuroblastoma, F11 cells. F11 cells can generate neurite 
outgrowth in the presence of dibutyryl cAMP. Unlike PC12 cells, cAMP 
reduced phosphorylation of Erk in F11 cells. Neither a dominant 
negative form nor an active form of Ras could not alter neurite 
outgrowth induced by cAMP. Treatment of dibutyryl cAMP enhanced 
CREB activation. Inhibition of PKA with H89 led to a decrease in 
neurite outgrowth as well as CREB activity. Transient expression of 
wild type of ao (aowt) decreased the average length of neurites but 
increased the number of neurites per cell. An activated mutant, aoQ205L, 
which lost the GTPase activity and thus could not bind to Gpy gave a 
similar result as aowl. Expression of aowt or aoQ205L prohibited CREB 
activation induced by cAMP, forskolin, or PKA. Taken these results 
together, we propose that differentiation of F11 cells may be induced 
by direct activation of CREB by PKA and that inhibition of this signaling 
pathway by ao may cause changes in neurite outgrowth.

807.4

DUAL PATHWAYS IN RAGE SIGNALING. H. J, Huttunen*, C. Fages, and 
H. Rauvala. Inst, of Biotechnology, and Dept. of Biosciences, Div. of 
Biochemistry, University of Helsinki, FIN-00014, Finland.

Receptor for advanced glycation end products (RAGE) mediates neurite 
outgrowth in vitro on amphoterin-coated substrates. Ligation of RAGE by two 
other ligands, advanced glycation end products (AGE) or amyloid-() peptide, is 
suggested to play a role in cell injury mechanisms involving cellular oxidant 
stress and activation of the transcription factor NF-k B. Since the RAGE 
signaling pathways in neurite outgrowth and cell injury are largely unknown we 
have studied the role of the cytoplasmic domain of RAGE in signaling.

Transfection of RAGE to neuroblastoma cells induces extension of filopodia 
and neurites on amphoterin-coated substrates. Furthermore, ligation of RAGE in 
transfected cells enhances NF-xB-dependent transcription. Both the RAGE- 
mediated neurite outgrowth and activation of NF-k B are blocked by deletion of 
the cytoplasmic domain of RAGE. Moreover, dominant negative Rac and Cdc42 
but not dominant negative Ras inhibit the extension of neurites induced by 
RAGE-amphoterin interaction. In contrast, the activation of NF-k B is inhibited 
by dominant negative Ras but not by dominant negative Rac or Cdc42. These 
data suggest that the cytoplasmic domain of RAGE is involved in signaling and 
that distinct signaling pathways are used by RAGE to induce neurite outgrowth 
and regulate gene expression through NF-k B. (Supported by the Finnish 
Academy and by Sigrid Juselius Foundation.)

807.5

MULTIPLE SPLICE ISOFORMS OF THE PROTEOLIPID M6B, A 
NEURONAL HOMOLOGUE OF THE MYELIN PROTEIN PLP.
L.Dimou1. H.Werner1, S.Forss-Petter* and K.-A.Nave1, ’Center of 
Molecular Biology (ZMBH), University of Heidelberg, D-69120 
Heidelberg, Germany
Proteolipid Protein (PLP) and its isoform DM20 are major structural 

proteins of myelin of the central nervous system. Two homologous 
proteins have been identified, termed M6A and M6B (Yan et al., 1993). 
These novel PLP7DM20-protein family members are abundantly 
expressed in both neurons and glial cells, with a distinct, but partially 
overlapping expression pattern. We have identified several alternative 
RNA splice products of the M6B gene, encoding at least eight protein 
isoforms. Six of them have 4 transmembrane domains, similar to 
PLP/DM20/M6A, with isoform specific N- and C-termini, while two 
other encoded polypeptides lack putative membrane-embedded domains. 
One group of M6B-splice isoforms is specific for neurons, another is 
regulated during oligodendrocyte differentiation. Stainings of primary 
oligodendrocytes and neurons reveal that M6B is localized both 
intracellularly and on processes. Following ectopic expression of the 
M6B-isoforms in heterologous cells, the alternate N-terminal domains of 
M6B determine subcellular localization of the protein, while the C-termini 
show no influence. The cellular function of M6B and its splice variants is 
not known, but the location of alternative N- and C-termini, which are 
likely domains protruding into the cytoplasm or from the surface of 
intracellular vesicles, suggest interactions with yet unidentified cellular 
proteins. Here we present evidence that M6B plays a strong role in the 
outgrowth of cellular processes from cultured neural cells (Supported by 
grants from DFG to KN and Boehringer Ingelheini to LD).

807.6

BRAIN ENDOGENOUS INSULIN PROMOTES AXONAL 
GROWTH IN FETAL CULTURED NEURONS. R. Schechter*. M. 
Abboud and G, Johnson III. William K. Warren Medical Research 
Institute, Univ. of Oklahoma Health Science Center, Tulsa, OK, 74136.

We have shown that fetal neuron cell cultures (NCC) produce and 
secrete insulin and insulin like growth factor-1 (IGF-1). We investigated 
if brain endogenous insulin (BEI) has a distinguished role from IGF-1 
in promoting axonal growth (AG), using NCC from 16 days gestational 
age rat brains. The neurons were incubated in the following media: a) 
insulin/IGF-1 free defined medium (IFM); b) 5,20 or 100 ng/ml of 
insulin (IM), c) 100 ng/ml of IGF-l(IGFM); d) 25 ul/ml of guinea pig 
anti-insulin antibody (GPIA); e) 25 ul/ml normal guinea pig serum (NG). 
AG was studied using neurofilament antibody (SMI-311), and measured 
at day 1 and 3 of incubation. Preproinsulin mRNA was shown using 
PCR, and insulin immunoreaction using peroxidase anti-peroxidase and 
radioimmunoassay. AG was greater (p<0.05) at 3 days in 
IFM(48pm±2.2, mean,sem) and IM(42±1.6; 45±2.1; 43±1.8) than IGFM 
(22±1.0) and SM (35±1.9). AG was greater on day 3 than 1 in IFM,SM 
and IM(p<0.05). AG within the IGFM showed no significant difference 
(p>0.05). Thus, 1) BEI promotes axonal growth to higher extent than 
IGF-1; 2) BEI has a distinguished role from IGF-1, and 3) BEI may 
promote neural differentiation within the fetal brain.
Support: William K. Warren Medical Research Institute.
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807.7
NITRIC OXIDE STIMULATES NEURITE PRODUCTION IN 
CULTURED HIPPOCAMPAL NEURONS. T. Audesirk*, G. 
Audesirk, M. Kern, and L. Cabell. Biology Department, University 
of Colorado at Denver, Denver, CO 80217-3364.

Nitric oxide (NO), a gaseous messenger molecule generated from 
arginine by the Ca2+/calmodulin dependent enzyme nitric oxide 
synthase (NOS), has been implicated in several aspects of neuronal 
physiology including plasticity, differentiation, and neurotoxicity. To 
assess the role of NO in differentiation of cultured neurons, we 
exposed El8 rat hippocampal neurons to the NO donor S-nitroso-N- 
acetylpenicillamine (SNAP) or to a potent competitive inhibitor of 
endogenous nNOS, eNOS and iNOS activity, 2-ethyl-2- 
thiopseudourea. Neurons exposed for 3 days in culture to SNAP (10 
fxM) showed a significant increase in dendritic, but not axonal, 
branching. Neurons exposed for 3 days in culture to 1 mM 2-ethyl-2- 
thiopseudourea exhibited significant decreases in both the length and 
number of dendrites. The total length of axons plus axon branches 
was significantly reduced with trends toward reduction in the length 
of the major axon, mean axon branch length, and number of axon 
branches. We hypothesize that endogenous levels of NO are 
important in promoting the outgrowth of neurites during 
differentiation of hippocampal neurons.

807.8

INCREASED IPSILATERAL RETINOTECTAL AND RETINOGENICULATE 
PROJECTIONS FOLLOWING POSTNATAL NOS INHIBITION IN RATS. S, 
Jhaveri*, A. Vercelli, D.Garbossa, S.Biasiol, Wept. Brain & Cognitive Sci, MIT, 
Cambridge, MA; Dept. Anat., Pharmacol., Forensic Med., Univ. of Torino, Italy.

Nitric oxide (NO) reportedly acts as a retrograde messenger, influencing the 
refinement and stabilization of developing coactive afferent terminals. In the past, 
we have shown that cells and neuropil in the rat superior colliculus (SC) and 
lateral geniculate body (LGB) exhibit intense, developmentally regulated activity 
for NO synthase (NOS), the enzyme responsible for NO production.

To study the influence of NO on retino-LGB and retino-SC arbor formation, we 
examined visual projections of rats that had received injections of L-NoArg (an 
NOS inhibitor) on P0, and daily thereafter for 4-6 weeks. Animals were also 
treated with Verapamil to compensate for increases in blood pressure. Retinal 
fibers were labeled with cholera toxin, and the density of fibers in the superficial 
SC and in dorsal LGB (LGBd) was measured by computerized image analysis. 
Single retinocollicular terminal arbors were reconstructed (Neurolucida program).

Treated rats showed significant alterations in ipsilateral retinotectal projections, 
in the mediolateral and anteroposterior axes; there was an increase in the density of 
fibers entering the SC, in branch length, and in numbers of boutons on retinotectal 
arbors in the treated group. Ipsilaterally projecting retinal axons also showed an 
increase in density and distribution in the LGBd. With long survivals after 
stopping treatment, similar changes were noted, but were much less striking.

Our results support the hypothesis that, in the mammalian visual system, NO 
released from target neurons in the SC and LGB serves as a retrograde signal 
which feeds back on retinal afferents, influencing their growth. The effects of NOS 
inhibition are only partially reversed after treatment is stopped, indicating not only 
that lack of NO synthesis delays the maturation of retinofugal connections, but 
also that NO plays a constitutive role in their development.

Supported by MURST grants to AV and an NIH grant to SJ.

807.9

TETRAETHYLAMMONIUM STIMULATES NEURITE OUTGROWTH OF 
RETINAL GANGLION CELLS IN VITRO. N.S, Pollock* and S, McFarlane. 
Neuroscience Research Group, Univ. of Calgary, Calgary, AB T2N 4N1

Electrical activity of a growth cone may regulate how a growing neurite responds 
to growth cues. It is most likely that electrical activity regulates growth cone 
behavior by modulating intracellular calcium (Ca2+) levels. Recently, it was shown 
in vivo that altering intracellular Ca2+ in Xenopus spinal cord neuronal growth cones 
modulates their motility. Alternatively, neural activity may regulate how efficient 
extrinsic cues are at opening voltage-operated Ca2+ channels - and therefore alter their 
effectiveness at influencing growth cone motility. We sought to determine whether 
manipulating the electrical activity of retinal ganglion cells (RGCs) would alter 
neurite extension in vitro.

Kv channels are known to regulate the duration, frequency and amplitude of action 
potentials or sub-threshold depolarizations. Therefore, after determining by 
immunocytochemistry that RGC growth cones express Kv channels, we used 
tetraethylammonium chloride (TEA) to alter the electrical activity of developing 
RGC neurites growing in culture. Briefly, eye primordia were excised from stage 24 
Xenopus embryos. At this stage, RGCs are bom but have not yet initiated 
processes. Primordia were disaggregated in a Ca2+-free buffer and allowed to develop 
for 24 hours in un-supplemented media with or without 30 mM TEA. RGC neurites 
were then measured in both experimental conditions. We found that the average 
RGC neurite length in 30 mM TEA was significantly longer than the average 
length of control neurites. These data support a role for Kv channels in regulating 
axon outgrowth of developing RGCs. It is possible that TEA blockade of Kv 
channels exerts stimulatory effects by increasing intracellular Ca2+ levels.
(This work was supported by MRC of Canada and by AHFMR).

807.10

R-RAS IS A POTENT AND SELECTIVE ACTIVATOR OF 
NEURONAL INTEGRIN FUNCTION J.K. Ivins, P.D, Yurchenco. 
and A.D. Lander*. The Department of Developmental and Cell Biology 
and the Developmental Biology Center, University of California at 
Irvine, Irvine, California 92697

Late embryonic retinal neurons lose the ability to attach and extend 
neurites on the extracellular matrix (ECM) molecule laminin-1 (LN-1) as 
development procedes. However, they remain responsive to other ECM 
molecules (including other LN isoforms LN-1 that has been activated by 
proteolysis or specific antibody binding), and do so using the same pi 
integrin receptors that, earlier in development, were able to mediate 
responses to intact, unmanipulated LN-1. Here we test the hypothesis 
that this loss of responsiveness is due to a lack of neuronal integrin 
function. We show that both outside-in and inside-out integrin 
activators restore the ability of late embryonic retinal neurons to attach 
and extend neurites on LN-1 in an integrin dependent manner. Using 
viral mediated gene transfer, we find that a constitutively active form of 
the ras-related GTPase R-ras (R-ras38v) potently, but selectively, 
promotes neurite outgrowth by activating the a6pl integrin, while only 
partially activating alpi, and having no effect on a3pl function. In 
contrast, pM concentrations of MnCh activate both a6pl-dependent 
outgrowth on LN-1 and aipi-dependent outgrowth on collagen IV. 
Like R-ras38v, Mn++ has no effect on a3pl function. Furthermore, 
these integrin activators also promote neurite outgrowth from other CNS 
neuronal populations on LN-1 substrata, raising the possibility that 
treatments that modulate integrin functional states may promote 
regeneration in the injured CNS. Supported by RO1-NS36049 and The 
American Paralysis Association.

807.11

CONTRIBUTION OF TEMPERATURE AND ELECTRIC FIELDS (EF) IN 
THE MORPHOLOGICAL CHANGES OF CHROMAFFIN CELLS 
INDUCED BY EXTREMELY LOW FREQUENCY ELECTROMAGNETIC 
FIELDS (ELFEMF). C. Quiroz and L.Verduqo-Diaz*. Dept. de Fisiologia, 
Fac. de Medidna, UNAM. Mexico, D.F., 04510.

The exposure in vitro of chromaffin cells (CC) to ELFEMF produce 
changes on catecholamine release pattern and neurite growth. It is know 
that L-type Ca++ channels is involved in this cellular response, but it is not 
clear how the ELFEMF act on Ca++ channels. It has been observed an 
increase of temperature into culture medium during cell exposure to 
ELFEMF generated by electrical currents across the coils and induced 
EF. To know the contribution of thermal increase or EF on morphological 
changes of CC induced by ELFEMF, we used a water recirculant system 
for temperature control without ELFEMF and an exposure system to 
variable EF without magnetic component. CC were obtained from adrenal 
medullae gland 1-3 day-old Wistar rats. The cells were dissodated and 
cultured in 4 separated groups: control group, temperature group 
(temperature was increased slowly 1.5® C for 2.5 hrs.), ELFEMF group 
(0.7 mT, 60 Hz., 2 hrs. 2 times daily), and EF group (100 V/m, 60 Hz. 2 
hrs. 2 times daily). After 7 days in vitro, cells were staining with Tyrosine 
Hydroxylase (TH) antibody. 38% (±4.1%) of TH+ cells show neurite 
growth in control group, 54.6% (±3.2%) in temperature group (p<0.05 vs. 
control), 55.2% (±3.4%) in ELFEMF group (p<0.05 vs. control); and 
36.1% (±5.3%) in EF group(N.S.). The viability of TH+ cells in ELFEMF 
group and in EF group was similar to control. In contrast, temperature 
group was reduced 35% (±20.2%). The data show that neurite growth 
response to ELFEMF can be generated partially by temperature increase 
but not by EF alone. Supported by Grant 115578 from CONACYT.
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808.1

NEW ANALYSIS ON MIGRATORY ROUTES FROM THE BASAL 
TELENCEPHALON. D, Jimenez, L, Lopez-Mascaraque, F, Valverde and J.A. De 
Carlos*. Instituto Cajal, CSIC, Madrid, Spain.

It has been reported that during neocortical development, the transitory structure called 
Ganglionic Eminence (GE) is the source of a GABAergic population of cells that migrate 
tangentially to settle in the cerebral cortex. However, the nature of these cells is poorly 
understood.

In the present communication, we have used a variety of different techniques in order 
to chronologically characterize these cells. In this context, fluorescent tracers (Dil, DrA) 
and biotinylated dextran amine (BDA) have been injected into the GE of rats at different 
embryonic ages, by means of in utero surgeiy, in vitro cultures of whole embryos and 
organotypic slices. In order to accurately define the generation time and the migrating 
routes of cells, 5-Bromo-deoxyuridine (BrdU) was injected into the maternal peritoneal 
cavity of rats at diverse gestational stages (from E12 to birth). Then the embiyos were 
removed by C-sections at different times after the injections (from two hours to several 
days). Several antibodies have been used to characterize those cells during development: 
GABA, Calbindin (CB), Calretinin (CR), Parvalbumin (PV), TuJl, and the surrounding 
neuropil using Rat-401 and GAP-43. Our data shows two populations of migrating cells, 
one occurs early in the development (El3) and migrates straight toward the pial surface 
and then tangentially through the cortical marginal zone. The second one courses 
tangentially through the cortical intermediate zone in later developmental stages 
(E15/E16). Both populations of cells are GABAergic. Finally, working in progress 
involves in situ hybridation with cRNA probes (Pax-6, Emx-1, Emx-2. Dlx-L Otx-1) to 
study patterns of gene expression in the cortical mantle and basal telencephalon during 
the different ages.
(Supported by DGES Research grant PB96-0813 from the Ministerio de Education y 
Cultura and 08.5/0037/1998 grant from the Comunidad de Madrid).

808.2

MOLECULAR MECHANISM OF NEURONAL MIGRATION IN THE 
CENTRAL NERVOUS SYSTEM. Y.Zhu1, H.Li1, L.Zhou1, J.Y.Wu2, 
and Y.Rao1*1Dept. of Anatomy and Neurobiology, 2Dept. of 
Pediatrics, Washington Univ. Sch. Med., St. Louis, MO 63110.

Neuronal migration plays a crucial role for the central nervous 
system to develop from a relative simple, mono-layer structure into 
a multiple layer structure with distinct anatomical and functional 
characteristics. Tangential migration is a mode of neuronal 
migration whose importance has been shown in recent years. 
Strikingly, the neocortical GABAergic interneurons are born in lateral 
ganglionic eminence (LGE), instead of the neocortical 
neuroepithelium. Therefore, GABAergic precursor cells have to 
migrate tangentially from the LGE to the neocortex. Although 
tangential migration has been investigated in various regions of 
developing nervous system, the molecular cues for tangential 
migration are still unknown. Here, we provide experimental 
evidences suggesting that Slit, which is known to be a repellent for 
axons, functions as guidance cue for GABAergic neurons that 
migrate into the neocortex.

808.3

GUIDANCE OF CELL MIGRATION FROM THE GANGLIONIC 
EMINENECE TO THE NEOCORTEX BY SEMAPHORIN m AND IV IN 
VITRO AND IN VIVO
N. Tamamaki*
Dept. of Morphological Brain Science, Faculty of Medicine, Kyoto Uni.
Kyoto, Kyoto, 606-8315 Japan

The ganglionic eminence (GE) is a source of the neocortical neurons. The 
cortical neurons originating in GE were supplied by tangential cell migration 
in the intermediate zone (IZ). Since the expression of neuropilin and 
neuropilin 2 was found in the migrating cells in the IZ, we investigate the 
effect of the Semaphorin HI and IV to the cell migration in the IZ in vitro and 
in vivo. When a piece of cerebral tissue was cocultured with cosl cells 
expressing Semaphorin HI, majority of leading processes of migrating cells 
were directed to the opposite direction to the cos cells. When the tissue was 
cocultured with cosl cells expressing Semaphorin IV, majority of leading 
processes of the Tujl-positive migrating cells were directed to the opposite 
direction to the cos cells.

In the following in vivo experiment to investigate the Semaphorins effect to 
the migrating cells in the IZ, Semaphorin IH and IV expressing vector DNA 
was injected into one of the lateral ventricles and introduced into the 
ventricular zone by electroporation. After development for two days, the 
embryo neocortex was examined in lighmicroscopy. In all the cases, GE was 
enlarged and contained many apoptic bodies. The neocortex where the 
DNAs were introduced became thin both in the cortical plate and in the 
intermediate zone.

808.4

SEMAPHORIN 3A ACTS AS A REPULSIVE SIGNAL FOR CELL 
MIGRATION. D. Bagnard*1, N, Thomasset2, M.F, Belin2, A.W. Puschel3, 
M. Lohrum3, and J. Bolz14, ‘INSERM U371, 69500 Bron, France; 
INSERM U433, 69372 Lyon, France; Max-Plank-Institute for Brain 
Research, 60528 Fankfurt, Germany; Univ. Jena, 07743 Jena, Germany.

Semaphorins have been shown to act as axonal guidance molecules for 
different populations of axons. For example, Sema3A (previously called 
SemD) is a repulsive signal for DRG neurons (Puschel et al., Neuron 14, 
941-948, 1995) and cortical axons (Bagnard et al., Development 125, 
5043-5053, 1998). In the present study, we used a human
medulloblastoma cell line (DEV) to investigate a possible effect of 
Sema3A for cell migration. Using AP-Sema3A fusion proteins we could 
demonstrate the presence of binding sites for Sema3A on the cell surface. 
All DEV cells exhibited specific binding sites for this axonal guidance 
molecule. Moreover, in situ hybridization and RT-PCR demonstrated that 
DEV cells expressed neuropilin-1, which is the major receptor for 
Sema3A. Finally, when DEV cells were cultured on alternating substrates 
composed of Sema3A membranes versus poly-L-Lysin (stripe assay), 
cells avoided Sema3A containing lanes. Strikingly, cells growing on 
poly-L-Lysin formed "chains", a characteristic behavior often observed 
for migrating cells. These results provide evidence for a novel function of 
Semaphorins as cell migration cues.
(Supported by Region Rhone-Alpes, Ligue contre le Cancer, HFSP, DFG)

808.5

NEURAL CREST SEGMENTATION DEFECTS IN THE NEUREGULIN 
RECEPTOR ERBB4 KNOCKOUT MOUSE HINDBRAIN. M 
Gassmann1*. P, Trainor2, R, Krumlauf2 and J.P. Golding1. 'Div. of 
Neurobiology and 2Div. of Developmental Neurobiology, NIMR, Mill Hill, 
London NW7 1AA, UK.

In mice with a loss-of-function mutation in the neuregulin receptor ErbB4 
gene, central axon projections of the trigeminal and facial/acoustic ganglia 
are mis-directed through the mesenchyme adjacent to rhombomere 3. In this 
study we show that a sub-population of neural crest, originating in r4, also 
migrates inappropriately through r3 mesenchyme. In addition, we 
demonstrate through transplantation experiments that this phenotype is non-
cell-autonomous. Wild-type r4 neural crest cells migrated in a pattern 
consistent with the host environment, and were only seen to deviate from 
their normal pathway when transplanted into ErbB4 mutant embiyos. 
Furthermore, we show that in mutant embryos some of the mis-directed r4 
neural crest cells contribute to the developing trigeminal ganglia and down- 
regulate Hoxb2. These data suggest that during normal development cues 
within the hindbrain mesenchyme constrain migrating neural crest cells to 
their appropriate migratory pathways, and that local environmental cues 
contribute to the specification of neural crest cell fate.
This Work was funded by a grant from the Medical Research Council (UK).

808.6

PAF-PAFAH1B1 INTERACTION IS SIGNIFICANT FOR 
NEURONAL MIGRATION. R.S. McNeil1, G.J. Bix5, A. 
Wynshaw-Boris2, S. Hirotsone3, J.W. Swann1,5, G.D. Clark1,45*.
Depts. Of Pediatrics1, Neurology4, & Neuroscience5, Baylor
College of Medicine, Houston, TX 77030; 2Univ. of CA-San 
Diego, School of Medicine; institute of Animal Genetics, 
Fukushima, Japan.

The neuronal migration disorder Miller-Dieker 
Lissencephaly (MDL) gives rise to defects in cortical lamination 
during human brain development that result from hemizygous 
deletions or mutations of the US1 gene. LIS1 encodes a 45 
kDa protein known to function as a p-regulatory subunit of 
platelet-activating factor acetylhydrolase (hence termed 
PAFAH1B1). PAFAH1B1 binds to 29 and 30 kDa catalytic 
subunits to form the intact PAFAH trimer which functions in the 
degradation of the phospholipid signaling molecule, platelet-
activating factor (PAF). Pafahlbl-deficient neurons in cultured 
cerebellar reaggregate clusters displayed an impaired 
migration phenotype in which few neurons moved out from the 
cluster margin. A similar impairment of neuronal migration was 
observed in wild-type cerebellar reaggregate clusters exposed 
to PAF. However, exposure of Pafahlbl-deficient neurons to 
PAF resulted in the rescue of neuronal migration. These results 
suggest that PAF-Pafah1b1 interaction is significant in neuronal 
migration. (Supported by NIH NS37146 & NS 38289 & Epilepsy 
Foundation of America)
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808.7

WILD-TYPE AND MUTANT FORMS OF V-SRC ALTER 
NEURONAL MIGRATION AND DIFFERENTIATION IN VIVO.
J.C.Morgan1, J,E.Majors2, and D.S.Galiieo1*. 1Dept. of Cellular 
Biology and Anatomy, Medical College of Georgia, Augusta, GA 
30912-2000, and 2Dept. of Biochemistry and Molecular Biophysics, 
Washington Univ. Sch. of Med., St. Louis, MO 63110.

Src family nonreceptor tyrosine kinases have been implicated in 
controlling cell proliferation, migration, and differentiation. Here, we 
expressed an activated form of src, v-src, in developing brain cells 
in vivo. Recombinant retroviral vectors encoding the marker lacZ 
(control) and either wild-type v-src or SH2 or SH3 domain-deleted 
forms of v-src (ASH2 or ASH3, respectively) were used to infect 
progenitors in the embryonic chicken optic tectum (OT) on E3. 
Patterns of cell proliferation, migration, and differentiation of clonal 
progeny were analyzed at various times post-infection. Relative to 
/acZ-only controls, E6 clonal size was increased for v-src, 
unchanged for ASH2, and smaller for ASH3 injected embryos. At 
E9, ASH2 clones were significantly larger than controls. Radial 
migration appeared impaired for v-src, ASH2, and ASH3 clones 
while tangential migration was enhanced along fiber tracts in v-src 
and ASH2 clones. Normally directional tangential migration was 
randomized by v-src. Moreover, radial glial cell development and 
differentiation appeared hindered in v-src and ASH3 clones. These 
experiments demonstrate that activated src signaling alters brain 
cell proliferation, survival, migration, and differentiation in vivo. 
Supported by NIH.

808.8
NEURONAL MIGRATORY DELAY IN THE ZELLWEGER (PEX2) 
TRANSGENIC MOUSE. N.S. Bamford1* and P.L. Faust2. Depts. 
of ^’Neurology and 2Pathology, Columbia University, New 
York, NY 10032

Zellweger syndrome is a human peroxisomal biogenesis 
disorder that results in abnormal neuronal migration in 
the CNS and severe neurological dysfunction. To 
determine the extent of migratory delay in the PEX2 
Zellweger transgenic mouse (Faust, P.L. and Hatten, M.E.
J. Cell Biol. 139, 1293-1305, 1997), we injected 
pregnant heterozygote dams with bromodeoxyuridine (BrdU) 
at E12.5, E13.5 and E16.5 and sacrificed pups on P0.
Embryonic brains were studied by injecting pregnant dams 
on E12.5 and recovering pups on E14.5. Subsequent 
cortical migratory positions were examined at three 
different anterior-posterior coronal levels. For the 
PEX2 P0 mice, we observed a significantly higher
percentage of first generation labeled cells in the 
lower cortical plate and superficial intermediate zone 
compared to littermate controls (p<0.001). Accumulation 
of cells in this region was seen in all birthdates 
studied at P0 and was somewhat more severe in parietal 
cerebrum than in frontal or occipital cerebrum. The 
embryonic analysis revealed no significant difference in 
the distribution of labeled cells between mutant and 
control mice. The results of this birthdating study 
suggest that the migratory delay in PEX2 mutant mice 
involves the lower cortical plate/upper intermediate 
zone region and may be most prominent in late cortical 
genesis. (Supported by PHS Grant #NS01698-05)

808.9

GABA RECEPTOR ANTAGONISTS MODULATE THE MIGRATION 
OF POSTMITOTIC CELLS IN ORGANOTYPIC SLICE CULTURES 
OF THE EMBRYONIC RAT CORTEX. T.N. Behar*, A.E. Schaffner. 
C.A, Scott, C.L. Greene and J.L, Barker. Lab. of Neurophysiology, 
NINDS, NIH, Bethesda, Md. 20892

In vitro, GABA induces dissociated rat embryonic cortical neurons to 
migrate. In vivo, GABA localizes in appropriate locations for a 
chemoattractant, near target destinations for migrating neurons. Here, 
embryonic rat cortical slices were cultured in the presence or absence of 
GABA receptor (GABA-R) antagonists to assess GABA’s effects on 
neuronal migration in more intact preparations. El8 cortical slices were 
incubated overnight in BrdU-containing medium to label ventricular zone 
(vz) cells as they underwent terminal mitosis. Slices were then cultured in 
BrdU-free medium with or without GABA-R antagonists. In controls, 
most BrdU-immunoreactive cells were observed in the cortical plate (cp) 
after 48 hours. In contrast, cultures maintained in either saclofen or 
picrotoxin had few BrdU-labeled cp cells; most of the BrdU+ cells in the 
treated slices were identified in the vz, subventricular zone, and 
intermediate zone. Bicuculline, did not block BrdU+ cells from migrating 
into the cp. These results provide evidence that GABAb - and GABAc- 
like receptors mediate GABA’s pro-migratory signals in the developing rat 
cortex, and suggest that in vivo, GABA acts as a chemoattractant, 
modulating postmitotic embryonic cortical cell migration via multiple 
classes of receptors.

808.10

GABAa receptor  modulation  of  neuronal
MIGRATION IN DEVELOPING MOUSE NEOCORTEX.
J.E. Crandall* and S.A. Tobet. The Shriver Center, Waltham, MA 
02452 & Dept. Neurol., Harvard Med. Sch., Boston, MA 02115.

Numerous studies indicate that the neurotransmitter, 
gamma-aminobutyric acid (GABA), is involved in 
formation of the cerebral cortex. We are investigating the 
role of GABA by using pharmacological agents that modify 
GABAa  receptor activity in vitro and in vivo. Maternal 
treatment with the GABAa  receptor agonist muscimol 
began on E10 and continued until the day of sacrifice at E17 
significantly reduced the extent of GABAergic fibers and 
cells in anterior cingulate cortex compared to vehicle- 
injected controls or chronic bicuculline exposure.
Similarly, at this age, the average width of the anterior 
cingulate cortex in the muscimol-treated embryos 
decreased by roughly one-fourth. In slice cultures from E15 
mice for 2 days, bicuculline treatment resulted in a 
significantly greater average distance migrated by Dil- 
labeled cells. Furthermore, the increased migration was 
attributable to the tangential spread of cells across the 
cerebral wall. These results further support the hypothesis 
that GABAa  receptors play important roles in cortical 
neuron migration. Supported by NIH (MH 57748 & HD04147).

808.11

ROLE OF GABA IN THE DEVELOPMENT OF THE
VENTROMEDIAL NUCLEUS OF THE HYPOTHALAMUS.
S.A. Tobet’*, T.L. Dellovade? E.D. Ross,1 C, Ferguson,2 and G.E. 
Homanics,2. ‘Dept. of Biomedical Sciences, The Shriver Center, 
Waltham, MA; 2Dept. of Anesthesiology, Univ. of Pittsburgh School of 
Medicine, Pittsburgh, PA.

The ventromedial nucleus of the hypothalamus (VMH) emerges as a 
distinct cluster of cells in Nissl stains around embryonic day 17 (El7) 
in mice. However, as early as E13 immunoreactive gamma- 
aminobutyric acid (GABA) cells and fibers surround the region that 
will ultimately become the VMH. Since GABAergic elements 
demarcate the nucleus several days before it emerges, we hypothesize 
that GABA influences VMH development. To test this hypothesis we 
are examining the VMH in embryonic mice lacking the 03 subunit of 
the GABAA-receptor (which is highly expressed in the developing 
VMH). In gene-disrupted embryos the VMH was significantly larger 
and the distribution of cells containing immunoreactive estrogen 
receptor-a was expanded compared to controls. Using in vitro slice 
preparations from C57BL/6J E15 mice we found that treatment with the 
GABAa  antagonist bicuculline altered the orientation of cell migration 
in the developing VMH. These data suggest that GABA is important 
for the organization of cells during the development of this nucleus. 
Supported by grants #MH57748 (SAT) and #AA 10422 and GM52035 (GEH).

808.12

RECIPROCAL MODULATION OF TRANSVERSE MIGRATION OF GRANULE 
CELLS IN THE EGL BY SOMATOSTATIN AND NMD A RECEPTORS.
H. Komuro*, E. Yacubova and N.R. Pawlowski. Department of Neurosciences, The 

Lerner Research Institute, Cleveland Clinic Foundation, Cleveland, OH 44195.
We reported recently that in the deep external granular layer (EGL) of developing 

cerebellum, postmitotic granule cells, which have an elongated bipolar cell body with 
two horizontal processes, migrate transversely prior to forming the third process and 
initiating their inward radial migration. Here we examined the role of ionotropic 
receptors-NMDA, non-NMDA, GABAa , GABAb  and somatostatin-in the transverse 
migration of granule cells in the EGL. Cerebellar slices from 10-day-old mice (CD-I) 
were labeled with carbocyanine dye (Dil, 5 pg/ml) solution and then transferred to a 
micro-incubator attached to the stage of a confocal microscope. Changes in 
morphology and position of Dil labeled granule cells in the EGL were observed with a 
time-lapse recording system before and after application of each agonist and 
antagonist. In addition, the intracellular Ca2+ levels in the migrating cells, which 
provide an intracellular signal controlling the rate of cell migration, were monitored. 
For Ca2+ measurements, rectangular pieces of cerebella from 2-day-old CD-I mice 
were placed on poly-L-lysine and laminin-coated dishes. After 2 days in vitro, cells 
were loaded with 3 pM Fluo-3 AM for 30 min, and intracellular Ca2+ levels were 
examined. Activation of NMDA receptors slightly increased the rate of granule cell 
movement in the EGL, while activation of GAB Aa , GAB Ab  and non-NMDA 
receptors failed to alter the migrating behavior. Interestingly, activation of 
somatostatin receptors significantly decreased the rate of granule cell movement in the 
EGL. Moreover, somatostatin receptor activation significantly decreased the amplitude 
and frequency of Ca2+ fluctuations in migrating cells, while activation of NMDA 
receptors enhanced Ca2+ fluctuations. These results suggest that the activity balance 
between somatostatin and NMDA receptors may play a key role in controlling the 
transverse migration of granule cells in the EGL by altering the intracellular Ca2+ 
fluctuations, and raise the possibility that somatostatin receptor activation may be 
necessary to stop the cell movement near the Bergmann glial fibers, which then induce 
formation of the vertical process essential for their inward migration.
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808.13
BLOCKING N-METHYL-D-ASPARTATE RECEPTORS INHIBITS 
NEURONAL MIGRATION IN THE EMBRYONIC RAT CEREBRAL 
CORTEX. K, Hirai'*, H. Yoshioka', M. Kihara', K. Hasegawa1 
T. Sawada1 and S. Fushiki2. ’Dept. of Pediatrics, Kyoto Prefectural 
Univ. of Med.; 2Dept. of Dynamic Pathology, Research Institute for 
Neurological Diseases and Geriatrics, Kyoto Prefectural Univ. of Med.; 
Kyoto, 602-8566, Japan.

To investigate the role of the N-methyl-D-aspartate (NMDA) receptor 
on neuronal migration in the cerebral cortex, a tissue culture study using 
embryonic rat brain was performed. After labeling progenitor cells in 
the ventricular zone of E16 cerebral cortex explants by [3H]thymidine, 
the explants were cultured for 48 hours and distribution of labeled cells 
was evaluated autoradiographically. Blocking NMDA receptors by 
adding the NMDA receptor antagonist, (+)-5-methyl-10,ll-dihydro-5H- 
dibenzo[a,d]cyclohepten-5,10-imine hydrogen maleate (MK-801: 1 or 10 
pM) or D(-)-2-amino-5-phosphonopentanoic acid (D-AP5: 100 pM), to the 
culture medium caused significantly decreased distribution of labeled 
cells in the outer intermediate zone (control 14.2±5.5%, 1 pM MK-801 
5.8±7.2%, 10 pM MK-801 3.6±1.4%, and D-AP5 8.6±4.0%; mean ± S.D.). 
This suggests that blocking NMDA receptors inhibits neuronal migration 
in the cerebral cortex. Furthermore, the influence of decreased 
intracellular Ca2+ concentration on neuronal migration was examined by 
adding intracellular Ca2+ chelator, l,2-his-(o-aminophenoxy)-ethane- 
N,N,N',N-tetraacetic acid tetra-(acetoxymethyl)-ester (BAPTA-AM: 5 or 
25 pM). This also resulted in inhibited neuronal migration. Therefore, it 
seems that neuronal migration in the cerebral cortex is regulated by 
intracellular Ca2+ concentration, which the NMDA receptor may 
influence.

808.14
TRISOMY 16 NEURONS EXHIBIT DEFECTIVE NMDA RESPONSES. C 
Colton1*, M. Gbadegesin2 and T. Behar3 'Dept. Of Physiology, Georgetown 
Univ. Med. School, ^Interdisciplinary Prog. Neuroscience, Georgetown Univ. 
Med. School, Washington DC, 20007; Lab of Neurophysiol., NINDS, NIH, 
Bethesda, MD 20892

Triplication of chromosome 16 in mouse is characterized by a loss of 
neurons and disordered cortical layering. Similar phenomena are seen in the 
human counterpart, i.e., trisomy 21, or Down syndrome. One explanation is 
abnormal neuronal migration during cortical development. Behar et al (J. 
Neurosci, 1999) have shown that glutamate acts as a “Go” signal for mouse 
cortical neuronal migration via the NMDA receptor. Using an in vitro 
chemotaxis assay, we now report that the number of Tsl6 neurons migrating in 
response to glutamate is decreased compared to normal littermates. The 
response to another chemoattractant, GABA, is unchanged and the proportion 
of post-mitotic (TUJ1 +) cells is similar in Tsl6 and normal littermates. 
mRNAs and protein expression for subunits of the NMDA receptor 
(NRLNR2A, NR2B and NR2D) were detected using PCR and Western blots. 
Patch clamp studies on DIV 1 dissociated cortical neurons revealed an 
abnormal response to glutamate in the Tsl6 neurons. NMDA-induced 
responses were significantly depressed and were seen in only 32 + 7% of Tsl6 
neurons compared to 80 + 9 % of normal littermate neurons. Since NMDA 
channels are known to be modulated by oxidation/reduction (Gbadegesin et al. 
Am. J. Physiol, 1998) and since Tsl6 mice demonstrate oxidative stress, we 
tested the ability of antioxidants to repair the defective migration. N- 
acetylcysteine or dithiothrietol returned migration of the Ts 16 neuerons to the 
levels found in the normal littermates. This suggests, then, that abnormal 
redox modulation of the NMDA channel may be a key factor in the production 
of the neuronal defects seen in the Ts 16 mouse, (supported by J. F. Manley).

GLIA AND OTHER NON-NEURONAL CELL SPECIFICATION AND DIFFERENTIATION: 
CELL LINEAGE

809.1
FLOW CYTOMETRIC ISOLATION OF EMBRYONIC RAT CORTICAL 
STEM CELLS AND THEIR INSTRUCTIVE DIFFERENTIATION IN VITRO 
INTO NEURONS OR GLIA. D, Marie*. I, Marie. Y.H, Chang and J.L, Barker. 
LNP, NINDS, NIH, Bethesda, MD 20892

We used immunolabeling of five surface epitopes and fluorescence activated cell 
sorting to isolate by negative selection a quintuple-negative (QN) population of 
putative stem cells dissociated from embryonic day 13 rat telencephalon. The QN 
cells exhibited a self-renewing potential and could be passaged repeatedly. These 
cells could also be differentiated in vitro into predominantly neurons or astrocytes 
using defined serum-free or serum-containing culture conditions. The physiological 
properties of uncommitted stem cells and cells differentiating along neuronal and 
glial cell lineages were characterized using Ca2+ imaging of functionally expressed 
transmitter receptors and ion channels, followed by multi-label immunoidentification 
of surface, cytoplasmic and nuclear epitopes. The results showed that functional 
GABAa , glutamate/kainate and muscarinic acetylcholine receptors paralleled the 
expression of voltage-dependent Na+ and Ca2+ channels and Na+-Ca2+exchange 
activity in differentiating neurons. In contrast, functional adrenergic, serotonergic and 
purinergic receptors were primarily restricted to glial progenitors and emerging 
astrocytes. The uncommitted stem cells were devoid of all these properties and 
instead exhibited cytoplasmic Ca2+ signaling only to natural ligands in the 
cerebrospinal fluid and fetal bovine serum. The activity of the latter was mostly 
restricted to molecules in the 1,000-10,000 MW range. The results provide a new 
perspective on the isolation and investigation of the physiological properties of 
embryonic cortical stem cells and reveal contrasting and stereotypical patterns of 
cellular signaling mechanisms emerging as stem cells are instructed to differentiate 
into neurons or glia.

809.2

CORTICAL PRECURSOR CELLS UNDERGO ASTROCYTE 
DIFFERENTIATION IN RESPONSE TO cAMP STIMULATION. M. 
Vallejo*, and I. Vallejo. Instituto de Investigaciones Biomedicas, CSIC, 
Madrid, Spain, and Reproductive Endocrine Unit, Mass. General Hospital, 
Harvard Medical School, Boston, MA 02114.

During development of the CNS, the phenotypic fate of proliferating neu-
ral precursors is determined in response to signals delivered to the cell mem-
brane by neurotrophic factors. This results in the stimulation of intracellular 
signaling pathways that rapidly relay information to the nucleus, via activa-
tion of transcription factors that alter gene expression patterns to specify 
neuronal or glial lineages. To date, two major pathways, those dependent on 
CNTF and BMPs, respectively, have been implicated in astroglial differen-
tiation. In the present study we report that stimulation of the cAMP-depen- 
dent pathway by 8Br-cAMP (ImM) or forskolin (10 pM) results in astrocyte 
differentiation of rat E17 cortical precursor cells maintained in primary cul-
tures in vitro. Differentiation was evidenced by morphological changes, 
stimulation of GFAP expression, downregulation of nestin expression, and 
decreased proliferation. We looked for ligands that could act via G-protein 
coupled receptors to trigger the differentiative response. We found that 
treatment of cortical precursors with PACAP (100 mM), but not with the re-
lated peptide VIP, resulted in astrocytic differentiation. Short term exposure 
of the cells to PACAP was sufficient to trigger the response. RT-PCR expe-
riments confirmed the presence of PACAP type I receptors on cortical pre-
cursor cells, and revealed that upon treatment with PACAP an splicing event 
occurs such that the "hop" isoform becomes the most abundant PACAP re-
ceptor. We also determined that treatment of primary cortical precursors with 
PACAP results in a dose-dependent increase in the synthesis of intracellular 
cAMP. Finally, the presence of PACAP in rat E17 brains was confirmed by 
immunocytochemistry and RT-PCR. Our results suggest that PACAP may 
act as an instructive signal for astrocyte differentiation during cortical deve-
lopment. Supported by NIH and Whitehall Foundation.

809.3

DEVELOPMENTAL CHARACTERIZATION OF THREE DISTINCT GLIAL- 
RESTRICTED NEONATAL FOREBRAIN PROGENITOR POPULATIONS. S, 
Gokhan*. O. Song. P.C, Mabie. G. Zhu. D. Zhang. J.A, Kessler and M.F. Mehler. Depts.
of Neurology and Neuroscience, Albert Einstein Coll. Med., Bronx, N.Y. 10461 ,
We have previously shown that the neonatal rat cerebral cortex independent of the 
subventricular zone contains separate pools of epidermal growth factor (EGF)- and 
fibroblast growth factor (FGF)-responsive multipotent progenitors (MPPs). However, 
fine sculpting of regional forebrain microdomains and adaptive responses to parenchymal 
injury may require more rapid and precise cellular responses. We now report the presence 
of a third distinct pool of cortical FGF/ platelet-derived growth factor (PDGF)-responsive 
MPPs, and demonstrate that each of these MPP species gives rise to graded proportions 
of intermediate glial-restricted progenitors (EGF: 10%; FGF:30%; FGF/PDGF:90%) with 
unique cellular and environmental response properties. The elaboration of mature 
astrocytes from each glial-restricted progenitor pool occurs directly in response to 
application of bone morphogenetic proteins. By contrast, the generation of myelinating 
oligodendrocytes occurs in response to application of ciliary neurotrophic factor (CNTF), 
but requires prior upregulation of the CNTF receptor whose expression is independently 
modulated by profiles of cytokines unique to each glial progenitor population. Glial- 
restricted progeny of EGF- and FGF-responsive progenitors undergo rapid cellular 
expansion without lineage commitment following application of factor preparations that 
contain neurotrophin-3. By contrast, FGF/PDGF-responsive progenitors display more 
stringent basal environmental regulation of the size and degree of cellular maturation of 
progenitor pools, but also the most rapid temporal environmental response profiles. The 
presence of multiple glial-restricted progenitor pools provides the necessary degree of 
temporospatial flexibility to allow for precise cellular matching and for the generation of 
lineage diversity, characteristic of normal forebrain maturation, and also furnishes a 
mechanism for appropriate adaptive responses to multiple forms of parenchymal injury 
associated with a spectrum of neuropathological disorders. Supported by NINDS/NIH.

809.4

DEVELOPMENTAL CHANGES IN PROGENITOR CELL LINEAGE 
COMMITMENT DO NOT REFLECT EGF RECEPTOR SIGNALING. G. Zhu*, M.
F. Mehler and J. A. Kessler Depts. Neurol. & Neurosci, Albert Einstein Coll, of 
Med., Bronx, NY 10461

Multipotent neural progenitor cells become progressively more biased towards a 
glial fate during development coincident with an increase in expression of epidermal 
growth factor receptors (EGFRs). To determine whether differences in lineage 
commitment of neural progenitor cells from different stages are causally related to 
expression of EGFRs and whether generation of glia is EGFR dependent, we used an 
EGFR-specific tyrosine kinase inhibitor, PD158780 to block the activation of EGFR 
in progenitor cells. Treatment with PD158780 did not affect proliferation of neonatal 
progenitor cells cultured in the presence of bFGF. However PD 158780 treatment 
completely blocked EGF induced proliferation of the cells. Nevertheless treatment 
with the inhibitor failed to inhibit the generation of astroglia. Treatment with bone 
morphogenetic protein-4 (BMP4) enhanced astroglial differentiation and suppressed 
oligodendroglial (OL) differentiation. PD 158780 treatment had no effect on the 
BMP4 induced astroglial differentiation or OL suppression. These observations 
suggest that the generation of astroglia is not dependent on EGFR activation. Since it 
was still possible that the progenitor cell responses reflected a history of EGFR 
signaling, rat forebrain cells were cultured in the presence of PD 158780 from a time 
(E12.5) preceding expression of the EGFR. After time in culture the E12.5 cells 
expressed EGFR by Western analysis both in the presence and absence of PD 158780, 
but activation of EGFR kinase (receptor autophosphoiylation) was undetectable in 
the presence of PD 158780 and the cells did not proliferate in response to EGF. 
Nevertheless astroglial differentiation was normal in PD158780-treated cells both in 
the absence and presence of BMP4. Further, the propensity towards glial 
differentiation increased with time in culture even in the absence of EGFR signaling. 
This suggests that the increased bias towards glial differentiation during development 
does not depend on EGFR signaling. (Supported by NIH NS20778, NS20013)

Society  for  Neuroscience , Volume  25, 1999



GLIA AND OTHER NON-NEURONAL CELL SPECIFICATION AND DIFFERENTIATION:
CELL LINEAGE2038 WEDNESDAY PM

809.5

NOTCH/DELTA SIGNALING INFLUENCES CELL FATE IN THE 
MOUSE TELECEPHALON
Nicholas Gaiano*. Jeffrey S. Nve2, Daniel H. Turnbull1. Gord Fishell
Developmental Genetics Program and ‘Dept. of Radiology, Skirball Institute of 
Biomolecular Medicine, New York University Medical Center, New York, NY 
10016; 2Depts. of Mol. Pharm. And Pediatrics, Northwestern Univ. Med. School, 
Chicago, IL 60611.

We are examining the role of the Notch/Delta signaling pathway 
during telencephalic development in the mouse. To do so, we are using high- 
titer retroviral vectors to introduce either a constitutively active form of 
murine Notchl, or the full-length form of human Deltal. These viruses are 
being injected into the telencephalic ventricles at embryonic day 9.5 (E9.5), 
prior to the onset of neurogenesis, using real-time ultrasound imaging. The 
viral vectors we are using include the Xenopus elongation factor 1 a 
enhancer/promoter to drive gene expression, as we have found that the MLV- 
LTR undergoes substantial silencing in the telencephalic proliferative zone. 
Expression of activated Notchl in telencephalic progenitors results in the 
preferential retention of those cells in the proliferative zone, while expression 
of Deltal in such cells results in preferential exit from the proliferative zone. 
These results are consistent with the canonical roles of these genes, which 
predict that Notchl signaling prevents differentiation, while Deltal 
expression promotes it. Furthermore, we have found that many cells infected 
with a virus expressing activated Notchl have long radial processes, and 
double label with the radial glial markers RC2 and BLBP. This finding 
strongly suggests that in the telencephalic proliferative zone radial glia are 
specified via a Notch-dependent mechanism. Supported by NIH grants 
NS32993 and NS38461 and by American Cancer Society grant PF4473.

809.6

SELECTIVE APOPTOSIS IN THE RAT SUBEPENDYMAL ZONE: A
PLAUSIBLE MECHANISM FOR DETERMINING WHICH LINEAGES DEVELOP 
FROM STEM CELLS. SW Levison*. GM Young. RP Rothstein. C Brazel. and Pi 
Albrecht. Dept. of Neuroscience and Anatomy, Pennsylvania State College of 
Medicine, Hershey, PA

During forebrain development, neurons, astrocytes and oligodendrocytes emerge 
sequentially from the germinal matrices. However, during the period when only 
oligodendrocytes are generated, the subependymal zone (SZ) is still populated with 
multipotential progenitors that have the potential to produce neurons. Based on 
previous in vitro studies, we hypothesized that one mechanism for restricting which 
lineages emerge from the SZ would be to eliminate progenitors that were 
inappropriately specified. To test this hypothesis we used a ISEL to identify apoptotic 
cells in the immature brain. Over 60% of the apoptotic cells in the juvenile forebrain 
were located within the SZ. Within the SZ, apoptotic cells represented approximately
0.5% of the total cells. Assuming a clearance rate of 1 hour, then over a 24 hour 
period, approximately 12% of the cells within the SZ are eliminated. When 
immunofluorescence for cell specific markers was combined with the ISEL method, 
9% of the dying cells were neurons (TuJl+), 4% were astrocytes (GFAP+), and 12% 
were oligodendrocytes (Yp+). None of the apoptotic cells in the SZ expressed the stem 
cell marker nestin. To test the hypothesis that committed progenitors were under 
selective pressures, we amplified neural stem cells in vitro and allowed them to 
differentiate in the presence of the caspase inhibitors BAF or Z-DEVD-FMK. In the 
presence of these caspase inhibitors, the number of neurons that were produced was 
significantly enhanced compared to growth in a chemically defined, trophic factor poor 
medium. By contrast, the development of astrocytes and oligodendrocytes was not 
affected. Thus, by inhibiting cell death, in the absence of instructive factors, these 
neural stem cells can spontaneously generate all of the major cell types of the central 
nervous system. Altogether, these data provide evidence that apoptosis occurs 
frequently within the SZ. Thus, one means of controlling the types and numbers of 
precursors that emerge from the germinal matrix is to select which progenitors survive 
and which die. Supported by NS 33251.

809.7

CLONAL ANLYSIS OF PROGENITOR POTENTIAL IN THE 
POSTNATAL RAT CEREBELLUM. Ana Milosevic* and James
E. Goldman, Dept. Pathology, College of Physicians and 
Surgeons, Columbia University, New York, NY 10032.

The progenitors in the white matter of the postnatal 
cerebellum give rise to both neurons and glia in vivo, but 
whether these come from two distinct progenitor pools or a 
multipotent cell is not known. We investigated the potential of 
progenitors by labeling them with a green fluorescent protein-
encoding retrovirus in situ on postnatal day 4/5. The tissue was 
removed and placed in dissociated cell culture after 2 days. 
Progeny of progenitors were characterized using cell-specific 
markers at 3, 7, 10, 14 and 20 days in vitro. A2B5 and GD3 
(R24) were used as progenitor markers, TUJ 1 and MAP 2 as 
neuronal markers, 01 and 04 as oligodendrocyte markers, and 
GFAP as an astrocyte marker. Homogeneous clones consisted of 
only astrocytes or oligodendrocytes or neurons. Large astrocyte 
clones were most numerous. Up to 28 cells could be found in 
such clusters, but the majority contained 3-4 cells. The number 
of cells per clone increased with the number of days in vitro. 
Heterogeneous clones consisted of astrocytes and 
oligodendrocytes. We did not find mixed clones of neurons and 
glia.

From these preliminary results it seems as if there are two 
different progenitors in the postnatal cerebellar white matter that 
give rise to neurons and glia. This work was supported by NIH 
grant NS 17125.

809.8

THE PROGENY OF SINGLE SUBVENTRICULAR ZONE CELLS CAN 
EXHIBIT PHENOTYPIC AND POSITIONAL HETEROGENEITY IN THE RAT 
FOREBRAIN
M.Zerlin* and J.E, Goldman. Dept. of Pathology, Columbia Univ., College of. 
Physicians and Surgeons, NY, NY, 10032,

Gliogenesis in the mammalian forebrain occurs during the perinatal 
period, from progenitors in the subventricular zone (SVZ). The developmental 
potential of SVZ progenitors has been a point of controversy. Are these 
progenitors committed to a particular developmental fate or, are they 
multipotential, able to give rise to different glial cell types? Can the 
descendants of a single SVZ cell disperse to colonize different brain regions? 
S.ince glial progenitors divide as they migrate, the two offspring may follow 
divergent migratory routes (i.e. one remains in white matter, while the other 
moves dorsally into cortex). We addressed these questions by labeling SVZ 
cells in situ at Po with a library of lac Z retroviruses that contain 100 different 
members, each carrying a unique PCR amplifiable sequence. After virus 
integration, each labeled SVZ cell and its progeny can be identified at any 
point during development by identifying the specific tag, regardless of their 
final position in the brain. Analysis of brains 4-7 weeks post infection showed 
spatially dispersed clones containing both astrocytes and oligodendrocytes, 
or homogeneous clones containing only one glial type. For example, one 
brain contained a single clone with oligodendrocytes in white matter and 
astrocytes plus oligodendrocytes in the striatum. Other brains contained 
clones of white matter oligodendrocytes and subpial astrocytes. Thus, single 
SVZ cells can generate dispersed clones containing both glial types, 
suggesting that fate determination may occur via local influences during 
migration. This study was supported by NIH Grant NS17125.

809.9

CHARACTERIZATION OF MOUSE HOMOLOGUES OF THE 
DROSOPHILA GLIAL CELLS MISSING (GCM) GENE. Y. Iwasaki1. T. 

Hosoya2. Y. Hotta2 and K. Ikenaka1*. National Institute for Physiological 

Sciences, Okazaki, 444-8585, Japan, National Institute of Genetics, 

Mishima, 411-8540, Japan.
In the Drosophila, glial cell fate determination largely depends on the 

expression of gem gene in the precursor cells. Two mammalian gem 
homologues (GCMa and GCMb) have been identified and were expected to 
determine the choice between neuronal and glial cell fate.

In this paper we studied developmental expression profile of GCMa and 
GCMb gene in the mouse brain by RT-PCR and found that both genes are 
expressed in the brain throughout development. To understand their function 
in the mammalian nervous system, we constructed retroviral vectors harboring 
Drosophila gem, mGCMa and mGCMb genes and show that all of them 
induced morphological change and slowed down the proliferation rate in 
mouse fibroblast cell line, NIH3T3 cells. However, none of them were able to 
induce astrocyte or oligodendrocyte cell fate when transduced into primary 
cultured cells from mouse embryonic brains. These results suggest that all of 
the gems tested can exert similar effects on mammalian cells, but the function 
was not to switch the cell fate of neural epithelial cells to glial cells.
[Supported by CREST of Japan Science Technology Corporation.]

Society  for  Neuroscience , Volume  25, 1999



GLIA AND OTHER NON-NEURONAL CELL SPECIFICATION AND DIFFERENTIATION:
OLIGODENDROCYTES AND SCHWANN CELLS 2039WEDNESDAY PM

810.1

OLIGODENDROCYTES DERIVED FROM MULTIPOTENT PRECURSORS 
EXPRESS A CHOLINERGIC PHENOTYPE. S.C. MacDonald*, R. Simcoff,
L.M. Jordan, K..W. Cheng, J.G. Dodd & S. Hochman. Dept. Physiology, University of 
Manitoba, Winnipeg, MB, Canada, R3E 3J7.

Multipotent spinal cord neuroepithelial precursors can proliferate as neurospheres in 
culture and subsequently differentiate into neurons and glia. In previous studies, 
neurospheres have been cultured to study neuronal differentiation. However, there has 
been little work on characterizing precursor-derived oligodendrocytes in vitro.

Several days after plating neurospheres, ChAT+ cells were observed with 
oligodendrocyte morphology and apparent repulsive actions on neighboring cells. 
The ChAT+ cells were not neurons (MAP-2 and pan-axonal negative), and many co-
localized the myelin marker galactocerebroside, supporting an oligodendrocyte 
identity. Western blot analysis confirmed that ChAT protein was being expressed. We 
investigated the actions of various trophic factors on these cells at different time 
periods ranging from 4 to 21 days in culture. ChAT+ cells were prevalent in cultures 
treated with CNTF, and cell diameter
increased when combined with BDNF (see 
Figure). Further, several oligodendrocytes 
were immunopositive for the vesicular 
ACh transporter in this sample.

We conclude that CNTF promotes the 
differentiation of oligodendrocytes with a 
cholinergic phenotype in culture. The 
presence of the synthesizing enzyme for 
ACh and the transporter to sequester ACh 
into vesicles suggests a possible signaling 
role for ACh in oligodendrocytes.

Supported by the Neuroscience Network and the MRC of Canada.

Chat+ cells >15 gm diameter

control BDNF CNTF BDNF/CNTF

810.2

EXPRESSION OF THE GLYCOPROTEIN AN2 ON EARLY PROGENITOR 
CELLS OF THE CENTRAL NERVOUS SYSTEM.
M. Diers-Fenqer, A. Niehaus, J, Trotter*. Dept. of Neurobiology, University of 
Heidelberg, INF 364, 69120 Heidelberg, Germany.

The AN2 antigen is a cell surface glycoprotein, which is expressed by 
murine oligodendroglial precursor cells and plays a role in their migration. 
(Niehaus et al., J. Neurosci., in press). Signals on Western blot as early as 
E13 indicate that it may also be expressed by early multipotent cells. We are 
investigating the developmental properties of AN2+ cells in vitro and 
characterizing the developmental pattern of AN2 expression on brain 
sections. XV.B is an immortalized cell clone (Eur. J. Neurosci. 10: 3246-3256) 
which can differentiate into neurons (3-III tubulin-*-), astrocytes (GFAP+) and 
oligodendrocytes (04+) in culture. In XV.B, in primary E16 hippocampal 
cultures and in whole brain P3 cultures AN2 was found on some 04+ cells 
and on a few GFAP+ cells. Rare cells of the XV.B clone co-expressed AN2 
and p-lll tubulin. In aggregate cultures from E18 brain, AN2+ cells migrated 
out of the aggregate. Some of the AN2+ migrating cells were PDGF-a- 
receptor+. AN2+ cells on sections are first detected in brain and spinal cord at 
E13 and are present into adulthood. Expression follows a ventral to dorsal 
gradient and the AN2+ cells are widely distributed in both grey and white 
matter. Developing capillaries are AN2-positive. Some of the AN2+ cells in 
vivo were identified as PDGF-a-receptor+ oligodendroglial precursor cells and 
a few as nestin+ radial glial cells, but no expression by (3-III tubulin+ or MAP- 
2+ neurons, or GFAP+ astrocytes was observed. On sections of P2 brain 
from mice that had received an i.p. pulse of bromodeoxyuridine (BrdU), some 
AN2+ cells were double labelled with antibodies to BrdU, suggesting that they 
proliferate in vivo. The results suggest that AN2 is expressed by some 
astrocytic and oligodendroglial precursor cells and down regulated as the 
cells mature. Expression by early neuronal precursors is still open. 
(Supported by the Danish Research Academy and DFG (Schwerpunkt Glia).

810.3

Interplay between proliferation and differentiation in the 
oligodendrocyte lineage
J.A. Apperly, J.T. Finn* and M.C, Raff. MRC Laboratory for Molecular 
Cell Biology, University College London, Gower Street, London, 
WC1E 6BT, U.K.

During vertebrate development, multipotential precursor cells undergo a number of 
cell divisions before they exit the cell cycle and terminally differentiate. It is unclear 
what causes the cells to stop dividing and differentiate when they do, although the 
mechanisms involved are important as they influence the number of differentiated 
cells produced as well as the timing of differentiation. We have been studying these 
mechanisms in the oligodendrocyte cell lineage, which is responsible for 
myelination in the vertebrate central nervous system.

Previous work has revealed that an intrinsic timer operates within oligodendrocyte 
precursor cells (OPC) to limit their proliferation. The timer is modulated by 
extracellular signals, including the major mitogen for this lineage, platelet-derived 
growth factor (PDGF) and thyroid hormone (TH). Two molecules are known to play 
a part in the functioning of the timer: the levels of the cyclin-dependent kinase 
inhibitor p27 (p27AZpy) and TH receptor pi rise in OPC as their proliferative potential 
decreases. Moreover, OPC derived from p27 ' mice divide one or two times more 
than wild-type cells.

Oligodendrocyte differentiation entails the coordination of lineage-specific gene 
expression with terminal withdrawal from the cell cycle. We are currently 
investigating the question of whether the timer primarily limits the proliferation of 
OPC with differentiation following as a consequence, or vice versa. Using a novel 
retroviral system that simultaneously over-expresses p27 and green fluorescent 
protein we have prematurely arrested OPC in G1 phase of the cell cycle. Preliminary 
data suggest that this G1 arrest is insufficient to promote differentiation and that 
entry into GO is required. Results from this study will be presented.

This research was supported by a Programme Grant from the MRC U.K.

810.4

OVEREXPRESSION OF THE ID2 PROTEIN INHIBITS 
OLIGODENDROCYTE DIFFERENTIATION IN VITRO. N 
Sdrulla, S. Wang, and B. A. Barres*. Stanford University, Dept.
Neurobiologv, Stanford, CA 94305-5125
How is oligodendrocyte differentiation controlled? Myogenesis is 
controlled by basic helix-loop-helix (bHLH) transcription factors such 
as MyoD and is inhibited by members of the inhibitor of DNA (Id) 
binding protein family. We have asked whether oligodendrocyte 
differentiation is also controlled by bHLH proteins. Using degenerate 
RT-PCR, we identified Id2 mRNA in developing oligodendrocytes. 
Id2 immunoreactivity is localized in the nucleus of purified OPCs 
cultured in defined medium with mitogens and translocates to the 
cytoplasm upon their differentiation. To directly assess the possible 
role of Id2 in oligodendrocyte development, we forced OPCs to 
overexpress Id2 by transient transfection. Although all of the OPCs 
transfected with the control plasmid differentiated into 
galactocerebroside (GC) expressing mature oligodendrocytes within 
four days, nearly all of the OPCs that ectopically expressed Id2 failed 
to differentiate and remained GC negative. Interestingly, expression 
of an Id protein is significantly upregulated by Notch activation, which 
also inhibits their differentiation. Thus Id2 may be a key component 
regulating OPC differentiation. It may act as a dominant negative 
antagonist of a yet identified bHLH protein necessary to drive OPC 
differentiation.
Supported by the 1998 Hughes Summer Fellowship (A.S.), the 
National Multiple Sclerosis Society (S.W., FA 1226-A-l; B. A. B., 
RG2553) and the National Eye Institute (B. A. B., R29 EY10257).

810.5

DIFFERENTIATION, ENRICHMENT AND PURIFICATION OF OLIGODEN-
DROCYTES FROM CULTURED EMBRYONIC STEM CELLS. S. Liu,2* M.J. 
Howard,2 T.J. Stewart,2,3 J.M. Levine1 and J.W. McDonald2. ‘Dept. of Neurobiol. 
and Behavior, State Univ. New York; Depts. 2Neurology and ’Neurosurgery and Ctr 
Study Nervous System Injury, Washington Univ. Schl. Med.; St. Louis, MO 63110.

Multipotent embryonic stem (ES) cells can be induced to form neural cells by 
exposure to retinoic acid using a 4-/4+ protocol (Bain et al., Dev. Biol. 168;342, 
1995). Dissociated 4-/4+ embryoid bodies (EBs), grown for a week in neurobasal 
media, typically develop into large numbers of neurons and astrocytes, but with few 
oligodendrocytes. The purpose of these studies was to develop culturing methods to 
provide enriched and pure cultures of oligodendrocytes.

4-/4+ EBs were dissociated and further cultured in T25 flasks containing serum- 
free SATO medium and bFGF or both bFGF and PDGF-AA. After 4-6 days in 
culture, floating clumps of cells (oligospheres) had formed. Quantitative analysis of 
the cells comprising these oligospheres was carried out in frozen sections of 
embedded oligospheres and with slides of dissociated oligosphere cells. Less than a 
third of the cells, in either EBs or oligospheres were nestin positive. Approximately 
40% of the cells in EBs and oligospheres were NG2 positive, a marker of 
oligodendrocyte progenitors. Most of the oligosphere cells, but less than 1/3 of the 
EB cells expressed the early oligodendrocyte lineage marker 04 and fewer expressed 
the more mature oligodendrocyte marker 01. Few cells expressed immunoreactivity 
to the astrocyte marker GFAP and less than 20% expressed neuronal markers. 
Culturing dissociated oligospheres in SATO defined media produced cultures highly 
enriched for oligodendrocytes. Addition of low amounts of serum (0.5-1% FBS/ES) 
allowed survival for more than 2 weeks, where many terminally mature 
oligodendrocytes expressed myelin basic protein. Fluorescence activated cell sorting 
(FACS) of 04 positive cells, followed by culturing in defined SATO media produced 
pure oligodendrocyte cultures. Because ES cells provide an endless supply of 
genetically normal cells, large numbers of differentiated vertebrate cells, including 
human cells, may be obtained. These methods will allow rapid screening of the 
effects of genetic alterations on the physiology and pathophysiology of neural cells.

Supported by NIH grants NS01931, NS36265 and NS37927 (JWM).

810.6

PROLIFERATION AND PLASTICITY OF 01IMMUNOPANNED
OLIGODENDROGLIA. C.A. Ingraham* 1,2, L.J, Rising1, and J.M. Morihisa1.

1 Dept. of Psychiatry and2 Dept. of Pharmacology and Neuroscience, Albany
Medical College, Albany, New York 12208.

Remyelination of the CNS is critical for functional recovery following
demyelination. Recent observations have suggested that mature oligodendroglia 
may contribute to remyelination by proliferation and production of new myelin 
following CNS injury. We have examined the potential proliferation and plasticity 
of mature oligodendroglia in vitro using 01 immunopanned cells isolated directly 
from postnatal day 5 rat cerebral hemispheres. At 1 day in culture (1 DIC) greater 
than 95% of the immunopanned cells were 01+ and 04+ while less than 5% were 
GD3+. At 3 DIC greater than 95% of the 01 immunopanned cells expressed MBP 
confirming the maturity of the cells. We examined 01 immunopanned cells at 
3 DIC and 6 DIC when grown in defined medium in the absence or presence of 
10 ng/ml FGF-2. When cultured with FGF-2, a majority of immunopanned cells 
remained 01+ and incorporated BrdU. Also, in the presence of FGF-2, less than 
10% of the cells were MBP+ consistent with a down regulation of MBP expression. 
In the absence of FGF-2, greater than 95% of the cells were 01+ and MBP+, but 
very few cells incorporated BrdU. The differentiation potential of 01 
immunopanned cells was examined by culture in 20% FBS. In response to 
20% FBS, many 01 immunopanned cells underwent a change from a process-
bearing to a flattened, polygonal morphology. Furthermore, O1+/GFAP+ and 
O4+/GFAP+ cells were observed. Together these results suggest that mature 
oligodendroglia may have the proliferative and differentiative capacity to 
contribute to remyelination and to reactive astrogliosis. Supported by 
NIH AA11641 and an Albany Medical College Bridge Award.
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810.7
SONIC HEDGEHOG REGULATES A NEW CLASS OF CNS-SPECIFIC BHLH 
GENES ASSOCIATED WITH OLIGODENDROCYTE LINEAGE 
DEVELOPMENT

14 2 14 14 1
Richard Lu ’ , Dong-in Yuk . John Alberta ’ . Zhimin Zhu ’ . Inka Pawlitzky .

3 2 4 1 4*
Andrew McMahon , DavidRowitch ' and Charles Stiles ’ 
l 2 3
Department of Cancer Biology, Department of Pediatric Oncology, Department 

of Molecular and Cellular Biology, Harvard University, 16 Divinity Avenue,
4

Cambridge, MA 02138, Harvard Medical School and the Dana-Farber Cancer 
Institute, 44 Binney St. Boston, MA 02115
From rat embryo cortical progenitor cells, we have isolated a pair of novel bHLH 
genes distinguished by a serine/threonine-rich motif towards the amino terminus. 
Both of these genes are expressed largely, if not exclusively, within CNS of adult 
rats and mice. Within adult CNS, multiple staining and immunostaining protocols 
show that expression is confined to oligodendrocytes. Accordingly we term these 
genes "oligo 1" (Olg-1) and "oligo 2" (Olg-2).

In developing mouse embryosO/g gene expression precedes and overlaps 
the earliest known markers of oligodendrocytes in the CNS. In fact a surprising 
feature of Olg gene expression is that it appears at times hitherto linked only to 
specification of neurons. Olg transcripts are detected as early as day 9.5 dpc, at the 
telencephalon-diencephalon border and adjacent to the floorplate, a source of the 
secreted signaling molecule, Sonic hedgehog (Shh). Analysis of Olg expression in 
Shh null mutant mice and ectopic Shh transgenic mouse strains demonstrates that 
Shh is both necessary and sufficient for Olg gene expression in vivo.
These studies were funded by grants from the NIH (to CDS, APM and DHR) and 
the Brain Tumor Society (to DHR).

810.8
DOES THE NOTCH PATHWAY CONTROL THE TIMING AND LOCATION 
OF MYELINATION? S. Wang1*. C, Hicks2, G, Weinmaster2. B. A, Barres’. 
Stanford University. Dept. Neurobiologv, Stanford. CA 94305-5125: University cf
California. Dept, Biological Chemistry. Los Angeles. CA 90024
What cell-cell interactions control the timing and location of myelination? We 
previously have shown that activation of the Notch signaling pathway inhibits 
oligodendrocyte differentiation in vitro. In this study, we have asked whether the 
Notch signaling pathway controls oligodendrocyte generation and myelination in 
vivo. Using a luciferase reporter assay, RT-PCR and immunostaining, we found that 
activation of the Notch signaling pathway increased CBF1 (a mammalian homolog 
of Drosophila Suppressor of Hairless) activity as well as HES5 transcription in 
oligodendrocyte precursor cells (OPCs). We also found that Mashl is expressed in 
developing oligodendrocytes and is downregulated upon Notch activation. These 
results show that developing oligodendrocytes have a similar Notch signal pathway 
to neurons. To assess whether this pathway controls oligodendrocyte differentiation 
and myelination in vivo, we have developed methods to block Notch signaling. As 
previously reported for neurogenesis (Wettstein et al., 1997; Development 124, 693- 
702), we found that ectopic expression of a dominant negative form of suppressor of 
hairless [DN X-Su(H)] nearly completely abolished CBF1 activity in 
oligodendrocyte lineage cells in response to a constitutively-active form of Notch 1 
receptor (FCDN1). In addition, introduction ofDN X-Su(H) into OPCs prevented 
FCDN1 from inhibiting oligodendrocyte differentiation. These approaches will 
enable us to directly test whether the Notch pathway controls oligodendrocyte 
generation and myelination both in vivo and in vitro.
This work was supported by the National Multiple Sclerosis Society (S. W., 
FA1226-A-1; B. A. B., RG2553), the National Institutes of Health (G. W. 
NS31885), the March of Dimes Foundation (G. W., 5-FY97-0613), the Jonsson 
Cancer Center Foundation (G. W. 010717), and the National Eye Institute (B. A.
B., R29 EY10257).

810.9

The Role of Matrix Metalloproteinases (MMPs) in Myelinogenesis of the Mouse 
Optic Nerve. P. H. Larsen. L.Y.S. Oh*. V.W. Yong Department of Neuroscience, 
University of Calgary, Calgary AB, Canada T2N 4N1.

Myelin formation requires oligodendrocytes to elongate their processes in order 
to reach axons. For processes to extend through the extracellular matrix, MMPs are 
likely required since these are thought to be the physiological mediators of ECM 
remodeling. We have found by enzyme zymography thcit the level of MMP-9 is 
upregulated during the period of myelin formation of the mouse optic nerve while 
that of MMP-2 is downregulated. In vitro, process formation by adult mouse 
oligodendrocytes was accompanied by MMP-9 production and was attenuated by 
inhibition of MMP-9 activity.
Using a multiprobe RNase Protection Assay we have addressed whether other MMPs 
are also present in the myelinating mouse optic nerve. Of 9 MMP members that 
could be detected, the following were present in the mouse optic nerve during myelin 
development: MMP-2, MMP-9, MMP-10, MMP-11, MMP-12 and MMP-14. 
Furthermore, these MMP members were also present in the MMP-9 null mice, where 
myelin formation appears normal. Our results indicate that MMP-9 either does not 
play a crucial role in myelin formation or that other MMPs are compensating for its 
function. We are in the process of examining other MMP members, which tend to be 
upregulated in the MMP-9 null mice during myelin formation. The protein levels of 
these MMPs, and which celltypes are producing MMPs during myelinogenesis, are 
being determined.
Current experiments test the hypothesis that tissue inhibitor of MMP (TIMP) 
overexpression in vitro prevents oligodendrocytes to extend their processes. 
Furthermore, in vivo inhibition of MMPs will be carried out to test the crucial role of 
MMPs during myelinogenesis.
Supported by the Multiple Sclerosis Society of Canada

810.10

THE PROTEIN TYROSINE PHOSPHATASE SHP-1 CONTROLS 
INTERLEUKIN-6 INDUCED RESPONSES IN OLIGODENDROCYTES.
P.T.Massa* and C.Wu Dept. of Neurology and of Microbiology and 
Immunology, SUNY Health Science Center, Syracuse, NY 13210

Multiple cytokines including those of the interleukin(Il-6)-family signal 
through protein tyrosine kinases to affect various developmental events in 
oligodendrocytes. How these signals are appropriately regulated in 
oligodendrocytes is not known. We have found that a regulatory protein 
tyrosine phosphatase SHP-l that negatively regulates protein tyrosine 
kinases in other tissues is both developmentally expressed and 11-6- 
inducible in maturing mouse oligodendrocytes in vitro. To analyze the 
role of SHP-1 in Il-6-induced signaling and maturation in 
oligodendrocytes, these cells were cultured from brains of either 
normal(+/+) or motheaten(me/me) mice. Motheaten mice have a mutation 
in the SHP-1 gene and therefore do not express SHP-1. Treatment of +/+ 
or me/me oligodendrocytes with either 11-6 or related CNTF led to much 
greater responses in me/me than in normal littermate mouse 
oligodendrocytes including process extension, matrix metalloproteinase 
expression, STAT3 activation, and AP-1 (cfos/cjun) transcription factor 
activity. Additionally, persistent MAPK Erkl/2 activation was seen. These 
differences in cytokine responsiveness are most likely directly relevant to 
oligodendrocyte development in vivo because motheaten mice displayed 
deficient myelination during development. Also, gene dosage studies 
indicated that me/+ heterozygotes lack remyelination following virus- 
induced demyelination compared to their +/+ normal littermates. These 
data indicate a critical role for SHP-1 in cytokine-induced 
oligodendrocyte development, myelination, and remyelination. Supported 
by a grant from the National Multiple Sclerosis Society.

810.11

PSA-NCAM POSITIVE CNS PRECURSORS GENERATE BOTH 
OLIGODENDROCYTES AND SCHWANN CELLS TO REMYELINATE THE 
CNS FOLLOWING TRANSPLANTATION. H.S. Keirstead1*, T. Ben-Hur2", B. 
Rogister2’3, M.T. O'Leary1, M. Dubois-Dalcq2 and W.F. Blakemore1 ‘MRC 
Cambridge Ctr for Brain Repair, Dept. of Clin. Vet. Med., Cambridge, U.K. 2Unite 
de Neurovirologie et Regeneration du Systime Nerveux, Institut Pasteur, Paris, 
France, Dept. of Human Physiol, and Pathophysiol., University of Liege, Belgium.

Transplantation offers a means of identifying the differentiation and myelination 
potential of early neural precursors, features relevant to myelin regeneration in 
demyelinating diseases. In the postnatal rat brain, precursor cells expressing the 
polysialylated (PSA) form of the neural cell adhesion molecule N-CAM have been 
shown to generate mostly oligodendrocytes and astrocytes in vitro (Ben Hur et al, 
1998). Immunoselected PSA-NCAM+ new-born rat CNS precursors were expanded 
as clusters with FGF-2 and grafted into a focal demyelinated lesion in adult rat 
spinal cord. We show that these neural precursors can completely remyelinate such 
CNS lesions. While PSA-NCAM+ precursor clusters contain rare P75 + putative 
neural crest precursors, they do not generate Schwann cells in vitro even in the 
presence of Glial Growth Factor. Yet they generate oligodendrocytes, astrocytes and 
Schwann cells in vivo when confronted with demyelinating axons in a glia-free area. 
We confirmed the transplant origin of these Schwann cells using Y-chromosome in 
situ hybridisation and immunostaining for the peripheral myelin protein P zero of 
tissue from female rats that had been grafted with male cell clusters. The number and 
distribution of Schwann cells within remyelinated tissue, and the absence of P0 
mRNAs in donor cells, indicated that Schwann cells were generated by expansion and 
differentiation of transplanted PSA-NCAM+ neural precursors and were not derived 
from contaminating Schwann cells. Thus, transplantation into demyelinated CNS 
tissue reveals an unexpected differentiation potential of a neural precursor, resulting 
in remyelination of CNS axons by PNS and CNS myelin-forming cells.

810.12

SERIAL EXPRESSION OF THE POU GENES SCIP AND BRN-5 IN 
THE DEVELOPMENT OF MYELINATING GLIA R.Wu1*. M.Jurek1,
D.E.Weinstein1,2,3. Dept.of Neuroscience1, Pathology2 and the Comprehensive Cancer 
Center3, Albert Einstein College of Medicine, Bronx, NY, 10461.

The transition from promyelination to myelination is a crucial step in glial 
development, which is critical for the establishment of normal function by the 
nervous system. SCIP, a member of the class ID family of POU transcription 
factors, has been shown to play an important role in this transition both in 
oligodendrocytes (OLGs) and Schwann cells (SCs). SCIP is expressed at high levels 
just before the onset of myelination. The fall of SCIP expression is coincident with 
the beginning of myelination. Transgenic and gene ablation studies have 
demonstrated that SCIP is required by SCs to regulate the timing of the onset of 
PNS myelination. In the SCIP knock mice, the onset of myelination is severely 
delayed in the PNS and is then eventually normalized in the adult. Until now, SCIP 
and Oct-1 have been the only known POU proteins expressed in SC. We now 
identify Bm-5, a class VI POU protein, in SC in vivo and in vitro. Our studies 
show Bm-5 is expressed at high levels in the adult myelinating SC. Therefore, 
expression of SCIP and Bm-5 is inverse during the development of SC. In addition, 
we find that bipolar OLG progenitor cells in culture express SCIP but not Bm-5, 
whereas Bm-5 is upregulated in the differentiating OLGs after withdrawal of growth 
factors. Interestingly, both proteins recognize overlapping sequence in a myelin gene 
promoter. This is the first description of serial POU gene expression in a cell type 
in which the elaboration of these genes correlates with the phenotypic states of the 
myelinating glia. Given these data, we hypothesize that these two POU genes are 
part of a transcription cascade that results in the establishment and maintenance of 
myelin.

National Multiple Sclerosis Society RG2785-A-2
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810.13
EXPRESSION OF A TRANSGENIC SCHWANN CELL-RELATED MARKER 
IN THE EARLY NEURAL CREST. B.Y. Champagne. K.J. Chandross . H. 
Arnheiter and L.D. Hudson*LDN. NINDS, NIH, 36 Convent Drive, Bethesda MD 
20892

Cell-specific promoters provide a tool for investigating lineage progression in 
the nervous system. CNP (2' 3'-cyclic nucleotide 3' phosphodiesterase) is one such 
cell type-specific gene whose expression in the nervous system is limited to 
myelin forming cells. We recently developed a line of transgenic mice in which a 
LacZZneomycin fusion protein (Geo) under the control of the murine CNP 
promoter faithfully tracks endogenous CNP expression in differentiated cells 
(Chandross et al., J. Neurosci. 19: 759, 1999). To analyze the lineage relationship 
of cells expressing this transgene in the neural crest during early development, we 
studied transgenic embryos from E8.5 onwards. Unexpectedly, we found the first 
Geo expressing cells in the neural crest long before Schwann cell differentiation, 
i.e. already at E9.5, in areas rostral to the otic vesicle and medio-ventral to the 
somites in the trunk and sacral regions. The intensity of staining, and the number 
of positive cells, increased with age and by El 2.5 labeled cells were present in 
dorsal root ganglia and associated with cranial and lumbar nerves. To address the 
lineage potential of these early transgene-positive cells, we established neural crest 
cell cultures from transgenic E9.5 embryos. Consistent with the in vivo 
observations, the neural crest cell cultures rapidly generated Geo-positive cells 
both within the neural tube as well as migrating out from it. We are currently in the 
process of analyzing the gene expression profile of these cells, using a series of 
specific markers for early neural crest derivatives. Furthermore, by crossing the 
transgenic mice with mutant mice lacking specific sublineages in the neural crest, 
we are analyzing the fate of these early Geo-positive cells in vivo. (Supported by 
the NINDS)

810.14
THE EXTRACELLULAR MATRIX PROVIDES MECHANICAL
STABILITY FOR MYELINATION IN THE PERIPHERAL NERVOUS 
SYSTEM. A.M. Conti*, J.L. Podratz. and A.J. Windebank. Mayo Clinic 
and Mayo Foundation, Molecular Neuroscience Program, Rochester, MN 
55905 USA.

There is tight coupling of extracellular matrix (ECM) and myelin assembly in the 
PNS. We have recently demonstrated that myelin formation and basal lamina 
assembly may be dissociated by growing cells in a fully defined medium (B27) 
without ascorbic acid (Podratz, Glia 23:383-388, 1998). In the present studies, we 
directly tested whether ECM protected against mechanical distortion and provided 
mechanical stability for myelination. Dissociated DRG were prepared from 
embryonic day 15 rat pups and incubated in B27 medium with or without ascorbic 
acid. In the presence of SC, ascorbic acid promotes ECM assembly. Half of the 
culture dishes were placed on a slowly rotating, mixing platform in the tissue culture 
incubator. After 21 days in vitro (div), cultures were scored for the presence or 
absence of myelination by a blinded observer using light microscopy. One hundred 
percent of cultures maintained at rest were myelinated after 21 div both in the 
presence (n= 8) or absence (n=5) of ascorbic acid. In the absence of ascorbic acid, 
there was no extracellular collagen and only occasional fragments of basal lamina 
around myelinated axons. When cultures were agitated throughout the 21 d, in the 
presence of ascorbic acid, 100% (n=17) were myelinated. Only 55% of cultures 
myelinated in the absence of ascorbic acid (n= 6/11; p=0.007; Fischer’s exact test). 
The density of myelination was significantly reduced in the rotating cultures without 
ascorbic acid. These results suggest that mechanical stabilization is required for 
successful myelination during development. These findings are compatible with 
those of Bunge {Journal of Cell Biology 78:943-950, 1978) who suggested that 
contact between ECM and myelinating axon SC units was necessaiy for mechanical 
reasons . We conclude that the mechanical stability provided by ECM is a critical 
factor in allowing myelin assembly to proceed. This would be biologically 
advantageous since the PNS may be subject to frequent movement during 
development. (Support: NIH NS39769)

810.15

A NOVEL ROLE FOR INTERLEUKIN-1 RECEPTOR ACCESSORY 
PROTEIN IN SCHWANN CELL DEVELOPMENT 
L, Narcisse1, R. Wu\ D.E. Weinstein121*. Departments of 
Neuroscience1, Pathology2 and the Comprehensive Cancer Center3, 
Albert Einstein College of Medicine, Bronx, NY 10461

Schwann cells, the glia of the peripheral nervous system, have four 
phases of development: migration and commitment, proliferation, 
promyelination and myelination. We have been interested in 
characterizing genes expressed during promyelination. Using differential 
display reverse transcriptase polymerase chain reaction (DDRTPCR), we 
have identified the interleukin-1 receptor accessory protein (IL-lRAcP) 
by its preferential expression during promyelination. In the immune 
system the IL-lRAcP acts in concert with the interleukin-1 receptor type 
1 to bind interleukin-1 with high affinity. In promyelinating sciatic nerve 
IL-lRAcP is expressed in the absence of its ligand or coreceptor. This 
suggests a novel function for the IL-lRAcP. Mice null for the IL-lRAcP 
gene have been generated. Electronmicroscopy of null mouse sciatic 
nerves over a range of ages revealed several defects in myelin structural 
integrity, including disjunction between axons and their corresponding 
myelin sheaths as well as Wallerian degeneration. This phenotype is 
reminiscent of the myelin-associated glycoprotein (MAG) null 
phenotype, suggesting a functional role for the IL-lRAcP in axon-glial 
cell adhesion. Our aim is to further investigate the molecular and 
biochemical role of IL-lRAcP in nervous system function and 
development.

National Multiple Sclerosis Society RG2785-A-2

810.16

LYSOPHOSPHATIDIC ACID (LPA) REGULATES SCHWANN CELL 
MORPHOLOGY AND ADHESION VIA THE ACTIN CYTOSKELETON. LAx 
Weiner* and J, Chun. Department of Pharmacology and Program in 
Neurosciences, School of Medicine, University of California, San Diego, La Jolla, 
CA 92093-0636

The growth factor-like phospholipid lysophosphatidic acid (LPA) signals 
through G protein-coupled receptors (GPCRs) to induce a variety of cellular effects. 
Cloning and characterization of the LPA receptor LPAi/VZG-l [Hecht et al. (1996), 
J. Cell Biol. 135; Fukushima et al. (1998), P.N.A.S. 95], along with a related 
family of GPCRs recognizing LPA and/or sphingosine-1-phosphate, has allowed 
the identification of neural target cells based on in situ receptor distribution. We 
previously demonstrated expression of lpAi by myelinating glia: oligodendrocytes 
in the brain and Schwann cells (SCs) in peripheral nerve [Weiner et al. (1998), J. 
Comp. Neurol. 398], LPA, signaling through LPAi, potently promotes the 
survival of cultured neonatal SCs, via a pathway involving Gj, PI3K, and Akt 
[Weiner & Chun (1999), P.N.A.S. 96]. Here we demonstrate the regulation of SC 
morphology and adhesion by LPA. In serum-free medium, neonatal SCs cultured 
on laminin have a bipolar morphology with relatively diffuse actin staining 
(visualized with TRITC-phalloidin) and few focal adhesions (visualized with 
antibodies to vinculin and paxillin). LPA (^10 nM) induces a rapid actin 
reorganization in SCs, resulting in process retraction, cell spreading, and the 
formation of an “actin wreath” structure: many perikaryal loops bundled together 
by short orthogonal filaments. An increased number of focal adhesions is observed 
around the perimeter of the cell, associated with the orthogonal filaments. This 
actin reorganization requires Rho activation and may depend on integrins, as it is 
weaker in SCs grown on poly-lysine alone. Increased adhesion may contribute to 
LPA’s survival effect, as LPA induces a more robust activation of Akt in SCs 
grown on laminin versus poly-lysine alone. The consequences of LPA-induced 
actin reorganization for SC survival and migration are under investigation. 
[Supported by the NIMH and a research grant from Allelix Biopharmaceuticals].

810.17

EXPRESSION OF THE AN2 CELL SURFACE GLYCOPROTEIN ON SCHWANN CELLS 
S. Schneider , A. Niehaus, J. Trotter. Dept. of Neurobiology, University of 
Heidelberg, Im Neuenheimer Feld 364, 69120 Heidelberg, Germany.

The AN2 antigen is a 330kD glycoprotein expressed by oligodendroglial 
precursor cells (Niehaus, A. et al., J. Neurosci., in press). It is also present in 
the PNS. In cultures of Schwann cells from early postnatal mouse sciatic 
nerve, AN2 is expressed by a subpopulation of L1- and LNGFR-positive cells. 
The expression of the antigen by Schwann cells is upregulated by co-culture 
with neurons. On cryosections of developing murine sciatic nerve, AN2 
staining overlaps with a subpopulation of L1 and LNGFR positive Schwann 
cells. In the adult, AN2 can be detected on cells associated with small nerve 
fibres, some of which are double-labeled with L1 and LNGFR, markers for 
non-myelinating Schwann cells. ECM, axons and myelin are not stained with 
antibodies against the AN2 antigen. Sciatic nerves of E12 mouse embryos 
are AN2-positive, suggesting that the Schwann cell precursor may express 
the AN2-antigen. Western blot analysis of developing postnatal peripheral 
nerve confirms the results of the immunohistochemical analysis: AN2 
expression is highest between P4 and P8 and than decreases to a low level 
in the adult. Moreover, a subpopulation of the protein bears chondroitin 
sulfate chains during early stages of development.

The AN2 antigen is thus expressed by a subpopulation of immature and 
non-myelinating Schwann cells. Experiments utilising the purified antigen as 
a substrate for culture of different neuronal populations, suggest that the 
AN2 antigen is permissive for neurite outgrowth. The expression pattern of 
the AN2 antigen implicates possible functions of the protein in Schwann cell 
migration and glia-neuron communication.

Financed by the graduate programme in Molecular and Cellular 
Neurobiology and the DFG (Schwerpunkt Glia).

SPON: German Neurosci. Soc.

810.18

GENETIC RESCUE OF THE CARDIAC DEFECT IN ERBB2 NULL 
MUTANT MICE REVEALS ESSENTIAL ROLES OF ERBB2 IN THE 
DEVELOPMENT OF THE PERIPHERAL NERVOUS SYSTEM. JLK. 
Morris*, C. Hausen D. -Getmap and K,F. Lee, The Clayton Foundation 
Laboratories for Peptide Biology, The Salk Institute, La Jolla, CA 92037.

ErbB2 receptor tyrosine kinase plays a role in neuregulin signaling and is 
expressed in the developing nervous system. Because the cardiac defect of 
erbB2 null mutant mice caused embryonic lethality, the role of erbB2 in 
neural development is not completely understood. ErbB2 null mutant 
embryos are genetically rescued when crossed with transgenic mice 
expressing the rat erbB2 cDNA under the control of a cardiac specific a- 
myosin heavy chain promoter. Rescued erbB2 mutant mice die at birth and 
display abnormal peripheral nervous system development. A severe loss of 
both motor and sensory neurons coincides with degeneration of the 
peripheral nerves. Before peripheral nerve degeneration, motor and sensory 
axons are aberrantly projected and the nerve bundles are defasciculated 
within their final target tissues. In addition, Schwann cells are completely 
absent in the peripheral nerves, although erbB3/Soxl0 positive Schwann cell 
precursors are present within the DRG and proliferate normally. In vitro cell 
migration assays demonstrate that the mutant Schwann cell precursors' ability 
to migrate is compromised. Examination of the neuromuscular junctions 
reveals that acetylcholine receptors (AChRs) are clustered within the central 
band of the diaphragm muscle. However, these clusters are dispersed and 
morphologically different from those in control muscle. Our results reveal an 
important role for erbB2 during the normal development of the peripheral 
nervous system. Supported by NIH Grants HD34534 and AG10435, and the 
Foundation of the March of Dimes.
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811.1
SINGLE CELL GENE EXPRESSION PROFILING USING MICROARRAYS 
Kamm£*F, Salunga R, Guo HO, Bittner A, Luo L, Erlander M.G., The RW 
Johnson Pharmaceutical Research Institute, La Jolla, California

Single cell gene expression profiling facilitates the analysis of 
complex tissues with extensive cell type heterogeneity such as in the 
nervous system. In disease states, this heterogeneity may increase 
even further, underscoring the need for single cell resolution in gene 
expression studies. We have previously demonstrated the use of laser 
capture microdissection in conjunction with cDNA microarrays to 
analyze the expression of hundreds of genes in specified cells in a 
histological section (Luo et al., Nature Medicine, 5,117-122 (1999)). 
To obtain gene expression profiling of cDNA microarrays at the 
single cell, we have developed several new strategies using 
fluorescence and chemiluminescent methods; the results of these 
methods will be shown.

Gene expression profiling at the single cell level will allow for 
analyses such as temporal clustering in tissues as complex as the 
brain. This will lead to new insight into gene function in the normal 
and pathological central nervous system.

811.2
SCREENING GENES DIFFERENTIALLY EXPRESSED DURING 
DEVELOPMENT, STABILIZATION AND REORGANIZATION OF THE 
ENTORHINO-HIPPOCAMPAL SYSTEM Y.W. Chen, P. Reiser, O. 
Ninnemann, R. Nitsch and T. Skutella*. Inst. Anatomy, Dept. Cell and 
Neurobiology, Humboldt University Hospital Charite, 10098 Berlin, Germany.

Mouse cDNA expression arrays (spotted with 18 000 non-redundant 
mouse cDNA clones, including ESTs) and differential display were used to gain 
insights into the molecular processes of hippocampal development, stabilization 
and reorganization. cDNAs probes were prepared from mRNAs obtained from 
embryonic day 15, postnatal day 1, adult mouse hippocampus and kainate- 
induced neurodegeneration. This cDNAs probes were either hybridized with 
arrays or analyzed for differentially expressed genes using gel electrophoresis. 
The differentially expressed cDNAs isolated from differential display gels were 
confirmed by dot blotting and then sequenced. The temporal and spatial pattern 
of these genes was characterized by in situ hybridization at different 
developmental stages of the mouse brain and after kainate-induced lesion. The 
analysis of differentially expressed hippocampal mRNAs may give rise to new 
insights in entorhino-hippocampal development and regeneration after lesion. 
Supported by the DFG SK 49/3-1.

811.3

MOLECULAR EVIDENCE FOR DOWNREGULATION OF A BRAIN SPECIFIC 
HYPERPOLARIZATION-ACIIVATED CATION CHANNEL AFTER DEAFFERENTATION OF 
THE HIPPOCAMPUS: DDRT-PCR SCREENING FOR LESION INDUCED GENE EXPRESSION 
DIFFERENCES IN THE BRAIN. A.U. Brauer1, N.E. Savaskan1 M. Kole2, M. Plaschke1. B. 
Santoro3, O. Ninnemann^nd R. Nitsch1 ‘Univ. of Charite, Dept. of Anatomy, Cell & 
Neurobiology, Philippstr.12, 10115 Berlin, Germany; 2German Primate Centre, Dept. 
of Neurobiology, Kellnerweg 4, 37077 Gottingen, Germany; 3Center for Neurobiology 
and Behavior, Columbia Univ. of New York, New York 10032, USA

Differential Display RT-PCR (DDRT-PCR) was performed in order to identify 
genes that are involved in lesion-induced sprouting processes in the rat hippocampus. 
It has been shown that structural changes underlying functional plasticity in the 
hippocampus occur in response to specific deafferentation. Removal of the major 
exitatory input of the hippocampus, the perforant pathway, induces layer-specific 
sprouting of remaining intact neighboring fibers. DDRT-PCR provides a tool to 
systematically compare the mRNA expression pattern of deafferented hippocampi at 
various time points after lesion with that of sham operated control animals. These 
differences in mRNA expression between differentially treated tissues are visualized 
as variations in the PCR-product distribution in polyacrylamide gels and can be further 
analyzed after extraction from the gel and subcloning. A BLAST Genbank search with 
one of the isolated sequences revealed strong homology to the HCN1 (BCNG-1, 
HAC2) gene of the mouse, a hyperpolarization-activated cation channel. The features 
of this channel indicate that it might contribute to the modulation of hippocampal 
activity by regulating neuronal excitability in response to cAMP levels (Santoro et al, 
1997, PNAS, Vol 94, 14815-20). DDRT-PCR and in situ hybridization show that 
transcription of the respective mRNA is downregulated in the hippocampus at 1 day 
after lesion and slowly reaches control levels again after 5 days postlesional. Further 
immunocytochemical and electrophysiological studies are on the way to analyze 
detailed anatomical and functional properties of HCN-1 downregulation after 
entorhinal lesion. This study was supported by SFB 515

811.4

THE USE OF A DIRECTED DIFFERENTIAL DISPLAY TECHNIQUE TO 
IDENTIFY POTENTIAL GENETIC REGULATORS OF NEURAL CELL FATE 
IN VITRO. I.K. Price, Z.E, Jackson, P, Kille. J.P. Aggleton*. B.M.J. Stringer and
G.A. Foster. (SPON:European Brain and Behaviour Society) Cardiff School of 
Biosciences, University of Wales, Cardiff CF1 3US, U.K.

Cell fate in development is determined by the interaction of genetic and 
epigenetic factors. In order to study the relative importance of these factors on 
neural cell differentiation, cell lines were generated from progenitors derived from the 
ventral mesencephalon of the El4 rat. The cells were immortalised with a 
modulatable oncogene, temperature sensitive (ts) SV40-T, using retroviral transfer. 
At the oncogene’s permissive temperature (33°C) cells replicate. In one particular 
clone (921202-6), raising the temperature to the non-permissive value (39°C) 
resulted in cells exhibiting certain dopaminergic/serotoninergic neuronal 
characteristics. However, when the same clone was raised to 39°C in the presence 
of foetal calf and heat inactivated horse sera, cells developed an astrocytic phenotype 
instead. In order to identify some of the genetic factors that regulate this neuronal 
vs glial differentiation, a Reverse Transcriptase - Polymerase Chain Reaction - 
Directed Differential Display protocol was used. Degenerate oligonucleotide primers 
strongly biased to the consensus amino sequences of the POU domains coding for 
the helix-turn-helix (HTH) DNA binding motif were designed. These were then used 
to amplify related mRNAs from 921202-6 cells displaying either the replicative, 
neuronal or astrocytic phenotype. Results indicate the differential expression of, 
inter alia, the 70kDa subunit of the Ku autoantigen. This observation provides 
support for the putative role of the Ku autoantigen in regulating transcriptional 
events involved in cellular differentiation.

This work was funded by CellFactors pic, Cambridge, U.K.

811.5

USE OF GENECHIP® MICROARRAYS TO IDENTIFY THE SPECTRUM 
OF TRANSCRIPTIONAL CHANGES ASSOCIATED WITH 
DIFFERENTIATION OF A NEURAL CELL LINE
C.A. Harrington , S.Venkatapathy1, I.Wood, N.Buckley2,1Affymetrix,
Inc., Santa Clara, CA, 95051,2 School of Biochem & Molec Biology,
University of Leeds, UK, LS29JT

NBOK-1 is a cell line derived from a human neuroblastoma of sympathoadrenal 
lineage that can be differentiated with dibutyryl cAMP and low concentrations of 
staurosporine (Sasaki et al., 1996, Brain Res. Mol. Brain Res., 40:157-160). 
Untreated NBOK-1 cells express few markers of neuronal differentiation. However, 
within 24 h of treatment with staurosporine and dibutyryl cAMP, NBOK-1 cells 
cease cell division and start to extend neurites. Between 7 and 10 days later NBOK- 
1 start to express numerous neuronal markers including muscarinic and nicotinic 
acetylcholine receptors. Interestingly, these markers appear several days after the 
first signs of morphological signs of differentiation such as neurite extension. Thus 
NBOK-1 offer a unique model to examine receptor gene induction within the broader 
context of neuronal differentiation. In the present study GeneChip oligonucleotide 
microarrays are being used to examine global changes in gene expression during 
differentiation of NBOK-1. This will provide a fuller characterization of the 
differentiation pathway, including identification of candidate transcription factors 
involved in directing expression of the neural-specific marker genes. In the first 
phase of this study, undifferentiated NBOK-1 cells have been compared to cells 
treated for 10 days with staurosporine and dibutyryl cAMP. Significant increases 
and decreases in the expression levels of approximately 240 human genes were 
detected out of 6000 monitored. Neural genes whose expression levels increase in 
the differentiated cells include a3 nicotinic acetylcholine receptor, Ml muscarinic 
receptor, 5HT3 serotonin receptor, GAP43 and synapsin I. The changes in 
expression level for the Ml muscarinic receptor and synapsin I are consistent with 
results obtained by RT/PCR analysis. Greater than 30-fold increases in expression 
were detected for insulin-like growth factor II and for aromatic amino acid 
decarboxylase (DDC). The gene expression profile obtained for the treated NBOK- 
1 cells reinforces the characterization of these cells as representative of a terminally 
differentiated neuronal state. Expression monitoring studies are in progress to 
examine earlier time points in the differentiation pathway.

811.6
RDA AND DNA MICROARRAYS FOR THE IDENTIFICATION 
OF NOVEL NEURAL PROGENITOR MARKERS. D.H. Geschwind* 
’•2, J. Ou1,2, S. Nelson3 and H. I. Kornblum2,3,4. Depts. of Neurology1, 
Pediatrics3 Pharmacology4 and and the Brain Research Institute2, UCLA School 
of Medicine, LA, CA, 90095. The neuroepithelium of the developing brain 
contains a variety of proliferating cell types, some of which are CNS stem cells. 
Similarly, neurospheres are heterogenous balls of cells that proliferate in 
response to bFGF or EGF, also containing stem cells. We have initiated a large 
scale screen to identify molecular markers for CNS stem cells and to determine 
what genetic factors are involved in CNS stem cell fate decisions. We used 
Representational Difference Analysis to subtract genes expressed in FGF- 
generated mouse neurosphere cultures (NS) and newly differentiated neurosphere 
cultures (DS). Subtracted libraries were screened on cDNA microarrays using 
PCR-amplified cDNA from amplicons derived from the starting cell 
populations. Microarray analysis of 192 clones (96 in each direction of 
subtraction) demonstrate that about 25% of clones are differentially expressed. 
Differential expression was confirmed by Northern blot. Sequence analysis of 
these random products from the NS-DS subtracted library showed that a further 
25% are redundant clones. Of the non-redundant clones, about half are novel 
genes, only half of which have homology to known genes on BLAST searching 
of DNA and protein databases. A number of the genes with homologies have 
known or putative functional roles in early neural development and are 
intriguing candidates. One such candidate has high homology to the known IGF- 
like growth factor binding proteins and may be part of this protein family. The 
further characterization of some of these novel genes by in situ hybridization 
onto neurosphere cells, and mouse spinal cord and brain ventricular zone (vz), 
will be presented. This work was supported by NIH grant NS 01837.
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811.7
IDENTIFICATION OF GENES THAT ARE SPECIFICALLY EXPRESSED IN 
THE EMBRYONIC NEURAL TUBE BY SUBTRACTIVE 
HYBRIDIZATION. M.-L Fann*, J.-Y, Yu. and Y.-C. Wang. Institute of 
Neuroscience, National Yang-Ming Univ., Taiwan, R. O. C. 11221.

To examine genes that are present in the developing nervous system, a 
subtractive hybridization method was employed. cDNA of embryonic day
10.5 (E10.5) rat neural tube and cDNA of postnatal day 1 (Pl) rat brain were 
subtracted from each other. The remaining cDNA after subtraction was 
cloned into plasmids and two libraries were generated. Several clones from 
each library were partially sequenced and analyzed for homology using 
BlastN against databases available in the NCBI. In summary, 24% of these 
clones corresponded to known genes, 18% matched to some EST fragments, 
and 58% had no counterparts with significant similarity in databases. We 
adopted RT-PCR to verify results from the subtractive hybridization 
screening. Among 10 genes analyzed, eight cDNA fragments were expressed 
more in one tissue than the other in a pattern as predicted from subtractive 
results. Expression of the other two clones showed no difference between two 
tissues. One clone that was very abundant in E10.5 neural tube but was 
undetectable in Pl brain was analyzed further. Its amino acid sequences 
showed that it was a novel immunoglobulin family member. Results from 
Northern blot and in situ hybridization showed its expression was in E10.5 
neural tube but disappeared after E12. Interestingly, this gene was 
expressed in Pl9 cells, an embryonic carcinoma cell line. Upon induction of 
neural differentiation by treating P19 cells with retinoic acid, the 
expression of this gene was quickly suppressed. We suspected that this gene 
were expressed in neural progenitor cells, and were down-regulated when 
cells entered into differentiated status. The function of this gene is under 
investigation. Supported by DOH88-HR-732.

811.8
ISOLATION OF NEURONAL PRECURSOR CELLS BY FACS
FROM THE Tai-GFP TRANSGENIC ANIMALS
K. Sawamoto1, Y. Ogawa/T, Saiwaki1. A, Kawaguchi1, T. Miyata', S,A.
Goldman2 and H, Okano2*, ^ept. of Neuroanatomy, Biomed. Res.
Ctr., Osaka Univ. Med. Sch., Suita, Osaka 565-0871, Japan; 2Dept. of 
Neurol, and Neurosci., Cornell Univ. Med. Ctr., New York, NY 10021.

Pluripotent neural stem cells in the central nervous system generate 
neurons through lineage-restricted intermediate precursors.
Tai -tubulin is one of the genes expressed in the neuronal precursor 
cells. We generated transgenic mice and rats carrying the green 
fluorescent protein (GFP) cDNA under control of the Tal-tubulin 
gene promoter. Examining sections from the embryos of these 
transgenic lines revealed that GFP was expressed in neuronal 
precursor cells. To investigate their differentiation and proliferation 
behavior, GFP positive cells were isolated by fluorescence-activated 
cell sorting (FACS). Results from analyses of the isolated neuronal 
precursor cells in vitro and in vivo will be presented.

This work was supported by grants from CREST, Japan Science and 
Technology Corporation (JST), Human Frontier Science Program, 
and the Japanese Ministry of Science, Education, Sports, and Cultute.

811.9

DEVELOPMENTAL EXPRESSION AND LOCALISATION OF A 
NOVEL NEURAL-SPECIFIC cDNA. P.L. Jeffrey,1* A. Capes-Davis,1 J. 
Dunne,1 G. Seeto,1 A.J. Hannan2 and S. L. Lin3 'Developmental 
Neurobiology Unit, Children^ Medical Rese arch Institute, 
Wentworthville, NSW 2145 Australia; 2University Laboratory of 
Physiology, Oxford, UK 0X1 3PT; 3Dept. of Psychiatry, UMDNJ-Robert 
Wood Johnson Medical School, Piscataway, NJ 08854 USA.

A novel neural-specific cDNA was cloned from human brain by a 
procedure capable of detecting cDNA’s encoding molecules which cause 
transcriptional activation of the human FOS proto-oncogene promoter. 
Northern analysis of polyadenylated mRNA from a variety of tissues, 
using the cDNA as a probe, revealed a 0.9 kb mRNA expressed 
exclusively in brain. The cDNA appeared to be full length, and possessed 
a 468 bp open reading frame encoding an 18 kd serine-, threonine-rich 
polypeptide of 156 amino acids, which possessed a P-loop motif and 
phosphorylation sites for various protein kinases (MAPK, PKC, casein 
kinase II). Immunohistochemical localization studies, with antibodies 
raised against various regions epitopes of the encoded protein, showed 
strong reactivity initially appearing in the proliferative ventricular zones of 
mouse, rat and chick brain. In the course of development expression was 
high and primarily associated with migrating and proliferating cells 
throughout the developing brain. During late development and in adult 
brain, immunohistochemical staining was present in cortex, hippocampal 
regions, and dorsal root ganglia. Results suggest that this novel cDNA 
may be involved in brain-specific signalling pathways associated with the 
plastic response during neuronal differentiation.

811.10
DIFFERENTIAL EXPRESSION OF GENES DURING STRIATAL MATRIX 
MORPHOGENESIS. A. Dori, Y, Pollack1, G. Benshalom*, R. Somogvi2. J. L. 
Barker2 and W.F, Silverman. Zlotowski Center for Neuroscience, Ben-Gurion 
University of the Negev, 'Department of Immunology and Microbiology, Soroka 
Medical Center, 84 105 Beer Sheva, Israel, laboratory for Neurophysiology, 
National Institute of Neurological Diseases and Stroke, NIH, Bethesda, MD 20892.

The basis of morphogenesis in the mammalian CNS is the spatially and temporally 
specific expression of genes. Areas exhibiting pattern are particularly useful in 
identifying such genes and their cellular substrates. One such area, the mammalian 
striatum, is composed of a cellular mosaic of patch and matrix compartments which 
are generated in sequential waves of neurogenesis in the embryo. We have 
employed a variation of the reverse transcription PCR method known as differential 
displaying RNA isolated from striatum at embryonic day (E)17, El9, E21 and 
adult to identify genes whose expression is altered during matrix neurogenesis. Out 
of more than 60 amplified gene fragments obtained, 6 bands showed clear 
differential expression during the matrix differentiation period (E17-E21). These 
fragments were isolated, cloned and sequenced, revealing in 3 cases, significant 
homologies with known ribosomal genes. All 3 were down-regulated, in agreement 
with the observed reduction in cell cycle rate and increase in cycle length during 
neurogenesis. The only fragment upregulated during matrix morphogenesis was 
determined to be homologous with a synaptic vesicle protein, synaptogyrin, of 
which little is currently known. Clones from 2 other fragments showed little 
homology with known sequences in the NIH GeneBank. Characterization of 
synaptogyrin expression during striatal development is currently underway. 
Supported by the Kreitman School of Advanced Graduate Studies.

PROLIFERATION: EXTRACELLULAR SIGNALS

812.1 812.2

INTRACEREBROVENTRICULAR INJECTION OF PACAP IN 
ADULT MICE REDUCES PROLIFERATION IN THE 
SUB VENTRICULAR ZONE (SVZ). A. Nicot* & E, DiCicco-Bloom. 
Dept Neuroscience & Cell Biology, UMDNJ/ Robert Wood Johnson Medical 
School, Piscataway, NJ 08854.

Recent studies indicate that neurogenesis is an ongoing process in the 
adult mammalian brain, potentially contributing to learning and memory. 
Definition of regulatory mechanisms may provide new avenues for brain repair. 
Although growth factors such as EGF and bFGF have been shown to stimulate 
proliferation of neural precursors in the SVZ, little is known about mechanisms 
that potentially restrain neural precursor expansion. We found previously that 
Pituitary Adenylate Cyclase Activating Polypeptide (PACAP) inhibits the 
proliferation of embryonic cortical precursors in vitro (Lu & DiCicco-Bloom, 
PNAS 1997) and in vivo (Suh et al, Neurosci Abst 1998). To determine whether 
PACAP affects proliferation during adulthood, we examined effects of PACAP 
injection on mitotic precursors in the forebrain SVZ. Mice were infused with 
PACAP (10 f±M) or vehicle into the right lateral ventricle and were processed for 
mitotic labeling using BrdU staining at 8 h. PACAP treatment elicited a 36 % 
decrease (p<0.05) in the number of mitotic nuclei in the right dorsolateral SVZ 
and a 25% decrease (p<0.05) in the contralateral side, suggesting that the peptide 
reduces ongoing neurogenesis. Preliminary data indicate that PACAP receptor is 
expressed in the SVZ of P7 rats and decreases thereafter, suggesting PACAP acts 
directly on SVZ precursors. Thus, PACAP may serve as an anti-mitogenic signal 
in the adult, as defined previously in embryonic ventricular zone. Consequently, 
ongoing action of endogenous signals may limit neural precursor expansion in 
the adult brain. In turn, blockade of anti-mitogenic signaling systems may 
provide a novel approach to enhance adult neurogenesis for therapeutic goals. 
(Support: Simone & Cino Del Duca Fdn., NIH-NS32401, Children’s Brain Tumor Fdn.)

PDGF PROMOTES PROLIFERATION OF DOPAMINERGIC 
NEURONS DERIVED FROM NEURONAL PROGENITOR CELLS. 
Jung-Sun Park, Jin-Joo, Lee, Kwang Se Paik*, Dong-Soo Yeon. Dept.
of Physiology, YonseiUniv. Col. Med., Seoul, 120-752, Korea.

In vitro, neuronal progenitor cells proliferate and differentiate into 
neurons, astrocytes and oligodendrocytes. Although it has been reported 
that some of these neurons express antigens for tyrosine hydroxylase 
(TH), the proportion of expressed TH-immunoreactive cells was found 
to be very low. We hypothesized that specific growth factors would 
induce differentiation and proliferation of dopaminergic neurons from 
neuronal progenitor cells.

We instituted primary cultures of neuronal progenitor cells obtained 
from forebrain of newborn rat pups in EGF-containing serum-free 
medium. At 5-7 days, primary cultures composed of floating clusters of 
proliferating cells were exposed to PDGF-, BDNF- or CNTF- 
containing or cytokine-free medium.

TH-immunoreactive cells were increased in number 5-7 times when 
exposed to PDGF-containing medium as compared to when exposed to 
cytokine-free medium. However, either BDNF or CNTF has little effect 
on TH-immunoreactive cell proliferation. In double immunohisto-
chemistry, PDGF-induced TH-immunoreactive cells were also immuno- 
reactive to neuronal cell marker such as MAP2 or tau.

These results suggest that PDGF promotes proliferation of 
dopaminergic neurons derived from neuronal progenitor cell.
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812.3

HEREGULIN AND FGF-2 STIMULATE PROLIFERATION OF 
OLFACTORY ENSHEATHING GLIA FROM ADULT RAT IN 
VITRO. H.L. Yan*, M. B. Bunge1, G. W. Plant The Miami Project to 
Cure Paralysis, and’Departments of Anatomy and Cell Biology and 
Neurological Surgery, Univ. Miami, Sch. Med., Miami, FL 33136

Olfactory ensheathing glia (EG) proliferate very slowly in vitro 
without added mitogens. The increased use of EG in transplantation within 
the CNS influence neural repair is dependent upon identifying mitogens 
that will effectively expand EG without altering their phenotype. Initial 
studies indicated that EG from the adult rat could be expanded after initial 
isolation and purification with forskolin and pituitary extract (Ramon- 
Cueto et al., 1998). Expanded EG were successfully transplanted into the 
adult rat spinal cord. The objective of this study was to determine whether 
heregulin and FGF-2 stimulate the proliferation of EG in vitro. Pure EG 
(95-98%) were obtained by immunoaffinity panning using an antibody 
against p75 nerve growth factor receptor. EG were identified by 
immunostaining with p75 nerve growth factor receptor and S-100 
antibodies. DNA synthesis assays showed that 10 nM heregulin elicited a 
2-fold increase in proliferation; at 10 ng/ml FGF-2, a 3-fold increase in 
proliferation on observed. Heregulin and FGF-2 showed no synergistic 
effect on proliferation of EG. We found that the addition of an activator of 
adenyl cyclase (forskolin) to heregulin led to a potent mitogenic effect 
with a labeling index 4.5-fold above control EG cultures. Thus, a 
particularly effective combination to increase proliferation of EG was 
heregulin and an elevation of cAMP levels. (Supp. by APA, NIH NS 
09923 and Miami Project, HLY is a Lois Pope LIFE Fellow )

812.4

FORSKOLIN-INDEPENDENT EXPRESSION OF NEUREGULIN 
RECEPTORS IN HUMAN SCHWANN CELLS IN VITRO. L Whited N 
Fregien^, L Qlson^, MB Bunged and PM Wood!* The Miami Project to Cure 
Paralysis and Departments of Neurological Surgery'and Cell Biology and Anatomy2, 
and the Organ Procurement Team3, University of Miami School of Medicine, Miami, 
FL 33136.

Schwann cell (SC) proliferation in vitro is induced upon activation, by neuregulins, 
of HER2/HER3 receptor tyrosine kinases. In addition, forskolin (FSK), an activator 
of adenylyl cyclase, strongly enhances neuregulin-dependent SC growth. FSK/c- 
AMP-mediated induction of HER2 and/or HER3 expression in SCs has been proposed 
[Cohen et al. (1992) J. Neurosci. Res. 31:622-634] as a possible explanation of this 
effect. To test this hypothesis, the expression of HER2 and HER3 was determined by 
western blot analysis of total proteins extracted from either fragments of human 
peripheral nerves (six different organ donors) or cells obtained following nerve 
dissociation (four donors). The nerve fragments were analyzed immediately after 
harvest (To) and after 7 days in culture (T7) in D10 (Dulbecco’s Modified Eagle’s 
Medium/ 10% heat-inactivated fetal bovine serum) ± 2pM FSK; dissociated cells 
were analyzed at T7 in D10 ± FSK. HER2 and HER3 were detected in the intact nerve 
fragments at To. At T7, HER2 protein was not increased with FSK treatment, whereas 
variable expression of HER3 was observed in FSK-treated cultures relative to the D10 
control. Furthermore, except for a single donor, the level of HER2 and HER3 
expression in dissociated cells does not appear to be increased by culture with FSK. 
Since SCs constitute more than 90% of the cells in the nerves or dissociated cell 

cultures, these results are evidence that activation of adenylyl cyclase does not appear 
to be required for HER2/HER3 expression in human SCs and that enhancement of 
neuregulin-induced SC growth by FSK is not due to increased receptor levels. 
Supported by NIH NS09923-28 and the Miami Project to Cure Paralysis.

812.5

A Neuregulin Autocrine Loop is Involved in the Regulation of Schwann Cell 
Survival. S. Karvala. B. Strange. L. Sherman* and N. Ratner. Neuroscience 
Program, University of Cincinnati Medical Center, Cincinnati, OH, 45267-0521.

The neuregulin (NRG) family of growth factors are receptor tyrosine kinase (ErbB) 
ligands, and have been implicated as neuron-derived paracrine regulators of 
Schwann cell growth. We (Rosenbaum et al., 1997) and others recently identified a 
putative NRG autocrine loop in Schwann cells, which we hypothesized primarily 
functions as a cell survival mechanism. We show here that treatment of cultured 
Schwann cells in defined medium with B4-Ig (Genentech), a soluble fusion protein 
capable of binding to and depleting NRG, blocks phosphorylation of the NRG 
receptor ErbB2, and inhibits survival of Schwann cells by 50% in 4 days. B4-Ig did 
not interfere with the growth of NID-2 Schwann cell line, which expresses the 
activated form of ErbB2. Recent studies have suggested that Fyn, a Src family non-
receptor tyrosine kinase, may be involved in Schwann cell proliferation. Src kinases 
bind to ErbB2 and are candidates for mediating the NRG autocrine loop. Treatment 
of Schwann cells with Src inhibitors, PP1 (lpM) and Herbimycin A (25 nM) for 2 
days inhibited survival of Schwann cells by 50%. Interestingly, ten fold higher 
concentrations of PP1 (5pM) and Herbimycin A (250 nM) were required to inhibit 
50 % survival of fibroblasts, indicating that Schwann cells are especially sensitive to 
Src inhibition. Western blot analysis indicated that Schwann cells produce Src, Fyn 
and Yes, all members of the Src family. Immunoprecipitation from Schwann cells 
revealed that Src and Fyn but not Yes are constituitively associated with ErbB2. The 
data suggest that a NRG autocrine loop plays a role in the survival of rat Schwann 
cells in vitro, and may be mediated by Src signaling. We are currently investigating 
if B4-Ig inhibits kinase activity of Src proteins, and their association with ErbB2. We 
hypothesize that NRG mediated autocrine signaling could enable Schwann cell 
survival and/or proliferation in the absence of neurons, as after nerve injury or in 
Schwann cell tumors.
Supported by NIHNS28840 to NR.

812.6

INSULIN-LIKE GROWTH FACTOR-I (IGF-I) PRIMES EMBRYONIC 
STRIATAL STEM CELLS TO BE RESPONSIVE TO EPIDERMAL 
GROWTH FACTOR (EGF). Y, Arsenijevic*1, S.Weiss2, and P. Aebischer1. 
’Gene Therapy Center, Pavilion 4 CHUV 1011 Lausanne, Switzerland and 
Neuroscience Res. Group, Dept. of Cell Biology and Anatomy, Univ. of 
Calgary, AB, Canada.
Under the stimulation of EGF, neural stem cells have the capacity to renew, expand 
and to produce precursors for neurons, astrocytes, and oligodendrocytes. Proliferation 
of stem cells and their derived progeny generates a big cluster of cells termed spheres. 
We postulated that the early appearance of IGF-I receptors during striatal murine 
development could have a role in stem cell regulatioa We tested the possible role of 
IGF-I on the generation of EGF-spheres using a culture assay in medium devoid of 
high concentrations of insulin. In the absence of IGF-I, but in the presence of EGF, 
E14 mouse striatal cells were unable to proliferate. The presence of both EGF and 
IGF-I induced the proliferation of striatal cells and led to the formation of spheres. 
The effect of IGF-I was dose-dependent and the half-maximal bioactive dose 
corresponded to the pharmacology of the IGF-I receptor. The generated spheres were 
multipotent and clonal analysis revealed that IGF-I and EGF acted directly on stem 
cells. Delayed administration experiments with EGF and IGF-I showed that these 
neurotrophic factors had no effect on stem cell survival. However, short-term exposure 
to IGF-I primed the stem cells to be responsive to EGF. The spheres generated after 
short stimulation with IGF-I conserved the characteristics of multipotentiality, 
renewal, and expansion. The specific action of IGF-I on the EGF transduction pathway 
is currently under investigation. Thus IGF-I appears to be a key factor to regulate stem 
cell activation and consequently brain growth. Supported in part by the Oft 
Foundation and the Swiss National Science FoundatioaFoundation.

812.7

INSULIN-LIKE GROWTH FACTORS STIMULATE SCHWANN 
CELL PROLIFERATION IN THE SYMPATHETIC TRUNK.
A, Fex Svenningsen* and M, Kanie, Department of Animal Physiology, 
Helgonavagen 3 B, S-223 62 Lund, Sweden
Insulin-like growth factors (tIGF-I and IGF-II) stimulate proliferation 
of Schwann cells in the rat sciatic nerve via their own receptors. 
Previous experiments using immunocytochemical staining for 
proliferating cells (Bromo-deoxy-uridine) and Schwann cell markers 
(GFAP and S-100) in the sciatic nerve indicate that IGF-II mainly 
enhanced proliferation of non-myelinating Schwann cells while 
proliferation of myelinating Schwann cells was enhanced mainly by 
tIGF-I. To further investigate this possibility we compared [3H] 
thymidine incorporation in the sympathetic tnmk known to contain 
mainly unmyelinated nerve fibres to that of,the sciatic nerve which 
contain roughly equal amount of myelinated and unmyelinated nerve 
fibres.

Segments (3 mm) of the rat sympathetic trunk and the sciatic nerve 
were cultured for 48 hours in RPMI 1640 medium containing tIGF-I 
or IGF-II. [3H] thymidine incorporation was then measured. tIGF-I 
and IGF-II increased [3H] thymidine incorporation in both 
preparations. In the sympathetic trunk IGF-II was 3x more potent than 
tIGF-I while the corresponding figure for the sciatic nerve was 1.8x. 
Immunocyto-chemical labelling for GFAP and BrdU showed that the 
proliferating cells in the segments of the sympathetic trunk were non-
myelinating Schwann cells. Staining for the IGF-II receptor also 
showed that the Schwann cells in both preparations possessed IGF-II 
receptors. These data support our hypothesis that IGF-II and tIGF-I act 
via different receptors on different types of Schwann cells.

812.8

CEREBELLAR GRANULE CELL PROLIFERATION DEFECT IN HEPARIN-
BINDING NEUROTROPHIC FACTOR (HBNF) AND MIDKINE (MDK) 
DOUBLE KNOCKOUT MICE. M, Cooper1, J, Millonig1, C. Gallagher1, L, 
Amet2, S. Croll3, J. Levorse2, B. Prabhakaran2, C. Yan1, R. Kollmar1*, T. Vogt2,
and M.E. Hatten1. ‘Rockefeller University, New York, NY 10021; 2Dept. of 
Molecular Biology, Princeton University, Princeton, NJ 08544; 3Regeneron 
Pharmaceuticals Inc., Tarrytown, NY 10591.

Granule cells in the cerebellum proliferate postnatally in a specialized zone termed 
the external germinal layer (EGL). Hbnf (also known as HB-GAM or Pleiotrophin) 
and homologous gene, Mdk, are two members of a highly conserved vertebrate gene 
family. Both encode secretory, cysteine and lysine rich growth factors which are 
expressed in ventricular zones, including the outer layer of the EGL.

Double knockouts of HBNF and MDK were developed in order to study the 
function of the gene family. Single gene knockouts alone displayed no abnormal 
phenotype. Double knockout mice were viable and fertile but exhibited defects in 
gait during behavioural assays. Histological analysis of adult and P6 mice Hbnf-/- 
Mdk-/- revealed a reduction in the overall size of the cerebellum as well as stunted, 
misfolded folia. In addition, the P6 mutant cerebellum had a thinner EGL. Since the 
cerebellum is composed primarily of granule cells, the smaller size suggested a 
developmental defect. TUNEL analysis demonstrated that there was no abnormal 
apoptotic cell death. However, when stained with a mitotic-phase specific antibody, 
the number of mutant granule cells entering mitosis is decreased by 50%. This 
proliferation defect has been confirmed independently in vitro by 3H thymidine 
labeling experiments of purified granule cells. The addition of recombinant Hbnf or 
Mdk to mutant granule cell cultures can rescue this proliferation defect. These 
experiments demonstrate that Hbnf and Mdk are required for granule cell 
proliferation.

Supported by NIH Grant NS30532
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812.9

INHIBITOR OF ENDOTHELIN CONVERTING ENZYME AFFECTS 
BRAIN DEVELOPMENT IN CHICK EMBRYOS. G. Rizzi,1A. Y. Jeng, 2 
and L Hsu 1 *.1 Department of Biology, Seton Hall University, S. Orange, 
NJ 07079;2 Novartis Institute for Biomedical Research, Summit, NJ 
07901.

Endothelins are potent vasoconstrictive peptides that have mitogenic 
effects on glial or smooth muscle cells. Exogenous administration of 
endothelin-1 (ET-1) on day 5 in developing embryonic chicks consistently 
increased body and brain dimensions. Binding studies also indicated that 
[125I]ET-1 bound maximally to membranes from brains of 5 day old 
embryos, suggesting that the growth promoting effects of ET-1 are age- 
dependent. To establish the physiological role of endogenous ET-1 in 
development, an inhibitor of endothelin converting enzyme that catalyzes 
the final step of post-translational processing of ET-1 was administered to 
embryonic chicks on day 4. The effects of the inhibitor, CGS 26303, was 
dose-dependent. At 40-60 uM, it significantly reduced both body and brain 
dimensions. To study the effects on neurogenesis, 4 day old embryos 
were treated with CGS 26303 followed by incubation with bromodeoxy-
uridine (Brdu) to label cells undergoing DNA synthesis. Immunocyto-
chemical localization of Brdu by monoclonal antibody against Brdu in 
serial paraffin sections of optic lobes of inhibitor-treated embryos showed 
a decrease in labelled cells in the neuroepithelial germinal layer when 
compared to controls. These results are consistent with our hypothesis 
that ET-1 plays a growth promoting role during brain development.

812.10
PERIPHERAL INFUSION OF IGF-I SELECTIVELY INDUCES 
NEUROGENESIS IN THE ADULT RAT HIPPOCAMPUS.
Maria A.I. Abera1. N. David Aberg1, Helena Hedbacker1. Jan
Oscarsson2, Henrik Hagberg3*and Peter S. Eriksson1 . Institute of
Clinical Neuroscience1, Department of Physiology2, Dept of 
Obstetrics and Gynaecology3, University of Goteborg, 41345 
Goteborg, Sweden

The ability to pharmacologically regulate adult neurogenesis is of 
potentially important therapeutic value. The aim of the present project 
was to investigate the effect of insulin-like growth factor-I (IGF-I) on 
proliferation and differentiation of adult rat hippocampal neural 
progenitor cells. Using bromodeoxyuridine (BrdU) labeling, we found 
an increase in the number of BrdU-immunoreactive progenitors after 
IGF-I treatment. Furthermore, by using double-immunoflourescence 
staining for BrdU and cell-specific markers, we found that peripheral 
infusion of IGF-I selectively induces neurogenesis in progenitor 
progeny, with a resulting 78% net increase in the number of newly 
generated neurons in the granule cell layer (GCL) in the adult dentate 
gyrus over that of controls.
In conclusion, the evidence for a selective induction of neurogenesis 
by IGF-I on hippocampal progenitors in vivo suggests an important 
role for IGF-I in the generation of new neurons in the adult 
hippocampus. This and additional studies concerning the effects of 
IGF-I in other adult brain areas would hopefully offer therapeutic 
strategies for several neurodegenerative diseases. This study was 
supported by grants from the Swedish Medical Research Council 
(project no K98-12X-12535-01A).

812.11

INFUSION OF BDNF INTO THE LATERAL VENTRICLE OF THE ADULT 
RAT LEADS TO AN INCREASE IN THE NUMBER OF NEWLY 
GENERATED CELLS IN THE FORE, MID AND HINDBRAIN 
PARENCHYMA. V. PenceaT K.D. Bingaman1,2, S.J. Wiegand3 and M.B. 
Luskin1. ’Depts. of Cell Biology & 2Neurosurgery, Emory Univ. Sch. of Med., 
Atlanta, GA 30322 and 3Regeneron Pharmaceuticals, Inc., Tarrytown, NY 
10591.

Our previous studies have shown that infusion of BDNF into the lateral 
ventricle of adult rats resulted in an increased number of newly-generated 
neuronal progenitor cells in the rustral part of the subventricular zone (SVZa) 
and new neurons in the olfactory bulb (OB). The aim of this study was to 
determine whether a similar BDNF infusion influenced the production of cells 
around the lateral, 3rd and 4th ventricles. Adult rats received a continuous 
intraventricular infusion of BDNF (12 pg/d) and the cell proliferation marker 
BrdU (12 pg/d) in PBS for a 12 day interval and were perfused 16 days after the 
BDNF/BrdU withdrawal. In the control animals the BDNF was omitted. In the 
brains of the BDNF-infused animals there was a substantial number of BrdU(+) 
cells not only in the SVZa and OB, but also in other forebrain structures in the 
vicinity of the infused ventricle, including the striatum, septum, corpus 
callosum and cerebral cortex. There was also prominent BrdU labeling in the 
adjoining contralateral septum and corpus callosum. In addition, the BDNF 
infusion led to an increase in the number of BrdU(+) cells bilaterally in the 
parenchyma surrounding the 3rd and 4th ventricles. A subset of the BrdU(+) 
cells in all regions analyzed expressed a neuronal phenotype. In the PBS- 
infused brains the distribution of BrdU(+) cells was similar, but their number 
was lower. Our results suggest that many regions of the CNS harbor progenitor 
cells that give rise to neuions. (Supported by NIDCD and Regeneron)

812.12

Separate proliferation kinetics of FGF-responsive and EGF- 
responsive neural stem cells within the embryonic forebrain 
germinal zone. David J, Martens*, Vincent Tropepe & Derek van der 
Koov, University of Toronto, Department of Anatomy and Cell Biology, 
Toronto, Ontario

The embryonic forebrain germinal zone contains two separate and 
additive populations of stem cells that both exhibit self-renewal and 
multipotentiality. While cumulative S-phase labeling studies have 
investigated the proliferation kinetics or the overall population of 
precursor cells within the forebrain germinal zone through brain 
development, little is known about when and how (symmetrically or 
asymmetrically) the small populations of stem cells are proliferating in 
vivo. This has been determined by injecting timed-pregnant mice with 
high doses of tritiated thymidine (3H-thy) to kill any stem cells 
proliferating within the striatal germinal zone in vivo and then by assaying 
for neurosphere formation in vitro. Injections of 0.8 mCi of 3H-thy given 
every 2 h for 12 h to timed-pregnant mice at Ell, E14, and El7 resulted 
in significant depletions in the number of neurospheres generated by 
FGF-responsive stem cells at Ell, and by EGF-responsive and FGF- 
responsive stem cells at E14 and E17. With increasing embryonic age, 
the depletions observed in the number of neurospheres generated in vitro 
in response to FGF2 following exposure to 3H-thy in vivo decreased, 
suggesting there is an increase in die length of the cell cycle of FGF- 
responsive neural stem cells through embryonic development. The results 
suggest that the FGF-responsive stem cell population expands between 
Ell and E14 by dividing symmetrically, but switches to primarily 
asymmetric division between E14 and E17. The EGF-responsive stem 
cells arise after Ell, and their population expands through symmetric 
divisions and through asymmetric divisions of FGF-responsive stem 
cells. (Supported by MRC of Canada and the MS Society of Canada).

812.13

SERUM-FREE N2 MEDIA AND BASIC FIBROBLAST GROWTH 
FACTOR INDUCE PROLIFERATION IN BOVINE NEONATAL 
CHROMAFFIN CELLS. E.D. Potter*, W.M. Walters, B.R, Frvdel, X.T, 
Nie, J, Huang, and J. Sagen. The Miami Project to Cure Paralysis, Univ. 
Miami Sch. Med., Miami, FL 33136

While pluripotent stem cells have been described in fetal chromaffin cell 
cultures, this population is significantly decreased in cultures isolated from 
neonatals and adults. Fetal chromaffin cells are difficult to procure, 
creating an obstacle for studies describing their differentiation and potential 
use in transplantation therapies. Thus we investigated cultivation of 
neonatal bovine chromaffin cells in N2 media supplemented with basic 
fibroblast growth factor (bFGF). This serum-free N2/bFGF media 
promotes viability and proliferation of stem cells isolated from the CNS. 
Bovine chromaffin cells were isolated from 1-5 day old calf adrenals and 
cultivated in serum free N2 media supplemented with bFGF(10ng/ml). 
After 5 days cultivation, numerous nestin-positive and bromo-deoxyuridine 
(BrdU)-positive proliferating spheres appeared. After 3 weeks cultivation 
in N2/bFGF alone, or in N2/bFGF supplemented with 5 pM 
dexamethasone, 10% fetal bovine serum (FBS), or both, all cultures 
contained numerous BrdU-positive cells that were also immunoreactive for 
tyrosine hyroxylase, dopamine-P-hydroyxlase, phenylethanolamine-N- 
methyl transferase, and chromagranin. Numerous cells cultivated in 
N2/bFGF. in the presence of 10% FBS developed processes and a neuronal 
morphology. HPLC analysis demonstrated release of norepinepherine and 
epinepherine from sister cultures. Preliminary studies indicate that 
N2/bFGF can also induce proliferation of neonatal porcine chromaffin 
cells. These results suggest the possibility of maintaining continuous 
chromaffin cells for transplantation. Supported by NS25054.

812.14

THE EFFECTS OF LIF FAMILY CYTOKINES ON HUMAN NEURAL 
PROGENITOR CELL CULTURES. X. Cui1. A, Seiger2. P, Almqvist1. and L. 
Wahlberg1*, 'Dept. of Clinical Neuroscience, Section of Neurosurgery, Karolinska 
Institute, 171 76 Stockholm, Sweden; 2Dept. of Geriatric Medicine, Karolinska 
Institute, Huddinge University Hospital, Stockholm, Sweden .

We have previously shown that human neural progenitor cell cultures derived from 
the first trimester central nervous system (CNS) can be expanded > 1 yr. using 
defined serum free medium supplemented with epidermal growth factor (EGF), 
fibroblast growth factor (bFGF), and leukemia inhibitory factor (LIF). LIF belongs 
to the neuropoietic cytokine family, which includes ciliary neurotrophic factor 
(CNTF) and interleukine-6 (IL-6). In this study, the comparative effects of these 
cytokines on embryonic human CNS progenitor cultures were examined. We found 
that cultures can be grown for > 6 mos. under the following four conditions: 
EGF/bFGF, EGF/bFGF/IL-6, EGF/bFGF/LIF, and EGF/bFGF/CNTF. Even though 
growth was achieved in all conditions, the growth rates for the cells cultured with 
EGF/bFGFZLIF and EGF/bFGF/CNTF were much* greater than that of cells cultured 
with EGF/bFGF and EGF/bFGF/IL-6. Upon plating and differentiation, the 
progenitors from all conditions differentiated into the three major neural phenotypes, 
neurons, astrocytes and oligodendrocytes. Progenitors expanded with EGF/bFGF/LIF 
or EGF/bFGF/CNTF gave rise to more neurons than with EGF/bFGF or 
EGF/bFGF/IL-6. The proportion of phenotypes remained stable over a relatively 
long period of time (> 90 DIV) under all culture conditions. Consistent with the 
proliferation data, western blot analysis showed that both LIFR and CNTFRa are 
expressed but no EL-6R was detected. In conclusion, embryonic human neural 
progenitors can be expanded using EGF/bFGF and even though LIF or CNTF 
signaling are not required for proliferation, the expansion rate is greatly enhanced 
when these factors are added. Interestingly, both LIF and CNTF increased the 
proportion of neurons seen during in vitro differentiation. This study was supported 
by CytoTherapeutics, Inc.
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812.15

CELLULAR SYMBIOSIS IN THE HIPPOCAMPUS: AN UNUSUAL 
PARTNERSHIP BETWEEN NEURAL PRECURSORS AND ANGIOBLASTS 
IN ADULT NEUROGENESIS. Theo D. Palmer, Andrew R. Willhoite, 
Marie-Claude Senut* and Fred H. Gage. Laboratory of Genetics, The 
Salk Institute, 10010 N. Torrey Pines Rd. La Jolla, CA, 92122

Neural precursors proliferate within the thin lamina between the hilus 
and granule cell layer, or subgranule zone (SGZ), but little is known 
about the local microenvironment or the phenotype of dividing cells that 
participate in the neurogenic process. Using bromo-deoxyuridine (BrdU) 
to mark and follow proliferative cells, we have found that neural 
precursors are co-localized with dividing angioblasts in dense clusters 
associated with the vascular bed. The cells generated within these 
angiogenic foci become distributed throughout the SGZ and granule cell 
layer and roughly half are still detectable one month after labeling. 77% 
of these express markers unique to neurons. Another 20% become 
astrocytes, oligodendrocytes or mature endothelium. The remaining cells 
are negative for all lineage-specific markers and many express low levels 
of nestin. The majority of cells that are no longer detectable are likely to 
be endothelial precursors that dilute BrdU beyond detection limits due to 
continued proliferation. The striking temporal and spatial co-localization 
of angiogenesis and neurogenesis suggests that both processes are 
interdependent and perhaps mechanistically linked within unique 
proliferative hotspots of the adult brain.

812.16

FIBROBLAST GROWTH FACTOR-2 REQUIRES A CO-
FACTOR FOR ITS MITOGENIC ACTIVITY ON 
MULTIPOTENT NEURAL STEM CELLS IN VITRO. P. Taupin*, 
J, Ray, W.H. Fisher and F.H. Gage. The Salk Institute, La Jolla, CA 
92037, USA

Mitogenic growth factors like fibroblast growth factor-2 (FGF-2) 
and epidermal growth factor (EGF), induce proliferation of neural 
progenitor cells isolated from the brain. Studies from single cells in 
culture demonstrate that FGF-2 and EGF are mitogens for 
multipotent neural stem cells and likely cooperate with other trophic 
factors, some of which are yet unknown, to achieve specificity. We 
previously established long-term cultures of adult rat hippocampus- 
derived neural progenitor cells (AHPs) in serum-free defined 
medium containing FGF-2. Attempts to grow cells at low density in 
the presence of FGF-2 were unsuccessful; however FGF-2 
combined with conditioned media (CM) from proliferating AHPs 
can establish clonal populations. Thus, an additional factor(s) 
derived from AHPs is required to complement FGF-2’s mitogenic 
activity. We have purified and characterized such a factor from CM. 
Trophic factors, such as FGF-2, have a broad range of biological 
activities. Our findings show that their activity and specificity may 
be achieved by cooperation with autocrine/paracrine co-factors. The 
identification and characterization of the co-factor of FGF-2 will be 
presented
Supported by Cancer Center Salk and NIH NS-6-2348,

812.17

REGULATION OF NEURONAL DIFFERENTIATION OF ADULT-DERIVED 
SPINAL CORD STEM CELL CULTURES. L.S. Shihabuddin1*, S.L. Pfaff2, and
F.H, Gage1. 'Lab of Genetics, 2Gene Expression Labs, The Salk Institute; La Jolla, 
CA 92037.

The adult rat spinal cord contains FGF-2-responsive stem cells that are self- 
renewing and have the ability to generate cells that express antigenic properties of 
neurons and glia in vitro, but little is known about the molecular mechanisms that 
regulate stem cell differentiation along specific neuronal pathway. The specification 
of neuronal diversity in the CNS appears to be controlled by inductive signals 
secreted by embryonic organizing centers. These signals appear to define neuronal 
fates by regulating the expression of cell-intrinsic determinants, many of which are 
transcription factors. The specific effects of sonic hedgehog (shh) and other factors 
influencing cell fate on isolated spinal cord stem cells remain to be determined. 
Using spinal cord derived stem cell clones, we examined the effects of retinoic acid 
(RA), forskolin (FSK), and shh on the acquisition of neuronal phenotypes. We also 
examined the effects of these factors on the pattern of expression of transcription 
factors such as Pax 6, nkx2.2, isl-1, isl-2, Hb-9 and Lim 3, that are expressed by 
ventral neural progenitors at various stages of development, and may contribute to 
neuronal diversification as well as serve as markers for motor neuron subtypes. 
Exposure to RA or FSK promotes expression of neuronal phenotypes, and some of 
these cells were immunoreactive for GABA, calbindin, acetylcholine esterase and 
tyrosine hydroxylase. Choline acetyl transferase was also detected using RT-PCR. 
However, exposure to shh promoted cell proliferation and did not promote 
differentiation. The pattern of expression of various transcription factors was altered 
following exposure to different conditions. While the expression of nkx2.2, Hb-9 
and isl-1 was not influenced, the expression of Pax 6, isl-2 and Lim3 was either 
induced or repressed as compared to cells grown in FGF-2. Preliminary data suggest 
that progenitor cells can differentiate to multiple classes of neurons and this 
differentiation can be modulated by environmental signals. Supported by a grant 
from the PVA Spinal Research Foundation, and contract NINDS NO1-NS-6-2348.

812.18

IN VITRO DIFFERENTIATED MUTANT ES CELLS REVEAL 
FGFR1-DEPENDENCY OF FGF2-MEDIATED NEURAL PRE-
CURSOR CELL EXPANSION. O. Bristle1*. K.N. Jones1’2. K, 
Choudhary1,2, K. Karram1. O.D Wiestier1. C. Deng3, R.D.G.
McKay . 1Institute of Neuropathology, University of Bonn Medical
Center, 53105 Bonn, Germany; 2LMB/NINDS and 3LBM/NIDDK, 
National Institutes of Health, Bethesda, MD, USA.

Fibroblast growth factor receptor (FGFR)-mediated signaling is 
associated with key events in neural development including neural stem 
cell proliferation, migration, anteroposterior patterning and axonal 
growth. The study of FGFR function has been frustrated by the early 
embryonic lethality of FGFR null mutants. To circumvent this problem, 
we generated neural precursors directly from FGFR 1-deficient 
embryonic stem (ES) cells. In vitro differentiation of these ES cell- 
derived precursors shows that FGFR1 is not required for the formation 
of the three principal cell types of the nervous system — neurons, 
astrocytes and oligodendrocytes. However, FGFR 1-deficient neural 
precursors are no longer responsive to FGF2-mediated proliferation and 
differentiate in the presence of FGF2. To explore the phenotype of the 
FGFR 1-deficient cells in vivo, they were grafted into the ventricle of 
embryonic rats. The transplanted cells formed large intraventricular 
clusters. Mutant and wild-type cells migrated into the host brain tissue 
where they differentiated into all three neural cell types. Thus, FGFR1- 
deficient cells can migrate and differentiate into neurons and glia in 
vivo. These findings depict in vitro differentiation of mutant ES cells 
into neural precursors as a versatile tool to study the neural phenotype 
of mouse mutants with early embryonic lethality.
Supported by the NIH and the state of Nordrhein-Westfalen.

812.19

Sustained Increase in Cerebellar Granule Cell Neurogenesis after a Single 
Peripheral Injection of bFGF in Newborn Rats. Yinghong Cheng*. Ira B. 
Black. and Emanuel DiCicco-Bloom. Department of Neuroscience and Cell 
Biology, UMDNJ-Robert Wood Johnson Med. School, Piscataway, NJ 08854.

Regulation of neuron number is critical during brain development. In the 
cerebellum, the ratio of granule cells to Purkinje neurons is precisely regulated at 
the close of granule cell neurogenesis. A number of extracellular signals, such as 
bFGF, may be involved in numerical matching, by regulating precursor 
proliferation and survival. We now extend our previous studies demonstrating 
enhanced granule cell neurogenesis after peripheral bFGF administration, reporting 
long term effects on cerebellar growth.

Previously, we found that a single peripheral bFGF(20ng/g) injection at 
P1 elicited a 2-fold increase in mitotic precursors in the external granular layer and 
a 33% increase in granule neurons in the internal layer at P4. Increased cell 
number was associated with a 22% increase in cerebellar volume and a 16% rise in 
DNA content, suggesting that DNA quantitation is a useful index of long-term 
bFGF effectson cerebellar growth. Following peripheral bFGF injection on Pl, 
total DNA content in the cerebellum increased by 16%, 8% and 8% at P4, Pl5 
and P22 (p<0.05) respectively, indicating a sustained effect on cerebellar 
neurogenesis. However, by 18 and 26 weeks, cerebellar DNA content after bFGF 
treatment was no longer evelated, suggesting that regressive processes ultimately 
normalize neuronal numbers.

These observations suggest that precursor proliferation and survival are 
remarkably responsive to extracellular signals, such as bFGF, yielding prolonged 
changes in neuronal population size that do not necessarily conform to expected 
neuron-target relationships. In addition, growth factors from peripheral somatic 
tissues may play an important role in neurogenetic control (supported by NIH 
HD23315).

812.20

FEWER CELLS UNDERGO ADRENALECTOMY-INDUCED BIRTH AND 
DEATH IN THE DENTATE GYRUS DURING AGING BUT THE RATIO 
OF BIRTH TO DEATH IS INCREASED: SUPPORT FOR A ROLE OF 
TGF-pi. N.R. Nichols*, M. Zieba, and N. Bye. Department of Physiology, 
Monash University, Clayton, Victoria, Australia, 3168.

Acute adrenalectomy (ADX) simultaneously increases both neuron birth 
and neuron death in the developing and adult rat dentate gyrus. Recently, we 
found that the number of neurons undergoing ADX-induced apoptosis in the 
dentate gyrus of male virgin Fischer 344 rats decreases by 75% between 2-3 
and 24-26 months of age. Others have shown that neurogenesis in the dentate 
gyrus decreases during aging and dying granule neurons promote proliferation 
of neuronal precursors in adult rats. In this study, we used unbiased stereology 
to estimate the total number of proliferating cells in the dentate gyrus of four 
age groups of rats at 7 days after ADX. Proliferating cells were identified by 
immunohistochemistry with an antibody against Ki67, a nuclear antigen that 
is expressed in late Gl-M phases of the cell cycle. The results closely parallel 
the findings for ADX-induced apoptosis in the same rats, with the number of 
proliferating neuronal precursors in the dentate gyrus decreasing by 65% from 
18,000 in 2-3 months rats to 6,000 in 24-26 months rats. After ADX, aged rats 
have a higher ratio of birth to death than young rats. These data suggest that 
apoptosis and neurogenesis are linked throughout the lifespan of the rat. TGF- 
Pl mRNA is increased in sham-operated aged rats compared with young rats 
and increases further in the dentate gyrus of all age groups when apoptotic 
cells are present. Therefore, TGF-pi may represent a link between ADX- 
induced apoptosis and neurogenesis in the dentate gyrus and could contribute 
to increased proliferation relative to apoptosis in aged rats. Supported by 
Dept. Veteran’s Affairs, Australia and Dept. Physiology, Monash University.
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813
SYMPOSIUM. ION CHANNEL LOCALIZATION IN MYELINATED 
NERVE FIBERS. T. L, Salzer, NYU Medical Center (Chairperson); P. Shrager 
(Univ. Rochester); V. Bennett (Duke Univ.); E. Peles (Weizmann Institute)

Myelinated axons are organized into distinct functional domains. 
Voltage gated sodium channels (NaCh) are concentrated in the initial 
segment and nodes of Ranvier and are separated from potassium channels 
in the juxtaparanodes by specialized paranodal junctions. This symposium 
will focus on the cell adhesion molecules and cytoskeletal proteins that 
mediate these interactions and regulate channel distribution. Salzer will 
provide a brief introduction. Shrager will describe the redistribution of 
these channel proteins in developing CNS and PNS axons, providing 
evidence from normal and dysmyelinating mice that NaCh's accumulate 
only after myelination has been initiated and that K channels, which 
redistribute from the node to the juxtaparanode, regulate impulse 
propagation during myelination. Bennett will describe the localization of 
ankyrinG and members of the LI family of ankyrin-binding cell adhesion 
molecules at axon initial segments and nodes; he will also provide evidence 
from knockout animals that ankyrinG directs NaCh localization to initial 
segments where they are required to initiate action potentials and support 
rapid, repetitive firing. Salzer will describe the molecular organization of 
paranodal junctions, which represent a high molecular weight complex of 
Caspr and other proteins; he will also provide evidence that NaCh 
clustering is regulated by positive and negative juxtacrine signals from 
Schwann cells and axonal CAMs respectively. Peles will describe studies on 
different members of the Caspr family which are localized to unique 
domains of myelinated axons with Caspr in the paranodes, and Caspr2 co-
localized, and co-associated with K channels in the juxtaparanodal region; 
he will also describe the generation of animal models to address the function 
of Caspr in the paranodes.

814
SYMPOSIUM: EXCITING NEW ADVANCES IN PAIN RESEARCH 
AND TREATMENT USING RECEPTOR INTERNALIZATION 
TECHNOLOGIES. D. A. Thomas, NIDA-NIH (co-chair); R. G. Wiley, 
Vanderbilt Univ.; W. J. Martin, UCSF; M. J. Iadarola, NIDCR-NIH; P. 
Mantyh, Univ. of Minnesota; R. M. Caudle, Univ. of Florida (co-chair).

Certain types of receptors are taken into neurons upon activation by 
an agonist. Further, the ligand is also carried into these neurons. 
Researchers have made use of this phenomenon by attaching various 
toxins to the agonists and injecting these conjugates into specific brain 
areas to produce discrete pharmacologically-specific lesions. This 
technology may be both an important research tool, and a potential 
therapy for a range of conditions. This symposium will highlight the 
use of this technology in pain research and treatment. Further, the 
potential use of this technology in a broad range of neuroscience 
research and treatment will be addressed. Dr. Thomas will introduce 
the topic. Dr. Wiley will open with a discussion the potential use of 
targeted cytotoxins as tools for molecular neurosurgery. Dr. Martin will 
discuss the new immunotoxin, anti-dopamine b-hydroxylase-saporin, to 
re-examine the contribution of noradrenergic pathways to nociception 
and to morphine analgesia. Dr. Iadorola will discuss the use of a 
recombinant engineered diphtheria toxin/SP fusion protein 
(DAB389SP) in acute and chronic pain models in the rat. Dr. Mantyh 
will discuss the infusion of substance P-saporin conjugate into the 
spinal cord to target spinothalamic neurons involved in the ascending 
conduction of pain. Dr. Caudle will offer concluding remarks.

NEUROPSYCHIATRIC DISORDERS: SCHIZOPHRENIA. DEPRESSION AND DRUG MECHANISMS

815.1

EVALUATION OF TREATMENT RESISTANCE IN SCHIZOPHRENIA
R.Conlev*, C.A. Tamminga, and D.L.Kellv. Maryland Psychiatric Research 
Center, University of Maryland, Baltimore, Maryland 21228.

One quarter to one third of all people with schizophrenia are substantially 
resistant to drug treatment. Clozapine is the only antipsychotic which has 
been consistently shown to be effective in treatment resistant patients but 
carries with it significant morbidity from serious side effects, the need for 
weekly blood monitoring and a high cost: Therefore, evaluation of new 
antipsychotics and their impact in the treatment of therapy refractory patients 
is of critical importance. This presentation will evaluate the current definition 
and status of treatment-resistance as well as review strategies for therapy 
and new research for this population.

Olanzapine (25 mg/day) was compared to chlorpromazine (1200 mg/day) 
plus benztropine in treatment resistant schizophrenic patients. Eighty-four 
subjects completed the 8 week double-blind trial. Both drugs showed similar 
efficacy with response with either drug being modest. Olanzapine treated 
patients had fewer side effects than chlorpromazine treated patients. 
Steady-state plasma concentrations were significantly higher in the female 
patients coinciding with the weeks females had improvements on total BPRS 
scores. This finding suggests that higher doses and plasma levels may be 
necessary for efficacy in this population. Additionally, 11/27 (41%) of 
olanzapine failures subsequently treated with clozapine, responded to 8 
weeks of open treatment, demonstrating that nonresponse to olanzapine 
does not predict nonresponse to clozapine. The status of risperidone and 
quetiapine as well as adjunct strategies for treatment resistance will be 
discussed at the meeting. Issues regarding the characterization of treatment- 
resistant studies will also be discussed.

815.2

AMPAKINE SUPPRESSION OF DOPAMINE-MEDIATED ROTATION: 
IMPLICATIONS FOR TREATMENT OF SCHIZOPHRENIA. U.S. Hess*,
S.P, Whalen, L.M, Sandoval. G. Lynch, and C.M, Gall. Depts. Anat. & Neurobiol. 
and Psychiatry, University of CA Irvine, 92697-4292.

Previous studies by Lynch and colleagues demonstrated that ampakines, positive 
modulators of AMPA-type glutamate receptors, markedly attenuate methamphetamine 
(METH)-induced stereotopy and hyperactivity, and showed these effects to be 
synergistic with low doses of antipsychotics (Larson et al, 1996; Johnson et al, 
1999). Locomotion and rearing examined in those experiments are likely dependent on 
several neurotransmitter systems. To determine if ampakines can specifically 
counteract behavior resulting from dopaminergic (DA) imbalances, their effects were 
testing in the Ungerstedt rotation model. The nigrostriatal DA path was unilaterally 
lesioned in rats with 6-OHDA. Animals which showed vigorous rotation contralateral 
to the side of lesion in response to apomorphine (0.05 mg/kg) and an ipsilateral 
rotation in response to METH (2 mg/kg) that sensitized over 7 days consecutive 
treatment were used. Rats received injections (daily or every other day) of METH or 
METH plus CX546, an ampakine that slows deactivation of AMPA receptors. CX546 
significantly suppressed rotation at 20-40 mg/kg, with the greatest, most reliable 
depression observed at 35 mg/kg. The suppression at this dose was observable 10 
minutes after injection and lasted at least one hour. Ampakine effects were dose- 
dependent: 20 mg/kg decreased turning by 13±5% while 40 mg/kg slowed rotation by 
23±8%. Interestingly, CX546 was more effective in counteracting rotation in rats 
which rotated at high rather than low rates and had no significant effect on basal 
rotation prior to METH administration thereby suggesting a state-dependency for the 
drug's action. These findings, together with ampakine effects on METH-induced 
behaviors in intact animals, argue strongly for the use of such drugs as adjuvants in 
the treatment of conditions resulting from relative DA hyperactivity, such as 
schizophrenia. Supported by CP21863 from Cortex Pharmaceuticals.

815.3

DISRUPTION OF COKTICAL-SUBCORTICAL-CEREBELLAR NETWORKS 
IN SCHIZOPHRENIA CAN BE FAVORABLY INFLUENCED BY 
ATYPICAL NEUROLEPTICS: A STUDY WITH FMRI.
R. Schlosser1^ TL-Gesierich1. W, Rossbach1. B. Kaufinann1. F, Estifan*. S.
Hunsche2, J, Gawehn2, Departments of ’Psychiatry and 2Neuroradiology, 
University of Mainz, Germany

Clinical studies provide evidence that atypical neuroleptics excert a favorable 
influence on negative symptoms and related cognitive deficits in schizophrenia. 
Using fMRI, we studied the influence of typical and atypical neuroleptic drugs on 
cognitive brain activation patterns in schizophrenic patients while performing a 
working memory task.

12 right-handed schizophrenic patients treated either with typical or atypical 
neuroleptics and 12 normal subjects were studied so far. Patients were stabilized 
by neuroleptic treatment for at least 2-4 weeks. All subjects performed a "2- 
back"-working memory task during the functional scans. fMRI-scans were 
acquired on a Siemens Magnetom (Vision) at 1.5 T with EPI capabilities (matrix 
size 128x128; 23 contiguous slices; 5 mm slice thickness). Data were analyzed 
with SPM96 including the random effects kit.

In normal subjects, activation foci delineated the entire cortical-subcortical- 
cerebellar circuit. Activations could be identified in the prefrontal and parietal 
association cortices, thalamus, cerebellar vermis, and cerebellar hemispheres. 
Schizophrenic patients revealed significantly diminished activation particularly in 
subcortical and cerebellar areas. However, this difference in activation was less 
pronounced in patients treated with atypical neuroleptics as compared to those 
receiving conventional neuroleptic drugs.

The findings suggest that a disruption of widespread neural networks in 
schizophrenia can be favorably influenced by atypical neuroleptics.

815.4

PROPOFOL ALTERS TYROSINE HYDROXYLASE LEVELS IN THE NUCLEUS 
ACCUMBENS THREE DAYS FOLLOWING INFUSION. H.C. Gray1, A. Gelb2,
D.F. Cechetto-1*. Depts. of Anatomy and Cell Biology1 and Anaesthesia2; Univ. 
Western Ontario; London Health Sciences Center; London, Ontario, Canada, 
N6A5C1.

Propofol (2,6 diisopropylphenol) is an intravenous anaesthetic used for the 
induction and maintenance of general anaesthesia. Immunohistochemical 
studies indicate a significant decrease in tyrosine hydroxylase (TH) in the 
nucleus accumbens (Acb) three days following a six hour, sub-anaesthetic, 
propofol infusion. Rats receiving propofol exhibit a decrease in amphetamine 
stimulated rearing, a behavior mediated by dopamine release in the Acb. We 
used Western Blot to quantify TH levels in male Wistar rats infused with 
propofol or with Intralipid® (control). Three days post-infusion the animals were 
decapitated, the brains removed and frozen. Micropunches of neural tissue were 
obtained from the Acb, the caudate putamen, ventral tegmental area (VTA), the 
lateral frontal, medial frontal and insular cortices. Proteins were separated using 
SDS-PAGE, electrophoretically transferred onto nitrocellulose paper and TH 
localized using immunochemistry with a chemiluminescent substrate. 
Densitometry was used to quantify TH. The results indicate a 46% (p<0.05) 
reduction in TH levels in the Acb of animals after three days of propofol 
(20mg/kg/hr) compared to the Intralipid® group. This reduction was observed 
only at three days following propofol, not at days one, five, and seven. The 
decrease in TH was not seen with an administration rate of 30mg/kg/hr. 
Reduction of TH in the Acb suggests a decrease in the activation of the 
dopaminergic system. Overactivity of the dopaminergic neurons in the 
mesolimbic system is believed to be involved in the manifestation of 
schizophrenic symptoms. A reduction in TH in the Acb provides evidence that 
sub-anaesthetic doses of propofol may be an effective anti-psychotic agent.
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815.5
TYPICAL AND ATYPICAL ANTIPSYCHOTIC DRUGS
DIFFERENTIALLY EFFECT KETAMINE-INDUCED BRAIN
METABOLIC ACTIVATION. G.E. Duncan*, S. Miyamoto, J.N. Leipzig, J.A. 
Lieberman Department of Psychiatry, and UNC Neuroscience Center; University 
of North Carolina, CB#7250, Chapel Hill, NC 27599

Subanesthetic doses of ketamine induce behavioral effects in healthy individuals 
that resemble positive, negative, and cognitive symptoms of schizophrenia. In 
stabilized schizophrenia patients, ketamine can induce psychotic symptoms that are 
remarkably similar to those experienced during active phases of their illness. Such 
findings have led to the hypothesis that decreased NMDA receptor function may be 
a predisposing or causative factor in schizophrenia. The present study examined the 
effects of typical and atypical antipsychotics on ketamine-induced increases in 
[14C]-2-deoxyglucose (2-DG) uptake in rats. Ketamine (25 mg/kg) increased 2-DG 
uptake in specific brain regions, including limbic cortical regions, hippocampus, 
nucleus accumbens, basolateral amygdala, and anterior ventral thalamic nucleus. 
Pretreatment of rats with clozapine completely blocked ketamine-induced changes 
in 2-DG uptake in all brain regions studied. In contrast, haloperidol (0.5 mg/kg) 
produced a substantial cataleptic response but did not block ketamine-induced 
activation of 2-DG uptake. Administration of risperidone also did not affect 
ketamine-induced activation of 2-DG uptake in any brain region examined. 
Olanzapine (5mg/kg) reduced ketamine-induced increases in 2-DG uptake in limbic 
cortical regions but not in the hippocampus. At a dose of 10 mg/kg, olanzapine 
antagonized ketamine-induced brain metabolic activation in all brain regions. The 
results demonstrate, in a model with potential relevance to schizophrenia, that a 
striking neurobiological difference is seen between the actions of clozapine and 
olanzapine, in comparison to haloperidol and risperidone. The reduction of 
ketamine-induced brain metabolic activation by clozapine and olanzapine suggests 
that antagonism of the consequences of reduced NMDA receptor function could 
contribute to therapeutic effects of this atypical antipsychotic agent. The model of 
ketamine-induced alterations in 2-DG uptake may be useful for understanding the 
complex neural mechanisms of atypical antipsychotic drug action and may provide 
a means to discriminate full from partial atypical agents. (Supported by PHS 
research and center grants MH-33127, MH-00537, HD-03110, Lilly Research 
Laboratories, and the Foundation of Hope)

815.6
HALOPERIDOL AND CLOZAPINE MODULATE 
NMDA RECEPTOR-MEDIATED GENE EXPRESSION 
IN THE STRIATUM. C. Konradi*, W. Macias, J.-C. 
Leveque, A. Raiadhvaksha and T. V. Nguyen. Massachusetts 
General Hospital and Harvard Medical School, Charlestown, MA 
02129.

The conventional neuroleptic haloperidol, and the atypical 
neuroleptic clozapine both induce c-fos gene expression in a 
subpopulation of striatal neurons after an acute i.p. injection in the 
rat. Chronic haloperidol-treatment increases proenkephalin gene 
and protein expression. Here we will present evidence that either 
neuroleptic provokes altered gene regulation by modulating NMDA 
receptor activity. Acute expression of c-fos after haloperidol or 
clozapine treatment is inhibited by the NMDA antagonist MK801, 
and facilitated by D-cycloserine, a partial agonist at the glycine site 
of the NMDA receptor. Changes in c-fos and proenkephalin gene 
expression after chronic haloperidol treatment are prevented by 
MK801. By using a combination of in vivo experiments and 
experiments in primary striatal culture we will demonstrate that D2 
receptors modulate NMDA receptor activity by an intraneuronal, 
striatum-intrinsic mechanism.
Supported by a grant from NARSAD (C.K.)

815.7

FACILITATION OF THE N-METYL-D-ASPARTATE RESPONSES IN PYRAMIDAL 
CELLS OF THE MEDIAL PREFRONTAL CORTEX BY CLOZAPINE: ROLE OF 
PROTEIN KINASE C X. Liana*, K. E. Jardemark and R.Y. Wang. Dept. of 
Psychiatry, SUNY/SB, Stony Brook, NY 11794-8790.

We have previously shown that clozapine, olanzapine, and M100907 
dramatically potentiate the NMDA receptor-mediated transmission in pyramidal 
cells of the rat medial prefrontal cortex (mPFC). Moreover, these atypical APDs, 
but not haloperidol, raclopride or M100009, prevent phencyclidine-induced 
blockade of NMDA responses. We have shown that atypical APDs may enhance 
the NMDA-induced release of glutamate. It is well known that activation of protein 
kinase C (PKC) facilitates the release of glutamate. Therefore, we examined the 
possibility that the atypical APD clozapine may activate PKC to facilitate NMDA 
transmission in pyramidal cells of the mPFC in in vitro slice preparations. Clozapine 
(100 nM) mimicked the action of the PKC activator phorbol 12-myristate 13-acetate 
(PMA, 1 pM) and markedly facilitated the NMDA-induced inward current in 
pyramidal cells of the mPFC. Moreover, PMA, but not the inactive control 4a-PMA 
(1 pM), occluded the potentiating effect of clozapine. While the selective PKC 
inhibitor chelerythrine (5 pM) alone did not alter the NMDA responses, it completely 
prevented the potentiating effect of both clozapine and PMA. To further test the role 
of PKC in the action of clozapine, the facilitating effect of clozapine was examined 
and compared in mice with targeted mutation of PKC and wide-type controls. 
Administration of either clozapine or PMA significantly enhanced the NMDA- 
induced inward current in wild-type, but not PKC mutant, mice. These results 
combined suggest that clozapine may activate PKC to facilitate the release of 
excitatory amino acids and thereby enhance glutamatergic transmission in the 
mPFC. If atypical APDs share a common property to facilitate the NMDA 
transmission in the mPFC and limbic areas, this may account for the purported 
efficacy of atypical APDs in reducing some schizophrenic negative symptoms and 
improving cognitive functions (Supported by USPHS grant MH-41440).

815.8

EXPRESSION OF MULTIPLE FORMS OF THE PSYCHOACTIVE DRUG 
METABOLIZING ENZYME, CYTOCHROME P-450 AND ITS LOCALIZATION IN 
HUMAN BRAIN: V. Ravindranath1, S.C. Upadhya1, S.J. Chinta L, H.V. Pai1 and S H 
Koslow-*. 'Dept. of Neurochemistry, NIMHANS, Bangalore 560 029, India and 2Offiee 
on Neuroinformatics, NIMH, NIH, Bethesda, Maryland 20892-9613, USA.

Cytochromes P-450 (P450) are a family of heme proteins that are primarily involved in 
metabolism of xenobiotics including drugs. Psychoactive drugs are metabolized through 
P450 to active and inactive forms in liver, some of which can prolong the parent drug's 
therapeutic action. Plasma drug levels that are often used as indicators of bio-availability 
of a drug reflect variability in hepatic drug metabolism. However, it is increasingly 
recognized that plasma levels of psychoactive drugs are not effective indicators of 
therapeutic outcome and drug metabolism in situ, in brain may contribute to final 
pharmacological action. P450s are also present in brain where drug metabolism can take 
place and directly modify therapeutic action of drugs used in treatment of mental illnesses 
at their primary sites of action in brain. Multiple forms of P450 are known to be 
constitutively expressed in rat brain, however, we have inadequate information on human 
brain P450. We have now studied the expression of multiple forms of P450 in human 
brain and localized the mRNA in brain regions. Presence of functional P450 was assessed 
by measuring the specific content of P450 and activity of NADPH cytochrome c reductase 
(an essential component of P450 system) in human brain regions obtained at autopsy from 
traffic accident victims. P450 1 A, 2E and 2D are expressed constitutively in human brain 
as seen by northern blot analysis of human brain mRNA using cDNA to corresponding 
hepatic P450s. FISH showed the expression of these forms of P450 predominantly in 
neuronal cell layers in cortex, Purkinje and granule cell layers of cerebellum, pyramidal 
cells of hippocampus, granule cells of dentate gyrus and reticular neurons of midbrain. The 
expression of multiple forms of P450 known to mediate metabolism of psychoactive dings 
in neuronal cells in human brain suggests their potential involvement in drug metabolism 
in brain. Supported by MH55494 from NIMH.

815.9

EFFECTS OF THE SEROTONIN REUPTAKE INHIBITORS (SSRIs) 
FLUOXETINE, FLUVOXAMINE, PAROXETINE AND SERTRALINE ON 
REGIONAL CEREBRAL GLUCOSE METABOLISM (rCMRglc) IN RATS: A 
(,4C)2-DEOXYGLUCOSE STUDY. U, Freo*. C. On. A. Merico. M. Dam and G. 
Pizzolato. Department of Neurology and Psychatry, Padova University, ITALY

In contrast with early reports of a unique antidepressant mechanism of action, 
SSRIs later have been showing an increasing number of neuropharmacological 
activities (affinity for a and 5-HT2C receptors, indirect effects on catecolaminergic 
systems) and of potential therapeutic applications (e.g. panic attacks, drug abuse, 
cataplexia, epilepsy). The aim of this study was to identify possible common effects 
of SSRIs on rCMRglc, an index of neural function. rCMRglc was determined with 
the [14C]2-deoxyglucose autoradiographic technique in 56 brain areas of 3-mo-old 
Fischer-344 rats 30 min after i.p. injection of 0.4, 4 or 40 mg/kg of fluoxetine 
hydrochloride (Eli Lilly, Florence, Italy) or fluvoxamine maleate (Farmades, Roma, 
Italy) or after 4 mg/kg of paroxetine (SmithKline Beecham, Philadephia, PA, U.S.A.) 
or sertraline hydrochloride (Pfizer, Groton, CT, U.S.A.). Statistical significance for 
rCMRglc values was calculated by a Bonferroni multiple comparison test and taken 
as P < 0.05. At the lowest dose, fluoxetine and fluvoxamine reduced rCMRglc 
significantly in 6 (11%) identical subcortical nuclei of amygdala, locus coeruleus, 
basal ganglia and hypothalamus. At higher doses, SSRIs induced widespread 
rCMRglc decreases in 55 to 70% of cortical, limbic, diencephalic and brainstem 
regions but with some significant differences; compared to the other SSRIs, in the 
hippocampus fluoxetine induced much smaller rCMRglc decreases that may be 
related to its lesser anxiolytic activity; in the lateral habenula was only sertraline to 
significantly reduce rCMRglc probably because of an higher affinity for dopamine 
reuptake sites. The findings suggest that antidepressant activity of SSRIs may depend 
on a shared capacity to modulate subcortical brain areas that drive the responses to 
stress; features specific of a single SSRI result in other, differential rCMRglc effects.

815.10

EFFECT OF LITHIUM ADDITION TO ANTIDEPRESSANT TREATMENTS 
ON THE TONIC ACTIVATION OF RAT FOREBRAIN 5-HT1A RECEPTORS.
N. Haddieri, S.T. Szabo, P. Blier C. and de Monticinv*. Neurobiological 
Psychiatry Unit, McGill University, Montreal, Quebec, H3A 1A1, Canada.

The goal of the present studies was to determine whether lithium addition 
to long-term treatment with different classes of antidepressant drugs could 
further increase 5-HT neurotransmission. Because 5-HT1A receptor activation 
hyperpolarizes and inhibits the firing activity of CA3 pyramidal neurons in the 
dorsal hippocampus, we determined, using in vivo extracellular recordings, 
the degree of disinhibition produced by the selective 5-HT1A receptor 
antagonist WAY 100635. A 21 -day treatment with the tricyclic antidepressant 
imipramine (10 mg/kg/day, s.c.), but not with the monoamine oxidase 
inhibitor tranylcypromine (2.5 mg/kg/day, s.c.) nor with selective 5-HT 
reuptake inhibitor paroxetine (10 mg/kg/day, s.c.) given alone or with a short-
term lithium diet, altered the responsiveness of CA3 pyramidal neurons to 
microiontophoretically-applied 5-HT. In controls as well as in rats receiving 
a lithium diet for 3 days, WAY 100,635 (25-100 pg/kg, i.v.) did not modify the 
firing activity of dorsal hippocampus CA3 pyramidal neurons. When 
imipramine, tranylcypromine and paroxetine were administered alone for 21 
days, 50 pg/kg (i.v.) of WAY 100,635 was needed to increase significantly the 
firing activity of these neurons. On the other hand, WAY 100635 potency in 
disinhibiting pyramidal neurons when lithium was added for 3 days to a long-
term antidepressant treatment with imipramine, tranylcypromine or 
paroxetine was greater than in rats given these antidepressant treatments 
alone. It is concluded that lithium addition to antidepressant treatments 
further enhances the degree of the tonic activation of 5-HT1A receptors on 
dorsal hippocampus CA3 pyramidal neurons than any drug given alone. The 
present results support the notion that the addition of lithium to 
antidepressant drugs may potentiate their therapeutic response in major 
depression by further enhancing 5-HT neurotransmission.
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815.11
EFFECT OF ACUTE AND SUBACUTE ADMINISTRATION OF BUPROPION 
ON THE FIRING ACTIVITY OF MONOAMINERGIC NEURONS.
J. Dong* and P. Blier. Neurobiological Psychiatry Unit, McGill University, 
Montreal, Canada H3A 1A1

Bupropion is an effective antidepressant which is generally believed to block 
the reuptake of dopamine (DA) and noradrenaline (NA). It is, however, very 
weak on the latter two processes although it has a metabolite, present at blood 
levels 10 to 20-fold higher than bupropion, which blocks NA reuptake. Given the 
reciprocal connections between the serotonin (5-HT), DA and NA neurons, it 
was deemed essential to examine the effect of bupropion injected intravenously 
to see mainly the effect of the mother compound on 5-HT, DA, and NA neuronal 
firing and following two days of sustained administration to see the effect of 
bupropion and its metabolites at steady-state levels. In male Sprague-Dawley 
rats anaesthetised with chloral hydrate, bupropion (RBI Chemicals, Natick, 
MA, USA) did not modify the firing rate of dorsal raphe 5-HT, locus coeruleus 
NA, and A10 DA neurons at doses up 4 mg/kg. In contrast, a two-day treatment 
with 30 mg/kg/day, s.c. using an osmotic minipump, doubled the firing rate of 
5-HT neurons (controls: 0.99 ± 0.07 Hz, n=90; bupropion: 1.97 ± 0.11 Hz, n = 
155). The same treatment attenuated the firing activity of NA neurons (controls: 
1.99 ± 0.12 Hz, n=54; bupropion 0.40 ± 0.06 Hz, n=98), which was restored by 
the a2-adrenoceptor antagonist idazoxan (3.71 ± 0.32 Hz, n=26).

In conclusion, these data suggest that bupropion metabolites, but not the 
mother compound, are capable of altering the function of not only 
catecholaminergic neurons but also of 5-HT neurons. The neurobiological basis 
for the latter effect is presently under study in our laboratory. It will also be 
interesting to examine the effect of long-term administration of bupropion on 
5-HT and NA neurotransmission in order to get further insights on the 
mechanism(s) by which it exerts its antidepressant action.

DRUGS OF ABUSE: ALCOHOL

816.1

ATTENUATED INCREASES IN NUCLEUS ACCUMBENS (NAc) 
DOPAMINE (DA) IN SELECTIVELY BRED ALCOHOL-
PREFERRING P-RATS FOLLOWING COCAINE OR ETHANOL 
ADMINISTRATION. M.R. Gerasimov1, W.K. Schiffer2, C.R. Ashby3, J.D. 
Brodie2, S.L. Dewey1 and J.S. Fowler1*. ’Chemistry Dept., BNL, Upton, NY 
11973,2Dept. of Psychiatry, NYUSM, NY 10016,3Dept. Pharm. Health Sci., 
St. John’s, Jamaica, NY.

We employed in vivo microdialysis in freely moving animals to investigate 
the involvement of the mesolimbic DA system in excessive ethanol 
consumption by Wistar-derived animals selectively bred for alcohol 
preference (P-rats). This characteristic has been previously linked to genetic 
abnormalities, resulting in reduced DA neurotransmission in the ventral 
tegmentum (VTA). Ethanol, in the range of 0.25 - 2.0 g/kg i.p., failed to 
produce any measurable increase in NAc DA in drug-ria'ive P-rats. Drug-naive 
P-rats, sensitized by pretreatment with 1.0 g/kg of ethanol for 5 days followed 
by a 3 day withdrawal were rechallenged with ethanol. The smallest 
challenge, 0.25 g/kg, produced an increase in NAc DA of 125%, consistent 
with the disinhibition of GABAergic intemeurons in the substantia nigra pars 
reticulata. Higher doses of 0.5, 1.0 and 2.0 g/kg failed to change NAc DA 
levels. Finally, cocaine administration (20 mg/kg i.p.) increased extracellular 
NAc DA by only 60% of that observed in a control strain of non-preferring 
animals. Overall, these preliminary data support the hypothesis that the 
functional deficiency of mesolimbic DA activity may underlie vulnerability to 
alcoholism. Supported by USDOE/OBER (DE-AC02-98CH10886) and 
NIMH MH49165.

816.2

NOREPINEPHRINE-DEFICIENT MICE HAVE DECREASED ETHANOL 
PREFERENCE AND INCREASED SENSITIVITY TO ETHANOL-INDUCED 
SEDATION AND HYPOTHERMIA. D, Weinshenker. N, C, Rust and R, D, 
Palmiter*. Howard Hughes Medical Institute and Dept. of Biochemitstry, University 
of Washington; Seattle, WA 98195.

Attempts to determine the role of norepinephrine (NE) in voluntary consumption 
of and sensitivity to ethanol has been plagued by conflicting findings using lesioning 
and pharmacological techniques. We tested ethanol preference, sedation, and 
hypothermia in mice with a targeted disruption of the dopamine beta-hydroxylase 
(Dbh) gene, which is required for the synthesis of NE. Dbh -/- males had reduced 
ethanol preference and consumed less ethanol per unit body weight than controls, 
while Dbh -/- females showed no differences in ethanol consumption. Both male 
and female Dbh -/- mice were about 3 times more sensitive than controls to the 
sedative effects of ethanol as measured by latency to regain righting reflex following 
a 3 g/kg injection of ethanol. The core body temperature of control mice decreased 
by an average of 5° C following a 3 g/kg injection of ethanol, while Dbh -/- mice lost 
an average of 12° C. The consumption and sedation differences in Dbh -/- animals 
were independent of the increased hypothermic effect and could not be explained by 
a difference in ethanol metabolism. These genetic results suggest that NE is an 
important regulator of voluntary ethanol consumption and the sedative and 
hypothermic effects of ethanol.

This work was funded by the Howard Hughes Medical Institute.

816.3

ALLOPREGNANOLONE AND THDOC BRAIN CONCENTRATIONS IN SARDINIAN 
ALCOHOL- PREFERRING (sP) RATS. M.L. Barbaccia* D. Affricano, M. Trabucchi,
R.H. PurdyV G. Colombo^, R. Agabio^ and G.L. Gessa^. Dept. Neuroscience-Univ. 
of Rome "Tor Vergata", Rome-Italy 1 Scripps Res. Inst., La Jolla, S. Diego, CA-USA, 
and ^Dept. of Neuroscience- Univ. of Cagliari, Cagliari- Italy.

The sP and sNP (non alcohol-preferring) rat lines were extablished by selective 
breeding of Wistar rats, selected for their opposite preference and intake of ethanol. 
We tested the hypothesis that endogenous allopregnanolone (AP) and THDOC may 
be involved in the ethanol preference, higher sensitivity to the sedative effects of an 
acute ethanol challenge and higher anxiety-related behavior observed in sP rats. AP 
and THDOC are two neurosteroids that, by amplifying the action of GABA at the 
GABA/\ receptor, exert anxiolytic, anticonvulsant and sedative effects. When 
compared to sNP, the sP rats showed higher concentrations (P<0.05) of AP in the 
brain cortex (+130%) and hippocampus (+110%) and of THDOC in the brain cortex 
(+65%), but not in plasma. Individual housing for 2-3 weeks (social isolation) 
selectively decreased («50%) the AP and THDOC brain concentrations in ethanol- 
naive sP, but not sNP rats; however, the hippocampal AP and cortical THDOC 
concentrations were similar in sP rats either non-isolated or isolated but with free 
access to ethanol (10% solution in H2O) for 15 days. An acute challenge with an 
anxiolytic dose of ethanol (1 g/Kg, i.p., 20 min) markedly increased the brain cortical 
AP (17 fold) and THDOC (24 fold) content in ethanol-naive sP rats, but only 5 and 6 
fold, respectively, in sNP rats. These data indicate that the brain neurosteroid 
concentrations are differently regulated in sP versus sNP rats, either alcohol-naive or 
alcohol-experienced, and suggest a role for neurosteroids in the ethanol preference 
and in the anxiolytic action of ethanol in sP rats. (Supported by MURST-ltaly).

816.4

THE MODULATION OF GLUCOCORTICOID RESPONSE ELEMENT- 
DNA BINDING IN RAT BRAIN DURING ETHANOL TREATMENT AND 
WITHDRAWAL. S.C, Pandey* and N. Mittal. Psychiatric Institute, Dept. of 
Psychiatry, Univ. of Illinois and VA Chicago Health Care System (West Side 
Division), Chicago, IL 60612

Glucocorticoid receptors (GR) are important gene transcription factors that 
modulate gene expression after binding to the glucocorticoid response element 
(GRE) in the promotor regions of genes. Although glucocorticoids play an 
important role in the action of ethanol, GR-dependent gene transcription 
mechanisms have not been investigated during ethanol dependence. Male Sprague- 
Dawley rats were treated with control or ethanol (9% V/V) liquid diet for 15 days. 
The control and ethanol diet-fed rats were also treated with mianserin (5HT2A/2c 
receptor antagonist, 10 mg/kg, IP) for 15 days. Ethanol-fed rats were withdrawn for 
0, 12, 24, and 72 hr. Anxiogenic behaviors in ethanol-withdrawn and control diet- 
fed rats were measured by elevated-plus maze (EPM) test. GRE-DNA binding 
activities in rat cortex were measured using the electrophoretic gel mobility shift 
assay. Time-course studies of the development of anxiety during ethanol withdrawal 
indicate that peak anxiety occurred at 24 hr and that the anxiety disappeared after 72 
hr of ethanol withdrawal. Time-course studies of changes in GRE-DNA binding 
activities during ethanol withdrawal indicate that GRE-DNA binding activities in rat 
cortex were significantly decreased at 0, 12, and 24 hr following withdrawal, but 
returned to normal after 72 hr of withdrawal. Mianserin treatment alone had no 
effect on anxiety levels or on cortical GRE-DNA binding activity in rats. However, 
when mianserin was administered concurrently with ethanol, it blocked the 
anxiogenic effects of ethanol withdrawal and also antagonized the downregulation 
of GRE-DNA binding in the cortex of ethanol-withdrawn rats. These results suggest 
that decreased GR-dependent gene transcription in the cortex may be associated 
with signal transduction mediated via 5HT2A/2C receptors in ethanol-dependent rats. 
Supported by a grant from NIAAA (AA-10005) to SCP.
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816.5

OVARIECTOMY DOES NOT ALTER GENDER DIFFERENCES IN 
ETHANOL REGULATION OF GABAa  AND NMDA RECEPTORS. 
*L. L. Devaud1, U. Nguyen1 and A. L. Morrow2. ‘Dept. 
Pharmaceutical Sciences, Idaho State University, Pocatello, ID and 
2Dept. Psychiatry and Pharmacology, Bowles Center for Alcohol 
Studies, University of North Carolina, Chapel Hill, NC.

Gender differences are observed in the selective alterations in GABAa  
and NMDA receptor gene expression associated with the development 
of ethanol dependence (ED). We explored the possibility that these 
gender differences were due to inherent regulation by female gonadal 
steroids. We compared the effects of chronic ethanol exposure 
between intact (INT) and ovariectomized (OVX) female rats. In 
general, ovariectomy did not alter effects of ethanol on subunit protein 
levels determined by Western blot analysis in hypothalamus of female 
rats. While ED male rats show a 30% increase in hypothalamic 
GABAa  receptor al subunit peptide levels, both groups of ED female 
rats showed no change (INT= 94 ± 10 % and OVX= 115 ± 17 % of 
pair-fed control levels). Moreover, increases in hypothalamic NMDA 
receptor NR1 subunit peptide levels (135 ± 13%) were not altered by 
ovariectomy (128 ± 16%), while ED male rats show no effect on NR1 
peptide levels. Preliminary findings also suggest no differences in 
cerebral cortical subunit peptide levels between ED INT and OVX rats. 
Furthermore, OVX did not alter basal measures of bicuculline seizure 
threshold (0.42 ± 0.01 vs 0.38 ± 0.01 mg/kg bic, for INT vs OVX, 
respectively) or reductions in seizure threshold during ethanol 
withdrawal (0.29 ± 0.01 vs 0.29 ± 0.01 mg/kg bic). These data 
suggest that ovarian steroids are not required for gender-selective 
adaptations associated with ethanol dependence. Supp. by AA00191.

816.6
THE RESPONSE OF CAMP AND CGMP TO ETHANOL IN HYPOTHALAMIC 
AND HIPPOCAMPAL CULTURES. IMP Jackson1* OuanFu Mao and Lu- 
.Guane Luo. Division of Endocrinology, Rhode Island Hospital, Brown University 
School of Medicine, Providence, RI 02903.

In recent years, there have been major developments towards understanding 
the molecular and/or cellular changes in the neuronal second-messenger pathways 
during ethanol dependence. In general, it is believed that the cyclic adenosine 3’,5- 
monophosphate (cAMP) and cyclic guanine monophosphate (cGMP) pathways may 
be the intracellular targets that mediate the action of ethanol and ultimately 
contribute to the molecular events involved in the development of ethanol tolerance 
and dependence. Several laboratories have demonstrated that acute and chronic 
ethanol exposure changes neuropeptide secretion in the rodent brain by influencing 
the cAMP and cGMP systems. Recent studies in our laboratory indicate that ethanol 
inhibits TRH expression in hippocampal and hypothalamic cultures in a dose 
dependent manner. To determine whether the cAMP and cGMP pathways play a 
role in the ethanol effect on TRH release, we measured the response of cGMP and 
cAMP following acute and chronic ethanol exposure in seventeen day rat fetal 
hippocampal and hypothalamic cultures. The results showed that ethanol (25 mM) 
increases cAMP in the hippocampus at 7 hr (106.72 ± 2.84 vs. 89.99 ± 1.98 control; 
p<0.001) but not at 7 days, and did not affect cAMP at either time in the 
hypothalamus. In contrast, ethanol increased cGMP at 7 days in both hippocampal 
(21.70 ± 0.70 vs 17.76 ± 0.49 control; p<0.01) and hypothalamic (25.23 ± 0.54 vs
22.10 ± 0.85 control; p<0.01) cultures but not at 7 hr in either location. Summary:
1. at 7 hr ethanol significantly increases cAMP in the hippocampus though not in the 
hypothalamus or in either location at 7 days. 2. cGMP was not altered at 7 hr, but in 
both locations was significantly increased at 7 days. Conclusion: these findings 
suggest that the early and late inhibition of TRH by ethanol in these separate brain 
regions may involve different second messenger systems.

816.7

STEREOLOGICAL INVESTIGATION OF THE MYELINATED NERVE FIBERS 
IN THE HUMAN BRAIN WHITE MATTER OF ALCOHOLICS. Y. Tang1*, J. R. 
Nyengaard1, B. Pakkenberg2 and H. J. G, Gundersen1. ‘Stereological Res. Lab.,
Aarhus Univ., Neurological Res. Lab., Bartholin Inst., Copenhagen, Denmark.

The objective of this study was to test the general belief that alcohol causes 
degeneration of axons and dendrites, and thereby results in loss of white matter. The 
material comprised 11 male brains from normal subjects and 11 male brains from 
alcoholics matched for age. Uniformly random sampling of one complete 
hemispherical white matter was performed. The total volume and total length of the 
myelinated fibers in brain white matter were estimated by the use of design-based 
stereological methods. The size of the myelinated fibers was derived by measuring the 
profile diameter perpendicular to its longest axis. The volume of the brain white 
matter in the alcoholic group, 459 cm3 (0.12) (CV in parentheses), was decreased non- 
significantly by 9% compared with that of the normal group, 503 cm3 (0.19). The 
volume of the myelinated fibers in the brain white matter of the alcoholic group, 157 
cm3 (0.15), remained unchanged compared to that of the normal group, 160 cm3 
(0.21). The total length of the myelinated nerve fibers in the brain white matter of the 
alcoholic group, 98 • 103 km (0.20), was non-significantly changed compared to that 
of the normal group, 106 • 103 km (0.18). The mean diameter of the myelinated fibers 
in the alcoholic group, 1.23 pm (0.09), was non-significantly changed compared to 
that of the normal group, 1.16 pm (0.12). Our findings showed that the total length, 
total volume and mean diameter of the myelinated nerve fibers in the brain white 
matter were unchanged in alcoholics when compared with those of the normal 
subjects. The results indicate that chronic alcoholics mainly loose extracellular space 
rather than the myelinated nerve fibers in the brain white matter.

The Foundation for Res. in Neurology, the Lundbeck Foundation, Foundation for 
Research in Psychiatry'.

816.8
ASSOCIATION OF A FUNCTIONAL p-OPIOID RECEPTOR ALLELE 
(+118A) WITH ALCOHOL DEPENDENCY. T. Town1*, L. Abdullah1, F. 
Crawford1, J. Schinka2, P, I. Ordorica2, E. Francis2, P. Hughes2, R, Duara3 and M.
Mullan1. ’The Roskamp Institute, University of South Florida, 3515 E. Fletcher 
Ave., Tampa, FL 33613; 2Veteran's Administration Medical Center, Tampa, FL; 
3Mount Sinai Memory Disorder Clinic, University of Miami Medical School, 
Miami, FL.

Genetic association studies have implicated the TaqI Al allele of the human 
dopamine D2 receptor gene (DRD2) as a risk-determining factor for alcohol 
dependency. However, as alcoholism is a disease of polygenic inheritance, the 
percentage of overall disease variance explained by the TaqI Al allele is small. 
In searching for other genetic loci which may, either alone or in combination with 
DRD2, enhance prediction of alcoholism, we have found a novel association (by 
allele, p = .019; by genotype p = .020) between a functional coding variant 
(+118A) within the human p-opioid receptor gene and alcohol dependency. In 
our sample of 122 alcohol dependent patients and 105 epidemiologic-based 
controls, we find that an approximate 2-fold risk for alcoholism is incurred by the 
+118A allele. No association was detected between the DRD2 TaqI Al allele and 
alcoholism in our sample, nor did we find synergy between +118A and TaqI Al 
alleles on prediction of risk for the disease. These results suggest that, at the 
molecular level, the endogenous p-opioid receptor system is a contributing factor 
to the etiology of alcoholism.

ISCHEMIA: ISCHEMIC TOLERANCE AND NEUROPROTECTION

817.1

ISCHEMIC TOLERANCE IN CORTICAL NEURONAL CULTURES 
REQUIRES AN INTACT Ras/MAPK PATHWAY. M, Gonzalez-Zuluetai*. A.B, 
Felman1, J.F. Dillman 1. R.G. Kalb2. L.J. Klesse3, L.F. Parada3, T.M.
Dawson Land V.L. Dawson L iDept. of Neurology, , Johns Hopkins Univ. Sch. of 
Med., Baltimore, MD 21287; 2Dept. of Neurology, Yale Univ., New Haven, CT 
06520; 3Center for Dev. Biol., Univ. of Texas, Southwestern Med. Center, Dallas, 
TX 75235-9133.

A transient sublethal ischemic episode protects against neuronal damage after 
subsequent lethal ischemic insults. Although candidate mediators have been 
suggested, the mechanisms of ischemic tolerance are poorly understood. To gain 
insight into the underlying basis of this phenomenon we preconditioned 14 day in 
vitro cortical neurons with 5 minutes of oxygen-glucose deprivation 24 hr before a 
60 minute exposure to oxygen-glucose deprivation. Tolerance was not induced if 
the NMDA-type of glutamate receptor inhibitor, MK801, or the nitric oxide (NO) 
synthase inhibitor, nitro-L-arginine methyl ester (L-NAME), were applied during the 
preconditioning episode. Five minute application of non-toxic doses of NMDA (50 
p.M) or NO donors (10 pM) induced neuroprotection against a lethal ischemic insult 
24 hr later. NMDA receptor activation has been shown to activate the Ras/MAPK 
survival pathway through NO. We now show that preconditioning induces Ras 
activation in a NO-dependent, cGMP-independent manner. Blockade of Ras function 
by the pharmacological inhibitor FPT or by overexpression of dominant negative 
Ras (RasN17) prevents ischemic tolerance. In contrast, pharmacological and genetic 
inhibition of phosphatidyl inositol 3' kinase (PI3K), essential for survival in 
various cell lines and primary neurons, does not have any effect on the development 
of ischemic tolerance. Furthermore, the MEK inhibitor PD98059 blocks tolerance, 
and constitutively active Ras induces neuroprotection to lethal ischemic insults. 
Our observations implicate activation of the Ras/MAPK survival cascade by NO as 
a crucial mechanism in the development of ischemic tolerance in cortical neurons in 
vitro.

Supported by The Boehringer Ingelheim Funds, American Heart Assoc., & NIH.

817.2

ISCHEMIC BRAIN INJURY IS REDUCED IN MICE LACKING A2A 
ADENOSINE RECEPTORS. M..A^_Schwarzschild*, Z, Huang, J, Ma,AM 
ZhM, R, Mocalalte, p... standaert, M. .Mps Kqw Iu , J,$,.Fink„ andJL-E»
Chen, Depts. of Neurology and Neurosurgery, Massachusetts General 
Hosp., Charlestown, MA 02129.

Extracellular adenosine modulates ischemic brain injury, at least in 
part through activation of the A1 adenosine receptor. The role played 
by the A2a receptor has been less clear. To overcome the 
pharmacological limitations of A2a adenosinergic agents, we explored 
the effects of inactivating the A2a adenosine receptor on brain damage 
following transient focal ischemia. Cerebral development, as well as 
vascular and physiologic measures (before, during, and after 
ischemia) were indistinguishable between A2a receptor knockout (A2a 
KO) and wild-type littermates. Cerebral infarct size after transient 
filament occlusion of the middle cerebral artery was attenuated in A2a 
receptor KO mice (by 30% as measured by H&E staining, and by 77% 
using TTC staining; p<0.05 by either method.) Although brain A2a 
receptors are largely localized to the striatum, regional analysis 
showed significant reductions in infarct volumes in cortex as well as 
striatum. A2a KO mice also displayed significantly fewer signs of 
contralateral motor dysfunction 24 hours after ischemia. The 
reductions of infarction volume and functional deficit were observed 
independent of genetic background (in both C57BI/6 x 129/sv and 
pure 129/sv mouse lines.) These data suggest that A2a receptors play 
a prominent role in the development of tissue injury within brain, and 
demonstrate the potential for anatomical and functional 
neuroprotection by A2a receptor antagonists. (Supported by NIH 
DA07496, 5P50 NS10828, NS0179; NARSAD; Scottish-Rite; NPF.)
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817.3
Activation  of  p53 and  its  target  genes  P2iWAFt/c,pl and  PAG608/Wig -1 in  
ISCHEMIC PRECONDITIONING. G. Tomasevic1*. M. Shamloo1, D. Israeli2 and T. 
Wieloch1. division of Experimental Brain Research, Wallenberg Neuroscience 
Center, Lund University Hospital, S-221 85 Lund, Sweden and 2Gene Therapy 
Program, Genethon II, Cedex, France.

A brief, 3 min period of global forebrain ischemia in the rat, induced by bilateral 
common carotid occlusion combined with hypotension, confers resistance to 
hippocampal pyramidal neurons against a subsequent 10 min ischemia, which is 
normally lethal to these cells. The tumor suppressor p53 is activated in response to 
cellular stress, e.g. hypoxia and DNA damage, and has been implicated in neuronal 
death. Using in situ hybridization, we investigated the hippocampal mRNA 
expression of p53, and two of its target genes, p2lWAF1/c,pl and the recently cloned 
PAG608/Wig-l, in a two-vessel occlusion model of ischemic preconditioning. We 
also evaluated changes in the protein levels of p53 and PAG608/Wig-l using 
immunohistochemistry. The mRNA levels of all three genes increased in the 
ischemia sensitive CA1 region both following 3 min (non-lethal) preconditioning 
and 10 min of (lethal) nonconditioned ischemia. In contrast, after 10 min of ischemia 
preconditioned by a 3 min ischemic insult 48 hours earlier, no upregulation of these 
genes was detected in the CA1. Following 10 min of nonconditioned ischemia, 
increased neuronal immunostaining of p53 and PAG608/Wig-l was observed in the 
hippocampus, which was less pronounced following 3 min of preconditioning 
ischemia and 10 min of preconditioned ischemia. Our results demonstrate that 
activation of p53 and its response genes p21WAF1/c'pl and PAG608/Wig-l occurs in 
the brain following lethal as well as non-lethal ischemic insults, and that ischemic 
preconditioning markedly diminishes this activation.
Supported by: The Swedish Medical Research Council (grant 8644), the European 
Union BIOMED II (grant BMH4-CT95-0527), Juvenile Diabetes Foundation 
International and the Bergendahl Foundation.

817.4
EXPRESSION OF GLUTAMATE RECEPTORS SUBUNITS IN THE 
HIPPOCAMPUS CA1 REGION AFTER TOLERANCE INDUCTION AND 
GLOBAL ISCHEMIA AS REVEALED BY QUANTITATIVE PCR ANALYSIS. 
Alsbo C., Wrang M.L., Kioller C.*, Diemer N.H. Laboratory of Neuropathology, 
Univ. of Copenhagen, Denmark.

Excitotoxicity and excitatory neurotransmission are mainly mediated by 
glutamate receptors. An important group of glutamate receptors are the AMPA 
receptors witch can be composed of four different subgroups, GluRl-4. Regulation 
of the AMPA receptors has been proposed to play a key role of the pathogenesis of 
neuronal death in the CA1 region of the hippocampus. In this study we investigated 
whether a short preconditioning ischemia, known to induce tolerance to a 
subsequent ischemic insult, was accompanied by changes in the AMPA receptor 
subunit mRNA expression. A similar analysis was performed on ischemic animals. 
Adult rats were divided into three groups: 1) Control animals (non-handled).
2) Ischemic animals: 7 min. of 2-vessel occlusion plus hypotension, 1 day survival.
3) Ischemia tolerant animals: 3 min. of preconditioning ischemia and 3 days 
survival. The CA1 region was isolated and RNA was extracted. Quantitative PCR 
was used to analyze the mRNA expression of GhiRl, GluR2 pan, GluR2 flip and 
GluR2 flop. In the tolerant animals we found a significant upregulation of GluRl, 
GluR2 pan and GluR2 flop compared to the control animals. GluR2 flip was not 
changed in tolerant animals. The tolerant animals showed a significantly greater 
upregulation of GluR2 pan/flop than of GluRl. The ischemic animals showed a 
significant downregulation of all the analyzed mRNAs. The downregulation of 
GluR2 pan/flop relative to the downregulation of GluRl, was not significantly 
different from control animals. These results indicate that selective regulation of 
AMPA receptor subunits may play a role in tolerance induction possibly enhancing 
AMPA receptor desensitization.
Supported by Graduate School of Drug Research, Univ. of Copenhagen, Denmark

817.5

DIFFERENTIALLY EXPRESSED mRNA IN ISCHEMIA TOLERANT RAT 
BRAIN DETECTED BY NEW DIFFERENTIAL DISPLAY TECHNIQUE, 
RFDD-PCR .ML^!WL.CAtokF JVteUer JensenLR JlMStW2, 
P.W-arthre2. N,H, Eforogy1.. T.Bntfffi1*. ’Lab. of Neuropathology, Univ. of 
Copenhagen, Denmark; 2DispIay Systems Biotech, Copenhagen, Denmark.

Previous work has shown that ischemic preconditioning (3 min) induces a 
state of tolerance to subsequent ischemic insults (7 min) in the CA1 region of 
the hippocampus in rat brain. The mechanism whereby ischemic tolerance is 
induced is unknown, but transcriptional regulations are suspected to be 
involved.

In the present work we have applied a new differential display technique 
called Restriction Fragment Differential Display - PCR (RFDD-PCR) to the 
CA1 region from rats made tolerant by four-vessel occlusion. RFDD-PCR 
allows selective amplification of adaptor-ligated cDNA fragments preferentially 
from the coding region of mRNA and is thus ideal for studying transcriptional 
regulations. RFDD-PCR analysis of naive, sham and tolerant animals three days 
after induction of tolerance showed that the majority of the changes took place 
from naive to sham animals, indicating that the handling of the animals resulted 
in a large number of differentially expressed mRNA It was nonetheless 
possible to identify 60 cDNA fragments, which changed more than two fold 
from sham to tolerant animals, i.e. fragments related to induction of ischemic 
tolerance. 16 of these were analysed further, ten of them were found to be part 
of hitherto unknown sequences, and six were part of known sequences. The 
known sequences are: SCI, p68 RNA helicase, phosphodiesterase I, GluR2- 
flop, 18S iRNA and a highly repetetive component. Competitive quantitative 
PCR was performed for four of the differentially expressed fragments, and 
verified the degree of regulation found by RFDD-PCR analysis.
(Supported by a grant from the “Danish Medical Research Council”)

817.6

ADENOSINE A1 RECEPTORS PRECONDITION THE RAT BRAIN 
AGAINST HYPOXIA-ISCHEMIA DAMAGE ONE DAY LATER. MI. 
Sweeney* and D.S. Campbell. Department of Biology, University of Prince 
Edward Island, Charlottetown, PE, Canada. CIA 4P3.

Brief sub-lethal ischemia to rodents protects the brain against subsequent lethal 
ischemia. This ischemic preconditioning may be mediated by adenosine since 
adenosine receptor antagonists block while A1 receptor agonists mimic the 
preconditioning effect (when administered 15 minutes before lethal ischemia). In 
this study, we have injected the selective adenosine A1 receptor agonist CPA 24h 
before lethal ischemia and evaluated the effects on ischemia-induced damage. 
Ischemia was induced unilaterally in male rats by permanent surgical ligation of 
the left common carotid artery; animals then were made hypoxic by breathing 8% 
oxygen for 45min. One day after this mild hypoxia-ischemia (H-I), there was a 
20-25% loss of viable neurons on the left side of the hippocampus as compared 
to the right (control) side. Damage was greater in the CA1 and CA3 sub-fields, 
and negligible in the CA2 region. Animals injected with CPA (0.001-lmg/kg) 24 
hr before H-I showed a significant reduction in neuronal damage or death after 
H-I (ED5O=82pg/kg; maximum 85% sparing of cells). This neuroprotection was 
reversed by the A1 receptor antagonist DPCPX. These data confirm previous in 
vitro results in our laboratory and indicate that activation of adenosine A1 
receptors 24h before hypoxia- ischemia produces long-lasting protection against 
neurotrauma. Preliminary data suggest that a mechanism for this preconditioning 
effect involves both metabolic and genomic changes to neurons.
Supported by the Heart & Stroke Foundation of PEI in a grant to MS.

817.7

DELAYED TREATMENT WITH NICOTINAMIDE IMPROVES 
NEUROLOGIC OUTCOME AND REDUCES INFARCTION IN 
TRANSIENT FOCAL CEREBRAL ISCHEMIA IN RATS LL 
Ay.ottb*fc.T, Makadai^Ji.Qgilvy, K, I, Maynard Neurophysiology 
Laboratory, Neurosurgical Service, Massachusetts General Hospital and 
Harvard Medical School, Boston, Massachusetts, USA.

Nicotinamide (NAm, vitamin B3), increases ATP in the brain, is a precursor 
of nicotinamide adenine dinucleotide and is a polyADP-ribose polymerase 
inhibitor. We previously showed that NAm reduced brain infarction in rats 
induced by permanent middle cerebral artery occlusion (MCAO).

In this study, we subjected male Wistar rats (300-330 g) to 2 h of MCAO. 
Upon reperfusion, they received either saline or NAm (500 mg/kg, IP), (n>10 
per group) and were sacrificed either after 3 or 7 days. Neurologic scores and 
infarction volumes were obtained. Data were analyzed using ANOVA 
(repeated measures ANOVA for the neurologic score which was recorded daily).

Neurologic Score % Infarction volume
Saline NAm Saline NAm

3 day 2.33±0.69 1.79±0.92* 28.3±8.5 15.4±13.7’
7 day 1.94±0.75 1.47±1.04* 24.4±11.0 15.8+11.9
(Data are represented as mean istandard deviation, ’ means P<0.05.) NAm- 
treated rats had significantly improved neurologic scores at 3 and 7 days after 
MCAO. Infarction volumes were reduced in both groups, but only reached 
significance in rats sacrificed at 3 days after MCAO.

NAm is neuroprotective in a model of cerebral ischemia/reperfusion in 
Wistar rats. Further studies are needed to test whether multiple doses of NAm 
may improve the extent and duration of this effect.
KIM is a Minority Scientist Development Awardee of the American Heart 
Association and CSO is funded by NIH # NS01732.

817.8

HYPERBARIC OXYGEN IMPROVES OUTCOME AFTER TRANSIENT 
FOCAL ISCHEMIA IN RATS. R, Veltkamp1. D.S. Warner2. F, Domoki1. A.P. 
Brinkhous2. J.F. Toole1*. D.W, Busija1. ’Dept. of Physiology/Pharmacology, 
Wake Forest Univ. Sch. of Med., Winston-Salem, NC 27157; 2Dept. of 
Anesthesiology, Duke University, Durham N.C. 27710

Tissue hypoxia during cerebral ischemia contributes to immediate and 
secondary cell damage. Although hyperbaric oxygen (HBO) increases the 
amount of oxygen dissolved in blood plasma, its effectiveness in cerebral 
ischemia is controversial. We tested the hypothesis that HBO initiated early 
after focal ischemia-onset protects the brain under temperature controlled 
conditions. Male Wistar rats (n=56) underwent reversible filament occlusion of 
the middle cerebral artery for 75 min. Ten minutes after filament introduction, 
awakened rats received a 60 minute^course of 100% O2 at either 1.0 ata 
(atmosphere absolute; control), 1.5 ata, or 2.5 ata in a HBO chamber allowing 
pericranial temperature control. Seven days after ischemia rat behavior was 
scored (2-18; 18=normal) and brains removed for infarct volume measurements. 
Rats treated with HBO 2.5 ata had better mean±SD behavioral scores (14±2; 
p<0.05) than control (10±3) or HBO 1.5 ata (11±3) treated animals. Also, 
total infarct volumes (mean±SD) were smaller in the HBO 2.5 ata (76±65mm3; 
p<0.05) than in the control (129±83) or HBO 1.5 ata groups (119±68).
Cortical infarction occured less frequently in the HBO 2.5 ata group (44% vs. 
71%). We conclude that HBO can improve outcome after focal ischemia if 
started early after ischemia-onset. Potential mechanisms include enhanced 
oxygen supply to marginally perfused areas in the penumbra.
Supported by HL-30260, HL-46558, HL-50587, GM39771-13

Society  for  Neuroscience , Volume  25, 1999



2052 ISCHEMIA: ISCHEMIC TOLERANCE AND NEUROPROTECTION THURSDAY AM

817.9
NEUROPROTECTIVE EFFECT OF NMDA/GLYCINE SITE ANTAGONISTS 
IN AN EXPERIMENTAL MODEL OF CARDIAC ARREST-INDUCED 
MOVEMENT DISORDERS. A.G. Kanthasamy* BQ, Nguyen and D.D. Truong, 
Paridnson & Mvt. Disorders Inst., Long Beach Memorial Medical Center, CA 90801

Posthypoxic myoclonus and anoxic seizure precipitate as secondary neurological 
consequences following severe global ischemic/hypoxic insults. The underlying 
neurochemical mechanisms for posthypoxic neurological deficits remain elusive, and 
until recently, there has been no suitable animal model available to study them. We 
have developed an animal model of PHM by inducing a severe cardiac arrest in rats 
that results in a condition whose neurological and pharmacological characteristics 
resemble those found in posthypoxic conditions in humans. It has been suggested that 
neuronal hyperexcitation mediated through glutamatergic neurotransmission may 
participate in the neurological and neuropathological conditions. Therefore, we 
evaluated the effect of a novel NMDA/glycine site antagonist, namely L-689560, in 
attenuating neurological and neuropathological consequences in an animal model of 
cardiac arrest-induced neurological deficits. Administration of the test compound at 
10 mg/kg (i.p.) significantly (p<0.001) attenuated cardiac arrest-induced seizure and 
myoclonus as compared to vehicle treated group. Histological examination of brain 
tissues was carried out using cresyl violet and Fluoro-Jade staining procedures. We 
observed a severe loss of hippocampal CA-1 pyramidal and cerebellar purkinje 
neurons in the cardiac arrested rats. The antagonist treatment significantly reduced 
the cardiac arrest-induced degeneration of pyramidal and purkinje neurons. However, 
at the 5 mg/kg dose, the antagonist did not offer any protective effect. Together, the 
results suggest that NMD A receptor mediated overexcitation may play a role in the 
neurological and neuropathological changes following cardiac arrest, and the 
NMDA/glycine site antagonist may serve as therapeutic agent for cardiac arrest- 
induced movement disorder. [Supported by LBMMC and Myoclonus Research 
Foundations]

817.10

SURGICAL REMOVAL OF NECROTIC TISSUE AFTER MIDDLE CEREBRAL 
OCCLUSION (MCAO) REDUCES INFLAMMATION AND VOLUME OF 
INFARCT. R. Siushansian,1 V.C. Hachinski,12‘ C.C.G. Naus,12 and D.F., 
Cechetto.12 department of Anatomy and Cell Biology, University of Western 
Ontario, and 2Clinical Neurological Sciences, London Health Sciences Centre, 
London, Ontario, Canada N6A 5C1.

Ischemic stroke results in massive inflammation, necrotic and apoptotic cell 
death, and loss of brain function. Over time, the peri-infarct tissue that escapes 
the initial insult may also be irreversibly damaged as a result of harmful agents 
released by dead brain cells and immune cells that infiltrate the brain following 
injury. We hypothesized that surgical removal of necrotic brain tissue following 
stroke decreases infarct volume, apoptotic cell death and inflammation. 
Anaesthetized rats underwent permanent occlusion of the right middle cerebral 
artery (MCAO). One or 3 days following MCAO, animals were reanaesthetized, 
infarct site was exposed and, in half the animals, necrotic tissue was carefully 
removed by suction. Seven, 10, and 14 days following this procedure, the 
animals were sacrificed by transcardial perfusion, brains were removed and 
sectioned. Total infarct volume (thionin staining), apoptotic cell death (terminal 
deoxynucleotidyl transferase mediated dUTP-biotin nick end labelling, TUNEL 
staining), and area of inflammation (mouse Anti 1-A, MRC OX-6, antibody) 
were measured. Animals that underwent dead tissue removal 3 days following 
MCAO did not exhibit significant differences in the infarct volume, apoptosis or 
inflammation compared to the sham. Rats undergoing dead tissue removal one 
day after MCAO had reduced volume of inflammation at all survival times and 
a smaller infarct at 14 days. There were no changes in apoptotic cell death. 
These results suggest a new therapeutic strategy following cerebral ischemia 
which may prove to be important for some stroke patients. Supported by Heart 
and Stroke Foundation of Ontario.

817.11

Inhibition of HMG-CoA Reductase by Mevastatin Reduces Injury after
Middle Cerebral Artery Occlusion (MCAO) in Mice
Nancy E. Stagliano1*, Sepideh Amin-Han jani2, Masaru Yamada2, Paul L.
Huang1', James K. Liao3, and Michael A. Moskowitz2 ’Cardiovascular
Research Center, Department of Medicine, 2Stroke and Neurovascular Regulation 
Laboratory, Massachusetts General Hospital, Cardiovascular Division, Brigham 
and Women's Hospital, Harvard Medical School, Charlestown, Massachusetts, USA 
The protection against stroke and myocardial infarction afforded by the 
widely used HMG-CoA reductase inhibitors(statins) may extend beyond 
cholesterol lowering. We recently reported decreased ischemic injury after 
chronic simvastatin (an HMG-CoA reductase inhibitor) in a murine model of 
transient MCAO. The benefit was correlated with an increase in endothelial 
nitric oxide synthase (eNOS) expression and was absent in mice that lacked 
eNOS, suggesting a predominant protective role for eNOS. In the present 
study, we show that the protective actions of simvastatin extend to other 
members of this chemical class by reporting protection after pretreating with 
another statin inhibitor, mevastatin. Mice treated for 7,14 or 28d with 2 or 20 
mg/kg/d of mevastatin or vehicle were exposed to 2h MCAO. After 22h 
reperfusion, mice were sacrificed and infarct volumes were quantified 
using TTC-stained brain sections. Mevastatin at 20 mg/kg/d for 14d 
significantly reduced brain injury (mean+SD: 97.9+26.3 vs.
71.6+19.3mm3,p<0.05). No benefit was seen with 7d pre-treatment. Using 
the 14C-iodoamphetamine indicator fractionation technique, absolute CBF 
increased by 30% above control with 20 mg/kg/d mevastatin. The statins 
upregulate eNOS and increase CBF which may contribute to the protection 
against cerebral ischemia in mice and may indicate a secondary benefit in 
humans. FUNDING SOURCES: AHA Massachusetts Affiliate, MGH Fund 
For Medical Discovery and NIH MGH Stroke Program Project.

817.12

STIMULATION OF THE SUBTHALAMIC CEREBROVASODILATOR AREA 
(SCA), A FUNCTIONALLY RESTRICTED CEREBRAL VASODILATOR 
REGION, PROTECTS AGAINST FOCAL ISCHEMIC INFARCTION S.B. 
Glickstein*, E.V. Golanov. C.P. Ilch and D.J. Reis, Dept. of Neurol. & Neurosci., 
Weill Med. Coll, of Cornell Univ., NY, NY 10021

A functionally discrete subthalamic region, encompassing portions of the zona 
incerta and lateral hypothalamus, the subthalamic cerebrovasodilator area 
(SCA), appears to mediate the global elevations of regional cerebral blood flow 
(rCBF) and EEG synchronization in rat cerebral cortex evoked by hypoxic 
excitation of sympathoexcitatory neurons of the rostral ventrolateral medulla 
(RVL) (Golanov et al Soc, Neurosci Abstr, 1999). We investigated whether 
stimulation of the SCA would, like stimulation of cerebellar fastigial nucleus (FN), 
produce central neurogenic neuroprotection; (Reis et al, Ann NY Acad Sci, 
1997) and thereby protect the brain against ischemic injury produced by 
occlusion of the middle cerebral artery (MCAO). Arterial pressure, rCBF, and 
brain temperature were measured in groups (n=5-6/grp) of rats of the Sprague- 
Dawley (SD) or Fisher (F) strains. The SCA, functionally identified by 
microstimulation, was stimulated for 1 h (50 Hz, 100 pA) and the MCA occluded. 
In controls, either the FN (positive control) or dentate nucleus (DN, negative 
control) were comparably stimulated or an electrode was inserted into SCA but 
not stimulated (sham control). Rats were sacrificed 24h following MCAO. In SD 
rats, stimulation of SCA or FN reduced lesions from 36.2±6.9 (sham control) to 
18.5±5.0 or 16.3±7.2 mm3, respectively (p<0.05 each ) while in F rats, SCA or 
FN stimulation reduced lesions from 41.7±6.3 (DN control) to 17.6±6.4 or 
21.2±2.8 mm3 respectively (p<0.05 each). The zone of salvage corresponded 
to the ischemic penumbra. Salvage was not attributable to changes in blood 
gases, brain temperature, rCBF nor to rat strain. Excitation of neurons and/or 
fibers projecting through the SCA can reduce ischemic infarctions by ~40-50%, 
as substantial as that evoked from FN. The SCA is part of an intrinsic system in 
CNS which when excited, acts to protect the brain from ischemic and excitotoxic 
injury. Supported by: NHLBI (PO1HL18974) and NEI (T32EY07138)

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: 
ANIMAL MODELS—NEUROTOXICITY

818.1

PAMYLOID DEPOSITS IN THE AGED RHESUS BRAIN: 
PATHOLOGICAL EFFECTS. C. Geula*. S. Sani. A, Klink. C.-K. Wu and D. 
Kuznetsov. BI-Deaconess Medical Center and Harvard Medical School, Boston, 
MA 02215.

Recent work at our laboratory has demonstrated that cortical injections of the 
fibrillar from of pamyloid (Ap), at plaque-equivalent concentrations, cause 
significant neuronal loss, microglial proliferation and tau phosphorylation in the 
aged non-human primate (Nature Medicine, 4:827-831, 1998). To be of relevance 
to the pathophysiology of Alzheimer’s disease (AD), these abnormalities must also 
be demonstrated in connection with native Ap which is deposited in AD and aging 
brains. Here we provide direct evidence of pathology associated with Ap deposits 
in 5 rhesus monkeys aged 26-29 years. The cerebral cortices of all animals 
contained both diffuse and compact Ap deposits. A subpopulation of Ap deposits 
was thioflavin S-positive, indicating that Ap had acquired the P-pleated sheet 
conformation characteristic of fibrillar Ap in compact deposits. Little pathology 
was associated with diffuse Ap deposits. In contrast, the cortical area surrounding 
many compact Ap deposits displayed marked loss of neurons. A significant 
number of microglia were associated with some compact deposits. 
Immunohistochemistry with the PHF1 antibody, which recognizes tau 
ph os ph oryla ted at Ser396/404, visualized dystrophic neurites associated with Ap 
deposits. Neurofibrillary tangles were not observed in these cases. The area 
surrounding many compact plaques also displayed a dramatic loss of 
acetylcholinesterase-positive (cholinergic) axons. These findings indicate that 
deposition of Ap in plaques is capable of producing virtually all of the 
pathological features observed in Alzheimer’s disease. They also suggest that the 
aged primate brain is an ideal model for studies of the pathology associated with 
Ap. (Supported by Novartis Pharma, Inc. and NIH AG13314)

818.2

PAMYLOID DEPOSITS IN THE AGED RHESUS BRAIN: 
DISTRIBUTION, PROGRESSION AND CHEMICAL SIGNATURE. A 
Klink. S. Sani. K.R. Daffner*. D. Kuznetsov. C.-K. Wu and C. Geula. BI-
Deaconess Medical Center and Harvard Medical School, Boston, MA 02215.

We recently reported that the cerebral cortex of the aged primate is selectively
vulnerable to Pamyloid (AP) toxicity (Nature Medicine, 4:827-831, 1998), 
suggesting the non-human primate as an ideal animal model for studies of the 
effects of Ap. Here we present information on the distribution and chemical 
composition of native Ap deposits in the brains of 5 rhesus monkeys aged 26-29 
years. The cerebral cortex of all animals contained variable numbers of Ap 
deposits. In the mildly affected cases (2 animals), only association cortical zones, 
such as the superior temporal gyrus, contained Ap deposits. In one animal with a 
moderate density of lesions Ap deposits were also observed within paralimbic 
cortical zones such as the insula and orbitoffontal cortex. In severely affected 
animals (2 cases), Ap deposits were also observed in core limbic structures such as 
the hippocampus and amygdala. In all animals, association cortical areas always 
contained a higher density of plaques than other zones. The number of plaques in 
the aged rhesus which contained Ap40 was similar to the number containing 
Ap42. About 21% of Ap deposits were thioflavin-S-positive, indicating that Ap 
had attained the p-pleated sheet conformation (had become fibrillar). A large 
population of cortical Ap deposits contained acetylcholinesterase (24%) and 
butyrylcholinesterase (48%) activity of the type observed in these deposits in 
Alzheimer’s disease (AD). A smaller percentage of Ap deposits also contained 
apolipoprotein E (20%) and heparan sulfate proteoglycans. These results indicate 
that Ap deposits in the aged rhesus display similar distribution, progression and 
chemical composition to those in the aged human and AD. They also confirm that 
the aged non-human primate is an appropriate animal model of Ap deposition in
AD. (Supported by Novartis Pharma, Inc. and NIH AG13314)
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818.3

ALUMINUM INJECTIONS INTO THE BRAINS OF mAPP/mPS1 
TRANSGENIC MICE. G. DiCario , M.N. Gordon, V. Di Carlo & D.G. 
Morgan?Alzheimer Research Laboratory, Dept. of Pharmacology, 
University of South Florida, Tampa FL 33612.

A number of observations have suggested that aluminum may play a role 
in the etiology and.or pathology of Alzheimer’s dementia. The strongest 
evidence suggests a role of aluminum in the formation of neurofibrillary 
tangles.

To date none of the transgenic Alzheimer mouse models exhibit the 
paired helical filaments characteristic of neurofibrillary tangles. As a first 
attempt to cause the development of tangles we injected aluminum acetate 
into the brains of doubly transgenic mAPP (Tg2576;K670N;M671 L; K. 
Hsiao) / mPS1(Line 5.1M146V; K. Duff) mice. Aluminum acetate was 
dissolved in water at 5 pg/pl and the pH adjusted to 7.4. Control mice 
received injections of sodium acetate at the same concentration. Injections 
of 1 pi each were placed into the left and right cerebral cortex and the left 
and right hippocampus of 12 month old doubly transgenic and 
nontransgenic mice. Mice were killed 15 days later.

The aluminum placements were confirmed using the Morin staining 
technique. Aluminum and control injected mouse brains were stained for 
PHF-1 immunocytochemistry, Ap immunocytochemistry, silver staining, 
DNA end-labeling and congo red staining. No apparent differences were 
found in any of the staining methods between aluminum and control 
injected mice except for the Morin aluminum stain. Although other 
administration regimens or aluminum formulations might reveal toxic 
interactions between aluminum and these transgenic mice, this first 
approach has failed to identify such an interaction for the markers 
evaluated here. Supported by AG14633.

818.4

WITHDRAWN

818.5

NEUROPEPTIDES IN HIPPOCAMPUS AND CORTEX IN TRANGENIC 
MICE OVEREXPRESSING V717F G-AMYLOID PRECURSOR PROTEIN 
M. DIEZ,*1 J, KOISTINAHO.1’ 2 D. GAMES.3 AND T, HOKFELT1 
1 Department of Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden 
^A.I. Virtanen Institute, University of Kuopio, Finland, ^Athena Neurosciences, 
Inc., South San Francisco,

Alzheimer's disease (AD) is characterised by neuronal cell death, loss of synaptic 
connections, aberrant nerve fibers, paired helical filaments and amyloid plaques, 
whereby amyloid precursor protein (APP) is the main component of the plaques. In 
the present study immunohistochemistry was used to analyse 18 and 26 month old 
transgenic mice overexpressing the human APP with regard to presence and 
distribution of several neuropeptides. In addition, antisera to APP, glial fibrillary 
acidic protein , tyrosine hydroxylase (TH) and acetylcholine esterase (AChE) were 
used. These mice showed numerous amyloid plaques in the hippocampus and 
cortex. The most pronounced changes were related to neuropeptides, whereas only 
small differences were observed between wild-type and transgenic mice with regard 
to TH and AChE. The main findings were of two types, involvement of peptide- 
containing neurites in APP plaques, and more generalized changes such as increases 
of peptide levels in specific layers and subregions in the hippocampal formation and 
ventral cortices, whereas the parietal and auditory cortices were comparatively less 
affected. The peptides immunoreactivities most strongly involved, both in plaques 
and generalized changes, were galanin, neuropeptide Y, cholecystokinin and 
enkephalin.
The results show that several neuropeptides participate in amyloid deposit formation 
leading to neuritic plaques. These and the generalized changes in peptide expression 
and peptide-containing neuron morphology may contribute to the symptomathology 
observed in AD. This study was supported by the Swedish MRC (04X-2887; 14V- 
11189).

818.6

SYNAPTIC CHANGES IN THE DENTATE GYRUS OF AMYLOID 
PRECUSOR PROTEIN (APP) DEFICIENT TRANSGENIC MICE.
C.E.Kendal1, M.G.Stewart1 H.Davies1 R.Anderson2 and R Gray2. (SPON: British 
Neuroscience Association.) 1Dept. of Biology, The Open University, Walton Hall, 
Milton Keynes, Bucks, MK7 6AA. ^laxo-Wellcome, Gunnels Wood Rd, 
Stevenage, Herts. SGI 2NY.

Deposition of amyloid beta protein (AP) is one of the central pathological 
features of Alzheimer’s disease (AD). Ap deposits are found within the core of 
neuritic plaques, although they are also found throughout the cerebral vascular 
system. Synaptic loss is initiated early during the progression of AD and the 
molecular layer of the Dentate Gyrus (DG) is one of the first regions affected, 
which is important because the hippocampus is known to play a key role in 
memory. A morphological study of the hippocampal dentate gyrus was carried out 
in six and ten month old transgenic mice deficient (KO) in the amyloid precursor 
protein (APP) (source Glaxo-Wellcome, UK), and in wild type (WT) controls.

Unbiased counting methods were used to estimate synapse and neuronal density, 
mean appositon zone (AZ) size, total amount of tissue occupied by the AZ and 
tissue volume. Brain and hippocampal volume change little either between lines of 
mice or at the 2 ages examined and there were no differences in synapse density 
between KO and WT groups at 6 months. However, at 10 months KO mice have 
~35% more synapses (p=0.01). Total amount of AZ area decreases with age in both 
KO (p=0.035) and WT (p=0.07). Neuron density does not change in KO or WT but 
total neuronal numbers decrease in the older KO mice when hippocampal volume 
is estimated. These results indicate that the lack of APP at synaptic sites appears to 
be compensated for largely by increased numbers of synapses.
Supported by MRC grant G9535597

818.7

EVIDENCE FOR DISTURBED GLUCOSE METABOLISM 
IN THE PATHOGENIC ACTION OF AN ALZHEIMER’S 
DISEASE LINKED APP MUTATION. C. Culmsee*. W, A, 
Pedersen, Z. Guo and M, P. Mattson. Sanders-Brown Research Center on 
Aging, University of Kentucky, Lexington, KY 40536.

Altered proteolytic processing of APP occurs in both sporadic and familial forms 
of Alzheimer's disease (AD) resulting in increased production and accumulation of 
amyloid [3-peptide (Ap) and reduced production of the secreted form of APP (sAPPa). 
There is evidence for perturbed cellular energy metabolism in AD, and we previously 
showed that AP can impair glucose transport in neurons and vascular endothelial 
cells, and can render those cells vulnerable to apoptosis (7. Neurosci. 17:1046-1054; 
7. Neurochem. 68:1870-1881). On the other hand, sAPPa can protect neurons 
against excitotoxic and apoptotic insults (including AP toxicity) {Neuron 10:243- 
254; 7. Neurochem 67:1882-1896). In experiments aimed at determining whether 
dietary restriction (which extends lifespan and may protect neurons against age-related 
neuronal degeneration; Ann. Neurol. 45:8-15) would reduce AP deposition and 
associated cellular pathology in transgenic mice expressing the "Swedish" APP 

’ mutation (APPmutSw), we discovered that the the APPmutSw mice are profoundly 
sensitive to dietary restriction with many mice dying when placed on an alternate day 
feeding schedule. The APPmutSw mice exhibited a profound hypoglycemia 
following food deprivation or administration of insulin, and also exhibited an 
abnormal glucose tolerance test. We find that sAPPa enhances glucose uptake in 
neurons and liver cells, while Ap reduces glucose uptake, suggesting the abnormality 
in glucose metabolism in APPmutSw mice may be related to effects of products of 
APP on glucose transport. Such metabolic disturbances may play a role in the 
pathogenesis of AD. We thank K. Hsiao and the Mayo for providing initial breeding 
pairs of APPmutSw mice. Supported by grants from the NIA and NINDS.

818.8

CEREBRAL AMYLOID DEPOSITION INDUCES DYSTROPHIC TERMINALS 
AND ABERRANT AXONAL SPROUTING IN APP TRANSGENIC MICE.
A.L. Phinnev1*. T. Deller2. M, Stalder1. M.E, Calhoun1, M, Frotscher2, B, 

Sommer3. M, Staufenbiel3. M. Jucker1: ’Dept. of Neuropathology, Instititute cf 
Pathology, Univ. of Basel, Basel, Switzerland; institute of Anatomy, Univ. cf 
Freiburg, Freiburg, Germany; ’Central Nervous System Research, Novartis, Basel, 
Switzerland.

The deposition of cerebral amyloid is a characteristic of Alzheimer’s disease (AD), 
although its pathophysiological significance remains unclear. We have used the 
neuroanatomical tracer PHAL to study the effects of amyloid deposition on axons 
and neural connectivity in APP23 transgenic mice (Sturchler-Pierrat et al, PNAS 
94: 13287, 1997). These mice overexpress human mutated APP and exhibit cerebral 
amyloid deposition in plaques and vessels progressively with age. Tracing of the 
axonal projections from the medial entorhinal cortex revealed that entorhinal axons 
form dystrophic boutons around dense core amyloid plaques located in the 
entorhinal termination zone of the hippocampus. Furthermore, entorhinal axons and 
boutons were found associated with amyloid outside of the normally specific 
termination zone of the entorhinal afferents. Such ectopic fibers and terminals were 
identified within the hippocampus, the thalamus, white matter tracts, as well as 
surrounding vascular amyloid. Many of these ectopic entorhinal boutons were 
immunopositive for the growth-associated protein GAP-43 and showed light and 
electron microscopic characteristics of axonal terminals. These results suggest that 
ectopic entorhinal axons and terminals are the result of amyloid-associated aberrant 
sprouting and provide evidence of a neurotropic effect of amyloid deposition in vivo. 
In conclusion, cerebral amyloidosis leads to the formation of dystrophic boutons, 
aberrant axons and ectopic terminals and thus, severely disrupts normal neural 
connectivity. Supported by the Swiss National Science Foundation and Deutsche 
Forschungsgemeinschafh
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818.9
MICROGLIA AND BETA-AMYLOID DEPOSITS IN APP23 TRANSGENIC 
MICE. M, Stalder1. M. Durrenberger2, M, Tolnav1*, B, Sommer3. M, Staufenbiel3. 
M. Jucker1. 1 Institute of Pathology, Neuropathology, University of Basel, 
Switzerland;2 Biocenter, Institute of Cell Biology, University of Basel, Switzerland; 
3 Novartis Pharma AG, Central Nervous System Research, Basel, Switzerland.

Activated microglia cells are associated with neuritic plaques in Alzheimer’s 
disease. However, the nature of the interaction between amyloid and microglia, as 
well as the exact role of microglia in cerebral amyloidosis, are still not clear. 
Recently transgenic mice, which overexpress mutant human APP and develop 
congophilic amyloid deposits in neocortex and hippocampus progressively with age, 
have been produced (Sturchler-Pierrat et al., PNAS 94: 13287, 1997). The mice 
exhibit region-specific amyloid-associated neurodegeneration (Calhoun et al., Nature 
395: 755, 1998) and we have recently described a tight association between amyloid 
deposits and activated microglia in these mice both at light and electronmicroscopic 
levels (Stalder et al., Am J Pathol, 154, in press). In addition to the observation 
that congophilic plaques, but not diffuse amyloid deposits, are associated with 
clusters of activated microglia rather than phagocytosing microglia, parallel bundles 
of amyloid fibrils completely surrounded by microglia cytoplasm were detected. The 
goal of the present study is to further investigate these amyloid filled pocket-like 
structures in the microglia cytoplasm. We are particularly interested in addressing the 
question whether these observed pockets are infoldings of the microglial surface 
membrane or whether these membranes represent endomembranes and thus to clarify 
the role of microglia in cerebral amyloidosis. For this approach we are performing 
postembedding immunogold labeling techniques using specific microglia markers 
and lowicryl-embedding procedure for electron microscopy.
Supported by the Swiss National Science Foundation.

818.10
CEREBRAL AMYLOIDOSIS AND NEURON LOSS IN APP23 TRANSGENIC 
MICE. L. Bondolfi5. M.E Calhoun1. , K.H, Wiedethold3. B, Sommer3. M, 
Staufenbiel3, M, Jucker1 . 1 Institute of Pathology, Neuropathology, University of 
Basel, Switzerland3; Novartis Pharma AG, Central Nervous System Research, Basel, 
Switzerland.

APP23 transgenic mice express mutant human amyloid precursor protein (APP) 
and develop amyloid plaques predominantly in cortex and hippocampus progressively 
with age (Sturchler-Pierrat et al., PNAS 94: 13287-13292, 1997). We have
previously reported neuron loss particularly in hippocampal region CA1 of 
homozygous APP23 mice at 14 to 18 months of age (Calhoun et al., Nature 395: 
755-756,1998). This decrease in neuron number was correlated to plaque load. The 
question remains whether this loss is due to intraneuronal amyloidogenic APP 
processing or to the extracellular formation of amyloid plaques. In order to elucidate 
mechanisms underlying neurodegeneration, we have collected groups of hemizygous 
young adult (8 months old, n=15) and aged (25 to 28 months old, n=10) APP23 
mice and age- matched littermate controls. Initial results indicate a plaque load that is 
under 2% in young and ranges from 10 to 25% in aged animals. Since APP 
expression is age-independent and shows little interindividual variance, comparative 
analysis between neuron loss and plaque load will help to discriminate between APP 
expression and plaques as a factor for neuron loss. Furthermore, we will focus on 
age-related changes, which could corroborate the hypothesis of an increased 
vulnerability of neurons to amyloid toxicity with aging. In addition, we will extend 
our correlative analysis to cerebrovascular amyloid deposition and plaque 
morphology/distribution, as these parameters seem to differ between 14 to 18 month 
homozygous and 24 to 27 month hemizygous mice, although the overall plaque load 
is similar. These studies will lead to a better understanding of the mechanisms 
underlying amyloid-related neurodegeneration.

Supported by the Swiss National Science Foundation.

818.11

ELEVATION OF B-AMYLOID PEPTIDES IS RELATED TO 
SYNAPTOGENESIS AND SPATIAL MEMORY PERFORMANCE IN 
AGED RATS. N. Aumont, S. Kar, D. Pearson, D. Champagne, R. Quirion 
and J. Poirier*. Dept. of Neurology and Neurosurgery, McGill Ctr. for Studies 
in Aging, McGill Univ., Douglas Hosp. Res. Ctr., Verdun, Canada, H4H 1R3.

In this study, we were interested in understanding the role of B-amyloid (AB) 
peptides in two different animal models. We have previously shown that 
apolipoprotein E (apoE) plays a key role in the regeneration process after an 
entorhinal cortex lesion (ECL) in Fisher 344 rats. Since apoE was shown to 
modulate AB homeostasis in vivo, we decided to examine AB steady state 
levels in response to damage and during normal aging. We measured AB 
levels at various times (control, days 2, 6, 14 and 28) using an ELISA 
technique with specific antibodies (R163 and R165) in the hippocampus and 
in the entorhinal cortex of those rats. We obtained significantly higher values 
of both AB 1-40 and 1-42 on the lesioned side of the brain at days 6, 14 and 
28 for both regions. The higher values observed at day 6 indicate that AB 
could play a role in the compensatory sprouting phase of the regeneration. In 
the second model, Long Evans rats were used to examine the levels of AB 
peptides in young rats and in aged memory impaired and unimpaired rats. We 
found more AB peptides in hippocampus of the aged memory unimpaired 
group; suggesting that AB peptides may facilitate the synaptic plasticity of the 
aging brain.
Supported by MRCC, Parke-Davis corp, and Alzheimer Society of Canada.

818.12
IN VIVO REGULATION OF AMYLOID PRECURSOR PROTEIN PROCESSING 
BY MUSCARINIC RECEPTOR ACTIVATION AND REGIONAL 
REDUCTIONS IN GLUCOSE UTILIZATION IN RATS WITH CHOLINERGIC 
DEFICITS. L. Lin*. B, Giorgijevska, A. Mattsson, S. E. Browne1 and Q, Isacson. 
Neuroregeneration Laboratory, Harvard Medical School, McLean Hospital, 115 
Mill Street, Belmont, MA 02178. ‘Department of Neurology, Cornell University 
Medical College, New York, NY 10021.

We determined if in vivo enhancement of cholinergic transmission can modify 
APP processing and the relationship between altered glucose utilization and 
cognitive deficits in rats with cholinergic dysfunction. In the first experiment, we 
administered a muscarinic receptor agonist (RS86) to normal or aged rats as well as 
192 IgG-saporin lesioned rats exhibiting memory deficits in a water maze. The 
levels of cell-associated APP in neocortex, hippocampus and striatum, as well as the 
secreted form of APP (APPs) in CSF, were examined by Western blots. We found 
that treatment with muscarinic receptor agonist resulted in decreased APP levels in 
neocortex and hippocampus, and increased levels of APPs in CSF. Regulation of 
APP processing by the muscarinic agonist treatment occurred not only in normal 
rats, but also in aged and cholinergic denervated rats that model this aspect of AD. 
Also, we found that elevation of APP in neocortex correlated with the cognitive 
deficits in water maze testing of rats with cholinergic dysfunction. In the second 
experiment, 2-deoxyglucose (2-DG) autoradiography was carried out in 192 IgG- 
saporin lesioned rats with memory deficits. Reduced 2-DG uptake was observed in 
parietal cortex and hippocampus (CA1, CA3 and dentate gyrus) in 192 IgG-saporin 
lesioned rats. Moreover, decreased 2-DG utilization in frontal cortex correlated with 
the spatial memory deficits. These findings indicate that selective depletion of 
cholinergic neurons can induce cortical metabolic decrements, which are associated 
with the cognitive deficits. They also extend the in vitro observations of cholinergic 
regulation of APP metabolism and suggest a role of APP in cognitive processes. 
Supported by McLean Hospital Research Foundation.

818.13

THE C. ELEGANS AMYLOID PROTEIN PRECURSOR-RELAYED GENE 
HAS AN ESSENTIAL FUNCTION. A. Homsten. R. E. Hausman* and C. Li. 
Dept. of Biology, Boston University, Boston, MA 02215.

The eady-onset form of Alzheimer’s Disease has been linked to mutations in 
several genes, including the Amyloid Protein Precursor gene (APP). We are 
studying the function(s) of the APP-related gene, apl-1, in the nematode 
Caenorhabditis elegans. apl-1 encodes a putative single pass transmembrane 
protein which shares many similarities with the APP family of proteins, apl-1 is 
expressed in over 50 cells, including neurons, muscles, and supporting cells, in the 
head region, ventral cord, and tail region.

To determine the function of APL-1, two deletion alleles, ynlO wdyn5, were 
isolated using a Tel transposon excision method. ynlO animals contain a deletion 
that removes most of the apl-1 coding region. Homozygous ynlO animals show a 
larval lethal phenotype. These data suggest that ynlO represents a complete loss- 
of-function allele and that APL-1 has an essential role. The ynlO larval lethality is 
rescued by microinjection of the apl-1 genomic region and by expression of APL-1 
in neurons. We will attempt to rescue the ynlO larval lethality with the human 
APP gene. We are also performing genetic mosaic analysis on ynlO animals to 
determine the specific cells in which apl-1 gene function is necessary.

yn5 animals contain a deletion which removes sequences encoding the 
cytoplasmic and transmembrane regions of the APL-1 protein. yn5 animals show 
developmental, egg-laying, and motor-related defects. yn5 animals are also resistant 
to serotonin-induced egg-laying and have a decreased defecation rate; these defects 
appear to be due to a partial loss-of-function and a gain-of-function mutation, 
respectively. These data suggest that APL-1 acts both as a membrane-bound 
protein and as a secreted protein.
Supported by grants from the NIH.
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819.1
STUDIES OF HUMAN a-SYNUCLEIN IN TRANSGENIC MICE.
M.S, Goldberg*. C.A, Lemere, M.P. Frosch, P.T. Lansburv, Jr. and J. Shen.
Center for Neurologic Diseases, Brigham and Women’s Hospital and 
Harvard Medical School, Boston, MA 02115.

Parkinson’s disease (PD) is characterized pathologically by the degeneration 
of dopaminergic neurons and the presence of Lewy bodies (LB) and Lewy 
neurites (LN) in the substantia nigra (SN). a-Synuclein is a major constituent 
of LBs and LNs in PD brains. Recently, two missense mutations (A53T and 
A30P) in a-synuclein have been linked to early-onset familial PD with 
autosomal dominant inheritance. To investigate the role of a-synuclein in the 
formation of LBs and LNs and to understand the pathogenic mechanisms of 
the a-synuclein mutations, we generated multiple lines of transgenic (Tg) mice 
expressing human wild-type, A53T, or A30P mutant a-synuclein under the 
control of the PDGF promotor. Western analysis of Tg mice overexpressing 
human a-synuclein transcripts indicates that human a-synuclein replaces the 
mouse a-synuclein in the Tg brain, suggesting that levels of a-synuclein in the 
brain are highly regulated. Examination of transgenic mice expressing human 
wild-type a-synuclein at six months of age revealed that human a-synuclein is 
widely distributed in neural processes in the brain and in cell bodies of certain 
brainstem nuclei. By 9 months of age, intense punctate a-synuclein staining 
was identified in swollen neurites and cell bodies of certain brainstem nuclei, 
and to a lesser extent in the neuropil of the cerebral cortex. This result 
indicates that human wild-type a-synuclein forms aggregates in mouse brains 
in an age-dependent manner, as it does in vitro (Conway et al., Nat. Med. 4, 
1318-1320). Further analysis of this transgenic line and other Tg lines 
expressing mutant a-synuclein will be discussed. (Supported by NIH 
AG08470)

819.2
MITOCHONDRIAL SOD (MNSOD) HETEROZYGOUS MICE ARE HIGHLY 
SENSITIVE TO MPTP-INDUCED NEUROTOXICITY. A.S. Mandir*, M.F, 

Poitras D. Guastella, A Chaudhry, V.L Dawson. T.M. Dawson. Departments of 
Neurology and Neuroscience, Johns Hopkins Univ, Sch of Med, Balt., MD 21287

MPTP is a standard for modeling idiopathic Parkinson's disease (PD) as it 
produces pathophysiologic, histologic and biochemical changes found in PD. 
Delivered in vivo, MPTP leads to selective destruction of dopaminerigc neurons 
predominantly in the substantia nigra pars compacta (SNpc). The mechanisms of 
selective neuronal death from MPTP remain unknown, but after conversion to 
MPP+, MPTP inhibits Complex I of the mitochondrial transport chain. This can 
result in excess production of O2. Nitric oxide (NO) is instrumental in MPTP- 
induced neurotoxcity and likely this occurs through the production of peroxynitrite 
from combination of NO and superoxide anion (O2). Peroxynitrite, a highly potent 
free radical species, is capable of lipid peroxidation and DNA damage. A role for the 
combination of NO and O2 is further supported through our recent demonstration 
that poly(ADP-ribose)polymerase (PARP), activated following DNA damage, is 
instrumental in producing MPTP-induced neurotoxicity. However, the sources of 
NO and O2 that contribute to MPTP-induced neurotoxicity remain unknown. To 
better evaluate the role of O2 in MPTP neurotoxicity, we examined the effects of 
MPTP upon mice mice heterozygous for MnSOD (+/-). MnSOD +/- and littermate 
control (MnSOD +/+) mice received MPTP at a dose of 15 mg/kg i.p. every two 
hours for a total of four doses (60mg/kg total). HPLC with electrochemical 
detection was performed on freshly dissected striata from these mice and saline 
injected controls. We find that MnSOD +/- mice are remarkably sensitive to striatal 
nigral dopamine loss as compared to littermate controls. These findings implicate 
mitochondrial production of O2 as a key component of MPTP-induced neurotoxicity 
in vivo. Sponsored by NIH, APDA and the Nachlas Foundation

819.3

MARKED, PROGRESSIVE LOSS OF KAPPA OPIOID RECEPTORS 
IN PARKINSON’S DISEASE. S. Izenwasser. J. Staley. W.J, Weiner*.
D.C. Mash. Dept. Neurology, U. Miami Sch. Med., Miami, FL 33136.

Parkinson's disease (PD) is characterized by degeneration of the 
dopamine (DA)-containing neurons of the nigrostriatal pathway, leading 
to a decrease in DAergic ftmction. Since K-opioid receptors modulate DA 
release, it is possible that compounds that act at K-opioid receptors may 
be a useful therapeutic strategy for modulating DAergic function in PD. 
K-opioid receptors were measured in DA terminal regions of human brain 
from early and end-stage cases of PD and age-matched control subjects. 
In control subjects, there is an anterior to posterior gradient of K-opioid 
receptors with a higher density in anterior sectors of the striatum. In the 
Parkinsonian brain, K-opioid receptors were decreased significantly 
(p<0.05) in the anterior caudate and putamen, and in the nucleus 
accumbens. This decrease appears to reflect disease progression, since 
the magnitude of the decrease was greater in end-stage cases of PD. In 
contrast to the marked changes in these anterior brain regions, there were 
no significant alterations in K-opioid receptor binding in either early or 
end-stage PD in the posterior sectors of the caudate or the putamen. It is 
not known if K-opioid receptor regulation of DA function plays a role 
early in presymptomatic nigral degeneration, or if the marked decrease in, 
receptor densities is due to degeneration of DA presynaptic terminals. 
Interestingly, K-opioid agonists potentiate DA-stimulated locomotor 
activity only in DA-depleted rats. Thus, although K-opioid receptors 
inhibit DA release in control subjects, the opposite may be true with the 
nigral degeneration. These findings suggest that K-opioid receptor 
agonists may have a role as adjuncts to DA replacement early in the 
course of PD. (Support: National Parkinson Foundation Inc. Miami FL)

819.4

STRIATAL/osB EXPRESSION IS CAUSALLY LINKED WITH 
L-DOPA-INDUCED ABNORMAL INVOLUNTARY MOVEMENTS 
AND THE ASSOCIATED UPREGULATION OF STRIATAL 
PRODYNORPHIN mRNA IN A RAT MODEL OF PARKINSON’S 
DISEASE. M.A, Cenci. M, Andersson. and A, Hilbertson. SPON: 
European Neuroscience Association. Dept. Physiol. Sci., Neurobiol. Div. 
Lund University, Wallenberg Neurosci. Ctr, Sblvegatan 17, 223 62 Lund (S).

Rats with unilateral 6-hydroxydopamine lesions of the mesostriatal 
dopamine pathway sustained a 3-week treatment with a dose of L-DOPA 
that is in the therapeutical range for Parkinson's disease. In most of the 
treated animals, chronic L-DOPA administration gradually induced 
abnormal involuntary movements affecting cranial, trunk and limb muscles 
on the side of the body contralateral to the lesion. This effect was

?aralleled by striatal induction of FosB-like immunoreactive proteins (31-
7 kDa) above the levels measured In saline-iniected lesioned controls. The 

induced FosB-like proteins were found in striatal subregions 
somatotopically related with the types of dyskinetic movements that had 
been elicited by L-DOPA, and showed both regional and cellular 
colocalization with prodynorphin mRNA. Similarly to FosB, striatal 
prodynorphin mRNA levels were closely related with both the severity and 
the topographic distribution of the L-DOPA-induced abnormal 
movements. Infusion of antisense oligonucleotides complementary to 
fosBItfosB mRNA in the lateral caudate-putamen specifically attenuated 
dyskinetic movements that were somatotopically related with this 
subregion, and produced a specific downregulation of prodynorphin 
mRNA. These data provide compelling evidence for a causal involvement 
of striatal fosB induction in the development of L-DOPA-induced 
dyskinesia in the rat, and for a positive regulation of prodynorphin gene 
expression by FosB-related transcription factors. Supp. by NHR, Wiberg's. 
Segerfalk's, NiIson's and Kocks' foundations.

819.5

ENDOGENOUS N-METHYL(R)SALSOLINOL AS A PATHOGENIC FACTOR OF 
PARKINSON’S DISEASE M, Naoi1*. W, Maruvama2 iDept. Brain Sci., Inst. Appl. 
Biochem., Gifu, Japan, 2National Inst., Longevity Sci., Obu, Japan

As a pathogenesis of Parkinson’s disease (PD) endogenous and xenobiotic 
neurotoxins have been proposed. In human brains a neurotoxin candidate, N- 
methyl(R)salsolinol [MI(R)Sal], is synthesized in the human brain by two step 
reactions by an (R)salsolinol synthase and a neutral (R)salsolinol N-methyltransferase 
[(R)Sal NMTase] from dopamine and acetaldehyde. It accumulates in the nigro- 
striatum of human brains and its oxidation product, 1,2-dimethyl-6,7-dihydroxy- 
isoquinolinium ion (DMDHIQ+) is detected only in the substantia nigra. The activity 
of (tf)Sal NMTase in the striatum was found to determine DMDHIQ* level in the 
substantia nigra. Analyses of the cerebrospinal fluid (CSF) and lymphocytes from PD 
patients proved the relevance of this isoquinoline to the pathogenesis of PD. In CSF 
from PD patients NM(R)Sal level increased significantly; 8.32 ± 2.89 (PD) and 4.53 ± 
2.08 nM (control). The activity of a neutral (R)Sal NMTase in lymphocytes was 
analyzed and about 60% of PD patients the activity was significantly higher than 
control; 100.2 ± 81.8 (PD) and 18.9 ± 15.0 (control) pmol/min/mg proteina. 
YM(R)Sal level in CSF and the enzyme activity in lymphocytes were compared in 9 
newly diagnosed untreated PD patients. These two markers found to correlate well 
with each other (p<0.05). These results suggest that the (R)Sal NMTase activity and 
the neurotoxin level may increase in the nigro-striatum of PD brains.

The mechanism of cell death in dopaminergic neurons was proved to be apoptosis, by 
in vivo and in vitro experiments. In SH-SY5Y cells apoptosis induced by this toxin 
was proved by detection of intemucleosomal DNA damage; formation of COMET 
image with fragmented DNA and DNA ladder, and chromatin condensation by staining 
with Hoechst 33342.

A/M(/?)Sal and (R)Sal NMTase may be involved in the pathogenesis of PD and 
YM(/?)Sal level in CSF and (R)Sal NMTase activity in lymphocytes may be applicable 
as peripheral markers.

819.6

QUANTITATION OF GLIAL CELL LINE-DERIVED NEUROTROPHIC 
FACTOR (GDNF) EXPRESSION IN THE MONKEY CNS AFTER INJECTION 
OF AN ADENOVIRAL VECTOR (AdGDNF). M.C, Bohn*1. D.A, Kozlowski1. D, 
George1, E, Bremer1, B.L, Davidson2 & D.E, Redmond, Jr3, 'Children’s Memorial 
Inst, for Education and Research, Northwestern Univ. Med. Sch., Chicago, IL 60614, 
2Dept. of Int. Medicine, Univ. Iowa College of Med., Iowa City, IO 52242, 3 Depts. 
of Psychiatry and Neurosurg., Yale Univ. Sch. of Med, New Haven, CT 06520.

Realization of the therapeutic potential of GDNF gene delivery for Parkinson’s 
disease relies on development of viral vectors that provide stable expression in the 
CNS. To compare vectors, a quantitative evaluation of gene expression must be 
achieved, specifically in the primate CNS. We have demonstrated expression of B- 
galactosidase delivered via an adenoviral vector out to 2 mo in the St. Kitts Green 
monkey using histochemistry. Here, we quantified the expression of a human GDNF 
transgene using an ELISA specific for human GDNF protein and real-time, 
quantitative RT-PCR for human GDNF mRNA 1 wk after injection of an El, E3 
deleted AdGDNF (30gl; 1.6xl09pfu) into the monkey caudate. A block of fresh 
frozen tissue containing the injection site was sliced on a sliding microtome in 50pm 
sections. One to 5 sections were pooled per sample and total protein, RNA and DNA 
were isolated using Trizol. Both GDNF protein and mRNA could be assayed in as 
little tissue as one 50pm brain slice near the injection. Real-time quantitative RT- 
PCR showed a mean of 3,300+700 copies of the human GDNF gene per 10,000 
copies of the human B-actin gene in a 25ng RNA sample. In the same injection site, 
we measured a mean of 88+14.1 pg of GDNF protein per mg of brain tissue. GDNF 
per brain slice ranged from 50pg-2.2ng within 2.5mm of the injection site. No 
GDNF protein or message was detected in cortex or in fetal monkey kidney 
suggesting that simian host GDNF was not detected. These findings provide a 
quantitative method for analyzing GDNF gene expression following adenoviral 
delivery in the primate brain and a method for comparing new vectors.

Supported by NIH grant MH57908, the Med. Res. Inst. Council of Children’s Mem. 
Hosp., Axion Fdn., Carver Fdn., and Research Scientist Award MH00643 to DER. Original 
AdGDNF was the gift of Genetic Therapy/Novartis.
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819.7
UBIQUINONE (COENZYME Q10) MINIMIZES MPTP-INDUCED COMPLEX I 
INHIBITION, GENERATION OF REACTIVE OXYGEN SPECIES, AND 
OXIDATIVE STRESS CAUSING PARKINSONISM. M. Ebadi,1 J.F. Rodriguez- 
Sierra,2* D.G. Folks? and M. Hiramatsu4. 'Dept. of Pharmacology, 2Cell Biology and 
Anatomy, and ’Psychiatry, Univ. Nebraska Coll. Med., Omaha, NE 68198-6260; and 
4Inst. Life Support Technol., Yamagata 900, Japan.

MPTP causes marked depletion of dopamine (DA) levels and reduction in the 
activity of tyrosine hydroxylase in the nigrostriatal DA pathway. In the brain, 
monoamine oxidase B converts MPTP to l-methyl-4-phenyIpyridinium (MPP+) which 
enters DA terminals via DA uptake sites. Within the DA terminals, MPP+ blocks the 
mitochondrial complex I and causes ATP depletion. Selegiline, possessing 
neurotrophic-like actions and immunoenhancing properties, attenuates MPTP-induced 
neurotoxicity. The administration of buthionine sulfoxamine (3 mmol/kg ip), a 
selective inhibitor of y-glutamylcysteine synthetase to immature Sprague Dawley rats, 
not only reduces the concentration of glutathione but also the number of 
mitochondria. The predominant form of coenzyme Q in humans is coenzyme Q,o 
which is an essential cofactor in the electron transport chain where it accepts electrons 
from complex I and II. Furthermore, coenzyme Ql0 is also an antioxidant in both 
mitochondria and lipid membranes. The concentration of coenzyme Q,o decreases in 
the brain of aging animals. Furthermore, the striatal DA level in the MPTP-treated 
C57BL/6 mice becomes reduced and the said neurotoxic effects of MPTP was 
attenuated in mice treated chronically with coenzyme Q,o (250 mg/kg/day/30 days 
given in diet). The results of these studies suggest that the concentration of coenzyme 
Q10 decreases in aging brain and the said effects could be reversed by oral 
administration of coenzyme Qlo. Furthermore, coenzyme QI0 may be useful in the 
treatment of mitochondrial disorders, causing neurodegenerative diseases such as 
Parkinson’s disease, where the striatal activity of complex I is reduced. (Supported in 
part by a grant from USPHS NS 34566-4).

819.8
ASSYMETRIC FMRI MOTOR PATHWAY ACTIVATION IN EARLY 
PARKINSON’S DISEASE (PD). M. PhilliPs‘,M. LoweJ1. Lurito^.V. Mathews1, J. 
Wojchieszek2. ‘Dept. of Radiology and 2Dept. of Neurology Indiana University; 
Indianapolis, IN 46202.

The present study seeks to compare and quantify the pattern of motor pathway 
activation of the patients with early PD and normal subjects during the performance of 
a complex finger tapping task.

Spin-echo fMRI exams were performed on 8 right handed individuals, 2 patients with 
early PD (one with left hand predominant PD symptoms and one with right hand 
predominant PD symptoms) and 6 normals. Imaging was performed on a 1.5T scanner 
using a spin echo EPI sequence with the following parameters: 14 slices, 7mm thick, 
2mm gap, TR= 2250ms; TE=110 ms, flip angle =90 deg, FOV =24 cm, bandwidth = 
62.5 kHz and matrix= 64x64. PD patients and normals performed complex finger 
tapping task in an interleaving 36s “tapping”/36 s “rest” block paradigm lasting 10:48. 
Six bilateral ROIs (supplementary motor area, precentral gyrus, putamen, globus 
pallidus, thalamus, and subthalamic region) were interrogated using a cluster analysis 
technique. To quantify the degree of asymmetric brain activation an asymmetry 
parameter, A, was calculated for each brain region such that A= (Cl -Cr )/( Cl  + Cr ) 
where Cl  and CR are the cluster sizes of the left and right ROIs respectively.

Normal subjects showed symmetric activation in all brain regions evaluated with A 
ranging from -0.12 to 0.037. PD patients demonstrated symmetric activation in the 
precentral gyrus and putamina with A ranging from -0.11 to 0.09. The remainder of 
brain regions showed asymmetric activation with decreased motor pathway activation 
contralateral to the side with the predominant PD symptoms. A ranged from -0.27 to - 
0.45 and 0.130 to 0.26 in the PD patients with right and left hand predominant 
symptoms, respectively.

Preliminary results suggest that early PD patients performing a complex finger 
tapping task demonstrate asymmetric motor pathway activation with decreased 
activation in portions of the motor pathway contralateral to their symptomatically most 
affected side. Normal subjects showed symmetric activation.

819.9
DIFFERENTIATION OF PARKINSONIAN SYNDROMES BY 18F-DOPA PET: COMPARISON 
OF COMPARTMENTAL MODELING AND STRIATAL-CORTICAL RATIO ANALYSES. F 
W.A, YaoandD.H.S. Silverman*, Dept. Molec. & Medical Pharmacology, UCLA.

Positron emission tomography (PET) with the radiotracer i8F-DOPA is used fa- 
evaluation of movement disorders of unclear etiology, by assessing the integrity of 
dopaminergic terminals afferent to the basal ganglia. Results of compartmental 
modeling analysis (a noninvasive ‘gold standard’ for this purpose) were 
systematically correlated to a simpler method of analysis using striato-occipital 
activity ratios (SOR), to assess reliability of the latter across a variety of putative 
central motor disorders. Carbidopa (200 mg) was given prior to PET, to inhibit 
peripheral decarboxylation of radiotracer. Analyses were performed on scans of 22 
subjects, (16F, 6M; 54.0±16.1 yrs). For SOR analyses, in each hemisphere, 1 
circular ROI (8mm dia.) was placed over the caudate, 3 circular ROIs (8mm) were 
aligned along the axis of the putamen, and 3 circular ROIs (20mm) were drawn over 
occipital cortex. Patlak 3-compartment analysis was performed for left and right 
caudate and putamen (J Cerebr. Blood Flow Metab. 11:898-913). Based on Patlak 
results, i8F-DOPA uptake patterns were consistent with Parkinson’s Disease (PD) in 
11 patients, non-PD Parkinsonian syndrome (PS) in 7, and normal dopaminergic 
function in 4. Taken across all regions from all subjects (n=88), Patlak and SOR 
displayed a highly significant correlation (r=0.73, p«0.001). Patlak-equivalent 
values were generated from original SOR values by applying the linear regression 
equation relating Patlak and SOR estimates of activity, in order that the same criteria 
of normal ranges could be applied. The 2 methods yielded concordant diagnostic 
information for 20 of 22 patients. However, a major discrepancy was found in 2 cases. 
One patient confirmed to have normal l8F-DOPA uptake by Patlak analysis had a 
pattern consistent with PS by SOR. A second patient had an I8F-DOPA uptake 
pattern by Patlak typical of PD (low in putamen, with relative preservation of caudate 
nuclei), but showing near-uniform caudate-putamen depletion by SOR suggestive cf 
PS, (caud:putl.3±0.07, 1.11±0.03, respectively). In conclusion, results obtained 
through SOR analysis, although often sufficiently accurate, can in some patients lead 
to misleading conclusions. Supported by the United States Department of Energy.

819.10

ELECTROPHYSIOLOGY OF HUMAN SUBTHALAMUS AND EXTERNAL 
PALLIDUS: LACK OF EVIDENCE FOR THE SO-CALLED “INDIRECT 
PATHWAY”. A. Stefani,1-2* P. Stanzione,1'2 A, Bassi,1 M G. Altibrandi.3 P. 
Mazzone,3 G. Gattoni? and G. Bemardi 2. 1 IRCCS S. Lucia, Via Ardeatina 306 
00179; 2 Dept. Neuroscience Univ. di Tor Vergata, Via di Tor Vergata 135. 00133; 3 
Istituto di Neurochirurgia, Ospedale CTO, ASL RMC Rome Italy.
Changes in the firing properties of the external pallidus and the subthalamic nucleus 
are considered crucial hallmarks of Parkinson's disease. Increase in the firing 
discharge of subthalamic glutamatergic neurons, putatively driven by pallidal hypo- 
activity, is suggested to underlie the progressive development of the disease. We are 
challenging this typical view, based on the so-called “indirect pathway”, by recording 
from both structures of parkinsonian patients undergoing deep brain stimulation. In 
external pallidus, the administration of apomorphine, at doses capable to ameliorate 
hypokinetic symptoms without producing involuntary movements, was followed by 
negligible electrophysiological changes. No evidence of a pronounced, long-lasting 
and clinically related increase of excitability emerged; yet, a clear decrease in the GPe 
“burst index” was detected. On the other hand, the firing discharge of the subthalamic 
nucleus of parkinsonian patients in off state was significantly augmented if compared 
to the subthalamic units from a patient affected by essential tremor. In addition, 
apomorphine consistently reduced the firing discharge in parkinsonian subthalamus, 
whilst no detectable changes were promoted in the subthalamus from essential tremor 
patient. Following apomorphine concentrations which induced dyskinesias, however, 
a movement-related augmentation of peak firing discharge occurred, obscuring the 
inhibitory response. Our results demonstrate that some part of the acclaimed models 
of basal ganglia circuitry is obsolete. The re-balancing of subthalamic excitability, 
when patients benefit from dopaminergic therapy, may not be primarily attributed to 
an increased GABAergic input from the external pallidus, but, instead, to changes in 
STN intrinsic firing properties and/or modulation of glutamatergic inputs.

819.11

PARKINSON'S DISEASE: AFFLICTION OF BRAINSTEM 
NUCLEI SETTING THE LEVEL OF MOTORNEURON 
EXCITABILITY. H. Braak1*. E. Braak1, RAI, deVos2. and E.N.H. 
Jansen2. ’Dept of Anatomy, J.W.Goethe Univ., D-60590 Frankfurt, 
Germany. 2Streeklaboratoria for Pathology, Enschede, The Netherlands

The gigantocellular reticular nucleus, the bulbar raphe nuclei, and the 
coeruleus-subcoeruleus area receive particularly strong input from 
higher order centers of the limbic system (central amygdalar nucleus, 
periaqueductal gray, and parabrachial nuclei). In turn, these nuclear 
grays generate descending projections, which in part influence 
significantly the level of excitability of bulbar and spinal premotor and 
motomeurons for supraspinal (corticospinal, rubrospinal) input. 
Immunoreactions with anti-a-synuclein have been carried out to 
document Parkinson's disease-related alterations in the three brainstem 
nuclei. This kind of immunoreaction reveals not only the voluminous 
forms of Lewy bodies and Lewy neurites but also the otherwise 
inconspicuous dot- or thread-like types. An abundance of Lewy bodies 
and Lewy neurites has been observed in these nuclei in all of the 12 
Parkinson cases studied. It is tempting to suggest that the severe 
pathology causes a decreased responsiveness of motor neurons, 
significantly contributing to the overall dysfunction of the motor system 
typically evolving in the course of Parkinson's disease.
Supported by the DFG and the BMBF.

819.12

CHRONIC L-DOPA TREATMENT IN RAT MODELS OF PARKINSON'S
DISEASE: CHARACTERIZATION OF L-DOPA-INDUCED DYSKINESIAS
AND PERFORMANCE IN COMPLEX MOTOR BEHAVIOURS
C. Winkler1,2*, D.Kirik1, M. Andersson1, A. BjOrklund1, and M. A. Cenci1.
‘Lund University, Dept. of Physiol. Sci., Wallenberg Neuroscience Center, Lund, 
Sweden; 2AG Neurotransplantation, Nordstadt Hospital, Hannover, Germany

The aim of our study was to characterize the therapeutic window of L-DOPA in 
rats with partial or complete dopamine (DA)-denervating lesions.

Complete lesions of the nigrostriatal DA pathway were performed by unilateral 
injection of 6-hydroxydopamine (6-OHDA) into the medial forebrain bundle, and 
partial lesions by multiple intrastriatal 6-OHDA injections. Lesioned rats and intact 
controls received single daily i.p. injections of L-DOPA (6 mg/kg) for 4 weeks. 
Antiparkinsonian effects of L-DOPA were assessed by measuring the rats' forelimb 
reaching-and-grasping ability (staircase test), and their ability to perform adjusting 
steps when pushed sideways (stepping test). The dyskinetic effects of L-DOPA were 
assessed using a rat dyskinesia scale that we have recently introduced.

In both, totally and partially DA-denervated rats, but not in intact controls, chronic 
L-DOPA treatment gradually induced abnormal movements affecting cranial, trunk, 
or forelimb muscles on the side contralateral to the lesion. The severity and 
amplitude of these movements was markedly more pronounced in rats with complete 
lesions. Besides, only rats with complete lesions exhibited contralateral turning in 
response to L-DOPA. Performance in stepping, but not in the staircase test, was 
significantly improved by L-DOPA. However, animals with severe dyskinesia 
showed worsened stepping scores, and even mild dyskinesias disrupted the rats' 
performance in the staircase test. We are presently analysing correlations between 
behavioural scores and nigral DA cell survival, or striatal prodynorphin mRNA and 
FosB expression in brains from these rats.
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820.1
CYCLOSPORIN PROTECTS DOPAMINERGIC NEURONS AGAINST AMPA 
INDUCED DEATH AND NEURITE PRUNING. G.A. de Erausquin*, L. Dugan 
and M.P. Goldberg. Dept. of Neurology. Washington Univ. St. Louis, MO 63110.

Cyclosporin is an immunomodulator widely used in brain trasplant for 
Parkinson’s disease in spite of reports of its neurotoxicity. We have described 
selective pruning and cell death of dopaminergic neurons caused by protracted 
activation of AMPA receptors in primary cultures of rat mesencephalon as an in 
vitro model of post-transplantation attrition (Brain Res. Mol Brain Res, 1996, 36 (I): 
114-126). In this study, we tested the effects of cylosporin on the selective toxicity 
of AMPA on dopaminergic neurons in vitro. Primary cultures of rat mesencephalon 
were prepared from e-14 to e-15 embryos, and maintained for 9 to 12 days. 
Cultures were treated with AMPA (100 pM) for 24h, then fixed and stained with 
anti-Tyrosine Hydroxylase antibodies alone or in combination with anti-MAP-2 
antibodies for cell counting and morphometric studies. Our results indicate that 
cyclosporin by itself is not toxic to dopaminergic neurons, but causes a minor 
increase in the total length of TH-stained neurites. However, when used in 
combination with AMPA, cyclosporin significantly decreased cell death in a dose 
dependent fashion (between 100 nM and 3 pM). Furthermore, cyclosporin 
treatment resulted in marked protection against AMPA induced pruning, restoring 
both average neurite length and total neurite length per neuron to control levels. 
Cyclosporin also protected neurite function as reflected by 3H-dopamine uptake. In 
contrast, 8-Br-cAMP (which is also used to prevent spontaneous attrition of 
dopaminergic neurons prior to transplantation), resulted in increased number of TH- 
positive neurons and increased staining of neurites when used alone, but afforded no 
protection against AMPA induced toxicity.

These results suggest that cyclosporin may be directly protective to transplanted 
dopaminergic neurons by preventing AMPA selective toxicity. Supported by the 
Joint Junior Faculty Award of the United Parkinson Foundation and Parkinson 
Disease Foundation.

820.2
IGF-I INHIBITS HIGH GLUCOSE INDUCED OXIDATIVE STRESS AND LOSS 
OF MITOCHONDRIAL MEMBRANE INTEGRITY IN NEURONS . J.W. Russell*, 
P. Mahendru, K. Sullivan. E. Feldman. Department of Neurology, University of 
Michigan, Ann Arbor, MI 48109.

Oxidative stress has been associated with mitochondrial (Mt) membrane 
depolarization (MMD) and Programmed Cell Death (PCD) both in vitro and in models 
of human disease. To study the role of oxidative stress and MMD in the pathogenesis 
of diabetic sensory neuropathy, we examined changes in vivo and in vitro in rat dorsal 
root ganglia (DRG) sensory neurons and in SH-SY5Y human neuroblastoma cells. In 
DRG from diabetic but not control animals, hyperglycemia induces typical apoptotic 
changes as well as swelling and disruption of the Mt cristae. Over 48 h using FACS 
analysis or confocal microscopy in cultured human or rat neurons, 20 mM excess 
glucose initially induces a rise in H2DCFDA levels (a measure of reactive oxygen 
species [ROS]), at approximately 6-8 h, followed by a decline in ROS corresponding to 
an increase in neuronal PCD. The rise in H2DCFDA is blocked by 10 nM IGF-I and is 
not observed in control neurons. At the same time there is initial Mt swelling in 
isolated human functional Mt using rhodamine 123 forward angle light scatter (peak at 
3 - 6 h). In cultured rat DRG using confocal microscopy with mitotracker orange, there 
is a 5 fold increase in mean Mt size at 24 h (p<0.001). In both instances, there is an 
associated increase in Mt membrane depolarization (MMD), a fall in mean Mt calcium 
flux and activation of caspase 3. Mt enlargement, MMD, reduced Mt calcium, and 
caspase-3 activation are inhibited by 10 nM IGF-I (p<0.01). These results indicate that 
an early glucose induced rise in ROS is associated with Mt swelling in vitro, changes 
in Mt calcium flux, and in turn MMD precedes PCD. IGF-I inhibits production of 
ROS, MMD, and changes in Mt calcium flux. These findings support the growing 
evidence of the importance of oxidative stress in diabetic neuropathy and indicate that 
IGF can stabilize neuronal Mt and reduce oxidative processes leading to PCD. 
Supported by NIH NS01938, VA Merit (JWR); NIH NS32843, JDFI and ADA (ELF).

820.3

ANALYSIS OF THE RELATIVE CONTRIBUTION OF ROS,
CALCIUM, AND LIPID PEROXIDATION TO MITOCHONDRIAL 
DYSFUNCTION AND NEURON DEATH.
J.N. Keller1* and W.R. Markesbery u. ’Sanders Brown Center on Aging; 
2Depts of Neurology and Pathology; University of Kentucky; Lexington, KY 
40536

Reactive oxygen species (ROS), metabolic impairment, increases in 
intracellular calcium, and elevated levels of lipid peroxidation occur in 
neurodegenerative conditions, including Alzheimer’s disease (AD). 
Mitochondria play a pivotal role in neuron homeostasis because of their 
involvement in ROS, ATP, and calcium homeostasis. In the present study we 
utilized rat hippocampal neurons and inhibitors of the electron transport chain 
(rotenone, 3-nitropropionic, oligomycin), lipid peroxidation products 
(including 4-hydroxynonenal (HNE)), antioxidants, and calcium agonist to 
determine the role of ROS, ATP, calcium, and lipid peroxidation in 
neurodegeneration. These studies demonstrate that: 1) elevations of ROS per 
se are not sufficient for induction of neuron death 2) metabolic impairment 
can cause neuron death which is not dependent upon elevations in ROS or 
calcium 3) mitochondria dysfunction is a primary source of ROS and lipid 
peroxidation toxicity 4) mitochondrial calcium accumulation is necessary and 
sufficient for elevations in ROS, calcium, metabolic impairment, and 
elevation of lipid peroxidation. Together, these data present a working model 
for the neuron death which occurs in neurodegenerative conditions such as 
AD, and may elucidate the relative contribution of multiple pathways to 
neuron death.

This work is supported by grants from the Abercrombie Foundation, 
Kleberg Foundation, and fellowships from the John Douglas French 
Foundation and American Heart Association.

820.4

PERMEABILITY TRANSITION LOWERS THE NORMAL 
MITOCHONDRIAL MEMBRANE POTENTIAL OF NEURAL CELLS 
AND IS INHIBITED BY BCL-2. A.J. Kowaltowski? S.S. Smaili,2 J.T. 
Russell2 and G. Fiskum3*. ’Univ. Estadual de Campinas, SP, Brazil, 2NIH, 
Bethesda, MD, 3Univ. of Maryland, Baltimore, MD 21201

This study tested the hypothesis that the mitochondrial membrane 
permeability transition (MPT) lowers the resting mitochondrial membrane 
potential (AT) of normal, healthy cells and that the anti-apoptotic gene 
product Bcl-2 inhibits the basal activity of the MPT. AT was measured both 
microscopically and spectrofluorimetrically using TMRE, a cell-permeant 
probe of AT. Also, the medium concentration of the lipophilic cation TPP+ 
was monitored with a TPP+ electrode as an independent measure of AT. Bcl-2 
overexpressing (Bcl-2(+)) and Bcl-2(-) transfected PC 12 pheochromocytoma 
cells, GT1-7 hypothalamic tumor cells, and human SY5Y neuroblastoma cells 
were used. The resting AT of PC12 Bcl-2(-) and SY5Y cells was increased 
significantly by the presence of the MPT inhibitor cyclosporin A or BAPTA- 
AM, an intracellular Ca2+ chelator. The AT of PC 12 Bcl-2(+) cells was larger 
than that of Bcl-2(-) cells, and not significantly increased by cyclosporin A or 
Ca2+ chelation. Cyclosporin A did not present a significant effect on AT in 
unstressed GT1-7 cells but did inhibit the decrease in AT elicited by the 
addition of the pro-oxidant, MPT inducer /-butyl hydroperoxide. We conclude 
that there is a cell-selective contribution of the MPT to the basal AT and that 
the endogenous MPT activity can be inhibited by overexpression of the anti- 
apoptotic gene Bcl-2. Supported by FAPESP, NIH grant NS3415 and by the 
Bayer Corporation.

820.5

Ca2+ TRANSPORT AND Ca2+-INDUCED RELEASE OF 
CYTOCHROME C FROM MITOCHONDRIA IN NEURONS VS. 
ASTROCYTES. G. Fiskum? K. Chandrasekaran? Z.B. Mehrabian?
L.L. Bambrick2 and B.K. Krueger2’*. *Dept. of Anesthesiology and 2Dept. 
of Physiology, Univ. of Maryland, Baltimore, MD 21201

Although mitochondrial Ca2+ transport and its effects, including release of 
apoptogenic cytochrome c (CytC), are involved in the pathogenesis of brain 
cell death and neurodegenerative disorders, little is known of how these 
responses compare between neuron and astrocyte mitochondria. Cellular 
mitochondria were tested using digitonin-permeabilized primary cultures of 
rat cerebellar neurons and forebrain astrocytes suspended in a cytosol-like 
medium containing K+, Mg2+ and ATP and respiratory substrates. The 
medium [Ca2+] was monitored fluorimetrically with Calcium Green 5N, 
mitochondrial membrane potential (Avp) was monitored fluorimetrically with 
saffanine O, mitochondrial morphology was assessed using transmission 
electron microscopy, and CytC release was quantified using immunoblots of 
supernatants and pellets obtained following rapid centrifugation of 
suspensions of permeabilized cells. While the addition of the mitochondrial 
permeability transition (MPT) inhibitor cyclosporin A (CsA) stimulated Ca2+ 
uptake and inhibited the decrease in AT and the release of CytC from 
astrocyte mitochondria, CsA had no effect on these activities in permeabilized 
neurons. These results demonstrate the variable activity of MPT and its 
potential contribution to the pathogenesis of Ca2+-induced cell death in 
different brain cells. Supported by NIH grants NS34152, AG10686, and 
AG15207 and by a grant from the Bayer Corporation.

820.6

Mechanisms of D-arginine action that counteract Dexamethasone effects in the 
hippocampus
CanteroslMG. ,Fischer,D., Almeida.OFX. Dept. of Neuroendocrinology. Max Planck 
Institut of Psychiatry. Kraepelinstrasse 2-10. D-80804 Munich. Germany.

We have previously shown that D-arginine(D-Arg)counteracts Dexamethasone(DEX) 
effects in the hippocampus (cell death and down-regulation of 5HT1A.Receptors).The 
aim of this study was to investigate the possible mechanisms of D-Arg action in the 
hippocampus. Treatment was administered to male Wistar rats (250-300g) via intra- 
peritoneal (ip) for 10 days. Groups were: Control (saline), L-arginine (L-Arg, 200 
mg/kg BW), D-Arg (200 mg/kg BW), DEX(100gg/kg BW), DEX+D-Arg, D-Arg+L- 
Arg. We found, by RT-PCR, that DEX and L-Arg increased the synthesis of the 
enzyme, and D-Arg alone or in combination with DEX or L-Arg reversed those effects 
(n=6-7, p<0,05 vs Control).We next investigated the activity of the enzyme by "in 
vitro" incubation of hippocampi in Krebs-Ringer buffer with different doses of L-Arg 
(IO-6,10'5 and IO"4 M) competing with the same doses of D-Arg. Here we found that D- 
Arg dose dependently reduced L-Arg-stimulated NOS activity (n=4, p<0,05 vs 
correspondence doses of L-Arg). Since the availability of the substrate is one of the 
most important factors for the activity of the enzyme, we next determined, by RT-PCR, 
the expression in hippocamppi of the two CAT(Cationic Aminoacid 
Transporter)genes,CAT-l and CAT-2,which express three carrier proteins for the 
transport of L-Arg, in the brain. We found that DEX and L-Arg increased the 
expression of both,CAT-1 and CAT-2,genes,while all the groups with D-Arg decreased 
CAT-1 and CAT-2 gene expression (n=6-7, p<0,05 vs Control).Data reported here are 
the first showing that D-Arg can down-regulate CAT expression, most probably 
secondary to the inhibition of L-Arg availability and subsequently disrupting L-Arg 
transport and NO signaling in the brain. In addition, they provide a convincing 
mechanistic rationalization of how D-Arg can attenuate DEX and L-Arg deleterious 
effects in hippocampus.
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820.7
SUPER OXIDE DISMUTASE GENES UP REGULATED IN NEURONS 
AROUND THE BRAIN INJURY INHIBIT NITRIC OXIDE INDUCING 
APOPTOTIC DEATH.

xDept. of Basic Gerontology, Nati. Inst. Longevity Sci.; Aichi 474-8522, Japan, 
ZLab. for Genes of Motor Systems, Bio-Mimetic Res. Prog.,RIKEN; Nagoya 
463-0003, Japan

We reported that microglial nitric oxide (NO) led damaged neurons to delayed 
neuronal death around the perimeter of necrotic lesion in the acute striatal injury 
model. From in situ hybridization and immunohistochemistry, inducible NO 
synthase (iNOS) gene was expressed in reactive microglia in the boundary area 
between the necrotic and a normal region on the 1st day after the injury. However, 
neurons outside of this area where iNOS was induced did not fall into apoptosis.

In this study, we found that Mn-SOD and Cu/Zn-SOD genes were upregulated in 
the neurons of normal area in vivo. In vitro model using PC12 cells, both SOD 
genes were induced by NO donor, SNAP, and the cells survived at 100 /ZM. SOD 
proteins seem to have a close relation with NO resistance of the cells.

Our data suggest that damaged neurons which fail to induce SOD genes are 
eliminated by the cytotoxic effect of microglial NO while normal neurons get strong 
resistance toward NO by up regulating SOD genes. This mechanism seems to 
contribute to selective elimination of damaged neurons near the necrosis and to 
reintegrate the neuronal circuits with functionally intact neurons.

820.8
PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR GAMMA 
AGONISTS PROTECT GRANULE NEURONS FROM CELL DEATH
Michael T, Heneka1,2*, Douglas L. Feinstein2, Ulrich Wullner1 Elena Galea2 and Thomas
Klockgether'; 'Department of Neurology, University of Bonn, Germany, ’Department of Anesthesiology, 
Neuroanesthesia Research, University of Illinois at Chicago, Chicago, IL
Cerebellar granule neurons (CGNs) express the inducible isoform of the nitric oxide 
synthase family (iNOS) in response to cytokines (IFNy, IL-ip, TNFa) and 
lipopolysaccharide (LPS). Induction of iNOS and release of nitric oxide (NO) was 
detected after 4, 12 and 24 h by western blotting, immunohistochemistry, RT-PCR and 
2,7-dichlorodihydrofluoresceindiacetate hydrolysis (2,7 DCF-H2). Stimulation of iNOS 
resulted in neuronal cell death, characterised by loss of viability, DNA fragmentation, 
caspase-3 activity and TUNEL labeling. Loss of viability and DNA fragmentation were 
potentiated by addition of excess L-arginine (1M) and inhibited by a selective iNOS 
inhibitor.Recently, the peroxisome proliferator activator receptor gamma (PPARy) was 
shown to downregulate cytokine levels and iNOS expression upon stimulation with 
several agonists including prostanoids as well as nonsteroidal antiinfflammatory drugs 
(NSAIDs) in peritoneal macrophages. Coincubation of stimulated CGCs with the PPARy- 
agonists PGJ2 (lpM), ibuprofen (IBU, lOgM) and indomethacin (INDO, lOpM) 
suppressed iNOS expression and NO release. Downregulation of iNOS expression and 
NO generation by PPARy-agonists protected CGNs from cytokine/LPS-induced 
apoptotic cell death. PPARy-agonists-dependent protection from cell death was 
characterised by reduced caspase 3 activity, DNA fragmentation and less TUNEL 
positive cells. Decreases in iNOS expression and cell death by IBU and INDO were not 
observed at drug concentrations that were sufficient to inhibit cyclo-oxygenase-2 and 
prostaglandin E2 (PGE2) release. These results demonstrate that immunostimulation of 
CGNs results in iNOS expression and NO-dependent apoptotic cell death. PPARy- 
agonists including NSAIDs attenuated iNOS expression and prevented apoptotic cell 
death of immunostimulated CGNs independent of effects on cyclo-oxygenase-2 and 
prostaglandin synthesis. PPARy-agonists therefore offer a new therapeutic option in 
models of neurodegenerative and neuroinflammatory disease.

820.9

NF-k B Activation Mediates both Neuroprotective and Pro-apoptotic Fates in 
Cultured Cerebellar Granule Neurons. Y. Du **, K. R. Bales 2, R. C. Dodel3, F. Gao 
*, X. Liu \ G, M. Yan \ S, P. Little L and S, M, Paul 1,2,8 1 Departments of 
Pharmacology, and ’Psychiatry Indiana University School of Medicine, Indianapolis, IN 
46202,2 Neuroscience Discovery Research, Eli Lilly & Co. Indianapolis, In 46285, 
’Department of Neurology, Phillips-University, Marburg, Germany, ‘Department of 
Pharmacology, Zhong Shan Medical University, Guang Zhou, China. The pro-and 
antiapoptotic roles of the NF-KB/Rel family of proteins have been well documented in 
a variety of cell types. Disruption of NF-k B (p65/RelA) by homologous recombination 
in ES cells is embryonically lethal due to massive apoptotic cell death in the liver of 
RelA -/- mice. Conversely, constitutive activation of NF-k B appears to play a 
“protective” role in cells which are highly differentiated, (i.e. neurons and B cells), 
such that when the constitutive levels of activated NF-k B are reduced, apoptosis 
ensues. Here we report both a neuroprotective as well as a pro—apoptotic role for NF- 
k B activation in a single neuronal cell type; cultured cerebellar granule neurons (CGN). 
Low concentrations of NMDA have been shown to be neuroprotective in CGN and we 
have extended that finding to show that NMDA-induced neuroprotection is mediated 
by the NF-KB/Rel family of proteins. The neuroprotective effects of NMDA are lost 
when CGN are pretreated with an antisense, or a double stranded-DNA decoy 
oligonuclotide directed against NF-k B followed by excitotoxic concentrations of 
glutamate. In contrast, activation of NF-k B following CGN exposure to bilirubin 
results in massive apoptosis. Pretreatment of CGN with an antisense oligonucleotide to 
NF-k B (p65) or a double-stranded DNA decoy, attenuates bilirubin-induced CGN 
death. Additionally,inhibitors of Ik Bcc  selectively attenuate the neuroprotective effects 
mediated by NMDA pre-treatment but are unable to block bilirubin-induced apoptosis. 
These results demonstrate that in CGN, activation of NF-k B represents a critical 
“switch” for determining neuronal viability which, depending on the stimuli, can result 
in cell death via apoptosis or neuroprotection .

820.10
HEAT SHOCK RESPONSE PREVENTS NEURAL INFLAMMATION IN VIVO.
D.L. Feinstein1*, T. Sharp1, T. Klockgether2 and M.T. Heneka2. 'Dept. Anesthesiol., 
Univ. of Illinois, Chicago, IL 60607; 2Dept. of Neurol., Univ. Bonn, Germany

The activation of inflammatory responses in brain is one hallmark of neurological 
diseases including multiple sclerosis, cerebral ischemia, and Alzheimer's disease. 
We have shown in vitro that the heat shock response (HSR) or HS protein 70 
(HSP70) expression renders cells refractory to inflammatory activation, mediated by 
suppression of NFk B activation. To determine if attenuation of neural inflammation 
by HS is operative in vivo, adult female Sprague-Dawley rats were anesthetized and 
subjected to whole body heating. Body temperature, monitored by a rectal probe, 
was raised with a heating pad to 41.5°C (“HS'ed”) for 20 minutes, then animals 
returned to their cages. Control animals were anesthetized without heating. One day 
later, rats were anesthetized and placed in a stereotaxic frame. Two pL of IFN-y (20 
U/ml), LPS (1 mg/ml) plus IL1-P, (2 ng/ml) (dissolved in PBS) was injected into 
the left striatum whereas 2pi of PBS was injected into the right striatum, over a 
period of 120s using a 2 pi Hamilton syringe, at AP 0.0, L ±3, and V 5.5 mm 
relative to Bregma. Animals were sacrificed after 1 or 24 hr, perfused, and brains 
processed for immunocytochemistry and immunoblot analysis. Low levels of 
HSP70 protein was found in control brain regions, and increased levels in HS'ed 
brains, with highest levels in cortex. One hr after injections, cytokines induced the 
nuclear appearance of NFk B p65 subunit in control, but not HS'ed animals. After 24 
hr, Nitric Oxide Synthase type 2 was detected in control brains injected with 
cytokines but not with saline, primarily in endothelial cells and infiltrating 
microglia. NOS2 was undetectable in HS'ed brains following cytokine injection. 
Cytokines, but not saline, induced leukocyte infiltration in control brain, and this 
infiltration was reduced in HS'ed animals. These results demonstrate that the HSR 
significantly reduces subsequent cytokine-dependent inflammatory activation in 
brain cells, most likely due to prevention of NFk B nuclear translocation. Funded by 
National Multiples Sclerosis Society and N.I.N.D.S., N.I.H.

820.11

NEUROPROTECTION IN THE ADULT RAT HIPPOCAMPUS; INTERACTION 
OF ESTROGEN RECEPTORS AND IGF-I RECEPTOR SIGNALING.
I Azcoitia1, A Sierra1, J Chowen2* and LM Garcia-Segura2 1 Biologia Celular, 

Fac. Biologia, Univ. Complutense E-28040 Madrid; 2 Instituto Cajal CSIC, E- 
28002, Madrid, SPAIN.

We have previously shown that 17-p-estradiol (E2) protects neurons 
in the dentate gyrus from kainic acid induced death in vivo. To analyse 
whether this effect is mediated through estrogen receptors and through cross-
talk between steroid and insulin-like growth factor (IGF) systems, we have 
concomitantly administered inhibitors of estrogen receptor (IC1182,780) or the 
IGF-I receptor (JB1) with E2. In addition we have also administered IGF-I with 
or without tine estrogen receptor inhibitor 1C I.

ICI (10‘7M), JB1 (20 gg/ml) and IGF-I (100 pg/ml) were delivered into 
the left lateral ventricle of young ovariectomized rats via an Alzet osmotic 
minipump (0.5 pl/hr) for 2 weeks. All rats received kainic acid (7 mg/Kg b.w.) or 
vehicle ip injections at day 7. Also on day 7, rats treated ICV with only ICI or 
JB1 received a single ip injection of E2 (150 pg/rat) or vehicle. On day 14 the 
rats were sacrificed, brains processed, and the number of surviving hilar 
neurons estimated by the optical disector technique.

IGF-I or E2 protected hilar neurons. The neuroprotective action of E2 
was blocked by ICI and by JB1. Furthermore, IGF-I enhancement of neuronal 
survival was greatly reduced by ICI. These results indicate that in this model of 
hippocampal lesion the neuroprotective effect of E2 depends on estrogen and 
IGF-I receptors, and the protection exerted by IGF-I depends on estrogen 
receptors. In conclusion, an interaction of estrogen and IGF-I receptor 
signalling may mediate neuroprotection in the adult rat hippocampus. 

Supported by DGESIC PM98/0110.

820.12

ESTROGEN UNCOUPLES P53 REGULATION OF FAS/APO-1 AND 
BAX SUICIDE SIGNALS IN THE DEVELOPING CEREBRAL 
CORTEX. R.C. Miranda*, Z.F. Cheema. and S.W, Wade, Dept of Human 
Anatomy and Medical Neurobiology, Texas A&M University Health 
Science Ctr., 232 Reynolds Medical Bldg., College Station, TX 77843-1114.

The developing rodent cerebral cortex undergoes a period of rapid neurogenesis, 
to generate the neurons of the cortical plate. In an overlapping process, excess 
neurons and neural precursors are eliminated by apoptosis. A key regulator of cell 
fate is the tumor suppressor p53. Cell cycle arrest, errors in replication, or DNA 
damage, result in p53 activation. We used conditionally immortalized and primary 
dissociated embryonic cortical neuroblasts as model systems to examine p53 
processes. Our data indicate that p53 activation is accompanied by the induction of 
p21/Wafl (a cell cycle arrest protein), Bax (a mitochondrial suicide protein), trans-
location of Fas/Apo-1 receptor (a suicide receptor) to the cell surface, and death.

The gonadal hormone estrogen is a key regulator of neural differentiation. Nuclear 
estrogen binding sites are expressed at high density by the developing cerebral 
cortex. We therefore examined whether estrogen could alter p53 regulation of cell 
fate. Our results indicate that estradiol-17p prevents p53 induction of Bax.
However, estrogen has divergent actions on the Fas/Apo-1 receptor. Estrogen 
increased Fas/Apo-1 expression in non-adherent cells (neuroblasts that had lost cell 
contact) while decreasing Fas/Apo-1 expression in adherent cells (that continued to 
maintain cell-cell contact). These results indicate that estrogen uncouples suicide 
processes from p53 and exhibits context-dependent regulation of cell surface suicide 
signals. Research supported by a grant from NIH (MH 55724) and a gift from the 
Dorothy and Bill Stearman ’42 Research Fund.
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820.13
NEUROPROTECTIVE EFFECT OF ESTROGENS AND 
CROSSTALK WITH INTRACELLULAR SIGNAL TRANSDUCTION 
CASCADES. Stefanie Heck. Bernd Moosmann and Christian Behl*. 
Max-Planck-lnstitute of Psychiatry, 80804 Munich, Germany

Estrogens have been demonstrated to protect neurons against 
oxidative stress-induced cell death and other cytotoxic insults in a 
variety of model systems. By testing a number of estrogen derivatives 
and aromatic alcohols we could show that their neuroprotective effect 
is mediated by their anti-oxidant properties and is not dependent on 
classical transcriptional activation through an estrogen receptor. 
Besides their potential as antioxidants estrogens exert numerous 
neurotrophic effects that may be due to genomic and also non- 
genomic actions. To address such mechanisms we investigated the 
influence of estrogen on signal transduction pathways such as the 
MAP kinase pathway, the CREB pathway and the pathway leading to 
activation of NFk B, a transcription factor that has been suggested to 
play an important role in neuronal survival. In the murine clonal 
hippocampal cell line HT22 which lacks estrogen receptor alpha but is 
protected by estrogens against oxidative stress, these pathways are 
induced after treatment with 17-beta-estradiol. Our results suggest that 
this induction may be mediated by a non-classical hormone-effect. We 
will further investigate the implication of these signal transduction 
cascades and their downstream targets in estrogen-mediated 
neuroprotection in order to elucidate the molecular basis of the 
neuroprotective action of this hormone.

VISUAL CORTEX: EXTRASTRIATE—FUNCTIONAL ORGANIZATION

821.1

FMRI MAPPING OF RECEPTIVE FIELD SIZE IN HUMAN STRIATE 
AND EXTRASTRIATE VISUAL CORTEX. A.T. Smith1*, K.D. Singh1 
and M,W, Greenlee2, ^ept. Psychology, Royal Holloway, Univ. London, 
UK; 2Neurologische Klinik, Univ. Freiburg, Germany.

The visual areas of human cortex have previously been mapped onto 
flattened representations of the cortical surface. We have applied a related 
technique to map average receptive field size on the same surface. Using a
1.5T Siemens scanner (T2*-weighted EPI slices; TE=66ms, TR=3s, voxel 
size=2x2x4mm), conventional retinotopic mapping was first performed. 
Slowly rotating and expanding checkerboard wedge and ring stimuli were 
used to map area boundaries and eccentricity, analysis being based on the 
temporal phase of the response in each voxel. The same fMRI data were 
then re-analysed to reveal receptive field size. The duty cycle of the 
response modulation obtained as a slowly rotating wedge periodically 
traversed the receptive fields (RFs) of the cells in a given voxel was 
quantified, independently for each voxel, by fitting a rectangular wave to 
die temporal response function. For very small RFs, the duty cycle will 
simply reflect the proportion of time for which the stimulus covers a given 
point (e.g. duty cycle will be 80/360 for the 80deg wedge we used). As RF 
size increases, the duty cycle should become greater because activity will 
commence when the stimulus first enters the (larger) RFs and subside only 
when the trailing edge leaves the RFs. The duty cycle of the best-fitting 
rectangular waveform for each voxel was plotted as a pseudocolor overlay 
on the flattened cortical map. The maps show a clear and gradual increase 
in receptive field size as eccentricity increases. Differences in RF size 
among the various visual areas (expected on the basis of neurophysiological 
data) are much harder to discern and, if they exist, are small relative to 
eccentricity-related variations.
Supported by Wellcome Trust, DFG (GR988-15) and Schilling Foundation.

821.2

ORIENTATION DISCRIMINATION INVOLVES BOTH VENTRAL 
AND DORSAL VISUAL PATHWAYS. I. Faillenot1, S. Sunaert2, P. Van 
Hecke2 and G.A. Orban1*. ‘Lab. Neuro- en Psychofysiologie, KULeuven, 
Medical School, Campus Gasthuisberg, B-3000 Leuven, Belgium, 2Afdeling 
Radiologie, UZ Gasthuisberg, KULeuven, B-3000 Leuven, Belgium.

Previous PET studies of orientation discrimination have reported 
activation of ventral occipito-temporal regions when central grating stimuli 
were used (Orban et al., Eur. J. Neurosci. 1997) but parietal as well as 
occipito-parietal activations when peripheral objects were used as stimuli 
(Faillenot et al., Neuroimage, 1999, in press). In order to compare the circuits 
involved in orientation discrimination for 2D objects and gratings, we 
contrasted two orientation discrimination tasks (identification and successive 
discrimination) to a detection of dimming control condition, for both 2D 
objects and gratings, all stimuli being oblique and presented in central vision. 
Functional MR (six subjects) revealed that the circuits involved in orientation 
discrimination in all four experimental conditions were remarkably similar 
and included lingual, occipito-temporal, ventral and dorsal intraparietal 
sulcus and medial SPL and precuneus regions. 2D objects evoked more 
activity in lingual regions, probably reflecting small difference in stimulus 
outline, and in the precuneus. The successive discrimination did not evoke 
more activity in middle fusiform cortex than identification, as reported earlier 
(Orban et al., 1997; Comette et al., Soc. Neurosci. Abstr. 1998), due to the 
relatively low rate (52/min). Identification did evoke more activity than 
successive discrimination in the superior frontal sulcus and in the precuneus. 
The frontal activation matches locations observed in working memory for 
orientation (Comette et al., Soc. Neurosci. Abstr. 1998) and visual search 
with oriented stimuli (Leonards et al., Invest. Ophth. Vis. Sci. 1999). 
(Supported by FWO Flanders and Queen Elisabeth Medical Foundation)

821.3

ERP INDEXES OF EARLY ACTIVATION OF LEFT TEMPORAL CORTEX 
DURING VISUAL SELECTION OF STIMULUS ORIENTATION. A. M. 
Proverbipl*. P. EspositoL A. Zani2*l. ^Cognitive Electrophysiology Lab, 
Department of Psychology, University of Trieste, 34123 Trieste, Italy; 
2Istituto di Psicologia del CNR, Roma, Italy

Aim of the present study was to investigate neural mechanisms of 
orientation selection in humans by recording Event-related potentials 
(ERPS) of the brain with a 32 channel montage. Stimuli were isoluminant 
black-and-white gratings (3 cpd) having 50', 70', 90 110' and 130' of
orientation randomly presented in the foveal portion (2' of visual angle) 
of the central visual field. The task consisted in selectively attend and 
respond to one out of the five grating orientations while ignoring the other 
stimuli. ERP results showed that orientation selection affected neural 
processing already starting at an early post-stimulus latency. The Pl 
component (P135), centered at the left anterior temporal area, which 
might well be reflecting the activity of the ventral stream (i.e., 'WHAT7 
system) of the visual pathways, showed in fact an enhanced amplitude 
for relevant orientations. These effects increased with progressing of 
neural processing in time as reflected by SN and P300. In addition, both 
reaction times (RTs) and ERPs showed a strong "oblique" effect, very 
likely reflecting the perceptual predominance of orthogonal versus 
oblique stimulus orientation in the human visual system: RTs were in fact 
much faster, and selection negativity (SN) and P300 component much 
larger to gratings presented in the vertical orientation. Supported by a 
MURST grant to Dept. Psychol, of University of Trieste, and a CNR grant 
to A. Z.

821.4

RELATIONSHIPS AND INTERACTIONS BETWEEN CORTICAL MAPS 
FOR DISPARITY AND ORIENTATION IN PRIMATE V2. D. Y. Ts’o* and 
G.R, Burkitt. Laboratory of Neurobiology, The Rockefeller University, New 
York, NY, 10021.

Both electrophysiology and optical imaging studies have shown that there 
is a clustered organization for retinal disparity within the thick stripes of 
macaque area V2. We have now examined in greater detail the 
interrelationships between the cortical maps for disparity and that for 
orientation in V2. Although there are regions of considerable overlap, there 
are also regions which have a strong organization for orientation, but weak 
or absent disparity organization. Such regions of strong orientation and 
weak disparity signal include not only the pale CO interstripes, but also the 
regions of horizontal orientation preference within the thick stripes. Thus 
across a range of vertical disparities spanning ±1.5°, the distribution of 
activated cortex in V2 remained roughly constant. Stimulating with a range 
of oblique disparities, like in the case of purely horizontal disparities, yielded 
a range of activity maps that shifted gradually with each particular disparity. 
Our preliminary analysis of the interactions between these disparity maps 
and the orientation maps suggests that these two maps are not separable 
within the thick stripe. This non-separability would stand in contrast to most 
previously studied maps in early visual cortex, such as color, ocular 
dominance and orientation in V1, but may be more akin to an 
interdependence of activity maps for color and orientation that we have 
previously observed in area V4.
(Supported by grant EY08240 and the McKnight Foundation)
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821.5
DEPENDENCE OF V2 DISPARITY PROCESSING ON STIMULUS AXIS 
AND VI MONOCULAR INPUTS IN THE MACAQUE MONKEY
G.R. Burkitt* and D.Y. Ts’o. Laboratory of Neurobiology, The Rockefeller 
University, New York, NY, 10021.

Our previous optical imaging maps of retinal disparity in V2 (Soc. Neurosci. 
Abstr. 24:1978,1998) were the result of stimulation with a series of vertical 
gratings having only horizontal disparity. To examine the role of non-horizontal 
disparity in disparity processing we have now expanded the stimulus set to include 
four series of gratings at orientations of 0, 45, 90 and 135 degrees each with a 
range of retinal disparities perpendicular to the orientation axis. We have found 
that among the four sets of imaged maps of disparity the strongest disparity signals 
were elicited by vertical gratings at horizontal disparities. In contrast, the disparity 
signal for horizontal gratings with vertical disparity were weak (less than 20% of 
the horizontal disparity signal). Analysis of the change in the mapping signal in 
each orientation domain suggests that regardless of the axis of stimulus disparity, 
the horizontal disparity component dominates disparity processing in the primate. 
We have also examined how information from monocular and binocular cells in 
VI might contribute to disparity selective fields in V2. Single unit activity in VI 
was recorded along tangential electrode penetrations that passed through several 
ocular dominance columns. Cross-correlations between single V2 cells in the thick 
stripes and a series of VI cells revealed strong interactions when the VI cell was 
sharply oriented and weaker interactions when the VI cell was unoriented but 
selective for color. Monocular VI cells were more likely to demonstrate a strong 
V2 interaction while there was a more equal distribution of binocular VI cells 
showing weak and strong interactions. These observations meet with the 
expectation that disparity properties in V2 are constructed, at least in part, from 
monocular inputs. (Supported by grant EY08240)

821.6
ACTIVATION OF ILLUSORY CONTOUR DOMAINS IN MACAQUE AREA V2 
IS ACCOMPANIED BY RELATIVE SUPPRESSION OF REAL CONTOUR 
DOMAINS IN AREA VI. B.M.Ramsden*, C.P.Hung, L.M.Chen, A.W.Roe. Section 
of Neurobiology, Yale University School of Medicine, New Haven, CT 06520.

Optical imaging of macaque cortical areas VI & V2 reveals orientation-specific 
functional domains associated with illusory contour stimulus presentation (Ramsden et 
al, Soc Neurosci Abstr 24:1506, 1998). To further examine the functional organization 
of primate illusory contour processing, we have investigated the spatial relationships 
between real and illusory response domains in VI & V2 of the macaque monkey.

Intrinsic optical imaging methods were used to map responses to illusory contour 
(A) and real line (B) stimuli in anesthetized monkeys. Maps were confirmed ////// 
with subsequent electrophysiological sampling. Significant response 
domains were demarcated for each orientation map, and the degree of spatial 
association between real and illusory domain organization was statistically 
evaluated. In V2, the greatest overlap occurred between real and illusory 
contour response domains of the same orientation preference. In contrast, 
real and illusory response domains of the same orientation preference in VI 
repeatedly showed spatially complementary patterns. B

Such V2 domain associations support electrophysiological evidence that many V2 
cells co-encode both real and illusory stimuli of the same orientation (Peterhans and 
von der Heydt, 1989). Our imaging results show the weakest response to illusory 
stimuli in VI coincides with the strongest response to similarly oriented real lines. 
This suggests that real line orientation domains in VI show relative activity 
suppression when stimulated by a similarly oriented illusory contour.

These findings support the existence of domain-specific, inter-areal push-pull 
interactions in primate visual contour processing: (i) activation of generalized 
orientation domains in V2 that signals the presence of an oriented contour, whether 
real or illusory; and, (ii) suppression of potentially conflicting information from VI 
domains that signals the presence of a ‘real’ contour.

Support: NIH R01-EY11744, Whitehall, Sloan, Brown-Coxe Foundations

821.7 821.8

THE RESPONSES OF BINOCULAR V2 NEURONS TO RELA-
TIVE AND ABSOLUTE DISPARITIES
O.M. Thomas, B.G. Cumming and A.J. Parker. (SPON: British Neuroscience 
Association) University Laboratory of Physiology, Parks Road, Oxford, OXI 
3PT, UK

Psychophysical studies suggest that stereopsis relies primarily on relative 
disparities, yet binocular neurons in VI are selective for absolute disparities 
(Cumming and Parker, 1999). Here, we examine whether neurons in V2 of the 
awake, behaving monkey are sensitive to relative or absolute disparities. We 
presented dynamic random dot stereogram stimuli composed of a centre and 
a background. The disparities of centre and background were varied indepen-
dently. For each neuron, the centre patch was chosen to cover the classical 
receptive field. We obtained a disparity tuning curve for the disparity of the 
centre patch, using two different background disparities. All stimulus conditions 
were randomly interleaved, and the positions of both eyes were recorded.

A neuron that responds exclusively to the absolute disparity of the centre 
region will have the same disparity tuning curve for each background condition. 
A neuron that signals the relative disparity between centre and background will 
have different disparity tuning curves for each background condition. These 
tuning curves should have the same shape with a shift along the disparity di-
mension.

34 V2 neurons were recorded from two monkeys. 16 neurons responded only 
to the absolute disparity in their receptive field. 9 neurons had tuning curves 
which shifted with the background disparity. All shifts were in the correct 
direction. 9 neurons had interactions with the background disparity, but their 
tuning curves could not be simply described by a shift in preferred disparity. 
We conclude that V2 may contribute to the generation of signals for relative 
disparity.

(Supported by the Wellcome Trust and the Royal Society.)

FMRI CORRELATES OF STEREO DEPTH DISCRIMINATION
B.T. Backus1, D.J. Fleet2, D.J. Heeger1, and C.W, Tyler*3 

JDept. of Psychology, Stanford University, CA; 2Dept. of Computer Science, Queens 
College, Canada; 3Smith-Kettlewell Eye Research Institute, San Francisco, CA. 

PURPOSE: To locate and quantify the neural correlates of stereoacuity (the minimum
binocular disparity between two objects for which they appear at different depths). 
METHODS: Visual stimuli were dynamic random-dot stereograms (dots repositioned 
at 4 Hz). Dots were at a single disparity (perceptually, a single plane) or at two 
disparities (two planes at different depths), centered either at fixation or in crossed 
disparity relative to fixation. During each scan, the two-plane stimulus was alternated 
with the one-plane stimulus (36 sec period). Interplane disparity was varied from scan 
to scan. FMRI (T2* spiral pulse sequence) signal strength was measured throughout 
the occipital lobe. Response was quantified by the amplitude of the (36 sec period) 
sinusoid that best fit the average fMRI time series of pixels within a given visual area. 
Two of the authors served as subjects.
RESULTS: In retinotopic areas VI and V3/V3A, strong fMRI responses were 
obtained only when the two planes were perceptually distinguishable from a single 
plane (both at fixation and in crossed disparity). These responses were 3 times larger in 
V3/V3A than in VI; in contrast, when alternating between two planes and a blank 
screen, responses were 40% smaller in V3ZV3A than in VI. A small interplane 
disparity of 2 arcmin, when presented at fixation, was perceived as two planes and gave 
rise to strong fMRI responses. The same stimulus, when presented at a crossed 
disparity of 30 arcmin, was not perceptually distinguishable from a single plane, and 
gave rise to negligible responses. Responses in both areas increased with relative 
disparity, but activity began to rise at a lower disparity in V3/V3A than in VI. 
CONCLUSION: Stereoacuity thresholds are correlated with increases in fMRI 
activity. V3/V3A probably plays an important role in binocular depth perception. 
Supported by: NIH grant EY11794, NRSA fellowship EY06899, Sloan Fellowship.

821.9

FMRI CORRELATES OF RECOVERY OF FUNCTION IN 
ACQUIRED CEREBRAL DYSCHROMATOPSIA.
M. S, Beauchamp*. J. V. Haxbv and E. A DeYoe1. Section on Functional Brain 
Imaging, Laboratory of Brain and Cognition, National Institute of Mental Health, 
Bethesda, MD 20892 (mbeauchamp@nih.gov) and ^ept. Cell Biology, Medical 
College of Wisconsin, Milwaukee, WI53226.

An art professor, KG, age 58, suffered a cerebrovascular accident during 
heart surgery that severely impaired his ability to perceive color. As measured 
by the Farnsworth-Munsell 100-Hue test, his color discrimination 3 months 
after the lesion was worse than 95% of age-matched normals. A gradual 
improvement in his color discrimination was noted. Two years after the lesion, 
his performance was better than 50% of age-matched controls.

Structural and functional MRI was used to study the neuroanatomical 
substrates for the recovery of function. Structural MRI revealed bilateral 
damage to ventral occipital and temporal cortex. An fMRI version of the 100- 
Hue test was administered. In normal controls (both young and age-matched) 
the fMRI 100-Hue test reliably activated bilateral, color-selective regions in 
anterior and posterior ventral occipitotemporal cortex. In subject KG, no color- 
selective activity was observed in right ventral cortex. However, significant 
color-selective activity was observed in posterior left ventral cortex spared by 
the lesion. This left ventral activation was similar in extent, position, and 
degree of color-selectivity to the left posterior activation observed in normal 
controls, suggesting that this focus may be the cortical substrate underlying the 
recovery of KG's color perception. These results provide evidence that a 
network of ventral areas subserves color perception, and that this network can 
reorganize following cortical damage.
Supported by NIMH-IRP and RO1-EY10244.

821.10

COLOR INDUCTION IN HUMAN VISUAL CORTEX MEASURED WITH FMRI 
H, Yamamoto1*, M. Fukunaga2, T. Azukawa1. C. Tanaka2, S. Takahashi3, T. Ehisu2,
M. Umeda2, and Y. Eiima1. ’Graduate school of Human and Environmental studies, 
Kyoto Univ.; 2Dept. of Neurosurgery, Meiji Univ. of Oriental Med., Kyoto 629- 
0392, Japan.; ’Kyoto City Univ. of Arts.

Color induction or simultaneous color contrast is a change in the apparent hue of a 
visual stimulus caused by the presence of surrounding visual stimuli. Color 
induction is due to spatial interactions in the visual system and can be interpreted as 
its misdirected attempt at color constancy. By using FMRI at 1.5T, we investigated 
the activity of the human visual cortex associated with the induced color change. 
The stimulus display consisted of 2 deg circular test patches in a 30 deg inducing 
square surround. The test and the surround were equiluminant at 510 cd/m2. The 
chromaticity of the surround was white in the no-induction condition and modulated 
in time between yellow and blue at 1 Hz in the induction condition. In both scanning 
conditions, two types of the tests were presented to the subjects in alternating blocks 
of 16 sec. One was steady white and the other was chromatic modulation in 
counterphase to the surround. The degree of the modulation was adjusted so as to 
null the induced color change by individual subjects. Images were acquired using a 
2D gradient-echo spiral sequence. FMRI response was analyzed by the correlation 
method. In the no induction condition, most of the retinotopically defined visual 
areas modulated in phase with the block of the nulling modulation. In the induction 
condition, responses in early visual areas near the calcarine sulcus showed little 
modulation, if any, a little modulation in phase with the block of the nulling 
modulation. On the other hand, the neural activity in visual areas around the 
posterior part of the fusiform gyrus shifted its response phase to the block of the 
physically steady white, corresponding to the change in apparent color. It is 
suggested that color induction is mediated by hierarchically organized cortical 
mechanisms.
Supported by JSPS, Grant-Aid from the Japanese Ministry of Edu., Sci. and Cul., 
and Special Coordination Funds from the Sci. and Tech. Agency of the Japanese 
Government.
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821.11

RETINOTOPIC ORGANIZATION IN HUMAN SUPERIOR 
COLLICULUS DEMONSTRATED WITH fMRI. R. DuBois* and M. 
Cohen. Division of Brain Mapping, UCLA; Los Angeles, CA 90095.

The superior colliculus is known from electrophysiological studies to 
contain a retinotopically organized map of visual space. In this study, we 
present results demonstrating the ability to observe the colliculi 
noninvasively in human subjects via functional magnetic resonance 
imaging (fMRI).

We scanned subjects on a 3 Tesla GE Signa MRI with ANMR EPI 
upgrade. We used cardiac-gated EPI acquisition of 3 to 5 oblique coronal 
slices, positioned such that the middle slice passed through both the 
superior and inferior colliculi. We corrected intensity variations arising 
from the variable TR by calculating the instensity change for each voxel at 
each point in time and correcting to the average TR of the scan.

We used a blocked study in which, after an initial rest period of 30 
seconds, we presented a flashing-checkerboard (4 or 8 Hz) visual 
stimulus alternately to the left and right visual hemifields. Subjects 
maintained fixation on a central point. The intensity timecourse of all 
voxels in the right superior colliculus was extracted, interpolated to tenths 
of a second, and averaged over each 60 second period of right hemifield- 
left hemifield stimulation.

Our analysis indicated a preferential response of the right superior 
colliculus to stimuli presented in the contralateral half of visual space. 
This result is consistent with the known connectivity of the superior 
colliculi, and will be useful in the study of early visual processing in 
normal human subjects. In addition, this result demonstrates the ability of 
fMRI to observe neural function in very small areas of the brain.

This work was supported by NIMH T32 Training Grant MF19950.

821.12
NEURAL CORRELATES OF CRITICAL FLICKER FUSION
E D Lumer* and O. Josephs Wellcome Department of Cognitive 
Neurology, Institute of Neurology, University College London. Queen 
Square, London, WC1N 3BG. UK
When a light flashes at frequencies above a critical value (flicker- 
fusion frequency), it is perceived as providing a continuous 
illumination. This phenomenon occurs despite the fact that early 
visual cortical neurons respond at frequencies far exceeding the 
perceptual fusion frequency. To determine whether perception-related 
neural responses occur at more central processing stages, we measured 
bram activity with functional MRI in human subjects who reported 
their percepts at the critical flicker-fusion frequency. Perception- 
related activity was distinguished from that due to the physical 
stimulus by comparing trials in which the same brief train of light gave 
rise to different perceptual reports. Most visual cortical areas exhibited 
similar responses whether the light was perceived as flickering or 
steady. By contrast, activity changes that reflected different percepts 
were found in parietal and frontal regions. It has been previously 
suggested that flicker fusion represents a low temporal frequency cut-
off of neurons at an early stage of visual processing but our results do 
no support this view; rather we propose that the failure to detect fast 
temporal changes in the visual input reflects the rate limiting capacity 
of central cortical network mechanisms that constantly resample 
afferent sensory signals, and that similar mechanisms play a general 
role in the perceptual organization of visual scenes. [Supported by 
The Wellcome Trust]

821.13 821.14

RESPONSE LATENCIES TO FLASHED STIMULI REVEAL 
DIFFERENTIAL PROCESSING IN DORSAL AND VENTRAL VISUAL 
STREAMS R Kotter*1, JW Scanned2, CC Hilgetag2, G Lerzynski', KE Stephan' 
and MP Young2. 'Center for Anatomy and Brain Research, HHU Diisseldorf, 
Moorenstr. 5, D-40225 Diisseldorf, Germany; 2Neural Systems Group, Univ. 
Newcastle, Ridley Bldg., Newcastle upon Tyne NE 7RU, U.K.

Response latencies in primate visual areas to flashed stimuli show substantial 
overlap and variability, which contrast with the notion of a strictly hierarchical 
information processing system. Overlap and variability may give clues, however, 
to the characteristics of information processing in different pathways. For a given 
area, mean onset latency and variability are much higher in anesthetized monkeys 
than in awake animals (latency increment per station ~ 20 ms vs. 10 ms in awake 
monkeys). Both in anesthetized and awake monkeys, onset latency and onset 
variability across visual areas are positively correlated. These linear correlations 
are improved when dorsal and ventral areas (including the respective geniculate 
relays) are fitted separately, indicating different increments of variability per 
transmission step in the two pathways. Variability increases more rapidly in the 
ventral areas compared to the dorsal areas, which is compatible with a higher 
requirement for temporal precision in the latter.

S

awake monkey, Schroeder ef<

R2 = 0 9882

'98: Cereb Cx 8 : 575

} ■ ventral
250

200

150

50

0
20 40 60
mean onset latency

---- Ventral
-----Dorsal

In conclusion, information processing is faster and more precise in dorsal 
compared to ventral visual areas both in awake and in anesthetized monkeys.

Supported by a Wellcome Trust Collaboration Grant.

HIERARCHICAL ORGANISATION AND LATENCY IN THE PRIMATE 
VISUAL SYSTEM JW Scannell1, CC Hilgetag1, S Panzeri*1, R Kotter2 and MP 
Young1; ’Neural Systems Group, Univ. Newcastle, Ridley Bldg., Newcastle upon 
Tyne NE1 7RU, U.K and 2Center for Anatomy and Brain Research, HHU 
Diisseldorf, Moorenstr. 5, D-40225 Diisseldorf, Germany.

While analyses of anatomical connectivity have repeatedly confirmed a 
surprisingly strictly hierarchical organisation of the primate visual system, a 
different structure is apparent in firing onset latencies recorded in the system. 
Visual areas in the ‘dorsal stream’, in particular, show a near-simultaneous onset 
for flashed stimuli. How can this apparent contradiction between structure and 
function in the visual system be resolved? We constructed a simplified computer 
model of the primate visual system, consisting of the retina, LGN, and 10 visual 
areas for which onset-latency data are available. The model represented the 
upper, lower and middle (granular) layers of each cortical area, as well as the 
areas’ known laminar connectivity, and assumed a simple ‘integrate and fire’ 
mechanism for the integration of activity in the different structures.

The model accounted for key neurophysiological observations. It displayed 
simultaneous onset of activity in several dorsal stream structures, and the 
experimentally observed increase in latencies for higher cortical stations. We 
suggest that latency differences between the visual streams, and the apparently 
non-hierarchical processing in the dorsal stream, are due to differences in the 
number of steps to stations from the retina, and to a higher proportion of ‘lateral’ 
connectivity in the dorsal stream. This latter type of connectivity facilitates rapid 
activity propagation with minimal involvement of the areas’ intrinsic 
connections. We are exploring the relationship between local processing and the 
variance of onset latencies, and the effects of direct sub-cortical routes into the 
dorsal stream. However, present results show that hierarchical anatomical 
organisation and non-hierarchical neurophysiological processing are not 
contradictory, but rather suggest previously unsuspected modes of functioning in 
the visual system. Supported by the Wellcome Trust.

GABA RECEPTORS II

822.1

EPILEPSY AND ATTENUATED SENSITIVITY TO NEUROACTIVE STEROIDS 
IN GABA TYPE A RECEPTOR 6 SUBUNIT KNOCK-OUT MICE.
Robert M. Mihalek1*. Tim DeLorey2, Esa Korpi3, Joseph J. Quinlan1. Leonard L.
Firestone*, Verena Tretter4, Werner Sieghart4, Adrian Handforth5, Richard W. Olsen6
and Gregg E. Homanics*. Dents, of ’Anes./CCM. Univ. of Pittsburgh Sch. of Med..
Pittsburgh, PA, USA 15261; 2Molecular Research Institute, Mountain View, CA, 
USA 94043; 3Dept. of Pharm., Univ. of Turku, Turku, Finland; 4Univ. Clinic for 
Psychiatry,Vienna, Austria; 5West Los Angeles VA Med. Center, Los Angeles, CA 
90073, 6Depts. of Mol. and Med. Pharm. and Anes., UCLA Sch. of Med., Los 
Angeles, CA, USA 90095

Perturbations of GABAa -R function can result in epilepsy, anxiety, and depression. 
GABAa -R’s are known to be involved in mediating the effects of a wide range of 
clinically useful drugs, such as benzodiazepines, barbiturates, and anesthetics. 
Endogenous modulators of GABAa -R function also exist, and neuroactive steroids are 
the most potent endogenous regulators of GABAa -Rs yet identified. We have 
embarked on a genetic approach to elucidate the contribution of individual subunits of 
the GABAa -R to behavioral responses. We created a strain of mice that completely 
lacks the 6 subunit of the GABAa -R and have tested these mice with a wide variety of 
volatile and non-volatile anesthetics. Mice lacking 6 are selectively less sensitive to 
the sedative/hypnotic effects of the neuroactive steroids alphaxalone and pregnanolone. 
Following an i.v. injection of alphaxalone (8mg/kg or 16mg/kg) or pregnanolone 
(8mg/kg), d ' mice slept 54%, 38%, and 42% less than 6+/+, respectively. Sleep time 
duration resulting from pentobarbital, propofol, midazolam, ethanol and etomidate 
were not significantly different Loss of righting reflex in response to halothane, and 
tail clamp/withdrawal response to halothane and enflurane were not different between 
S47* and 6'. These results, to our knowledge, are the first that demonstrate a selective 
alteration in behavioral responses to neuroactive steroids. Additionally, abnormal 
epileptiform discharges characteristic of generalized human epilepsy were observed in 
S4 and 6 Z' mice and convulsive seizures were observed rarely in a few individuals. 
Ligand binding studies using pHjmuscimol and [3H]Ro 15-4513 revealed a loss of 
muscimol binding sites and an increase in benzodiazepine binding sites in specific 
brain regions. Grant support: AA10422, GM52035, NS28772 (RWO)

822.2

A NEURON SPECIFIC 10 BP INITIATOR (Inr) IN THE HUMAN GABAAR 
pi SUBUNIT GENE COUPLES RECEPTOR ACTIVATION TO 
TRANSCRIPTION. S. T. Russek, S. Bandvopadhyav, and D.H. Farb*. 
Laboratory of Molecular Neurobiology, Dept. of Pharmacology Boston 
University School of Medicine, Boston, MA, 02118.

Transcription of genes that do not contain the canonical TATA box 
sequence has been shown to be dependent on the binding of ubiquitous basal 
factors to a 10 bp sequence, called an initiator (Inr), that contains the start site 
of transcription. During and investigation of the genetic factors that 
regulate expression of subunit specific GABAARs in response to receptor 
activation, we discovered a unique Inr element in the promoter of the human 
31 subunit gene that binds basal factors yet regulates neuron specific gene 
expression. When the Inr is removed by deletion from a 541 bp region of the 
bl gene, transcription, as measured by luciferase reporter activity, is reduced 
by 75%. Moreover, when three copies of the Inr and immediate flanking 
region (24 bp x 3) are transfected into neocortical neurons, transcriptional 
activity is 70% of that driven by the 279 bp minimal promoter. In addition, 
constructs containing only the initiator and immediate 3' flanking sequence 
display activity that is down-regulated by chronic exposure to 500 pM 
GABA. Mobility shift and DNase I footprints have identified at least two 
binding sites, with one that is significantly reduced in extracts from GABA 
treated cultures. Purification of the protein complex that forms on the pi Inr 
indicates that there are two distinct species of around 50 kD and three 
species greater than 90 kD. Identification of the proteins that form a complex 
at the Inr will lead to a mechanism for how GABAAR activation can alter the 
number and kind of GABAARs at the cell surface. Supported by NICHD 
1346 and NIAAA 1438.
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822.3
INACTIVATION OF CEREBELLUM-SPECIFIC GABAa  RECEPTOR SUBUNIT 
a6 DECREASES THE EXPRESSION OF FOREBRAIN SUBUNITS. E.R. Korpi*1, 
R. Makela1, R. Kleinz1, G.E. Homanics2, W. Wisden3, B. Hauer4, W. Sieghart4 and M.
Uusi-Oukari1. ’Dept. of Pharmacology, Univ. of Turku, FIN-20520 Turku, Finland, 
2Dept. of Anesthesiology/CCM, Univ. of Pittsburgh, 3Medical Research Council 
Laboratory of Molecular Biology, MRC Centre, Cambridge, U.K., 4Univ. Clinic for 
Psychiatry, Dept. of Biochemical Psychiatry, Vienna, Austria.

Mice with their GABAa receptor a6 subunits inactivated by homologous 
recombination have shown strong alterations in their cerebellar GABAa  receptor 
pharmacology and subunit alterations. We show now that there are smaller, but 
consistent, reductions in ligand binding also in forebrain regions of the a6 subunit- 
deficient mice. The zolpidem-sensitive, but not zolpidem-insensitive, [3H]Ro 15-4513 
binding was reduced 20-30% in the forebrain of a6-/~ mice, suggesting the 
involvement of al subunit-containing receptors. The background lines, C57BL/6J 
and 129Sv/J, did not differ from each other or from the a6+/+ mice. The truncated a6 
subunit gene partly loses its cell type-specific expression and defective a6 mRNA 
could be found in significant levels outside the cerebellar granule cell layer by 
quantitative RT-PCR. Of the subunit genes clustered in the mouse chromosome 11 
with the a6 subunit (al, (32, y2), the levels of the al and (32 subunit mRNAs were 
decreased by about 30%. Corresponding reductions were observed in quantitative 
Western blot for the al and (32 subunit proteins. The reduced ligand binding to 
forebrain GABAa  receptors in the a6-/~ mice is thus most likely due to interference 
of transcription of the al and (32 subunits, possibly due to the presence of neomycin 
resistance gene. Therefore, the interference of the expression of neighbouring genes 
should be kept in mind when performing homologous recombination studies with 
other GABAa  receptor subunit genes that are often clustered.
(Supported by the Academy of Finland, CIMO, European Commission Biotechnology 
Programme Project ERBBIO4CT960585, NIH grants AA10422 and GM52035.)

822.4
HUMAN NEURONAL GABAa RECEPTORS: COORDINATED 
SUBUNIT EXPRESSION AND FUNCTIONAL CORRELATES IN 
INDIVIDUAL DENTATE GRANULE CELLS. A.R. Brooks-Kayal12*,
M.D. Shumate3. H. Jin1. D.D. Lin3. T.Y. Rikhter3. K.L. Holloway4. &
D.A, Coulter3. ’Children’s Hospital of Phila., 2Depts of Neuro & Peds,
Univ. of Penn, Phila., PA; 3Depts of Neuro, Physiology, Anatomy & 
4Neurosurg, Med. College of Virginia, Richmond, VA 23298

More than 10 different GABAa  receptor (GABAR) subunit subtypes 
are expressed in dentate granule cells (DGCs), but how subunit 
expression is coordinated within individual neurons is not well 
understood. Expression of 14 different GABAR subunit mRNAs was 
examined in individual human DGCs using single cell aRNA 
amplification (n=36). Expression of a4, (32 and 5-mRNAs were tightly 
correlated within individual neurons, as were levels of a3 & (32 and e & 
(31 mRNAs. Correlated expression could not be explained by location of 
the subunit genes in a “chromosomal cluster” & was also observed in 
DGCs from control & epileptic rats, suggesting it was not species 
specific or secondary to epileptogenesis. Clonazepam augmentation of 
GABA-evoked currents was examined in 13 DGCs prior to aRNA 
amplification & correlated positively with relative expression of al & y2 
mRNAs and negatively with a4 and 5 mRNAs. This analysis defined 
two populations of cells which differed in mean CNZ augmentation & 
a-subunit expression. The data provide strong evidence for the 
coordinated expression of a subset of GABAR subunit mRNAs in 
individual human DGCs & demonstrates that expression of a-, y- and 6- 
subunit mRNAs correlate with the pharmacology of the native receptor 
in a fashion consistent with recombinant receptor studies. Supported by 
K08NS01936 to ABK, and R01NS32403 & P01NS25630 to DAC.

822.5

CaM KINASE II REGULATES BENZODIAZEPINE BINDING BY GABAa  
RECEPTOR SUBUNIT PHOSPHORYLATION. S.B, Chum. K. Lee. J. T, Parsons and
R.J. DeLorenzo*. Department of Neurology, Medical College of Virginia-VCU. 
Richmond, VA 23298.

Calcium/calmodulin-dependent kinase II (CaM kinase II) is an important calcium- 
regulated neuronal enzyme that has been shown to regulate neurotransmitter-gated ion- 
channels. Recently (Brain Res. 809:68-96,1998) it was shown that activation of CaM 
kinase II in synaptosomal membrane fractions (SPM) resulted in positive modulation of 
muscimol binding. This study was initiated to determine the effect of CaM kinase II 
activation on benzodiazepine (BZ) binding. Rat brain tissue was obtained by rapid 
decapitation and homogenization into 0.32 M sucrose buffer. SPM fractions were 
isolated by standard techniques and studied for endogenous CaM kinase II activity and 
flunitrazepam (FNZ) binding. Standard CaM kinase Il-dependent phosphorylation 
reactions were performed, except that the phosphorylation reaction was terminated by 10- 
fold dilution FNZ binding buffer. FNZ binding was allowed to equilibrate on ice for 30 
min and terminated by vacuum filtration. Activation of CaM kinase II resulted in a 47% 
increase in maximal FNZ binding. The phosphorylation-induced increase in FNZ binding 
could be blocked by co-incubation with KN-93. In another set of experiments, 
radiolabelled GABAa R was separated away from SPM-associated CaM kinase II by 
detergent solublization and resolving solublized GABAa R subunits on 1- and 2- 
dimensional gel electrophoresis. A major CaM kinase Il-dependent phosphoprotein was 
found with a pi approximately 5 and Mr approximately 50-52 kDa. The phosphoprotein 
co-migrated with the major FNZ binding protein and the alpha subunit of the GABAa  
receptor purified from rat forebrain using a BZ affinity column (Ro 7-1986; Hoffinan-La 
Roche). The data demonstrate that activation of CaM kinase Il-dependent 
phosphorylation results in a significant increase in GABA modulator binding and 
suggests that the observed CaM kinase Il-dependent modulation of BZ binding is via 
direct phosphorylation of the GABA receptor subunits. R01-NS23350, P01-NS25630.

822.6
Modulation of GABAa  receptor activity by protein kinase C-epsilon. 
A«S,anchfii&-Pgrw, T, McMahon, CWB.Qdgs and R, 0.Messing*, Ernest Gallo 
Clinic and Research Center and Clinics,San Francisco , CA 94110.
GABAa  receptor activity can be regulated by Serine, threonine and tyrosine 
phosphorylation. PKC has been implicated in GABAa  receptor regulation, but 
very little is known about receptor modulation by specific PKC isoforms. We 
recently developed PKC-e mutant mice and found that these mutant mice have 
greater sensitivity to the sedative effects of ethanol, pentobarbital and diazepam 
than wild type littermates, suggesting altered function of GABAa receptors 
(Hodge,CW. et al submited). To examine GABAa  receptor function directly, we 
measured muscimol-stimulated 36C1 flux in microsacs prepared from cerebral 
cortex. GABAa receptors isolated from PKC-e mutant mice show a greater 
sensitivity to allosteric modulators of GABA receptors such as benzodiazepine 
and ethanol. Flunitrazepam (0.1 pM) increased muscimol-stimulated flux by 109± 
17% in mutant mice but only 47+ 15% in wild-type mice (P<0.05, t-test). 
Similarly, ethanol increased muscimol-stimulated 36C1 uptake by 92± 17% in 
mutant mice and only 43± 27% in wild type mice (P<0.05, t-test). However, the 
flux stimulated by 1-20 pM muscimol was no different in wild-type and mutant 
microsacs. To evaluate the possibility of a developmental alteration in PKC-e 
mutant mice, we incubated microsacs from wild type mice with a PKC- e specific 
inhibitory peptide. We found that the sensitivity of GABAa receptor to 
benzodiazepines and ethanol was enhanced by 187+ 69 in the presence of this 
peptide, while a scrambled version of this peptide had no effect. Similarly the 
inhibitory peptide had no effect on PKC-e mutant mice microsacs. These findings 
suggest that PKC-e regulates the effects of ethanol and benzodiazepines, and this 
may be due to modulation of GABAa receptors by PKC-e. This work was 
supported by funds from the State ofCA for Alcohol and Addiction Research

822.7

MUTATIONS IN THE M2-M3 LOOP OF THE GABAa RECEPTOR 
ALPHA SUBUNIT ALTER AGONIST POTENCY AND EFFICACY 
S.M. O'Shea* and N.L. Harrison, Dept. of Pharmacological and Physiological 
Sciences and Dept. of Anesthesia, Univ. of Chicago, Chicago, IL 60637.

GABAa  and glycine receptors (GABAa -R, gly-R) share significant amino acid 
homology, and are both members of the ligand-gated ion channel superfamily.
Recent studies have focused on naturally-occurring point mutations of the gly-R 
which are closely linked with the inherited neurological disorder hyperekplexia, or 
startle disease1’2 3. These mutations, which predominately occur in the extracellular 
loop between the second and third transmembrane domains (M2-M3) of the gly-R aj 
subunit, produce large defects in the receptor's ability to open in the presence of 
agonist. For example, the gly-R 0^27IQ) mutation increases the glycine EC50 
by more than 100-fold1’2. Interestingly, the same mutation also reduces the relative 
efficacies of the gly-R agonists fl-alanine and taurine to zero1’2.
Based on the similarities between GABAa -R and gly-R, we have used scanning 

alanine mutagenesis and the whole-cell patch clamp technique to search for residues 
in the human GABAa -R which produce significant shifts in the apparent affinity for 
GABA. Mutation of a conserved leucine in the GABAa -R a2 M2-M3 loop to 
alanine increases the GABA EC50 by about 60-fold when co-expressed with wild-type 
Pi and y2s i° HEK 293 cells. This mutation also reduces the efficacy of the agonist 
piperidine-4-sulphonic acid (P4S) relative to wild-type receptors. In contrast, 
mutation of a neighboring proline residue to alanine decreased the GABA EC50 by 
less than 4-fold.

1 Laube, B. et al. Neuroreport 6: 897-900,1995.
2 Lynch, J.W. et al. EMBO J. 16: 110-120, 1997.
3 Lewis, T.M. et al. J. Physiol. 507(1): 25-40, 1998.
Supported by NIH grants GM 58650 and GM 00623.

822.8

HUMAN GABAbR2: CELL SURFACE EXPRESSION AND COUPLING 
TO ADENYLYL CYCLASE IN THE ABSENCE OF GABAbRL 
S, C. Martin*. S. T. Russek and D. H. Farb. Department of Pharmacology, 
Boston University School of Medicine, Boston, MA 02118.

We isolated human GABAb R2 from an adult brain library using a 
primer designed from an expressed sequence tag (Martin et al (1999) 
MCN, in press). The chromosomal localization of GABAgR2, 9q22.1, 
was determined by fluorescence in situ hybridization using a 
GABAb R2 PAC DNA. The genetic disorder hereditary sensory 
neuropathy type 1 is located at 9q22.1-9q22.3 indicating that 
GABAb R2 is a candidate gene for this neurological disease.

GABAgR2 is localized to the cell surface in transiently transfected 
COS cells, unlike the intracellular retention that has been reported for 
GABAb RI in transfected cells. The C-terminal tail of GABAb R2 is 80 
amino acids longer than that of the GABAb RI, and this variation 
between the receptors may underlie the observed differences in 
cellular localization. In CHO cells that stably express GABAb R2, 
GABAb R2 negatively couples to adenylyl cyclase in response to 
GABA, baclofen and 3-aminopropyl(methyl)phosphinic acid. 
Baclofen action is inhibited by the GABAb R antagonist, 2- 
hydroxysaclofen. A polyclonal GABAb RI antisera detects GABAb RI 
in rat and hamster cerebellum but was unable to detect GABAb RI 
protein in the transfected hamster (CHO) cell line that stably 
expresses GABAb R2. We conclude that GABAb R2 has the potential 
to function without GABAb RI in coupling to adenylyl cyclase. 
Identification of a functional homomeric GABAb R2 suggests that the 
complexity of GABAb  pharmacological data is at least in part due to 
the presence of more than one receptor. (NIMH49469, NICHD22539)
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822.9
EXPRESSION OF GABABR1 RECEPTOR ISOFORMS IN THE PRIMATE 
BRAIN SUGGESTS THEIR ROLE IN THE MODULATION OF THALAMIC 
AND EXTRATHALAMIC CORTICAL PROJECTIONS P.L. Maier1, D.V. 
Widzowski1, J.A. Miller1, L.A. Estey2, M.W. Wood2, M. Lindberg3, K. Juneblad3, P.
Wallbrandt3, A.J. Ekstrand3, D.S. Hartman2, C. Angst1, A. Cross', and L. Mrzljak2*.
Astra Arcus USA,'Rochester and2Worcester, USA and 3Astra Hassle, Ume&, Sweden 

The slow and prolonged inhibitory action of GABA (y-aminobutyric acid) in the 
central nervous system is mediated via G-protein-coupled GABAb receptors. The
GABAb R1 receptor subtype exists in two N-terminal spliced variants i.e.GABABRla 
and GABABRlb. Although these GABAb R1 receptor isoforms have similar 
pharmacological properties, recent studies have shown differences in their 
distribution in the rat brain, suggesting different roles for the GABAb R1 spliced 
variants in the modulation of neuronal circuits. The purpose of this study was to 
analyze the localization of the GABABRla and GABABRlb receptors in the brains of 
marmoset and macaque monkeys using single and double labeling 
immunohistochemistry and subtype specific antisera against these spliced variants. 
Since GABAb receptors are implicated in presynaptic control of neurotransmitter 
release, we were particularly interested in identifying neurotransmitter systems 
associated with GABABRla/b. The analysis revealed that GABAb R1 isoforms had 
similar distribution in the marmoset and macaque brain. In the cerebral cortex, both 
isoforms are localized predominantly in pyramidal neurons of infragranular layers (V 
and VI), while in the hippocampus GABABRla and GABABRlb were found both in 
the pyramidal and nonpyramidal neurons. GABA0RIa/b immunoreactivity is present 
in neurons throughout the thalamic nuclei including lateral and medial geniculate 
bodies. Double labeling analysis showed intense GABABRla/b expression in the 
cholinergic neurons of the basal forebrain and striatum as well as midbrain 
dopaminergic neurons. Present results suggest the role of GABAb R1 isoforms in the 
modulation of thalamocortical and extrathalamic cortical neurotransmitter systems.

822.10

COMPUTING NOVELTY USING GABAERGIC MECHANISMS IN A 
NEURAL NETWORK MODEL. Akaysha Tang and James Corey, Department 
of Psychology and Neurosciences, University of New Mexico, Albuquerque, 
NM 87131.

In addition to being a ubiquitous inhibitory neurotransmitter in the CNS, 
GABA can play a modulatory role via the activation of presynaptic GABA-B 
receptors. The GABA-B agonist baclofen has been shown to selectively sup-
press synaptic transmission at synapses for intrinsic connections within the 
neocortex and piriform cortex, with less effect on the afferent pathway. We 
implemented this selective modulation mechanism with a Hebbian learning 
rule in a simplified cortical neural network model. The inclusion of resynaptic 
GABA-B receptors played a critical role in the network's ability to encode the 
familiarity of arbitrary binary input patterns and provided the necessary rep-
resentation for subsequent novelty detection. We derived a novelty measure 
based on the temporal profiles of neuronal responses. This measure was sensi-
tive to the degree of novelty of the input patterns in comparison with patterns 
learned through past experience. This novelty representation was strongly 
modulated by the presence of presynaptic GABA-B receptors. A reduction in 
presynaptic GABA-B receptor density or sensitivity led to a reduction in the 
perceived familiarity given identical past learning experience. This result is 
consistent with both clinical and experimental findings concerning the effects 
of long-term baclofen treatment on recognition memory. This work provides a 
processing model for understanding the importance of inhibition, particularly 
presynaptic inhibition, in learning and memory.

STAINING, TRACING AND IMAGING TECHNIQUES

823.1
COMPUTERIZED 3-D MOUSE BRAIN ATLAS. C.L. Reed2- J. Nissanov3, L. Ber-
trand3. and E.J. Gallaher1,2' *. 1 VA Medical Center, Portland Oregon; 2Dept. of Behav-
ioral Neuroscience, Oregon Health Sciences University, Portland, OR; 3Drexel Uni-
versity, Philadelphia, PA.

Stereotaxic surgery has contributed significantly to experimental neuroscience over 
the past thirty years. Brain atlases guide the investigator, despite differences in in-
struments, animal strains, body weight, gender, etc. The rapid growth of molecular 
genetics provides the motivation to extend these techniques to the mouse, although 
appropriate instruments and atlases have been unavailable until quite recently.

Early digitized atlases were primarily on-screen versions of printed atlases, although 
additional advantages present themselves: (i) 3-D views may be examined from any 
angle, consistent with actual histological material; (ii) statistical data can describe 
between-subject and between-strain variations; (iii) given reliable landmarks, a single 
atlas might be “adjusted” to predict loci in mice of various sizes and strains; and (iv) a 
3-D atlas provides the basis for semi-automated motor-driven instruments.

With these benefits in mind we developed a preliminary 3-D atlas of the male 
C57BL/6J mouse. Following decapitation the brain was removed with the skullcap 
attached and frozen in isopentane/methanol/dry ice; the skull cap was then removed 
under a dissection microscope. Blockface positions were digitized (35 pM resolution) 
while cutting 20 (J.M sections (Jung Cryopolycut). Sections were mounted with col-
lection tape (Instrumedic, Inc.), stained with cresyl violet, and digitized (Nikon LS- 
351 OAF; 7 pM resolution).

Blockface and section images were delineated and aligned within a standard brain 
coordinate system (Nissanov, et al., Neurosc. Abst. 24, p. 1975, 1998). A graphical 
interface allows the user to examine the brain in coronal, saggital, or horizontal planes, 
or at any desired intermediate angle. The atlas thus allows the investigator to examine 
the relationship of one structure to another from any angle, and to align the atlas to be 
consistent with sections obtained from experimental subjects.

Supported in part by VA Medical Research Service and PHS Grant P41-RR01638.

823.2

MULTIEXPONENTIAL DIFFUSION IMAGING OF NORMAL AND 1-MONTH 
POST-INJURY RAT SPINAL CORDS. E Bossart1, B Inglis2, E Wirth III2, E Mercer, 
X Silver, and T Mareci*. Departments of Physics1, Neuroscience2, Biochemistry, the 
UF Brain Institute and the Center for Structural Biology, University of Florida, 
Gainesville, FL 32610, USA and the National High Magnetic Field Laboratory.

Magnetic resonance images of water diffusion have been measured in nervous 
tissues to aid in the elucidation of structure and the extent of damage to tissues. Within 
the limits of our instrumentation, two unique diffusion regimes were observed in spinal 
cord tissue: a fast and a slow diffusion rate that seem to represent extracellular and 
intracellular spaces, respectively. The rates and direction of water diffusion in rat 
spinal cord tissue has been examined in excised, fixed tissue for a group of normals 
and a group one month post injury. For the injury group, the rats received a moderate 
contusion injury at the T12 vertebral level of the spinal cord one-month prior to 
sacrifice and removal of the cords. For both groups, sixteen 1 mm thick image slices, 
centered about the site of injury, were taken at 600 MHz in order to study the effects of 
injury on the fast and slow diffusion rates and compare to normal.

As expected, all images taken at the epicenter of injury and very near the epicenter of 
injury, look very different from normal rat spinal cord. In image slices farther away 
both rostral and caudal from the injury epicenter, standard T2-weighted images look 
normal (i.e. both gray and white matter appear with normal contrast). However color 
diffusion tensor traces, the individual tensor elements (fast and slow diffusion in the 
image plane, Dxx and Dyy, or along the length of the cord, Dzz), the volume ratio images 
and the fractional anisotropy images are significantly different from the normal cord. 
Diffusion in the injured cord is more isotropic, indicating a significant disruption of 
cellular diffusion restrictions. Such disruptions could be due to degenerative changes 
occurring in the spinal cord. It is known that spinal cord injury causes chemical 
changes to occur, which result in cellular damage, very rapidly in parts of the cord 
away from the site of injury. Therefore, diffusion tensor studies may indicate damage 
in the early stages of injury, even when examined away from the site of injury.
This work is supported in part by NIH Grants RO1-NS29362 and PO1-NS35702.

823.3

DETECTION OF APOPTOTIC DNA DAMAGE IN LIVE CELLS 
USING FLUORESCENCE RESONANCE ENERGY TRANSFER - 
DEVELOPMENT OF MOLECULAR CHAMELEONS V.V. Didenkd* B. 
Zhang, H.N. Neo, D.S, Baskin. Dept of Neurosurgery, Baylor College of 
Medicine and VAMC, Houston, TX 77030

Ligase based apoptotic detection is now one of the most specific 
techniques available to detect apoptotic cells in tissue sections. We have 
redesigned the technology, using fluorescence resonance energy transfer 
(FRET) to label live cells. FRET is a quantum phenomenon, in which 
excitation is transferred from a donor fluorophore to an acceptor 
fluorophore without emission of a photon. The transfer will result in 
quenching the fluorescence of the donor, which will occur only if the donor 
and the acceptor molecules are in close proximity.

We have developed a procedure to label specific DNA damage in live 
cells, and to visualize the labeling using FRET based methodology. The 
specific oligonucleotide based probes, “molecular chameleons” change 
color from red to green only upon successful detection of full double-strand 
DNA breaks of DNAse I type, which have been shown to be present in 
apoptotic but not necrotic cells.

The methodology was successfully applied to selective apoptosis 
detection in a rat cortical neuronal cell culture system, in which apoptosis is 
induced by the addition of staurosporin, and necrosis created by rapid 
freezing and thawing. Only cells undergoing apoptosis were detected. 
This technology is a valuable tool for investigating pro-and antiapoptic 
effects of different drugs in cell culture.
Supported by NIH R01 CA79812 and THECB 004949-054.

823.4

PLASMA MEMBRANE RECYCLYNG AND FLOW IN 
GROWING NEURONS. S.Zakharenko and S.Popov*. Dept. of 
Physiology and Biophysics, University of Illinois at Chicago, 
Chicago, IL 60612.

Axonal growth requires insertion of newly synthesized 
membrane components into the plasmalemma. Imbalance between 
exocytotic membrane addition and endocytic retrieval at specific 
axonal sites may contribute to the dynamics and flow of plasma 
membrane along the axon. Using fluorescent lipid analogues 
incorporated into the plasma membrane, we determined the sites of 
membrane internalization and measured the rate of plasma 
membrane flow in growing Xenopus embryo neurons. Vectorial 
traffic of endocytic membranes from the distal axon to the cell 
body was observed, suggesting a bulk retrieval of plasma 
membrane at the growth cone. No long-range axonal transport of 
membrane material internalized at the cell body or along the axon 
was detected. Axonal plasma membrane was found to flow 
anterogradely with the rate equal to « 30% of the rate of neurite 
elongation. Our results suggest that the “growth from the tip” 
pattern of neurite elongation may coexist with transport of new 
membrane components along plasmalemma by anterograde 
membrane flow.
Supported by the National Institute of Health (NS 33570)
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823.5

High-Resolution Echo-Planar fMRI Measures Localized Cortical 
Microvascular Responses, not just Large Venous Drainage Patterns.
K.R. Thulborn*, L.S. Talagala and T. Gindin. MR Research Center, 
University of Pittsburgh Medical Center, Pittsburgh, PA 15213.

Echo-planar fMRI using blood oxygenation level dependent (BOLD) 
contrast is generally performed at voxel dimensions of several millimeters 
(3 x 3 x 5-10 mm ) at 1.5 Tesla, the increased sensitivity at 3.0 Tesla 
allows spatial resolution to be improved by an order of magnitude (0.8 x
1.6 x 3 mm3). As the BOLD effect results from a complex hemodynamic 
response to localized neuronal activity that includes changes in blood 
flow, volume and oxygenation, the question arises as to whether 
increased spatial resolution offers new information with regards to brain 
function or merely reflects a localized venous drainage pattern. This 
question has been addressed by comparing high and low resolution 
responses of the frontal eye fields along the precentral sulcus using fMRI 
with high resolution venograms, apparent diffusion coefficient (ADC) 
maps and line width (LW) maps. Functional MRI, were performed on a 
3.0 Tesla whole body MR scanner using gradient-echo echo-planar 
imaging at low and high resolution images. Venograms were acquired at 
submillimeter resolution. ADC maps and LW maps were acquired at low 
resolution. The fMRI paradigm used visually-guided saccades to activate 
the frontal eye fields (FEF) along the precentral sulcus bilaterally. The 
signal from the areas of activation in the FEF was measured from 
identical areas on all maps. High resolution activation maps showed 
discrete multi-focal responses along the precentral sulcus in the FEF than 
was not resolved at typical low resolution maps. The response was 
localized to gray matter and not associated with veins. This discrete 
structure offers new information about neuronal responses across a 
spatial dimension previously not accessible by fMRI.

823.6
WATER ADC, EXTRACELLULAR SPACE VOLUME AND TORTUOSITY IN A 
RAT MODEL OF INJURY E. Sykova1'2 *, I, VoffSek1, J. TintSra1, T. Roitbak1, K. 
Nicolay3. 'Dept. of Neuroscience, Inst, of Experimental Medicine ASCR, 142 20 Prague, 
Czech Rep.; 2Dept. of Neuroscience, 2nd Medical Faculty Charles Univ., Prague; 3Dept. 
of Experimental in vivo NMR, Utrecht Univ., Utrecht, Netherlands.

We compared two different methods for revealing diffusion changes in rat cortex after 
injury: the real-time iontophoretic tetramethylammonium (TMA) method and diffusion- 
weighted MR. The MR method determines the apparent diffusion coefficient (ADC) of 
water (ADCW) in the tissue; the TMA method determines the ADC of TMA or the 
tortuosity, X = (free diffusion coefficient of TMA/ADCTma )° 5 and the extracellular space 
(ECS) volume fraction (a= ECS volume/total tissue volume). The TMA and MR 
measurements were performed in the cortex of adult rats from the 7th to the 45th day after 
a unilateral sterile cut through the cortex. Severe astrogliosis was found close to the injury 
site, mild astrogliosis in the ipsilateral but not in the contralateral cortex. In contrast, 
immunostaining for chondroitin-sulfate proteoglycan revealed a uniform increase 
throughout the ipsilateral cortex. Except for the region with severe astrogliosis (less than 
1.5 mm distant from the wound), where the mean values of a increased from 0.21 to 
about 0.26, a was not significantly increased in the rest of the injured cortex. However, 
the mean values of ADCtma  and ADCW were significantly lower than those in control 
animals or in the hemisphere contralateral to the wound. At the 7th day post-lesion, more 
than 2 mm distant from the wound ADCTma = (0-42 ± 0.01) 10'5 cm2s'' and ADCW= 
(0.60 ± 0.02) 10’5 cm2s'', while in the same region in the control animals ADCTMa = (0.51 
± 0.01) 10'5 cmV and ADCW= (0.65 ± 0.02) 10"5 cm2s '. We conclude that an increase in 
diffusion barriers, manifested by the decrease of both ADCtma  and ADCW, occurs 
throughout the entire cortex of the wounded hemisphere. These changes are related to 
astrogliosis and to an increase in the extracellular matrix without significant changes in 
ECS volume.
Supported by GACR 309/97/K048, GACR 309/99/0657 and VS96-130.

823.7

CHARACTERIZATION OF HERPES SIMPLEX VIRUS (HSV)
EXPRESSION VECTORS WITH IMPROVED PROPERTIES FOR 
NEUROANATOMIC TRACING. R, Jarman and D. Bloom*. Department of 
Microbiology, Arizona State University, Tempe, AZ 85287.

HSV-1 infections initially target epithelial cells and enter the nervous 
system through sensory nerve termini. Once within neurons HSV travels 
transynaptically through the peripheral and central nervous systems. It is this 
property, along with the ability to engineer HSV recombinants expressing 
reporter proteins, that has generated interest in this virus as a neuroanatomic 
tracer. One difficulty in using HSV as a tracer is that strains of the virus differ 
dramatically in their neuroinvasive properties in different animal systems. In 
addition, various promoters used to express reporters for visualization have 
different expression characteristics that is dependent on the type of neuron. 
Here we compare four HSV recombinants containing lacZ as a reporter that 
differ in their neuroinvasive properties and the promoter used to drive reporter 
expression. These viruses were evaluated for their properties as tracers by 
inoculation of the viruses on the footpad of out-bred CD-I mice, and following 
the spread of the viruses through the PNS to the CNS over a period of 5 days 
using x-gal staining for 6-galactosidase and immunohistochemical staining for 
viral acute antigen expression. Our results indicate that the least neuroinvasive 
strain (KOS) is restricted primarily to spread to the dorsal root ganglia (DGR). 
In contrast, the most neuroinvasive strain, Ylsyn+, efficiently spreads from the 
DRGs to the CNS with abundant expression throughout discrete tracts of the 
spinal cord. These results indicate that the appropriate choice of viral strain 
and promoter are important for the how distal the targets of tracing are.

This research is supported by a grant from the National Institutes of Health.

BIOLOGICAL RHYTHMS AND SLEEP: RHYTHMS

824.1

CIRCADIAN PHOTORECEPTION: ACTION SPECTRUM FOR 
MELATONIN REGULATION IN HUMANS. G, Brainard.1* M 
Rollag.2 J. Hanifin,1 J, Greeson.1 B, Bvme1 and E. Gemer.1 1 Neurology 
Dept., Jefferson Med. Coll.; Philadelphia, PA 19107; 2Anatomy Dept., 
Uniformed Services Univ. Health Sci.; Bethesda, MD 20814.
Although the ocular photopigment(s) which transduce light stimuli for 
circadian regulation are unknown, several molecules have been 
identified recently as candidates for mediating circadian photoreception, 
including melanopsin (PNAS 95:340-345, 1998), cryptochrome (Science 
282:1490, 1998) and vertebrate ancient opsin (FEBS Lett. 406:279-283, 
1997). The objective of this study is to help identify the ocular 
photoreceptor system for circadian regulation by establishing an action 
spectrum for light-induced melatonin suppression. The light exposure 
system used a xenon source, a grating monochromator, and an 
integrating sphere. In this system, subjects were exposed to 
homogenous, full-field, monochromatic stimuli for 90 minutes between 
2:00 and 3:30 AM. Plasma samples collected before and after exposures 
were quantified for melatonin content by RIA. To date, 43 subjects have 
completed more than 300 individual nighttime melatonin suppression 
tests. The wavelengths studied thus far include 480, 505, 555 and 575 
nm. A fluence-response curve with 9 irradiances has been formed at 480 
nm for 8 subjects. Preliminary data indicate a 7.72 x 1012 
photons/cm2/sec stimulus is an ED50 at 480 nm for melatonin 
suppression. Ongoing research with these and other wavelengths will 
produce a set of fluence-response curves for an action spectrum for 
melatonin regulation by light. Support: NIH RO1NS36590, NSF 
IBN9809916.

824.2

HYPOCRETIN INNERVATION OF THE MAMMALIAN
CIRCADIAN TIMING SYSTEM (CTS).
R.Y, Moore* and N.M, Suhan, Depts. of Neurology, Psychiatry and Neuroscience, 
University of Pittsburgh, Pittsburgh, PA, 15261

The temporal organization of behavior is provided by the CTS, a set of 
related neural structures centered about a pacemaker, the suprachiasmatic nucleus 
(SCN) of the hypothalamus. The pacemaker function of the SCN is entrained by 
visual inputs and modulated by a series of non-visual inputs. Visual inputs from the 
retina, intergeniculate leaflet (IGL) and pretectal area terminate predominantly in the 
SCN core whereas non-visual inputs, from hypothalamus, brainstem and basal 
forebrain terminate predominantly in the shell. Core projects to shell but shell does 
not project to core. In this study, we describe the pattern of projection of a newly- 
described set of hypocretin (HYP)-containing neurons located in the posterior 
hypothalamus ( van den Pol, A.N., et al, 1998) on components of the CTS and 
related areas in rat, monkey and human brain. The pattern of projections is similar in 
all 3 species. HYP neurons project to the SCN shell, particularly laterally, often in 
close proximity to vasopressin neurons. HYP axons also innervate major SCN 
projection sites, the periSCN, subparaventricular zone and the paraventricular 
thalamic nucleus. There is a dense HYP innervation of the IGL and the pretectal 
area. There is also a dense innervation of other areas involved in behavioral state 
regulation, the brainstem cholinergic nuclei and nucleus basalis, midbrain raphe 
nuclei and the locus coeruleus. These observations suggest that the hypothalamic 
HYP neurons play an important role in circadian and behavioral state regulation. 
Supported by NS-16304.
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824.3
IONIC MECHANISMS UNDERLYING THE CIRCADIAN RHYTHM IN FIRING RATE OF 
RAT SUPRACHIASMATIC NUCLEUS. C.M.A. Pennartz*, M.T.G. de Jeu, A.M.S. 
Geurtsen, J. Schaap and N.P.A. Bos. Netherlands Institute for Brain Research, 
Meibergdreef 33,1105 AZ, Amsterdam, the Netherlands.

The hypothalamic suprachiasmatic nucleus (SCN) contains clock cells that generate 
a circadian rhythm in neuronal activity. These clock cells send their circadian message 
to other brain structures by a modulation of their spontaneous firing rate, which is high 
during mid-day and low at night. Which ionic mechanisms govern this circadian 
modulation of firing rate?
We have previously found that the circadian rhythm is gradually lost during whole-cell 

recordings from SCN neurons. Therefore we made perforated-patch recordings during 
subjective day (N=53; CT 5-8) and night (N=47; CT 12-19) from acutely prepared, 
transverse hypothalamic slices (200-250 /zm). Pipette resistances ranged between 5-9 
MQ and we used amphotericin (250 //g/ml) and gramicidin (5 MSP'ml) as perforating 
substances. We found a clear and sustained day-night difference in firing rate (p < 
0.002). The enhanced firing rate during day was associated with a higher input 
resistance (p < 0.05) and more depolarized membrane potential (p < 0.002) than at 
night. When spikes were abolished with TTX, the membrane depolarization during day 
became even more prominent and was accompanied by slow (2-6 Hz) oscillations in 
membrane potential (N=20). These “delta" oscillations were clearly associated with 
spontaneous firing and were absent at night (N=18), even when the membrane was 
depolarized by current injection (N=8). Delta oscillations were abolished by the calcium 
channel blockers Cd2+, Ni2+, nimodipine or by nominally Ca2+ free perfusate (total: 
N=17). In the absence of oscillations, the membrane potential difference between day 
and night neurons was maintained.

These results suggest a complex ionic mechanism underlying the circadian rhythm 
in firing rate, consisting of two separate but interacting processes. A tonic membrane 
depolarization around mid-day defines a primary difference in neuronal state between 
the day and night period. Superimposed on this tonic difference are delta oscillations 
mediated by calcium channels, which support the pacing of enhanced firing during the 
day. This work was supported by NWO grant 903-52-203.

824.4
GABAa -MEDIATED NEUROTRANSMISSION IN THE SUPRACHIASMATIC 
NUCLEUS OF THE RAT DURING THE SUBJECTIVE DAY PERIOD. M.T.G. de 
Jeu, M.L.H.J. Hermes* and C.M.A. Pennartz, Netherlands Inst. Brain Res., Grad. Sch. 
Neurosciences, Amsterdam, The Netherlands.

Neurons of the suprachiasmatic nuleus (SCN) exhibit a circadian rhythm in 
spontaneous firing, which is transmitted to target areas. SCN neurons themselves are 
interconnected via GABAergic pathways. The function of this intranuclear 
transmission is still insufficiently characterized. In our previous study (Soc. Neurosci. 
Abstr. 24:1184, 1998), we found that the application of GABAa  antagonist bicuculline 
caused an increase in the firing rate during the subjective day period. In order to 
validate and characterize the inhibitory effect of GABA during this period, we 
investigated the effect of endogenous GABA (by focal electrical stimulation of the 
SCN) and exogenous GABA (pulse-application of 1 mM GABA) on the membrane 
potential of SCN neurons in acutely prepared slices. Furthermore, the reversal 
potential of GABA was studied using the same methods. All experiments were 
performed with the Gramicidin-perforated patch-clamp technique in the presence of 
NMDA, AMPA/Kainate and GABAb receptor antagonists (50 pM D-AP5, 5 pM 
NBQX, and 1 pM CGP 55845A, respectively). The resting membrane potential was 
-43.9 ± 1.6 mV (mean ± SEM, n=9). Electrically evoked GABAergic responses and 
responses to exogenous GABA were hyperpolarizing in 8 out of 9 neurons and 5 out 
of 6 neurons, respectively. The GABAa  reversal potential amounted to -56.1 ± 2.7 mV 
(mean ± SEM, n=13), when studied by activating the GABA receptor with electrical 
stimulation of GABAergic fibers. Results with exogenous GABA (n=l 1) were not 
significantly different from this value (Mann-Whitney U test). The GABAA-mediated 
hyperpolarizing responses and the GABAa reversal potential, which is negative 
compared to the resting membrane potential, confirm the inhibitory nature of the 
GABAA-mediated inputs during the subjective day period as observed in our previous 
study. These results suggest a dampening function of GABAA-mediated 
neurotransmission on the spontaneous firing rate of SCN neurons during the 
subjective day period (supported by NWO grant #903-52-203).

824.5

Transgenic mice express fos-driven GFP fluorescence in the suprachiasmatic 
nucleus. J.E. Quintero. L. V, Ponomareva. S.J. Kuhlman. P.G. Wagner* and D.G. 
McMahon. Dept. of Physiology, University of Kentucky, Lexington,KY 40536

The suprachiasmatic nucleus (SCN) is the principal circadian pacemaker in 
mammals and contains cells capable of displaying individual rhythms.
Previously Geusz et al. (1997), used the c-fos promoter to drive circadian 
rhythms in luciferase activity at the SCN tissue level. In order to generate a 
preparation for imaging c-fos activity at the single cell level, we have developed 
transgenic mice that harbor a transgenic construct in which the mouse c-fos 
promoter drives a degredable, red-shifted green fluorescent protein (EGFP).

A 700 bp EcoRI-BamHI fragment of the mouse c-fos promoter was ligated into 
the pd2EGFP-l vector (Clontech) that codes for a degradable form of GFP. 
Linearized fos promoter-d2EGFP was purified and microinjected into fertilized 
mouse embryos. Thirteen mouse lines having germline integration of the 
fosd2EGFP transgene were identified using dot-blot analysis and PCR. An FITC 
filter set was used to detect fluorescent signals from SCN slices and dissociated 
SCN neurons. In two transgenic mouse lines, we have detected robust d2EGFP 
fluorescence in the suprachiasmatic nucleus in a brain slice preparation during 
the subjective day. In dispersed cultures from neonatal transgenic mice, 
individual SCN cells responded with an induction of fluorescent light intensity to 
application of 50pM forskolin. The transgene can also be induced in the SCN of 
intact mice by a night time light pulse. By in situ hybridization, mRNA for GFP 
shows a strong induction after a 30 minute light pulse (n=3) at ZT 14 compared 
to sham controls (n=3) in at least one transgenic line. Fos driven-d2EGFP 
appears functional in our transgenic mice and provides a method for the in vitro 
detection of fos gene expression in living individual cells. Supported by NIH AG 
13426

824.6

Transgenic period 1 promoter drives rhythmic GFP gene expression in 
the mouse SCN. S.J. Kuhlman. J.E. Quintero. D.G. McMahon*.
Dept. of Physiology, University of Kentucky; Lexington, KY 40536.

Individual neurons appear to be the functional unit of rhythms generation in the 
mammalian suprachiasmatic nucleus (SCN) (Welch 1995, Lui 1997, Herzog 1998). 
Period 1 appears to be a negative regulator of a transcription/translation feedback loop 
that contributes to rhythmicily. Period 1 mRNA levels are rhythmic in the SCN (Sun 
1997, Tei 1997). Identifying changes in gene expression with respect to phase in 
individual SCN clock cells is critical to understanding how a multioscillator system 
produces entrainable rhythms that ultimately drive behavior and physiology of the 
whole animal. In order to study the role of dynamic period 1 expression in SCN 
neurons, we have generated transgenic mice carrying the period 1 promoter ligated 
to a degradable green fluorescent protein (GFP) reporter.

A 3.1 kb genomic fragment of the mouse period 1 promoter (gift of C. Weitz) was 
ligated into the pd2EGFP-l vector (Clontech) that codes for a degradable form of 
GFP. A linearized period 1 promoter-d2EGFP (perldGFP) fragment was purified 
and microinjected into fertilized B6CF1 mouse embryos. At least three independent 
lines have stable germline integration of the transgene, identified by dot-blot analysis 
and PCR.

A strong day/night rhythm (ZT6/ZT18) in GFP mRNA localized to the SCN was 
shown using in situ hybridization in at least one transgenic line. The GFP rhythm 
demonstrates that the periodl promoter fragment used is sufficient to drive rhythmic 
gene expression in vivo.

Brain slices taken during the day containing the SCN have been imaged by 
confocal microscopy, and individual neurons can be identified by fluorescence using 
a FITC filter set. Fluorescence was not observed in slices from nontransgenic 
littermates. We expect PerldGFP mice will allow for continuous monitoring of live 
circadian clock cells in slices and dispersed cultures. Supported by grant NIH 
AG13426

824.7 824.8

SENSORY PROCESSING ACROSS THE SLEEP-WAKE CYCLE: A
FUNCTIONAL MRI STUDY IN HUMANS. C.M Portas*, K. Krakow. P, Allan.
O. Josephs. C. Frith Institute of Neurology, Queen Square, UCL, London, U.K.

We used fMRI to investigate brain activation associated with processing of 
auditory stimuli across the sleep-wake cycle. Sleep and waking electrophysiological 
correlates were assessed by polygraphic recording obtained during burst-mode fMRI. 
This technique allowed us to acquire high quality EEG, EMG, and EOG in 
predetermined intervals between functional acquisitions.

Subjects were presented with 
auditory stimuli of two types: short 
beeps and replay of the subject 
name. Polygraphic monitoring 
showed prevalence of alpha rhythm 
before sleep deprivation and theta- 
delta rhythm after sleep deprivation 
due to the occurrence of sleep. 
fMRI data acquired before sleep 
deprivation showed bilateral

■
 activation in primary auditory and 
prefrontal cortices associated with 
both auditory stimuli (fig. 1 upper 
panel). After sleep deprivation the 
activation in primary auditory 
cortices is reduced and there is no

activation in the prefrontal cortex (fig. 1 lower panel). Moreover the post-central 
parietal cortex was deactivated bilaterally (data not shown). These results suggest that 
auditory inputs are processed in the primary sensory areas during sleep. However 
decreased activity in the prefrontal/parietal regions may impair manipulation and 
recollection of these informations. Supported by a Marie Curie Grant.

INFLUENCE OF THE HUMAN CIRCADIAN CLOCK
ON NCAA BASKETBALL TOURNAMENT SUCCESS OR FAILURE
L. Kass and G. H. Renninger* Department of Biological Sciences, 
University of Maine, Orono, Maine 04469 USA; *Department of Physics, 
Biophysics Group, University of Guelph, Guelph, Ontario NIG 2W1, Canada

Endogenous rhythms whose clocks cycle on about a 24-hour period are 
referred to as circadian. Such circadian clocks, found in all animals, are 
known to affect physiology and a multitude of overtly expressed behaviors. 
Among the host of human behaviors that are known to undergo daily 
periodicities are sleep cycles, computational speeds, pain sensation, and 
coordination. In light of the above, it might be surprising that the NCAA 
basketball tournament committees seem to pay little or no heed to this 
extensive literature when assigning teams to various regionals and game 
times.

All 32 first-round games (64 different teams) for each of the past 5 years 
of the men’s NCAA basketball tournaments were compiled and analyzed. 
The parameters of particular interest were the game score, rankings 
(seedings) difference between opponents, time of day the game was played 
at that regional, and the phase-shift (home time zone; jet-lag) of the higher 
and lower seeded teams. One of the more dramatic findings is an increase 
by about a factor of 2 in the probability of an upset occurring when the 
higher seeded team is transferred to a regional site 3 time zones away from 
home. These studies are currently being extended to include additional 
years, as well as to compare these results with those from the women’s 
tournaments. In conclusion, 3 clocks influence the outcomes of NCAA 
basketball tournament play: the game clock, the shot clock, and the human 
circadian clock.

(supported by the Department of Biological Sciences, University of Maine)
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824.9
NO BENEFICIAL EFFECTS OF EXOGENOUS MELATONIN ON SLEEP AND 
CARDIOVASCULAR FUNCTIONS IN HYPOPROLACTINEMIC (IPL) NUDE RATS.
F. Sannajust^F. Mailliet1, M Pepin-Donat1, F. Despert1, and J.L.Valatx2. 'EA-2641, Dept. 
of Neuropharmacology, Faculty of Pharmacy, Tours, France; 2INSERM U480, Dept. of Exp. 
Medicine, Claude Bernard Univ., Lyon, France.

Recent reports showed that a 50% of melatonin (MT) and prolactin (PRL) deficiency in 
hypoprolactinemic (IPL) rats induced sleep regulation disturbances. Thus, no study 
determined whether their alterations in sleep-wake circadian rhythms were associated with 
modifications in blood pressure (BP), heart rate (HR), locomotor activity (LA) and body 
temperature (BT) circadian rhythms and, could be restored by administration of MT. Five 
weeks after chronic implantation of radiotelemetric device (TL11M2-C50PXT) and dorsal 
subcutaneous (s.c.) catheter, we continuously recorded for 21 days, electrocorticogram 
(ECoG) [Waking (W), Slow Wave Sleep (SWS), Paradoxical Sleep (PS)], BT, LA, systolic 
BP (SBP), diastolic BP (DBP) and HR in 6 freely moving adult male IPL rats maintained in 
constant ambient temperature (21±1°C) and photoperiod [12-h light (L)/12-h darkness (D) 
with L-onset: 08:00 am]. A 7-day s.c. vehicle (Ethanol 2%, Saline 98%) treatment then a 
MT (1 mg/kg) treatment were performed at circadian time (CTO: 08:00 am).

First, we observed that vehicle- then MT-treated rats did not present any modification in 
SBP, DBP, HR, LA and BT circadian rhythms. Their values were higher during D than L 
period and mesor, acrophase, magnitude and percent rhythm were similar to control 
Sprague-Dawley rats. Thus, from the 2nd day of treatment, MT induced significant (p<0.01) 
decreases in DBP which mainly occured during L [108±2 vs 113±3 mmHg], Second, MT’s 
treatment significantly (p<0.01) abolished PS circadian rhythms after the 3rd day of treatment 
[APS duration ud : 6±7 vs 30±9 min] with a significant (p<0.05) and long-lasting decrease in 
total duration of PS during L [39±7 vs 68±9min] but not during D phase [33±4 vs 37±6min], 
Nevertheless, no significant modification in numbers of episodes and total duration of W and 
SWS were observed after MT administrations in both periods. Our results suggested that: - 
reduction in PS induced by exogenous MT could not be related to decreases in BP and; - MT 
alone tended to desynchronize PS of adult IPL rats. However, it remains to elucidate how 
physiological ECoG and cardiovascular /behavioural variables are interlinked and whether 
MT and PRL could present synergistic or antagonistic actions on PS circadian processes.

STRESS

825.1

CEREBROSPINAL FLUID LEVELS OF CORTICOTROPIN-RELEASING 
HORMONE POSITIVELY CORRELATE WITH ACUTE AND CHRONIC 
SOCIAL STRESS IN NON-HUMAN PRIMATES. KE Habib*1, KP. Weld2. J. 
Schulkin1. J, Pushkas2. S, Listwak1. M, Champoux3. C. Shannon2. G.P. Chrousos4.
S. Suomi3. P.W. Gold1 . J.D. Higley2.1 CNE, NIMH, 2 LCS, NIAAA,3 LCE and 4 
DEB, NICHD, NATIONAL INSTITUTES OF HEALTH, BETHESDA, MD 
20892.

Corticotropin-releasing hormone (CRH) is an evolutionary conserved neuropeptide 
involved in coordinating the organism’s response to stress. In addition to driving the 
HP A axis, it mediates behavioral and autonomic responses to stress at different brain 
levels. CRH system dysregulation has been implicated in the pathophysiology <tf 
depression, anxiety, post-traumatic stress disorder, alcoholism and drug withdrawal.

Early life stress has been shown to predispose to major depression, alcoholism and 
anxiety disorders later in adulthood. Here, we separated infant rhesus monkeys from 
their social attachments; mothers if they were mother-reared (n=9) or peers if they were 
peer-reared (n=8), for a period of four weeks at the age of 6 months. This chronic 
social stress has been shown to predispose to alcohol abuse later in life. CSF samples 
were obtained before and weekly during the separation. We found a highly significant 
correlation between the time after separation and CSF levels of CRH (Pearson r = 
0.4814, P < 0.0001).

Acute social stress of adult male monkeys of the same colony was employed by 
pairing two unfamiliar subjects in two adjacent cages with visual access to one 
another. Twenty-five pairing sessions, each lasted for 30 minutes, were generated and 
the animals’ CSF samples collected from the cisterna magna immediately thereafter. 
Anxiety-like behavioral scores positively correlated with CSF levels of CRH (Pearson 
r = 0.3611, P = 0.0108). These data support the hypothesis of a central role for CRH 
in the pathophysiology of stress and mental disorders. One possibility is that eariy- 
onset life stressors may predispose to later anxiety, affective and substance abuse 
disorders by resetting the CRH neuron in the juvenile brain.

825.2

HPA AXIS REGULATION IN PREMENOPAUSAL WOMEN WITH PTSD 
A.M, Rasmusson*. D.S, Lipschitz, S, Wang, J.D, Bremner, S.M, Southwick,
D.S, Charney Psychiatry Department, Yale University School of Medicine, New 
Haven, CT 06510 & VA National Center for PTSD, West Haven, CT, 06516.

Hypothalamic-pituitary-adrenal axis abnormalities previously have been described 
in posttraumatic stress disorder (PTSD). Published findings in males with PTSD 
include increased CSF CRF levels, a blunted ACTH response to CRF stimulation, 
variable 24-hour urine cortisol levels, enhanced phasic plasma cortisol reactivity and 
enhanced cortisol suppression by dexamethasone. A limited number of studies of in 
women with PTSD have revealed enhanced dexamethasone suppression of plasma 
cortisol, low 24-hour urine cortisol levels in postmenopausal Holocaust survivors, 
and high 24-hour urine cortisol in one study of premenopausal women with 
histories of abuse. We therefore undertook a study of premenopausal women with 
chronic PTSD to assess regulation of the HPA axis from several vantage points. 
Results of a CRF stimulation test (1 ug/kg ovine CRF IV at 8:00 p.m. with 
measurement of cortisol and ACTH at -15, 0, +15, +45, +60, +90, and +120' after 
injection in 12 women with PTSD and 11 nontraumatized controls) revealed: a) no 
difference in baseline cortisol or ACTH between the PTSD and non-traumatized 
control groups, b) a significant increase in plasma ACTH at each timepoint after 
CRF injection in the PTSD group compared to the non-traumatized control group, 
c) a significant increase in plasma cortisol at each timepoint after CRF injection in 
the PTSD group compared to the non-traumatized control group, d) a significant 
delay in the peak cortisol level in the PTSD group compared to non-traumatized 
control group, and e) a trend for an increase in the cortisol response to CRF during 
the follicular compared to the luteal phase of the menstrual cycle in both groups. 
This suggests that PTSD, gender, and menstrual cycle phase may exert unique 
influences on pituitary and adrenal responses to CRF. Results of ACTH 
stimulation and dexamethasone suppression tests, as well as measurements of 24- 
hour urine cortisol and CSF CRF levels obtained from the same subjects also will 
be presented. Supported by the Dept of Veterans Affairs National Center for PTSD.

825.3

INCREASED STRESS HORMONE LEVELS DURING HUMAN 
AGING IS ASSOCIATED WITH MEMORY IMPAIRMENTS AND 
HIPPOCAMPAL ATROPHY. S. Lupien1'2, N.P.V. Nair1, S. Briere1, 
Dautzenberg, F*, McEwen BS, Hauger RL, & M.J. Meaney1 1 laboratory 
of Human Psychoneuroendocrine Research, Douglas Hospital Research 
Center, McGill University, Montreal, Canada, 6875 Bid. Lasalle, Verdun, 
Quebec, H4H-1 R3;2; Montreal Geriatric Institute, 3; Rockefeller University, 
4; Univ. of California, San Diego.

Perhaps the most prominent feature of human aging is the variability to 
which there occurs a decline in intellectual process. The main objective of 
our research program is to understand the basis of these individual 
differences in neurological function amongst the elderly. We are 
examining whether individual differences in hypothalamic-pituitary-adrenal 
(HPA) activity might contribute to the variability in neuropsychological 
function in elderly humans. To this day, we have shown that elderly 
subjects with significant elevations of cortisol levels over years present 
significant impairment in memory function known to be dependent upon 
hippocampal integrity. Moreover, these subjects also show a significant 
14% decrease in hippocampal volume as measured by resonance 
magnetic resonance imaging, when compared to elderly subjects showing 
normal levels of cortisol over years. These results suggest that cumulative 
exposure to high cortisol levels in human aging can be a risk factor for the 
development of memory impairments and hippocampal atrophy.
SJL’s research is supported by a scientist award from the Fonds de la recherche 
en sant6 du Quebec (FRSQ).

825.4

OXIDATIVE STRESS IS SPECIFICALLY INCREASED IN 
THE HIPPOCAMPUS OF DIABETIC RATS SUBJECTED TO 
STRESS. L.P. Reagan*. A.M, Magarinos and B.S, McEwen, 
Laboratory of Neuroendocrinology, The Rockefeller University, New 
York, NY 10021.

Our most recent studies have examined the morphological, cellular and 
molecular changes induced by stress in rats with a pre-existing strain upon 
allostatic load, namely streptozotocin diabetes. The results of these studies 
revealed that compensatory mechanisms are activated in response to 
increases in allostatic load in the hippocampus of diabetic rats subjected to 
stress. Nonetheless, the deleterious actions of diabetes and stress increase 
hippocampal neuronal vulnerability, possibly resulting from increases in 
oxidative stress. In an attempt to determine if increases in lipid 
peroxidation occur in the hippocampus of diabetic rats subjected to stress, 
radioimmunocytochemistry was performed using polyclonal antisera that 
recognize 4-hydroxy-2-nonenal (HNE) conjugated proteins. 
Radioimmunocytochemistry revealed that HNE protein conjugation is 
increased in all subregions of the hippocampus of diabetes/stress rats 
compared to controls. Conversely, HNE protein conjugation was not 
increased in the cortex of diabetes/stress rats compared to controls. ‘In 
addition, the neuronal specific glucose transporter, GLUT3, was identified 
as a target of HNE protein conjugation in the hippocampus. Collectively, 
these results demonstrate that the hippocampus is particularly sensitive to 
oxidative stress and begin to provide molecular and cellular mechanisms 
for the morphological changes induced by STZ diabetes and stress. 
Supported by NIH grant numbers DK09443 (LPR) and MH421256 
(AMM,BSM).
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825.5

VENTRAL HIPPOCAMPAL FORMATION (vHF) INHIBITS THE PLASMA 
VASOPRESSIN (pAVP) RESPONSE TO ACOUSTIC STARTLE: A CLEARER 
VIEW OF THE NEUROCIRCUITRY REGULATING STRESS RESPONSES?
K. Nettles, M.B. Goldman*. Psychiatric Institute: University of Illinois in 
Affiliation with University of Chicago; Chicago, IL 60612.

Pathology in the vHF may underlie psychosis, perhaps by impairing vHF capacity 
to inhibit the varied responses to neurogenic stressors. Constraint of the 
hypothalamic-pituitary-adrenal (HPA) axis response to stress is relied upon to assess 
this vHF function, despite the difficulty interpreting changes in HPA activity. pAVP 
responses to neurogenic stressors are acutely inhibited by forebrain structures, and 
unlike the HPA axis, pAVP is well-characterized, tightly regulated, and increased in 
psychotic patients with vHF pathology. We compared the pAVP response to 
acoustic startle (lOOdB for 3 s ql5s for 2 min) in rats with bilateral excitotoxic 
lesions of the ventral hippocampus (vHippo) or ventral subiculum (vSub), and in 
sham-operated controls in order to test the involvement of these vHF structures, 
and to see if we could extend the surprising report that the vSub, but not the vHippo, 
constrains the HPA axis response. Two wks following surgery, rats were sacrificed 
either immediately after removal from their home cage, or following the stressor. 
pAVP levels in the home cage condition were similar across groups (vHippo: 4.9 + 
1.6 pg/ml (n = 4), vSub: 5.4 + 1.7 (7), shams: (5.0 + 0.5) (12)). pAVP levels were 
lower in stressed shams (2.9 + 1.3, n = 9), but not in stressed vSub (4.9 + 1.6 (7)) or 
vHippo (4.1 + 1.3 (5); grp X cond, P < .03). The absence of a pAVP response to 
stress in the two vHF groups could not be accounted for by differences in plasma 
osmolality or hematocrit. Rearings, a measure of exploratory behavior, were 
increased in both of the stressed vHF groups relative to shams (P<.01), while 
crossings, a measure of general activity, were similar across stressed groups (P 
>.65). These results suggest 1) the vHF inhibits pAVP and behavioral responses to 
stress via projections from both vHippo and vSub, and 2) pAVP may be a window 
into this circuitry and reflect its disruption in psychotic illness. Supported by UofC BRF.

825.6
ACTIVATION OF ENKEPHALINERGIC NEURONS IN THE 
PARAVENTRICULAR NUCLEUS FOLLOWING ACUTE OR CHRONIC 
PSYCHOGENIC STRESS EXPOSURE. E.C, Dumont*. R. Kinkead, S, Laforest 
and Guy Drolet. Unite de Neuroscience, Centre de Recherche du CHUL, Universite 
Laval, Quebec, Canada, G1V 4G2.

We examined the effects of acute and chronic exposure to psychogenic stress on 
enkephalin (ENK) expressing neurons of the paraventricular nucleus of the hypo-
thalamus (PVH). Male Wistar rats were allocated to either an acute or chronic stress 
(10 days) paradigm of immobilization (IMM, 90min). To evaluate adaptation to stress, 
the chronic group was subjected to a further 90min homotypic (IMM) or heterotypic 
stress (airjet puff, AJS) session. The rats were perfused before stress (0 min), following 
stress (90min) or 90min and 180min after the stress session. ENKergic neurons 
activated during stress were visualizes using a combination of in situ hybridization for 
ENK mRNA with immunocytochemical labeling of the transcription factor Fos.

Acute IMM caused a marked increase in both the number of Fos-ir and Fos-ENK 
double labeled cells in the dorsal (mpd) and ventral (mpv) medial parvicellular 
subdivisions of the PVH. This level of activation was sustained up to 180 min 
following the onset of IMM and returned to baseline levels. Chronic IMM induced an 
attenuation in Fos response (~ 55%) to subsequent IMM exposure but the degree of 
this attenuation was specific to two subdivisions of the PVH. The Fos response to 
chronic IMM was abolished in the mpv, attenuated by 70% in the dorsal mpd and 
attenuated by 40% only in the ventral mpd. Conversely, the activation of ENK neurons 
of the PVH was abolished in the mpv, attenuated by only 30% in the dorsal mpd while 
no significant attenuation was observed within the ventral mpd. These results provide 
evidence for differential involvement of ENK-PVH neurons in the regulation of 
endocrine (mpd) and autonomic (mpv) responses. The exposure to heterotypic stressor 
produced responses similar to the homotypic stressor both for the Fos and ENK-Fos 
responses in each parvicellular subdivisions suggesting global attenuation of responses 
to psychogenic stressor). Supported by MRC and HSFQ.

825.7

CHRONIC SOCIAL STRESS: ITS IMPACT ON CENTRAL 
MONOAMINE RECEPTORS. G. Fluqqe*. German Primate Center, 
D-37077 Gottingen, Germany

During stress, activity of brain monoaminergic systems is 
increased and catecholamine and serotonin turnover is accelerated. 
Concomitant with this there are changes in monoamine receptors in 
distinct brain nuclei. Investigations in male tree shrews (Tupaia 
belangeri), a model for psychosocial stress, showed that chronic 
stress with repetitive challenging situations over several weeks 
leads to dynamic alterations in brain monoamine receptors. E.g. 
alpha2-adrenergic autoreceptors in noradrenergic centers are down- 
regulated which is probably a reason for impaired negative feed-
back regulation of transmitter release. The beta-adrenoceptor 
system shows a high plasticity during prolonged periods of stress 
with transient down-regulation in distinct regions and alterations in 
receptor affinity. Stress effects on 5HT1A-receptors in forebrain 
regions such as hippocampus are related to high levels of plasma 
glucocorticoids. However, also gonadal steroids play a role in 
monoamine receptor regulation, and stress effects on 5HT1A- 
receptors can in part be counteracted by testosterone. These data 
indicate that a balance between different steroid hormones is 
necessary to maintain ‘normal’ receptor numbers. The stress- 
dependent alterations in brain monoamine receptor numbers 
contribute to behavioral changes that are characteristic for chronic 
stress. (Supported by German Science Foundation, SFB 406)

825.8

ADRENAL DOPAMINE-3-HYDROXYLASE AND TYROSINE HYDRO-
XYLASE GENE EXPRESSION IN COLD-ADAPTED RATS: EFFECT OF 
NOVEL STRESSORS. R. Kvetnansky*1, J. Jelokova1, M. Rusnak1, L, Serova2, 
B.B. Nankova2, and E.L. Sabban2. 'inst. Exp. Endocrin., Bratislava, Slovak 
Republic; 2Dept. Biochem. & Mol. Biol., New York Med. Coll., Valhalla, N.Y. 
10595.

Rats exposed to long-term cold (4°C) have significantly increased adrenal 
dopamine-3-hydroxylase (DBH) activity but tyrosine hydroxylase (TH) activity is 
no longer elevated. Adrenal norepinephrine (but not epinephrine) is more than two- 
times increased. The aim of the present work was to investigate changes in 
adrenomedullary (AM) DBH and TH gene expression after a short (one day) and 
long-term (28 days) cold exposure as well as in cold-adapted rats exposed to 
various novel stressors. Immobilization for 2h (IMO), administration of insulin 
(INS, 5 IU) or 2-deoxyglucose ( 2DG, 500 mg/kg) were used as novel stressors. 
One day cold did not produce changes in DBH mRNA but significantly elevated 
TH mRNA levels. In contrast, 28 day cold exposure did not show any changes in 
AM TH mRNA but elevated DBH mRNA levels. A single IMO or INS produced 
increases in both AM DBH and TH mRNA; 2DG only in TH mRNA levels. Cold- 
adapted rats exposed to the novel stressors significantly elevated TH mRNA levels, 
TH activity, and protein, and displayed exaggerated response compared to naive 
rats exposed to the same stressors at room temperature. In contrast, adrenal DBH 
mRNA did not show further increases with novel stressors, except for IMO. Thus, 
the observed differences in AM TH and DBH mRNA levels suggest an adaptation 
of TH but not of DBH gene expression in rats exposed to long-term cold. These 
data suggest that different stressors regulate TH and DBH gene expression by 
distinct mechanisms and that DBH may play a crucial rate-limiting role, especially 
in chronically stressed rats. (Supported by VEGA 2-610999; PHS grants TW00984 
andNS-32166).

COGNITION: HUMAN LEARNING AND MEMORY—PROCEDURAL MEMORY

826.1
CONTEXTUAL MODULATION OF FEAR CONDITIONING IN HUMANS.
J.L, Annopy1,2* and R.J, Dolan1. 'Wellcome Dept. of Cognitive Neurology, Institute 
of Neurology, London WC1N 3BG, UK; institute of Cognitive Neuroscience, 
University College London, London WC1N 3AR, UK.

During fear conditioning, pairing of an innocuous conditioned stimulus (CS) with 
an aversive unconditioned stimulus (US) results in fear responses to the CS when 
presented alone. Such fear responses are modulated by contextual cues (i.e., stimuli that 
are present during the conditioning training, but are poor predictors of the occurrence of 
the US). We investigated the effects of visual contextual cues on conditioned autonomic 
fear responses to an auditory CS in a paradigm that is suitable for use in fMRI studies.

Two auditory tones of different frequencies (3s, 80dB) were used as CS+ and CS- in 
a differential fear conditioning paradigm while subjects were performing an unrelated 
visual reaction-time (RT) task. The background (context) color of the visual display 
(irrelevant to the RT task) was either blue or green (CT+ and CT-, counterbalanced 
across subjects), changing every 12±3s, in a pseudo-random order. The CS+ was paired 
on a 50% reinforcement schedule with a white noise US (0.5s, ~100dB, coterminating 
with the CS+), only when the background color was CT+. The CS- was never paired 
with the US. The CS onset was 4±2s after the onset of the color stimulus. Fear 
responses to the CSs and CTs were measured with skin conductance responses (SCR).

Conditioning resulted in significantly larger SCR to the CS+ than to the CS-. No 
significant differences were observed in the SCRs to the CT+ and CT-. That is, there 
was a significant main effect of CS but no significant main effect of context. However, 
an interaction between CS and context was observed, in that SCRs to the CS+ in the 
CT+ were larger to those in the CT-, while no such contextual differences were 
observed for the CS-. These results confirm that it is possible to induce contextual 
modulation of fear responses to a conditioned stimulus in human subjects, using a 
simple paradigm that can be directly applied in neuroimaging studies.
Supported by the Wellcome Trust.

826.2

Neural substrates of discrimination and reversal learning in human fear conditioning 
as revealed by fMRI D.C. Knight1*. C.N. Smith1. P.T. Cheng1. E.A. Stein2. & F.J. 
Helmstetter1,2 University of Wisconsin-Milwaukee1, Medical College of Wisconsin2 
Milwaukee, Wisconsin 53201
Previous functional magnetic resonance imaging (fMRI) studies from our lab, examining 
learning-related changes in human brain activity during acquisition and extinction of 
Pavlovian fear conditioning, demonstrated that during acquisition the volume of active tissue 
within the anterior cingulate cortex gradually increases and that the temporal pattern of peak 
metabolic activity in the dorsal medial thalamus gradually shifts toward CS onset. These 
stimulus-evoked changes in activity dissipate during extinction when the CS but no UCS is 
presented. The present study used fMRI to examine the effects of contingency reversal after 
discrimination learning on functional brain activity in healthy volunteers. Participants were 
exposed to a series of 12sec visual CSs and brief (0.5sec) electrical stimulation (UCS) over 6 
trial blocks. One CS was always followed by the UCS (CS+), one was never followed by the 
UCS (CS-) while other stimuli were assigned intermediate probabilities of predicting shock. 
GSR as well as the subjects' subjective estimate of the probability of UCS delivery were 
recorded throughout. During the reversal phase (blocks 4-6) the stimulus used as CS+ was 
now never followed by shock and the original CS- was always followed by shock. Whole 
brain imaging was performed (1.5T, TR=3, TE=40msec, FOV=24cm, Flip Angle=90°) 
throughout the 6 blocks (3 acquisition & 3 Reversal) of stimulus presentations. Activated 
regions were identified based on cross-correlation with phase-shifted canonicals representing 
the temporal pattern of visual stimulation and similar functions reflecting learning-related 
changes in GSR and shock expectancy. Training produced large CS-related and trial- 
dependent changes in activity within a number of cortical and subcortical regions including 
thf anterior cingulate, dorsal medial thalamus, and caudate nucleus. Contingency reversal 
initially abolished unique differential patterns in CS+ versus CS- induced activation. As 
acquisition of the new relationship progressed after reversal, the general pattern of changes 
over blocks was very similar to that seen in initial acquisition. These results suggest that the 
functional contribution of these structures to learning after reversal is very similar to that 
seen during the original acquisition period.

Supported by NIMH fellowship MH11722 (DCK), NIDA DA09465 (EAS), and the McDonnell 
Foundation (FJH).
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826.3
BRAIN - BEHAVIOR INTERACTIONS DURING ACQUISITION AND 
REVERSAL OF SENSORY ASSOCIATIONS IN HUMANS 
M. N. Rajah1, N. Lobaugh1, N. Danjoux1, and A.R. McIntosh1 *,1 Rotman 
Research Inst of Baycrest Centre, Univ Toronto, ON, M6A 2E1.

Positron emission tomography (PET) was used to identify brain regions that 
showed changes in regional cerebral blood flow (rCBF) as subjects participated in 
a voluntary-response differential conditioning study. Two tones (T1 and T2) 
served as positive and negative predictive cues (+/-) for a visual target (V). In 
Phase 1 of the experiment, T1 was the positive cue and T2 the negative cue. This 
was reversed in Phase 2. Sixteen subjects (9 males, mean age = 23.3) participated 
in this study. Eight PET scans were obtained in response two types of trial blocks: 
paired T+V trials and unpaired T- mixed with unpaired V trials. Scan types were 
alternated across the experiment: two scans of each block type during each of the 
phases. Reaction time data indicated that half of the subjects successfully 
acquired and reversed the discrimination (learners) and the other half did neither 
(nonleamers). During post-experimental debriefing, learners reported being 
aware of the differential predictive values of T1 and T2 in Phase 1 and their 
reversal in Phase 2. Nonleamers, on the other hand, reported no awareness of 
these relationships. A between-group Partial Least Squares (PLS) analysis was 
conducted to determine the relationships between brain activity and behavioral 
performance. This analysis indicated that acquisition and reversal of the 
discrimination was related to bilateral changes in activity in cerebellum, 
hippocampus, dorsal middle occipital gyrus, superior temporal gyrus, middle 
frontal gyrus and inferior frontal gyrus. In the left hemisphere, activity changes in 
thalamus, postcentral gyrus and precentral gyrus were also identified. In addition, 
there was a cohesive correlation pattern among these brain regions in learners 
across the experiment. Nonleamers failed to show this correlation pattern.
Funded by MRC (MT-13623) and NSERC (OGPO17034) of Canada .

826.4
NAMING AN OBJECT ONCE PRODUCES LONG-LASTING CHANGES IN 
NEURAL ACTIVITY: AN EVENT-RELATED fMRI STUDY.
M. van Turennout, T. Ellmore, A. Martin*. Laboratory of Brain and Cognition, 
NIMH, Bethesda, MD 20892

Naming an object once produces improved ability to name that same object again, 
even after a very long delay. We used event-related fMRI to examine the neural 
mechanisms underlying this long-lasting form of learning. Eight subjects were 
presented with pictures of real and nonsense objects in a mixed order, outside the 
scanner, and named the real objects. Three days later, subjects saw these pictures again, 
intermixed with new pictures and a repetition of the new pictures after 30 seconds, 
while gradient-echo echo planar images were obtained from the whole brain (22, 5 mm 
axial slices, TR=3 sec). Pictures were presented, randomly intermixed, for 200 msec, 
one every 2 seconds. Object-naming latencies showed significant repetition priming 
after 30 seconds and, to a lesser extend, after 3 days. Relative to a visual-noise 
baseline, naming real objects activated bilateral ventral occipitotemporal, left insula, 
and left inferior frontal cortices. Viewing nonsense objects activated bilateral occipital 
cortex. Activity in these regions was modulated by experience. Reduced activity was 
found in occipital cortex for repeated nonsense objects and in ventral occipitotemporal 
cortex for repeated real objects. These reductions were found after 30 seconds and, to a 
lesser extend, after 3 days. In addition, for repeated real objects, increased activity was 
found in the left insula, and decreased activity in the left inferior frontal cortex, that 
was larger after 3 days than after 30 seconds. The rapid, and long-lasting change in 
ventral occipitotemporal cortex may reflect the creation of sparser, yet more object- 
specific representations. In contrast, the slower changes in left insula (increased 
activity) and left inferior frontal (decreased activity) cortices may reflect a different form 
of learning, possibly related to lexical processing. These findings suggest that different 
neural mechanisms underly the behavioral phenomenon of repetition priming during 
object naming. Supported by NIMH-IRP

826.5

COMPLEMENTARY CATEGORY LEARNING SYSTEMS IDENTIFIED 
USING EVENT-RELATED FMRI. H.J. Aizenstein*, A.W. MacDonald, V.A. 
Stenger, J.K.Larson, S. Ursu, R.D. Nebes, C.S. Carter. Dept of Psychiatry, Univ. of 
Pittsburgh, Pittsburgh, PA 15213.

Previously a block-design fMRI study of implicit category learning demonstrated 
decreased striate and extrastriate signal and increased frontal signal. The current 
study was designed to replicate the implicit learning results using an event-related 
design and to contrast this with explicit learning. We hypothesize that frontal 
activations in previous studies are due to explicit components. Six subjects 
performed a speeded response category learning task. Black and white dot patterns 
were displayed on a screen for 1500 msecs after which they turned either red, 
yellow or green. The subject was to press a button corresponding to the color as 
soon as the dot became colored. All subjects first performed this as an implicit 
learning task; they were not told that a category rule determined the color based on 
the pattern of dots (e.g., whenever the dots were a distortion of a prototype, then 
the dots turned red). After 108 trials (12 second ITI), the rule changed. An increase 
in RT with this change reflects learning. Three 25-slice oblique axial images were 
acquired per trial. The explicit learning phase was exactly the same except subjects 
were instructed to look for a pattern. RT changes showed a significant effect of 
learning in both the implicit (p=.05) and explicit (p=.0001) conditions. The fMRI 
data were analyzed in a 2-way ANOVA (scan x trial type) with p=.01 and an 8 
voxel contiguity threshold. In the implicit condition, BA 19 showed decreased 
activation in the learned vs. unlearned trials. However, in the explicit condition the 
effect was reversed; BA 18 had increased activation in learned vs. unlearned trials. 
As predicted, a prefrontal region (DLPFC) was significantly active in an explicit - 
implicit contrast. The hippocampal region was also significant in this contrast. 
These results support the view that implicit and explicit learning utilize dissociable 
complementary neural systems. Supported by ADRC Grant #P50-AG05133.

826.6

IMPLICIT AND EXPLICIT SEQUENCE LEARNING PROCEED 
IN PARALLEL. D. B. Willingham*. K. Goedert-Eschmann. Dept. of 
Psychology, Univ. of Virginia, Charlottesville, VA 22903. A great 
deal of research has focused on demonstrating that implicit and explicit 
forms of learning are separate at cognitive and at neural levels of 
description. Less research has focused on the possible relationship of 
implicit and explicit knowledge. One of us (Willingham, 1998) has 
proposed that implicit and explicit motor skill learning can proceed in 
parallel, with explicit knowledge serving a guidance function for 
motor behavior, and implicit learning proceeding based on the motor 
behavior that is guided by explicit knowledge. Nevertheless, several 
brain imaging studies are inconsistent with this prediction, showing 
non-overlapping areas of brain activation, instead of the predicted 
pattern of implicit learning structures being a subset of the explicit 
learning structures. In this experiment, we provide behavioral 
evidence that implicit and explicit learning proceed in parallel. Subjects 
performed a four-choice response time task with a repeating sequence 
of stimuli. They were either told to learn the sequence (explicit 
training) or the sequence was not mentioned (implicit training). At 
transfer, most of the stimuli were random, but the sequence 
occasionally appeared. The explicit learning subjects were told that the 
stimuli would all be random, so that it was not obvious that explicit 
knowledge would be applicable. At transfer, both implicit-and 
explicit-training subjects showed equivalent implicit knowledge of the 
sequence, implying that the explicit-training subjects had acquired 
implicit knowledge in parallel with their explicit training.

826.7

REPETITION PRIMING FOR FACES AND SYMBOLS INTERACTS WITH 
STIMULUS FAMILIARITY. R Henson12. T Shallice1. E Maguire?* and R Dolan12 
Wellcome Dept. Cognitive Neurology, Inst, of Neurology; 2Inst. of Cognitive 
Neuroscience; University College London, Queen Square, London WC1N 3BG, UK.

Four experiments used event-related fMRI to examine repetition priming for 
familiar vs. unfamiliar visual stimuli (famous vs. nonfamous faces and meaningful 
vs. meaningless symbols). Healthy volunteers viewed randomly-intermixed stimuli 
presented every 8s (Exps. 1 & 2) or every 2s (Exps. 3 & 4), pressing a key only for a 
prespecified target stimulus (target events were subsequently ignored). A left 
midfusiform area showed greater responses to familiar than unfamiliar stimuli, for 
both faces (Exps. 1 & 3) and symbols (Exps. 2 & 4), regardless of repetition. A 
posterior fusiform area however showed decreased responses to repetition of familiar 
stimuli, but increased responses to repetition of unfamiliar stimuli, on the right for 
faces and on the left for symbols. The repetition suppression for familiar stimuli 
stabilised over five repetitions (Exps 3 & 4). The repetition facilitation for unfamiliar 
stimuli persisted over five repetitions for unfamiliar faces (Exp. 3), but switched to 
repetition suppression after three repetitions of unfamiliar symbols (Exp. 4). For face 
stimuli, the same right fusiform area also showed a parametric modulation by lag 
(number of intervening stimuli), such that the magnitude of both repetition 
suppression and repetition facilitation decreased with lag (Exp. 1). A subsequent 
behavioral experiment, predicated on the neuroimaging results, confirmed a 
significant interaction between stimulus familiarity and repetition in a familiarity 
judgment task on the same stimuli, with greater priming effects (decreases in reaction 
times) for familiar than unfamiliar stimuli. We suggest that repetition priming is 
sensitive to the presence or absence of pre-existing stimulus representations and that 
the increased responses to repetition of unfamiliar stimuli may reflect the formation 
of new representations, which appears to be more rapid for symbols than faces. 
Research supported by Wellcome Trust Grant No. 051028/Z.

826.8

LEARNING AND EXPECTATION IN HUMAN EYEBLINK CONDITIONING: 
AN EVENT-RELATED, WHOLE BRAIN /MRI STUDY

N Ramnani*. I Toni, O Josephs. J Ashbumer and RE Passingham,
Wellcome Department of Cognitive Neurology, Institute of Neurology, London, UK.
We have used event-related fMRI to record evoked haemodynamic responses (EHRs)

during differential, delay eyeblink conditioning. This enabled us to compare the 
development of EHRs for three trial types: Paired CS+ (tone CS+ paired with a corneal 
airpuff US), Unpaired CS+ (CS+ was not followed by the predicted US), CS- (tone CS- that 
was never reinforced, and so was never followed by a US). Each was presented 66 times, 
pseudorandomly. We scanned during conditioning (TR, 4.7s; voxel size, 3mm3; 48 slice 
volumes). The auditory CSs (85 dBA, 700 ms) differed in frequency (600Hz, 1400Hz). The 
allocation of frequencies to CS+ and CS- was counterbalanced across 5 subjects. The US (4 
psi, 100ms) coterminated with the Paired CS+, and was delivered to the right eye. Analyses 
were conducted in SPM97d, and identified areas in which EHR changes over time 
differed significantly between the three trial types. Learning: Significant increases in 
EHRs over time for Unpaired CS+ trials (compared with CS- trials) were present in the right 
cerebellar cortex (Crus I/Lobule HVI; 30, -76, -30; Z = 3.29), and in the face area of the left 
motor cortex (-56, 6, 2; Z= 3.14). Expectation: We identified regions in which EHRs 
became increasingly responsive to the absence of the US although predicted by the CS+ 
(Unpaired CS+ trials), compared with EHRs where the US was present as predicted by the 
CS+ (Paired CS+ trials). These areas included the primary somatosensory cortex (SI, face 
region; -62, -6, 12; Z=3.63), anterior cingulate cortex (0, 36, 12; Z= 3.81), and left 
cerebellar cortex (Lobule HVI; -22, -56, -22; Z=3.63). Learning-specific cerebellar 
interactions: We located areas in which activity specifically covaried with Unpaired 
CS+ activity in the ipsilateral cerebellar cortical site (relative to CS- activity). These 
included left Lobule HVI (-18, -64, -24; Z=4.58), and left SI (-62, -12, 10; Z=4.46). 
Learning-specific increases in the cerebellum and motor cortex suggest activity related 
either to the execution or to the learning of CRs, and homologous regions in animal 
models are known to be critically involved in eyeblink conditioning. There was also 
activity in the contralateral cerebellum and SI that could be related to the failure to obtain 
an expected airpuff on Unpaired CS+ trials. This work is supported by the Wellcome Trust.
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826.9

EYEBLINK CONDITIONING IN CEREBELLAR PATIENTS: THE 
ACTIVE CONDITIONING PARADIGM L. Zhao*, V. Bracha, K.B. Irwin 
and J.R. Bloedel. Barrow Neurological Institute, Phoenix, AZ 85013.

In a typical laboratory classical conditioning paradigm, passive subjects 
learn to respond to externally imposed stimuli. In real life, however, most of 
the stimuli we encounter are generated by our actions. The present study 
explored whether classical conditioning to stimuli generated by a subject’s 
actions depends on similar neural circuits as learning in the standard passive 
conditioning paradigm. To examine this issue, we developed a new 
paradigm (the active conditioning paradigm), in which the delivery of the 
conditioned stimulus (CS) is contingent on the subject’s actions. Subjects 
were sitting in front of two buttons. In each trial, the computer randomly 
selected one of buttons, and the subject was instructed to guess which one 
was selected and press that button. While a correct guess was rewarded by 
applause, each mistake was followed by an acoustical CS which was 
followed by an eyeblink-eliciting unconditioned stimulus (US).

It is well established that patients with cerebellar lesions are severely 
deficient in conditioned response (CR) acquisition when trained in the 
passive paradigm. To examine cerebellar involvement in active 
conditioning, three cerebellar patients (who were impaired in the passive 
conditioning paradigm) were trained in the active conditioning paradigm. 
Although they did not reach the normal level of CRs, they acquired 
significantly more CRs than they demonstrated during passive conditioning 
(which utilized identical CS and US). These data indicate that in humans, 
cerebellar substrates which are essential for passive conditioning, are less 
important for active classical conditioning.

NIH Grants R01NS36210 and R01NS21958

826.10
AGE AND AWARENESS IN EYEBLINK CONDITIONING M-G. Knuttinen*. 
J.M. Power. A.R. Preston and J.F. Disterhoft. Dept. of Cell & Molecular Biology & 
Institute for Neuroscience, Northwestern University, Chicago, IL 60611 USA

Eyeblink conditioning (EBC) is a well-understood model system for exploring the 
neurobiological changes underlying associative learning and age-related learning 
impairments in animals and humans. EBC requires that the subject associate a neutral 
conditioned stimulus (e.g. auditory tone, CS) with a behaviorally significant 
unconditioned stimulus (e.g. a corneal airpuff, US). Recent work on the role of 
awareness by Clark & Squire (1998) suggests new dimensions relevant to 
understanding the neural mechanisms of EBC. Although their findings indicate that 
awareness was a prerequisite for successful trace EBC, but not delay EBC, it is 
unclear whether this was purely an age-associated deficit since both the amnesics and 
their age-matched controls were representative of an aging population. We sought to 
further explore the issue of how age-associated learning deficits interact with 
awareness by comparing a young and aging population. Healthy young (20-35) and 
aging (60-75) subjects were tested in one of four discrimination conditioning 
procedures (delay 750, delay 1250, trace 500, trace 1000) with two CSs, in which one 
CS was consistently paired with the US (CS+), and a second CS was presented alone 
(CS-). All four paradigms consisted of 60 CS+ and 60 CS- trials which were 
presented while the subjects viewed a silent movie. Following the conditioning 
session, subjects were questioned regarding their knowledge of stimulus 
contingencies. Results indicate an age-related effect on trace, but not in delay 
discrimination learning. Furthermore, 67% of all aging subjects were unaware 
compared to 10% of all young subjects. Unaware subjects in both age groups were 
able to acquire the delay eyeblink task, but were severely impaired in trace 
conditioning. Of all the subjects studied thus far, no unaware subjects were able to 
acquire either trace 500 or trace 1000 EBC. These findings suggest that awareness is 
related to performance in trace EBC in both young and aging subjects.
Supported by: NIH R03AG16031 (JFD)

826.11

TRACE VS. DELAY EYEBLINK CONDITIONING IN 5-MONTH-OLD 
HUMAN INFANTS. D. Ivkovich*1,2, C. O. Eckerman1, and M. E. Stanton1,2. 
1Duke University, Durham, NC 27708-0086, 2US EPA, RTP, NC 27711.

Eyeblink conditioning is an ideal model for studying changes in cognitive and 
neural processes during development (Stanton & Freeman, Env. Health 
Perspec., 1994,102,131-139). Delay eyeblink conditioning is primarily 
dependent on a cerebellar-brainstem circuit, whereas trace conditioning 
additionally involves the hippocampus (see Thompson, Phil. Trans. R. Soc. 
Lond.B, 1990, 329, 161-170). Previously, Ivkovich et al. (Psych. Sci., 1999,10, 
4-8) demonstrated that both 4- and 5-month-oid human infants can acquire 
the delay eyeblink CR when given 2 conditioning sessions consisting of at 
least 30 pairings of a tone CS (750 ms, 1 kHz, 80 dB) and airpuff US (100 ms, 
approximately .05 psi at the eye) which overlap and coterminate (650 ms ISI).

In the present study, we asked whether 5-month-olds would show trace 
eyeblink conditioning. Infants experienced the same tone and airpuff used for 
delay conditioning, but the stimuli were separated by a 500 ms stimulus-free 
trace interval, thus yielding a 1250ms ISI. To control for the longer ISI, we 
also included a long-delay conditioning group in which a 1350 ms tone 
overlapped and coterminated with a 100 ms airpuff. Infants at 5 months of 
age were unable to acquire an adaptive conditioned eyeblink response (a CR 
within 350 ms of US onset) over 3 sessions (max. 38 CS-US pairings each) of 
either trace or long-delay conditioning. These conditioning phenomena 
appear to mature more slowly than (short) delay conditioning. Further 
developmental studies of delay vs. trace conditioning may help us begin to 
understand the functional maturation of the cerebellum and hippocampus and 
their interactions.
SUPPORT: NIMH Postdoctoral Fellowship #MH11729 to D. Ivkovich and 
March of Dimes Social and Behavioral Sciences Grant No. 12-FY98-0209 and 
EPA CR# 820-430 to C.O. Eckerman

826.12

AN EVENT-RELATED FUNCTIONAL MRI STUDY OF EYEBLINK CLASSICAL 
CONDITIONING IN YOUNG ADULTS. S. K. Lemieux1’3 & D. S. Woodruff-Pak1’2’3* 
Departments of Diagnostic Imaging1, Psychology2 and Neuroscience Program3,
Temple University School of Medicine, Philadelphia, PA 19140

Electrophysiological recording of cerebellar cortical Purkinje cells in Larsell's HVI 
region ipsilateral to the conditioned eye in rabbits identified firing during performance 
of conditioned responses (CRs) and unconditioned responses (URs). Bilateral firing of 
hippocampal pyramidal cells was also recorded during eyeblink conditioning in 
rabbits, with units forming a model of the behavioral CR and UR. In this study, event- 
related functional MRI (fMRI) was used to localize activation in the ventral brain 
during CR and UR trials in human subjects. Previously conditioned young adults were 
tested during fMRI data acquisition with presentations of paired conditioned stimulus 
(90 dB, 1000 Hz tone) and unconditioned stimulus (7 psi comeal airpuff). The 
intertrial-interval was a fixed random sequence of 16, 18, or 20 s. The fMRI data were 
collected at 1.5T using a GRE spiral pulse sequence with TR/TE=2000/40 ms, 
FOV=240mm, 128x128, 12 5-mm coronal slices caudal to the anterior commissure. 
Behavioral results were used to identify trials with CRs and URs and with URs alone. 
The fMRI data were analyzed by averaging CR trials and UR-alone trials separately 
and correlating the averaged MR measurements to a Poisson function model of the 
hemodynamic response. All subjects showed activation in cerebellar cortex in Larsell's 
HVI region ipsilateral to the conditioned eye during CR trials, and some also showed 
activation in HVI during UR-alone trials. Hippocampal activation was evident in all 
subjects during CR trials and in some subjects in UR-alone trials and was not 
consistently lateralized. These event-related fMRI results are compatible with previous 
PET imaging studies of human eyeblink conditioning. The higher temporal and spatial 
resolution of fMRI data provide further information about the parallels between 
activated brain regions in rabbit and human eyeblink conditioning.
Supported by a grant from the Harry Stern Family Foundation

PRESYNAPTIC MECHANISMS: MOLECULAR BASES OF TRANSMITTER RELEASE

827.1

a-LATROTOXIN FORMS MEMBRANE PORES UPON BINDING TO 
LATROPHILIN OR NEUREXIN, WHOSE PRESYNAPTIC LOCALISATION 
DETERMINES THE TOXIN SPECIFICITY. M. Atiqur Rahman , Elena V. Orlova , 
Brent Gowen . Kirill E. Volynski. Frederic A. Meunier , Vera G. Lelianova , Marin
van Heel, and Yuri A. Ushkaryov *. Biochemistry Department, Imperial College, 
London, SW7 2AY, UK.

oc-Latrotoxin (LTX) forms membrane channels and stimulates exhaustive secretion 
in neuronal and endocrine cells. The mechanism of LTX action was studied using 
transfection with latrophilin, its deletion mutants or neurexin. In chromaffin cells, 
these constructs increase the sensitivity to LTX in accordance with their toxin 
binding. Membrane permeabilisation to Ca2+ also correlates with the amount of bound 
LTX but not with the type of receptor transfected. We found that chromaffin cells 
endogenously express both latrophilin and neurexin and then used heterologous cells 
to study the role of each receptor. LTX-stimulated 45Ca2+ influx in receptor- 
transfected COS cells also solely depends on the toxin binding but not the receptor 
structure. Thus, LTX can form pores in any cells expressing any receptor, 
independently of receptor-mediated signals. In addition, the toxin pores also pass 
fluorescein isothiocyanate (FITC). Similarly, LTX permeabilises the nerve terminal 
membrane of the frog NMJ to Ca2+, Na+ and FITC. Immunofluorescent microscopy 
demonstrates that LTX acts specifically because of the presynaptic localisation of 
both receptors, of which only latrophilin is present exclusively at the active zones. 
Structural studies confirm that LTX itself is able make the pore. Using cryoelectron 
microscopy and angular reconstitution, we have determined the 3D structure of a- 
latrotoxin at 14 A resolution. The toxin has dimensions of 100x160x160 A and a 
gated, 25 A-diameter central hole. Upon binding to its receptors, LTX can insert into 
the lipid bilayer and permeabilise the membrane to cations and small molecules. Our 
results suggest that LTX is a pore-forming toxin whose receptors are specifically 
expressed in endocrine cells and in the presynaptic membrane in qeurones. Supported 
by The Wellcome Senior European Research Fellowship (to Y.A.U.).

827.2
REGULATION OF THE LEVELS OF SYNAPTOTAGMIN I IV HETERO 
OLIGOMERS MODULATES SYNAPTIC FUNCTION. J.T. Littleton'. T.I. 
Serano2, G.M, Rubin2, G.W. Wilson1*, B. Ganetzky', and E.R. Chapman
‘Department of Genetics and Department of Physiology, University of Wisconsin. 
Madison, WI 53706; department of Molecular and Cell Biology and Howard 
Hughes Medical Institute, University of California, Berkeley, CA 94720-3200.

Communication within the nervous system is mediated by the calcium-triggered 
fusion of synaptic vesicles with the presynaptic plasma membrane. Genetic and 
biochemical evidence suggests that synaptotagmin I may function as calcium sensoi 
in neuronal exocytosis via its ability to bind calcium and penetrate into lipid 
bilayers. We have identified Drosophila synaptotagmin homologs of mammalian 
isoforms I, IV, V and VII. Recent studies have shown that chronic depolarization or 
seizure activity results in the up-regulation of a distinct and unusual isoform of the 
synaptotagmin family, synaptotagmin IV. Drosophila synaptotagmin IV is enriched 
on synaptic vesicles and contains an evolutionary conserved aspartate to serine 
substitution that abolishes its ability to bind membranes in response to calcium 
influx. Synaptotagmin IV forms hetero-oligomers with synaptotagmin I that resuli 
in synaptotagmin-clusters that cannot effectively penetrate lipid bi layers and that are 
less efficient at coupling calicum to secretion: up-regulation of synaptotagmin IV. 
but not synaptotagmin I, decreases evoked neurotransmission. These findings 
indicate that modulation of expression of synaptotagmins with different calcium-
binding affinities can lead to heteromultimers with novel properties that regulate the 
efficiency of excitation-secretion coupling in vivo and represent a novel molecular 
mechanism for sjnaptic plasticity. This work was supported by grants from the 
NIH and the Howard Hughes Medical Institute. T.L.S. is a Jane Coffin Childs 
postdoctoral fello v. J.T.L is a Merck fellow of the Helen Hay Whitney Foundation
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827.3

CALCIUM PERMEABLE PORES INDUCED BY ALPHA-LATROTOXIN 
ON CELLS EXPRESSING LATROPHILIN. C. Van Renterghem1, C, Iborra1, 
V. Lelianova2, N. Martin-Moutot1, Y, Ushkaryov2, M. Seaear '*, 1 Institut 
National de la Sante et de la Recherche Medicale, Unite 464, Institut Jean Roche, 
Faculte de Medecine Secteur Nord, Bd. Pierre Dramard, F-13916 Marseille 
Cedex 20, France, biochemistry Department, Imperial College, London, SW7 
2AY, UK.

In order to explore the mechanisms by which alpha-latrotoxin (LTx) activates 
neurotransmitter release, we have expressed the toxin receptor, rat brain 
latrophilin (LPH), and its C-terminally truncated mutants in non neuronal cells 
(BHK, cos-7), by cotransfection with Green Fluorescent Protein. Whole-cell and 
single channel currents were recorded from fluorescent (transfected) cells using 
patch-clamp techniques. Application of LTx to cells transfected with LPH, but 
not with the empty vector, induced a slowly developing current (maximum after 
2 min at 2 nM), corresponding to an increase in cationic conductance. The LTx 
effect was transient in some conditions. Single channel recordings revealed steps 
of unitary current to a permanently open state. LTx-induced channels were 
permeable to sodium and cesium ions, and highly permeable to several divalent 
cations. We conclude that LTx and LPH associate to form a cationic pore, and 
analysis of the minimal structural determinants required is underway.

Supported by Centre National de la Recherche Scientifique, Association 
Franchise contre les Myopathies, and Wellcome Trust Senior Research 
Fellowship.

827.4

CAPS (CA2+-DEPENDENT ACTIVATOR PROTEIN FOR SECRETION) IS 
CRITICAL FOR THE FUSION STEP OF DENSE-CORE VESICLE 
EXOCYTOSIS IN CALF ADRENAL CHROMAFFIN CELLS. C. R. Artaleio1 *
T. F. J. Martin2 and A, Elhamdani1 1 Dept. Pharmacology, WSU, Detroit, MI 
48201.2Dept. Biochemistry, Univ. of Wisconsin, Madison, WI.

CAPS is a 145 kDa neural/endocrine cell-specific protein found exclusively 
associated with dense-core vesicles (DCVs). To evaluate CAPS function in DCV 
exocytosis we introduced affinity-purified anti-CAPS IgGs into calf adrenal 
chromaffin (AC) cells via a patch pipette and tested the kinetics of secretion using 
both amperometric and membrane capacitance techniques. The antibodies reacted 
with a single major -145 kDa protein in AC cells based on immunoblot analysis. 
In the presence of two different anti-CAPS IgGs a rapid inhibition of 
catecholamine release to a maximum of >80% occurred in cells stimulated with 
sequential short trains of action potentials. The effect was specific because 
preabsorption of IgGs with the respective antigens ablated the inhibitory effect and 
the IgGs had no effect on Ca currents or rapid endocytosis. CAPS 
immunoneutralization not only sharply reduced the number of amperometric spikes 
but also markedly altered the kinetics of the residual events. These exhibited lower 
amplitude, as well as longer rise-times and half-widths (by 3.5-fold) compared to 
control spikes. Anti-CAPS IgGs also slowed the rate of the initial exocytotic 
capacitance burst, representing already-docked-and-primed DCVs, by -90%. We 
conclude that CAPS plays a role at the final fusion step of DCV exocytosis, 
possibly at the level of fusion pore dilation, in catecholamine secretion from AC 
cells. [NIH and NSF],

827.5

THE CIRLS, A NOVEL FAMILY OF ORPHAN RECEPTORS IMPLICATED IN 
THE REGULATION OF SECRETION. A.G, Petrenko1'2*, V. Krasnoperov1. Y. 
Gar hour g‘ and K. Ichtchenko1. bept. of Pharmacology, 2Dept. of Physiology and 
Neuroscience, New York Univ. Med. Sch.; New York, NY 10016

We discovered a novel family of G protein-coupled receptors (GPCRs) encoded by 
three genes. Two members of this family, CIRL-1 and CIRL-2, were identified as 
high-affinity and low-affinity calcium-independent receptors of a-latrotoxin, 
respectively. Transfection experiments demonstrated that both receptors are sufficient 
to support toxin-induced secretion and neuronal death by an unknown mechanism. 
Whereas CIRL-1 is predominantly expressed in the nervous system, CIRL-2 is found 
in multiple tissues, indicating that high concentrations of a-latrotoxin may produce 
toxic effects in non-neural tissues. Over-expression of CIRLs in chromaffin cells 
results in the specific inhibition of the ATP-dependent step of calcium-evoked 
exocytosis. These findings suggest that CIRLs have a role in the regulation of 
secretion by a mechanism which is similar in neurons and other cells. The CIRLs are 
unusually large (about 200,000 Da) as compared to other GPCRs and have cell 
adhesion-like modules in their extracellular domain which raises a possibility that 
CIRL-mediated signaling serves to couple cell-to-cell contacts to cellular secretory 
responses. Another interesting structural feature of CIRLs is that they consist of two 
non-covalently bound heterologous subunits. The two-subunit structure of CIRLs is a 
result of proteolytic processing of the precursor protein in its extracellularly oriented 
amino-terminus, close to the first transmembrane segment. Thus, one of the subunits 
(p85) looks like a typical GPCR, whereas the other one (pi20) is a large glycosylated 
peripheral membrane protein which is exposed extracellularly. The posttranslational 
modification of CIRLs occurs intracellularly, immediately after the synthesis and 
translocation of the protein to the endoplasmic reticulum. The structural and 
mutational analyses of the cleavage site region identified a novel cysteine-rich motif 
which is of key importance for the proteolytic processing of CIRLs. Since this motif 
is found only in GPCRs, we propose to call it GPS (GPCR proteolysis site). 
Mutation of conserved residues in the GPS domain of CIRL-1 dramatically decreases 
the rate of proteolytic processing. We have also discovered that only cleaved receptors 
are transported to the plasma membrane. Therefore, the proteolytic processing may 
represent a mechanism of regulation of the receptor density on the cell membrane. 
Supported by R01-NS35098 and R01-NS34937 from NINDS, NIH (to A.G.P.)

827.6
PARTIAL SNARE COMPLEX IN NEUROTRANSMITTER RELEASE 
REVEALED BY ACTIVITY DEPENDENT ACTION OF TETANUS TOXIN. 
S.-Y. Hua, J. Yan* and M. P. Charlton Dept. of Physiology, Univ. of Toronto, 
Toronto, ON, M5S 1A8, Canada.

The temporal sequence of protein interactions which cause exocytosis is unknown. 
To study the timing of SNARE protein interactions in neurotransmitter release, we 
injected clostridial neurotoxin light chains which cleave the synaptic vesicle protein 
VAMP/synaptobrevin, into the excitatory axon of crayfish {Procambarus clarku) 
neuromuscular preparations (~20°C). Blockade of transmitter release and cleavage 
of VAMP by tetanus toxin light chain (TeNT-LC) require nerve activity but cleavage 
at the same site by botulinum/B, light chain (BoNT/B-LC) does not. TeNT-LC binds 
to the N-terminal coil domain of VAMP while BoNT/B-LC binds to the C-terminal 
coil domain (Fig.). Before stimulation, a VAMP complex may exist in which the N- 
terminal coil domain is shielded from TeNT-LC by interaction with other proteins 
(probably syntaxin and SNAP25) but the C-terminal coil domain is not shielded.
This partial complex between the N-terminus coil domain of VAMP and t-SNAREs 
may be a metastable intermediate step in formation of the toxin resistant SNARE 
core complex. This step may prime vesicles and render them immediately 
releaseable. Ca2+ influx may trigger a conformational change into the core complex 
for vesicle fusion, followed by disassembly which exposes VAMP to TeNT-LC.
The frequency dependent action of TeNT-LC may help explain its ability to disable 
synapses of high
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827.7

PKA PHOSPHORYLATION OF SNAPIN: MODULATING
SNARE CORE COMPLEX INTERACTIONS. Milan G, Chheda’ 2 
and Zu-Hane Shene1* ‘Synaptic Function Unit, National Institute of 
Neurological Disorders and Stroke, National Institutes of Health, 
Bethesda, MD 20892. 2 HHMI-NIH Research Scholar.

cAMP-dependent protein kinase A (PKA) can modulate synaptic 
plasticity by directly acting on heretofore unknown targets in the 
neurotransmitter secretory machinery. We have identified one possible 
target, Snapin. Snapin is a 15kD synaptic vesicle associated membrane 
protein implicated in neurotransmission by binding to SNAP-25 and 
modulating sequential interactions between the SNARE proteins and 
synaptotagmin, a putative Ca2+sensor (Ilardi et al., Nature Neuroscience. 
2, 119-124, 1999). Now, biochemical data demonstrate both
recombinant and native Snapin derived from rat brain synaptosomes are 
phosphorylated by PKA. Truncated mutation and PCR mutagenetic 
experiments pinpoint the phosphorylation site to a single amino acid 
residue. Phosphorylation of Snapin modulates its binding to SNAP-25 
and consequently regulates synaptotagmin's interactions with the 
SNARE complex, a key step during Ca2+-dependent exocytosis. Our 
results suggest Snapin may be a presynaptic target for modulating 
transmitter release as well as neuronal plasticity via a second messenger 
signal transduction pathway. To assess physiologic relevance, we are 
currently using both synaptosomes and a mammalian expression system 
to investigate endogenous PKA's effect on Snapin. Also, a serine to 
aspartic acid mutation in Snapin is elucidating whether bestowal of 
negative charge can solely explain phosphorylated Snapin's behavior. 
(Supported by DIR, NINDS, NIH, and HHMI-NIH).

827.8

SNARE ASSEMBLY: SYNTAXIN IS SUFFICIENT TO DIRECT TARGETING 
OF SNAP-25 TO THE MEMBRANE. P.E. Washbourne1, N. Lezcano1, C. 
Montecucco2, R.D. Burgoyne3, M.C. Wilson1* 1Dept. of Neurosciences, 
University of New Mexico, Albuquerque, NM 87131; department of 
Biomedical Sciences, University of Padova, Italy; 3The Physiological 
Laboratory, University of Liverpool, UK.

The core complex of the neurosecretory protein apparatus is comprised of 
VAMP, SNAP-25 and syntaxin. While the former is located on the synaptic 
vesicle, the latter two co-localize to the presynaptic plasma membrane. This 
complex is thought to be the major requirement for vesicle fusion with the 
plasma membrane, although the exact mechanism remains unclear. Syntaxin 
possesses a transmembrane domain, whilst SNAP-25 is thought to be 
targeted to the membrane via palmitoylated cysteine residues situated in the 
central region of the molecule. We demonstrate that in the presence of 
syntaxin the cysteine residues are not required for the plasma membrane 
localization of SNAP-25. Only the transmembrane region of syntaxin is 
required to localize both syntaxin and SNAP-25 to the plasma membrane. 
This result explains the existence of SNAP-25 homologues that do not 
possess cysteine residues. Furthermore, immunoprecipitation experiments 
show that the presence of the cysteine residues modulates the binary 
interaction with syntaxin. However, the stability of the ternary complex 
appears unaffected by the mutation of the cysteines to serine. Our dath 
suggest that the palmitoylated or oxidized cysteine residues may play an 
important role in the assembly of the fusion apparatus by regulating 
recruitment of t-SNARE components prior to their interaction with v-SNAREs 
Supported by EC grant CT97-2410 (CM), Welcome Trust (RDB) and NIH MH 
48989 (MCW).
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827.9
ELECTRON DENSE ACTIVE ZONE MATERIAL AT THE FROG’S NEUROMUSCULAR 
JUNCTION CONTAINS ORGANIZED COMPONENTS THAT LINK DOCKED SYNAPTIC 
VESICLES TO REGIQNS OF PRESYNAPTIC MEMBRANE RICH IN CALCIUM CHANNELS. 
M. Harlow, D. Ress, A. Stoschek. R. Marshall and U.J. McMahan. Department of 
Neurobiology, Stanford University School of Medicine.; Stanford, CA 94305

Electron dense active zone material that lines the internal surface of the presynaptic 
membrane at the frog's neuromuscular junction is arranged in elongate patches parallel 
to the membrane. Each patch is flanked by a row of docked synaptic vesicles apposed 
to the presynaptic membrane, and overlies the region of the presynaptic membrane 
which contains a high concentration of Ca2+ and K+ channels. The electron dense 
material extends about 50nm into the axoplasm.

We are using electron tomography to generate 3D reconstructions of individual thin 
sections of frog's neuromuscular junctions with the aim of characterizing the structural 
associations of the active zone material to docked vesicles and presynaptic membrane 
[Harlow et al., J. Physiol. (Paris) 92:75-78, 1998]. By applying a novel segmentation 
scheme to examine in detail the active zone material within 15nm of the presynaptic 
membrane, we find that within this region the material is arranged in parallel bands 
lying in the plane of the membrane and orthogonal to the long axis of the patch. The 
bands contact the presynaptic membrane at points, and at one end they contact the 
membrane of docked synaptic vesicles near the site where the vesicles abut the 
presynaptic membrane. As many as 4 such bands contact a vesicle. Their length, 
packing density and relationship to the presynaptic membrane altogether raises the 
possibility that each band associated with a docked vesicle is also, at different points, 
associated with Ca2+ and/or K+ channels in the presynaptic membrane, helping to 
anchor vesicles and channels in positions relative to one another that are required for 
normal synaptic transmission to occur. The bands may also include Ca2+ sensitive 
proteins that mediate synaptic vesicle exocytosis triggered by Ca2+ influx through the 
channels during synaptic transmission.

Supported by NIH training grant 5T32 NS 07158, the M.A. Antelman Fund and 
NIH research grant 2R01 NS 14506 (U.J.M.).

827.10
SYNAPTOTAGMIN IS A MOLECULAR TARGET FOR LEAD. C.M.L.S. 
Bouton1,2, L, Frelin1, J. Bressler1*, and J. Pevsner1,2. ’Dept of Neurology, 
Kennedy Krieger Institute; 2Dept. of Neuroscience, Johns Hopkins University; 
Baltimore, MD 21205.

Lead (Pb2+) poisoning is a widespread environmental health problem. In a 
number of neuronal preparations Pb2+ increases spontaneous neurotransmitter 
release while blocking evoked release. Thus, the central nervous system (CNS) 
is a major target of Pb2+-induced toxicity even though the molecular 
mechanisms underlying its effects are unknown. One hypothesis is that effects 
of Pb2+ are due to an interaction with specific molecular targets involved in 
vesicle fusion and neurotransmitter release. We demonstrate here that 
synaptotagmin is one such target. Like calcium (Ca2+), Pb2+ potently induces the 
interaction of recombinant synaptotagmin with phospholipid micelles and 
protects endogenous rat brain synaptotagmin from proteolytic cleavage. 
However, unlike Ca2+, Pb2+ fails to promote the binding of synaptotagmin and 
syntaxin in rat brain homogenate. Reduction of synaptotagmin protein levels in 
PC 12 cells leads to a decreased effect of Pb2+ on spontaneous release. Finally, 
Pb2+ is also capable of facilitating the binding of C2 domain peptides from 
proteins such as synaptotagmin III and Doc2 to phospholipid micelles. Effects of 
Pb2+ binding to synaptotagmin may contribute to the aberrant neuronal activity 
observed in neurons treated with Pb2' and thus be an important part of Pb2+ 
mediated neuronal toxicity.

This work was supported by N1EHS grant 5 PO1-ES08131

AGING V

828.1
AGING-ASSOCIATED CHANGES IN THE EFFECT OF MELATONIN 
SUPPLEMENTATION ON ENERGY REGULATION IN RATS. D.R. Mitton2, 
S.A. McGillivray2, S.M. Yellon3, D.D. Rasmussen1,2*. 'Mental Health Service, VA 
Puget Sound Health Care System and 2Dept of Medicine, Univ of Washington, Seat-
tle, WA 98195 and 3Dept of Physiology, Loma Linda Univ, Loma Linda, CA 92350.

Pineal melatonin secretion declines with aging, whereas visceral fat and plasma 
insulin levels increase. We recently demonstrated that daily melatonin administration 
starting at middle age suppressed male rat visceral fat, plasma insulin and plasma 
leptin to youthful levels (Rasmussen et al., Endocrinology 140:1009, 1999), suggest-
ing that aging-related changes in pineal melatonin secretion and in energy regulation 
may be functionally related. Accordingly, we have now investigated the effects of 
daily melatonin treatment on energy regulation in young vs middle-aged male Spra-
gue-Dawley rats. Addition of melatonin to the drinking water (0.2 pg/ml) provided 
approximately 13-15 gg melatonin/kg body wt/night and produced nocturnal and di-
urnal plasma melatonin concentrations in middle-aged rats (10 months of age) 
equivalent to those of young (3 months of age) rats. Administration of this dosage of 
melatonin every day for ten weeks starting at 10 months of age suppressed (p<0.01) 
relative visceral fat, non-fasted plasma insulin and plasma leptin by 27, 39, and 51%, 
respectively (vs vehicle-treated controls), consistent with our previous studies. In 
contrast, administration of melatonin for ten weeks starting at 3 months of age (young 
adult) did not significantly alter (p>0.10) any of these parameters. This suggests that 
suppression of visceral fat and plasma leptin and insulin in response to exogenous 
melatonin is limited to middle-aged and (as demonstrated in our previous studies) 
older rats, and thus is likely dependent upon the aging-associated decline in endoge-
nous pineal melatonin secretion. These results further suggest that appropriate mela-
tonin supplementation may potentially provide therapy or prophylaxis for the insulin 
resistance, increased visceral fat and associated pathologies which occur with aging. 
(Department of Veterans Affairs).

828.2

Caloric Restriction Prevents Age-Related deficits in LTP and NMDA 
Receptor Expression. K.E. Eckles1*, P.C, Bickford1,2,3, and M.P, 
Browning1,2. 'Dept. of Pharmacology, 2Program in Neuroscience, Univ. of 
Colorado Health Science Center and3VAMC Denver, CO 80262.
A major focus of aging research has been the search for treatments that 

will prevent or ameliorate the memory deficits associated with aging. One 
paradigm, lifelong caloric restriction has been reported to reduce some of 
the effects of aging. In the current report we examined the effects of this 
treatment on age-related deficits in LTP, a putative cellular building block 
for memory formation. We report here that lifelong caloric restriction 
completely prevents the age-related deficit in LTP. To explore the possible 
mechanism of this effect, we examined the stimulus intensity required to 
produce a fixed magnitude field EPSP in area CAL We saw no differences 
in old and young animals. Such data suggest that the are no large 
differences in k/AMPA receptor-mediated synaptic transmission in the two 
groups of animals. We did however determine that aged animals had a large 
deficit (42%) in the expression of the NR1 subunit of the NMDA receptor 
(NMDAR). Importantly, this age-related defect in NMDAR expression was 
also prevented by caloric restriction. These data provide a molecular and 
cellular mechanism by which life long caloric restriction may ameliorate 
some of the memory deficits associated with the aging process. Moreover, 
the data suggest that regulation of NMDAR expression could be an 
important target in the search for treatments that may ameliorate some of the 
cognitive deficits associated with aging. NIH AG04418

828.3

CALORIC RESTRICTION DECLERATES THE AGE-RELATED DECLINE 
OF SENSORIMOTOR FUNCTION IN MICE II. P. Morris*, C.L. Hart, J.F. 
Mishalanie, C. Beenv, R. Reynolds, H. Lal and M.J. Forster. Department 
of Pharmacology, University of North Texas Health Science Center. Fort 
Worth, TX 76107.

The purpose of this investigation was to determine the usefulness of 
non-invasive tests of brain function in assessing biological aging by 
determining their sensitivity to experimental interventions which increase 
longevity. Accordingly, in a longitudinal study, beginning at 6 months of 
age C57BL/6 and B6D2Fi mice were assessed at 6 month intervals across 
their lifespan, using a battery of tests of sensorimotor function. These 
included tests of spontaneous activity, motor coordination, wire 
suspension, and bridge walking. For each strain, separate groups were fed 
under either ad libitum conditions, or from 4 months of age, under 
conditions of 40% restriction of caloric intake. When considered between 
6 and 36 months of age, the ad libitum group showed an age-related 
decline in performance in all tests of the battery beginning at 12 months of 
age, regardless of the strain. In contrast, the caloric restriction group 
showed a more gradual decline in performance beginning at 24 months of 
age (C57BL/6), or no decline in performance with age (B6D2Fi), such that 
performance was better than the ad libitum group at all ages examined. 
Furthermore, these differences in performance observed between the two 
groups were accompanied by parallel differences in longevity. Both the 
level of mortality and the rate of mortality were greater in the ad libitum 
group, underscoring the improved longevity in the caloric restriction group. 
Taken together, these results suggest that measures of sensorimotor 
performance are valid indicators of biological aging and may provide an 
important component of established methods for assessing potential anti-
aging interventions. Supported by NIA grant AG07695.

828.4
ENZYME ACTIVITIES OF CEREBRAL CORTEX MITOCHONDRIA DURING 
AGEING OF HYPERTENSIVE RAT. A Gorirti* A. D’Angelo and R.F. Villa, 
Department of Physiological-Pharmacological Cellular-Molecular Sciences, 
Division of Pharmacology and Pharmacological Biotechnologies, University of 
Pavia, Italy.

The maximum rates of mitochondrial enzyme related to energy 
transduction were evaluated in non-synaptic ("free") and intra-synaptic 
mitochondria ("light" and "heavy") from cerebral cortex of Wistar Kyoto SHR 
rats, aged 6, 12, and 18 months. The following enzymes were evaluated: 
citrate synthase, malate dehydrogenase for Kreb's cycle, succinate 
dehydrogenase (Complex II), NADH-cytochrome c reductase (integrated 
activity of Complex l-lll) and cytochrome c oxidase (Complex IV) for the 
electron transfer chain.

In cerebral cortex the biochemical machinery was differently expressed 
in non-synaptic and intra-synaptic mitochondria at each single age, confirming 
that in cerebral cortex mitochondria an intrinsic different characterization of 
energy-linked metabolic pathways exists. Age-related differences of Vmax of 
all enzymes was observed: Kreb's cycle enzymes activities increased (citrate 
synthase, malate dehydrogenase, "heavy" mitochondria) at 12 months of age. 
The electron transfer chain linked enzymes decreased their activities: Complex 
l-lll at 6, 18 months on "free" and Complex II on "heavy" at 6 months, while 
Complex IV increased at 6, 12 months and decreased at 18 months mainly on 
intra-synaptic mitochondria, respect to normotensive animals of the same age.

These data indicate that enzyme systems undergo diversificated pattern 
of activity during ageing and that hypertension greatly affected the Vmax of 
cerebral enzyme systems related to energy trasnduction in a complex way. 
Our findings confirm the distinct nature of these mitochondrial populations, that 
appears to be not a subtle and unclear problem of micro-heterogeneity, but a 
possible relevant factor with respect to ageing and hypertension processes, 
both in physiological (normotensive) and pathological (hypertensive) brain.

Research Grant by Consortium Technologies Drugs Cerebral Aging
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828.5
A HISTOLOGICAL ANALYSIS OF CYTOCHROME OXIDASE IN BRAIN 
OF YOUNG AND OLD RHESUS MONKEY. A.L. Schwagerl*. M.B, Moss 
and D.L. Rosene. Department of Anatomy & Neurobiology, Boston University 
School of Medicine; Boston, MA 02118.

In the brain, neuronal activity is tightly coupled to metabolic activity. Previous 
experiments have used the mitochondrial enzyme cytochrome oxidase (COX) as 
an endogenous marker for oxidative metabolism and neuronal activity. The 
histochemical reaction for COX uses diaminobenzidine (DAB) as an electron 
donor to the COX substrate cytochrome C. With this method, one can easily 
identify the laminar and cellular distribution of COX reaction product. Four 
young (avg. 7.7 years) and three old (avg. 24.3 years) rhesus monkeys were 
deeply anesthetized and perfused with 4% paraformaldehyde. The brains were 
cryoprotected and cut into interrupted series of 30 micron thick sections. These 
sections were stored at -80 in glycerol/phosphate buffer until processed together 
for COX activity. The reacted sections were digitized and the optical density of 
the reaction product was used to determine semiquanitatively the amount of 
reaction product present. In this small pilot study, thirteen areas of the brain 
were examined. The areas of interest included the cingulate gyrus, caudate, 
putamen, precentral gyrus, white matter, posterior central gyrus, insula, superior 
temporal gyrus, inferior temporal gyrus, lateral geniculate body, parahippocampal 
gyrus, hippocampus and dentate gyrus. Individual comparisons of the precentral 
gyrus, postcentral gyrus, cingulate gyrus, superior temporal gyrus, lateral 
geniculate body and white matter all showed significant age-related decreases in 
COX reaction product. While we are in the process of replicating these findings 
in additional subjects, these preliminary observations pose a number of interesting 
questions about the possible cause of this age-related decrease in COX reaction 
product. (Supported by NIH grant AG00001).

828.6
MITOCHONDRIAL DNA DAMAGES IN AGED MEMORY IM-
PAIRED RATS. K. Sugaya1*, V. Kumar1, M. Gallagher2 and M. McKinney3. 
’Dept. of Psychiatry ana Psychiatry Institute, Univ. of Illinois; Westside VA 
Medical Center; Chicago, IL60612.2Johns Hopkins Univ.; Baltimore, MD 
212118 and 3Mayo Clinic; Jacksonville, FL 32224.

We reported that, in a rat model of aging, increased gene expression level of 
oxidative stress and glia cell activation markers was correlated with the memory 
impairment. We hypothesize that the oxidative damage occurred in neuronal cir-
cuit that are related to cognitive function. In the present study, to identify these sit 
of damage, we investigated the differential gene expression between the memory 
impaired (AMI) and memory unimpaired (AMU) aged rats using a differential 
display PCR method. The cognitive function of 27 months old male rats was 
measured by Morris water maze. Some aged rats (AMU) learned the task as pro-
ficiently as young rats, while AMI rats performance was sluggish and slower than 
the range of young rats. Total RNA was isolated form hippocampus of these ani-
mals, reverse transcribed into cDNA and amplified by PCR using several sets of 
degenerate anchored oligo-dT primers and arbitrary decamers. The PCR products 
were then ran on a denaturing polyacrylamide gel. The differentially expressed 
bands on the gel were cloned) sequenced and analyzed against GEN Bank data-
base. The differentially expressed genes included Mn-super oxide dismutase, 
amyloid precursor protein and hyaluronidase, which are reported to be increased 
in aged animals. We also found that expression of mitochondrial genes was altered 
in AMI, suggesting mitochondrial DNA damage in these animals. To consolidate 
this finding, we measured DNA damage in the mitochondrial genome using quan-
titative PCR assay. This assay is based on the premise that several DNA lesions 
are able to block the progression of Taq polymerase, which results in a reduction of 
template amplification. The fraction of mitochondrial DNA sequence that is nor-
mal and which was effectively amplified by the PCR procedure, was significantly 
lower in AMI than in AMU rats. These results indicate that the oxidative stress 
associated with the glia cell activation in AMI causes mitochondrial DNA damage, 
very likely because of the poor efficacy of mitochondrial DNA repair system. This 
may cause neuronal degeneration by decreasing energy metabolism, increased free 
intra-cellular Ca2+ contents and reduced protein synthesis.

828.7

IDENTIFICATION OF SEVERAL CLOSELY RELATED 
MITOCHONDRIAL DNA DELETIONS IN RAT DORSAL ROOT 
GANGLION
K. K. Nickander and P. A. Low*. Department of Neurology, Mayo 
Foundation, Rochester, Minnesota 55905.

The common 4834-bp mitochondrial DNA deletion has been well 
described and quantitated in rat tissue. This deletion is defined as the 
number of nucleotides that are deleted from the rat mitochondrial genome 
(mtDNA) between nt 8118 and nt 12952, flanked on either end with the 
longest direct repeats (16-bp), located at nt 8103-8118 & 12937-12952, 
within the mitochondrial genome (Edris et al Mutation Research 
316(2):69-78, 1994). We have identified several mtDNA deletions in 
relatively the same area of the mitochondrial genome as the common 
deletion using different sets of primers within this area. We also confirm, 
using several sets of primers in the highly conserved region of mtDNA, 
that this area undergoes few, if any, mutations. Total DRG DNA is 
isolated using the QIAamp Tissue Kit from Qiagen Inc. (Chatsworth, CA). 
Using serial-dilution PCR, total DRG DNA is amplified and subsequently 
sequenced using the services of an in-house Molecular Biology Core 
Facility, Department of Molecular Biology, Mayo Foundation. The 
sequences are analyzed for regions of deleted DNA. We report on twenty- 
two different mtDNA deletions that we have identified. Fourteen of these 
are due to direct repeats or areas of highly homologous repeats. Sciatic 
tissue and younger animals have levels that are undetectable. This work is 
supported by Mayo Funds.

828.8

MILD HYPERHOMOCYSTEINEMIA IS AN INDEPENDENT RISK 
OF SILENT STROKE. A COMMUNITY-BASED STUDY.
T Matsui’, H Aral1, T Yuzuriha2, S Matsushita3, T Muramatsu4*, S Higuchi3.
Y Hashiguchi5, M Miura5. H Yao6. Y Morikawa1 and H Sasaki1. ’Dept. of 
Geriatric Med. Tohoku Univ. Sch. Med., Sendai, 980, Japan; 2Hizen 
National Hospital, Japan; 3National Institute on Alcoholism, Kurihama 
National Hospital, Japan; 4Keio Univ. Sch. Med., Japan; 5Mitsubishi 
Kagaku Bio-clinical Labs., Japan; 6Faculty of Med., Kyushu Univ., Japan.

Plasma homocysteine (Hey) is known to increase in people carrying the 
homozygous mutation (C-’T transition) of the methyfenetetrahydrofolate reductase 
(MTHFR) gene and in people with folic add, VBg and VB^ deficiency. Recent data 
shows elevated plasma Hey levels are associated with risk for coronary heart disease, 
deep vein thrombosis and stroke. To determine whether plasma Hey increases in 
people with silent stroke, we measured plasma Hey levels with a new method using 
ELISA in 225 community-dwelling people aged 65 years dder, who underwent 
cranial MRI. In addition, after participants completed standard questionnaires, 
physical examinations and other multiple blood tests, the relationship of these 
factors to silent stroke was examined. We found that plasma Hey levels (mean; 11.2 
± 3.7 gmd/L) were correlated with age (r= 0.37, p<0.0001 by regression analysis), 
and higher in people carrying CZC genotype of MTHFR (126 ± 4.6 pmol/L) than in 
those carrying CZT genotype (11.0 ± 3.6 pmol/L) and TZT genotype (10.7 ± 3.0 pmol/L) 
(p<0.02 by ANOVA). When stratified participants into high Hey group (> 12 pmd/L) 
and low Hey group (<12 pmol/L), the prevalence of silent stroke was significantly 
higher in the high Hey group (higher vs. lower group: 46.7 % vs. 24.1%, p<0.01 by 
test). Moreover, high Hey levels were observed regardless cf the presence or absence 
of hypertension. Our results suggest that mild hyperhomocysteinemia may be a 
potential risk for silent stroke independently.

PHARMACOLOGICAL AGENTS: ST. JOHN’S WORT AND GINSENG

829.1
EFFECTS OF STANDARDIZED EXTRACTS OF ST. JOHN'S WORT 
{HYPERICUM PERFORATUM) ON SEROTONERGIC NEURONAL ACTIVITY 
IN AWAKE CATS: COMPARISON WITH FLUOXETINE AND SERTRALINE. 
C.A. Fomal *, C.W. Metzler, F.J, Martin, S.K. Stein, and B.L. Jacobs. Program in 
Neuroscience, Princeton University, Princeton, NJ 08544.

St. John’s wort is a medicinal herb that is becoming increasingly popular for the 
treatment of mild to moderately severe depression. Although its mechanism of action 
is largely unknown, some evidence suggests that St. John's wort may act via brain 
serotonin (e.g., serotonin reuptake inhibition). To determine whether St. John's wort 
affects the central serotonergic system, we monitored the firing rate of serotonergic 
neurons in the dorsal raphe nucleus of awake cats following systemic administration 
of two clinical preparations of St. John's wort. These were: Jarsin® 300 (each tablet 
contains 300 mg dried extract, standardized to 0.3% hypericin) for oral 
administration; and Hyperforat® (each ampule contains 1 ml aqueous extract, 
standardized to 0.05 mg hypericin) for intravenous use. In addition, the effects of St. 
John's wort were compared with those of fluoxetine and sertraline, two selective 
serotonin reuptake inhibitors (SSRIs). Serotonergic neurons were recorded as 
described previously (Fomal et al., JPET 278: 752-762, 1996). Administration of 
Jarsin® 300 (15-600 mg/kg, p.o.) had no effect on neuronal activity during a 10-hr 
recording period. Similarly, administration of Hyperforat® (0.5-4 ml, i.v.) resulted in 
no appreciable changes in firing rate. In contrast to these results, oral administration 
of fluoxetine or sertraline, both at 2 mg/kg, produced a marked and long-lasting (> 24 
h) inhibition of serotonergic neuronal activity. This effect was completely reversed 
by WAY-100635 (0.2 mg/kg, s.c.), a selective 5-HT1A receptor antagonist. Overall, 
these results indicate that the mode of action of St. John's wort is different from that 
of the SSRIs (and most other antidepressant drugs) which increase the synaptic 
availability of serotonin in the brain and thereby produce a compensatory decrease in 
the firing rate of serotonergic neurons. Supported by NIMH Grant MH 23433.

829.2

HYPERFORIN INHIBITS UPTAKE OF SEROTONIN IN SYNAPTOSOMES 
AND PLATELETS BY ELEVATING FREE INTRACELLULAR SODIUM.
Singer A.*, Wonnemann M. and Muller W.E.. Dept. of Pharmacology, 
University of Frankfurt, Marie-Curie-Str.9, 60439 Frankfurt/M., Germany.

Extracts of Hypericum perforatum (St. John’s Wort) are widely used for the 
treatment of depressive disorders and are unspecific inhibitors of the neuronal 
uptake of several neurotransmitters (Pharmacopsychiatry, 30, Suppl. 2,102- 
107,1997). Our previous studies have shown (Life Science 63, 499-510, 1998) 
that hyperforin represents the reuptake inhibiting constituent. So far, very little 
is known about the mechanism of this unique neurobiological principle, 
probably underlying the antidepressant activity of the phloroglucinol derivative 
hyperforin.
To characterize the mechanism of serotonin reuptake inhibition, kinetic 
analyses in synaptosomes of mouse brain were performed. Michaelis-Menten 
kinetics revealed that Hyperforin (2pM) induced a decrease in Vmax without 
increasing Km, indicating non-competitive inhibiting properties of the substance. 
Monensin a Na+/H+-exchanger substance showed the same properties as 
hyperforin. As compared with classical antidepressants like SSRI’s and TCA’s 
hyperforin shows only weak inhibition of H-paroxetine binding (a selective 
marker of the serotonin transporter) whereas the correlation between IC50- 
values for specific H-paroxetine binding and for 3H-serotonin uptake inhibition 
was significant for classical antidepressants.
It is generally accepted that serotonin uptake requires external sodium and can 
be inhibited by the sodium ionophore monensin. Thus we investigated the 
effects of hyperforin and monensin on [Na+]rconcentration in platelets. Both 
drugs elevated Na* from basal levels up to 68,97 + 16,07 mM (50 pM 
hyperforin) and 152,48 + 22,59 mM (10 pM monensin) in the highest 
concentration investigated. Although the mode of action of hyperforin seems to 
be associated with elevated free intracellular sodium similar to monensin, the 
biochemical mechanism might be different. Further investigations will be 
necessary to finally identify the mechanism underlying the antidepressant 
effect of hyperforin.
(supported by grants from Dr. Schwabe Arzneimittel Karlsruhe, Germany and 
Fonds der chemischen Industrie)
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829.3
HYPERFORIN OF ST. JOHN'S WORT. THE POSSIBLE ROLE OF 
AMILORIDE SENSITIVE SODIUM CONDUCTIVE PATHWAYS.
Wonnemann M., Singer A. and Muller W.E.*. Dept. of Pharmacology, 
Biocenter, Univ. of Frankfurt, 60439 Frankfurt, Germany.

Preparations and extracts of St. John's wort are widely used in the 
treatment of depressive disorders. The active principle and the mechanism 
of action have not yet been finally elucidated. Recently, we could 
demonstrate that a standardized extract preparation (LI 160) not only 
inhibits the uptake of the serotonin, norepinephrine and dopamine, but also 
inhibits the uptake of GABA and L-glutamate.
The phloroglucinol derivative hyperforin represents the major lipophilic 
uptake inhibiting component. To investigate this unique kind of reuptake 
inhibition kinetic analyses were performed choosing the uptake of GABA 
and L-glutamate into synaptosomal preparations of mouse brain. 
Michaelis-Menten kinetics revealed a reduction of Vmax (2.52 to 0.81 
pmol/mg/min for GABA, 7.25 to 2.23 pmol/mg/min for L-glu ) while was 
nearly unchanged. Thus, hyperforin showed noncompetitive inhibiting 
profile. To further investigate the mechanism of action, uptake inhibition by 
hyperforin was compared to that of the Na+- ionophore monensin and of 
ouabain. Moreover the effects of several compounds affecting sodium 
conductance were investigated. In the presence of amiloride, MIA 
(nonselective inhibitors of Na+-H+ antiporters and Na+-channels), benzamil 
(Na+-channel blocker) and EIPA (inhibitor of Na+-H+ exchangers) we could 
show a significantly reduced GABA and L-glutamate uptake inhibition by 
hyperforin,while monensin- or ouabain-inhibition was not influenced. 
Selective concentrations of benzamil for amiloride sensitive Na+-channels 
and selective concentrations of EIPA (for Na+-H+ exchangers) both had an 
attenuating effect on the hyperforin blocked L-glutamate uptake, 
suggesting a possible involvement of amiloride sensitive Na+-channels 
(BNaC1, BNaC2) and Na+-H+ exchangers in the mechanism of action of 
hyperforin.
(supported by research grants from Lichtwer Pharma GmbH (Berlin,FRG) 
and Fonds der chemischen Industrie)

829.4
AFFINITY OF HYPERICUM PERFORATUM EXTRACTS AND 
HYPERFORIN FOR NKj AND 5-HT7 RECEPTORS. M. Gobbi1. F. 
Dalla Valle1, P. Morazzoni2. L, Verotta3. F. Borsini1 * and T. Mennini1. 1 Istituto di 
Ricerche Farmacologiche "Mario Negri", Via Eritrea 62, 20157 Milano, Italy; 2Indena 
S.p.A., Milano, Italy; 3Universita' degli Studi di Milano, Milano, Italy.

The hydroalcoholic extract of Hypericum perforatum L. is an effective antidepressant 
(1) although its mechanism of action is unknown. A biochemical mechanism similar 
to synthetic antidepressants was suggested, since the extract inhibits the synaptosomal 
uptake of monoamines, an effect mainly due to hyperforin (2,3). Our recent data, 
however, indicate that this effect is not due to blockade of the transporter proteins (3), 
and question its relevance in the antidepressant properties of H. Perforatum extracts.

In the present study we evaluated the affinity of two H. Perforatum extracts (the 
hydromethanolic extract and and the CO2 extract, an hyperforin-enriched extract) and 
hyperforin for a) neurokinin-1 (NKj) receptors, according to the evidence that NKj 
antagonists have antidepressant properties and the hypothesis that substance P is a final 
pathway for the action of various classes of antidepressants (4); and b) 5-HT7 receptors 
suggested to be involved in the pathophysiology of some forms of depression (5).

The hydromethanol ic and the CO2 extracts, up to 10 /<g/ml, had no effect on 
[3H]substance P and [3HJ5-HT binding to recombinant NKj and 5-HT7 receptors, 
respectively. On the contrary hyperforin inhibited 5-HT binding to 5-HT7 receptors 
(IC5o=9.5 /<g/ml) and, in a preliminar experiment, induced a small but significant 
increase (+20%) of substance-P binding to NKj receptors. This latter effect was bell-
shaped, being apparent at 10-100, but not 1000 ng/ml hyperforin. These data indicate 
that hyperforin do interact with NKq and 5-HT7 receptors; further studies are needed to 
evaluate the relevance of this interaction in the mechanism of action of H. Perforatum.

(1) Linde et al., BMJ 313:253,1996; (2) Chatterjee et al., Life Sci 63:499, 1998;
(3) Gobbi et al., Naunyn-Schm.Arch.Pharmacol., in press; (4) Kramer et al., Science 
281:1640, 1999; (5) Sleight et al., Mol.Pharmacol. 47:99(1995)

This study was supported by Indena S.p.A, Milano, Italy.

829.5

HYPERFORIN, ONE OF THE COMPONENTS OF HYPERICUM 
PERFORATUM L„ POSSESSES ANTIDEPRESSANT ACTIVITY
L. Cervol, P. Morazzoni2, E. Bombardelli2, B.C. Ekalle-Soppo’, C. Fracasso, 
S. Caccia, M.T. TacconU* and R. Samanin^
1 Istituto di Ricerche Farmacologiche "M. Negri", Milano, Italy, 2 Indena 

S.p.a., Milano, Italy.
A number of controlled studies suggest that Hypericum perforatum L. 

(St. John's wort) is effective in treating cases of mild or moderately severe 
depression (Harrer, G. and V. Schulz, J. Geriatr. Psychiatr. Neurol. 7, 56-58, 
1994; Linde, K. et al. Br; Med J. 313, 253-258, 1996). However, despite its 
widespread use, the mechanism of the antidepressant action remains largely 
unknown. Since it has been suggested that hyperforin, a major non-nitrogenous 
acylphloroglucinol derivative, is the major active component of the extract 
(Chatterjee, S.S. et al., Life Sci. 63, 499-510, 1998), we evaluated its 
antidepressant-like activity in the forced swimming test in rats and compared its 
effect with the total extract of Hypericum perforatum L. and the lipophilic 
extract (obtained by hypercritical CO2 extraction). Cortical contents of serotonin 
and 5-hydroxyindoleacetic acid were evaluated at the end of the behavioral 
studies.
When given intraperitoneally as three doses in 24 h, hyperforin at 12.5 mg/kg, 
but not at 6.25 mg/kg produced an antidepressant-like effect. Three oral doses of 
100 mg/kg, but not 50 and 25 mg/kg of the total extract of Hypericum 
perforatum L., and three doses of 25 mg/kg given orally but not 12.5 and 6.25 
mg/kg of the CO2 extract also had antidepressant-like activity.
The results indicate that hyperforin is one of the active components contributing 
to the antidepressant-like properties of Hypericum perforatum L in the rat.

The study was supported by Indena S.p.a., Milano, Italy.

829.6

INHIBITORY EFFECTS OF GINSENOSIDES, GINSENG SAPONINS, ON 
VARIOUS RECEPTOR STIMULATION-RESPONSES. E. Tachikawa1*,
K. Kudo1, K. Harada1, T. Kashimoto1 and E. Takahashi7 ‘Dept. of 
Pharmacology, Sch. of Medicine, Iwate Medical University; 2Dept. of 
Medicine, Sch. of Dentistry, Iwate Medical University, Morioka 020-8505, 
Japan.

The root of Panax ginseng C. A. Meyer is known to exhibit a large 
variety of pharmacological actions as a medicine. We investigated the 
effects of four ginseng saponins, ginsenoside-Rb l5 -Rg2, -Rg3 and -Ro, 
isolated from the root of Panax ginseng, on the responses induced by 
various receptor stimuli. Ginsenoside-Rg2 (1-100 pM) reduced the secretion 
of catecholamines from bovine adrenal chromaffin cells stimulated by 
acetylcholine (ACh) and Y-aminobutyric acid (GABA), but it did not affect 
the secretion induced by angiotensin II (AT II), bradykinin (BK), histamine 
and neurotensin. The ileum contractions induced by muscarine and 
histamine were not also altered by the saponin. On the other hand, 
ginsenoside-Rg 3 (1-100 pM) reduced not only the ACh-, the GABA- and the 
neurotensin-induced secretions but also, at a higher concentration (100 
pM), the AT II-, the BK- and the histamine-induced secretions from the 
chromaffin cells. Furthermore, the saponin (3-100 pM) significantly 
inhibited the muscarine- and the histamine-induced ileum contractions. 
Ginsenoside-Rbj and -Ro had no marked effect on their responses. These 
results strongly suggest that ginsenoside-Rg 2 is a potent selective blocker of 
nicotinic ACh and GABA receptors (ionotropic receptors) and ginsenoside- 
Rg3 is not only a blocker of ionotropic receptors but also an antagonist of 
muscarinic or histamine receptors. Those effects may be one of the 
reasons why the ginseng root has so many pharmacological effects.

PHARMACOLOGICAL AGENTS: CLINICAL, NEUROPATHOLOGICAL AND 
ANIMAL MODELS OF SCHIZOPHRENIA

830.1

PSYCHOPHARMACOLOGICAL PROFILE OF NEUROLEPTIC DRUGS
J.A.M. van der Heyden *, A.H.J. Herremans, H. Nievelstein and E, Ronken
Dept. Pharmacology, Solvay Pharmaceuticals b.v., PO Box 900,1380 DA 
Weesp, The Netherlands.

Neuroleptic drugs are generally characterized by their ability to block 
dopamine (DA) receptors. This activity gives rise to a number of well known DA 
mediated behavioral effects, including antagonism of apomorphine-induced 
behaviors, inhibition of conditioned avoidance behavior (CAR) and often 
induction of catalepsy. The atypical nature of such drugs is often derived from 
their aberrant effects in some of these models. Here we describe the effect of 
some classic (haloperidol, HAL and chlorpromazine, CPZ) and atypical 
neuroleptics (clozapine, CLO and olanzepine, OLA) in several well-known DA- 
dependent models as well as the effect in several models that can be used to 
predict possible effects on negative symptoms in schizophrenia.

The compounds tested all share a blockade of DA receptors and ar 
adrenoceptors and show varying potencies versus the 5-HT2, histamine Hi and 
muscarine receptors. When comparing various activities versus inhibition of 
CAR (as a major predictor of antipsychotic activity) several differences are 
apparent. Thus, CLO is the only drug almost devoid of antagonism of DA 
mediated behavior, whereas both CLO and OLA do not show catalepsy. In the 
pre-pulse inhibition (PPI) paradigm OLA can be differentiated by its ability to 
reverse the PCP inhibition of PPI, and HALO is rather weak to reverse the 
activity of amphetamine and DOI. The power changes in the EEG in the rat 
cortex reveal a much stronger centra, effect by CLO than suggested by 
inhibition of CAR. Both CLO and CPZ show a remarkable strong attenuation of 
stress-induced ultrasonic vocalization, whereas CLO and OLA are highly potent 
in the conflict behavior, in the differential reinforcement of low rates of 
responding (DRL-72) CPZ shows an unexpected high activity.

These profiles may be of use in predicting efficacy versus positive and 
negative symptoms of schizophrenia, respectively.

830.2

PSYCHOTOGENETIC AND ANTIPSYCHOTIC BRAIN 
MECHANISMS: A MEGAVARIATE APPROACH

ES Waters. A Carisson. J Kullinesio. ‘Steve Sorensen# andN Waters*. Dept of 
Pharmacology, Goteborg University, Box 431, SE 405 30 Gothenburg, Sweden. 
‘In vivo CNS, Hoechst Marion Roussel, Bridgewater, NJ, USA.

Psychiatric diseases, in particular schizophrenia, are regarded as states of severe 
disturbance in mental functions controlled by a cortico-subcortical circuitry. A 
megavariate analysis, using partial least squares regression (PLS), of 
psychotogenic and putatively antipsychotic compounds, based on their effects on 
brain monoaminergic and amino add (DA, 5-HT, NE, Glu, GABA) transmitter 
systems, reveals clusters among the compounds which indicates that both 
psychotogenetic and currently used antipsychotics have a limited range of action 
profiles in this circuitry. In both classes compounds, that have different action 
mechanisms at the receptor level, may produce similar global effects. We find that 
certain antipsychotics, although limited in their actions, posess a wider range of 
“antipsychotogenetic” properties than others.

Psychotogenic and antipsychotic compunds with the largest possible diversity in 
global effects on the systems under study were explored in depth with regard to 
their effects on the connectivity in the cortico-subcortical circuitry. The compounds 
chosen display different clinical profiles and receptor level actions. To uncover the 
interplay between cortical and subcortical regions under the influence of the 
different compounds we use PLS to model the relations between monoaminergic, 
glutamatergic and GABAergic systems. Psychotogenic and antipsychotic 
compounds induce different patterns of connectivity, to some extent opposite, but 
also independent, phenomena are observed. The effects of glutamate transmission 
inhibitors (Mk801, PCP) is chartacterized by disruption of basalganglia-thalamic, 
as well as cortico-thalamic connectivity. The effects of haloperidol reside in basal 
ganglia-thalamic strengthening, clozapine strengthens both striato-thalamic and 
cortico-thalamic interrelations.

Hoechst Marion Roussel, Inc. is gratefully acknowledged for financial support.
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830.3

CLOZAPINE CAN CHANGE GLUCOSE REGULATION IN 
SCHIZOPHRENIA INDEPENDENT OF BODY MASS INDEX (BMI)
A.K. Melson*, G. Selke, R. Fucetola, J.A. Schweiger, J.W. Newcomer.
Washington Univ. Sch. of Med., St. Louis, MO 63110.

Abnormalities in glucose regulation, and type 2 diabetes, may be
more common in schizophrenia than in the general population. Similar 
effects may also be associated with antipsychotics, with abnormal glucose 
regulation and new-onset type 2 diabetes reported during clozapine and 
olanzapine treatment. Increased adiposity can decrease insulin sensitivity, 
and antipsychotics can increase BMI. However, abnormal glucose 
regulation and type 2 diabetes can occur during clozapine treatment in 
the absence of weight gain, suggesting that some changes in glucose 
regulation can be independent of increased BMI. Oral glucose tolerance 
tests (50g dextrose) were performed in patients with schizophrenia on 
clozapine (N=8), risperidone (N=5), typical antipsychotics (N=15) and in 
healthy controls (N=31). Clozapine treatment increased dextrose- 
stimulated glucose and insulin plasma concentrations compared to 
healthy controls. Significant interactions between time and treatment 
group for glucose (F[9,165]=2.56, p=0.009) and insulin (F[9,122]=2.03, 
p=0.04), were explained by main effects of group at 75mins. post 
dextrose loading for both glucose (F[3,55]=3.16, p=0.03) and insulin 
(F[3,39]=2.86, p=0.05). Clozapine-treated subjects had higher glucose 
and insulin concentrations at 75mins. as compared to healthy controls 
(p=0.006, both variables, Bonferroni-Dunn). Groups were matched for 
BMI, and the addition of a covariate term for BMI in the model 
predicting glucose concentration did not change the significance of the 
results (BMI: F[l,54]=5.0, p=0.03; timeXgroup: F[9,162]=2.42, p=0.01). 
Clozapine-induced alterations in glucose regulation can occur 
independent of BMI, and thus may be an independent risk factor for 
glucose intolerance and the development of diabetes. Supported by MH01510, 
MH53363, NARSAD, and USPHS 5MO1 RROOO36 and P60-DK20579.

830.4

GLUCOSE EFFECTS ON COGNITION IN SCHIZOPHRENIA. W.S. 
Stone*, L.J. Seidman, J, Wojcik and A.I, Green. Harvard Med. Sch. Dept. 
of Psychiatry at Mass. Mental Hlth. Ctr. (MMHC) and the Commonwealth 
Research Center at MMHC; Boston, MA 02115.

Schizophrenia is associated with a variety of cognitive deficits. While newer 
antipsychotic medications attenuate some of these impairments, individuals 
often continue to function below normal. Such improvements raise the 
possibility, however, that additional treatments might improve cognitive 
abilities further. Glucose administration, which enhances memory under a 
variety of conditions, is a good candidate for this purpose. We administered 
glucose to adult (20-50 y.o.) schizophrenic or schizoaffective subjects who 
were stabilized on clozapine and had IQs over 80, and report here findings 
from our first 14 subjects. A double-blind, within-subjects, crossover design 
was used. In the first session, subjects received a beverage with either glucose 
(50g or 25g) or saccharin, followedl5 minutes later by tests of memory, 
attention and executive function. Glucose blood levels were assessed at 
baseline, and at 15 and 50 minutes after the beverage was ingested. A week 
later, the procedure was repeated in the other treatment condition. Thus far, 
subjects who received glucose showed significantly better retention of verbal 
information, especially on a list-learning task (CVLT). Performance on tests 
of basic attention and executive function was unaffected, but complex attention 
was impaired. These initial findings suggest that: 1) glucose may attenuate 
deficits in long-term verbal memory in schizophrenia; and 2) doses - or 
treatments - that facilitate memory may differ from those that improve other 
cognitive abilities. Supported by the Natl. Alliance for Res. on Schizophrenia 
and Depression, and by the CRC of the Mass. Dept. of Mental Health.

830.5

Relationship  Between  Procedural  Learning  and  Striatal  D2 Receptor  
Binding  in  Schizophrenic  Patients  Treated  with  Olanzapine . J.P. Soucv*, 
M.A. Bedard, E. Stip, F. Paquet, A. Elie. CHUM-cND and Fernand Seguin Research 
Center, Montreal, Canada H2L 4M.

Striatal dysfunction can induce extrapyramidal symptoms and disturbances in 
procedural learning (“learning by doing”). Schizophrenic patients (SCH) treated 
with classical neuroleptics such as haloperidol display abnormal procedural 
learning, while those treated with atypical neuroleptics (clozapine, risperidone), do 
not. This effect of haloperidol has been attributed to the high D2 receptor (rD2) 
affinity of this agent, but a direct relationship between procedural learning 
impairment and rD2 blockade has never been demonstrated.

The present study aimed at evaluating this relationship in SCH receiving a new 
neuroleptic, olanzapine (OLZ). Fifteen right handed SCH treated with OLZ, without 
extrapyramidal symptoms, and 30 control subjects (CRTL) matched for age, sex and 
education, where evaluated for both procedural learning using the Computed Visual 
Tracking Task (20 consecutive trials), and rD2 availability in the striatum using 
123I-IBZM SPECT (SCH only).

SCH treated with low doses (<10mg) of OLZ did not differ from CTRL in the 
procedural task, while those treated with higher doses (>10mg) showed both a 
poorer learning rate (p<01) and learning consistency (p<.001) than CTRL. There 
was a significant relationship between these disturbances and OLZ doses (r= 0.6, 
p<.05), and a significant inverse relationship between doses and rD2 availability in 
the left striatum (r= 0.6, p<.05). These results: 1) support the hypothesis that the D2 
blocking activity of neuroleptics is involved in the procedural learning disturbances 
observed in treated SCH; 2) since all SCH were right handed, suggest that 
procedural learning might be dependant on dominant hemisphere striatal integrity.

830.6

CLOZAPINE KINDLING AS A TREATMENT FOR SCHIZOPHRENIA. 
D.Denney and J. R. Stevens* Departments of Psychiatry and Neurology, 
Oregon Health Sciences University, Portland, OR 97201.
Clozapine often improves symptoms of schizophrenia in patients resistant 

to other neuroleptics. Clozapine has excitatory properties as shown by the 
higher incidence of epileptiform EEG changes, myoclonus and seizures than 
with other neuroleptics (NLs). Decreased inhibition or increased excitation 
in critical brain areas may relate to the therapeutic effects of clozapine and 
other NLs. Cllozapine elicits dose related myoclonus in the partially 
restrained rat (Denney & Stevens I995). Small doses of clozapine (I mg/kg), 
which initially do not provoke a motor response, can elicit fully developed 
myoclonus after 3 to 5 weekly injections by a process resembling chemical 
kindling. Clozapine kindling was blocked only by IP injection of the DA D3 
agonist (70HDPAT), physostigmine, and one anticonvulsant (ethosuximide). 
To test the value of using repeated low dose clozapine on the symptoms of 
schizophrenia, clozapine (50 mgm twice a week) were added to the ongoing 
stable drug treatment programs of 8 chronically ill patients. Subjects were 
randomly assigned to 12 weeks of placebo or active drug, with crossover to 
the opposite condition for a second 12 weeks. Subjects, physicians, and 
clinic staff were blind to the drug condition. Subjects were evaluated by the 
PANNS, BPRS, Mini-mental Status Examination, AIMS, a weekly physician 
evaluation, and assessments of caregivers and clinic nurses. EEG 
examination and Wood clozapine levels were obtained initially and at regular 
intervals. Data analysis indicates EEG change and clinical improvement 
have occurred in a few patients durgin clozapine treatment. None of the 
subjects have developed seizures, myoclonus, involuntary motor 
movements or change in WBC. (Supported by the Theodore & Vada 
Stanley Foundation)

830.7

QUANTITATIVE ANALYSIS OF SYNAPTOPHYSIN mRNA 
EXPRESSION IN THE PREFRONTAL AND CINGULATE CORTEX 
OF PSYCHIATRIC DISORDERS. K. Niizato,1 3 * R. Nakamura,1 N. 
Kuroki,1 S. Iritani,1 K. Ikeda.2 P.C. Emson3 and H. Kazamatsuri1. 1Dept. of 
Psychiatry, Tokyo Metropolitan Matsuzawa Hosp., Tokyo 156-0057, Japan; 
2 Dept. of Neuropathology, Tokyo Institute of Psychiatry; 3Dept. of 
Neurobiology, The Babraham Institute, Cambridge, CB2 4AQ, UK.

We analyzed the expression of synaptophysin mRNA in postmortem 
brains of patients with psychiatric disorders including schizophrenia. Sixty 
age, sex, postmortem interval and pH matched samples from the Stanley 
Foundation Neuropathology Consortium were examined (schizophrenia, 
bipolar disorder, non-psychotic depression and normal control, 15 cases in 
each group ). The prefrontal and the cingulate cortex were examined. We 
used a 39 base pair antisense deoxyoligonucleotide probe (5’ TAG CCT 
TGCTGC CCA TGA TCG CCC TGA GGC CCG TAG CCA) and labeled it with 
[^JdATP using terminal transferase. Sections were hybridized to this 

labeled probe overnight at 37°C. After hybridization, sections were washed 

three times with 1 X saline sodium citrate at 55C for 30 mins per wash and 
exposed to imaging film for 2 weeks. They were then processed to emulsion 
for3 weeks, developed and counterstained with methylene blue. The optical 
density of the schizophrenic group was slightly lower than that of any other 
groups in the 3rd and 5th layers of the prefrontal and the cingulate cortex. 
This project was supported by the grant from Japan Foundation for Aging and 
Health.

830.8

AN RT-PCR STUDY OF SEROTONIN 5-HT2C RECEPTOR 
mRNA IN SCHIZOPHRENIA. KQfflSgJaiXLS&EaSt, PWJ Burnet, 
PJ Harrison*. University Department of Psychiatry,
Neurosciences Building, Wameford Hospital, Oxford, OX3 7JX,
U.K.

Evidence from psychopharmacological and genetic studies 
implicates the 5-HT2 receptor (5-HT2R) family in schizophrenia and 
its treatment. Most of these data pertain to the 5-HT2AR subtype. 
We have investigated whether expression of the 5-HT2CR, like the 
5-HT2AR, is altered in schizophrenia. RNA was extracted, using 
standard methods, from hippocampus and dorsolateral prefrontal 
cortex (BA9/46) of 18 subjects with DSM-IIIR schizophrenia and 18 
age, sex, autopsy interval and pH matched controls. cDNA was 
synthesized, and PCR conditions were established to allow 
selective amplification of 5-HT2CR cDNA. Southern blots were 
probed with a 32P-labelled 5-HT2CR PCR fragment and the 
resulting autoradiograms quantified. In the schizophrenic group, 
hippocampal 5-HT2CR mRNA was significantly reduced, whether 
considered alone or relative to cyclophilin mRNA levels in the same 
RNA samples (P<0.02). Results from BA46 will be presented. The 
results in schizophrenia likely reflect either a response to altered 5- 
HT activity/innervation, or dysfunction of the subpopulation of 
hippocampal intemeurons which express the 5-HT2CR.

Acknowledgements: NC is an MRC student.
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830.9
EFFECT OF ANTIPSYCHOTIC DRUGS ON MAP KINASES IN 
CEREBELLUM. C.N.Karson1 '4, S.V.Kiosseva24, T.L.Hutton24, M.Lyon1,4*, 
A.D.Elbein2’4. Depts. of 'Psychiatry and 'Biochemistry, ’Centra! Arkansas 
Veterans Healthcare System, 4Univ Arkansas Med Sci, Little Rock, AR 72205

In our previous studies we have demonstrated that several intermediates of 
the MAP kinase pathway are altered in the cerebellum from schizophrenic 
patients but not in other brain regions, including mesopontine tegmentum and 
prefrontal cortex. We found increased protein levels of ERK2, MEK, Raf, and 
transcription factors Elk-1, CREB and ATF-2. In these studies, all patients 
with schizophrenia had an extensive lifetime exposure to antipsychotic 
medications. Our aim was to determine whether the previously observed 
alteration in the signaling pathway was due to the pathology of schizophrenia 
or the effects of the antipsychotic drugs. To accomplish this we made use of 
two antipsychotic drugs, haloperidol and risperidone. In order to simulate 
chronic human use of these two drugs, they were administered to rats for 21 
days in different doses - high and low. The drug doses were 1.5 mg/kg (high 
dose) and 0.15 mg/kg (low dose) for haloperidol and 0.5 mg/kg (high dose) 
and 0.05 mg/kg (low dose) for risperidone. Using immunoblotting techniques, 
we examined the cerebellum for alterations in the protein levels and 
phosphorylation state of MAP kinases in brain extracts. The blots were 
quantified by densitometry and it was found that there were no significant 
differences in MAP kinases for either drug at any dose when compared to 
saline controls. These findings support our idea that the changes in the MAP 
kinase pathway we reported previously in patients with schizophrenia cannot 
be due to the chronic treatment with antipsychotic medications and suggest 
that these alterations may represent intrinsic manifestation of the disease itself. 
Supported by NIH# ROI MH45729-04.

830.10

THE ELECTROENCEPHALOGRAPHIC EFFECTS OF ANTIPSYCHOTICS 
IN SCHIZOPHRENIC RATS PRODUCED WITH MK-801
Maangee G Lee1*, Sung-Hun Jung2, and Jin Soak Park. department of 
Pharmacology and department of Psychiatry, School of Medicine, 
Kyungpook National University, 2-101 Dong-In-Dong, Taegu 700-422, 
Korea.

The electroencephalographs (EEG) effects both in normal and in 
schizophrenic animal models produced with MK-801 were compared to 
those obtained by antipsychotics by utilizing power spectral analysis and 
visual inspection. While normal rats were usually not moving in the cage, 
MK-801 (0.5 or 1.0 mg/kg, i.p.) administration produced some 
characteristic behaviors such as head weaving, circling and ataxia, and it 
caused a significant increase of the fast EEG activity, which persisted on 
more than one hour. Typical antipsychotics, chlorpromazine (5 mg/kg, i.p.) 
and haloperidol (1 mg/kg, i.p.), caused a significant increase of the delta 
and the theta activity and produced intermittent spindles, while atypical 
antipsychotic, clozapine (5 mg/kg, i.p.) did not affect. However, clozapine 
caused a decrease of the MK-801-induced fast activity, .jhilethe typical 
antipsychotics did not affect. It is suggested that the EEG effects in the 
MK-801-induced schizophrenic animal model be useful to test new 
antipsychotics, since an atypical antipsychotic clozapine was not able to 
affect the EEG in the normal animals but reverse the EEG in the abnormal 
animals, in contrast to the typical antipsychotics.

830.11

MUTANT MICE LACKING SRC-FAMILY PROTEIN KINASES AS 
AN ANIMAL MODEL FOR SCHIZOPHRENIA. T. Futamura13, K. 
Tovooka1-2 T. Someva2, T, Yaqi4, M. Narisawa-Sato1 and H. Nawa1*,
‘Brain Res. Inst. & ^ch. Med., Niigata Univ., Niigata 951, Japan; 
3Yoshitomi Pharma. Ind. Ltd., Saitama 358, Japan; 4Neurobiol. & Behav. 
Genet., Natl. Inst. Physiol. Sci., 444 Okazaki, Japan.

Src-family protein tyrosine kinases (PTKs) are non-receptor type PTKs 
and can be activated by growth factors. Abundance of Src-family PTKs in 
the brain indicates their potential participation in the intracellular signaling 
for neural development and plasticity. Accordingly, we found that young 
Fyn mutants express reduced levels of AMPA receptor proteins in the 
neocortex (PNAS, vol 96, p2461), which are seen in schizophrenic 
patients as well. Moreover, various behavioral impairments in memory, 
aggressiveness and alcohol sensitivity have also been reported on the 
mice that lack these PTKs. Based on the hypothesis on the 
developmental dysfunction of schizophrenia, we have tested these Src- 
family PTK-KO mice as a animal model of this disease by measuring 
acoustic startle responses. We have found that magnitudes of prepulse- 
inhibition (PPI) in heterozygous Fyn mutants were similar to those of 
control background mice (C57Black and 129 mice). When a psychotic 
drug MK-801 was administered, PPI of these mutants was more impaired 
than those of the drug-treated wild mice. Similarly, Src mutants are 
currently examined. These results suggest that Src-family protein tyrosine 
kinases appear not to be a causative factor for schizophrenia but might 
influence susceptibility to this disease. Supported by RFTF-96L00203.

830.12

THE ANTIPSYCHOTIC-LIKE ACTION OF A 5-HT2C AGONIST ON CONDI-
TIONED AVOIDANCE BEHAVIOR IN RATS. J.L. Browning1*, K.A. Young2, and 
P.B, Hicks1, ‘Dept. of Psychiatry, Scott & White Memorial Hospital, 2Central Texas 
Veterans Health Care System, Temple, TX 76504

Clozapine (CZP) is uniquely effective in the treatment of schizophrenia. The 
mechanism for this enhanced efficacy of CZP is unknown, but may involve both 
dopaminergic (D2) and serotonergic (5-HT2) antagonism. Many antipsychotic agents, 
including CZP, have significant affinity for the 5-HT2c receptor. 5-HT2C agonists or 
antagonists were administered alone, or co-administered with dopaminergic antagonists 
in the conditioned avoidance response (CAR) behavior model to predict whether 5- 
HT2C receptor agonism or antagonism contributes to an antipsychotic response. The 5- 
HT2C antagonist, mesulergine (0.025-0.3 mg/kg), when administered alone or with a 
minimally effective dose of the dopaminergic antagonist, haloperidol, did not suppress 
CAR. In contrast, the 5-HT2C agonist, mCPP, suppressed CAR at doses of 1-10 
mg/kg. Additionally, mCPP enhanced the suppression induced by a minimally 
effective dose (0.125 mg/kg) of raclopride. The suppression of CAR induced by 10 
mg/kg of mCPP was reversed by the 5-HT2A/2C agonist DOI (5-10 mg/kg) or by the 5- 
HT2C antagonist, mesulergine (0.1-3 mg/kg). Suppression of CAR induced by 10 
mg/kg clozapine was unaffected by 10 mg/kg mCPP. These findings suggest that 5- 
HT2C agonism may produce an antipsychotic-like effect in the CAR model. 
Furthermore, these findings raise questions about the role of 5-HT2C antagonism in the 
mechanism of action of CZP.

Supported by grants 1176 and 1194 from the Scott, Sherwood and Brindley 
Foundation

830.13

THE HYPOGLUTAMATERGIC MOUSE: A QUANTITATIVE ANALYSIS OF 
THE BEHAVIORAL PRIMITIVIZATION. M, Nilsson and M.L, Carlsson*. Dept 
of Pharmacology, Goteborg University, Goteborg, Sweden

NMDA receptor antagonist-induced hyperactivity in rodents has become a popular 
model of schizophrenia. Apart from hyperactivity, many other behavioural effects, 
such as defects in attention, hypersensitivity to outer stimuli and a general 
primitivization of the behavior, can be observed after administration of NMDA 
receptor antagonists. It is likely that some of these behavioral changes correspond to 
cognitive deficits seen in disorders like schizophrenia and childhood autism. The aim 
of this study was to characterize and quantify changes in behavioral pattern induced 
by the non-competitive NMDA receptor antagonist MK-801, using an automated 
video tracking system.

Male NMRI mice were given MK-801 (0.1-0.3 mg/kg ip) 30 minutes before 
being introduced, one mouse at a time, into an unfamiliar, diffusely illuminated 
arena and video taped from above. The video tapes were afterwards analyzed with the 
video tracking system Etho Vision 1.95 from Noldus.

The tracks from the animals’ movements showed a dose-dependent alteration of the 
behavioral pattern. Apart from hyperactivity, the MK-801 treatment resulted in 
decreased turning per cm moved, a reduced number of switches between the states 
“moving” and “stationary”, reduced rearing frequency as well as reduced variation in 
the digitized video image of the animals’ body size seen from above. Preliminary 
results from experiments with two potentially antipsychotic compounds showed 
partial restoration of the behavioral quality in these hypoglutamatergic mice.

In conclusion, the Ethovision video system appears well suited for automatic 
quantification of behavioral pattern alterations that take place in the 
hypoglutamatergic state; the primitivization of the behavior is well illustrated with 
the variables used. Hopefully, this will prove to be an appropriate animal model for 
cognitive deficits in schizophrenia and childhood autism.
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831.1
MECHANISMS UNDERLYING INCREASES IN LOCOMOTOR ACTIVITY 
FOLLOWING FOCAL INJECTIONS OF MK-801 INTO THE N. ACCUMBENS 
AND VENTRAL TEGMENTAL AREA. A, Mele1*, J.M. Sundstrom2, A. Pert2. 
'Dipartimento Genetica e Biologia Molecolare, Universita di Roma “La Sapienga”, 
1-00185 Rome, Italy and 2Biological Psychiatry Branch, NIMH, NIH, Bethesda, 
MD 20892, USA.

MK-801, a non-competitive glutamate antagonist, produces profound increases in 
locomotor activity. We have reported previously that dopaminergic processes are 
not critical in mediating the effects of systemically administered MK-801. For 
example, DA depleting lesions of the n. accumbens were found to be ineffective in 
altering MK-801 induced increases in locomotor activity following intraperitoneal 
injections. More recent microinjection mapping studies have revealed that a variety 
of basal ganglia, dorso-limbic, and associated structures (e.g. frontal cortex, 
amygdala, substantia nigra, medial thalamus, ventro-lateral thalamus, ventro-medial 
thalamus) including the n. accumbens and ventral tegmental area (VTA), are 
involved in the stimulatory effects of MK-801. The role of DA in the actions of 
MK-801 in the meso-accumbens structures has been found to be somewhat 
complex. 6-OHDA lesions of the n. accumbens were found to be ineffective in 
attenuating increases in locomotor activity following focal injections of MK-801 
into this structure, while ibotenic acid lesions of the ventral globus pallidus were 
effective. Ibotenic acid lesions of the dorso-medial thalamus as well as the 
pedunculopontine tegmental n. (PPTG) were also ineffective. Increases in 
locomotor activity following injections of MK-801 into the VTA, on the other hand, 
were antagonized by 6-OHDA lesions of n. accumbens, while ibotenic acid lesions 
of the dorso-medial thalamus and PPTG were ineffective. Thus, it appears that 
while the actions of MK-801 at the level of the n. accumbens are mediated through 
non-DA processes via efferents to the globus pallidus, the locomotor stimulatory 
effects of this compound at the level of the VTA are dependent upon ascending 
meso-accumbens DA pathways.

831.2
DOES MK-801 AFFECT THE EXPRESSION OF OPIATE TOLERANCE, 
SENSITIZATION OR PHYSICAL DEPENDENCE? K.A. Truiill^and K. Watorski, 

Psychology Program, Calif. State Univ., San Marcos, CA 92096.
There is general agreement that NMDA receptors have a prominent role in the 

development of opiate tolerance and physical dependence. Although some evidence 
suggests that NMDA receptors might also be involved in the expression of these 
phenomena, there is less consensus about this. The present study explored the 
potential role of NMDA receptors in the expression of opiate tolerance, sensitization 
and physical dependence, by determining the effect of MK-801 on changes in 
locomotor activity produced by chronic morphine treatment.

Adult, male Sprague-Dawley rats received saline or morphine (10 mg/kg s.c.) 
once daily for 10 days. On day 11, animals received saline or MK-801 (0.1 mg/kg 
i.p.) 30 minutes prior to saline or morphine (10 mg/kg). Thirty minutes following 
the second injection, locomotor activity was assessed at 15 minute intervals for 5 
hours. Animals undergoing withdrawal from morphine showed a decrease in activity 
relative to animals that received chronic saline treatment. MK-801 caused a mild 
stimulation of locomotion, which was similar in control animals and those 
undergoing withdrawal. In other words, acute administration of MK-801 did not 
selectively overcome the motor depressant effects of morphine withdrawal. Similarly, 
MK-801 did not alter the expression of morphine tolerance or sensitization in this 
locomotor paradigm. These results are inconsistent with the suggestion that NMDA 
receptors are involved in the expression of opiate tolerance, sensitization or physical 
dependence. Thus, although NMDA receptor antagonists may be effective in 
preventing the development of these phenomena, they do not appear to have the 
ability to acutely reverse them after they are established by chronic opiate treatment.

[Supported by a NIDA (DAI 1803) and by a CSU San Marcos Professional 
Development Award].

831.3

EFFECTS OF NMDA & NON-NMDA ANTAGONISTS ON HEROIN 
SELF-ADMINISTRATION and MESOLIMBIC DOPAMINE 
RELEASE, E.A, Stein* .Z.-X, XT. A,S, Bloom* &. Departments of 
Psychiatry*, Cell Biology, Neurobiology and Anatomy+, and 
Pharmacology’ Medical College of Wisconsin, Milwaukee, WI 53226.

In addition to inhibitory GABAergic modulation, VTA DA neurons also 
receive excitatory glutamatergic input. To examine the role of glutamate 
modulation in opiate reinforcement, (1) MK-80, a non-competitive NMDA 
blocker, significantly increased heroin SA and shifted the heroin dose- 
response SA curve to the right when coadministered IV (0.02 mg/kg,) or 
microinjected into the VTA (2 microgram). However, no significant effect 
on heroin-induced DA release was observed, as indicated by fast-cyclic 
voltammetry. MK-801 alone at 0.1 mg/kg, iv, but not 0.05 mg/kg, 
significantly increased basal NAcc DA release. (2) Ketamine (another 
non-competitive NMDA antagonist, 0.18 mg/kg) co-administered with 
heroin also significantly increased heroin SA behavior, but also decreased 
mesolimbic DA release. The same dose of ketamine alone did not 
maintain SA behavior in heroin trained rats. (3) DNQX (a non-NMDA 
antagonist) dose-dependently increased heroin SA behavior when co-
administered IV (0.05-0.1 mg/kg) or administered into the VTA (2-6 
microgram), and significantly blocked heroin-induced DA release when 
administered 5-10 min prior to heroin access. DNQX alone (0.5 mg/kg) 
did not maintain SA behavior in heroin trained rats. In conclusion, both the 
NMDA antagonist ketamine and the non-NMDA antagonist DNQX 
antagonize heroin reinforcement by inhibiting mesolimbic DA 
transmission, while MK-801 antagonism appears to be mediated by a DA- 
independent mechanism. (Supported by DA 09465).

831.4

PRIOR AND DELAYED APPLICATIONS OF DIZOCILPINE OR ETHANOL 
ALTER ACUTE OR CHRONIC LOCOMOTOR EFFECTS OF MORPHINE.
J Bombace1, P Vosler1, JJ Spencer2 and TA Kosten*2. 'Quinnipiac College, Hamden, 
CT 06518 and 2Dept. Psychiatry, Yale Univ Sch Med, New Haven, CT 06508.

Morphine (Mor) locomotor sensitization (LS) is attenuated by co-treatment with the 
uncompetitive NMDA antagonist, dizocilpine (DZ). Because ethanol (EtOH) acts as 
an NMDA antagonist and its co-treatment with Mor attenuates dependence, we tested 
if EtOH would alter Mor LS. Three groups of rats (n=12 ea) were injected with Mor 
(10 mg/kg SC) for 14 days and 3 groups received vehicle injections. One group each 
was pretreated (30 min) with DZ (0.1 mg/kg IP), EtOH (1 g/kg IP), or vehicle. Half 
of each treatment group was tested for locomotor activation (60 min) to Mor (3 mg/kg 
SC) and the other half was tested with vehicle on Day 15 and again 1 and 3 weeks 
later. Mor LS was seen in vehicle co-treated groups and attenuated by both EtOH and 
DZ with the greatest effects seen on the first 2 test sessions. However, locomotor 
activity to Mor was also lower in groups receiving chronic DZ or EtOH with vehicle, 
calling into question whether DZ specifically attenuates chronic Mor effects. In other 
groups, the acute (30 min) locomotor effects of these drugs followed by Mor (10 
mg/kg SC) or vehicle were assessed (240 min). Mor had biphasic effects, an 
immediate sedating period and a later hyperactivity period, but neither phase was 
altered by DZ or EtOH pre-treatment. In other groups, delayed application (120 min 
post-Mor injection) of DZ, but not EtOH, enhanced the hyperactivity phase of Mor. 
In contrast to this acute interaction, chronic delayed DZ, but not EtOH, with Mor 
attenuated Mor LS. These data suggest that DZ and EtOH interact with Mor via 
different mechanisms that may relate to the temporal dynamics of Mor. We examined 
the possible motivational effects of Mor’s temporal effects by pairing it with a CS 
either immediately or 35 hr post injection in separate groups (n=5 ea). Mor- and CS- 
elicited ultrasonic vocalizations were greater compared to the saline-paired CS and 
this effect was greater in the immediate-trained group. Further investigation of the 
effects of DZ and EtOH in Mor conditioning is underway. (NIDA 09994).

831.5

BLOCKADE OF PHENCYCLIDINE-INDUCED EFFECTS BY A NITRIC 
OXIDE DONOR. P.C. Bird*. H.A. Robertson. S.M. Dursun and M. Buias- 
Bobanovic. Dept. of Pharmacology, Dalhousie University, Halifax, Nova 
Scotia, B3H 4H7

Phencyclidine (PCP) has been proposed to be one of the best 
pharmacological models of schizophrenia because it can mimic the full 
spectrum of schizophrenic disorders. The effects of PCP appear to involve 
dopamine and glutamate. These neurotransmitters have been strongly 
implicated in the underlying pathology in schizophrenia and are functionally 
linked to the intracellular messenger nitric oxide (NO). We examined the 
effect of sodium nitroprusside (SNP), a positive NO modulator, on PCP- 
induced behaviour and neuronal activation, as measured by c-fos expression. 
PCP (5 mg/kg) in rats induced a characteristic behavioural response with 
hyperactivity, stereotyped behaviour and ataxia that reached a maximum 
between 20-30 minutes post injection. SNP (2,4,6 mg/kg) by itself 
produced no behavioural effects but completely abolished PCP-induced 
behaviour in a dose- and time-dependent manner. PCP induced regionally 
different effects on c-fos expression, with most prominent staining observed 
in cortical regions and moderate staining in the thalamic nuclei, cerebellar 
granule cell layer, claustrum, superior colliculus and hippocampus. SNP 
blocked neuronal activation induced by PCP at similar doses as those that 
suppress its behavioural effects. These findings strongly implicate the NO 
system in the mechanism of action of PCP and may suggest novel 
therapeutic strategies for the treatment of psychiatric disorders. (Supported 
by the Canadian Psychiatric Research Foundation and the Queen Elizabeth 
II Research Foundation).

831.6
PHENCYCLIDINE-INDUCED ACTIVATION OF MAP KINASES IN RAT 
CEREBELLUM. S.V.Kiosseva15, C.N.Karson2 4 5’, S.M.Owens3 5, A.D.EIbein15. 
Depts. of Biochemistry1, Psychiatry2, Pharmacology and Toxicology3, Central 
Arkansas Veterans Healthcare System4, Univ Arkansas Med Sci5, Little Rock, 
AR 72205

Mitogen-activated protein (MAP) kinases play an important role in the 
responses of cells to changes in their extracellular environment. We have 
previously demonstrated that MAP kinases (ERK1 and ERK2) and MEK are 
elevated in the cerebellum from patients with schizophrenia, an illness that may 
involve dysfunction of the N-methyl-D-aspartate (NMDA) receptors. Abuse of 
phencyclidine (PCP), an NMDA receptor antagonist, can produce schizophrenia-
like symptoms in humans and abnormal behavior in animals. Therefore, we 
tested the hypothesis that administration of PCP could mediate the activation of 
the MAP kinases by assaying for active forms of ERKs and MEK using Western 
blot analysis in the cerebellum and brainstem from PCP-treated rats. Osmotic 
pumps for PCP and saline (control) infusions were implanted s.c. in rats for 3, 10 
and 20 days. A dose of 18 mg/kg/day was used for all treatment groups. We 
found no change at 3 days, but a statistically significant increase of about 2.5-fold 
at 10 days, and 4-fold at 20 days of PCP infusion as compared to the saline 
controls for the ratio of phosphorylated to unphosphorylated ERKs in the rat 
cerebellum. We also showed that there is an elevation in the ratio of 
phosphorylated to unphosphorylated MEK after 20 days of PCP infusion in the 
cerebellum. In summary, our data indicate that chronic infusion of PCP in rats 
produce a time-dependent elevation of the MAP kinases in the cerebellum, but 
not in the brainstem. In addition, these results may suggest a role for the MAP 
kinase signal transduction pathway in PCP abuse.
Supported by NIH (RO1 MH45729-04 to CNK) and NIDA (DA07610 to SMO).
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831.7 831.8

CHRONIC DEXTROMETHORPHAN INCREASES NMDAR1 
INMMUNOREACTIVITY IN THE BRAIN AND INDUCES 
SENSITIZATION OF STEREOTYPED BEHAVIOR IN FEMALE
RATS. TY. Zhang1, J W. Jahng1, E.J. Kim2, H. Chung3 and D.G. Kim1*. 
’Dept. of Pharmacology, Yonsei Univ. Coll, of Med. Seoul 120-752, Korea; 
2Korea Research Institute of Chemical Technology, Taejeon 305-600, Korea; 
3The National Institute of Scientific Investigation, Seoul 158-097, Korea

A high dose of dextromethorphan (DM), a noncompetitive 
N-methyl-D-aspartate (NMDA) receptor antagonist, has been found to be 
abused in some countries. Effects of chronic treatment with DM on behavior 
and NMDA receptor immunoreactivities in the brain were assessed. DM (40 
mg/kg, i.p.) was administered daily on postnatal days 28-37. No changed 
locomotor activity and rearing were observed in both sexes during 10 davs 
of treatment. However, increased sniffing and head movement were observed 
only in females. When the same dose of DM was challenged after 7 days 
of drug-free period, the intensity of stereotyped behavior was higher in the 
rats received DM for 10 days than the rats received DM for the first time 
on the challenging day. This phenomenon was obvious in females, and 
suggested an existence of behavioral sensitization. Increased NMDAR1 
immunoreactivities were found in the hypothalamus and the frontal cortex, 
again only in females, after 10 days of treatment with DM. These data 
suggest that females are more sensitive to the effects of DM, and that 
changed NMDA receptor activity may have a role in DM-induced behavioral 
alterations. Supported by Ministry of Health & Welfares of 1998 
(HMP-98-P-0031).

THE DEVELOPMENT OF SENSITIZATION FOLLOWING REPEATED INTERMITTENT 
INTRACEREBROVENTRICULAR ADMINISTRATION OF PHENCYCLIDINE. S. M. 
Melnick*, V. E. Woods, S. M. Sweazey and A. Ettenberg. Behavioral Pharmacology 
Laboratory, Department of Psychology, University of California at Santa Barbara, 
Santa Barbara, CA 93106.

It well established that the repeated systemic administration of phencyclidine 
(PCP) results in behavioral sensitization that is typically identified as an enhanced 
locomotor response to the drug. Although it is generally presumed that PCP- 
induced sensitization results from changes in neural substrates with which PCP 
interacts, to date this hypothesis has not been tested via direct central application 
of the drug. The present study was therefore designed to investigate the 
behavioral effects of repeated PCP following intracerebroventricular (ICV) 
administration. Male laboratory rats were each unilaterally implanted with a 
chronic indwelling cannula aimed at the lateral ventricle. Cannulae were 
implanted stereotaxically during deep anesthesia induced by IP application of 50 
mg/kg Nembutal (sodium pentobarbital). Beginning one week post-surgery, Ss 
were acclimatized to the locomotor activity chambers for 3 daily 90 min sessions. 
The chambers consisted of a set of 16 large (36 cm X 26 cm X 20 cm) wire 
hanging cages each equipped with two infrared photosensitive emitter-detector 
pairs positioned along the long axis of the cage. Breaks in the infrared beams 
registered as counts that collectively served as an objective measure of locomotor 
activity. Following acclimatization, testing involved daily 90 min sessions 
conducted over nine consecutive days. Animals were injected with either 0, 50, 
100 or 200 pg/5 pi PCP ICV immediately prior to Trials/Days 1, 3, 5, 7 and 9. 
PCP-induced locomotor activity reliably increased over the course of the 
experiment in a dose-dependent manner. These data clearly demonstrate that PCP 
sensitization occurs following repeated ICV application. The results are therefore 
consistent with the view that PCP sensitization results from changes within the 
central nervous system.

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

831.9 831.10

CORTEX DEFICIT IN CANNABINOID
G. Spalletta3, L. Pulvirenti1*, E. Romeo2. C. Caltagirone2.

PREFRONTAL
DEPENDENCE
A. Pasini3. !Dept. of Neuropharmacol., Scripps Res. Inst, and C. Bernard Neurosci. 
Inst., La Jolla, Ca., USA 2Dept. of Neuroscience, Tor Vergata Univ., Rome, 
I.R.C.C.S. S. Lucia, Rome, Italy 3Dept. of Psychiatry, Tor Vergata Univ., Rome, 
Italy, 00133

The evidence for cognitive impairment associated with cannabis use has been 
inconclusive. Only recent experimental and clinical investigation on the effects of 
cannabis on the brain has hypothesized a possible cognitive impairment in chronic 
cannabis users. In addition, activation in monoaminergic neurotransmitter turnover in 
the prefrontal cortex and deficit of working memory were described during cannabis 
administration in the rat. In the present study we examined 88 male cannabis users 
were found positive to cannabinoid derivatives in random urine testing during 
military service. All the subjects were negative for other illicit drugs, and reported 
use of cannabis exclusively. The subjects met DSM-IV—SCID-P criteria for 
diagnosis of cannabis abuse (ABU) (41 subjects), and dependence (DEP) (21 
subjects). Pattern of recreational use (USE) (26 subjects) was classified as residual 
category. To measure prefrontal cognitive impairment we used the Wisconsin Card 
Sorting Test (WCST), and for the severity of depressive and anxiety symptoms we 
used the Beck Depression Inventory and the state form of the State Trait Anxiety 
Index. USE, ABU, and DEP subjects did not differ in age (mean: 19 years) or 
educational level (mean: 9 years). Comparisons between the groups were made by 
using univariate analysis of covariance (ANCOVA) in order to control for the effects 
of depressive and anxiety symptoms on WCST neuropsychological measures. 
WCST-achieved categories and non-perseverative errors were statistically different 
between the groups (p<0.02 for all comparisons). Post-hoc comparisons showed that 
DEP subjects achieved less categories and made more non-perseverative errors 
compared with both USE and ABU subjects (p<0.05 for all comparisons). The 
present results strengthen the hypotesis that cannabis dependence may alter prefrontal 
cortical cognitive performance in humans.

PREVIOUS EXPOSURE TO A9-THC ENHANCES THE SUBSEQUENT 
LOCOMOTOR RESPONSE TO AMPHETAMINE. N. Suto*, D. S. 
Lorrain, J. D. Austin, & P. Vezina. Dept of Psychiatry, U of Chicago, 
Chicago IL 60637.

The current investigation tested whether repeated administration of A9- 
THC may enhance the subsequent locomotor response to amphetamine. 
Rats were pre-exposed to one of six doses of A9-THC (0.0, 0.4, 0.75, 1.5, 
3.0, or 6.0 mg/kg, IP). A total of five injections were given, one every third 
day. Following the last pre-exposure injection, all rats received an IP 
injection of amphetamine (0.75 mg/kg) at an early (2-day) and again at a 
late (2-week) period of withdrawal. Rats were placed in locomotor 
chambers and their horizontal and vertical locomotor counts recorded for 2 
hours following the injection. Prior exposure to A9-THC enhanced the 
locomotor response to amphetamine. This effect was observed early (2-day 
withdrawal) and late (2-week withdrawal). The early withdrawal test 
revealed an inverted U shape dose response effect for horizontal 
locomotion with the 1.5 mg/kg A9-THC pre-exposure group showing the 
greatest locomotor effect. The late test revealed a flat dose effect curve in 
that all A9-THC pre-exposure groups, except for the 0.4 mg/kg group, 
showed a similar enhancement compared to saline pre-exposed animals. 
These data demonstrate that previous exposure to A9-THC can sensitize the 
locomotor effect of amphetamine. It will be interesting to determine 
whether such enhanced locomotion is related to changes in the reactivity of 
the mesoaccumbens DA system to amphetamine. If so, enhanced self-
administration of amphetamine following exposure toA9-THC might also 
be expected. Supported by USPHS grant # DA-9397 to P.V.

831.11 831.12

BEHAVIORAL INVESTIGATION OF THE INTERACTIONS BETWEEN 
AMID ASE INHIBITORS AND THE CANNABINOID AGONIST AN AND AMIDE. 
Kx-Qgrvone, A- Keeqe,. S-Y, Lin, A*. Makriyannisx J,D, Salamone*. Dept. of 
Psychology, and Dept. of Pharmaceutical Sciences, University of Connecticut, 
Storrs, CT USA 06269-1020

Biochemical investigations have identified putative enzymatic pathways for the 
synthesis and metabolism of endogenous cannabinoids. Anandamide amidase is an 
enzyme that is suspected of metabolizing anandamide into arachadonic acid and 
ethanolamine. Using in vitro methods, various inhibitors of amidase have been 
identified. The present studies were undertaken to determine if the amidase inhibitor 
AM 374 could enhance the effects of systemically injected anandamide. Separate 
studies were conducted to investigate the effects of various drug treatments on fixed 
ratio 5 operant lever pressing and open field locomotion. Rats received two drug 
injections: one intraventricular (ICV) and one IP. Four different drug treatments 
were assessed- 1) ICV vehicle + IP vehicle, 2) ICV vehicle + 5.0 mg/kg 
anandamide, 3) ICV 20.0 fig AM 374 + IP vehicle, and 4) 20 fig AM 374 + 5.0 
mg/kg anandamide. In both studies, combined administration of AM 374 plus 
anandamide generally led to a greater decrease in lever pressing and locomotion than 
anandamide alone. Administration of AM 374 alone did not suppress lever pressing 
or locomotion. These results are consistent with the notion that AM 374 inhibited 
the enzymatic breakdown of exogenously injected anandamide. This type of 
procedure can be used to assess a variety of different compounds for their ability to 
inhibit cannabinoid metabolism.
(Research supported by a grant to A.M. from NIDA)

EFFECTS OF CHRONIC MARIJUANA USE ON REGIONAL CEREBRAL 
BLOOD FLOW DURING RECALL. R. I. Block1, D. S. O’Leary2, R. D. Hichwa3,
J. C. Augustinac0, L.L. Boles Ponto3, M.M. Ghoneim1, S.V. Arndt2, J.C.
Ehrhardt3, W.T.C. Yuh3, R.R. Huttig5, G.L. Watkins3, J.A. Hall6, P.E. Nathan7,
M.A. Maktabil*, L.A. Smith1, and N.C. Andreasen2. ^Dept. of Anesthesia, 2Dept. of
Psychiatry, 3Dept. of Radiology, ^Dept. of Anatomy and Cell Biology, ^Dept. of 
Speech Pathology and Audiology, ^School of Social Work, 7Dept. of Psychology, 
University of Iowa; Iowa City, IA 52242.

Whether chronic marijuana use adversely affects human brain function is unknown. 
Using PET with the [^O] water method, rCBF during recall was compared in R- 
handed marijuana users (9 M, 9 F; mean ± SD age, 22.3 ± 2.2 yr) and controls (6 M,
7 F; mean age, 22.6 ± 1.9 yr). The users had been using marijuana >7 times weekly 
on average for >2 yr (mean, 3.9 ± 1.8 yr). The controls had never or rarely used 
marijuana. Following MRI, and after >24 hr of monitored abstention, subjects 
participated in PET including three tests derived from modifications of previous work 
by our group (Andreasen et al. (1995) Neuroimage 2: 296-305) involving recall of 
word lists. Prefrontal flow changes were of special interest because the tests differed 
in demands on long-term memory encoding and retrieval, which reportedly involve 
differential L and R prefrontal activity, respectively. Flow during each memory test 
was compared to flow while repeatedly counting "1, 2, 3,..." to control for speech. 
Controls showed prefrontal increases in flow during the memory tests, relative to the 
control test, which were partly consistent with previously reported L/R asymmetries 
in encoding and retrieval. Chronic marijuana use was associated with altered 
memory-related prefrontal flow, i.e., within group subtractions of the control test 
from the memory tests revealed a number of between-group differences in prefrontal 
regions (BA 8,9, 10, and 46) > 50 voxels in volume that reflected decreased 
memory-related activations in users relative to controls. In memory-relevant brain 
regions outside prefrontal cortex, users and controls also differed in memory-related 
flow changes in some tests. Funding: DA 10554 from NIDA-NIH and RR00059 from 
NCRR-NIH.
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831.13

CANNABINOID RECEPTOR EXPRESSION IN ZEBRA FINCH CNS: HIGH 
mRNA DENSITIES IN BRAIN REGIONS FOR LEARNED VOCAL 
BEHAVIOR. K. Soderstrom*, F. Johnson. Dept. of Psychology, Florida State 
University; Tallahassee, FL 32306-1270.

Despite a long history of cannabinoid use, a clear understanding of the 
physiological significance of cannabinoid signaling has yet to emerge. In mammals, 
high cannabinoid receptor (CB1) densities in hippocampus and cortical regions 
suggest a role in learning and memory and cognitive fimction. We have pursued 
this question by investigating the role of cannabinoid signaling in an avian species 
that specializes in vocal learning. In a manner similar to human language 
acquisition, zebra finches learn vocal communication (a specific song) during a 
sensitive period of juvenile development. Song learning renders the zebra finch 
potentially unique as a model to study cannabinoid effects on the development of 
learned behavior.

RT-PCR with degenerate primers has allowed isolation and cloning of a fragment 
of zebra finch CB1. Northern blotting demonstrated that CB1 receptors are 
expressed primarily within the zebra finch CNS, although lower-level expression 
was detected in testes, heart and lung. Northern blots and RT-PCR using CNS 
mRNA also show that CB 1 is expressed at lower levels in juveniles that are learning 
song than in adults that have already learned song. Moreover, in situ hybridization 
shows CB1 expression is present at high levels in at least two brain areas known to 
be involved in song learning and production; the higher vocal center (HVC) and the 
robust nucleus of the archistriatum (RA). Pilot data suggests that activation of these 
receptors is behaviorally relevant as cannabinoid treatment (2 mg WIN55212-2 
silastic implants) significantly reduced the incidence of singing in adults without 
influencing food intake.

DRUGS OF ABUSE: COCAINE—PRENATAL EXPOSURE

832.1
PRENATAL EXPOSURE TO COCAINE ALTERS SOCIAL BEHAVIOR AND 
SWIM TEST IMMOBILITY IN RATS J.M.Johns*, D.Overstreet,
D.A.Lubin, M.Fernandes, L.R. Gause, and J.A.Lieberman.
Depts. of Psychiatry, Psychology and the UNC Alcohol 
Center, Univ. of North Carolina, Chapel Hill, N.C. 27599.

This study was undertaken to determine if prenatal 
exposure to a moderate dose of cocaine would alter 
social/anxiety/depressive behavior in male and female rat 
offspring at various developmental ages. Sprague-Dawley 
rat dams received subcutaneous injections, twice daily 
during gestational days 1-20, of either normal saline or 
15mg/kg of cocaine HCL. Male and female offspring were 
tested for individual anxiety (plus maze), depression 
(porsolt swim test) and social anxiety (social 
interaction test with similarly treated partner) on 60 
and 120 days postnatal (PND). There was no effect on the 
plus maze at either age. Male and female offspring of 
cocaine-treated dams showed reduced social interaction at 
30 and 120 PND and increased immobilitity on the swim 
test at 60 PND. Male offspring were also more immobile 
at 120 PND on the swim test. These results support 
previous studies showing social/aggressive behavior is 
altered in a developmental pattern in offspring 
prenatally exposed to a moderate dose of cocaine. 
Preliminary studies indicate pathology underlying 
behavioral changes. Results will be discussed in terms of 
a model of pathology. (Supported by NIH grant DA08456 and 
UNC MHNCRC #MH33127).

832.2

ATTENUATED COCAINE-INDUCED STRIATAL DOPAMINE RELEASE IN 
ADULT MICE EXPOSED TO COCAINE IN UTERO: AN HPLC 
MICRODIALYSIS STUDY. J.O. Ren1*, R.C. Jones1, E.H. Lo2, M.A. 
Schwarzschild1, and B.E. Kosofskv1. ‘Lab of Molecular and Developmental 
Neuroscience, 2Center for Imaging and Pharmaceutical Research, 
Massachusetts General Hospital-East, Charlestown, MA & Department of 
Neurology, MGH and Harvard Medical School, Boston, MA, 02129.

We have developed a (SW) mouse model of transplacental cocaine exposure 
creating three prenatal treatment groups: a cocaine group (COC: 40 or 20 
mg/kg, sc, cocaine HC1 divided evenly across twice daily doses from E8-E17), 
a saline-injected pair-fed group (SPF40), and a saline-injected group with food 
available ad libitum (SAL). On postnatal day (P)l, each litter was surrogate 
fostered. Adult male offspring from each treatment group were used to examine 
the effects of cocaine (5 mg/kg, iv) on in vivo microdialysis measurements of 
extracellular dopamine (DA) collected every five minutes from the striatum of 
(1.7% halothane) anesthetized mice belonging to each treatment group. 
Baseline levels of DA were comparable across treatment groups. Intravenous 
administration of cocaine caused elevations in DA within 5 minutes, which 
peaked at 15 minutes and returned to baseline within 45 minutes in animals 
from all prenatal treatment groups. However, the peak levels of DA evident in 
SAL and SPF40 mice (11-fold and 10-fold, respectively) were greater than the 
peak levels evident in COC20 (7-fold) and COC40 (3-fold) offspring, as was the 
total amount of DA released. These findings replicate the data reported in 
rabbits exposed to cocaine in utero (Du et al., Neuropsychopharmacology, 
1998), and suggest the possibility that human infants exposed to cocaine in 
utero may likewise have long lived presynaptic molecular maladaptations 
which persistently alter the efficacy of dopaminergic signal transduction, and 
associated behaviors (supported by DA00354 and DA08648 to BEK).

832.3

COCAINE INDUCES CELL DEATH WITHIN THE PRIMATE 
FETAL CEREBRAL WALL 
M.S. Lidow*Z-M. Song, N. He
Dept. of OCBS University of Maryland, Baltimore, Md 21201 
The transferase dUTP nick-end labeling (TUNEL) analysis was used 
to compare the occurrence of cell death in the cerebral wall of cocaine- 
exposed and drug-naive monkey fetuses. The rhesus monkeys 
providing the drug-exposed fetuses received 10 mg/kg cocaine orally 
(in fruit treats) in the morning and in die evening between pregnancy 
days 50 and 65. The control pregnant animals received fruit treats 
only. The fetuses were removed for analysis by cesarean section 10 
hours after the last cocaine treatment. The sections of the cerebral wall 
from the cocaine-exposed fetuses contained significantly higher 
number of TUNEL-positive nuclei (counted either per section area or 
per 1000 unlabeled nuclei) than the matching sections from the drug- 
naive fetuses. This elevation in the number of TUNEL-positive cells 
was observed through the entire depth of the fetal cerebral wall 
including its proliferative and intermediate zones, cortical plate and the 
marginal zone. The present study clearly demonstrates that 
consumption of cocaine during pregnancy can result in increased 
occurrence of cell death in the developing cerebrum.
This work was supported by the NIH ROI grant DA08057

832.4

INFLUENCE OF EARLY POSTNATAL ENVIRONMENT ON 
NUCLEUS ACCUMBENS DOPAMINE FUNCTION IN ADULT 
RATS. W.G, Brake*. M.J. Meaney and A. Gratton. McGill Univ., 
Douglas Hospital Research Center, Montreal, Canada, H4H 1R3.

As adults, rats that experienced episodic maternal separation (MS) or 
handling (H) during the first 2 weeks of life differ from non-handled 
(NH) congeners on measures of neuroendocrine and behavioral 
responses to stress. We have reported recently that preexposure to a 
mild stress is sufficient to sensitize MS but not H and NH animals to the 
locomotor-stimulant action of amphetamine (Brake et al., 1998). To 
follow-up on this finding, we compared the acute effects of cocaine 
(COC; 5,10,20 mg/kg ip) on the locomotor activity of adult MS, H and 
NH rats. While COC produced dose-dependent increases in locomotion 
in all 3 groups of animals, the responses of MS and NH animals to the 
10 and 20 mg/kg doses of the drug were significantly greater than those 
of H animals. In a separate experiment, we used voltammetry to 
compare the nucleus accumbens (NAcc) dopamine (DA) responses of 
MS, H and NH animals to 15 min of tail-pinch stress. Once again, we 
observed in MS and NH animals stress-induced increases in NAcc DA 
levels that were significantly longer-lasting than those seen in H 
animals. These findings provide further evidence that NAcc DA 
function during adulthood is influenced by early postnatal factors 
intrinsic to maternal care. Such long-term changes in NAcc DA 
transmission, particularly a heigthened responsiveness to stress, might 
well contribute to enhance the habit-forming properties COC and 
perpetuate compulsive drug-seeking. Supported by M.R.C. grants to
A.G. and M.J.M.
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832.5
ENDURING EFFECTS OF PRENATAL COCAINE EXPOSURE ON SELECTIVE 
ATTENTION AND EMOTIONAL REACTIVITY: A DOSE-RESPONSE STUDY. 
White, T.L., L. Hermer-Vazquez, S. Beaudin, M. Gendle, C.F. Mactutus, R.M.
Booze, & B.J. Strupp*. Dept. of Psych. & Div. of Nutri.Sci., Cornell Univ., Ithaca, 
NY & Dept. of Pharm., Coll. Med., & THRI, Univ. of Kentucky, Lexington, KY.

Our previous studies demonstrated enduring effects of prenatal cocaine 
exposure, using an IV route of administration that avoided both prenatal 
undemutrition and skin lesions, common confounding factors. These studies 
revealed enduring alterations in selective and sustained attention as well as 
emotional reactivity. In contrast, various processes were entirely unaffected, 
including explicit and implicit memory function, associative ability, and inhibitory 
control. The present stuffy was designed to: (1) provide insight into the dose-effect 
relationship, using the dose that had previously been found to produce effects (3.0 
mg/kg), as well as two lower doses and a control; and (2) further examine the 
apparently greater sensitivity of male offspring to the effects on selective attention. 
Long-Evans dams were administered either cocaine or saline during gestational days 
8-20. In adulthood, 120 offspring (n=30/cocaine dose) completed a series of tasks 
designed to tap a range of specific cognitive processes. This poster presents the 
results of two tasks designed to assess selective attention and emotional reactivity:
(1) a 3-choice visual attention task with an olfactory distractor presented on one third 
of the trials; and (2) a redundant learning task in which a redundant visual stimulus 
was added after S’s had mastered a 3-choice olfactory discrimination. Both tasks 
were administered in automated testing chambers, with a nosepoke as the critical 
response. In-depth analyses include the specific conditions under which errors 
occurred, the types of errors committed, accuracy during various phases of learning, 
and reaction to reward/nonreward on the previous trial. Implications for children 
exposed to cocaine are discussed.

Supported by NIDA grants DA 07559 & DA 09160.

832.6
PRENATAL COCAINE EXPOSURE ALTERS POSTNATAL 
SEIZURE SUSCEPTIBILITY. J.S. Shumsky*. Dept. of Neuro-
biology and Anatomy, MCP Hahnemann University, 3200 Henry 
Ave., Philadelphia, PA 19129.

Chronic intravenous cocaine exposure during gestation in rabbits (3 
mg/kg, administered IV, twice daily from gestational days 8-29) 
produced dose-dependent changes in cocaine-elicited seizure behavior 
in the offspring which varied by postnatal age. Male and female 
offspring from separate litters were challenged with IV doses of 0, 4, 
6, or 8 mg/kg cocaine. ED^ for seizure behavior was reduced 
between P70 and Pl00+ by approximately 25% in the controls and 
75% in the offspring exposed prenatally to cocaine. ANOVA revealed 
that prenatal cocaine exposed offspring exhibited cocaine-elicited 
seizures of shorter duration than controls at P70 and longer duration 
than controls at Pl00+ (p <0.05 for the interaction). Males exhibited 
longer seizure duration than females at Pl00+ (p <0.05). In addition, 
the GABAergic agonist muscimol (1 mg/kg, IV) blocked seizure 
production by cocaine at both postnatal ages and reduced seizure 
duration. However, prenatal cocaine exposed offspring tested at 
Pl00+ tended to be less susceptible to reduction in seizure duration 
than controls. These results suggest that prenatal cocaine exposure is 
associated with developmental disruptions in both the monoaminergic 
and GABAergic neurotransmitter systems. Supported by 1R03 
DA12125-01.

832.7

PRENATAL LEAD EXPOSURE IN RATS ALTERS COCAINE CONDITIONED 
PLACE PREFERENCE. J.B. Alfaro1, B.A. Sore2*, E.K. Silbergeld3, and J O. 
Schenk^. ^Dept. Chemistry, Washington State Univ.; 2 Dept. VCAPP, Washington 
State Univ., Pullman, WA; Program in Human Health and the Environment, Univ. 
Maryland Med. School, Baltimore, MD.

Prenatal lead exposure in children and animal models is associated with 
neurodevelopmental delays, learning deficits, and behavioral problems. In rodents, 
pre- and postnatal lead exposure is known to affect several neurotransmitter pathways 
in the CNS, specifically the release of dopamine, dopamine transporter, and certain 
dopamine receptors (D2). These mechanisms have been associated with changes in 
arousal, activity, and learning. In addition, rodents exposed to lead perinatally show 
altered responses to several drugs that act on dopaminergic pathways (d-amphetamine, 
apomoiphine, methylphenidate, haloperidol). We tested the interactions between 
prenatal lead exposure and later response to cocaine. Rats were exposed through 
pregnancy to lead via drinking water (25 ppm). This dose did not affect gestation, 
litter size, sex ratio, postnatal survival, or body weight in offspring. As adults the Fl 
offspring were trained on a conditioned place preference task, using 3,6, or 12 mg/kg 
cocaine (i .p.). In adult male offspring, prenatal lead treatment decreased the 
reinforcing effects of the lowest dose of cocaine tested (3 mg/kg, ip), but did not alter 
the reinforcing effects at the higher doses. In contrast, in adult female offspring, 
prenatal lead treatment increased the reinforcing effects of the lowest dose of cocaine 
tested (3 mg/kg, ip), but did not alter the reinforcing effects at the higher doses. 
Additional testing indicated no differences between lead and control groups in the 
ability to learn a novel environment nor in the locomotor response to apomorphine in 
either males or females. The results are consistent with the involvement of the 
dopamine transporter in lead neurotoxicity. Supported by grants from the Heinz 
Family Foundation (EKS), NIDA 08212 (BAS), and NIDA 07384 (JOS).

832.8
EFFECTS OF PRENATAL COCAINE ON THE NEUROTENSIN RESPONSE 
TO CHRONIC COCAINE TREATMENT IN ADULT MALE RATS. L.M. 
Collins* and J.S. Meyer. Neuroscience and Behavior Program, Department of 
Psychology, University of Massachusetts, Amherst, MA 01003.

Previous research has shown that chronic cocaine administration increases 
neurotensin/neuromedin (NT/N) mRNA in specific areas of the adult rat brain 
(Betancur et al., Mol. Brain Res., 44:334,1997). The present study assessed the 
effects of chronic cocaine on NT/N gene expression in adult animals that had 
also been exposed to the drug in utero. Timed-bred Sprague-Dawley rats were 
injected with 20 mg/kg cocaine HC1 (n=6) or saline (n=6) b.i.d. from gestational 
day (GD) 8 to GD 21. Offspring were fostered to untreated lactating dams, and 
group-housed following weaning on postnatal day (PND) 21. Beginning at PND 
90, one male offspring from each litter was injected i.p. with either cocaine or 
saline for 10 days. The dose was 15 mg/kg on treatment days 1-5 and 10 mg/kg 
on days 6-10. The animals were sacrificed 1 h after the injection on day 10. 
Brains were removed, sectioned, and analyzed using in situ hybridization 
histochemistry with a radiolabeled cDNA probe for the NT/N gene. There was 
no effect of prenatal treatment on baseline NT/N mRNA expression in any of the 
brain areas examined. Chronic cocaine increased NT/N mRNA in the nucleus 
accumbens, ventrolateral striatum, and dorsomedial striatum of adult offspring 
regardless of prenatal treatment. However, 10 days of cocaine treatment 
increased NT/N mRNA in the medial preoptic area (MPOA) of prenatal saline- 
exposed animals, whereas it had no effect on this brain area in animals exposed 
to cocaine in utero. Therefore, prenatal cocaine attenuated the neurotensinergic 
response to chronic cocaine treatment in the MPOA of adult male offspring. 
Supported by NIDA grant DA-06495.

832.9

EFFECTS OF DOSE AND MATERNAL DEPRIVATION ON THE SELF-
ADMINISTRATION OF COCAINE IN NEONATAL RATS. G. M, Ungaro*. H. 
Dayan. R, A. de Leon. I. B. Johanson & L. M. Terry, Developmental 
Psychobiology Laboratory, Dept of Psychology, Colleges of Science and Liberal 
Arts, Florida Atlantic University, Boca Raton and Davie, Florida, USA

In order to further our understanding of the development of drug 
addiction, we are currently examining cocaine self-administration in the neonatal 
rat. Previously, we determined that rat pups will self-administrate a cocaine 
solution using a non-suckling oral-administration procedure (Society for 
Neuroscience Abstracts, 1998,24).

In this study, the effects of maternal deprivation and two relatively high 
doses of cocaine were studied using the established paradigm. Seven-day old rat 
pups were removed from the dam and placed in individual plastic containers or 
with a foster non-lactating dam for a 4-hour period, then they were pre-exposed to 
a 3 mg/kg cocaine with 5% Tang® solution or a 5% Tang solution. The pups 
were returned to their respective deprivation conditions, and after another 4-hour 
deprivation period were tested for cocaine self-administration. Non maternally- 
deprived pups pre-exposed to cocaine ingested significantly more cocaine in the 
second exposure than did the controls (p <.O5). Moreover, activity level, which 
was a second dependent measure, was scored before and after exposure Mean 
activity significantly increased across all the conditions after the initial pre- 
exposure (p< .05); however, deprived pups had higher activity than non-deprived 
pups (g< .05). This difference in activity level between deprived and non- 
deprived pups was not significant after the second cocaine exposure. This was 
due to an increase of general activity by the non-deprived pups . The results of 
this study suggest that cocaine pre-exposure in neonatal rats can enhance cocaine 
self-administration and that these effects are dose dependent. The effects of a 
higher cocaine dose (6 mg/kg) will be discussed as will the potential applications 
of this paradigm using various drugs of abuse.

832.10

Prenatal  Exposure  to  Cocaine  Disrupts  the  Stress - 
Induced  Expression  of  the  Immediate -Early  Gene , Fos , 
in  the  Bed  Nucleus  of  the  Stria  Terminalis , but  not  
THE Amygdala . D.A, Cameron*. B.A, Morrow. J.D, Elsworth. J, 
Mitra and R.H, Roth. Depts. of Pharmacology and Psychiatry, Yale Univ. 
School of Medicine, 333 Cedar St., New Haven, CT 06520-8066.

Previously, it has been noted that rats prenatally exposed to cocaine 
demonstrated deficits in cognitive performance when subjected to stressful 
conditions. In order to investigate this phenomena, pregnant dams were 
treated with cocaine, 3 mg/kg, I.V., twice a day on embryonic days 10 -20. 
This paradigm was selected to closer mimic human use patterns and did not 
disrupt any perinatal parameter examined, including length of term, number 
of pups bom, male: female ratio and the weight of the pregnant dams.
Upon birth, the pups were cross-fostered to unhandled, lactating females. 
The male offspring were tested, 37 days after birth, in a footshock 
paradigm: days 1-3,30 min daily sessions to habituate the animals to the 
chamber, and day 4,10 footshocks (0.8 mA, 0.5 sec) each paired with a 
soft tone lasting 5 sec random delivered over 30 min. Two hours later, rats 
were perfused and the fixed brains were cut into 50 gm sections and stained 
with immunological and Nissl techniques to examine Fos-like 
immunoreactivity (Fos-li) in limbic regions. Acute footshock increased 
Fos-li in saline pre-exposed rats in the lateral (LA) and basolateral (BL) 
nuclei of the amygdala and the intra-amygdaloid nucleus of the bed nucleus 
of the stria terminalis (BST-IA). Prenatal exposure to cocaine did not alter 
footshock-induced Fos-li in the LA and BL amygdala, but did prevent the 
increase observed in the BST-IA. These data indicate that prenatal exposure 
to cocaine altered the stress response in the extended amygdala without 
altering stress-induced changes in die amygdala itself.
Supported by DAI 1288
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832.11

PRENATAL COCAINE DYSREGULATES BASELINE AND STRESS- 
Induced  Changes  in  the  expression  of  the  Immediate - 
Early  Gene , fos , in  the  Prefrontal  Cortex  of  Rats .
B.A. Morrow*. J.D. Elsworth, J, Mitra. and R.H. Roth, Departments of 
Pharmacology and Psychiatry, Yale University School of Medicine, 333 
Cedar St., New Haven, CT 06520-8066.

Prenatal exposure to cocaine has resulted in behavioral changes thought to 
represent faults in higher functions, such as attention and working memory. 
Here, pregnant dams were treated with saline or cocaine, 3 mg/kg, I.V., 
twice a day on embryonic days 10-20. At postnatal day 37, male offspring 
were habituated (3 x 30 min daily sessions) to a small chamber to 
extinguish novelty-induced expression of Fos. The following day, rats 
were returned and given 10 soft tones over 30 min. 2 hours after, the brain 
tissues were fixed and 50 pm sections of the prefrontal cortex (PFC) were 
cut, immunostained for Fos, and Nissl counterstained. Rats prenatally 
exposed to cocaine displayed a dramatic increase (~ 15-100 fold) in the 
number of Fos+ nuclei in the non-motor cortex areas, including the 
prelimbic (PL), infralimbic (IL), anterior cingulate and orbital cortices 
compared to saline rats. Other rats exposed in utero to cocaine or saline 
were subjected to 10 random footshocks (0.5 sec, 0.8 mA) paired with the 
tones (5 sec). Acute exposure to footshock increased (~10 fold) Fos+ nuclei 
only in the PL and IL subregions of the PFC of saline pre-exposed rats.
Rats prenatally exposed to cocaine, however, did not have footshock- 
induced activation of Fos in the PL or IL, but displayed a pattern of 
activation similar to cocaine-exposed, non-shocked rats. These data 
indicate that prenatal exposure to cocaine 1) prevents the normal stress- 
induced activation of Fos in the PFC and 2) abnormally elevates Fos 
expression in the PFC under baseline conditions, likely due to a hyper- 
responsive state or a failure to habituate. Supported by DAI 1288

832.12

Prenatal  Cocaine  Induces  Abnormal  Expression  Of  The  Immediate - 
Early  Gene , Fos , In  Ventral  Tegmental  Area  Dopamine  Neurons  Of  
The  ADULT J.D. Elsworth*. B.A. Morrow. J. Mitra. and R.H. Roth.
Departments of Psychiatry and Pharmacology, Yale University School of 
Medicine, 333 Cedar Street, New Haven, CT 06520-8066.

In humans and rodents, prenatal exposure to cocaine has been reported to result 
in certain cognitive deficits, and we hypothesized that a disruption in development 
of midbrain DA neurons was involved in these deficits. To test this, pregnant 
dams were exposed to intravenous cocaine (3 mg/kg) or intravenous saline twice 
daily from E10 to E20. Cocaine treatment did not affect the length of term, the 
number of pups bom, the male to female ratio, or the weight of the pregnant dams. 
All pups were cross-fostered to untreated lactating females. The response of male 
offspring to mild footshock was tested at 37 days after birth. Three daily 30 min 
habituation sessions were followed either by a 30 min footshock session (10 
random tones paired with 0.8 mA, 0.5 sec footshocks) or a 30 min control session 
with tones only. Midbrain sections were double-immunostained for Fos and 
tyrosine hydroxylase (TH). Compared with unstressed rats treated prenatally with 
saline, unstressed rats prenatally exposed to cocaine had a dramatically greater 
level of Fos—like immunoreactivity (Fos-li) expression in DA neurons of the 
interfascicular and paranigral nuclei of the A10, and in the lateral part of the A9. 
Footshock increased Fos-li expression in DA neurons in the interfascicular and 
paranigral nuclei, of the saline-, but not cocaine-treated rats. Thus, prenatal 
exposure to cocaine resulted in a stress-like pattern of Fos-li in the unstressed 
situation and prevented the normal footshock-induced increase in Fos-li in 
midbrain DA neurons. These data indicate a dysfunction in the response of DA 
neurons to novelty and/or stress in rats prenatally exposed to cocaine.
Supported by DA-11288.

832.13

Footshock -induced  Elevation  of  Fos  Expression  in  the  
Medial  prefrontal  Cortex  is  augmented  by  Cocaine  
Sensitization . L Milra*, B.A, Morrow ID, Elsworth. R.H. Roth, 
Departments of Pharmacology and Psychiatry, Yale University School of 
Medicine, 333 Cedar Street, New Haven, CT 06520-8066.

Repeated administration of cocaine in the adult rat results in a phenomena 
known as cocaine sensitization which consists of altered behavioral and 
biochemical responses, including modified responsiveness to stressors. 
Previously, it has been noted that cocaine sensitized rats display diminished 
dopaminergic and behavioral responses in a model of conditioned fear 
(Morrow et al., Neurosci. 69:233,1995). The present study examines the 
effect of repeated cocaine administration on the expression of the 
immediate-early gene fos during the acquisition phase of this model of 
conditioned fear. Adult male rats were treated with saline or cocaine (15 
mg/kg i.p., daily x 5 days) followed by 7 days without treatment. Rats 
underwent daily habituation session (3 x 30 min) and were then subjected to
10 random footshocks (0.8 mA, 0.5 s), paired with a soft tone, delivered 
over a 30 min period. Two hours after die end of the test session, rats were 
perfused and the paraformaldehyde-fixed brains removed, cut into 50 gm 
sections, and stained for Fos-like immunoreactivity (Fos-li). Cocaine 
sensitization resulted in a significant increase in the footshock-induced Fos-
11 expression, compared to saline-treated controls, in subregions of the 
medial prefrontal cortex: anterior cingulate, prelimbic, and infralimbic 
cortices. No changes in Fos-li expression levels were noted in the Ml 
motor cortex with either treatment This study indicates that changes 
associated with cocaine sensitization may involve enhanced stress-induced 
expression of Fos in a subpopulation of medial prefrontal cortical neurons. 
Supported by DAI1288.

832.14

SEX DIFFERENCES IN SEIZURE SUSCEPTIBILITY OF RATS 
PRENATALLY EXPOSED TO CHRONIC ETHANOL AND/OR BINGE 
COCAINE. A. Snyder-Keller* and E.S. Mitchell. Wadsworth Center, 
New York State Dept. Health, Albany, NY 12201.

We previously reported that chronic prenatal cocaine exposure 
increased the susceptibility of rats to cocaine- and pentylenetetrazol 
(PTZ)-induced seizures when tested as adults (Snyder-Keller & Keller, 
‘95, ‘99). We are currently examining the effects of concurrent in utero 
exposure to cocaine and ethanol in rats, in order to mimic the pattern of 
cocaine abuse by humans. Binge exposure to cocaine (3X15 mg/kg 
to the dam) on a single day of gestation increased the percent of 
females seizing in response to cocaine or PTZ as adults; males 
exhibited no such increase in susceptibility. Binge exposure to ethanol 
(2X4 g/kg) produced a lesser increase in seizure susceptibility in 
females; again males were unaffected. Chronic ethanol exposure via 
liquid diet (4.5%) from E6-E21 also only increased the incidence of 
seizures in females, although a higher concentration (6.7%) resulted in 
increased susceptibility to cocaine-induced seizures in males. 
Preliminary evidence in rats exposed to binge cocaine combined with 
chronic ethanol (4.5%) revealed increases in seizure susceptibility in 
males that were not seen after either treatment alone, and seizure 
susceptibility in females that was comparable to that seen after either 
chronic ethanol or binge cocaine. Immunocytochemical analyses are 
being conducted to determine the underlying changes in brain anatomy 
that might contribute to the increases in seizure susceptibility seen after 
prenatal drug exposure. Supported by DA08694.

832.15

COCAINE-INDUCED REDUCTIONS IN UTERINE BLOOD FLOW INDUCE 
OXIDATIVE STRESS IN FETAL RAT PLACENTA. J.W, Linton1*3-* K. Mangan1’2. 
TQ, Vu3. Z.D. Ling2-3. D.E. Weese-Maver1 and P.M, Carvev2’3, Depts. of 'Pediatrics, 
Pharmacology and ’Neurological Sciences, Rush Children’s Hospital and Rush 
University of Rush-Presbyterian-St. Luke’s Medical Center, Chicago, IL 60612

We have previously demonstrated that prenatal cocaine administration produces 
reductions in dopamine (DA) as well as glial cell line-derived neurotrophic factor 
(GDNF) in central (striatum) and peripheral (carotid body) neural structures. We have 
hypothesized that cocaine-induced uteroplacental vasoconstriction may induce an 
ischemia reperfusion injury, inducing free radical formation and lipid peroxidation. In 
order to these hypotheses we needed to establish that cocaine can reduce uterine blood 
flow and that the reductions in blood flow were sufficient to induce oxidative stress (as 
measured by thiobarbituric acid-reactive species (TBARS) and conjugated diene 
formation). Pregnant Sprague-Dawley rats exposed to cocaine (30 mg/kg, s.c., b.i.d.) 
from gestational day 7-14 exhibited a clear decrease in uterine bloodflow (F(16)=6.82, 
p<0.05) as compared to rats exposed to saline over the same gestational period (i ml/kg, 
s.c., b i d.). Subsequent examination of a parallel group of animals under the same drug 
conditions (although exposed from E7-E20) demonstrated that cocaine exposure 
throughout gestation increased the levels of conjugated dienes in placenta by 9.8%(t=- 
2.6, p<0.043). In addition, cocaine-induced formation of TBARS (a measure of lipid 
peroxidation) in the placentae of rats exposed to cocaine from E7-E20 showed a clear 
TBARS gradient such that those placentae situated closest to the ovaries (those already 
shown to have the greatest reductions in uterine blood flow) exhibited the highest levels 
of TBARS (12%) and those closest to the cervix showed the lowest levels. These data 
indicate that cocaine’s effects on DA and GDNF are likely due to reductions in uterine 
blood flow that result in an increased level of oxidative stress for the fetuses. These data 
also highlight the utility of the multiparous rodent model in determining cocaine’s 
mechanisms of actions with respect to its teratologic and neurotoxic impact. (Support: 
JCS SIDS Research Fund; DOD DAMD 17-98-1-8629)

832.16
SCHEDULE-INDUCED POLYDIPSIA OF COCAINE AFTER PRENATAL 
AND POSTNATAL COCAINE DOSING. Pepin, D., and Smith, R. 
F. * Department of Psychology, George Mason
University, Fairfax, VA 22030

Keller (1997) reported that prenatal cocaine altered
absorption of cocaine into brains of adolescent 
animals. To determine whether prenatal and adolescent 
dosing might interact to affect behavior, we dosed 
animals with saline (SAL) or 20 mg/kg cocaine (COC) 
during the prenatal and adolescent periods in a 2x2 
design. Cconsumption of cocaine in a schedule-induced 
polydipsia task was the dependent measure. A triple 
interaction (F(2,26=3.70, p<.05) indicated that 
postnatal cocaine interacted with solution type 
(cocaine vs. water), with postnatal COC animals 
initially consuming less of the cocaine solution than 
SAL animals, but increasing their consumption across 
days. There was no significant effect of prenatal 
dosing, or pre x post interaction. This study adds to 
the growing body of literature indicating that 
postnatal drug administration may have lasting effects 
on behavior.
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832.17
PRENATAL INTRAVENOUS COCAINE ALTERS PURKINJE CELL 
DEVELOPMENT IN NEONATAL RATS. M.L Wood*, K.F. Hauser, R.M. 
Booze, M.A. Welch, B.J. Strupp, and C.F. Mactutus. Univ. of Kentucky, 
Graduate Center for Toxicology, Dept. of Anatomy and Neurobiology, College 
of Medicine, Div. Pharm. Sci., College of Pharmacy and THRI, Lexington, KY 
40536, and Dept. of Psychol., Cornell Univ., Ithaca, NY 14853.

Prenatal cocaine exposure has been shown to cause profound physical, 
neurological, and neurobehavioral deficits in infants born to drug-abusing 
women. These effects may be attributed to the teratogenic actions of cocaine 
on cellular development in the brain. The present study examined the effects 
of intravenous prenatal cocaine exposure on cerebellar development in one- 
day-old rat pups. Long-Evans female rats were surgically implanted with 
intravenous access ports, bred, and administered saline or cocaine HCI from 
GD8-20 (1x/day-GD8-14 and 2x/day-GD 15-20). Pups were taken from litters 
at PND1, perfused intracardially, and their brains impregnated using the Golgi- 
Kopsch method. Brains were sectioned at 120 pm, and cerebellar 
development was assessed by categorizing Purkinje cells as fusiform, round, 
stellate, or with dendritic growth and counting the total number of cells at each 
stage. Cocaine-exposed rat pups displayed a significant alteration in 
cerebellar development as compared to controls (x*(3)=140.7, p<0.0001). 
Specifically, cerebella of pups exposed to cocaine displayed significantly 
larger proportions of stellate Purkinje cells than saline-exposed pups. Other 
studies in rat pups show no significant Purkinje cell losses following 
subcutaneous cocaine (Chen et al., 1996). Our data indicate that prenatal IV 
cocaine alters early Purkinje cell development.

(Supported by DA11337, DA09160, DA06204, DA07559 & ES06259).

DRUGS OF ABUSE: AMPHETAMINES—BEHAVIORAL STUDIES

833.1

AMPHETAMINE REINTEGRATES LATERAL HEAD MOVEMENT DURING 
EXCESSIVE FORWARD LOCOMOTION OF NRTP-DAMAGED RATS.
R.M, Chestre* Col. Health Sci. U. Hawaii, Honolulu, HI 96822.

The symptoms of n. reticularis tegmenti pontis (NRTP) damage 
include hyperactive & dissociative components. Rapidly accelerating, 
excessive forward locomotion is driven by the hindlimbs, but can be 
inhibited by light bilateral snout contact. Righting ceases when the head 
is pronated by ventroflexion, & the torso remains supine. Ethanol 
(ETOH), morphine (MOR) & amphetamine (AMPH) do not impair, but 
rather exaggerate, the excessive forward locomotion. ETOH also 
normalizes tonic grasp & vestibular righting of NRTP-damaged rats 
(NRTPs), while MOR reduces rearing to normal levels. NRTPs also show 
much greater tolerance than intact rate to chronically administered ETOH 
or MOR. These findings support die idea that pontine disruption can 
create appetitive consequences for drug abuse via high tolerance, 
reduced impairment &/or motor reintegration. 26 male Long Evans 
hooded rate were video-taped in 10m trials for 5 days in a square open 
field. 14 were given bilateral electrolytic lesions of the NRTP (1mA 
anodal current 20s). After recovery, both groups were injected once per 
day for 5 days with Smg/kg d-AMPH sulfate, i.p. 20m after injection, open 
field trials were repeated. Before AMPH, NRTPs turned at corners using 
unilateral snout contact (the torso followed the head), & rarely entered 
center squares. On AMPH, NRTPs turned the head & torso significantly 
more often without snout contact, & entered significantly more center 
squares. Although ETOH & MOR do not produce their usual effects on 
NRTPs, AMPH does produce its well-documented biphasic effect: 
locomotor hyperactivity followed by stereotypy. This, & the reintegration 
described here, suggests that AMPH possesses more antidissociative 
properties than ETOH or MOR.

833.2

CIRCADIAN ENSUING DRUG ACTIVITY OCCURS IN THE ABSENCE 
OF POST-INJECTION ACTIVITY. N. Pecoraro13, A.E.K. Kosobud2*, G.V. 
Rebec23 and W.D. Timberlake1'3. 1Dept. of Psychology, 2Prog. in Neural 
Science, and 3Center for the Integrative Study of Animal Behavior,
Indiana Univ.; Bloomington, IN 47405.

Previous experiments indicated that drug anticipatory activity (DAA) 
and circadian ensuing drug activity (CEDA) were produced by 
methamphetamine (MA) injections (Kosobud,et. al, 1998, Neurosci. Let. 
250: 99-102; Pecoraro, etal., 1998, Soc. Neurosc. Abs. 24(1), 1186.). 
Further evidence suggested that this activity was influenced by feedback 
stimuli from activity itself. The present experiment tested whether post-
injection activity was necessary for MA-induced circadian activity. Seven 
Sprague Dawley rats were housed continuously in sound-attenuating 
chambers under conditions of constant dim light (LL) and temporally 
distributed food (< 2 g/hr). After free running rhythms were established, 
rats were given MA injections (2mg/kg) once every 24 hr for 36 days. For 
the first 5 hr following the first 20 injections, animals were prevented from 
wheel running and locomotion was minimized by enclosing rats in a small 
cage and locking running wheels. On average, subjects showed 
anticipation of the injection schedule. During the next 16 injection cycles, 
animals were allowed to run in their running wheels following injections. 
Again, increased wheel running activity anticipated the injection schedule. 
These results corroborate our earlier findings that MA injections produce 
DAA and/or CEDA, and suggest that large post-injection bouts of activity 
are not necessary for these effects. This work was supported by grants 
from NIDA (DA11092 and DA02451) and NIMH (37892).

833.3

BEHAVIORAL RESPONSES TO REPEATED AMPHETAMINE 
AND COCAINE ADMINISTRATION IN MICE SELECTED FOR 
DIFFERENTIAL RESPONSE TO PENTOBARBITAL SEDATION 
TIMES. K. Park, K.F.A. Soliman, M.G. Kolta*, and F.K.R. Stino. 
College of Pharmacy, Florida A&M University, Tallahassee, FL 32307

To examine the behavioral responses of repeated administration of 
amphetamine (AMP) or cocaine (COC), male mice from the 19th 
generation of three lines divergently selected for their response to 
pentobarbital sedation [Long Sedation Time (LST), Short Sedation 
Time (SST), and Random Bred Control (RBC)] were used. Mice were 
injected (i.p.) with AMP (5mg/kg), COC (lOmg/kg), or saline twice a 
day for 5 consecutive days. After the first injection, behavioral 
responses were measured every 10 minutes for 1 hour. After a 14-day 
withdrawal period, each animal was reexamined following the 
administration of a challenge dose of AMP (2.5mg/kg), or COC 
(5mg/kg). The results indicated that AMP- or COC-treated groups 
showed higher behavioral responses compared to non-treated control 
groups. In the AMP-treated group, the LST line exhibited significantly 
higher responses in total distance and vertical activity, indicating that 
they developed sensitization. This study suggests that the behavioral 
responses to AMP and COC in these animals might be related to the 
change in their genetic make-up as a result of 19 generations of 
selection. (Supported by NIH grants RR3021 and GM08111)

833.4

NOVEL STIMULI DECREASES AMPHETAMINE SELF-
ADMINISTRATION IN RATS. JE Klebaur* & MT Bardo. Dept. of 
Psychology, Univ. of Kentucky, Lexington, KY 40506-0044.

Previous research has shown that drug self-administration can be 
reduced by enriching the environment with alternative nondrug 
reinforcers. Recent work from our laboratory has shown that rats 
exposed to novel environmental stimuli prior to amphetamine self-
administration took significantly longer to acquire an FR 5/ 20” TO 
schedule of reinforcement based upon a preset criteria. As most 
studies on acquisition do not use a preset criteria, we examined the 
effects of novelty on amphetamine self-administration using a fixed 
pattern of acquisition (3 sessions at each FR value from FR 1 to FR 
5). Using this procedure, there was a significant decrease in infusion 
rate across sessions as the FR value increased. More important, rats 
exposed to novel stimuli prior to self-administration sessions earned 
significantly fewer infusions than control rats not exposed to the novel 
stimuli. Results from these studies suggest that, like other nondrug 
reinforcers, novel stimuli may be effective at reducing drug self-
administration. (Supported by USPHS grant DA05312 to MTB and 
KY RCTF Fellowship to JEK.)
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833.5
SENSITIZATION TO ^-AMPHETAMINE-INDUCED STIMULATION OF 
OPEN-FIELD LOCOMOTOR ACTIVITY IN HABITUATED, BUT NOT 
NAIVE, RATS. V. Hillegaart* and M. Eklund. Department of Physiology & 
Pharmacology, Karolinska Institute, Stockholm, and Department of Zoology, 
Stockholm University, Stockholm, Sweden.

Adult male Wistar rats were daily habituated to an open-field («0.5 m2) for 
7 days (daily session duration 20 min). The animals arrived in the laboratory 
at least 1 week before experiments, and were kept on a reversed 12:12 h day-
light cycle (lights on 18.00) under standard laboratory conditions. Twenty 
minutes before entering the open-field, the animals were given either 
d-amphetamine sulfate (1 mg kg1 s.c.) or saline (2 mL kg1 s.c.). Control ani-
mals were given corresponding injections in the home-cage. On day 8, all ani-
mals were observed in the open-field. Saline pretreated rats were given saline, 
or d-amphetamine, whereas d-amphetamine pretreated animals were given 
d-amphetamine. d-Amphetamine produced a statistically significant increase 
in locomotor activity in habituated animals only, and not in animals naive to 
the open-field. The increase in locomotor activity produced by d-amphetamine 
was more pronounced in animals given repeated injections of d-amphetamine 
in the open-field. Thus, the locomotor activity in these animals was statisti-
cally significantly increased both in comparison with saline treated controls, 
and in comparison with naive animals given d-amphetamine. Thus it appears 
that the effects of d-amphetamine are affected both by previous experience, 
and by previous exposure to d-amphetamine. These results may have implica-
tions for the development of addiction to d-amphetamine.

Supported by the Swedish MRC, Swedish Society for Medicine and “K1fonder

833.6
D-Amphetamine Potentiates Flight In The Rat Defense Test Battery. C.M.
Markham*, O.K. Nishimura, A.K.H. Jun, and R.J. Blanchard. Bekesy Laboratory of 
Neurobiology, University of Hawaii, Honolulu, HI 96822

Amphetamine and related psychomotor stimulant use in humans can result in severe 
anxiety-related psychopathologies. These compounds may exert their anxiolytic 
effects through actions on neurobehavioural systems subserving specific defensive 
behaviors. One of these is flight which has been shown to be selectively and 
appropriately responsive to both panicogenic and panicolytic agents. The Rat Defense 
Test Battery (RDTB) was designed to assess the full spectrum of rat defensive 
behaviors under test situations involving reactions to the approach of an anesthetized 
male conspecific in an oval runway. The effects of d-amphetamine on flight in the 
RDTB was examined in Experiment 1. Male Sprague Dawley rats were given an 
acute i.p. injection of either 0, 1, or 5 mg/kg d-amphetamine sulfate and introduced 
into the RDTB apparatus 20 minutes post-injection. In response to the approach of the 
threat stimulus, amphetamine-treated subjects exhibited a significant enhancement of 
flight as compared to controls. Experiment 2 analyzed the defensive behavior of 
Long-Evans rats in response to a natural predator, a cat, after an acute injection of d- 
amphetamine. Subjects were injected (i.p.) with either 0, 1, or 5mg/kg d- 
amphetamine sulfate and exposed to either a toy cat or a real cat 20 minutes post-
injection in a closed box that restricts flight and promotes freezing. In the presence of 
the cat, saline treated subjects showed high levels of freezing while d-amphetamine 
dose-dependently decreased freezing behavior. The present findings suggest that d- 
amphetamine selectively affects active defense systems. An understanding of these 
defensive systems may be important in understanding mechanisms of substance abuse. 
Supported by NIH RR08125.

833.7

CHANGES IN BEHAVIORAL CONTINGENCIES WITHOUT DISRUPTED 
DRUG EXPOSURE CAN PRODUCE A LOSS OF TOLERANCE TO 
AMPHETAMINE HYPOPHAGIA IN RATS. K.M. HUGHES* AND D.L. 
WOLGIN. Dept. of Psychology, Florida Atlantic Univ., Boca Raton, Fl 33431.

It has been shown that rats given amphetamine prior to milk in bottles learn to 
suppress stereotypy in order to feed. If those tolerant rats are later allowed to 
engage in the criterion response (drinking milk from a bottle) in an unintoxicated 
state, tolerance is lost even if drug exposure remains constant by administering 
drug injections after the task (Wolgin & Hughes 1997). However, it remains 
unclear which factor is the primary determinant of the loss of tolerance, drinking 
milk from a bottle which does not require suppression of stereotypy in the 
unintoxicaled state or simply ingesting milk while undrugged. To clarify this 
distinction, rats were injected with 2.0 mg/kg amphetamine prior to milk tests in 
a bottle which resulted in tolerance to the hypophagic effect, as demonstrated by a 
shift to the right of the dose response curve. For the next 21 days, these bottle-fed 
tolerant rats received injections of amphetamine prior to 30 min exposure to milk 
through intraoral cannulas which allows them to engage in stereotypy and still 
obtain milk. A subsequent dose response test conducted using bottles indicated 
tolerance had been lost, even though drug and milk exposure had remained 
constant. These results indicate that a change in the behavioral contingencies 
produced the loss of tolerance. Bottle-fed tolerant rats learned that the strategies 
previously required to suppress stereotypy were no longer needed when fed through 
a cannula. When the contingency was later reinstated, there was a disruption in 
tolerance. (Supported by NIDA Grant DAO4592)

833.8

THE MODULATORY EFFECT OF ENDOMORPHINE-1 AND -2 ON 
THE INDUCTION AND EXPRESSION OF AMPHETAMINE 
SENSITIZATION L-.C, CbeiA Y.-K-Huang, M.Y.-Lin. ..Hsieh-
Dept. Pharmacology, School of Medicine, Chang-Gung University, Tao- 
Yuan, Taiwan, R.O.C.

Previously, we found that dopamine D? receptor-mediated 
functions desensitized in the amphetamine-sensitized rats. When animals 
were challenged with D2 receptor antagonist, haloperidol (2 mg/kg) at 
withdrawal periods, the expression of Fos, Fra-1, Jun, FosB and JunD 
and the binding activity of AP-I and CRE (EMSA) increased in the 
sensitized rats, notably in the nucleus accumbens shell and core. The 
results indicate that enduring changes occurred in the D2 receptor- 
mediated signaling of the amphetamine-sensitized rats. To investigate if 
endomorphine-1 (EM-1) and endomorphine-2 (EM-2) involve in this 
alteration or participate the development of amphetamine sensitization, 
we first treated the animals with either EM-1 or EM-2 (2 pg x 7 days) in 
the ventral tegmental area (VTA; bilaterally) followed by amphetamine 
challenge. The results shown both intra-VTA EM-2 and EM-1 treatments 
enhanced the locomotor sensitization to 1 mg/kg amphetamine, with EM- 
2 evoked more activity than EM-1. On the other hand, when rats were 
treated chronically with EM-1 or EM-2 (20 pg x 5 days; i.c.v.) after they 
developed amphetamine sensitization, neither treatment has modulatory 
effect on locomotor activation. Overall, the results demonstrated that 
both EM-1 and EM-2 participate the induction, but not the behavioral 
expression, of the amphetamine sensitization. Whether EM-1/EM-2 
would affect dopamine D2 -receptor-mediated signalings are currently 
under investigating, (supported by NSC 88-2314-B-l 82-032, ROC)

833.9

CRF ANTAGONIST REVERSES THE POTENTIATION OF AMPHETAMINE 
REWARD BY FOOD RESTRICTION. S. Cabeza de Vaca* and K.D. Carr. 
Millhauser Laboratories, Dept. of Psychiatry, New York University School of 
Medicine, New York, NY 10016.

Chronic food restriction and maintenance at 80% of initial body weight 
increase the rewarding effect of i.c.v. amphetamine (and other drugs) as 
indexed by the % decrease in threshold for lateral hypothalamic self-
stimulation (LHSS) (J. Neurosci. 18:7502-7510). In the present study, the 
potentiated threshold-lowering effect of amphetamine (50 pg, i.c.v.) was 
challenged with the corticosterone synthesis inhibitor metyrapone (100 mg/kg, 
i.p. 120 min. prior to amphetamine), the opioid antagonist naltrexone (5 
mg/kg, i.p., 20 min. prior), and the CRF antagonist, a-helical CRF (3 pg, i.c.v., 
10 min. prior). When amphetamine was preceded by vehicle injection, the 50 
pg dose decreased LHSS threshold, on average across experiments, by 17.1 
(± 1.2)% and 27.7 (± 0.3)% in ad libitum fed and food-restricted rats, 
respectively. In experiment 1, naltrexone tended to decrease amphetamine 
reward across feeding conditions but neither metyrapone nor naltrexone 
decreased the difference between ad libitum fed and food-restricted rats (13.7 
vs 27.3% and 6.1 vs 21.8%, respectively). In experiment 2, a-helical CRF 
eliminated the difference between groups (20.6 vs 21.2%). In a subsequent 
test, using the same subjects, a-helical CRF selectively reversed the 
augmentation of amphetamine-induced locomotion in food-restricted rats. 
These results suggest that increased CRF secretion, triggered by chronic 
food restriction, mediates the enhanced rewarding and stimulant effect of 
amphetamine.
Supported by DA00292 and T32 DA07254 from NIDA/NIH.
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834.1
EFFECTS OF A PUTATIVE T-TYPE CA+2 CHANNEL BLOCKER 
ON HUMAN ASTROCYTOMA PROLIFERATION
A.S. Panner1, M.J. Petr1, T.C. Origitano2,3, and R.D. Wurster2,3*. 
‘Neurosci. Grad. Prgm. and 2,3Depts of Physiolgyand Neurological Surg., 
Loyola Univ. Med. Ctr.; Maywood, IL 60153.

Proliferation of cultured astrocytoma, neuroblastoma and 
meningioma cells involve Ca+2 mechanisms. Mibefradil has been 
described as putative T-type Ca+2 channel antagonist. The objective 
of this study was to determine the anti-proliferative effects of
mibefradil on cultured U-373MG human astrocytoma. Following 
treatment for 3 days, the proliferation and cytotoxicity was 
determined using the hemocytometry and the trypan blue exclusion 
method, respectively. Mibefradil (lpM, lOpM, 50pM) dissolved in 
dimethyl sulfoxide{DMSO\0.05%) decreased growth by 68%, 18% 
and 11%, respectively (IC50 of about 2 pM) compared of that of the 
DMSO alone. The cytotoxicity of this drug was not significant below 
10 pM.

In conclusion, compared to putative L-type Ca+2 channel 
antagonists such as verapamil, nifedipine, and diltiazem, mibefradil 
exhibited a more potent inhibition on human astrocytoma 
proliferation with an IC50 of mibefradil being some l^O01 to 1/100th 
of the L-type antagonists. Because mibefradil has been shown also to 
block L-type channels, the effects may also involve L-type channels. 
However, these cells express almost no voltage sensitive Ca'2 
channels. This along with other work from this laboratory, suggests 
that these blocking agents work on mechanisms involving the release
of Ca+2 from intracellular stores which are involved in control of
proliferation and the cell cycle.

834.2
INDUCTION OF APOPTOSIS BY 2-CHLORO-ADENOSINE AND 2-CHLORO- 
2‘-DEOXY-ADENOSINE (CLADRIBINE) IN HUMAN ASTROCYTOMA CELLS. 
S, Ceruti1. D. Barbieri2, A. Camurri1. A.M. Giammarioli3, C, Franceschi2, W. 
Malorni3, F, Cattabeni1 and M.P. Abbracchio1*. 11nst. Pharmacol. Sci., Univ. 
Milano, 20133 Italy; 2Dept. Biomed. Sci., Univ. Modena, 41100 Italy and 3lst. 
Sup. Sanita’, Rome 00161 Italy.

The purine derivative 2-chloro-2'-deoxy-adenosine (Cladribine; 2-CdA) 
has been already employed for several years as a chemotherapic agent in the 
treatment of certain chronic lymphoid malignancies; however, its mechanism of 
action is poorly understood. In our laboratory, we have previously 
demonstrated that a cladribine-related adenosine analog, 2-chloro-adenosine 
(2-CA) induces apoptosis of rat astrocytes (Abbracchio M.P. et al. (1995), 
Biochem. Biophys. Pes. Commun. 213: 908-915; Ceruti S. et al. (1997), J. 
Neurosci. Res. 47: 372-383). Thus, to further characterize the mechanism(s) at 
the basis of 2-CA effect, in view of a possible therapeutic application, and to 
test whether 2-CdA could also modulate astroglial cell survival, we have tested 
these two compounds on an human astrocytoma cell line (ADF cells). Both 
derivatives induced apoptosis in a time- and concentration-dependent way, 
being cladribine significantly more potent than 2-CA; moreover, both 
compounds directly acted intracellularly and induction of apoptosis required 
the phosphorylation/activation by specific kinases, i.e. adenosine kinase for 2- 
CA and deoxy-cytidine kinase for 2-CdA. Finally, only in the case of cladribine 
was apoptosis preceeded by a marked increase of the nuclear area, due to a 
specific block of cells at the G2/M phase of the cell cycle. Taken together, 
these data clearly show that the apoptotic effects of cladribine, previously 
demonstrated only on immune cells, can be obtained also in cells of the central 
nervous system and that, in this experimental model, apoptosis is likely 
mediated by an interference with cell cycle progression.

834.3

EXPRESSIONS OF pl6CDKN2A INDUCE DOMINANT SUPPRESSIONS OF 
GLIOBLASTOMA GROWTH IN SITU THROUGH ACUTE NECROSIS. Shu- 
Chuan Weng1, Kuo-Sheng Hung2, Chi-Yuan J, Hong3, Meei-Ru Lin4, Jihiong Lee5,
Samuel H, H. Chan6*. Michael Hsiao1. Dept. of Medical Education and Research, 
Veterans General Hospital-Kaohsiung1, Dept. of Neurosurgery, Chang-Gung 
Memorial Hospital, Kaohsiung2, Dept. of Dentistry, National Taiwan University3, 
Dept. of Medical Technology, Kaohsiung Medical College4, Dept. of Veterinary 
Medicine, National Taiwan University5, Dept. of Biology, National Sun Yat-Sen 
University6

pl6CDKN2A, a specific cyclin-dependent kinase inhibitor (cdk4/cdk6) that 
normally regulates cell cycle progression at the G1 restriction point. It is found 
deleted and/or mutated in 40-70 % of glioblastomas. To investigate if exogenous 
overexpressions of pl6 suppress tumor growth in situ, a high titer retrovirus (PCL) 
encoding full-length human pi 6 cDNA was used to infect RT-2 gliobalstoma. The 
results showed that viral vector has an infection rate of close to 100% at 4 M.O.I.. 
Infected cells in vitro showed a 98% suppression of colony formation and a 60% 
reduction in the growth rate compared to controls. Growth suppression 
mechanisms were found to be senescence induction in RT-2 cells, pi6 gene 
insertions by retroviral infection in situ showed a 95% reduction in tumor volume 
compared to the controls. Tumors were found undergoing massive necrosis in the 
remaining tumors. It is also noteworthy that tumor cells that had not been optimally 
infected (i.e. with an infection rate < 20%) had no compromise of tumor growth 
suggesting the lack of bystander effects by pi6 gene. These results suggested that 
pl6 is effective in inhibiting GBM growth in situ. Senescence induction by pi6, 
even though is a slow process in vitro, can induce acute tumor cytotoxicity through 
necrosis and significant tumor growth retardation in situ. However, the distribution 
of the tumor suppressor genes to the residual tumor in sufficiency, is of paramount 
importance to effective gene therapy of glioblastoma in situ. (Supported by 
VGHKS88-61 grant)

834.4

Gene therapy of intracerebral rat C6 glioma with antisense IGF-1 RNA. P, Pu*. 
J, Lee, O, Huang, Department of Neurosurgery, Tianjin Medical University 
General Hospital, Tianjin, 300052, P.R.China.

Plasmid carrying antisense IGF1 cDNA complementary to the full length of 
IGF1 cDNA was constructed. Fifty Wistar rats were divided into 5 groups: C 
(control) group: C6 cells were injected into the right caudate nucleus of cerebrum; 
K group: C6 cells transfected with antisense IGF1 cDNA (K cells) were injected 
similarly; T group: on day 7 and 10 after implantation of C6 cells, antisense 
IGF1 cDNA-Lipofectamine complex were injected intratumorally for imitation of 
clinical treatment; TC group: the empty vector was injected into the tumor; KC 
group: K cells was injected subcutaneously into right hind leg of the rats, two 
weeks after the regression of the subcutaneous tumor, C6 cells were implanted 
intracerebrally. The survival time, dynamic high resolution MRI, pathological 
exmination following MRI, and IGF1 gene expression of tumors in each group 
of rats were examined. The mean survival time of the rats in C, TC group was 
14.1±1.4 days. However, the rats inK, T and KC group survived up to 80 days. 
None of them died naturally. All of the rats in C, TC, T group developed a 
distinct tumor foci 1 week after implantation and enlarged significantly within 2 
weeks. But the tumors in the rats of T group gradually regressed since treatment 
with antisense IGF1 RNA and disappeared at 8th week. The rats in K and KC 
group developed a tumor much smaller than that of C and TC group aid 
disappeared at 4-8th week. In addition, pathological examination demonstrated 
that there was infiltration of large amount of CD4 and CD8 lymphocytes around 
the tumors of T, K and KC groups but not in control groups. Decrease of IGF1 
expression was shown in tumors of T, K and KC groups. These findings 
concluded that the favorable response of C6 gliomas to antisense IGF1 RNA was 
due to the inhibition of IGF 1 expression as well as the enhancement of the host 
immune response.

834.5

Antisense-mediated Inhibition of the bcl-2 Gene Induces Apoptosis in Human 
Malignant Glioma

T. Julien*, B. Frankel, S. Longo, M. Kyle, E. Shillitoe, and T. Ryken
Molecular Neurosurgery Laboratory, Department of Neurosurgery, SUNY HSC at 
Syracuse, Syracuse, New York

The bcl-2 protooncogene represses a number of cellular apoptotic pathways and is 
known to be expressed in increasing amounts in glial tumors of higher malignancy 
We tested whether antisense oligonucleotides to the bcl-2 gene would affect glioma 
cell viability.
Methods. Antisense oligonucleotides directed to the first six codons of the human 
bcl-2 gene, and nonsense oligonucleotides as a control, were transfected into 
malignant glioma cells. Two human Bcl-2 positive glioblastoma cell lines from our 
tumor bank (Jon 52 and Roc) were both transfected in vitro with bcl-2 antisense (AS) 
and nonsense (NS) oligonucleotides at lpM and 5pM concentrations for 5 and 24 
hours. Cell viability was assessed at 2, 4, 5, and 7 days using an MTT mitogenic 
assay and by cell counting via direct visualization using a hemocytometer.
Results. There was up to a log-fold decrease in cell growth of the bcl-2 AS treated 
cells compared to the NS transfected cells for both Roc (p= 0.007 and p=0.004) and 
Jon52 (p==0.02 and p=0.004) at 5 and 24 hours of transfection. There was as much as 
50% cytotoxicity in both glioblastoma cell lines at 1 pM and 5pM concentrations 
after 24 hour transfection with bcl-2 AS oligonucleotides (all p<0.01). Western blot 
analysis demonstrated a decrease in the expression of the Bcl-2 protein in one cell 
line, while there was a statistically significant increase in the apoptotic index of both 
cell lines (p< 0.05 by chi square analysis)
Conclusions. Our results suggest that transfection of human glioma cells with 
antisense bcl-2 results in an increase in apoptotic death. This provides evidence that 
Bcl-2 plays a role in tumor progression of glioma by acting as an oncogene, and 
suggests that inhibition of the bcl-2 gene could have a therapeutic effect.

834.6

TREATMENT OF INTRACRANIAL MALIGNANT GLIOMAS WITH 2- 
5A ANTISENSE AGAINST HUMAN TELOMERASE RNA. Y. Kondo1,
S. Mukai2, S. Koga1, and S. Kondo3*. Depts. of ’Molecular Genetics, 
2Center for Surgery Research, 3Neurosurgery, The Cleveland Clinic 
Foundation, Cleveland, OH 44195.

Malignant gliomas are the most common malignant human brain tumors 
and are considered incurable. Therefore, exploration of novel modalities of 
treatment is absolutely essential. Telomerase is a ribonucleoprotein complex 
which is detected in the, majority of malignant gliomas, but not in normal 
brain tissues. We, therefore, hypothesized that telomerase inhibition could 
be a very promising approach as the targeted therapy of malignant gliomas. 
Recently, we have synthesized 2-5A-linked antisense against human 
telomerase RNA component (2-5A-anti-hTR) and demonstrated its 
cytotoxic effect on cultured cells and subcutaneous tumors of human 
malignant gliomas. 2-5A (5'-phosphorylated 2'-5'-linked oligoadenylate) is a 
mediator of one pathway of interferon action to activate RNase L, resulting 
in RNA degradation. By linking 2-5A to an antisense, it enables to degrade 
the specific RNA and enhance the potency of the antisense simultaneously. 
In this study, we demonstrate that we succeeded in significantly enhancing 
the effect of 2-5 A-anti-hTR with a cationic liposome on cultured cells and 
subcutaneous tumors of malignant gliomas. Furthermore, treatment of mice 
bearing intracranial malignant gliomas with 2-5 A-anti-hTR was 
therapeutically effective resulting in 80% survival 15 weeks after 
inoculation of tumor cells (P<0.001). These findings clearly suggest that 
targeting telomerase RNA with 2-5 A-anti-hTR may represent an effective 
and novel approach for the treatment of intracranial malignant gliomas.
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834.7

GENERATION OF RECOMBINANT ADENOVIRUS EXPRESSING 
CYTOPLASMIC DOMAIN OF DCC. P, R. Lin. J. Y, H, Chan*, and M.-H, Tai. 
Dept. of Medical Education and Research, Veterans General Hospital-Kaohsiung, 
Kaohsiung, Taiwan 813.

DCC encodes a 1447 amino acids transmembrane glycoprotein with 
homology to neuronal cell adhesion molecule (N-CAM). The role of DCC as 
tumor suppressor gene was speculated because heterozygotes of DCC (+/-) 
knockout mice do not develop tumors at a higher frequency than normal controls. 
However, it was demonstrated DCC or cytoplasmic domain of DCC (DCC/cd) 
can induce apoptosis in the absence of netrin-1, the ligand of DCC. Since DCC 
is missing in some glioblastoma cancers, re-expression of DCC or DCC/cd might 
induce apoptosis, thereby reduce the malignancy. For gene delivery of DCC/cd, 
adenovirus was utilized because adenovirus can infect both dividing and 
quiescent cells. Besides, high titer viral stocks can be generated with relative 
ease for infection and CNS injection. For virus generation, DCC/cd adenovirus 
transfer vector was constructed and co-transfected into 293 cells with pJM17 to 
generate recombinant adenovirus expressing DCC/cd (Ad-DCC/cd). The Ad- 
DCC/cd did infect and transduce DCC/cd in glioblastoma cells as detected by 
PCR and western analysis. In the future, animal models for glioblastoma will be 
established to further analyze effects of DCC/cd expression in vivo.

834.8

THE REGULATION OF GLIOMA GROWTH AND SURVIVAL BY RAC 
AND TRK
Donna Senger*1, Christopher Tudan1’3, Gabriele Molenkamp1, Marie-Christine
Guiot2, W. Jackson Snipes2, and David R. Kaplan1. 1 BTRC and 2 Centre for
Neuronal Survival, MNI, Montreal, Quebec H3A, 2B4. 3 Biochem Pharma, Laval, 
Quebec.

Tumors of glial origin comprise the majority of human brain tumors. However, 
the molecular signals that regulate the survival of these cells have not been well 
characterized. We have used a recombinant adenovirus-based approach to identify 
and perturb the major survival pathways in both primary human glioma cells and 
cell lines derived from human glioma. Expression of dominant-inhibitory (DI) Rac, 
a small GTP-binding protein, induced G1 growth arrest, suppressed the survival, 
and caused apoptosis of four glioma cell lines. DI-Rac also induced the apoptosis 
of primary cells from grade II oligodendroglioma and grade IV glioblastoma, but 
not of normal primary human adult astrocytes or of primary rat neurons. Several 
Rac intracellular targets, including PAK and JNK, were activated in glioma cells 
and suppressed by DI-Rac. These results indicate that Rac regulates a major 
survival pathway in glioma cells, and that agents that suppress Rac activity may be 
useful for the treatment of glioma.

A second protein that we have found will induce the apoptosis of glioma cells is 
the TrkA/NGF receptor. Expression of TrkA via recombinant adenovirus in four 
human glioma cell lines suppressed cell survival. TrkA also induced apoptosis of 
primary cells cultured from grade II oligodrendroglioma and grade IV 
glioblastoma, but not of normal primary human adult astrocytes or of primary rat 
neurons. Kinase-inactive TrkA did not induce apoptosis of glioma cells. Our goal 
is to identify the proteins within glioma cells that transmit TrkA’s apoptotic signals, 
and to use this information to develop novel therapies for the treatment of brain 
tumors. Funded by MRC/PMC and the National Cancer Institute of Canada.

834.9

EXTRACELLULAR MATRIX DISRUPTION AS A STRATEGY FOR 
ENHANCING RECOMBINANT ADENOVIRUS MEDIATED GENE THERAPY 
FOR CNS TUMORS. NJ^rfyama*. .H.Kuriyama, C.M.Julin, M.A.Israel. Preuss 
Laboratory for Molecular Neuro-oncology, Brain Tumor Research Center, Dept. of 
Neurological Surgery, University of California, San Francisco, San Francisco, 
CA94143-0520.

Viral-mediated gene therapy is emerging as an important strategy for the 
treatment of diverse disorders of the CNS, including primary CNS neoplasms. A key 
impediment to the development of effective viral-mediated gene therapy for CNS 
neoplasms is the low level of gene transfer which occurs following the administration 
of recombinant viral vectors. Improving in vivo infection and transduction efficiency 
is an important goal for gene therapy. To facilitate the spread of virus, we have 
investigated the potential of administrating proteases prior to the administration of 
recombinant adenovirus. Various concentrations of a mixture of collagenase/dispase or 
trypsin were inoculated into mouse xenografts of the human glioblastoma mutiforme- 
derived brain tumor cell lines U87, U251 and SF767. Subsequently, a recombinant 
adenovirus encoding the (3-galactosidase gene was administered. Seventy-two hours 
later, we examined the tumor tissue for evidence of virus infection in histological 
sections by immunohistochemistry and in tumor homogenates by a P-galactosidase 
detection assay. Both collagenase/dispase and trypsin enhanced virus infection. 0.1% 
trypsin administration 24 hr prior to treatment lead to an approximately 10-fold 
increase in P-galactosidase expression. While protease treatment enhanced the 
transduction of recombinant virus, there was an identifiable optimal dose for each 
protease, and a single administration was generally more effective that multiple doses. 
Experiments demonstrated that the effectiveness of trypsin treatment was increased by 
the subsequent addition of 1% trypsin inhibitor prior to adenovirus infection. These 
results indicate that protease pretreatment may be a useful strategy to enhance gene 
transduction by recombinant viral vectors used for gene therapy. (Supported in part by 
NIH CA13525 and the Uehara Memorial Foundation.)

834.10

RADIATION-INDUCED TRANSCRIPTION FACTOR ACTIVATION IN THE 
RAT CEREBRAL CORTEX. U. Raju^.X-Gymm, F. Noel*, J, Ritchie, and 
Tofilon. Departments of Experimental Radiation Oncology and Neurosurgery, The 
University of Texas M. D. Anderson Cancer Center, Houston, TX 77030

Injury to normal CNS is a major concern in the use of radiation as a brain tumor 
treatment modality. Alterations in gene expression have been suggested to play a 
role in radiotherapy-induced CNS damage. An upstream event in gene induction 
by radiation as well as other insults is the activation of specific transcription 
factors. We have determined the activity of the injury related transcription factors, 
NFk B, p53, AP-1, and Sp-1. Rats were subjected to whole body irradiation and 
nuclear extracts of cortex were analyzed by electrophoretic mobility shift assay. 
Irradiation induced the DNA binding activity of NFk B, p53, AP-1, and Sp-1 in a 
time-dependent manner with the peak activity ranging from 2-4 h and returning to 
unirradiated level by 24 h. Radiation-induced CNS injury is dose-dependent with 
the LD50 in rats being approximately 30 Gy. To determine the dose dependency 
of the DNA binding activity of the individual transcription factors, we exposed the 
rats to 5, 10, 20 or 30 Gy. Dose dependent increases in DNA binding activity of 
p53, AP-1, and Sp-1 were observed up to 10 Gy. After 20 Gy and 30 Gy of 
radiation significantly less binding activity was detected as compared to 10 Gy. 
Unlike the other transcription factors, NFk B DNA binding activity increased in a 
dose dependent manner out to at least 30 Gy. These results indicate that ionizing 
radiation induces DNA binding activity of p53, AP-1, and Sp-1 in a dose- 
dependent manner at sub-lethal radiation exposure, whereas NFk B activity 
continues to increase at lethal doses. These data suggest that p53, AP-1, and Sp-1 
may play a role in tissue repair and recovery process after radiation. Supported by 
National Institutes of Health Grants CA-72156 and CA-16672.

834.11

COMPARISON OF DYNAMIC REFERENCE FRAMES FOR 
IMAGE-GUIDED NEUROSURGERY
D. Taggard, J, Haller*, T. Ryken., M, Vannier 
Division of Neurosurgery and Department of Radiology,
Univ. of Iowa, Iowa City, IA, 52242.

The development of image-guided neurosurgery using optical 
tracking has enhanced the ability of surgeons to localize intracranial 
targets with minimally invasive techniques. Optical tracking technology 
permits the real-time, dynamically referenced localization of patient 
anatomy and surgical instrumentation. A limitation of this technique has 
been the requirement for cranial fixation with a pinned headholder. This 
limits the surgeons ability to manipulate the patient during the procedure. 
We compared the registration accuracy of two dynamic referencing 
techniques: one requiring cranial fixation and one allowing the patient to 
be manipulated during the surgical procedure by fixing the dynamic 
reference frame (DRF) directly to the skull near the surgical site in a 
model system. The registration accuracy of the two systems was 1.1 mm 
and 1.2 mm, respectively. Five target points were localized in triplicate 
fashion with each system with an overall accuracy of 1.58 (range 0.9-2.4) 
mm versus 1.80 (range 0.3 -2.3) versus. There was no significant loss of 
accuracy in using the smaller and more flexible DRF. The use of this 
technique will enhance the ability of surgeons using image-guidance by 
allowing significant alteration in operative position while avoiding cranial 
fixation. Supported by the NIH-NINDS grant R01 NS35368-03.
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835.1
REGULATION OF TUMOR CELL GROWTH BY THE SONIC 
HEDGEHOG SIGNALING PATHWAY. H. Dudek*. B, Ji, R. Ranciato, J, 
Reilly. J. Jackson. L.L. Rubin. Ontogeny Inc., 45 Moulton Street, Cambridge, 
MA 02138.

The vertebrate Hedgehog proteins (Sonic, Indian, and Desert) play critical 
roles in patterning during development. In addition to these roles in normal 
development, inappropriate activation of the Hedgehog (Hh) signal transduction 
pathway has been implicated in tumorigenesis. For example, the ptc-1 protein, 
which inhibits the Hh pathway, is mutated in certain human cancers, such as 
medulloblastoma. Consistent with this, knockout mice that are heterozygous 
for a mutant ptc-1 allele develop medulloblastoma. We are studying the 
mechanisms of Hh pathway-mediated tumorigenesis. First, a role for Hh 
signaling in the generation of medulloblastoma is consistent with the patterns of 
expression of Hh pathway genes in the cerebellum and with the normal functions 
of Shh signaling in the cerebellum. Hh pathway genes are highly expressed in 
the cerebellum during development; in particular, cells of the granule neuron 
lineage strongly express ptc-1. Consistent with this, and with the excess cell 
proliferation observed in medulloblastoma, Shh promotes cell proliferation in 
cultures derived from postnatal cerebellum. Second, in order to determine the 
contribution of the Hh signaling pathway to the growth of medulloblastoma 
tumor cells, we are testing the effects of inhibitors of Hh signaling on tumor cell 
growth. We have grown medulloblastoma tumor cells derived from ptc-1+/- 
mice in primary culture and find that these cells show a high proliferation rate 
and expression of neuronal markers. Using such systems, we find that inhibitors 
of Hh signaling effectively inhibit tumor cell growth. These observations 
suggest that inhibitors of Hh signaling are potential therapeutics for Hh pathway- 
based tumors such as medulloblastomas.
(Supported by Ontogeny, Inc.)

835.2
CHARACTERIZATION OF A BEHAB-CLEAVING ACTIVITY FROM A 
GLIOMA CELL LINE. R.T, Matthews,* S. Gary, G. Kelly, C. Zerillo, and S. 
Hockfield. Section of Neurobiology, Yale Univ.; New Haven CT 06510.

BEHAB (brain-enriched hyaluronan binding)/brevican (B/b) is a brain specific, 
extracellular matrix protein containing a single known cleavage site between Glu400- 
Ser401, which bears remarkable homology to the “aggrecanase” site in aggrecan. 
Interestingly, expression of B/b is dramatically increased in gliomas, notoriously 
invasive tumors, in both rats and humans (Cancer Res. 56:2293). Recently we 
showed that the rat 9L gliosarcoma cell line, which does not express B/b and forms 
non-invasive tumors when grown as intracranial grafts, can form invasive tumors 
when transfected with a 5’ cDNA fragment of B/b but not when transfected with the 
full-length cDNA. In marked contrast, the highly invasive CNS-1 glioma cell line 
expresses high levels of B/b and cleaves the protein, but does not express B/b in vitro 
(J. Neurosci. 18:2370). These results indicated that both synthesis and cleavage of the 
B/b protein may play a role in the invasiveness of gliomas. We now report that 
CNS-1 cells transfected with the full-length cDNA for B/b produce the B/b protein and 
cleave it into the predicted 50 kDa and 90 kDa cleavage products. 9L cells transfected 
with the same cDNA produce the full-length protein, but fail to cleave it. We have 
characterized the activity that cleaves B/b by assaying the ability of CNS-1 cell-derived 
activity to cleave B/b proteoglycan. To assay production of the predicted cleavage 
products, we developed an antibody specific to the neoepitope produced by cleavage of 
B/b protein at the Glu4<K)-Ser4()l cleavage site. The enzyme responsible for B/b 
cleavage is a secreted activity, constitutively expressed by the CNS-1 cells. The 
pattern of inhibition of this activity is consistent with that of a metalloproteinase, but 
not that of a matrix metalloproteinase. Characteristics of the B/b cleavage protease 
show remarkable similarity to the recently characterized aggrecan cleaving activity (J. 
Biol. Chem. 274:6594), perhaps suggesting that these are the same or similar 
activities. Our system should allow the further characterization and ultimate isolation 
of the cleavage activity. Inhibition of B/b cleavage may provide a novel therapeutic 
strategy for the treatment of glioma. Supported by NIH RO1NS35228.

835.3

DIFFERENTIAL EFFECTS OF BEHAB (BRAIN ENRICHED HYALURONAN 
BINDING)/BREVICAN CLEAVAGE PRODUCTS ON 9L GLIOSARCOMA 
TUMOR GROWTH. C.L, Nutt*, C.A. Zerillo, G.M. Kelly and S. Hockfield. 
Yale University School of Medicine, New Haven, CT 06510.

BEHAB/brevican is a member of the proteoglycan tandem-repeat family of 
proteins. The soluble isoform of BEHAB is secreted into the extracellular space 
and can be cleaved into N-terminal and C-terminal fragments. BEHAB is expressed 
in tumors of glial cell origin and has been suggested to play a role in glioma cell 
invasion. The purpose of this work was to investigate a possible role for BEHAB 
in tumor growth. The 9L gliosarcoma cell line was chosen for these experiments 
because it neither expresses BEHAB nor displays proteolytic cleavage activity 
endogenously. Cells transfected with a vector encoding the N-terminal fragment of 
BEHAB (9L-5‘) grew larger as subcutaneous tumors in Fischer 344 rats than cells 
transfected with either green fluorescent protein (GFP; 9L-GFP) or full-length 
BEHAB (9L-FL). Rats injected intracranially with 9L-5' also displayed larger 
tumors and had significantly shorter survival times than did rats with 9L-GFP 
intracranial tumors. Cells transfected with the C-terminal fragment of BEHAB (9L- 
3') produced significantly smaller tumors than 9L-GFP cells when injected 
subcutaneously. Rats injected intracranially with 9L-3' displayed smaller tumors 
and had a significantly longer survival than rats injected with 9L-GFP. There was 
no significant difference in cell doubling times among these cell lines in vitro. 
These results support a role for BEHAB in glial tumor growth and suggest that the 
N-terminal and C-terminal cleavage fragments of BEHAB may have stimulatory 
and inhibitory effects, respectively. (Supported by NIH RO1NS35228; CLN is a 
Research Fellow of the National Cancer Institute of Canada).

835.4

CLONING OF MIGRATION-SPECIFIC G-PROTEIN COUPLED 
RECEPTORS FROM A HUMAN GLIOMA CELL LINE. 1A. Methner* & 
2F. Leypoldt (SPON: German Neuroscience Society). 1Dept. of 
Neurology, University Hospital Hamburg, Martinistr. 52, D-20251 
Hamburg / Germany; 2Zentrum fur Molekulare Neurobiologie,
Hamburg / Germany.

Human glioma cells from a long-term cell line were selected for their 
ability to migrate on a glioma-derived extracellular matrix. We were 
interested in the cloning of differentially expressed G-protein coupled 
receptors (GPCR) from this cell line. GPCR are integral membrane 
proteins characterized by seven putative transmembrane spanning 
regions and found in all organisms. They are involved in the 
transmission of signals to the interior of the cell through interaction 
with hetero-trimeric G proteins. They respond to a diverse range of 
agents including small peptides, lipid analogues, amino acid 
derivatives and special stimuli such as light, taste and odor. GPCR are 
involved in cell migration, tumor infiltration and adhesion.

We subtracted cDNA from the migration-selected strain from the 
parental cell line using the subtractive suppression PCR method. 
Degenerate Primers based on the conserved transmembrane 
domains of G protein-coupled receptors (GPCR) were subsequently 
used to amplify GPCRs from this pool of differentially expressed 
genes.

The cloned receptors were further characterized by northern blotting 
and in-situ hybridization.

The research was sponsored by the Deutsche 
Forschungsgemeinschaft within the Graduiertenkolleg 255

835.5

IMMUNOHISTOCHEMICAL DETECTION OF NESTIN IN PEDIATRIC BRAIN 
TUMORS FOLLOWING HEAT INDUCED ANTIGEN RETRIEVAL.
P.M, Alma vist1*. R.Mah3. U.Lendahl2 and G.Hendson3. 'Dept. of Clinical 
Neuroscience, Section of Neurosurgery and 2Dept. of Cell and Molecular Biology, 
Karolinska Institute, S-171 76 Stockholm, Sweden. 3Dept. of Pathology, British 
Columbia’s Children’s Hospital, Vancouver, B.C., V6H 3V4 Canada.

Nestin is a recently described intermediate filament protein predominantly 
expressed in neuroepithelial precursor cells of the central nervous system (CNS) during 
embryogenesis (Dev.Brain Res.84:109-129,1995). In the adult CNS, nestin is 
constituently expressed in the ependymal CNS stem cells (Cell, 96:25-34, 1999) and 
induced in glial cells in response to situations of cellular stress (Eur.J.Neurosci.9: 65- 
75, 1997). Nestin has also been detected in malignant brain tumors of glial origin 
(Cancer Res. 52:5334-5341, 1992; Lab.Invest. 66(3): 303-313, 1992)

Formalin fixed, paraffin-embedded and fresh frozen tumor tissue from 20 
pediatric patients were processed for microwave antigen retrieval followed by 
immunoperoxidase histochemical staining. Two previously characterized anti-nestin 
antisera, #130 and #4350, were used for the study. These antisera were produced in 
rabbits immunized with bacterially produced fusion proteins containing a C-terminal 
fragment of the rat (#130) and the human (#4350) nestin gene, respectively.

High levels of nestin was found in tumor cells of ependymomas, anaplastic 
astrocytomas and glioblastomas, while PNETs showed a variable expression pattern. 
Pilocytic astrocytomas were also nestin positive, although showing lower expression 
levels. Both nestin antisera tested showed identical staining pattern and nestin 
expression correlated with the distribution of GFAP, vimentin and S-100 in tumor 
cells -Endothelial cells of tumor vessels also expressed nestin and vimentin, while 
negative for S-100 and GFAP.

This reevaluation of nestin expression in primary CNS tumors indicate it to 
be more abundant than previously reported. Nestin levels correlated with the degree of 
malignancy in the glioma group, and pilocytic gliomas were found to express nestin 
despite their benign histology. Nestin may become a useful marker for diagnostic 
histopathology. MFR grants #13X-11570, 17R-12045, 17F-12023.

835.6

Neurofibrosarcoma-Derived Schwann Cells Have Decreased RAS-GAP and 
Elevated cAMP levels, han Dang, 2Simeng Suv. *G.H. DeVries* 'Hines VA 
Hospital, Hines, IL 60141/ Dept of Cell Biology, Neurobiology, and Anatomy. 
Loyola University. Maywood, IL 60153 and *Dept of Radiation Medicine, 
Georgetown University, Washington DC 20007.
Neurofibromatosis Type 1 (NF1) is a human genetic disorder affecting 
approximately 1 in 3000 individuals that manifests with various phenotypic features 
including cafe-au lait spots, and neurofibromas, which are benign peripheral nerve 
sheath tumors primarily made up of Schwann cells. These benign tumors can 
become malignant neurofibrosarcomas. Hyperplasia in NF1 is primarily due to the 
mutated GAP domain of the neurofibromin protein resulting in high levels of 
activated RAS (RASqtp ). The extent to which alterations in non-NF GAP 
contribute to this elevated RASqtp  is not known. We report that two 
neurofibrosarcoma-derived cell lines (T265 and ST88) have a three to four fold 
lower expression of RAS-GAP relative to a rum-malignant Schwannoma cell line 
(STS26T). We have reported other abnormalities in these neurofibrosarcoma cell 
lines include high expression of PDGF receptors (J. Cell Phys. 177:334, 1998). We 
investigated levels of intracellular cAMP in these cell lines, since growth factor 
receptor expression in Schwann cells is regulated by intracellular cAMP. Relative 
to the Schwannoma cell line or neonatal human Schwann cells, intracellular levels 
of cAMP in the neurofibrosarcoma-derived Schwann cells are 6 to 10 fold elevated. 
These low levels of GAP and elevated intracellular cAMP levels support the 
following paradigm: mutations in the GAP domain of neurofibromin as well as 
lowered expression of other GAP proteins lead to elevated levels of activated RAS. 
In turn, the high levels of RASqtp  lead to increased concentrations of intracellular 
cAMP which then increase PDGF receptor expression. In concert, these changes in 
intracellular transduction pathways lead to the Schwann cell hyperplasia 
characteristic of NF1 (Supported by US Army Medical Research and Material 
Command; Contract grant number DAMD17-98-8607).
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835.7

CORRELATION BETWEEN NITRIC OXIDE SYNTHASE (NOS) EXPRESSION 
AND PERITUMORAL EDEMA IN PATIENTS WITH ASTROCYTIC TUMORS.
D.M. Grzybickl** and Y.L. Liu* *School of Health Sciences, 

Duquesne University;*Dept. of Pathology, Allegheny General 
Hospital;Pittsburgh, PA 15282.

Nitric oxide has been strongly implicated as a mediator 
of multiple molecular processes important in both tumor 
initiation and progression. This study focuses on tumor 
angiogenesis, important in progression of human astrocytic 
tumors. Human high grade astrocytomas exhibit vascular 
proliferation and associated increased vascular permeabil-
ity, which contributes to clinically significant peri- 
tumoral edema. Previous studies have described NOS expres-
sion in astrocytomas and implicated a role for NO in angio 
genesis. Here we describe a positive correlation between 
NOS expression and peritumoral edema in patients with 
astrocytic tumors.

Immunohistochemistry for NOS1,2,3 proteins was perform-
ed on tissues from multiple astrocytic tumors of all 
grades (T=61) and semiquantitated on a scale from 0-3+. 
Degree of patient peritumoral edema by pretreatment MRI 
was recorded by retrospective chart review.

Not all patients with high grade tumors had a signifi-
cant amount of peritumoral edema; however, within the group 
of high grade tumors, a statistically significant correla-
tion existed between NOS expression and peritumoral edema.

835.8
GLIOMAS IN RODENT WHISKER BARREL CORTEX: A NEW TUMOR 
MODEL. J.E. WaneboL E.W. Sherburn L P, KimL S.P, Song2. M.R. Chicoinei 
and T.A, Woolsey1 *. Departments of Neurosurgery1 and Chemistry 2, Washington 
University, St. Louis, MO, 63110.

Surgical treatment of gliomas is difficult because they frequently invade 
functional cortex. A tumor model using the rodent whisker barrel cortex was 
developed to examine how gliomas affect cortical function and structure.

DBT (mouse) and C6 (rat) glioma cell lines were grown in culture, labeled with 
the fluorescent marker Dil, then injected into the whisker barrel cortex of adult mice 
and rats. Neurological assessments were made daily and magnetic resonance images 
(MRI) obtained. J. P. Erinjeri performed optical imaging on a subset of mice with 
tumor-involved barrel cortex. Animals were perfused 6-21 days after injection and 
histologic sections made.

Tumors were found in all rats (n=22) and mice (n=24) injected with C6 and DBT 
cell lines, respectively. Dil positive cells were found in all in vivo tumors. Serial 
MRI scans demonstrated tumor location and tumor growth. Histologic evaluation 
demonstrated tumor location and associated disruption of barrel cortex. Whisker 
stimulation evoked optical signals in barrel cortex with and without gliomas.

DBT and C6 glioma cell lines reproducibly generate, malignant glial tumors in 
the whisker barrel cortex. Fluorescent labeling and cytochrome oxidase staining 
permit visualization of tumor growth patterns which disrupt barrel cortex by 
microscopic invasion and by gross tissue deformation. MRI demonstrates the 
anatomic extent of these tumors in live rodents. With this model, further 
characterization of the functional effects of glioma growth within the barrel cortex 
will be possible using optical imaging and functional MRI. Supported by the 
Spastic Paralysis Foundation of the Illinois-Eastern Iowa District of the Kiwanis 
International.

835.9

THE STUDY OF NITRIC OXIDE PRODUCTION IN RAT C6 GLIOMA USING AN 
IN VIVO BRAIN MICRODIALYSIS TECHNIQUE. T, Oyoshk?*, M, Nomotoi, H. 
Hiranog, J, Kuratsu?, and T, Fukudai, Dept. of 1 Pharmacol, and 2Neurosurg.( 
Fac. of Med., Kagoshima Univ., Kagoshima 890-8520, Japan.
The nitric oxide synthase (NOS) is expressed in tumor cells, endothelial cells 

and macrophages of human brain tumors. However, it remains uncertain that 
the production of nitric oxide (NO) in brain tumors. We examined NO 
production in C6 glioma cells by mesauring concentration of nitrite (NO2") and 
nitrate (NO3') in the dialysate of the brain tumor in conscious and free moving 
rats, using an in vivo brain microdialysis technique. Immunohistochemical 
staining was also performed for the inducible NOS (iNOS) in the brain tumor. 
The rats of brain tumor group, which were implanted C6 glioma cells in the 
striatum by a stereotactic appparatus, were studied 10 days after the tumor 
implantation. The concentrations of NO2" in brain tumor group (0.48 ± 0.05 pM) 
were significant higher than those in vehicle group (0.21 ± 0.02 pM, unpaired 
ttest, p<0.01). The concentrations of NO3’ in brain tumor group (3.96 ± 0.33 
pM) were not significantly different from those in vehicle group (3.08 ± 0.31 
pM). The concentrations of both NO2* and NO3' were decreased by the 
intraperitoneal injection of NQ-nitro-L-arginine methyl ester (L-NAME), a non- 
selective inhibitor of NOS, in both the tumor and the vehicle group. A lot of 
iNOS-positive cells were shown within the implanted tumor and the 
suppression of NO production was also confirmed by the intraperitoneal 
injection of 2-amino-5,6-dihydro-6-methyl-4H-1,3-thiazine (AMT), a selective 
inhibitor of iNOS. The present results suggest that NO production is higher in 
the tumor group than the vehicle group and that iNOS expressed in the 
implanted tumor causes the higher NO production. The increased NO 
production might contribute to support the blood circulation in the brain tumor. 
Supported by MESC and SRFJ.

835.10

TGF-a DIFFERENTIALLY REGULATES GFAP, VIMENTIN AND NESTIN 
GENE EXPRESSION IN U-373 MG GLIOBLASTOMA CELLS. 
CORRELATION WITH CELL SHAPE AND MOTILITY. R. Zhou and O. Skalli*. 
Department of Anatomy and Cell Biology, University of Illinois at Chicago, 808 S. 
Wood Street M/C 512, Chicago, IL 60612, USA.

To begin understanding the role of TGF-a expression in some high grade 
astrocytic tumors, we have recently examined TGF-a effect on the expression of 
glial fibrillary acidic protein (GFAP) in U-373 MG glioblastoma cells and found that 
TGF-a causes a dramatic decrease in the protein level of this marker of astrocytic 
differentiation (Sultana et al., Am. J. Pathol. 153:1157-1168, 1998). Here, we have 
determined the molecular mechanisms responsible for this decrease and have also 
examined whether this decrease correlates with altered malignant properties. Our 
results show that, in U-373 MG cells treated with TGF-a for five days in serum-free 
medium, GFAP gene transcription, mRNA level and specific protein synthesis 
decrease by -50%. This suggests that, in U-373 MG glioblastoma cells, TGF-a 
down-regulates GFAP expression at the transcriptional level, resulting in decreased 
GFAP mRNA level and specific protein synthesis. GFAP down-regulation is not the 
result of a general action of TGF-a on the expression of the intermediate filament 
genes expressed in U-373 MG cells, since TGF-a increased nestin gene transcription 
by about 50% but did not change vimentin gene transcription. Since GFAP 
expression is specific of mature astrocytes, TGF-a differential regulation of the 
intermediate filament genes expressed in U-373 MG cells suggests that this growth 
factor leads these cells to progress towards a lesser state of differentiation. We also 
show that this state of lesser differentiation is characterized by a less stellate cell 
shape and by increased cell motility, but not by altered cell proliferation.
This work was supported by National Institute of Health grant NS-35317.

835.11

FAS LIGAND MEDIATED CYTOTOXICITY IN HUMAN MALIGNANT 
GLIAL TUMORS. P.J. Lennarson? B. Frankel,2 T. Julien,2 S. Sahu? T. 
Ryken.1*’Div. of Neurosurgery, University of Iowa College of Medicine, Iowa 
City, IA, 52242; 2Dept. of Neurosurgery, SUNY-HSC, Syracuse, NY.

Previous work in our research group has indicated an increasing expression 
of apoptotic regulatory factors in glial tumors of increasing grade, including 
fas, fas ligand and bcl-2. We have previously demonstrated the ability to 
induce apoptosis using genetic vector delivery of fas coupled with cellular 
delivery of fas ligand using a rat glioma model. This report extends these 
observations using tissue explanted from operative cases. Early passage 
normal brain (1) and glial tumor tissue (anaplastic oligodendroglioma (2), 
oligodendroglioma (1), and glioblastoma (2)) were assayed for cytotoxicity 
using conditioned media from a unique genetically engineered mouse 3T3 
fibroblast cell line secreting high levels of fas ligand. The non-fas expressing 
36B10 rat glioma line and the fas expressing human Jurkatt lymphoma cell 
line were used as controls. Using increasing concentrations of conditioned 
media the target cells were incubated for 24 hours and the fraction of 
cytotoxicity was determined. Normal brain tissue and fas negative 36B10 rat 
glioma showed no significant toxicity to 24 hour exposure of conditioned 
media up to 100% concentration. The fas expressing Jurkatt cell line and all of 
the higher grade tumors exhibited significant dose-related cytotoxicity in 20 to 
100% conditioned media. This data provides a basis for examining the 
implantation of these fas ligand producing cells into glial tumors in an animal 
model.

835.12
FAS UPREGULATION RESULTS IN INCREASED SURVIVAL OF 
RATS WITH INTRACRANIAL MALIGNANT GLIOMA. B. Frankel1*,
S.L. Longo1, M. Kyle1, G.W. Canute1, and T.C. Ryken2. ’Dept. of 
Neurosurgery, SUNY HSC at Syracuse; Syracuse, NY 13210; 2Division of 
Neurosurgery, Univ. of Iowa; Iowa City, IA 52242.

The interaction of Fas, and Fas ligand (FasL), results in cellular apoptosis 
following induction of the interleukin 115-converting enzyme protease 
cascade. Previous work in gliomas has identified the presence of Fas and in 
many cases the co-expression of Fas and FasL. Theoretically, the expression 
of these molecules should render gliomas highly susceptible to suicidal, 
fratricidal and immune mediated elimination. This does not appear to be the 
case based on their poor overall prognosis and low apoptotic indices. 
Presently, it is thought these tumors may escape Fas-mediated apoptosis 
through the production of protective factors such as Bcl-2 and/or expression 
of inadequate levels of Fas receptor to transduce apoptotic signals 
intracellularly.

In order to study the therapeutic potential of increasing Fas expression 
within gliomas, a plasmid based vector delivery system was developed. A 
36B10 glioma cell line was stably transfected with the gene encoding Fas to 
create 36B10-Fas. In vitro experiments utilizing both anti-Fas antibody and a 
FasL producing fibroblast cell line demonstrated significantly increased 
cytotoxicity at 24 and 48 hours. In vivo experiments using intracranially 
implanted 36B10 and 36B10-Fas tumor cells demonstrated a 60% increased 
survival in the latter group which was significant using logrank analysis. 
These experiments indicate that Fas upregulation may be a potentially 
promising approach for glioma therapy.
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836.1
ABSENCE OF LEVODOPA TOXICITY FOR INJURED MIDBRAIN 
DOPAMINE NEURONS. K..Y. Tseng1, M. Delfino2, J. Ferrario2, A. Douhou3, Y, 
Agid3, M.G. Murer1, R. Raisman-Vozari3*, O.S. Gershanik2. 'Dept. de Fisiologia, 
Facultad de Medicina, UBA, Buenos Aires, Argentina; 2ININFA-CONICET, 
Buenos Aires, Argentina; 3INSERM U289, Hopital Salpetriere, Paris, France.

The introduction of levodopa therapy for Parkinson’s disease (PD) is often 
delayed because of the fear that it might be toxic for injured dopaminergic neurons 
at an early stage of the disease. We have demonstrated recently that a 6-month oral 
levodopa treatment started 3-months after medial forebrain bundle 6-OHDA 
injections is not toxic for remaining dopaminergic neurons (Ann. Neurol., 1998). It 
can be argued that we failed to found toxicity because the cells, which survived to 6- 
OHDA, were less vulnerable to dopamine-related toxins. For the present experiment 
we induced delayed retrograde degeneration of the nigrostriatal system in rats by 
injecting 6-OHDA intrastriatally, and started a 3-week oral levodopa treatment 24 
hours after the injection in order to target the dopaminergic neurons while the 
process of degeneration is active. Measurement of relative optical densities (ROD) 
at striatal level, performed using TH (tyrosine hydroxylase) and DAT (dopamine 
transporter) immunoautoradiography showed no significant differences between 
vehicle-treated and levodopa-treated rats. Expression of ROD as a percentage of the 
non-lesioned hemisphere was, for TH, 66.8 ± 2.8% in vehicle-treated rats and 58.7 ± 
3.8% in levodopa-treated rats, while the corresponding values were 58.0 ± 3.2% and 
54.0 ± 5.6% for DAT. Furthermore, cell counts based on TH-immunohistochemistry 
confirmed that levodopa treatment did not have a significant effect on dopaminergic 
neurons of the SNpc and VTA. In conclusion, our results provide compelling 
evidence that oral levodopa does not enhance 6-OHDA-induced degeneration of 
dopaminergic neurons, and can be considered as a strong argument against the 
hypothesis of levodopa toxicity for remaining dopaminergic neurons in patients with 
PD. Supported by ECOS-SECYT (Argentina). NPF (Miami) and INSERM (France).

836.2

MITOCHONDRIA TAKE UP DOPAMINE: IMPLICATIONS FOR 
DOPAMINE NEUROTOXICITY D Ben-Shachar*, H, Gazawi, R. 
Zuk, E. Klein. Laboratory of Psychobiology, Department of Psychiatry,
B. Rappaport Faculty of Medicine, Technion, Rambam Medical Center, 
Haifa 31096 Israel.

In-vivo and in-vitro exposure of neurons to dopamine may cause 
neuronal death. Dopamine neurtoxicity has been attributed to various 
mechanisms among them direct inhibition of the mitochondrial 
respiratory chain by the dopamine. We have previously shown that 
dopamine inhibited mitochondrial complex I activity with high efficiency 
(IC50=8pM). Inhibition of mitochondrial respiration in-vivo is dependent 
on dopamine ability to cross the selective inner membrane of the 
mitochondria. Indeed, our studies demonstrate that dopamine is taken up 
by intact mitochondria in a saturated manner with apparent 
Km=122. l±28.6nM and Vmax=1.4±0.15 pmol/mg protein/min. 
Assuming a mitochondrial volume of lpl/mg protein, dopamine is 
concentrated 45 times by mitochondria. Dopamine uptake process is 
dependent on membrane potential and the presence of Na+ suggesting a 
Na+ gradient as a source of energy for dopamine uptake. The 
pharmacological profile of mitochondrial dopamine uptake process was 
different from that of DAT or VMAT. In human neuroblstoma SH-SY5Y 
cells exposed to dopamine a high negative correlation (r2=0.92; p=0.012) 
was found between intracellular dopamine and ATP levels. These results 
support the hypothesis of dopamine interaction with mitochondrial 
respiration as a possible mechanism of dopamine neurotoxicity.

836.3

INVOLVEMENT OF NF-k B FACTOR IN THE RESISTANCE OF PC 12 CELLS 
TO 6-HYDROXYDOPAMINE.
D.Blum, S.Torch, M.F.Nissou, A.L.Benabid and J.M.Verna*. INSERMU318, 
Preclinical Neurobiology, CHU Michallon, PavB, BP217, 38043, Grenoble Cedex 9, 
France.

The NF-k B transcription factor has been involved in nigral degeneration occurring 
during Parkison’s disease. In order to give new insights on the functional significance 
of its activation, we studied the role of NF-k B in PC 12 cell death triggered by 6- 
OHDA. Our results showed that 6-OHDA activates NF-k B at concentrations ranging 
from 100 to 250 pM. NF-k B activation was found to be dependent on 6-OHDA- 
induced reactive oxygen species generation since the protective anti-oxydants 
glutathion and N-acetyl-cystein were able to inhibit this activation. When the 
activation of NF-k B was impeded by parthenolide (20-40 pM), a specific inhibitor of 
Ik Bcx  degradation, PC12 cell death was significantly increased upon 6-OHDA 
exposure suggesting an involvement of this transcription factor in a protective 
mechanism against 6-OHDA toxicity. To further assess this hypothesis, we studied the 
involvement of NF-k B in the protective effect of two anti-apoptotic genes, bcl-2 and 
bfl-1. The ectopic expression of Bcl-2 and Bfl-1 proteins in PC12 cells led to a 
significant decrease in the cell death induced by 6-OHDA. In PC12-Bcl-2 and PC12- 
Bfl-1 cells, the constitutive NF-KB-dependent transcription was increased when 
compared to PC12-neo control cells. Like PC 12 cells, 6-OHDA exposure of 
transgene-expressing PC 12 cells induced an increase in NF-k B-DNA binding activity. 
The inhibition of NF-k B activation by parthenolide in PC12-Bcl-2 and PC12-Bfl-l 
cells abolished the protective effects afforded by the transgene expression. These 
results suggest that the transcription factor NF-k B may mediate, at least in part, the 
anti-apoptotic function of death-repressor genes of bcl-2 family.

This work was supported by INSERM, MESR. D.Blum holds a grant from the 
Fondation pour la Recherche Medicale.

836.4

6-HYDROXYDOPAMINE UNEXPECTEDLY KILLS DOPAMINE TERMINALS BUT NOT CELL 
BODIES R, Grant*, and P.B.S Clarke. Dept. of Pharmacology & Therapeutics, McGill 
University, Montreal Quebec, H3G 1Y6, Canada

The neurotoxin 6-hydroxydopamine (6-OHDA) is widely used in order to destroy dopamine 
(DA) and noradrenalin neurons in the brain (over 100 publications per year). However, the 
neurochemical selectivity of 6-OHDA has not been adequately investigated. To this end, we 
infused 6-OHDA into the nucleus accumbens, a mesolimbic DA terminal area, and examined 
the brain for non-DA degenerating neurons after 3, 5 10,14 and >14 days post-lesion. Fluoro- 
Jade was used to detect degenerating neurons. The extent of DA denervation was quantified 
by changes in 125l-RTI-55 binding to plasmalemmal DA transporters. Our results suggest that 
(1) 6-OHDA caused minimal degeneration to non-DA neurons when infused into the nucleus 
accumbens, and (2) despite large losses of DA terminals, DA cell bodies remained intact.

Several previous reports indicate that 6-OHDA infusion into the caudate-putamen results in 
nigrostriatal DA cell body degeneration. To test for a possible difference between mesolimbic 
and nigrostriatal DA pathways, we looked for DA cell body degeneration following 6-OHDA 
infusion into nucleus accumbens vs. caudate-putamen. Fluoro-Jade and loss of tyrosine 
hydroxylase immunoreactivity was used to gauge degeneration and DA loss, respectively. In 
contrast to previous reports, DA cell bodies were virtually spared in both mesolimbic and 
nigrostriatal DA systems. In contrast, Fluoro-Jade provided clear evidence of degeneration in 
rats treated either with kainic acid (10 mg/kg, s.c.), or 6-OHDA infusion directly into the 
substantia nigra pars compacta.

We next investigated several factors that might account for this discrepancy. These factors 
included the use of desipramine in the vehicle, systemic pargyline, and the rate of 6-OHDA 
injection. These factors did not prove critical.

Although our results suggest that 6-OHDA produces minimal damage to non-DA neurons, it 
appears that the toxin can produce a terminal axotomy. We conclude that the effects of this 
widely used neurotoxin should be interpreted with caution.
Supported by NSERC and MRC CANADA

836.5

DOPAMINE RELEASE CONTRIBUTES TO DAMAGE PRODUCED 
BY AN INTRASTRIATAL INFUSION OF MALONATE IN MICE.
L.Y, Mov*, R.G.W. Staal. L, Manzino. and P.K. Sonsalla. Dept. of 
Neurology, UMDNJ-RWJMS, Piscataway, NJ 08854.
Defects in mitochondrial energy metabolism have been implicated in the 

pathology of several neurodegenerative disorders. We have used 
malonate, a reversible inhibitor of succinate dehydrogenase, to model the 
effects of energy impairment on dopamine (DA) and GABA neurons in the 
basal ganglia. We have previously found that inhibition of VMAT2 and 
the depletion of striatal DA stores as well as inhibition of the DA 
transporter provide protection against malonate-induced damage to DA or 
GABA neurons. The pharmacological depletion of striatal DA has also 
been protective in models of ischemia, in which damage has been 
attributed in part to a massive release of striatal DA. These findings imply 
that DA or downstream actions of DA release contribute to the 
neurodegenerative processes. The purpose of the present studies was to 
determine if malonate infusions produce an increase in DA release in the 
striatum. Unilateral striatal microdialysis was used to assess the acute 
repsonse of dopaminergic nerve terminals to the local administration of 
malonate. Perfusion with malonate (2.67M for 15min, lpL/min) in mice 
through the dialysis probe resulted in an approximately 300-fold increase 
in DA efflux from basal levels. These observations, consistent with 
ischemia models, indicate that DA released from the nerve terminals may 
result in neuronal damage. Further studies are currently in progress to 
elucidate if this efflux from the terminals is via release from vesicles or 
reversal of the DA transporter. This work was supported by grants 
AG08479 and DA06236.

836.6

RAPID REDUCTION OF ATP SYNTHESIS AND LACK OF FREE 
RADICAL FORMATION BY MPP+ C, Fonck* and M, Baudrv, 
Neuroscience Program, University of Southern California, Los Angeles, CA 
90089-2520.

1-Methyl l-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP)-induced damage 
of dopaminergic neurons has been proposed as a model to study Parkinson’s 
disease. Previous studies have shown that MPTP is metabolized in the 
brain to MPP+, which is taken into dopaminergic cells via the dopamine 
transporter where it causes mitochondrial dysfunction. We used striatal 
synaptosomes and telencephalic mitochondria to investigate MPP+ 
mechanism of action. Exposure to 400 pM MPP+ for 30 min resulted in a 
50 % decrease in DA uptake by striatal synaptosomes. Two free radical 
scavengers, the salen-manganese complex EUK134 (10, 25 and 100 pM) 
and the free radical spin trap S-PBN (10, 25, 100 pM) did not inhibit MPP+- 
induced decrease in DA uptake. Generation of free radicals by MPP+ 
treatment (100 pM for 10 min) of a mitochondrial fraction was evaluated by 
measuring DCF fluorescence. In addition, light emission by luciferase was 
recorded to determine ATP levels. The classical respiratory poisons 
rotenone (100 pM) and cyanide (FCCP, .5 pM) were used for comparison. 
MPP+ (50 pM and 200 pM), unlike rotenone, did not produce free radicals, 
but rather blocked ATP production (30 % of control levels) in mitochondria, 
as did rotenone and cyanide. Taken together, these results suggest that 
MPP+ toxicity, at least during its initial stages, is primarily due to a decrease 
in ATP synthesis and not to free radical formation.
This research was supported by a grant from Eukarion.
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836.7

DIRECT ACTIONS OF ESTROGEN UPON SECRETAGOGUES 
OF STRIATAL DOPAMINE OUTPUT J. L. McDermott* and D. E. 
Dluzen. Dept of Anatomy, NEOUCOM, Rootstown, OH 44272.

In the present report, estradiol (E - 300 hM) was co-infused 
along with different dopamine (DA) secretagogues into superfused 
corpus striatal tissue fragments of ovariectomized rats. The 
purpose of these manipulations is to assess some of the 
mechanisms by which E can exert direct actions upon DA neurons 
to modulate the output of this amine. A co-infusion of E + 
methamphetamine (METH - 10//M) substantially decreased DA 
output (Mean + SEM in pg/mg/min = 18 + 8, N=3) compared with 
preparations receiving METH alone (40 + 14, N = 4). By contrast, 
a co-infusion of E + potassium chloride (K+- 30 mM) resulted in 
relatively similar amounts of DA output (59 + 7, N = 3) compared 
to K+ alone (66 + 19, N = 4). E + amphetamine (AMPH -10 /zM) 
decreased DA output (145 + 26, N = 6) versus that obtained with 
AMPH alone (209 + 51, N = 6). These data show that E 
substantially reduces DA output evoked by agents which involve 
actions of the DA transporter (METH - 55% and AMPH - 31%, 
decrease) while DA evoked from vesicular stores as achieved with 
K+ was little affected by E (11% decrease). These findings 
suggest that E may primarily modulate DA output through actions 
upon the DA transporter. Support: NIH and Edwin Shaw Hospital 
Foundation.

836.8

COMPARISON OF 17« AND 17)0- ESTRADIOL UPON STRIATAL 
DOPAMINERGIC NEUROTOXICITY PRODUCED BY MPTP. K. A. 
Disshon* and D. E. Dluzen. Dept. of Anatomy, NEOUCOM, 
Rootstown, OH 44272.

Retired breeder C57/BI mice were ovariectomized and remained 
untreated or were treated with timed release pellets containing 17«- 
or 17)0- estradiol («E or /£ - 0.1 mg). At 10 days post-ovariectomy/ 
treatment animals received either MPTP (4 ip injections at 2 h 
intervals using 10 mg/kg) or its vehicle (VEH). At 10 days post- 
MPTP/VEH treatment, striatal dopamine (DA) concentrations were 
determined. DA concentrations (Mean + SEM in ng/mg) in untreated 
ovariectomized control mice were 15.3 + 2.4 (N = 8) and these levels 
were reduced by 34% in mice treated with MPTP (10.1 + 2.4, N = 8). 
A 12% reduction in striatal DA concentrations were obtained in Pc 
mice receiving MPTP (13.4 + 1.2, N = 8). More substantial 23% 
reductions in striatal DA concentrations were observed in «E mice 
receiving MPTP (11.8 + 1.9, N = 6). These results suggest the 
possibility of a graduation in the capacity for E isomers to reduce 
nigrostriatal dopaminergic neurotoxicity in MPTP treated mice. The 
most severe deficits are obtained with ovariectomized-untreated mice 
(34% reduction) followed by «E (23% reduction) and Pc (12% 
reduction) treated mice suggesting that 17/2-E may serve as the most 
effective neuroprotectant of striatal DA function. Support: NIH and 
Edwin Shaw Hospital Foundation.

836.9

ESTROGEN - TAMOXIFEN INTERACTIONS UPON STRIATAL 
DOPAMINERGIC NEUROTOXICITY PRODUCED BY MPTP.
L. I. Anderson, J. L, McDermott and D, E, Dluzen*
Dept. of Anatomy, NEOUCOM, Rootstown, OH 44272 

Retired breeder C57/BI mice were ovariectomized and treated with
timed release pellets of 17)0- estradiol (E - 0.1 mg) and/or tamoxifen 
(TMX - 5.0 mg). At 10 days post-ovariectomy/ treatment, animals 
were treated with either MPTP (4 ip injections at 2 h intervals using 
10 mg/kg) or its vehicle (VEH). At 10 days post-MPTP/VEH 
treatment, striatal dopamine (DA) concentrations were determined. 
Similar DA concentrations were obtained between E treated mice 
receiving MPTP (Mean + SEM in ng/mg = 13.4 + 1.2, N=8) versus 
VEH (14.6 + 2.0, N=8) suggesting that E treatment prevented striatal 
DA depletion by MPTP. Relatively little protection to MPTP was 
obtained with TMX since a 40% reduction in striatal DA was observed 
in TMX + MPTP (9.2 + 1.0, N=7) versus TMX + VEH (15.4 + 2.5, 
N=8). Moreover, TMX appeared to block some of the protectant 
capacity of E as striatal DA concentrations in E/TMX + MPTP (10.2 
+ 1.7, N=8) showed a 23% reduction compared to E/TMX + VEH 
(13.3 + 2.0, N=8). These results suggest that the potential protectant 
capacity of E upon MPTP neurotoxicity of the nigrostriatal 
dopaminergic system is not shared by the mixed E 
antagonist/agonist, TMX, and that TMX may partially block protectant 
functions of E. Support: NIH and Edwin Shaw Hospital Foundation.

836.10

POSSIBLE INVOLVEMENT OF INTERCELLULAR ADHESION 
MOLECULE-1 IN 3-NITROPROPIONIC ACID-INDUCED 
NEUROTOXICITY. B. Seidel*. L. Jiang, and G. Wolf. Institute for Medical 
Neurobiology, Otto-von-Guericke-University of Magdeburg, Leipziger Strasse 
44, D-39120 Magdeburg, Germany.

The mitochondrial toxin 3-nitropropionic (3-NPA) acid, an inhibitor of 
complex II of the mitochondrial respiratory chain, causes neurodegeneration in 
the basal ganglia and neurological symptoms resembling Huntington’s disease 
when applied to primates or rodents. Accordingly, the neuropathological 
effects of 3-NPA have been used as an animal model for this disorder. Both 
secondary excitotoxicity and formation of reactive oxygen radicals have been 
hypothesized as the reason for the neurodegenerative capacity for 3- 
nitropropionic acid. Therefore, the molecular mechanisms involved in 
mitochondrial toxin-induced neurodegeneration are of considerable interest. In 
our model, NEURO-2A (murine neuroblastoma) cells were treated with 3- 
NPA and changes in gene expression were analyzed by means of mRNA 
differential display (DDRT-PCR). We have selected 33 candidate cDNAs 
whose expression appeared to be altered in response to 3-NPA treatment. The 
sequences of these candidates code both for unknown and known cDNAs. The 
differential mRNA expression of the ribosomal proteins S6 and L40, of the 
catalytic beta subunit of protein kinase A and of the intercellular adhesion 
molecule 1CAM-1 could be verified. ICAM-1 is also up-regulated at the 
protein level which points possibly to a new function of this adhesion molecule 
in neuronal cells in the course of neurodegeneration. These results about 
alterations in gene expression may prove useful in elucidating the multiple 
processes implicated in neurodegeneration subsequent to 3-nitropropionic acid 
treatment.

This work was supported by a grant of the Deutsche 
Forschungsgemeinschaft DFG Nr. SE 587/3-1 to B. Seidel.

836.11

EFFECTS OF TAURINE ON THE MODULATION OF THE GLIAL RESPONSE 
ASSOCIATED WITH OXIDATIVE STRESS IN STRIATAL DAMAGE CAUSED 
BY 3-NITROPROPIONIC ACID. S. Rivas-Arancibia1,3*, A.I. Rodriguez1,2 and P.R. 
Sanberg1. 'Dept. of Neurosurgery and the Neuroscience Program, College of 
Medicine, and 2Dept. of Psychology, University of South Florida, Tampa FL 33612 
and 3Dept. of Physiology, School of Medicine, Universidad Nacional Autdnoma de 
Mexico, Mexico D.F. 04510

3-Nitropropionic acid (3-NP), a mitochondrial toxin, produces lipid peroxidation 
of cell membranes due to inhibition of energy metabolism. This mechanism of action 
is similar to that involved in many neurodegenerative disorders. There is evidence 
that taurine, an amino acid with antioxidant and immunoregulatory properties, is 
synthesized by astrocytes in the brain, and that it can participate in the protective 
glial-neuronal interaction. In order to determine the effects of taurine on the immune 
response and oxidative stress that occurs during the neurodegenerative process 
caused by 3-NP, we carried out the following experiment. Male Sprague-Dawley rats 
were treated with either 1) saline, 2) taurine, 3) 3-NP and saline, or 4) 3-NP and 
taurine. Animals were injected daily for 4 days as follows: groups 1 and 2 received 
saline or taurine daily; groups 3 and 4 received 20 mg/kg of 3-NP on the first and 
third days and either 43 mg/kg i.p. of taurine or 0.5 ml of saline i.p. daily. Brains 
were evaluated for glial fibrillary acidic protein (GFAP) plus taurine and 0X42 plus 
superoxide dismutase (SOD) immunoreactivity. The results showed large striatal 
lesions, alterations in the morphology of GFAP reactive astrocytes, and a general 
increase in GFAP, taurine, 0X42, and SOD immunoreactivity in 3-NP treated 
animals. However, in animals given 3-NP and taurine, astrocytes and microglia 
maintained their normal morphology and SOD and taurine immunoreactivity was 
similar to that seen in controls. In conclusion, this study demonstrates that taurine is 
able to block/ameliorate 3-NP-induced neurodegenerative damage.

S36A1
TAURINE PROTECTS AGAINST NEURODEGENERATION AND 
DOPAMINERGIC DAMAGE CAUSED BY 3-NITROPROPIONIC ACID.
A.I. Rodriguez1,2*, S. Rivas-Arancibia',3 and P.R. Sanberg1. 'Dept. of Neurosurgery 
and the Neuroscience Program, College of Medicine, and 2Dept. of Psychology, 
University of South Florida, Tampa FL 33612 and 3Dept. of Physiology, School of 
Medicine, Universidad Nacional Autdnoma de Mexico, Mexico, D.F. 04510

Treatment with the mitochondrial toxin 3-nitropropionic acid (3-NP) has been used 
as an animal model for neurodegenerative disease (e.g. Huntington's Disease), as it 
produces neuropathology and behavioral alterations. Recent studies have 
demonstrated that dopamine (DA) plays an important role in the formation of 3-NP- 
induced striatal lesions. The amino acid taurine modulates the release of DA that 
occurs with and contributes to neurodegenerative damage. The present study sought 
to determine whether taurine is able to protect against dopaminergic damage through 
its modulatory effects on the release of DA during 3-NP treatment, thereby 
ameliorating striatal damage. Male Sprague-Dawley rats were treated with either:
1) saline, 2) taurine, 3) 3-NP and saline, or 4) 3-NP and taurine. Animals were 

injected daily for 4 days as follows: groups 1 and 2 received saline or taurine daily; 
groups 3 and 4 received 20 mg/kg of 3-NP on the first and third days and either 43 
mg/kg i.p. of taurine or 0.5 ml of saline i.p. each day. Brains were evaluated for 
Nissl and tyrosine hydroxylase (TH) immunoreactivity. The results showed large 
striatal lesions and dopaminergic damage, seen as a loss of TH fibers and also a 
general increase in TH immunoreactivity not associated with dopaminergic 
processes, in 3-NP treated animals. However, in animals given 3-NP and taurine, 
these effects were greatly reduced. These results indicate that taurine's 
neuroprotective effects may be partly due to its modulatory effects on dopamine, and 
suggest that taurine may be a useful treatment for neurodegenerative diseases 
involving dopaminergic damage.
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836.13
DOPAMINE TOXICITY FOLLOWING LONG TERM EXPOSURE TO LOW 
DOSES OF 3-NITROPROPIONIC ACID (3-NPA) IN RATS. Z. Binienda*,
J. Johnson, B. Robinson, and S. F. Ali, Div. of Neurotoxicology, Natl. Ctr. 
Tox. Res./FDA, Jefferson, AR 72079.

The plant and mycotoxin, 3-NPA, an irreversible inhibitor of succinate 
dehydrogenase, induces acute encephalopathy and late onset dystonia. 
Dopamine toxicity has been suggested to play a role in 3-NPA-induced brain 
damage. In order to simulate natural conditions of toxicant intake, five 
month old, male Sprague-Dawley rats were exposed to 3-NPA at 10 and 20 
mg in 40 ml of drinking water per rat, once a week for 24 hours.
3-NPA intake decreased from 12.19 ± 1.5 and 17.23 ± 2.9 mg/kg during 
the first month to 6.65 ± 0.8 and 10.21 ± 2.04 mg/kg (mean ± SEM) 
during the second month of treatment. Dopamine (DA), serotonin (5-HT) 
and their metabolites were determined in frontal cortex (FC), caudate 
nucleus (CN), and hippocampus (HIP) by HPLC/EC. After one month of 
treatment, DA and dihydroxyphenyl acetic acid (DOPAC) concentrations 
significantly increased in the CN and FC. Similar, but more pronounced, 
changes were observed after two months of treatment. These data suggest 
activation of the dopaminergic system after long term, intermittent exposure 
to 3-NPA. Production of reactive oxygen species that is associated with 
DA metabolism may contribute to the mechanism of 3-NPA-induced 
neurotoxicity.
Supported by FDA/NCTR protocol #7010.01.

836.14
EFFECT OF L-CARNITINE PRETREATMENT IN
3-NITROPROPIONIC ACID (3-NPA) INDUCED INHIBITION 
OF RAT BRAIN SUCCINATE DEHYDROGENASE (SDH).
N. Sadovova, C. Simmons, R.L. Rountree, C.S.
Kim*, A.C. Scallet, S.F. Ali, and Z. Binienda.
FDA/NCTR, Jefferson, AR 72079 and Washington, DC 
20204.

3-NPA, an irreversible inhibitor of SDH, 
induces acute encephalopathy and late onset 
dystonia. It has been shown in vitro that L- 
carnitine diminishes toxic effects of 3-NPA. In 
the present study, three month old male Sprague- 
Dawley rats were injected s.c. with 3-NPA alone 
(30 mg/kg) or 3-NPA and either 50 or 100 mg/kg of 
L-carnitine i.p. 30 min prior to 3-NPA. SDH 
activity was measured spectrophotometrically 90 
min after 3-NPA injection in the caudate nucleus 
(CN) , frontal cortex (FC), and hippocampus (HIP) . 
In FC, 3-NPA alone inhibited SDH activity to 11% 
of control values. Pretreatment with L-carnitine 
(100 mg/kg) 30 min prior to 3-NPA dosing, 
attenuated SDH inhibition in FC to 32% of control 
values. These data suggested that L-carnitine 
pretreatment partially blocked 3-NPA-induced 
inhibition of mitochondrial function.
Supported by FDA/NCTR.

836.15

FEMALE SEXUAL HORMONES MAY DISTINCTIVELY MODULATE 
STRIATAL DOPAMINE AND SEROTONIN DEPLETIONS INDUCED 
BY METHAMPHETAMINE IN MICE. L. Yul\ P.-C, Liao2. 'Inst, of 
Behavioral Medicine, 2Dept. of Environmental and Occupational Health, 
National Cheng Kung Univ. Medical College, Tainan, TW 70101.

A comparable extent of methamphetamine-induced dopamine and 
serotonin depletions in the striatum has been demonstrated in intact and 
ovariectomized mice. However, striatal dopamine may be modulated by 
estrogen across the estrus cycle in intact female mice. This study was 
designed to examine the modulating effects of female hormones on the 
methamphetamine-induced neurotoxicity. Five groups of ovariectomized 
mice received (s.c.) 3 days of oil (O), high titers of 13-estradiol benzoate (H- 
EB), physiological levels of estradiol benzoate (EB), progesterone (P), and 
high levels of estradiol benzoate and progesterone (EB+P), respectively. All 
mice were administered four consecutive doses of methamphetamine (10 
mg/kg, s.c.), separated by 2 hours, following the third treatment of hormones. 
Oil-treated group exhibited the lowest dopamine, DOPAC, and HVA levels in 
the striatum among all groups. Both H-EB and EB+P groups demonstrated 
2.2 times greater dopamine and DOPAC levels compared to oil-treated 
group. In addition, both H-EB and EB+P groups exhibited 1.4 times greater 
HVA levels compared to the O group. In contrast, P group demonstrated the 
highest 5-HT and 5-HIAA levels with comparable 5-HT and 5-HIAA levels 
observed in the remaining 4 groups. In conclusion, estrogen specifically 
protect the dopaminergic terminals from the toxicity of methamphetamine, 
whereas progesterone is prone to modulate serotonergic function in response 
to methamphetamine treatment.
Supported by the National Science Council of Taiwan 
grant number NSC88-2413H006004

836.16

EFFECT OF METHAMPHETAMINE (METH) AND [D-ALA2,D-
LEU5]ENKEPHALIN (DADLE) TREATMENTS ON THE MOLECULAR 
PROPERTIES OF DOPAMINE TRANSPORTER IN CD-I MICE. L.-I. Tsao*, H. 
Havashi, JL. Cadet andT-P, Su. IRP, NIDA/NIH, Baltimore, MD 21224.

As DADLE can prolong the tissue survival in peripheral organs (Bolling et al., 
1998), we recently demonstrated in an autoradiographic study that DADLE blocks 
also the long-term loss of dopamine transporters (DAT) caused by METH (Tsao et 
al., 1998). To further investigate the properties of DAT affected by DADLE and 
METH, we examined in this study: (1) the mRNA levels of DAT, (2) the binding 
characteristics of DAT labeled by [125I]RTI-121 by using the brain homogenate 
binding assay and (3) the functionality of DAT by using [3H]DA uptake assay. 
Male CD-I mice received four injections of METH (10 mg/kg, i.p.) at 2 h 
intervals. DADLE (4 mg/kg, i.p.) was given 30 min before each METH 
administration. Brains were removed at designated time points (post METH) and 
P2 fractions were prepared from striata for binding and functional assays. The 
DAT mRNA level was not affected by METH or DADLE at all time points. The 
Bmax of [125I]RTI-121 binding to DAT was reduced by METH to about 50%, 50% 
and 25% respectively of controls at 30 min, day (d) 1 and d 14. The Kd was not 
affected. DADLE pretreatment completely restored the Bmax of [125I]RTI-121 
binding to the control level at all time points. METH caused an about 70% 
reduction in [3H]DA uptake capacity at 30 min, 1 h, 2.5 h, 5 h, d 1 and d 14. 
Interestingly, DADLE did not block the reduction of DAT functionality caused by 
METH. These results indicate that although DADLE can antagonize the effect of 
METH and restore the DAT to the DA terminals, the functionality of DAT was not 
restored. Our results also suggest that the DA uptake site on DAT is different 
from the RTI-121 binding site and that METH may cause a long-term damage to 
the DA uptake site on the DAT in a yet unknown mechanism that apparently could 
not be blocked by DADLE. [Supported by IRP & DBR, NIDA/NIH]

836.17

EFFECTS OF VIBRISSAE REMOVAL ON METHAMPHETAMINE- 
INDUCED DAMAGE TO NEURONS IN RAT SOMATOSENSORY 
CORTEX. S.J. O’Dell* and J.F. Marshall, Department of Neurobiology and 
Behavior, University of California, Irvine, CA 92697.

Multiple injections of methamphetamine (mAMPH) produce long-lasting 
damage to both terminals of monoaminergic forebrain neurons and cell 
bodies of non-catecholaminergic neurons in rat primary somatosensory cortex 
(Pari). Previous studies have shown that these degenerating cortical neurons 
can be labeled with the fluorochrome dye, Fluoro-Jade (FJ). After multiple 
injections of mAMPH in rats, FJ-labeled neurons can be found, sometimes in 
clusters, in layers III/IV of Pari. Layer IV of Pari is organized into discrete 
functional units called barrels, which receive projections derived from the 
mystacial vibrissae. We have previously shown that mAMPH-induced FJ- 
positive neurons in Pari were located within the whisker barrels, rather than 
in septa between barrels. This pattern of damage suggests that the excitatory 
input from the vibrissae, arising from prolonged whisking induced by 
repeated mAMPH, may play an important role in the injury of Pari neurons.

Here, we investigate the effects of vibrissae removal on mAMPH-induced 
damage to Pari neurons. Rats were briefly anesthetized and vibrissae were 
trimmed from either the left, right, both, or neither side of their snout. The 
next morning, they were injected with either saline (1 ml/kg, sc) or mAMPH 
(4 mg/kg, sc) at 2 hr intervals for a total of 4 injections. Three days later, 
cortical sections were processed for FJ histochemistry. Preliminary results 
suggest that vibrissotomy may produce a hemispheric asymmetry in the 
occurrence of FJ-positive neurons in Pari, with fewer damaged neurons 
contralateral than ipsilateral to whisker removal. These data suggest that the 
prolonged behavioral activity involving the vibrissae may contribute to the 
mAMPH-induced damage to Pari neurons. (Supported by NIDA grants 
DA10249 and DA12204.)

836.18

FUNCTIONAL SENSITIVITY TO TRYPTOPHAN DEPLETION IN 
MDMA TREATED RHESUS MONKEYS. M.A. Taffe*, S. Davis, S. 
Huitron-Resendiz, R. Schroeder, L.H. Parsons, S.J, Henriksen and L.H. Gold.
Department of Neuropharmacology, The Scripps Research Institute, La Jolla, 
CA 92037

Rhesus monkeys (N=3) were exposed to a high-dose, short course regimen 
of 3,4-methylenedioxymethamphetamine (MDMA) (4 days, 10 mg/kg i.m., 
b.i.d.). Following treatment, concentrations of 5-hydroxyindoleacetic acid in 
cerebrospinal fluid (CSF) were reduced by -50% in comparison with both 
pre-treatment and control (N=3) values. Homovanillic acid concentrations in 
CSF were unchanged. We have previously reported (Taffe et al., Soc Neur 
Abs, 1998) that the MDMA regimen temporarily disrupts 
cognitive/behavioral performance and decreases the latency of later 
components of brainstem auditory evoked potentials (BSAEP) for several 
months. No persisting functional alterations were observed nine months after 
MDMA treatment. Monkeys were then administered (i.g.) a tryptophan-free 
mixture of amino acids and evaluated for changes in cognitive/behavioral 
performance as well as sensory evoked potentials. The tryptophan-free 
mixture produced decreased latencies of later components of the BSAEP in 
the MDMA treated animals but not in the control animals, consistent with the 
initial effect of the MDMA regimen. The results reveal a persisting functional 
liability induced by MDMA which is not directly observable in the 
unchallenged animal.
Supported by U.S.P.H.S. grants: MH 19185 and DA 09111.
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836.19

Effects of antisense oligonucleotide alteration of MAO-B gene expression on 
MDMA-induced serotonergic neurotoxicity. J. E. S Prague A T. Worst1, A. 
Kanthasamy2, D. E. Nichols2 and M, D. Kane3 . ‘Dept. of Pharmaceutical and 
Biomedical Sciences, Ohio Northern Univ.; 2Dept. of Medicinal Chemistry and 
Molecular Pharmacology, Purdue Univ.; 3Dept. of Molecular Biology, Parke-Davis 
Pharmaceutical Research, Division of Warner-Lambert.

Previous work from this laboratory has shown that the monoamine oxidase-B 
(MAO-B) inhibitor L-deprenyl attenuates the serotonergic neurotoxicity induced by 
3,4-methylenedioxymethamphetamine (MDMA) suggesting a role for MAO-B in 
MDMA-induced neurotoxicity. However, the pharmacological effects of L- 
deprenyl include not only MAO-B inhibition but also the induction of free-radical 
scavenging proteins. This study examines the role of MAO-B activity during 
MDMA-induced neurotoxicity using antisense oligonucleotides to block MAO-B 
gene expression. Rats were surgically implanted with ICV cannulae and treated 
twice daily for 3.5 days with 100 picomoles of the test oligonucleotides (reverse, 
scrambled, and antisense sequences). The changes in MAO-B gene expression 
were evaluated histochemically and by RT-PCR. The antisense sequence was 
effective at decreasing histochemical staining and mRNA levels in the striatum at 1 
and 12 hours, respectively. No effect on MAO-B was observed using reverse and 
scrambled sequences, nor did antisense treatment alone have any effect on markers 
of serotonergic function. MDMA treatment (40 mg/kg, sc) alone produced 
hyperthermia and resulted in a neurotoxic response indicated by significant 
decreases in serotonin (5-HT) levels and 5-HT reuptake transporter. The 
combination of antisense oligonucleotide with MDMA did not attenuate these 
neurotoxic effects. The results of the present study suggest that there is no 
relationship between MAO-B activity and MDMA-induced serotonergic 
neurotoxicity. The results further indicate that the neuroprotective effects seen with 
L-deprenyl probably result from a mechanism that is independent of MAO-B 
inhibition.

836.20
Molecular Markers of Methamphetamine Neurotoxicity. Aretha*CW. Geddes 

TJ, and Kuhn DM Dept. of Psychiatry Wayne State School of Medicine, Detroit MI 
Methamphetamine can lead to a variety of neurotoxic effects in the brain. While 
the mechanism underlying the neurotoxic effects of methamphetamine has yet to be 
elucidated, the production of free radicals appears to play a role. Because of the 
short halflife of these free radicals in the brain, their role has been difficult to 
assess. However, nitric oxide and superoxide react to form peroxynitrite (ONOO), 
which can lead to post-translational modifications of proteins, such as sulfhydryl (- 
SH) oxidation and tyrosine nitration. These modifications may serve as molecular 
footprints for neurotoxicity. The present studies focus on ONOO’s effect on 
tyrosine hydroxylase (TH), the rate-limiting enzyme in the synthesis of 
catecholamines. In preliminary studies, ONOO inhibited TH activity in a dose- 
dependent manner with an IC5o - 143 uM. This effect was blocked by compounds 
known to interact directly with ONOO. Further, ONOO caused dose-dependent 
tyrosine nitration in TH. Spectophotometric analyses revealed that ONOO caused a 
dose-dependent oxidation of -SH groups in TH, an effect that correlated with the 
inhibition of TH activity in matched samples. Further, compounds that specifically 
oxidize -SH groups without nitrating tyrosine residues, also inhibited TH. In order 
to investigate the relative contribution of tyrosine nitration vs. -SH attack to the 
inhibition of TH activity , the effect of tetranitromethane (TNM) was tested. At pH 
6.0, TNM is capable of oxidizing -SH groups in proteins, and at pH 8.0, TNM has 
the additional effect of nitrating tyrosine residues. TH activity was inhibited at both 
pH 6.0 and 8.0 with no significant difference between the to pH groups. The 
differential ability of TNM to nitrate tyrosine residues at pH 6.0 vs. 8.0 was 
confirmed by western blot analysis. These results indicate that while tyrosine 
nitration may serve as a marker for neurotoxicity, the oxidation of -SH groups may 
be more mechanistically relevant to ONOO-mediated inhibition of TH.

836.21

ATTENUATION OF 1-METHYL-4-PHENYLPYRIDINIUM INDUCED 
NEUROTOXICITY BY EUK-134, A SYNTHETIC SUPEROXIDE 
DISMUTASE AND CATALASE MIMETIC, IN DOPAMINERGIC 
NEURON CULTURES.
K. Pong*1, S. Doctrow2, and M. Baudry1. ‘Neuroscience Program,
University of Southern California, Los Angeles, CA 90089 and 2Eukarion, Inc., 
Bedford, MA 01730.

Oxidative stress is believed to be involved in the selective degeneration 
of dopaminergic (DAergic) neurons in Parkinson’s Disease. The neurotoxin 1- 
methyl-4-phenyIpyridinium (MPP+) has been shown to selectively utilize 
dopamine (DA) transporters to accumulate in DAergic neurons, causing cell 
death. It has been suggested that the mechanism by which MPP+ induces 
neurotoxicity involves the generation of superoxide radicals (O2‘). In this study, 
we evaluated the neuroprotective effects of EUK-134, a synthetic SOD/catalase 
mimetic, against MPP+ induced neurotoxicity in primary cultures of DAergic 
neurons. Treatment of mesencephalic neuronal cultures with 10 uM MPP+ for 1 
hr reduced DA uptake and the number of tyrosine hydroxylase positive (TH+) 
neurons to 56 % and 52 % of control, respectively, when determined 24 hrs 
later. Pretreatment of cultures with 0.5 uM EUK-134 for 48 hrs almost 
completely blocked MPP+ induced neurotoxicity: DA uptake was 94 % and 
number of TH+ neurons was 90 % of control. Furthermore, MPP+ treatment 
decreased neurite length and TH staining intensity while EUK-134 protected 
these morphological parameters. These findings suggest that EUK-134 can 
effectively attenuate MPP+ induced cell death of DAergic neurons in culture. 
(Supported by grants from Eukarion, Inc.)

NEUROTOXICITY: OXIDATIVE STRESS

837.1

OPTICAL IMAGING REVEALS ELEVATED INTRACELLULAR
CHLORIDE IN HIPPOCAMPAL PYRAMIDAL NEURONS FOLLOWING 
OXIDATIVE STRESS. Renu Sah* and Rochelle D. Schwartz-Bloom, Dept. of 
Pharmacology & Cancer Biology, Duke University Medical Center, Durham, NC 
27710.

Dysregulation of free radical metabolism is associated with several neurodegene-
rative conditions, leading to excessive accumulation of reactive oxygen species (ROS) 
in the brain. ROS may further lead to perturbations in ionic homeostasis and neuronal 
transmembrane gradients.We have investigated if changes in intraneuronal Cl", ([Cl']i) 
occurred in CA1 pyramidal neurons and intemeurons on exposure of hippocampal 
slices to H2O2. Slices from juvenile rats (12-19 days old) were loaded with the cell 
permeant form of MEQ, a CT sensitive fluorescent probe, and real-time alterations in 
[CT]i were measured with UV scanning confocal microscopy. 10 minute superfusion 
with 300 pM H2O2 produced a significant (32%) decrease in MEQ fluorescence 
(elevation in [CT]i) in pyramidal cell soma in a concentration dependent and reversible 
manner. Intemeurons in area CA1 stratum radiatum were resistant to H2O2- induced 
changes in [CT]i. Elevation of [CT ]i was accompanied by intracellular accumulation of 
ROS, as assessed by increased (53%) carboxydichlorofluorescein fluorescence. 
Alterations in [CT ]i by H2O2 were prevented by deferoxamine and Trolox. MEQ- 
loaded cells excluded propidium iodide following H2O2 indicating absence of 
nonspecific membrane damage. The GABAA-gated CT channel antagonist, picrotoxin, 
prevented H2O2-induced [CT]i changes. Analysis of superfusates indicated release of 
amino acids (GABA, glutamate) following H2O2. Changes in [CT]i induced by H2O2 
were Ca2+-dependent and Na+-independent, and were blocked by antagonists of 
NMDA and AMPA receptors. Following H2O2, the ability of the GABAa  agonist, 
muscimol, to increase intracellular CT was significantly attenuated (26%). Thus, mild 
oxidative stress mediated by H2O2 may reduce inhibitory neurotransmission further 
potentiating neurodegenerative damage in oxidative-stress related disease and in 
aging. Supported by NIH grant 5T32 AG00029 (RS) & NS 28791 (RDS)

837.2

THREE DISTINCT MECHANISMS OF PROTECTION BY 
FLAVONOIDS FROM OXIDATIVE STRESS IN NEURONAL CELLS. 
S. Tan*, Y. Sagara, and D. Schubert The Salk Institute, La Jolla, CA 
92037

Oxidative stress is an important factor in neuronal death observed in 
neurodegenerative disorders and neurotrauma. Antioxidant treatment, 
therefore, may protect neurons under oxidative stress. In this study, we 
examined the protective efficacy of flavonoids, a family of antioxidants 
found in fruits and vegetables as well as in popular beverages, such as red 
wine and tea, in non-receptor mediated oxidative glutamate toxicity. In 
this system, glutamate induces apoptosis in rat primary cortical neurons 
and the mouse hippocampal cell line HT-22 by blocking cystine uptake, 
resulting sequentially in the depletion of intracellular glutathione (GSH), 
the accumulation of reactive oxygen species (ROS), and the increase in
Ca2+ influx. A number of flavonoids tested protect HT-22 cells and rat 
primary neurons from glutamate toxicity as well as from cystine 
depletion and hypoglycemia. Specifically, quercetin and fisetin protect 
neuronal cells from glutamate by both increasing intracellular GSH and 
reducing levels of ROS accumulation. Other flavonoids such as galangin 
and luteolin act as antioxidants by lowering the levels of ROS. In 
contrast, 3-hydroxy flavone, 3,6-dihydroxyflavone, and 3,7- 
dihydroxyflavone protect cells from glutamate not by affecting levels of 
GSH or ROS but by preventing the Ca2+ influx, even in the presence of 
high levels of ROS in neuronal cells. Therefore, flavonoids protect 
neuronal cells from oxidative stress by at least these three distinct 
mechanisms. Bundy Family Foundation and AAUW (ST); NIH grants to 
1F32NS1OO32(YS); NS09658(DS).
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837.3
PROPOFOL HEMISUCCINATE PROTECTS NEURONAL CELLS FROM 
OXIDATIVE STRESS. Y. Sagara1*, G, Gillenwater2, S. Koh-Reiter3, S. Hendler2, 

D. Carlo3. D. Schubert1, and J. Chang3 ^rhe Salk Institute, La Jolla, CA 92037, 
2Vyrex Corp., La Jolla, CA 92037, and 3Immune Response Corp., Carlsbad, CA 
92008

Oxidative stress contributes to the neuronal death observed in neurodegenerative 
disorders and neurotrauma. Antioxidant treatments for CNS injuries, however, have 
yet to show mitigating effects in clinical trials, possibly due to the impermeability of 
antioxidants through the blood brain barrier (BBB). Propofol (2,5-diisopropylphenol), 
the active ingredient of a commonly used anesthetic, may act as an antioxidant but it 
is insoluble in water. Therefore, we synthesized its water-soluble derivative propofol 
hemisucdnate (PHS) and tested for its protective efficacy in neuronal death caused by 
non-receptor mediated, oxidative glutamate toxicity. Glutamate induces apoptotic 
death in rat cortical neurons and the mouse hippocampal cell line HT-22 by blocking 
cystine uptake and causing the depletion of intracellular glutathione, resulting in the 
accumulation of reactive oxygen species (ROS). PHS has minimal toxicity and 
protects both primary neurons and HT-22 cells from glutamate. The mechanism of 
protection is attributable to the antioxidative property of PHS, because PHS decreases 
intracellular ROS levels during the glutamate toxicity. Furthermore, PHS protects 
HT-22 cells from oxidative injury caused by homocysteic add, buthionine 
sulfoximine, or hydrogen peroxide. For comparison, we also tested tocopherol 
sucdnate (TS) and methylprednisolone succinate (MPS) in the glutamate assay. 
Although TS is more protective against glutamate than PHS, TS is toxic to neuronal 
cells. In contrast, MPS is non-toxic but also non-protective against glutamate. 
Taken together, PHS, a water soluble derivative of propofol, may be an ideal drug 
candidate to treat CNS injuries owing to its antioxidative nature, low toxicity, and the 
permeability through the BBB. NIH grants: 2F32NS10032(YS); NS09658(DS)

837.4

The Neurotoxicity of Arachidonic acid on the Primary Rat Cortical 
Neuronal Cultures Chao-Yu Lin, Yu-Chen Peng, and Geng-Chang Yeh* 
Graduate Institute of Medical Science, Taipei Medical College, Taiwan 
Previous study indicated that high concentration of AA produce overt 
neuronal cell death in culture and this toxic effect could be partly inhibited by 
lipoxygenase inhibitor, suggesting that the metabolites of AA in this pathway 
may be hazardous for neuron. We further explored the mechanism underlying 
the AA- mediated toxicity using primary rat cortical neuronal culture. 
Cortical tissues dissected from Sprague-Dawley rat embryos were enzymatic 
dissociated and cells were plated in 24-well culture plate. On DIV3 or DTV 
12 cells were incubated with AA for 2 hours. LDH in the cultured medium 
were measured 6 or 24 hours after the addition of AA to serve as a 
quantification assay of cell death. AA (10 to 100 uM) produced significant 
cell death with a concentration-dependent manner, as shown by increase in 
LDH level and by observation under light-microscope. The DIV3 cultured 
cells is more sensitive to AA-induced toxicity than that of DIV 12 cultured 
cells. Pre-incubation of 10 uM lipoxygenase inhibitor, nordihydroguaiaretic 
acid (NDGA), partly inhibited the AA-induced toxicity in DIV 3 cells but 
have no effect on DIV12 cells. Pre-incubation with cyclooxygenase inhibitor, 
aspirin, or epioxygenase inhibitor, miconazole, did not have significant effect. 
However, co-incubation aspirin significantly potentiated the inhibitory of 
NDGA on DIV 3 cells but not on DIV12 cells. This study demonstrated an in 
vitro-age dependent sensitivity of cortical neuronal cells to AA-induced 
toxicity and to the inhibitory effect of NDGA and aspirin. We further 
determined whether AA produce neurotoxicity by been metabolized to 
anandamide (ANA), an agonist of cannabinoid receptor. The data will be 
present.

837.5

PREFERENTIAL EXPRESSION OF ANTIOXIDANT RESPONSE 
ELEMENT MEDIATED GENE EXPRESSION IN CORTICAL 
ASTROCYTES. O. Prange*1, J.A.Johnson2, D.A.Johnson2, and
T.H. Murphy1 ‘Kinsmen Lab. Univ. of British Columbia, Vancouver, BC 
2Univ. of Kansas Med Ctr, Kansas City, KS

In nonneuronal cells a well described transcriptionally controlled 
antioxidant response element (ARE) mediated inducible enzyme system 
exists. Antioxidant genes that are induced by this mechanism include 
quinone reductase (QR) and glutathione-S-transferase. ARE’s within a genes 
promoter confer induction by small electrophilic compounds such as tertiary- 
butyl hydroquinone (TBHQ) and dimethyl fumarate (DMF). Recently we 
have shown that activation of this antioxidant enzyme system with these 
inducers leads to protection of neuronal cell lines from H2O2, dopamine, or 
glutathione depletion. Protection against dopamine toxicity was not 
mimicked by overexpression of GST and QR, suggesting that induction of a 
multi-enzyme cascade was involved. Examination of QR expression in rat 
brain has suggested a restriction to astrocyte cell types. We have now 
examined on a more generic level the ability of neurons and astrocytes to 
elicit gene expression mediated by AREs using transfection of ARE promoter 
reporter constructs. Our results using a placental alkaline phosphatase 
reporter indicate that basal ARE mediated gene expression is largely 
restricted to astrocyte cell populations in brain slices and primary cultures. 
We suggest that astrocytic processes that normally aid neurons may be 
controlled via this inducible system. This work is supported by grants from 
the Heart and Stroke Foundation of BC and Yukon

837.6

DIMETHYL FUMARATE (DMF) ACTIVATES THE ANTIOXIDANT RESPONSE 
ELEMENT(ARE) IN IMR-32 HUMAN NEUROBLASTOMA CELLS. D.A. 
Johnson^, T.H. Murphy-Land J.A. Johnson^*. IDept. of Psychiatry, Univ. Of British 
Columbia, 2Dept. Of Pharmacology, Toxicology and Therapeutics, The University of 
Kansas Medical Center, Kansas City, KS 66160

It has been shown that pretreatment of a neuroblastoma cell line with DMF and tert-
butyl hydroquinone (tBHQ) confers resistance to toxicity induced by treatment with 
dopamine and fLCF. This effect was correlated with increased NAD(P)H:oxido- 
reductase(NQOl) and glutathione-S-transferase (GST) activity. However, a stable cell 
line overexpressing NQO1 and GST did not protect against DA toxicity(Duffy et al). 
Within the promoter regions of the NQO1 and GST genes lies an element known as 
the antioxidant response element (ARE). Hence, these data suggest that the activation 
of multiple ARE-driven genes could lead to neuroprotection. Our laboratory has 
previously shown that tBHQ transcriptionally activates a NQO1-ARE reporter 
construct and increases the endogenous NQO1 protein in IMR-32 human 
neuroblastoma cells. Until our recent studies, transcriptional activation of the NQO1- 
ARE by DMF in cells of neuronal origin had not been examined. Thus, IMR-32 cells 
transiently cotransfected with the NQO1-ARE luciferase reporter and CMV- or RS V- B- 
galactosidase reporter were treated with up to 25//M DMF for 24 hours. Cell lysates 
were then assayed for luciferase and B-galactosidase activity. Luciferase/B-galactosidase 
ratios showed activation by DMF approaching 13-fold over control treated cells. Cells 
treated with 10/zM tBHQ activated the NQO1 -ARE reporter 20-fold over control treated 
cells as seen in previous studies. These observations have been verified by western 
blot analysis of the endogenous protein, NQO1. In summary’, two structurally 
unrelated compounds, DMF and tBHQ, shown to be neuroprotective, both activate the 
ARE in human neuroblastoma cells. This further supports our hypothesis that 
increased expression of ARE-driven genes can be neuroprotective. (Supported by 
NIEHS ES08089 and the BWF New Investigator in Toxicological Sciences Award)

837.7

CYANIDE INDUCED APOPTOSIS INVOLVES OXIDATIVE STRESS 
ACTIVATED NF-k B IN CORTICAL NEURON. Y. Shou. P.G. Gunasekar. J.L. 
Borowitz and G.E. Isom*. Dept. of Medicinal Chemistry and Molecular 
Pharmacology, Purdue University, West Lafayette, IN 47907

The central nervous system is one of the main target organs in cyanide toxicity. 
We use primary cultured cortical neuron to study the cellular mechanisms 
underlying cyanide-induced cytotoxicity. After exposure to KCN(100 pM-300 pM) 
for 24 hours, cortical neuron underwent apoptosis as characterized by DNA 
fragmentation and TUNEL staining. Reactive oxygen species (ROS) play an 
important role in cyanide induced neuronal apoptosis; immediately after cyanide 
(100 pM-300 pM) treatment, ROS are generated and continue to be elevated for up 
to 3 hours. NMDA receptor activation and subsequent Ca2+ influx contribute in part 
to cyanide-induced ROS formation, since the selective NMDA receptor antagonist 
MK801 and intracellular Ca2+ chelator- BAPTA can block ROS generation. 
Interestingly, caspases, recently reported to be involved in neuronal apoptosis, play 
a role in the late phase of ROS production after cyanide stimulation. Z-VAD, a 
nonspecific caspase inhibitor, can block the ROS generated 1 hour after cyanide 
treatment, but it has no effect on ROS generated immediately after cyanide 
treatment. Nuclear factor kB (NF-k B), a redox sensitive transcription factor, was 
activated dose-dependently after cyanide treatment. Blockade of ROS by MK801, Z- 
VAD and various antioxidants also blocked the activation of NF-k B. SN50, a 
synthetic peptide which inhibit the nuclear translocation of NF-k B, can block 
cyanide-induced apoptotic cell death. These results indicate that NF-k B play an 
important role in cyanide-induced apoptosis in cortical neurons, and the caspases 
may contribute in part to the activation of NF-k B after cyanide treatment by 
inducing the late phase of ROS generation. (Supported by NIH grant ESO 14140)

837.8

THE ROLE OF OXIDATIVE STRESS IN PYRIDOSTIGMINE 
BROMIDE-INDUCED APOPTOSIS IN CEREBELLAR GRANULE 
CELLS. L. Li, P G Gunasekar*, L. Shi, J.L, Borowitz and G.E. Isom. Department 
of Medicinal Chemistry and Molecular Pharmacology, Purdue University, West 
Lafayette, IN 47907 USA.

Pyridostigmine bromide (PB) is a reversible cholinesterase inhibitor that has 
been used for treatment of myasthenia gravis and for prophylactic protection against 
organophosphate nerve agent during the Gulf War. We have previously shown that 
PB can induce apoptotic cell death in the rat brain. In this study, cultured rat cerebella 
granule cells was used to investigate the role of free radicals in PB-induced apoptosis. 
The level of cytotoxicity was determined after exposure to PB (10-1000 pM) for 24 
hr, a high concentration of PB (over 500 pM) caused a significant cellular effluent of 
LDH and pretreated with the antioxidant N-t-Butyl-a-Phenyl-Nitrone (PBN 250 pM) 
reduced it. Apoptotic cell death, as determined by TUNEL staining, was observed in 
45% of the granule cells after exposure to a lower concentration of PB (250 pM) for 
24 hr. Atropine (10 pM) and PBN (250 pM) blocked PB-induced apoptotic cell 
death. Apoptosis was confirmed by electron microscopy. Ultrastructural changes 
characteristics of apoptosis were observed, including chromatin margination to the 
nuclear membrane, chromatin clumping and cytoplasmic condensation. Extracted 
DNA from PB-treated granule cells had undergone oligonucleosomal fragmentation 
as demonstrated on gel electrophoresis and PBN attenuated the DNA laddering. The 
oxidant-sensitive fluorescence dye DCF-DA was used as a probe to detect PB- 
induced free radical generation in microfluorescence studies. Intracellular oxidant 
generation by PB was blocked by atropine, PBN, superoxide dismutase and catalase. 
These results indicate that PB induces apoptosis in cerebella granule cells grown in 
culture and that atropine and antioxidants significantly reduce the incidence of the 
apoptosis. It was concluded that muscarinic receptor mediated-free radical generation 
is an initiating factor in PB-induced cell death.(Supported by U.S. Army grant DAM 
17-97-71354).
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837.9

ULTRASTRUCTURAL CHANGES IN SOME BRAIN REGIONS OF RATS IN 
AN OXIDATIVE STRESS MODEL INDUCED BY OZONE EXPOSURE

L. Colin-Barcnque2*; MR. Avila-Costa2; J.P. Machado-Salas2; T.I. Fortoul3; C.
Dorado-Martinez1; C. Rugerio2; G. Borgomo1: J. Espinosa-Villanueva2 and S. Rivas-

Arancibia1. ‘Dept. Fisiologia Facultad de Medicina UNAM, 2Dept. Neurociencias 
ENEPI, UNAM. 3Dept. Biol. Celular y Tisular UNAM, Mexico.

Ozone (O3) produces free radicals which can cause cell damage if they are not 
balanced. Due to its high content of lipids, high oxygen consumtion, low catalase 
and superoxide dismutase activity the nervous system is more vulnerable to the 
deteriorating effects of free radicals than other tissues. The purpose of the present 
experiment is to determine whether this oxidative stress model alters the 
ultrastructure of the frontal cortex, striatum and hippocampus of O3 exposed rats. 
Twelve male Wistar rats were used. O3 exposure (n = 6) was held at 1 p.p.m. for 
4 hours in a closed chamber. The control animals (n = 6) were exposed to flowing 
air for the same time. Twenty four hours after ozone and air exposure, the animals 
were perfused and brain fragments were obtained from the frontal cortex, striatum 
and hippocampus CA1 and were conventionally processed for electron 
microscopy. Ultrastructural analysis of the O3 exposed rats showed vacuolation 
of neuronal cytoplasm and dendrites, swollen mitochondrion in the 3 structures 
analized and dark cells, suggesting neuronal degeneration mainly in the 
hippocampus and striatum of the O3 exposed animals. Our results suggest that this 
oxidative stress model produces neuronal degeneration observed in some 
neurodegenerative diseases that have been implicated with oxidative stress state. 

Supported in part by Conacyt 25496-M and DGAPAIN219998.

837.10
ASCORBATE INHIBITS EDEMA IN BRAIN SLICES. E.E. Stewart,
B. Brahma, R.E. Forman, C. Nicholson and M.E. Rice*, Dept. Physiology 
& Neuroscience, NYU School of Medicine, New York, NY 10016. 
Ascorbate is an essential antioxidant in the CNS, localized predominantly 
in neuronal cytosol. Brain cells rapidly lose ascorbate when incubated in 
ascorbate-free media. In brain slice preparations, brain cells also take up 
water and swell. Here we have investigated water gain in coronal slices of 
rat forebrain incubated with and without ascorbate for 1-3 h at 34-35 °C. 
Slices progressively gained water in ascorbate-free media, with a 
significant water increase of 12-13% after 3 h at 34-35 °C, compared to 
the water content of slices after 1 h recovery at 24 °C. Inclusion of 
ascorbate (400 pM) in the medium led to an increase of tissue ascorbate 
content and significantly inhibited water gain. Edema was not inhibited 
by isoascorbate, the non-physiological stereoisomer of ascorbate, nor by 
thiourea. In further mechanistic studies, inclusion of 1.5 mM hydrogen 
peroxide (H2O2), a pro-oxidant, in the medium induced over 15% water 
increase after 3 h at 34-35 °C. Previous histological studies (J. 
Neurochem. 55: 473, 1990; Exp. Neurol. 131:133, 1995) suggested that 
glutamate receptor blockade can prevent edema. In the present paradigm, 
the glutamate antagonists kynurenic acid and AP5 in combination were as 
effective as ascorbate in inhibiting water gain. These data suggest that 
brain slice edema can result from intracellular oxidative stress, including 
that induced by glutamate neurotoxicity. Moreover, this can be prevented 
by ascorbate, which is concentrated in brain cells by active uptake.
Funded by NIH grant NS 34115.

837.11

INVOLVEMENT OF OXIDATIVE STRESS IN THE NEUROTOXICITY 
INDUCED BY TRIMETHYLTIN IN THE RAT
S.K._Suhk_D.S, Kim', LH.HuhLW.K,.Jho.ot.EJ-Shin3. J.H Kinf&id.H.C. Kira.3. 'Korea
Food and Drug Administration, National Institute of Toxicological Research, Seoul 122- 
704, KOREA; 2Dept. of Pharmacy, College of Pharmacy, Chung-Ang University, Seoul 
156-756, KOREA; ’Dept. of Pharmacy, College of Pharmacy and 4Dept. of Physiology, 
College of Medicine. Kangwon National University, Chunchon 200-701, KOREA

Trimethvltin (TMT), an organic compound of tin, is a potent neurotoxicant of a 
mechanism of action yet to be unsolved. According to an in vitro study, the neurotoxic 
effect of TMT is, at least in part, mediated via oxidative stress. However, the involvement 
of oxidative stress in the neurotoxicity induced by TMT in the in vivo has not been clearly 
elucidated yet. In order to investigate whether the oxidative stress is involved in the 
neurotoxicity induced by TMT, we examined various parameters: hydroxyl radical 
formation as measured by hydroxylation of salicylate, lipid peroxidation as measured by 
malondialdehyde (MDA) level, ascorbate and reduced glutathione (GSH)/oxidized 
glutathione (GSSG) from hippocampus, entorhinal cortex, striatum and liver after TMT 
administration in rats. The hydroxylations of salicylate were significantly increased 1 h 
and 4 h post-TMT, which returned to near control level in the 24 h in all tissues. The 
MDA contents were enhanced at 4 h, 24h and 48 h after TMT in the hippocampus, 
entorhinal cortex and liver. Seven days later, however, these increases in MDA were 
recovered near control level. Exceptionally, the MDA value in the striatum was remained 
elevated up to 14 days later. Ascorbate level significantly reduced 1 h, 4 h, 1 day, 2 days, 
7 days, 14 days after TMT in the hippocampus, entorhinal cortex and striatum. By 
contrast, hepatic ascorbate subsided lh, 4h, 14h and 48h post-TMT. Similar to ascorbate, 
the ratio of GSH/GSSG remained reduced 14days post-TMT in the hippocampus, 
entorhinal cortex, and striatum. The hepatic ratio of GSH/GSSG dropped up to 48 h, and, 
returned to control level 7 days later. These results suggest that generation of hydroxyl 
radical and lipid peroxidation product during the early phase post-TMT might perturb 
homeostasis of endogenous ascorbate and glutathione. This impaired homeostasis might 
be a possible etiologic factor against neurotoxicity induced by TMT.

837.12
NEUROPROTECTION BY BN 80933 AGAINST OXIDATIVE STRESS ON 
A MOUSE HIPPOCAMPAL CELL LINE AND HYPOXIA ON PRIMARY 
CORTICAL NEURONAL CULTURES
C. Demerle-Pallardy*, V. Roubert, J.G. Marin, M. Auguet and P.E. Chabrier
Institut Henri Beaufour, 5 avenue du Canada, 91966 Les Ulis, France
BN 80933 that combines antioxidant and specific neuronal nitric oxide synthase 
(NOS) inhibitor properties, affords a potent neuroprotective effect in acute 
neurological diseases (Chabrier et al., Soc Neurosci. Abst, 24, 1234, 1998). Here we 
investigated the neuroprotection of BN 80933 related to its antioxidant properties on 
two in vitro models : (i) oxidative stress in mouse hippocampal HT-22 cells and (ii) 
hypoxia in primary rat cortical cell cultures. Exposure of HT-22 cells to 5 mM 
glutamate or 0,5 mM buthionine sulfoximine (BSO) produces a glutathione 
depletion leading to oxidative stress, and ultimately cell death measured 24 h later 
by MTT assay. BN 80933 was the most potent antioxidant tested on glutamate and 
BSO toxicity (IC5() values of 0.13, 3.2, 34 and 103 pM respectively for BN 80933, 
U-104067, trolox and vitamin E against glutamate toxicity). This relative protective 
action of these compounds correlates (r=0.996) with their potency for inhibiting 
brain membrane lipid peroxidation (IC5o : 0.29, 3.2, 39, 160 pM respectively for BN 
80933, U-104067, trolox and vitamin E). In addition BN 80933 was still active even 
when cell treatment was performed 6 h after induction of oxidative stress. L- 
nitroarginine, a l >US inhibitor was without effect. Exposure of primary rat cortical 
neuronal cells to 5 h hypoxia induced by placing culture plates in a modular 
incubator (95 % N2, 5 % CO2) produced 24 h later morphological cell injury and 
LDH elevation. BN 80933 prevented in a concentration-dependent manner this 
neuronal damage with a EC5() value of 0.1 pM. By contrast, L-nitroarginine was 
ineffective. We demonstrated that in two cellular models in which NO production is 
not implicated, BN 80933 affords a potent neuroprotection by its antioxidant 
properties (supported by Beaufour-IPSEN Group).

837.13

EEFFECTS OF ANTIOXIDANTS ON APOPTOSIS INDUCED BY 
INTERACTIONS BETWEEN REACTIVE OXYGEN SPECIES AND NITRIC 
OXIDE IN PRIMARY CULTURES OF RAT CEREBRAL CORTICAL 
NEURONS AND GLIA. Jiz-Yuh Wang, San-Nan Yang*, and Jia-Yi Wang Dept. 
of Physiology and Graduate Institute of Life Sciences, National Defense Medical 
Center, Taipei; Taiwan, R.O.C.

The production of reactive oxygen species (ROS), including the superoxide 
anion (O2), hydroxyl radical (OH) and hydrogen peroxide (H2O2), and nitric 
oxide (NO) have been suggested to be responsible for several CNS degenerative 
diseases. The interaction between NO and superoxide anion (O2 ) forming toxic 
peroxynitrite (ONOO) has been proposed to play a pathogenic role in neural 
injury. Besides a direct neurotoxicity, neuronal death can be resulted indirectly 
through a detrimental effect on astroglia. In the present study we examined the 
interaction between NO and H2O2 in mediating lysis and apoptosis in primary 
cultures of neurons and mixed glia from rat cerebral cortex.. Our results 
indicated that the NO-releasing compound S-nitroso-N-acetyl-D, L-penicillamine 
(SNAP) and H2O2 by itself elicited cell death in neurons and glia in a 
concentration-dependent manner, as indicated by LDH and MTT assay. In 
addition, apoptosis found in neurons (evidenced by DNA laddering and fluorescent 
nuclear stains) was synergistically induced by sublytic concentrations of SNAP 
plus H2O2. However, the combination of sublytic concentrations of SNAP and 
H2O2 did not cause glial apoptosis and even SNAP could reduce H2O2-mediated 
cell damage in glia. Although TEMPO (the permeable SOD) could efficiently 
protect neurons and glia from H2O2-mediated toxicity, nevertheless it potentiated 
cell injury caused by SNAP in neurons. Pretreatment with melatonin and 17|3- 
estradiol differentially protected neurons and glia against oxidative damage. 
These data suggest that interactions between ROS and NO may play differential 
roles on neuronal and glial apoptosis. (Supported by NSC88-2314-B-016-073)

837.14
SELECTIVE EFFICACY OF ANTIOXIDANTS FOLLOWING DA-INDUCED 
OXIDATIVE STRESS IN GSH-DEPLETED PC12 CELLS. B. Shukitt-Hale*, H, 
Wang, and J. A. Joseph. USDA, HNRC on Aging Tufts Univ., Boston, MA 02111.

Because glutathione (GSH) plays a critical role in intracellular antioxidant 
defense, increases in oxidative stress (OS) vulnerability, similar to those seen in 
aging, can be produced by GSH depletion via buthionine sulfoximine (BSO) 
administration. Administration of the pro-oxidant, dopamine (DA), which rapidly 
oxidizes to form reactive oxygen species, increases the OS particularly when GSH 
levels are compromised. We have previously shown that BSO given prior to DA 
administration (BSO + DA) selectively impaired psychomotor and cognitive 
behavior of young rats; however, neither BSO alone or DA alone had detrimental 
effects on behavior. Therefore, BSO plus DA is a simple and effective method to 
sequentially lower protection, produce OS, and alter behavioral performance in rats, 
similar to that seen in aging. In order to characterize the most effective treatment 
that might antagonize these OS effects, the antioxidant ability of several 
compounds were examined in a cell model:quercetin (flavonoid found in Ginkgo 
Biloba); malvidin (an anthocyanidin, found in blueberries); a-lipoic acid (a dithiol); 
n-acetyl-cysteine (a precursor of GSH synthesis); trolox (a soluble form of vitamin 
E); n-/er/-butyl-a-phenylnitrone (a spin trap); or desferrioxamine. PC 12 cells were 
treated with BSO (5pM) or control for 24 hrs, then treated with one of the 
compounds (50pM) for 1 hr, followed by DA (750 pM) or control for 30 min. GSH 
was reduced by 66% in BSO-treated cells, by 17% in DA-treated cells, and by 81% 
in cells treated with BSO and DA. All compounds tested protected against the GSH 
depletion in DA-treated cells, however, none prevented the loss of GSH in cells 
treated with BSO. Oxidative stress, quantified using the dichlorofluorescein (DCF) 
assay, showed that quercetin had protective effects in all conditions, while the other 
compounds showed somewhat less effect. These preliminary results suggest that 
quercetin may be the most effective compound in reducing the decrements seen with 
BSO+DA in the animal model. (Supported by USDA Intramural)
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837.15
MECHANISMS OF OXIDANT-INDUCED CALCIUM 
DYSREGULATION IN PC12 CELLS H. Wang* and J.A. Joseph. 
Neuroscience Lab., USDA-ARS, Jean Mayer Human Nutrition Research 
Center on Aging at Tufts University, Boston, MA 02111.

The mechanisms of H2O2-induced elevated calcium baselines in PC 12 cells 
were investigated in the present study by using ftira-2-fluorescent image 
analysis. The results showed that the calcium comes from both intracellular 
and extracellular sources. While the major intracellular source was 
mitochondria, only the extracellular calcium influx was responsible for the 
sustained post-H2O2-exposure increases. This calcium influx was partially 
blocked by calcium channel antagonists [verapamil (L-type) or mibefradil 
(non-selective)], and was more effectively blocked by the sodium channel 
antagonist, tetrodotoxin (TTX). Membrane depolarization following H2O2 
exposure, as measured by using a membrane potential sensitive dye, 
DiBac4(3), contributed to the opening of the ion channels. The H2O2-induced 
calcium influx was blocked by TTX even in a sodium-free buffer, indicating 
that calcium directly fluxed through sodium channels. Sodium-calcium 
exchangers (NCX) did not play a role since using a specific reverse mode 
NCX inhibitor, No. 7943, was ineffective in blocking the influx. The H2O2- 
induced calcium influx can be mimicked by using a thiol selective oxidizing 
reagent, 2',2'-dithiodipyridine, and in both situations, the calcium levels were 
completely reversed by a thiol selective reducing reagent, dithiothreitol. Our 
results indicated that mechanisms of oxidant-induced elevated calcium in 
PC 12 cells involved calcium influx through sodium and calcium channels that 
may be directly or indirectly attributed to thiol oxidation. (Supported by 
USDA Intramural)

837.16

THE ROLE OF GLUTATHIONE, SPHINGOMYELIN METABOLITES, AND 
CALCIUM IN THE REGULATION OF PC 12 CELL VULNERABILITY TO 
OXIDATIVE STRESS. N, A. Denisova*, D. Fisher, D. Bielinski, and J. A. Joseph. 
USDA -HNRC on Aging at Tufts University, Boston MA, 02111.

Previously, we showed that exposure of PC 12 cells to low (5 pM) or high (non- 
lethal, 300 pM) H2O2 destabilizes Ca2+ homeostasis and activates a number of 
mechanisms that lead to increases in Ca2+, accompanied by a decreased ability of 
the cell to extrude or sequester Ca2+ after depolarization (recovery). These effects 
were enhanced when the cells were pre-treated with sphingomyelin (SPH) or the 
SPH metabolite, sphingosine-1-phosphate (SPP). Ceramide (Cer), another SPH 
metabolite, did not potentiate Ca2+ “dysregulation” induced by oxidative stress (OS). 
In addition we showed that H2O2 significantly decreased the levels of intracellular 
glutathione (GSH) in PC 12 cells (30% under low and 50% under high OS). The 
purpose of the present experiment was to determine if the differential effects of Cer 
and SPP on Ca2+ “dysregulation” in PC 12 cells were due to differences in their 
ability to alter GSH levels. The results showed that although Cer did not affect GSH 
levels, as compared to control, SPP significantly decreased cellular GSH (p<0.01). 
OS did not potentiate the effect of Cer on GSH levels, whereas OS expressed a 
synergistic effect with SPP. When GSH was repleted [20mM N-acetylcysteine 
(NAC) for 24h] in SPP-treated cells, the effects of H2O2 (5 pM)on Ca2+ recovery 
were attenuated, and cell sensitivity to OS was decreased. Overall, our results 
suggest that the enhanced vulnerability to OS, as reflected through Ca2+ recovery 
in SPP-treated cells, may be the result of decreases in intracellular GSH. 
Preliminary results also suggest that while Cer may have slight effects on the 
production of reactive oxygen species, by far the most critical factor in maintaining 
Ca2‘ regulation under OS conditions may be GSH.
(Supported by USDA intramural)

837.17

AGE RELATED DIFFERENCES IN MITOCHONDRIAL AT OPTICALLY 
MEASURED IN ACUTELY DISSOCIATED HIPPOCAMPAL NEURONS.
L.P.M. Wallach, J.E. Chad and H.V. Wheal, Neuroscience Research Group, 
University of Southampton, U.K. SPON: British Neuroscience Association.

Neuronal insults are thought to cause mitochondrial dysfunction and the 
compromise of Ca2+ homeostasis which, through the progressive failure of cellular 
energy production and opening of the permeability transition pore, may lead 
ultimately to cell death. In this set of experiments we have sought to investigate 
mitochondrial energetics and thereby neuronal health in hippocampal neurons 
acutely isolated from neonatal (5-8 day) and adult (18-21 day) MF1 mice. Neurons 
were dissociated from transverse hippocampal slices by incubation with proteases in 
PIPES buffer (NaCl 120mM; KC1 5mM; MgCl2 ImM; PIPES 20 mM; sucrose 5mM; 
glucose 25mM and pH 7.4 with NaOH) followed by trituration, yielding a mixture of 
single neurons and neuronal clumps. Following loading with 5pM 
tetramethylrhodamine ester (TMRE), cellular fluorescence was imaged with CLSM.

The addition of 1 pM FCCP increased TMRE fluorescence (indicative of decreased 
AT) in both single neurons and neuronal clumps prepared from neonates (increases 
normalised to control frame of 0.66 ±0.05 and 0.44 ±0.16 respectively, mean ± SEM, 
n=4, p=0.24). In neurons prepared from adults, the addition of 1 pM FCCP increased 
fluorescence in neuronal clumps but not in single cells (increase of 1.35 ±0.35 and 
decrease of 0.56 ±0.04 respectively, mean ± SEM, n=4, p<0.01). Therefore, 
mitochondrial AT can be attenuated by FCCP in both single neurons and neuronal 
clumps isolated from neonates, but only in neuronal clumps prepared from adults, 
suggesting that mitochondrial AT may be compromised in single cells isolated from 
the adult mouse hippocampus, although these cells have previously been shown to 
exhibit reversible Ca2+ responses in response to elevated extracellular K+ 
(unpublished observations). Further investigations into the effect of various insults 
on mitochondrial AT are now being undertaken. Funded by the BBSRC.

837.18

ASTROCYTES PROVIDE CYSTEINE AND PYRUVATE TO 
ENHANCE ANTIOXIDATIVE CAPACITIES OF NEURONS IN 
A CONCERTED MECHANISM. X. F. Wang* and M. S. Cynader. 
Brain Research Centre, Univ. of British Columbia, 2550 Willow 
St., Vancouver, BC, Canada V5Z 3N9

Our previous work has demonstrated that astrocytes can indirectly provide 
cysteine to neurons by releasing glutathione, which then reacts with cystine to 
generate cysteine. Cysteine is the rate-limiting synthetic precursor of glutathione, 
which is the major intracellular antioxidant. However, cysteine has been found to be 
neurotoxic in some in vivo reports. We observed that cysteine is neurotoxic to 
cultured neurons at concentrations of 20-200 pM. Addition of catalase to the medium 
completely prevented these neurotoxic effects, suggesting that H2O2 produced during 
cysteine autoxidation is responsible for the neurotoxicity. We explored two possible 
extracellular H2O2-eliminating mechanisms by which the cysteine neurotoxicity can 
be prevented: 1). The enzymatic activities of glutathione peroxidase and catalase were 
assayed in concentrated astrocyte conditioned medium (ACM), and no activities were 
detected. 2). Pyruvate (ImM) was found to prevent the cysteine toxicity. This 
antioxidative effect of pyruvate can be attributed to its ability to react with H2O2. 
Furthermore, pyruvate was detected in ACM. The survival rate of cultured primary 
neurons was substantially improved when cysteine and pyruvate were added to the 
culture medium at the same time.

These results suggest a mechanism underlying the neurosupportive effect of 
astrocytes. The availability of cysteine will influence neuronal glutathione levels and 
therefore their antioxidative capacities. We show that astrocytes indirectly supply 
cysteine to neurons and maintain it at a stable level in the microenvironment of the 
central nervous system. Astrocytes also release pyruvate, which can prevent the 
neurotoxic effect of cysteine.

Supported by MRC and NSERC of Canada.

837.19

CEREBROSPINAL FLUID NEUROTOXICITY AFTER EXPERIMENTALLY 
INDUCED SUBARACHNOID HEMORRHAGE. T. Andersson. G.Prunell. B. Meiier 
andS, Holmin*, Dept. of Clinical Neuroscience, Section of Neurosurgery, Karolinska 
Hospital, S-171 76, Stockholm, Sweden.

Cerebral vasospasm and delayed neurodegeneration are well known complications 
after subarachnoid hemorrhage (SAH). Several potentially neurotoxic substances have 
been found in studies of microdialysate and cerebrospinal fluid (CSF) after SAH but 
the significance of these has not been established. The aim of the present study was to 
investigate the neurotoxic effects of CSF after SAH in an in vitro model using foetal 
rat hippocampal cells in culture, and to evaluate if the toxicity varies over time after 
the initial bleed. Male Sprague-Dawley rats, were injected with 300 pi of whole blood 
or saline into the cisterna magna. CSF was extracted and the rats sacrificed 1, 2, 3, 5, 
7 and 9 days after the injection. The CSF was centrifuged at 1000 G for 5 minutes and 
50 pi of the supernatant was added to Petri dishes containing the hippocampal cells. 
The neurons were counted in two defined areas of each Petri dish and the percentage of 
surviving neurons was calculated one day after inoculation. Addition of CSF, extracted 
from the rats 2, 3, 5 or 7 days after SAH, lead to a significant decrease in nerve cell 
survival in the cultures. The neurodegeneration was most pronounced when applying 
CSF from 3 days after SAH, where only 66% of the neurons survived. Cultures 
inoculated with CSF extracted 1 or 9 days after SAH or with CSF from animals 
injected with saline, revealed no significant cell loss as compared to cultures inoculated 
with Hank's balanced salt solution or untreated control cultures. These results clearly 
demonstrate the potential neurotoxicity of CSF after SAH and that this toxicity has a 
temporal development with a peak 3 days after the bleed. The chemical mediator (or 
mediators) of this neurodegeneration remains to be evaluated. This model of CSF 
neurotoxicity after SAH might be useful to elucidate the complex reactions and events 
that take place after SAH and also for testing of potentially neuroprotective drugs.

837.20

PRE-INCUBATION WITH DIHYDROLIPOATE REDUCES 
HEMOGLOBIN-INDUCED NEUROTOXICITY IN VITRO. M.L. 
Koenig.* J.B. Long, C.M, Sgarlat, and J.L. Meverhoff. Division of 
Neurosciences, Walter Reed Army Inst. Research, Washington, DC 
20307-5100.

Prolonged exposure to hemoglobin (Hb) has been shown to be toxic to 
neurons in culture. One mechanism for this might be the generation of 
reactive oxygen species (ROS) catalyzed by Hb-derived iron. We have 
tested the hypothesis that the endogenous antioxidant dihydrolipoate 
(DHL), a physiological constituent of mitochondrial membranes and a 
cofactor in three different dehydrogenase complexes, is neuroprotective 
in neurons subjected to Hb-induced oxidative stress. Primary cultures of 
neurons derived from the forebrains of E-15 rat fetuses were pre-
incubated with DHL at several different concentrations for 4 h, and were 
then exposed to a concentration of Hb (10 pM) which typically results in 
approximately 50% viability after a 24 h exposure. Neuronal viability at 
the conclusion of each experiment was assessed using the colorimetric 
MTT assay of succinate dehydrogenase activity. Neuroprotection 
increased with increasing concentration of the antioxidant from 41.0 ±
11.7% at a DHL concentration of 0.3 pM to 132 ± 20.7% at 10 pM DHL. 
There was no evidence of neuroprotection in neurons to which DHL was 
co-applied with Hb. Thus pre-incubation with antioxidant appears to be a 
requirement for neuroprotection in this in vitro model. Supported by the 
US Army Medical Research and Materiel Command.
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838.1
CORRELATES OF WORKING MEMORY PERFORMANCE IN ATTENTION 
DEFICIT HYPERACTIVITY DISORDER. J.B. Schweitzer*1, C.F. Zink1, T.D. 
Ely1, S.T. Grafton23, R.B, Hanford1 J.M. Hoffman23, C.P. Kilts1. 1 Depts. of 
Psychiatry, 2Neurology, 3Emory PET Center, Emory Univ., Atlanta, GA 
30322.

A component analysis of working memory and its neural correlates may 
lead to better identification of specific working memory impairments in 
attention deficit hyperactivity disorder (ADHD).This study related measures 
of the Paced Auditory Serial Addition Task (PASAT) to regional cerebral 
blood flow (rCBF) during PASAT performance and to ADHD symptoms. In 
9 normal control men, correct answers were positively correlated with 
rCBF activations in cerebellum (r = .66) and R sup temporal gyrus (r = .61 
Incorrect answers were negatively correlated (r = -.63) with cerebellar 
rCBF, omissions with R sup temporal gyrus (r = -.50) and R medial frontal 
cortex (r = -.53), and suppression errors with R medial frontal cortex rCBF 
(r = -.51). In 12 ADHD men, correct answers were positively correlated 
with R caudate (r = .62) and longest correct string with putamen rCBF 
(r = .54). Omissions were negatively correlated with R caudate rCBF (r = - 
.65). PASAT measures correlated with scores from the ADHD rating scale 
(r>.50). Inattentive ADHD ratings negatively correlated with thalamic 
activations (r = -.51). PASAT performance over repeated trials also 
discriminated ADHD from nonADHD subjects and supports potential for 
path analysis of the evolving PASAT-related anatomical model. These data 
suggest that PASAT performance correlates with ADHD symptoms and 
that ADHD is associated with an altered functional anatomy of working 
memory relative to nonADHD controls and traditional working memory 
models. Supported by NIMH:#MH01053

838.2
COMT: Population and Association Studies of a Functional Polymorphism
SJ Kanes12*, A Sawires \ H Kranzler3, R Malison R 1, LH Price LH4, R Berman1, H
I chi nose8, T Nagatsu5, AM Wantroba2, R Rosenheck12, J Kramer12, D Charney12, J
Gelernter12. ’Psychiatry Department. Yale University; VVest-Haven VA Medical Center; ’Psychiatry
Department, University of Connecticut Health Center; 4Psychiatry Department, Brown University; ’Fujita 
Health University School of Medicine.

There is significant individual and ethnic variation in Catechol-O- 
Methyltranferase (COMT) enzyme activity. A G-to-A transition in exon 4 of the 
COMT gene results in a valine to methionine substitution at codon 108 and the 
production of an /V/alll restriction site. The 108-val allele encodes a high activity 
enzyme, the 108-met allele a low activity enzyme. The current study examined 
COMT’s association with affective disorders, schizophrenia, and cocaine 
dependence.

The frequency of 108-val in European-American (EA), African American (AA), 
Ashkenazi Jewish (AKJ), Japanese (J), Bedouin (B), and Ethiopian (ET) 
populations were (0.5), (0.73), (0.53), (0.69), (0.62), and (0.62) respectively. 
These data are in agreement with previously published data in EA, AA and 
Japanese populations. 108-val frequency in AA and J populations are 
significantly higher from those of EA and AKJ. These allele frequencies 
differences are consistent with observations of COMT activity in similar 
populations.

This polymorphic system is not associated with affective disorders or 
schizophrenia in EA populations. Likewise, COMT is not associated with cocaine 
dependence in either EA and AA subjects. However, AA subjects who did not 
develop paranoia while using cocaine had a lower allele 1 frequency (0.54) than 
either AA controls (0.73) or paranoid cocaine dependent subjects (0.76). A 
similar, but non-significant, trend was detected in EA cocaine abusers. Thus, 
COMT may play a role in modifying cocaine’s effects rather than acting as a risk 
factor for disease. (Supported by VA Medical Research Program, and the VA-Yale 
Alcoholism Research Center, NIMH grants K02-MH01387, NIAAA grants R01-AA11330)

838.3

Decision-making deficits, linked to a dysfunctional orbitofrontal cortex, 
revealed in alcohol and stimulant abusers. A. Bechara*1. S. Dolan2, A. Hindes1. 
S.W. Anderson1, and P, Nathan2. Department of Neurology1 and Psychology2, 
University of Iowa, Iowa City, 1A 52242.
Using a decision-making instrument known as the "gambling task", which has been 
shown to be sensitive to the detection of the decision-making impairment of patients 
with bilateral lesions of the ventromedial prefrontal cortex (VM), we studied a group 
of (n=30) substance abusers. All subjects met the DSM-IV criteria for dependence, 
with either alcohol or stimulants (met-amphetamine or cocaine) as the primary 
substance of abuse. All subjects were tested in a substance-free state, after at least 15 
days of abstinence. Relative to a group of demographically matched control subjects, 
we observed 3 levels of performance in substance abusers. One sub-group (n=ll) 
performed as good as normal controls. Another sub-group (n=9) was borderline. A 
third sub-group (n=10) was severely impaired. Differences in age, sex, level of 
education, intelligence (IQ), or the type of abused substance could not explain these 
differences in performance. However, the level of performance seemed to depend on 
how long the subject had been abstinent, and on how many prior relapses the subject 
had. I,e., the shorter the time of abstinence, and the more the number of relapses, the 
more severe the impairment was. The results confirm the first demonstration of 
impairment on the gambling task in cocaine abusers by Grant and colleagues (Grant 
et al., 1997). Furthermore, the results suggest that at least a sub-group of substance 
abusers, those who repeatedly relapse and cannot remain abstinent for a long period, 
suffer from a decision-making impairment reminiscent of that seen in patients with 
VM lesions. Supported by NIDA DAI 1779-02.

838.4

LIFETIME AGGRESSION IN PATIENTS WITH A HISTORY OF SUICIDE 
ATTEMPTS. IS THERE AN ASSOCIATION WITH A POLYMORPHISM IN 
THE PROMOTOR OF THE 5-HT2A SEROTONIN RECEPTOR GENE?
D. Rujescu*M. Schafer, I. Giegling, G, Scheerer, A. Ebner, S. Wendhof, H.-J,
Moller. LMU, Dept. of Psychiatry, NuCbaumstr. 7, 80336 Munich, Germany 
dan.rujescu@psy.med.uni-muenchen.de

Both, impulsive aggression and suicide attempts have been widely related to 
altered serotonergic neurotransmission. It is well documented that 5-HT2A 
receptors are involved in the mediation of aggressive and impulsive behavior. 
Recently, a polymorphism in the promotor of the 5-HT2A serotonin receptor 
gene has been associated with anorexia nervosa, a disorder with disturbed 
regulation of impulsive aggression. We tested the hypothesis that this 
polymorphism is associated with lifetime aggression in patients with a history of 
suicide attempts.

46 patients with a history of at least one suicide attempt were characterized 
with the Brown Goodwin Assessment For Lifetime Aggression. The three 
possible genotypes of the 5-HT2A polymorphism (1/1; 1/2; 2/2) were compared 
for the distribution of lifetime aggression. Diagnosis was established by SKID-I 
and SKID-II. The three groups did not differ significantly in age, sex, axis I and 
axis II diagnoses. Homozygotes for the less frequent 1/1 genotype reported 
considerably more aggressive behavior when compared to heterozygotes and 
homozygotes for the 2/2 allele. Probably due to the infrequent occurrence of the 
1/1 allele combined with the small sample size, this association did not reach 
statistical significance (p=0.89).

The inclusion of further carriers of the 1/1 genotype in this ongoing study 
will clarify if the 5-HT2A polymorphism is associated with lifetime 
aggression in patients with a history of suicide attempts.

838.5

CHANGES IN ORGANIZATION OF LIP DYNAMICS IN TARDIVE 
DYSKINESIA. K.M. Newell1*, J.W. Bodfish, and R, L, Sprague3. ’The 
Pennsylvania State University; 2Western Carolina Center; ’University of 
Illinois at Urbana-Champaign; Morganton, NC 28655.

We examined the lip dynamics of adults with tardive dyskinesia (TD) 
and profound or severe mental retardation over a period of one year of a 
progressive reduction and eventual withdrawal of a “typical” neuroleptic 
medication regimen. Lip motions were recorded through videotape and a 
kinematic analysis was conducted of the lip motion at baseline, peak 
withdrawal TD, and long term follow-up after medication withdrawal.
As expected, there was a dramatic increase in amount of lip motion at 
peak TD withdrawal that reduced over the withdrawal protocol. The 
increase and subsequent decrease in the amount of lip motion was 
accompanied by a reduction and subsequent increase, respectively, in the 
active degrees of freedom of the lip dynamics - as indexed by the 
measure of approximate entropy (ApEn). This finding provides further 
evidence that there is an inverse relation between movement variability 
and degrees of freedom of TD dynamics. The medication over-
constrains the sensori-motor system output in a fashion that may not be 
ameliorated even after a one-year medication withdrawal protocol. 
Supported by NIH grant-5 RO1 NS35694-11

838.6

NO SIGNIFICANT ASSOCIATIONS BETWEEN 5-HT TRANSPORTER GENE 
VARIANTS AND AUTISTIC DISORDER OR 5-HT BLOOD LEVELS IN TWO 
ETHNICALLY-DISTINCT SAMPLES. F. Keller1*, A.M. Persico1, R. Militemi2.
C. Bravaccio2, C, Schneider3, R. Melmed3. S. Puglisi-Allegra4, T. Pascucci4, V.
Damiani1 and A. Baldi1. ’Lab. of Neuroscience, Univ. “Campus Bio-Medico”,
Rome, Italy, 2Dept. of Child Neuropsychiatry, n Univ. of Naples, Naples, Italy, 
3Southwest Autism Research Center, Phoenix, AZ; 4Dept. of Psychology, Univ. “La 
Sapienza”, Rome, Italy.

Conflicting evidence supports linkage/association between autistic disorder and either 
the ‘short’ (Cook et al, 1997) or the ‘long’ (Klauck et al, 1997) allele of a polymorphic 
serotonin transporter (5-HTT) gene promoter repeat, affecting 5-HTT gene expression 
(Lesch et al, 1996). We initially assessed linkage disequilibrium by TDT and HHRR in 
54 singleton Italian families and in 32 singleton and 5 multiplex Caucasian- American 
families with primary autistic probands, yielding a total of 98 trios. Both Italian and 
American families, eiflier alone or combined, displayed no evidence of 
linkage/association between 5-HTT alleles and autistic disorder.

Mean platelet-rich plasma 5-HT levels assessed by HPLC were 227.2, 201.8, and 
144.3 ng/ml in 90 patients, 29 unaffected sibs, and 175 parents, respectively. Compared 
with S/S and S/L individuals combined, autistic subjects and unaffected sibs with the L/L 
genotype, displayed non-significant 9.2% and 17.1% increases in 5-HT blood levels, 
respectively, whereas, contrary to expected trends, 5-HT blood levels were 4.1% lower in 
L/L parents.

These findings do not support widespread involvement of 5-HTT gene variants in the 
pathogenesis of idiopathic infertile autism, and indicate that 5-HTT promoter alleles 
may at most marginally contribute to exceedingly enhanced or reduced 5-HT blood 
levels encountered in autistic patients.

Supported by the European Community (grant BMH4-CT96-0730), by Telethon 
Italy (grant E.858) and by Fondazione CaRiSal.
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838.7
HIPPOCAMPAL AND TEMPORAL LOBE VOLUME IN PANIC 
DISORDER
Meena Narayan. M.P.Eric Anderson1, Andrew Goddard M.P.\ Scott W.
Woods M.P. \ Lawrence Staib Ph.D.2, Dennis S. Chamey M.P. **. J. Douglas
Bremner M.P.1,2
Departments of Psychiatry1 and Radiology2, Yale University School of 
Medicine, New Haven, CT 06519.
OBJECTIVE: The purpose of this study was to measure the volume of the 
hippocampus and temporal lobe in patients with panic disorder and healthy 
controls using magnetic resonance imaging (MRI).
METHOD: The volume of the temporal lobe, hippocampus and whole brain 
was measured in 13 patients with panic disorder and 14 healthy subjects. 
RESULTS: Patients with panic disorder had smaller temporal lobes 
bilaterally compared to healthy subjects (16770 + 909 mm3 vs 18343 + 1740 
mm3, F=4.98, df=l,25, p=0.03). However, there was no significant difference 
in the volume of the left hippocampus (1367 + 235 mm3 vs 1382 + 252 mm3, 
ns ) or the right hippocampus (1340 + 244 mm3 vs 1405 + 215 mm3, ns) 
between patients and controls.
CONCLUSION: These findings are consistent with smaller temporal lobe 
volume in panic disorder, with no evidence for a reduction in hippocampal 
volume.

838.8

ETHICAL ASPECTS OF NEUROPSYCHIATRIC RESEARCH
A.M. Issa* and E.W. Keyserlingk.
Biomedical Ethics Unit, Faculty of Medicine, McGill University, 
Montreal,Quebec, Canada H3A 1W9

The last several years have spawned a considerable number of 
developments in neuropsychiatric research particularly in the genetic 
basis of certain diseases and psychopharmacotherapy for the 
management of disorders such as geriatric affective disorders, 
dementia and schizophrenia. However, neuropsychiatric clinical trials 
are increasingly generating novel ethical questions and dilemmas. 
Research subjects with psychiatric illnesses and other mental health 
disorders are vulnerable and ethical problems related to competency, 
ensuring adequate informed consent, and surrogate decision - making 
can be particularly challenging. Furthermore, conflicts of interest are 
likely to become an important concern particularly in research 
collaborations between academia and industry. Thus, in this the final 
year of the Decade of the Brain, it is timely and imperative to examine 
the ethical concerns that arise from recent developments in clinical 
neuropsychiatric research and anticipate the up-coming ethical issues 
that are likely to arise out of on-going scientific investigation, and that 
is the objective of this paper.
This research is supported by the Alzheimer Society of Canada

838.9

ALTERATION IN ORBITOFRONTAL AND PREFRONTAL CORTI-
CAL SPATIOTEMPORAL ACTIVATION PATTERN IN CATA-
TONIA DURING NEGATIVE EMOTIONAL STIMULATION: A 
COMBINED FMRI/MEG STUDY: G. Northoff*(1) , A. 
Richter (I), F . Schlagenh'arf (1), F. 3aumgart(3),
C. Tempelmann (2), A. Leschinger (1), R. Kotter
(4)~ B^ Bogerts (1) , FT Scheich (3) , FT Hein z e (2)
(fl Dept. of Psychiatry, (2) Dept . of Neurologyll
0.-v.-G.-Univ. of Magdeburg, (3) Leibnitz Insti-
tute for Neurobiology Magdeburg, (4) Center of 
Anatomy and Brain Research at Heinrich-Heine-Uni. 
of Diisseldorf.
Catatonia is a psychomotor syndrome which can be 
characterized by concomittant emotional and motor 
anomalies. We therefore investigated prefrontal 
cortical spatiotemporal activation patterns du-
ring emotional-motor stimulation combining FMRI 
and MEG in 7 catatonic patients, 5 psychiatric 
and 10 healthy controls. Catatonic patients sho-
wed significant alterations in activation pat-
tern, functional connectivity and early magnetic 
fields in negative emotions in orbitofronta1 cor-
tex. It is concluded that catatonia may be cha-
racterized rather by psychomotor than by primary 
motor dysfunction.

NEUROPSYCHIATRIC DISORDERS: DEPRESSION

839.1

PSYCHOLOGICAL CHARACTERISTICS OF CHILD DIAGNOSED 
WITH DEPRESSION. Balboa-Verduzco, Ana Maria*. Depto. 
Psicologia Clinica, Fac. Psicologia. Universidad Nacional 
Autonoma de Mexico. Mexico, D.F. 04510.
The aim of the present study was to determine the psychological 
profile of the children diagnosed with depression. Subjects were 25 
children (17 boys and 8 girls) with a diagnostic of depression 
emitted by a paidopsychiatrist, were selected. To deduce the 
principal psychological characteristics, grapho-projective tests and 
the WISC scale were applied to the children; data also included an 
interview with their parents. Data was classified in descriptive 
categories of the most frequent characteristics of the interview and 
tests. Most of the children were 8 and 9 years old and were at 
second to fourth year of elemental education, but the interview 
indicated that a considerable number of children began to suffer of 
depression at the age of four years old. Results indicate that from 
the most frequent behaviors, the depressed children may be 
described as disobedient to their parents and teachers, aggressive 
and had attention problems despite normal intelligence. Also, the 
children presented learning deficits related to reading and writing 
and anxiety with related manifestations as enuresis, dream 
disorders, and disproportionate high self-descriptions. It was found 
that most of the parents may be described as irresponsible or with 
high levels of anxiety, but many of them also had some kind of drug 
addiction. The couple did not planed the pregnancy and was 
observed that the majority of the children belonged to disintegrated 
families with severe economical problems. It is possible that paying 
attention to these characteristics may facilitate early diagnosis of 
depression to establish prevention programs.

839.2

DEPRESSION AND MEMORY: EYEBLINK CONDITIONING AND COGNITIVE 
STUDIES WITH DEPRESSED INDIVIDUALS. Tracv L. Greer* & L.T. Thompson. 
Cognition & Neuroscience, Human Development, UT Dallas, Richardson, TX 75083-0688.

The brain mechanisms underlying clinical depression are poorly understood. The effect 
of depression on learning and memory has been sparsely studied, and little is known 
about the effects of state vs. trait disturbances on learning and in memory. This study 
addresses relationships between depression, performance on neuropsychological tests 
involving attention, verbal, spatial, or working memory and performance on two major 
variants of eyeblink conditioning tasks, trace and delay conditioning.

Depression was measured with the Beck Depression Inventory (BDI). Subjects with 
scores >10 on the BDI comprised the depressed group. The neuropsychological tests 
employed included the Mental Control, Logical Memory I and n, Verbal Paired Associates 
I and n, and Visual Reproduction I and H subtests of the Wechsler Memory Scale-Revised, 
the Digit Span subtest of the Wechsler Adult Intelligence Scale-Revised, the California 
Verbal Learning Test, the Wisconsin Card Sorting Task, the Trail Making Test (Parts A 
and B) and the Controlled Oral Word Association Task. Eyeblink conditioning involved 
the pairing of an 85 db, 1 kHz tone CS with a 150 ms, 3 psi airpuff US administered to 
tite left lateral cornea. Eyeblinks were measured noninvasively. Conditioning trials utilized 
included pseudoconditioning, 500 ms trace conditioning, delay conditioning, and extinction. 
Depressed subjects performed significantly worse on both trace and delay eyeblink 
conditioning measures.

All eyeblink conditioning measures rely on intact cerebellar functioning for successful 
acquisition, and trace eyeblink conditioning has been shown to rely on intact hippocampal 
functioning as well. Associations between performance on neuropsychological tests that 
traditionally are believed to reflect cortical capabilities and on eyeblink conditioning tests 
which are known to be compromised by cerebellar or hippocampal lesions may implicate 
the cerebellum as a potential neuroanatomical structure to be more aggressively studied 
with respect to its involvement in depression. Supported by Human Development funds 
and the Clarke Foundation.
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839.3
Depressed Patients Report More Subjective Pain and Have a Higher Objective Pain 
Tolerance Than Normal Controls. BE Miller1. MN Miller1, T Schacht1. C 
Kauffmann1. JJ Lipman2*. 1Dept. of Psychiatry, JHQuillen COM, ETSU, Johnson 
City, TN 37614-0421,2 Neuroscience Toolworks, INC., Evanston, IL 60201.

The present study was undertaken to investigate the role of depression in the 
measured tolerance to pain. We were able to assess latency to withdrawal from a 
non-contact radiant heat source using a computer controlled Dolorimeter. The 
Control group (n=28, no antidepressant meds.) and the Clinically depressed group 
(n=14, all receiving antidepressant meds., with depression as principal clinical 
problem) each completed the Beck Depression Inventory (BDI), a Visual Analog 
Pain scale (VAPS), a Visual Analog Mood scale (VAMS) and then received a 
dolorimetric session. The latency to withdraw was measured (replicate = 5 
times/site) at 4 body sites bilaterally (8 total sites). The sites chosen included: 
C7C8, C6T1, T3, L5 - both the left and right sides. The Depressed group showed 
higher latencies at all body sites which were statistically significant at p<0.005 
(ANOVA) except the feet (L5), the left hand (C7C8) and the left chest (T3). There 
was no significant differences by gender (male=18, female=24) except for the right 
arm (C6T1). The groups were different by by age (p=0.005, Control=34±10 yr., 
Depressed=49+22 yr.). The groups were different (T-test) on the BDI (p<0.0001), 
VAPS (p=0.0001) and the VAMS (p=0.005). The Depressed group had more 
depression, more pain and worse mood.

The effects of age or medication may explain this finding. Alternatively, 
depression may be like chronic pain in that elevated tolerance to pain may 
accompany increased experience of depression. Earlier work using the Dolorimeter 
with Chronic pain (CP) patients showed that they had greater latencies compared to 
Controls. Clinically, the CP population invariably experience depression and the 
Depressed population experience more pain. This data supports the idea that pain 
and depression are inseparable aspects of the same phenomenon, i.e. mood._________
The research was partially supported by Neuroscience Toolworks via a SBIR Grant.

839.4

THE SUSCEPTIBLE GENE LOCI OF AFFECTIVE DISORDER 
ARE LINKED TO X-CHROMOSOME IN HAN NATIONALITY 
OF CHINESE

Wu Huaian1, Hu Jize1. Shen Oiiie1, and Feng Zhehui*2. 1 Shenzhen 
Institute of Mental Health, Kang Ning Hospital, 1080 Cui Zhu Road, 
Shenzhen, 518003, P.R. China, 2Division of Neurology, University 
Department of Medicine, University of Hong Kong, Queen Mary 
Hospital, Hong Kong.

Affective Disorder (AD) affects more than 1% population and 
shows strong heritability. Many researchers are currently 
investigating the genetic basis of AD; however, no specific mutation 
or genetic polymorphism has been identified. To identify potential 
AD susceptible loci and explore the genetic feature of AD, we 
examined the dinucleotide repeat polymorphism distribution of 80 
AD patients by amplified fragment length polymorphism (Amp-FHP) 
technique with DXS 1113 mark. The data were analyzed with several 
diagnostic models and showed significant difference in (p<0.05) 4 out 
of 12 alleles fragments of DXZ1113 between AD patient group and 
normal control group. The result suggests that DXS1113 is 
associated with AD and the susceptible gene loci of AD are on X- 
chromosome in Han nationality of Chinese.

839.5

COOPERATIVITY BETWEEN STOCHASTIC AND DETERMINISTIC DYNA-
MICS AS A DISEASE MECHANISM IN MOOD DISORDERS. M.T. Huber**
H.A. Braun2, K. Voigt2 and J.C. Krieg’. ’Dept. of Psychiatry and Psychotherapy, 
2Inst. of Physiology, University of Marburg, D-35033 Marburg, Germany.

Affective disorders tend to be recurrent and progressive and disease pattern 
prototypically evolve from isolated episodes to rhythmic and finally irregular 
patterns. A nonhomologous biological model for such illness progression is given 
by the kindling model (Post 1992, Am J Psychiatry 149:999-1010) which postulates 
that episodes are initially related to environmental stimuli whereas following 
episodes are related to a progression to spontaneity resulting from a variety of 
neuroplastic changes.

Recently, we introduced a neuronal analogy in terms of a neurodynamical 
model and demonstrated possible roles of deterministic and random dynamics for 
different disease states (Huber et al. 1999, Biol Psychiatry in press). For the 
present study we extended our model to investigate possible mechanisms of disease 
progression with particular regard on the interactions of deterministic and 
stochastic properties. The two central mechanisms under study are (i) noise- 
enhancement of feedback instabilities resulting in disease episodes and (ii) episode 
sensitization, that is, an increasing likelihood for disease relapse in dependence on 
previously triggered episodes. Our simulations elucidate that inherent noisiness can 
induce and amplify periodic subthreshold fluctuations until these oscillations 
occasionally trigger isolated disease episodes. Combined with a positive feedback 
mechanism each disease episode leads to further activation of the system. As 
postulated by the kindling model transitions to periodic and finally irregular disease 
patterns occur. These findings suggest cooperative stochastic-dynamic effects, 
including stochastic resonance-like phenomena, as functionally relevant disease 
mechanisms for autonomous progression within the neurobiology of recurrent 
mood disorders.

Supported by the Stiftung Volkswagen and the Stifrung Kempkes.

839.6

INTERACTION BETWEEN cAMP AND CALCIUM DYNAMICS IN MAJOR 
DEPRESSIONS. H. Ozawa, R, Tsunematsu, T. Yamaguchi. W, Ukai. S.Yamada, H. 
Ishikawa*, H. Takemura’T, Saito. Depts. of Neuropsychiatry and Pharmacology1, 
Sapporo Medical University, 060 -8543, Sapporo, Japan.

Recent studies suggested serotonin induced platelet calcium mobilization is 
enhanced in depression. Moreover, it was reported that forskolin stimulated platelet 
cAMP production was lower in depression (Menninger and Tabakoff 1997). In the 
present study, using the fluorescence indicator fura-2/AM, we investigated serotonin 
induced free cytosolic calcium ([Ca^+]i) in human platelets in mood disorders. In 
addition, to determine whether cAMP signal pathway influences calcium 
mobilization, we studied the effect of water soluble forskolin on serotonin mediated 
calcium response. 15 mood disorders (11 women, 4 men, 40.0± 14.0 years old) who 
were all diagnosed as having major depressive disorders according to DSM-IV 
criteria and 17 health volunteer (8women, 9men, 43.2 ± 16.0 years old) who had no 
history of psychiatric disorders were analyzed. This study had the approval of ethical 
committee of Sapporo Medical Univ. Informed consent was obtained from both 
groups, depressed patients and controls, after giving sufficient explanation as to aim 
in our study.

NKH477 pre-treatment inhibited 5-HT induced Ca2+ response in a 
concentration-dependent manner, and its EC50 value was 0.3 u M. The 5-HT- 
stimulated percent increase in Ca2+ concentration was significantly greater in the 
platelets of patients with major depression than in those of controls. (242 ±40.1% 
for major depression, 211.2 ± 38.2% for controls). However, the inhibitory 
percentage against the peak amplitude induced by 5-HT which was obtained without 
pre-treatment was significantly decreased in depressives than controls. (30.9 ± 16.1% 
for depressives, 46.5 ± 19.7% for controls).

These results suggest the alterations of second messenger cross-talks between 
cAMP and IPS -mediated Ca2+ mobilization in the platelets of depressed patients. 
(Supported by the Ministry of Health and Welfare, Noukagaku Research)).

839.7

IMBALANCE OF SECOND MESSENGERS IN PATHOPHYSIOLOGY OF 
AFFECTIVE DISORDERS. T, Yamaguchi1, H. Ozawa1*, W.Ukai1, E. 
Hashimoto1, M. Sasaki2, H. Ishikawa’, S. Shichinohe’, T. Saito1 and P. Riederer2.
’Dept. of Neuropsychiatry, Sapporo Med. Univ.,060-8543 Sapporo, Japan. 
2Dept. of Psychiatry, Wurzburg Univ. Sch. of Med.

It has been reported that basal, GppNHp-, forskolin- and Mn2+-stimulated 
adenylyl cyclase (AC) activities are significantly lower in postmortem cortex 
from depressive patients or suicide victims, compared to controls (Ozawa et al. 
1995, Cowbum et al. 1994). Moreover, recent studies showing increased 5-HT2 
binding sites in the frontal cortex of depressed patients and 5-HT stimulated Ca2+ 
response in the platelets of affective disorders, has led to the speculation that 
depressive illness involve up-regulation in the function of phospholipase Cf3 
(PLCp)(Kusumi et al. 1991, Arora et al. 1989). In this study, we examined the 
second messenger productive systems in membrane preparations from 
postmortem frontal cortex of 11 monopolar depressive patients and 12 matched 
controls. Monopolar depressive was diagnosed in accordance with DSM-IV 
criteria. Basal AC activity was significantly decreased in depressives, however, 
sensitivity to Ca2+/calmodulin was higher in depressives compared to controls. 
Although basal PLCp activity was unchanged, %increase of 5-HT-stimulated 
PLC0 activity from basal was significantly enhanced in depressives. 
Immunoreactivitiy of AC-I and PLCfil was significantly increased, but those of 
tubulin did not change in depressives. There was a significant correlation of AC-I 
immunoreactivity with Ca27calmodulin-sensitive AC activity. These results 
indicated that the impairment in productive systems of second messengers is 
related to the pathophysiology of depressive illness.

839.8

CYCLIC AMP SIGNALING IN POSTMORTEM CEREBRAL 
CORTEX OF SUBJECTS WITH MOOD DISORDERS. D. 
Dowlatshahi *, J-F. Wang. G. MacOueen, B. Chen and L.T. Young.
Dept. of Psychiatry & Behavioural Neurosciences, McMaster University, 
Hamilton,On, Canada L8N 3Z5.

Components of cAMP signaling were examined in postmortem 
cerebral cortex of a well characterized group of patients with mood 
disorders obtained from the Stanley Neuropathology Consortium. We 
previously reported effects of antidepressant treatment on the 
downstream transcription factor CREB in temporal cortex of subjects 
with major depressive disorder (MDD). In subsequent experiments, we 
found no other effects of diagnosis on any measure, except for a trend 
towards decreased stimulated adenylyl cyclase activity in subjects with 
mood disorders relative to controls. We also detected a significant 
effect of suicide on temporal cortex CREB levels in subjects that died 
as a result of suicide, relative to those that did not. Bipolar disorder 
(BD) subjects treated with anticonvulsants at the time of death have 
decreased temporal cortex CREB levels relative to those not receiving 
anticonvulsants. Furthermore, there was a trend towards decreased 
occipital cortex Gets (short) levels in BD subjects treated with lithium. 
Immunohistochemical measurement of phosphorylated CREB and its 
target gene, BDNF, in these tissues are underway. These data provide 
evidence that cAMP signaling may be a potential target for mood 
stabilizers and antidepressants in the treatment of mood disorders. 
Supported by MRC (LTY), Stanley Foundation- (LTY) and PMAC (DD).
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839.9
REDUCED |3HJ CYCLIC AMP BINDING SITES AND PKA ACTIVITY IN 

THE PREFRONTAL CORTEX OF SUICIDE SUBJECTS
Y. Dwivedi*, R. Conley, R. Roberts, C. Tamminga, G. Faludi, and G. N, Pandey,
Dept. of Psychiatry, Univ. of Illinois at Chicago, Chicago, IL 60612.

Earlier studies suggest that p and a2 adrenergic receptors are upregulated in the
postmortem brain of suicide subjects, and that this upregulation is associated with 
increased level of Gsa, decreased levels of GjCt proteins and decreased GTPyS-and 
forskolin-stimulated adenylyl cyclase activity. In the present investigation, we 
further examined the changes in the adenylyl cyclase-cAMP signaling cascade 
beyond the generation of cAMP, i.e., at the levels of protein kinase A (PKA) in the 
prefrontal cortex of suicide victims (n = 23) and of nonpsychiatric control subjects 
(n = 23). The expression of PKA regulatory subunit was determined by [3H] cAMP 

binding and that of catalytic subunits by transfer of the y phosphate group to 
specific substrate kemptide in the presence (total) and in the absence (endogenous) 
of cAMP. We observed that the Bmax of [3H] cAMP binding was significantly 

decreased in membrane (control: 144 ± 14; suicide: 84 ± 29 fmol/min/mg protein) 
and cytosol (control: 266 ± 25; suicide: 162 ± 37 fmol/mg protein) fractions of 
prefrontal cortex of suicide subjects compared with nonpsychiatric control subjects 
without any change in KD. This decrease was associated with a decrease in total and 
endogenous PKA activity in both membrane and cytosol fractions; however, the 
extent of the decrease was more profound in total PKA activity (-40%) compared 
with endogenous (-20%) PKA activity. Moreover, we observed that these changes 
were restricted to subjects who had a previous history of major depression. These 
results suggest a reduced ability of cAMP to activate PKA-dependent 
phosphorylation in the postmortem brain of suicide subjects, and that PKA may 
play a role in the pathophysiology of depressive/suicidal behaviors. Supported by 
Grant # RO1-MH-48153-04.

839.10
FRONTAL LOBE FUNCTION IN THE EUTHYMIC PHASE OF BIPOLAR 
DISORDER. L. Clark, G.M. Goodwin and S.D. Iversen*. Departments of Psychiatry 
and Experimental Psychology, University of Oxford, Wameford Hospital, Oxford 
OX3 7JX, United Kingdom.

Manic and depressive states are thought to be associated with impairments on 
cognitive tasks sensitive to the integrity of the frontal lobes. In the light of reported 
structural abnormalities in the brains of bipolar patients, it was hypothesised that 
subtle frontal lobe dysfunction may persist in these patients whilst euthymic. We are 
recruiting euthymic bipolar patients and matched healthy controls to test this 
hypothesis, using five tests of frontal lobe functioning: Towers of London, Spatial 
Working Memory, ID-ED Attentional Set-Shift, and a task of Sustained Attention, all 
from the Cambridge Automated Test Battery (CANTAB), and Damasio’s Gambling 
Game. This is a report of preliminary findings from 18 bipolars and 14 controls, 
matched for age, NART IQ, and years education. Euthymic bipolars and controls 
performed similarly on Towers of London and Spatial Working Memory, tasks 
believed to assess dorsal prefrontal function. They also performed similarly on 
Damasio’s Gambling Game, a ventromedial task. Euthymic bipolars detected 
significantly fewer targets on a task of sustained attention (BP mean 35.3, sd 13.7; 
Control mean 46.3, sd 9.83; p=.O16), and made more perseverative errors on 
Attentional Set-Shift (BP mean 18.8, sd 10.1; Control mean 11.1, sd 1.77; p=.OO9). 
This latter impairment is particularly manifest at a stage where extinction to a 
previously relevant dimension is required, with bipolars taking twice as many trials as 
controls to reach criterion (mean 19.6 vs 9.43). Bipolar disorder may therefore be 
associated with specific and enduring impairments of executive function. These may 
be of relevance to outcome and the risk of further episodes. LC was funded by a 
Medical Research Council studentship.

839.11

ATYPICAL BRAIN [3H]5-CT BINDING SITES IN MAJOR 
DEPRESSION: A RADIOMETRIC STUDY. J.A. Ruiz-Ortega, M.J. 
Castillo, T. Romon, E, del Olmo, E. Castro, C. del Arco* and A. Pazos. Dept.
Physiology and Pharmacology, School of Medicine; University of Cantabria. 
E-39011 Santander, Cantabria, Spain.

We have recently described a new 5-HT receptor subtype recognized with high 
affinity by 5-HT and 5-CT in the mammalian brain and modulated by guanine 
nucleotides (Castro et al., J. Neurochem. 69, 2123-31, 1997). It presents a 
pharmacological profile similar to that of 5-HT, receptors, and its denomination as 5- 
HTiG site has been suggested. The aim of this study was to evaluate, by radioligand 
binding and autoradiographic techniques, the possible modifications in the properties 
and distribution of this binding site in tissue samples (frontal cortex and 
hippocampus) from brain suicide victims with a diagnosis of major depression (n=7) 
and matched control subjects (n=7). This binding site was labelled with [3H]5-CT in 
the presence of mesulergine (300 nM), ergotamine (100 nM) and 8-OH-DPAT (100 
nM) in order to mask other 5-HT receptors recognized by 5-CT. In membrane binding 
assays on frontal cortex tissue, no significant changes were found neither in density (- 
11.1% with respect to the control group) nor in affinity of 5-HT binding sites [pKD= 
8.0±0.1 (control) vs pKD= 7.9±0.2 (suicide)]. When autoradiographic assays were 
carried out no differences were found between control and suicide cases over the 
different layers of the frontal cortex and the hippocampus (CAi strata and dentate 
gyrus layers).
In conclusion, these data suggest 5-HTiG binding sites are not altered, in terms of 
affinity or density, in cortical and hippocampal areas from suicide victims with major 
depression. However, post receptorial changes can not be discarded.

(Supported by Ministry of Education, SAF 98-0064-C02-01, J.A. R.-O. is recipient of 
a postdoctoral fellowship from “Marques de Valdecilla” Foundation).

839.12

GENE EXPRESSION FOR GLUTAMIC ACID DECARBOXYLASE IS 
INCREASED IN PREFRONTAL CORTEX OF DEPRESSED PATIENTS.
Z. Toth1*. W.E. Bunncy Jr2. S.G. Potkin2 and E.G. Jones1 ’Center for 
Neuroscience, University of California at Davis and department of Psychiatry 
and Human Behavior, University of California at Irvine.

Previous studies suggest that alterations in GABA systems may play an 
important role in mood disorders. Alterations in GABA function may interact 
with other systems to produce low serotonergic or noradrenergic function. The 
question whether increases or decreases of GABAergic neurotransmission are 
involved in depression has remained controversial, with conflicting data from 
postmortem studies.

In the present study we quantified levels of mRNA for 67 kDa glutamic acid 
decarboxylase (GAD), the key enzyme in GABA synthesis in prefrontal cortex 
(Brodmann’s area 9) of six depressed patients and six controls matched for age, 
gender and autolysis time, using in situ hybridization histochemistry and 
densitometry. Prefrontal cortex of depressed patients showed a significant 
increase in GAD mRNA expression in neurons of layers III (20.19%), IV 
(16.14%), V (22.51%) and VI (21.37%). In contrast, mRNA levels for type II 
calcium / calmodulin-dependent protein kinase were quantified and showed no 
significant difference in depressed prefrontal cortex versus control. Increases in 
GAD mRNA levels are not associated with increases in GABAergic cell 
number so increases in GAD mRNA levels in GABAergic neurons are 
probably attributable to an activity-dependent effect.
Supported by NIMH grant 54844.

839.13

INCREASED MICROGLIA IN AREA 46 IN BIPOLAR DISORDER
R.E. Johnston*1, M.J. Webster2, J.L. O’Grady2 and W.J. Freed1
'National Institute on Drug Abuse, Baltimore, MD 21224;
2Stanley Laboratory of Brain Research, USUHS, Bethesda, MD 20814 

Neuropsychiatric disorders such as schizophrenia, unipolar depression or
bipolar disorder may be associated with prefrontal cortical neuronal injury or 
dysfunction. The presence of an elevated number of microglia is an indicator 
of CNS cellular damage or neural degeneration. In this study, microglia 
(stained with anti-human HLA clone CR3/43 using the immunoperoxidase 
technique) were counted using the optical dissector method. Sections of 
Brodmann’s area 46 were studied from 14 schizophrenics, 14 unipolar 
depressed patients, 15 subjects with bipolar depression and 15 psychiatrically 
normal subjects using brains obtained from the Stanley Foundation 
Neuropathology Consortium. There was a trend for increased numbers of 
microglia (302 ± 74/mm3, mean ± S.E.M.) as compared to all other groups 
(145 ± 25; p < 0.08). There were no differences in number of microglia 
between the other three groups. Bipolar patients with intermediate disorder 
durations four to five times as many microglia (638 + 97) as compared to the 
other diagnostic groups (145 + 25; p < 0.01) or to the remaining bipolar 
patients (134 + 37; p < 0.001). The group with elevated microglial counts 
was not differentiated on the basis of any other available demographic 
variable. Further studies will investigate the nature of the apparent neuronal 
injury in area 46 of bipolar patients. Support NIDA Intramural 

Research Program.

839.14

IMMUNODETECTION OF IMIDAZOLINE RECEPTOR PROTEINS IN 
HIPPOCAMPUS OF SUICIDE VICTIMS WITH MAJOR DEPRESSION. H. Zhu1,
G. OrdwayA, Halaris C. Stockmeier2, G.Dillev2, D. Reis3 and J. E. Piletz '*.
‘Dept. of Psychiatry and Human Behavior, The Univ. of Mississippi Medical Center, 
Jackson, MS 39216; 2Dept. of Psychiatry, Case Western Reserve Univ., Cleveland, 
OH;3Dept. of Neurology and Neuroscience, Cornell Univ. Medical College, New 
York, NY.

There exists considerable evidence indicating that imidazoline receptors are 
upregulated on platelets of depressed patients as assessed by [125I]p-iodoclonidine 
binding, and then down-regulated following antidepressant treatments. 
Immunodensities of imidazoline receptor binding protein (IRBP) on Western blots, 
were also found to be elevated in depressed patients (platelet bands of 45 and 33 
kDa) as well as in suicide victims with depression (frontal cortex band of 45 kDa). 
This alteration was normalized on platelet membranes of depressed patients after 
treatments with antidepressants like citalopram or bupropion. In the present study we 
have used anti-IRBP serum to quantify imidazoline receptor proteins in the 
hippocampus of suicide victims with a postmortem diagnosis of major depression. 
Samples had no antidepressants in their toxicology and were matched for age, sex, 
and postmortem delay with psychiatrically normal controls. A triad of IRBP bands 
(40-50 kDa) were significantly decreased in suicide victims as compared with 
controls. From higher MW to lower MW the significance levels were as follows: 50 
kDa band, p = 0.014; 45 kDa band, p = 0.016; 40 kDa band, p = 0.020, paired t test,
2-tailed. These results provide evidence for heterogeneity of immunoreactive 
imidazoline receptor proteins in human hippocampus and support the possibility that 
imidazoline receptors may play a role in the pathogenesis of depression. The authors 
acknowledge JC Overholser, Ph.D., and HY Meltzer, M.D., in the retrospective 
psychiatric assessments. Supported in part by NIH grants MH 42859, MH 46922,
MH 46692 and MH 45488.
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839.15
AMYGDALA VOLUME IN EARLY ONSET DEPRESSION. K.N. Botteron.12* K.E. 
Sternhell.1 T. Nishino.1 A, Heath.1,3 and R.D. Todd 13. Dept. of Psychiatry1, Radiology 2 
and Genetics3, Washington University School of Medicine, St. Louis, MO 63110

Recent MRI studies have demonstrated neuromorphometric differences in prefrontal- 
striatal limbic circuit structures in adults with major depressive disorder (MDD). 
Reduced core amygdala volume was recently reported in adults with MDD. In this 
study we seek to define if reduced amygdala volume is present in early onset MDD.
We present data here on 20 female subjects - 10 with MDD (onset prior to age 17), and 
10 age, sex and handedness matched controls. These subjects represent 1 twin only 
from twin pairs currently being studied. Twins were identified epidemiologically from 
state birth records. Twin pairs age 17-22 completed structured diagnostic interviews to 
establish Axis I psychiatric diagnoses. 3D T1 weighted MPRAGE sagittal MR scans (1 
mm isotropic voxels) were acquired. Image data was preprocessed with histogram 
equalization and reformatted to standardized stereotactic space using ANALYZE TM. 
Total amygdala volume (right and left) and core amygdala volume (left only) were 
measured using stereological sampling methods in the program MEASURE. 
Standardized boundary defintions were used with intra- and inter-rater reliability 0.95 
(ICC). Neither right or left amygdala total volume or left core amygdala volume were 
significantly different in the MDD and control subjects. No differences in lateralization 
were demonstrated. This initial data supports that decreased core amygdala volume 
may be related to ongoing effects of illness, treatment or other factors, and does not 
support that core amygdala differences in later depression are neurodevelopmental in 
nature. Ongoing studies with this twin population are currently exploring the genetic 
contribution to amygdala volume. Supported by NARSAD, Dana Foundation and NIH.

839.16
STEREOLOGICAL ANALYSIS OF BASAL GANGLIA IN BRAINS OF 
SUBJECTS WITH MOOD DISORDERS S. Diekmann1*, B. Baumann1. H-G. 
Bernstein1. R. Wolf1. U. Schmidt2,. B Bogerts1 Dept of Psychiatry1 and Forensic 
Medicine2, Univ. of Magdeburg, Leipziger Str. 44, D-39120 Magdeburg, Germany.

Mood disorders are common and recurrent illnesses with a high morbidity and 
mortality Over the past 15 years structural brain changes have been observed in 
mood disorders in CT and MRI studies. Basal ganglia are affected with smaller 
volumes of the caudate and putaminal complex in patients with unipolar depressive 
disorder and larger caudate nuclei in bipolar patients. In a previous study we 
investigated the volumes of basal ganglia in mood disorders in postmortem brains 
(Baumann et al. J Neuropsychiatry Clin Neurosci.il: 1,1999). In this study 
morphometry revealed significantly reduced volumes of the left nucl. accumbens, the 
right and left external pallidum and the right putamen in the patient group. In the 
present study we are investigating the neuronal density and absolute neuronal cell 
number in the basal ganglia. Using optical dissector in Nissl stained sections we 
examined the caudate, putamen, pallidum and nucl. accumbens in 10 brains of 
subjects with mood disorders and 10 control subjects without known 
neuropsychiatric disorders. Brains were matched for age, sex, and postmortem 
interval The results of the present study indicate that absolute neuronal cell numbers 
and neuronal densities of striatal neurons and its subdivisions putamen, caudate 
nucleus and nucl. accumbens did not reveal any significant differences between both 
groups. Large striatal neuronal cell numbers showed similar cell counts in both 
groups. Absolute neuronal cell numbers and neuronal densities in both pallidum 
segments did not differ significantly. Taken together we did not find any differences 
in absolute neuronal cell number and neuronal density in basal ganglia between 
subjects with mood disorders and controls. These results suggest that other 
mechanisms than neuronal loss may be involved in the reduction of volumes in basal 
ganglia subregions in the brains of subjects with mood disorders. Supported by DFG 
(Bo 799), BMBF (01ZZ95104), Krupp-Stiftung and Stanley Foundation.

839.17

DECREASED SEROTONIN TRANSPORTER-IMMUNOREACTIVE AXONS IN 
THE PREFRONTAL CORTEX OF SUICIDE VICTIMS WITH MAJOR 
DEPRESSION. M.C, Austin*, R.E. Whitehead, C.L. Edgar and D.A. Lewis, 
Department of Psychiatry, University of Pittsburgh, School of Medicine, Pittsburgh, 
PA 15213.

A variety of postmortem brain studies and clinical investigations have provided 
evidence that reduced serotonin (5-HT) neurotransmission is associated with suicidal 
behavior and depression. In particular, accumulating data have implicated alterations 
in the 5-HT uptake site or serotonin transporter (SERT) in these disorders. Several 
receptor binding studies have reported decreased numbers of SERT binding sites in the 
cortex, hippocampus and hypothalamus of suicide victims. However, other studies 
using similar methods and ligands have failed to replicate some of these findings. 
While SERT binding sites may be an index of the density of 5-HT terminals, little 
information is available regarding the morphology and integrity of 5-HT axons in the 
cortex of suicide victims. The present study was designed to evaluate the integrity of 
5-HT axons in the prefrontal cortex (PFC) of depressed suicide victims using an 
antibody to SERT. Eight suicide victims with a diagnosis of major depression and 
clear toxicology screens were matched with eight controls based on age, gender and 
postmortem interval. Coronal tissue sections containing area 46 of the PFC were 
processed for immunocytochemistry using a rabbit SERT antibody (courtesy of R. 
Blakely). The density of SERT-immunoreactive (IR) axons was quantified in layers 2, 
4 and 6 of the PFC using methods previously described (Rosenberg and Lewis, 1995). 
The density of SERT-IR axons was reduced by 10% in layer 2, 17% in layer 4 and 
44% in layer 6 of the suicide victims. However, these differences achieved statistical 
significance only in layer 6 (p<.01). These findings demonstrate that the density of 
SERT-IR axons is selectively reduced in the deep cortical layers of the PFC in suicide 
victims diagnosed with major depression. Although we cannot yet determine whether 
these findings represent a decrease in the number of 5-HT axons or a decrease in 
SERT protein, these alterations may be related to the diminished 5-HT 
neurotransmission in the brain of suicide victims. (Supported in part by MH57011 
and MH45156).

839.18

Morphometric evaluation of the midbrain dorsal raphe nucleus (DR) in 
suicide victims with major depression (MD). C.A. Stockmeier1*, G.E. 
Dilley1, L.S. Kulnane1, J. Wei2, J.J. Miguel-Hidalgo2 and G. Rajkowska-
Markow2. ‘Dept. of Psychiatry, Case Western Reserve University, 
Cleveland, OH 44106; 2Department of Psychiatry & Human Behavior, 
University of Mississippi Medical Center, Jackson, MS 39216.

Major depression is associated with alterations in monoaminergic markers 
as well as structural abnormalities in brain tissue. Serotonin-1A receptors 
are increased in the midbrain DR of suicide victims with MD (Stockmeier et 
al., 1998), and there are changes in cortical thickness and neuron and glial 
density and size in prefrontal cortex of subjects with MD (Rajkowska et al., 
1999). At 0.5 mm intervals, quantitative morphometry was used to assess 
the TrpOH-immunoreactive neurons in ventrolateral (DRvl) and dorsal 
(DRd) subnuclei in 10 normal control subjects and 11 suicide victims with 
MD. At 5-8 rostral/caudal levels, the point counting grid method was used 
to estimate the cross-sectional areas of the subnuclei for the volume 
estimation based on the Cavalieri Principle. There was a 28% increase 
(p=0.02) in the total volume of the DRvl in suicide victims with MD. 
Using 3-D counting techniques at 3-4 r/c levels, there also was a trend for a 
decrease in small (diameter-circle) and increase in large neuronal soma, and 
a trend toward more spherical (vs. fusiform) neuronal soma in the suicide 
victims with MD. Changes in subnuclear volume and neuronal soma size 
and shape may be related to the increase in serotonin-1A receptors recently 
detected in the midbrain DR in depressed suicides. Dr's JC Overholser and 
HY Meltzer are gratefully acknowledged for the psychiatric assessments. 
MH45488 (CS) and MH55872 (GRM).

839.19

REVERSE TRANSCRIPTASE (RT) ACTIVITY IN CLINICAL AND POST-MORTEM 
SAMPLES OBTAINED FROM INDIVIDUALS WITH NEUROPSYCHIATRIC DISORDERS. 
F.Yee*, L Jones-Brando, C .L, Miller, E.F, Torrey, R.H, Yolken and the Stanley
Neuropathology Consortium. Stanley Division of Developmental Neurovirology, Johns 
Hopkins University School of Medicine, Baltimore, MD 21287.

Our laboratory is interested in studying the role of retroviruses in the etiology of 
neuropsychiatric illnesses such as schizophrenia and bipolar disorder. Retroviruses may 
represent an important link between genetic and environmental factors, as this would 
account for horizontal and vertical transmission, and these viruses may be involved with 
the disease process in subpopulations affected with these serious mental illnesses. An 
important component of infectious retroviruses is that they contain the reverse 
transcriptase (RT) enzyme, and consequently they can be detected by assays for RT 
activity.

In this study, we examined the levels of RT activity in various samples, e.g. 
cerebrospinal fluid (CSF) from patients with recent onset schizophrenia, and post-mortem 
cerebellum obtained from individuals with schizophrenia, bipolar disorder, depression 
without psychosis, as well as unaffected individuals. We have modified an RT assay 
called product-enhanced RT (PERT; Pyra etal., PNAS 91:1544-1548,1994) to measure 
RT activity in our samples. Using this PERT assay, a significant increase in CSF RT 
activity (p =0.0002) was found in patients with recent onset schizophrenia (n=18) when 
compared to unaffected individuals (n=18). Post-mortem cerebellar RT activity was also 
significantly increased in the schizophrenic (p=0.12; n=12) and the non-psychotic 
depression (p=0.021; n=11) groups in comparison to the unaffected group (n=12). CSF 
from selected patients with recent onset schizophrenia were used to inoculate a New 
World monkey cell line (OMK), and the culture media were assayed by the PERT method. 
Our preliminary in vitro data indicate there is an increase in RT activity (approx. 10-fold 
over background), which suggests the presence of a replicating retrovirus.

This research is supported by the Theodore and Vada Stanley Foundation.
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840.1
HIPPOCAMPAL AND FRONTAL LOBE VOLUMES IN ELDERLY SUBJECTS 
WITH SUBJECTIVE MEMORY COMPLAINTS AND CORRELATION WITH 
HYPOTHALAMIC-PITUITARY-ADRENAL AXIS FUNCTION AND 
PSYCHOLOGICAL VARIABLES
J.C. Pruessner12, D.L. Collins2, M. Lemay1, S, Bridre1, M. Pruessner12, A.C.
Evans2, M.J. Meaney1* and S.J, Lupien1, Douglas Hospital Research Center 
and Montreal Neurological Institute, McGill University, Montreal, Qu, Canada 
H3A 2B4
A dysregulation of the hypothalamic pituitary adrenal (HPA) axis has been 

found to be associated both with depressive symptomatology and cognitive 
impairment. The hippocampus is considered as a critical site, since it is 
involved in learning and memory and is targeted by corticosteroids. More 
recent studies also indicate an effect at the level of the frontal cortex. Thus, 
we examined the relationship between hippocampal and frontal white and 
gray matter volume from magnetic resonance imaging (MRI) with free cortisol 
levels measured from saliva throughout the day, depressive symptoms, 
psychological variables, in 14 subjects (13 women and 1 men, age 65 to 79 
years) with subjective memory complaints. All subjects showed a flat 
circadian rhythm of cortisol with high levels during the afternoon and the 
evening, as well as reduced hippocampal volume. Interestingly, cortisol 
levels were significantly negatively correlated with frontal lobe gray matter in 
the left and right hemisphere. Also, there was a correlation between 
depressive symptomatology and left hippocampal volume. The results 
support the hypothesis of an association between glucocorticoid secretion 
and the integrity of both the hippocampus and frontal cortex.
This study was in part supported by the German Research Foundation (post-
doctoral resarch grant Pr 597 1/1 to JCP) and by a Research Grant from the 
EJB Foundation to SJL.

840.2
I0-YEAR PROGRESSIVE BRAIN STRUCTURAL CHANGES IN SCHIZOPHRENI- 

-A : A MRI MORPHOMETRIC AL STUDY. I.Saijo.1?! ,Ab.e? Y, Someya J 24J. Sassa,1 

Y.Sudo/T.Suhara/T.Shyuno.’K.Asai1 and Y.Qkubo24 'Asai Hospital, ?Dept of 

Neuropsychiatry, Tokyo Medical and Dental Univ.; ’Abe Clinic, 4 Div. of Advanced 

Technology for Medical Imaging, Natl. Inst, of Radiological Sciences, CREST, Japan 

Science and Technology Corporation(JST).

Previous Recent longitudinal magnetic resonance imaging(MRI) studies have 

suggested the existence of progressive structural changes in the brain of schizophrenic 

patients. However, these studies were conducted over no more than four years and did 

not have sufficient power to determine the course and nature of this progressive process. 

In the present study, we aimed to determine whether schizophrenia is associated with 

progressive brain structural change. Anatomic brain MRI scans were acquired in 17 

patients with schizophrenia (11 men and 6 women) and 17 healthy controls (9 men and 

8 women). Scans were obtained at baseline and after 10-year follow -up interval by 

using identical equipment and measurement methodology. Longitudinally, a significant 

reduction in the size of the cerebrum was found only in the patients (P<0.05), whereas a 

significant enlargement of the lateral ventricles was also seen in controls(P<0.05) 

However, the rate of enlargement of the lateral ventricles in the patients was larger 

compared to those in the controls(P<0.05). These findings suggest that progressive 

brain structural change occurs with ongoing illness in schizophrenia.

Supported by the CREST, Japan Science and Technology Corporation(JST)

840.3

Decreased  Activation  in Dorsolateral  Frontal  Lobe  in  
Schizophrenics : a  High -Field  (3.0 T) Functional  MRI Study  
with  Three -Panel  Cartoon  Paradigm . I. L. Kwee*1, T. Uehara2, 
T. Someya2. Y. Fuiii3, T. Nakada1’3 Dept. of Neurology1, Univ. of Calif., 
Davis, CA 95616, USA, Depts. of Psychiatry2 and Integrated Neurosci.3, 
Univ. of Niigata, 951, Japan

Brain activation associated with viewing a three-panel cartoon paradigm 
was investigated in chronic schizophrenic patients and age-matched 
normal volunteers using blood oxygenation level dependent (BOLD) 
contrast functional magnetic resonance imaging (fMRI) on a high-field 
(3.0T) system. The subjects were instructed to silently view a screen 
where three self-explanatory, story-forming pictures were arranged 
together (three-panel cartoons). Three pictures were presented in 
sequential order and, therefore, do not require the subjects' cognitive 
sorting processes to follow the simple story (for example, building a 
house). Consistent activation was observed in the occipital visual 
cortices, the cortices adjacent to the intraparietal sulcus and the 
dorsolateral frontal lobe (DLFR), indicating that the paradigm effectively 
triggered visual searching/recognition processes in space. 
Schizophrenics showed similar activation in the occipital and parietal 
lobes. However, activation in DLFR was significantly diminished. The 
three-panel cartoon paradigm appears to be an effective, simple paradigm 
for BOLD-fMRI activation studies of complex cognitive processes.

Supported by grants from the Ministry of Education (Japan)

840.4

ABNORMAL COORDINATION OF CEREBRAL ACTIVITY DURING 
WORKING MEMORY TASK IN SCHIZOPHRENIA: A fMRI STUDY.
A. Mendrek1, K.A. Kiehl1, A.M. Smith1, B.B. Forster2 J. Weinberg3* and P.F.
Liddle1. Departments of 'Psychiatry, ‘Radiology and ‘Anatomy, University of 
British Columbia, Vancouver, BC, V6T 1Z3, Canada.

We employed functional magnetic resonance imaging (fMRI) to examine the 
pattern of cerebral activity in eight stable schizophrenic patients and eight 
healthy control subjects during the performance of the ‘N-back’ working 
memory test. Whole-brain imaging was done on a 1.5 T GE scanner with a 
gradient-recalled echo-planar sequence (TR=3 s, TE=40 ms, 145 mm slice 
coverage). The subjects were scanned in two 7-min. runs consisting of 
alternating 30-sec periods of ‘0-back’ and ‘2-back’ conditions with 20-sec 
periods of rest.

Analysis of behavioral data showed no differences between the groups in 
terms of performance accuracy, though patients were significantly slower than 
controls in both conditions (p<0.05). Data analysis using Statistical Parametric 
Mapping (SPM 96) revealed that healthy subjects exhibited statistically 
significant bilateral activation in dorsolateral prefrontal cortex (DLPFC), 
premotor area, parietal region and cerebellum, and suppression in bilateral 
temporal cortex, medial frontal cortex, and occipital region, during ‘2-back’ 
versus ‘0-back’ condition (p<0.05 corrected). Although schizophrenic patients 
exhibited similar pattern of activation, when directly compared to healthy 
control subjects, they showed bilateral underactivation of DLPFC, area which 
have been implicated in active maintenance and executive control of working 
memory, and cerebellum, which is believed to be involved in coordination of 
mental activity. Furthermore, consistent with the hypothesis of abnormal 
fronto-temporal connectivity in schizophrenia, the patients failed to suppress 
superior temporal cortex to the same extent as observed in healthy subjects.
. Supported by Norma Calder Foundation.

840.5

Caudal Infrasylvian Surface Area in Monozygotic Twins Discordant for 
Schizophrenia II HutslsrL RL GrecnL WC Loftus2. B Wright. & MS Gazzaniga 
Center for Cognitive Neuroscience & ‘Dartmouth Medical School, Dartmouth 
College, Hanover, NH 03755; University of California, Davis, CA 95616.

Language-related abnormalities are a prominent symptom of schizophrenia. 
Several studies have attempted to document morphological abnormalities in the 
schizophrenic brain (see Pearlsson 1997). Here we report measures of one temporal 
lobe region implicated in language processing, the caudal infrasylvian surface (cIS), 
which consists of the planum temporale and the planum parietale. Three-dimensional 
surface modeling measures (Loftus et al 1993) were collected in two groups of 
twins: 1) ten concordant, monozygotic (MZ) twins with no evidence of 
psychopathology, and 2) eight MZ twins that were discordant for schizophrenia.

Despite a lack of difference in overall brain size, schizophrenic subjects had 
modestly larger combined cIS than their co-twins or the normal concordant twin set. 
This effect was mostly due to a larger cIS on the left side. Neither schizophrenics, 
their co-twins, or the normal twin pairs demonstrated asymmetric cIS (Steinmetz et 
al 1990). An examination of the relationship between concordant and discordant twin 
pairs yielded an interesting pattern of results: whole-brain measures of 
nonschizophrenic twin pairs were highly related (p = .001) as were whole-brain 
measures of the discordant twin pairs (p = .01). Concordant and discordant twin 
pairs did not show similarities in combined measures of the cIS. When the left and 
right cIS were considered separately, concordant normal twins showed a high degree 
of similarity in the surface area of their left cIS (p = .059), while discordant twin 
pairs showed a high degree of similarity in their right cIS (p = .024). The lack of 
morphological similarity in the left cIS of discordant twin pairs could be attributable 
to the slightly larger left cIS found in schizophrenic subjects. These findings suggest 
a genetic influence on the morphology of the cIS in MZ twin pairs that may be 
altered in co-twins sharing a schizophrenic genotype. This research was supported 
by the McDonnel-Pew Foundation.

840.6

FRONTO-STRIATAL CIRCUITRY IN NORMAL SUBJECTS AND 
PATIENTS WITH SCHIZOPHRENIA ASSESSED BY FDG PET AND 
MRI COREGISTRATION. M,S, J-Q- Qpok\ J,H- E&W*.
1 Department of Psychiatry, Mount Sinai School of Medicine, New 
York. ^Department of Anatomy and Neurobiology, University of 
California, Irvine.

Fronto-striatal circuitry has been found altered in patients with 
schizophrenia using MRI diffusion tensor imaging. Positron emission 
tomography typically shows decreased metabolic rates in these areas 
relative to other brain areas in schizophrenia. We studied 18 
unmedicated patients with schizophrenia and 24 age- and sex-matched 
normal controls with FDG-PET and high-resolution MRI. PET and MRI 
were coregistered and resectioned in the coronal plane. A consistent set 
of 35 anatomical landmarks were placed on the coronal image (5 mm 
anterior to the anterior commissure) and images standardized to the 
average normal configuration using thin-plate spline morphing. The 
dorsal, dorsolateral, lateral, and orbital regions of the prefrontal cortex 
were identified using MRI-based edges. Correlation coefficients between 
these four cortical areas and every pixel in the standardized coronal 
section of the basal forebrain were calculated, and statistical significance 
identified by conservative resampling methods. In normals, the dorsal 
and dorsolateral prefrontal metabolic rate was significantly correlated 
with the dorsalmost caudate and putamen, while the orbitofrontal cortex 
was correlated with the nucleus accumbens, ventral caudate and 
putamen. This parallels findings in primate projection studies. In 
schizophrenics, on the other hand, the dorsal correlations were not 
present. This is consistent with a disruption in normal frontostriatal 
connections and the reduced anisotropy reported in MRI diffusion 
tensor studies.
Supported by PHS grant # MSMC-25103
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840.7
A WHOLE-BRAIN EVENT-RELATED fMRI STUDY OF AN AUDITORY 
ODDBALL TASK IN SCHIZOPHRENIA. K.R. Laurens1, K.A, Kiehl1, D.W.F. 
Schwarz2*, B.B. Forster3, and P.F. Liddle1, ‘Depts. of Psychiatry and Psychology, 
2Dept. of Surgery, 3Dept. of Radiology, Univ. of British Columbia; Vancouver,
B.C., V6T2A1.

Schizophrenia is believed to arise from abnormalities in functional connectivity 
between spatially remote cortical areas. Event-related potential (ERP) studies 
have shown that one of the most common abnormalities in schizophrenia is a 
reduction in the amplitude of the P3 ERP to auditory oddball stimuli. Here we use 
event-related fMRI to examine the neural sources and pathways involved in 
auditory oddball processing in schizophrenic patients and healthy controls. In 
control subjects the oddball stimulus elicited activation bilaterally in the superior 
frontal gyrus, thalamus, anterior temporal lobe, inferior and superior parietal 
lobule, and in the anterior and posterior cingulate cortex. Activation was also 
observed in motor cortex, medial frontal gyrus, and in the cerebellum, consistent 
with the fact that the target stimulus required a manual response. While 
schizophrenic patients showed relatively normal activation for target stimuli in 
motor areas, deficits were observed in the anterior temporal lobe, thalamus, 
superior frontal gyrus, and inferior parietal lobules. In addition, consistent with 
previous research, schizophrenic patients generated excessive activation in the 
right posterior temporal lobe. These data demonstrate that event-related fMRI 
can be used to delineate the abnormal coordination of neural activity in spatially 
distributed cortical networks that is characteristic of schizophrenia. Funded by the 
Dr. Norma Calder Foundation and the Medical Research Council of Canada.

840.8
ABNORMAL SEMANTIC ACTIVATION IN SCHIZOPHRENIA AS 
REVEALED BY EVENT-RELATED fMRI K.A.Kiehl1, W.C.West2, 
B.B .Forster3 and P.F. Liddle1. ‘Depts. of Psychiatry and Psychology, 3Dept. of 
Radiology, Univ. of British Columbia; Vancouver, B.C, V6T 2A1; 2Dept. of 
Neurology, Massachusetts General Hospital

Schizophrenia is a complex condition with heterogeneous clinical presentation. 
Evidence from event-related brain potentials (ERPs) suggests that one 
abnormality characteristic of schizophrenia is excessive or abnormal activation of 
semantic processes during language tasks. These ERP studies have reported that 
schizophrenic patients produce an enlarged negativity in the 400-600 ms (N400) 
post-stimulus window for terminal words of sentences that are either congruent or 
incongruent with the previous sentence context. Here we use event-related fMRI 
techniques to examine the neural networks associated with semantic processing in 
schizophrenic patients (n=10) and healthy control subjects (n=10). In both groups 
processing of congruent and incongruent sentence endings was associated with 
activation in bilateral dorsolateral prefrontal cortex (DLPFC), inferior frontal 
gyrus, cingulate gyrus, insula, superior, middle, and inferior temporal gyri, 
fusiform gyrus and inferior parietal lobule. However, healthy subjects generated 
stronger activation than schizophrenic patients for both word types in the right 
anterior superior temporal gyrus and in the thalamus. In contrast, in the 
schizophrenic patients there were substantially more activated voxels for 
congruent and incongruent terminal words in bilateral DLPFC, anterior cingulate, 
fusiform gyrus, and in the right parietal cortex than in healthy subjects. These 
data suggest that schizophrenia is associated with an abnormal spreading of 
activation in semantic networks during language processing. Moreover, these data 
suggest that schizophrenia can be characterized by a more general problem of 
effectively coordinating and modulating neural activity from spatially distributed 
neural networks (i.e., abnormal functional connectivity). Funded by the Dr. 
Norma Calder Foundation and the Medical Research Council of Canada.

840.9

A FUNCTIONAL NEUROIMAGING STUDY OF INHIBITION 
PROCESSES IN OBSESSIVE-COMPULSIVE DISORDER.
1,2Christos Pantelis*,'Paul Maruff, '^Rosemary Purcell, 'Peter Tyler,13Gary F.
Egan,12Geofffey Stuart, ‘Murat Yucel. ‘Mental Health Research Institute of 
Victoria, 2The University of Melbourne, 3PET Centre, Austin Repatriation 
Medical Centre, Australia.

We have previously reported activation of the anterior cingulate in normal 
subjects required to inhibit word reading while performing the Stroop task (J. 
Psychopharmacology, 10; 234, 1996). Further, practice related improvement 
during task performance was associated with bilateral activation of the temporal 
lobes and hippocampi. The same task paradigm was utilized to investigate 
inhibitory attentional processes and learning in 7 patients with Obsessive- 
Compulsive Disorder (OCD). The control task (naming color congruent words, 
e.g. "red" printed in red) and the activation task (naming color incongruent words, 
e.g. "red" printed in blue) were presented during 12 PET scans, as 6 
congruent/incongruent pairs. The patients did not differ from controls according 
to the accuracy of responses or voice onset latency for the congruent trials. 
However, RTs to incongruent trials were slower in the patients with OCD (p<.05). 
Subtraction of the congruent conditions from the incongruent conditions revealed 
significant activation in the caudate nucleus (p<0.01), the superior frontal gyrus 
(p<0.05), and the middle frontal gyrus (p<0.05). There was significant practice- 
related improvement in task performance among the patients, which was 
associated with bilateral activation of the temporal lobes. These results suggest 
deficits in the inhibitory aspects of attentional processing in patients with OCD, 
likely associated with the failure to activate the anterior cingulate and concomitant 
recruitment of alternative neurocognitive networks for task performance. Practice 
related improvement in patients with OCD, however, was not compromised.

(This work was supported by an NH&MRC Project Grant)

840.10

DOPAMINE TRANSPORTER (DAT 1) GENOTYPES AND [123I]-B-CIT SPECT 
IMAGING OF DAT IN TOURETTE SYNDROME (GTS)
M. Stamenkovic*2, S-D. Schindler 2,S. Asenbaum’, N. El-Giamal2, K. Fuchs0,
K. HornikA, W. Sieqhart0, S. Kasper2, H.N. Aschauer2, 2= Department of 
General Psychiatry, Vienna University Hospital of Psychiatry, Wahringergurtel 
18-20, A-1090 VIENNA, Austria ‘= Department of Clinical Neurology, Vienna 
University Hospital for Neurology, °= Div. of biochem. Psychiatry Vienna, a= 
Univ. of Technology Vienna, Dep. of Statistics and Probability theory, Vienna,

Background: Malison et al. reported a higher [123I]-B-CIT striatal/occiptal ratio 
in GTS compared to healthy volunteers. This could not be observed using the 
striatal /cerebellar (S/C)ratio in our drug naive GTS patients (work in progress). 
The objective of our study was to associate [123I]-B-CIT binding with dopamine 
transporter (DAT 1) genotypes in order to detect DAT 1 genotypes associated 
with an elevated S/C ratio. Method: The investigation was carried out using the 
cocaine derivative [123I]-B-CIT (2-B-carboxymethoxy-3-B(4-iodophenyl)- 
tropane and single photon emission computed tomography (SPECT). 23 
patients with GTS (17 male, 6 female, mean age: 32,5 years ± 10,2) were 
investigated. Acquisitions were carried out 20h post-injection. Region of 
interest (ROI) were drawn over striatum/cerebellum. The ratio of specific over 
nondisplaceable binding (striatal /cerebellar-1) (SC) was determined. PCR 
dopamine transporter (DAT1) genotyping was conducted. An association of 
[125I]-B-CIT binding ratio and DAT 1 genotypes was calculated by Kruskal- 
Wallis rank sum test. Results: The mean [123I]-B-CIT binding ratio was 
10,12±1,68. By genotyping in our group of patients 2 alleles were detected 
(allele 5=440bp, allele 6=480bp). There were 2 patients with DAT 1 genotype 
5/5 (9%), 8 patients with 5/6 (35%) and 13 patients with 6/6 (56%). ). The 
association between [123I]-B-CIT DAT ratio and the detect DAT 1 genotypes 
was not significant (p=0,28). Conclusion: The striatal /cerebellar ratio of DAT in 
GTS seems not to be associated with the genotypic composition in individuals. 
A replication in another sample seems reasonable.
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841.1

CALCIUM/TEMPERATURE INTERACTIONS IN HIPPOCAMPAL SLICES 
FOLLOWING IN VITRO ISCHEMIA. T.J. Sick*. J. Bom. R. Tang and M.A, Perez- 
Pinzon, (Department of Neurology, University ofMiami School of Medicine, Miami, FL 
33101 USA.)

Oxygen/glucose withdrawal from hippocampal slices typically results in 
irreversible loss of synaptic transmission if sustained neuronal depolarization persists 
more than approximately 2 min. In the present study we attempted to increase resistance 
to oxygen/glucose withdrawal in hippocampal slices by combining mild hypothermia 
with lowered extracellular calcium ion levels

Recovery of evoked potentials in subfield CA1 was assessed following 
oxygen/glucose deprivation in slices bathed in either 2.0 or 0.1 mM CaCl2, and 
maintained at 36°, 30°, or 24° C. The duration of ischemic depolarization (negative DC 
potential shift) was 5', 10' or 20'. No recovery of electrical activity was observed in 
hippocampal slices maintained at 36° C and bathed in either 2.0 or 0.1 mM CaCl2 
following ischemic depolarization. Further, little recovery was observed in slices 
maintained at 30° C and bathed in 2.0 mM CaCl2. However, the combination of lowered 
CaCl2 and lowered temperature resulted in significant recovery following both 5 and 10 
min of ischemic depolarization. Recovery was further improved if extracellular calcium 
was lowered to 0.1 mM 30 min prior to the onset of oxygen/glucose deprivation and if 
temperature was lowered to 25° C. Under these conditions we observed near complete 
recovery of evoked electrical activity following 20 min of ischemic depolarization.

The data show that combined hypothermia and lowered calcium provides 
dramatic protection against oxygen/glucose deprivation in hippocampal slices that is not 
afforded by either treatment alone. This indicates that temperature and calcium interact 
at some pathway critical for continued electrical function in brain slices. It is possible 
'hat temperature may modulate the effect of calcium on key organelles such as 
mitochondria, or key ca’cium-se.n-ritive enzymes. (Supported in part by FHS grants 
r'S'43?c, NS32U7 ..-J UHR-USNMTDC) ‘

841.2

THE ROLE OF EXTRACELLULAR CALCIUM IN HYPOGLYCEMIC INJURY 
TO THE RAT OPTIC NERVE, A CENTRAL WHITE MATTER TRACT.
A. M. Brown* and B. R, Ransom.
Dept. of Neurology. University of Washington, Seattle, WA 98195
We investigated the role of extracellular Ca2+ in hypoglycemic injury to the rat 
optic nerve (RON). RONs were dissected from 45+ day old rats and maintained at 
37°C in control aCSF bubbled with 95% O2/5% CO2. Compound action potentials 
(CAPs) were measured using stimulating and recording suction electrodes at either 
end of the nerve and [Ca2+]0 was recorded using double-barreled ion selective 
electrodes. In control aCSF containing 2 mM Ca2+, a 1 hour period of 
hypoglycemia (i.e. zero bath glucose) resulted in the onset of CAP failure after 29.9 
± 1.5 minutes. CAP function recovered to 48.8 ±3.9 % of control after a 1 hour 
recovery period in control saline. The CAP recovered to 99.1 ± 3.8 % of control 
when the nerve was maintained in a Ca2+ free saline containing EGTA throughout 
the period of hypoglycemia. Intermediate concentrations of Ca2+ during 
hypoglycemia, 0.5 mM or 1 mM, led to intermediate levels of CAP recovery, 69.5 
± 9.7 or 62.2 ± 6.0 %, respectively. Decreased bath [Ca2+] shortened the latency to 
onset of CAP decline during the insult. [Ca2+]0 fell during a 1 hour period of 
hypoglycemia. The time course of the fall in [Ca2+]0 mirrored the time course of 
CAP failure. In control saline (i.e. 2 mM Ca2+), [Ca2+]0 fell from 1.55 ± 0.03 mM to 
0.45 ± 0.04 mM during a 1 hour period of hypoglycemia. [Ca2+]o returned to near 
its baseline value following hypoglycemia. The extent of injury was accurately 
predicted by a measure of Ca2+ influx, the integral of [Ca2+]0 decrease. The role of 
extracellular Ca2+ in hypoglycemic white matter dysfunction was complex, 
however. Reducing ambient bath [Ca2+] below 2 mM protected against irreversible 
injury presumably by decreasing Ca2+ influx, but it paradoxically shortened the time 
to initial CAP decline.
Supported by NIH grant NS 15589 (BRR)
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841.3

NEURONAL CALCIUM CHANGES DURING SPREADING DEPRESSION IN 
HIPPOCAMPAL ORGAN CULTURES. P, E, Kunkler* and R. P. Kraig. Department 
of Neurology, University of Chicago, Chicago, IL 60637.

Ca2+ is a ubiquitous trigger for activating cells and so may be a means by which 
spreading depression (SD) modulates ischemic injury. Interstitial [Ca2+] falls during SD - 
presumably entering cells (1) yet site, magnitude and time course for such [Ca2+] entry are 
unknown. Accordingly, we have begun measuring [Ca2+]j in CA3 pyramidal cells during 
SD induced in hippocampal organ cultures (HOTCs) as previously described (2). To 
measure [Ca2+]i; cells were impaled with microelectrodes containing 10 mM fura-2 or 
mag-fura-5. Indicators were loaded into the cells with hyperpolarizing pulses (1.5 nA; 10- 
20 min). Responses to 2,5,10 Hz stimulation pulses via bipolar stimulation in the dentate 
gyrus were measured prior to SD. Neurons loaded with fura-2 displayed a graded [Ca2+]j 
response to stimulation, with a maximum response to 10 Hz of 4.90 ± 0.5 S.E. (AF/F0; 
n=7). Neurons which did not return to baseline values following stimulation were rejected. 
Cells loaded with the low-affinity Ca2+ indicator mag-fura-5 showed no change in baseline 
[Ca2+]i levels with stimulation (n=4). Initiation of SD in fura-2 loaded neurons induced a 
rapid spike in [Ca2+}i (20.2 ± 2.5 S.E. AF/F0; n=13), observed first in the proximal 
dendrites followed rapidly (1-2 sec) in the somata. Within 5 sec [Ca2+]j levels began to fall 
toward baseline followed by a less robust but prolonged rise in [Ca2+]j levels throughout 
the neuron. This rise in [Ca2+]j correlated with peak interstitial DC negative change as 
measured with a microelectrode. Mirroring interstitial DC change, [Ca2+]j levels slowly 
returned toward baseline levels during the recovery phase of SD. In contrast, cells loaded 
with mag-fura-5 showed only a slight increase in baseline [Ca2+]j with the initiation of SD. 
However during the course of SD, [Ca2+]j levels fluctuated 3 to 8 fold over baseline levels 
in terminal dendritic process but no changes were evident in the proximal dendrites or 
somata. These experiments demonstrate that two distinct [Ca2+]j peaks occur during SD. 
1. Nicholson et al., PNAS, 1977; 2.Kunkler & Kraig, J Neuroscience, ‘98 (Supported by 
NS-19108.)

841.4
OPTICAL CURRENT SOURCE DENSITIES WITH SPREADING DEPRESSION 
IN HIPPOCAMPAL ORGAN CULTURES. R. P. Kraig*1, R.E. Hulse1, P.E. Kunkler1 
andC. Nicholson2. ’Dept. of Neurology, Univ. of Chicago, Chicago, IL 60637 and 2Dept. 
of Physiology & Neuroscience, New York Univ. Medical School, New York, NY.

Spreading depression (SD) worsens ischemic injury if it occurs <1 day before a drop in 
blood flow and lessens injury if it occurs >1 day before ischemia. Mechanisms involved 
in SD and its effects involve ion movement across cell membranes prompting us to study 
changes of current sinks and sources of SD in hippocampal organ cultures (HOTCs). 
HOTCs were prepared and SD induced as previously described (1). DC changes of SD 
were measured by digital imaging (4/sec; spatial resolution of 36 pm) techniques using the 
voltage sensitive dye RH-795. Current source density (CSD) calculations used the 2nd 
derivative of the DC signal with a smoothing function (2). SD events (n >21) showed 
consistent CSD changes. The latter were aligned to neurofilament images from the same 
HOTC to correlate CSD changes to cytoarchitecture. SD was induced by a bipolar 
electrical stimulus in the dentate gyrus activating mossy fibers leading to the proximal 
apical dendrites of CA3 pyramidal cells. CSD profiles showed a circumscribed current 
sink at this site bounded on either side by current sources along the axis of the pyramidal 
cells. Then at this same site, SD showed a dramatic sink lasting ~21sec, the time to peak 
interstitial DC negative change as measured with a microelectrode. Simultaneously, 
alternating & equidistant sources and sinks were evident along the pyramidal cell axis, 
consisting of sources at distal apical dendrites & CA3 somata and another sink at the 
basilar dendrites. Later these CSD sites diminished in intensity or reversed their polarity. 
Evidence for SD-induced sources & sinks exists (3) but not with the spatiotemporal 
resolution of our measurements. This approach will help to accurately resolve the ions and 
channels responsible for SD and the role of SD in ischemic injury.

1. Kunkler & Kraig, J Neuroscience, ‘98; 2. Freeman & Nicholson, J Neurophysiol, ‘75; 
3. Wadmen et al., Brain Research, 1992. (Supported by NS-19108 & NS-43115.)

841.5

CALBINDIN D28K OVEREXPRESSION ATTENUATES STRIATAL NEURON 
DEATH FOLLOWING TRANSIENT FOCAL CEREBRAL ISCHEMIA. M. A. 
Yehari--*, M. Minami2, G. H. Sun-, T.J. Meier, D. Y. Ho~. R. M, Sapolsky\
G. K. Steinberg". Depts of Neurology1 Neurosurgery7? Biology3, Stanford Stroke 

Center, Stanford University, Stanford. CA 94305
Increased intracellular calcium accumulation is known to potentiate ischemic 

injury. Whether endogenous caicium binding proteins act to protect cells against 
central nervous system insults has not been clearly established, and existing data are 
conflicting. Calbindin D28K (CaBP) is one such intracellular calcium buffer. Our 
group previously showed that CaBP overexpression lead to decreased calcium ion 
mobilization and improved neuronal survival against hypoglycemia in vitro (Meier et 
al, J. Neurchem 1997). We now investigate whether CaBP overexpression is 
neuroprotective against transient focal cerebral ischemia in an in vivo model. 
Amplicon based, replication incompetent herpes simplex virus vectors using a 
bipromoter system contained cabp and lacZ genes (va4CBa220gal). Control vectors 
encoded only the lacZ (reporter) gene (va4s3gal). 19 male Sprague Daw ley rats 
received bilateral striatal injections of viral vector 15 h prior to ischemia onset. Using 
an intraluminal occluding suture, animals were subjected to 1 h middle cerebral artery 
(MCA) occlusion followed by 47 h of reperfusion. Brains were harvested and stained 
with X-gal (to visualize P-galactosidase, the gene product of lacZ) and cresyl violet. 
The number of remaining virally targeted, X-gal stained neurons in both the ischemic 
and contralateral striata were counted and expressed as the percentage of surviving 
neurons in the ischemic striatum relative to the contra- lateral nonischemic striatum. 
Striatal neuron survivorship among CaBP injected animals was 53.5±4.1% (n=10) 
versus 26.8±5.4% among those receiving the control vector (n=9) (mean±SEM, 
p<0.01). We conclude that viral vector mediated over-expression of CaBP leads to 
neuroprotection in this model of experimental stroke.

NINDS; Ministry of Ed, Sci, Sports & Cult (Jpn)

841.6

RELATIVE CHANGES IN INTRACELLULAR CALCIUM 
CONCENTRATION OF HIPPOCAMPAL NEURONES INDUCED 
BY HIGH KC1, HYPOXIA AND THEIR COMBINATION. R.L. 
Martin1* and A.J, Strong2. ’Division of Biochemistry & Molecular 
Biology, Australian National University, 2Department of Clinical 
Neurosciences, Institute of Psychiatry, London SE5 8AG.

Various experimental treatments, including hypoxia, ischaemia, 
ouabain and high concentrations of extracellular K+ result in rapid 
neuronal depolarization. In this study we have made measurements 
which indicate the relative size of the increase in neuronal [Ca2+]j under 
some of these conditions. Hippocampal slices from Wistar rats aged 
16-25 days were incubated with Fura-2 AM, 10-30 pM for 1-3 hours. 
Slices were then removed to standard ACSF for at least 30 mins before 
measurements of [Ca2+]1 were made using the fluorescence ratiometric 
method. Application of 20-50 mM KC1 usually resulted in small, slow 
increases in [Ca2+],. In contrast, larger and more rapid elevation of 
[Ca2+]j occurred when slices were perfused with ACSF bubbled with 
95% O2/5% CO2 (hypoxia) or when hypoxia and KC1 were combined. 
Spontaneous shifts in [Ca2+]j were recorded before and during 
treatments but a striking increase in their occurrence was noted after 
each of the treatments. These data suggest that transient periods of 
elevated extracellular K+ pre-dispose neurones to Ca2+ deregulation and 
that this may contribute to evolution of an infarct after stroke.

The Wellcome Trust, UK

841.7

REDUCED Ca2+ CHANGES IN RESPONSE TO DEPOLARIZING STIMULI IN 
NEURONS DURING HIBERNATION IN ARCTIC GROUND SQUIRRELS. C.F. 
Richardson, K.L, Drew, T.B, Kuhn*. Institute of Arctic Biology, University of 
Alaska Fairbanks, Fairbanks, AK 99775.

There is evidence that hibernating (H) animals are capable of surviving prolonged 
periods of cerebral ischemia (Frerichs and Hallenbeck: 1998, J Cereb Blood Flow 
Med 18:168-175). To compensate for such a state of lowered ATP and glucose 
supply, H animals are likely to maintain neuronal ion homeostasis by actively 
suppressing neuronal excitability. In particular, a tight regulation of Ca2+ homeostasis 
is critical to prevent loss of membrane potential and further cellular damage. 
Therefore, we have investigated whether modifications of Ca2+ channel activity 
contribute to the ischemia-tolerance during hibernation. Changes in free intracellular 
Ca2+ ([Ca2+jj) have been determined in response to K+ and glutamate (GIu) in 
synaptosomal preparations from H Spermophilus parryii kennicotti and euthemic (E) 
ground squirrels using the fluorescent Ca2+ indicator Fluo-3. Electron microscopy 
and westemblotting using an anti-syntaxin antibody were used to characterize 
synaptosomal preparations. Synaptosomes were found functionally intact as indicated 
by a stable Fluo-3 fluorescence with a large, instantaneous rise in [Ca2+]j only after 
addition of 6 pM A23187, a Ca2+-specific ionophore. Presynaptic (50 mM K+ ) and 
postsynaptic (200 pM Glu) depolarizing stimuli had less of an effect on [Ca2+]; in H 
synaptosomes than on [Ca2+]j of E synaptosomes. We also found that the K+-induced 
[Ca2+]j rise was abolished in the presence of general Ca2+ channel inhibitors (2 mM 
Ni2+, 2 mM Co2+). Alternatively, the Glu-induced [Ca2+]j rise in the presence of these 
same inhibitors was unchanged suggesting that NMDA receptors are responsible for 
this [Ca2+]j influx. However, in the presence of a Ca2+ free buffer (0 mM Ca2+ with 2 
mM EGTA) neither preparation had an increase in [Ca2+], supporting an influx of 
extracellular Ca2+. This decreased [Ca2+]j influx in response to depolarizing stimuli 
might contribute to the ischemia-tolerance of H animals. (Supported by the 
President’s Special Projects Award to TBK).

841.8
PERI-INFARCT AND REMOTE EXCITABILITY CHANGES 
FOLLOWING TRANSIENT MCAO. T. Neumann-Haefelin, C. Bruehl, H.W. 
Muller* and O.W. Witte. Dept. of Neurology, Universitat Dusseldorf, 40225 Dtlsseldorf, 
Germany

Transient middle cerebral artery (MCA)-occlusion results in substantially 
smaller cortical infarcts than permanent MCA-occlusion. Up to now only little 
information is available on the long-term functional outcome of the cortical regions 
’’salvaged” by early reperfusion. We investigated excitability changes in non-infarcted 
cortical tissue following transient MCA-occlusion using extracellular slice recordings 
and whole-cell patch clamp measurements on isolated neurons. To detect remote 
changes in addition to the peri-infarct alterations we performed the same measurements 
both ipsi- and contralateral ly. The measurements were done both at 7 and 28 d 
following transient MCA-occlusion (intraluminal thread occlusion model) in rats. In 
the peri-infarct region we found a significant reduction of field potential amplitudes 
up to 3 mm from the infarct border at 7 d and up to 7 mm at 28 d with extracellular 
recordings. Paired-pulse inhibition was moderately impaired in this region at 7 d and 
not significantly different from control at 28 days. Contralaterally, we found 
extracellular excitability changes only in animals with relatively large cortical infarcts. 
In these animals both a widespread reduction of field potential-amplitudes and an 
impairment of paired-pulse inhibition was observed. With the whole-cell patch-clamp 
studies we found that both the high voltage activated (HVA) calcium current amplitude 
and conductance were increased. This was associated with a positive shift of the 
potential of half-maximal activation. Surprisingly, these changes were only found in 
animals with relatively small cortical infarcts and were restricted to the contralateral 
cortex. In conclusion, the results provide evidence for complex excitability changes 
both in the peri-infarct region and in remote brain areas, which are likely to be of 
substantial functional importance in the recovery process following stroke. Supported 
bySFB194B2
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841.9

EFFECTS OF LIDOCAINE ON THE ELECTROPHYSIOLOGICAL 
CHANGES AND INTRACELLULAR CALCIUM CONCENTRATIONS 
INDUCED BY HYPOXIA IN RAT HIPPOCAMPAL SLICES. I.S. Kass,'2l 
Wang,' J.E. Cottrell'. 'Dept. of Anesthesiology, 2Dept. of Physiology and 
Pharmacology, SUNY Health Science Center, Brooklyn, NY 11203

Lidocaine has been shown to be protective against transient cerebral 
ischemic damage. We have examined the effects of lidocaine on hypoxia 
induced electrophysiological changes and intracellular calcium concentrations 
([Ca‘’],) in the hippocampal CA1 region. Intracellular recordings were made 
from CA1 pyramidal neurons. [Ca*4], were measured in the slices loaded with 
Fura-2. Lidocaine was present 10 min before and during hypoxia. We used 
the Dunnet multiple comparison test and the Chi-square test; P < 0.05 was 
considered significant. Hypoxia caused a initial hyperpolarization, followed 
by a slow depolarization and then a rapid depolarization. Lidocaine, 10 pM 
and 100 pM, prolonged the duration of the slow depolarization and delayed 
the onset of the rapid depolarization. 10 pM and 100 pM lidocaine improved 
recovery of resting and action potentials after hypoxia (67% and 80% 
respectively vs 10% in untreated). With 10 min of hypoxia, cytosolic Ca" 
increased to 245% of its prehypoxic concentration in the untreated group, 
233% in 10 pM lidocaine treated slices and only 130% in 100 pM lidocaine 
group (P < 0.01 vs untreated). Lidocaine 100 pM and 10 pM improved the 
recovery of the resting and action potentials, but only 100 pM lidocaine 
attenuated the rise in [Ca++], induced by hypoxia. Therefore, 10 pM lidocaine 
improved the recovery by a mechanism other than attenuating the increase in 
[Ca**]r Supported by the Heritage Affiliate of the American Heart Assoc.

841.10
EFFECTS OF THE NOVEL Na+/Ca2+ EXCHANGE INHIBITOR KB-R7943 
ON ASPARTATE RELEASE AND ON NEURONAL SURVIVAL AFTER A 
HYPOXIC/HYPOGLYCEMIC INSULT.
U.H. Schroder1* M, Reiser2, J. Breder1 , C.F, Sabelhaus1, G. Wolf2 and K G.
Reymann. Project Group Neuropharmacology, Leibniz Institute for 
Neurobiology and Research Institute for Applied Neurosciences, D-39120 
Magdeburg, Germany; 2 Institute of Medical Neurobiology, University of 
Magdeburg, D-39120 Magdeburg, Germany
A prominent feature of cerebral ischemia is the excessive intracellular 
accumulation of both Ca2 and Na+ and a massive neurotransmitter release. The 
Na+/Ca+ exchanger couples the Na+ to the Ca2+ gradient by electrogenically 
exchanging 3 Na for 1 Ca2+, causing Ca2+ accumulation (reverse mode) or Ca+ 
extrusion (forward mode). In this study we investigated whether the reverse mode 
is critically involved in hypoxic/hypoglycemic damage of hippocampal CA1 
neurons. The novel Na+/Ca2+ exchange inhibitor 2-(2-[4-(4-nitrobenzyloxy) 
phenyljethyljisothiourea methanesulfonate (KB-R7943) preferentially inhibits this 
mode at low concentrations. We show that the drug significantly reduces 
depolarization-induced aspartate release from rat hippocampal synaptosomes, 
improves recovery of population spike amplitudes in hippocampal slices from adult 
rats and organotypic slice cultures after hypoxia/hypoglycemia and also 
diminishes propidium iodide staining in slice cultures after 24h after an insult. Our 
data suggest that the reverse mode of the Na /Ca2+ exchanger contributes to 
hypoxia/hypoglycemia-induced injury in CA1 neurons and that the protective 
mechanism may include the reduced release of neurotransmitters.
This study is supported by Saxony-Anhalt grant LSA 2507A-0086H.

841.11

THE EFFECT OF NORMOTHERMIC GLOBAL ISCHEMIA ON VARYING 
CONCENTRATIONS OF SUBSTRATES ESSENTIAL FOR RAT BRAIN 
MICROSOMAL Mg2*/Ca2* ATPase. J-T, Parsons*, S.B. Churn, and R.J. 
BeLerenzp, Department of Neurology, Medical College of Virginia 
Commonwealth University, Richmond, Virginia, 23298.

Neuronal cell death as a result of ischemia is associated with a prolonged 
loss of intracellular Ca2* homeostasis. Important for maintenance of 
intracellular Ca2* homeostasis is sequestration of Ca2* into endoplasmic 
reticulum via Mg^/Ca2* ATPase. This group has demonstrated that ischemia 
significantly inhibited microsomal Ca2* uptake mediated by Mg2*/Ca2* 
ATPase (J. Neurochem. 68,1124-1134,1997) and this inhibition was partly 
caused by an uncoupling of the ATPase activity that drives active 
Ca2*transport (Brain Res. in press). In an effort to further elucidate the 
mechanisms, the effect of ischemia on varying concentrations of substrates 
essential for Mg^/Ca2* ATPase activity was investigated. Control and 
ischemic microsomes were isolated by differential centrifugation and Ca2* 
uptake was measured after 1 min of reaction. The pH of the reaction 
medium was varied from 6.0 to 8.0. Control microsomes demonstrated a 
peak of activity at pH 6.8 to 7.0. Microsomes subjected to 60 min of 
ischemia demonstrated an identical pH profile with significantly inhibited Ca2* 
uptake at pH 6.8-7.0. Next, ATP concentration was varied from 50pM to 
2.25mM. Control microsomes demonstrated an optimal activity at 0.75- 
1mM. Microsomes subjected to 60 min of ischemia demonstrated the same 
ATP profile with significant inhibition of Ca2* uptake activity at ATP greater 
than 1mM. Finally, CaCI2 was varied from 100-1000pM. Direct Michaelis- 
Menten analysis revealed that Vmax was decreased from 5.6 nmols/mgxmin'1 
in control to 4.0 nmols/mgxmin’1 in 60 min ischemic microsomes. K<,5 for 
Ca2* remained unaffected at 300pM. Funded by RO1-NS23350 and PO1- 
NS25630 to RJD.

841.12

BRAIN ISCHEMIA CAUSES PROTEOLYTIC MODIFICATION OF PLASMA 
MEMBRANE CALCIUM ATPASE. R.W, Neumar*1. F.H, Meng'. A.M, Mills'. R 
Stman2. Departments of 'Emergency Medicine and Pharmacology, University of 
Pennsylvania School of Medicine, Philadelphia, PA 19104.

Delayed neuronal death after transient ischemia is preceded by secondary cytosolic 
and mitochondrial calcium overload. We propose that this disruption of calcium 
homeostasis is caused by calpain-mediated cleavage of neuronal calcium regulatory 
proteins. In this study we examined proteolytic modification of plasma membrane 
Ca2+ATPase (PMCA) in the rat hippocampus after transient forebrain ischemia.

Male Long Evans rats were anesthetized with halothane, mechanically ventilated and 
instrument for temperature and hemodynamic monitoring. Each underwent 10 minutes 
of transient forebrain ischemia induced by bilateral carotid occlusion and hypovolemic 
hypotension (MAP 30-35 mm Hg). Brain samples were obtained after 48 hrs of 
reperfusion. Brains from naive and sham operated rats were used as controls. 
Unfractionated hippocampal homogenates were analyzed by Western blot for evidence 
of PMCA proteolysis as well as calpain and caspase activity.

Using antibody to PMCA (5F10, J. Penniston), a predominant band (140 kDa) 
corresponding to the intact enzyme was present in all samples. A PMCA degradation 
fragment (78 kDa) was detected in the 48 hour reperfused hippocampus which was not 
detected in naive and sham operated controls. The intensity of this band corresponded 
to the intensity of bands generated by antibodies specific to the n- and c-terminal 
calpain-derived fragments of a-spectrin (Ab38 & Ab41). In contrast, caspase-derived 
fragments of a-spectrin (Ab212) and activated caspase-3 (Ab206) were not detected.

These results demonstrate proteolytic modification of PMCA in the rat brain 
hippocampus at 48 hours after transient forebrain ischemia. The correlation with 
calpain-mediated spectrin cleavage and absence of detectable caspase activity support 
the hypothesis that the observed cleavage of PMCA is mediated by calpain. Further 
work is needed to determine if proteolysis of PMCA contributes to altered calcium 
homeostasis in post-ischemic neurons. Supported by NIH Grant NS01832.

841.13

PATTERN OF GENE EXPRESSION ACTIVATED BY TRANSIENT CERE-
BRAL ISCHEMIA IN VIVO OR DISTURBANCES OF ENDOPLASMIC 
RETICULUM (ER) CALCIUM HOMEOSTASIS IN VITRO.
W^gasgh^n^ .S. AUhausen, C. Gissel. J. Doutheil and A. Uto. Dept.
of experimental Neurology, Max-Planck-Institute for neurologi-
cal Research, Cologne, Germany.

It has been suggested that disturbances of ER calcium home-
ostasis may contribute to ischemia-induced cell injury. In this 
presentation, we describe the pattern of changes in mRNA lev-
els of genes the expression of which is directly (gaddl53, 
gadd34) or indirectly (irf-1; 2'-5'-oligoadenylate synthethase 
(OAS), both induced by PKR) activated by conditions causing dis-
turbances of ER functions. Rats were subjected to 30 min tran-
sient forebrain ischemia (four-vessel occlusion) followed by 2h 
to 24h of recovery. Disturbances of ER calcium homeostasis were 
induced in primary neuronal cell cultures by a transient expo-
sure of cells to thapsigargin (Tg, an irreversible inhibitor of ER 
Ca2+-ATPase) or to calcium-free medium supplemented with 
EGTA. Changes in mRNA levels were evaluated by quantitative 
PCR. Disturbances of ER calcium homeostasis in vitro induced a 
significant rise in mRNA levels of these genes, more pronoun-
ced and prolonged after Tg exposure of cells than after EGTA 
exposure. After transient ischemia, the expression of these 
genes was significantly activated, more pronounced and pro-
longed in the hippocampus compared to the cortex. The results 
imply that ischemia causes disturbances of ER functions and 
that these pathological changes are less marked in the resistant 
cortex compared to the vulnerable hippocampus.

841.14

NEURONAL CELL DEATH INDUCED BY ANOXIA PLUS AGLYCEMIA 
C Wang*. _L, K Richmond & D.C. Perry. Dept. Pharmacology, George 
Washington University Medical Center, Washington, D.C. 20037

We used the SH-SY5Y human neuroblastoma cell line to study the 
relationship between the intracellular Ca2+ homeostasis, particularly Ca2* release 
from the endoplasmic reticulum (ER), and cell death. To mimic the ischemic 
environment, cells were incubated in an anaerobic chamber with aglycemic 
medium for different times. Cell death was analyzed by trypan blue exclusion 
and LDH release, either immediately after exposure, or following recovery in 
standard conditions, at 24,48 or 72 hr after initial exposure. Only slight cell 
death was seen following 8 hr exposure to anoxia + aglycemia, and only at 48 
hr. With 10 or 12 hr exposure, viability was -50% at 48 and 72 hr. 16 or 24 
hr exposure reduced viability to -25% at 48 hr, and 0 at 72 hr. We found that 
foe combination of aglycemia and anoxia is critical: exposure of cells to either 
aglycemia or anoxia alone did not produce significant cell death. We previously 
showed that treatment of gerbils with dantrolene, which blocksER Ca2* release, 
inhibited hippocampal cell death after global cerebral ischemia. SH-SY5 Y cells 
were pre-treated with dantrolene for 54 hr, then exposed to anoxia + aglycemia 
for different times. Significant protection was obtained when 40 pM dantrolene 
was presort during the 16 hr exposure, and during exposure plus recovery, but 
no protection was obtained when dantrolene was present during recovery only. 
This suggests that anoxia + aglycemia- induced cell death is at least partially 
due to ER Ca2* release. The effects of anoxia + aglycemia on 14 day primary 
rat neuronal cultures were also studied. Cortical neurons were exposed to 
anoxia + aglycemia for 2 or 4 hr, then allowed to recover. Analysis at 48 hr 
showed that 4 hr exposure was required to induce significant cell death; 
substantial protection was achieved by addition of MK-801 and CNQX. 
Supported by NS34706.
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841.15
PROTECTIVE ROLE OF Ca2+ DURING HYPOGLYCEMIA IN A CENTRAL 
WHITE MATTER TRACT.
B. R. Ransom* and A. M. Brown.
Dept. of Neyrology. University of Washington, Seattle, WA 98195
Compound action potentials (CAPs) from adult rat optic nerve were recorded in 
vitro and the area under the CAP was measured and used to monitor nerve function 
before and after periods of hypoglycemia. Extracellular [Ca2+] ([Ca2+]0) was 
recorded using calcium-sensitive microelectrodes. CAP recovery after a 1 hour 
period of hypoglycemia was dependent upon the bath Ca2+ concentration. In control 
aCSF containing 2 mM Ca2+, CAP recovered to 48.8 ± 3.9 % following 
hypoglycemia. Maintaining the nerve in Ca2+ free aCSF (5 mM EGTA, no Ca2+ 
added) protected the nerve against irreversible injury; CAP recovered to 99.1 ± 3.8 
%. Increasing the bath Ca2+ to 5 mM or 10 mM, respectively, resulted in CAP 
recovery to 78.8 ± 9.2 % or 91.6 ± 5.2 %. The latency to CAP failure was also 
dependent upon bath Ca2+. Nerves bathed in aCSF containing zero, 2, 5 or 10 mM 
Ca2+ had latencies to CAP decline of 8.8 ± 1.8, 29.9 ± 1.5, 41.2 ± 1.7 or 51.8 ± 1.2 
minutes during hypoglycemia. [Ca2+]0 recorded in control aCSF with calcium 
sensitive microelectrodes showed a drop in [Ca2+]0 from 1.54 ± 0.03 mM to 0.45 ± 
0.04 mM during a 1 hour period of anoxia. [Ca2+]0 returned to 1.43 ± 0.05 mM 
after 1 hour of recovery. Increasing baseline [Ca2+]0 to 5 mM or 10 mM, 
respectively, resulted in a decrease in [Ca2+]o from baseline levels of 3.39 ± 0.27 
mM or 7.95 ± 0.11 mM to 2.94 ± 0.14 mM or 7.71 ± 0.22 mM, respectively. These 
results indicate that the role of Ca2+ during hypoglycemia is complex. While 
extracellular Ca2+ is required for irreversible injury to occur, increasing bath Ca2+ 
above 2 mM resulted in increased CAP recovery, the first recorded report of a 
protective role for Ca2+ during hypoglycemia.
Supported by NIH grant NS 15589 (BRR)

841.16
DEPLETION OF INTRACELLULAR CALCIUM STORES IS TOXIC TO 
NEURONAL CELL LINES. D.C. Perry*. H.N, Nguyen. L.E. Richmond. K. 
Markos. S. Brugmann and C. Wang Dept. Pharmacology, George Washington 
Univ. Medical Center, Washington, D.C. 20037

Thapsigargin (TG) inhibits uptake of Ca2+ into endoplasmic reticulum (ER), 
causing release and depletion of Ca2+ intracellular Ca2+ stores, increased cytosolic 
Ca2+ ([Ca2+],), and cell death. We previously demonstrated that TG induces 
apoptosis in GT1-7 murine neuronal cells, which is inhibited by bcl-2. We have 
extended these studies to the SH-SY5Y human neuroblastoma cell line, assessing 
viability by trypan blue exclusion. TG (30-300 nM) decreases SH-SY5Y cell 
viability to <30% after 48 hr exposure. Two other drugs that inhibit ER Ca2+ 
uptake, /-BHQ (30-300 pM) and cyclopiazonic acid (10-100 pM), were also toxic. 
Pretreatment with 40 pM dantrolene to block release of ER Ca2+ via ryanodine 
channels gave substantial protection against TG- or /-BHQ-induced cell death 
(viability after 48 hr TG was 124% higher, p<0.05), but it did not inhibit death from 
staurosporine, which does not cause release of ER Ca2+. We tested other drugs 
thought to inhibit release of intracellular Ca2+ stores. Good protection was obtained 
with DHBP (20-100 uM), but only modest protection with ruthenium red (2 pM), 
ryanodine (10 pM) or TMB-8 (30 pM). Inhibition of capacitative Ca2+ entry with 
EGTA, low Ca2+exp or LaCl3, or chelation of [Ca2+], with 20 pM BAPTA-AM, failed 
to inhibit TG toxicity, arguing that the critical insult is the depletion of ER Ca2+ 
stores. Cyclosporin A, which inhibits opening of the mitochondrial permeability 
transition pore, was highly toxic to SH-SY5Y cells. Drugs that prevent 
mitochondrial Ca2+ uptake did not prevent TG toxicity, nor did PARP inhibitors. 
However, partial protection was obtained with caspase inhibitors, and complete 
protection was obtained with an inhibitor of endonucleases, aurintricarboxylic acid 
(50 pM). Taken together, these data suggest that TG toxicity in SH-SY5Y cells is 
caused by ER Ca2+ depletion, which triggers an apparent apoptotic pathway that 
may not involve mitochondrial depolarization. Supported by NS34706.

841.17

RAISING INTRACELLULAR CALCIUM ATTENUATES 
ISCHEMIC APOPTOSIS IN VITRO. D.J. Babcock*, F.J. Gottron, 
and D.W. Choi. Center for the Study of Nervous System Injury and 
Dept. of Neurology, Washington Univ. School of Medicine, St. Louis 
MO 63110.

While large increases in neuronal intracellular Ca2+ ([Ca2+]j) mediate 
excitotoxic necrosis, both high and low levels of [Ca2+]j have been 
associated with neuronal apoptosis. Here, we used fura-2AM to 
determine that staurosporine-induced apoptosis of cultured murine 
cortical neurons was accompanied by a mild lowering of resting [Ca2+]; 
corn-pared to control levels. Raising [Ca2+]; with the voltage-gated 
Ca2+ channel opener, (-)Bay K 8466 (10 pM ) or 1-10 pM kainate 
attenuated this apoptosis. Similarly, inducing "ischemic apoptosis" by 
exposing the neurons to prolonged oxygen-glucose deprivation in the 
presence of NMD A and AMP A antagonists to block excitotoxic 
necrosis (Gwag et.al., 1995) resulted in a mild lowering of [Ca2+]; 1 h 
after the insult, and raising [Ca2+]; with (-) Bay K 8466 or kainate 
attenuated ischemic apoptosis. Although much effort to develop 
neuroprotective treatments for use in brain ischemia has been directed 
toward reducing neuronal Ca2+ overload induced by glutamate receptor 
overactivation, present data raise the intriguing possibility that 
methods for increasing Ca2+ entry may also be beneficial for some 
neurons. Supported by NIH NINDS grants 1KO8NSO1935O1A1(DJB) 
and NS 32636 (DWC).

841.18

a-SPECTRIN BREAKDOWN FOLLOWING TEMPORARY AND 
PERMANENT MIDDLE CEREBRAL ARTERY OCCLUSION IN THE RAT.
N.C. Kupina, E.D. Hall? G. Schielke, X-D, Ren, E. Bemath, R. Nath, and K.K.W.
Wang. Neurosci. Ther., Parke-Davis Pharmaceutical. Research, Div. of Warner 
Lambert Co., Ann Arbor, MI 48105.

Recent studies suggest that calpain, an intracellular calcium-activated cysteine 
protease, contributes to ischemic brain damage. When calpain is activated, the 
cytoskeletal protein a-spectrin is degraded to 150kD and 145kD fragments. In 
culture models of apoptosis, these products are also formed along with a caspase-3 
generated 120kD a-spectrin fragment. In contrast, in necrotic cultured cells, only 
calpain-mediated a-spectrin fragments (150 kD and 145 kD) are observed. This study 
compares the 24 hr. time course of spectrin breakdown following permanent and 
temporary focal ischemia. The middle cerebral artery was occluded permanently 
(pMCAO) in Sprague Dawley rats by bipolar coagulation. Temporary ischemia was 
produced by occluding the MCA and both common carotid arteries for 3 hrs. Brain 
samples were powdered over dry ice and suspended in a triton lysis buffer. Western 
blots were probed with an anti-a-spectrin antibody (monoclonal, Affmiti Labs, UK). 
The 150kD and 145kD breakdown products increased over time in both MCAO 
models, beginning at 3 hr. Following pMCAO, the both fragments reached a 
maximum at 6 hr and remained elevated through 24 hr. Following tMCAO, the 150 
kD and 145 kD achieved values similar to pMCAO; however, not until 24 hr of 
reperfusion. The 120kDa fragment was not detected in either MCAO model. The 
delayed and prolonged time course of proteolytic activity suggests that calpain 
inhibitors could have an extended post-ischemic therapeutic window. Failure to 
detect the 120kDa fragment following either tMCAO or pMCAO suggests that 
caspase-3 may play a relatively minor role in prolonged focal ischemia. (Supported 
by Wamer-Lambert/Parke-Davis)

841.19

PROTEASE-ACTIVATED RECEPTORS AND THEIR LIGAND THROMBIN 
MEDIATE NEUROPROTECTION AND DEGENERATION IN THE 
HIPPOCAMPUS IN RESPONSE TO OXYGEN/GLUCOSE DEPRIVATION. R 
Striggow1, J. Breder2, A. Kasyanov2. K G. Reymann2, G. Reiser1*, ’institute of 
Neurobiochemistry, Otto-von-Guericke-University Magdeburg, Leipziger Str. 44, D- 
39120 Magdeburg; 2Leibniz-Institute for Neurobiology, POB 1860, D-39008 
Magdeburg, Germany.

The recent identification of several extracellular serine proteases (e.g. thrombin) 
and protease-activated receptors (PARs) in the brain has raised the question about 
their physiological fimctions in the CNS. By PCR analysis we detected the PAR 
subtypes 1, 2 and 3 in the rat hippocampus. The expression of PARs was 
differentially affected by exposure of organotypic hippocampal slice cultures to a 
sublethal or lethal oxygen/glucose deprivation (OGD), experimental conditions 
mimicking ischemia in vivo. Each receptor subtype was up-regulated 24 h after a 
long-lasting (40 min) and therefore, lethal OGD. Following a short sublethal OGD 
(5 min), PAR-2 was down-regulated, whereas the expression of PARs 1 and 2 
remained constant. To address a possible function of PARs within ischemia-induced 
neurodegeneration, we studied the influence of thrombin as a specific activator of 
PARs 1 and 3 on the viability of organotypic hippocampal slice cultures. High 
thrombin concentrations (100 U/ml) caused excessive cell death, whereas 0.01 U/ml 
thrombin mediated protection against OGD. The effect of 0.01 U/ml thrombin was 
mimicked by a synthetic thrombin receptor agonist peptide demonstrating that 
protection resulted from specific receptor activation. Interestingly, 0.01 U/ml 
thrombin were able to induce single or repetitive Ca2+ spikes in hippocampal CA1 
neurons, whereas higher thrombin concentrations caused a sustained Ca2+ increase. 
Thus, distinct intracellular Ca2+ signals may account for thrombin-induced 
neuroprotection. We conclude that thrombin and PARs might be major endogenous 
mediators of cell death and survival after brain ischemia, (supported by grants 
BMBF 07NBL04 01ZZ9505, 0319998B and LSA 1899A)

841.20

FACTORS CONTRIBUTING TO NEURONAL CELL DEATH IN 
ISCHEMIA AND EXITOTOXICITY. V.A. Dyatlov A. Boldyrev 2, N.L. 
Strominger3 , D.A. Lawrence1 and D.O. Carpenter3. ’Wadsworth Center, NY 
State Dept. of Health; international Center for Biotechnology and Center for 
Molecular Medicine of Moscow University; 3School of Public Health, 
University at Albany; Rensselaer, NY 12144-3456.

Using flow cytometry, we have investigated the role of reactive oxygen 
species (ROS) in neuronal cell death induced by ischemia and application of the 
excitatory amino acid agonists, N-methyl-D-aspartate (NMDA) and kainate. 
Various fluorescent dyes were used to monitor intracellular calcium 
concentration, ROS concentration, transmembrane potential and viability in 
acutely dissociated rat cerebellar granule cells (neurons) exposed to simulated 
ischemia alone, NMDA or kainate alone, and ishemia plus NMDA or kainate. 
Ischemia in the dissociated cells was simulated by deprivation of D-glucose in 
the control Tyrode’s solution and the lowering in the oxygen concentration. 
Ischemia followed by reoxygenation resulted in slight increases in ROS 
concentrations and cell death. When NMDA or kainate alone was applied to the 
cells, there were large increases in ROS and intracellular calcium concentrations, 
but only a small loss of cell viability. When NMDA or kainate were applied 
during ischemia, there was a dramatic loss of cell viability, accompanied by 
membrane depolarization. However, the elevations of ROS and intracellular 
calcium concentrations as possible reasons for the loss of cell viability were not 
greater that those seen with the excitatory amino acids alone. These observations 
indicate that other factors beyond ROS and intracellular calcium may contribute 
to cell death.
Supported by Fulbright Foundation, NIH grants NS23807 and T32 ES07251.
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841.21
EFFECTS OF THE BK CHANNEL ANTAGONISTS PAXILLINE AND 
IBERIOTOXIN AND THE AGONIST NS 1619 IN HIPPOCAMPAL SLICE 
CULTURES SUBJECTED TO OXYGEN-GLUCOSE DEPRIVATION. J.K, Utvik1, 
E, Runden1, P. Brodal1*. J. Storm2 and O.P. Ottersen'. ‘Department of Anatomy, 
Univ. of Oslo; department of Physiology, Univ. of Oslo; Norway, Oslo, N-0317.

The BK channels have unique properties: a high conductance, dual calcium-and 
voltage-dependence and rapid kinetics. When activated by a rise in the intracellular 
Ca2+ concentration, or by membrane depolarisation, they provide a rapid and efficient 
“brake”: a hyperpolarizing current, which will promptly inhibit any excessive 
neuronal activity. Recent evidence indicates a presynaptic distribution of BK channels 
in several brain regions, also the hippocampus. This suggests that BK channels, in 
response to intense activity and Ca2+ influx, can repolarise presynaptic terminals, thus 
preventing excessive release of excitatory transmitters.

Under oxygen-glucose deprivation neurons suffer excessive depolarisation, Ca2+ 
influx, excitotoxicity and cell death. If BK channels play a significant protective role 
under such conditions, then blockers of these channels should aggravate the 
pathological outcome, whereas openers should ameliorate it

The effects of BK antagonists (iberiotoxin, lOOnM and paxilline, lpM) and an 
agonist (NS1619) on the extent of cell damage after 33 minutes of oxygen-glucose 
deprivation (95% N2/ 5% CO2 and HEPES without glucose) were studied in 
organotypic hippocampal slice cultures from rat pups. Propidium iodide, which binds 
to DNA and gives a strong fluorescent signal, was added to the solution to identify 
damaged cells. The intensity of the signal was used to quantify the neuronal damage. 
We recorded the fluorescence signal, before and 3, 5 and 24 hours after in vitro 
ischemia.

We found that the antagonists IbTX and paxillin enhanced the cell damage, as 
predicted. There was however also an increased signal, indicating increased damage, 
when using high doses of the agonist NS1619 (lOOpM). However most of this 
immunofluorescence was strongest along the margin of the culture, suggesting that 
this signal originated in glial cells rather than neurons. (Supported by EC/BIOMED-2)

ISCHEMIA: EXCITABILITY CHANGES

842.1
INTERSTITIAL SHIFTS IN pH, K+ AND Na+ DURING SPREADING 

DEPRESSION EVOKED IN ZERO CALCIUM MEDIA. G. Menna, CK Tong 
& M Chester*. Dept. of Physiology & Neuroscience & Dept. of Neurosurgery,
NYU School of Medicine 550 1st Ave NY, NY 10016.

In brain slices, spreading depression (SD) can occur in 0 Ca2+ media 
[1]. Since activity-evoked alkalosis may be generated by 
plasmalemmal Ca2+-H+ exchange, we tested whether such a pH0 shift 
could occur during 0 Ca2+ SD in rat hippocampal slices (with 2mM 
EGTA + picrotoxin to stop GABAa  HCO3' fluxes). In area CA1, SD 
was evoked by KC1 ejection ± bath ouabain (0.5-2 pM) or by 
superfusion of 100 pM ouabain alone. pH microelectrodes revealed 
an early alkalosis with all methods, but SD was best induced by 100 
pM ouabain, where an extracellular DC potential shift of -4.3 ± 0.4 
mV occurred with an alkalosis of 0.09 ± 0.02 unit pH (n=6). In 3 mM 
Ca2+, the alkalosis was no different (0.07 ± 0.01 unit pH , n=5, 
p=0.5). Late acid shifts of 0.1-0.2 unit pH followed the SDs. In 0 
Ca2+, the alkalosis was unaltered by 100 pM ethylisopropyl amiloride, 
10 pM cyclopiazonic acid or 5 pM thapsigargin. The 0 Ca2+alkalosis 
was doubled by benzolamide and persisted in HCO3' free media. The 
0 Ca2+, SD occurred with a relatively small a [K+]0 and A[Na+]0 of
21.8 ± 1.1 and -28.3 ±3.1 mM, respectively(n=7). These data indicate 
that activity-evoked alkaline pH0 shifts during SD are unlikely to be 
generated by plasmalemmal Ca2+-H+ exchange. [1] Basarsky et al. J 
Neurosci. 18:7189. Funded by NINDS grants NS32123 & NS 34115.

842.2
PRODUCTION OF “ISCHEMIC” MEMBRANE DEPOLARIZATIONS IN VITRO'. 
SYNERGISTIC INTERACTION OF SODIUM PUMP BLOCKADE AND 
IONOTROPIC GLUTAMATE RECEPTOR ACTIVATION. D. M. Mooney* and 
B. Hu. Loeb Health Research Institute, Ottawa Hospital, Civic Campus, Ottawa, 
Ontario, Canada K1Y 4E9.

Reversible blockade of the Na+,K+-ATPase in viPo is a useful model of ischaemia. 
It has previously been shown that the sodium pump inhibitor sfrophanthidin 
produced either small (type I) or large (type II) depolarizations in intracellularly- 
recorded neurons, but only type I depolarizations in whole-cell patch-clamped 
neurons. (Senatorov et al., J. Physiol. 502.2, 375-385, 1997.) Here we examined the 
hypothesis that the type II depolarization is due to breakdown of transmembrane 
ionic concentration gradients. By this hypothesis, opening of ion channels by 
synaptic or drug-induced ionoPopic glutamate receptor activation concurrently with 
sPophanthidin application should promote type II depolarization. InPacellular 
recordings were obtained from neurons maintained in a superfused thalamic explant 
preparation. Drugs were applied in the bath medium. Spontaneous EPSPs were 
induced by 4-amino pyridine (4-AP, 0.1-1.0 mM) and were shown by antagonist 
application (CNQX+AP5) to be glutamatergic (n=3). The ionotropic glutamate 
receptor agonist AMPA (2 pM) was applied with repolarization by manual current 
injection. Strophanthidin (100 pM) was applied during application of 4-AP or 
AMPA. It was found that 4-AP promoted the occurrence of relatively short type II 
depolarizations (5/6). AMPA promoted normal type II depolarizations (2/3). Hence, 
the type II depolarization is due to an imbalance in sodium and potassium 
transmembrane fluxes, leading to loss of membrane ionic gradients. Supported by 
MRC of Canada and the Ontario Graduate Scholarship Program.

842.3

ATP SENSITIVE POTASSIUM CHANNELS MODULATE DOPAMINE 
RELEASE IN THE ANOXIC TURTLE STRIATUM. S.L. Milton and P.L, 
Lutz.* Dept. of Biological Sciences, Florida Atlantic Univ.. Boca Raton, FL 
33431.

While dopamine (DA) release during hypoxia is thought to be a major cause of 
hypoxic/ischemic brain damage in mammals, no increases in striatal 
extracellular DA are observed in the freshwater turtle Trachemys scripta even 
after 3-4 hr complete anoxia. While this lack of increase is due in part to 
continued DA reuptake into the cells. Pansport is an energy dependent 
phenomenon. The purpose of this study was to determine if reuptake also 
prevents DA increases during the initial hour of anoxia, when the turtle is in 
transition to a reduced metabolic state and ATP levels tire compromised. The 
role of ATP-sensitive potassium channels (KATP) was investigated as these 
channels open in response to low inPacellular ATP; activated channels are 
thought to decrease DA efflux in the hypoxic mammalian brain.

ExPacellular DA was measured by microdialysis and HPLC analysis in the 
presence or absence of the specific DA pansport blocker GBR 12909 or with 
either the specific KATP blocker glibenclamide or the non sulfonylurea blocker 
2,3-butanedione monoxime (BDM). We found that in conpast to long-term 
anoxic turtles, release and reuptake were insignificant in DA balance during the 
first hr of anoxic exposure. Low extracellular DA levels rather are maintained 
by activation of KA!P channels; preventing theu activation resulted in a 
significant expacellular DA increase.

Funded by NSF Grant IBN-9507961

842.4

AN APAMIN-SENSITIVE CONDUCTANCE MEDIATES THE OUTWARD 
K+ CURRENT RESPONSE DURING CHEMICAL ISCHEMIA IN CA3 
PYRAMIDAL CELL
M. Mori, M. Tanabe*, B. H. Gahwiler and U. Gerber
Brain Research Institute, University of Zurich, CH-8057 Zurich, Switzerland

Pyramidal cells typically respond to ischemia with an initial transient 
hyperpolarization, which may represent a neuroprotective response. To identify 
the conductance underlying this hyperpolarization in CA3 pyramidal neurons 
of rat hippocampal organotypic slice cultures, the single-electrode voltage- 
clamp technique was used. Brief chemical ischemia (2 mM 2-deoxyglucose 
and 3 mM NaN3 for 4 min) induced a response mediated by an increase in K+ 
conductance. This current was blocked by intracellular application of the Ca2+ 
chelator, BAPTA, reduced with low external Ca2+, and inhibited by a selective 
L-type Ca2+ channel inhibitor, isradipine, consistent with the activation of Ca2+- 
dependent K+ conductance. Experiments with charybdotoxin (10 nM) and TEA 
(1 mM), or with the protein kinase C activator, PDAc (3 pM) ruled out an 
involvement of a BK-type or an apamin-insensitive SK conductance, 
respectively. In the presence of apamin (1 pM), however, the outward current 
was significantly reduced. These results demonstrate that in rat hippocampal 
CA3 pyramidal neurons an apamin-sensitive Ca2+-dependent K+ conductance is 
activated in response to brief ischemia generating a pronounced outward 
current.

Supported by Sankyo Ltd., the Ministry of Education, Science, and Culture of 
Japan, the Prof. Dr. Max Cloetta Foundation, and the Swiss National Science 
Foundation (31-45547.95).
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842.5
POTASSIUM CURRENTS IN CA1 PYRAMIDAL NEURONS AFTER 
TRANSIENT FOREBRAIN ISCHEMIA. X.X Chi* and Z.C, Xu. Dept. of 
Anatomy, Indiana University School of Medicine. Indianapolis IN 46202, U.S.A.

CA1 pyramidal neurons are highly vulnerable to transient cerebral ischemia. It 
has been showed that the excitability of most CA1 neurons progressively decreased 
following transient forebrain ischemia. To reveal the mechanisms underlying the 
post-ischemic excitability change, potassium currents in CA1 neurons were studied 
after ischemia.

Male adult Wistar rats were fasted overnight and anesthetized with 1-2% 
halothane. Ischemic depolarization of -14 min was induced using the 4-VO method. 
Hippocampal slices of 300 pm were prepared before ischemia and at 6-8h or 12-14 h 
following reperfusion. Total potassium current (IK) and the transient potassium 
current (IA) in CA1 pyramidal neurons were recorded using voltage-clamped whole-
cell recording technique.

In comparison with the control value (2.17±0.17 nA, measured at +70 mV), the 
amplitude of IK in CA1 neurons significantly increased 6-8 h after ischemia 
(2.96±0.31 nA, P<0.05) and then returned to the control level 12-14 h following 
reperfusion (2.10±0.23 nA). No significant difference in steady-state activation of IK 
was found in neurons before and after ischemia. However, the steady-state 
inactivation showed progressive change following reperfusion. Vh(inact) shifted 
from -89.30+1.46 mV of control value to -78.77±1.33 mV and -70.96 ±1.13 mV 
(p<0.05) at 6-8 h and 12-14 h after ischemia respectively. IA was isolated based on 
its pharmacological and kinetic characteristics. The amplitudes of IA significantly 
increased from 0.62±0.13 nA of control level to 1.39±0.30 nA (p<0.05) 6-8 h after 
reperfusion.

These data suggested that the changes of potassium currents may play a role in 
the excitability decrease in CA1 neurons after severe ischemia. The increase of IA 
may be a major contributor to the IK change in CA1 neurons 6-8 h after ischemia.

(Supported by NIH grants NS33103, NS38053)

842.6
NEUROPHYSIOLOGICAL CHANGES IN STRIATAL NEURONS FOLLOWING 
TRANSIENT FOREBRAIN ISCHEMIA. M. Gajendiran* and Z.C. Xu. Dept. of 
Anatomy, Indiana University School of Medicine. Indianapolis, IN 46202.

The spiny neurons in rat neostriatum die 24 h after transient forebrain ischemia. 
To reveal the neurophysiological mechanisms associated with neuronal damage 
following ischemia, the synaptic transmission and membrane properties of spiny 
neurons were studied at different intervals after ischemia.

Male adult Wistar rats were fasted overnight and -20 min ischemic 
depolarization was induced using four-vessel occlusion method under 1-2% 
halothane anesthesia. The spontaneous neuronal activities, evoked postsynaptic 
potentials and membrane properties of spiny neurons were compared before 
ischemia and at different intervals after reperfusion using intracellular recording 
technique in vivo. The recorded neurons were identified as spiny neurons using 
intracellular staining technique with 5% neurobiotin.

In comparison with neurons before ischemia, the spontaneous firing rate and the 
characteristic “up and down state” of membrane potential fluctuation in spiny 
neurons significantly decreased after ischemia while the baseline membrane potential 
progressively became more depolarized. The slope of cortically evoked excitatory 
postsynaptic potentials (EPSPs) transiently increased within the first 6h after 
reperfusion. The duration of EPSPs significantly increased shortly after ischemia 
and dropped to below control levels 9h following reperfusion. The membrane input 
resistance and time constant of spiny neurons increased after ischemia. The spike 
threshold and rheobase gradually increased after reperfusion. The repetitive firing 
evoked by depolarizing current pulses was suppressed following reperfusion.

The above results indicate that the synaptic transmission is transiently 
potentiated and the excitability is progressively decreased in spiny neurons following 
severe forebrain ischemia. These electrophysiological changes may be associated 
with the neuronal injury in neostriatum after cerebral ischemia.

(Supported by NIH grants NS331O3, NS38053)

842.7

MORPHOLOGICAL EVIDENCE OF NECROSIS AND APOPTOSIS IN RAT 
HIPPOCAMPUS FOLLOWING TRANSIENT FOREBRAIN ISCHEMIA. Y.S, 
Zeng and Z.C. Xu*, Dept. of Anatomy, Indiana University School of Medicine, 
Indianapolis, IN 46202, U. S. A.

To determine the nature of neuronal death in hippocampus following transient 
global ischemia, the temporal profiles of morphological changes in CA1 and CA3 
regions were examined using light and electron microscopy.

4-VO method was used to induce severe ischemia in male adult Wistar rats. The 
animals were perfused with 2% glutaraldehyde and 2% paraformaldehyde at 
different intervals following reperfusion and processed for light and electron 
microscopy.

In CA1 region, swelling of small dendrites occurred at -24 h reperfusion. 
Mitochondria and endoplasmic reticulum were dilated at 48 h reperfusion. Some 
neurons showed chromatin aggregation and nuclear indentation. At -60 h 
reperfusion, swelling of somata was evident in neurons with dilated organelles and 
broken plasma membrane. In neurons with indented nuclei, large dense chromatin 
clumps with round or ovoid contour were formed. At 72 h and 96 h after ischemia, 
many large vacuoles and glia with active phagocytosis were found in the region. In 
neurons with indented nuclei, chromatin clumps broke into many small pieces; 
Many dilated organelles and empty spaces were found in the cytoplasm. At 7 days 
after ischemia, the tissue was compact and many glial cells were found in the region. 
Most CA3 neurons had normal appearance after ischemia except a transient dilation 
of Golgi apparatus at -72 h reperfusion. 5-10% of CA3 neurons exhibited shrinking 
nuclei and chromatin aggregation at -24 h reperfusion. The number of these neurons 
decreased overtime and disappeared at 72 h after ischemia.

These data indicated that both necrosis and apoptosis occurred in CA1 region 
following ischemia. Most CA3 neurons remained intact after ischemia while a small 
portion of them showed apoptotic cell death. (Supported by NIH grants NS33103 
and NS38O53)

842.8

ION CONCENTRATION AND VOLTAGE CHANGES IN RAT HIPPOCAMPAL 
SLICES DURING SEVERE HYPOXIA, AND THE EFFECT OF TTX. M.Miiller* 
and G.G. Somien, Dept. Cell Biology, Duke Univ. Medical Ctr., Durham, NC 27710

Severe hypoxia causes, within 2-3 min, rapid depolarization of CA1 pyramidal 
neurons that resembles spreading depression (SD). Tetrodotoxin (TTX) is known to 
postpone hypoxic SD, but the membrane changes underlying the persistent 
depolarization are not known. To investigate their interrelationship and TTX 
sensitivity, we simultaneously recorded the extracellular concentrations of Na+ and K+ 
and the extracellular DC potential (Vo) with triple-barreled electrodes in st. radiatum 
of the CA1 region. Alternatively we measured membrane changes in single pyramidal 
neurons, Vo, and either [K+]o or [Na+]0. Early during hypoxia, before SD onset, [K+]o 
began to rise while [Na+]0 still remained normal and Vo showed a slight, gradual, 
negative shift. This period corresponds to initial hyperpolarization followed by mild 
depolarization of pyramidal neurons. The typical SD-like abrupt negative AV0 
corresponded to near complete depolarization of pyramidal neurons and an 88 % 
decrease in input resistance. During SD [K+]o increased by 50 mM and [Na+]0 
decreased by 90 mM. Since [Na+]0 dropped more than [K+]o increased, simple 
exchange of Na+ for K+ by depolarizing neurons alone cannot explain these ionic 
changes. With view of the smallness of the interstitial volume fraction it seems likely 
that the apparent cation deficit was made up by the release of organic osmolytes and 
perhaps also Mg2+ from cells. TTX (1 pM) postponed SD allowing [K+]o to rise 
higher than usual before SD onset, and the SD-related changes in [K+]o and [Na+]0 
were reduced by 25% and 15 %, respectively. Membrane potential and input 
resistance changes of hypoxic pyramidal neurons were not different from control. We 
conclude that a fraction of the Na+ influx during hypoxic SD occurs through TTX- 
sensitive channels, in exchange for K+. Yet TTX-sensitive Na+ channels, are not the 
main Na+ pathway and they are not essential for the self-regenerative membrane 
changes during hypoxic SD.
Supported by NIH grant NS 18670

842.9

SELECTIVE HYPOXIC DEPRESSION OF SYNAPTIC TRANSMISSION IN 
RAT HIPPOCAMPUS. J.C. Fowler* Department of Physiology, Texas Tech 
Health Sciences Center, Lubbock, TX, USA, 79430.

Moderate hypoxia reversibly depresses evoked synaptic transmission 
recorded from CA 1 pyramidal cells in the rat hippocampal slice. This inhibition is 
primarily mediated by increased extracellular adenosine acting at Al receptors 
located on glutamatergic terminals. In these studies we examined whether hypoxia 
acts to similarly depress the evoked synaptic potential recorded from dentate 
granule cells and elicited by perforant path stimulation. Standard techniques for 
hippocampal slice preparation and extracellular electrophysiological recording 
were used.

Hypoxia, sufficient to depress the evoked response recorded from 
pyramidal cells, failed to inhibit the evoked potential recorded from dentate 
granule cells. When inhibitory tone was reduced by the addition of bicuculline (1 
-10 //M) stimulation of the perforant path resulted in an evoked potential recorded 
simultaneously in the dentate and CA1 pyramidal cells. Hypoxia blocked the 
multisynaptic evoked response in CA1 but not the evoked response in the dentate. 
Evoked potentials recorded in CA1 and dentate were inhibited by exogenous 
adenosine or the adenosine Al selective agonist, cyclohexyladenosine.

An explanation for the observed results is that adenosine released in 
response to moderate hypoxia is greater in CA1 than in the dentate. It appears that 
synaptic transmission through the hippocampus may be selectively modulated 
during metabolic stress. Supported by NIH, NINDS, NS28027.

842.10

NEURONAL LOSS AND SYNAPTIC REORGANIZATION IN A JUVENILE 
RAT MODEL OF HYPOXIA-ISCHEMIA P.A. Williams. P. Dou. F.E, Dudek*: 
Dept. of Anatomy and Neurobiology, Colorado State University, Ft. Collins, CO.

One of the potential chronic consequences of a stroke is the development of 
epilepsy. Synaptic reorganization in the hippocampus has been associated with the 
induction of epilepsy after an injury. We tested the hypothesis that an injury caused 
by hypoxia-ischemia will induce synaptic reorganization in the dentate gyrus, and 
that these new circuits will lead to electrophysiological abnormalities. The right 
common carotid artery of 30-day-old rats was permanently ligated, and then the rats 
were placed in 8% oxygen for 30 min. This treatment induced a lesion in the right 
(ipsilateral) septal hippocampus; the left (contralateral) hippocampus was not 
injured. Ipsilateral or contralateral hippocampal slices from the septal region were 
taken from rats 4 mo post-lesion for extracellular recording. The other hippocampus 
was processed for histology. The dentate gyrus from ipsilateral slices displayed 1.5-s 
bursts of population spikes with a 2-mV negative shift in response to hilar 
stimulation when bathed in 30 pM bicuculline and 6 mM (ICX (n=2). Under 
identical conditions, the contralateral dentate gyrus demonstrated a 100-ms burst of 
population spikes with a variable latent period (n=l of 3); however, sham-control 
hippocampi showed no abnormalities (n=3). The septal region from the ipsilateral 
hippocampus had significant Timm staining in the inner molecular layer compared 
to contralateral and sham-control hippocampi (n=8, p<0.05). Neuronal loss in the 
septal region from the ipsilateral hippocampus was significant compared to the 
contralateral and sham-control hippocampi (n=7, p<0.05). These results suggest 
that hilar neuronal loss induced by hypoxia-ischemia is associated with synaptic 
reorganization in the septal region of the lesioned hippocampus, and these new 
circuits can predispose the hippocampus to abnormal electrophysiological activity.

Supported by American Heart Association-CWGS37 and NRSA-1 F32 NS 10643
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842.11
WHOLE-CELL PATCH CLAMP ANALYSIS OF THE HYPOXIA-INDUCED 
INWARD CURRENT IN CA1 HIPPOCAMPAL NEURONS. G, Mandi*. G. 
Erdemli7 and K, Krnievic2 * Physiology and 2 Anaesthesia Research Departments, 
McGill University, 3655 Drummond St., Montreal, H3G 1Y6 QC, Canada and 
1 Physiology Department, The University of Liverpool, Crown Street, PO Box 147, 
Liverpool L69 3BX, United Kingdom.

The effect of hypoxia (2-3 min of 95% N2, 5% CO2) on CA1 pyramidal neurons 
was investigated in hippocampal slices kept submerged at 32° C. Patch electrodes 
were filled with a simple solution of (in mM) KmeSO4 (118) and Hepes (10) - 
to which was often added Mg-ATP (1-5), with or without EGTA (1.1) and CaCl2 
(0.1) and sometimes Na-GTP (0.3). To minimize Na+- and Cl'-currents and 
effects of transmitters, all experiments were done in the presence of TTX (1 
/zM), kynurenic acid (1 mM) and bicuculline (10 /zM). Hypoxia (for 2 min) 
typically induces a brief inward, followed by an outward current (Erdemli et al. 
J Neurophysiol 80:2378, 1998). Bath applications of BaCl2 (1 mM) and/or 
carbachol (20 /zM) enhanced the inward and depressed the outward current: thus, 
in 6 cells recorded with the simple solution at NH near -50 mV, hypoxia now 
induced only a sustained inward current (-45 ±11.2 pA) - not accompanied by 
significant changes in conductance (AGV = 12 ± 8.2 %); but in 20 other cells 
recorded with electrodes containing ATP and usually a chelator, hypoxia still 
evoked a small sustained outward current (50 ± 22.8 pA) - also with no consistent 
AG^ (13 ± 7.1 %). In most cells (5/6), bath applications of Co2+ (2 mM), a 
blocker of voltage-activated Ca2+-channels, depressed early inward currents (by 
70 ± 18 %); whereas Hg2+ (200 nM), a blocker of lCAN, had no consistent effect 
(-1 ± 23 %, n=4). Though not excluding a possible change in electrogenic Na/K 
transport, these results indicate that the inward current induced in CA1 neurons 
by acute hypoxia may be mediated by Ca2+-current(s) or Na+/Ca+ exchange. 
Supported by Medical Research Council of Canada.

842.12

ACTIVATION OF CYCLIC NUCLEOTIDE-MEDIATED SECOND MESSENGER 
SYSTEMS CONTRIBUTES TO THE RESPONSE OF THALAMOCORTICAL 
NEURONES TO HYPOXIA. G. Erdemli2* and V. Crunelli1. 'Physiology Unit, 
Cardiff School of Biosciences, Cardiff University, PO Box 911, Cardiff, UK and 
2Physiology Department, University of Liverpool, PO Box 147, Liverpool, UK.

The effect of hypoxia (3-4 min of 95% N2, 5% CO2) on thalamocortical (TC) 
neurones was investigated using the whole-cell patch clamp technique in rat dorsal 
lateral geniculate nucleus slices kept submerged at 32°C. We have previously shown 
that, in the presence of glutamate and GABAa  receptor antagonists, brief periods of 
hypoxia in TC neurones cause an increase in instantaneous input conductance (GN) 
(AGN= 117± 15 %) and an inward shift in baseline holding current (IBH) (AIBH= -45±6 
pA). Since these effects were abolished by selective blockers of Ih, they were 
suggested to result from a marked, reversible activation of Ih (J Neurosci 18, 1998, 
5212-5224). In the present experiments, we have further investigated the possible 
contribution of cyclic nucleotide-mediated second messenger systems to the response 
of TC neurones to hypoxia. Combined bath applications of 8-Br-cAMP and 8-Br- 
cGMP (both 1 mM) increased Ih activation kinetics (Ax-activation: 31 ±6 %, at -75 
mV) and GN (AGN= 43±10 %) and gave rise to a large inward shift in IBH (AIBH= - 
147±62 pA) (m=6), and significantly occluded the hypoxia-induced changes in GN 
and IBH (AGn : 45±13 %; AIBH: -19±6 pA; n=6). In another 8 neurones, cAMP and 
cGMP (both 1 mM) were added to the electrode internal solution. In these cells, 
resting GN (6.07±1.4 nS) and IBH (-87±34 pA) were larger than the corresponding 
control values, and hypoxic challenges produced only small changes in these 
parameters (AGN= 39±21 %, AIBH= 8±25 pA).

These results indicate that during acute thalamic hypoxia an activation of cyclic 
nucleotide-mediated second messenger systems is responsible for transforming Ih 
into an instantaneously activating current.

Supported by the Wellcome Trust (Grant (37089-98)

842.13

ADENOSINE KINASE MODULATES ADENOSINE SENSITIVITY AND 
POST-HYPOXIC RECOVERY OF SYNAPTIC TRANSMISSION IN 
HIPPOCAMPAL SLICES FROM CONTROL (C57) MICE AND 
DYSTROPHIN DEFICIENT (mdx) MUTANTS. J.M.Godfraind*7 and K, 
Krnjevic2 7Departement de Physiologie et Pharmacologie, Systeme Nerveux, 
UCL 5449, Faculty de Medecine, UCL-Bruxelles, B-1200 Brussels, Belgium and 
2Anaesthesia Research Dept, McGill Univ., Montreal, H3G 1Y6 QC, Canada.

Because the rapid depression of EPSPs induced by hypoxia is mainly caused by 
adenosine (Fowler Brain Res 490:378,1989), mechanisms that regulate adenosine 
release should affect the time-course of the reversible hypoxic block. A key 
enzyme is adenosine kinase, which limits the release by rephosphorylating 
adenosine. We therefore examined the effects of iodotubercidin (IDT), a potent 
blocker of adenosine kinase (Lynch et al. Neurosci Lett 252:207, 1998), on field 
EPSPs recorded in CA1, in slices from control C57BL/10 and mdx mice - the 
latter are more sensitive to hypoxia (Godfraind et al. Soc Neurosci Abstr 24:1953, 
1998). The main effect of IDT (1 pM) was to enhance the block of EPSPs 
produced by exogenous adenosine. Cumulative bath applications of adenosine 
yielded apparent IC50 values of 428±87 pM for control tests, and 141 ±67 pM 
in the presence of IDT; the mean reduction (by 65 ±9.9 %) was highly significant 
(n=4, p<0.01; by t-test). Although IDT did not accelerate the transmission block 
produced by hypoxia - in keeping with previous evidence that adenosine kinase 
activity is suppressed during ischemia (Lynch et al 1998) - it delayed full recovery 
of EPSPs after reoxygenation. In these preliminary experiments, slices from 
control and mdx mice showed no clear difference in their responses to adenosine 
or IDT. In conclusion, these results support previous evidence that adenosine 
kinase may limit the neuroprotective action of adenosine.
Supported by the Medical Research Council of Canada, la Commission mixte 
Quebec-Communaule Fran^aise de Belgique and FNRS Belgium.

842.14

ADENOSINE A, RECEPTORS IN THE IMMATURE RAT BRAIN-ROLE IN 
HYPOXIC ISCHEMIA U. Aden,1 B. Johansson.1 E, Herlenius.3 Malgorzata Puka- 
Sundvall? B.B. Fredholm1 and H. Hagberg2. *Dep of Physiology and 
Pharmacology, Karolinska Institute^ 2Dep of Woman and Child Health, Karolinska 
Institute^ Stockholm, Sweden; 3Dep of Physiology, Goteborgs Universitet, Sweden.

There is good experimental evidence that adenosine acts a neuroprotectant in brain 
ischemia. To examine the specific role of A, receptors in the immature brain, we 
studied the development of A, receptors and their G-protein coupling in the rat from 
embryonic day 14 until postnatal day 21 by using in situ hybridization, receptor 
autoradiography and GTPyS-binding. A, receptor mRNA was present in neuronal 
cells on embryonic day 14 and A, receptors (DPCPX-binding) was evident in brain 
on embryonic day 18. However G-protein coupling to A, receptors was not present 
in the brain on postnatal day 7 but were evident on day 14 and onwards. In a 
separate study, we subjected 7 days old rats to hypoxic ischemia (Rice-Vannucci 
model) and treated them with the A! agonist AD AC (adenosine amine congener, 
lOOpg/kg i p). Brain damage was evaluated by comparing weight deficit in the 
ischemic hemisphere after 14 days. ADAC treatment did not affect development of 
brain damage. Finally genetically engineered mice with a reduced number of A, 
receptors and their littermates were subjected to a mild hypoxic ischemia by using 
the Rice-Vannucci model. Evaluation was performed after 5 days by 
histopathological scoring. The results show that histopathological brain damage is 
not aggravated in A| receptor knockdown animals. In conclusion A, receptors are 
present in the brain on embryonic day 18 in rats, but G-protein coupling is not 
evident in the brain until after postnatal day 7. Hence A, receptor agonists and 
antagonists given to 7 days old rats directly after the ischemic insult do not affect 
development of brain damage. These results suggest that other adenosine receptor 
subtypes might be more important than A, receptors in mediating neuroprotection in 
the immature brain. Supported by Swedish Society for Medical Research.

ISCHEMIA: NON-NEURONAL CELLS

843.1
GLUCOSE MODULATES THE RESISTANCE OF THE BRAIN WHITE MATTER 
TO ANOXIA IN THE RAT CORPUS CALLOSAL SLICE. G.-F. Tian and A. J. Baker* 
Brain Injury Research Laboratory, Cara Phelan Centre for Trauma Research and the 
Department of Anaesthesia, St. Michael’s Hospital, University of Toronto, 30 Bond 
Street, Toronto, Ontario, M5B 1W8

Using corpus callosal slices (400 pm thick) obtained from male Sprague-Dawley rats 
(37-41 days old), this study examined whether glucose modulates the resistance of the 
brain white matter to anoxia. The slices were perfused using artificial cerebrospinal fluid 
containing different concentrations of glucose (4 mM, 8 mM and 10 mM) and saturated 
with 95% O2, 5% CO2 (control) or 95% N2, 5% CO2 (anoxia) at a rate 7.0-8.0 ml/min 
(36.5 + 0.5 °C) during 20 min before anoxia, 60 min anoxia and 60 min reoxygenation. 
The compound action potential (CAP) of axons was evoked by electric stimulation and 
recorded extracellularly in the corpus callosum. The CAP amplitude (CAPA) was 
quantified as a peak-to-peak measurement between the negative peak and the positive 
one preceding it. The baseline amplitude of CAP ranged from 2.2 to 8.1 mV (4.7 ±1.9 
mV, n=20). The results are shown in the following table. All data are expressed as group 
means ± SD. 

Glucose
(mM)

Anoxia
(min)

(N) CAPA at the end 
of 60 min anoxia 
(% of control)

CAPA at the 
end of 60 min 
reoxygenation 
(% of control)

4 60 7 0 29 ±7

8 60 6 21 ± 15 77 ±9

10 60 7 134 ± 22 127 ± 24
We conclude that glucose definitely modulates the resistance of the brain white matter 
to anoxia. Supported by St. Michael’s Hospital Foundation.

843.2

COMPARATIVE DISTRIBUTIONS OF AXONAL, OLIGODENDROCYTE 
AND NEURONAL PATHOLOGY AFTER FOCAL CEREBRAL ISCHEMIA 
IN VIVO. D Dewar*. P Yam. L Dunn. J McCulloch. Wellcome Surgical 
Institute, University of Glasgow, Garscube Estate, Glasgow G61 1QH, UK.

The mechanisms leading to ischaemic pathology in neurons, axons and 
oligodendrocytes may be different and this has implications for therapeutic 
intervention. In the present study we have examined the relative anatomical 
distributions of axonal, oligodendrocyte and neuronal pathology after 
permanent focal cerebral ischemia in the cat. Ten cats were maintained 
under chloralose anesthesia and one middle cerebral artery (MCA) was 
permanently occluded. Key physiological variables were maintained within 
normal limits for 6 hours and the brains processed for 
immunohistochemistry and histology. Oligodendrocyte and axonal 
pathology were assessed by immunostaining for tau and amyloid precursor 
protein (APP) respectively. Neuronal perikaryal pathology was assessed 
histologically. APP accumulation in axons and tau-positive oligodendrocytes 
were present in white matter within the ischemic hemisphere but absent 
from non-ischemic areas. At rostral, middle and caudal levels of the 
ischemic lesion the areas of white matter which contained tau-positive 
oligodendrocytes were greater than those containing APP-positive axons. 
Tau-positive oligodendrocytes were also present in the cerebral cortex 
within MCA territory, in some areas there was dissociation between the 
extent of neuronal and oligodendrocyte pathology. Differences in the 
anatomical distributions of axonal, oligodendroglial and neuronal pathology 
may reflect regional and cellular differences in pathophysiological 
mechanisms induced by ischemia.

Work funded by the BBSRC and MRC.
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843.3

DISTURBED HIPPOCAMPAL FUNCTIONS OF GFAP KNOCKOUT 
MICE AFTER TRANSIENT ISCHEMIA. H. Tanaka1, A. Katoh2, K. 
Shimazaki3, H. Gomi2, S. Itohara2*, T. Masuzawa1 and N. Kawai3 ‘Dept. of 
Surgical Neurol.; 3Dept. of Physiol., Jichi Med. Sch., Minamikawachi- 
machi, Tochigi 329-0498; 2BSI Behavioral Genetics Lab., RIKEN, Wako 
351-0198, Japan.

GFAP (glial fibrillary acidic protein) is an intermediate filament protein 
found distinctively in astrocytes of the central nervous system. We studied 
the role of astrocytes on the neuronal degeneration in the hippocampus 
following transient ischemia using knockout GFAP7 mice. Sevoflurane- 
anesthetized wild-type (GFAP+/+) and GFAP7 mice were subjected to 
occlusion of both carotid arteries for 15 min. Hippocampal slices were 
made 3 days after reperfusion and field excitatory postsynaptic 
potentials (fEPSP) in the CA1 were recorded by stimulation to Schaffer 
collateral/commissural fibers. High frequency input stimulation induced a 
marked long-term potentiation (LTP) of fEPSP in GFAP7 mice, whereas 
after ischemia LTP was severely impaired in GFAP7 mice as compared 
with GFAP+/+ mice. Cresyl-violet staining showed that postischemic 
neuronal death in CA1 pyramidal cells was more prominent in GFAP7 
mice than that in GFAP+/+ mice. Ischemia-induced astrocytosis in CA1 
area labeled with anti-SlOOp was similarly found in GFAP7 mice as in 
GFAP+/+ mice. Our results suggest that GFAP has an important role in 
astrocyte-neural interactions and ischemic insult caused astrocytic 
dysfunction which resulted in neuronal death.
Supported by Special Cordination Funds for promoting Science and Technology 
of the ST A

843.4

ACTIVATION OF NUCLEAR FACTOR KAPPA B AND INDUCTION 
OF INTERCELLULAR ADHESION MOLECULE-1 IN CULTURED 
RAT ASTROCYTES FOLLOWING HYPOXIA. K.J.Yin* and B. H, J, 
Juurlink. Department of Anatomy & Cell Biology and The Cameco MS 
Neuroscience Research Center, University of Saskatchewan, Saskatoon, 
SK, S7N 5E5, Canada.

Pro-inflammatory gene expression drives many of the secondary 
processes that lead to tissue damage following hypoxia/ischemia (HI) or 
traumatic CNS injury. One of the consequences of production of strong 
oxidants is activation of the transcription factor nuclear factor kappa B 
(NFkB) which is required for the transcriptional activation of pro- 
inflammatory genes. Our laboratory has become interested in the 
regulation of pro-inflammatory gene expression following HI and 
trauma. In this, our first of a series of studies, we examined the effect of 
hypoxia on activation of NFkB and expression of two pro-inflammatory 
genes: intercellular adhesion molecule-1 (ICAM-1) and inducible nitric 
oxide synthase (iNOS) in astrocytes. Cultures were exposed to 4 hr of 
hypoxia (1% oxygen/5% CO2 atmosphere) and harvested at intervals 
following the hypoxia exposure. Western blot analysis showed that 
activated NFkB is increased 1 hr following a 4 hr exposure to hypoxia 
and this increase persisted for 24 hr. Increased expression of ICAM-1 is 
enhanced following hypoxia but there was no evident induction of iNOS. 
We are currently examining the effect of hypoxia combined with 
hypoglycemia. Funded by the Heart & Stroke Foundation of 
Saskatchewan.

843.5

CONTROL OF HYPOXIA-INDUCIBLE FACTOR la EXPRESSION IN 
ISCHEMIC ASTROCYTES. A. E. Sroufe1, B. S. Mallon2, Y. Zhou3, W.D. Lust3*G, 
Sanford1, and W. B. Macklin2. 'Dept. Biochem, Morehouse Sch. Med., Atlanta,GA, 
2Dept. of Neurosciences, Clev. Clinic Fndn, Cleveland OH and 3Lab.of Experimental 
Neurosurgery, Case Western Reserve University, Cleveland, OH.

Hypoxia inducible factor la (HIF la) is a transcription factor that mediates certain 
cellular adaptations to lowered O2 tension and/or glucose concentration. Its expression 
in astrocytes, one of the most abundant cell types in the brain, may be important since 
they maintain homeostasis critical for neuronal function, and they respond quickly to 
injury. The molecular mechanisms by which astrocytes sustain their microenvironment 
during ischemia are unknown. To characterize the molecular events involved in astrocyte 
responses to ischemia-like insults, primary astrocyte cultures were generated from 2-4 
day old rat pups. To generate an in vitro model of ischemia, cultures were incubated in 
a 95%N2/5% CO2 environment in glucose-free medium for 1, 2, 4, 6, 8, 12, 20, or 24 
hours. Culture medium was determined to be oxygen-free by blood-gas analysis within 
the first 30-60 minutes in that environment. Cellular ATP and phosphocreatine levels 
peaked at 2 hours of ischemia and were significantly lower than controls after 6 hours 
of ischemia. Using PCR primers specific to the rat HIF la sequence, we cloned a 1.3kb 
HIF la cDNA from these cultures. HIF lamRNA and protein levels demonstrated 
biphasic patterns of expression. Levels increased within 1 hour of ischemia, returned 
to basal levels at 2 hours and increased again at 4 hours. HIF la protein levels decreased 
gradually after 4 hours, although mRNA levels remained elevated. Using sense-specific 
riboprobes, a natural antisense transcript was detected that may play a role in the 
regulation of the sense mRNA during ischemia. These data suggest that regulation of 
HIF la mRNA and protein levels may be part of an adaptive response of ischemic 
astrocytes aimed at maintaining homeostasis.
Supported by NIH grant NS 32683, NASA grant NCC 9-53, and a grant from the 
Nordson Corporation Foundation.

843.6
NEURON SPECIFIC PHOSPHATASE, STRIATAL ENRICHED TYROSINE 

PHOSPHATASE (STEP) EXPRESSED IN REACTIVE ASTROCYTES 
S. Haseqawa* M. Morioka , S. Goto, T. Kawano, A. Okamura,

S. Yano, K. Koqa, Y. Kai, J. Hamada, Y. Ushio. Dep. of 
Neurosurgery, Kumamoto Univ. Med. Sch. Honjo 1-1-1, 

Kumamoto 860-8556, JAPAN
We investigated the STEP expression after ischemia.

In normal hippocampus, STEP was expressed in the 

perikarya and in neuronal processes; it was not detected 
in non-neuronal cells. After 5-min forebrain ischemia, 

STEP was expressed in reactive astrocytes 4 to 28 days 
after ischemia only in the CA1 subfield. After non-lethal 

or less than lethal ischemia, STEP expression in reactive 
astrocytes corresponded with the degree of neuronal 
degeneration. Immunoblot analysis of the CA1 subfield 
revealed the expression of three isoforms. In control 
gerbils, STEP45 and 61 were expressed strongly. In 

experimental gerbils, the expression of STEP45 and 61 
decreased with neuronal loss until 4 days after ischemia. 

STEP45 decreased gradually with time, however, the 

expression of STEP61 recovered 7 days after ischemia and 

was increased at 28 days after ischemia. STEP56 followed 

the same time course as STEP61. STEP immunoreactivity was 
found only in neurons in the hippocampus of control 
animals and in reactive astrocytes 28 days after 
ischemia, suggesting that STEP isoforms have different 

expression patterns in neurons and reactive astrocytes. 

STEP may play an important role not only in neurons but 

also in reactive astrocytes after ischemia.

843.7

DIFFERENTIAL SENSITIVITY OF RAT HIPPOCAMPAL AND CORTICAL 
ASTROCYTES TO OXYGEN-GLUCOSE DEPRIVATION IN VITRO. G, Zhao.L. Ho,
M. Flavin*. Department of Pediatrics, Queen’s University, Kingston, Ontario K7L2N6.

Selective vulnerability of hippocampal neurons to ischemia may relate to glutamate 
receptor expression and local microglial activation. Local astrocytes normally have a 
homeostatic role. Microglial conditioned medium (CM) kills hippocampal neurons 
(Flavin et al., Neuroscience 1998) while CM from cortical astrocytes blocks this effect. 
A recent report showed that hippocampal astrocytes are easily injured by hydrogen 
peroxide in contrast to cortical astrocytes (Feeney et al., Soc. Neurosci. Abstr. 29.10, 
1998). The purpose of the present study was to determine if there is a differential sensi-
tivity of cultured hippocampal and cortical astrocytes to oxygen-glucose deprivation 
(OGD)and if so, does that alter their ability to modify microglial-mediated neurotoxic-
ity. Hippocampal and cortical astrocytes were obtained from El8-19 rat embryos and 
grown to confluence. Cultures were exposed to OGD for 4 hours. LDH release from 
hippocampal astrocytes was significantly higher than that of cortical astrocytes. CM 
from OGD-exposed cortical astrocytes continued to provide protection from microglial 
CM whereas CM from injured hippocampal astrocytes did not. Since, in our system, an 
important mediator of neuronal death is microglial tissue plasminogen activator(tPA), 
we speculated that astrocytes could modify the effect by altered secretion of plasmino-
gen activator inhibitor-l(PAI-l) or tPA. PAI-1 was not detected in any astrocyte CM. 
Very low levels of tPA activity were found in unperturbed astrocyte CM from either 
source whereas a high level of tPA was found in CM of both hippocampal and cortical 
astrocytes after OGD. Increased tPA production from injured astrocytes may negate their 
potential neuroprotective effects against microglial secretions. Differences in sensitiv-
ity of local astrocytes to ischemic insult may be another reason for regional differences
in vulnerability.
Supported by the Heart and Stroke Foundation of Ontario.

843.8

RAPID DELETION OF CORTICAL PROTOPLASMIC ASTROGLIA 
IN PERMANENT FOCAL ISCHEMIA IN MICE

B. Onteniente1*, A.C.Lukaszevicz1, N. Sampa'101, C. Guegafr, E,
Chevalier1, H Hosseini1 and B. Sola3. ‘INSERM U421. FaciiL-f de
Medecine,94010 Creteil; ZCNRS UMR6551 and 3UPRES-t A2128, 
University de Caen, 214074 and 314032 Caen, Fiance.

Reactive astrogliosis is a main component of nervous tissue responses 
to ischemia, but how astrocytes influence the development of infarct on 
is still an unresolved issue. In contrast with the generally accept ;d 
concept of a strong resistance of astroglia to hypoxia/ischemia, we report 
a rapid astroglial death in response to permanent cerebral ischemia 
induced in mice by electrocoagulation of the middle cerebral artery 
(MCAO). Loss of immunolabeling for the glial fibrillary acidic protein 
(GFAP) was observed in almost the entire extent of the arterial territory 
within 30 minutes. As suggested by electron microscopy, loss of GFAP 
labeling resulted from disruption of gliofilament bundles induced by 
extensive astrocyte swelling. Reactive astrocytes with protoplasmic 
characteristics reappeared in the penumbra between I and 3h, to rapi-ily 
show signs of structural alterations. Despite the presence of a residua 
blood flow, impairment of astrocytic structural integrity, and astro-, vt; 
death, developped rapidly in the penumbra. Astrocytic loss ' was 
completed in 12h, in correlation with the regression of the residual 
perfusion, when neuronal death evolved until 24h. Interestingly, 
astrocytes located at the brain surface, where the dense plexus of sub- 
arachnoidian anastomosis provide extensive blood supply, shoved 
limited reactivity, with no conspicuous cell death. These results suggest 
that cortical protoplasmic astrocytes are highly sensitive to blood flow 
levels, and that astrocytic death precedes neuronal death when arterial 
occlusion is permanent. These results stress the importance of 
reperfusion in clinical attempts to limit ischemia-induced brain damage.
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843.9
AMELIORATIVE EFFECTS OF ONO-2506 ON NEUROLOGICAL DEFICITS 
AND INFARCTION AFTER TRANSIENT MCA OCCLUSION IN RATS. : 
STUDYING OF THERAPEUTIC TIME WINDOW K. Shintaku*, N, Tateishi, Y, 
Kagamiishi. S. Sato, S. Katsumata. Y. Nakavama, T. Havakawa. and N. Katsube. 
Minase Research Institute, Ono Pharmaceutical Co., Ltd., Osaka 618-8585, JAPAN

We have shown that astrocytic activation precedes the neurodegeneration 
following ischemia in rats, and suggested this activation might cause neuronal death 
(K. Shintaku 1997, Soc. Neurosci. Abs., 23, 845.10). ONO-2506, a novel astrocyte 
modulating agent, ameliorates ischemic brain damage. These effects might be 
accompanied with suppression of astrocytic activation (overexpression of S lOOfS) (Y. 
Kagamiishi 1998, Soc. Neurosci. Abs., 24, 384.11). The aim of the present study was 
investigated dose-dependency and therapeutic time window of ONO-2506 on 
neurological deficits, infarction, and S-100p concentration in CSF following 
transient focal ischemia in rats.

Diethylether-anesthetized Wistar rats were subjected to ischemia using the 
intraluminal suture method of middle cerebral artery (MCA) occlusion. One hour 
after occlusion, a nylon suture was withdrawn to allow reperfusion. In the first 
experiment, ONO-2506 (0.3-10 mg/kg) was intravenously administered 6, 24 and 48 
hours after reperfusion. In the second experiment for therapeutic time window, first 
administration of ONO-2506 (10 mg/kg) was done 6, 24, 48 or 72 hours after 
reperfusion, followed once daily until 144 hours. Evaluation of neurological deficits 
(accumulation score of the posture degree for rotation and the decrease in traction 
force of the left hindlimb) and infarct volume were performed every day and 72 
(Exp.l) or 168 (Exp.2) hours after reperfusion, respectively.

From these results, ONO-2506 ameliorated neurological deficits, infarct volume, 
and S-100|3 concentration in CSF in a dose-dependent manner. Even administration 
of ONO-2506 was initiated 24 hours after the reperfusion, neurological deficits and 
infarct volume were significantly ameliorated. These results indicate that astrocytic 
activation may play important roles in the slow progression of infarction following 
transient focal ischemia. Therefore, ONO-2506 has a wide therapeutic time window 
for the treatment of ischemic brain damage.

843.10
MODULATING EFFECTS OF ONO-2506 ON ASTROCYTIC 
ACTIVATION IN CULTURED ASTROCYTES FROM RAT 
CEREBLUM. R. Shinagawa*. N. Tateishi. T. Shimoda. H. Maekawa, N. 
Yada. T. Akiyama, S. Matsuda and N. Katsube. Minase Research Institute, 
ONO Pharmaceutical Co., Ltd., Osaka 618-8585, JAPAN

Recently, many reports suggest that astrocytes are implicated in the pathology 
of brain ischemia and astrocyte functional changes occur in pathological conditions. 
We have shown that in cultured astrocytes, astrocytic function alters during culture 
accompanied with increase in S-lOOp content, decrease in the expression of 
glutamate transporter and so forth. Therefore we have suggested that cultured 
astrocytes are considered to be activated astrocytes which precede the infarct 
formation following transient brain ischemia in rats (N. Tateishi et al. 1997,1998, 
Soc. Neurosci. Abs.). Moreover we have developed ONO-2506, a novel astrocyte 
modulating agent, which dramatically improves neurological deficits and the 
histological brain damage following transient brain ischemia in rats (Y.Kagamiishi 
et al. 1998, Soc. Neurosci. Abs.24, 384.11).

In the present study, in order to characterize the effect of ONO-2506 on 
astrocytic activation, we examined the effect of ONO-2506 on the expression of 
astrocyte-related parameters using cultured astrocytes.

As a result, treatment of astrocytes with ONO-2506 suppressed S-lOOp contents 
and nerve growth factor secretion and facilitated the expression of glutamate 
transporters (GLT-1 and GLAST) in a dose dependent manner. Pretreatment of 
astrocytes with ONO-2506 also suppressed the lipopolysaccharide-induced increase 
in inducible nitric oxide synthase and cyclooxygenase-2. These results indicate that 
ONO-2506 suppresses the functional change of astrocytes. In conclusion, 
mechanism of ONO-2506 which improves ischemic brain damage, may be the 
modulation of abnormal astrocytic activation.

843.11

INHIBITORY EFFECT OF ONO-2506 ON GABAa RECEPTOR 
DISAPPEARANCE IN CULTURED ASTROCYTES AND ISCHEMIC BRAIN.
S. Katsumata, N. Tateishi*, Y. Kagamiishi. K. Shintaku, T. Havakawa. T. Shimoda.
R. Shinagawa, T, Akiyama and N. Katsube. Minase Research Institute, Ono 
Pharmaceutical Co., Ltd., Osaka 618-8585, JAPAN

GABAa  receptors not only on neurons but on astrocytes are physiologically and 
pathophysiologically important for inhibitory synaptic transmission. We have 
previously shown that GABA-evoked chloride response in cultured astocytes 
gradually decreased were associated with the loss of GABAa  receptors, while S-100 
and glial fibrillary acidic protein (GFA) contents increased, as the culture 
prolongation (N.Takeishi 1997, Soc. Neurosci. Abs. 23, 845.7). We postulate that 
these phenomena represent reactive-like astrocytes under the pathological conditions. 
On the other hand, we have also shown that ONO-2506 ameliorated ischemic insults 
in the transient global and focal ischemia models in rats by modulating the astrocytic 
activation (Y.Kagamiishi 1998, Soc. Neurosci. Abs. 24, 384.11). To elucidate the 
possible mechanisms involved in the neuroprotective effects of ONO-2506, we 
investigated whether ONO-2506 could affect GABAa receptor expression on 
reactive-like astrocytes both in vitro and in vivo using electrophysiological, 
biochemical and molecularbiological techniques. In cultured astrocytes obtained from 
neonatal rat cerebral cortex, treatment with ONO-2506 re-expressed GABAa  
receptors with functional and messenger RNA (mRNA) levels. In the rat cerebral 
cortex following transient focal ischemia by insertion of a suture to the middle 
cerebral artery, the GABAa  receptor P-subunits mRNA levels decreased and GFA 
mRNA level increased 24 hours after recirculation when cerebral infarction 
determined by hematoxylin and eosin staining slightly developed. Administration of 
ONO-2506 at 6 and 23 hours after recirculation suppressed the decrease in the 
GABAa  receptor p-subunits mRNA levels. These results suggest that diasppearance 
of the GABAa  receptors on astrocytes caused by the ischemic insult may be closely 
related to deteriolation in neuronal degeneration and ONO-2506 may exert its potent 
neuroprotective efftcts by modulating the astrocytic functions to normal states 
through, at least in part, increasing the GABAa  receptors on astrocytes.

843.12
DELAYED INCREASE OF EXTRACELLULAR GLUTAMATE PROBABLY DUE 
TO REDUCTION OF GLT-1 AND GLAST FOLLOWING TRANSIENT FOCAL 
CEREBRAL ISCHEMIA, AND OF ITS INHIBITION BY ONO-2506. K. Honio,
N. Tateishi, K. Shintaku, R. Shinagawa, Y. Kagamiishi* and N. Katsube. Minase
Research Institute, Ono Pharmaceutical Co., Ltd., Osaka 618-8585, JAPAN

It is well documented that neurons exposed to high concentrations of glutamate, 
degenerate and die. Recently, we reported that expression of glia cell-specific 
glutamate transporter GLT-1 and GLAST mRNA selectively decreased in cultured 
astrocytes and focal ischemic rat brain (Shinagawa 1998, Soc. Neurosci. Abs. 24, 
984.14). ONO-2506, a novel astrocyte modulating agent, inhibited the reduction of 
the transporter expression and ameliorated the neurodegeneration both in vitro and in 
vivo ischemic model (Kagamiishi 1998, Soc. Neurosci. Abs. 24, 984.11). We 
hypothesized that ONO-2506 prevents the subsequent formation of infarction in part 
by inhibition of extracellular glutamate increase due to the reduction of GLT-1 and 
GLAST.

By microdialysis in the right frontal cortex of freely moving rats, we measured the 
level of extracellular glutamate until 48 h after 1 h middle cerebral artery (MCA) 
occlusion, and examined the effect of ONO-2506 on the glutamate level. Biphasic 
increases in the glutamate level were observed following 1 h MCA occlusion. The 
initial increase during MCA occlusion was transient. The later increase of glutamate 
began 8 h after MCA recirculation and lasted at least 40 h, and well correlated with 
cortical damage. Intravenous injection of ONO-2506 6 h after MCA recirculation 
distinctly attenuated the long-lasting increase of glutamate level. These results 
indicate that the delayed increase in extracellular glutamate is probably due to the 
reduction of GLT-1 and GLAST after the transient ischemia, and it plays essential 
role in the generation of ischemic brain damage. Therefore, it is likely that ONO- 
2506 prevents the subsequent formation of infarction in part by the inhibition of 
extracellular glutamate increase.

843.13

MODULATION OF HIPPOCAMPAL MONOCARBOXYLATE 
TRANSPORTER (MCT1) IN ACUTE AND LONG-TERM 
POSTISCHEMIC RAT, M.T. Tseng^S-A. Chan, and A.K. Dozier. 
Department of Anatomical Sciences and Neurobiology, University of 
Louisville, Louisville, KY 40292

Mobolization of lactate by monocarboxylate transporters is an 
important facet in the complicated postischemic brain recovery process. 
In this study we have used a cardiac arrest induced transient global 
ischemia (TGI) model to assess the acute and long-term effects of 
cerebral ischemia on MCT1. Following a 7 min TGI adult male rats 
were terminated acutely (1 & 3 hr) and on 21 day (long-term). 
Hippocampal immunohistochemical localization of MCT1 and GFAP 
was examined by confocal and immunoelectron microscopy. In sham 
operated and acute post-ischemic hippocampal samples MCT1 &
GFAP immunoreactive (IR) products were found in the neuronal and 
glial compartments. Acute samples showed pyramidal neuronal 
labeling and intense endothelial MCT1 IR. In long-term rats, the 
delayed neuronal death in the CA1 region reduced the neuronal 
population but MCT1 IR persisted in the surviving neurons. The 
proliferated astrocytes were intensely GFAP IR and showed MCT1 co-
localization. Subcellularly, MCT1 IR was found on the cell surface and 
in the cytoplasm of neurons, glia and endothelium. The acute elevation 
and sustained MCT1 IR in hippocampus following TGI indicate an 
important role for MCT1 in the astrocyte-neuronal coupling for acute 
and the long-term neuronal postischemia survival.

843.14

OVEREXPRESSION OF CU/ZN SOD ATTENUATES THE INHIBITION OF 
GLUTAMATE UPTAKE CAUSED BY SUPEROXIDE RADICAL IN MOUSE 
CORTICAL ASTROCYTES.
Y. Chen*2, W. Ying2, B.A, Stein2, J-C Copin1, P.H. Chan1, and R.A. Swanson2

‘Dept. of Neurosurgery, Stanford University; and2Dept. of Neurology, University of 
San Francisco and VAMC; San Francisco, CA 94121

High affinity Na+-dependent glutamate transporters remove extracellular 
glutamate and thereby prevent glutamate excitotoxicity. Impaired function of 
glutamate transporters has been implicated in neuronal damage in 
ischemia/reperfusion and other disorders. Glutamate transporter has been shown to 
be inhibited by oxidants. Cytosolic Cu/Zn superoxide dismutase (SOD1) serves an 
important antioxidant defense mechanism and increased SOD1 expression can 
increase resistance to transient cerebral ischemia and other oxidative insults.The aim 
of the present study is to assess whether increased SOD1 activity might attenuate 
oxidant inhibition of astrocyte glutamate uptake. Primary cortical astrocytes were 
prepared from transgenic Cu/Zn SOD (Tg) mice and littermate non-transgenic mice. 
The astrocytes were exposed to either hypoxanthine+xanthine oxidase (HX/XO), an 
extracellular superoxide generating system, or to menadione, which generates 
superoxide in the cytosol. Both HX/XO and menadione greatly inhibited glutamate 
uptake after 30 minute incubation, and this inhibition was significantly attenuated in 
the SOD Tg astrocytes. The Tg astrocytes were not more resistant to H2O2 inhibition 
of glutamate uptake, arguing against a nonspecific effect. These data suggest that the 
cerebroprotective effects of increased SOD1 expression might be mediated in part by 
limiting oxidant inhibition of astrocyte glutamate uptake. (Supported by NIH RO1 
NS31914, P50NS14543, and the Deptof Veterans Affairs)
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843.15

GLITAMATE TRANSPORTER FUNCTION INCREASES IN 
VULNERABLE NEOCORTEX AFTER NEONATAL HYPOXIA-ISCHEMIA. 
JE Natale1*. C Lehmann2. RJ Travstman1 and LJ Martin3’4. Depts. of’Anesthesiology 
& Critical Care Medicine, Pediatrics, Pathology and 4Neuroscience, Johns Hopkins 
Univ. Sch. Med., Baltimore, MD 21205.

Hypoxia-ischemia (HI) in newborns can cause brain damage and persistent 
neurological disabilities. Deficiencies in synaptic glutamate uptake may contribute 
to the pathogenesis of neuronal death after HI. In a pediatric model of asphyxic 
cardiac arrest, the parietal cortex is selectively vulnerable, with neurodegeneration 
becoming evident structurally at 24 hours (h) of recovery and progressing thereafter, 
whereas the occipital cortex is relatively spared. We tested the hypothesis that 
glutamate uptake and transporter protein expression are defective when neocortical 
neuronal degeneration is incipient after HI. Piglets (1 week old) were exposed to 30 
minutes of hypoxia and then 7 minutes of asphyxia, resuscitated, and recovered for 
24 h. Analyses of functional glutamate transport by synaptosomes revealed that: 
glutamate uptake in controls (n=6) is greater in occipital cortex compared to parietal 
cortex, with greater uptake attributed to higher Km and Vmax; and after HI (n=7), 
glutamate uptake is increased (150% of control) in parietal cortex, with increases in 
both Km and Vmax, but uptake is unchanged in occipital cortex. By immunoblotting, 
expression of GLT1, GLAST, EAAC1, and EAAT4 is unchanged in parietal and 
occipital cortex at 24 h (n=7), although astroglial GFAP is increased 18% in parietal 
cortex and 45% in occipital cortex. Immunolocalization and densitometry revealed 
upregulated GLT1 and GFAP expression in somatosensory cortex at 24 h after HI. 
We conclude that neonatal HI causes a synaptic glutamate stress in vulnerable 
neocortex that is managed by astroglial GLT1, and defective glutamate transport is 
not coincident with the onset of neurodegeneration.
Supported by USPHS NS34100, NS20020 and American Academy of Pediatrics.

843.16
MICE HETEROZYGOUS FOR A CONNEXIN43 NULL MUTATION 
EXHIBIT INCREASED INFARCT SIZE AFTER STROKE. C.C.G.Naus*,
R. Siushansian, J.F. Bechberger and D. Cechetto. Dept. of Anatomy & Cell 
Biology, University of Western Ontario, London, Ontario Canada N6A 5C1.

Glial-neuronal interactions have been implicated in both normal information 
processing and neuroprotection. One pathway of cellular interactions involves 
gap junctional intercellular communication (GJIC). In astrocytes, gap 
junctions are composed primarily of the channel protein, connexin43 (Cx43), 
and provide a substrate for formation of a functional syncytium implicated in 
the spatial buffering capacity of astrocytes. One approach to study the 
function of Cx43 in brain involves targeted gene knockout through 
homologous recombination. Astrocytes cultured from homozygous null mice 
(Cx43-/-) exhibit some differences compared to wild type astrocytes 
(Cx43+/+), including impaired GJIC and attenuation of intercellular Ca++ 
signaling. Although homozygous null mice die at birth, heterozygotes survive 
and have reduced Cx43 expression. To assess the effect of reduced GJIC on 
neuroprotection, we examined wildtype and heterozygote mice with respect to 
the response to middle cerebral artery occlusion (MCAO). Mice were 
anaesthetised, the temporalis muscle retracted, a small burr hole made to 
expose the overlying dura mater, which was retracted to expose the MCA for 
coagulation. Four days after surgery, mice were euthanized, the brains 
sectioned and infarct size determined. We observed a significant (p < 0.002) 
increase in the infarct size in Cx43 heterozygous null (14.4 + 1.4 mm3) versus 
wildtype mice (7.7 + 0.82 mm3). These results suggest that augmentation of 
GJIC in astrocytes may improve neuroprotection following ischemic injury. 
Supported by the Medical Research Council of Canada (CCGN) and Heart & 
Stroke Foundation of Ontario (DC).

843.17

ISCHEMIA-INDUCED CHANGES IN CONNEXIN mRNA AND 
PROTEIN EXPRESSION IN HIPPOCAMPUS AND ENHANCED 
VULNERABILITY OF CX32 KNOCKOUT MICE. K.Oguro, T.Kojima,
N.Oquro, X.Zhenq, E.L.Hertzberq, D.C.Spray, M.V.L.Bennett* & R.S.
Zukin. Dept. Neuroscience, Albert Einstein Coll.Med., Bronx NY 10461. 
Transient forebrain ischemia leads to delayed, selective neuronal death 
in the hippocampal CA1. To investigate a possible role for gap 
junctional communication in vulnerability of neurons to ischemia- 
induced damage, we examined changes in connexin(Cx)32, Cx36 and 
Cx43 protein and mRNA expression after 20 min global ischemia in 
C57BL/6 mice. Ischemia was induced by brief bilateral occlusion of the 
common carotid arteries (BCCO). Connexin protein expression was 
assessed by Western blot analysis and Cx mRNA expression by 
Northern analysis. Neuronal damage was monitored histologically. 
Western analysis revealed a significant increase in Cx32 subunit 
expression in CA1 at 48 h (to 135% control value) and in Cx36 at 48 h 
(to 140% control) after ischemia; Cx43 protein was unchanged. 
Northern blot analysis revealed a significant reduction in mRNA 
expression for all three connexins (to 50-60% control values) after 
ischemia. As in rats, AMPA receptor GluR2 subunit expression was 
also down regulated by 48 and 72h. Brief (10 min) global ischemia 
induced histologically detectable neurodegeneration in CA1 of 0/11 
wild-type and in 5/15 Cx32-knockout mice. These findings indicate a 
neuroprotective role for gap junction [Cx32] communication in 
hippocampus in the pathogenesis of global ischemia. Supported by 
NIH grant NS 31282.

843.18

HEMATOGENOUS CELLS EXPRESS MICROGLIAL AND MACROGLIAL 
MARKERS FOLLOWING CEREBRAL ISCHEMIA
J, Priller, F. Fernandez, M. Endres, J.P. Dreier*. U P, Dimagl.
Department of Neurology, Charite, Humboldt-University, SchumannstraBe 20-21. D- 
10117 Berlin, Germany

It has long been recognized that hematogenous cells invade the CNS following 
cerebral ischemia. However, little is known about the fate and function of circulating 
cells targeted to the CNS. In this study green fluorescent protein (GFP) bone marrow 
chimeras were used to study the role of blood borne cells in the brain after focal 
transient ischemia. For the generation of GFP bone marrow chimeras, marrow was 
harvested from adult male C57 B16 mice, retrovirally transfected with the EGFP gene 
and injected into adult irradiated recipient mice. Focal transient ischemia was induced
4-8 weeks after transplantation by middle cerebral artery occlusion for 30 minutes. 
After five days animals were sacrificed and brains were processed for 
immunohistochemistry. In vitro clonogenic progenitor assays of retrovirally transfected 
BM showed up to 90 percent transfection efficiency (GFP-positive clones). In 
transplanted animals, GFP-expressing hematopoietic colonies were found in spleens. 
60-70 percent of peripheral nucleated blood cells expressed GFP at high levels two 
months after BM transplantation. In the brains of control animals, few GFP-expressing 
cells were seen associated with blood vessels or residing within the parenchyma. The 
latter showed a ramified morphology suggestive of microglial cells. The majority of 
those cells expressed macrophage/micrqglial surface markers. In animals subjected to 
focal transient ischemia, multiple GFP-positive cells of ramified morphology were seen 
in the ischemic core five days after injury. Many of those cells expressed 
macrophage/microglial surface markers. In addition, some GFP-expressing cells 
localized in proximity to the glia limitans were found to express the astrocytic marker, 
glial fibrillary acidic protein. Our study suggests that microglia and macroglia may be 
subject to turnover with hematogenous cells, particularly following injury to the central 
nervous system. Supported by Deutsche Forschungsgemeinschaft.

843.19

INVOLVEMENT OF LFA-1 IN UP-REGULATION OF ICAM-5 IN 
ISCHEMIC NEURONAL DAMAGE H. Guo1*. P.D. Kilgannon2, N. Tong1,
L.G. Epstein3 and H.A. Gelbard1. 'Dept. of Neurology, Univ. of Rochester, 
Rochester, NY 14620; 2ICOS Corp., Bothell, WA 98021; 3Dept. of 
Neurology, Children’s Memorial Hospital, Chicago, IL 60614

In previous studies we have demonstrated that expression of ICAM-5, a 
novel member of the immunoglobulin superfamily, is increased in ischemic 
neurons, followed by a time-dependent elevation of serum ICAM-5. We 
further hypothesized that ICAM-5 might be involved in the interactions 
between the immune system and CNS. In the present study we have 
performed immunocytochemistry with a monoclonal antibody to the integrin 
adhesion molecule LFA-1, a receptor of ICAM-5, in brain sections from 
ischemic mice. A significant up-regulation of LFA-1 immunoreactivity was 
observed in microglial cells of the lesioned brain, accompanied by increased 
expression of ICAM-5 in the neuronal soma and dendrites. In order to further 
examine the correlation between LFA-1 and ICAM-5, we have injected anti- 
LFA-1 antibody intraventricularly, followed by an ischemic insult, to analyze 
serum levels of ICAM-5. ELISA assay showed that serum ICAM-5 was 
markedly decreased when compared to ischemic mice with vehicle injection. 
We have repeated these experiments in LFA-1 knock-out mice and 
demonstrated markedly decreased serum ICAM-5 levels. These findings 
suggest that microglia might play an important role in mediating neuronal 
injury, and possibly blood-brain barrier disruption, through LFA-1 and 
ICAM-5 signaling. Supported by RO1 NS35738 to L.G. Epstein, and PO1 
MH57556 to L.G. Epstein and H.A. Gelbard.

843.20

TRANSIENT UPREGULATION OF OSTEOPONTIN mRNA IN 
HIPPOCAMPUS AND STRIATUM FOLLOWING GLOBAL 
FOREBRAIN ISCHEMIA IN RATS. SY. Kim2 *, Y.-S. Choi2, S.-L, Shin1.
E.-J. Kim2. J.-H, Cha1, M.-H, Chun1. S B. Lee2 and M.-Y, Lee1. Dept. of 
’Anatomy and 2Pharmacology, Coll, of Med., The Catholic Univ. of Korea, 
Seoul, 137-701, Korea.

Previous studies demonstrated strong induction of osteopontin in the 
cortex after focal stroke (Ellison et al., 1998; Wang et al., 1998). This study 
was performed to investigate the spatial and temporal expression of 
osteopontin mRNA following global forebrain ischemia in rats using in situ 
hybridization histochemistry and Northern blot analysis. Global forebrain 
ischemia was induced by four-vessel occlusion for 10 min according to the 
method described by Pulsinelli and Brierley (1979) except that the visible 
vertebral arteries located between atlas and axis could be directly 
electrocauterized and completely cut to yield complete cessation of 
circulation in both vertebral arteries. The transient induction of osteopontin 
mRNA after global ischemia occurred earlier in the striatum than in the 
hippocampus. It was pronounced, before microglial cells became more 
reactive, in the dorsomedial striatum close to the lateral ventricle and in the 
CA1 subfield and subiculum of the hippocampus. It also could be detected 
in the dentate hilus and to a marginal extent in CA3. Our results 
demonstrate that the rat hippocampus and striatum following global 
forebrain ischemia upregulate osteopontin mRNA in different 
spatiotemporal patterns.
Supported by The Catholic Medical Center Research Fund for Special 
Projects (98-3 and 98-6).
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843.21
INTERCELLULAR CALCIUM WAVES ARE NOT EVIDENT IN MICROGLIA 
GROWN IN CO-CULTURE WITH ASTROCYTES. A.O. Caggiano1? C.X. Kim, 
P.E. Kunkler, & R.P. Kraig. Department of Neurology, The University of Chicago, 
Chicago, IL 60637.

Intercellular communication between neurons and between astrocytes can occur by gap 
junctional connections and by diffusion of extracellular substances such as 
neurotransmitters or ATP (1). Microglia are ubiquitously and evenly distributed 
throughout gray matter tissues but whether microglia are capable of similar homotypic 
intercellular communication is unknown. Accordingly, we have begun studies searching 
for inter-microglial communication using a long-lived microglia-astrocyte co-culture 
system. Primary cultures of astrocytes and microglia were prepared from neonatal rats 
(0-5days) (2,3). Then after 2 days in vitro (DIV), cultures were combined but separated 
by 1 mm. Control cultures consisted of temporally matched primary cultures of astrocytes 
and microglia grown in separate, individual dishes. Astrocytes showed little 
morphological change (as examined using phase microscopy) in primary or co-culture 
systems. Furthermore, microglia in primary cultures were initially ameboid in shape; 
became somewhat ramified; but then progressively became more ameboid by 7-12 DIV. 
On the other hand, microglia from co-cultures became progressively ramified for up to 
28 DIV. This ramification was sufficient to make nearby microglia contact their 
neighbors. These microglia (15-21 DIV) were loaded with fura-2 (3) and activated by 
mechanical perturbation from a nearby fire-polished microelectrode. Digital ratiometric 
images were acquired at l-2Hz. Microelectrode perturbation (n=10) evoked a transient 
rise in intracellular Ca2+ in the cell stimulated. However, this Ca2+ change never (n=10) 
spread to adjacent cells (e.g., phase contrast microscopy evidence indicated 3-10 cells were 
in contact with each other). These results provide preliminary evidence to suggest that, 
with activation, microglia are not regionally synchronized by propagating intercellular 
calcium waves. 1. Guthrie et al., J Neurosci, ‘99; 2. Lascola & Kraig, J. Neurosci, ‘96; 
3. Caggiano & Kraig, J. Neurochem, ‘98. (Supported by NS-19108.)

843.22
NECROTIC DEATH IN THE SUBEPENDYMAL ZONE AFTER 
HYPOXIA/ISCHEMIA IN THE NEWBORN RAT. RP Rothstein, SJ 
Vannucci* and SW. Levison. Depts. of Neuroscience and Anatomy, 
and Pediatrics, Pennsylvania State College of Medicine, Hershey, PA

Subependymal zone (SZ) cells divide constitutively during the 
perinatal period to generate forebrain neurons and glia. Therefore, insults 
that destroy SZ cells should adversely affect brain development resulting 
in cognitive, sensory, or motor deficits. Here we determined whether the 
SZ is susceptible to hypoxia/ischemia (H/I), by measuring changes in the 
cellularity of the SZ in an immature rat model of H/I. Seven day old 
Wistar rats were subjected to unilateral common carotid artery ligation 
followed by 90 minutes of H/I (8% O2). Brains were perfusion-fixed at 
recovery intervals ranging from 4 to 48 hours and 6 (am coronal sections 
were stained with hematoxylin and eosin for light microscopic 
examination. Cellularity counts were performed at three regions within 
the SZ; medially, mediolaterally, and laterally. The total area of the SZ 
also was measured. Within 4 hours after recovery, the ipsilateral SZ had 
incurred a loss of approximately 20% of the total cells. This cell loss was 
most pronounced in the medial aspect (i.e. adjacent to the ependymal 
layer), where cells showed evidence of cytotoxic edema. Cell loss 
continued, so that by 48 hours after the insult the SZ had sustained a cell 
loss approximating 50%. There was no increase in the proportion of 
apoptotic cells in the ipsilateral hemisphere at 4 hours after the insult as 
determined by ISEL. We conclude that the SZ is extremely sensitive to 
H/I and that the cells lost within the 4 hours after the insult died necrotic 
deaths. Supported by NS 33251, MH 59950 and HD 30705.

843.23

IN VITRO LOCALIZATION OF POLYPHENOLIC ANTIOXIDANTS IN 
HUMAN AORTIC ENDOTHELIAL CELLS AND ASTROCYTES
K.Youdim, D. Bielinski*, A, Martin and J.A, Joseph. USDA, HNRCA at 
Tufts Univ., Boston, MA 02111.

Increases in vulnerability to oxidative stress (OS) have been postulated as 
causative factors in CNS functional declines in age-associated 
neurodegenerative diseases. Ischemic injury associated with stroke also shows 
increases with age and may be mediated by OS. Numerous experiments have 
suggested that diets containing fruits and vegetables reduce risk factors for 
cardiovascular disease and cancer. Additionally, we have found that 
antioxidant rich fruits (strawberries or blueberries) or vegetables (spinach) are 
effective in forestalling and reversing neuronal and behavioral aging. 
However, little is known about the cellular permeability and localization of the 
polyphenolic compounds that may be responsible for these beneficial effects. 
Present experiments were carried out to make these determinations using a 
simple elderberry (EB) fruit extract in human astrocytes (HA) and endothelial 
cells (HAEC). With incubation of HA and HAEC in EB rich medium (0.1- 
lmg/ml equivalent to 9.6-96pg total anthocyanins, predominately cyanidin-3- 
glucoside and cyanidin-3-sambubioside) a dose dependant incorporation of 
anthocyanins was observed, with maximum incorporation after 4hr. Thirty to 
40pg anthocyanins/mg protein were extracted from HA and HAEC incubated 
with EB(lmg/ml). Preliminary studies have also found localization of 
anthocyanins within mitochondria from HA and HAEC. Incorporation of 
these polyphenolics, appears to enhance cellular antioxidant properties against 
dopamine, H2O2 and Cu2+. Investigations into anti-inflammatory responses to 
TNFa are currently under investigation. (Supported by USDA intramural).

DEGENERATIVE DISEASE: OTHER XII

844.1

GULF WAR VETERANS WITH CORTICAL PERFUSION DEFECTS ON 3-D 
SPECT: A SERIES OF 10 CASES. J.W. Ashford* W.-J. Shih, M.D.
Depts. of Psychiatry, Neurology, and the Sanders-Brown Center on Aging, 
and Dept. of Diagnostic Radiology, University of Kentucky; Psychiatry 
Service and Nuclear Medicine Service, Veterans Affairs Medical Center, 
Lexington, KY 40502.

Persian Gulf War veterans report diverse symptoms including fatigue, 
lack of concentration, and memory complaints that suggest central nervous 
system dysfunction. Ten Gulf War veterans were referred to the Lexington 
VAMC during 1998 (9 male, 1 female; age range 25 - 50 years; average 
age: 40 years) because of memory complaints, though none showed grossly 
abnormal cognitive function. To determine the basis of the memory 
complaints, we studied them with brain Single Photon Emission Computed 
Tomography (SPECT), using Tc"m ECD (DuPont Pharmaceuticals Co.) and 
a three-headed camera (Picker). Surface three-dimensional displays were 
graded on an 8-point scale used for Alzheimer patients. For comparison, 
SPECTS of 170 cases included 55 probable Alzheimer patients, 20 non- 
demented controls with some cognitive impairment (including 10 patients 
with mild memory complaints and 5 patients with Wernicke-Korsakoff 
encephalopathy), and 5 normal controls. All SPECTs from the Gulf War 
veterans showed multiple perfusion defects, predominantly in the frontal, 
temporal, and parietal regions. Relative to Alzheimer patients, 3 of these 
patients showed mild impairment, 3 were mild-moderate, 2 were moderate, 
1 was moderate-severe, and 1 was mild-moderate initially, becoming 
moderate-severe 11 months later. These SPECTs showed more 
abnormalities than did those of the 20 non-demented patients; the 5 normal 
individuals showed no abnormalities. These data suggest that Gulf War 
Veterans with memory complaints have deficits of cerebral perfusion, 
(supported by Lexington VAMC; ECD partially provided by DuPont Pharm.)

844.2

NEUROPIL DERANGEMENT REVEALED BY GLUTAMINE SYNTHETASE 
IMMUNOSTAINING: AN EARLY FEATURE OF INFECTION BY SIMIAN 
IMMUNODEFICIENCY VIRUS (SIVMAC251). V.L. Pearson Orange1, N, Almond2 
and P.J. Luthert1. (SPON: British Neuroscience Association). ’Dept. of Pathology, 
Inst, of Ophthalmology, UCL, UK, EC1V 9EL. 2NIBSC, Potters Bar, UK, EN6 3QJ.

Excitotoxic neuronal injury and perturbation of astrocyte functions are implicated 
in tire pathogenesis of neurological deficits in AIDS. We investigated the expression 
of the glutamate metabolising enzyme, glutamine synthetase (GS) in the brains of 
cynomolgus macaques, 3 months after inoculation with SIVmac251, to determine 
whether there is evidence of astrocytic alteration early in SIV infection.

Sections from control (n=7) and SIVmac251 (n=6) infected macaques were 
prepared from formalin-fixed paraffin-embedded brain hemispheres, including 
hippocampus, temporal, frontal and parietal cortex. Immunocytochemistry was used to 
demonstrate GS. Sections were examined blind by two investigators.

In controls, GS expression was apparent in grey matter as a diffuse neuropil 
background, and in astrocytes and neuronal satellite cells. Semi-quantitative 
comparison of control and infected animals revealed no significant difference in the 
overall intensity of immunostaining (p=0.513). However, infected animals showed a 
significant increase in staining of cortical microvessels (p=0.0012) and cortical lamina 
II (p=0.0012), as well as a decrease in the number of GS+ perineuronal processes in 
the dentate gyrus (p= 0.0012), the clarity of GS- neuronal cells and their dendrites (p=
0.0082) and immunostaining of cortical lamina I (p=0.0012). Furthermore, in infected 
animals the normal diffuse background staining was replaced by a coarser pattern of 
staining with small circles and processes, often related to astrocyte cell bodies.

Our study has identified a novel neuropil pathology and changes in GS expression 
in astrocytes of SIV infected macaques. Their impact on the pathogenesis of SIV 
neurodegeneration is unknown. Future studies will identify the sub-cellular changes 
that result in neuropil derangement and will determine their presence in HIV infection 
and other CNS disorders. Funded by The Wellcome Trust and MRC, UK.
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844.3
MODULATION OF p38MAPK USING AN ANTIOXIDANT AND A NITRONE BASED 
SPIN TRAP IN RESPECT TO REPLICATION OF HIV-1 K. A. Robinson*. K. Hensley,
C. A. Stewart. Q. Pye, and R. A. Floyd. Free Radical Biology and Aging Research 
Program, Oklahoma Medical Research Foundation, Oklahoma City, OK 73104 USA.

Reactive oxygen species (ROS) such as H2O2, and O2 ' have been implicated as second 
messengers which can potentiate signal transduction kinase cascades such as p38MAPK, 
although the precise relationship between ROS and cellular kinase regulation remains to 
be elucidated. Previously we showed that IL-1 (3 and H2O2 dually phosphorylate (activate) 
p38MAPK while simultaneously inactivating phosphatases in primary rat glial cells. 
Phenyl-/er/-butyl nitrone (PBN), a free radical trap, and N-acetyl-cysteine (NAC), an 
antioxidant, were found to prevent the activation of p38MAPK and lower total phosphatase 
activity. We currently have found p38MA?K to be significantly increased in the CSF of 
AIDS patients compared to age-matched controls. Others have shown that activation of 
the HIV-1 long terminal repeat (LTR) by cytokines and environmental stress requires 
activated p38MAPK in HeLa cells using an HIV-1 LTR-driven expression of CAT. 
Additionally, it has been shown that NAC extends the life of AIDS patients and that PBN 
eliminates the memory loss and learning deficiencies seen in the rat model of TNF-a- 
induced AIDS dementia. HIV-1 is a potent inducer of TNF-a as well as being potentiated 
by TNF-a. We will be using HeLaCD4-HIV-l LTR P Gal and primary rat glial cells to 
ascertain if HIV-1, it’s env proteins, or Tat activate p38MAPK and what effect if any PBN 
and NAC might have upon this activation. The results of the previous experiments 
indicate that agents known to alter cellular redox states significantly modulate p38MAPK 
and inactivate regulatory phosphatases during the signal transduction event. As HIV-1 
replication via LTR is a phosphorylation-dependent event this could offer an explanation 
for the effects of NAC and PBN. Supported by NIH grants NS35747 and PO1-AG05119.

844.4
Non -Linear  Electromyogra phic  Signal  Analysis  in Patients  with  
Orthostatic  and  Co -Existing  Essential  Tremor . O.P. Yu,* H.P. Wen, A.I. 
Marquinez and S.L, Pullman. The Neurological Institute of New York, New York 
Presbyterian Medical Center, New York, NY 10032.

Orthostatic tremor (OT) is characterized by high frequency electromyographic 
(EMG) oscillations and tremulous movements of the trunk and legs on standing. 
Previous studies have shown that some patients with OT also have lower frequency 
tremors (down to 6-8 Hz) which resemble essential tremor (ET). Controversy exists 
as to whether OT is a unique syndrome or a variant of ET. Since conventional 
spectral analysis cannot distinguish non-linearly coupled frequencies from 
spontaneously occurring signals from the same source such as harmonics, we used 
bispectral and bicoherence analyses to exam quadratic non-linear coupling (i.e. phase 
locking) of different frequency components in the involved EMG. Fourteen patients 
clinically diagnosed as definite OT (11 women 3 men, aged 45-82 years, 71.3±11.2, 
mean ± SD, with tremor frequencies ranging from 12.2-17.1 Hz, 14.3± 1.9, mean ± 
SD) were investigated. Surface Ag/AgCl electrodes, placed on each patient bilaterally 
over the extensor carpi radialis, flexor carpi radialis, tibialis anterior, vastus lateralis 
and medial gastrocnemius muscles, were used to record continuously in 10-15 second 
epochs and processed off-line. Various clinical maneuvers including sitting at rest, 
arms extended, finger to nose, and standing were performed. Forty-three EMG 
identified by having both OT (12.2-17.4 Hz) and ET (5.0-8.4 Hz) bands from nine of 
fourteen patients were chosen and thirty-two windows for each EMG were used for 
direct bispectral and bicoherence analyses. Results showed that in 79% of total 
EMG, there was a significant coherence (p<0.05) in the ET band. This suggests a 
non-linear interaction between high frequency EMG signals in OT and the lower 
frequency signals in ET. We conclude that OT may be an ET variant caused by task 
or posture specific alteration in central tremor generating mechanisms.

844.5

INHIBITION OF GENE EXPRESSION BY THE OXIDATIVE DNA LESION 
8,5*-CYCLO-2'-DEOXYADENOSINE: A MECHANISM FOR 
NEURODEGENERATION IN XERODERMA PIGMENTOSUM 1pj.
Brooks*. 2P.S, Wise. 2D.A. Berry. 3R,L. Somers. 3H. Mackie.4A. 
Spoonde. 4E. J, Ackerman.5K, Coleman, and 5J.H. Robbins.1NIAAA 
and ^NCI, NIH, Bethesda, MD, 2Berry and Associates, Inc., Dexter, 
Ml, 2Glen Research Corp, Sterling, VA, 5 Pacific Northwest National 
Laboratories, DOE, Richland, Washington.
The autosomal recessive disorder xeroderma pigmentosum (XP) 

results from defects in the nucleotide excision repair (NER) pathway 
of DNA repair. NER is involved in the repair of UV light induced DNA 
lesions and of other helix-distorting lesions. Some XP patients 
develop a progressive atrophic neurodegeneration which is believed 
to result from the accumulation of endogenous DNA lesions. We 
previously showed that a novel type of oxidative DNA damage, 8,5* 
cyclodeoxyadenosine (cyclo-dA), which results from the attack of 
hydroxyl radicals on DNA, is a substrate for NER (J. Clin. Invest. 
Med. 47:130A, 1999). Cyclo-dA could not be removed by base 
excision repair, the main pathway for removal of oxidative DNA 
damage. In the present work, we placed a cyclo-dA lesion in the 
transcribed strand of a luciferase reporter gene and transfected this 
construct into CHO cells. We found that a single cyclo-dA lesion 
resulted in a > 90% reduction of luciferase activity when transfected 
into NER-deficient cells. These data lead to the following model: 
Cyclo-dA lesions accumulate in XP neurons due to the lack of NER, 
and the accumulated lesions block transcription by RNA pol II, 
leading to cell death.

844.6
]H-MRS FINDING IN PATIENTS WITH DOMINANTLY INHERITED 

SPINOCEREBELLAR ATAXIA(SCA). K.Isonishi1, T.Kashiwaba1. I.Yamashita2 

LYate2. H,Sasaki2,_ K.Tashiro2 and F.Moriwaka2*. 'Dep. of Neurology,

Kashiwaba Neurosurgery' Hosp., Sapporo, Japan; 2Dep. of Neurology, Hokkaido 
Univ. Sch. of Med., Sapporo, Japan.

The purpose of this study is to clarify the co-relation between ^H-MRS finding 
of cerebellum and genotype in cases of SC As. 12 cases of 9 families, 5 women and 7 
men, mean age at onset were 45.9±8.7 years old and duration from onset were 6.9 
years, were analyzed. Genotyping of SCAs, detecting abnormal expansion of CAG 
repeat, was performed according to the methods described in original report for 
SCA1, SCA2, SCA6 and DRPLA. Three cases of SCA1, 1 SCA2, 4 SCA6, 1 
DRPLA and 3 undetermined cases were examined with ‘H-MRS at 1.5 T. A 
spectrum was collected from 8cm3 voxel in the cerebellum and pons. 49 cases of 
neurological disease who had no cerebellar lesions were also examined as control.

Right
cerebellum

Left
cerebellum

Vermis Pons

Control 1.59±0.23 1.48±0.2 1.46 ±0.27 2.66±0.75
SC AI 0.94±0.26 1.07±0.22 1.02±0.19 2.15±0.94
SCA2 0.63 0.78 1.01 2.16
SCA6 1.55±0.22 1.45±0.29 1.43±0.17 2.21 ±0.86
Others 1.15±0.31 1.07±0.28 1.05 ±0.26 2.4 ±1.28

cases of SCAs compared to those of control except SCA6 cases. Five years follow-
up study in 2 cases of SC A6 also showed the slow rate of decrease than in others.

844.7

PRELIMINARY CHARACTERIZATION OF TORSINA - THE 
PROTEIN RESPONSIBLE FOR EARLY-ONSET TORSION 
DYSTONIA. E Ziefer'.J. Hewett1. C. Gonzalez-AgostP. D. Slater1. 
SJbsc1. D, Jacoby1» L, Ozelius1, V, Ramesh1. D. Corev2. X. Breakefield1*
‘Dept. of Neurology & 2Howard Hughes Medical Institute, Massachusetts
General Hospital, Boston MA 02114.

Torsion dystonia is a movement disorder characterized by sustained 
muscle contractions causing twisting movements and postures with no 
apparent neuronal degeneration. The early-onset form is inherited as an 
autosomal dominant condition with reduced penetrance, and is distinguished 
by a period of susceptability in childhood and adolescence. Most cases are 
caused by a deletion in the DYT1 gene on chromosome 9q34 resulting in the 
loss of a glutamic acid residue in the carboxy terminus of the protein, 
torsinA (Ozelius et al., 1997). TorsinA shows significant sequence 
conservation of functional and structural features with Y-ethylmaleimide 
sensitive fusion protein (NSF), a mammalian member of the AAA family of 
chaperone-like proteins (Neuwald et al., 1999). Predictions of torsinA 
functioning as a heat shock protein due to sequence homology with the 
AAA* related HSPlOO/Clp-proteases was not substantiated by heat induction 
at the transcriptional level. Polyclonal and monoclonal antibodies raised 
against the carboxy-terminal end of the protein detect a ~37 kD reactive 
species in brain and a variety of cells in culture, corresponding to the 
predicted size of 332 amino acids. Subcellular fractionation studies in brain 
and neural CAD cells suggest enrichment in the microsomal compartment. 
Immunocytochemical localization in CAD cells shows an immunoreactive 
protein around the nucleus and in neurite endings. [Jack Fasciana Fund for 
Support of Dystonia Research, NINDS NS28384 and NS38142]

844.8

A GROUP-AVERAGED STRUCTURAL MRI STUDY OF PRIMARY FOCAL 
DYSTONIA. K.J. Black,123* A.Z. Snyder? V.N. Tolia? J.S. Perimutter2-34. 
Departments of ‘Psychiatry, 2RadioIogy, ’Neurology, and 4Anatomy & Neurobiology, 
Washington University School of Medicine, St. Louis, MO 63110.

We hypothesized that patients with primary focal dystonia might show abnormal MRI 
signal intensity in brain when compared to normals in a common stereotactic space. We 
here report results using a Tl-weighted, 3D MR sequence (MPRAGE). All volunteers 
were examined by a movement disorders specialist. Primary focal dystonia subjects had 
blepharospasm or hand cramp, but no other neurological abnormality or pertinent drug 
exposure. Brain images were aligned to Talairach space using a retrospective, 12- 
parameter automated method which results in equal signal intensity (whole brain 
average) for each subject. We first compared average MR images from 17 dystonic and 
25 normal volunteers. An omnibus nonparametric statistical test was used as 
implemented by SnPM96b. Patients and normals differed significantly (p=0.01 and 
p=0.04 with and without including a linear covariate for age, respectively), with patients 
showing several areas of decreased signal compared to normals. However, patients were 
on average 22 years older than normals. We repeated this analysis on MRIs from 21 
additional patients and 21 additional normals who were matched for age (within 5 
years), handedness, and sex. No group differences were found (|t| < 2 for all voxels, and 
omnibus p^0.15), whether or not we smoothed the amplitude or variance images or 
included a covariate for age. We conclude that (1) using this MRI sequence and analysis 
technique, there is no significant abnormality of MR signal in primary focal dystonia; 
and (2) comparisons of different diagnostic groups using group-averaged MRI must be 
interpreted cautiously, especially if groups are poorly matched.

Supported by NIH grants NS01898 & NS31001; the Benign Essential Blepharospasm 
Foundation; the Charles A. Dana Foundation (Clinical Hypotheses Research Section); 
NARSAD; A PDA; the McDonnell Center for Higher Brain Function; Mr. and Mrs. 
Jejferson Miller; and the Barbara and Sam Murphy Fund. Thanks to Glenn Foster.
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844.9
MICROGLIA IN THE EXPERIMENTAL PHENYLKETONURIA. G.G. 
Skibo1*, J.A. McKanna2, I.R. Nikonenko1, O.V. Gimyk1, V.L. Savchenko'. 
'Dept. of Cytology, Bogomoletz Institute of Physiology, Kiev, Ukraine; 
2Dept. of Cell Biology, Vanderbilt University, Nashville, TN, USA.

Phenylketonuria (PKU) is caused by mutation(s) in the phenylalanine 
hydroxylase (PAH) gene which lead to deficiency in PAH activity and 
accumulation of phenylalanine in the blood. The aim of the present 
investigation was to study microglia in the rat brain with experimental PKU. 
The PKU was modelled by injecting rat pups with 0.13 M L-phenylalanine 
and 0.06 M DL-a-methylphenylalanine during 3-14th postnatal days. The 
control pups were given injections of 0.9% NaCl solution. The brain tissue 
was studied at 14th postnatal day. Lipocortin 1 immunoreactivity (LCl-ir) 
was used as a marker for microglia. The density of microglial cells and their 
morphological parameters were evaluated by computer system 
BioQuantOS/2. The treatment with L-phenylalamne and DL-a- 
methylphenylalanine caused significant weight loss in the rat pups. The 
number of LCl-ir microglial cells in PKU brain was 2 times higher in 
cerebellum and 1.2 times higher in hippocampus and cortex as compared 
with control animals. The diameter of microglial somata was larger and the 
processes were shorter and thicker in the PKU cerebellum, hippocampus and 
cortex, as compared with control brain. The results suggest that PKU causes 
microglial reaction in particular regions of the brain which are presumably 
more sensitive to this kind of damage. The putative role of microglia in PKU 
is discussed.

PARKINSON’S DISEASE: PHYSIOLOGY

845.1

GPI DEEP BRAIN STIMULATION : LONG-TERM FOLLOW-UP 
OF 20 PATIENTS C. E. Gross, T. Boraud, D. GuehL and B. Bionlac* Basal 
gang CNRS UMR 5543, University Bordeaux 2, 33076 Boideaux France.

The pharmacological treatment of Parkinson's disease (PD) by the 
administration of levodopa has brought relief to an incalculable 
number of patients but still carries with it the long-term problem of 
therapeutic escape often accompanied by the appearance of 
dyskinesia and "on-off" phenomena. This has led to a renewed interest 
in the surgical approach as an effective treatment for the later stage of 
this pathology.

The present report presents the post-operative clinical asssessments 
at 12 months (n=20 patients), 24 months (n=16 patients) and 36 
months (n=9 patients). Motor performance has been scored on the 
UPDRS. Assessment was carried out, preceding surgery, in two 
situations and, following surgery, in four : 1) after at least 12 hours 
without any treatment ("off period); 2) during the "best on" period 
after the administration of approximately 1.5 times the usual dose of 
levodopa; 3) with DBS but without levodopa; 4) with combined DBS 
and levodopa therapy.

Long-term DBS of the ventroposterolateral GPi has proved 
beneficial to all the patients included in this study. Whatever the stage 
of assessment, clinical scores were significantly lower for the DBS 
situation than for the off situation. No significant difference was 
observed over the short term (12 months) between DBS alone and 
levodopa alone but a difference became clearly apparent over the long 
term (24 and 36 months). Combined DBS and levodopa therapy was 
Clearly superior at every stage, 12, 24, and 36 months, to treatment 
with DBS alone or levodopa alone.

-Supported by CHU Bordeaux

845.2

DYNAMIC RELATIONSHIP BETWEEN TREMOR IN DIFFERENT MUSCLES 
OF PARKINSONIAN PATIENTS. J.-P. Lachaux', J.M. Hurtado1, D, J. Beckley2*, 
CM. Gray and K.A. Sigvardt1,2. 'Center for Neuroscience and "Department of 
Neurology, University of California, Davis CA 95616; VANCSC Martinez CA 
94553.

A previous study (Hurtado et al., 1998, Soc. Neurosci. Abst. 24:1719) provided 
evidence that the resting tremor of Parkinson’s Disease involving different limbs is 
generated by independent pathways. However, the existence of transient coupling 
between muscles in different limbs could not be ruled out. In the present study, we 
have investigated the dynamic relationships between the tremor in different muscles 
m the body. We have developed methods to determine the frequency of the tremor 
in each muscle as well as the correlation and phase between muscles as a function 
of time (1-2 second temporal resolution). Using these methods, we have found that 
concurrent tremor in muscles of different limbs can be present for long periods 
(more than a minute) without significant coupling. However, transient episodes of 
coupling of very short duration (less than 3 seconds) can occur between muscles of 
different limbs. In comparison, concurrent tremor in muscles within the same limb 
is coupled for long periods. Under the assumption that these relationships reflect the 
spatiotemporal organization of the networks controlling tremor, we hypothesize that 
tremor m different muscles is generated by a set of coupled oscillators and that the 
degree of coupling between oscillators increases as the distance between the muscle 
pairs decreases. This spatial organization reflects the somatotopy of the limb 
representations within the central networks.

845.3

PARKINSONIAN TREMOR-RELATED ACTIVITY IN THE INTERNAL 
SEGMENT OF THE GLOBUS PALLIDUS (GPi) SHOWS TRANSITIONS IN 
PHASE RELATIONSHIPS TO ANTAGONIST MUSCLE PAIRS. J.M. Hurtado1, 
J.-P. Lachaux1, V.L. Wheelock2'3, C.T.E. Pappas3, C.M. Gray' and K.A. 
Sigvardt1’2*. 'Center for Neuroscience and "Department of Neurology, University 
of California, Davis CA 95616 and "Department of Neurosurgery, Kaiser 
Permanente, Sacramento CA 95825.

Results of a previous study (Hurtado et al., 1999, Proc. Natl. Acad. Sci. USA 
96:1674-1679) showed that some proportion of the recorded tremor-related activity 
in GPi can be strongly linked to the muscles of the contralateral limb. However, 
examinations of the relationship between GPi units and muscle EMG often showed 
no correlation at the tremor frequency even though both the unit and the muscle 
showed oscillatory activity. Calculation of coherence between a particular unit and 
the muscles, averaged over a long epoch, can result in low values if there is a shift 
in phase during the epoch being analyzed. In the present study, we analyzed neural 
and EMG recordings obtained during microelectrode-guided pallidotomy for the 
treatment of Parkinsonian motor symptoms. We examined the time evolution of 
correlation and phase using coherence analysis for 30-60 second epochs using a 500 
msec sliding window, moved in 100 msec steps. We found that the multiunit 
activity in GPi can be phase-locked to EMG activity for long periods. However, the 
phase angle between GPi activity and a particular muscle is often characterized by 
sharp transitions (e.g., a shift in phase between GPi activity and EMG from 180° to 
0°).

845.4

DECREASED PARKINSONIAN RIGIDITY DURING ELECTRICAL 
STIMULATION OF SUBTHALAMIC NUCLEUS (STN)
J-LRoma?^ W.D. Hutchison1.:2,3, A.E. Lang4. A.M, Lozano1,2*. 'Div. Neurosurgery, 
Toronto Western Hospital and Depts. of 2Surgery, 3Physiology and 4Medicine, 
University of Toronto, Ontario, Canada, M5T2S8.

Parkinsonian rigidity is usually evaluated on subjective clinical rating scales. A 
force- and displacement-sensing device developed by Prochazka et al.(Mov. 
Dis. 12:24) was employed to quantify Parkinsonian rigidity in two patients with STN- 
deep brain stimulation (DBS) after 12h off medication. The quadripolar DBS 
electrodes (contacts 0,1,2,3 each separated by 3.5mm) were implanted bilaterally under 
microelectrode-guided stereotactic surgery with contact 0 at the border of STN/SNr. 
The effects of unilateral or bilateral monopolar stimulation on rigidity were analysed 
with and without contralateral hand opening and closing (activation). Patient A had 
DBS parameters optimized based on subjective clinical observation and was measured 
1 year post-op. Bilateral STN stimulation (right brain contact 2 neg.case pos, 145 Hz, 
60 ps, 3.5 V; left brain 1 neg, case pos, 130 Hz, 60ps, 3.3 V) decreased the rigidity 
of the right arm from 48 ± 4.8 to 6 ± 3.1 mNm/deg (p<0.05). With activation, rigidity 
increased to 117 ± 20.7mNm/deg and STN-DBS decreased rigidity to 28 ± 5.4 
mNm/deg (p<0.05). The rigidity of the left arm did not change with stimulation. In 
Patient B rigidity was evaluated with bilateral and unilateral STN-DBS during 
optimization of the DBS parameters. Bilateral STN-DBS decreased left arm rigidity 
only in the activated state from 54 ± 7.7 to 4.1 ± 6.9 mNm/deg (p<0.05). With 
unilateral STN-DBS differential effects on right arm rigidity were found with different 
contacts. Stimulation through contact 0 (presumed base of STN) was ineffective in 
decreasing rigidity, whereas stimulation at contact 3 decreased rigidity by 75 mNm/deg 
without activation and by 180 mNm/deg with activation. These results quantify the 
beneficial effects of STN-DBS on parkinsonian rigidity and demonstrate the usefulness 
of quantitative measures in optimization of STN-DBS parameters.
Supported by the Parkinson Foundation of Canada
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845.5
MONITORING RHYTHMIC ELECTROENCEPHALOGRAPHIC 
ACTIVITIES IN LOCALIZING A TARGET OF STEREOTAXIC 
THALAMOTOMY FOR PARKINSONIAN PATIENTS.
N^Miyashita*1,2. T. Hongo1, T, Qshima1. and H, Narabavashi1.
'Neurological Clinic; Meguro-ku, Tokyo 153-0061; 2Dept. of Neurology,
Sch. of Med., Juntendo Univ.; Bunkyo-ku, Tokyo 113-8421, JAPAN.

We report a characteristic profile of the depth electroencephalogram 
(EEG) in the human brain that turned out usefully to localize a target of 
thermolesion during thalamotomy for two parkinsonian patients. A bipolar 
concentric semi-microelectrode was stereotaxi cal ly introduced along a track 
passing through the subcortical white matter, caudate nucleus, internal 
capsule, and dorsal to ventral nuclei of the thalamus. The EEG and 
accompanying multiple unit spikes (MUSs) were recorded and separately 
displayed via two frequency band-pass filters. Semi-quantitative frequency 
analysis of the EEG revealed a characteristic depth distribution of rhythmic 
waves along the electrode track. Thus, the beta band rhythms of 13-27 Hz 
were found in the caudate nucleus and in the ventroanterior/ventrolateral 
nuclei regions (VA/VL) of the thalamus; the tremor-related rhythms of 3-7 
Hz were seen in the nucleus ventralis intermedius (VIM), a surgical target. 
Both rhythms were accompanied by bursts of MUSs. The level of integrated 
background MUSs was moderate in the regions with beta waves, and highest 
in the region with tremor-related rhythms of VIM. The VIM and a part of 
VA/VL just rostral to the VIM showed negative surges of EEG and increased 
MUSs in response to passive muscle stretch. The results suggest that the beta 
and tremor-related rhythms reflect pathophysiological activities of the 
striato-pallido-thalamic and cerebellothalamic pathways, respectively, in the 
parkinsonism.

845.6

MOVEMENT PLANNING AND EXECUTION OPERATIONS IN 
PARKINSON’S DISEASE B. C. Leis,1* A. W. A. Van Gemmert,1 J. S. Lou,2 
and G. E. Stelmach1.1 Motor Control Lab., Arizona State University, Tempe, AZ 
85287-0404,2Barrow Neurological Institute, 500 W. Thomas, Suite 700,85013

The purpose of this research was to investigate planning processes underlying 
the initiation and execution of movement in individuals with idiopathic Parkinson’s 
disease (iPD) compared to age matched controls. The study involved a reaction 
time (RT) paradigm that utilized precues that varied in probability of predicting the 
stimulus (valid, neutral, invalid) while participants generated rapid arm movements 
to one of two targets. Six iPD patients off medications, eight older adults, and nine 
young adults were tested. Participants did not exhibit signs of dementia or 
depression. Reaction time (RT) analysis demonstrated that iPD patients had 
significantly longer median RT (491 ms) than younger adults (359 ms) but did not 
differ from older adults (457 ms). In addition, a significant precue effect occurred 
in ail groups. Moreover, RTs in the valid condition were faster than RTs in the 
neutral condition, which in turn were faster than RTs in the invalid condition. All 
groups benefited to a similar extent in the valid condition. There was no group by 
precue interaction. Movement time (MT) analysis demonstrated younger and older 
adults were not influenced by precues whereas in iPD the precue condition 
differentially affected MTs. MTs for the iPD patients paralleled those of RT, 
namely, faster RTs were associated with faster MTs and slower RTs were 
associated with slower MTs. Moreover, MTs were slowest in the invalid condition. 
These data suggest that iPD patients are not able to perform movement planning 
and execution operations independently as is characteristic in healthy young and 
older adults.
Funded by National Institute of Aging AG 14676

845.7

HIGH FREQUENCY STIMULATION OF THE SUBTHALAMIC NUCLEUS 
INFLUENCES STRIATAL DOPAMINE TRANSPORTER FUNCTION. T, Reum. 
D, Schpnfufi. A Mazburger. A, Kupsch and R, Morgenstem* Inst, of Pharmacology 
and Toxicology and Dept. of Neurology, Humboldt-University at Berlin, D-10098 
Berlin, Germany.

High frequency stimulation (HFS) of the subthalamic nucleus (STN) has been 
established as a powerfull therapeutic tool in late stages of Parkinson’s disease. 
Recently we have shown that HFS of the STN is capable of influencing the 
dopaminergic system in the rat striatum. To further elucidate these HFS-induced 
effects on dopaminergic transmission we monitored stimulated release and 
extracellular clearance of dopamine in the striatum of anaesthetized rats in vivo and 
investigated radioligand binding to striatal dopamine transporters in vitro.

Using continuous amperometiy with calibrated carbon fibre microelectrodes a 
potential of400 mV vs. Ag/AgCl was applied and the responses of oxidation current, 
reflecting extracellular dopamine concentration after stimulation of the medial 
forebrain bundle (2 mA, 200 gsec., 50 pulses), were recorded and analysed for 
overflow and uptake kinetics every five min before and up to 3 h after HFS of the 
STN (130 Hz, pulses of600 pA and, 60 psec, 20 min duration). For investigation of 
pHJmazindol binding to striatal membranes the brains were removed 1 hour after 
concluding HFS.

Our preliminary data show that acute HFS of the STN markedly decreased 
extracellular uptake velocity of striatal dopamine. Binding of [3H]mazindol revealed 
a reduction of B^ to approximately 50% of control values, whereas no changes of 
Kd  have been found. These results of both reduced dopamine uptake velocity in vivo 
and reduced uptake sites in vitro clearly indicate an implication of dopamine 
transporter function in the striatum following therapeutic short term stimulation of 
the STN.
Supported by grants Mo734/2-l and Ku 830/3-1 (DFG, Germany)

845.8

HIGH FREQUENCY STIMULATION OF THE SUBTHALAMIC NUCLEUS 
INFLUENCES STRIATAL TRANSMISSION AND METABOLISM OF 
DOPAMINE IN 6-OHDA LESIONED RATS. W. Meiflner', D. Harnack1,2 G. Paul1,
A. Marburger2 R. Sohr2. R. Morgenstem2, A Kupsch1 and T. Reum2*, 'Dept. of 
Neurology and 2Inst. of Pharmacology and Toxicology, Charite, Humboldt-University 
at Berlin, D-10098 Berlin, Germany.

The subthalamic nucleus (STN) has become a main target of high-frequency 
stimulation (HFS) in late stage bradykinetic-rigid Parkinson’s disease (PD). The 
clinical improvement after HFS is probably based on the inhibition of STN 
hyperactivity, thus leading to a more balanced function in the output structures of the 
basal ganglia. In a recent study we have shown that HFS produced an increase of 
striatal extracellular dopamine metabolites in naive rats.

To investigate the effects of HFS after dopaminergic lesion a striatal 6- 
hydroxydopamine injection was performed. 12-14 weeks later the STN was 
electrically stimulated for 20 min (pulses of 300 pA and 60 psec) with a frequency of 
130 Hz. Extracellular levels of dopamine, dihydroxyphenylacetic acid (DOPAC), 
homovanillic acid (HVA) and 5-hydroxyindolacetic acid (5-HIAA) were monitored in 
vivo using microdialysis technique in awake, freely moving rats. Samples were 
collected in 20 min intervals and analysed by HPLC and electrochemical detection.

HFS was followed by a delayed increase of DOPAC (+25%) and HVA (+20%) after 
20-60 min. DOPAC levels remained on a plateau, whereas HVA levels decreased 
continuously to the end of the experiment. In some animals a stable dopamine baseline 
was detected and after HFS an immediate increase occured for about 80 min.

Our preliminary results show that HFS of the STN in 6-OHDA lesioned rats is 
followed by an increase of striatal dopaminergic metabolic activity as previously 
observed in non-lesioned rats. Furthermore, only 6-OHDA-lesioned rats showed an 
increase of extracellular dopamine in the striatum, suggesting that in patients with 
Parkinson’s disease undergoing HFS this effect might be present too. Further 
experiments are required to discover the pathways responsible for these changes in 
striatal metabolism after HFS.
Supported by grant Ku 830/3-1 (DFG, Germany)

845.9

EFFECTS OF SUBTHALAMIC AND ENTOPEDUNCULAR LESIONS ON LEVODOPA- 
INDUCED MOTOR RESPONSE ALTERATIONS IN 6-HVDROXYDOPAMINE-LESIONED 
RATS. C. Marin*, A. Jimenez, M. Bonastre and E. Tolosa. Laboratori de Neurologia 

Experimental, Fundado Clinic, IDIBAPS, Barcelona, Spain
An increase in subthalamic nucleus (STN) activity might be involved in the 

mechanisms underlying motor complications induced by chronic levodopa administration in 
Parkinson’s disease since glutamate antagonists reverse and prevent levodopa-induoed motor 
alterations in experimental animals and humans. The aim of the present study is to investigate 
the possible involvement of STN and entopeduncular nucleus (EP) in levodopa-induced motor 
response alterations studying the effect of STN and EP lesions in rats with unilateral lesion of 
the nigrostriatal pathway induced by 6-hydroxidopamine (6-OHDA) and chronically treated with 
levodopa. Male Sprague-Dawley rats received a 6-OHDA injection (8 pg) into the left medial 
forebrain bundle. Stereotaxic injections were placed 4.0 mm anterior to the interaural line, 1.3 
mm lateral to the midline and 8.4 mm ventral to foe surface of the skull. Following a three-week 
recovery period, rats exhibiting a vigorous rotational response (>100 total turns in a period of 46 
minutes) to apomorphine (0.05 mg/kg, sc) were selected for further study. Rats were injected 
twice daily with levodopa (25 mg/kg with 6.25 mg/kg benserazide, i.p.) for 22 days. On day 16 
of levodopa treatment, rats were distributed in four groups which were lesioned in: 1) STN 
(kainic acid, 0.5 nmol, n=13); 2) Sham STN (vehicle, n=11); 3) EP (quinolinic acid, 30 nmol, 
n=11) and 4) Sham EP (vehicle, n=8). After lesioning, levodopa treatment continued until day 22. 
Rotational responses were recorded on days 1,15, and 22 of levodopa treatment The duration 
of rotational response decreased after 15 days of levodopa administration (p<0.05) as expected. 
EP lesion reversed levodopa effect on motor response duration but STN lesion did not The total 
number of rotations and the magnitude of rotation, measured as the maximal number of rotations 
achieved per observation period, were increased by levodopa (p<0.05) but were not further 
modified by neither STN or EP lesion. These findings suggest that an increased activity in 
STN in the indirect pathway is not the only mechanism involved in levodopa induced motor 
response alterations. Attenuation of levodopa-induced motor alterations by EP lesions suggest 
an involvement of the direct pathway since this lesion inhibits both efferent pathways.

845.10

EFFECT OF DEEP BRAIN ELECTRICAL STIMULATION ON 
AMINO ACID NEUROTRANSMITTERS IN THE GLOBUS 
PALLIDUS IN A SELECTIVE HEMIPARKINSONIAN RAT MODEL
W. Huang* and R. K, Simpson. Dept of Neurosurgery, Baylor Col. of 
Med., TX., 77030.

Deep brain stimulation has been shown to alleviate the symptoms of 
Parkinson’s disease in human probably by inhibiting globus pallidus 
and subthalamus that are overactive as result of a damaged substantia 
nigra. Little is known about the mechanisms behind treatment. The 
current study examined the effect of subthalamus electrical stimulation 
on alteration of glutamate and glycine in the globus pallidus of a 
hemiparkinsonian rat model induced by 6-hydroxydopamine. Male 
Sprague-Dawley rats with hemiparkinson disease were identified by a 
apomorphine test. The microdialysis probe was proceed in the globus 
pallidus and samples were collected before and after the subthalamus 
stimulation through an implanted electrode. Resting level of glutamate 
was markedly elevated in die hemiparkinsonian rats compared with that 
of normal rats (12.5 ± 2.8 vs 2.2 ± 0.3 micromol/1, n=6, p<0.05). 
Stimulation of subthalamus leaded to a modulate increase in glutamate 
(175.8% ±51.5 micromol/1 of control value, n=6, p>0.05) and a 
significant elevation in glycine (247.1% ±63.8 micromol/1 of control 
value, n=6, p<0.05). Changes of the other amino acids were also 
noticed in the hemiparkinsonian rat model. This study suggests that 
release of glycine after electrical stimulation may have a role in 
alleviating the symptoms of Parkinson’s disease. The role of glutamate 
in the globus pallidus in development of Parkinson disease remains to be 
investigated. This work is supported by a grant from Medtronic Inc.
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845.11

ELEVATED NEURONAL ACTIVITY IN THE PEDUNCULOPONTINE 
NUCLEUS IN UNILATERAL 6-OHDA PARKINSON’S MODEL RATS. J.P. 
Carlson1*, R.P. lacono2, G. Maeda.1 1Dept. Physiology & Pharmacology, 
Loma Linda U., Loma Linda CA 93254.2Dept. Surgery, Loma Linda U.

The pedunculopontine nucleus (PPN) is a cholinergically defined region in 
the mesopontine tegmentum strongly anatomically related to the basal 
ganglia and implicated in Parkinson’s disease (PD). Extracellular recordings 
of 135 cells in 9 normal rats and 14 unilateral mfb 6-OHDA lesioned rats was 
performed in those displaying apomorphine induced rotation. The rats were 
intubated and lightly anesthetized with halothane (0.75% to 0.85%) and 
controlled at a depth where a painful tail pinch would arouse the rat to kick. 
Basal firing rates in the PPN were recorded for at least 1 min, followed by 6 or 
more trials of 2 second duration tail pinches. Each cell was histologically 
identified to be within the NADPH diaphorase stained boundary of the PPN 
based on Pontamine blue ionophoresis at the end of each electrode track.

There was a wide range in basal firing rates in the PPN (0.3 Hz to 80 Hz). 
Nevertheless, the population on the lesioned side of the 6-OHDA rat 
appeared to have an elevated basal firing rate compared to the normal rat (17 
+ 22 Hz, n=59 vs. 10 + 11 Hz, n=39). In a subpopulation of cells that were 
neither excited nor inhibited by tail pinch (n=42, 35% of tested cells), the 
average firing rate was elevated on the lesioned side compared to normals 
(20 + 30 Hz, n = 20 vs. 2.2 + 2.6, n = 12; P = 0.01). Other PPN cells were 
excited (32%) or inhibited (33%), but had no statistically significant change in 
the basal firing rates compared to controls.

These findings suggest that a subpopulation of non-arousal related cells in 
the PPN have elevated basal levels of activity in the unilateral 6-OHDA 
Parkinson’s model rat, consistent with previous findings of elevated glucose 
metabolism in the PPN, and further implicating the pathophysiology of the 
PPN in PD.

PARKINSON’S DISEASE IX

846.1

CLINICAL FEATURES AND MONOAMINERGIC DEFICITS IN 
IDIOPATHIC PARKINSON'S DISEASE- A PET STUDY. L. Kerenyi.1 GA. 
Ricaurte,2 D. Schretlen.3 K. Park? WB. Mathews? HT. Ravert? K. Szabo?
RF. Dannals,1 S. Aleksic? U. McCann4 and Z. Szabo1*. ’Div. of Nuclear 
Medicine, 2Dept. of Neurology, 3Dept. of Medical Psychology and 4Dept. of 
Psychiatry, Johns Hopkins Univ., Baltimore, MD 21287

The aim of this study was to assess dopamine transporter (DAT) and 
serotonin transporter (SERT) changes in patients with idiopathic Parkinson's 
disease and correlate these with measures of clinical signs and symptoms.

Seven PD patients (69±5 years) without Axis I psychiatric disorders were 
included. Disease staging and severity were assessed using the Hoehn-Yahr and 
UPDR scales, and mood status was assessed with the Geriatric and Hamilton 
Depression Ratings. Two dynamic PET scans were obtained: one with 
[C-l 1]WIN35,428 to assess DAT binding, one with [C-l l](+)McN5652 to 
assess SERT binding. Regional time-activity curves were processed using 
metabolite corrected arterial plasma as input function and a single-
compartment, three-parameter model. Model parameters represented 
regional blood volume (BV), ligand uptake (Kl) and release (k2). The 
apparent distribution volume (DV)of the radioligand was calculated from the 
Kl/k2 ratio.

The DV of [C-l 1]WIN35,428 demonstrated negative correlation with 
disease stage (Hoehn-Yahr) and severity (UPDRS) in the striatum (r=-0.73 
to -0.41). Patients with lower [C-l l](+)McN5652 binding demonstrated 
higher scores on both the Hamilton and the Geriatric Depression Ratings.

These results suggest that reduced W1N35,428 binding correlates with the 
severity of PD, while reduced [C-l l](+)McN5652 binding may be associated 
with subclinical depression. Further studies are underway to test this 
hypothesis. Supported by NIH grant AG 14400.

846.2

MU OPIOID RECEPTOR POLYMORPHISMS AND L-DOPA INDUCED 
DYSKINESIA IN PARKINSON DISEASE. J.A.Strong1*, A.Dalvi2,
F.J.Samaha2, J.Gong1, K.Xu1, X.Yue1, L.Yu1. 'Depts. of Cell Biology and 
2Neurology, Univ. of Cincinnati Col. of Med., Cincinnati, OH 45267-0521.

The Parkinson disease (PD) population is markedly heterogeneous in 
course, clinical presentation, and response to levodopa (L-DOPA). Genetic 
factors may account for some of the variability within the PD population. 
Human and animal studies suggest a correlation between changes in the 
opioid system and L-DOPA induced dyskinesias. A recent PET scan study 
found differences in striatal opioid receptor binding between PD patients with 
and without dyskinesia (Ann. Neurol.42:720). The coding region of the 
human mu opioid receptor (MOR) has a common single nucleotide 
polymorphism (Al 18G) in addition to the predominant (prototype) sequence. 
We investigated whether genetic variation in the MOR was correlated with 
early development of dyskinesia during L-DOPA therapy. Blood samples 
were obtained from clinically well-characterized PD patients (n=26). MOR 
polymorphism was analyzed from genomic DNA using PCR primers 
designed to screen for the Al 18G polymorphism. Subjects who carried the 
Al 18G variant were significantly more likely to develop dyskinesia early 
(after less than 5 years of L-DOPA treatment) rather than late (after 5 or more 
years) or not at all: 67% (41 6) of Al 18G subjects developed dyskinesia 
early, compared to only 20% (4 /20) of prototype subjects (p <0.05; odds ratio 
= 8). These results suggest that genetic studies may prove fruitful in 
accounting for some of the marked clinical variability within the PD 
population. Ultimately such studies may provide genetic markers that are 
clinically useful for prognosis and treatment decisions in PD.

Supported in part by NIH/NIDA.

846.3
EFFECTS OF LEVO-DOPA ORAL BOLUS ON THE KINEMATICS OF THE 
REACHING MOVEMENT OF PARKINSON'S DISEASE PATIENTS R 
Camarda*, L.K.C. Camarda, M. D’Amelio, M. Gangitano, R. Monastero. Istituto
di Neuropsichiatria, Universita di Palermo, via LaLoggia,l 1-90129 Palermo, Italy.

In this study we evaluated, by mean of both clinical and kinematic assessments, 
the effects of levo-dopa oral bolus on the motor performances of patients affected by 
mild akinetic-rigid form of idiopathic Parkinson's disease (PD). Six PD patients
(Hohen-Yahr score = 1.5-2), aged 48-65 yrs, were selected. The assessments were 
undertaken in the off-state (ten days after Parkinson medication withdrawal) and in 
on-state (1,2,3,4,5,6,24,30 hours after an oral bolus of 250 mg of levo-dopa and 25 
mg of carbidopa). Clinical conditions were scored according to the Motor Section of 
the Unified Parkinson's Disease Rating Scale (ME-UPDRS). Kinematic evaluation 
was performed by studying patients' pointing movements directed to target-stimuli. 
Movements were recorded optoelettronically by using a 3D kinematic analysis 
system (ELITE, BTS, Italy). The targets were constituted by six light stimuli placed 
on a horizontal plane. The reaching movement parameters assessed were movement 
time, time to peak velocity, peak acceleration, peak velocity and peak deceleration. 
Each parameter was submitted to separate ANOVAs which within factors were 
distance of target position, direction of movement and time of evaluation. Our data 
show that levo-dopa oral bolus is effective in reducing bradykinesia since 
ameliorates the acceleration phase of movement respect to off-state condition. The 
effect is present since first hour after bolus assumption and prolonged until 30 hour. 
However, analysis of kinematic parameters shows a significant difference between 
patients' motor performances recorded during period of maximal effectiveness of 
pharmacological treatment (from 2n<* to 4th hour) and during delayed observations 
(241*1 and 30^ hour). The evidence of this major fluctuation, undetected by clinical 
assessment (ME-UPDRS), suggests that a dose regimen with massive levo-dopa oral 
administration have to be more carefully revised. (Supported by MURST, Italy)

846.4

DENSITY OF CORTICAL LEWY BODIES RELATING TO DEMENTIA 
IN LEWY BODY DISEASE. A Harding and G Halliday* Prince of Wales 
Medical Research Institute, Sydney, NSW 2031 Australia.

Cortical Lewy bodies (LB) are a significant cause of dementia depending 
on their density and location. We previously found high LB densities in 
cingulate, temporal and parahippocampal cortices in dementia with Lewy 
bodies (DLB). In this analysis, we re-evaluated these cortical regions using 
ubiquitin and a-synuclein antibodies and determine the LB density that 
discriminates cases with and without dementia. Eleven cases previously 
validated1 as DLB, four cases of Parkinson’s disease (PD) without dementia, 
five cases of Alzheimer’s disease (AD) and eight non-demented controls 
were selected. 10pm paraffin sections were cut and stained with antibodies 
to ubiquitin, synuclein and tau. The greatest number of LB per 200x 
microscopic field was counted in each cortical region. Semi-quantitative 
scores of cortical regions enabled differentiation of cases into brainstem, 
limbic or neocortical DLB1. Discriminant analysis determined the minimal 
LB density associated with dementia. AD and controls showed little 
immunoreactivity to synuclein. PD, DLB and controls showed little 
immunoreactivity to tau. There was no significant difference in the number 
of LB identified using synuclein or ubiquitin. Discriminant analysis revealed 
a threshold of >2 LB per 200x field in the entorhinal cortex was thfe most 
significant and accurate discriminator for dementia (87% of cases classified 
correctly). This study suggests that an increase of LB in the entorhinal cortex 
underlies dementia in DLB.
1. A. Harding & G. Halliday, 1998. Neuropath. Appl Neurbiol. 24, 195-201.
Supported by a National Health & Medical Research Council Australia project grant.
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846.5
EXPRESSION OF FAMILIAL PARKINSON’S DISEASE-RELATED 
GENES IN HUMAN BRAIN. D.W. Miller.* S.M, Solano, S.J. Augood, 
A.B. Young, and J.B, Penney Jr. Department of Neurology, Massachusetts General 
Hospital and Harvard Medical School, Boston, MA 02114,

Mutations in three different genes have been associated with familial Parkinson's 
disease (PD). These genes encode the following proteins: alpha-synuclein, parkin, 
and ubiquitin carboxyl-terminal hydrolase LI (UCH-L1). The roles of these proteins 
in PD is unknown, although alpha-synuclein is abundant in Lewy bodies, a 
pathologic hallmark of PD. The pattern of expression of these genes in human brain 
is unknown. Therefore, single-label in situ hybridization was used to determine their 
regional expression in normal human brain. Fresh-frozen sections (12 pm) from 
multiple regions of 11 control human brains were hybridized with radiolabeled 
riboprobes for the mRNA of each of these genes. Film autoradiography revealed that 
the mRNA's of these genes are expressed in gray matter areas suggesting that their 
expression is neuronal. The hybridization signal for alpha-synuclein mRNA and 
parkin mRNA was regionally restricted. Notably high signals for these two genes 
were present in the ventral tier of substantia nigra pars compacta, the deep layers of 
motor cortex, the intralaminar nuclei of thalamus, the dentate gyrus and CA3 of 
hippocampus, and the granule layer of cerebellum. However, the pattern of UCH-L1 
mRNA expression was not restricted. Instead, a moderate to high hybridization 
signal for this mRNA was present in most brain regions examined. Examination of 
emulsion autoradiograms for each of these three genes revealed an abundance of silver 
grains overlying the melanin-positive neurons of substantia nigra. The expression of 
these mRNA’s in dopamine neurons suggests that the proteins encoded by these 
genes may be involved in cellular processes underlying the pathophysiology of PD. 
We are currently using double-label in situ hybridization to examine the 
colocalization of alpha-synuclein and parkin. In summary, mRNA for alpha- 
synuclein and parkin are expressed in a similar, highly restricted pattern throughout 
the human brain while mRNA for UCH-L1 is more widely expressed. Supported by 
the Blowitz Ridgeway Foundation (JBP) and USPHS grant NS38372 (JBP, ABY).

846.6
PARKIN EXPRESSION IN LEWY BODY DISEASES P, Choi*1, N. 
Ostrerova1, J. Lee1’2, D. Magnuson2, E. Cochran3, D. Sparkman4 and B.
Wolozin1. 'Dept. of Pharmacology, Loyola Univ. Med. Center; 2Pept. of
Pathology, Loyola Univ. Med. Center; 3Rush Univ. Med. College, 4Swiss 
Immunology; Loyola Univ. Med. Center; Maywood, IL 60153.

Mutations in the parkin gene are associated with autosomal recessive juvenile 
parkinsonism (ARJP) in many families. ARJP has a similar clinical presentation 
to sporadic Parkinson’s disease (PD), with levodopa-responsive parkinsonism 
and a proclivity to develop dopa-induced dyskinesias. Interestingly, ARJP 
patients do not exhibit Lewy bodies, the classic histopathological hallmark of 
PD. The function of the Parkin protein is unknown. The autosomal recessive 
mode of inheritance of ARJP suggests a loss-of-function mechanism underlying 
the disease pathogenesis. We have investigated Parkin expression in Lewy body 
diseases and found that Parkin levels in the brain are significantly increased in 
Parkinson's disease (PD) and diffuse Lewy body disease, but not in Alzheimer’s 
disease or combined Alzheimer's and Parkinson's disease. Immuno-
histochemical analysis of Parkin expression in brains of PD patients revealed 
higher levels of Parkin in nigral neurons of PD brains versus control brains. No 
immunoreactivity of Lewy bodies was observed, but intense immunoreactivity 
of axonal spheroids was seen. To investigate why Parkin might be elevated in 
PD, we examined its regulation in neuroblastoma BE-M17 cells. We observed 
that serum withdrawal resulted in a diminution of Parkin levels, whereas 
treatment with H2O2 caused an increase in Parkin levels. These results suggest 
that Parkin levels may be increased as a compensatory response to free radical 
stress in PD, and mutations in Parkin may decrease cell survival under free 
radical-stressed conditions.

Source of support: National Parkinson Foundation

846.7

IMMUNOREACTIVITY OF TORSIN-A IN NORMAL HUMAN BRAIN 
AND IN LEWY BODIES OF PARKINSON S DISEASE BRAIN.
P.Shashidharan*, B. Kramer, P.F. Good#, R.H. Walker. A. Hsu#, D.P. Perl#,
C.W, Olanow and M.F. Brin. Departments of Neurology and #Pathology, Mount 
Sinai School of Medicine, One Gustave L. Levy Place, New York, NY 10029.

Idiopathic torsion dystonia is a progressive disabling motor control 
disorder, characterized by abnormal, involuntary muscle contractions. A mutation 
in the DYT1 gene (Chrom. 9q34) has recently been recognized to be a cause for 
idiopathic torsion dystonia. This gene encodes for the novel protein, torsinA. We 
have developed a polyclonal antibody to human torsinA and demonstrated its 
expression in human central nervous system (CNS) and peripheral tissues by 
Western blot and immunocytochemistry. The protein has an apparent molecular 
weight of 48 kd and is expressed in many tissues (brain, liver, kidney and muscle). 
Immunocytochemical studies on human brain sections reveal torsinA 
immunoreactivity in all cortical layers. Both medium and large pyramidal neurons 
in layers III and V showed intense immunoreactivity with frequent labeling of 
proximal processes including apical dendrites. There was no immunoreactivity in 
white matter. In hippocampus, marked labeling was seen in the granule cell and 
pyramidal cell layers. In substantia nigra pars compacta (SNc), melanized 
neurons and their proximal processes and in cerebellum the Purkinje cells and 
their dendritic processes were immunoreactive for torsinA. Double 
immunofluorescence studies indicate that the expression of torsinA is confined to 
neurons. Studies on postmortem Parkinson’s disease (PD) brains reveal that Lewy 
bodies are immunoreactive to torsinA antibody. Lewy bodies are a 
neuropathological hallmark of Parkinson's disease. Affinity purification of torsinA 
using ATP-agarose beads result in enrichment of the protein in the affinity 
purified fraction, suggesting an ATP-binding function for torsinA. The role of 
torsinA in dystonia and the significance of its accumulation in Lewy bodies in PD 
brains require further study.

Supported by Bachmann-Strauss Dystonia & Parkinson Foundation Inc.

846.8

EARLY MORNING DYSKINESIAS IN TWO PARKINSONIAN 
PATIENTS AFTER BILATERAL FETAL MESENCEPHALIC 
GRAFT IN THE STRIATUM. P. Remy*, G.-L. Defer. J.-P, Nguyen, P. 
Brugidres, G. Villafane, R. Jenv. Y, Keravel, J.-D. Degos, M, Peschanski, P.
Cesaro. Dept de Neurosciences et INSERM U421-IM3, CHU Henri Mondor, Crcteil 
and CEA-SHFJ, Orsay, France.

Among 13 patients with severe idiopathic Parkinson’s disease (PD) included in 
a pilot trial of bilateral graft of fetal mesencephalic tissue in the striatum, two 
patients reported the occurrence of early morning dyskinesias. Patient 5, a 50 year- 
old man with severe fluctuating PD (‘on/off Hoehn & Yahr stage = 2/5) was 
grafted in 1993 (right hemisphere) and 1994 (left hemisphere). After the first graft, 
there was a bilateral motor improvement (motor abilities and daily time spent ‘on’ 
increased), which was further reinforced after the second graft. After four years, the 
UPDRS motor score in ‘off decreased to 30/108 (from 60 prior to surgery), and the 
daily levodopa doses were reduced from 1200 to 250 mg. He reported dyskinesias of 
the left arm occurring before the first levodopa intake. After a 12 hours L-dopa 
withdrawal (defined ‘off) he presented intermittent choreic movements and 
dystonic posture of the left upper limb. Similar morning ‘off ‘ dyskinesias were 
observed in Patient 11, a 53 year-old female, two years after a bilateral graft. Using 
positron emission tomography, we observed a bilateral increase of [18F]- 
Fluorodopa uptake in the striatum of these patients after surgery. This increase was 
higher in the striatum contralateral to the morning dyskinesias of both patients. 
Several mechanisms might be proposed to explain the early-morning ‘off 
dyskinesias of our two patients : the striatal lesion during the surgery or aberrant 
synaptic branching of grafted dopaminergic neurons. More probably, these 
dyskinesias may reflect the active dopaminergic synthesis by these grafted cells, as 
suggested by the results of positron emission tomography study.

846.9

IRON ACCUMULATION AND FERRITIN EXPRESSION IN THE SUBSTANTIA 
NIGRA OF PATIENTS WITH PARKINSON’S DISEASE. B.A. Faucheux.1*
M.E. Martin.2 C. Beaumont,2 S. Hunot1, J.J. Hauw? Y. Agid1 and E.C. Hirsch1.
'INSERM U.289, Hopital de la SalpStrtere, 2INSERM U.409, Faculte Medecine X. 
Bichat, 3INSERM U.360, Hopital de la Salpetridre, Paris, F-75013, France.

Parkinson’s disease (PD) is marked by a degeneration of dopaminergic neurons of 
the mesencephalon, with the highest proportion of cell loss occurring in the 
subpopulation of melanized neurons of the substantia nigra pars compacta (SNpc). 
Iron accumulates in the SNpc of PD patients within these neurons. As oxidative stress 
is increased by free intracellular iron, it may represent an aggravating factor in the 
neurodegenerative process. Ferritin (Ft) which binds iron could be crucial in neuronal 
anti-oxidant defense. Therefore we measured, in the mesencephalon of patients with 
PD and matched controls, the accumulation of iron (computer-assisted image analysis 
after Peris histochemistry), the concentrations of HFtmRNA and LFtmRNA 
(ribonuclease protection assay), the binding activity of iron regulatory proteins (IRPs) 
to iron responsive elements (IRE) of FtmRNAs (gel retardation assay), and the 
concentrations of H- and L-subunits of ferritin (ELISA). In controls, levels differed 
between anatomical subregions of the mesencephalon, with highest levels in the SNpc 
for iron deposits and for HFt and LFt concentrations. Although iron content was 
greatly increased in the SNpc of PD patients (x 10.6-fold), the concentrations of 
mRNA transcripts, the binding activity of IRPs to IRE which regulates FtmRNAs 
translation and the concentrations of die two Ft subunits did not differ significantly 
between patients and controls. These results indicate that iron accumulation is not 
compensated by FtmRNA translation. Since nitric oxide, which is most probably 
released in the vicinity of vulnerable dopaminergic neurons, can increase the binding 
activity of IRP1 to FtmRNA in several cell types, a passive diffusion of nitric oxide 
from microglial cells could prevent the upregulation of HFt in vulnerable melanized 
neurons. [Supported in part by INSERM, Association Claude Bernard, and National 
Parkinson Foundation (Miami, FL)]

846.10
DOPAMINE D2 RECEPTOR AND MONOAMINE-OXIDASE B 
POLYMORPHISMS, TOBACCO SMOKING, AND PARKINSON’S 
DISEASE. Paola Costa-Mallen* L Phillip D. Swanson 2 . Gary M. Franklin L Lucio
G. Costa \ Terri Smith-Weller 1 and Harvey Checkoway Dept. of 1) 
Environmental Health, 2) Neurology, 3) Epidemiology, University of Washington, 
Seattle, WA 98105.

The Al and BI alleles of the TaqIA and TaqIB polymorphisms of Dopamine D2 
Receptors (DRD2) had been previously found to be associated with smoking 
behavior in the population and could thus be potentially relevant in predisposition 
to Parkinson’s Disease (PD) because tobacco smoking has a known protective 
effect on PD. In order to identify possible markers of predisposition to PD, we 
genotyped 123 idiopathic PD cases and 194 controls for TaqIA and TaqIB 
polymorphisms of DRD2 and intron 13 polymorphism of Monoamine Oxidase B 
(MAO-B). The smoking history of all 317 genotyped subjects was known. We 
observed no association between tobacco smoking and DRD2 polymorphisms. 
Neither one of these two polymorphisms was found to be associated with PD. 
Although, when genotypes for DRD2 were considered in combination with 
genotypes for intron 13 of MAO-B, haplotypes with high risk of PD were 
observed. In particular, subjects carrying both the BI allele of DRD2 TaqIB 
polymorphism and the G allele of MAO-B intron 13 polymorphism, had an 
elevated PD risk (O.R.=3.67, 95% CI=1.49-9.02) compared to subjects carrying 
the BI allele of DRD2 and the A allele of MAO-B. This excess risk was much 
higher than the one observed when considering the MAO-B polymorphism alone 
or DRD2 polymorphism alone, and was a result of a statistically significant gene- 
gene interaction (p<0.05). Supported by NIEHS grants ES046 and ES07033; Dr. 
Costa-Mallen was supported by Training Grant ES07262.
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846.11

CLONING AND EXPRESSION OF A NOVEL ALTERNATIVELY- 
SPLICED TRANSCRIPT FOR THE 
GLYCOSYLPHOSPHATIDYLINOSITOL-ANCHORED FORM OF 
CERULOPLASMIN. B.N. Patel* , R.J. Dunn and S. David. Center for 
Research in Neuroscience, MGH Research Institute and McGill 
University, Montreal, Quebec, Canada, H3G 1A4.

Ceruloplasmin is a copper-containing ferroxidase that is essential for 
normal iron homeostasis. Individuals with aceruloplasminemia, a 
hereditary deficiency of ceruloplasmin, have severe iron deposition in a 
number of organs, including the brain where it results in 
neurodegeneration. While generally considered a protein secreted by 
the liver into the plasma, we recently identified a 
glycosylphosphatidylinositol (GPI)-anchored form of ceruloplasmin that 
is expressed on the surface of astrocytes. We have cloned a novel full- 
length cDNA for the GPI-anchored form of ceruloplasmin that is 
generated by alternative mRNA splicing. Transfection of this full-length 
cDNA leads to the expression of ceruloplasmin on the cell surface. This 
cell surface localization is removable by treatment with 
phosphatidylinositol-specific phospholipase C, an enzyme that 
specifically cleaves GPI anchors, indicating that ceruloplasmin is indeed 
GPI-anchored. RNase protection analysis demonstrates that the brain 
expresses primarily the GPI-anchored form, while the liver expresses 
predominantly the secreted form of ceruloplasmin. Given the iron 
deposition in the brain of patients with aceruloplasminemia, the GPI- 
anchored form of ceruloplasmin likely plays an important role in the 
mobilization of iron out of the central nervous system.

Supported by the MRC of Canada and by a NeuroScience Canada 
Foundation studentship to BNP.

846.12

APPROACHING THE GENETICS OF PARKINSON'S DISEASE USING THE 
MPTP MOUSE MODEL. M. Sedelis1*, K. Hofele2, S. Morgan1 G.W. Auburger2,
J.P. Huston1, R.K.W. Schwartinq1. 1lnst. Physiol. Psychol.. aDept. Neurology. 
Univ. of Dusseldorf, Germany

The neurotoxin MPTP provides a powerful approach to analyze critical as-
pects of Parkinson's disease (PD) in the animal model. Previous studies have 
shown that inbred mouse strains can differ remarkably in their susceptibility to 
MPTP, thus indicating a strong genetic influence. Here, we present an experi-
mental design to elucidate gene loci which can explain these effects. In the first 
step, the C57BI/6 and Balb/c strains were characterized with respect to their 
behavioral and neural susceptibility to systemic treatment with MPTP. One cri-
tical aspect here was to determine a neurotoxic dose which can be used in 
both sexes and strains. Among others, it could be shown that MPTP affects 
C57BI/6 mice more strongly than Balb/c mice. Such effects were found beha- 
viorally, with respect to neostriatal dopamine loss, and cell loss in the substan-
tia nigra. In the next and intermediate step, C57BI/6 and Balb/c mice were in-
tercrossed to produce an F1 generation which was tested in the same way as 
the parental strains. Here, a reduced behavioral and neurochemical vulnerabi-
lity to MPTP treatment was found. Finally, an F2 generation was established 
which was treated with MPTP like the parental and F1 animals. Data will be 
presented which show the relationships between the behavioral and neural 
outcome of toxin treatment in these animals, and linkages to their genetic 
background. Studying such genetic variables which are apparently critical in 
the mouse model may be helpful to further determine the possible genetic 
background in PD.

Acknowledgements: M.S. and K.H. are fellows of the DFG graduate program 
“Pathological processes of the nervous system: from gene to behavior".

846.13

TIME-COURSE OF CHANGES IN NEURONAL ACTIVITY OF 
SUBTHALAMIC NUCLEUS AFTER 6-OHDA INDUCED 
DOPAMINE DEPLETION IN RATS. Z.G. Ni, R. Bouali-Benazzouz.
D.M. Gao, A.L. Benabid and A. Benazzouz*. Lab. Preclinical 
Neurobiology, INSERM U.318, Grenoble - France

The subthalamic nucleus has been shown to play a key role in the 
motor control and the disorganization of its neuronal activity is 
implicated in the manifestation of parkinsonian motor symptoms. 
The aim of the present work was to study the time-course of changes 
in the firing rate and firing pattern of STN neuronal activity in a rat 
model of parkinsonism. In a first time, electrophysiological 
recordings were carried out in normal rats and then in 4 groups of 
rats at different time points after 6-hydroxydopamine (6-OHDA) 
microinjection into the pars compacta of substantia nigra (SNc). 
Results showed a significant decrease of the firing rate during the first 
and second weeks post lesion (7.01±0.55 spikes/s and 7.94±0.46 
spikes/s respectively) compared to normal rats (11.13±0.59 spikes/s). 
From the 3rd week after 6-OHDA injection the firing rate returned to 
the basal level and the average was 11.61±1.01 spikes/s during the 3rd 
week and 11.60±0.81 spikes/s during the week 4. Concerning the 
firing pattern, the majority of STN cells (90%) discharged randomly 
in normal animals and only 4% exhibited burst and 6% mixed firing 
pattern. After SNc-lesion the percentage of cells exhibiting burst 
firing pattern increased progressively from 20% during the first week 
to 52% at week 4 post-lesion. These results showed a transient change 
in the firing rate of STN neuronal activity but a progressive and stable 
change in the firing pattern was observed. From the present work we 
can conclude that the modifications of firing pattern are more 
important than firing rate in this rat model of Parkinson's disease.

846.14

ELDEPRYL PREVENTS MPTP-INDUCED NIGRAL NEURONAL 
APOPTOSIS IN MICE
Shengdi C.hen^Ming_£?.yQ. Zh.enguQ. L.1U and-Hongghuap Chen
Department of Neurology, Rui Jin Hospital, Shanghai Second Medical 
University, Shanghai, 200025 People’s Republic of China

The apoptotic effects of MPTP (l-methyl-4-phenyl-l ,2,3,6- 
tetrahydropyridine) on the nigral dopaminergic neurons of mice and 
MPP' (l-methyl-4-phenylpyridium) on pheochromocytoma (PCI2 
cells), as well as (2-the antagonism of Eldepryl against MPTP’s 
apoptotic effect were investigated. Three groups of C57BL mice were 
treated with MPTP, Eldepryl plus MPTP and normal saline respectively 
for 7 days before TUNEL (terminal deoxyneucleotidyl transferase- 
mediated dUTP-x nick end labeling) and FACS (fluorescence activated 
cell sorting) analyses of neuronal apoptosis in the PC 12 cells treated 
with MPP+, MPTP or PBS. The results showed that the intraperitoneal 
administration of MPTP 30mg/kg could induce nigral apoptosis, and 
oral use of Eldepryl prior to MPTP could completely prevent the nigral 
apoptosis caused by MPTP. MPP+, intermediate of MPTP, could lead 
to the apoptosis of PC 12 cells, whereas MPTP itself had no such effect 
on PC 12 cells. It was concluded that neurotoxin MPTP may cause the 
nigral neurons death through a mechanism of apoptosis and its apoptotic 
effect is mediated by its bioactive intermediate MPP+.

DEGENERATIVE DISEASE: ALZHEIMER’S—NEUROPHARMACOLOGY 
AND NEUROTRANSMITTERS I

847.1

CHOLINESTERASE INHIBITORY ACTIVITY AND ANTIAMNESIC 
EFFECT OF CHF2819, A POTENTIAL ANTIDEMENTIA DRUG.
G. Villetti, L. Battipaglia, P.T. Bolzoni. C. Pietra*. Pharmacology Dept., 
Chiesi Pharmaceutical S.p.A, 43100, Parma, Italy.

CHF2819 (2-ethylphenylgeneserine) is a new carbamate Gen eserine-derivative 
endowed with a selective inhibitory activity on acetylcholinesterase (AChE) versus 
butyrylcholinesterase (BChE) (Pietra et al., Neurobiology of Aging, S257, 1998). In 
this study we have further investigated the “ex vivo” effect of the compound in 
inhibiting AChE with respect to its duration of action, to the selectivity on brain versus 
peripheral organs and to the ability in reversing the memory deficit in a rat model of 
amnesia by using the Morris water maze test. The compound (0.4, 1.3 and 3.9 mg/kg 
p.o.) inhibited dose-dependently the rat brain AChE with a peak effect between 2 and 
6 hours (ED5o=1.5 mg/kg p.o. at 2 hours). At the maximum dose a significant 
(p<0.05) 12% inhibition of AChE was still observed at 48 hours from administration. 
A similar effect in terms of efficacy and duration of action was observed after s.c. 
administration. Analysis of the AChE activity was also extended to different brain 
regions. In this respect, no significant differences in inhibiting the enzyme were seen 
in striatum, cortex, hippocampus and pons/medulla. Conversely, at the same doses 
utilized for inhibiting brain AChE, the compound was virtually inactive in inhibiting 
AChE in rat heart, ileum and urinary bladder homogenates. Only in the colon 
homogenates a flat dose-response curve was observed, maximal inhibition being 19 % 
after CHF2819 3.9 mg/kg p.o.. In the Morris water maze test, CHF2819 had a bell- 
shaped dose-response activity, since at low doses (0.75 and 1.5 mg/kg p.o.) it 
ameliorated the memory defict induced by scopolamine 0.5 mg/kg i.p., whereas at the 
higher dose tested (3 mg/kg p.o.) it was inactive. Taken together, these results outlined 
the potential use of CHF2819 as a new Geneserine derivative to be considered in the 
clinical evaluation for the treatment of cognitive disturbances associated with 
Alzheimer’s Disease.

847.2

DECREASED PROTEIN LEVELS OF NICOTINIC RECEPTOR 
SUBUNITS IN THE HIPPOCAMPUS AND TEMPORAL CORTEX OF 
PATIENTS WITH ALZHEIMER’S DISEASE. Zhizhong Gun1*, Xiao Zhang’, 
Ritva Ravid2 and Agneta Nordberg1. ’Department of Clinical Neuroscience, 
Occupational Therapy and Elderly Care Research, Division of Molecular 
Neuropharmacology, Huddinge University Hospital, Karolinska Institutet, S-141 
86 Huddinge, Sweden; Netherlands Brain Bank, Meibergdreef 33, 1105 AZ 
Amsterdam ZO. Netherlands

Deficits in the number of cortical nicotinic receptors (nAChR) have been 
observed in Alzheimer’s disease (AD) by receptor binding assays. Less is known 
about the receptor subunit specificity influenced by AD which might have the 
importance for therapeutic strategies. In present study, the nAChR a3, a4, a7 and 
P2 subunits were investigated in post-mortem brains of patients with AD and age- 
matched controls. Protein levels of different nAChR subunits were measured by 
Western blot with specific antibodies against a3, a4, a7 and P2 subunits. The 
results showed that in human post-mortem brain samples, single bands with 
molecular weights of 52 kDa, 42 kDa and 50 kDa were detected by anti-a4, -a7 
and -P2 antibody, respectively. When using anti-a3 antibody, one major band of 
49 kDa and two minor bands of 70 kDa and 38 kDa were detected. In AD patients, 
as compared to the age-matched controls, the protein level for the a4 subunit was 
reduced by about 35% and 47% in the hippocampus and temporal cortex, 
respectively. Reductions of 25% in the a3 subunit were also observed in the 
hippocampus and 29% in the temporal cortex. For the a7 subunit, the protein level 
was reduced by 36% in the hippocampus of AD patients, but no significant 
difference was detected in the temporal cortex between AD and controls. For the 
P2 subunit, no significant change was observed in the hippocampus and temporal 
cortex in AD patients as compared to controls. This study shows brain region 
specific change in the protein levels of a3, a4 and a7 nAChR subunits in AD.
(The study was supported by the Swedish Medical Research Council, project No, 
05817)
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847.3
CHOLINERGIC BASAL FOREBRAIN LESION RESULTS IN REDUCED 
ACTIVITY OF NEURONAL NO SYNTHASE IN HIPPOCAMPAL AND 
NEOCORTICAL AREAS OF THE RAT BRAIN.
M. Hartlage-Ruebsamen,’ W.R. Lippe2* and R. Schliebs1. ’Paul Flechsig Institute 
for Brain Research, Dept. of Neurochemistry, Jahnallee 59. 04109 Leipzig, 
Germany; 2V. Merrill Bloedel Hearing Research Center, Seattle.WA 98195, USA.

Nitric oxide (NO) released by cortical neurons expressing the neuronal form of 
NO synthase (nNOS) is known to stimulate regional cerebral blood flow and is 
implicated in the formation of long term potentiation in the hippocampus. 
Cortical nNOS containing neurons express M] muscarinic acetylcholine receptors 
and receive cholinergic input from the basal forebrain (BF). Consequently, it has 
been shown that stimulation of BF cholinergic neurons leads to increased cortical 
perfusion. Cholinergic cell loss in the BF, reduced cortical blood flow and memory' 
dysfunction are characteristics of Alzheimer's disease. In the present study, we 
investigated the impact of a selective lesion of BF cholinergic neurons by the 
cholinergic toxin 192IgG-saporin on the expression and substrate binding activity 
of nNOS in selected regions of neocortex and hippocampus in the rat. While 
Western blot analysis yielded no significant changes in total nNOS protein levels 7 
days post lesion, nNOS catalytic and substrate binding activity was reduced in a 
number of hippocampal and neocortical subregions as revealed by NADPH- 
diaphorase enzyme histochemistry and by quantitative autoradiography using 
[3H]L-A,’G-nitro-arginine binding. The data suggest that cholinergic mechanisms 
control, at least in part, neocortical and hippocampal nNOS activity providing 
further evidence for an NO-mediated influence of the BF cholinergic system on 
memory function and cortical perfusion.
Contract grant sponsor: Deutsche Forschungsgemeinschaft, SCHL 363/4-1.

847.4
THE CHOLINERGIC SYSTEM IN A TRANSGENIC MOUSE MODEL OF 
ALZHEIMER’S DISEASE. M. A. Westerman*, D. Cooper-Blacketer, K. K. Hsiao, 
W. C. Low. Departments of Neurosurgery, Neurology and Neuroscience, Univ. of 
Minnesota, Mpls., MN 55455.

Transgenic mice overexpressing a human mutation in the amyloid precursor 
protein associated with early-onset familial Alzheimer’s disease (Tg2576) have been 
shown to exhibit age-dependent (3-amyloid plaque deposition and behavioral deficits 
(Hsiao et. al., 1996). Although prominent AB deposition, neuritic dystrophy, 
astrogliosis, reactive microgliosis, and abnormal tau phosphorylation has been found 
in aged Tg+ animals, neuron loss has not been observed in the hippocampus (Irizarry 
et al., 1997; Frautschy, et al., 1998). AD has long been associated with cholinergic 
deficits. Cholinergic cells of the nucleus basalis and medial septal nucleus/diagonal 
band of Broca are often lost in AD brains. Recent evidence has shown a paradoxical 
increase in cholinergic synapses in the frontal and parietal cortices of 8-month-old 
Tg+ Tg2576 mice (Wong et. al., 1999). Utilizing unbiased stereological techniques, 
we studied whether there were any significant differences in either cholinergic cell 
number or mean cell volume between aged Tg+ and Tg- mice in either the medial 
septal nucleus (MS) or vertical limb of the diagonal band of Broca (VDB). 
Cholinergic neurons in the MS and VDB were assessed in 17-20 month old Tg+ and 
Tg- Tg2576 mice. Perfusion fixed brains were separated into forebrain and midbrain 
blocks. To obtain vertical sections, each forebrain block was randomly rotated along 
its medial-lateral axis, and then sliced at 40 pm through the rostral-caudal extent of 
the MS and VDB. Every fourth section was processed for anti-ChAT 
immunohistochemistry. Utilizing Stereoinvestigator software, neuron counts were 
performed using the optical dissector technique. Mean cell volume of cells sampled 
in the optical dissectors were estimated using the optical rotator method. Tg+ mice 
had an average cell number of 1059+59 in the MS and 2155+51 in the VDB and Tg- 
mice had an estimated cell number of 1028+84 in the MS and 1805+156 in the VDB. 
No significant differences in either cell number or mean cell volume were observed in 
the MS and VDB of Tg+ and Tg- mice. These results indicate that 17-20 month old 
Tg+ show no loss or atrophy of cholinergic cells in the MS and VDB in comparison 
to Tg- controls. Although no cholinergic cell loss or atrophy was observed, the 
functional status of the cholinergic may be compromised. (Supported by PHS grants 
RO1-NS-24464 and RO1-NS-33249)

847.5
DECREMENTS IN THE «7 NICOTINIC ACETYLCHOLINE RECEPTOR ARE 
MORE SEVERE IN DEMENTIA WITH LEWY BODIES THAN IN ALZHEIMER’S 
DISEASE.
R.T. Reid **, M. N. Sabbagh 2 3, J. Corey-Bloom 2 3, P. Tiraboschi4, L, J. Thai2 3.
‘Erik and Ese Banck Clinical Research Center, San Diego, CA 92130; 2Dept. of 
Neurosciences, UCSD, La Jolla, CA 92037; 3VAMC San Diego, CA 92161; 
4Ospedali Riuniti di Bergamo, Bergamo, Italy 24100.

Loss of the nicotinic acetylcholine receptor (nAChR) occurs in Alzheimer’s 
disease (AD) and dementia with Lewy bodies (DLB). Most of the nAChR loss 
appears to be the high affinity (non a7) receptor. In contrast, some researchers 
have reported a decrease in the al nAChR in AD while others have reported no 
change. In the current study, we sought to determine if differences occur 
between the low affinity al nAChR levels in AD and DLB. The mid-frontal 
(MF) cortex of 15 autopsy confirmed (NIA and CERAD criteria) AD patients 
(mean death age 78.5± 8.7 years) who met NINDS-ADRDA criteria for a 
clinical diagnosis of probable or possible AD, 8 DLB patients (mean age 83.3 
±6.8) who met McKeith criteria and 6 non-demented controls (mean death age 
77.5+ 8.0) were examined, al nAChR binding was assayed using the high 
affinity al.nAChR antagonist 125I-a-bungarotoxin [BTX]. Mean BTX binding 
for the control samples was 5.7±2.1 fmoles/mg protein, while BTX binding 
for the AD and DLB samples were 4.8±2.0 and 2.3±1.0 fmoles/mg 
respectively. These data indicate no significant difference in BTX binding 
between AD and controls. However, there is a significant decrease in BTX 
binding for the DLB group when compared to either controls (p=0.002) or AD 
(p=0.003). Thus low affinity al sites are depleted in the frontal cortex of DLB 
patients but not AD.
Funded by the Erik and Ese Banck Clinical Research Center and AGO5131.

847.6
CORTICAL AND HIPPOCAMPAL ChAT ACTIVITY IN NORMAL AGING, 
MILD COGNITIVE IMPAIRMENT, AND MILD ALZHEIMER’S DISEASE. 
S.T. DeKoskv’2*, M.D. Ikonomovic1, S.P, Styren1, M. Paulin1, S. Wisniewski3, E.
Cochran4, D. Bennett4 and E.J. Mufson4. Depts. of ’Psychiatry and 2Neurology,

Western Psychiatric Institute and Clinic, Univ. of Pittsburgh Sch. Med.,
Pittsburgh, PA 15213; 3Grad. Sch. of Public Health, Univ. of Pittsburgh; 4Rush 
Presbyterian-St. Luke’s Medical Center, Chicago IL.

One of the most important changes in Alzheimer’s disease (AD) is regional loss 
of choline acetyltransferase (ChAT) activity. We measured ChAT activity in 6 
brain regions (superior frontal, inferior parietal, anterior cingulate, visual, superior 
temporal cortex, and hippocampus) of 48 aged subjects enrolled in the Religious 
Orders Study. All individuals were cognitively tested within 12 months of death. 
Subjects were categorized as mild cognitively impaired (MCI; n=ll; mean 
MMSE=26.7), not impaired (NL; n=27; mean MMSE=27.8), or probable AD 
(n=10; mean MMSE=22.6). Thus, the AD group had relatively mild dementia. In 
general, mean ChAT activity was not different among the diagnostic groups. 
Therefore, neither MCI nor early AD had large decrements in ChAT activity, a 
finding with implications for therapy. To assess possible correlations between 
enzyme levels and region-specific functional tests, we then compared hippocampal 
ChAT levels with the performance on Word List Memory (Delayed Recall, and 
Delayed Recognition) tests. As expected, control cases showed the best 
performances whereas AD cases had the worst scores.- Because we observed 
varying ChAT levels within each group, cases were subdivided into those with 
mild (Braak 0,1, and II) and advanced (Braak III, IV, and V) AD pathology. In all 
3 diagnostic groups, low or high Braak score affected the relationship of ChAT to 
cognitive score. Supported by AG05133, AG14449 and AG10161.

847.7

EFFECT OF TACRINE N A RAT MODEL OF ALZHEIMER’S DISEASE 
EEG SLOWING: ENHANCEMENT BY CONCURRENT MONOAMINE 
THERAPY. H. C. Drinaenberg*, P, Diavolitsis, and P. N, Noseworthy. 
Dept. of Psychology, Queen’s University, Kingston, Ontario, Canada, 
K7L 3N6.

A dominant physiological characteristic of Alzheimer’s disease (AD) is 
the loss of desynchronized EEG activity and shift toward large-amplitude 
EEG synchronization. Here, we produced similar EEG changes (loss of 
desynchronization and amplitude increase in all frequency bands 
between 0.5-20 Hz) in rats treated with an anti-cholinergic (scopolamine, 
1 mg/kg) and a monoamine depletor (reserpine, 10 mg/kg). Treatment 
with the acetylcholinesterase inhibitor tacrine, at doses between 10 and 
20 mg/kg, reversed these EEG abnormalities. Co-administration of 
tacrine and the noradrenaline-serotonin reuptake inhibitor imipramine (10 
mg/kg) enhanced tacrine’s action to suppress 0.5-4 Hz delta activity. Co-
administration of tacrine and the monoamine-oxidase inhibitor pargyline 
(20 mg/kg) enhanced EEG restoration by tacrine in al frequency bands 
between 0.5-20 Hz, but co-administration of the selective serotonin 
reuptake inhibitor fluoxetine (2 mg/kg) was ineffective. These results 
show that some drug therapies aimed at stimulating cholinergic and 
monoaminergic neurotransmission concurrently are more effective in 
reversing EEG slowing than cholinergic therapy alone. Disturbances in 
cortical processing are likely to play a prominent role in the cognitive 
symptoms of AD. Thus, cholinergic-monoaminergic therapy may also 
provide greater cognitive improvements, in addition to limiting the 
required dose of cholinesterase inhibitors (supported by NSERC, 
Canada; ARC Queen’s University).

847.8
NEUROCHEMICAL AND BEHAVIOURAL CHANGES PRODUCED BY 
CHF2819, A NEW ANTICHOLINESTERASE AGENT. L.Trabace*. T. Cassano.
K.M. Kendrick1 and V. Cuomo, Dept. of Pharmacology and Human Physiology, 
University of Bari, Italy; ’Lab of Molecular and Cognitive Neuroscience, The 
Babraham Institute, Cambridge, UK

Cholinesterase inhibitors drugs (AChEIs) represent important potential therapeutic 
options for treatment of cognitive dysfunction associated with both normal ageing and 
neurodegenerative pathologies such as Alzheimer disease (AD). New strategies have 
focussed on a selective inhibition of brain cholinesterase, long-lasting and steady-state 
acetylcholine (ACh) elevation and limited peripheral effects due to cholinergic 
toxicity. A novel AChEI, CHF2819 (2-ethylphenylgeneserine), has been synthesized 
and characterized as a new geneserine-derivative with a higher selectivity for AChE 
than for butyrylcholinesterase. Therefore, the present study was undertaken to 
investigate the effects of CHF2819 on the modulation of cholinergic system in the rat 
hippocampus. In vivo microdialysis was used to measure extracellular concentrations 
of ACh in the hippocampus of conscious rats. Basal ACh levels were detectable 
without the addition of acetylcholinesterase inhibitors to the Krebs Ringer dialysate. 
In 2 month-old rats, oral administration of CHF2819 (0.5, 1.5 and 4.5 mg/kg) dose- 
dependently increased ACh levels and this effect was still significant 4h after drug 
administration. CHF2819 was able to increase extracellular ACh concentrations also 
in the hippocampus of 18 month-old rats showing basal ACh levels lower than those 
found in young animals. Behavioural studies have shown that this compound 
antagonizes scopolamine-induced impairment of passive avoidance. Moreover, 
CHF2819 does not affect activity, excitability, autonomic, neuromuscular and 
sensorimotor domains, even though some involuntary motor movements have been 
observed in animals treated with relatively high doses of this compound. In 
conclusion, the present study supports the possibility that CHF2819 may improve the 
age-associated cholinergic hypofimction and cognitive impairment.

Supported by Chiesi Pharmaceutical S.p.A.
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847.9
EXPRESSION OF CEREBROCORTICAL NICOTINIC ACETYL-
CHOLINE RECEPTORS IN NEURODEGENERATIVE DISEASES: 
QUANTITATIVE STUDIES.
L. Burghaus1*, U. Schutz1, U. Krcmpel1. J. Lindstrom2, H, Schroder1.
‘institut II fur Anatomie, Univ. zu Koln, 50931 Koln, FRG, 2Univ. of
Pennsylvania School of Medicine, Dept. Neurosci., Philadelphia, PA, USA 

Neurodegenerative diseases such as Alzheimer4 s disease (AD) and
Parkinson dementia (PDD) are associated with a deficit in cerebrocortical 
cholinergic transmission due to a reduction of nicotinic binding sites. By 
means of western blotting we have quantified the extent of the reduced 
expression of a4 and a7 nicotinic acetylcholine receptor subunits in human 
temporal cortices of patients suffering from AD, PDD, and of age-matched 
controls using mAb299 (a4 subunit) and mAb306 (a7 subunit). For the a4 
subunit we observed a 40% decrease in AD patients and a 29% decrease in 
PDD patients, as well as a 16% decrease (AD) and a 36% decrease (PDD) 
of the a7 subunit as compared to controls. These results are in accordance 
with our previous findings on the cellular level (Wevers et al., Eur J Neuro-
sci, in press) and will improve our understanding of transmitter receptor 
changes in neurodegenerative diseases, especially with regard to potential 
pharmacological therapeutic interventions.
Supported by the Deutsche Forschungsgemeinschaft (Schr 283/18-1,18-2) 
and by the Kdln Fortune program, Faculty of Medicine, Univ. of Cologne

847.10
PHARMACOLOGICAL ACTION OF E2020, A NOVEL CHOLINESTERASE 
INHIBITOR, ON NEUROMUSCULAR TRANSMISSION. . H.C. Lee.1 E.H. 
Middlekauff.1 M, Asaumi.2 S, Kawahara.2 H. Sugimoto? Y.SatQh,4* Y. Kirino,2and.Yl
Kim1. ‘Depts. of Biomed. Eng. and Neurology, Univ. of Virginia Sch. of Med., 
Charlottesville, VA 22908,2Sch. of Pharmaceutical Sciences, The Univ. of Tokyo, Tokyo 
113,3Tsukuba Research Lab for Drug Discovery, Eisai Co., Tsukuba 300, and 4Dept. of 
Biochemistry, Self-Defense Force Medical College, Tokorozawa 359, Japan.

Recent studies have shown that E2020 is a novel acetylcholinesterase inhibitor whose 
action on central cholinergic synapses is specific and selective, making it a sole drug 
presently available for the treatment of Alzheimer's disease. To explore further the 
subsynaptic mechanism of this drug underlying cholinergic transmission, we investigated 
the pre- and post-synaptic effects of E2020 at the mouse neuromuscular junction (NMJ).

E2020 at doses ranging from 0.001 to 1000 nM was applied to mouse phrenic nerve- 
diaphragm muscle preparations and the NMJ synaptic biopotenitals were measured. 
When recorded in normal Ringer's solution, the amplitude of spontaneous miniature end-
plate potentials (MEPPs) increased in a dose-dependent manner. The drug applied at 
0.001 or 0.01 nM was without any significant effect. At 3 nM - a concentration close to 
the previously reported IC50 (5.7 nM) based on biochemical assay of AChE activity in the 
rat brain (Rogers et al., 1991, in Cholinergic Basis for Alzheimer Therapy, p 314) - 
E2020 caused a 21% enhancement of MEPP amplitude to 1.93 mV (n = 30 fibers) from 
the control 1.59 mV (n = 30). At 1000 nM, MEPP amplitude rose to 2.30 mV (n = 27) 
from the control value of 1.23 mV (n = 30), an 87% increase. In contrast, MEPP 
frequency exhibited no consistent changes, though it tended to elevate with high doses 
(>100 nM). Using muscles bathed in 1.2 mM Ca2+/10 mM Mg2+ Ringer, MEPPs and 
nerve-evoked end-plate potentials (EPPs) were recorded and quantal content (m) was 
estimated. We found no evidence to support significant alteration in EPP quantal content.

These findings indicate that E2020 acts as a potent cholinesterase inhibitor to enhance 
postsynaptic action of ACh at the NMJ while producing no significant effect on the 
presynaptic cholinergic transmitter release [Supported by NIH, MDA, and MESSC, 
Japan].

847.11

ALTERATIONS OF NICOTINIC CHOLINERGIC RECEPTOR BINDING 
INDUCED BY BETA-AMYLOID (1-42) IN RATS. A. Olariu. M. Kawahara, K, 
Yamada. Y. Miyamoto*, T, Nabeshima. Dept. of Neuropsychopharmacol. and Hospital 
Pharm., Nagoya Univ. Sch. of Med., Nagoya 466-8560, Japan

Beta-amyloid protein is well characterized biochemically, but its role in the pathology 
of the Alzheimer's disease (AD) is unknown. Our previous studies showed that the continuous 
intracerebroventricular (i.e.v.) infusion of beta-amyloid protein in rat induces memory 
impairment and dysfunction of cholinergic neurons. The mechanisms of these deficiencies 

are not known. Reduction in the high-affinity nicotine binding sites have been reported in 

postmortem brains of Alzheimer's patients. Clinical studies have also shown that the incidence 

of AD is higher in non-smokers compared with smokers, suggesting the involvement of 
nicotinic cholinergic receptors in the development of this type of dementia. In the present 
study, we investigated the effect of continuous i.e.v. infusion of beta-amyloid on nicotinic 

cholinergic receptors in the brain, as assessed by [3H] cytisine binding, with or without 
chronic nicotine treatment started 4 days before beta-amyloid infusion (chronic nicotine 
treatment at 1.5 mg/kg/day closely resembles the condition of tobacco smoking in humans). 

The results show that the i.e.v. infusion of beta-amyloid (1-42) decreases the [3H] cytisine 
binding in the hippocampus. Pretreatment with nicotine counteracted the effect of beta- 
amyloid induced increase in dissociation constant (kD) for [3H] cytisine binding in 
hippocampus, and induced an increase in the [3H] cytisine binding sites in all brain areas 

investigated. These findings suggest that the dysfunction of cholinergic neurons in 
hippocampus in beta-amyloid treated rats could be related to the decreased affinity of nicotinic 

receptors. (Supported by JSPS and by an SRF Grant for Biomedical Research).

847.12
LONG-TERM DEPRIVATION OF ESTROGENS BY 
OVARIECTOMY POTENTIATES p-AMYLOID-INDUCED 
WORKING MEMORY DEFICITS IN RATS. T Nabeshima1*, K, 
Yamada1, T. Tanaka1’2. L-B, Zou1, K. Senzaki1, K. Yano‘,T. Osada1.0. Ana7,
X. Ren1, and T. Kamevama2, ‘Dept. of Neuropsychopharmacology and
Hospital Pharmacy, Nagoya Univ. Sch. of Med., Nagoya 466-8560, Japan; 
2Dept. of Chemical Pharmacology, Fac. of Pharmaceutical Sciences, Meijo 
Univ., Nagoya 468-0077, Japan

Estrogen replacement therapy in postmenopausal women has been shown 
to delay the onset and decrease the risk of Alzheimer’s disease (AD), 
suggesting that the loss of estrogens at menopause accounts, at least in part, 
for cognitive deficits that are associated with AD. In the present study, we 
examined whether deprivation of estrogens by ovariectomy could modify 
learning and memory deficits caused by a continuous i.e.v. infusion of 
amyloid J3-peptide (AJ3), the major constituent of senile plaques in AD. 
Neither long-term (3 months) nor short-term (1 month), deprivation of 
estrogens by ovariectomy caused a significant impairment in spatial 
learning and memory in a water maze and spontaneous alternation behavior 
in a Y-maze. A continuous i.e.v. infusion of AP-(l-42) caused spatial 
learning and memory deficits in both ovariectomized and sham-operated 
rats. The AP-induced working memory deficits were significantly 
potentiated in ovariectomized rats compared with sham-operated rats when 
mnemonic ability was examined 3 months after ovariectomy. These results 
suggest that long-term deprivation of estrogens increases susceptibility to 
memory deficits produced by AP-(l-42) in rats.

Supported by Grants-in-Aid for Science Research from the Ministry of 
Education, Science, Sports, and Culture of Japan (No. 07557009, 97450) 
and by grants from the Suzuken Memorial Foundation and the Research 
Foundation for Pharmaceutical Sciences.

847.13
Select Estrogens Within the Complex Formulation of Premarin Exert 
Neuroprotective Effects in Cultured Neurons Against Toxic Insults 
Associated with Alzheimer’s Disease. H.-P. Chu and R.D. Brinton. Dept of 
Mol. Pharm. and Toxicol., Univ. of Southern California. Los Angeles, CA 90033

Premarin, a complex formulation of multiple conjugated equine 
estrogens, is the estrogen replacement therapy of the Women’s Health 
Initiative. Previous studies from our laboratory have demonstrated that 
Premarin exerts significant neurotrophic and neuroprotective effects in neurons 
affected in Alzheimer’s disease. In the present study, we have sought to 
determine which of the estrogenic components within Premarin contribute to 
the neuroprotective effects of this complex formulation. Basal forebrain 
neurons were obtained from E18 rat brains and maintained in culture for 10 
days. Individual equine estrogens, at plasma therapeutic levels, were applied 
to cultured neurons for 3-4 days prior to exposure to either p-amyloid or 
glutamate. As indicators of neuronal damage and viability, LDH and ATP levels 
were assessed. Results of these analyses indicate that, 17a-dihydroequilin, 
A8,9-dehydroestrone, equilinen, equilin, 17p-estradiol and 17a-estradiol exerted 
significant neuroprotective effects whereas estrone and 17p-dihydroequilin 
were ineffective. A full characterization of A8,9-dehydroestrone was further 
conducted. Results of those analyses revealed an inverted U shape of dose- 
response function. In addition, we have investigated if estriol, an estrogen with 
mixed agonist/antagonist properties, has neuroprotective capabilities. Results 
of these analyses indicated that estriol is neuroprotective and also exhibits 
an inverted-U dose-response function. These data suggest that select equine 
estrogens in Premarin contribute to its neuroprotective effects and may be 
responsible for its ability to reduce the risk of developing Alzheimer’s disease. 
These results provide critical information in formulating an optimal estrogen 
replacement formula for the brain. Supported by grants from the National Institute 
of Aging, Wyeth-Ayerst Laboratories and the Norris Foundation to RDB.

847.14
THE ESTROGEN REPLACEMENT THERAPY, PREMARIN, REGULATES 
INTRACELLULAR CALCIUM CONCENTRATION IN CULTURED RAT 
HIPPOCAMPAL NEURONS S Cherj^and R.D. Brinton*. Molecular Pharmacology 
& Toxicology, and Program in Neuroscience, University of Southern California, 
Pharmaceutical Sciences Center, Los Angeles, CA 90033.
Premarin, a complex formulation of multiple conjugated equine estrogens, is the 
most frequently prescribed estrogen replacement therapy in the US and is the 
estrogen replacement therapy of the Women’s Health Initiative. Previous studies 
from our laboratory have demonstrated that Premarin exerts highly significant 
neurotrophic and neuroprotective effects in neurons involved in learning and 
memory and affected in Alzheimer’s disease (Brinton et al., 1998, 1999). In the 
present study, we have sought to determine the mechanism underlying these effects. 
Because neuronal outgrowth is calcium dependent and elevation of intracellular 
calcium [Ca2+]i is also involved in glutamate-induced cell injury and death, we 
investigated the effect of Premarin on glutamate-induced rises in [Ca2+]i using fura-2 
ratiometric imaging. Cultured hippocampal neurons, obtained from El8 rat brains, 
were used following 15 days in vitro. Premarin treatment occurred 4 days prior to 
calcium imaging. Results of these studies demonstrated that under physiological 
concentrations of glutamate (25pM), Premarin (lOOng/ml) treated neurons (N=38) 
exhibited a 28% increase in intracellular calcium compared to untreated control 
neurons treated with 25 pM glutamate (N=24). In contrast, under neurotoxic 
concentrations of glutamate, 200 pM, neurons pretreated with Premarin (N=26) 
exhibited a 34% reduction in intracellular calcium compared to control neurons 
(N=32) treated with 200 pM glutamate. The differential effect of Premarin on 
intracellular calcium provides a mechanism to explain the memory enhancing effects 
and the neuroprotective effects of this estrogen replacement therapy. The 
mechanisms that underlie the differential effects of Premarin are currently being 
investigated. Research supported by grants from the National Institutes of Aging. 
Wyeth-Ayerst Laboratories and the Norris Foundation to RDB.
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847.15
EFFECT OF THE SERM TAMOXIFEN ON NEURONAL OUTGROWTH AND 
SURVIVAL. K. O’Neill*, S. Chen, J. Kim, G. Oii, R. Brinton. Molec Pharmacol & 
Toxicol, Univ of Southern California, Pharm Sci Ctr, Los Angeles, CA 90033. 
Selective estrogen receptor modulators (SERMs) are designed to exert both estrogen 
agonist and estrogen antagonist activity in a tissue selective manner. The antiestrogen 
SERM, tamoxifen and its active metabolite, 4-OH-tamoxifen, exhibit estrogen 
antagonist and agonist effects depending on the tissue. The development of SERMs or 
tissue selective estrogens are potential alternatives to traditional estrogen replacement 
therapy which has been shown to decrease the risk of Alzheimer’s disease (rev 
Brinton & Yamazaki, 1998) and to promote neuronal outgrowth and survival in vitro 
(Brinton et al., 1997). W e investigated the impact of tamoxifen and 4-OH- 
tamoxifen, on neuronal outgrowth and survival in cultured neurons from the cerebral 
cortex, hippocampus and basal forebrain to determine whether tamoxifen or 4-OH- 
tamoxifen exerted estrogen agonist or antagonist effects. Neurons from each of the 
aforementioned brain regions were cultured from El8 rat brains and morphological 
analyses were conducted blind to the experimental condition according to procedures 
described in Brinton et al., 1997. In cortical, hippocampal and basal neurons, 
tamoxifen and 4-OH-tamoxifen, across a wide concentration range, had no effect on 
six different morphological parameters following 24 hrs of exposure. To determine 
the effect of tamoxifen and 4-hydroxy-tamoxifen on survival, neurons were treated 
with varying concentrations of tamoxifen (5-2500 ng/ml) or 4-OH-tamoxifen (0.4-100 
ng/ml) for 4 days and then exposed to beta amyloid25.35 , or glutamate followed by 
biochemical assessment of LDH release and morphological analysis of neuron 
survival. Tamoxifen exerted a significant neuroprotective effect in hippocampal 
neurons at 5, 50 and 500 ng/ml but no effect was observed in cortical neurons. Also,
a toxic effect of tamoxifen was observed at the high concentration of 1250ng/ml. 4- 
OH-tamoxifen exerted a mixed response in hippocampal neurons depending on the 
concentration and exerted a 30% neuroprotective effect midrange in the dose response 
4-40ng/ml (4ng, p<0.05; 40 ng, p<0.05). A toxic effect was observed at higher 
concentrations of 100-200 ng/ml. These data indicate that tamoxifen and its active 
metabolite 4-OH-tamoxifen are ineffective neurotrophic agents and exert a modest 
neuroprotective effect at low concentrations and neurotoxic effects at high 
concentrations. Research supported by grants from the National Institutes of Aging, 
Wyeth-Ayerst Laboratories and the Norris Foundation to RDB.

847.16
ESTROGEN RECEPTOR CONTAINING NEURONS IN THE PRIMATE BRAIN: 
ASSOCIATION WITH CHOLINE ACETYLTRANSFERASE, GABAERGIC 
MARKERS AND SUBSTANCE P. T, J. Sendera*, J, H, Kordower and E. J. 
Mufson. Dept. of Neurol. Sci., Rush Presbyterian St. Luke’s Medical Ctenter, 
Chicago, IL 60612.

In postmenopausal women estrogen-replacement therapy appears to reduce the risk 
of developing AD. Recent studies suggest that estrogen receptor (ER) containing 
neurons are located within regions of the primate brain associated with cognitive 
function including the lateral septum, amygdala and hypothalamus (Burton et al., 
1999). To identify the chemical phenotype of ERa positive neurons within these 
neuronal populations we employed dual immunohistochemical labeling of brain 
sections from non-ovariectomized adult female rhesus monkeys (macaque mullata). 
Tissue sections were concurrently labeled using antibodies directed against the full 
length human ERa (NCL-ER-6F11; Novo Castra, U.K.) and choline 
acetyltransferase (ChAT), calbindin-D^k, parvalbumin and the neuropeptide 
substance P. ERa positive neurons were found within the lateral septum, bed nucleus 
of the stria terminalis, medial amygdala, and hypothalamus. A few scattered ERa 
immunoreaclive cells were observed in the anterior aspect of the nucleus basalis, 
however they were ChAT and calbindin immunonegative. Calbindin positive cells 
were admixed witli ERa containing neurons in all regions. However, only in the 
lateral portion of the ventral medial nucleus of the hypothalamus did we find a 
subpopulation of cells dual labeled for ERa and calbindin. Scattered parvalbumin 
and substance P immunoreactaive cells were seen admixed among ERa cells within 
the medial amygdala and amygdalo-hippocampal transition areas. In contrast, dense 
substance P fiber innervation was found in close apposition to ERa containing 
neurons in the lateral septum, medial amygdala and hypothalamus. Further studies 
are needed to determine the chemical phenotype of ERa containing neurons within 
the primate brain and whether these neurons are regulated via genomic or 
nongenomic mechanisms. Supported by PO1AG14449, AG16765 and T32A600257
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848.1

AN OPEN LABEL 24 WEEK PILOT STUDY OF THE METHYL 
DONOR BETAINE IN ALZHEIMER’S DISEASE PATIENTS. Dr 
Knopman*. M. Prod’Homme. Department of Neurology, University of 
Minnesota, Minneapolis MN 55455

We investigated the safety and tolerability of betaine in patients (pts) with 
Alzheimer’s disease (AD). The rationale for betaine in AD was to decrease 
homocysteine (HC) levels and to increase methionone and S-adenosylmethionine 
(SAM), both of which might delay disease progression. SAM is markedly 
depressed in AD brains, possibly due to up-regulation of SAM-decarboxylase 
(SAM-DC). Polyamine synthesis for attempted neuronal regeneration is a 
plausible mechanism of SAM-DC upregulation. Also, hyperhomocysteinemia is a 
possible risk factor for AD. Betaine is an alternative methyl donor, distinct from 
the folate and cobalamin-dependent conversion pathway between HC and 
methionine. Betaine has been used successfully to reduce HC levels in 
homocystinuria. Methods: Eight pts with probable mild AD (7 men, 1 woman; 
mean age 69.6 yrs, mean MMSE=23.7) received oral betaine (3 gm bid) daily for 
24 weeks. All pts were on donepezil 10 mg qd for at least 3 months prior to entry 
and throughout the study. Results: One pt suffered a myocardial infarction and 
withdrew after 6 weeks. He had a prior history of stable angina. Of the 7 who 
completed the study, one had diarrhea. Four of the 7 pts were rated on the 
Clinician’s Global Impression of Change as worse after 24 weeks. On the AD 
Assessment Scale-cognitive, 2 pts worsened 5 and 7 points, respectively, over 24 
weeks, while the others had change scores +2 points. Conclusions: Six of 8 pts 
tolerated betaine over 24 weeks without difficulty. Several pts worsened over 24 
weeks, but as a pilot study without a control group, efficacy measurements cannot 
be interpreted. The present study provides a basis for pursuing larger controlled 
trials with betaine in AD. The HC to SAM pathway is of interest in AD 
therapeutics. Supported in part by Orphan Medical Inc., Minnetonka MN.

848.2
ASSESSMENT OF RADICAL SCAVENGING ABILITY AND PROTECTION 
OF SYNAPTOSOMAL MEMBRANES AGAINST HYDROXYL FREE 
RADICALS BY THE PYRROLOPYRIMIDINE U101033E. C.M.Lauderback1, 
A. Breier1. B. Haley1*, D.A.Butterfield1,2, 'Department of Chemistry, 2Center of 
Membrane Sciences and Sanders-Brown Center on Aging, University of Kentucky, 
Lexington, KY 40506

The pyrrolopyrimidine U1O1O33E has been reported to be a novel protectant 
against neuronal injury associated with oxidative stress. In models of 
ischemia/reperfusion as well as iron-induced lipid peroxidation and peroxynitrite- 
induced injuries, U1O1O33E has provided significant reduction in damage. Increased 
penetration into neural tissue has been attributed to its beneficial effects as compared 
to its lazaroid precursors. Further, protection against the oxidative insults seen has 
been proposed to be due to free radical scavenging; however, the mechanism of action 
remains unclear.

In this current study, we report potent free radical scavenging capabilities of 
U101033E as measured in an aqueous EPR spin trapping assay. In the presence of 
Fe2+ and H2O2, U101033E completely reduces the hydroxyl free radical EPR signal of 
the PBN spin adduct at equimolar concentrations, while significantly reducing the 
lOmM PBN spin adduct signal at a concentration of luM (p<0.005). The W/S ratio, 
an EPR parameter used to monitor changes in synaptosomal membrane protein 
conformations induced by oxidative stress [Hensley et al., Free Rad. Biol. Med. 17, 
321 (1994)], was employed to determine the protective role of U101033E against free 
radical damage. Protein carbonyls have been well documented as biomarkers of 
oxidative damage. We have used this methodology in order to assess the effects of 
U101033E on the levels of protein oxidation. The ability of U1O1O33E to protect 
against lipid peroxidation and peroxynitrite-induced injury in these synaptosomal 
membranes also will be reported. Support: NIH.

848.3
OPIOID RECEPTOR BINDING IS ALTERED IN DISTINCT AREAS OF POST-MORTEM 
BRAINS OF ALZHEIMER’S DISEASE PATIENTS: A QUANTITATIVE AUTORADIOGRAPHIC 
STUDY. AM. Mathieu-Kia1, M.J. Kreek1, L-C. Fan2, E.J. Simoi/and J.M. Hiller2. 'Lab. of 

Addictive Diseases, Rockefeller Univ., N.Y., NY 10021.2Dept. of Psychiatry. New York Univ. 
Medical Center, N.Y., NY 10016.

A similarity exists between the limbic system distribution of opioid receptors (OR) and 
the pathologic markers for Alzheimer’s Disease (AD). Possible linkage between AD 
and the endogenous opioid system is strengthened by recognition of the putative role 
of the opioid system in cognitive and memory functions, severely affected in AD. This 
prompted us to study OR levels in limbic structures from AD patients (n=11) to those 
in the same brain areas from age-matched individuals (n=10). Criteria for control 
subjects included normal physiological and neurological testing, the absence of more 
than occasional signs of focal degeneration in the cerebral cortex and of senile 
plaques and/or neurofibrillary tangles. Mu, delta and kappa OR’s were labeled 
respectively with tritiated DAGO, DPDPE and, bremazocine (in presence of p. and 8 
ligands). Nonspecific binding was determined with naloxone (fiM). Image analysis of 
autoradiographs showed, that compared to control brain areas, statistically significant 
reductions in jx-OR binding occurred in the subiculum and hippocampus of AD brains. 
Binding of 8-OR’s was similarly decreased in the amygdaloid complex of AD brains. In 
contrast, large increases of k -OR binding were found in the dorsal and ventral 
putamen as well as the cerebellum of AD brains. Levels of p., 8, and k  OR’s  binding 
were unaltered in the caudate, parahippocampal gyrus and occipito-temporal gyrus. 
These results confirm and expand our previous publication on binding studies in 
homogenates of brain areas from control and AD individuals and suggests a role for 
the endogenous opioid system either in the etiology of this neurodegenerative process 
or in the multitude of effects that accompany this disease. NIDA DA00017 to EJS, 
NIDA DA 05130-DA00049 to MJK.

848.4

USE OF NUTRITIONAL SUPPLEMENTS AND EFFECT ON COGNITION IN 
ALZHEIMER’S DISEASE. M. Grundman,1* H. T. Kim,1D, Salmon,1 L. J. Thai'. 
'University of California, San Diego, 9500 Gilman Drive - 0949, La Jolla, CA 
92093-0949.

Dietary supplement use was assessed in 544 Alzheimer patients attending the 
Alzheimer’s Disease Research Center at the University of California, San Diego 
between the years 1985-1998. The mean age of the patients was 73 years. Fifty one 
percent were female. The mean Mini-Mental State Score (MMSE) at presentation 
was 19 and the mean Dementia Rating Scale score was 102 (DRS). Supplement use 
doubled between 1985 and J 998. Use of multivitamins remained relatively constant 
(27%-32%), however, vitamin C use increased 3 fold (7% to 22%) and vitamin E 
use increased almost 8 fold (7% to 52%). We determined whether the use of 
multivitamins, vitamin C, vitamin E, or other dietary supplements was associated 
with cognitive benefit in 249 subjects who had cognitive testing at presentation and 
again 1 year later. We found that vitamin C use was associated with a significant 
reduction in the annual rate of decline on the DRS (pr=.O2), and on Immediate 
Paragraph Recall (p=.O6) and Delayed Paragraph Recall (p=.O6) from the Wechsler 
Memory Scale. Significant benefit could not be demonstrated for vitamin E, B 
vitamins or multivitamin use. The results of this study indicate that vitamin C may 
be of benefit in slowing decline in AD. Although this study was performed 
prospectively, the use of supplements was not randomized and power may have 
been limited to detect treatment effects for other nutritional supplements. The 
findings of this study must therefore be considered preliminary. The dramatic 
increase in supplement use among Alzheimer patients despite the lack of 
randomized controlled studies showing cognitive benefit attests to the need to 
conduct clinical trials on these agents.
This study was supported by the National Institute on Aging (AG10483, AG05131).
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848.5
MICROTUBULE DEPOLYMERIZATION AFFECTS NEUROSTEROID SYNTHESIS 
IN THE HUMAN NEUROBLASTOMA CELL LINE SH-SY5Y. P. Guameri**, C. 
Casciob, T. Piccolic, F. Piccolib and R, Guameri*. aIBS-CNR, cIst. Scienze Neurologiche, 
II Univ. Napoli; bInst. Neuropsychiatry, Univ. Palermo, Italy.

The nervous system synthesizes steroids termed neurosteroids which may have 
implication in stress, seizures, anxiety, memory and cognition, and in peripheral nerve 
regeneration. Little is known, however, about the regulatory mechanism(s) of 
neurosteroidogenesis. In this study we investigated the synthesis of the neurosteroid 
precursor pregnenolone (P5) and its regulation by cytoskeleton in the human 
neuroblastoma SH-SY5Y cell line. Immunocytochemistry and immunoblotting 
revealed that both undifferentiated and differentiated cells with either 18nM TPA or 
lpM retinoic acid (RA) for 5 days expressed the cytochrome P450 side chain 
cleavage (P450scc) enzyme which converts cholesterol into P5. In TPA differentiated 
cells, the enzymatic activity detected in serum-free conditions and after the addition 
of 15mM malic acid and 0.5mM NADP as a NADPH-generating system for two 
hours, was less than in undifferentiated or RA differentiated cells. The selective 
inhibitor of P450scc enzyme aminoglutethimide (0.76mM) reduced P5 synthesis, 
whilst 20gM trilostane and lOpM SU 10603, inhibitors of 3P-hydroxysteroid 
dehydrogenase and 17a-hydroxylase enzymes respectively, accumulated the 
neurosteroid levels as a result of the blockade of metabolic pathways. Since the rate-
limiting step in the synthesis is the cholesterol transport to mitochondria where 
P450scc enzyme is located, the enzymatic activity was analyzed after treatment with 
the microtubule depolymerazing drug colchicine (lpM for 45-120 min). Reduction in 
basal P5 synthesis was observed to occur and increase by prolonging drug exposure. 
By contrast, when 22-R-OH-cholesterol which crosses the plasma and mitochondrial 
membranes without transporting proteins, was used as P5 precursor the synthesis was 
not affected by colchicine treatment. The results support a specific role of 
microtubules in the delivery of cholesterol to mitochondria and its conversion into P5.

848.6
NEUROPROTECTIVE EFFECTS OF ESTROGEN AGAINST 
EXCITOTOXICITY IN CULTURED HIPPOCAMPAL SLICES. R. Bi, D. Arst* 
and M. Baudry. Neuroscience program, University of Southern California, Los 
Angeles, CA 90089-2520

Estrogen replacement therapy in postmenopausal women decreases the 
probability of developing Alzheimer's disease and slows the progress of the disease. 
Although the underlying mechanism remains unknown, the classical mechanism of 
estrogen action involves diffusion or transport of estrogen across membranes into 
neurons, activation of specific intracellular receptors, and transcriptional regulation 
of particular genes that ultimately result in protein synthesis. Recent studies have 
shown that the effect of estrogen in neurons involves the MAPK signal transduction 
cascade. The mitogen-activated protein kinase (MAP Kinase) pathway is thought to 
play an important role in the action of neurotrophins. In particular, inhibition of 
MAPK signaling with the MAPK kinase inhibitor PD98059 has previously been 
shown to block the neuroprotective effect of estrogen against glutamate toxicity. In 
the present study, cultured hippocampal slices were used to study the neuroprotective 
mechanisms triggered by 17-(3-estradiol. Hippocampal slices were prepared from 
PND 7-9 rats and, after 7-14 days in culture, were incubated in serum-free medium 
with 17-p-estradiol for 24 hrs. They were then treated with 50 pM NMDA or 50 pM 
KA for 3 hrs. The MAP kinase inhibitor PD98059 and the tyrosine kinase inhibitor 
PP2 were added at a concentration of 50 pM and 10 pM respectively. Cultured slices 
were then incubated in serum-free medium for another 24 hr. Neuronal damage was 
assessed by semi-quantitative analysis of propidium iodide (PI) uptake and lactate 
dehydrogenase (LDH) assay. As previously reported, 17-P-estradiol (InM) 
significantly reduced the neurotoxicity of KA and NMDA. PD98059 as well as PP2 
completely blocked the neuroprotective effect of 17-P-estradiol. These results 
indicate that estrogen exerts its neuroprotective effects by stimulating a cascade of 
protein kinases initiated by activation of a member of the src family.
Supported by grant P01A6 14751 from NIA.

848.7

DISTRIBUTION OF COX-1 AND COX-2 mRNAs IN ALZGEIMER 
AND CONTROL BRAIN AND PERIPHERAL ORGANS. K.Yasoiima,
E.G. McGeer*. C. Schwab and P.L. McGeer. Kinsmen Laboratory of 
Neurological Research, Department of Psychiatry, University of British 
Columbia, Vancouver, B.C. Canada, V6T 1Z3.

COX-1 is said to synthesize prostaglandins that are associated with 
homeostatic functions, while COX-2 is said to synthesize prostaglandins 
associated with inflammation. Since neuroinflammation is a prominent 
feature of Alzheimer disease (AD), it has been hypothesized that COX-2 
inhibitors might be more effective than COX-1 inhibitors in treating AD. 
We analyzed, by RT-PCR, COX-1 and COX-2 mRNA levels in normal 
and AD brain, as well as in heart, liver, kidney and spleen. Both COX-1 
and COX-2 mRNAs were upregulated in AD brain but not peripheral 
organs. The upregulation was greater for COX-2 than for COX-1, 
particularly in regions heavily affected by AD pathology. Prominent 
immunostaining for COX-2 was observed in pyramidal neurons of both 
normal and AD brain, particularly in the perinuclear regions, dendrites 
and axons. COX-2 was not observed immunohistochemically in glial 
cells. Since we detected COX-2 mRNA and its protein product in every 
organ tested, we conclude that COX-2 is constitutively expressed, just as 
is COX-1, even though it is more readily upregulated. The observed 
COX-2 mRNA upregulation in neurons of AD brain may not reflect 
neuroinflammatory stimulation. That should occur in activated microglia, 
the most prominent marker of neuroinflammation in AD. COX-2 may 
play an essential role in brain, and it remains to be determined what might 
be the long term effects of inhibiting COX-2 in brain.
Supported by a grant from the Jack Brown and Family Alzheimer's 
disease research fund.

848.8
ESTROGEN RECEPTORS DEMONSTRATED IN HUMAN HIPPOCAMPUS 
AFFECTED BY ALZHEIMER’S DISEASE B.C, Hone-Goka and F.-L.F. Chang*. 
UCSF-Fresno Alzheimer’s Disease Program, Dept of Neurology, Neurology & 
Rehabilitation Service @ Fresno VAMC, Fresno, CA 93703; School of Medicine - Fort 
Wayne, Indiana University, Fort Wayne, IN 46805.

Increasing evidence demonstrates die role of estrogen in die delay of onset of 
Alzheimer’s disease (AD). Our previous studies have demonstrated the presence of 
estrogen receptors (ER) in the choroid plexus epithelial cells adjacent to the hippocampus. 
We have also demonstrated the presence of progesterone receptors in the hippocampus. 
Progesterone potentially increases sensitivity of the ER to estrogen. The objectives of the 
current study is to demonstrate die presence of ER in human hippocampus diagnosed with 
AD and to study factors which may affect the intensity of expression of ER.

Thirty-one female subjects, ages 70-90 years, from the UCSF-Fresno AD Program with 
clinico-pathological diagnosis of AD according to CERAD criteria were included in this 
study. ER are demonstrated with an immunohistochemical staining protocol of formalin 
fixed tissues based on a mouse monoclonal antibody to ER from DAKO (Carpenteria, CA.) 
Standard positive and negative controls and template density measurements based on a 
Bioquant system are used to maximize validity and reliability of measures.

There was differential staining intensity of ER in the subfields of hippocampus in the 
cytosol of neurons but not in glia. ER density is highest in the CA2 and CA3 subfields and 
least in the dentate. In cases with higher Mini-mental status examination (MMSE) scores, 
the ER staining intensity is higher. There is a tendency of higher ER intensity in the cases 
with a history of estrogen replacement without hysterectomy.

In conclusion, we demonstrated the presence of estrogen receptors in the hippocampus of 
AD patients. In addition, the expression of ER appeared to be regional specific, correlated 
with premorbid cognitive status, and affected by history of hysterectomy and estrogen 
replacement. Our findings provide a neurobiological basis for the potential beneficial 
effects of estrogen on Alzheimer’s disease.

Supported by the UCSF Fresno Foundation and UCSF Fresno AD Program

848.9

RYANODINE CALCIUM-RELEASE CHANNEL mRNAs EXPRESSION IS 
MODIFIED IN ALZHEIMER’S HIPPOCAMPAL NEURONS. C. Martin12.
K.E. Chapman2. J.R. Seckl2. M.C. Holmes2* and R.H. Ashley1. 'Dept. cf 
Biochemistry, George Square, Edinburgh EH8 9XD, U.K. and 2Molecular 
Endocrinology, Molecular Medicine Centre, W.G.H., Edinburgh EH4 2XU, 
U.K.

Calcium ions play central roles in cell survival and death and are also a key 
component of neurotransmitter mediated neurotoxicity and (3-amyloid formation. 
In neurons, calcium homeostasis is controlled in part by the release of calcium 
from intracellular calcium stores via ryanodine receptors (RyR), and we recently 
demonstrated high expression of mRNAs encoding RyR in postmortem human 
hippocampus and cerebellum (Martin et al., Neurosci., 85:205-216, 1998). In 
this study, we investigated whether the level of one or more ryr mRNAs is 
altered in Alzheimer disease (AD). In situ mRNA hybridisation analysis was 
used to detect each ryrs (ryr 1 -3) on hippocampal sections from postmortem 
brains from patients with AD or from controls. We also used an inositol 
trisphosphate Ca2+-release channel type I (InsPsRT) cRNA probe. All four 
mRNAs show widespread distribution in hippocampus of both groups, and there 
was no significant difference in the level of expression or the distribution of ryrl, 
ryr3 or InsP3Rl mRNAs in AD compared to controls. However, although ryr2 
mRNA expression was detectable in AD and control brains in the same number 
of cells, a detailed distribution analysis revealed a significant decrease in the level 
of expression of ryr2 in AD hippocampal sections. These preliminary findings 
show reduced expression of the type 2 RyR in AD hippocampal neurons. The 
change in calcium homeostasis may contribute to neuronal vulnerability or be 
part of an adaptative response in AD.
Supported by the Wellcome Trust.

848.10
THE EFFECT OF A NITRIC OXIDE SYNTHASE INHIBITOR UPON 
LPS-INDUCED NEUROINFLAMMATION IN THE BASAL 
FOREBRAIN OF RATS. L B, Willard* & G.L, Wenk. Division of 
Neural Systems, Memory and Aging, University of Arizona; Tucson, AZ 
85724.

Chronic inflammatory processes may play a role in the neural 
mechanisms that underlie the degeneration of basal forebrain (BF) 
cholinergic cells in Alzheimer’s Disease. Lipopolysaccharide (LPS) 
produces an inflammatory response in the brain and induces foe release of 
interleukins and other cytokines. Cytokine-mediated processes produce a 
variety of responses in foe brain that could be neurotoxic and may involve 
nitric oxide (NO) formation. Immunostimulated glia release NO and 
reactive nitrogen metabolites that may underlie foe pathogenesis of 
neurodegenerative disorders. To induce inflammation, a chronic 
indwelling cannula was implanted into foe BF of young (3 mo) rats. The 
BF of each rat was infused with either LPS or artificial CSF for 37 days 
using Alzet osmotic minipumps. The infusions produced cholinergic cell 
loss and activation of astrocytes and microglia. Previous studies in our lab 
have shown that these effects can be attenuated by foe administration of 
cyclooxygenase inhibitors and NMDA receptor antagonists. In foe present 
study, foe competitive NO synthase inhibitor N-Nitro-L-arginme methyl 
ester (L-NAME) was investigated for its neuroprotective against foe LPS- 
induced inflammation. The selectivity of LPS upon other neuronal 
populations within foe BF will also be presented. Supported by AG10546, 
Alzheimer’s Assoc., URG-95-004, NIDA T32DA-07295.
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848.11
REPRESENTATIONAL MEMORY FUNCTION IN AN ANIMAL 
MODEL OF ALZHEIMER’S DISEASE. William S. Messer, Jr..1* 
Afif A. El-Assadi? Jill Liske.2 John O’Brien,2 and Karen Hsiao.3 
‘Department of Medicinal & Biological Chemistry, The University of 
Toledo; 2Department of Bioengineering, The University of Toledo, 
Toledo, OH 43606; ’Department of Neurology, University of 
Minnesota, Minneapolis, MN 55455

Over the past few years, several animal models of Alzheimer’s 
disease have been developed, including transgenic mice expressing 
mutant forms of human amyloid precursor protein (APP). To 
determine the effects of elevated APP levels on memory function, we 
assessed performance of a representational memory task in transgenic 
mice expressing mutant APP and their littermate controls.

Mice were trained to perform a paired-run, spatial alternation task 
in a T-maze for a food reward. Mice were trained initially at three 
months of age, and all animals achieved 100 % correct by the fifth day 
of testing. Mice were re-evaluated on the task at nine months of age 
for five days, and performances were more varied. Upon genotyping, 
it was found that transgene-negative animals achieved 97 ± 2.2 % 
correct while transgene-positive animals achieved 74 ± 5.2 % correct.

To determine the effects of elevated APP levels on cholinergic 
systems, we measured choline acetyltransferase (ChAT) activity in 
mice completing the behavioral studies. Cortical and hippocampal 
ChAT activity was lower in transgene-positive mice. These studies 
suggest that transgenic mice expressing mutant APP have cholinergic 
deficits, which may result in age-dependent memory impairments.

This work was supported by the DeArce Memorial Foundation.

848.12

A JAPANESE HERBAL MEDICINE (KAMPO) AND A COMBINATION OF 
ESTROGEN, VITAMIN-E AND NSAID IN THE TREATMENT OF 
ALZHEIMER’S DISEASE. T, Suzuki1, M, .Higuchi.1, I, Yab<?2, H. Yamada2, K, 
Tftriizuka^TJBanawa2, Y-Ikarashl3, K, IwasakiLQ, Waug'JL Aral'!, H. .Sasaki1, 
‘Dept. Geriatric Med. Tohoku Univ. Sch. Med. Sendai 980, Japan; 2Oriental Med. 
Res. Ctr of the Kitasato Institute; 3Dept. of Neuropsychopharmacol, Gun ma Univ. 
Sch. Med.

A Japanese herbal medicine “Kami-Untan-To (KUT)” was first described in 
Japanese literature in 1626. KUT is composed of 13 different herbs, and has been 
used for a long time in the treatment of a variety of neuropsychiatric problems 
including depression and insomnia. Recently, Yabe et al. have demonstrated that 
KUT increased both choline acetyltransferase (ChAT) and NGF at the protein and 
mRNA levels in cultured rat brain cells. Moreover, the same research group has 
reported that KUT improved mean latency on passive avoidance test in both basal 
forebrain lesioned and aged rats. KUT significantly improved the survival rate, 
and increased the number of ChAT-positive neurons in aged rats. Here, we report 
12 months open clinical trials of KUT and a combination of estrogen, vitamin-E 
and NSAID to aim at slowing down the progression of AD. Twenty AD patients 
(MMSE score: 18.6±5.8) were receiving extracts from original KUT herbs, and 7 
AD patients (MMSE score: 21.3±2.8) were placed on the combination therapy. 
Rate of cognitive decline as measured by change in MMSE score per year was 
significantly slower (p=0.024, ANOVA) in the KUT group (1.4 point) and the 
combination group (1.5 point) as compared to 4.1 point in 32 control AD patients 
(MMSE score: 20.8±5.6) who received no medicines tested in the therapies for AD. 
Notably, CSF-ChAT levels were significantly (p=0.005, n=6) reduced following the 
KUT therapy. The efficacy of the KUT was most obvious at 3-month point. Our 
results suggest that traditional Japanese herbal medicines may serve a new 
intervention strategy for AD.

848.13

RELATIVE EXPRESSION OF BETA-AMYLOID PRECURSOR PROTEIN AND 
INOSITOL 1,4,5-TRISPHOSPHATE RECEPTOR IN HUMAN 
NEUROBLASTOMA CELLS.
J.N. Murray* and O.J, Igwe. Division of Pharmacology, UMKC School of 
Pharmacy, Kansas City, MO 64108.

The prominent hallmarks of Alzheimer’s Disease (AD) are intracellular 
neurofibrillary tangles and extracellular amyloid protein deposits found in cognitive 
areas of the brain. The latter of the two occurs as “senile” plaques that contain 
aggregates of a 39-43 amino acid protein in their cores termed (3-amyloid (Ap). 
Increased levels of Ap appear to be produced by abnormal processing of P-amyloid 
precursor protein (PAPP). PAPP metabolism can be increased by extracellular stimuli 
that activate phosphatidylinositide (PI) hydrolysis to generate inositol 1,4,5- 
trisphosphate (insP3) and diacylglycerol (DAG). InsP3 activates the insP3 receptor 
(insP3R) to release calcium (Ca2+) from intracellular storage pools. It has been reported 
that Ap increases intracellular calcium ([Ca2+];) through its action on insP3R. In AD, 
several neurotransmitter pathways linked to the (PI) signal transduction system and the 
density of insP3R are significantly decreased. However, a relationship between 
disturbances in insP3R-coupled signaling, an ([Ca2+];) mobilizing process, and PAPP 
expression has not been established. Using the human neuroblastoma cell line,
SH-S Y5 Y, which exhibits “AD-like” characteristics following exposure to retinoic acid 
(RA), we have examined the relationship between insP3R and PAPP. In addition to 
altering the morphology of SH-SY5Y, RA treatment decreases insP3R mRNA and 
protein expression while increasing PAPP mRNA expression and PAPP synthesis in a 
concentration-dependent manner. Thus, cellular differentiation following RA treatment 
coordinately regulates the expression of both the insP3R and pAPP.
Supported by Missouri's Alzheimer's Disease and Related Disorders Research Program.

848.14

BIOCHEMICAL PROFILE OF SL25.1188, A NEW REVERSIBLE 
MAO-B INHIBITOR O. Curet*. N. Sontag. N. Aubin. C. Marc, S, Jegham.
P. George. J, Benavides and. B. Scatton CNS Research Department, Synthelabo 
Recherche, 92200 Bagneux

SL25.1188 is an oxazolidinone derivative belonging to the new generation of 
reversible MAO-B inhibitors. In vitro, it selectively inhibited rat brain MAO-B 
activity (IC^ MAO-B = 12 nM, MAO-A > 1,000 nM). Ki app for MAO-B of 2.9 
to 8.5 nM were calculated in rat brain and in human platelet rich plasma (PRP) 
respectively. Ex vivo, SL25.1188 induced a dose-dependent, reversible and 
selective inhibition of rat brain MAO-B activity (EDS0 = 0.6 mg/kg, p.o.) and was 
without effect on MAO-A activity up to lOOOmg/kg, po.. Maximal inhibition 
(5 mg/kg, po) was observed 1 hour after dosing. In C57bl/6 mice, SL25.1188 (5 
mg/kg p.o.) prevented MPTP (15 mg/kg, sc)-induced DA depletion in striatum. 
SL25.1188 induced a dose-dependent and selective inhibition of MAO-B activity 
in the caudate nucleus, frontal cortex and liver of Macaca Fascicularis with 
ED50's  of 0.55,0.21and 0.09 mg/kg,p.o., respectively. In the caudate nucleus, the 
compound decreased DOPAC levels and increased DA levels in a dose-dependent 
manner. SL25.1188 (5 mg/kg, po) decreased MAO-B activity in monkey PRP 
with a maximal effect of 72% at 4 hours after dosing. SL25.1188 did not interact 
with a variety of neurotransmitter or drug receptor sites in vitro. In conclusion, 
the neurochemical profile of SL25.1188 demonstrates that this compound is a 
selective, potent and reversible MAO-B inhibitor which may find therapeutic 
applications in the treatment of Parkinson’s and Alzheimer’s diseases.

848.15

PROTECTIVE EFFECTS OF ASIATICOSIDE DERIVATIVES AGAINST 
BETA-AMYLOID NEUROTOXICITY. B. Kin?,* J.E. Shin1, S.H. Yun', S.S. 
Jew3, H.K. Park3, M.W. Jung1. I. Mook-Jung1. 'Brain Disease Research Center, 
School of Medicine, Ajou University, Suwon, Korea, 2Harvard Medical School, 
Boston, MA 02215, USA, department of Pharmacology, Seoul National 
University, Korea.

Beta-amyloid (A >9) is the major component of senile plaques which are the 
most important pathological hallmark of Alzheimer's disease (AD). A/? induces 
neuronal cell death under various conditions, thus excessive production of A/3, 
and resulting cell death, may play a causal role in the development of AD. This 
makes blockade of A/3 neurotoxicity as a reasonable target for developing a 
therapeutic drug against AD. Asiaticoside (AS) derivatives were screened for 
potential protective effects against A/?-induced cell death. Of the 28 AS 
derivatives tested, asiatic acid (AA), AS6 and SM2 showed strong inhibition 
against A#-induced death of BI03 cells at lpM. The three AS derivatives 
were further tested for their effects on free radical injury and apoptosis. All 
three AS derivatives reduced HzO2-induced cell death and lowered intracellular 
free radical concentration, but AA showed the strongest protection. In contrast, 
SM2 was the most effective blocker of staurosporine-induced apoptosis. These 
results suggest that the three AS derivatives block A 0 -induced cell death by 
acting through different cellular mechanisms. The three AS derivatives were also 
tested for their effects on hippocampal physiology. None of AA, SM2 and AS6 
acutely altered NMDA and non-NMDA receptor-mediated synaptic transmission, 
paired-pulse facilitation or induction of long-term potentiation in the field CA1 
of rat hippocampal slices at 1 p M. These results indicate that the three AS 
derivatives do not alter physiological properties of the hippocampus at the 
concentration that protects neurons from A/3 toxicity. Therefore AS6, AA and 
SM2 are potential candidates for a therapeutic Alzheimer's disease drug that 
blocks A#-induced cell death with little side effect. This work was supported 
by the Korea Science and Engineering Foundation through the Brain Disease 
Research Center at Ajou University and Research Center of New Drug 
Development at Seoul National University to I. M-J.

848.16

Characteristics  of  Neuronal  Glutamate  Transport  in  
Alzheimer  Disease , h , l , Scott and P. R. Dodd* Neuroscience unit,
Biochemistry Department, University of Queensland, Brisbane Q4072, AUSTRALIA.

Overexcitation of neuronal cells, and ultimately cell death, may occur in
Alzheimer disease (AD) if glutamate uptake from the synaptic cleft is 
impaired. Local variation or alteration in glutamate transporter proteins 
may enhance excitotoxicity, particularly if the variant transporter protein 
was inefficient at removing glutamate. This may account for the area- 
specific neuronal loss observed in AD. Several damaged areas (showing 
Alzheimer pathology) were compared with relatively spared areas to 
determine how glutamate transporter protein sites vary between control and 
pathologically confirmed AD and non-Alzheimer dementia (NAD) cases. 
We examined the high-affinity uptake site using pharmacological profiles 
obtained from inhibition of D-[3H]aspartate uptake by a range of transport 
inhibitors (unlabelled D-aspartate, L-glutamate, L-cysteate, threo-3- 
hydroxy-D,L-aspartate, dihydrokainate, L-qc -aminoadipate, a-methyl-D,L- 
glutamate, cis-1 -aminocyclobutane- 1,3-dicarboxylate). Synaptosomes were 
prepared from human brain tissue obtained post mortem. Data were 
processed by the LIGAND program, and analyses of variance performed. 
Preliminary data suggest that control and AD cases show significant 
differences in transporter inhibition profile in the parietal cortex 
(P = 0.002). In the occipital cortex, inhibition profiles did not differ 
between case groups (P = 0.40). These results were not comparable with 
pharmacological profiles obtained from synaptosomal membrane binding 
experiments. However, both experimental paradigms demonstrated 
regional heterogeneity of the glutamate transporter site in AD cf control 
cases. Thus, different forms of the neuronal high-affiriity glutamate 
transporter may occur in AD cortex, in regions showing variable 
susceptibility to pathological change. Supported by the American 
Alzheimer's Disease and Related Disorders Association.
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848.17

ANTIAPOPTOTIC EFFECT OF COX-2 INHIBITOR 
CELECOXIB IN CULTURED NEURONAL CELLS.
T. Suuronen*, P, Kolehmainen, P. Riekkinen Sr. and A. Salminen. A.I.
Virtanen Institute and Department of Neuroscience and Neurology, University of 
Kuopio, P.O. Box 1627, FIN-70211 Kuopio, Finland.

Cyclooxygenases (COXs) are key enzymes in prostaglandin 
biosynthesis. COX-2, the inducible form of COXs, is predominantly 
expressed in cerebral neurons. The purpose of this study was to compare 
the antiapoptotic effect of COX-2 inhibitor Celecoxib (G.D. Searle, 
Monsanto Company) against different types of apoptotic inducers in rat 
hippocampal and mouse Neuro-2a neuroblastoma cell cultures. The level 
of apoptosis was quantified by measuring the activation of caspase-3 
enzyme, which is the main apoptotic executioner in neuronal cells. MTT 
and LDH assays were used to demonstrate the cytotoxic response of 
apoptotic treatments. Celecoxib is not toxic to neurons at concentrations 
up to 10 microM. Our results showed that Celecoxib protects against the 
apoptotic response after okadaic acid and cyclosporine A induced 
apoptosis in hippocampal cells as well as staurosporine and serum 
withdrawal induced apoptosis in Neuro-2a cells. However, Celecoxib did 
not induce any protection against some other apoptotic or necrotic 
inducers, such as etoposide, kainic acid or L-glutamate. It seems that 
COX-2 inhibitors are antiapoptotic in neuronal cells but apoptotic e.g. in 
colorectal cancer cells. (Supported by G.D. Searle, Monsanto Company.)

848.18
L-DEPRENYL PROTECTS AGAINST APOPTOSIS INDUCED BY 
OKADAIC ACID AND CYCLOSPORIN A IN CULTURED 
NEURONAL CELLS. A. Salminen*, P. Kolehmainen, P. Riekkinen Sr., 
T. Suuronen. Department of Neuroscience and Neurology and A.L 
Virtanen Institute, University of Kuopio, P.O. Box 1627, FIN-70211 
Kuopio, Finland.

L-deprenyl, an irreversible MAO-B inhibitor, is used to treat 
Parkinson’s disease and to delay the progression of Alzheimer’s disease. 
The purpose of this study was to compare the antiapoptotic capacity of 
L-deprenyl against different types of apoptotic inducers in three neuronal 
cell culture models. The level of apoptosis was quantified by measuring 
the activation of caspase-3 enzyme, which is the apoptotic executioner in 
neuronal cells. MTT and LDH assays were used to measure the cytotoxic 
response. Our results showed that L-deprenyl induced a significant 
protection against the apoptotic response induced by okadaic acid in 
hippocampal and cerebellar granule neurons and in Neuro-2a neuro-
blastoma cells. The most potent protection appeared at the concentration 
level of 10‘9 M. L-Deprenyl also protected against cyclosporin A - 
induced apoptosis in hippocampal neurons. However, L-deprenyl did not 
induce any protection against apoptosis caused by etoposide, serum 
withdrawal or potassium deprivation. Okadaic acid, an inhibitor of 
protein phosphatases 1 and 2a, and cyclosporin A, an inhibitor of 
calcineurin, are known to induce an Alzheimer’s type 
hyperphosphorylation of tau-protein. Okadaic acid and cyclosporin A 
models provide a promising tool to screen the neuroprotective potential 
of L-deprenyl derivatives. Supported by TEKES Technology 
Development Center, Finland.

848.19

ANTI-AMNESIC EFFECT OF TEI-3356, A STABLE ANALOGUE OF 
PROSTACYCLIN, ASSESSED WITH AMYLOID B(l-42) PROTEIN- 
INFUSED RATS. Yorimasa Suwa1*2*. Kiyofumi Yamaria2. Takami Araik 
Katsutoshi Sakurai1. Noboru Yoshioka1 and Toshitaka Nabeshima2. institute for 
Bio-medical Research, Teijin Ltd., Hino, Tokyo 191-8512, JAPAN, 2Department of 
Neuiopsychopharmacology and Hospital Pharmacy, Nagoya University School of 
Medicine, Showa-ku, Nagoya 466-8560, JAPAN

As amyloid B-protein (AB) has been proved to play a major role in the 
pathogenesis of senile dementia of Alzheimer’s type, animal models that exhibit 
learning and memory impairments caused by AB should be most potent tools for the 
discovery of novel anti-dementia drugs. We have previously demonstrated that 
continuous infusion of AB into the cerebral ventricle in rats results in learning and 
memory impairments. In this study, we found that TEI-3356 [(76S)-15-deoxy-16- 
hydroxy-to-methyl^Oj-methano-A^^-prostaglandin IJ, a stable analogue of 

prostacyclin, had the ability to recover learning and memory functions from the 
damage caused by AB. In the rats infused with 300 pmol/ral/day of AB(l-42) for 14 
days, retention of passive avoidance learning and working memory in the Morris 
water maze were significantly impaired as compared with those in the rats infused 
with inactive control AB(40-l). TEI-3356, at doses of 5 and 50 pg/rat/day, 
significantly ameliorated these impairments in the AB(l-42)-infused rats when it 
was administered by i.c.v. infusion simultaneously with AB. It was also found that 
TEI-3356 had the ability to promote axonal regeneration in slice culture of the 
postnatal rat entorhino-hippocampal system. Thus the anti-amnesic effect of TEI- 
3356 might be resulted from repair of damaged axons in the brain of AB-infused 
rats.

DEGENERATIVE DISEASE: ALZHEIMER’S—PRESENILIN: EXPRESSION, TOXICITY AND OTHER

849.1

EXPRESSION OF PRESENILIN 1 IN THE YEAST Saccharomyces cerevisiae.
D.O. Espinoza13,4'*. A Potempska1. N, Tezapsidis1,2, and D.L, Miller1. ’Dept. of 
Molecular Biology, 2Unit of Biochemical Neuroscience, NYS Institute for Basic 
Research; 3Dept. of Biology, City University, of New Yoik Graduate Center; 
4CSIZIBR Center for Developmental Neuroscience.

Presenilin 1 (PS 1) is an integral membrane protein located in the ER or Golgi and 
is the most common locus of mutations linked to early-onset familial Alzheimer’s 
disease (AD). Recent evidence suggests that PSI may directly or indirectly 
participate in y-secretase cleavages, which generate the C-termini of A(L 
Interestingly, there is no PSI homologous sequence in the yeast genome, making it 
an attractive model to study its role in APP processing. Human PSI cDNA was 
ligated into a S. cerevisiae centromeric vector regulated by the inducible Gall 
promoter. PSI was visualized by Western blotting of Triton X-100 yeast extracts 
as a 43 kD band using antisera directed to the residues 2-12 of PSI. A ca. 28 kDa 
proteolysis product was also observed. Bands of similar sizes were observed in 
Triton extracts of human and rodent brain. Further, we co-expressed PSI with 
APP under the same promoter. Initial experiments indicate that there was no 
change in the pattern of APP proteolytic fragments as detected by Western blot 
analysis using a C-terminal-directed antibody. This system will facilitate to 
unravel the mechanisms involved in the production of Afi.

(Supported by the NYS-OMRDD and NIH grants AG04220 and AG14845, and a 
fellowship from CSI/IBR Center for Developmental Neuroscience to D. Espinoza).

849.2

IMMUNOCYTOCHEMICAL LOCALIZATION OF PRESENILIN1 IN 
CELL-TO-CELL JUNCTIONS OF RAT OCULAR TISSUES. M. Schutte,
R. Lazzarini*, A. Georgakopoulos, N.K. Robakis. Mount Sinai School of 
Medicine, Depai tments of Ophthalmology, Psychiatry, Developmental 
Molecular Biology, One Gustave, L. Levy Place, New York, NY 10029 
Presenilinl (PS1), an integral membrane protein, is involved in the 
development of familial Alzheimer’s disease. Immunoflluorescence of 
MDCK cell cultures shows concentration of PS1 at intercellular 
junctions. Here we show PS1 accumulation at intercellular junctions in 
the corneal and lens epithelium as well as in lens fibers of the rat eye. In 
sections orthogonal to the lens fibers, the staining displays a honey 
comb-like pattern around empty cores, consistent with the localization of 
the antigenic site within the plasma membrane rather than in the 
cytoplasm. In the iris, PS1 is found in the pigment cells and along the iris 
vasculature. Similarly, within the cliliary body, PS1 labeling is confined to 
the pigmented layer and, from there on, continues into the retinal 
pigmented epithelium. The optic nerve shows strong PS1 labeling in the 
area around the lamina cribrosa, however, PS1 is not found within the 
retina itself. Within the neural retina, PS1 immunoreactivity is confined to 
the superficial retinal vasculature and occasional deeper retin&l 
capillaries. The distribution pattern of PS1 similar to the distribution of 
connexin43 suggests a possible interaction between these two 
molecules and an involvement in cell-to cell adhesion. In addition, the 
accumulation of PS1 in both avascular structures that rely on 
intercellular transport (cornea, lens) as well as the endothelium of the 
ocular bloodvessels may suggest involvement of PS1 in nutrient supply. 
Sponsored by NIH grants AG08200, EY 11995, Alzheimer’s Association
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849.3

EFFECTS OF OXIDATIVE STRESS ON PRESENILIN 2 EXPRESSION.
L.Gasparini1, R. Ghidoni1, A. Alberici1, L. Benussi1*, D. Moratto1, L. Benerini
Gatta2, D.Finazzi2, M.Trabucchi3, J.H. Growdon4, R.M. Nitsch5 and G. Binetti1.
’IRCCS “Centro San Giovanni di Dio - FBF” Neurobiology laboratory, Brescia, 
Italy; institute of Chemistry, Medical School, Univ. of Brescia, Italy; 3Dept. of 
Experimental Medicine and Biochemical Sciences, Univ. of Rome Tor Vergata, 
Rome, Italy, 4Dept. of Neurology, Massachusetts General Hospital, Boston, MA; 
5Dept. of Psychiatry Research, Univ. of Zurich, Switzerland.

Mutations in presenilins (PS) genes are linked to the majority of early onset 
Familial Alzheimer Disease (FAD). PS genes expression is developmentally 
regulated. In the brain, presenilins are primarily expressed in neurons; in affected 
brain areas of Alzheimer’s disease (AD) cases, levels of PSI and PS2 mRNA are 
markedly decreased in neurons, while astrocyte-like cells show an increased 
expression of PS2 mRNA.

Literature data claimed oxidative stress as one of the main mechanisms involved 
in the pathogenesis of AD. In our study we investigated effects of oxidative stress 
on PS2 expression. Several potential API and NFk P binding sites are located in the 
PS2 promoter region; we observed that their recognition seems to be modulated by 
oxidative stressers. Furthermore when we treated H4 human neuroglioma cells 
with a mitochondrial respiratory chain inhibitor, such as Sodium Azide, we 
detected decreased levels of PS2 mRNA by a non-radioactive Rnase Protection 
Assay. Those data suggest a possible regulation of PS2 gene expression by 
oxidative stress; further investigations may elucidate the significance of the control 
of PS2 expression in the pathogenesis of the Alzheimer’s Disease.

849.4
CONTRIBUTION OF PRESENILIN-1 MUTATION L286V TO DIFFERENT 
TYPES OF EXCITOTOXIC DAMAGE. R. Brusa, G, Lozza, D. Uberti1, M. Memo', 
D. Westaway2, P, St George-Hyslop2, M. Grilli*. Schering-Plough Research Institute, 
20132 Milan, Italy; ’Dept. of Biomedical Sci., Univ. of Brescia, School of Medicine, 
25123 Brescia, Italy; 2CRND Univ. of Toronto, Toronto, Canada M5S 1A8.

Mutations in presenilin 1 (PSI) have been associated to an early onset and 
aggressive form of familial Alzheimer’s disease (FAD) by increasing the levels of 
AP(l-42) peptide. Moreover, overexpression of FAD-linked mutations in transfected 
cells and transgenic mice has been associated to increased vulnerability of neurons to 
neurotoxicity induced by different stimuli, possibly via altered Ca2+ homeostasis and 
oxidative stress. Since these pathogenetic mechanisms are involved in neuro-
degeneration associated to cerebral ischemia, we have studied the susceptibility of 
transgenic mice overexpressing mutant (L286V) PSI to neurotoxic paradigms of 
ischemic-type damage both in vitro and in vivo. Cortical and cerebellar neuronal 
cultures derived from L286VPS1 transgenic mice demonstrated an increased 
vulnerability to excitotoxicity (24 h exposure to NMDA) and combined oxygen- 
glucose deprivation (OGD) compared to wild type derived cultures. To study the 
neurodegenerative process in vivo, PSI transgenic mice were also subjected to 
permanent occlusion of the middle cerebral artery (MCA). Infarct volumes did not 
differ significantly between PSI transgenic and wild type mice at 24 and 96 h post-
occlusion. On the contrary, using a different paradigm of in vivo excitotoxicity, 
involving intra-peritoneal kainic acid injections, an increased neuronal loss was 
observed in the CA3 subfield of the hippocampus 3 days after injection in PSI 
transgenic mice compared with controls. These findings indicate that PSI might 
contribute to the neuronal threshold of vulnerability in response to distinct excitotoxic 
stimuli.

849.5

CYCLOOXYGENASE (COX)-2 EXPRESSION IS ASSOCIATED 
WITH PRESENILIN-2 INDUCED APOPTOSIS. NY Choksi1, P 
Mukherieree1, A Lindroth1. Z Xiang1*, W Wasco3, JD Buxbaum2 and GM
Pasinetti1, Laboratories of Neuroinflammation1 and Molecular 
Neuropsychiatry2, Dept. of Psychiatry, Mt. Sinai School of Medicine, One 
Gustave L. Levy Place, Box 1230, New York, NY, 10029 and Dept. of 
Neurology3, Massachusetts General Hospital, Charlestown, MA.

Previous studies indicate that apoptotic neuronal death may be involved 
in Alzheimer's disease (AD) neurodegeneration. In vitro studies show that 
overexpression of mutated forms of presenilin (PS), that are associated with 
early-onset familial AD, may promote apoptosis (Guo et al, 1996, 1997; 
Wolozin et al, 1996). Recently, evidence from our lab indicates that 
overexpression of cyclooxygenase (C0X)-2 in neurons also may potentiate 
apoptotic neuronal death (Pasinetti, 1998). In this study we used H4 
neuroglioma cell lines to test the hypothesis that COX-2 upregulation is 
involved in PS-2 mediated apoptotic death. Our studies indicate that 
induction of mutant and not wild-type PS-2 increases COX-2 expression (>3 
fold) in a time dependent manner. Moreover, induction of COX-2 expression 
is coincident with a commensurate induction of activity of the pro-apoptotic 
enzyme, caspase-3. This data suggests a potential novel role of COX-2 in 
mechanisms of PS-2 mediated apoptotic death. We are currently exploring 
the role of specific COX-2 inhibitors on PS-2 mediated apoptotic death to 
clarify the role of COX-2 in AD neurodegeneration. Supported by AG 13799, 
AG 14239, AG05138 to GMP.

849.6
Inhibition of caspase-3 reduces glutamate induced cell death in adult rat retina in vitro
T.A. Chen? FushengYang. Greg M. Cole and S.O. Chan Department of Anatomy, 
Chinese University of Hong Kong, Shatin, N.T., Hong Kong, P.R. China; *The Sepulveda 
Veterans Affairs Medical Center, GRECC, and Departments of Medicine and Neurology, 
University of California, Los Angeles, Sepulveda, California, U.S.A.

Recent work indicates a decisive role for a family of cysteine proteases related to 
interleukin-IB-con verting enzyme (ICE), termed caspases, as mediators of neuronal 
apoptosis. One of these enzymes, caspase-3 is shown to induce cell death during brain 
development and in other cell types under different pathological conditions. To determine 
whether caspase-3 regulates cell death in adult rat retina after an exposure to excessive 
glutamate, we used (1) a brief exposure (40 min) to glutamate (20 mM) to induce cell death 
in adult rat retina in culture and to determine the time course of the damage using TUNEL 
and H&E staining; (2) an antibody “fractin”, which recognizes foe C-terminus actin 
fragments generated by caspase-3 cleavages, to detect caspase-3 like activity in foe retina 
after glutamate exposure; (3) double-labeled immunocytochemistry method to determine foe 
relationship between TUNEL and fractin staining in foe retina; (4) an inhibitor of caspase-3 
to study its actions on cell survival and DNA fragmentation in foe retina after glutamate 
lesion. At 3-6 hr after glutamate treatment, TUNEL positive cells were first detected in foe 
ganglion cell layer (GCL). TUNEL positive cells in the inner nuclear layer (INL) were 
observed 12-24 h after foe glutamate lesion. Caspase-3 like activity, as indicated by foe 
fractin staining, can be seen as early as 40 min after glutamate treatment, and foe staining is 
more prominent in foe GCL than in the INL. Colocalization on the same section shows that 
most fractin positive cells in foe GCL and INL are TUNEL positive, indicating that caspase- 
3 like activity is involved in foe glutamate induced apoptotic cell death in foe adult rat 
retina. Furthermore, Ac-DEVD-CHO, a caspase-3 inhibitor, reduces dramatically foe fractin 
staining and significantly alleviates glutamate induced cell death and DNA fragmentation in 
foe GCL and INL. Another ICE inhibitor, Ac-YVAD-CHO, which inhibits caspase-1 like 
activity, neither significantly reduces foe fractin staining nor shows this neuroprotective 
effect. We conclude that glutamate-induced apoptosis in foe adult rat retina is probably 
mediated by a specific post-translational activation of foe ICE/CED-3-related cysteine 
protease caspase 3.
Supported by a CUHK direct grant (ref. no. 2040630) funded to S.O. Chan.

849.7 849.8
AMYLOID BETA-PEPTIDES IN INHERITED ALZHEIMER’S DISEASE: 
INCREASED PRESENCE OF AMINO-TERMINALLY-TRUNCATED PEPTIDES. £ 
Russo12. T.C.Saido2. C.Hulette3. B, Ghetti4 C, Lippa~. L, Lannfelt6, X. Song2 J.K. 
Teller2. M. Tabaton8. M, Balestrino8, G, Schettini2. and P. Gambetti2 1 Pharmacology
and Neuroscience National Cancer Institute, Advanced Biotechnology Center and 
Section of Pharmacology Univ. of Genova, Italy, 2Dept. of Molecular Biology, Tokyo 
Metropolitan Institute of Medical Science, 3Neuropafoology, Bryan Alzheimer’s 
Disease Research center, Durham, 4Dept. of Pathology, Indiana University Medical 
Center, Indianapolis, 5Dept. of Neurology, MCPHU, Philadelphia, 6 Dept. of Clinical 
Neuroscience and Family Medicine, Huddinge University Hospital, Huddinge, 
7Neuropathology Dept. Case Western Reserve University, Cleveland, Ohio, USA, 8 
Dipartimento di Scienze Neurologiche Genova.

The physiological functions and the pathological effects of presenilins in AD are, at 
foe moment, speculative. In search for a direct evidence of PSI influence in the 
formation of A(3 peptides we analyzed foe soluble A(3 in brain extracts from subjects 
with mutated PSI and APP genes, in comparison to sporadic AD cases. Western Blot 
analysis and densitometric quantitation of purified A|3 peptides, revealed that foe 
production of NH2-terminally truncated AP peptides mainly starting at position 11, 
either with or without a pyroglutamate modification in this residue, is significantly 
increased in all foe subjects with mutated PSI but non in carriers of mutated APP when 
compared with sporadic AD. Moreover, our results indicate that in some PSI families 
the full-length 1-42 peptide is heavily underrepresented. In these subjects foe Ap 
purified is predominantly truncated, with a severe pathology, abundant amyloid and 
early onset. The immunohistochemical analysis showed that foe amyloid plaques present 
in these subjects are composed almost exclusively of NH2-terminally truncated Ap. We 
propose that the NH2-terminally truncated Ap pool is constitutively per se sufficient to 
promote aggregation and plaque deposition and that presenilin 1 may modulate the 
production of these fragments in a mutation dependent manner. (MURST CNR 5% )

Specific Down-regulation of Presenilin 2 Gene Expression is Prominent 
During Early Stages of Sporadic Late-onset Alzheimer’s Disease P.J. 
McMillan*, J.B. Leverenz and D.M. Dorsa. Depts. of Psychiatry and 
Behavioral Sciences, Pharmacology and Neurology, University of WA, 
Seattle WA 98195

Mutations in the presenilin genes PSI and PS2 cause familial 
Alzheimer’s disease (AD). In a previous study, we reported that PS2 
mRNA levels are decreased in the hippocampus, frontal cortex and basal 
forebrain of subjects with late-onset sporadic AD. In this study, we 
examined whether this downregulation occurs as the disease progresses 
from mild to severe stages or whether downregulation of PS2 expression 
is an early event in AD. We used in situ hybridization histochemistry to 
quantify the level of expression of PS2 message in the hippocampus of 
normal subjects and subjects with mild, moderate or severe AD. Several 
regions of the hippocampus which are sequentially susceptible to AD 
neuropathology as the disease progresses in severity were analyzed. We 
found that specific downregulation of PS2 expression is as severe in 
subjects with mild AD as it is in subjects in late stages of the disease. In 
addition, we show that hippocampal regions that are relatively free of AD 
neuropathology during early stages of the disease exhibit severely 
compromised PS2 mRNA levels even in mild AD cases. In contrast, PS2 
is expressed at normal levels in the cerebellum, a region which succumbs 
to significantly fewer AD-related insults even at very advanced stages of 
the disease. These results suggest that the specific downregulation of 
PS2 gene expression is an early event in sporadic late-onset AD and may 
play a role in the progression of the disease. Supported by the UW ADRC 
NIH Grant p50AG05136.
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849.9
ALTERATION OF PLATELET APP ISOFORMS IS PRESENT IN 
SPORADIC BUT NOT IN FAMILIAL AD PATIENTS L. Pastorino. 
#A. Padovani, F. Colciaghi,°G. Marcon, #B. Borroni. *M. Motta, F. Cattabeni
and M. Di Luca, Inst. Pharmacol. Sci. and *Inst. of Endocrinology, Univ. of 
Milan, Via Balzaretti 9, 20133 Milan, Italy; °Dept. of Neurolgy, Univ. of Udine, 
P.le S.M. della Misericordia, Udine, Italy; #Dept. of Neurology, Univ. of Brescia, 
P.zza Spedali Civili 1, Brescia, Italy.
Alteration of the level of platelet APP isoforms has been proposed by Di Luca et 
al., (1996, 1998) as a peripheral marker of Alzheimer Disease. Since the 
mechanism responsible for such alteration is still matter of investigation, and since 
it has been observed (Scheuner et al., 1996) that in plasma of subjects carrying 
mutations at presenilin 1 (PSI) and presenilin 2 (PS2), but not of sporadic AD 
patients, there is an increased production of Ap ending Af342-43 the aims of the 
present study were to evaluate in platelets of symptomatic and presymptomatic 
patients carrying the mutation Met239Val in PS2: i) whether an alteration of the 
pattern of APP isoforms is still observed and ii) whether the presence of mutated 
PS2 in platelets could be responsible for a mechanism related to increased Ap 
peptide production, by altering mRNA levels encoding for protein involved in AD 
such as APP, PSI and PS2 itself. Results obtained in this study show that an 
alteration of platelet APP isoforms level is not observed in patients carrying the 
mutation Met239Val in PS2 when compared to control subjects. Moreover, RT- 
PCR experiments performed on platelets of the same subjects revealed not only 
that PS2 is present in platelets, but also that there is not an alteration in the 
expression levels of mRNA coding for APP, PS 1, PS2 in mutated subjects when 
compared both to control and sporadic AD patients. Taken together these results 
could be of interest in understanding the role of the platelets, as a peripheral 
compartment, in modulating presenilin-mediated AP production.
Founded by CNR # 98.01097.CT14 to MDL.

849.10
INHIBITION OF AMPA RESPONSES BY EXPRESSION OF MUTANT 
PRESENILIN-1. AM. Moerman1 * and S.W. Barger12 3. Depts of 
1 Geriatrics and zAnatomy, University of Arkansas for Medical 
Sciences; 3Central Arkansas Veterans Healthcare System, Little 
Rock AR 72205.

The inheritance of Alzheimer's disease in some families, as well as 
ablation/rescue genetics in mice, suggest that point mutations in the 
presenilin-1 (PS1) gene can cause disease through an unknown 
gain-of-function. While mutations associated with familial 
Alzheimer’s can alter apoptotic rates and p-amyloid precursor 
processing, it is possible that other physiological effects contribute 
to pathogenesis. We have begun to explore effects on 
neurotransmission by monitoring responses of the neuropotent 
Ntera-2 cell line overexpressing wildtype PS1 or a FAD mutant 
thereof. Although no differences were initially apparent in calcium 
responses to a metabotropic glutamate receptor agonist, responses 
to glutamate itself were dampened in cells expressing the L286V 
mutant of PS1. Analysis of ionotropic agonists demonstrated that 
AMPA receptor alterations were responsible for this effect. These 
data suggest that PS1 mutation could lead to cognitive deficits 
through subtoxic physiological effects.

Sponsored by funds from the Inglewood Foundation and the 
Alzheimer’s Association.

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: NEUROTOXICITY

850.1

Adenovirus-Mediated Human Amyloid Precursor Protein Gene Transfer 
Induces Apoptosis of Cultured Primary Cortical Neurons. J.J. Luo*, D.D. 
Norton, and J.W. Kusiak. Molecular Neurobiology Unit, Lab. of Biological 
Chemistry, National Institute on Aging, NIH, Baltimore, MD 21224.

Stable or transient transfection of several cell lines with plasmids 
expressing Familial Alzheimer Disease mutant Amyloid Precursor Protein 
(APP) results in apoptosis of these cells (Yamatsuji et. al, EMBO J 15: 498, 
1996; Zhao et al, J Neurosci Res 47:253, 1997). However, primary neuronal 
cultures may be a more relevant model of brain responses to APP expression. 
Previously we reported that death of PC 12 cells and hippocampal neurons 
could be induced by adenoviral mediated FAD APP gene expression (Luo et. 
al, J Neurosci Res 55:629, 1999). We report here evidence of increased 
apoptosis in primary cortical neurons induced by adenoviral mediated human 
APP gene transfer. Rat E16 cortical neurons were infected with adenoviral 
constructs expressing human APP695 wild type (WT), V642I and V642F 
mutations or LacZ and the cells were evaluated 3 or 4 days later. About 10- 
20% of cortical neurons were positive for B-galactosidase activity when using 
AdxLacZ. Approximately a three to eight-fold increase in intracellular and 
secreted APP was measured by Western immunoblots in the cultures infected 
with WT, V642I and V642F compared to null virus infected cultures. Cultures 
infected with WT, V642I and V642F APP had a 2-fold increase in numbers of 
apoptotic cells measured by Sytox fluorescent nuclear labeling or a 2- to 3-fold 
increase in cell death measured by ELISA as compared to the cultures infected 
with null virus. Increased amounts of toxic APP fragments (BAPPs, CT-100 or 
AB) induced by adenoviral mediated APP gene transfer and their release from 
infected cells may be responsible for the increased neuronal death in culture. 
Our results suggest that adenoviral mediated APP gene transfer is a very 
useful tool to study altered APP processing and mechanisms of neuronal cell 
loss in AD. Supported by Intramural Program, NIA, NIH and a National 
Research Council-NIA/NIH award to JJL.

850.2
ALTERED APOPTOSIS IN LYMPHOCYTES FROM SPORADIC 
ALZHEIMER’S DISEASE PATIENTS. K. Schindowski *, S. Leutner', C. 
Gorriz2, L. Frolich2 , K. Maurer2 , A. Eckert1 and W.E. Muller . 'Dept. of 
Pharmacology, Biocenter, and 2Dept of Psychiatry, Univ. of Frankfort, Frankfurt am 
Main, Germany.

It’s widely accepted that programmed cell death (apoptosis) is a main feature in the 
brain of patients with Dementia of Alzheimer’s type (DAT) associated with the 
massive neurodegeneration. Up- or down regulation of apoptosis-related genes as 
well as DNA-ffagmentation have been detected in post mortem brains of DAT 
patients. In addition, microglia are highly activated and invaded peripheral 
lymphocytes were detected in DAT brains. Moreover, an impaired functionality of 
peripheral blood mononuclear cells (PBMC), altered Ca2+-regulation, decreased 
proliferative activity, and increased levels of serum Interleukin-2 are reported. Using 
flow cytometry, we could show that PBMC of DAT patients exhibit an increased 
susceptibility to apoptotic cell death. Basal levels of apoptotic nuclei were 
significantly elevated compared to non-demented aged controls (2.5 ± 0.6% in AD 
vs 1.2 ± 0.2% in controls; n=15, **p<0.01). Apoptosis triggered by oxidative stress 
with 2'deoxy-D-ribose was increased in DAT (14.9 ± 2.1%) compared to aged 
controls (8.5 ± 1.2%; n=l 1, *p<0.05), while spontaneous in vitro apoptosis after 24 
hours in culture was not significantly different. Cell death mediated by Apo/Fas- 
receptor was not altered as well. Moreover, there was a significant negative 
correlation between percentage of apoptotic cells and cognitive decline of AD 
patients (Mini Mental State). In addition, we could demonstrate that the distribution 
of CD4 and CD8 subsets was altered in DAT patients showing a significantly 
increased CD4/CD8-ratio. These changes in subpopulations do not appear to be the 
primary cause for the elevated basal content of apoptotic cells, even though CD4 
display a higher sensitivity to apoptosis in general. Furthermore, the CD4/CD8-ratio 
correlates significantly with severity of disease. Preliminary data suggest that Bcl-2 
expression seems to be reduced in DAT. These findings propose a possible moderate 
involvement of peripheral immune competent cells in Alzheimer’s diseases 
pathalogy.
(supported by grants from the Alzheimerforschungszentrum Frankfurt, the Dr. 
Robert Pfleger-Stiftung, and Fonds der Chemischen Chemie.)

850.3

AGGREGATIONAL STATES OF 3-AMYLOID PEPTIDE 25-35 RAPIDLY 
CHANGE EXCITABILITY AND SYNAPTIC PLASTICITY IN MOUSE 
CA1 HIPPOCAMPUS. T. Krucker*, D.W. Allison, and G.R. Siggins. Dept. 
of Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.

Much evidence exists that beta amyloid protein (A3) and its fragments 1-40 
and 25-35 are neurotoxic both in vivo and in vitro in correlation with the 
aggregational state of the peptides. However, the exact pathophysiological and 
functional changes within the CNS have not been adequately addressed. To 
assess the physiological effects of A3 25-35 in slice tissue and determine 
whether its aggregation state alters synaptic plasticity, we examined the 
effects of 0.001, 1, 100 and 1000 nM A3 25-35 superfusion on CA1 
population excitatory postsynaptic potentials (pEPSPs) in hippocampal slices 
from normal adult (-81 days) C57BL6 mice. Because the A3 aggregational 
state depends on the length of time in solution, we used aliquots that were 
either (1) freshly prepared (fresh), (2) aged 3 days at 37°C (3 days) or (3) 
aged for weeks at room temperature (aged). Compared to untreated slices and 
baseline controls, all aggregation states tested at 1 pM did not significantly 
alter basal synaptic plasticity (as measured by input-output (I/O) curves) or 
short-term plasticity (paired-pulse facilitation; PPF). However, 1 pM A3 25- 
35 3 days significantly increased long-term potentiation (LTP) but at higher 
concentrations A3 25-35 3 days reduced LTP magnitude. At higher 
concentrations all aggregation states induced marked hyperexcitability 
(upward shift of I/O curves) and 1 nM A3 25-35 aged for 3 days significantly 
reduced PPF. Like the lower concentration, both fresh and aged A3 25-35 
reduced LTP significantly. Our observations indicate that very low 
concentrations of A3 25-35 for short periods induce significant 
neurophysiological changes in CA1; these effects are highly dependent on the 
aggregation state of A3- These neurophysiological changes, manifested as 
alterations in excitability and long-term plasticity, may precede A3 25-35 
induced neurotoxicity. Supported by Novartis pharma and NIH grant MH47680

850.4

A|31-4O PEPTIDE BEARING THE APP693 DUTCH MUTATION INDUCES 
APOPTOSIS IN HUMAN CEREBRAL ENDOTHELIAL CELLS
L. Miravalle. T. Tokuda. R. Chiarle, H. Kramer*. B. Frangione. J. Ghiso. Depts. of 
Pathology and Psychiatry, NYU School of Medicine, New York, NY 10016.

Amyloid P (AP) is found deposited in parenchymal and cerebrovascular amyloid 
lesions in normal aging, Alzheimer’s disease, cerebral amyloid angiopathy (CAA), 
hereditary cerebral hemorrhage with amyloidosis Dutch-type (HCHWA-D) and in the 
recently described Italian variant of CAA. Both Dutch and Italian families share most 
clinical and pathological findings although patients from the Italian kindred survive 
longer. In HCHWA-D, a substitution at position 22 of the Ap sequence (E22Q) 
accelerates fibril formation and is responsible for the familial disorder. A different 
substitution at the same position (E22K) causes the disease in the Italian kindred. 
Using flow cytometry analysis after staining with Propidium Iodide and Annexin V, 
we have studied the effect of Ap 1 -40(wt) and both mutant peptides on cultured SV-40 
immortalized human cerebral endothelial cells (HCEC). Cytotoxicity was evaluated 
at different concentrations (0-50 ;zM) of Ap peptides after incubation with HCEC for 
24 hours. Under the conditions tested, HCEC cells incubated in the presence of the 
E22Q peptide showed apoptosis at a concentration of 10 //M while wild type and 
E22K peptides did not induce any effect. The E22Q peptide exhibited the fastest 
aggregation properties and the highest content of p-sheet pleated conformation as 
determined by circular dichroism and Fourier-transform infrared spectroscopy. 
Cytotoxicity was most prominent using freshly dissolved E22Q peptide, suggesting 
that intermediate conformers rather than the final fibril/aggregate are involved in the 
process. Our data indicates that conformational changes resulting from amino acid 
substitutions at position 22 of the AP sequence differentially affect the ability of the 
peptide to induce apoptosis in HCEC.
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850.5
SOLUBLE A3 OLIGOMERS (ADDLS), RATHER THAN FIBRILS, EXHIBIT 
POTENT NEURONAL SIGNALING EFFECTS. H-J, Kim2 4. S. T. Hong2. C 
J. Park4. W. B. Stine4. L, Kulans4. C. E, Finch2. W. L. Klein1. G, A. Krafft2,4*. 
‘Dept. of Neurobiology and Physiology, 2Dept. of Molecular Pharmacology and 
Biol. Chemistry, Northwestern University; 2Dept. of Neurogerontology, 
University of Southern California; “Evanston Northwestern Healthcare Research 
Institute, Evanston, IL 60201.
The prevailing amyloid cascade hypothesis of Alzheimer’s disease (AD) holds 
that amyloid becomes toxic when it adopts a fibrillar conformation, and that 
fibril deposition in senile plaques causes neuronal death and dysfunction. 
Unfortunately, many aspects of AD pathology and symptoms are not well 
explained by this hypothesis.

Last year our laboratories reported the discovery of soluble A3 oligomers 
known as at amyloid 3-derived diffusible ligands (ADDLs), structures that 
exhibited potent neurotoxic activity in brain slice cultures. Here we provide 
further characterization of ADDL signaling in neuronal cell culture systems, and 
we compare the activity of ADDLs with fibrillar forms of A3 in a human CNS 
cell line (NT2), a human PNS cell line (SHSY5Y), and a fibroblast cell line 
(3T3). To identify signaling pathways activated by ADDLs in NT2 cells, we 
investigated activation of protein kinases (PKC, PKA and tyrosine kinases). We 
also investigated the ability of ADDLs to activate NFkB-mediated transcription 
using a luciferase reporter system. Our results demonstrated strong rapid 
activation of PKC activity, and robust activation of the NFkB pathway by 
ADDLs. These findings suggest that neuronal signaling malfunction, activated 
by soluble amyloid oligomers (ADDLs), rather than fibrils, is responsible for 
the pathology and symptoms observed in AD.

Supported by the National Institute on Aging and the Alzheimer’s Assoc.

850.6

ENHANCEMENT OF MTT EXOCYTOSIS BY AMYLOID p- 
PROTEIN AND CHLOROQUINE IN RAT GLIAL CELLS.
I, Isobe*, M, Michikawa and K, Yanaaisawa, Dept. of Dementia 
Research, Natl. Inst. Longevity Sci.; Obu, Aichi, 474-8522,
Japan.

The effect of amyloid p-protein (Ap) on cellular reducing 
activity has been a controversial issue. We determined the 
cellular reducing activity in cultured rat glial cells using 3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
and 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-
disulfophenyl)-2H-tetrazolium (WST-8) reduction assays 
following Ap treatment. MTT reduction was inhibited whereas 
WST-8 reduction was unaffected by the Ap treatment, 
furthermore, an early extracellular appearance of MTT 
formazan, a reduced product of MTT, was observed in 
association with a rapid disappearance of intracellular formazan 
granules. Notably, similar results were obtained in astrocytic 
cultures treated with chloroquine, a perturbant of membrane 
trafficking. Our results suggest that MTT formazan exocytosis is 
enhanced in similar manners by Ap and chloroquine and that 
further investigation with chloroquine is useful to elucidate the 
molecular mechanism(s) underlying Ap-induced changes of cell 
biological function.

850.7

POSSIBLE INVOLVEMENT OF TAU PROTEIN KINASE I/GLYCOGEN SYNTHASE 
KINASE-33 (TPKI/GSK-33) IN NEUROTOXICITY OF Ap IMAGED IN A STANDARD 
METHOD M. Hoshi*, K. Ishiguro, N. Yoshida, N.R. Kobayashi, K. Sato and K. Imahori 
Mitsubishi Kasei Institute of Life Sciences, 11 Minamiooya, Machida-shi, Tokyo 194- 
8511.Japan.

Aggregated A3 is reported to have a variety of neurotoxic effects. To find if A3 
neurotoxicity is mediated by a single central mechanism or by several distinct pathways, 
we have first established the method to produce toxic aggregated A3].40 as we have 
shown last year, then we have examined molecular events occurred after aged A3i_40 
treatment using primary cultures from rat hippocampus or basal forebrains. In our model 
system, 50% of the cells was sensitive to 5 |lM aged AP j .49 as quantitated by either MTT 
assay or by counting viable cells using trypan blue dye exclusion assay. Three different 
pathways were detected before complete loss of cell bodies occurred at 48 hrs. The earliest 
response detected was an increase in the intracellular calcium, which we will discuss in 
another poster (see Kobayashi et al.. this abstract). The second response was an increase 
in mRNA as well as the protein level in TPKI/GSK-33 detected 1 hr after the treatment. 
Mitochondrial dysfunction occurred in the end, which started with elution of cytochrome 

c from mitochondria, then a decrease in redox activity was detected by MTT assay at 10 
hrs. The result suggests that the general machinery of the programmed cell death may 
execute neurodegeneration induced by aged AP].4q . 10 mM LiCl, an inhibitor of
TPKI/GSK-33 partially recovered the decrease in MTT activity, indicating that TPKI/GSK- 
33 would be involved in the mitochondrial dysfunction and the cell death. In our preliminary 
study. 5 nM PP2, a specific inhibitor of Fyn, partially attenuated the neurotoxicity of aged 
A3j_40 in MTT assay, which suggests that Fyn would mediate part of A3 neurotoxicity, 
consistent with the recent finding that hippocampal slice cultures from Fyn-knock out 
mice are resistant against Ap toxicity. Fyn upregulates TPKI/GSK-33 by phosphorylating 
it at Tyr-216 in vitro as well as in the early-stage of insulin-signal. Further studies are 
carried out to clarify if TPKI/GSK-33 is involved in A3-induced death cascade through 
Fyn activation or independently contributes to the cell death. Supported in part by the 
Program for Promotion of Fundamental Studies in Health Science of the Organization 
for Drug ADR Relief, R&D Promotion and Product Review of Japan.

850.8
EFFECTS OF Ap AND MICROTUBULE-STABILIZING DRUGS ON THE 
MICROTUBULE NETWORK IN PRIMARY NEURONS. Y.Chen*, D. 
Moore-Nichols, T. Robertson, M. Bechtel, and M.L.Michaelis. Dept. of 
Pharmacology/Toxicology, University of Kansas, Lawrence, KS 66045

The neurofibrillay pathogy in Alzheimer’s Disease (AD) indicates that 
disruption of microtubule (MT) networks is a major contributor to 
neurodegeneration. We previously reported that Taxol® protects primary 
neurons against Ap-induced toxicity (J. Neurochem., 1998, 70,.1623). In 
investigating the role of MT-stabilization in neuroprotection, we studied the 
effects of Ap on the integrity of the MT network in primary neurons. 
Monoclonal antibodies against p-tubulin were used with laser confocal 
microscopy to monitor effects of Ap, MT-stabilizing drugs, and a 
combination of Ap and the drugs on MT structure. Control cells had well 
defined, extensive, and highly organized MT networks in the cell bodies. 
Although MTs were more difficult to resolve in the neurites, labeling was 
organized and continuous throughout the processes. Following a 24 or 48 
h exposure to Ap, organization of the MT network in the cell bodies was 
severely disrupted, labeled neurites substantially shortened, and antibody 
labeling in the processes much reduced. Similar exposures to nM 
concentrations of Taxol® and structurally diverse MT-stabilizing agents 
resulted in MT network organization like that in controls except for slight 
MT bundling in some processes. Addition of MT-stabilizing agents 2 h prior 
to Ap substantially blocked the MT network disruption induced by Ap alone 
and markedly preserved the neuritic processes. These observations are 
consistent with analyses of the cells labeled throughout the cytoplasm with 
calcein and with overall levels of survival when a MT-stabil-izing agent is 
present with Ap. Preservation of the integrity of the MT network is likely to 
be an important component of reducing the toxicity of Ap deposited within 
the brain. (Alzheimer’s Assoc., AG12993, Inez Jay Fund).

850.9

MEMBRANE CURRENTS AND CELLULAR TOXICITY IN XENOPUS 

OOCYTE BY THE CARBOXYL TERMINAL FRAGMENT OF THE PBAPP. A.A. 

Biyan-Sisneros1, S.P Fraser1, M.B.A. Djamgoz1, Y.-H. Suh2, *. ‘Imperial College of 

Sci., Technol. And Med., Dept. of Biol., Neurobiol. Group, ; 2Dept. of Pharmacol. 

And Neurosci. Res. Inst., Seoul National Univ. ;Seoul 110-799, Korea

There is considerable evidence that certain metabolic fragments of the p-amyloid 

precursor protein (PAPP) containing the whole of the 3-amyloid (A3) sequences are 

toxic to cells. We showed previously that the 105-amino acid C-terminal peptide 

(CT10S) fragment, incorporating A3, is particularly toxic to Xenopus oocytes as well 

as to mammalian neurons. Here, we have investivated cellular toxicity and the 

contribution of Na+ and Ca2+ gradients to intracelluar CTI05-induced toxicity in 

oocytes. We have found that that CT10S is exceedingly potent, with a threshold 

concentration of 100-200nM, in inducing nonselective ion currents when applied 

from either outside or inside the oocyte and is more effective than either PAPP or the 

Ap fragments, A325.JS or A3M0. The ion channel activity of CT10S was concentration 

dependent. The results suggested that Na+ influx and intracellular events are mainly 

responsible for the CT10S-induced toxicity.

850.10
AP and CARBOXY-TERMINAL FRAGMENTS OF APP (CT105) STIMULATE 

ASTROCYTOSIS AND ACTIVATE MITOGEN-ACTIVATED PROTEIN 

KINASES(MAPK) IN ASTROCYTES. S.S. Kim1, J.H. Bach1, H.S. Chae1. J?C. Rah2, 

J.H. Lee2*Y.S. Kim2. K.Y. Kim1. W.B. Lee1, and Y.-H. Suh2- . ‘Dept. of Anatomy, 

Coll, of Med., Chung-Ang Univ.; 2Dept. of Pharmacol., Coll, of Med., Seoul Nat'l. 

Univ.; Seoul, Korea

One of the remarkable features of Alzheimer's disease is astrocytosis near senile 

plaques. Reactive astrocytes produce proinflammatory cytokines, nitric oxide, and 

subsequent reactive oxygen intermediates including peroxynitrites, that may lead to 

neuronal cell death in Alzheimer's brain. In present study, we investigated the 

possible role of CT105 APP as an inducer of astrocytosis in rat primary astrocytes 

and U87MG cells. Here we observed that 100 nM CT105 APP induced expression of 

vimentin and GFAP, markers of astrocytosis. Also, immunoreactivity of transcription 

factor NF-kB is increased and its translocation to nucleus was observed. Furthermore 

CT105 APP resulted in multiple activation of MAPKs, remarkably p44/42 

extracellular signal responsive kinase (ERK), which may account for proliferative 

signal transduction during astrocytosis
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850.11

CARBOXYL-TERMINAL FRAGMENT WITHOUT the AP DOMAIN OF APP 
INCREASES CELL MORTALITY IN DIFFERENTIATED PC 12 CELLS.
Jean-Pyo Lee'*K.-A Chang1. S.-S. Kim2, H.-S., Kim1, S.-J. JgflDg1 and Y.-H. Suh1 

‘Dept. of Pharmacol., Coll, of Med, Seoul National University, Seoul, Korea. 2Dept. 

of Anatomy, Coll, of Med., Chung-Ang Univ. Seoul, Korea.
Mutations in the P-amyloid precursor protein (APP) gene cause familial 

Alzheimer’s disease. Although its proteolytically derived fragment, amyloid P 
peptide (AP), is the principal constituent of senile plaques in AD, other cleavage 
products of APP are also implicated in playing a role in the pathogenesis of AD. 

Various sizes of C-terminal fragments (CTs) of APP, which contain the complete AP 
sequence, are found in neuritic plaques, paired helical filaments and the cytosol of 

lymphoblastoid cells obtained from AD patients. We have previously shown that a 
recombinant C-terminal 105-amino-acid (CT105) of human APP causes death of 

differentiated PC 12 cells and cultured rat cortical neurons (Kim et al., 1997). In the 
present experiments, we investigated which domain of PAPP-CT105 is responsible 
for the neurotoxicity. We have made a deletion mutant of CT105 which does not 
contain the Ap sequence using the PCR-amplified strategy and the GST fusion 

protein strategy. The effect on cell survival of the Ap deletion mutant of CT105 (8 
pM) was then determined by the lactate dehydrogenase (LDH) assay and the MTT 
cytotoxicity assay. We have found that CT without the AP domain significantly 
increases cell mortality in NGF-differentiated PC 12 cells. Our results suggest that 
the CT peptide itself may participate in the neuronal degeneration which is 

associated with AD.

850.12

FURTHER EVIDENCE THAT GLYPICAN MEDIATES 6- 
AMYLOID TOXICITY
J.G. Schulz*, D?Megow, M. Stockel, B. Muskala, G. David1
and U. Dimagl
Department of Neurology, Charite Hospital, Humboldt- 
University, Berlin, Germany and ‘Center for Human 
Genetics, University of Leuven, Leuven, Belgium

Previously we have shown that the heparan sulfate 
proteoglycan glypican mediates 6-amyloid toxicity as 
measured by MTT reduction in PC 12 cells. This evidence 
was based upon indirect evidence: Adding competing into the 
cell culture medium, pretreating the cell surface or inhibiting 
certain de novo synthesis pathways was effective in reducing 
the effect of 6-amyloid on MTT reduction.
Here we present further and direct evidence that glypican is 
indeed involved in 6-amyloid toxicity in vitro, showing that 
glypican-transfected but not wild-type CHO cells are 
vulnerable to 6-amyloid.

850.13
INVOLVEMENT OF AMYLOID PRECURSOR PROTEIN IN NEURONAL 
APOPTOSIS. T.T, Rohn, K.J. Ivins, C.W, Cotman and P.H, CribbTlnstitute for 

Brain Aging and Dementia Univ. of California, Irvine, CA 92697

We have investigated a novel mechanism involving neuronal APP using the 

monoclonal antibody, 22C11. Exposure of cortical neurons to 22C11 induced neurite 

degeneration, nuclear condensation and internucleosomal DNA cleavage consistent 

with an apoptotic mechanism of death. Caspase-mediated breakdown products of 

fodrin were also detected on western blots following treatment of cortical neurons 

with 2201. Both the morphological and biochemical changes induced by 2201 

were prevented by prior treatment with the caspase inhibitor, Z-VAD. The specificity 

of the 2201-mediated apoptosis was demonstrated by incubating 2201 with a 
peptide (APP^g,) which contains the antigenic epitope recognized by 2201. This 

peptide completely prevented neuronal damage induced with 2201. Preincubation 
of cortical neurons with GSH ethyl ester (GEE) resulted in complete protection from 

the 2201 insult, thus implicating an oxidative pathway in 2201 mediated neuronal 

degeneration. This was further supported by the observation that prior treatment of 

neurons with buthionine sulfoximine (BSO), an inhibitor of glutathione synthase 

potentiated the toxic affects of 2201. Finally, using compartmented cultures of 

hippocampal neurons, it was also demonstrated that selective application of 2201 
caused local neuritic degeneration that was prevented by the addition of GEE to the 
neuritic compartment. The crosslinking of APP with 2201 that results in neurite 

degeneration and apoptosis illustrates a potentially novel function for this protein in 
neurons. Supported by NIH AG-15951

850.14

WITHDRAWN

850.15
MODULATION OF AMYLOID-BETA TOXICITY. H, M. Tucker1*, M. Kihiko1, R. 
Rvdel2, S. Estus1. 1Dept. of Physiology, University of Kentucky, Lexington, KY 
40536; 2Elan Pharmaceuticals, S. San Francisco, CA.

Here, we focus on two aspects of amyloid-6 (A6) toxicity: altered 
expression of c-jun and modulation of A6 clearance. Previous findings from our 
lab have shown that amyloid 6 (A6) induces c-jun in rat cortical neurons and that 
c-Jun is necessary for NGF deprivation-induced sympathetic neuronal death. To 
evaluate the role of c-Jun in A6 toxicity, we compared A6-induced patterns of 
gene expression and neuronal death in neurons isolated from murine fetal 
littermates that were deficient, heterozygous, or wild-type with respect to c-jun. 
\Ne report that neurons deficient for c-jun are markedly resistant to A6 toxicity, 
relative to heterozygous or wild-type neurons, suggesting that c-Jun is critical for 
apoptosis in this model. Surprisingly, A6-treatment led to an equivalent apparent 
aetivation of the c-jun promoter in both the c-jun deficient and wild-type neurons, 
suggesting that c-Jun is not necessary for the activation of the c-jun promoter.

We also present data regarding a novel hypothesis that plasmin is a 
physiologically relevant A6 protease. These include: (i) A6 induces tissue 
plasminogen activator (tPA) in neuronal cultures in vitro, (ii) plasmin cleaves both 
non-aggregated and aggregated A6 with physiologically relevant efficiency, and 
(iii) plasmin protects neurons from A6 toxicity in vitro, suggesting plasmin can 
block A6 actions. These data, coupled with reports that aggregated A6 activates 
tPA to cleave plasminogen to generate active plasmin, and that plasminogen 
activator inhibitor (PAI-1), the physiologic inhibitor of tPA, is increased by 
inflammation and in AD, lead us to hypothesize that (i) A6 aggregates normally 
lead to localized plasmin activation, resulting in A6 degradation, and (ii) in AD, a 
feed forward cycle occurs in which inflammation increases PAI-1, which, in turn, 
inhibits tPA, decreases plasmin, and increases A6, which fuels inflammation. This 
work is supported by grants from NIH (S.E.), J. D. French Foundation (H.M.T.), 
and AHAF (S.E. and H.M.T).

850.16

OVER-EXPRESSION OF APP-BP1 INDUCES APOPTOSIS IN
PRIMARY NEURONS
Yx-Chen, PL, McPhic andR.L Neve*
Molecular Neurogenetics Laboratory, McLean Hospital,
Belmont, MA 02478, and Department of Psychiatry, Harvard 
Medical School, Boston, MA 02115

We have previously cloned a cDNA encoding APP-BP1 and 
shown that the protein coimmunoprecipitates with APP.
Recently, it has been indicated that APP-BPl/hUba3 heterodimer 
is the activating enzyme of the ubiquitin-like protein NEDD8 and 
may play a role in cell cycle regulation through downstream 
effectors (Genes & Development, 12:2263-2268,1998). To study 
the function of APP-BP1, we have made an antibody by using a 
purified GST-APP-BP1 fusion protein. Fractionation studies 
have shown that APP-BP1 is mainly localized in the cytoplasmic 
fraction. Confocal microscopy studies have shown that APP-BP1 
and APP are colocalized in the same compartments. Over-
expression of APP-BP1 in primary neurons induces apoptosis as 
shown in ApopTag assays. Funded by AG12954 to RLN.
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850.17

APP AND PAK3 INTERACT TO MEDIATE APOPTOSIS IN NEURONS. D. L. 
McPhie*, A. U. Hines-Peralta, K. G. Pratt and R.L. Neve. Harvard Medical 
School and McLean Hospital, Belmont, MA 02478.

We have previously demonstrated an interaction between the carboxyl-terminal 
portion of the amyloid precursor protein (APP) and the p21 activated kinase 
PAK3. APP and PAKs have been shown independently to have roles in 
apoptotic pathways. In the present study, the possibility of a convergence or 
interaction of APP and PAK3 in apoptotic pathways was examined. Primary 
cortical neurons infected with HSV recombinants expressing both wild type and 
FAD mutations of APP and PAK3 were examined for apoptotic events. 
Overexpression of wild type(WT) APP causes apoptosis in neurons, which is 
further enhanced by overexpression of familial Alzheimer disease (FAD) mutants 
of APP. The WT and FAD APP-mediated apoptosis is reduced by co-expression 
of a dominant negative kinase mutant (K297R)PAK3 and is increased by co-
expression of a dominant positive kinase mutation (T421 E)PAK3. Co-expression 
of PAK3(WT) or of a membrane targeted version of PAK3 (PAKCAAX) did not 
alter the degree of apoptosis caused by the WT or FAD APP. Moreover, 
expression of PAK3(WT) or any of the PAK mutants alone did not have an effect 
on apoptosis, indicating that interaction of APP and PAK3 is the crucial factor for 
the occurrence of this apoptotic pathway. The data implicate the kinase activity, 
rather than the membrane targeting activity of PAK3 in the apoptotic pathway. 
These results suggest that a normal functional interaction between APP and 
PAK3 in neurons may be disrupted by overexpression of WT APP or by 
expression of FAD mutants of APP. Funded by AG12954 to RLN.

850.18
DELAYED PROGRAMMED CELL DEATH OF SNPR NEURONS IN 
VIVO IS CHARACTERIZED BY NUCLEAR LOCALIZATION OF APP C- 
TERMINAL FRAGMENTS. LA. DeGiorgio1*, TA, Milner2, N. 
DeGiorgio1, B.T, Volpe1,2. ‘Burke Med. Res. Inst.; 2Weill Medical College, 
Cornell University, White Plains, NY 10605.

Intracellular accumulation of toxic APP fragments has been associated with 
neuronal death that immediately follows severe insult, but the role of APP 
fragments in delayed neuronal degeneration is poorly understood. In a rodent 
model of delayed degeneration in which a unilateral neurotoxic striatal lesion 
provokes programmed cell death days later in ipsilateral substantia nigra pars 
reticulata (SNpR) neurons, we characterized the temporal appearance of APP 
fragment immunoreactivity (IR) in targeted neurons. At 6 and 8 days 
postlesion (dpi) SNpR neurons ipsilateral to the lesion showed robust 
cytosolic IR for APP N-terminal (2201), C-terminal (G369), and amyloid 
epitopes (G239; 6E10). Remarkably, the nuclei of targeted SNpR neurons 
showed intense IR for APP C-terminal and amyloid domains, but not for the 
N-terminal domain. Coupled with the absence of nuclear IR with amyloid 1-40 
and 1-42 peptide-specific antibodies, these data suggest the presence of a 
contiguous APP C-terminal fragment (CTF) in the nucleus of degenerating 
neurons. Ultrastructural analysis of nigral sections from 6 dpi rats using an 
amyloid antibody (G239) showed significant accumulation of antibody-linked 
gold particles in the nuclei of targeted SNpR neurons (p<0.05) compared to 
contralateral control neurons. The appearance of nuclear APP CTFs may be 
significant to delayed neuron death. Supported by NYS Affiliate, Amer. 
Heart Assoc., Natl. Parkinson’s Found., Burke Med. Res. Inst.

850.19
A SECOND CYTOTOXIC PROTEOLYTIC PEPTIDE FROM B-AMYLOID 
PRECURSOR PROTEIN. D.C. Lu1'2, S. Rabizadeh13 , S. Chandra2, R. Shayya2, X. 
Ye2, G.S. Salvesen2, E.H. Koo2, D.E. Bredesen12*. ‘Program on Aging, The Burnham 
Institute, La Jolla, CA 92037; department of Neurosciences, University of California, 
San Diego, La Jolla, CA 92093; ’Interdepartmental Program in Neuroscience, 
University of California, Los Angeles.

The 8-amyloid precursor protein (APP) gives rise to the B-amyloid peptide (BAP), a 
cytotoxic proteolytic fragment implicated in Alzheimer’s disease. We have found that 
B-amyloid precursor protein is also proteolytically cleaved to generate a second unrelated 
c-terminal peptide, and that this c-terminal peptide is a potent inducer of apoptosis. 
Specific inhibitors blocked the generation and toxicity of this peptide. Alzheimer’s- 
associated APP mutants that lack this peptide demonstrated a markedly reduced 
capability of cell death induction. These results suggest that this non-BAP peptide 
derived from APP may play a role in the neural cell death associated with Alzheimer’s 
disease.

Supported by NIA grants (AG12282 to D.E.B. and AGO5131 to E.H.K.) and NINDS 
grants (NS37776 and NS35155 to D.E.B. and NS28121 to E.H.K). D.C.L. is the 
recipient of a grant from the Paul and Daisy Soros Fellowships for New Americans-the 
Program is not resposible for the views expressed. S.R. is an NSF Predoctoral Fellow.

850.20
A SMALL REGION OF THE APP C-TERMINAL DOMAIN REGULATES NEURITE 
OUTGROWTH AND INDUCES APOPTOSIS. E. Bertrand1, E. Brouillet2, C. Bouillot1, A. 

Prochiantzl and B. Allinquant^*. ^ENS-CNRS UMR 8542, Paris 75005, France; 2 CEA- 

CNRS URA 2210, SHFJ-DRM, Orsay, 91401, France.
Genetic studies on familial Alzheimer Disease and the presence of 8A4 amyloid 

peptide in deposits associated with Alzheimer's disease (AD) strongly suggest that the 
amyloid peptide precursor (APP) is involved in AD pathogenesis. One distinct 
possibility, based on studies showing that APP regulates signal transduction and 
neurite growth, is that its cytoplasmic C-terminal domain (APP C-ter) bears key 
physiological functions disturbed in sporadic or familial forms of the disease. To test 
this hypothesis, we linked the APP C-ter to a cell permeable vector and internalized it 
into primary neurons in-vitro ; this led to a significant decrease in neurite outgrowth. 
Using the same dominant negative strategy, we then internalized three peptides derived 
from APP C-ter. One of these peptides, closest to the membrane (aa 651-659) 
reproduced the effect of full-length APP C-ter. In addition, internalized at higher 
concentrations, the same peptide induced neuronal apoptosis. The two other peptides 
tested (aa 663-671 and aa 680-688) showed no significant biological activity. Peptide 
651-659 corresponds to a tyrosine-containing signal which, in polarized MDCK cells, 
is necessary for the addressing of APP to the cell baso-lateral domain. We thus either 
phosphorylated this tyrosine or changed it for an alanine or an aspartate. We find that 
the latter modifications either decrease (tyrosine phosphorylation) or abolish (tyrosine 
substitution) the induction of programmed cell death. Taken together, these 
observations suggest that the intracellular cleavage of APP C-ter can antagonize 
neurite outgrowth and induce apoptosis. It is noteworthy that the "active peptide" is 
comprised within the y secretase and caspase 3 cleavage sites (residues 636 and 664, 
respectively), thus suggesting that its overexpression in neuronal cell might mimic 
normal physiopathological events.

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA AMYLOID: CLEARANCE AND DEGRADATION

851.1
IMMUNOHISTOCHEMISTRY OF INSULIN DEGRADING ENZYME 
IN THE HIPPOCAMPAL FORMATION OF ALZHEIMER AND PDAPP 
TRANSGENIC MICE. K. Talbot,*1 M. Trucco,1 V. Chesneau,2 M. Rosner,2 J. 
Trojanowski,1 and B. Wolf.1 ’Path. & Lab. Med., Univ. of PA, Philadelphia, PA 
19104 and 2Ben May Institute, Univ. of Chicago, Chicago, IL 60637.

Insulin degrading enzyme (IDE) is a non-lyzosomal metalloprotease capable 
of degrading amyloid beta peptide, a core component of the neuritic plaques 
characteristic of Alzheimer’s disease (AD). To understand how IDE might 
affect the pathogenesis of AD, we mapped the enzyme in the hippocampal 
formation (HF). We did so in AD (N= 15) and control cases (N=16), as well as 
in wild type (WT) and PDAPP transgenic mice overexpressing amyloid beta 
peptide (N=24). Sections were processed for avidin-biotin immunohisto-
chemistry using rabbit polyclonal antibodies to human IDE (2BS or UCG43 at 
1:100 to 1:300 dilutions). In normal human HF, immunoreactivity was detected 
primarily in neuronal, not glial, elements, specifically in many pyramidal cells 
of the presubiculum, subiculum, hippocampus, and dentate hilus. Neuronal 
immunoreactivity was strongest in hippocampal fields CA2 and CA3a. Major 
immunoreactive fiber bundles were observed in the alveus, fimbria-fornix, and 
white matter of the temporal cortex. The AD cases differed from controls in 
decreased numbers of immunoreactive CA1 cells, increased numbers of CA1 
cells with strong immunoreactivity, and intensely immunoreactive spheroids 
resembling Lewy bodies loosely clustered in the subiculum and presubiculum. 
In contrast, the principal difference found between WT and PDAPP mice was 
glial: by 24 months the PDAPP mice displayed a profusion of immunoreactive 
astrocytes largely confined to the HF and adjoining white matter, including the 
fimbria and fornix. Supported by NIH grant AG 09215.

851.2
Catabolism of 3H/* 4C-labeled p-amyloid peptide (AP1-42) and 
variants in rat brain parenchyma
N. Iwata*, S. Tsubuki, Y. Takaki., H.-J. Lee, E. Hosoki, M. Sekiquchi, K.
Watanabe, M. Morishima-KawashimaU T. C. Saido. Laboratory for Proteolytic 
Neuroscience, RIKEN Brain Science Institute, Wako-shi, Saitama, Japan; 
^Department of Neuropathology, University of Tokyo School of Medicine, 
Bunkyo-ku, Tokyo.

Alzheimer's amyloid-p peptide (Ap) is a physiological peptide constantly 
anabolized and catabolized in vivo. We examined the mechanism of 
catabolism by tracing multiply radio-labeled peptides injected into rat 
hippocampus. While Api-42, the major form of secreted ApX-42, underwent 
almost full degradation in 30 minutes, Ap3(pyroglutamate)-42, the major 
pathologically deposited form, was only partially catabolized even after 60 
minutes. In contrast, Ap2-42, AP3-42, and AP4-42 were even more quickly 
degraded. We identified the major catabolic intermediate as Ap10-37 and 
found that phosphoramidon or thiorphan fully inhibited the entire 
degradation as well as the appearance of this intermediate. We also 
observed accumulation of endogenous Ap42 by thiorphan administration. 
These observations suggest that metallo-endopeptidase similar or identical 
to neprilysin is involved as a rate-limiting step in Ap catabolism in a manner 
influenced by the substrate's amino-terminal structure. Inhibition of this 
process could lead to an increased risk of developing Alzheimer's disease by 
facilitating Ap deposition. Supported by research grants from RIKEN BSI.
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851.3
Involvement of matrix-degrading proteinases in fibrillar Ap 
clearance
Y. Sekine-Aizawa*, E. Hama, N. Iwata., S. Tsubuki, T. C. Saido Laboratory for 
Proteolytic Neuroscience, RIKEN Brain Science Institute, Wako-shi, Saitama, 
Japan.

Deposition of amyloid-p peptide (Ap) in brain is presumably initiated by 
conversion of soluble Ap to fibrillar form, which may first develop into diffuse 
plaques and then cored plaques. The plaques may function as a reservoir for 
monomeric/oligomeric forms of Ap, the increase of which in brain 
parenchyma would exert direct and indirect neurotoxicity. Therefore, 
saturation of Ap in fibrillar form may trigger the pathological events leading to 
the onset of Alzheimer's disease. Recent pathological observations indicate 
that this fibrillar Ap may be subject to cellular clearance associated with 
astrocytes and microglia. However, the molecular mechanism of this fibrillar 
Ap clearance remains largely unknown, particularly in terms of the enzymatic 
identity of protease(s) that actually proteolyze Ap peptides. Such 
proteinases are likely to be distinct from those capable of proteolyzing only 
soluble peptides but rather should be able to act on insoluble peptide 
polymers. This assumption puts the matrix-degrading proteinases as primary 
candidates for fibrillar Ap-degrading proteinases although information about 
such proteinases represented by matrix metalloproteinases (MMP) in brain is 
quite limited. We discovered a novel MMP predominantly expressed in brain 
by cDNA cloning. This MMP is most strongly expressed in cerebellum that is 
known not to develop cored plaques but only diffuse plaques and thus could 
play a critical role in Ap clearance. Involvement of this novel MMP and other 
matrix-degrading enzymes in clearance of fibrillar Ap will be described. 
Supported by research grants from RIKEN BSI.

851.4
EFFECT OF APOLIPOPROTEIN E ON AB CLEARANCE IN VIVO. T. Chu1, S, 

Miller1, J. Sigel1, W. Beech1. B.D. Howard*2. G.M. Cole1 and S.A.

Frautschv1. 1 Sepulveda VAMC, GRECC and Depts Med. & Neurol , 2Dept. 

Biol. Chem., UCLA, CA 90095.
A previous report showed fewer A3 deposits in transgenic mice 

overexpressing APP with no ApoE (APP x ApoE'/ApoE"). Thus, the 
presence of ApoE may retard AB degradation by altering the availability of 
AB to proteases or directing traffic to cell receptors. The degradation 
profile of AB was studied using the paradigm of injecting AB into the CA1 
region of mouse hippocampus. When 1-2 pg of AB 1-40 was injected 
stereotaxically into the brains of C57BI6 mice, the peptide, as assayed by 
sandwich ELISA, was rapidly reduced in the brain within 30 min, in a dose- 
dependent manner. The remaining level of AB was 7.2±3.5 ng after 1 pg of 
AB whereas the remaining level was 20.82±7.81 ng after 2 pg of AB. 
Whether the AB degradation is dependent on ApoE and human ApoE isotypes 
will be evaluated in ApoE knock out and human ApoE transgenic mice .

Following AB by sandwich ELISA raises the issue of antigen masking o r 
non-specific binding effects. Although the signal in AB sandwich ELISA was 
not influenced by low concentration of added lipoproteins, the ELISA signal 
was strongly affected by the concentration of total brain protein. The 
standard curve fluorescence signals increased with total protein, in a 
concentration dependent manner. It is thus important to equalize the 
amount of protein in both the standards and unknowns for an accurate 
analysis. Effects of a range of apolipoproteins on AB sandwich ELISA 
signal will be examined. Lipoprotein dependent AB degradation may be an 
important regulator of amyloid deposition rates. Supported 
byAg10685(SAF), VA Merit (SAF) and VA Merit (GMC).

851.5

ALPHA2-MACR0GL0BULIN MEDIATED Ap INTERNALIZATION 
AND DEGRADATION.
A.J. Saunders *, D.M. Kovacs, R.D. Moir, A.I. Bush, and R.E. Tanzi.
Genetics and Aging Unit, Department of Psychiatry, Massachusetts General 
Hospital, Harvard Medical School, Building 149, 13th St, Boston, MA 
02129.

Recent genetic and biochemical data have implicated alpha 2- 
macroglobulin (a2M) in late onset Alzheimer's disease (AD). The role of 
a2M in AD is likely associated with its ability to bind Ap and mediate Ap 
internalization and degradation. This internalization occurs via the low 
density lipoprotein receptor-related protein (LRP). LRP is a cell surface 
receptor that binds and mediates the internalization of amyloid P-protein 
precursor (APP-KPI) and apolipoprotein E (ApoE). The fact that a2M, 
APP-KPI, ApoE, and their receptor LRP have been genetically linked to 
AD suggests that these proteins may participate in a common 
neuropathogenic pathway leading to AD. We are testing the hypothesis 
that abnormalities in a2M-mediated AP catabolism underlie these 
associations. To this end, we have investigated in vitro a2M/Ap/ApoE 
binding as well as <x2M-mediated Ap internalization and degradation, in the 
presence and absence of ApoE isoforms. Our preliminary results from the 
in vitro binding studies suggest that (i) a2M binds ApoE and (ii) ^H-AB 
may bind a2M differently than 125j _ab . Preliminary results from AP 
internalization and degradation experiments suggests the a2M-mediated AP 
internalization and degradation is increased in the presence of ApoE. 
Further studies are aimed at the mechanism by which a2M, ApoE, and LRP 
may collaborate to mediate the clearance and degradation of Ap.

[Supported by grants from NIA and Mass. ADRC]

851.6

LDL RECEPTOR-RELATED PROTEIN LIGANDS MEDIATES THE 
CLEARANCE OF ENDOGENOUS P-AMYLOID PEPTIDE IN 
PRIMARY CORTICAL NEURONS. Z. Oiu1*, D.K, Strickland,2 B.T. 
Hvman1, J. Yess1 and G.W. Rebeck1. 1 Alzheimer Research Unit, 
Massachusetts General Hospital, Harvard Medical School, Boston MA 
02129; 2Holland Laboratory, American Red Cross Rockville, MD 20855.

Genetic and biochemical data suggest that LDL receptor-related protein 
(LRP), a receptor of apolipoprotein E, is involved in Alzheimer’s disease 
(AD. To investigate the role of LRP on preventing the accumulation of of 
p-amyloid peptide (Ap), we examined the effects of LRP ligands, a2- 
macroglobulin (a2M) and lactoferrin (LF) which are enhanced in AD 
brain, on the clearance of endogenous Ap. Studies were performed in 
primary Tg2576 transgenic cortical neuronal cultures expressing human 
mutant amyloid precursor protein (APP) 695. This system allowed us to 
follow endogenous Ap using immunoblots to detect monomeric forms of 
the peptide. We found that both activated a2M (a2M*) and LF 
substantially decreased soluble Ap levels, and had no effect on secreted 
or full-length APP levels. Native <x2M and al-antichymotrypsin, which 
are not ligands for LRP, did not reduce AP levels. The receptor- 
associated protein (RAP), which inhibits interaction of all ligands with 
LRP in vitro, prevented a2M* or LF-induced decreases of soluble Ap 
levels. These data suggest that a2M* and LF affect soluble AP clearance 
rather than Ap production. Treatment of primary neurons with a2M* 
increased LRP expression, and this effect was blocked by RAP. Taken 
together, these data demonstrated that LRP ligands could enhance 
endogenous Ap clearance, and pharmacological upregulation of LRP in 
neurons could inhibite AP accumulation. (Suported by American Health 
Assistant Foundation, AG14473 and AG12406)

851.7

ROLE OF LDL-RECEPTOR FAMILY MEMBERS IN ASTROCYTE-APOE/AP 
CLEARANCE. Y. Sun1*, A. M, Fagan1, G, Bu2, D, M. Holtzman1.
Dept. of ’Neurology, Molecular Biology & Pharmacology, CSNSI, and 
2Pediatrics Washington University School of Medicine, St. Louis, MO 
63110

Deposition and buildup of the amyloid-P (AP) peptide in the brain 
appears to play an important role in Alzheimer’s disease (AD). The e4 
allele of apolipoprotein E (apoE) is a risk factor for AD. Recent in vivo 
data in both transgenic mice and in human AD suggest that apoE can 
influence AP deposition and that this may occur through effects of apoE on 
AP clearance. In the brain, apoE is predominantly secreted by astrocytes. 
We sought to determine whether astrocyte-secreted apoE interacted with 
LDL-receptor family members as well as whether it modified the cellular 
binding, uptake, and degradation of APvia these receptors. Utilizing 
mouse embryonic fibroblasts (MEF) which were wild-type (MEF-1), LRP 
-/- (MEF-2), LDLR -/- (MEF-3), and LRP,LDLR -/- (MEF-4) (gift of J. 
Herz), we found that both astrocyte-secreted and lipid-poor recombinant 
human apoE could be degraded via LDLR and LRP. It appeared, however, 
that lipid poor apoE was a better ligand for LRP than astrocyte-apoE. We 
also found that 125I-labelled AP could be degraded via MEF cells. 
Experiments are underway to determine whether astrocyte-apoE influences 
the cellular, binding, uptake, and degradation of AP via LDLR, LRP, or 
other mechanisms, (supported by NIH AG13956, AG-00861-01, AG- 
05681-16, Ruth K. Broad Foundation, Alzheimer’s Association RG3-96- 
26)
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852.1

Oligomeric Ap in PBS- soluble extracts of human Alzheimer brain
P. A-Guerette1'2. J.T, Legg1,2. R. A Cherny12*. C.A Mclean2. C. L, Masters2. K. 
Bevreuther and Al. Bushl1,4. l.Neuropathology DeptThe Mental Health Research 
Institute of Victoria, Parkville, Australia, 2. Dept of Pathology, The University of 
Melbourne, Parkville Australia, 3. Centre for Molecular Biology, University of 
Heidelberg, Germany, 4. Laboratory for Oxidation Biology, Dept of Genetics and Aging, 
Mass. General. Hospital, Boston Ma. USA

Fibrillar Ap has historically been viewed as the primary candidate for the neurotoxic 
element in Alzheimer’s disease (AD). More recently we have observed a clear correlation 
between severity of disease and what has been described as the soluble amyloid 
component Further evidence from toxicity studies using synthetic peptide suggest that 
soluble, SDS-resistant oligomeric Ap aggregation intermediates of between 17 and 47 
kDa may be implicated as the immediate toxic principle. In order to ascertain whether 
such stable, soluble, oligomeric species are present in human AD brain we extracted lg 
of cortex from affected brains in 3ml of PBS, pH7.4. The extract was centrifuged at 
100,000g and the supernatant subjected to FPLC size exclusion chromatography 
resolved in PBS buffer. 1ml fractions were freeze dried, subjected to Tris-Tricine PAGE 
and Western analysis performed using WO2 mAb to detect the amino termini of Ap 
species. Discrete immunoreactive bands were consistently observed, ranging in size 
from a minor band at around 8kDa to major bands at approx. 13 and 47 kDa. To 
determine the stability of these oligomers we subjected the fresh PBS supernatant to 
PAGE, electroleluted the individual bands and re-electrophoresed the fractions. We 
consistently observed a pattern reflecting substantial disaggregation of species under 
21kDa to monomeric, dimeric and particularly trimeric Ap while oligomers of 30kDa 
and above appeared relatively stable with substantially lesser disaggregation. We 
conclude that stable oligomers of Ap are the primary component of the soluble amyloid 
fraction and that these oligomers are constructed from less stable oligomeric species 
rather than from monomeric Ap or alternatively, represent conjugates of Ap and a carrier 
protein such as APoE. Based on evidence from our laboratory we speculate that the 
peculiar stability of the high molecular weight oligomers may be due to cross-linking 
resulting from metal-mediated free-radical damage. Toxicity studies on size -separated 
fractions are currently in progress.

852.2

OXIDATIVE CROSSLINKING OF THE ALZHEIMER’S 
AMYLOID PEPTIDE AB1-40 BY DITYROSINE FORMATION
Garzon-Rodriguez, W.1,2, Yatsimirsky, A, K.2, Glabe, C. G.1* ’Dept. of 
Mol Biol and Biochem, and Univ. of California, Irvine, California 92697 and the 
1,2Universidad National Autonoma de Mexico,Facultad de Quimica, UNAM, Mexico 
D.F., Mexico 04510

Oxidative damage, particularly to protein, has been widely postulated 
to be a major causative factor in the loss of functional capacity during 
aging. One oxidative mechanism involves tyrosyl radical, which is 
generated by peroxidases and other heme proteins. Two tyrosyl radical 
can react to form dityrosine, stable end crosslinking product. Protein 
crosslinking may be intramolecular and /or intermolecular capable of 
generating high molecular weigh oligomers. In this work we used size- 
exclusion chromatography and fluorescence spectroscopy to study the 
tyrosine crosslinking of amyloid peptide. Dityrosine crosslinked AB 1-40 
was prepared by the enzymatic method of Amado et at (1984) and the 
products separated by size exclusion chromatography. Dityrosine 
formation was detected by fluorescence at 410 nm. After crosslinking, 
discrete products representing dimers, tetramers and higher oligomers 
were detected by SDS polyacrylamide gel electrophoresis. These 
products contained dityrosine as judged by fluorescence emission at 410 
nm. The efficiency of the reaction was dependent on the concentration 
of the peptide. It remains to be established whether this type of 
crosslinking occurs amyloid in human AD brain.
Supported by NIH NS31230

852.3

Nonfibrillar A8 1-42 (ADDL) Causes Aconitase Inactivation and Iron- 
dependent Neurotoxicity. Valter D. Longo* and Caleb E. Finch. Andrus 

Gerontology Center and, University of Southern California, 3715 McClintock 

Avenue, Los Angeles, CA.

We previously found that nonfibrillar (slowly sedimenting) forms of 
AB 1-42 (ADDLs) are potent neurotoxins and that knockout of the Fyn 
kinase reduced this toxicity (Lambert et al PNAS 95, 6448-53, 1998). Here 
we show that ADDLs are more potent neurotoxins than fibrillar AB and 
provide evidence for their mechanism of action. Prolonged exposure of rat 
PC12 and human neuroblastoma SK-N-SH cells to ADDLs caused 
reversible inactivation of aconitase, a marker of superoxide generation. The 
enzyme could be reactivated by incubation of cellular extracts with iron and 
sulfur, strongly suggesting that ADDLs cause the release of iron from its 
4Fe-4S cluster. This inactivation was correlated with decreased 
mitochondrial functions and preceded loss of viability. Similar, but more 
modest effects were observed after treatment with fibrillar AB 1-42. The 
iron chelator deferoxamine blocked the effect of ADDLs,. The expression in 
PC 12 cells of a dominant-negative form of the small GTP-binding protein 
racl, involved in superoxide generation in other cell types, also blocked 
ADDLs toxicity. These data suggest that the toxicity of AB 1-42 requires the 
activity of a signal transduction pathway that includes Racl, downstream of 
Fyn, and is mediated by superoxide and free iron.

852.4

AMINO-TERMINALLY MODIFIED AMYLOID BETA PEPTIDES: 
NEUROTOXICITY AND CATABOLISM. S, Thellung1, P. Carlo1, C, Russo1. G. 
Pozzolr*. E, Violani1. G.Schettini1.! Pharmacology and Neuroscience National Cancer 
Institute, Advanced Biotechnology Center and Section of Pharmacology Dept. of 
Oncology Univ. of Genova, Italy, 2 Pharmacology Dept. University of “ S. Cuore,” 
Rome, Italy.

Amino-terminally truncated and pyroglutamate modified Ap-peptides (p3-42/40 and 
pi 1-42), the major Ap species deposited in Alzheimer’s disease (AD), are present in 
early deposits and diffuse plaques. Presenilins overexpressing cells may produce amino- 
terminally truncated peptides in intracellular compartments and these modified Ab 
peptides are abnormally expressed in Presenilin 1 inherited patients in plaques as well as 
soluble derivatives. The evidence that amino-terminally truncated Ap peptides are 
increasingly present in DS subjects in an age (and consequently severity-)-related 
manner, could suggest that these isoforms are pathogenically important. Little is known 
about p3-42/40 or pi 1-42 Ap peptides from the point of view of their toxicity and 
fibrillogenic properties. Another aspect that needs clarification is if truncated and 
modified peptides like the pyroglutamate-modified ones are more prone or more 
resistant to degradation by astrocytes than the full-length Ap The hypothesis that the 
peculiar amino-terminal modification could make these peptides resistant to protease 
action other than pyroglutamate specific ones has been recently raised. Our results 
indicate that pyroglutamate Ap -peptides are neurotoxic, highly fibrillogenic and are 
resistant to degradation by rat astrocytes, while the full-length Ap 1-42 is digested as 
indicated in western blot and MALDI-TOF mass spectrometry. Aggregated peptides are 
present either on the membrane surface of glial cells and as internalized amorphous 
aggregates. These data suggest that the formation of amino-terminally modified Ap- 
peptides might influence the persistence of Ap favoring the aggregation process and the 
consequent formation of amyloidotic deposits. (MURST CNR 5% 1998, Fondi Ateneo 
’98 to GS)

852.5

STABILITY OF SMALL OLIGOMERS OF ApM2 (ADDLs). B.A. Chromy1*, R.J. 
Nowak1, C.E. Finch2, G.A., Krafft3, and W.L. Klein1. ‘Dept. Neurobiology and 
Physiology, Northwestern University, Evanston, IL 60208 2Andrus Gerontology 
Center, USC, Los Angeles, CA 90089 3ENHRI, Evanston, IL 60201.

APi.42 is a self-associating peptide whose aggregated states are neurotoxic and 
implicated in Alzheimer’s disease (AD). Until recently, the predominant structural 
state considered to be toxic has been the large Ap fibril, as seen in amyloid deposits of 
neuritic plaques. Although previous reports have shown that small oligomers of ApM2 
are found in human brain and increased in AD, these have been thought to be 
intermediates en route to fibril formation. The current study has addressed whether 
small ApM2 oligomers exist only as transient intermediates or if they constitute 
relatively stable aggregation end-products. ApM2 oligomers were profiled by SDS- 
PAGE and ECL-amplified immunoblots; the occurrence of oligomers shows an 
unusual stability in SDS and thus their calculated molecular weights are only 
approximate. In solutions prepared at 4 °C, fibrils typically were absent, and the 
predominant oligomer was 17 kDa. Solutions prepared at 37 °C contained the 17 kDa 
oligomers, but abundant fibrils also were present. Oligomers prepared at 4 °C 
remained fibril-free for days, even when shifted to 37 °C. The temperature jump, 
however, did promote reorganization. The favored species after the temperature jump 
was an oligomer migrating slightly larger than 100 kDa; analogous results were 
obtained by AFM. Other experiments, testing incubation times, concentrations, 
temperatures, and chaperones all support the conclusion that small oligomers are 
sufficiently long-lived to account for ApM2 neurotoxicity in the absence of fibrils. 
Results are consistent with previous observations and support our hypothesis that 
small ApM2 oligomers (ADDLs) play a role in Alzheimer’s nerve cell dysfunction 
and death (T Oda et al., 1994; MP Lambert et al., 1998). The ADDL hypothesis 
explains why various Ap transgenic animals can show pathology sans amyloid 
deposition and accounts for the imperfect correlation between neuritic plaques and 
neuronal degeneration in Alzheimer’s disease. Supported by NIH, the Alzheimer’s 
Association and the Boothroyd Foundation.

852.6
NEURON DYSFUNCTION AND DEATH CAUSED BY SMALL AB 
OLIGOMERS: ROLE OF SIGNAL TRANSDUCTION. M.P. Lambert1*, A. 
Barlow1, J, Lin1, G. Priebe1, K.L. Viola1, C. Zhang1, C.E. Finch2, G.A.
Krafft3, and W.L. Klein1. ’Dept. of Neurobiology and Physiology, 
Northwestern University, Evanston, IL 60208,2Univ. of Southern California, 
Anders Neurogerontology Center, Los Angeles, CA 90089,3Evanston 
Northwestern Healthcare Research Institute, Evanston, IL 60201.

Previous work from this laboratory has reported on a new oligomeric form 
of AB protein which is soluble and toxic to cultured neurons. These 
oligomers are named ADDLs, for AB-derived, diffusible ligands. Although 
with continued exposure ADDLs kill neurons at nanomolar doses, at early 
times they prevent LTP in vivo and in brain slices, well before any cytological 
damage. These facts indicate that a major factor in Alzheimer’s disease could 
be the very early interactions of ADDLs with neurons. Investigations of early 
interactions with ADDLs show maximum binding to both BI03 CNS 
neuroblastoma cells and primary hippocampal cells within 1 hr, typical of a 
peptide ligand. Crosslinking experiments suggest the possibility that ADDLs 
have one major binding protein. Incubation with ADDLs over a similar time 
scale also increases the activity of two closely related protein tyrosine kinases, 
Fyn and FAK. Fyn activity almost doubles by 40 min. and is still up-
regulated after 3 hours. The unusual non-desensitizing nature of the response 
may be instrumental in ADDL toxicity. Shortly after the change in Fyn, the 
activity of FAK also increases. The FAK increase is about 20% and is also 
non-desensitizing. In certain cultured cells, ADDL incubation causes 
apoptotic cell death, consistent with reports that Fyn signaling is involved in 
developmental programmed cell death and in LTP. Funded by NIH, 
Alzheimer’s Association, Boothroyd Foundation.
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852.7
IMMUNOLOCALIZATION OF OLIGOMERIC Afi42 BINDING TO PRIMARY 
MOUSE HIPPOCAMPAL CELLS AND BI03 RAT NEUROBLASTOMA CELLS. 
Kirsten L. Viola1, Mary P. Lambert1, Todd E. Morgan2, Caleb E. Finch2. Grant A.
Kraffi3, Bert Ph.M. Menco1*, and William L. Klein1. ’Dept. of Neurobiology &
Physiology, Northwestern University, Evanston, IL 60208; 2Anders
Neurogerontology Center, Univ. Southern California, Los Angeles, CA 90089; 
3ENRHI, Evanston, IL 60201;.

AB42 is self-associating peptide whose aggregated structures have been 
implicated in the nerve cell death of Alzheimer’s Disease. Large fibrillar structures, 
such as those found in neuritic plaques, have been thought to be the toxic structural 
states. Small AB42 oligomers also have been detected in human brain tissue, but these 
have been considered intermediate states between monomers and fibrils. More recent 
observations, however, have demonstrated that small AB42 oligomers are in fact potent 
neurotoxins (PNAS 95:6445). This study has characterized the binding and toxic 
effects of these small AB42 oligomers, called ADDLs, to dissociated nerve cell 
cultures. Primary mouse hippocampal and BI03 rat neuroblastoma cultures were 
examined by immunofluorescence microscopy to follow the distribution of ADDLs 
with increased exposure time. Results showed a punctate distribution of ADDLs over 
the entire surface of both hippocampal and BI 03 cells, extending to the tips of 
neuritic processes. The initial size was near the limits of resolution for fluorescence 
microscopy. The number of puncta was nearly maximum by 60 minutes. Puncta size 
showed an increase with time, however, and by 24 hours, many of the puncta were 
more than double in size. The number of puncta was influenced by the means used to 
prepare ADDLs, with ADDLs formed via the chaperone-like action of clusterin being 
more abundant than ADDLs formed by a cold-solution procedure. Despite differences 
in distribution, whole mount transmission electron microscopy (WMTEM) showed no 
obvious differences in the initial structures of the two different ADDL preparations, 
and both were toxic to cultures, resulting in neuronal death within 24 hours. Funded 
by NIH, Alzheimer’s Association, & Boothroyd Foundation.

852.8

AB-DERIVED DIFFUSIBLE LIGANDS (ADDLs); CLUSTERIN 
(APO J), CONGO RED BINDING AND TOXICITY. T.E. Morgan2*, 
P.A. Wals2.1. Mohtashemi2. W.B. Stine1, W.L. Klein1. G.A. Krafft1, 
and C.E. Finch2. ‘Northwestern University, Evanston, IL; 2Andrus 
Gerontology Center, Department of Biological Sciences, University of 
Southern California, Los Angeles, CA 90089.

Aggregated AB 1-42 fibrils form the core of neuritic plaques in 
Alzheimer’s Disease. However, soluble oligomers of A61-42 may 
enable AB-related neurotoxicity to spread and diffuse within the brain 
parenchyma. We are characterizing the physical and biological 
properties of AB 1-42 oligomers which we designate AB-derived 
diffusible ligands (ADDLs) (Lambert et al., ‘98 PNAS). Aggregation of 
AB 1-42 with clusterin (apolipoprotein J) (1:20 molar ratio) results in 
slowly-sedimenting AB oligomers (JADDLs) that bind congo red (CR) 
with a hyperchromic shift that indicate the presence of B-sheet 
structures. JADDLs (2-4pM AB) are toxic to PC 12 cells and neurons in 
rat organotypic hippocampal slice cultures. In slice culture, JADDLs- 
induced toxicity begins in CA1, spreads to CA3 and eventually dentate 
granule neurons by 4 days. ADDLs prepared in the absence of apoJ are 
also being examined. Aggregation of AB 1-42 at 4°C results in slowly- 
sedimenting AB oligomers (cold ADDLs) that do not show B-sheet 
characteristics (no hyperchromic shift in the presence of CR). Even so, 
cold ADDLs are toxic to PC12 cells. These experiments will provide 
clues on the unique contributions that clusterin provides to AB-induced 
toxicity.
Supported by AG-09793 & AG-13499 (CEF) and the Alzheimer's 
Association-Estate of Ann Clark Hobson, FSA-95-033 (TEM).

852.9

ELECTRON CRYO-MICROSCOPY OF AMYLOID P-PROTEIN PROTOFIBRILS.
B._Bohrmann‘, D.M. Walsh2. C. Nordstedt', and D.B. Teplow2*. 'Pharma Preclinical 
Research, F. Hoffmann-La Roche Ltd., 4070 Basel, Switzerland; 2Brigham and 
Women’s Hospital and Harvard Medical School, Boston, MA 02115 U.S.A.

Alzheimer’s disease is characterized by cerebral deposition of the amyloid p-protein 
(AP). Areas of damaged neuropil are associated with amyloid deposits containing 
aggregates of Ap fibrils. In vivo and in vitro studies have shown that fibrils are 
neurotoxic. In addition, recent work (Walsh et al., submitted; Hartley et al., in 
preparation) has revealed that protofibrils, an amyloid fibril intermediate, are also 
neurotoxic. This important finding requires that strategies for inhibiting fibrillogenesis 
target not only mature amyoid fibrils but fibril intermediates as well. In order to 
develop these strategies, fibril assembly must be understood at the molecular level. We 
report here results of studies of amyloid protofibril assembly obtained using a recently 
developed method of negative staining electron cryo-microscopy which maximizes 
preservation of native macromolecular structure. Protofibrils were prepared by 
incubation of AP(l-40) in 100 mM Tris-HCI, pH 7.4, purified by size exclusion 
chromatography, then imaged as frozen hydrates. Protofibrils appeared as short, 
curved, rod-like structures with lengths ranging from 10-200 nm. An axial periodicity 
of ~5 nm was detected which could represent the size of a protofibril subunit. 
Protofibrils had diameters of ~4 nm, distinct from the 2.5 nm diameters of 
protofilaments composing multistranded mature amyloid fibrils. In addition, 
protofibrils did not display the rigidity or length of amyloid fibrils. These structural 
difference suggest that fibril maturation involves significant changes in A P 
conformation and/or organization in the assembled polymer. Whether these changes 
are strictly intramolecular, or involve intermolecular alterations in Ap packing, is 
unknown. Electron cryo-microscopic approaches will be useful for addressing these 
issues and for investigating the effects of potential fibrillogenesis inhibitors under 
physiologic conditions. (Supported by NIH NS38328 and NIH AG14266.)

852.10

DIVERSITY OF THE LOCALIZATION OF AMYLOID PRECURSOR 
PROTEIN IN DETERGENT-INSOLUBLE GLYCOSPHINGOLIPID-RICH 
MICRODOMAINS
H. Havashi'^T. Mizuno1, M, Michikawa1, H, Christian2 and K. Yanagisawa1
'Department of Dementia Research, National Institute for Longevity Sciences, 
36-3 Gengo, Morioka, Obu 474-8522, Japan, 2Central Institute for Mental 
Health, Department of Molecular Biology, J5, 68159 Mannheim, Germany

To determine the localization of the amyloid precursor protein (APP) on the 
cellular membranes, we performed membrane fractionations of cells of Madin- 
Darby canine kidney (MDCK) and P19 cell cultures, which were transfected 
with human APP695 cDNA. In MDCK cells, APP was present in abundance 
exclusively in the supernatant following ultracentrifugation of Triton X-100- 
solubilized plasma membrane fractions, and in the high-density fractions of 
sucrose density gradient fractionation (SDGF) following Triton X-100 
solubilization. Based on the lack of co-fractionation with caveolin-1 
immunoreactivity, which is widely used as the marker for caveolae or 
detergent-insoluble glycosphingolipid-rich microdomains (DIGs), we 
concluded that APP is not normally present in the DIGs of MDCK cells. In the 
experiments using P19 cells, we detected two isoforms with different 
mobilities upon polyacrylamide gel elecrophoresis. The APP with the 
apparently higher molecular weight (mature type) was detected in the low- 
density fractions of SDGF following Triton X-100 solubilization, along with 
high concentrations of cholesterol and GM1 gangliosides, whereas the APP 
with the apparently lower molecular weight (immature type) was present in 
abundance in the high-density fractions which contained integrin. Neuronal 
differentiation of Pl9 cells with retinoic acid did not dramatically alter the 
distribution of APP in the fractions of SDGP. The results of this study suggest 
the following: first, the integration of APP into DIGs is absolutely dependent 
on cell type; secondly the localization of APP in DIGs is associated with 
maturation of APP molecules.

EXCITATORY AMINO ACIDS: EXCITOTOXICITY AND CELL DEATH VII

853.1
NMDA DISSIPATES MITOCHONDRIAL MEMBRANE POTENTIAL (Ay) IN 
HIPPOCAMPAL NEURONS FROM POSTNATAL RATS ONLY AFTER THE 
MATURATION OF VULNERABILITY TO EXCITOTOXICITY. T.D, Marks* and X-
M. Zhang. Department of Pediatrics, University of Chicago, Chicago, IL 60637.

We have shown that vulnerability of postnatal hippocampal neurons in culture 
to NMDA receptor activation does not reliably occur in neurons from animals younger 
then PJg. However, Fura-2 measurements of free intracellular calcium concentrations 
([La++Ji) fail to differentiate peak NMDA-induced [Ca++j, increases in neurons from 
younger animals from those in neurons from older animals. These results suggest that 
maturation-dependent increases in NMDA vulnerability may be determined by 
mechanisms downstream of the [Ca++]; increase. Alternatively, Fura-2 measurements may 
not distinguish important differences in micromolar [Ca++]i between neurons from older 
and younger animals. We performed time-lapse studies of NMDA-induced [Ca++], 
increases in hippocampal neurons cultured from P5 and animals at 5 days in vitro 
using the low affinity Ca++ reporter dye Fura-2FF (Kp 25 JJ.M). Mean Fura-2FF ratios at 
baseline were identical in the two groups. Although subsequent loss of [Ca++]; 
homeostasis and death differentiated P22 neurons from P5 neurons, mean fura-2FF ratios 
during NMDA (300 (J.M) stimulation did not differ significantly. Because loss of [Ca++], 
homeostasis can accompany dissipation of Ay and altered mitochondrial [Ca++]; 
buffering, we measured NMDA-induced changes in Ay in mitochondria-rich areas of 
hippocampal neurons cultured from P2, Pn and P22 neurons at 5 days in vitro, using the 
Ay-sensitive dye, JC-1. Mean baseline JC-1 ratios were not significantly different among 
groups (p=0.16). In addition, NMDA caused no Ay changes in the P2 and Pn neurons. 
However, in the P22 neurons, NMDA significantly decreased Ay (12.9% ± 2.57% SEM, 
n=43, p<.01). Thus, mitochondrial dysfunction occurs during NMDA stimulation only 
in neurons from older animals, and may contribute to their increased vulnerability to 
NMDA Supported by the Biological Sciences Division, University of Chicago.

853.2
MITOCHONDRIAL MEMBRANE POTENTIAL AND GLUTAMATE 
EXCITOTOXICITY IN CULTURED RAT CEREBELLAR GRANULE CELLS.
M. W. Ward* and D.G. Nicholls. Neurosciences Institute, Dept. of Pharmacology and 
Neuroscience. University of Dundee, Scotland, UK

Cerebellar granule cells exposed to glutamate/glycine undergo a stochastic failure of 
cytoplasmic Ca2+ homeostasis (DCD). Much of the Ca2+ entering the cells via the 
NMDA receptors is accumulated by the intracellular mitochondria, and there is 
considerable evidence that the consequent enhanced generation of reactive oxygen 
species (ROS) causes oxidative damage to the cell which culminates in DCD. Cells in 
which the mitochondria have been depolarised by the combination of rotenone and 
oligomycin are highly resistant to glutamate excitotoxicity, since depolarisation 
prevents both matrix Ca2+ accumulation and mitochondrial ROS generation. It is 
difficult to reconcile these findings with the consensus that glutamate induces an early 
depolarization of the mitochondria. We have re-evaluated the use of TMRM, which 
has been extensively used to monitor mitochondrial membrane potential, Ay,,,. 
Exposure of granule cells to glutamate results in a slow, extensive, fluorescence 
decrease as a consequence of receptor-mediated plasma membrane depolarization. Ai|i 
remains high, and the mitochondria retain the capacity to generate ATP, since addition 
of the ATP synthase inhibitor oligomycin hyperpolarises the mitochondria within an 
individual cell. Only when DCD has been initiated do the mitochondria depolarize to 
the extent that the ATP synthase reverses, detected as an oligomycin-induced 
mitochondrial depolarization. Simultaneous monitoring of cytoplasmic free Ca2+ and 
TMRM fluorescence shows an inverse correlation between the extent of mitochondrial 
Ca2+ loading, quantified as the protonophore releasable pool, and Aym . The late 
depolarization of the mitochondria explains their ability to retain Ca2+ and generate 
ROS throughout the plateau period which precedes DCD.
Supported by the Medical Research Council and the Wellcome Trust
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853.3
Effect  Of  Ubiquinone  Analogues  On  Glutamate -Induced  Injury  In  Rat  
Forebrain  Neurons  J.M. Scanlon* and I.J. Reynolds. Dept. of Pharmacology, 
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.

An excitotoxic glutamate stimulus has various deleterious effects on mitochondrial 
function including depolarization of mitochondrial membrane potential (AY), 
production of reactive oxygen species (ROS), and possibly opening of the permeability 
transition pore (PTP). Ubiquinone is an integral part of the mitochondrial electron 
transport chain. Recent studies suggest that a ubiquinone analogue, coenzyme Q10 
(CoQlO) is a putative enhancer of mitochondrial fimction and is neuroprotective in 
various models of neurodegeneration. In addition, some ubiquinone analogues can 
inhibit Ca2+-dependent opening of the PTP (Fontaine et al., 1998, JBC, 273:25734).
The following ubiquinone compounds, ubiquinone-0 (UBO), ubiquinone-5 (UB5), 
decylubiquinone (decyl-UB), and ubiquinone-50 (CoQlO), were examined for their 
effects on neuronal survival, AY, and ROS production in the presence or absence of 
glutamate in primary cultures of rat forebrain neurons. Using confocal microscopic 
imaging ROS production was measured using the oxidation sensitive dyes, 
dichlorofluorescein (DCF) and dihydroethidium (DHE), and AY was measured using 
the ratiometric dye JC-1. UBO (50pM) was highly toxic producing almost 100% loss 
of trypan-blue excluding cells 24hrs after a 5min exposure. Decyl-UB (lOOpM) also 
reduced viability by 20%. UB5 (50pM) or CoQlO (50pM) had similar effects on 
neuronal survival as controls (buffer alone). None of the ubiquinone compounds tested 
were able to protect against glutamate-induced neuronal death when given during and/ 
or after glutamate exposure. In fact, glutamate-induced toxicity was enhanced by the 
addition of UBO and UB5. The ubiquinone compounds had relatively no effect on DCF 
or DHE fluorescence with the exception of UBO which increased DHE fluorescence. 
None of the compounds altered glutamate-induced production of ROS or the effects of 
an exogenous oxidant (hydrogen peroxide or xanthine/xanthine oxidase). UBO (50pM) 
decreased the JC-1 ratio (aggregate/ monomer) by decreasing the aggregate signal in a 
reversible manner. UBO also potentiated glutamate-induced mitochondrial 
depolarization. Decyl-UB (lOOpM) hyperpolarized AY and inhibited glutamate- 
induced depolarization but was not neuroprotective. These data are not consistent with 
a predominant action of the ubiquinone analogues at the PTP.
Support Provided By: American Heart Association and USAMRMC, NS34138

853.4
ATRACTYLOSIDE MEDIATED MITOCHONDRIAL PERMEABILITY 

TRANSITION IN STRIATAL NEURONS.
G. Beutner*, C.C. Alano1, L. Lin, R.A. Gross2, S. -S. Sheu1*

•Dept. of Pharmacology and Physiology, 2 Dept of Neurology, University of 
Rochester, SMD, Rochester, NY, 14642

Atractyloside (ATR) is a specific inhibitor of the c-conformation of the 
adenine nucleotide translocator (ANT) and a known inducer of the mitochondrial 
permeability transition pore (MPT). Inhibition of this non-specific channel is 
favored with ligands of the ANT stabilizing the m-conformation.
In isolated mitochondria from adult rat brain we observed a dose dependent 
swelling upon treatment with 50 to 300 pM ATR as measured by the decrease of 
absorbency at 540 nm. Mitochondrial swelling was prevented by pre-incubatfon 
with 200 nM N-metVal-cyclosporin (CyA). Incorporation of 0.5 to 5 pM ATR via 
lipofection into primary cultured striatal neurons from rat pups (El7) led to a dose 
dependent decrease of the intracellular ATP concentration to 80 % in 6 hours. 
Exposure of ATR treated neurons to 50 or 100 pM N-methyl-aspartic acid 
(NMDA) led to immediate swelling and necrotic cell death. In TMRE loaded 
neurons, a transient hyperpolarization followed by a strong depolarization 
approximately 90 minutes, was observed after adding ATR. The depolarization 
was prevented with CyA (200 nM). However, in neurons cultured with ImM 
glucose and 2 mM pyruvate to enhance mitochondrial activity, a decrease in the 
mitochondrial membrane potential was observed after 30 minutes. In both sets of 
experiments we observed no further depolarization with CCCP. These results show 
that ANT might be the MPT and can be induced with ATR in cultured cells. ATR 
treatment enhances the sensitivity against NMDA. There is further evidence that 
the CyA/cyclophilin interaction may protect the binding site of the ANT for ATR. 
Supported by NIH grant HL-33333 and CTR grant 4299R1.

853.5

AIT-082, A HYPOXANTHINE DERIVATIVE, PREVENTS MUCH OF 
THE DECREASE IN CEREBELLAR NEURON ATP FOLLOWING 
GLUTAMATE EXPOSURE. J.S. Bintner2*, M.P. Rathbone' and B.H.J, 
Juurlink2. 'Dept. Medicine, Un. McMaster. 2Dept. Anatomy & Cell 
Biology, Un. Saskatchewan, Saskatoon, SK, S7N 5E5, Canada.

Our previous experiments demonstrated that AIT-082, a hypoxanthine 
derivative, promoted neurite growth in cultured hippocampal neurons 
and protected these neurons from glutamate-induced toxicity. This 
suggested the possibility that AIT-082 promoted mitochondrial ATP 
production. To determine whether AIT-082 had any effect on neuronal 
mitochondria, two different experiments were performed. In the first, 
hippocampal neuron mitochondrial membrane potentials were examined 
using a rosamine derivative. Under control culture conditions the more 
distal the mitochondria were from the soma, the lower were their 
membrane potentials. AIT-082 (1.0 fiM) resulted in increased membrane 
potentials in the more distal mitochondria. In the second experiment, 
cerebellar neurons were subjected to 100 pM glutamate and ATP levels 
were measured 30 min later. Glutamate addition caused a -50% drop in 
cellular ATP. AIT-082 added 15 min following glutamate addition 
prevented much of this drop in cellular ATP. Our two observations 
suggest the possibility that AIT-082 may prevent mitochondrial 
uncoupling thus allowing more of the energy obtained from the the 
reducing equivalents entering the mitochondrial respiratory chain to be 
used for ATP production. Supported by Neotherapeutics, Inc.

853.6

MITOTRACKER DYES AS MARKERS OF MITOCHONDRIAL 
VOLUME JF Buckman*. SK Pal. GJ Kress and IJ Reynolds Dept. of 
Pharmacology, Univ. of Pittsburgh, Pittsburgh, PA 15261.

The majority of fluorescent dyes that measure changes in mitochondrial 
volume are also sensitive to changes in mitochondrial membrane potential 
(Av|/m). Reliable assessment of mitochondrial volume would be valuable for 
characterizing the permeability transition pore (PTP) independently of 
changes in Aq/m. Opening of the PTP is seen as a profound swelling of 
mitochondria, but a concurrent change in Arp™ is typically observed, thus 
making it difficult to measure the morphological effects of permeability 
transition. MitoTracker dyes (Molecular Probes, Eugene, OR) are 
reportedly Avpm-insensitive and label mitochondria by reacting with free 
sulfhydryls. We tested the effect of altered Avp™ on loading and stability of 
the MitoTracker Green dye in primary forebrain neurons and astrocytes. We 
treated these cells with FCCP prior to, concomitantly or following loading 
with MitoTracker Green. Preliminary observations suggest that the 
fluorescence intensity of MitoTracker Green is more stable within 
astrocytes than neurons. Depolarization of mitochondria after loading 
results in an apparent diffusion of the dye at low concentrations (10-50nM) 
with increases in fluorescence intensity seen at higher concentrations 
(lOOnM - lp.M). However, when MitoTracker Green (500nM) and FCCP 
were co-loaded into cells, no changes in dye localization or fluorescence 
intensity were observed. Thus, MitoTracker Green can be reliably loaded 
into mitochondria regardless of Aq/m but is sensitive to changes in Av|/m after 
loading. MitoTracker Green may not be ideal for measuring changes in 
mitochondrial volume resulting from permeability transition. MitoTrackers 
Red and Orange are being investigated.
Supported by NS34138, USAMRMC and the American Heart Assoc.

853.7

MITOCHONDRIAL-SIGNALING FOR APOPTOSIS FOLLOWING NMDA 
RECEPTOR ACTIVATION IS RELATED TO AN ENERGY CRISIS. Samantha 
L. Budd* & Stuart A. Lipton. CNS Research Institute, Brigham & Women's 
Hospital and Harvard Medical School, Boston, MA 02115.

Mitochondria play an essential role in the survival of cells. In neurons, the 
continual restoration of ion gradients by ATP consuming pumps requires robust 
mitochondria. In addition to ATP synthesis, mitochondria accumulate Ca2+, 
generate superoxide, regulate matrix enzymes, and release apoptotic signaling 
molecules. Most mitochondrial functions are linked to the mitochondrial membrane 
potential (Av)/m). the driving force behind ATP synthesis. It is thought that complete 
bioenergetic collapse leads to necrosis, while some ATP is required for apoptosis. 
However, a moderate energetic restriction in neurons may precipitate apoptosis. 
Depending on the intensity of an excitotoxic insult, cerebrocortical neurons in 
mixed cultures are susceptible to death via necrosis or apoptosis. Here necrosis 
was produced after a relatively prolonged excitotoxic insult (e.g., 2 mM NMDA for 
30-60 min), but apoptosis after a shorter exposure (300 pM NMDA for 20 min). 
NMDA receptor (NMDAR)-mediated neuronal apoptosis was accompanied by 
Ca -induced A\)/m depolarization, transient energy (ATP) loss, caspase-3 
activation, and release of cytochrome c. Specific inhibition of the mitochondrial 
adenine nucleotide translocator (ANT) with bongkrekic acid (BA) reduced NMDAR- 
mediated apoptosis. In addition, BA prevented NMDAR-induced A\|Zm 
depolarization, promoted recovery of cellular ATP content, and ameliorated 
caspase-3 activation. However, the presence of BA during NMDAR activation did 
not prevent the movement of cytochrome c into the cytoplasm. These results 
indicate that release of cytochrome c alone was not sufficient to induce neuronal 
apoptosis. BA, by inhibiting the ANT during NMDAR activation, obstructed the 
release of nucleotides during a critical period. In contrast, staurosporine-induced 
apoptosis was not associated with Aym depolarization or ATP loss, and BA was 
ineffective in preventing staurosporine-induced apoptosis or activation of caspase- 
3. Staurosporine also stimulated the release of cytochrome c, indicating that Aym 
depolarization was not obligatory for its release. Thus in cerebrocortical cultures 
excessive NMDAR activation, but not staurosporine, precipitates neuronal 
apoptosis via mitochondrial dysfunction. Supported by the Wellcome Trust and 
NIH P01 HD29587.

853.8

SELECTIVE VULNERABILITY OF MOTOR NEURONS TO AMPA/KAINATE RECEPTOR- 
MEDIATED INJURY AND MUTANT Cu/Zn SUPEROXIDE DISMUTASE. S.S, Rao2*, S.G, 
Carriedo3, J, Nguyen’ and J.H, Weiss'23. Depts of 'Neurology; 2Anatomy and Neurobiology; 
3Neurobiology and Behavior, U.C. Irvine, Irvine CA 92697-4292, USA.

Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disorder characterized by the 
selective loss of upper and lower motor neurons (MN). The reason for the high vulnerability 
of MNs in ALS is poorly understood. One clue derives from findings suggesting a role for 
excitotoxic injury in the disease. Our observation that cultured MNs (identified by the 
neurofilament antibody SMI-32) generally express Ca2' permeable AMPA/Kainate (Ca-A/K) 
channels provides a feature that may underlie their demonstrated selective vulnerability to 
AMPA/kainate receptor-mediated injury. Excitotoxic activation of Ca-A/K channels leads to 
large rises in intracellular Ca2' concentrations ([Ca2+]i) mitochondrial membrane 
depolarization (loss of AYm) and increased reactive oxygen species (ROS) production. 
Indeed, MN injury resulting from these exposures is Ca2‘ -dependent and can be attenuated 
by antioxidants. Another clue arises from studies demonstrating that expression of mutant 
forms of Cu/Zn superoxide dismutase (SOD-1) found in familial ALS patients, induce an 
ALS-like MN degeneration in transgenic mice. Mechanisms through which mutant SOD-1 
leads to selective MN loss are poorly understood. Present studies set out to characterize 
the properties of MNs expressing mutant SOD-1 with the aim of elucidating potential 
interactions and synergism between effects of SOD-1 mutations and MN injury caused by 
Ca2' influx through Ca-A/K channels. We have prepared dissociated spinal cord cultures 
using hemizygous SOD-1 (G93A) transgenic mice (cultures from littermates lacking the 
mutant gene are used as controls). Early characterization demonstrates similar 
morphology of putative MNs (assessed by SMI-32 staining) between transgenic and control 
cultures. Ongoing studies are seeking to compare the vulnerabilities transgenic and control 
MNs to AMPA/kainate toxicity and to examine effects of the G93A mutant on Ca-A/K 
channel expression. Further studies are using fluorescent imaging techniques to compare 
AMPA or kainate induced changes in [Ca2+]i, AYm and ROS generation. These studies 
may provide new insights into the basis of the selective MN loss in ALS. Supported by NIH 
grants NS30884 and AG00836 (JHW) and an ALS Association research grant (JHW).
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853.9
ALTERED GLUTAMATE TRANSPORT AND ATP LEVELS IN 
ASTROCYTES LACKING ANTI. E.E. Olson1*, M.J. Jurynec2, C.R. Buck2, 
and R.J. McKeon1. Depts. of Cell Biology1 and Physiology2, Emory 
University School of Medicine, Atlanta, GA 30322

Following injury, reactive astrocytes upregulate expression of the adenine 
nucleotide translocator 1 (ANTI). This suggests that reactive astrocytes are 
under an increased demand for energy because ANTI exchanges 
mitochondrial ATP for cytosolic ADP. A critical astrocyte function in the 
normal and injured CNS is energy-dependent glutamate uptake. Since 
glutamate is co-transported with Na+, Na+/K° ATPase activity is required to 
maintain an inwardly directed Na+ gradient. Our results demonstrate that 
ANTI is important for glutamate transport. Over a fifteen minute time 
course, astrocytes from ANTI -/- mice transport 70% less glutamate than 
astrocytes from genetically matched control mice. To determine whether the 
decrease in glutamate transport resulted from a bioenergetic deficiency, 
cellular ATP levels were measured. Surprisingly, ATP levels in ANTI -/- 
astrocytes were 50% higher than controls. One interpretation of this result is 
that, in ANTI -/- astrocytes, ATP is confined to mitochondria due to lack of 
ATP transport, and is not available to drive glutamate uptake. This will be 
tested directly by examining ATP levels in isolated mitochondria. Energy 
utilization in ANTI -/- astrocytes will be further examined by determining 
ATP:ADP ratios. Studies are also in progress to examine glutamate transport 
and neuronal survival in ANTI -/- mice following injury. Our data suggest 
that reactive astrocytes specifically increase ANTI in order to mobilize ATP 
for glutamate transport, thereby reducing potentially toxic extracellular 
glutamate levels after CNS injury. Supported by the Spinal Cord Research 
Foundation of the Paralyzed Veterans of America and NS-35986 (RJM).

853.10

COMPARISON OF ALAMARBLUE AND MTT ASSAYS FOR THE 
ASSESSMENT OF NEURODEGENERATION IN RAT CEREBELLAR 
GRANULE CELLS FOLLOWING CHEMICAL ANOXIA.
J. Dunlop, H.B. Mcllvain, P.R. Bramlett, J.A. Moyer* and M.M. Zaleska.
Wyeth Neuroscience, 865 Ridge Road, Princeton, NJ 08543.

The alamarBlue reagent incorporates an oxidation-reduction (REDOX)
indicator which fluoresces and changes color in response to cell proliferation 
and/or cellular metabolic activity. Cellular reduction causes the REDOX 
indicator to change from the oxidised, non-fluorescent form (blue) to the 
reduced, fluorescent form (red). The water solubility of alamarBlue eliminates 
the extraction step which is required when cell viability is assessed using the 
tetrazolium dye MTT. In this study, we have compared the alamarBlue and 
MTT assays for the assessment of neurodegeneration in primary cultures of rat 
cerebellar granule neurones (CGNs) following exposure to azide, a model of 
chemical anoxia. The reduction of alamarBlue by CGNs was linear in the 
range 0.07 - 0.5 x 10s cells/well while MTT reduction was linear in the range
0.25 - 1 x 106 cells/well. Both the timecourse of toxicity and the concentration 
effect curve for azide were essentially identical when the two endpoints were 
compared. Furthermore, addition of MK801 to the cultures 15 min prior to a 1 
hr 10 mM azide exposure produced a concentration-dependent and complete 
rescue of the neurones which was demonstrable using both assays with 
identical profiles. Our results indicate that the alamarBlue assay can be used 
for the identification of neuroprotective agents in CGNs using this model of 
chemical anoxia. Moreover, the use of alamarBlue as a substitute for MTT 
eliminates a number of processing steps required when using MTT as an 
indicator of cell viability.

853.11

IMMUNOSUPPRESSANT MODULATION OF STRIATAL MALONATE 
LESIONS. K.R. Hoyt111. C. Baic, M. Sulka, and D.S. Higgins. Department of 
Neurology, The Ohio State University, Columbus, OH 43210.

The immunosuppressants cyclosporin A (CsA) and FK-506 are neuroprotective in 
a number of in vivo and in vitro models of neuronal injury. Both CsA and FK-506 
are calcineurin inhibitors, and this inhibition may underlie the observed protection. 
However, both drugs have additional effects on neuronal function that complicate 
elucidation of neuroprotective mechanisms.

We tested whether CsA and FK-506 were neuroprotective in a rat model of 
excitotoxic striatal injury. Intrastriatal injection of" the mitochondrial complex II 
inhibitor, malonate, results in glutamate mediated neuronal loss, and has been used to 
model the striatal damage of Huntington’s disease (HD). CsA (20 mg/kg; i.p.) or FK- 
506 (1 mg/kg; i.p.) was administered lh prior to malonate injection, 2h after, and 
once daily until lesion volume was measured 3 days later. CsA reduced striatal 
lesion volume by 41% (12.0 ± 1.8 mm3 vehicle control; 7.1 ±1.7 mm3 CsA treated; 
p=0.06). In contrast, FK-506 did not inhibit malonate-induced striatal damage (11.4 
± 6.5 mm3 vehicle control; 17.7 ± 3.2 mm3 FK-506 treated).

CsA, but not FK-506, inhibits the mitochondrial permeability transition pore 
(PTP), activation of which has been implicated in cell death caused by a variety of 
toxic insults. This suggests that activation of the PTP could be involved in the 
excitotoxic neuronal loss caused by malonate exposure, and that calcineurin 
activation and immune response are not sole mediators of neuronal loss. The effects 
of CsA and FK-506 in HD transgenic mice and neuronal cell culture are under 
investigation. Supported by the Vaughan Huntington’s Disease Research Fund and 
T32 NS 07291.

853.12

CHOLESTEROL DEPLETION EXACERBATES
GLUTAMATE-INDUCED CELL DEATH IN HIPPOCAMPAL 
CULTURES. Y.-C. Chou1. S.Yu2* and S.B. Lin1. 'Inst, of Physiology, 
Natl. Yang-Ming Univ., 2Natl. Res. Inst, of Chinese Medicine, Taipei, 
Taiwan, R.O.C.

Cholesterol depletion by lovastatin and cyclodextrin exacerbated 
mitochondrial injury and leakage of lactate dehydrogenase (LDH) in 
hippocampal cultures receiving a 12-hr incubation of glutamate 
(Glu). The deleterious effect of cholesterol depletion was time- 
dependent, and was blocked by mevalonate, a key intermediate of 
cholesterol synthesis. In cultures showing moderate cell death 
induced by a 6-hr treatment of Glu, cholesterol depletion enhanced 
LDH release while having no effect on mitochondrial injury. It is 
suggested that removal of cholesterol may impair the plasma 
membrane, thus rendering cells more vulnerable to excitotoxic insult.

Treatment of lovastatin and cyclodextrin increased the expression 
of glial fibrillary acidic protein in cultures subjected to Glu-induced 
cell death, indicating the activation of gliosis as observed in injured 
brain. As noted, cholesterol metabolism has been linked to the 
pathogenesis of brain diseases such as Alzheimer’s disease. Using 
hippocampal cultures subjected to cholesterol depletion as a model 
system, our results further confirm the involvement of cholesterol in 
neurodegeneration. (Supported by NSC87-2314-B010-053, R.O.C.)

BEHAVIORAL PHARMACOLOGY: ANXIETY AND DEPRESSION

854.1

SYNERGISTIC ENHANCEMENT OF THE ACOUSTIC STARTLE RESPONSE IN 
RATS BY DOPAMINE Di AND 5-HT1A RECEPTOR AGONISTS. E. G. Meloni* 
and M. Davis. Dept. of Psychiatry, Emory University, Atlanta, GA.

We have previously shown that systemic administration of either the dopamine 
D, receptor agonist SKF 82958 or the 5-HT1A agonist 8-OH-DPAT produces a marked 
enhancement of the acoustic startle response in rats. The present experiments were 
designed to assess the interaction between these neurotransmitter systems on startle 
modulation using agonists and antagonists specific for the D! and 5-HT1A receptor 
subtypes.

In Experiment 1, animals received subcutaneous administration of the dopamine 
D, antagonist SCH 23390 (0.1 mg/kg) 10 min before subcutaneous challenge with the
5-HT1A agonist 8-OH-DPAT (0.5 mg/kg). SCH 23390 had no effect on the 
enhancement of startle by 8-OH-DPAT suggesting that serotonergic enhancement of 
startle is independent of dopaminergic D, receptor activation.

In Experiment 2, animals received the 5-HTIA antagonist WAY 100,635 (0.1 
mg/kg) 10 min before the Dj receptor agonist SKF 82958 (1 mg/kg). WAY 100,635 
had no effect on the enhancement of startle by SKF 82958 suggesting that 
dopaminergic enhancement of startle is independent of serotonergic 5-HT1A receptor 
activation.

In Experiment 3, animals received pretreatment with a near threshold excitatory 
dose of 8-OH-DPAT (0.1 mg/kg) plus a near threshold excitatory dose of SKF 82958 
(0.1 mg/kg). This combination produced an enhancement of startle much greater than 
the additive effects of the two agonists alone, especially at very low startle-eliciting 
intensities (80-90 dB). Similar effects were found with buspirone (1 mg/kg) plus SKF 
82958 (0.1 mg/kg). Current studies are investigating the role of pre vs. post-synaptic
5-HT1A receptors in these synergistic actions. [Supported by MH-57250 and MH- 
47840].

854.2

TIME-DEPENDENT EFFECT OF KETAMINE ON FORCED SWIM 
TESTS IN MALE WISTAR RATS. R. Canbevli*. G. Babacan-Yildiz,
D. Schulz, A. Aksoy, O. Tataroglu and A. Yilmaz. Psychobiology 
Laboratory, Department of Psychology, Bogazici University; Istanbul, 
Turkey.

Ketamine, a noncompetitive NMDA receptor antagonist, is used for 
anesthesia in small animal surgery. Our studies have found a long-term, 
time-dependent effect of a single dose of ketamine on immobility in 
forced swim tests administered 24 h apart. Rats usually display learned 
despair, i.e. are immobile longer in the second (5 min) swim test 
compared to the first 5 min of the first (15 min) swim test. Independent 
groups of male Wistar rats (8 to 10 animals per group) were injected 
either with ketamine (160 mg/kg ip; 50 mg/ml saline) or an equivalent 
volume of phyiological saline and tested 3, 7 or 10 days later. Saline 
animals in all three groups behaved similarly in the swim tests and 
displayed significantly longer immobility in the second swim test 
compared to the first. Ketamine administration, however, modulated 
immobility scores in a time-dependent manner. Specifically, learned 
despair was aggravated 3 days and alleviated 7 and 10 days after 
ketamine administration. Our results suggest involvement of a ketamine 
modulated mechanism in the learned despair model of depression and 
have implications for behavioral testing subsequent to ketamine 
administration. (Supported by Bogazici University Research Grant 
97B0703 to RC).
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854.3
IMIPRAMINE AND FENFLURAMINE: EFFECTS ON SWIM TEST 
BEHAVIOR AND C-FOS EXPRESSION.Brett R Petersen. David P. Yells, and 
Shelton E. Hendricks* Dept. of Psychology, University of Nebraska at Omaha; 
Omaha, NE 68182.

The forced swim test (FST) is a widely used screen for anti-depressants. 
Chronic (21 day) treatment with the tricyclic anti-depressant imipramine (IMI) 
reduces the amount of immobility in rats in the FST. The serotonin (5-HT) 
release and uptake inhibition resulting from treatment with fenfluramine (FEN) 
suggest that it has potential as an anti-depressant, yet there are no reports that it 
reduces immobility in the FST. We evaluated the effects of IMI and FEN on 
immobility time in the FST. Rats were injected daily for 21 days with either IMI 
(15 mg/kg), FEN (2mg/kg), or saline. On Day 20, rats were placed in the FST 
apparatus for a 15 min pre-swim. On Day 21, following the final injection, rats 
were placed in the FST apparatus for a 5 min test. Latency to initial immobility 
and total time of immobility were recorded. Compared to saline, animals treated 
with IMI showed an increased latency to immobility and a reduced total amount 
of immobility whereas animals treated with FEN showed only an increased 
latency to immobility. Two hours after the FST rats were sacrificed and their 
brains processed for c-Fos, a method of fluorescent labeling. C-Fos data will be 
presented at the conference.

This research was supported by Psi Chi and the University Committee on 
Research.

854.4
BEHAVIORAL AND MOLECULAR RESPONSE OF CREB-DEFICIENT MICE FOLLOWING 
ANTIDEPRESSANT TREATMENT. A.C. Conti’, A. Dalvi§, I. Lucki§* J.A. Blendr. Departments 
of Neuroscience*, Psychiatry  ̂and Pharmacology*, Univ. of Pennsylvania, Phila., PA. 19104.

CREB has been implicated in the actions of antidepressant (AD) drugs. Chronic AD 
treatment induces CREB and BDNF expression and BNDF treatment shows AD-like effects in 
animal models of depression, such as the Forced Swimming Test (FST).1 Models of stress have 
demonstrated reduced BDNF mRNA in hippocampal regions.2-3 4 We used CREB-deficient mice 
to investigate FST behavior and BDNF mRNA following chronic and subchronic AD treatment. 
Wild type (WT) or CREB mutant mice (MT) were administered saline or desipramine (DMI) twice 
daily for 14 d (10 mg/kg, i.p.). On FST test days (days 1,7,10,14), evening injections were given 
1 hr prior to swim (20 mg/kg, s.c). Mutant DMI-treated mice showed significantly reduced 
immobility vs. WT DMI-treated controls on all days. Saline-treated MT mice showed significantly 
lower immobility vs. WT saline mice on days 1 and 10. On day 15 hippocampi and frontal 
cortices were processed for BDNF mRNA analysis using RNAse protection assays. WT and MT 
DMI-treated mice exhibited similar increases in levels of BDNF mRNA in the frontal cortex, but 
not in hippocampus vs. WT or MT saline mice. A second group of mice was tested with high 
and low doses of DMI under a subchronic schedule. Following the preswim, animals were 
administered saline or DMI (2.5 or 20 mg/kg, i.p.) On day 2, injections were given 5 hrs and 1 hr 
before the FST. Subchronic low doses of DMI had no effect on AD activity in MT mice vs. MT 
saline controls. After subchronic high doses of DMI, MT mice showed significantly reduced 
immobility vs. saline MT controls and WT DMI-treated mice (20 mg/kg). These data suggest that 
the actions of AD drugs can employ both CREB-dependent and CREB-independent 
mechanisms and may occur independently of BDNF. To explore the involvement of CREB 
during depressive-like episodes following immune activation, we exposed CREB mutant mice to 
lipopolysaccharide (LPS). WT or CREB mutants were administered one injection of LPS (0.25 
mg/kg, i.p.) or saline. Mutant LPS-treated mice showed reduced locomotor activities vs. WT 
LPS-treated mice at 4 and 28 hrs post-injection. Together, these data can help define the role of 
CREB, both in the mechanism of action of AD drugs, as well as in the endogenous induction of 
signs and symptoms of depression.

854.5

SIB-1508Y, A NEURONAL NICOTINIC AGONIST, REVERSES LEARNED 
HELPLESSNESS IN RATS. Jesse Brodkin, Susan Stemfeld, Stanley McCunney,
G. Kenneth Lloyd and Frederique Menzaghi*. SIBIA Neurosciences, Inc., La Jolla, 
CA 92017.

Epidemiological studies have suggested that nicotine may have antidepressant 
properties. Adverse effects induced by nicotine preclude its use as a therapeutic 
compound, but the molecular diversity of nicotinic acetylcholine receptors (nAChR) 
make it possible to develop subtype selective ligands with a greater safety profile 
and potential greater efficacy than nicotine. SIB-1508Y, a nAChR agonist, with a 
subtype selectivity for neuronal nicotinic receptors was tested in the learned 
helplessness model of depression in rats. In this model, exposure to inescapable 
shock produces a lasting deficit in escape responses emitted in a conditioned 
avoidance procedure (learned helplessness). The effects of SIB-1508Y on learned 
helplessness were compared to the known antidepressants imipramine and 
fluoxetine as well as the nonselective nicotinic agonist nicotine. As was the case 
with fluoxetine and imipramine, subchronic treatment (5 days) with SIB-1508Y 
(s.c. or p.o.) reversed learned helplessness in a dose dependent manner. Treatment 
with nicotine produced a significant reversal of learned helplessness only after 
chronic (4 weeks) administration. The effects of imipramine and SIB-1508Y on 
learned helplessness were still apparent one week following drug administration. 
The nAChR antagonist, mecamylamine, blocked the effects of SIB-1508Y but not 
imipramine on learned helplessness suggesting that the antidepressant effect of SIB- 
1508Y was mediated through the activation of nAChRs. These results suggest that 
neuronal nicotinic agonists may offer a new therapeutic approach to the treatment of 
depression.

854.6

Interindividual differences in Active and Passive Behaviors in the 
Forced-swimming test: Implications for Animal models of 
psychopathology
K. TAGHZOUTI and H. SIMON (SPON : Society of Neuroscientists of 
Africa)
Faculte des Sciences, Rabat, Maroc
*INSERM U 259-Universite de Bordeaux II, France

In common with other animal models of psychopathology, the forced 
swimming-test (FST) suffers from the fact that is involves normal animals. 
Moreover, powerful antidepressant drugs such as the selective serotonin 
reuptake inhibitors have been found to give false negatives in this behavioral 
test.

To circumvent these theoretical and practical difficulties, we studied 
the interindividual variability of the behavioral reactivity of rats in the FST. 
The effects of fluoxetine treatment or of stressful experience (repeated testing 
in the FST) were analyzed on various behavioral responses.

The following observations were made in replicated experiments : 1) a 
dimensional behavioral response from passivity to high reactivity in the FST ;
2) an antidepressantlike effect of fluoxetine only in a subgroup of animals 
categorized as low responders on the dimension of passivity-reactivity, and 3) 
a switch toward passive responses following a past experience of stress, 
which was corrected by fluoxetine treatment.

It is concluded that a dimensional approach could improve the 
screening of antidepressant drugs and could aid the development of new ones 
by identifying the biobehavioral characteristics of responder and 
honrcsponder subjects.

854.7

ACUTE AND CHRONIC EFFECTS OF THE SSRI’s FLUVOXAMINE AND 
PAROXETINE: SEXUAL BEHAVIOR AND c-FOS EXPRESSION IN THE 
MALE RAT BRAIN. J.G. Veening1*, A. van de Plas3, M.D. Waldinger4, R. van 
Oorschot2, J. Dederen1, J. Bergervoet1, & B. Olivier3. ’Dept. of Anatomy & Embryol., 
Univ. of Nijmegen, POBox 9101,6500 HB, Nijmegen; 2Dept. of CNS Pharmacology, 
Solvay Pharmaceuticals BV, Weesp; 3Dept. of Psychopharmacology., Univ. of Utrecht; 
4Dept. of Psychiatry & Neurosexuology, Leyenburg Hosp., the Hague; the Netherlands.

Different antidepressants of the Selective-Serotonin-Reuptake-Inhibitor- (SSRI-) type, 
used clinically for the treatment of premature ejaculation, show variable effects after 
chronic treatment. Similar differences between SSRI’s were observed in the effects on 
sexual behavior of the male rat. We decided to study these behavioral effects in 
combination with the expression of c-Fos in the brains of male rats after acute or 
chronic treatment with either Fluvoxamine (F) or Paroxetine (P), to investigate possible 
differences in the underlying neurobiological mechanisms.

After an extensive pretreatment period, 3 groups (N=16) of male Wistar rats were 
composed: a saline-, an F- (30 mg/kg) and a P- (10 mg/kg) group. 90 min after (daily) 
oral saline- or SSRI-administration, sexual behavior was scored (+ estrous female, 30 
min) on days 1, 8 and 15. On days 1 (N=3><4) and 15 (N=3xl2) males were perfused for 
Fos-immunocytochemistry immediately or 60 min. after the sex-test.

Effects of the SSRI’s were observed as increases in mount-/intromission-frequency, 
ejaculation latency and duration of the post-ejaculatory-interval. The acute effects, on 
day 1, of both SSRI’s were weak and mainly observed before the second ejaculation. On 
days 8 and 15, effects of F and P were clearly different, F tending to remain oily 
weakly effective, but P showing major effects on sexual performance, including a 
decrease in the mean number of ejaculations reached during the test The brain sections, 
immunostained for Fos-IR, are still under investigation, but probably the 
neurobiological mechanisms, underlying the behavioral effects of the SSRI’s 
Fluvoxamine and Paroxetine, are not identical.
Research was supported by Solvay Pharmaceuticals, Weesp, the Netherlands.

854.8

THE INVOLVEMENT OF THE SEROTONERGIC SYSTEM IN 
IMPROVING THE DEPRESSIVE LIKE SYMPTOMS IN 
PSYCHOSOCIALLY STRESSED TREE SHREWS. M, van Kampen*.
M, Morsink, C. Hiemke1 and E. Fuchs, German Primate Center, Gottingen 
and ‘Dept. of Psychiatry, University of Mainz, Germany.

Chronic psychosocial stress induces depressive-like behavioral and 
endocrinological symptoms in male tree shrews. Treatment of the stressed 
animals with the tricyclic antidepressant clomipramine counteracts these 
changes. Since clomipramine acts on both the serotonergic and the 
noradrenergic system, we are interested to find out which of the two central 
monoaminergic systems is mainly involved in the normalization of the bio-
behavioral alterations. Using the selective serotonin reuptake inhibitor (SSRI) 
fluvoxamine, we investigated the involvement of the serotonergic system. In 
a pilot experiment, the dosage of the drug necessary to reach plasma 
concentrations in tree shrews similar to that known to be effective in humans, 
was determined. The drug was given orally to mimic a realistic situation of 
drug intervention. The treatment started after the establishment of the stress- 
induced depressive-like changes and continued for a clinical relevant time 
period of 32 days. Daily, the animals were weighed, urine samples were taken 
and the behavior was videotaped. Fluvoxamine (50 mg/kg/day) decreased the 
stress-induced chronic increase of urinary free cortisol. Towards the end of 
treatment a normalizing effect on marking and locomotor behavior was 
observed. These findings support the idea that the stress-induced bio-
behavioral changes are under the influence of the serotonergic system. 
(Supported by the DFG)
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854.9

COMPARISON OF THE EFFECTS OF ANTIDEPRESSANTS IN THE 
FORCED SWIMMING TEST IN DIFFERENT MOUSE STRAINS.
A. Dalvi and I. Lucki*, Departments of Psychiatry and Pharmacology, 
University of Pennsylvania, Philadelphia, PA 19104 USA

The current report examined behavioral baselines and 
pharmacological responses in 7 inbred (N=606) and 3 outbred (N=240) 
mouse strains in the forced swimming test. The mouse strains displayed 
marked differences in baseline immobility (13.4 sec to 144.7 sec) and 
variability. Importantly, previous literature suggests that these 
differences are unrelated to general locomotor activity. The 
norepinephrine reuptake inhibitor, desipramine, decreased immobility 
in 7 of 10 strains tested, with DBA/2J and C57BL/6J mice showing the 
greatest sensitivity (5.0 - 20.0 mg/kg). In contrast, the serotonin reuptake 
inhibitor, fluoxetine, reduced immobility only in the DBA/2J (5.0-20.0 
mg/kg) and the BALB/cJ (10.0 mg/kg) strains.

Further studies comparing DBA/2J and C57BL/6J mice have shown 
that, while the norepinephrine reuptake inhibitor, reboxetine, produced 
anti-immobility effects in both strains (DBA/2J, 10.0-20.0mg/kg; 
C57BL/6J, 5.0-20.0 mg/kg), only the former strain showed reductions of 
immobility in response to treatment with the serotonin re-uptake 
inhibitor paroxetine (10.0-20.0 mg/kg), and the mixed serotonin and 
norepinephrine reuptake inhibitor venlafaxine (5.0-40.0 mg/kg). The 
comparison of pharmacological responses in different mouse strains may 
provide an approach for studying the genetic basis of sensitivity to 
different classes of antidepressants. Supported by USPHS grant 
MH48125.

854.10
PRECLINICAL PROFILE OF THE 5-HT2A ANTAGONISTS Ml00907, 
SR 46349B AND RITANSERIN J.M. Hitchcock, N. Huebert, N. Rogacki,
D.E. Selk, J. Simmonds, J.G, Wettstein and S.M. Sorensen*. Hoechst Marion 
Roussel, P.O. Box 6800, Route 202-206, Bridgewater, NJ 08807 USA

Considerable evidence exists for the involvement of 5-HT2A antagonism in 
atypical antipsychotic activity. The antipsychotic efficacy of 5HT2A antagonism 
alone is currently under clinical investigation. In an effort to understand the 
similarities and differences between three such agents, Ml00907, SR 46349B (SR) 
and ritanserin (RIT), we have directly compared them in preclinical tests for 
antipsychotic activity, antidepressant activity and pharmacokinetic parameters. 
Each compound shows potent affinity for the 5-HT2A receptor (Ki=0.85 nM, 
IC50=5.8 nM, and Ki=0.9 nM for M100907, SR and RIT respectively; Kehne et 
al., 1996; Baxter et al, 1995; Leysen et al, 1995; Rinaldi-Carmona et al, 1992). 
Ml00907, SR and RIT showed > 100-fold selectivity for 5-HT2A over alpha-1, 
> 1000-fold over D2 (except RIT, ratio=77) and varying selectivity over 5-HT2C 
(ratios=103, 20 and 1 respectively). In a test of in vivo 5-HT2A antagonism, 
5-MeO-DMT-induced head twitch in mouse, Ml00907 was most potent 
(ED50=0.01 mg/kg s.c.), followed by RIT (0.82 mg/kg i.p.) and SR (4 mg/kg s.c.). 
A similar pattern was seen with the mouse amphetamine-stimulated locomotion 
test of antipsychotic activity (M.E.D. for M100907 0.1 mg/kg p.o., RIT 2 mg/kg 
i.p., SR 10 mg/kg p.o.). None of the three compounds produced catalepsy in rats. 
The compounds also exhibited differences in tests for antidepressant activity 
(mouse forced swim and tail suspension) and schizophrenia negative symptom 
activity (PCP-induced prolongation of forced swim). In order to assess whether 
pharmacokinetic and metabolic factors were involved in the above differences, the 
compounds were tested in several in vitro assays (Caco-2 transport, S9 liver 
metabolism) and an in situ gut absorption assay. Results indicate that differences in 
PK and metabolism may explain some of the variation in the in vivo profiles of 
these compounds, however, other factors must also contribute.

854.11

NICOTINIC CHOLINERGIC INVOLVEMENT IN DEPRESSIVE 
CHARACTERISTICS OF FSL RATS. L.T. Russell1*. K.Y, Tvler1. A.H. 
Rezvani2 D.H, Overstreet3 and Y. Tizabi1 ‘Dept of Pharmacology, Howard 
Univ. Washington, DC 20059,2Dept of Psychiatry, Duke Univ. Med Ctr, 
Durham, NC 27710,3Dept of Psychiatry, Univ of North Carolina, Chapel 
Hill, NC 27599.

Antidepressant effects of nicotine in swim test immobility of Flinders 
sensitive line (FSL) rats, an animal model of depression, was recently 
demonstrated (Tizabi et al., Psychopharmacology 142:193,1999). In this 
study we sought to determine whether the effects of nicotine could be 
blocked by the nicotinic antagonist, mecamylamine (Mec). Moreover, the 
effects of chronic nicotine treatment on [3H]cytisine binding in discrete 
brain regions of FSL and their control Flinders resistant line (FRL) rats 
were also evaluated. Adult male FSL rats were treated with Mec (0.5 
mg/kg) 10 min prior to nicotine (0.4 mg/kg) administration. Mec by itself 
did not affect the immobility in swim test However, it completely blocked 
the nicotine effect. Daily injection of nicotine (0.4 mg/kg) for 14 days 
resulted in differential increases in cortical [3H]cytisine binding in FRL 
(29%) versus FSL (12%) rats. These findings support the involvement of 
central nicotinic receptors in depressive characteristics of FSL rats. 
Moreover, it is suggested that specific nicotinic receptor subtype agonists 
may be of therapeutic potential in depressive disorders. (Supported by Dept 
of Pharmacology, Howard University and Dept of Psychiatry, UNC @ Chapel 
Hill).

854.12

HEIGHTENED AGGRESSION IN MICE: ALCOHOL AND NEUROSTEROIDS
E.W. Fish*, J.F. DeBold, S. Faccidomo, and K.A. Miczek, Department of 
Psychology, Tufts University, Medford, MA., 02155
Aggressive behavior of certain mice can be dramatically increased when under the 

influence of low doses of ethanol. These mice, referred to as “AHA” (i.e. alcohol- 
heightened aggression), represent ca 25% of male CFW mice and demonstrate AHA 
as a stable behavioral trait. One of ethanol’s neurochemical actions that may be 
relevant to AHA is its positive modulation of the GABAa receptor complex. 
Aggression is also increased by low doses of other positive modulators of the 
GABAa  receptor, such as benzodiazepines and the neurosteroids allopregnanolone 
and alphaxalone. The current study investigated the interaction between ethanol 
and allopregnanolone to test the hypothesis that ethanol increases aggressive 
behavior by acting at the GABAa receptor complex. The first experiment 
confirmed that allopregnanolone and alphaxalone heighten aggressive behavior. 
Male CFW mice were injected intraperitoneally with allopregnanolone (3-30 
mg/kg) or alphaxalone (3-30 mg/kg) 15 minutes prior to a 5 minute confrontation 
with an intruder. As expected, the moderate doses of both neurosteroids increased 
aggression by ca. 175% with no apparent effect on locomotor activity. Aggression 
and locomotor activity were suppressed by the 30 mg/kg dose. In contrast to 
ethanol, allopregnanolone and alphaxalone enhanced aggression in nearly all of the 
mice. A second experiment compared AHA and ANA (i.e. alcohol-non-heightened 
aggression) mice by giving allopregnanolone (1-10 mg/kg) with a simultaneous oral 
injection of ethanol (1.0 g/kg) or water. When administered with water, 
allopregnanolone similarly increased the aggression of AHA and ANA mice. 
Surprisingly, in ANA mice, ethanol prevented allopregnanolone heightened- 
aggression. In AHA mice, allopregnanolone plus ethanol dose-dependently reduced 
aggression heightened by either drug. The blockade of increased aggression 
indicates an interaction that may occur through 1) metabolism, 2) receptor-subtypes, 
and 3) activation of endogenous neurosteroids. Supported by USPHS AA5122.

854.13

ETHOLOGICAL CONFIRMATORY FACTOR ANALYSIS OF ANXIETY-LIKE 
BEHAVIOUR IN THE MURINE ELEVATED PLUS-MAZE. C. Messier* and P.M. 
Wall. Department of Psychology, Behavioural Neuroscience, University of Ottawa; 
Ottawa, Ontario, Canada KIN 6N5.

Several exploratory factor analyses of rat and mouse anxiety-related behaviour 
in the elevated plus-maze (EPM) have been recently reported. Most laboratories 
used principal components analysis with varimax factor matrix rotation, whereby not 
only anywhere from 2 to 6 orthogonal factor solutions have been reported, but 
several indicator variables also consistently cross-loaded on 2 or more constructs, 
thus an accurate picture of latent structures underlying EPM behaviour remains 
obscure. Consequently, only those indicator variables that have been previously 
reported to exclusively load on one factor with loadings = .40 were included in the 
present analysis. The intent of this report was to test if a 2-factor EPM model would 
fit our sample (N = 200 CD-I mice) in 2 trials, separated by a 24-hour interval, 
within a confirmatory factor analysis (CFA) framework. Multiple model-fitting 
criteria were used to address issues related to data nonnormality, replicability of the 
model, sampling error and error of approximation in the estimation of model fit. 
Trial-1 confirmed a 2-factor model that required freeing up of some shared variance 
between a few indicator variables in the model fitting process. The final model 
produced a comparative fit index of .99 and a goodness of fit index of .97. Whereas 
unprotected stretch attends, average open visit duration, unprotected head dips and 
% open arm time loaded exclusively on factor-1 (anxiety); % closed arm time, % 
center hub time and closed arm entries loaded exclusively on factor-2 (activity) in 
trial-1. A 2-factor model also reasonably fit the data from the trial-2, although it was 
necessary to free % open arm time to load on factor-2. These results indicate that (a) 
inferential EPM model hypothesis testing within a CFA framework produced best- 
fitting interpretable anxiety indices that account for the majority of the anxiety 
construct variance, and (b) the inclusion of additional indicators is not necessary.
This report was supported by a research grant from the department of Graduate 
Studies and Research, University of Ottawa, and NSERC Canada.

854.14

INDUCTION OF NEURONAL NITRIC OXIDE SYNTHASE mRNA BY 
RESTRAINT STRESS. EA. Del Bel1, R.M.W. de Oliveira2. M.L.N, 
Mamede-Rosa1, C.M. Padovan2 and FS, Guimaraes2*. 1 Department of 
Physiology, School of Dentistry, and department of Pharmacology, School 
of Medicine, Campus USP, Ribeirao Preto, SP, 14049-900, Brazil.

Several evidences suggest that nitric oxide (NO) can play a role in the 
modulation of defensive responses. Inhibitors of NO synthase (NOS) 
microinjected into the dorsal periaqueductal gray (DPAG) induce anxiolytic 
responses (Guimaraes et al., NeuroReport 5, 1929-1932, 1994) and flight 
reactions are seen after administration of SIN-1, a NO donor, in the same 
region. Rodents submitted to restraint stress show increased anxiety when 
tested in the elevated plus maze 24 h later. The objective of the present study 
was to investigate if this effect is accompanied by changes in the expression 
of neuronal NOS (nNOS) in the DP AG, paraventricular hypothalamic 
nucleus (PVN) and the CA1 region of the hippocampus, areas related to 
defensive reactions. Male Wistar rats (n=4-6/group) were submitted to 2 h of 
restraint during one (acute) or seven (chronic) days, or were left undisturbed 
in their cages. Twenty-four h after the last restraint period the animals were 
sacrificed and their brains prepared for in-situ hybridization (ISH). A pool of 
three different oligonucleotide probes radiolabeled with 32S was used for ISH. 
The autoradiograms were analyzed by computerized densitometry. 
Immobilized animals showed a significant increase in nNOS mRNA in the 
PVN (acute restraint=38%, chronic restraint=39.7%, F2>9=7.8, p=0.01) and 
DPAG (acute restraint=25.7%, chronic restraint=22.1%, F2,i3=4.3, p=0.04), 
but not in the CA1 region. These results suggest that restraint stress induces 
changes in gene expression of nNOS in areas related to defense reactions. 
Supported by FAPESP and CNPq.
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854.15
PARTICIPATION OF ADENOSINE Al RECEPTORS IN THE BEHAVIORAL 
AND ENDOCRINE RESPONSES ASSOCIATED WITH RESTRAINT STRESS 
AND ANXIETY. H. Plamondon*, S. Lemay and V. Bansal. School of Psychology, 
Univ. Ottawa, ON, Canada, KIN 9A9.

Through activation of three major receptor subtypes, adenosine modulates a variety 
of behavioral and biological outcomes. The present study aimed to investigate the 
effects of the selective Al receptor agonist, N6-cyclopentyladenosine (CPA) on the 
modulation of anxiety and stress-related processes. A first study used the elevated 
plus maze (EPM) to determine the effects of intraperitoneal CPA injection (doses: 0,
0.05, 0.1, 0.2mg/kg) on anxiety responses in Wistar rats (350-400 g). Dose- 
dependent changes in the exploratory activity of the animals in the EPM was 
observed, with rats injected with the highest CPA dose spending more time spent in 
the open entry of the maze, a behavior reflecting the anxiolytic property of the drug 
at that dose and the participation of Al subtypes to this effect. In light of the shared 
biological responses induced by stress and anxiety, a second study was conducted in 
parallel to elucidate the participation of adenosine Al receptors in the physiological 
changes associated with a more direct and immediate threat (10-min physical 
restraint) different from anxiety experienced in the EPM. Wistar rats (350-400 g) 
were administered with saline or CPA (0.2mg/kg; i.p.) 20 min. prior a 10-min 
manual restraint. The animals were sacrificed immediately or 30 min following 
physical restraint and trunk blood samples collected for assessment of ACTH levels. 
A group of untreated rats (no drug, no stress) served to establish ACTH baseline 
levels. Findings revealed a time-dependent enhancement of ACTH release 
immediately following manual restraint in rats pretreated with CPA as compared to 
saline-treated animals. No significant differences between saline and CPA-treated 
groups were detected at 30 min. Other drug doses are presently tested to further 
elucidate the role of adenosine in the regulation of stress responses.

854.16
INHIBITION OF NITRIC OXIDE SYNTHASE REDUCES
ULTRASONIC VOCALIZATIONS IN RAT PUPS.
J. Podhoma and R.E. Brown*. Dept. of Psychology, Dalhousie Univ.,
Halifax, Nova Scotia, Canada B3K 4J1.

The present study investigated the effects of drugs acting on 
the brain nitric oxide pathway on ultrasonic vocalizations (USVs), 
body temperature and locomotion in 7-8-day-old rat pups. Both a 
selective neuronal nitric oxide synthase (NOS) inhibitor (7- 
nitroindazole) and a non-selective NOS inhibitor, nitro-L-arginine- 
methyl ester (L-NAME) decreased the number of USVs in a dose- 
dependant manner. The non-selective NOS inhibitor, L-NAME, 
suppressed not only USVs but also locomotion. The inactive isomer 
of the NOS inhibitor, nitro-D-arginine-methyl ester (D-NAME), had 
no effect on USVs or locomotion. The biological precursor of nitric 
oxide, L-arginine, had no effect on USVs or locomotion either 30 or 
60 min after administration. These data indicate that drugs 
suppressing nitric oxide synthesis produced an anxiolytic effect in rat 
pups. However, only the selective NOS inhibitor, 7-nitroindazole, was 
‘anxioselective’, i.e., reduced USVs without causing sedation. 
Increased synthesis of nitric oxide in the brain had no apparent 
behavioral effect in this model.

This research was supported by an NSERC of Canada 
research grant to Richard E. Brown.

854.17

MEASURING REINFORCEMENT WITH THE CONDITIONED PLACE 
PREFERENCE PARADIGM: THE EFFECTS OF MIDAZOLAM. J, M. 
Bossert*, L. A. Praught, and K, B. J. Franklin. Department of Psychology, 
McGill University, Montreal, Quebec, H3A 1B1.

The putative reinforcing properties of the short-acting benzodiazepine (BDZ), 
midazolam, were examined using an unbiased conditioned place preference (CPP) 
paradigm. A significant place preference was not obtained at any of the doses 
tested (0.0, 0.75, 1.5, and 3.0 mg/kg). The CPP depends on both reinforcement 
and memory formation. The hypothesis that the lack of a significant CPP to 
midazolam was due to its memory impairing effects was tested. Rats were 
implanted with bilateral cannula aimed at the Cal, Ca3 region of the dorsal 
hippocampus. Memory blocking effects of midazolam were reversed by post- 
training intrahippocampal injections of the GABAa  antagonist picrotoxin (0.8 
pg/0.5 pi). This treatment did not reveal a CPP to 3.0 mg/kg midazolam.

To test the hypothesis that midazolam’s reinforcing effects are due to 
suppression of aversive states, rats were pre-treated with either the BDZ inverse 
agonist p-CCE or the kappa agonist U50-488 during pre-exposure to induce 
aversion to the apparatus. Neither treatment revealed a place preference to 3 .0 
mg/kg midazolam. Recent studies have shown that lesions of the 
pedunculopontine tegmental nucleus (PPTg) may induce a long lasting anxiety-
like state. In PPTg lesioned animals a significant CPP to 3.0 mg/kg midazolam 
was demonstrated. It appears that midazolam is reinforcing only under conditions 
in which animals are highly anxious and aroused.
Supported by Natural Science and Engineering Research Council of Canada and 
the program Formation de Chercheurs et I'Aide a la recherche du Quebec

854.18
A FEMALE MODEL TO STUDY ANXIETY, DEPRESSION AND DRUG 
SENSITIVITY. P. Palanza. L.Gioiosa, S. Parmigiani. (SPON: International 
Behavioural and Neural Genetics Society). Dept. Evolutionary abd Functional. 
Biology, Parma University, 43100 Parma -I.

Women are the largest consumers of anxiolytic drugs but the great majority of 
basic researches on anxiety and depression has focused on male rats and mice as 
experimental models. The aim of the present study was to examine the effects of 
strain, gender and social context on exploration and anxiety in house mice, and to 
determine possible relationships between oestrus cycle and coping strategies. The 
first set of experiments examined exploratory behaviour in a free-exploratory 
paradigm of anxiety in Wild and Swiss mice when housed individually or with 
siblings. In the second sets of experiments, we investigated the influence of oestrus 
cycle on the sensitivity to a benzodiazepine anxiolytic drug, Chlorodiazepoxide, 
and to a serotonergic anxiolytic, Buspirone. Results showed that levels of 
exploration and anxiety vary between wild and swiss mice, between the sexes and 
in relation to social context and oestrus stage. Specifically, differences between 
Swiss and Wild mice were much more pronounced in females than in males, with 
wild females being much more active than Swiss. Estrus mice tend to show higher 
exploration and lower anxiety than diestrus females. Individually housed females 
showed longer latencies to enter the open field, higher levels of risk assessment and 
spent less time in the bright area, a profile indicative of higher level of anxiety, as 
compared to group-housed females. Individually housed males showed an opposite 
profile. Individually housing may thus be a model of depression for female but not 
for male mice. Estrus females were more sensitive than diestrus females to the 
anxiolytic effects of both CDP and buspirone but, buspirone was much more 
effective than CDP in producing an anxiolyitic profile. (Supported by Italian 
MURST and CNR).

854.19
EFFECT OF 2-AMINO-5-PHOSPHONOPENTANOIC ACID MICROINJECTION 
INTO THE DORSAL PERIAQUEDUCTAL GRAY ON PERFORMANCE OF 
PILOCARPINE-PRETREATED RATS IN ELEVATED T-MAZE. A.P. Carobrez*,
C.C. Schmidt and T. Lemos. Departamento de Farmacologia, CCB, UFSC, 
Floriandpolis, SC, 88040-900, Brazil.

Rats resistant to pilocarpine-induced status epilepticus (SERR) exhibit high 
baseline open arm entries in the elevated T-maze (ETM) model of anxiety. As 
selective changes in open arms activities in this task are indexes of anxiety, the SERR 
may constitute a new model for studies on the neurobiology of this condition. The 
dorsal periaqueductal gray matter (dPAG) is the final relay at which executive 
mechanisms of the defense reaction can be elicited, and is also related to emotional 
behaviors such as fear and anxiety. Previous studies have shown that NMDA-receptor 
antagonists display anxiolytic profiles of action when microinjected into the dPAG of 
rats. This has prompted us to verify the effects of 2-amino-5-phosphonopentanoic 
acid (AP5), an NMDA-receptor antagonist, microinjected into dPAG in SERR in the 
ETM model. Male hooded 3-month-old rats received pilocarpine (350 mg/kg, ip.) and 
SERR were selected after 30-days of observation. Control or SERR subjects were 
implanted with a guide cannula within caudal dPAG, and submitted (4-7 days later) to 
inhibitory avoidance acquisition (IAA) in an ETM, 5 min after microinjections (0,3 
pi) of AP5 (2 or 20 nmol) or artificial cerebrospinal fluid (ACSF). Behavioral 
measures scored were baseline avoidance time (BAT), number of sessions to IAA 
(SIAA) and the number of aborted attempts to enter the open arms (RISK). SERR- 
ACSF rats showed reduced (p<0.05) SIAA (2±0.4 vs 4±1) and enhanced (p<0.05) 
BAT (165±55 vs 36±10) and RISK (3.4±1 vs 1.3±1). AP5 microinjection into the 
dPAG of SERR fully corrected (p<0.05) these behavioral changes 
(SIAA=3.5±O.3;BAT=33±12;RISK=1±O.3), to values similar to control-ACSF and 
control-AP5 rats. The high BAT and RISK and the reduced SIAA responses in SERR 
group are suggestive of increased basal fear-like behavior. The effects of AP5 
microinjection within caudal dPAG reinforce the role for excitatory aminoacid within 
dPAG in aversion. The results further suggest SERR model as a new approach to 
study neurobiology of fear and anxiety. Supported by: CNPq and CAPES

854.20
ANXIOGENIC AND ANXIOLYTIC DRUG EFFECTS ON ESCAPE-RELATED BEHAVIOURS 
IN THE UNSTABLE ELEVATED PLUS MAZE: CONCOMITANT EFFECTS ON 
LOCOMOTOR ACTIVITY S M King1*. S Green2 & A Vale3. ‘Dept Psychology, 
University College London, London WC1E 6BT; Dept Psychology, Biikbeck 
College, London WC1E 7HX; 3St George’s Hospital, London, UK.

A novel behavioural test for extreme anxiety has recently been reported which 
elicits unconditioned escape responses from rats exposed to a highly aversive 
environment: the 'unstable elevated plus maze' [UEPM], These behaviours arc 
thought to mimic the hyper-aroused, persistent ‘fight/flight’ state exhibited by 
patients suffering from the more extreme fear-related clinical disorders eg PTSD.

Previous work has shown that the 5-HT receptor agonist meta- 
chlorophenylpiperazine [mCPP: ip 0.5 mg/kg] increases the propensity to escape 
from the UEPM ie it has a putative anxiogenic effect, whilst the benzodiazepine 
receptor agonist chlordiazepoxide [CDP: ip 5.0 mg/kg] decreases this propensity ie it 
has a putative anxiolytic effect. It was not clear, however, to what extent these 
results could be attributed to concomitant alterations in locomotor activity. The aim 
of this study was, therefore, to determine whether unambiguous modifications in an 
animal’s proclivity to flee could be achieved at doses which did not affect other 
behaviours.

mCPP-treated animals again exhibited significantly increased levels of behaviours 
designed to escape the aversive conditions of the UEPM. These included retreating, 
attempting to back off and backing off the apparatus. In contrast, CDP-treated 
animals exhibited significantly decreased levels of these behaviours. Some 
locomotor/exploratory behaviours [crossing zones, endreaching, ratio time at the end] 
were, however, significantly suppressed in both experimental groups. These results 
suggest the anxiogenic properties of mCPP are particularly effective in models which 
rely on evoking unconditioned fear responses, as escape-related behaviours were 
elicited despite lowered overall locomotor activity, whilst the anxiolytic effects of 
CDP should be interpreted with some caution, as the results may reflect a general 
suppression of behavioural responses. Supported by the Royal Society Robert & 
Joan Case Fellowship [SK].
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854.21
ETHOLOGICAL ANALYSIS OF THE EFFECTS OF DIAZEPAM AND A PULSED 
MAGNETIC FIELD ON MOUSE OPEN FIELD BEHAVIOR. E. Choleris*1, A. W. 
Thomas1, M. Kavaliers2 & F. S. Prato1. 'Lawson Res. Inst., St. Joseph's Hosp. and 
Univ. of Western Ontario; 2Dep. Psychol. Univ. of Western Ont., London, Canada

The open field test (OFT) is used to examine the behavioral effects of drugs. Here 
we present a detailed video taped (Observer Video Pro) assessment of the effects of 
Diazepam (DZ) and a specific pulsed magnetic field (MAG) on 30 min OFr in male 
CF1 mice. The OF was a square (80 cm2) enclosure divided into 5 zones: corners, 
walls, outer ring, inner ring and central square. The behaviors examined included: 
exploration (locomotion with sniffing), walking (locomotion without sniffing), rearing, 
stretch attends, returns (inversion of direction to return to starting point), grooming, 
sniffing (without locomotion), spin turning, jumps and sleeping. Mice received DZ i.p. 
(1.5 mg/Kg) or its’ vehicle (0.6 propylene glycol and 0.15 mg/Kg ethyl alcohol) 30 
min prior to being tested individually in the OF. The MAG, generated by 3 Helmholtz 
coils, was applied during testing and sham-exposed mice were exposed to the local 
geomagnetic field. The MAG test was repeated twice in slightly different conditions. In 
the DZ mice there was an initial (0-10 min) reduction of thigmotaxis, spin turns, stretch 
attends and returns. Activity, grooming and rearing were reduced by DZ at the end (20- 
30 min) of the OFT. This suggests temporally distinct effects of DZ on specific 
anxiety-like (i.e. stretch attends) and non-specific (i.e. locomotion) behaviors. Both 
MAG exposures reduced horizontal and vertical (rearing) activity and increased 
grooming primarily during the initial 0-10 min. Anxiety-like behaviors like stretch 
attends and returns were reduced by the first of the two MAG exposures. Due to 
differences in responses between the vehicle and sham mice the DZ and MAG mice 
were not compared. Tests with other anxiolytics and vehicles (e.g. 
chlordiazepoxide/saline) will provide more definitive data on the effects of this 
specific pulsed magnetic field on OFT and anxiety-related behavior.
Funded by the Medical Research Council of Canada.

854.22
THE NITRIC OXIDE SYNTHASE INHIBITOR, L-NAME, EXHIBITS 
PUTATIVE ANXIOGENIC ACTION IN TWO EXPLORATORY MODELS OF 
ANXIETY IN MICE. P.A. Czech*1 K.T. LeSueur2 and E.B. Jacobson1. 
Depts. of Psychology, 1 Marquette University, Milwaukee, WI 53201 and 
2Bennett College, Greensboro, NC, 27401.

Nitric oxide (NO) has been implicated as being involved in anxiety mechanisms 
in several animal species. The current study probed an effect of the nitric oxide 
synthase (NOS) inhibitor, NG-nitro-L-arginine methyl ester (L-NAME), in two 
mouse exploratory activity models considered to reflect anxiety-linked behaviors.

Adult male ICR mice were acutely injected s.c. with 10, 25 or 50 mg/kg of 
L-NAME, 50 mg/kg of the inactive isomer D-NAME, or 0.9% NaCl vehicle 45 
min prior to placement into either a horizontal hole-board (HB) or light-dark (LD) 
test apparatus in independent experimental designs. Behaviors were monitored 
over an 8 (HB) or 10 (LD) min test period, and subsequently evaluated separately 
with ANOVA procedures along with Dunnett's or with Student's /-tests; alpha 
level was set at p<0.05.

In the HB model, number and total duration of head dips were attenuated in a 
dose-related manner by L-NAME, reaching statistical significance at 25 and 50 
mg/kg when compared to a vehicle control group (p<0.05 or p<0.01). d -NAME 
did not affect either measure, indicating a stereospecific effect. Number of rears 
was similar under all conditions, suggesting absence of a sedative or general 
locomotor influence in the l -NAME effect. In the LD model, time spent in the 
lighted compartment and interdepartmental transitions over the 10 min test 
period, which began with the first transition into the dark side, were also dose- 
relatedly lower under L- but not D-NAME, again significant at 25 and 50 mg/kg. 
These data are consistent with earlier reports supporting a role for nitric oxide in 
mechanism(s) underlying anxiety-linked behaviors. Previous studies, however, 
have reported anxiolytic as well as anxiogenic effects of NOS inhibition. 
Differences might be related to dose level and/or acute vs. chronic treatment.

MONOAMINES AND BEHAVIOR: SOCIAL BEHAVIORS AND DISORDERS

855.1

NEUROCHEMICAL CHANGES INDUCED BY REPRODUCTIVE 
EXPERIENCE IN FEMALE RATS E.E.T.S. Hucke*, J.C. Florio, L.F. 
Felicio. Dep. of Pathology, Faculty of Veterinary Medicine, USP, Brazil.

The present study was designed to evaluate the possible influences of 
reproductive experience (RE) on striatal and hypothalamic 
dopaminergic and serotoninergic activity. Fifty-three adult female Wistar 
rats were divided in two age-matched groups: nulliparous (nullips) and 
primiparous (primips). Animals were decapitated 15 days after pups 
were weaned. Hypothalami (HYP) and striata (STR) were dissected on 
dry ice, homogenized, and DA, HVA, DOPAC, 5HT and 5HIAA 
concentrations were determined by HPLC-ED. Experimental groups 
were intact (proestrus; injected with 1 mg/kg haloperidol, HAL, 30 min 
before decapitation), sham-operated, and ovariectomized (ovex) nullips 
and primips. No significant differences in neurotransmitter and 
metabolite concentrations were observed between nullips and primips 
either in the HYP or STR after ovariectomy or HAL treatment. 
Ovariectomizing the animals, however, significantly decreased the 
concentrations of 5HT and 5HIAA compared to sham-operated animals, 
both in nullips and primips. Striatal 5HIAA/5HT turnover increased 539% 
in primips and 903% in nullips as compared to sham-operated females. 
In the HYP, however, HAL-induced increases in 5HIAA, DOPAC/DA, and 
HVA/DA turnover were less intense in primips as compared to nullips. 
These results show that RE-induced changes in dopaminergic and 
serotoninergic activity can be revealed by pharmacological challenge. In 
addition, our results suggest that the HYP maybe more sensitive than 
the STR to RE modulation.
Financial support: FAPESP, Brazil

855.2
LIMBIC SEROTONIN TURNOVER PLUNGES DURING PUBERTY
M. H. Teicher* & S.L. Andersen. Department of Psychiatry, Harvard Medical 
School, McLean Hospital, 115 Mill Street, Belmont, MA 02478.

The brain undergoes a number of remarkable change in development across the 
periadolescent period before reaching its adult topography. This is evidenced by 
increased locomotor activity during the periadolescent period (day 40) that returns 
to pre-pubertal levels by 80 days of age. One possible mediator of these effects 
may be a transient change in serotonin via the behavioral inhibitory system.

We have documented a dramatic rise in DI and D2 dopamine receptors in the 
striatum across adolescence in males but not females. Moreover, receptor density 
did not change in the nucleus accumbens (Teicher et al., 1995; Andersen et al.. 
1997). These findings are in contrast to elevated locomotor activity in females 
than males during this period. This discrepancy prompted us to examine changes 
in serotonin utilization. We found that serotonin utilization showed a very 
different pattern across the ages of 10, 15, 30,40, 60 and 80 days in striatum and 
accumbens when quantified with HPLC-EC. Serotonin turnover (5-HIAA/5-HT) 
in accumbens significantly changed across age (Fs 33=8.91, p<0.0001). declining 
72.5 ± 9.9% between 10 and 30 days of age (tj 1 = 3.09, p=0.01) and falling an 
additional 9.1% by day 40 (tj5=4.70, p<0.0001). This decline was transient as 
serotonin turnover begin climbing to pre-pubescent levels by 60 days of age and 
attained these levels by 80 days (91.1 % of 10 day-old levels). The effect is 
similar across males and females. Serotonin turnover declined linearly in striatum.

The evolutionary role of the plunge in serotonin turnover may enable adolescent 
rats overcome inhibitions about individuating as this coincides with the time when 
rats leave the nest in the wild. Parallels can be drawn to man about the same 
process; these data also have relevance to the onset of depression, which occurs in 
young adulthood in the majority of cases.
Supported by MH-43743 to MHT.

855.3

ROLE OF ENDOGENOUS 5HT1A RECEPTORS IN MALE SEXUAL 
BEHAVIOR. A.C. Sura, L. Marson, H.M, Wilfehrt* and D.H, Overstreet. Division 
of Urology, University of North Carolina, Chapel Hill, NC 27599-7235

Serotonin (5HT) plays a role in sexual behavior. 5HT can facilitate or inhibit 
male sexual behavior, depending on the receptor subtype and site of action. 
Administration of 5HT]A agonists facilitates male sexual behavior, while 5HT2 
agonists are thought to inhibit male sexual behavior.

We examined male sexual behavior in rat lines which have been bred specifically 
for their differential thermal response to the 5HT1A agonist (8-OH-DPAT). The rats 
have high or low thermal responses to 8-OH-DPAT. The high DPAT sensitive 
(HDS) rats respond to 8-OH-DPAT with a temperature drop of 5.6+0.1°C and the 
low DPAT sensitive (LDS), l+0.2°C (mean +S.D.). The differential response is 
associated with a greater number of 5HT1A receptors in the forebrain area of the 
HDS group compared to the LDS group. The present study examined male sexual 
behavior in the HDS and LDS male rats. Naive and experienced HDS and LDS rats 
were exposed to ovariectomized, hormonally primed females. The number, latency 
& duration of mounts, intromissions, ejaculations, and post-ejaculatoiy interval 
were monitored over 30-60 minutes.

Only 50% of the naive HDS rats ejaculated, while 100% of the LDS males had at 
least one ejaculation. In addition, the Intromission Frequency (IF=# intromissions 
/(latency to ejaculation)) was significantly greater for LDS males than for HDS 
males. With experience, the sexual performance of the HDS rats improved 
significantly, with increased total number of ejaculations, decreased latency to 
ejaculation, and decreased IF compared to naive. The LDS rats performed equally 
well when naive and with experience. There were no significant differences 
between HDS and LDS males with experience. Elevations in 5HTiA receptors in 
cortical regions in the HDS rats may compromise their initial sexual behavior.

Supported by AFUD Summer Scholar Fellowship and NIH Short Term Grant

855.4

NOREPINEPHRINE INFUSION INTO THE MEDIAL AMYGDALA OF 
THE PROESTROUS RAT MIMICS MATING-INDUCED 
PSEUDOPREGNANCY. N. Cameron* and M.S. Erskine. Department of 
Biology, Boston University, Boston, MA 02215 USA.

In the estrous female rat, mating stimulation received from the male 
induces a period of acyclicity which reflects corpus luteum development 
required for pregnancy. This acyclicity occurs only if sufficient numbers 
of intromissions are received. Previous results suggest that genitosensory 
information received from intromissions is processed within the medial 
amygdala (mAMYG). In the present experiment, we examined the 
involvement of a NE-dependent mechanism within the mAMYG 
responsible for the summation of the number of intromission received by 
the female rat during mating. This mechanism could be responsible for 
the subsequent establishment of pregnancy. Cycling female rats were 
implanted unilaterally with a guide cannula aimed at the mAMYG. On 
the day of proestrus, one group of animals was infused with NE 
(100nM/0.5uL saline) through the guide cannula into the mAMYG. A 
second group received the infusion into the posteromedial cortical 
amygdala nucleus (PMCO). The third group received 0.5uL saline 
infusion into the mAMYG. The sites of the guide cannula placement were 
histologically verified. All females receiving NE into the mAMYG 
showed acyclicity for 8 to 16 days after the infusion. In contrast all 
females in the two other groups showed a normal four to five day cycle. 
These results demonstrate that unilateral NE infusion into the mAMYG 
is sufficient to create a state of pseudopregnancy in the female rat, and 
suggest that intromissive stimulation may be transmitted via a 
noradrenergic mechanism within the mAMYG. Supported by HD21802 
to M . S . E .
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855.5
PARITY POTENTIATES THE EFFECTS OF APOMORPHINE ON SENSORIMOTOR 
GATING AND STEREOTYPY. E.M.Bvmes* and R.S.Bridges.
Dept. of Biomedical Sciences, Tufts Univ.School Vet.Med., N.Grafton, MA 01536.

Parturition and lactation can lead to a variety of long-term alterations including changes 
in hormone levels, immune function, and drug responsivity. One of the most well- 
documented of these effects is a persistent decrease in the level of circulating prolactin 
(PRL) in parous females; an effect which results from altered dopamine (DA)-mediated 
inhibition of PRL release from the arcuate nucleus. While significant changes in the 
DAergic-mediation of PRL release have been demonstrated, parity-induced alterations 
in DA systems outside of the hypothalamus have not been thoroughly examined. Prepulse 
Inhibition (PPI) of the Acoustic Startle Response (ASR) is the decrease in the magnitude 
of the ASR which is observed when a startling pulse is preceded by a non-startling 
prepulse. A measure of sensorimotor gating, PPI is sexually dimorphic and has been 
shown to fluctuate over both the menstrual and estrous cycles. Increased DA receptor 
activation, primarily within the nucleus accumbens (NAc), can disrupt PPI. Our 
hypothesis was that parturition and lactation leads to an increase in the sensitivity of DA 
receptors within the Nac, resulting in the potentiation of the disruptive effects of the DA 
agonist apomorphine (APO) on PPI. Age-matched nulliparous, primiparous, and 
multiparous females were ovariectomized and the level of PPI and stereotypy examined 
following systemic APO (1.0 and 3.0 mg/kg, s.c.). Both doses of APO disrupted PPI and 
increased stereotypy. A significant effect of parity on the level of stereotypy was 
observed with multiparous females showing higher levels. While no significant effects 
of parity on PPI were observed, significant differences in APO-induced increases in ASR 
were found. Parous females displayed a potentiated ASR following APO, while no such 
effect was observed in nulliparous females. Finally, a significant effect of ovariectomy 
was observed with non-ovariectomized nulliparous females failing to show an effect of 
APO on PPL These results indicate that alterations in the response to DAergic agonists 

within non-hypothalamic structures persist following parturition and lactation. 
Supported by NIH Fellowship HD08521-02 (EMB) and K05 MH0134 (RSB).

855.6
PLASMA MONOAMINES, NEUROPSYCHOLOGICAL DEFICITS AND 
CLINICAL SYMPTOMS IN SCHIZOPHRENIA
G. Sartory'^B.W. Muller2, R.D. Oades2, S. Bender2 'Clinical Psychology, University 
Wuppertal, Germany; University Psychiatry Clinics Essen, Germany.

The aim of the present study was to investigate the relationship between plasma 
monoamine levels, cognitive deficits and clinical symptoms in schizophrenia.
The sample was composed of 100 patients with schizophrenia and 62 age-matched 
control subjects. All were administered a battery of neuropsychological tests and 
patients were given a structured assessment of symptoms. Plasma levels of dopamine, 
serotonin and epinephrine and their metobolites were obtained from 52 patients and 
32 controls.

Plasma monoamine and metabolite levels did not differ between groups and there 
was no significant relationship between plasma monoamines and cognitive function in 
controls. In patients, plasma dopamine level was negatively correlated with IQ and 
prose recall.Patients showed widespread cognitive deficits compared to controls with 
deficits in delayed prose recall and figure reproduction discriminating best between 
groups. Negative symptoms were partly accounted for by diminished word fluency 
and disorganization by poor prose and figure recall, high error scores and a high 
plasma serotonin level.

Results indicate that plasma monoamine levels fail to affect cognitive function in 
healthy subjects, whereas in patients, in whom cognitive function is compromised, an 
increased level of dopamine is associated with further deterioration in verbal learning 
and IQ. Results also confirm the relationship between negative symptoms and deficits 
in executive function and between disorganization and deficits in learning und 
memory.

Funded by a grant of the Deutsche Forschungsgemeinschaft (DFG)

855.7

LONG TERM CHANGES IN DOPAMINE MEDIATED BEHAVIOR 
FOLLOWING BIRTH INSULT IN GUINEA PIG : IMPLICATIONS FOR 
SCHIZOPHRENIA. C.Vaillancourt and P. Boksa*. Dept. of Psychiatry, McGill 
University, Montreal, Canada, H3A 1 Al

Schizophrenia is associated with both enhanced mesolimbic dopaminergic activity 
and increased perinatal complications, including Caesarean section (CS) birth and 
fetal hypoxia. We previously reported that adult rats that had been born by CS, 
either with or without added acute global anoxia, show enhanced nucleus 
accumbens dopamine (DA) release following repeated stress as well as enhanced 
locomotor responses to amphetamine (AMPH), in comparison to vaginally born 
controls. This finding raises the following question: are long-term changes in DA 
function after CS birth observed in the rat due to the relative immaturity of rats CNS 
at term in comparison to human brain at birth ? To span the level of maturity of the 
human brain at birth, the current study performed comparable experiments using a 
precocial species, namely guinea pig (GP). Developmental maturity of the human 
CNS at birth resides between that of the rat and GP. We have tested the effects of 
low dose (0.5 mg/kg) AMPH on locomotor activity (a behavior mediated by 
mesolimbic DA systems) in adult GP that had been born vaginally or by CS from 
rapidly decapitated dams, without or with addition of 1, 1.5 or 2 min of acute global 
anoxia. The main finding of this study is that GP born by CS without added global 
anoxia, showed significantly enhanced AMPH-induced locomotor activity as adults, 
compared to vaginally born controls. In contrast, as adults, GP born by CS plus 1 or
1.5 min of global anoxia showed decreased AMPH-induced locomotor responses 
while those born by CS with 2 min of anoxia exhibited no difference, in comparison 
to vaginally bom controls. Thus subtle birth insult produces long-term changes in 
DA function in both GP and rat, 2 species whose levels of CNS maturity span that 
of the human at birth. Supported by MRCC and FRSQ.

855.8

BEHAVIORAL CHANGES INDUCED BY DIETARY TRYPTOPHAN 
DEPLETION IN MEMBERS OF A NONHUMAN PRIMATE SOCIAL COLONY: 
EVIDENCE FOR SEROTONIN MEDIATION OF SOCIAL WITHDRAWAL. L.E. 
Shapiro. R.F, Schlemmer*, J.E, Young, C.K, Fleming, and J.M. Davis. University 
of Illinois at Chicago, Chicago, IL 60612.

Reduction in brain serotonin (5-HT) through dietary depletion of its precursor 
tryptophan (Trypt) leads to significant changes in animal and human behavior. 
Five hr after administration of a Trypt depleted drink, schizophrenic patients 
exhibited a worsening of negative symptoms and a reduction in Trypt plasma 
levels. (Sharma et al., Neuropsychobiology 35:5-10, 1997). A parallel study was 
conducted in 4 female members of a stumptail macaque (Macaca arctoides) 
social colony of 5 monkeys. On separate days, each female received “sham” and 
Trypt-depleted drinks given n.g. as their diet. A 1 hr behavioral observation was 
conducted by a “blind” observer in the AM prior to administration of the dietary 
drink (Day 1-AM), 5 hr after drink administration (Day 1-PM), and in the AM on 
Days 2 and 3. One cc of blood was drawn after each observation. Mean plasma 
Trypt levels were significantly decreased 5 hr after the Trypt-depleted diet was 
given. At the same time, distancing from cagemates was increased and initiated 
social grooming was significantly decreased in Trypt-depleted monkeys 
compared to “sham” treatment. Resting time was also slightly, but significantly 
increased. Other behaviors such as self-groom, submissive gestures given, 
visual scanning, and locomotion were unchanged. Distancing and decreased 
social grooming are forms of social withdrawal in primates. These results 
implicate 5-HT in the mediation of social withdrawal, a negative symptom of 
psychosis. Furthermore, Trypt depletion may provide a model to study a 
negative symptom in monkeys. (The authors thank Dr. G. Hoganson, Univ. of III. 
at Chicago for analyzing Trypt and large neutral amino acids in this study.)

855.9

DOPAMINE TRANSPORTER BINDING OF WIN35,428 IN STRIATUM 
CORRELATES WITH HPRT LEVEL AND EXTENT OF MOVEMENT 
DISORDER BUT NOT WITH SELF INJURIOUS BEHAVIOR J.C. 
Harris,* P.F Wong, H. A. Jinnah’ D. Schretlen, F. Yokoi, M Stephane,
S.Dogen Johns Hopkins Medical institutions, Baltimore, MD, 21287.

Lesch-Nyhan Syndrome is an x-linked, recessive inborn metabolic 
disorder characterized by infantile onset of choreoathetosis, dystonia, and 
stereotypical self-biting. We have previously documented reductions in 
dopamine transporter density of 64-75% in putamen and 50-63%, in 
caudate in 6 classic LNS cases with self-injurious behavior (Wong, Harris, 
et al., 1996). To clarify the relationship between presynaptic dopamine 
transporter binding in the striatum and self-injurious behavior (SIB), we 
studied 7 Lesch-Nyhan variant patients (HPRT levels 1.8-20.0%) and 2 
cases with HPRT levels <1.5%, all 9 without SIB (age range: 12-37). On 
quantitated neurological examination, we documented the extent of 
motor findings. Two patients with HPRT levels <1.5% and 2 patients with 
HPRT levels of 1.8% and 2.5% with severe movement disorder were not 
different in WIN 35,428 dopamine transporter binding in PET imaging 
than the previously described 6 classical Lesch-Nyhan patients who do 
self-injure. This suggests that reductions in dopamine receptor density 
are not a sufficient explanation of the self-injury. However, HPRT level 
and the extent of motor deficit was correlated with dopamine transporter 
binding in 9 cases. Dopamine transporter binding was significantly 
correlated with HPRT levels in whole cells (putamen k3/k4; Spearman 
rho=.89, p=0.001; caudate k3/k4: Spearman rho=.66, p=0.055). When 
the movement disorder was rated (minimal to severe), putamen k3/k4 
values were significantly correlated with symptom severity. These 
findings suggest that dopamine reduction is linked to the extent of the 
movement disorder but is not a sufficient explanation for self-injurious 
behavior and that other neurotransmitters, need to be examined. 
(Supported by NICHD HD33095)

855.10

D4 DOPAMINE RECEPTORS IN PRIMATE BRAIN. R. De La Garza II*. G.M. Miller.
H. Yang. M.K. Novak and B.K. Madras. Harvard Medical School, New England Regional 
Primate Research Center, Division of Neurochemistry, Southborough, MA 01772-9102.

The D4 dopamine receptor is a member of the D2-like family of G-protein coupled 
receptors. Mounting evidence suggests that D4 receptors may be involved in novelty-
seeking behaviors, psychostimulant actions, and neuropsychiatric disorders. As the 
nonhuman primate serves as a model for dopamine dysfunction we investigated the 
autoradiographic distribution of D4 receptors in Rhesus monkey (Macaca mulatto) brain 
(N=3), with the D4 selective probe [3H]U-101,958. A comprehensive map of D4 receptor 
distribution in various regions of primate brain is an essential first step in clarifying its 
role in the CNS. Quantification of [3H]U-101,958 binding sites in 77 brain regions 
revealed dense levels in the prefrontal cortex, hypothalamic median eminence, 
hippocampal formation, and in distinct thalamic nuclei, but were significantly lower in 
the striatum. The results correspond with previous jeports of D4 receptor distribution 
using other probes in other species. Overall, [3H]U-101,958 binding sites in non-human 
primate brain appear to reflect D4 receptors, and it emerges as a suitable probe for 
investigation of D4 receptors in brain. We have now turned our attention to investigating 
polymorphisms of the D4 receptor, which have been identified in humans and several 
monkey species. In humans, these polymorphisms are associated with receptor function 
and implicated in certain neuropsychiatric disorders. The relationship between 
polymorphisms of D4 receptors and other dopamine receptors (Db D2, D3), or monoamine 
transporters (DAT, SERT, NET) genes and specific, observable behaviors (e.g., 
hyperactivity) in monkeys is not known. Genomic DNA was extracted from whole blood 
and analyzed by the polymerase chain reaction. This ongoing study will provide valuable 
information regarding the existence of polymorphisms in nonhuman primates that exhibit 
complex behaviors.

Support: DA 09462, DA 11558, DA 00304, DA 05857 (RD), RR00168
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855.11

CHRONIC MORPHINE TREATMENT INCREASES EXTRACELLULAR 
LEVELS OF NORADRENALINE IN THE RAT BED NUCLEUS OF THE STRIA 
TERMINALIS. M I. Forrav. J. A. Fuentealba and K, Gysling*. Lab. Biochemical 
Pharmacology, Faculty of Biological Sciences and Faculty of Chemistry, Catholic 
University of Chile, CHILE.

Several evidences have shown that brain noradrenaline (NA) has a role in 
morphine addiction. The ventral part of the bed nucleus of the stria terminalis 
(BNST) is the region of the brain with the highest NA concentration in the brain. 
However, there has not been addressed the eventual participation of this limbic 
related structure in morphine addiction.

The objective of the present work is to study the possible role of the BNST 
noradrenergic system in the mechanisms of morphine addiction. For this purpose, 
extracellular levels of NA in the BNST were studied by in vivo microdialysis in 
three experimental animal groups: saline and chronic morphine treated rats with 
and without naloxone-precipitated withdrawal. Glutamate extracellular levels were 
also determined in the same animals.

The results indicate that chronic treatment with morphine induces a 
significant increase in NA extracellular levels in BNST. Withdrawal precipitated by 
naloxone produces a further significant increase in NA extracellular levels in BNST. 
In addition, NA extracellular levels from both, control and morphine treated rats 
were significantly decreased in a similar degree by the perfusion of UK-14304, a 
specific a2-adrenergic agonist.

In conclusion, the present study shows that chronic morphine treatment 
increases NA extracellular levels in the BNST and that this increase is significantly 
higher in rats with naloxone-precipated withdrawal. It seems that this increase is not 
due to a change in the regulation exerted by a2-adrenergic autoreceptors. These 
results suggest that the noradrenergic BNST system participates in morphine 
addiction. (Supported by grant FONDECYT 8970010)

855.12
INCREASES IN CALCIUM CHANNEL mRNA IN THE VENTRAL 
TEGMENTAL AREA CONTRIBUTE TO BEHAVIORAL SENSITIZATION TO 
COCAINE. A, A, Bari1 and R. C. Pierce1'2*. Departments of ‘Pharmacology and 
2Psychiatry, Boston University School of Medicine, Boston, MA 02118.
Recent findings indicate that microinjections of N-type calcium channel 
antagonists into the shell of the nucleus accumbens block the expression of 
behavioral sensitization to cocaine. These findings suggest that changes in 
calcium channel expression may contribute to cocaine sensitization. In order to 
assess this possibility, we used RT-PCR to measure the effects of acute and 
repeated daily injections of saline or cocaine on N-type calcium channel mRNA in 
the ventral tegmental area (VTA) and substantia nigra. Male Sprague-Dawley rats 
were treated either acutely or once daily for 7 consecutive days with saline or 30 
mg/kg cocaine (i.p.). The rats were killed by rapid decapitation, the VTA and 
substantia nigra were excised, total mRNA was extracted and reverse transcribed, 
and calcium channel mRNA was amplified with PCR. The resulting PCR product 
was separated using agarose gel electrophoresis and quantified using ethidium 
bromide and image analysis. The results indicate that an acute injection of cocaine 
had no influence on N-type calcium channel mRNA in either the VTA or 
substantia nigra. However, among rats sensitized to cocaine, there was a 
significant increase in the mRNA for the N-type calcium channel in the VTA but 
not the substantia nigra. These results indicate that increases in N-type calcium 
channel mRNA in the mesoaccumbens dopamine pathway may play an important 
role in the initiation and/or long-term expression of behavioral sensitization to 
cocaine.
Supported by NIH grant DAI 1168 and a National Alliance for Schizophrenia and 
Depression Young Investigator Award.

855.13

EVALUATION of mCPP-INDUCED VACUOUS MOUTH MOVEMENTS IN 
RATS AS AN ANIMAL MODEL FOR OBSESSIVE COMPULSIVE DISORDER. 
J.C. Granger. L.V, Palmer. J.A. Vacca, and D.S. Kreiss*
University of Central Arkansas, Department of Biology, Conway, AR 72035.

Persons with Obsessive Compulsive Disorder (OCD) repetitively experience
anxiety-producing thoughts and urges to perform ritualistic behaviors. Imaging studies 
suggest that OCD is associated with abnormal basal ganglia-thalamocortical circuitry. 
To facilitate investigation of OCD pathophysiology, this study evaluated vacuous 
chewing mouth movements (VCM’s) elicited in rats by the serotonin agonist mCPP as 
a behavior which can serve as an animal model. mCPP-induced VCM’s were selected 
for study because mCPP provokes obsessions in OCD patients1 and VCM’s are 
mediated by effects of mCPP on basal ganglia nuclei2. Analogous to alleviation of OCD 
symptoms in humans, VCM’s induced by mCPP (2 mg/kg) were suppressed by 5-min 
pretreatment with amphetamine (1 mg/kg) and chronic treatment (28 days) with the 
selective serotonin (5-HT) uptake inhibitor fluvoxamine (5 mg/kg), but not by single 
treatment with fluvoxamine nor chronic treatment with the selective norepinephrine 
uptake inhibitor desipramine (5 mg/kg). Further experiments showed that VCM’s were 
also suppressed by 5-min pretreatment with: the 5-HT2B/2C antagonist SB 206553 (2.5 
mg/kg)> the 5HT2C antagonist RS 10221 (2.5 mg/kg), a combination of the dopamine 
antagonists SCH 23390 (2 mg/kg) and eticlopride (0.5 mg/kg), the dopamine uptake 
inhibitor bupropion (25 mg/kg), and desipramine (15 mg/kg). In vivo, extracellular 
measurement of the electrical activity of neurons in chronically treated rats indicated 
that neither fluvoxamine nor desipramine altered the spontaneous, basal firing rates of 
neurons of the substantia nigra pars compacta or pars reticulata. Firing rates of pars 
compacta and pars reticulata were found to be positively correlated in the desipramine- 
treated, but not fluvoxamine-treated or control rats. Conclusions: (a) mCPP-induced 
VCM’s are a valid animal model of OCD. (b) 5-HT2C receptors, as well as the 
dopamine and norepinephrine neurotransmitter systems, mediate the mCPP-induced 
behavior, (c) Chronic exposure to fluvoxamine and desipramine differentially affect 
neurotransmission in the basal ganglia.
References: 1-Zohar et al., 1987, Arch Gen Psychiatr. 44:946; Broocks et al., 1998, Psychiatr. Res. 79:11. 
2-Liminga et al., 1993, Pharmacol Biochem Behav, 46:427; Eberle-Wang et al., 1996, Neurosci. 72:117.

UCA Univ. Res. Council, AR-SILO Fellowship

855.14

mRNA EXPRESSION OF CYTOCHROME OXYDASE AND TYROSINE 
HYDROXYLASE IN DORSAL RAPHE NUCLEUS AND IN THE LOCUS 
COERULEUS OF SUICIDE VICTIMS. V Bautista1. C Barcia1, R Bafion2, 
A Sanchez-Bahillo’, EC Hirsch3. A Luna2. MT Heirero1*. ’Experimental 
Neurology & Neurosurgery and 2Dept of Legal Medicine, Fac. Medicine Univ. 
of Murcia, Spain;3INSERM U289. Hopital de la Salpetriere. Paris, France.

Suicide have become an important problem of health in developed countries. 
Dysfunction of 5-HT cortical receptors has been reported in the brains of suicide 
victims but acute changes in neurotransmitters systems remain unknown.

This study was performed in the brainstem from 6 suicide victims (3 males 
and 3 females) and 5 matched-controls (2 males and 3 females) previously frozen 
with liquid nitrogen and stored at -80° C until used. Messenger RNA abundance 
at the cellular level was determined by quantitative "in situ" hybridization on 
cryostat-cut sections (20 pm thickness), using human-specific 35S-labelled 
riboprobes for cytochrome oxydase in dorsal raphe nucleus and for tyrosine 
hydroxylase in the locus coeruleus, respectively. A significant increase (p< 0.05) 
in the neuronal abundance of cytochrome oxydase mRNA was found in the dorsal 
raphe nucleus in the suicide group when compared with controls, confirming that 
mitocondrial activity is increased in putative serotoninergic neurons of suicide 
victims. No significant changes were found on tyrosine hydroxylase mRNA 
expression at the level of the locus coeruleus. These data suggest that overactived 
dorsal raphe neurons, but not those from the locus coeruleus, are involved in the 
pathophysiology of suicide.
Supported by Fundacion Seneca, PB/8/FS/97.

855.15

EFFECTS OF REPEATED MORPHINE ADMINISTRATION ON STRIATAL AND 
MESOLIMBIC DOPAMINERGIC TRANSMISSION IN ALCOHOL-PREFERRING 
AA AND ALCOHOL-AVOIDING ANA RATS. T.P. Pieoponen1* J, Mikkola1, A. 
Honkanen1, K, Kiianmaa2 andL. Ahtee1, ‘Dept. of Pharmacy, Div. of Pharmacology 
and Toxicology, P.O.Box 56, 00014 University of Helsinki, Finland; 2National Public 
Health Institute, Alcohol Research Center, P.O.Box 719, 00101 Helsinki, Finland

The central dopaminergic mechanisms play an important role in the behavioural 
sensitization phenomenon induced by repeated administration of drugs of abuse. 
Recently we have shown that the alcohol-preferring AA rats are more sensitive to 
locomotor activating effects of small doses of morphine than the alcohol-avoiding ANA 
rats. In addition, AA rats are more rapidly sensitized to the locomotor activating effect of 
morphine than ANA rats. In this study we investigated whether acute morphine 
challenge enhances the nigrostriatal and mesolimbic dopaminergic transmission more in 
AA rats than in ANA rats after repeated morphine treatment. Morphine (1 mg/kg s.c.) or 
saline was administered once daily for 4 days. Sixty min after the last administration of 
morphine or saline the rats were sacrificed with head-focused microwave irradiation. The 
tissue levels of 3-methoxytyramine (3-MT) in the dorsal striatum and in the nucleus 
accumbens were used as an index of dopamine (DA) release. Morphine increased the 
release of DA in the nucleus accumbens similarly in both strains (by 29%) as compared 
with corresponding controls. The effect of morphine on accumbal DA release tended to 
be enhanced in the AA rats pretreated with morphine (increase by 48%), but not in the 
ANA rats (increase by 29%). In the dorsal striatum morphine tended to enhance DA 
release more in saline pretreated AA (by 49%) rats than in ANA rats (by 22%). The 
effects of morphine on striatal DA release were not altered by pretreatment with 
morphine. These results suggests that the mesolimbic dopaminergic neurons of AA rats 
are somewhat more prone to be sensitized by repeated opioid administration than those 
of ANA rats. Furthermore, the nigrostriatal dopaminergic neurons of AA rats appear to 
be more sensitive to acute effects of morphine than those of the ANA rats.

Supported by the Finnish Foundation for Alcohol Studies and the University of 
Helsinki.

855.16

GENDER DIFFERENCES IN MOOD DURING TRYPTOPHAN DEPLETION 
Francisco Moreno *. Alan Gelenberg. Cindy McGahuev. and Pedro Delgado.
Dept. of Psychiatry, Univ. of Arizona College of Medicine, Tucson, AZ 85724

Gender differences in the underlying mechanisms of depression and 
antidepressant action are mostly unknown. This study determines the differences in 
mood response to plasma tryptophan (TRP) depletion across genders.

Data were analyzed in 91 subjects (32 males and 59 females) who underwent 
TRP depletion at the Arizona Health Sciences Center. The sample analyzed included 
16 healthy subjects, 75 subjects with history of depression. Seventeen subjects with 
history of depression were in remission and medication-free, 18 were taking Non- 
SSRI’s, and 40 were taking SSRI’s. Subjects had been administered a 102-gm, TRP- 
free, 15-amino acid drink. Ratings of mood were obtained at baseline, 5, and 7 hours 
after ingestion of the drink, and once during the following day.

ANOVA with repeated measures of the sample as a whole, revealed that TRP 
depletion caused a significant increase of HAM-D score as demonstrated by the main 
effect of time (F=8.8, df=3, p= .000), and a significant time x gender interaction 
(F=3.8, df=3, p= .011). T-Test for the effects of gender was significant at 7 hours 
(F=16.8, p= .000), indicating greater mood effects in females. Analysis of subgroups 
of subjects indicated no significant main effect of time in subjects without history of 
depression. Among subjects with history of depression, those who were treated with 
Non-SSRI’s had significant main effects of time, but not significant interaction with 
gender. In contrast subjects having been treated with SSRI’s, had a significant main 
effect of time and a significant interaction of time x gender. Preliminary analysis of 
individual HAM-D items suggests no differences in response pattern across gender. 
Phase of female menstrual cycle was not recorded prospectively.

These findings suggest that gender differences in mood during TRP depletion 
may be influenced by the type of antidepressant treatment being utilized at the time 
of testing.

Various NIMH Grants
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855.17
INCREASED pl125I]IODOCLONIDINE BINDING TO <x2-ADRENOCEPTORS 
IN THE LOCUS COERULEUS IN MAJOR DEPRESSION. G.A. Ordway 2, J.E. 
Schenck1, G. Dilley2, J.C. Overholser3, H.Y. Meltzer2, C.A. Stockmeier2, A.E. Halaris' * 
and. V. Klimek1. 'Dept. of Psychiatry & Human Behavior, University of Mississippi 
Medical Center, Jackson, MS, and Depts. of 2Psychiatry and ’Psychology, Case Western 
Reserve University, Cleveland, OH.

Our recent data demonstrate that the pathophysiology of major depression is 
characterized, at least in part, by abnormal neurochemistry in the noradrenergic locus 
coeruleus (LC). Increased levels of tyrosine hydroxylase and decreased levels of 
norepinephrine transporter in the LC of subjects with major depression implicate a 
deficit of norepinephrine in this illness. In the present study, quantitative 
autoradiography of p-[125I]iodoclonidine (['25I]PIC) binding to a2-adrenoceptors was 
assessed coordinately with the quantitative distribution of noradrenergic cells in the LC 
from 14 subjects with an Axis I diagnosis of major depression and 14 psychiatrically 
normal control subjects matched by age and post-mortem delay. The specific binding 
of [125I] PIC to a2-adrenoceptors along the rostro-caudal extent of the LC was uneven and 
was paralleled by a similar uneven distribution of neuromelanin-containing 
noradrenergic cells in both groups of subjects. Highest concentrations of binding and 
the greatest number of noradrenergic cells per section occurred near the middle portion 
of the nucleus. The specific binding of [125I]PIC to a2-adrenoceptors along the rostro- 
caudal extent of the LC was significantly higher in major depressive compared to control 
subjects. There were high amounts of [l25I]PIC binding to a2-adrenoceptors in the 
caudal portion of the dorsal raphe and in the median raphe of the same subjects, however 
no differences were observed in the raphe nuclei between major depressive and control 
subjects. The present data strengthens evidence of disrupted neurochemistry of the 
noradrenergic LC, possibly as a consequence of lower central norepinephrine 
availability in major depression. (Supported by MH46692, MH45488 and NARSAD).

855.18
NEUROCHEMICAL EVIDENCE FOR A LINK BETWEEN CIGARETTE 
SMOKING AND DEPRESSION. V. Klimek1*, M.-Y. Zhu1, G. Dilley2, J.C. 
Overholser3, H.Y. Meltzer2. C.A. Stockmeier2 and G.A. Ordway'2. 'Dept. of Psychiatry 
& Human Behavior, University of Mississippi Medical Center, Jackson, MS, and Depts. 
of 2Psychiatry and ’Psychology, Case Western Reserve University, Cleveland, OH.

The prevalence of cigarette smoking among individuals suffering from major 
depression and the high risk of developing depressed mood after smoking cessation 
raise the possibility of a neurochemical link between smoking and depression. Others 
have demonstrated that cigarette smoking decreases monoamine oxidase (MAO) A and 
MAO B in the brain. In the present study, the effects of chronic cigarette smoking on 
levels of MAO A and other proteins in the noradrenergic locus coeruleus (LC) of the 
human brain were examined. Postmortem brain tissues containing the LC were obtained 
from chronic smokers (n=5-6) and from non-smokers (n=7-8), all of which had no other 
major psychiatric diagnoses as assessed retrospectively. The ages of smokers ranged 
from 37 to 67 y (avg. 52±4) and of non-smokers from 26 to 78 y (avg. 61±7). The 
specific binding of radioligands to noradrenergic proteins (MAO-A and a2- 
adrenoceptors) was measured autoradiographically in tissue sections cut transversely 
at multiple levels along the rostral-caudal extent of the LC, and tyrosine hydroxylase 
levels were estimated immunochemically in the same subjects. Amounts of MAO A, 
a2-adrenoceptors, and tyrosine hydroxylase were significantly lower throughout the LC 
in cigarette smokers compared to non-smoking control subjects. Since chronic treatment 
of rats with MAO inhibitors reduces levels of MAO A, a2-adrenoceptors, and tyrosine 
hydroxylase, the present data indicate that long-term effects of cigarette smoking on 
noradrenergic proteins in the LC may result from a smoking effect on MAO. 
Furthermore, cigarette smoking by subjects with major depression may represent a type 
of self-medication. (Supported by MH46692, MH45488 and NARSAD).

855.19

EFFECTS OF LONG-TERM LITHIUM OR RUBIDIUM ADMINISTRATION ON 
ANIMAL MODELS OF DEPRESSION
F. Masi1, S, Schegqi1, P.L. Tolu1, M.G, De Montis2, C. Gambarana and A.
Tagliamonte*1
1 Clinic of Nervous and Mental Diseases, University of Siena, Siena, Italy
2 Dept. of “Scienze del Farmaco”, University of Sassari, Sassari, Italy

The present study investigated in rats the effect of long-term treatments with 
lithium (Li) or rubidium (Rb) on behavioral (i.e., reactivity to stress and 
appetitive response) and on neurochemical parameters (i.e., dopamine output 
in the nucleus accumbens, NAc). Both ions showed a protective activity on the 
development of stress-induced escape deficit (ED) after acute administration 
(Li 0.8 mEq/kg for 3.5 days, Rb 0.008-0.08mEq/kg 72 h before inescapable 
stress exposure). However, repeated treatment (3 weeks) with either Li (0.8 
mEq/kg b.i.d.) or Rb (0.008 mEq/kg/72 h) induced in rats a spontaneous (not 
induced by a previous stress) ED condition. Extraneuronal dopamine 
concentration in the NAc was significantly decreased in both Li and Rb 
chronically treated rats. Moreover, the increase in dopamine accumulation 
after acute cocaine administration was significantly lower in Li or Rb treated 
animals as compared to control rats. These results are analogous to those 
observed in animals exposed to chronic stress (Gambarana et al., J. 
Neurochem. 5, 1999). The effect of long-term Li or Rb administration was 
also studied on the acquisition of an appetitive operant behavior sustained by a 
palatable food in satiated rats (Ghiglieri et al., Behav. Pharmacol. 8, 619, 
1997). Rb administered during the training phase prevented the acquisition of 
the appetitive behavior, while Li appeared to improve both the acquisition rate 
and final performance of rats. (This study was supported by grants from the 
Italian MURST.)

855.20
CHRONIC FLUOXETINE, BUT NOT SERTRALINE OR PAROXETINE, 
PRODUCES BEHAVIORAL AND NEUROCHEMICAL CHANGES IN THE RAT.
J.D. Sokolowski*, R. Lew, andL.S. Seiden. Dept. of Pharmacological and 
Physiological Sciences, University of Chicago, Chicago, IL 60637.

Fluoxetine, sertraline, and paroxetine are commonly-prescribed antidepressant 
drugs whose primary neurochemical effect is to block the sertonin (5HT) transporter, 
thereby increasing synaptic levels of the neurotransmitter. However, in both clinical 
and experimental settings, these specific serotonin reuptake inhibitors (SSRIs) have 
been demonstrated to produce different effects. In this series of experiments, these 
three SSRIs were administered to separate groups of rats for 21 days (lOmg/kg/day). 
During the 21-day injection period, rats were tested on the differential-reinforcement- 
of-low-rate 72-sec (DRL 72-s) operant schedule, which has been used as a sensitive 
and selective screen for antidepressant drugs. After the 21-day treatment period, 
using 8-OH-DPAT-induced hypothermia as the measure, rats were tested for 5HTjA 
receptor sensitivity. Finally, radioligand binding to the 5HT transporter was 
investigated using 125I-RTI55. The results indicated that only fluoxetine produced 
significant behavioral changes throughout the 21-day treatment period, as indicated 
by an increase in reinforcement rate and a decrease in response rate on the DRL 72-s 
procedure. Additionally, chronic fluoxetine desensitized 5HTiA receptors, as 
measured by a blunting of 8-OH-DPAT-induced hypothermia, and also resulted in 
decreased radioligand binding to the 5HT transporter, while sertraline and paroxetine 
yielded neither of these effects. These results indicate that, while all of these drugs 
are SSRIs and have the same primary’ neurochemical effect, the SSRIs do not appear 
to be identical. Further investigations of the SSRIs may be beneficial in the 
development of new therapeutic agents, and, more importantly, may add insight into 
the role of 5HT in depression.

This work was supported by PHS MH11191, PHS T32 DA-07255, and gifts from Eli 
Lilly, SmithKline Beecham, and Pfizer.

855.21

NE AND 5-HT RECEPTORS INVOLVED IN ELICITING PANIC-LIKE 
RESPONSES FOLLOWING I.V. INFUSIONS OF YOHIMBINE AND 
FENFLURAMINE. S.R. Keim* and A. Shekhar. Dept. of Psychiatry, 
Indiana University Medical Center, Indianapolis, Indiana 46202.

Intravenous infusion of sodium lactate elicits a panic-like response in 
rats with chronic dysfunction of GABA in the dorsomedial 
hypothalamus (DMH). Infusions of yohimbine and fenfluramine, 
central releasers of NE and 5-HT, respectively, also elicit a panic-like 
response in these rats. The present study was conducted to determine 
the NE and 5-HT receptors in the DMH involved in these responses. 
Rats were fitted with femoral arterial and venous catheters and baseline 
heart rate (HR), blood pressure (BP) & respiratory (RR) responses to 
yohimbine and fenfluramine infusions were obtained. They were next 
implanted with chronic injection cannulae which were connected to 
Alzet infusion pumps filled with the GABA synthesis inhibitor 1- 
allylglycine (1-AG; 3.5 nmoles/0.5ul/hr) into the DMH. After 4-5 
days of recovery, rats were once again tested with either i.v. 
yohimbine, fenfluramine or saline infusions, measuring the effects on 
HR, BP, RR and social interaction test of anxiety. Next, the effects of 
yohimbine and fenfluramine infusions were tested after injecting into 
the DMH the NE (alpha-l:benoxathian; beta: propranolol) and 5-HT(5- 
HT2:ketanserine;5-HT3:tropisetron)receptor antagonists, respectively. 
Effects of yohimbine was blocked by benoxathian but not propranolol, 
while fenfluramine response was partially blocked by both the 5-HT2 
and 5-HT3 antagonists in the DMH. (Supported by MH 52691).

855.22

INCREASED ANXIETY AND DECREASED CIRCADIAN 
RHYTHMICITY IN BEHAVIORAL ACTIVITY IN DOPAMINE D2 
RECEPTOR-KNOCKOUT MICE.
T. UWANO,1* R. TAMURA.1 H, NISHIJO,1 J, KURIWAKI,1 A.
AIBA,2 M. KATSUKI2 and T. ONO1, ’Department of Physiology, 
Faculty of Medicine, Toyama Medical and Pharmaceutical University, 
Toyama 930-0194; institute of Medical Science, University of Tokyo, 
Tokyo 113-8654, JAPAN.

The dopaminergic system has been postulated to play a crucial role 
in various behavioral systems such as emotion and maintenance of the 
circadian rhythm. To elucidate the role of dopamine D2 receptor 
(D2R) in these functions, we analyzed mutant mice lacking D2R- 
protein. In a dark/light box test, locomotor activity of both wild-type 
and D2R-/- mice was higher in the dark box. However, total 
locomotor activity, rearing, and number of transitions between dark- 
and light-boxes was significantly smaller in D2R-/- mice, while time 
spent in the dark-box was significantly longer in D2R-/- mice. In an 
open field test, exploratory behavior was decreased in D2R-/- mice; 
i.e., longer latency before moving and less movement, and this effect 
persisted for all 5 days of testing. In long-term analysis of locomotor 
activity in a home cage under 12/12 hr-dark/light cycle, locomotor 
activity of wild-type mice was higher in dark- than light-phases, 
whereas that of D2R-/- mice was similar in both phases. These results 
indicate that D2R-/- mice may be in a state of increased anxiety and 
may display a decrease in circadian cycling of behavior activity.
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855.23
Interactive Effects of Acute Stress and Yohimbine on Anxiety as Measured 
with the Elevated Plus Maze. Habibeh Khoshbouei*, Marco Cecchi, and D.A. 
Morilak,, Department of Pharmacology, University of Texas Health Science 
Center, 7703 Floyd Curl Dr., San Antonio, TX, 78284-7764

Norepinephrine (NE) is thought to play a role in the induction of anxiety in 
animals and humans. In particular, the <22 adrenergic autoreceptor antagonist 
has been shown to be anxiogenic. In rats, yohimbine induces anxiety as 
measured on the elevated plus maze (EPM). In human volunteers, yohimbine 
induces anxiety and panic in individuals prone to panic attacks, and in patients 
suffering from post-traumatic stress disorder. Indeed, NE is also thought to 
play an important modulatory role in the stress response, influencing 
behavioral arousal and behavioral activation. It is thus possible that NE plays a 
role in the anxiety induced by stress, and this influence may be relevant to the 
mechanism of stress-related disorders such as PTSD or panic disorder. In this 
study, we investigated the interactions between stress and yohimbine in 
producing anxiety-related behavior on the EPM. Adult male Sprague-Dawley 
rats were tested for 5 min on the EPM as an index of anxiety. One group was 
administered yohimbine (2.5 mg/kg, i.p.) 40 min prior to testing, another was 
exposed to 5 min of restraint stress 20 min before testing, and the final 
experimental group was exposed to restraint stress after pretreatment with 
yohimbine. Control groups were untreated or vehicle-injected (n=3-5 per 
group). Preliminary data replicate previous reports showing the anxiogenic 
effects of yohimbine, which decreased significantly the percent entries and 
percent time spent in the open arms of the EPM (ANOVA, p < 0.05). Similarly, 
a brief exposure to restraint also reduced the entries and time spent in open 
arms, demonstrating the anxiogenic effect of mild stress. Surprisingly, in these 
preliminary experiments pretreating animals with yohimbine prevented the 
anxiogenic influence of restraint stress, as performance of these animals on 
the EPM was not different from controls. This suggests that activation of the 
noradrenergic system may be slightly anxiogenic itself, but may also attenuate 
anxiety elicited by stress. Support provided by NIMH (MH 53851).

INGESTIVE BEHAVIORS: CNS PATHWAYS

856.1

EXENDIN-4 ACTIVATES CENTRAL AUTONOMIC PATHWAYS IN THE 
RAT BRAIN. C.E. Lee1, L. Baggio3, E.T. Wong2*, D.J, Drucker3, and J.K. 
Elmquist1,2. 'Department of Medicine and Division of Endocrinology, department 
of Neurology and Program in Neuroscience, Beth Israel Deaconess Medical Center, 
Harvard Medical School, Boston, MA 02115; ’Department of Medicine, Endocrine 
Division, The Toronto Hospital, University of Toronto, Toronto, Ontario M5G 
2C4, Canada.

Exendin-4 (EXN-4), a peptide isolated from lizard venom, is an agonist at the 
glucagon-like peptide-1 (GLP-1) receptor in the mammalian brain. GLP-1 neurons 
are located exclusively in the nucleus of the solitary tract and ventral medulla in the 
rat brain. The distribution of GLP-1 receptor mRNA is much more widespread and 
is found in the hypothalamus, midbrain, and medulla. Intracerebroventricular (icv) 
administration of GLP-1 increases blood pressure and heart rate, inhibits feeding in 
fasted rats, and induces Fos-like immunoreactivity (Fos-IR) in autonomic 
regulatory groups in the rat brain. In this study, we administered EXN-4 
intravenously (iv, 10 pg/kg) and examined patterns of Fos-IR in the rat brain. Two 
hours following EXN-4 administration, we observed Fos-IR in several regions 
involved in maintaining autonomic homeostasis. These regions included the area 
postrema (AP), nucleus of the solitary tract (NTS), lateral parabrachial nucleus 
(LPB), paraventricular nucleus of the hypothalamus (PVH), bed nucleus of the stria 
terminalis (BNST), central nucleus of the amygdala (CeA), and the locus coeruleus 
(LC). In addition, we combined Fos immunohistochemistry with in situ 
hybridization for GLP-1 mRNA. We observed double-labeled cells (Fos + GLP-1 
mRNA) in the NTS in EXN-4 treated rats. These results demonstrate that the 
peripherally administered GLP-1 agonist (EXN-4) activates GLP-1 containing 
neurons in the NTS. Further, these findings suggest that Fos-IR in other brain 
regions containing GLP-1 receptor mRNA such as the PVH, LPB, and the LC may 
be due to activation of ascending GLP-1 projections arising from the NTS. These 
results are consistent with the hypothesis that GLP-1 systems in the CNS contribute 
to the regulation of food intake, blood pressure, and heart rate.
This work was supported NIH grant DK53301.

856.2

CELLULAR MECHANISMS OF AMYLIN ACTIVATING AREA POSTREMA 
AND SUBFORNICAL ORGAN NEURONS
T. Riediqer, M. Rauch, G. Jurat, H. A. Schmid *, Max-Planck-lnstitute for 
Physiological and Clinical Research, W.G. Kerckhoff-lnstitute, Parkstr. 1, 
61231 Bad Nauheim, Germany

The area postrema (AP) and the subfornical organ (SFO) are 
circumventricular organs (CVO) lacking a functional blood-brain-barrier. 
Amylin is cosecreted with insulin in response to food intake and high blood 
glucose levels. A reduction of food intake and lowering of gastric motility as 
well as an induction of drinking are recently described physiological effects of 
amylin acting on the AP and SFO. In extracellular recordings from in vitro 
slice preparations of the rat AP and SFO amylin (10'9-10’7M) excited 48% of 
all AP neurons (n=94) and 73% of all SFO neurons (n=78), the remaining 
were insensitive. AP neurons showed a 15-fold higher sensitivity to amylin 
than SFO neurons. Interestingly, 91% (n=11) of all amylin-sensitive AP 
neurons were also glucose-sensitive, while amylin-insensitive neurons (n=5) 
were also glucose-insensitive. Glucose-sensitive neurons increased firing 
with higher (6mM) and decreased it with lower (2mM) physiological 
concentrations (4mM) of extracellular glucose. In both CVO amylin (40nmol 
sc in vivo; 10’ M for AP, 10’7M for SFO in vitro) stimulated cGMP formation 
which was detected immunohistochemically and could be blocked by the 
amylin receptor antagonist AC187. While in the SFO amylin-stimulated 
cGMP production was NO-dependent (blockable by NO-synthase inhibitor L- 
NMMA) cGMP production in the AP was not affected by L-NMMA. For this 
reason and due to low NO-synthase activity in the AP (confirmed by NADPH- 
diaphorase staining) we suggest a NO-independent amylin-induced cGMP 
formation mediating neuronal activation in the AP. This is underlined by 
matching distributions of cFos- and cGMP-imunnoreactivity and by the 
excitatory effect of the membrane-permeable analogue 8-Br-cGMP on AP 
neurons. In contrast, in the SFO, where NO-dependent cGMP-formation 
(induced by amylin and other excitatory hormones) decreases neuronal 
activity, this pathway might serve as a local inhibitory feedback mechanism.

856.3

BRAIN cFOS EXPRESSION AFTER ACUTE ADRENAL STEROID 
IMPLANTS IN THE AMYGDALA OF THE RAT. L.Y.Ma*1. B.S. 
McEwen2, S.L Fluhartv’ and R.R. Sakai1. ’Dept. of Animal Biology 
and Inst, of Neurological Sciences, Univ. of Pennsylvania, 
Philadelphia, PA 19104; ^ab of Neuroendocrinology, The Rockefeller 
Univ., New York, NY 10021

We have previous described that implants of adrenal steroids in the 
amygdala act in the brain to rapidly arouse salt intake behavior. Rank 
order steroid potency to induce salt intake is THDOC> THALDO> 
DOC=ALDO»vehicle. In the present experiment we used a marker of 
neuronal activation, cFos immunoreactivity, to investigate regions of 
brain that are activated and maybe involved in the neuronal circuitry 
underlying the rapid arousal of salt intake. Rats fitted bilaterally with 
cannula directed to terminate in the amygdala were implanted with either 
the tetrahydro-derivatives (TH) of deoxycorticosterone (DOC), 
aldosterone (ALDO) or the cholesterol vehicle as a control. All rats were 
then processed for cFos-ir one hour after the steroid implants; a time at 
which they would have normally demonstrated a salt appetite. Increases 
in cFOS-ir were observed in the organum vasculosum of the lamina 
terminalis, bed nucleus of the stria terminalis, medial preoptic nucleus, 
subfornical organ, paraventricular nucleus and the supraoptic nucleus. 
These data indicate that these groups of neurons are activated in the 
brain and thus maybe associated with a circuitry involved with the rapid 
steroid induction of salt intake in rats. Supported by: DK-48061 and 
MH 43787.

856.4

POSTERODORSAL AMYGDALA LESIONS BLUNT FEEDING INDUCED 
BY 8-OH-DPAT. D.V. Coscina1*, P.J. Currie1, C. Bishop1, G.C, Parker1, B.L. 
Rollins2 and B.M. King2. ’Dept. of Psychol., Wayne State Univ., Detroit, MI 
48202; 2Dept. of Psychol., Univ. of New Orleans, New Orleans, LA 70148.

Eating in otherwise satiated rats can be induced by intra-raphe or systemic 
injections of the serotonin (5-HT) 1A agonist, 8-hydroxy-2(di-n-propyIamino) 
tetralin (8-OH-DPAT). Attempts to localize this effect in brain have ruled out the 
paraventricular nucleus (PVN) of the hypothalamus as an important site. A 
variety of literature implicates portions of the amygdala as contributing to 5-HT 
controls over feeding. Since damage to the posterodorsal amygdala (PDA) can 
induce mild but reliable overeating, we determined if 8-OH-DPAT was an 
effective feeding stimulus in such lesioned preparations. Adult female rats 
received bilateral electrolytic lesions vs. sham PDA lesions in New Orleans. 
After confirming PDA lesions induced increased intake and 15% weight gain 
over controls for one month, animals were shipped to Detroit where they 
received intracerebral cannula implants terminating in the dorsal raphe 
nucleus, a site that provides 5-HT innervation to the amygdala. All rats were 
tested for 1-hr intakes of basal diet (lab chow) after 0, 0.4, 0.8 and 1.6 nmol 
randomized injections of 8-OH-DPAT in 0.4 pi saline, with 3-4 days between 
tests. PDA-lesioned rats showed only 50% of control feeding responses at the 
two highest doses. One final systemic test with 250 pg 8-OH-DPAT s.c. 
confirmed this blunted feeding effect. These results suggest that an intact PDA 
mediates eating triggered by low levels of brain 5-HT. Work in progress is 
determining if the PDA itself represents a critical site at which subnormal 5-HT 
signaling drives overeating and/or if the PDA is part of a more complex 
neurochemical circuit necessary for the expression of exaggerated feeding in 
response to other feeding cues. Supported by funds from WSU
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856.5
ENHANCEMENT OF FOOD MOTIVATION IN THE 
PROGRESSIVE RATIO PARADIGM AFTER STIMULATION OF 
MU RECEPTORS WITHIN NUCLEUS ACCUMBENS
M. Zhang*C. Balmadrid. and A. E. Kelley Psychiatry Department, 
Univ. of Wisconsin-Madison, 6001 Research Park Blvd., Madison, 
WI 53719

It has been hypothesized that opioid effect on feeding may involve a mechanism 
associated with enhancement of the pleasant and rewarding aspects of food ingestion. 
In the current study, we therefore investigated whether the mu opioid system within 
the nucleus accumbens (Acb) is involved in food motivation and reward by utilizing a 
progressive ratio (PR) reinforcement schedule which requires progressively increasing 
operant responding for one sugar pellet. In the first stage of the experiment, sufficient 
responding elicited a delivery of a sugar pellet which was preceded by a compound 
stimulus consisting of houselights off, red panel light on, and the click of the food 
magazine. The mu agonist, DAMGO (0, 0.025 and 0.25 pg/0.5 pi), was infused into 
the core of Acb in satiated rats. Breakpoint (BP), a measure of motivational level, was 
significantly increased by both doses of DAMGO. Intra-Acb infusion of DAMGO also 
simultaneously enhanced the approach to the food magazine, suggesting that the 
DAMGO effect on breakpoint resulted from enhanced food motivation, rather than 
general motor activation. The specificity of the effect was also demonstrated by 
selective enhancement of responding on the correct lever (correct responses, CR). In 
the second stage of the experiment, lever presses under PR elicited presentation of the 
compound stimulus without delivery of sugar pellets. Infusion of DAMGO into 
accumbens still increased BP and CR, although much less potently than responding 
for sugar pellets. The approaches to the food magazine, however, were not influenced. 
Together, these findings suggest that the effect of stimulation of intra-Acb mu 
receptors on palatable food may be mediated, at least partly, through enhanced 
incentive motivation.
Supported by grant # DA09311 from NIDA

856.6
EFFECTS OF INSULIN OR AMYLIN INFUSION INTO THE NUCLEUS 
ACCUMBENS SHELL ON UNCONDITIONED EXPLORATORY AND 
INGESTIVE BEHAVIORS. B.A. Baldo* and A.E .Kelley. Dept. 
Psychiatry, University of Wisconsin-Madison, Madison, WI 53719

Insulin and amylin are two peptides that are co-secreted from pancreatic 
beta cells in response to meal-related stimuli, and which penetrate into the 
brain. Central administration of these peptides reduces feeding behavior; 
however, not all of the sites mediating the effects of insulin and amylin have 
been identified. Interestingly, there are dense concentrations of insulin and 
amylin binding sites in the shell subregion of the nucleus accumbens.
Studies have shown that the nucleus accumbens shell is critically involved 
in the central control of feeding. Thus, the present experiments were carried 
out to explore the role of the nucleus accumbens shell in mediating the 
behavioral effects of insulin and amylin. Insulin (0-10 pU/side) or amylin 
(0-0.1 pg/side) were infused directly into the nucleus accumbens shell of 
hungry rats, and locomotor activity, rearing, eating (standard lab chow 
pellets), and drinking were observed and rated for 30 min. Amylin 
decreased locomotor activity, rearing, and food intake; however, drinking 
was unaffected. Insulin did not influence locomotor activity, feeding, or 
total water intake. These results indicate that stimulation of amylin 
receptors in the nucleus accumbens shell reduces exploratory activity and 
feeding, but not drinking. Hence, it is possible that amylin represents a 
signal by which brain sites that modulate motivational arousal and the 
incentive-motivational properties of food gain access to meal-terminating 
signals originating in the periphery. Supported by NIDA grant DA 04788 
(AEK).

856.7

Expression  of  Fos -Like  Proteins  in  the  Rat  Brain  Following  
Unilateral  Injections  of  Muscimol  into  the  Nucleus  
Accumbens  Shell . T.R. Stratford 1* and  B.A. Gosnell 2.
’MCP Hahnemann  University  School  of  Medicine , Philadelphia , PA 19129 
2Neuropsychia tric  Research  Institute , Fargo , ND 58103

Inhibition of neurons in the nucleus accumbens shell (AcbSh) by local administration 
of GABA agonists or glutamate antagonists elicits an intense, but behaviorally specific, 
feeding response in satiated rats. In the current study, the central effects of unilateral 
intra-AcbSh infusions of the GABAa  receptor agonist muscimol were investigated by 
employing the immunocytochemical localization of Fos-like proteins as a marker of 
altered neuronal activity.

Method. Rats received either simultaneous bilateral 0.5 pi injections of isotonic saline 
into the AcbSh or 100 ng muscimol into one AcbSh and saline vehicle into the other. 
Ninety minutes later they were placed under deep, sodium pentobarbital anesthesia and 
were perfused transcardially with saline followed by buffered 10% Formalin. The brains 
were removed, postfixed, cryoprotected with 20% sucrose, sectioned, and processed for 
Fos protein-like immunoreactivity (LI) using a rabbit anti-Fos primary antibody.

Results. Rats receiving only saline injections exhibited very little Fos-LI. In contrast, 
unilateral injections of muscimol into the AcbSh resulted in widespread labeling of cells. 
Fos-LI was observed bilaterally in the piriform cortex, supraoptic nucleus, various 
paramedian thalamic nuclei, central nucleus of the amygdala, superior and inferior 
colliculi, and nucleus of the solitary tract. Fos expression remained primarily ipsilateral 
to the injection site in the lateral septum, bed nucleus of the stria terminalis, lateral 
preoptic area, lateral hypothalamus, paraventricular hypothalamic nucleus, mediodorsal 
thalamic nucleus, lateral habenula, ventral tegmental area, and medial substantia nigra 
pars compacta. The pattern of unilateral labeling provides further evidence that Fos 
expression is increased in these structures as a direct result of inhibiting cells in the 
AcbSh and suggests that they may be components of a functional assembly subserving 
the control of food intake. Supported by DK08836 (TRS) and NRI.

856.8

SUCROSE LICKING AND ACCUMBENS DOPAMINE MECHANISMS: 
CHRONIC MICRODIALYSIS STUDIES IN RATS. A. Hainal*, J. 
Tesche, and R, Norqren. Dept. of Behavioral Science, College of 
Medicine, The Pennsylvania State Univ., Hershey, PA 17033.

The effect of licking sucrose on extracellular levels of dopamine (DA) 
and monoamine metabolites was measured in the nucleus accumbens 
shell (NAc) using chronic microdialysis and HPLC with coulometric 
detection in freely moving rats that were 16-hr food and water 
deprived. Additional manipulations of NAc DA mechanisms also were 
carried out with bilateral reverse microdialysis of the indirect DA 
agonist nomifensine in presence or absence of D1 and D2 receptor 
blockers (SCH 23390, sulpiride). Licking of 0.3M sucrose during a daily 
20-min access period (18±1 ml) caused a 305% (±69%, n=6, p<0.01) 
increase in NAc DA compared with water intake, which did not alter 
baseline DA. Reverse microdialysis of nomifensine at a dose (250 pM) 
that increased accumbens DA levels (1108±173%, n=23) led to an 
increase of sucrose intake (152.5±5.4%, n=6). The behavioral effect 
was a reverse function of the duration of the nomifensine infusion (i.e. 
20’>40’>60’), rather than of the actual magnitude of DA increase. 
Concurrent infusions of DA blockers brought sucrose ingestion back 
near to control levels (114.8±3.7%, n=5), whereas infusions of the 
blockers alone had no effect on sucrose intake (n=4). Results support 
the hypothesis that DA activation in the NAc contributes to the control 
of the intake of preferred nutrients. Supported by NIH grants DC 
00240, MH 43787, MH 00653.

856.9

FURTHER INVESTIGATION OF GUSTATORY DEFICITS IN RATS WITH 
IBOTENIC ACID LATERAL HYPOTHALAMUS LESIONS. S.A, Ruch*, P.S. 
Grig son, and R, Norqren. Department of Behavioral Science, College of 
Medicine, Penn State University, Hershey, PA 17033.

The pontine parabrachial nucleus (PBN) and the lateral hypothalamus (LH) 
are reciprocally connected. Bilateral lesions of either area (PBNx or LHx, 
respectively) produce deficits in sodium appetite expression and the 
acquisition of a conditioned taste aversion (CTA). Previous studies 
demonstrate that lesions of the PBN also disrupt odor aversion learning, but 
do not affect conditioned flavor preferences or learned aversions to trigeminal 
stimuli. The current experiments further compare the gustatory functions of 
the LH with those of the PBN. Forty eight rats (24 LHx; 24 controls, CON) 
were subdivided into equal groups. The first group was trained in conditioned 
odor aversion (COA) and conditioned flavor preference (CFP) tests. Both LHx 
and CON rats learned the CFP and COA. This parallels the CFP results for 
PBNx rats, but differs from their inability to learn a COA. The second group of 
rats was run in a gustometer that tests preferences for a concentration range 
of sapid chemicals. These rats also were trained for an aversion to a weak 
capsaicin solution (a trigeminal stimulus). Like PBNx rats, neither LHx nor 
CON rats demonstrated deficits in these 2 experiments. The CFP data 
demonstrate that the LHx rats can use gustatory stimuli to form association. 
Similarly, the COA and capsaicin experiments, both of which used LiCI (ip) 
injection as the US, indicate that LHx rats are capable of using this form of 
visceral distress to form associations. This implies that, like with PBNx rats, 
the CTA deficits in LHx rats do not result from a general difficulty with forming 
associations. The magnitude of the CTA deficit is smaller in the LHx rats than 
in the PBNx rats. Because PBNx rats fail to learn a COA, but LHx rats are 
competent at that task, we are investigating whether their moderate deficit in 
the CTA task reflects residual odor aversion learning.
Supported by NIH MH43787, MH00653, DC02016, DC00240.

856.10

PARADOXICAL EFFECT OF LOW AND HIGH FREQUENCY 
STIMULATION OF THE VENTROMEDIAL NUCLEUS OF THE 
HYPOTHALAMUS ON FOOD INTAKE IN RATS. S. ChabardSs1, A. 
Benazzouz', Ch., Panotopoulos1’2, St. Nicolaidis2* and AL. Benabid1.
’INSERM U318, Grenoble; 2IESGCA, CNRS UPR 9054, Dijon, France.

Acute stimulation of the ventromedial hypothalamic nucleus (VMH) 
produces hypophagia. Nevertheless, bilateral damage of the same 
nucleus results in hyperphagia and obesity. The aim of the present 
study was to investigate the effect of low and high frequency 
stimulation (LFS and HFS, respectively) of the VMH on food intake. 
Eight male wistar rats were implanted with unilateral bipolar electrode 
in the VMH. Stimulation tests were performed at a frequency of 30 Hz 
for LFS and 130 Hz for HFS. The pulse width used was 60 psec and 
the range of intensity was between 80 and 800 pA. The sessions of LFS 
were performed on a dark phase between 8 and 9 pm and HFS tests on 
a light phase between 11 and 12 am. LFS and HFS tests were separated 
by 7 days at least. Water and standard platelets were available ad 
libitum. Compared to control situation, HFS induced a significant 
increase of food intake. The mean±SEM was 1.20 g in control 
situation and 5.11 g during HFS with a percentage increase of 426% 
(p<0,002). In contrast during LFS, a significant decrease of food 
intake during the light period was observed. The mean of food intake 
was 4.25 g during LFB and 7.41 g during control situation. The 
percentage of decrease in food intake was 58% (p<0,01). The present 
study demonstrates that HFS of VMH induced an increase of food 
intake during the light period and that this effect is similar to that 
previously observed after VMH lesion. In contrast, LFS of VMH 
induced a reverse effect during dark period, when rats usually eat. 
From these results, we can suggest that HFS exerts an inhibitory effect 
when applied in nuclear structures.
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856.11

PERIPHERAL INJECTION OF BUTORPHANOL INDUCES C-FOS 
IMMUNOREACTIVITY IN THE PARAVENTRICULAR NUCLEUS 
OF THE HYPOTHALAMUS (PVN), CENTRAL NUCLEUS OF 
AMYGDALA (CeA), and NUCLEUS OF THE SOLITARY TRACT 
(NTS). E.-M. Kim, O. Shi, P. Olszewski, C.J. Billington, A.S. 
Levine*, Minnesota Obesity Center and VA Medical Center,
Minneapolis, MN., USA, and Dept. of Psychology, Univ. of Ulster,
Johnstown, UK.

Peripheral injection of butorphanol (BT) induces vigorous eating 
in rats. In the present study we examined which brain sites are activated, 
as reflected by c-Fos levels, by a peripheral injection of BT. Male 
Sprague-Dawley rats were injected subcutaneously with BT (4mg/kg) or 
saline, returned to their home cage with no food, and sacrificed 1 hour 
later. Peripheral injection of BT significantly induced c-Fos ir in the 
PVN, CeA, and NTS, but did not affect c-Fos ir in several 
hypothalamic nuclei (VMH, DMH and LH), nucleus accumbens (shell 
and core), caudate putamen, bed nucleus of the stria terminalis, 
ventrotegmental area, and area postrema. BT (0, 0.1, 0.3, and 3 tig) 
injected into the PVN and CNA failed to increase food intake at 1, 2, 4 
and 6-h after injection. We previously found that intraventricular 
injection of BT had only small effects on food intake. Thus, while 
peripheral injection of BT increases c-Fos levels in the PVN, CNA, and 
NTS, direct injection of BT into the PVN and CNA had no effect on 
feeding at doses up to 3 pg. (Supported by the Department of Veterans 
Affairs, NIDA DA-03999 and P30-DK-50456)

856.12

SUSCEPTIBILITY TO DEVELOP DIET-INDUCED OBESITY IS 
INCREASED BY GOLD THIOGLUCOSE. H.T, Bergen*. Dept. of 
Human Anatomy & Cell Science, University of Manitoba; Winnipeg, 
Canada R3E 0W3.

Mouse strains differ in their susceptibility to develop obesity when 
fed a high-fat (HF) diet. For example, a HF diet induces obesity in 
C57BL/6J mice, while A/J mice are resistant to diet-induced obesity 
(DIO). We have previously reported that: i) resistance to DIO in A/J 
mice is associated with increased proopiomelanocortin (POMC) 
mRNA and decreased neuropeptide Y (NPY) mRNA in the 
hypothalamus, and ii) gold thioglucose (GTG) lesions POMC and 
NPY neurons in the hypothalamus. The present experiment tested the 
hypothesis that gold thioglucose (GTG) -sensitive neurons in the 
ventromedial hypothalamus are important in mediating resistance to 
DIO. Mice (A/J) were injected i.p. with either GTG (n=12) to lesion 
the VMH or vehicle (controls; n=12). The mice were fed rodent chow 
for 6 weeks and then fed a HF diet for 14 weeks. When fed normal 
rodent chow there was a modest increase in body weight in GTG- 
treated mice as compared to controls (5.7 ± 0.9 g. and 2.2 ± 0.6 g, 
respectively). When fed the HF diet, body weight gain was 
significantly elevated in GTG-treated mice as compared to controls 
(16.0 ± 1.0 g and 7.7 ± 0.6 g, respectively). These results are 
consistent with the hypothesis that an increase in the activity of GTG- 
sensitive neurons (possibly POMC neurons) may play a role in 
mediating resistance to DIO. Supported by Manitoba Medical Service 
Foundation.

856.13

FEEDING INCREASES EXTRACELLULAR GLUTAMATE 
DIFFERENTIALLY IN THE MEDIAL AND LATERAL PORTION OF THE 
VENTRAL PALLIDUS. Perez J, Rada P* Colasante C., Teneud L.. Tucci S. and 
Hernandez L. Laboratory of Behavior Phisiology, School of Medicine, University 
of The Andes, Merida Venezuela.
Lesion and electrical stimulation of the globus pallidus (GP) cause aphagia or 
stimulus bound feeding in rats. This nucleus receive gabaergic and glutamatergic 
inputs from the ventral striatum and the subthalamic nucleus (SNT), respectively. 
Thus, glutamatergic activity in the GP could be correlated with feeding behavior. 
In the present report we explored the glutamatergic activity in the GP dining 
feeding. For this purpose microdialysis probes were implanted in either the medial 
or lateral portion of the ventral GP. Samples were collected every 30 seconds (500 
nL), derivatized with Fluorescein Isothiocyanate Isomer I (FITC) and analyzed by 
capillary zone electrophoresis with laser induced fluorescence detection (CZE- 
LIFD). Four samples were collected before, during and after access to food pellets. 
The results showed a significant increase in extracelular levels of glutamate in 
both areas (p<0.00l and p<0.0013 of the medial and lateral globus pallidus, 
respectively). Retrograde tracers, Diaminoyellow and True Blue, were 
microinjected in the dialysis areas. Afferences common to both areas were, 
dorsomedial nucleus of the thalamus, substance nigra (SN) and basolateral nucleus 
of the amigdala. However, the lateral portion of the GP received different 
afferences from the frontal pallidal cortex, STN, ventral tegmental area (VTA) and 
dorsal raphe; whereas its medial portion receive from the cingulate cortex; 
gustatory nucleus of the thalamus and medial raphe. The effect of taste stimulation 
on pallidal glutamatergic activity has been show in rat. Our results confirm and 
extend those findings. Since the glutamatergic input of the pallidum originates in 
the subthalamic nucleus, the glutamate increase in the pallidum migth be due to 
activation of the SNT during feeding.

856.14

USE OF ADENOVIRUS MEDIATED GENE TRANSFER IN THE 
STUDY OF INGESTIVE BEHAVIOR. R.R, Sakai*. J.H, Wolfe. S.J. 
Fluhartv and L.Y.Ma. Depts. of Animal Biology, Pathology and 
Medical Genetics.Univ. of Pennsylvania, Philadelphia, PA 19104.

We have begun to use the strategy of adenoviral (Ad) mediated gene 
transfer to further our understanding of neural control of ingestive 
behavior. Using replication deficient adenoviral vectors, this 
methodology allows the introduction of mini-cassettes containing 
forgein DNA inserts of interest into the host genome of post mitotic 
cells. Stereotaxically guided micro-injections of 106 plaque forming 
units (pfu) of AdCMVLacZ into specific brain areas in adult rats were 
performed. Unlike other viral species used for neuroanatomical tract 
tracing studies, AdCMVLacZ injected animals showed no decrease in 
food or fluid intake or decreases in body for up to 5 weeks after 
injection. Long-term expression of the reporter gene LacZ was present 
for up to 5 weeks after injection. Due to the deletion of genes that are 
needed for viral replication reporter gene expression was present only at 
the site of injection and in brain areas that were retrogradely labeled 
from the injection site. 6 weeks after injection, the level of reporter gene 
expression was decreased and in many animals absent. The transient 
and relatively short-term expression of the virus is seen as an advantage. 
The insertion of a mini-cassette containing an angiotensin ATI receptor 
antisense sequence into AdCMVLacZ allows longitudinal behavioral 
examination of this gene expression within the same animal. Data will 
be presented which describes the distribution of the AdCMV virus after 
intraparenchymal injection as well as behavioral responsivity of the 
animals to angiotensin II. Supported by: DK-48061 and MH 43787.

BIOLOGICAL RHYTHMS AND SLEEP: CHOLINERGICS AND NDS IN SLEEP

857.1

CHOLINERGIC MODULATION OF THE SLEEP STATE-DEPENDENT P13 
MIDLATENCY AUDITORY EVOKED POTENTIAL IN THE RAT. H 
Miyazato*. R.D. Skinner and E. Garcia-Rill. Dept. Anatomy, University of 
Arkansas for Medical Sciences, Little Rock, AR 72205

Previous studies have shown that the midlatency auditory evoked P13 
potential in the rat is, a) sleep state-dependent (present during waking and 
REM sleep, absent during slow wave sleep), b) rapidly habituating, c) 
generated by cholinergic projections, d) modulated by injection of neuroactive 
agents into the region of the pedunculopontine nucleus (PPN), and e) the 
rodent equivalent of the Pl potential in humans. The PPN is known to have 
cholinergic (muscarinic) inhibitory input. We used injections of the 
cholinergic agonist carbachol (CAR) into the region of the PPN in order to 
modulate the P13 potential. Adult Sprague-Dawley rats (n=8) were 
implanted as previously described for testing of auditory click stimuli 
(Miyazato et al, 1995,1996,1997). Following control recordings of averaged 
evoked responses, CAR was injected (0.3 pi) into the region of the PPN 
bilaterally via implanted cannulae aimed immediately dorsal to the PPN. 
Injections of 0.2 mM CAR were ineffective, while those of 1 mM CAR 
transiently reduced P13 potential amplitude and those of 5 mM CAR 
significantly suppressed the P13 potential for over 20 min (p<0.001). The 
effect of a 5 mM CAR injection was completely blocked if it was injected in 
combination with 20 mM scopolamine (SCOP) (total volume 03 pi) (p<0.005). 
These findings show that injections into the PPN of the cholinergic agonist 
CAR depressed the amplitude of the vertex-recorded P13 midlatency evoked 
response in a dose-dependent manner, an effect which was blocked by co-
injection with the muscarinic cholinergic antagonist SCOP. These studies 
confirm that the PPN is the generator of the P13 potential and that it is 
under inhibitory cholinergic modulation at the level of the PPN.

Supported by USPHS grant NS20246.

857.2

DISCHARGE PROPERTIES OF JUXTACELLULARLY LABELED, AND 
IMMUNOHISTOCHEMICALLY IDENTIFIED CHOLINERGIC BASAL 
FOREBRAIN NEURONS IN RELATION TO CORTICAL EEG ACTIVITY IN 
ANESTHETIZED RATS. I.D.Manns, A,Alonso* and B.E.Jones. Montreal Neurol. 
Inst., McGill Univ., Montreal, Quebec H3A 2B4, Canada.

Multiple lines of evidence indicate that cholinergic neurons of the basal forebrain 
play an important role in the modulation of cortical activity across behavioral 
states. However, the discharge properties of cholinergic cells in relation to cortical 
activity have not yet been characterized, since it had not been possible to identify 
cells in vivo as cholinergic. In the present study, we employed juxtacellular labeling 
of cells with neurobiotin combined with immunohistochemical staining for choline- 
acetyl transferase (ChAT) in order to identify recorded cells as cholinergic or non- 
cholinergic. Cells were recorded in the magnocellular preoptic area (MCPO) and 
substantia innominata (SI) in association with EEG activity recorded from limbic 
cortical regions in urethane-anesthetized rats. EEG activity was changed from large 
irregular slow activity to rhythmic slow activity by pinching of the tail, without 
evoking a behavioral response. Cholinergic neurons of the MCPO and SI exhibited 
distinct characteristics in their neuronal discharge. First, all cholinergic cells 
increased their firing rate with stimulus evoked cortical activation. Second, many 
cholinergic cells shifted from irregular discharge during EEG slow irregular 
activity to a rhythmic pattern during evoked EEG slow rhythmic activity (up to 4 
Hz). The rhythmic discharge was comprised by bursts or trains of spikes which 
correlated with the rhythmic cortical EEG activity. Non-cholinergic neurons were 
heterogeneous in their characteristics and included cells that decreased their rate of 
discharge, as well as those which increased their rate of discharge in association 
with increased cortical activation evoked by stimulation. Although many non- 
cholinergic cells discharged only in a tonic manner, others discharged in a phasic 
manner, some in association with irregular slow wave activity and some with 
rhythmic slow activity. These results indicate that cholinergic neurons may play a 
role in enhancing cortical activation by increasing their rate of discharge and by 
discharging rhythmically, and thus potentially modulating cortical activity in a 
manner similar to a theta modulation. (Supported by the Canadian MRC).
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857.3
INTRINSIC PROPERTIES AND NEUROMODULATION OF RAT VENTRO-
LATERAL PREOPTIC NEURONS IN VITRO. T, Gallopin'0. P. Fort2, P. Luppi2,
L. Bemheim'*, M. Miihlethaler' and M. Serafin1. 'Dept. de Physiologie, CMU, 1211 
Geneve 4, Suisse; 2INSERM U480, 69373 Lyon, France.

Neurons of the preoptic area (PoA) have long been implicated in the genesis of 
sleep. Recently it has been demonstrated that, from the PoA, numerous GABAergic 
cells project to either the histaminergic tuberomamillary nuclei or the noradrenergic 
locus coeruleus (Sherin et al., 1998; Luppi et al., 1995). Such cells, regrouped in the 
newly coined ventro-lateral preoptic nucleus (VLPO), could represent the "sleep- 
active" cells that turn on at the onset of sleep and inhibit the major arousing systems. 
The purpose of the present study was to determine whether neurons within the VLPO 
have distinct properties that could be relevant to their supposed function. Using sharp 
electrodes containing neurobiotin in basal forebrain slices, we were able to identify 3 
classes of cells that were all located within the confine of the VLPO. The first class 
(58%, 61/105 recordings) was mainly characterized by the presence of cells 
displaying a low threshold spike (LTS) and the occurrence of clusters of action 
potentials when depolarized from rest. The second class (25%) was characterized by 
cells that could also discharge in clusters but displayed a strong A-current and no 
LTS. Neurons in the third class (17%) displayed no clusters and resembled the 
cholinergic cells recorded in the nearby nucleus basalis (NB). Pharmacologically, 
cells of this class also corresponded to the cholinergic cells, being always depolarized 
by noradrenaline but hyperpolarized by carbachol (Fort et al., 1995; Khateb et al., 
1997). Cells of the second class, also depolarized by noradrenaline, were in contrast 
always depolarized by carbachol. Neurons of the first class turned out however to be 
the most interesting, as nearly all of them were hyperpolarized by both noradrenaline 
(80%, 17/21) and carbachol (90%, 13/14). Such a pharmacological profile, 
corresponding to what has been recently described for a small population of cells in 
the NB (Fort et al., 1998), would make these cells ideal candidates as "sleep-active" 
cells, being inhibited in both waking and REM sleep but released from inhibition 
during slow-wave sleep (supported by Swiss NSF).

857.4
MULTIPHOTON CALCIUM IMAGING OF RAT CHOLINERGIC AND 
NON-CHOLINERGIC NUCLEUS BASALIS NEURONS. M, Serafin1*. P. 
Jourdain2, E. Eggermann1, D. Muller2, M. Miihlethaler1 and B.E Jones'. Dept. de 
'Physiologie et de 2Pharmacologie, CMU, 1211 Geneve 4, Suisse.

Cholinergic and non-cholinergic magnocellular neurons of the nucleus basalis 
(NB) have the capacity to discharge rhythmically in bursts or clusters of spikes 
respectively and thus to potentially modulate activity in a rhythmic manner within 
the cerebral cortex. Such modulation would likely depend upon the coordinated 
discharge of the population of NB cells. In an effort to examine the structural and 
physiological mechanisms potentially underlying such coherent activity, we have 
employed calcium imaging of NB cells in basal forebrain slices using whole cell 
patch-clamp recordings and injection of Oregon Green Bapta-1, a sensitive calcium 
indicator. Calcium imaging was performed using a multiphoton confocal system 
(Biorad 1024MP equipped with a Verdi/Mira laser). Cholinergic cells, which are 
hyperpolarized by carbachol and display low threshold spikes, have smooth 
radiating dendrites with varicose swellings. Non-cholinergic cells, which are 
depolarized by carbachol and display subthreshold oscillations and spike clusters, 
have radiating dendrites equipped with spiny appendages. Both cell types showed 
increased calcium in their dendrites in association with one or more action potentials 
evoked in the soma of the cell. Such back-propagating activity from the soma into 
the dendrites would provide for the possibility of local dendritic release and/or for 
coincident activation of soma and dendrites, thus facilitating the synchronous 
coordination of synaptic inputs to the cells. Such mechanisms could play an 
important role in engendering and reinforcing synchronous rhythmic activity in 
basalo-cortical circuits. (Supported by Swiss NSF).

857.5

CHARACTERIZATION OF NICOTINIC RECEPTORS ON CHOLINERGIC 
NUCLEUS BASALIS NEURONS. E, Eggermann. M. Serafin. B.E. Jones and M. 
Miihlethaler*. Dept. de Physiologie, CMU, 1211 Geneve 4, Suisse.

Cholinergic neurons of the nucleus basalis (NB) provide most of the cholinergic 
innervation of the cerebral cortex and play a major role in cortical activation during 
wakefulness and REM sleep. Previous studies have shown that these neurons have 
intrinsic properties that confer upon them the ability to fire in rhythmic bursts. Such a 
pattern of discharge could possibly pace rhythmical EEG activity, such as theta 
activity in the cortex, if groups of NB neurons discharged in a synchronized manner. 
In the present study, we investigated in dissociated guinea-pig NB neurons, whether 
cholinergic cells could demonstrate rapid nicotinic currents that could be the substrate 
of fast cholinergic-cholinergic interactions that may occur locally in the NB. Using a 
piezo-driven double-barelled application system, providing an ultra-fast exchange of 
solutions (<lms), acetylcholine (ACh, 3 mM) was applied on 31 identified cholinergic 
neurons. In the presence of atropine, all neurons responded to ACh with a fast inward 
current, thus demonstrating the presence of post-synaptic neuronal nicotinic receptors 
(nAChR). This response was reproduced (17/17 cells) by application of nicotine. 
Based on the decay kinetics of the ACh-elicited currents and their sensitivities to two 
antagonists, the neurons exhibited two types of currents: 12/31 neurons (type A) 
displayed a rapidly decaying current (x=16 ms) that was totally blocked by methyllyl- 
caconitine (MLA, 1 nM) but not by dihydro-p-erythroidine (DH0E, 50 nM), 
suggesting the unique presence of the a 7 subtype of nAChR. The rest of the neurons 
(type B) displayed a two-components decaying current, a first fast component with a x 
of 46 ms, and a second slower one with a x of 425 ms. This current was partially 
blocked by either DHPE (10-100 nM) or MLA (1 nM), suggesting the concomitant 
presence in type B cells of a7 as well as a4p2 subtypes of nAChR. Accordingly, 
epibatidine (40 nM), a very specific agonist of the a4p2 subtype of nAChR, elicited 
inward currents only on type B neurons. These results demonstrate that NB 
cholinergic neurons could interact and become synchronized through fast nAChR.

857.6
EFFECTS OF THE ACETYLCHOLINESTERASE INHIBITOR, 
METHANESULFONYL FLUORIDE, ON SLEEP. RCabeza3’*, C. 
Moreno3, J. Moody1, A. Mota3 L, Reyes-Estrada2,, and D.E. Moss2. ’El
Paso Community College, 2Dept. Psychology, and 3Dept. Biological Sci., 
The University of Texas at El Paso, El Paso, Texas, 79968.

The CNS selective acetylcholinesterase (AChE) inhibitor, 
methanesulfonyl fluoride (MSF), shows some promise as a therapeutic 
agent for the treatment of Alzheimer’s Disease(Moss et al., 1999) and 
thus, we were interested in studying its effects on the sleep architecture of 
normal young rats. Male Sprague-Dawley rats (3 months) were 
anesthetized and a standard electrode set for measuring sleep was 
implanted. Animals were given 2 weeks to recover and a 4 hr sleep 
baseline starting at 10:00 a.m. was recorded. Rats were then treated with 
either 0.5 mg/kg of MSF i.p. or with vehicle three times per week and 
their sleep was recorded once a week. No changes in sleep architecture or 
amount were noted during the first three weeks of treatment but by the 
fourth week it was noted that REM sleep increased by 78%. This increase 
was net due to a lengthening of the REM bouts but to a shortening of the 
inter-REM intervals and a shortening of the REM latency. This finding 
suggests that REM induction is more sensitive than REM maintenance to 
increased cholinergic tone. (Supported by NIH-GM49011-03 and NIH- 
G12RR01824).

857.7 857.8

COMPARISON OF THREE MUSCARINIC AGONISTS INJECTED INTO THE 
MEDIAL PONTINE RETICULAR FORMATION OF RATS TO ENHANCE REM 
SLEEP. G. A. Marks* and C. G. Birabil. Dept. of Psychiatry, Univ. of Texas 
Southwestern Medical Center, Dallas, TX 75235

Muscarinic agonists injected into the medial pontine reticular formation (mPRF) 
of the rat are capable of inducing long lasting increases in REM sleep. The 
muscarinic receptor subtypes mediating effects on sleep/wake behavior in this 
region of brain are currently unknown. Several approaches have been applied to 
the investigation of receptor subtype in the induction of REM sleep in cat, but a 
paucity of data exist in the model of this phenomenon in rat. We now report on the 
dose-response relationship for inducing elevations in REM sleep by three 
muscarinic agonists microinjected into the mPRF of the rat. The results are 
consistent with mediation by multiple muscarinic receptor subtypes and appear at 
variance with results obtained in the cat.

Under anesthesia, Long-Evans Hooded rats were surgically prepared for chronic 
sleep recording and additionally implanted with guide cannulae aimed at medial 
sites in the caudal, oral pontine reticular formation. After recovery, animals 
received multiple injections at each site with 60 nl of drug solution within one-hour 
of lights-on. At least four days transpired between injections. The muscarinic 
agonists were carbachol, oxotremorine-M and McN-A-343 (McN) (concentrations, 
1 pM-10 mM). Each animal also received four saline-vehicle injections as control. 
Following each injection, eight hour electrographic recordings were obtained.

All ligands produced inverted "U"-shaped dose-response curves for increasing 
REM sleep. Responses to McN showed a leftward shift in the curve and was the 
only agent to significantly increase REM sleep at the 10 pM dose. Based on 
receptor binding studies and in vitro functional assays, no one receptor subtype 
can account for these results. There appears to be both promoting and 
antagonistic actions of muscarinic agonists on REM sleep. The high potency of 
McN may relate to its partial agonist-action at m3 and full agonist-action at m4 
receptors. This work was supported by grant MH57434.

INDUCTION IN RATS OF A PARADOXICAL SLEEP-LIKE 
STATE BY BICUCULLINE IONTOPHORETIC INJECTIONS 
IN THE PONTINE SUBCOERULEUS NUCLEUS. R.Boissard, 
P. Fort*, D. Gervasoni, B. Barbagli and P-H. Luppi. INSERM U480, 
69373, Lyon, France.

In contrast to the cat, pressure injection of carbachol (Carb) in the 
rat nucleus pontis oralis only induced with long latency (> 30 min) a 
two fold increase of paradoxical sleep (PS) quantities without 
changes in the duration of the PS episods. To obtain a stronger 
hypersomnia, we realised in head-restrained rats iontophoretic 
applications of Carb (lOOmM; 200nA), kainic acid (AK; 500mM; 
lOOnA) or bicuculline (Bic; 25mM; lOOnA) by means of glass multi-
barrel micropipettes. The effective sites were then labeled by 
injections of anterograde or retrograde tracers (PHAL, CTb) through 
a oarrel of the micropipette ana Fos immunostaining. Bicuculline 
ejections in the pontine dorsal subcoeruleus nucleus (SubCD) (n=26) 
induced with a very a short latency (2-3 min) for 15 to 90 min either a 
state close to PS (with muscle atonia, low voltage EEG with theta and 
gamma waves and a lack of reaction to stimuli) or a state of waking 
(very low voltage EEG) associated with atonia. In contrast, AK 
injections (n=8) induced a transitory decrease (< 5 min) immediately 
followed by a large increase of the muscle tonus for 20-30 min while 
Carb (n=7) had no effect or induced an increase in muscle activity for 
10 min. Either no effect or a wakefulness with sustained muscle tonus 
were obtained following drug injections outside the SubCD (n=40). 
Our tract-tracing and Fos studies further showed that glycine or Fos 
positive neurons (seen after 90 min ejections of Bic) localized in the 
ventral gigantoceflular reticular nucleus of the medulla oblongata are 
contactedHby anterograde labled fibers coming from the SubCD. In 
conclusion, we show for the first time that a long-lasting PS-like 
hypersomnia can be pharmacologically induced in rats. Furthermore, 
our data underline a species pharmacological difference between rat 
and cat. It suggests that PS-executive neurons in the SubCD would be 
tonically inhibited by GABA during waking and slow wave sleep.
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857.9
THE ACTIVITY OF LOCUS COERULEUS (LC) NEURONS IS REDUCED IN 
URETHANE-ANESTHETIZED RATS DURING CARBACHOL-INDUCED 
EPISODES OF REM SLEEP-LIKE SUPPRESSION OF UPPER AIRWAY MOTOR 
TONE. V. Fenik*, H.Ogawa, R.O. Davies and L. Kubin. Department of Animal 
Biology and Center for Sleep and Respiratory Neurobiology, University 
olPennsylvania, Philadelphia, PA 19104, USA

Injections of a cholinergic agonist, carbachol, into the pontine reticular formation of 
unanesthetized rats and cats are used to trigger and study electrophysiologic 
phenomena of rapid eye movement (REM) sleep. We recently reported that such 
injections in urethane anesthetized rats produce a stereotyped suppression of upper 
airway motor tone that, in some animals, is accompanied by desynchronization of 
cortical EEG and hippocampal theta rhythm (Homer & Kubin, Neuroscience ‘99, in 
press). The aim of this study was to determine whether these motor and electrocortical 
changes are accompanied by predictable changes in the behavior of pontine 
noradrenergic neurons whose activity is known to be reduced during natural REM 
sleep. In urethane-anesthetized, vagotomized, paralyzed, and artificially ventilated 
rats, we recorded the extracellular activity of LC neurons (identified by location, 
characteristic shape of action potential, and inhibition by 4 pg clonidine, i.v.), together 
with cortical and hippocampal EEG, and hypoglossal (XII) nerve activity. Carbachol 
injections into the medial pontine reticular formation (8-20 nl; 10 mM) suppressed the 
peak inspiratory XII nerve activity to 38%±32 (SD) of control for 11 min ± 5. During 
these episodes, LC cell activity was reduced from 3.3 Hz ± 1.5 to 1.3 Hz± 1.7 
(p<0.003; 7 cells, of which 4 were silenced). If pontine carbachol injections did not 
suppress XII nerve activity (n=2), no changes in LC cell activity occurred. These data 
suggest that similar mechanisms control the activity of pontine noradrenergic neurons 
during both natural REM sleep and REM sleep-like episodes produced by carbachol 
in urethane-anesthetized rats. (Supported by SCOR grant HL60287, Sub. 02.)

857.10
LONG TERM EFFECTS OF CHOLINERGIC LESION OF THE NUCLEUS 
OF THE DIAGONAL BAND OF BROCA: SLEEP-WAKE EEG/EMG 
RECORDINGS IN RATS. S, de Lacalle^AA. Bi0rkum1-2. Dept. of Neurology,
Beth Israel Deaconess Medical Center, Harvard Medical School, Boston 
MA02115,2Dept. of Physiology, University of Bergen, N-5009 Bergen, Norway

Basal forebrain cholinergic system (BFCS) has been implicated in sleep-wake 
changes and in attentional deficits in Alzheimer’s disease (AD). The role of BFCS on 
behavioral state has been studied in rats after i.c.v. injections of the specific cholinergic 
toxin 192 IgG-saporin. We have used intraparenchymal injections ot this immunotoxin 
to investigate long term effects of selective lesions within the horizontal limb of the 
nucleus of the diagonal band of Broca (HDB) on cortical activation. Female Fisher 344
3-months old rats were implanted with parietal and occipital EEG and EMG electrodes 
and adapted to the recording chamber on a 12:12h ligh-dark cycle. After 2 days (48 h) 
of baseline recording, 140 m of 192 IgG-saporin (0.075 pg/pl) were infused into the 
HDB in the right hemisphere. The rats were then recorded for 48 h at 2,4, 8, 12, 20 
and 24 weeks post-lesion. After the final recording, rats were perfused and brain 
sections were stained immunocytochemically for ChAT and histochemically for AChE. 
Anatomical verification of the lesion was within the range of values previously 
described (de Lacalle et al., Eur. J. Neurosci. 1998,10:1054-62). Sleep-wake state 
amounts were not changed at any time point after the lesion. However an increase in 
power spectral delta (0.5-4 Hz), theta (6-9 Hz) and alpha (12-16 Hz) frequencies in 
waking and Non-REM sleep were seen from the second week and remained elevated 
through the 8th week post-lesion. EEG power distribution in each frequency range for 
each state recovered to the pre-lesion levels by the 20th week post-lesion. To the best 
of our knowledge, this is the first time that long term changes m power spectral values 
have been reported as a consequence of discrete cholinergic lesions in HDB, followed 
by a recovery to normal levels. We speculate that this functional recovery could reflect 
a compensatory sprouting of cholinergic fibers within the entorhinal cortex, as reported 
earlier (de Lacalle et al. 1998, Soc. Neurosci. Abstr.,24:1035).
Supported by the Norwegian Research Council for Science and the Humanities to
AAB and NLH AG 12401 to SL.

857.11

AN ACETYLCHOLINE RELEASER, ANIRACETAM, RESTORES 
REM SLEEP IMPAIRMENT IN STROKE-PRONE SPONTANEOUS 
HYPERTENSIVE RATS. M. Kimura1. Y, Okano1. K. Nakamura2. M. 
Shirane2. J Kohvama1* and S. Inoue1. ^okvo Med. & Dent. Univ.. Tokyo 
101-0062; 2Nippon Roche Res. Ctr., Kamakura, Kanagawa 247-8530, Japan.

Stroke-prone spontaneous hypertensive rats (SHRSP) genetically develop 
multiple-infarcts, which is one of the useful models for studying vascular 
dementia. Recently, we have reported cental cholinergic deficits and suppression 
of diurnal REM sleep in SHRSP. The present study examined effects of 
aniracetam on sleep-wake patterns and ACh release in the brain of SHRSP. 
Under pentobarbital anesthesia, SHRSP were implanted with EEG and EMG 
electrodes, and a brain thermistor. Aniracetam (15 or 50 mg/kg) was given orally 
twice a day at the onset of light and dark for 5 consecutive days. The 
polysomnogram was recorded in each rat on a day before and during the 
aniracetam treatment. In a separate group, a guide cannula for a microdialysis 
probe was implanted into the several brain regions. The SHRSP were locally 
perfused with aniracetam and its major metabolites, i.e., N-anisoyl-GABA and 
77-anisic acid, and dialysates were collected every 20 min. The concentration of 
ACh in the dialysates was determined by HPLC. At 15 mg/kg of aniracetam, 
REM sleep increased by 49.0% on the 5th day, compared with the baseline 
recorded before the treatment. The significant increases in REM sleep restored 
impaired diurnal patterns of REM sleep characteristic of SHRSP to normal 
nocturnal patterns seen in normotensive control rats. The significant release of 
ACh from the thalamus, dorsal hippocampus, and prefrontal cortex was induced 
after N-anisoyl-GABA and p-anisic acid, but not aniracetam itself. The results 
demonstrated that aniracetam restored REM sleep impairment in SHRSP, which 
was likely mediated by the action of its metabolites stimulating the cholinergic 
system in the brain.
Supported by Monbusho (09771259) and Science and Technology Agency.

857.12
Expression  of  c -Fos  ,ChAT and  VAChT during  sleep -wake  states  in  the  
basal  forebrain  M.A. Greco*, J. Lu, D.Waqner and P.J. Shiromani.
VA Medical Center, Harvard Medical School, West Roxbury, MA 02132.

Studies in this laboratory have sought to identify cellular changes 
associated with sleep-wakefulness. Our studies of c-Fos expression suggest 
that c-Fos is a good marker of neuronal activity for both sleep- and wake- 
active cells. Additional studies in our laboratory have investigated the 
expression of the acetylcholine synthesis enzyme, choline acetyltransferase 
(ChAT) in the basal forebrain (BF) across sleep-wakefulness. The present 
studies examined the expression of c-Fos, ChAT and the vesicular transporter 
of acetylcholine, VAChT, during sleep and waking states in the BF.

At the nucleic acid level, c-fos (p<0.005) and vacht (p<0.007) mRNAs 
were higher during waking than during sleep. In contrast, chat mRNA levels 
were higher during sleep compared to waking (p<0.01).

At the protein level, c-Fos expression in cholinergic cells of the vertical and 
horizontal limbs of the diagonal band of Broca showed significantly higher c- 
Fos staining during waking compared to sleep (p<0.001). The association of 
this marker with neuronal activity was further substantiated by the 
demonstrations of state- and site-specificities of c-Fos expression within the 
same animal (i.e., in the BF during waking;in the VLPO during sleep). In 
addition, ChAT activity was higher during waking compared to sleep (p<0.03).

These results suggest that c-Fos (mRNA and protein), vacht mRNA and 
ChAT activity are positively correlated with waking and acetylcholine release. 
Higher chat mRNA levels, however, are associated with sleep. These findings 
demonstrate that in one neurotransmitter population, specific changes at the 
intracellular level occur during periods of sleep and wakefulness. Supported 
by DVA Research and NS30140

857.13

ACETYLCHOLINE (ACh) RELEASE IS SIGNIFICANTLY GREATER 
IN LATERAL VERSUS MEDIAL REGIONS OF THE BASAL 
FOREBRAIN. L_ Vazquez* and H.A. Baghdovan. Department of 
Anesthesia, The Pennsylvania State University, College of Medicine, 
Hershey, PA 17033.

Basal forebrain cholinergic neurons modulate behavioral arousal and 
cortical activation {Handbook of Behavioral State Control, CRC Press, 1999, 
pp. 213-233). Within the basal forebrain, ACh release in the substantia 
innominata is greatest during rapid eye movement (REM) sleep, intermediate 
during wakefulness, and lowest during non-REM (NREM) sleep {Society for 
Neuroscience Abstracts 24: 694, 1998). The present study is testing the 
hypothesis that ACh release in cat basal forebrain is anatomically site- 
dependent. Cats are implanted with standard electrodes for polygraphic 
identification of sleep/wake states. During wakefulness, a microdialysis 
probe is aimed stereotaxically for the basal forebrain and perfused with 
Ringers (3 pl/min). Probe aim sites range from 1.0 to 5.5 mm from the 
midline in 0.5 mm increments, and only one site is tested per experiment. 
Dialysis samples are collected during wakefulness, NREM sleep, and REM 
sleep. ACh (pmol/10 min) is quantified by HPLC. Results to date are based 
on 18 experiments in 3 cats. Histological confirmation of probe aim sites is 
in progress. Regression analyses revealed that basal forebrain ACh release 
varied significantly as a function of aim site during wakefulness and REM 
sleep, with greater levels of ACh measured laterally than medially. During 
NREM sleep, ACh release did not vary significantly as a function of probe 
aim site. These ACh release profiles provide novel functional evidence 
suggesting that lateral regions of the basal forebrain play a role in the 
cholinergic regulation of REM sleep and wakefulness. Support: MH45361 
(HAB) and Departments of Anesthesia and Neuroscience & Anatomy.

857.14

ADENOSINERGIC ALTERATION OF OPIOID-INDUCED 
G PROTEIN ACTIVATION IN SLEEP-RELATED NUCLEI.
W.A. Martin. D, Tanase. H.A, Baghdoyan*. andR^Lydic.
Department of Anesthesia, The Pennsylvania State University, College 
of Medicine, Hershey, PA 17033.

Several lines of evidence suggest interactions between adenosine and 
opioids in the modulation of arousal and respiratory control. First, 
breathing and sleep are significantly altered by opioid and 
adenosinergic compounds. Second, brain regions regulating sleep and 
breathing contain both opioid and adenosine receptors. Third, G 
proteins mediate transmembrane cell signaling by opioids and 
adenosine receptors. Therefore, this study is testing the hypothesis that 
agonist and antagonist of adenosine will alter opioid-induced activation 
of G proteins in brain stem nuclei known to modulate sleep and 
breathing {NeuroReport 9: 3025, 1998). In dorsal raphe (DR) and 
pontine reticular formation (PRF) of rat, in vitro [35S]GTPyS binding is 
used to quantify G protein activation in response to adenosine 
deaminase (ADA), the mu opioid agonist DAMGO, the Al adenosine 
agonist SPA, and the Al adenosine antagonist DPCPX. The results 
show G protein activation (% of basal control) by DAMGO alone 
(PRF=63%; DR=91%) and by SPA alone (PRF=102%; DR=88%). 
Combining DAMGO+SPA produced significantly greater G protein 
activation (PRF=27%; DR=14%) than DAMGO alone. There was no 
significant difference in G protein activity comparing basal and ADA 
conditions. In the PRF, DAMGO+DPCPX caused less (-15%) G 
protein activation than DAMGO alone. The finding that opioid 
activation by G proteins is enhanced by an adenosine Al agonist 
provides new insights into possible mechanisms underlying the 
interaction between adenosine and opioids. Support: HL-57120.

Society  for  Neuroscience , Volume  25, 1999



THURSDAY AM BIOLOGICAL RHYTHMS AND SLEEP: CHOLINERGICS AND NDS IN SLEEP 2145

857.15

ADENOSINE AND ACETYLCHOLINE (ACh) LEVELS IN 
MEDIAL PONTINE RETICULAR FORMATION (mPRF) ARE 
DECREASED BY HALOTHANE. R, Lvdic* and N. Parisi, 
Department of Anesthesia, The Pennsylvania State University, College 
of Medicine, Hershey, PA 17033.

Adenosine has been suggested by many studies to increase sleep 
drive, and both adenosine and ACh alter EEG activity. Adenosine 
agonists enhance cholinergic activation of mPRF G proteins, and 
adenosine antagonists decrease mPRF ACh release (FASEB J. 13: 823, 
1999). In rat, mPRF administration of an adenosine agonist enhanced 
REM sleep (Neuroscience 86: 29, 1998). Halothane anesthesia is 
characterized by slow wave EEG activity and diminished mPRF ACh 
release (Anesthesiology 84: 945, 1996). Thus, the present study is 
testing the hypothesis that in feline mPRF adenosine levels and ACh 
release are decreased by halothane anesthesia. HPLC measures of 
mPRF adenosine and ACh were obtained from microdialysis of the 
same mPRF site during wakefulness and 1.4% halothane anesthesia. 
The results show that halothane significantly decreased (-21%) mPRF 
ACh release relative to waking levels of ACh. Compared to prior 
wakefulness, halothane significantly decreased (-61%) mPRF adenosine 
levels. Regression analyses show that mPRF ACh release varied 
significantly as a function of mPRF adenosine level. Basal forebrain 
adenosine has been suggested to mediate the ability of prolonged 
wakefulness to induce sleep (Science 276: 1265, 1997). The present 
data indicate decreased mPRF adenosine and ACh during the loss of 
wakefulness caused by halothane anesthesia.
Support: HL-40881 and Department of Anesthesia.

857.16
EFFERENT AXONS ORIGINATING IN THE MEDIAL PONTINE RETICULAR 
FORMATION, WHERE CARBACHOL TRIGGERS A REM SLEEP-LIKE STATE, 
TARGET MEDIAL MEDULLARY NEURONS EXPRESSING 5-HT2A 
RECEPTORS. H. Ogawa, E. Magee, and L. Kubin*. Department of Animal Biology 
and Center for Sleep and Respiratory Neurobiology, University of Pennsylvania, 
Philadelphia, PA 19104, USA.

Pontine injections of a cholinergic agonist, carbachol, trigger a REM sleep-like state. 
However, the executive pathways downstream from the pontine reticular formation 
responsible for the phenomena of REM sleep remain largely unknown. Using 
urethane-anesthetized rats and small-volume (5-20 nl) injections, we have previously 
delineated the pontine region where carbachol produces signs of REM sleep such as 
suppression of upper airway motor tone and locus coeruleus cell activity, and 
electrocortical changes. Recently, using the anterograde tracer Phaseolus vulgaris 
(PHA-L), we determined the brainstem distribution of axon terminals originating in the 
carbachol-sensitive region of the pons, and found that some of these terminals target 
pontomedullary serotonergic (5-HT) cells (Soc.Neurosci.Abstr. 24:1696,1998). In this 
study, we identified a second target of these axons. In four rats, following pontine 
injections of PHA-L and survival time of 12-16 days, P/M-L-filled axon terminals 
were visualized in the brainstem together with cells expressing a 5-HT2A receptor-like 
protein (Soc.Neurosci.Abstr. 23:2370,1997) usingavidin-biotin-horseradishperoxidase 
histochemistry. Close appositions were present between /WA-L-containing terminals 
and 8-13% of over 550 cells observed in the medial reticular formation of the rostral 
medulla that expressed 5-HT2A receptors (1-4 labeled synaptic boutons per cell body). 
These cells are not serotonergic, and mediate tactile sensory input from caudal 
receptive fields (Soc.Neurosci.Abstr. 22:1838,1996). The convergence of inputs from 
5-HT2A receptors and axon terminals of pontine cells that are probably activated during 
REM sleep suggests that these medullary cells play a role in REM sleep- and 5-HT- 
induced changes in somatosensory transmission. (Supported by HL-47600.)

857.17

IS AN INTERACTION BETWEEN MUSCARINIC AND PACAP RECEPTORS 
INVOLVED IN LONG-TERM REGULATION OF REM SLEEP AT PONTINE 
LEVEL IN THE RAT ?. Ahnaou A.. Laporte A.M.. Ballet S., Martres M.P.*, 
Hamon M.. Adrien J, & Bourgin P. INSERM U288, CHU Pitid-Salpetriere, 75013 
Paris, FRANCE.

Muscarinic receptors within the the oral pontine reticular nucleus (PnO) play a 
critical role in REM sleep generation in the rat. We have reported that 
microinjection of “pituitary adenylate cyclase activating polypeptide” (PACAP) into 
PnO elicits REM sleep for several days, providing the first evidence of a long-term 
regulation of REM sleep in the rat. In the present work, we have investigated 
whether REM sleep induction depends on muscarinic/PACAP receptors interaction. 
PACAP (3 pmol) or carbachol (110 pmol) in 0.1 pi of saline, injected into the PnO, 
induced an enhancement (p<0.05) of REM sleep during the 8 h recording period 
(+68%, n=8; +74%, n=6). This effect was: for PACAP totally prevented by infusion 
of the muscarinic antagonist atropine (290 pmol), and for carbachol by the PACAP 
antagonist PACAP6-27 (3 pmol). Quantitative autoradiography indicated that 1)- 
PACAP (1-100 nM) induced a significant increase (+35±5%) in the density but not 
the affinity of pHjQuinuclidinyl benzylate specific binding sites, 2)-this up-
regulation was specifically observed in the PnO, and could be blocked by PACAP6- 
27. Current investigations examine possible modulation in the coupling of 
respective muscarinic and PACAP receptors as assessed by the measurement of 
p5s]GTPyS in presence of both carbachol and PACA27. These data suggest that 
induction of REM sleep at pontine level requires muscarinic and PACAP receptors 
interaction. This interaction could be involved in the PACAP-induced long-term 
enhancement of REM sleep

857.18
THE EFFECTS OF THE MICROINJECTION OF SIN-1, A NITRIC 
OXIDE DONOR, INTO THE PREOPTIC AREA ON SLEEP IN RATS A.
C. Ribeiro* and L. Kapas, Dept. of Biological Sciences, Fordham University, 
Bronx, NY, USA.

Nitric oxide (NO) has sleep-promoting effects in rats (1). NO synthase 
positive neurons are found in the medial preoptic region (RPO) of the 
hypothalamus. The RPO plays a role in regulating vigilance, and NO in the 
medial RPO controls complex behaviors such as copulation in rats (2). To test 
whether the somnogenic effects of NO are mediated by the RPO, we studied the 
effects of intrapreoptic injection of a NO donor (SIN-1) on the sleep of rats. 
Male rats (250-300 g) were implanted with EEG and EMG electrodes, a brain 
thermistor and a microinjection cannula targeted at the medial RPO. Sleep was 
recorded on 3 baseline days, on a test day [10 ng (n = 9), 1 pg (n = 9) or 10 pg 
(n = 8) of SIN-1 at dark onset], and on 2 recovery days. The 10 ng dose of SIN- 
1 increased rapid-eye-movement sleep (REMS) amounts during the first 3 h on 
the test day and the first 6 h of the first recovery day by 87% and 127%, 
respectively. This dose did not elicit any changes in non-REMS (NREMS). 
One pg SIN-1 decreased NREMS amounts by 26% in the 12-h period following 
its administration. Ten pg SIN-1 did not affect REMS amounts. In the dark 
period of the first recovery day, NREMS amounts were increased during h 1 -6 
by 27%. The EEG delta activity during NREMS, a measure of NREMS 
intensity, was increased during the dark periods for three days after the 10 pg 
SIN-1 injection. Our results support the hypothesis that NO-sensitive neurons in 
the RPO might be involved in the regulation of REMS and NREMS intensity.
1) Kapas, L. et al., Brain Res. Bull., 1996 41:293. 2) Sato et al., Am. J. 
Physiol., 1998, 274:R243-247. This work was supported by the NIH NS-30514.

857.19

IMMUNOCYTOCHEMICAL EVIDENCE FOR Kv3.1b K+ CHANNEL 
SUBUNITS IN LATERODORSAL (LDT) AND PEDUNCULOPONTINE 
(PPT) TEGMENTAL NUCLEI IN MOUSE. S Burlet', CJ Tyler1, A Chow2, 
RH Joho3, D Lau2, B Rudy2. CS Leonard1* 'Dept. Physiol., NY Med. Col., Valhalla, 
NY, 10595; 2Dept. Physiol. Neurosci., NYU Med. Ctr., NY, NY 10016; 3Dept. Cell 
Bio. Neurosci., Southwestern Med. Ctr., UT, Dallas, TX, 75235.

Evidence indicates that potassium channels containing Kv3.1 subunits play a 
prominent role in rapid spike repolarization and high-frequency firing of “fast-spiking” 
(FS) neurons. Interestingly, images from published in situ hybridization and 
immunocytochemical surveys of the CNS hint that Kv3.1 subunits might also be 
expressed in brainstem nuclei containing mesopontine cholinergic and nitric oxide 
synthase (bNOS)-expressing neurons. These neurons, which are implicated in the 
control of REM sleep and Waking, fire broad spikes and appear incapable of FS 
behavior. We therefore investigated the distribution of Kv3.1b immunoreactivity 
(Kv3.1b-IR) and its co-localization with bNOS, in LDT and PPT nuclei using 
conventional and confocal microscopy. We found that Kv3.1b-IR was present within 
the soma and proximal dendrites of a subset of LDT and PPT neurons. A proportion 
of these Kv3.1b-IR neurons also contained bNOS, however not all bNOS+ neurons 
showed Kv3.1b-IR. A preliminary analysis indicated that the caudal regions of the 
LDT contained the greatest percentage of bNOS+ neurons that co-localized with 
Kv3.1b -IR (-40%). Control experiments indicated our Kv3.1 staining was highly 
specific since Kv3.1b-IR was present in the LDT and PPT of both wild-type mice and 
Kv3.2-knockout mice but was completely absent in Kv3.1 knockout mice. These 
findings demonstrate the presence of a molecularly distinct subgroup of NOS+ 
neilrons within the LDT and PPT that expresses Kv3.1b-IR. Whether these Kv3.1b-IR 
and NOS+ neurons form a previously unrecognized class of FS neurons or whether 
native K+ channels containing Kv3.1 subunits play a functional role in shaping the 
spike and firing properties of a subset of broad-spiking LDT and PPT neurons remains 
to be determined. (Supported by NS27881 to CSL, and NS30989 and NS35215 to 
BR).

857.20
BROADENING OF ACTION POTENTIALS IN MOUSE LATERODORSAL 
TEGMENTAL NEURONS BY LOW CONCENTRATIONS OF TEA. CJ Tyler*, 
S Burlet, and CS Leonard, Dept. of Physiology, NY Med. Col., Valhalla, NY 10595.

Immunocytochemistry reveals a population of mouse LDT neurons containing brain 
nitric oxide synthase (bNOS) that express the voltage-gated K+ channel subunit 
Kv3.1b. Several lines of evidence indicate that channels formed from these subunits 
enable the “fast-spiking” neuronal phenotype in the CNS. Since adult guinea pig and 
rat bNOS+ LDT neurons appear incapable of “fast-spiking”, we have begun to explore 
the potential role of Kv3.1 -containing channels in mouse (pl5 - adult) LDT neurons. 
Since Kv3.1 channels in heterologous expression systems are sensitive to low TEA 
concentrations [IC50 = 150 pm], we examined the effect of 1 mM TEA on spike shape 
and firing properties of these neurons. Whole cell patch recordings in brain slices 
maintained at room temperature were performed and cells were filled with biocytin and 
examined for bNOS immunoreactivity. Our recordings revealed several mouse LDT 
cell types based on their electrophysiological characteristics. One group displayed a 
strong sub-threshold A-type K+ current, broad action potential and large AHP with 
characteristics similar to type II cells of guinea pig and rat. Another group of cells 
displayed low-threshold spiking (LTS) similar to type I and III cells reported in guinea 
pig and rat, and a third group displayed neither outward currents nor LTS. The 
application of TEA resulted in spike broadening for cells in each group yet it only had 
minor effects on AHP amplitudes. The average increase in spike half-width ranged 
from 21 to 64% across groups. Preliminary experiments with Iberiotoxin (10-50 nM) 
indicated that the TEA effect was not mediated by BK-type Ca2+ activated K* channels 
which are also sensitive to low TEA concentrations. While the TEA effect on spike 
width is consistent with the blocking of Kv3 channels, additional experiments are 
underway using dendrotoxin to assess the potential contribution of Kvl channels 
which are also sensitive to low TEA concentrations. (Supported by NS27881 to CSL).
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858.1

SPATIOTEMPORAL DYNAMICS OF A NEURAL NETWORK FOR 
EMOTIONAL PICTURE ENCODING REVEALED BY PARALLEL 
EVOKED POTENTIAL AND fMRI MEASUREMENTS K. S, LaBar*1’2.
G. D. Rabinovici1. C. Ranganath2. D. R. Gitelman1,3. T. B, Parrish3, K, A.
Paller3, and M.-M. Mesulam1 Cognitive Neurology and Alzheimer’s Disease 
Center and Departments of 'Neurology, Psychology, and 2Radiology, 
Northwestern University, Chicago, IL

We combined the temporal resolution of event-related potentials (ERPs) 
with the spatial resolution of functional MRI (fMRI) to reveal the dynamic 
properties of a large-scale neural network involved in emotional picture encoding. 
Subjects rated emotionally negative and neutral scenes on an arousal scale while 
undergoing either ERP or fMRI recording in a blocked design sequence. Relative 
to the neutral scenes, emotionally-negative scenes elicited fMRI activation in three 
main anatomic regions: prefrontal cortex (medial and right dorsolateral), bilateral 
ventral occipitotemporal cortex, and left posterior parietal cortex. ERP differences 
between the negative and neutral scenes were maximal over ffontocentral electrode 
sites in the N200 range, which shifted to posterior sites for subsequent P300 
components. We hypothesize that the frontal regions of fMRI activation may 
reflect sources of the N200 potential that provide top-down modulation of sensory 
processing in the posterior visual stream. Behaviorally, subjects showed superior 
recognition memory for the emotional scenes relative to the neutral ones after a 
one-week retention interval. Our results thus provide evidence for the neural 
dynamics that contribute to the enhanced encoding and retention of emotionally- 
salient visual stimuli.

Supported by a NARSAD Young Investigator Award to K. S. L.

858.2
AN EVENT-RELATED fMRI STUDY OF VOLITION. A. Meyer-Lindenberg?
T. Ellmbre, T. Brown, V. Mattay, D. Weinberger, K. Berman. Unit on Integrative 
Neuroimaging, CBDB/IRP, National Institute of Mental Health, Bethesda, USA.

Disturbances of volition are commonly reported in neuropsychiatric disorders. We 
used an ambiguous visual stimulus (Rubin’s face-vase figure) to conduct an event- 
related fMRI experiment comparing asynchronous internal events differing in their 
volitional component. Subjects (6 healthy male volunteers) watched the ambiguous 
image for 6 minutes, pressing a key whenever a change in interpretation occurred. In 
condition P, the stimulus was watched passively. In the active switching (SW) 
condition, subjects were instructed to voluntarily induce a change of perception. In the 
last condition, active suppression (SU), the task was to voluntarily prevent such shifts. 
Fast 3D multi-shot spiral imaging was used (2 sec whole-brain TR). Two datasets were 
acquired per condition and subject and analysed in SPM97. Event-related blood flow 
was modeled with a synthetic hemodynamic response function at time points 400ms 
preceding keypresses. Evoked activity during the voluntary conditions SW and SU 
was then compared to P. During AS, significantly (p<.02, corrected, cluster-level) 
greater activation than in P was found in orbitopolar frontal lobe bilaterally. In SU, the 
left inferior temporal lobe showed significantly more evoked activity (p<.02, 
corrected, cluster-level). Furthermore, the activities in the temporal and the orbitopolar 
area were highly intercorrelated in both SU and AS, but not during P. The frontobasal 
brain area found during SW in our study has been implicated in disorders with 
prominent alterations in volition and in rapid reversal of associations between visual 
stimuli. The inferior temporal region significantly more active in SU has been reported 
involved in tasks requiring visual object analysis. It is anatomically connected to the 
orbitopolar area. Thus, a pair of functionally linked areas was involved during the 
active conditions. We hypothesize that volition may be associated with an interaction 
of a frontal lobe area and association cortex to which it is functionally linked, a 
“volitional act” being associated with phasic frontal activity, whereas activity 
originating in the modulated area is experienced passively.

858.3

ROLES OF AMYGDALA, AND FRONTAL AND POSTERIOR CORTIES IN HUMAN 
AFFECTIVE PROCESSES: HEMISPHERIC SYMMETRIES AND ASYMMETRIES.
W, Irwin1. M. J, Anderle1. B, J, Mock4. S. K, Sutton5. P. A, Turski3. N, H. Kalin12. T. R.
Oakes1 and R. J. Davidson1,2'*. Depts. of Psychology1, Psychiatry2, & Radiology3, Univ. of
Wisconsin, Madison, WI 53706; 4General Electric Medical Systems, Milwaukee, WI, 
53201; ’Dept. of Psychology, Univ. of Miami, FL, 33124.

Using echo-planar functional magnetic resonance imaging, we examined the functions 
of the amygdala, and frontal and posterior cortices in the processing of affectively- 
ladden visual stimuli. Whole-brain data were acquired during picture viewing trials in 
which subjects viewed alternating blocks of neutral and negative, positive and neutral 
stimuli. After scanning, subjects rated their reactions to the stimuli. A cross-correlation 
method was employed to identify signal changes associated with the changing of the 
stimulus blocks. Group-wise, there were signal changes bilaterally in the amygdala and 
in large regions frontal, parietal, temporal and occipital cortices for the negative- 
neutral trial. For the positive-neutral trial, signal changes were found only in small foci 
in the left medial frontal gyrus and bilaterally in the lateral occipital gyri. Except at the 
level of total hemisphere, there were no hemispheric asymmetries, however there were 
several trends which suggested a right-greater-than-left hemisphere asymmetry for the 
negative-neutral trial. For the negative-neutral trial, subjects’ self-reported ratings 
were only related to the signal changes in the amygdalae indicating that stronger 
affective ratings were related to higher signal changes. The relations between affective 
ratings and amygdalar activation suggested a dissociation between right and left 
amygdala, and arousal and valence, respectively. These findings extend our 
understanding of the roles of the two hemispheres in the processing of certain affective 
stimuli and suggest possible dissociations between cortical and subcortical roles.

Funding: NARSAD Established (RJD) and Young (SKS) Investigator Awards, NIMH 
Center (P50-MH52354; RJD) Grant, NIMH Research Scientist Award (RJD)

858.4

AUTOMATIC EMOTIONAL PROCESSING INTERFERES WITH RIGHT 
HEMISPHERIC FUNCTION. K.M. Hartikainen1*, K.H. Ogawa2, R.T. Knight1. 
'Department of Psychology, University of California, Berkeley, CA 94720-1650; 
2 Department of Psychology, Saint Mary’s College, Moraga, CA

Neuropsychological, neuroimaging and behavioral studies support hemispheric 
asymmetries in emotional processing. However, there is limited information 
available about the effects of this asymmetrical processing on other cognitive 
processes. We examined the effects of emotional stimuli on right and left 
hemisphere performance in a hemifield visual discrimination task. A group of ten 
healthy subjects were asked to discriminate between upright and inverted triangles 
(target). Targets were randomly presented in the left or right visual hemifield (150 
ms target duration, ISI 2100 ms). A brief emotional (positive or negative; 150ms 
stimulus duration) or neutral picture selected from the International Affective 
Picture System was randomly presented either in the same (47%) or the opposite 
(47%) spatial location to the subsequent target. The emotional and neutral stimuli 
offset was 150 ms prior to the subsequent target. Subjects were told to ignore the 
pictures and respond to the targets as quickly and accurately as possible. 
Independent of field of presentation, emotional stimuli prolonged reaction times (p 
<0.01) and increased error rates (p < 0.04) to left hemifield targets. Right hemifield 
targets were unaffected. The current study shows that emotional stimuli selectively 
impair right hemispheric visual discrimination capacity, while left hemisphere 
performance remains unaffected. These results are consistent with theories of right 
hemispheric dominance in emotional processing. The findings further suggest that 
automatic processing of emotional stimuli transiently interferes with other right 
hemispheric functions.
Supported by the Academy of Finland and NIH Grant NS21135

858.5

BRAIN POTENTIAL CORRELATES OF THE PERCEPTION OF 
EMOTION IN HUMAN VOCALIZATIONS. Christopher Kessler* and Darius 
Jamal. V.A. Medical Center, Sepulveda, CA 91343 and UCLA School of 
Medicine, Department of Biobehavioral Sciences, WLA, CA 90024

Objective: This study was undertaken to identify brain areas associated 
with emotional recognition in human subjects. Method: Event-related 
potentials (ERPs) were recorded from fifteen subjects during an emotional 
recognition task incorporating 96 randomized pairs of stimuli. Each pair 
consisted of S1 (an emotional descriptor) and S2 (a short vocalization), 
where each vocalization was expressive of a given emotion (anger, fear, 
happiness, pain, sadness, surprise, disgust, or neutrality). Subjects were 
asked to rate how well each vocalization matched each emotional 
descriptor using a 6-point scale, and these data were used to construct 
Receiver Operating Characteristic (ROC) curves for the assessment of 
recognition performance. ERPs for S2 were constructed from 
measurements at 19 scalp recording sites using an average reference. 
Results: The ROC curves confirmed that a high level of accuracy in 
emotional recognition was maintained by all subjects. Significant ERP 
differences related to emotional recognition were seen in right frontal, right 
temporal, and vertex leads for average slow-wave activity from 50-890 
msec. These ERP differences were unrelated to fluctuations of attention or 
other non-specific factors. Conclusions: Our results provide 
electrophysiological evidence that the right frontal and temporal lobes play 
especially important roles in the processing of emotional signals, a finding 
which is consistent with evidence from previous tachistoscopic and brain 
lesion studies implicating right hemispheric processes in emotional 
recognition and perception. Supported by a V.A. Merit Review grant.

858.6

INTENSELY PLEASANT EMOTIONAL RESPONSES TO MUSIC 
CORRELATE WITH CBF MODULATION IN PARALIMBIC AND 
OTHER SUBCORTICAL BRAIN REGIONS. A.J. Blood*, R.J, Zatorre, 
and A.C. Evans. Montreal Neurological Institute, McGill University, 
Montreal, QC, Canada H3A 2B4.

We have previously demonstrated activity in paralimbic brain regions 
during pleasant/unpleasant emotional responses to music. In the present 
Study, we further characterized responses to music by investigating neural 
correlates of intensely pleasant emotional responses to music. We 
hypothesized that activity in paralimbic, limbic and/or arousal systems was 
likely to correlate with emotional responses. Ten normal, right-handed 
musicians underwent PET scans while listening to self-selected, non-lyrical 
music which they reported to consistently produce a highly pleasurable 
“shivers down the spine” or “chills” response. Each subject also listened to 
a control music selection from one of the other nine subjects, which 
produced minimal emotional responses. Physiological measures (heart rate, 
GSR, respiration, muscle tension, skin temperature) were also taken during 
scans. Subjective ratings of emotional intensity were obtained following 
each scan. Subtraction and regression analyses of preliminary data 
demonstrate increased activity (t>3.5) in putamen, thalamus, SMA, anterior 
cingulate, and orbitofrontal regions during subject-selected music. 
Significant CBF decreases were observed in visual cortices. Heart rate 
increased selectively during particularly strong responses to music. These 
findings provide further evidence for neural mechanisms underlying 
emotional responses to music. Supported by MRC, NIMH, and the MNI Jeanne 
Timmins Costello Fellowship.
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858.7
AFFECTIVE RESPONDING TO MUSICAL SELECTIONS AS MEASURED BY 
EEG AND EDA. M.Y.V. Bekkedal* and T, Atkinson. Department of Psychology, 
Rollins College; Winter Park, FL 32789.

Previous research of emotional responding in the brain suggests changes at the 
cortical level occur in the frontal lobes. Some evidence also suggests a frontal 
lateralization of positive versus negative emotions in these frontal areas. The present 
investigation used music to evoke positive and negative emotional states while 
simultaneously measuring cortical responses with the EEG, and electrodermal 
activity (EDA) as a correlate of lower brain, sympathetic activity.

Thirteen male and 10 female right-handed participants listened to 3 self-selected 
pieces of music and one recording of human speech. Music was selected to evoke 
each of 3 emotions, joy, sadness, and neutral. During the music, EEG was recorded 
from electrode sites F3. F4, F7, and F8, and bipolar EDA was measured from the 
right hand. Data was abstracted from early, middle, and late segments of each 
stimulus. Repeated measure ANOVAs were performed to analyze differences in the 
EEG alpha band (8-12 Hz) and in the EDA for the different emotions. Overall, the 
pattern of EEG alpha changes suggested the frontal lobe may be slightly more 
activated during the happy versus sad music. However, there were no statistically 
significant differences between the individual emotions. In addition, there was no 
evidence for lateralization of emotional responding in the frontal lobe EEG. There 
were reliable differences in EDA responding where general arousal was greater during 
the sad pieces than the joy, neutral, and language conditions (p.c.05). This 
difference was apparent at the early, middle, and late segments of the selections.

The evidence suggests an overall arousal of the sympathetic nervous system that 
is greater during a negative emotion as compared to positive or neutral responses. 
However, this difference was not registered in alpha changes at the level of the 
cortex. Further analyses investigating other EEG frequencies are in progress. 
Funding from Jack B. Critchfield Grant, Rollins College, Winter Park, FL 32789

858.8
BRAIN PROCESSING OF VISUAL SEXUAL STIMULI IN HYPOGONADAL HUMAN 
MALES. J.Redoute1, S.Stoteru2*. N. Costes1, F. Lavenne1, M. Pugeat3, M. Forest4, D. Le 
Bars', A. Spira2 and JJ. Pujol1. ’CERMEP, Hopital Neurologique, Lyon, France 69003; 
2Unite 292 INSERM, Le Kremlin-Bicetre, France 94276; ’Hopital de l'Antiquaille, France 
69005; 4Unite 329 INSERM, Hopital Debrousse, France 69322.

In human males, some brain regions have been shown to be activated or deactivated upon 
visual sexual stimulation (Stoleru, 99). Hie objective of this study was to identify in which 
brain areas such activity is modulated by testosterone . Methods: Hie protocol was approved 
by the local ethics committee. Positron emission tomography (PET) was used to study six 
hypogonadal male patients (23-37 years) and nine healthy control men (21-29 years). Four 
patients were studied both when untreated and after a six weeks androgenotherapy and the 
two others only when untreated. PET was used to index the regional cerebral blood flow 
(rCBF) when visual sexual stimuli (VSS), i.e., sexually arousing slides and film clips, and 
control experimental conditions were presented. Subjective perception of sexual arousal was 
recorded with a questionnaire after each condition. With statistical parametric mapping, we 
analyzed the differences between patients and controls, and we compared rCBF responses to 
VSS when subjects were treated or not. Results: When untreated, in response to sexually 
arousing slides, rCBF was lower in patients than in healthy men in the left anterior cingulate 
gyrus (BA 24) and in the frontal lobe (BA 8, 6 and 9). In a previous study, BA 24 was found 
to be positively correlated with perceived sexual arousal in healthy men. BA 9 has been 
implicated in the perception of subjective emotional responses (Lane, 97). After 
androgenotherapy, differences persisted between patients and healthy men in the anterior 
cingulate, and also in the right claustrum and the left postcentral gyms (BA 40). All these 
regions were found to be correlated with the sexual response in healthy men in a previous 
study. We conclude that androgens modulate the activity of brain regions related to sexual 
arousal, and that six weeks of androgenotherapy are not sufficient to restore brain activation 
in all areas implicated in sexual arousal in healthy men.

This work was suported by Laboratoire Theramex (Monaco).

858.9

RESTING AMYGDALAR ACTIVITY DOES NOT CORRELATE 
WITH NEGATIVE AFFECT IN HEALTHY ADULTS.
D.L.Mattson.2 D.H.Zald?’2 J.T. Lee.2P.J.PardO?’2*and J.V, Pardo?’2,
’Division of Neuroscience Research, Dept. of Psychiatry, Univ. of 
Minnesota, MN;2 Cognitive Neuroimaging Unit, Psychiatry Service, 
Veterans Affairs Medical Center, Minneapolis, MN 55417.

Animal and human studies implicate the amygdala in the mediation 
or modulation of negative affective states. Resting amygdalar activity 
has been reported to correlate with negative affect (NA) in depressed 
patients. Here we investigated the relationship between resting 
amygdalar activity and NA in healthy adults. Regional cerebral blood 
flow (rCBF) was assessed with PET in 51 psychiatrically healthy 
subjects. NA was measured with the Positive and Negative Affect 
Schedule (PANAS) and the Profile of Mood States (POMS). The 
relation between NA and resting amygdalar rCBF was assessed using 
both a region of interest (ROI) and a pixelwise analysis. Neither 
analysis revealed a significant correlation. Thus, the relationship 
between NA and resting amygdalar rCBF in depressed patients does 
not occur in healthy adults.
Supported by Dept. of Veterans Affairs, NARSAD, & NIH Grant 
MH11641.

858.10
ANTICIPATION OF MONETARY INCENTIVES EVOKES BRAIN ACTIVITY: 
AN FMRI REPLICATION AND EXTENSION. B. Knutson*. E. Kaiser, R. 
Momenan, J. Walker, A. Westdorp. and D. Hommer. National Institute on Alcohol 
Abuse and Alcoholism, National Institute of Health, Bethesda, MD 20892.

Using FMRI, we previously documented activation of medial subcortical and 
paleocortical brain regions innervated by ventral forebrain dopamine projections in 
a sample of males anticipating monetary reward and punishment. We sought to 
replicate these findings and explore their functional significance in a sample of 
females. Sixteen right-handed females participated in 10-minute monetary gain 
acquisition and loss avoidance tasks in counterbalanced order. In the gain task, 
subjects saw either a reward (chance to win $1.00) or neutral cue, then pressed a 
button in response to a target after a delay of approximately 3 seconds. In the loss 
task, subjects saw either a punishment (risk of losing $1.00) or neutral cue, then 
pressed a button in response to a target after an identical delay. During each task, 
we acquired 200 10-slice echoplanar MR volumes depicting BOLD-contrast (TE/TR 
= 35/3000 ms, 642 matrix, FOV = 24 cm, a = 90°, Slice/Gap = 7/0 mm). Regions 
of interest were analyzed with a hemodynamically convolved regressor which 
represented the contrast between incentive (gain or loss-cued) and practice (neutral- 
cued) delays. As in our prior work, anticipation of both gain and loss elicited 
activation of a medial circuit including subcortical (thalamus, caudate) and 
paleocortical areas (anterior cingulate [AC], mesial prefrontal cortex, and 
supplementary motor area) in most subjects ( > 75%). Also as before, within- 
subjects comparisons revealed greater AC activation during anticipation of loss 
than gain. These findings reinforce our earlier conclusion that this sub- and 
paleocortical midline circuit plays a critical role in humans' anticipation of 
incentives.

858.11

RELATION BETWEEN APATHY AND CINGULATE HYPOPERFUSION ; AN 
ECD SPECT STUDY AND SPM ANALYSIS P.H. Robert ‘*, M.Benoit1, 
C.Bertogliati1 , P.M.Koulibali \ I.Digav2, O.Migneco2, J.Darcourt \
^-Memory Center, Department of Psychiatry, ^-Nuclear Medicine Department. 
University of Nice Sophia Antipolis, FRANCE

Apathy - defined as a lack of motivation not attributable to diminished level 
of consciousness - is the most frequent behavioral symptoms in Alzheimer disease 
and is also frequently reported in brain organic disorders. The cingulate region was 
described as an integrative area which merge emotion, cognition and drive. This study 
investigated the relationship between apathy and cingulate. 41 elderly subjects with a 
mean age of 73.3 y (28 with Alzheimer's disease, 4 with vascular dementia, 9 with 
mild cognitive impairment according to the ICD 10) were included. Apathy was 
evaluated using the Neuro-Psychiatric Inventory. 2 subgroups were defined; with 
apathy (A ; n = 21) and without apathy (NA, n = 20). There was no group difference 
in diagnostic repartition, age and level of cognitive impairment. For each patient , 
1100 MBq of "raTc-ECD were injected via an IV line. One hour later, 120 projections 
of 55 sec each were gathered using a three headed gamma camera (Prism 3000 XP, 
Picker, Cleveland, Ohio) equipped with LEUHR fan beam collimators leading to a 
resolution of 8 mm on the reconstructed images. The 2 groups of patients were 
analysed by Statistical Parametric Mapping. The SPM{F} obtained were transformed 
to SPMfZ} with a threshold of 2.33 (p=0.01 uncorrected). The resulting foci were 
then characterized in terms of spatial extent and peak height. The Z map show a 
significant differences ( group A < NA) in ECD uptake only in the cingulate 
(p<0.001 for peak height, p=0.023 for spatial extent).

858.12

DOES IDENTICAL REALLY MEAN IDENTICAL? AN FMRI STUDY OF TRANSIENT 
SADNESS IN MONOZYGOTIC TWINS. J. Levesque*1 , C. Breault1 , P. Bourgouin2 , Y. 
Joanette 1 and, M, Beauregard 13 1 Centre de recherche, Institut universitaire de 
geriatrie de Montreal 2 Unite d’IRMf, CHUM/Campus Notre-Dame3 and Departement de 
radiologie, Universite de Montreal, Montreal, Canada.

Several lines of evidence indicate that monozygotic (MZ) twins exhibit significantly more 
similar emotional reactions than dizygotic (DZ) twins, reinforcing the idea of a genetic 
determinism of emotion. Along these lines, we used fMRI in MZ twins reared together to 
determine whether such determinism is supported by similarities in terms of the neuronal 
substrate subserving emotion. Pilot data were acquired in two pairs of 20 years old female 
MZ twins (results from 10 pairs of twins will be presented at the Meeting). They were 
scanned while passively viewing an emotionally-laden film clip used to induce transient 
sadness. An emotionally neutral film clip was used as control. Subjective ratings of 
sadness were recorded immediately at the end of the scanning session on an 8-point 
analog scale. When the brain activity associated with the emotionally-laden film clip was 
contrasted with that associated with the neutral film clip, significant BOLD activations were 
noted bilaterally - for the member of each pair of twins having score higher on the analog 
scale - in the amygdala, the insula, the anterior cingulate cortex, and in the orbitofrontal 
cortex (p < 0.00001). No such activations were observed for the other member of each 
pair having reported less sadness. These preliminary results suggest the existence of a 
link between the intensity of the subjective experience of sadness induced externally and 
the level of activation in brain regions known to underlie this emotion. They also question 
the importance of genetic determinism relative to the phenomenology of sadness as well 
as to the neural circuitry subserving this primary emotion. Supported by a grant from Dep. 
de radiologie, Universite de Montreal.
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858.13 858.14

A FMRI STUDY OF REWARD-RELATED ACTIVITY DURING A 
GAME-PLAYING TASK. MR Delgado'*, K Fissell2, LE Nvstrom3, DC
Noll4, JA Fiez12. Depts. of Neuroscience1 and Psychology2. Univ. of
Pittsburgh and Center for the Neural Basis of Cognition, Pittsburgh PA,
15260, Dept. of Psychology, Princeton Univ.3, Dept. of Biomedical
Engineering, Univ. of Michigan4.

In both animals and humans, rewards serve as learning devices 
and can lead to preferences for particular foods or behavioral acts.
Research suggests that the basal ganglia complex is a major component 
of a circuitry that mediates reward responses. In particular, dopamine 
neurons in specific areas of the midbrain show activity which is 
associated with the processing of rewarding events (Schultz, 1997).
However, most of the data on how reward may contribute to learning is 
limited to animal research. With the development of non-invasive 
neuroimaging techniques it is now possible to address some of these 
issues on humans. We developed an event-related fMRI paradigm to 
identify brain areas that are activated after presentation of a reward.
Subjects guessed if the value of a card was higher or lower than a 
specified number, with money rewards as an incentive for correct 
guesses. They received reward, punishment and neutral feedback on 
different trials. Activity recorded after the onset of the reward was 
averaged for each of the three conditions and a repeated-measures two- 
way ANOVA was used to examine interactions of the conditions over 
time. Our results indicate that anterior prefrontal cortex and basal 
ganglia regions show increased or sustained activity for reward as 
compared to punishment trials. This study provides a strong foundation 
for understanding the human reward circuitry and how it may 
contribute to learning.

Supported by NSF LIS 9720350 & a NSF Graduate Research
Fellowship.

A DOUBLE DISSOCIATION IN AFFECTIVE MODULATION OF
STARTLE EYEBLINK IN HUMANS: EFFECTS OF UNILATERAL
TEMPORAL LOBECTOMY. E. S. Funavama1. C.Grillon2’. M. Davis3, and
E. A. Phelos1. 'DeDt. of Psychology. Yale University; 2DeDt. of Psvchiatrv.
Yale University School of Medicine; 3Dept. of Psychiatry, Emory University
Medical School.

Lateralized amygdala activity has been observed in fMRI studies to various 
types of emotional stimuli. However, there are difficulties in interpretation of 
these data. First, activation of an area does not necessarily mean the structure is 
critically involved in the task. Second, failing to observe activation does not 
necessarily rule out involvement of a particular structure in the task. Hence, 
examining patients with amygdala damage is also useful to evaluate the 
involvement of the amygdala in a given behavior.

We have previously shown that patients who underwent left unilateral 
temporal lobectomy, which included resection of the amygdala, do not show 
potentiated startle during anticipatory fear, in which subjects are told when to 
expect an aversive event without actually experiencing that event (Funayama, et 
al., 1998). In the present study, testing the same patients as in the anticipatory 
fear study, we observed that right unilateral temporal lobectomy patients fail to 
show potentiated startle during viewing of affective pictures. Together, these 
studies suggest a double dissociation between left and right medial temporal 
lobe damage in the modulation of fear responses. We hypothesize that the left 
medial temporal lobe modulates fear responses when those responses are the 
result of a linguistic/cognitive representation acquired through language, which 
like other verbally mediated material, generally involves the left hemisphere. In 
contrast, viewing emotional pictures involves direct exposure to visual 
information, which appears to activate the right hemisphere. Additional 
evidence from case studies suggests the amygdala is responsible for this 
modulation.
[This research was supported by McDonnell-Pew 97-26 to EAP.]

858.15 858.16

BEHAVIORAL SENSITIZATION OF METHYLPHENIDATE AND FILM-INDUCED 
INCENTIVE MOTIVATION IN RELATION TO EXTRAVERSION. J.V. Morrone* and
R.A. Depue. Dept. of Human Development, Cornell University; Ithaca, NY 14853.

Recently we demonstrated that a core process underlying the trait of extraversion is the 
dopamine (DA) facilitation of incentive motivation, which is accompanied by strong positive 
affect, where affect means a joint experience of emotional feelings and motivation. Behavioral 
sensitization is a form of experience-dependent plasticity that involves DA neurotransmission in 
both the NAS and the VTA and is characterized by enhanced incentive motivation. It has been 
proposed that this process shapes individual differences in DA reactivity that underlie the 
development and stability of extraversion (Depue & Collins, 1999).

The objective of this study was to assess the effects of intermittent DA activation and film- 
induced incentive motivation on positive affective processes as a function of extraversion.
Subjects (n=40) were selected across the range of extraversion as measured by personality 
questionnaire and participated in the study on three separate days; the first and second days were 
three days apart and the test session occurred 10-14 days after the first day. They were assigned 
to either the drug group, which received .3 mg/kg methylphenidate (MP) orally on the first and 
third days, and .5 mg/kg MP orally on the second day, or the placebo group, which received 
lactose capsules on the first and second days, and received .3 mg/kg MP orally on the third (test) 
day. During the peak of MP effects, all subjects viewed film material designed to induce three 
levels of an incentive motivation-positive affect state: neutral, moderate, and strong. Subjects 
rated their positive emotional and motivational feelings on a ten-point scale before and after each 
film clip.

We found that for the test session, drug group subjects who were high extraverts showed an 
increase in their post-film positive affect ratings compared to their first session ratings, and rated 
the films significantly higher than did high extraverts in the placebo condition in the test session, 
but not in the first session. In contrast, low extraverts in the drug condition showed a decrease in 
their post-film positive affect ratings compared to their first session ratings, and their ratings of 
the films did not differ significantly from those of low extraverts in the placebo condition in both 
the test and first sessions. Both high and low extraverts in the placebo condition decreased in 
post-film positive affect ratings from the first to the test session.

The results suggest that experience-dependent variation in DA facilitation of incentive 
motivation is a potential mechanism for the development of extraversion trait levels.
This work was supported by NIMH Research Grant MH55347 awarded to R.A. Depue.

THE EFFECTS OF EMOTIONAL PRIMING ON MENTAL ROTATION
I. Szabo1 , K. Karadi1, J. Kallai2, Istvan Bende1, T Szepesi1 (SPON: European
Brain and Behaviour Society) 1 Institute of Behavioral Sciences. University of
Medical School, Pecs, Hungary; 2 Department of Psychology, Jannus Pannonius 
University of Science and Art, Pecs, Hungary

Present work examines the interaction of emotional and spatial functions 
(mental rotation) in 44 university students. Subjects in the mental rotation test 
discriminate mirror-images of capital letters (F,G,P,L,R) rotated by computer in 
0,30,50,90,120,150,180 degrees. The first 70 trials was the practice period. In this 
period there was no emotional priming. The next experimental block was divided 
into two parts: in the first one a permanent negative emotional bias was created by 
a word which involved negative emotion {death). The word appeared in the middle 
of screen for 800 miliseconds. The time between the words was 3 seconds. The 
consonant letter in various rotating degree appeared immediately after the priming 
word. The second part was the same as the first one but the emotional priming was 
different. In the second part, a permanent positive emotion was created with word 
"happiness". The program measured the reaction time to the alphanumerical 
characters and the number of mistakes in the emotional blocks. The statistical 
analysis showed that the negative emotional priming causes significant 
deceleration in cognitive process at degrees 50,90,180 in the whole population. We 
did not get significant differences between two trials in cases of males, whereas in 
the case of females the positive priming showed significant acceleration at 90 and
180 degrees. *Supported by Nepjoleti Miniszterium 074/1996.12. Grant.

858.17 858.18

Fmri  of  Emotional  Perception : Content  and  Color
M. M. Bradlev*. P. J. Lane. J. R. Fitzsimmons. D. Sabatinelli. W. Kine.
P. Desai. W. M. Perlstein. & B. N. Cuthbert. University of Florida.
Gainesville, FL, 32610

Previous studies in our lab have indicated more extensive activity in 
occipital cortex when people view emotionally arousing, compared to 
neutral, pictures. In these studies, we explored the role of specific content 
and color in mediating these effects. Forty-two subjects each viewed 7 
blocks of pictures, selected from the International Affective Picture System 
(1999) to include babies/families, erotica, household objects, neutral faces, 
angry faces, threat, and mutilated bodies. Approximately half of the 
subjects viewed the pictures in color; half viewed the pictures in grayscale.
Pictures were presented for 12 s (flashing at 3 Hz), separated by a 12 inter-
picture interval. Functional images were acquired using a multislice spiral 
scan technique (Noll, Cohen, Meyer, & Schneider, 1995) on a 3T GE MRI 
system. Seven 5 mm slices (1.5 gap) were acquired in a coronal plane 
beginning approximately 10 mm anterior to the occipital pole. A bitebar 
was used to restrict head movement. For each subject, active voxels were 
defined using t-tests, and the extent of functional activity was computed for 
each picture content. Analyses of variance indicated that 1) within pleasant 
and unpleasant categories, high arousal pictures (e.g., erotica) produced 
more extensive activity than low arousal pictures (e.g., families), 2) 
functional activity when viewing angry faces did not differ from that 
occurring during viewing of neutral faces or household objects, and 3) 
effects of emotional arousal were obtained both when pictures were viewed 
in color and in grayscale. The data suggest that sheer differences in color 
are not critical in obtaining effects of emotion in picture perception, and that 
viewing emotionally arousing pictures, regardless of specific content, is 
associated with a greater extent of functional activity.
Supported in part by NIMH grants MH52384, MH37757, & MH43975

AFFECTIVE PICTURE PROCESSING AND WORKING MEMORY:
A 128-CHANNEL ERP ANALYSIS

W,M, Perlstein. M, Junghoefer, T, Russmann. J.C. May. C, Mills, M.M, Bradley
& P.J. Lang*. University of Florida, Gainesville, Florida 32610

Scalp-recorded ERP studies of emotional picture perception have shown that the
ERP slow wave during picture presentation is differentially sensitive to emotionally- 
arousing, compared to neutral, pictures. This suggests that affectively-laden pictures 
undergo more sustained neural processing than low-arousal neutral pictures. Here, we 
extend this work to: 1) replicate sustained arousal-sensitive picture-perception slow- 
wave activity using high-density EEG recordings; and 2) study the influence of 
affective picture processing on slow-wave activity during high-level cortical/cognitive 
processing (i.e., working memory). We conducted two studies using images from 
the International Affective Picture System. The first study required subjects to view 
affective and neutral pictures (6-s duration; 12-s SO A) without additional explicit task 
requirements. The second study required subjects to perform two order- 
counterbalanced tasks while viewing affective and neutral pictures (2.5-s duration, 10- 
s SOA)—one requiring working memory (i.e., active maintenance of picture 
representations); one requiring identical perceptual encoding and response processes, 
but without maintenance in working memory. In both studies, 128 channels of EEG 
were recorded (.01-100Hz) continuously; artifact correction, average referencing, 
digital filtering (40Hz lowpass), and signal averaging were conducted off-line.
Results of the first study replicated the arousal-sensitive nature of the cortical slow 
wave and showed a widespread scalp distribution. Results of the second study showed 
that the magnitude and duration of slow wave activity was influenced both by task 
requirements and picture valence and arousal properties. These data suggest that 
affective parameters influence the maintenance of high-level affective context 
representations in working memory. Supported in part by NIMH grants MH52384, 
MH37757 & MH43975.
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858.19

FACIAL EXPRESSIONS AND MOOD AFTER REPETITIVE 
TRANSCRANIAL MAGNETIC STIMULATION OF THE PREFRONTAL 
CORTEX. F. Padberg*#. G Juckelfl, A. Prafit P. Zwanzger, P. 
Mavrogiorgou, U. Hegerl, H, Hampel and H.-J. Moller. Dept. of Psychiatry, 
Ludwig-Maximilian University, 80336 Munich, Germany.

The role of the prefrontal cortex in mood and emotions has previously been 
established. Lesion studies led to the hypothesis of positive emotions related to 
the left and negative emotions related to the right hemisphere. However, this 
hypothesis has not been confirmed by functional neuroimaging. The aims of 
this study were to test the prior hypothesis by combined self-rating of mood and 
fine analysis of facial expressions after rTMS of the left or right dorsolateral 
prefrontal cortex (DLPFC). Nine healthy volunteers were stimulated with 10 
Hz rTMS at the left and right DLPFC, in random order. Visual analog scales 
(VAS) were used for subjective mood-ratings. Facial expressions (laughing) 
were assessed by a computerized three-dimensional movement analysis system 
(CMS 70, ZEBRIS) during a humorous movie (“Mr. Bean”). Changes of VAS 
scores showed no difference between both stimulation sites. Facial expression 
analysis revealed selective effects of left and right prefrontal stimulation. 
Subjects reacted significantly more often and faster to funny stimuli after left 
and significantly less often and slower after right prefrontal stimulation. In 
conclusion, results of facial expression analysis after prefrontal rTMS support 
the view of positive emotions related to the left and negative emotions related to 
the right hemisphere. We propose to combine rTMS and facial expression 
analysis to further study the role of the prefrontal cortex in mood and emotional 
motor responses.
# both authors equally contributed to this work

858.20
ASSESSING fMRI RESPONSE IN THE AMYGDALA TO PICTURES OF 
OUTGROUP FACES. A.J. Hart, P.J. Whalen*, L.M, Shin, S.C. McInerney, and 
S.L. Rauch. Amherst College, Amherst, MA and Psychiatric Neuroimaging Program, 
Massachusetts General Hospital-NMR Center, Charlestown, MA 02129

Previous neuroimaging studies have demonstrated amygdala activation in response to 
facial expressions. The majority of these studies have utilized a standardized stimulus 
set of white (i.e., Caucasian) faces. The social psychology literature provides evidence 
that subjects respond differently to face stimuli that depict members of their own race 
(ingroup) compared with those of a different race (outgroup). The present study was 
designed as an initial exploration of whether the amygdala responds differentially to 
outgroup vs. ingroup faces. To date, we have studied five male and female right-handed 
subjects self-identified as either white or black. During fMRI scanning, we presented 
grayscale pictures of male and female faces described as black (B) and white (W) by 
these subjects. In a previous study, other subjects characterized these stimuli as B and 
W, and of neutral expression. We hypothesized that the amygdala would demonstrate 
increased activity to outgroup vs. ingroup face stimuli. Subjects viewed 1 sec 
presentations of B and W faces (ISI = 2sec) or a fixation cross (+) while performing a 
gender identification task. Each of 2 counterbalanced runs consisted of the following 
20 sec blocks: +; W; B; +; W; B; +; W; B; +. FMRI data were acquired as 18 
contiguous 3mm coronal oblique slices using a 3T MRI instascan device and an 
asymmetric spin echo T2*-weighted sequence (TR/TE/Flip = 2000/30/60). Structural 
data were also obtained. Data analysis entailed motion correction, Talairach 
transformation and generation of statistical maps. RESULTS: All five individual 
subjects demonstrated significant amygdala activation for the outgroup vs. ingroup 
contrast. Amygdala activation is not necessarily indicative of negative emotional 
states; amygdala response in this study might be related to familiarity rather than race 
per se. Future studies assessing amygdala response to face stimuli should consider th?t 
the race of subjects and stimuli may represent a significant source of variance. 
Supported by an Amherst College Faculty Research Grant. Stimuli provided by the 
FERET Program, U.S. Army Research Laboratory.

858.21

FACE-PROCESSING IN THE HUMAN PREFRONTAL CORTEX: 
INTRACEREBRAL STIMULATION, POTENTIALS AND LESION DEFICITS
K. Marinkovic1*, J.P. Vignal3, P. Trebon4, P, Chauvel2 and E. Halgren1'2.
’Radiology, Univ. of Utah; 2INSERM E 9926, Marseilles, France; ’Neurology, 
Univ. of Nancy, France; 4Neurology, CHU Pontchaillou, 35000 Rennes, France.

Direct electrical stimulation of the right ventrolateral prefrontal cortex 
(VLPFC) resulted in face-related hallucinations and illusions in an epilepsy 
patient with stereotaxically implanted electrodes in prefrontal, premotor, and 
temporal sites. These face-related effects were obtained by stimulating only one 
electrode probe in VLPFC and at no other sites. The same patient was studied with 
event related potentials (ERPs) and with neuropsychological tests before and after 
therapeutic cortectomy. Large ERPs were evoked in the prefrontal cortex to faces, 
as compared to sensory controls and words. The largest such ERPs were highly 
localized to the same right anterior inferior prefrontal site where direct electrical 
stimulation resulted in face hallucinations. Face-selective ERPs were also evoked 
in the right prefrontal sites which had shown projected activity during face 
hallucinations, and in the right anterior middle temporal gyrus. Selective 
responses began about 150ms after face onset. Words, but not faces or sensory 
controls evoked large ERPs in distinct locations, mainly in the left hemisphere. A 
successful therapeutic cortectomy included the cortex surrounding the right 
prefrontal site where face-selective responses were recorded and where face 
hallucinations were evoked by stimulation. It resulted in a severe deficit in the 
recognition of emotional facial expressions, especially fear. No change was noted, 
however, in the recall of emotional words, or other neuropsychological tasks. The 
current results provide strong support for the early, specific and sustained VLPFC 
involvement in face-processing and is consistent with models wherein it activates 
representations in working or declarative memories.

Supported by INSERM, USPHS(NS 18741), ONR and HFSPO(RG25/96). We 
thank J.M. SCARABIN, I. BOISSIERE and N. HERVE.

MOTIVATION AND EMOTION: LIMBIC PATHWAYS

859.1
EVENT-RELATED FMRI SHOWS ITEM-SPECIFIC ENCODING OF 
EMOTIONAL MEMORY IN THE AMYGDALA. T. Canli1*. J. Brewer1, Z. 
Zhao1, J, D.E. Gabrieli1 and L. Cahill2. Department of Psychology1, 
Stanford University, Stanford, CA 94305, and Center for the Neurobiology 
of Learning and Memory2, University of California, Irvine, CA 92697.
Recent PET imaging studies in humans have shown correlations between 
amygdala activation to emotionally arousing stimuli and subsequent 
memory (Cahill et al, PNAS, 93, 8016; Hamann et al, Nature Neurosci. 2, 
289), based on between-subject differences. It is unknown whether such 
correlations also hold within-subject in response to individual emotional 
trial types. In this study, we used event-related fMRI and a long-term 
recognition test to assess the role of the amygdala for item-specific 
emotional memory. Ten right-handed healthy female volunteers viewed 
emotionally neutral, medium, or highly negative stimuli which were 
presented for a period of 2.88 s (12.96 s ISI). Images were acquired using a 
gradient echo T2*-weighted spiral scan with two interleaves (TR=720 ms; 
TE=40 ms; flip angle=50°°; FOV=20 cm). Three weeks after the scan, subjects 
were given a surprise memory test using the 96 previously seen and 48 new 
pictures. Subjects were asked to judge whether or not they had seen each 
picture during scanning. For pictures judged as previously seen, subjects 
reported whether they remembered ('remember') or had a less-certain 
feeling of familiarity ('know'). Correlations were calculated for each 
voxel between event-related responses for each trial and subsequent memory 
classification of that trial as remembered, familiar, or forgotten. Cluster- 
analysis showed item-specific correlations between amygdala response to 
negative, but not neutral, trial types and subsequent memory. These data 
show that a relationship exists between amygdala activation to specific 
emotional items and subsequent memory for these items. Supported by NIH.

859.2

AREAS OF THE ORBITOFRONTAL CORTEX AND AMYGDALA ACTIVATED 
BY PLEASANT AND UNPLEASANT TASTE. 10’Doherty1*, E.T.Rolls’, S.Francis2, 
F.McGlone3 and R.Bowtell2. ’Univ. Oxford, Dept. Exptl. Psychol., Oxford OXI 3UD, 
England, 2Univ Nottingham; ’Unilever, Port Sunlight.
We have recently shown that an area of the human orbitofrontal cortex is activated by 

pleasant touch, and that different areas of the orbitofrontal cortex are activated by sweet 
taste and by the odor of vanilla (Francis et al, 1999). In this investigation we tested 
whether the human orbitofrontal cortex and other brain regions are activated by tastes 
with different affective significance (as shown by the subjects’ ratings), in particular 
pleasant sweet taste (1 M glucose) and unpleasant salt taste (0.1 M NaCl). We used an 
ON/OFF block design in a 3T fMRI scanner with a tasteless solution delivered in the 
OFF period to control for somatosensory or swallowing-related effects (Francis et al. 
1999). We found that parts of the orbitofrontal cortex were activated (P<0.01 corrected) 
by glucose (in 6/7 subjects) and by salt (in 7/7 subjects). We also found that the 
amygdala was well activated (ROI analysis, P<0.05 corrected) by glucose (6/7 subjects) 
and also by salt (4/7 subjects). Activation by both stimuli was also found in the frontal 
opercular / insular (primary) taste cortex. We conclude that the orbitofrontal cortex is 
involved in processing tastes that have both positive and negative affective valence; that 
different areas of the orbitofrontal cortex may be activated by pleasant and unpleasant 
tastes; and that the amygdala is activated not only by an affectively unpleasant taste, but 
also by a taste that is affectively pleasant.
Francis,S., Rolls,E.T., Bowtell.R., McGlone,F., O.Doherty,!, Browning, A., Clare,S. and 
Smith,E. (1999) The representation of pleasant touch in the brain and its relationship 
with taste and olfactory areas. NeuroRenort 10: 453-459.
Supported by the Medical Research Council, Unilever, and the Oxford McDonnell-Pew 
Centre for Cognitive Neuroscience.
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859.3
IMPAIRED DIFFERENTIATION OF FACIAL EMOTION IN PATIENTS WITH 

COMPLETE BILATERAL AMYGDALA LESIONS.
H. Schmolck2, L.R. Squire123*

Veterans Affairs Medical Center, San Diego1 and Departments of Psychiatry2 and 
Neurosciences3, University of California, San Diego, CA 92093 

The amygdala has been implicated in emotion and emotional memory in humans
and experimental animals as well as in the recognition of emotion in facial 
expressions. We previously described two patients (E.P. and G.T.) with complete 
bilateral lesions of the amygdala (Hamann et al. 1996) who were normal overall at 
recognizing emotion in facial expressions. However, the patients tended to rate some 
emotions as more similar than did controls. We administered a task (Broks et al., 
1998) in which participants choose from a list of six emotions the one that best 
matches the emotion expressed by a model. Three patients with amygdala lesions 
were tested (E.P., G.T. and G.P.), all survivors of encephalitis. We also administered 
two other versions of this task, a forced-choice version in which an emotion rated 
similar to the target served as the distractor, and a Yes/No task in which emotions 
similar to the targets served as the foils. All three patients were impaired in all three 
tasks when the emotion fear was the target (Broks’ version: patient mean = 3.9/10 
correct for fearful faces, controls = 7.3/10). Two patients (E.P. and G.P.) were also 
impaired when sadness was the target (patient mean = 4/10 correct for sad faces, 
controls = 8.8/10). On the two other versions of the task, all three were impaired 
when sadness was the target. Tasks that require similar emotional expressions to be 
distinguished appear to be more sensitive to amygdala damage or to depend on 
different functions than tasks that simply ask participants to decide how strongly a 
particular face expresses a given emotion. Supported by the Medical Research 
Service of the Department of Veterans Affairs, NIMH Grant MH24600, NIH Grant 
2T32AG00216, and DFG Grant Vo 770/1-1 (H.S).

859.4
EXCITOTOXIC LESIONS OF THE BASOLATERATAL AMYGDALA 
ELIMINATE THE DIFFERENTIAL OUTCOMES EFFECT. PJ Willoughby & AS 
Killcross. Dept. of Psychology, University of York, Heslington, York, YO1 5DD 
(SPON: British Neuroscience Association)

The amygdala is known to play an important role in aversively motivated learning 
tasks, and several researchers have also proposed a role for the amygdala in stimulus- 
reward learning and appetitive conditioning. For example rats with basolateral 
amygdala (BLA) lesions have shown deficits in second order conditioning, 
conditioned place preference, and instrumental conditioning, whereas rats with 
lesions of the amygdala central nucleus show deficits in conditioned orienting 
responses. However, there is little evidence of a role for the amygdala in simple 
appetitive Pavlovian conditioning. The differential outcomes effect (DOE) was used 
to investigate the theory that the BLA is critically involved in representing the 
sensory properties of outcomes of CS-US associations. The design of the DOE 
experiment is shown below. 32 Male hooded lister rats were used in this experiment, 
16 with sham lesions, and 16 with quinolinic acid lesions of BLA. Sham lesioned 
animals in group different learnt the discrimination better than animals in group 
same. This advantage was eliminated in the BLA group of animals, suggesting that 
the BLA animals could not discriminate between the sensory properties of the USs.

Group Different Tone Right -> Sucrose
Left 0

Clicker Right 0
Left -> Pellet

Group Same Tone Right -> Sucrose or pellet
Left ->0

Clicker Right -> 0
Left -> Sucrose or Pellet

This research was funded by an MRC studentship to PJ Willoughby

859.5

INTACT SELF-REPORTED POSITIVE AND NEGATIVE AFFECTIVE 
STATES IN PATIENTS WITH AMYGDALA DAMAGE.
Adam K. Anderson* & Elizabeth A. Phelps. Dept. of Psychology, Yale 
University, New Haven, CT.

Neuroimaging studies suggest the amygdala is involved in the subjective 
experience of emotion, particularly in the generation of fear, anxiety, and 
general negative affectivity. However, little evidence of emotional 
dysfunction following amygdala damage has been gathered in humans. In a 
preliminary test of this hypothesis, patients with amygdala damage and 
controls were administered the Positive and Negative Affect Schedules (the 
PANAS, Watson, Clark, & Tellegen, 1988) to assay chronic changes in the 
experience of positive and negative affective states. In the first study, ten left 
and ten right amygdala-damaged patients, one patient with bilateral amygdala 
damage (SP), and twenty control subjects were asked to rate the typicality of 
different experiential states of positive (e.g., inspired, excited) and negative 
(e.g., afraid, nervous) valence. In a second study, we examined the effects 
of bilateral amygdala damage on experienced affect more closely by 
administering the PANAS daily for a 30-day period to patient SP and 
controls. In both studies, no difference in self-reported positive or negative 
affect was found between control subjects and patients with amygdala 
damage. In particular, no significant differences were found regarding 
descriptors specifically related to fear and anxiety (e.g., afraid, scared, 
nervous, jittery). Principal components analyses of the covariation among 
different affects in the control subject data confirmed a two factor (positive 
vs. negative) description of experienced affect. A similar solution was found 
in the patient data, suggesting that the underlying structure of affective states 
was intact following amygdala damage.

859.6

ROLE OF 5-HT2 RECEPTORS WITHIN THE BASOLATERAL 
NUCLEUS OF AMYGDALA ON THE DEFENSIVE BEHAVIOR 
INDUCED BY NMDA STIMULATION OF THE INFERIOR 
COLLICULUS. S. Maisonnette1, C. Villela1, A. P. Carotti1 & J. 
Landeira-Femandez1,2*. 'Departamento de Psicologia, PUC-Rio, 
RJ, Brazil, 22453-900; 2Laboratorio de Psicologia Comparada, 
Universidade Estacio de Sa, RJ, Brazil, 20261-060.

Electrical or chemical stimulation of the inferior colliculus 
(IC) induces aversive reactions such as running and jumping. 
Lesion of the basolateral nucleus of the amygdala (BLA) decreases 
the threshold of aversive reactions induced by electrical stimulation 
of the IC. The present work examined the effect of microinjections 
of nefazodone, a serotonin (5-HT2) antagonist, into BLA on 
aversive reactions induced by N-methyl-D-aspartate (NMDA) 
microinjections into the IC. Rats were implanted with cannulae in 
the IC and the BLA Defensive behaviors (jumping and running) 
were observed in a open field. Results indicated that that 
microinjections of nefazodone into the BLA did not cause any 
defensive behavior but increased the aversive responses induced by 
NMDA microinjections into the IC. These results suggest that 5- 
HT2 receptors located in the BLA play an inhibitory role on 
defensive behaviors induced by IC stimulation.
CNPq and FAPERJ financial support.

859.7

DA receptor stimulation in the basolateral amygdala exerts opposite effects on 
different neuronal subtypes and on afferent inputs from prefrontal cortex and 
association auditory cortex. J. Amiel Rosenkranz* and Anthony A. Grace, Dept of 
Neuroscience and Psychiatry, University of Pittsburgh, Pittsburgh, PA 15260.

The basolateral amygdala (BLA) exhibits plasticity during the emergence of 
associative conditioning, and is a site of convergence for neuronal areas involved in 
this process. Dopamine (DA) receptor activation alters indices of associative 
conditioning, perhaps via interactions in the amygdala. The BLA is comprised of 
two basic neuronal subtypes: pyramidal-like projection neurons and GABAergic 
interneurons, which may be tentatively identified based on their firing rates, action 
potential waveform, and antidromic activation. We examined the effects of DA 
receptor activation on the two BLA neuronal subtypes and evoked responses from 
cortical inputs using in vivo extracellular single unit electrophysiological recordings 
from the BLA of anesthetized rats. Systemic DA receptor agonists decreased the 
firing rate of slowly firing putative projection neurons (<0.5 Hz; p<0.05) and co-
iontophoresis of DA attenuated glutamate-evoked excitation of antidromically 
activated neurons (p<0.05). Slowly firing and antidromically activated neurons also 
displayed an increase in firing rate after systemic DA antagonist administration 
(p<0.05). Systemic DA agonist administration increased the firing rate of fast firing 
presumably interneurons (p<0.05), whereas systemic DA antagonists decreased the 
firing rate of these neurons (p<0.05). Short-latency evoked responses could be 
recorded after electrical stimulation of association auditory cortex (Te3) or medial 
prefrontal cortex (mPFC). Systemic DA agonist administration attenuated the 
probability of evoking a response with mPFC stimulation (p<0.05), but increased the 
probability of evoking a spike with Te3 stimulation (p<0.05).

The opposing actions of DA receptor activation on the two neuronal subtypes 
could interact to produce increased signal-to-noise ratios in neuronal firing patterns. 
The opposite effects of DA on limbic and sensory inputs may modulate the relative 
responsiveness of this system to stimuli based on their sensory properties versus their 
affective valence. Supported by NS07433 (JAR) and MH57440, MH45156 (AAG).

859.8
REINFORCEMENT-PREDICTIVE DISCRIMINATIVE CUES ELICIT PHYSIOLOGICAL INDICES 
OF SYMPATHETIC NERVOUS SYSTEM ACTIVATION THAT ARE NOT BLOCKED BY 
HALOPERIDOL. A. Ettenberq*, K. McFarland, J.S, Rodriquez and M.J, Stroud. Behavioral 
Pharmacology Laboratory, University of California, Santa Barbara, CA 93106.

Environmental stimuli predictive of reinforcer delivery can reliably elicit motivated 
behaviors like food- and drug-seeking. Thus, they possess behavioral activating (i.e. 
arousing) properties that function to initiate goal-directed action. In order to assess the 
potential contribution of sympathetic nervous system activation to such behavioral 
excitation, subjects were implanted with indwelling physiological telemetry devices that 
allowed constant recording of heart rate in unfettered, freely behaving animals. Subjects 
were trained in a straight arm runway to discriminate two olfactory cues: an S+ predicting 
the availability of reinforcement (either 0.1 mg/kg iv infusion of heroin or 20 Noyes food 
pellets) in the goal box and an S- predicting the absence of goal box reinforcement. 
Presentation of the S+ came to reliably elicit goal-directed behavior (i.e. subjects traversed 
the alley more quickly when presented with the S+ than when presented with the S-). 
Additionally, S+ presentation produced a reliable increase in start box heart rates, even 
before emission of behavioral responding. Furthermore, pretreatment with the dopamine 
receptor antagonist haloperidol (0.075, 0.15 or 0.30 mg/kg ip) blocked neither the fast 
running nor the increased heart rate associated with S+ presentation. These data 
demonstrate 1) that presentation of environmental discriminative stimuli predictive of either 
food or heroin reinforcement elicit a sympathetic activation that co-occurs with the 
production food- or heroin-seeking behavior, and 2) that neither the increase in heart rate 
nor the behavioral activation can be blocked by dopamine receptor antagonist treatments 
that have been shown to blunt both food and heroin reinforcement. As such, the data 
implicate separate neural substrates in the motivation to seek either food or heroin versus 
the reinforcing consequences of food or drug delivery. This work was supported by a 
National Institute of Drug Abuse (NIDA) grants DA05041 and DA08042 awarded to AE and 
a NRSA (F31-DA05672) awarded to KM.
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859.9

INACTIVATION OF THE BASOLATERAL AMYGDALA BLOCKS THE 
EXPRESSION, BUT NOT THE ACQUISITION, OF FOOD-SEEKING 
BEHAVIOR ELICITED BY FOOD-PREDICTIVE CUES. K. McFarland*, A. 
Ettenberg, T.J. Chickering and M.J, Stroud. Behavioral Pharmacology 
Laboratory, University of California, Santa Barbara, CA 93106.

Environmental stimuli associated with positive outcomes, like the 
acquisition of food or drugs, have long been known to elicit goal-directed 
behavior.' However, the brain mechanisms by which such cues produce 
behavioral activation remain largely unknown. The present study examined the 
role of the basolateral amygdala (BLA) in both the acquisition and expression of 
food-seeking behavior produced by food-predictive discriminative cues. 
Subjects were trained in a straight arm operant runway to discriminate an 
olfactory cue predicting the availability of food reinforcement in the goal box 
(S+) from one predicting its unavailability (S-). Subjects that received 
pretraining quinolinic acid lesions of the BLA exhibited normal acquisition of 
operant runway responding. Thus, they learned the discrimination (i.e. to run 
quickly when presented with the S+ and slowly when presented with the S-) at 
the same rate as subjects receiving only sham infusions into the BLA. 
Conversely, subjects having previously completed discrimination training 
showed a reversible impairment in operant food-seeking behavior following 
lidocaine inactivation of the BLA. When presented with the S+, lidocaine but not 
vehicle pretreated subjects required reliably longer to reach the goal box. 
These data implicate the basolateral amygdala in the expression, but not the 
acquisition, of behavioral activation produced by food-predictive cues. Thus, 
projections from the BLA serve as a putative substrate for the motivating 
capacity of environmental stimuli.

This work was supported by a National Institute of Drug Abuse (NIDA) 
grants DA05041 and DA08042 awarded to AE and a NRSA (F31-DA05672) 
awarded to KM.

859.10

MUSCIMOL INJECTION INTO BASOLATERAL AMYGDALA 
DECREASES FIXED-RATIO RESPONDING FOR FOOD BUT 
DOES NOT DECREASE FOOD INTAKE. P.A. Simmons* and D.B. 
Neill. Department of Psychology, Emory University, Atlanta, GA 
30322.

Recent work has shown that dopamine release in nuc. accumbens, 
which seems important for incentive motivation, may be modulated 
by a glutamatergic projection originating in basolateral amygdala 
(BLA). In the current experiment, male Sprague-Dawley rats trained 
to lever-press for 45 mg food pellets on a fixed-ratio 16 (FR16) 
schedule received bilateral microinjections of the GABA agonist 
muscimol HBr (0, 40, 80, and 160 ng in 1 ul) into the basolateral 
amygdala (BLA). Muscimol was administered immediately prior to a 
20-minute testing session. The injections dose dependently decreased 
lever pressing. When administered at the highest dose, muscimol 
injections did not, however, affect the amount of food consumed in a 
testing procedure during which food was made freely available.
These findings support the idea that the BLA, which is well known 
for its involvement in responses to aversive stimuli, is also involved 
in incentive motivation.

Supported by grant IBN-9808865 from the NSF.

859.11

INNATE SNAKE FEAR IN RHESUS MONKEYS: ROLE OF THE AMYGDALA. 
EricH. Nelson*, Stevsn E. Shelton. Ann E. Kelley. & Ned H. Kalin. Harlow Primate 
Laboratory, Dept of Psychiatry, University of Wisconsin; Madison, WI 53715.

Snakes are a fear stimulus for rhesus monkeys. There are several aspects of 
snake-fear which make it a compelling experimental model of fear: there is a large 
amount of inter-individual variability in the expression of fear; there are both 
stimulus-bound and contextual components of snake fear; and snake-fear has 
ethological validity. We have found that in addition to the well-documented learned 
component of snake fear, there is also an innate component. Because the amygdala 
is thought to play an important role in fearful responding, the present studies were 
undertaken to examine the role of the amygdala in the expression of this innate 
component of snake-fear. Twenty-one monkeys (12 who had received bilateral 
ibotenic acid amygdala lesions and 9 unoperated controls) were tested for their 
latency to reach for a treat in the presence of a real snake, a rubber snake, a roll of 
tape, or nothing. Both controls and the 5 monkeys which sustained < 40% 
destruction of the amygdala displayed an increased treat retrieval latency in the 
presence of the snake stimuli than the nonMnake stimuli (p’s < .05). However, this 
effect was not seen in the 7 monkeys which had sustained >50% damage to the 
amygdala. A two factor ANOVA (experimental group by stimulus object) revealed a 
significant interaction effect (p< .05). In addition to increased latency to reach for a 
treat in the presence of the snake, a number of other fear-related behaviors, such as 
withdrawal, vocalization and cage-shake occurred more frequently in the control and 
< 40% groups than in the > 50% group. These data suggest that an intact amygdala 
is necessary for the expression of innate fear of snakes in rhesus monkeys.

Supported by grants MH 46792 and MH 52354 and the Health Emotions Research 
Institute

859.12

ACETYLCHOLINE CAUSES BEHAVIORAL DEPRESSION VIA M-l 
RECEPTORS IN THE NUCLEUS ACCUMBENS AND IS 
MODULATED BY SEROTONIN
P. Chau, R.A. Kosloff, P.V. Rada and B.G. Hoebel*.
Dept. of Psychology, Princeton Univ. Princeton, NJ 08544 

Using the Porsolt forced swim test to measure behavioral depression in
female Sprague-Dawley rats, a specific M-l antagonist pirenzepine (17.5 
and 35 pg/side in the NAc) increased swim time when administered 
locally into the posterior medial nucleus accumbens (NAc). The opposite 
effect was obtained with arecholine, an M-l agonist (15 mg/kg i.p. or 40 
and 80 pg/side in the NAc). Thus it appears that ACh, acting at M-l 
receptors, can depress behavior. Scopolamine, an M-2 and M-l 
muscarinic antagonist, decreased swimming at 0.5 pg/side, but increased 
it at lpg/side, reflecting its non-specificity. Microdialysis during 
swimming showed release of ACh in the first 5 min of swim tests on days 
2 and 3 when the animals displayed immobility. Prior studies from this 
laboratory showed that serotonergic drugs, including fluoxetine (Prozac), 
given locally could lower extracellular ACh in the NAc; therefore 
serotonergic drugs might ameliorate depression in part by their action via 
ACh interneurons. The 5-HT-1A receptor agonist 8-OH-DPAT (2.5 
pg/side) and 5-HT-2A antagonist ketanserin (5 //g/side) increased swim 
time significantly. Thus serotonin in the NAc may be an antidepressant, 
in part, by inhibiting ACh release via the 5HT-1A receptor.
Supported by USPHS grants NS 30697 and DA 10608

859.13

SYSTEMIC MORPHINE INHIBITS PROJECTION NEURONS OF 
THE VENTRAL SUBICULO-ACCUMBENS PATHWAY. £L 
Pringle and R.L. Hakan*. Dept. Psych., Univ. of North Carolina at 
Wilmington. NC 28403

Responses evoked in the Nucleus accumbens (NAS) by 
stimulation of the subiculo-accumbens (fimbria) pathway are excited by 
infusions of morphine into the ventral subiculum (Vsub) of the 
hippocampal formation (Hakan & Henriksen, 1989). However, the 
effects of systemic opiates on neurons in the VSub are unknown. It 
was hypothesized that systemically administered opiates would excite 
VSub projection neurons. Using extracellular single-unit recording 
techniques the effects of morphine on VSub projection neurons were 
examined in halothane-anesthetized male Sprague-Dawley rats (n= 15). 
Morphine uniformly inhibited VSub projection neurons in a naloxone 
reversible fashion. These results disconfirmed our hypothesis. Yet, 
fimbria driven NAS neurons are excited by direct infusions of 
morphine into the VSub. Therefore, the observed inhibitory effects of 
systemic morphine may represent secondary actions produced by 
opiates in VSub afferent structures. Alternatively, the morphine- 
induced inhibition of VSub projection neurons may disinhibit fimbria- 
driven NAS neurons by inhibiting NAS lateral inhibition, since 
subiculum fibers terminate on medium spiny NAS neurons that exhibit 
GABAergic recurrent collaterals. The organization of this pathway 
may be related to goal-directed behavior. Execution of a goal-directed 
behavior requires knowledge of reward location relative to current 
position. The VSub may be responsible for sending such information 
to the NAS.

859.14

ENHANCED REWARD OF HIPPOCAMPAL SELF-
STIMULATION PRODUCED BY SYNERGISTIC ACTIVATION 
OF DI AND D2 RECEPTORS IN MEDIAL CORE OF NUCLEUS 
ACCUMBENS IN THE RAT. K.L. Sweet* and D.B. Neill. 
Department of Psychology, Emory University, Atlanta, GA 30322.

We have previously shown that amphetamine injections in the 
medial core region of the nucleus accumbens enhance hippocampal 
self-stimulation. For this study, we wanted to determine which 
specific family(s) of dopamine receptor subtypes was involved in 
this phenomenon. Sprague-Dawley rats bearing electrodes in the 
CAl/subicular region of the hippocampus were trained on single- 
lever intracranial self-stimulation (ICSS). Unilateral injections of 
either the DI agonist SKF 38393 or the D2 agonist quinpirole (0,
0.3, 1.0, and 3.0 pg in 1 pi) were made in the medial core region of 
the nucleus accumbens just prior to ICSS sessions. None of these 
injections produced a significant change from baseline responding. 
We then administered the agonists in combination (0, 1.0, and 3.0 pg 
in 1 pi). These combination injections significantly increased ICSS 
responding in a dose-related fashion when injected ipsilaterally, but 
not contralaterally, to the hippocampal electrode. We conclude that 
dopamine receptor activation in medial nucleus accumbens increases 
the reward of hippocampal stimulation via a synergistic activation of 
DI and D2 receptors. Supported by grant IBN-9808865.
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859.15

MESOCORTICAL DOPAMINE ACTIVATION IN STRESSFUL 
CONDITIONS CONTROLS MESOACCUMBENS DOPAMINE 
RELEASE IN INTACT DRUG-FREE ANIMALS.
S.,.Pug.Us_i-Alkgr3*, R, Ventara qnfl S, Cabib- Dep. Psicoiogia, 
University "La Sapienza" Roma 00185, and Inst. Psicobiologia e 
Psicofarmacologia (CNR) Roma 00137, Italy.
It has been proposed that dopamine (DA) function in prefrontal cortex 
(pFC) and in striatal terminal fields are linked in an inverse manner, 
whereby a decrease in prefrontal DA transmission promotes an 
opposite change in striatal DA function. This hypothesis has major 
clinical relevance. Evidences obtained from lesioned or 
pharmacologically treated animals appear to support this 
hypothesis at preclinical level. However, psychopathology derives 
from the impact of stressful events on genetically susceptible 
individuals. In this study we report that inbred C57BL/6 (B) mice 
show faster mesocortical DA activation than DBA/2 (D) mice in 
response to stress. The B strain also show inhibition of DA release in 
nudesus accumbens (Nac) whilst D mice show an increase DA release. 
Both DA responses in B mice where prevented by a chronic 
antidepressant treatment. Finally, DA depletion (6-OHDA) in pFC 
led to stress-induced increase of DA release in the Nac of B mice.
These results support the view of an inverse relationship between 
cortical and subcortical DA functioning in intact drug-free animals. 
Moreover, they offer an important tool to investigate genetic and 
ontogenetic factors involved in the determination of mesocortical and 
mesoaccumbens interaction. (Supported by Italian CNR and MURST)

859.16
WITHIN-SESSION DIFFERENCES IN CODING OF DIFFERENT 
FLAVORED SOLUTIONS BY ACCUMBENS NEURONS. T.T. Caulder1, D. J 
Woodward,2 K. Anstrom,2 M.T. Chen,1 N. Weiner,3’* and P.H. Janak? ‘Cellular 
Neurobiology Branch, National Institute on Drug Abuse, NIH, Baltimore, MD;
2Dept. of Physiology & Pharmacology, Wake Forest University School of Medicine, 
Winston-Salem NC; 3Dept. of Pharmacology, University of Colorado, Denver, CO.

The specificity of nucleus accumbens (Ac) cellular responses observed during 
operant behavior for natural reinforcers (Janak et at, Soc. Neursci. Abs., 1999) was 
examined by comparing neuronal activity during responding for 2 different flavors in 
the same session. Extracellular spike activity of 5-18 units was recorded 
simultaneously from microwire arrays chronically implanted into the Ac of male rats 
(n=8) during performance of a sucrose-reinforced operant behavior. The flavor of 
the sucrose solution alternated on a 2 min multiple schedule. For many reinforcer 
pairs tested, the percent of sucrose in the solution was the same; the flavors were 
created by adding vanilla, strawberry, or almond extracts. Differences in neuronal 
activity were found at the time both of the nosepoke operant response and of 
reinforcer delivery that depended on which reinforcer was available. The majority of 
these differences were in the intensity of the response; the shape of the response was 
the same. Some units displayed distinct patterns of spike activity in relation to 
specific flavors. Importantly, substantial reinforcer-specific firing patterns were 
observed during trial times preceding reinforcer delivery, such as prior to the 
nosepoke response or during a variable delay that came before sucrose delivery, 
suggesting that the Ac encodes information regarding expectations of reinforcers or, 
in this case, their taste cues. These results indicate that Ac neurons encode 
reinforcer-specific information throughout the behavioral trial. The Ac may control 
reward-seeking behavior by integrating information provided by its limbic and 
cortical afferents; each reinforcer may induce a specific pattern of activity within a 
subset of the afferents, accounting for the observed differences in Ac neural activity. 
Supported by the Intramural Research Program, NIDA/NIH to PHJ & DA2338, 
AA10980 and Tourettes Syndrome Association to DJW.

859.17

NUCLEUS ACCUMBENS NEURONS ENCODE TASK EVENTS DURING 
SUCROSE-REINFORCED BEHAVIOR BY RATS. P.H. Janak,1* T.T. Caulder,1 
and M.T. Chen.2 ‘Cellular Neurobiology Branch, National Institute on Drug Abuse, 
NIH, Baltimore, MD; 2Dept. of Neurosurgery, Neurological Inst., VGH-Taipei and 
Graduate Inst, of Medical Sciences, Natl. Defense Medical Center, Taipei, Taiwan.

If the nucleus accumbens (Ac) is part of a neural circuit that mediates 
reinforcement, as suggested by findings from the study of drugs of abuse, then 
evidence for its involvement in processing natural non-drug reinforcers should be 
observed. We examined the mediation of sucrose-reinforced operant behavior by the 
Ac using chronic ensemble recording to measure the extracellular spike activity of 
groups of 5-18 Ac single-units. Male rats (n=8) were trained to nosepoke on a 
continuous reinforcement schedule for 0.1 cc drops of flavored 5% sucrose solutions; 
the reinforcer flavor was alternated every 2 min. Multiple 30 min recording sessions 
were obtained over periods as long as 2 months, and the same neuron could be 
identified for up to 7 weeks, in some cases. Based on firing characteristics, it is likely 
that most of the neurons recorded were medium spiny neurons. Forty percent of these 
Ac units showed changes in spike activity within a 2 sec period prior to initiation of 
the nosepoke response; both increases and decreases in spike activity were noted. 
About 50% of Ac units showed significant changes, commonly decreases, in a 4 sec 
period after receipt of the reinforcer. Subsets of Ac neurons responded to onset of a 
tone stimulus that signaled reinforcer delivery. Thus specific task-related differences 
exist among subpopulations of Ac neurons. Some neuronal responses were altered by 
extinction. In general, the task correlates of Ac units were stable over days, though 
correlates changed for some units when comparing across weeks and months. The 
results demonstrate that the Ac is actively engaged during operant behavior for natural 
reinforcers, perhaps reflecting the biological role for this region. The neuronal firing 
patterns observed raise the question of whether the Ac is involved in guiding 
reinforcer- seeking behavior, or in the processing of information about reinforcers, or 
both. Supported by the Intramural Research Program, National Institute on Drug 
Abuse, National Institutes of Health.

859.18
EFFECT OF NUCLEUS ACCUMBENS LESIONS ON SUCCESSIVE 
NEGATIVE CONTRAST IN RUNWAY AND CONSUMMATORY 
BEHAVIOR Mary H, Leszczuk* and Charles F Flaherty. Dept of 
Psych., Rutgers Univ., New Brunswick, NJ 08901.

Successive negative contrast (SNC) occurs when rats that have 
learned to expect a high concentration sucrose solution perform more 
poorly for a lower concentration (as measured by licking response) than 
rats that have only ever experienced the lesser reward. SNC can also 
be demonstrated in running speed when the number of pellets at the 
end of a straight runway is downshifted. These two measures have 
previously been shown to be dissociable in that hippocampal lesions 
eliminate SNC in the runway but not in consummatory behavior (Beh. 
Brain Res. 93). The present study examined the effect of bilateral 
electrolytic lesions of nucleus accumbens (NAC) on SNC in runway and 
consummatory behavior in a counterbalanced crossover design. Both 
lesioned and sham-operated animals showed reliable contrast when 
32% sucrose was shifted to 4% sucrose over unshifted controls (F<1). 
On the second through fourth postshift days, animals with lesions of the 
NAC did not show a decrement in running speed compared to unshifted 
controls in the start section of the runway following a shift from a 12 
pellet to a 1 pellet reward (lesion x reward x day, F(2,84)=4.03, p=0.02). 
The lesion also non-reliably reduced contrast in the goal section. These 
findings are consistent with other research implicating the NAC in goal- 
directed behavior but not in the response to direct contact with a 
primary reward. (Funded by NIMH #MH48835-03 to C.F. Flaherty)

859.19 859.20

PALATABLE FOOD DIFFERENTIALLY ACTIVATES DOPAMINERGIC FUNCTION IN THE CNS 
OF ROMAN/VERH UNES AND STRAINS OF RATS. 0, Giorqi *, V, Valentini, G, Piras, G, Di 
Chiara, and M.G. Corda. Dept. Toxicology, Cagliari Univ., v.le A. Diaz 182, 09126 Cagliari, /TALY.

The selection of outbred Roman high- (RHA/Verh) and low-avoidance (RLA/Verh) rats for rapid 
vs. poor acquisition of active avoidance in a shuttle-box has led to additional behavioral differences 
indicating that RLA/Verh rats are "emotionally* more reactive than RHA/Verh rats. These two lines 
differ also in the responsiveness of the central dopaminergic (DAergic) pathways to drugs of abuse 
and natural reinforcers like palatable food (PF). This study was designed to compare the effects of 
feeding PF ("Fonzies") on the extracellular concentrations of DA in the medial prefrontal cortex 
(mPFCx) and in the nucleus accumbens "sheH" (NASshell) of RHA/Verh and RLA/Verh rats. Brain 
dialysis probes were implanted five days after completion of a habituation period in which rate were 
exposed to PF for 3 consecutive days (2g/2h/day), and neurochemical assays were performed 24 h 
after surgery. No significant line-related differences were observed in the basal DA output in the 
mPFCx [RHA/Verh: 9.3 ± 1.1; RLA/Verh: 7.8 ± 0.9 (fmol/20 pi)] or in the NASshell [RHA/Verh: 33 
± 4; RLA/Verh: 35 ± 3 (fmol/10 pi)]. The increase in cortical DA produced by exposure to PF (4 
g/20 min) was larger in RHA/Verh than in RLA/Verh rate (max. increment above the respective 
basal output, 20 min after PF: RHA/Verh, + 82 %; RLA/Verh, + 49 %, P < 0.05). Likewise, PF 
provoked a larger increase in DA output in the NASshell of RHA/Verh than RLA/Verh rate (max. 
increment, 20 min after PF: + 29% and + 17%, respectively, P < 0.05). A study on the genetic 
bases of the divergent emotionality profiles of these outbred lines is now under way, using 
quantitative trait loci analysis in two inbred Roman strains, RHA/VertVI and RLA/Verh/I, which have 
been bred through brather/sister mating of the hitherto outbred lines. Consistent with t he above 
findings, PF caused a more robust increment in the mPFCx sand NASshell of RHA/Verh/I rate than 
in their RLA/Verh/I counterparts. Thus, the well known differences in DAergic activation in response 
to rewarding stimuli between the outbred lines appear to be conserved in the more recently 
developed inbred Roman strains. Since the Roman lines and strains are two well-characterized 
pairs of behavioral phenotypes that differ in toe behavioral and neurochemical responses to 
stressors, drugs of abuse, and natural reinforcers, they may provide a valid genetic model to 
study the neural bases of brain reward. [Supported by M.U.R.S.T., ITALYJ.

THE ORGANIZATION OF INSULAR CONNECTIONS TO THE BRAIN STEM 
IN MACAQUES. A. Yamashita*, H. Oshima, H. Sako, M. Matsukawa, and T. 
Arikuni. Dept. of Anatomy, Nihon Univ. Sch. of Med., Tokyo 173-8610; Japan.

The origin and termination of insular cortical projections to the brain stem were 
studied using WGA-HRP and BDA injections into each of the agranular (la), 
dysgranular (Id) and granular (Ig) insular cortices of monkeys. The retrograde 
tracer experiments demonstrate ipsilateral projections to the la that arise from 
lateral periaqueductal gray (PAG), raphe nuclei (RN), cuneiform nucleus (CUF), 
tegmental field (TF), parabigeminal nucleus (PBG), substantia nigra (SN), 
parabrachial pigmented nucleus (PBP), dorsolateral and medial parabrachial nuclei
(PB) and dorsal locus ceruleus (LC); ones to the Id that arise from RN, CUF, 
dorsal lateral lemniscus nucleus (LL), TF, lateral and ventral PB, dorsal LC, and 
PBP; and ones to the Ig that arise from SNc, CUF, RN, dorsal, intermediate and 
ventral LL, TF, ventral and medial PB, LC and peri-FLM. The anterograde tracer 
experiments indicate that each of cytoarchitecturally defined insular cortices 
differentially projects to the brain stem on the ipsilateral side. Fibers from the la 
end in inferior colliculus (IC), dorsomedial and lateral PAG, RN, CUF, dorsal LL, 
TF, PBG, SN, PBP, dorsomedial, lateral and ventral PB, LC, supraolivaiy nucleus 
and pontine gray matter (PGM). Fibers from the Id terminate in IC, dorsomedial 
and lateral PAG, SN, PBP, CUF, dorsal LL, lateral and medial PB, dorsal LC, 
LDT, RN and PGM. Fibers from the Ig reach to IC, dorsomedial and lateral PAG, 
peri-FLM, CUF, SN, PBP, dorsal, intermediate and ventral LL, TF, lateral, 
dorsolateral, ventral and medial PB, LC, RN, PGM and superior, medial, lateral, 
descending, y and supra vestibular nuclei. These insular connections indicate that 
the insula is linked to autonomic, auditory, vestibular, visual and analgesic circuits 
at level of the midbrain and pons. (This work was supported by cooperative research 
program of Primate Res. Inst., Kyoto Univ.)
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860.1
NITRIC OXIDE MEDIATES FACILITATION OF ACTIVE AVOIDANCE 
LEARNING BY NICOTINE IN RATS. O. Yilmaz1'2, L. Kamt*1'2, B.E. Okur12,
E.P. London1,3 and S. Pogun1,2. Ege Univ. ’Center for Brain Research and 2School 
of Medicine, Dept. Physiology, Izmir, Turkey; 3Brain Imaging Center, National 
Institute on Drug Abuse, NIH, Baltimore, MD, USA

Nicotine produces dose dependent enhancement of performance by rats in an 
active avoidance test: 0.4 mg/kg, s.c. produces optimal performance. Recently, our 
research group observed nicotine-induced increases in levels of nitrite+nitrate [stable 
metabolites of nitric oxide (NO)] in various brain regions following acute and 
chronic nicotine treatment in rats. Based on these two studies, we hypothesised that 
the beneficial effect of nicotine on active avoidance learning could result from 
increased NO in relevant brain regions. We therefore tested active avoidance 
performance in rats whose NO Synthase (NOS) was inhibited prior to nicotine 
administration by N“-Nitroarginine (NNA). Four month-old male Sprague-Df **ley 
rats received NNA (30 or 50 mg/kg, i.p.), nicotine (0.4 mg/kg, s.c.), saline or 
combinations of these treatments prior to active avoidance learning trials (5 sec after 
an auditory stimulus, a footshock was applied, and the rat had to jump onto a pole to 
avoid shock). On the 2nd day of learning trials, the rats were tested on the inclined 
plane before the learning trials, to assess the possible effects of impaired motor 
function by drug treatments on active avoidance learning. Motor function was 
slightly impaired only when 50 mg/kg NNA was administered alone. Nicotine 
treatment facilitated learning and significantly increased the number of correct 
responses. The threshold for the effect of NOS inhibition on performance exceeded 
30 mg/kg NNA, whereas 50 mg/kg resulted in the deterioration of learning on days 4 
and 5. The 50 mg/kg dose of NNA also eliminated the nicotine-induced 
enhancement of learning. On the 5th day of learning trials, no facilitation of learning 
by nicotine was observed. Our results suggest the involvement of NO in the 
facilitation of active avoidance learning by nicotine in rats.

{Supported by grants SBAG-U/15-1 & 3 from TUBITAK.)

860.2
SELECTIVE NEURONAL NITRIC OXIDE SYNTHETASE INHIBITORS 
ENHANCE ASSOCIATIVE LEARNING IN THE RABBIT. W, Du*, H. Weiss and 
J. A. Harvey. Dept of Pharmacology, MCP Hahnemann Univ.; Philadelphia, PA 
19129.

Nitric oxide (NO), synthesized from L-arginine by the enzyme NO synthase 
(NOS), has been implicated in learning and memory. We have previously shown that a 
NO donor retarded whereas the NOS inihibitor L-NAME accelerated associative 
learning. However, L-NAME nonselectively inhibits all three isoforms of NOS: 
neuronal, endothelial and inducible NOS. Therefore, in this study we used two 
selective neuronal NOS (nNOS) inhibitors, 7-nitroindazole and AR-177477 to study 
their effects on associative learning using classical conditioning of the rabbit's 
nictitating membrane responses. Rabbits were trained for eight consecutive days in a 
trace-conditioning paradigm (500 ms trace). All animals showed a significant increase 
in the acquisition of conditioned response (CR) as well as a significant decrease in onset 
latency. Both 7-nitroindazole and AR-17747 significantly enhanced CR acquisition. 
Mirroring the enhancement of CR acquisition, there was also a significant decrease in 
onset latency produced by the nNOS inhibitors. Furthermore, drug treated animals 
required significantly fewer trials to reach learning criteria of 5 or 10 consecutive 
trials, suggesting that animals learned at a faster rate. A separate experiment was 
conducted to assess the effects of nNOS inhibitors on nonassociative responding using 
an unpaired conditioning procedure. AR-177477 had no effects on baseline
responding, responding to the tone conditioned stimulus, or the amplitudes of 
unconditioned responses. Thus, nNOS inhibitors enhance associative learning without 
affecting nonassociative responding. This study confirms and also extends our 
previous finding in which inhibition of NOS by LNAME facilitated associative 
learning. Supported by a NIMH grant MH 16841.

860.3

NOS INHIBITORS DO NOT AFFECT TIMING BEHAVIOR OR 
MEMORY IN RATS. C B Willmore*, K.L. LaVecchia, and JL. 
Wiley. Dept. of Pharmacology and Toxicology, Virginia 
Commonwealth University, Richmond, VA 23298.

An overlap in the behavioral effects of nitric oxide synthase (NOS) 
inhibitors and NMDA antagonists has been observed in several 
studies. In this study, we examined the effects of NOS inhibitors in 
operant tasks that measure cognitive skills of timing and memory in 
rats. We had previously shown that the NMDA antagonist 
phencyclidine (PCP) disrupted these aspects of cognition. Timing 
behavior was observed in rats trained on a multiple differential 
reinforcement of low rates 15s (DRL) operant schedule whereas 
memory was assessed in rats trained in a delayed non-match to 
position (DNMP) operant task. In the DNMP task, PCP dose- 
dependently decreased accuracy. In the DRL task, PCP disrupted 
timing by increasing the number of short interresponse times (IRT). 
In contrast, the NOS inhibitors, L-NOARG and 7-nitroindazole (7- 
NI), did not affect accuracy in the DNMP task nor did 7-NI produce 
a PCP-like shift in the IRT distribution in the DRL task. These results 
suggest that NOS inhibitors will not produce the cognitive decrements 
in timing and memory that have been observed with PCP. Research 
supported by NIDA grants DA-01442 and DA-07027.

860.4

CHRONIC TREATMENT WITH CORTICOSTERONE IMPAIRS INHIBITORY 
AVOIDANCE LEARNING IN RATS: POSSIBLE LINK WITH ATROPHY OF 
HIPPOCAMPAL CA3 NEURONS. V. Bisaqno14, M. Ferrini2, H. Rios3, E. 
Adler-Graschinskv4*, L. M. Zieher^and S. I. Wikinski1'4. 1 1era. Cat. 
Farmacologia, Fac. de Medicina, Univ. Buenos Aires, 2 Lab. Bioquimica 
Neuroenddcrina, Inst. Biologia y Medicina Experimental, CONICET, 
Argentina; 3 Inst. Biologia Celular, Fac. Medicina, Univ. Buenos Aires; 4 Inst. 
Inv. Farmacologicas, CONICET, Argentina.Paraguay 2155, Piso 15(1113) 
Buenos Aires, Argentina.

The effect of a chronic administration of corticosterone (CORT) on an 
inhibitory avoidance learning was evaluated. Given the pivotal role of 
hippocampus on this type of learning, and the evidence suggesting that 
chronic treatment with CORT may induce neuronal damage in this structure, 
we also studied markers of hipocampal damage (CA3 pyramidal neurons 
atrophy). Adults male Sprague-Dawley rats were implanted with two pellets 
containing 100 mg of CORT or cholesterol (CONTROL) for 22 days. On day 
21 an inhibitory avoidance step-through test was performed (footshock: 0.5 
mA, 2s). CORT treatment induced a significant impairment of an inhibitory 
avoidance response together with hippocampal glucocorticoid receptor (GR)- 
down regulation and decrease of hippocampal CA3 branch points and total 
dendritic lenght in the apical tree; spine density was not affected (Golgi- 
staining method was used).
These results suggest that the impairment of an inhibitory avoidance learning 
induced by chronic corticosterone treatment may be related to: 1) sustained 
high occupancy of hippocampal GR that has been linked to impairment in 
memory consolidation process and 2) hippocampal CA3 dendritic atrophy; this 
kind of hippocampal plasticity may in turn alter the neurobiological processing 
for this type of associative learning. (Supported by CONICET, Productos 
Roche-Argentina).

860.5
TAURINE REVERSES CYTOLOGICAL ALTERATIONS AND MEMORY 
IMPAIRMENTS CAUSED BY OZONE EXPOSURE IN SOME BRAIN 
STRUCTURES OF THE RAT.
C. Dorado-Martinez.1 *M, R, Avila-Costa.2 L. Colin-Barenque,2 T. I. Fortoul.3 C.
Rugeiro-Vargas. 3 G. Borgonio-Perez, 1 J. Espinosa-Villanueva, 2 J. P. Machado-
Salas2 and S. Rivas-Arancibia1 1 Dept. Fisiologia Facultad de Medicina, UNAM, 2 
Dept. Neurociencias ENEPI, UNAM 3 Dept. Biol. Celular y Tisular UNAM, 
MEXICO.

Exposure to ozone results in an increased production of free radicals which 
cause oxidative stress, when it is not compensated. In order to determine if taurine 
reverses memory impairments, as well as cytological alterations in the striatum, 
hippocampus and prefrontal cortex produced by ozone exposure, we carried out the 
following experiments. Fourty male Wistar rats were randomly divided into 4 
experimental groups; l)air exposed rats, 2)ozone exposed, 3)air + taurine and
4)ozone + taurine. Ozone exposure was held at 1 ppm for 4 hr in an hermetic closed 
chamber. Taurine was administered at 43 mg/Kg i.p. 5 min after ozone or air 
exposure. One hr after the exposure had ended, the animals were trained on a one 
trial passive avoidance conditioning and long term memory was tested 24 hr later. 
Five rats from each group of 10 were chosen. These animals were perfused and their 
brains were placed in a Golgi stain for further analysis which consisted in counting 
the dendritic spines in 50 secondary dendrites and in 50 tertiary dendrites of 20 
neurons of each structure. Our results showed that the ozone exposed rats presented 
cytological alterations in all brain structure analyzed, which correlate with memory 
impairment. And that both alterations are reversed by the use taurine. Supported by 
DGAPA IN 219998 and CONACYT 253496-M.

860.6

NICOTINE PREVENTS ETHANOL ASSOCIATED DEFICITS IN CONTEXTUAL 
FEAR CONDITIONING AND LATENT INHIBITION IN C57BL/6 MICE. T.J. 
Gould1*, A.C. Collins2 & J.M. Wehner2. Center for Neurobiology & Behavior, Univ. of 
Pennsylvania;1 Inst, for Behavioral Genetics, Univ. of Colorado; Boulder, CO 803092.

Humans often co-administer alcohol and nicotine. The present experiments 
investigated the effects of acute ethanol, nicotine, or combined administration of ethanol 
and nicotine on learning and attention as measured in fear conditioning and latent 
inhibition. Contextual fear conditioning measures both the ability to associate a context 
with a unconditioned stimulus (US) and the ability to associate a conditioned stimulus 
(CS) with a US. During a session, a 2 min exposure to the context was followed by two 
pairings of a 30 sec auditory CS (i.e., a 80 dB, 6 cps train of clicks) with a 0.35 mA 1 
sec foot-shock US separated with a 120 sec ISI. Nicotine (0.5 mg/kg) strengthened the 
context-shock association when given both on training and testing days. Ethanol 
decreased freezing to both the context and the auditory CS. However, when nicotine 
and ethanol were co-administered, mice did not show deficits in both measures of fear 
conditioning. Latent inhibition measures the ability of pre-exposure to a stimulus to 
decrease or delay future associations with that stimulus. Mice were water-restricted and 
rates of licking were used to measure latent inhibition after pre-exposure to a CS (i.e., a 
5 sec, 80 dB, 6 cps train of clicks) before pairing the CS with a 0.35 mA 1 sec foot-
shock US. Pre-exposure of the CS decreased the strength of the CS-US association. 
Treatment with 0.5 mg/kg ip nicotine before pre-exposures to the CS increased latent 
inhibition compared to control mice. In contrast, mice treated with ethanol showed a 
deficit in latent inhibition. This deficit produced by ethanol could be reversed by acute 
nicotine treatment. In sum, nicotine decreased ethanol-associated deficits in latent 
inhibition, which may reflect changes in attention processes, and fear conditioning. 
These data suggest that acute administration of nicotine may prevent some of ethanol’s 
detrimental effects on cognitive processes. (Supported by DA10156, AA00141, 
DA00197).
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860.7
ACQUISITION OF PAVLOVIAN APPROACH BEHAVIOR IS FACILITATED 
BY REPEATED ADMINISTRATION OF (/-AMPHETAMINE OR COCAINE 
JR IaylPC. EJ Shaw & JD.fattSClk Depts of Neurobiol & Psychiatry
and Lab of Molecular Psychiatry, Yale Univ Sch of Med, New Haven, CT 06520.

Drug addiction is typified by increases in the control of behavior by drug- 
associated or conditioned stimuli. The ability of conditioned stimuli to elicit drug 
seeking, craving and taking is believed to contribute critically to recidivism. In the 
current studies, we examined the effects of repeated, systemic administration of cocaine 
or (/-amphetamine on acquisition of conditioned approach behavior, a measure cf 
stimulus-reward learning and conditioned reinforcement. Since conditioned approach 
is linked with the function of the central and lateral nuclei of the amygdala, we 
examined neurochemical changes in the amygdala of chronic cocaine-treated rats.

Rats were treated twice daily with cocaine (20 mg/kg), (/-amphetamine (2.5 
mg/kg) or saline (1 ml/kg). After a one week withdrawal period, all animals began to 
be tested on daily sessions designed to assess acquisition of approach behavior to a 
conditioned stimulus [CS; tone+light] predictive of the delivery of an unconditioned 
reinforcer (US; water]. All animals were tested for at least 30 days after drug 
administration. Both cocaine- and amphetamine-treated rats showed greater 
discriminated approach than saline rats: their approach to the reinforcer magazine 
during the CS presentation was significantly greater in duration than that of the 
control rats while head entries during the US and 'inappropriate” (non-CS+US) times 
were unaffected by drug treatment. This effect persisted for at least 25 days after drug 
treatment, indicating that the increase in CS-responding was enduring. Rats treated 
with cocaine (15 mg/kg BID for 5 d) and sacrificed 24 hrs after the last cocaine 
injection show ed elevated levels of the transcription factor A-Fos-B in the central aid 
lateral nuclei of the amygdala, as has been found previously in the ventral striatum.

These data are the first to demonstrate that chronic cocaine or amphetamine 
administration persistently augments stimulus-reward learning and conditioned 
reward. The long lasting behavioral and neurochemical changes reported here may 
have critical relevance to the pathophysiology of recidivism.

Funded by PHS grants DAI 1026 to JRT and DA08227 to EJN.

860.8
PERSISTENT POTENTIATION OF CONDITIONED REINFORCEMENT 
PRODUCED BY MODULATION OF PROTEIN KINASE A IN AMYGDALA 
JD Jentsch*, EJNestler & JR Tavlor, Depts of Neurobiology & Psychiatry' and the Lab of 
Molecular Psychiatry, Yale University School ofMedicine, New Haven, CT 06520.

Chronic exposure to drugs of abuse can enhance stimulus-reward learning and 
conditioned reward. Moreover, upregulation of the adenylvl cvclase/cAMP/PKA 
pathway within the mesocorticolimbic system has been found after chronic stimulant 
administration. As conditioned reward likely has profound relevance for the persistent 
ability of drug-associated stimuli to precipitate recidivism, we sought to test whether 
the changes in PKA function may subserve, in part, the drug-induced changes in 
responding for conditioned reinforcing stimuli.

Rats received infusions of a PKA inhibitor, Rp-cAMPS (40 nmol), or vehicle into 
the basolateral nucleus of the amygdala (AMYG). medial prefrontal cortex (PFC) or 
nucleus accumbens shell (NAS) immediately prior to three daily sessions designed to 
assess acquisition of approach behavior to a conditioned stimulus (CS; tone+light] 
predictive of the delivery of an unconditioned reinforcer [US; water]. Training 
continued for at least 20 days after the third central injection. Infusions into these 
brain regions failed to affect approach under the influence of the drug (the first three 
days of testing). However, on subsequent testing, an increase in responding toward 
the CS emerged in AMYG infused rats (significant at training day 10; persisted as 
long as 50 days post treatment), while a reduction in head entries during the CS 
period was observed in PFC infused rats (significant at training day 5). No differences 
in CS entries were measured in NAS infused rats. AMYG infused rats also showed 
increased conditioned reinforcement, as measured by acquisition of a novel 
instrumental response for the CS only. Moreover, AMYG infused rats exhibited 
impaired extinction of CS approach when the US was omitted.

Taken together, these data suggest that conditioned reinforcement was persistently 
enhanced by intra-AMYG infusions of a PKA inhibitor. These studies provide the 
first evidence for a direct relationship between PKA function in the amygdala and 
stimulus-reward learning and conditioned reward.

Funded by PHS grants DAI 1717 to JRT and DA08227 to EJN.

860.9

ENDURING COGNITIVE DEFICITS IN RATS AFTER LONG-TERM 
ADMINISTRATION OF PHENCYCLIDINE (PCP). M. Didriksen* Dept. of 
Psychopharmacology. H. Lundbeck A/S. Ottiliavej 7-9. 2500 Valby. Denmark.

Phencyclidine (PCP) can induce a model psychosis in drug addicts and 
exacerbate the symptoms of chronic schizophrenics. The model psychosis induced 
mimic a variety of schizophrenic symptoms, including flattened affect, 
dissociative thought disorder, depersonalization and catatonic states. These 
symptoms can persist for prolonged periods (Ellison. Brain Res Rev 20 (1995) 
250-267). In the present study the dose-response and the persistence of the 
cognitive impairment induced by PCP was investigated in rats.

I the first study, rats were treated with PCP (4.5, 18 or 36 pmol/kg/day) for 14 
days. Two days after cessation the rats were tested in an object recognition task, a 
model for episodic memory (Ennaceur and Delacour. Behav Brain Res 31 (1988) 
47-59). The performance of the rats treated with 36 pmol/kg/day was impaired. 
The 36 pmol/kg/day dose was selected for the second study. Rats were treated 
with PCP for 14 days and tested 2, 7 or 14 days after the final treatment. The 
performance of the rats was still impaired 14 days after cessation.

In conclusion, the cognitive deficits induced by chronic treatment with PCP are 
persistent for at least 14 days in rats. The enduring cognitive deficits correspond 
to the persistance of the psychotic symptoms induced in humans

860.10

VOCALIZATION AFTERDISHCHARGES PREDICT THE PAVLOVIAN 
CONDITIONING OF VOCALIZATIONS IN THE RAT: EFFECTS OF 
MORPHINE AND DIAZEPAM TREATMENTS. G. S. Borszcz* and N. G. 
Streltsov. Dept. of Psychology, Wayne State University, Detroit, MI 48202.

Previous research in this laboratory has described the Pavlovian conditioning 
of audible vocalizations (VCRs) in the rat (BNS, 1995, 109, 648-662). In this 
paradigm, VCRs develop with the pairing of a 6-s light CS with a 1-s tailshock 
US. Three URs that are organized at different levels of the neuraxis are monitored 
during conditioning. Spinal motor reflexes (SMRs) consist of tail flexion and 
hindlimb withdrawal and are organized at spinal levels. Vocalizations elicited 
during tailshock (VDSs) are organized within the medulla, and vocalizations that 
extend beyond tailshock offset (vocalization afterdischarges = VADs) are 
integrated within the limbic forebrain. We have previously shown that the 
conditioning of VCRs is dependent on the capacity of the US to generate VADs.

The present study extends the analysis of the relationship between conditioning 
of VCRs and the generation of VADs. The effects of systemically administered 
doses of morphine (1 mg/kg, ip) or diazepam (0.63 mg/kg, ip) that selectively 
suppressed VADs on the conditioning of VCRs was assessed. Both drug 
treatments significantly retarded VCR conditioning when administered prior to an 
initial training session. These effects could not be attributed to state-dependent 
drug effects, because the administration of drugs prior to a second training session 
did not reduce conditioning deficits. These drug effects also could not be 
attributed to drug-induced motor deficits (i.e., inability to vocalize). VCRs were 
not observed at the beginning of a second training session that was preceded by 
vehicle injections and separated from the first session by 48 hrs. The effects of 
both drug treatments on conditioning were overcome by increasing the intensity of 
the US so that control levels of VADs were generated. These result provide 
further support for the hypothesis that fear conditioning in the rat requires that the 
US generate VADs.

Supported by R01 NS27668 from NINDS.

860.11

PERIPHERAL-TYPE BENZODIAZEPINE RECEPTORS AS A 
TARGET FOR COGNITION-ENHANCING AGENTS. M. Yoshii*1. 
Y^NakamQtQ1, H, Habu1, S, Watabe1 and T, Shiotani2. 1 Dept. of 
Neurophysiology, Tokyo Inst, of Psychiatry, Tokyo 156-8585 and 
2Dept. of Neuropsychopharmacology & Hospital Pharmacy, 
Nagoya University School of Medicine, Aichi 466-8560, Japan.

We have previously reported that cognitive enhancers such 
as nefiracetam are capable of ameliorating epileptic seizures 
and increased fear-responses of EL (epileptic) mice possibly by 
interacting with peripheral-type benzodiazepine receptors (PBR) 
(Nakamoto et al., Soc. Neurosci. Abstr. 24, 715, 1998). In the 
present study, we further investigated the effects of cognitive 
enhancers on PBR in three different experimental paradigms. In 
behavioral experiments using EL mice, cognitive enhancers 
exerted inhibitory actions on fear and aggression associated with 
PBR. Binding assay for PBR in mouse brains revealed significant 
affinities to cognitive enhancers. In microspectrofluorometric 
studies using NG108-15 cells, Ro 5-4864 induced a 
depolarization of the mitochondrial membrane potential (Tm) 
while increasing intracellular Ca2+. Cognitive enhancers per se 
did not affect Tm nor intracellular Ca2+, but antagonized the 
actions Ro 5-4864 on <Fm and intracellular Ca2+. It is concluded 
that PBR can be targeted by cognitive enhancers thereby 
ameliorating PBR-related abnormal behaviors.

860.12

REPEATED ACQUISITION IN THE MORRIS SWIM TASK: 
QUANTITATIVE ANALYSIS OF DRUG EFFECTS ON 
LEARNING VS. PERFORMANCE L. M. Webster, A. A. Haney, 
C. D. Johnson, S, E, Redmond, J. R, Keith, R. Pitts & M. Galizio*,
Dept. of Psychology, University of North Carolina at Wilmington, 
Wilmington, NC 28403.

The present studies used an adaptation of the repeated 
acquisition/performance procedure (RAP) to the Morris swim task. 
Rats were trained to swim to a hidden platform that was always in 
the same location in the presence of one set of extra-pool cues 
(performance), and in a new location each session in the presence 
of a second set of extra-pool cues (acquisition). Direct comparison 
of acquisition and performance of place responses in individual 
subjects within single sessions is permitted by this procedure, and 
dose-response functions were determined for individual rats for 
benzodiazepines (chlordiazepoxide, midazolam), pentobarbital, 
dizocilpine and morphine. Benzodiazepines and morphine (but not 
dizocilpine or pentobarbital) were shown to selectively impair 
acquisition when absolute magnitude of effects were analyzed. 
However, when drug effects were considered in terms of percent 
change relative to baseline performance the apparent selectivity 
was markedly reduced or eliminated. These findings raise 
questions concerning the proper metric for the
psychopharmacological analysis of learning and memory.
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860.13
BENZODIAZEPINE INFLUENCE ON FEAR CONDITIONING IN MICE.
T.M. DeLorey,1 R. Lin? D. Harris? M. Gordey,2* and G. Loew*. 'Molecular 
Research Institute, 2495 Old Middlefield Rd., Mountain View, CA 94043. 2Dept. 
Neurology, Univ. of California, Los Angeles, CA 90095
Anterograde amnesia in both rodents and humans has been shown to result from 

enhancement of GABAa  receptor function with benzodiazepine agonists. Conversely 
several benzodiazepine inverse agonists i.e. beta-carbolines have been reported to 
improve animal performance on learning and memory tasks.

In the CNS, benzodiazepine ligands bind to specific sites on the GABAa  receptor 
and elicit their effects through the modulation of GABA on this receptor. GABAa  
receptors are heteropentamers formed by different combinations of at least 19 
different monmeric subunits in mammals, designated a(l-6), P(l-4), y(l-3), 8, e, n, 
and p(l -3). The affinity of benzodiazepine receptor ligands for a specific GABAa  
receptor depends primarily on the specific a subunit incorporated in it.

The goal of the present study is to probe the relative importance of GABAa  receptors 
with different a subunits in elicited cognitive effects. To this end, structurally diverse 
benzodiazepine ligands that exhibit differing a subtype selectivity have been 
examined for their effect on Pavlovian fear conditioning in C57B1/6 mice. To avoid 
possible confounding effects on memory of the known sedative and myorelaxant 
properties of many benzodiazepine ligands, each ligand was first assessed for its 
effects on locomotor activity. The dosage chosen for each ligand to be used in the 
cognitive studies was below the minimal dose that elicited sedation or myorelaxation.

The Pavlovian fear conditioning used consisted of exposing mice to 3 tone (30-s, 2- 
kHz, 85-dB)-shock (2-s, 0.5mA) pairings separated by 60-s in the presence of a 
benzodiazepine ligand or vehicle. Twenty-four hours after training the mice were 
tested for both contextual fear conditioning and tone fear conditioning. The results 
provide additional evidence for the potential usefulness of benzodiazepine ligands in 
the study of cognition. Supported by NIH Grant DA 06304.

860.14
SELECTIVE AND NON-SELECTIVE ALTERATIONS OF VIGILANCE IN 
AN OPERANT SPATIAL SIGNAL DETECTION IN RATS D. Echevarria 
and J.K. Robinson*. Dept. of Psychology, S.U.N.Y. at Stony Brook, Stony 
Brook, NY, 11794-2500.

The degree that performance deficits in rodent signal detection tasks 
correspond to selective impairments of attention determines both the 
predictive validity of these tasks for evaluating the efficacy of 
pharmacotherapies for cognitive disorders, and the utility of the paradigms for 
testing theories of the neurochemical and neuroanatomical underpinnings of 
attention. The goal of the present study was to evaluate the validity of a two- 
choice spatial signal detection paradigm by (1) manipulating procedural 
components, (2) altering the subject's level of motivation, and (3) 
administering cholinergic, noradrenergic, and cannabinoid drugs. The goal 
was to establish the specificity of the measures of vigilance by studying a 
variety of conditions that might produce stimulus duration-dependent 
alterations of detection accuracy, and to look at interactions between detection 
accuracy and other performance measures. The experiments were conducted in 
a two lever operant chamber in which a cue lamp was mounted over each 
lever. The rats were pretrained to respond within a brief limited hold period 
on a lever mounted underneath following a rapid flash of the cue lamp above 
it. The flash of the cue lamp was of three durations (100, 300 or 1000 msec) 
presented in a random order. Signal detection accuracy was sensitive to 
parametric manipulations of procedural components, alterations of stimulus 
characteristics, distraction, and drugs. Stimulus duration-dependent 
alterations of detection accuracy were generally dissociable from other non-
attention performance measures. Taken together, these findings suggest that 
this paradigm is an appropriate tool for assessing vigilance in rats.

860.15 860.16
INHIBITION OF GROWTH FACTORS RECEPTORS (GFR) COUPLED TO TYROSINE- 
KINASES AFFECTS MEMORY CONSOLIDATION. F Garcia-Garcia*1, O Diaz-Ruiz\ 
Navarro L1. M. Palomero-Rivero1-2 ,R. Drucker-Colln1-2, P. Sanna3, F.E, Bloom3 and O.
Prospero-Garcia1, 1Grupo de Neurociencias, Deoto. de Fisiolooia, Fac. de Medicina, 2IFC
.UNAM.Mexico, 3Deoto. Neuropharmacolow, TSRI, la Jolla, USA.

GFR have been involved in a variety of plasticity processes, including learning and
memory. The objective of this experiment was to determine the effect of blocking the GFR on 
memory. Rats were trained in an inhibitory avoidance chamber controlled by a computer. 
Briefly, it is a two-compartment box separated by a sliding door. One of them is the security 
compartment, which is illuminated, and, the footshock compartment is dark. The grid floor of 
this one could be electrified to a constant current stimulator. During training each animal was 
put inside the safe compartment 30 s later the door between compartments was opened and 
the latency to enter the dark compartment with all four paws was measured. Once the rat 
was in this compartment the door was closed and a mild footshock (0.8 mA, 10 s) was 
delivered through the grid for 5 s. Then, the door was reopened and the shock continued until 
the rat was allowed to escape. The escape latency was computerized. Immediately after 
session the animals receive an icv injection (25pg/5pl) of Dimetilsulfoxide (DMSO), 
genisteine (GIN), PP2 or Comp56. 24 h later rats were tested for memory. If a rat did not 
cross to the shock compartment within 600 s the session was ended and a score of 600 was 
assigned. If a rat crossed before the elapsed time, the session concluded and the time was 
scored. Our results show that GIN impaired short term memory (DMSO (600s) GIN 
(22±10.74*p<0.001). PP2 (62±23.76*p<0.004) and Comp56 (48.5±29.88*p<0.009) impaired 
long term memory. These results suggest that memory processes involve GRF coaled to 
tyrosine-kinase second messengers. GRANT IN209797 from DGAPA-UNAM to OPG

AMNESIA AND ANALGESIA IN THE RAT INDUCED BY 
SYSTEMIC ADMINISTRATION OF FENFLURAMINE AND/OR 
PHENTERMINE. P.J. Wellman S.L. Jones D.K. Miller T.R, 
Gilliland \ and T.H. Champney2. 1 Dept of Psychology, Texas 
A&M University;2 Dept of Anatomy & Neurobiology, Texas A&M 
University; College Station, TX 77843-4235.

Neuropsychiatric complaints involving impairment of memory 
and cognition have been reported for patients taking a combination of 
fenfluramine and phentermine. In the present study, adult male rats 
were treated twice per day for 4 days with 0, 5, or 10 mg/kg 
fenfluramine alone or in combination with 0, 5, 10 or 20 mg/kg 
phentermine. Three days after the termination of drug exposure, the 
rats were trained in a step-through passive avoidance task. 
Fenfluramine induced a dose-dependent impairment of retention in 
the passive avoidance task 24 hours after training and these memory 
deficits were not altered by co-administration of phentermine. Daily 
assessment of pain reactivity, using a hot-plate procedure, revealed 
that while neither fenfluramine nor phentermine alone altered paw 
lick latencies, the fen-phen combination reduced pain reactivity 
during the four days of drug exposure. These findings document that 
fenfluramine alone can alter cognition and that the fen-phen 
combination may exert antinociceptive action in the rat.

860.17

ICV ADMINISTRATION OF BDNF IN ADULT RATS AFFECTS 
ANALGESIA AND SPONTANEOUS BEHAVIOR BUT NOT MEMORY 
RETENTION IN A MORRIS WATER MAZE TASK.
F. Cirulli.* A. Berry and E. Alieva, Lab. Fisiopatologia O. S., Istituto 
Superiore di Sanit&, 100161 Rome, Italy.

Brain-Derived Neurotrophic Factor (BDNF) has been shown to be 
involved in specific aspects of activity dependent synaptic plasticity. The 
present study tested the effects of in vivo administration of this 
neurotrophin and of its antibody (AbsBDNF) on memory retention in a 
Morris Water Maze (MWM) spatial navigation task. Sixty-day-old male 
Sprague Dawley rats were trained to locate a hidden platform for 3 
consecutive days (8 trials per day) in a MWM. On day 3 all subjects were 
divided into three treatment groups (ten subjects per group), anaesthetised 
with Equitesin and injected intracerebroventricularly (icv) with: i) BDNF 
(24pg); ii) AbsBDNF (25pg); iii) vehicle (injection volume 10pl). On day 5 
all subjects were tested for memory retention in a probe trial, followed by a 
reversal task. Animals were also tested in a hot plate and in an open field 
test and a number of behavioural categories were scored. No differences 
were found as a function of treatment in the probe trial nor in the reversal 
task of the MWM. In fact, upon removal of the platform, all groups spent 
significantly more time in the target quadrant and, when the platform was 
moved to the opposite location, they did not show differences in learning 
the new position. BDNF, however, affected both pain threshold in the hot 
plate test as well as spontaneous behavior in the open field test. BDNF 
treated subjects showed a longer latency to lick their hindpaw in the hot 
plate test, while exhibiting a longer grooming duration in the open field test. 
Overall, while results from the hot plate and the open field test confirm 
previous data on BDNF effects on midbrain structures, the results of the 
MWM test suggest that, at least with this learning paradigm, this 
neurotrophin does not affect memory retention.
Supported by ISS, Progetto AIDS grant 30B/A

860.18

EFFECTS OF MODIFYING DIETARY TRYPTOPHAN LEVELS ON 
LEARNING AND MEMORY IN THE AGED CANINE

P. D. Tapp1, R. Moussa1, B. Adams1, H. Callahan1, S. Zicker2, C. Gross2,
and N. W. Milgram1* 'Division of Life Sciences. University of Toronto at
Scarborough, Canada, M1C 1A4 2Hill's Science and Technology Center 

Several lines of evidence have linked the brain serotonergic system to
cognitive functioning, but its precise role is undear. Serotonin (5-HT) is 
synthesized from tryptophan (TRP), which must be obtained from the diet. 
Accordingly, modification of dietary TRP can be used as a tool for modifying 
brain 5-HT levels. We have used this dietary modification procedure to 
study the role of 5-HT in learning and memory in the dog. Experiment one 
looked at the effects of high and low TRP diets on size discrimination and 
reversal learning in aged beagle dogs. Acquisition on both tasks was 
impaired under the low TRP condition relative to the high condition. No 
significant effect of diet on open field activity was obtained. Experiment two 
examined the effect of three levels of dietary TRP on performance of a 
delayed non-matching to position task. Over the course of testing, the delay 
was increased progressively to provide indices of maximal memory 
capacity. Every animal was tested at each dietary level using a crossover 
design. Preliminary evidence suggests that cognitive performance improves 
with increasing levels of dietary TRP (from either low to medium, or from 
medium to high).

This research was funded by Hill's Pet Nutrition Inc.

Society  for  Neuroscience . Volume  25, 1999



2156 LEARNING AND MEMORY: PHARMACOLOGY, NO STRESS, ABUSE AND OTHER THURSDAY AM

860.19

5-HT1B RECEPTOR MUTATION DECREASES AGE-RELATED 
IMPAIRMENT OF SPATIAL REFERENCE MEMORY 
PERFORMANCE. G, Malleret1. M. Savova1, R. Hen2, L. Segu1 and
M.-C. Buhot1*. 1-CNRS-UMR 5807, LNC2, Univ ersite Bordeaux 1, 
Avenue des Facultes, 33405 Talence cedex, France. 2-Cent. 
Neurobiol. Behav., Columbia University, New York, NY 10032.
To study the role of 5-HT in aging, we analyzed the effect of age on 
the spatial learning abilities of 5-HT IB receptor knockout (KO) 
mice. Young (five weeks), adult (three months) and aged (22 
months) 5-HT IB KO and wild type (WT) mice were compared in 
the reference memory version of the water maze task For each age 
class, 5-HT IB KO displayed lower latency and higher accuracy 
(swim path, mean distance to the platform) than WT to reach the 
hidden platform. Age effect was observed within each genotype, 
with adult mice the most, and aged mice the least performant 
subjects. However, this age effect was less pronounced in 5-HT1B 
KO than in WT mice. Aged 5-HT IB KO mice performed as well as 
young WT. In the working memory version of die task, 5-HT IB KO 
mice did not differ significantly from WT mice, whatever the age. 
This age-dependent dissociation between genotype and type of 
memory suggests specific influences of the mutation on brain 
structures more critically involved in one or the other type of 
memory (hippocampus, frontal cortex). These differences might be 
due to plasticities promoted by the absence of the receptor. 5-HT IB 
receptor antagonists might have anti-amnesiant properties for long-
term memory storage.

LEARNING AND MEMORY: PHYSIOLOGY—OTHER

861.1
INSTRUMENTAL LEARNING OF A FLEXION RESPONSE IN 
SPINALIZED RATS: EVIDENCE THAT PRIOR LEARNING
FACILITATES ACQUISITION ON THE CONTRALATERAL LEG
E. D. Crown*. & J. W, Grau. Department of Psychology, Texas A&M 
University

We have shown that spinal cord neurons are capable of supporting a simple 
form of instrumental learning using a variation of Horridge’s (1962) Master/Yoke 
paradigm (Grau et at, 1998, Behav. Neuro., 112, 1366). In this paradigm, 
spinalized master rats receive shock whenever their hind leg is extended into a salt 
solution while yoked rats receive shock whenever the master rat is shocked. 
Master rats display learning following this contingent shock by exhibiting an 
increase in the duration of a flexion response, whereas yoked rats fail to exhibit 
this prolonged response. Moreover, yoked rats later fail to learn (learning deficit) 
when tested with contingent shock applied to either the same, or contralateral, leg. 
This contralateral deficit suggests that the learning deficit is mediated by a 
common central mechanism.

From prior studies, it is not clear whether contingent shock has an effect on the 
contralateral leg. A hint of positive transfer was observed, but this was masked by 
the rapid learning observed in control subjects. The present experiment 
circumvents this problem by testing using a higher (more difficult) response 
criterion. A day after T2 was transected, spinal rats (N=24), were trained with 
contingent shock or nothing. The response criterion for learning was then 
increased by raising the level of the salt solution. Contingent shock was then 
applied to the contralateral leg. Spinal rats given contingent shock to one 
hindlimb acquired the flexion response on the contralateral leg whereas unshocked 
subjects tested at this higher criterion failed to learn. We are currently examining 
the retention of this facilitory effect.

861.2
INSTRUMENTAL LEARNING OF A FLEXION RESPONSE IN 
SPINALIZED RATS: EVIDENCE LEARNING DEPENDS ON THE 
SCIATIC NERVE. A, Ferguson*. E, Crown, and J, GraiftPept. of Psychology. 

Texas A&M Univ., College Station TX, 77843.
Prior research has shown that the spinal cord can support a simple form of 

instrumental learning (Grau et al., 1998, Behav. Neuro., 112, 1366). In a typical 
experiment, spinal rats (T2 transected) are given contingent shock to one hindleg 
whenever the leg is extended. These subjects learn to maintain their leg in a 
flexed position. Rats that receive the same amount of shock irrespective of leg 
position (noncontinent) fail to learn. They also fail to learn when contingent 
shock is subsequently applied to the contralateral leg, a learning deficit 
reminiscent of learned helplessness. We have shown that these behavioral effects 
depend on spinal neurons, but little is known about the peripheral projections.

The sciatic nerve is one of the major sources of innervation for the hindlegs. 
Thus, the present study examined the effect of sciatic transection on the ability to 
learn the shock-leg position contingency (Experiment 1) and the induction of the 
learning deficit (Experiment 2). In Experiment 1 spinal rats (N=12) experienced a 
sciatic transection or sham surgery. The next day, contingent shock was applied 
to the operated leg. Sham operated rats learned normally, exhibiting progressively 
longer flexion durations over time. Subjects that had the sciatic nerve cut failed to 
learn. In Experiment 2 spinal rats (N=24) received a sciatic transection or sham 
surgery and the next day experienced noncontingent shock or nothing to the same 
leg. They were then tested by applying contingent shock to the contralateral leg. 
Sham operated rats that were previously unshocked learned normally. Prior 
exposure to noncontingent shock prevented learning in the sham operated rats but 
had no effect on rats that had the sciatic nerve cut. The findings suggest that the 
sciatic nerve is necessary for both acquisition of the instrumental response and the 
induction of the learning deficit.

861.3
LATENCY SHIFT IN DISHABITUATION OF THE BRANCHIAL DEFENSIVE 
REFLEX IN GOLDFISH. K.C. Stylianopoulos1, AC. Kalyva1, N.N. 
Naska1, P. Anqelogianni*2 and M.M. Nikoletseas1. 1Dept. of Psvchol.. 
Deree, The American College of Greece, A. Paraskevi, GR-15342; 2Dept. of 
Exp. Physiology, Med. School, University of Athens, Greece.

Muscle potentials from the opercular region of goldfish show 
decrease in amplitude and modification of their firing rate as a result 
of stimulation. These constitute the Branchial Defensive Reflex 
(BDR), a modulation in the topography of respiratory activity. BDR 
habituates, if the stimulus is weak, and can be dishabituated with the 
presentation of a new stimulus. In the present study, two groups of 
fish were used in a dishabituation paradigm. Group 1 (n=4) received 
15 presentations of a weak stimulus (WS, flashing light, 5s, 6Hz, 
19x106 lumens), at an interstimulus interval (IS!) of 300s. Group 2 
(n=6) received 15 presentations of WS at an ISI of 150s. After the last 
WS presentation, a strong stimulus (SS, constant current shock, 
100ms, 50 mA) was delivered within the ISI and fish were then tested 
for dishabituation. EMGs of abductor respiratory muscles (dilator 
operculi, levator hyomandibulae) and BDR were recorded through 
tungsten electrodes and displayed in a computerscope. Both groups 
exhibited progressive response decrement (p<0.05). BDR 
dishabituated (p<0.05), as indexed by suppression, wider and/or 
lower spikes. Muscle bursts changed into longer, lower amplitude 
firings and were absent in cases of suppression. Dishabituated 
responses showed latencies longer than the a-responses (p<0.05). 
Data are discussed in terms of the role of inhibitory systems in the 
development of dishabituation. (Supported by Deree College)

861.4
DIFFERENTIAL RATES OF HABITUATION BETWEEN TWO 
RESPONSE COMPONENTS OF THE BRANCHIAL DEFENSIVE 
REFLEX IN THE GOLDFISH. D.D. Fioravante1, D.l. Xydea1, E. 
Patsavoudi*2 and M.M. Nikoletseas1. Psychology Dept., The 
American College of Greece, A. Paraskevi, Greece; 2Dept. of 
Biochemistry, Hellenic Pasteur Institute, Greece.

Upon weak stimulation, respiratory spikes recorded from the 
opercular region of goldfish decrease in amplitude and increase in 
duration. These changes define the Branchial Defensive Reflex 
(BDR), a modulation in the topography of respiratory activity. In 
this study we attempted to identify any differences in the 
habituation rates between two components of BDR, namely 
overall response duration and response magnitude. The latter was 
expressed in terms of change in spike amplitude. Fish were 
exposed to 10 weak flashing lights (WS; 5s, 20x106 lumens), of 
two frequencies (5 and 40Hz), and at various interstimulus 
intervals (ISIs; 100s, 120s, and 300s). Neither treatment had any 
differential effect on degree of habituation, therefore data were 
pooled. Both response duration and magnitude habituated across 
trials (p<0.05). Significant difference in the habituation rate of the 
two response components was observed (p<0.05). Magnitude 
habituated faster than response duration. In accordance with 
prevalent theories of parallel processing in the central nervous 
system, this difference could be attributed to different underlying 
neural centers controlling these two components of BDR. 
(Supported by Deree College funds)
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861.5
EFFECTS OF LATENT INHIBITION ON CONDITIONED BRANCHIAL 
DEFENSIVE REFLEX IN GOLDFISH. A.E. Zoupa, E.V. Meqalou,
D.l. Xydea, D.D. Fioravante and M.M. Nikoletseas*. Psychology 
dept., The American College of Greece, A. Paraskevi, Greece.

Upon weak stimulation, respiratory spikes recorded from the opercular 
region of goldfish show decrease in amplitude, which is one of the 
response topographies defined as Branchial Defensive Reflex (BDR). In 
this study we investigated the effects of preexposure to either the 
conditioned (CS) or the unconditioned stimulus (US) on acquisition and 
extinction of conditioned responses (CRs). Three groups offish received 
30 presentations of paired CS-US at an interstimulus interval of 8s, and 
an intertrial interval of 2min. The CS was a light flashing at 5Hz (107 
lumens, 5s) and the US was an electric shock (50mA, 50ms). Ten 
extinction trials of CS-alone presentations followed the conditioning 
procedure. Prior to conditioning, one of the three groups was habituated 
to the CS, while another was sensitized to the US. The third group 
served as the control, receiving no stimulus preexposure. All three 
treatments supported classical conditioning of BDR (p<0.05), as indexed 
by CR magnitude. However, preexposure to the CS resulted in (i) more 
trials required for CR emergence (p<0.05) and (ii) longer CR-onset 
latencies (p<0.05). Moreover, all groups showed CR extinction 
(p<0.001). Preexposure to CS or US resulted in faster extinction than 
the control (p<0.01). Our data suggest that preexposure to the CS or US 
results in latent inhibition. This is evidenced in (i) delay in the formation 
of CS-US association after preexposure to CS, and (ii) facilitation of CR 
extinction after preexposure to either CS or US, indicating attenuated 
CR Strength. (Supported by Deree College funds)

861.6
COLLECTIVE DYNAMICS IN NEURONS THAT STORE A MEMORY OF EYE 
POSITION. E. Aksay*12, R. Baker2, H.S. Seung13, D.W. Tank1, 'Bell Labs, Lucent Tech., 
Murray Hill, NJ 07974, 2NYU Med. Ctr., New York, NY 10016, 3MIT, Cambridge, MA 
02139.

The neural integrator of the oculomotor system is a premotor area that maintains persistent 
neural activity related to a short-term memory of the current eye position. Both recurrent 
synaptic feedback and intrinsic cellular properties have been hypothesized as mechanisms for 
this persistence. A byproduct of recurrent synaptic connections between integrator neurons 
would be co-variation of their firing rates in the absence of time-varying input from outside the 
integrator, such as during periods of gaze-holding in the dark. By contrast, if intrinsic cellular 
mechanisms were sufficient for the maintenance of persistent activity, connections between 
integrator neurons would be unnecessary, in which case firing rates would not co-vary without 
external time-varying input. In order to test these predictions, we analyzed the variation of 
firing rates of neurons measured in the horizontal velocity-to-position neural integrator of 
awake restrained goldfish (Carassius auratus) while monitoring spontaneous saccades and 
gaze-holds with the scleral search coil method. During gaze-holding in the dark, slow drifts 
(<10 Hz/sec) were observed in the firing rates of integrator neurons (n=l 3). During successive 
gaze-holds at a given eye position, the drifts varied slightly in amplitude, and occasionally in 
sign. Dual-electrode recordings demonstrated that these variations in firing rate drift were 
correlated across integrator neurons; that is, for each gaze-hold, the firing rates of two ipsilateral 
neurons typically drifted in the same direction with comparable magnitudes («=2 pairs, 
correlation coefficient of pair-wise firing rate drifts > 0.7). This co-variation is consistent with 
models of the integrator involving recurrent synaptic connectivity.

Systematic relationships between eye velocity and eye position have been interpreted as 
representing leaky and unstable integrator dynamics produced by too little feedback (leak) or 
too much feedback (instability). A corresponding systematic relationship was found between 
firing rate drift and firing rate in integrator neurons, directly demonstrating a neural integrator 
correlate to oculomotor behavior. Analysis of the relationship between drifts in firing rate and 
eye position during gaze-holding suggests that signals from the velocity-to-position integrator 
are filtered through a second leaky (t ~ 1-2 sec) integration process before reaching the 
oculomotor plant. (Supported by Lucent Technologies, NIH, and MIT)

861.7

IN VIVO PHARMACOLOGICAL TESTS FOR SYNAPTIC FEEDBACK IN NEURONS 
THAT STORE A MEMORY OF EYE POSITION. S.S.-H. Wang1, E. Aksay'-2 R. Baker2, 
H.S. Seung'-3, and D.W. Tank1. 'Bell Labs, Lucent Tech., Murray Hill, NJ 07974; 2NYU Med. 
Ctr., New York, NY 10016; and 3MIT, Cambridge, MA 02139.

A memory of eye position is reflected in the discharge of neurons in the oculomotor 
velocity-to-position integrator. Because this activity persists with a time constant of tens of 
seconds even without visual feedback, it must be maintained by mechanisms within the brain. 
One leading candidate mechanism is positive feedback among integrator neurons. To test this 
idea, drugs with known molecular targets were focally injected into the goldfish (Carassius 
auratus) integrator in vivo. The effects of drug injections were measured using scleral search 
coils to measure eye position and extracellular recording to monitor neural activity.

^K(Ca) block by apamin in vitro steepens the firing rate-to-current relationship of single cells 
approximately 2-fold but leaves firing threshold and rate adaptation unchanged. Apamin was 
therefore injected in vivo as a means of increasing putative feedback among integrator 
neurons. During normal gaze holds in the dark, integrator neurons brought above threshold 
by a saccade had constant or slowly declining firing rates (mean firing drift: -5.8±6.0 (±SEM) 
Hz/sec of gaze hold). After unilateral injection, firing rate drift in ipsilateral neurons either 
became less negative or reversed direction in all 6 of 6 experiments (mean firing drift: 
+6.2±4.2 Hz/sec; pairwise change: +12.0±3.4 Hz/sec, P<0.001). This suggests that increasing 
synaptic feedback above normal values can disrupt persistent neural activity. Drift in gaze 
hold, which is normally nasally directed, became less nasal or even reversed direction (8 of 
10).

Muscimol, which activates inhibitory GABAa  receptors, was focally injected into part of the 
integrator region. Since muscimol blocks firing in a subset of integrator neurons, it would 
reduce possible internal excitatory feedback within the integrator. Muscimol sharply reduced 
the time constant of firing rates in the remaining active integrator neurons from ~10 sec to 1-2 
sec (4 of 4). Our results are consistent with a necessary role for positive synaptic feedback in 
stabilizing persistent activity. However, some of the effects on firing rate and eye position are 
smaller than predicted by simple linear network feedback models, suggesting that additional 
mechanisms contribute to robust performance. (Supported by Lucent Technologies, NIH and 
MIT.)

861.8

IN VIVO INTRACELLULAR RECORDING OF EPSP RATE DURING PERSISTENT 
ACTIVITY IN NEURONS MAINTAINING A MEMORY OF EYE POSITION. G. 
Gamkrelidze*12, E. /Aksay12, S.S.-H. Wang', R. Baker2, H.S. Seung13, and D.W. Tank'. 'Bell
Labs, Lucent Technologies, Murray Hill, NJ 07974; 2Physiol. and Neurosci., NYU Med. Ctr.,
New York, NY 10016; 3MIT, Cambridge, MA 02139 

In the horizontal velocity-to-position neural integrator of the goldfish (Carassius auratus), an
eye movement command lasting tenths of a second is translated into a sustained change in the 
firing rate of integrator neurons that, in turn, maintains a stable gaze at a new position for up to 
tens of seconds. Positive feedback through recurrent synaptic connections is a proposed 
mechanism for the maintenance of this persistent activity in integrator neurons. This proposal 
predicts that the rate of synaptic potentials measured in an integrator neuron should depend on 
eye position, since neighboring integrator neurons, presumed to generate these potentials via 
recurrent synaptic connections, exhibit firing rates dependent on eye position. In order to test 
this hypothesis, intracellular sharp electrode and whole-cell patch recordings were obtained 
from integrator neurons in vivo during spontaneous saccadic and gaze-holding behaviors. Eye 
position was either measured with the scleral search coil technique, or estimated from the 
stepwise changes in the rate of action potential firing in extracellular microelectrode recordings 
of a second neuron located in the integrator or abducens nucleus. Each temporally-directed 
stepwise change in eye position was associated with a stepwise depolarization in the membrane 
potential of integrator neurons, which was correlated with a sustained increase in firing rate in 
current clamp recordings («=10; Af/AVm = 3-5 Hz/mV). After action potentials were 
suppressed by hyperpolarizing current (n=2; I<1 nA), unitary EPSPs were observed with 2-3 
mV peak amplitudes, 0.2-0.6 ms rise times, and 3-5 ms decay times. The rate of these EPSPs 
depended on eye position, and was larger at temporal than at nasal positions. These data prove 
the existence of a position signal in the synaptic input to integrator neurons, which could be due 
to recurrent synaptic feedback from other integrator neurons. This synaptic input is at least 
partially responsible for the persistent activity observed during gaze holding. (Supported by 
Lucent Technologies, NIH, and MIT)

861.9

STABILITY OF PERSISTENT ACTIVITY RELATED TO A MEMORY OF EYE 
POSITION IN A RECURRENT NETWORK OF CONDUCTANCE-BASED MODEL 
NEURONS. H. S. Seung1'2, D. D. Lee2, B. Y. Reis2, and D. W. Tank2*. ‘M.l.T, Cambridge, 
MA 02139; 2Bell Labs, Lucent Technologies, Murray Hill, NJ 07974.

Memory-related neural activity in the oculomotor integrator is modeled with a network of 
conductance-based neurons interacting by recurrent synaptic excitation. The recurrent network 
stores a short-term memory of eye position as a distributed pattern of persistent activity. The 
mechanism of persistence is tuned positive feedback, which is adjusted using approximate neural 
network equations obtained from the conductance-based model using the method of averaging. 
The dynamical variables of these equations are synaptic activations, not the instantaneous firing 
rates or temporally smoothed membrane potentials invoked by traditional biophysical 
interpretations of neural network equations. The conductance-based model neuron has an 
approximately linear relationship between firing rate and synaptic input above threshold, 
resembling real integrator neurons recorded in vitro, while the synapses are assumed to saturate 
at moderate firing rates. Consequently, the neural network equations contain both threshold and 
saturation nonlinearities. The synaptic matrix of the recurrent connections is assumed to have, 
outer product structure. This constraint on the synaptic weights allows them to be tuned by 
solving a function approximation problem in one dimension. Approximate outer product 
structure could arise from Hebbian learning. In the resulting tuned network, the synaptic 
activations of firing neurons saturate with increasing eye position, but the number of firing 
neurons increases also. This recruitment compensates for saturation, allowing the maintenance 
of persistent neural activity. The neural coding of eye position in firing rates involves a threshold 
nonlinearity, and is linear above threshold in the model, consistent with single unit recordings of 
real integrator neurons. A behavioral consequence of nonlinearity in the neural network 
equations is nonlinear dependence of drift velocity on eye position, which has been observed in 
measurements of goldfish eye movements. We have modeled the synaptic activations as having 
a relatively long time constant of 100 ms. This is substantially longer than the membrane time 
constant used by previous neural network models, and increases the robustness of the network to 
perturbations in synaptic weights and other parameters. Simulations of the conductance-based 
model exhibit oscillatory behavior in firing rates that is not predicted by the neural network 
equations. This discrepancy is due to a breakdown in the method of averaging through a general 
mechanism called resonance (Supported by Lucent Technologies and MIT).

861.10
STABILIZING PERSISTENT NEURAL ACTIVITY WITH ANTI-HEBBIAN SYNAPTIC 
PLASTICITY BASED ON TEMPORAL ORDERING OF SPIKES. X.-H. Xie' and H.S. 
Seung'-2*. MIT, Cambridge, MA 02139; Bell Labs, Lucent Technologies, Murray Hill, NJ 
07974.

Persistent neural activity related to short-term memory has been observed in a wide variety of 
brain areas. A hypothesized mechanism for this persistence is positive feedback mediated by 
recurrent synaptic connections. Because this mechanism requires that the strength of feedback be 
precisely tuned to maintain continuously graded levels of neural activity, it has been criticized as 
unrobust. Motivated by this problem, we have found a synaptic learning rule that stabilizes 
persistent neural activity through its dependence on the temporal ordering of presynaptic and 
postsynaptic spikes. According to this rule, a synapse depresses when a presynaptic spike is 
followed by a postsynaptic one, and potentiates when the order is reversed. This type of anti- 
Hebbian dependence on temporal order has been observed in electrosensory lobe synapses of the 
electric fish [C. Bell et al. Nature 387:278-81 (1997)], but is opposite to the Hebbian dependence 
observed at cortical [H. Markram et al., Science 275:213-5 (1997)] and hippocampal [G. Bi and
M. Poo, J Neurosci. 18:10464-72 (1998)] synapses. To-understand why anti-Hebbian learning 
can stabilize persistent activity, we make use of the fact that a learning rule based on spike times is 
equivalent to one based on firing rates and their time derivatives, assuming that the correlations 
between spike trains are due to covariation in firing rales. In particular, if the function relating 
synaptic change to the temporal difference between presynaptic and postsynaptic spikes is 
antisymmetric, then synaptic change is proportional to minus the product of the presynaptic firing 
rate and the time derivative of the postsynaptic firing rate. As previously shown, such a rate- 
based learning rule leads to synaptic changes that reduce the amount of drift in firing rate, 
eventually stabilizing states of constant firing rate [Seung, Soc. Neurosci. Abstr. 23:8 (1997)]. 
We have applied the rule to a recurrent network model of the oculomotor velocity-to-position 
integrator. If the synaptic changes are made during the time intervals between saccadic burst 
inputs, the network learns to maintain persistent activity patterns that produce proper gaze-
holding behavior. In effect, drift in firing rate serves as a loced negative feedback signal, so that 
gaze-holding behavior can be learned without external feedback from visual or other sensory 
sources. When a high learning rate is used, small networks with initially poor persistence can be 
tuned to good gaze-holding performance very rapidly, within tens of seconds of simulated time 
(Supported by MIT and Lucent Technologies).
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861.11
SINGLE UNIT ACTIVITY IN LOBUS PAROLFACTORIUS (LPO: BASAL
GANGLIA) OF FREELY-BEHAVING 2-DAY OLD DOMESTIC CHICKS
DURING AND IMMEDIATELY AFTER ONE-TRIAL PASSIVE AVOIDANCE
TRAINING
S, Yanagihara. EUzawa and T, Matsushima*. Graduate School of Bioagricultural
Sciences, Nagoya University, Aichi 464-8601, Japan.

In anesthetized chicks, enhanced neural bursting has been shown to 
correlate with the consolidation of passive avoidance memory at 4-7 hours post-
training in LPO (avian homologue of caudate-putamen), and it is assumed to be 
responsible for permanent storage of the avoidance memory (Gigg et al. 1994, Rose 
1991). However, it remains uncertain (1) what could be the behavioral counterparts 
of these bursting, and (2) whether the LPO neurons show characteristic activities 
also during the passive avoidance training.

To reveal the initial process of memory formation, we recorded single-unit 
activities from LPO neurons of freely-behaving chicks continuously from training to 
testing. First, chicks were positively reinforced for pecking at a yellow bead by a 
drop of water as reward, where general pecking activity was raised. Thereafter, 
chicks were trained by a green bead coated with a bitter-tasting liquid (MeA: 
methylanthranilate). At twenty minutes after the training, chicks were tested by 
using dry (neutral) yellow / green beads. In most cases, chicks learned to avoid the 
green (aversive) bead, and intensively pecked at the yellow (positively reinforced 
color) bead.

Three types of LPO neurons were classified on the basis of activity patterns 
during the passive avoidance training. Type-1 neurons were suppressed 
immediately after the training, and a subset of these neurons showed enhanced firing 
at 10 min post-training. Type-2 neurons showed transient increase in the firing rate 
exactly at the moment of training. Type-3 neurons showed no significant changes.
Some of these type-1 and type-3 neurons showed a lasting increase in their firing 
rate after the positive reinforcement, so that they could represent general arousal 
level. A subset of type-2 neurons showed transiently enhanced activity also at the 
instance of successful recall at testing, so that they could encode the memory trace.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—HIPPOCAMPUS 
AND SPATIAL LEARNING III

862.1
AGRIN mRNA AND PROTEIN ARE EXPRESSED IN THE RAT 
HIPPOCAMPUS DURING MORRIS WATER MAZE TRAINING.
J.M. Pizarro*, M.R.Gonzalez, A.E. Martinez, G. Alaniz. M.A. Maldonado,
B.H. Neuven, J.M, Morin, and E.J, Barea-Rodriguez. Cajal Neuroscience 
Reserch Center, Div. of Life Sciences, Univ. of Texas at San Antonio, TX 
78249.

Agrin is an extracellular matrix component. Synthesis and release of this 
protein is implicated in the formation and maintenance of the neuromuscular 
junction. Agrin mRNA and protein are present in high levels in some parts of 
the brain, which include the hippocampus and olfactory bulb. Just as in the 
neuromuscular junction, in the brain, agrin may be involved in synaptic 
differentiation and regulation. We previously showed that agrin mRNA 
expression is increased with mossy fiber-LTP (Villarreal et al., 1998). In the 
present study, we used in situ hybridization to investigate whether agrin 
mRNA expression occurs during training in the Morris Water Maze task, a 
task that involves the hippocampus. Training consisted of 10 trails per day 
in which the animals were given 60 seconds to find a submerged platform. 
Rats were sacrificed 24 hrs after the last training trial either on Day 1, 2, 3, 4, 
or 5. We report an increase in agrin mRNA and protein expression in the 
brain after rats were trained in the Morris Water Maze. This mRNA increase 
is observed in hippocampal areas CA1 and CA3, and in the dentate gyrus. 
These results show that changes in agrin mRNA expression are associated 
with spatial learning, and perhaps contribute to the neurobiological basis of 
memory formation. Supported by GM 08194 (EJBR).

862.2
SPATIAL LEARNING INDUCED INCREASES INSULIN RECEPTOR LEVELS 
IN RAT HIPPOCAMPUS. W. Q. Zhao1*, H. Chen2, E. Moor1, P. Gusev, M. J. 
Quon2, and D. L. Alkon1. ‘Laboratory of Adaptive Systems, National Institute of 
Neurological Disorder and Stroke; 2Hypertension-Endocrine Branch, National Heart, 
Lung, and Blood Institute, National Institutes of Health, Bethesda, MD, 2089

The roles of CNS insulin receptors (IR) and associated signaling pathways in 
learning and memory are largely unknown. Our in situ hybridization studies revealed 
here that in the rat brain IR mRNA was highly concentrated in the internal granular 
layer of the olfactory bulb and the cerebellar cortex. Lower levels of IR messenger 
were also expressed in many other regions such as the hippocampus, pyriform cortex, 
hypothalamic nuclei, and lateral and third ventricles. To investigate the potential role 
of insulin signaling in learning and memory, rats were trained in the Morris water 
maze to assess changes in expression of IR, and associated signaling molecules from 
hippocampus, a region that plays a critical role in spatial learning. After training, no 
significant differences in hippocampal IR mRNA were found between the trained and 
control animals with in situ hybridization or RT-PCR. However, IR protein increased 
by 30% (N = 15, p<0.02) in hippocampal crude synaptic membrane fractions (P2M) 
derived from trained rats. Because the IR is a tyrosine kinase, which undergoes 
autophosphorylation as a result of activation, we also examined changes in 
phosphorylation of the IR and associated signaling molecules in hippocampal 
fractions after training. Increases in tyrosine phosphorylation of IR, MAP kinase and 
several other proteins (P80, P66, P52, P44/42 and P36) were observed in different 
fractions after training. In addition, She (an IR substrate) was found to co- 
immunoprecipitate with IR at 24 hours after training, indicating interaction of these 
two proteins. Furthermore, protein levels for She, insulin receptor substrate-1 (IRS- 
1), and Grb-2 (a downstream signal protein of She) appeared to increase in specific 
subcellular fractions after training. Taken together, our results suggest that IR 
signaling in the hippocampus may participate in memory formation.

862.3

DIFFERENTIAL C-FOS EXPRESSION AS A RESULT OF SPATIAL 
EXPERIENCE. S.D.Vann.1* J.P.Aggleton.1 J.T.Erichsen,2. and 
M.W.Brown^. 1 School of Psychology, 2Dept. of Optometry, 

Cardiff University, Wales, CF11 3YG, UK; Department of 
Anatomy, Univ. of Bristol, BS8 1TD, UK.

The quantification of the Fos protein was used to map areas 
activated during spatial memory tasks. In Experiment 1, a 
group of rats was trained on the standard 8-arm radial maze 
while a second group was trained to run up and down just one 
arm of the maze. The first condition led to significantly more 
Fos positive neurons in a number of sites including the 
hippocampus, anterior thalamic nuclei, retrosplenial cortex, 
parietal cortex, entorhinal cortex, and postrhinal cortex. In 
Experiment 2, two new groups of rats were trained on the 8- 
arm maze but in different rooms. On the test day both were 
run in the same room, i.e. one group was tested in a novel 
room. In those animals placed in the novel room 
significantly more c-fos activation was found in the 
hippocampus and anterior thalamic nuclei, as well as the 
prelimbic cortex. In both experiments there was no
significant difference in the motor cortex, visual cortex or 
perirhinal cortex between the two groups. While both 
experiments led to increased hippocampal activation, only 
Experiment 2 (novel room) produced a consistent differential 
activation within the hippocampus as the dorsal region 
showed more enhanced activation.
This research was funded by the MRC, UK.

862.4
EFFECTS OF ROLIPRAM ON SCOPOLAMINE-INDUCED 
IMPAIRMENT OF WORKING MEMORY IN THE RADIAL MAZE 
TASK IN RATS. J. M, O’Donnell* and H.T. Zhang. Dept. of 
Pharmacology and Therapeutics, Louisiana State Univ. Medical Center, 
Shreveport, LA 71130.

Rolipram is a selective inhibitor of cyclic AMP-specific 
phosphodiesterase (PDE4). Very limited studies suggest that rolipram 
improves the impairment of learning and memory induced by 
scopolamine in animal models. We investigated the effects of rolipram 
and forskolin, an adenylyl cyclase stimulator, on the scopolamine- 
induced impairment of working memory in an eight-arm maze task in 
rats. Rolipram (0.01-1.0 mg/kg, ip) attenuated the scopolamine-induced 
(0.5 mg/kg, ip) decrease in the number of correct choices, increases in 
both the number of errors and the total number of errors in dose- and 
time-dependent manners. The minimum effective dose of rolipram was 
0.05 mg/kg and the effects lasted nearly 60 min. Scopolamine also 
induced an increase in the time that was required to complete the task; 
this was not affected by low doses of rolipram, but was potentiated by a 
dose of 1.0 mg/kg of rolipram. By contrast, forskolin (1.0-10.0 mg/kg, 
ip), which increases cAMP by activating adenylyl cyclase, failed to 
significantly affect any of the above four indices altered by scopolamine. 
These results suggest that rolipram may exert its effects of reversing 
memory impairment via increased cyclic AMP concentrations in certain 
signal transduction pathways, rather than by a generalized increase in 
cAMP.
Supported by grants from NIMH.
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862.5
THE EFFECTS OF TRANSCRIPTIONAL INHIBITION ON SPATIAL LEARNING 
IN RAT HIPPOCAMPUS. J.W. Kinney K.R. Magnusson 2, and D.D. Avery 
'Dept. of Psychology, 2Dept. of Anatomy and Neurobiology, Colorado State 
University; Ft. Collins, CO 80523.

The investigation of learning and memory has focused considerable attention on 
LTP as a possible cellular mechanism responsible for consolidation. Several studies 
have provided evidence that antagonizing proteins involved in LTP has a detrimental 
affect on consolidation. In addition to the behavioral studies, considerable evidence 
has been gathered to determine the cellular mechanisms responsible for LTP. Of 
specific interest to the current study was the effect produced following the 
administration of a transcriptional inhibitor, which resulted in the ablation of the late 
phase of LTP. In the current study, Sprague-Dawley rats were given an infusion 
(50pM and 25 pM) of a transcriptional inhibitor (Actinomycin D) directly into the 
CA1 field of the hippocampus. Following die infusion, rats were placed in a Morris 
water maze to determine if transcriptional inhibition caused any decrements in the 
acquisition of the spatial task. The results indicated that the drug did disrupt subjects’ 
performance compared to saline controls. The data gathered suggested that the 
difference between treatment groups was in the precision of localizing the platform in 
die target quadrant, not in the subjects’ ability to locate the platform quadrant. It has 
been suggested that one of the cellular alterations responsible for LTP is an 
upregulation in the receptors responsible for the responsive properties of the cell. The 
current study will also examine differences in the concentrations of AMPA and 
NMDA receptors in CA1 due to learning die task. The results from the current study 
indicate that the administration of the transcriptional inhibitor to the CA1 field of the 
hippocampus interfered with specific place learning across sessions; however, all 
treatments showed improvement within individual sessions.

862.6
EFFECTS OF INTRA-HIPPOCAMPAL MORPHINE INJECTIONS ON 
PLACE AND RESPONSE LEARNING. O. Chang and P.E. Gold*. Department 
of Psychology, University of Virginia, Charlottesville, VA 22903.

Previous studies support the view that multiple, relatively independent 
memory systems acquire and store different attributes of an experience. The 
interactions of these systems when intact are largely unknown. The present 
experiment approached this issue by using morphine to decrease the contribution 
of the hippocampus to learning place and response tasks. In addition to 
impairing place learning, morphine injections into the hippocampus might 
enhance acquisition of the response task by removing ‘competition’ from place 
learning. Fifteen min prior to training, morphine sulfate (4 nmol in 1 pi aCSF) 
was injected bilaterally into the hippocampus. A 4-arm plus-shaped maze was 
used to train the rats on either place (one goal, random starts from other arms) or 
response (random start arm, always turn right/left) versions of the maze. The 
maze was located in a lit room containing moderate density extramaze cues. 
Rats were trained to a criterion of 9/10; if a rat did not leam within 100 trials, 
the rat was said to have failed the task. The intra-hippocampal morphine 
injections severely impaired place learning. Although all control rats learned the 
place task, none of the morphine-treated rats (N = 8) did so. Intra-hippocampal 
morphine injections also significantly altered learning on the response task, but 
not simply by enhancing response learning. In this group (N = 12), some rats 
reached criterion very quickly while others repeatedly entered the incorrect arm 
and failed to change the response. Thus, intra-hippocampal morphine injections 
apparently resulted in the rats selecting a specific response strategy (turn right or 
turn left) that led to very rapid or very poor acquisition of the response randomly 
selected by the experimenter. The findings suggest that decreased contribution 
of the hippocampus during maze learning not only severely impairs place 
learning but also substantially modifies response learning. Supported by NIA 
(AG07648) and NINDS (NS32914).

862.7

EFFECTS OF ADMINISTRATION INTRAHIPPOCAMPAL OF 
BETA-AMYLOID (25-35) ON SPATIAL LEARNING AND 
MEMORY. I D. Limdn1*, I Zamitiz1, A. Salgado1, L. Lopez1, E. Meneses1 
and C. Parra1 and JF. Guevara2. Dept. Biomed. Mol2. CINVESTAV IPN 
M6xico and Lab. Neurofarmacologia Facultad Cs.Qulmicas^-BUAP, AP 
72570, Puebla Pue, Mexico.

Focal deposits of beta-amyloid (beta-A) in the hippocampus has been 
implicated in pathogenesis of Alzheimer's disease. The aim of this work 
was to evaluate the effect of bilateral administration into hippocampus of 
the beta-A (25-35) on spatial learning and memory. Twelve rats with 
ninty-day old male rats were stereotaxically implanted with cannule in 
both site of hippocampus. Therefore, were administrated 1 pi (100mM) 
each site of hippocampus of the beta-A (25-35) into CA2 region, the 
learning was evaluated in the radial eight-arm maze. The conditions to 
learning and memory (No. Trials / No. of opportunities to entry to arms) 
were: 3/8, 3/5, 3/4 for the first day; 5/4, 4/3 for the 2do day and 9/3 for 
the third day of training.The first day the acquisition learning was 
impairment of 5% respect to control group. The second and third day the 
acquisition learning were impairment of 20% respect to control group in 
both days. The memory test was started four weeks after administration 
of beta-A (25-35) and we found an impairment of 30% respect to control 
group the first day of the memory evaluation. Second and third days of 
memory evaluation were impairment of 20% respect to control group. 
These results support the hypothesis beta-A (25-35) into hippocampus 
can impair the spatial learning and memory.

862.8

PROBING THE ROLE OF IMMEDIATE EARLY GENE c-fos IN SPATIAL 
LEARNING USING A REGION-SPECIFIC KNOCKOUT MOUSE J.Slane1,
J.Zhang1*, J.Tsien2, C.Vorhees1 and M.Xu1. 'Division of Neurosci., Univ of 
Cincinnati College of Medicine, Cincinnati, OH 45267 and 2Dept. of Mol. 
Biology, Princeton Univ., Princeton, NJ 08544

Protein synthesis has been shown to be necessary for learning. However, the 
underlying molecular mechanism remains poorly understood. Immediate early 
gene c-fos encodes a transcription factor that is involved in regulating gene 
expression. There is much evidence demonstrating that c-fos is induced during 
spatial learning. To test the role of c-fos in learning and memory, we have 
generated a mouse with hippocampal deletion of c-fos gene. This was 
accomplished by using the cre/loxP system, in which the Cre recombinase 
catalyzes recombination between two loxP sites, thereby deleting the DNA 
sequence between the two sites. In this mouse, the loxP sites flanked the third and 
fourth exons of the c-fos gene and the expression of cre was driven by the 
CAMKIIa promoter, which is highly active in the CA1 region of the 
hippocampus. The degree of c-fos deletion was measured using 
immunocytochemistry (ICC) and in situ hybridization. The ICC was quantified 
using NIH Image, measuring both optical density and number of positive cells. 
This quantitation showed a 95% deletion in the CA1 region of the hippocampus, as 
well as a varied degree of deletion in the rest of the hippocampus. We are now 
performing the Morris water maze and Barnes maze spatial learning tasks to 
establish the role of c-fos in spatial learning.
(Supported by the NARSAD Young Investigator Awards and NIH DA 11284 and 
11005)

862.9
INTRAHIPPOCAMPAL ADMINISTRATION OF THE p OPIOID RECEPTOR 
ANTAGONIST p-FUNALTREXAMINE INTO AREA CA3 IMPAIRS SPATIAL 
LEARNING IN RATS. W.J. Meilandt*. J.B. Grigsby. J.M. Keel. E.J. Barea- 
Rodriquez, J.L. Martinez. Jr.. Cajal Neuroscience Research Center, Div. of Life 
Sciences, Univ. of Texas, San Antonio TX. 78249.

The hippocampus is a neural structure involved in spatial learning. Opioid peptides 
and their receptors are found extensively in the hippocampus and play a major role in 
the modulation of synaptic plasticity of the mossy-fiber (MF) and lateral perforant 
pathways (LPP), both of which synapse onto CA3 pyramidal cells. It is known that p 
opioid receptor activation is required for induction of long-term potentiation in MF 
and LPP pathways, and p receptor knockouts in mice cause deficits in spatial 
learning. In this study we investigated the role of p opioid receptors in spatial learning 
by inactivating the receptors with the selective and irreversible antagonist P- 
Funaltrexamine (P-FNA). Male Sprague-Dawley rats were bilaterally implanted with 
guide cannulae and allowed to recover for 5-7 days before receiving an injection of P- 
FNA (40 nmol, n=8) or saline (n=8) into the CAS region of the dorsal hippocampus. 
Twenty-four hours later the animals were trained in a Morris water maze for five 
consecutive days. P-FNA significantly impaired the acquisition rate and performance 
during probe trials when compared to saline animals. Six days after the end of 
training, the animals were given a retention test where the P-FNA-treated animals 
failed to remember the location of the platform. An additional five days of training in 
the opposite quadrant showed no significant differences in the acquisition rates 
between the P-FNA and saline animals suggesting that functional p opioid receptors 
had returned. The deficits observed were not due to motivational or sensorimotor 
processes because a different group of P-FNA (n=3) and saline (n=3) animals 
performed equally over three days of training on the visual-platform task. Our data 
suggests that p opioid receptor activation in area CA3 is involved with the acquisition 
of spatial learning and is necessary for the consolidation of information into long-term 
memory. Supported by DA04195 (JLM) and the Ewing Halsell Endowment.

862.10
A BIOBEHAVIORAL ANALYSIS OF THE FEMALE PROXIMAL 
PERCEPTUAL STYLE EFFECT IN THE WATER-MAZE. JJ, Furedy,*1-2 L. 
Kanit.2 and S. Pogun2. ‘Dept. of Psychology, Un. of Toronto, Toronto, Ont. M5S3G3; 
2Cntr. for Brain Res., Ege Univ., Izmir, Turkey.

In our behavioral taxonomy, we view the water maze as a cognitive performance 
task of place learning. Rats learn to escape to a platform employing different 
cognitive styles: "look-ouf/perceptual (visible platform) or "navigationaT'/conceptual 
(hidden platform). Our preparation begins with 12 days of acquisition training where 
animals are given interspersed experience with the perceptual and conceptual 
versions of the task (platform always in the same position, rats’ starting positions 
differ), and their abilities are assessed. The third, novel version of the task is 
presented on the 13th day, when the platform is visible and shifted to a new position 
that is proximal to the animal’s starting position. Adult females manifest a "universal" 
form of the proximal perceptual style (PPS) effect, by swimming straight to the newly 
positioned visible platform, whereas males tend to persevere in searching for the 
platform in the quadrant where the platform used to be during acquisition. The PPS 
effect is not observed before puberty, is abolished by chronic nicotine, ovariectomy, 
and by reducing the intersession interval and the number of days during acquisition. 
The PPS effect is observed only when the novel position of the visible platform 
provides an advantage, i.e. the distance from the starting position to the new platform 
is shorter than the distance to the previously learned platform. When, on the 13th 
day, on the first or second trials, the platform is either farther away from or is 
equidistant to the old platform, the sex difference disappears, suggesting that relative 
proximity may be a necessary condition. A "statistical" form of the PPS effect emerges when 
the newly positioned platform is proximal on the 3rd rather than the 1st trial of the 13th day. This 
statistical group superiority of females over males seems independent of the activational effect of female 
hormones, but appears related to nitric oxide. The PPS effect, particularly in its universal form, is 
markedly robust behaviorally, but the question of what mechanisms (psychological and physiological) are 
involved is likely to have a complex answer. Supported by GRANT SBAG-U/15-1 from TUBITAK
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862.11
THE AVIAN HIPPOCAMPUS AND THE PROCESSING OF 
TEMPORAL, CONTEXTUAL, VISUAL AND SPATIAL 
INFORMATION. Nicola J. Broadbent*, C. Tavlor and M. Colombo. Department 
of Psychology, University of Otago, Dunedin, New Zealand.

There is much evidence to suggest that the avian hippocampal formation (HF; 
hippocampus and area parahippocampalis) is involved in spatial memory, but as yet, 
little support for a role in the processing and retention of non-spatial information. 
The present series of experiments investigated the functional role of the avian HF in 
the processing of temporal, visual and spatial information. Furthermore, we 
investigated the effects of HF lesions on contextual processing.

Nine pigeons with HF lesions and ten control pigeons were used in Experiments 1, 
2, 3, & 4. In Experiment 1, pigeons were autoshaped to peck a lit key. The rate of 
responding to the lit key was significantly less for the pigeons with HF lesions than 
control pigeons. In Experiment 2, pigeons were trained on a timing (peak) 
procedure. There was no difference in the pattern of responding between the control 
and HF pigeons. Experiment 3 involved training the pigeons successively on two 
visual discrimination tasks with stimuli that varied along one dimension, orientation 
or size. Pigeons with HF lesions were not impaired relative to controls on the 
acquisition or the three subsequent reversals of the reward contingencies for either 
visual discrimination task. Experiment 4 investigated the HF and control pigeons’ 
ability to acquire an analogue of the radial arm maze. HF pigeons’ acquisition of 
the spatial task was significantly impaired relative to controls. Experiment 5 tested 
the role of the HF in contextual processing using 20 new pigeons. While still 
ongoing, there is currently no evidence to suggest that damage to the avian HF 
impairs the processing of contingent contextual information.

In summary, damage to the hippocampus in birds and mammals impairs both the 
acquisition of autoshaped responding and the acquisition of a spatial task, while 
sparing purely visual processing.
This research was supported by Health Research Council of New Zealand Grant 95/070.

862.12
A COMPARISON OF THE EFFECTS OF HIPPOCAMPAL LESIONS IN 
PIGEONS AND MONKEYS: EVIDENCE FOR A FUNCTIONAL 
HOMOLOGY?
M, Colombo* and Nicola J. Broadbent. Department of Psychology and the Centre 
for Neuroscience, University of Otago, Dunedin, New Zealand.

We have compared the effects of hippocampal lesions in both pigeons and 
monkeys and the evidence supports the view that the avian hippocampus is a 
functional homologue of the mammalian hippocampus. Damage to the 
hippocampus in pigeons has no effect whatsoever on performance of a visual 
delayed matching-to-sample task, or on the retention or acquisition of a concurrent 
discrimination task. Although early studies suggested that damage to' the 
hippocampus in monkeys might impair performance on these tasks, recent studies 
in which the damage was restricted to the hippocampus indicates that, as in 
pigeons, damage to the hippocampus in monkeys has no effect on either a visual 
delayed matching-to-sample task, retention of a visual discrimination or on the 
acquisition of a concurrent discrimination task.

In contrast to the absence of effects on purely visual tasks, damage to the 
hippocampus has been shown to have severe impairments on the processing and 
retention of spatial information in mammals. Likewise, in pigeons, damage to the 
hippocampus has also been shown to impair the processing and retention of spatial 
information, both within naturalistic and laboratory situations. Finally, in both 
mammals and birds, damage to the hippocampus impairs the acquisition of an 
autoshaping response, which is believed to reflect impairments in contextual 
processing. Taken together, these findings suggest that the avian hippocampus is 
indeed a functional homologue of the mammalian hippocampus.

Funding Sources: Royal Society of New Zealand Marsden Foundation Grant 
UOO703.

862.13

EFFECTS OF HIPPOCAMPAL AND LPO LESIONS ON 
REPEATED ACQUISITION OF SPATIAL LEARNING IN 
PIGEONS. S.Watanabe* Department of Psychology, Keio 
University, Tokyo, Japan.

In my previous study I reported deficits in spatial 
autodiscrimination after the hippocampal lesions in pigeons ( 

Behav.Brain Res., 1999). In the present experiment I employed 

repeated acquisition procedure to examine effects of hippocampal 

lesions on acquisition of spatial learning. In experiment 1 pigeons 

were trained to peck one of three horizontally arranged keys. One 

training session finished when the subjects pecked correctly on 10 

successive trials or 80 trials. When the subjects reached the criterion 

the correct position of the keys was changed on the next session, so the 

pigeons had to learn new position learning task each time they had 

completed one task. After learning of 1 5 tasks, hippocampus or LPO ( 

lobus paraolfactorium) was damaged by aspiration (hippocampus) or 

radio frequency (LPO). Then the subjects were retrained on 1 5 tasks. 

The hippocampal lesions caused almost no deficits, while the LPO 

lesions caused severe deficits. In experiment 2 three different colors 

were added to the three keys. The hippocampal lesions again did not 

cause deficits while the LPO lesions caused deficits.

862.14

CACHING EXPERIENCE IS NECESSARY FOR MAINTAINING 
HIPPOCAMPAL SIZE AS WELL AS TRIGGERING 
HIPPOCAMPAL GROWTH IN FOOD-CACHING MOUNTAIN 
CHICKADEES.
PA Banta Lavenex* & NS Clayton. Section NPB, UC Davis, 95616.
The avian hippocampal formation (HF) is crucial for successful 
retrieval of previously stored food. It has been hypothesized that the 
food-storer’s need to remember the spatial location and content of 
hundreds of hidden food caches results in an enlargement of HF in 
food-storers relative to non-storing species. Our investigations of the 
effect of food-caching experience on brain size in mountain chickadees 
(Parus gambeli) show that HF growth is experience-dependent 
(F3,16= 14.82, P<0.001) whereas telencephalon volume is
independent of experience (F3,16=1.85, P>0.05). Post hoc tests 
show that experienced birds which store and retrieve their food caches 
between day 35 and day 56 have significantly enlarged HF volumes 
compared to age-matched controls that are prevented from caching but 
otherwise exposed to the same environment (P=0.004). Experienced 
birds that are subsequently prevented from caching for one month have 
(a) significantly smaller HF than birds sacrificed immediately after 
caching (P=0.016), and (b) HF volumes that do not differ from those 
of controls, irrespective of whether those controls were sacrificed at 
day 56 or one month later (Ps>0.05). These results suggest that food-
caching experience is necessary for maintaining HF size as well as 
triggering HF growth in juvenile mountain chickadees.

Supported by NIH & Whitehall Foundn.

862.15

THE DISTRIBUTION OF SUBSTANCE P IN FOUR SONGBIRD SPECIES: 
FOOD-STORING VERSUS NON-STORING COMPARISONS. K.L. Gould- 
Beierle1, E.M. Tricomi1, T.V. Smulders2, S.W. Newman1*, and T.J. DeVoogd1. 
'Dept. of Psychology, Cornell Univ., Ithaca, NY 14853; 2Dept. of Physiology and 
Pharmacology, Wake Forest Univ. Baptist Medical Center, Winston-Salem, NC 
27157.

The distribution of the neuropeptide Substance P (SP) (mAb NC1/34, PharMingen) 
was investigated in four songbird species that differ in their food-storing behavior. 
The food-storing black-capped chickadee was compared to the non-storing blue tit 
and great tit within the avian family Paridae, as well as to the dark-eyed junco, 
which was chosen as a common non-storer from another avian family. Food-storing 
birds have a larger relative hippocampal formation (HF) than non-storers. In the 
current work, a similar result was found with the chickadee having a larger HF than 
the other three species. All four species showed a similar distribution of SP 
throughout the brain with the exception of two areas, the HF and the 
parahippocampal region (PH). SP-like immunoreactivity of cells and fibers was 
found in the HF of the junco only. Two areas in the PH showed SP-like 
immunoreactivity of fibers in all four species. One of these areas (designated SP1) is 
a distinctive field of fibers and terminals found throughout the entire PH region, 
filling the dorsal and medial parts of this zone. A positive relationship between SP1 
and HF volume was found along with a highly suggestive trend showing chickadees 
to have a larger relative SP1 area. Differences in food-storing behavior and its 
correlation with the HF-PH area may play a role in the distribution of SP in this area. 

This research was supported by NIH grant MH56093.
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863.1
ESTRADIOL EFFECTS ON ACETYLCHOLINE OUTPUT IN THE 
HIPPOCAMPUS DURING SPATIAL LEARNING IN FEMALE RATS.
L.K. Marriott, P.E. Gold and D.L. Korol*, Dept. of Psychology, University 
of Virginia, Charlottesville, VA 22903.

Several lines of evidence indicate that an increase in circulating 
estradiol levels enhances memory. One mechanism underlying estradiol 
effects on memory may be an increase in acetylcholine (ACh) release. The 
present experiment determined whether enhancement of spatial learning by 
systemic estradiol replacement is related to an increase in hippocampal ACh 
output. Samples of extracellular ACh were assessed at 12-minute intervals 
using in vivo microdialysis with HPLC-EC. 48 hours after two s.c. 
injections of 17P~estradiol (10 pg) or sesame oil (vehicle control treatment), 
ovariectomized female rats were tested on a spatial learning version of a 
four-arm plus maze. In vivo microdialysis samples were collected before, 
during, and after training. Estradiol treatment had no significant effect on 
spatial learning performance compared to control treatment. While both 
groups showed a similar significant increase in ACh output during training 
as compared to baseline, only estradiol treatment resulted in an increase in 
ACh output that was correlated with more rapid acquisition of the learned 
response, i.e. hippocampal ACh release was significantly higher in rats 
showing good spatial learning. These findings suggest that ACh release in 
the hippocampus increases in female rats learning a spatial task and suggest 
further that estradiol may modulate learning and memory by directly or 
indirectly increasing ACh release. Supported by NIA (AG07648) and 
NINDS (NS32914).

863.2
ESTROGEN AND PROGESTERONE REPLACEMENT EFFECTS ON SPATIAL AND NON SPATIAL 
WATER MAZE IN OVARIECTOMIZED RATS
Elissa I, Chester* & lanice M, luraska, Department of Psychology and Medical Scholars Program, 
University of Illinois at Urbana-Champaign, Champaign IL 61820

Our lab has previously found estrous cycle related impairment on the spatial water maze, 
with performance poorest at proestrus (Warren and Juraska, 1997). However, increased synapse 
density (Woolley & McEwen, 1992) and levels of LTP (Warren, et al, 1996) have also been observed 
during this phase, suggesting enhanced synaptic efficacy. Because levels of both estrogen and 
progesterone are elevated in proestrus and have been shown to affect the hippocampus, their 
individual and combined effects on behavior were examined. Thirty-six female Long-Evans 
hooded rats were ovariectomized and pretrained on a water maze with a visible platform (non- 
spatial). Following pretraining, rats were injected with estrogen (5 mg s.c.) or sesame oil 48 and 
24 hours prior to testing and progesterone (500 mg s.c.) or oil 4 hours prior to testing. The 
resulting 4 groups of rats were then tested on a water maze in a different room with a submerged 
platform (spatial) for 16 trials with random start location in a single testing day. Latency (p = .01) 
and pathlength (p = .03) to the target platform were significantly greater in estrogen plus 
progesterone treated animals than in controls. Estrogen alone did not significantly impair 
performance on latency (p = .09) or pathlength (p = .11) measures. Progesterone alone also did 
not significantly impair performance relative to controk on either latency (p = .26) or pathlength 
(p = .20) measures. Thus, estrogen and progesterone in combination produce deficits in Morris 
water maze performance. These behavioral deficits do not reflect an enhancement of functioning 
of the hippocampus that might be expected with enhanced synaptic efficacy. This could be due 
to estrous cycle related fluctuation in extrahippocampal structures or to detrimental effects on 
behavior resulting from the increased synaptic activity intrinsic to the hippocampus proper. 
These results will be compared to performance of a non-spatial version of thE task, in which 4 
different groups of hormone treated rats are being tested on a water maze with a cue suspended 
over the submerged platform (non-spatial). Preliminary data indicate that the above pattern of 
results ako occurs in the non spatial task. (Supported by NSF IBN 97-23918)

863.3

ESTROGEN TREATMENT AND SPATIAL LEARNING IN ADULT FISHER 
344 RATS. A. Garza*, E.J. Barea-Rodriguez and B.J, Claiborne. Div. Life 
Sciences, U. of Texas at San Antonio; San Antonio, TX 78249.

Estrogen has been shown to affect spatial learning in rats, but the effects vary with 
dosage, protocol, and age. As a prelude to examining the morphological correlates of 
behavior in estrogen-treated animals of various ages, we examined the effects of 
estradiol on spatial learning in 6-month-old Fisher 344 ovariectomized rats. We 
predicted that acquisition rate would be slightly facilitated and retention significantly 
enhanced with estrogen, as shown previously for Sprague-Dawley rats (Singh et al., 
Brain Res. 644:305, 1994; Simpkins et al., Am. J. Med. 103:19S, 1997).

Two weeks after ovariectomy, rats were implanted with 30 day slow-release 
pellets (.07 mg/pellet) of either 17 (3-estradiol (E2, n=10 rats) or vehicle (n=10). 
Training in the Morris water maze began on day 14; drug delivery continued 
throughout. Rats were given 5 training trials on each of 5 days; probe trials on days 
1, 3, and 5; and a retention trial 48 hours later. While both groups had similar 
latencies for finding the hidden platform on day 1, E2 rats had significantly longer 
latencies on day 5 (31 ±20 vs. 13±4 secs; mean±SEM; p=.O29). There were no 
significant differences between the groups in pathlengths, cumulative search errors, 
or swim speeds. In the probe and retention trials, there were no significant 
differences between the groups in proximity, number of platform crossings, or 
percentage time spent in the target quadrant. No differences between groups were 
seen in performance on a visual cue task (n=5/group), demonstrating that the effects 
on latency were not caused by visual deficits. We conclude that treatment of 
ovariectomized, 6-month-old Fisher 344 rats for several weeks with a moderate dose 
of estrogen decreases acquisition rate of a spatial task, but does not affect learning, 
as evidenced by performance on the probe and retention trials.

Supported by NIH grant URR13646.

863.4
SURVIVAL OF NEWLY BORN GRANULE CELLS IN THE DENTATE GYRUS 
OF THE ADULT MEADOW VOLE, MICROTUS PENNSYLVAN1CUS, IS 
INFLUENCED BY REPRODUCTIVE STATUS . B. K. Ormerod^and L. A. M,
Galea. Neuroscience Program and Department of Psychology, The University of 
British Columbia, Vancouver, British Columbia, Canada, V6T 1Z4.

Galea and McEwen (1999) demonstrated that rates of cell proliferation in the 
dentate gyrus of adult wild-trapped female meadow voles fluctuate across season with 
higher rates during the non-breeding season relative to the breeding season. Because 
wild-trapped voles differ in their experience and age, we investigated the effect of 
photoperiod and reproductive status on cell survival by housing lab-reared voles in 
either a short- or a long-photoperiod (SP or LP) and by pairing them with either a 
male or a female cage partner. Female meadow voles are reflex ovulators and, 
therefore, are either in a low estrogen or in a high estrogen phase, depending upon 
whether they are housed with a male or female partner. Thus, 48 hours after the 
female voles were paired either with a male or female they were injected with 3H- 
thymidine, a marker of cell synthesis. To determine survivability, we compared the 
densities of labelled cells in the dentate gyri of LP females paired with males or 
females, LP males, SP females paired with females, and SP males by sacrificing the 
animals five weeks after 3H-thymidine injections. Cell densities were elevated in the 
granule cell layer of both LP females and SP females paired with females compared 
to both LP females paired with males (p=0.006 and p=0.041, respectively) and SP 
males (p=0.012 and p=0.062, respectively). Survivability in female meadow voles 
was related to reproductive status with the female-paired LP females (non- 
reproductively active) having the higher rates of cell survivability than the male- 
paired LP females (reproductively active). We conclude that the survival of newly 
proliferated cells varies with reproductive status and probably estradiol levels in 
female adult meadow voles. Research funded by an Alzheimer’s Society of BC grant 
to L.A.M.G.

863.5

DISSOCIATION OF ESTRADIOL’S EFFECT ON LEARNING AND MEMORY: 
PERFORMANCE ENHANCEMENT ON HIPPOCAMPAL-INDEPENDENT AND 
PERFORMANCE INHIBITION ON A HIPPOCAMPAL-INDEPENDENT TASKS, 
Liisa A.M. Galea*, Tracey A, Paine, Magdalena A. Piaseczna and Brandi K.
Ormerod, Dept. of Psychology, Univ. British Columbia, Vancouver, BC V6T 1Z4. 

Past research has yielded equivocal results concerning estradiol’s effects on
learning and memory. Studies have found that estradiol inhibits spatial learning while 
other studies have found that estradiol enhances working memory. Rats with 
hippocampal lesions are impaired in their performance on a spatial version of the 
radial arm maze but are facilitated in their performance on a cued version of the radial 
arm maze (lights at the ends of baited arms). While evidence suggests that estradiol 
increases cell birth and synaptogenesis in the hippocampus, these effects may be 
temporarily inhibiting hippocampal function, thus negatively affecting learning in 
tasks that require the hippocampus. In the present study, we investigated estradiol’s 
effect on performance in a hippocampal sensitive task (working/reference memory 
spatial version) and a hippocampal insensitive task (cued version). Female rats were 
ovariectomized and injected with either estradiol benzoate (10 pg) or vehicle (sesame 
oil) daily for approximately 2 months. Rats were trained either on the spatial maze or 
the cued maze (n=7 per group). Estradiol treatment impaired learning of the spatial 
version of the radial arm maze (p=0.003), causing more reference memory errors. 
However, estradiol treatment improved learning in the cued version of the radial arm 
maze (p=0.04). These results show that estradiol can either facilitate or impair 
performance depending on the type of learning. Estradiol may work by inhibiting the 
effects of the hippocampus and thus impair hippocampal dependent tasks and 
facilitate performance in tasks that are hindered by an intact hippocampus. Research 
funded by grants from Alzheimer’s Society of BC and NSERC.

863.6
EFFECTS OF THE ESTROUS CYCLE ON MEMORY AND CHOLINERGIC 
ACTIVITY IN MICE. K.M. Frick* and J. Berger-Sweeney. Department of 
Biological Sciences, Wellesley College, Wellesley, MA. USA.
Cyclic fluctuations of estrogen (E) and progesterone (P) during the rodent 

estrous cycle affect the structure and function of the hippocampus, a brain region 
involved in memory. During proestrus (high E and P), the density of 
hippocampal dendritic spines is increased and long-term potentiation is enhanced 
relative to estrus (low E and P). It has therefore been hypothesized that memory 
should be enhanced during proestrus. To date, no studies have tested this 
hypothesis in mice. We examined the effect of the estrous cycle on memory, 
anxiety, motor activity, and cholinergic activity in young C57BL/6J mice.
Males and ovariectomized (OVX) females were compared to naturally cycling 
females tested in one of three stages: proestrus, estrus, or metestrus (monitored 
by vaginal lavage). Spatial memory was measured using a one-day water maze 
task. Spatial retention was measured 30 min. and 24 hrs. after spatial testing. 
Nonspatial memory was tested in a cued water maze task, also 24 hrs. after 
spatial testing. On separate days, anxiety was tested in an elevated plus maze, 
and motor activity was examined in an open activity chamber. Choline 
acetyltransferase (ChAT) activity in the cortex and hippocampus was also 
measured. Only 30-min. spatial retention was affected by the estrous cycle; 
proestrus mice spent more time in the correct quadrant than estrus mice.
Removal of E and P for two months via OVX did not affect memory, anxiety, or 
motor activity. However, the swim speeds and body weights of OVX females 
were more like those of males (i.e., slower and heavier). Hippocampal and 
cortical ChAT activities were not affected by either OVX or estrous cycle stage. 
These findings suggest a subtle effect of ovarian hormone fluctuations on spatial 
memory in young mice. Supported by the Whitehall Foundation and NSF 
IBN9458101.
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863.7

DIRECT APPLICATION OF ESTRADIOL TO THE. 
HIPPOCAMPUS PREVENTS AMNESIC EFFECTS OF 
SCOPOLAMINE IN THE RADIAL ARM MAZE. A.J. Fader*. J.N. 
Trapani, J.P. Marker, and G.P. Dohanich. Department of 
Psychology, Tulane University, New Orleans. LA 70118.

Previous research from our laboratory demonstrated that systemic 
estrogen treatments enhanced performance during acquisition of a 
working memory task in the 8-arm radial maze, and prevented 
impairments on a T maze working memory task induced by deli\ er\ of 
scopolamine directly to the hippocampus. In the current stud\. 
ovariectomized rats received bilateral implants containing dilute 
estradiol (estradiokcholesterol 1:1, 1:125, or 1:250) or cholesterol into 
the CA1 region of the dorsal hippocampus or overlying cerebral cortex. 
Estradiol did not affect performance on the 8-arm baited radial-maze 
task during 20 days of acquisition, or on trials with 2-hour delays 
interposed between the 4th and 5th arm choices. Scopolamine (0.2 
mg/kg ip) administered 15 min prior to testing impaired performance of 
animals with cholesterol or estradiol implants in the cortex, or those 
with cholesterol implants in the hippocampus. In contrast, the 
impairments by scopolamine were prevented by estradiol implants in 
the hippocampus. Estradiol implants did not affect body weight or 
induce sexual receptivity when combined with progesterone injections 
(500 |ig im), indicating that active amounts of estradiol did not diffuse 
as far as the hypothalamus. IBN-9728901

863.8
THE CONTRIBTUION OF ADRENAL HORMONES TO THE 
STRESS-INDUCED IMPAIRMENT OF CLASSICAL CONDITION-
ING IN THE FEMALE RAT. G.E. Wood,*’A.V. Beylin,1 and T.J. Shors2. 
’Prog. Neurosci., Dept. Psychology, Princeton Univ., Princeton, NJ 08544. 
2Dept. Psychology, Ctr. Neurosci., Rutgers Univ., Piscataway, NJ 08903.

Previous studies have reported that brief exposure to tailshocks 
enhances classical conditioning in males, but impairs it in female rats 
(Wood & Shors, 1998; Shors et al., 1998). Further, sexually dimorphic 
serum corticosterone (CORT) levels correlate with trace-conditioning 
performance in males, but not in females (Wood et al., 1999). The 
stress-induced impairment of females is dependent on the presence of 
ovarian hormones, the availability of estrogen receptors, and is 
induced preferentially in proestrus females (Wood & Shors, 1998; 
Shors et al., 1998. In males, the stress-induced facilitation of trace 
conditioning is eliminated by bilateral adrenalectomy (ADX) (Beylin 
& Shors, 1999). In contrast, these data indicate the stress-induced 
impairment of females in proestrus is not prevented by ADX. The 
enhanced acquisition reported in unstressed proestrus females, relative 
to that of unstressed males or females in other stages of the estrous 
cycle, was prevented by ADX. These results suggest that similar to 
males, adrenal hormones may mediate the enhanced acquisition of 
proestrus females. However, the opposing effects of stress on learning 
in males versus proestrus females are not both eliminated by ADX.

[Supported by NIMH (R01 MH 59970-01) & NSF (IBN9511027) to TJS]

863.9

ONSET, DURATION, AND REACTIVATION OF THE STRESS- 
INDUCED IMPAIRMENT OF HIPPOCAMPAL-DEPENDENT 
TRACE CONDITIONING IN FEMALES. T.J. Shors,*’G.E. Wood,2 
and A.V. Beylin2. ’Dept. Psychology, Ctr Neurosci., Rutgers Univ., 
Piscataway, NJ 08903.2Prog. Neurosci., Dept. Psychology, Princeton 
Univ, Princeton, NJ 08544

Acute stress exposure facilitates hippocampal and non-hippocampal 
eyeblink conditioning in males, but impairs acquisition in female rats. The 
stress-induced impairment in females is dependent on the presence of 
ovarian hormones, estrogen receptor availability, and stages of the estrous 
cycle (Shors et al., 1998; Wood & Shors, 1998; Wood et al., 1999). Here 
we tested the onset and duration of the learning impairment in females 
stressed and then trained immediately, 24-h, 48-h, or 96-h after stressor 
exposure. Proestrus, estrus, and diestrus females were exposed to a stressor 
of restraint and 90 intermittent tailshocks (1 s, 1 mA, 1 per min), and later 
trained at one of these time points after stress. The effect of stress was 
evident immediately after exposure and up to 96-h later, especially in rats 
trained in proestrus. In addition, the conditioning impairment was 
reactivated when females were trained 96-h after stress in the same context. 
These results suggest the effects of stress on learning in females are 
induced quickly, persist for several days, preferentially impair proestrus 
females, and can be reactivated by exposure to context cues associated with 
stress.
[Supported by NIMH (R01 MH 59970-01) & NSF (IBN9511027) to TJS]

863.10
CHRONIC STRESS IMPAIRS CONTEXT BUT NOT CUED FEAR
CONDITIONING, PROVIDED CORTICOSTEROID SYNTHESIS IS BLOCKED 
DURING TRAINING. M, L. Mauldin*, R, J. Hobbs and C.D. Conrad. Arizona State 
University, Department of Psychology, Tempe, Arizona 85287-1104.

Chronic restraint stress facilitates fear conditioning in rats with hippocampal 
neuronal atrophy and in rats whereby the atrophy is prevented with tianeptine 
pre-treatment. The purpose of this study was to determine whether the lack of a 
dissociation between fear conditioning and hippocampal integrity was masked by the 
presence of endogenous corticosteroids during fear conditioning training. Rats were 
stressed by wire mesh restraints (6 hr/1-21 d). Controls were undisturbed. Rats were 
trained in the conditioning chamber (d 23) and conditioned fear was assessed (d 25), 
when hippocampal dendritic atrophy would still persist in chronically stressed rats.
Two hrs prior to training (d 23), half the control and stressed rats were injected with 
metyrapone (200mg/kg) to block corticosteroid synthesis. Training consisted of 
presenting rats with two tone-shock pairings (tone 75 db, 20 sec; shock 0.25 mA, 0.5 
sec; ITI 110 sec). To determine fear conditioning to context, rats were returned to the 
conditioning chamber (d 25) for 5 minutes and freezing was measured (no tone or 
shock were presented). Fear conditioning to tone was determined by placing rats in a 
novel chamber and measuring freezing during 3 tone presentations (60 sec total). The 
results showed that metyrapone eliminated freezing to context in stressed rats and 
reduced (but did not eliminate) freezing to context in controls. There was no effect of 
stress on freezing to tone. These data support the hypothesis that fear conditioning 
exhibited by chronically stressed rats may have been attributed to endogenous 
corticosteroid secretion at the time of fear conditioned training. Moreover, these data 
suggest that chronic restraint stress can impair hippocampal-dependent processes (such 
as context conditioning). A second study investigated fear conditioning in control and 
chronically stressed rats with tone and shock unpaired. This work was supported by the 
College of Liberal Arts and Sciences at Arizona State University.

863.11

RAPID EFFECTS OF CORTICOSTERONE ON CACHE RECOVERY 
IN MOUNTAIN CHICKADEES (Parus gambeli). NS Clayton1*. CJ 
Saldanha2 & BA Schlinger2. Section NPB, UCDavis, Davis, CA 95616 
& 2Dept Physiol Sci & LNE, BRI, UCLA, Los Angeles, CA 90095.
The role of corticosterone (cort) in chronic maintenance of neural 
structure and function has been well studied, but its acute involvement is 
less clear. Birds are excellent models for studying the rapid effects of 
cort on behavior: when the environment changes they undergo surges in 
plasma cort and increases in cort can result in hyperactivity. Sudden 
environmental changes such as those that occur each autumn are also 
associated with increased food-storing behavior in some species e.g. 
mountain chickadees. We therefore hypothesized and tested if cort 
increased the rate of caching and cache-recovery in chickadees, via 
influences on appetite, activity and/or memory for caches. We also tested 
the effect of cort on memory for caches. Birds were given cort or vehicle 
5 min. prior to a 15 min. caching or cache-recovery trial. Cort had no 
effect on the rate of caching or the number of seeds eaten during caching. 
Although mean values of activity appeared higher in cort-treated birds, 
the difference was not significant. These results suggest that cort did not 
affected caching, appetite or activity. Accuracy of cache-recovery was 
significantly increased in birds given cort prior to recovery compared to 
controls and birds given cort prior to caching. We conclude that rapid 
surges in cort following environmental change may alter memory-based 
cache recovery. Supported by NIH, Whitehall Foundation, NSF IBN 
9120776 & JD French Alzheimer’s Foundation.

863.12

THE EFFECTS OF OVARIAN HORMONES ON PERFORMANCE IN A 
Y-MAZE: MEDIATION OF LEARNING BY ANXIOLYTIC 
PROPERTIES OF PROGESTERONE. B. H. Miller3 and G. A. Goodwin”*. 
“Mount Sinai School of Medicine, New York, NY, 10029; bDepartment of 
Psychology, Skidmore College, Saratoga Springs, NY, 12866.

Progesterone and estrogen have been shown to affect non-reproductive 
behaviors in female rats. Specifically, high estrogen levels increase 
synaptogenesis in the CA1 field of the hippocampus but progesterone 
antagonizes these effects. However, the predicted enhancement of learning 
abilities during proestrus is not always seen; in fact, some investigators 
have found no effect of estrogen on learning performance, while others 
have found evidence of impaired learning. One possible explanation for 
these equivocal findings may be that progesterone, which has been found 
to potentiate Cl' influx at the GABAa  receptor, has anxiolytic effects. This 
reduced anxiety may account for improvements in learning. We have found 
that in a cue-based learning task, the best performance occurred in the 
group of rats with the highest levels of progesterone. This group also spent 
the most time in the center squares of an open field, indicating reduced 
anxiety. Finally, benzodiazepine treatment increased learning in the Y- 
maze in all hormonal conditions, demonstrating that performance in this 
task is positively influenced by decreased anxiety. Our results show that 
the anxiolytic effects of progesterone may be just as influential as the 
morphological effects of estrogen, therefore explaining some of the 
equivocal findings regarding changes in learning across the estrous cycle.
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863.13
PEPTIDE CONTROL OF SOCIAL DISCRIMINATION BEHAVIORS IN 
INTACT AND CASTRATED RATS. J. F, Axelson*, J.C. Dooley, L.I. Freed, 
L. Alberta, E. Barlow, L. Bassani and M. Dowgert. Biological Psychology 
Concentration, Holy Cross College, Worcester, MA 01610.

AVP antagonist treatments eliminate social-olfactory memories in intact male 
rats while having no effect in either females or castrated males. In contrast, only 
females are sensitive to the memory blocking effects of oxytocin antagonists.
In the present study, we tested the effects of intracranial injections of AVP- and 
oxytocin antagonists on social discrimination memories in both intact and 
castrated male rats using the partner-preference apparatus. One week prior to 
testing, sixteen adult sexually active male rats (Wistar) were implanted with 
indwelling guide cannulas allowing intraventricular injections. Half of these 
animals were castrated at this time. The following week animals were tested for 
social discrimination behaviors on three separate days. This first week of 
baseline tests was followed by three additional days of testing during which time 
subjects were treated with a 2 vl intraventricular injection of 100 ng AVP- 
antagonist [Deamino-Pen1,0-Me-Tyr^Arg8], or 100 ng Oxytocin antagonist 
[Des-Glycinamide9, d(CH2)51,O-Me-Tyr2,Thr4,Orn8]-Vasotocin or vehicle control. 
Order of treatment was counterbalanced. Analysis of video taped behavioral tests 
provided ratios of discrimination between novel and familiar juveniles as 
described by Engelmann (1998.) We will report data supporting the hypothesis 
that castrates temporarily lose the ability to recognize familiar animals and the 
ability to regain social discrimination memory is dependent upon oxytocin 
circuits. We will also present data for social discrimination memories obtained 
from animals tested in both their home cage and the partner preference apparatus 
which suggest the partner preference apparatus is a preferable location for testing 
social olfactory memories. Supported by NSF-RUI grant # IBN-9511359.

863.14

INTERACTIONS BETWEEN AROMATASE AND NMDA-RECEPTOR 
(TYPE 1)-EXPRESSION IN THE SONGBIRD TELENCEPHALON. CJ 
Saldanha*1’2. TL Horvath3. & BA Schlinger1,2. ’Physiological Science, 2LNE, 
BRI, UCLA, Los Angeles, CA 90095, and 3Dept. of Obstetrics and 
Gynecology, Yale University School of Medicine, New Haven, CT. 06510.

NMDA-receptor-type 1 (NMDARl)-expression is increased by estrogen (E) 
in the rodent hippocampus (HP), possibly underlying some protective effects 
of E on HP structure and function. In songbirds, the enzyme aromatase, 
responsible for E synthesis, is expressed in the HP at high levels, suggesting E 
involvement in HP function. We have used antibodies against NMDAR1 and 
aromatase to study the interaction between these proteins in the songbird 
forebrain. Using the zebra finch (Taenopygia guttata} we first documented the 
distributions of NMDAR1 and aromatase, and identified areas of overlap.
Both NMDAR1 and aromatase are expressed in cell-bodies in the HP, 
caudomedial neostriatum (NCM), and nucleus taeniae (NT). Within the HP, 
NMDAR1 and aromatase-expression are most heavily concentrated in a 
distinct laminar structure whose cells extend medially from the ventral to 
dorsal parenchyma. Double-label immunofluorescence revealed that a 
significant number of these cells co-express aromatase and NMDAR1. The 
degree of co-expression is markedly lower in NCM and NT, and no co-
expression was detected in the hypothalamus. In separate experiments on 
female zebra finches we found that E stimulated an increase in somal size of 
NMDAR1-expressing neurons in the laminar structure described above. These 
data suggest, that aromatization and E provision may modulate excitatory 
neurotransmission in the songbird HP. Supported by the JD French 
Alzheimer’s Foundation (CJS) and NIH AG 16145 (BAS).

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS—HIPPOCAMPUS, AGING 
AND SPATIAL LEARNING

864.1
ODOR DISCRIMINATION AND SPATIAL MOTOR LEARNING IN AGED 
RATS. D.T. Radecki. L.M. Brown-Crovts*. Dept. Of Pharmacology, Northeastern 
Ohio Universities College of Medicine, Rootstown, Ohio 44272.

The hippocampus has a well-established role in spatial learning and memory 
(Jarrard et al,1993). Aged rats have been shown to perform poorly on spatial 
memory tasks such as the Morris water maze (Gage et al,1984). In contrast, there is 
a paucity of literature on putative non-hippocampal dependent learning tasks such as 
odor discrimination. The purpose of these experiments was to compare hippocampal 
mediated forms of learning with non-hippocampal dependent learning models in 
rats.

Groups (n= 4-7) of young (3-6 mos.), middle aged (12-18 mos.) and aged (greater 
than 23 mos.) rats were examined in the Morris water maze task for spatial motor 
learning and then examined for odor discrimination. In the odor discrimination task, 
food deprived animals were trained to discriminate between odors to obtain food. 
Aged rats displayed only mild decrements in performance and the performance of all 
age groups improved with days trained. In contrast, on water maze testing both aged 
and middle aged groups had significant deficits in performance on day 5, as well as a 
tendency towards poorer performance on days 3 and 4. Young and middle aged rats 
improved in performance with increasing days of training while aged rats did not.
All age groups performed equally well in locating a visible platform in the cued 
portion of the water maze, suggesting a lack of deficits in motor functioning.

Our results indicate sparing of odor discrimination in aged rats and relatively 
severe impairments in spatial motor learning in middle aged and aged animals.
These differences may relate to the relative importance of the hippocampus in these 
two types of learning paradigms. Since both humans and rats exhibit age related 
alterations in hippocampal function these studies may help provide a model for 
senescence and age associated memory deficits in humans. Supported by 
NEOUCOM Research Challenge Grant #3714-6-3770.

864.2
ALTERATIONS IN HIPPOCAMPAL SYNAPTOPHYSIN IMMUNOREACTIVITY 
PREDICT SPATIAL LEARNING IMPAIRMENT IN THE AGED RAT.
T.D. Smith*. M.M. Adams. J.H. Morrison, M. Gallagher1, and P.R. Rapp.

Neurobiology of Aging Laboratories, Mt Sinai School of Medicine, NY, NY 10029; 
‘Department of Psychology, Johns Hopkins University, Baltimore, MD 21218-2686

Current evidence suggests that alterations in connectivity, rather than cell death, 
may be important in accounting for age-related deficits in learning supported by the 
hippocampus (HC). The aim of this study was to test the prediction that cognitive 
decline in aging is coupled to a circuit-specific pattern of altered synaptic connectivity 
within the HC. The intensity of a fluorescent-labeled antibody to synaptophysin 
(SYN), a presynaptic vesicle glycoprotein, was measured within the principal relays of 
HC circuitry using confocal laser scanning microscopy in young (6 mo; n=10) and 
aged (24-28 mo; n=17) Long Evans rats previously tested on the hippocampal- 
dependent place version of the Morris water maze. SYN-like immunoreactivity (IR) 
was quantitated in the inner, middle (MML), and outer (OML) portions of the dentate 
gyrus molecular layer, stratum radiatum of CA1, and stratum lucidum as well as 
stratum lacunosum-moleculare (LM) of CA3. No significant overall age differences 
for SYN-IR intensity were observed in any HC subfield (ANOVAs, P>0.05). 
However, a significant difference was revealed for CA3 LM when aged animals were 
classified as impaired or unimpaired based upon their spatial learning ability 
(F224=6.30, p<0.01). Impaired aged rats had significantly lower SYN-IR intensity 
(28% less) than either unimpaired aged (p=0.006) or young rats (p=0.005). SYN-IR 
in the latter two groups was statistically indistinguishable (p=0.92). Individual 
variability in the degree of spatial impairment among the aged rats also selectively 
correlated with the intensity of SYN-IR in the terminal zones of the entorhinal cortex 
input to HC; OML (r=-0.56; p=0.02), MML (r=-0.57; p=0.02), and CA3 LM 
(r=-0.63; p=0.005). These results suggest that circuit-specific synaptic alterations 
may contribute to the effects of aging on hippocampal learning and memory.
Supported by NIH AG09973

864.3

NMDAR1 IMMUNOFLUORESCENCE INTENSITY IN CA3 OF 
HIPPOCAMPUS PREDICTS SPATIAL LEARNING IN YOUNG AND 
AGED RATS. M.M, Adams*1. T.D. Smith1. P.R. Rapp1. M, Gallagher2, and 
J.H, Morrison1. 1 Neurobiology of Aging Laboratories, Mount Sinai School of 
Medicine, New York, NY 10029; department of Psychology, Johns Hopkins 
University, Baltimore, MD 21218-2686.

Current evidence indicates that age-related decline in spatial learning can 
occur in the absence of neuronal death in the hippocampus. The present study 
investigated the possibility that circuit-specific alterations in the NMDA-type 
glutamate receptor, known to be critical for synaptic plasticity, contribute to 
hippocampal learning impairment in the aged rat. Young (6 mo.) and aged (24- 
28 mo.) male Long Evans rats were behaviorally characterized on the Morris 
water maze task. The aged animals were classified as either age-impaired or 
age-unimpaired based on spatial learning ability in the hippocampal-dependent 
“place” version of the task. Following behavioral testing, the intradendritic 
levels and areal distribution of the NR1 subunit of the NMDA receptor, as 
reflected by fluorescence intensity and area measurements, were quantified 
using confocal laser scanning microscopy in the principal relays of 
hippocampal circuitry: inner, middle, and outer portions of the molecular layer 
of the dentate gyrus, stratum lucidum (SL), stratum radiatum (SR), and stratum 
lacunosum-moleculare (LM) of CA3, and SR of CAL ANOVA revealed no 
effect of age or cognitive status on NR1 intensity or area in any region 
examined. Independent of age, however, significant correlations were observed 
between spatial learning scores and NR1 fluorescence intensity in SL (r = -0.41; 
p<0.05), SR (r = -0.51; p<0.01), and LM (r = -0.53; p<0.01) of CA3. 
Significant correlations were also observed between spatial learning scores and 
NR1 fluorescence area measurements in the same regions of CA3. Extending 
other evidence pointing to the functional significance of this circuitry, these 
findings suggest that NMDA receptor levels in CA3 are coupled to 
hippocampal learning ability in the rat, independent of age. [Supported by NIH 
AG09973 (MG/PRR); NIH AG06647 (JHM)]

864.4

OXIDATIVE MODIFICATION OF PROTEINS IN THE HIPPOCAMPUS OF 
AGED, LEARNING IMPAIRED RATS. M.M.Nicolle1*, J. Gonzales1, M. 
Gallagher2, and M.McKinney1. ’Department of Pharmacology, Mayo Clinic, 
Jacksonville, FL 32224, department of Psychology, Johns Hopkins University, 
Baltimore, MD.

We investigated the level of oxidative damage in protein extracted from 
the hippocampus and the striatum of young (N = 8) and aged (N = 16) Long 
Evans rats that had previously been characterized for spatial learning ability in 
the Morris water maze. Two markers of oxidative damage were assayed using 
quantitative Western blotting: protein carbonyl content or nitrotyrosine 
immunoreactivity. These markers reflect different types of oxidative damage. 
Carbonyl content is a marker of general oxidative damage and nitrotyrosines are 
formed specifically from a nitric oxide mediated process (thought to involve 
peroxy nitrite). In hippocampus, eight major bands were strongly immunolabeled 
for carbonyl groups and 13 major bands were immunolabeled with anti-
nitrotyrosine. Results indicate that aged impaired rats show increases in 
hippocampal carbonyl content relative to young rats. In contrast, nitrotyrosine 
immunoreactivity was not increased in the aged impaired rats. These data 
suggest that oxidative damage resulting in increased protein carbonyl content is 
associated with an age-related decline in cognitive impairment and that aging 
does not result in changes in apparent nitric oxide-mediated protein 
modification. These results will be discussed with reference to the same 
neurobiological analyses in the striatum from the same rats.
This work was supported by NLA Fellowship AG05804 to M.N., Research 
Scientist Award to KO5-MH01149 to M.G., and NIA Grant AG09973 to M.M..
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864.5
GLUCOCORTICOID RECEPTOR mRNA EXPRESSION IS REDUCED 
IN RAT HIPPOCAMPUS FOLLOWING SELECTIVE CHOLINERGIC 
DEAFFERENTATION J.L, Bizon*, J.-S. Han and M. Gallagher. Dept. of 
Psychology, Johns Hopkins University, Baltimore, MD 21218

Activation of intracellular glucocorticoid receptors (GRs) may play a 
permissive role in mechanisms that lead to hippocampal dysfunction in 
normal and pathological aging. The current study investigated the 
possibility that loss of cholinergic input from cells in the basal forebrain, a 
prominent feature of aging, alters glucocorticoid receptor expression in the 
hippocampus. Cholinergic innervation to hippocampus was selectively 
removed by microinjections of the immunotoxin 192-IgG-saporin into the 
medial septal area and the vertical limb of the diagonal band. Lesioned and 
vehicle-infused rats (n=6 per group) were killed and perfused three weeks 
after surgery. Immunohistochemical localization of choline 
acetlytransferase and parvalbumin indicated that these lesion methods 
selectively destroyed cholinergic but not codistributed parvalbumin-positive 
basal forebrain neurons. Levels of hippocampal GR and mineralocorticoid 
(MR) mRNA were assessed by processing adjacent tissue sections through 
hippocampus for quantitative in situ hybridization. The GR mRNA 
expression was significantly reduced throughout hippocampal subfields (16- 
21%) in lesioned rats compared to vehicle-infused rats (p<0.01; repeated 
measures ANOVA). In adjacent sections, hippocampal MR mRNA 
expression was unaltered by the cholinergic lesion (p=0.45, repeated 
measures ANOVA ). Plasma corticosterone levels measured in the morning 
and evening 48 hours prior to perfusion were not different between the two 
groups Q?=0.68, AM; p=Q. 11, PM; unpaired t-test). These results suggest a 
mechanism whereby age-related loss of basal forebrain cholinergic neurons 
could contribute to altered glucocorticoid signaling and the dysregulation of 
the hypothalamic-pituitary-adrenal axis in aging. Supported by NIA grant 
AG09973 and K05-MH01149 to M.G.

864.6
HIPPOCAMPAL GLUCOCORTICOID RECEPTOR mRNA IN BEHAVIORALLY 
CHARACTERIZED YOUNG AND AGED RATS. I.-S. Han*. T.L. Bizon. H.T. Chun. 
CJL.MauS-.and M, Gallagher, Dept. Psychology, Johns Hopkins University, 
Baltimore, MD 21218.
According to the glucocorticoid cascade hypothesis, a reduction in 
hippocampal glucocorticoid receptors (GR) due to neurodegeneration would 
lead to higher exposure to glucocorticoids, causing further degeneration. 
Recent evidence using quantitative stereology, however, has shown no loss 
of principal neurons in the hippocampus in aged rats with spatial memory 
impairment. The current investigation assessed GR mRNA in young rats and 
aged rats that were behaviorally characterized in hippocampal-dependent 
spatial learning. The abundance of GR mRNA in sections through 
hippocampus processed for quantitative in situ hybridization was 
significantly reduced in the CA1 stratum pyramidale and the dentate gyrus 
(stratum granulosum) in aged rats with spatial learning impairment, relative 
to young and unimpaired aged rats (ANOVA, p<.05). Among the aged rats 
GR mRNA was also significantly correlated with spatial learning impairment 
in both CA1 and CA3 regions, as well as the dentate gyrus (r values ranging 
from -.64 to -.71, pc.Ol). In a second set of young and aged subjects, a 
ribonuclease protection assay revealed that GR mRNA levels in the 
hippocampal formation were somewhat lower in impaired aged rats; the 
correlation between GR mRNA levels and spatial learning impairment 
among the aged subjects approached statistical significance (r=-.32, p<.08). 
Basal levels of corticosterone and ACTH did not differ significantly as a 
function of age or cognitive status. The results provide a basis for less 
efficient negative feedback on the hypothalamic-pituitary-adrenal axis and a 
possible contribution of this change to cognitive impairment in the absence 
of neuron loss. NIA AG09973 and K05-MH01149 to M. G.

864.7

LACK OF PROTECTION OF MONOAMINE OXIDASE B- 
DEFICIENT MICE FROM AGE-RELATED SPATIAL LEARNING 
DEFICITS IN THE MORRIS WATER MAZE. Scremin OU 12 *, DP 
Holschneider DP 3 4, Chen K 6, Shih JC 5 6 ‘Dept. of Physiology, UCLA School of 
Medicine, 2West Los Angeles, VA Medical Center, 3Dept. of Psychiatry and the 
Behavioral Sciences, 4Dept. of Neurology, 5Dept. of Cell and Neurobiology, USC 
School ofMedicine, 6Dept. of Molecular Pharmacology and Toxicology, USC School 
of Pharmacy, Los Angeles, CA, USA

Monoamine oxidase B (MAOB) increases in brain in response to aging and 
neurodegeneration. Whether such increases represent a risk factor to further neuronal 
damage or simply represent epiphenomena remains unclear. L-deprenyl, an inhibitor of 
MAOB, has been shown to improve learning in aged rodents. However, recent data 
suggests this may occur through mechanisms independent of its enzymatic inhibition. 
This study investigates visualspatial learning of MAOB deficient mice and examines 
what effects absence of MAOB has on age-related cognitive decline. Learning was 
tested in the Morris Water Maze in male transgenic MAOB knockout mice (n=24), as 
well as wild type littermates (n=24), ages 2, 7, and 17 months. Animals underwent 7 
days of learning of four 60 second trials per day with the submerged platform in the 
“North” position. A single probe trial followed on day 8, followed by continuation of 
the original learning paradigm on days 9 and 10. Subsequently, the platform position 
was changed to the diagonally opposite quadrant and learning continued on days 11-13, 
followed by a cue phase in which the platform was made visible. Total distance 
traveled and latency to the platform was increased in 7- and 17-month old mice, most 
significantly at the beginning of the acquisition phase. This effect reappeared again in 
17-month old mice during the reversal phase. No genotypic differences in latency or 
distance were observed during any phase of the experiment. Our results show that 
presence or absence of MAOB does not provide protection from the age-dependent 
deficits in spatial learning. Supported by a Mentored Clinical Science Development 
Program Award #5-K 12-AG-00521, the US Dept. of Veterans Affairs, NIMH grants 
R01 MH 37020, R37 MH39O85 (MERIT Award), a Research Scientist Award K05 
MH 00796 and the Boyd and Elsie Welin Professorship.

864.8
CHOLINERGIC MARKERS IN THE BRAIN OF YOUNG AND AGED 
CS7BL/6J MICE TREATED WITH ESTROGEN.
M.M.Miller*1,2, E.Vaucher3, K.B.F.J.Franklin4, S.Kar3, S.Bakare1, S.Ma2and
R, Quirion3. 1. Dept. of Anatomy and Cell Biology, 2. Dept. of Obstetrics
and Gynecology, 3.Douglas Hospital Research Center, Dept. of Psychiatry, 
and 4. Dept. of Psychology, McGill University, H31 1A1, Montreal, Quebec, 
Canada.

In the C57BL/6J mouse a population of basal forebrain cells express both 
choline acetyltransferase (ChAT) and classical estrogen receptor (ER) 
immunoreactivity. Estrogen replacement (ERT) increased numbers of ChAT 
immunoreactive and ChAT/ER immunoreactive cells in old [24 mo] (O) or 
young [5mo] (Y) ovariectomized (OVX) 1 mo mice and improved working 
memory function (Miller et al., Neuroscience, 1999). In this study we have 
identified labeling of estrogen receptor beta by immunocytochemical 
methods in the diagonal band of Broca, septum, hippocampus and cortex. 
Using a 720 bp 32 P-labeled probe we observed moderate levels of an ~4.0 
kb ChAT mRNA in septum, hippocampus, caudate, midbrain, and cortex. 
Neuronal cholinergic integrity was investigated next using ChAT activity 
(radioenzymatic assay, Fonnum et al., Biochem J., 1969) and acetylcholine 
(ACh) levels (radioenzymatic assay, Goldberg and McCaman, J. 
Neurochem, 1973). Preliminary data did not reveal major differences in 
these young and old female mice treated or not with estrogen. More 
dynamic measures of cholinergic function (ACh release, receptor signalling) 
are planned to evaluate if cholinergic dysfunction may account for the 
cognitive changes observed in the C57BL/6J mouse. Supported by the 
Alzheimer Society of Canada (M.M.M., E.V.) and the Medical Research 
Council of Canada (S.K, R.Q.).

864.9

HIPPOCAMPAL GENE EXPRESSION ANALYSIS OF YOUNG AND AGED 
RATS IN COMPLEX MAZE LEARNING BY cDNA MICROARRAY

Yongquan Luo*, Edward L. Spangler, Sue Boyer, Donald K. Ingram, and Nan-
Ping Weng. Gerontology Research Center, NIA/NIH, Baltimore, MD 21224

Long-term memory formation is a complex neurological process that 
requires an involvement of hippocampal region of the brain and de novo 
RNA and protein synthesis, and that appears to be declined in efficiency 
with age. Currently, the mechanism(s) of learning and memory is 
unknown. We present here an extensive analysis of gene expression of rat 
(F-334) hippocampus in T-maze learning by cDNA microarray over 
15,000 unique cDNA clones, and demonstrate changes of gene expression 
in hippocampus during maze learning and aging. Both up- and down- 
regulated genes that were closely associated with learning process were 
identified. Some of them are up-regulated only in young and old rats with 
the low error rates, but not in rats with the high error rates. Furthermore, 
we also identified genes that are differentially expressed in aging 
hippocampus. Among these genes, 40 % are known genes encoding 
transcription factors, receptors, structure proteins, and enzymes, and 60 % 
are unknown ESTs. Our results suggest that cDNA microarray is a 
powerful method to analyze large scale gene expression in complex 
processes such as learning and memory formation. The functional 
significance of these genes in learning and memory and in aging is under 
investigation.

864.10

POSTERIOR CINGULATE CORTEX RATS ARE IMPAIRED IN 
SPATIAL MAPPING AND DEAD RECKONING, MEDIAL 
FRONTAL RATS ONLY SLIGHTLY IN SPATIAL MAPPING,
Hans Maaswinkel , Bryan Kolb, and Ian Q. Whishaw, Dept of 
Psychology and Neuroscience, Univ of Lethbridge, Lethbridge, 
Alberta, CA,T1K3M4
(SPON: International Behavioural and Neural Genetics Society)

Rats can navigate through space by using information derived
from spatial locations (spatial mapping) or derived from their own 
movements (dead reckoning). Our previous research has shown that 
the hippocampus is involved in dead reckoning, but to a less extent 
in spatial mapping (Whishaw and Jarrard, Hippocampus, 6 (1996) 
513-524; Maaswinkel, Jarrard, and Whishaw, Hippocampus, in 
press). In the current study we investigated whether aspiration 
lesions of the posterior cingulate cortex and of the medial frontal 
cortex had similar effects. The rats had to leave a refuge cage, search 
for a food pellet and carry it back to the refuge. Depending on the 
experimental conditions, the task could be solved by spatial 
mapping or exclusively by dead reckoning. Posterior cingulate rats 
were impaired in both navigational strategies. In contrast, medial 
frontal rats were less severely impaired in spatial mapping and no 
impairmant in dead reckoning could be found. Our findings suggest 
that the hippocampus, posterior cingulate cortex and medial frontal 
cortex might have a differential role in spatial navigation.

Supported by NSERC and MRC of Canada
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864,11
VISUALIZATION OF HIPPOCAMPAL CA1 NEURONAL ENSEMBLES 
ENCODING TWO DIFFERENT SPATIAL ENVIRONMENTS USING 
FLUORESCENT IN SITU HYBRIDIZATION TO THE IMMEDIATE-EARLY 
GENE ARC. J.F. Guzowski,1* B.L. McNaughton,2 C.A. Barnes2 and P.F. 
Worley3. Virion Systems, Inc., Rockville, MD 20850; 2ARL Division of 
Neural Systems, Memory & Aging, Univ. Arizona, Tucson, AZ 85724; 3Dept. 
of Neuroscience & Neurology, Johns Hopkins Univ., Baltimore, MD 21205.

Immediate-early gene (IEG) expression is induced in neurons by synaptic 
activity. We used a high sensitivity fluorescent in situ hybridization 
technique to visualize the rapid and transient appearance of putative 
transcription sites of the IEG Arc within the nucleus, followed by 
translocation of Arc mRNA to the cytoplasm. Because the time course of 
nuclear versus cytoplasmic RNA accumulation is distinct, the subcellular 
distribution of RNA can be used to infer the activity history of individual 
neurons at two different times. Using this approach, we assayed Arc RNA 
expression in CA1 pyramidal neurons following sequential exposure of rats to 
two identical, or different, spatial contexts to determine if Arc gene 
expression is specifically driven by neuronal information processing. A 
discrete population of neurons showed Arc signal following a given spatial 
experience, and the same neurons were reactivated upon a second visit to the 
same environment. In contrast, when the second environment was different 
from the first, partially overlapping populations were visualized. These 
findings exactly meet predictions made from electrophysiological recordings 
of hippocampal "place cells", thus indicating that Arc induction in CA1 
neurons is linked to information processing. This approach provides a novel 
paradigm for imaging the history of neuronal population activity during 
discrete behavioral events, at cellular resolution. Supported by AG09219, 
MH01227, MH01565 and MH01153.

864.12

IDENTIFICATION OF DIFFERENTIALLY REGULATED GENES IN 
HIPPOCAMPUS OF AGED, MEMORY-IMPAIRED RATS. T. Lanahan,1 
P.F. Worley,1 F.P.Houston,2 G.P. Stevenson,2 C.A. Barnes2*. 1 Dept. of 
Neurosci. and Neurology, Johns Hopkins University, Baltimore, MD; 2ARL 
Division of Neural Systems, Memory & Aging, Univ. of Arizona, Tucson, AZ.

Normal human aging is associated with selective changes in cognition that 
are attributable, in part, to dysfunction of hippocampal pathways. Rodents 
also exhibit age-dependent spatial memory deficits and a correlated reduction 
in the maintenance of long-term potentiation (LTP). Although some stimulus 
protocols result in normal LTP induction in aged rats, the ability to sustain 
this increase in synaptic efficacy is reduced. This maintenance phase of LTP is 
known to be dependent on rapid, transcriptional events, and recent studies 
have identified signal transduction mechanisms that link glutamate-induced 
responses at the synapse with transcriptional responses at the nucleus. 
Previously we examined the integrity of these signaling pathways by 
monitoring the induction of known immediate early genes (IEGs) in awake, 
behaving young adult and aged, memory-impaired rats following LTP- 
inducing stimuli. Results indicate a general preservation of these signaling 
pathways during the aging process; however, induced levels of c-fos mRNA 
were significantly higher in aged animals (Lanahan et al., 1997). To further 
investigate this question we are using PCR based differential screening 
approaches. Using suppression subtractive hybridization, we now have 
identified several additional genes that are expressed at higher levels in aged 
rats following LTP. These altered transcriptional responses presumably 
reflect a selective change in the dynamic activity of upstream signaling 
pathways in the old brain. Further analysis of these changes may provide 
insights into the cellular and molecular mechanisms underlying age- 
dependent hippocampal dysfunction. Support: AG09219,MH01227,MH01153.

864.13

AGE-RELATED IMPAIRMENT IN HIPPOCAMPAL LTP INDUCED WITH 
INTRACELLULAR CURRENT PULSES IN FASCIA DENTATA. G. Rao*,
F.P. Houston, C.A. Barnes and B.L. McNaughton. ARL Division of Neural 
Systems, Memory and Aging, University of Arizona, Tucson, AZ 85724.

The current threshold and maximal amplitude of hippocampal CA1 LTP 
induced by weak orthodromic stimulation paired with depolarizing current 
do not change across the lifespan of the F344 rat (Barnes et al., 1996). Although 
the Schaffer collateral evoked CA1 EPSP declines with age, the ratio of the 
NMDAr - to AMPAr - components is maintained throughout the lifespan. In 
FD, however, the NMDAR EPSP decreases relative to the presynaptic fiber 
potential, despite a concomitant increase with age in the AMPAR component 
(Rao et al., 1994), leading to the prediction that the current threshold and 
maximal amplitude of LTP induction in FD might change in old rats. 
Intracellular recordings were obtained from granule cells in FD in 
hippocampal slices prepared from 12 30-day-old, 12 9-mo-old and 13 26-mo- 
old F344 rats. The old rats of this population exhibited the well documented 
spatial memory impairment in the Morris task. There were no age-related 
changes in resting potential or input resistance. Weak perforant path 
stimulation was paired with an ascending series of intracellularly delivered 
depolarizing current pulses (0 to 4 nA in .2 nA steps) in the presence of 
picrotoxin. LTP was significantly reduced in the old compared with the 
younger two age groups (mean % increase in EPSP slope: pup, 29.0 ± 1; adult,
27.6 ± 2; old, 22.8 ± 1; p< .007) and the current threshold was significantly 
increased. This age-correlated decline in FD plasticity with age may result 
from a progressive commitment of perforant path synapses to particular 
weights over the lifespan. Supported by AG03376, MH01227 and MH01565.

864.14

HIPPOCAMPAL SYNAPTIC PLASTICITY IS MODULATED BY THE 
THETA RHYTHM IN THE FASCIA DENTATA OF FREELY BEHAVING 
RATS. G. Orr*, G. Rao, G.P. Stevenson, C.A. Barnes and B.L. McNaughton. 
ARL Division of Neural Systems, Memory and Aging, University of Arizona, 
Tucson, AZ 85724.

A modulatory role for the theta rhythm in synaptic plasticity is suggested 
by the observations that theta occurs during exploratory behaviors, spatial 
learning is impaired when the theta rhythm is disrupted, and the peak 
excitation of hippocampal principal cells is phase-locked to theta. In 
urethane-anesthetized animals, LTP is induced preferentially at the peak of 
theta, and depotentiation is induced at theta troughs in CA1 (e.g., Holscher et 
al., 1997) and in FD (Pavlides et al., 1988), as well as in CA1 in vitro (Huerta et 
al., 1995). Here we examined the relationship between the magnitude of LTP 
induction and the phase of theta at which the LTP-inducing stimuli were 
delivered when rats were locomoting freely. 13 adults and 9 aged F344 male 
rats were chronically implanted with a stimulating electrode in the perforant 
path and a recording electrode in the hilus of FD. Stimuli were delivered at 
the peak or at the trough of the local theta rhythm, while the rats ran 
continuously along a linear track for food reward. The precise timing for 
delivering stimuli was orchestrated by Neurolog and-gate and delay modules, 
and evoked response sizes were matched between age groups. 2-4 bursts at 
consecutive theta waves (4 pulses at 400Hz) were generated for peri-threshold 
LTP induction. In both adult and aged rats, LTP lasting at least 48 hours was 
induced when the stimuli were delivered at the theta peak, whereas LTP was 
not induced when the stimuli were delivered at the troughs of the local theta 
rhythm. These data confirm that LTP can be modulated by locomotion- 
induced theta and that this modulation is at least qualitatively preserved 
across age. Supported by AG03376, MH01227 and MH01565.

864.15
DYNAMICS OF HIPPOCAMPAL MAP REALIGNMENT. A.P. Redish*,
E.S, Rosenzweig, T.D. Bohanick, B.L, McNaughton and C.A. Barnes. ARL Div. 
of Neural Systems, Memory and Aging, Univ. of Arizona, Tucson, AZ 85724.

The population activity of hippocampal pyramidal cells correlates with a 
rat's position in space. The ensemble activity dynamically realigns with 
respect to shifted external landmarks (Gothard et al., 1996).

Rats were trained to exit a start box, move along a linear track, and pause 
for medial forebrain bundle reinforcement at a fixed point in space. The 
origin of the journey was changed between trials by shifting the box and track 
(as a unit) along the direction of travel. In this task, the stimulation point is 
constant with respect to a room-based coordinate system, not a box-track 
coordinate system, but at the beginning of each trial, the only position 
information available to the rat is in box-track coordinates.

In an effort to explore the dynamics of map realignment, we have 
developed a measure (coherency) of the accuracy of the hippocampal 
representation within a coordinate system at a moment in time. Defining the 
scatter field of a cell as the set of all locations of the rat when that cell fired a 
spike, coherency is computed by taking the weighted sum of the scatter fields 
of all cells, measuring the normalized mean deviation of this sum from the 
actual position of the animal, and subtracting from 1. A near-zero coherency 
indicates no representation of position, while a high coherency indicates an 
accurate representation of position. At the beginning of each outbound 
journey, coherency was low with respect to the room and high with respect to 
the box-track. During the course of each outbound journey, room coherency 
increased sigmoidally, while box-track coherency decreased. Transitions 
occur more consistently with respect to time after the animal leaves the box, 
than with respect to positions in room or box-track coordinates. Supported by 
AG05805, AG12609, MH01227, NS20331 and MH01565.

864.16

BEHAVIORAL CORRELATES OF HIPPOCAMPAL MAP 
RE ALI G NMENT. E.S. Rosenzweig*, A.P, Redish, T.D. Bohanick, B.L. 
McNaughton and C.A. Barnes. ARL Division of Neural Systems, Memory and 
Aging, University of Arizona, Tucson AZ 85724.

Hippocampal pyramidal cell activity is correlated with a rat's location in 
space. The ensemble activity dynamically realigns with respect to shifted 
external landmarks (Gothard et al., 1996, Redish et al., this meeting). Can this 
realignment be detected behaviorally?

Rats were trained to exit a start box, move along a linear track, and pause 
at a fixed point in space for at least 0.5 sec for medial forebrain bundle 
reinforcement. The origin of the journey was changed between trials by 
shifting the box and track (as a unit) along the direction of travel. In this task, 
the stimulation point is constant with respect to a room-based coordinate 
system, not a box-track coordinate system, but at the beginning of each trial, 
the only position information available to the rat is in box-track coordinates. 
According to the results of Gothard et al. and Redish et al., in the early stages 
of the outbound journey, rats are likely to represent their position in box-track 
coordinates, but late in the journey, they are likely to represent their position 
in room coordinates. Rats frequently paused at one or more locations on a 
given outbound journey. Pauses which occurred early in the journey 
occurred at a consistent distance from the box. Pauses which occurred late in 
the journey occurred at a consistent location in the room. This constitutes 
behavioral evidence that the active coordinate system used by the rat realigns 
during the outbound journey. Preliminary data from ensemble recordings of 
hippocampal place cells in one rat were consistent with the conclusion that the 
coordinate system in which the stopping behavior was most tightly focused 
corresponds to the active alignment of the hippocampal representation. 
Supported by AG05805, AG12609, MH01227, NS20331 and MH01565.
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864.17
COMPARISON OF DIFFERENT METHODS FOR POSITION 
RECONSTRUCTION FROM HIPPOCAMPAL PLACE CELL 
RECORDINGS. K. Chan?* K. Zhang,1 J.I. Knierim? B.L. McNaughton3 and 
T.T. Sejnowski’. ’Salk Institute, Computational Neurobiology Lab, La Jolla, CA 
92037; 2Dept. of Neurobiology & Anatomy, University of Texas-Houston 
Medical School, Houston, TX 77225; 3ARL Division of Neural Systems, 
Memory and Aging, University of Arizona, Tucson, AZ 85724.

The Bayes’ conditional probability rule is the optimal method for decoding 
neuronal population activity within the probabilistic framework. Two efficient 
algorithms for reconstructing the position of a freely moving rat from 
hippocampal place cell spikes have been proposed previously assuming 
independent inhomogeneous Poisson firing statistics. One algorithm uses the 
timing of individual spikes and the assumptions of Gaussian place field shape 
and random walk behavior of the animal to obtain an analytical expression for 
position reconstruction (Brown et al., 1998). The second algorithm uses the 
number of spikes within a time window and the empirical firing maps to 
obtain a numerical solution (Zhang et al., 1998). For comparison, a multi-layer 
perceptron (MLP) was also implemented, with number of spikes from each 
cell in a time window as input and animal position as output. The three 
algorithms were applied to both real recordings from rats running in an open 
environment and a computer simulation of rat movements and neuronal 
firing. In general, the MLP method, while requiring no explicit assumption of 
cell firing statistics, yielded the least accurate reconstruction. The first Bayes' 
algorithm requires no manual parameter adjustment and provides clearer 
mathematical insight into population neural spikes decoding. The second 
Bayes’ algorithm yielded better reconstruction accuracy because it was less 
susceptible to noise and the shape of the environment. Supported by the 
Howard Hughes Medical Institute, NS20331 and MH01565.

864.18
THREE-DIMENSIONAL SPATIAL SELECTIVITY OF HIPPOCAMPAL 
NEURONS DURING SPACE FLIGHT. T.I. Knierim,1* B.L. McNaughton2 and
G.R. Poe2. ’Dept. of Neurobiology & Anatomy, University of Texas-Houston 
Medical School, Houston, TX 77225; 2ARL Division of Neural Systems, Mem-
ory and Aging, University of Arizona, Tucson, AZ 85724.

Place cells of the rat hippocampus combine self-motion and landmark 
information to fire in a spatially selective manner. Place cells are tightly 
coupled to head direction cells, which integrate the horizontal component of 
head angular velocity and are insensitive to pitch or roll. The hypothesis that 3- 
dimensional navigation in space flight can lead to mismatches between head 
direction signals and external landmarks, and thus result in abnormal spatial 
tuning of place cells, was tested on NASA's Neurolab Space Shuttle mission.

Ensembles of 20-40 CA1 cells were recorded as rats navigated a track that 
spanned 3 orthogonal surfaces. Place cell firing was abnormal in 2 of 3 rats 
tested on flight-day 4. The cells of one rat showed no spatial tuning at all. In a 
second rat, some cells displayed normal spatial tuning, but other cells dis-
played an abnormal radial symmetry in their spatial firing patterns. On flight- 
day 9, however, both rats had normal, highly selective place cells that dis-
criminated among corresponding locations on the 3 orthogonal surfaces of the 
track. Thus hippocampal cells can form unique, reliable representations of 3 
orthogonal surfaces in microgravity, but they appear to require either a period 
of adaptation to microgravity or more experience with the environment than is 
typically required in normal gravity. It remains to be determined whether the 
hippocampus in microgravity can fully represent all 6 spatial coordinates (3 
spatial and 3 directional), or whether the system adapts by representing up- 
down relative to the body axis, as is often subjectively reported by humans, 
and thus developing independent 2-dimensional representations for each sur-
face. Supported by NASA NAG2-949, NS33471 and ONR N00014-98-1-0180.

864.19
THE NMDA ANTAGONIST CPP BLOCKS HIPPOCAMPAL PLACE
FIELD EXPANSION IN THE BEHAVING RAT. A.D. Ekstrom, L. Quinn, 1,
Meltzer, R.G.W. Teed, B.L. McNaughton* and G-A, Barnes- ARL Division of
Neural Systems, Memory and Aging, Univ. of Arizona, Tucson, AZ 85724.

Theoretical arguments have been made that the hippocampus may store
sequence or route information through Hebbian asymmetric strengthening of
synapses between cells with overlapping place fields on a route. Abbott and
Blum (1996), for example, predicted an asymmetric expansion of place fields
over repeated traversals of a route, which implies that place fields would
expand in a direction opposite to the direction of motion of the rat. This was
empirically verified by Mehta et al. (1997). When rats ran repeatedly around a
track in one direction, place field size increased, and the center of the place
field shifted backwards relative to the direction that the rat moved.
Interestingly, the expansion effect is attenuated in old, memory-deficient rats
(Shen et al., 1997). The underlying mechanism for expansion and backward
shifting remain unclear; although it has been speculated that they may involve
an NMDA-mediated LTP mechanism. Here, we provide direct evidence that
when NMDA receptors are blocked by the antagonist CPP (3-(3-
carboxypiperazin-4-yl)propyl-l-phosphoric acid), both the expansion and
backward shifting effects are significantly reduced. Four adult male F344 rats
traversed a rectangular track for food reward for at least 20 laps. These rats
showed little change in place field size or location of center of the place field
while under CPP, although, on days when the same animal did not receive the
drug, BOTH the expansion and backward shifting effects were strong. In
addition to the implication that NMDA-mediated processes may, in part,
underlie the place field expansion effect, these results also suggest that the
expansion failure observed by Shen et al. (1997) in old rats could be due to a
similar deficit in NMDA-mediated plasticity mechanisms. Supported by
AG12609, MH01227, MH01565, HHMI71195-SZ1303.

NEURAL BASIS OF BEHAVIOR: COGNITION—ATTENTION: DIVIDED ATTENTION, 
RESPONSE SELECTION AND INTERFERENCE

865.1
EVENT-RELATED POTENTIALS IN A STROOP TASK.
S. Meneses-Ortega*. D. Aguiar, y D. Zarabozo. Institute de Neurociencias, 
Universidad de Guadalajara. Mexico.

Several studies have used the Stroop test to evaluate selective 
attention. We registered ERPs during this task to get information related to 
the level in which the interference effect is produced.

Subjects: Twenty-one normal subjects were tested. Mean age was 25 
years old (range 18-35).

Tasks: Six conditions of 100 stimuli were used: Color Bars (CB), 
Symbols (S), Words written in white (WW), Words written in incongruent 
colors (Wl), and Words written in incongruent or congruent colors (Wl-C). 
Each stimulus was flashed on a PC monitor on a black background. In sets 
CB, S, and Wl subjects were required to press a key when a Target Color 
appears; in sets Wl and WW subjects have to respond when a Target Word 
appears, and in set Wl-C when a Congruent Word appears. Subjects were 
evaluated in two conditions, repeating aloud each stimulus or without a verbal 
response. The probability of the target was 0.2

Electrophysiology: ERPs were recorded at Fz, Cz, Pz, and Oz. 
Linked earlobes served as a reference.

Results: There were no differences through all conditions in the 
latency of P3. The amplitude of P3 decreased according to the task difficulty 
(e.g., when the subjects attended both dimensions to detect a Congruent 
Stimulus, or when the subject has to produce a verbal response). Conditions 
in which the Word dimension was attended also showed a P3 of lower 
amplitude.

Conclusion: The interference produced in the Stroop task occurs at 
the level of the response.

Supported by CONACYT 465100-5-1492PH

865.2

fMRI STUDY USING TRAINED ASSOCIATIONS IN A STROOP-LIKE TASK 
VERIFIES THE GENERALITY OF THE NEURAL SUBSTRATES OF 
SELECTIVE ATTENTION. M, Barack JL-ftm. T, Wszalsk. D.
Gullet C. Brown C. Shah. V. Barad. G. DiGirobmo. N, Cohen. A. Kramer & Z-
P, Liang,-BcckmanMratg. .University of Illippis. VfcanaJh 618Q1

Prior neuroimaging studies have found that the increase in attentional selection 
required on incongruent trials in the color-word Stroop task activates an attentional 
network that includes prefrontal, parietal, anterior cingulate, and thalamus. It is 
assumed that this network is invoked to support directing attention to a less 
automatic process, (i.e., color-naming), over a more automatic process (i.e., word 
reading). From this hypothesis, it follows that if we were to have participants 
perform a task less automatic than color-naming, then color could become a source of 
interference, requiring activation of this attentional network.

To test this hypothesis, we borrowed a procedure from MacLeod and Dunbar 
(1988), in which 10 participants were taught to name three unfamiliar shapes 
(appearing in white) using three color words (i.e., blue, yellow, green). Training 
was kept brief, so that shape naming would remain less automatic than color-
naming. We then acquired BOLD measures of brain activity during a Stroop-like 
task, in which participants were required to name each shape presented using the 
proper color word (attended dimension), while ignoring the color in which the shape 
appeared (unattended dimension). To vary attentional demands we included two 
conditions: a neutral block in which shapes appeared in white, and an incongruent 
block in which shapes appeared in colors incongruent with their learned name.

Using a simple box care design, each participant’s run consisted of 6 alternations 
between neutral and incongruent blocks (36 secs./block). During this time, a 1.5T 
GE Signa scanner was used to collect 300 EPI images (TR=1517 ms., flip 
angle=90°, voxel size=3.75 x 3.75 x 7mm). Statistical maps were generated for each 
participant using the KS-test. Z-score maps were averaged in Talairach space. Our 
results verify that this network is activated when interference introduced by an 
automatic process must be overridden by attentional control, regardless of the nature 
of the automatic process (Supported by the Beckman Institute & Carle Clinic).
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865.3
COMPONENTS OF THE NEURAL NETWORK UNDERLYING THE STROOP 
TASK AS ASSESSED BY FMRI.
M. Banich*. M, Milham. A, Webb. T. Wszalck. G. DiGirolamo. C, Brown. D.
Guild C, Shalk-Vx-Barad. N. Cohen, A. Kramer & Z.-P. Liang,
Beckman Institute. University of Illinois. Uibana. IL 61801

Numerous studies have examined the neural network underlying performance in the 
color-word Stoop task (e.g., Pardo, et al., 1990; Bench et al., 1993; Carteret al., 
1995), resulting in a disagreement about the exact areas critical for attentional 
control. Following the approach of Carter et al., 1995 with PET, we compared 
activation in neutral (e.g. “late” printed in red), congruent (“red” printed in red), 
and incongruent (“red” printed in blue) trials.

Our task required identification of the color ink in which words were printed via a 
3-choice button-press response. Participants received 8 blocks of neutral trials that 
alternated with: a) blocks of trials composed of 50% neutral trials and 50% 
incongruent trials (e.g., “blue” in red) and, b) blocks of trials composed of 50% 
neutral trials and 50% congruent (e.g., “red” in red). During this time, a 1.5T GE 
Signa scanner was used to collect 400 EPI images (TR=1517 ms., flip angle=90°, 
voxel size = 3.75 x 3.75 x 7 mm). Statistical maps were generated for each 
participant using the KS-test. Z-score maps were averaged in Talairach space.

Compared to neutral trials, both incongruent and congruent trials activated 
dorsolateral prefrontal and parietal regions, implicating both these regions in 
attentional control. Incongruent trials yielded greater activation than congruent trials 
in anterior cingulate and SMA (areas 32, 6), middle frontal gyrus (area 9) and 
superior parietal regions (area 7). Patterns of activation and deactivation in 
extrastriate regions for incongruent as compared to neutral trials support Carter et 
al.’s assertions of modulation within color- and word-processing regions. We also 
found deactivation in parahippocampal regions for incongruent trials relative to both 
congruent and neutral trials, suggesting that the association between the meaning of a 
word and its color may be actively suppressed. These results suggest a variety of 
neural structures beyond the anterior cingulate are involved in attentional control in 
the Stroop task. (Supported by the Functional Brain Mapping Project, Beckman 
Institute & Carle Clinic).

865.4
CONTROL OF ATTENTIONAL FIXATION AFTER UNILATERAL 

FRONTAL CORTEX RESECTIONS IN HUMANS. L. Koski* and M, Petrides. 
Montreal Neurological Institute, McGill University, Montreal, Quebec, H3 A 2B4.

The control of visuospatial attention is based on the interplay of automatic and 
voluntary mechanisms. We tested the hypothesis that voluntary control of attention 
depends on the integrity of the prefrontal cortex.

A test of distractibility during a forced-choice reaction time (RT) task was 
administered to 20 patients with unilateral resections from the prefrontal cortex (9 
left, 10 right), 26 patients with unilateral resections from the anterior part of the 
temporal lobe (14 left, 12 right), and 13 neurologically normal control subjects. For 
a series of 130 trials, subjects were instructed to fix their gaze in the centre of the 
screen and to press one of two keys to indicate the direction of rotation of a star 
presented at that location. An irrelevant distractor stimulus was presented in one of 
the four comers of the screen (11° from fixation), 200 ms before the onset of the 
target. The distractor appeared in the same location for a set of 7-9 trials in 
succession before appearing at a new location for another set of 7-9 trials. Measures 
of distractibility were obtained by comparing errors and RTs for trials immediately 
before and after the change in distractor location.

The increase in RT that occurred when the distractor changed location did not 
differ significantly across the groups. The left frontal group made more errors than 
the temporal-lobe and normal control groups; however, this was not specific to the 
trials with distractor changes. Those patients whose lesion invaded the anterior 
cingulate gyrus were less likely to attend automatically to the distractor change, 
relative to patients whose lesion spared this region and to normal controls.

We conclude that lesions to the prefrontal cortex need not impair voluntary 
control of attentional fixation.

Funded by MRC & NSERC (Canada)

865.5

DUAL TASK INTERFERENCE - CAUSED BY OVERLAPPING ACTIVATIONS 
IN SUPPLEMENTARY AND CINGULATE MOTOR AREAS? P.P.K Herath1, P. 
Fagerstedt?* P.E.Roland.1 Div. of Human Brain Research'.Div .of Neurophysiology2,
Dept, of Neuroscience. Karolinska Institute, Stockholm, 171 77, Sweden.

When humans need to make fast accurate, successive motor responses to
rapidly presented stimuli of two sensory modalities, there is a decrement in 
performance as compared to conditions where the stimuli are presented separately. 
The performance decrement can be quantified as increased response times (RT) and/or 
increased error rates (ER) and signify that execution of tasks interfere with each other. 
Earlier studies showed visual and somatosensory RT tasks bilaterally activating SMA 
and cingulate motor areas (Naito et al : Neuro Image 7:S948). In human subjects we 
psychophysically investigated concurrent visual and somatosensory RT task 
performance. The stimuli were an LED and a stylus on an electro-magnet. We tested 
whether completely Iateralizing responses for each modality would remove 
interference. We also investigated the effect of temporal separation between stimuli. 
Our results show that when stimuli are randomly presented with an interval of up to 
900 ms between them, there is always prolongation of RT and when stimuli were 
apart by more than 1500 ms, there was no interference in simple RT irrespective of 
how the two responses were made. There was no increment in error rates in any of the 
conditions. The neuro-physiological mechanisms proposed to explain the dual task 
interference include attentional limitations, the cortical field hypothesis and cross- 
modal inhibition. Since our results show that there were no misses in detection, cross 
modal inhibition or attentional limitations may not be the causes for interference in 
conditions in which attention is divided between two modalities. Since complete 
lateralization of response mapping failed to remove interference effects, the primary 
motor - sensory areas are not responsible. We interpret these results as interference 
caused by overlapping cortical fields in supplementary I cingulate motor areas. This 
could be one of the mechanisms of dual task interference. (This research was funded 
by the Volvo Foundation)

865.6

FUNCTIONAL MRI STUDY OF BOTTLENECKS OF ATTENTION. Maria
Stope1,Roger Remington1, tapes £. Johnston1. John D, E. ..Gabrieli2 _and
Glenn T, Stebbins3 *. ‘NASA-Ames Research Center, Moffett Field, CA 94035; 
’Department of Psychology, Stanford University; ’Department of Neurological 
Sciences, Rush University, Chicago, IL.

Johnston, Remington, & McCann (1995) addressed a question of whether 
the processing limitations observed when spatial attention is diverted and those 
under dual-task conditions result from placing demands on a single or two 
different mechanisms. They inferred from the pattern of reaction times observed 
in (he two tasks that manipulations of spatial attention affected separate 
mechanisms from those effected by the demands of simultaneous tasks. They 
hypothesized that input attention was associated with an early processing locus 
due to spatial attention, while central attention was associated with competition 
for shared resources in higher mental processes such as identification or response 
selection. We used functional Magnetic Resonance Imaging (fMRI) to determine 
whether the observed differences in temporal loci reflect activity of separate 
brain mechanisms for central and input attention. To examine neural substrates 
of input attention, we used block design with the following alternating 
conditions. In the control condition, the cue was followed by a letter (A or H) 
always presented centrally. In the experimental condition, the right or left cue was 
followed by a letter displayed in the same or different (50% probability) location 
as die cue. The perceptual quality of the letters was varied to demonstrate (he 
additivity of this manipulation with the manipulation of spatial cueing indicative 
of input bottleneck in processing. To examine the neural substrates of central 
attention, block design with the following two conditions was used. In control 
condition, a tone was followed by the presentation of a letter, and SOA varied 
between 900 and 1050 ms. In the experimental condition, SOA between the tone 
and the letter was varied between 0 and 150 ms. The perceptual quality of the 
letters was varied to demonstrate (he absorption into slack effect considered to be 
indicative of central bottleneck in processing. fMRI results will be discussed in 
conjunction with behavioral results. Sponsored by NRC and NASA.

865.7

AUDITORY-VISUAL SHADOWING TASKS: FUNCTIONAL MRI ANALYSIS OF CROSS- 
MODAL FACILITATION AND SIMPLE COMPETITION
G. Bush12*, B.R. Rosen12, M.A. Jenike1
Depts. of Psychiatry1 and Radiology2, Harvard Medical School; MGH-NMR Center, 
Massachusetts General Hospital-East, CNY-2, Charlestown, MA 02129.

Previous functional neuroimaging studies using cognitive interference, divided attention, 
and response selection tasks have reliably implicated the anterior cingulate cognitive division 
[ACcd, area(s) 24b'-c732'j as a region critical to complex cognitive processing. However, the 
specific, mechanistic roles the ACcd plays within distributed attentional/response selection 
networks have not been determined. Using a battery of tasks and functional magnetic 
resonance imaging (fMRI), the present study functionally labeled brain regions involved in 
shadowing (by bimanual button-press) a series of numbers presented aurally (A-solo) and 
visually (V-solo) alone. Then, fMRI activity in these regions was measured as subjects: (1) 
shadowed simultaneously presented congruent series of numbers (FACILITATION condition) 
and (2) alternated between shadowing either the aurally or visually presented incongruent 
series of numbers (SIMPLE COMPETITION or cognitive interference condition). In addition to 
the a priori functionally defined ACcd and auditory/visual areas, whole-brain images were 
examined to determine if other regions were recruited by facilitation and/or simple 
competition. Six normal right-handed volunteers (4M/2F) participated. FMRI data (EPI, head- 
coil, 3 Tesla scanner, 15 axial (7 mm thick) slices, 150 images/slice, TR = 2 s, motion- 
corrected, Talairached, intersubject averaged, Kolmogorov-Smirnov statistic) revealed 
significant (p<10-7) activity bilaterally in the supplemental motor area (SMA), primary motor 
cortex, parietal areas (BA 7 and 40)], and the thalamus during A-solo, V-solo, and facilitation. 
Selective attention to auditory and visual channels modulated (increased) activity in auditory 
cortex (area 41) and extrastriate visual (lingual gyrus and V5/MT) cortex, respectively. 
Facilitation appeared to be a combination of A-solo and V-solo, without recruiting new cortical 
areas. Notably, neither ACcd nor dorsolateral prefrontal cortex were significantly activated 
nor deactivated in any of simple competition or facilitation conditions. [Support: nimh  0161 i , 
Harvard/MIT Division of Health Sciences & Technology-Beth Israel & Pfizer, Inc., NARSAD],

865.8

EVENT-RELATED POTENTIALS AND FUNCTIONAL NEUROIMAGING OF 
AUDITORY ATTENTION: A TEMPORAL ANALYSIS OF DIFFERING 
ATTENTIONAL DEMANDS. J. Shucard*, D. Shucard, R. Benedict. D. McCabe, A. 
Lockwood . Dept. Of Neurology, SUNY @ Buffalo Sch. of Med. and Biomedical 
Sciences, 100 High St. (D-6), Buffalo, NY 14203.

Event-Related-Potentials (ERPs) and neuroimaging were recorded simultaneously to 
obtain both unique and complementary’ information regarding brain processes involved 
in attention. The ERPs were obtained to target and nontarget stimuli during a continuous 
performance task (CPT) under three differing attentional conditions: Sustained, focused, 
and divided. ERP components (P100, N100, P200, N200, and P300) were analyzed to 
evaluate the temporal aspects of attention during the three conditions. Auditory ERPs 
were obtained from 31 scalp sites by averaging the responses to target syllables during 
each condition and to an equal number of randomly selected nontarget syllables. For 
P200, amplitude was higher from the right hemisphere scalp sites than the left during the 
sustained and focused conditions, and more so at frontal scalp sites. For P300, amplitude 
was higher from left scalp sites than right during the sustained and focused conditions, 
particularly at the temporal scalp sites. N200 showed a similar pattern of results as P300. 
The asymmetries were not present during divided attention for either P200, N200, or 
P300. These results indicate that the later peaks (N200 and P300) reflect cognitive 
processes related to the linguistic nature of the stimuli, while the P200 indexes earlier 
decision making processes that maybe associated with an anterior “executive” attentional 
system. The anterior/posterior and lateralized amplitude differences for the earlier and 
later ERP peaks provide information about the temporal course of cognitive processes 
during target detection, and reflect differences in attentional load for the three conditions. 
ERP results will be compared with PET findings of increased rCBF of the left and right 
superior temporal lobes, the anterior cingulate gyrus and the anterior right frontal lobe 
during the sustained attention condition.
Supported in part by a multidisciplinary grant from the Univ. at Buffalo Foundation.
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865.9

ANTERIOR CINGULATE CORTEX AND EXECUTIVE CONTROL: 
WHAT IS IT REALLY DOING? C. S. Carter,*A. Macdonald III, M. M. 
Botvinick, V. A. Stenger, J.P. Cohen Dept. Psychiatry, U. Pittsburgh, 
Dept. Psychology, Princeton U.

Numerous functional imaging studies have suggested that the anterior 
cingulate cortex (ACC) is a critical element in the circuit implementing 
executive control. The two dominant theories are 1) that the ACC 
implements top down strategic support of stimulus evaluation or response 
selection to reduce processing conflicts, or 2) that it is part of an error 
detection network. We report results from a series of event-related fMRI 
studies which suggest a re-conceptualization of the contribution of the 
ACC to executive control. Specific findings are 1) rather than detecting 
errors per se the ACC detects processing conflicts, such as response 
competition, and is part of an error prevention network 2) in two 
experiments which dissociate conflict and control ACC activity closely 
tracks the degree of conflict elicited and not the engagement of strategic 
(conflict reduction) processes 3) in a task switching Stroop experiment 
ACC activity reflects response conflict while the dorsolateral prefrontal 
cortex (DLPFC) updates and maintains the strategic demands of the task. 
These results suggest a model of the neural implementation of executive 
processes in which there is a modular organization of function, with the 
ACC detecting processing conflicts and representing the need for control, 
while control per se is implemented by other regions including DLPFC.

865.10
NEUROANATOMICAL CORRELATES OF ERROR-RELATED ACTIVITY IN THE 
ANTERIOR CINGULATE CORTEX: EVIDENCE FROM SINGLE SUBJECT 
ANALYSES. S, Ursu1’2? L.L, Ross2 and C.S. Carter2 . ’Dept. of 
Neuroscience, 2Dept. of Psychiatry, Univ.of Pittsburgh, Pittsburgh PA 
15213.

The role of the anterior cingulate cortex (ACC) in cognition has become the 
focus of significant investigative effort. One contribution of the ACC to 
cognitive task performance is its error related activation. This finding is 
robust across both electrophysiological and functional imaging studies. 
However, the functional neuroanatomy of error-related activity is not clearly 
understood.

In order to address this issue we used functional magnetic resonance 
(fMRI) in an event-related design. Healthy volunteers were scanned while 
performing a modified version of the continuous performance task, and 
single-subject analysis of the data allowed us to evaluate the error-related 
ACC activation and determine its neuroanatomical coordinates based upon 
subjects structural MRI scans.

Preliminary results reveal increased ACC blood-oxygenation level 
dependent (BOLD) signal in response to errors in most subjects, supporting 
the reliability of this effect within subjects. In addition, this error-related 
activity showed significant neuroanatomical variability both in the rostro- 
caudal dimension and relative to the cingulate sulcus. These findings have 
implications for theories of functional differentiation within the ACC and 
provide important constraints for the neural substrates of error-related 
activity as seen by fMRI.

Further analyses of a larger sample, including conflict-related as well as 
error-related activation, and additional, convergent methods for BOLD signal 
localization will be presented.
Supported by: Stanley Foundation

865.11

WORKING MEMORY, ATTENTION, and fMRI CORRELATES 
IN AN INTELLECTUALLY INTACT ATHLETE WHO HAD 
MULTIPLE CONCUSSIONS. (G. Leonard*, A. Ptito, J-

K. Chen, and S. McColl). Montreal Neurol. Inst., 
McGill Univ., Montreal, Canada H3A 2B4.

Attention and working memory impairments are 
common sequelae of closed head injury. Deficits 
exist in the context of intact intellectual 
ability and often there are no concomitant 
findings on CT or MRI, and many such individuals 
are labeled as malingerers. We tested an athlete 
(IR) who suffered 3 concussions and complained 
of attentional difficulties. IR's MRI scan (T2- 
weighted images) was normal. The FSIQ rating was 
122 but the Working Memory Index was only 92 
(WAIS-111). Sensorimotor status was intact.

Using fMRI we compared IR's ability, to 5 
matched NC's, on a working-memory task that 
required subjects to 'keep-in-mind' 4 items, 
presented on a monitor, in order to decide if a 
5th had been presented or not. The NCs scored 
88% correct and showed significant activation in 
areas 9 and 46, consistent with the known role 
of these areas in working memory. IR scored 69% 
correct but no activation of either frontal 
area. We suggest that subtle cognitive deficits 
have a neural basis that can be supported by 
functional imaging studies. Funding:FCAR & NSERC

865.12

IMMEDIATE RESPONSE SELECTION IN SPATIALLY INVERTED S-R 
MAPPINGS ACTIVATES THE SUPERIOR FRONTAL SULCUS. I. O’Brien, 
W.S. Marcantoni, G. Beaudoin, P. Bourgouin, and F. Richer*. CHUM and U. of 
Quebec, Montreal, Quebec.

Neuroimaging and neurophysiological studies have implicated the premotor, 
primary motor and posterior parietal cortices in the mapping of non-standard or 
inverted visuomotor responses onto visual information. It is still unclear whether 
such mapping requires the participation of all or only some of these areas. Using 
functional MRI, we examined the cerebral systems involved in manual response 
selection in spatially inverted S-R mappings. Rectangles in one of four spatial 
locations were presented rapidly, each location being mapped to one of four 
response keys. The correct response was either congruent with the stimulus 
location (direct mapping condition) or incongruent (inverted mapping condition). 
In each condition, experimental trials alternated with control trials consisting of 
rapid responses to a central rectangle mapped to a single key. Statistical analysis 
(SPM 96) revealed activation of the left premotor, sensorimotor and posterior 
parietal cortices in both the direct and inverted mapping conditions. These 
activations were more extensive in the inverted condition. The inverted mapping 
condition, but not the direct mapping condition, showed clear activation of the right 
superior frontal sulcus (SFS) and posterior parietal cortex. Decreases in activation 
in the posterior cingulate and inferior frontal gyrus were observed in the inverted 
condition only and may be associated with the inhibition of standard responses. 
These results suggest that premotor, sensorimotor and posterior parietal cortices are 
implicated in the visuomotor remapping of choice responses. The SFS activation 
extends previous findings of its involvement in delayed spatial responses (Courtney 
et al. 1998), and shows that the SFS is also involved in immediate spatial responses 
when remapping is involved.
Research supported by the Natural Sciences and Engineering Research Council of 
Canada.

865.13

MOTOR SELECTION IS IMPAIRED IN VISUAL NEGLECT. M. Husain.*1 C, 
Rarden? K. Clarke2 and J. Driver2. National Hospital for Neurology and Institute of 
Cognitive Neuroscience, Queen Square, London WC1N 3BG, U.K.

Patients with unilateral visual neglect or extinction appear to suffer from a 
disorder of perceptual selection. Normally, visual stimuli are considered to compete 
for selection. In extinction and neglect, ipsilesional stimuli win in the process for 
selection and are perceived, whereas contralesional stimuli lose and fail to be 
reported. Is there also a disorder of motor selection in visual neglect?

We examined under three conditions the leftward and rightward reaches of four 
patients with left visual neglect following right hemisphere lesions. In the direction 
selection task, a central cue at fixation signalled whether the patient should make a 
leftward or rightward reach with their right hand. Thus, the patient had to choose 
between two motor plans which were in opposing directions. We also examined the 
reaches of these patients in two go/no-go tasks. In one block of trials, the central cue 
signalled whether the patient should reach left or make no movement at all; in 
another block of trials, the cue signalled the patient to either move right or make no 
movement. Thus in these tasks there was no competition between ipsi- and 
contralesional motor plans.

Regardless of the direction of the reach, reaction times to initiate movement in the 
directional selection task were significantly longer than in the go/no-go conditions. 
The critical result, however, was a significant interaction between direction of reach 
and type of task: patients took significantly longer to initiate leftward reaches in the 
directional selection task than in the go/no-go task (576 ms vs. 502 ms, p<0.05). 
Thus when left neglect patients have to select between making leftward or rightward 
reaches their impairment in initiating leftward movements is greater than when they 
have to choose simply between moving left or making no movement These data 
support the view that neglect patients have difficulty in selecting between competing 
ipsi- and contralesional motor plans. We argue that this impairment contributes to 
their failure to explore contralesional space. (Supported by the Stroke Association 
and Wellcome Trust).

865.14
REDIRECTING SENSORY OR MOTOR ATTENTION: rTMS AND ERPs. 
M.F.S. Rushworth*, K.A. Hadland, R.E. Passingham,& A.C, Nobre, Department of 
Experimental Psychology, University of Oxford, Oxford, 0X1 3UD, UK.

Many attentional switching paradigms require subjects to both redirect their 
attention to different sensory aspects of a stimulus and to change the way they 
choose between stimulus contingent responses. It is possible that there are, in fact, 
separate mechanisms for switching attention between sensory stimuli or between 
motor plans. Two groups of subjects performed two attention-switching paradigms 
while ERPs were recorded from 58 scalp electrodes. On each trial of the sensory 
attentional switching (SAS) task subjects were presented with two coloured shapes 
to either side of a central fixation cross. Subjects were either required to attend to 
items of a certain shape or of a certain colour in order to detect small targets at their 
centre. Intermittent Stay (ST) or Switch (SW) cues respectively instructed subjects 
to continue attending to the same sensory dimension or to switch and attend to the 
other dimension. On each trial of the motor attentional switching task (MAS) 
subjects were presented with one of two items that instructed responses to be made 
by either the left or right hand. Intermittent ST or SW cues respectively instructed 
subjects to either continue with the same stimulus-response mapping or to reverse 
the stimulus-response mapping. Three ERP differences between the tasks 
dissociated sensory and motor attention switching systems. 1) The SW/ST cue 
comparison in MAS, but not SAS showed a midfrontral ERP difference 400ms after 
cue presentation. 2) ERPs elicited by items after SW or ST during the SAS task 
revealed a modulation of early visual components, while ERP modulations occurred 
later over premotor areas in MAS. 3) ERP modulations were largest contralaterally 
to the attended visual field during SAS, while ERP modulations were largest 
ipsilaterally to the hand of response during MAS. In a subsequent experiment a 1- 
second, 10Hz rTMS train (100% motor threshold) was triggered by SW or ST cues 
and applied over the pre-SMA while subjects performed SAS or MAS. Reaction 
times were slowed by rTMS but only after the SW cue in the MAS task.
Supported by the Wellcome Trust, Royal Society and Hadwen Trust
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865.15
VISUOSPATIAL MNEMONIC CODING ASSOCIATED WITH
SUBMODALITY-INDEPENDENT VISUAL SELECTIVE ATTENTION IN THE 
MONKEY PREFRONTAL CORTEX. M. Iba* and T, Sawaguchi, Dept. of 
Psychology, Hokkaido Univ., N10 W7, Kita-ku, Sapporo 060-0810, Japan.

To examine neuronal processes for visual selective attention and 
visuospatial memory in the prefrontal cortex (PFC), we recorded neuronal 
activity in the dorsolateral PFC of a rhesus monkey that performed an 
oculomotor delayed visual search (ODVS) task and an oculomotor delayed- 
response (ODR) task. In the ODVS task, while the monkey fixated on a 
central spot, a stimulus array (6 directions, 15° in eccentricity), which 
contained one target (red cross) and five distracters with a different shape 
(i.e., red square; SHAPE condition) or a different color (i.e., green cross; 
COLOR condition) was presented for 1s. After a 3-s delay period, the 
fixation spot turned off and the subject was required to make a memory- 
guided saccade to the remembered target location. The ODR task was 
exactly the same as the ODVS except that only a target was presented in the 
cue period. We analyzed 165 neurons that showed directional delay-period 
activity. These neurons were separated into two groups; i. e., those that 
showed delay-period activity in both the ODVS and ODR tasks (n=87), and 
those that showed delay-period activity predominantly in the ODVS task 
(n=75). Most of the ODVS-dominant neurons (n=56/75, 75%) showed 
directional delay-period activity in both the SHAPE and COLOR conditions, 
independent of the submodality of distracters. These findings suggest that 
a specific group of neurons in the dorsolateral PFC memorizes visuospatial 
data detected by visual selective attention independent of its submodality. 
Thus, the dorsolateral PFC appears to contain specific, visuospatial 
mnemonic processes associated with submodality-independent visual 
selective attention.

865.16
OCULOMOTOR COUNTERMANDING IN ATTENTION-DEFICIT/ 
HYPERACTIVITY DISORDERED ADULTS. I, T, Armstrong* & D.
P. Munoz. Department of Physiology, Queen's University, Kingston, 
Ontario, Canada, K7L 3N6.

Like children with attention-deficit/hyperactivity disorder (ADHD), 
ADHD adults make excessive numbers of incorrect reflexive saccades 
towards the eccentric target during the anti-saccade task (Munoz et al., 
1999). We expected that ADHD adults would be equally impulsive at 
an oculomotor countermanding task where the primary task and a stop 
task are interleaved to test participant’s ability to inhibit (or 
countermand) the primary task. Our primary task was to look to an 
eccentric target; the stop-task, which was signalled by the 
reappearance of the central fixation point and occurred on 25% of 
trials, was to hold gaze at a central location. ADHD adults took longer 
to perform the primary task but benefited from fewer errors only on 
stop trials with the longest delays. On other measures, we found that 
ADHD adults performed as well as age- and sex-matched controls. 
Both groups showed the same standardized inhibition function; both 
groups were slower on primary-task trials that followed stop trials. 
Similar performance for ADHD and control adults may reflect the 
obligatory nature of the stop-task signal in oculomotor 
countermanding. The reappearance of the central fixation point could 
elicit a bottom-up mechanism for inhibiting a planned eye movement.

Supported by the EJLB Foundation.

865.17

ATTENTIONAL CONTROL OF UNPRACTICED MOVEMENTS IN 
HUNTINGTON’S DISEASE. C. Boulet, M.-J. Chouinard*, M.-A. Bedard, S. 
Chouinard, & F. Richer. Service de Neurologie, CHUM, Pavilion Notre-Dame, 
1560 Sherbrooke E, Montreal, Qc.

Huntington’s disease (HD) appears to affect sensorimotor learning in certain 
tasks but there is little data on the attentional control of unpracticed movements in 
these patients. Recently, we found that frontal lesions affect aiming movements 
when visual feedback is mirror inverted (Chouinard et al, in press). This study 
examined the performance of 9 HD patients, 12 patients with frontal lesions and 
12 controls in the mirror inverted aiming task. Subjects had to move a cursor on a 
graphics tablet from the center to one of 4 peripheral targets in two conditions: no 
transformation and mirror inversion of visual feedback. Subjects visually 
controlled their movements on a monitor placed in front of them and an occluding 
screen hid the arm from view. In the baseline condition, neither group 
experienced major difficulties. When the feedback was mirror inverted, both HD 
and frontal patients were deficient initially, compared to controls. However, 
unlike frontal patients who learned rapidly, HD patients did not reach their 
baseline level even after 64 trials. These results confirm that HD patients have 
difficulty in acquiring a new visuomotor mapping. In addition, the data indicate 
that HD patients and frontal patients share a common problem in the attentional 
control of movement in an unlearned situation.

Research supported by the Natural Sciences and Engineering Research Council of 
Canada and by the Canadian Medical Research Council.

COGNITION: LANGUAGE—OTHER

866.1

INTUITIVE GLOBAL DECISION CAN BE MADE BY A SIMPLE 
PARALELL PROCESSING. H. Tsujino1 and G. Matsumoto2*.
1 Fundamental Research Div., Wako Res. Ctr. HONDA R&D Co.. Ltd.; 
2Brainwav Group, Brain Science Institute, RIKEN: Wako-shi, 
Saitama, Japan.
Traditionally we understood that our cognitive process is initiated 
only by a bottom-up fashion to construct the internal representation. 
For example, a neocortex first extracts local features in VI. and then 
combines them toward the more global features in the ventral visual 
pathway. There is the structure reflecting this bottom-up style of 
processing in a neocortex. This pathway is very important to develop 
logical construction of the internal representation. On the other hand, 
the' bottom-up style of processing seems to be controlled bv a top- 
down style of processing from very early processing time. The 
purpose of the top-down processing would be to find a best cognitive 
solution by reflecting global high-order cognitive decision.
We propose a new type of cognitive processing scheme which is 
initiated by an intuitive global decision. However we use the intuitive 
decision in our thinking very frequently, we have not understood this 
mechanism. Since the intuitive decision is less logical but fast 
however conceptually and behaviorally global semantics on the 
external world, it should be non-hierarchical parallel process, and 
have relation with semantic process. We modeled one-layer neural 
network inputting global sensory information to evaluate the ability 
of this parallel intuitive process. Experiments of sensory processing 
by this model show that if we set the constraint between sensory 
information and behavior, the intuitive decision can be made by even 
a few neurons.

866.2

THE TACTILE PROCESSING PATHWAYS OF JAPANESE 
PHONOGRAMS (KANA) ARE LINKED IN THE LEFT INTRAPARIETAL 
SULCUS AREA. K. Takeda1, T. Kaminaga2, K. Matsumura3* and T. 

Shimizu3. iDept. of Rehabilitation, Tokyo Metropolitan Institute for 
Neuroscience; ^Dept. of Radiology, Teikyo Univ.; 3Dept. of Neurology, 
Teikyo Univ.; Tokyo, JAPAN.

Functional MRI is used to investigate the neural basis for tactile reading of 
Japanese phonograms (kana) with the left hands of 6 normal right-handed 
Japanese subjects. Both the tactile reading and recognition tasks activated the 
areas surrounding the left and right central sulci in all subjects. The region 
surrounding the left intraparietal sulcus was activated during the tactile 
reading task in all subjects, whereas the region was activated during the tactile 
recognition task in only 2 subjects. These results suggest the bilateral central 
sulcus areas participate in the manipulatory movement of the left hand and 
processing of the somatosensory information, and the left intraparietal sulcus 
area participates inevitably in the tactile reading of Japanese phonograms. 
Further more, to address the function of the left intraparietal sulcus area of 
Japanese subjects, we asked two patients with the localized parietal lobe 
lesions to read the phonograms by the left hand. The lesions of both two 
patients included the left intraparietal sulcus. They could not identify the 
phonograms correctly by the left hand. They could, however, judge two 
subsequently presented figures were identical or not which were used in the 
tactile recognition task of the functional MRI study with normal subjects. 
These findings suggest the essential role of the intraparietal sulcus area in the 
phonogram-reading process.
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866.3
DO CHILDRENS’ LITERACY SKILLS DEPEND ON HOW WELL THEY CAN 
SEE AND HEAR ? J. Talcott1*, E. Westwood1, G. Hebb1, C. Stoodlev1, C. Witton1, S. 
France1, P. Hansen1, G. Green2 and J. Stein1 'University Laboratory of Physiology, 
Parks Rd., Oxford, 0X1 3PT UK. department of Physiological Sciences, University 
of Newcastle, Framlington Place, Newcastle-Upon-Tyne, NE2 4HH UK

We have reported [Soc. Neurosci. Abstr., Vol. 24, Part 1, p. 922, 1998] that 
the basic literacy skills of 32 unselected primary school children strongly covaried 
with their sensitivity to visual motion and auditory frequency modulation. Here we 
present new evidence for strong relationships between basic sensory sensitivity and 
literacy skills in a large sample (N = 348) of primary school children aged eight to 
eleven.

In addition to administering a large range of cognitive, reading and other 
component literacy measures such as phoneme awareness, we obtained sensory 
detection thresholds for visual coherent motion, 2 Hz auditory frequency modulation 
and discrimination of auditory tones centred around 500 Hz. Our results show that 
each of the sensory measures could account for up to 15% of the independent 
variance in children's literacy skills after accounting for their general cognitive ability. 
Measures of orthographic word recognition and spelling correlated most strongly with 
visual coherent motion, whereas measures of phonological ability were most strongly 
predicted by sensitivity to our auditory stimuli. In addition, children who were 
identified as discrepant readers by our test battery were found to be less sensitive to 
each of the sensory tasks than non-discrepant readers of the same age. Such results 
demonstrate that basic sensory skills are likely to be important for normal reading 
development. They also confirm the presence of temporal processing deficits in poor 
readers.

Supported by the Wellcome Trust, the Rodin Remediation Foundation, and 
the Medical Research Council.

866.4
FAILURE TO ENGAGE BRAIN AREAS INVOLVED IN PHONOLOGICAL 
ACCESS IN DYSLEXIA: A MAGNETIC SOURCE IMAGING STUDY. P.G. 
Simos,1* J, Fletcher,2 J.I, Breier.1 E, Bergman.3 G, Zouridakis.1 A.C.
Papanicolaou.1 'Dept. of Neurosurgery, 2Dept. of Pediatrics, The University of 
Texas-Houston Health Science Center; 3Texas Reading Institute, Houston, TX 
77030.

Using Magnetic Source Imaging (MSI), we obtained distinct brain activation 
profiles in ten dyslexic children during a task that involved phonological decoding 
of printed words. Each of these profiles differed from those of normal (control) 
readers in that it featured predominant activation of right posterior temporal and 
inferior parietal regions rather than the homotopic regions in the left hemisphere 
as was the case with normal readers. This is the first functional imaging study 
involving dyslexic children that demonstrates the existence of activation profiles 
for each individual that is specific to developmental reading disability.

866.5

SHARED EXPRESSION OF HESCHL’S GYRUS MORPHOLOGY IN 
MONOZYGOTIC TWINS. M.A. Eckert*1 , J. Giedd2 & C.M. Leonard1 .

1 University of Florida Brain Institute, Gainesville, FL, 32611;2 NIMH, 
Bethesda, MD. 20892
The morphology of Heschl’s gyrus (HG) is considerably variable within 

and between hemispheres. In addition to a single gyrus extending from 
medial to lateral sections, HG can exhibit a sulcus intermedius that 
completely bifurcates the gyrus in lateral sections, or a can exhibit a 
complete duplication in medial sections. This variability has been linked 
to cognitive and perceptual deficits among adults and children. A small 
sample of family pedigrees for HG duplication suggest a dominant form 
of transmission in the right hemisphere but no clear mode of inheritance 
in the left hemisphere. The goal of this study was to determine the degree 
of concordance for Heschl’s gyrus morphology among monozygotic 
twins. The left and right HG were classified on MRIs of 33 pairs of male 
twins. Eleven twin pairs had been diagnosed with attention deficit/ 
hyperactivity disorder (ADHD). The morphology of the left and right HG 
were not concordant within twin pairs in the sample as a whole.
However, the inclusion of the ADHD twins masked a significant 
relationship for right hemisphere HG morphology found only among 
normal twins (r=.494, p=.O19). It is tempting to speculate that the 
behavioral manifestations of ADHD and dysregulation of right 
hemisphere Heschl morphology share some common developmental 
mechanisms. Supported by NIH ROI DCD2922.

866.6

FUNCTIONAL NEUROIMAGING OF LINGUISTIC PROCESSING IN 
CHIMPANZEES. J. Rilling3*. C, Kilts2’3, S. Williams1, J, Kelley1, M, Beran1, 
M. Giroux4, JM. Hoffman2,4, S. Savage-Rumbaugh1, and D. Rumbaugh1.
'Language Research Center, Georgia State University, 2Emory Center for PET, 
Dpts. of’Psychiatry and 4Radiology, Emory Univ., Atlanta, GA, 30322.

The objective of this study was to determine if humans and language 
competent chimpanzees recruit homologous neural substrates when processing 
linguistic stimuli. Following an intramuscular injection of 18F-FDG (10 mCi), 
two adult female chimpanzees ("Panzee" and "Lana") engaged in computerized 
speech and symbol comprehension tasks during the 40 minute period of 
glucose uptake into the brain. After the task, subjects were anesthetized with 
ketamine and 2% isoflurane and scanned in a Siemens 951 PET tomograph. 
Replicate scans were acquired from each chimp and both were also scanned 
following a sensorimotor control task. Two human subjects received H215O 
PET scans while performing the same tasks. Prior to statistical analyses, all 
scans were spatially registered to an anatomical MRI.

In humans, the speech - control contrast revealed left lateralized activation in 
Heschel's gyrus, the planum polare, and frontal cortical areas (t>1.5). 
Homologous areas were not activated in the chimpanzee for the same contrast.; 
Panzee activated bilateral dorsomedial frontal cortex, cerebellum and thalamus. 
For the processing of symbolic lexigrams, the chimpanzees also exhibited 
different patterns of activation than humans. Despite good within-subject 
reproducibility, Panzee and Lana show different patterns of task-related 
activation that may reflect their differential rearing histories. Our results 
suggest that humans and language competent chimpanzees process language 
via different neural substrates. Supported by NICHD grant 06016 and Georgia 
State University College of Arts and Sciences.

866.7

STAND UP AND TALK: BIPEDALISM AND SPEECH 
EVOLUTION. Robert R. Provine*Dept of Psychology, Univ. 
Maryland Baltimore County, Baltimore, MD 21250.

The evolution of bipedal locomotion was necessary for the 
evolution of human speech. Quadrupedal species usually 
synchronize their locomotor and respiratory cycles at a ratio of 1:1 
(strides per breath), a coupling required by the shared, rhythmic use 
of the thoracic complex (sternum, ribs, and associated musculature), 
and the need to endure impacts of the forelimbs during running. In 
contrast, human bipedal runners free of these mechanical constraints 
on the thorax employ a variety of phase-locked patterns (4:1, 3:1, 2:1 
[most common], 1:1, 5:2, and 3:2), evidence of a more plastic 
coupling between respiratory rhythm and gait (Science. 1983, 219, 
251-256). With bipedalism came a secondary and unrecognized 
consequence, the respiratory plasticity necessary for speech. Speech 
requires the capture and redeployment of the respiratory apparatus 
for sound-making, a capacity less well-developed in largely 
speechless, and more quadrupedal non-human primates. Contrasts 
of human and chimpanzee laughter reveal the rigid respiratory-vocal 
coupling of chimpanzees (Am. Sci.. 1996, 84. 38-45), the principal 
constraint on the evolution of speech in non-human primates. The 
emergence of human speech is correlated with an increase in the 
mass of the thoracic spinal cord that controls breathing and 
vocalization (Laughter, Little, Brown and Company, forthcoming).
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867.1
AMYGDALOID AFFERENTS TO HISTOCHEMICALLY DISTINCT 
SUBTERRITORIES OF THE VENTRAL STRIATUM IN PRIMATES. S. N. 
Haber* and J, L. Fudge, Depts. of Neurobiology and Anatomy and Psychiatry, 
University of Rochester Medical Center, Rochester, NY 14642.

The shell of the ventral striatum is divided into a dorsomedial area (the cone) and a 
ventrolateral region. We sought to further define the subterritories of the ventral 
striatum in primates histochemically and by the amygdaloid afferent projection. Ache, 
5HT, SP, and GluR-1 immunoreactivities were charted and found to be particularly 
dense in the cone of the shell, compared to more ventrolateral shell regions. 
Injections of retrograde tracers were placed in the cone of the shell, ventrolateral shell, 
and core of the ventral striatum, and anterograde tracer injections were placed in the 
amygdala. The basolateral nuclear group of the amygdala, in particular the basal 
nucleus and accessory basal nucleus (magnocellular division), projected prominently 
to the ventrolateral shell and to the core. The periamygdaloid cortex projected 
throughout the shell, but not to the core. The central and medial nuclei sent few to no 
projections to the core or the ventrolateral shell. In contrast, the cone received its 
main amygdaloid input from the central and medial nuclei.

This study supports previous findings that the basolateral nuclear group provides 
the main input to the ventral striatum. In addition, the cone receives a unique input 
from the central nucleus which coincides with dense 5HT, SP, Ache, and GluRl 
immunoreactivities. Thus the cone is distinguished not only by its unique 
amygdaloid input, but also histochemically. Previous studies have shown that the 
cone also receives the most limited cortical and midbrain input. In contrast, the 
ventrolateral shell receives input from a wider region of cortex and midbrain. The core 
of the ventral striatum receives the broadest cortical, midbrain and amygdala input. 
Taken together, these findings suggest that the ventrolateral shell may be a 
transitional region between the cone of the shell and core of the ventral striatum. 
(Supported by MH45573 (SH) and the Theodore and Vada Stanley Foundation (JF))

867.2

ORGANIZATION OF PROJECTIONS FROM THE SUBICULUM TO 
THE AMYGDALA IN THE RAT. T, Kishi1, T. Tsumori2, S. 
Yokota2, K. Ono2, H. Lai2 and Y. Yasui2 * . !Dept. of 
Psychiatry, Shimane Med. Univ.; 2Dept. of Anatomy, 
Shimane Med. Univ.; Izumo 693-8501, Japan

The present study examined the subicuioamygdaloid 
projections, using more sensitive anterograde tracer, 
biotinylated dextran amine (BDA) and retrograde tracer, 
cholera toxin B subunit, in greater detail than hitherto 
performed in the rat. When BDA was injected into the 
rostral end of the ventral subiculum (Sv), labeled axons 
were distributed mainly in the medial, basomedial and 
intercalated nuclei and the amygdalohippocampal 
transition area. When BDA was injected into the caudal 
end of the Sv, terminal labeling was observed mainly in 
the basomedial, basolateral and lateral nuclei and the 
amygdalopiriform transition area. BDA injections into the 
dorsal subiculum resulted in a very sparse distribution of 
labeled axons in the basolateral nucleus. The central 
nucleus contained only a few labeled axons in any cases. 
This topographical organization was further confirmed by 
the retrograde tracing experiments.

867.3

COLLATERAL PROJECTION FROM THE AMYGDALA TO THE 
HYPOTHALAMUS AND MEDIAL PREFRONTAL CORTEX IN THE RAT.
T. Chiba* , Dept. of Anatomy and Neurobiology, Univ. of Chiba Sch. ofMedicine, 
Chiba 260-8670, Japan.

The posterior amygdaloid nucleus (PA) receive inputs from hypothalamus, 
hippocampus, bed nucleus of accessory olfactory tract and some nuclei of the 
amygdala and send projections to hypothalamus, nucleus accumbens, lateral septum 
and medial prefrontal cortex. PA also has steroid hormone receptors and is 
concerned with salt appetite, aggressive and maternal behavior, arousal level, 
hormone secretion, autonomic and limbic functions. We looked for collateral 
projections from the amygdala to the prefrontal cortex and hypothalamus using 
retrograde tracers. Fluorogold was injected into the medial prefrontal cortex and 
Fluorored was injected into the ventromedial, lateral and/or premammillary nuclei of 
the hypothalamus of the SD rats. Five days later, the animals were fixed by 
perfusion of 4% paraformaldehyde in 0.1M phosphate buffer (pH7.4) and 40 gm 
serial frontal sections were cut and observed in the fluorescent microscope. The 
present retrograde fluorescent double labeling study revealed that divergent axonal 
projections from PA and basomedial amygdaloid nuclei to the ventromedial, lateral 
and premammillary hypothalamic nuclei as well as to the prelimbic and infralimbic 
prefrontal cortex of the rat. Approximately 50% of PA neurons which projected to 
the medial prefrontal cortex projected also to the hypothalamus. These dual 
projection neurons in the amygdala might constitute a neuroanatomical substrate for 
specific sensory information processing from amygdala to endocrine and behavior 
control system in the hypothalamus and prefrontal cortex respectively at the same 
time.

867.4
RETROGRADE TRANSYNAPTIC CHARACTERIZATION OF AMYGDALOID 
CELL GROUPS THAT MODULATE THE OUTPUT OF THE RAT CENTRAL 
NUCLEUS. J.P. Card1*, P, Levitt2. L.W. Enquist3, L, Rinaman1. Depts. of 
‘Neuroscience and 2NeurobioIogy, University of Pittsburgh, Pittsburgh, PA J 5260 and 
3Dept. of Molecular Biology, Princeton University, Princeton, NJ 08544.

The amygdala is responsible for the integration of sensory stimuli essential for 
conditioned fear responses. Neurons in the medial subdivision of rat central nucleus of 
amygdala (CeA) project to hypothalamic and brainstem autonomic nuclei essential for 
these conditioned behaviors. Although recent anterograde studies have defined intrinsic 
projections of amygdaloid cells groups that converge upon the CeA, the synaptology of 
this circuitry has not been defined. In the present study we exploited the transynaptic 
tracing capabilities of a neurotropic swine alpha herpesvirus (pseudorabies virus, PRV) 
to define polysynaptic amygdaloid circuits converging upon projection neurons in the 
medial CeA. Consistent with prior studies employing PRV in rat, injection of virus 
into the wall of the stomach produced a retrograde infection of gastric preganglionic 
autonomic neurons in brainstem and spinal cord. At longer postinoculation survival 
intervals virus passed retrogradely to infect forebrain neurons known to innervate these 
autonomic cell groups. In the amygdala, infected neurons were first observed in the 
medial subdivision of CeA and, with longer survival, virus moved sequentially through 
other amygdaloid nuclei. Shortly following infection of the medial CeA, infected 
neurons became apparent in the lateral and capsular subdivisions of CeA, but were not 
present in the intermediate CeA. Thereafter, large numbers of infected neurons became 
apparent in the accessory basal and the caudal parvocellular basal nuclei. At the longest 
survival intervals neurons were observed in the lateral amygdaloid nucleus. Lateralized 
infection of preganglionic neurons with recombinant viruses expressing unique reporter 
proteins demonstrated that medial CeA neurons synapse selectively upon ipsilateral 
preganglionic neurons, or neurons antecedent in a polysynaptic pathway selectively 
serving those neurons. Collectively, these data define the organization of polysynaptic 
pathways through which the amygdala influences gastric autonomic outflow. 
Supported by the MacArthur Foundation Research Network on Early Experience and 
Brain Development and NINDS33506.

867.5

AMYGDALO-STRIATAL TRANSITION AREA PROJECTS TO THE 
DORSOLATERAL DIVISION OF THE LATERAL NUCLEUS OF THE 
AMYGDALA: A PHA-L STUDY IN THE RAT. E, Jolkkonen*and A, Pitkanen. 
Epilepsy Research Laboratory, A.I.Virtanen Institute for Molecular Sciences, 
University of Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.

The amygdalo-striatal transition area (AStr) is a poorly identified area located below 
the caudoventral putamen. It is bordered laterally by the lateral nucleus of the 
amygdala and anteromedially by the substantia innominata and caudomedially by the 
lateral ventricle. Below the AStr locates the central nucleus of the amygdala. AStr 
receives information from the amygdaloid complex, particularly from the lateral and 
accessory basal nuclei. Via the projections from the medial geniculate complex of the 
posterior thalamus and from the auditory related cortical areas, the AStr is in a 
position to process auditory information. Based on our preliminary findings, the AStr 
provides projections to the dorsolateral division of the lateral nucleus (Ld]) of the 
amygdala in rat. To study the topography and distribution of projections from the 
AStr to the lateral nucleus of the amygdala, we injected anterograde tracer, Phaseolus 
vulgaris leucoagglutinin iontophoretically into different portions of the AStr.

We found that the AStr, unlike the adjacent central nucleus, projects to the lateral 
nucleus of the amygdala. Topography of projections from the AStr to the Ld, are 
organized in a rostro-caudall manner: the rostral AStr projects moderately to the 
rostral portions of the Ldl and the caudal AStr projects to the caudal portions of the 
Ld|. Only a few labeled terminals were found in the other amygdaloid nuclei.

Our findings show that the projections from the AStr to the lateral nucleus of the 
amygdala are topographically organized and they are mainly directed to the 
dorsolateral division. Via the amygdala-AStr connections the amygdala has possibility 
to modulate sensory information before it enters Ldl and thus the amygdala can 
modulate it’s own activity.

Supported by the Vaajasalo foundation and the Academy of Finland.

867.6

AFFERENT CONNECTIONS OF THE AMYGDALOPIRIFORM 
TRANSITION AREA (APir) IN THE RAT. A.C. Santiago and S.J. 
Shammah-Lagnado* Dept. of Physiology and Biophysics, Institute of Biomedical 
Sciences, Univ. of Sao Paulo, Sao Paulo, SP, 05508-900, BRAZIL.

The amygdalopiriform transition area (APir) is located at the junction of the piriform, 
periamygdaloid and lateral entorhinal (ENT1) cortices and is often considered as part of 
the ENT1. In contrast to the latter, APir sends strong and topographically organized 
projections to the central division of the extended amygdala (i.e. the lateral bed nucleus 
of the stria terminalis, dorsal part of the sublenticular corridor and central amygdaloid 
nucleus) and it does not project to the dentate gyrus (Shammah-Lagnado and Santiago, 
Neurosci. Abstr, 1998). In an attempt to further elucidate APir circuitry, small deposits 
of Fluoro-Gold (FG) were placed in APir and adjacent ENT1 districts. Our results 
suggest that APir receives afferents from the olfactory bulb, alio- and mesocortical 
areas (piriform, dysgranular and posterior agranular divisions of the insular, perirhinal 
and ENTl cortices, temporal field CA1 and ventral subiculum) and amygdala, mainly 
from the anterior basomedial, posterior basolateral, anterior cortical, posterolateral 
cortical and posteromedial cortical nuclei. Mesocortical areas target mainly lateral 
APir, and the posterior basolateral amygdaloid nucleus chiefly medial APir regions. 
Additional inputs to APir arise from the diagonal band, midline thalamic and dorsal 
raphe nuclei, locus coeruleus and gustatory domain of the parabrachial area. Some 
connectional differences were noted between APir and ENTl. The ENTl is not 
afferented to any significant degree by dysgranular insular areas nor by their 
amygdaloid target, the posterior basolateral nucleus. Furthermore, the lateral nucleus 
provides the major amygdaloid input to the ENTl, but it does not project to APir.

APir is thus in position to integrate olfactory, gustatory, general interoceptive and 
polymodal information from higher order cortical areas and relay these messages to the 
central division of the extended amygdala, ventral striatum and hippocampal formation 
(FAPESP grants 96/7794-5,96/11787-4).
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867.7
DOPAMINERGIC AXONS PROVIDE A DENSE INNERVATION OF A 
SUBPOPULATION OF PARVALBUMIN CONTAINING INTERNEURONS IN 
THE RAT BASOLATERAL AMYGDALA. M. Bnnlev-Reed1 and A.J. McDonald2*. 
'Dept. of Biological and Physical Sciences, Columbia College, 2Dept. of Cell Biology and 
Neuroscience, Univ. of South Carolina Sch. of Med., Columbia, SC, 29063.

Dopaminergic (DA) inputs from the ventral tegmental area and substantia nigra are 
involved in numerous emotional and behavioral functions mediated by the basolateral 
amygdala (ABL). Previous studies have shown that some DA axons selectively innervate 
subpopulations of neurons in the rat ABL by forming dense pericellular arrays (baskets) 
that envelope the perikarya of these neurons. Because of the obvious functional 
significance of tliis innervation, a sequential two-color immunoperoxidase technique was 
used in the present study to determine which neuronal subpopulations are targeted. The 
finding that pericellular baskets were seen in sections stained for tyrosine hydroxylase 
(TH), but not dopamine-beta-hydroxylase, indicates that these axonal arrays are 
dopaminergic. Most TH+ baskets enveloped small ovoid or piriform perikarya, although 
a few in the anteroventral pail of the basolateral nucleus were associated with larger 
pyramidal cells. Double-labeling immunohistochemistry revealed that all of the smaller 
baskets enveloped a subpopulation (10-15%) of parvalbunnn-immunoreactive (PV+) 
nonpyramidal neurons, but not nonpyramidal neurons containing VIP or neuropeptide Y. 
In addition, about 50% of all PV+ neurons in the ABL had dendrites that received 
multiple TI1+ contacts. Since these PV+ neurons are known to be GABAergic 
intemeurons, the results of tliis study suggest that the actions of dopamine in the ABL are 
mediated, in part, by inhibitoiy intemeurons. Ultrastnictural studies have been initiated 
to determine if the contacts between DA axons and PV+ neurons are synapses. Supported 
by NIH grants NS 19733 and NS/MH38998.

867.8
DOPAMINE INNERVATION OF THE AMYGDALA IN PRIMATES. J, L.
Fudge* and S.N. Haber. Departments of Psychiatry and Neurobiology and Anatomy. 
University of Rochester Medial Center, Rochester, NY 14642

The amygdala, a prominent limbic structure, receives significant dopamine (DA) 
input. In primates, the midbrain DA neurons are divided into dorsal and the ventral 
tiers. The dorsal tier has relatively low levels of mRNA for the dopamine transporter 
(DAT), an autoregulatory molecule, while the ventral tier has high levels. We 
analyzed the DA innervation of the primate amygdala using neuronal tracing and 
immunohistochemistry (ICC) for tyrosine hydroxylase (TH) and DAT. The results 
show that TH-positive fibers were most densely concentrated in the central nucleus, 
mostly in the lateral subdivision. A fine network of TH-positive fibers was seen 
throughout the medial nucleus and basolateral nuclear group (BLNG). DAT staining 
revealed a striking lack of DAT-positive fibers in much of the TH-rich central 
nucleus, and absent staining in the medial nucleus. In contrast, there were many 
DAT-positive fibers in the BLNG with dense concentrations in the dorsal basal 
nucleus (magnocellular division) and dorsal lateral nucleus. Tracing studies showed 
that the centromedial amygdala receives selective input from the dorsal tier neurons. 
In contrast, BLNG is innervated by both the dorsal and ventral tier.

The amygdala, along with the ventral striatum, is a major target of the mesolimbic 
pathway. In the ventral striatum, a subregion known as the shell has unique 
histochemical and connectional features, including selective innervation by the dorsal 
tier. Together, the centromedial amygdala and shell of the ventral striatum are 
selectively modulated by DA input from the dorsal tier. These circuits are not 
autoregulated by DAT. In contrast, much of the striatum outside the shell and the 
BLNG of the amygdala are modulated by the ventral tier neurons. Results will be 
discussed with respect to the differential regulation of DA in these circuits. 
(Supported The Theodore and Vada Stanley Foundation and Leonard Salzman Fund 
(JF) and MH45573 (SH) )

867.9

DISTRIBUTION OF MONOAMINERGIC FIBERS IN THE EXTENDED 
AMYGDALA OF THE MACAQUE. L. J. Freedman*1 and C. -J. Shi2. 'Department 

of Neurology and Yerkes Primate Center and department of Psychiatry, Emory 

University, Atlanta, GA 30322.

The distribution of dopaminergic, noradrenergic, and serotoninergic fibers in 

the principal components of the extended amygdala (Central (Ce) and Medial (Me) 

amygdaloid nuclei and bed nucleus of the stria terminalis (BNST)), was studied using 

immunocytochemistry against tyrosine hydroxylase (TH), dopamine-P-hydroxylase 

(DBH), and serotonin (5-HT) in macaque monkeys. TH-immunoreactive (IR) fibers 

were found in the largest amount in the lateral dorsal subdivision of the BNST but 

were generally present in much lower amounts in the amygdala, except in the 

caudomedial lateral division of the central nucleus, which had a moderate TH-IR 

innervation. DBH-IR fibers were found in the greatest amount in the anterior and 

medial divisions of the BNST and fairly light staining was noted in the amygdala, 

restricted to Me and the medial part of Ce. 5-HT-IR fibers were found primarily in the 

lateral part of Ce and lateral dorsal BNST. The distribution of monoaminergic fibers 

differs somewhat from the rat with comparatively sparse dopaminergic and 
noradrenergic innervation of the amygdala itself compared to the BNST and far more 

5-HT innervation in the intrinsically projecting regions of the central extended 

amygdala. These results suggest a greater degree of differentiation between Ce and 

BNST than in the rat. However, as in the rat, TH fibers are most concentrated in 

lateral dorsal BNST and a portion of the lateral division of Ce, both of which contain 

GABAergic medium spiny neurons, and thus may also be organized as a striatal 

parallel. (Supported by NIH grants MH-01570 and RR-00165)

867.10

ORGANIZATION OF PROJECTIONS FROM THE RHOMBOID NUCLEUS OF 
THE BST: A PHAL STUDY IN THE RAT. H.-W. Dong. G.D. Petrovich and
L.W, Swanson*. Neuroscience Program, Univ. of Southern California, Los 
Angeles, CA 90089-2520

The projections of the rhomboid nucleus of the anterior division of the bed 
nuclei of the stria terminalis (BSTrh) were examined with the Phaseolus vulgaris- 
leucoagglutinin (PHAL) method in adult male rats. Within the BST, it mainly 
projects to the anterolateral area (including the oval nucleus), anterodorsal area, and 
anteroventral area (including the subcommissural zone, and fusiform and 
dorsomedial nuclei). Outside the BST, it densely innervates 1) ventromedial and 
caudal dorsomedial regions of the nucleus accumbens, and rostroventral and caudal 
regions of the substantia innominata; 2) the central, anterior basomedial, and 
posterior basolateral amygdalar nuclei; 3) perifomical and parasubthalamic regions 
of the lateral hypothalamic area; and the dorsal, ventral medial, and lateral 
parvicellular parts, and fomiceal part, of the hypothalamic paraventricular nucleus; 
4) the paraventricular and medial mediodorsal nuclei of the thalamus; 5) the 
ventrolateral periaqueductal gray, parabarachial nucleus (mainly medial division; and 
central lateral, dorsal lateral and ventral lateral parts of the lateral division), nucleus 
of the solitary tract, superior and inferior salivatory nuclei, dorsal motor nucleus, 
and nucleus ambiguus; and 6) the mesencephalic reticular nucleus, retrorubral area, 
caudal pontine reticular nucleus, and parvicellular reticular nucleus. The projections 
of the BSTrh suggest an important role in modulating visceromotor responses.

Supported by NIH Grant 5 R01 NS 16686.

867.11

COLLATERAL PROJECTIONS FROM THE MEDIAN RAPHE NUCLEUS TO THE 
MEDIAL SEPTUM AND HIPPOCAMPUS IN THE RAT. J.T. McKenna* and R.P. 
Vertes, Center for Complex Systems and Brain Sciences, Florida Atlantic 
University, Boca Raton, FL 33431.

The median raphe nucleus (MR) projects to the medial septum (MS) and 
hippocampal formation (HF) (Vertes et al., J. Comp. Neurol. 407:555-582,1999) 
and through these projections serves to desynchronize the hippocampal EEG 
(or block theta rhythm) (Vertes and Kocsis, Neuroscience 81:893-926,1997).

Using retrograde fluorescent tracers, we examined possible collateral MR 
projections to MS and HF. Fluororuby (FR) was injected into medial (MMS) or 
lateral (LMS) parts of MS and Fluorogold (FG) into HF. Three levels of the MR 
(i.e., rostral, intermediate and caudal) were examined for the presence of single 
(FR or FG) or double labeled cells (FR + FG). MMS and HF injections. At the 
rostral MR, mean numbers and relative percentages of labeled cells were 45 
(47.6%), 44.3 (46.8%) and 5.3 (5.6%) for FR (from MS), FG (from HF) and double 
labeled (DL) cells, respectively. At the intermediate MR, they were 35.3 (43.3%), 
39 (47.8%) and 7.3 (8.%) for FR, FG and DL cells. At the caudal MR, they were 
18 (28.3%), 43 (67.5%) and 2.7 (4.2%.) for FR, FG and DL cells. LMS and HF 
injections. At the rostral MR, mean numbers and relative percentages of labeled 
ceils were 30.4 (29.4%), 52.4 (50.8%) and 20.4 (19.8%) for FR, FG and DL cells. 
At the intermediate MR, they were 21.8 (27.6%), 42 (53.2%), and 15.2 (19.2%) 
for FR, FG and DL cells. At the caudal MR, they were 5.6 (31.5%), 7.8 (43.8%) 
and 4.4 (24.7%) for FR, FG and DL cells. For both MMS/HF and LMS/HF pairs 
of injections the greatest numbers of labeled cells were found at the rostral and 
intermediate MR. LMS injections gave rise to significantly more double labeled 
cells in MR than did MMS injections. The results suggest that LMS (i.e., the site 
of the bulk of cholinergic neurons of MS) and HF are principal MR targets and 
may act together in the desynchronization of the hippocampal EEG.

Supported by NIH grant NS35883 and NIMH grant MH10476.

867.12

IMMUNOCYTOCHEMICAL CRITERIA FOR THE IDENTIFICA-
TION OF SUBNUCLEI IN THE RAT HABENULAR COMPLEXES 
StGeislgr1, A. Gortzen2*, K.H. Andres3, andJLW.Veh1,1 Inst, for Anat-
omy, Charite, D-10098 Berlin, Neurol. Dep. St. Josef-Hospital, D-46045 
Oberhausen, Inst, for Anatomy, Ruhr-Universitat, D-44801 Bochum.

The habenular complexes represent distinct structures in the dorsal dien-
cephalon of all vertebrates. Quite recently, a detailed subnuclear organiza-
tion has been described (Andres et al, 1999, J Comp Neurol 407:130-150), 
which may provide the basis for the bewildering diversity of behaviors the 
habenula is thought to be involved. So far, however, criteria for identifica-
tion and differentiation of individual subnuclei are exclusively based on the 
morphological analysis of semithin and ultrathin sections.

To facilitate further hodological or physiological investigations, differenti-
ation of habenular subnuclei by more handy techniques would be desirable. 
The present work therefore aimed to establish immunocytochemical criteria 
on conventional cryostate sections for identifying and delineating habenular 
subnuclei. At present, the chemoarchitecture of the habenular nuclei based 
on the intranuclear distribution of about 30 neuroactive molecules has been 
analyzed. A combination of antibodies against neurofilament H protein, se-
rotonin, glutamate decarboxylase, tyrosine hydroxylase with acetylcholi-
nesterase enzyme-cytochemistry and cresyl violett/Luxol fast blue staining 
appears most appropriate for the intended purpose.

Supported by DFG (VE 187/1-2, INK21 and KA 1175/1-2).
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867.13
Preoptic area projections to the lateral habenula and thalamic paraventricular 
nucleus. T.L. Stein in ger,*H. Gong, D. McGinty, and R, Szymusiak; Br. Res. Inst.. 
Dept. Psychol., and Dept. Medicine, UCLA, Los Angeles, CA; V.A. Greater L.A.
Health Care System, Sepulveda, CA

Evidence suggests that descending inhibition from the preoptic/anterior 
hypothalamus (POAH) to waking- and arousal-related systems is involved in sleep- 
promoting processes. Recent studies have implicated the ventrolateral preoptic 
area (VLPO) as the locus of sleep-promoting circuitry. We have previously 
analyzed the efferent projections of POAH subregions and found that projections to 
waking- and arousal-related monoaminergic groups (tuberomammillary nucleus, 
dorsal raphe, and locus coeruleus) were significantly denser from the VLPO region 
than from other POAH regions. In the present study, we identified targets of 
POAH innervation in the lateral habenula (LHb), which projects to the seroton-
ergic dorsal raphe and the paraventricular thalamic nucleus (PVT), which shares 
connections with circadian and autonomic systems.

POAH innervation of the habenula was localized to the medial subregion of LHb 
(mLHb), whereas the adjacent diagonal band of Boca innervated the medial 
habenula (MHb). The VLPO provided the densest input to mLHb (6-10 fold 
higher than other loci). An injection lateral to the rostral VLPO provided dense 
innervation of the cholinergic medial habenula (MHb), whereas POAH injections 
provided little or no innervation of this region. The densest PVT innervation 
originated from some, but not all VLPO injections, and from injections involving 
the suprachiasmatic nucleus and retrochiasmatic regions. The results of these 
experiments suggest that since mLHb afferents originated specifically in VLPO, 
this region may have a role in behavioral state control.
Supported by MH18825, HL60296, MH4780, and V.A. Medical Research Service.

867.14
INDIVIDUAL CONTRIBUTIONS OF CAUDAL PARALAMINAR THALAMIC 
NUCLEI TO THE THALAMO-AMYGDALOID AND THALAMO-CORTICAL 
PROJECTIONS
R. Linke*. and H. Schwegler. Institute of Anatomy, University of Magdeburg, 
Leipziger Str.44, D-39120 Magdeburg, Germany

Although the caudal paralaminar thalamic nuclei are generally regarded as 
polymodal, recent studies revealed a differential sensory input from the midbrain and 
suggested different functional roles of each nucleus. The aim of the present study was 
to analyze the contributions of each nucleus to the thalamo-amygdaloid and the 
thalamo-cortical projections. Small injections of either PHAL or Miniruby were made 
into individual thalamic nculei and the terminal labeling was analyzed in amygdala 
and cortex. Projections to the amygdala reveal that all nuclei project into the lateral 
nucleus, yet predominantly into different zones, e.g. the suprageniculate nucleus (SG) 
and medial division of the medial geniculate body (MGm) project rather into lateral 
zones whereas the peripeduncular nucleus (PP) projects into medial zones of the 
lateral nucleus. Only the posterior intralaminar nucleus (PIN) projects massively into 
the anterior basomedial nucleus (BMa). Projections of other nuclei into BMa are 
either sparse or absent. The same nuclei have also cortical projections which are 
different for areas and layers. All nuclei have in common a projection to layer 1 of 
the entire temporal cortex and a projection into layer 2/3 of the ectorhinal cortex. In 
addition, MGm projects to layer 6 of primary and secondary auditory cortex; SG 
projects to the dorsal bank of the perirhinal cortex, and PIN projects to dorsal and 
ventral perirhinal cortex. The differential projection to the amygdala suggests that 
each thalamic nucleus plays a unique role in activating amygdalar circuits. The 
projection to cortical areas ends in regions that in turn project massively to the 
amygdala. The thalamic nuclei are thus in the position to provide sensory input 
directly to the amygdala and to modulate the sensory input coming from the cortical 
pathway to the amygdala. (Supported by the DFG SFB 426).

867.15

ACTIVATION OF 5HT2A RECEPTORS INDUCES FOS EXPRESSION IN 
PEPTIDE IMMUNOREACTIVE NEURONS IN THE AMYGDALA AND BED 
NUCLEUS OF THE STRIA TERMINALIS. T.S. Gray1*, A. Javed3 and L.D, Van 
de Kar2. ‘Neuroscience Program and Dept. Cell Biology, Neurobiology and 
Anatomy and 2Dept. Pharmacology, Loyola University Medical Center, 
Maywood, IL. 60153 and 3SIU School of Medicine, Springfield, IL 62704.

Serotonin and 5HT2 receptors have been implicated in stress induced ACTH 
responses mediated by the amygdala. To investigate the function of serotonin 
receptors in the amygdala, DOI, a 5HT2A/2C receptor agonist, was injected IP (2.5 
mg/kg) into rats. The goal was to identify neurons that were activated by 5HT2A 
or 5HT2C receptors. Some animals were pretreated with MDL-100,907 (100 
Pg/kg), a selective 5HT2A antagonist, to block Fos expression induced by the 
5HT2a  receptor agonistic properties of DOI.

A distinct pattern of Fos immunoreactivity was observed in the caudal lateral 
subdivisions of the central nucleus of the amygdala and dorsal parts of the lateral 
bed nucleus of the stria terminalis. Fos immunoreactivity also was observed in the 
cortical amygdaloid nucleus and surrounding cortical regions. MDL-100,907 
administration alone did not induce any increases in Fos immunoreactiviy 
compared to saline treated controls. Dual label immunohistochemistry revealed 
DOI-induced Fos immunoreactivity in enkephalin expressing neurons in both the 
amygdala and bed nucleus of the stria terminalis. Fos immunoreactivity was not 
observed in neurotensin or corticotropin releasing factor immunoreactive neurons. 
Fos immunoreactivity in amygdala and bed nucleus of the stria terminalis was not 
observed in rats pretreated with MDL-100,907 suggesting that the Fos induced in 
these areas by DOI treatment alone is mediated by 5HT2A receptor activation. 
Thus, the results suggest that 5HT2A receptor activation in brain selectively 
stimulates enkephalin producing neurons in the amygdala and bed nucleus of the 
stria terminalis. Supported by USPHS NS34153.

INVERTEBRATE MOTOR AND SENSORY SYSTEMS III

868.1

ANTAGONISM BETWEEN Go AND Gq SIGNALING: THE RGS 
PROTEIN EAT-16 IS REQUIRED FOR EGG-LAYING AND 
LOCOMOTION BEHAVIORS IN C. ELEGANS. Wen J. Chen, Yvonne M. 
Hajdu-Cronin and Paul W. Sternberg*. HHMI/ Dept. of Biology, California 
Institute of Technology, Pasadena, CA 91125.

Goa and Gqa are involved in several C. elegans behaviors including egg- 
laying, feeding and locomotion. Mutants defective in Goa function (If) are 
hyperactive in egg-laying and locomotion, while transgenic animals 
overexpressing constitutively activated GOA-1 are lethargic and egg-laying 
defective. Reduction of function mutations in egl-30(Gqa) results in 
phenotypes roughly opposite to goa-Klf).

sag-1 and eat-16 were identified by mutagenesis as extragenic 
suppressors of activated Goa. Animals defective in sag-1 or eat-16 are 
hyperactive and egg-laying constitutive, mimicking the phenotype of goa- 
7(lf). We positionally cloned eat-16 and found it encodes an RGS7 
(Regulators of G protein Signaling) homolog reducing eat-16 function 
partially suppresses the phenotype of egl-30 partial loss of function alleles 
but not the candidate null allele, indicating that eat-16 acts as a Gq GAP.
In addition, transfection of eat-16 into COS-7 cells reduces the PLC activity 
caused by endogenous mammalian Gq/Gll. sag-1 encodes a diacyl glycerol 
kinase (aka dgk-1, Nurrish et al, personal comm.). Animals defective in 
both eat-16 and sag-1 are inviable, but simultaneously reducing Gqa 
function restores their viability, suggesting that the lethality is due to 
excessive production of second messengers downstream of Gqa such as 
diacyl glycerol These results suggest that the Go and Gq pathways 
function antagonistically in C. elegans', both sag-1 and eat-16 act 
downstream of or parallel to Goa and negatively regulate Gq signaling. Goa 
might negatively regulate the Gq pathway via EAT-lfi, SAG-1 or other 
unknown, effectors.
(♦This project is supported by HHMI, with which P.W.S is an investigator.)

868.2

Ionic Currents in Identified C. elegans Mechanosensory Neurons
M. B. Goodman*1, S. R. Lockery2, D. Lenzi2 & M. Chalfie1
‘Dept of Biological Sciences, Columbia University, New York, NY 10027; 2Inst. 
of Neuroscience, University of Oregon, Eugene, OR 97403.

Activation of six mechanosensory neurons (touch cells) in the nematode, 
Caenorhabditis elegans, regulates escape behavior, feeding, defecation, and egg 
laying. Mutation of twelve mechanosensory (mec) genes result in nonfunctional 
touch cells. Most of these genes are structural genes expressed in either the touch 
cells themselves or in closely associated hypodermal cells. As a prelude to testing 
how the electrical properties of the touch cells are altered by mutations in the mec 
genes, we recorded membrane current in PLMR and PLML, a bilaterally symmetric 
pair of touch cells required for touch-sensitivity in the tail. Their cell bodies were 
exposed for whole-cell recording using a modified “slit-worm” preparation (Lockery 
& Goodman, 1998, Meth. Enzymol. 293:201-). Both anterior and posterior neurites 
could be filled with sulforhodamine 101 from the recording pipette, indicating that 
the cells remain essentially intact. Steady-state current in PLM consisted of a small 
hyperpolarization-activated current, an inward current between -45 and -30 mV, and 
a rapidly-decaying outward current at voltages greater than ~5 mV. Outward current 
was carried by K+, since it was absent from recordings obtained with K+-free 
pipettes. Like other C. elegans neurons (Goodman, et al, 1998, Neuron 20:763), 
PLM fails to generate action potentials. In addition, PLM has a low resting 
membrane potential (Vm=-15 mV) and a high input resistance (Rin=5-10 GQ). This 
observation raises two intriguing possibilities: (1) the inward current observed in 
voltage-clamp establishes the resting potential, and (2) like vertebrate 
photoreceptors, sensory transduction in PLM involves ion channel closure and 
hyperpolarization. Supported by NIDCD, NIGM, NIMH, The Sloan Foundation 
and The Searle Scholars Program.
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868.3
ANATOMICAL CORRELATES OF A STEROID-INDUCED CHANGE IN 
SYNAPTIC STRENGTH DURING DEVELOPMENT. J.R. Gray* and J.C. Weeks. 
Institute of Neuroscience, University of Oregon, Eugene, OR, 97403-1254.

The circuit for the proleg withdrawal reflex (PWR) of Manduca sexta larvae includes 
monosynaptic excitatory connections between sensory neurons that innervate planta 
hairs on the prolegs (PH-SNs) and motoneurons that innervate proleg retractor muscles 
(e.g., the accessory planta retractor motoneurons, APRs). Previous electrophysio-
logical studies showed that attenuation and loss of the PWR during the larval-pupal 
transformation includes a decrease in the amplitude of EPSPs evoked by PH-SNs in 
APRs (Streichert and Weeks, 1995, J. Neurosci. 15:1484). The decrease in EPSP 
amplitude occurs during a period of substantial dendritic regression in APRs, triggered 
by the prepupal peak of ecdysteroids. During this period, PH-SN arbors remain stable. 
We used double fluorescence confocal microscopy to test the hypothesis that the 
decrease in EPSP amplitude is accompanied by a decrease in the number of synaptic 
contacts between PH-SNs and APRs.

Individual PH-SNs were stained with rhodamine dextran, and APRs were stained 
with Lucifer Yellow either on day 3 of the final larval instar (day L3) or on pupal day 0 
(day P0). Double fills were observed with scanning laser confocal microscopy and
0.5 pm optical sections were collected to examine fine branching details and identify 
putative synaptic contacts between PH-SNs and APRs.

Preliminary results confirm that, during larval-pupal transformation, the central 
projections of PH-SNs remain stable and that the dendritic arbors of APRs regress, 
including the region of overlap with PH-SNs. The data also suggest that there are fewer 
putative synaptic contacts between PH-SNs and APRs on day P0 as compared to day 
L3. These results support the hypothesis that weakening of synaptic connections from 
PH-SNs to APRs at pupation includes a decrease in the number of synaptic contacts 
between the pre- and postsynaptic neurons, due to steroid-induced regression of the 
motoneuron arbors.

This research was supported by NIH grant NS23208 to J.C.W.

868.4
MODULATION OF A SIMPLE MOTOR PROGRAM DURING THE 
LARVAL MOLT CYCLE OF THE MOTH, MANDUCA SEXTA. 
J.E, Bestman, C.I, Miles* and R. Booker, Section of Neurobiology and 
Behavior, Cornell University, Ithaca, NY 14853.

The frontal ganglion (FG) is the component of the stomatogastric nervous 
system of Manduca sexta which alone controls the simple peristaltic movement 
of the foregut. Throughout most of the larval life the foregut exhibits a steady 
rhythmic peristalsis. During the 25 hour molt cycle from the 4th to the 5th instar 
larva, there is a 15 hour down-regulation of the patterned activity of the 
stomatogastric system during which time no coordinated peristalsis is visible. We 
have found that this change in FG activity is a critical step for the successful 
shedding of the old cuticle during eedysis. During the molt, we continue to record 
the characteristic rhythmic output from the FG and corresponding postsynaptic 
potentials (psps) in the foregut musculature. The period and phasing of the FG 
firing pattern and the properties of the psps recorded from the muscles do not 
appear obviously different from what we record in moving 5th instar foreguts. 
Stimulation (delivered through the innervating nerve) capable of producing foregut 
muscle contraction in feeding 5th instars is incapable of eliciting muscle 
contractions of molting larval foreguts. We are investigating this peripheral mode 
of modulation in this system. Our data suggests that an unidentified blood borne 
factor is responsible for disrupting the rhythmic movement of the foregut. In 
addition, we have found that extracts containing the peptide Eclosion Hormone 
(EH) applied to inactive foregut/FG preparations prematurely reinitiate peristalsis 
in 71% of the applications (n=7). This result suggests that in the sequence of 
events leading to eedysis there may be a new role for EH. (Supported by the NSF 
and USDA.)

868.5

THE ROLE OF CERCAL SENSORY FEEDBACK DURING THE 
MATING BEHAVIOR OF THE CRICKET, ACHETA DOMESTICUS. 
L.C. Snell and K.A. Killian*. Dept. of Zoology and Center for 
Neuroscience Research, Miami University, Oxford, OH 45056.

Mechanosensilla on the cerci of orthopteran insects respond to wind 
or tactile stimuli and can trigger or modify escape running, defensive 
kicking, and mating behavior. We examined the role of this sensory 
feedback in mating by comparing the rate of successful spermatophore 
transfer for mating pairs in which the cerci of both the male and female 
were intact; pairs in which male cerci were ablated; and pairs in which 
female cerci were ablated. Male cereal ablation significantly decreased 
mating success to 60% (n=113) compared to controls (95% successful, 
n=59). We also compared the total duration of mating trials, as well as 
the duration of each motor act in the mating sequence for control pairs 
and for male cereal ablated pairs that exhibited successful 
spermatophore transfer. Removal of the male cerci did not affect total 
duration; however, cereal ablated males spent significantly more time in 
hooking (attaching the epiphallus to the female subgenital plate) and 
less time in spermatophore transfer than controls.

Male cerci produce specific movements during mating. Preliminary 
electrophysiological data support the idea that these movements allow 
the cerci to act as tactile sensors of female position. During mating, the 
female mounts onto the male’s back. After hooking is complete, the 
male cerci rest on each side of the female’s abdomen and produce 
small flicking movements during spermatophore transfer. In reduced 
preparations, selective stimulation of epiphallic tactile hairs produces 
strong phasic discharge from cereal efferents and medial flicking 
movements, while activation of tactile receptors on the medial aspect of 
the cercus (those expected to contact the female during transfer) 
inhibits epiphallic efferents. We propose a hypothetical circuit for 
sensorimotor integration during spermatophore transfer.

868.6
NEURAL DYNAMICS OF THE GILL WITHDRAWAL REFLEX IN APLYSIA. 
Michal Zochowski1*, Larry Cohen1, David Kleinfeld2. 'Dept. of Cellular and 
Molecular Physiology, Yale University School of Medicine, New Haven, CT 
06510; 2Dept. of Physics, University of California at San Diego, La Jola, CA 92093.

We compared the neuronal activity in the Aplysia abdominal ganglion with the 
movement of the gill during the gill withdrawal reflex. The neuronal spike activity 
in seven sequential trials was imaged using a voltage-sensitive dye, allowing us to 
simultaneously record the output of 149 neurons (J. Neurosci. 14, 1366-1384, 
1994). The gill movement was recorded on videotape and then digitized. We found 
that two different aspects of the movement, the amplitude of the movement and the 
speed of the movement, are coded by different neural populations and in a 
dynamically different manner.

We divided the neurons into three sub-populations: 1. the frequently firing 
neurons - neurons that fire three or more spikes in every trial (24 neurons); 2. 
sparsely firing neurons - neurons that fire less then three spikes in at least one of 
the seven trials (125 neurons); 3. putative sensory neurons (30 neurons)- part of 
the sub-population of sparsely firing neurons - they fire synchronously just after 
stimulus presentation and substantially before the onset of the movement.

Our analysis shows that the cumulative activity of the sub-population of 
frequently firing neurons resembles the slow features of the amplitude of the gill 
movement. There seems to be no short time scale dependencies between the activity 
of different neurons in that sub-population. Thus, the amplitude of the movement is 
apparently coded by relatively slow modulation of the sub-population of frequently 
firing neurons.

On the other hand, the activity of the sparsely firing neurons occurs in bursts and 
their cumulative activity is very similar to the speed of the gill contractions. Thus 
the speed is controlled through the phasic activity of a relatively large population of 
neurons which often have a low firing rate. Supported by NIH grant NS08437.

868.7

PHARMACOLOGICAL ANALYSES OF OPTICALLY-DETECTED 
SLOW DEPOLARIZING RESPONSE IN THE POND SNAIL, 
LYMNAEA STAGNALIS. S, Koiima1. T, Nidaira2. T. Kouuchi2. A. Urano1* 
and E. Ito1. *Div. Biol. Sci., Grad. Sch. Sci., Hokkaido Univ., Sapporo 060- 
0810, Japan; 2Hamamatsu Photonics K.K., Hamamatsu 812, Japan.

Although the neural system for feeding behavior in the pond snail, 
Lymnaea stagnalis, has been studied well, little is known about the neural 
mechanisms for processing of chemosensory inputs. We optically monitored 
the changes of membrane potential in the cerebral ganglion when a short 
current pulse was delivered to a median lip nerve (min), which transmits the 
chemosensory input to the cerebral ganglion. Isolated CNS was stained with 
a voltage-sensitive dye, RH155, and changes in absorption associated with 
membrane potential were measured with a 16x16 photodiode array system.

In response to the min stimulation, we detected a complex depolarizing 
response in a part of the cerebral ganglion, which consisted of a sharp 
depolarizing response corresponded to an action potential and a following 
slow depolarizing response (SDR). Our findings about SDR are as follows: 
(1) SDR was also observed in min itself; (2) SDR was suppressed by 
nifedipine, a blocker for L-type Ca2+ channels; (3) SDR was not measured 
with another voltage-sensitive dye RH482, which has been reported to stain 
preferentially neuronal cells over glial cells; (4) SDR was not inhibited by 
Na+-free saline containing TTX or by blockers for several types of Ca2+- 
dependent K+ channels; (5) SDR was prolonged by Ba2+, a blocker for several 
types of voltage-dependent K+ channels; (6) SDR was spontaneously 
generated in Ba+-containing saline. These data suggest that SDR is a Ca2+- 
induced depolarization of glial cells independent of neuronal activities.

868.8

ACTIVITY-DEPENDENT OPTICAL MONITORING OF THE EARTHWORM 
NERVOUS SYSTEM WITH FMI-43. R. Shimizu1*. K. Oka1. H. Ogawa'. K. Suzuki1. J. 
Saito1. K. MizuUtni'. and K. Tanishita1. Inst, of Biomed, Eng” Fac. of Sci? and 
Tech., Keio Univ. Yokohama 223-8522, Japan. Dept. of Biol, Saitama 
Med. Sch., Saitama 350-0436, Japan

In the earthworm ventral nerve cord, cell btxlies of sensory and motor neurons locale in 
the ventral side of the nerve cord, and make synapses on three eminent giant fibers (GFs). 
Although sensory neurons make synapses on these GFs, the locations of synapses, which 
are activated by specific stimulation, is still not known. To determine the locations ol 
synapses activated by mechanical stimuli, we optically monitored the activity-dependent 
staining in the earthworm ventral nerve cord with a styryl dye, FM1-43. We dissected the 
earthworm, Eiseniafoetida, and isolated twenty segmental ganglia of the ventral nerve cord 
with the body wall. Electrical activity of the GFs was recorded with suction electrodes from 
the anterior and posterior ends of the isolated nerve cord. Repetitive scratch stimulation (20 
times) was applied on the earthworm body wall in the earthworm saline containing 10 pM 
FMI-43, and fluorescent images were acquired with a conical laser scanning microscope 
(Noran Oz with Intervision). When scratch stimuli were applied to the body wall, we 
observed fibrous dye uptake to the ipsilateral side in the ventral nerve cord, and some bright 
fluorescent spots with 3-10 pm in diameter localized only in the stimulated segmental 
ganglion of the ventral nerve cord. Fluorescent intensity of these spots decreased during 
dye-free high K4 saline incubation. Broad dye-uptake was delected in the preparation 
incubated in the high K4 medium containing FMI-43. However, we detected no dye uptake 
in the preparation which had incubated in the Ca4-free K4 medium containing FMI-43. 
These results suggest that neurons activated by scratch stimulation to the body wall can be 
selectively monitored in our experiment. We conclude that the styryl dye, FMI-43. is useful 
for monitoring neural networks that are selectively activated by various mtxlalities ol 
stimulation, including mechanical stimuli.

Ibis investigation was partially supported by "Research lor the Future" program ol 
Japan Society lor the Promotion of Science (contract number JSPS-RFTF 96HXM02) and 
tlie Japan Ministry of Education Academic Frontier Promotional Project.
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868.9
ANALYSIS OF EARTHWORM BEHAVIOR WITH SIMULTANEOUS 
RECORDINGS OF MOTION AND EXTRACELLULAR FIELD POTENTIAL. K 
Mizutani' , K. Oka',*H. Ogawa , K. Suzuki'/R. Shimizu1, J. Saito' and K. Tanishila' 1
Dept. of System Design Engin., Fac. of Sei. and lech., Keio Univ.. Yokohama 223- 
8522, Japan. ’ Dept. Biol., Saitama Medical School, Saitama 350-0436, Japan.

To recognize a pattern of animal motion, it is necessary to know the relationship 
between a controller (nervous system) and a controlled object (muscle). The earthworm 
is a promising animal for such a purpose of investigation, because extracellular field 
potential measurement enables us to detect ventral nervous system activity with a motion 
recording. For an escape reflex and a crawling, two kinds of muscles (longitudinal and 
circular muscle) that exist closely under the body wall were used. The extracellular field 
potential from the ventral, therefore, consists of the activities of muscles and the ventral 
nerve cord, especially giant fibers.

We recorded motions and extracellure field potentials from the earthworm, Eisenia 
foetida, simultaneously when it crawled, and escaped from tactile stimulation. 
Extracellular field potentials were recorded from the intact, free-moving earthworm with 
three pairs of silver wire electrodes that were arranged along earthworm's progress 
direction. When the earthworm crawled across the electrodes, longitudinal and circular 
muscles contracted alternately, and low- and high-amplitude potentials were measured, 
respectively. During the escape reflex, the longitudinal muscles contracted whole of its 
body wall, but circular muscles did not. In this lime, the potentials originated from the 
muscles were detected from all electrodes. We also recorded action potentials 
propagation along giant fibers induced by a tactile stimulus. The low-amplitude 
potentials from the longitudinal muscles followed action potentials. In conclusion, we 
developed the experimental system for measuring the intact earthworm's motion w ith the 
field potentials simultaneously, and we illustrated the relationship between the action 
potentials propagation and the muscle contraction.

This investigation was partially supported by "Research for the Future” program ol 
Japan Society for the Promotion of Science (contract number JSPS-RFTF 96I(X)IO2) and 
the Japan Ministry of Education Academic Frontier Promotional Project.

868.10
MODIFICATIONS IN THE ACTIVITY OF POSTURAL CONTROL SYSTEM IN 
CLIONE RELATED TO DIFFERENT FORMS OF BEHAVIOR. T.G. Deliagina*1’2, 
G.N. Orlovsky1, A.I. Selverston3, and Y.I. Arshavsky3. ‘Dept. of Neuroscience, 
Karolinska Institute, SE-17177, Stockholm, Sweden; 2A.N.Belozersky Inst, of 
Physico-Chemical Biology, Moscow State Univ., Moscow 119899, Russia; and 3Inst. 

of Neurobiology, Univ. of Puerto Rico, San Juan, PR 00901, USA.
The marine mollusk Clione limacina maintains a desirable orientation in 

space due to the activity of the postural neuronal network. The network includes the 
statocyst receptor cells (SRCs), the cerebro-pedal intemeurons, and the motoneurons 
supplying tail muscles. The network elicits postural corrections by producing tail 
flexions. The stabilized orientation can be modified in relation to different forms of 
behavior. At low temperatures (5-10° C), the network maintains the head-up 
orientation, whereas at higher temperatures (15-20° C)- the head-down orientation.

For studying corresponding changes in the postural network, we used a new 
method - recording of gravitational responses in motoneurons and interneurons in the 
CNS isolated with statocysts. We have found that, at low temperature, the SRCs 
activate the contralateral tail motoneurons, whereas at high temperature they activate 
the ipsilateral tail motoneurons. Reconfiguration of the network occurs at the level of 
synapses between SRCs and cerebro-pedal interneurons.

During the defense reaction elicited by head stimulation, Clione sinks 
passively. We have found that this reaction is accompanied by suppression of 
gravitational postural mechanisms, which also occurs at the level of synapses between 
SRCs and cerebro-pedal intemeurons. Thus, the postural network is not a hardwired 
circuit; it can be modified to such an extent that a nearly 'new' network is formed with 
a reversed response to the same gravitational input.

This work was supported by NIH (NS 38022), HHMI (75195-544801), MFR 
(11554), and KVA grants.

868.11

HEATSHOCK-INDUCED THERMOPROTECTION OF MUSCLE
CONTRACTION. Jeff W. Barclay* and R.M, Robertson. Dept. of Biology, Queen's 
University, Kingston, ON K7L 3N6.

Locusts are exposed daily to high temperatures in their natural environment; 
consequently, they must be able to conserve their behaviour under these stressful 
conditions. Heatshock has been shown to protect neuromuscular transmission at 
extreme temperatures in the locust hindleg extensor muscle. We have investigated 
whether this protection is also evident as a preservation of the strength of contraction 
of the extensor muscle at extreme temperatures. Extension of the locust hindleg was 
stimulated directly via the extensor muscle and indirectly via the FETi axon. Strength 
of isometric muscle contraction was measured by a force transducer attached to the 
hindleg tibia held perpendicular to the femur while temperature was increased. We 
found that heatshock induced thermoprotection of muscle contraction strength under 
nerve-stimulated conditions, but had no effect under direct muscle-stimulated 
conditions. We conclude that the strength of nerve-stimulated muscle contraction is 
protected at extreme temperatures by heatshock. However, this protection is induced 
by a preservation of neuromuscular signalling; the intrinsic contractile properties are 
not affected by heatshock. Furthermore, heatshock increases the upper limit for 
muscle contraction and improves recovery under nerve-stimulated conditions to the 
level that is seen under direct muscle stimulation. As heatshock is known to 
upregulate levels of heatshock proteins, we propose that this protection is mediated by 
a structural and functional preservation of proteins integral to neuromuscular 
signalling

This work was funded by the Natural Sciences and Engineering Research Council of 
Canada.

868.12

GABAergic EXCITATORY INTERNEURONS COORDINATE ACTIVITIES 
OF BUCCAL AND CEREBRAL FEEDING MOTOR PROGRAMS IN THE 
MOLLUSC CLIONE LIMACINA. T.P.Norekian*. Dept. Biology, Arizona State 
University, Tempe, AZ 85287 and Friday Harbor Labs, Friday Harbor, WA 98250.

Rhythmic movements of radula, which are controlled by a CPG in the buccal 
ganglia, represent a central element of the consummatory phase of feeding behavior 
in all gastropod molluscs. In the carnivorous mollusc Clione, consummatory phase is 
preceded by prey capture phase, which includes opening of the skin folds covering 
the buccal cavity and protraction of the specialized prey capture appendages, called 
buccal cones. After the prey capture and during subsequent phases of feeding, skin 
folds remain open and buccal cones remain protracted holding the prey. Thus, 
feeding motor program in the buccal ganglia, which controls radula movements, is 
always accompanied by the activity of the cerebral neural network that controls 
opening of the skin folds and buccal cone protraction. A pair of interneurons has 
been identified in the cerebral ganglia, which produce synchronous excitatory inputs 
to the buccal CPG and cerebral neurons controlling opening of the skin folds and 
buccal cone protraction. These intemeurons were designated Cr-BM (Cerebral 
interneurons activating Buccal Mass). Each Cr-BM interneuron had a small cell body 
with a few short branches located near the head nerves, and one large axon entering 
the ipsilateral cerebro-buccal connective and innervating the neuropil of both buccal 
ganglia. Induced burst of spikes in the Cr-BM neurons was sufficient to activate 
buccal motor program and produce a prolong discharge in the prey capture cerebral 
neurons. Cr-BM neurons apparently utilized GABA as their transmitter. Their 
excitatory effects in the buccal and cerebral ganglia were sensitive to GABA 
pharmacology. Exogenous GABA mimicked all effects produced by Cr-BM neurons. 
In addition, double-labeling experiments demonstrated that Cr-BM interneurons are 
GABA-immunoreactive.
Supported by NIH grant NS-34662 and NSF grant IBN-9630805.

868.13

THE ROLE OF FEEDBACK BETWEEN ANTI PHASE NEURONS IN 
THE LOCOMOTOR NETWORK OF THE MOLLUSK, CLIONE 
LIMACINA.Rl Sadrevev* and Y.V, Panchin. Moscow State Univ., Moscow, 
Russia, and Whitney Lab., Dept. Neurosci., Univ. of Florida, St. Augustine, FL 
32086
In Clione limacma, locomotor rhythm (dorso-ventral flexions of two wings) is 
produced in the central pattern generator (CPG) by reciprocal activity of two 
groups of intemeurons. Dorsal phase (IN7) and ventral phase (IN8) intemeurons 
activate neurons of the same phase, and inhibit neurons of the opposite phase. 
The role of connections providing mutual feedback between these anti-phase 
neurons has been quantitatively studied. Activity of 'unilateral' network, with 
connections of IN8 blocked with atropine, has been compared with the normal 
CPG activity, providing the evidence that (i) mutual feedback between the two 
main types of locomotor rhythmic neurons is not necessary for sustaining 
periodic generation; (ii) locomotor frequency may be controlled via shifts of the 
potential of the rhythmic neurons, and mutual feedback between these neurons 
may ensure the control by linearizing potential-frequency dependency and 
preventing aperiodic generation. These conclusions are based on the following 
observations: (a) elimination of the feedback from IN8 to IN7 does not 
significantly change periodicity of activity in the normal range of base potentials 
of the neurons, the output frequency varying within the same interval; (b) in 
'unilateral' network, with the output determined mainly by the endogenous 
activity of IN7, the dependency of the frequency on the base potential of IN7 is 
significantly non-linear. In the normal CPG, it is approximately linear. Strong 
hyperpolarization of IN7 may elicit regimes of aperiodic generation, which never 
occur in the normal network. Supported by RFBR 99-04-48992 grant

868.14
IN SEARCH OF A PROXIMAL MECHANICAL STIMULUS D.C. Wood* and H. 
Patton. Dept. of Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15260

A tap on the side of a Petri dish containing the ciliate protozoan Stentor elicits a rapid 
contraction from many of these cells. The mechanical stimulus acts by opening 
mechanorecptor channels in their cell membrane allowing an influx of Ca2+. The 
resulting mechanoreceptor potential, if suprathreshold, triggers an action potential and 
thereby causes the bodily contraction. As an early step in determining the mechanism 
involved in the mechanical stimulus transduction process, we sought to determine which 
component of the stimulus energy is absorbed and transduced by the cell, i.e., what is 
the proximal stimulus?
Stentor placed in a completely enclosed fluid-filled volume are much more responsive 

to abrupt movements of < 100 pm when there is relative motion between the cells and 
the surrounding fluid than when cells and fluid move together indicating the mechanical 
stimulus acts upon the cell surface. The diplacement, speed and acceleration of the fluid 
movement past the cells was varied using computer-generated voltage pulses supplied 
to a piezoelectric crystal. Analysis of the results shows that the probability of 
contraction is most highly correlated (r = 0.91) with a tanh function of the average 
speed of the movement. After this correlation has been subtracted out other parameters 
do not significantly correlate with the residuals suggesting that the average speed of 
movement provides the effective stimulus. This result is reinforced by voltage clamp 
recordings showing that the inward mechanoreceptor current increases steadily during 
the course of a constant speed movement of fluid past the cell.

Since the average speed of relative movement is proportional to the shear force of the 
fluid on the cell, these observations suggest that shear forces acting tangentially to the 
cell surface provide the proximal mechanical stimulus to the cell.
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869.1
INCREASED ARM STIFFNESS INDUCED BY PERFORMANCE ERROR 
ACCELERATES INTERNAL MODEL LEARNING. R. Osn1* , H. Kato2. and 
M. KaxyakrA 1 ERATO, KDB, JST, Kyoto, 2NTT Communication Science Labs., 
Kyoto, 3ATR HIP. Kyoto, 619-0288, Japan.

Two hypotheses have been controversial in the field of motor control. In the 
“equilibrium point control hypothesis”, the brain avoids complicated computations 
of dynamics by using a simple trajectory planning and muscle viscoelasticity. A 
simple motor command can realize smooth and fast movements if the stiffness is 
sufficiently high. In the “internal model control hypothesis”, the brain has to 
compute complex nonlinear dynamics but does not necessitate high stiffness. 
Recent observations of low stiffness in well-trained movements support at least the 
existence of internal models. Here, we propose an integration of these two theories. 
The final motor command is the summation of parallel outputs from two control 
mechanisms: one due to internal models and the other due to muscle viscoealsticity 
and reflexes. The brain actively regulates the contribution of each output by 
changing the magnitude of viscoelasticity. In order to verify this integrated model 
we analyzed time series data of stiffness and error during learning with a statistical 
model, whose structure was designed using the proposed model. The statistical 
model is a multivariate auto-regressive model allowing instantaneous responses. 
The current stiffness is assumed to depend on the error of previous trials and on the 
stiffness of previous trials. Current error is assumed to decrease with the current 
stiffness and depend on errors of previous trials. The learning task was to move the 
hand synchronously with a moving target along a specified path. The specified 
path was curved inward, which is opposite to the natural curvature of spontaneous 
movements. Joint stiffness during the learning was estimated using surface EMG. 
The performance error for each trial was determined as a root mean square of the 
distance between the target position and the actual hand position at each time step 
over an entire trajectory. The data were decomposed into long-term components 
that showed decreases in both stiffness and error in accordance with learning, and 
short-term interactions between error and stiffness. Specifically, we noted 
increased stiffness induced by increase in error in preceding trials. Our findings 
suggest that the brain actively controls stiffness to facilitate skilled movements and 
to accelerate the learning of internal models. (Supported by HFSP)

869.2
EVIDENCE OF INABILITY TO SELECTIVELY CONTROL A MUSCLE 
FROM A (pROUP OF Sy^NERGISTS. V.K. Ranganathan , A.M, porkin . V. 
Siemionow , E.I|. Pioro *and G.H. Yue . Departments of Biomedical 
Engineering and Neurology, The Cleveland Clinic Foundation, Cleveland, OH 
44195.

It is uncertain whether a single muscle can be selectively controlled by the 
CNS from a group of synergists. This study examined ability of 6 human 
subjects to selectively control one of the elbow flexor muscles. They were asked 
to generate a submaximal elbow-flexion force (30% maximum) for 10 s (general 
task) and the relative EMG of the biceps brachii and brachioradialis during the 
contraction was measured. The subjects were then attempted to produce the same 
force using the biceps brachii or brachioradialis muscle only (selective task). It 
was assumed that if the CNS can preferentially activate one muscle from a 
synergist group, then the relative EMG of the muscle that the subject tried to 
activate during the selective task should increase and the relative EMG of the 
other synergists should decrease. It was found that the relative EMG of the 
biceps or brachioradialis during the selective task did not differ from that during 
the general task. We then asked the question of whether training can change the 
relative signal contribution of a synergist to the motor task. Three of the 6 
individuals were trained for 4 weeks Monday through Friday (30 trials each day) 
to generate the same force using the biceps brachii muscle only; the other 3 were 
trained to produce the force using the brachioradialis only. In both groups 
training did not change the relative EMG of the biceps brachii or brachioradialis 
muscle during the selective task. The CNS command for a motor task is not 
individualized to each of the synergists.

Supported by NIH grants (NS 35130, NS37400).

869.3

ARM POINTING ADAPTATION AND CUE UTILIZATION. R. D. 
Seidler1*, G. E. Stelmach1, & J. J. Bloomberg2 ’Motor Control Laboratory, 
Arizona State University, Tempe AZ 85287-0404; 2NASA Johnson Space 
Center, Houston, TX 77058

We hypothesized that head orientation would be a strong cue for switching 
between dual adaptive arm pointing states because the head is a fundamental 
element in a sequentially organized proximo-distal reference frame system. If 
correct, a head orientation cue should facilitate the transition between multiple 
visuomotor distortions. Subjects performed arm pointing movements by drawing 
on a digitizing tablet, with targets and movement trajectories displayed in real 
time on a computer monitor. Subjects were divided into three groups, each 
assigned to a different cue condition: head orientation, target orientation, and 
arm posture. For each group, cue condition varied with changes in the gain of 
display of their arm movements. Subjects in the head orientation group had the 
head in ± 20° of roll for 0.5 or 1.5 gain of display blocks. Similarly, for the 
target orientation group, the line connecting the home position with the target 
was angled at ± 20° of roll for the 0.5 or 1.5 gain of display blocks. The arm 
posture cue group changed the elbow angle of the arm they were not drawing 
with from 0° to 180° with changes in gain. Cue effectiveness was assessed by 
returning gain of display to 1.0 and examining whether aftereffects varied with 
level of cue. Only the head orientation cue resulted in aftereffects that depended 
on the display gain previously experienced. The target orientation and arm 
posture cue groups did not show corresponding aftereffects. The results 
demonstrate that head orientation is a salient cue that can be used to help subjects 
switch amongst multiple adaptive arm pointing conditions.
Supported by NASA NGT 9-21 and NIA AG 14676.

869.4

COMPENSATION FOR INTERACTION TORQUES DURING SINGLE- AND 
MULTI-JOINT LIMB MOVEMENT P.J. Ostry* fc P.L. Gribble. McGill Uni-
versity; Montreal, Canada H3A1B1.

During multi-joint movements such as reaching, rotational forces arise at one 
joint due to the motions of adjacent limb segments. Three experiments are de-
scribed in which we assessed whether control signals to muscles are adjusted to 
counteract these “interaction torques”. Subjects performed single- and multi-joint 
shoulder and elbow movements, and parameters related to the magnitude and 
direction of interaction torques were systematically varied. Electromyographic 
(EMG) activity of shoulder and elbow muscles was examined — specifically the 
relationship between EMG activity and interaction torque. During both single-
joint elbow and shoulder motion, phasic EMG activity was observed in muscles 
spanning the stationary joint. This activity preceded movement, and varied in 
amplitude with the magnitude of upcoming interaction torque (the load resulting 
from motion of the non-stationary limb segment). In a third experiment, subjects 
performed multi-joint movements involving simultaneous motion at the shoulder 
and elbow. Movement amplitude and velocity at one joint were held constant, 
while the direction of movement about the other joint was varied. When the di-
rection of elbow motion was varied (flexion vs extension) and shoulder kinematics 
were held constant, EMG activity in shoulder muscles varied depending on the 
direction of elbow motion (and hence the sign of the interaction torque arising 
at the shoulder). Similarly, EMG activity in elbow muscles varied depending on 
the direction of shoulder motion, for movements in which elbow kinematics were 
held constant. Our results support the idea that control signals to muscles are 
adjusted, in a predictive manner, to compensate for interaction torques — loads 
arising at one joint which depend on the motion of adjacent limb segments. 

Research supported by NIH DC-00594, NSERC-Canada, FCAR-Quebec

869.5

INTERMANUAL TRANSFER AND BI-MANUAL COORDINATION 
AS INDICATORS OF INTERHEMISPHERIC SENSORY-MOTOR 
INTERACTIONS. B. Preilowski. (SPON: European Brain and Behaviour 
Society). Dept. of Psychology, Tubingen University, Christophstr. 2, D- 
72072 Tubingen, Germany.

Pathological conditions as diverse as schizophrenia and dyslexia have 
been related to aberrations in the quality of interhemispheric interactions 
due to structural as well as functional abnormalities of the corpus 
callosum. In support of this view deficits in bi-manual coordination and 
intermanual transfer are often cited.

Partial and completely commissurotomized patients as well as patients 
with pathological lesions of the corpus callosum of various etiology show 
different degrees of dysfunctions in coordinating both hands in novel 
tasks. This varies from extreme deficits with uncontrollable, independent 
movements and intermanual blocking to forms of coordination under 
visual control with evidence of intermanual coupling. Bi-manual skills 
acquired before surgical or pathological lesions are still demonstrable and 
independent of the degree of deficits shown in the novel tasks. These 
skills also persist in patients with unilateral apraxia and alien hand 
syndrome. Furthermore, in rhesus monkeys a lack of intermanual transfer 
of learning in spite of intact commissures and evidence for such transfer 
despite callosotomy has been found.

These data raise doubt about simplistic models of callosal functions. 
Instead, it is suggested that the role of interhemispheric inhibition, the 
possibility of regional and state dependent changes in callosal functions 
and the interaction of callosal and subcortical mechanisms be given more 
detailed consideration. (Supported by Tubingen Univ., the James S. 
McDonnell Foundation and The Pew Charitable Trusts)

869.6
ASYMMETRIC BILATERAL TRANSFER OF MOTOR ADAPTATION IN 
A VISUALLY-GUIDED REACHING MOVEMENT. J. Sadr*1. Y. Matsuoka*. 
and E. BizziT 1 Department of Brain and Cognitive Sciences, MIT, Cambridge, MA, 
02139, and * Division of Engineering and Applied Sciences, Harvard University, MA, 02138.

Following initial exposure to a novel dynamic environment, a period of adap-
tation may be necessary before arm movements are seen to follow straight paths 
with bell-shaped speed profiles. Here we report that training to produce spatially 
and temporally accurate visually-guided reaching movements with one arm greatly 
facilitates subsequent training with the contralateral arm.

Right-dominant subjects were trained to produce visually-guided 10cm reaching 
movements of 500ms ± 50ms duration while grasping a manipulandum. In the ab-
sence of perturbation, subjects practiced with one arm for 192 trials before switching 
to the other arm for a further 192 trials. Remarkably, after only ten left-arm trials 
in the second block, subjects' left-arm performance reached the level of the plateau 
observed after approximately 80 right-arm trials in the previous block. In fact, for 
each arm, comparison of first block (naive) versus second block (contralaterally- 
pretrained) performance revealed a significant savings in training, reflected in such 
quantities as the correlation between initial versus well-practiced hand speed profiles 
as well as in a greatly diminished variability in the movements produced. Further, 
this bilateral transfer was asymmetric, being of greater magnitude when the first 
training block had engaged the subject’s dominant arm. It is worth noting here that 
in subsequent blocks of viscous force-field adaptation training, subjects exhibited 
the ability to adapt each arm independently to one of two anti-correlated fields.

These findings highlight the motor system’s capacity to generalize the results 
of adaptation training, in this case across limbs. The precise nature of what is 
transferred and the reasons underlying the observed asymmetry invite further study.

Supported by NIH grant MN481185. J. Sadr is a Howard Hughes Medical Institute 
Pre-Doctoral Fellow.
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869.7

MOTOR ADAPTATION RESULTING FROM DYNAMIC LOADS APPLIED TO 
SINGLE JOINTS DURING MULTI-JOINT REACHING MOVEMENTS IN 
HUMANS. Kan Singh* & Stephen H, Scott, Dept. of Anatomy and Ceil Biology, 
Queen’s University, Kingston, ON, Canada. K7L 3N6.

Previous studies have demonstrated stereotypical changes in hand trajectory when 
dynamic loads are applied to the limb (Lackner & Dizio, JNP 72:299-313, 1994; 
Shadmehr & Mussa-Ivaldi, J. Neurosci. 14:3208-3224, 1994). First, hand trajectories 
are curved compared to previous unloaded movements. Second, hand trajectory 
becomes relatively straight with practice (motor adaptation). Finally, subsequent 
movements without loads are mirror images of the curved trajectories observed when 
loads were initially applied (after-effects). The loads used in these earlier studies 
altered the mechanics at both the shoulder and elbow joints. In the present study, 
dynamic loads were applied to single joints while subjects performed multi-joint 
reaching movements. A mechanical linkage (KINARM) allowed the subject to make 
horizontal planar movements of the aim involving combined flexion and extension at 
the shoulder and elbow joints. Torque motors attached to the linkage applied viscous 
loads either to the shoulder or elbow joints.

Similar to previous perturbation studies, hand paths were initially curved when 
dynamic loads were applied to either the elbow or shoulder joints. Relatively straight 
hand trajectories were re-established with additional trials and subsequent removal of 
the load resulted in altered hand paths, opposite in direction to those observed when 
loads were initially applied. These single-joint perturbations will allow us to explore 
EMG patterns of proximal-arm muscles generating both appropriate (perturbed joint) 
and inappropriate (unperturbed joint) motor adaptations as subjects learn to 
compensate for the dynamic loads.

Supported by the MRC of Canada.

869.8

LEARNING OF MOTOR INHIBITION IN HUMANS
S. Jungling. M. Girgenrath. O, Bock. Dept. of Physiol., German Sport 
University, Carl-Diem-Weg 6, 50933 Koln, Germany

It has been shown that patients with brain lesions may have problems not 
only to produce movements, but also to suppress undesired, automated ones. 
Since training improves movement execution of such patients it is an 
important question regarding complete motor recovery, whether movement 
inhibition can be re-learned as well.

In the present study, patients with unilateral brain lesions and age-matched 
controls participated in a series of eight training sessions over eight weeks. 
During each session, subjects performed three different inhibition-tasks, 
presented on a computer monitor. Finger position was recorded by a 
touchscreen and by the Selspot® system (sampling rate 50 and 300 Hz 
respectively).

We found that patients and controls initially exhibited a similar extent of 
inhibitory problems. While control subjects showed a gradual improvement 
of inhibition during training, patients’ performance of movement suppression 
remained unchanged.

We therefore conclude that inhibition can be more easily trained in normal 
subjects than in patients with unilateral brain lesions. This finding indicates 
the existence of different learning mechanisms for execution versus 
inhibition of motor programs.

869.9

TIME SERIES ANALYSIS OF MOTOR ADAPTATION R. A. Scheldt*, F, 
Mussa-Ivaldi SMPP, Rehab. Inst, of Chicago, Chicago, IL.
Motor adaptation is a form of learning that evolves over a series of movements in 
response to an external perturbation. Traditionally, adaptation has been studied by 
observing responses to a single, repeatable perturbation. In contrast, we investigated 
the adaptation process using time series analysis techniques involving exposure to a 
variety of environmental perturbations. Subjects made reaching movements in the 
horizontal plane while holding the handle of an instrumented manipulandum. Subjects 
performed 3 blocks of 200 movements each. Subjects practiced making the required 
movements in the 1st block of trials. The 2nd and 3rd blocks consisted of 100 
perpendicular, viscous, perturbation trials and 100 mechanical channel trials presented 
alternately in a 1:1 ratio. The mechanical channel was implemented along the straight- 
line path passing from the initial to final targets. Previous experiments revealed that 
adaptation to perpendicular perturbations persists within this channel environment; the 
channel itself did not substantially influence motor adaptation. The gain of the 
perpendicular field perturbation, while constant within a single trial, varied from trial 
to trial as a band-limited, white-noise process. Performance was quantified using the 
hand force perpendicular to the direction of movement within the channel trials. 
Autoregressive, moving-average (ARMA) models were fit to the input/output data 
(perturbation/channel trials) from the 2nd block of movements. Models were validated 
on the data from the 3rd block. Subject performance was optimally fit by ARMA 
models with -38% of the variance accounted for. These results concerning adaptation 
to velocity-dependent force perturbations reveal that current motor performance is 
only partially dependent upon estimates of previous performance and/or perturbations; 
other, perhaps non-linear or stochastic factors must influence the motor adaptation 
process. These results also indicate that memories of past perturbations are more 
important than memories of past performances as far as motor adaptation is concerned. 
Supported by NIH NRSA (5-732-HD07418) and ONR (N00014-95-1-0571).

869.10

AGE-RELATED EFFECTS OF MOTION-DEPENDENT FEEDBACK 
ON TYPE I MOTILITY IN CHICK. N.S. Bradley*, C. Sebelski. Dept. of 
Biokinesiology & Physical Therapy, Univ. of Southern California, Los 
Angeles, CA 90033.

A current focus of our lab is to determine if mechanical attributes of 
the environment contribute to sensorimotor transformations during 
embryonic development. For example, reduced buoyancy significantly 
alters limb motions in chicks during motility at embryonic day (E) 9 
(Bradley, Physiol. & Behay ‘97). In this study we seek to determine if 
a localized mechanical manipulation impacts neural control of motility.

Embryos were prepared for kinematic data collection and a rigid 
plastic ankle splint was attached to E9 and E12 embryos, fixing the 
ankle at 90s. Embryos were video taped during spontaneous motility 
in ovo. Data were analyzed for E9 (9) and E12 (9) experimental 
embryos and compared to data for 18, age-matched control embryos.

Results indicated that the splint significantly restrained ankle motion, 
altering leg and interlimb limb parameters of motility in all embryos. 
Further, at E12, but not E9, application of the splint significantly 
altered several parameters of wing movement. Fewer wing cycles 
were generated; wing cycle periods were lengthened; and both wing 
excursion range and velocity were reduced. These results suggest 
that mechanical constraint at the ankle and/or disruption of leg 
excursions can alter neural control of wing movements during motility 
at E12, perhaps via propriospinal pathways. Mechanical restraint may 
also shorten total episode time (activity + pause), an effect we are 
further exploring. This work was funded by NSF grant IBN-9421125.

869.11

TRANSFORMATIONS IN EMBRYONIC MOTILITY IN CHICK: E9 TO 
E18. K.J. Ganiev*, N.S. Bradley. Dept. of Biokinesiology & Physical 
Therapy, Univ. of Southern California, Los Angeles, CA 90033.

The primary focus of our lab is to determine the transformations in 
behavior that occur over the embryonic period. Previously we reported 
that Type I motility contains several reliable features and some 
features that change from embryonic day (E)9 to 15 (Rose et al., 
Neurosci. Abstr. ’98). The intent of this study is to determine if these 
features of Type I motility are present at E18 and, if so, how they are 
further modified as the embryo prepares for hatching.

A total of 5 hrs of synchronized video and EMG recordings were 
analyzed for 6, E18 embryos and compared to data for E9, E12, and 
E15 embryos. The E18 sequences of continuous activity (39 s) were 
similar to other ages. Pauses (23 s), episodes (60 s), and percent 
activity (53%) were similar to E15 data but less than E9 or E12 data.

Six sequences of continuous activity (total 534 s) from 3, E18 
embryos were digitized. The E18 sequences were marked by 
synchronous onset of ipsilateral wing and leg excursions as observed 
at earlier ages. Joint excursion ranges (<31°) and velocities (<69°/s) 
were less than at younger ages. The percent of joint excursion cycles 
within a limb that closely covaried (wing 20%; leg 30%) was less at 
E18, while the percent of concurrent wing and leg cycles (21%) did 
not exhibit a linear, age-related trend based on the current sample. 
These results suggest that some features of Type I motility are 
consistent across age. Others features vary with age and may 
prepare the embryo for hatching or posthatching behaviors. This work 
was funded by NSF grant IBN-9421125.

869.12
VISUOMOTOR TRANSFORMATIONS FOR REACHING ARE LEARNED 
IN EXTRINSIC COORDINATES. J.W. Krakauer. Z.M. Pine, C. Ghez*. Center 
for Neurobiology & Behavior and NYS Psychiatric Institute, Columbia University, 
New York, N.Y. 10032

Hierarchical computational models of visually-guided reaching movements 
propose a series of coordinate transformations whereby target location in visual 
space is transformed first into a planned hand trajectory and then into the requisite 
joint torques. It has been suggested that the planned trajectory is represented in 
extrinsic space or in joint-angle space. We have previously shown that when subjects 
learn to move a given extent in a single direction while they experience a novel 
inertial configuration, transfer of learning occurs in joint-space rather than hand 
space (Sainburg & Ghez, 1995). This result indicates that the learning of inertial 
dynamics is represented in intrinsic joint-angle space and is consistent with work 
showing that proprioception is critical in the control of joint interaction torques 
(Sainburg et al, 1999). Here we perform the analogous kinematic experiment and 
show that a visuomotor transformation, in contrast to dynamics, is learned in a 
representation of extrinsic space. Six healthy subjects moved their arm out-and-back 
on a horizontal digitizing tablet from a central origin to a circular array of 8 targets 
displayed along with a cursor on a computer monitor. Vision of the upper extremity 
was hidden. Subjects initially experienced a block of control trials to all targets with 
their shoulder at 45° and elbow at 90°. In the subsequent training trials, cursor 
feedback was rotated counterclockwise by 60° and subjects were trained to a single 
target in the 45° direction. The subjects’ shoulder angle was then changed to 90°. 
They were then re-tested in this new configuration to all targets without feedback. 
The distribution of directional errors in this new arm configuration clustered around 
the direction predicted if subjects had encoded prior learning in the extrinsic space 
rather than in joint-angle space. Thus, with a rotated display and single target 
direction, subjects depend on directional errors in visual space to learn a directional 
axis that can be translated to other locations in the workspace. (NS 22715)
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869.13
LEARNING TO REACH WHILE HOLDING A MECHANICAL 
SYSTEM THAT HAS AN UNSTABLE INVERSE BUT STA-
BLE FORWARD MODEL. R Shadmehr*. Dept. of Biomedical Engineer-
ing, Johns Hopkins Univ., Baltimore, MD 21205

The concept of an internal model, a neural system for predicting be-
havior of a controlled process, is central to the current theories of motor 
learning. Theoretical studies have proposed that internal models may be 
divided into two varieties: forward models that predict the sensory con-
sequences of a motor command, and inverse models that predict motor 
commands appropriate for a desired movement. In learning to reach, what 
kind of model is the CNS acquiring? To approach this question, I designed 
a mechanical environment that when coupled to the hand would produce 
forward dynamics that is stable, but inverse dynamics that is unstable. The 
environment was a force field that approximated a non-minimum phase lin-
ear system: its Leplace transform had zeros on the right half complex plane 
and poles in the left half complex plane. The system was produced through 
time-delayed manipulation of force feedback during reaching movements. In 
theory, if formation of the internal model depends on an adaptation in an 
inverse model of the system that the hand is holding, then performance of 
subjects should degrade rather than improve. However, if the internal model 
depends on the adaptation of a forward model, then performance should 
improve. Preliminary results suggest that while the field is extremely diffi-
cult to learn, performance does improve with extended practice, and there 
are consistent after-effects. Mechanical systems which readily lend them-
selves to control via either a forward or an inverse model, but not both, 
may help us understand the computational nature of the internal models 
learned by the CNS. Supported by ONR and NIH.

869.14

EMG CORRELATES OF LEARNING AND 
UNLEARNING OF NONSTATIONARY ENVIRONMENTS.
KA Thoroughman* and R Shadmehr. Dept of Biomedical Engineering, 
Johns Hopkins School of Medicine, Baltimore, MD 21205.

Here we examine muscle activations of subjects who train in a novel 
dynamic environment, during which forces are unexpectedly removed 
during select movements (catch trials). These subjects’ performance re-
vealed that catch trials cause short-term unlearning of the force field. 
Over the long term, well-trained catch-trial subjects generated more 
curved trajectories than subjects who trained in a constant environment.

One of our novel EMG metrics measures the directional bias of the 
functions mapping movement direction into movement-initiating EMG. 
Previous work (SFN Abs 1998:164.2) demonstrated that training-induced 
rotation of directional bias quantified the state of the internal model. 
Here we show that catch trials induced a short-term reversal of the ro-
tation. A second metric measures the timing of the peak of “force-field 
appropriate EMG,” the component of activation which creates force ap-
propriate to counteract the force field. Catch-trial subjects generated 
appropriate EMG that consistently peaked later into the movement than 
did EMG of constant-environment subjects. The short-term rotation re-
versal and the long-term difference in appropriate EMG timing provided 
physiological bases for the catch-trial induced changes in performance. 
Furthermore, the delay in the peak of catch-trial subjects’ EMG indi-
cated that they rely more heavily on feedback control. This suggests 
that catch-trial subjects learn a more robust control strategy that gener-
ates both reasonable movements in the force field and not-so-catastrophic 
movements in catch trials. Funded by Whitaker Foundation, ONR, and NSF.

869.15

CHANGES IN THE IMPEDANCE OF THE ARM DURING LEARNING OF 
REACHING MOVEMENTS. T. Wang*, and R. Shadmehr. Department of 
Biomedical Engineering, Johns Hopkins University, Baltimore, MD 21205

Our goal is to better understand the computational basis of motor memories by 
quantifying related changes in arm’s impedance. When an external perturbation 
displaces the arm during a reaching movement, the restoring forces that are 
generated by the muscles are a reflection of three feedback processes: inherent 
muscle viscoelasticity, time delayed error feedback mechanisms of the spinal 
reflexes, and time delayed error feedback mechanisms due to long-loop reflexes 
that traverse supra-spinal motor centers. Impedance refers to a linear, time-varying 
second order model of the force response of the arm to a displacement. Here we 
used a theoretical approach to show that during learning of reaching movements, 
the arm's impedance may change. These changes are a reflection of the kind of 
internal model the brain is learning. Whereas formation of an inverse model should 
result in little or no changes in the arm's impedance, formation of a forward model 
should significantly alter the arm's apparent viscosity and inertia. With learning of 
a forward model, the apparent viscosity should decrease and the arm's apparent 
inertia should increase. This is due to the fact the long-loop error feedback systems 
are acting on time-delayed signals. Experiments were designed to see if impedance 
changes that our theory predicts match changes that occur in human arm impedance 
during learning. Impedance was measured through perturbation analysis and 
parameter estimation of a zero delay linear model. Principal component analysis 
(PCA) is used to analyze the unperturbed reaching trajectories to predict what the 
perturbed reaching trajectory would have looked like if it were not perturbed. 
Quality of prediction, which was measured by the trajectory correlation, will 
depend on the data length used for prediction, how far in time prediction goes 
forward, and when perturbation is imposed during a reaching movement. This will 
tell us the proper time for adding perturbation. The predicted trajectory is then used 
for estimating subject arm impedance. Supported by ONR and NIH.

869.16

NEURAL CORRELATES OF MOTOR MEMORY RETEN-
TION OVER A 4 WEEK PERIOD AS QUANTIFIED 
THROUGH PET. R Nezafat*, R Shadmehr, and HH Holcomb. Dept. 
of Biomedical Engineering, Johns Hopkins Univ. and Maryland Psychiatric Re-
search Center, Univ. of Maryland, Baltimore, MD

Little is known about the role of the cerebellum in acquiring and 
maintaining motor memories in humans. We studied the ability to ac-
quire and maintain an internal model in a reaching task in 8 healthy 
individuals while imaging their brain using PET. Our previous imaging 
studies had a field of view that did not provide a complete view of the 
cerebellum. Here, each subject learned to reach while holding a manip-
ulandum that produced a novel force field. Subjects were scanned 18 
times, equally divided during 3 separate sessions. Sessions were recorded 
at 2 week intervals. During the first session subjects learned a novel field. 
In this session the performance improved significantly and the high level 
of performance was maintained throughout the remaining 4 weeks. In 
each imaging session, we also presented the subjects with a random 
force field that was unlearnable. The random field served as a control 
against which the learning trials were compared with. Results demon-
strated that during acquisition of the internal model on the first session, 
the cerebellar nuclei showed a significant increase in rCBF with respect 
to the random condition, regardless of whether the random condition 
preceded or succeeded the learning condition. Furthermore, regions in 
the cerebellar cortex showed a significant decrease during learning with 
respect to the random condition. Results suggest that acquisition of 
motor memory for reaching movements engages the cerebellum. Funded 
by Whitaker Foundation and NIH.

869.17

LEARNED KINEMATIC ERRORS REPRESENTED IN JOINT ANGLE 
COORDINATE ARE INTERMANUALLY TRANSFERRED IN THE 
MONKEY. E. MIYASHITA*. Lab. of Neurobiology, Nad. Inst. Physiol. Sci., 
Okazaki, Aichi, 444-8585, Japan.

This study was undertaken to reveal die levels at which visuo-motor learning of 
a novel task for visually guided arm movements occurs in the monkey. The position 
of a handle of a two-joint manipulundum was detected using a digitizer and 
displayed as a cursor on a computer display. In targeting task, two visual cues 
( “home” in the center and “target” in the periphery of the display) were 
displayed successively on the display. Two monkeys were trained to hold the handle 
to keep die cursor within the home area for a second and then to move the handle to 
move die cursor to hit the target within a second. In rotation task, the cursor was 
displayed at a position rotated 45° in the counter-clockwise direction. By using a 
position sensor system, the position of the handle during the task was captured.

By analyzing initial movement trajectories (100 ms after the onset of 
movements) as measures, intermanual transfer of the rotation task from the left 
(practiced) to right (unpracticed) hands was observed mainly in rightward movement 
directions. In contrast, that from the right (practiced) to left (unpracticed) hands was 
observed mainly in leftward movement directions. Simple addition of learned 
kinematic errors represented in joint angle coordinate of the practiced hand to 
movement kinematics of targeting task with the unpracticed hand, furthermore, 
could predict averaged initial movement trajectory of the rotation task with 
unpracticed hand of initial several trials. These results suggest that visuo-motor 
learning of the rotation task occur in a joint angle coordinate system at the level 
which movement kinematics is planned and that kinematic errors be learned. 
Supported by grant-in-aid for encouragement of young scientist 09780773 from the 
Ministry of Education, Science, Sports, and Culture.

869.18

DEVELOPMENTAL CHANGES IN INTERLIMB MOTOR LEARNING IN 
THE RAT FETUS. S. R, Robinson* and G. A. Kleven. Department of 
Psychology, University of Iowa, Iowa City IA 52242.

A continuing debate in developmental neuroscience concerns the relative 
importance of sensory feedback in the early ontogeny of motor coordination. 
Our laboratory has reported that E20 rat fetuses can alter the pattern of 
hindlimb coordination after a period of training with an interlimb yoke, 
which creates a physical linkage between the two limbs. After training, 
fetuses express an increase in conjugate hindlimb movements (defined as 
simultaneous movements with parallel trajectories). The aim of this study 
was to determine how this form of motor learning may change during 
prenatal development. Fetuses were prepared for in vivo study at different 
gestational ages (E18-E21) and tested in a 65-min session (5-min baseline, 30- 
min training period with the yoke connected to both hindlimbs, and 30-min 
test period after the yoke was cut). E19 rat fetuses responded with a modest 
increase in conjugate hindlimb movement during the training period, unlike 
the 8 to 10-fold increase in conjugate activity expressed on E20 and E21. 
However, E19 subjects showed no evidence that conjugate hindlimb 
movements persisted after the linkage was cut. In contrast, conjugate 
hindlimb activity was expressed for 15-20 min after removal of the yoke on 
E20 and remained elevated throughout the 30-min test period on E21. The 
age of earliest expression of yoke motor learning coincides with important 
changes in neural development, including the appearance of proprioception 
from muscle spindle organs, and the emergence of functional inhibitory 
synapses in the fetal spinal cord. Future studies will determine whether 
proprioceptive feedback or spinal inhibition of non-conjugate limb 
movements play a role in this form of early motor learning.

This research was supported by grant HD 33862 to SRR.
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869.19
PROACTIVE INTERFERENCE IN MOTOR LEARNING. O.Bock* and S, 
Schneider Inst. Physiol., German Sport Univ., 50927 Koln, GERMANY.

When subjects have learned to execute arm movements in an externally imposed 
force field, their ability to adapt to a new, opposite-directed force filed is sub-
sequently degraded for several hours (Shadmehr, J Neurosci 1997). We explored 
the conditions for this proactive interference.

A visual target moved along an unpredictable path in the horizontal plane, and 
subjects tracked it by means of a joystick-controlled cursor. In a given experimen-
tal session, the relationship between joystick and cursor movement could be left- 
right-reversed (LR), up-down-reversed (UD), or 180 deg rotated (LR&UD). Gen-
erally, the RMS tracking error was high at session onset, and gradually declined 
over about 30 minutes as subjects became familiar with the joystick-cursor rela-
tionship.

In Exp. A, 28 subjects participated in an LR followed by an UD session, or vice 
versa, with a pause of 2 minutes to 1 week between both sessions. The RMS scores 
early in the second session were significantly higher than early in the first, irre-
spective of pause duration. Tliis finding confirms the existence of proactive inter-
ference, expands it to discordance types other than external force fields, and sug-
gests that the interference can persist for many days without interim practice.

In Exp. B, 16 subjects participated in an LR or UD session, followed by an 
LR&UD session after a pause of 8 minutes to 2.25 hours. The RMS scores early in 
the second session were significantly lower than early in the first, irrespective of 
pause duration. We conclude that proactive interference is absent when the two 
discordances are not in conflict, and that proactive facilitation is yielded instead.

Our findings suggest that proactive interference reflects the “unlearning” of 
obsolete adapted states (which could occur in Exp. A but not B), rather than the 
consolidation of such states into long-term memory (which should occur in both 
experiments alike)

Supported by the German Space Agency DLR (WS-50 WB 9547-ZA).

869.20
LEARNING AND MEMORY OF A SPECIFIC MOTOR-PERCEPTUAL TASK 
IN INFANTS. R, M. Angulo-Kinzler* and C. L. Horn. Division of Kinesiology, 
University of Michigan, Ann Arbor, MI 48109-2214

A significant component of growth and development is infants’ capacity to 
acquire new motor skills. Of more importance than merely learning these new 
skills is the ability to memorize them for future use. The ability to learn and 
memorize are two developmental processes dependent on each other. Repetition 
of a learned behavior strengthens the involved neuronal connections that, in turn, 
allow for memorization of such behavior. In this study, 15 three-month-old 
infants were tested for their ability to learn and memorize a specific motor- 
perceptual task using a constraining reinforcement mobile protocol. The infants 
received a mobile reinforcement for every correct movement performed. The task 
was to cross 85 degrees of flexion with the right knee. Infants were tested over a 
series of three sessions, spaced 24 and 72 hours apart. Each test lasted for a total 
of 12 minutes including a 2-minute baseline, where no reinforcement was given 
regardless of movements, an 8-minute acquisition period, where mobile 
reinforcement was delivered for each time the flexion threshold was crossed, and 
finally a 2-minute extinction period, with no reinforcement. Our results indicate 
infants increased the frequency of mobile jiggles by selecting a new motor 
solution. The motor solution infants selected was a very efficient one: small 
movements around the required threshold. These data suggest infants modulated 
their preferred movement patterns in an economical way. Our data also showed 
that infants memorized the task by the third session, indicating they can learn and 
retain a fine motor-perceptual task. This implies that infants at this age are 
sensitive to the environmental information and to the consequences of their own 
posture and movements.

POSTURE AND MOVEMENT: SENSORIMOTOR INTEGRATION

870.1

HYSTERESIS IN MULTISENSORY INTEGRATION FOR HUMAN 
POSTURAL CONTROL. Kelvin S Oie*1, John J Jeka1, Tim Kiemel2 & Gregor 
Schoner3. 1Program In Neuroscience & Cognitive Sciences & Department of 
Kinesiology, University of Maryland, College Park, MD 20742. department of 
Biology, University of Maryland, College Park, MD. 3Laboratoire de 
Neurosciences Cognitives, CNRS, Marseilles, France.

Multiple sensory inputs are required for flexible control of human upright 
stance. These inputs are thought to be combined by reweighting individual 
sensory modalities depending upon task, experience and/or environmental 
constraint. Beyond the common belief that the integration is nonlinear, the 
underlying process of combining multiple sensory inputs remains poorly 
understood.

In the present experiment, we investigate the nature of this nonlinear 
integration process by systematically manipulating the relative strength of 
both visual and somatosensory input into the postural control system. Anti-
phase, oscillatory, visual and somatosensory stimuli were presented at a 
constant frequency (0.2Hz). The amplitudes of the stimuli were inversely 
scaled relative to each other in 0.2cm increments over a range of 0.0-2.0cm. 
In preliminary results, hysteresis effects were observed as the relative 
strengths of the stimuli co-varied. Also, nonlinear modulation of the amplitude 
of the postural response to sensory drive was evident. The results suggest a 
persistent weighting of a particular sensory modality dependent upon the 
history of sensory input. A full account of multisensory integration must 
include the temporal history of the postural state.
Supported by NIH grant R29 NS35070-01A2 (John J Jeka, PI).

870.2

GAIT INITIATION AFTER TOTAL HIP ARTHROPLASTY. F.Malouin,12* M. 
Perron,2 B. J. McFadyen,1,2 and G. St.Vincent2. 'Rehabilitation Department, Laval 
University and 2I.R.D.P.Q.; Quebec City, Canada, G1K 7P4.

The effect of muscle weakness on gait initiation was studied in patients with a 
mean hip abduction strength deficit of 29% after a total hip arthroplasty (THA). The 
performance of 18 women (mean 65.6 years) with a THA was compared to that of 
15 age-matched healthy women (CTL). The ground reaction forces (GRFs) from 
each limb and body kinematics (3-D) were recorded while the operated limb served 
either as the motor limb or the postural limb. Changes in peak GRFs during lateral 
weight transfer were calculated and a Motor:Postural (M:P) ratio determined limb 
contribution to lateral weight transfer. Peak hip muscular moment and power, as 
well as hip and trunk angular displacements were calculated (frontal plane). 
Between group differences were found when the operated limb produced abductor 
torque either as the motor or as the postural limb. During lateral weight transfer, the 
medial GRFs exerted by the operated motor limb were lower (p<0.01) than CTL 
subjects, resulting in a lower (p<0.01) M:P ratio (1.2: 1 vs 2.3:1). In addition, the 
hip abductor moment was associated with hip abduction and a generation power 
burst, as opposed to hip adduction and eccentric control (absorption) in CTL 
subjects. When the operated limb served as the postural limb, in addition to the hip 
abduction strategy, there was a larger (p<0.0001) ipsilateral trunk bending together 
with a lower (p<0.0002) hip abductor moment. The latter was associated with a 
shorter (p<0.001) duration of the single limb support period. The temporal and 
movement reorganization associated with hip abductor muscle weakness underline 
the role of these muscles in the control of lateral weight transfer and unipodal 
support during gait initiation. The more extensive movement reorganization with a 
greater abductor torque requirement suggests the patterns of movement 
reorganization to be dictated by the mechanical demand of the task. (Fonds de 
Recherche en Sante du Quebec & Physiotherapy Foundation of Canada).

870.3

PRECISION GRIP FORCE IN THE ANATOMICAL & PROSTHETIC LIMB 
DURING A BIMANUAL LOADING TASK. DL, Weeks1*, S.A. Wallace2,
J.T. Noteboom1, A. Tsikoudakis3, & L. Hepler1. 1 Dept. of Physical Therapy, 
Regis Univ., Denver, CO 80221,2San Francisco St. Univ., 3Boston Univ.

This study examined precision grip force (GF) applied to an instrumented grip 
object held aloft while the weight of the object was predictably varied by 
applying small loads (50, 100, or 200g). The loads were applied by the subject’s 
contralateral hand (a bimanual task) or by the experimenter. GF was examined 
in the right and left hands of four non-amputee control subjects, and in the 
anatomical and prosthetic limbs of an individual with a below-elbow 
amputation. Loads were transported from a tabletop and placed atop the grip 
object. GF changes were examined in three phases: the transport phase, loading 
phase, and post-loading phase. When the experimenter transported the load to 
the anatomical hands of control subjects or the prosthetic user, anticipatory 
increases in GF occurred that were scaled to the amount of load. Thus, in the 
transport phase, visual perception of load characteristics were adequate to drive 
anticipatory sensorimotor transformations resulting in GF changes in the 
anatomical hand. By contrast, when the experimenter transported the load to the 
prosthetic limb, anticipatory GF adjustments were negligible. When subjects 
transported the load, anticipatory GF changes were present in the anatomical 
limbs and the prosthetic limb. During the loading phase, GF in the anatomical 
limbs and prosthetic limb were increased further. GF adjustments in the 
prosthetic limb during this phase suggested that the sensorimotor system was not 
absolutely dependent on haptic perceptions of load force change to know that 
GF adjustments were necessary. In the post-load phase, significant adjustments 
in GF were not necessary. We conclude that anticipatory changes lead the 
process of adaptation to load changes, but actual sensory consequences remain 
necessary to fully adapt grip force to load demands, even for the prosthetic user.

870.4

COMPENSATION FOR NATURALLY OCCURRING LOADS AFFECTING 
JAW MOTION IN SPEECH D.M. Shiller*, P.L. Gribble fc D.J. Ostry. McGill 
University; Montreal, Canada H3A 1B1.

External loads can affect the achievement of movement goals. The degree to 
which subjects adjust control signals to compensate for these loads is a reflection 
of the extent to which forces affecting motion are represented neurally. Here, 
we examine two kinds of loads in the context of jaw movements in speech — 
motion dependent forces arising from dynamics, and those due to the orientation 
of the head relative to gravity. As subjects walk, loads to the jaw vary with head 
acceleration. By examining jaw motion during locomotion (with and without 
speech), we address the extent to which the control signals underlying speech 
movements include adjustments related to head acceleration. Jaw movements 
in speech are compared with predictions using a model of jaw motion in which 
the control signals are not modified to account for the changes in acceleration 
dependent load. In tests to date, observed kinematic patterns suggest that control 
signals may be modified to account for accelerations of the head in movements 
involving precise spatial adjustment (consonant positions in speech). In contrast, 
for jaw movements associated with vowel production, observed changes to jaw 
position suggest no adjustment for load has taken place. We also examine jaw 
movements in speech when body orientation relative to gravity is varied. No 
compensation for the resulting changes in load is observed. Taken together, the 
findings suggest a rather specific pattern of compensation for naturally occurring 
loads in the context of jaw motions in speech.

Research supported by NIH DC-00594, NSERC-Canada, FCAR-Quebec

Society  for  Neuroscience . Volume  25, 1999



2180 POSTURE AND MOVEMENT: SENSORIMOTOR INTEGRATION THURSDAY AM

870.5
FORCE-RELATED MECHANOSENSORY GATING OF VIBROTACTILE 
INPUTS DURING DYNAMIC OROFACIAL BEHAVIOR. R.D. Andreatta*, 
& S.M. Barlow. Dept. of Speech and Hearing Sciences and Program in 
Neural Science, Indiana University, Bloomington, IN 47405.

The functional capacity of the central nervous system to encode 
mechanosensory information associated with self-generated action and 
external loads is believed to be an important element in sensorimotor 
learning and skill acquisition for the orofacial system. It was hypothesized 
that systematic changes in normal subjects'(N=25) perceptual capacity to 
detect vibratory inputs delivered to the surface of the lower lip would be 
manifest during the simultaneous performance of active control tasks and 
imposed manipulations at comparable levels. Task combinations were 
comprised of (1) the locus of force recruitment [Lip vs. Index finger], (2) 
the rate of force recruitment [2 and 0.1 Hz], (3) intent [active vs. imposed 
activity], and (4) the frequency of the test vibratory input [5-300 Hz].

Significant attenuation of perceptual thresholds was found with the 
addition of active dynamic lip force, compared to baseline. Perceptual 
force-related mechanosensory gating effects were found to be influenced 
by the rate of force generation and possessed a spatial and frequency 
specificity matched to the site and biomechanical operating range of the 
orofacial apparatus during normally executed action, respectively. The 
demonstration of force-related perceptual gating in the orofacial system 
suggests that the neural substrate for processing orofacial somatosensory 
input may be subject to excitability changes at some or all levels of the 
trigeminal somatosensory pathway. The coupling of psychophysical and 
motor control tasks is suggested to be an efficient means for investigating 
the regulation of afferent flow produced as a consequence of tissue 
deformation associated with dynamic orofacial force generation in normal 
and disordered subjects. (Supported by NIDCD# R01-DC00365-08).

870.6
REGIONAL CEREBRAL BLOOD FLOW (rCBF) CHANGES DURING 
TRANSCRANIAL MAGNETIC STIMULATION (TMS) OF THE 
SENSORIMOTOR CORTEX AND ELECTRICAL STIMULATION OF THE 
ULNAR NERVE IN HUMANS. B.A, Lavoie1*, J.C. Rothwell2 and D.J. Brooks1, 

‘imperial College School of Medicine, Hammersmith Hospital, London W12 0NN
U.K.; 2MRC HMBU, Institute of Neurology, Queen Square London WC1N 3BG
U.K.

H215O positron emission tomography (PET) can be combined with TMS in order 
to demonstrate the functional anatomy and the sequence of recruitment of the cortical 
areas during different cognitive tasks. While TMS is used to determine timing of 
activation of a specific cortical area during a behavioural task, its effect on cortico- 
cortical and corticofugal pathways is still largely unknown. Our H215O PET study 
was designed to determine the effect of TMS on rCBF. Using statistical parametric 
mapping (SPM96), we compared the rCBF patterns of activation during three 
different conditions: 1) TMS over the left sensorimotor cortex (stimulus intensity 5% 
above cortical motor threshold); 2) right ulnar nerve stimulation (UNS) to induce a 
similar hand twitch (average 10% above nerve motor threshold); 3) rest. The three 
conditions were repeated at 5 different frequencies between 0.4 and 2 Hz. Scans were 
randomized across conditions. The subjects heard TMS noise during UNS and rest. 
When contrasted with rest and UNS, repetitive TMS resulted in increased rCBF 
bilaterally in the sensorimotor cortex and in the left cerebellum. UNS, contrasted 
with rest and TMS, showed unilateral rCBF increases located deep within the sulci of 
the left sensorimotor cortex and in the right cerebellum. TMS and UNS appear to 
activate different cortical and cerebellar areas. We suggest that peripheral sensory 
feedback from the right hand movement activates specific pathways that are distinct 
from those activated by TMS over the sensorimotor cortex.

Supported by the Rick Hansen Man in Motion of Canada and the MRC of England

870.7

Neural Correlate of Motor Performance: Transient Behavior of Cells in Primary 
Motor Cortex in response to Environmental Perturbations

D.J DiLorenzo*3, C-S Li2, BJ Benda3, C Padoa Schioppa2, E Bizzi2, LDepartment of 
Mechanical Engineering and department of Brain and Cognitive Sciences, 
division of Health Sciences and Technology, MIT, Cambridge, MA 02139 

Analyses of neural correlates of movement have traditionally focused upon the 
averaged cell behavior across time epochs during performance of motor tasks. The 
application of environmental perturbations in the form of force-fields results in a 
transient increase in trajectory error with subsequent recovery and plateau up to a 
steady-state value. An experimental paradigm was developed, consisting of seven 
time epochs characterized by four periods without environmental disturbances 
alternating with three periods with applied force-fields. These three forcefield 
epochs consisted of a first and third period in which the same field was applied 
alternating with the second period in which a forcefield of opposite polarity was 
applied. These force-fields were circular viscous, clockwise or counterclockwise. In 
chronological order, these force-fields were termed original, interference, and 
reintroduced force-fields. The interference forcefield elicited a pronounced transient 
response, as observed psychophysically and neurophysiologically. 30% of cells 
exhibited a significant elevation in firing rate during the transient phase relative to 
the steady-state phase of that same epoch, while the majority of cells demonstrated 
no such elevation. The sharpness of tuning was also found to be elevated during 
transient phases. This segmentation of cell behavior according to transient response 
firing rate is suggestive of the existence of a criterion for subclassification of cells in 
addition to the traditional classifications of Kinematic, Dynamic, and Memory cells. 
Furthermore, the correlation of cell firing rate elevation with trajectory error 
elevation is suggestive of a possible neural representation of psychophysical error in
primary motor cortex. (Sponsored by NIH Grant MN481185)

870.8
RESPONSE AND ADAPTATION OF SIMULTANEOUSLY RECORDED 
CORTICAL NEURONS TO TRANSIENT PERTURBATIONS IN ARM 
MOVEMENT TRAJECTORY. D, J, Weber1. R.E, Isaacs2. A.B, Schwartz13, 
Jiping He1* ‘Bioengineering Department, Arizona State University, Tempe, AZ, 
85287-6006. “Department of Neurosurgery, Vanderbilt University, Nashville, TN, 
37204.3Neurosciences Institute, La Jolla, CA 92121

To drive an arm neural prosthesis, a deterministic relationship between 
cortical activity and intended arm movements must be established. This 
relationship should be stable and accommodate the broad range of task and 
environmental conditions that are typical of everyday activities. We have begun 
experiments to investigate these relationships in simultaneously recorded cortical 
neurons during on-line correction of a trajectory perturbation. Rhesus monkeys were 
trained to perform a visually guided reaching task to 8 targets located at the vertices 
of a 13-cm. cube. A transient force perturbation was applied when the monkey’s 
hand moved 25 mm away from the center position. Neural activity was recorded on 
four (16 channel) microelectrode arrays that were chronically implanted in the motor 
and pre-motor cortex. Spike times from over 40 neurons were recorded along with 
EMG and kinematics for the moving arm. During the initial perturbation, the 
monkey failed the task in 45% of the trials, but quickly learned to compensate fcr 
the perturbation. Hand trajectory data demonstrates an improvement in performance 
as the effect of the perturbation was reduced. An analysis of variance was used to 
identify cells whose discharge rate varied across movements to different targets. All 
of these “task-related” cells demonstrated a secondary burst of activity following the 
perturbation. The magnitude of the increased activity seems to correlate with the 
amount of deviation from the desired direction of movement. Increased cortical 
activity following the perturbation demonstrates the active role of cortical neurons in 
correcting for the disturbance.

This research is supported by the Whitaker Foundation, PHS grants N01- 
NS-6-2347, T32-N507309, and R01-NS-37088.

870.9

PREDICTING THE TRAJECTORY OF A TARGET.
R.S. Daughters, K.C. Engel, M. Flanders, and J.F. Soechting*.
Department of Neuroscience, University of Minnesota, Minneapolis, 
Minnesota 55455.

We have begun to study the underlying processes involved in predicting 
the trajectory of a target that is moving in space. Experiments were 
conducted in which the future position of a moving target was predicted 
while the target moved momentarily behind an occlusion. The target moved 
down from the top of a touch sensitive computer monitor at a constant speed 
and at differing angles. It then disappeared behind an occlusion box that was 
filled with either a solid stationary background or a random dot pattern 
moving at various angles. Subjects attempted to intercept the target with the 
right index finger at the point in space where they predicted it would exit the 
occlusion box. Results indicate that when the occlusion box had a solid 
stationary background, subjects were able to predict the correct point in 
space and in time. In contrast, when the occlusion box was filled with the 
random dot display, the ability to predict the point of exit was affected. 
Furthermore, when the direction of the random dot display was perpendicular 
to the leading edge of the occlusion box, the motion of the dots appeared to 
add to the perceived direction of the occluded target. However, when the 
direction of the dot display was parallel to the leading edge of the occlusion 
box, the motion of the dots appeared to subtract from the perceived direction 
of the target’s motion. In both space and time, the subject’s response 
supported the idea that the dot display changed the direction of the estimated 
target trajectory. Supported by National Institute of Neurological Disorders 
and Stroke Grant NS-15018.

870.10
INCREASED VESTIBULOCOLLIC REFLEX GAIN AND STIFFNESS IN ELDER 
SUBJECTS. K.J. Chen1*, T.C. Hain1, B.W. Peterson1, and E.A. Keshner2. 
Northwestern University1, Rehab. Inst, of Chicago2, Chicago, IL 60611

Control of head movement involves interactions between mechanical properties of 
soft tissue (inertia, stiffness and viscosity), and neural controllers (VCR, CCR, 
voluntary). In order to gain insight into age-related changes that may occur in these 
mechanisms, a mathematical model of head control was fit to angular velocity 
responses of the head of young (YS) and elder subjects (ES) during random sum-of- 
sine (0.025-3.15 Hz) body rotations in the horizontal plane. Seated rotations occurred 
in darkness while performing a mental distraction task to minimize voluntary 
influences. Six ES (age 53-72 yrs) and six YS (age 24-42 yrs) gave informed consent 
to participate in the study. Subjects had no medical complaints, no history of falling, 
imbalance, or neurological disorder. A model of head control (Peng et al, 1996) was 
optimized to fit the experimental data. Parameters representing neck stiffness, neck 
viscosity, vestibulocollic reflex (VCR) gain, and cervicocollic reflex (CCR) gain were 
used to quantify differences between YS and ES responses.

Surprisingly, frequency response characteristics of the head with respect to trunk 
were similar across all subjects in both populations. Head velocities were the same as 
the input trunk velocities (head locked to trunk) at frequencies below 0.5 Hz. Above 
0.5 Hz, head velocities were greater than trunk velocities with a resonant peak 
observed between 1 and 2 Hz and increasing phase lags. ES responses had smaller 
phase lags than YS. Examination of model fits revealed that in order to produce the 
similar behaviors, ES produced greater stiffness and VCR gains than YS. Viscosity 
was slightly lower in ES than in YS. CCR gains in both groups were similar, however. 
Model fits to the experimental data were reliable, accounting for greater than 94% of 
individual response variances. Results indicate age-related changes occur in both 
mechanical control mechanisms and reflex control mechanisms. These changes may be 
necessary for ES to successfully accomplish the head stabilization task.
Supported by NS22490, DC02072, DC01125.
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870.11
VOLUNTARY CONTROL OF PAINFUL MUSCLES IN HUMANS.
M. Zedkaf M. Chan and A. Prochazka Div. Of Neuroscience, University of

Alberta, Edmonton, AB, Canada.
When subjects perform tasks with muscles that are painful, the muscles are activated 
less than when they are not painful (Zedka & Prochazka, J. Physiol., submitted). One 
might conclude that voluntary motor drive descending from the higher centers to the 
painful muscles is reduced to avoid exacerbating the pain. However it is possible that 
the descending voluntary drive remains unchanged, but its transmission within the 
nervous system to the muscle’s motoneurons is inhibited due to the nociceptive input. 
Potentially this gating could occur at several levels in the nervous system: spinal cord, 
brainstem, cerebellum, midbrain, or cerebral cortex. To test the hypothesis that pain 
attenuates transmission in corticospinal pathways, we applied a series of magnetic 
stimuli of constant intensity to the brain in the vicinity of the motor cortex of six 
normal subjects (Cadwell MES 10 stimulator). EMG and force output evoked by the 
magnetic stimulation during submaximal and maximal voluntary contractions of the 
left biceps brachii were recorded in each subject, first during a control session and then 
during constant muscle pain induced by slow, computer-controlled infusion of a 5% 
solution of saline. Although voluntary elbow torque during pain declined to 75% of 
control values, neither the amplitude of biceps EMG responses evoked by the magnetic 
pulses nor the corresponding elbow torque responses were affected by muscle pain. In 
addition, we tested the gain of biceps stretch reflexes with rapid ramp-and-hold 
stretches delivered to the left forearm by a servo motor. Pain in biceps did not 
influence the gain of short- and medium-latency stretch reflexes in this muscle, which 
implies a lack of a direct or indirect (gamma loop) effect of pain on the reflex 
excitability of motoneurons. These results lead us to the conclusion that the altered 
muscle activation during painful voluntary contractions is not the result of 
reduced excitability of the motor cortex, nor of attenuation of corticospinal 
transmission. The changes in drive may occur “upstream” from the motor cortex. 
Supported by AHFMR, MRC and Alberta Paraplegic Foundation.

870.12
EFFECTS' OF WHOLE HAND LARGE AFFERENTS OF SUSTAI- 
ND ELECTRICAL STIMULATION ON WRIST MONOSYNAPTIC 
REFLEX ACTIVITY. M.M.Dimitrijevic? M.R.Dimitrij 
evic, Depart, of Phycal Medicine and Rehabilita-
tion, Baylor College of Medicine, Houston, Texas 
77030.

Whole-hand, mesh-glove stimulation at subthr-
eshold level for; perception of sensation, can 
elicit activity of the primary and secondary mo-
tor and somatosensory .cortexes.( 1,)
The same method of hand stimulation was tested 
for effecton H-reflex of the wrist muscles, bef 
ore, during and after tonic stimulationof the 1- 
arge afferents for 30 minutes.There is a profoun 
d supression effect on H-reflex, but after peri 
od of 10 minutes. There is also an cary-on effe-
ct.After presentation of results we shall discus 
s significance of this work for understanding of 
hand motor control.
Work supported by the Kent WaltrepNational Para-
lysis Foundation, Dallas, Texas.

(1.) Golazsewski, S et al.ifMRI imaging of the 
human motor cortex before and after whole-hand 
afferent electrical stimulation. Scand. J.Rehab 
Med 30: 1-9, 1998.

870.13

ROLE OF AMBIENT VISION IN AERIAL PERFORMANCES. J.M. Hondzinski1*, 
W.G. Darling1, Mark Logue2, Hsun-Chih Kuo2. ’Dept. of Exercise Science, 2Dept. Of 
Statistics & Actuarial Science, University of Iowa, IC, IA 52242.

Acrobatic athletes have difficulty controlling aerial somersaults (SSs) without visual 
input. Although many coaches teach acrobats to stabilize gaze during performances, 
previous research suggests that acrobats use visual motion cues from the ambient 
visual system to enhance aerial performances (Rezette et al., 1985, Lee et al., 1992 and 
Bardy et al., 1998). No studies have tested directly whether gaze is truly stabilized 
during aerial maneuvers or if athletes need focal vision (for object recognition) to 
enhance such performances. The purpose of this study was to determine whether focal 
vision is necessary for better performance of aerial back single (1) and double (2) SSs.

Collegiate acrobatic athletes from the University of Iowa performed 3-5 back single 
and double SSs on a trampoline in each of three visual conditions: 1) full vision; 2) 
only peripheral vision allowed (central/focal vision was blocked using special contact 
lenses with an opaque central region); and 3) blindfolded. Subjects were attached to 
an overhead spotting belt for safety. Video-taped performances of the skills were 
scored by NCAA judges and used for kinematic analyses. Any assistance provided by 
a spotter was also recorded for each performance.

Performance scores of back single SSs were significantly lower under blindfolded 
than under full vision and peripheral vision conditions, which had similar scores. A 
similar trend in scores existed for most subjects when performing the back double SS, 
but one female seemed to use a different performance strategy for doubles compared to 
the other athletes when visual cues were available. External assistance was provided 
more often on blindfolded trials (lSS-44.4%, 2SS-86.2%) than when peripheral (1SS- 
0%, 2SS-43.3%) or full (lSS-4.3%, 2SS-28.9%) vision was allowed. Greater 
variability was seen in a time-to-contact variable at touchdown when subjects were 
blindfolded. It was concluded that focal vision is not required for better performance 
of back SSs and that the ambient visual system is used to judge temporal proximity to 
the landing surface during such performances.

870.14

ADAPTATION OF HUMAN ARM TRAJECTORY DURING CONTINUOUS 
CIRCULAR DRAWING UNDER VARIOUS EXTERNAL LOAD CONDITIONS.
T. Fukushi* and J. Ashe. Brain Science Center, VAMC, Minneapolis, MN 55417; 
Dept. of Neurology, Univ. of Minnesota, Minneapolis, MN 55415.

In order to study the characteristics of trajectory adaptation under continuous 
dynamic conditions, we did the following experiment. Subjects (n = 5) traced a 
circle at 1.2/1.3 Hz by moving X-Y torquable manipulandum in the horizontal plane 
to make circular movements instructed by a template on a video monitor. The 
manipulandum was programmed to deliver a total of 33 different combinations of 
inertial, viscous, and spring loads for 70 sec after an initial pre-load period (9-12 
sec). Twenty-seven of these conditions were a combination of null, positive, and 
negative loads at ~60 % maximal magnitude, and the remaining 6 were at the 
maximal positive and negative magnitude of each load which the torque motor were 
capable of producing [±4.00 x 10'3 Nm/° (stiffness), ±6.00 x 10'4 Nms/° (viscosity), 
and ±5.25 x 10'5 Nms2/ (inertia)]. To examine the time course of adaptation under 
the new external load conditions, we determined the figural distance between the 
average trajectory in the pre-load period and the average trajectory during successive 
time bins in the load period. We observed significant adaptation in 60 out of 165 
cases (33 conditions x 5 subjects). Rapid adaptation (occurrence of significant 
adaptation within the first 20 sec during the load period) was observed 
predominantly in conditions in which a single load type was applied to the 
manipulandum. Slower adaptation was seen when 2-3 load types were combined in 
a single condition. The combination of positive and negative loads within a condition 
was often associated with absence of adaptation during the test period. These results 
suggest that adaptation to the different load types may be subserved by the same 
processing channel in the human brain.

870.15

EVIDENCE FOR INDEPENDENT FUSIMQTOR ACTIVATION IN HUMANS 
DURING REMOTE ARM MOVEMENTS. J, Wessberg,1* K, E, Jones2 and K. 
Wiklund Femstrom1. ’Dept. of Physiology, Goteborg University, Box 432, SE- 
40530 Goteborg, Sweden; 2Physiology, Univ. Manitoba, Winnipeg, Canada.

Microneurographic recordings in humans have suggested a preponderance of a-y 
coactiavtion with minor and mostly dubious changes of spindle firing independent of 
parent muscle activation (see Kakuda et al, J Physiol 1996, 492, 921). In contrast, 
animal experiments have inferred that fusimotor activity is modified independently 
of the activation of the receptor-bearing muscle in a number of contexts. The aim of 
this study was to investigate muscle spindle firing in human hand muscles when the 
subject made a movement of the contralateral arm. In 29 of 61 muscle spindle 
afferents recorded from the radial nerve, there was a concomitant increase in firing 
rate without any detectable surface electromyographic (EMG) activity from the 
receptor-bearing muscle when subjects slowly raised the contralateral arm to a 
horizontal position. Conversely, voluntary weak contractions of the receptor-bearing 
muscle in all cases produced detectable EMG as well as either acceleration or 
deceleration of muscle spindle firing. 9 Golgi tendon organ afferents never changed 
firing rate when the contralateral arm was raised. Muscle spindle firing typically 
remained high for a few seconds after the remote arm had returned to the resting 
position. Repeating the same movement often gave a diminished response, as did 
limiting the extent of the movement.

We propose that the fusimotor activity of a sizable proportion of the muscle 
spindles in resting arm muscles is modulated independently of muscle activity when 
the remote arm is moved. As an hypothesis, we suggest that this may be part of a 
feedforward postural response strategy to increase the likelihood of detecting minute 
disturbances of body equilibrium that could result from such movements.

Supported by the Swedish Medical Research Council (Grant number 14X-3548) 
and the Human Frontier Science Program Organization.

870.16
THE EFFECTS OF REVERSIBLE LOSS OF CUTANEOUS FEEDBACK 
ON FORCE CONTROL IN THE PRECISION GRIP IN HUMAN 
SUBJECTS. Joel Monzde*, Yves Lamarre and Allan M. Smith. Centre de 
recherche en sciences neurologiques, Departement de physiologie, Universite de 
Montreal, Montreal (Quebec) Canada, H3C 3J7

In this study, we investigated the role of cutaneous and visual sensory feed-back 
during a grasp, lift and hold task in human subjects. Subjects were instructed to 
grasp a metal tab between the thumb and the index finger, lift it between 1.5 and 
3.5 centimeters, and hold this position for 4.0 seconds. Two object surfaces (metal 
or sandpaper Grit size 100) and three object weights (50, 100 and 200 g) were 
used. In some conditions, a brief force pulse-perturbation was also applied to the 
object, 2.5 seconds after the beginning of the holding phase. In addition, the task 
was performed with or without vision of the hand and object. During task 
performance, the grip force, the lifting or load force, and the object position were 
measured and the grip to load ratio at the slip point was calculated for each 
condition. Normal task performance was compared to performance after local 
anesthesia (Carbocaine) blocked cutaneous afferents in the thumb and index 
finger. As expected loss of cutaneous sensation dramatically increased the grip 
force in all conditions of texture and weight. Nevertheless, the grip force increases 
were less when subjects received visual feedback. Also, the duration of preloading 
and loading phases were substantially increased and this was further increased 
without vision. Loss of cutaneous sensation produced grip forces which were no 
longer adapted to the object weight In addition, the reflex-like increase in grip 
force in response to the force pulse-perturbation was often abolished or drastically 
reduced, especially without visual feedback. The results confirmed that the 
reversible loss of cutaneous feedback dramatically affects the force control in 
precision grasping although partial compensation by visual feedback was possible. 
This study was supported by CRM of Canada and FRSQ/FCAR-Santd of Quebec.
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870.17
MEG RECORDING FOR VISUAL & MOTOR TASK UNDER ADAPTATION 
TO RIGHT-LEFT REVERSED VISION. H. Endo5’2. S. Takeda3. N. Harada1,2. S. 
Honda3,2. T. Takeda4'3 and N. Narita5*. ’Dept. of Human Informatics, National 
Inst, of Bioscience and Human-Tech., 1-1 Higashi, Tsukuba, 305-8566, Japan; 
2Core Research for Evolutional Science and Tech.; ’Faculty of Science and 
Technology, Keio Univ.; 4Faculty of Engineering, Univ. of Tokyo; ’Dept. of 
Prosthodontics, Nihon Univ. Sch. of Dent, at Matsudo.

Reversal of the retinal image by prisms causes confusion of visually guided 
behavior. After a long-term adaptation to the reversed vision, that disorder 
decreases with the duration of experience. Although a few studies have been done 
to investigate the plasticity in the visual cortex, not much is known about the 
dynamic characteristics of the primary cortex.

In this study, in order to see the dynamic characteristics of the human primary 
visual and motor cortices, brain activities were investigated by means of 
magnetoencephalography (MEG). One male subject wore a right-left reversing 
goggle continuously for 17 days. Two kinds of MEG experiments were carried 
out for 19 days (the subject removed the goggles on day 17). One was a simple 
visual stimulus experiment where the stimulus was presented in the right or left 
visual field. The other was a reaction time task where a triangle symbol cueing the 
movement side appeared in the right or left visual field (so-called Simon 
experiment). Brain magnetic fields were averaged over three days and analyzed.

After 17 days of adaptation, the confusion caused by the reversed vision was 
fairly improved, but the subject could not react adjust to the correct direction 
during the normal daily activities. As for the brain activity, there was no obvious 
change related to the process of the adaptation in the recorded magnetic field level.

Supported by CREST

870.18
SYNCHRONY OF MUSCLE SPINDLE AFFERENT FIRING REVEALS 
INTRAFUSAL FIBER ACTIVATION DURING LOCOMOTION
P.H. Ellawav*, R, Durbaba, A. Tavlor, S. Rawlinson. Division of Neuroscience and 
Psychological Medicine, Imperial College School of Medicine, London W6 8RF, UK.

Cross correlograms computed between random stimuli to y-motor axons and 
spindle afferent firing reveal a large, fast peak attributable to the rapidly contracting 
intrafusal chain fibers and smaller, slower peaks attributable to bagi and bag2 fibers 
(Taylor et al., 1998 J Neurophysiol 80, 130-142; Taylor et al., 1996 J Physiol 495, 
23P). In natural fusimotor activity, the presence of y axons branching to supplying 
chain fibers in two or more muscle spindles can be revealed by relatively short-term 
synchrony between spindle afferent discharges (Taylor et al., 1994 J Physiol 475, 37- 
38P). We have now applied this to seek evidence for chain fiber activation in 
decerebrate cats, locomoting spontaneously or during electrical stimulation of the 
mesencephalic locomotor region.

Six to eight single spindle afferents were recorded simultaneously from medial 
gastrocnemius or tibialis anterior muscles. They were characterised by conduction 
velocity and by their response to succinylcholine (200 gg/kg IV), during ramp and 
hold muscle stretch, to reveal bag! and bag2 contacts. Cross correlograms were 
computed between pairs of afferents at rest and during locomotion.

Narrow peaks of synchronisation (4-12 ms) were seen only between spindles of the 
same muscle and with a frequency consistent with their being due to branching of y 
axons (17 pairs from 105 afferents). Such peaks were therefore taken to indicate 
chain fiber activity. The peaks was seen at rest, during the onset and during 
established locomotion. In file latter case the peaks were particularly associated with 
contraction of the parent muscle and implied phasic increase of static y efferent 
firing in this phase of locomotion. Broad correlation peaks (50-250 ms) were seen 
during locomotion, associated with either muscle stretch or contraction and may be 
related to bagi and bag2/chain fibre activation respectively. Supported by the Medical 
Research Council.

870.19

WALKING SPEED CAN BE MODULATED BY TONIC PROPRIOCEPTIVE 
INPUT Y.P. Ivanenko*, R. Grasso, F. Lacquaniti. Human Physiology Section of the 
Scientific Institute Santa Lucia, via Ardeatina 306, 00179 Rome, Italy.
Muscle proprioception is involved in the control of equilibrium and limb movement 
coordination and its role can be studied by applying mechanical vibration to specific 
muscles which is known to activate muscle spindle afferents. Here we compared the 
effect of tonic proprioceptive input evoked by vibration of different muscle groups 
(dorsal neck muscles, quadriceps, hamstring muscles, Achilles tendons and m. tibialis 
anterior) in 7 normal subjects during standing in upright posture and walking on the 
treadmill in a darkened room. The velocity of the treadmill could be controlled by the 
feedback from the subject’s position in such a way that forward displacement from 
the central position increased the treadmill velocity while backward displacement 
decreased it. Lower limb and trunk movements were recorded (4 camera 100 Hz 
ELITE). During normal standing, neck vibration elicited forward body sway, 
vibration of calf muscles elicited prominent backward body sway, vibration of tibialis 
anterior elicited forward body sway, vibration of hamstring muscles elicited extension 
in the hip joint and backward upper trunk inclination, while vibration of quadriceps 
had only little or no effect. The effect of muscle vibration on locomotion differed 
significantly from that on normal posture and consisted in the change of intersegment 
coordination and of walking velocity. Vibration of shank muscles evoked little or no 
effect on the gait velocity. Vibration of hamstring and neck muscles produced a step-
like increase of walking speed by 0.2-0.6 m/s during forward locomotion and a 
decrease of speed during backward locomotion, while vibration of quadriceps 
muscles increased the walking speed during backward locomotion. If applied during 
stepping in place, neck and hamstring muscle vibration elicited forward stepping at a 
constant speed. The results might reflect the relative role of different muscles for 
sensing and controlling walking speed.

870.20
PRE-HATCH INJECTION OF PYRIDOXINE (VITAMIN B6) CAUSES 

POSTURAL INSTABILITY IN POST-HATCH CHICKS. J.M. Jasiewicz'fA.A. 
Sharp2, M.H. Woollacott1, A. Bekoff2, ’Dept. of Exercise and Movement Science, 
University of Oregon, Eugene, OR 97403; and 2Dept. of EPO Biology, University of 
Colorado, Boulder, CO, 80309.

Somatosensory information plays a vital role in bipedal balance control. All 
previous work on bipedal balance control has been performed on humans (i.e. Horak 
et al, 1990). The present study investigated the role of partial somatosensory loss on 
balance control in chicks using pyridoxine (vitamin B6) overdose as a method of 
partial deafferentation. Recent work using high levels of pyridoxine has shown that 
this method of deafferentation causes ataxia in cats (Bishop et al, 1997). Sixteen 
chicks (White Leghorn hybrid) were divided into three groups. One group (n = 8) 
was injected with 15 mg of Pyridoxine-HCL on day 12 of embryonic development 
(El2). The second group (n = 8) received no treatment (normal) and the third group 
received a saline injection on El2. Chicks were placed on a small moveable platform 
and perturbed on post-hatch day one (Pl), P3, and P5. The following perturbation 
conditions were used (2 trials each): 1.2 cm forward at 7.2 cm/s and 36 cm/s: 1.2 cm 
backward at 7.2 cm/s and 36 cm/s). Kinematic markers were applied to 7 anatomical 
landmarks. Chicks were video taped at 60 Hz and digitized. Three variables were 
collected and analyzed; sway during 5 seconds of quiet stance, center of mass 
(COM) excursion during perturbation (no step) and initial stance position.

Results showed that B6 chicks sway more than either normal or saline treated 
chicks. COM excursion values indicated that B6 animals consistently swayed more 
during perturbations than either control group. B6 animals always swayed close to 
their limits of stability and were not able to maintain normal COM control. Initial 
stance data indicated that B6 animals were more crouched on Pl, but by P5 they were 
indistinguishable from control animals. Results indicate that partial proprioceptive 
loss has significant negative impact on bipedal postural control, but neural plasticity 
may allow recovery from these effects. Supported by Oregon MRF Grant.

CHEMICAL SENSES: TASTE

871.1

A DISSOCIATION METHOD OF VON EBNER’S SALIVARY ACINAR 
CELLS FOR PATCH CLAMP. K.N. Kim*. Department of Oral Physiology, 
College of Dentistry, Kangnung National University, Kangnung, Kangwon- 
do, 210-702, KOREA

The microenvironments of taste cells in circumvallate and foliate papillae 
consists of the saliva secreted from von Ebner's salivary glands( vEGs). The 
glands are associated with the circumvallate and the foliate papillae only and 
are known to be the purely serous salivary gland in mouth. This study is 
designed to find a method for dissociating acinar cells suitable for patch 
clamping of vEG acinar cells.

The 100-200gm tongue slices were obtained from Sprague-Dawley rats. 
Under the dissecting microscope, other tissues surrounding vEGs were 
removed as much as possible. Single acinar cells and cell clusters were 
isolated by a sequential trypsin / collagenase treatment. During and after 
enzyme digestion, they were mechanically triturated by micropipette.

After enzyme dissociation procedure, the number and quality of salivary 
acinar cells from vEG were good enough for patch clamp experiments. The 
whole cell currents were mainly composed of outward current and the reversal 
potential was near the 0 volt. Their current-voltage relationship showed a 
strong outward rectification.

The dissociation procedure enables us to study of von Ebner’s gland 
physiology for the understanding of perireceptor mechanism in circumvallate 
and foliate papillae, as well as for the understanding of excitation-secretion 
(nechanisms in serous salivary gland.

Supported by Korean Research Foundation made in the program year of 
1997.

871.2

IDENTIFICATION OF PROTEINS THAT INTERACT WITH 
GUSTDUCIN USING THE YEAST TWO-HYBRID SYSTEM.
N.Segal. S, Yazulla*. and S.K, McLaughlin. Dept. of Neurobiology and 
Behavior, SUNY Stony Brook; Stony Brook, NY 11794.

Gustducin is a G-protein alpha subunit that is expressed only in taste 
cells and brush border cells of the stomach and small intestine. Its 
involvement in taste cell signal transduction became evident through a 
combination of behavioral and electrophysiological experiments that 
linked it to both sweet and bitter taste transduction. Gustducin null 
mutants have a normal taste cell morphology, but exhibit severe 
deficiencies in sensitivity to the bitter substance denatonium, the sweet 
substance sucrose and the artificial sweetener SC45647. This apparent 
duality in gustducin signaling can be investigated by identifying proteins 
expressed in taste cells that interact with gustducin.

To identify proteins that specifically mediate gustducin’s activity we 
screened a rat taste enriched cDNA library using the yeast two-hybrid 
system. This highly sensitive in vivo assay can be used to identify 
proteins that interact with a chosen bait peptide. Several gustducin 
peptides were tested for use as baits and three were selected. Two of the 
peptides are near the C-terminus of gustducin, and one encompasses the 
full-length protein. Using this approach we were able to identify several 
proteins that potentially interact with gustducin.
Supported by NIH grant NINDSIT32NS07423
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871.3

RESPONSES OF RAT TASTE RECEPTOR CELLS TO 
DECREASES IN ACIDITY. L. Liu and S.A, Simon* Dept. of 
Anesthesiology and Neurobiology, Duke University, Durham, N.C. 
27710.

Sour taste occurs when acidic stimuli are introduced on the dorsal 
surface of a mammalian tongue. To elaborate on the cellular 
mechanisms underlying sour taste, we performed RT-PCR on 
individual taste buds from rat fungiform papillae. We probed for the 
H+-gated channels ASIC- a, ASIC- P and DRASIC, and for VR1, the 
vanilloid receptor which also is activated by acid. Taste buds 
contained message for ASIC- P and VR1. In fungiform taste cells, 
using calcium green as the fluorophore, decreasing the pH caused 
either increases or decreases in intracellular calcium ([Ca2+]i). These 
changes did not depend on the presence of extracellular calcium. 
Dose - response curves yielded pH0.5 values of about 4.8 with either 
type of H+- mediated [Ca2+]i response. Neither of these responses 
was inhibited by 10 pM capsazepine (a VR1 antagonist), but 200 pM 
amiloride inhibited the response in which [Ca2+]i increased with 
decreasing pH. Most interesting was the result that the decrease in 
[Ca2+]i could be inhibited by pertussis toxin, but not cholera toxin, 
suggesting that in addition to ASIC type of responses, G-proteins 
may also be activated by acidic stimuli. These data suggest that there 
are multiple transduction pathways by which acidic stimuli may 
interact with taste cells to initiate the sensation of sour taste. This 
work was supported by NIH grant DC- 01065 and the Philip Morris 
Corp.

871.4

STIMULUS ADULTERATION WITH AMILORIDE AND TRANSECTION 
OF THE GUSTATORY BRANCHES OF THE FACIAL NERVE HAVE 
DIFFERENTIAL EFFECTS ON THE ACQUISITION AND 
GENERALIZATION OF A CONDITIONED NaCl AVERSION. A.C. 
Spector*, M.A. O’Callaghan, and M. Garcea. Dept. of Psychology, Univ. 
of Florida, Gainesville, FL 32611.

Prior work has shown that rats lingually treated with the epithelial 
sodium channel blocker, amiloride, during a taste aversion conditioning 
trial when the conditioned stimulus (CS) was 0.1 M NaCl, fail to display 
avoidance of the CS alone in subsequent tests (Hill et al., 1990) despite 
that the CS should have been detectable during conditioning. In contrast, 
rats that have the chorda tympani nerve bilaterally transected acquire a 
conditioned taste aversion (St. John et al., 1997) to the same CS without 
difficulty, despite that this nerve innervates taste receptor cells that are 
amiloride-sensitive. To reconcile these findings, rats that had sham 
surgery or combined bilateral transection of chorda tympani and greater 
superficial petrosal nerves (7thX) were given 3 trials in which intake of 0.1 
M NaCl was followed by LiCI injection. They were subsequently tested 
with various concentrations of NaCl and KCI (repeated 5 s trials) in a 
gustometer. An additional group was conditioned and tested with 100 pM 
amiloride as the solvent. Each experimental group was accompanied by 
respective NaCI-injected controls. Rats with 7thX failed to acquire the 
aversion. Rats in the amiloride group acquired the aversion and, unlike 
controls, entirely generalized the aversion to KCI. These results are 
consistent with current views regarding the oral distribution and role of 
amiloride-sensitive taste receptor cells in salt sensibility in the rat. 
Supported by NIH grants R01-DC01628 and K04-DC00104.

871.5

OPTICAL RECORDINGS OF MOUSE TASTE RECEPTOR POTENTIALS 
IN SITU. Y, QHT.UBO? T, KUMAZAWA2 and K, YOSHII1* ’Dept of 
Biochem. Engin. and Sci., Kyushu Institute of Technology, Iizuka, 820-8502: 
2Dept. of Applied Chem., Saitama Institute of Technology, Japan.

Single mouse taste buds contain 50-100 cells that develop various 
voltage-gated channels. Although a third of these taste bud cells (TBCs) 
elicit HVA-Ca channel currents, suggesting that they release 
neurotransmitters in response to taste stimulation, only a few TBCs have 
synaptic contacts with taste nerves. In order to clarify this disagreement, we 
investigated the number of TBCs that responded to taste stimuli by 
monitoring their membrane potentials with a voltage-sensitive dye in situ.
The application of NaCl, sucrose, or HC1 on their receptor membranes 
increased the fluorescent intensities of the dye in ~25 % of TBCs and 
decreased those in ~25 % of TBCs in the same taste buds. That is, ~25 % 
of TBCs were depolarized and another ~25 % were hyperpolarized in 
response to taste stimuli. The depolarized and hyperpolarized TBCs made 
different groups that contacted each other, though their distributions were 
different among taste buds. These results showed that TBCs having no 
synaptic connections with taste nerves responded to taste stimuli. It appears 
that many TBCs having no synaptic connections with taste nerves form 
cellular networks, which modify the outputs of taste receptor cells.
Supported by Education Ministry of Japan.

871.6

TASTE OF MONOSODTTTM GLUTAMATE AND SUCROSE: 
SAME OR DIFFERENT? M.E. Luellig,1 J.R. Stapleton,1 E.R. Delay,1 
and S.D. Roper2*. ’Neurosci. Prog., Regis Univ., Denver, CO 80221; 
2Physiol. & Biophys., Univ. Miami Sch. Medicine, Miami, FL 33136.

Monosodium glutamate (MSG) elicits a unique taste called umami. 
Sucrose is a prototypic sweetener. However, under certain conditions, 
sucrose mimics MSG taste. Namely, if a taste aversion is conditioned 
to MSG, this aversion generalizes to sucrose when amiloride (a cation 
channel blocker that reduces Na+ taste responses), is present. Also, in 
several species, stimulating the tongue with MSG excites nerve fibers 
believed to encode sweet taste (sucrose-best, or “S” fibers). These data 
suggest that some aspect of the taste of MSG is similar to sucrose and 
raises a question if transduction pathways for MSG and sucrose 
somehow interact. In this study we used a shock-avoidance 
discrimination method to determine how well rats can distinguish the 
taste of sucrose from MSG. A range of concentrations (0.1-100 mM) 
of MSG and sucrose was tested (all containing 30 p.M amiloride). The 
results showed that rats can discriminate between sucrose and MSG, 
even near taste threshold concentrations for each taste stimulus. Thus, 
although conditioned taste aversion studies indicate that sucrose 
mimics the taste of MSG, behavioral discrimination studies reveal 
significant taste differences.

Supported by NIDCD/NIH grant #DC03013 to SDR.

871.7

GUSTATORY NEURONS IN THE GENICULATE GANGLION 
EXPRESS AMPA AND NMDA TYPE GLUTAMATE RECEPTORS.
A. Caicedo*, B. Zucchi, and S.D. Roper. Dept. of Physiology and 
Biophysics, University of Miami School ofMedicine. Miami, FL 33136.

Taste receptor cells are innervated by primary gustatory neurons that 
relay sensory information to the central nervous system. The transmitter(s) at 
synapses between taste receptor cells and primary afferents is (are) not yet 
known. In analogy with other sensory organs, glutamate may be one of these 
transmitters. If so, one might expect gustatory primary neurons would 
express glutamate receptors. We examined the presence of AMPA and 
NMDA receptor subunits in gustatory primary neurons that innervate the 
anterior tongue (i.e., neurons in the geniculate ganglion). AMPA and NMDA 
type subunits were immunohistochemically detected with antibodies against 
GluRl, GIuR2, GluR2/3, GIuR4, and NR1 subunits. Gustatory neurons were 
specifically identified by retrograde tracing with fluorogold from injections 
made into the anterior portion of the tongue (fluorogold and
immunoreactivity were co-localized). Most gustatory neurons in the 
geniculate ganglion were strongly immunoreactive for GluR2/3 (70 %), 
GluR4 (80 %), and NR1 (70 %). Because only few neurons were GluR2 
immunoreactive (25 %), it is likely that most G,uR2/3 immunoreactivity 
represents GluR3 antigenicity. GluRl was almost absent (< 10 %). These 
subunits may represent glutamate receptors destined for presynaptic 
terminals at central synapses, postsynaptic receptors at synapses with taste 
buds, or both. We are presently examining the presence of these subunits in 
the sensory axons in taste buds.

Supported by NIH/NIDCD grants DC00374 and DC00244.

871.8

TASTE STIMULI INDUCE TRANSMITTER RELEASE AT RAT TASTE 
BUD SYNAPSES in vitro. M.S. Jafii* and S.D. Roper.Department of 
Physiology and Biophysics, University of Miami School ofMedicine, Miami 
FL 33136.

Taste buds (TBs) are chemical detectors that respond to gustatory 
stimuli. Chemosensory input to TBs is transmitted synaptically to primary 
afferent neurons. The transmitters) at TB synapses have not yet been 
identified, although serotonin among other candidates has been implicated. 
We employed cyclic voltammetry to study the release of neurotransmitter(s) 
from TB cells. Responses consist of stimulus-dependent increases of 
oxidizable substrate(s), such as biogenic amines. Applying depolarizing 
stimuli (50 mM KCI in Tyrode’s solution) focally to TBs of rat vallate or 
foliate papillae elicited reproducible responses in 5 pm carbon fiber 
electrodes (CFEs) positioned in TBs. Eliminating extracellular Ca2+ 
abolished responses. The responses presumably reflect the release of 
synaptic transmitter(s) from TB cells. Applying 20 mM saccharin (SAC) or 
1 mM denatonium (DEN) also elicited Ca -dependent responses exclusively 
from TBs.

Typically, CFE recordings allow one to identify certain 
neurotransmitters, especially biogenic amines; however, responses to date do 
not explicitly implicate any specific transmitter. Moreover, the responses to 
KCI, SAC or DEN differ qualitatively from each other. The concentration- 
response relationships of these substances are being assessed. The identity 
of the transmitters) released from TB cells is currently under investigation. 
Responses to other taste stimuli are also being explored. Supported by 
NIH/NIDCD grant DC00244.
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871.9
EXPRESSION OF ISK POTASSIUM CHANNEL REGULATOR IN LINGUAL 
SALIVARY DUCTS AND ROLE IN SALT APPETITE. R. B. Puchalski 12‘and J. 
Kang1 'Monell Chemical Senses Center, 2Department of Pharmacology, School of 
Medicine, University of Pennsylvania, Philadelphia, PA 19104.

Previously, we reported that NaCl consumption preference is abolished by null 
mutation of the IsK gene (Puchalski et al., 1999). IsK is a potassium channel 
regulator that assembles with KCNQ1 (KvLQTl) potassium channels, potentiating 
channel currents and altering gating kinetics. The highest levels of expression of IsK 
RNA are found in the submandibular salivary gland, and to a lesser extent, kidney 
(Sugimoto et al., 1990). In these tissues, IsK protein expression is confined to the 
apical membrane of epithelial cells in ducts, and its potassium release into the lumen 
is coupled to sodium absorption and retention. It is unclear whether NaCl 
consumption preference is abolished in isk -/- mice due to changes in the ionic 
composition of saliva, which can alter NaCl taste detection thresholds, or in renal 
function, which can alter the postingestive process of NaCl absorption.

We characterized the expression of IsK RNA in the lingual salivary ducts by in situ 
hybridization to determine the extent to which IsK/KCNQl channels might influence 
the potassium and sodium concentrations in saliva. IsK riboprobes labeled 7-10 
ducts that are perpendicular to the dorsal surface of the tongue within the vicinity of 
the vallate papilla. These ducts are dorsal to the serous and mucous acini of the 
lingual salivary gland. They appear to originate in von Ebner's or Weber's glands, 
and might open directly onto the dorsal surface of the tongue. IsK riboprobes also 
labeled a single duct posterior to the foliate papillae. This duct may originate in the 
serous acini of the lingual salivary gland. Finally, IsK riboprobes labeled ducts that 
are posterior to the lingual frenum along the midline. Such ducts might originate in 
the submandibular or sublingual salivary glands. Expression of IsK in several 
salivaiy ducts may play a key role in regulating the ionic composition of saliva. 
(Supported by NIH grants DC00014 and DC03541, and Monell Institutional Funds)

871.10
TASTE IN THE RAT THALAMUS. J.V.Verhagen*, B.K.Giza, and T.R.Scott, Dept 
Psychology and Prog in Neuroscience, Univ Delaware, Newark, DE 19716

The ventroposterior medial nucleus of the thalamus (VPM^) in rat comprises 
5th-order gustatory neurons that form an obligatory synapse between the parabrachial 
nucleus and the cortical (insular) taste area. Little is known of its functional 
characteristics, for the only single neuron studies employed a chamber that gave 
stimuli access to only the anterior tongue. We recorded the activity of 99 cells in 
VPMpc of urethane-anesthetized rats in response to taste, temperature and touch 
stimulation of the entire oral cavity. Stimuli included 0°, 22°, and 37HC water, 0.01, 
0.03, 0.10 and 0.30 M NaCl; 0.10 M LiCI, MSG, KC1, CaCl2, and NH4C1; 0.01 M 
HC1 and citric acid; 1.0 M glucose and fructose and 0.5 M sucrose; 0.01 M QHC1; 
0.03 M NaSaccharin; and 0.2 M Polycose. 56% of VPMpt cells did not respond to 
any stimulus in this array. 17% gave only non-gustatory responses: 7% to touch, 6% 
to temperature, and 4% to both. 27% responded to taste: 8% exclusively, 16% in 
conjunction with temperature, 2% with touch, and 1% with both. Taste-responsive 
cells had a mean spontaneous rate of 6.0±5.8 sp/s (range=0.0-21.6 sp/s) and a mean 
breadth-of-tuning coefficient of 0.78 (0.33-0.99). The concentration-response function 
across a 30-fold range of NaCl concentrations (0.01-0.30 M) was monotonically 
increasing with a power function of 0.42. The response profiles of taste cells were 
divisible into 3 groups composed of those neurons most responsive to (1) NaCl 
(50%), (2) HC1 (33%), and (3) sucrose (12%). 5% of the cells lay outside these 
groups. A multidimensional space based on correlations among activity profiles 
evoked by each stimulus revealed 3 clusters: (1) acids, bitter salts and quinine, (2) Na- 
Li salts, NaSaccharin and MSG, and (3) sugars. Polycose was separate from all other 
stimuli. Taste cells in VPMpt are functionally similar to those of lower-order 
gustatory relays.

871.11

NEURAL ENSEMBLE ACTIVITY IN THE RAT GUSTATORY CORTEX 
DURING LEARNING OF A TASTE PREFERENCE TASK. D. B. Katz*, S. A. 
Simon, & M. A. L. Nicolelis. Department of Neurobiology, Duke University,
Durham, NC 27710.

Rats show ‘innate’ preferences for some gustatory stimuli over others. In particular, 
rats will seek out certain concentrations of sweet tastants, and will avoid strongly bitter 
tastants. This suggests that the coding of such aversive tastes may be qualitatively 
different from that of more palatable stimuli. As part of our ongoing investigation of 
how neural populations code taste quality and hedonic value, we chronically recorded 
the activity of ensembles in insular (gustatory) cortical neurons (GC) as rats pressed a 
bar for tastant reward. In this behavioral paradigm the rats were required to leam an 
association between specific lever presses and tastants. Learning was evident in the 
emergence of a predictable preference for the sweet (0.15 M sucrose) over the bitter (1 
mM quinine HC1) tastant, measured as the number of lever presses for each stimulus.

We observed that a subset of GC neurons (~17%) responded selectively to the 
administration of sucrose or quinine. A larger proportion (~50%) responded to 
somatosensory aspects of tastant delivery and consumption. Sucrose responses 
consisted primarily, although not exclusively, of firing rate increases, whereas quinine 
responses more often involved inhibition of baseline firing or some complex 
combination of excitation and inhibition. A small number (n=4) of the GC neurons 
had a sufficiently high SZN to permit multi-session isolation. Across the first few days 
of training, the variability of taste-related responses declined, and both tastant and 
somatosensory responses came to predict actual tastant administration—that is, firing 
rate modulations eventually preceded tastant presentation. Although we can not rule 
out the possibility that these activity changes are the result of changes in somatomotor 
behavior, the course of their development suggests that they may represent 
anticipatory coding of the incoming gustatory stimulus that develops with learning.

Funded by grants from the Philip Morris Corporation and NIH DC - 01065 (SAS), 
and by the Whitehall Foundation (MALN).

871.12

IN-SITU OPTICAL RECORDINGS OF CYTOSOLIC Ca2+ 
CONCENTRATION IN MOUSE TASTE BUD CELLS . T. Kumazawa1.
S. Shiobara2, Y. Ohtubo3, S, Endo4*. and K. Yoshii3. ^ept. of Applied 
Chem., Saitama Institute of Technology, Okabe 369-0293, Japan; 2Dept. 
of Materials Sci. and Engin., Saitama Institute of Technology; 3Dept. of 
Biochem. Engin. and Sci., Kyushu Institute of Technology; 4Lab. for 
Learning & Memory, RIKEN, Brain Science Institute.

Taste stimuli increase the cytosolic Ca2+ concentration ([Ca2+]m) in 
isolated taste bud cells, where taste stimuli might reach not only their 
receptor membranes but also their basolateral membranes because they 
were exposed by the isolation. Many taste substances will damage 
basolateral membranes and increase [Ca2+]in. In order to record the 
taste response-induced [Ca2+]in, we developed a method to stimulate only 
receptor membranes while recording the [Ca2+]in in mouse taste bud cells 
embedded in peeled lingual epithelia with a calcium indicator, calcium 
green-1. The application ofa calciumionophore A23187 and60mM KClon 
basolateral membranes increased the fluorescent intensities of calcium 
green-1. Also the application of NaCl, HC1 and denatonium on receptor 
membranes increased the fluorescent intensities. Although single mouse 
taste buds contain 50-100 cells, only a few cells have synaptic contacts 
with taste nerves. Our data showed that the number of taste bud cells 
that increased [Ca2+]in in response to taste substances was larger than 
that having synaptic connections with taste nerves. We discuss the role of 
the [Ca2+]in in taste transduction.

Supported by Saitama Institute of Technology, Japan.

871.13

REGIONALIZED EXPRESSION OF AQUAPORINS SUGGESTS A ROLE FOR 
WATER CHANNELS IN OSMOTIC SENSING BY TASTE CELLS. Insook Kim1*, 
Lidong Liu1, Nikki L. Siears1, Jung H. Kim2 and Timothy A. Gilbertson1.1Pennington 
Biomedical Research Center, LSU, Baton Rouge, LA 70808 and 2CACS, University of 
Southwestern Louisiana, Lafayette, LA 70504.

Little is known about the cellular mechanism of the well-documented water 
response in taste cells. However, our recent preliminary work has demonstrated that 
taste cells contain several aquaporin (AQP) water channels and that taste cells 
respond to hypoosmotic stimuli through activation of apparent stretch-sensitive Cl- 
channels. To explore the expression and distribution of AQPs in taste cells in more 
detail we have used RT-PCR, Western blotting and immunocytochemistry on taste 
buds from rat and hamster tongue. Both rat and hamster taste tissue contains AQP1, 
AQP2 and AQP5, as demonstrated by all three methods. Partial cDNA sequences 
reveal that AQPs in taste cells are greater than 95% identical to those found in other 
tissues. Isolated rat taste buds stained with antibodies against AQP1, 2 and 5 reveal 
a regional distribution of AQPs within the taste bud. AQP5 appears to be restricted to 
the apical membrane of the taste cells, which is the region of the cell exposed in the 
taste pore that comes in contact with sapid molecules. AQP1 and AQP2, however, 
are localized only to the basolateral regions of the taste cells. In contrast, in the 
hamster, a desert mammal with different demands on salt and water balance, AQP1 
and AQP2 appear to be present in the apical membranes of taste cells. We 
hypothesize that apical AQPs may play a role in the sensing the osmotic nature of 
taste stimuli while basolateral AQPs may be involved in the osmotic regulation 
associated with changes in interstitial fluid osmolarity. We are currently investigating 
the expression of other AQPs in taste cells and their distribution in the oral cavities of 
rat and hamster. Supported by NIH NIDCD grant number DC02507 to TAG.

871.14

Perception of 1-glutamate in the taste bud of the tongue and sensors of 
the vagus nerve innervated into the alimentary organs in rats.
Kunio Torii*, Takashi Kondoh, Tatsuroh Tanaka, Hisayuki Uneyama1),
Akira N'uiima^l

1) Ajinomoto Co., Inc. Central Research Laboratories, Kawasaki, Japan
2) Niigata University School of Medicine, Niigata, Japan

Monosodium 1-glutamate (MSG) is popular as a food additive that 
produces umami taste (savory) and improves taste quality. It is assumed that 
umami taste may serve as a marker for dietary protein intake, like saltiness is 
a marker for electrolytes. Sensors for 1-glutamate in the oral cavity, 
gastrointestinal canal and hepato-portal region were studied. The specific 
1-glutamate binding using taste membrane fraction from bovine 
circumvallate papillae was significantly (7-folds) enhanced by 5’- 
ribonucleotides (GMP). This synergistic effect is comparable to the results 
found inhuman sensory tests and to the electrophysiological observations in 
rodents, dogs, cats and monkeys. Effects of oral, gastric, intestinal infusions, 
and intraportal (ip) and intravenous (iv) administration of MSG on vagal 
gastric and vagal pancreatic nerve activities ere also studied. Oral, gastric and 
intestinal infusion of 0.15M MSG facilitated efferent activity of the gastric 
branch of the vagus nerve. Furthermore, 0.1ml of 10 nM MSG (ip, iv) 
originated a reflex activation of the efferent discharges of the gastric branch 
of the vagus nerve. However, in hepatic vagomized rat injection of 0.1ml or 
0.5ml of lOOmM MSG showed no effect on gastric vagal activity. 
Adminstration of MSG to its oral, gastroingestinal, and hepatoportal sensors 
showed a similar effect on the activity of the pancreatic branch of the vagus 
nerve. These results demonstrate the importance of the peripheral glutamate 
sensors for 1-amino acid homeostasis and dietary protein intake.
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871.15
NEUROTOXIC LESIONS OF THE LATERAL PARABRACHIAL NUCLEUS 
DISRUPT CONDITIONED TASTE AVERSION, CONDITIONED FLAVOR 
PREFERENCE, AND CONDITIONED CAPSAICIN AVERSION IN RATS.
S. Reilly* and R, Trifunovic. Department of Psychology, The University of 
Illinois at Chicago, Chicago, IL 60607.

Three experiments examined the learning abilities of rats with bilateral 
ibotenic acid lesions of the viscerosensory neurons in the lateral parabrachial 
nucleus (LPBN) of the pons. In Experiment 1, control subjects developed a 
conditioned taste aversion (CTA) following a single trial in which 15 min 
access to 0.3 M alanine was followed 15 min later by an ip injection of 0.15 
M LiCI (1.33 ml/100 g bw). After 3 such conditioning trials, howeveR-jrats with 
LPBN lesions showed no evidence of an acquired taste aversion. In the long 
duration (24-hr access) procedure of Experiment 2, whereas the control 
animals consumed significantly greater quantities of the Kool-Aid flavor that 
had previously been presented in 0.1 M sucrose than a second (previously 
unsweetened) flavor of Kool-Aid, the lesioned rats failed to develop a 
conditioned flavor preference. The conditioned capsaicin aversion procedure 
of Experiment 3 was identical in all respect to the CTA procedure of 
Experiment 1, except 0.01 mM capsaicin was used instead of alanine and 
subjects were injected with either LiCI or saline. The control subjects 
acquired a profound capsaicin aversion whereas the rats with lesions of the 
LPBN injected with LiCI consumed capsaicin at a level not significantly 
different from the lesioned rats injected with saline. This pattern of results 
suggests a diminished sensitivity to ascending visceral information in the 
lesioned rats. Thus, following consumption of a gustatory or a trigeminal 
conditioned stimulus, a failure to perceive the postingestive consequences of 
the unconditioned stimulus precludes associative learning in rats with 
neurotoxic lesions of the viscerosensory neurons in the LPBN.
Supported by NIDCD grants DC02821 and DC03379.

871.16
ROLE OF NITRIC OXIDE (NO) IN TASTE SIGNALING OF THE RAT TASTE 
BUDS. W. Kim, M. Kim* S. Kim, S. Nam, S. Jeong, H. Seol, J. Lee. Dept. of 
Physiology, Chonnam Univ. Med. and Dent. Sch. Kwangju 501-190, Rep. of Korea

The present study was aimed to explore the role and distribution of NO system in 
taste buds. Extracellular recording of chorda tympani nerve and immunohistochemistry 
in the tongue and rostral nucleus tractus solitarius (NTS) were done using Sprague- 
Dawley rats, weighing 200-250g. Taste bud receptor cells embedded in fungiform and 
circumvallate papillae contained NO synthase-containing cells. NOS immunoreactivity 
was also demonstrated in nerve fibers around the lingual papilla and NTS.

The degree of magnitudes in response to various taste stimuli was in the order of 
NaCl > NH,C1 > KC1 > sucrose. NaCl-elicited chorda response was markedly 
suppressed by amiloride, a sodium channel blocker.

KCl-elicited chorda response was markedly reduced by 4-aminopyridine (4-AP), a 
potassium channel blocker. NH4Cl-elicited chorda response was slightly decreased by 
amiloride, but not affected by 4-AP.

Sodium nitroprusside (SNP), an NO donor, significantly depressed the NaCl-, KC1- 
and NFLCl-induced chorda responses, whereas it did not affect the sucrose-induced 
response. SNP affected neither the blocking effect of amiloride nor that of 4-AP. The 
effect of SNP on the NaCl- or KCl-elicited chorda response was not influenced by 
ODQ, a soluble guanylate cyclase inhibitor, but was attenuated by hemoglobin, an NO 
scavenger. The NaCl- or KCl-elicited chorda responses were not influenced by 8-Br- 
cGMP. Systemic administration of Iy-nitro, L-arginine methyl ester (L-NAME), NOS 
inhibitor, slightly increased the resting chorda tympani nerve dischaige. NaCl-elicited 
chorda response was also enhanced by systemic administration of L-NAME.

These results suggest that NO system plays a role in the taste signaling mechanisms 
in part directly through modulating the amiloride-sensitive Na+ and 4-AP-sensitive K+ 
channels and indirectly through regulating synaptic transmission between taste buds 
and afferent nerves.

871.17

PARABRACHIAL PROJECTION OF TASTE-RESPONSIVE CELLS IN 
THE NUCLEUS OF THE SOLITARY TRACT OF THE HAMSTER. C.-S. 
Li*, Y.K. Cho and D.V. Smith. Dept. Anatomy & Neurobiology and Program 
in Neuroscience, Univ. Maryland Sch. Med.; Baltimore, MD 21201.

The nucleus of the solitary tract (NST) is the first central relay in the visceral 
and gustatory afferent systems. In the NST, second-order neurons give rise to 
ascending projections to the parabrachial nuclei (PbN). Previous studies have 
shown in the rat that only a small proportion (<30%) of taste-responsive NST 
cells are antidromically activated from the PbN. To more accurately stimulate 
the PbN, we positioned a bipolar stimulating electrode in the taste-responsive 
region of the hamster PbN under electrophysiological guidance. When a taste- 
responsive NST cell was isolated, current was applied to the PbN electrode to 
antidromically activate it. The criteria for antidromic invasion were a constant 
latency and the ability to follow stimulus pulses at >100 Hz. For spont-
aneously firing cells, a collision test was conducted between spontaneous and 
stimulus-evoked action potentials. Taste solutions were 0.032M sucrose, 
NaCl, and quinine-HCl, and 0.0032 M citric acid. Of 20 taste-responsive NST 
cells, 15 (75%) were antidromically activated. The mean latency and 
antidromic threshold were 4.0 ± 3.2 ms and 39.7 ± 10.9 pA, respectively. The 
mean conduction velocity of these cells was 0.70 ± 0.35 m/s. These results 
suggest that a majority of taste-responsive NST cells are antidromically 
activated by PbN stimulation in the hamster when the site of PbN stimulation is 
determined by its gustatory responsiveness. Since the majority of projections 
to PbN arise from the rostral central and rostral lateral subdivisions of the NST, 
histological reconstruction of these antidromically activated cells should 
confirm their location within these subdivisions.
Supported by NIDCD Grant DC00066 to D.V.S.

871.18

DIFFERENTIAL EXPRESSION OF ENaC SUBUNITS IN MICE 
TASTE PAPILLAE AS A FUNCTION OF AGING AND SALT DIET.
O. Randin, G. Centeno and M.-C. Broillet *, Institute of Pharmacology 
and Toxicology, University of Lausanne, 1005 Lausanne, Switzerland.

Salt taste perception has been reported to decline in elderly persons, 
although the underlying mechanisms are still unknown. The epithelial 
sodium channel ENaC, composed of a, p and y subunits, has been found 
to participate in sodium entry into taste receptor cells. We have studied 
the expression of these subunits in mice at different ages (48 hrs to 9 
months) and/or low salt diet using a combination of molecular (semi- 
quantitative RT-PCR), behavioral and electrophysiological approaches. 
We found that, similar to the rat, the adult mouse expressed the a, p and 
y subunits in taste papillae of the anterior part of the tongue, but only the 
a and P subunits on the posterior part. Low salt diet during a period of 
two weeks, increased the total expression of all three subunits and led to 
the appearance of the y subunit in the posterior part of the tongue. In 
aging mice, the anterior and posterior expression of the a and y subunits 
decreased, while the expression of the p subunit remained unchanged. 
Behavioral tests on p subunit knock-out mice indicated a critical role of 
this subunit in salt sensitivity. These data show that the expression of 
the three subunits of ENaC in the various taste papillae of the mouse 
tongue can be differentially affected by aging and low salt diet. We are 
now comparing these data with functional measurements of ion channel 
activity to verify if Na+ transport is changing with age and salt diet.

871.19
WATER RESPONSE IN THE SUPERIOR LARYNGEAL NERVE IN RATS: 
ROLE OF ION TRANSPORT IN THE EPIGLOTTAL EPITHELIAL 
SURFACE. T. Hanamori*. Dept. of Physiology, Miyazaki Med. Coll.; Miyazaki 
889-1692,Japan.

Effects of ion transport inhibitors on the water response in the superior 
laryngeal nerve were investigated in anesthetized rats.

The stimuli used were deionized water, a various concentrations of amiloride 
(an inhibitor of Na transport) and DIDS (4,4'-diisothiocyanatostilbene-2,2'- 
disulfiiic acid; an inhibitor of Cl transport), 5 mM furosemide (an inhibitor of 
Na-K-2C1 cotransport), and 2 mM acetazolamide (an inhibitor of carbonic 
anhydrase). All chemicals were dissolved in deionized water. The magnitude 
of die response to each stimulus was measured as the height of the integrated 
response from the whole nerve recording of the superior laryngeal nerve, and 
was expressed relative to that of deionized water.

The responses to amiloride at low concentrations (0.001, 0.01 mM) were 
slightly smaller than those to deionized water (> 92%), but these suppressions of 
water response were not statistically significant (Fisher’s PSLD, p > 0.05). The 
responses to amiloride at high concentrations (0.1, 1, 5 and 10 mM) were 
significantly small compared with the water response (88% - 59%, p < 0.05). 
DIDS did not suppress the water response at lower concentrations (< 02 mM) but 
suppressed significantly at concentrations of 0.5 and 2 mM (reduced the water 
response by 18% and 33%, respectively, p < 0.05). Acetazolamide (2 mM) and 
furosemide (5 mM) also suppressed significantly the water response by 9% and 
40%, respectively (p < 0.05).

These results suggest that several epithelial ion transports in the larynx are 
involved in the water response in the superior laryngeal nerve.

Supported by a grant-in-Aid for Scientific Research (C) 10670067 from the 
ministry of Education, Science, Sports and Culture of Japan.

871.20

RESPONSES FROM ISOLATED RAT TASTE BUDS CELLS TO PUNGENT 
STIMULI. J.-H, Lee*. S.W. Park. J.-N, Rhee. J.-N, Kimi. K, Park. J.-S. Kim, Dept. 
of Physiology & Oral Biology and IDental Research Institute. College of Dentistry, 
Seoul National University, Seoul, Korea, 110-749

We examined responses from isolated rat taste buds cells (TBCs) to capsaicin 
and pipeline using patch-clamp recordings and ratio fluorescence spectrometers. 
Epithelial sheets rich in taste buds and free of muscle tissue were isolated from the 
circumvallate papilla of the rat tongue by mixed enzyme treatment following 
microdissection. After exposure to Ca2+-free Tyrode solution, we could get TBCs 
from the epithelial sheets successfully.

From whole-cell patch-clamp recordings, we observed outward currents but 
small inward currents are sometimes found. Inward currents increased from 0 to - 
65 pA by capsaicin (500 nM) while all outward currents were completely blocked. 
Single channel patch-clamp recordings showed two types of K+ currents. The first 
type has large amplitude (-8.5 pA at the pipette potential of 0 mV) and the second 
type small amplitude (-3pA in the same pipette potential). Large K+ currents did 
not show any voltage dependency but small K+ currents were voltage dependent in 
the whole range of potentials. The blocking effects of capsaicin (500 nM) was 
clearer in the large currents than the smaller one, i.e., large currents K+ channels 
were hardly open.

From ratio fluorescence spectrometers, the intracellular Ca2+ concentration 
([Ca2+]i) increased by capsaicin (100 /£ M) or pipeline (10 /r M). The [Ca2+Ji 
increase, evoked by capsaicin (100 n M) was antagonized by ruthenium red 
reversibly and effectively. Capsaicin receptor (vanilloid receptor) was expressed in 
TBCs and the receptor was involved in elevating [Ca2+]i by extracellular Ca2+ 
influx through nonselective cation channel and voltage dependent Ca2+ channels.

These results suggest that taste cells may be stimulated by capsaicin and 
piperine directly, (supported by the SNU hospital)
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871.21

PARABRACHIAL NUCLEUS (PBN) LESIONS BLOCK TASTE AND 
ATTENUATE FLAVOR PREFERENCE AND AVERSION CONDITIONING 
IN RATS.
K. TouzaniJ A.V. Azzara,1 A. Sclafani,1* P. S. Grigson? and R, Norgren 2.
'Dept. of Psychology, Brooklyn College of CUNY, Brooklyn, NY 11210; 2Dept.
of Behavioral Science, Penn State Univ., Hershey, PA 17033.

This study examined PBN involvement in taste and flavor preference learning
produced by viscerosensory nutrient feedback. Rats with ibotenic acid lesion of 
the gustatory zone of the PBN (PBNX,n=l 1), and CONTROLS (n=9) were fitted 
with intragastric (IG) catheters. They were first trained to drink "bitter" (sucrose 
octaacetate) and "sour" (citric acid) solutions 22 hr/day with food ad libitum or 
restricted. One taste (CS+) was paired with IG Polycose, the other taste with IG 
water infusions. In subsequent choice tests, the CONTROL rats significantly 
preferred the CS+ taste (85-89%) whereas the PBNX did not (52-56%). When 
retrained with complex flavors (cherry- and grape-saccharin) paired with IG 
Polycose and water, the PBNX rats now displayed a significant CS+ preference 
although weaker than that of CONTROLS (74% vs. 98%). In view of these 
results, the rats were next trained to associate flavors (orange- and strawberry- 
saccharin) or tastes (sucrose and Polycose) with IG LiCI or NaCl (0.06 M) 
infusions 22 hr/day. In subsequent choice tests, the PBNX rats avoided the flavor 
paired with IG LiCI, although their avoidance was weaker than that of the 
CONTROLS (74% vs. 98% preference for NaCl-paired flavor). In contrast, the 
PBNX rats, unlike CONTROLS, failed to significantly avoid the taste paired with 
IG LiCI (61% vs. 99% preference for NaCl-paired taste). These results 
demonstrate that lesions of the PBN gustatory zone block the acquisition of both 
preferences and aversions for tastes paired with IG Polycose and LiCI infusions, 
respectively. In contrast, the lesions only attenuated preference and aversion 
conditioning when the rats were trained 22 hr/day with complex flavors which 
included an odor and perhaps a trigeminal component, as well as taste. 
Supported by NIH grants DK31135, MH00983, MHOO653. DC00240, DC02016

CHEMICAL SENSES: PIRIFORM CORTEX

872.1

DIFFERENCES IN OLFACTORY RESPONSE PROPERTIES OF CELLS IN 
ANTERIOR AND POSTERIOR PIRIFORM CORTEX. K.R. Illig* and L.B. 
Haberly. Department of Anatomy and Center for Neuroscience, University of 
Wisconsin Medical School; Madison, WI 53706.

While recent research has provided considerable insight into olfactory 
processing at the level of the olfactory receptors and olfactory bulb, there has 
been comparatively little investigation of the mechanisms of olfactory 
information processing at the cortical level. The present study compares the 
olfactory response properties of single neurons in anterior (APC) and posterior 
(PPC) piriform cortex. Extracellular single-unit responses to odorants from a 
carbon-chain length series of n-aliphatic fatty acids were recorded from 
neurons in APC and PPC in anaesthetized adult male hooded rats. This odor 
series evokes specific, spatially-ordered responses in the olfactory bulb (e.g., 
Yokoi et al., PNAS 1995). Responses specific to «-aliphatic fatty acid odorants 
with particular carbon-chain lengths were observed in both parts of piriform 
cortex, but response properties differed between the two parts. In APC, the 
typical response consisted of a simple, transient increase in firing rate that was 
selective for a limited set of closely-related fatty acid odorants (1-3 odorants). 
In contrast, PPC neurons showed complex response patterns that combined 
increases and decreases in firing rate, and typically responded to a broad set of 
odorants. These results suggest that these two regions of piriform cortex may 
employ different strategies for olfactory information processing; for example, 
APC may be involved in the extraction of specific stimulus features, whereas 
PPC may be involved in complex correlative processes.
Sponsored by NIH grant DC03271.

872.2

CALCIUM DYNAMICS IN PYRAMIDAL NEURONS OF 
DIFFERENT PARTS OF PIRIFORM CORTEX: SIMULATI-
ON STUDIES. I.Kopysova1, P.Litaudon1, C.Masson1 and S.Tvc- 
Dumond2*. ’CESG CNRS EPI777, 21000 Dijon, France; 2CNRS 
UPR9041, 13009 Marseille, France
The piriform cortex (PC) receives olfactory afferent information from 
the olfactory bulb via the lateral olfactory tract. Optical mapping with 
use of multisite recordings with voltage sensitive dye showed that 
potentiation of the early disynaptic component of the PC response was 
observed only in its most posterior part [Litaudon et al., 1997, 
EurJNeurosci., 9, 1593-1602]. We studied with a model wheather a 
difference in spatio-temporal organisation of excitatory inputs to 
pyramidal neurons of anterior and posterior parts of the PC can be a 
reason of difference in their plastical properties. Membrane of modeled 
pyramidal neurons contained voltage dependent Na+, K+, and Ca2+ 
channels. Afferent inputs activated AMPA-receptor channels on the 
spines in la layer. Associational axons from pyramidal cells in anterior 
part of the PC synapsed in the superficial part of layer lb in both 
anterior and posterior parts of the PC. Axons from pyramidal cells in 
posterior part of the PC synapsed in the mid to deep part of layer lb 
within the posterior PC. They activated NMDA-receptor channels. It 
was shown that due to spatio-temporal organisation of synaptic inputs 
to pyramidal neurons, activation of LOT followed of much bigger 
increase in [Ca 2+]i in posterior than in anterior part of the PC.
This work was supported by CNRS.

872.3
A RESTRICTED REGION OF DEEP PIRIFORM CORTEX IS TRANSIENTLY 
ACTIVATED BY HIGH-FREQUENCY STIMULATION OF CORTICAL 
ASSOCIATION FIBERS. J. S, Stripling* and H. L. Gilmore. Dept. of Psychology, 
University of Arkansas, Fayetteville, AR 72701.

Repeated high frequency stimulation (HFS) of association fibers (AF) in the piriform 
cortex (PC) potentiates late components of potentials evoked in the PC by single-pulse 
stimulation. The mechanism underlying this potentiation is unknown. Demir, Haberly, 
and Jackson (J. Neurosci. 19, 1294-1306, 1999) have recently shown that the 
generation of an epileptiform discharge in PC slices requires the activation of two 
regions in succession: a first region at the boundary of layer III and the endopiriform 
nucleus (EN), and a second region in the dorsal EN. We examined whether these same 
regions are activated by brief HFS of AF in intact rats. Extracellular recordings of PC 
neurons were made under urethane anesthesia (1.4 g/kg) in male Long-Evans rats that 
were either naive or had undergone potentiation of late components by daily HFS (10- 
pulse trains at 100 Hz) of PC AF for 6 days. The response of PC neurons to single-
pulse AF stimulation was examined before and after HFS. A subset of PC cells in both 
naive and potentiated animals exhibited a dramatic increase in evoked firing for a brief 
period of time (typically 1-3 min) following HFS. These cells were concentrated in a 
restricted region of deep layer III near the EN that appears to correspond to the first 
region described by Demir et al. No increased activity was seen in cells in the second 
region described by Demir et al. (which is activated only if epileptiform activity is 
triggered). The increased activation we observed is transient, can be repeatedly 
induced, and is seen in both naive and potentiated animals. We suspect that activation 
of this region plays a critical role in the induction of late-component potentiation. The 
10-pulse AF trains that activated this region elicit sniffing in waking rats, suggesting 
that this region, identified by Demir et al. as the first stage of a two-stage process 
leading to epileptiform activity, may also play an important role in olfactory 
processing. Supported by NIH grant DC02271 and the Marie Wilson Howells Fund.

872.4

TWO POPULATIONS OF OLFACTORY BULB GRANULE CELLS ACTIVATED 
BY STIMULATION OF THE LATERAL OLFACTORY TRACT OR PIRIFORM 
CORTEX ASSOCIATION FIBERS. J. L. Cauthron* and J. S. Stripling. Dept. of 
Psychology, University of Arkansas, Fayetteville, AR 72701.

Granule cells (GCs) in the olfactory bulb are activated synaptically via several 
pathways. Mitral and tufted cells form dendro-dendritic synapses on GCs in the 
external plexiform layer (EPL) that can be activated by stimulation of the lateral 
olfactory tract (LOT). In addition, centrifugal fibers make axo-dendritic synapses on 
GCs within the granule cell layer (GCL) that can be activated by a variety of 
stimulation sites. Several studies have categorized GCs based upon the distribution of 
their dendrites within the EPL, but there has been relatively little characterization of 
GCs based upon their activation by various inputs. We recorded extracellularly from 
GCs in male Long-Evans rats under urethane anesthesia (1.4 g/kg) and tested their 
response to stimulation of the LOT and piriform cortex (PC) association fibers. GCs 
driven synaptically by LOT stimulation were concentrated in the superficial half of the 
GCL and were activated at short latencies (4-12 ms). In contrast, GCs driven by PC 
association fiber stimulation were concentrated in the deep half of the GCL and were 
activated at longer latencies (10-35 ms). To investigate whether conduction times from 
the PC were consistent with the range of latencies observed, we identified individual 
PC neurons activated antidromically from the GCL using collision testing and 
frequency following. The conduction time of these neurons (7-38 ms) corresponded 
well to the GC latencies we observed. Furthermore, GCs activated by PC association 
fibers were readily detected only after the potential evoked in the GCL by association 
fiber stimulation had been potentiated by repeated high-frequency stimulation (10-pulse 
trains at 100 Hz). These results indicate that GCs located at different depths within the 
GCL are differentially responsive to their input pathways, and focus attention on the 
role played in olfactory processing by the input to the GCL from the PC. Supported 
by NIH grant DC02271 and the Marie Wilson Howells Fund.
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872.5

EXPOSURE TO FEMALE CHEMOSIGNALS IN COMBINATION WITH 1NTRA- 
CEREBROVENTRICULAR (ICV) INJECTION OF LHRH INCREASES FOS 
EXPRESSION IN THE MEDIAL PREOPTIC AREA OF MALE HAMSTERS J.M 
Weslberry, J.F. Moeller* and M. Meredith. Program in Neuroscience, Florida State 
University, Tallahassee, FL 32306.

We have previously shown that icv LHRH increases c-fos expression in the medial 
preoptic area (MPOA) of mating, but not unstimulated male hamsters, and relieves 
souk  deficits in mating behavior caused by vomeronasal organ lesions We show 
here that icv LHRH also increases MPOA FOS expression in males exposed onh to 
the female pheromones and not given the opportunity to mate. Freely moving male 
golden liamsters were given pressure injections of LHRH (50ng in 2pl) or saline 
(2pl), 30 minutes prior to behavior test, through cannulae inserted into indwelling 
guide tubes. Behavioral testing was conducted in a glass chamber (14D X 25L cm. 
airflow of 2 L /min), with a port to allow introduction of hamster vaginal fluid (HVF) 
into a well. Animals were given HVF (total 1ml at 1:10) at predetermined intervals 
in the chamber over 40 min. We recorded respiration rate and scored behavior After 
behavior testing, the animals were placed back in their cages and left for 45 minutes, 
overdosed with sodium pentobarbital and perfused with 4% paraformaldehyde 50um 
Vibratoine sections were then processed for c-fos immunocytochemistry using rabbit 
anli-FOS antibody (Santa Cruz), avidin-biotin-HRP complex (Vector), and DAB Fos 
positive nuclei were counted using computer enhanced image analysis software m 
tissue sections representative of central targets of accessory olfactory bulb efferents 
In the MPOA of LHRH-injected, HVF-exposed animals, there was a significant 
increase in FOS immunoreactive neurons, compared to MPOA in sahne-imccted. 
HVF-exposed animals, this increase was not seen in LHRH-injected animals exposed 
to water. There were no significant differences in behavior between injected groups, 
with either exposure. We are currently investigating the effects of LHRH injection 
and HVF exposure in animals with vomeronasal lesions.
Supported by ROl-DCOO 0906 and T32-DC00044

872.6
A NEW SUBDIVISION OF ANTERIOR PIRIFORM CORTEX WITH UNIQUE FEATURES 
OF INTEREST FOR OLFACTORY DISCRIMINATION (OUTPUT TO ORBITOFRONTAL 
CORTEX) AND EPILEPTOGENESIS (OVERLIES AREA TEMPESTAS). J.J. Ekstrand1’2*, 
M.E. Domroese1'2, D.M.G. Johnson1, M. Behan13 and L.B. Haberly14, 'Neuro. Training Prog., 
2MD-PhD Prog., ’Sch. Vet. Med., 4Dept. Anat., Univ. of Wisconsin; Madison, WI 53706.

Studies in progress have shown that both anterior (APC) and posterior (PPC) parts of 
the piriform cortex (PC) contain subdivisions with differences in neuronal circuitry that 
indicate functional specialization. We report here that the APC contains a rostro-ventrally 
located subdivision (APCVR) with unique intrinsic circuitry and projections, in addition to 
the previously distinguished dorsal (APCD) and ventral (APCV) subdivisions (Behan, 
Johnson, Haberly, Neur. Abs. ‘95). The APCVR could be distinguished from the adjacent 
APCV by a less compact layer II that was often crenellated, and a thicker layer III.

Injections of the anterograde axonal tracer, PHA-L, into the APCVR revealed distinctive 
features of connectivity that included a heavy projection to the orbitofrontal cortex 
(specifically, lateral and ventrolateral orbital areas). Findings in behaving rats (G. 
Schoenbaum and colleagues) and monkeys (E.T. Rolls and colleagues) suggest that 
orbitofrontal cortex associates olfactory cues with many other types of information, and 
uses these associations for the development of response strategies. The specializations in 
circuit architecture in the APCVR may reflect special needs for these processes.

Staining with antisera to GABAergic markers revealed a number of unique features of 
the APCvr : a virtual absence of GAT-1 and GAD-67 positive “cartridge” endings on axon 
initial segments, a very small number of CCK positive basket cells and endings, and a high 
proportion of large GAD-65 positive basket boutons. These features indicate that there are 
substantial differences in properties of feedback inhibition between the APCVR and other 
parts of the PC. Since feedback inhibition is thought to play a key role in preventing the 
development of seizure activity, a particularly intriguing aspect of the APCvr  is its 
location, which is co-extensive with the deep region from which tonic-clonic seizures are 
readily evoked (“area tempestas”; Piredda & Gale, Nature, 1985). In view of evidence that 
the PC is involved in the generalization of seizures from this area (Halonen et al, Br. Res., 
1994), these findings raise the possibility that the APCVR subregion plays a special role in 
seizure development. Supported by NIH grant DC 03271.

872.7

PYRIFORM CORTEX fl-WAVES: ODOR-SPECIFIC SENSITIZATION 
FOLLOWING REPEATED OLFACTORY STIMULATION. E. M. Zibrowskicb * 

& C. H. Vanderwolfa,b Department of Psychologya, Graduate Programs in 
Neuroscience b, and Epidemiology and Biostatisticsc, University of Western 

Ontario, London, ON, Canada N6A 5C2.
In rats, olfactory stimulation with the vapors of xylene (X) and 2-propylthietane (2P; 

weasel odor) generates bursts of 20 Hz (P) waves in the olfactory bulb, pyriform cortex
(PC), and the dentate gyrus. We now show that repeated presentation of these odors 
produces an odor-specific sensitization in the (5-wave response of the PC. Naive rats 
were first exposed to 15 successive trials of a cotton swab scented with either X (n=6) 
or 2P (n=6) (Day 1) then retested with the same odor the next day (Day 2) and one week 
later (Day 7). PC responses were filtered, rectified, and integrated. On Day 8, the 
olfactory stimulus was reversed, and the rats received 15 exposures of the other odor 
(i.e. X->2P or 2P->X). On Day 1, clear P-waves were generated in the rat PC after 
the first two or three presentations of either X or 2P (p<.0001). After these initial 
exposures, robust P-oscillations were elicited in the PC for the remainder of the test 
trials during Day 1. PC sensitivity to X or 2P remained high on Days 2 and 7 of testing; 
p-waves were generated upon the first presentation of the test odor (p<.0001). 

However, on Day 8 the sensitized response did not transfer to the new odor (p<.0001). 
Sensory adaptation and habituation are prominent in olfaction. These data show that 
odor-specific sensitization may also occur in the olfactory system in response to 
repeated presentations of a biologically-relevant stimulus (Supported by NSERC, NRC 
and Phero Tech Inc., Delta, BC).

872.8

EFFECTS OF EXPOSURE TO IRRITANTS. T. Hummel1 *. P. Dalton? and D.D. 
Dilks2. ‘Department of Otorhinolaryngology, University of Dresden, 01307 
Dresden, Germany [thummel@rcs.urz.tu-dresden.de], 2Monell Chemical Senses 
Center, Philadelphia, PA 19104

Chronic or repetitive exposure to an olfactory stimulus typically results in 
olfactory adaptation, a stimulus-specific decrease in the detectability and perceived 
intensity of the olfactory stimulus. In contrast, some reports have suggested that 
similar exposure to a chemosensory irritant leads to increases in sensitivity, 
although other evidence suggests that adaptation does occur for irritants. This study 
examined whether repetitive exposure to an irritant stimulus modulates either the 
psychological or the physiological response to that chemical.

Using a long-term adaptation protocol, we exposed 8 men and 4 women to acetic 
acid vapor in their home environment. Before, during and after three weeks of 
exposure to acetic acid, we obtained chemosensory event-related potentials 
(CSERP) as a measure of central processing, nasal mucosal potentials (NMP) as a 
measure of peripheral response to sensory irritation, intensity ratings and 
lateralization thresholds to three concentrations of acetic acid (exposure odorant) 
and three concentrations of acetone (control odorant). Reaction times were also 
obtained as measures of stimulus detectability.

The CSERP and NMP showed good agreement with the psychophysical measures. 
Both the amplitude of the physiological measures (CSERP and NMP) and the 
ratings of intensity increased with stimulus intensity, and, on all measures, 
responses to acetic acid decreased during and following exposure, indicating a long-
term effect from exposure to acetic acid both peripherally and centrally. In contrast, 
responses to acetone showed similar effects of stimulus intensity but little change 
over the course of long-term exposure to acetic acid.

Supported by grants from NIH (PO1 DC 00161, ROI DC 3704) and a gift from 
the Acetone Panel of the Chemical Manufacterers Association.

SENSORY SYSTEMS: VISUAL PSYCHOPHYSICS—OTHER

873.1
INTERACTION OF HUE AND BRIGHTNESS IN METACONTRAST MASKING 
DEMONSTRATES NARROWLY TUNED COLOR CHANNELS. E. Botzolakis, C. 
Vemuri, R. von der Heydt*. Krieger Mind/Brain Institute and Dept. of Neuroscience, 
Johns Hopkins University, Baltimore, MD 21218.

In order to elucidate the nature of cortical color representation, we have studied the 
interaction between hue and brightness in metacontrast masking. A previous study using 
a similar technique has suggested the presence of hue selective channels but did not 
consider the brightness dimension (Kaloudis et al., ARVO, 1998). Fifteen colors of hues 
between red and green and luminances between 4 cd/m2 and 55 cd/m2 were selected. The 
colors were evenly spaced in perceptual units (based on the OSA color system). The 
background was a neutral gray of 21 cd/m2 luminance. A contiguous disk-ring 
configuration (disk diameter of 1.6°, outer ring diameter of 3.3 °) was presented 2° to the 
left of a fixation point. The disk and ring were flashed for 28 ms each, the ring being 
delayed by 56 ms relative to the disk (the delay that produced maximum masking). A 
comparison disk was presented to the right of the fixation point and subjects were asked 
to rate the visibility of the test disk relative to the comparison disk using an open ended 
rating scale of their choice. All combinations of disk and ring color were presented 
repeatedly in random order. Subjects’ responses were analyzed using a 2 factor ANOVA, 
the 2 factors being disk color and ring color. The interaction terms showed that for most 
colors, masking fell off rapidly as the difference between disk and ring colors increased. 
Plotted in the hue-brightness plane, the inter-actions often formed small concentric regions 
of high masking. Disks were masked strongly by rings of the same color, little by darker 
or brighter rings of the same hue, and little by rings of different hue and same brightness. 
Such islands of masking cannot be obtained with mechanisms based on linear 
combinations of cone signals as used by retinal ganglion cells, cells of the lateral 
geniculate nucleus, and many cells of area VI (opponent color mechanisms), but indicate 
nonlinear combination of the cone signals. Our results seem to reflect narrowly tuned 
color cells which have recently been found in monkey area V2 and in higher visual areas. 
Supported by NIH grant EY02966.

873.2

SYNCHRONIZATION OF NEURAL ACTIVITY DURING BRIGHTNESS 
INDUCTION REVEALED BY MEG USING FREQUENCY TAGGING.
J. Wray* and R. Srinivasan. The Neurosciences Institute, San Diego, CA 92121

A number of psychophysical studies have highlighted the role that percep-
tual organization can have on perceived brightness and color. One such illusion 
is a version of White’s effect consisting of a checkerboard of blue squares su-
perimposed on a black and white square-wave grating. When the blue squares 
overlay the black bars, the blue squares are perceived as lighter. When over- 
layed on the white bars, the blue squares appear darker. Classical mechanisms 
of brightness induction cannot account for this perceptual difference. We uti-
lized this version of White’s effect to investigate neural correlates of changes in 
brightness perception that may result from changes in perceptual organization. 
The white, black and blue parts of the image were each flickered at a differ-
ent frequency (frequency tagged) against a gray background. Stimulus-evoked 
steady-state magnetic fields at each stimulus frequency were simultaneously 
recorded with a MEG sensor array. The signals were used to study the differ-
ence in stimulus-related brain activity produced by the light versus the dark 
version of the illusion. Significantly higher power was observed only at sensors 
over parietal/occipital areas at the blue frequency in the dark condition. In 
addition, stimulus to response (STR) latency at each of the three frequencies 
were calculated for all sensors. In the dark condition a high correlation was 
observed between the STR latency of the blue and the white signals, whereas 
no correlation was observed between the blue and black signals. This pattern 
of correlations was reversed in the light condition. The change in STR latency 
correlation demonstrates a differential degree of synchronization between the 
response to the blue squares and the response to the black or the white bars 
in the two stimulus conditions. The results of the study suggest that the dif-
ference in brightness perception observed in White’s illusion is associated with 
a change in the degree of dynamic interaction between populations of neurons 
responding to different elements of the display. (Supported by Neurosciences 
Research Foundation).
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873.3
INTERACTION BETWEEN SPATIAL FREQUENCY COMPONENTS ON APPARENT 
DEPTH: EFFECTS OF CONTOUR SHAPE.
M. Yant^ T. Suzuki and K. Sakamoto Research Institute of Electrical Communication, Tohoku 

Univ.; Sendai, Japan 980-8577.

We investigated the effect of spatial frequency on visual apparent depth psychophysically. 

We used five spatial frequencies(0.5, 1, 2, 4 and 8 c/deg) each of which occupied me of two 
areas in four stimuli: Contact Rectangles (CR), Separate Rectangles (SR), Contact Face-Goblet 
(Rubin’s goblet) (CFG) and Separate Face-Goblet (SFG). In the Rectangular conditions, higher 
frequency areas were seen in front in Contact condition, whereas lower frequency areas in front 
in Separate condition. This result suggests that apparent depth perception in SR condition obeys 
“detail perspective” in which far things can be seen smaller than near things and that apparent 
depth in CR condition obeys “figure-ground separation” mechanism in which me area becomes 

“ground” and goes behind the high resolution “figure” area Contrary to that, in Face-Goblet 
conditions, Face areas were seen in front independent of the spatial frequency in both Contact 
and Separate conditions. This result shows the stronger contribution of contour shape in apparent 
depth perception than that of the spatial frequency components surrounded by the contour. In 

general, these results suggest that interactions between spatial frequency components work in 

segregating visual areas or objects from background and perceiving the three dimensional visual 
world. Once an area is segregated, the recognition of the shape or the contour of the area strongly 
may rule the depth perception.

IK'1.; -ftJy k-y rifc, £ | X*-'J

873.4
CODE-DEPENDENT DIRECT, INVERSE, INVARIANT, AND U TRENDS 
RELATE FLASH INTENSITY TO PHOTORECEPTOR RESPONSE DURATION. 
Sheryl J. Nislv-Nagele and Gerald S. Wasserman*. Sensory Coding Laboratory, 
Dept. of Psychological Sciences, Purdue University, West Lafayette, IN 47907-1364.

Over thirty behavioral studies have examined the relationship of light intensity to 
the perceived duration of brief flashes. Both direct and inverse functional relations 
(see review by Nisly & Wasserman, 1989) have been reported. Hawkins & Shulman 
(1979) and Long (1979) had suggested that such conflicting trends were the result of 
task variation across studies. Specifically, they suggested (A) that different behavioral 
tasks were mediated by different analyses of sensory signals (i.e., candidate neural 
codes) and (B) that different neural codes had different intensity dependencies.

We have further investigated this hypothesis by measuring the response durations 
of intracellular receptor potentials (RPs) recorded from single photoreceptors in the 
Limulus lateral eye in response to 40 ms flashes whose intensity was varied over at 
least 3.6 log units. We used two light adaptation states which differed in sensitivity 
by 3.5 log units. Six very different and complementary candidate codes for neural 
response duration were applied to these RPs. In the tradition of our laboratory, we 
used stringent objective assessments of data quality to ensure that only cells which 
had remained stable for several hours contributed to the present findings.

Which were that: Intensity, adaptation, and candidate code all had large and 
statistically quite robust effects on neural response duration. Direct, inverse, 
invariant, and U-shaped functions relating photoreceptor response duration to light 
flash intensity were produced by varying the candidate neural code and the state of 
adaptation. While caution is necessary when generalizing from neural response 
duration to perceived duration, these data clearly indicate that both task and stimulus 
variables must be exhaustively explored in far more complete behavioral experiments 
before a full understanding of perceived duration will be in hand. It is now highly 
likely that intensity dependent models [Coltheart (1980); DiLollo (1984); DiLollo & 
Bischoff (1995)] and task dependent models of perceived duration simply address 
different aspects of the same phenomenon.

873.5

CUEING THE ATTENTIONAL WINDOW SIZE DOES NOT REDUCE THE 
EFFECT OF SIZE CHANGES ON RECOGNITION PERFORMANCE: EVIDENCE 
FOR SIZE-SPECIFIC REPRESENTATION OF OBJECTS. Jonas Larsson* and 
Helene Ahlstrom. Div. of Human Brain Research, Dept. of Neuroscience, Karolinska 
Institute, S-171 77 Stockholm, Sweden.

Object recognition is robust to transformations in scale of the visual input. However, 
the time required to recognize a previously seen shape is increased if presented at a dif-
ferent scale than when originally viewed. This delay increases with increasing size dif-
ference, suggesting that objects undergo a size transformation prior to recognition.
Such a transformation could either operate on the size of the attentional window, prior 
to segmentation of objects, or it could operate on a representation of the object itself 
after segmentation has taken place, or both. To test whether the effects of size changes 
could be reduced by changing the size of the attentional window, we tested the ability 
of five volunteers to recognize abstract shapes in a delayed match to sample (DMS) 
task as well as in a long term memory (LTM) task. The size of the attentional window 
was cued by preceding the image to be matched by a mask image that was either the 
same or a different size as the match image. In the DMS task subjects viewed two se-
quentially presented shapes and had to determine if the second was identical to the 
first. In the LTM task subjects had to determine whether a viewed shape belonged to a 
previously (over-) learned set of shapes. As expected, we found a strong effect of size 
on recognition lime (RT), as well as on error rale for the DMS task, but only on error 
rate for the LTM task. The effect of size on RT in the DMS task was strongly reduced 
by cueing for the correct match size, but did not reduce the error rate significantly ei-
ther for the DMS or LTM tasks. We interpret these results as evidence for a dual scal-
ing mechanism, which operates both on the size of the attentional window and on a 
size-specific representation of an object. The results indicate that objects are stored at a 
specific set of scales and that within-category recognition is not size invariant.

This study was supported by grants from the Volvo Research Foundation.

873.6
AN IDEAL OBSERVER FOR VISUAL SEARCH.
R.D. Hayes* and W.H. MeriganA. *Graduate Neuroscience Program and Center 
for Visual Science; ADept. of Ophthalmology and Center for Visual Science, 
University of Rochester, Rochester, NY.

Purpose It is well known that distractor stimuli reduce the detectability of 
target stimuli , but the magnitudes of set-size effects have been inconsistent 
across studies, possibly due to idiosyncracies in task and stimulus design. Here 
we adapt an ideal observer to a specific visual search task, and extend it into a 
cued search task (Burgess, J.Optical Soc., 2:1498, 1985). This allows 
measurement of set-size effects to be independent of task difficulty or the number 
of response alternatives. Methods We used 1.35° Hadamard patterns plus 
white noise at 4° eccentricity. The task was 1-of-M identification (M = 2, 4, or 
8). Subjects pushed buttons to indicate which pattern they saw in a field of 0-7 
distractors. Location cues were dots flashed 200ms before onset of the patterns. 
We varied signal-to-noise ratio (SNR) of the patterns by varying their contrast 
relative to the fixed contrast of the noise. We compared the results to those 
generated by a cross-correlator followed by a maximum likelihood decision rule. 
Results Baseline performance (no distractors) was determined by target 
uncertainty and SNR, as expected. Very low or very high SNR resulted in small 
set-size effects as performance went to chance or asymptote, respectively. Only a 
window of intermediate SNRs showed large effects from the addition of distractor 
stimuli. A location cue removed set-size effects and restored baseline 
performance. Conclusion An ideal observer analysis draws together a number 
of conflicting results in the visual search literature. The presence or absence of 
set-size effects may be based not on specific features that do or don't support 
popout but on the SNR of the relevant discrimination. Supported by grant 
EY07125, grant EY08898, and an unrestricted grant from Research to Prevent 
Blindness.

873.7

HIGH FUNCTIONING AUTISTIC SUBJECTS WITH A PREOCCUPATION 
FOR ROTATING OBJECTS SHOW AN INCREASED SENSITIVITY TO 
COMPLEX ROTATIONAL MOTION PATTERNS. A. Bertnne1. L. Mottron2. P. 
Jelenic2. C. Casanova1* and J. Faubert1. ’£cole d’optomdtrie, University de 
Montreal; Clinique Sp€cialis6e de l’Autisme, Hdpital Rivifcre-des-Prairies; 
Montreal, Canada.

Neurobehavioral theories of autism describe various clinical behaviors as 
consequences of particularities in visual information processing. Although 
autobiographical and anecdotal accounts of these deficits abound, few studies have 
attempted to systematically investigate low-levfel or basic visual perception abilities 
in autism. The importance of motion perception in autism may be reflected by the 
fact that a subgroup of autistic patients are preoccupied by moving objects, 
specifically, objects which are spinning or moving in a rotary fashion. Our primary 
question is whether autistic subjects have atypical or enhanced basic motion 
processing capabilities. We are also interested in whether the aforementioned 
subgroup is differentially sensitive to rotational motion compared to the other 
motion types. Direction-identification thresholds were measured for simple (first- 
order) and complex (second-order) translational, radial and rotational motion 
patterns for normal controls and high-functioning autistic patients with and without 
a preoccupation for objects in rotation. Our results show that in general, high- 
functioning autistic patients are able to discriminate motion as well as normal 
controls. Furthermore, two of four autistic patients with a preoccupation with 
rotating objects showed hypersensitivity to complex rotational patterns. Results 
are discussed in terms of recent theories implicating atypical visual information 
processing in autism.

Support: MRC and FCAR; Montreal, Canada.

873.8

ONE CAN UNDO THE PAST IN SPACE, BUT NOT THE PRESENT. B.R, 
Sheth* and S, Shimojo. Computation and Neural Systefns, California 
Institute of Technology, Pasadena, CA 91125.
We investigated whether spatial memory is re-constructed in order to 
reconcile the past when influenced by an illusory bias. Subjects (n = 7) were 
shown a horizontally moving target on a background of vertically drifting 
dots (Duncker illusion). Upon stimulus offset, subjects had to localize either 
the targets' starting or terminal positions. Subjects were more accurate in 
localizing the final rather than the initial vertical coordinate (p<10n; t- 
test), but not the terminal horizontal coordinate (p>0.5). Subjects 
mislocalized the target's initial position against the direction of the 
target's induced motion (e.g. below the actual location for upward induced 
motion; p<10 n) whereas the target's induced motion and final position error 
were in die same direction (p<10‘n), both consistent with our hypothesis of 
memory reconstruction. The time between presentation and localization of 
the initial position is longer than that for the final position, but cannot 
fully explain the differences; in a separate experiment, only the target's 
terminal position was localized following a 3 sec delay or zero delay. Only a 
moderate effect of delay (5 subjects: p<0.01) on vertical accuracy and none on 
vertical error (p>0.9) was found. In a third experiment, we varied only the 
strength of the illusion by changing the speed of the background dots, 
keeping the target's (horizontal) speed and most importantly, duration the 
same. Vertical error increased as a function of background speed for both 
initial and final position localizations, but speed, and hence illusion 
strength, had a greater effect on the perceived initial position. To maintain 
consistency between the unchangeable, veridical present and the perceived 
illusion, the subject manipulates memory of the target's past positions. 
Supported by NSF:SBR-9710116.
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873.9
REACHING AND SACCADIC TARGET SELECTION BOTH FOLLOW A HEAD- 
RATHER THAN TRUNK-CENTERED REFERENCE FRAME DURING VISUAL 
DOUBLE SIMULTANEOUS STIMULATION IN THE MONKEY.
H Scherberger1*, M A Goodale2, R A Andersen1. 'California Institute of Technology, 
Pasadena, and 2University of Western Ontario, London, Ontario.

The choice to select either target in double simultaneous stimulation (DSS) is often 
used to test for visual extinction, where patients fail to report the contralesional of two 
simultaneously presented visual stimuli, even though they are able to report the 
presence of either stimulus when presented singly. Here we asked, (1) whether target 
selection during visual DSS depends on the type of selection (arm reaches or 
saccades), (2) whether the selection varies with the location of the stimuli, and (3) 
what reference frame (head- or body-centered) underlies the selection process.

Monkeys were seated, head- and trunk-restrained, in front of a row of 9 push 
buttons (16° spacing), each containing a red and a green LED as behavioral stimuli; 
eye position was monitored using scleral search coils. In single-target and DSS trials 
(interleaved ratio 4:1), the animal first had to fixate and touch a fixation point (FP). In 
DSS, two green (or red) targets appeared 16° bilateral to the FP (in single trials one 
appeared), and the monkey had to select and reach (or saccade to) one of the targets. 
The ratio of left to right target selection in DSS was studied as a function of horizontal 
FP position, while horizontal head and trunk position was systematically varied (±32°).

Results in one monkey showed that target selection during DSS depends on the FP 
position and favors targets that will direct the eye or the arm towards the head- 
centered midline. While saccadic target selections were symmetrical, reach selections 
were somewhat biased towards the side of the performing arm. Variation of head 
position led to a selection pattern that moved in space, so to remain invariant in a 
head-centered reference frame, both for saccade and arm movements, while variation 
of the trunk had no effect. This result suggests that the decision to select, manually or 
by saccades, the left or the right target during DSS is made in terms of a head-, rather 
than body-centered reference frame, which may reflect the use of a common neural 
network for eye and arm movement coordination (Supported by a Gosney Fellowship, Caltech).

873.10
PROCESSING OF ANIMATED TWO-DIMENSIONAL IMAGES BY 
SINGLE CELLS IN AREA 18 OF THE CAT. T. Bregman and U. Yinon*. 
Physiol. Lab., Goldschleger Eye Res. Inst., Tel-Aviv Univ. Fac. Med., Sheba 
Med. CTR, Tel-Hashomer, 52621, Israel.

Previous evidence is given that area 17, 18 cells in cats (Redies et al., Exp. 
Brain Res.,5: 469[ 1986]) and 18 in monkeys (von der Heydt and Peterhans, J. 
Neurosci.,9: 1731 [1989]) represent the first level of contour abstraction process. 
Thus, we have studied the capability of single cells (n=34) in area 18 of 
paralyzed and anesthetized cats (n=5) to “identify” behaviorally significant 
objects (BSO) in their receptive field. BSO (cat’s body whole contours), 3 levels 
of BSO degraded patterns, scrambled contours, inverted BSO and ellipses were 
presented monocularly and repeatedly to the same eye, within the cells’ 
receptive field. The above patterns were also presented binocularly: 1) identical, 
2) rivalrous (BSO versus scrambled contours) and 3) fusible patterns. The 
results showed that monocular responses to BSO elicited stronger response than 
scrambled (W-paired test; p=0.002) and degraded (p=0.01) contours, but did not 
differ from ellipses (p=0.64). Responses to different inverted cat’s contours were 
similar (p=0.20). The binocular responses to BSO were smaller (p=0.016) than 
to ellipses, but similar to fusible (p=0.17), rivalrous (p=0.13) and scrambled 
contours (p=0.01). We thus conclude that the neural correlates of presentation 
of behaviorally significant images, can be already found in area 18 of the cat. 
We assume that during monocular presentation cells react mainly as “edge 
detectors” and when presented binocularly (whether same, fusible or rivalrous 
animated stimuli) an additional mechanism of whole contour analysis is 
involved, which reflects influences from higher brain processes.

Supported by Miriam and Aaron Gutwirth Foundation scholarship.

873.11

LUMINANCE INTENSITY AND INTERSTIMULUS INTERVAL EFFECTS ON 
CORTICAL/RETINIC OSCILLATORY/NON OSCILLATORY RESPONSES IN 
MICE. A. Brusa1 , A. Fadda1, A. Loizzo', S. Loizzo1, L. Lopez*',2L. Narici3 and W.G.
Sannita4,5. 'istituto Superiore Sanita, Roma; 2Pediatric Neurology, and 3Dept. of 
Physics, Univ. of Rome Tor Vergata, Roma; 4Center for Neuropsychoactive Drugs 
DISM, Univ. of Genova, Genova, Italy; sDcpt. Psychiat. SUNY Stony Brook, USA.

Data on Visual Evoked Potentials (VEP) and Oscillatory Potentials (OP) in mice are 
scarce. We recorded VEP and OP in chronically implanted mice, with InstruNet GWI 
acquisition system. Stimulation was delivered by a Grass PS22 in 10 (neutral density 
filters) steps between 945.6 and 0.611 mcd/m2*s) and 2 frequency intervals (0.2 and 
1 Hz). Amplitude and latency' of VEP and OP (50-250 Hz band-pass filtered) were 
analysed. The typical unfiltered flash evoked response to the maximal stimulus 
intensity at 1 Hz frequency, displays a negative peak, usually with two negative 
subcomponents at 26-29 and 31-34 ms, respectively, followed by a large positive peak 
at about 50 ms, with peak-to-peak amplitude at 200 pV. Increase in luminance 
induced increased amplitude (80 to 200 pV) and reduced latency. When using 
stimulation frequency of 0.2 Hz, the second peak of the negative component was more 
constantly present. The amplitude and latency variations were otherwise similar to the 
1 Hz stimulus. After digital filtering, the OP at 1 Hz and maximal flash intensity were 
extracted with a typical sequence of positive-negative deflections, from 19-21 to 50-55 
ms with variable amplitude (from 40 to 60 pV), the first two deflections being the 
highest in amplitude. As a function of increasing stimulus intensity, latency decreased 
and amplitude increased. Responses at 0.2 Hz displayed a similar trend. Preliminary 
data were also obtained on ERG and retinic OP. The present study describes a 
methodological approach to VEP and OP recording in awake and freely moving mice. 
In particular, although our recordings were performed at the cortical occipital level a 
marked effect of response separation could be observed under higher inter stimulus 
interval.

VISUAL CORTEX: STRIATE—SYNAPSES AND CIRCUITS

874.1

CALCIUM-BINDING PROTEIN IMMUNOREACTIVITY IN THE 
VISUAL CORTEX FROM RABBIT, HAMSTER, AND MOUSE. H.-J. Park, 
S.-N, Lee, S.-K, Hong. J.-H, Kong, I.-S, Kim*, C,-J_, Jeon.
Dept. of Biology, Coll, of Natural Sci., Kyungpook Nat’l. Univ., Taegu, 702- 
701, Korea.

Calcium-binding proteins are thought to play important roles in regulating 
intracellular calcium in the central nervous system. We therefore studied the 
distribution and morphology of neurons containing calbindin D28K, 
calretinin, and parvalbumin in visual cortex from rabbit, hamster, and mouse. 
The calcium-binding proteins were localized using immunocytochemistry.

Most of the calbindin D28K-immunoreactive (IR) neurons were located in 
layers II/UI and V while calretinin-IR neurons were predominantly located in 
layers II/III. Parvalbumin-IR neurons were located throughout the cortical 
layers except for layer I. The labeled neurons varied in morphology. The 
majority of the calbindin D28K-IR neurons were stellate and round or oval 
cells with multipolar dendrites. The majority of calretinin-IR neurons were 
vertical fusiform cells with long processes traveling perpendicular to the pial 
surface. The majority of parvalbumin-IR neurons were similar to those of 
calbindin-D28K. No cells were double-labeled with calbindin D28K and 
calretinin in the hamster visual cortex while many cells had both proteins in 
the mouse visual cortex. These results indicate that the calcium-binding 
proteins calbindin D28K, calretinin, and parvalbumin are contained both in 
specific layers and in selective cell types in the rabbit, hamster, and mouse 
visual cortex.

Supported by Korea Research Foundation grant #1997-001-D00294.

874.2

CGMP SELECTIVELY SILENCES GABAERGIC SYNAPSES IN 
VISUAL CORTICAL NEURONS THROUGH A PRESYNAPTIC 
MECHANISM. J.-Y, Wei, M, H, Han, E. D, Cohen, and C, J, Barnstable* 
Dept. Ophthalmol. & Vis. Sci., Yale Univ. Sch. of Med., New Haven, CT 
06510-8061

Cyclic nucleotides are thought to play an important role in synaptic 
plasticity by modulating excitatory neurotransmission. Whether inhibitory 
neurotransmission can modulated by cyclic nucleotides has not been studied 
in as much detail. To study this we maintained neurons from E19 rat/mouse 
visual cortex in dilute monolayer culture such that cells formed only 
autapses. Both spontaneous and evoked autaptic inhibitory postsynaptic 
currents (IPSCs) were totally blocked by local application of the membrane 
permeable cGMP analog 8-Br-cGMP (0.1 mM). 8-Br-cAMP (0.1 mM) had 
little or no effect on the autaptic IPSCs in the same cells. Because cGMP can 
act through both protein kinases and cyclic nucleotide-gated cation channels, 
we used selective analogs to identify the molecule mediating this effect. Use 
of the PKG specific agonist Sp-8-Br-PET-cGMPS and antagonist Rp-8-Br- 
cGMPS showed that the effect was due to kinase action. cGMP suppressed 
evoked autaptic IPSCs but had little effect on the response to exogeously 
applied GABA, suggesting that the observed effect was presynaptic. 8-Br- 
cGMP (1 mM) did not have similar effects on glutamatergic autapses 
indicating that this action is selective for inhibitory pathways. Our results 
suggest that central inhibitory synapses can be selectively silenced by a 
phosphorylation of presynaptic targets. Since cGMP levels are regulated in 
part by the diffusible messenger NO, these results also suggest a novel 
feedback mechanism for regulating the balance between excitatory and 
inhibitory inputs in cortical neurons. Supported by NIH grant EY 11356 and 
the Kemper fund. CJB is a Senior Investigator of RPB, Inc.
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874.3

A MOLECULAR MARKER FOR A NEURONAL POPULATION 
DOMINANTLY DISTRIBUTED IN THE MACAQUE OCCIPITAL 
NEOCORTEX. S. TOCHITANI1- 3‘. A. WATAKABE1. F. LIANG2. T. 
HASHIKAWA2 and T, YAMAMQRI1,3. ‘Div. of Speciation Mechanisms 1, 
Nat’l Inst, for Basic Biology, Okazaki, Aichi 444-8585; 2Lab. for Neural 
Architecture, Brain Sci. Inst., RIKEN, Wako, Saitama 351-0198; 3Dept. of 
Molecular Biomechanics, Grad. Univ. for Advanced Studies, Okazaki, Aichi 
444-8585,Japan.

Neuronal diversity in the cerebral neocortex is to be, at least in part, reflected 
in molecular characteristics. The discovery of molecular markers unique to 
specific neuronal groups and the ability to see and study these groups in 
isolation would be helpful in addressing questions about how the neocortex is 
organized to function. To find such molecular markers, mRNAs in five 
structurally and functionally distinct areas of the adult cynomolgus monkey 
(Macaca fascicularis) neocortex were compared by differential display. A 
cDNA fragment was obtained and tentatively named occl. In situ 
hybridization analysis showed that the distribution of the neurons positively 
stained with the occl cRNA probe was principally confined to the occipital 
region of the neocortex. The positive neurons were most frequently observed 
in area 17 and much smaller in number in the other occipital areas. In area 17, 
labeling for occl was dense in layer IVC{3, intermediate in layers H, HI and 
IVA, moderate in layer IVCa, and relatively weak in the other layers. In area 
18, the labeled neurons were most often found in layer IV, a few signals being 
sparsely present in the other layers. These results suggest that the occl cRNA 
probe can be used as a molecular marker to visualize a neuronal subset, which 
shows a preferential localization in the occipital neocortex with distinctive 
laminar patterns.

874.4
REGULATION OF THE EXPRESSION OF THE EARLY GENE EGR-1 IN THE 
OPOSSUM VISUAL SYSTEM BY DEPRIVATION AND EXPOSURE TO 
LIGHT. R. Pinaud1. C.D. Vargas1*. M.V. Monteiro1. S. Ribeiro2. G. Cecchi3. M.O. 
Magnasco3, C.V. Mello2. C.E. Rocha-Miranda1 & E. Volchan1 - 1 Laboratory of 
Neurobiology II of the DBCCF°, Federal University of Rio de Janeiro, 21.949-900, Brazil,2 
Laboratory of Animal Behavior and 3 Center for Physics and Biology, The Rockefeller 
University, New York, N.Y., 10021, U.S.A.

In this study we investigated the expression of immediate early gene Egr-1 (also 
known as zif-268, Krox-24, ZENK and NGFI-A) in the visual system of the opossum 
(Didelphis aurita). Two groups were compared: light deprived animals (LD, n=4) ware 
maintained for 24 hours in the dark, while light stimulated animals (LS, n=4) were kept 
for 24 hours in the dark and then exposed to two hours of ambient light. The animals were 
anesthetized, perfused with fixative and had their brains removed, frozen and cut frontally 
at 20pm. Sections from comparable stereotaxic levels of LD and LS were processed to 
reveal Egr-1 immunoreactivity. Adjacent sections were Nissl-stained to reveal 
cytoarchitectonic features. Labeled nuclei were identified in the superficial layers of the 
superior colliculus in LS animals but were absent in the visual thalamus, except for a 
narrow band located between the dorsal and ventral lateral geniculate nuclei. Almost no 
labeling in the regions cited above was detected in LD opossums. Analysis of the striate 
cortex of LS opossums revealed a high number of Egr-1 positive nuclei in layers n, DI, IV 
and VI, except for its medial portion, where only the layer IV was labeled. Four 
subdivisions of the peristriate cortex were analysed. In the medial, central-medial and 
central-lateral peristriate cortices, labeling was found predominately in layers II, HI and 
IV. In the posterolateral peristriate cortex, labeling was difusely distributed through layers. 
In contrast, LD animals showed only a sparse distribution of labeled nuclei 
predominately in the peristriate cortex. Our work shows that 2 hours of ambient light 
stimulation can rapidly induce the immediate early gene Egr-1 in subcortical and cortical 
visual areas of the opossum after 24 hours of light deprivation.
Financial Support: PRONEX, FAPERJ, CNPq, Mathers Foundation, Kluge Fellowship

874.5

NORADRENERGIC MODULATION OF EXCITATORY AND INHIBITORY 
NEURAL TRANSMISSION IN THE VISUAL CORTEX. Masayuki Kobavashi, 
Kazuyuki Imamura, Yoskv Kataoka and Yasuyoshi Watanabe. Dept. of Neuroscience, 
Osaka Bioscience Institute, Suita-shi, Osaka 565-0874, JAPAN

Noradrenergic neurons in the locus caeruleus are involved in control of 
attention and play an important role in the regulation of developmental plasticity and 
excitability of neurons by their wide spread innervation throughout the cerebral cortex. 
Our previous in vitro study using optical imaging and field potential recording from 
multiple sites showed that noradrenaline (NA) selectively suppresses horizontal 
propagation in layers n/m following an electrical stimulation of the white matter. In 
the present study, we, therefore, tried to elucidate cellular mechanisms of this suppression 
by intracellular and whole-cell patch clamp recordings from pyramidal neurons in layers 
n/m. NA significantly depolarized the resting membrane potential by 6.1 mV and 
increased input resistance, though little change was induced in action potential properties 
such as amplitude and half duration. EPSP was evoked by electrical stimulation at the 
border of the white matter and layer VI. NA significantly suppressed the amplitude 
(37%), half duration (21%) and decay time (56%) of the EPSP. On the other hand, the 
amplitude of IPSP was significantly increased by NA in 11/14 neurons. In addition, we 
examined noradrenergic effects on neural transmissions under the voltage clamp condition. 
NA significantly suppressed both NMDA and non-NMDA receptor mediated components 
of EPSCs, while enhanced IPSC, suggesting that NA certainly suppresses the excitatory 
transmission and enhances the inhibitory transmission to pyramidal neurons in layers 
n/m in the visual cortex. The neural basis of visual attention may relate to the 
suppression of visual information integration outside the classical receptive field of cells 
by NA, which results in the restructuring of the receptive field in a state-dependent 
manner.

874.6

Immediate-early repression of mammalian bithoraxoid-like gene 
in visual cortex after sensory stimulation
F. Ye, S. Zanqenehpour and A. Chaudhuri*
Dept. of Psychology, McGill University, Montreal, QC H3A 1B1 Canada

The homeotic gene bithoraxoid (bxd) is believed to play a key role 
in Drosophila segmental development. However, its exact regulatory 
mechanism has not been identified and data concerning the Bxd protein 
is largely limited to its deduced 101 aa sequence. We have found that 
the mammalian form of bxd is highly expressed in neocortex and 
displays the unusual feature of being rapidly down-regulated by 
sensory stimulation.

This effect was seen at both mRNA and protein levels in rat visual 
cortex and occurred in as little as 45 min after onset of light 
stimulation. Simultaneous immunofluorescent staining of Bxd-like 
protein and a neuronal activity marker (Zif268) in area VI of 
monocularly deprived monkeys showed complementary expression 
among ocular dominance columns.

Our results suggest a high turnover rate of Bxd-like protein and the 
presence of a repressor mechanism in neurons that is tightly coupled to 
synaptic stimulation. Because of this unusual feature, mammalian 
bxd-like may have utility in functional mapping studies where it can be 
used to delineate quiescent neurons and serve as a complement to 
molecular activity markers.

Supported by Medical Research Council of Canada (MT-14038).

874.7

HUMAN BRAIN NUCLEAR RESPIRATORY FACTOR (NRF) 2a CDNA: 
ISOLATION, SUBCLONING, SEQUENCING AND IN SITU HYBRIDIZA-
TION OF TRANSCRIPTS IN NORMAL AND VISUALLY DEPRIVED 
MACAQUE VISUAL SYSTEM. A.L. Guo and M.T.T. Wong-Riley*. Dept. 
Cell Biol., Neurobiol., and Anat., Med. Coll. WI., Milwaukee, WI 53226.

Studies on DNA-binding and transcriptional role of nuclear respiratory 
factor 2 (NRF2) in vitro have implicated its modulatory significance in the 
expression of many subunits of respiratory chain enzymes, including 
cytochrome c oxidase (CO). The present study aimed to investigate the 
expression of NRF2a mRNA, its correlation with CO activity, and its regulation 
by functional activity in normal and monocularly deprived adult monkeys. From 
a human brain cDNA library, NRF2a cDNA was isolated and subcloned. Insert 
DNA was sequenced and confirmed to be identical to the published sequence of 
human NRF2a cDNA from HeLa cells. Riboprobes of NRF2a labeled with 
digoxigenin-ll-UTP were generated and applied to sections of macaque 
primary visual cortex (VI) and lateral geniculate nucleus (LGN) by in situ 
hybridization. In normal monkeys, patterns of NRF2a mRNA expression in VI 
mimic those of CO activity: (1) NRF2a mRNA was localized in both nuclei and 
cytoplasm of neurons, but varied in density among different laminae; and (2) it 
was highly expressed in layers IVA, IVC, and VI, which contained high CO 
activity. In monkeys monocularly treated with tetrodotoxin for 1 to 7 days, there 
was a reduction of NRF2a expression in deprived ocular dominance columns of 
VI as well as in deprived layers of LGN, in parallel with decreases in CO 
activity. These data are consistent with our previous findings of NRF2a 
proteins, indicating that the gene expression of NRF2a in VI and LGN closely 
correlates with that of CO activity, and is tightly regulated by neuronal 
functional activity. (Supported by NIH grant ROI EY05439)

874.8

ACTIVATION OF GROUP I METABOTROPIC GLUTAMATE 
RECEPTORS POTENTIATES THE RESPONSE TO NMDA AND 
AMPA IN SLICES OF RAT VISUAL CORTEX. X. T. Jin* and N. W, 
Daw. Dept. of Ophthalmology and Visual Science, Yale University Medical School, 
New Haven, CT, 06520-8061.

We have previously shown that the metabotropic glutamate agonist IS, 3R- 
aminocyclopentane dicarboxylic acid (ACPD) postsynaptically potentiates the 
response to NMDA and AMPA in layer V cells and depolarizes cells in layer VI 
from slices of rat visual cortex. We have also shown that the potentiation and 
depolarization were not due to the activation of group II or III metabotropic 
glutamate receptors. We therefore decided to test the effect of the group I 
metabotropic glutamate receptor agonist (S)-3,5-Dihydroxyphenylglycine (DHPG) 
on the response to NMDA and AMPA in slices of rat visual cortex using whole-cell 
recording techniques. Slices were made from different ages of rats: 2-4 week, 5-7 
week and 8-12 week. In slices of 2-4 week old rats, DHPG potentiated the response 
to NMDA. The potentiation was larger in layers VI and V, small in layers IV, and 
small but not significant in layers II/III. The potentiation was also found in 5-7 week 
old slices, not in 8-12 week old slices. The potentiation was postsynaptic, since it 
was abolished when GDP-fJ-S was included in the pipette solution. In layers VI and 
V of 2-4 week old slices, DHPG also significantly potentiated the response to 
AMPA. The effect of DHPG on evoked EPSPs was also tested in all layers. No 
significant effect was found. In most cells tested, DHPG did not alter the membrane 
potential or cell’s input resistance significantly. Experiments are underway to 
determine if mGluRl or mGluR5 or both may be involved in modulating the effects 
of DHPG on the response to NMDA and AMPA.
PHS grant ROI EY 11353
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874.9
A NEW CAT SPECIFIC C-FOS ANTIBODY TO ASSESS DIFFERENT 
NEURONAL POPULATIONS IN CAT AND MONKEY VISUAL SYSTEM. E. 
Van der Gucht12, L. Arckens12, G.A, Orban2 and F. Vandesande'* 'Lab. of 
Neuroendocr. & Immunol. Biotechnol., 2Lab. of Neuro- and Psychophysiol., 
Katholieke Universiteit Leuven, B-3000 Leuven, Belgium.

A polyclonal antibody against c-Fos was raised by immunizing rabbits with a 
synthetic peptide corresponding to amino acids 127-152 of the cat c-Fos conjugated 
to thyroglobuline. The specificity of this antiserum was confirmed by Western 
Blotting. Using this cat specific c-Fos antibody immunocytochemistry was carried 
out on cat (Fetis catus) and monkey {Macaca Mulatto) striate cortex. Single 
immunocytochemical stainings revealed c-Fos-positive neurons in the supra- and 
infragranular layers of cat striate cortex and in layers II/III, IVa/b, V and VI of 
monkey VI. To examine which type of neurons in the visual cortex are 
immunoreactive for c-Fos, we performed double stainings between c-Fos and 
GABA, GAD or Neurofilament Protein. We demonstrate that c-Fos is principally 
expressed in pyramidal neurons. Nevertheless, double labeled c-Fos-GABAergic 
neurons represent a minor neuronal cell population. Consequently, we investigated 
wether c-Fos colocalizes with the calcium-binding proteins, calbindin D-28K, 
parvalbumin and calretinin. These double stainings reveal only a few neurons in 
which c-Fos co-exists with one of the three calcium-binding proteins, mainly in the 
supragranular layers of the visual cortex for both, cat and monkey.

This work was supported by the Belgian Queen Elisabeth Medical Foundation, 
the Belgian program of Inter-University Poles of Attraction P4/22 and the Fund for 
Scientific Research - Flanders, Belgium.

874.10
WHY MIGHT CORTICAL SYNAPTIC DEPRESSION BE LESSER IN VIVO 
THAN IN VITRO? M. V. Sanchez-Vives*, L. G. Nowak and D. A. McCormick 
Section of Neurobiology, Yale University Medical School, New Haven, CT 
06510

Repetitive stimulation of intracortical connections in vitro results in a short 
term reduction of the synaptic potentials, or "synaptic depression". The 
functional consequences of this phenomenon could be very relevant for 
visual processing: in a well known model of simple cells based on in vitro 
findings, the time course of depression and its recovery would determine 
different aspects of visual responses, like direction selectivity and contrast 
adaptation (Chance et al. J. Neurosci. 18:4785, 1998). However, our 
previous results indicate that high frequency stimulation induces less 
depression and faster recovery of synaptic transmission in the visual cortex 
in vivo than in vitro (Sanchez-Vives et al. Soc. Neurosci. Abs. 24:896, 
1998).

In order to understand the conditions in the brain that underlie this 
discrepancy, ACSF ionic concentrations were modified and eventually 
neurotransmitters added, while recording from visual cortex slices of the 
adult ferret. These modifications were aimed to better replicate the in situ 
situation. Spontaneous activity can be recorded in the cortical slices, often in 
the form of slow oscillations (<1 Hz) under these conditions (see 
accompanying paper). Synaptic depression induced by high frequency 
stimulation (1 minute of 5, 10, 20 or 40 Hz) was significantly smaller than in 
regular ACSF. Synaptic potentiation often replaced depression during the 
first 5-20 seconds of high frequency. In the same direction, the time course 
of the recovery was usually faster. We conclude that the use of a "more 
physiological" ACSF is crucial to replicate in vivo observations in cortical 
Slices. Supported by NIH - R01-IY12388

874.11
SLOW OSCILLATIONS (< 1Hz) IN FERRET VISUAL CORTEX IN VITRO
D. A. McCormick* and M. V. Sanchez-Vives. Section of Neurobiology, Yale 
University Medical School, New Haven, CT 06510

Slow oscillations (<1 Hz) occur in the cortex, thalamus and other brain 
structures of anesthetized animals and have been implicated in the global 
synchronization of brain activity during sleep (Steriade et al. J. Neurosci. 
13:3252, 1993). This slow rhythm is characterized by a high degree of 
synchronization across long distances and between different structures, and 
appears to originate in the cortex. What are the cortical intrinsic and network 
properties that give rise to this slow oscillation? How does it synchronize large 
areas of the cortex? Some of these questions may be optimally answered by 
using in vitro preparations which allow pharmacological and other 
manipulations. However, to our knowledge, slow oscillations have never been 
recorded in cortical slices.

Using an ACSF in which ionic concentrations were modified to more closely 
match that in situ, we have recorded slow oscillations (0.1-0.7 Hz; see 
autocorrelogram) from slices of adult ferret visual cortex maintained in vitro. 
This slow rhythm resembles in vivo slow oscillations. When cells are 
hyperpolarizbd, the oscillations appear as recurrent series of PSPs of 0.4-1 s 

in duration. These episodes of synaptic activity 
are correlated with extracellularly recorded action 
potentials in other areas of the slice as far as 10 
mm apart and across different layers. When the 
membrane potential is above threshold, the 
oscillation is recorded as a series of action 
potentials usually followed by a hyperpolarization 
that lasts several seconds. The origin and

15 mechanisms of propagation of this oscillation will 
be considered. NIH-RO1-IY12388

874.12
MODULATION OF FREQUENCY FOLLOWING IN NEOCORTICAL 
PYRAMIDAL CELLS. J.C. Brumberg* and D.A. McCormick, Section of 
Neurobiology, Yale University School of Medicine, New Haven, CT 06510.

Neocortical neurons in vivo are constantly presented with periodic stimuli as a 
result of feedforward input from the periphery. In order to determine how neurons 
respond to periodic stimuli, sine-wave current stimuli of varying frequencies and 
amplitudes were injected into pyramidal cells of young adult ferret (~4 months 
old) visual cortical slices in vitro using sharp microelectrodes. In order to mimic 
an intact cortex a slight DC offset was injected to bring the neuron just to 
threshold. The sine-wave stimulus was then superimposed onto this DC offset.

Neurons were able to follow (discharge at least one action potential per cycle) 
the sine-wave stimulus in a one-to-one fashion until reaching a critical frequency 
(7-12Hz). At this frequency the neurons responded in an apparently random 
fashion. If the sine-wave amplitude was increased the neuron would continue to 
respond in a one-to-one fashion. In contrast, if its frequency was increased the 
neuron responded with one action potential for every two cycles of the stimulus. 
Increasing the frequency further moved the neuron into another seemingly random 
response range and then a frequency where it responded with one action potential 
for every three cycles.

The critical frequency wherein the neuron went from a one-to-one response 
regime to a random regime was a function of the DC offset. The larger the offset 
the higher the critical frequency. Thus, when a neuron was very active (due to a 
large DC offset) it could respond in a one-to-one fashion over an almost twofold 
greater range of frequencies than with the smallest DC offset. We suggest that the 
frequency following capabilities of individual cortical neurons can be strongly 
modulated by the general activity occurring in the network in which the neuron is 
embedded. Supported by NIH grant RO1-NS-26413.

874.13

DIFFERENT BALANCE OF EXCITATION AND INHIBITION IN 
INTERAREAL FORWARD AND FEEDBACK PATHWAYS OF MOUSE 
VISUAL CORTEX. H. Dong. Z. Shao and A. Burkhalter*, Dept.of Anatomy and 
Neurobiology, Washington Univ. Sch. of Med.; St. Louis, MO 63110.

In mammals visual information is represented in many different cortical areas. 
To provide a unified percept of the visual scene, distributed information is integrated by 
a network of interareal forward (FW) and feedback (FB) connections. While FW 
connections send retinal information from lower to higher cortical areas, FB inputs from 
higher areas may play a role in gating or amplifying responses in lower areas. 
Experiments in rat visual cortex have demonstrated that FB circuits can generate 
excitatory responses in pyramidal cells over a much broader range of activation than FW 
circuits, which produce stronger disynaptic inhibition (Shao and Burkhalter, 1999). To 
test whether this pathway-difference in the balance of excitation and inhibition is a general 
principle of interareal circuits we recorded in pyramidal cells and determined excitatory 
(EPSPs) and inhibitory postsynaptic potentials (IPSPs) evoked by FW inputs from areas 
VI to V2 and FB inputs from V2 to VI in visual cortex of20-30 day old mice.

When stimulated at equivalent strengths and holding potentials positive to the 
chloride reversal potential, FW inputs generate dEPSPs followed by hyperpolarizing 
IPSPs. Unlike stimulation of FW connections, FB inputs failed to evoke hyperpolarizing 
IPSPs at all stimulation strengths and membrane potentials tested. However, at 
depolarized potentials EPSPs decayed more rapidly, indicating that EPSPs are opposed 
by weak IPSPs. Interestingly, in both pathways EPSPs had similar amplitudes.

These results suggest that inhibition is stronger in FW than FB circuits and that 
this is not due to stronger excitation of inhibitory neurons by FW inputs. Rather, it 
suggests that both pathways use dissimilar mechanisms for inhibiting pyramidal neurons. 
Furthermore it suggests that the imbalance of inhibition is a general organizational 
principle by which interareal circuits are organized and which applies to different species.

Supported by NIH grant NEI05935 and NS17763.
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875.1
SEARCHING FOR A RETINAL DEGENERATION THERAPEUTIC BY UTILIZING A 
HIGH THROUGHPUT PHOTORECEPTOR CELL SURVIVAL BIOASSAY. R. Tamir. S. 
Edenson. Ren Xu. Shoushu Jiao*. Jack Lile. J.C, Louis, J, Treanor. Amgen Inc., One 
Amgen Center Drive, Thousand Oaks, CA 91320.

Retinal Degenerative diseases are believed to be caused by a variety of genetic 
abnormalities. However, the mechanism of vision loss is the same. Vision is lost 
due to the degeneration and death of the photoreceptor cells. The discovery of a 
molecule promoting photoreceptor cell survival may aid in the prevention or slow 
down the progressive nature of one or more forms of retinal degeneration. Our aim has 
been to expression clone a molecule influencing photoreceptor cell survival leading 
to a drug candidate or highlight pathways for potential therapies.

We developed a high throughput photoreceptor-cell bioassay measuring rhodopsin 
as a marker of photoreceptor survival and a secondary bioassay which allowed 
analysis of cell number and morphology of photoreceptors. Forskolin, an adenylate 
cyclase activator, was used as a positive regulator of photoreceptor-cell survival to 
aid in the development and validation of the bioassay.

In our efforts to identify a biological source of activity we searched through over 
500 cell lines and could not find any which promoted photoreceptor-cell survival. 
Based on the supportive relationship of Muller cells to photoreceptor cells and 
selecting through tissues with the highest relevance, cDNA libraries from an enriched 
Muller-Photoreceptor cell culture and from whole eye were made.

No molecules were identified which could promote survival of photoreceptors from 
the Muller cell library (500,000 clones screened) although CNTF, KHJ1 and a series 
of other CNTF family members including Activin were identified as negative 
regulators of rhodopsin expression. The whole eye cDNA library revealed one 
molecule which induced an elevation in rhodopsin, Follistatin, a known Activin 
antagonist. (Funded by Amgen Inc.)

875.2
SUGGESTED INTRACELLULAR LOCALIZATION OF BESTROPHIN AS 
REVEALED BY A GREEN FLUORESCENT PROTEIN-BESTROPHIN FUSION 
PROTEIN Raquel Mavordomo^, Beniamin Bakall2, Sofie Ingvast2, Konstantin 

Petrukhin3, Finn Hallbook^* and Claes Wadelius2. Depts of 1 Neuroscience and 
2Genetics & Pathology, Uppsala University, Uppsala, Sweden, 3Dept. Human 
Genetics, Merck Research Laboratories, Westpoint, PA, USA.

Best's macular dystrophy (BMD), also known as vitelliform macular dystrophy 
(VMD2) is an inherited autosomal dominant disease, causing visual impairment in 
mainly young ages. An accumulation of lipofuscin within and beneath the retinal 
pigment epithelium is found in BMD and age-related macular degeneration, which is 
the leadining cause of blindness in the elderly population. The gene causing BMD has 
been localized to 1 lq 13 by recombination breakpoint mapping. By positional cloning 
we recently identified the causative gene encoding a novel protein named bestrophin, 
and mutations have been found mainly to affect residues that are conserved from 
Caenorhabditis elegans. The bestrophin mRNA is expressed in pigment epithelium of 
the eye but the function of the protein is unknown. The sequence does not suggest 
any biochemical properties and it does not contain any region with similarity to other 
proteins. In a first attempt to understand the function of bestrophin, we have studied 
the intracellular localization using green fluorescent protein (GFP) tagged bestrophin. 
The cDNA was ligated into a vector with GFP to produce a fusion protein (GFP- 
Best). The GFP-Best construct or the GFP vector were electroporated into COS cells. 
COS cells with the GFP-Best construct exhibited fluorescence that was concentrated 
to a region close to the nucleus as compared to cells electroporated with the GFP 
vector that had a fluorescent cytoplasm. The result show that the bestrophin part of 
the fusion protein translocates GFP fluorescence from the cytoplasm to a structure in 
close association with the nucleus. These preliminary result gives a first indication 
that bestrophin is localized to an intracellular structure that resembles the rough 
endoplasmatic reticulum in fibroblasts. Grant sponsor: Swedish Medical Research 
Council.

875.3

IDENTIFICATION OF GENES ASSOCIATED WITH APOPTOSIS 
INDUCED BY HYPOXIA IN RETINAL NEURONS. J-x, Ma, L. Xu and 
D.W. Corson*. Storm Eye Institute, Med. Univ. of South Carolina; 
Charleston, SC.

This study is to determine the effect of hypoxia and growth factor 
withdrawal on retinal neurons and their molecular basis using the E1A- 
NR3 cell as a model. E1A-NR3 is an immortalized retinal cell line which 
manifests specific phenotypes of retinal neurons. After 48 h exposure to 
hypoxia or serum-free medium, significant decreases in cell viability were 
observed. Exposure to serum-free and hypoxic conditions for 24 h 
resulted in significant DNA fragmentation and increased apoptotic cells 
as shown by TUNEL method. These results suggest that both hypoxia 
and serum deprivation induce apoptosis in these retinal neurons. Nine 
mRNA species were identified with altered expression levels at 8 h of 
hypoxia by mRNA differential display and confirmed by Northern blot 
analysis. Four of them represent known genes including hsp70, c-jun, 
phosphoglycerate kinase and calpactin. Five mRNA species do not match 
any existing sequences in GenBank, indicating that they represent novel 
genes. The results suggest that under hypoxic conditions, the retinal 
neurons die by apoptosis which involves multiple genes. Deprenyl is a 
selective monoamine oxidase-B inhibitor. This study demonstrated that 
deprenyl increased viability of the cells exposed to hypoxia and serum- 
deprivation. Deprenyl also decreased fragmented DNA and numbers of 
apoptotic cells. Deprenyl selectively reversed the altered expression in c- 
jun and hsp70 but not in phosphoglycerate kinase and calpactin. These 
results suggest that deprenyl has anti-apoptotic activities via regulating 
gene expression in the retinal cells.
Supported by NIH grants EY 12231 and EY 12600

875.4
SYNAPTIC PLASTICITY MAY UNDERLIE RETINAL DEGENERATION 
IN RHODOPSIN P347L TRANSGENIC PIGS Y.W. Peng1*, R.M. Petters2 and
F. Wong1. 'Departments of Ophthalmology and Neurobiology, Duke University; 
department of Animal Science, North Carolina State University.

In the porcine retina, the average ratio of rod to cone photoreceptors is 
approximately 8:1. Although rhodopsin is found only in rods, expression of a 
mutant rhodopsin transgene causes both rod and cone cell death that occurs in 2 
phases. From birth to 4 months, approximately 80% of the rods and 20% of the 
cones die rapidly. A large fraction of the cones survive, but a protracted phase of 
cone degeneration then ensues. By 22 months, there remains only one row of 
grossly abnormal cones that evoke a greatly attenuated electroretinogram. Since 
rods and cones make synaptic connections with horizontal cells, we expected that 
as the rods and cones die, the number of horizontal cell processes would decrease. 
To test this hypothesis, we studied retinal sections from transgenic pigs at 
advanced stages of retinal degeneration by immunocytochemistry, with antibodies 
specific for the horizontal cell markers: calbindin, neurofilament, and vimentin.

Calbindin-immunoreactivity was localized to the cell bodies and processes of 
horizontal cells. In 4-month-old pigs, compared to the normal retina, the 
horizontal cell processes in the transgenic retina increased slightly. This result was 
observed in 10-month-old animals as well. The horizontal cell processes remained 
even in 22-month-old transgenic retinas. Our conclusion was confirmed in studies 
using horizontally cut sections as we observed an increase in the density of 
horizontal cell processes in the transgenic retina. From experiments in which we 
used antibodies specific for neurofilament and vimentin, we have reached similar 
conclusions. Therefore, contrary to our expectations, the number of horizontal cell 
processes did not decrease in the transgenic retina after extensive photoreceptor 
death. We suggest that there is an increase in horizontal cell-to-cone synaptic 
connections in the transgenic retina; over time, abnormal synaptic activities cause 
the slow degeneration of cone photoreceptors.
Support: NIH Grant EY-11498, The Foundation Fighting Blindness, Research to 
Prevent Blindness, Inc.

875.5

IMMUNOHISTOCHEMICAL LOCALISATION OF ASTROCYTES AND 
MICROGLIAL CELLS IN RETINAE OF RATS WITH EXPERIMENTALLY- 
INDUCED GLAUCOMA. X, Wang1. S. S. W. Tav1, Y. K. Ng1 and S. C. Hopi, 2_* 
Departments of ’Anatomy and 2 Physiology, Faculty of Medicine, National 
University of Singapore; Singapore 119260

Glaucoma is a common disease seen in the eye clinic, but its associated 
pathological processes are still debatable. The aim of the present work was to study 
the responses of astrocytes and microglia in retinae of experimental glaucomatic rats. 
An experimental glaucoma model was created by limbal-derived veins cauterization. 
Animals were sacrificed at 1, 2, 3 and 4 months after operation. The eyeballs were 
removed and fixed in 2% paraformaldehyde and subsequently processed for 
immunohistochemistry using antibodies for GFAP and 0X42 that recognize 
astrocytes and microglial cells respectively. In retinae of the control eyes, GFAP- 
positive retinal astrocytes were distributed mainly in the ganglion cell layer. Several 
immunoreactive astrocytic processes could also be observed in other layers such as 
the inner plexiform layer and inner nuclear layer. The expression of GFAP was 
increased in the experimental glaucomatic eyes. Many GFAP-immunoreactive cells 
and processes were observed to span through all retinal layers, as far as the outer 
segment of the outer nuclear layer and some processes extended even up to the 
choroid layer. These changes were strongly expressed in rats at 1 and 2 months post-
operation but were reduced in rats at 3 and 4 months. However, the expression of 
GFAP was still higher when compared with the control eyes. The number of 0X42 
positive retinal microglial cells was increased in rats at 1 and 2 months but dropped 
to almost the level of the control eyes at 3 and 4 months. The results of our study 
suggest that both astrocytes and microglial cells are involved in the pathological 
processes of glaucoma. This work was supported by grants RP3972355 and RP 
970328 from the National University of Singapore.

875.6
BLOCKADE OF P75 NEUROTROPHIN RECEPTOR PREVENTS 
RETINAL PHOTOTOXICITY.
T. Harada* ',2. C. Harada12. H. Matsuda2 & K. Wada1. 'Dept. Degenerative 
Neurological Diseases, National Institute of Neuroscience, NCNP, Tokyo 
187-8502; 2Dept. Ophthalmology, Hokkaido Univ., Sapporo 060-8638, Japan

Prolonged or high intensity exposure to visible light leads to 
photoreceptor cell apoptosis. Various neurotrophins have been 
reported to rescue photoreceptors in animal models of both inherited 
and light-induced retinal degeneration. However, the mechanisms 
regulating neurotrophin receptor genes during retinal degeneration 
remain unclear. We addressed this issue by determining whether 
continuous illumination affects the expression of neurotrophin 
receptors (trkA, trkB, trkC, and p75) within the rat retina.

Continuous illumination (1500 lux) upregulated trkC in the distal 
Muller glial cell processes, whereas p75 expression was enhanced in 
the proximal Muller cell processes and outer nuclear layer which is 
composed of photoreceptor nuclei. Intraocular injection of trk-specific 
inhibitor K252a produced an 80% increase in photoreceptor cell death 
in the light-reared animals. Whereas injection of p75 blocking 
antibody decreased photoreceptor cell death by -26%.

These results demonstrate the differential polarization of the two 
neurotrophin receptors occurring within Muller cells, each having an 
opposite effect on photoreceptor cell death.

Supported by grants from the Ministry of Education, Science, 
Sports, and Culture; the Ministry of Health and Welfare; the Science 
and Technology Agency of Japan; and the Japan Society for the 
Promotion of Science for Young Scientists.

Society  for  Neuroscience , Volume  25, 1999



THURSDAY AM RETINA AND PHOTORECEPTORS: PATHOPHYSIOLOGY AND DISEASE 2193

875.7

OCULAR DISEASES AND PEROXISOME 
PROLIFERATOR-ACTIVATED RECEPTOR-y (PPARy ) IN 
MAMMALIAN EYE. H. A. Pershadsingh1, S. C. Benson2, B. Marshall2, T, 
W. Kurtz3, M, Pravenec3, J. C. King4*, E. G. Stopa5, and E. V. Famiglietti5,6,
‘Dept. of Family Med., U C Irvine and Kern Med. Ctr., Bakersfield, CA; 2Dept. of 
Bio, Calif. State U., Hayward; 3Dept. of Lab Med., U C San Francisco, 4Dept of 
Anat. & Cell Bio., Tufts U., Boston, MA, Depts. of 5Path. and 6Neurosci., Brown 
U., Providence, RI 02903

Activation of the nuclear transcription factor, PPARy, inhibits 
proliferation and promotes differentiation of cells of epidermal and mesodermal 
origin, and downregulates inflammatory cytokines. The naturally occurring PPARy 
ligand, 15-deoxy-5-12,14-prostaglandin J2, has been shown to inhibit angiogenesis 
and neovascularization in rat cornea through PPARy activation (Xin X et al., J Biol 
Chem 1999; 274:9116). PPARy immunofluorescence was performed on eyes from 
adult spontaneously hypertensive (SHR) rats using rabbit anti-PPARy and FITC 
goat anti-rabbit IgG. PPARy immunoreactivity (IR) was prominent in retinal 
pigmented epithelium and photoreceptor outer segments. PPARy-IR was also 
present in retinal photoreceptor inner segments and outer plexiform layer, corneal 
epi- and endothelium, iris, intra- and extraocular muscles and retinal choriocapillaris. 
The presence of PPARy-IR in retina and ocular tissues other than cornea implies 
that PPARy activators may be effective in the treatment of diseases involving 
neovascularization of the retina, cornea and iris. Moreover, PPARy expression in 
the ciliary body and photoreceptors may have implications for the pathophysiology 
and potential therapies for inflammatory and proliferative eye diseases such as 
uveitis, diabetic retinopathy and macular degeneration.

875.8

ULTRASTRUCTURAL ANALYSIS OF THE RAT RETINA 
SUBMITTED TO UVC-RAYS. N.C.O, Miguel1. C.A. Elias2, M. 
Taffarel1 and S. Allodi1*. ‘Departamento de Histologia e Embriologia, 
ICB, CCS, UFRJ; 2Inst. de Biofisica Carlos Chagas Filho, UFRJ; Rio 
de Janeiro-RJ, 21.941-590, Brasil.

The relative increase in ultraviolet C-radiation (UVC) due to a 
thinning of the ozone layer is a current concern in the modem world. 
The retina and the skin are the interfaces between the ambient and the 
living organisms. The retina is then an important structure to make 
correlations between the different variables of this radiation and the 
environment we live nowadays. After exposure of tissues to UVC, the 
observation at the ultrastructural level allows an accurate detection of 
the subcellular alterations. In this study we have analysed by eletron 
microscopy how rat retina cells reacted to 30 minutes exposure to 
UVC (dose: 5040 J/m2). Besides routine, cytochemical methods for 
peroxisomes demonstration (Diaminobenzidine and D-proline), were 
performed. The results show that the damage in cells occurs in most 
retina layers. Alterations include an increase in the number and size of 
myelin-like figures, particularly observed in the internal plexiform 
layer, and the disruption of mitochondria in the ganglion cell layer. 
The peroxisomes display the same profiles as those seen in control 
animals. These results provide evidence that after UVC exposure, 
cells may change as an expression of cellular damage or to adjust 
toward recovery mechanisms.
Support: FUJB/UFRJ, FINEP, CNPq, FIOCRUZ.

875.9

ENVIRONMENTAL EFFECT ON AGING OF THE RHESUS MONKEY 
RETINA. EKicliter1'. -C.Bonnemann2. N. Lugo1 and D L Meyer2 'Dept. 
of Anatomy and Institute of Neurobiology1, Univ. of Puerto Rico, Med. Sci. 
Campus, San Juan, PR 00901 and 2Dept. of Neuroanatomy, School of Med., 
Univ. of Goettingen, Kreuzbergring 36, 37075 Goettingen, FRG

During aging, rhesus monkeys raised in Puerto Rico exhibit changes in 
their retinal ganglion cell layer, including an apparent loss of large ganglion 
cells and an increase of small cells (likely glia). In order to determine 
whether these changes may be hereditary in the Puerto Rico colony, we 
studied retinas of monkeys derived from the Puerto Rico colony but raised 
in Germany. Retinas of monkeys of 10, 11, 15 and 21 years at death were 
prepared as wholemounts and stained for Nissl substance. Retinas were 
sampled at the intersections of a 2 mm X 2 mm grid overlaid on the retina. 
The sampling area did not include the fovea: the closest sample was made 
at approximately 2 mm from the fovea. At grid intersections the somata of 
all cells in the ganglion cell layer were drawn in an 80 pm X 80 pm field, 
using a camera lucida with an oil immersion objective. No evidence was 
found of increasing cell density in the older retinas. Cell size histograms 
prepared from the combined samples in each retina do not indicate either a 
loss of large cells or an increase of smaller cells during aging in these 
German raised monkeys. Thus the changes observed in the monkeys raised 
in Puerto Rico appear to arise from an environmental source, possibly high 
levels of ultraviolet light exposure. (Supported, in part by NIH grants MH- 
48190, RR-03051 and RR-03640).

875.10

MODELING OF Q-SWITCHED Nd:YAG LASER INDUCED RETINAL 
DAMAGE IN HUMANS: AN AGE - RELATED STUDY K. 
Sentrayan12, C, Haridass3, and C, O. Trouth1’2* ’Dept. of Neurology, 
Howard University, Hospital; 2Dept. of Physiology and Biophysics, 
Howard University, Washington, DC 20059; 3Dept. of Physics & 
Astronomy, Howard University, Washington, DC 20059.

It has been reported that more than 95% of all laser related eye injuries 
(with vision loss) results from Q-switched Nd:YAG lasers. Since the 
melanosomes in the Retinal Pigment Epithelium (RPE) are the main 
absorption site of the laser pulses, the age related spectral changes in 
melanin may affect the laser ‘damage threshold’. To test this hypothesis, 
we have developed a mathematical model to understand the underlying 
physical damage mechanism due to bubble formation around the 
melanosomes, and the surrounding “water-like” cellular material. The 
growth of the bubble was calculated under adiabatic conditions using the 
ideal-gas law. Age related morphological changes namely, changes in 
RPE cell height, and melanin content in RPE cells of humans varying 
between 1-100 yrs are included in this model. Values for retinal ‘damage 
threshold’ radiant exposure for 50% probability of human cells (ED50) are 
estimated for Q-switched fundamental (1.064 pm) and second harmonic 
(0.532 pm) of a Nd:YAG laser as a function of age. Our estimated ED50 
values at 1.064 pm and 0.532 pm laser wavelengths are the lowest for the 
age group between 1 - 20 yrs and the highest for 61 - 100 yrs. These 
results suggest that younger age groups are more susceptible to laser 
induced retinal damage than the older ones under identical laser retinal 
exposure conditions. Supported by ONR Grant N00014-1-0523.

875.11

BIOCOMPATEBILITY AND LONG TERM STABILITY OF SILICON 
PHOTODIODE ARRAYS IMPLANTED IN THE SUBRETINAL SPACE
K. Kohler1*, M. Stelzle2, W. Nisch2, H Haemmerle2, E. Zrenner1. ‘Experimental 
Ophthalmology, University Eye Hospital Tuebingen, Germany; ^Natural and 
Medical Science Institute, Reutlingen, Germany

We examined the influence of subretinally implanted technical silicon devices 
on the neuronal network of the overlying retina and the influence of the subretinal 
milieu on the material stability of the implanted device.
Retinas of rabbits, rats, and pigs were immunohistologically examined after various 
implantation periods of up to 14 months. The surface integrity of the explained 
microphotodiode arrays (MPDAs) was evaluated by scanning electron microscopy 
and energy dispersive x-ray spectroscopy.

After implantation of a MPDA in the subretinal space, the photoreceptor layer 
directly overlying the device almost completely disappeared in all animals 
examined. The inner parts of the avascular rabbit retina showed marked 
disorganization and gliosis 4 months after implantation. In rats and pigs, up to an 
implantation periods of 14 months, the stratification of the vascularized inner retina 
did not show any signs of degeneration and was essentially the same around and 
above the implant. Examination of the MPDAs reveled a thinning of the silicon 
oxide layer on the chips’ surface around 3 months after implantation and from 9 up 
to 14 months large parts of the silicon oxide layer abolished. In addition, cavities of 
10-20 pm in diameters and 5 pm in depth occurred on the MPDAs. These corrosion 
processes were caused by the inorganic ion composition of the subretinal milieu.

Our data show that the neuronal network of vascularized retinas overlying 
subretinally implanted MPDAs are stable up to 14 months beyond implantation. 
However, corrosion protection of the MPDAs by the silicon oxide layer on their 
surface was insufficient. We are currently developing a passivation layer compatible 
with the microelectronic process technology and an enhanced biostability.
Supported by the German Ministry for Research and Technology Grant 01IN502

875.12

VISUAL CORTICAL EVOKED RESPONSES ELICITED BY ELECTRICAL 
STIMULATION OF THE RETINA IN NORMAL AND RETINAL 
DEGENERATE DOG. J.D. Weiland. M.S. Humayun* V. Giger-Mateeva  ̂
Suzuki, E. Margalit, $.A, P’Anna>,E....dg.Juaru_Jr. Wilmer Ophthalmological 
Institute, Johns Hopkins University, Baltimore, MD

Electrical stimulation holds the promise of restoring vision in individuals with 
retinal degenerative diseases. Single channel and multi-channel electrically evoked 
responses (EER) and visually evoked potentials (VEP) data were recorded from 
subdermal electrodes placed over the visual cortex of mixed breed dogs (5 eyes, 1-2 
years old) and dogs with retinal degeneration (RCD1, 4 eyes, 4-6 years old). The 
dogs were paralyzed with IV pancuronium, ventilated, and placed on a heating pad 
and inside a Faraday cage. Flash (2.09 candela-s/m2) electroretinograms (ERG) and 
VEP were recorded before and after electrical testing. For electrical testing, a 
Burian-Allen contact lens electrode was used to apply biphasic current pulses (1 Hz 
repitition rate) to the cornea of normal and degenerate dogs. Normal ERG responses 
were present in all of the normal dogs but no ERG could be recorded from any of the 
blind dog eyes. The EER stimulation threshold was significantly increased for the 
blind dog group vs. the normal dog group (1 ms pulse threshold: normal -3.3 mA , 
blind - 9.3 mA , p=0.003), (2 ms pulse threshold: normal - 2.1 mA, blind - 9 mA, 
p=0.003), (4 ms pulse threshold: normal - 1.14 mA, blind - 6 mA, p = 0.002). Both 
EER and VEP were maximal over the area of the visual cortex and diminished with 
increasing distance from the visual cortex. In one dog, the optic nerve was purposely 
severed, which abolished the responses. We conclude that in retinal degenerate dogs 
with a non-recordable ERG, signals from the visual cortex can be elicited by 
electrical stimulation of the retina. The threshold of stimulation is significantly 
higher in blind dogs vs. normal dogs. Supported by the National Eye Institute, 
Research to Prevent Blindness, and the National Science Foundation.
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875.13

MELATONIN DELAYS PHOTORECEPTOR CELL 
DEGENERATION IN AN ANIMAL MODEL OF RETINAL 
DYSTROPHY. F-O. Liang*. T.S. Aleman, A.V. Cidecivan, S.G. 
Jacobson and J. Bennett. Dept. of Ophthalmology, University of 
Pennsylvania, Philadelphia, PA 19104

Recent findings indicate that melatonin prevents apoptosis of 
neuronal and retinal pigment epithelial cells. Since photoreceptor cells 
in animal models of retinitis pigmentosa (RP) degenerate through 
apoptotic mechanisms, melatonin may exert similar protective effects 
on these cells. To test this hypothesis, homozygous rds mice 
maintained under a 12:12 light/dark cycle received intraperitoneal 
injections of melatonin (10 mg/kg) or vehicle (1% ethanol in saline) 
daily, starting at age 1-2 weeks. After 10 weeks, animals were 
sacrificed and ocular tissues were processed for histological 
examination. Electroretinograms (ERGs) were recorded in some 
animals prior to sacrifice. In comparison to control mice, melatonin- 
treated animals had approximately twice the number of photoreceptor 
nuclei throughout the retina (5-7 vs 2-4 rows). ERG analyses showed 
greater amplitudes in melatonin-treated animals relative to those in the 
vehicle group, thereby confirming function of the rescued 
photoreceptors. These results demonstrate that exogenous 
administration of melatonin can slow photoreceptor cell degeneration 
in rds mice. Studies in progress aim to evaluate the long-term effects 
of melatonin on this and other animal models for RP. Supported by 
the Foundation Fighting Blindness, ROI EY 10820 (JB) and NIH DK 
07748 (FQL).

875.14

RETINOSCHISIN, THE PRODUCT OF THE GENE THAT WHEN 
MUTATED CAUSES JUVENILE RETINOSCHISIS, IS 
TRANSPORTATED FROM THE PHOTORECEPTORS TO THE INNER 
RETINA BY MULLER CELLS S.N.M. Reid* and D.B, Farber. Jules Stein 
Eye Institute, UCLA School of Medicine, Los Angeles, CA 90095.

Retinoschisin is a new member of the FA58C/discoidin protein family. Other 
members include discoidins, coagulation factor V and VIII, neurotrophic tyrosine- 
kinase receptor 3, neuropilin, neurexin, etc. Mutations of the gene that encodes 
retinoschisin lead to a retinal degenerative disease, X-linked juvenile retinoschisis. 
We have previously found that the expression of this gene is photoreceptor- 
specific; however, the disease is associated with Muller cell defects. In this 
study, we used immunocytochemistry to localize retinoschisin in the adult retina. 
Our results show that retinoschisin is present in the inner segments of the 
photoreceptors, in the upper portion of the inner nuclear layer, in the inner 
plexiform layer, and in the ganglion cell surroundings. Vertically oriented 
processes extending towards the inner limiting membrane also showed positive 
staining. These resemble the Muller cell processes and were immunopositive 
for CRALBP, a Muller cell marker. Since our previous in situ hybridization 
data have shown that the retinoschisin mRNA is only present in the outer portion 
of the retina, the protein localization that we are describing suggests that 
retinoschisin is released by photoreceptors and taken up by Muller cells which 
transport it towards the inner limiting membrane. These results are consistent 
with the disease being associated with Muller cell defects. Supported by grants 
from NIH (EY08285) and the Foundation Fighting Blindness.
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876.1

CORTICAL AND SUBCORTICAL PLASTICITY IN RATS FOLLOWING 
NEONATAL SUBTOTAL VIBRISSAL DEAFFERENTATION. D.D. 
Liu*1, D.T. Ross2 and P. J. Hand2. Graduate Institute of Medical Sciences, 
National Defense Medical Center, Taipei, Taiwan, ROC1 and Mahony 
Institute of Neuroscience, University of Pennsylvania, USA2.

Spared C3 vibrissa (SC3) in neonatal rats was used to study cortical 
and subcortical plasticity following a chronic subtotal deafferentation by 
several techniques. The functional enlargement of the SC3 vibrissal 
stimulation was 4 fold in the barrel cortex, two fold in ventrobasal thalamus 
but only slightly increase in the brainstem trigeminal complex as 
demonstrated by l4C-2-deoxyglucose technique. In contrast, only a moderate 
anatomical expansion (164%) was observed in the layer IV SC3 barrel as 
revealed by cytochrome oxidase staining. A radial expansion in the SC3 
functional representation but an anatomical elongation of the SC3 barrel into 
C2 and C4 regions was found via multi-dimensional and multi-modality 
analysis. Analysis of thalamic retrograde labeling patterns following 
injection of horseradish peroxidase into barrel cortex indicated that 
expansion of SC3 thalamocortical projections was minimal and suggest that 
alterations in intracortical signal processing may underlie the greatest part of 
the expanded functional SC3 representation. Analysis of evoked multiunit 
extracellular response of the SC3 barrel revealed significant alterations in the 
response latency and amplitude that suggest alterations in signal processing 
characterized by decreased intracortical inhibition and a potentiation of 
excitatory intracortical connectivities. Immunohistochemical analysis of 
glutamic acid decarboxylase (GAD) labeling revealed a down-regulation in 
deafferented regions of the SC3 barrel cortex and increased GAD labeling 
intensity in the SC3 barrel. Taken together, our results suggest that both 
thalamic and neocortical plasticity occur in adult rats following a neonatal 
subtotal deafferentation. Supported by NSC (ROC) and NIH (USA).

876.2

EFFECTS OF DENDRITIC SPIKES ON MULTINEURONAL 
SPIKE SORTING WITH MULTISITE MICROELECTRODES. 
S. S. SuzukUand H. Kaneko. National Institute of Bioscience 
and Human-Technology, Tsukuba 305-8566, Japan.

Multineuronal spike sorting techniques have been used 
increasingly in neurophysiological studies on multineuronal 
interactions in nervous systems. All or most of these techniques 
are based on the assumption that spikes originate from the center 
of the neuronal soma. However, recent in vitro and in vivo 
studies have indicated that spikes can be generated in and 
propagated along dendrites. The present study was conducted 
to examine the effects of dendritic spikes on spike sorting by 
using silicon microprobes with four 25 /zm-interval sites on each 
of the 4 shanks (Univ. Michigan) or seven-core platinum-tungsten 
microelectrodes (Thomas Recording) with site separation of 20- 
70//m. These microelectrodes were placed in the somatosensory 
(barrel) cortex of anesthetized rats. Multichannel spikes evoked 
by vibrissal stimulation were analyzed with our spike sorting 
method (Kaneko, et al., IEEE BME, 1999, 46, 280-290). 
Analysis of spikes within each spike-cluster revealed that 
negative-peak time differences between spikes on 50 //in- 
separated sites were less than 0.3 ms. Spike conduction was 
considered to be from the perisomatic region toward apical 
dendrites. Based on these data, we devised a technique to 
separate spikes with short interspike intervals (>0.3 ms).

876.3

SOMATOSENSORY CORTICAL NEURONAL POPULATION 
ACTIVITY ACROSS STATES OF ANESTHESIA I.AErchova*. 
M.A.Lebedev and M.E.Piamond, International School for Advanced Studies, 
Via. Beirut 2-4, 34014 Trieste, Italy
Recent studies have shown that the general state of cortex can change on the 
time scale of minutes or seconds. We have carried out experiments to 
understand how such changes might affect the processing of sensory 
information. Using controlled variation of anesthetic level as a paradigm for 
changing states of cortex, we have examined rat somatosensory cortex with 
5x5 and 10x10 microelectrode arrays. Activity simultaneously acquired at all 
electrodes was amplified, digitized, and stored on computer. Patterns of 
spontaneous activity and whisker-evoked activity were measured beginning at 
the base surgical level of urethane anesthesia (1.5g/kg i.p ), and after 
additional doses of urethane. Supplementary doses of urethane caused a 
decrease in spontaneous firing rates, an increase in “burstiness” at single 
channels, and an increase in the synchronization of bursts across multiple 
channels. At the same time, the receptive field size of individual neurons 
decreased, causing the cortical territory engaged by individual whiskers to 
contract. Measurement of sensory responses in relation to burst onset and 
burst offset leads to a model where sensory responsiveness is mediated by a 
state-dependent rhythmic variation in membrane potential. These data, taken 
together, show that sensory processing in any single experimental condition 
corresponds to one state along the continuum of possible cortical states.
Grant support: NIH grant 32647 and Telethon grant number 984

876.4
SENSORY INPUTS MODULATE SLOW EEG RHYTHMS IN THE 
ANESTHETIZED MICE. Lau. D.H.P.1. Contreras. D.2. and Rudy. B*1, 'Dept. 
of Physiology and Neuroscience, New York University School of Medicine, 
New York, NY 10016 and 2Dept. of Neuroscience, University of Pennsylvania 
School of Medicine, Philadelphia, PA 19104.

The mouse is the ideal species for genetic studies. To better evaluate the 
impact of specific genetic manipulations that affect rhythm generation in the 
brain, we have characterized fast and slow oscillations in the cortical and 
thalamic EEG of the ketamine-xylazine anesthetized mice (C57B16). We also 
studied the effect of somatosensory stimulation on spontaneously generated 
rhythms. We found that the mice EEG is virtually identical to cat, with 
synchronized slow oscillations (<lHz) in cortex and thalamus grouping the 
other two sleep oscillations, namely, delta (1-4 Hz) and spindling (5-10Hz, in 
the mice). The slow oscillation was characterized by long lasting (up to 0.5 sec) 
positive waves in the depth of the cortex followed by sharp depth-negative 
waves of 50 to 100 ms duration. Both components show inverse polarity when 
recorded from the surface. Prominent fast oscillations (20-80 Hz) were 
recorded in the transient activated phases of the slow oscillation that follow the 
depth-negative sharp potentials. Mechanical stimulation of the whiskers, as 
well as electrical stimulation of the thalamus, generated evoked potentials in 
thalamus and cortex that were able to modulate the frequency of the slow 
oscillation. This is in contrast to the cat, where sensory stimulation does not 
affect sleep rhythms. We hypothesize that in the mouse, the relatively large 
somatosensory cortex can overcome the synchronization of a comparatively (to 
cats) smaller total cortical mass, thus allowing modulation of the basic cortical 
rhythms.
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876.5
THE TOPOGRAPHY OF TACTILE LEARNING IN HUMANS AND RATS. J.A. 
Harris’, R.S. Petersen2, and M.E. Diamond2*. ’School of Psychology, Univ. of 
New South Wales, Sydney, 2052 AUSTRALIA and Cognitive Neuroscience 
Sector, International School for Advanced Studies, Trieste, 34014 ITALY.

To learn about the neural bases of sensory learning, we are examining the 
“transfer of learning” in the tactile system. We trained humans to carry out 
roughness discrimination using one fingertip (either the index, middle, ring, or 5th 
finger on either left or right hand). After reaching criterion, each subject was 
quickly tested on the same discrimination using 6 individual fingertips (“trained” 
fingertip, its 1st neighbor, its 2nd neighbor, as well as the corresponding sites on the 
other hand). A “topography rule” for the transfer of learning was discovered: on 
the trained hand, the discrimination was better with fingertips nearer the trained 
site. This rule held across the midline: the transfer was best for the corresponding 
fingertip on the other hand, followed by its 1st neighbor and its 2nd neighbor. 
Additionally, we trained rats to carry out an object-detection task with one whisker 
(all others clipped). After training, the intact whisker was clipped, and the rats were 
tested with a “prosthetic” whisker attached to different locations. The speed of 
transfer of learning followed the same topography rule found in humans, both 
ipsilaterally and contralaterally to the trained site. Examining the primary 
somatosensory (“barrel”) cortex of rats using 10x10 microelectrode arrays, we 
found that the results could be well-explained if the transfer of learning between 
two whiskers were determined by the spatial relationship between the cortical 
territories representing the two whiskers. All these results, taken together, argue for 
the involvement of a somatotopically precise cortical area in tactile learning - our 
speculation is primary S-I.
Supported by the Australian MRC, MURST, and Telethon.

876.6
NEURAL BASIS OF TACTILE LEARNING IN THE RAT VIBRISSA 
SYSTEM. R.S. Petersen*, T. Celikel and M.E. Diamond. Cognitive 
Neuroscience Sector, International School for Advanced Studies, 
Trieste, 34014 ITALY.

What is the role of primary cortical areas when an animal learns 
a sensory-perceptual behavioural task? To address this question, we 
trained rats on the “gap-cross task”. Here, in the absence of visual cues, 
subjects have to cross a gap separating two elevated platforms in order to 
obtain food reward. The width of the gap is such that only the mystacial 
vibrissae can effectively be used to detect the opposite platform. It is 
known that, to learn this task barrel cortex (more specifically, its 
superficial layers) must be intact. Moreover, the topography of the 
“transfer of learning” between whiskers matches the topography of the 
transfer of information within barrel cortex, suggesting that learning 
involves synaptic changes in this cortical region. We are looking for the 
changes in barrel cortex that correspond to learning of the behavior with 
a single whisker. Two approaches are being used. First, to investigate 
the functional modification of barrel cortex we are making extracellular 
recordings from the barrel cortex of trained, anaesthetised rats using 
100-electrode arrays to examine the “representation” of the trained 
whisker. Second, to understand the cellular basis of the changes, we are 
employing immunocytochemistry for various immediate early genes, 
including c-fos and zif-286.
Supported by the Australian MRC, MURST, and Telethon.

876.7

CHARACTERIZATION OF FUNCTIONAL ANATOMY IN HUMAN PRIMARY 
SOMATOSENSORY CORTEX USING fMRI. T. Krause, R. Kurth1, K. Villringer1, 
J. Ruben, J. Schwiemann, J. Repenthin, M. Deuchert’, S. Griisser’, G. Curio2, K.-J.
Wolf, H. Flor’, A. Villringer*. Clinical Research Group, Department of Neurology, 
Charite, Humboldt University, D-10117 Berlin, Department of 'Radiology and 
2Neurology, Benjamin Franklin Hospital, Free University, D-12200 Berlin, 
’Department of Psychology, Humboldt University, D-10117 Berlin

We employed electrical stimulation of different body parts in order to assess acti-
vation patterns in primary somatosensory cortex (SI) using fMRI. We demonstrated 
at least two separate somatotopic maps of individual fingers and upper and lower lip, 
presumably located in Brodmann Area (BA) 3b and BA 1 / 2. The typical somatoto-
pic arrangement followed an ascending order for finger 1 to 5 from caudolateral to 
craniomedial. The relationship between the contiguous hand and face representations 
showed the hand area being localized medially and cranially to those of the upper and 
lower lip. The overlapping volume between adjacent finger representations was larger 
in BA 1 / 2 than in BA 3b. This representational overlap increased significantly when 
stimulus intensity was increased from the individual mean value of maximal non- 
painful intensity and sensory threshold up to the maximal non-painful intensity. We 
characterized the dependence of the activated volume on stimulation frequency, sho-
wing an increase from 1 to 7 Hz, then reaching a plateau.

In two amputees of the upper arm possible alterations of somatosensory activation 
patterns were examined. Both patients experienced phantom sensations in the ampu-
tated right upper limb which could be elicited by electrical stimulation of contralate-
ral intact body parts. Whereas there was no significant activation in SI contralateral to 
the stimulated body part, the triggered phantom sensations were associated with acti-
vations in the primary and secondary somatosensory cortex contralateral to the am-
putated limb.
(This work was supported by the Deutsche Forschungsgemeinschaft.)

876.8

REPETITIVE ELECTRICAL STIMULATION INDUCES TRANSIENT AND 
SELECTIVE CHANGES IN FUNCTIONAL CONNECTIVITY OF SOMATO-
SENSORY CORTEX. A. Kohn*, C. Metz, and B.L. Whitsel. Curriculum in Neuro-
biology and Dept. of Cell & Molecular Physiology, UNC, Chapel Hill, NC 27599.

Prolonged sensory drive leads to changes in the response properties of neurons in 
primary sensory cortex. We have investigated whether changes in in vivo neuronal 
response properties could be due to changes in the relative effectiveness of synaptic 
inputs from different cortical information pathways. Specifically, we investigated 
how repetitive activity in feedforward, horizontal, and feedback pathways affected 
subsequent input delivered to pyramidal neurons via each pathway. Data were 
obtained from whole-cell patch clamp recordings of neurons and astrocytes in slices 
of rat somatosensory cortex (Pl2 to P35). Stimuli were delivered using bipolar 
electrodes placed at the layerVI/WM border (feedforward inputs), in layers II/III 
(horizontal pathways) and in layer I (feedback inputs). Brief trains of stimuli (3 
seconds at 10 Hz) applied at the layer VI/WM border induced a transient potentiation 
of EPSPs (-275%) elicited by a second electrode in layers II/III. The potentiation was 
maximal at the end of the stimulating train with EPSPs returning to their normal 
amplitude in 20-30 seconds. Interestingly, the same stimulus paradigm which 
potentiated horizontal connections caused a transient attenuation (-50%) of layer I 
inputs. The potentiation of horizontal input is likely due to stimulus driven changes in 
extracellular potassium (ECK) because: (1) the magnitude of the potentiation was 
related to the intensity of the intrinsic optical signal (IOS) recorded simultaneously 
with the whole-cell recordings; and (2) whole-cell recordings of astrocytes indicated 
that the intensity of the IOS was related to the magnitude of stimulus-driven 
depolarization of astrocytic membrane, a measure of ECK accumulation. The data 
suggest that short periods of repetitive activity differentially modify (via different 
mechanisms) the horizontal and feedback pathways to layer II-V pyramidal neurons. 
The results provide a mechanistic basis for dynamic and selective modulations of 
cortical connectivity evoked by sensory drive. Supported by the Whitehall 
Foundation and a predoctoral NRSA (A.K).

876.9

THALAMO-CORTICAL DISSOCIATION AFTER PROLONGED GLOBAL 
HYPOXIC-ISCHEMIC INJURY J. Muthuswamy1*, T. Kimura2, R. Singhal1, D, F, 
Hanley3 and N, V. Thakor1. ’Dept. of Biomedical Engineering, 2Dept. of 
Anesthesiology, 3Dept. of Neurology, Johns Hopkins University School of Medicine; 
Baltimore, MD 21205.

In animal models of global brain ischemia, there is some evidence to suggest 
selective vulnerability of deeper structures. Our aim was to investigate the 
electrophysiological changes in the thalamo-cortical circuits during reperfusion after 
varying durations of global hypoxic-ischemic (HI) brain injury. We wanted to test the 
hypothesis that under prolonged HI injury, the somatosensory thalamus (the ventral 
posterior lateral nuclei, VPL) would manifest higher susceptibility to injury leading to 
different degrees of thalamo-cortical dissociation. A pentobarbital-anesthetized adult 
Wistar rat model of asphyxic cardiac arrest was used to test this hypothesis. Results 
from three cohorts of rats with 3 min (Gl, n=5), 5 min (G2, n=5) and 7 min (G3, n=5) 
of asphyxia show that the N20 component of the cortical evoked potential (EP) 
recovers to more than 60% of baseline in all the cases. On the other hand, evoked 
multi-unit responses from the VPL show robust recovery (>50% of baseline) in all 
animals of Gl, 4 animals of G2 and only 2 animals in G3. In all the animals where the 
VPL responses recovered to more than 50% of baseline, the recovery profile was 
similar to the cortical EP. However, the recovery profiles of cortical N20 and VPL 
multi-unit responses were divergent in animals where the VPL recovery was 
suppressed (regression coefficients < 0.4). The selective vulnerability of the VPL 
under prolonged ischemia therefore seems to result in a partial thalamo-cortical 
dissociation in the somatosensory pathway. (Supported by NIH grant NS24282).

876.10

S-I AND POSTERIOR PARIETAL CORTICAL NEURONS ARE SENSITIVE TO 
OBJECT SIZE AND SHAPE DURING PREHENSION. D, Debowy?T.Y, Ro. S, 
Ghosh*. and E.P, Gardner, Dept. of Physiology & Neuroscience, NYU School 
of Medicine, New York, NY 10016, and +Australian Neuromuscular Research 
Institute, QEII Medical Center, Nedlands, WA Australia.

In order to examine how object size and shape influence cortical responses 
during manipulation, three monkeys were trained to grasp, lift, hold and lower 
knobs of differing geometry. Knobs tested include rectangle, large round, small 
round, cylinder, and cube. Hand kinematics were videotaped as single neuron 
spike trains were recorded from S-I and posterior parietal areas 5 and 7 (PPC). 
Seven stages of the task were distinguished: 1) approach 2) contact 3) grasp 4) 
lift 5) hold 6) lower and 7) release. Unit responses were classified by the 
relationship of the average firing rate during each stage to the baseline rate 
during the intertrial interval, and to mean activity in preceding and succeeding 
stages. Responses tuned to single stages had significantly higher firing rates 
during the stage of peak activity than in the preceding or subsequent stages. 
Dual-stage responses showed no significant difference in average firing rates 
during the stage of peak activity and the one immediately following it. 
Multiaction responses were significantly elevated during several successive 
stages, or fluctuated sharply between stages of movement and maintained 
postures. Unit responses during prehension varied with differences in object 
size and shape. Units in PPC, particularly in area.AIP, often changed response 
class when edged and rounded knobs were compared. In S-I, changes in peak 
firing rate or response duration were more common when such knobs were 
tested. These results support the idea that somesthetic processing in S-I and 
PPC may aid form recognition and thereby optimize hand-object interactions. 
(Supported fcy Research Grant NS11862from NINDS).
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876.11

POSTERIOR PARIETAL CORTEX (PPC) MAY INITIATE GOAL-DIRECTED 
ACTIONS OF THE HAND. E.P. Gardner*, D. Debowv, T.Y. Ro, and S. Ghosh. 
Physiology & Neuroscience, NYU School of Medicine, New York, NY 10016.

Anatomical studies have suggested that PPC areas 5 and 7 occupy a higher- 
order position in the processing of somatosensory information. To test the 
implication that activity in PPC occurs subsequent to activation of primary 
areas such as SI, we compared spike trains of neurons recorded in SI and PPC 
in the same animal during performance of a prehension task. Monkeys were 
trained to grasp, lift, hold, and lower rectangular, spherical and cylindrical 
objects in response to visual cues. The earliest cortical activity occurred in PPC, 
where 56% of neurons recorded in the hand area showed statistically 
significant increases in firing rates prior to hand contact with the objects. Half 
of these cells fired at peak rates as the hand was preshaped for grasp; some 
fired as early as 300 ms prior to contact. Other PPC neurons showed 
statistically significant reductions in firing before contact; their firing rates rose 
significantly towards the end of the hold interval and peaked at or before 
release of grasp. Pre-contact activity was also observed in S-I, but it occurred 
less often and the onset latency was closer to the moment of contact. Activity in 
SI was most intense as the hand contacted the object and manipulated it, but all 
task stages were monitored by specific neuronal populations. In contrast, PPC 
neurons were relatively inactive during periods of object manipulation, where 
moment-to-moment sensory feedback was important for guiding finger 
movements. These findings are consistent with notions that PPC has a motor 
function in goal directed behaviors. Neuronal activity is focussed on 
preparation for movements of the fingers in anticipation of acquisition or 
release of objects, rather than upon the sensory information gleaned during 
object manipulation. (Supported by Research Grant NS11862from NINDS).

876.12
MAGNETIC RESONANCE IMAGING OF SYNAPTIC ACTIVITY & HEMODYNAMIC 
RESPONSES FOLLOWING SOMATOSENSORY STIMULATION. Timothy Q. Duong and 
Seong-Gi Kim*. Center for Magnetic Resonance Research, University of Minnesota.
Blood oxygenation level dependent (BOLD) fMRI has become widely utilized to 

map human brain functions. However, spatial specificity of hemodynamic-based 
BOLD fMRI remains poorly understood and highly controversial. A more direct 
measurement of neuronal activity is needed in order to elucidate the spatial 
specificity of the hemodynamic response. The goal of this study was to determine 
quantitatively whether the spatial registration of hemodynamic response following 
neural stimulation accurately reflects that of synaptic activity. Synaptic activity was 
measured using ’H^O Ti echo planar imaging (EPI) with manganese ion (Mn44) 
acting both as a calcium analog and as an MRI contrast agent. MnH is known to enter 
the intracellular space via voltage-gated calcium channels following the trigger of an 
action potential. The preferential accumulation of paramagnetic Mn++ in actively 
firing neurons associated with increased synaptic activity results in marked 
shortening of regional ^0 Tb which can be detected using Tj imaging with high 
spatial and temporal resolution. BOLD and cerebral blood flow (CBF) hemodynamic 
responses were simultaneously measured using the continuous arterial spin-labeling 
perfusion technique with EPI. Experiments were performed using the forepaw 
stimulation paradigm in a-chloralose anesthetized rats. Measurements were made on 
a 9.4T/31cm magnet with a 30-G/cm gradient insert. The image resolution was 
230x230x2000pnr. BOLD, CBF and Ti (synaptic activity) activation maps and 
their spatial localization were computed. Following forepaw stimulation, ^20 tissue 
Tj of the contralateral forepaw somatosensory cortex was focally and markedly 
reduced from 1.99±0.03s (mean±SD, n=7) to 1.3O±O.18s, as a result of preferential 
intracellular Mn44 accumulation. Regions with the highest level of synaptic activities 
were localized to layer IV of the somatosensory cortex. BOLD and CBF responses in 
the contralateral somatosensory cortex increased by 3.4±1.6% and 98±33%, 
respectively. Spatial overlaps among BOLD-, CBF-, and Tractivation maps were 
excellent (60-80%). We concluded that the spatial loci of the stimulation-induced 
hemodynamic responses at 9.4T accurately reflect that of synaptic activity with better 
than 200-JJ.m resolution. Supported by NIH (RR08079), Keck, Whitaker Foundation

876.13

RELATIVE EFFECTS OF SPATIAL AND TEMPORAL CHARACTERISTICS 
OF SCANNED SURFACES ON HUMAN PERCEPTION OF TACTILE 
ROUGHNESS USING PASSIVE TOUCH.. E.M. Meftah*, L. Belingard and C.E. 
Chapman. CRSN, University de Montreal, Canada.

The present experiments were designed to determine the ability of humans to 
estimate the roughness of raised dot surfaces using passive touch (subject 
immobile, surfaces scanned under the tip of the middle digit). The surfaces (1.5 to 
5 mm spatial period, SP) were identical to those used in single unit recording 
experiments in primates which have shown that neurones in primaiy 
somatosensory cortex (SI) show graded changes in discharge over the same range 
of SPs (Jiang et al., J. Neurophysiol. 77:1656-1662, 1997). The experiments also 
examined the elfects on roughness perception of presenting the surfaces at two 
different scanning speeds (51 or 96 mm/s) corresponding to the speeds employed in 
the unit recordings.

Magnitude estimates of perceived roughness increased in a nearly linear fashion 
as SP was increased up to 5 mm. Moreover, perceived roughness was identical at 
low and high scanning speeds. The results indicated that surface roughness is a 
function of the spatial characteristics of the scanned surfaces and not the temporal 
pattern of scanning, i.e. there is perceptual constancy for roughness up to a 
scanning speed of 96 mm/s. While a spatial code may underlie this observation, it 
is suggested that a simpler intensive code may be sufficient to explain the 
psychophysical results. Based on the results of neurophysiological recordings in SI 
cortex, it is suggested that an invariant central representation of surface texture 
could be extracted from the ambiguous peripheral signals that covary with texture 
and the stimulating conditions (e.g. speed) by means of a simple subtraction 
process.

Supported by the MRC of Canada and a JP Cordeau fellowship to E.M.M.

876.14

BILATERAL REPRESENTATION OF THE HINDLIMB IN THE 
POSTCENTRAL SOMATOSENSORY CORTEX OF AWAKE MACAQUE 
MONKEYS.
M. Taoka. T. Toda. A. Iriki, M. Tanaka and Y. Iwamura*.
Dept. of Physiology, Toho Univ. Sch. of Med., Tokyo 143-8540, Japan

As an extension of our recent discoveries of neurons with bilateral or 
ipsilateral receptive fields in the postcentral hand (Iwamura et al., 1994) or 
arm/trunk region (Taoka et al., 1998), we looked for bilateral or ipsilateral 
neurons in the hindlimb region.

A total of 1050 units were isolated from five hemispheres of four awake 
Japanese monkeys (Macacafuscata). The receptive field (RF) and submodality 
were determined for 831 units. We found 33 bilateral and 14 ipsilateral neurons. 
Thirty one of them had RFs on the proximal hindlimb (thigh/leg, 66%). They 
were usually activated by manipulation of the hip and/or knee joints. There were 
six bilateral and two ipsilateral neurons with RFs restricted to the distal hindlimb 
(foot, 17%). Five of them responded to cutaneous stimuli on the sole or toe. The 
rest of bilateral or ipsilateral neurons had RFs on both the proximal and distal 
parts (n=5, 11%) or RFs combined with the forleimb (n=3, 6%), mostly 
responding to joint movements.

The great majority of the 47 bilateral or ipsilateral neurons were found in area 
2 or 5. The proportion of bilateral or ipsilateral neurons among those with 
identified RF and submodality was 17% (43/247) in area 2 or 5 and less than 1% 
(4/584) in area 3a, 3b or 1.

In the forelimb region, there are a substantial number of bilateral neurons with 
RFs restricted to the hand/digits. In contrast, in the hindlimb region the distal 
type of bilateral neurons was rare. This may reflect differences in the functional 
roles of the hand and foot.

Supported by the Ministry of Education, Science and Culture of Japan and by 
Japan Society for the Promotion of Science.

876.15

CONTINUOUS AND LURCHING PULSES IN ONE-DIMENSIONAL 
NETWORKS WITH DELAY. D. Golomb1* and G.B. Ermentrout2. 
1Zlotowski Center for Neuroscience and Dept. of Physiology, Ben-Gurion 
University, Beer-Sheva 84105, Israel; 2Department of Mathematics, Uni-
versity of Pittsburgh, Pittsburgh, PA 15260, U.S.A.
Evoked neuronal population discharges propagate over long distances 

in cortex when GABAa  inhibition is blocked, with velocity of about 
15 cm/s. Spindle-like discharges propagate in thalamic slices, with ve-
locity which is about 100 times slower; excitatory and inhibitory interac-
tion together with the post-inhibitory rebound mechanism in excitatory 
thalamocortical cells can be modeled as a network of excitatory neurons 
with delay. We have studied theoretically and computationally a one-
dimensional network model of integrate-and-fire neurons, in which each 
neuron is allowed to fire only one spike. Synaptic EPSCs have a delay tj  
that does not depend on the distance between the pre- and post-synaptic 
neurons. Synaptic interaction between cells (“footprint length”) decays 
with distance, either exponentially or as a step function. Continuous 
pulses propagate if the total synaptic input a cell receives, <7syn, is above 
a certain value; the velocity at onset is finite and decreases with tj . At 
large enough tj , continuous pulses become unstable via a Hopf bifurca-
tion, and lurching pulses appear. When the synaptic footprint shape is a 
step or an off-center function, continuous and lurching pulses may coex-
ist. Analytical calculation shows that velocities of both continuous and 
lurching waves increase logarithmically with gayn at large gsyn for an ex-
ponential footprint shape, whereas these velocities approach a finite value 
for a step footprint length.
Supported by Israel Science Foundation grant no. 419/96-3 to D.G. and 

by NIMH and NSF grants to G.B.E.

876.16

TACTILE DISCRIMINATION OF TANGENTIAL FORCE:
PSYCHOPHYSICAL PERFORMANCE IN HUMANS. M, Pare'*. H.
Carnahan2 and A.M. Smith1 1. CRSN, Universite de Montreal, QC, Canada, H3C 
3J7 ; 2. Dept. of Kinesiology, University of Waterloo, ON, Canada, N2L 3G1.

Research examining the neural and perceptual responses to skin indentation in 
humans and monkeys has demonstrated that single peripheral afferents are sensitive 
to perpendicular or normal forces and to the rate of force application (Mountcastle, 
1966; Harrington and Merzenich, 1970; Knibestol, 1973, 1975; Pubols and Pubols, 
1976; Johansson, 1978), whereas a psychophysical study showed that individuals 
are unable to detect changes in indentation velocity (Burgess et al., 1983). 
Although some studies have examined skin afferent responses to stretch (Edin and 
Abbs, 1991; Edin, 1992), few studies have examined the neural and perceptual 
correlates of shear force stimuli applied to the skin. Smith and Scott (1996) showed 
that tangential force plays an important role in scaling smooth surface friction with 
the finger pad. The present study assessed the ability of human subjects to scale 
different levels of tangential force applied right to left across the pad of the right 
index finger. Subjects were instructed to choose their own magnitude estimation 
scale. Seven force levels ranging from 0.2N to 0.7N were delivered randomly with 
a contact force of approximately 0.8N at rates of 9.8, 15.4 or 29.9 N/s. Tangential 
forces were produced with a smooth metal spatula coated with rosin to insure a 
shear force on the underlying skin without slip. The same probe and procedures 
were also used to generate normal force. Results showed that most human subjects 
were able to scale different magnitudes of both tangential and normal forces applied 
to the glabrous skin. The rate of force change did not influence the perception of 
the applied forces. These results highlight the potentially important role of 
tangential forces in haptic perception. Research supported by the MRC of Canada 
and the Fonds FCAR of Quebec.
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876.17
THE AFFERENT ORIGIN OF THE SECONDARY CORTICAL
SOMATOSENSORY EVOKED POTENTIAL (SEP) ANALYSED BY COOLING 
THE LOWER LIMB. A. J, Nelson1* J.D. Brooke1, W.E, McIlroy2, D C. Bishop1,
R.G. Norrie1. ’Neurophysiology’ Lab, Dept. Human Biol. & Nutr. Sci., University of 
Guelph, N1G2W1 and 2Graduate Rehabilitation Science, University of Toronto, 
Canada. An absolute increase in conduction time along a given segment of cooled 
nerve is greater for a small, slow axon than for a large, fast one (Paintal, 1965). 
Matthews (1989) therefore used cooling of the arm to confirm that long-latency 
stretch reflexes in the two muscles of the hand reflect a transcortical loop initiated 
from fast acting group I afferents. Peripheral cooling of the lower limb has revealed 
that medium latency reflexes are initiated by group II muscle afferents traversing a 
spinal circuitry (Schiepatti & Nardone, 1997). We used peripheral cooling to 
investigate the afferent origin of the second cortical potential appearing 
approximately 50 ms after tibial or sural nerve are mildly stimulated electrically. It 
was hypothesized that cooling would increase the latency of the primary and 
secondary cortical potentials similarly, indicating that the latter waveform arises in 
part from fast conducting group I afferents. In four subjects, the left lower limb was 
warmed for 30 minutes, cooled for the next 90 minutes and re-warmed for 30 
minutes using cooling procedures similar to those outlined by the authors mentioned 
above. SEPs, as averages of 60 trials, were recorded from the scalp at Cz’, 2 cm 
caudal to Cz according to the International 10-20 system. Tibial or sural nerve were 
stimulated with a 0.5 ms square wave pulse at the medial or lateral malleolus, 
respectively. M waves or perceptual thresholds maintained stimulus constancy. 
Results reveal a marked and similar increase in the latency of both primary and 
secondary waveforms with cooling (p<05), suggesting that P2-N2 arises in part from 
fast large diameter afferents for both nerves tested. Skin temperatures on the left 
limb were significantly lowered with cooling (p<05). We conclude that the delay 
observed between the primary and secondary cortical potential arises from central 
processing rather than a peripheral source. Supported by NSERC. Canada.

876.18
ENSEMBLE RECORDING OF SOMATOSENSORY RETICULAR THALAMIC 

NEURONS IN AWAKE AND BEHAVING RATS. C.-T. Yen1’. F.-Z Shaw1 and J.K Chapin2. 

‘Department of Zoology, National Taiwan University, Taipei, Taiwan, 106, ROC; Ytepartmcnt of 

Anatomy and Neurobiology, MCP Hahnemann University, Philadelphia, PA 19129, USA.

The hypothesis that the reticular thalamic nucleus (KIN) is the pacemaker for the highly 

regular 7-12 Hz oscillation of the thalamocortical circuit is tested in the case of ‘ Ynu’ ’ rhythm 

accompanying with whisker twitching during attentive immobility of the rat Simultaneous 

recording of the barrel field of the primary somatosensory cortex (SI), the ventropostenor medial 

nucleus (VPM) of the thalamus and the whisker region of the RTN were made with 32 

chronically implanted microwires (16 in SI, 8 in VPM and 8 in RTN). 33 episodes of whisker 

twitching, 7-10 Hz SI EEG oscillations were recorded in 5 rats. By examining multi-unit and 

multiple single unit activities, we found KIN led 8 (24%) of the episodes, SI 7 (21 %) and VPM 2 

(6%). In the other 16 (48%) episodes, SL RTN and VPM started simultaneously alter a bnef 

cortical hyperpolarization. Spike-triggered averaging was used to study the phase relationship 

during individual cycles within the oscillation. SI consistently led RTN and VPM neurons in 

every episode. Relative to SI units, VPM units lagged 4.6 +1.3 ms and RTN units lagged 9.9 ± 

0.9 ms. We conclude, therefore, that the cerebral cortex plays a more important role in the 

generation of this 7-10 Hz “mu” rhythm.

876.19

FUNCTIONAL ORGANIZATION OF THE SOMATOSENSORY CORTEX 
OF TWO SPECIES OF SOUTH-AMERICAN MARSUPIALS. 1J.G. Franca.*

Vplchan, 2K.C. Catania, 2N.Jain 1F.F. Hess 1M, Jablonka, 1R.L.S.
Oliveira. C.E. Rocha-Miranda and ZJ.H. Kaas. institute of Biophysics
CCF’, Federal University of Rio de Janeiro, RJ, 21949-900, Brazil; 
2Department of Psychology, Vanderbilt University, Nashville, Tennessee 
37240, USA.

In the cortex of the North-american opossum (Didelphis virginiana), 
electrophysiology revealed three distinct representations of the body surface 
(J.Comp.Neurol 366:109-133, 1996). In the present study, the
somatosensory cortex of two South-american marsupials was mapped to 
investigate the existence of multiple somatosensory fields. The left cortex of 
normal adult Monodelphis domestica (N=4) and Didelphis marsupialis (N=3) 
were recorded by multi-unit electrophysiology. In both species, two different 
representations of the body surface were mapped: S1 and S2-PV. in S1, the 
face was represented laterally in respect to the rest of the body. The border 
between S1 and S2-PV was located at the representation of the nose, where 
a reversion in the progression of the receptive fields was found during a 
sequence of penetrations along the medio-lateral axis. S2-PV was located 
lateral to S1 and had a mirror-simmetric representation of the body surface. 
In this second somatic field, the representation of the face was large but, in 
contrast to S1, this was not the case for the rest of the body. In the 
Monodelphis, penetrations in the peristriate cortex recorded purely visual or 
visual+auditory responses. In conclusion, the organization of the 
somatosensory cortex of Monodelphis domestica and Didelphis aurita is 
similar to the one previously described for the Didelphis virginiana, but more 
detailed anatomical and electrophysiological studies are needed to answer 
whether area S2-PV corresponds to a single or to two independent fields. 
Supported by PRONEX, FAPERJ, CNPqZNSF

876.20

MAPPING THE CORE AND MATRIX COMPARTMENTS OF 
MONKEY VENTRAL POSTERIOR THALAMUS. V, H. Chan* and E. G. 
Jones. Center for Neuroscience, University of California, Davis, CA 95616.

The ventral posterior (VP) thalamic nucleus of macaques is comprised of 
two partially overlapping cellular domains: a matrix of superficially-projecting 
thalamocortical neurons distinguished by immunoreactivity for the calcium-
binding protein, D28K calbindin, and, superimposed upon this matrix in some 
subnuclei, a core of middle layer-projecting neurons distinguishable by 
immunoreactivity for parvalbumin (Jones and Hendry, Eur. J. Neurosci, 1:222, 
1989). The calbindin cells, which receive spinothalamic and 
spinotrigeminothalamic inputs, project diffusely to superficial layers of the 
cerebral cortex and are found throughout the VP thalamus. Conversely, the 
parvalbumin cells, which receive lemniscal input and project in a highly 
ordered manner to middle layers of the cortex, are found only in the ventral 
posterior lateral (VPL) and ventral posterior medial (VPM) subnuclei of VP.

The present study made use of double fluorescent immunostaining for these 
calcium binding proteins and various subunits of the y-aminobutyric acid A 
(GABAa ) and glutamate receptors (NMDA and non-NMDA) to construct a 
three-dimensional map, with volumetric calculations, of the core and matrix 
domains. Differential expression of receptor subtypes in calbindin and 
parvalbumin neurons distinguishes these relay cells from intrinsic GABAergic 
interneurons and from one another. These distinctions form a basis for 
understanding the connectional and functional differences between the two 
cellular domains.

Supported by NIH grant NS21377.

CARDIOVASCULAR REGULATION: PERIPHERAL CONTROL

877.1 877.2

EFFECT OF EDROPHONIUM ON AUTONOMIC CARDIOVASCULAR 
CONTROL IN MAN. A. Deschamps, S.B. Backman*, V, Novak, D, Chartrand,
G. Plourde and P, Fiset, Dept. Anesthesia, McGill University, Montreal, 
Canada.

The anticholinesterase edrophonium (EDRO) is used to reverse paralysis 
produced by muscle relaxants at termination of surgery. Animal studies 
suggest that EDRO interferes with activation of the peripheral autonomic 
nervous system by blocking cholinergic ganglionic transmission. This study 
tested whether EDRO blocks autonomic control of the cardiovascular system 
in man.

16 anesthetized, mechanically respired (10 breaths/min) patients were given 
cumulative doses of iv EDRO (.01, .05, 0.1, 0.2, 0.4 and 1.0 mg/kg - the full 
reversing dose) following surgery. ECG, radial arterial pressure, and 
respiratory rate were digitized at a rate of 250 Hz to obtain the time series for 
consecutive R-R intervals (RRI), systolic (SBP) and diastolic blood pressures 
(DBP). A Wigner distribution was used for time frequency mapping and beat to 
beat spectral analysis. Spectral power was calculated at high- (HFP, 0.07-0.25 
Hz,~parasympathetic) and low-frequency (LFP, 0.01-0.05 Hz -sympathetic).

In all patients HR decreased by 15% of baseline to a plateau at doses 2 0.1 
mg/kg (P < 0.001). However, in 6 patients, HR increased by 7% with 1.0 
mg/kg (P < 0.05). HFP of the RRI increased at low doses (0.01-0.2 mg/kg) but 
decreased at higher (0.4-1.0 mg/kg) doses (178.7 ± 51.2% and 5.8 ± 37.2% 
baseline, respectively, P < 0.05). LFP increased by 113% with 0.1 mg/kg and 
remained elevated (P < 0.05). HFP for SBP (-cardiac contractility) decreased 
with increasing doses (max decrease by 26 ± 7.5%, P <0.05). LFP 
(-vasomotor tone) also decreased but only at higher doses (1.0 mg/kg, 10.2 ± 
7.3% decrease, P < 0.05). We conclude that clinically relevant doses of 
EDRO block autonomic output to the cardiovascular system in man. (Support: 
Fondation d’Anesthesiologie et de R6animation du Quebec).

PATHOLOGY OF INTRINSIC CARDIAC NEURONS IN HUMAN HEART 
DISEASE. D.A. Hopkins.1* J.A. Armour,2 S.E. MacDonald,1 G.M, Hirsch3 and D.A. 
Murphy3. Departments of ’Anatomy and Neurobiology, Physiology and Biophysics, 
and ’Surgery, Dalhousie University; Halifax, NS, Canada B3H 4H7.

The intrinsic cardiac nervous system influences cardiac function tonically, thereby 
sustaining normal cardiac output. It is not known whether intrinsic cardiac neurons are 
affected by heart disease and, if so, in what manner. Therefore, the morphology of 
neurons in human intrinsic cardiac ganglia from patients with ischemic heart disease 
was studied using light and electron microscopy. Ganglia from the dorsal right atrial 
ganglionated plexus of patients with identified coronary artery disease contained some 
neurons that displayed pathological changes. Approximately 35% of identified neurons 
(N = 473) showed significant ultrastructural changes. Of the abnormal cells, 74% 
contained cytoplasmic inclusions. These neurons had darkly stained myelinoid bodies, 
or inclusions containing whorls of lightly stained membrane and fine granular material. 
Neurons with inclusions were markedly enlarged (67 x 56 pm vs. 40 x 34 pm for normal 
neurons) and had fewer dendrites, containing similar inclusions. Neurons with 
inclusions often had dark nuclei and reduced amounts of lipofuscin. Electron lucent 
vacuoles in neurons represented a third type of pathological change but these cells were 
not enlarged. Some neurons were fragmented while others were shrunken and 
misshapen. Phagocytic cells that contained myelinoid bodies and cellular debris were 
identified in intrinsic cardiac ganglia. Axon terminals also showed signs of 
degeneration. It is concluded that the intrinsic cardiac nervous system of patients with 
ischemic heart disease exhibits pathological changes. These changes differ from those 
associated with necrotic or apoptotic cell death. The identification of pathological 
changes in the intrinsic cardiac nervous system of patients with cardiac disease may 
have therapeutic implications.

Supported by MRC of Canada and the Nova Scotia Heart and Stroke Foundation.
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877.3

LOCALIZATION OF PITUITARY ADENYLATE CYCLASE-
ACTIVATING POLYPEPTIDE (PACAP) IMMUNOREACTIVITY IN 
RAT INTRINSIC CARDIAC GANGLIA. L.J. Lawson1. D.B. Hoover1. 
J.C. Hancock1 and R.H. Baisden2*. Departments of ’Pharmacology and 
2Anatomy & Cell Biology, East Tennessee State University, Johnson 
City, TN 37614.

PACAP is a neuromodulator belonging to the secretin/glucagon/VIP 
family of peptides. Recent work by other investigators has provided 
strong evidence that PACAP-containing neurons could have an excitatory 
influence on intracardiac neurons of guinea pig and dog. One report has 
suggested that PACAP does not activate cholinergic neurons in rat heart. 
Our goal in this study was to determine if PACAP is localized to neuronal 
elements in rat heart. Sprague-Dawley rats of either sex were deeply 
anesthetized with pentobarbital. Hearts were fixed by perfusion in situ or 
in vitro with 4% paraformaldehyde in buffered saline. PACAP27- 
immunoreactivity was visualized in 50 pm slide-mounted sections by 
immunohistochemistry using the ABC method. Stained neuronal 
varicosities surrounded over half of the perikarya in the intracardiac 
ganglia. A subpopulation of neuronal cell bodies (-10%) were also 
positive for PACAP-immunoreactivity. PACAP-positive nerve fibers 
were not detected in the myocardium. These observations suggest that 
PACAP does play a role in information processing in the rat intrinsic 
cardiac nervous system. Supported by NIH HL54268 and HL54633.

877.4
LOCALIZATION AND QUANTIFICATION OF CALCITONIN GENE-RELATED 
PEPTIDE (CGRP) RECEPTORS IN GUINEA PIG HEART AND INTRACARDIAC 
GANGLIA. Y. Chang, S.R. Stayer-and D.B. Hoover*. Dept. of Pharmacology, 
College ofMedicine, East Tennessee State University, Johnson City, TN 37614.

CGRP is present in many nerve fibers in the heart and intrinsic cardiac ganglia as well 
as a few intracardiac neurons. The present study was done to localize and quantify 
CGRP receptors in guinea pig heart. CGRP binding sites in 20 gm frozen sections of 
heart were labeled by incubation for 1 h at room temperature in buffer containing 50 pM 
[125I]CGRP. Nonspecific binding was determined by incubation of adjacent sections in 
buffer containing radioligand and 1 gM unlabeled competitor (CGRP or CGRP8.37). 
Binding was quantified by computer-assisted image analysis of film autoradiograms. 
Significant amounts of specific CGRP binding were identified in the atrial and 
ventricular myocardium, all portions of the conducting system, cardiac valves, coronary 
arteries and intracardiac ganglia. Identical results were obtained using CGRP or CGRPg. 
37 to define nonspecific binding. Specific binding of CGRP was higher in the left atrium 
than right atrium (0.677 ± 0.081 vs 0.353 ± 0.038 fmol/mg tissue, n=3). In contrast to 
the atria, a uniform density of CGRP receptors occurred throughout the ventricular 
myocardium (e.g., 0.245 ± 0.023 fmol/mg left ventricle). The entire conducting system 
contained a higher density of CGRP receptors than the surrounding myocardium. 
Coronary arteries were heavily labeled in all regions of the myocardium. Specific 
binding to intracardiac ganglia was 0.483 ± 0.032 fmol/mg (n=3). The presence of 
CGRP receptors in the atria is consistent with known positive chronotropic and inotropic 
effects of the peptide on these tissues. The greater abundance of CGRP receptors in left 
atrium may signify a unique physiological importance at this site. Our autoradiographic 
findings also suggest that CGRP may have direct effects on AV conductions, ventricular 
function and neurotransmission in the intrinsic cardiac ganglia. Supported by NIH 
HL54633.

877.5

CHRONIC CARDIAC DECENTRALIZATION REMODELS STELLATE 
GANGLION NEURONS IN THE DOG. J.D. Tompkins. J.C, Hancock* and 
J.L, Ardell. Dept. of Pharmacology, East Tennessee State University; 
Johnson City, TN 37614.
Interruption of afferent and efferent input to the heart alters the physiological 

properties of intrinsic cardiac neurons (ICN)(Ardell et al, AJP 260:H713-721, 
1991). The present study was conducted to determine if chronic interruption 
of efferent and afferent cardiac inputs to the heart alters the properties of 
stellate ganglion neurons. Experiments were conducted on stellate ganglia of 
4 control (14 cells) and 4 dogs which had undergone chronic decentralization 
of the ICN (13 cells). Stellate neurons from ICN decentralized animals had 
lower resting membrane potentials (45±5.7 vs 54±9.1 mV; p<0.005) and 
attenuated action potentials (44±2.0 vs 59±4.0 mV; p<0.003) with longer 
durations (3.7±1.5 vs 2.6±0.7 msec; vs 2.6±0.7; p<0.03) than those of control 
animals. There was a trend toward lower action potential overshoots in stellate 
neurons from ICN decentralized animals (p<0.0509). The amplitudes and 
shape of the after potentials were not different. 38% of the stellate neurons 
from chronically decentralized ICN animals were tonic, firing multiple action 
potentials with long intracellular depolarization, while only 7% of neurons in 
control animals were tonic. 62% of the cells in stellate ganglia from ICN 
decentralized animals fired anodal break action potentials verses 21% in control 
animals. Responses to nicotine and to orthodromic stimulation were the same 
in ICN decentralized and control ganglia. The results of the study indicate that 
remodeling occurs in the stellate ganglia as a result of chronic sectioning the 
afferent and efferent inputs to the heart. Supported by HL58140.

877.6

PROTECTIVE EFFECT OF IMIDAPRILAT, A NEW 
ANGIOTENSIN-CONVERTING ENZYME INHIBITOR ON -OH 
GENERATION IN RAT MYOCARDIUM T, Obata* and Y. Yamanaka 
Department of Pharmacology, Oita Medical University, 1-1, Hasama-machi, 
Oita 879-5593, Japan

We examined a flexibly mounted microdialysis technique to the hearts of 
rats and examined the protective effect of imidaprilat, an angiotensin 
converting enzyme (ACE) inhibitor, on the production of hydroxyl free radical 
(•OH) generation. Microdialysis probe was implanted into the left ventricular 
myocardium, and dialysate norepinephrine (NE) concentrations were 
measured as an index of myocardial interstitial NE levels. Sodium salicylate in 
Ringer's solution (0.5 nmol/gl/min) infused directly through a microdialysis 
probe to detect the generation of OH reflected by the formation of 
dihydroxybenzoic acid (DHBA) in rat myocardium. When tyramine (1 mM) was 
directly through the microdialysis probe, the level of dialysate NE significantly 
increased in the dialysate and the level of NE increased by 128 ± 43%. 
Imidaprilat (5, 25 and 50 gM) decreased the level of tyramine (1 mM)-induced 
NE in a concentration dependent manner. Tyramine clearly produced an 
increase in OH formation. In the presence of imidaprilat (50 gM), tyramine 
failed to increase both 2,3- and 2,5-dihydroxylation. To examine the effect 
of imidaprilat on OH formation by ischemia/reperfusion of the myocardium, 
the heart was subjected to myocardial ischemia for 15 min by occlusion of left 
anterior descending coronary artery (LAD). When the heart was reperfused, 
the elevation of NE and 2,3- and 2,5-DHBA in imidaprilat (50 pM)-pretreated 
animals were not observed in the heart dialysate. Imidaprilat 2.5 mg/kg i.p. 
pretreatment at 5 h before coronary occlusion, significantly blunted the rise 
serum creatine phosphokinase (CPK) and improved electrocardiogram (ECG) 
8h after coronary occlusion. These results suggest that imidaprilat, anew ACE 
inhibitor, is associated with cardioprotective effect due to the suppression of 
NE-induced *OH generation.

877.7

INCREASED SALT (NaCl) DECREASES THE NOREPINEPHRINE 
TRANSPORTER (NET) IN SYMPATHETIC GANGLIA OF RATS IN 
VIVO AND IN VITRO. V.L. Brooks*. E.T, Grygielko, T.A. Huhtala and B.A. 
Habecker. Dept. of Physiology & Pharmacology, Oregon Health Sciences 
University, Portland, OR 97201.

While it is well established that the activity of NET depends on a sodium 
gradient, whether chronic changes in salt intake influence the levels or activity 
of NET in sympathetic neurons is unclear. Therefore, changes in NET mRNA 
levels in adrenal (AD), superior cervical ganglia (SCG) and celiac ganglia (CG) 
from male rats (n=6-12) on a low (LS; <0.05% NaCl), normal (NS; 1% NaCl) 
and high (HS; 8% NaCl) salt diet were measured by ribonuclease protection 
assay (RPA). In AD, NET mRNA was lower (p<0.05) in HS-rats (75±4 fg/gg 
total RNA) compared to LS (96±7 fg/gg total RNA) or NS (113±8 fg/gg total 
RNA). Similarly, in SCG, NET mRNA was decreased (p<0.05) in HS rats 
(8658±1119 fg/gg total RNA) compared to LS (13,079±947 fg/gg total RNA) 
and NS (11,765±845 fg/gg total RNA) rats. Finally, NET mRNA in CG was 
lower (p<0.05) in HS rats (2230±126 fg/gg total RNA) compared to LS 
(3040±456 fg/gg total RNA), but not NS rats (2242±160 fg/gg total RNA). 
Because we have found that increased salt intake increases plasma levels of Na 
and Cl in rats, in vitro experiments of cultured newborn rat SCG were 
performed to determine if increased NaCl could directly decrease NET. 
Preliminary results indicate that SCG neurons incubated overnight with high 
NaCl exhibit decreased NET mRNA levels (RPA), protein (Western analysis), 
and activity (NE uptake). Collectively, these data suggest that increased salt 
decreases NET in sympathetic ganglia, in part by increased NaCl concentration. 
Supported by NIH HL35872.

877.8

A DYSAUTONOMIC RAT MODEL OF HUMAN POSTURAL TACHYCARDIA 
SYNDROME R.P.Carson, M. Appalsamy, A, Diedrich, T. Tellioelu. S. Lonce, W. Tsu,
T.L. Davis, and D. Robertson*. Depts. of Pharmacology and Neurology, Center for 
Molecular Neuroscience, Vanderbilt University, Nashville, TN 37232.

Partial lesions of the autonomic nervous system have been hypothesized to underlie 
many disorders including postural tachycardia syndrome (POTS). Such clinical 
conditions are generally associated with normal blood pressure accompanied by 
tachycardia on standing. Traditionally, animal models of autonomic neuropathy have 
aimed to achieve complete lesioning, but the incomplete lesion might be more relevant 
to clinical entities. To create a model of partial dysautonomia, blood pressure, heart 
rate, and activity were monitored in conscious Sprague-Dawley rats using telemetry. 
One week after implantation of the radio transmitter, postganglionic sympathetic 
neurons were selectively lesioned with 150 mg/kg 6-hydroxydopamine HBr (6-OHDA) 
iv. The integrity of the sympathetic nervous system was assayed pre- and on days 1,4,7, 
and 14 post lesion in conscious animals through intravenous injections of 
phenylephrine, isoproterenol, and tyramine. Blood pressure decreased within hours 
post-lesion (A>30 mmHg). Over succeeding days, this severe autonomic impairment 
moderated into a phase consistent with a partial dysautonomia (increased heart rate and 
near normal blood pressure). There were no immediate effects on heart rate, but within 
4 days, heart rate rose and remained elevated above control levels (p<.0001). The 
sensitivity to the chronotropic effects of isoproterenol was decreased post-lesion in 
contrast to the vasodilatory effects of isoproterenol which increased at 24 hours post-
lesion and remained so to 2 weeks. Blood pressure increases to tyramine were reduced 
to 12% of control levels 24 hours post-lesion but returned to 44% of control by day 14. 
In this study, we have shown that the incompletely 6-OHDA-lesioned rat is a good 
model of POTS. This animal model may help us better understand the pathophysiology 
of autonomic dysfunction and provide insight into potential therapeutic interventions. 
Funded by NHLBI, NINDS, NASA, and Nathan Blaser NPF Shy-Drager Center.
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877.9
CONTRIBUTION OF TRANSMITTERS TO RAT TAIL AND HINDLIMB 
VASCULATURE RESPONSES IN VIVO WITH DIFFERENT PATTERNS OF 
SYMPATHETIC STIMULATION. C.D.Johnson* & J.M.Marshall. Dept. of 
Physiology, University of Birmingham, Birmingham, B15 2TT, U.K.

In vitro studies in rat arteries have shown that the transmitter, adenosine 
triphosphate (ATP) is more important with low numbers of impulses, and 
norepinephrine is more important with increasing numbers of impulses (Bao, Acta 
Physiol. Scand. Suppl. 610, 1-58, 1993; Sjoblom-Widfeldt, et al, Acta Physiol. 
Scand. 138, 203-212, 1990). Here we assessed the contribution of each transmitter 
to responses evoked by stimulation of sympathetic fibres to tail and hindlimb 
vasculatures in-vivo.

In anaesthetised Wistar rats, couplets or trains of 20 impulses at 20 Hz were 
applied to the lumbar sympathetic chain. Blood flow was recorded from tail and 
femoral arteries to calculate their vascular resistances (TVR & FVR, respectively). 
Couplets evoked an increase in TVR (63±1 resistance units (RU) to 241 ±62 RU, 
mean±S.E), which was greatly reduced after phentolamine to 8±4% of control 
(P<0.001***; Student's paired /-test). Train stimulation increased TVR to 873±136 
RU, and fell to 15±7 % after phentolamine (***). Remaining responses were 
abolished after a,P m-ATP (0.5mg/kg). Couplets and trains evoked much smaller 
increases in FVR than TVR, which were abolished by phentolamine.

In contrast to previous in vitro studies, we found that ATP and norepinephrine 
do not contribute preferentially to responses evoked in the tail and hindlimb 
vascular beds to couplets or short trains of impulses. The contribution of ATP to 
responses in vivo appears to less than in vitro. Therefore, this study emphasises the 
need for in vivo studies to assess the functional significance of in vitro observations.

This work was supported by the BHF.

877.10

INCREASED VENOUS RETURN ACCOMPANYING 
CLONIDINE-INDUCED VOCALIZATIONS IN YOUNG 
RATS. M. S. Blumberg*, G. Sokoloff. R. F. Kirby, and K. J. 
Kent. Program in Behavioral and Cognitive Neuroscience, Dept. 
of Psychology, Univ. of Iowa, Iowa City, IA 52242.

Ultrasonic vocalizations (42 kHz) emitted by infant rodents upon 
separation from the nest are typically viewed as reliable indicators 
of anxiety or distress. Two reliable methods of eliciting 
vocalizations in a controlled setting are extreme cold exposure and 
administration of the a2 adrenoceptor agonist, clonidine. Noting 
that both cold exposure and clonidine administration produce 
substantial decreases in cardiac rate in infant rats, we hypothesized 
that the vocalizations are acoustic by-products of the abdominal 
compression reaction (ACR) when the cardiovascular system is 
compromised. The ACR is a maneuver that increases venous 
return to the heart by increasing intra-abdominal pressure at the 
end of expiration. As a critical test of the ACR hypothesis, 
venous pressure was measured near the right atrium in 15-day-old 
rats after clonidine administration. Consistent with the 
hypothesis, ultrasonic vocalizations were accompanied by large 
increases in venous pressure and, therefore, venous return. These 
results provide strong support for the ACR hypothesis and, by 
doing so, underscore the potential pitfalls of anthropomorphic 
interpretations of the vocalizations of infant rats.
This research was supported by NIMH Grant MH50701 to M.S.B.

877.11

DO COLD EXPOSURE AND CLONIDINE ADMINISTRATION 
STIMULATE INFANT RAT ULTRASOUND PRODUCTION 
THROUGH SIMILAR EFFECTS ON THE CARDIOVASCULAR 
SYSTEM? G. Sokoloff*, M.S. Blumberg, and K.J. Kent. Program 
in Behavioral and Cognitive Neuroscience, Dept. of Psychology, 
Univ. of Iowa, Iowa City, IA 52242.
Extreme cold exposure and administration of the a2 adrenoceptor 
agonist, clonidine, are two reliable methods for evoking ultrasound 
production in infant rats. In the present experiments, we 
determined the cardiovascular concomitants of cold exposure and 
clonidine administration as they relate to ultrasound production. 
The first experiment addressed thermoregulatory and cardiovascular 
responses of 7-day-old rats during cold exposure. Pups were 
pretreated with saline or the ganglionic blocker, chlorisondamine (5 
mg/kg), which blocks brown adipose tissue (BAT) thermogenesis 
and accelerates the detrimental effects of cold exposure on cardiac 
rate. Suppression of BAT thermogenesis caused pups to vocalize at 
higher air temperatures than saline-treated pups. Next, the effects of 
clonidine administration (0.5 mg/kg) on cardiac rate and ultrasound 
production were monitored in 2-, 8-, 15-, and 20-day-old rats. As 
with cold exposure, clonidine administration produced high rates of 
ultrasound production and pronounced bradycardia. These two 
experiments suggest that cold exposure and clonidine 
administration evoke ultrasound production through a common 
cardiovascular mechanism, and are consistent with the hypothesis 
that ultrasound is an acoustic by-product of the abdominal 
compression reaction, a maneuver that increases venous return to the 
heart during periods of decreased cardiac rate.
This research was supported by NIMH Grant MH50701 to M.S.B.

877.12

ANTIANGIOGENIC EFFECTS OF S-NITROSOCAPTOPRIL CRYSTALS 
AS A NITRIC OXIDE (NO) DONOR. L. Jia1 and C.-C, Wu2>. ‘La Jolla 
Pharmaceutical Company, San Diego, CA 92121; department of Neurosciences, 
Sch. of Med. UC San Diego, La Jolla, CA 92093.

Angiogenesis is the formation of new capillaries from pre-existing vessels by 
migration and proliferation of endothelial cells, which produce a cellular signalling 
messenger, nitric oxide (NO). The purpose of the present study was to examine the 
effects of exogenous NO donors on angiogenesis by using a novel crystalline NO 
donor, S-nitrosocaptopril. The characteristic X-ray diffraction pattern of S- 
nitrosocaptopril was demonstrated for the first time. On primary capillary 
endothelial cells pre-treated with vascular endothelium growth factor (VEGF), S- 
nitrosocaptopril (1-500 pM), but not captopril, produced a dose-dependent 
inhibition of endothelial proliferation. On chick embryos of entire living eggs, 
gelatin sponges absorbed with VEGF were implanted on the outer thin albumen 
surface to promote vascular growth activity within the sponges. Addition of S- 
nitrosocaptopril crystals (0.1 mg) to the gelatin sponges markedly reduced vascular 
density around the sponges, whereas captopril did not inhibit neovascularization. 
The vascular hemoglobin content surrounding each of the gelatin sponges was 
determined as a confirmatory test. S-nitrosocaptopril, but not captopril, 
significantly decreased the hemoglobin content of the embryo tissues surrounding 
the gelatin sponges. In conclusion, S-nitrosocaptopril exerts an inhibitory effect on 
angiogenesis. This newly discovered function of S-nitrosocaptopril appears to be 
governed by distinct structural NO moiety.

877.13

IN ARTERIES, FLOW RELEASES NITRIC OXIDE AND PRESSURE 
RELEASES ATP, DETERMINED WITH A PORPHYRINIC MICROSENSOR
A. Booth*, L. Birder, W. de Groat, A. Kanai. Univ. of Pittsburgh, Pgh., PA 15213. 

Shear stress and pressure due to blood flow evoke nitric oxide (NO) release from
vascular endothelium. However, because of the short half-life (<6s) of this free 
radical the quantitation of NO release from intact artery during pulsatile flow under 
pressure and the involvement of ATP in the flow response has not been determined. 
Thus, freshly isolated rat abdominal aorta segments (1-1.5mm diameter x 15mm long) 
were placed in a tissue bath, held at in vivo length by cannulas at both ends. A 
modified syringe pump attached to one cannula generated pulsatile flow, while a 
porphyrinic NO microsensor (tip, 5pm; detection, InM; response, 1ms) gained access 
to the endothelium through an O-ring seal in the other cannula. The outlet tubing was 
elevated to impose hydrostatic pressure (0-75mmHg). Single steps in laminar flow (2- 
30dyne/cm2) evoked single transient releases of NO (52±19 to 347±48nM NO; n=7). 
However, pulsatile flow (5±3 to 20±10dyne/cm2; 0.05-1 Hz) evoked overlapping 
pulse-to-pulse NO release (72±21 to 380±51nM NO; n=6). Static pressure (75mmHg) 
on its own did not evoke NO release, but did enhance NO release (26-51%; n=7) 
during pulsatile flow. The nonselective P2X and P2y purinoceptor antagonists, suramin 
(lOOpM), PPADS (lOOpM) or reactive blue 2 (30pM) blocked this enhancement. The 
calmodulin antagonist, trifluoperazine (lOmM) or chelation of intracellular Ca+2 
(5pM BAPTA) blocked flow evoked NO release. Loading the cells with non- 
hydrolyzable GDPpS (lOpM) abolished the shear stress response as did removal of 
the endothelium with protamine sulfate (1 mg/ml). Alternatively, non-hydrolyzable 
GTPyS (lpM) directly released NO. Simultaneous measurement of NO (microsensor) 
and Ca+2 (rhod-2 fluorescence excited and gathered with a bifurcated micro-light 
guide inserted into the artery) demonstrated Ca+2 dependence of the shear stress and 
ATP responses. These data suggest that pulsatile flow evokes constant NO release, 
pressure releases ATP, eNOS is Ca+2/calmodulin dependent and the shear stress 
receptor is G protein coupled. This research is supported by AHA grant # 9950029N.

877.14

ACETYLCHOLINESTERASE, BUT NOT BUTYRYLCHOLINESTERASE, 
TERMINATES ACETYLCHOLINE-MEDIATED BRADYCARDIA IN RATS.
K, Skau*, V, Narang and E, Sundrup. Div. Pharmaceutical Sciences, Univ. 
Cincinnati College of Pharmacy, Cincinnati, OH 45267.

Rat cardiac tissue contains both acetylcholinesterase (AChE) and butyryl-
cholinesterase (BuChE). Although both enzymes metabolize acetylcholine 
(ACh), it is unclear if both enzymes terminate the ACh associated with 
vagal-induced slowing of the heart. In this study, characteristics of the 2 
enzymes were examined in rat cardiac tissue and selective inhibitors were 
used to distinguish the effects of the enzymes on isolated spontaneously 
beating atria. The enzymes were solubilized with a buffer containing 1.0 M 
NaCl, 0.1 mM EDTA, 50 mM Tris HCI (pH 7.4) and 1% Triton X-100, and the 
molecular forms of the enzymes were separated on 5-20% sucrose density 
gradients. In atrial tissue, approximately 70% of the total cholinesterase 
activity was BuChE. In ventricular tissue, about 80% of total cholinesterase 
was BuChE. Isolated cardiomyocytes exhibited about 97% BuChE 
suggesting that AChE was probably located primarily in nervous tissue. No 
asymmetric forms of either enzyme were present. BuChE was present 
primarily as the monomer with a small tetrameric peak; AChE molecular 
forms differed in atria vs ventricles. Right atria had a prominent tetrameric 
peak, again probably reflecting neuronal enzyme. Ventricles had a smaller 
tetramer. Inhibition of BuChE with 45 pM iso-OMPA failed to alter the rate 
of spontaneously beating isolated right atria. Inhibition of AChE with 10pM 
BW284C51 resulted in 10.6% reduction in atrial rate. These results indicate 
that selective inhibition of AChE allows ACh accumulation and slowing of 
the heart while selective inhibition of BuChE does not, confirming that the 
role of BuChE in heart is not related to metabolism of ACh.
Supported by NIH grant HL52257.
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877.15
HYPOXIA AND EDHF INHIBITION ATTENUATE BRADYKININ 
INDUCED VASOMOTOR RESPONSES IN ISOLATED RAT CEREBRAL 
ARTERIOLES. H, H. Dietrich. R. L. Reese and R, G. Dacev. Jr, and J.X. 
Tong . Dept. of Neurosurgery, Washington Univ., St. Louis, MO, 63110.

Conducted vasomotor response, the spread of local vasoactivity along 
arteriolar blood vessels, may be an important mechanism allowing for a 
precise regulation of local cortical microvascular blood flow. Conducted 
vasomotor responses are attenuated after ischemia (Lin & Duling, 1994) and 
air-embolus induced endothelial damage (Dietrich and Dacey,Jr., 1997). In 
this study we tested the effect of hypoxia/reoxygenation (H/R) and cyto-
chrome P450-inhibition (p450-i) on Bradykinin (BK, liberator of endothelium 
derived hyper-polarization factor EDHF) induced dilation . Cannulated 
cerebral arterioles (mean 62 /xm diameter) developed an average tone of 44 
/xm. After pH-testing and observing vasomotor responses to either BK, Bl- 
receptor (des-Arg9-BK) or B2-receptor (Hyp3-BK) agonists, the vessels were 
either subjected to hypoxia (O2 < 5%) for up to two hours, rapidly reoxy-
genated or cytochrome P450 inhibitors applied. After the either treatment the 
pH-test and BK stimulation was repeated. In these experiments we found that 
the pH response was unaltered after H/R or P450-i. Extraluminal BI-stimu-
lation had no effect before or after H/R. B2-stimulation showed a maximum 
dilation of 38% at 10‘6 M and caused conducted dilation (51%). Both after 
H/R and P450-i the extraluminal, local and the conducted responses were 
significantly reduced over 45%. These initial data suggest that BK induced 
vasomotor responses are mediated through B2-receptors and that H/R causes 
a reduction in extraluminal/local response which is similar to the ones seen 
after P450 inhibition. Supported by NIH HL57540 and NS30555.

877.16
CHRONIC ETHANOL CONSUMPTION INCREASES ADRENAL 
ANGIOTENSIN II RECEPTOR DENSITY IN FEMALE MICE IN AN 
AGE AND TIME DEPENDENT MANNER. Daisy L. Daubert1, Gary G. 
Meadows2, Philip Sanchez2 and Robert C. Speth*’Program in Neuroscience 
and2 Program in Pharmacology andToxicology, Washington State 
University, Pullman, WA 99164-6520.

Consumption of large quantities of ethanol for long periods of time is 
associated with high blood pressure. As a major regulator of blood pressure 
as well as fluid and electrolyte balance in the body, angiotensin II (Ang II) 
may play a role in ethanol-induced hypertension. This study examined the 
effect of chronic ethanol consumption on adrenal Ang II receptors in female 
mice that began ethanol consumption at either 6-8 weeks of age, or at 14-18 
weeks of age. The mice consumed ethanol for a relatively short (2-4 weeks) 
duration, or a longer (6.5 - 9 weeks) duration. When consumption of ethanol 
was initiated at 6-8 weeks of age, it causes a 27 % increase in adrenal Ang II 
receptor density. When consumption of ethanol was initiated at 14-18 weeks 
of age, there was no alteration in adrenal Ang II receptors. Consumption of 
ethanol for 2-4 weeks caused a 24% increase in adrenal Ang II receptor 
density, while consumption of ethanol for 6.5 - 9 weeks did not alter adrenal 
Ang II receptor density. The increased binding was in the ATi Ang II 
receptor population. Ethanol consumption did not alter Ang II binding 
affinity for 125I-Sarl,Ile8 Ang II. This data suggests that younger mice may 
be more susceptible to the cardiovascular complications associated with 
ethanol consumption than older mice. Supported by a Howeard Hughes 
Medical Institute Undergraduate Fellowship (DLD) and NIAAAA RO1- 
07293 and T32-AA-07557 (GGM).

877.17

STRESS EFFECTS ON THE ANAPHYLACTIC CONTRACTION 
IN GUINEA PIG AORTIC RINGS. X. Garcia1*, R.D. Martinez2, V. 
Gonzalez-Diaz1, C. Tenorio-Flores1, and E. Gijdn1. department 
of Physiology and department of Experimental Medicine, School 
of Medicine, Universidad Nacional Autonoma de Mexico. Ap. P. 
70-250, Ciudad Universitaria, Mexico, D.F. 04510. Mexico.

Experiments were performed to evaluate stress effects on the 
anaphylactic contraction in guinea pig aortic rings. Two types of 
stressors were used as immunosuppressor stimuli: physical 
restraint and shaking of the animals. Both stressors diminished 
the amplitude of the anaphylactic contraction in aortic rings from 
sensitized guinea pig. The shake stress stimulus induced higher 
immunosuppression in animals in which the active sensitization 
and the stress sessions began the same day. Restraint stress, 
also suppressed significantly the anaphylactic response. 
Restraint or shake stress stimuli may influence any of the events 
that mediate anaphylaxis.

**876.21
DIFFERENTIAL INNERVATION OF VIP-IR INTERNEURONS IN LAYER V 
OF THE BARREL CORTEX BY ELECTROPHYSIOLOGICALLY- 
IDENTIFIED, BIOCYTIN-FILLED NEURONS
J. F. Staiger1*, D. Schubert1,2, R. Kotter1, H. J. Luhmann2, K. Zilles1: C. & O. Vogt- 
Institute for Brain Research, Institute of Neurophysiology, Univ. Duesseldorf, POB 
101007, D-40001 Duesseldorf, Germany

Cortical columns contain specific sets of neurons which are thought to be 
characterized by their specific sets of connections. This wiring forms the structural 
basis upon which the dynamics of information processing have to build. However, at 
the single-cell level little is known about specific connectivity patterns. We performed 
experiments in layers V and VI of barrel-related columns in the somatosensory cortex 
of adolescent, male Wistar-rats, to further clarify the input patterns of inhibitory 
intemeurons immunoreactive (ir) for VIP (Vasoactive Intestinal Polypeptide). Thus, 
neurons in acute slices were electrophysiologically characterized using whole-cell 
patch-clamp and filled with biocytin. The slices were then processed histochemically 
to reveal the biocytin-filled cell and immunohistochemically for the detection of VIP- 
ir neurons. After embedding, the sections were examined for contacts between the 
axons of the filled neurons and the VIP-ir targets. Out of 15 sufficiently stained and 
recovered neurons, 11 were pyramidal cells and 4 were non-pyramidal neurons. One 
of the intemeurons showed a truncated axon and could not display contacts with VIP 
neurons, the others contacted 1-5 VIP neurons, preferentially their soma. Usually a 
single contact on one target cell was found. On the contrary, only 2 horizontal axonal 
collaterals of layer V-pyramidal cells displayed a single contact with a proximal 
dendrite of a VIP neuron. Further electron microscopic examinations have to show 
whether these contacts represent sites of synaptic or parasynaptic interactions. Our 
results suggest that (i) intemeurons are more likely to influence VIP-ir cells than 
pyramidal cells and (ii) pyramidal cell input probably needs to be highly convergent to 
fire VIP target cell. Supported by the DFG and the Medical Faculty.

NEUROENDOCRINE REGULATION: OTHER

878.1

FUNCTIONAL INTERACTIONS BETWEEN PERSISTENT SODIUM AND 
NONSELECTIVE CATION CHANNELS UNDERLIE BURSTING IN 
SUBFORNICAL ORGAN NEURONS. D.L.S. Washburn* and A.V, Ferguson. 
Dept. of Physiology, Queen’s Univ., Kingston, ON Canada K7L 3N6.
The subfornical organ (SFO) is a forebrain circumventricular structure with 
established roles in regulation of various autonomic functions. We have 
previously reported that activation of the calcium-sensing receptor (CaR) excites 
SFO neurons resulting in periods of burst firing. Typically, CaR-mediated 
plateaux begin with a slow depolarization which eventually triggers a train of 
spikes riding on a depolarizing afterpotential (DAP). The aim of this study was 
to describe the ionic events underlying these events, using the patch clamp 
technique in isolated SFO neurons. Current clamp recordings showed that the 
DAP following depolarizing current steps was abolished by pretreatment with 
tetrodotoxin (TTX; lgM) but not by nifedipine (10 pM), suggesting the 
involvement of Na+ channels. In voltage clamp experiments, a TTX-sensitive 
slow inward current could be elicited by depolarizing voltage ramps (12 mV/s) 
suggestive of a persistent Na+ current (INaP). This current activated positive to - 
45 mV, and inactivated slowly. The amplitude was dependent upon the rate of 
ramp depolarization (120 to 12 mV/s) with peak amplitude of approximately -50 
pA at 90 mV/s. Although the CaR agonist NPS R-467 activated a non-selective 
cation channel (ICaR), there were no direct effects observed on INaP. These data 
suggest the inward ICaR provides the initial depolarizing drive that triggers INaP 
thus maintaining an extended burst episode. This demonstrates that functional 
interaction between distinct ionic currents are required to produce changes in 
neuronal firing patterns resulting from CaR activation.
Funded by the Medical Research Council of Canada. DLSW is supported by a 
studentship from the Heart and Stroke Foundation of Canada.

878.2
THE EFFECT OF PHOTOPERIOD ON THE SENSITIVITY TO OXITOCIN OF 
THE UTERINE HORN LONGITUDINAL LAYER IN THE RABBIT.
Ninomiya JG+ Reyes-Guerrero G,, Barrera-Mera B, Martines-Merlos Tv, Hudson Rv 
and Guevara-Guzman R*. Department of Physiology, Faculty of Medicine, UN AM, 
+Lab. of Physiology, School of Medicine, Quetzalcoatl University, vDepartment of 
Physiology, Biomedical Research Institute, UNAM.

Recent studies have found that there is an increase in the number of oxytocin (OT) 
receptors shortly before the onset of labor and a peak of OT release during the 
expulsion period. Other reports have shown an increase in miometrial activity during 
the dark phase in diurnal animals. The main purpose of this study was to investigate 
the relationship between the sensitivity of the uterine horn longitudinal layer (HLL) to 
OT in relation to photoperiod. New Zealand white rabbits (3.7-4.0 Kg) were used. The 
animals were maintained under a controlled photoperiod of 16:8 L-D (light on at 0.6 
h). After two weeks under these conditions two groups were formed, non-pregnant 
(NP) and pregnant (P) (n=18/group). Both NP and P animals were killed one day after 
this period and one day before term, respectively, and tissue strips (0.5 width and 10 
mm length) were obtained from the uterine HLL. Preparations were mounted under 
slight tension in a chamber containing Krebs solution bubbled with a mixture 5%CO2 
and 95%O2. The mechanical activity of preparations (from tissue taken at different 
times of day: 02 and 15 h) was isometrically recorded. The response of the strips to 
OT was both dose and time dependent; P tissue taken at 02 h showed a ED50= 
6.5X1 O'8 U/mL with the range of the response to OT between 1011- 10'5 U/mL, 
whereas P tissue taken at 15 h showed a EDso=2.6XlO'7 U/mL with the range of the 
response to OT between 1012-10“4 U/mL.The maximal tension was 7.6 and 3.2 
newton, respectively. In NP animals the pattern of results was similar to the pregnant 
in relation to the time of the day but the sensitivity to OT was lower. These 
preliminary results suggest a strong correlation between photoperiod and myometrial 
sensitivity to oxytocin. This work was supported in part by CONACyT 28276-N

**Abstract 876.21 is the last abstract in session 876: SOMATOSENSORY CORTEX AND
THALAMOCORTICAL RELATIONSHIPS VI, which appears on page 2197.
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878.3
THE ROLE OF THE PERIPHERAL-TYPE BENZODIAZEPINE RECEPTOR IN 
STEROID BIOSYNTHESIS AND PROLIFERATION IS DETERMINED BY ITS 
SUBCELLULAR LOCALIZATION, R. C. Brown* and V. Papadopoulos, 
Interdisciplinary Program in Neuroscience and Departments of Cell Biology and 
Pharmacology, Georgetown University Medical Center, Washington, DC, 20007.

The peripheral-type benzodiazepine receptor (PBR) is an 18 kDa protein 
normally localized to the outer mitochondrial membrane. PBR is a crucial regulator 
of steroid biosynthesis due to its ability to act as a cholesterol channel, transporting 
cholesterol from the cytosol to the inner mitochondrial membrane where cholesterol 
is metabolized to pregnenolone (Li and Papadopoulos, 1998, Endocrinology 139: 
4991-4997). We have recently demonstrated that, in aggressive human breast cancer 
cell lines, PBR is localized to the nucleus, where it plays a role in regulating cell 
proliferation (Hardwick et al, 1999, Cancer Res. 59: 831-842). In this study, we 
examined two cell lines derived from human glioblastoma multiforme tumors. One 
of these cell lines, MGM-3, has PBR localized to the cytosol, presumably to 
mitochondria, as determined by immunocytochemistry. This cell line is able to 
convert a radiolabeled cholesterol precursor to pregnenolone. The second cell line, 
MGM-1, has PBR localized to the nucleus and is unable to synthesize pregnenolone 
de novo. These cell lines were treated with different doses of PBR drug ligands. We 
found that low doses of the PBR ligand PK 11195 (IO10 to 10"6 M) significantly 
stimulated cell proliferation in the MGM-1 cell line, but had no effect in MGM-3 
cells. These results indicate that the subcellular localization of PBR defines its role in 
various physiological processes. This may explain the cell- and tissue-specific 
functions of this widespread receptor protein. (Supported by grant # ES 07747 and 
HD 37031 from NIH, and IBN-9728261 from NSF).

878.4
INTRINSIC NEURONS OF THE AVIAN CHOROID RECEIVE MULTIPLE 
INPUTS. F, Schrodl,1 M, E. De Stefano2 and W.L. Neuhuber1*. ’Anatomy Inst., 
Univ. Erlangen-Nurnberg, Erlangen, Germany, and 2Dip. di Biologia Cellulare 
e dello Sviluppo, Universita di Roma "La Sapienza", Rome, Italy.

Birds represent an important model species for research on ocular vascular 
regulation, myopia-induced eye growth and glaucoma. The choroid of several 
bird species, e.g., duck (Bergua et al. '96), quail and goose harbours up to 
several thousands of intrinsic neurons, being comparable to the human 
choroid in this respect (Flugel et al. '94). The connectivity and functional 
significance of these neurons are unknown. The aim of this study was to 
characterize the neurochemical phenotype of intrinsic choroidal neurons and 
their synaptic input in duck and quail using immunocytochemistry and confocal 
laser scanning and electron microscopy.

In both species, intrinsic choroidal neurons co-stained for nNOS/NADPH- 
diaphorase, VIP and galanin. They were contacted by varicose nerve fibers 
immunoreactive for tyrosine hydroxilase, dopamine-6-hydroxilase, 
somatostatin, CGRP, galanin, VIP and nNOS. The neurochemical coding of 
neurons in extrinsic sympathetic and parasympathetic ganglia suggested that 
these varicosities were derived from sympathetic, ciliary, trigeminal and 
pterygopalatine ganglia, respectively. Galanin/VIP/nNOS positive varicosities 
may even originate in intrinsic neurons themselves. The target of intrinsic 
choroidal neurons was largely represented by non-vascular smooth muscle of 
the choroid.

These data suggest that intrinsic neurons of the avian choroid integrate 
inputs from sympathetic, parasympathetic and trigeminal sensory neurons. In 
addition to sympathetic and parasympathetic control of choroidal smooth 
muscle, local reflexes mediated by trigeminal sensory collaterals and intrinsic 
choroidal neurons may play an important role. (Supported by DFG/SFB 539/B 
II.3)

878.5

EFFECT OF LOW-FREQUENCY MAGNETIC FIELDS ON 
THE ANTIOXIDANT SYSTEM IN RATS. D.N. Tchitchkan, 
S.V. Koulchitsky, S.V. Pletnev and V.A. Kulchitsky*. Inst, of 
Physiology, Acad. Sci., Minsk 220072, Belarus

The antioxidant SH-compounds are known to be responsive to 
different extraordinary impacts. The aim of the study was to 
clarify the behavior of SH-compounds in the internal milieu 
under the local influence of low-frequency magnetic fields (LMF) 
of different shape and pulse frequency. In group 1 (G-l) the rats 
were exposed to 10 Hz LMF with square unipolar pulses; group 2 
(G-2) to square bipolar pulsed 10 Hz LMF; group 3 (G-3) to 10 
Hz LMF with pulses of floating frequency 60-200 Hz, and group 
4 (G-4) was control, not subjected to LMF. In G-l SH- 
compounds fell from 30±2,9 p.mol/1 to 22±3,0 p.mol/1 as compared 
with G-4. The same process was observed in G-2. No changes in 
SH-compounds were recorded in G-3.
Hence, the level of SH-compounds in the internal milieu 
decreased irrespective of LMF pulse polarity. The generation of 
the internal floating frequency under LMF levelled the effect on 
SH-compounds. So, the operation of the antioxidant systems, and 
SH-compounds in particular, depends on the parameters of LMF 
that should be taken into consideration to increase the efficacy of 
LMF.

878.6
PRESENCE OF A BLOOD-BORNE GONADOTROPIN-RELEASING HORMONE 
IMMUNOREACTIVITY IN THE HEMOLYMPH OF APLYSIA CALIFORNICA
L. Zhang1, N.L. Wayne2, H. Postigo1, B. Johnson1*, P. Tsai1. 1 Dept. of 
Physiology & Neurobiology, Univ. of Connecticut, Storrs, CT 06269 and 
2Department of Physiology, UCLA School of Medicine, Los Angeles, CA 90095.

Gonadotropin-releasing hormone (GnRH) is a neurohormone known to regulate 
reproductive and neural functions in vertebrates. Recent studies have reported the 
presence of GnRH immunoreactivity (IR) in the central nervous system (CNS) of 
several species of mollusk. Similarly, our laboratory previously identified a GnRH- 
IR similar to the tunicate I form of GnRH (tl-GnRH) in a mollusk, Aplysia 
californica. However, the precise chemical nature of this GnRH-IR and the site of 
GnRH synthesis in Aplysia were not clear from the previous study. Thus, our 
present aim is to characterize the source and partially elucidate the chemical nature 
of GnRH-IR present in Aplysia. Extracts from the CNS and peripheral tissues were 
tested for the presence of tl-GnRH-IR using a radioimmunoassay (RLA) specific for 
tl-GnRH. In all tissues tested, only hemolymph contains significant levels of tl- 
GnRH, and approximately 80% of the tl-GnRH-IR in the hemolymph is localized 
to hemocytes, suggesting blood cells as a possible source for the GnRH-IR. 
Reverse-phase high-performance liquid chromatography (RP-HPLC) coupled with 
RIAs revealed that there are multiple forms of GnRH-IR in the hemolymph. One 
eluted earlier than any known forms of vertebrate GnRH, and one coeluted with tl- 
GnRH . However, the tl-GnRH-IR in RP-HPLC eluted as a broad peak and may 
contain a heterogeneous mixture of GnRH-IR. Lastly, immunocytochemistry 
(ICC) revealed the presence of tl-GnRH-IR in the connective sheath surrounding the 
neuron clusters, with strong presence in what appears to be microvessels, again 
suggesting the blood origin of this GnRH-IR. In summary, we have identified a 
blood-borne tl-GnRH-IR in Aplysia californica. In view of our previous data that 
vertebrate GnRH can alter the electrical activity of bag call neurons, the possibility 
exists that this GnRH-IR may be a factor released by the blood cells to alter neural 
functions. (Supported by NSF IBN-9733237).

878.7

MEDIATORS OF VEGETATIVE INNERVATION IN TEARS LIQUID OF 
HEALTHY PERSON. M.Rasumovskii*, A. Grigorian. ARasumovskaia. 
Yu.Korovianskii. Institute of Occup.Guidance, Lab. of Vision Physiology, 195067, 
St.Petersburg, Bestugevska 50, Russia.

The composition of the tears liquid (TL) is important for maintaince of 
optimal conditions for vital activity of tissue structures of the anterior segment of the 
eye. This phenomenon is scantily known therefore it was interesting to investigate 
the contents of the vegetative mediators in TL of the healthy peoples. After 
ammonium steam inhalting from the nose of person TL taken by micropipette. From 
the collected liquid undertook 0.3 ml and dilute by a Ringer solution containing 
proserine (1: 10'4 g/ml) in a proportion 1:10. To detemine the concentration of 
acetylcholine (Ach), catecholamine and the activity of cholinesterase some modified 
biometods were used on isolated frog heart (by Straub) and frog lung (by Corsten). It 
was shown that in TL of all 33 healthy peoples contents Ach as well as 
catecholamines. It was demonstrated that TL Ach exerts on the isolated frog heart 
clear inotropic and chronotropic effects.As rule in the wake of inhibitory inotropic 
effect as was to be expected arised positive inotropic response.The control 
experiments on atropinized frog heart have confirmed presense of Ach in the TL. In 
addition it was shown that in TL of the healthy person quantity of Ach is fluctuate in 
limits from IO'10 up to 10'7 g/ml. It was found that in the same person the contents 
of Ach in a right and in a left eyes is unequal, so it specifies that Ach is a product of 
secretion cholinergic structures of a separate eye. The quantity of catecholamines in 
TL in-both of eyes also was unequal and is fluctuate in limits from 1010 up to 10'8 
g/ml. At the same time it was shown that the activity of cholinesterase in TL of 
healthy persons was constant on the same level in both of eyes irrespective of sex 
and age.

878.8

IMMUNOHISTOCHEMISTRY AND IMMUNOCYTOCHEMISTRY 
LOCALIZATION OF VIP IN CHICK OVARY. E. Aguirre-Benitez*1. N, 
SobreviHa-Moreno1. E, Pedemera1. M. Gonzalez del Pliego.^Deoartamento 
de Embriologia, Facultad de MedicinaVuNAM, Mexico, D.F., Mexico. CP 
04510.
Vasoactive intestinal peptide (VIP) plays an important role as modulator 

of granulosa cell activity in folliculogenesis and steroidogenic secretion in 
the hen ovary. Innervation of the hen ovary and VIP activity are involved in 
ovarian development and is provided by sympathetic and sensory fibers 
and is supplemented by the ovarian nerve plexus. The purpose of the 
present work was to immunolocalized VIP in the chick ovary during 
development. We were interested in the ultrastructural localization of VIP 
in the chick ovarian innervation. Left ovaries from White Leghorn chicken 
were obtained at 0, 2nd and 4 81 days posthatching and fixed in 4% 
paraformaldehyde with PBS. VIP immunofluorescence was carried out on 
cryosections analyzed with light microscopy. Ultrathin sections were used 
to visualize VIP staining with postembedding immunogold procedure. VIP 
immunoreactivity was mainly observed in nerve terminals and interstitial 
steroidogenic cells ovaries at 0, 2nd and 4th posthatching day. Gold 
particles were localized in VlPergfc nerve fibers, nerve endings and axonal 
varicosities associated with interstitial cells, lacunar system and granulosa 
cells in developing follicles. VIP staining was found inside of synaptic-like 
microvesicles (SMLV's) in cytoplasm of interstitial cells, lacunar vessels 
and granulosa cells. We conclude that VIP localization in the ovary may 
act as a modulator factor involved in the follicular maturation in the avian 
ovary, as has been proposed for the mammalian ovary.
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879.1
METABOTROPIC GLUTAMATE RECEPTOR STIMULATION INDUCES 
CHANGES IN THE ASSOCIATION OF DIFFERENT KINASES WITH 
TRANSLATED AND UNTRANSLATED mRNAs.F. Angenstein* and W.T. 
Greenough, Beckman Institute, University of Illinois, Urbana, IL 61801

Receptor-triggered control of local postsynaptic protein translation 
might allow long lasting changes in synaptic efficiency to be restricted 
only to activated synapses, leaving inactive synapses of the same neuron 
unaffected. Alteration in translation of dendritically localized mRNAs 
may be regulated in general by changes in the activation state of some 
ribosome associated proteins (elFs, kinases) or in particular by the 
composition of mRNA binding proteins (mRNPs). We have previously 
shown that a set of kinases is tightly associated with polysomes 
(Angenstein et al. 1998). In this study we investigated whether these 
kinases are bound via mRNPs to ribosomes. Poly-A containing mRNAs 
with their bound proteins were prepared from rat cortical 
synaptoneurosomes using oligo(d)T-cellulose. Translated (ribosome-bound) 
and nontranslated mRNAs were separated by sucrose density 
centrifugation. Oligo(d)T-bound proteins in each fraction were separated 
by PAGE and blotted on nitrocellulose. Competition experiments with both 
poly-A and poly-U confirmed the specificity of the detected binding. The 
presence of p90rsk-l, gsk3(3, ERK2 and the PKA regulatory subunit was 
detected by immunostaining. Furthermore, p90rsk-l and ERK-2 were 
preferentially bound to untranslated mRNAs whereas gsk3P was found 
mainly on translated mRNAs. In contrast the regulatory subunit of PKA 
was present equally in both fractions. Stimulation of mGluR with 0.1 mM 
DHPG for 2 min induced a decreased binding of all kinases to translated 
mRNAs in parallel with an increased binding to nontranslated mRNAs. 
These results suggest a crucial role for these kinases in mGluR triggered 
control of local protein translation.
(supported by DFG, FRAXA Research Foundation and NICHD)

879.2

HYPERGLYCEMIA ACCELERATES RELEASE OF 
CYTOCHROME C AND FRAGMENTATION OF DNA 
FOLLOWING TRANSIENT CEREBRAL ISCHEMIA.
P,A.. Li*, Y.B, Quvang, O.P, He, C.L Liu, B.R, Hu, B.K. Siesjo. Center 
for the Study of Neurological Disease, The Queen’s Medical Center, 
Honolulu, Hawaii

Mitochondrial release of cytochrome c is a key step in initiating the 
apoptotic cell death pathway. The present study was designed to explore 
events pertaining to the apoptotic pathway following transient forebrain 
ischemia in hyperglycemic rats.

Glucose-infused rats (glucose -20 mM) were subjected to 15 min of an 
ischemia/reperfusion insult. Pronounced release of cytochrome c was 
observed after 0.5 h of recovery as determined by laser-scanning confocal 
microscopy and by Western blot. DNA breaks, on brain sections, were 
detected in neocortical structures after 3h recirculation. In normoglycemic 
ischemia (glucose -5 mM), however, cytochrome c was only transiently 
and moderately released after 1 h of reperfusion in neocortex as compared 
with hyperglycemic animals; besides, TUNEL positive cells were hardly 
found in these animals.

We conclude that hyperglycemia accelerates and aggravates apoptotic 
cell death following transient cerebral ischemia.

This study was supported by the Juvenile Diabetes Foundation 
International, the NIH NS36810 (BRH) and NSO7838 (BKS), and the 
Queen Emma Foundation, Honolulu.

879.3

EVIDENCE FOR MAPK - CaMKII INTERACTION IN LTP. M.G, Giovannini*. 
T. Wong. R.D. Blitzer. R. Iyengar and E.M. Landau. Depts. of Pharmacology and 
Psychiatry, Mt. Sinai School of Medicine and Bronx VAMC, New York NY 10029 
and Dept. of Pharmacology, University of Florence, Firenze, Italia

A number of protein kinases are required for the induction of LTP at the CA3-CA1 
hippocampal synapse, suggesting that a cascade or network of interacting kinases 
may be involved. An indirect interaction has been demonstrated between two kinases 
known to participate in HFS-induced LTP, cAMP-dependent protein kinase and 
Ca2+/ calmodulin-dependent protein kinase (CaMKII) (Blitzer et al., Science 280 
1940, 1998). Also implicated in HFS-induced LTP is mitogen-activated protein 
kinase (MAPK) (English and Sweatt, JBC 272 19103, 1997), a known activator of 
several transcription factors. Since late LTP is transcription-dependent (Nguyen et 
al., Science 265 1104, 1994), the role of MAPK in LTP is particularly intriguing.

LTP was induced in area CA1 of adult rat hippocampal slices by low-frequency 
stimulation (LFS; 150 pulses at 10 Hz) of the Schaffer collaterals paired with (3- 
adrenergic stimulation (isoproterenol (ISO), 1 p.M). LTP was monitored in s. 
radiatum, and after various times following LFS-ISO the slice was either frozen and 
CA1 dissected out (for Western blots) or fixed overnight in paraformaldehyde (for 
immunohistochemistry). LTP induction increased p42MAPK phosphorylation in 
the CA1 region vs. controls, with a maximum effect at 2 - 15 min after stimulation 
(+130%). By 60 min, phosphorylation had returned to control levels. ISO alone 
produced only a nonsignificant increase in phosphoMAPK. The increase in MAPK 
phosphorylation was observed in both s. radiatum and pyramidale. At 15 min after 
stimulation, the number of phosphoMAPK positive pyramidal cell bodies was 
increased by 360% over controls. Laser confocal microscopy of stimulated slices 
revealed co-localization of phosphoMAPK and phosphoCaMKII in the apical 
dendrites and somata of CA1 pyramidal neurons. PhosphoCaMKII levels peaked 15 
min after stimulation (+73%), and had returned to control levels by 60 min. ISO 
alone had no effect on phosphoCaMKII levels. The MAPK kinase inhibitor 
PD98059 blocked stimulation-induced CaMKII phosphorylation, indicating a 
functional interaction between MAPK and CaMKII early in LTP. We are presently 
investigating the mechanism of this interaction.

Supported by NIH (NS33646 and GM54508).

879.4

PROTEIN KINASE B (PKB): A CNS TARGET FOR THE LONG 
TERM ACTIONS OF MOOD-STABILIZING AGENTS. G, Chen*,
L.D. Huang, Y, Jiang, and H.KManji. Laboratory of Molecular Pathophysiology, 
Dept. of Psychiatry & Behavioral Neurosciences, Wayne State Univ. Sch. of Med., 
Detroit, MI 48201

In recent years, considerable research on the potential mechanisms underlying the 
therapeutic effects of mood stabilizers has focused upon the phosphoinositide 
signaling pathway. Lithium (Li) is an inhibitor of myo-inositol monophosphatase, 
and several laboratories have demonstrated effects of lithium on the PIP2/PLC 
signaling pathway. However, PIP2 is also the key substrate for the 
phosphatidylinositol 3-kinase (PI 3-kinase) pathway; activation of PI 3-kinase 
results in the generation of phosphatidylinositol 3,4,5-trisphosphate (PIP3), an 
activator of PKB. In the present study, we examined the potential effects of Li and 
another structurally highly dissimilar mood stabilizer, valproate (VPA) on PI 3- 
kinase/PKB signaling in the brain. Rats were treated chronically (3 weeks) with Li 
and VPA using therapeutically relevant paradigms. Total PKB levels and activated 
PKB (pPKB) levels were quantitated in Frontal Cortex. Chronic treatment with 
both Li and VPA significantly reduced the levels of FCx membrane-associated PKB 
and pPKB. Chronic Li also reduced the levels of cytosolic pPKB. The cellular 
mechanisms underlying these effects, and their potential functional and therapeutic 
consequences is currently under investigation.
Supported by NIMH, the Joe Young Senior Research Fund, NARSAD, and the 
Theodore and Vada Stanley Foundation

879.5

RAS MEDIATES SUSTAINED MAP KINASE ACTIVATION INDUCED BY 
INSULIN IN PCI2 OVEREXPRESSING INSR. SHEILA Harroch 1, Mendeli . 
Rimer *, Irit Lax 1 and  Joseph  Schlessinger 1. XNYU Medical  Center , 
Department  of  Pharmacology . *Skirball  Institute , Department  of  
MOLECULAR AND NEUROBIOLOGY, NEW YORK, NY 10016

Stimulation of phaeochromocytoma cell line PC 12 by nerve growth factor 
(NGF) or fibroblast growth factor (FGF) leads to growth arrest and neuronal 
differentiation. Yet, treatment with others growth factors such as insulin or epidermal 
growth factor (EGF) induces cell proliferation. Stimulation by NGF and FGF 
induces sustained activation of mitogen-activated protein kinase(MAPK) pathway. 
By contrast, treatment of WT-PC12 cells by insulin or EGF - which do not cause the 
cells to differentiate- leads to a transient activation of the Map kinases. Conversely, 
when PC 12 cells overexpress either INSR or EGFR, there is a prolonged activation 
of MAPK and as a result, the cells differentiate in response to insulin or EGF. We 
investigated the specificity in growth factors signaling and the mechanism of 
sustained activation of MAPK in PCI 2 cells overexpressing INSR. We tested 
whether FRS2, a lipid-anchored docking protein, that links FGFR molecules and the 
MAPK signaling pathway, could be recruited by INSR. In PC 12 overexpressing 
INSR, we demonstrated that FRS2 is specific of FGF signaling and cannot account 
for sustained MAPK activation upon insulin stimulation. We demonstrate that in 
PC 12 cells overexpressing INSR, sustained MAPK activation correlates with 
sustained tyrosine phosphorylation of signaling molecules involved in INSR 
signaling such as IRS1, She, INSR and show that sustained tyrosine phosphorylation 
of adapters molecules leads to a sustained activation of Ras. (SH is an Irvington 
institute fellow)

879.6

LITHIUM REGULATES BOTH THE JNK AND ERK MAP KINASE 
CASCADES IN THE CNS. H.KManji.* and G. Chen, Laboratory of 
Molecular Pathophysiology, Dept. of Psychiatry & Behavioral Neurosciences, 
Wayne State Univ. Sch. of Med., Detroit, MI 48201

It has become increasingly appreciated that the long term treatment of complex 
neuropsychiatric disorders likely involves the strategic regulation of gene expression 
in critical neuronal circuits. In this context, lithium (Li) increases the DNA-binding 
activity of the AP-1 family of transcription factors in cells of human neuronal origin 
in vitro, and in areas of rat brain ex vivo. AP-1 transcription factors are known to be 
critically regulated by MAP (mitogen activated protein) kinase signaling pathways. 
Three distinct MAP kinase signal transduction pathways have been identified in 
mammalian cells, leading to activation of the MAP kinases - extracellular signal 
regulated kinases (ERKs), c-Jun NH2-terminal kinases (JNKs), and p38. MAP 
kinases are abundantly present in brain and activated by stimulation of growth factor 
and neurotrophin receptors, G-protein coupled receptors and ion channels. In the 
present study, we have investigated the effects of acute and chronic Li administration 
on the JNK and ERK pathways. Acute Li increased the levels of pJNK and pERK 
1/2 in Hipp, and pERKl/2 in FCx. Chronic (3-4 week) Li increased the levels of 
pJNK and pERK 1/2 in FCx and Hipp; by contrast, neither acute nor chronic Li 
significantly altered the levels of ERK 1/2 or JNK. MAP kinases are known to exert 
major neurotrophic effects; in conjunction with Li’s effects on Bcl-2 and AP-4, these 
novel findings suggest that some of Li’s long term beneficial effects may involve 
underappreciated neurotrophic effects.
Supported by NIMH, the Joe Young Senior Research Fund, NARSAD, and the 
Theodore and Vada Stanley Foundation
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879.7

NMDA RECEPTORS ACTIVATE BOTH PKB/AKT AND ERK2 IN CULTURED 
CORTICAL NEURONS VIA A COMMON CAMKII AND PI 3-KINASE 
DEPENDENT PATHWAY. L. J. Chandler* and G. Sutton. Department of 
Pharmacology, Louisiana State University Medical Center, Shreveport, 
IA 71130.
We have previously reported that NMDA receptors can both stimulate and inhibit 
extracellular-signal regulated kinases (ERKs) in cortical neuronal cultures. The 
present study investigated whether NMDA receptors can also activate protein 
kinase B (PKB/Akt). In the presence of TTX to block spontaneous activity, the 
NMDA dose-response curve for both phospho-PKB (p-PKB) and phospho-ERK2 
(p-ERK2) was beli-shaped. A five minute exposure of cultures to 10 and 25 gM 
NMDA increased both p-PKB and pERK2 in a similar fashion, while 100 gM NMDA 
was without effect. In the presence of TTX, CaMKII inhibition with KN-93 
partially reduced p-PKB and p-ERK, while inhibition of PI3-K with wortmanin 
completely blocked p-PKB and p-ERK stimulated by 50 gM NMDA. Under basal 
conditions, p-ERK2 and p-PKB were reduced by tetrodotoxin (TTX) (1/zM) or the 
NMDA receptor antagonist MK-801 (10 /iM), indicating that spontaneous 
glutamatergic synaptic activity stimulates NMDA receptors to maintain basal 
activation of both PKB and ERK2. Similar to what we have previously reported for 
ERKs, further activation of NMDA receptors by addition of 100 gM NMDA in the 
absence of TTX resulted in inhibition of p-PKB. These observations demonstrate 
that NMDA receptors couple to a common PI 3-kinase and CaMKII dependent 
pathway for activation of both p-PKB and p-ERK2. Opposing the stimulatory 
pathway is an as yet defined inhibitory that predominates at high levels of 
receptor activation. Both pathways likely involve NMDA receptor modulation of a 
common Ras signaling protein. Supported by NIAAA grant AA10983.

879.8

DIFFERENT SIGNALLING PATHWAYS MEDIATE INSULIN-LIKE 
GROWTH FACTOR-1 INDUCED ACTIVATION OF AKT KINASE AND 
cAMP RESPONSE ELEMENT-BINDING PROTEIN IN PC12 CELLS. W-H, 
Zheng. F. Mennicken*. S. Kar and R. Quirion. Douglas Hosp. Res. Ctr., Dept. of 
Psychiatry and of Pharmacology, McGill Univ., Montreal, Quebec, Canada H4H 1R3.

Insulin like growth factor-1 (IGF-1) is a polypeptide growth factor with a variety of 
functions in both neuronal and non-neuronal cells. It is an antiapoptotic agent and it 
acts by activating the Akt kinase, a serine/threonine kinase essential for cell survival. 
Recent evidence also indicates possible involvement of the nuclear transcription 
factor cAMP response element-binding protein (CREB) in IGF-1 signalling. We 
report here that IGF-1, in a concentration- and time-dependent manner, induces the 
activation of Akt and CREB in PC 12 cells by activating different signalling pathways. 
IGF-1 induced a sustained activation of Akt and a transient phosphorylation of CREB 
in PC 12 cells. Treatment of PC 12 cells with 1-100 nM IGF-1 caused a 3-5-fold 
increase in Akt kinase phosphorylation. The activation reached its highest level at 2.5 
minute and remained unaltered for at least 80 minutes. On the other hand, 
phosphorylation of CREB at serine-133 was increased 2-3 fold when PC 12 cells were 
treated with 5-100 nM IGF-1. The induction of CREB phosphorylation was evident at 
2.5 minute, peaked at about 10 minute and decreased thereafter. The activation of Akt 
kinase was blocked by a pretreatment of PC12 cells with 25 pM LY294002, a specific 
PI3 kinase inhibitor, while the inhibition of p38 MAPK with 10 pM PD1693 86 and 
MAPK with 25 pM PD98059 did not affect this action of IGF-1. Interestingly, IGF-1 
(10 nM) induced phosphorylation of CREB was significantly inhibited by either the 
blockade of p38 MAP kinase with 10 pM PD 169386 or of MAP kinase with 25 pM 
PD98059 but not by the inhibition of PI3 kinase by 25 pM LY294002. These data 
indicate that IGF-1 induces activation of the Akt kinase via a PI3 kinase pathway, 
while p38 MAP and MAP kinase mainly mediate IGF-1 induced activation of CREB. 
Supported by MRCC and a FCAR Doctoral Fellowship Award to WH. Zheng.

879.9

PROPERTIES OF NEURONAL ISOFORMS OF FOCAL ADHESION 
KINASE (FAK) J.-A. Girault*, M. Toutant, A. Costa, P. Ezan, M. Gelman, 
and J.-M. Studler INSERM Ul 14 College de France, Paris F-75005

FAK is a non-receptor tyrosine kinase activated following integrin 
engagement or stimulation of G protein-coupled receptors. It is thought to 
control the turnover of focal adhesions and to mediate some of the 
antiapoptotic effects of cell adhesion. FAK is highly expressed in brain 
during development and in the adult. In young neurons, FAK is enriched in 
growth cones. In hippocampal slices, FAK is phosphorylated on tyrosine in 
response to neurotransmitters, including glutamate and acetylcholine, as 
well as to lipid mediators, including lysophosphatidic acid and 
endocannabinoids. FAK exists under various splice isoforms, some of 
which display differences in the coding sequence. Optional exons code for 
peptides of 28, 6, and 7 amino acids (boxes 28, 6 and 7, respectively) near 
to the autophosphorylated Tyr-397 and for a 3-residue peptide (box 3) in 
the C-terminal region, which defines FAK+. Neuronal FAK contains boxes 
3, 7, and, in forebrain, box 6. Boxes 7 and 3 are also found in FAK from 
some other cell types. FAK has a higher autophosphorylation activity in 
brain than in other tissues, and the presence of boxes 6 and 7 increases 
tyrosine phosphorylation of FAK in transfected cells. We have investigated 
the role of each peptide independently. The presence of box 7 increased 
markedly in vitro autophosphorylation of FAK on Tyr-397, whereas box 6 
had a milder effect. Boxes 6 and 7 also altered the ability of SRC or FYN 
to phosphorylate Tyr-397 in COS-7 cells. Thus, the presence of boxes 6 
and 7 has profound consequences on the basic properties of FAK and may 
account for specific aspects of FAK regulation and function in neurons.

879.10

HIGH-FREQUENCY STIMULATION ENHANCES ASSOCIATION OF FYN 
WITH FAK AND PHOSPHORYLATION OF PYK-2 IN AREA CA1 OF 
HIPPOCAMPAL SLICES. S.E. LAURr, T. TAIRA AND H. RAUVALA 
Department of Biosciences, Division of Animal Physiology and Laboratory of 
Molecular Neurobiology, Institute of Biotechnology, P.O.Box 17, 00014 University 
of Helsinki, Finland.

Signaling via tyrosine kinases appears necessary for the regulation of synaptic 
efficacy. In particular, the src-family kinases and the calcium-sensitive tyrosine 
kinase PYK-2 have been suggested to contribute to neuronal plasticity. In order to 
study substrates of src-kinases in long-term potentiation (LTP), protein extracts 
were prepared from area CA1 of rat hippocampal slices 10 min after induction of 
LTP by high-frequency Schaffer collateral stimulation (HFS; lOOHz/ls), and from 
control slices of the same animals. HFS enhanced the level of an approximately 110 
kD tyrosine-phosphorylated component in the protein complex that co-precipitated 
with fyn and c-src, detected by immunoblotting with anti-phosphotyrosine 
antibodies. This phosphorylated component co-migrated in SDS-PAGE with the 
focal adhesion kinase (FAK) and its homologue PYK-2. Association of FAK with 
fyn was increased by HFS (223±65% of control; p=0.02, Student’s t-test), while the 
level of PYK-2 in fyn immunoprecipitates was similar in control and stimulated 
slices. In contrast, only PYK2 was detected in c-src immunoprecipitates, and its 
level was increased to 280±67% of control (p=0.01) after HFS. Further, HFS 
enhanced tyrosine phosphorylation of PYK-2 (325±75%; p=0.01), while the level of 
FAK phosphorylation was not significantly affected within 10 min after HFS 
(139±31%). These results suggest that association of fyn with FAK takes place in 
response to HFS in area CA1. Further, the results imply that LTP-induction parallels 
with increased tyrosine phosphorylation of PYK-2, probably by c-src. Our findings 
provide evidence for activation of FAK and PYK-2 via distinct pathways following 
synaptic stimulation inducing LTP in vitro. Supported by the Academy of Finland.

879.11

TYROSINE PHOSPHORYLATION OF IONOTROPIC GLUTAMATE 
RECEPTORS BY FYN AND SRC SELECTIVELY MODULATES THEIR 
SUSCEPTILITY TO CALPAIN. Y. Rong*, X. Lu and M. Baudry. Neuroscience 
program, University of Southern California, Los Angeles, CA 90089-2520 
Both tyrosine phosphorylation and calpain modulation of ionotropic glutamate 

receptors are recognized as potentially important mechanisms for synaptic 
plasticity. In particular, tyrosine phosphorylation of NMDA receptor is 
associated with potentiation of its channel activity. Previous work from our 
laboratory has shown that calpain-mediated truncation of glutamate receptors 
altered the structure of the receptors and may serve as a signal for internalization 
of the receptor and/or new receptor insertion. To test whether and how tyrosine 
phosphorylation regulates calpain susceptibility of glutamate ionotropic 
receptors, synaptic membranes were phosphorylated by Fyn and Src, two 
different protein tyrosine kinases of the Src family. Western blots indicated that 
tyrosine phosphorylation by Src significantly reduced calpain-mediated 
truncation of both NR2A and NR2B subunits of NMDA receptor, but not GluRl 
subunits of AMPA receptor. Pre-incubation of synaptic membranes with Fyn 
significantly protected calpain-mediated truncation of GluRl subunits of AMPA 
receptors, but not NR2A or NR2B subunits of NMDA receptors. Both Src and 
Fyn phosphorylation of membrane fractions reduced the truncation of spectrin by 
calpain. We propose that tyrosine phosphorylation selectively protects glutamate 
receptor subunits from calpain-mediated truncation, and therefore, could serve as 
a mechanism to maintain receptor integrity and location, in addition to 
modulating channel properties. Our results also showed the possible importance 
of the tyrosine phosphorylation of AMPA receptors.
Supported by grant NS 18427 from NINDS.

879.12

ZINC-INDUCED INTRACELLULAR SIGNALING PATHWAYS: 
ACTIVATION OF PLCy, Akt/PKB, AND MAPK.
M. M. Behrens*, P. Manzerra, V. Heidinger and D.W Choi. Center for 
the Study of Nervous System Injury and Dept. of Neurology, 
Washington Univ. School ofMedicine, St. Louis, MO 63110.

Reactive zinc is present in excitatory synaptic boutons and is released 
with neural activity. We explored the possibility that zinc might 
modulate intracellular signaling pathways. Brief non-toxic zinc 
exposures (1-50 pM for 1-5 min) induced transient tyrosine- 
phosphorylation of phospholipase Cy (PLCy) and Src kinase, activation 
of protein kinase B (PKB/Akt), and activation of the mitogen-activated 
protein kinase (MAPK) pathway in cortical neuronal cultures. 
Wortmannin or LY294002 blocked PKB/Akt phosphorylation 
consistent with mediation by PI3 kinase activation. MAP kinase 
activation was blocked by either PD98059 or KN93 consistent with 
mediation by MEK1/2 and calcium/calmodulin dependent kinase 
(CaMKII). A possible link between zinc exposure and signaling 
pathway activation was a zinc-dependent tyrosine kinase activity- 
detected in membrane fractions. These observations suggest that 
physiological levels of synaptic zinc release may modulate several 
intracellular signaling pathways implicated in synaptic plasticity. 
Supported by NIH NINDS grant NS30337 (DWC).
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879.13

ZINC-INDUCED MAPK ACTIVATION ENHANCES SUBSEQUENT 
NEURONAL DEATH. P. Manzerra*, M.M. Behrens, L.M.T. 
Canzoniero, C. Sheline, G. Kerchner V. Heidinger and D. W. Choi.
Center for the Study of Nervous System Injury and Dept. of Neurology, 
Washington Univ. School of Medicine, St. Louis, MO.
Excess synaptic release of zinc followed by entry into vulnerable 
neurons may contribute to neuronal loss after global ischemia. Since 
zinc can activate neuronal MAPK (see adjoining abstract, Behrens et al.), 
an event linked to neuronal death in other circumstances, we explored a 
possible role for MAPK in zinc-induced neuronal death.

MAPK activity in murine neuronal and glial cell cultures was 
markedly increased for hours after neurotoxic zinc exposure (500 pM for 
5 min with 45 mM K+) sufficient to induce widespread neuronal 
necrosis without glial death by the next day. Post-treatment with the 
selective zinc chelator TPEN blocked both the zinc-mediated cell death 
and the sustained activation of MAPK. Blockade of MAPK activation 
prior to zinc exposure with the MEK kinase inhibitor PD98059 partially 
reduced subsequent neuronal death, suggesting a death-promoting effect 
of this kinase pathway. One possible mechanism linking MAPK 
activation to an enhancement of zinc neurotoxicity may be facilitation of 
zinc entry through voltage-gated Ca^+ channels, as application of 
PD98059 reduced the steady state amplitudes of high-voltage activated 
Ca2+ channel currents as measured with whole cell recordings. 
Supported by NIH grant NS 30337 (DWC).

879.14

COOPERATIVE INTERACTION BETWEEN STRESS-KINASE 
AND NUCLEAR RECPTOR PATHWAYS 
F. Lamour, J-L. Mary, M. Tomas and W. Lesslauer*.
Dept. PRPN, F. Hoffmann-La Roche Ltd, CH-4070 Basel.

Numerous studies demonstrate interactivity between nuclear 
receptor and kinase pathways. RSK-B is a recently identified component of 
the stress kinase pathway downstream of p38MAPK, expressed in brain, 
responding also, albeit more weakly to ERK1; one important RSK-B 
substrate is CREB. To investigate a functional role of RSK-B in the 
modulation of RAR and VDR signaling, expression constructs for wt- and 
kinase deficient-RSK-B were transfected in HeLa cells together with 
luciferase reporter constructs under RARE- and VDRE-element control, and 
the effects of MAPK pathway stimulation in presence or absence of RA or 
Vit D3 were investigated by the in vivo signal pathway reporting system. 
Stimulation of RSK-B by MKK6 cotransfection substantially stimulated the 
RARE- and VDRE-reporter responses, which were further enhanced by 
concomittant treatment of the cells with the respective ligands. Both the 
reporter response stimulated by kinase activation and the enhancement by 
ligand treatment were sensitive to the specific inhibitor of p38MAPK, FHPI. 
Interestingly, the inhibition of ERK activity by the use of the MEK-inhibitor 
PD98059 resulted in a positive response of the RARE- and VDRE-luciferase 
reporter. To corroborate these findings, the effect of various kinase inhibitors 
on LA-N-5 neuroblastoma cell differentiation was investigated. These 
finfings will be discussed as evidence for crosstalk between nuclear receptor 
and MAPK pathways.

879.15

TYROSINE KINASE ACTIVITY REGULATES THE FUNCTION OF GLYCINE 
RECEPTORS IN SPINAL AND HIPPOCAMPAL NEURONS. V.B. Caraiscos. D.T, 
Ip*. J.F, MacDonald, and B.A, Orser. Dept. of Physiology, Univ. of Toronto; Toronto. 
ON M5S 1A8 Canada.

Glycine receptors mediate fast inhibitory neurotransmission in the brainstem and 
spinal cord. Previous studies indicate that the function of glycine receptors is 
influenced by PKA and PKC phosphorylation (Nature 348: 242; J. Biol Chem 266: 
559; Neuroscience 56: 605; J. Biol Chem 269: 2002; Mol Brain Res 24: 295). A 
putative tyrosine phosphorylation site has been identified on the glycine P-subunit, 
though its function is not well defined (J. Biol Chem 266: 23784). The purpose of 
these experiments was to determine if modulation of tyrosine kinase activity 
influences the function of glycine receptors present in spinal and hippocampal 
neurons. Glycine-evoked whole-cell currents were recorded from cultured murine 
spinal cord neurons and acutely dissociated rat hippocampal neurons, voltage-clamped 
at a holding potential of -60 mV. The EC50 values and Hill coefficients for peak 
currents recorded from spinal and hippocampal neurons were 42 ± 6 pM (n = 8) and 
137 ± 18 pM (n = 6), and 2.0 ± 0.4 and 1.6 ± 0.1, respectively. The non-specific 
tyrosine kinase inhibitor, genistein (50 pM), inhibited peak responses recorded from 
spinal neurons by 66 ± 4 % (n = 4) compared to those recorded in the presence of the 
inactive analogue, daidzein (50 pM). Similarly, lavendustin A (10 pM) also depressed 
the peak currents by 19 ± 5 % (n = 3) compared to those recorded in the presence of 
the inactive analogue, lavendustin B (10 pM). In the hippocampal neurons, 
lavendustin A reduced the glycine-evoked currents by 21 ± 9 % (n = 3). When the 
exogenous tyrosine kinase, cSRC (30 U/ml), was included in the recording electrode, 
the peak current was consistently increased by 53 ± 22 % (n = 3) compared to 
controls. These data indicate that tyrosine phosphorylation enhances glycine receptor 
function. (Supported by IARS Frontiers Award, the Heart and Stroke Foundation, the 
MRC of Canada, and the Ontario Ministry of Health).

879.16

EFFECTS OF MODULATION OF PYK2 ON MUSCARINIC M3 
RECEPTOR-COUPLED SIGNALING. C.A, Grimes*, J.A. Hartigan, 
J. Tucholski, G.V.W. Johnson, and R.S. Jope, Department of 
Psychiatry, University of Alabama at Birmingham, Birmingham, AL 
35294
PYK2 (proline-rich tyrosine kinase 2, also known as RAFTK and 
CAKp), like its family member focal adhesion kinase (FAK), has been 
identified as an important intracellular mediator of signaling cascades 
initiated by a variety of stimuli, including cholinergic receptors. 
Cholinergic muscarinic M3 receptors are coupled to the 
phosphoinositide signal transduction system and also to tyrosine 
phosphorylation of a number of substrates, including FAK, paxilhn, and 
MAP kinases. Therefore, this study utilized human neuroblastoma SH- 
SY5Y cells, which express M3 receptors, that were transiently transfected 
with PYK2 or dominant-negative PYK2 to examine the involvement of 
PYK2 in intracellular signaling cascades, including those culminating in 
the activation of transcription factors, including AP-1 and Egr-1. 
Measurements were made in untreated cells, after stimulation with the 
cholinergic agonist carbachol, or after activation of protein kinase C or 
increased intracellular calcium, of the tyrosine phosphorylation of 
adhesion-related proteins and MAP kinases, and of transcription factor 
activation. Transient transfection of PYK2 or dominant-negative PYK2 
each caused specific alterations in these signaling activities, confirming 
that PYK2 is involved in muscarinic receptor-coupled signaling systems.

Supported by NIH grant MH38752.

879.17

STIMULATION OF cAMP PATHWAY LEADS TO THF. ACTIVATION £)F 
RAS IN CULTURED CORTICAL NEURONS. S. Tininini1, AAmhrosini2* E, 
Sturani1, R. Zippel1.
’Dept.of General Physiology and Biochemistry, University of Milan, and 2Center 
of Neuropharmacology, Institute of Pharmacological Sciences, University of 
Milan, Italy
Monoaminergic G-protein coupled receptors (GPCRs) are highly expressed in the 
CNS at the cerebrocortical level, where they support a variety of behavioural 
responses. To elucidate one of the possible downstream signalling pathways we 
have studied^the abilityof these rcceptorsto activate the Ras-F,RK cascade in 
cultured cortical neurons. An increase in both active Ras (Ras-GTP) and ERK 
activity was observed after stimulation with dnpamine nr serntnnin nc well as 

with agonists selective for receptors linked to Gs, Gq and Gi proteins. Enhanced

with phorbol dibutyrate and forskolin. The effect of forskolin was mimicked by 
cyclic AMP and was at least in part mediated by PKA. Ras activation by cAMP 
was unique for neurons since in PC 12 cells forskolin caused activation of ERK but 
did not increase Ras-GTP leveL These resulte highlight the relevance of The 
neuronal-specific protein pattern in signal transduction and indicate that in 
neurons Ras 9»1 be activated by both GPCRs and r AMP
Supported by EC,BICM.

879.18

T-588 PROTECTS CULTURED MICROGLIA FROM J3-AMYLOID- 
INDUCED APOPTOSIS. A. Baba,1 Y. Kimura,1 T. Fujita,1 K. Takuma,3 T.
&__Qno,4 M.__Nakagawa4*_ and_ Matsuda2. ’Lab. of Molecular
Neuropharmacology and 2Lab. of Medicinal Pharmacology, Graduate Sch. 
of Pharmaceut. Sci., Osaka Univ., Suita, Osaka, 565-0871; 3Dept. of 
Analytical Chemistry, Fac. of Pharmaceut. Sci., Kobe Gakuin Univ., Kobe, 
651-2180; '‘Toyama Chemical. Co. Ltd., Toyama, 930-8508.

(IR)-l-Benzo[b]thiophen-5-yl-2-[2-(diethylamino)ethoxy]ethan-l-ol hy-
drochloride (T-588) has an excellent protective activity against memory 
and learning impairments in an animal model of senile dementia of 
Alzheimer’s disease. But, the cellular and intracellular mechanisms of 
T-588 are not known. The present paper shows that T-588 
protects cultured microglia against [3-amvloid (A[3) peptide (25-35)-induced 
cell toxicity. Af)(25-35) at 100 pM induced apoptosis of cultured microglia, 
as determined by WST-1 assay, DNA fragmentation and nuclear 
condensation. The peptide-induced cell toxicity was attenuated by T-588 
in a dose-dependent manner. The protective effect of T-588 was blocked 
by the MEK inhibitor PD98059, but not by the PI-3 kinase inhibitor 
wortmammin. T-588 activated ERK, but not Akt, phosphorylation. 
These findings suggest that T-588 protects microglia against A|3(25-35)- 
induced cell death via activation of ERK pathway.
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879.19

T-588 PROTECTS CULTURED ASTROCYTES FROM REPERFUSION- 
INDUCED APOPTOSIS. K. Takuma.3 T. Matsuda.2 E. Lae,4 Y. Kimura.1 
S. Qno.5 K. Hirata5* and A. Baha1. ‘Lab. of Molecular Neuropharmacolo-
gy and 2Lab. of Medicinal Pharmacology, Graduate Sch. of Pharmaceut. 
Sci., Osaka Univ., Suita, Osaka, 565-0871; 3Dept. of Analytical Chemistry 
and 4Dept. of Pharmacology, Fac. of Pharmaceut. Sci., Kobe Gakuin Univ., 
Kobe, 651-2180; Toyama Chemical. Co. Ltd., Toyama, 930-8508.

We previously reported that incubation of cultured astrocytes in Ca2+- 
containing medium after exposure to Ca2+-free medium caused Ca2+ influx 
followed by delayed cell death including apoptosis. The present paper 
shows that hydrogen peroxide is involved in the Ca2+-mediated cell death 
and (lR)-l-benzo[b]thiophen-5-yl-2-[2-(diethylamino)ethoxy]ethan-l-ol 
hydrochloride (T-588), a novel cognition enhancer, attenuates this injury 
in cultured astrocytes. T-588 protected astrocytes from reperfusion- and 
hydrogen peroxide-induced apoptosis. NGF enhanced the protective 
effect of T-588. T-588 did not affect NGF production. The protective 
effect of T-588 was blocked by the MEK inhibitor PD98059, but not by the 
PI-3 kinase inhibitor wortmannin. T-588 activated ERK phosphorylation 
and the effect was blocked by PD98059. These findings suggest that T- 
588 protects astrocytes against reperfusion-induced cell death via 
activation of ERK pathway.

879.20
Immunohistochemical localization of chemokine receptors in 
human dorsal root ganglia (DRG).
John Humphrey, Frank Mortari, Diane Wotta*, Harvey Gaylord,
Alexander Kalyuzhny, Monica Tsang,
R&D Systems, Inc., 614 McKinley Place N.E., Minneapolis, MN 55413. 

Accumulating evidence indicates that chemokines not only regulate
leukocyte physiology, but also play important roles in neuronal function. 
However, little is known about the anatomic localization of chemokine 
receptors in neuronal cells. In this study we investigated the localization of 
chemokine receptors CXCR4, CCR6 and CCR5 in human dorsal root 
ganglia. Monoclonal antibodies were raised to the human chemokine 
receptors by immunizing mice with mouse NSO myeloma or 3T3 cells 
transfected with the full length receptors. Supernatants from the fused cells 
in culture were screened for antibody production by direct ELISA using 
immobilized transfectants expressing the appropriate chemokine receptor. 
Subsequent to subcloning and purification, the antibodies were 
characterized in a number of assays including FACS analysis and 
immunohistochemistry on transfected cells and normal human peripheral 
blood cells. Using paraffin-embedded DRG tissues we demonstrated by 
immunohistochemistry that CXCR4, CCR6 and CCR5 chemokine 
receptors are expressed in primary sensory neurons. Strong labeling for 
CXCR4 and CCR6 was found in cell soma and processes of DRG neurons. 
In contrast, labeling for CCR5 was rarely observed in neuronal cell bodies 
but was not found in neuronal processes. We suggest that the activity of 
primary sensory neurons may be regulated by chemokines directly via 
receptor-mediated mechanism.

Supported by R&D Systems, Inc. and SBIR grant 2 R44 Al 412 99-02.
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880.1

PLHOTROnC EFFECTS OF SPHINGOSINE-l-PHOSPHATE ON 
ASTROCYTES. M. Tenc£*, A. P£bav, M. Toutant I, Premont T. Cordier 
and I. Glowinski. INSERM U114, College de France, 75005 Paris, France.
Sphingosine-l-phosphate (SIP) has been shown to be involved in the 

regulation of a variety of cellular processes. This novel phospholipid 
mediator probably acts through G protein-coupled receptors of the 
"endothelium-differentiation gene" (EDG) subfamily. According to recent 
reports, nervous cells could be targets for SIP. However, the mechanism of 
action of the phospholipid in the CNS and its physiological and 
pathological roles are unkown. In this study, we have identified the 
intracellular signaling pathways activated by SIP in primary cultures of 
striatal astrocytes from the mouse embryo.

We show that SIP is able to: 1) stimulate the production of inositol 
phosphates (EC50=0.3 |aM) by a mechanism involving partially pertussis 
toxin(PTX)-sensitive Gi/Go proteins; 2) mobilise intracellular calcium; 3) 
inhibit the formation of cyclic AMP evoked by forskolin (IC5(M).l pM), 
an effect totally impaired by PTX pretreatment; 4) stimulate 
phospholipase D activity through a mechanism involving Gi/Go and a 
protein kinase C; 5) stimulate the release of arachidonic acid and 
finally, 6) induce a sustained activation of the MAP kinases ERK1 and 
ERK2, an effect impaired by PTX pretreatment and protein kinase C 
inhibitor. Long-term treatment of astrocytes with SIP resulted in 
stimulation of DNA synthesis. Therefore, in astrocytes, SIP is able to 
activate multiple intracellular signaling cascades, most of them being 
transduced by G proteins. Their involvement in the regulation of such 
important astrocytic functions as gliosis, morphological plasticity or 
control of neuronal functions remains to be investigated. (Supported by 
INSERM)

880.2

REGULATION OF Gq/11-MEDIATED PHOSPHOINOSITIDE HYDROLYSIS IN 
SH-SY5Y CELLS BY PALMITOYLATION AND TYROSINE 
PHOSPHORYLATION. 1 M.A. Pacheco*, Patrizia De Samo, Ling Song, and
R.S.Jope. ’Dept. of Pharmacology, Univ. South Florida, Tampa, FL and Dept. of 
Psychiatry, Univ. Alabama at Birmingham, Birmingham, AL.

Two post-translational modifications of Gq/11 have been reported, 
palmitoylation and tyrosine phosphorylation. It remains unclear if either of these 
modifications regulates the function of Gq/11, which is to mediate receptor-coupled 
activation of phosphoinositide-specific phospholipase C. To test if palmitoylation or 
tyrosine phosphorylation regulates phosphoinositide activity, human neuroblastoma 
SH-SY5Y cells were treated with inhibitors of protein palmitoylation and tyrosine 
phosphorylation and phosphoinositide hydrolysis was measured after stimulation 
with (i) carbachol, (ii) NaF to directly activate Gq/11, and (iii) ionomycin to activate 
phospholipase C. 2-Fluoropalmitate and tunicamycin, inhibitors of palmitoylation, 
each concentration-dependently inhibited phosphoinositide hydrolysis stimulated by 
carbachol, or by NaF, but not by ionomycin, indicating that palmitoylation, most 
likely of Gq/11, is necessary for stimulated signaling activity. The tyrosine kinase 
inhibitor genestein and the src family kinase-selective inhibitor PP1 each inhibited 
carbachol-stimulated and NaF-stimulated, but not ionomycin-stimulated 
phosphoinositide hydrolysis, indicating that tyrosine kinase activity is necessary for 
activation of Gq/11 signaling activity. Carbachol-stimulated increases in AP-1 and 
EGR-1 DNA binding were concentration-dependently inhibited by 2-fluoropalmitate 
and genestein. These results indicate that palmitoylation and tyrosine 
phosphorylation are necessary for optimal activity of the Gq/11-mediated muscarinic 
receptor-coupled activation of phosphoinositide signaling and downstream 
transcription factor activity. Supported by NARSAD and NIH grant MH38752

880.3

PHOSPHOLIPASE C-51 IS ACTIVATED BY CAPACITATIVE CALCIUM ENTRY 

WHICH FOLLOWS PHOSPHOLIPASE C-p ACTIVATION UPON BRADYKININ 

STIMULATION. Y. H,..Kim, S, Y Choi. T. J, Park and-K. T. Kim*, Department of 

Life Science, Pohang University of Science and Technology, Pohang, Korea

To characterize the regulatory mechanism of PLC-51 in the bradykinin (BK) 

receptor-mediated signaling pathway, we used a clone of PC 12 cells which stably 

overexpress PLC-81 (PC12-D1). Stimulation with BK induced a significantly higher 

Ca2+ elevation and inositol 1,4,5-trisphosphate (IP3) production with a much lower 

half maximal effective concentration (EC50) of BK in PC12-D1 cells than in wild 

type (PC12-W) or vector-transfected (PC12-V) cells. However, BK-induced 

intracellular Ca2+ release and IP3 generation was similar between PC12-V and PC 12- 

D1 cells in the absence of extracellular Ca2+, suggesting that the availability of 

extracellular Ca2+ is essential to the activation of PLC-51. When PC12-D1 cells were 

treated with agents that induce Ca2+ influx, more IP3 was produced, suggesting that 

the Ca2+entry induces IP3 production in PC12-D1 cells. Furthermore, the additional 

IP3 production after BK-induced capacitative calcium entry (CCE) was detected in 

PC12:D1 cells, suggesting that PLC-51 is mainly activated by CCE. When cells were 

stimulated with BK in the presence of extracellular Ca2+, [3H]NE secretion was much 

greater from PC12-D1 cells than from PC12-V cells. Our results suggest that PLC-51 

is activated by CCE following the activation of PLC-P, additively inducing IP3 

production and Ca2+ rise in BK-stimulated PC 12 cells.

880.4

EFFECTS OF OXIDATIVE STRESS ON PHOSPHOLIPID SIGNALING 
IN RAT CULTURED ASTROCYTES. J.-M. Servitja*, R. Masgrau, R. 
Pardo, E. Sarri and F. Picatoste. Department of Biochemistry and Molecular 
Biology, Facultat de Medicina, Universitat Autonoma de Barcelona, 08193 
Bellaterra (Barcelona), Catalonia, Spain, fpicatoste@servet.uab.es

A growing body of evidence suggests that reactive oxygen species (ROS) 
regulate several signal transduction pathways. Brain metabolism produces 
ROS, which reach large amounts in pathologic conditions. Among brain 
cells, astrocytes have been shown to be the most resistant to oxidative stress. 
We have studied the effects of H2O2-induced oxidative stress on 
phospholipid signaling in primary cultures of astrocytes from newborn rat 
brain cortex. H2O2 stimulated the accumulation of phosphatidylbutanol, a 
product of phospholipase D (PLD) catalyzed transphosphatidylation 
reaction, in a time and concentration dependent manner. H2O2 also elicited 
inositol phosphate accumulation resulting from phospholipase C (PLC) 
activation. The PLD response was inhibited by the protein kinase C (PKC) 
inhibitor Zusindolilmaleimide, by PKC down regulation, and by the PLC 
inhibitor U73122. Moreover, the PLD response was greatly reduced by the 
absence of added Ca2+ and totally supressed by the addition of EGTA or 
after chelation of intracellular Ca2* with BAPTA-AM. These results suggest 
that PLD activation by H2O2 could be subsequent to stimulation of PLC via 
the PKC pathway. In addition, involvement of tyrosine kinases was 
suggested by the partial inhibition of the H2Orinduced PLD activation by 
genistein. The effects of exogenous H2O2 on both PLC and PLD were 
mimicked by menadione-induced production of endogenous H2O2. Finally, 
H2O2 activated PLD also in rat brain cortical slices. This work was supported 
by grant PB/97-0168 (MEC, Spain)
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880.5

MAPK INHIBITOR PD98059 INCREASED ARACHIDONIC ACID 
IN ASTROCYTES. J. Xu*. S. Shen and G.Y. Sun Biochemistry 
Department, University of Missouri, Columbia, MO 65212.

Astrocytes have been shown to express cytosolic phospholipase A2 
(cPLA2) which plays an important role in the pathogenesis of neuro- 
degenerative diseases. Although this enzyme is typically activated 
through a phosphorylation and translocation mechanism, the signal 
transduction pathways leading to its activation in astrocytes has not 
been clearly understood. The present study attempted to examine the 
involvement of the mitogen-activated protein kinase (MAPK) in the 
activation of cPLA2 in immortalized astrocytes (DITNC). When cells 
were prelabeled with [14C]arachidonic acid (AA), activation of cPLA2 
could be demonstrated by stimulating cells with phorbol myristate 
acetate (PMA), calcium ionophore, A23187, H2O2, and serum. In-gel 
kinase assay of MAPK activity revealed a similar increase in p42/p44 
by the same agents. MAPK activities were inhibited by PD98059 (20 
(iM). Surprisingly, pretreatment of cells with PD98059 enhanced the 
basal labeled AA in cells. Further studies in vivo and in vitro gave 
evidence that PD98059 could also inhibit fatty acid ligase responsible 
for activation of AA to acyiCoA, a prerequisite step for incorporation 
of fatty acids into phospholipids. Results thus revealed a new site of 
action for this MAPK inhibitor and precluded its use to elucidate the 
involvement of MAPK in cPLA2 activation. (Supported by AA 06661 
from NIAAA).

880.6

A STIMULUS - AND TIME-DEPENDENT, BRAIN-SPECIFIC NOVEL 
PHOSPHOLIPASE A2. K. Kishimoto1* M, Ozaki1 K, Nakadate1,
L, H, Xu1 H, Kurovanagi2 Y, Suzuki2 T. Shirasawa2. and Y, Watanabe1 
‘Dept. of Neuroscience, Osaka Bioscience Inst. 6-2-4 Furuedai, Suita-shi, 
Osaka 565-0874, 2Dept. of Molecular Genetics, Tokyo Metropolitan Inst, of 
Gerontology, 35-2 Sakecho, Itabashiku, Tokyo 173-0015, Japan.

Arachidonic acid and its metabolites have been suggested to be involved in 
various neuronal functions in the central nervous system (CNS). In the brain, 
arachidonic acid is considered to be released by 85-kDa cytosolic 
phospholipase A2 (cPLA2) in a stimulus-dependent manner. We recently 
demonstrated that cPLA2 is predominantly expressed in neurons by 
improved Northern blot and in situ hybridization^ cPLA2 knock-out mice, 
however, showed no neurological symptom in spite of its suggested role in 
CNS5 We hypothesized a bypass pathway that complements the defective 
function of cPLA2, or the presence of PLA2s’ subtypes in the brain of 
knock-out mice. In the present study, we assessed the gene expression of 
PLA2’s in the rat brain after administration of glutamate agonists. Northern 
blot analysis showed the induction of a novel mRNA in the specific region of 
the brain at about 2 hours after the stimulation. This novel mRNA 
expression disappeared after 6 hours. Recombinant protein of its cDNA had 
a significant PLA2 activity. By using an anti-peptide antibody, Western blot 
analysis detected a band with the estimated molecular mass. For better 
understanding of the mechanisms controlling this expression in the CNS, we 
investigated the genomic organization of the gene, revealing the specific 
promotor region for the transcript. Thus, we here report the existence of a 
novel PLA2 and its sophisticated expression system in the CNS.
tK. Kishimoto., et al. (1999) Neuroscience in press.
’N. Uozumi., et al. (1997) Nature 390, 618-622.

880.7

EXPRESSION OF cPLA2-3 AND cPLA2-y, NOVEL PARALOGS OF GROUP IV 
CYTOSOLIC PHOSPHOLIPASE A2, IN MAMMALIAN BRAIN. R. Diaz- 
Arrastia*. K.S. Scott., Dept. of Neurology, Univ. of Texas Southwestern Medical 
Center, Dallas, TX 75235.

Phospholipase A2s (PLA2s) are the enzymes primarily responsible for the production 
of bioactive lipids such as arachidonic acid, prostaglandins, leukotrienes, and platelet 
activating factor, which are believed to play key roles in normal synaptic physiology as 
well as in excitotoxicity. It is not clear which PLA2 isoform is responsible for the 
production of wliich lipid mediators under different conditions in the CNS. Recently 
two human paralogs of Group IV, Ca2+-dependent cytosolic PLA2 were identified in 
EST databases and characterized by molecular cloning (Underwood et al (1998) JBC 
273:21926-21932, and Pickard et al (1999) JBC 274:8823-8831), and are referred to as 
c PLA2-P AND cPLA2-y. We have studied the expression of these novel lipases in 
human neuroblastoma cells and in mouse brain. Both isoforms are abundantly 
expressed in neuroblastoma cells and mouse brain. cPLA2-p mRNA is predominantly 
found in a large, unspliced form, although by RT-PCR small amounts of mature 
spliced message is detectable. The extent of splicing is greater in neuroblastoma cells 
that are undergoing apoptosis, and in mouse hippocampus three days after kainic acid- 
induced seizures. So fer, we have been unable to detect cPLA2-|3 protein expression. 
In contrast, cPLA2-y mRNA is abundant in the mature form, and lipase protein is 
expressed in neural tissues. cPLA2-yis primarily found bound to membrane fractions, 
and treatment with detergents is required for solubilization. In immunocytochemical 
experiments, this isoform is expressed in pyramidal neurons in the cortex and 
hippocampus. Tire pattern of expression of these novel PLA2(s) make them candidates 
for a functional role in the production of bioactive lipids in the CNS.

(Supported by NIH RO1 AG12297,RO3 AG16450, and KO8NS01763 (R.D.-A)

880.8

CLONING AND CHARACTERIZATIONS OF INOSITOL 
HEXAKISPHOSPHATE KINASE (IP6-KINASE). A, Saiardi*1, H, 
Erdjument-Bromage2. A. Snowman1, P. Tempst2, S.H. Snyder1. 1) The 
Johns Hopkins University School of Medicine-Department of Neuroscience, 
725 N. Wolfe St., Baltimore, MD 21205 and 2) Molecular biology program, 
Memorial Sloan-Kettering, Cancer Center, New York, NY 10021.

Inositol hexakisphosphate (IP6) is the most abundant phosphoinositol in 
the cell, and it plays several important roles in the regulation of cellular 
function. IP6 is not the end point of myo-inositol metabolism because it can 
be phosphorylated to diphosphoinositol pentakisphosphate (PP-IP5 or IP7) 
and to bisdiphosphoinositol tetrakisphosphate (bisPP-IP4 or IP8). The 
function of the "pyro"-inositolpolyphosphates IP7 and IP8 has not been 
elucidated yet. Recently it as been showed that IP7 interact with proteins, 
involves in the regulation of endocitosis and vesicle trafficking. 
Furthermore, the high energy pyro-phospate group of IP7 and IP8 can be 
converted to ATP suggesting a role in energy transfer for the pyro- 
inositolpolyphosphates. IP7 is synthesized by a kinase using IP6 and ATP as 
substrates. IP6-kinase was previously purified from rat brain homogenate. 
After microsequencing of the purified enzyme, we cloned mouse IP6- 
kinase. This enzyme consist of 433 aminoacids with an apparent molecular 
weight of 50 kD and is highly expressed in brain and testis which posses 
high IP6-kinase activity. The cloning of IP6-kinase will help to identify the 
physiological roles of high inositol pyro-phosphate.

880.9

CHARACTERIZATION OF THE SIGNAL TRANSDUCTION RESPONSES 
ELICITED BY SR142948A AND SR48694 FOLLOWING THE ACTIVATION 
OF THE HUMAN NEUROTENSIN TYPE-2 RECEPTOR EXPRESSED IN CHO 
CELLS. N. Vito, M. Berguerand, P, Moulin, R.Reeb, D. Shire, G, Le Fur*, D, Caput 
and P. Ferrara. Sanofi Recherche, Labege Innopole, BP 137, 31676 Labege, France.

We have studied the intracellular signaling cascades elicited by two structurally- 
related non-peptide agonists acting on CHO cells stably expressing the human 
neurotensin type 2 receptor, hNT-2R. The study followed the observation that 
SR142948A gave rise to a more complex acidification profile than SR48692 with the 
CHO-hNT-2R cell line using a Cytosensor Microphysiometer. This suggested that 
more than one signaling cascade may be involved.
We investigated phosphoinositide turnover, arachidonic acid release and ERK 
activation in the presence of various metabolic inhibitors. We found that these 
downstream events were mediated by different classes of heterotrimeric G proteins 
(Gq/11 and the pertussis toxin-sensitive Gi/o), two phospholipases C and involved 
distinct subtypes of PKC associated with arachidonic acid release and ERK 
activation. Moreover, the Gbg subunits of the Gi/o proteins were also implicated in 
ERK activation.
The majority of these responses were common to the activation by both agonists, 
however some differences in the kinetics have been observed.
Under the same conditions, neurotensin was not able to elicit any cellular response in 
CHO-hNT-2R cells but completely inhibited the responses shown for SR142948A 
and SR48692.
The results show that the hNT-2R is able to activate complex intracellular pathways 
following its interaction with SR 142948A and SR48692.

880.10

NEURONAL DIFFERENTIATION OF NT2 CELLS ALTERS EXPRESSION OF 
PHOSPHOINOSITIDE SIGNALING COMPONENTS. J.E. Novak. B.W, Aeranoff. 
and S.K, Fisher*. Neuroscience Laboratory, Univ. of Michigan, Ann Arbor, MI 
48104.

Phosphoinositide signaling in the human brain is associated with characteristic 
neurotransmitter receptor subtypes, G proteins, and isoforms of phosphoinositide- 
specific phospholipase C (PLC). Although some work has been done to identify 
regional patterns of distribution of these signaling components within the brain, this 
research has not had the resolution required to study discrete cell populations. We 
have examined the expression of phosphoinositide signaling proteins in human CNS 
neurons with the use of the NT2-N system. NT2-N cells, obtained by long-term 
retinoic acid treatment of NT2 teratocarcinoma cells, are indistinguishable from 
primary culture neurons by a number of morphological, biochemical, and 
electrophysiological criteria. Immunoblot data indicate that differentiation of NT2 
stem cells to the neuronal phenotype resulted in 10-fold increases in the expression of 
both PLC-p, and Gaq/11 (the prime activator of PLC-p,), proteins that are enriched in 
cortex and hippocampus. These increases were accompanied by decreases in the 
immunoreactivity of PLC-(33 and PLC-y, both of which are nonselectively expressed 
in glia as well as in non-neural tissues. Neuronal differentiation also resulted in a 30- 
fold increased expression of Got0, a G protein enriched in growth cones, whereas the 
expression of Gcij and Get, was relatively unchanged. To address the specificity of the 
retinoic acid-mediated changes, NT2 cells were treated with berberine, a structurally 
unique compound reported to induce neuronal differentiation. Berberine administration 
resulted in the same changes in Got,,,,, PLC-fJ„ and PLC-(33 as observed with retinoic 
acid and also led to a strikingly neuronal morphology. In contrast, differentiation of 
NT2 cells with dibutyryl cAMP resulted in cells with a "flat" appearance without 
alterations in die expression of Gaq/11, PLC-p„ or PLC-p3. These data then indicate 
that terminal differentiation of human NT2 cells to a neuronal phenotype is associated 
with neuron-specific changes in the expression of phosphoinositide signaling proteins 
Supported by NIH grants NS-23831, MH-46252, and MH-12259.
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880.11

LOCALIZATION OF mRNA FOR SYNAPTOJANIN AND SHIP IN THE 
BRAIN OF DEVELOPING AND MATURE RAT WITH ATTENTION TO 
THE IMPORTANCE OF INOSITOL 5-PHOSPHATASES IN GLIA. M. 
Kudo12. S. Saito1. H. Sakagami1, H. Suzaki. and U, KoDdo't. ‘Dept. 
Cell Biol., Div. Histol., Graduate Sch. Med. Sci., Tohoku Univ., 
Sendai, 980-8575, Japan; 2Dept. Otolaryngol., Sch. Med., Showa 
Univ., Tokyo, 142-8575, Japan.

Inositol polyphosphate 5-phosphatases are classified into 4 
groups according to their substrate specificity. The localization 
of mRNAs in the brain was examined for synaptojanin(Synj) as 
a group II and SH2-containing inositol phosphatase (SHIP) as a 
group III. Synj-1 mRNA was detected in embryonic mantle zone 
and postnatal gray matters, neurons, throughout development, 
while Synj-2 was detected in the white matters, presumed 
oligodendrocytes, at late postnatal stages as well as in most 
neurons at early and late postnatal. While the expression of 
SHIP-1 mRNA was discerned only in the cerebral cortex in late 
postnatal brain, SHIP-2 mRNA was detected in the white 
matters, presumptive oligodendrocytes, of postnatal brain. The 
gene expression for Synj-2 and SHIP-2 in the glia is much 
intense unproportionally, compared with that for any
phosphoinositide kinases so far reported, suggesting selective 
importance of the D5-inositol dephosphorylation in the glia.
The selective expression for SHIP-2 in the germinal zone may 
represent its roles as a regulator in the Ras-cascade as well as 
an importance of the dephosphorylation in the proliferation of 
neural progenitor cells in the embryonic brain.

880.12
ABUNDANT LEVELS OF MYO-INOSITOL IN CELLS OF HUMAN 
NEURONAL ORIGIN S. Koch*, G. Chen, J. Santalucia Jr., H.K. Manji, G.J. 
Moore Cellular and Clinical Neurobiology Program, Wayne State Univ. Sch 
of Med, Detroit, Ml 42801.USA.

Myo-inositol (ml) plays at least two important roles in the CNS: cell 
osmotic regulation and cellular signal transduction as part of the 
phosphoinositide signaling pathway. Recent high resolution NMR studies of 
perchloric acid (PCA) extracts from several neuronal and glial cell cultures 
have suggested that ml is exclusively glial and based on these results, ml 
has been suggested for use as a glia-specific marker for in vivo MRS studies 
(Brand et al., 1993). We have undertaken an NMR study of several cell 
culture models with characteristics of human neuronal cells to determine 
their relative ml content compared to a C6 glioma cell culture. PCA extracts 
were obtained from the NT2-N cells and SH-SY5Y cells and C6 glioma cells. 
Proton NMR spectra of the PCA extracts were obtained at 500 MHz using a 
high resolution spectrometer 256 averages, flip angle 45 degrees, and a 
repetition time 5 seconds. Chemical shifts were referenced to TSP at 
O.Oppm. Proton NMR spectra of extracts from the neuronal NT2-N and 
neuroblastoma SH-SY5Y cell lines as well as the C6 glioma cell line all 
exhibited strong signals from ml; the concentrations of ml found in the NT2- 
N and SH-SY5Y cultures were similar to that observed in the C6 glioma 
cells. Recently Novak and colleagues (1999) have reported high ml levels in 
NT2-N cells using HPLC methods, a finding which is confirmed by our NMR 
studies. Investigations of ml content via NMR in other cells of human 
neuronal origin are ongoing. Given the diversity of cell types, it is likely that 
different neuronal cell types within the human CNS may have widely varying 
levels of ml. The suggestion that CNS ml is exclusively glial deserves 
reexamination. Supported by NARSAD and the Stanley Foundation.

TRANSPORTERS: OTHER

881.1

CLONING OF A MEMBER OF A PEPTIDE I HISTIDINE
TRANSPORTER FAMILY. K, Sakata1 . T, Yamashita2, S, Shimada3
K. Sato 4* and 1 M. Tohyama, 1Dpt. of Anatomy and Neuroscience, 
Graduate Sch. of Med, Osaka Univ. Med. Sch., Suita, 565-0871, Japan; 
^Dpt. of Neurochemistry, Max-Planck Institute of Neurobiology, 
Martinsried, D-82152, Germany; 3Second Dpt. of Anatomy, Nagoya 
City Univ. Med. Sch., Mizuho, 467-0001, Japan; 4*First Dpt. of 
Anatomy, Hamamatsu, 431-3124, Japan.

We have isolated a cDNA (rPHT2) encoding a new member of 
oliogopeptide transporter family by screening a rat brain cDNA 
library. Sequence analysis revealed that rPHT2 encodes a protein 
with 582 amino acids and showed 50% similarity to the peptide/ 
histidine transporter (PHT1) previously isolated in our laboratory. 
Northern blot analysis and Reverse transcription-coupled polymerase 
chain reaction (RT-PCR) showed that rPHT2 mRNA was abundantly 
expressed in lung, spleen, and thymus, faintly in brain, liver, adrenal 
garand and heart. This distribution was significantly different from 
that of PHT1 mRNA which was found to express mainly in the brain 
and eye. Further analysis by in situ hybridization demonstrated that 
intense signals for rPHT2 mRNA were found in immunocytes. In 
immunofluorescence analysis in transfected HEK293T cells and BHK 
cells, FLAG-tagged rPHT2 was not detected in the cell surface, but 
showed a pattern of intracellular staining. [Supported by CREST and 
JSPS Reseach fellowships for Young Scientists]

881.2

CLONING AND FUNCTIONAL EXPRESSION OF A SODIUM AND 
CHLORIDE DEPENDENT AMINO ACID TRANSPORTER (SCAAT) 
J.L. Sloan* and S. Mager. Curriculum in Neurobiology and Dept. of Cell 
and Molecular Physiology, University of North Carolina, Chapel Hill, NC 
27599.

Query of the expressed sequence tag (EST) database to identify new 
neurotransmitter transporters revealed several cDNA fragments with 
sequence similarity to the Na+/Cf dependent neurotransmitter transporter 
family. Rapid amplification of cDNA ends (RACE) yielded a cDNA of 
~4.5 kb with an open reading frame that predicts a protein of 642 amino 
acids. SCAAT shows the highest similarity to the glycine transporters, 
GLYT1 and GLYT2, and proline transporter, PROT. Highest expression 
was detected in the lung, trachea and salivary gland with lower levels of 
expression in the mammary gland, stomach and pituitary gland. Two 
electrode voltage clamp and uptake measurements were used to 
characterize SCAAT function in the Xenopus oocyte expression system. 
SCAAT carries zwitterionic and catjonic amino acids but not the anionic 
amino acids, glutamate and aspartate. Transport is strongly dependent on 
the presence of Na+ and Cf in the extracellular solution. Amino acid 
uptake is blocked by the system Bo+ specific inhibitor, 2-aminobicyclo- 
[2.2.l]-heptane-2-carboxylic acid (BCH). Substrate specificity and 
pharmacology suggest that SCAAT is a system Bo+ amino acid transporter. 
We are currently investigating the possibility that SCAAT mediates amino 
acid induced hormone release from the pituitary gland. (Supported by 
NARSAD grant to S.M.)

881.3

THE EXISTENCE OF HISTAMINE RE-UPTAKE SYSTEM IN THE 

BRAIN E. Sakurai1, E. Sakurai2, L. Oreland3, T. Watanabe1, K. Yanai'* 
'Dept. of Pharmacology, Tohoku Univ. Sch. of Med., Sendai 980-8575 

Japan.,2 Dept. of Pharmaceutics I Tohoku College of Pharm., Sendai 981-8558 

Japan.,3 Dept. of Medical Pharmacology Uppsala Univ., Uppsala, Sweden

Histamine has a variety of physiological roles in the brain as a 

neurotransmitter. Neuronal histamine is metabolized almost exclusively by 
histamine N-methyltransferase. However, the primary mechanism of 
inactivation of histamine, a re-uptake into the corresponding nerve terminals or 
glial cells, has not yet been well elucidated. We characterized the uptake of 
histamine into the separated P2 fractions from the rat forebrain homogenized in 

0.32M sucrose using in vitro uptake techniques. Furthermore, the uptake of 
histamine into human astrocytoma cells (132INI) was also characterized under 
intact cell conditions. The uptakes of histamine were sodium-, temperature- 
and time-dependent. Several tricyclics inhibited the uptake of histamine dose- 
dependently. The histamine Hl, H2 and H3 receptor ligands had no effect on 
the uptake with the exception of doxepin. The selective dopamine uptake 
inhibitors GBR-12909 and cocaine had no effect on the uptake. The 
localization of histamine uptake system in subfractions of the rat brain 
homogenate was examined. The uptake of histamine was mainly distributed in 
synaptosomal fractions. The results from these experiments farther support the 
existence of histamine uptake system in the brain.

881.4

ANTAGONISTS OF THE HISTAMINE TRANSPORTER IN 
AN ARTHROPOD PHOTORECEPTOR. K.A.Gebhardt, S.N. 
Vogel, and A.E.Stuart*. Dept. of Cell and Molecular Physiol-
ogy, Univ. of North Carolina, Chapel Hill, NC 27599-7545.

Histamine (HA) is now generally accepted as the neurotrans-
mitter at arthropod photoreceptor (PR) synapses. Autoradiography 
has shown that uptake of 3H-HA into barnacle PRs is selective 
and Na-dependent (J; Neurosci. 1996, 16: 3178). We tested 
antagonists of mammalian HA receptors for their ability to block 
transport of 3H-HA (20pM) into and out of these PRs. Transport 
into PRs and glia was assayed by autoradiography of PR axons 
after incubation of preparations in 3H-HA and drug (1pM). H2 and 
H3 blockers did not affect uptake, but the H1 receptor antagonists 
triprolidine and tripelennamine completely blocked labeling of PRs 
and glia. For assaying reverse transport of 3H-HA, PRs were 
loaded with 3H-HA (20pM, 2 hr, 11°C), then superfused with test 
salines containing Co (17mM) and reduced Ca (3mM) to block Ca- 
dependent release of the3H-HA. Effluent was collected every 
minute and counted in the scintillation counter. Superfusion with 
unlabeled HA (1 mM) in the presence of Na led to 3H-HA efflux 
(homoexchange). When either tripelennamine or triprolidine were 
present in the superfusate, 3H-HA efflux evoked by unlabeled HA 
was reversibly blocked. These observations suggest that these H1 
antagonists block the Na-dependent HA transporter in this hista- 
minergic PR. Supported by NIH grant EY03347 to AES.
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881.5 881.6
ACUTE REGULATION OF HIGH-AFFINITY CHOLINE TRANSPORT
S. Apparsundaram*, and R. D. Blakely Department of Pharmacology and 
Center for Molecular Neuroscience, Vanderbilt University Medical School, 
Nashville, TN 37232, USA.

In cholinergic neurons, choline is transported via both high-affinity and 
low-affinity uptake mechanisms. The high-affinity uptake process is rate-
limiting in the synthesis of acetylcholine, and is Na+/Cl--dependent as 
well as sensitive to hemicholinium-3 (HC-3). The activity of high- 
affinity choline transporters (HAChTs) is tightly regulated by neuronal 
activity, second messengers, hormones and neurotransmitters. Recent studies 
on other Na+/Cl--dependent transporters suggest that G-protein coupled 
and tyrosine kinase receptors regulate transporter activity and/or surface 
expression. We sought to test the applicability of these mechanisms for 
understanding the regulation of choline transport in cholinergic neurons. In 
rat cortical and hippocampal synaptosomes, we find that high K+, and 
Ca2+ ionophore A23187 produce significant elevation, whereas the PKC 
inhibitor chelerythrine and the protein phosphatase PP1/PP2A inhibitor 
okadaic acid produce a significant reduction in HAChT activity without 
altering the low-affinity choline uptake. On the other hand, interleukin-2 
produces a marked reduction of the HAChT activity accompanied by a 
significant reduction in low affinity choline uptake. The effect of these 
agents on [3H]choline transport and [3H]HC-3 binding kinetics are being 
investigated to gain insight on neuromodulatory mechanisms regulating 
HAChT surface distribution and trafficking. (Supported by 5T32 HL07323 
to S.A. and NIMH 58921 to R.D.B.)

EVALUATION OF 18F AND 11C LABELED AGENTS FOR THE IN VIVO 
INVESTIGATION OF THE HIGH AFFINITY CHOLINE UPTAKE SYSTEM 
WITH PET. G. Bormans1, C. Gilissen1, T. de Groot1 F, Bronfman2, R. 
Vandenberghe1*, L. Mortelmans1, A. Verbruggen1,. 1Lab Radiopharm. Chem. 
and Nucl. Med. and ^Human Genetics, University of Leuven, Belgium

A 18F or 11C labeled tertiary amine derivative of hemicholinium-3 (HC-3) 
with preserved affinity for the high affinity choline uptake system (HAChU), 
would enable the in vivo study of HAChU with PET.

We have synthesized 4-[1-hydroxy-2-(4-[18F]fluoromethylpiperidinyl)ethyl]- 
4'-[1-hydroxy-2-(4-methylpiperidinyl)ethyl]biphenyl ([18F]FA-4) and 4-[1- 
hydroxy-2-(4-[11C]methylpiperazinyl)ethyl]-4'-[1-hydroxy-2-(4-methyl- 
piperidinyl)ethyl]biphenyl ([11C]pipzA-4) and determined their biodistribution 
in mice. The affinity of the FA-4 and pipzA-4 for HAChU was assessed by 
[3HlHC-3 displacement on iFvp mice brain sections.

PF]FA-4 displays a higher and more persistent in vivo brain retention than 
[11C]pipzA-4. The order of affinity for HAChU is HC-3>FA-4>pipzA-4. In 
vitro autoradiography showed binding of [18F]FA-4 to cortex and striatum, 
whereas [11C]pipzA-4 binds more selectively to the striatum in analogy with 
[3H]HC-3. Ex vivo autoradiography in mice (10' pi) showed binding of 
[18F]FA-4 and [11C]pipzA-4 to both cortex and striatum.

[18F}FA-4 [11C]pipzA-4 [3H]HC-3
brain uptake (%of I.D. 2 min p.i.) 1.0 0.5 nd
brain uptake (%of I.D. 10 min p.i.) 1.3 0.7 nd
[3H]HC-3 displacement IC50 (nM) 57 320 10

The results support the potential usefulness of [18F]FA-4 and [11C]pipzA-4 
for the in vivo evaluation of the HAChU system.
With Support of the Fund for Scientific Research-Flanders (Belgium)

881.7

CORTICAL ASTROCYTE-CONDITIONED MEDIUM PROMOTES THE 
DEVELOPMENTAL SWITCH IN THE EXPRESSION OF CHLORIDE CO-
TRANSPORTERS IN CULTURED EMBRYONIC RAT CORTICAL PLATE 
NEURONS. M. Plotkin1, D. Marie2, I. Marie2, Y.H, Change E. Delpire3 and J. L. 
Barker2*.’Dept. of Medicine, NNMC, Bethesda, MD, 2LNP, NINDS, NIH, Bethesda, 
MD 20892 and 3Dept. of Anaesthesiology, Vanderbilt University, Nashville, TN

During embryonic and early postnatal CNS development, neuronal intracellular 
chloride ([CT]j) is elevated compared with mature neurons, resulting in depolarizing 
responses to the neurotransmitter GABA acting at GABAa  receptor/Cl" channels. 
Developmental regulation of inward and outward Cl" transport by Na-K-2C1 and K- 
C1 co-transporters, respectively, likely plays an important role in determining [Cl']j, 
thereby directly affecting GABA responses. We have correlated the developmental 
changes in GABAa  receptor/CT channel activity in embryonic (E) rat cortical 
neurons with the expression of Na-K-2C1 (NKCC1) and K-Cl (KCC2) co-transporters. 
Flow cytometric recordings of acutely dissociated E19 neocortical cells triple-labeled 
with anti-tetanus toxin, anti-A2B5, and anti-NKCCl or anti-KCC2 antibodies 
revealed the expression of NKCC1 in emerging neuronal, but not glial progenitor 
subpopulations, whereas the expression of KCC2 could not be detected in either 
population. Culturing E19 cortical plate neurons over 1-7 days in Neurobasal 
medium, either supplemented with B27 additives or conditioned with postnatal day 3 
cortical astrocytes, produced a progressive loss of NKCC1 expression and a cor-
responding increase in KCC2 expression. Functional responses to the GABAmimetic 
muscimol were followed indirectly using Ca2+ imaging of voltage-activated Ca2+ 
channels. Muscimol induced a depolarization and sustained elevation in Ca2+c during 
the first several days in culture, which could be eliminated by blocking NKCC1 co-
transporter activity. Both effects progressively disappeared with time, but could be 
restored in 5 to 7 day-old cultures by blocking KCC2 activity. The results reveal the 
occurrence of a developmental switch in co-transporter activity from Cl'j-elevating 
to Cl'j -lowering in differentiating cortical plate neurons, which could be supported 
by diffusible factors from cortical astocytes.

881.8

MONOCARBOXYLATE TRANSPORTERS (MCT1 AND MCT2) 
EXPRESSION IN ADULT MOUSE BRAIN.
K. Pierre , L. Pellerin, B.M. Riederer*and P.J. Magistretti. Inst.
Physiologie, Univ. Lausanne, Lausanne, Switzerland.

Recent evidences suggest that lactate could be a preferential energy
substrate transferred from astrocytes to neurons. In order to investigate 
this possibility, we carried out immunohistochemistry for two 
monocarboxylates transporters, MCT1 and MCT2, in adult mouse 
brain. Using specific antibodies raised against MCT1 and MCT2, we 
found strong immunoreactivities for each transporter in glia limitans, 
ependymocytes and in several microvessels. In addition, small 
processes distributed throughout the cerebral parenchyma were 
immunolabeled for MCTs but were neither GFAP nor MAP2 positive. 
Double immunofluorescent labeling with GFAP and confocal 
microscopy examination revealed that GFAP-positive astrocytic end- 
feet did not contain MCTs but were often in close apposition to 
elements labeled for MCTs. It was found however that labeling for the 
the S100f3 protein, another astrocytic marker, strongly colocalized with 
MCT1 immunoreactivity. Thus our results indicate that, in addition to 
capillaries and glial cells delimiting the parenchyma, a population of 
astrocytes found throughout the brain expresses at least one MCT, 
MCT1.
Supported by FNRS grant 31-40565.94.

881.9

CHARACTERIZATION OF A PCI 2 CELL LINE OVEREXPRESSING THE 
NA+/CA2+ EXCHANGER NCX1 ISOFORM Y, Wang* and R.A. Colvin. 
Program in Neuroscience, Department of Biological Sciences, Ohio University, 
Athens, OH 45701.

In order to address the role of Na+/Ca2+ exchange in neuronal calcium 
homeostasis, we stably transfected PC 12 cells with an NCX1 isoform carried by the 
expression vector pcDNA3.1(-). This NCX1 isoform is the dog cardiac NCX1 
modified by replacing the alternative-splicing region with a partial clone obtained 
from the dog brain. In western blots of wild type or pcDNA3.1 vector transfected 
PC 12 cells, NCX1 specific antibody labeled proteins with a MW of 130kD and 
90kD. This pattern differed from that of the adult rat brain that showed labeled 
protein of 160kD and 90kD. In western blots of the NCX1 transfected PC 12 cell 
line, a third labeled protein appeared with a MW of 165kD. Densitometry analysis 
indicated that the density of the additional protein was at least two fold greater than 
that of the constitutively expressed proteins. In order to assess Na+/Ca2+ exchanger 
activity in transfected cells, the cells were loaded with Na+ and placed in Na+ free 
choline buffer containing 45Ca2+. The time course of the Na+ -dependent 45Ca2+ uptake 
showed a rapid initial uptake reaching a maximum in about 2 minutes. The 
maximum 45Ca2+uptake measured at 2 minutes in wild type PC 12 cells was negligible 
(0.07nM/105cells). PC12 cells transfected with the vector showed a slightly higher 
45Ca2+uptake (0.16nM/105 cells), but the cells expressing NCX1 had a 45Ca2+uptake 
as high as 0.70nM/105 cells. Both the vector transfected cell line and the NCX1 cell 
line showed a higher 45Ca2+uptake in sodium containing buffer when compared to the 
wild type cells. Taken together, these results indicate that although wild type PC 12 
cells express theNa+/Ca2+ exchanger protein, they do not exhibit significant Na+/Ca2+ 
exchange transport activity. However, they are capable of robust Na+ -dependent 
45Ca2+ uptake when stably transfected with the NCX1 clone. These cells should be 
useful in our studies of die role of Na+/Ca2+ exchanger in glutamate induced cell 
death.
Supported by a grant from American Heart Association, Ohio Valley Affiliate.

881.10

DISTRIBUTION OF NKCC-IMMUNOREACTIVITY IN THE FIBERS AND CELL 
BODIES OF SPINAL SENSORY NEURONS IN THE FROG, CAT AND RAT. F.J. 
Alvarez-Leefimans1,3,4*. M. Le6n-01ea2,3andF.J. Alvarez2. Depts. of Physiology and 
2Anatomy, Wright State University, Dayton, Ohio 45435, USA.; 3DepL of Neurobiol. 
Institute Mexicano de Psiquiatrfa, Mexico 14370 D.F.; 4 Dept. Pharmacol. Centro de 
Investigacidn y de Estudios Avanzados, IPN, Ap. Postal 14-740, Mexico 07000 D.F.

Efflux of Cl" through GABAA-gated anion channels depolarizes the cell bodies 
and intraspinal terminals of sensory neurons, and mediates presynaptic inhibition in 
the spinal cord. Uphill accumulation of Cl" inside sensory neurons occurs through a 
Na,K,2Cl cotransport (NKCC) system generating the electrochemical gradient for this 
outward Cl" current (Alvarez-Leeftnans et. al, 1988, J. Physiol. 406:225-246). Two 
isoforms of the cotransporter, NKCC1 and NKCC2, have been identified. We studied 
the immunolocalization of these proteins using a monoclonal antibody (T4) against a 
conserved epitope in the C-terminus of NKCC proteins. Indirect immunofluorescence 
revealed strong NKCC-immunoreactivity (-IR) in all types of dorsal root ganglion 
(DRG) cell bodies in all three species. Membrane labeling was more apparent in frog 
and rat DRGs than in cat. In contrast, cytoplasmic labeling was intense in cat and 
weak in frog, being intermediate in rat. NKCC-IR also occurred in satellite cells, 
particularly in rat and cat DRGs. The axoplasm of sensory fibers was heavily labeled 
in cat and rat and less in frog. Three-dimensional reconstruction of confocal optical 
sections and dual immunolocalization with S-100 protein proved that NKCC-IR was 
prominently expressed in the paranodal region of Schwann cells. Treatment with 
denaturing agents uncovered intense NKCC-IR in Schmidt-Lanterman incisures. 
NKCC localization is consistent with its function as a Cl" -accumulating mechanism 
in sensory neurons. Its presence in Schwann cells, suggests that it could also be 
involved in K+ uptake from the extracellular space, particularly in the paranodal 
region of myelinated axons, thereby regulating the extracellular ionic environment of 
axons. (FJAL was supported by a Guggenheim Fellowship and NIH grant NS 29227. 
FJA was supported by NIH grant NS 33555).
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881.11

DISTRIBUTION OF THE K-Cl COTRANSPORTER (KCC2) PARALLELS 
GLUTAMATERGIC INPUT IN THE DEVELOPING AND ADULT 
HIPPOCAMPUS. T.F.Freund1*, A.I. Gulyas1, A.Sik1, J.A.Pavne2, and K.Kaila3.1 Inst. 
Exp. Med., Hungarian Acad. Sci., Budapest, H-1450 Hungary; 2Dept. Human Physiol., 
Univ. Calif. Davis, CA 95616, USA, 3Dept. Biosci., Univ. Helsinki, FIN-00014, 
Finland.

KCC2 is a Cf transporter in the brain that was shown to be responsible for tire 
transition of GABA-A IPSPs from depolarizing to hyperpolarizing during hippocampal 
development. We now show that KCC2 is associated with excitatory synapses, 
indicating that it may serve an additional role in neuronal transmission, namely, volume 
regulation. KCC2 distribution was found to parallel strongly excitatory, presumed 
glutamatergic, input at three levels: 1) At tire laminar (areal) level during development: 
KCC2 first appears most strongly in str.lacunosum-moleculare, where pyramidal cells 
already receive entorhinal input at postnatal day 1-2 (Pl-2), and moderately in 
str.oriens and radiatum, where Schaffer collaterals terminate already at this age. There 
is no staining around pyramidal cell bodies even at P14, whereas perisomatic 
GABAergic input is already present at that time. Str. moleculare staining in tire dentate 
gyrus appears at P3, timed with the ingrowth of entorhinal afferents, and expands at P4- 
6 to fill the entire molecular layer. 2) At the cellular level: Intemeuron types which 
receive the strongest excitatory input (parvalbumin-containing cells) are strongly 
stained for KCC2, whereas others are weak. 3) At the subcellular level: Pyramidal cell 
spines in CA1 are strongly positive, yet they only receive excitatory synapses. In CA3 
str.lucidum the thorny excrescenses receiving mossy fiber input are also heavily 
stained. Immunogold labeling shows some degree of preferential occurrence of KCC2 
near excitatory rather than GABAergic synapses. Thus, in the hippocampus, KCC2 
appears at the time and at those locations when and where glutamatergic synapses 
occur. Taken together, the data indicate that KCC2 may have a dual function: volume 
regulation at excitatory synapses and intracellular [Cl ] regulation maintaining tire 
driving force for hyperpolarizing GABAergic inhibition. (Supported by grants from the 
Hungarian Research Foundation T16942, the Academy of Finland, and NINDS.)

881.12

EXPRESSION OF THE NEURONAL K-Cl COTRANSPORTER 
(KCC2) AFFECTS CELL Cl' AND WATER HOMEOSTASIS. C 
Chung, J.R. Williams, C, Ferrell, and J.A. Payne*. Dept. of Human 
Physiology, Univ. of Calif., School ofMedicine, Davis, CA 95616.

KCC2 is a Cl' extrusion pathway important in maintaining the driving 
force for hyperpolarizing GABAergic inhibition. If KCC2 is an important 
regulator of neuronal [Cl], we hypothesized that cell Cl' and water 
homeostasis would be altered in cell lines stably expressing KCC2. 
KCC2 was constitutively active when expressed in HEK293 cells and 
caused a dramatic upregulation of the endogenous Na-K-Cl cotransporter 
(NKCC). Resting cell [Cl ] and water content were not significantly 
altered in these KCC2 expressing cells compared to control cells, 
indicating that KCC2 and NKCC may be functionally coupled in 
controlling cell [Cl ] and water content. Interestingly, when KCC2 was 
stably expressed in a low K+ mutant MDCK cell line in which the 
endogenous NKCC has been rendered non-functional (McRoberts et al., 
J. Biol. Chem. 258: 12320-6, 1983), KCC2 was again constitutively 
active, but both resting cell [Cl ] and water content were significantly 
reduced from control cells. Incubation of the KCC2 expressing MDCK 
cells in 500 pM furosemide prevented this reduction in resting cell [Cl ] 
and water content, indicating the role of KCC2 in altering these cell 
parameters. We then examined cell Cl' as well as cell volume as potential 
modulators of KCC2 activity in the mutant MDCK stable cells. Cell 
swelling (230 mOsM) activated KCC2 ~2-fold whereas when cell [Cl ] 
was reduced below 10 mM by preincubation in low [Cl ] media, basal 
KCC2 activity was inhibited -40%. The data indicate that KCC2 activity 
may help regulate cell [CT] and cell volume and that changes in these cell 
parameters in turn can affect KCC2 activity, (supported by NIH and UCDHS)

881.13

TRANSPORT OF A HIGHLY LIPOPHILIC ANTICONVULSANT SERIES, 4- 
CARBOMETHOXY ESTER ENAMINONES, ACROSS THE BLOOD-BRAIN 
BARRIER: WHAT IS THE ROLE OF EFFLUX PROTEINS?
D. S. Cox1, K. R. Scott2*, H. Gao1, S. Raie1 and N. D. Eddington1. School of 
Pharmacy, University of Maryland, Baltimore, MD 21201. Howard University, 
Department of Pharmaceutical Sciences, Washington, DC 20024.

Purpose: To examine transport and relevant mechanisms responsible for 
enaminone permeability across the Blood-Brain Barrier (BBB). Previous studies 
with enaminones, a potent class of anticonvulsants, have shown that lipophilicity is 
not predictive of BBB transport due to the presence of an efflux mechanism. 
Method: Five enaminone esters of the 4-Carbomethoxy-5-methylcycIohexane-l-3- 
dione series were evaluated. In Vitro Studies: Bovine Brain Microvessel 
Endothelial Cells (BBMECs) were pre-incubated with verapamil (50 pM), 
probenecid (150 pM), and indomethecin (10 pM) to evaluate possible efflux 
mechanisms (Pgp or MRP). Enaminones (clxWYn) were added to transwells 
apically or basolaterally and samples were collected over 120 minutes. In Vivo 
Studies: Select enaminone esters (25-40 mg/kg; i.v.), alone and in the presence of 
3H-verapamil and indomethecin, were administered to Sprague Dawley rats (300 g) 
and animals were sacrificed at various time points (n=3). Brain was excised, 
weighed, and stored with plasma at -70°C until analyzed. In vitro and in vivo 
samples were analyzed by an UV- HPLC method. Results: Permeability (Papp) 
values for transport (A->B) across BBMECs ranged from 8.37xl0'5 to 31.85x 10'5, 
cm/sec; for efflux (B—>A) 18.4 xlO'5 to 59.12 x 10'5 cm/sec. Permeability and 
efflux rank order was reflective of brain distribution studies. Verapamil and 
probenecid significantly inhibited the transport of select enaminone compounds. 
However, indomethecin appeared to have no influence on enaminone transport. 
Conclusions: Enaminone permeability across BBMECs suggests the presence of 
an active efflux mechanism. Utilization of inhibitors proposes efflux by Pgp or a 
member of MRP/cMOAT subfamily.

881.14
NHE-1 NULL NEURONS HAVE ABNORMALLY LOW HCO/-DEPENDENT 
ACID EXTRUSION MECHANISMS. H. Yao*1, R. M. Douglas1, and G.G. 
Haddad1,2. Departments of Pediatrics (Respiratory Medicine)1 and Cell and 
Molecular Physiology2., Yale University School ofMedicine, 333 Cedar Street, New 
Haven, CT, 06520, USA

CA1 neurons from both wild type (WT) and NHE1 null mice were studied by 
continuous monitoring of pH, using the fluorescent indicator SNARF-1 and confocal 
microscopy. Our previous work indicated that neurons from mutant mice tended to 
have lower steady-state pH; than those from WT. Using the NH4C1 pre-pulse 
technique, we now show that H+ flux rate in WT neurons is much greater than in 
mutant neurons in the nominal absence of CO2/HCO3'. At pH=6.6, H+ flux was 
191.8±8.2 pM/sec in the WT and 93.1±25.0 pM/sec in the mutant neurons, a 
difference of about 100 pM/sec. The recovery from acid load was blocked in WT but 
not in mutant neurons by removal of Na+ from the extracellular solution or by using 
100 pM HOE 694 in Hepes buffer. Surprisingly, in the presence of CO2/HCO3', the 
difference in H+ flux between WT and mutant was even more exaggerated, with a 
difference of more than 250 pM/sec between them at pH 6.6. H+ flux in CO2/HCO3' 
was responsive to DIDS in the WT but not in the mutant. Western blot analysis of 
hippocampi from WT and mutant mice demonstrated the complete absence of NHE1 
and an upregulation and downregulation of NBC-like proteins and AE3, respectively, 
in the mutant. We conclude that 1) the absence of NHE1 in the mutant neurons 
tended to cause lower steady state pH;, but, perhaps more importantly, it markedly 
reduced the rate of recovery from an acid load; 2) this difference in the H+ flux rate 
between mutant and WT neurons was surprisingly larger in the presence rather than 
in the absence of HCO3', indicating that the presence of NHE1 is essential for the full 
functional expression of the HCO3'-dependent mechanisms in neurons. (Supported by 
HD32573 andNS35918)

881.15

ZINC ION TRANSPORT MEASURED USING RAT CORTICAL 
NEURONS IN PRIMARY CULTURE. R.A. Colvin*. Program in 
Neuroscience, Dept. of Biological Sciences., Ohio Univ.; Athens, OH 45701.

The mechanisms of zinc transport were investigated in cortical neurons in 
primary culture measured as 65Zn uptake from media bathing the cells. 
Experiments were performed that evaluated the pH dependence, concentration 
dependence, and time course of 65Zn uptake. Cortical neurons (7 DIV) were 
exposed to buffers containing various concentrations of zinc for various times. 
Parallel experiments were run under identical conditions except that 5mM La or 
ImM nonradioactive zinc was included in the buffers, conditions that inhibited 
65Zn transport. Cortical neurons rapidly accumulated 65Zn approaching a steady 
state within five minutes. La sensitive 65Zn uptake showed saturation with 
increasing concentrations of zinc, whereas La insensitive 65Zn uptake continued 
to increase with increasing zinc concentrations. La sensitive 65Zn uptake was 
inhibited completely by lowering the pH. La sensitive 65Zn uptake accounted for 
about 50% of the total 6SZn uptake. Both La sensitive and insensitive 65Zn uptakes 
were blocked by the addition of 1 mM nonradioactive zinc. Half maximal La 
sensitive 65Zn uptake was obtained between 15-20 pM zinc. Ca or Mg at 
physiological concentrations had no effect on either La sensitive or La insensitive 
65Zn uptake. No effect of the following agents (nifedipine-lOpM, o-conotoxin 
GVIA-0.5gM, FTX-3.3-O.lpM, MK801-100 pM, and GYKI 52466-lOOpM) was 
seen when they were included at the concentrations indicated, in the uptake buffer. 
These results provide evidence of a plasma membrane zinc transporter present in 
cortical neurons that is likely to be important for maintaining cellular zinc 
homeostasis and may be involved in elevations of intracellular zinc that contribute 
to glutamate toxicity.
Supported by a grant from the AHA, Ohio Valley Affiliate.

881.16
MCT8 EXPRESSION IN RODENT BRAIN: EFFECTS OF FOOD DEPRIVATION.
E.M.Koehler-Stec [*. C.P.Corpe1. S.J.Vannucci2and I.A.Simpson1. 1EDMNS/DB/ 
NIDDK/NIH, Bethesda, MD 20892; 2Dept.Pediatrics, Penn.State Univ. Coll, of Med., 
Hershey, PA 17033.

Glucose is the primary metabolic fuel needed for normal brain function, however 
alternative energy substrates such as lactate and ketone bodies are utilized by the brain 
under a variety of conditions. The transport of lactate, ketone bodies and other 
monocarboxylates across the plasma membrane is facilitated by a family of proton- 
dependent monocarboxylic acid transporters (MCT 1-8). MCT1-8 exhibit a tissue 
specific pattern of expression and are potential sites for regulating the transport of 
these important metabolic fuels. To assess MCT8 expression patterns in rodent brain, 
Northern blot and in situ hybridization analysis was performed on both rat and mouse 
tissues using a mouse EST (aa003078) encoding part of the 5’ untranslated region of 
the mouse MCT8 gene (Genomics 48:296-303,1998). MCT8 mRNA was detected in 
murine kidney, liver, lung, skin and brain samples by Northern blot analysis. In situ 
hybridization studies of rat and mouse brain demonstrated significant levels of MCT8 
mRNA in the choroid plexus, hippocampus and layer 2 of the cortex. This pattern of 
expression for MCT8 is different than that previously described for MCT1 and MCT2 
(AJP 275:E516-E524, 1998) where MCT1 was found in choroid, ependyma, neurons 
and glia/oligodendrocytes while MCT2 was predominantly neuronal. Prolonged 
starvation has been shown to result in increased levels of circulating ketone bodies and 
enhanced cerebral utilization. To determine if such changes are associated with altered 
MCT1,2 &8 mRNA exprssion, Sprague Dawley rats were subjected to 5 days of food 
deprivation. Despite profound increases in P-OH butyrate (0.033 to 1.15mM) and 
acetoacetate (0.05 to 0.24mM), there was no apparent difference in the intensity or 
pattern of expression for MCT1, MCT2 or MCT8 in rat brain. The cellular localization 
of all MCTs so far described in brain are clearly distinct and the precise substrate 
specificity and the factors regulating cellular expression of MCT8 remain to be 
determined. Supported by NIDDK.
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881.17
TRYPTOPHAN UPTAKE OCCURS THROUGH TRANSPORT SYSTEM T IN 
RAT PINEALOCYTES. POSSIBLE DAILY REGULATION. Gutierrez, C I.12, 
Glykvs, J.1,3, Urbina, M.1, Lima, L.1* ’Laboratorio de Neuroquimica, Centro de 
Biofisica y Bioquimica, Instituto Venezolano de Investigaciones Cientificas. 
2Universidad “Francisco de Miranda” y Postgrad© de Ciencias Fisiologicas, 
Universidad Central de Venezuela. 3Universidadde Carabobo. Venezuela.

The main hormone produced by the pineal gland is melatonin, which is synthetized 
from the amino acid tryptophan. The pineal uptakes tryptophan from the circulation 
for melatonin synthesis. Aromatic amino acid uptake has been reported to occur by L 
and T systems in a variety of tissues, however, tryptophan entrance has not been 
characterized in the pineal gland. The objetive of this work was to study 
[3H]tryptophan transport in rat pmealocytes at 12:00 and 24:00 h. Male Sprague- 
Dawley rats (~ 170 g) were decapited and pineals rapidly removed. The glands were 
dissociated by enzyme digestion (0.25% trypsin, 0.1% collagenase, 0.01% DNAse) at 
37°C, 10 rain in continued agitation, followed by mechanical disruption and 
centrifugation at 1500 rpm, 5 min. The pellet was washed twice with Locke solution. 
Finally, the cells were resuspended in Ringer solution. The uptake of {’HJtryptophan 
was linear during 1 min. The assays were done by preincubation during 2 min and 
30 sec incubation. By saturation experiments (0.05-15 nM), Vmax was 2.52 + 0.51 
fmol/ 10s cells and Km 3.68 + 0.75 nM at 12,00 h, these parameters did not differ 
with respect to 24:00 h. [3H]Tryptophan transport was pH, Na+ and Cl" independent, 
but temperature dependent (Qi0= 1 .55). Ouabain, 100 pM, did not affect the 
transport. Phenylalanine and tyrosine (0.1 nM - 1 mM) inhibited the uptake, but 
leucine, isoleucine, lysine, valine, alanine, glycine and the inhibitor of L system, 
BCH, did not inhibit the transport. Decreasing serotonin synthesis with in vivo 
treatment with p-chlorophenylalanine increased Vmax at 12:00 h. According with 
these results [3H] tryptophan transport into rat pmealocytes seems to correspond to 
system T and might be regulated by availability of serotonin. CONICIT S1-3490

881.18
MEASURING THE METABOLIC COST OF NEURONAL CALCIUM
REGULATION AT THE SINGLE CELL LEVEL. P. J. S. Smithland K. Hammar. 
BioCurrents Research Center, Marine Biological Laboratory, Woods Hole, MA 02543

In animals where estimates are available the cost of neural activity and signal 
processing accounts for a significant proportion of the total energy budget. Estimates 
suggest a bit of information transmitted at the chemical synapse costs 104 ATP 
molecules, with spike and graded signals costing 106 - 107. In the present study we 
have developed and applied a self-referencing electrode technique to directly measure 
oxygen consumption from single cultured neurons. We have measured the resting rate 
of oxygen consumption to be 11.5pmol.cm'2s"1, a value that compares favorably with 
estimates in the literature made from heterogeneous pieces of neural tissue.

In the present study we have begun to correlate the oxygen consumption activity of 
neurons in response to changes in plasma membrane transport process and the activity 
of calcium ions either within the cytosol or moving between the internal and external 
compartments. Ore preliminary results show an unexpected oxygen dynamic in 
response to pharmacological agents. For example, a sharp transient peak soon after 
the application of cyclopiazonic acid (CPA) and before an enhanced trans-plasma 
membrane efflux. (This compound blocks the reticular Ca2‘ ATPase). Oxygen 
consumption rises from approximately 10 pmol.cm"2s"’ to a peak of 40 pmol.cm*2s'* 
with a duration of 5 min. Calcium efflux rises more slowly from approximately 1 to 4 
pmol.cm*2s*’ sustaining this level from 10 to 50 min after application of CPA.
Oubain, in contrast, although elevating calcium efflux from 1 to 4 pmol.cm'2s"‘ over at 
least 80min does not enhance the rate of oxygen consumption.

We propose that this new instrumentation will permit a detailed analysis of the 
metabolic cost of neural activity at the cellular level, as well as insights into disease 
states impacted by mitochondrial dysfunction.

This work was funded by NIH: P41 RR01395 (P.J.S.S).

881.19

POSSIBLE ROLES FOR THE CALCIUM/CHLORIDE-DEPENDENT 
L-AP4 TRANSPORTER AND THE GLUTAMIC ACID—CYSTINE 
EXCHANGE TRANSPORTER (Xc) IN QUISQUALIC ACID 
SENSITIZATION. D.L. Hoskins*, L A. Chase. RJ. Roon and J.F, Koerner. 
Department of Biochemistry, Molecular Biology & Biophysics, University of 
Minnesota, Minneapolis, MN 55455.
We investigated two transport systems that have been implicated in the 
mechanism of quisqualic acid (QUIS) sensitization using washed P2 
preparations of rat hippocampal and cortical tissues. We analyzed several 
compounds that effect the QUIS sensitization process for transport activity 
and for the ability to block the uptake of [3H]-L-AP4 and [35S]-L-cystine. The 
compounds analyzed include QUIS, L-2-amino-4-phosphonobutanoic acid 
(L-AP4), L-2-amino-6-phosphonohexanoic acid (L-AP6), L-a-aminoadipic 
acid, L-aspartate-p-hydroxamate, P-MoxaIyl-L-<x,p-diaminopropionic acid 
(p-L-ODAP) and other analogues of these compounds. Most of these 
compounds showed high affinity for blocking the uptake of both [3H]-L-AP4 
and [35S]-L-cystine. L-cystine exhibits one of the highest affinities for blocking 
the uptake of L-AP4 (K, -900 nM). In contrast, L-AP4 is relatively ineffective 
at blocking [35S]-L-cystine uptake, exhibiting a K, value of ~17 pM. However, 
the IQ value for [3H]-L-AP4 uptake is ~3 pM. This difference in K, versus IQ 
values may be attributable to L-AP4 being preferentially taken up by a subset 
of Xq~ transporters, whereas L-cystine interacts with both L-AP4-sensitive and 
L-AP4-insensitive transporters.
(Supported by NIH NS 35073).

881.20
DEVELOPMENT AND DISTRIBUTION OF ZINC TRANSPORTER IN THE 
MOUSE CNS. Yuval Bibi, Israel Sekler1, Arie Moran1, Edi Barkai*and William F. 
Silverman. Departments of Morphology and ‘Physiology, Zlotowsky Center for 
Neuroscience, Ben-Gurion University of the Negev, Beer Sheva, Israel 84 105 

Zinc exhibits a diverse array of functions in the mammalian brain, including acting as 
an enzyme co-factor and as a key component of zinc finger transcription factors. We 
have examined the distribution of a newly cloned zinc transporter, ZnT-1, during pre- 
and postnatal development, using immunocytochemistry and western blots. ZnT-1 
positive cells were observed as early as E-13. In the postnatal brain, neuronal 
perikarya and processes immunoreactive for ZnT-1 were most heavily concentrated in 
the cortex, hippocampus, globus pallidus and cerebellum. In these areas, patterns of 
ZnT-1 immunoreactivity were revealed wjth respect to stage of development, region 
and cell layers. Neurons in layers II and IV of the cortex, for example, exhibited 
robust staining relative to other layers. Labeling was largely eliminated by prior 
incubation of the antiserum with the ZnT-1 immunizing peptide. ZnT-1 also co-
localized with the synaptic vesicle protein, synaptophysin in axon terminals. Co-
localization of ZnT-1 with specific calcium-binding proteins was also observed in 
neuronal processes and somata in several areas and with the neuroglial marker GFAP 
throughout the CNS, with heavy concentrations in the corpus callosum and external 
capsule. Differences in the distribution of labeled elements were confirmed in western 
analysis of tissue samples taken from different brain regions. Interestingly, an 
apparent nuclear to cytoplasmic shift of ZnT-1 intracellular distribution was observed 
between P6 and P9 in several regions. The early appearance and the wide and 
asymmetric distribution of ZnT-1 in the mouse brain suggest involvement in 
numerous activities influencing development and function in the mammalian CNS. 
Supported by a Ben-Gurion Research & Development Grant.

INTERACTIONS BETWEEN NEUROTRANSMITTERS: DOPAMINE

882.1

DIFFERENTIAL MODULATION OF GLUTAMIC ACID DECARBOXYLASE 
mRNAS IN THE ENTOPEDUNCULAR NUCLEUS AND INCREASED 
CHEWING IN RATS TREATED SUBCHRONICALLY WITH A NMDA 
RECEPTOR ANTAGONIST, MK-801, AND A DOPAMINE D2-RECEPTOR 
ANTAGONIST, HALOPERIDOL J. YiT A. E. Johnson, L. Kallstrom, F.-A. Wiesel. 
Department of Neuroscience, Psychiatry, Ulleraker, Uppsala University Hospital, S- 
750 17 Uppsala, Sweden.

The entopeduncular nucleus (EP), one of the major output structures of the basal 
ganglia, plays a critical role in mediating motor behaviors. The EP neurons express 
GAD65 and GAD67 enzymes for GABA synthesis and send GABAergic projections 
to the motor (thalamus) and limbic (habenular) regions. Dopamine. D2 receptors 
influence the neurochemistry in the EP, as well as motor behavior such as vacuous 
chewing movements (VCMs) in rats. NMDA receptors have been shown to be 
located in the projecting EP neurons, therefore, by blocking these glutamate 
receptors one should expect alteration of the neuronal activity of the EP. The 
purpose of the present study was to investigate how GAD mRNAs of the EP neurons 
were regulated by concurrent blockade of dopamine D2 receptors (haloperidol) and 
NMDA receptors (MK-801), and effects on VCMs. Adult rats (N=6/group) were 
injected (i.p.) once daily for 10 days with distilled water, haloperidol (lmg/kg), MK- 
801 (0.2mg/kg) or both. VCMs were measured at 5 hours post-injection at several 
time points throughout the treatment. Animals were killed 48 hours after the last 
injection and EP sections were processed for in situ hybridization studies using 
oligodeoxyribonucleotide probes for GAD65 and GAD67 mRNAs. Behavioral data 
revealed that MK-801 and haloperidol treatment enhanced VCMs starting on day 3 
and day 1 respectively, with a significant interaction effect beginning at day 3. 
Haloperidol increased both GAD65 and GAD67 mRNA levels in the EP, while MK- 
801 selectively enhanced GAD67 mRNA expression, independently of haloperidol. 
These data demonstrated that both MK-801 and haloperidol increased the display of 
VCMs, but differentially modulated GAD65 and GAD67 mRNAs in the EP. 
Supported by grant #8318 from the Swedish MRC

882.2

MODULATION OF PRESUMED STRIATAL GLUTAMATE/ASCORBATE 
HETEROEXCHANGE BY HALOPERIDOL IN FREELY MOVING RATS. M,
A. Teagarden* and G. V. Rebec. Program in Neural Science, Indiana University - 
Bloomington; Bloomington, IN 47401.

Previous research suggests that a presumed glutamate/ascorbate 
heteroexchange at striatal glutamate transporters may be modulated by dopamine, 
specifically by D2 dopamine receptors. This study examined the time course of 
the effect of the D2 antagonist haloperidol on glutamate-induced ascorbate release 
to see if its emergence parallels that of haloperidol's antipsychotic effects, which 
do not manifest themselves until three weeks into treatment. Rats were 
surgically implanted with a skull-hub designed to mate with a micromanipulator 
containing a carbon fiber microelectrode and infusion cannula. Following 
recovery, the rats received seven or 21 days of either haloperidol (0.5 
mg/kg/day,SC.), saline (1 mL/kg, SC.), or no injections. On the recording day, 
the electrode apparatus was attached to the hub and the electrode lowered into 
dorsal striatum. Following equilibration, thirty to forty consecutive one-minute 
linear staircase sweeps (-100 - +700 mV) were performed, with glutamate ( 
4ug/uL) or saline infusion during sweeps 11-20. Ascorbate concentration was 
measured during the next 10-20 sweeps, averaged, and compared to the baseline 
ascorbate concentration (sweeps 1-10). Striatal infusion of saline had no effect on 
ascorbate levels, regardless of drug pretreatment. Striatal infusion of glutamate 
yielded a significant increase in ascorbate in all drug-naive and saline-treated 
animals. Seven day pretreatment with haloperidol prevented ascorbate retease in 
response to glutamate infusion, but this effect returned after 21 days of 
haloperidol. These results suggest differential modulation of the heteroexchange 
process during chronic haloperidol treatment. They also provide further evidence 
for the proposed glutamate/ascorbate heteroexchange. Supported by NINDS (NS 
35663).
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882.3
EFFECTS OF THE NEUROSTEROID ALLOPREGNANOLONE ON BRAIN 
DOPAMINE LEVELS IN THE SHELL AND DURING MORPHINE 
TREATMENT.
M.A. Gingras*, F. Rougd-Pont, M. Barrot, M. Le Moal and P.V. Piazza.
INSERM U.259 - University Bordeaux 2. 33077 Bordeaux, France.

The mesolimbic dopamine system serves an essential role in the
mediation of the effects of drugs of abuse and is known to be under 
the influence of glutamate and GABA. Since neurosteroids most likely 
act on glutamatergic and GABAergic transmission, we investigated the 
effect of the endogenous neuroactive steroid allopregnanolone on basal 
and morphine-induced dopamine release in the nucleus accumbens. 
Allopregnanolone was administered intracerebroventricular (ICV) and 
the extracellular dopamine levels were recorded in the accumbens of 
male rats using micro-dialysis. Allopregnanolone tended to slightly 
increase extracellular dopamine on the first post injection sample. ICV 
administration of allopregnanolone produced dose dependent increases 
in morphine-induced (SC 2mg:kg) extracellular dopamine levels. A dose 
dependent curve was observed with a 2-fold maximal effect at 60 - 
120 min following morphine. It is concluded that the effect of opiate 
drugs can be modulated by central levels of neuroactive steroids.

882.4
RATS PRE-EXPOSED TO AMPHETAMINE SHOW ENHANCED 
LOCOMOTION TO A Dl DOPAMINE RECEPTOR AGONIST IN THE 
NUCLEUS ACCUMBENS WHEN GLUTAMATE REUPTAKE IS 
INHIBITED. J.-H. Kim1* and P. Vezina2. ’Neurology, UCLA, Los 
Angeles, CA 90095; ^Psychiatry, U of Chicago, Chicago, IL 60637.

The role of nucleus accumbens (NAcc) glutamate (GLU) and dopamine 
(DA) in the expression of locomotor sensitization to amphetamine 
(AMPH) was investigated. In the first experiment, rats were pre-exposed 
to either saline or AMPH (1 mg/kg, ip) and, 2 weeks later, tested after 
bilateral microinjection into the NAcc of the GLU reuptake blocker, L- 
trans-pyrrolidine-2,4-dicarboxylic acid (PDC; 10 nmole/side). In a manner 
similar to what was previously observed following infusion into the NAcc 
of a Dl DA receptor agonist alone, PDC increased locomotion and did so 
equally in both groups. In the second experiment, different rats pre-
exposed to saline or AMPH were tested, 2 weeks later, after infusion into 
the NAcc of PDC (10 nmole/side) together with either SKF 82958 (1 
pg/side) or quinerolane (1 pg/side), Dl and D2 DA receptor agonists, 
respectively. Interestingly, sensitized locomotor responding was observed 
in amphetamine relative to saline pre-exposed rats but only following SKF 
82958+PDC. These results suggest that, in the NAcc, increased GLU 
neurotransmission and activation of Dl DA receptors, neither of which is 
by itself sufficient, together contribute to the expression of locomotor 
sensitization by AMPH. These findings again stress the importance of 
GLU-DA interactions in the NAcc in mediating not only acute 
psychomotor stimulant drug effects but sensitized responding to these 
drugs as well. Supported by USPHS grant # DA-9860 to P. V.

882.5
Dl DOPAMINE RECEPTOR STIMULATION INCREASES GLUR1 
PHOSPHORYLATION IN POSTNATAL NUCLEUS ACCUMBENS 
CULTURES. S.Z, Chao1*, W.X. Lu1, H.-K. Lee2, R.L. Huganir2 and M.E. Wolf1. 
'Dept. of Neuroscience, The Chicago Medical School, North Chicago, IL 60064; 
2Dept. of Neuroscience, Johns Hopkins Univ. Sch. Med., Baltimore, MD 21205.

While dopamine (DA) receptors mediate the acute effects of amphetamine and 
cocaine, glutamate transmission is critical to the adaptations induced by their 
chronic administration. As a first step towards understanding chronic interactions 
between DA and glutamate receptors, we are examining their acute interactions 
using postnatal nucleus accumbens cultures as a model system. The goal of this 
study was to test the hypothesis that Dl DA receptor stimulation enhances the 
phosphorylation of GluRl at the protein kinase A (PKA) phosphorylation site (ser 
845). Phosphorylation of GluRl at this site enhances agonist-induced currents and 
is therefore likely to be of physiological significance. Nucleus accumbens cells 
were prepared from neonatal Harlan Sprague Dawley rats and cultured in 
Neurobasal medium with B27 supplement to suppress glial growth. After 14 days 
in culture, we performed immunocytochemical studies with confocal microscopy to 
verify that cultured neurons expressed GluRl and Dl and D2 DA receptors. Next, 
membrane preparations were used to examine GluRl phosphorylation using a 
phosphorylation site specific antibody and Western blotting. Levels of phospho- 
GluRl were normalized to total GluRl or actin. We found that phosphorylation of 
GluRl at ser 845 was increased markedly by exposure to the Dl agonist SKF 81297 
(lOuM, 15 min) or by lOuM forskolin (positive control). The effect of SKF 81297 
was blocked by the Dl antagonist SCH 23390 (lOuM). The D2 agonist quinpirole 
(lOuM) did not enhance GluRl phosphorylation and, based on preliminary data, 
may even have an inhibitory effect. Tliese findings suggest a novel mechanism for 
DA/glutamate interactions in the striatal complex and provide the first evidence that 
DA receptors can modulate AMPA receptor subunit phosphorylation. Supported by 
DA09621 (MEW) and the Howard Hughes Medical Institute (RLH).

882.6
ELECTRICAL STIMULATION OF THE PREFRONTAL CORTEX 
CAUSES A FAST RISE OF EXTRACELLULAR GLUTAMATE AND A 
PROLONGED INCREASE OF DOPAMINE IN THE NUCLEUS 
ACCUMBENS. S. Tucci*, Q. Contreras, P. Rada. L. Gonzalez, M. Puig, C. 
Colasante. L, Hernandez. Behav. Physiol. Lab., School of Medicine, 
Universidad de los Andes, Mlrida 5101, Venezuela. E-mail: tuccis@ula.ve 
The effect of electrical stimulation of prefrontal cortex on glutamate 
release in the nucleus accumbens was investigated with 30 seconds 
resolution brain microdialysis (BM) and on dopamine release with 20 
minutes resolution BM. For this purpose extracellular levels of 
neurotransmitters were asesssed by microdialysis and CZE-LIFD 
(glutamate) and HLPC (dopamine). Rats were implanted with an electrode 
in PFC and a guide shaft in the accumbens. The day of the experiments the 
rats were stimulated with .35 msec pulses at 140 Hz for two minutes and 
samples were collected every 30 second for CZE and every 20 minutes for 
HPLC. When the rat received etectical stimulation there was an increase of 
glutamate in accumbens that lasted 30 seconds (p< 0.01) and an increase of 
dopamine that lasted aproximately 1 hour (p<0.05). DOPAC and HVA 
showed a slight increase The short lasting increase of glutamate could be 
due to an hiperpolarization blockade or to feedback inhibition of 
glutamatergic neurons. The increase of dopamine outlasted 30 folds the 
duration of stimulation. This indicates that dopaminergic activity is 
sustained by a factor different than glutamatergic activity. The modest raise 
of DOPAC and HVA suggests low function of reuptake systems.

882.7

EFFECTS OF R(+)-8-OH-DPAT ON D-AMPHETAMINE (AMP). 
INDUCED DOPAMINE (DA) SYNTHESIS IN RAT STRIATUM 
(STR), NUCLEUS ACCUMBENS (NAC) AND MEDIAL 
PREFRONTAL CORTEX (mPFC). T. Kuroki*. J. Dai. H.Y. Meltzer and J. 
Ichikawa. Dept. of Psychiatry, Vanderbilt Univ. Sch. of Med., Nashville, TN 37212.

Demonstration of 5-HT1A receptor agonist properties of some atypical antipsychotic 
drugs, e.g. clozapine, has stimulated the interest in the regulation of dopaminergic 
transmission via 5-HT1A receptors. We reported that R(+)-8-OH-DPAT, a selective 5- 
HT1A receptor agonist, inhibits AMP-induced DA release in rat STR, NAC and mPFC 
(Ichikawa et al., 1995; Kuroki et al., 1996). Reduction of DA synthesis has been 
reported to inhibit AMP-induced DA release in the STR (Butcher et al., 1988). It was 
hypothesized that the ability of R(+)-8-OH-DPAT to inhibit AMP-induced DA release 
may be due to its inhibition of DA synthesis via 5-HT1A receptor activation (Johnson 
et al., 1996). We thus examined the effects of R(+)-8-OH-DPAT on basal and AMP- 
induced DA synthesis, as indicated by DOPA accumulation following NSD-1015 (100 
mg/kg, i.p.), in the STR, NAC and mPFC. R(+)-8-OH-DPAT (0.025,0.05,0.1 and 1 
mg/kg, s.c.) produced an U-shape inhibition of basal DOPA accumulation in the STR, 
with the maximum effect at 0.05 mg/kg. R(+)-8-OH-DPAT (0.05 mg/kg s.c.) also 
prevented AMP (1 mg/kg s.c.)-induced increase in striatal DOPA accumulation. These 
reuslts are consistent with the report that R(+)-8-OH-DPAT (0.05 mg/kg s.c.) produced 
the maximum inhibition of AMP-induced DA release in the STR (Ichikawa et al., 
1995). In the mPFC, basal DOPA accumulation was inhibited by AMP (1 mg/kg s.c.) 
and R(+)-8-OH-DPAT (0.05 mg/kg s.c.) alone whereas R(+)-8-OH-DPAT did not affect 
the AMP-induced inhibition. Neither R(+)-8-OH-DPAT, AMP nor their combination 
had significant effect on DOPA accumulation in the NAC. The results obtained from 
the STR support the hypothesis that 5-HT1A receptor activation decreases DA synthesis 
which leads to the inhibition of AMP-induced DA release. However, this hypothesis 
was not supported by the results in the NAC and mPFC. Supported by NARSAD.

882.8
MESOACCUMBENS DOPAMINE NEURON SYNAPSES IN 
VITRO. M.P, Joyce*, L, Lin and S, Ravport. Depts. Psychiatry, 
Anatomy & Cell Biology, Ctr. Neurobiology & Behavior, Columbia 
Univ.; Dept. Neuroscience, NYS Psychiatric Institute, NY 10032.

In single cell microcultures, ventral tegmental area (VTA) dopamine 
(DA) neurons make glutamatergic (GLUergic) autapses (Sulzer et al, 
J Neurosci, 1998). To examine (heir synapses with limbic targets, we 
micro-cocultured DA . neurons with fluorescently-tagged nucleus 
accumbens (nAcc) neurons. VTA neuron spikes evoked GLUergic 
synaptic responses in nAcc neurons as well as autaptic responses; 
both showed D2 modulation. The D2 antagonist sulpiride enhanced 
the magnitude of both autaptic and synaptic events in 42% of neuron 
pairs (n=19). In 42%, the sulpiride effect was selective for the synapse 
or the autapse; in 16%, there was no sulpiride effect. While, the D2 
agonist, quinpirole diminished the magnitude of both the synapse and 
autapse in 61% of cell pairs, it had differential effects in 28% of the 
pairs. Dl block with SCH-23390 had a minor effect on the autaptic 
responses, but in 46% of pairs it significantly reduced the size of the 
synaptic response, presumably due to a postsynaptic action. 
Immunocytochemistry showed that both DAergic and GLUergic 
varicosities contact GABAergic nAcc neurons, and that these 
varicosities bear D2 receptors. Despite this immunocytochemical 
evidence, standard whole cell recordings have not shown direct 
postsynaptic DA actions. Thus, VTA DA neurons make GLUergic 
synaptic connections with their expected targets that are subject to D2 
modulation. The differential distribution of D2 receptors to subsets of 
GLUergic synapses may have important functional implications.

Support: NIDA DA08675, NARSAD, Burroughs Wellcome Fund.
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882.9
NEWLY-SYNTHESIZED DOPAMINE IN THE NUCLEUS ACCUMBENS IS 
REGULATED BY |3-ADRENERGIC, BUT NOT a-ADRENERGIC RECEPTORS. 
T. Tuinstra* and A.R. Cools. Department of Psychoneuropharmacology, University 
of Nijmegen, P.O. box 9101,6500 HB Nijmegen, The Netherlands.

Microdialysis studies have shown that the dopamine (DA) release in the 
nucleus accumbens (NAc) differs between high responders (HR) and low responders 
to novelty (LR): (a) the baseline concentration of DA in the NAc - measured in the 
homecage 4 h after probe insertion- does not differ between HR and LR, and (b) 
novelty produces (1) a large DA increase in HR that is suppressed by the synthesis 
inhibitor a-methyl-p-tyrosine (MT: 0.1 mM, 40 min), and (2) a small DA increase in 
LR that is enhanced by MT. These and related data have led to the hypothesis that LR 
exposed to novelty releases NAc-DA from reserpine sensitive, dopaminergic pools 
that are under inhibitory control of NE acting at a-receptors, and that HR exposed to 
novelty releases NAc-DA from newly synthesized, cytoplasmatic DA pools that are 
under stimulatory control of NE acting at p-receptors (Saigusa et al., 1999). In the 
present study we analyzed the ability of a and P adrenergic receptors to modulate the 
MT dependent dopamine release in the NAc of HR and LR under resting conditions. 
Using the same paradigm as assessed in former study, we initially measured the effect 
of MT (0.1 mM, 40 min) on DA release in the NAc under resting conditions: MT 
produced a decrease in DA release that did not differ between HR and LR. The 
continuos infusion of isoprenaline 10'6M diminished this MT-induced decrease in 
DA, whereas the continuous infusion of phenylephrine 10'5M remained ineffective. 
All data together show that (a) the release of DA in the NAc differs between HR and 
LR, only when exposed to novelty, but not during resting conditions, and that (b) the 
newly synthesized DA in the NAc is under stimulatory control of noradrenaline 
acting at p-receptors in both HR and LR.
Saigusa et al., 1999. Neuroscience 88, 1154-1163 Grant: NWO 903-48-147

882.10
SUBSTANCE P RELEASE FROM STRIATONIGRAL NEURONS IS 
DIFFERENTIALLY REGULATED BY DI DOPAMINERGIC AND 
MUSCARINIC AGONISTS. M. B.Harrison* Dept. of Neurology, Univ. Of 
Virginia, Charlottesville, VA 22908.

Selective DI and D2 dopamine (DA) receptor effects on striatal projection 
neurons have been identified. Less information is available regarding the role of 
acetylcholine (ACH) in regulation of striatal output. Data from in situ 
hybridization studies, selective lesions and immunocytochemistry suggest that 
DI dopaminergic and m4 muscarinic receptors are preferentially expressed by 
striatonigral neurons. DI receptors stimulate and m4 receptors inhibit adenylate 
cyclase. To test the hypothesis that DI and m4 receptor stimulation results in 
opposing actions on striatonigral neurons, we examined the effects of treatment 
with SKF 38393, a DI agonist, or pilocarpine, a muscarinic agonist, on 
Substance P (SP) release from striatal slices and acutely dispersed striatal cells. 
Striatal slices or acutely dispersed striatal cells were perifused with oxygenated 
bicarbonate-buffered ACSF. Output of each perifusion column was collected 
and SP measured by RIA. In striatal slices, treatment with SKF 38393 
stimulated SP release in a dose-dependent manner (average of 3 experiments, 
expressed as % basal release): lpM: +74%; lOgM: +54%; 25pM: +125%; 
50pM: +147%. In acutely dispersed striatal cells, pilocarpine inhibited release 
(% basal release, n=3): lgM: -27%; 10pM: -29%; 25pM: -49%. In a direct 
comparison in dispersed cells, SP release was stimulated by 25pM SKF 38393 
(+31%) and inhibited by 25pM pilocarpine (-35%). These results suggest that 
DA and ACH, acting at specific receptors, produce opposing effects on 
striatonigral neurons. Supported by NIH-NINDS NS 35179.

882.11

EFFECTS OF KETAMINE ON STRIATAL BINDING OF [UC]RACLOPRIDE AND 

[nC]P-CFT IN VIVO IN THE MONKEY BRAINS: PET AND MICRODIALYSIS 

STUDIES. H. Tsukada*, S. Nishivama. H. Ohba. K. Sato and T, Kakiuchi. Central 

Res. Lab., Hamamatsu Photonics K.K., 5000 Hirakuchi,Hamakita, 434-8601 Japan.

The effects of ketamine on the in vivo binding of ["CJraclopride (RAC) and [nC]fJ- 

CFT (CFT) to dopamine (DA) D2 receptors and DA transporter (DAT), respectively, were 

evaluated in four young-ackilt male rhesus monkeys. PET scans with [UC]RAC and 

[”C]CFT were performed by an animal PET (Hamamatsu SHR-7700) under conscious 

and ketamine conditions with arterial blood sampling for kinetic analysis. Ketamine was 

continuously infused at the doses of 3 andlOmg/kg/hr from 60 min prior to the injection 

of labeled compound. The DA concentrations of striatal extracellular fluid (ECF) were 

measured by microdialysis in the same animals as subjected in PET under each condition.

The kinetic analysis of [nC]RAC and [UC]CFT indicated that the continuous infusion 

of ketamine caused the dose-dependent decrease in [”C]RAC binding, and also that the 

slight increase in [”C]CFT binding in the striatum compared to the conscious condition. 

In contrast, the striatal ECF DA concentration was not affected by the ketamine infusion 

at any doses used here. These results indicated the dopaminergic and glutamatergic 

neuronal interaction in the striatum. It also suggested that the striatal synaptic DA 

concentration was not always the exclusive factor to alter L”C]RAC binding in vivo.

882.12
INTRA-STRIATAL NEOSTIGMINE COUNTERACTS DOPAMINE D2 INDUCED 
INHIBITION OF STRIOPALLIDAL GABA RELEASE. A DUAL PROBE 
MICRODIALYSIS STUDY IN THE CONSCIOUS RAT. B. Nic Niocaill. M. Harte. B. 
Earley * and W.T, O’Connor. Department of Human Anatomy and Physiology, 
University College, Dublin 2, Ireland, leagasc Grange Research Centre, Dunsany, 
County Meath, Ireland.

A feedback mechanism controlling voluntary movement, co-ordination and posture is 
based in the basal ganglia and relies on three neurotransmitters: acetylcholine, dopamine 
and GABA. An increase in intemeuronal acetlycholine and a decrease in nigrostriatal 
dopamine release in the neostriatum results in a net increase in GABAergic output to the 
external globus pallidus (GPe) and in hypokinesia. Anticholinergics are used to treat 
hypokinetic disorders (e.g. Parkinson’s disease) by restoring the acetlycholine-dopamine 
balance in the striatum and reducing excessive striopallidal GABA transmission. In the 
present study we employed dual probe microdialysis whereby one microdialysis probe 
was inserted into the neostriatum and another into the GPe to investigate the effects of 
increasing and decreasing endogenous cholinergic tone in the neostriatum with the 
reversible acetylcholinesterase inhibitor neostigmine and the selective M2 receptor 
antagonist AF-DX 116, on striatal dopamine D2 receptor regulation of GABA release in 
the neostriatum and GPe. Basal GABA levels (nM) in the neostriatum and GPe were 
31.21±9.49nM (n=26) and 19.26±4.02nM (n=18) respectively. Intrastriatal pergolide 
(500nM, 180min) decreased basal GABA in both the striatum (-20.16+1.92% v’s basal 
levels, 60min, n=9) and GPe (-18.78±1.95%,n=7, both p<0.001) while intrastriatal 
neostigmine (lOpM, 300min) did not influence basal GABA in either the neostriatum 
(31.97±6.8nM, n=13) or GPe (14.77±3.22nM, n=9). However, when neostigmine was 
co-perfused together with pergolide it counteracted the pergolide-induced decrease in 
both striatal and GPe GABA release. Futhermore, the neostigmine induced 
counteraction of the pergolide-induced decrease in striatal and GPe GABA was reversed 
in the presence AF-DX 116 (lOOnM, 210 min, n=3). These findings suggest that the 
striatal dopamine D2 receptor mediated inhibition of striopallidal GABA transmission is 
counteracted by elevated cholinergic tone acting via a local inhibitory M2 receptor. 
Supported by the Health Research Board (Ireland).

882.13 882.14
ABSOLUTE EXTRACELLULAR GLUTAMATE, GABA, ASPARTATE AND 
DOPAMINE CONCENTRATIONS AS DETERMINED BY EQUILIBRATION 
PERFUSION. AN IN VIVO MICRODIALYSIS STUDY IN INTACT CONSCIOUS 
RAT BRAIN J.C, Glennon. C, Herron* and W.T. O’Connor. Department of Human 
Anatomy and Physiology, University College, Dublin 2, Ireland.

The efficacy of a novel microdialysis technique to estimate absolute glutamate, 
GABA, aspartate and dopamine (DA) concentrations in vivo was evaluated. Briefly, 
the ringer perfusion medium was allowed to remain static inside an implanted probe 
for 10-12hrs. The internal volume called the equilibration perfusate was then 
recovered and analysed by HPLC using electrochemical or fluorimetric detection. 
CMA 12 microdialysis probes (O.D. 0.5mm) were implanted into the medial 
prefrontal cortex (mPFC, 4mm), mediodorsal thalamus (MDT, 1mm), external 
globus pallidus (GPe, 2mm) and nucleus accumbens (NA, 2mm) in intact conscious 

8-24 experiments. The absolute levels 
shown here are in general agreement 
with those estimated from current 
mathematical models e.g. extrapolation 
to zero flow and ‘no net flux’ (i.e. 
LOnnroth) methods. We suggest that the 
equilibration perfusion technique is a 
simple and accurate method for 
estimating absolute concentrations of 
low molecular weight neurotransmitters 
and metabolites and may be a useful tool 
in determining whether changes in 
absolute neurotransmitter and I or 
metabolite concentrations in and 
between discrete brain regions underlie 
neuropathology and treatment.

Supported by the Health Research Board (Ireland).

brain. Data is expressed as mean+SEM of
Analyate Region Concentration
Glutamate mPFC 13.10+0.90
(pM) MDT 11.40+0.80

GPe 11.70+1.10
NA 10.90+0.20

GABA
(nM)

mPFC
MDT

129.20+9.30
81.40+7.00

GPe 50.30+7.10
NA 31.10+2.30

Aspartate mPFC 0.79+0.06
(UM) MDT 0.43+0.04

GPe 0.59+0.06
NA 0.69+0.02

DA(nM) mPFC 7.80+1.10

DUAL INNERVATION OF RODENT AND PRIMATE CUTANEOUS BLOOD 
VESSELS BY SUBSTANCE P- AND DOPAMINE-P-HYDROXYLASE- 
CONTAINING FIBERS. I. Ruocco*1, A.C. Cuello1'2, A. Ribeiro-da-Silva1'2. 
’Department of Pharmacology & Therapeutics and department of Anatomy and Cell 
Biology, McGill University, Montreal, Quebec, Canada, H3G 1Y6.

In a previous study we have shown that, in the skin, substance P (SP) innervates 
blood vessels from capillaries to small arteries and veins. However, although we 
detected that SP innervated vessels with smooth muscle in their wall, the peptide is 
not usually thought to play a significant role in the regulation of skin blood flow. As 
noradrenergic (NA) fibers are also known to innervate cutaneous blood vessels, we 
decided to perform double labeling immunocytochemistry (ICC) to study the 
innervation of blood vessels in the skin of rats and monkeys. Male Wistar rats and 
Macaca fascicularis monkeys were transcardially perfused with an aldehyde mixture, 
the lower lips were collected and processed for ICC. The antibodies used were a rat 
bispecific anti-SP and anti-horseradish peroxidase, a mouse monoclonal antibody 
against dopamine-P-hydroxylase (DPH) for rat NA-containing fiber detection and a 
rabbit anti-DPH serum for monkey NA-containing fiber detection. The results 
obtained for rats and monkeys were similar. Small vessels in the upper dermis were 
innervated only by SP. However, deeper in the dermis, SP- and DPH-immunoreactive 
(-IR) fibers were seen to coexist in the wall of the same blood vessels. Most often the 
DPH-IR fibers were seen to form a mesh around the blood vessels while SP-IR fibers 
were seen along the blood vessels giving off branches regularly. In small arteries and 
veins as well as in arterioles, DpH-IR fibers were seen to penetrate in the media and 
form a plexus at the intima-media junction. SP-IR and DpH-IR fibers appear also to 
co-exist at this junction as well as at the media-adventitia junction. The above 
findings suggest that both the sensory and sympathetic systems play a major role in 
the regulation of skin blood flow. The observation of the dual innervation of blood 
vessels in primates suggests that it also occurs in the human species. (Funded by the 
Canadian MRC)
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882.15
ROLE OF STRIATAL 5-HLa AND 5-HT2C RECEPTOR SUBTYPES IN THE 
CONTROL OF DOPAMINE RELEASE IN THE RAT STRIATUM. U. Spampinalo*,
G. Porras and G. Lucas. CNRS UMR 5541, Bordeaux 2 University, 33076 Bordeaux, 
France.

In this study, we investigated the role of striatal 5-HT1% and 5-HT2C receptor subtypes in 
the modulation of striatal DA release, both in basal conditions and under activation 
induced by haloperidol (HAL, 0.01 mg/kg, s.c.). DA extracellular levels were monitored 
by in vivo microdialysis (probe CMAll/3mm) in freely moving rats. 5-HT2 
agents were locally infused at 1 pM concentration through the probe during 4 
hours. HAL was administered 15 min after the onset of the perfusion of each 5- 
HT2 compound. Fifteen min dialysates, collected over 225 min after HAL 
administration, were analysed by HPLC-ECD. Basal DA release was increased (+27%) by 
the 5-HT2V2iy2c agonist DOI. and reduced (-30%) by the S-HT^- antagonist SB 206553. 
It was unaffected by the selective 5-HT2X antagonist SR 46349B. Moreover, the effect of 
DOI was abolished by SB 206553, but it was not modified by SR 46349B. In the presence 
of HAL, DA extracellular levels were enhanced to about 157% of basal values. This effect 
was reduced by striatal infusion of both SR 46349B and the 5-HT2A2fy2C antagonist 
ritanserin (-32% and -25%, respectively), whereas it was not modified by SB 206553. 
Finally, HAL-stimulated DA release was potentiated (+27%) by the coperfusion of SB 
206553 and DOI.

These results indicate that striatal 5-HT2A and 5-HT2C receptors modulate 
nigro-striatal DA function in a differential manner. Thus, 5-HT2A receptors 
exert a facilitatory control on DA outflow only in activated conditions. 
Conversely, 5-HT2c receptors positively modulate basal DA release. Also, this 
latter control appears to be both tonic and phasic in its nature.

This work was supported by grants from CNRS and Bordeaux2 University.

882.16
NEUROTENSIN SUPPRESSES THE QUINPIROLE-INDUCED INHIBITION OF 
THE FIRING RATE OF RAT SUBSTANTIA NIGRA AND VENTRAL 
TEGMENTAL AREA DOPAMINE NEURONS: AN IN VITRO DUAL 
RECORDING STUDY.
T. R. Werkman*1, C.G. Kruse2. H. Nievelstein2. S.K. Long2 and W.J.
Wadman1. Institute for Neurobiology1, University of Amsterdam, Kruislaan 
320, 1098 SM Amsterdam, The Netherlands and Solvay Pharmaceuticals
B.V.2, P.O. Box 900, 1380 DA Weesp, The Netherlands.

In the present study we describe an in vitro experimental midbrain 
preparation which allows simultaneous extracellular recordings of the electrical 
activity of dopamine neurons in the rat substantia nigra (SN) and the ventral 
tegmental area (VTA) of the rat. With this slice preparation differential effects of 
drugs on the electrical activity of SN and VTA dopamine neurons can be 
quickly determined. It was found that the firing frequency of the SN dopamine 
neurons was higher than that of the dopamine VTA neurons (2.1 vs 1.4 Hz). 
Furthermore, we used the preparation to study the excitatory effects of the 
bioactive peptide neurotensin (NT) on the electrical activity of the SN and VTA 
dopamine neurons. The NT fragment (8-13) (NT8-13) induced comparable 
increases in firing rate of the SN and VTA dopamine neurons (EC50 values 30 
and 45 nM, respectively). The NT receptor antagonist SR142948A 
antagonized the excitatory effects of NT8-13 (pA2 values 8.4 and 8.2). In 
addition, it was found that alow concentration of NT8-13 (1 nM) attenuated 
the inhibition of the firing rate by the selective dopamine D2 receptor agonist 
quinpirole in both neuron types (e.g. the effect of 0.01 pM quinpirole was 
reduced for -60% in the presence of 1 nM NT8-13). Since SR142948A 
antagonized this effect of the NT fragment, it is concluded that it occurs by a 
NT-dopamine D2 receptor interaction. Moreover, our results suggest that the 
antagonistic effect of SR142948A was more pronounced in the VTA 
dopamine neurons and this could provide more insight in how NT may play a 
role in neurological disorders like Parkinson’s disease and schizophrenia.

882.17

PHENCYLCLIDINE INDUCED INCREASE OF LOCOMOTOR ACTIVITY 
AND N. ACCUMBENS DOPAMINE EFFLUX IS ENHANCED FOLLOWING 
BLOCKADE OF 5-HT2C/2B RECEPTORS. P.H.Hutson*, C, L. Barton and 
L.J. Bristow, Merck Sharp and Dohme Neuroscience Research Centre, Harlow, 
Essex, UK.

The NMDA receptor antagonist phencyclidine (PCP) induces symptoms in man 
which resemble those observed in schizophrenia. In rodents, PCP elicits an 
increase of n. accumbens dopamine (DA) efflux and locomotor activity, effects 
which are attenuated by the selective 5-HT2A receptor antagonist, MDL 100907 
(Murray et al 1997). In the present study we have determined the effect of a 
5-HT2C/2B receptor antagonist, SB 221284 (Bromidge et al 1998), on the PCP 
induced increase of locomotor activity and n. accumbens DA efflux determined 
using in vivo dialysis with HPLC-ECD. PCP (5mg/kg sc) increased n. accumbens 
DA efflux 40-60 min after injection (DA efflux, mean ± sem AUC fmol/15pl/min 
= 0.41 ± 0.07*) compared with saline administration (AUC = 0.18 ± 0.05). SB 
221284 (lmg/kg ip) did not affect basal DA efflux (AUC 0.17 ± 0.05) but 
significantly enhanced PCP induced DA efflux (AUC = 0.65 ± 0.12*f). Similarly, 
locomotor activity was increased by PCP (2.5mg/kg sc) (mean ± sem total cage 
crosses) (veh/sal = 11 ± 2; veh/PCP = 129 ± 46*). However, pre-treatment with 
SB 221284 (lmg/kg ip), a dose which did not affect locomotor activity (21 ±4), 
significantly enhanced (289 ± 49*f) PCP induced locomotor activity. (*P<0.05 
and |P<0.05 compared with veh/sal and veh/PCP respectively). Results indicate 
that while there appeared to be a lack of endogenous tone at 5-HT2C/2B 
receptors, blockade of these receptors markedly enhanced the activation of n. 
accumbens dopamine neurones by PCP.
Bromidge et al (1998) J Med Chem 41 1598-1612.
Murray et al (1997) Br J Pharmacol 123 P241. MSD L td •

882.18

PURINE-INDUCED MODULATION OF DOPAMINE 
METABOLISM IN PC12 CELLS. P.A. LeWitt*, D.A. Loeffler, and 
D.M. Camp. Dept of Psychiatry and Behavioral Neurosciences, 
Wayne State Univ., School of Medicine, Detroit, MI 48201, and 
Clinical Neuroscience Program, Sinai Hospital, Detroit, MI 48235.

Though striatal dopamine (DA) and adenosine receptors are co-
localized and functionally linked, little is known about the interactions 
between other purines and DA. We previously showed that increased 
DA metabolism altered striatal guanosine and guanine in vivo (Brain 
Res. Bull. 1998, 45, 297-299). This study examined the effects of 
various purines (adenosine, adenine, guanosine, guanine, 
hypoxanthine, xanthine and uric acid) on DA metabolism in vitro. 
PC12 cells were incubated for 24 hr with 5, 50 or 500 jiM of these 
compounds, after which time intracellular concentrations of DA, its 
precursor DOPA, and its metabolites, 3,4-dihydroxyphenylacetic acid 
(DOPAC) and homovanillic acid (HVA), were measured by HPLC. 
Adenosine increased DOPA, DOPAC and HVA (generally significant 
only at 500 /zM). Adenine decreased DOPA but exerted little influence 
on DA and its metabolites. Five piM guanosine increased DOPAC and 
HVA, while higher concentrations (500 pM) decreased DA and 
DOPAC. Guanine decreased DA in a dose-dependent manner. 
Xanthine, hypoxanthine and uric acid exerted minimal effects on PC 12 
DA metabolism. Viability of PC12 cells, as assessed by lactate 
dehydrogenase release, was unaffected after 24 hr incubation of the 
highest purine concentration. These results suggest that purines other 
than adenosine may influence DAergic neurotransmission. (Supported 
by the National Parkinson Foundation.)

882.19

BLOCKADE OF GABAa RECEPTORS WITHIN THE NUCLEUS 
ACCUMBENS INCREASES ACCUMBAL DOPAMINE RELEASE: A 
MICRODIALYSIS STUDY. Q.S. Yan* and S.G Yan. Department of Biomedical 
and Therapeutic Sciences, Univ. of Illinois Coll, of Med. Peoria, IL 61656.

Activation or blockade of GABA receptors within the ventral tegmental area 
can modulate dopamine (DA) release in the nucleus accumbens (NACC), a 
terminal area of the mesolimbic DA pathway. However, the significance of 
GABA receptors within the NACC in the regulation of accumbal DA release 
remains largely unexplored. This study was designed to investigate the interaction 
between GABA and DA in the NACC. Under anesthesia, a guide cannula was 
implanted over the right NACC of male Sprague-Dawley rats. Seven days later, a 
dialysis probe was inserted into the NACC of the freely moving animals and a 20- 
min dialysate was continuously collected. DA in dialysates was analyzed using an 
HPLC-EC system. All treatments were administered via a dialysis probe into the 
NACC after basal DA was stable. The results showed that local infusion of 
bicuculline (25-100 pM), a GABAa antagonist, produced a concentration- 
dependent augmentation of extracellular DA. The maximal increases were 167%, 
210%, and 314% of baseline, respectively. DA levels returned to pre-treatment 
values within 40-60 min following discontinuation of bicuculline. The increase in 
extracellular DA produced by bicuculline was sensitive to tetrodotoxin (2 pM) 
perfusion. Bicuculline-evoked increases in DA were antagonized by local infusion 
of muscimol (50 and 100 pM), a GABAa agonist, in a concentration-dependent 
manner. Focal administration of muscimol at the concentrations of either 50 or 
100 pM did not alter extracellular DA. The findings indicate that blockade of 
GABAa 'receptors within the NACC increases DA release in this region and 
suggest that basal DA release in the NACC is under tonic inhibitory control by 
local GABAa  receptors. (Supported in part by NLAAA grant A A 10946)

882.20

INHIBITORY EFFECT OF ENDOGENOUS GLUTAMATE ON STRIATAL 
DOPAMINE RELEASE S, L, Castro1*, Y, Wuz, A.C. Michael2, M. J. Zigmond1 
Departments of Neurology1 and Chemistry2, University of Pittsburgh, Pittsburgh, PA 
15213.

Excitatory amino acids (EAAs) such as glutamate can stimulate dopamine (DA) 
release from striatal terminals. However, most attempts to demonstrate an excitatory 
effect of endogenous EAAs have failed. In fact, there have been several reports 
indicating that high doses of glutamate antagonists actually increase striatal DA, 
suggesting an inhibitory effect of glutamate. We have explored this possibility in 
adult male rats using both in vitro fast scan cyclic voltammetry and in vivo 
microdialysis. First, coronal slices of striatum (400 pm) were prepared and a 
voltammetric electrode (7 pm) placed 100 pm within the slice to measure DA efflux 
(scan rate 300 V/s every 100 ms). A bipolar stimulating electrode was used to deliver 
stimulation (12 pulses, 60 Hz, 70 pA rms). The broad-spectrum EAA receptor 
antagonist kynurenate (100 pM) increased DA efflux (+60%), whereas the EAA 
agonists kainate (100 pM) and NMDA (100 pM, without Mg2+) both decreased the 
response (30% and 50%, respectively). No evidence for an EAA-induced increase in 
DA efflux was detected under these conditions. Next, the NMDA receptor antagonist 
2-amino-5-phosphonovaleric acid (APV, 100 pM) was administered to awake 
animals via a concentric microdialysis probe (250 pm) implanted 18 hr earlier into 
the neostriatum (AP +0.5 mm, ML -2.5 mm, DV -7.0 mm). APV increased 
microdialysate DA concentration (+28%). Bicuculline (100 pM), an antagonist of 
GABAa  receptors, also increased DA in the microdialysate (+58%) under these 
conditions. Collectively, these results suggest that EAAs exert a net inhibitory 
influence on striatal DA release. We currently are exploring the role of striatal GABA 
neurons in this process. (Supported in part by MH29670, MH45156, NS 19608, 
MHOOO58, and NS31442.)
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882.21
THE ROLE OF IONOTROPIC GLUTAMATE RECEPTORS IN NUCLEUS 
ACCUMBENS DOPAMINE EFFLUX AND MOTOR ACTIVITY EVOKED 
BY HIGH FREQUENCY STIMULATION OF THE VENTRAL SUBICULUM.
P. Taepavarapruk* and A.G. Phillips. Dept. of Psychology, Univ. of British 
Columbia, Vancouver, V6T 1Z4, CANADA.

The present study utilized brain microdialysis with simultaneous measurement of 
motor activity in freely moving rats to investigate 1) effects of high frequency 
stimulation of the ventral subiculum (Vsub/CAl) on extracellular levels of 
dopamine (DA) in the nucleus accumbens (NAcc) and on locomotor activity, and 2) 
the role of the N-methyl-D-aspartate (NMDA) glutamate receptor subtype in 
mediating changes in DA release evoked by the Vsub/CAl stimulation. Electrical 
stimulation of the Vsub/CAl at 20 Hz (10 sec, 300 pA) induced 1) a significant 
increase in DA levels in the NAcc (» 30 % from pre-stimulation DA levels), and 2) a 
behavioral activation characterized by locomotor activity, wet dog shakes, rearing, 
sniffing, and grooming. Reverse dialysis of a competitive NMDA antagonist, (±)-2- 
amino-5-phosphonophentanoic acid (APV), at dose of 10 pM into the NAcc partially 
antagonized the effects of Vsub/CAl stimulation and a higher dose of APV (100 
pM) blocked completely the elevation in DA levels evoked by Vsub/CAl 
stimulation. However, the increased motor activity induced by Vsub/CAl 
stimulation was only slightly attenuated by reverse dialysis of APV at the two doses 
tested. The neurochemical data indicate an important role for hippocampal 
glutamatergic afferents in modulating the release of DA through NMDA receptors 
on post-synaptic DA neurons in the NAcc. The apparent failure of APV to block the 
increased locomotor activity evoked by Vsub/CAl stimulation probably reflects the 
limited site of action following reverse dialysis. Ongoing experiments will examine 
the effects of an NMDA antagonist administered systematically. Supported by the 
Medical Research Council of Canada.

882.22

ADMINISTRATION OF DOPAMINE LIGANDS INTO THE BASAL 
FOREBRAIN. EFFECTS ON CORTICAL ACETYLCHOLINE RELEASE.
H.M. Arnold*. G.N. Neigh. M, Sarter and J.P. Bruno. Dept. of Psychology 
and Division of Neuroscience, Ohio State University, Columbus, OH 43210.

Corticopetal cholinergic neurons arising from the basal forebrain (BF) 
innervate the entire neocortex and modulate attentional processes by affecting 
stimulus salience, selection and processing. These neurons are believed to be 
transynaptically regulated, in part, by GABAergic projections from the 
nucleus accumbens. Systemic administration of the indirect dopamine (DA) 
agonist amphetamine activates cortical cholinergic afferents reflected by an 
increase in cortical acetylcholine (ACh) efflux. Recently we have shown that 
this effect is not attenuated by DA antagonists perfused directly into the 
nucleus accumbens. Because the BF also receives DAergic projections directly 
from the ventral tegmental area we examined whether DA efflux within the BF 
was necessary for the expression of the amphetamine-induced increase in 
cortical ACh release. Each rat was implanted with two microdialysis cannula; 
one in the BF, the other in the medial prefrontal cortex to measure cortical 
ACh release. Prior to and following systemic injection of amphetamine 
(2.0 mg/kg, ip), rats were perfused with either the Dl antagonist SCH 23390 
(100 pM), the D2 antagonist sulpiride (100 pM) or aCSF directly into the BF. 
The local administration of these antagonists into the BF did not attenuate the 
amphetamine-induced increase in cortical ACh efflux, suggesting that DA in 
the BF is not a necessary condition for increased cortical ACh efflux following 
systemic amphetamine. The effects of perfusion of BF with DA agonists 
alone and in combination with glutamate agonists on cortical ACh release will 
also be discussed.
(Supported by MH 57436, NS 32938, NS 37026)

882.23

THE EFFECTS OF INTRA-ACCUMBENS AMPHETAMINE AND 
NOVELTY ON ACCUMBENS DOPAMINE AND CORTICAL 
ACETYLCHOLINE RELEASE. G.N. Neigh*. H.M, Arnold. M, Sarter. J.P, 
Bruno. Depts. of Psychology and Neuroscience, The Ohio State University, 
Columbus, OH 43210.

Systemic amphetamine (AMPH) increases nucleus accumbens (NAC) 
dopamine (DA) and cortical acetylcholine (ACh) efflux. This increase in 
cortical ACh efflux is believed to be amplified by increases in NAC DA 
release and subsequent disinhibition of basal forebrain (BF) cholinergic 
neurons. However, direct administration of AMPH into the NAC failed to 
augment ACh efflux induced by a mild environmental stimulus (darkness). 
This stimulus may not have sufficiently activated BF cholinergic neurons in 
order to reveal the effects of disinhibition. Introduction to a novel 
environment may provide sufficient activation to reveal effects of intra- 
accumbens AMPH on cortical ACh efflux as this manipulation potentiates 
sensitized motor behavior produced by systemic AMPH. Rats were implanted 
with dual microdialysis probes in the shell of the NAC and the mPFC. After 
baseline collections, separate groups of rats received AMPH (250 pM) or 
aCSF directly into the NAC and were then transferred to a novel environment 
(different room, darkened, different odor of bedding). Transfer to the novel 
environment increased cortical ACh efflux, but not NAC DA, in aCSF 
controls. While novelty potentiated the effects of local AMPH on NAC DA 
efflux, it still did not increase cortical ACh efflux beyond that seen in aCSF 
controls. These results further demonstrate that increases in NAC DA are not 
sufficient to change cortical ACh release and suggest that systemic AMPH’s 
ability to increase cortical ACh efflux reflects the drug’s complex effects 
within a distributed neural system. (Supported by MH54736, NS32938)

882.24

NOVELTY-INDUCED ELEVATIONS IN NUCLEUS ACCUMBENS DOPAMINE 
ARE MEDIATED BY IMPULSE FLOW THROUGH THE VENTRAL 
SUBICULUM AND GLUTAMATERGIC NEUROTRANSMISSION IN THE 
VENTRAL TEGMENTAL AREA. Mark Legault1* and Roy A Wise2. Center for 
Studies in Behavioral Neurobiology, Concordia University, Montreal, Canada, H3G 
1M8. ^National Institute on Drug Abuse, National Institutes of Health, USA.

The importance of nucleus accumbens (NA) dopamine (DA) is well established in 
locomotion involved in exploring novel stimuli. Glutamatergic efferents from the 
ventral subiculum (VS) of the hippocampus have been suggested to modulate both 
exploration and NA DA either by evoking DA release from terminals in the NA or by 
increasing impulse flow from the ventral tegmental area. In the present studies, in 
vivo microdialysis (in conjunction with HPLC-EC) in freely moving rats was used to 
estimate fluctuations in NA DA prior to and during exploration of novel objects 
within a novel environment. Exposure to the novel stimuli increased locomotor 
activity and elevated NA DA to approximately 130% of baseline. Whereas activity 
increased and declined monotonically over the next 45 minutes, DA rose, peaked 
approximately 45 minutes, and then gradually declined. Elevations in NA DA were 
abolished by microinjections of tetrodotoxin (TTX) into the ipsilateral VS, but not 
the contralateral VS. Elevations in NA DA were also blocked by perfusion of the 
glutamate antagonist kynurenic acid into the ipsilateral, but not the contralateral, 
VTA. These results suggest that novelty-induced elevations in NA DA were 
modulated by impulse flow from glutamatergic outputs from the VS. Although there 
does not seem to be any direct projections from the VS to the VTA, we have 
previously reported that stimulation of the VS can increase both VTA DA and the 
activity of VTA DA neurons. The present results suggest that one function of VS- 
modulation of dopaminergic neurotransmission is the unconditioned exploration of 
novel stimuli. This modulation may be mediated by VS modulation of glutamatergic 
neurotransmission in the VTA rather than by glutamatergic actions on dopaminergic 
terminals in the NA. Funded by FCAR, Quebec.

882.25

CANNABINOID AND DOPAMINE INTERACTIONS IN THE PRIMATE 
BRAIN: BEHAVIORAL AND CELLULAR CORRELATES. KI Tsaioun*. GM 
Miller, and BK Madras. Harvard Medical School, NERPRC, Southborough, MA 
01772.
D, or D2/D3 receptor-selective dopamine agonists have been proposed as candidate 
cocaine medications. The possible concomitant use of cocaine/dopamine agonists and 
marijuana raises the possibility for drug interactions between the receptor-selective 
dopamine agonists and cannabinoids. We previously observed that a CB1 
cannabinoid receptor agonist, levonantradol alone significantly decreased locomotion 
and produced sedation in macaque monkeys. In contrast, D2-type dopamine receptor 
agonists, quinelorane or pergolide, produced no sedation and/or increased motor 
activity. However, when an ineffective dose of levonantradol was administered 
followed by either D2 agonist, the combination precipitated sedation and a decrease 
in locomotor activity (Meschler et al, Naunyn-Schmeideberg's Arch. Pharmacol. 
358:R58,1998). The potentiation of sedation by quinelorane suggests that dopamine 
and cannabinoid receptor systems may interact in the brain via inter- or intraneuronal 
mechanisms. To investigate whether dopamine and cannabinoid receptors are co-
localized on the same neurons, we performed immunohistochemistry with 
fluorescence confocal microscopy to identify D„ D2 dopamine and CB1 cannabinoid 
receptors on brain sections of rhesus monkey (Macaca mulatto}. Our results indicate 
that CB1 cannabinoid receptors are co-localized in a sub-population of D, and D2 
dopamine receptor-positive neurons in caudate-putamen and nucleus accumbens. 
These findings provide the first evidence of co-localization of dopamine, and 
cannabinoid receptors in the primate brain. They furthermore form a basis for 
investigating dopamine and cannabinoid receptor interactions in the same cell in 
vitro. Support: DA09462, DA06303, DAI 1558, DA00304, MH14275, RR00168.

882.26

D4 DOPAMINE RECEPTORS CO-LOCALIZE WITH THE SYNAPTIC 
SCAFFOLDING PROTEIN SAP-97 AND GLUTAMATE RECEPTORS IN RAT 
BRAIN EXTRACTS. R.C. Deth1*, S. Mehta2. W. Tan1. Y. F, Liu2 and J. Marshall2. 
‘Department of Pharmaceutical Sciences, Northeastern Univ., Boston, MA 02115; 
Department of Molecular Pharmacology, Physiology and Biotechnology, Brown 

Univ., Providence, RI02912.
D4 Dopamine receptors (D4Rs) are the most variable protein in man and primates, 

due to the presence of hypervariable proline-rich repeat segments, which are not 
present in the D4Rs of lower species. An additional proline-rich segment is present in 
all species, and earlier studies have shown the ability of D4Rs to form SH3 domain- 
dependent complexes with other proteins. SAPs (synapse-associated proteins) have 
multiple protein binding domains and serve to create macromolecular complexes which 
carry out synaptic communication. SH3 domains are present in several SAPs, and we 
previously reported that kainate receptors can associate with SAP90 and SAP 102 via 
their SH3 domain. To investigate whether D4Rs might also associate with SAP 
proteins, we carried out co-immunoprecipitation studies with solubilized rat brain. 
Western blots of D4R immunoprecipitates were probed with antibodies against SAP90, 
SAP97 and SAP102. SAP97 was present in the D4R-derived blot, but not other SAPs. 
Further probing revealed that D4R immunoprecipitates also contain the NR2A subunit 
of NMDA receptors and the KA2 subunit of kainate receptors. Immunohistochemical 
studies were carried out with cultured hippocampal neurons which also showed co-
localization of SAP97 and D4Rs in a focal pattern of distribution on both the soma and 
dendritic extensions.

D4Rs have the unique ability to mediate membrane phospholipid methylation, which 
can modulate the activity of membrane proteins in the receptor’s microenvironment. 
Our results indicate that NMDA receptors and kainate receptors are located sufficiently 
close to D4Rs to be potential targets for dopamine-mediated modulation. This mode of 
modulation may be critical in gating access of sensory input into short-term memory.
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883.1
SPECIFIC MUTATIONS IN THE 5-OPIOID RECEPTOR TRANSFORM OPIATE 
ALKALOID ANTAGONISTS INTO AGONISTS. O. Wei. F, Mens*, M. T. 
Hoversten. L. P, Taylor and H. Akil. Mental Health Research Institute, Univ. of 
Michigan, Ann Arbor, MI 48109.

In order to delineate the “common opioid alkaloid binding pocket”, several amino 
acid residues in the 8-opioid receptor were mutated to the corresponding residues in 
the orphanin FQ receptor. These mutations included individual K-A (TM5), IHI-VQV 
(TM6), I-T (TM7) mutations as well as all their possible combinations. Binding 
affinities of all mutants did not differ significantly from those of the wild type 8 
receptor. Opioid agonist binding to most of the mutant receptors activated [35S]GTPyS 
binding. The only exception was the K-A mutant, which failed to be activated by 
etorphine and SNC80. However, the 8 inverse agonist BNTX was still an inverse 
agonist on the K-A mutant, indicating that this mutant was still functionally coupled 
to endogenous G protein(s). Surprisingly, typical opiate alkaloid antagonists, such as 
NTI, NTX, (-)bremazocine, became agonists at mutants containing IHI-VQV and/or 
I-T. Even 8 inverse agonists, ICI-174,864 and BNTX, acted as agonists on the 
mutants containing both IHI-VQV and I-T. However, the 8-selective antagonist 
peptide TIPP behaved more like an antagonist at all the mutants. These results suggest 
that 1) Although mutations with these amino acid residues did not change the alkaloid 
binding affinities, they could dramatically alter receptor activation mechanisms, and 
2) In the wild type 8 receptor, the IHI and I residues likely participate in maintaining 
a receptor conformation that does not activate G protein upon the binding of opiate 
alkaloid antagonists. It should be noted that the reciprocal mutations in the orphanin 
FQ receptor significantly increased the binding affinity of opioid alkaloids (F. Meng 
et al, J. Biol. Chem., 271, 32016). These results will be discussed in terms of the 
possible existence of multiple binding pockets at a given G protein-coupled receptor.

883.2
SPINAL 8-OPIOID RECEPTORS MEDIATED NOCICEPTIVE TRANSMISSION 
IN A NOVEL PERFUSED TRUNK-HINDQUARTER PREPARATION OF ADULT 
MOUSE IN VITRO. C.Q. Cao*, A. Dray & M, Perkins, Dept. of Pharmacology, Astra 
Research Center Montreal, St. Laurent, Quebec, Canada, H4S 1Z9.

There are few electrophysiological studies on intact spinal cord of adult mouse. This 
study investigated the role of 8-opioid receptors in mediating nociceptive transmission 
in the adult mouse by using a novel preparation of perfused spinal cord with attached 
trunk-hindquarters. Male mice (CD-I, 26-30 g) were deeply anaesthetized with 
urethane. The descending aorta was cannulated and perfused continuously with 
artificial cerebrospinal fluid (10-15ml/min) at 32-35 °C. Extracellular recordings of 
single unit activity of dorsal horn neurones in the lumber enlargement were made 
using glass microelectrodes filled with 3 M NaCl. Nociceptive and/or wide dynamic 
range neurones were identified on the basis of their receptive field characteristics, 
latency and consistent responses to noxious electrical stimulation of their receptive 
field. Three types of noxious stimuli were used to evoke nociceptive responses: single 
supermaximal electrical shock (50 mV, 1ms) to the hind paw; noxious pinch to the 
tail or hind paw for 2 s and heat stimuli (hot water 55 °C) to the tail for 10 s. All three 
stimuli significantly increased the firing rate of all neurones tested (n=38), by 583 ± 
58%, 620 ± 108% and 998 ± 187% control, respectively. In some cells, repetitive 
noxious electrical stimuli (3mA, 2 ms, 1 Hz) applied to the hind paw for 20 s 
produced a progressive increase in evoked activity, the phenomenon ‘wind-up’. When 
5 pM SNC 80 was perfused for 8-10 min, these noxious stimuli failed to elicit any 
increases in spike activity (n=8). The wind-up elicited by repetitive noxious stimuli 
was also abolished by 5 pM SNC 80 (n=3). The depressant effect of SNC 80 on the 
nociceptive responses was completely blocked and reversed by 10 pM naloxone 
(n=4) and 5 pM AR-M100150 (n=5), a novel, selective 8-opioid receptor antagonist. 
This data first demonstrates that delta opioid receptors can modulate nociceptive 
transmission in spinal dorsal horn neurones in the adult mouse.

883.3

COUPLING BETWEEN CLONED 8-OPIOID RECEPTORS AND CLONED 
OR NATIVE Ca2+ CHANNELS. P. Safa1, J. Boulter2, T.G. Hales*3. 'Neuroscience 
Program, UCLA; 2Dept. Psych, and Biobehav. Sciences, UCLA, CA 90095; 3Dept. 
Pharmacol., George Washington University, Washington D.C. 20037.

Different types of voltage-gated Ca2+ channels control Ca2+ entry into distinct 
cellular compartments. Differential regulation of these channels can affect diverse 
cellular processes including gene expression, action potential duration and 
neurotransmitter release. Opioids inhibit presynaptic N- and P/Q-type Ca2+ channel 
activity leading to a reduction in neurotransmitter release. There is also evidence for 
L-type Ca2+ channel modulation by opioid receptors stably expressed in GH3 cells. In 
this study we compared the characteristics of cloned 8 receptor coupling to native 
Ca2+ channels in GH3 cells and cloned P/Q-type channels expressed in HEK cells.

Ba2+ currents through voltage-gated Ca2+ channels were recorded from GH3 cells 
stably expressing p and 8 receptors and HEK cells stably expressing 8 receptors and 
transiently expressing rat Ca2+ channel a1A, p2a and a2S subunits. The threshold and 
peak activation of the cloned P/Q-type channels (-20 and 10 mV, respectively) 
occurred at more depolarized potentials than did activation of Ba2+ currents recorded 
from GH3 cells (-50 and 0 mV). The activation of 8 receptors caused a reduction in 
Ba2+ current amplitude which was reversed by depolarizing prepulses. The half 
maximal voltage for this effect was 0 mV for P/Q type channels and -13 mV for GH3 
Ca2+ channels. We also examined the rate of reinhibition of the two types of Ca2+ 
channels after voltage-dependent reversal of inhibition. Recovery of inhibition 
occurred with time constants of 72 and 67 ms for P/Q and GH3 Ca2+ channels 
following a prepulse to 60 mV. These data suggest that similar voltage-dependent 
membrane delimiting processes are involved in coupling opioid receptors to P/Q-type 
channels and Ca2+ channels expressed by GH3 cells.
(Supported by NIDA Center Grant DA-05010).

883.4

THE DELTA OPIOID RECEPTOR (DORI) IS TRANSLOCATED 
TO THE PLASMA MEMBRANE IN RESPONSE TO 
STIMULATION. M. Riedl*. S. Shuster. X. Li. S. Tousev. and R. Elde. 
Dept. of Neuroscience, University of Minnesota, Minneapolis, MN 
55455.

DORI-immunoreactivity (-ir) is often associated with the membrane 
of large peptide-containing vesicles. This suggests that DORI may be 
inserted into the plasma membrane under conditions that cause 
neuropeptide release. We tested this hypothesis in synaptosomes 
prepared from homogenized rat brain. In these experiments, 
synaptosomes were left unstimulated in normal buffer or stimulated with 
high potassium for one minute. The translocation of DORI was 
determined both by immunogold electron microscopy using antisera to 
DORI and by ligand binding using [3H]-deltorphin II. Under normal 
conditions, the majority of DORl-ir in synaptosomes was associated 
with vesicle membranes. After stimulation, the amount of DORl-ir 
associated with vesicle membranes decreased while the amount of 
DORl-ir associated with the plasma membrane increased. Ligand 
binding studies showed an approximately 30% increase in [3H]- 
deltorphin II binding after stimulation. No increase in [3H]-deltorphin II 
binding was seen when calcium was eliminated from the buffer. These 
data demonstrate a calcium-dependent translocation of DORI from 
vesicles to the plasma membrane in synaptosomes. This work was 
supported by grants from NIH.

883.5

PRENATAL MORPHINE EXPOSURE ALTERS GONADAL HORMONE 
REGULATION OF DELTA OPIOID RECEPTORS IN RATS. R. Slamberova1, A. 
Rimanoczv3,1. Vathy12*. Depts. 'Psychiat. and 2Neurosci., Albert Einstein Coll. Med, 
Bronx, NY. 10461. Dept. 3Psych, Albert Szent-Gyorgyi Med. Sch, Szeged, Hungary.

Although morphine is a putative mu (p.) opioid receptor agonist, it also interacts 
with delta (8) and kappa (k ) opioid receptors. Our previous homogenate binding 
studies demonstrated that exposure to morphine (5-10 mg/kg) on gestation days 11- 
18 differentially alters p, 8 and k  opioid receptor binding characteristics in castrated 
and gonadal hormone-treated male and female rats in several brain regions. In the 
present study, receptor autoradiography was used to examine the density of 8 opioid 
receptors in the cortex and striatum of adult male and female rats exposed to the 
same gestational morphine treatment as in our previous work. Intact, castrated, and 
castrated and testosterone-treated adult male rats were sacrificed, brains were 
quickly removed, frozen in isopentane and stored at -80°C until use. Twenty pm 
coronal sections were thaw-mounted on microscope slides, and the highly selective 
tritiated ligand PH][D-Pen2, D-Pen5]enkephalin was used to label 8 receptors. Brain 
sections were exposed to Hyperfilms-3H with calibrated tritium standards for five 
weeks. Films were developed and the density of 8 receptors was measured in the 
cortex and striatum using NIH Image. Prenatal morphine exposure altered the 
gonadal hormone regulation of 8 receptors in the cortex but not in the striatum of adult 
male progeny. The analysis of autoradiograms in prenatally morphine-exposed female 
rats is currently in progress and will be presented in our poster. Supported by DA 
05833 to IV.

883.6
INCREASE IN DELTA OPIOID RECEPTOR INTERNALIZATION FOLLOWING 
CHRONIC MORPHINE TREATMENT. C.M. Cahill,*M.-C. Lee, J.P. Vincent and 
A. Beaudet, Dept. of Neurology and Neurosurgery, Montreal Neurological Institute, 
McGill University, Montreal, Quebec, Canada.

Drugs of abuse, when administered chronically induce alterations in receptor 
activity which is believed to be responsible for biochemical and cellular processes 
related to tolerance and dependence. In this study we have examined the effects of 
chronic opiate treatment on the regulation of cell surface delta opioid receptors 
(DOR) in primary cultures of rat cortical neurons. Cortices of PO rat pups were 
grown for 7-10 days in DMEM plus 1% FBS. Incubation of these neurons with a- 
Bodipy red-conjugated Deltorphin analog (Fluo-DLT, 10 nM) for 30 min at 37°C 
resulted in specific, naloxone-displaceable, labeling of 20-30% of neurons. This label 
was resistant to washing with hypertonic buffer at pH 4.0 and blocked by the 
endocytosis inhibitor, phenylarsinine oxide, indicating that the ligand had been 
internalized into cells. When cultured neurons were chronically exposed (48 h 
pretreatment) to morphine (10-6 M), internalization of Fluo-DLT was significantly 
augmented compared to controls. Co-treatment (48 h pretreatment) of neurons with 
morphine and CTOP (a mu opioid receptor antagonist) blocked morphine-induced 
enhancement of Fluo-DLT demonstrating that this effect was mu opioid receptor 
specific. These results suggest that chronic morphine treatment increases the 
availability of cell surface DOR available for internalization. Preliminary studies in 
vivo have demonstrated that chronic treatment of adult rats with morphine (3-10 
mg/kg, s.c. Q12 h) potentiates D-[Ala2]deltorphin Il-induced antinociception. Thus, it 
is tempting to hypothesize that the up-regulation of DOR following chronic morphine 
treatment in vitro may also occur in vivo, and that this enhancement of cell surface 
DOR receptors may be responsible for the enhanced analgesic effectiveness of DOR 
ligands. (Supported by MRC Canada and Astra Research Centre Montreal)
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883.7
THE DELTA OPIOID RECEPTOR mRNA AND PROTEIN IN THE RAT 
BRAIN IS DECREASED BY GROWTH HORMONE
P A. I. Persson1. N.D. Aberg1, J. Oscarsson2. O.G.P. isaksson3. E. Eriksson4, L.
Ronnback1. F. Frick2 and P S. Eriksson1*. Institute of Clinical Neuroscience,
Department of Neurology1, Department of Physiology2 and Department of Internal 
Medicine3, Department of Pharmacology4 at Goteborg University, Goteborg, 
Sweden.

The aim with this study was to clarify if growth hormone regulates the amount of 
DOR mRNA and protein in the rat brain. It was shown that growth hormone 
regulates the amount of mRNA and protein for the delta opioid receptor (DOR) at 
a pretranslational level. Hypophysectomized and untreated non-
hypophysectomized normal rats were included in the study. All
hypophysectomized rats were hormonally treated with cortisol phosphate and L- 
thyroxine. Hypophysectomy and the treatment stated above resulted in a 3-fold 
increase in cerebral cortex and a 2-fold increase in cerebellum of the DOR protein. 
Measurement of DOR mRNA by solution hybridization gave corresponding results 
to the DOR protein measurements. One subgroup of hypophysectomized rats 
received bovine growth hormone (1 mg/kg body weight) as a daily subcutaneous 
injection. A physiological dose of growth hormone administered to 
hypophysectomized rats normalised the levels of DOR protein and mRNA in both 
cerebral cortex and in cerebellum. Additional support were given from 
immunohistochemistry experiments. The brain regions investigated were the 
cerebral cortex and the cerebellum. Protein and mRNA were simultaneously 
extracted from single samples for further analysis. It is concluded that the 
expression of DORs in cerebral cortex and cerebellum is highly regulated by 
growth hormone at a pretranslational level. This study was supported by the 
Swedish Medical Research Council (project no K98-12X-12535-01 A).

883.8

A CELLULAR MODEL FOR DELTA OPIOID RECEPTOR DESENSITIZATION 

USING FLIPR TECHNOLOGY.

J. Labrecque, M Valiquette, C Pou and K. Payza*. Departments of 
Pharmacology and Molecular Biology, Astra Research Centre Montreal, 
7171 Frederick-Banting, St-Laurent, Quebec H4S 1Z9, Canada.
In this study we report that opioid-induced mobilization of Ca2+ 
desensitizes upon prolonged exposure to agonist. Co-expression of 
Gal6 and the human delta opioid receptor (hDOR) in HEK-293 cells was 
used to establish a model to study hDOR desensitization. In HEK-293 
hDOR/Gal6, functional coupling was establish by monitoring the Ca^+ 
response in a FLIPR assay. The order of agonist potency in the FLIPR 
assay was: Deltorphin II > SNC-86 = Diprenorphine > SNC-80 - 
DPDPE > P-endorphin » Buprenorphine > Tonazocine. The order of 
efficacy in the FLIPR response Deltorphin II = SNC-86 = SNC-80 = $- 
endorphin = DPDPE > Tonazocine > Diprenorphine > Buprenorphine. 
The compound ICI-174,864 was inactive. Following chronic agonist 
treatment (16 hrs) hDOR/Gal6 cells displayed a dose-dependent loss of 
Ca2+ signal in response to SNC-80. The following order of 
desensitization potency was observed: SNC-86 >Tonazocine > 
Diprenorphine > Delt II > SNC-80 > Buprenorphine > DPDPE » Beta 
endorphin. The agonist treatments resulted in different maximal extents of 
desensitization: SNC-86 = SNC-80 > Buprenorphine > DPDPE > 
Detorphin II > Diprenorphin > Tonazocine > Beta endorphin. The results 
indicate that promiscuous coupling with Gal6 can be used to study delta 
opioid desensitization using FLIPR assays.

883.9
SHORT TERM TREATMENT WITH THE INVERSE AGONIST ICI174864 INDUCES OPPOSITE 
EFFECTS ON THE NUMBER OF S-OPIOID BINDING SITES RECOGNIZED BY AGONIST OR 
INVERSE AGONIST(3H]LIGANDS G.Pifieyro*, M. Azzi and M. Bouvier. Department of 
Biochemistry, Univerite de Montreal; Montreal, Quebec, Canada.

Unlike standard agonists, which bind to heptahelical receptors and induce G-protein 
activity, inverse agonists reduce basal, agonist independent, G-protein activation by GPCRs. 
This phenomenom has been explained by hypothesizing a two-state receptor model in which 
inverse agonists preferentially bind and stabilize an inactive form of the receptor (R), while 
agonists would favor an active state (R*). Though it has been established that short term 
treatment with inverse agonists may induce a loss in binding sites (eg: for 5HT2, receptors), it 
is less clear what the mechanism underlying this effect might be. The present study was thus 
undertaken to clarify this issue. HEK 293s cells stably expressing the human 8-opioid receptor 
(h8R; 5 ± 1 pm/mg of protein), were incubated with the inverse agonist ICI174864 (1 pM for 
30 min at 37°C), and the effect of this treatment on the distribution of agonist (R*)- and 
inverse agonist (R)-preferring states of the receptor was assessed. Following treatment, cells 
were thoroughly washed and saturation curves for the agonist [3H]bremazocine and the inverse 
agonist [3H]i|/TICP were produced. The total number of binding sites recognized by the 
agonist ([3H]Brem) was decreased by 30% while that recognized by [3H]ipTICP increased by 
20%, indicating a redistribution of receptors from agonist-preferring state (R*) to that 
preferentially recognizing the inverse agonist (R). SDS-PAGE immunoblots indicated that the 
amount of receptor protein in membranes obtained from cells treated with ICI 174864 was 
similar to that obtained in in controls, ruling out any contribution of receptor degradation to 
the observed reduction in [ HJBrem binding. Furthermore, since the active form of the receptor 
which binds the agonist (R*) is also stabilized by G-protein coupling, it was reasoned that if 
ICI174864 treatment reduced [3H]Brem binding by enriching R at the expense of R*, then, an 
uncoupling agent such as GppNHp which destabilizes the R*G complex should interfere with 
IC1174864-induced reduction of [3H]Brem binding. As predicted, in membranes incubated in 
the presence of a maximal effective concentration of GppNHp (500 pM), the effect of 
pretreatment with ICI 174864 was abolished. Taken together, these results suggest that short 
term treatment with an inverse agonist entails an increase in the inactive, uncoupled state of 
h8Rs which is maintained during membrane preparation, indicating the stability of the R state.

883.10

HYPOXIC REGULATION OF DELTA OPIOID RECEPTOR GENE 
EXPRESSION THROUGH AN INTRAGENIC HYPOXIA RESPONSE 
ELEMENT. C.L. Szymeczek-Seav1* , F.G. Bottone, Jr.1, and E.E. Lawson2 . 
‘Department of Pediatrics, University of North Carolina at Chapel Hill, CB#7596, 
Chapel Hill, NC 27599-7596; department of Pediatrics, Johns Hopkins Medical 
Institutions, 600 N. Wolfe St., CMSC 210, Baltimore, MD 21287-3200.

In newborns, the predominance of inhibitory neurotransmission over excitatory 
neurotransmission in brainstem respiratory centers is likely to contribute to the 
relative depression of neonatal respiratory drive. Opioid transmitter systems, 
including the delta opioid receptor (DOR), are implicated in this respiratory 
depression. An environmental perturbation, such as hypoxia, which upregulates 
DOR may prolong the neonatal phenotype of respiratory instability well beyond the 
perinatal period, resulting in apnea, Sudden Infant Death Syndrome (SIDS), or long-
term respiratory dysfunction.

Using NG108-15 cells, we have demonstrated that DOR mRNA is upregulated by 
48 hour hypoxia (2% FiO2) as compared to normoxia (21% FiO2). We have shown 
that known mechanisms for hypoxic induction of gene regulation are in place in 
NG108-15 cells by demonstrating that both hypoxia inducible factor-la (HIF-la) 
and aryl hydrocarbon receptor nuclear translocator (ARNT) are present in the cells 
and are also upregulated by hypoxia (2% FiO2) as compared to normoxia (21% 
FiO2). We have also identified a cluster of 3 putative hypoxia response elements 
(HREs) located within a 40 base pair sequence module in the coding sequence of 
the DOR. Preliminary gel shift studies show that a 40 base pair double stranded 
oligonucleotide corresponding to this 40 base pair DOR composite HRE binds 
nuclear protein extracts from hypoxic (2% FiO2) NG108-15 cells more avidly than 
nuclear protein extracts from normoxic cells. Our data suggests that in NG108-15 
cells, DOR is upregulated by hypoxia using a mechanism which may involve HIF- 
1 a, ARNT, and a novel, intragenic HRE. (Supported by NIH HI 34919.)

883.11

PROJECTION NEURONS TO THE PERIAQUEDUCTAL GRAY DO NOT 
EXPRESS FOS FOLLOWING OPIOID- OR DOPAMINE-ANTAGONIST 
PRECIPITATED WITHDRAWAL IN MORPHINE-DEPENDENT RATS 
M, Edwards. K,M. Buller* and P.B, Osborne. Dept of Physiology &
Pharmacology, Univ. of Queensland; Brisbane Q 4072, Australia.

Dependence on drugs such as opioids is the result of adaptive changes in 
neurons in the brain. The nucleus accumbens is a forebrain area in which changes 
in neurons are known to mediate the psychological rewarding effects of opioids. 
However, this area has also been linked to physical opioid dependence, as 
administration of dopamine-receptor antagonists into the accumbens causes 
physical withdrawal signs in morphine-dependent rats.

We studied the distribution of Fos neurons following withdrawal precipitated 
by either naloxone (30mg/kg s.c.) or flupenthixol (2 mg/kg s.c.) in rats that had 
been pretreated with a slow-release morphine mixture over 7d. Naloxone 
withdrawal significantly increased the numbers of Fos-positive neurons in the 
accumbens (Acb), central nucleus of the amygdala (CeA) and the periaqueductal 
gray (PAG), whereas flupenthixol caused a significant increase in Fos neurons in 
the PAG but not the Acb or the CeA. However, within the accumbens, a 
significant increase in the ratio of Fos neurons in the shell relative to the core was 
produced by both naloxone and flupenthixol.

We also tested if Fos was expressed in neurons that project to the PAG by 
using retrograde labelling for the tracer cholera toxin subunit B (CTb). There was 
no expression of Fos in CTb-labelled neurons in either the Acb or the CeA. No 
significant co-localisation of Fos and CTb was seen in any forebrain area although 
single-stained neurons co-distributed in most areas where they occurred.

This study demonstrates that dopamine-antagonists, like opioid-antagonists, 
can selectively activate forebrain neurons in opioid-dependent rats. However, 
none of these neurons are PAG projection neurons.

(Supported by NHMRC project grant 9711263)

883.12

EARLY EXPRESSION AND NUCLEAR IMPORT OF PROENKEPHALIN 
ALONG CELL CYCLE IN FIBROBLAST NIH 3T3 CELLS. O. Vindrola*,
M.L.Bazan, M. Rosete. S. Duran and M.R. Padros. Laboratorio de Bioquimica, 
Instituto de Fisiologia, Universidad Autonoma de Puebla, Mexico.

Proenkephalin was described as a nuclear protein in mesenchymal cell lines. 
However, its biosynthesis and nuclear import along cell cycle was not studied. In 
this work using, flow cytometry, PCR, immunoblot, pulse-chase followed by 
immunoprecipitation, and confocal microscopy, we studied proenkephalin 
expression, post-translational processing and subcellular distribution along cell 
cycle in NIH 3T3 cells. Synchronized, growth arrested cells showed simultaneous 
early increase of proenkephalin and c-fos mRNA 15-30 min after re-entering cell 
cycle by serum activation. Furthermore, proenkephalin but not c-fos had a second 
mRNA peak between 6 and 12h at the onset of S phase. Total RNA from 30min 
and 6h samples translated in vitro 47kDa and 44 kDa immunoprecipitated 
proenkephalin proteins, which were also pulse labeled by arrested and serum 
activated cells. Subcellular fractionation showed that cytoplasm contained mainly 
the 47kDa protein with low levels of 44kDa, 34 kDa and 27kDa proteins while the 
nucleus stored 44kDa, 34-32 kDa molecules, which were extracted after DNAase I 
digestion. 44kDa protein also remained bound to the nuclear matrix. Along cell 
cycle we found increased nuclear levels of 44kDa protein 2h after cell activation 
(G0/G1:89.3%, S: 10.2% G2/M: 0.5%), reaching control values at 24h 
(GO/Gl.44.1%, S: 45.7%, G2/M: 10.2%). While the cytoplasmic 47kDa molecule 
only increased at 24h. Immunoreactive proenkephalin peptides in the nucleus of 
serum activated cells appeared as coarse punctate in irregular bands around this 
structure as well as non uniform coarse punctate at the center. In this work we 
described for the first time the 44kDa proenkephalin protein which was bound to 
chromatin and nuclear matrix and whose nuclear import increased in early stages 
of cell activation. These results suggest that nuclear and cytoplasmic 
proenkephalin in NIH 3T3 cells may participate in early and late cell cycle events.
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883.13 883.14

CRE-LOXP CONDITIONAL KNOCKOUT OF THE MU OPIOID 
RECEPTOR IN DORSAL ROOT GANGLION CELLS. L. Zhou**, 
Q-S. Mi2, M. Simmoneau3, D.L. Rowley1 and D.M. Donovan1.
Transg. & KO Fac. Sec. , Lab. Immunol. , IRP/NIA/NIH, Baltimore, 
MD 21224, USA, Laboratoire de Neurobiologie Cellulaire et 
Moleculaire, France.

In order to assess the specific contribution of the Mu Opioid 
Receptor (MOR) to different physiological responses from specific 
tissues, we have employed a strategy based on the cre-loxP 
recombination system of bacteriophage Pl. Two loxP sites (flanking 
exon 3) and the PGK-NEO cassette were inserted into a 7.5kb Hindlll, 
BamHI C57B1/6 genomic fragment. The targeting vector was 
electroporated into J1 or Rl embryonic stem (ES) cells. Analysis of 
approximately 4000 neomycin resistant colonies using both 3’ and 5’ 
probes identified only 2 clones that had inserted correctly into the 
MOR gene. Transient transfection of the ES cell clone has 
demonstrated that Cre can delete the loxp flanked MOR exon 3. 
Blastocyst injection of one clone has yielded germline transmission. 
To inactivate the MOR gene specifically in the dorsal root ganglia 
(DRG) we have identified founder mice with Cre under control of the 
peripherin gene promoter. The pattern of cre recombinase activity in 
the Per-Cre mice and the MOR gene expression in loxP-inserted mice 
are being evaluated.

Supported by NIA/IRP.

FLUORESCEIN NALOXONE: A TOOL FOR THE LABELING AND 
KINETICS OF MU OPIOID RECEPTORS USING CONFOCAL LASER SCANNING MICROSCOPY. BYVJ^gdsei^^
Spivak2*. ’Dept. of Pharmacology, Univ. of Western Australia; ^Cellular 
Neurobiol. Br., Intramural Res. Program, National Inst. Drug Abuse, 
Baltimore, MD 21224.

Fluorescence microscopy of living cells is a useful adjunct to other tools, 
such as radioligand binding and electrophysiology, that probe the sites and 
actions of receptors. Though fluorescein-labeled naloxone (FNAL) was first 
described in 1983 (Kolb et al. Life Sci. 33:423 (1983)), it has not until now 
found major use in visualizing mu opioid receptors.

Chinese hamster ovary (CHO) cells, stably expressing the mu opioid 
receptor (Johnson et al. Neuroreport 5:507 (1994)), were grown to near 
confluence on glass cover slips, which served as the base of a stainless 
steel cell (0.5 ml). Live cells were viewed on a Zeiss LSM 410 confocal 
laser scanning microscope using an excitation wavelength of 488 nm and 
a 63X/1.4 oil immersion objective.

FNAL (10 to 50 nM, 15 min) clearly labeled the perimeters of the cells 
Q3H]-naloxone B = 10s receptors/cell). Specificity of the label was

labeling in non-transfected cells viewed under identical conditions, and (4) 
the kinetics of probe uptake.

The kinetics of probe association and dissociation could be quantitated 
using total field emission intensity between thresholds. Constant flow (1.3 
ml/min) was required. Only transfected cells showed exponential phases in 
both association and dissociation from which FNAL binding rate constants 
k, = (5.8 ± 0.5)x10sM sec'1 and k, = (3.3 ± 0.6)x1Cr sec1 were derived. 
These values were similar to thoseobtained through kinetic competition with rHJ-naloxone (k, = (1.0 ± 0.41x10s Mrsec^ and k, = (1.8 ± 0.5)x1 Vs secf). 
The kinetically derived Ko = 5.7±1.5 nM compared well with that obtained by 
equilibrium competition with [H]-naloxone, 7.0 ± 1.1 nM.

Supported by NIDA-IRP, NIH

883.15
OPIOID RECEPTOR ANTAGONISTS AS A TREATMENT FOR L-DOPA- 
INDUCED DYSKINESIA IN THE MPTP-LESIONED PRIMATE.
M, Q’Byme, S. Begum, B. Henry. D, Tomlinson*, A.R Crossman and J.M, Brotchie,
Manchester Movement Disorder Laboratory, Division of Neuroscience, School of 
Biological Sciences, University of Manchester, M13 9PT, UK.

The treatment of Parkinson’s disease (PD) with the classical dopamine-replacing agent 
L-DOPA is complicated by the development of dyskinetic side effects. Previously, we 
have demonstrated elevated expression of opioid peptide precursors in rat and primate 
models of L-DOPA induced dyskinesias (LID) as well as in patients with LID. Here, 
we show that the non-subtype selective opioid receptor antagonist naltrexone, the 8 
opioid receptor-selective antagonist naltrindole and the p opioid receptor antagonist 
cyprodime, but not the k opioid receptor-selective antagonist nor-binaltorphimine, 
alleviate L-DOPA induced dyskinesia in the MPTP-lesioned primate model of 
Parkinson's disease. Of these, cyprodime was the most efficacious. The anti-
parkinsonian efficacy of L-DOPA was not affected by any opioid receptor antagonist. 
Furthermore, repeated L-DOPA treatment caused a significant decrease in p-opioid 
receptor numbers (Bmax) in the output regions i.e. entopeduncular nucleus (-33.6%) 
and substantia nigra (-28.5%) of the basal ganglia in the 6-hydroxydopamine model of 
PD. This down-regulation of the p-opioid receptors probably results from excessive 
release of endogenous ligand and may be mediated by phosphorylation and 
subsequent internalisation of receptors. However, it appears that the level of down 
regulation is not sufficient to compensate for the excessive opioid levels that elicit 
dyskinesias. We therefore propose that, in the management of Parkinson’s disease, 
attenuation of p-opioid receptor transmission may prove useful in controlling 
dyskinetic side effects.

883.16
NEUROPEPTIDE FF SUPPRESSES EXCITATORY SYNAPTIC TRANSMISSION 
BY ACTING AT PRESYNAPTIC 8 OPIOID RECEPTORS IN RAT LATERAL 
PARABRACHIAL NUCLEUS IN VITRO. Jack H. Jhamandas*. Xihua Chen, 
Jeffery A. Zidichouski. and Kim H. Harris. Department of Medicine, University of 
Alberta, Edmonton, Alberta, Canada T6G 2B7.

We have previously demonstrated that in the rat lateral parabrachial nucleus 
(LPBN), Neuropeptide FF (NPFF, morphine modulatory peptide) decreases evoked 
excitatory postsynaptic currents (EPSCs) in a similar maimer to tlie p-opioid receptor 
agonist DAGO. However, unlike DAGO, NPFF does not induce an outward current 
in LPBN neurons. Therefore, the present work examined the mechanism of NPFF- 
induced EPSC reduction and receptor pharmacology that underlies its synaptic effects.

In the coronal brainstem slice containing the LPBN and using nystatin-perforated 
patch recording technique, cells were voltage clamped at -65 mV and EPSCs were 
isolated with 50 pM picrotoxin in bath solutions. NPFF reduced the EPSC in a dose- 
dependent manner without apparent shift in holding current. The reduction in the 
EPSC was 32.1±3.7% at 5 pM (n= 13). This effect is presynaptic as NPFF increased 
paired pulse ratio of EPSCs and reduced the frequency of miniature EPSCs, but did 
not alter AMPA-induced inward currents. NPFF-induced EPSC reduction could not 
be blocked by CTAP (EPSC reduction: 25.2±4.1%, n=6), a p-opioid receptor
antagonist, at a dose effective in blocking DAGO-induced effects. However, the 
5-receptor antagonist TIPP blocked NPFF-induced synaptic effects (EPSC reduction: 
10.0±2.9%, n=9). Furthermore, deltorphin, a 6-receptor agonist, also reduced the 
EPSC and occluded NPFF-induced synaptic effects.

These results indicate that NPFF interacts with specific opioid receptors to modulate 
excitatory synaptic transmission in the parabrachial nucleus. The most likely mode of 
action is at the 8-receptors on presynaptic terminals.

Supported by the Heart and Stroke Foundation of Canada and the Alberta Heritage 
Foundation for Medical Research.

PEPTIDES: ANATOMY AND PHYSIOLOGY III

884.1

AN ASSESSMENT OF NEUROPEPTIDE Y Y1 RECEPTOR (NPY Y1R) 
DISTRIBUTION IN RAT BRAIN AND ADRENAL GLAND USING 
IMMUNOHISTOCHEMISTRY (IHC). M.L. Wolak1, M.S. Brownfield2, J.H. 
Urban1*. ‘Dpt. Physiol & Biophys, FUHS/Chicago Med Sch, North Chicago, 
IL 60064; 2Dpt. Comp Biosci, U Wis Sch Vet Med, Madison, WI53706.

Activation of Ylr has been shown to stimulate the activity of the reproductive 
and stress endocrine axes and act as an endogenous anxiolytic-like compound 
in the amygdala (Amyg). We are interested in examining the regulation and 
anatomical mapping of Ylr in brain regions mediating NPY-related 
neuroendocrine and behavioral responses (hypothalamus and amyg). To this 
end we generated polyclonal antiserum that is specific for the Ylr (C terminal 
amino acids 363-382). The present study examines the distribution of Ylr 
immunoreactivity (IR) in the CNS and adrenal gland of adult male rats using 
IHC. In the hypothalamus, significant Ylr-IR is localized to neuronal cell 
bodies and processes in the hypothalamic arcuate, periarcuate, supraoptic 
(SON) and paraventricular (PVN) nuclei with staining observed over parvi- and 
magnocellular divisions. Considerable staining on cell bodies is observed in the 
bastolateral nucleus of the amyg (BLA) with lighter staining present on cells in 
the central nucleus of the amyg (CeA). Significant populations of Ylr 
expressing cells are present in thalamic nuclei, the hippocampus, cerebral 
cortex and brainstem. In the adrenal, high levels of Ylr-IR are present in cells 
of the capsule, zona glomerulosa and medulla. IR is absent in those tissues 
incubated with preimmune serum or antibody that was preabsorbed with the 
Ylr peptide used to generate the antibody. These studies demonstrate the 
specificity of our Ylr antibody and verify the expression of the receptor protein 
within the hypothalamus and amyg. Future studies are designed to examine the 
extent of Ylr colocalization with other neuropeptide and transmitter systems, 
as well as investigate whether Ylr-IR may be altered during stress. This work 
is supported by NIH MH53663 and The Schweppe Foundation.

884.2

THE ANATOMICAL INTERACTION BETWEEN THE ORPHANIN (OFQ) AND 
DOPAMINE (DA) SYSTEMS. C. S. Norton*, S. Kumar, H. Akil and S.J. 
Watson. Dept. of Psychiatry, Mental Health Research Institute, Univ. of 
Michigan; Ann Arbor, Ml 48109.

Although it has been established that OFQ peptide influences DA release, it 
is not known whether this effect is mediated by a direct action of OFQ on DA 
neurons or indirectly via involvement of adjoining circuitry. The present 
studies determined whether tyrosine hydroxylase (TH), the rate limiting 
enzyme for DA synthesis, is co-localized with OFQ and/or the OFQ receptor 
(ORL-1) using double in situ hybridization. Approximately 1% of the TH 
positive neurons contained OFQ signal, suggesting OFQ expression is largely 
found on non-dopaminergic neurons within the ventral tegmental area (VTA) 
and substantia nigra compacta (SNc). In contrast, a majority of TH positive 
neurons (80-90 %) were positive for ORL-1 signal, implying the ORL-1 
receptor is located on tegmental and nigral DA neurons. Additionally, OFQ 
and ORL-1 mRNA were analyzed in the VTA/SNc following unilateral 6- 
hydroxydopamine (6-OHDA) lesions of the right medial forebrain bundle, 
leaving the contralateral side untouched to serve as an internal control. OFQ 
mRNA increased -200% in the VTA and 400% SNc on the 6-OHDA lesioned 
side as compared to vehicle-lesioned controls suggesting the OFQ neuronal 
population may normally be inhibited by DA (or vice versa). Conversely,
ORL-1 mRNA decreased by 60-70% in the VTA and SNc on the 6-OHDA 
lesioned side as compared to vehicle-lesioned controls. Thus, the OFQ 
peptide may directly influence DA neuronal activity via the ORL-1 receptor 
located on DA neurons. Supported by NIDA (5T32 DA07268).
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884.3

PEPTIDERGIC SOMATIC SYNAPSES IN MOLLUSCS: CONFOCAL AND 
ELECTRON MICROSCOPIC STUDIES OF THE BUCCAL GANGLIA OF 
THE MOLLUSC TRITONIA DIOMEDEA, J.C. Beck3. S.D. Cain1. M.S, 
Cooper3', and A.O.D, Willows2,3. ‘Dept of Biology, University of North Carolina, 
Chapel Hill, NC; 2Friday Harbor Laboratories, University of Washington, Friday 
Harbor, WA; 3Dept of Zoology, University of Washington, Seattle, WA 91895.

Synapses made near the cell body of a neuron are anatomically positioned to 
potentially alter the firing properties of the target neuron In molluscan systems, 
axosomatic synapses have been previously observed and serotonergic synapses 
have been the focus of several EM studies. However, they continue to receive brief 
attention in the literature. One reason may be the previous difficulty in visualizing 
their provocative morphology at the light microscopic level. Employing the use of 
a confocal microscope and antibodies to the peptide neurotransmitters TPep, SCPb, 
and FMRFamide, we describe the almost ubiquitous presence of cells in the buccal 
ganglia of Tritonia that receive putative axosomatic innervation. We call these 
putative synapses basket terminals to describe the anatomical arrangement of 

immunoreactive processes that surround the soma and primary neurite of target 
cells. We also note the apparent lack of basket terminals in the pedal, pleural and 
cerebral ganglia of Tritonia. Focusing on one identified cell with basket terminals, 
we used cell filling techniques combined with immunocytochemistry to determine, 
at the electron microscopic level, the nature of the basket processes surrounding the 
cell. We suggest that these processes are synapses; the processes contain both 
dense and light core vesicles often associated with the plasma membrane. We also 
present evidence demonstrating for the first time the presence of peptide 
neurotransmitter vesicles in these axosomatic processes. Supported by PHS NRSA 

5T32GM07270 and 5T32GM07108 from NIGMS to JCB; NSF IBN-9631951 for SDC; NSF-PYIIBN- 

9157132 to MSC; and NIH NSR01 NS22974 to AODW

884.4
ANALYSIS OF SOMATOSTATIN RECEPTOR 2 (Sstr2) GENE EXPRESSION 
IN Sstr2 KNOCKOUT/ZncZ KNOCKIN MICE
J.P. Allen1, N.J. Clarke2, S. Topps2, M.I. Jowett2, P.P.A. Humphrey3 and P.C. Emson1
SPON: British Neuroscience Association ’Laboratory of Cognitive and Developmental 
Neuroscience, The Babraham Institute, Babraham, Cambridge, CB2 4AT, UK. 2Glaxo 
Wellcome Research and Development, Gunnels Wood Rd., Stevenage, Herts., SGI 
2NY, UK. 3Glaxo Institute of Applied Pharmacology, Department of Pharmacology, 
Tennis Court Rd., Cambridge, CB2 1QJ, UK.

Functional roles for somatostatin have been implicated in many physiological 
processes, both in the central nervous system (CNS) and periphery. These actions are 
mediated through a family of five seven trans-membrane receptors. Through gene 
targeting technology we have generated a somatostatin receptor 2 (Sstr2) knockout 
mouse. Concomitantly we have ‘knocked in’ the lacZ reporter gene into the Sstr2 locus 
such that lacZ expression is controlled by the entire Sstr2 regulatory machinery. 
Preliminary observations in homozygous mutants reveal no overt phenotype, either 
morphologically or behaviorally. Further, heterozygous intercrossing produces mice 
with genotypes at the normal Mendelian ratio.
lacZ expression analysis shows a distinct distribution in the CNS. Staining is seen in 
many areas including the neocortex, the hippocampus, the amygdala, the subiculum, 
the habenula, the claustrum, the striatum, the locus coeruleus, the hypothalamus and 
the central grey. In the spinal cord expression is present in the dorsal column and all 
laminae of the grey matter, but predominantly in laminae I and II (substantia 
gelatinosa). This pattern is largely in agreement with the receptor distribution as 
determined in the rat by somatostatin binding, in situ, and immunohistochemical 
studies, indicating that lacZ expression indeed recapitulates that of Sstr2. We therefore 
conclude that this animal model will provide a valuable tool for the detailed analysis of 
Sstr2 expression. Further, the ability to easily identify Sstr2 positive cells, via lacZ 
staining, will facilitate expression and functional studies at the cellular level.
Supported by Glaxo Wellcome and BBSRC.

884.5

LOCALIZATION OF THYROTROPIN-RELEASING HORMONE (TRH), TRH- 
RECEPTOR 2 (TRH-R2), TRH-R1 and TRH-DEGRADING ECTOENZYME 
(TRH-DE) MRNA IN RAT BRAIN. H. Heuerl *, M.K.-H. Schafer2 and K. Bauer L 
iMax-Planck-Inst. f. exp. Endocrinology, Hannover and 2lnst. of Anatomy & Cell 
Biology, Philipps University Marburg, Germany.

TRH (pGlu-His-Pro-NH2) not only functions as a neuroendocrine releasing factor 
but also acts as a neuromodulator in the CNS. Since biochemical studies 
demonstrated that TRH is selectively inactivated by the highly specific TRH- 
degrading ectoenzyme (TRH-DE) we hypothesized that in the CNS this enzyme acts 
as a terminator of TRH-signals. Because of the uniqueness of this system we were 
interested to study the expression of TRH-DE in relation to the expression of TRH 
and TRH receptors by ISH. We observed a widespread distribution of TRH-DE in 
many brain areas (e.g. cerebral and cerebellar cortex, hippocampus, olfactory bulb) 
that exhibit only very low expression of the well known TRH receptor (TRH-R1) 
cloned from rat pituitaries (Heuer et al., 1998, EJN 10: 1465-1478) and thus we were 
interested to analyze the cellular localization of the recently discovered TRH-R2 
(Cao et al., 1998, JBC 273: 32281-32287; Itadani et al., 1998, BBRC 250: 68-71). 
We found TRH-R2 abundantly expressed in various thalamic structures, the medial 
habenulae, the medial geniculate ncl. and the pontine ncl.. Moderate signal 
intensities were detected in the cerebral cortex, the olfactory ncl. and hypothalamus. 
We also noticed many strongly labeled neurons scattered throughout the 
mesencephalon and the cerebellar cortex. Interestingly, the distribution patterns of 
TRH-DE and TRH-R2 exhibit a striking overlap in many brain areas, suggesting 
that both components are located at target sites of TRH-projections. These findings 
support our hypothesis that TRH-DE may be considered as a marker to map 
TRHergic pathways. (Supported by DFG). We thank P. Walker and D. O'Donnell, 
Astra Research Centre, Montreal, for providing the TRH-R2-plasmid.

884.6

THE LONG FORM OF PROLACTIN RECEPTOR mRNA WAS 
DETECTED IN THE CORPUS STRIATUM AND SUBSTANTIA NIGRA 
OF THE RAT. X.J. Pi and D.R. Grattan*. Department of Anatomy & 
Structural Biology, School of Medical Sciences and Neuroscience Research 
Centre, University of Otago, Dunedin, P O Box 913, New Zealand.

We have previously observed prolactin receptor immunoreactivity in specific 
parts of corpus striatum and the substantia nigra. The present study aimed to 
investigate possible expression of prolactin receptor mRNA in these areas of 
ovariectomized rats and the influence of estrogen treatment Tissues from these 
regions were micropunched from 300 /zm coronal sections of rat brains. 
Expression of the two forms of prolactin receptor mRNA was evaluated by 
reverse transcription PCR and Southern hybridization. The results showed that 
very low levels of long form of prolactin receptor mRNA could be detected in 
the substantia nigra and corpus striatum including caudate putamen, globus 
pallidus and ventral pallidum in ovariectomized rats, whereas the short form 
was not detectable in any of these areas. Both forms of prolactin receptor 
mRNA were clearly expressed at high levels in the choroid plexus. Estrogen 
increased expression of prolactin receptor mRNA in the choroid plexus, but had 
no effect on expression of mRNA in the substantia nigra and corpus striatum. 
The veiy low levels of expression of prolactin receptor mRNA in nigrostriatal 
areas do not seem sufficient to account for the levels of immunoreactivity 
previously observed in these regions. Furthermore, the distribution of prolactin 
receptor mRNA does not correlate with previously observed pattern of 
immunoreactivity in these regions. Further work is required to characterize 
expression of prolactin receptor mRNA in nigrostriatal areas.

Supported by the Health Research Council of New Zealand.

884.7

EVIDENCE FOR DISTINCT REGULATION OF THE LOCUS 
COERULEUS (LC) BY LIMBIC AFFERENTS FROM THE BED 
NUCLEUS OF THE STRIA TERMINALIS (BNST) VS. CENTRAL 
NUCLEUS OF THE AMYGDALA (CNA). J. Peoples’, P. Telegan, R.J. 
Valentino* and E.J. Van Bockstaele. Dept. of Path., Anat. and Cell Bio., 
Thomas Jefferson Univ., Phila., PA 19107 and *Dept. of Psychiatry, 
Hahnemann Univ., Phila., PA 19102.

We previously demonstrated synaptic input from the CNA to LC dendrites in 
the rostrolateral peri-LC region and that a substantial percentage of CNA 
terminals here contain corticotropin-releasing factor (CRF). This projection 
may serve to integrate emotional and cognitive aspects of fear. The BNST 
shares morphological features with the CNA and like the CNA, is a CRF- 
containing nucleus that is thought to play a role in responses to fear. Recent- 
behavioral studies indicating that the BNST and CNA differentially regulate' 
responses to conditioned and unconditioned fear, respectively, have implicate  ̂
divergent neuroanatomical circuits in these processes. The present study 
characterized anatomical substrates for regulation of the LC by the BNST and 
compared these to substrates underlying CNA-LC interactions. Anterogradei 
and retrograde tract tracing revealed that like the CNA, the BNST targets the 
rostrolateral peri-LC. Ultrastructural analysis of sections that were dually, 
labeled for the anterograde tracer, biotinylated dextran amine (BDA) injected 
into the BNST and tyrosine hydroxylase (TH)-immunoreactivity demonstrated 
that BDA-labeled axon terminals formed primarily inhibitory-type synaptic 
specializations with TH-labeled and unlabeled dendrites. Unlike CNA 
terminals in this region, which exhibited substantial immunolabeling for CRF, 
far fewer BDA-labeled terminals from the BNST contained CRF. The results, 
indicate that the BNST may provide a neurochemically distinct regulation of 
the peri-LC as compared to the CNA and this may, in part, underlie their 
distinct roles in different types of fear responses. Supported by PHS Grants 
MH40008 and MH00840.

884.8

LOCALIZATION OF CALCITONIN GENE-RELATED PEPTIDE RECEPTOR 
COMPONENT PROTEIN (RCP) IMMUNOREACTIVE CELLS IN THE RAT 
BRAIN. J-G.Chabot*1, W.Ma1, S.Kar1, I.Dickerson2 and R.Quirion1 'Douglas 
Hospital Research Center, McGill University, Montreal, QC, Canada H4H 1R3, 
2Dept. of Physiology & Biophysics, University of Miami, FL, USA

Calcitonin gene-related peptide (CGRP) receptors are rather unique among G- 
protein receptors since they require accessory proteins to be functional. For example, 
a CGRP receptor clone behaves as a CGRP1 receptor in presence of the RAMP-1 
accessory protein but as an adrenomedullin receptor when co-expressed with RAMP-2 
(McLatchie et al.,1998, Nature, 393:333-339). Another putative accessory protein 
bearing no sequence homology to the RAMPs has been cloned and named CGRP 
receptor component protein or RCP (Luebke et al., PNAS, 1996, 93.3455-3460). At 
present, neither role of RCP nor its unique relationship to the innervation of CGRP or 
its receptors are clearly established. We used an immunohistochemical approach and 
a highly specific RCP antibody to localize sites of expression in the rat brain. In 
general, RCP immunoreactivity is widely and selectively distributed in the rat CNS 
with perikarya seen, for example, in various hypothalamic nuclei, the amygdaloid 
body and the solitary tractus nucleus. Immunopositive neurons are also detected in the 
septal nucleus, subfornical organ and cerebellum. Motoneurons of various brainstem 
nuclei and of the spinal cord are also labeled by the RCP antibody. Additionally, a 
subpopulation of neurons in the dorsal root ganglia and of the trigeminal ganglia is 
strongly immunopositive. Overall, clear similarities are found between the 
localization of RCP, CGRP and CGRP receptors. However, significant mismatches 
are also evident, suggesting that the role of RCP in the nervous system may not be 
soley related to CGRP. (Supported by MRC of Canada)
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884.9
EXPRESSION OF MAMMALIAN RF-AMIDE PEPTIDES NEUROPEPTIDE 
FF (NPFF) AND PROLACTIN-RELEASING PEPTIDE (PrRP) IN RAT CNS. 
M. Lintunen*, A. Brandt, M. Nieminen, K. Kuokkanen, J. Westerlund, P. Pietila
and P. Panula. Dept. of Biology, Abo Akademi University, Biocity, Tykistokatu 
6A, 20520 Turku, Finland

Expression of the two mammalian prolactin-releasing RF-amide peptides, 
NPFF and PrRP, was studied using in situ hybridization and 
immunocytochemistry in rat CNS.

The expression of PrRP mRNA was concentrated in three locations: a central 
hypothalamic cell group, caudal commissural part of the solitary tract nucleus and 
ventral medulla corresponding to the Al cell group. In consecutive sections, 
NPFF mRNA expression was found in rostral nucleus of the solitary tract, 
trigeminal complex, and supraoptic and paraventricular hypothalamic nuclei. The 
two peptide mRNAs were thus found in complementary areas of the medulla and 
hypothalamus. PrRP mRNA was not found in spinal cord, whereas NPFF mRNA 
was abundant in the superficial laminae. Rabbit antisera against PrRP revealed 
cell bodies in the medullary cells which displayed corresponding mRNA. 
Terminal networks were found in several areas, including rostral nucleus of the 
solitary tract, area postrema, ventrolateral medulla and trigeminal complex. The 
reaction was abolished by preabsorption with PrRP but not with NPFF.

The expression of the two peptides in the rat CNS is thus complementary, and 
concentrated in the hypothalamic and medullary areas.

Supported by the Academy of Finland and the Technology Development Center 
(TEKES).

884.10
PEPTIDERGIC CODING OF PROJECTIONS TO THE RAT LOCUS COERULEUS 
COMPLEX - NEW IMPLICATIONS FOR THE MULTIPLICITY OF ITS 
INTEGRATIVE FUNCTIONS. Adelheid Kresse* and Yvette Tache. MBB, 
Karolinska Institute, S-171 77 Stockholm, Sweden and CURE/ UCLA, Los Angeles, 
CA 90073, USA.

The locus coeruleus complex (LCC) is activated by various sensory/noxious stimuli 
indicating its involvement in the integration of endogenous and exogenous stimuli. 
Several neuropeptides, e.g. cholecystokinin (CCK), galanin (GAL), enkephalin 
(ENK), substance P (SP), appear to modulate LCC activity, however, little is known 
yet about the underlying anatomical pathways. To investigate this, retrograde tracing 
(fluorescent beads) was combined with in situ hybridization (35S-radiolabelled 
oligonucleotide probes) for the detection of CCK, GAL, ENK, SP mRNAs. Besides 
known projections from the central gray (GAL, ENK mRNA), we detected for the 
first time retrogradely labeled cells in the cingulate and frontal cortices (expressing 
CCK), as well as in the central and medial amygdala (with ENK). Projection neurons 
were also newly found in the lateral habenula, interpeduncular nucleus (together with 
SP mRNA), medial preoptic (CCK/GAL), Edinger-Westphal, lateral parabrachial 
(both CCK) and solitary tract nuclei (GAL). Information about neurochemical coding 
of the multiple coeruleus afferents still has to be extended and functional implications 
have to be explored. In view of the present data, the LCC appears to act like a 
brainstem analogue to the hypothalamic paraventricular nucleus (key nucleus for 
activation of the hypothalamo-pituitary-adrenal axis), by integrating information 
towards predominantly vegetative bodily reactions to stress/pain, e.g. colonic motor 
and bladder activity. From a clinical point of view, it is very interesting having found 
CCK-ergic projections from the cingulate cortex, the activity of which is altered in 
patients with irritable bowel syndrome - a disease that might be centrally generated, 
however the underlying pathways of which still have to be dissected. Supported by the 
Austrian Academy of Sciences (APART) and by NIH grant DK 33061.

884.11

CHANGES IN THE EXPRESSION OF CALCITONIN GENE-RELATED PEPTIDE 
AND ITS RECEPTOR IN THE LUMBAR AND CERVICAL SPINAL CORD 
AFTER SPINAL HEMISECTION. A.D. Bennett1*, S.J, Wimalawansa2 and C.E. 
Hulsebosch1. 'Dept. of Anatomy & Neurosciences, 2Dept. of Internal Medicine, 
University of Texas Medical Branch, Galveston, TX 77555.

Spinal hemisection produces mechanical and thermal allodynia as measured 
behaviorally in our hemisection model of chronic central pain in rats. Previous studies 
from our laboratory have demonstrated that CGRP plays a role in the production of 
chronic central pain, that there is an increase in the presence of CGRP in the thoracic 
cord following spinal hemisection, and this increase has been shown to persist for up 
to 108 days post hemisection. The spinal hemisection in this model is performed at 
T13, but the behavioral testing is performed on the glabrous skin of all four paws 
whose sensory inputs project to segments in the cervical and lumbar enlargements. In 
this study we examined the changes in the expression of CGRP and its receptor in the 
dorsal root ganglia (DRG) and spinal segments that receive sensory input from the 
testing sites (C8 and L5). Male Sprague-Dawley rats (150-175gm) received a 
laminectomy at T13 and a hemisection at the T13/L1 spinal junction. Rats were 
sacrificed at 2, 7, 14 and 30 days post hemisection by transcardial perfusion with 1% 
paraformaldehyde/1.25% glutaraldehyde. The C8 and L5 spinal segments and 
associated DRG's were removed, fixed, and cryosectioned in 10pm slices. The tissue 
segments were then incubated with primary antibodies against CGRP (RBI) and the 
CGRP receptor (gift of S.J. Wimalawansa). Secondary antibodies were labeled with 
HRP and the chromatic reaction was developed using the DAB procedure. 
Preliminary studies indicate an increase in CGRP and CGRP receptor expression in 
DRG and spinal dorsal horn in the examined segments by 14 days post hemisection. 
Supported by N512255, Spinal Cord Research Foundation, and Mission Connect of 
TIRR.

884.12
CNS DISTRIBUTION OF THE NOVEL RAT THYROTROPIN-RELEASING 
HORMONE RECEPTOR SUBTYPE, TRHR2, DIFFERS MARKEDLY FROM 
THAT OF TRHR1. Dajan O’DonneH*, Jack Cao, Sultan Ahmad and Philippe 
Walker. Astra Research Centre Montreal, 7171 Frederick-Banting, St-Laurent, 
Quebec, Canada, H4S 1Z9.

We have recently cloned a novel rat thyrotropin-releasing hormone receptor 
subtype, TRHR2, and demonstrated that its tissue distribution is restricted 
predominantly to the CNS (Cao et al., J. Biol. Chem. 273: 32281-32287, 1998). In 
the present study, we examined the regional and cellular expression of this new 
TRH receptor subtype in rat brain and spinal cord using in situ hybridization and 
compared it to that of TRHR1. We found that the two TRH receptor subtypes were 
expressed in entirely different neuronal populations. In spinal cord, TRHR2 
mRNA expressing cells were homogeneously distributed throughout the dorsal 
horn whereas TRHR1 mRNA expression was restricted to large alpha motoneurons 
and to a few small neurons in the superficial dorsal horn laminae. In brain, TRHR2 
mRNA Was detected in the anterior olfactory nucleus, neocortex, thalamus, 
habenula, superior and inferior coliculi, periaqueductal gray, cerebellum, reticular 
formation and certain sensory cranial nerve nuclei. By contrast, TRHR1 mRNA 
was detected in the granular layer of the accessory olfactory bulb, medial septum, 
diagonal band nucleus, nucleus accumbens, hypothalamus, dentate gyrus, 
amygdala, and several motor nuclei of the brainstem. Thus, it would appear that the 
CNS expression of TRHR2 and TRHR1 are virtually mutually exclusive, 
suggesting these receptor subtypes mediate quite different physiological effects of 
TRH.

884.13

MELANIN-CONCENTRATING HORMONE GENE OVERPRINTED 
POLYPEPTIDE-27 (MGOP-27) IN THE RAT BRAIN. S.L.Dun?
N.J.Dun?'* C.-T.Chen1 and J.-K.Chang2. ‘Dept. of Pharmacol., James
H. Quillen Col. of Med., East Tennessee State Univ., Johnson City,TN 
37614 and 2Phoenix Pharmaceuticals, Inc. Mountain View, CA 94043.

MGOP-27 appears to be an alternative RNA splicing product of the rat 
melanin-concentrating hormone (MCH) gene. Antisera against MGOP- 
27 were raised in rabbits. Labeled somata, 15-25 /zm in diameter, were 
concentrated in the hypothalamus, mainly peri-fornix. A few neurons 
were scattered in the caudate putamen and area 1 and 2 of the cingulate 
cortex. Abundant MGOP-positive fibers were observed in the arcuate 
nucleus and median eminence, many of which seemed to be protruding 
into the 3rd ventricle. In the medulla, a few labeled somata were noted 
in the spinal trigeminal nucleus. Isolated MGOP-positive somata were 
occasionally seen in the spinal cord, usually in laminae V to VII. 
Alternate sections labeled with MGOP-27 antisera or MCH antisera 
revealed that there was little overlap between MCH- and MGOP- 
positive neurons in the hypothalamus. MGOP-immunoreactivity was 
eliminated by pre-absorption of the antisera with MGOP-27 but not by 
MCH and vice versa. Our immunohistochemical studies show that 
MGOP-positive neurons appear to constitute a population of 
hypothalamic neurons distinct from MCH-immunoreactive neurons. 
(Supported by NIH Grants HS18710 and HL51314).

884.14

Cocaine -and  amphetamine -regulated  transcript  
(CART) IN RAT NODOSE AND DORSAL ROOT GANGLIA: 
A PUTATIVE MEDIATOR OF CHOLECYSTOKININ-(CCK-) 
INDUCED SATIETY. C BrobergaT, K- Holmberg#, M- .!• KuharS.and 
T, Hokfelt#, ^Department of Neuroscience, Karolinska Institutet, 171 77 
Stockholm, Sweden, and § Yerkes Regional Primate Center, Emory 
University, Atlanta, GA 30329, USA.
Cocaine- and amphetamine-regulated transcript (CART) encodes pu-
tative neuropeptides that have been implicated as inhibitors of feed-
ing behaviour. While these actions have generally been attributed to 
hypothalamic CART, it remains to be determined if additional CART 
pathways exist that link signals from the gastrointestinal tract to 
the central control of food intake. We have investigated the presence 
of CART in the rat vagus nerve and nodose ganglion. In the nodose 
ganglion, half of the neuron profiles expressed CART and its pre-
dicted peptide, as determined by in situ hybridization and immuno-
histochemistry. CART expression was markedly attenuated follow-
ing vagotomy, but no modulation was observed after food restriction 
or high-fat regimes. A large proportion of CART-labelled neuron pro-
files also expressed CCKa receptor mRNA. CART-peptide-like' im-
munoreactivity was transported in the vagus nerve and found in a 
dense fiber plexus in the nucleus tractus solitarii. Studies on CART in 
the spinal somatosensory system revealed strong immunostaining 
of the dorsal horn, but only a small number of stained cell bodies in 
dorsal root ganglia. The present results suggest that CART-derived 
peptides are present in vagal afferent neurons sensitive to cholecys-
tokinin, suggesting that the role of these peptides in feeding may 
partly be explained by mediating post-prandial satiety effects of CCK. 

Funded by a Bristol-Myers-Squibb Unrestricted Neuroscience Grant.
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884.15
EFFECT OF PERIPHERAL NERVE LESION ON PEPTIDE REGULATION 
IN THE DORSAL ROOT GANGLIA IN NGF OVER EXPRESSING MICE. 
K, Holmberg1 *. T.-T.S. Shi1, K.M. Albers2, B.M. Davis3 and T. Hokfelt1. 
1 Department of Neuroscience, Karolinska Institutet, 171 77 Stockholm, 
Sweden; 2Department of Pathology and Laboratory Medicine and 
^Department of Anatomy and Neurobiology, University of Kentucky 
College of Medicine, Lexington, Kentucky 40536-0084, USA.

Nerve growth factor (NGF) plays an important role in the development 
of both postganglionic sympathetic and sensory neurons. Previous studies 
have shown that NGF is of importance for survival of sympathetic 
neurons. The role of NGF has been further analysed in several types of 
transgene mice. One example is mice overexpressing NGF under the control 
of the keratin promoter. In this study we have examined the regulation of 
galanin (GAL) after peripheral transection of the sciatic nerve, and the 
effect of the sympathetic input on galanin regulation in lumbar dorsal root 
ganglia (DRGs). Our results show that DRG neurons are surrounded by 
GAL-positive baskets, and that these also express tyrosine hydroxylase 
(TH)- like immunoreactivity (LI). Following peripheral axotomy there is 
a decrease in GAL-LI in these baskets. The GAL- and TH-positive baskets 
disappear after removal of the lumbar sympathetic trunk, indicating a 
sympathetic origin. In the sympathetic trunk three neuron populations 
were observed, one expressing both GAL and neuropeptide Y (NPY)-LI, a 
second one only GAL-LI and a third one only NPY-LI, but only single 
baskets expressed NPY, indicating different targets for these three neuron 
populations. This study was supported by the the Swedish MRC (04X- 
2887).

884.16
SYNAPTIC INTERACTIONS BETWEEN GALANIN IMMUNOREACTIVE 
NEURONS AND AXON TERMINALS IMMUNOPOSITIVE FOR TYROSINE 
HYDROXYLASE AND DOPAMINE B-HYDROXYLASE IN THE BED NUCLEUS 
OF THE STRIA TERMINALIS IN THE RAT. T. Kozicz. Dept of Human Anatomy, 
Univ. Med. School of Pecs, Pecs, Hungary, H-7624. SPON: European Neuroscience 
Association

The limbic-hypothalamic-pituitary-adrenal (LHPA) system plays an important 
role in the regulation of stress responses. The bed nucleus of the stria terminalis (BST) 
was suggested as a relay nucleus between hippocampus, amygdala and paraventricular 
hypothalamic nucleus. It also relays information between these brain areas and the 
parabrachial nucleus as well as the dorsal vagal nucleus. The BST exhibits numerous 
tyrosine hydroxylase (TH) immunoreactive (ir) fiber terminals, as well as it contains 
a dense dopamine B hydroxylase (DBH)-ir axon terminal network. The distribution of 
the galanin-ir neurons and that of the catecholaminergic axon terminals overlaps in the 
BST, suggesting a synaptic connection between catecholaminergic afferens and 
galanin-ir perikarya.

Studying light microscopic sections we observed several TH- and DBH-ir 
fiber terminals adjacent to galanin-ir cell bodies. Dense network of TH-ir terminals 
surrounded galanin-ir perikarya, whereas a lot of DBH-ir axons were in close proximity 
to galanin-ir neurons. Examining semithin section we found several TH- and DBH-ir 
axons opposing galanin-ir cell bodies suggesting synaptic contacts between them. The 
ongoing electron microscopic studies are to prove the existence of these synaptic 
contacts.

The coexpression of galanin and vasopressin in the neurons of the BST has 
been described. The expression of galanin in BST neurons is dependent on steroid 
and non-steroid inputs, and the galanin modifies the expression of vasopressin in 
these BST nerve cells. The involvement of vasopressin in the regulation of LHPA 
axis as well as the dense catecholaminergic inputs to the BST playing an important 
role in the regulation of stress responses are known. The galanin-ir neurons in the 
BST, receiving catecholaminergic innervation from brainstem centers, may be central 
in the modulation of the expression of vasopressin in BST perikarya, thus influencing 
endocrine, behavioral and physiological responses during stress.

Supported by the Hungaria Science Foundation (OTKA): T030412

884.17

PROLACTIN-RELEASING PEPTIDE-IMMUNOREACTIVITY (PrRP-IR) IN THE 
RAT BRAIN. E.H.Kwok? ‘ S.L.Dun,1 C.T.Chen,1 N.J.Dun1 and J.-K.Chang2. ‘Dept. 
Pharmacol., James H. Quillen Col. of Med., East Tennessee State Univ., Johnson 
City, TN 37614 and 2Phoenix Pharmaceuticals, Inc., Mountain View, CA 94043.

PrRP, which occurs as a 31- or a truncated 20-amino acid peptide, is thought to 
potently and specifically stimulate prolactin release from anterior pituitary cells. 
Distribution of PrRP-IR in the male and female Sprague-Dawley rat brain was studied 
with the use of rabbit polyclonal antisera against the human PrRP-31. Western blot 
assay showed that the antisera recognize strongly and equally the human and rat PrRP- 
31, but weakly the human PrRP-20. Labeled neurons were noted in two areas: caudal 
medulla and ventromedial hypothalamus. At the caudal medulla, labeled somata were 
noted in the ventrolateral reticular formation and commissural subnucleus of the 
nucleus of the solitary tract (NTS), corresponding to the Al and A2 region. Labeled 
somata were not observed in the medulla rostral to the area postrema. In the ventro-
medial hypothalamus, labeled somata were fewer in number and smaller as compared 
to those in the caudal medulla. Numerous PrRP-IR cell processes were noted in the 
nucleus ambiguus, locus coeruleus, parabrachial nucleus, periaqueductal gray, dorsal 
raphe nuclei, medial forebrain bundle, horizontal limb diagonal band, bed nucleus stria 
terminalis, zona incerta and in various subregions of the hypothalamus. Double-
labeling the sections with rabbit PrRP antisera and monoclonal tyrosine hydroxylase 
(TH) antibodies revealed nearly all PrRP-IR somata in the medulla were TH-positive, 
but not vice versa. In contrast, PrRP-IR somata in the ventromedial hypothalamus 
were TH-negative and vice versa. Our results show that PrRP-IR is expressed in a 
subset of TH-positive neurons in Al and A2 areas of the rat caudal medulla but not 
in TH-positive neurons of the hypothalamus. The distribution of PrRP-somata and 
terminal fields in areas of the medulla, pons and hypothalamus suggest that the 
peptide, in addition to promoting prolactin release, may have multiple biological 
actions. (Supported by NIH Grants NS18710 and HL51314).

884.18

EXPRESSION OF CORTICOTROPIN-RELEASING HORMONE 
RECEPTORS ON BRAIN CHOLINERGIC NEURONS. M. Sauvage, 
F. Holsboer and T. Steckler. Max Planck Institute of Psychiatry, 
Kraepelinstr. 2-10, D-80804 Munich, Germany (SPON: International 
Behavioral and Neural Genetics Society).

CRH has been reported to activate the cholinergic basal forebrain 
projection to the hippocampus. Moreover, infusion of CRH into the 
substantia innominata, which contains many corticopetal cholinergic 
neurons, leads to behavioral activation. Recently, two CRH receptors, 
CRH1 and CRH2, have been identified in the brain. Although CRH1 
receptors have been shown to be the primary receptor subtype 
localized in the region of the basal forebrain, direct evidence that this 
receptor subtype is expressed in cholinergic neurons is missing. 
Therefore, we studied the possible expression of CRH receptors in 
mouse cholinergic neurons by simultaneous detection of CRH 
receptor- and choline acetyltransferase (ChAT) immunoreactivities. 
Since catecholaminergic activity is also under the influence of CRH, 
we also studied the co-localization of CRH receptor- and tyrosine 
hydroxylase (TH)-immunoreactivities. There was a high degree of co-
localization of ChAT- and CRH 1-like immunoreactivity throughout the 
brain, including the basal forebrain (medial septum, diagonal band of 
Broca, substantia innominata) and the brainstem cholinergic nuclei. It 
is suggested that direct activation of these cholinergic cells, 
presumably via CRH1, may be one of the mechanisms through which 
CRH affects arousal and attention.
(supported by a EU Training Grant ERB4001GT975154 to MS)

884.19

SELECTIVE EXCITOTOXIC LESIONS OF THE NUCLEUS 
ACCUMBENS IN RATS: DIFFERENTIAL EFFECTS ON CART 
PEPTIDE-IR VARICOSITIES IN THE VENTRAL MIDBRAIN
S. Pall Vechia*, W, Gong, Y. Smith, and M. Kuhar, Yerkes Regional Primate 
Research Center, Emory University, Atlanta, GA 30322

Cocaine and amphetamine regulated transcript (CART) mRNA levels has 
been reported to increase in the striatum after acute injection of cocaine and 
amphetamine, thus suggesting a role of CART in psychomotor stimulant 
effects. CART peptide immunoreactive (CARTir) neurons are present in both 
the core and shell regions of the Nucleus Accumbens (Acc) in rats. Smith et al. 
recently identified these neurons as medium spiny projection neurons (J. 
Comp. Neurol. 401:491-511). One possible target pathway of these medium 
spiny neurons is the ventral midbrain. Correspondingly, light microscopic 
immunohistochemical studies have shown a dense CARTir innervation of the 
substantia nigra (SN), ventral tegmental area (VTA), and retrorubral field 
(RRF) in rats. The purpose of the present study was to elucidate the source of 
the CARTir varicosities in the midbrain through selective excitotoxic lesions 
of the Acc.

Excitotoxic lesions of the Acc core region were produced with kainic acid. 
Following these lesions, a dramatic loss of CARTir varicosities was evident 
throughout the rostrocaudal extent of the SN. However, the CARTir 
varicosities in the VTA, the most medial SN, and the RRF were preserved 
indicating that CARTir medium spiny projection neurons of the Acc core 
project to the SN. Preliminary data examining the effects of ibotenic acid 
lesions of the Acc shell region suggest that the CARTir innervation of the 
VTA arise from these neurons. These studies further contribute to the 
understanding of the role and circuitry of CART peptides in the Acc and 
ventral midbrain.
Supported by RR100165, DA00418 and DA10732
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885.1
GALANIN IN THE OLIVOCEREBELLAR SYSTEM OF RAT AND MOUSE.
A.L. Gundlach*, T.C.D. Burazin and J.A. Larm. Univ. of Melbourne, Dept. of 
Medicine, Austin & Repatriation Med. Ctr., Heidelberg, VIC 3084, AUSTRALIA.

Galanin is present in many pathways in the CNS, including monoaminergic systems 
where it is co-localized with acetylcholine, noradrenaline and serotonin, and in some 
GABA neurons. In contrast, the olivocerebellar tract is thought to use aspartate as its 
primary transmitter but also contains several peptides including CRF and CGRP in 
inferior olive (IO) neurons and their climbing fibre terminals, which innervate 
GABAergic Purkinje (Pk) cells in cerebellar cortex. We first described the presence 
of galanin mRNA in Pk cells of adult and developing rat (Ryan et al., 1997) and 
more recently others have reported the presence of GalR-2 mRNA in a subpopulation 
of Pk cells and in granule cells. In later studies we detected galanin mRNA, not in Pk 
cells, but in IO neurons of mouse. In the present studies we examined the possible 
presence of galanin-like immunoreactivity (GAL-IR), [125I]galanin binding sites, and 
GalR-1 and GalR-2 mRNAs in the IO and cerebellum of both rat and mouse. Using a 
polyclonal antisera against galanin (1:50,000, Peninsula) and a sensitive TSA-DAB 
detection method we identified specific GAL-IR in nerve fibres traversing the granule 
cell & molecular layers of both anterior & posterior lobes and in Purkinje cell bodies 
restricted to the posterior lobes of rat cerebellum; and in presumed climbing fibres 
throughout the molecular layer in the mouse. Specific [125I]galanin binding sites were 
largely absent from rat cerebellum, whereas significant densities were present in the 
molecular & granule cell layers of the mouse cerebellum. GalR-1 and GalR-2 
mRNAs were also undetectable in rat, but low levels of GalR-1 mRNA were detected 
in mouse cerebellum. These observations provide morphological and biochemical 
evidence that galanin may serve differential roles as a neuromodulatory transmitter 
in the olivocerebellar system of rat and mouse and future studies will examine this 
possibility in comparative regulatory and physiological experiments.
Ryan, M.C., Loiacono, R.E., Gundlach, A.L. (1997) Neuroscience 78: 1113-1127. 
Supported by NHMRC (Australia) and the Austin Hospital Medical Research Foundation

885.2

ANATOMICAL EVIDENCE THAT PARATHYROID HORMONE 2 
RECEPTOR IS INVOLVED IN MODULATION OF NOCICEPTION.
T. Wang1*, E. Mezev2, M, Palkovits1, and T.B. Usdin1. 1 Lab of Genetics, 
NIMH; 2Basic Neurosci. Prog., NINDS; Bethesda, MD 20892.

We recently described the PTH2 receptor (PTH2-R) as a G-protein 
coupled receptor activated by parathyroid hormone (PTH) and expressed 
in a number of discrete brain regions and peripheral organs. It is also 
activated by a non-PTH peptide present in hypothalamic extracts, which 
may be its endogenous ligand. To create a basis for investigation of the 
PTH2-R’s physiological function we are using immunohistochemical 
mapping to place the receptor in context with known chemical 
neuroanatomy. One of the most striking recent observations is intense 
labeling by a PTH2-R directed antibody in superficial layers of the spinal 
cord dorsal horn. The receptor is present in many of the same terminals 
as calcitonin gene-related peptide (CGRP). Terminals expressing the 
receptor are present in the same region of the spinal cord as ones 
containing substance P and in many cases appear to innervate the same 
neurons, but substance P and the PTH2-R appear to be within almost 
entirely distinct terminals. The PTH2-R is found in both somatic and 
visceral primary sensory neurons including CGRP and neuropeptide Y 
containing-cells in dorsal root and nodose ganglia. These data suggest 
that the PTH2 receptor may play a role in the modulation of some aspects 
of somatic as well as visceral sensory transmission, nociception seems 
particularly likely. More extensive investigation of the anatomical 
distribution and biological role of this novel 
neurotransmitter/neuromodulator system is underway. (Supported by 
NIMH).

885.3

CORTICOTROPIN-RELEASING FACTOR (CRF) REGULATES 
SEROTONIN (5-HT) RELEASE AT THE DORSAL RAPHE NUCLEUS. 
M. L. Price* and I. Lucki. Depts. of Psychiatry and Pharmacology, Inst, of 
Neurological Sciences, Univ. of Pennsylvania, Philadelphia, PA 19104.

CRF-immunoreactive fibers, CRF receptor mRNA and CRF receptor 
binding sites are located in the dorsal raphe nucleus. Taken with recent 
findings that i.c.v. CRF administration can modulate 5-HT release in the 
striatum and inhibit the activity of 5-HT neurons in the dorsal raphe 
nucleus, it is possible that 5-HT release in a number of forebrain regions is 
mediated by CRF release in the dorsal raphe nucleus (Price et al., 1998). 
Administration of CRF (i.c.v.) significantly decreased extracellular levels 
of 5-HT in the lateral septum after doses of 0.3 pg (p<0.001) and 1.0 pg 
(p<0.01). This effect of CRF was blocked by pretreatment with the CRF 
receptor antagonist D-PheCRF-( 12-41) (3.0 pg i.c.v.).

Additional studies were conducted to examine the mechanism by which 
CRF regulates 5-HT release. Direct administration of CRF (30 ng) into the 
dorsal raphe nucleus significantly reduced extracellular 5-HT levels in the 
lateral septum to a maximum of 50 ± 13% below baseline values at 20 min. 
following injection. Further, injection of D-PheCRF-( 12-41) (10 ng) into 
the dorsal raphe nucleus prior to administration of CRF (0.3 pg i.c.v.) 
blocked the decrease in extracellular 5-HT in the lateral septum. Taken 
together, these data support the hypothesis that CRF modulates 5-HT 
release in the lateral septum through its effects at the level of the dorsal 
raphe nucleus. Supported by USPHS grants MH 12115 and MH 58250.

885.4

HETEROGENEOUS DISTRIBUTION OF CORTICOTROPIN RELEASING 
FACTOR (CRF) IN THE SEROTONERGIC DORSAL RAPHE NUCLEUS 
(DRN). L. Liouterman*, E. J. Van Bockstaele, and R. J. Valentino, Dept. of 
Psychiatry, Hahnemann Univ,, Phila., PA 19102; Dept. of Path., Anat. & Cell Biol., 
Thomas Jefferson Univ., Phila., PA 19107

CRF, the neuropeptide involved in the endocrine stress response, has a widespread 
distribution within the midbrain which may underlie the pathophysiology of stress- 
related psychiatric disorders. Light microscopic analysis using 
immunocytochemistry revealed dense immunoreactive CRF fibers in the DRN which 
overlap the location of serotonergic cell bodies. CRF processes were visualized in 30 
micron-thick tissue sections using a combined silver and nickel intensification 
protocol. Dual labeling immunocytochemistry was performed to identify CRF fibers 
with respect to 5-hydroxytryptamine (5-HT) containing cells in the DRN. The DRN 
was subdivided into three regions: caudal, (interaural-0.16/0.28mm); middle 
(+0.40/1.00mm); rostral (1.20/1.96mm). At most caudal levels of the DRN, CRF 
terminals were prominently distributed in the dorsomedial aspect of the DRN. These 
increased in density moving rostrally to mid-levels of the DRN. At mid-DRN levels, 
CRF fibers were distributed along the ventricular surface and extended laterally, 
overlapping the lateral wings of the DRN. At rostral DRN levels, CRF innervation 
was less dense in dorsal and lateral regions and more dense ventrally and medially. 
At the most rostral regions, CRF fiber innervation was densest in the 
ventromedial/interfascicular region. Initial ultrastructural studies revealed abundant 
CRF-immunoreactive axon terminals in the lateral wings and ventromedial DRN, 
many of which formed heterogeneous synapses with dendrites. Additionally, 
numerous CRF terminals were directly apposed to unlabeled axon terminals. The 
results of these studies provide a cellular substrate in support of diverse actions of 
CRF on pre- and post-synaptic sites in the serotonergic DRN. Supported by PHS 
Grants MH40008 and MH58250.

885.5

C-FOS EXPRESSION INDUCED BY GALANIN AND ITS N-TERMINAL 
FRAGMENT IN MEDULLA OBLONGATA OF THE RAT. Z. Dfaz-Cabiale,
P. Marcos, M.P. Cordon, R. Coveftas, R. Garrido, M, Garda-Coronel, K. Fuxe1,
S. Gonzdlez-Bardn* and LA. Narvaez. Dept. de Fisiologfa, Facultad de 
Medicina, Universidad de Malaga (Spain) and 'Dept. of Neuroscience, 
Karolinska Institute, Stockholm (Sweden)
Using c-Fos expression as a marker of neuronal activity we have 

investigated if galanin [gal-29] and its N-terminal fragment (1-15) [gal-15] 
stimulate differentially cell nuclei in the Medulla Oblongata. Groups of rats 
received intracistemal injections of 3.0 nmol of gal-29 or 3.0 nmol of gal-15 
and ramdomizedly sacrificed 90 minutes or 6 hours after injections. A control 
group received artificial cerebrospinal fluid (aCSF) alone and other group of 
sham operated rats was also used as control. The expression of c-Fos was 
studied by an indirect immunohistochemical procedure. In all cases c-fos was 
mostly observed in nudeus tractus solitarii (NTS), in Al/Cl cell groups of 
the ventrolateral medulla (VLM), raphe pallidus, inferior olive and spinal 
trigeminal nudeus. Gal-29 induced a higher c-fos expression in NTS and 
VLM than gal-15 at 90 minutes after injections (p<0.001) but 6 hours later c- 
fos induced by gal-15 in both nudei was significantly higher than the 
induced by gal-29 (p<0.01). Really, c-fos induced by gal-29 at 90 minutes 
decreased 6 hours later (p<0.001) in both NTS and VLM, moreover c-fos 
expression induced by gal-15 at 90 minutes was unchanged in the NTS at 6 
hours but it increased in the VLM (p<0.01) 6 hours later. These results 
suggest the site of action of these peptides for their role on cardiovascular 
control, nociception and other autonomic functions. The divergence on c-fos 
expression induced by galanin and its N-terminal (1-15) fragment could 
explain the functional differences observed on central cardiovascular 
regulation. This work is supported by the Spanish CICYT (‘PB96-1467).

885.6

IMMUNOHISTOCHEMICAL DISTRIBUTION OF THE NT3 NEUROTENSIN 
RECEPTOR IN RAT BRAIN. Krzywkowski P.1, Petersen M,2, Mazella J.3, and 
Beaudet A. '* lMont. Neurol. Inst., McGill Univ., Montreal, Canada; 2Dep. Med. 
Biochem., Aarhus Univ., Danemark; 3I.P M.C., CNRS UPR041 l,Valbonne, France.

Recent studies have identified sortilin, a single trans-membrane domain receptor 
homologous to the mannose-6-phosphate receptor, as corresponding to the lOOkD NT3 
neurotensin (NT) receptor previously purified from rat brain (Mazella et al, 1998). To 
investigate the possible implication of this NT3 receptor in central neurotensinergic 
function, we examined its distribution in rat brain by immunohistochemistry using a 
specific antibody raised against the intraluminal segment of the purified receptor. NT3 
immunoreactivity was concentrated within the cell bodies and processes of broadly but 
selectively distributed neuronal populations. Numerous, moderately to intensely 
labeled neurons were observed in cerebral cortex (frontal, parietal and retrosplenial), 
olfactory bulb, medial and lateral septum, ventral pallidum, caudoputamen, globus 
pallidus, magnocellular preoptic area, thalamus (especially the anterior, dorsal, ventro- 
basal and reticularis nuclei), subthalamic nucleus and substantia nigra. More scattered 
immunoreactive cells were also evident in the hippocampus, mamillary nuclei, 
amygdala (central, basal and lateral nuclei) and superior colliculi. The hypothalamus 
was almost entirely devoid of labelling, with the exception of the medial preoptic, 
anterior, arcuate, ventromedial and lateral hypothalamic nuclei. In conclusion, the 
distribution of the sortilin/NT3 receptor largely exceeds that of the NT innervation, 
suggesting that it is involved in more functions than NT neurotransmission. However, 
the fact that this receptor is highly concentrated in regions which also express the NTI 
subtype (e.g., substantia nigra, basal forebrain, anterodorsal thalamic nucleus) suggests 
that these two receptors may interact in mediating central NT effects.

Supported by the Medical Research Council of Canada
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885.7

CALCITONIN GENE RELATED PEPTIDE-IMMUNOREACTIVITY (CGRP-IR) 
IN THE BRAINS OF WILD-TYPE AND aCGRP-NULL MICE. R.B, Emeson1'and 
K, Bulloch2. Dept. of Pharmacology, Vanderbilt Univ. Nashville, TN 37232,2Lab 
of Neuroendocrinology, Rockefeller Univ., New York, NY 10021.

aCGRP is a pleiotropic peptide neurotransmitter that was first discovered as 
an alternative splicing product of the calcitonin gene. Asecond CGRP-encoding 
gene (p-CGRP) is also widely expressed in the CNS, differing by only three 
amino acids from the mouse aCGRP peptide. We have recently generated 
aCGRP-null animals by homologous recombination in embryonic stem cells. In 
the present study we have characterized the distribution of CGRP in the brains 
of wild-type and aCGRP-null miceusing an antibody that recognizes both the a- 
and (3-forms of the peptide. Ten week old male and female wild-type and 
aCGRP-null animals were lethally anesthetized and perfused with acrolein and 
paraformaldehyde. Forty micron sections were cut on a vibratome and sub-
jected to an immunocytochemistry procedure using diaminobenzidine to visual-
ize the chromagen. Our results showed that the distribution of CGRP-IR in wild- 
type mouse brains was similar, but not identical to, that observed in the rat. The 
most prominent CGRP-IR was observed in fibers and/or cell bodies within the 
septum, bed nucleus of the stria terminalis, the amygdala, zona incerta, 
thalamus, hypothalamus, hippocampus, dorsal and lateral subiculum, fibers 
adjacent to the rhinal fissure, substantia nigra, oculomotor nucleus (N), red N., 
raphe, interpeduncular N., nuclei of the cerebellum, parabrachial N., facial N., 
motor and sensory trigeminal N. and tract, N.ambiguus, N. tractus solitarius, 
dorsal motor N. and the hypoglossal N. CGRP-IR, presumably p-CGRP, was 
only found in a few regions of the CNS in aCGRP-null mice. Rare and faint 
CGRP-IR was detected in the hippocampus and subiculum while substantial 
CGRP-IR was present in oculomotor N., facial N., dorsal motor N., N. ambiguus, 
and trigeminal N. and tract. Future studies will examine the impact of aCGRP 
absence on the development and function of the brain. Funded by grants from 
the NIH and the American Heart Association.

885.8
CART PEPTIDES INDUCE c-fos EXPRESSION IN CULTURED 
PITUITARY CELLS. P, R. Couceyro* and T, Fritz.. Dept. of Cell. & 
Mol. Pharm., FUHS/Chicago Medical School, North Chicago, IL 60064.

CART (Cocaine- and Amphetamine- Regulated Transcript) peptides 
comprise a novel family of brain neuropeptides. They are implicated in 
mediating the effects of stimulant drugs such as cocaine and 
amphetamine as well as regulating food intake. CART peptides are 
found in the brain, spinal cord, pituitary, adrenal glands and small 
intestine. In the pituitary, CART peptides are present in the neural and 
anterior lobes. Our attempts to identify biologically active peptides 
have led us to synthesize CART peptides by in vitro expression in E.coli. 
These peptides were subsequently refolded in attempts to obtain 
appropriately formed disulfide bonds. We have now developed a 
bioassay to measure CART peptide activity in vitro and show an effect 
of CART peptides on the pituitary. CART peptide 82-129 is a 
biologically active peptide fragment in cultured rat pituitary cells as 
measured by its induction of c-fos expression in a dose-dependent 
fashion. This finding is significant since this CART peptide fragment 
has also been identified in pituitary extracts. We are currently 
determining the potency of these effects as well as testing other CART 
peptides for activity in cultured pituitary cells. These are the first 
described cellular effects of CART peptides in the pituitary. CART 
peptides are present throughout the hypothalamic-pituitary-adrenal 
axis and these studies further suggest a role of CART peptides on 
neuroendocrine function. Work is supported by the Pharm. Research & 
Manufact. of America Foundation and FUHS/Chicago Medical School.

885.9

GALANIN IMMUNOREACTIVE PROFILES IN THE RODENT AND FELINE 
TRIGEMINAL SOMATOSENSORY SYSTEMS: A COMPARATIVE STUDY. 
K, L, Simpson1*. R.C.S. Lin1. B.D. Waterhouse2. P.J. May1. 'Dept. of Anatomy, 
Univ. of Mississippi Med. Ctr., Jackson MS 39216.2Dept. of Neurobiology & 
Anatomy, MCP-Hahnemann Univ., Philadelphia PA 19129.

Studies which have examined galaninergic pathways have primarily used the 
rodent as an experimental model. We (Simpson et al., 1999) have recently 
utilized modified immunohistochemical techniques to reveal thin caliber galanin 
(GAL)-positive fibers within the relay nuclei of the ascending trigeminal somato-
sensory system. Data obtained from a combination of double immunofluorescent 
methods and retrograde tracing techniques suggested that these fibers originated 
from the noradrenergic locus coeruleus (LC). At present, very little is known 
about the presence of this peptide within trigeminal circuits of higher mammalian 
species. To approach this issue, feline tissue was immunostained for Gal. Gal (+) 
fibers were found in primary somatosensory cortex, the ventral posterior medial 
and posterior nuclei of the thalamus, as well as the trigeminal sensory nuclei and 
spinal tract. The morphology and distribution of these axons, particularly in 
cortical layer I, resembled those described in rat. Some differences between the 
two species were noted in terms of fiber density. Galaninergic fibers in cat were 
more prevalent in the trigeminal nuclear complex, but were less abundant in the 
dorsal thalamus and cortex. Variations in labeling patterns may be attributed to 
differences in the number of LC neurons which innervate somatosensory struc-
tures. Initial inspection indicates a reduction in the population of Gal-expressing 
LC neurons in cat, as compared to rat. Future studies will evaluate the percentage 
of these peptidergic neurons which project to specific sites along the trigeminal 
neuraxis. Nevertheless, galaninergic input to the trigeminal pathway may be a 
common mammalian trait. Supported by NS 32461 (BDW & RCSL) & EY09762 (PJM)

885.10

RELATIONSHIP BETWEEN SUBSTANCE P AND ITS RECEPTOR: 

COMPARISON OF SPINAL CORD WITH FOREBRAIN. A. Burette. J.G. 

Valtschanoff. R.J. Weinberg, and A, Rustioni*. Dept. of Cell Biology & 

Anatomy, UNC, Chapel Hill, NC 27599.

Neuropeptides may act as diffusible paracrine ligands at receptors remote from 

their site of release. However, recent evidence in spinal dorsal horn indicating a 

close synaptic relationship between substance P (SP) and the neurokinin 1 

receptors (NK1) suggests instead that SP may act like a traditional transmitter. To 

assess the generality of this observation, we studied the relationship of SP and 

NK1 in spinal cord and forebrain of Sprague-Dawley rats using high-resolution 

immunofluorescence on 1 pm-thick Lowicryl sections. The overall patterns of 

both SP and NK 1 immunoreactivity closely resembled that in previous reports. 

Throughout the laminae of the spinal cord, somatic and dendritic profiles 

expressing NK-1 were closely associated with synaptic boutons (identified by 

synaptophysin immunoreactivity) containing SP. In contrast, in the cerebral 

cortex, hippocampus, and olfactory bulb, appositions between SP immunoreactive 

boutons and NK-1 profiles were rarely observed. These results suggest that in the 

spinal cord, SP neurotransmission is local, in a manner similar to classical 

neurotransmitters, while in forebrain, SP may act nonsynaptically in a paracrine 

manner. Supported by NIH awards NS-12440 and NS-35527.

885.11

CHRONIC LITHIUM TREATMENT RESTORES ABNORMAL LEVELS OF TACHYKININ LIKE- 
IMMUNOREACTIVITY IN FRONTAL CORTEX AND STRIATUM OF FLINDERS SENSITIVE LINE 
DEPRESSED RATS. Henriette Husum*b. Patricia A, Jimenez*. Per Nederaaardb*. Aleksander A 
Mathff, ’Karolinska Institutet, Institution of Clinical Neuroscience, St. Gorans Hospital, S- 
11281 Stockholm, Sweden. bLaboratory of Neuropsychiatry, Rigshospitalet, 2100 Copenhagen, 
Denmark.

Lithium therapy is the most effective agent used in the treatment of bipolar disorder. Lithium 
is known to induce acute effects on cellular second messenger systems however, the 
therapeutic mechanism of action of lithium has not been identified. Changes in levels of 
neurokinin A (NKA) and substance P (SP) like—immunoreactivity (LI) have been reported by 
our and other groups, in frontal cortex and striatum of rats subjected to long-term lithium 
treatment. However, other neuropeptide—LI such as that of neuropeptide Y (NPY) has also 
been reported to change in brain of lithium treated rats. To date, these investigations have been 
conducted in normal rats. To discriminate effects possibly related to the therapeutic actions of 
lithium and effects of lithium per se, the present study investigated the effects of 6 weeks of 
dietary lithium treatment on NKA, SP and NPY-LI in brains of Flinders Sensitive Line 
‘depressed’ rats and their control counterparts Flinders Resistant Line rats (FRL). FSL and FRL 
rats were divided into 2 groups. One group of FSL and FRL rats were subjected to chow 
admixed with 2.19 g LijSCV kg chow, the vehicle group was fed a standard rat chow. Using 
this experimental design serum lithium concentrations were previously measured to be 0,53 ± 
0,15 mM. After 6 weeks the rats were sacrificed by microwave irradiation, the brains were 
rapidly removed and dissected on ice into frontal cortex, striatum, hippocampus, occipital 
cortex and hypothalamus regions. Following extraction and lyophilisation of brain region 
tissues, aliquots of tissue extracts were by sensitive radioimmunoassays analysed for NKA, 
SP and NPY-LI. Specific differences in levels of NKA and SP but not NPY-LI were observed in 
brains of vehicle-treated FSL and FRL rats and will be presented. Following lithium treatment, 
these differences were abolished. Lithium also affected NPY-LI levels in brains of FSL rats. The 
present study suggests a role for SP and NKA in the pathogenesis of depression. Further, 
altering tachykinin and NPY peptidergic neurotransmission may be associated with a 
therapeutic mechanism of lithium. Supported by the Swedish Medical Research Council. #10414, 
Karolinska Institutet.

885.12
CHARACTERIZATION AND TISSUE DISTRIBUTION OF APELIN, THE 
PEPTIDE LIGAND FOR THE APJ RECEPTOR. D.K. Lee1, T. Nguyen3, R, Cheng3, 
Y. Liu1, P, Ashby2*, S.R. George1,2,3 and B.F. O’Dowd1’3’. 'Department of 
Pharmacology, University of Toronto, Toronto, Ont. M5S 1A8; department of 
Medicine, University of Toronto, Toronto, Ont. M5S 1A8; ’Centre for Addiction and 
Mental Health, Toronto, Ont. M5S 2S1.

APJ was reported as a G protein-coupled receptor which shared identity with the 
angiotensin receptors, ranging from 40 to 50% in the transmembrane regions. An 
endogenous peptide ligand for APJ named apelin was discovered (Tatemoto et. al. 
BBRC 251: 471-476, 1998). We have determined the human apelin genomic 
structure contained within a PAC clone localized to chromosome Xq25-26.3. Whole 
brain cDNA library screening and RACE were used to determine the rat and human 
apelin cDNA sequences respectively. Tissue distribution of apelin mRNA was 
obtained by northern and in situ hybridization analyses of various human and rat 
tissues. Both human and rat apelin mRNA transcripts were found to be discretely 
expressed throughout the brain in regions such as cortex, caudate, thalamus, 
hypothalamus, hippocampus, basal forebrain, cerebellum and midbrain. mRNA 
transcripts were also detected in various rat peripheral tissues such as the kidney, 
intestine, testis, vas deferens, adrenal, stomach and with highest expression in the 
heart. Rat APJ mRNA tissue analysis revealed complementary expression with its 
endogenous ligand. (Funded by the Medical Research Council of Canada and the 
National Institute on Drug Abuse)
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885.13

EXPRESSION OF DOPAMINE RECEPTOR PROTEINS IN THE 
JAPANESE MACAQUE BRAIN. R, Tsubokawa * and T, Hashikawa.
Lab. for Neural Architecture, Brain Science Institute, The Institute of Physical 
and Chemical Research (RIKEN); 2-1 Hirosawa, Wako, Saitama 351-0198 
Japan

It has been known that dopamine, one of the major neurotransmitter in 
mammalian brain, modulates motor, cognition, emotional and endocrine 
functions through distinct neuronal pathways. In this study, the expression of 
DI, D2, and D5 dopamine receptors was examined immunohistochemically in 
Japanese monkey {Macaca fuscata). We found that cellular and regional 
distribution pattern of these dopamine subtypes was varied considerably 
among the structures. Their differential expression at cellular level was 
typical, for example, in the hippocampus, basal ganglia, thalamus, and 
midbrain. In addition to somal expression, both D2 and D5 receptors 
appeared to be associated with pyramidal cell dendrites in the hippocampus, 
dendritic profiles in the nucleus accumbens, dorsal lateral geniculate nucleus, 
magnocellular medial geniculate nucleus, and anteroventral nucleus. On the 
other hand, DI receptor immunoreactivity in these regions was found mostly in 
the neuropil without noticeable staining of the dendritic profiles. In the red 
nucleus both DI and D2 were expressed on the cell bodies where D5 
expression was found to be very weak. Although DI and D5 receptors 
showed rather similar distribution pattern in neocortex, this is not always the 
case in certain other brain areas described above. Detailed analysis of 
distribution of each subtype of dopamine receptors seems to be needed for 
more precise understanding of regional and functional differentiation of the 
dopaminergic system in the primates.

This study was supported by RIKEN BSI, grant 57911.

885.14

DEVELOPMENTAL EXPRESSION OF NEUROPEPTIDE Y mRNA IN THE 
RAT BRAIN. L.K. Singer*, J. Kuper, R.S. Brogan, M.S. Smith and K.L. Grove. 
Division of Neuroscience, Oregon Regional Primate Center/Oregon Health 
Science University, Beaverton, OR 97006

NPY is a potent orexigenic peptide that is altered during different 
physiological states such as fasting, obesity and lactation. To date, little is 
known about the developmental expression of NPY in the rat. The purpose of 
the present experiment was to characterize the relative developmental 
expression of NPY mRNA in the forebrain of Sprague-Dawley rats. Pup 
brains were processed for in situ hybridization and autoradiograms were 
analyzed to determine area and density of NPY mRNA expression within a 
specific brain nucleus. Rats were grouped into the following ages: 0-4 days,
6-8 days, 11-14 days, 16 days, 21 days and 30 days. In contrast to the 
normal adult rat, in which hypothalamic NPY mRNA expression is limited to 
the arcuate nucleus (ARH), NPY mRNA was observed in the ARH, 
dorsomedial ' hypothalamic nucleus (DMH) and the lateral 
hypothalamus/perifornical region (LH/PFR) during development. The pattern 
of expression in each of these three areas was similar: NPY mRNA 
expression increased progressively from 0-4 days to reach maximum levels 
at 16 days and subsequently decreased at 21 and 30 days. By 30 days of 
age, patterns of expression were approaching those observed in the adult; 
that is, NPY mRNA levels in the ARH were easily detectable, whereas levels 
in the DMH and LH/PFR approached undetectable limits. In the adult rat, 
NPY expression in the DMH is only evident during lactation and in certain 
models of obesity. To our knowledge, this is the first demonstration of NPY 
mRNA induction in the LH/PFR. The increase in NPY expression in the ARC, 
DMH and LH/PFR around day 16 may be associated with a stimulation of 
solid food intake prior to weaning.
(Supported by NIH grants HD14643 and RR00163)

885.15

LIGHT AND ELECTRON MICROSCOPIC STUDY OF THE DISTRIBUTION 
OF SUBSTANCE P-IMMUNOREACTIVE FIBERS IN THE SKIN OF THE 
RAT LOWER LIP. A. Ribeiro-da-Silva*1,2,1. Ruocco1, A.C. Cuello1,2, ’Department 
of Pharmacology & Therapeutics and department of Anatomy and Cell Biology, 
McGill University, Montreal, Quebec, Canada, H3G 1Y6.

Substance P (SP) released in the skin from the peripheral processes of sensory 
ganglia cells is known to play an important role in cutaneous inflammatory 
phenomena such as neurogenic inflammation. SP immunoreactive (IR) fibers of 
sensory origin occur in the skin around blood vessels, glands, hair follicles and in the 
epidermis. Cutaneous antidromic vasodilation and plasma extravasation are partially 
blocked by SP (NK-1) receptor antagonists, and are known to be mediated in part by 
mast cell-released substances such as histamine, serotonin and nitric oxide. The aim 
of this study was to apply immunocytochemistry (ICC) to investigate the pattern of 
SP innervation of blood vessels and its relationship to mast cells in the skin. Briefly, 
male Wistar rats were transcardially perfused with an aldehyde mixture and the lower 
lips were collected and processed for ICC using a rat bispecific antibody against SP 
and horseradish peroxidase. The results obtained confirmed that SP-IR fibers are 
found around blood vessels, in cutaneous nerves and penetrating the epidermis. SP-IR 
varicosities were observed close to arterioles, venules, capillaries and mast cells. The 
varicosities possessed both dense core and agranular synaptic vesicles. We quantified 
the distance between the SP-IR varicosities and the blood vessel endothelium. SP-IR 
terminals were located within 0.23 to 5.99 pm from the endothelial cell layer in 
82.7% of the arterioles, in 90.2% of the capillaries and in 86.9% of the venules. Thus, 
although there is a trend for SP-IR fibers to be located closer to capillaries this 
difference was not significant. The present results favor the concept of a participation 
of SP in cutaneous neurogenic vasodilatation and plasma extravasation both by a non- 
preferential action on blood vessels and by causing the release of substances from 
mast cells after diffusion through the connective tissue. (Funded by the Canadian 
MRC)
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886.1 886.2

A NOVEL INTERNALIZATION-BASED ASSAY FOR THE
IDENTIFICATION OF ORPHAN RECEPTOR LIGANDS IN TISSUE 
EXTRACTS Lenkei. Z.1. Beaudet. A.2. Chartrel. N/.De Mota, N.’.Irinopoulo.
T.3. Braun. BA Vaudry, H.4*, Llorens-Cortes, C.1 TNSERM U36, College de 
France, Paris, France; 2Montreal Neurol. Inst., McGill Univ., Montreal, Canada, 
H3A 2B4; TNSERM U430, Paris, France, TNSERM U413, IFRMP 23, 
University de Rouen, Mont-Saint-Aignan, France.

Since G-protein-coupled receptors (GPCRs) constitute excellent therapeutic 
targets, functional characterization of cloned orphan GPCRs through identification 
of their endogenous ligands has a great potential for drug discovery. To this aim, 
we have developed a single-cell based assay involving:
(1) fluorescent tagging of the GPCR of interest; (2) expression of the tagged 
receptor in a heterologous expression system; (3) incubation of the transfected 
cells with fractions purified from crude tissue extracts; and (4) imaging of ligand- 
induced receptor internalization by confocal microscopy coupled to digital image 
quantification. We validated this approach in CHO cells stably transfected with 
the NT1 neurotensin receptor fused to EGFP (enhanced green fluorescent protein). 
We first showed that in this system, neurotensin promoted the internalization of 
the NT 1-EGFP receptor complexes in a dose-dependent and quantifiable manner 
(ECw=0.98 nM). We then evaluated 120 consecutive reversed-phase HPLC 
fractions of frog brain extracts and found that 4 of these (fractions 15-18) 
selectively promoted internalization of the NT1-EGFP receptor. The same 4 
fractions and none of the others were subsequently found to contain neurotensin, 
an endogenous ligand of the NT1 receptor, using radioimmunoassay and 
determination of inositol phosphate production. In conclusion, the present 
internalization assay provides a highly specific quantitative cytosensor technique 
with a sensitivity in the nanomolar range that should prove useful for the 
identification of putative endo- or exogenous ligands for orphan GPCRs.

EVIDENCE FOR THE PROENKEPHALIN PROCESSING ENZYME 
‘PROHORMONE THIOL PROTEASE’ (PTP) AS A MULTI CATALYTIC 
CYSTEINE PROTEASE COMPLEX, AND ITS ACTIVATION BY 
GLUTATHIONE. S. Yasothornsrikul*, W. Aaron, T. Toneff and V.Y.H. Hook 
Dept. of Medicine, Univ. of Calif. San Diego, La Jolla, CA 92037-0822

The cysteine protease known as ‘prohormone thiol protease’ (PTP) has 
been identified as a major proenkephalin processing enzyme in secretory 
vesicles of bovine adrenal medulla. This study demonstrates that PTP exists 
as a multicatalytic protease complex that can be activated by endogenous 
glutathione present in secretory vesicles of adrenal medulla (chromaffin 
granules). The high molecular weight nature of PTP was identified by a single 
peak of ^S-enkephalin precursor cleaving activity by Sephacryl S-200 gel 
filtration, and by a single band of 35S-enkephalin precursor cleaving activity 
detected on radiozymography under native condition. Importantly, when 0.1% 
SDS was present in non-reducing radiozymogram gels, PTP activity was 
resolved into 3 bands of proteolytic activity. These three activities were all 
cysteine proteases since they were inhibited by the cysteine protease inhibitor 
E-64c, but not by pepstatin A or EDTA that inhibit aspartyl and metallo 
proteases, respectively. Purification of native PTP by preparative gel 
electrophoresis indicated that PTP was composed of four polypeptides 
detected on SDS-PAGE. These four potential subunits accounted for the 
three proteolytic processing activities of PTP as shown by 35S-enkephalin 
radiozymogram. These multicatalytic activities of the PTP complex require 
reducing conditions for activity, which can be provided by endogenous 
reduced glutathione in chromaffin granules. These novel findings provide the 
first evidence for a role of a multicatalytic cysteine protease complex, PTP, in 
adrenal medullary secretory vesicles that may be involved in the proteolytic 
processing of proenkephalin and perhaps other precursors into active 
neuropeptides or neurotransmitters. (Supported by the NIH)
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886.3

IN VIVO PROCESSING OF OPIOID NEUROPEPTIDES IN ANIMAL MODELS OF 
PARKINSON S DISEASE DETERMINED BY MICRODIALYSIS AND HIGH- 
RESOLUTION ELECTROSPRAY MASS SPECTROMETRY. P.E, Andren*11, M.R. 
Emmett3, A.G. Marshall’, R. Bennmarker1'1, U. Bondesson1. 'Dept. of Pharmaceutical 
Biosciences, Uppsala University, PO Box 591, SE-75124 Uppsala, JDept. of Chemistry, 
Natl. Vet. Inst., PO Box 7073, SE-75007 Uppsala, Sweden, and ’National High 
Magnetic Field Lab., Florida State University, Tallahassee FL 32310.

In the present experiments we have used in vivo microdialysis for studying the processing 
of endogenous opioid neuropeptides, dynorphins (DYN), in the brain of rats and 
marmoset monkeys. Previous results obtained in an animal model of Parkinson’s disease
(PD) infer a possible endogenous opiate mediated mechanism of levodopa-induced 
dyskinesias in PD (Andren et. al., Soc. Neurosci. Abstr., Vol. 23, p. 1902, 1997). The 
opiate-linked dyskinetic movements may be due to differential in vivo processing and/or 
release of endogenous opiate neuropeptides. The monkeys and rats were rendered 
parkinsonian by unilateral infusions of the neurotoxin 6-OHDA. The opioid 
neuropeptides DYN 1-13 or DYN 1-17 was infused bilaterally through stereotaxically 
implanted microdialysis probes in vivo simultaneously to the lesioned and the untreated 
normal side of the striatum of marmoset monkeys and rats. DYN Al-17 processing was 
also studied in striatal tissue in vitro in the same individuals. A highly sensitive nanoliter- 
flow liquid chromatography (nanoLQ/electrospray ionization (ESI) high-resolution 
Fourier-Transform Ion Cyclotron Resonance (FT-ICR)- or quadrupole time-of-flight 
(Q-Tof) mass spectrometry (MS)-technique was used for the detection of amol/fmol 
levels of opioid neuropeptides from microdialysis perfusates. DYN 1-13 was metabolized 
in vivo to fragments DYN 1-6 and DYN 1-10 in the marmoset brain. In the rat brain, 
DYN Al-17 was processed to DYN1-13 in both the normal and 6-OHDA treated side 
of the brain, but also to DYN9-11 and DYN 12-16 in the normal side of the brain. This 
work was supported by the Swedish Medical Research Council, grant #11565, the 
STINT Foundation and the National Science Foundation, CHE-13008.

886.4
Expression of Novel Carboxypeptidases in the Embryonic Mouse.
D,J, Morgan1’2, M, Arai1 , J.. Aldgr1 ,.T_And. J.E Pintar 1>2, l) Dept. of 
Neuroscience and Cell Biology, UMDNJ-RWJMS, Piscataway, NJ 08854. 2) 
Graduate Program in Microbiology and Molecular Genetics, UMDNJ-GSBS, 
Piscataway, NJ 08854.

Protein processing occurs endoproteolytically via prohormone convertase (PC) 
cleavage followed by removal of C-terminal basic amino acids by 
carboxypeptidases (CPs). Carboxypeptidase E (CPE), which is important for 
processing neuroendocrine peptide precursors, was the first CP to be identified. 
However, upon finding that mice deficient in CPE are still capable of protein 
processing it became clear that other carboxypeptidases may exist. The search for 
novel carboxypeptidase family members led to the discovery of CPX-1, CPX-2, 
AEBP1, CPD, and CPZ. Expression of these novel genes has been characterized in 
the embryo using in-situ hybridization. CPD expression is found in the floor plate 
of the developing neural tube in el3.5 tissue while CPE mRNA is found associated 
with developing neurons throughout the brain. Interestingly, the expression of 
CPD and CPE in the neural tube is found in a mutually exclusive, non-overlapping 
pattern suggesting that these processing enzymes may function in a cell specific 
manner in the brain. Additionally, CPZ mRNA expression has been found 
associated with leptomeningeal cells surrounding the nervous system. 
Additionally, CPX1 and AEBP1 mRNA species have been found associated with 
the meninges and AEPB1 transcript is also found abundantly in the neural lobe of 
the pituitary. Surprisingly, several CPs, including CPX-1, CPX-2, and AEBP1, do 
not demonstrate catalytic activity on known substrates but possess discoidin 
domains suggesting a possible structural role in cell adhesion. This putative 
function is supported by in-situ hybridization data which show CPX-1, CPX-2, and 
AEBP1 mRNA localized to primordial cartilaginous structures such as the rib 
primordia, humerus, vertebrae, and radius in embryonic mice. Supported by DA- 
08862 (JP).

886.5

PROHORMONE PROCESSING IN APLYSIA AS REVEALED BY MASS 
SPECTROMETRY R.W. Garden,* L. Li, P.D. Floyd, and J.V. Sweedler. Dept. 
of Chemistry and Beckman Institute, Univ. of Illinois; Urbana, IL 61801.

Biosynthesis of peptide transmitters and hormones is an intricate process where 
enzymatic modification of a single precursor often yields multiple, functionally 
distinct peptides. Recent advances in mass spectrometry (MS) allow such peptides 
and processing intermediates to be measured directly within individual cells and 
nerves. A matrix-assisted laser desorptionion/ionization (MALDI) mass spectrum, 
combined with knowledge of expressed genes and consensus processing sites, often 
provides enough information to identify putative peptides. We have refined a series 
of MS and microseparation techniques to elucidate peptide processing pathways in 
the invertebrate model Aplysia californica. In order to study the peptide processing 
from the APGWamide, ELH, insulin, L5-67, NPY, R3-14, and R15 prohormones, 
MS profiles have been obtained from identified neurons throughout the abdominal 
and cerebral ganglia. Structural confirmation is also achieved using both MS and 
biochemical strategies. For these prohormones, the gene products are modified in 
unexpected manners. In fact, most single-cell MALDI mass spectra reveal the 
presence of novel peptides, many of which result from unconventional processing. 
Chemical alterations involve proteolytic cleavage of amide bonds, disulfide 
bonding, as well as N- and C-terminal modifications. Examples include pGlu 
formation in R3-14 and Aplysia insulin gene products in addition to Val-Thr and 
Leu-Leu cleavages in ELH-related peptides. The prohormone processing 
mechanisms elucidated by these studies will aid in the prediction of new bioactive 
peptides. This work is funded by NINDS through grant NS31609 and NSF through 
grant CHE-966223.

886.6
STRATEGIES OF IDENTIFYING NEW BIOACTIVE PEPTIDES IN MOLLUSCS. 
L. Li1*, P.D. Floyd1, E.V. Romanova1, S.S. Rubakhin1, R.W. Garden1, F.S. Vilim2, K.R.
Weiss2 and J.V. Sweedler1. ‘Dept. of Chem. and Beckman Inst., Univ. of Illinois, 
Urbana, IL 61801; 2Dept. of Physiology and Biophysics, Mt. Sinai Sch. Med., New 
York, NY 10029.

Matrix-assisted laser desorption/ionization (MALDI) MS allows the major peptides in 
single cells and nerves to be rapidly measured with minimal sample preparation. Given 
the large number of peptides detected in a typical single neuron, how does one focus on 
the most important peptides for further characterization? One strategy is to examine 
peptides that are transported throughout the CNS. Using Aplysia californica as a model 
system, we have studied the spatial distribution and direction of peptide transport in the 
major connectives and examined peptides profiles in hemolymph. To further narrow the 
search for bioactive peptides, we compare peptide profiles from closely-related species. 
A combination of the above strategies generates a greatly reduced set of candidate 
peptides. Once such a selection is made, MS-based sequencing approaches are applied 
and PCR techniques can then be used to clone the gene and confirm the peptide sequence. 
Two examples are presented, including peptides in the ELH family and the novel peptide 
cerebrin. For the ELH-related peptides, we find that several bag cell peptides are 100% 
conserved across all anaspidan species studied including Aplysia vaccaria and 
Phyllaplysia taylori. Cerebrin was selected among hundreds of putative peptides in 
cerebral F-cluster because it was also detected in Cl and C2 nerves as well as in 
hemolymph. The peptide shows no significant sequence homology to previously 
characterized peptides. Furthermore, immunostaining for cerebrin produces similar 
patterns in the opisthobranch A. californica and in the prosobranch Lymnaea stagnalis, 
indicating the presence of a homologous peptide in both molluscs. The bioactivity of 
cerebrin is under investigation, but its distribution suggests a neuroendocrine role. 
Supported by NINDS through grant NS31609 and NSF through grant CHE-966223.

886.7

INTRACELLULAR TRAFFICKING OF THE VASOPRESSIN PROHORMONE 
EM.jkBgg1, L-HawdV.JX-Knightl, R- Zaire2, .M, .Nijenhuis2, A,AM .van da:
Kleii2, J.P.H, Burbach2. D. Murphy1* 'Molecular Neuroendocrinology, Department 
of Medicine, University of Bristol, United Kingdom; 2Rudolf Magnus Institute for 
Neurosciences, Faculty of Medicine, Department of Pharmacology, Utrecht 
University, The Netherlands.
In neuroendocrine cells, the biosynthesis of hormones and neuropeptides starts with 
the production of a preprohormone which is inserted into the lumen of the 
endoplasmic reticulum. In this organelle the signal peptide is cleaved off and the 
prohormone has to be folded correctly. The mechanism of secretory protein folding 
has not been studied with a few secretory proteins. In the case of pro vasopressin 
(proVP) we suggest that the folding is directed by a non-covalent interaction 
between the VP (hormone) domain and the neurophysin (NP) domain. In this 
study, we analysed point mutated VP prohormones in Neuro2A neuroblastoma 
cells for their immunolocalisation and processing profile. Our results show that 
interfering with the VP-NP interaction directly affects prohormone trafficking and 
arrests the prohormone in the endoplasmic reticulum.
Once the wild type proVP is folded correctly it is routed further down the secretory 
pathway into the trans-Golgi network where it has to be sorted specifically into 
secretory granules of the regulated secretory pathway. A specific sorting is 
necessary to prevent the prohormone from going into degradation pathways like 
lysosomal pathways or constitutive secretory pathways where the release of 
hormone can not be regulated. Currently, we are trying to find specific structural 
information within the prohormone for this part of VP prohormone trafficking in a 
second study.
Supported by the Wellcome Trust, the Netherlands Organisation for Scientific 
Research and Glaxo Research Foundation (NL).

886.8

IN VIVO METABOLISM OF NOCICEPTIN/ORPHANIN 
FQ IN THE RAT HIPPOCAMPUS.
J. Sandin*1, J. Georgieva1, J. Silberring1, SO. Ogren2 &L. Terenius1
^ept. of Clin. Neuroscience, Exp. Ale. and Drug Add. Research 
Section, Karolinska Institute, S-171 76 Stockholm, Sweden. 2Dept. of 
Neuroscience., Karolinska Institute, S-171 77 Stockholm, Sweden.

The endogenous peptide nociceptin or orphanin FQ, which was 
recently discovered, has a 17 amino acid sequence that shows marked 
structural similarities with the opioid peptides, particularly with the 
dynorphins. This neuropeptide has previously been found to impair 
learning in the Morris Water Task at a dose of 10 nmol/rat. To analyze 
whether the parent peptide or shorter fragments are inducing the effect, 
the in vivo metabolism in rat hippocampus was examined. 
Nociceptin/orphanin FQ was microinjected into the hippocampus of 
male Sprague Dawley rats using stereotaxic techniques. The 
hippocampus was dissected out after 2h and the conversion of the 
peptide was then studied using size-exclusion HPLC linked to an 
electrospray-ionization mass spectrometer interface. The results show 
that nociceptin is metabolized step-wise in vivo into fragments (1-13) 
and (14-17) as well as (1-9) and (10-13), respectively. Injection of the 
(1-13) fragment into rat hippocampus had no effect on spatial learning 
or motor function under conditions where nociceptin/orphanin FQ is 
active, showing that this metabolic conversion reduces affinity for the 
ORL1-receptor.

Supported by the Swedish Alcohol Research Fund, the KBN Grant 
1147/1 A/158/95, the Kapten Arthur Eriksson Foundation, the Swedish 
Medical Research Council (Grant No 3766 and 12212) and the National 
Institute on Drug Abuse, Rockville, MD, USA.
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886.9
IN VIVO MONITORING OF THE METABOLISM OF CRF AND UROCORTIN 
IN RAT BRAIN USING MICRODIALYSIS AND LC-MASS SPECTROMETRY. 
R.M. Richter1. H. Rommelspacher2*. and E. Krause1.1 Institute of Molec. 
Pharmacology; 10315 Berlin; 2Dept. Clin. Neurobiology, Free University of 
Berlin; 14050 Berlin, Germany.

The present study reports the in vivo detection of metabolic products of the 
related neuropeptides corticotropin-releasing factor (CRF) and urocortin 
(UCN) in rat brain using a novel combination of intracranial microdialysis and 
on-line coupling of electrospray mass spectrometry with liquid 
chromatography (LC-ESI/MS). There is increasing interest in the processing of 
neuropeptides since two CRF fragments were recently found to modulate 
brain levels of ‘free’ CRF by acting as ligand inhibitors of the CRF-binding 
protein. Microdialysis probes were inserted into the striatum of anesthetized 
Wistar rats and utilized to introduce the peptides (50 pmol/pl each) into the 
brain as well as to collect processed peptide fragments. Fragments of CRF 
and UCN were identified from spectra in samples collected at 30 min intervals 
(flow rate 0.3 pl/min) over a 2-hour period.
Analysis of the in vivo metabolism of CRF and UCN relvealed essential 
differences in their metabolic pathways: 1) CRF was significantly faster 
processed than UCN. After 30 min perfusion of CRF, 13 fragments of CRF 
were found. After 60 min perfusion of CRF, the number of detected C- and N- 
terminal and internal fragments was increased to 25. In contrast, UCN was 
more resistant against metabolic degradation: after 120 min perfusion of UCN 
only 6 fragments were found. 2) For CRF, primary cleavage sites were 
identified at His13 and Lys36 resulting in the occurrence of the N-terminal 
fragments (1-13) and (1-36). For UCN, the major site of cleavage occurred at 
Gin 24 yielding the N-terminal fragment (1-24). These results demonstrate that 
this assay system is a useful tool for further elucidating both in vivo metabolic 
pathways of neuropeptides and the metabolic pattern of neuropeptide 
fragments. Supported by DFG grant No. RI-685/1-1.

886.10
CLEARANCE OF TACHYKININS IN RAT SRIATUM IN VIVO
A.T.Michael-Titus1, H.Setty1, K.Femandez2, R.Whelpton2, M. Armstrong-James ,
'Neuroscience Section and 2Molecular Pharmacology Section, Division of

Biomedical Sciences, Queen Mary and Westfield College, Mile End Road, London 
El 4NS, UK.

Tachykinins (TKs) are major peptides present in striatal efferent pathways. Most 
studies have been devoted so far to the possible roles of substance P (SP).
However, the expression of the preprotachykinin A gene in the basal ganglia leads 
predominantly to the beta- and gamma-preprotachykinin precursors, therefore to 
SP, but also neurokinin A (NKA) and two elongated forms of NKA, i.e. 
neuropeptide kappa (NPK) and neuropeptide gamma (NPG). The modulatory 
effects of TKs are likely to be determined by both their clearance kinetics and the 
receptors they activate. Interestingly, results obtained in cat spinal cord suggest 
that SP and NKA are cleared differently from the extrasynaptic space, the latter 
having the ability to diffuse over larger areas than SP, and lending support to the 
concept of volume transmission.

We have explored the rates of disappearance of TKs in rat striatum. In previous 
work, we showed that the disappearance of SP followed zero order elimination 
kinetics, with a rate of decay of 0.2 nmol/min. Using a combination of high- 
performance liquid chromatography and capillary electrophoresis, we analyzed the 
fate of NKA and NPG after intrastriatal injection, in anaesthetized male Wistar rats. 
The analysis of striatal homogenates showed that the decay of NKA and NPG was 
similar (0.56 and 0.58 nmol/min, respectively). NKA could not be detected as a 
metabolite of NPG. The full elucidation of this aspect may require methods with 
higher sensitivity.

The results suggest that SP and NKA may be cleared at different rates in the 
striatum. Furthermore, larger peptides, such as NPG, do not appear to have lower 
clearance rates. It remains to be determined whether this is also the case with NPK.

886.11

CHRONIC ANTIPSYCHOTIC TREATMENT ALTERS NERVE GROWTH FACTOR AND 
NEUROPEPTIDE Y LEVELS, AND THE DISTRIBUTION OF CHOLINE ACETYL TRANSFERASE IN 
RAT BRAIN REGIONS.
F, Anaelucci1, S, H, M, Gruber1, L, Aloe2, M, Fiore.1 A, A, Mathe1*, 1Karolinska Institutet, Inst. 
Clin. Neuroscience, St. Goran's Hospital, Stockholm, Sweden. 2lnst. Neurobiology, CNR, Viale
C. Marx, 15/43, Rome, Italy.

Neuropeptides and neurotrophins play a number of roles in the central nervous system 
(CNS). Nerve Growth Factor (NGF), the first characterized member of the family of 
neurotrophins, influences the synthesis of some neuropeptides, including neuropeptide Y (NPY), 
a peptide amply expressed in the CNS and interacting with catecholamines and affecting 
behavior. In this study we investigated whether antipsychotic treatment affects the constitutive 
levels of NGF, NPY and choline acetyl transferase (ChAT) immunoreactivities (-LI) in the CNS. 
Rats were fed chow supplemented with haloperidol (1.15 mg/100g food), risperidone (1.15 or 2.3 
mg/100g food) or vehicle. After 29 days animals were sacrificed with focused high-energy 
microwave irradiation for radioimmunoassay (RIA) of NPY-LI, by decapitation for analysis of 
NGF, and by perfusion for immunocytochemistry. Haloperidol and risperidone elevated NGF 
levels in hypthalamus but decreased NGF levels in the striatum and hippocampus. In contrast, 
antipsychotics did not alter NPY-LI in the striatum and the changes in other regions were in 
the opposite direction. Thus, haloperidol significantly increased NPY-LI concentration in the 
occipital cortex, while risperidone increased the concentration of NPY-LI in the occipital cortex, 
hippocampus and hypothalamus. Significant decreases in ChAT-immunoreactivity in large-size 
neurons following both haloperidol and risperidone in the septum and the Meynert's nucleus 
were observed. Our findings demontrate that antipsychotic drugs alter the regional brain levels 
of NGF, NPY-LI and ChAT-LI and raise the possibility that these effects are relevant to their 
pharmacological and therapeutic properties.
Supported by the Swedish MRC Council!, grant 10414 and the Karolinska Institutet.

886.12

The Effect of Phenobarbital for the Changes of Neuropeptide Y and 
Somatostatin in Rat Hippocampus by Trimethyltin (TMT) 
N.Ishikura1, K.Tsunashima1»2, T.Nishimura1 *, K.Watanabe3, Y. 
Minabe1, N.Kato3 1 Divison of Cortical Function Disorder, 
National Institute of Neuroscience, N.C.N.P; 2 Department of 
Psychiatry, National Center Hospital for Mental, Nervous and 
Muscular Disorders, N.C.N.P; 3 Department of Psychiatry, Faculity 
of Medicine, University of Tokyo; Tokyo, 187-8502.

Trimethyltin (TMT) causes damage of CA3 neurons in the 
hippocumpus in rats and induces seizures. We previously reported 
the changes of expression of Neuropeptide Y (NPY) and 
Somatostatin (SOM) in hilus of dentate in rats after TMT treatment. 
NPY positive cells in hilus increased on 2-8days after TMT 
treatment with increase of aggression and seizure score, while SOM 
positive cells increased only on 2-4days. To investigate the role of 
NPY and SOM for seizures, we treated seizures by TMT with 
Phenobarbital (PB) and study the changes of NPY and SOM 
expression with immunohistochemistry and in situ hybridazation 
(ISH). With PB, seizure score, aggression score and the numbers 
of NPY positive cells in hilus showed no increase. However, the 
increase of SOM positive cells in hilus remained on 2-5 days. In 
ISH, the NPY mRNA expression was suppressed. These results 
suggest that NPY expression was strongly associated with seizures.

886.13

CLONING AND FUNCTIONAL CHARACTERIZATION OF THE 5’- 
FLANKING REGION OF NEUROPEPTIDE FF PROMOTER A. Brandt? J. 
Westerlund? S.Vikstrom? F.S. Vilim,2 B, States? E, Ziff2and P. Panula1*.1 Dept.
of Biology, Abo Akademi Univ., Biocity, Tykistokatu 6A, 20520 Turku, Finland; 
2Howard Hughes Medical Institute, Dept. of Biochemistry, New York Univ., 
Medical Center, New York, NY.

Cloning and sequencing of the 5’ flanking region of the neuropeptide FF 
(NPFF) gene revealed a highly conserved promoter structure, common in mouse, 
rat and human. We have previously shown that the gene is expressed in specific 
regions in the brain and in the spinal cord and is induced in response to 
inflammatory stimulus. In accordance with this, the promoter sequence was found 
to contain NFk B, STAT1, HSF1, and NFAT consensus recognition sites. In 
addition, we observed a short sequence element in the proximal promoter region, 
that was identical in all three species, mouse, rat and human. In deletion analysis 
using a luciferase reporter gene construct, this region was observed to be of 
inhibitory nature. It is possible that this region is essential in the regulation of 
expression of the NPFF mRNA during development and/or in specific tissues and 
cells in the adult.

The promoter appeared to be active in several human fetal and adult peripheral 
tissues. Expression of NPFF mRNA was also detected in several human tumor 
cell lines. In summary, the results of this study imply the involvement of NPFF in 
several distinct functions both in the brain and in the periphery. This highly 
coihplex nature of the functions of NPFF is currently being evaluated through 
generation of knock-out mouse models.

Supported by the Academy of Finland and Technology Development Center 
(TEKES).

886.14

IDENTIFICATION AND ANALYSIS OF THE 5’ UNTRANSLATED REGION 
OF MOUSE PITUITARY ADENYLATE CYCLASE ACTIVATING 
POLYPEPTIDE GENE. A. Miyata1’2*, H. Sana1, M. Li2, H. Kaiya1, K. Satou1. H, 
Matsuo1, A. Arimura2 and K. Kangawa1. JDept. of Biochem., Natl. Cardiovasc. Ctr. 
Res. Inst., Suita, Osaka 565-8565, Japan; 2US-Japan Biomed. Res. Labs., Tulane 
Univ. Hebert Ctr., Belle Chasse, LA 70037.

Pituitary adenylate cyclase activating polypeptide (PACAP) is a member of the 
secretin/glucagon family of peptides, and functions as a hypophysiotrophic hormone, 
neurotransmitter, neuromodulator and neurotrophic factor. However, the regulation 
of its biosynthesis remains unknown. To understand the molecular mechanism for 
the basal and tissue-specific expression of the PACAP gene, we cloned and 
characterized the gene encoding mouse PACAP. The PACAP gene spans 6.5 kb and 
consists of 5 exons and 4 introns. Die 3 kb sequence of the 5’-flanking region 
contains potential binding sites for several transcription factors (CBP, AP-1, AP-2, 
NF-IL6, GATA-1). RNase protection assay and 5’-RACE demonstrated multiple 
transcription-start sites. A typical TATA box is located at 26 bp upstream from the 
transcription-start site to be identified in the most upstream region. Other two sites 
have no typical TATA box, but contain Inr-like elements. These findings indicate 
that the transcription of the single-copy PACAP gene is regulated by three 
independent promoters, together with differential splicing of the transcripts (at least 4 
types), giving rise to mature PACAP mRNA which has the same open reading frame, 
but different 5' untranslated region. A tissue-distribution study has demonstrated that 
PACAP mRNA is observed abundantly, beside the brain, in the thymus, the salivary 
gland, and the digestive organs in the mouse. Furthermore, RT-PCR analysis has 
revealed that the 5’ untranslated regions are different among the tissues which 
express PACAP gene, suggesting the presence of the tissue specific promotor for 
expression of PACAP gene. (Supported by Special Coordination Funds for 
Promoting Science and Technology from the Science and Technology Agency of 
Japan, and a grant from the Ministry of Education, Science and Culture of Japan.)
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886.15

PITUITARY ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE (PACAP) 
DECREASES GUINEA PIG CARDIAC GANGLIA PARASYMPATHETIC 
NEURON SOMATOSTATIN EXPRESSION. T.M. Rossiqnol, K.M. Braas and 
R.L. Parsons*. Department of Anatomy & Neurobiology, University of Vermont, 
Burlington, VT 05405.

PACAP directly modulates the excitability of guinea pig parasympathetic 
cardiac ganglia neurons through PAC, PACAP-selective receptors (Braas et al., 
(1998) J Neurosci 18:9766-9779). The present studies were designed to 
establish whether PACAP peptides also modulate the expression of somatostatin 
(SS), a bioactive peptide present in guinea pig cardiac ganglia neurons. All 
cardiac ganglia postganglionic neurons are ChAT immunoreactive (IR), while 
60% coexpress SS-IR. To examine PACAP regulated SS expression, cardiac 
ganglia were maintained in explant organ culture in the presence or absence of 
peptide and/or intracellular signaling pathway inhibitors. PACAP27 produced a 
time- and concentration-dependent decrease in SS expression; following 72 h, 
20 nM PACAP27 maximally decreased the numbers of SS/ChAT-IR neurons by 
~ 90%. The decrease was selective for PACAP27; PACAP38 and VIP were 
much less effective. The PAC, receptor antagonist PACAP(6-38) eliminated the 
PACAP27-induced decrease in SS/ChAT-IR neurons. While the protein kinase 
A and phospholipase C inhibitors, H89 and U73122, respectively, did not affect 
the PACAP27 reduced SS expression, the adenylyl cyclase inhibitor SQ22356 
mitigated the PACAP effect. The PACAP-elicited reduction in SS-IR neurons was 
eliminated by calcium-deficient medium or nifedipine, indicating that influx of 
calcium ions through L-type calcium channels was required. Inhibition of MEK 
also eliminated the PACAP27-induced decrease in SS expression. Current 
experiments are investigating PACAP regulation of proSS mRNA expression. 
Supported by National Institute of Aging grant NS23978 and American Heart 
Association Grant-in-Aid 975043N.

886.16
CELL-SPECIFIC GENE EXPRESSION IN MAGNOCELLULAR OXYTOCIN AND 
VASOPRESSIN NEURONS IN RAT HYPOTHALAMUS: A DIFFERENTIAL 
HYBRIDIZATION SCREENING STRATEGY. M, Yamashita. B, Zhang,
E. Glasgow, K, Kusano* and H. Gainer. LNC, NINDS, NIH, Bethesda, MD 20892

Magnocellular neurons in the hypothalamo-neurohypophysial system (HNS) 
which synthesize high levels of the peptides, oxytocin (OT) and vasopressin (VP), in 
separate cells, are excellent models for the study of cell-specific neuropeptide gene 
expression. To investigate other molecules that might be selectively expressed in the 
OT & VP cells, we used differential hybridization screening of OT & VP single-cell 
cDNA libraries derived from phenotypically characterized neurons of the supraoptic 
nucleus (SON). We collected single magnocellular neurons from the SON of lactating 
rats and made cDNA from each cell which was then amplified according to the method 
of Dulac & Axel (1995). The amplified cDNAs from ten identified (analysed by PCR 
using gene-specific OT or VP primers) OT or VP cells were pooled and used to 
construct each cell-specific cDNA libraries. These cDNA libraries were screened using 
labeled probes from the OT & VP cell-derived cDNAs. Differentially hybridized 
colonies were isolated and characterized by DNA sequencing and a BLAST search. As 
expected, many of the differentially expressed clones in the OT cell and the VP cell 
specific cDNA libraries were OT cDNAs (44%) and VP cDNAs (20%), respectively. In 
situ hybridization histochemistry (ISHH) revealed 34 gene candidates, expressed in the 
HNS, with a variety of interesting expression patterns in adult brain and E21 embryos. 
Several of these clones also exhibit OT or VP cell-specific expression in vivo as 
determined by double label ISHH. Some of the clones uncovered seem to be involved in 
the regulation of gene expression and secretion, and others contain novel sequences not 
yet present in the database.
Supported by funds from the intramural program of the NINDS/NIH.

886.17

PARTICLE-MEDIATED GENE TRANSFER OF VASOPRESSIN (AVP) 
AND OXYTOCIN (OT) GENE CONSTRUCTS INTO MOUSE 
HYPOTHALAMIC NEURONS IN VITRO. S.B. House, R. Fields, A. 
Thomas*, S.W. Jeong, and H. Gainer. LNC, NINDS/NIH, Bethesda, MD 
20892.

Hypothalamic neurons derived from postnatal (PN) mice are maintained 
in vitro by either explant (organotypic) or dissociated cell tissue cultures. 
Both techniques provide significant numbers of OT- and VP- expressing 
neurons which can be transfected by using particle-mediated gene transfer 
(biolistics), a method that "shoots" DNA-coated gold particles accelerated 
by helium into cultured cells. This method was used to study the cell- 
specific expression of the OT and AVP genes, and to identify living 
neurons in culture by the fluorescence of an enhanced green fluorescent 
protein (EGFP) reporter. We used two constructs (VP-III-EGFP 2.1 and 
OT-III-EGFP-3.6) which contain the 5' promoter regions, three exons with 
their introns, an EGFP reporter at the end of the third exon, and either 2.1 
kb or 3.6 kb of the 3' mouse intergenic region. Hypothalamic slice-explant 
cultures from PN 6-8 mice or dissociated neurons from PN 2 mice were 
transfected after 5-7 days in culture. Three to five days later, cultures were 
fixed and immunocytochemistry, using an antibody to EGFP, demonstrated 
expression of the constructs in OT or VP neurons. Expression of the EGFP 
protein in living neurons can be visualized by conventional fluorescence 
microscopy in the dissociated cell cultures, but requires confocal 
microscopic imaging in the explants. Thus, these studies demonstrate that 
OT and AVP gene constructs can be expressed in vitro in mouse neurons 
and that these constructs can identify these neuronal phenotypes in living 
cells in culture.
Supported by funds from the intramural program of the NINDS/NIH.

886.18

CHROMOSOMAL LOCALIZATION AND CHARACTERIZA-
TION OF THE MOUSE GENOMIC DNA ENCODING CART 
PEPTIDE(S). L.D. Adams, L.L. Yoho and M.J. Kuhar*. Division of 
Neuroscience, Yerkes Regional Primate Research Center of Emory 
University, Atlanta, GA 30322

CART peptide(s) are putative neurotransmitters involved in 
feeding, reward and reinforcement, stress, development and sensory 
processing. In this study an analysis of the mouse CART gene was 
carried out. The gene contains three exons and two introns in about 2 
kb, which is similar to the gene for human CART. A Blast sequence 
similarity search in the GenBank database revealed four mouse EST 
tags coding CART cDNAs, indicating that the gene is transcribed. 
CART peptides are expressed in mouse brain as revealed by Western 
Blotting. In the protein coding region, the mouse CART cDNA has 
96% identity to the rat cDNA and 92% identity to the human cDNA. 
At the amino-acid sequence level, it displays a 98% and 96% 
identity respectively. The differences are found mainly in the amino 
terminal regions, while the C terminal areas, thought to contain the 
active peptide, are almost identical in all three species. Fluorescence 
in Situ hybridization (FISH) reveals that the mouse CART gene is 
localized to chromosome 13 at a position which is 82% of the 
distance from the heterochromatic-euchromatic boundary to the 
telomer of chromosome 13, an area that corresponds to band 13D1. 
Supported by DA 10732, DA00418, and RR00165.

886.19

CART PEPTIDE ANALYSIS BY WESTERN BLOTTING AND 
RIA. M.J. Kuhar? L. Yoho? R. Hunter? W. Gong?* M. Ghatei2
and S. Bloom2. ’Yerkes Regional Primate Research Center of 
Emory University, Atlanta GA 30322, and 2Royal Postgraduate 
Medical School, Hammersmith Hospital, London, UK.

CART peptides are putative neurotransmitters involved in 
reinforcement, feeding, stress and other functions. Because of 
the lack of understanding of CART processing, and because of 
the dearth of quantitative measures of CART peptides, Western 
blotting and RIAs were developed for CART. Western blotting 
in the rat revealed the presence of 6 immunoreactive fragments 
of differing molecular weights that presumably reflect the 
processing pattern of preproCART. In the human, the 
processing pattern differed slightly because of the absence of a 
splice variant. RIA provided a quantitative measure of CART 
peptides with a sensitivity of about 2-10 fmoles. Regional 
analysis of various brain areas revealed CART peptide levels 
similar to those found in previous immunohistochemical studies 
and concurrent Westerns blots.
Supported by RR00165, DA00418, DA10732.

886.20

CONSTRUCTION AND EVALUATION OF GNRH ANALOGS CONJUGATED 
TO VECTOR PEPTIDES. D.E. Chico1, E.N. Bell1, R.B. Meyrat1, T.J. Collins1, A. 
Kurosky2*,B.T. Miller1. *Dept. of Anatomy and Neurosciences, Univ. of Texas 
Medical Branch; 2Dept. of Human Biological Chemistry and Genetics, Univ. of 
Texas Medical Branch; Galveston, TX 77555.

Vector peptides are a class of comparatively small peptides that can translocate 
across cellular membranes without using specific carriers or receptors. These 
peptides can carry hydrophilic cargoes such as other peptides or oligonucleotides 
across cellular membranes to reach the cytoplasm and nucleus. One recently 
described group of such vectors is derived from the homeodomain of Antennapedia 
(Antp). We wanted to determine if covalent conjugation of Antp-derived vectors to 
neuropeptide hormones would have an effect on the biological activity of the 
neuropeptides or whether different vector-hormone conjugates might display unique 
or unusual biological properties. In this study, the bioactivity of Antp-derived 
vectors conjugated to selected GnRH agonists and antagonists was evaluated. 
Conjugation was accomplished by disulfide linkage via cysteine residues or by 
direct amide linkage during synthesis. The structures of the conjugates were 
confirmed by a combination of amino acid analysis, mass spectrometry, and HPLC. 
Uptake studies indicated that the vector moiety transported radiolabeled GnRH into 
cells that lacked GnRH receptors. Biological potency of the GnRH moiety in the 
conjugates was determined by measuring LH release in cultures of dispersed rat 
pituitary cells. Disulfide linkage between cysteine side chains in the vector and a 
(Cys]6GnRH analog increased the potency of the analog approximately forty-fold. 
Direct amide linkage of the vector to the side chain of a [D-Lys]6 residue in an 
antagonist GnRH analog increased the antagonist’s potency five-fold. Pilot studies 
suggested that conjugation of these vectors to GnRH-related peptides prolonged the 
hormone’s bioactivity in vitro. (Study funded in part by a grant from the Texas 
Higher Education Coordinating Board Advanced Research Program)
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887.1

GABA DYSREGULATION IN PREMENSTRUAL DYSPHORIC 
DISORDER. C.N, Epperson?* G, Mason.12 D.R, Rothman? G, Sanacora.1 
J.H. Krystal1. ’Dept. of Psychiatry;2 Dept. of Biomedical Engineering; 3Dept. of 
Diagnostic Medicine Yale University School ofMedicine, New Haven, CT 06519

Premenstrual dysphoric disorder (PMDD) is a common disorder that can 
compromise the social, professional and personal functioning of 
approximately 5% of menstruating women on a monthly basis. Several lines 
of evidence suggest that the 5a-reduced metabolite of progesterone 3a- 
hydroxy-5a-pregnan-20-one (allopregnanolone) may play a role in PMDD by 
means of its modulation of y-aminobutyric acid (GABA) receptor function. 
Aberrant GABAergic function has been suggested in the pathophysiology of 
major depression and PMDD by findings of reduced plasma, cerebrospinal 
fluid (CSF) and cortical GABA levels in depressed patients compared to 
controls and reduced plasma GABA in women with PMDD compared to 
controls. Employing proton nuclear magnetic resonance spectroscopy (1H- 
NMR) according to the methods of Rothman et al., (PNAS 1993; 90:5662) we 
have measured occipital cortex GABA levels in women with rigorously 
diagnosed PMDD and healthy menstruating women during the follicular, mid- 
luteal and late-luteal phases of the menstrual cycle. Results demonstrate 
menstrual cycle fluctuations in cortical GABA levels in both PMDD and 
healthy subject (HS) groups with fluctuations in the PMDD group 180° out of 
phase with that of the HS group. These preliminary findings suggest that 
GABAergic dysregulation may play a role in the pathophysiology of PMDD. 
The relationship between cortical GABA levels and plasma and CSF 
neurosteroids will be presented.
Funding Source: NARSAD, Eli Lilly & Company

887.2
PHARMACOLOGICAL PROPERTIES OF THE POTASSIUM-MEDIATED DEPOLARIZING 
GABAa RESPONSE EVOKED BY HIGH-FREQUENCY STIMULATION IN RAT CA1 
HIPPOCAMPAL PYRAMIDAL CELLS. S. Smirnov*, P. Paalasmaa, J. Voipio and K. Kaila. Dept. 
of Biosciences, Div. of Animal Physiology, P.O.Box 17, FIN-00014, Univ. of Helsinki, Finland

High-frequency stimulation (HFS) applied to stratum radiatum of a rat hippocampal slice 
evokes a biphasic GABAa receptor-dependent response (with iGluRs blocked) in CA1 pyramidal 
neurons, with a brief hyperpolarizing IPSP (hIPSP) followed by a long-lasting depolarization (the 
GABA-mediated Depolarizing Postsynaptic Potential, GDPSP). In neurons intracellulariy 
perfused with F as the major anion, the hIPSP (and the corresponding current, hIPSC) evoked 
by HFS was blocked, whereas the GDPSP/C was not attenuated. Internal perfusion with a 5 
mM QX-314 completely and selectively abolished the GDPSP/C, and strongly reduced 
depolarizing responses evoked by extracellular microinjection of K+. Bath application of quinine 
(0.2-0.5 mM) or quinidine (0.1 mM) resulted in a pronounced inhibition of the HFS-induced 
transient increase in extracellular K* ([K*]®) but not of the bicarbonate-mediated, interstitial 
carbonic anhydrase-dependent, shift in extracellular pH. The attenuation of the [K*]o transient 
was closely paralleled by a suppression of the GDPSP/C, but not of the hIPSP. Quini(di)ne did 
not, either, affect depolarizing responses evoked by exogenous K+. These data provide 
compelling evidence for the view that the HFS-induced biphasic response of the pyramidal 
neuron is composed of mechanistically distinct components: a direct GABAa receptor-mediated 
phase with a transient hyperpolarization (the hIPSP), that is followed by a fast anion-gradient 
dependent fading and, therefter, by a slow non-synaptic [K*]0-medated depolarization (the 
GDPSP). The network-mediated [K*]o transient is blocked by quini(di)ne, while its consequent 
depolarizing action in the pyramidal neuron is abolished by high internal QX-314. This mode of 
action of quini(di)ne was in agreement with the selective block of the depolarising phase and 
associated [K*j0 transient of 4-aminopyridine induced spontaneous GABAA-mediated events. 
The existence of mechanistically distinct components in the biphasic hyperpolarizing- 
depolarising GABAa response upon HFS calls for investigations of their functional role® in 
standard experimental maneuvers, including those used in studies of HFS-induced long-term 
potentiation (LTP). Supported by the Academy of Finland and the Sign'd Juselius Foundation

887.3

SLOW INHIBITORY POSTSYNAPTIC CURRENTS (IPSCs) IN RAT 
DENTATE HILAR BORDER INTERNEURONS. Qianq Li*, and Darrell V. 
Lewis. Department of Neurobiology and Pediatric Neurology. Duke 
University Medical Center. Durham. NC, 27710
The intemeurons in the dentate hilar region of the hippocampus are 
heterogeneous and play a critical role in the regulation of the 
excitability of the dentate granule cells. In the present study we 
examined the effects of the specific GABAb receptor antagonists, CGP- 
35348 and CGP-55845A on the slow IPSCs of intemeurons. The slow 
IPSCs were pharmacologically isolated from visualized intemeurons 
and the granule cells in the dentate hilar area of rats. Of 57 
intemeurons studied, 48 exhibited slow IPSCs in response to a 
short train of electrical stimuli delivered to the outer molecular layer 
of the hippocampus. Of these 48 interneurons, 44% (21/48) were 
subjected to CGP-35348 (400pM) and 56% (27/48) to CGP-55845A 
(1pM). In 46% (22/48) of the cells tested, the slow IPSCs were 
completely blocked by either of these two GABAb  antagonists, while in 
54% (26/48) these antagonists failed to completely block the slow 
IPSCs. The further studies found that the GABAb antagonist resistant 
currents were insensitive to MCPG (1mM n=5), WAY-100635 (20nM,n=7) 
and Naloxone (20pM, n=6), respectively. In contrast, all slow IPSCs 
recorded from the dentate granule cells (n=7) were completely blocked 
by both antagonists. These results suggest that the different subtypes 
of slow IPSCs may be expressed by these intemeurons and are 
probably associated with the heterogeneity of the hilar intemeurons. 
Supported by NIH grant DA 06735 to DVL.

887.4

ULTRASENSITIVE BIOSENSORS FORGLUTAMATE AND GABA 
MONITORING, J.D. Bui, Brooks Gross, Xiaojing Liu, Julia Cordek and 
Weihong Tan, Department of Chemistry and Physiology, and UF Brain 
Institute, University of Florida, Gainesville, FL 32611-7200

Ultrasensitive glutamate and GABA monitoring may result in a better 
understanding of neuronal transmission and CNS diseases. We have 
developed glutamate and GABA sensors with rapid response time and 
pm to sub-pm diameters. Glutamate dehydrogenase (GDH) has been 
immobilized onto optical fiber probe surfaces through newly developed 
covalent binding mechanisms. The optical fiber surfaces are activated by 
silanization and cross-linking. The amino acids of the enzyme molecules 
readily attach to the functional groups on the fiber surface. The enzymes 
on the fiber surface have shown high enzymatic activity. The sensors are 
able to detect their substrate, glutamate, through the fluorescence of 
reduced nicotinamide adenine dinucleotide (NADH), a product of the 
enzymatic reactions. The sensors are able to detect substrate in the 
submicromolar range with a response time of the glutamate sensor is 50 
ms. Submicrometer sensors have been tested at the cellular level in 
preliminary glutamate release experiments. Similar approaches have 
been designed for a GABA sensor by using GABAse [a combination of 
two enzymes, g-aminobutylate ketoglutarate minotransferase (GABA-T) 
and succinic semialdehyde dehydrogenase (SSDH)] for sensitive GABA 
detection. This paves the way for cellular GABA release, and 
subsequently real-time, dual neurotransmitter release monitoring. These 
novel sensing probes provide a way to study neurophysiological 
responses with high spatial and temporal resolutions. Support by 
Whitaker Foundation, ONR and NSF.

887.5

LOCALIZATION OF CELLS EXPRESSING GAD67 BUT NOT GAD65 
TRANSCRIPTS IN THE RAT HIPPOCAMPUS. D.J. Stone1-4*, J. Walsh4, F.M. 
Benes’4. Departments of ’Psychiatry and 2Neurology and the 3Program in 
Neuroscience, Harvard Medical School, Boston Massachusetts 02115, and 
4Mailman Research Center, McLean Hospital, Belmont, Massachusetts 02178

Two major forms of glutamic acid decarboxylase (GAD) are present 
in the mammalian brain, a 65 kD isoform (GAD65) and a 67 kD isoform 
(GAD67), and it is usually assumed that all GABA-ergic neurons contain 
both. The two forms have not yet been co-localized to the same 
neurons, because the GAD65 protein is found almost exclusively in 
axon terminals, while GAD67 is found predominantly in the cell body. 
Using double in situ hybridization (DISH) with both radioactive [35S] 
and non-radioactive (digoxigenin; DIG) probes, the distributions of 
GAD65 and GAD67 mRNA have been simultaneously examined in the rat 
hippocampus. The results suggest that [35S] radioprobes are more 
sensitive than DIG probes, and that the reversal of labels is necessary 
in DISH studies. The data indicate that the majority of cells (90%) 
showing labeling were labeled for both GAD65 and GAD67 mRNA. In 
sectors CA1 and CA3 approximately 5-10% of the cells positive for 
GAD67 showed little or no detectable GAD65 mRNA. In the hilus, 
however, GAD65 levels were higher, and all cells seem to express both 
GAD65 and GAD67 mRNA. Taken together, these results support the 
view that most GABAergic neurons in the hippocampus express both 
GAD6S and GAD67. However, there appears to be a discrete sub-
population of interneurons in the CA subfields that differ from "classic" 
GABAergic interneurons by preferentially expressing only the 67kD 
isoform of GAD under baseline conditions. Supported by MH00423, 
MH42261, and the Stanley Foundation.

887.6

A FUNCTIONAL, CORRECTLY TARGETED, PHOTOCHEMICALLY 
CALIBRATED GABA TRANSPORTER (mGATl)-GFP FUSION PROTEIN 
C. -S. Chiu1*, M. Unger2, E. Kartalov2, S. Quake2, H. A. Lester1, Divisions of 
’Biology and Engineering and Applied Science, Caltech, Pasadena CA 91125.

We wish to measure the density of neurotransmitter transporters such as 
mGATl by constructing and studying mice whose mGATl has been replaced by 
an mGATl-GFP fusion. Both N- terminal and C-terminal GFP (K. G. Beam lab 
construct) fusions of mGATl (from N. Nelson, in pcDNAIII) were constructed and 
tested by transfection into HEK 293T cells. The GFP in the N-terminal of mGATl 
does not function well and ‘does not sort to the cell membrane. However, the C- 
terminal fusion, which includes a 12-residue spacer between the mGATl C- 
terminus and the GFP, functions well and localizes to the plasma membrane. The 
mGATl-GFP has EC50 and Vmix values indistinguishable from those of WT GAT1 
indicating that this fusion protein shows no functional difference with wild type. 
Electrophysiological characterization of this fusion construct is in process.

To study the localization of mGATl-GFP in hippocampal neurons, a 
lentivirus expression construct was made. The expressed mGATl-GFP fusion 
protein is targeted to neuronal processes and accumulates at synaptic sites, for 
instance by colocalization with synapsin I. We are now constructing a mouse gene 
targeting vector containing the linker-GFP in the final coding exon.

We also expressed the same GFP construct in bacteria, purified it, coupled 
it to agarose beads, and determined the GFP density on the beads with single-
molecule fluorescence techniques. These beads will serve as calibrations for the 
density measurements on brain tissue.
Support: NS-11756, DA-09121.
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887.7
BIOCHEMICALLY ENGINEERED GLIAL CELLS BY N-PROPANOYL 
NEURAMINIC ACID PRECURSOR (P-NAP) EXHIBIT CALCIUM- 
OSCILLATIONS UPON THE APPLICATION OF GABA
C. Schmidt*. W. Reutter—, and R. Horstkorte—
Max Delbriick Center for Molecular Medicine, Robert Rossie Str. 10, 13122 Berlin- 
Buch, Germany *present address: Schering research laboratories, Mullerstr. 178, D- 
13342 Berlin. —Institute for Molecular Biology and Biochemistry, Freie Universitat 
Berlin, Amimallee 22, D-14195 Berlin.

Sialylation of glycoproteins and glycolipids plays an essential role during 
development, regeneration and pathogenesis of diseases. Mixed glial cell cultures 
consisting of oligodendrodcytes on a confluent astrocyte monolayer incorporate and 
metabolize P-NAP resulting in the expression of the non-physiological N-propanoyl 
neuraminic acid in glycoproteins of their cell membranes (Schmidt et al., 1998, JBC 
273: 19146-19152). To answer the question, whether this novel neuraminic acid may 
influence the behavior of glial cells towards important mediators of calcium 
responses within the nervous system, a series of substances such as glutamate, 
histamine, adrenaline, GABA, high potassium or ATP was applied. Calcium 
responses were determined by confocal microscopy of Fluo-3 AM-loaded cells. The 
number of 04-positive oligodendrocytes was not affected by the application of P- 
NAP. However, 04-positive oligodendrocytes reacted differently towards the 
application of GABA with respect to intracellular calcium transients. 60 % of all 
oligodendrocytes in P-NAP-treated cultures showed calcium oscillations with a 
dominant homogeneous but also heterogeneous spiking as long as GABA was 
applied (up to 4 min). Baclofen, a specific GABAB agonist led to a delayed increase 
in intracellular calcium concentrations but no oscillations in P-NAP-treated cultures 
were observed. Thus, we conclude that oscillations of intracellular calcium 
concentrations in oligodendrocytes are specifically induced by GABA in P-NAP 
treated cultures in a GABAA-dependent manner.

887.8
MULTIPLE GLUTAMATE DECARBOXYLASES (GAD) LIKELY AROSE 
BECAUSE OF AN EARLY GENE DUPLICATION EVENT. V.L, Trudeau1*. S, 

Chiu1, K, Lariviere1, M. MacMillan1, D, Crump1, K. Sabeur1, P.T. Bosma3, IC 

Dochertv3. L. Maier2. G, Drouin1,I.G, Priede4and J.D.D. Bishop5. 1 Dept. Biology 

and 2Cell. Mol. Med., Univ. Ottawa, Canada KIN 6N5; 3Dept. Mol. Cell Biol, and 

4Dept. Zoology, Univ. Aberdeen, UK; ^Mar. Biol. Assn. Plymouth, UK

The human brain expresses two GAD forms, GAD65 and GAD67, the enzymes 
catalyzing GABA synthesis from glutamate. We have undertaken a comprehensive 
phylogenetic analysis of GADs in other vertebrate classes to understand whether 
GAD65 and GAD67 arose from an early gene duplication event. Using RT-PCR, 
partial nucleotide sequences (-547 nt) for GAD65 and GAD67 were cloned from brains 
of snapping turtle (Chelydra serpentina), leopard frog (Rana pipiens), a weakly electric 
fish (Aptemotus leptorhynchus), anglerfish (Lophius piscatorius) and the slickhead (a 
deep-sea fish, Alepocephalus bairdii). Identities (%) with human GAD65/67 predicted 
amino acid sequences were respectively 92/93, 88/91, 82/80, 83/82 and 86/80. 
Additionally, GADs from eel (Conger conger) and dogfish (Squalus acanthius) were 83 
and 88 % identical to human GAD65 and GAD67, respectively. Within each species, 
GAD65 and GAD67 are only 65-75% identical. Using 3’-RACE we have cloned -2/3 
full length of a novel third GAD from the deepsea fish Coryphaenoides (Nematonurus) 
armatus. We call this GAD3, which has 44% identity with both human GAD65 and 
GAD67, and only 35% with Drosophila melanogaster GAD. The amino acid sequence 
of the pyridoxal 5-phosphate co-factor binding site, NPHK, is identical in GAD67, 
GAD65 and GAD3. Maximum likelihood phylogenetic analyses of the known and new 
GADs reported here showed all GAD65-like and GAD67-like sequences to be clustered 
in two strongly supported groups. These results suggest the gene duplication event 
that gave rise to the functionally distinct GAD67 and GAD65 genes occurred prior to 
the emergence of the first fishes more than 400 Million years ago. (NSERC to VLT).

887.9

GABA INDUCED TOXICITY ON CULTURED HIPPOCAMPAL NEURONS IS 
MEDIATED BY GABA-A RECEPTORS. Katarzvna Lukasiuk* and Asia 
Pitkanen. Epilepsy Research Laboratory, A. I. Virtanen Institute for Molecular 
Sciences, University of Kuopio, 70 211 Kuopio, Finland

GABA, the main inhibitory neurotransmitter is believed to evoke 
neuroprotective effect by counteracting excessive excitation of neurons. The 
present study was designed to elucidate if vigabatrin (GVG, y-viny-GABA), 
inhibitor of GABA catabolism can protect hippocampal neurons in vitro. Primary 
cultures of hippocampal neurons derived from El 8 rat embryos, grown in medium 
supplemented with 15 or 25 mM KC1 as a trophic factor were used. Neurotoxicity 
was evoked at 11 days in vitro by a 20 min incubation with 100 pM 1-glutamate. 
Neither a 24 hours of pre- nor posttreatment with vigabatrin (100 pM) have any 
neuroprotective effect as determined by counting MAP-2 positive cells and LDH 
assay 24 hours after the treatment. Surprisingly, in culture grown in medium 
containing 25 mM KC1, vigabatrin itself provoked neuronal loss resulting in 
survival of 83±8% (p<0.05) of MAP-2 positive cells compared to vehicle treated 
cultures. Toxic effect of GVG was mimicked by a 24 h treatment with 100 pM 
GABA, which resulted in survival of 80±10% (p<0.05) of MAP-2 positive cells. 
After treatment with GABA-A receptor agonist muscimol (10 pM), neuronal 
survival was 84±10% (p<0.001). GABA-B receptor agonist baclofen (10 pM) did 
not influence neuronal survival. GABA-A receptor antagonist, bicuculine (10 pM) 
protected against GVG and GABA evoked toxicity when present in the medium 
during treatment. No adverse effects of GVG or GABA were observed in medium 
containing 15 mM KC1. In conclusion, in depolarized conditions an increase in 
GABA level is toxic for a subpopulation of developing hippocampal neurons in 
vitro and the effect is mediated via GABA-A receptor dependent manner. 
Supported by Finnish Academy of Science, and the Vaajasalo Foundation..

887.10

THE INFLUENCE OF AN ORAL DOSE OF ALPRAZOLAM ON DHEA 
CONCENTRATIONS IN MEN AND WOMEN. P.D. Kroboth,2* M.M. Folan,2 F.J. 
Kroboth? G.L. Haas? R.A. Stone,4 A.M. Linares,2 E. Erosheva,1 R.F. Frye2 and J.A.
Sweeney? ’Carnegie Mellon University Department of Statistics; University of
Pittsburgh Schools of 2Pharmacy, 3Medicine and 4Public Health; Pittsburgh, PA 
15261.

We recently reported that intravenous administration of alprazolam (ALP) 2 mg/2 
min significantly increases DHEA concentrations in healthy elderly and young men. 
ALP is a GABA-agonist; DHEA is a negative noncompetitive modulator of the 
GABA-receptor that may have a role in modulating response to GABA agonists. 
The purpose of the present study is to determine whether 1.) alprazolam 2 mg by 
mouth also affects DHEA concentrations and 2.) equivalent effects are observed in 
women and men. Medically and psychiatrically healthy women (6 young, 9 elderly) 
and men (9 young, 10 elderly) were evaluated. Blood was obtained before and at 
0.5, 1, 2, 3, 4.5, 6, 7.5, 9, and lOh after the 1 lam ALP 2 mg or placebo (PL) dose. 
DHEA concentrations overall were higher in the young than in the elderly for both 
men and women. Comparison of DHEA concentrations after PL and ALP showed 
that the increases seen after intravenous ALP in the previous study were not 
observed after administration of ALP by mouth. While there is not direct evaluation 
of the effect of route of ALP administration on increase in DHEA concentrations, 
these data indicate that route of administration influences response. If DHEA is truly 
part of a homeostatic mechanism, it may be that the rate of delivery of the GABA 
agonist is critical to observing a response in peripheral blood. Changes in central 
nervous system concentrations cannot be ruled out based on these data.

Supported by NIH grants MH-55756, MH-52247, NIH/NCRR/GCRC
#5M01RR00056

887.11

PATTERN OF GABA-AGONIST INDUCED DEGENERATION AND 
RECOVERY OF SACCADIC EYE MOVEMENTS (SEM). M.M, Folan?* P.D. 
Kroboth,1 T.J. Fabian? R.A. Stone2 and J.A, Sweeney3. University of Pittsburgh 
Schools of ’Pharmacy, 2Public Health and 3Medicine; Pittsburgh, PA 15261.

Investigators have reported that GABA-agonists, specifically benzodiazepines, 
decrease SEM peak velocity and increase latency to initiation of the eye movement. 
However, there is little information available regarding the time course or pattern of 
degeneration and recovery of SEM dynamics induced by GABA-agonists. Six 
healthy young men and women who passed medical and psychiatric screening 
procedures were evaluated in a crossover design. Subjects received either placebo or 
alprazolam 2 mg by mouth. SEMs were assessed at time 0 (10:30 a.m.). The data 
show a GABA-agonist-induced inability to generate an accurate and rapid saccade at 
the time of peak drug effect. Quantitative analysis shows extreme variability in peak 
saccadic velocity, which is due to the appearance of two abnormalities. The first is an 
inadequate pulse generator, characterized by long, sloping eye movements toward the 
target with very slow peak velocity (<65 deg/sec). The second is a degeneration of 
the step command, which occurs post saccade; this is characterized by a saccade or 
series of saccades toward the target with peak velocity >120 deg/sec; saccades are 
immediately followed by nystagmus toward center. From this analysis, we conclude 
that recovery is noted first by the normalization of the step command, where 
nystagmus is replaced by step-like saccades. Subsequently, the pulse generator 
gradually returns to normal, with related increases in velocity and amplitude. We also 
conclude that velocity is a good measure of GAB A-agonist activity.

Supported by NIH grants MH-55756, MH-52247, NIH/NCRR/GCRC
#5MO1RROOO56

887.12

EFFECTS OF DHEA ADMINISTRATION ON GABA-MEDIATED RESPONSES 
FOLLOWING ALPRAZOLAM CHALLENGE IN PATIENTS WITH ADRENAL 
INSUFFICIENCY. T.J, Fabian?* P.D. Kroboth? M.M. Folan? S.E. Corey? F.J. 
Kroboth? M Duggal2 and JA Amico2. University of Pittsburgh Schools of 
'Pharmacy and 2Medicine; Pittsburgh, PA 15261.

Dehydroepiandrosterone (DHEA) and it’s sulfated metabolite, DHEA-S are 
secreted by the adrenal cortex in response to adrenocorticotropin. In vitro studies 
have shown these neurosteroids to be negative modulators of the GABA-receptor 
complex. In this randomized, double-blind, placebo-controlled, 4-way crossover 
study we evaluated the effect of DHEA administration on alprazolam-induced 
psychomotor impairment in patients with adrenal insufficiency and in healthy control 
subjects. Patients with adrenal insufficiency had significantly lower circulating 
levels of DHEA and DHEA-S compared to control subjects in the placebo treatment 
(pc.OOOl). In the adrenal insufficiency patients, median DHEA and DHEA-S 
concentrations were 0.51 ng/ml and 35.99 ng/ml, respectively. In the healthy control 
subjects, median DHEA and DHEA-S concentrations were 2.77 ng/ml and 521.01 
ng/ml, respectively. The intensity of psychomotor impairment after alprazolam 
challenge as measured by percent decrement was similar between patients with 
adrenal insufficiency and healthy control subjects. Co-administration of DHEA 
appeared to improve Randt Memory Performance in both groups. Saccadic eye 
movements were also observed. These studies provide important information 
regarding circulating concentrations of DHEA and DHEA-S and modulation of 
GABA-mediated responses.

Supported by Bristol-Myers Squibb Central Nervous System Research Award, MH- 
55756, and NIH/NCRR/GCRC #5M01RR00056
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887.13
ROLE OF NUCLEUS ACCUMBENS GABA
NEUROTRANSMISSION IN COCAINE INDUCED BEHAVIORAL 
SENSITIZATION A. B. Sun. P. E. Duffy*. P. W. Kalivas. Dept. of 
Neuroscience and Physiology, Medical University of South Carolina, 
Charleston, SC 29425 Cocaine induced behavioral sensitization in 
animals is a model for enhanced incentive salience in chronic cocaine 
users. GABA neurotransmission plays an unclear role in this circuitry.
A series of studies is reported here. Microdialysis of GABA 
concentrations in the core of the nucleus accumbens (NAc) revealed no 
difference between chronic saline and chronic cocaine treated rats while 
a cocaine challenge elicited a short latency GABA increase in 5 of the 7 
animals with probes in the shell. In contrast, picrotoxin (GABAa  
antagonist) caused a dose dependent enhancement of activity when 
microinjected into the NAc, although there was no difference between 
saline and chronic cocaine treated groups. Muscimol (GABAa  agonist) 
microinjected into the NAc showed a dose dependent reduction of 
cocaine induced activity equally in chronic saline and chronic cocaine 
treated animals. Finally, the antiepileptic gabapentin given IP to chronic 
cocaine treated animals showed a dose dependent modulation of cocaine 
induced activity without significantly altering baseline behavior. These 
data do not reveal a clear role for GABA transmission in the nucleus 
accumbens in the expression of behavioral sensitization to cocaine.
NIH DA-03906; MH-40817

887.14

CALCIUM REGULATES THE RELEASE OF GAMA 
AMINOBUTYRIC ACID BY REVERSAL OF THE CARRIER- 
MEDIATED TRANSPORT, IN ISOLATED SHEEP BRAIN 
CORTEX SYNAPTIC PLASMA MEMBRANE VESICLES. J.M. 
Cordeiro1. P, P. Goncalves2*a«6/ C. R. Oliveira1 Centro de Neurociencias 
de Coimbra, Univ. Coimbra, 3000 Coimbra; ’Cent. Biologia Celular, Univ. Aveiro, 
3810 Aveiro

The regulation of the GABA transporter by phosphorylation- 
dephosphorylation has been suggested for the mechanism of GABA 
uptake. This mechanism is inhibited by calcium (5jiM) and involves 
the activation of calcineurin, a Ca-calmodulin dependent phosphatase. 
Furthermore, GABA uptake seems to be regulated by protein 
phosphatase 1 and protein phosphatase 2A as well as protein kinase
C. In this work, we studied the regulation of the GABA transporter in 
synaptic plasma membrane (SPM) vesicles by calcium. Ca2+ (lOgM) 
affects differently basal, homoexchange and K+-depolarisation 
induced GABA release. While basal release remained unaffected after 
Ca2+ (1 OpM) incubation, homoexchange release is two-fold 
stimulated by 1 OpM Ca2+. On the contrary, depolarization-induced 
GABA release was greatly inhibited (>50%) by lOgM Ca2+. These 
results suggest that calcium regulates GABA release in SPM vesicles. 
Currently we are studying the putative involvement of calcineurin in 
the mechanism of calcium action on the GABA release mediated by 
its high-affinity neuronal transporter. (Supported by PRAXIS XXI).

887.15

SYNAPTIC SITES OF ACTION FOR HALOTHANE AND PROPOFOL 

S. Pittson and M. B. Maclver*

Dept. of Anesthesia, Stanford University School of Medicine, Stanford,

CA 94305

The present study compared synaptically-driven (orthodromic - OD) and 
direct, electrically-driven (antidromic - AD) population spike amplitudes 
in rat hippocampal slices to determine the extent of postsynaptic 
depression produced by anesthetics. AD field potentials were elicited by 
stimulating the alveus in the presence of CNQX and APV to block 
glutamate transmission. Halothane (350 pM) depressed synaptically- 
driven OD population spikes by 95 ± 7% (p<0.001), which was reversed 
22 ± 14% by bicuculline. Propofol (30 pM) showed a similar depression, 
95 ± 6% (p<0.001), but a 70 ± 11% reversal by bicuculline. Neither 
anesthetic depressed electrically-driven AD field potentials. Instead, 
halothane and propofol enhanced antidromic field potentials by 7 ± 11 % 
(p>0.7) and 19 ± 10% (p>0.19), respectively. Bicuculline, in the 
continued presence of either anesthetic, had no appreciable effect on AD 
spike amplitudes. These results indicate that the major depressant effects 
of halothane and propofol involve synaptic sites of action. The 
anesthetics did not appear to depress action potential discharge or axonal 
conduction in postsynaptic CA1 neurons.

Supported in part by NIH GM56308.
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888.1

L-DOPAERGIC COMPONENTS IN THE LOWER BRAINSTEM. T. Mivamae1. Y. 
Goshima’*, M. Shimizu1, M, Shimamura3, Y, Kuroiwa2 and Y, Misu14. Depts. 
’Pharmacol, and 2Neurol., Yokohama City Univ. Sch. Med.; 3Fujisawa Municipal 
Hosp.; 4Shinobu Hosp.; Yokohama 236-0004, Japan.

L-DOPA (DOPA) is a probable neurotransmitter of the primary baroreceptor 
afferents terminating in the nucleus tractus solitarii (NTS) of rats. There exist neurons 
that may contain DOPA as an end product in the NTS. DOPA itself produces 
glutamate-like depressor responses when microinjected into the caudal ventrolateral 
medulla (CVLM), which receives input from the NTS. In the present study, we 
investigated (i) whether DOPAergic components in the CVLM are involved in baroreflex 
neurotransmission and (ii) whether DOPA by itself can induce c-Fos expression, a 
marker of neuronal activities, in the NTS and the CVLM. Electrolytic lesions of the 
unilateral NTS of adult Wistar rats (10 days before measurements) resulted in decreases 
in tissue DOPA but not catecholamine (CA) levels in the ipsilateral CVLM. During 
microdialysis of the CVLM in anesthetized rats, baroreceptor activation by i.v. 
phenylephrine evoked DOPA release and this release was abolished by acute NTS lesions. 
Intermittent electrical stimulation of the aortic depressor nerve (ADN) for 30 min induced 
DOPA release, hypotension and bradycardia. a-Methyl-p-tyrosine, a tyrosine 
hydroxylase inhibitor, infused into the CVLM abolished the DOPA release and reduced 
hypotension evoked by ADN stimulation. Neither phenylephrine nor ADN stimulation 
elicited CA release. DOPA methyl ester, a competitive DOPA antagonist, reduced 
depressor responses to transient ADN stimulation. DOPA and benserazide (BSZ) (i.p.), 
a peripheral inhibitor of DOPA decarboxylase (AADC), produced increases in number of 
c-Fos positive cells in the NTS and VLM area. DOPA-induced c-Fos expression was still 
observed in the VLM or even augmented in the NTS when combined with NSD-1015, 
a central AADC inhibitor. c-Fos expression in both areas is probably due to an 
excitatory action of DOPA itself. DOPAergic components are ihvolved in baroreflex 
neurotransmission via a baroreceptor-ADN-NTS-CVLM sympathoexcitatory relay.

888.2

EFFECT OF ICV AND SYSTEMIC ADMINISTRATION OF L-SERINE 
ON THE LEVELS OF D- AND L-SERINE IN THE RAT BRAIN. /V 
Hashimoto*, Department of Pharmacology, School of Medicine, 
Tokai University, Isehara, Kanagawa, 259-1193 Japan.

Although D-amino acids have been assumed to be unnatural 
in mammals, a wide variety of studies has demonstrated that 
free D-serine occurs in the mammalian brain and may have 
important functions (Prog. Neurobiol. 52: 325-353, 1997). To 
gain an insight into the metabolic pathways of endogenous 
free D-serine, we have investigated the effect of icv and 
systemic administration of L-serine on the concentrations of D- 
and L-serine in the several brain areas of infant and adult rat. 
Intraperitoneal administration of L-serine caused a drastic and 
significant increase in the levels of D- and L-serine in the cortex, 
diencephalon, midbrain, pons-medulla, cerebellum, liver and 
kidney of infant rat at 6 h after the administration. Icv 
injection of L-serine caused a rapid and transient increase in 
the L-serine levels in almost all brain regions of adult rat, with 
its peak at 2 h or 4 h after the injection, whereas D-serine 
levels rapidly increased, peaked at 6 h after the 
administration. These results suggest that free D-serine is 
formed directly by the racemization of L-serine in the brain.
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888.3

KYNURENIC ACID INHIBITS GLUTAMATE OUTPUT IN 
STRIATAL DIALYSATES. R. Carpenedo. A. Cozzi. G. Lombardi* 
and F. Moroni. Dept. of Preclinical and Clinical Pharmacology, 
University of Florence, Viale G.B. Morgagni 65, 50134 Florence, Italy.

Kynurenic acid (KYNA) is a tryptophan metabolite that interacts with 
ionotropic glutamate receptors. It is an antagonist at the glycine 
recognition site of the (NMDA) receptor-ion channel complex with an 
IC50 of 30 pM. Larger concentrations also affect the recognition sites 
for glutamate present on NMDA, (AMPA) and kainate receptors 
(Stone, Pharmacol. Rev. 45: 309,1993). Extracellular concentrations of 
KYNA in the brain are, however, relatively low (approximately 10 
nM). Nonetheless, we recently observed that a relatively modest 
increase of these concentrations is associated with protection against 
audiogenic convulsions in DBA2 mice, with decrease of amphetamine- 
or MK-801-induced locomotion in rats and mice and reduction of 
neuronal death, in models of global or focal ischemia (Cozzi et al., J. 
Cereb. Blood Flow Metab.). We now report that the addition of KYNA 
(10-1000 nM) to the dialysis fluid of rats with a striatal probe decreased 
the output of glutamate by approximately 80%. A significant inhibition 
of glutamate output in striatal dialysates (up to 70%) was also obtained 
after systemic administration of m-nitrobenzoylalanine (400 mg/kg) or 
of RO 61-8048 (40 mg/kg), two selective inhibitors of kynurenine 
hydroxylase. These agents increased the concentration of KYNA in 
brain extracellular fluids up to 0.1 pM. Our results show that nanomolar 
concentrations of kynurenate decrease glutamate output from cortico- 
striatal terminals. They also suggest that this effect may not be mediated 
by ionotropic glutamate receptors.
(Supported by CNR and the University of Florence)

888.4
ELEVATION OF ENDOGENOUS KYNURENIC ACID BLOCKS 
NICOTINE INDUCED EXCITATION OF LOCUS COERULEUS 
NEURONS.
S. Erhardt, J.Grenhoff and G, Engberg, Karolinska Institute, Department of 
Physiology and Pharmacology, SE 171 77 Stockholm, Sweden

The present electrophysiological study shows that manipulation with 
endogenous brain kynurenic acid is able to affect the response of 
central noradrenergic neurons to nicotine.

Previous studies have shown that systemically administered nicotine 
in low doses is associated with a marked, but shortlasting increase in 
the firing rate of rat noradrenergic neurons in the locus coeruleus 
(LC). This action of nicotine is of a peripheral origin and mediated via 
a release of glutamate within the LC.

Kynurenic acid is an endogenous glutamate receptor antagonist, 
which shows an uneven distribution in human brain. Previous studies 
have shown that a potent inhibitor of kynurenine 3-hydroxylase, PNU- 
156561A is able to dose-dependently increase the levels of kynurenic 
acid in brain.

In this study anesthetized male Sprague-Dawley rats were given PNU 
156561A in a dose that caused a seven-fold increase in brain 
kynurenic acid levels after 3-6 hours (40 mg/kg, i.v.). This treatment 
was found to abolish the increase in firing rate of LC neurons induced 
by nicotine (25-200 [tg/kg, i.v.).

The results of the present study highlight the role of endogenous 
kynurenic acid in brain as a potentially important modulator of brain 
glutamatergic responses.
Supported by the Medical Research Council of Sweden, grant no 7484, 
Karolinska Institute, and Ahlen-stiftelsen

888.5

EEG STUDIES ON 2-PMPA, AN UPSTREAM MODULATOR OF 
HYPERGLUTAMATERGIC ACTIVITY AND NEUROPROTECTANT 
IN RATS. F. Tortella1 , A.Williams1, B. Slusher2 and M. Lu2*. ’Div. 
Neuroscience, Walter Reed Army Institute of Research, Washington, D.C. 
20307 and 2Guilford Pharmaceuticals Inc, Baltimore, MD. 21224.

2-PMPA (2-phosphonomethylpentanedioic acid), an inhibitor of N- 
acetyl-aspartyl-glutamate, has been characterized as an upstream 
modulator of hyperglutamatergic function and potent neuroprotective 
agent in several in vitro models of neurotoxicity. Moreover, systemic 
postinjury treatment with 2-PMPA significantly reduces cerebral 
infarction in injured rats. As with any candidate neuroprotective drug 
evaluation of potentially serious unwanted CNS side effects is critical. 
Therefore, the present study examined the EEG and behavioral response 
to 2-PMPA (100-600 mg/kg, i.v.) in male S.D. rats prepared with cortical 
EEG electrodes. 2-PMPA failed to induce any overt behavioral signs of 
CNS toxicity, or abnormalities in normal EEG dynamics. There was no 
evidence of seizure activity or cortical slowing, and no effect to delay the 
onset to normal slow-wave sleep. Lethality (LD50 = 354 mg/kg) was 
immediate and also unrelated in changes in cortical EEG function. Since 
in vivo pharmacokinetic studies suggest that systemic neuroprotective 
doses (i.e. 100 mg/kg) of 2-PMPA produce brain levels of drug consistent 
with its in vitro neuroprotection potency, the absence of EEG or 
behavioral neurotoxicity at much higher doses is consistent with an 
optimal preclinical profile for neuroprotection. Commercial Funding

888.6
NAALADase INHIBITION ATTENUATES HYPERALGESIA IN FORMALIN- 
AND ACETIC ACID-INDUCED MODELS OF ACUTE PAIN B. Brown2, Y.-M.M. 
Yao2*K, Wozniak1, T, Hartman', and B.S. Slusher', Guilford Pharmaceuticals Inc.1, 
Baltimore, MD and SRI International2, Menlo Park, CA

Previous evidence suggests that the amino acid glutamate plays a major role in 
nociception. One source of glutamate is thought to be derived from the hydrolysis of the 
neuropeptide N-acetyl-aspartyl-glutamate (NAAG) by NAALADase (N-acetylated- 
alpha-linked acidic dipeptidase or glutamate carboxypeptidase II, EC.3.4.17.21) to 
liberate free glutamate. We hypothesized that inhibition of NAALADase could reduce 
acute pain by preventing glutamate production from this source. To test our hypothesis, 
we examined the antinociceptive effects of a selective and potent NAALADase inhibitor, 
2-(phosphonomethyl)pentanedioic acid (2-PMPA), in formalin- and acetic acid-induced 
pain models. In the formalin model, rats were dosed i.p. daily with 2-PMPA (50 mg/kg) 
or vehicle for 2 weeks. On Day 14, 0.05 mL of 5% formalin was injected into the 
dorsum of the rat’s hindpaw, and flinching behavior was examined for 90 min. Chronic 
dosing with 2-PMPA reduced the flinching behavior in both the early and late phases of 
the formalin model: the flinching behavior was reduced ~5-fold in the early phase and 
completely abolished during the late phase. We are currently assessing the 
antinociceptive effect of acute dosing of 2-PMPA. In the acetic acid model, mice were 
pretreated with 2-PMPA (10,30 or 100 mg/kg) by i.p. injection, and acetic acid (0.6 %) 
was administered 10 min later by the same route. Writhing behavior was quantitated. 
Hyperalgesia was reduced by 66 % and 57 % respectively, for the 30 and 100 mg/kg 
dose. The 10 mg/kg dose had no significant effect. To assess whether opiods were 
involved in the analgesic effect, the opiod antagonist naloxone (5 mg/kg) was given 15 
mins prior to 2-PMPA. Naloxone had no effect on 2-PMPA induced analgesia; however, 
it completely reversed morphine antinociception. These data suggest that 2-PMPA exerts 
its influences at loci distinct from opioid pain receptor pathways.

888.7

MEMBRANE AND CYTOSOLIC NAALADASE ACTIVITY IN SCHWANN 
CELLS: EFFECT OF FORSKOLIN TREATMENT. CWTiffany*andBS Slusher. 
Guilford Pharmaceuticals, Baltimore, MD 21224.

We have previously reported that inhibition of NAALADase enzyme (glutamate 
carboxypeptidase II, EC 3.4.17.21) activity enhances myelination in Schwann 
cell/dorsal root ganglia (SC/DRG) cocultures (Shah et al 1998). We now report that 
NAALADase activity in these cocultures is restricted to Schwann cells, and is present 
in both the membrane and cytosol fractions [1.4 +/- 0.3 and 0.6 +/- 0.2 pmol/min/mg, 
respectively]. When Schwann cells are cocultured with DRGs, prior to the onset of 
myelination, the NAALADase activity increases (3.7 +/- 1.9 and 0.9 +/- 0.4 
pmol/min/mg, respectively), suggesting that the presence of neurons induces 
upregulation of Schwann cell NAALADase. We also report that NAALADase activity 
in Schwann cells can be influenced by the same processes that cause differentiation. 
Morgan et al (1991) have described that increased doses of cAMP or forskolin can 
induce cultured Schwann cells to move from an undifferentiated proliferative phase to 
a non-proliferative differentiated cell type. Others (Kreideretal, 1988 and Shuman et 
al, 1988) have reported that cAMP-induced differentiation parallels expression of 
myelin proteins. We treated cultured rat Schwann cells grown in media without PO4 
with doses of forskolin from 0 to 300 uM, monitored their morphology and measured 
their NAALADase activity. We report a biphasic effect of NAALADase activity in 
Schwann cells treated with forskolin. Addition of forskolin in increments from 0 to 100 
uM increased NAALADase activity dose-dependently, while 200 and 300 uM forskolin 
returned the activity to baseline. The changes observed in enzyme activity are 
coincident with the initial proliferative and migratory phases of Schwann cells followed 
by differentiation to a premyelinative state. These data suggest that NAALADase 
inhibition may be an important regulator of SC/DRG communication during 
proliferation and myelination.

888.8
NAALADase INHIBITION-INDUCED CHANGES IN NAAG LEVELS IN 
NORMAL RATS AND RATS FOLLOWING MCAO. K. M. Wozniak1*, J 
Estrada1, Y.Wu1, D, Calvin1 M.Yudkoff2 and B. S. Slusher1. Guilford 
Pharmaceuticals Inc, Baltimore, MD1; University of Pennsylvania, PA2.

The neuropeptidase N-acetylated-a-linked acidic dipeptidase (NAALADase, 
glutamate carboxypeptidase II, EC.3.4.17.21) cleaves N-acetylaspartylglutamate 
(NAAG) to yield glutamate and NAA (N-acetylaspartate). Inhibition of 
NAALADase should therefore lead to a reduction in glutamate and a concomitant 
increase in NAAG. With regard to glutamate, we have shown previously that 
treatment with the NAALADase inhibitor 2-PMPA (2- 
(phosphonomethyl)pentanedioic acid) markedly attenuates the increase in ischemia- 
induced extracellular glutamate in rats following middle cerebral artery occlusion 
(MCAO) (reduction by over 80%, p<0.05, Soc. Neurosci. Abstr: 23, 2301, 1997). 
With regard to NAAG, we have previously shown that 2-PMPA increases 
extracellular NAAG above vehicle treatment during reperfusion (by 3-fold, p<0.05, 
Soc Neurosci Abstr: 24, 755, 1998). In fact, the 2-PMPA effects on increasing 
NAAG and decreasing glutamate were approximately equimolar, (a mean decrease 
of 31 uM in extracellular glutamate and a 26 uM increase in extracellular NAAG). 
We now show that during MCA occlusion there is a 72% reduction in intracellular 
NAAG compared to non-occluded animals (0.2 nmoles/mg tissue reduced to 56 
pmoles/mg tissue; p=0.0003). This reduction was significantly attenuated in 2-PMPA 
treated rats (by 60 %, 85 versus 56 pmoles/mg tissue; p=0.006). We are currently 
investigating the time course of NAALADase inhibition on intracellular NAAG in 
normal and stroked rats sacrificed at 1 to 24 hours after the start of drug 
administration. These data suggest that MCAO in rats decreases intracellular NAAG 
and that NAALADase inhibition attenuates this decrease. The possible relevance of 
these findings will be discussed.
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888.9

NEUROPROTECTIVE EFFECT OF N AALADase INHIBITION IN RAT MC AO 
IS PARTIALLY MEDIATED THROUGH TGF-j3. X.-C. M. Lu, W-L. Liu* Z. Tang, 
0. Lin, K. Wozniak, J. Estrada, Y. Wu andB. S. Slusher, Guilford Pharmaceuticals Inc., 
Baltimore, MD, 21224.

A recent study has identified the role of group II mGluR agonists in promoting the release 
of TGF-p from mouse cortical astrocytes, which, in turn, protects against NMDA induced 
neuronal death (Bruno, et al. Neurosci Abs, p2299, 1997). N-acetyl-aspartyl-glutamate 
(NAAG) has been shown to act as an mGluR3 agonist (Wroblewska, et al, 1997). We 
hypothesized that regulating NAAG levels in the brain via NAALADase inhibition could 
activate mGluR3, increase TGF-p release, which subsequently could provide neuroprotection. 
To test this hypothesis, we evaluated the ability of TGF-P neutralizing antibodies to counteract 
the neuroprotective effect of 2-(phosphonomethyl)pentanedioic acid (2-PMPA), a potent and 
specific NAALADase inhibitor, in a middle cerebral artery occlusion (MCAO) model of 
ischemic injury. In this study, male Sprague Dawley rats were subjected to 2 hr MCAO. 
Fifteen minutes prior to the MCAO surgery, the rats received intracortical injections of either 
TGF-p neutralizing antibodies (lOOpg) or artificial CSF. Immediately after MCAO, the rats 
received intravenous (i.v.) injections of either 2-PMPA (100 mg/kg bolus followed by 20 
mg/kg infusion for 4 hours) or vehicle. The animals were sacrificed 22 hr after reperfusion and 
brain infarction was evaluated by TTC staining. Our results show that 2-PMPA treatment 
produced 52% protection (p < 0.001) of the total infarct volume comparing to vehicle treated 
rats. TGF-P neutralizing antibody significantly reversed the neuroprotective effect of 2-PMPA 
( 52% reversed to 14% protection, p < 0.01). In a separate microdialysis study, we also 
demonstrated that treatment with 2-PMPA increased TGF-P in the rat striatum to a mean of 
289% + 72.4 of baseline during MCAO and to a mean of 240% + 37.2 of baseline during 
reperfusion. These data support our hypothesis that the neuroprotective effect of NAALADase 
inhibition is partially mediated by increasing NAAG level in the brain, thereby regulating 
endogenous TGF-P level during stroke.

888.10

CHARACTERIZATION OF NAALADase ACTIVITY IN HUMAN BRAIN, 
PROSTATE, LIVER AND KIDNEY Jennifer L. Olkowski*, Aviva Merion, and 
Barbara S, Slusher. Guilford Pharmaceuticals Inc., Baltimore, MD 21224.

NAAG is an abundant neuropeptide found in millimolar concentrations in the brain. 
NAAG is released from neurons upon depolarization by a calcium dependent process 
and is both an agonist at group II metabotropic glutamate receptors and a mixed 
agonist/antagonist at the NMDA receptor. NAAG is also hydrolyzed by the 
neuropeptidase N-acetylated-a linked acidic dipeptidase, NAALADase (glutamate 
carboxypeptidase II, EC 3.4.17.21) to liberate N-acetyl-aspartate and glutamate. It is 
hypothesized that NAALADase functions both to terminate the neurotransmitter activity 
of NAAG and to liberate glutamate from NAAG which subsequently acts at the various 
glutamate receptor subtypes. Our laboratory has previously shown that selective 
inhibitors of NAALADase provide neuroprotection in multiple models of ischemia, are 
analgesic, and promote myelination in DRG/Schwann cell co-cultures. The 
pharmacological characterization of NAALADase and NAALADase inhibitors has 
been predominately performed in rodents. In this report, we characterized NAALADase 
enzymatic activity, both membrane and cytosolic, in various human tissues including 
prostate, liver, brain, small intestine and kidney, and directly compared it to rat brain 
NAALADase. We observed NAALADase activity in both membrane and cytosolic 
samples of kidney, liver, and prostate. Within human brain, activity was found in 
membrane fractions only. These NAALADase activities were sensitive to 2-PMPA, 
quisqualate, CoCl2, and phosphate. The detailed similarities and differences between rat 
brain NAALADase activity and that found in the human tissues will be discussed.

888.11

NAALADase INHIBITION IMPROVES NERVE CONDUCTION VELOCITY 
AND ATTENUATES HYPERALGESIA IN STREPTOZOTOCIN-INDUCED 
DIABETIC RATS. B.S. Slusher*1, B. Brown3, T. Dumas3, C. Thomas3, I. Kazakova3, A.G. 
Thomas', T. W. Ho2, P. Jackson1, and Y.-M. Yao3 Guilford Pharmaceuticals, Inc.1 and Johns 
Hopkins University2, Baltimore, MD, and SRI International3, Menlo Park, CA.

NAALADase (N-acetylated-alpha-linked-acidic-dipeptidase, glutamate 
carboxypeptidase II, EC.3.4.17.21) hydrolyzes the neuropeptide N-acetyl-aspartyl- 
glutamate (NAAG) and liberates free glutamate and N-acetyl aspartate. We have 
previously shown that a selective and potent NAALADase inhibitor, 2- 
(phosphonomethyl)pentanedioic acid (2-PMPA) provides neuroprotection and analgesic 
effects. Here we report that two structurally distinct NAALADase inhibitors attenuate 
the thermal hyperalgesia and slow the decline in nerve conduction velocity (NCV) 
associated with diabetic neuropathy in Streptozotocin (STZ)-treated rats. Sprague- 
Dawley rats were injected with 70 mg/kg i.v. STZ. Animals with blood glucose levels 
greater than 320 mg/dL at one month post-STZ treatment were included in the study. 
At 45 days post-STZ, diabetic rats exhibited significant thermal hyperalgesia as assessed 
using the Hargreaves method. At this point, animals began treatment with NAALADase 
inhibitors delivered i.p. daily at 1 and 10 mg/kg. Age-matched non-diabetic rats and 
vehicle-treated diabetic rats served as controls. Analgesic responses were measured 
twice weekly and motor and sensory NCVs were determined at 4, 8, and 12 weeks 
following initiation of drug dosing. Both NAALADase inhibitors significantly 
attenuated the hyperalgesia observed in the STZ treated animals. Significant 
improvement in motor and sensory NCVs were also observed in NAALADase inhibitor 
treated animals during the 4 to 12 weeks of drug dosing. These results demonstrate that 
inhibition of NAALADase alleviates hyperalgesia and attenuates the decline in motor 
and sensory NCV observed in STZ-induced diabetic rats. Additional morphological 
studies are underway to examine the effect of NAALADase inhibition on nerve fiber 
diameter, axon diameter, and sensory nerve endings in skin biopsy samples.

888.12

THE ROLE OF TGF-p IN THE NEUROPROTECTION MEDIATED BY 
NAALADase INHIBITION IN CORTICAL CELL CULTURES. AjitG. Thomas* 
Weilin Liu, Jennifer L. Olkowski, Xi-Chun May Lu and Barbara S. Slusher. Guilford 
Pharmaceuticals, Inc., Baltimore, MD 21224.

Inhibition of the brain enzyme N-acetylated alpha-linked acidic dipeptidase (NAALADase; 
glutamate carboxypeptidase II EC 3.4.17.21), with agents such as 2-PMPA, has been shown 
to protect cortical neurons from ischemic injury by two possible mechanisms - by preventing 
the hydrolysis of N-acetylaspartylglutamate (NAAG) to the excitotoxin glutamate and/or by 
increasing NAAG which is both a mGluR3 agonist and partial NMDA antagonist. Since group 
II mGluR agonists have been shown to protect mouse cortical cells against NMDA toxicity 
via the release of the transforming growth factor, TGF-P, we hypothesized that inhibition of 
NAALADase and the resultant increase of extracellular NAAG could also increase release of 
endogenous TGF-p and protect cortical neurons against ischemic injury. To assess this we 
examined the effect of TGF-P neutralizing antibody (TGF-P Ab) on the action of 2-PMPA in an 
in vitro model of ischemic injury. Ischemic injury was simulated by exposing rat cortical cultures 
to lOmM 2-deoxyglucose and 5mM potassium cyanide for 20min at 37°C in phosphate-free 
buffer. Prior to the insult cultures were pre-incubated with the antibody for 30min. We report that 
TGF-P Ab (lOpg/ml) completely reversed the neuroprotection afforded by 2-PMPA against 
ischemia. Antibodies to other growth factors, such as NGF-P, FGF and to S-100 and TNF-a, at 
identical concentrations, had no effect on the neuroprotection provided by 2-PMPA. In addition, 
ELISAs performed on the media collected from both control and ischemic cultures, during 
exposure to 2-PMPA, showed a marked increase in both TGF-P 1 and TGF-P2 levels relative to 
untreated cultures. This elevation of growth factors was attenuated in the presence of the non- 
selective mGluR antagonist, MCPG (1 OOpM). Levels of other growth factors, specifically BDNF, 
did not change. These data are suggestive that the neuroprotection seen, against ischemic injury, 
with the NAALADase inhibitor 2-PMPA may be partially mediated by promoting endogenous 
TGF-P release subsequent to increase in extracellular NAAG.

888.13

Inhibition  of  naag  hydrolysis  by  the  NAALADase  inhibitor  2- 
(PHOSPHONOMETHYL) PENTANEDIOIC ACID (PMPA) DOES NOT AFFECT 
PHYSIOLOGICAL EXCITATORY NEUROTRANSMISSION BUT IS NEUROPROTECTIVE. 
Q, Tao? B. Hutcheon.1* B.S. Slusher? T.P. Hicks' and M.O. Poulter*.
Laboratory of Molecular Pharmacology, NRC of Canada, Ottawa, Canada K1A 
0R6; 2Guilford Pharmaceuticals Inc., Baltimore, USA, 21224.

Recent reports have indicated that inhibition of N-acetylated a-linked acidic 
dipetidase (NAALADase) by 2-(phophonomethyl) pentanedioic acid (2-PMPA) 
is neuroprotective in a number of assays which model excitotoxic neuronal 
death. Inhibition of this enzyme elevates N-acetylaspartylglutamate (NAAG) 
which is co-released with glutamate and has been shown previously to be a full 
agonist at mgluR3 receptors and a partial agonist at NMDA receptors. The aim 
of this study was to assess the possibility that NAALADase inhibition by 2- 
PMPA may affect normal (or physiological) excitatory neurotransmission. In rat 
primary cortical cultures while exogenous NAAG application (1 mM) inhibited 
excitatory synaptic network activity, up to 100 pM 2-PMPA, a concentration 100 
times higher than that required for neuroprotection, had no affect. Similarly, in 
hippocampal brain slices, single evoked population responses were also 
unaffected by 1-10 pM 2-PMPA. Under intense excitation sufficient to induce 
long term potentiation (LTP) 2-PMPA was also without effect. Thus under both 
basal and high synaptic activity NAALADase inhibition has no effect on 
excitatory synaptic activity. However, 1 pM 2-PMPA was neuroprotective under 
the same culture conditions as those used above. After transient in vitro hypoxia 
and hypoglycemia cultures treated with 2-PMPA, maintained normal excitatory 
network activity. These data indicate that NAALADase inhibition by 2-PMPA 
while being neuroprotective, has no effect on physiological glutamate mediated 
synaptic transmission.
Supported by Guilford Pharmaceuticals Inc. and NRC of Canada

Society  for  Neuroscience . Volume  25, 1999



2232 EXCITATORY AMINO ACIDS II THURSDAY AM

889.1

MONITORING AMINO ACID NEUROTRANSMITTERS IN VIVO 
WITH HIGH TEMPORAL RESOLUTION USING 
MICRODIALYSIS. R.T. Kennedy1, T. Vickroy, S.T. Witowski, J.E. 
Thompson, B. Boyd, and I. Phillips2? ^ept. of Chemistry, 2Dept. of 
Physiology, Univ. of Florida, Gainesville, FL 32611.

As a strategy for in vivo measurements, microdialysis excels in terms of 
selectivity and multi-analyte measurement capability; however, microdialysis 
is hampered by several weaknesses including poor temporal and spatial 
resolution. Coupling microdialysis to capillary electrophoresis (CE) and 
capillary liquid chromatography (LC) is a way to ameliorate these limitations. 
These techniques offer mass sensitivity in the attomole range which allows use 
of smaller probes for better spatial resolution, more frequent sampling for 
better temporal resolution, and lower flow rates for quantitative recovery. We 
have built two systems for monitoring neurotransmitters in vivo that take 
advantage of capillary separation methods. In the first, a microdialysis probe 
is coupled directly to a CE capillary on-line. Using this system we have: 1) 
detected and characterized electrically stimulated overflow of glutamate and 
aspartate in rat striatum and hippocampus, 2) demonstrated regulation by 
metabotropic glutamate receptors and uptake transporters, and 3) tested the 
hypothesis that ascorbate can affect glutamate release. As a second route to 
improved monitoring, we have coupled microdialysis off-line with capillary 
LC. The high sensitivity and resolution of the LC method has allowed 16 
amines to be monitored with 10 s temporal resolution. Supported by NIH and 
DOD.

889.2
CHANGES IN EXTRACELLULAR LEVELS OF ASPARTATE, GLUTAMATE 
AND GLUTAMINE IN RESPONSE TO ELECTRICAL STIMULATION: AN IN 
VIVO MICRODIALYSIS STUDY IN AWAKE EPILEPTIC PATIENTS. W. M, Abi- 
Saah*1, D.D, Spencer2. J.L, Thompson3. V, Srihari1. R. H. Roth4. R.S. Sherwin5. and
J.H, Krystal1. Departments of ‘Psychiatry, 2Neurosurgery, 3Neurology, 4Pharmacology 
and ’Medicine, Yale University School of Medicine, New Haven, CT 06519

Microdialysis is a very powerful technique that allows us to study neurochemistry in 
vivo. Human microdilaysis, however, has been quite limited due to the invasive nature 
of this procedure. Yale University is one of few centers around the world where these 
studies are carried out. In these initial experiemnts, our aim was to develop a paradigm 
that would allow us to study changes in extracellular levels of amino acids with a high 
time resolution. Methods: Potential subjects are patients with intractable medial 
temporal lobe epilepsy undergoing intracranial recording for localization of the seizure 
focus in preparation for surgical ablation. Subjects undergo surgery during which a 
combination depth electrode/microdialysis probe is inserted into the area of interest. 
Microdialysis studies are done over a period of one week, starting 2 days after the 
surgery. Artificial CSF is infused at a rate of 2.5 gl/min. Following an equilibration 
period of one hour, samples are collected every 1 to 2 minutes. After obtaining five 
baseline samples, probe stimulation is done using the Grass S12 Isolated Biphasic 
Stimulator and samples are collected for an additional 30 min. Analysis of the 
dialysates for glutamate, aspartate and glutamine is performed using HPLC with OPA 
precolumn derivatization followed by electrochemical detection. Results: Our 
preliminary data show that extracellular levels of glutamate and aspartate but not 
glutamine increase in response to electric stimulation of the depth electrode. These 
findings suggest that electric stimulation of the depth electrode could be used as a 
paradigm to study in vivo the effects of various perturbations (pharmacologic or 
behavioral) on glutamate and aspartate release in the brain of patients with temporal 
lobe epilepsy.

Supported by NIH Grant# 5-P50NS06208-32

889.3

EFFECT OF AMYGDALOID KINDLING ON RELEASE OF AMINO ACIDS 
FROM THE HIPPOCAMPUS IN VITRO. D. Liang1, Y. Nie2, D. D. Schoepp3, 
and M. J. Kubek2*. Dept. of Biology1, Boston College, Boston, MA 02167, 
Departments of Anatomy and Psychiatry2, Indiana University School of Medicine, 
Indianapolis, IN 46202, and Lilly Research Laboratories3, Eli Lilly & Co., 
Indianapolis, IN 46285.

Enhanced amino acid release is suspected in pathways associated with seizures 
and excitotoxicity. Thus, we used superfused slices from sham or fully kindled rats 
to investigate the hypothesis that kindling can affect neurotransmitter release during 
the intermediate postictal state. Hippocampi were removed 48hr postictally and 
sliced transversly (500 pm) under low magnification. Slices were weighed, washed 
in cold saline, transferred to individual tissue chambers that floated in a 37°C water 
bath and were equilibrated in oxygenated (95% O2/5% CO2), (37°C) Krebs buffer 
(KRB) for 120 min. (0.5 ml/min.). Baseline samples were taken prior to 4 min. 
stimulation with modified KRB (50 mM [K+]). Fractions (2 min.) were collected 
during the 4 min. stimulation and for an additional 10 min. (0.5 ml/min.) 
thereafter, and analyzed for aspartate (Asp) and glutamate (Glu) by HPLC. Data 
were expressed as ng/mg tissue/fraction ± S.E.M. Basal release of Asp and Glu was 
not different between control and kindled rats (0.086 ± 0.01 vs 0.093 ± 0.01, and 
0.606 ± 0.14 vs 0.682 ± 0.12) respectively. High potassium buffer (50 mM K+, 4 
min.) significantly increased both Asp and Glu release. In sham-kindled controls, 
Asp and Glu release was increased 2.2 and 2.0 fold respectively, whereas, in 
postictal kindled slices, Asp and Glu release was 7.6 and 1.9 fold respectively. 
When compared to controls Asp release from kindled hippocampal slices was 
significantly greater than from sham-kindled rats (p<0.05), but there was no 
difference in Glu release 48hrs postictally. We speculate that endogenous changes 
induced by kindling may result in diffemtial modulation of postictal amino acid 
release and possibly other neurotransmitters/ neuromodulator release as well. Our 
results suggest that Asp may play a more important role in the pathophysiology of 
epilepsy than previously suspected. Supported by RVA and Eli Lilly & Co.

889.4

PHYSIOLOGICAL COUPLING OF NMDA RECEPTOR ACTIVITY 
AND NITRIC OXIDE PRODUCTION IN HETEROLOGOUS 
EXPRESSION SYSTEMS. D. R, Lynch*. K, Seifert, S. Kurapathi,
N. J. Anegawa and R. P. Guttmann, Department of Neurology, 
University of Pennsylvania. Philadelphia, PA, 19104

Neuronal nitric oxide synthase (nNOS) is a calcium/calmodulin 
dependent enzyme which is activated by NMDA receptors in vivo. To 
understand the processes linking NMDA receptor activation with NO 
production, we have expressed NMDA receptor subtypes with nNOS in 
HEK 293t cells. When exposed to glutamate and glycine containing 
media, cells transfected with NMDA receptor subtypes produced nitric 
oxide as measured by nitrite trapping with the Griess reagent. , NO 
production was greatest with the NR1/2B combination, inhibited by 
NMDA receptor antagonists (MK801, Ketamine), and blocked by 
antagonists of nNOS (L-NAME, L-NNA). Transfection of NR1/2B 
without nNOS or NRl/nNOS without an NR 2 subunit did not yield 
nitrite production. Production did not result from cell death itself as 
treatment of transfected cells with Triton X-100 did not produce 
significant amounts of NO. NO was also produced by the calcium 
ionophore ionomycin. Inclusion of nNOS promoted NMDA receptor 
mediated cell toxicity as measured by counting of cells surviving 
transfection. The present data show that the basic biochemical 
characteristics for production of NO through NMDA receptors and for 
potentiation of NMDA receptor mediated toxicity by NO are present at 
the level of the receptor and enzyme. Further experiments will include 
synaptic proteins to recreate the features of NO production through 
NMDA receptor activation in neurons.

NIDA 01790, NINDS 01789, NARSAD to DRL.

889.5

CALPAIN-MED1ATED REGULATION OF N-METHYL-D- 
ASPARTATE RECEPTOR FUNCTION. R. P, Guttmann* E. R. Grant 
and D. R. Lynch. Department of Neurology, University of Pennsylvania, 
Philadelphia, PA 19104.

The N-methyl-D-aspartate (NMDA) subtype of glutamate receptor, a 
ligand-gated ion channel with relatively high permeability for calcium, 
plays an important role in excitotoxic neuronal cell death. Numerous 
pathways are thought to be activated by increased intracellular calcium- 
levels mediated by NMDA receptors, including the calcium-dependent 
protease, calpain. To address the potential role of calpain feedback on 
NMDA receptor activity, HEK293 cells were transfected with NR1 and 
NR2 NMDA receptor subunits in the presence or absence of calpain 
inhibitors. NMDA receptor activity was quantitated by calcium imaging. 
Following agonist addition, NMDA receptor activity was three-fold 
higher in cells pre-treated with the calpain inhibitor, N-CBZ-L-leucyl-L- 
leucyl-Ltyrosine-diazomethyl ketone, compared to controls. In addition, 
pre-treatment with calpain inhibitor protected NMDA receptors from 
degradation as determined by western blot analysis. Finally, fusion 
protein constructs have been generated encompassing several regions of 
NMDA receptor subtypes la, 2A and 2B. Constructs containing the C- 
terminal regions of all three subunits appear to be susceptible to calpain- 
mediated hydrolysis in vitro, while none of the subunit N-terminal 
constructs were degraded. Based on western blot analysis, there appear to 
be two major cleavage sites within all three C-terminal regions. Further 
studies have suggested that both NR2A cleavage sites are located between 
amino acids 1250 and 1350. These data suggest that calpain activation 
may play an important role as a negative feedback mechanism on NMDA 
receptor activity.NIDA 01790, NINDS 01789, NARSAD to DRL

889.6

LOCALIZATION OF STRUCTURAL DETERMINANTS FOR 
MODULATION OF RECOMBINANT NMDA RECEPTORS BY 
PKC. E. R. Grant*. R. P. Guttmann. D. R. Lynch. Department of 
Neurology, University of Pennsylvania, Philadelphia, PA, 19104

NMDA receptor activation mediates increases in intracellular calcium 
which are modulated by the intracellular signaling enzyme, protein 
kinase C (PKC). In HEK-293 cells expressing heteromeric NMDA 
receptors, NR1/2A and NR1/2B receptor responses are potentiated by 
PKC activators. To localize the segment of the NR2A intracellular C- 
terminus which is necessary for these effects, we constructed a series of 
NR2A truncation mutations. NR2A subunits truncated at amino acid 
1406 were potentiated by PKC, while those truncated at amino acid 
1400 and 1300 were not potentiated when expressed with NRloi b We 
also constructed a series of NR2C-2A chimeras in which the N-terminal 
portion of NR2C including all transmembrane domains is fused to the 
C-terminus of NR2A. An NR1/NR2C-2A receptor behaved like a 
wildtype NR1/2C receptor in the level of its intracellular calcium 
response to agonists. However, PKC potentiated this novel receptor in 
a manner similar to NR1/2A receptors. When regions of the C-terminal 
region were deleted from this NR2C-2A construct, the resultant 
receptors mediated NR2C-like calcium responses to agonists, but varied 
in how these responses were modulated by PKC. The region sufficient 
to confer PKC effects required amino acids 1300-1400 of NR2A. 
These data indicate that PKC potentiates NR 1/2A receptor activity 
through interactions at the C-terminus of NR2A most likely in the region 
between amino acids 1300 and 1400.

NIDA 01790, NINDS 01789, NARSAD to DRL
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889.7
POTENTIATION OF NMDA RECEPTOR ACTIVATION BY DIFFERENT 
NEUROMODULATORS IS MEDIATED BY CALCIUM-CALMODULIN. A.M. 
Holohean , J.C. Hackmari*C. de la Aguilera and R.A. Davidoff. Spinal Cord 
Pharmacology and Neurophysiology Laboratories, VAMC and Dept. Neurol. 
Univ. Miami Sch. Medicine, Miami, FL 33101.

Enhancement of NMDA-induced motoneuron depolarization is mediated 
by activation of several receptors for different neuromodulators/ 
neurotransmitters including ACPD and 5-HT. To determine whether or not 
the processes involved in NMDA potentiation by ACPD and 5-HT are similar, 
sucrose gap recordings from isolated, hemisected frog (Rana pipiens) spinal 
cord ventral roots were used to measure motoneuronal membrane potential 
changes. Previous findings in our laboratory indicate that ACPD facilitation of 
NMDA-induced depolarization involves a group I mGluR, a G-protein, IP3 
mediated release of intracellular Ca2+, calmodulin, and the release of NMDA 
receptor open channel block by Mg2+. 5-HT enhancement of NMDA-induced 
motoneuron depolarizations (133% of control) also requires Ca2+, but not from 
IP3 mediated stores. 0 mM Ca2+ and nifedipine (10 pM), but not thapsigargin 
(0.1 pM), blocked 5-HT-mediated facilitation (69%, 96%, 113% of controls 
respectively). Calmodulin was also required as the antagonist W-7 (100 pM) 
effectively blocked the 5-HT effect. In contrast, the NMDA enhancing effects 
of 5-HT, but not of ACPD, was eliminated by the K+ channel blocker 4-AP (2.0 
mM). While Ca2+ and calmodulin are necessary for both ACPD and 5-HT 
facilitation of NMDA motoneuron depolarization, different mechanisms 
produce the increase in [Ca2+]j. It may be that increased [K+]o resulting from 
5-HT1A receptor activation depolarizes motoneurons, opens Ca2+ channels, 
and increases [Ca2+]j. (Supported by VA Medical Research Funds and 
USPHS #37946).

889.8
JOINT REQUIREMENT OF PRE AND POSTSYNAPTIC EVENTS FOR 
SYNAPTIC DEPRESSION IN CA3 INTERNEURONS. Fernanda Laezza* James 
J. Doherty and Raymond Dingledine. Dept. of Pharmacol., Emory Univ., Atlanta, GA

In the hippocampus, CA3 stratum radiatum interneurons segregate into two groups 
based on their expression of AMPA receptor subtypes. Type I intemeurons express 
GluR2-containing AMPA receptors with low Ca2+ permeability whereas type II 
intemeurons express Ca2+ permeable GluR2-lacking AMPA receptors. Previous 
evidence from our laboratory indicates that both types of intemeurons receive inputs 
from CA3 pyramidal cells. Type II intemeurons show long-term depression (LTD) 
dependent upon activation of GluR2 lacking AMPA receptors following high 
frequency stimulation of CA3 excitatory inputs. Here, we investigate whether 
postsynaptic Ca2+ flux through AMPA receptors is required to produce LTD. Then, 
we explore the contribution of presynaptic mGluR receptors to generate LTD.
In the rat hippocampus slice preparation, EPSCs were evoked by stimulation in the 
pyramidal cell layer in the presence of bicuculline (10 pM) and D-APV (50 pM). 
LTD in type II intemeurons (n=12) was elicited using three trains (100 Hz x 0.3 sec) 
applied while the intemeuron was voltage clamped at -70 mV. LTD in type II 
intemeurons was prevented by 30 mM BAPTA in the pipette (n= 5), or by holding 
the cell at +40 mV during the tetanus (n=4). We then tested the sensitivity of CA3 
inputs to type I and type II intemeurons for mGluR group 11 agonist, APDC, and 
group III agonist L-AP4. While APDC did not alter synaptic transmission at these 
synapses, L-AP4 depressed EPSCs at 1 mM, but not 3pM. In addition, 1 mM L-AP4 
increased synaptic failures (20% in control compared to 48%, n=6), consistent with a 
presynaptic localization of mGluR7. Activation of mGluR7 appears necessary to 
produce LTD, as 500 nM of the group II/III antagonist, LY341495, prevented LTD 
(n=3). These results suggest that a combination of Ca 2+ permeable postsynaptic 
AMPA, and presynaptic mGluR7 receptors are required for LTD in interneurons. 
Supported by NIH.

889.9

THE EFFECTS OF LONG-TERM POTENTIATION (LTP) ON AMINO ACID 
SENSITIVITY IN THE RAT HIPPOCAMPAL SLICE. F. Youssef, T. W. 
Stone'and J.I.Addae*, Dept. of Physiology, University of the West Indies, 
Trinidad and lIBLS, University of Glasgow, UK.

Application of N-methyl-D-aspartate (NMDA) or quisqualic acid to the cortical 
surface in vivo produces a loss of evoked potentials which recover during 
sustained application. Each amino acid eliminates sensitivity to subsequent 
applications of either agent (Addae & Stone, 1987; Exp. Brain Res 68, 613-618). 
We have now examined responses to amino acids in the rat hippocampus and the 
effects of LTP. Slices (450um) were prepared from male rats and preincubated 
for at least 1 hour before transfer to a submerged slice chamber. Evoked potentials 
were recorded from the CA1 layer in response to stimulation of the stratum 
radiatum. Superfusion with NMDA (7.5um), quinolinic acid (150um), AMPA 
(lum) or kainate (0.5um) produced a reduction in size of the evoked population 
spikes (PS). A second application 45 minutes later depressed the potential size to 
a similar extent. To assess the influence of LTP on amino acid responses, a 1 
second burst of stimuli at 100Hz was delivered 25 minutes after the beginning of 
the first amino acid application, with a second tetanus 10 minutes later. When 
LTP was induced successfully, the response to the subsequent (second) 
application of the agonists was significantly less than before LTP. Localised 
applications of NMDA or AMPA by microiontophoresis to the cell soma were 
reproducible, but the induction of LTP produced a decrease in sensitivity to both. 
Recordings of single neuron activity during the application of NMDA by 
iontophoresis revealed a similar pattern, with LTP inducing a loss of sensitivity to 
the amino acid. When applications were restricted to the dendrites, the second 
response was significantly smaller than the first. The results indicate that the 
induction of LTP can decrease substantially the effects of amino acids applied to 
an intact neuronal network. The phenomenon may involve down-regulation of 
receptor number, or an uncoupling of receptors from transduction processes. 
Supported by University Research Fund.

889.10

EFFECTS OF ANXIOLYTIC ALPRAZOLAM ON SPONTANEUOUS AND 
MICROIONTOPHORESIS-INDUCED FIRING ACTIVITY OF DORSAL 
HIPPOCAMPUS CA1 PYRAMIDAL NEURONS IN QUIET AWAKE AND 
URETHANE-ANESTHETIZED RATS: A COMPARISON WITH THE EFFECT OF 
BUSPIRONE. K. Kasamo*. T. Suzuki. N. Ueda, K. Tada, T. Kojima. Dept. of 
Neuropsychiatry, Nihon Univ. Sch. of Med., Tokyo, 173-8610 Japan.

We have shown that systemic administrations of anxiolytic 5-HT 1A agonists and 
selective 5-HT uptake inhibitors suppress the spontaneous firing activity of dorsal 
hippocampus CA1 pyramidal neurons in quiet awake rats (Kasamo et al., Soc 
Neurosci Abstr 23: 406, 1997; Tada et al., J Pharmacol Exp Ther 288: 843, 1999). 
These observations led an idea that several classes of anxiolyic drugs might share 
such a suppressant action. In this line, we examined effects of alprazolam on the 
spontaneous firing activity in quiet awake rats (for the methods, see Tada et al., 1999). 
Unexpectedly, the firing activities of only 16 of 24 neurons (67%) were suppressed by 
alprazolam (0.01-1 mg/kg, s.c.). Since this result was apparently inconsistent with 
the solely suppressant effect of buspirone, then, using urethane-anesthetized rats, we 
compared the effects of i.v. injections of alprazolam (0.01-0.3 mg/kg) and buspirone 
(0.03-1 mg/kg) on the firing activity induced by microiontophoretic applications of 
Ach, NMDA, KA and quisqualate. Buspirone suppressed the firing activity induced 
by any of these compounds, whereas alprazolam inhibited the KA-induced firing 
activity only. These results suggested that benzodiazepines and 5-HT 1A agonists 
could consistently exert anxiolytic actions through inhibiting the neuronal firing 
activity mediated by the receptors that are endowed with a substantial affinity for KA. 
Supported by the Japanese Ministry of Education.

889.11

URETHANE BLOCKS EXCITATORY AMINO ACID RESPONSES BUT 
NOT GABA RESPONSES IN ISOLATED FROG SPINAL CORDS. N. L. 
Paid1* J. C. Hackman2,3 and R, A.Davidoff 2’3. 'Dept. Basic Sci., Universidad 
Centroccid. Lisandro Alvarado, Barquisimeto, Venezuela and 2VA Med. Center and 
3Dept. Neurol. Univ. Miami, Sch. Med. Miami, FL 33101.

Urethane (ethyl carbamate) is an anesthetic agent commonly used in physiological 
experiments. Plasma concentration levels of 10 - 15 mM are anesthetic. Urethane 
injection alters excitatory amino acid (EAA) induced behavior in mice (Eur J 
Pharmacol 184: 173-177, 1990). Urethane's direct effect on glutamate-, NMDA-, 
AMPA-, kainate-, GABA-induced depolarizations were investigated in the hemisected 
frog spinal cord (superfused with HCO3- buffered Ringer) with sucrose gap 
recordings of changes in dorsal (DR) and ventral (VR) root potentials. DR (DRPs) and 
VR (VRPs) potentials evoked by single supramaximal afferent stimuli were also 
studied. Urethane (10 mM to 80 mM) was applied for 10 to 30 min; amino acids and 
agonists for 10 sec. Urethane (40 mM) inhibited of EAA-induced VR depolarizations 
(n = 12): glutamate (1.0 mM) 32.0% of control; AMPA (10 mM) 62.5% of control; 
NMDA (100 mM) 51.6 % of control; kainate (30 mM) 29.8% of control and 
depressed VRPs (56% of control) and DRPs (74% of control). At higher 
concentrations (80 mM), urethane almost eliminated evoked potentials. These effects 
were reversed by washing in normal Ringer (15-30 min). Depolarization of primary 
terminals induced by GABA (1 mM) and KC1 (10 mM) were unchanged. Urethane 
(40 mM) also depressed spontaneous root potentials. A related compound, butyl 
carbamate (n=3) was 4-fold more potent than urethane in its effects on EEA-induced 
VR depolarizartions but did not significantly alter the DR effects of GABA. In sum, 
caution must be utilized when using high dose urethane when neurotransmission 
mediated by EAA is studied. (Travel to the USA for NLD was supported by the 
Research Council of Univ. Centroccid. Lisandro Alvarado. Supported by VA Medical 
Research Funds and USPHS #37946)

889.12
A POTENTIAL ROLE FOR SYNAPSE ASSOCIATED PROTEINS IN 
ENHANCEMENT OF STRIATAL NR2B-NMDA RECEPTOR 
TRANSMISSION IN PARKINSON’S DISEASE.
J.E. Nash and J.M. Brotchie (SPON:BNA). Manchester Movement Disorder 
laboratoiy, Rm. 1.124, Division of Neuroscience, School of Biological Sciences, 
University of Manchester, Manchester, M13 9PT, U.K.

Enhanced NMDA receptor-mediated excitation of striatal output pathways 
underlies the generation of symptoms of Parkinson’s disease. Some, but not all 
NMDA receptor antagonists alleviate parkinsonian symptoms in animal models of 
Parkinson’s disease. In the dopamine-depleted striatum, abnormalities in NMDA 
receptor transmission arise, in part at least, because of ■■unlesioned

alterations in the properties of the NMDA receptor 02
complex (e.g. increased tyrosine phosphorylation on §
NR2B subunits). The mechanisms underlying these I 
changes remain unclear. Synapse associated- proteins ® 41 
(SAPs) (e.g. SAP90, SAP102, SAP97, chapsynllO) bind | 
to NMDA receptors, and modulate receptor function by 
controlling their interactions with intracellular proteins, 00 
such as kinases and phosphatases. SAPs also control the
anchoring and clustering of receptors at the cytoskeleton. In this study, expression 
of the SAPs (SAP90, SAP 102, SAP97, chapsynllO) was assessed using in situ 
hybridisation following unilateral lesioning with 6-OHDA. In the 6-OHDA- 
lesioned rat, SAP97 mRNA levels were increased by 30% (p<0.01), whereas 
SAP102 mRNA expression was decreased by 29% (p<0.01). These data suggest 
that synaptic reorganisation occurs in the parkinsonian striatum. Thus, alterations 
in SAP interactions may be responsible for abnormal NMDA receptor transmission 
Parkinson’s disease.

SAP102 SAP97
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889.13

EFFECTS OF D-CYCLOSERINE ON PFC-INDUCED VTA BURST 
FIRING, IN THE PRESENCE AND ABSENCE OF NMDA 
ANTAGONISTS. A.C. Scheifele*, B. Gibbons and L.J. Cauller. 
Neuroscience Program, University of Texas at Dallas, Richardson, TX, 
75083.

Changes in activity of the mesocortical reciprocal projection have 
been suggested to mediate the negative symptoms of schizophrenia. 
Noncompetitive antagonists of the NMDA receptor channel (e.g. 
phencyclidine, ketamine) evoke both the positive and negative symptoms 
of schizophrenia in adult humans and have been proposed as an animal 
model for the disease. D-cycloserine, a partial agonist at the glycine site 
of the NMDA receptor channel, has been successful in partially relieving 
the negative symptoms of schizophrenia.

Stimulation of the prefrontal cortex (PFC) has been demonstrated 
to induce burst firing in the ventral tegmental area (VTA). This ability of 
the PFC to modulate burst firing in the VTA can be enhanced by NMDA 
and inhibited by NMDA receptor antagonists. In the current study we 
recorded extracellular multiple unit activity in the VTA while stimulating 
in the PFC of male Sprague-Dawley rats. We examined the effects of D- 
cycloserine on PFC-induced VTA burst firing. Furthermore, we have 
examined the interaction of D-cycloserine with NMDA antagonists on the 
ability of PFC stimulation to induce burst firing in the VTA.

889.14
GLUTAMATE RECEPTOR ACTIVATION INCREASES TISSUE
ADENOSINE LEVELS IN RAT BRAIN STRIATUM. P, Nickolas Shepel and 
J.D Geiger*. Department of Pharmacology and Therapeutics, Faculty of 
Medicine, University of Manitoba, Winnipeg, Manitoba, Canada.

Excessive glutamate release is a common, underlying mechanism in many 
neurodegenerative disorders. Tissue levels of adenosine are increased upon 
activation of glutamate receptors (GluRs) and adenosine, in turn, can inhibit 
glutamate release and act as a neuroprotectant. Here we tested the hypothesis that 
adenosine level increases in brain tissues, following exogenous glutamate 
administration, were mediated through activation of specific GluR subtype(s).

Glutamate and GluR agonists were administered unilaterally into the striata of 
anesthetized male Sprague Dawley rats. Animals were sacrificed by microwave 
irradiation 15 min after injection and adenosine levels were measured by HPLC 
using fluorescence detection.

Dose response analyses revealed that 1 pmol glutamate injections significantly 
increased adenosine levels over those measured after vehicle injection alone. The 
effect of glutamate was blocked by the NMDA receptor antagonist MK-801 
maleate (4 mg/kg i.p.) and by the non-NMDA receptor antagonists 6-cyano-7- 
nitroquinoxaline-2,3-dione (CNQX, 5 nmol) and 2,3-dioxo-6-nitro-l,2,3,4- 
tetrahydrobenzo[f]quinoxaline-7-sulphonamide (NBQX, 15 nmol). Concurrent 
use of 3-hydroxyaspartic acid (150 nmol), a glutamate uptake blocker, 
significantly potentiated the adenosine level increases induced by kainic acid 
(0.25 nmol) injection.

These results suggest that glutamate-induced adenosine level increases in rat 
striatal tissues involve activation of both NMDA- and non-NMDA-type GluRs. 
Adenosine level increases stimulated by kainic acid appear to be mediated through 
an intermediate glutamate release. (This research was supported by the Medical 
Research Council of Canada.)

889.15

Heat Shock Protein HSP72 induced in rat retrosplenial 
cortex by dizocilpine is caused by the thalamo-cortical 
neurons in anterior thalamus. S, Tomitaka*, M, Tomitaka, B. K. 
Tolliver. F. R. Sharp, Dept. of Neurology, Univ. of California at San 
Francisco, and Dept. of VA Medical Center, San Francisco CA 94121

The non-competitive NMDA receptor antagonists produce vacuoles and 
induce 72-kDa heat shock protein (HSP72) in damaged neurons in the 
retrosplenial cortex of rat brain. The present study identified 
neuronal circuits subserving the HSP72 expression in retrosplenial 
cortex produced by NMDA receptor antagonist. After the bilateral 
injection of dizocilpine (0, 5, 10, 15, 20jxg/1 jxl/side) into anterior 
thalamus, retrosplenial cortex, or diagonal band, HSP72 expression 
was assessed immunohisochemically. Dizocilpine injected into 
anterior thalamus, but not into retrosplenial cortex or diagonal band, 
induced HSP72 in retrosplenial cortex. Furthermore, HSP72 
induction in retrosplenial cortex produced by systemic dizocilpine 
was blocked by bilateral GABAA agonist muscimol injection (0.1, 1, 
10p.g/1 pl/side) into anterior thalamus, but not GABAB agonist 
baclofen (0.1, 1, 10pg/1pJ/side). Anatomical experiments using the 
anterograde tracer, Phaseolus vu/gar/s-leucoagglutin, confirmed that 
the neurons of anterior thalamus project to the layer III in 
retrosplenial cortex where dendrites of HSP72-positive neurons 
exist. These results suggest that the injury to cortical neurons 
induced by NMDA receptor antagonists in retrosplenial cortex is 
rproduced by the thalamic projection neurons in anterior thalamus. 
This research was supported by the research grant from the Japan 
Promotion for Science and NIH/NS28167.

889.16

FLUCTUATIONS IN THE ENDOGENOUS RELEASE OF GLUTAMATE AT THE 
LATERAL HYPOTHALAMUS: LACK OF CORRELATION WITH FOOD INTAKE. 
S.A. Shippy1*, J, McIntosh1, H, Anisman3 and Z. Merali1,2. ’Sch. of Psychol.,
2Dept. Cell. & Mol. Medicine, Univ. of Ottawa, Ont. Canada, KIN 6N5 and 3Inst. 
Neuroscience, Carleton Univ. Ottawa, Ont. Canada, K1S 5B6.

The lateral hypothalamus (LH) has long been associated with ingestive behaviors. 
Microinjection of glutamate and N-methyl-d-aspartate into the LH has been 
reported to stimulate feeding in sated rats. The present study assessed whether 
spontaneous food intake is associated with fluctuations in the release of endogenous 
glutamate at the LH. Interstitial levels of the excitatory amino acids glutamate and 
aspartate, as well as inhibitory gamma-aminobutyric acid (GABA) were monitored 
at the LH for 2h before and 2h after dark onset, in ad libitum fed rats. Samples were 
collected every 2-min, using in vivo microdialysis. After reaction with an amine- 
reactive fluorescent tag (fluorescein-5-isothiocyanate) the samples were analyzed 
using capillary electrophoresis with laser-induced fluorescence detection. Contrary 
to the hypothesis that glutamate levels in the LH may be associated with ingestion, 
there was no apparent pattern in relation to preprandial, prandial or postprandial 
states. Similarly, there appeared to be no relationship between aspartate and GABA 
and food intake. Infusion of 2-p.M tetrodotoxin into the LH (by reverse dialysis) 
inhibited feeding (and animals displayed non-specific behaviors), and paradoxically, 
glutamate levels were increased. We also noted some circadian variations in amino 
acid release. Specifically, a spiking pattern with a 200-600% over base-line increase 
in glutamate was seen between 35-60 min prior to dark onset. These data suggest 
that 1) altered glutamate release at the LH is not associated with spontaneous food 
intake despite the fact that pharmacological manipulations of this amino acid 
influences ingestion, and 2) a glutaminergic spike precedes dark onset and may play 
some role in the circadian entrainment or response. It is suggested that the 
glutaminergic signal may at best play a permissive, but not a necessary role in food 
ingestion. Supported by MRC of Canada.

EXCITATORY AMINO ACIDS III

890.1
[3H] SPERMINE BINDING TO SYNAPTOSOMAL MEMBRANES FROM THE 
CHICK RETINA. F. Cakiabn*. I Pichardo, and A M Lopez-Colome, bstituto de Ftsiologia Cdular, 
Departamento de Neurodendas, UNAM Apartado70-253, Mexico, DF, 04510.

Endogenous polyamines (PA), such as spermine and spermidine, are synthesized from ornithine via 
ornithine decaiboxylase (ODC). Inhibition of PA synthesis abolishes calcium entry through specific recqtor- 
Knked or vohagogated calcium channels; this property would place PA in a powerfU position regarding he 
control of neurctansmission in he CNS. Recently, spermidine and spermine have been postulated as 
neurcrnodulators or neunXrananitters. On his line, he presence of specific binding sites fix [TTjspenrndirie and 
[Tfjqxamineiniatbrainhas been documented, alhough he nature and affinity of such sites is still controversial

PA interact with he ATnehyhD-asparlate (NMDA) type of glutamate receptor evoking distinct effects, 
which indicates he presence of more than one polyamine binding-site on his receptor-channeL Two of these 
effects are related to he coagqnist glycine. In he presence of saturating concentrations of glycine, spermine and 
spermidine stimulate whole-cell current and also [TftMK-SOl binding, possibly die to an increase in he 
frequency ofNMDA receptor-channel opening. At subsaturatir  ̂concentrations of glycine, these PA increase 
the affinity of NMDA receptors fix glydne. Recent results fiom our group demonstrate hat spermine inhibits 
specific [Tljgfycine binding, to NMDA receptas fiom he chick retina, through a reduction in B^x without 
affecting K<j. In he present work, saturable specific (Hjspermine landing tobohplexifixmlayas of he retina 
has been characterized, and found to concentrate in he inner plexifixm layer compared to he outer plexifcmi 
layer (Brmx = 934t 1.03 and 31.19=h3.00 fix P, and P2 respectively) as also seen fix [Tljglycine binding. 
Kinetics of specific [3H]spermine binding within a concentration range of 5-200 nM yielded a sigmoidal 
saturation curve, indicating positive cooperativity (nH 2 4 ± 03 and nH 3.9 ± 05 fix P, and P2 respectively) 
with high affinity (K^= 6057 nM and 6453 nM fix P, and P2 respectively). Dose-response curves fix 
famine, spermidine, and diehylenohamine (DEI) show different potencies fix inhibiting fHjspamine 
binding: spermine>spermidine>DEr. The time required to attain equilibrium at room temperature was less 
than 5 min in boh fractions. These results suggest hat spermine could participate as a neuromodulator of 
neurotransmission in he retina and further support an effect of this PA at he glycine site on NMDA recepfexs, 
distinct fiom hat observed in he CNS. Partially supported by grant 3286P-N fiom CONACyT and 201316 
ficmDGAPA-UNAM

890.2

EVALUATION OF GLUTAMATE-INDUCED DAMAGE TO NEURONAL 
CALCIUM REGULATION SYSTEMS. D.D, Limbrick. Jr..1 S. Pal.2. S. Sombati.2* and 
R.J. DeLorenzo12. Depts. of 'Pharmacology & Toxicology and 2Neurology, Medical 
College of Virginia, VCU, Richmond, VA 23298.

Sustained elevations in neuronal free intracellular calcium concentration ([Ca2*];) are 
observed following glutamate excitotoxicity and have been implicated in the 
pathophysiology of stroke, epilepsy, and traumatic brain injury. Consistent with findings 
from other laboratories, we have reported that the inability of neurons to restore resting 
[Ca2+]; correlates with impending excitotoxic neuronal cell death. In addition, we have 
demonstrated that glutamate exposure results in a persistent influx of extracellular Ca2+ 
that contributes to the sustained [Ca2*]; elevations in the post-glutamate period. In the 
present study, we utilized indo-1 Ca2+ imaging and the hippocampal neuronal culture 
model to further investigate the alterations in neuronal Ca2+ regulation that occur 
following glutamate exposure. Omission of Ca2+ from the extracellular medium 
following glutamate exposure (50 pM) increased the rate of recovery of [Ca2*]; to resting 
levels and augmented the percentage of neurons able to restore resting [Ca2+];. However, 
excitotoxic glutamate exposure (>8 min) resulted in a significant number of neurons that 
were unable to restore resting [Ca2*]; despite the absence of extracellular Ca2+ (Ca2+0) in 
the post-glutamate period, suggesting that damage to neuronal Ca2+ 
extrusion/sequestration (E/S) mechanisms had been incurred. Closer observation 
revealed that approximately 50% of the neurons treated with even the most severe 
glutamate conditions (20 min) retained the ability to restore resting [Ca2+]; when Ca2\ 
was omitted (compared to 0% if normal Ca2+0 was maintained in the post-glutamate 
period). The findings from this study indicate that neurons exhibit differential 
sensitivities to Ca2+0 in the post-glutamate period. Thus, the origin of the sustained 
increases in [Ca2*]; in Ca2+0-sensitive neurons may be the persistent Car" influx, while the 
cause of these sustained [Ca2*]; increases in Ca2+0-insensitive neurons may be damage to 
E/S mechanisms. (Supported by Merck/AFAR Scholarship to DDL, Jr. and NINDS 
R01-NS23350 and P01-NS25630 to RJD)
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890.3
EXCITOTOXIC, AMPA-LIKE EFFECTS OF ATPA IN HIPPOCAMPAL SLICE 
CULTURES. B, W. Kristensen’*, B. Ebert2 and J. Zimmer1, ’Anatomy and 
Neurobiology, SDU-Odense University, Odense, Denmark and 2Dept. of 
Pharmacology, The Royal Danish School of Pharmacy, Copenhagen, Denmark.

ATPA ((/?S)-2-amino-3-(3-hydroxy-5-terr-butylisoxazol-4-yl)propanoic acid) was 
introduced as an AMPA receptor agonist, but is now known at low concentrations to 
be a selective agonist for the glutamate receptor subunit GLUR5, confined to kainic 
acid (KA) receptors. Here we investigated the excitotoxic effects of ATPA in 
hippocampal slice cultures, derived from one week old rats and grown in serum-free 
medium for 3-4 weeks before exposed to ATPA for 48 hrs. With propidium iodide 
(PI) in the medium, digitized images showed a dose (0.1-300 pM) and time (0-48 hrs) 
dependent increase in PI uptake in all hippocampal subfields. Based on PI 
measurements of the whole culture, the EC50 value for ATPA was 32.8 uM. 
Comparison of the vulnerability of the different hippocampal subfields to ATPA, 
AMPA, KA and NMDA showed clear similarities between ATPA and AMPA but 
AMPA was 9 times more potent than ATPA (EC50=3.7 pM AMPA). When the 
AMPA/KA receptor antagonist NBQX was included with 30 pM ATPA, 1 pM 
NBQX was found to block more than 50% of the PI uptake in all subfields. 10 pM 
NBQX blocked all PI uptake. This confirms that ATPA at this concentration excerts 
its excitotoxic effect via AMPA and KA receptors. For doses of 0.1-1 pM ATPA, 
selective for the GLUR5 subunit of the KA receptor, there was no increase in PI 
uptake. Exposing cultures to 1 pM ATPA and 10 pM NMDA did not reduce the PI 
uptake in CA1. Activation of CA1 inhibitory intemeurons by ATPA did accordingly 
not protect CA1 pyramidal cells against NMDA excitotoxicity at this NMDA 
concentration. We conclude - 1) that ATPA in higher concentrations has AMPA-like 
excitotoxic effects, - 2) that ATPA had no detectable neurodegenerative effects at 
concentrations where it is selective for the GLUR5 receptor subunit, and - 3) that low 
dose ATPA did not protect CA1 neurons against NMDA excitotoxicity. - Supported 
by the Danish MRC, and EU-Biotech Program (contract BIO4-CT97-2307)

890.4

N-ACETYLCYSTEINE PROTECTS CULTURED HIPPOCAMPAL 
NEURONS FROM EXCITOTOXICITY ENHANCED BY L-TRANS- 
PYRROLIDINE-2,4-DICARBOXYLIC ACID. T. Himi*, M. Ikeda and 
S. Murota. Dept. Mol. Physiol. Chem., Tokyo Med. Dent. Univ.; Tokyo 
1138549, Japan.

Inhibition of glutamate transporters has been reported to influence 
not only extracellular glutamate concentration, but also free radical 
production. In this study we analyzed the involvement of free radicals 
on the excitotoxicity enhanced by L-trans-pyrrolidine-2,4-dicarboxylic 
acid (PDC), a specific inhibitor of glutamate transporters.

Hippocampal cell cultures were maintained in serum-containing 
medium for 12-14 days, and exposed to glutamate (100 pM) for 10 min. 
The cell, death was determined after 24 h incubation in the presence or 
absence of PDC and antioxidants (a-tocopherol, ascorbic acid and N- 
acetylcysteine; NAC). PDC (200 pM) increased the excitotoxicity to 
147% of that induced by glutamate alone. Among three antioxidants 
tested, only NAC significantly reduced PDC-enhanced excitotoxicity to 
72%, though NAC did not influence the excitotoxicity in the absence of 
PDC. PDC did not influence the production of nitric oxide (NO), and 
inhibitors of NO synthase unaffected the excitotoxicity both in the 
presence and absence of PDC. The glutamate receptor antagonist, MK- 
801, reduced PDC-enhanced excitotoxicity, and NAC additively 
enhanced these neuroprotection by MK-801.

These results suggest that PDC enhances the excitotoxicity not only 
through the elevation of extracellular glutamate concentration, but also 
through generation of NAC-sensitive free radicals other than nitric oxide.

Work supported by Research Grant for Young Scientists from the 
Ministry of Education, Science and Culture of Japan.

890.5

CHARACTERIZATION OF ENDOGENOUS AMINO ACID RELEASE 
FROM HIPPOCAMPAL SLICES DURING HYPOGLYCEMIA + 
CHEMICALLY INDUCED HYPOXIA
Sina Djali and Lee A. Dawson*.
Wyeth Neuroscience, CN8000, Princeton, NJ08543
Using an in vitro hippocampal slice preparation we have evaluated endogenous 
release of aspartate, (Asp), glutamate (Glu), and GABA in response to 
hypoglycemia plus chemically induced hypoxia. Sodium azide (NaN3), an 
inhibitor of oxidative phosphorylation, produced a concentration dependent (0- 
100 mM) increase in all three amino acids measured in the absence of glucose. 
Levels of Glu, Asp, and GABA were maximally increased to 27 ± 2.5, 9 ± 4, 
and 95 ± 18 fold, respectively at 30 mM NaN3. We further characterized the 
release of Glu, Asp and GABA in the presence of 10 mM NaN3, and absence of 
glucose. Removal of calcium from the perfusion media attenuated the azide - 
induced release of Glu, Asp and GABA by 87 %, 80 % and 80 %, respectively . 
Similarly, addition of TTX (1 pM ) reduced the release of Glu, Asp and GABA 
by 65 %, 80 % and 70 %, respectively. Dihydrokainate (DHK; 100 pM), a 
selective non-transportable inhibitor of the glial glutamate transporter (GLT-1), 
attenuated Glu and Asp by 65% and 60%, respectively, but produced no 
significant effect on GABA release. These data suggest that release of Glu, Asp 
and GABA under chemical - induced ischemic conditions is mediated through 
two different mechanism. TTX and Ca2+ - dependency of Glu, Asp and GABA 
release indicates that elevations in these amino acids originate from neuronal 
source. DHK - dependency suggests that a portion of Glu and Asp release is 
also mediated through the reversal of glial glutamate transporter, GLT-1.

890.6

THE EFFECT OF TOPICAL GLUCOSE ON THE RELEASE OF AMINO 
ACIDS FROM THE ISCHEMIC RAT CEREBRAL CORTEX. L.L. Guvot '-3,
F.G. Diaz M.H. Q’Reean2. D. Song 3, J.W. Phillis3*.1WSU Dept. of 
Neurological Surgery,2 Biomedical Sciences, School of Dentistry, U of D 
Mercy,3 Dept. of Physiology WSU, Wayne State Univ 540 E. Canfield, Deb-nt, 
MI 48201. Pre-ischemic hyperglycemia aggravates brain damage due to 
transient global ischemia as demonstrated by rapidly developing neuronal 
necrosis and exacerbation of brain lesions. Lactacidosis and elevated glutamate 
levels have been implicated as mechanisms of the increased damage. Our 
objective was to determine the effects of different levels of glucose (0, 66.5,
450 mg/dL) in the cortical superfusates on me ischemia/reperfusion evoked 
release of amino acids from the rat cerebral cortex. The Pulsinelli and Bnerley 
four vessel model was used to induce ischemia and cortical superfusates were 
collected usmg the cortical cup technique. Physiologic (66.5 mg/dL) and 
supra-physiologic (450 mg/dL) levels of glucose significantly reduced the 
amount of aspartate and glutamate released from the cortex during 
ischemia/reperfusion in comparison with 0 mg/dL glucose. The decrease in 
release may be due to increased glucose availability for glycolysis and the 
subsequent formation of lactate that has been shown to act as an energy source 
for neurons. The additional energy supply may help maintain the function of 
membrane ion pumps, reducing osmotically regulated release of amino acids, 
and enhancing uptake mechanisms that normally keep extracellular levels of 
aspartate and glutamate below excitotoxic levels. The increased stroke damage 
incurred with hyperglycemia may be related to a decrease in blood flow due to 
swelling of the vascular endothelium that can impede blood flow during 
reperfusion. Supported by NIH grant NS26912 and WSU Neurosurgery Dept-.

890.7

CALPAIN ACTIVATION BY LETHAL NMDA IS COUPLED TO THE 
RAPID INACTIVATION OF PROTEIN KINASE C IN CORTICAL 
NEURONS. K. Hewitt, R. Tremblay, H. Lesiuk* & J.P. Durkin. Cellular 
Neurobiology, Institute for Biological Sciences, National Research Council of 
Canada, Ottawa, Canada K1A 0R6, ’Loeb Research Institute, Ottawa, K1Y 4E9

Calpain proteolysis of enzymes and structural proteins is a crucial feature of 
Ca2+-dependent neuronal death in excitotoxicity. However, little is known 
about how lethal [Ca ]i mediated by glutamate receptors causes calpain 
activation in susceptible neurons. We have previously shown that, unlike with 
non-CNS cells, calpain in cortical neurons is largely membrane associated, 
does not require translocation nor autolysis for activation, and is selectively 
coupled to Ca2+ entry via the NMDA receptor. Another Ca+2-dependent enzyme 
selectively coupled to the NMDA receptor is protein kinase C (PKC), a 
signaling enzyme whose rapid inactivation appears to be a necessary event in 
the excitotoxic death of neurons. We now report that NMDA-induced PKC 
inactivation contributes to calpain activation in cultured cortical cells. The 
neurotrophin BDNF, which protects neurons from excitotoxicity by preventing 
NMDA-induced PKC loss, also blocked calpain activation in the presence of 
NMDA. This BDNF effect on calpain and viability was reversed by any of a 
number of PKC inhibitors present during transient NMDA exposure. 
Furthermore, sublethal NMDA receptor activation and PKC inhibition, 
treatments unable to activate calpain singularly, were in combination able to 
promote calpain-mediated spectrin hydrolysis. A NMDA-mediated loss of the 
endogenous calpain inhibitor protein, calpastatin, was also seen in membranes 
from cortical cells, and was concomitant with calpain activation under 
excitotoxic conditions. This loss of membrane calpastatin was independent of 
PKC inactivation, suggesting that the two events needed for calpain activation 
by NMDA are a PKC-independent inactivation of calpastatin, and a still 
unknown event linked to inactivation of PKC coupled to NMDA receptors.

890.8

PI3-KINASE IS RESPONSIBLE FOR BDNF’S ABILITY TO PROTECT 
CORTICAL NEURONS FROM NMDA-INDUCED PKC INACTIVATION 
AND CELL DEATH. R. Tremblay, B. Chakravarthy, Y. Wang, R. Ball, D. 
Stanimirovic, & J. P. Durkin* Cellular Neurobiology, Institute for Biological 
Sciences, National Research Council Canada, Ottawa, Canada K1A 0R6

The death of primary cortical neurons by transient excitatory amino acids 
(EAAs) exposure is linked to a rapid and persistent inactivation of PKC 
mediated by Ca2+ influx through the NMDA receptor . We have shown that 
BDNF, applied transiently for 8 to 4 hours before NMDA exposures, protects 
cortical neurons from injury, and does so by blocking the mechanism coupling 
the influx of lethal Ca?+ to PKC inactivation. In this report we address which of 
the signalling pathways associated with the trkB receptor is responsible for 
neuroprotection and the reversal of NMDA-induced PKC inactivation. The 
ability of BDNF (lOOnM) to protect primary cortical neuron viability and PKC 
activity from the effects of NMDA were prevented by co-application of the 
tyrosine kinase inhibitors genistein (20 pg/ml) and K-252a (100 ng/ml). 
Exposing cells to the MAPKK inhibitor, PD 98059, did not effect BDNF 
protection against NMDA, even though MAP kinase activation by BDNF was 
inhibited. Moreover, inhibition of BDNF-stimulated inositol phosphate (IP3) 
production by the PLC inhibitor U-73122 was refractory to BDNF 
neuroprotection and its ability to reverse NMDA-induced PKC inactivation. 
However, the phosphatidylinositol 3-kinase (PI-3 kinase) inhibitors 
wortmannin and LY 294002 reversed both BDNF neuroprotection and the 
NMDA induced loss of PKC. Rapamycin, an inhibitor of p70S6 
phosphorylation (a downstream event of the PI-3 kinase pathway), also 
blocked the effects of BDNF. These results indicate that the Pi-kinase arm of 
the trk B receptor signalling complex is responsible for the mechanism by 
which BDNF blocks the NMDA-mediated inactivation of PKC, and that this 
action of the PI-3 pathway on PKC is critical to BDNF neuroprotection.
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890.9
GLUTAMATE RECEPTORS (GluRs) IN PERIPHERAL TISSUES AND FOOD 
EXCITOTOXICITY. O. Pulido*. S. Gill, R. Mueller, E. Vavasour and P. McGuire. 
Bureau of Chemical Safety. Food Directorate, Health Canada, Ottawa, CA., Kl A0L2.

Using molecular and immunohistochemical techniques, we have demonstrated the 
presence of ionotropic and metabotropic GluRs in peripheral tissues of rats and 
non-human primates. These tissues include: heart, GI tract, pancreas, testis, lung 
and kidney. A variety of exogenous excitatory compounds (EAA), including 
glutamate and its analogs, are found in the human food supply. Monosodium 
glutamate (MSG), aspartame, L-cysteine, and related sulphur amino acids are found 
in food products and byproducts. B-N-oxalyamino-L-alanine (BOAA), B-N-methyl 
amino-L-alanine (BMAA) and domoic acid (DA) are natural toxins and food 
contaminants. The neuro toxicologic effects of EAAs varies with many factors, such 
as their excitatory potency, age and health status of the individual, integrity of the 
blood brain barrier (BBB), bioavailability etc. The wide distribution of several 
subtypes of GluRs in peripheral tissues, provide additional direct target/effector 
sites, outside the CNS, for these compounds and an alternative explanation for the 
autonomic disturbances (GI, salivation, cardiovascular, vomiting) reported with 
potent excitotoxins such as DA. Peripheral GluRs may play a role in adverse reactions 
observed in some individuals following ingestion of chemicals, such as MSG. Acute 
responses to such compounds have been found to involve respiratory, gastrointestinal 
and cardiovascular systems and in some cases can be life-threatening. While the 
variability in individual susceptibility, and severity and type of response suggests that 
the process is multifactorial, the identification of GluRs in peripheral tissues may 
assist in making appropriate decisions concerning the use of such additives in foods.

890.10
ATP-ACTIVATED GLUTAMATE PERMEABLE NON-SELECTIVE CHANNELS 
IN CULTURED MOUSE ASTROCYTES: INVOLVEMENT OF P2Z/P2X7 LIKE 
RECEPTORS. S. Duan1*, E.C. Keung2, Y.R.Chen1 and R.A. Swanson1.1Dept. 
of Neurology and 2Dept of Medicine, U.C.S.F. and V.A.M.C., San Francisco, CA 
94121.

Neuroligands-induced glutamate release from astrocytes has been reported 
through a mechanism not related with glutamate uptake reversal or swelling- 
activated anion channel (Parpura et al., Nature 1994, 369: 744; Bezzi et al., 
Nature 1998, 391:281). ATP has been i mplicated as a primary extracellular 
messenger in astrocytes (Guthrie et al., J Neurosci 1999,19: 520). Using whole 
cell patch clamp recording we showed that ATP (0.3-3 mM) and the P2Z/P2X7 
receptor specific agonist BzATP (0.03-0.3 mM) dose dependentiy induced an 
inward current that was antagonized by PPADS and DIDS. Both ATP- and 
BzATP-induced inward current were enhanced in Ca2+ and Mg2+ deficient 
solution. The permeability ratio for Na+ : Cl-: glutamate, estimated by ion 
substitution and measuring the shift in the reversal potential of BzATP- 
induced current, was 1 : 0.35 : 0.14. We further showed that ATP (1 mM) and 
BzATP (0.1 mM) induced release of preloaded 14C-glutamate and 3H-D- 
aspartate in astrocytes. The release was enhanced in Ca2+ and Mg2+ deficient 
solution and inhibited by PPADS, DIDS, and the irreversible P2Z/P2X7 
receptor antagonist oxidized ATP. Kainic acid (0.1 mM), which induced larger 
depolarization than ATP and BzATP did, did not induce 3H-D-aspartate 
release. We suggest that ATP induce glutamate release in astrocytes through 
P2Z/P2X7 like non-selective channel.

(Supported by NIH RO1 NS31914 and Dept. of Veterans Affairs)

890.11

REGULATION OF GLUTAMATE METABOLISM BY A 
LEUCINE-MEDIATED NEURON-GLIAL NITROGEN 
SHUTTLE. E, Lieth*1, K.F. LaNoue2, D. Berkich2, S. Hutson3 and 
the PSRRG. Depts. of ‘Neurosci and Anat, 2Cell and Mol Phys,
PSU COM Hershey PA 17033; 3Dept. of Biochem., Bowman Gray.

Altered glutamate is implicated in several neurodegenerative 
diseases of the brain, spinal cord and retina. Understanding 
glutamate metabolism is therefore important for understanding 
pathogenic mechanisms. Previous results support the hypothesis 
that nitrogen for synthesis of glutamate in glial cells is supplied by 
branched chain amino acids generated in neurons. To test this 
hypothesis we studied the role of branched chain amino transferases 
(BCAT) on the fixation of carbon into glutamate and the 
degradation of glutamate as evidenced by CO2 release in an ex vivo 
preparation of rat retina. Inhibition of transamination with the 
general transaminase inhibitor aminoxyacetic acid reduced CO2 
release to 61% of control (p=0.001). Selective block of neuronal 
BCAT with gabapentin reduced the fixation of carbon into 
glutamate by glial cells to 71% of control (p=0.0004). Inhibition by 
gabapentin was reversed by a media containing 200mM each 
leucine, isoleucine and valine (p=0.01). These data support the 
hypothesis that a nitrogen shuttle mediated by branched chain 
amino acids such as leucine is required for synthesis and 
degradation of glutamate. (funding: JDFI)

890.12

PHENCYCLIDIN (PCP) STIMULATES CALCIUM-DEPENDENT 
GLUTAMATE RELEASE FROM CULTURED ASTROCYTES.
A. Jeremic*, K. Jeftiniia and S. Jeftiniia. Department of Biomedical Sciences 
and Neuroscience Program, Iowa State University, Ames, IA 50011.

Glutamatergic mechanisms have been associated with pathophysiology of 
schizophrenia. In phencyclidine (PCP) model of schizophrenia, findings 
suggest that psychomimetic effects of PCP are associated by an increase in 
glutamate concentration. The specific objective of this study was to 
investigate whether PCP releases excitatory amino acids from cultured 
cortical astrocytes. Studies were conducted using astrocyte derived from 1-4 
day old Sprague-Dawley rats. Perfusion application of PCP (2-10mM) 
induced a dose-dependent increase in astrocytic calcium associated with 
increased release of glutamate. Stimulatory effects of PCP were preserved 
when cultures were bathed in calcium-depleted. The calcium mobilizing 
action of PCP was attenuated by thapsigargin (50nM) and abolished in 
cultures incubated in calcium depleted saline containing thapsigargin. To 
determine whether PCP was acting through the PLC-IP3 pathway, U73122, a 
selective PLC inhibitor, was used. Response of cultures pretreated with 
U73122 for 10 min to application of PCP was not different from controls 
excluding an involvement of the PLC-IP3. When applied to mixed astrocyte- 
neuron cultures PCP elevated calcium levels in neurons in close proximity to 
astrocytes. The selective NMDA receptor antagonist D-2-amino-5- 
phosphonovaleric acid (D-APV) prevented PCP-induced neuronal calcium 
elevation in about 20% of neurons. Data indicate that in mixed glia-neuron 
cultures PCP effects on some neurons were indirect through glutamate 
released by astrocytes. These findings present a non-neuronal path for 
treatment of psychiatric disorders. Supported by NSF Grant IBN-9630745.

890.13

GLIA-NEURON SIGNALING BY AN EXCITATORY AMINO ACID: 
ACTIVATION OF GLIAL GLUTAMATE RECEPTORS INDUCES 
HOMOCYSTEATE RELEASE FROM ASTROCYTES
B. Benz, G. Grima and K.Q. Do*: Hdpital Psychiatrique Universitaire de Cery, 
Lab. de Neurosciences Psychiatriques, 1008 Prilly-Lausanne, Switzerland

The sulphur-containing amino acid homocysteic acid (HCA) is present in 
and released in vitro and in vivo from nervous tissue. HCA is localised in glial 
cells, but not in neurones (Grandes et al., 1991; Zhang & Ottersen, 1992), and 
it exerts its excitatory effects by predominantly activating NMDA receptors (Do 
et al., 1992; 1997). Moreover, the activation of p-adrenergic receptor promotes 
HCA release from astrocyte cultures (Do et al., 1997). These observations 
support a potential role of HCA as gliotransmitter. In order to further test this 
hypothesis and as various glutamate (Glu) receptors are expressed on glial 
cells, we studied the effect of Glu and its agonists on HCA release from glia. A 
laminar flow superfusion system was used, and the released materials from 
mouse cortical astrocytes, previously preincubated with [35S]-methionine, a 
HCA precursor, were investigated. The application of Kainate (KA; 100pM) 
and AMPA (100pM) induced an increase in HCA release (295.7 ± 49.6 % of 
controls and 354.6 ± 138.7 % resp.). The antagonist CNQX blocked this effect. 
The metabotropic agonist trans-ACPD and the Ca2+-ionophore A23187 also 
showed a significant effect (256.4 ± 88.95 % and 213.7 ± 54.95 % resp). The 
effect of KA is blocked in Ca2+ free conditions (medium without Ca2+, + EGTA 
and preincubation with BAPTA-AM). Taken together, these results provide 
further evidence for a gliotransmitter role of HCA. Activation of glial Glu 
receptors would induce the release of HCA from astrocytes, probably through 
a rise in intracellular [Ca2+]. HCA can then either exert a direct postsynaptic 
response of the NMDA type or modulate responses to other neurotransmitters, 
resulting in the enhancement of excitatory neurotransmission.

890.14

BRADYKININ-INDUCED CALCIUM-DEPEMDENT RELEASE OF 
EXCITATORY AMINO ACIDS FROM MULLER CELLS. S. Grozdanic*, K. 
Jeftiniia, A. Jeremic and S. Jeftiniia. Department of Biomedical Sciences and 
Neuroscience Program, Iowa State University, Ames, IA 50011.

Loss of retinal ganglion cells (RGCs) is a major outcome of many ophthalmic 
diseases including glaucoma. The increased level of glutamate is consistent with 
an “excitotoxic” mechanism for the RGCs and optic nerve damage in glaucoma. 
While the mechanism of glutamate neurotoxicity has been worked out the source 
of elevated glutamate is not determined yet. Muller cells are predominant glial 
cells of the retina. The release of glutamate from cultured Muller cells was assayed 
using HPLC. The nonapeptide bradykinin is released from its precursors, the 
kininogens, by the action of the enzyme kallikrein in response to the damage of 
capillary endotel. Bradykinin caused a receptro-mediated, dose-dependent increase 
in release of the excitatory amino acids (EAA, glutamate and aspartate) from 
cultured Muller cells. To ask whether calcium might play a role in bradykinin 
induced EAA release, we monitored Muller cells calcium levels. Bradykinin 
increased the cytoplasmic level of Muller cells free calcium. The calcium 
mobilizing action of bradykinin and release of EAA were abolished by 
thapsigargin but not by removal of extracellular calcium. Addition of BAPTA- 
AM (50pM), an intracellular calcium chelator, abolished both increase in free 
calcium and release of glutamate in Muller cells. As U73122, a PLC inhibitor, 
abolished stimulatory effects of bradykinin, a PLC-IP3 pathway is likely. 
Regulated release of glutamate by Muller cells is further supported by findings 
that release of EAA was not blocked neither by p-CAMPs , a ion transport blocker, 
nor by replacement of sodium by cholin in bathing medium. The significance of 
our result is in relevance for glaucoma therapeutic strategies aimed at the Muller 
cells as source of glutamate rather than at glutamate receptors at RGCs to prevent 
or abate loss of RGCs as a consequence of ophthalmic diseases. Work was 
supported by NSF Grant IBN-9630745

Society  for  Neuroscience . Volume  25, 1999



THURSDAY AM EXCITATORY AMINO ACIDS III 2237

890.15
PROSTAGLANDIN E2-EVOKED CALCIUM-DEPEMDENT RELEASE 
OF EXCITATORY AMINO ACIDS FROM MULLER CELLS.
S. Jeftiniia*, S. Grozdanie, K. Jeftiniia, and A. Jeremic. Department of 
Biomedical Sciences, Iowa State University, Ames, IA 50011.

Loss of retinal ganglion cells (RGCs) is a major outcome of inflammatory 
ophthalmic diseases. Recently it has been shown that glutamate acts as a 
neurotoxin which exerts its toxic effect on RGCs predominantly through the 
N-methyl-n-aspartate (NMDA) subtype of glutamate receptors. To address the 
possible significance of glutamate release by glial cells in the retina, we 
studied the effects of PGE2 on the [Ca2+]; and release of glutamate of cultured 
Muller cells obtained from 1-10 day old rats. PGE2 (50pM) produced five 
fold increase in both [Ca2+]j and release of excitatory amino acids (EAA) of 
Muller cells. While 17phenyl-trynor PGE2 (50gM), a EPI subtype receptor 
agonist of PGE2 class receptor, had a stimulatory effect, misoprostol (50pM), 
an agonist of EP2, EP3, and EP4 subtype receptor of PGE2 class, was without 
effect. The calcium mobilizing action of PGE2 and release of EAA were 
abolished by thapsigargin but not by removal of extracellular calcium. 
Addition of BAPTA-AM (50pM), an intracellular calcium chelator, abolished 
both increase in free calcium and release of glutamate in Muller cells. To 
demonstrate that PGE2 was activating the PLC pathway, the selective PLC 
inhibitor was used. Cultures pretreated with U73122 for 10 min showed little 
or no response to the application of PGE2. The significance of our result is in 
relevance for therapeutic strategies aimed at the Muller cells as source of 
glutamate rather than at glutamate receptors at retinal ganglion cells to 
prevent or abate loss of neurons as a consequence of ophthalmic diseases. 
Work was supported by NSF Grant IBN-9630745

890.16
GLUTAMATE RECEPTOR SUBUNIT GLUR2 AND TRANSPORTER EAAC1 
ARE DIFFERENTIALLY DISTRIBUTED IN THE ENTORHINAL CORTEX OF 
MACAQUE MONKEY. Y. He1*. P.R, Hof1, W.G.M. Janssen1, J.D. Rothstein2, 
J.H. Morrison1. ^Neurobiology of Aging Laboratories and Fishberg Research Center 
for Neurobiology, Mount Sinai School of Medicine, New York, NY 10029; 
2Der lartment of Neurology, Johns Hopkins University, Baltimore, MD 21287.

The distribution of the a-amino-3-hydroxy-5-methylisoxazole-4- 
propionic acid (AMPA) receptor subunit GluR2 and neuronal glutamate 
transporter subunit EAAC1 were studied by immunocytochemistry in the 
monkey hippocampus and entorhinal cortex. EAAC1 and GluR2 were 
broadly colocalized in hippocampal pyramidal neurons, however some 
nonpyramidal neurons were labeled only for GluR2. The entorhinal cortex 
differed considerably from hippocampus, in that dense GluR2 labeling was 
present in all of the layers, but EAAC1 distribution was more 
heterogeneous and varied in intensity. Although many heavily labeled 
EAAC1-containing pyramidal neurons were found in layer II and 
superficial part of layer III in the entorhinal cortex, layers V and VI 
contained only lightly labeled neurons, while layer IV showed very light 
labeling, suggesting lower glutamate reuptake in the neurons within these 
layers. Since EAAC1 may play an important role in clearing glutamate 
from the synaptic cleft and intercellular spaces, the high expression of 
EAAC1 in layer II neurons as compared to deeper layers would 
presumably offer a high level of protection for these neurons against 
excitotoxicity under normal circumstance. However, should EAAC1 
expression decrease in layer II under pathological conditions, these 
neurons might be particularly vulnerable to excess glutamatergic stimuli. 
Electron microscopic studies are under way to elucidate further the 
synaptic distribution pattern of glutamate transporter EAAC1, as well as 
GluR2 in this region. Supported by NIH grants AG06647, AGO5138, and the Dana 
Foundation.

890.17

THE NEURONAL CONTRIBUTION TO BASAL EXTRACELLULAR 
GLUTAMATE: A STUDY BASED ON ELECTROCHEMICAL
MICROSENSORS. N.V, Kulagina and A.C. Michael*. Department of 
Chemistry, University of Pittsburgh, Pittsburgh, PA 15260.

Extracellular levels of glutamate in striatum of anesthetized male 
Sprague-Dawley rats have been monitored with electrochemical 
microsensors based on enzyme-modified carbon fiber electrodes. The 
microsensors were prepared by immobilization of glutamate oxidase, 
horseradish peroxidase, and ascorbate oxidase onto carbon fiber 
microelectrodes (10 pm diameter, 300-400 pm long) by means of a cross-
linkable redox polymer. The microsensors were operated at a constant 
potential of -0.1 V vs. Ag/AgCl. Nonglutamate background signals were 
monitored with microsensors lacking glutamate oxidase. Glutamate 
microsensors exhibited high sensitivity towards glutamate and achieved 
sub-micromolar detection limits; they did not respond to and were not 
interfered with by physiologically relevant concentrations of other 
compounds, including ascorbate. Infusion of exogenous 10 mM glutamate 
and 4 mM l-trans-2,4-pyrrolidine dicarboxilic acid (PDC) caused an 
increase in the current at the glutamate microsensors but not at the 
background microsensors. The signal at the glutamate microsensors but 
not at the background microsensors, decreased upon the local infusion of 
2 mg/mL glutamate oxidase or 100 pM tetrodotoxin (TTX). The decrease 
in the signal during injection of 200 nL of TTX ranged between 25 and 85% 
of the pre-infusion basal signal. This study showed that the extracellular 
basal glutamate concentration in rat striatum is ca. 30 pM, and the 
substantial component of which is impulse-dependent. (Supported by NIH: 
NS 31442.)

890.18

DEVELOPMENTAL DOWN-REGULATION OF CORTICAL GLUTAMATE 
RELEASE BY NMDA RECEPTOR ACTIVATION AND NITRIC OXIDE BUT 
NOT PEROXYNITRITE. Michael J, Friedlander* and Carolyn Gancavco. Dept. of 
Neurobiology, University of Alabama at Birmingham, Birmingham, AL 35294, USA.

We have previously demonstrated that in synaptosome preparations from adult rat 
and guinea-pig cerebral cortex, release of endogenous L-glutamate is amplified in 
response to NMDA receptor activation. This NMDA receptor-mediated L-glutamate 
release is dependent on nitric oxide (NO) production and subsequent conversion of 
NO to peroxynitrite (ONOO) by its reaction with superoxide (O'2). It also requires 
calcium both for nitric oxide synthase (NOS) activation (by calcium entering through 
the NMDA receptor) and for downstream interaction (through N- and P- type voltage-
gated calcium channels - VGCCs) with the nitric oxide signal and its reaction product, 
ONOO'. The present study evaluates the role of these processes during postnatal 
development in the rat between ages 4 and 35 postnatal days (PND). Three animals 
each were used at each of seven ages. L-glutamate release in response to NMDA 
receptor activation was expressed as a fraction of the total releasable pool in response 
to pulsatile application of 100 |iM NMDA. Release was highest from 4-7 PND with a 
67% decline by PND 35. A similar effect occurred in response to stimulating the 
synaptosomes directly with NO (18 pM) with peak responsiveness at 4-7 PND and a 
62% decline by PND 35. Interestingly, when purified 18 pM ONOO' (the reaction 
product of NO and superoxide, O2) was applied, the release of L-glutamate was equal 
in magnitude at all ages (PND 4, 7, 14, 21, 28 and 35).. Moreover, at all ages studied, 
the NO-ONOO signal required interaction with calcium from P- and N- type VGCCs. 
Thus, postnatal down-regulation of the NMDA receptors’ ability to amplify L- 
glutamate release by NO production appears to be related to a decreased efficiency of 
conversion of NO to ONOO' during cortical maturation vs. developmental down-
regulation of NMDA receptor mediated NO production or of the sensitivity of the 
presynaptic L-glutamate release process to ONOO'.
Supported by NIH grants HD 32901 and EY05116.

890.19

ASPARTATE AND GLUTAMATE RELEASE FROM HIPPOCAMPAL 
SYNAPTOSOMES DIFFER IN THEIR DEPENDENCE ON CALCIUM ENTRY 
THROUGH N- AND P/Q-TYPE CHANNELS. S. E. Renick and J. V. Nadler* 
Depts. Pharmacology and Neurobiology, Duke Univ. Med. Ctr., Durham, NC 
27710.

Some excitatory pathways have been suggested to release aspartate as 
well as glutamate. In contrast to glutamate release, the mechanism and 
physiological role of aspartate release are unclear. Hippocampal synapto- 
somes release both excitatory amino acids in a calcium-dependent manner. 
Previous studies demonstrated that some compounds can modulate the 
release of one amino acid independently of the other, implying the existence 
of separate release mechanisms. To investigate whether the stimulus- 
evoked release of aspartate and glutamate depend on calcium entry through 
different routes, the contribution of calcium channel types was evaluated with 
use of specific blockers. Superfused rat hippocampal synaptosomes were 
exposed twice to 300 pM 4-aminopyridine (4-AP) and test compound(s) was 
added to the medium 4 min before and during the second 4-AP exposure. 
Blockade of N-type calcium channels with co-conotoxin GVIA (1 pM) 
depressed the 4-AP-evoked release of glutamate, aspartate and GABA to a 
similar extent (20-36%). P/Q channel blockade by co-agatoxin IVA (0.25 pM) 
more strongly inhibited the release of glutamate (52%) and GABA (44%). 
However, aspartate release was not significantly changed. Co-application of 
the two toxins reduced glutamate release by 84%, but reduced aspartate re-
lease by only 34%. Thus a substantial proportion of aspartate release must 
depend upon calcium entry through some route other than N- and P/Q-type 
channels. These results support the view that aspartate and glutamate are 
released either from different terminal populations or from the same termi-
nals by divergent mechanisms. (Supported by NIH grant NS 16064.)

890.20

THE EFFECTS OF 5HT2A RECEPTOR ACTIVATION ON 
STIMULATED GLUTAMATE RELEASE IN THE MEDIAL 
PREFRONTAL CORTEX OF RATS. C. Nocjar* and E. A. Pehek, 
Department of Psychiatry, Case Western Reserve University and 
Cleveland VA Medical Center, Brecksville, Ohio.

Previous in vitro electrophysiological work suggests that 
serotonin may facilitate.glutamate transmission through 5-HT2A 
receptors in the rat prefrontal cortex [PFC; Aghajanian & Marek,
1997]. The present study addressed this hypothesis by directly 
assessing how 5-HT2A receptor activation affects impulse-dependent 
glutamate release in the PFC using in vivo microdialysis coupled with 
HPLC/EC. An 80mM high potassium artificial CSF [80mM K+] was 
employed to stimulate neurotransmission in the PFC and the partial 5- 
HT2A/C agonist DOI was dissolved in this perfusion median to assess 
serotonergic receptor functioning. 80mM K+or 80mM K+ + 100 pM 
DOI were directly infused into the mPFC through reverse dialysis for 
30 minutes. High potassium treatment increased dialysate glutamate to 
250% of baseline levels. However, DOI mildly attenuated this effect 
with dialysate glutamate levels rising to only 157% of baseline in these 
animals . This preliminary work suggests that 5-HT2A receptor 
activation may modulate glutamate levels in the PFC. This work was 
supported by a VA MERIT award to EAP.
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891.1
EXPRESSION OF NICOTINIC ACETYLCHOLINE RECEPTORS IN 
RAT ORGANOTYPIC CULTURES.
N, Moser1*. B, Achnitz1. J, Lindstrom2, and H, Schrader1. ’Department of 
Anatomy, University of Cologne, Cologne, Germany; department of 
Neuroscience, School of Medicine, University of Pennsylvania, Philadel-
phia, PA, USA.

Using organotypic cultures as a potential experimental model system we 
studied the expression of nicotinic acetylcholine receptors (nAChR) under 
standardized conditions. Slice cultures produced by this technique retain the 
basic structural and connective organization of their tissue of origin. Trans-
verse sections of cerebral cortex and hippocampus of neonatal rats were pre-
pared according to the protocol of Stoppini (Stoppini et al, J Neurosci Meth-
ods, 37(1991)173-182) and easily maintained throughout the entire culture 
period of 1-3weeks showing a well preserved overall anatomic appearance. 
Visualization of cytoarchitecture, neuronal and glial cell elements, respec-
tively, was achieved by staining the sections with cresyl violet, and incuba-
tion with NeuN- and GFAP-antibodies. Cell viability was studied using a 
LIVE/DEAD Viability/Cytotoxity-kit. To compare the pattern of expression 
of nAChR-immunoreactivity in vivo with that in culture conditions, we ex-
amined its distribution in transverse sections of organotypic cultures at dif-
ferent days in vitro. A comparable widespread expression pattern was obser-
ved in these organotypic slices. This model system will be used to test for 
the possible impact of pathogenetically relevant compounds, like e.g. p-amy-
loid on nAChR expression.

Supported by the Deutsche Forschungsgemeinschaft (Schr283/18-1, 18-2).

891.2
Ultrastructural Evidence that the al Nicotinic Receptor Subunit Participates 
in Modulating Excitatory and Inhibitory Inputs to Pyramidal and Non- 
Pyramidal Neurons in the Cortex: A Post-Embedding Immunogold Study
Mona Lubin^and Chive Aoki. Center for Neural Science, New York University, 
NY, NY 10003

The al nicotinic receptor subunit, thought to form an homomeric receptor 
complex in vivo, has been characterized as a participant of the cholinergic 
neuromodulatory system within the mammalian CNS. Nicotine, as other 
cholinergic agonists, will elicit fast, rapidly desensitizing, depolarizing currents 
that affect the firing rates of both excitatory and inhibitory neurons; these currents 
are blocked by the antagonist, a-bungarotoxin. Although much work has 
described the electrophysiological behavior of this "low-affinity nicotinic 
receptor" within certain regions of the brain, there is an heterogeneity of 
responses that suggests that both pre- and postsynaptic mechanisms within 
specific neural circuits are at play. Still, electrophysiological studies have yet to 
reveal the activity of the al nicotinic receptor subunit within the cerebral cortex 
and anatomical studies have yet to confirm the precise localization of the subunit 
within synapses. We therefore performed a series of post-embedding 
immunogold experiments to identify the types of synaptic specializations within 
which the subunit may be found in the cortex, and to quantify such information as 
the percentages of pre- vs. post-synaptic labeling and the degree of clustering at 
synaptic junctions. These experiments revealed that the antigen was prominently 
clustered over the postsynaptic density of axospinous junctions, but also occurred 
elsewhere within the spine as well as pre-synaptically. Alpha-7 labeling was also 
found in both GABA-negative and GABA-positive dendritic shafts, at plasma 
membranes of symmetric synaptic junctions, and at nonsynaptic locations. In 
light of these findings, the al nicotinic receptor subunit may participate in the 
modulation of a variety of interneuronal signalling mechanisms. Support: 
NIMH Training Grant MH19524.

891.3

EXPRESSION OF a4 AND a7 NICOTINIC RECEPTOR SUBUNITS IN 
PARVALBUMIN-IMMUNOREACTIVE INTERNEURONS IN THE 
HUMAN TEMPORAL CORTEX
I, Krenz'.»D, Kalkan1. A, Wevers1. R.A.I, deVos2. J, Lindstrom3, and H,
Schroder1*, ’institut II fur Anatomie, Univ. of Cologne, D-50931 Cologne, 
2Laboratorium Pathologie Oost Nederland, Enschede, and ’University of 
Pennsylvania School of Medicine, Department of Neuroscience, Phila-
delphia, PA, USA

Nicotinic acetylcholine receptors are involved in cognition-related pro-
cesses in the human cerebral cortex. While their presence in numerous 
pyramidal neurons is well known the intemeuronal presence of nAChRs is 
controversial. Therefore, we investigated the distribution of the nAChR a4 
and al subunits in the human temporal gyrus using a double immuno-
fluorescence protocol. Intemeurons were detected by an anti-parvalbumin 
antibody followed by a biotin-streptavidin DTAF technique. The al (mAb 
306) and a4 (mAb 299) subunits were visualized using an indirect 
immunofluorescence protocol (rhodamine).

For both nAChR subunits immunolabel was present in the majority of 
parvalbumin-immunoreactive intemeurons. The intemeuronal expression of 
nAChRs renders cholinergic cortical transmission much more complicated 
than thought before.

Ongoing investigations will provide further information on the possible 
expression of other nAChR subunits in cerebrocortical intemeurons.

Supported by the DFG (Schr 283/18-1, 18-2)

891.4
ACTIVATION OF NICOTINIC ACETYLCHOLINE RECEPTORS ON 
GABAERGIC NEURONS IN THE RAT ENTORHINAL CORTEX.
X. Wang and N.A. Lambert*. Department of Pharmacology and Toxicology, 
Medical College of Georgia, and Medical Research Service, VAMC, Augusta, 
Georgia, 30912.

Nicotinic acetylcholine receptors (nAChRs) are involved in cognitive function, 
learning and memory. Behavioral studies in rodents have identified several 
possible sites where nAChR function may be important, including the prefrontal 
cortex, ventral hippocampus and entorhinal cortex. We have examined the effects 
of nAChR activation on excitability and synaptic function in layer II perforant 
path projection neurons and GABAergic neurons in acutely prepared slices of the 
rat entorhinal cortex. Pressure application of acetylcholine (ACh) to neurons in 
layer II produced rapidly-desensitizing currents characteristic of nAChR-mediated 
responses in a minority of neurons (21%). Neurons in layer II that were labeled 
by injection of retrograde tracer in the hippocampus never responded directly to 
application of ACh, suggesting that the ACh-sensitive neurons in this layer did not 
project to the hippocampus. In contrast, the vast majority (95%) of presumed 
GABAergic neurons in layer I responded to local application of ACh. ACh- 
evoked currents desensitized rapidly with repeated application of ACh or bath 
application of nicotine, and were blocked by mecamylamine or a-bungarotoxin. 
Rapid bath application of ACh produced similar (albeit smaller and slower) 
responses in layer I neurons, and markedly increased the frequency of 
spontaneous inhibitory postsynaptic currents (IPSCs) in layer II neurons. 
Monosynaptic ISPCs evoked by electrical stimulation (recorded in layer II 
neurons) were not affected by ACh application. These results suggest that 
nAChRs modulate the function of the entorhinal cortex primarily via postsynaptic 
excitation of GABAergic neurons.
Supported by grants from the NIH (NS36455) and a VA Merit Review.

891.5

SELECTIVE NICOTINIC EXCITATION OF SUBTYPES OF INTERNEURONS 
IN THE RAT NEOCORTEX
J.T. Porter* B, Cauli. K. Tsuzuki. B. Lambolez. J. Rossier. E. Audinat, Laboratoire 
de Neurobiologie, ESPCI, CNRS UMR 7637, 10 rue Vauquelin, 75005 Paris, 
France.
The cellular mechanisms by which neuronal nicotinic cholinergic receptors 
influence many aspects of physiology and pathology in the neocortex remain 
largely unknown. Whole-cell recordings and single-cell RT-PCR were used to 
analyze the effect of nicotinic receptor agonists on different types of neurons in 
acute slices of rat motor cortex. The application of nicotinic receptor agonists 
induced TTX-sensitive inhibitory postsynaptic currents in pyramidal neurons and 
intemeurons indicating that intemeurons discharged in response to the nicotinic 
stimulation. In the presence of glutamate, GABA, and muscarinic receptor 
antagonists, nicotinic stimulation had no effect on pyramidal neurons and on most 
types of intemeurons including fast spiking intemeurons, but selectively excited a 
subpopulation of intemeurons co-expressing VIP and CCK. The inward currents 
induced by the nicotinic agonists showed an inward rectification at depolarized 
potentials with no current being detected at positive potentials. This excitation 
persisted in the presence of TTX and low extracellular calcium indicating that the 
depolarization was mediated through the direct activation of postsynaptic nicotinic 
receptors. The responses were blocked by the nicotinic receptor antagonists, 
dihydro-p-erythroidine and mecamylamine, and persisted in the presence of the al 
selective nicotinic receptor antagonist, methyllycaconitine suggesting that the 
involved nicotinic receptors lacked the al subunit. Single-cell RT-PCR analysis 
indicated that these intemeurons express ct4, a5, and J32 nicotinic subunits. 
Therefore these results provide a role for non-<x7 nicotinic receptors in the selective 
excitation of a subpopulation of neocortical intemeurons.
Support: Human Frontiers Science Program fellowship and CNRS.

891.6

NICOTINIC RECEPTORS IN INTERNEURONS OF THE HUMAN 
CEREBRAL CORTEX. M AlkondQ.n,K.E,F,R1 Pereirg,1 H.M, Eisenberg,2 
and E.X, Albuquerque1,3. 1Dept. Pharmacol. Exp. Ther. and 2Dept. 
Neurosurgery, Univ. Maryland Sch. Med., Baltimore, MD 21201, USA; 
3Depto. Farmacol. Bas. Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 
21944, Brazil.

Studies using animal models have demonstrated that functional 
nicotinic acetylcholine receptors (nAChRs) are present on neurons from 
different regions of the brain, and that activation of these receptors 
triggers the release of the inhibitory neurotransmitter, y-aminobutyric acid 
(GABA). Considering that animal models may not necessarily predict 
mechanisms in the human brain, a direct demonstration of the function 
of nAChRs in neurons of the human brain is required. In this study, we 
used samples of human cerebral cortex obtained from patients 
undergoing surgery for intractable seizures, and performed whole-cell 
patch clamp recordings in combination with biocytin labeling of the 
neurons for post-hoc morphological identification. U-tube application of 
choline or acetylcholine (ACh) in the presence of muscarinic antagonist 
atropine (1 pM) induced nicotinic currents that were identified as being 
mediated by al- or a4P2-like nAChRs. ACh also evoked GABA- 
mediated postsynaptic currents that resulted from nAChR-mediated 
synchronous activation of multiple GABAergic synapses. Biocytin-labeled 
neurons were identified as intemeurons by their morphology. These 
results support the existence of inhibitory and disinhibitory circuits in the 
human cerebral cortex that can be controlled by nAChR activation. 
(USPHS Grants NS25296 and ES05730; U.S. Army Medical Res. & 
Devel. Comm. Contr. DAMD-17-95-C-5063; PRONEX/Brazil)
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891.7

EXPRESSION OF NICOTINIC ACETYLCHOLINE RECEPTOR SUB-
UNITS DURING DEVELOPMENT OF THE RAT NEOCORTEX.
A. Grofi1, A. Wevers1, F. Hedavat1, R. Richter1, Ch, Birtsch1*, J, Lindstrom2,
H. Schroder1, ‘Institut II fur Anatomie, Universitat zu Koln, Koln, FRG and 
’University of Pennsylvania Medical School, Department of Neuroscience, 
Philadelphia, PA, USA

Besides signal transduction and presynaptic modulation, the nicotinic 
cholinergic system is likely to be involved in CNS morphogenesis. Several 
studies could show the mRNA expression of different nicotinic acetylcholine 
receptor (nAChR) subunits during ontogenesis of the human and rodent 
cerebral cortex. In the present investigation the distribution pattern of the 
nAChR a4 and a7 subunit was analyzed on the protein level.

Paraffin sections (7 pm) of perfusion-fixed fetal (El4 to E20), postnatal 
(PO to P25) and adult (Pl20) rat neocortices were incubated with the mono-
clonal antibodies mAb 299 (a4 subunit) and mAb 306 (a7 subunit) followed 
by visualization using the biotin-streptavidin-peroxidase-technique.

Both, a4 and a7 subunits were detected in the ventricular zone at El4. 
Perinatally, both proteins were present in all layers of the developing neo-
cortex. The highest signal intensities were found in L.VIb and in L.V. At P25 
the adult distribution pattern was present with highest signal intensities for 
both proteins in L.V.

These results demonstrate the translation of the a4 and a7 transcripts into 
the corresponding proteins before the in growing of cholinergic fibers into the 
rat neocortex and may point to a role of fetal nAChRs different from their 
involvement in adult synaptic transmission.

Supported by the DFG (Schr 283/18-1, 18-2)

891.8
EXPOSURE TO NICOTINE DURING POSTNATAL DEVELOPMENT 
ALTERS MEMBRANE PROPERTIES AND EPSPS IN AUDITORY 
CORTICAL NEURONS. V.B. Aramakis*, C.Y, Hsieh & R, Metherate. 
Department of Neurobiology & Behavior, & Center for the Neurobiology 
of Learning & Memory, University of California, Irvine, CA 92697.

During the second postnatal (P) week, rat primary sensory neocortices 
display a transient period of heightened cholinergic function that may 
contribute to cortical development. During this period (P8-16), but not 
later (>P19), nicotinic acetylcholine receptors (nAChRs) selectively 
regulate NMDA-receptor mediated synaptic activity (J. Neurosci. 18(20), 
8485). Our goal was to determine if increased nAChR stimulation during 
this critical period, via chronic exposure to nicotine, would interfere with 
development of neuronal physiology in auditory cortex. Rat pups were 
injected subcutaneously twice daily with either nicotine hydrogen tartrate 
(1 or 2 mg/kg) or saline (0.9%) from P8 to P12-15, and brain slices were 
prepared > 15 h after the last injection. Whole cell recordings were made 
from visually identified (Nomarski optics) layer II/III-IV pyramidal 
neurons, and intrinsic and synaptic properties were measured. Compared to 
saline controls, nicotine-treated neurons had lesser resting potentials and 
spike heights, and higher input resistances (p<0.05). Spike threshold, 
width and membrane time constant remained unchanged (p>0.05). 
Glutamate-mediated EPSPs were of longer duration and displayed 
multiple peaks cn their descending slope. Broader EPSPs were the result 
of greater NMDA receptor contribution, as demonstrated by the effects of 
APV. Voltage clamp recordings also indicated an increased frequency of 
spontaneous EPSCs. Thus, chronic nicotine treatment during the second 
postnatal week alters neuronal development in rat auditory cortex. 
Supported by NSF and NIDCD.

891.9

REGULATION OF DOPAMINE TRANSPORTER (DAT) ACTIVITY 
BY NICOTINIC RECEPTORS IN RAT PREFRONTAL CORTEX. A.E. 
Drew, A.E. Derbez, J.P. Dudek, and L.L, Werling*, Dept. of 
Pharmacology, The George Washington University Medical Ctr., 
Washington, DC 20037

Schizophrenics have a smoking rate four times that of the general 
population. One symptom of schizophrenia is decreased dopaminergic 
activity in the prefrontal cortex. Smoking or transdermally administered 
nicotine alleviates cognitive deficits in these patients, presumably by 
altering prefrontocortical neurochemistry. We have found that nicotine 
enhances amphetamine-stimulated (DAT-mediated) [3H]dopamine release 
from slices of rat prefrontal cortex, but not from slices of striatum or 
nucleus accumbens. Maximal enhancement of amphetamine-stimulated 
[3H]DA release was achieved at a concentration of 5 p.M nicotine, with 
higher concentrations producing less release. We also observed enhanced 
amphetamine-stimulated [3H]DA release with several other nicotinic 
agonists, with maximum enhancement occurring at the indicated 
concentrations: epibatidine, 500 pM, cytisine, 5 pM, and carbachol, 30 pM. 
Enhancement by nicotine was reversed by the antagonists mecamylamine 
(10 pM) and dihydro-P-erythroidine HBr (DHPE) (30 pM). Enhancement 
by nicotine was not reversed by the a7 subunit antagonist a-bungarotoxin 
(100 nM). Collectively, these findings suggest that nicotine is acting via a 
high affinity nicotinic receptor which regulates outward flow of DA via the 
DAT. The receptor involved appears not to contain an a7 subunit, as it is 
a-bungarotoxin-insensitive. Supported by a grant to LLW from the 
National Alliance for Schizophrenia and Depression.

891.10

INFLUENCE OF SEX AND SEX HORMONES ON NICOTINE 
PHARMACOLOGICAL EFFECTS. M.I. Damai* and B.R. Martin. 
Department of Pharmacology and Toxicology, Medical College of 
Virginia of Virginia Commonwealth University, Richmond, VA 23298.

A number of studies have shown that women find it more difficult 
than do men to quit smoking cigarettes. There has been relatively little 
systematic examination of sex-related differences in the acute or chronic 
effects of nicotine. Understanding these differences might help in 
developing better prevention and treatment strategies in smoking 
cessation. In the present study, we investigated various 
pharmacological effects of nicotine in male and female mice after acute 
and chronic exposure to nicotinic agonists. No significant differences 
were found in the potency of nicotine in inducing hypothermia, 
hypomotility and seizures between male and female mice after s.c. 
injection of nicotine. However, nicotine was significantly less potent in 
inducing antinociception in female mice than male in both the hot-plate 
and tail-flick tests. Indeed, nicotine injected s.c. to male and female 
mice, elicited a dose-dependent antinociception in the tail-flick test with 
ED50 values of 1.05 and 2.94 mg/kg, respectively. In addition, The 
appearance and the magnitude of acute tolerance to nicotine-induced 
antinociception varied between male and female mice after intrathecal 
injection, with female mice less sensitive to the developing of tolerance 
than male. Indeed, doses of nicotine that decreased the effects of a 20 
pg/animal dose of nicotine by 50 % (ID50) in male and female mice 
were 0.05 and 0.28 pg/mouse, respectively. The effect of gender on 
the development of tolerance to nicotine’s effects after chronic exposure 
of the drug will be also presented. (Supported by NIH DA-05274).

891.11

SPINAL MECHANISMS UNDERLYING A-85380-INDUCED EFFECTS ON ACUTE 
THERMAL PAIN. L.E. Rueter*, M.D. Meyer, X.-D. Zhu, M.W. Decker. Neurological & 
Urological Diseases Research, D-47W, Abbott Laboratories, Abbott Park, IL 60064-6115

Systemic administration of nicotinic receptor (nAChR) agonists is antinociceptive in 
models of acute pain whereas their intrathecal (i.t.) administration has been reported to be 
antinociceptive, nociceptive or without effect. It has been hypothesized that the action 
induced is dependent upon the nAChR subtype activated. In addition, there is 
considerable evidence that nAChR ligand-induced analgesia is mediated by other 
neurotransmitter systems via descending pathways from the brainstem to the spinal cord. 
The present study investigated the effects of systemic and i.t. administration of A-85380, a 
novel nAChR agonist, in the Hargreaves hot box model of acute thermal pain in the rat. 
Given systemically, A-85380 (0.56 pmol/kg, i.p.) induced analgesia as indicated by an 
increased latency to paw withdrawal, an effect differentially altered by i.t. pretreatment 
with monoaminergic antagonists (100 nmol/rat). While prazosin (a,-adrenoceptor) and 
mecamylamine had no effect, methiothepin (5-HT1/2), MDL 72222 (5-HT3), and 
scopolamine (M,J partially antagonized and idazoxan (aj-adrenoceptor) completely 
antagonized A-85380-induced antinociception. Given i.t., A-85380 (0.1-10 nmol/rat) 
decreased the latency to paw withdrawal by 2-4 sec. This hyperalgesia was accompanied 
by a spontaneous flinching behavior. Both of these effects were dose-dependently 
blocked by i.t. pretreatment with the nAChR antagonists mecamylamine (10 nmol)>MLA 
(100 nmol)>DH(3E (50% with 1000 nmol). These results are similar to those found with i.t. 
epibatidine (Khan et al., 1998, Neuropharm., 37:1515) and suggest that the nociceptive 
properties of spinally administered nAChR agents are not mediated by a J32 containing 
nAChR subtype. These data indicate that, similar to nicotine (Rogers & Iwamoto, 1993, 
JPET, 271:624), A-85380 is not acting directly at the level of the spinal cord to induce 
analgesia in acute thermal pain, but rather through descending noradrenergic, 
serotonergic and muscarinic inhibitory pathways. [Supported by Abbott Labs]

891.12

DIFFERENTIATION OF PERIPHERAL VERSUS CENTRAL NICOTINIC 
ACETYLCHOLINE RECEPTOR ANTAGONISM IN THE RAT. A.L. Nikkei.
R.S. Bitner*. Peter Curzon and M.W. Decker. Neurological and Urological 
Disease Research, Abbott Laboratories, Abbott Park, IL 60064-3500

It is often concluded that the inability of a peripheral ganglionic blocker to 
antagonize a response that is blocked by a CNS penetrating nicotinic acetylcholine 
receptor (nAChR) antagonist indicates a central nAChR-mediated action. This 
type of null deduction, ‘ however, does not eliminate the possibility that the 
ganglionic blocker may not act peripherally as assumed under the dose conditions 
of the experiment. In searching the literature, we found very few reports 
comparing and contrasting peripheral versus central nAChR antagonism in the rat. 
In the present study, we used a method of specifically antagonizing either 
peripheral or central nAChRs by administering the bisquaternary ganglion-
blocking agent chlorisondamine (CHL) by a systemic (i.p.) or central (i.c.v.) route, 
respectively (Clarke, Br. J. Pharmacol. 83:527 1984). In examining the role of 
peripheral nAChRs, the nicotinic agonist epibatidine (0.01- 0.1 pmol/kg i.p.) 
produced a dose response increase in urine output of rats that was blocked by 
systemic CHL (0.7 pmol/kg) pretreatment. However, this means of antagonizing 
peripheral nAChRs had no effect mi  the antinociceptive effects of epibatidine in the 
rat-hot box test of acute thermal pain. In contrast, i.c.v. CHL (20 nmol) completely 
blocked epibatidine antinociception, consistent with our previous reports that 
nicotinic mediated analgesia is centrally mediated. Interestingly, i.c.v. CHL 
pretreatment also inhibited epibatidine-induced urine output, suggesting that both 
peripheral and central nAChRs may play a role in regulating urine output. The 
results of these studies validate the use of CHL as a pharmacological tool to 
differentiate peripheral from central nAChR mediated responses in the whole 
animal. (Supported by Abbott Labs)
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891.13

REDUCED NICOTINE-ELICITED ANTINOCICEPTION IN 
MICE LACKING NEURONAL NICOTINIC RECEPTOR 
SUB UNIT S L.M. Marubio*, M.M. Arroyo-Jimenez, M. Cordero- 
Erausquin, C. Lena. N. Le Novere. A. de Kerchove d'Exaerde, M,
Huchet. M.I, DamaiS. and J.P. Changeux. Institut Pasteur 
Biotechnologies, 25 rue du Dr. Roux, 75724 Paris Cedex 15, 
FRANCE. §Dept. of Pharmacology, Medical College of Virginia, 
Richmond 23298-0613, USA.
The involvement of a particular nAChR subunit in nicotine analgesia 
has been difficult to assess. Pharmacological approaches have 
suggested a possible contribution of the widely-expressed neuronal a4 
subunit which co-assembles in vivo with the p2 nAChR subunit (and 
possibly other nAChR subunits) to form functional receptors. To 
identify particular subunits involved in the antinociceptive effect ol 
nicotine, mice lacking the a4 and the 62 nicotinic acetylcholine receptor 
(nAChR) subunits were investigated. Both types of mutant mice 
display a reduced antinociceptive response on the hot-plate test and 
diminished sensitivity to nicotine in the tail-flick test. Systemic 
injection of the antagonist, hexamethonium, revealed a role for 
peripheral, non-a4, non-62-subunit containing nAChRs in the tail-flick 
test. Furthermore, in the thalamus and the raphe magnus there is a loss 
of 3H-nicotine and 3H-epibatidine binding sites in mutant mice. 
Moreover, patch clamp recordings reveal that neurons in these areas no 
longer respond to nicotine indicating a contribution of the a4 and 62 
nAChR subunits to functional receptors in areas implicated in 
supraspinal nicotine-elicited antinociception. (CNRS, College de France, 
AMF, The Council for Tobacco Research, NARSAD and NIH DA 05274)

891.14

THE ANALGESIC-ANTIPYRETIC ACTIONS OF DIPYRONE MAY INVOLVE 
NICOTINIC ACETYLCHOLINE RECEPTORS (nAChRs). M.E. Matheus.1 M.D, 
Santos.1'2 Y, Aracava1'2* and E.X, Albuquerque1'2. 1Dept. Basic Clin. 
Pharmacol., Federal Univ. Rio de Janeiro, RJ, 21944-590, Brazil; 2Depto. 
Farmacol. Bas. Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 21944, Brazil.

Nicotine has long been reported to have analgesic-antipyretic properties 
(Surg. Gynecol. Obstet. 55:418, 1932), and an increasing body of evidence 
supports the involvement of neuronal nAChRs in analgesia (J. Pharmacol. Exp. 
Ther. 274:771, 1995). Although the mechanisms of action of dipyrone 
(metamizol) are still poorly understood, its interactions with receptors in the 
central nervous system have been recognized (Eur. J. Pharmacol. 318:37, 
1996). Therefore, we evaluated the interplay of dipyrone and nicotine on the tail- 
flick response and dipyrone interactions with neuronal nAChRs. Mice were 
injected via i.p. or s.c. with dipyrone (25 and 50 mg/kg) and/or nicotine (1-10 
mg/kg). Either one alone caused a lengthening of the latency time in the tail-flick 
test. The admixture of dipyrone with low nicotine concentrations showed an 
additive effect. However, when dipyrone was administered together with high 
concentrations of nicotine, the latency in the tail flick test was the same as that 
observed in untreated animals. An initial report indicated that dipyrone could 
directly activate and block muscle nAChRs (Abstr. Soc. Neurosci. 24: 1581, 
1998). Thus, we examined the effects of this compound on neuronal nAChRs. 
In hippocampal neurons in culture, dipyrone (10 pM) did not elicit any detectable 
whole-cell currents, although it reduced the amplitude of type IA, aBgt-sensitive 
currents elicited by ACh (0.3-1 mM). Our data indicated that the interactions of 
dipyrone with neuronal nAChRs could account for the interplay between nicotine 
and dipyrone in the tail-flick test.
(CNPq, CAPES, Finep, and PRONEX/Brazil)

ACETYLCHOLINE RECEPTORS: NICOTINIC IX

892.1

CHRONIC NICOTINE TREATMENT ATTENUATES THE LOSS OF 
HIPPOCAMPAL a7 NICOTINIC CHOLINERGIC RECEPTORS FOLLOWING 
TRAUMATIC BRAIN INJURY. S.L. Verbois*1, S.W. Scheff2 and J.R. 
Pauly1. College of Pharmacy and 2Sanders-Brown Center on Aging, 
University of Kentucky, Lexington, KY 40536-0082.
Traumatic brain injury (TBI) often results in a persistent cognitive 

dysfunction which has been correlated with alterations in CNS 
cholinergic neurons. Our previous studies have shown that a7 nicotinic 
receptors are particularly vulnerable to TBI-induced deficits. 
Following a cortical contusion injury (CCI), 125l-bungarotoxin (BTX) 
binding is significantly reduced in many brain regions whereas [3H ] - 
epibatidine (a3/a4 nAChr) and [^j-QNB (muscarinic) binding are 
largely unchanged. In this study we evaluated the effects of chronic 
nicotine administration on TBI-induced deficits in a7 nAChr binding. 
Adult male Sprague-Dawley rats were sham-operated, or subjected to 
mild (1mm cortical deformation) or moderate (2mm) unilateral CCI 
using an electronically-controlled pneumatic impacting device. 
Immediately following CCI, Alzet osmotic mini-pumps that delivered 
chronic saline or nicotine (0.125 mg/kg/hr) were implanted (sc). 
Brains were prepared for 125I-BTX receptor autoradiography 7 days 
following surgery. TBI induced a significant decrease in [12SI]-BTX 
binding in many hippocampal regions including the dentate gyrus, 
pyramidal cell layer, CA1, CA2 and the subiculum. Chronic nicotine 
treatment reversed the deficit in BTX binding in each brain region 
evaluated. If decreased BTX binding contributes to the cognitive decline 
seen after TBI, chronic nicotine treatment may have significant 
therapeutic value. Supported by the UKMCRF, KYSCHIRT, NS31220.

892.2

LOW CONCENTRATIONS OF NICOTINE PERSISTENTLY 
ACTIVATE INTERNEURONS IN THE CA1 OF RAT 
HIPPOCAMPUS. Y. Jia and K, Sumikawa*. Dept. of Neurobiology 
and Behavior, Univ. of California, Irvine, CA 92697.

It has been demonstrated that most, if not all, nicotinic acetylcholine 
receptors (nAChRs) desensitize rapidly in the continued presence of 
nicotine. Because the smoker maintains a low level of nicotine, it is not 
clear whether most nAChRs in the smoker’s brain are in their desensitized 
state or resting state in which they can be activated by the next dose of 
nicotine by cigarette consumption. Using whole-cell recording techniques 
in visually identified CA1 intemeurons in rat hippocampal slices, we 
observed that rapid bath application of nicotine (0.5 pM) or A85380 
(1 pM) depolarized the cells and caused spontaneous firing of action 
potentials. The effects of nicotine were maintained during the application 
of nicotine (at least 20 min) and blocked by DHpE (1 pM). The DHpE 
blockage of persistent nicotine action suggests that the nicotine-induced 
effect is unlikely mediated by activation of second messenger pathways. 
Furthermore, the effects of nicotine were still observed in chronic-nicotine 
treated rat hippocampal slices. These results suggest that nAChRs 
responsible for the effects do not desensitize. Because smoking a single 
cigarette delivers an acute dose of approximately 0.5 pM nicotine that is 
superimposed on a chronic nicotine level of about 0.1 pM, it appears that 
the concentration of nicotine rises to effective levels to activate the 
nAChRs with each cigarette smoked. Thus, our results suggest that at 
least one subtype of nAChR could be persistently activated in the 
smoker’s brain.
(Supported by UC-TRDRP and Smokeless Tobacco Research Council, 
Inc.)

892.3

CHOUNE AND OTHER NICOTINIC AGONISTS STIMULATE INTERNEURON- 
TO-INTERNEURON SYNAPSES IN THE CA1 REGION OF THE RAT 
HIPPOCAMPUS. E.X. Albuquerque.1’2 A.T. Eldefrawi1* and M, Alkondon1 Dept. 
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, U.S.A.; 
2Depto. Farmacol. Bas. Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 21944, Brazil.

In an attempt to understand the role of the nicotinic acetylcholine receptors 
(nAChRs) that are present on CA1 intemeurons, we applied the whole-cell patch 
clamp technique to record responses evoked by application of acetylcholine 
(ACh) or choline to various types of intemeurons in the stratum radiatum and 
lacunosum moleculare of the CA1 field of rat hippocampal slices. Post-recording 
reconstruction of the image of intemeurons from which recordings were obtained 
was made possible by the use of biocytin. Outward-going GABAergic 
postsynaptic currents (PSCs) were studied at 0 mV using a Cs-methane- 
sulfonate-containing pipette solution. Choline, a selective a7 nAChR agonist 
(Eur. J. Neurosci. 9:2734, 1997; J. Neurosci. 19:2693, 1999), and ACh, a 
nonselective agonist, were applied to the neurons via a U-tube in the presence 
of the muscarinic antagonist atropine. Both agonists elicited GABAergic PSCs 
in the neurons, however, ACh (1 mM) was more effective than choline (10 mM). 
In many neurons, it took longer for choline than for ACh to induce PSCs. ACh- 
induced PSCs were mostly blocked by dihydro-p-erythroidine, indicating that they 
were mediated by a4P2 nAChRs. In contrast, choline-induced PSCs were 
blocked by the a7-nAChR-selective antagonist methyllycaconitine. Further, 
agonist-induced PSCs could be recorded in the intemeurons that sent axonal 
projections to different strata of the hippocampus. These results suggest that 
nAChRs may play a key role in disinhibitory mechanisms, and that such 
disinhibitory pathways could affect multiple targets in the hippocampus. 
(USPHS Grants NS25296 and ES05730, U.S. Army Med. Res. & Devel. Comm. 
Contr. DAMD-17-95-C-5063; PRONEX/Brazil)

892.4

NICOTINIC ENHANCEMENT OF GABAergic TRANSMISSION IN 
HIPPOCAMPUS
S. Hulo1, S. Hefft2. F. Chiodini3 and D. Muller1*/’Dept of pharmacology CMU, 
2Dept of Neurology HCUG and 3Dept of physiology CMU, 1 Rue Michel Servet 
1211 Geneve-4.

Functional, neuronal nicotinic acetylcholine receptors (NnAchRs) are expressed 
on CA1 hippocampal neurons in situ. To study their pre- and postsynaptic 
involvement in the modulation of GABAergic transmission, we analyzed 
monosynaptically-evoked (elPSCs) and spontaneous (spIPSCs) IPSCs in voltage 
clamped CA1 neurons of submerged and interface type organotypic hippocampal 
cultures. Bath application of 500 nM nicotine produced 2 effects: a transient 
increase in the frequency and amplitude of (sp)IPSCs, and a lasting potentiation 
of elPSCs.

The transient increase in amplitude and frequency of spIPSCs was TTX sensitive 
and could be blocked by d-tubocurarine, but not by methyllycaconitine (MLA 
100 nM). It thus reflected an activation by nicotine of GABAergic intemeurons.

Following the transient bursting of intemeurons, nicotine application triggered a 
lasting potentiation of elPSCs. This effect could be blocked by preincubation of 
the cultures with MLA and by inclusion of 10 mM BAPTA in the pipette. This 
potentiation appears to be prevented by intracellular application of the CaMKII 
inhibitor, KN-93. The increase in elPSCs by applied nicotine was accompanied by 
a slowing in the IPSC decay that was also abolished by intracellular dialysis with 
BAPTA.

These results indicate that nicotine modulates GABAergic transmission in 2 
ways: 1) through a direct activation of intemeurons firing and 2) through a 
postsynaptic facilitation of GABAa  receptor function.
Work supported by the Swiss Nat. Res. Foundation: 3100-0408 15.94.
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892.5
SENSITIVITY TO LOW FREQUENCY STIMULATION OF POSTSYNAPTIC 
a7 NICOTINIC ACETYLCHOLINE RECEPTOR RESPONSES IN RAT 
HIPPOCAMPAL INTERNEURONS.
A. V. Buhler1*, T, V. Dunwiddie1,2,3.1 Department of Pharmacology, University of 
Colorado Health Sciences Center, 2Neuroscience Program, University of Colorado 
Health Sciences Center, ’Veterans Affairs Medical Research Service, Denver, 
Colorado.

Electrically evoked postsynaptic a7 nicotinic currents in the rat hippocampus are 
reduced in amplitude by low frequency stimulation intervals (15 second intervals to 
90 second intervals). These currents undergo a cumulative depression which 
becomes maximal at the fourth or fifth response at each stimulation frequency while 
leaving a residual current of 20%. Depression of a7 nicotinic receptor mediated 
currents is also seen at millisecond stimulation intervals (75 ms to 150 ms). 
Presynaptic mechanisms under investigation include depletion of acetylcholine 
stores, and neurotransmitter or neuropeptide inhibitors of presynaptic acetylcholine 
release. Possible postsynaptic mechanisms include receptor desensitization and 
down-stream effects of receptor activation. Although currents activated by 
exogenous application of acetylcholine are not diminished at 10-30 second 
intervals, which suggests that postsynaptic mechanisms are unlikely, the different 
concentrations of acetylcholine released by these methods of activation and the 
possibility of activation of differently regulated subpopulations of receptors make it 
difficult to rule out a postsynaptic mechanism. In fact, occlusion experiments using 
both electrical stimulation and exogenous acetylcholine application suggest only a 
partial (30%) overlap of activated receptor populations in exogenously activated 
versus synaptically evoked currents. These findings raise the possibility that there 
are frequency-dependent limitations to synaptic transmission at nicotinic synapses-' 
in the hippocampus. (Supported by MH44212 and the Veterans Administration 
Medical Research Service.)

892.6
NICOTINIC ACETYLCHOLINE RECEPTOR SINGLE CHANNEL 
CURRENTS IN RAT HIPPOCAMPAL INTERNEURONS.
Z.Y. Shao and J.L. Yakel*.
Laboratory of Signal Transduction, NIEHS/NIH, RTP, NC 27709.

Nicotinic acetylcholine receptors (nAChRs) are present in inhibitory
intemeurons in the rat hippocampus, where they may be playing a role in 
certain physiological phenomena (e.g. cognition) and diverse 
neuropathological conditions (e.g. epilepsy and schizophrenia). It has also 
been suggested that these receptors may serve as targets for the 
pharmacological action of nicotine in vivo. To further investigate the 
biophysical characteristics of these ligand-gated nAChR channels, we 
obtained outside-out patches from rat CA1 stratum radiatum intemeurons in 
brain slices in order to investigate the properties of the single-channel 
currents. Rapid application of ACh (10 pM) induced observable single-
channel currents at negative holding potentials (Vh) that had a slope 
conductance of 38 pS. A second larger conductance [of -62 pS] was 
observed in some patches. No single-channel currents was obtained at 
positive Vh. 16% (n= 86) of cells tested had observable single-channel 
currents; most of the channel currents irreversibly ran down in a couple of 
minutes. The antagonist methyllycaconitine (MLA), which selectively 
blocks the a7 subtype of the nAChR, had little effect on nAChR single-
channel currents in one long-lived patch, indicating that these were not 
receptors comprised of the a7 subtype of the nAChR.

Supported by the NIH intramural program

892.7

LONG-LASTING REGULATION OF GABA RELEASE FROM RAT 
HIPPOCAMPAL SLICES BY a7-TYPE NICOTINIC ACETYLCHOLINE 
RECEPTORS
B, Sperlagh1, A. Kofalvi1, H. Sershen2* and E. S.Vizi1 
'Department of Pharmacology, Institute of Experimental Medicine, Hungarian 
Academy of Sciences, H- 1450 Budapest, P.O. Box 67 Hungary, 2Center for 
Neurochemistry, Orangeburg, New York

The effect of nicotine on the resting and electrical stimulation-evoked 
|3H]GABA release was investigated in superfused rat hippocampal slices. When 
excitatory synaptic transmission was 'blocked by preperfusion with atropine, 
CNQX and AP5 (10-10 pM), nicotine, added for 30 sec 15 min before the 
stimulation enhanced the field stimulation-evoked [50 V, 10 Hz, 3 ms, 360 shocks] 
release of [3H]GABA, but not the resting release, in a concentration-dependent 
manner. The selective and potent a.7 receptor antagonist methyllycaconitine (10 
nM) completely blocked the effect of nicotine, indicating that nicotine acts via a 7 
receptors to release GABA in the hippocampus. When administered for a similar 
period, but 1, 30 , and 45 min before the respective field stimulation, nicotine 
elicited a similar potentiation of GABA release suggesting rapid and long-lasting 
molecular alterations in GABA-ergic neurons in response to short challenge of a7- 
type nicotinic receptor activation. Our findings provide neurochemical evidence 
that GABA release is regulated by a7-type nicotinic acetylcholine receptors in the 
hippocampus and offer important implications explaining the central effect of 
nicotine and in the treatment of neuropsychiatric diseases (supported by grants of 
P.Morris and Hungarian Research Foundation (OTKA T022450).

892.8

a7- AND a4p2-LIKE NICOTINIC RECEPTORS (nAChRs) CONTROL 
GLUTAMATE AND GABA RELEASE FROM HIPPOCAMPAL NEURONS IN 
CULTURE. E.F.R. Pereira.1* M.F.M, Braaa.1 2 and E.X, Albuquerque12. 1Dept. 
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, USA; 
2Depto. Farmacol. Bas. Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 21944, Brazil.

In the brain, nAChRs play a central role in controlling transmitter release. 
Here, applying the patch-clamp technique to cultured hippocampal neurons, we 
show that in the presence of tetrodotoxin (TTX) and of the glutamate-receptor 
antagonist CNQX (10 pM), a 1-s pulse of ACh (0.1-1 mM) or choline (1-10 mM) 
increased the frequency of GABA-mediated miniature postsynaptic currents 
(mIPSCs). The effect of choline was blocked by the a7 nAChR-antagonist 
methyllycaconitine (MLA, 1 nM) and that of ACh was blocked by the admixture 
of MLA with the a432 nAChR-antagonist dihydro-3-erythroidine (100 nM). 
Neither agonist changed the amplitude or the kinetics of the mIPSCs. Thus, it 
was concluded that activation of presynaptic a7- and a432-like nAChRs triggers 
the TTX-insensitive release of GABA from hippocampal neurons. Preterminal 
and/or somatodendritic a7- and a432-like nAChRs are also known to modulate 
the TTX-sensitive release of GABA from hippocampal neurons (J. Neurosci. 19: 
2693, 1999). To investigate whether, in the absence of TTX, nAChR-induced 
release of GABA could affect the release of glutamate, a methanesulfonate- 
containing solution was used to fill the patch pipette. Under this condition, in 
neurons voltage clamped at -15 mV, IPSCs and excitatory PSCs (EPSCs) were 
seen as outward and inward deflections, respectively. ACh (1 s, 1 mM) increased 
more the frequency of IPSCs than the frequency of EPSCs, and, in three out of 
five experiments, following exposure of the neurons to MLA, ACh (1 s, 1 mM) 
increased the frequency of IPSCs and decreased to below control levels the 
frequency of EPSCs. These findings suggest that nAChR activity in interneurons 
inhibits pyramidal neurons, thereby possibly “filtering” extraneous stimuli within 
neuronal networks in the brain. (USPHS NS25296 & PRONEX/Brazil)

892.9

mRNA EXPRESSION OF nAChR a2, a3, a4, a5, a6, cx7, £2, p3, AND 04 
SUBUNITS IN RAT HIPPOCAMPAL NEURONS USING SINGLE CELL 
RT-PCR. S. Sudweeks* & J.L. Yakel, Laboratory of Signal Transduction, 
NIEHS/NIH, RTP, NC 27709.

Neuronal nicotinic acetylcholine receptors (nAChRs) have been 
suggested to participate in such diverse conditions as Alzheimer’s 
disease, epilepsy, schizophrenia, pain, cognition, short-term memory 
formation, tobacco addiction, and even cell proliferation and 
differentiation in the developing CNS. This study examines the mRNA 
expression of the nAChR a2, a3, a4, a5, a6, a7, f}2, 33, and 34 subunits in 
CA1 stratum radiatum intemeurons and in CA1 and CA3 pyramidal 
neurons in the rat hippocampus - a structure known to be involved in 
learning and memory. Visually identified neurons in 300 pm thick 
coronal hippocampal slices from 11-19 day old Wistar rats were analyzed 
for nAChR receptor subunit expression using single cell reverse 
transcription-polymerase chain reaction (RT-PCR). Statistical analysis 
using a z-test for comparing two sample proportions showed significantly 
different patterns of mRNA expression between the intemeurons and 
the stratum pyramidale neurons. A higher proportion of the intemeuron 
population expressed detectable levels of nAChR a4, a5, a7, and 32 
subunit mRNAs. No significant expression was detectable for a2, a3, or 
a6 subunits. These results suggest that multiple subunit isoforms are 
involved in forming the nAChR receptors expressed by stratum 
radiatum intemeurons. By further defining the molecular 
characteristics of this nAChR response, we hope to gain a better 
understanding of how nicotinic receptors are involved in modulating 
neuronal activity in the hippocampus.

Supported by the NIH intramural program

892.10
BIPHASIC EFFECTS OF LEAD (Pb2+) ON a7 NICOTINIC ACETYLCHOLINE 
RECEPTORS OF CULTURED HIPPOCAMPAL NEURONS. A, Mike.1 N.G, 
Castro2* and E.X, Albuquerque1,2. 1Dept. Pharmacol. Exp. Ther., Univ. 
Maryland Sch. Med., Baltimore, MD 21201, USA; 2Depto. Farmacol. Bas. 
Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 21944, Brazil.

Lead selectively blocks a7 nicotinic acetylcholine receptors (nAChRs)- 
mediated currents recorded from cultured or acutely isolated hippocampal 
neurons. Evidence was provided that the inhibition took more than a minute 
to develop fully, and recovery was similarly slow and incomplete (J. Pharmacol. 
Exp. Ther. 273:1471,1995). Therefore, Pb2+ association to and dissociation 
from the nAChR were thought to be slow. In this study, we further investigated 
the interactions of Pb2* with a7-like nAChRs. We studied the kinetics of the 
effect of Pb2* with rapid application of the solutions, and the agonist 
concentration-dependence of the inhibition. More than two-thirds of the total 
inhibition was found to develop within the first second of Pb2* application 
(3-30 pM). The recovery from inhibition was similarly rapid (subsecond time 
scale) and it was complete. The fast component of inhibition was characterized 
by a reduction of the amplitude and an acceleration of the decay phase of 
agonist-evoked currents. The inhibition was strongly dependent on the agonist 
concentration and on the time allowed for receptor equilibration with Pb2*. 
Prolonged application of Pb2* produced a small additional inhibition, which was 
irreversible. Thus, Pb2* has a biphasic effect on a7 nAChRs, the fast-
developing, reversible Pb^-induced nAChR inhibition is due to a rapid binding 
to the extracellular domain of the receptor, whereas the slowly developing, 
irreversible inhibition probably involves intracellular mechanisms. (USPHS 
grant ES05730 and Fogarty International Fellowship TW05389)
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892.11

THE MODULATION OF GABA AND GLUTAMATE RELEASE BY NICOTINIC 
RECEPTORS (nAChRs) IN HIPPOCAMPAL NEURONS IS BLOCKED BY Pb2+.
M.F.M. Braga/'2* E.F.R. Pereira1 and E.X. Albuquerque1,2.1Dept. Pharmacol. 
Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201, USA; 2Depto. 
Farmacol. Bas. Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 21944, Brazil.

The mechanisms underlying the cognitive impairment that has long been 
reported to occur in children chronically exposed to Pb2+ are poorly understood. 
Considering that nAChRs control transmitter release in the hippocampus (Nature 
389: 713, 1996; J. Neurosci. 19: 2693, 1999), an area of the central nervous 
system that is involved in learning and memory, we decided to investigate, by 
means of the patch-clamp technique, the effects of Pb2+ on the release of 
neurotransmitters from cultured hippocampal neurons in the presence and in the 
absence of nicotinic agonists. Evidence is provided that Pb2+ blocks the action 
potential-dependent release of both GABA and glutamate with an IC^ of 
approximately 68 nM. The Pb2+-induced blockade in transmitter release is 
partially reversible upon washing of neurons with nominally Pb2+-free solution, 
requires the use of the chelator EDTA to be fully reversed, and can be accounted 
for by the blockade of voltage-gated Ca2+ channels. Prior to the exposure of the 
neurons to Pb2+, a 1-s pulse of acetylcholine (ACh; 0.1-1 mM) increases the 
frequency of spontaneously occurring GABA and glutamate-mediated 
postsynaptic currents (SPSCs). In the presence of Pb2+ (0.1-1 mM), the ability 
of ACh to increase the frequency of GABA and glutamate-mediated SPSCs is 
reduced by about 60%. In addition, Pb2+ equally blocks the ACh-induced release 
of GABA and glutamate, overriding the ability of these neurotransmitter to 
modulate the release of one another. Given that synaptic activity is a key 
mechanism for the establishment of stable synaptic connections early in 
development, Pb2+, by interfering with transmitter release, can have lasting 
effects on neuronal maturation and plasticity.
(Support: USPHS Grant ES05730 and PRONEX/Brazil)

892.12

NALTREXONE BLOCKS THE ACTIVITY AND THE NICOTINE4NDUCED 
UPREGULATION OF a7-LIKE NICOTINIC RECEPTORS IN HIPPOCAMPAL 
NEURONS. L.E.F, Almeida? E.F.R. Pereira.1 and E.X. Albuquerque1,2*. 1Dept. 
Pharmacol. Exp. Ther., Univ. Maryland Sch. Med, Baltimore, MD 21201, USA; 
2Depto. Farmacol. Bas. Clin., ICB, CCS, UFRJ, Rio de Janeiro, RJ 21944, Brazil.

The effects of naltrexone on nicotinic receptor (nAChR) function and 
expression in the central nervous system are poorly understood. Recently, we 
reported that this opioid antagonist inhibits non-competitively (IC50 ~ 30 pM) the 
activity of a7-like nAChRs in hippocampal neurons (Abstr. Soc. Neurosci. 23: 
915,1997). In the present study, by means of the whole-cell mode of the patch- 
clamp technique, we investigated the effects of naltrexone on various ligand-
gated channels and on expression of functional a7 nAChRs in rat hippocampal 
neurons in culture. At 30 pM, naltrexone (applied to the neurons via a U-tube in 
admixture with the agonists and/or via the bath perfusion) altered neither the 
amplitude nor the kinetics of currents evoked by N-methyl-D-aspartate (30 pM) 
plus glycine (10 pM) or by y-aminobutyric acid (25 pM), and reduced only 5%, 
10%, and 20% the amplitude of currents induced by AMPA (30 pM), kainate 
(30 pM) and glycine (100 pM), respectively. When hippocampal neurons 
cultured for three weeks or more were exposed for 6 days to nicotine (10 pM), 
there was an -30% increase in the number of cells responding to acetylcholine 
with a7 nAChR-mediated currents as well as an enhancement of the amplitude 
of these currents. A six-day exposure to naltrexone (0.3 or 30 pM) caused no 
apparent change in the nicotinic responsiveness of the cultured hippocampal 
neurons. However, when the neurons were exposed for 6 days to the admixture 
of nicotine (10 pM) plus naltrexone (30 pM, but not 0.3 pM), nicotine was unable 
to induce the upregulation of a7 nAChRs. These findings should be important 
for further studies regarding the use of naltrexone in smoking cessation 
programs.
(Support: USPHS Grant NS25296 and PRONEX/Brazil)

892.13

IMMUNOHISTOCHEMICAL IDENTIFICATION OF a4, a7, AND (32 
NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNITS IN RAT 
PRIMARY HIPPOCAMPAL CULTURES.
&L Walther1*,.B. WitterLj, Lindstrom2. B. Penke3. and H, Schroder1.
‘Department of Anatomy, University of Cologne, Cologne, Germany, 
2Department of Neuroscience, School of Medicine, University of Pennsyl-
vania, Philadelphia, PA, USA; 3Department of Medical Chemistry, A. 
Szent-Gyorgi Medical University, Szeged, Hungary.

Primary cultures of embryonic hippocampal neurons are a useful tool to 
study the nicotinic acetylcholine receptor (nAChR)-mediated transmis-
sion on the cellular level under normal and pathological conditions. Our 
cell culture was established in a chemically defined medium and the de-
velopment was observed during several weeks of growth. By means of 
immunohistochemistry (ABC-technique), the PFA-fixed cells were char-
acterized with monoclonal nAChR-subunit antibodies 270 (|32), 299 
(a4), and 306 (a7). a4-positive cells constituted the majority of labeled 
cells, whereas a7-expression was less and only few neurons stained for 
the (32 subunit. The cell layer is composed of a variety of different neur-
ons of e.g. pyramidal-like or bipolar neurons. Preliminary results point to 
an impaired nAChR expression following P-amyloid incubation.

Supported by the Deutsche Forschungsgemeinschaft (Schr283/18-1, 18-2).

OTHER ION CHANNELS

893.1

A STORE-OPERATED CATION PERMEABLE INWARD CURRENT CONTROLS 
PACEMAKING IN GT1 NEURONS. F. Van Goor*, L.Z. Krsmanovic, K.J. Catt, S.S. 
Stojilkovic. ERRB, NICHD, NIH, Bethesda, MD, 20892-4510

In several excitable cell-types, plasma membrane electrical activity and the associated 
voltage-gated Ca2+ entry are controlled by the filling state of the endoplasmic reticulum 
(ER) Ca2+ stores. The mechanism of this process was investigated in differentiated 
GnRH secreting (GT1) neurons using simultaneous measurements of membrane 
potential or current and cytosolic free Ca2+ concentration ([Ca2"],) Spontaneous action 
potential firing in GT1 neurons was initiated by a slow pacemaker depolarization from a 
baseline potential between -75 and -50 mV. Inhibition of voltage-gated Ca2+ channels 
abolished action potential firing and the associated Ca2+ entry, but did not affect the 
pacemaker depolarization. In contrast, removal of extracellular Ca2+, but not Na’, 
abolished both the pacemaker and spike depolarizations and reduced [Ca2+],. 
Substitution of Ca2+ with Sr2+ or Mg2+ partially reestablished the pacemaker 
depolarization, indicating that the underlying current is permeable to divalent cations 
and facilitates Ca2+ entry. Depletion of the ER Ca2+ store by activation of Ca2+- 
mobilizing receptors or inhibition of the ER-Ca2+ pump by thapsigargin depolarized the 
membrane and increased action potential duration and frequency, leading to enhanced 
Ca2+ influx. In cells held at -85 mV, the K+ equilibrium potential in these experiments, 
store depletion was still able to induce membrane depolarization and Ca2+ influx. As 
with the pacemaker depolarization in spontaneously active cells, the store-depletion- 
activated membrane depolarization and Ca2+ influx were abolished by removal of 
extracellular Ca2+. Also, the membrane depolarization could be reestablished by 
substituting Ca2+ with Sr2+ or Mg2+, but not Na+. In cells held at -60 or -85 mV, store 
depletion by activation of Ca2+-mobilizing receptors or thapsigargin activated a voltage- 
insensitive inward current that was permeable to Ca2+, Sr2+ and Mg2+, but not to Na+. 
Thus, store depletion activates a divalent permeable inward current that depolarizes the 
membrane and drives Ca2+ entry in GT1 neurons. Moreover, these results indicate that 
this store-operated current regulates the slow pacemaker depolarization in these cells.

893.2

TRPC3, A VERTEBRATE HOMOLOG OF THE DROSOPHILA LIGHT- 
STIMULATED TRP CHANNEL, IS A DOWNSTREAM EFFECTOR OF THE 
NEUROTROPHIN RECEPTOR TrkB. H.S, Li*, X.Z. Xu, A.J, Kreuz, J. 
Chevesich and C. Montell, Depts. of Biological Chemistry and Neuroscience, The 
Johns Hopkins Univ. School of Medicine; Baltimore, MD 21205.

In Drosophila photoreceptors, TRP, the light-stimulated channel, is activated 
through a phospholipase C (PLC)-dependent pathway. In vitro experiments indicate 
that TRP is the first identified channel operated by release of Ca2+ from intracellular 
stores (SOC channel). We have been studing the molecular mechanisms underlying 
the activation and modulation of TRP. In particular, we have been characterizing 
the interaction of TRP with other signal molecules through the PDZ protein INAD. 
Our recent analyses of transgenic Drosophila lines expressing mutated TRP channels 
will be discussed.

We and others have cloned a variety of vertebrate TRP homologs (TRPC 
channels). Some of these TRPC proteins, such as TRPC3, are highly enriched in 
the central nervous system. However, the in vivo pathways activating these 
channels in the brain were unknown. Utilizing a specific antibody to the TRPC3 
protein, we found that this channel is expressed during a narrow developmental 
window around birth. Moreover, TRPC3 is co-localized with TrkB, the receptor for 
the neurotrophin BDNF, in many regions of the rat brain. In whole-cell and single-
channel recordings performed on isolated rat pontine neurons, BDNF activated a non- 
selective cation current which was mediated through PLC. Evidence will be 
presented that TRPC3 is a subunit of the channel responsible for the BDNF 
mediated cation influx. Neurotrophins can trigger delayed but long-term changes in 
the developing nervous system which involve the regulation of gene expression. In 
additiion, they can also induce rapid effects such as morphological changes at the 
growth cone and modulation of neurotransmitter release. It is intriguing to 
speculate that some of the rapid responses to BDNF may be mediated by the 
TRPC3-dependent Ca2+ and Na+ influx.
This work was supported by a grant from the National Eye Institute to C.M.
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893.3
A NOVEL MOUSE TRP HOMOLOGUE TRP7 THAT FORMS A BACKGROUND 
AND RECEPTOR-ACTIVATED Ca2+ PERMEABLE CATION CHANNEL. T. 
Qkada.1* R, Jamie? A MaedaJLT, Kurosaki.3 S, Shimizu.14 K, Imoto1 and Y. Mori1.
‘NIPS, Okazaki 444-8585, Japan; 2Kyushu Univ., Fukuoka 812-8582, Japan; 3Kanasai 
Med. Univ., Moriguchi 570-8506, Japan; 4Showa Univ., Tokyo 142-8555, Japan.

Characterization of mammalian homologues of Drosophila TRP protein is an 
important clue to understand molecular mechanisms underlying receptor-activated Ca2+ 
influx in vertebrate cells. Here we have isolated cDNA encoding a novel TRP homologue, 
TRP7, from mouse brain. TRP7 showed RNA expression in the heart, lung, eye, brain, 
spleen, and testis. Within the brain, cerebellar Purkinje cells, the mitral layer in the 
olfactory bulb, and the hippocampal regions were the most prominent sites of TRP7 
expression. Recombinant expression of TRP7 in HEK cells potentiated Ca2+ influx 
induced by ATP receptor stimulation at ATP concentration lower than those necessary for 
Ca2+ release from the internal store, which suggests that the TRP7 channel is receptor- 
activated independently of Ca2+ release from the store. In fact, TRP7 potentiated Mn2+ 
influx induced by diacylglycerols, while it did not affect capacitative Ca2+ entry induced by 
thapsigargin. Basal influx activity in TRP7-expressing cells was much higher than that 
in cells expressing TRP3, which is structurally the closest to TRP7. Ca2+ release from 
the intracellular store was reduced by TRP7 expression. Nystatin-perforated patch-clamp 
recordings from TRP7-expressing cells demonstrated the constitutively activated and 
ATP-enhanced cation currents, both of which were initially blocked and subsequently 
facilitated by extracellular application of Ca2+ at a physiological concentration. Relative 
permeabilities indicate that TRP7 is only slightly selective to divalent cations. Our 
findings demonstrate the functional properties of the TRP7 channels distinctive from 
other mammalian TRP homologues, revealing an interesting correspondence of TRP7 to 
the background and receptor-activated cation currents in various native systems.

893.4

CHANNELS ACTIVATED BY VOLTAGE WITH PATCH CLAMPING 
ARE NOT NECESSARILY VOLTAGE SENSITIVE. Karl L. Magleby1*, 
Ziv Gil2, and Shai D. Silberberg2. ’Dept. of Physiology and Biophysics, Univ. 
of Miami School of Medicine, Miami FL 33101, and 2Dept. of Life Sciences 
and The Zlotowski Center for Neuroscience, Ben-Gurion University of the 
Negev, Beer Sheva, 84105, Israel.

Mechanosensitive (MS) channels in on-cell or inside-out patches of 
membrane from Xenopus oocytes are activated by depolarizing voltage steps. 
Such activation could arise from direct voltage sensitivity of the channels or 
indirectly from voltage-induced changes in membrane tension. Using 
simultaneous video microscopy and single-channel recording, we find that 
prolonged depolarization of a membrane patch in a borosilicate glass pipette 
results in slow displacement (movement) of the membrane patch into the patch 
pipette. The displacement is ~1 pm with each prolonged depolarization, 
occurs after delays ranging from tens of milliseconds to many seconds, and is 
correlated with the activation of the mechanosensitive (MS) channels. 
Preventing membrane movement by applying positive pressure to the shank of 
the pipette or by coating the tips of the borosilicate pipettes with soft glass 
eliminates the depolarization-induced activation of MS channels. These 
observations show that depolarization-induced membrane displacement is 
associated with sufficient membrane tension to activate MS channels. Since 
membrane tension can modulate the activity of various ligand and voltage 
activated ion channels, an observed voltage dependence of a channel in a 
membrane patch in a borosilicate pipette may arise from voltage-induced 
tension rather than direct modulation by voltage. Supported by grants from the 
NIH (AR 32805), MDA, US-Israel BSF (93-00061), and the Zlotowski Center 
for Neuroscience.

893.5

IDENTIFICATION OF A CONNEXIN THAT IS EXPRESSED AT THE 
FUNCTIONAL LEVEL IN HIPPOCAMPAL NEURONS. M. Srinivas? R. 
Rozental? J.A. Kessler? D.F, Condorelli2 and D.C. Spray.1*. ’Dept. 
Neuroscience, Einstein Coll. Med., Bronx, NY; 2Inst. Biochem., U. Catania, Italy.

Gap junctions exist in a variety of neurons including those in CA1 and CA3 
regions of the hippocampus where they provide synchronization of neuronal 
activity. However, the identity of connexins that participate in the formation of 
gap junctions in neurons is not known. Recently, mRNA for Cx36, a newly 
identified member of the connexin gene family, was shown to be highly expressed 
in various neuronal cell types. However, evidence that Cx36 is expressed at the 
functional level is lacking and is the subject of this study. Therefore, we compared 
the functional properties of gap junctions in hippocampal neurons with those of 
Cx36-transfected N2A-neuroblastoma and PC-12 cells. Transfected cells 
expressed the expected 2.9-kb Cx36 transcript, whereas non-transfected cells were 
devoid of Cx36. The steady-state junctional conductance (g,) between transfected 
cells was well described by a two-state Boltzmann equation. The half-inactivation 
voltage (Vo), the ratio of minimal to maximal gj (gmin/gnux) and the equivalent 
gating charge, n, were ± 75 mV, 0.55 and 1.75, respectively, indicating that Cx36 
exhibits very low voltage sensitivity. Conductance of single Cx36 channels 
measured using patch pipettes containing 130 mM CsCl was 10-15 pS (n= 15 cell 
pairs); despite this low unitary conductance, Cx36 channels were permeable to the 
dye Lucifer Yellow. The electrophysiological properties of channels in cultured 
hippocampal neurons were similar to those of the channels expressed by the 
transfected cells, and the neuronal channels were similarly permeable to the 
Lucifer Yellow, indicating that hippocampal neurons express Cx36. The unique 
combination of weak voltage sensitivity, small unitary conductance, and 
permeation by anions as large as second messenger molecules endows Cx36 gap 
junction channels with properties well suited for mediating flexible electrical and 
biochemical interactions between neurons. (Support: HL 38449 and Kirby Fnd.)

893.6

CLONING AND EXPRESSION OF A NOVEL HYPERPOLARIZATION- 
ACTIVATED CATION CHANNEL, HUMAN HCN3. T, Jegla1, J, Bachmann1, 
C, Silvia1, J. Stocker1, andP.K, Wagoner1*,
’ICAgen Inc., P.O. Box 14487, Research Triangle Park, NC 27709. 

Hyperpolarization-activated cation currents (If, Ih and Iq) play a key role in
generating pacemaker activity in neuronal and cardiac tissue. The ion channels 
that give rise to these currents appear to be encoded by the newly described 
HCN gene family. HCN channels are structurally most similar to cyclic 
nucleotide-gated cation channels and Eag-like potassium channels. Four 
members of this gene family have been described in mouse (HCN1-4), and 
orthologs of two (HCN1 and HCN2) have been identified in humans (Santoro et 
al., 1998, Cell, 93:717-29; Ludwig et al., 1998, Nature 393:587-91). We have 
now cloned a third human member of this gene family, HCN3. The human 
HCN3 sequence is highly homologous to the mouse HCN3 sequence, sharing 
over 90% identity on the amino acid level. When expressed in Xenopus 
oocytes, human HCN3 gives rise to an inward current that is activated by 
hyperpolarization. Like previously described HCN1 and HCN2 currents, the 
HCN3 current is blocked by Cs+ and is permeable to both Na+ and K+. 
However, the midpoint of the activation curve is shifted to more hyperpolarized 
potentials than that reported for HCN1 and HCN2, with activation occurring 
below -90mV. The activation timecourse of the HCN3 current is also 
significantly slower than that of HCN1 and HCN2. The expression of HCN3 
demonstrates that the HCN gene family encodes a functionally diverse set of Id- 
like channels.

893.7

Modulation  of  l„ in  Stellate  Cells  of  the  Medial  Entorhinal  
Cortex  Layer  II. M. H. Shalinskv*, C.TDickson and A.Alonso. Dept. 
Neurology & Neurosurgery, McGill University, Montreal Neurological Institute, 
Montreal, PQ, H2A 3B4.
The stellate cells from layer II of the EC express a very robust hyperpolarization 
activated cation current (Ih) which plays a major role in setting the resting 
membrane potential and implementing a pacemaker mechanism for the genesis 
of rhythmic subthreshold membrane potential oscillations in these neurons.
Since the stellate cells occupy a key anatomical position in the transfer of 
neocortical input towards the hippocampus modulation of Ih by 
neurotransmitters may have a major impact in the computational properties of 
the entorhinal-hippocampal network. We thus performed a voltage-clamp 
analysis of the potential modulation of Ih by different pharmacological agents by 
near-infrared guided recording under whole-cell patch conditions from SCs in 
adult rat slices. In the presence of IpM TTX, 2mM Ba2+ and 2mM Co2+ the 
activation curve of Ih was constructed by observing tail currents evoked at a 
consistent potential (-80mV) following 1.5s steps in the potential range between 
-30 and -140 mV. Bath application of forskolin (lpM) induced an inward 
current and an increase in Ih which resulted from a positive shift of the Gb 
activation curve by 1 to 5 mV thus suggesting an Ih mediated modulation by 
cAMP as observed in other cell types. Similarly to forskolin, serotonin (50-100 
pM) also resulted in an increase in Ih associated to a 2-4 mV positive shift in the 
Gb activation curve. On the other hand, activation of muscarinic receptors with 
CCh (100 pM) had no effects on Ih. MHS was supported by an MRC 
scholarship, CTD by a Savoy Foundation fellowship and AA by MRC and 
HFSPO operating grants.

893.8

DISTRIBUTION OF PACEMAKER CHANNEL ISOFORMS IN 
THE MOUSE BRAIN. B, Santoro’. G.R. Tibbs1’2. P. Pavlidis' and 
S.A. Siegelbaum1,3*. ’Ctr. Neurobiol. & Behav., 2Dept. of Anesthesiol., 
Columbia Univ.; 3HHMI, New York, NY 10032.

The generation of certain types of rhythmic activity in the heart and 
in the brain is mediated by a hyperpolarization-activated inward 
current (Vlf/Iq) that is also regulated by the direct binding of cyclic 
nucleotides. In the nervous * system Ih also helps to set the resting 
potential, to modulate neuronal excitability, and to counteract 
hyperpolarizing voltage changes. Neuronal Ih currents show a wide 
range of biophysical properties across different cell types, consistent 
with the idea of a high specialization in the role played by Ih channels 
at each functional site. Recently, a new gene family (HCN 1-4) has 
been identified and shown to encode Ih. All four HCN channel 
isoforms are expressed in the brain, however they exhibit distinct 
patterns of mRNA localization, as determined by in situ hybridization 
analysis. Thus, HCN2 appears to have the most widespread pattern of 
expression, being present in the cortex (including hippocampus and 
amygdala), cerebellum, thalamus and brainstem nuclei. In contrast, 
HCN1 and HCN4 exhibit more restricted expression patterns being 
prominently present in the cortex or in the thalamus, respectively. A 
detailed study of the cellular and subcellular localization of the HCN 
gene products within different regions of the mouse brain is presented, 
and discussed in relation to the observed biophysical properties of 
native and heterologously expressed Ih currents.
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893.9

CORRELATION BETWEEN NATIVE AND CLONED ISOFORMS OF 
PACEMAKER CURRENTS. G.R. Tibbs*1, B. Santoro2, A. Luthi3, P.A. 
McCormick3, and S.A. Siegelbaum24. 'Dept. of Anesthesiol., 2Ctr. 
Neurobiol. & Behav.. Columbia Univ., New York; 3Sect. Neurobiol., Yale 
Univ., New Haven, CT 06510; 4HHMI, New York, NY 10032.

Numerous electrophysiological studies document a widespread expression 
of pacemaker current (Ih) in nervous tissue. Despite a generally accepted 
role of this current in cellular excitability and rhythm generation, 
electrophysiological properties reported in different preparations vary 
widely with respect to voltage dependence, kinetics of activation and 
sensitivity to cyclic nucleotides. For example, Ih expressed in hippocampal, 
cortical and superior collicular neurons tends to activate quickly (time 
constant at V)/2 on the order of hundreds of milliseconds) and shows 
relatively low sensitivity to cyclic nucleotides. In contrast, Ih in other cell 
types, such as thalamocortical cells, activates slowly (time constant at V1/2 
on the order of seconds) and shows marked sensitivity to cyclic nucleotides. 
To better understand this diversity, we have attempted to correlate the 
electrophysiological properties of native pacemaker currents with the 
biophysical characteristics and expression patterns of molecularly identified 
pacemaker channels (HCN1-4). Heterologous expression of homomeric 
HCN channels shows significant differences in both kinetics and 
modulation. Interestingly, neurons with fast cAMP-insensitive Ih 
preferentially express HCN1, a channel that displays similar properties in 
heterologous expression; in contrast, subunits that give rise to slower 
cAMP-sensitive channels (HCN2 and 4) are found in cells that display Ih 
with slow kinetics and pronounced cyclic nucleotide modulation.

893.10

BLOCKERS OF IH DISRUPT CARBACHOL-INDUCED OSCILLA-
TIONS IN HIPPOCAMPAL SLICES. P. Pavlidis.1* E, R, Kandel1,2 
and S. A, Siegelbaum1,2. 'Ctr. Neurobiol. & Behav., Columbia Univ.; 
2HHMI, New York, NY 10032.

Hyperpolarization-activated cation currents (Ih/I/Iq) are known to 
contribute to the generation and regulation of spontaneous “pace-
maker” potentials and other oscillatory behavior in a variety of excit-
able tissues. The hippocampus is capable of generating oscillatory ac-
tivity (e.g., theta rhythm, and 40 Hz oscillations) in both physiological 
and pathological states, but the role of Ih in generating these oscilla-
tions is unknown. We are exploring this by examining network oscil-
lations generated by cholinergic activation in hippocampal slices. Os-
cillations of the extracellular field potential recorded in CA3 were in-
duced by application of carbachol (50-100 pM) at 32-34°C. These 
oscillations take the form of bursts of activity (3-10 Hz) lasting 10-20 
seconds separated by quiet periods of 20-40 seconds. Application of 
10 pM ZD7288, a relatively specific blocker of Ih, disrupted these os-
cillations, giving way to solitary spontaneous events appearing at 
<5 Hz, and in many experiments proceeded to a complete cessation of 
synchronous field potential activity. The effect was gradually reversi-
ble after washout of the drug. A similar effect was obtained with an-
other Ih blocker, cesium (2-5 mM), further supporting a role for Ih in 
this form of network activity. [Supported by the NIH (NS 10330-01.)]

893.11

CLONING AND LOCALIZATION OF THE HYPERPOLARIZATION- 
ACTIVATED PACEMAKER CHANNEL FAMILY. L.M, Montegaia1 . 
M. Tang . $. Numan1, D.S, Russell1, L. Kaczmarek. and E.J. Nestlec1.. 
laboratory of Molecular Psychiatry, ^Department of Pharmacology, 
Yale University, New Haven CT 06508.

Pacemaker activity in brain and heart is driven by 
hyperpolarization-activated cation channels that are regulated directly 
by cyclic nucleotides. Recombinant DNA technology nas resulted in 
the identification of a gene family of such channels (Santoro et al., 
Proc. Natl. Acad. Sci. USA, 1997; Ludwig et al., Nature, 1998; 
Santoro et al., Cell, 1998). In this study, we report the molecular 
cloning of four cDNA hyperpolarization-activated channels (termed 
brain cyclic nucleotide gated or BCNG-1, BCNG-2, BCNG-3 and 
BCNG-4) from a rat brain library. The rat BCNG-1, BCNG-2 and BCNG-4 
clones snow high homology to the predicted protein sequence of the 
mouse channefs (99%, 97%, 99%, respectively). Full length BCNG-3 
has not been previously reported. The rat BCNG-3 cDNA encodes a 
predicted protein of 1198 amino acids with substantial identity to the 
rat BCNG-1 (73%), BCNG-2 (62%), and BCNG-4 (64%) amino acid 
sequences. Electrophysiological analysis of the BCNG-3 channel in a 
heterologous expression system is currently underway. In situ 
hybridization was used to study the expression of the four channels in 
adult brain. Each mRNA demonstrated a unique, and in some regions 
complementary, distribution. For example, both BCNG-1 and BCNG-4 
are expressed in the hippocampus, cortex and cerebellum. In 
contrast, the media! and lateral habenula showed moderate 
expression of BCNG-4 with no detectable expression of BCNG-1. 
These results establish that brain regions express different balances 
of hyperpolarization-activated channels. These variations in regional 
specificity could generate important differences in neuronal 
pacemaker activity across brain systems. They also provide a 
molecular basis for the study of hyperpolarization-activated cation 
channels in particular neurons and for the. use of specific channel 
blockers as possible treatments for neuropsychiatric illness. 
Supported by NIDA and NIDCD.

893.12
REGULATION OF THE Ca2+- SENSING CATION CHANNEL IN CULTURED 
HIPPOCAMPAL NEURONS BY pH. Z.G. Xiong*. B.A, Orser and J.F, 
MacDonald. Dept. of Physiology, Univ. of Toronto, Toronto, M5S 1A8.

Extracellular concentrations of calcium ([Ca2+]0) and pH in the central nervous 
system fall simultaneously during pathological conditions such as ischemia and 
traumatic brain injury. We previously demonstrated that decreases in [Ca2+]0 activate 
a novel calcium-sensing non-selective cation channel (csNSC) in hippocampal 
neurons (Xiong et al, PNAS 94:7012-17, 1997). Activation of csNSC caused a 
sustained membrane depolarization and excitation of neurons. In the present study, 
we studied the effect of changes in pH on csNSC in cultured hippocampal neurons 
using patch-clamp and fast-perfusion techniques. At the holding potential of -60 mV, 
a decrease of [Ca2+]0 from 2 to 0.1 mM for 2 sec activated a slow inward current with 
a peak amplitude of -306.4 ± 44.8 pA (n=8). Reducing the pH from 7.5 to 6.5 also 
activated a transient inward current with a peak amplitude of -464.6 ± 76.4 pA (n=7). 
A simultaneous decrease of [Ca2+]0 'and pH, however, activated an inward current 
with a peak amplitude of-2059 ± 421 pA (n=6), 2-3 times larger than the simple sum 
of the two separate currents. In contrast, increasing the pH from 7.5 to 8.0 did not 
induce any measurable current. However, a simultaneous change of pH from 7.5 to 
8.0 potentiated the current mediated by csNSC more than two fold (from -306 ± 52 
pA to -732 ± 136 pA, n=7). Similar to the increase in extracellular pH, intracellular 
alkalization by bath perfusion of quinine (0.5 mM) potentiated the current amplitude 
by 60 ± 18 % (n=6). This potentiation of the current was due, at least in part, to a 
decrease in the potency of Ca2+ block. Activation of csNSC during brain ischemia is 
likely to cause long-lasting membrane depolarization and permit excessive entry of 
Ca2+ through NMDA and voltage-gated Ca2+ channels leading to cell damage. The 
present study suggests that simultaneous alterations of pH and [Ca2+]0 will exacerbate 
this situation. (Supported by the Heart and Stroke Foundation and the MRC of 
Canada).

893.13

Ca2+-DEPENDENT POTENTIATION OF Ca2+-ACTIVATED NON-SELECTIVE 
CHANNELS IN CA1 NEURONS. L.D, Partridge* and C.F, Valenzuela. Dept. of 
Neurosciences, Univ. of New Mexico, Albuquerque, NM 87131.

Calcium-activated non-selective (CAN) channels open in the presence of 
cytoplasmic Ca2+ and the inward current through them can include a component 
carried by Ca2+. CAN currents underlie several slow depolarizing processes and 
there is mounting evidence that they also play an important role in pathological 
conditions of cytoplasmic Ca2+ overload. Stimulation of mGluRs is an effective 
means of increasing [Ca2+h in CA1 neurons and this increase in [Ca24! can activate 
Ca2+-activated currents including ICan - While mGluR stimulation implicates in-
sensitive stores in Ican  activation, the interaction of different intracellular sources of 
Ca2+ in CAN channel activation and modulation has not been investigated

We used mGluR stimulation to activate CAN channels either by application 
of ACPD to cultured hippocampal neurons or by high frequency presynaptic 
stimulation to CA1 neurons in Ute slice after blocking ionotropic receptors, K 
channels, and the Na/Ca exchanger. CAN channel-dependent depolarization 
(AECAn ) was potentiated when [Ca2+], was increased in neurons impaled with Ca2+- 
containing microelectrodes. Fura-2 measurements revealed a biphasic increase of 
[Ca2+]i when 200 pM ACPD was applied to cultured neurons. Thapsigargin (1 pM) 
caused potentiation of AEcan  in CA1 neurons in the slice and of Ican  measured in 
cultured neurons. Ryanodine (20 pM) led to a potentiation of AEcan  while neurons 
pretreated with 100 pM dantrolene failed to show potentiation of AEcan  when 
impaled with Ca2+-containing microelectrodes. The mitochondrial oxidative 
phosphorylation uncoupler, CCCP (2 pM), also caused a potentiation of AEcan -

The observation that Ca2+, from several cellular sources, can greatly 
potentiate CAN channel responses has important consequences for both plasticity 
and toxicity. For instance, ICan  potentiation may play a significant role in the 
"amplification" phase of excitotoxicity.
This work was supported in part by NIH grant AA00227 to C.F. V.

893.14
EFFECTS OF EXTRACELLULAR Ca2+ VARIATIONS ON SEAL 
RESISTANCE IN CENTRAL AND PERIPHERAL NEURONS.
A. Formenti* and A. De Simoni. Institute of Human Physiology II, 
University of Milan, Milan, Italy 1-20133.

Extracellular Ca2+ variations are involved both in physiological and 
in pathological phenomena and modify neuronal functions, shifting the 
voltage-dependent characteristics of the channels, modulating ionic 
conductances and changing the membrane potential. In patch clamp 
experiments in which [Ca2+]ext is varied, a methodological problem 
arises about seal formation and variation of seal resistance as a function 
of [Ca2+]ext- The aim of this work was to study the effects of [Ca2+]ext 
changes on seal resistance in peripheral and central neurons. Patch- 
clamp experiments were carried out on adult rat peripheral sensory 
neurons and on fourteen- to eighteen-day-old rat thalamic neurons a few 
hours after plating. Borosilicate glass microelectrodes were used.

The increase in [Ca2+]ext induced a decrease in ionic currents evoked 
during 14 s steps, scaled from -100 to +100 mV, in cell-attached 
recordings, in both peripheral and central neurons. The variation in seal 
conductance G (G0.s ca2+ - G45 ca2+) decreased with seals of higher 
resistance and became very low over 1 G seal (< 0.5 nS). However, the 
rate G/G0.5 ca2+ increased from values close to 0 up to 0.6, suggesting 
that the effect of Ca2+ becomes stronger when the microelectrode and 
ther membrane are sealed more tightly. These findings suggest that 
variation in seal resistance may be misleading in experiments in which 
extracellular Ca2+ variations are applied, especially the ones in which 
poor seal resistance electrodes are used. (Supported by MURST)
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893.15
Ca2+-ACTIVATED K+ CURRENT FUNCTION IS ALTERED IN 

HIPPOCAMPAL NEURONS FROM COCAINE-EXPOSED RATS. T. Aoki 
and S.C. Baraban*. Depts. of Pediatrics and Neuroscience, Case Western Reserve 
University, Cleveland, OH 44106.

We previously described reductions in spike frequency adaptation and 
afterhyperpolarization amplitude in principal hippocampal neurons from cocaine- 
exposed rats (J. Neurophysiol. 77:126, 1997). These changes may contribute to the 
increased seizure susceptibility and cognitive deficits observed in drug-exposed 
offspring. To investigate corresponding alterations in channel function, we studied 
the biophysical properties of a Ca2+-activated K+ current (IK(Ca)) in hippocampal 
slices from rats (P14-P19) exposed to cocaine in utero (20-60 mg/kg, s.c. E8-term). 
At a holding potential of -50 mV, brief depolarizing voltage steps to 0 mV elicited 
k(Ca) on CA1 pyramidal neurons. In cells from untreated animals, this current had 
two components: a medium-duration IK(Ca) (time-to-peak: 25 ± 2 ms; peak amp.: 124 
± 16 pA; n = 22) and a slow-duration IK(Ca) (time-to-peak: 421 ± 12 ms; peak amp.: 
41 ± 10 pA; n = 29). IK(Ca) was reduced by removal of extracellular Ca2+ or with 
inorganic channel blockers (cadmium, manganese, cobalt). Medium-duration lK(Ca) 
was inhibited by 10 pM carbachol (-77%), 100 nM verruculogen (-52%) and 1 mM 
TEA (-34%). In CA1 neurons from cocaine-exposed animals, medium-duration 
Iiqca) time-to-peak was decreased in a dose-dependent manner (cocaine20: 29 ± 1 
ms, cocaine40: 21 ± 1 ms, cocaine60: 19 ± 1 ms; p < 0.05). A significant increase 
in the time constant of decay was also observed following “high” dose prenatal drug 
exposure (control: 36 ± 2 ms; cocaine60: 59 ± 5 ms; p < 0.05). Our results provide 
the first demonstration that K+ channel properties of principal neurons in the 
hippocampal formation (a region implicated in epilepsy & memory function) are 
markedly altered in cocaine-exposed rats. These findings could have important 
implications for the large number of cocaine-exposed babies bom each year. 
Support: March of Dimes Birth Defects Foundation.

893.16
CHANNEL PROPERTIES OF BIG BRAIN EXPRESSED IN XENOPUS 
OOCYTES. Yanochko, G.M.,1 French, E.D.,2* Regan, J.W.,1 Vaillancourt, R.R.1 
and Yool, A.J2'3. 'Department of Pharmacology & Toxicology, Univ. of Arizona; 
’Department of Pharmacology, Univ. of Arizona; ’Department of Physiology, Univ. 
of Arizona, Tucson, AZ 85724, USA.

big brain (bib) is a neurogenic gene cloned from Drosophila that controls cell fate 
in the developing nervous system. The protein BIG BRAIN (BIB) is homologous to 
the Membrane Intrinsic Protein (MIP) family which includes channels permeable to 
water, ions, glycerol or urea. Xenopus oocytes were injected with 50nl of bib RNA 
(0.4ng/nl) to investigate possible channel functions of BIB. Control oocytes were 
injected with 50nl of water without RNA. After two or more days to allow protein 
expression, permeability to water was assessed by monitoring the swelling rate of 
BIB-expressing oocytes in 50% hypotonic saline using videomicroscopy. BIB- 
expressing and control oocytes displayed no detectable osmotically driven water 
permeability. Immunofluorescence microscopy and western blots confirmed that 
BIB was expressed in the plasma membrane. Two-electrode voltage clamp 
recordings showed that oocytes expressing BIB demonstrated a spontaneously 
activated increase in conductance. With activation, membrane conductance of BIB- 
expressing oocytes increased 16-fold over 30minutes (final conductance 
50+4nA/mV, n=29, mean + S.E., p<0.001 t-test). BIB initial conductance 
(3.1±0.7nA/mV, n=29) was not different from controls. Control oocytes showed 
little change in identical treatments: initial conductance 2.1+0.4nA/mV (n=20), final 
conductance 2.9+0.3nA/mV (n=20). Mutation of BIB by truncation of the carboxy 
tail (deletion of amino acids 385-706) was found to decrease the final conductance 
as compared to wild-type channels (13+4nA/mV, n=4, p<0.01 t-test). These data 
suggest that BIB is an ion channel and that the carboxy terminal may be a 
regulatory domain important for channel function. Supported by NIH grants T32 
NS-07363, ES-06694 and EY-11291, Whitehall W95-27, and The Arizona Disease 
Control Research Commission.

893.17

CHARACTERISATION OF A NON-SELECTIVE CATION CHANNEL FROM 
RAT FUSED CORTICAL NERVE TERMINALS.
M, A. Smith, S, Cunningham* and M. L. J. Ashford
Department of Biomedical Science, University of Aberdeen, Aberdeen, AB25 2ZD, 
UK.
Recently we have reported the1 existence of a large conductance Ca2+-activated K+ 
channel present on fused synaptosomes, isolated from cerebral cortices of male 
Sprague-Dawley rats (50-100 g; Smith and Ashford, 1998). In this study we 
report the existence of a 50 pS channel recorded from inside-out patches.

In symmetrical and asymmetrical K+ gradients the channel displayed a linear 
slope conductance of 50.2 ± 4.9 pS (mean ± SEM, n = 51) and 41.0 ± 3.8 pS (n 
= 3) respectively, with reversal potentials of 0.04 ± 0.05 mV (n = 51) and 0.003 ± 
0.07 mV (n = 3) respectively. The Goldman-Hodgkin-Katz current predictions for 
the potassium gradient did not correlate with the experimental values. In addition 
the reversal potentials in the asymmetrical gradient does not correlate with Nernst 
reversal predictions of+103 mV for K+, -103 mV for Na+ and -18 mV for Cl. 
These data therefore indicate that the channel was not selective for K+. Channel 
activity was also not affected by intracellular Mg-ATP, such that Nff in the 
absence of ATP was 0.42 ±0.14 and in the presence of 2 mM Mg-ATP was 0.38 
± 0.12 (n = 3). Channel activity was not dependent on internal calcium 
concentration (10 pM and 50 nM examined). Additionally, channel activity was 
not voltage dependent (± 40 mV, n = 5) although channel kinetics during 
hyperpolarisation were observed to be fast and flickery in comparison with the 
kinetics observed during depolarisation; which may be indicative of channel block. 
Smith, M. A., Ashford, M. L. J. (1998) Journal of Physiology 513:733-47.
This work is supported by the Wellcome Trust

893.18

MECHANISM OF VOLTAGE GATING OF HYPERPOLARIZATION 
ACTIVATED CLC-1 CHANNEL REVEALED BY A NOVEL MYOTONIA 
CONGENITA MUTATION. I. Zhang** M.C. Sanguinetti2, H, Kwiecinski3, 
and L.I, Ptacek1'4. 'Dept. of Neurology and Neuroscience Program, 2Dept. of 
Medicine, Division of Cardiology, 4Howard Hughes Medical Institute, 
University of Utah, Salt Lake City, UT 84112. 3Dept. of Neurology, Medical 
Academy of Warsaw, Warsaw, Poland.

The voltage gated chloride channel (C1C-1) is the major contributor of 
membrane conductance in skeletal muscle, and has been associated with the 
inherited neuromuscular disorder Myotonia Congenita (MC). The C1C-1 
channel normally deactivates in response to hyper polarization. However, a 
mutant C1C-1 channel that activates upon hyperpolarization by an 
unknown mechanism was recently described. Here we report a novel 
mutation identified in a recessive MC family. This mutation, Glycine-499- 
Arginine (G499R) is located in the putative transmembrane domain 10 (D10) 
of the C1C-1 protein. Functional expression of G499R C1C-1 yielded a 
hyperpolarization-activated chloride current that was abolished when 
measured with a physiological CF transmembrane gradient. This behavior 
may explain its contribution to recessive MC. Additional 
electrophysiological analysis of other G499 mutants (G499K, G499Q, and 
G499E) suggests that the additional positive charge introduced by the 
G499R mutation may be responsible for this unique gating behavior. To 
further explore the function of D10, we mutated the charged residues 
around position 499 of C1C-1. Functional analyses of R496Q, R496Q/G499R, 
R496K, and E500Q mutants suggest that the charged residues in D10 are 
critical for normal channel function and that an anion binding mechanism 
may determine the unique voltage dependent gating of C1C-1 channel.

893.19

TRACHYNILYSIN IS A NEW PORE-FORMING TOXIN WHICH INDUCES 
BOTH VESICULAR AND NON-VESICULAR RELEASE OF 
CATECHOLAMINE FROM CHROMAFFIN CELLS. C, Mattei1, F.A Meunier2,
C. Pompa1, G. Lawrence2, A. Kreger3, R. Kado1*, O. Elolly2, M. Thieffry1 and J.
Molgd1. ’Laboratoire de Neurobiologie Cellulaire et Moleculaire, C.N.R.S., 91198 
Gif-sur-Yvette, France. 2Dept. Biochemistry, Imperial College, London, UK. 
’University of Maryland, School of Medicine, Baltimore, USA.

Trachynilysin (TLY), a 159 kDa protein isolated from stonefish (Synanceia 
trachynis) venom, increases spontaneous quantal acetylcholine release at the frog 
neuromuscular junction in a Ca2+-dcpcndcnt manner and depletes clear vesicles 
without affecting large dense-core vesicles (LDCV) (Colasante et al., Eur. J. 
Neurosci. 1996, 8: 2149-2156). Moreover, the results we obtained show that TLY 
evoked sustained SNARE-dependent exocytosis of catecholamine-containing LDCV 
from bovine chromaffin cells, but only in the presence of extracellular Ca2’. 
However, in a Ca2+-free medium, a botulinum toxin A and B-insensitive release of 
catecholamine was induced after exposure to TLY for 20 min to 1 h, which reflects a 
non-vesicular mechanism. In order to further investigate this mechanism, we 
assessed the ability of TLY to form channels in planar lipid bilayers. TLY produced 
Ni2+-blockable pores having a conductance of about 90 pS (NaCl 150 mM) in the 
bilayers. We propose that, initially, TLY-induced pore-formation facilitates Ca2+ 
influx and subsequent triggering of SNARE-dependent catecholamine release; 
however, increased exposure to the toxin results in non-vesicular catecholamine 
leakage. The receptor for TLY is unknown at the present time, but TLY and a- 
latrotoxin (a presynaptic stimulatory neurotoxin in black widow spider venom) may 
have similar modes of action.

893.20

COEXPRESSION OF RAT SKELETAL MUSCLE AND 
DROSOPHILA ION CHANNELS IN XENOPUS OOCYTES
M. Tabone1, E. Johnson1, H. Dowse1, H. Lavoie1, P. Ruben2, J.R. Groome3*, and
L. Kass1 . 'Dept. of Biological Sciences, Univ. of Maine, Orono, ME 04473; 2Dept. 
of Biology, Utah St. Univ., Logan, UT 84322; ’Dept. of Biology, Harvey Mudd 
College, Clairmont, CA 91711

The electrical phenomena, which constitute a nerve impulse or 
Action Potential (AP), are produced by the movement of Na+ and K+ across 
a cell membrane. The permeability of the membrane to these ions is 
dependent upon the presence of membrane bound, ion-specific voltage-
gated protein channels. Our objective was to produce an AP in an otherwise 
non-excitable cell by expressing these ion channels in the membranes of 
cells in which they are not normally found.

The cRNAs encoding the rat skeletal muscle voltage-gated Na+ 
channel (rSkMl) a subunit, and the Drosophila Shaker K+ channel were 
coexpressed in Xenopus laevis oocytes. Two-electrode whole-cell voltage 
clamp methods were used to record inward Na+ and outward K+ currents in 
these cells 1-7 days after the RNA was injected. The changes in membrane 
voltage resulting from depolarization above a “resting” potential were 
subsequently examined in these same cells using a current clamp technique. 
These cells demonstrated the membrane depolarization, repolarization, and 
after-hyperpolarization typical of an AP. The reconstituted APs, which were 
all-or-nothing in nature, also exhibited distinct thresholds and refractory 
periods. By introducing the cRNA for two voltage-gated ion channels, we 
were able to induce non-excitable frog oocytes to behave like AP producing, 
excitable cells. We are presently extending these studies to include both a 
and (3 subunits of Na+ and K+ channels from a single mammalian species.

(funded by various university sponsored grants)

Society  for  Neuroscience , Volume  25, 1999



2246 OTHER ION CHANNELS THURSDAY AM

893.21

IMMUNOHISTOCHEMICAL IDENTIFICATION OF THE 
Kvl.l POTASSIUM CHANNEL SUBUNIT IN RAT 
SENSORY GANGLIA. Shigeru Yokovama*. Yeonsook Shin 
and Haruhiro Higashida. Dept. of Biophysical Genetics, 
Kanazawa University Graduate School of Medicine, Kanazawa 
920-8640, Japan

We have recently reported that Kvl.2, a pore-forming subunit 
of voltage-gated potassium channels, is preferentially expressed 
in large primary sensory neurons (Ann. NY. Acad. Sci. 868: 454- 
457, 1999). In this study we examined the cellular localization of 
Kvl.l, another member of the Shake /--like gene subfamily, in rat 
sensory ganglia. An antibody was generated by immunizing 
rabbits with a synthetic peptide corresponding to the ammo- 
terminus of the predicted rat Kvl.l gene product. Intense 
immunostaining was obtained in COS-7 cells transfected with 
Kvl.l cDNA, while no significant staining was detectable in 
Kvl.2- and mock-transfected COS-7 cells. In dorsal root and 
trigemial ganglia, strong Kvl.l-immunoreactivity was detectable 
in a limited number of neurons, with other neurons being weakly 
or negatively stained. We next performed double-labeling 
experiments using anti-peripherin and RT97 anti-neurofilament 
monoclonal antibodies. The intense immunoreactivity was more 
frequently observed in RT97-positive large neurons than in 
peripherin-positive small neurons. These results show that Kvl.l, 
together with Kvl.2, might play an important role in large sensory 
neurons.

POTASSIUM CHANNELS: EXPRESSION II

894.1
POTASSIUM (K+) CHANNEL EXPRESSION IN BASAL FOREBRAIN 
CHOLINERGIC NEURONS. L. Betancourt and L.V, Colom*. Department of 
Neurology, Baylor College of Medicine, Houston, TX 77030.

Cholinergic neurons of the basal forebrain strongly influence hippocampal and 
neocortical neuronal activity and appear to play a critical role in memory processes. 
These neurons are vulnerable to early and extensive loss in Alzheimer’s disease 
(AD). Using an in vitro model of AD we have shown that an outward K+ current 
with delayed rectifier characteristics (//J is enhanced by amyloid (AP) peptides and 
that Ik  blockade protects cholinergic cells from AP-induced death (Colom et al., J. 
Neurochem. 70: 1925-1934, 1998). Messenger RNA expression of different 
voltage-gated K+ channel (KJ subunits was recently studied in septal cholinergic 
neurons (Surmeier, personal communication). However, the relative expression of 
different Kv subunit proteins in these neurons remains unknown. 
Immunohistochemical techniques were used to investigate the distribution of Kv 
subunits that may underlie Ik  in septal cholinergic neurons. Forty pm sections 
from rat brains were simultaneously stained with antibodies against choline- 
acetyltransferase (ChAT, Chemicon) and Kv subunits (2.1, 3.1, 3.2, Alomone). Five 
pm serial sections were individually stained with ChAT and each of the K* 
antibodies. While clear immunoreactivity to Kv2.1 and Kv3.1 subunits was present 
in basal forebrain cholinergic neurons, staining for the 1^3.2 subunit was weak. 
Both KJ.l and KJ.l antibodies stained cell bodies and proximal dendrites of 
cholinergic neurons. However, immunoreactivity to KJ.l antibody was stronger 
than to KJ.l antibody in these neurons. Large and small non-cholinergic neurons 
from the septal region were also stained with Kv2.1 and KJ.l antibodies. These 
results suggest that KJ.l and KJ. 1 may underlie Ik  in basal forebrain cholinergic 
neurons. We are currently performing electrophysiological and cytotoxicity 
experiments to determine functional expression of these Kv subunits and their role 
in AP-induced septal cholinergic cell death. Supported by NIH K01AG00850 and 
Zeneca Pharmaceutical grants to L. V. Colom.

894.2
TWO BK CHANNELS WITH OVERLAPPING EXPRESSION PATTERNS IN C. 
ELEGANS. Z.W Wang1, A. Yuan1, O. Saifee1, M. Dourado2, M.L. Nonet1, C. 
Lingle1*, L. Salkoff1, Washington University. St. Louis. MO 63110: University of 
California, San Francisco.

We have identified two K+ channels of the SLO family in C. elegans: nSLO1 
and nSLO2. Homomeric nSLO1 and nSLO2 channels expressed in Xenopus 
oocytes exhibited voltage-dependent activation and have single channel 
conductance levels of -200 pS and -110 pS, respectively. Both nSLO1 and 
nSLO2 are Ca^-dependent; however nSLO2 has an additional requirement for 
Cl'. This Cl' sensitivity is unique among all known K* channels. Promoter-GFP 
transgenes revealed that both genes are co-expressed in many neurons and 
muscle types; both are expressed in motor neurons in the ventral nerve cord, 
vulval muscle, and also body wall muscle. This overlapping expression pattern 
poses interesting questions: Why are two large conductance K* channels, one 
sensitive to Ca2* and the other to Cl' and Ca2*, found in the same cells? Do they 
functionally interact? Interaction is suggested by a dominant negative subunit of 
nSLO2, which inhibited the expression of nSLO1 current in Xenopus oocytes. 
However, coexpression of nSLO1 and nSLO2 cRNA in Xenopus oocytes did not 
produce single channels with properties obviously distinct from homomeric 
nSLO1 or nSLO2 channels.

Several mutant alleles of nSLO1 were identified in a screen for suppressors of 
a syntaxin mutant (e246). e246 animals are lethargic and uncoordinated.
However, addition of a nSLO1 loss-of-function mutant partially suppresses this 
behavioral phenotype. Four different molecular lesions have been identified in 
nSLO1, all of which may cause a loss of function. We propose that nSLO1 is 
normally involved in regulating neuromuscular excitability, and a loss-of-function 
mutation in the slo-1 gene counters the effect of the syntaxin mutation by 
reducing K* currents at pre- and/or postsynaptic sites.

(Supported by the NIH to L. Salkoff)

894.3

A NOVEL BETA SUBUNIT OF LARGE CONDUCTANCE CALCIUM- 
ACTIVATED POTASSIUM CHANNELS THAT IS HIGHLY EXPRESSED 
IN BRAIN. A. Wickenden1, T. Jegla1. Y, Liu1, and G, Rigdon1*.
1 ICAgen Inc., P.O. Box 14487, Research Triangle Park, NC 27709.

Large conductance calcium-activated potassium channels, or BK channels, are
known to contain both alpha and beta subunits. The alpha subunits are 
necessary and sufficient for the functional expression of BK channels and are 
encoded by the Slo gene family. They are homologous to the pore-forming 
alpha subunits of voltage-gated potassium channels. In many tissues, BK 
channels also contain a structurally distinct class of beta subunits that bears no 
resemblance to other known potassium channel subunits. Two of these beta 
subunits, referred to here as BKpl and BKp2, have been cloned and have been 
shown to influence the pharmacology and gating properties of BK channels 
formed by the Slol gene (McManus et al., 1995, Neuron, 14:645-50; Wallner et 
al., 1999, PNAS, 96:4137-42). We have isolated a novel BK beta subunit, 
BKp3, that is approximately 25% identical to BKpl and BKp2 on the amino 
acid level. In contrast to these previously cloned BK beta subunits, BKP3 
mRNA is expressed predominantly in the central nervous system. The main 
transcript is approximately 1.5Kb in length. Because BKpi and BKP2 have 
been shown to interact with Slol, we coexpressed BKP3 with Slol to assess its 
possible functional role. BKP3 causes a leftward shift in the Slol GV curve at a 
given calcium concentration. At 7pM calcium the leftward shift in the V50 of 
Slol in the presence of BKP3 is approximately 25mV. This shift is not as 
pronounced as that caused by coexpression of BKpi with Slol. Further 
functional characterization of BKP3 will help us understand the diversity and 
functional roles of BK channels in the central nervous system.

894.4

MOLECULAR CLONING OF SMICK, THE SMOOTH MUSCLE 
INTERMEDIATE-CONDUCTANCE CALCIUM-ACTIVATED POTASSIUM 
CHANNEL. C.B. Nevlon1,2. R.J. Lang3. J.D. Krause 1 and P.H. Reinhart1* 
'Department of Neurobiology, Duke University Medical Center, Durham, NC 27710; 
2Baker Medical Research Institute, Australia; 3Dept. of Physiology, Monash 
University, Australia.

Modulation of smooth muscle cells from a ‘contractile’ to a ‘proliferative’ 
phenotype is critical for many physiological processes including vasculogenesis, 
repair after injury, and structural remodeling in pathophysiological disease states. 
Such changes in functional phenotype are accompanied by dramatic alterations in the 
ionic properties of the smooth muscle cells, which presumably form part of the 
genetic reprogramming associated with the new function. We have reported 
previously that a calcium-activated potassium current becomes highly expressed in the 
proliferative smooth muscle cell phenotype however the nature of the channel 
responsible has not been elucidated. In the present study, we found that in contrast to 
contractile smooth muscle cells which have an abundant large-conductance Kca 
current (BK), the predominant K* channel in proliferative smooth muscle cells is a 
charybdotoxin-sensitive Kca channel of intermediate conductance (IK). A cDNA 
library was constructed from proliferative rat aortic smooth muscle cells, and the 
intermediate-conductance Kca channel was cloned using PCR-based sequence 
homology. The cDNA sequence of this channel, which we have termfed Smick 
(smooth muscle intermediate-conductance Kca) predicts a protein of 425 amino acids, 
and is 98% homologous to the mouse IKca channel. Expression in Xenopus oocytes 
gives rise to an inwardly rectifying potassium channel (conductance 37pS at -60mV), 
which shows virtually no voltage sensitivity, but is activated by submicromolar 
concentrations of Ca2+ (Kd ~150nM). These properties closely match those of native 
Kca channels expressed in proliferative vascular smooth muscle cells. We are 
currently investigating the role of this channel in the proliferative capacity of smooth 
muscle cells at sites of vascular injury and disease. Support: NIH grant NS31253 to 
P.H.R.
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894.5
DISTRIBUTION, SUBUNIT COMPOSITION AND PHARMACOLOGY 
OF AP AMIN-SENSITIVE SMALL CONDUCTANCE CA2+-ACTIVATED 
K+ CHANNELS IN RAT BRAIN. C. Sailer1, M. Trieb1, J. Stnessnig1* and 
H.-G. Knaus1. Institute for Biochemical Pharmacology, University 
Innsbruck, A-6020 Innsbruck, Austria

Small conductance Ca2+-activated K? (SK) channels are encoded by three 
distinct genes, namely SKI, SK2, and SK3 (Kohler et al., Science 273, 1709- 
1714, 1996). However, the molecular properties of the tissue-expressed 
subunits, their distribution and subunit composition have not yet been 
determined. In order to address these issues we have raised a complete panel 
of antibodies directed against C-terminal recognition sequences of the 
individual subunits and characterized them in Western blots. Moreover, we 
performed reversible [125I]apamin binding studies and covalent labeling 
experiments to membrane-embedded (Kd 5 pM; B^x 40 fmol/mg of protein) 
and sodium cholate-solubilized SK channels (Kd~15 pM) to develop the 
pharmacological profile and subunit composition of this ion channel class in 
rat brain. Subunit-specific antibodies together with detergent-solubilized SK 
channels were subjected to immunoprecipitation experiments in order to 
isolate individual subpopulations of SK channels. Subsequently, cross- 
blotting experiments and reversible [125]apamin binding studies to antibody- 
precipitated SK channels provided data regarding the subunit composition as 
well as the pharmacological profile of immunoaffinity purified SK channels. 
Immunohistochemical studies revealed a distinct, although partly 
overlapping distribution profile of the individual subunits.

Supported by EU Biomed2 program BMH4CT972118 / FWF 12663-MED

894.6
EXPRESSION AND CELLULAR LOCALIZATION OF THREE MEMBERS 
OF THE SK FAMILY OF Ca2+-ACTIVATED K+ CHANNELS IN THE 

ADULT RAT BRAIN.
M. Stocker. W. Stuhmer* & P, Pedarzani. MP I f. experimentelle Medizin, Dept. Mol. 
Biol. Neuronal Signals, 37075 Gottingen, Germany.
Small-conductance Ca2+-activated K+ channels (SK) are K+-selective, voltage- 
independent, and are activated by submicromolar concentrations of intracellular Ca2+. 
They respond to the Ca2+ ions entering in the neurons during bursts of action potentials 
and hyperpolarize the membrane (afterhyperpolarization, AHP), thereby dramatically 
slowing the action potential firing rate (spike-frequency adaptation). SK channels 
mediate two types of afterhyperpolarizing currents: i) one type is sensitive to the bee 
venom toxin apamin and presents relatively faster kinetics (Iahp L >0 the other is 
apamin-insensitive, presents slower kinetics, and is regulated by different 
neurotransmitters (s Ia hp )- These two current types are not mutually exclusive as many 
neurons in the CNS have both components. Three members of the SK family of K+ 
channels have recently been cloned (Kohler et al., 1996). Two of them, SK2 and SK3, 
are blocked by apamin, whereas SKI is apamin-insensitive. All three SK channel 
subunits have been reported to be expressed in the CNS, therefore they are likely to 
participate in the formation of native SK channels giving rise to apamin-sensitive and - 
insensitive AHP currents in different neurons. We have performed an in situ 
hybridization study to evaluate the mRNA expression and cellular localization of SK 1, 
SK2 and SK3 in the adult rat brain. Using specific p5S]-labelled oligonucleotide probes 
directed to non-conserved regions, we detected wide distribution with partly overlapping 
expression of the mRNAs of the three SK subunits. The SKI subunit is highly 
expressed in cortex, subiculum, CA layers of the hippocampus, some cranial nerve 
motoneurons, thalamus and olfactory system. SK2 mRNA is the most abundant 
subunit, showing maximal expression in the olfactory system, neocortex, basal ganglia, 
hippocampus, amygdala, thalamus, pons and cranial nerve motoneurons. SK3 is most 
prominently expressed in the dentate gyrus of the hippocampus, in the cerebellum 
(Golgi intemeurons), in thalamus, septum and substantia nigra, whereas no detectable 
signal was observed in the isocortical layers. Overlapping expression in the same cells 
may give rise to the formation of heteromeric channels with distinct functional features. 
[Supported by the Max-Planck Gesellschaft, HFSP and SFB406]

894.7

ERG1 AND KCNQ2/3 CHANNELS CONTRIBUTE TO THE M-LIKE 
CURRENT IN NEUROBLASTOMA-GLIOMA (NG 108-15) CELLS. 
AASelyankoh IKTIadlev1. I. C. Wood2, F.Abogadie2, P.Delmas2. N.I.Buckley2,
B.London3, S.Miocinovic4 and D.A.Brown1*, Dept.Pharmacol.’, Wellcome 
Lab.Mol.Pharmacol.2 Univ. Coll., London, WC1E 6BT, U.K., Univ.Pittsburgh 
Med.Center, Pittsburgh, PA 15213, USA3, and Biology Program, CalTech4.

M-like currents (Ix(M,ng)) were recorded from chemically differentiated 
neuroblastoma-glioma NG108-15 cells (Robbins et al., 1992: J.Physiol. 451, 159) 
with perforated-patch electrodes. Deactivation tails produced by 6 s 
hyperpolarizing steps from -20 to -50 mV consisted of overlapping "fast’ ft-100 
ms; 20-24°C) and ‘slow’ (x~0.7 and 2-3 s) components which could be selectively 
inhibited respectively by linopirdine (3-10 pM) and WAY 123,398 (10 pM) 
[blockers of KCNQ (Wang et al., 1998: Science 282,1890) and ether-a-go-go- 
related (erg) channels (Faravelli et al., 1996)]. NG108-15 cells showed 
expression of transcripts for mouse KCNQ2, KCNQ3 and ergla channels, and 
differentiated NG108-15 cells showed immunoreactivity for mergl-CP antibody. 
Kinetically and pharmacologically, ‘fast’ and ‘slow’ components of IK(Ming, 
matched currents recorded from Chinese hamster ovary (CHO) cells transfected 
with cDNA for KCNQ2 and KCNQ3, and ergla channels, respectively. Both 
‘fast’ and ‘slow’ ImM,ng) components and expressed KCNQ2/3 and ergla currents 
were inhibited by activating transfected Mi receptors. Thus, the channels 
generating IK(M.ngj current may be heterogeneous in molecular composition, with 
‘fast’ and ‘slow’ components being carried by KCNQ2 and KCNQ3, and ergla 
channels, respectively.
B.L. was supported by a Grant-In-Aid from the American Heart Association, and 
the other authors by the U.K. Medical Research Council and the Wellcome Trust.

894.8

ERG K+ CURRENT IN HYPOTHALAMIC LHRH-SECRETING 
NEURONS.
B.Rosati1, M.Lecchi1. G.Curia1, ERedaelli1, RRestano Cassulini1 .
A.Arcangeli2.; O.Crociani2. M.Olivotto2 and E.Wanke1*
’Dept.of Biotecnologies and Biosciences, II University of Milan-Bicocca, Italy and 
2Dept.of Experimental Pathology and Oncology, University of Florence, Italy.

ERG channels are a family of K+ channels encoded by the “ether a go- 
go related genes” and expressed in a wide variety of tissues, including 
heart and brain. Though the human erg has been originally cloned from 
a hippocampus c-DNA library (Warmke J.W. and Ganetzky B.,PNAS, 
1994), the channel activity has never been documented in any specific 
area of the central nervous system (CNS). We found that in 
hypothalamic LHRH-secreting neurons (GT 1-7 cell line, Mellon P. et 
al.,Neuron,1990) an ERG-like K+ current is present, which shows 
biophysical and pharmacological (sensitivity to WAY123,398 and 
haloperidol) characteristics typical of ERG channels and plays an 
important role in the excitability (thereby in the secretory activity) of 
GT 1-7 neurons, as revealed by current-clamp experiments. These data 
describe for the first time the presence of ERG channel activity in the 
CNS and its putative role in LHRH secretion. Moreover, possible side 
effects on LHRH secretion of antiarrhythmics, antipsychotics and other 
drug categories affecting ERG channels, should be considered (Supported 
by Telethon, MURST, AIRC, AIL and CNR).

894.9

EAG POTASSIUM CHANNELS IN THE TOBACCO
HORNWORM; DEVELOPMENTAL EXPRESSION AND 
CELLULAR LOCALIZATION. M. Keyser1, B, Ganetzky2’, and 
J. L, Witten1. 'Department of Biological Sciences, University of 
Wisconsin, Milwaukee, Wl, 53201; laboratory of Genetics, 
University of Wisconsin, Madison, Wl, 53706.

The ether-a-go-go (eag) gene family encodes novel evolutionarily 
conserved voltage-gated potassium ion channels. To help elucidate 
their function and modulation in vivo, we have cloned the homolog of 
eag from the tobacco homworm, Manduca sexta (Mseag). RT-PCR 
analysis detected message in the CNS and periphery. RNase 
protection assays revealed an upregulation of transcription during 
early stages of adult development. This increase in transcription is 
correlated to the time when postembryonic neurons are differentiating 
and motoneurons are undergoing respecification. Immuno-
cytochemical analysis with a Drosophila anti-EAG antibody, 
generously provided by Dr. Leslie Griffith (Brandeis U.), has provided 
the first localization of this channel in insects. Large, identifiable 
neurons as well as likely postembryonic cells express this channel. 
Once the neurons are identified, we will investigate the function of 
MsEAG and the role of steroid hormones in modulating its expression. 
Research supported by NIH NS34117-01 to JLW.

894.10

IMMUNOCYTOCHEMICAL CHARACTERIZATION OF HERG 
CHANNELS IN HIPPOCAMPAL ASTROCYTES. Philip A. Schwartzkroin 
Adriana Emmi1, Jurgen Wenzel ’, Jeanne Nerbonne2, Gail Robertson3, Damir
Janigro1. 'Dept. of Neurosurgery, Univ. of Washington, Seattle, WA 98104; 2Dept. of 
Molecular Biology and Pharmacology, Washington Univ, Saint Louis, MO 63110; 3Dept. of 
Physiology, Univ. of Wisconsin, Madison, Wl 53706.
HERG (human ether-a-go-go) potassium channels are activated by depolarization 
and show large tail currents that contribute to the apparent inward-going rectification 
of whole cell currents. These channels have been most intensively studied in the 
heart, where HERG currents are responsible for cardiac action potential 
repolarization. In our previous studies of CNS glia, we found a prominent 
hyperpolarization-activated inwardly rectifying current (J. Neurosci., 18(12): 4425- 
4438). A component of this apparent inward rectification in astrocytes could be 
mediated by HERG “inactivation”. We now report immunocytochemical data that 
indicate that HERG channels are significantly represented in hippocampal astrocytes. 
Our immunocytochemical investigation focused on the pyramidal cell regions of 
hippocampus, where we had previously studied the electrical properties of glia. 
Using two different antibodies generated against the C1-C2 segment of the cloned 
HERG channel protein, we found specific glial staining in the neuropil of CA1 and 
CA3 subregions. The immuno-positivity was relatively specific for astrocytes; 
neuronal somata and dendrites, oligodendrocytes, and endothelial cells of the blood 
vessels did not stain with these antibodies. Immuno-positive astrocytic processes 
were seen in apposition to blood vessels and surrounding synaptic profiles, both in 
CA1 and CA3. In addition, occasional axonal elements were immuno-positive. 
Based on their sparseness and the absence of any HERG-positivity in hippocampal 
neuronal somata, it seems unlikely that these axons represent the processes of 
hippocampal principal cells; the source of these axons is still to be determined. These 
results, together with the our electrophysiological data on HERG-like currents in 
hippocampal astrocytes, suggest that HERG channels may play an important role in 
modulating the excitability of CNS tissue. [NIH-NS 51614, ES 07033, NS 35548]
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894.11
DISTRIBUTION OF KATp CHANNEL SUBUNITS IN RAT NEURONAL AND 
CARDIAC TISSUES.
R. Davis-Taber, K. Anderson*, W. Choi, P. Kroeger, M. Gopalakrishnan, J.P.
Sullivan and V. E. Scott. Neurological and Urological Diseases Research, D47C and 
D4MD, Abbott Laboratories, Abbott Park, IL 60064.

KATP channels control cellular excitability in a variety of tissues. In this study we 
have characterized KATp channels in rat neonatal ventricular myocytes and rat dorsal 
root ganglion (DRG) neurons. Ventricular myocytes were shown by RT-PCR to 
contain Kir 6.1, Kir 6.2, SUR1, and SUR2. Functionally, the pharmacological 
profile of the myocytes was examined by assessing KCO-evoked membrane potential 
responses in FLIPR. Pinacidil, cromakalim and diazoxide all evoke membrane 
potential responses in a glyburide-sensitive manner, which also suggests the presence 
of SUR2 or SUR1 containing KATP channels. In DRG neurons, the subunit pattern 
was found to be more complex than previously predicted for neuronal Ka tp  channel 
subtypes ie. Kir 6.2/SUR1. The presence of mRNA for Kir 6.1, Kir 6.2, SURl, and 
SUR2 were found in preparations of the DRG neurons. Examination of individual 
DRG neurons from the lumbar L5 and L6 regions show similar subunit composition 
to that detected in whole DRG preparations. Collectively, these findings suggest that 
the rat ventricular myocytes and the DRG neurons contain a similar subunit profile. 
Quantification of the relative mRNA levels of these subunits in both of these 
preparations provides further insights into molecular heterogeneity of KATP channels 
in these tissues.

894.12

DISTRIBUTION OF THE KATP-CHANNEL SUBUNITS KIR6.1 
AND KIR6.2 IN RAT SNC, VTA AND RAPHE NUCLEI 
A. Thomzig. D. Eulitz. H.-P. Hopp*.andR.W, Veh. Institut fur Anatomie, 
Charite, Humboldt-Universitat, D-10098 Berlin, FRG

ATP-sensitive K-channels play important roles in cellular function by 
coupling cell metabolism to electrical activity. They comprise of two com-
ponents: an inwardly rectifying potassium channel subunit of the Kir6 fam-
ily (Kir6.1 or Kir6.2) together with a member of the sulfonyl urea receptor 
family (SURl, SUR2A, and SUR2B).

KATP-channels are expressed in a variety of tissues including heart, brain, 
skeletal muscle, smooth muscle, and pancreas, where their precise biological 
function is determined by the corresponding composition of Kir6 subunits 
and SUR-proteins. In contrast to the peripheral tissues, molecular compo-
sition and precise function of brain KATP channels are largely unknown. 
Morphological distribution in certain brain nuclei, transmitter systems, or 
neuron or glia cell types may offer some clues to understand the biological 
function of these channels.

In the present report, therefore, highly specific polyclonal antibodies were 
raised against the unconserved carboxy terminal sequences of Kir6.1 and 
Kir6.2 subunits. With these antibodies the regional, cellular and subcellular 
localization of these channels was analyzed in rat midbrain areas at die light 
and electron microscopic level.

Supported by DFG (VE 187/1-2, INK21).

894.13

DISTRIBUTION OF SULFONY LUREA RECEPTORS, SUBUNITS 
OF THE KATP-CHANNELS, IN RAT SNC, VTA AND RAPHE 
NUCLEI
A. Brune. M. Wenzel, T. Stroll*, R.W. Veh
Institut fur Anatomie, Charity Humboldt-Universitat Berlin, D-10098 
Berlin, FRG
ATP-sensitive K+-channels are heteromultimers of at least two 
proteins: a member of the inwardly rectifying Kir6 family (Kir6.1 or 
Kir6.2) and a member of the sulfonylurea receptor family (SURl, 
SUR2A, SUR2B). This type of channel is thought to link the membrane 
excitability to the metabolic state of the cell.
KATP-channels are found in diverse tissues including pancreas, 

skeletal muscle, smooth muscle, heart, and brain. The functions of the 
KATP channels in pancreatic 6 cells and muscle cells are understood in 
some detail. Much less, however, is known about their localization and 
function in the central nervous system.
In the present investigation, therefore, highly specific antibodies were 

raised against individual members of the sulfonylurea receptor family. 
Using these tools, the regional, cellular and subcellular distributions of 
SURl, SUR2A and SUR2B proteins were analyzed in the raphe nuclei, 
substantia nigra compacta (SNc) and ventral tegmental area (VTA), 
known to express the KATP-channel subunits Kir6.1 and Kir6.2 . 
Additional, the corresponding target areas were included to obtain 
information, wether modulation of neuronal activity by sulfonylurea 
receptors is restricted to cell bodies and major dendrites or may extend 
to efferent axons including synaptic terminals.
Supported by DFG (VE 187/1-2, INK 21)

894.14

CLONING, LOCALISATION AND FUNCTIONAL EXPRESSION OF A NOVEL 
HUMAN 2P DOMAIN POTASSIUM CHANNEL. H.J. Meadows1. C.G. 
Chapman2, C. Jennings1. G. Hervieu1. J. Cluderav1. A.R. Randall1*. I S. Gloger2 & 
CD. Benham1. Neuroscience1 and Biopharmceutical Research2, SmithKline 
Beecham Pharmaceuticals, New Frontiers Science Park North, Third Avenue, 
Harlow, Essex CM19 5AW, U.K.

The rapidly growing family of 2P domain potassium channels show similarities in 
overall structure but considerable diversity in functional properties. We have cloned 
a novel human member of this family which shows a high degree of sequence 
homology with the mouse TREK-1 potassium channel. The channel has 96% 
sequence homology with the 370 amino acids of the published mouse amino acid 
sequence but possesses a 41aa extension of the C terminus. We refer to this channel 
as human TREK-1. Northern blot analysis of human tissues revealed transcripts in 
brain but not in heart, placenta, lung, liver, skeletal muscle, kidney or pancreas. 
Analysis of mRNA from human brain areas revealed regional variation in TREK-1 
expression. Protein localisation studies on rat brain were performed using a peptide- 
specific antibody raised against an N terminal sequence common to both the human 
and mouse genes. These studies revealed neuronal localisation in discrete CNS 
regions. Expression of hTREK-1 in Xenopus oocytes hyperpolarised the membrane 
potential by approximately 3 OmV compared with uninjected oocytes. Voltage clamp 
recordings indicated that hTREK-1 produced outwardly rectifying, non-inactivating 
currents. Changes in extracellular K+ indicated that these arose from a K+ selective 
conductance. Currents were reversibly potentiated by both arachidonic acid (lOuM) 
and riluzole (lOOuM).

Due to the ability of this channel to modulate membrane potential, and thus 
cellular excitabiltiy this channel is of potential interest in a number of disease states.

894.15

Molecular  Characterization  of  two  Kv 3-type  K+ channels  in  a  vertebrate  
sensory  neuron  A.J. Rashid1,3*. E. Morales 4. R.W. Turner 4 and R.J. Dunn 1,2,3 
Departments of 'Physiology, 2Biology and the3 Centre for Research in Neuroscience, 
McGill University, Montreal, Quebec H3G 1A4; 4Neuroscience Research Group, 
University of Calgary, Calgary, Alberta T2N 4N1.

The Kv3 family of K+ channels are expressd at high levels in neurons of the 
mammalian auditory system. In view of the functional homologies between electrosensory 
and auditory pathways, we have initiated a molecular characterization of Kv3-type 
channels expressed in the nervous system of a weakly electric fish Apteronotus 
leptorhynchus. Of particular interest is their putative role in pyramidal cells of the 
electrosensory lateral line lobe (ELL), which display bursting properties necessary for first 
order electrosensory processing.

We have identified four Kv3-related K+channel genes from an Apteronotus brain 
cDNA library. Sequence analysis has indicated extensive homology with mammalian 
Kv3 genes, particularly within the transmembrane domains, but has not allowed 
classification into specific mammalian subtypes presumably due to the large evolutionary 
divergence between teleost fish and mammals. In situ hybridization experiments have 
demonstrated that two of the Kv3 genes (AptKv3 A, 3B) are expressed prominently in the 
hindbrain and in particular, in pyramidal cells of the ELL. J/tfKv3A is expressed 
uniformly across all four segments of the ELL while AptKv3B displays differences in 
levels of expression between segments. These results suggest that JpzKv3B may be 
responsible for some of the segment specific responses of pyramidal cells to specific 
frequencies of afferent input.

In vitro expression of?lp/Kv3 A revealed a high voltage-activating current (-1 OmV) 
with properties consistent with that of mammalian Kv3 channels. This current is nearly 
identical to a somatic K+ current identified in intact ELL pyramidal cells of the 
centromedial segment (R.W. Turner, preliminary results) and is most likely responsible 
for fast spike repolarization which is necessary for oscillatory discharge.
(Supported by MRC Canada)

894.16

SZMAEff-RELATED VOLTAGE-GATED POTASSIUM CHANNELS (Kvl) IN HUMAN 
Hippocampus : Pharmacology  and  Subunit  Composition . K. Seppi1, S.G. 
Wanner1, C. Schwarzer2, H. Maier3, J, Marksteiner4, H.-G. Knaus1*. ‘institut fur 
Biochemische Pharmakologie, Peter Mayr-Str. 1; 2Institut fur Pharmakologie, Peter 
Mayr-Str. la; 3Institut fur Pathologische Anatomie, Mullerstr. 44/2; Univ. 
Innsbruck; 4Univ.-Klinik fur Psychiatrie, Anichstr. 35; A-6020 Innsbruck, Austria 4

This paper reports details regarding the pharmacology, the distribution as well as 
the subunit composition of Sh Aer-related voltage-dependent potassium channels 
(Kvl) in human brain. Receptor binding studies using [,25I]HgTXI-A19Y/Y37F 
showed specific binding with sub-picomolar affinity (IQ 0.15 ± 0.03 pM; Bnux 0.325 
± 0.04 pmoles/mg of protein) to crude human hippocampus membranes as a 
saturable function of the iodinated toxin. The pharmacological profile of the binding 
reaction measured in the presence of various K+ channel toxins indicated that 
binding occurred exclusively to this class of ion channel. Their subunit composition 
and distribution was assessed using a combined approach of immunhistochemistry 
and immunoprecipitation. Sequence-directed antibodies against Kvl.l, Kv1.4 and 
Kvl.6 were characterized in Western blots in order to demonstrate their suitability 
for human post-mortem tissue. Certain hippocampal compartments displayed 
overlapping immunoreactivity for individual KV1 subunits in immunhistochemical 
experiments (Kvl .1, Kv1.4 and KV1.6 were detected in the molecular and granule cell 
layer of the dentate gyrus, while CA pyramidal cell areas were immunopositive for 
both, Kyl.l and Kv1.6). Therefore, the molecular components of the human 
hippocampus HgTXi receptor were investigated in immunoprecipitation 
experiments employing antibodies directed against KV1.1, KV1.2, KV1.4 and KV1.6. 
Several subpopulations ofKvl subunit oligomers (Kvl.l/Kv1.2-, Kvl.l/Kv1.4-,
KV1.2/Kvl .4-, Kyi .4/Kyl .6- and KV1.1/KV1,2/Kvl .4-containing channels) were 
deduced by immunoprecipitation experiments using the K+ channel ligand 
[12T]HgTX,-A19Y/Y37F.
Supported by EU Biomed2 program BMH4CT972118 / FWF 12663-MED
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894.17

Molecular composition of pacemaker channels in single 
neurons. O Franz*, B. Liss+, A. Neu and J Roeper. MRC Anatomical 
Neuropharmacology Unit and Laboratory of Physiology*, Oxford 
University, U.K.

Hyperpolarization-activated currents (Ih) are key players in the activity 
of neurons. They help to stablize the resting potential, participate in the 
generation and modulation of rhythmic activity, and act as a frequency- 
filter for incoming synaptic potentials. Recently, the first candidate genes 
for the pacing channels have been cloned (Cell 93, 1998:717; Nature 393, 
1998:587). They belong to the large family of voltage-gated channels with 
a six-transmembrane-topology with close relation to the cyclic-nucleotide-
gated channels. However, the molecular composition of neuronal 
pacemaker-channels and their impact on native Ih-currents are still 
unknown. We have established a single-cell RT-multiplexPCR probing for 
HA-CNG1.1 - 1.4 transcripts to analyse the coexpression profiles of 
putative Ih-channel subunits in central neurons. We compared neocortical 
layer V and hippocampal CA1 neurons both possessing Ih-currents with 
fast activation kinetics (Ih-f: 40-70 ms @ -120 mV) with two subcortical 
neuronal populations. Thalamic DLG and dopaminergic SN neurons both 
express Ih-currents which activate with markedly slower time constants (Ih- 
s: 400-800 ms @ -120 mV). Our single-cell RT-PCR results demonstrated 
that most single neurons coexpress at least two HA-CNG transcripts 
indicating that Ih-channels are likely to be heteromultimers. In addition, 
alternative HA-CNG 1.1-1.4 coexpression profiles were clearly correlated 
with different kinetic Ih-properties. Our data suggest that different 
neuronal Ih-channels might be formed by alternative sets of coexpressed 
HA-CNG genes. This work was supported by grants to J. Roeper (MRC, DFG)

894.18

LOCALIZATION OF INTRACELLULAR K+ CHANNELS IN SQUID GIANT 
AXONS J.R, Clay1* and A.M. Kuzirian2. Tab of Neurophysiology, NINDS, NIH, 
Bethesda, MD 20892; 2Marine Biological Lab, Woods Hole, MA 02543.

The classical voltage-gated delayed rectifier K+ channel in squid giant axons 
was localized with immunocytochemistry using the Kv1 antibody of Rosenthal, 
et al. (J. Gen. Physiol. 108:207). Widely dispersed spots of intense immuno- 
fluroescence were observed throughout the axonal membrane, 1 per ~ 25 p2 
of membrane surface area. Within the axoplasm punctate immunofluorescence 
was observed in a ~ 25 p wide column down the length of the nerve (axon d ~ 
500 p). Immuno-EM revealed K+ channel containing transport vesicles 
(d ~ 20-30 nm) in linear arrays within this column. Transport vesicles were 
isolated from axoplasm using a controlled-pore size glass bead column and 
ultracentrifugation of various column fractions. -1% of all such vesicles 
contained a K+ channel. The other vesicles may contain various other axon 
membrane proteins. All transport vesicles contained kinesin and, surprisingly, 
a heat-shock protein (hsp-70), which may act as a molecular chaperone. These 
vesicles did not contain synaptobrevin (syb). Syb immunoreactivity was found 
in another axoplasm fraction. Incorporation of vesicle fractions into artificial lipid 
bilayers revealed K+ channel activity similar to that recorded directly from the 
axonal membrane (Llano, et al., J. Gen. Physiol. 92:179). Transport vesicles 
may be involved in recycling of axon membrane proteins via constitutitve 
fusion. In order to maintain homeostasis, proteins must also be recycled back 
to the cell body from the axonal membrane. We have isolated another 
axoplasm fraction containing larger vesicles (d ~ 150 nm) - possibly 
endocytotic in origin - which may be involved in this process.

CALCIUM CHANNELS: MODULATION

895.1
CaM KINASE II/IV ACTIVITY AFFECTS AVAILABILTY OF HIGH 
THRESHOLD VOLTAGE-GATED CALCIUM CHANNELS. K. Hamming*, K.G. 
Sutton, J.E. McRory and T.P. Snutch. Biotechnology Laboratory, University of 
British Columbia, Vancouver, B.C. Canada. V6T 1Z3.

Activity-dependent modulation of calcium channels provides an important means 
of controlling calcium entry and the activation of calcium-dependent processes. 
Calcium channels were transiently expressed (with a25 and plb) in HEK cells and 
currents recorded using the perforated patch technique. Inhibition of CaM kinase 
II/IV activity following incubation with KN-62 (5 pM) produces an activity- 
dependent decrease in calcium channel availability for all high threshold currents 
tested (a,A, aIB, aIC, a1E). Following treatment with KN-62, 100 ms step 
depolarizations every 15 s'1 produced a progressive decrease in peak current 
amplitude, with only ~20% of the original current remaining after 20 steps. Voltage- 
dependence of current activation was unaffected in the presence of KN-62. Rate of 
current decrease was dependent upon duration of current activation, as currents 
remained unaffected when activated with short 5 ms steps. Moreover, full recovery 
of the current was seen following a 10 min period of inactivity. Pre-loading the cells 
with BAPTA-AM (2 pM) had no effect and did not interfere with action of KN-62. 
Nevertheless, the activity-dependent decrease observed following incubation with 
KN-62 was mimicked by a 30 min application of thapsigargin (10 pM) to disable 
intracellular calcium stores. The effect of KN-62 was minimized when channels 
were coexpressed with p2a, an ancillary subunit that imparts relatively non-
inactivating properties to calcium channels. In contrast to the high threshold 
channels, both a1G and an low-threshold channels were unaffected in the presence 
of KN-62. To conclude, the data presents evidence for activity-dependent 
modulation of high threshold calcium channels through stimulation of CaM kinase 
II/IV activity. This appears to be influenced by a close association of calcium 
release from intracellular stores and the inactivation properties of the channel. 
Supported by grants from the ALS Society of Canada, MRC and NSERC of Canada.

895.2

A STUDY OF THE ACTION OF SELECTIVE PKC INHIBITORS ON THE 
EFFECT OF PMA ON DORSAL RAPHE NEURON Ca2+ CURRENT 
RESPONSE TO 5-HT by Y.D.Yao* andN.J.Penington Dept. Pharmacology. 
SUNY (H.S.C.) Brooklyn N.Y. 11203.

Serotonin inhibits Ca2+ current of Dorsal Raphe (DR) neurons by 
activating 5-HT1A receptors. It is known that PKC, when activated by the 
phorbol ester PMA, a potent activator of conventional and nonconventional, 
but not atypical PKCs, can reduce this response. It is not known which 
isoenzyme(s) of PKC mediate this effect. To investigate this question, two 
selective PKC inhibitors were used: Go 6976 that inhibits a, 01, p, y and 
possibly p & pll isozymes; and GS 6983 that inhibits a, P, y, S, £ and 
possibly pi, pil, s & q isozymes. The Ca2+ current of acutely isolated DR 
neurons was recorded using the whole cell patch clamp. The average 
inhibition of Ca2+ current by 5-HT was 58.0%, and 34.8% after 5 minutes 
treatment with 500nM PMA (a 40% reduction, n=8). Other groups of 
neurons were pretreated with one of the two Go compounds (200 nM) for 
3 minutes, then with PMA. The data revealed that: (1) Both of the G6 
compounds had no noticeable effect on the response of DR neurons to 5-HT. 
(2) Both of the G6 compounds blocked the effect of PMA. After 
pretreatment with Go 6983, the average inhibition of Ca2+ current by 5-HT 
was 52.5% before and 50.3% after treatment with PMA (5 minutes, n=4). 
After G6 6976, the average inhibition of Ca2+ current by 5-HT was 43.4% 
before and 41.1% after PMA (n=4). (3) Additional experiments revealed that 
these two compounds can partially reverse a previously established effect of 
PMA. Our data suggests that the effect of PMA is mediated by conventional 
PKCs. Supported by NIH grant MH5504101 to N.J.P.

895.3

MECHANISM OF INSULIN-LIKE GROWTH FACTOR-1 
(IGF-INDEPENDENT POTENTIATION OF NEURONAL L-TYPE 
CALCIUM CHANNELS. K.K. Bence-Hanulec1,2*. L.A.C, Blair2, and J. 
Marshall2. ’Department of Physiology and Biophysics, Cornell 
University Medical College; department of Molecular Pharmacology, 
Physiology, and Biotechnology, Brown University, Providence, RI 
02912.

The insulin-like growth factor-1 receptor tyrosine kinase recently has 
been shown to potentiate the activity of specific subtypes of neuronal 
calcium channels and to mediate neuronal survival. IGF-1-induced 
potentiation of L-type channels involves the serine-threonine kinase Akt. 
In addition, IGF-1 mediates cerebellar granule neuron survival partially 
via Akt-dependent potentiation of L channel activity. The mechanism of 
L channel modulation by the IGF-l/PI3-kinase/Akt pathway is currently 
unknown. In this study, we demonstrate an increase in phosphorylation 
of the alpha-1 subunit of the L-type calcium channel in response to IGF-
1. Specifically, this increase in phosphorylation occurs in the 
intracellular C-terminus of the channel. These results provide a 
mechanism for rapid RTK modulation of neuronal L-type calcium 
channels, and may provide insight into rapid growth factor regulation of 
Ca2+-dependent processes. Supported by American Heart Association 
#9940131N and NIH #R29NS33914-04 to JM.

895.4

VOLTAGE DEPENDENT AND INDEPENDENT CALCIUM 
CURRENT INHIBITION BY MUSCARINIC AGONISTS IN RAT 
SUPERIOR CERVICAL GANGLION NEURONS. RL 
Kammermeier*. V. Ruiz-Velasco and S.R. Ikeda. Laboratory of 
Molecular Physiology, Guthrie Research Institute, Sayre, PA 18840.

Application of oxotremorine-M (oxo) to isolated superior cervical 
ganglion neurons activates multiple muscarinic acetylcholine receptor 
(mAchR) subtypes One subtype can activate pertussis toxin (PTX)- 
sensitive G proteins to produce voltage dependent calcium current 
inhibition mediated by active Gpy. Another mAchR subtype can 
activate a PTX-insensitive G protein (G^n) to produce a fast voltage 
independent calcium current inhibition in the presence of 10 mM 
intracellular BAPTA or 11 mM EGTA. Expression of RGS2 or a C- 
terminal construct of phospholipase C-(3l (which bind Gaq) caused 
calcium current inhibition by oxo to become more voltage dependent in 
PTX-treated and -untreated cells, indicating that Gaq-GTP is required 
for voltage independent inhibition. However, this modulation appears 
to require another factor as well. As expected, PTX treatment 
eliminated voltage dependent, leaving only voltage independent 
inhibition. In addition, coexpression of transducin (Gtr), a Ga subunit 
and effective G(3y buffer, had a similar effect in PTX-untreated cells. 
Surprisingly, when Gtr was coexpressed in PTX-treated cells, calcium 
current inhibition by oxo was virtually eliminated. These data are 
consistent with a model where G(3y is also required for voltage 
independent inhibition, and where Gtr is ineffective at buffering a Gpy 
released by a PTX-sensitive G protein. Supported by grants NS 37615 
and GM 56180 to SRI.
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895.5

HETEROLOGOUSLY EXPRESSED HUMAN METABOTROPIC 
P2 PURINOCEPTORS MEDIATE MODULATION OF CALCIUM 
AND M-CURRENTS. S.W. Jeong1*. J.W. Lee2 and S.R, Ikeda1. 
'Laboratory of Molecular Physiology, Guthrie Research Institute, 
Sayre, PA 18840; ^Department of Physiology, Yonsei University 
Wonju College of Medicine, Republic of Korea

To test the capabilities of metabotropic P2 purinoceptors for 
modulating voltage-gated Ca2+ and M-type K+ channels, human 
P2Y, and P2Y2 receptor (hP2Y,R and hP2Y2R) subtypes were 
heterologously expressed in rat sympathetic neurons by intranuclear 
injection of CMV-driven plasmids. Ca2+ and M-currents were 
measured using the whole-cell variant of the patch clamp technique. 
When hP2Y,R and hP2Y2R were activated by 2-MeSATP(10 pM) 
and UTP(10 pM), respectively, both Ca2+ and M-currents were 
significantly inhibited. The potency order of agonists in modulating 
the Ca2+ currents was 2-MeSATP>ATP»UTP for hP2Y,R, whereas 
UTP=ATP>2-MeSATP for hP2Y2R. The Ca2+ current inhibition was 
mostly voltage-independent, and pertussis toxin- and intracellular 
Ca2+-insensitive. When transducin, a known sink of GJ3y subunit 
was coexpressed, hP2YR-mediated Ca2+ current inhibition was 
significantly blocked. Moreover, coexpression of RGS2, a Gaq- 
specific antagonist attenuated the current inhibition and switched 
the inhibition mode to “voltage-dependent” from “voltage- 
independent”. Taken together, these data suggest that heterologously 
expressed hP2YRs are capable of modulating neuronal ion channels 
via signaling pathways utilizing both Ga and Gpy subunits. 
Supported by NIH grants GM 56180 and NS 37615.

895.6

MUTATIONAL ANALYSIS OF G-PROTEIN py SUBUNIT 
INTERACTIONS WITH N-TYPE CALCIUM CHANNELS IN RAT 
SUPERIOR CERVICAL GANGLION (SCG) NEURONS. W 
Ruiz-Velasco* and S.R. Ikeda. Laboratory of Molecular Physiology, 
Guthrie Research Institute, Sayre, PA 18840.

Previously, we reported that G protein P subunits (p 1 -p5) and 
various Gy subunits were capable of producing voltage-dependent (VD) 
inhibition of N-type Ca2+ channels when heterologously coexpressed in 
SCG neurons. To determine whether the enhanced basal facilitation was 
a result of the overexpressed Gpy or a displacement of native GPy by 
heterologously expressed Gpy, we thought to disrupt binding between 
between Ga and Gpy. To this end we mutated 3 residues (55, 88, 89) on 
Gpi or Gp4. These residues are located on the sides of blade 1 of GP 
that contact the amino terminus of the a subunit. Control neurons had a 
basal facilitation (i.e. tonic inhibition in the absence of agonist) of
1.3±0.1 (mean±SE). Coinjection of wild-type ply2 cDNA with Gayr 
(transducin) caused a significant decrease in basal facilitation, while it 
remained elevated in P4y4 + GOp-injected neurons. Overexpression of 
either mutant produced a significant basal facilitation similar to the 
wild-type, indicative of a functional Gpy dimer. When either mutant 
was coexpressed with GaTr, basal facilitation remained elevated. 
Surprisingly, when another Ga subunit (GaoA) was coinjected with 
either wild-type or mutant p4y4, basal facilitation decreased to control 
levels. Although both Ga subunits are effective G(3y ‘buffers’, they 
appear to have a differing affinity for Gp subunits.
Supported by NIH grant GM 56180.

895.7

RECEPTOR-SELECTIVE EFFECTS OF RGS4 ON GPCR-MEDIATED 
MODULATION OF N-TYPE Ca2+ CHANNELS IN INTACT NEURONS 
L. Polo-Parada1. B. Xu2, W. Kroeze2, B.L, Roth1,2, G. Pilar*1. Departments of 
Neurosciences1 and Biochemistry2, Case Western Reserve University,
Cleveland, OH 44106

RGS proteins were recently discovered functionally as negative regulators 
of G protein signaling which act by accelerating the GTPase activity of G 
protein a subunits (Ga, principally, Ga^, Gaq). Several members of the RGS 
family have been shown to be important in the rapid regulation of neuronal 
function, including phototransduction and K+ channel regulation. In this study, 
we have prepared mutant RGS4 by site-directed mutagenesis and both the wild 
type and mutant RGS4 proteins were purified to homogeneity from bacteria 
extracts. Electrophysilogical studies, from chicken dorsal root ganglion neurons, 
under whole cell voltage clamp were performed. We found that the addition of 
RGS4 (1 pM) into the pipette solution resulted in an increase in the basal Ca2+ 
current density. A change in Ca2+ current inactivation was observed in all cells 
tested with a shift of 8 mV in the voltage-dependent inactivation under the 
influence of RGS4. Application of RGS4 eliminated the kinetic slowing induced 
by somatostatin (100 nM) and the GABAb  agonist baclofen (50 mM), but not by 
U-50448, an opioid K-agonist. The mutant N128A and heat inactivated RGS4- 
wt showed no alteration of basal ICa2+ or modulation induced by somatostatin, 
baclofen and U-50448. Our experiments show a novel receptor-selective effect 
of RGS4 in regulating the cross-talk between G-protein coupled receptors and 
Ca2+ channels. We hypothesize that RGS4 removes a basal G-protein activity 
sensitive to RGS4 in chick DRG neurons, and modifies one the multiple 
pathways activated by somatostatin and baclofen to modulate the N-type Ca2+ 
channels, but not the K-agonist.
(Supported by NIH grants NS10338 to G.P. and MH57635, MH01366 to
B.L.R.)

895.8

A PEPTIDE FROM THE G PROTEIN Ys-SUBUNIT SELECTIVELY DISRUPTS 
MUSCARINIC VOLTAGE-DEPENDENT MODULATION OF N-TYPE Ca2+ 
CHANNELS. H. Cruzblanca1,1. Azpiazu2, N. Gautam2 and B. Hille*1 *Dept. of 
Physiol. & Biophys., Univ. of Washington, Seattle WA 98195,2Dept. of 
Anesthesiology, Washington Univ. School ofMedicine, St. Louis MO 63110.
In rat sympathetic neurons M4 muscarinic, a2 adrenergic, and somatostatin receptors 
suppress N-type Ca2+ current (ICa) via a voltage-dependent pathway mediated by the Py 

dimer of Go. Here we ask if diversity among Gy-subunits plays a role in selectivity of 
receptor/G-protein coupling. We find that a geranylgeranylated Gy5 carboxy-terminal 
peptide (Gy5 peptide) blocks the voltage-dependent inhibition of ICa by the muscarinic 
agonist oxo-M but not by norephinephrine (NE) or somatostatin (SS).
Sympathetic neurons were pressure injected with the Gy5 peptide (50 pM) or a 
scrambled Gy5 peptide (Gy5s). Voltage-dependent inhibition of ICa was studied with two 
10-ms test pulses to +10 mV (Vh = -80 mV), one before (Pl) the other (P2) after a 25- 
ms prepulse to +125 mV. The facilitation ratio (R) was defined as the amplitude of ICa 
during P2 divided by the amplitude during Pl. In uninjected cells oxo-M reduced ICa by 
80 ± 4 % (n = 12). Half of this suppression of ICa was relieved by the +125 mV pre-
pulse, so R was increased from 1.09 ± 0.01 to 2.13 ± 0.13 by oxo-M. Similarly, in cells 
injected with Gy5s, oxo-M inhibited ICa by 81 ± 3% and increased R to 2.13 ± 0.19 (n = 
7). In contrast, in cells injected with Gy5 peptide, oxo-M inhibited ICa by only 48 ± 5% 
and increased R from 1.07 ± 0.02 to only 1.4 ± 0.09 (n = 10). Gy5 peptide did not 
decrease the suppression of ICa by NE or SS. NE increased R from 1.02 ± 0.01 to 2.04 
± 0.27 in control cells (n = 5), to 2.27 ± 0.12 with Gy5s (n = 6), and to 2.39 ± 0.27 with 
Gy5 (n = 7) injected cells, respectively, and SS increased R from 1.01 ± 0.02 to 1.9 ± 
0.14 (n = 4), 2.15 ± 0.43 (n = 3), and 1.77 ± 0.13 (n = 6). Modulation of Ica by Ml 
receptors was unaffected by Gy5 peptide. Thus of the receptors tested for modulation 
of ICa, the M4 muscarinic receptor is the only one strongly affected by the Gy5 peptide. 
Supported by NIH grants NS-08174 (BH), GM-46963 (NG) and the PEW Trusts (HC).

895.9

NEURONAL CALCIUM CHANNEL REGULATION BY THE a-SUBUNITS BY 
HETEROTRIMERIC G-PROTEINS. C,C, Lee*, A.A. Simen. and R. J, Miller. Dept. 
of Pharmacol, and Physiol. Sciences, Univ. of Chicago, Chicago, IL 60637

Neuropeptides such as galanin activate specific G-protein coupled receptors 
(GalRl -3). Activation of certain GPCR’s modulates N-type calcium channels 
through the direct interaction of the G-protein Py subunits and the al subunit of the 
calcium channel.

Activation of GalRl receptors in neurons or cell lines inhibited N-type calcium 
currents, whereas activation of GalR2 produced Ca2+ mobilization but not N-current 
inhibition. We examined the mechanisms involved in governing the selectivity of 
GalR’s effects. The activation of K-opioid receptors (KOR) with U69395 (lpM) in 
tsA-201 cells expressing cloned KOR, N-channels, and GalRl or GalR2 rapidly 
inhibited IBa in a voltage dependent manner (37%±4; n=8). The activation of GalRl 
with galanin (lOOnM) inhibited IBa (41%±3; n=7), while the activation of GalR2 
produced no effects (0.15%±.03; n=8). Exchanging wild-type aib subunits with 
versions of aib truncated in their C-terminal tails did not effect KOR’s ability to 
modulate IBa. However, the activation of GalR2 was now able to modulate IBa. The 
modulation of IBa by GalR2 appeared to be voltage dependent, being partially relieved 
by prepulsing to a positive potential. In other experiments, overexpression of 
constitutively active Gaq*, occluded GalRl’s ability to block IBa while 
overexpression of wild-type Gaq did not occlude the GalRl response. In preliminary 
experiments, the overepression of Gaj, Ga0, Gaj*, and Ga0* were unable to occlude 
GalRl inhibition of N-type currents. These data suggest that Gaq may override the 
ability of G-protein Py subunits to inhibit N-type calcium channels by targeting a site 
in the channel C-terminal tail.
Work supported by USPHS DA02121, MH40165, NS33826, DK44840 and NS21442 
for RJM.

895.10

IDENTIFICATION OF 6 REGULATOR-OF-G-PROTEIN-SIGNALING 
(RGS) CDNAS IN CHICK DORSAL ROOT GANGLION NEURONS: 

CLONING, TISSUE DISTRIBUTION AND PHYLOGENY
PUTosetti*1, B. Chang?, and K, Dunlap1, ‘Dept. Physiol., Tufts Univ. Sch. Med., Boston 
02111;2Dept. Org. Evol. Biol., Harvard Univ., Cambridge 02138.

Recently, a new multigene family of proteins called Regulators of G-protein 
Signaling (RGS) have been described. These proteins increase the intrinsic GTPase 
activities of the Ga subunits of heterotrimeric G-proteins, and in several tissues they 
have been shown to attenuate the action of Ga on its effector proteins. To date, even 
though more than 20 mammalian RGS genes have been described, none has been 
cloned from avian species.

Here we report the cloning of six distinct RGS genes from chick dorsal root 
ganglion (DRG) neurons. These cells have been demonstrated to express several 
prominent G-protein-mediated pathways that inhibit Ca2+ channels. Using RT-PCR 
and degenerate primers directed towards the conserved core of RGS proteins, the RGS 
domain, we identified six cDNA fragments showing similarities to mammalian GAIP, 
RGS2, RGS3, RGS4, RGS9 and RGS11. The PCR fragments were subsequently used 
to screen a chick cDNA DRG library and obtain the full clones for the six proteins. 
Several of the chick RGS proteins were coded by two splice variants. The sequences 
coding for chick RGS proteins share a considerable degree of sequence identity (65% 
to 80%) with the corresponding mammalian proteins. Investigation of the mRNA 
distribution by northern blot showed that RGS proteins are present in several chick 
tissues beyond DRG neurons. Phylogenetic analysis (using both parsimony and 
distance methods) of the RGS domain from the chick sequences as well as from 40 
other RGS sequences from GenBank, confirmed the assignments of the chick clones to 
members of the RGS gene family.
Supported by NINDS grant #NS16483 (K.D), the Human Frontier Science Program 
(P. T.), the AlfredP. Sloan Foundation (B. C.).

Society  for  Neuroscience , Volume  25, 1999



THURSDAY AM CALCIUM CHANNELS: MODULATION 2251

895.11
HISTAMINE INHIBITS CALCIUM CHANNELS IN ADRENAL CHROMAFFIN 
CELLS USING A PERTUSSIS TOXIN INSENSITIVE G-PROTEIN. K.P.M. Currie* 
and A.P. Fox. Dept. Neurobiol, Pharm, Physiol, Univ of Chicago, Chicago IL 60637.

Autocrine/paracrine modulation of voltage-gated calcium channel currents (ICa) may 
have important consequences for catecholamine release from adrenal chromaffin cells. 
Histamine is present in the adrenal gland in mast cells and chromaffin cells. The latter 
express receptors for histamine which when activated release intracellular calcium stores 
and stimulate catecholamine secretion. In this study we examined whether histamine 
can also modulate the N- and P/Q-type ICa in cultured bovine adrenal chromaffin cells, 
and compared the results to known modulation by ATP and prostaglandin E2 (PGE2).

Whole cell ICa were recorded with 1 pM nisoldipine present to block the L-type ICa. The 
remaining current was roughly 50% N-type and 50% P/Q-type. Histamine (Hist) 
inhibited Iu with an EC50 of 585 nM and a maximal inhibition of 28 ± 1.5 % (n = 31). 
Both N- and P/Q-type ICa were suppressed. The H, receptor antagonist mepyramine 
blocked the inhibition (n = 4). Histamine slowed the activation kinetics of ICa and a 
prepulse to +100mV relieved 71 ± 4 % (n = 9) of the inhibition. PTX treatment, which 
abolished ATP inhibition of ICa, did not significantly reduce the inhibition produced by 
histamine (20 ± 3%, n = 11). The histamine inhibition was not additive with that 
produced by ATP (ATP = 53 ± 3%; ATP + hist = 54 ± 4 %, n — 4) suggesting the 
channels are saturated and maximally inhibited by the PTX sensitive G-proteins 
activated by ATP. A portion of the PGE2 inhibition of ICa remained in PTX treated cells 
(22 ± 2 %, n = 6). This inhibition was partially additive with that produced by histamine 
(hist = 17 ± 5 %; hist + PGE2 = 30 ± 5 %; n=5) suggesting the submaximal inhibition 
is due at least in part to non-saturating amounts of G-protein activation in the vicinity 
of the channels by these agonists. To conclude, Ht receptor activation by histamine leads 
to a voltage-dependent inhibition of N- and P/Q-type ICa by PTX insensitive G-proteins. 
This identifies and characterizes a further mechanism by which histamine may affect 
adrenal chromaffin cell function. This work was supported by GM-43560.

895.12
LONG TERM REGULATION OF Ca2+ CHANNELS IN BULLFROG 
SYMPATHETIC GANGLIA BY TONIC IN VIVO RELEASE OF LHRH. C.P.
Ford. & P. A Smith*. Division of Neuroscience and Department of Pharmacology, 
University of Alberta, Edmonton, Canada T6G 2H7

The peptide, luteinizing hormone releasing hormone (LHRH) effects a long-range 
interaction in bullfrog sympathetic ganglia (BFSG) between preganglionic 
vasomotor C-fibres and the postganglionic B-fibres that project to mucous glands in 
the skin (Jan etal., Proc Natl Acad Sci 76:1501,1979; Jobling & Hom J. Physiol. 
494:287,1996). To examine the physiological significance of this interaction, a 2 min 
sample of a previously-acquired recording of in vivo synaptic activity from a 
vasomotor C-neuron (Ivanoff & Smith, J. Physiol. 485:797.1995) was used to 
stimulate preganglionic C-fibers of intact BFSG in vitro. B-cell excitability, as 
monitored with sharp microelectrodes, was profoundly increased during this 
'physiological,' C-fiber-derived stimulus. This effect was antagonized by [D-pyro- 
Glu',D-Phe2,D-Trp3,6]-LHRH (70pM). In a separate study, we showed that activation 
of the ras-MAP kinase pathway by nerve growth factor increases Ca2+channel 
activity (Isa) in BFSG neurons after 6d in defined medium, low-density culture (Lei 
et al., J. Neurophysiol. 80:1352, 1998) Since LHRH, working via a G-protein, has 
been reported to activate MAP kinase in a pituitary cell line (Sim et al., Mol. Cell. 
Endocrinol. 112:257.1995). we used whole-cell recording to examine whether it 
could also exert long-term control of neuronal Ca2+ channels. Ir , in BFSG B-neurons 
was increased from 8.17±0.6nA (n=28) to 11.2±0.7nA (n=28, p< 0.05) after 
inclusion of lpM LHRH in cultures for 6d. Thus, the properties of Ca2+ channels in 
adult sympathetic ganglia are regulated by the tonic in vivo release of neuropeptide 
from preganglionic fibers.

Supported by Medical Research Council and Canadian Heart & Stroke Foundation

895.13

KINETICS OF VOLTAGE-DEPENDENT MODULATION OF HVA CALCIUM 
CURRENTS BY ALPHA-ADRENERGIC AGONISTS IN ACUTELY 
DISSOCIATED RAT CORTICAL PYRAMIDAL NEURONS. S. Timmons* and 
R.C. Foehring. Department of Anatomy & Neurobiology, University of Tennessee, 
Memphis, TN 38117.

In several cell types, membrane-delimited modulation of N- and/or P/Q-type 
calcium channels is accompanied by fast onset kinetics, slowing of current 
activation, and voltage-dependent unblocking. In neocortical pyramidal cells, the 
voltage-dependent, membrane-delimited modulation by M2-class receptor activation 
did not cause slowing of activation (Stewart et al. J. Neurophysiol. 81: 72-84,
1999). Modulation by 5HT1A agonists only caused slowing at high doses (e.g.,
100 pM: Foehring, J. Neurophysiol. 75:648-659, 1996). We have studied 
modulation of high-voltage-activated calcium channels by noradrenergic agonists in 
acutely dissociated rat sensorimotor pyramidal cells. We found that the rapid, 
membrane-delimited, voltage-dependent modulation by a-2 agonists (Timmons & 
Foehring, SFN Abstracts, 24:1574, 1998) caused slowing of activation. Kinetics of 
unblock (facilitation) and reblock of current were studied in detail, as was the voltage 
dependence of the unblock. Ehrlich and Elmslie (J. Neurophysiol. 74:2251-2256, 
1995) found that facilitation kinetics were concentration-independent, and reinhibition 
kinetics were dependent on neurotransmitter concentration in rat superior cervical 
ganglion neurons. If the voltage dependence of the modulation results from 
disruption of G-proteins bound to calcium channels, then the kinetics of reinhibition 
should be faster for higher concentrations of activated G-protein. We examined 
facilitation and reinhibition kinetics as a function of transmitter dose and percent 
modulation (indices of G-protein activation). Supported by NIH Grant #NS33579.

895.14

CATECHOLAMINERGIC MODULATION OF CALCIUM CURRENTS IN 
RAT AMYGDALOID PYRAMIDAL NEURONS. R.C. Foehringf and 

S.Timmons. Dept. of Anatomy and Neurobiology, Univ. of Tenn., Memphis, TN 

38163
The amygdaloid nuclei are important in the regulation of emotions (especially 

fear) and emotional aspects of learning and memory. Through connections with 

the nucleus accumbens, frontal cortex and striatum, the amygdaloid nuclei may 

also influence the emotional content of tics and vocalizations characteristic of 
Tourette Syndrome. Catecholamines (dopamine: DA; norepeineprine: NE) are also 

implicated in both fear learning and Tourette syndrome and both transmitter 

systems project strongly to the amygdala. We are studying the effects of DA and 

NE on ion channels in amygdaloid pyramidal neurons to gain insight into the role 

of intrinsic biophysical properties in the regulation of pyramidal cell activity, and 
thus amygdaloid output. Our initial studies are of Ca2+ currents. We found that 

both NE and DA reduced current through high-voltage activated (HVA) Ca2+ 

channels in a biphasic manner. Both transmitters modulated currents elicited with 

either action potential waveforms or voltage steps. For NE, the initial rapid 

component of the modulation was mediated by oc2 receptors, involved N- and P/Q- 

type channels, and was voltage-dependent. The slower component was mediated by 
(3 receptors and was voltage-independent. NE also reduced T current in some cells. 

DA also reduced current via fast and slow pathways. The fast pathway was 
voltage-dependent and the slow pathway was not. Supported by NS33579 and a 

grant from the Tourette Syndrome Foundation to R.C.F..

895.15

SNAP25 protein modulation of L-type Ca2+ channels in insulinoma HIT-T15 
Pcells. J. Ji, X. Huang, W.S. Trimble*, A.M.F. Salapatek and H.Y. Gaisano Depts. of 
Biochemistry, Medicine & Physiology Univ. of Toronto, Canada

Exocytosis of insulin granules is promoted by Ca2+ influx through L-type voltage 
sensitive Ca2+ channels (LCa). t-SNAREs, SNAP25 and syntaxin, were recently 
reported to interact with Ca2+ channels in oocytes, with syntaxin alone acting to inhibit 
Ca2+ channels and SNAP25 acting to relieve this channel inhibition by syntaxin. The 
physiological significance of these effects is unknown. We hypothesized that SNAP25 
alone or in conjunction with endogenous syntaxin interacts with Pcell LCa channels to 
modulate Ca2+ influx and insulin secretion. Using standard whole-cell patch clamp 
techniques, the effects of SNAP25 on LCa channels were investigated by either 
infusion of recombinant SNAP25 proteins into insulinoma HIT-T15 cells via the patch 
pipette, or overexpressing in Pcells one of three SNAP25 proteins: wildtype SNAP25 
(wt, 206 a.a.), a truncated SNAP25 mutant (mt, 1-197 a.a.), or depletion of SNAP25 by 
botulinum neurotoxin A (BoNT/A) expression. Infusion of recombinant SNAP25wV 
(10'9M) caused a time-dependent decrease in voltage-evoked LCa currents over basal 
levels. Similarly, HIT cells overexpressing SNAP25w/ also exhibited reduced LCa 
current magnitude compared to control cells. Depletion of SNAP25 by BoNT/A 
caused an even greater reduction in LCa currents. Surprisingly, expression of 
SNAP25/nZ significantly enhanced Lca currents over control currents. These changes in 
LCa current magnitudes are contributed to by distinct effects on time-dependent channel 
inactivation, including acceleration of inactivation caused by SNAP25w/ 
(r=836.8±84.2ms) and BoNT/A (r=932.5± 137.3ms), and deceleration of inactivation 
observed with SNAP25zni (x= 1920.0±161.3ms) compared to control 
(r=136L4±131.9ms). These LCa channel effects were supported by Ca2+ imaging 
studies of KC1 (lOmM)-depolarized HIT cells which showed decreased Ca2+ influx in 
SNAP25wf and BoNT/A cells, and increased Ca2+ influx in SNAP25znZ cells. These 
results suggest that SNAP25w/ protein normally acts to inhibit the Lca channel through 
formation of a stable complex with syntaxin, whereas an unstable complex formed by 
SNAP25mr paradoxically enhances Lca currents. The reduction in Lca currents seen 
with depletion of SNAP25 by BoNT/A, likely results from syntaxin acting alone.

Supported by NIH-DK55160 and Canadian Diabetes Association

895.16

THE A-KINASE ANCHORING PROTEIN MAP2B AND PKA ARE 
ASSOCIATED WITH POSTSYNAPTIC CLASS C L-TYPE Ca2+ 
CHANNELS M.A.Davare. F. Donat. C.S. Rubint. and J.W. Hell* Department 
of Pharmacology, University of Wisconsin, Madison, WI 53706 and t the 
Department of Molecular Pharmacology, Albert Einstein College of Medicine, 
Bronx, NY 10461

Phosphorylation by PKA increases the activity of class C L-type Ca2+ channels 
which are important regulators of neuronal function. We investigated a possible 
mechanism that could ensure rapid and efficient phosphorylation of these channels 
by PKA upon stimulation of cAMP-linked signaling pathways. A-kinase 
anchoring proteins (AKAJf’s) bind to the regulatory R subunits of PKA and target 
the holoenzyme to defined subcellular compartments and substrates. Class C 
channels isolated from rat brain extracts by immunoprecipitation contain an 
endogenous kinase that phosphorylates kemptide, a classic PKA substrate peptide, 
and also Serine 1928, the main PKA phosphorylation site in the pore-forming 
subunit of the class C channel complex. The kinase activity is inhibited by the 
PKA inhibitory peptide PKI(5-24) and stimulated by cAMP. Physical association 
of the catalytic C subunit of PKA with the immunoisolated class C channel 
complex was confirmed by immunoblotting. A protein overlay assay with 32P- 
labeled RIIp revealed a prominent AKAP with an Mr  of 280,000 in class C channel 
complexes. The protein was identified by immunoblotting as the microtubule- 
associated protein MAP2B, a well-established AKAP. Class C channels did not 
contain tubulin and MAP2B association was not disrupted by dilution or addition of 
nocodazole, two treatments that cause dissociation of microtubules. Neither PKA 
nor MAP2B were detected in immunoprecipitates of AMPA type glutamate 
receptors or class B N-type Ca2+ channels. Our findings indicate that PKA is an 
integral part of class C L-type Ca2+ channels which are clustered at postsynaptic 
sites. This interacion may be mediated by MAP2B which appears as the major 
AKAP at postsynaptic sites in our hands. Supported by NIH grants R01- 
NS35563(J.W.H.) and GM22792 (C.S.R.)
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895.17
DIHYDROPYRIDINE-SENSITIVE CALCIUM SIGNALING IN PC12 CELLS: 
REGULATION BY THE FARNESOL PATHWAY. Scott Jarvis,4* T. Chantabouly,1 T. 
Burlingame? P. McDougal? G.W. Zamponi? J.B. Roullet.1 'Dept. of Medicine, 2Dept. of 
Medical Genetics, O.H.S.U., and 3Dept. Chemistry, Reed College, Portland, OR 97201; 
4Dept of Pharmacology & Therapeutics, Univ. of Calgary, Calgary, Alberta, Canada.

Famesol (FOH) is an intracellular metabolite of the mevalonate pathway. It is 
synthesized in the endoplasmic reticulum (ER) and oxidized into famesal (FCHO) and 
famesoic acid (FCOOH) by a cytoplasmic dehydrogenase. Using NGF-differentiated 
PC 12 cells loaded with fura-2/AM and synthetic FOH derivatives, we showed that 
FOH rapidly (2 min.) inhibited nifedipine (NIF)-sensitive KCl-induced Ca2+ signaling 
at low (500 nM) concentration (Fig., left). FCHO was less active and FCOOH was 
inactive (right). We further showed that brain (rat and human) FOH concentration was 
between 100-700 nmol/kg. The data suggest that endogenous FOH inhibits Ca2+ 
signaling in neurons, and that metabolic oxidation may reduce its biological activity.

Response to 30 mM KCI
(•: p<0.05 vs. control)

□ Baseline ■ Peak delta (peak-basal)

895.18
EFFECTS OF CORTICOSTERONE ON HIPPOCAMPAL CALCIUM 
CURRENTS INVOLVES DIMERIZATION OF GLUCOCORTICOID 
RECEPTORS. Y. Karten', H, Karst1, H, Reichardt2, G. Schutz2 and M. Joels'*.
1 Inst. Neurobiology, Univ. Amsterdam, The Netherlands; 2 German Cancer 
Research Institute, Heidelberg, Germany.

The rat adrenal hormone corticosterone enters the brain and binds to two 
receptor types, i.e. the high affinity mineralocorticoid receptor (MR) and the lower 
affinity glucocorticoid receptor (GR). Previous research in rats has shown that 
predominant MR occupation is associated with a small amplitude of voltage- 
activated calcium currents in CA1 pyramidal neurons. Additional GR activation, 
such as happens e.g. after acute exposure to stress, results in an increased 
amplitude of calcium currents. In the present study we investigated if the GR 
mediated increase of calcium currents requires homodimerization of the receptor 
or depends on protein-protein interactions of GR with other transcription factors. 
To this end we used mice with an A458T point mutation into the GR, by gene 
targeting using the Cre/loxP system (GRdim/dim). This mutation impairs 
homodimerization of GRs. In control mice we observed that, similar to the 
findings in rats, calcium current amplitude is relatively small in slices from 
unstressed animals; treatment of the slices for 20 min. with either lOOnM 
corticosterone or the selective GR agonist RU 28362 resulted in a significant 
increase of the calcium current amplitude. Similar results were obtained in the 
wildtype littermates of the GRdim/dim mice. In the GR dim/dim mutants (n=4), 
however, corticosterone treatment did not result in an enhancement of calcium 
current amplitude, suggesting that the GR mediated increase of calcium current 
amplitude depends on homodimerization of the receptors. Other properties of 
hippocampal cells that were previously found to be sensitive to GR activation, e.g. 
the serotonin-1A receptor mediated hyperpolarization of the membrane, are 
presently investigated in the GRdim/dim mutants. This may reveal if 
homodimerization is a general principle in central cellular effects of 
corticosterone. Research was supported by GRN94005 and EC grant PL960179.

895.19

The effect of calcium channel blocker nimodipine on serotonin2A 
receptor-mediated behavioral response and receptor binding in rats 
chronically treated with dexamethasone. H.Katagiri, A.Kagaya, 
T.Kozuru, H.Jitsuiki, S.Nakae, I.Miyoshi, M.Inagaki, I.Nagaoka*,
J.Horiguchi, S.Yamawaki. Dept. of Psychiatry and Neurosciences, 
Hiroshima Univ. Sch. Med.; Hiroshima 734-8551

The hypothalamic-pituitary-adrenal axis (HPA axis) and serotonin 
(5-HT) 2A receptor hyperactivity has been reported in mood disorders. 
Several studies support some efficacy of L-type calcium channel 
blocker nimodipine (Nim) in the treatment of mania and depression. 
We first observed (±)-l-(4-iodo-2,5-dimethoxyphenyl)-2- 
aminopropane hydrochloride (DOI), a 5-HT2A/2C receptor agonist, - 
induced wet dog shakes (WDS) 2h after Nim treatment (5mg/kg i.p.) 
and blood pressure 6 h after Nim treatment (5mg/kg i.p.) in rats. Nim 
did not change either parameters. The effects of chronic Nim treatment 
(5mg/kg i.p.) were also examined on body weight change, WDS and 
[3H]-ketanserin binding to 5-HT2A receptors in the frontal cortex in 
rats chronically treated with dexamethasone (Dex)(lmg/kg s.c.), a 
glucocorticoid receptor agonist. Dex treatment for 14 days decreased 
the body weight, and Nim had no effect on the body weight changes. 
Chronic Dex treatment increased the number of WDS and the 5-HT2A 
receptor binding density. However, repeated Nim administration 
decreased the enhanced WDS by Dex without changing the 5-HT2A 
receptor binding density. These results suggest that chronic, but not 
acute, Nim application may reduce the 5-HT2A receptor hyperactivity 
by glucocorticoids at postreceptor signaling level rather than the 
receptor level. Such changes may play a role in the antidepressant 
effects of Nim.

895.20

Ca2+ ENHANCES THE INACTIVATION OF N-TYPE CALCIUM 
CURRENT IN THE PRESENCE OF HIGH INTERNAL BAPTA.
Y. S. Goo* & K. S. Elmslie. Dept. of Physiology, Chungbuk National 
Univ. Medical School, Cheongju, Korea, 361-763* & Dept. of 
Physiology, Tulane University Medical School, New Orleans, LA, 
70112.
Inactivation of N-type calcium current has been reported to be both 

voltage (Jones and Marks, 1989, J. Gen. Physiol. 94: 169) and Ca2+- 
dependent (Cox & Dunlap, 1994, J. Gen. Physiol. 104: 311). We have 
found in rat sympathetic neurons containing 11 mM internal EGTA that 
inactivation was larger with Ca2+ as the charge carrier than with Ba2+. The 
presence of EGTA argues against a classic Ca2+-dependent mechanism for 
this enhancement. However, there are potential problems with the use of 
EGTA. First, the release of H+ by EGTA during Ca2+ chelation could 
acidify the cell. Second, EGTA is a relatively slow Ca2+ buffer, so [Ca2+] 
near the channel could increase during Ca2+ influx. To determine if these 
problems influenced our results, we repeated our experiments using 20 
mM internal BAPTA. As with EGTA, the fraction of current inactivating 
over 5 sec in the BAPTA cells was larger with Ca2+ (0.84 ± 0.04) than 
with Ba2+ (0.71 ± 0.04) as the charge carrier (n=8, p < 0.001). There 
was no significant difference in inactivation between cells containing 
EGTA or BAPTA. In addition, we have found that the amplitude of 
inactivation with Ca2+ is not correlated with the amplitude of Ca2+ current. 
A correlation is predicted by a classic Ca2+-dependent mechanism. Our 
hypothesis is that Ca2+ exerts its effect by altering voltage dependent 
pathways to inactivation.
Supported by Korea Res. Found. (YSG) and LEQSF & NIH (KSE).

895.21

MODULATION of CALCIUM CURRENTS MEDIATED by 
BICARBONATE IONS in CA1 NEURONS of the RAT. C. Bruehl2*,
Y.Ghijssen1, W.J. Wadman1 and O.W. Witte2 1. Inst, for Neurobiology; 
University of Amsterdam; 1098 SM Amsterdam; The Netherlands. 2. Dept. of 
Neurology; Heinrich-Heine-University; 40225 Duesseldorf; Germany.

Using whole cell voltage clamp techniques we investigated the effect of CO? 
HCO? (‘HCO?) vs. HEPES buffered salines (‘HEPES’) on freshly isolated neurons 
from hippocampal CA1 region of the rat. Voltage protocols (in)activating the high voltage 
activated calcium current (HVA) were performed, while cells were superfused with 
‘HEPES’ and subsequently with ‘HCO?. Exposure to ‘HCO? resulted in a prominent 
reduction of the maximal calcium conductance of HVA (250 ± 5 nS) and a clear negative 
shift (31 ± 3 mV) of steady state inactivation potential (Vb; -65 ± 3 mV). These alteration 
did not lead to an increase in window current, since the half-maximal potential of 
activation shifted almost by the same amount to more negative potentials (26 ± 3 mV). 
Buffering the electrode solution by 50 mM HEPES to avoid pH-changes during the 
exposure to ‘HCO? only partially prevented this reduction (-56 ± 10 %; n=5) and did 
not anticipate the negative shift of Vb (-31 ± 5 mV). The target side for the bicarbonate 
modulation is most likely the outer surface of the membrane, since extracellular changes 
of bicarbonate concentrations had much greater effects on the currents, than intracellular 
changes of this ion. The reduction of the maximal conductance (but also the shifts of the 
Vh’s) was strongly concentration dependend. Data were fit with the Hill equation yielding 
a Hill coefficient of 1-2, and a maximal reduction of328 nS. EC50 was fit to be 8.4 mM. 
Changing the CO2 gas pressure (2.5; 5 and 10%) at constant bicarbonate concentrations 
did not induce any of the observed effects. It is concluded that bicarbonate ions have 
much stronger modulating effects on calcium currents than pH-changes. These results 
might be of physiological significance for the excitability during hypercapnia and mild 
acidosis in brain.
Supported by DFG Br-1617/2 and SFB 194 B2.

895.22

LOW [NaClJo AND LOW OSMOLARITY ENHANCE VOLTAGE GATED Ca 
CURRENTS BUT DEPRESS K-CURRENT. G.G. Somjen* Dept. Cell Biology, 
Duke Univ. Med. Ctr, Durham, NC 27710

Hyponatremia causes irritability of the CNS and can lead to epileptiform seizures. 
Low extracellular osmolarity (itf) as well as iso-osmotic (mannitol or sugar 
substituted) lowering of extracellular NaCl concentration ([NaCl]0) cause an increase 
in whole-cell synaptic currents in CA1 pyramidal neurons in hippocampal tissue 
slices (Huang et al., J.Neurophysiol., 77: 2349-2359, 1997), a lowering of [Ca2+]0 in 
interstitial fluid (Chebabo et al., J.Physiol., 487: 685-697,1995) and an influx of Ca2+ 
into isolated neurons (Somjen, FASEB J., 13: A711,1999). I recorded confocal 
images of freshly isolated hippocampal neurons filled with a mixture of the Ca- 
sensitive fluorescent dyes fluo-3 and fura-red, as well as whole-cell K currents in the 
absence of channel blocking drugs, and Ca-currents under pharmacological blockade 
of Na- and K-currents. The persistent K-current (IK) was depressed during iso- 
osmotic lowering of [NaClJo (reduced by either 40 mM or 60 mM) as well as during 
lowering of 7t0 (equal deletion of NaCl, reducing 7^ by -70 mosm/kg or -97 
mosm/kg). The degree of both the IK depression and hypotonic cell swelling varied 
widely; the greater the depression, the smaller the swelling, suggesting reduced water 
permeability with the shutdown of K-channels. Shortly after commencing iso-osmotic 
lowering of [NaCl]o (-60 mM), ICa peaked at 167 ±12% and then subsided to a 
steady level of 123 ±17%. Equivalent lowering of no caused ICa to increase to 130 
±8%. While intracellular Ca2+ was elevated in most of the treated cells, the degree of 
increase of [Ca2+]j was not significantly correlated with the ion current changes. The 
data suggest that increase of ICa in presynaptic terminals may be the main cause of the 
enhanced synaptic transmission in low [NaCl]o and low while depression of IK can 
increase electrical excitability of postsynaptic elements. The relative importance of 
the two effects in hyponatremia of patients is yet to be explored.

Supported by NIH grant NS 18670
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896.1
INHIBITION OF CALCIUM CURRENTS IN RAT SENSORY NEURONS 
BY SEVERAL COMPONENTS OF GINSENG SAPONIN. H Rhim3*, S.-Y. 
Nah\ D/Y. Lee2'3, E.B. Lee3 and C.-W. Park3. ’College of Veterinary Med., 
Chonmam Natl. Univ.; 2Dept. of Biochemistry, Hanyang Univ.; ’Biomedical 
Research Center, Korea Institute of Science and Technology (KIST), 136-791, 
Seoul, Korea.

Ginseng, the root of Panax ginseng C. A. Meyer (Araliaceae), has been used as 
a mild oriental folk medicine for several thousand years in far east countries. 
Recent reports suggested that ginseng saponin has antinociceptive effect in several 
pain tests. We therefore examined the cellular mechanism of ginseng saponin- 
mediated antinociceptive effect using whole-cell patch-clamp recordings in rat 
dorsal root ganglion (DRG) primary sensory neurons.

High-threshold calcium currents were recorded using Ba2+ as the charge carrier, 
and Cs+ and TEA as the predominant internal and external cations, respectively. 
Application of ginseng total saponin (GTS, 100 pg/ml) caused 21.6+ 5.1% 
inhibition of peak inward calcium currents in all tested cells (n=l 1). Inhibition of 
calcium currents by GTS did not desensitize and not occlude the effect of p-opioid 
receptor agonist, DAMGO (1 pM). This GTS-mediated inhibition also decreased 
by a strong depolarizing prepulse as other G-protein-mediated receptors, including 
opioid receptor, did. Among several major active components of ginseng saponin, 
10 purified ginsenosides (diol group; Rb,, Rc, Rd, Rg3, Rh2, triol group; Re, Rf, 
Rgi, Rg2> Rhi at 100 pM) were carefully examined to find out major component of 
this ginseng saponin-mediated inhibition. In terms of percentage of inhibition of 
calcium current and the numbers of responded cells, Rg3 produced the most potent 
effect among tested ginsenosides (47.8+ 6.0%, n=10/10). This Rg3-mediated 
inhibition was dose-dependent (IC50 = 34 pM) and will be further examined for the 
detailed mechanism of opioid-like effect of ginseng saponin in sensory neurons. 
Supported by KIST-2000 and KIST Frontier Project, Korea.

896.2
NON-GENOMIC EFFECTS OF ESTRADIOL ON HIGH-VOLTAGE 
ACTIVATED (HVA) CALCIUM CURRENTS IN RAT SENSORY 
NEURONS. D.Y. Lee2-3, E.B. Lee3*, Y.G. Chai2, C.-W. Park3, T.H. Oh1 and H. 
Rhim3. ’Dept. of Anatomy and Neurobio logy, Univ. of Maryland Sch. of Med.; 
2Dept. of Biochemistry, Hanyang Univ.; ’Biomedical Research Center, Korea 
Institute of Science and Technology (KIST), 136-791, Seoul, Korea.

There is increasing evidence that estrogen influences electrical activity of 
neurons via stimulation of membrane receptors. Recently, estrogen 
responsiveness in dorsal root ganglion (DRG) primary sensory neurons was 
reported both in fast and delayed actions. We therefore examined the detailed 
mechanism of estrogen-mediated fast modulation on HVA calcium channels using 
whole-cell patch-clamp recordings in female rat DRG neurons. HVA calcium 
currents were evoked by a voltage step from -80 mV to -20 mV and recorded 
using Ba2+ as the charge carrier in acutely isolated DRG neurons. Application of 
17P-estradiol (1 pM) caused a 18.1+ 1.3% inhibition of peak inward Ba2+ current 
within 15-30 sec (n=42). This rapid estrogen-mediated inhibition was 
reproducible and occurred in dose-dependent manner. Estradiol conjugated to 
BSA (E-BSA) was also found to inhibit Ba2+ currents, suggesting action at the 
membrane surface. However, 17a-estradiol (an inactive isomer of 17p-estradiol) 
had little effect whereas tamoxifen reduced Ba2+ currents. To study the types of 
HVA calcium channels inhibited by estrogen, we investigated the effect of 
estrogen in the presence of selective calcium channel blockers. Inhibition of L- 
type and N-type channel using its selective blocker occluded 42.7+ 6.0% (n=12) 
and 50.9+ 10.9% (n=3) of the effect of estrogen, respectively. These results 
suggest that estradiol can modulate L- and N-type HVA calcium channels on 
DRG neurons via non-genomic signal pathways. Supported by BSRP (Brain 
Science Research Program) of MOST and by KIST-2000, Korea.

896.3

Neuroprotective Effects of the Selective Neuronal-type Calcium Channel 
Blocker, AR-R18565. T.A. Miller*1, P. Bialobokl, P. Gendron^, J. 
Malnowskel, D. McCarthy!, K.Casel, M. Eisman^, N.E. Pierson^, J.R.
Bostwick^. AstraZeneca, 1 Rochester, NY and ^Worcester, MA.

Neuronal-type (N-type) calcium channels have been reported to be 
involved in neurodegeneration following cerebral ischemia. AR-R18565 is 
more potent in displacing N-type versus L-type calcium channel ligands. We 
have tested it in models of ischemia and chemical hypoxia and examined its 
cardiovascular (CV) and pharmacokinetic profile.

Transient focal ischemia was produced in anesthetized rats using a suture 
to block the origin of the middle cerebral artery and damage assessed using 
tetrazolium staining. Chemical hypoxia was produced by intrastriatal 
administration of malonate in anesthetized mice and damage was assessed 
by cytochrome oxidase histochemistry. The CV assessment of AR-R18565 
was performed in rats using telemetric transmitters.

AR-R18565 (10 mg/kg, i.v.) treatment resulted in a 48% reduction of the 
infarct volume in focal ischemia. Similarly, AR-R18565 (20 mg/kg, i.v.) 
treatment resulted in 88% reduction in the lesion volume in the 
malonate model. AR-R18565 at doses less than 10 mg/kg, i.v., had no 
effect on blood pressure or heart rate. Pharmacokinetic analysis following 
i.v. administration to rats resulted in a distribution of AR-R18565 into a high 
tissue volume (54 L/kg) and a p-half-life of approximately 4 hours. These 
studies demonstrate that AR-R18565 has neuroprotective activity at doses 
without CV liability.

896.4

IDENTIFICATION OF DIHYDROPYRIMIDINES AS N-TYPE CALCIUM 
CHANNEL ANTAGONISTS. J.R. Bostwick*, M.E.Pierson, R. Ray, R. Julien,
D. Kniesley, Ann Rapin, C. Li, and T, Lanthom. AstraZeneca, Worcester, MA 
01605

Non-peptide antagonists of N-type calcium channels may be useful in 
treatment of neurologic pathologies such as pain, stroke and epilepsy. A series 
of dihydropyrimidines have been identified which selectively interact with N- 
vs L- and P/Q-type channels as defined by displacement of 125[I]MVIIA, 
3[H]PN-200-110, and 125[I]MVIIC binding to rat brain membranes, 
respectively. IC50 values ranged from 10 nM to 10 p.M. Similar to the classic L- 
type channel antagonists, compounds which exhibit nM binding affinities are 
100 - 1000 fold less potent as in vitro functional antagonists. IC50 values for 
inhibition of N-channel mediated calcium flux in differentiated SHSY5Y cells 
ranged from 200 nM to 50 pM. For the series as a whole, apparent binding 
affinity and functional potency do not correlate. However, a sub-series of 
compounds exhibit voltage-dependent antagonism in oocytes transiently 
expressing N-channels. Voltage-dependent compounds are more potent 
antagonist at holding potentials of -80 mV than at holding potentials of -120 
mV in two electrode voltage clamp recordings. The degree of voltage- 
dependency, measured by the ratio of IC50 values obtained at these different 
holding potentials, correlates with binding affinity. Like the L-channel selective 
dihydropyridines, high affinity binding may reflect interaction with inactivated 
channel states in depolarized membranes whereas lower functional potency may 
indicate predominant interaction with resting channel states in polarized 
cellular membranes.

896.5

GABAPENTIN: NOVEL AND SELECTIVE PRESYNAPTIC P/Q-TYPE 
CALCIUM CHANNEL MODULATOR OF NEUROTRANSMITTER RELEASE?
C.A. Mieske*, D.J. Dooley and T.A. Puqsley. Dept. of Neuroscience 
Therapeutics, Parke-Davis Pharmaceutical Research, Division of Warner- 
Lambert Co., Ann Arbor, Ml 48105.

Gabapentin (GBP; Neurontin®) has known or potential clinical efficacy in 
several CNS disorders. One proposed site of action is the a2S subunit of 
neuronal voltage-sensitive Ca2+ channels (VSCC) to effect inhibition of high- 
threshold Ca2+ currents and neurotransmitter release. In the present study, 
we addressed the involvement of VSCC subtypes in the inhibition of K+- 
evoked, Ca2+-dependent [3H]-norepinephrine ((3H]-NE) release by GBP. Rat 
neocortical slices (400 pm thick, 5 mm diameter) were prepared using a 
microslicer, prelabeled with [3H]-NE, placed in glass chambers, superfused at 
a rate of 1 ml/min, exposed to drugs either throughout superfusion or 15 min 
before stimulation, and stimulated once (Si) with 15 or 25 mM K+. GBP (100 
pM) inhibited [3H]-NE release by 30-40%. For L-type VSCC, S(-)-Bay K 8644 
(1 pM) and the non-dihydropyridine FPL 64176 (1 pM) enhanced [3H]-NE 
release by more than 75%, an effect blockable by isradipine (0.1 pM) but not 
by GBP. For N-type VSCC, preincubation of slices with ©-conotoxin GVIA (1 
pM) to irreversibly block N-type VSCC did not alter inhibition of [3H]-NE 
release by GBP. For P/Q-type VSCC, the presence of ©-conotoxin MVIIC 
(0.1 & 0.3 pM) blocked the inhibition of [3H]-NE release by GBP. These 
results suggest that GBP selectively modulates P/Q-type VSCC; this VSCC 
has been implicated in GBP-responsive CNS disorders like epilepsy, 
migraine, and hyperalgesia.

896.6

INTERACTION OF ALIPHATIC AMINES WITH RAT NEURONAL 
CALCIUM CHANNEL SUBTYPES AM, Beedle* and G.W. Zamponi, Dept. of 
Pharmacology and Therapeutics, University of Calgary, Calgary, AB T2N 4N1.

A series of aliphatic amines with hydrocarbon chain lengths varying from C9 to C18 were 
tested for blocking ability of voltage-dependent calcium currents (VDCC). Drug effects on 

20mM Ba2+0 current were measured using calcium channel a1t and |31b subunits 
transiently transfected into human embryonic kidney (HEK) cells. N-type calcium channel 

(a1B) currents were completely abolished by 10pM dodecylamine (C12) and tridecylamine 
(C13). Blocking affinity decreased as hydrocarbon chain length was sequentially increased 
or decreased from the C12-13 range with nonylamine (C9) and octadecylamine (C18) 
inhibiting 21 ±3% and 7±3% respectively. Further study of dodecylamine effects showed a 
dose-dependent inhibition of peak amplitude (ECM=1.88pM)and an apparent speeding of 
inactivation. Kinetic modeling of changes in current decay with increasing drug 
concentrations were found to be consistent with the effect being due to open channel block 
developing during the test depolarization. In addition, dodecylamine sensitivity was increased 
4.7 fold when the external barium concentration was lowered from 20mM to 2mM 
(ECM=0.38pM) suggesting an interaction between dodecylamine and permeating barium 
ions. Such an effect likely occurs within the pore and further supports the notion of an open 

channel blocking mechanism. Dodecylamine also inhibited a1A (P/Q type), a1c (L type) and 
a,E (R-type) currents. In 20mM external barium, aic peak amplitude was most sensitive to 
dodecylamine (EC5o=O.8OpM), while a1A and a1E showed 2-fold lower affinities (ECsr2.11 
and 1,96pM, respectively). However, unlike non L-type channels, L-type channels underwent 
little change in the rate of current decay suggesting possible differences in state-dependence 
in the block of L- and non L-type channels by aliphatic amines. Overall, aliphatic amines 
represent a new class of high affinity VDCC blockers which may be useful as structural 
probes of calcium channel pores and/or interior binding sites. Research supported by 
AHFMR, MRC, and EJLB.
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896.7
NICOTINE AUGUMENTS AVAILABILITY AND ABROGATES NO- 
INDUCED INHIBITION OF CALCIUM CHANNELS IN CEREBRAL 
ARTERIOLES. V. Gerzanich, H. M, Eisenberg, * and J. M, Simard. Dept. of 
Neurosurgery, Univ. of Maryland, Baltimore, MD 21201

Cerebrovascular pathological changes caused by chronic nicotine use 
are of particular interest, given the extensive epidemiological evidence relating 
smoking to certain causes of stroke, including development of 
arteriolosclerosis, formation of cerebral aneurysms, and subarachnoid and 
intracerebral hemorrhage. Ca2+ dysregulation in vascular smooth muscle may 
play an important role in nicotine-induced cerebral vasculopathy. Nystatin- 
perforated patch clamp techniques with Ba+ as charge carrier were used to 
study Ca2+ channel currents in freshly isolated smooth muscle cells (SMC’s) 
from rat lenticulostriate arterioles (LSA’s). Fitting current-voltage curves to a 
Boltzmann function and dividing by cell capacitance gave normalized 
conductance (nG), a measure of channel density or availability. Prolonged 
exposure (>3 hours) of LSA’s to nicotine (10 pM) caused a dramatic increase 
in Ca2+ channel availability in SMC’s subsequently isolated from the 
arterioles: for cells from treated arterioles, values of nG = 0.47+0.03 nS/pF 
(n=l 8) were significantly higher (p<0.003) than those from control arterioles 
(0.35±0.02 nS/pF; n=32). Sodium nitroprusside (100 nM) induced inhibition 
of Ca2+ channel currents normally observed in arteriolar SMC (40%, n=8) was 
virtually eliminated in cells from LSA’s exposed to nicotine. Additional data 
suggested that an increase in protein tyrosine kinase phosphorylation may be 
an important step in upregulation of Ca2+ channels and in inducing resistance 
to NO. In so far as these data directly address an important mechanism for 
nicotine-induced Ca2+ dysregulation in cerebral smooth muscle, they may 
elucidate a pathological sequence that predisposes to stroke.

896.8
INHIBITION OF K+-INDUCED INCREASE IN SYNAPTOSOMAL [Ca2+]i AND 
K+-EVOKED GLUTAMATE RELEASE FROM SLICES OF RAT 
NEOCORTEX BY GABAPENTIN. D.J. Dooley1 K.B. Fink2, C.A. Mieske1, W, 
Meder1,2, S.A. Boroskv1 and M, Gothert2*. 1Dept. of Neuroscience 
Therapeutics, Parke-Davis Pharmaceutical Research, Division of Warner- 
Lambert Co., Ann Arbor, Ml 48105; institute of Pharmacology, University of 
Bonn, D-53113 Bonn, Germany.

Gabapentin (GBP; Neurontin®) has clinical efficacy as an anticonvulsant, 
antihyperalgesic, and anxiolytic drug. The mechanism(s) of action remains 
elusive although the a25 subunit of neuronal voltage-sensitive Ca2+ channels 
(VSCC) may be one molecular target which inhibits high-threshold Ca2+ 
currents. Modulation of VSCC by GBP may normalize excessive glutamate 
(GLU) release associated with certain CNS disorders. In the present study, 
we addressed the effects of GBP and several VSCC-targeting peptides on 
synaptosomal Ca2+ flux and endogenous GLU release. Neocortical 
synaptosomes were prepared using a sucrose gradient, loaded with fura-2 
AM, transferred to a fluorometer, and depolarized by 30 mM K+ to increase 
[Ca2+]i (determined by 340/380 nm ratios). Neocortical slices (400 pm thick, 
5 mm diameter) were prepared using a microslicer, placed in 24-well plates, 
and stimulated with 50 mM K+ to evoke release of endogenous GLU 
(measured by HPLC). GBP (100 pM) inhibited synaptosomal Ca2+flux and 
GLU release by 18% and 21%, respectively. ®-Conotoxins and ro-agatoxins 
also decreased both variables by 19-53% to implicate N- and P/Q-type 
VSCC. GBP inhibits GLU release by presynaptic VSCC modulation, a subtle 
mechanism of potential therapeutic relevance.(Research partially supported 
by the Deutsche Forschungsgemeinshaft).

896.9

VOLATILE ANESTHETIC EFFECTS ON EVOKED lCa1+l,-INCREASE IN 
HUMAN SH-SY5Y NEUROBLASTOMA CELLS. F. Xu?*; J. Zhang,1 E. Recio- 
Pinto,1,2 T. J. J. Blanck1 ~2. 'Dept. of Anesthesiology, The Hospital for Special 
Surgery, New York, NY 10021; 2Dept. of Anesthesiology, Weill Medical College of 
Cornell University New York, NY 10021.

Volatile anesthetics alter presynaptic voltage-dependent calcium channels 
(VDCCs) and plasma membrane Ca2+-ATPase (PMCA) activity in various neuronal 
preparations. Cellular responsiveness is determined by different cellular regulatory 
mechanisms of intracellular Ca2+ ([Ca2+];), including VDCCs, Ca2+-extrusion and - 
sequestration machinery. Using a neuron-like human neuroblastoma SH-SY5Y cells, 
we investigated the effects of halothane and isoflurane on [Ca2+]f in response to K+- 
and carbachol-stimulation. Evoked [Ca2+]rincreases were monitored in SH-SY5Y 
cells using Fura-2 as a fluorescent Ca2+ indicator. In addition, sequential stimulation, 
either KCI followed by carbachol or carbachol followed by KCI, was used in the 
presence or absence of halothane (0.05-1 mM). We found that both halothane and 
isoflurane at low clinically relevant concentrations enhanced K+-evoked [Ca2+]rincrease 
but decreased carbachol-stimulated [Ca2+]rincrease. Experiments using sequential 
stimulation in the presence of various pharmacological agents indicated the existence of 
two intracellular Ca2+-stores that appear to be physically separated but at the same time 
displayed a dynamic functional connection. This functional connection was altered by 
VAs. In addition of blocking the activity of VDCCs, VAs also modify the fixnction of 
other mechanisms involved in regulating [Ca2+]rhomeostasis, including those involved 
in the interaction between intracellular Ca2+-stores, as well as those involved in 
cytoplasmic Ca2+-removal and -release from intracellular Ca2+-Stores. Such effects 
would be expected to profoundly affect the neuronal cell physiology and may mediate 
the anesthetic and/or side effects. This work was supported by NIH grant GM 50686 
to Thomas J. J. Blanck and by the HSS Anesthesia Research Fund.

LIGAND-GATED ION CHANNELS:

896.10

MODULATION OF EXCITATORY NEUROTRANSMISSION BY 
TERFENADINE. Ramdn Dfaz-Trelles a, Antonello Novelli a’b and Maria Teresa 
Fernandez-Sanchez a Dept. of Biochem. and Mol. Biology and ^Dept. 
Psychology, University of Oviedo, Asturias, 33006 Spain.

Terfenadine (TEF) is a non-sedating Hl receptor antagonist that may block 
voltage dependent ion channels and revert cellular multidrug resistance by binding to 
P-glycoprotein in non-neuronal cells. TEF has also been shown to bind to neuronal 
calcium channels. The aim of present work is to investigate whether TEF could 
modulate neurotransmission by excitatory aminoacids in cultured cerebellar neurons.

Endogenous excitatory aminoacid release from neurons was stimulated either 
directly by activating L-type voltage sensitive calcium channels (VSCC) with Bay- 
K 8644, or indirectly through the activation of voltage sensitive sodium channels 
(VSSC) with veratridine. In both cases, the quick appearance (15-30 min) of 
excitotoxicity could be fully prevented by the NMDA receptor antagonist MK-801. 
Surprisingly, TEF as low as lOnM antagonized approx. 50% of excitotoxicity by 
Bay-K 8466 (2 pM), but not by direct exposure to either NMDA (100 pM) or 
glutamate (40 pM). TEF decreased both calcium influx induced by Bay-K 8644 in 
the presence of MK-801, as measured by confocal laser microscopy, and calcium- 
dependent cGMP synthesis. The kinetics of TEF inhibition of intracellular calcium 
increase by Bay-k 8644 indicated that TEF may act as an activity-dependent channel 
blocker. TEF also prevented both excitotoxicity following activation of VSSC as 
well as non-excitotoxic neurodegeneration by persistent activation of VSSC. 50% 
and 100% neuroprotection was achieved at approx. 50 nM and 500nM TEF 
respectively. TEF (500nM) produced a partial but significant reduction of cGMP 
increase while fully preventing veratridine toxicity.

Our data suggest that TEF can fully reduces the occurrence of excitotoxicity by 
endogenous excitatory aminoacid release following neuronal depolarization while 
allowing partial formation of second messengers. Thus, it should be considered as a 
prototype for therapeutic drugs in the treatment of diseases that involve excitatory 
aminoacid neurotransmission.
This work was supported by grants FICYT PA-PGI9501 and CICYT SAF98-0171.

1, CYCLIC NUCLEOTIDES, AND VANILLOIDS

897.1

Na+ and osmolarity regulate the pH-dependent activity of acid sensing ion 
channels. Chun Cheng, Kevin P, Campbell* and Michael J. Welsh. Howard Hughes 
Medical Institute, Molecular Biology Program and Department of Internal Medicine, 
University of Iowa College of Medicine, Iowa City, IA 52242.

The ASICs (acid sensing ion channels) are a subfamily of the DEG/ENaC 
super gene family. When extracellular pH falls, these channels generate transient, 
amiloride-sensitive, inward cation currents in heterologous expression systems.
ASIC channels are expressed throughout the mammalian peripheral and central 
nervous system, where they are speculated to be involved in pain sensation 
associated with tissue acidosis. However, their physiological function is largely 
unknown and is likely not limited to pain perception. Because DEG/ENaC channel 
family members are thought to be involved in functions such as mechanosensation 
and osmosensation, we studied how changing extracellular osmolarity affects ASIC 
activity. We expressed ASIC la and 2a (also called BNC1 A) in HEK-293 cells and 
studied the currents by whole-cell patch clamping. We found that increasing 
osmolarity by adding mannitol inhibited the pH-dependent currents, and the 
inhibition was due to a decreased sensitivity to pH. A reduction in NaCl 
concentration at constant osmolarity (maintained by mannitol) also inhibited the pH 
response. Under this condition, the pH-dependent response recovered with time.
We also found that increasing osmolarity by adding NaCl did not inhibit ASIC, 
neither did decreasing osmolarity by lowering NaCl concentration. These results 
suggest that the contribution of NaCl to osmolarity is a key regulator of ASIC 
activity. Furthermore, ion substitution studies showed that the effect of changing 
NaCl was due to the changes in Na+, but not Cl' concentration. Our data suggest that 
a change in the osmotic environment as well as the osmolyte composition serves as a 
modulator of the pH-dependent activity of ASIC, suggesting that ASIC may 
integrate various changes in the micro-environment. (Supported by NIH and HHMI)

897.2

IMMUNOLOCALIZATION OF PROTON-GATED ASIC 
SUBUNITS IN MAMMALIAN NEURONS. D.T. Szabo1, C. Cahill2, 
P. Krzvwkowski2, F. Besnard3 and P, Seguela1*. ^ell Biology of 
Excitable Tissue Group, 4Complex Neural Systems Group, Montreal 
Neurological Institute, McGill University, Montreal, Qc, H3A 2B4 
Canada;Grenomics Group, Synthelabo, 92500 Rueil-Malmaison, France.

Proton-gated channels or ASICs are two-transmembrane cation 
channels activated by extracellular acidification. Enriched expression of 
ASIC subunits in small diameter primary sensory neurons of dorsal root 
and trigeminal ganglia seems to fit with a significant role in pH-induced 
nociception. However in situ hybridization results have also revealed a 
widespread but unclear signaling role of ASIC receptors in central 
nervous system. We propose that their fine cellular and subcellular 
localization will provide clues about their contribution to neuronal 
excitability. We developed subunit-specific polyclonal antibodies 
directed against amino- and carboxy-terminal peptides or protein 
domains of cloned rat ASIC receptor subunits. Affinity-purified 
antibodies were tested for cross-subunit reactivity using both indirect 
immunofluorescence and Western blots in HEK-293 cells transiently co-
transfected with corresponding ASIC subunits and reporter EGFP. 
Selected subunit-specific antibodies were then use^ in 
immunocytochemistry on paraformaldehyde-fixed peripheral sensory 
ganglia, spinal cord and brain sections from adult rats. Identification of 
ASIC-positive cell types and subcellular localization is now in progress 
in order to specify the central sites of action of this new class of 
ligand-gated channels. Supported by the Medical Research Council of 
Canada, the Heart and Stroke Foundation of Canada, Synthelabo-Rueil and 
T2C2-Biotechnologie.
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897.3
CO-IMMUNOPRECIPITATION OF ACID SENSING ION CHANNEL (ASIC) 
SUBUNITS, ASIC3 AND ASIC2b.
N.H.C. Dyer, M. Srinivasan, S.M. Amagasu, E. Tzoumaka, D.K. Rabert*, J.A.M.
Smith, L. Sangameswaran. Roche Bioscience, Center for Biological Research, Palo 
Alto, CA 94304

The proton-induced currents generated by complexes of ASIC3 and ASIC2b in 
COS7 cells closely resemble the low pH evoked, biphasic currents observed in 
isolated rat dorsal root ganglia (DRG) sensory neurons [1], It has been suggested that 
the sustained component of this biphasic current underlies the non-adaptive pain 
associated with tissue acidosis [2]. In this study, further investigation of the 
interaction between rat ASIC3 and rat ASIC2b was undertaken. The carboxyl termini 
of ASIC3 and ASIC2b were tagged with either the FLAG or c-myc epitope. COS7 
cells were transfected with the resulting protein-tag combinations both singly and in 
tandem, with ASIC3 and ASIC2b having different epitope tags for tandem 
experiments. At 60 hours post-transfection, cell lysates were immunoprecipitated 
with an antibody specific for an epitope tag. The precipitated proteins were 
identified by Western blot analysis using antibodies generated against ASIC3 or 
ASIC2b peptides, and FLAG or c-myc epitopes. Immunoprecipitation of ASIC3- 
FLAG, ASIC3-myc, ASIC2b-FLAG and ASIC2b-myc from singly-transfected cells 
occurred only with the appropriate epitope antibody. In tandemly-transfected cells, 
co-immunoprecipitiation was detected between both ASIC3-FLAG and ASIC2b-myc 
and between ASIC3-myc and ASIC2b-FLAG. Moreover, in both instances, subunit 
association was detected only when the antibody specific for the ASIC2b epitope tag 
was used for the immunoprecipitation. Ongoing characterization of 
electrophysiological properties of this protein complex in transfected COS7 cells and 
co-localization of the subunits in DRG tissue will be discussed.
1] Rainer, W and Lazdunski, M (1998) Curr. Opin. Neurobiol. 8: 418-424
2] Reeh, PW and Steen KH (1996) Prog. Brain Res. 113: 143-151

Funded by Roche Bioscience

897.4
CHARACTERIZATION OF CLONED HUMAN AQUAPORIN-1 AS A
CYCLIC-GMP-GATED ION CHANNEL A.J. Yool,1-2 T.L, Anthony3
H.L. Brooks.1 S. Leonov.3 R. Gruener1* and J.W. Regan1,3 1. Dept. of
Physiology, Univ. Arizona Col. Med.; 2. Dept. of Pharmacology, Univ.
Ariz. Col. Med.; 3. Dept of Pharmacology and Toxicology, Univ. Ariz. Col.
Pharmacy, Tucson AZ.
Aquaporin-1 (AQP1) is a member of the Membrane Intrinsic Protein 

(MIP) gene family, known to provide pathways for water flux across cell 
membranes. We have shown that cloned human AQP1 not only 
mediates water flux, but also serves as a cyclic-GMP-gated ion channel. 
Two-electrode voltage clamp analyses showed consistent activation of an 
ionic conductance in wild type AQP1-expressing oocytes after direct 
injection of cGMP (50 nl of 100 mM). Current activation was not 
observed in control (water-injected) oocytes, or in AQP5-expressing 
oocytes with osmotic water permeabilities equivalent to those seen with 
AQP1. Patch clamp recordings revealed large conductance channels 
(150 pS in K* saline) in excised patches from AQP1-expressing oocytes 
after application of cGMP to the internal side. Amino acid sequence 
alignments between AQP1 and sensory cyclic-nucleotide-gated (CNG) 
channels showed similarities between the CNG binding domain and the 
AQP1 carboxy terminus that were not present in AQP5. Competitive 
radioligand binding assays with (3H}cGMP demonstrated specific binding 
(Ko 0.2 pM) in AQP1-expressing SF9 cells, but not in controls. These 
results indicate that AQP1 channels have the capacity to participate in 
ionic signaling following activation of cGMP second messenger pathways. 
Supported by AHA 96007629, NIH R01-EY11291-02, and the Arizona 
Kidney Foundation.

897.5

CLONING, IN SITU LOCALISATION AND FUNCTIONAL 
ANALYSIS OF A CYCLIC NUCLEOTIDE-GATED (CNG) 
CHANNEL ISOLATED FROM RAT BRAIN. I.G. Charles1, S.E. 

Moored G.D. PrattA K.L. Murkitt^, J, Garthwaite^, P.J.L.M. Striibos^*

^Wolfson Institute for Biomedical Research, U.C.L., London WC1E 1PJ, 

UK; Dept. of Neuroscience, SmithKline Beecham Pharmaceuticals, 
Harlow CM 19 5AW. UK; ^Neuroscience Div., GlaxoWellcome 

Pharmaceuticals, Stevenage SGI 2NY, UK.
Cyclic nucleotide-gated (CNG) ion channels are critical components of the 

signal transduction pathways utilised for sensory processing. Preliminary 
data suggest that they may also be expressed in brain, although their exact 
molecular identity and cellular distribution pattern remains undetermined.

We have isolated and cloned a full length CNG channel from adult rat 
brain. This brain-derived CNG channel is identical to the a-subumt 
originally found in the olfactory neuroepithelium (CNG-2a), and 
homomeric expression gives rise to a functional ion channel with properties 
similar to the archetypal CNG-2a subunit. In situ hybridisation revealed that 
CNG-2a is expressed ubiquitously throughout the rat brain, although certain 
neuronal populations such as deep cerebellar nuclei and olfactory mitral 
cells are enriched in expression.

This study provides the first evidence of a full length CNG channel 
expressed in brain, and provides strong support to the conjecture that CNG 
channels may be functionally involved in central neuronal communication.

897.6

COMPLEX MODULATION OF THE RAT VANILLOID RECEPTOR (rVR1) 
BY DIVALENT CATIONS. M J. Gunthorpe*, J.B. Davis & A D. Randall. 
Neuroscience Research, SmithKline Beecham Pharmaceuticals, New 
Frontiers Science Park North, Harlow, Essex CM19 5AW, U.K.

The vanilloid receptor (VR1) is a non-selective cation channel which is 
sensitive to capsaicin, pH and noxious heat. Consequently, it is thought to 
act as a transducer of painful stimuli in vivo. We have used whole-cell 
patch-clamp electrophysiology to study the activation, desensitization and 
modulation of rVR1 stably expressed in HEK293 cells. Standard 
extracellular solutions (with either 2 mM Ca2+ or 2 mM Ba2+) were used and 
drugs were superfused via a fast solution exchange device.

Capsaicin reversibly evoked whole-cell current responses with an EC50 of 
497 ± 59 nM (n = 5). In response to a supramaximal capsaicin application 
(30 ixM), the average current in responsive cells was 655 ±101 pA (n = 23). 
As reported for capsaicin-gated currents in DRG neurons, activation was 
slow (10-90% rise time was 3.1 ± 0.2 s; n = 7) and was preceded by a 
significant delay of 405 ± 30 ms (n = 7). Deactivation kinetics were not zero 
order as recovery rate was dependent on agonist concentration.

We investigated the effect of a number of multivalent ions upon rVR1. 
Zn2* (30 pM) acted as an antagonist, rapidly and reversibly blocking 
capsaicin-gated currents. In contrast, the actions of Cd2* on the receptor 
were more complex. Concentrations of Cd2* > 3 pM caused a marked 
potentiation of capsaicin-induced current. Additionally, at higher Cd2* 
concentrations (> 100 pM) a rapid, reversible, current block was also 
observed. The potentiating effect of Cd2* was seen at sub- and supra-
maximal capsaicin doses. Additional experiments indicate that this results 
from a promotion of recovery of VR1 from desensitized states.

We will also present data on the effect of divalent ions on the human 
VR1.

897.7

CLONING AND FUNCTIONAL EXPRESSION OF A HUMAN 
ORTHOLOGUE TO RAT VANILLOID RECEPTOR-1.
J.B. Davis1*, P. Hayes2, M, Harries1, H, Meadows1, W, Cairns2, J. Terrett2,
A.P. Medhurst1, and M. Duckworth3. Depts. of Neuroscience Research1, 

Biopharmaceuticals Research2 and Bioinformatics3, SmithKline Beecham 

Pharmaceuticals, Third Avenue, Harlow CM19 5AW, UK.

Capsaicin, resiniferatoxin, protons and heat have been shown to activate an 
ion channel, termed the rat vanilloid receptor-1 (rVR1), isolated by expression 

cloning for a capsaicin sensitive phenotype. Here we report the cloning of a 
human vanilloid receptor cDNA (hVR1) containing a 2517bp open reading 

frame that encodes a protein with 86% identity and 92% similarity to the 

rVR1. The described domains of the rVR1, including the six putative 

transmembrane domains, pore loop, ankyrin domains and selected 
phosphorylation sites are conserved in hVR1. The hVR1 has a chromosomal 
location of 17p13 and a Val/lle polymorphism at residue 585. hVR1 is 

expressed in dorsal root ganglia and also at low levels throughout a wide 
range of CNS and peripheral tissues. Application of capsaicin, to oocytes or 

mammalian cells expressing hVR1 cDNA, evokes an inward membrane 
current (EC50 610nM) and causes a rise in intracellular calcium, which can 
be antagonised by capsazepine. The sequence homology and similar 

pharmacology suggests that hVR1 is the orthologue of rVR1.
Wholly funded and conducted by SmithKline Beecham Pharmaceuticals.

897.8

INHIBITION OF CAPSAICIN-INDUCED SINGLE CHANNEL CURRENTS 
BY COCAINE. S-H. Lee and L. S. Premkumar* Dept. Physiol. & Biophys. 
SUNY, Buffalo, New York, NY 14214.

Activation of capsaicin receptors has been known to induce pain. 
Therefore, block of this ion channel can be a useful therapeutic strategy in pain 
management. Recently, the capsaicin receptor has been cloned and named as the 
vanilloid receptor (VR1R). VR1R can be activated either by capsaicin or heat, 
and is distributed in specific cell populations of the dorsal root ganglion and 
trigeminal nucleus. We have studied the properties of the receptor at the single-
channel level and found that it is an outwardly-rectifying non-specific cation 
channel. The rectification is due to a reduction in the single-channel open 
probability and an altered single-channel conductance at negative membrane 
potentials. We wanted to study the effect of cocaine on VR1R because there are 
several studies claiming an analgesic action of the drug. In this study we show 
that submicromolar (IC50 ~ 200 nM) concentrations of cocaine selectively block 
single-channel currents activated by 1 pM capsaicin in outside-out patches 
obtained from oocytes injected with mRNA for VR1R. In order to quantify the 
effect of cocaine, single-channel currents were recorded at a holding potential of 
+60 mV and concentrations of cocaine ranging from 0.1 to 10 pM were applied to 
the patch. Patches that appeared to have a single channel were analyzed in detail. 
When the channel is activated by 1 pM capsaicin at a holding potential of +60 
mV, it has a chord conductance of 93 pS and an open probability of 0.47. In the 
presence of 1-pM cocaine the conductance of the channel remains the same (93 
pS) but the open probability is reduced to 0.02 in a readily reversible manner. We 
propose that the block of VR1R by cocaine may be involved in the analgesic 
actions of cocaine. Supported by NSF- 1501518a.
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897.9

GINSENOSIDES INHIBIT CAPSAICIN CHANNELS IN RAT 
DORSAL ROOT GANGLION NEURONS
J.H. Hahn1*, S. Chung’, J.J. Nah2, S.Y. Nah2. 'Dept. of Physiology, 
Chung-Ang Univ., Seoul 156-756, 2Dept, of Physiology, College of 
Veterinary Medicine, Chonnam Univ., Kwangju 500-757, KOREA

Capsaicin, the ingredient of hot chili peppers, stimulates primary 
unmyelinated C-fiber and evokes the sensation of burning pain. 
Activation of capsaicin receptor opens cation channels that are 
permeable to Ca2+ and Na+. Because the administration of capsaicin into 
peripheral tissue initially evokes pain perception, and ginsenosides 
relives capsaicin-induced pain, we investigate whether ginsenosides 
inhibit capsaicin-induced currents from cultured dorsal root ganglion 
(DRG) neurons (less than 25 pm diameter) from 5-week old Sprague- 
Dawley rats. In whole cell mode, 1 pM capsaicin induced large inward 
currents, and the addition of 100 pg/ml ginsenosides in the presence of 
capsaicin reduced the currents by 78 %. The inhibition of current by 
ginsenosides was observed in all voltages tested. We also used cell-free 
inside-out patches to investigate the effect of ginsenosides at the single 
channel levels. The addition of 100 pg/ml ginsenosides in the presence 
of 1 pM capsaicin reduced the capsaicin-induced single channel 
activities by 76 %, which is similar to the blocking effect observed in 
whole cell configuration. These results may suggest that the blocking 
effect of capsaicin-induced channels by ginsenosides explain the 
attenuation of capsaicin-induced pain in vivo by ginsenosides.

897.10
DIRECT ACTIVATION OF CAPSAICIN RECEPTORS BY PRODUCTS OF 
LIPOXYGENASES: ENDOGENOUS CAPSAICIN-LIKE SUBSTANCES.
SW Hwang, H Cho, JS Shin, SH Cho, SY Lee, CJ Kang, JY Kwak, MH 
Wang, Y-G Suh and U Oh*. Sensory Research Group, Creative Research 
linitiatives, Seoul National University, Seoul, Korea.

A non-selective cation channel activated by capsaicin (CAP) has 
been identified in sensory neurons, and a cDNA encoding the channel has 
been cloned. Although the presence of CAP receptor and its functional role 
in the pain sensory system are now known, an endogenous activator of the 
receptor has not yet been found. Here we present evidence that products 
of lipoxygenase (LO) directly activate the CAP receptor in isolated 
membrane patches of sensory neurons. LO products activated single-
channel currents that were sensitive to capsazepine in isolated membrane 
patches. The IV curve of single-channel currents activated by LO products 
were outwardly-rectifying and identical to that obtained by CAP. The single-
channel currents were permeable to various cations. A LO product also 
activated single-channel currents in VR1- expressed HEK293 cells. These 
results suggest that metabolic products of LO directly activate the CAP 
receptor. Many different products of LO were capable of activating the 
channel but with different potency. Among LO products, most potent one 
showed a strong structural similarity to capsaicin, explaining the possibility 
of the endogenous CAP-like substance. Other eicosanoids or lipids failed to 
or weakly activate the channel.

Our study further suggests a possible novel signaling mechanism 
underlying pain sensory transduction occurring during inflammation. 
Supported by Creative Research Initiatives of Korea Ministry of Science 
and Technology.

897.11

ON THE RESPONSIVENESS OF CULTURED NEONATAL RAT DORSAL ROOT 
GANGLION NEURONS TO BRADYKININ. F. Heblich1. S. England3. S, Guidato2* 
and R.J, Dochertv1. Pharmacology1 & Developmental Neurobiology2 Depts, King’s 
College, London, SE1 7EH. Pfizer Central Research3, Sandwich, Kent, CT13 9NJ.

The inflammatory mediator bradykinin (BK) has been implicated in the pathogenesis 
of rheumatoid and other painful and inflammatory conditions. Pain and hyperalgesia 
evoked by BK are believed to result from increased sensitivity of nociceptive sensory 
neurons to noxious stimuli or an increased firing of these neurons. Consistent with this 
proposed increase in excitability, application of BK to cultured dorsal root ganglion 
cells (DRGs) has been demonstrated to elicit an inward current [1,2].

Despite this evidence, using the whole-cell configuration of the patch clamp technique 
to record from isolated (not associated with glia), cultured neonatal DRGs, (VH = - 
80mV), we found that BK (lOOnM), failed to elicit an inward current (n = 28), in cells 
which did respond to 30mM K+ and amino acids (glutamate (ImM), domonate (4pM) 
and/or kainate (200pM)). Time in culture, which could potentially alter BK receptor 
expression, did not change DRG responsiveness to BK, which failed to elicit an inward 
current in acutely dissociated DRGs (day 1) through to cells cultured for 5 days.

In contrast, BK (lOOnM) did induce an inward current (369 ± 60 pA) (mean ± S.E.M.) 
in 28 out of 35 DRGs which were situated in close proximity to glia. DRGs replated on 
to a confluent layer of glia (DRGs attached to but did not integrate with the glial layer) 
responded to lOOnM BK with a small inward current (57 ± 14 pA) in only 4 of 20 cells. 
Time in culture did not effect responsiveness in either case. These results suggest that a 
close association between DRGs and glia is necessary for BK to produce a response. 
Implying that BK may act on the neurons indirectly via the associated glia, potentially 
evoking release of amino acids or eicosanoids by the glia, which act directly on the 
neurons eliciting an inward current, as seen with hippocampal neurons [3]. 
Alternatively close proximity of the glia may be required for expression of BK receptors 
by the neurons. [1] Cesare and McNaughton. (1996). P.N.A.S. 93, 15435-15439. [2] 
Mcghee et al. (1991). Neuron 9, 315-324. [3] Bezzi, et al. (1998). Nature 391, 281- 
285. (Supported by the Wellcome Trust)

897.12

EXPRESSION OF p AND yENaC IN THE MERKEL-CELL 
NEURITE COMPLEX AND MEISSNER CORPUSCLES IN RAT 
PAW. H.A. Drummond. F.M. Abboud* and MJ Welsh. Dept. of 
Internal Medicine, College of Medicine, University of Iowa and the 
Howard Hughes Medical Institute. Iowa City, IA 52242.

The molecular identity of the mechanosensitive ion channel in 
touch receptors is unknown. We previously showed that members 
of the DEG/ENaC cation channel family may be involved in 
mechanotransduction in arterial baroreceptors. This finding 
suggested that they might also be part of the mechanosensory 
complex in other specialized sensory receptors. Therefore, we 
asked if DEG/ENaC channels are expressed in rat paw tactile 
mechanoreceptors. Earlier work suggested that the mechanosensor 
is present in dorsal root ganglia nerves. Therefore, we used reverse 
transcriptase-PCR and found that 3 and yENaC are expressed in 
lumbar and cervical dorsal root ganglia. Using immunofluoresence 
and confocal microscopy, we found that 3 and yENaC are expressed 
in the afferent nerve terminals innervating Merkel cells and Meissner 
corpuscles in the glabrous skin of the rat paw. 3 and yENaC were 
often observed at the interface between the nerve and the Merkel 
cells. These data suggest that 3 and yENaC are located at sites 
where they may serve as components of the mechanosensitive ion 
channel complex.

NIH NRSA, HHMI

SYNAPTIC PLASTICITY: NEURONAL MODELS

898.1

A UNIFIED THEORY OF LONG-TERM POTENTIATION AND 
DEPRESSION: THE BIN MODEL. J. M. Beggs*. Behavioral Neuroscience, 
Department of Psychology, Yale University, New Haven, CT 06520-8205.

Long-term potentiation (LTP) and long-term depression (LTD) have been 
intensively studied as possible synaptic mechanisms for learning and memory. 
Over the past quarter-century, many diverse aspects of these phenomena have 
been observed, yet no single theory has offered a unified explanation for them. 
Here, the "Bin" model is proposed to account for a wide variety of phenomena 
reported in LTP and LTD experiments performed in mammalian cortical slices. 
It is hypothesized that unlikely pre- and post-synaptic conjunctions will convey 
information (Hebb, 1949), and that synaptic changes will be made to 
maximize information conveyed by these conjunctions, subject to the 
constraint of cost (Linsker, 1988).

From this hypothesis, several theoretical consequences follow: excitatory 
synapses should obey a Hebbian rule; inhibitory synapses should obey an anti- 
Hebbian rule; changes in synaptic strength should be graded according to a 
logistic function; and inputs to a common postsynaptic cell should compete for 
synaptic strengths.

Using only one set of constants, this model fits experimental data from well- 
known papers (Dudek and Bear, 1992; Mulkey and Malenka, 1992; Kirkwood 
et al., 1996). For example, the Bin model offers to explain why the induction 
protocols for LTP and LTD are asymmetric; why synaptic strength decreases 
asymptotically during LTD induction; why stimulation over a range of 
frequencies produces a frequency-response curve similar to that proposed by 
the BCM theory (Bienenstock et al., 1982); and why this curve would shift as 
postsynaptic activity is changed. In addition, the bin model challenges the 
BCM theory by predicting that changes in postsynaptic activity will produce 
vertical shifts in the curve, rather than merely horizontal shifts.

Supported by a postdoctoral training grant from the NIH.

898.2

FUNCTIONAL CONSEQUENCES OF TEMPORALLY ASYMMETRIC 
LTP AND LTD INDUCTION. S. Song1, K.D.Miller2* and L.F, Abbott1. 
’Dept. of Biology & Volen Center, Brandeis Univ., Waltham, MA 02454; 
2Dept. of Physiology, UCSF, San Francisco, CA 94143.

The induction of LTP and LTD depends on the relative timing of pre- and 
postsynaptic action potentials (Makram etal, Science 275:213-215,1997; 
Zhang et al, Nature 395:37-44,1998). LTP arises if presynaptic action 
potentials precede postsynaptic spikes, while LTP results from the reverse 
ordering. Through theoretical studies we find that this type of synaptic 
modificatoin has a number of interesting functional implications. If LTD 
dominates, temporally asymmetric LTP/LTD can equilibriate, producing a 
stable distribution of synaptic strengths. In this equilibrium configuration, the 
postsynaptic neuron receives balanced inputs, so that its mean membrane 
potential is subthreshold and its firing pattern is highly irregular. Temporally 
asymmetric LTP/LTD thus generates the balance between excitation and 
inhibition that has been suggested on the basis of in vivo studies (e.g., Troyer 
& Miller, Neural Comp. 9:971-977, 1997;Shadlen & Newsome, J Neurosci. 
18:3870-3896, 1998). The change in synaptic efficacy at a given synapse 
produced by temporally asymmetric LTP/LTD does not depend on input 
firing rates or variability but is highly sensitive to correlations between inputs 
and their temporal order. Correlated inputs are either potentiated or depo- 
tentiated depending on the time scale of the correlations and their relative 
latency. Mathematical analysis indicates that the effect is analogous to a 
covariance rule with subtractive constraints (Miller & MacKay, Neural 
Comp. 6:100-126, 1994). Supported by NSF-IBN-981784, an HHMI 
predoctoral fellowship and ROI-EY11001.
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898.3
MODEL OF SYNAPTIC MODIFICATION INDUCED BY MULTIPLE TEM-
PORAL STIMULI TO THE HIPPOCAMPAL CA1 AREA. M. Tatsuno1,
H. Matsuda2, T. Aihara3* and M. Tsukada3. xLab. for Information Synthe-

sis, Brain Science Institute, RIKEN; Wako, Saitama 351-0198, Japan; 2Research 
Inst., TamagawaUniv.; Machida, Tokyo 194-8610, Japan; 3Dept. of Info.-Comm. 
Engineering, Tamagawa Univ.; Machida, Tokyo 194-8610, Japan.

We have been investigating the effect of temporal structure of the spike trains 
on LTP/LTD formation in the hippocampal CAl area by physiological exper-
iment as well as computer simulation. Tsukada et al.(1994 and 1996) showed 
experimentally that the positively correlated Markovian stimuli were more ef-
fective than the negatively correlated or regular ones in producing LTP in CAl. 
Tatsuno et al.(1997 and 1998) reported that by constructing a simple model of 
pyramidal cells and interneurons in CAl the experimental results by Tsukada et 
al. were successfully reproduced, and effectiveness of the nonstationary chaotic 
stimuli on LTP formation was pointed out. Matsuda et al.(1998) examined LTP 
induced by chaotic stimuli on a slice preparation of guinea-pig, and they found 
that the chaotic stimuli with 1/f spectrum was most effective. This finding was 
also verified by numerical simulation by Tatsuno et al.(1999). Therefore, these 
results strongly suggest that the temporal structure of the impulse trains on S.C. 
plays a crucial role on synaptic modification in CAl.

In the current study, we investigated the synaptic modification in CAl when 
S.C. was stimulated by multiple temporal spike trains. Since the understand-
ing of information representation in hippocampus is crucially dependent on the 
elucidation of how temporal structure of multiple spike trains is transformed 
into spatially distributed synaptic weights, this transformation process was thor-
oughly investigated by a simple network model. Studies by electro-physiological 
recordings and optical recordings on a slice preparation of guinea-pig are also in 
progress. Supported by SPRP of RIKEN, CREST of JST and RFTF of JSPS.

898.4
MACROSCOPIC REORGANIZATION OF NEURAL ACTIVITY DUE TO 
HETEROGENEOUS CONNECTIONS. V.K. Jirsa, J.A.S. Kelso* and
A. Fuchs. Center for Complex Systems and Brain Sciences, 
Florida Atlantic University, Boca Raton FL33431, USA.

Many biological systems including the human neocortex 
contain strongly inhomogeneous projections from one area 
to another. Here we provide a mathematical description 
of spatiotemporal pattern formation in such hetero-
geneously connected systems by means of a nonlinear 
integral equation which is retarded by delays due to 
propagation of signals along connecting pathways.
We report, for the first time to our knowledge, how the 
global spatiotemporal dynamics can be controlled 
systematically by local changes in connection topology. 
Connectivity is used as a topological control parameter 
that leads the system through a series of non-equilibrium 
phase transitions. Changes in connectivity are known to 
be directly related to learning and synaptic plasticity. 
And non-equilibrium phase transitions or macroscopic 
reorganizations of neural activity are known in brain 
and behavior.

This research has been supported by NIMH and the Human 
Frontiers Science Program.

898.5

BALANCED NETWORKS OF SPIKING NEURONS WITH SYNAPTIC 
ADAPTATION. J A Hertz1*A Fazzini1,2, S Solinas1,2, T Z Lauritzen3,4 and 
A Bernotas1,5. Nordita, Copenhagen DK, 2Univ Bologna, 3Niels Bohr Insti-
tute, 4UCSF, 5Inst Theor Phys & Astro, Vilnius.

Van Vreeswijk and Sompolinsky showed recently within mean field theory 
how stable states with asynchronous unsaturated firing can arise from a self- 
consistent dynamical balance between excitation and inhibition in dilute, in-
hibition-dominated networks. Here we study such staes in networks of several 
thousand spiking neurons, both leaky integrate-and-fire and Hodgkin-Huxley. 
We have also implemeted synaptic depression in excitatory-excitatory synapses 
and facilitation in excitatory-inhibitory ones. Choosing the unadapted syaptic 
strengths so that their adapted values at the appropriate firing rates are equal 
to those in the balanced state of a network with non-adapting synapses, we 
find that the balanced states remain stable.
Support: Nordita, Univ of Bologna

898.6
REDISTRIBUTION OF SYNAPTIC EFFICACY AND STABLE PATTERN 
LEARNING IN NEURAL NETWORKS. G.A. Carpenter*, B.L. Milenova. 
Department of Cognitive and Neural Systems, Boston University, Boston, MA 02215.

Paired action-potential experiments by Markram and Tsodyks (Nature, 1996) 
critically challenge the standard hypothesis that LTP is a manifestation of gain change 
by demonstrating a dramatic dependence of synaptic efficacy upon test-pulse 
frequency: neocortical pyramidal neurons are seen to exhibit LTP in response to a 
single test pulse, but post-pairing amplification of the stationary response amplitude 
(EPSPstat) disappears for 23Hz test trains; and then, remarkably, reverses sign, with 
test trains of 30-40Hz producing EPSPstat reduced to 90% of pre-pairing amplitudes. 
As Markram et al. point out, redistribution of synaptic efficacy has profound 
implications for modeling as well as experiment: “Incorporating frequency-dependent 
synaptic transmission into artificial neural networks reveals that the function of 
synapses within neural networks is exceedingly more complex than previously 
imagined.” (Neuropharmacology, 1998) A neural network model called distributed 
ART (dART) features redistribution of synaptic efficacy as a consequence of necessary 
system hypotheses, with the paradoxical phenomenon of redistribution of synaptic 
efficacy being precisely the element needed to solve a critical pattern coding problem. 
In particular, dART represents a real-time model of parallel distributed pattern learning 
that permits fast as well as slow adaptation, without catastrophic forgetting. In contrast, 
most neural networks suffer unselective forgetting unless they operate with restrictions 
such as slow learning. Synaptic computation in the dART model quantitatively 
matches the Markram-Tsodyks redistribution of synaptic efficacy. Learned adaptive 
thresholds increase monotonically, but the net synaptic signal is a function of a ligand-
gated and a voltage-gated components with dual computational properties. The model 
predicts what the quantitative behavior of the graphs of EPSPstat would be if the 
number of experimental pairing intervals were varied parametrically.

This research was supported by the Office of Naval Research (ONR N00014-95-1- 
0409 and ONR N00014-95-1-0657).

898.7

A MECHANISM FOR THE SLIDING THRESHOLD : EFFECTS OF 
CHANGES IN PARAMETERS OF A BIOCHEMICAL REACTION MODEL 
FOR LTP AND LTD K.Ichikawa* and I.Yamaguchi Corporate Research Labs. Fuji 
Xerox Co., Ltd., 430 Sakai Nakaimachi Ashigarakamigun Kanagawa, 259-0157 Japan

It was reported that the preceding induction of LTP or LTD altered the stimulus 
intensity required for the subsequent induction of LTP or LTD. This effect is called 
sliding threshold and is thought to be important for the self-organization of neural 
systems and for preventing runaway LTP or LTD. However, mechanisms underlying 
this effect are not known at present The changes in ionotropic GluR channels, 
mGluR, intracellular Ca2* homeostasis, activity of kinases and phosphatases, and/or 
rate constants for the biochemical reactions in spines can be the basis for this effect.

In this study we report the effects of the change in parameters of a biochemical 
model for LTP and LTD on the change in the threshold. A model used in this study 
was the same as before. Briefly, the model consist of reaction schemes for AMPA and 
NMDA receptor channels, inward flow of Ca2+ through NMDA receptor channel, 
binding of Ca2* with calmodulin (CaM) and Ca2*-binding protein, activation of 
CaMKII and caicineurin (CaN), and Ca2* extrusion system. The simulations of the 
model have shown that the change in the concentrations of CaM, CaMKII, Ca2* buffer 
or Ca2* extrusion system showed negligible effect on the threshold change, but the 
change in CaN concentration showed a large effect. The changes in the reaction 
parameters for AMPA and NMDA receptor channels were also investigated. The 
present study suggests that if the change in the molecular concentration is one of 
mechanisms for the sliding threshold, the change in effective CaN concentration is 
one of candidates for it

898.8
y — S3 TRANSITION, PATTERN SEPARATION, AND THE 
PLASTICITY OF INHIBITORY AND EXCITATORY SYNAPSES 
Andrea Bibbig*. University of Ulm, Department of Neural information 
Processing, D-89069 Ulm, Germany. andrea@neuro.informatik.uni-ulm.de

Most experiments on synaptic plasticity consider synapses between 
excitatory neurons (E—>E); only a few address ’’interneuron plasticity” (= 
plasticity of synapses with a pre- or postsynaptic inhibitory intemeuron (I)) 
[1], But intemeurons - together with excitatory neurons - were shown to 
be capable of generating long-range y-synchrony of cell assemblies[2]. Here 
we show how a) a y —► (3 frequency transition [3] and b) binding of distant 
sub-assemblies and simultaneous separation from other assemblies - lying at 
worst in the middle - can be generated by intemeuron plasticity, and this in 
spite of experimentally motivated local I—► connectivity and axonal conduc-
tion delays of 6ms on average between the participating sub-assemblies.

Simulations were performed with a topographical network of 120 Es and 
Is, tonic input to both cell types, local I—► and far-reaching E—► connections, 
distance-dependent axonal conduction delays, and a Hebbian two-threshold 
LTD- and LTP-rule at the synapses involved [4,5].

Most critical for the y —► (3 transition were the growing I—>E conductances, 
serving as a possible alternative to the afterhyperpolarisation in [3]. For 
binding and simultaneous pattern separation under the above mentioned 
conditions both, I—>B and E—*1 plasticity, are necessary, i.e. E—»-E plasticity 
alone doesn’t work. Depending on the conductances without I—t-E and/or 
E—J plasticity 2 distant sub-assemblies can not synchronize, pattern separa-
tion is impossible, the system becomes epileptic or there are long oscillation 
breakdowns. I—>1 plasticity seem to stabilize pattern separation especially 
when long conduction delays are involved.

[1] e.g. Ouardouz & Lacaille, J. Neurophysiol. 73 (1995), [2] Whittington 
et al., J. Physiol. 502 (1997), [3] Traub et al., J. Neurosci. 19 (1999), [4], [5] 
Bibbig, Soc. Neurosci. Abstr. 23, 508 (1997) and ibid 24, 329 (1998).

Supported by DFG Pa 268/14-1, and R.D. Traub, E.H. Buhl, M.A. 
Whittington, G. Palm and W.A. Wickelgren by invaluable discussions.
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898.9
Bidirectional Synaptic plasticity and Meta-Plasticity: A Biophysical
Model. Harel Z. Shouval1* Gastone C. Castellani2 and Leon N Cooper1. 
1 Departments of Neuroscience, Physics and the Institute for Brain and Neu-
ral Systems Brown University, Providence, RI 02912; 2Physics Department, 
Bologna University, Bologna, Italy.

There is mounting evidence that phosphorylation of postsynaptic the 
GluRl subunit of AMPA receptors are involved in induction of synaptic 
plasticity. The PKA site, serine 845, has been shown to be dephosphorylated 
during LTD. There are strong indications as well that the CaMKII site, 
serine 831, is phosporylated during LTP. We develop a biophysical model 
based on this intracellular signaling network. A key assumption is how the 
activity levels of kinases and phosphatases depend on Ca2+ concentration. 
The dynamics and fixed points of the model are examined. We show that 
under certain assumptions it can account for bidirectional synaptic plasticity 
observed physiologically.

There are also strong indications that the subunit composition of 
NMDA receptors changes as a function of neural activity. This change is 
correlated with changes in the functional properties of NMDA receptors and 
are NMDA receptor dependent. We extend the biophysical model to include 
plasticity of NMDA receptor properties. We show that plasticity of NMDA 
receptors can account for the change in the induction thresholds of LTP and 
LTD as a function of the history of neural activity, as required by BCM 
theory. This type of meta-plasticity has been suggested as a homeostatic 
mechanism necessary for attaining high levels of neuronal selectivity.

This work was supported by the Charles A. Dana Foundation, the 
Office of Naval Research and by an exchange program between Bologna and 
Brown University .

898.10
THE CORTICAL PYRAMIDAL CELL AS A SET OF INTERACTING ERROR 
BACKPROPAGATING DENDRITES: A MECHANISM FOR DISCOVERING 
NATURE’S ORDER. J. T. Hester,1* D. Ryder,2 D. G. Kelly3 and O.V. Favorov1. 
Depts of 'Biomedical Engineering, Philosophy, and Statistics, Univ. Of North 
Carolina, Chapel Hill, NC, 27599.

Central to our ability to have behaviors adapted to environmental circumstances is 
our skill at recognizing and making use of the orderly nature of the environment. 
This is a most remarkable skill, considering that behaviorally significant 
environmental regularities are not easy to discern: they are complex, operating 
among multi-level nonlinear combinations of environmental conditions, which are 
orders of complexity removed from raw sensory inputs. How the brain is able to 
recognize such high-order conditional regularities is, arguably, the most 
fundamental question facing neuroscience. We propose that the brain’s basic 
mechanism for discovering such complex regularities is implemented at the level of 
individual pyramidal cells in the cerebral cortex. The proposal has three essential 
components. (1) Pyramidal cells have 5- 8 principal dendrites. Each such dendrite is 
a functional analog of an error backpropagating network, capable of learning 
complex, nonlinear input-to-output transfer functions. (2) Each dendrite is trained, 
in learning its transfer function, by all the other principal dendrites of the same cell. 
These dendrites teach each other to respond to their separate inputs with matching 
outputs. (3) Exposed to different but related information about the sensory- 
environment, principal dendrites of the same cell tune to different nonlinear 
combinations of environmental conditions that are predictably related. As a result, 
the cell as a whole tunes to a set of related combinations of environmental 
conditions that define an orderly feature of the environment. Single pyramidal cells, 
of course, are not omnipotent as to the complexity of orderly relations they can 
discover in their sensory environments. However, when organized into feed- 
forward/feedback layers, they can build their discoveries on the discoveries of other 
cells, thus cooperatively unraveling nature’s more and more complex regularities.

Supported by ONR N00014-95-1-0113, NIH NS35222, and SSHRC.

898.11

EFFECTS OF MORPHOLOGY ON THE MEMORY CAPACITY 
OF NEURONS WITH ACTIVE DENDRITES

P. Poirazi* and B.W. Mel, Dept. of Biomedical Engineering, USC, MC 
1451, LA, CA 90089.

Physiological data and connectionist. theory support the prevailing notion 
that the brain’s memory capacity resides in the strengths of synaptic connec-
tions. However, the high-precision synaptic weights of conventional connec-
tionist learning system are not readily mapped onto individual synapses in 
the CNS when it is considered that, (1) synaptic dynamics make transmission 
efficacy highly variable on short-to-medium time scales, and (2) long-term po-
tentiation of individual synapses may involve transitions between as few as two 
stable levels of synaptic efficacy (Petersen et al., PNAS, 95, 1998). We have 
previously studied the potential contributions of active dendritic processing to 
memory capacity. In this work we focus on the limit of very-low-resolution 
(i.e. 1-bit) synaptic weights, and compare the capacity of model cells under 
two different modes of dendritic integration: (1) linear summation, and (2) 
nonlinear integration in which the inputs to each dendritic branch are inde-
pendently summed and thresholded, followed by a sum of the branch subtotals 
at the soma. We derived analytical expressions which count the modifiable 
parameter bits available to both neuron types. These imply that for cells of 
realistic size (and the stellate morphology which we have so far considered), 
nonlinear dendritic subunits can boost memory capacity by at least an order 
of magnitude, and that there exists an optimal number and size of subunits 
which maximizes this boost. We find also that the excess capacity afforded 
by dendritic subunits is readily accessible using a stochastic Hebbian learning 
rule which maps correlated synaptic inputs onto common dendritic branches. 
Supported by NSF and a Myronis Fellowship.

898.12

LEARNING WITH TWO SITES OF SYNAPTIC INTEGRATION 
K.P. Kording, M. Siegel and P. Konig*. Institute of neuroinformatics, 
ETH/Uni Zurich, Winterthurerstr 190, 8057 Zurich, Switzerland 
Synaptic plasticity is usually considered to be just a function of pre- and 
postsynaptic firing rate. As opposed to this idea we examine the properties 
of a learning rule with two different sets of synapses: one set mostly gating 
learning and another one mostly driving the cells’ activity.

Recent electro-physiological studies suggest that pyramidal neurons 
possess two sites of synaptic integration: the basal and the apical dendrite 
(e.g. Larkum et al. Nature 398:308 1998). We hypothesize that synapses at 
the apical dendrite have a limited effect on the firing rate of a neuron but a 
major impact on synaptic plasticity compatible with the proposed learning 
rule.

Analyzing the learning rule in a network with different connectivity 
schemes but the same parameters revealed the following effects: (1) 
Afferents targeting the apical dendrite can act as cellular 'supervisors' of 
synaptic plasticity; cells learn only stimuli paired with excitation to the 
apical dendrite. With unspecific lateral inhibition to the apical dendrites a 
net activity with only small variations results and the transmitted 
information is maximized. (2) Mechanisms for maximization of coherent 
information can be easily implemented. Neurons learn to fire correlated with 
neurons of another stream. (3) Information that is correlated across 
modalities or distinct parts of the same modality can lead to neurons with 
invariant receptive field properties. (4) These invariances can propagate 
down a hierarchy of cortical areas. Cells learn only to represent the part of 
its input that is relevant to the processing at higher stages.

This work was supported by the SFN, the SPP, the Boehringer 
Ingelheim Fonds and the “Studienstiftung des Deutschen Volkes”.

898.13

Mechanisms for limiting recall bias during associative learn-
ing: the AMPA/NMDA switch. Joshua Chover1. Lewis Haberly*2, 
William W. Lytton3. Depts. of Mathematics *, Anatomy2 and Neurology3, 
Middleton VA Hospital3, U. Wisconsin, Madison, Wl, 53706-1532

The Hopfield attractor network continues to be a major model for neural 
memory. However, the abstractions of mathematical representation remain 
a barrier to searching for correlates of this model at the cellular and synaptic 
levels. A simple 2-layer artificial neural network was used to illustrate puta-
tive synaptic mechanisms that would accompany a biological instantiation of 
the Hopfield hypothesis. We focused on the biasing spread of previous pat-
terns during the learning of serially presented patterns. This signal spread 
has been viewed as a problem to be solved by squelching associative synaptic 
strength during the learning phase. We compared the effects of presynap-
tic squelch (cholinergic depression) to a postsynaptic squelch model that 
depended on a distinction between NMDA-dominant and AMPA-dominant 
synaptic transmission during learning and recall, respectively. Networks of ei-
ther kind generally showed better retrieval when intermediate to high squelch 
levels were used in learning. However, low-squelch networks were better able 
to demonstrate associations between similar patterns presented separately. 
Postsynaptic squelch was more effective than presynaptic squelch in produc-
ing accurate recall in networks storing a large number of patterns. Post-
synaptic squelch also maintained the distinction between fixed wiring and 
Hebbian-learned connections. This would be valuable in cases where under-
lying maps must be maintained in the setting of learning. [Supported by NIH 
NS32187, NIH DC03271.]

898.14

ATTRACTOR NETWORKS IN SYSTEMS WITH UNDERLY-
ING RANDOM CONNECTIVITY P.E. Latham* and S. Niren- 
berg. Department of Neurobiology, University of California at 
Los Angeles, Los Angeles, CA 90095.

Most treatments of Hopfield networks1 assume a deterministic 
weight matrix of the form g^tf where g^ represents
the strength of the /zth memory. Here we consider the more realis-
tic case in which the weight matrix has an additional component, 

= Cij + Hng^i^j where Cij is a random matrix that corre-
sponds to connectivity in the absence of stored memories. Ran-
domly connected networks of excitatory and inhibitory neurons 
with no memories (all the g^ equal to zero) exhibit, over a broad 
range of parameters, a single stable state at low firing rate. We 
investigate the conditions for the formation of additional fixed 
points — new memories — as the g^ grow. Using both mean 
field analysis and simulations with spiking model neurons, we find 
that the g^ must be above a threshold for memories to form, that 
memories form at high firing rate, and that the details of jnemory 
formation depend on the relative connection strengths among the
excitatory and inhibitory neuronal populations.

M.J. Hopfield, PNAS, 1982.

Supported by the Whitehall and Klingenstein foundations.
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898.15

LEARNING DIRECTION SELECTIVITY TROUGH ADAPTATION 
OF THE VESICLE RELEASE PROBABILITY. NJ. Buchs*, J. Reutimann, 
W. Senn. Dept. of Physiology, University of Bern, Buhlplatz 5, 3012 Bern, Swit-
zerland.

It has recently been proposed that the direction selectivity of VI cells emerge 
from an interplay of depressing and non-depressing synapses which project in a 
asymmetric arrangement onto these cells: Aligning non-depressing and depressing 
synapses from left to right with an appropriate shift yields a higher response to sinu-
soidal gratings moving in this same direction. We show that such a synaptic ar-
rangement may develop from a temporal asymmetric synaptic learning rule during 
repetitive presentation of the rightwards drifting grating. According to the learning 
rule the probability of vesicle release is up-regulated if the presynaptic activity peaks 
before the postsynaptic one and down-regulated otherwise. An originally symmetric 
distribution of release probabilities within the center of the receptive field is thereby 
shifted to the left towards the stimulus. Since due to vesicle depletion the release 
probability is equivalent to the degree of depression this spatial shift produces 
strongly depressing synapses at the left part of the receptive field center. If this is 
surrounded by non-depressing synapses one obtains the correct asymmetry needed 
for direction selectivity. We also show how the direction selectivity can be enhanced 
by facilitating synapses in a farther surround of the receptive field. A kinetic scheme 
is presented which alters the presynaptic Ca2+-dynamics such that the facilitation of 
the synapses in the surround peaks when the center of the receptive field is activated. 
Both these mechanisms, the adaptation of depression and facilitation, show that di-
rection selectivity may evolve through modification of the temporal response char-
acteristics of the synapses. Supported by SPP 5002-03793

898.16
A STOCHASTIC THEORY OF SYNAPTIC INTEGRATION IN 
SYMPATHETIC GANGLIA J.P. Horn*, B.S, Gutkin, H. Schobesberger 
and D, W, Wheeler. Deptartment of Neurobiology, University of Pittsburgh 
School of Medicine, Pittsburgh, PA 16261.

Synaptic connections in sympathetic paravertebral ganglia are 
characterized by convergence and divergence. On average, pre- to post-
ganglionic divergence is 1:20, and each ganglionic neuron receives one 
primary nicotinic synapse and N secondary nicotinic synapses. Primary 
EPSPS are invariably suprathreshold, while secondary EPSPS are not. We 
developed a mathematical model to explore the computational 
consequences of this arrangement, and the possible modulatory role of 
metabotropic synapses in the ganglia. Central to our model is the concept 
of a temporal window of summation (zsum). When the interval between two 
secondary EPSPs is <LUm, they stimulate an action potential. If 
preganglionic firing is randomly timed, then intervals between EPSPs will 
be exponentially distributed, and ganglionic output can then be estimated 
over a range of physiological parameters (preganglionic firing, 0.1 to 20 
Hz; N, 1-10; tsum, 10-100 ms). Surprisingly, the stochastic theory predicts 
that the presence of only one secondary synapse can enhance output of a 
neuron by up to 85%. When combined with a conductance-based model, 
the theory explains how plastic processes, including postsynaptic slow 
potentials and presynaptic oscillations, facilitation and inhibition, can 
control ganglionic amplification. We conclude sympathetic ganglia are 
synaptic amplifiers whose overall gain is activity-dependent.

Supported by NIH grant NS21065 (JPH) and Schrodinger Postdoctoral 
Fellowship J1519-BIO from the Austrian Science Fund (HS).

898.17

DATA MINING FOR NEUROSCIENCE DATABASES. Y. Shu'*, J.-S. Liaw2,
T.W, Berger2 and C, Shahabi1. 'Dept. of Computer Science, 2Dept. of Biomedical 
Engineering and Program in Neuroscience, Univ. of Southern California, Los 
Angeles, CA 90089

The brain is a complex system with multiple levels of functional organization, 
prohibiting any attempt at an integrative study of the entire brain. Consequently, 
each neuroscience study focuses on a small specific part of the brain, resulting in 
dispersed and fragmented data sets. Moreover, not only the data sets are 
fragmented, but also people's understanding of the brain is limited by the 
fragmented neuroscience studies. A more comprehensive view on the brain can be 
formed only when data sets from multiple sites are considered together, integrated 
in the context of neural models, which are not now achievable on a large scale. 
New knowledge can be gained through combining relationships among 
fragmented data sets, showing a need for data mining on the experimental data 
stored in multiple database. Finding hidden knowledge among the experimental 
data is a challenge work. Through the efforts of the USC Brain Project, a 
protocol-based scheme for constructing databases for storing and analyzing 
experimental data sets have been developed. The protocol-based scheme provides 
a general data representation that can be used for identifying the relations between 
data from a diverse sources. In addition, we have developed algorithms for 
extracting various features of time series data (e.g., electrophysiological 
recordings), and a similarity matching mechanism based on such features. 
Together with the protocol-based representation, this method provides a flexible 
way for users to define database queries to search through large data sets in order 
to identify similar recordings obtained under various experimental conditions and 
manipulations. Such a capability can facilitate the identification of hidden patterns 
or trends that would emerge only when a large number of data sets are analyzed 
together. Supported by NIMH and NCRR.

EXCITATORY POSTSYNAPTIC MECHANISMS: MODULATION

899.1
POSTSYNAPTIC CHOLINERGIC INHIBITION OF EPSPs IN HIPPOCAMPUS 
T. Seeger, T. Takigawa and C. Alzheimer*. Dept. of Physiology, University of 
Munich, Pettenkoferstr. 12, D-80336 Munich, Germany

Activation of acetylcholine (ACh) receptors exerts a complex action in 
hippocampus, comprising both presynaptic and postsynaptic effects. In order to 
determine, how the latter influences EPSP waveforms in the postsynaptic neuron, 
we studied the effects of ACh receptor stimulation in dendritic and somatic 
compartments on electrically evoked EPSPs and on simulated EPSP waveforms 
elicited by local glutamate pulses. Whole-cell recordings were performed on 
visually identified CA1 pyramidal neurons in hippocampal slices from juvenile 
rats. The main findings of our study can be summarized as follows: (i) Local 
activation of postsynaptic ACh receptors on the soma and apical dendrite of CA1 
pyramidal neurons reduced remote EPSPs by 20-30% on average, (ii) In a 
quantitatively similar fashion, bath-applied carbachol (CCh) decreased EPSP-like 
waveforms evoked by local glutamate pulses to the soma or apical dendrite, (iii) 
The effects of CCh were reversed by atropine, but not by the nicotinic receptor 
antagonist, mecamylamine, indicating that they were mediated by muscarinic 
ACh receptors, (iv) The inhibitory action of CCh on electrically evoked and 
simulated EPSP waveforms displayed appreciable voltage dependence, with the 
cholinergic effect increasing with membrane hyperpolarization, (v) Cholinergic 
inhibition of simulated EPSP waveforms was abolished by Ba2+ and Cs+. 
Enhancement of hyperpolarizing inward rectification might thus represent a 
possible mechanism by means of which ACh reduces EPSPs on the postsynaptic 
side.

Supported by the DFG (SFB 391) and the BMVg.

899.2

THE DIFFERENTIAL DISTRIBUTION OF POSTSYNAPTIC 
NICOTINIC RECEPTORS. D.L. Pettit* & J.L. Yakel. Laboratory of Signal 
Transduction, NEEHS, NIH, RTP, NC 27709.

The hippocampus has been implicated in memory formation in humans and 
animals, and is an important site in a variety of neurodegenerative diseases. For 
this reason, determining the mechanisms that modulate neuronal activity and 
development in the hippocampus is essential for understanding cognitive 
processing and treating pathological conditions. Among the mechanisms that 
regulate hippocampal activity, one of the least studied and most poorly 
understood are the cholinergic projections from the septum to the hippocampus. It 
is clear that nicotine has profound effects on the nervous system because 
exposure to nicotine in utero, both in rats and humans, appears to cause a variety 
of developmental abnormalities, including brain damage and cognitive 
impairment.

We have examined fast nicotinic synaptic transmission onto hippocampal slice 
intemeurons and found responses with two different kinetic profiles. The use of 
pharmacological blockers and experiments using Xenopus oocyte expression 
systems suggest that the kinetics of transmission may be regulated by the subtype 
of nicotinic receptor subunits expressed. It appears that intemeurons express a 
number of a subunits. To determine whether different intemeurons express 
different compliments of receptor subtypes, we have used focal photolysis of 
caged-carbachol to map the distribution and density of nicotinic receptors on 
hippocampal slice intemeurons. Further, we have determined the distribution of 
both the a7 and non-a7 subunits along these dendrites. The distribution of these 
receptors is non-uniform and may be a mechanism to separate intemeurons into 
functional groups. Supported by the NIH Intramural program.
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899.3

PENTOBARBITAL FACILITATES LONG-LASTING SYNAPTIC
POTENTIATION. D P. Archer1. S.H. Roth12*. departments of
Anesthesiology and 2 Pharmacology and Therapeutics, Univ. of Calgary, 
Calgary, CANADA.
Activity-dependent postsynaptic depolarization contributes to the induction of 
long-term potentiation of hippocampal synaptic transmission (LTP). Evidence 
supports a role for GABAa receptors in depolarization. We tested the 
hypothesis that pentobarbital (PB), which enhances GABA depolarization, can 
produce synaptic potentiation similar to tetanus-induced LTP .
Methods: The effects of PB were examined on stratum radiatum-CA1 synaptic 
pathways in hippocampal slices (350 pirn) prepared from male Sprague- 
Dawley rats. Slices were superfused in a tissue chamber with oxygenated, 
prewarmed (35 °C) artificial cerebrospinal fluid (ACSF). Population spikes 
(PS1 & PS2), evoked by paired-pulse paradigm (30-50 ms; 0.1 Hz), were 
recorded from the CA1 cell body region using glass microelectrodes (1-4 MQ, 
2 M NaCl). Amplitudes of PS1 & PS2 and the slope of the rising phase of the 
EPSP were measured every 100 s using custom Labview-based software. 
Results: PB enhanced postsynaptic responses (200 ± 15 % of control, P<0.01) 
were similar to tetanus-induced LTP (168 ± 30% of control, P<0.01). PB- 
induced enhancement did not occur in the absence of low frequency electrical 
stimulation. The synaptic facilitation by PB was concentration-dependent (0.5 
to 5 pM); concentrations >10 pM progressively depressed transmission. In 
addition, acetazolamide (10 pM) blocked PB-induced enhancement. 
Conclusions: PB produces a concentration-dependent biphasic effect on 
synaptic transmission in the stratum radiatum-CA1 pathway. Concentrations 
<10 pM produce long-lasting enhancement of PS amplitude similar to tetanus- 
induced LTP. Bicarbonate ion appears to play a role in the potentiation, 
supporting the anion gradient shift hypothesis of GABA depolarization. 
Supported by the CAS Burroughs Wellcome Award and Canadian MRC.

899.4
CONTRASTING SYNAPTIC ACTIONS OF THE INHALATIONAL 
GENERAL ANESTHETICS ISOFLURANE AND XENON. S.L.M. de Sousa, 
R. Dickinson*, W.R. Lieb & N.P. Franks. Imperial College of Science, 
Technology and Medicine, Biophysics Section, Blackett Laboratory, Prince 
Consort Road, London SW7 2BZ, United Kingdom.
We investigated the effects of isoflurane and xenon on functional synapses in 
microisland cultures of hippocampal neurons. Isoflurane and xenon were found to 
have contrasting effects at glutamatergic and GABAergic synapses. Clinical 
concentrations of isoflurane affected both types of synapse. At glutamatergic 
synapses, 310 pM isoflurane (-1 MAC) decreased the peak, the decay half-time 
(T1/2) and the total charge transfer (Qtotal) °f the EPSC, by 16 ± 3%, 10 ± 2% and 
28 ± 7%, respectively. The fast (AMPA/KA) and slow (NMDA) components of the 
EPSC were approximately equally sensitive; this is reflected by reductions in Q fast 
and Qsiow of 22 ± 4% and 34 ± 9%, respectively. The main effect was on the peak 
of the EPSC with little change in the time constants. In contrast, at GABAergic 
synapses, 310 pM isoflurane had a markedly different effect; there was no 
significant effect on the peak of the IPSC but both T1/2 and Qtotal were increased, by 
73 ± 8% and 69 ± 11%, respectively. The increase in Qtotal was largely due to 
increases in Tf^t and t s iow , of 45 ± 14% and 60 ± 11%, respectively. Xenon, on the 
other hand, had no effect at all on GABAergic synapses and had an unexpectedly 
selective action at glutamatergic synapses. At glutamatergic synapses, 3.4 mM 
xenon (~1 MAC), decreased the peak of the EPSC by 13 ± 2%, T1/2 by 23 ± 3% and 
Qtotal by 56 ± 3%. The reduction in Qtotal was almost entirely due to inhibition of 
Isiow (by 70 ± 2%). This is reflected by the fact that Qslow was reduced by 71 ± 2%, 
while Qfast was reduced by only 13 ± 4%. Thus, xenon’s effect on glutamatergic 
synapses is due largely to its inhibition of the slow (NMDA) component of the 
EPSC. Isoflurane inhibits both the fast and slow components of glutamatergic 
EPSCs, and (unlike xenon) affects GABAergic synapses by prolonging the time- 
course of the EPSC. We thank The Wellcome Trust & the MRC for support.

899.5

SEVOFLURANE SUPPRESSES DOPAMINERGIC EXCITATORY SYNAPTIC 
TRANSMISSION BETWEEN SOMA-SOMA PAIRED IDENTIFIED LYMNAEA 
NEURONS. T.Kawano , M.Takasaki, N.I., Syed*and N.G.Grigoriev .Respiratory and 
Neuroscience Research Groups, Faculty of Medicine, University of Calgary, 3330- 
Hospital Drive, N.W. Calgary, Alberta, Canada T2N 4N1

The cellular and synaptic mechanisms by which general anesthetics influence cell-
cell communications in the nervous system remain poorly defined. In this study, we 
sought to determine how clinically relevant concentrations of sevoflurane affected 
excitatory synaptic transmission between identified Lymnaea neurons. Excitatory 
synapses were reconstructed in vitro, between the somata of two neurons, right pedal 
dorsal 1 (RPeDl - the giant dopaminergic neuron) and visceral dorsal 2 (VD2) and 
clinically relevant concentrations of sevoflurane (1- 4%) were tested for their effects 
on the excitatory synaptic transmission between soma-soma paired cells. We 
demonstrate that bath applied sevoflurane inhibits EPSPs in VD2 in a dose-dependent 
manner. In 2% sevoflurane postsynaptic response in VD2 was significantly (by 80%) 
suppressed. Similarly, dopamine-induced (lOpM) postsynaptic responses were also 
significantly reduced by sevoflurane. To determine the postsynaptic site of dopamine 
action we analyze dopamine evoked postsynaptic currents in VD2 using patch clamp 
technique in whole cell configuration. Fast application of dopamine (lOpM) induces 
activation of a novel type of ligand -gated current (I^) which exhibited high 
sensitivity to anaesthetic and was almost completely (>80%) suppressed at clinically 
relevant concentration of sevoflurane (2%). Our data demonstrate that sevoflurane- 
induced suppression of synaptic transmission between RPeDl and VD2 is primarily 
involves postsynaptic mechanism. (Supported by URGC )

899.6

THE DEPOLARIZING EFFECTS OF ARECAIDINE IN AMPHIBIAN 
PARAVERTEBRAL SYMPATHETIC GANGLION NEURONS. H. Chen*. 
T H. Cheng1. J.G. Leu1 and C.F, Chen. Nat. Res. Inst.of Chinese Medicine; 
’Inst, of Pharmacology, Nat. Yang-Ming Univ.; Taipei, Taiwan, ROC.

Areca nuts have been abusively consumed as a popular euphoric masticatory' 
in Southeastern Asia despite the fact that they contain many active ingredients. 
Some of them are pharmacologically classified as cholinomimetics. The aim of 
tliis study was to use the current clamp technique to investigate the depolarizing 
effects of areccaidine, one of the bioactive ingredients of areca nuts, in bull-frog 
sympathetic ganglion cells. Single neurons were enzymatically dissociated from 
the Vlth to Xth paravertebral sympathetic ganglia of adult bull-frog. Bath 
application of Ringer’s solution containing 50-100 pM arecaidine elicited a 
series of repetitive discharge of action potentials and promoted bursts of faster 
spikes after injection of depolarizing current. Pretreatment with 40-60 pM d- 
tubocurarine or 100-160 pM gallanune, 100 pM methoctramine did not reduce 
the depolarization of membrane potential. The depolarizing effects were 
completely abolished with the administration of 150 pM pirenzepine. The 
results suggest that the excitatory response of arecaidine is through the 
activation of muscarinic M, receptors. The ionic mechanisms responsible for 
the depolarizing effects were studied by the patch clamp techniques and will be 
described.

899.7

EFFECTS OF CYCLOOXYGENASE-2 INHIBITION ON 
SYNAPTIC TRANSMISSION IN THE HIPPOCAMPUS.
K. E. Ward1*, M, Lyubkin2 & D. M, Durand2. Departments of 
’Neuroscience and 2Biomedical Engineering, Case Western Reserve 
Univ.; Cleveland, OH, 44106.

Long-term potentiation (LTP) of synaptic transmission has been 
shown to occur in specific regions of the brain and is a model for 
activity-dependent synaptic plasticity. Arachidonic acid (AA) has been 
shown to act as a retrograde messenger by (directly or indirectly) 
blocking the reuptake of glutamate, enhancing the N-methyl-D- 
aspartate receptor response, and increasing the release of pre-synaptic 
glutamate, all of which may contribute to the LTP process. 
Prostaglandins are metabolites of AA from the cyclooxygenase (COX) 
pathway and may also play a role in the LTP process. This study 
looked at the effects on synaptic transmission of blocking the COX 
pathway, specifically the inducible COX-2 pathway, using a highly 
selective inhibitor, NS-398.

Population excitatory postsynaptic potentials (EPSPs) were recorded 
from the CA1 region of rat hippocampal slices (400pm). Baseline 
EPSPs were recorded for 20 min, followed by delivery of NS-398 
(lpM). Results showed a potentiation of the population EPSP (n=4, 
140% of baseline) without occluding further post-synaptic potentiation. 
In addition, preliminary results indicate that NS-398 may also 
potentiate tetanic-induced LTP of the EPSP. Thus, it appears that 
COX-2 metabolites may be involved in the regulation of the excitability 
of the post-synaptic membrane during elicited stimulation.
Supported in part by NIH grant #HL25830.

899.8

POSTNATAL INCREASE OF A 5-HT AND Ba2+-SENSITIVE LEAK 
K+ CURRENT IN HYPOGLOSSAL MOTONEURONS. J.E. Sirois* and
D.A. Bavliss. Dept. Pharmacol., Univ. Virginia, Charlottesville, VA 22908.

In many neurons, including motoneurons, excitatory neurotransmitters 
elicit depolarization by activating a cationic conductance and inhibiting a 
Ba2+-sensitive K+ channel active at rest. The decrease in input conductance 
that accompanies this mechanism, attributed to K+ channel inhibition, is 
typically not observed in neonatal motoneurons. Therefore, experiments 
were performed on hypoglossal motoneurons obtained from rats at different 
postnatal ages (Pl-Pl8) to determine mechanisms for these postnatal 
changes. At all ages, 5-HT (5 pM) produced an inward current (I5.nr) at the 
holding potential (-50 mV) that was inhibited by the 5-HT2A-receptor 
antagonists, ketanserin and spiperone, and mimicked by the 5-HT2 agonist 
(-)DOI. This suggests that differences in the relevant 5-HT receptor subtype 
could not explain postnatal changes in I5.Ht . We exploited the Ba - 
sensitivity of the transmitter-sensitive leak K+ channel in order to test if the 
magnitude of a Ba2+-sensitive K+ current and/or its relative contribution to 
I5.HT changes developmentally. I5.Ht  increased postnatally (>2-fold). The 
Ba2+-sensitive leak K+ current also increased during development (~4-fold) 
and, accordingly, a greater amount of I5.ht  was sensitive to Ba2+ in older 
animals (>P6; —65-70%) than in younger animals (<P6; -35%). Conversely, 
substitution of Na+ with NMDG to block the 5-HT-sensitive cationic current 
reduced I5.Ht  to a greater extent in younger animals than in older animals. 
These data indicate that at early ages the cationic component of I5.ht  
dominates, whereas the Ba2+-sensitive component dominates at later stages; 
at all ages tested, 5-HT acts at 5-HT2A receptors to induce I5.ht -

Supported by NS33583
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899.9

SEROTONIN DEPOLARIZES TUBEROMAMMILLARY NEURONS 
BY ACTIVATION OF THE Na+/Ca2+-EXCHANGER. K.S. Eriksson*,
D.R. Stevens, T.H, Muller and H.L. Haas. Physiology II, Heinrich- 
Heine-University, POB 101007, D-40001 Dusseldorf, Germany.

The spontaneously firing histaminergic cells in the tuberomam- 
millary (TM) nucleus of the posterior hypothalamus innervate most 
parts of the brain. Serotonin (5-HT) depolarizes the TM neurons 
and we studied the mechanism behind this depolarization using 
intracellular recording with sharp electrodes and Ca2+-imaging in 
superfused slices from rat hypothalamus. We found that the de-
polarization was present under tetrodoxin and that it was not assoc-
iated with changes in K+-permeability or any clear changes in input 
resistance. The effect was temperature dependent and this suggested 
a role for a pump or exchanger. We found that exchanging all the 
external NaCl with LiCI or N-methyl-D-glucamine-Cl blocked the 
depolarization, while replacement of only 5% of the NaCl with LiCI 
lacked any effect. This showed a dependence on external Na+ that 
was not mediated by Na+-channels. NiCL (1-3 mM) or 2,4-dichloro- 
benzamile, blockers of the Na+/Ca2+-exchanger, strongly inhibited 
the depolarization. Ca2+-imaging of FURA-AM loaded neurons 
showed that the cytoplasmic Ca2+ concentration decreased as a res-
ponse to 5-HT application in a temperature-dependent way. We 
conclude that 5-HT depolarizes TM neurons by direct activation of 
a depolarizing current carried by the Na+/Ca2+-exchanger, which is 
accompanied by a lowering of the basal cytoplasmic Ca2+ level.

899.10
HIGH-THRESHOLD NOVEL BURSTING BEHAVIOUR, BUT NOT TONIC 
FIRING, IS INSTATED IN A SUBSET OF THALAMOCORTICAL NEURONES 
FOLLOWING ACTIVATION OF METABOTROPIC GLUTAMATE 
RECEPTORS. S.W. Hughes. D.W. Cope. T.I. Toth and V, Crunelli*. Physiology 
Unit, Cardiff School of Biosciences, Cardiff University, Cardiff, UK, CF1 3US.

In thalamocortical (TC) neurones, application of the metabotropic glutamate receptor 
(mGluR) agonist (±)-l-aminocyclopentane-/rans-l,3-dicarboxylic acid (trans-ACPD) 
has previously been shown to cause a reduction in a linear K+ current, and thus a 
membrane depolarisation and accompanying shift from burst to tonic firing. Here we 
show, however, that rather than promoting single spike activity, application of trans- 
ACPD (IOOjx M) to TC neurones of the cat lateral geniculate nucleus in vitro, that 
exhibit a sufficiently high apparent input resistance (>~200MQ; n=7 of 15) in control 
conditions, brings about, amongst a variety of other novel behaviours, a high-threshold 
(>-50mV), low-frequency (3-12Hz) oscillation. This oscillation, which is distinct from 
the well characterised delta rhythm, consists of large depolarising envelopes (~10mV) 
that are crowned by bursts of 2-5 action potentials. The frequency of this activity 
increases as a function of injected D.C. current with unusual burst-doublets appearing 
for large values. The behaviour is insensitive to the application of tetrodotoxin (IpM) 
and a combination of inhibitory and excitatory amino acid receptor antagonists, but is 
abolished by nifedipine (lpM). These results, in conjunction with simulation studies, 
suggest a dependence on an L-type Ca2+ current and, probably, a Ca2+-activated K+ 
current. However, it is unclear at present whether mGluR activation directly modulates 
these currents or simply reduces dampening of neuronal dynamics by inhibiting the 
linear K+ current. Since neurones displaying this phenomenon do so at the expense of 
tonic action potential generation, these results have important implications for the 
activity and role of TC neurones during wakefulness and cognition.

Supported by the Wellcome Trust (Grant 37089-98).

899.11

METABOTROPIC GLUTAMATE RECEPTOR ACTIVATION IN 
THALAMOCORTICAL NEURONES INDUCES BISTABILITY-MEDIATED 
PHENOMENA IN VITRO. D.W. Cope*, S.W. Hughes and V. Cnmelli. Physiology 
Unit, Cardiff School of Biosciences, Cardiff University, Cardiff, CF1 3US, UK.

Although thalamocortical (TC) neurones of the dorsal lateral geniculate nucleus 
(dLGN) receive ~40% of their synapses solely from layer VI pyramidal neurones of 
the neocortex, relatively little is known about the physiological role of this 
substantial input. Metabotropic glutamate receptors (mGluRs) have been identified 
post-synaptically at these corticogeniculate synapses, their activation inhibiting a 
linear, voltage-independent K+ current, termed Leak, resulting in depolarisation and 
increase in input resistance (McCormick et al., 1992, PNAS. 89, 2774-8),

Previously, using a dynamic clamp system in vitro, we have shown that artificial 
reductions in ILeak are able to induce a novel form of membrane bistability in TC 
neurones. In this situation two stable membrane potentials exist if, and only if, the 
ratio of the conductance of the low threshold Ca2+ current It , to that of the 
conductance of ILeak, is suitably large (Hughes et al., 1999, J.Physiol. in press). We 
have now found that application of (±)-l-aminocyclopentane-/razjs-l,3-dicarboxylic 
acid (/rans-ACPD), a Group I and Group II mGluR agonist, to TC neurones 
maintained in vitro results in a reduction in ILeak sufficient to induce bistability- 
mediated phenomena, including input signal amplification, a novel slow oscillation, 
and, in the absence of Ih, complete membrane bistability. The creation of bistability 
in TC neurones through the activation of mGluRs, coupled with the concomitant 
depolarisation, suggests that cortical activity can alter the integrative properties of 
these neurones, and profoundly affect their ability to process information. Thus, 
descending cortical input may serve to prime TC neurones by holding them in a 
bistable state, ensuring that even subthreshold peripheral inputs might elicit TC 
neurone firing.

Supported by the Wellcome Trust (Grant 37089-98).

899.12

Intradendritic sodium increases during the mGluRl-mediated post-
synaptic current in cerebellar Purkinje cells 
T, KnopfeV* D, Anchisi,2 P, Strata2 W, Reichelt,1 and F, Tempia3
‘Brain Science Institute, RIKEN, 2-1 Hirosawa, Wako-Shi, Saitama 
351-0198, Japan, 2Universita di Torino, 1-10125 Torino, Italy and 
3Universita di Perugia, 1-06126 Perugia, Italy.

Brief tetanic stimulation of parallel fibers in rat cerebellar slices 
evokes a slow excitatory postsynaptic potential/current (sEPSP/sEPSC) 
in Purkinje cells that is mediated by rnGluRp The signal transduction 
pathway and the effector system underlying this mGluRi-sEPSP/sEPSC 
have not yet been identified. In the present study, we recorded the 
mGluRi-sEPSC using the whole-cell patch-clamp technique in combi-
nation with microfluorometric recordings of the intracellular sodium 
concentration ([Na+]i) by means of the fluorescent sodium indicator 
SBFI. The mGluRj-EPSC was induced by local parallel fiber stimula-
tion in the presence of ionotropic glutamate receptor antagonists. The 
mGluRi-sEPSC was associated with increases of [Na+]j restricted to a 
specific portion of the dendritic tree. Furthermore, the mGluRj-sEPSC 
was abolished when extracellular NaCl was substituted by LiCI. This 
result indicates that the effector mechanism of the mGluRl mediated 
postsynaptic current leads to an influx of sodium. This can be attributed 
to the opening of a plasma membrane channel permeable to Na+ (but not 
Li+) or to the activation of an electrogenic Na+ /Ca2+ exchanger that ex-
trudes intradendritic Ca2+ raised by mGluRi.

899.13

p-OPIOID RECEPTOR-MEDIATED EPSPs IN HIPPOCAMPAL DEN-
TATE GRANULE CELLS. Q.Z. Yang and H.B. Michelson.Dept. of Phys-
iology & Pharmacology, SUNY Health Science Ctr, Brooklyn, N.Y. 11203.

Dual intracellular recordings of granule cells and CA3 pyramidal cells 
were performed in transverse slices of guinea pig hippocampus in the 
presence of 4-aminopyridine, ionotropic glutamate, GABAa  and 
GABAb receptor antagonists. Under these conditions, granule cells 
exhibit spontaneous large amplitude depolarizations coincident with 
synchronized bursts in a subpopulation of interneurons. Because these 
intemeurons are the only cells synchronously firing during these events, 
it is likely that the EPSPs are resulting from the co-release of a depolar-
izing neurochemical from a subpopulation of GABAergic neurons.

Bath application of naloxone (10-20 pM), a nonselective opioid recep-
tor antagonist, or CTAP (10-20 |iM), a selective p-receptor antagonist, 
abolished the spontaneous granule cell depolarizations. Pressure appli-
cation of the p- and 8-receptor agonist p-endorphin (2 pM) produced a 
depolarizing potential when pressure-applied to granule cell dendrites 
in the inner molecular layer. In contrast, when applied to the somatic 
region of the granule cell, p-endorphin produced a complex wave con-
sisting of alternating hyperpolarizing and depolarizing events. In both 
cases, the entire granule cell response to P-endorphin was blocked by 
naloxone or cypromide, a selective p-opioid receptor antagonist, 
indicating that there are postsynaptic p-opioid receptors on granule 
cells which can produce a depolarization when activated.

These results suggest that opioid peptides, released from 
synchronously firing intemeurons, generate ionotropic glutamate and 
GABA receptor-independent EPSPs in granule cells, via activation of p- 
opioid receptors. Supported by NS33628.
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900.1

TRANSPLANTATION OF EMBRYONIC COCHLEAR GANGLION CELLS (CGS) 
FROM CELL CULTURES TO THE COCHLEAR NUCLEUS (CN) OF NEWBORN 
MICE. D, Kent Morest* and W.A. Hossain. Department of Anatomy, University of 
Connecticut Health Center, Farmington, CT 06030-3405.

To study their developmental potential in situ, embryonic CGs were taken at El 1 from 
dams (CBA/J males x C57BL/6J females) anesthetized by intraperitoneal pentobarbital. 
Otocysts were dissected in cold HBSS, and the cochlear anlage cultured without neural 
crest in serum-free medium. Since our previous work showed that FGF-2 promotes 
migration and neurite outgrowth in vitro (SFN Abstr. 23:74, 1997), we are exploring the 
effects of FGF-2 pretreatment in vitro on development of transplanted neurons. FGF-2 
was supplied in vitro either 1) by adding soluble factor to the medium or 2) by allowing 
CGs to incorporate fluorescent latex microspheres bound to FGF-2. After 4-8 days, cells 
were scraped from the dishes, resuspended in medium, and injected into the CN of 
newborn pups (P2-3) of the same breed as the donor, by the protocol of Nikkah et al. 
(Neuroscience, 1994). At the age when normal hearing begins (Pl2-15), mice were 
anesthetized, brains perfused through the heart with formol-saline, and the CN 
cryosectioned. Both pretreatments gave viable cells in the CN. By fluorescence or 
confocal microscopy, the labeled cells resembled CGs, including large oval cell bodies 
containing big pale nuclei and thick bipolar processes with branches like type I CGs in 
mice of the same age or in control CGs left to develop in vitro. There were smaller 
neurons resembling type II CGs. The labeled processes were traced into the neuropil of 
the host CN among the unlabeled neurons surrounding the transplant site. To see if the 
fluorescent microspheres might have escaped to host neurons from donor cells, we 
transplanted CGs double-labeled with red-fluorescent microspheres and with green 5- 
chloromethylfluorescein diacetate. All of the differentiated CGs were double-labeled. 
Few, if any microspheres escaped. We concluded that the trophic effects of FGF-2 
pretreatment in vitro persevered in CGs in situ after transplantation.
(Supported by NIH grant NS29613)

900.2

FUNCTIONAL INNERVATION OF FETAL GRAFTS REPLACING AREA VI IN 
ADULT RATS. S.V, Girman1, Y. Sauve2*, and R.D. Lund2. Institute of Developmental 
Biology, Moscow, Russia'; Institute of Ophthalmology, UCL, London EC 1V9EL, U.K2.

We have examined the possibility for dLGN afferents to functionally innervate 
transplants of embryonic neocortex replacing the primary visual cortex in adult rats. Area 
VI in adult rats (n=23, age 2 -3 months) was removed by suction and substituted 3 days 
later by a sheet of embryonic (E16-17) occipital cortex while preserving the appropriate 
dorso-ventral orientation in the cavity. Four to ten months later, single unit recordings 
were made from the grafts. Visual responsiveness to flashing spots (3° diameter) was 
obtained in 14 animals. Neurons from the graft had receptive fields of less than 20° in 
diameter. There was indication of retinotopic organization within the grafts, i.e. 
neighbouring relationships of RFs were preserved in their representation in the graft. To 
test for anatomical evidence of graft innervation, 60nl of a BDA solution was pressure 
injected in two points within the host dLGB. Following 4-7 days survival, histological 
analysis (n=9) showed a well integrated graft which occupied the whole volume of the 
cavity (3 mm in diameter, extending ventrally to the intact host white matter). A large 
number of labelled fibers and terminal arbors bearing synaptic boutons was observed 
in the transplants. These fibers entered the graft mainly from the host white matter 
extending dorsally and reaching the middle and superficial parts of the transplant. 
Establishment of retinotopic organization was supported by anatomical tracings: the two 
focal points of BDA injections in the LGB resulted in two distinct patches of labelled 
terminals within the grafts. These labelled fibers either originate from relay dLGD 
neurons axotomized during the grafting procedure or from spared collaterals 
(Neuroscience, 60:989-997, 1994). We conclude that functional reinnervation can be 
achieved in adult rodents by replacing the damaged visual cortex with embryonic cortex, 
although its full extent and behavioral implication remain to be evaluated. Supported by 
grants from INTAS (96-1652) and MRC (G9224336).

900.3

CORTICAL INPUTS TO RESPONSIVE OCCIPITAL GRAFTS IN NEONATE 
AND ADULT RATS EXHIBIT LAMINAR SPECIFICITY. F, Gaillard1* J, 
Letang1.1. Frappe1. A. Gaillard1 andS. Girman2. Neurophysiol., UMR 6558 
CNRS, Poitiers, France and 2Inst. Dev. Biol., RAS, Moscow, Russia.

Homotopic grafts of embryonic (E16) occipital tissue receive major input from 
functionally related ipsilateral brain regions. Present work investigates whether 
maturation affects the graft responsiveness and the laminar distribution of the host-to- 
graft cortical afferents. Grafting operations were performed in neonate (PO, N=7) and 
adult (P60, N=l; P120, N=4) Wistar albino rats. Four months later, graft responses 
to brief light flashes (25 or 2° wide) were studied through field potentials (FPs) and 
single unit recordings. Grafts were then injected with a retrograde tracer (cholera 
toxin, subunit b; OB). Brain sections were processed histochemically as usual. 
Labeled neurons in the isocortex (Te, Par, Occ areas) adjacent to the graft were 
tabulated according to their laminar position.

Electrophysiological data obtained in neonates and adults looked similar. Strong 
changes in FPs wave form occurred at the host-graft boundary. FPs in graft appeared 
always negative (N1 wave)-positive (P2 wave) in shape. Respective peak latencies 
ranged within 35-48 ms and 50-62 ms. Peak-to-peak amplitude varied with the 
recording position. Sign reversal with depth was never observed. Graft neurons 
exhibited various patterns of excitation. Cortical afferents to the graft displayed, 
however, a dear age-related laminar specificity. In PO-grafted subjects, labeled soma 
were found to be distributed almost equally between the supragranular (SG: 47.2%) 
and the infragranular (IG: 50.5%) cortical layers. In P0 and P120 recipients (i) graft 
afferents were considerably sparse, and (ii) the SG labeling was negligibly small (4.5-
1.5%). Inputs arose essentially from IG neurons (layers VI-VII). SG neurons would 
thus be able to contact graft only within the early postnatal period. Such laminar 
shift with maturation might affect the functional properties of the grafted neurons. 

-Supported by european INTAS grant 96-1652.

900.4

SURVIVAL OF NEURAL PROGENITOR CELLS TRANSPLANTED INTO THE 
BRAIN OF ADULT RATS IMMEDIATELY FOLLOWING A LESION OF VISUAL 
CORTEX. R.E. Kalil 2*, C. Ling2, M. Haak-Frendscho1 and R. Learishl 
,Promega Corp., Immunol, and Neurobiol., Madison, WI; 2 Ctr. for Neurosci. 
and Dept. of Ophthalmol, and Vis. Sci., Univ. of WI, Madison, WI 53706.

When neurons in the central nervous system are injured after trauma or 
disease, they usually die and are not renewed. In view of this problem, the 
transplantation of foreign cells to the brain in order to replace neurons that 
have died or are defective has been explored intensively for many years. Here 
we show that cultured neural progenitor cells from embryonic rats can be 
transplanted to the injured adult brain and these cells will survive.

Multipotent neural progenitor cells were obtained from the forebrain SVZ of 
El7 Holtzman rats. The cells were cultured for 2 days in defined media 
containing EGF and bFGF, and stained with Dil. Adult Holtzman rats were 
deeply anesthetized, and a lesion of visual cortex was made under aseptic 
conditions. Immediately thereafter, the Dil-stained cultured progenitor cells 
were transplanted into the site of the cortical lesion. Four and 8 days later, the 
rats were reanesthetized, the brains were fixed by perfusion through the heart 
with mixed aldehydes and were sectioned through the transplantation site. Dil- 
stained cells were seen in the brains of all animals studied. The majority of 
stained cells were found in the cortical lesion cavity and many were seen along 
the floor of the cavity. At both 4 and 8 days survival, some transplanted cells 
had migrated into the host brain. These results suggest that embryonic neural 
progenitor cells may be promising candidates for transplanting to the injured 
adult brain to replace cells damaged by stroke, trauma or disease. (Supported 
by NIH grant EYO1331 and the Promega Corp.)

900.5

LIGHT-DRIVEN GANGLION CELL RESPONSES FOLLOWING RETINAL 
TRANSPLANTATION IN THE RD MOUSE. W, Radner1, S. Suzuki1. S R. Sadda1, 
M.S. Humavun1. M, del Cerro2*, E. de Juan Jr? ’Dept. of Ophthalmology The Johns 
Hopkins Medical Institutions, Baltimore, MD 21287; 2Dept of Ophthalmology, 
University of Rochester School of Medicine, Rochester, NY.

The success and failure of transplanted retinal neuronal cells to form synaptic 
connections with the host may be as much a function of the host tissue as that of the 
transplant. This study tests the hypothesis that a younger host retina may be more 
receptive to forming new synapses and integrating functionally with transplanted 
retinal tissue. C3H/HeJ (rd/rd) retinal degenerate mice were transplanted in one eye 
with retinal tissue from newborn normal C57/BL6J mice at either postnatal day P10 to 
P14 or at age 8 weeks. Four weeks later, a differential bipolar surface electrode was 
used to record retinal ganglion cell (RGC) responses from the host retinal surface at 
three transplanted and three non-transplanted locations. Ten measurements were 
recorded at each location, both with and without a one second light stimulus. Similar 
electrical recordings were performed in age-matched controls and sham-operated 
eyes. Animals were euthanized after the recordings and the eyes were processed for 
light and transmission electron microscopy. Three of ten mice transplanted at P10 - 
P14 repeatedly showed a burst of RGC action potentials over the transplanted area in 
response to light stimulation. Only ON-RGC responses were recorded. Electron 
microscopic examination confirmed the presence of photoreceptor outer segments in 
the transplanted area. Light-driven ganglion cell responses could not be recorded 
from a) transplanted areas of eyes of animals transplanted at 8 weeks, b) non- 
transplanted areas of all eyes, c) control eyes, and d) sham-operated eyes. To our 
knowledge, this study demonstrates for the first time the presence of light-driven 
ganglion cell responses following transplantation in a retinal degenerate animal 
model. It is possible, however, that the responses were due totally or partially to a 
rescue effect on remaining host photoreceptors rather than a result of host-graft 
integration. Supported by the Grousbeck Foundation

900.6

NEURONAL DIFFERENTIATION AND MORPHOLOGICAL INTEGRATION OF 
HIPPOCAMPAL PROGENITOR CELLS TRANSPLANTED TO THE RETINA OF 
IMMATURE AND MATURE DYSTROPHIC RATS. Michael J, Young1* Jasodhara 
Ray2, Simon J, O. Whitelev2. Henry Klassen3, Fred H, Gage2. ‘Schepens Eye Research 
Institute, Department of Ophthalmology, Harvard Medical School, Boston, MA 02114 
laboratory of Genetics, Salk Institute for Biological Studies, La Jolla, CA 92037 
3CHOC Research, Children’s Hospital of Orange County, Orange, CA 92868.

Attempts to repopulate the retina with grafted neurons have been unsuccessful, in 
large part because donor cells prefer not to integrate with those of the host. Neural 
progenitor cells present in the hippocampus of adult rodents have been isolated, 
cultured, and transplanted to various sites within the CNS, where they can differentiate 
into neurons. Here we describe the use of neural progenitor cells in the diseased adult 
central nervous system. Clonally-derived adult rat hippocampal progenitor cells were 
injected into the eyes of rats with a genetic retinal degeneration, at various ages. After 
survival times up to 16 weeks, the retinae of 1,4, and 10 week old recipients exhibited 
widespread migration of large numbers of green fluorescent protein-expressing (GFP+) 
donor cells into all layers of the host retina, while 18 week old recipients showed a 
similar pattern of integration, but with fewer cells. Grafted cells expressed the 
neuronal markers NF-200 and calbindin. GFP+ cells extended numerous neurites into 
the host plexiform layers and these processes were often found in apposition to, and 
apparent contact with, synaptophysin positive profiles. GFP+ neurites also extended 
into the host optic nerve head. Our results demonstrate the first substantial neuronal 
repopulation of the mature dystrophic central nervous system, achieved using 
genetically modified neural progenitor cells.

Supported by Minda DeGunzburg Research Center for Retinal Transplantation;
N.I.H. grant 09595-08
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900.7
AGE-RELATED RESTORATION OF AUDITORY BRAINSTEM 
RESPONSE POTENTIALS IN RATS WITH TECTAL GRAFTS. J.R. 
Coleman1,2* K.C. Ross1, F. Howard1, and W.A. Cooper3. Depts. of 
Psychology^, Pharmacology and Physiology2, and Speech-Language 
Pathology and Audiology3, Univ. of South Carolina, Columbia, SC 29208.

Neural transplantation ameliorates behavioral and physiological auditory 
system deficits induced by lesions in the inferior colliculus (IC). Since 
there is aging-related neuron loss in rat IC the transplantation effects may 
be age-dependent. The present study examined the effects of IC lesions 
and neural implants on the auditory brainstem response (ABR) which is 
known to show lifespan latency changes (Cooper et al., Hear. Res. 
43:171-80).

Male subjects (n=44) received unilateral IC lesions, lesions followed by 
implantation of fetal caudal tectum (Zrull & Coleman, Hear. Res. 55:117- 
32), or no treatment at ages 4,12 or 24 months. Following a 75-day 
recovery period, ABR recordings were made using tone pip stimuli (2 and 
8 kHz) presented at 21.1/s at an intensity of 50, 70, or 90 dB SPL. At both 
2 and 8 kHz, lesioned rats had the fastest latencies for most waves 
(p<.05), followed by grafted rats. Wave la and lb latencies at 8 kHz were 
longer in the oldest rats (p<.05). Stimulus intensity had a reliable effect on 
all waves at both stimulus frequencies; higher intensities yielded shorter 
ABR latencies (p<.05). Young grafted subjects had longer latencies for 
early waves at 2 kHz (p<.05) and for most waves at 8 kHz (p<.05), 
suggesting that the graft cell replacement is integrating better in younger 
than in aging subjects and may restore pathways leading to inhibition of 
cochlea. These results demonstrate altered descending influences on 
cochlear output following IC lesion and graft implantation. Supported by 
South Carolina Consortium for Geriatrics and NSF SBR-9619958.

900.8
RECOVERY OF VISUAL FUNCTION AS REVEALED BY PREPULSE 
EFFECTS IN HAMSTERS WITH THE PERIPHERAL NERVE GRAFT 
H. Sasaki1*, T. Inoue1 , P. Coffey 2 and Y. Fukuda1 1 Dept. of Physiol., 
Osaka Univ. Medical School; 2 Dept. of Psychol., Univ. of Sheffield, 
Sheffield, UK; Suita 565-0871 Japan.

It has been shown that the sectioned optic nerve can regrow and 
restore the retinotectal connection by the peripheral nerve (PN) graft 
bridging from the retina to the superior colliculus in adult rodents( So & 
Aguayo, Brain Res. 328: 349-354, 1985, Vidal-Sanz et al., J. of Neurosci. 
7: 2894-2909 1987). Functional recovery in the PN grafted hamsters has 
been shown in several studies using visual discrimination tasks (Sasaki 
et al. Vision Res. 33: 877-880, 1993, Exp. Neurol., 1999 in press). In the 
present study we evaluated validity of a simple task for visual behavior in 
the grafted hamsters, which is known as the prepulse effects on startle 
response. A visual prepulse (20 ms, 115 lx, above abackgroundlevelof 0.1 
lx) preceded a burst of white noise (50 ms, 120 dB, SPL) with a lead 
interval ranging from 50-200 ms. Each hamster received 120 trials of the 
auditory noise with or without the prepulse. Mean amplitude of the 
startle amplitude peaked at a lead interval of 100 ms in normal control, 
while no enhancement was observed in blind control. In the PN grafted 
hamsters, the mean amplitude enhanced at a longer lead interval of 200 
ms. The present results support the previous findings that some 
improvements of visual behavior can be obtained by the PN graft. It 
appears that this method is useful for evaluating recovery of visual 
function in the PN grafted hamsters.

VISUAL SYSTEM DEVELOPMENT: CIRCUIT ASSEMBLY AND MODELS

901.1
DO ephnn-A AND EphA SERVE IN COMPARTMENTALIZATION OF VISUAL 
AND AUDITORY STRUCTURES IN DEVELOPING THALAMUS?
AWLycktnan A_*,_S_Jhayeri.L_D__Feldheim2J J Frisen2, JG Flanagan2 and M Sur1 
!Dept Brain & Cognitive Sci, MIT, Cambridge; 2Dept Cell Biology, Harvard Univ 
Sch of Med, Boston; 3 Dept Cell & Mol Biol, Karolinska Inst, Stockholm.

Growing retinal fibers, bearing EphA receptor tyrosine kinases, are repelled by 
their ephrin-A ligands. While the patterns of retinal ganglion cell expression of 
EphA and target expression of ephrin-A have been used to explain the establishment 
of retinotopy in visual targets, the degree to which Eph receptors and ephrins might 
define neural compartents has received less attention. Using alkaline phosphatase- 
coupled probes, we now show in embryonic and neonatal mice, and in neonatal 
ferrets, that ephrin-A is present along subcortical auditory pathways and targets, 
including the lateral lemniscus, inferior colliculus (IC), brachium of the inferior 
colliculus (BIC), and medial geniculate body (MGB). Ephrin-A expression is graded 
on the surface of the MGB and forms a distinct boundary with the adjacent, non- 
ephrin-A staining optic tract. The proximity of ephrin-A expression to the 
boundaries between visual and auditory structures in thalamus raises the possibility 
that such expression may serve to inhibit retinal innervation of MGB.

To examine this possibility, we ablated superior colliculus and extensively 
deafferented MGB in neonatal mice and ferrets - a procedure that induces retinal axons 
to innervate MGB (rewiring). Ephrin-A expression in MGB persists after lesions of 
the IC and BIC. Furthermore, EphrinA2/A5 double null mutant mice do not have 
retinal projections to the MGB without rewiring surgery. EphrinA2/A5 double null 
mutant mice appear not to have significantly enhanced rewired retino-MGB 
projections compared to those in wild-type animals. It remains possible that ephrin- 
A subtypes other than A2 and A5 are involved in the segregation of these thalamic 
compartments. The relationship between ephrin-mediated repulsion of retinal axons 
and compartmentalization may be influenced by other developmental factors.

Support: NIH Grant F32 EY06798 (DF); NIH Grants EY11559 & HD29417, and 
the Klingenstein Foundation (JGF); and, NIH Grants EY11512 & EY 07023 (MS).

901.2
THE ROLE OF EPHRINS IN THE DEVELOPMENT OF 
INTRACORTICAL CIRCUITRY. A.K. Butler*, J.M, Sullivan. A.K, 
McAllister, J,L, Dantzker and. E.M. Callaway Systems and Molecular 
Neurobiology Laboratories, The Salk Institute, La Jolla CA, 92037.

The normal function of the cerebral cortex depends upon a complex neuronal 
circuitry. Pyramidal cells, which are the predominant excitatory neurons in the 
cortex, have axonal and dendritic arbors that are specific for select cortical layers. It 
is unknown what molecular signals control this specificity. However, recent data 
suggest ephrins, a family of membrane attached proteins, as attractive candidate 
molecules in the regulation of intracortical circuitry.

To test the hypothesis that ephrins and their Eph receptors play a critical role in 
the development of local cortical connections, the ephrin receptor EphA3 was 
misexpressed in cultured slices of postnatal day 14/15 ferret visual cortex. This 
time point corresponds to the end of neurogenesis in the cortex and a time when a 
majority of cortical cells have migrated to their appropriate layers and have just 
begun to send out axons towards their target laminae. Using the biolistics 
technique of transfection, a subset of cortical neurons were transfected with 
plasmids containing either EphA3 and GFP or GFP alone (control slices). 
Subsequently, slices were incubated for 6 days to permit axonal growth and 
processed for visualization of GFP-labeled processes. Axonal and dendritic arbors 
of pyramidal cells were then reconstructed.

The effect of misexpressing EphA3 was cell type specific and supported 
the hypothesis that interaction between Eph receptor expressing cells and ephrin 
ligands has an inhibitory effect on axonal growth. In addition, the data suggest that 
ephrin ligand-receptor interactions also regulate dendritic arborization. Thus, 
ephrins may play a critical role in the regulation of local connections within the 
developing mammalian cerebral cortex. Supp. by NIH grants 2T32 AG00216 and 
EY-10742.

901.3

ROLE OF REELIN AND DISABLED-1 IN THE DEVELOPMENT 
OF THE VISUAL SYSTEM. D. S. Rice* and T. Curran. Dept. of 
Developmental Neurobiology, St. Jude Children’s Research Hospital, 
Memphis, TN 38105

Reelin (Rein) is a large extracellular matrix protein produced by 
distinct types of neurons within the central nervous system (CNS). In 
reeler mice, which lack Rein, neurons are malpositioned in the 
cerebral cortex, hippocampus, and cerebellum. Mice deficient in the 
cytoplasmic adapter molecule known as disabled-1 (Dabl) exhibit a 
misplacement of neurons identical to that observed in reeler mice. 
Biochemical studies suggest that Rein and Dabl function in a common 
phosphorylation signaling pathway that controls laminar organization 
in the CNS. We have initiated a study which focuses on the role of 
Rein and Dabl in the development of the visual system. Expression 
analysis indicates that Rein and Dabl are expressed in distinct cell 
types within the neural retina. Rein is found primarily in retinal 
ganglion cells during the early formation of the retina, whereas Dabl 
is expressed in a subpopulation of amacrine cells within the inner 
nuclear layer. Both Rein and Dabl are expressed in the developing 
superior colliculus, which is a major target of the retinal ganglion cell 
projections within the brain. The expression patterns of these genes 
suggest that they are involved in several aspects of the developing 
visual system. Studies on the visual system in normal, reeler and mice 
deficient in Dabl will be presented. Supported by NIH grants F32 
EY06972 (D.S.R.), NS36558 (T.C.), Cancer Center Support CORE 
grant P30 CA21765, and the American Lebanese Syrian Associated 
Charities (ALSAC).

901.4

DENDRITIC BUNDLES OF CORTICAL PYRAMIDAL NEURONS PROJECTING 
TO DIFFERENT TARGETS IN THE DEVELOPING RAT D.Gaibossa*1. 
A.Vercelli1 and G.MInnocenti2. ’Dept. Anatomy, Pharmacology & Forensic 
Medicine, Torino, I and 2DepL Neuroscience, Karolinska Institutet, Stockholm, S.

In the cerebral cortex, the apical dendrites of pyramidal neurons form vertical 
bundles. The modules formed by neurons that participate to the same bundle of apical 
dendrites (vertical somatodendritic module or VSDMs) are an important aspect of 
cortical organization whose functional meaning has not been clarified. Lev & White 
(1997) hypothesized that pyramidal neurons forming a dendritic bundle project all to 
the same target. To test this hypothesis, we labeled i) callosally-, ii) ipsilaterally- 
projecting corticocortical and iii) corticocollicular neurons in the visual cortex of 
developing and adult rats. Pyramids were retrogradely labeled with Dil and DiA in 
fixed tissue, or with fluoro-emerald and fluoro-ruby in vivo, thus obtaining tangential 
maps of labeled apical dendrites or drawings of the apical dendrites with their parent 
cell body in coronal sections. When callosally-projecting and corticocollicular neurons 
are labeled in the same rat with two different dies, each labeled bundle is formed by 
dendrites of the same color. In contrast, when callosally- and ipsilaterally-projecting 
corticocortical neurons are labeled, we find bundles with dendrites of different colors. 
These findings are irrespective of the age of the animal. Therefore, callosally 
projecting neurons establish VSDMs with intrahemispheric but not with cortico-
collicular projection neurons.

These results were extended by labeling i) callosally-projecting, ii) 
corticogeniculate, iii) corticopontine and iv) corticostriatal neurons in visual, 
somatosensory or motor cortices. Callosally-projecting neurons never share bundles 
with neurons projecting to other targets, with the only exception of the corticostriatal 
projection, which is known to be sometimes a collateral of the callosal projection.

We conclude that neurons projecting to the same type of target (cortical or 
subcortical) cluster together. This condition is fulfilled from early stages of 
development; Le. is not achieved by selective elimination of axon collaterals.

Supported by MURST and Regione Piemonte grants to AV.
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901.5

A QUANTITATIVE ANALYSIS OF THE POSTNATAL DEVELOPMENT 
OF THE LATERAL GENICULATE NUCLEUS OF THE RAT. Stacey 
Smith1 and Ted Wevand2*. ’Xavier University and 2Dept. Cell 
Biology & Anatomy, LSU Medical Center, New Orleans, LA 
Preceding eye opening, the first two postnatal weeks are a dynamic 
period of synapse formation, elimination and cell death in the retino- 
geniculo-striate system. To better understand these dynamics, and 
preliminary to pharmacological manipulations, we have used 
quantitative methods to determine the normal growth and 
development of the Sprague Dawley rat's lateral geniculate nucleus. 
The first 8 days are characterized by a four-fold drop in cell density 
(7472 cells/mm2 vs 1320 cells/mm2) and a four-fold increase in cell 
size (28 um2 to 123 um2). Although, these changes can be 
described by linear functions (r = -0.96 and + 0.97, p < 0.04), the 
most dynamic shift occurs between postnatal days 3 and 5. These 
changes appear due to two factors: growth of the lateral geniculate 
nucleus and cell death. If there were no cell death, the product of 
cell density multiplied by lateral geniculate nucleus area should be 
the same. However, there is a discrepancy of -33%, suggesting 
cell death plays a role in normal development in the first postnatal 
week (Supported by R01 EY11144).

901.6

NEUROGENESIS AND PLASTICITY OF NEURONAL CELL 
POPULATIONS IN THE DEVELOPING ZEBRAFISH RETINA
O. Biehlmaier1*, S.C.F. Neuhauss2 and K. Kohler1. ’Experimental 
Ophthalmology, University Eye Hospital; 2MPI for Developmental Biology; 
72076 Tubingen, Germany.

The zebrafish is a well established animal model for developmental 
investigations in early stages of neurogenesis. We therefore used the 
zebrafish larvae to investigate the generation of the retinal network and 
distinct neuronal cell populations in early stages of retinal development.

Retinas of wildtype zebrafish larvae were examined at different 
developmental stages from 2 to 7 days post fertilization (dpf) by standard 
histological staining techniques and distinct types of neurons were identified 
by immunocytochemistry and electron microscopy.

The photoreceptor outer segments development in cones was paralleled 
by the maturation of the photoreceptor synaptic triade at 72 hours post 
fertilization (hpf) and by the light triggered synaptic plasticity (spinules) 
between horizontal cells and cones. Both amacrine cells (AC) in the inner 
nuclear layer (INL) and displaced ACs in the ganglion cell layer (GCL) were 
first detected at 72dpf. Dopaminergic ACs already showed strong 
interplexiform projections back to the outer plexiform layer (OPL) at this 
developmental stage. First labeled astrocytes occur in the GCL and the GC 
fiber layer between 48 and 72hpf. They also appear along the entire optic 
nerve up to its central projecting areas in the tectum.

Our data show that the inner retinal network as well as the synaptic 
morphology in the OPL starts at 3dpf and is already fully developed at 5dpf. 
Supported by Deutsche Forschungsgemeinschaft, Graduiertenkolleg Neurobiologie.

901.7

RETINOID-METABOLIZING ENZYMES IN EARLY EYE FORMATION 
£L_Waqner, P, McCafferv, H, Li and U.C, Draper*. E.K. Shriver Center 
and Harvard Medical School, Boston MA, USA.

Previous work in zebrafish embryos has shown that brief 
experimental perturbations of retinoic acid (RA) levels during the eye 
anlage stage result in permanent malformations along the dorso- 
ventral retina axis: RA reduction causes loss of the ventral eye, and RA 
excess causes loss of dorsal-retina markers. Normal RA levels in the 
eyefield of the early mouse embryo are regulated by three RA- 
synthesizing enzymes --RALDH2, V1 and AHD2-, and one RA- 
degrading enzyme -CYP26. During the 8th day of embryogenesis, 
when the future eye emerges from the anterior neural plate as an optic 
pit bulging out into an optic vesicle, the spatial expression patterns of 
the four enzymes change rapidly along the dorso-ventral dimension of 
the eye field. RA synthesis begins with transient expression of the 
RALDH2 enzyme at the ventral margin of the eye field. RALDH2 
expression is followed by activation of the V1 enzyme, which marks 
the ventral retina throughout development. Shortly after V1 
activation, the CYP26 enzyme appears in the dorsal eye field, 
transienty creating low RA levels dorsally. In this dorsal region then 
the AHD2 enzyme is activated, an enzyme that represents a permanent 
marker for the dorsal retina. Subsequently, CYP26 moves ventrally 
to form a narrow horizontal boundary between the dorsal and ventral 
retinal territories. The dynamic enzyme patterns are likely to create 
the locally high RA levels necessary for formation of the ventral 
retina, and the locally low RA levels required for formation of the 
dorsal retina.
Supported by grants EY01938 and HO5515.

901.8

INTERACTION OF RETINAL VASCULATURE, EYE GROWTH AND 
RETINAL STRETCH IN CREATING THE FOVEA: A HYPOTHESIS 
BASED ON VIRTUAL MODELLING. A. D. Springer* Dept. of Cell 
Biology and Anatomy, New York Medical College; Valhalla, NY 10595

A foveal pit begins to emerge during the 3rd trimester in humans. 
The purpose of the pit does not appear to be related to moving neural 
or vascular elements out of the light pathway. Instead, the pit, 
combined with retinal stretch, provides a biomechanical means to 
displace inner retinal cells centrifugally and cone cells centripetally 
(Vis. Neurosci., 1999, 16, in press). How the pit emerges remains to 
be explained. Others have shown that the fovea is avascular from the 
inception of retinal development. Thus, the developing foveal 
avascular zone (FAZ) should be more elastic and susceptible to 
stretch relative to the surrounding vascularized retina.

A finite element model was created that simulated a piece of 
retina-like tissue having a highly elastic region (FAZ) surrounded by a 
less elastic region (i.e., vascularized retina). The boundary conditions 
that were applied to the retinal model were consistent with those 
present in the eye. A stretching force that simulated the effect of eye 
growth was then applied to the model to determine how it would 
deform. When stretched, the initially rectangular model deformed to 
produce a pit. This result suggests that the purpose of the FAZ is to 
establish a highly elastic area, that when stretched by eye growth will 
generate a pit. Thereafter, the subsequent deformation produced by 
the presence of the pit drives the cellular translocations.

901.9

STAGING OF ORIENTATION AND OCULAR DOMINANCE COLUMN 
DEVELOPMENT IN PRIMARY VISUAL CORTEX AND ITS CONSE-
QUENCES FOR MAP STRUCTURE. G.J. Goodhill* and A. Cimponeriu. 
Georgetown Institute for Cognitive and Computational Sciences, George-
town University Medical Center, Washington DC 20007.

We have investigated the joint development of orientation (OR) and oc-
ular dominance (OD) columns in the elastic net model of cortical map for-
mation. A feature space with two dimensions for position, one dimension 
for OD and two dimensions for OR is mapped onto a two dimensional sheet 
representing the primary visual cortex. We obtain the following results. (1) 
The time at which the adult map forms along each dimension is a function 
of only one parameter, the spacing of feature points in that dimension. Ar-
bitrary staging of the development of the position, OR and OD maps can 
thus be generated by appropriate choice of these parameters. (2) The peri-
odicity of the OD and OR columns is a function only of the spacing along 
each of these dimensions, and is roughly linearly proportional to this spac-
ing. (3) The overall structure of the OD map depends on whether it forms 
before or after the OR map. If OD forms before OR, OD columns are highly 
ordered. If OD forms after OR, OD columns are more disordered. Each of 
these results can be understood analytically. We thus predict that animals 
for which the OD map forms first should have a more regular OD map than 
those where the OR map forms first. Current biological data from cats and 
monkeys supports this hypothesis.

Supported by NSF grant IBN-9808364

901.10

EXTRACTING BAND-PASS FILTERS IN OCULAR 
DOMINANCE COLUMN FORMATION MODELS.
I, Koh*, Department of Biomedical Research, Korea National Institute 
of Health, Seoul 122-701, Korea

Based on the similarity between ocular dominance column (ODC) 
pattern and pattern of a band-pass filtered white noise, Rojer and 
Schwartz (Biol. Cybern. 62:381-391, 1990) proposed that every ODC 
formation model probably includes a band-pass filtering process. The 
aim of this study is to verify their hypothesis by mathematically 
reducing the two ODC formation equations (Swindale, Proc. R. Soc. 
Lond. B 208:243-264, 1980: Miller et al., Science 245:605-615, 1989) 
into equivalent band-pass filtering equations.

With some mathematical approximation and simplification, it was 
attempted in each ODC formation model to extract a band-pass 
filtering process as the end product of various cellular interactions. 
Each ODC formation model was successfully reduced into the form of 
band-pass filter model. This analysis was confirmed through 
comparative simulations starting with the same initial patterns. The 
produced ODC patterns by the original models and those by their 
equivalent band-pass filter models were visually indistinguishable.

Once the models are reduced, the relations between the equivalent 
band-pass filters and various cellular interactions are mathematically 
defined. Thus key factors affecting ODC formation could be studied 
by decomposing the filters into related cellular mechanisms. This 
top-down approach from pattern forming band-pass filters to 
underlying biological mechanisms clarifies key parameters in each 
ODC formation model. Supported by intramural fund of NIH Korea.
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901.11
EARLY SEGREGATION OF OCULAR DOMINANCE COLUMNS IN 
FERRET VISUAL CORTEX. J. C. Crowley* and L. C. Katz. Howard Hughes 
Med. Inst, and Dept. of Neurobiology, Duke Univ. Med. Ctr., Durham, NC 27710.

Ocular dominance columns are widely believed to result from the gradual activity- 
dependent segregation of initially overlapping, eye-specific thalamocortical afferents 
into a well segregated, adult state. The substantial body of evidence supporting this 
hypothesis rests on transneuronal transport of radiolabeled amino acids, which can be 
problematic in juvenile animals because of the long transport times required and the 
potential for “spillover” of label into inappropriate locales. To re-examine when and 
how thalamocortical afferents segregate, a rapidly transported anterograde tracer, 
biotinylated dextran amine (BDA, 10,000 MW), was targeted to single LGN layers.

LGN injections made as early as postnatal day 15 (P15; n=7) demonstrate discrete 
patches of terminal label in layer 4 of the developing visual cortex. In coronal 
sections these patches had the approximate size, spacing (center to center ~ 675 pm; 
slightly smaller than adult) and appearance of ocular dominance columns, but were 
present prior to the development of retinal photoreceptors, the establishment of layer 
2/3, and before the earliest reports of spontaneous activity in ferret visual cortex. In 
many cases labeling in the subplate was also non-homogeneous, with areas of denser 
labeling underlying the nascent columns in layer 4.

As LGN afferents only begin to terminate in layer 4 after P10, eye-specific 
thalamocortical afferents begin segregating into ocular dominance columns almost as 
soon as they arrive in layer 4. In contrast to the prolonged period of overlap suggested 
by earlier transneuronal transport studies in the cat, the duration of the period of 
overlapping eye-specific thalamocortical projections, if it exists at all, is much shorter 
than previously thought. This early development, and the apparent specificity of 
initial connections, suggests that intrinsic guidance cues present on LGN axons, 
subplate cells and/or layer 4 neurons may guide the initial establishment of these 
highly patterned projections. Supported by NIH (NEI) EYO7960.

901.12
EMERGENCE OF TOPOGRAPHIC AND LAMINAR SPECIFICITY OF 
INTERAREAL FORWARD AND FEEDBACK CONNECTIONS IN MOUSE 
VISUAL CORTEX. G.Patel. G.W.Harding* and A. Burkhalter. Dept. of Anatomy and 
Neurobiology, Washington Univ. Sch.of Med.; St.Louis MO 63110.

In mammalian visual cortex multiple functionally specialized areas are 
interconnected by reciprocal forward (FW) and feedback (FB) pathways. This interareal 
network forms the structural basis for a unified percept of the visual scene. It is likely that 
the manner in which visual perception matures and functions in the adult depends on the 
development of this intracortical network. To study the spatial and temporal course of 
development of FW and FB pathways, we traced axons and cell bodies by injecting suitable 
tracers into areas VI and V2 of mice at postnatal day (P) 0-21.

FW and FB axons emerge simultaneously at P0. FW axons proliferate more 
quickly and strongly innervate the cortical plate (CP) of V2 by P2. FB projections lag 
behind in that substantial innervation of the CP in VI is not seen until P5. By P7 FW 
connections have acquired a laminar distribution that resembles the mature pattern. The FB 
pathway gradually increases in strength and the projection acquires its mature laminar form 
by P12. In both pathways the initial targeting of fibers appears topographically inaccurate. 
Projections in the FW pathway sharpen rapidly and by P8 the terminal fields in all areas of 
extrastriate cortex are pruned back to small fields that resemble mature connections. In 
contrast, at P8 FB connections from a small portion of V2 are spread throughout most of the 
map in VI. Comparison of the spread of labeled FB-projecting neurons in extrastriate cortex 
after VI injections of red beads at P8 and green beads at P20 in the same animal shows, that 
relative to P8, the spread of projection neurons at P20 is ~50% smaller. The reduction takes 
place gradually and reaches the mature topography by eye opening at Pl4.

These results suggest that FB connections mature slower than FW connections and 
that topographically precise interareal pathways are sculpted from more widespread 
projections by elimination of inappropriate axon collaterals.

Supported by NIH grant NEI 05935 and HHMI fellowship to G.P.

901.13

FGF-15 INFLUENCES RETINAL GANGLION CELL
DIFFERENTIATION IN THE RAT. M.A. Kirby*, K. McCabe, J. 
McWhirter, and T. Reh. Dept. Of Biological Structure, University of 
Washington, Seattle, WA, 98195.

One of the focal points in developmental biology is determination of 
the role of gene and gene products in cell fate determination. We have 
examined the expression and action of a newly described FGF, FGF-15, 
in the retina of the fetal rat. Using in situ hybridization we determined 
the retinal position and time-course of mRNA of FGF-15 expression 
during development. Additionally, we employed retinal culture 
techniques to determine the effects of the addition of FGF-15 to retinal 
cells during fetal development. In situ hybridization revealed that 
mRNA for FGF-15 was only expressed in the proliferative zone of the 
peripheral retina during fetal development and the expression was 
greatly reduced in the postnatal retina. Cell cultures revealed that media 
containing FGF-15 significantly increased the number of newly created 
ganglion cells relative to controls (labeled by Brdu and ganglion 
specific antibodies, e.g, Bm-3.2, Gap-43) but had no apparent effect on 
other cell classes that we examined. The effect of FGF 15 on the 
cultures was not due to an increase in the mitotic activity of the retinal 
progenitors, since the total number of BrDU labelled cells was not 
changed from the control cultures.
This work supported by NINDS to TAR arid the Michael and Helen Schaffer 
Foundation and John Mace Pediatric Foundation to MAK.

CEREBRAL CORTEX AND LIMBIC SYSTEM: CAT, MONKEY AND HUMAN

902.1

MAGNETIC RESONANCE IMAGING (MRI)-ANALYSIS OF POSTNATAL 
GROWTH OF CAT CEREBRAL CORTEX. Stefan Struif, Ralf Engelmann, Stefan 
Rathien, Rainer Goebel*, Thomas Kaulisch, Detlef Stiller and Siegrid Lowel*. Leibniz- 
Institut fur Neurobiologie, Brenneckestr. 6, D-39118 Magdeburg; *Max-Planck-Institut 
fur Himforschung, Deutschordenstr. 46, D-60528 Frankfurt am Main, Germany.

It is well known that the brain grows substantially during postnatal development. 
Previous analyses however relied on interindividual comparisons. Since the advent of 
non-invasive imaging techniques, it has been possible to follow up the development of 
an individual brain over time and to quantitatively measure its growth and growth 
rates. We have analyzed the brains of individual cats from postnatal day (PND) 12 to 
adulthood using magnetic resonance imaging (MRI). Images were acquired in 
anaesthetized animals using a 4.7 Tesla horizontal bore magnet (Broker Instruments, 
Inc.), equipped with self-shielded gradients (BGA-12, 200 mT/m, rise time 200 ps), 
field of view = 48-68 mm, matrix = 256x256, TR/TE = 5000/80 ms. From the 
anatomical MRI-images, 3 parameters were calculated using NIH-Image: cerebral 
cortical surface area, maximal anterior-posterior extent of the cerebral hemispheres and 
total brain volume (excluding cerebellum) for all animals (n=5). The data show 
considerable interindividual variability. In one cat, cortical surface area expanded from 
13 cm2 at PND 14 to 27 cm2 at PND 48. In another cat, this area expanded from 19 cm2 
at PND 12 to 25 cm2 at PND 40. On average, cortical surface area expanded by 34% 
(range: 32-36%) between the 3rd and 6th postnatal week. In the same postnatal period, 
the maximal anterior-posterior extent of the cortical hemispheres increased from 32 
mm to 38 mm, and total brain volume increased from 12 cm3 to 17 cm3. Comparison of 
the cortical surface measurements with data on the postnatal growth of cat primary 
visual cortex obtained by 2-deoxyglucose autoradiography (Rathjen et al., Soc. 
Neurosci. Abstr. 24: 354.5, ‘98) indicates that primary visual cortex amounts to about 
15% of total cortical surface area throughout development. Supported by the WGL and 
ESF/LSA

902.2
THE GROWTH OF THE FELINE BRAIN FROM LATE FETAL INTO ADULT LIFE, 
ffl. THE NEOCORTEX GROWS FAST. T P, Schmanke*, V. Lekht, A.C. Sung and J.R. 
Villablanca. Depts. of Psychiatry and Neurobiology, Mental Retardation Research Center, Brain 
Research Institute, UCLA, Los Angeles, CA 90024.
We calculated the neocortex growth using 64 cat brains divided into 11 age groups: fetal (E) day 59 

(N=4, birth is at E63-65), postnatal (P) days 1,7,15,30,45,60,90,120,180 and adult (N=6 per 
group). Frozen, stained coronal sections 20|im thick and ranging between 35 and 108 per brain, 
were used to draw the cortex. Drawings were digitized to calculate mean cross-sectional areas and 
volumes. Means were compared between groups and brain side as well as correlated to animals 
weight and sex. Mean cross-sectional area per group were (mm2) .
Age E59 Pl P7 P15 P30 P45 P60 P90 P120 P180 Adult
Left 23.0 38.1 63.0 71.5 136.7 138.2 160.2 143.2 134.7 150.7 133.5
Right 22.5 39.1 64.3 72.1 138.5 143.7 161.8 144.5 143.1 150.3 138.8
Volume values followed the same time table. Therefore, at P30 the neocortex had reached adult size. 
Thereafter, starting at P60, there was a fluctuating tendency to further growth with the values 
ranging from 107.7% to 120.5% relative to adult (significant for P60 and Pl 80). Thus, (a) the bulk 
of the growth of the feline neocortex occurred rapidly between the last week of gestation and one 
month of age, which is long before cats reach adult body weight (by Pl 80); (b) the growth was 
independent of body weight (within age groups) and sex; (c) there was a tendency to an over growth 
with significant increases for some of the groups; (d) there was a tendency to a size asymmetry with 
the neocortex of the right side being larger (by 4% in adults). We have reported similar 
developmental growth patterns for the thalamus (also tending to be larger at right) and caudate 
nucleus (also tending to overgrow). Grants USPHS NS 15654, NS 25780 and HD04612.
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902.3
THE GROWTH OF THE FELINE BRAIN FROM LATE FETAL INTO ADULT LIFE. IV. 

THE FOREBRAIN WHITE MATTER GROWS SLOWLY. J.R. Villablanca*, K. Tavabi, H.A. 

Cruthcher and T.D. Schmanke. Depts. Psychiatry and Neurobiology, Mental Retardation 

Research Center, Brain Research Institute, UCLA, Los Angeles, CA 90024.

We calculated the white matter (WM) growth using 64 cat brains divided in 11 age groups: fetal 

(E) day 59 (N= 4, birth is at E63-65), postnatal (P) days 1, 7, 15, 30, 45, 60, 90, 120, 180 and 

adult (N=6 per group). Frozen, stained coronal sections 20pm thick and ranging between 34 

(fetal) and 104 per brain were used to draw the WM. Drawings were digitized to calculate mean 

cross-sectional areas and volumes. Means were compared between groups and brain side as well 

as correlated with animals' weight and sex. Mean cross-sectional areas per group were (mm2): 

Age__ E59 Pl P7 PIS P30 P45 P60 P90 Pl 20 Pl 80 Adult

Left 32** 40** 44* 44* 42* 45 40** 49 50 55 59
Right 31** 41** 46* 46* 44* 46* 41** 50 52 56 60
* < .05; ** < .01 compared to adults. Volume values followed same time table. Therefore: (1) 

The WM grew very slowly reaching 95% of adult size only at Pl 80 (when cats reached adult 

body weight); for under age P90, WM was between 53% (fetals) and 76% (P45) of adult size; in 

contrast, neocortex, thalamus and caudate nucleus are adult size at P30; (2) the growth rate was 

independent of sex but was correlated with body weight across groups (with good within group 

correlations for 4 groups); (3) mean size tended to be greater for the right as compared to the left 

WM for all age groups except fetal cats; we reported a similar tendency for the neocortex and 

thalamus (but not the caudate n ). This protracted development should have physiological 

consequences for all behaviors depending on long neural pathway connections (also suggested 

by human MRI studies). Grants USPHS NS15654, NS 25780 and HD04612.

902.4
PRENATAL DEVELOPMENT OF THE SUPRAMAMMILLARY (SUM) 
PROJECTIONS TO THE HIPPOCAMPUS IN HUMAN AND CYNOMOLGUS 
MONKEY FETUSES. B. Berger*!, M, Esclapez?, M. Catala3, C. Alvarez LG. Meyer4. 
1INSERM U106, Hopital Salpetriere, Paris 13, France, 2INSERM U29, Hopital Port- 
Royal, Paris 14, France, 3Dept Histology & Embryology and URA CNRS 2115, 
Hopital Salpetriere, 4Dept Anat., Fac.Medicine, Univ. La Laguna, Tenerife, Spain.

The SUM nucleus, a caudal hypothalamic cell group, is involved in the regulation of 
the frequency of hippocampal theta activity, which is presumed to play a role in 
hippocampal synaptic plasticity and mnemonic functions. In the adult monkey, SUM 
projections to the hippocampus are known to end in the juxta-granular layer of the 
dentate gyrus (DG) and in the pyramidal layer of CA2 area, and to express both 
calretinin (CAL) and Substance P (SP) but not GABA or GAD. To study the 
development of these projections, simple and dual immunostaining for CAL, SP, 
GABA, GAD65 and GAD 67 were performed in 5 macaques from embryonic (E) day 
88 to postnatal day 12 (term 165 days), and in 6 human fetuses from 17.5 gestational 
weeks (GW) to birth. CAL+ and SP+ terminals accumulated in the fetal monkey from 
El09 on, in the juxta-granular layer of the DG and in CA2, displaying a caudo-rostral 
and a latero-medial gradient of distribution similar to that of the hippocampal 
differentiation. From El27 on, a wide CAL+ band of terminals extended into the lower 
half of the DG molecular layer. They were only partly co-localized with SP both in the 
DG where SP terminals were closely restricted to the juxtagranular layer and in CA2. 
No co-localization of CAL with GAD65, GAD67, or GABA was observed in most of 
the terminals in the EX3 juxtagranular layer, in C A2 and in the CAL+ cell bodies of the 
SUM area. In human fetuses, a few CAL+ terminals were observed in the dentate 
juxtagranular layer at 20 GW. Numerous in the lateral limb at 23-24 GW, they formed a 
well developed band in the newborn which was only partly SP+, as in the monkey.

In conclusion, the SUM projections to the hippocampus are present at an early stage of 
the hippocampal development, in human and nonhuman primates. They precede, in the 
macaque, the development of the rhythmically discharging GABAergic basket neurons 
responsible for the theta-related rhythmic hyperpolarization of principal cells in the 
adult (Berger et al., J.C.N. 1999, Esclapez et al., and Khazipov et al., SN Abst.1999). 
Supported by INSERM and Europ. Community grant.

902.5

DEVELOPMENTAL CHANGES OF GABA INTERNEURONS IN THE FETAL 
HIPPOCAMPAL FORMATION (HF) OF THE CYNOMOLGUS MONKEY. M, Esclapez1'.
C. Dinocourt1, Y. Ben-Ari1, B. Berger2. 11NSERM U29, Hopital Port-Royal, Paris 14, 
France. 2INSERMU106, Hopital Salpetriere, Paris 13, France.
The early development of calretinin and parvalbumin containing GABA neurons in the 
HF of the fetal macaque was shown previously (Berger et al., 96, 99). To study the 
development of the entire population of GABA neurons, we analysed the temporal and 
spatial distributions of GAD67- and GAD65- containing cell bodies and terminals in 6 
macaques from embryonic day 88 (E88) (term 165 days) to postnatal day 12 and in one 
adult monkey. Both GAD67- and 65- containing neurons were observed as early as E88 
in the hippocampus and dentate gyrus (DG). The distribution patterns for the two GAD 
isoforms were very similar, but differed markedly from those in the adult until E127- 
E136. At E88 to E109, two main features were observed: i) the almost exclusive 
location of GAD-positive processes and putative terminals in the molecular layer of the 
HF. ii) The presence of relatively few GAD+ cell bodies in the principal cell layers except 
in the subiculum; they were mainly located in the stratum oriens of the Ammon’s horn 
and in the hilus of the DG. A subset of faintly labeled GABA neurons were present along 
the hippocampal fissure. From E109 to E127-E136, the characteristic perisomatic 
distribution of GAD+ terminals on principal cells, observed in the adult, appeared 
successively in the subiculum, CA3/CA2 and CA1 fields and in the DG, whereas the 
labeling for GAD terminals decreased in the stratum radiatum of the hippocampus and 
the dentate molecular layer. The distribution of GAD-labeled cell bodies also evolved, 
an increased number were distributed within the pyramidal cell layer, and in the granular 
cell layer including its inner border. At this time many labeled neurons were dispersed in 
the molecular layers of the DG and the hippocampus including the stratum lacunosum 
moleculare. Thus, by E127-E136 the patterns of GAD labeled cell bodies and terminals 
were relatively similar to those observed for the GABAergic inhibitory networks in the 
adult HF. These results provide further evidence for early prenatal development and 
maturation of the different populations of GABAergic neurons including basket cells, 
that precedes and parallels the morpho-functionnal maturation of principal cells in the 
primate HF(see Khazipov et al., SN Abst. 1999), Supported by INSERM.

902.6

EARLY MATURATION OF HIPPOCAMPAL NETWORK IN THE FETAL CYNOMOLGUS 
MONKEY. RKhazippy1, M. Esclapez1, O, Caillard1, C. Bernard1, J. Hirsch1, X. 
LQinskyflgL-B^-BSEflSlf .and Yi-BeaAall.11NSERM U29, Hopital Port-Royal, Paris 14, 
France. 2INSERMU106, Hopital Salpetriere, Paris 13, France.

Morphological data suggest an early neuronal maturation and synaptogenesis in the 
hippocampal formation during the fetal stage of primate development, however nothing 
is known about the function of the fetal hippocampal network. We performed patch- 
clamp recordings and morphological intracellular labeling of principal cells and 
interneurons in hippocampal slices of 6 macaques from embryonic days 85 to 154 
(term 165 days). We report the following developmental sequence for the expression of 
the electrogenic properties and synaptic currents (PSCs), and the parallel 
morphological maturation of hippocampal neurons: i) outgrowth of axons and 
expression of sodium action potentials; ii) dendritic growth into the molecular layer and 
expression of GABA-PSCs that are initially depolarising and excitatory as in the 
postnatal rat hippocampus (Ben-Ari et al,1989; Leinekugel et al ,1997); iii) emergence 
of glutamatergic PSCs; iv) expression of postsynaptic GABA-B receptor mediated 
currents. Interneurones mature before principal cells - in terms of arborisation and 
expression of PSCs. Maturation of principal cells follows the gradient: subiculum> CA3> 
CA1> dentate gyrus. Through the whole second half of gestation, a particular pattern of 
synchronized activity has been observed in the hippocampal network, reminiscent of 
the so-called Giant Depolarizing Potentials (GDPs) recorded in the postnatal 
hippocampus of lower mammalians (Ibid). Before birth, the majority of the recorded 
hippocampal neurons displayed many functional and morphological criteria of maturity. 
We conclude that 1) neuronal activities including endogenous synchronized network 
patterns are present in the primate hippocampus at an early fetal stage and could be 
involved in the activity-dependent formation of hippocampal networks; 2) the general 
sequence for the morpho-functional neuronal maturation in primates resembles that in 
lower mammalians but takes place during the fetal life.
Supported by INSERM.

902.7

NETWORK ACTIVITY IN THE HIPPOCAMPUS OF NEONATAL RATS IN 
VIVO. X. Leinekuqel1, R. Khazipov1, R. Canon1, N. Ropert2*, Y. Ben-Ari1, G.
Buzsaki3 11NSERM U29. Paris. France. ZCNRS UPR 2212, Gif sur Yvette.
France. 3CMBN, Newark, NJ, USA

Patterns of synchronous activity are believed to play a
crucial role in the regulation of neuronal connections via activity- 
dependent synaptic plasticity mechanisms. We investigated the 
development of population activity in the hippocampal network 
in urethane anesthetized rats. Unitary and population field 
activity were recorded using patch clamp and 16-site 
extracellular silicon probes (100 pm intervals) placed in the 
CA1-Dentate axis of young rats (postnatal days 3-15). Sharp 
waves (SPW) were already observed at P3 as a large inward 
current in CA1 stratum radiatum, which reversed just below the 
pyramidal layer, as in adult. SPWs drove most of the discharge 
of CA1 pyramidal cells. In contrast to adults, SPW-associated 
unit firing continued up to 2 seconds following SPWs. Fast 
(200Hz) field oscillations (“ripples”) were not observed until P14. 
Patch clamp recordings in whole cell configuration from 
hippocampal CA1 pyramidal cells indicated the presence of 
large depolarising potentials mediated by both GABA and 
glutamate during SPWs. These synchronous bursts represent a 
candidate for activity dependent modification of the 
hipppcampal network during development.
Funded by: Fondation pour la Recherche Mddicale and Fondation Fran^aise 
pour la Recherche sur I’Epilepsie

902.8

Mapping 3-Dimensional Changes in the Lateral Ventricular System in Normal Children: 
Asymmetries and Gender Differences. R.E. Blanton1, J.G. Levitt2, P.M. Thompson1, L.F. 
Capetilio-Cunliffe*, T. Sadoun1, T. Williams', J.L. Cummings1*, A.W. Toga1. Laboratory of 
Neuro Imaging, Departments of Neurology1 and Child Psychiatry2, UCLA. Los Angeles, 
CA 90095

While recent studies have suggested global volumetric changes in the ventricular system 
with age, little is known regarding more regional shape changes and local patterns of 
anatomic variability. The goal of the present study was to examine age associated changes 
in both volume and shape of the lateral ventricles as well as gender differences in a normal 
pediatric population.

Thirty-nine normal children (23 females, 16 males, mean age: 11.5 years, range: 6-17 
years) were studied using T1-weighted structural magnetic resonance imaging. Images 
were digitally realigned into a common coordinate system using the anterior and posterior 
commissures as points of origin. One rater blind to age and gender manually traced the 
lateral ventricular system in successive coronal slices into three defined segments: superior 
horn, inferior horn, and occipital horn. Local anatomic variability maps and average 
ventricular displacement maps were generated using a parametric mesh approach. A 
multiple linear regression analysis was performed to assess age related changes in 
ventricular volume and length. In addition, gender effects and asymmetry differences 
were examined using a two-way analyses of variance (ANOVA).

A significant main effect of age was found with an increase in the length of the right 
occipital horn (p < .002). However, no significant age related effects for ventricular 
volume were found. Asymmetry measures revealed a significant left longer than right 
superior horn and occipital horn but asymmetries were not found for the inferior horns. 
Significant gender differences were seen for both volume and length measures. Total left 
ventricular volume and left occipital horn were found to be significantly greater in males 
as compared to females even after correcting for total brain volume (p < .03, p < .02). 
Furthermore, the length of the right but not left occipital horn was found to be significantly 
longer in males (p < .001).

These preliminary findings may suggest differential changes in ventricular morphometry 
due to age and gender and in particular may reflect a regional vulnerability of the occipital 
horn to these factors.
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902.9
A VOXEL-BASED MORPHOMETRY STUDY OF 100 NORMAL ADULT 
HUMAN BRAINS. I. S. Johnsrude*, C. Good, J. Ashburner, and R. S, J. 
Frackowiak. Functional Imaging Lab., Wellcome Dept. of Cognitive Neurology, 
Inst, of Neurology, 12 Queen Square, London WC1N 3BG UK.

Voxel-based morphometry (VBM) is a whole-brain, objective technique for 
characterizing regional cerebral volume and density differences in structural 
magnetic resonance images. We used VBM to examine differences in relative 
gray-matter density related to sex and handedness. A structural MRI was acquired 
on each subject using a 3-D Tl-weighted sequence (1 x 1 x 1.5 mm voxel size) on 
a 2 Tesla Magnetom VISION scanner (Siemens). We scanned 25 normal left- 
handed women (aged 20-58, median 29), 25 left-handed men (aged 20-60, median 
31), 25 right-handed women (aged 20-56, median 31), and 25 right-handed men 
(aged 20-62, median 30). SPM 98d (Wellcome Dept. Cog. Neurol.) was used for 
image processing and analysis. Each image was transformed into standardized 
stereotaxic space with a final voxel size of 1.5 x 1.5 x 1.5 mm and segmented into 
gray matter, white matter, and CSF. The gray-matter images were smoothed using 
a 12 mm FWHM Gaussian kernel. We conducted a 2x2 factorial (sex by 
handedness) analysis, using the total amount of gray matter as a confound. The 
significance of the difference for each region was estimated using distributional 
approximations from the theory of random Gaussian fields, correcting for multiple 
comparisons. We report comparisons that yielded a corrected p value below .05. 
Whilst we observed no significant interaction between handedness and sex, and no 
main effect of handedness, there was a main effect of sex. Relative density of gray 
matter in the region of the anterior cingulate gyrus was higher in females than in 
males. Gray-matter density was higher in males than females in the anterior 
medial temporal lobes and the ventral aspect of the lateral cerebellar hemispheres 
bilaterally, and around the anterior right superior temporal sulcus. These results 
are consistent with previous reports, and indicate that VBM is a useful technique 
for studying the cerebral structural correlates of inter-individual differences. This 
work was supported by the Wellcome Trust.

902.10
NEURONAL LOCALIZATION OF SUBSTANCE P (NK-1) RECEPTOR IN 
PREFRONTAL -CEREBRAL CORTEX OF HUMAN BRAIN DURING 
DEVELOPMENT C.A. Cavazzoli1, R. Martins2, E.R. Beruti3, S.E. Leeman4, A.M. 
Suburo1 and M.J. Villar1*. ’Faculty of Biomedical Sciences, Austral University, 1063 
Buenos Aires, Argentina; 2Policlinica Bancaria 9 de Julio, Buenos Aires; 3Matemidad 
Ramon Sarda, Buenos Aires; 4Department of Pharmacology, Boston University School 
of Medicine, MA.

Substance P (SP) has been described in the cerebral cortex of several species 
and also in human brain. In this work we have analyzed the cellular distribution of 
NK-1 receptors (NK-l-Rs) in human prefrontal cortex using immunohistochemistry. 
Prenatal brains from spontaneous abortions (aged 23, 28 and 32 weeks) and postnatal 
brains (aged 18 days, 23, 35, 45, 64 and 81 years) were obtained at regular autopsies. 
The time lapse between death and autopsy never exceeded 10 h. The frontal lobe was 
exposed and the area corresponding to the middle frontal gyri was dissected out and 
processed for immunohistochemistry with a rabbit polyclonal antiserum directed 
against the C-terminal end of the human NK-l-R. Tissue was also processed with SP 
antibodies. Our results show neurons displaying NK-l-R-like immunoreactivity (-LI) 
in prefrontal cortex at 28 and 32 prenatal weeks and also at postnatal 18 days. Labelled 
neurons were localized to cortical layers II, III, IV and V and exhibited fiisiform and 
multipolar shapes with sizes ranging between 8-25 pm. The labelling was mostly 
found in relation to the cell membrane in the soma of neurons, as well as in the initial 
segment of their dendrites. However, in a few cases cells with a Golgi-like labelling 
were also detected. Immunostainings performed in adult brains were negative in all 
cases analyzed. SP-LI was detected in neurons of the deeper cortical layers as well as 
in subcortical areas. Whether or not the disappearance of NK-l-R-LI in cortex of adult 
brains represents a true absence of the receptor, or a down regulation to levels of 
expression below the sensitivity of the immunohistochemical methodology here used 
remains to be established. However, our present observation that NK-l-R-LI is 
detected in prefrontal cortex in pre- and perinatal brains suggests that SP may play an 
important role in this region during development. Supported by Austral University.

902.11

PERI- AND POSTNATAL CELL FORMATION IN THE HUMAN BRAIN.
H. Abraham1, T. Tomoczkv2. Gv. Kosztoldnyi3 and L. Seress1*
’Central Electron Microscopic Laboratory ^Department of Pathology and 
■^Department of Medical Genetics and Child Development of the University 
Medical School Pecs, 7643 Pecs, Szigeti u. 12., Hungary.
Brains of children (between 39-40 weeks and 1 year of age) has been examined 
who's death was not related to genetic diseases, head injury or neurological 
disorders. To detect cell formation a cell proliferation-associated nuclear antigen 
has been used that is defined by the monoclonal antigen Ki-67 which can be used 
in paraffin embedded postmortem tissue. In the cerebellum the external granular 
layer (EGL) contains large number of labelled cells (45-35%) until the layer 
persists. The EGL is not detectable at 8.5 months of age. The internal granular 
layer displays much smaller number of labelled cells (>1%) and those mainly 
locate close to the Purkinje cells and are probably Bergmann glia. Such cells are 
still labelled in 5 month-old child. In the hippocampal formation, only glial cells 
are labelled in Ammon's horn at birth. In the hilus of dentate gyrus, there are a 
few labelled cells (>0,1%) that can be neurons, but most of the labelled cells are 
glia or endothel cells. However, only glial cells are labelled in one and three 
month-old, or in one year-old children. The periventricular layer (PVL) is 
detectable, blit not continous at birth. The PVL of the cerebral cortex contains a 
few labelled cells at birth but no labelled cells occured in that region in 3.5 
month-old child or in older children. In all areas of the cerebral cortex glial cells 
are labelled not only in the white matter but also in layers I-VI in all age groups 
examined. The labelled glia cells are frequently found in a satellite position to 
neurons. The number of labelled glia in the cortical layers is higher in 3 month- 
old and I year-old children than in a newborn. (Supported by the Hungarian 
Science Foundation OTKA T 029214 and ETT 80-4/1998)

CEREBRAL CORTEX AND LIMBIC SYSTEM: ELECTROPHYSIOLOGY AND RESPONSE TO INJURY

903.1

GENETIC INFLUENCES ON STABILITY OF EEG COHERENCE
G.C.M. van Baal1 , C.E.M. van Beiisterveldt2, D.l. Boomsma1 and E.J.C. de Geus1.
(SPON: International Behavioural and Neural Genetics Society).'Dept. of Biological 
Psychology, Vrije Universiteit, Amsterdam, The Netherlands, 1081 HV, 1111; 2bept. 
of neuropsychology, University of Maastricht. (SPON: IBANGS)

During childhood and adolescence, massive changes have been observed in 
electroencephalographic (EEG) coherence, a non-invasive index of cortico-cortical 
connectivity of the brain. To examine changes in genetic and environmental influences 
on interindividual differences in EEG coherence from age 5 to 7 years, EEG coherences 
from 14 intrahemispheric electrode pairs were collected twice in 209 twin pairs. In 
addition, IQ and indices of problem behavior (CBCL) were measured. The same set of 
data is available for adolescent twin pairs (N=213, age 16 and 18 years). Structural 
Equation Modeling was used to fit multivariate genetic models to die data. Overall, 
(broad) heritabilities (h2) were high for all EEG coherences at ages 5 and 7 years. For 
occipito-cortical connections, h2 increased with age in the right hemisphere, but 
remained the same in die left hemisphere. For prefronto-cortical connections h2 
decreased with age in the left hemisphere, and remained the same in the right 
hemisphere. Genetic stability from age 5 years to age 7 years was dominant genetic in 
nature (except for left and right prefronto-frontal connections and for left prefronto- 
central connection, where it was additive genetic), which points to a crucial role of 
directional selection for these cortico-cortical connections. New (additive) genetic factors 
at age 7 were found for fronto-, centro- and parieto-occipital EEG coherences. Mean 
genetic correlations for these cortico-cortical connections was .69, indicating that a 
substantial part of genetic influences at ages 5 and 7 years is age specific, and yielding 
support for a theory of discontinuous development of EEG coherence.

Funded by The Netherlands Organization for Scientific Research (NWO 575-65-052).

903.2

CORRELATION OF UPREGULATED NADPH-DIAPHORASE AND 
CALCIUM-BINDING PROTEINS IN THE RAT CEREBRAL CORTEX AFTER 
KAINATE INJECTION. H.K, Ahn.3 C.Park.3 W.K. Lee.1 J.H.Kim.3 J.H, Yoo.3
H.H. Baik,2* Y, Huh3. 'Dept. of Anatomy, Gachon Medical College; 2Dept. of 
Biochemistry, Col. Med., Kyunghee Univ; 3Dept. of Anatomy, Col. Med., 
Kyunghee Univ., Seoul, Korea, 130-701.

Nitric oxide (NO) is a free radical gas which is synthesized by nitric oxide 
synthase (NOS) from L-arginine in the presence of NADPH. Cultured cortical 
neurons containing NOS are selectively vulnerable to injury by kainate. However, 
the relationship between NOS neurons and excitotoxicity under in vivo conditions 
is not entirely clear. In (he present study, we examined the change in NADPH- 
diaphorase-positive and calbindin-, parvalbumin-IR neurons after subcutaneous 
injection of kainate. Expressional change of NOS, calbindin and parvalbumin was 
examined by RT-PCR, immunohistochemistry and microdensitometry using an 
image analyzer. We observed a regional loss of calbindin-IR and parvalbumin-IR 
neurons in the cerebral cortex after seizure. However, staining intensity of 
cabindin and parvalbumin had differential change. Calbindin-IR neurons had 
increased staining intensity, in contrast, parvalbumin-IR neurons had decreased 
intensity. Staining intensity of constitutive NADPH-d-positive neurons appeared to 
be increased after kainate injection. Staining intensity of inducted NADPH-d- 
positive cells had more weak than that of constitutive NADPH-d-positive neurons 
in kainated treated groups. New NADPH-d-positive cells appeared in deep cortical 
layers, especially perirhinal, ectorhinal and temporal association cortex. 
Expressional change of parvalbumin and calbindin mRNA showed no significnat 
change in kainate groups compared to controls. However, nNOS mRNA was 
increased in kainate groups. The subsequent change of NOS/NADPH-d in neurons 
may be regarded as an adaptive response to the kainic acid-induced brain lesion. 
Supported by Kyunghee Univ. Fund
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903.3
DIFFERENTIAL CHANGE OF ERBB4 AND NITRIC OXIDE SYNTHASE 
POSITIVE NEURONS IN THE HIPPOCAMPUS OF SEIZURE INDUCED RAT. 
GParkJ J.H. -Kim.1 JJL. Yqq /.KK. Ahn.' J,H, Chung.2* Y-.Huh', 'Dept. of 
Anatomy; 2Dept. of Pharmacology, College of Medicine, Kyunghee Univ., Seoul, 
Korea, 130-701.

Neurons containing nitric oxide synthase (NOS) exhibit resistance to several 
excitotoxins. In the neocortex and striatum, however, these neurons are sensitive to 
kainic acid. And NOS neurons in hippocampus exhibit differential sensitivity to 
kainic acid. Polypeptide growth factors play a central role in a variety of 
environmentally induced structural changes in the cortex and hippocampus of 
adult brain. Neuregulin is widely expressed in the central and peripheral nerve 
cells and Schwann cells, glia, oligodendrocytes and muscle cells, to control 
cellular proliferation, differentiation, and migration. ErbB family are the receptors 
of the neuregulin and consist of ErbB2, ErbB3 and ErbB4. They are homologous 
to the epidermal growth factor (EGFR). Generation of epileptic seizures by kainic 
acid, a potent glutamate analog, elevated levels of erbB4 transcripts in 
hippocampus. We show here that ErbB4 protein is increased in hippocampus, 
reaching maximal levels 3days after kainic acid treatment. And NOS activity is 
increased, peaking maximal level at 24hours after kainic acid treatment and axon 
shrinkage of the NOS neuron occur at 3days after kainic acid treatment. Some 
NOS neurons contain ErbB4 protein, and these neurons are detected in 6days after 
kainic acid treatment. We propose that the survival of NOS neuron in the 
hippocampus after injection of kainic acid is associated with expression of ErbB4, 
neuregulin receptor.
Supported by Kyunghee Univ. Fund.

903.4
INDUCTION OF NEURONAL AND ENDOTHELIAL NITRIC OXIDE 
SYNTHASE IN THE RAT CEREBRAL CORTEX AFTER SEIZURE Y, Huh*.
C.Park, J.H.Kim, J.H, Yoo, H.K, Ahn, Dept. of Anatomy, College of Medicine, 
Kyunghee Univ., Seoul, Korea, 130-701.

In the central nervous system, nitric oxide (NO) is thought to be involved in a 
variety of functions including synaptic plasticity, long term potentiation, and 
neurotoxicity. Previous studies have shown that neurons containing NOS are 
relatively resistant to various toxic conditions and neurodegenerative diseases. 
However, systemically applied kainate induce death of pyramidal neurons of the 
hippocampus. Despite the increasing amount of information being published about 
the change of nitric oxide synthase (NOS) positive neurons in the hippocampus, 
few data are available about the possible expressional and morphological changes 
of NOS positive neurons in the cerebral cortex after seizure. Therefore, in the 
present study, we investigated whether NOS positive neurons responsible for NO 
production is of either constitutive or inducted origin. Expression of NOS was 
assessed by NOS immunohistochemistry and RT-PCR for NOS mRNA. Animals 
were treated with kainate and killed at 6 hours, 1, 3, 6 and 12 days after kainate 
administration. Inducted neuronal NOS (nNOS) positive neurons were observed in 
the cerebral cortex of 1 and 3 days after seizure. The level of nNOS mRNA was 
increased in 1, 3, 6 and 12 days of the seizure compared to control group. The 
endothelial NOS (eNOS) in the cerebral vessels was upregulated at 1, 3 and 6 days 
after seizure throughout many regions of cerebral cortex. Also, eNOS positive 
neurons were observed in the cerebral cortex of 1 and 3 days after seizure. 
Inducted eNOS positive neurons may be involved in functional changes of cerebral 
cortex after seizure. For the first time, this report provide the morphological 
evidence that nNOS and eNOS are inducted in neurons of cerebral cortex 
following seizure.
Supported by Kyunghee Univ. Fund

903.5

DIFFUSION PROPERTIES DURING AND AFTER SPREADING DEPRESSION 
IN IMMATURE AND IN ADULT RAT CORTEX F. Richter1*, L, Vargova2'3, 
T. Mazel2’3, and E. Sykova2,3. 'inst. Physiology, Friedrich Schiller Univ., D-07740 
Jena, FRG; JDept. Neuroscience, 2nd Med. Fac., Charles Univ. and 3Inst. Exptl. 
Medicine, ASCR, CZ-14220 Prague, Czech Republic

Extracellular diffusion in the CNS is changed during cortical spreading depression 
(SD) (van Harreveld & Khattab, J. Neurophysiol., 30: 911, 1967). After acetate 
preconditioning to increase the excitability of cortical tissue to SD (Richter et al., Dev. 
Brain Res., 106: 217, 1998) we recorded in vivo SD-related DC shifts, shifts in 
extracellular K+ ([K+]e) and diffusion of tetramethylammonium (TMA) with ion- 
sensitive microelectrodes (Nicholson, J. Neurosci. Meth., 48: 199, 1993) after pricking 
the brain. Investigations were performed on anesthetized 15- (Pl5), 21-day-old (P21) 
and adult (3-month-old) Wistar rats. Volume fraction (a) and tortuosity (X) were 
measured in layer IV and V of the somatosensory cortex using the real-time 
iontophoretic TMA-method (Nicholson & Sykova, TINS, 21: 207, 1998).

Both at Pl5 and at P21, SD reached same amplitudes as in adults (DC up to 24 mV, 
[K+]e up to 70 mM), but rose and fell down two times slower than in adults. During SD 
a decreased from a mean value of 0.24 to 0.07 at Pl5, from 0.23 to 0.08 at P21 and 
from 0.20 to 0.10 in adults and, concomitantly, X increased from 1.56 to 1.91 at Pl5, 
from 1.64 to 2.10 at P21 and from 1.66 to 1.96 in adults. Significantly increased values 
of a and X were seen ten minutes after SD at P21 and in adults (P 21: 0.26, 1.70; adults:
0.24, 1.72 ). Both values were still increased 1 hour after SD. Similar changes in a and 
X during and after SD occurred when SD was repeated at 1 hour intervals. However, 
both a and X showed a gradual increase over the observation period of 3 hours after the 
first SD. Our study shows that cortical SD is, as early as Pl5, accompanied by severe 
ECS shrinkage and increased diffusion path length (tortuosity) with values similar to 
adults, followed by a long-lasting increase in ECS volume and tortuosity when 
compared to pre-SD values. Funded by DFG (Ri 878/1-2), GACR 309/99/0657 and 
VS96-130.

903.6

DC POTENTIALS AT THE SCALP, THE SKULL AND THE CEREBRAL 
CORTEX DURING HYPOXIA AND HYPERCAPNIA IN THE RAT
A. Lehmenkuhler1*, and F. Richter2. 'Center for Pain Therapy, Dept. of Orthopedics, 
St. Vinzenz Hospital, D-40477 Dusseldorf, Germany and institute of Physiology, 
Friedrich Schiller University, D-07740 Jena, Germany

Intracortical recordings gave knowledge on the neuronal and glial bases of DC 
(direct current) potentials of the brain (Caspers et al., Prog. Brain. Res., 54: 3, 1980). 
In noninvasive recordings in man negative DC shifts were related to an increase in 
cortical activity (Birbaumer et al., Physiol. Rev., 70: 1, 1990). Using non-polarizing 
electrodes, in anaesthetized and artificially ventilated adult rats DC potential shifts 
induced by hypoxia or hypercapnia for 10 min were monitored at the surface of the 
skin, of the skull and of the cerebral cortex. Hypoxia was induced by decreasing the 
inspiratory O2 content from 20 to 10 or to 6 % O2 in N2. Hypercapnia was induced by 
applying gas mixtures with CO2 contents from 0 to 5, 10, 20 or 30 % CO2 in O2. 
Hypercapnia evoked a negative DC shift (1.2 to 1.9 mV) epicranially and a large 
positive DC deflection (8.8 to 17.1 mV) epidurally. In contrast, hypoxia elicited a 
positive DC shift in skull recordings with a negative DC shift (2.6 to 3.1 mV) 
overshooting the baseline during recovery. DC shifts at the skin were positive and 
amounted up to 3.1 mV. At the surface of the dura hypoxic DC shifts were negative 
and smaller than at the skull (1.5 to 2.2 mV). A close correlation was found between 
extent of gas pressure change and amplitude of DC shifts recorded. The results show 
that a noninvasively recorded negative DC shift induced by hypercapnia is not 
reflecting an increased cortical activation state and, vice versa, a positive DC shift 
does not reflect a decreased state of neuronal activation. The electrogenesis of gas 
content-induced potentials could be due to the electrochemical diffusion of ions 
through the selective permeability barrier between the blood and tissue compartment. 
These observations are relevant for any application of noninvasive DC 
electroencephalography in the human cortex. Funded by BMBF (01 ZZ 9104).

903.7

COMPLEX ENVIRONMENT REARING REVERSES NEUROPLASTIC 
DEFICITS INDUCED IN THE PERINATAL PERIOD
A.G. Foley1*, B.A. Ellenbroek2, L.J. Lubbers2, and C.M. Regan1.
1Dept. of Pharmacology, University College, Belfield, Dublin 4, Ireland, 
and 2Dept. of Psychoneuropharmacology, University of Nijmegen, The 
Netherlands.

Early developmental insults profoundly influence subsequent neural 
function, which may involve significant cognitive deficits. Polysialylated 
neural cell adhesion molecule (NCAM PSA) is known to be involved in 
these early neuroplastic events. Specifically, transient activation of 
NCAM polysialylation state in the infragranule neurons of the 
hippocampal dentate gyrus is necessary for the consolidation of Morris 
water maze and passive avoidance learning tasks. Here, we demonstrate 
prenatal chronic hypoxia (10% O2, 90% N2 gestational days 10-20) or 
postnatal maternal deprivation (24h, postnatal day 9) to significantly 
decrease the frequency of hippocampal polysialylated neurons when 
analyzed at postnatal day 80 (hypoxia: 43.2±1.4 and maternal 
deprivation: 45.7±2.5 vs. control: 64.4±3.9 cells/unit area, P<0.05). 
Moreover, both treatment groups exhibited impaired learning in Morris 
water maze and passive avoidance tasks. Interestingly, these deficits 
could be completely reversed by subsequent rearing in a complex 
environment from postnatal day 25 to 80. These results underscore the 
premise that polysialylated NCAM-mediated neuroplastic processes 
during development contribute to the capability of the adult learning 
system.
Funded by Enterprise Ireland and the Health Research Board of Ireland.
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904.1
EXPRESSION OF GATA3 DURING MAMMALIAN INNER EAR 
DEVELOPMENT. G.K Lawoko* M.N Rivolta and M.C Holley. Dept. of 
Physiology, School of Medical Sciences, Univ. of Bristol, Univ. Walk, BS8 
1TD, Bristol, UK. SPON: British Neuroscience Association.

Expression of the transcription factor GAT A3 was examined in the 
developing mouse inner ear by immunolabeling. GAT A3 has previously been 
detected by in situ hybridisation from embryonic day 10 (E10: George et al, 
1994) and possibly as early as E7 (Manaia et al., 1996, abstract). 
Immunolabeling has shown that expression decreases progressively from E14 
in different cell types of the cochlea until no label is observed at P14 (Rivolta 
and Holley, 1998). We have undertaken a more comprehensive study to map 
the cellular distribution of expression from E7-P14. GATA3 was expressed 
relatively weakly in the otic placode at E8.5. Labeling was observed throughout 
the otocyst at El0.5 with the exception of the endolymphatic duct where no 
label was detected. At El 1.5 GAT A3 was expressed strongly in the ventral part 
of the otocyst with a weaker band of expression across the dorsal region. 
Preliminary data from double-labeling for both GAT A3 and Pax2 from E10- 
E13 suggests little overlap of expression in the dorsal part of the otocyst and in 
the endolymphatic duct. However, these factors were co-expressed in many 
cells of the cochlear duct. The expression of GAT A3 during the critical phases 
of inner ear development suggests that it plays an important role in defining 
cell lineages. To study its function further we have derived conditionally 
immortal, GAT A3 expressing cell lines from the ventral epithelium of the 
otocyst at E10. These cells continue to express GAT A3 in vitro, suggesting that 
expression is likely to be independent of extracellular factors. Future 
experiments should enable us to identify other genes regulated by GAT A3 
during inner ear development.

Supported by Defeating deafness and the Wellcome Trust.

904.2

New Members of the Drosophila melanogaster Degenerin/Epithelial 
Sodium Channel (DEG/ENaC) Family Lei Liu, Matthew A. Howard* 
and Michael J. Welsh Howard Hughes Medical Institute, Neuroscience 
Program, Department of Internal Medicine, University of Iowa College of 
Medicine, Iowa City, IA 52242.

The DEG/ENaC protein family includes novel non-voltage-gated cation 
channels. Thees channels may play a role in mechanosensition, sour and 
salt taste, osmosensation and hearing. Evaluation of these genes in 
Drosophila, could provide advantages for studying the physiology and 
genetics of these proteins. In earlier work, we found two Drosophila 
DEG/ENaC channels: Ripped Pocket (RPK), which was localized to the 
ovary, and Pickpocket (PPK) which was in the late-stage embryo, 
localized to multidentritic neurons that may function as touch receptors. 
We have now identified Pocket-3 (PK-3) and Pocket-4 (PK-4), two new 
genes of the DEG/ENaC family. They were cloned by RT-PCR from 
adult Drosophila mRNA. Their amino acid sequences contain all the 
conserved cysteines in the extracellular domain, the amino-terminal, 
histidine-glycine sequence and a very conserved second transmembrane 
domain. In situ hybridization of fly embryos detected PK-3 in stages 14- 
17 in the trachea lateral trunk, salivary gland, and cuticle hair cells. PK-4 
was detected in stages 4-7 embryos as well as in late-stages in the trachea 
pits, trachea dorsal trunk, and cuticle hair cells. Although we expressed 
cDNA for PK-4 in Xenopus oocytes, no cation current could be recorded 
by two-electrode voltage-clamp. Identification of two DEG/ENaC 
proteins that are both expressed in trachea, suggest that they may play a 
role in trachea development or function. Their expression in cuticular 
cells suggests they might also plav a role in mechosensation. (Supported 
by NIH and HHMI)

904.3

DEVELOPMENTAL EXPRESSION OF NMDA RECEPTOR 
SUBUNITS AND TRK B RECEPTOR mRNA IN RAT 
SOMATOSENSORY CORTEX. R.K. Carder*, J.P. Kline, S.W. Yang 
and F.F. Eide. Dept. of Neurology, University of Chicago; Chicago, IL 
60637.

The molecular processes underlying such complex events as wiring of 
the circuitry during development and initiating experience-dependent 
plasticity are likely to require precise control of multiple genes in a region 
and cell-specific manner. Two critical factors have been implicated in 
development plasticity, NMDA receptors and neurotrophins. The present 
study examined spatial and temporal expression patterns of mRNA’s 
encoding the NMDA subunits (R1, 2A, and 2B) and the neurotrophin 
receptor, trk B using in situ hybribization to determine if they are regulated 
with respect to known critical periods. The NMDA receptor subunits, R1 
and 2B were preferentially distributed within the barrel walls, with less 
intense, homogeneous labeling in the hollows and septa at postnatal day 
6. By postnatal day 12, intense expression of R1 expanded to include the 
septa and a subpopulation of cells in the hollows, while 2B expression 
declined in the walls relative to the hollows and septa. By contrast, 2A 
was preferentially distributed in the septa at all time points examined. Trk 
B mRNA was preferentially expressed within the layer IV barrel hollows at 
postnatal day 6 but by postnatal day 12 the pattern was reversed. These 
results suggests that regulation of NMDA receptors and trkB receptor 
extends beyond the critical periods for structural plasticity of 
thalamocortical afferents and LTP in layer IV but begins before normal 
patterns of whisking behavior are initiated. Supported by NS37656,
K12AG00488 and a HHMI Resource Allocation Award.

904.4

STATHMIN AND SCG10 DURING DEVELOPMENT OF MOUSE OLFACTORY 
SYSTEM P. Camoletto1. I. Perroteau’. S. Ozon2, A. Sobel2. A. Fasolo1*. ’Dept. 
Animal and Human Biology, University of Turin, Italy, 2INSERM U440, Paris, 
France.

Stathmin and SCG10 exhibit high sequence homology and belong to the same 
family of proteins. Both are phosphorylated by extracellular signals regulating cell 
proliferation and differentiation and in the central nervous system, they are mainly 
expressed during development However, stathmin is an ubiquitous cytosolic protein 
while SCG10 is neuron-specific and partly associated with fire growth cone. In the 
present work, we have compared the immunohistochemical distribution of stathmin 
and SCG10 in the mouse olfactory epithelium (OE) and vomeronasal organ (VNO) 
during ontogenesis. In the OE, stathmin and SCG10 are expressed very early in the 
olfactory pit. Since then and later on, their staining patterns correspond to that of 
neuron specific tubulin (NST). At E14-E16, OMP (olfactory marker protein) 
expressing cells were found also stathmin and SCG10 immunopositive. Few stathmin 
and SCG10 positive cells are seen in the mesenchyme lining the neuroepithelium. 
These cells are associated to axon bundles of the olfactory nerve and from El 8 ahead, 
they are less frequently observed. At birth, stathmin immunoreactivity is also found in 
the basal compartment of the OE, i.e. in the globose basal cells and in few cytokeratin 
horizontal basal cells. Such an expression is not observed for SCG10. In the adult, 
stathmin and SCG10 are seen only in developing immature neurons of the 
neuroepithelium. In the developing VNO, stathmin and SCG10 are expressed by 
cells from both sensory and non-sensory epithelium whereas from P7, they are not 
anymore encountered in the non-sensory compartment. Worthy of note, in the adult 
VNO, stathmin and SCG10 positive cells are restricted to the border of the sensory 
and non-sensory epithelium of the VNO, where continuous formation of new 
chemosensory cells is maintained. These observations support the idea that stathmin 
and SCG10 can be reliable markers of plasticity and neurogenesis in the olfactory 
system. (Financial support from Cavalieri Ottolenghi Foundation, CNR, MURST, 
INSERM, AFM).

904.5

HLH TRANSCRIPTION FACTORS IN TASTE RECEPTOR CELLS. S Kim* and 
S.K. McLaughlin. Dept. of Neurobiology and Behavior, SUNY Stony Brook; Stony 
Brook, NY 11794.

Little is known about the molecular mechanisms of taste cell determination and 
differentiation. The importance of basic helix-loop-helix (bHLH) transcription factors 
in the regulation of developmental events is well established in many cell lineages. In 
general, cell type-specific gene regulation by HLHs is thought to be carried out by 
heterodimers consisting of an ubiquitously expressed class A protein and a tissue 
restricted class B HLH binding to a consensus E box sequence (CANNTG). Since we 
have found that rat E box-binding protein (REB), a class A factor, is expressed in taste 
cells, we were interested in determining if HLH transcription factors facilitate 
determination and differentiation events in taste receptor cells as well. Two taste 
enriched 2-hybrid libraries were generated, and screened for HLHs that interact with 
REB. While no novel HLHs were identified, cDNAs encoding the HLH proteins Idl, 
Id2, Id3, MRF4, and myogenin were consistently isolated. Immunocytochemical 
techniques were used to show that all proteins, with the exception of MRF4, are 
expressed in adult rat taste cells.

Ids represent a subclass of HLH factors that lack the basic domain necessary for DNA 
binding. They act as dominant negative regulators of differentiation pathways by 
binding, and sequestering Class A HLHs. Consistent with such a role, Id expression is 
highest in proliferating tissue, but upon cell cycle exit and terminal differentiation, their 
expression gets rapidly down-regulated. To assess their potential functional roles in the 
generation of taste cells, the spatial and temporal expression patterns for the Ids and 
REB within taste papillae during development was determined by 
immunocytochemistry using polyclonal antibodies specific for each of the proteins. In 
addition, BrdU incorporation studies were conducted to assess the role of these HLH 
proteins during normal taste cell turnover.
Supported by NIH DC03097 to SKM, and Sigma Xi Grants-in-Aid of Research to SK.

904.6

ORIGIN AND DISTRIBUTION OF NADPH-D ACTIVITY IN THE RAT’S 
BARREL FIELD CORTEX. A.Vercelli1*, MRepici1 and S.Jhaveri Dept. Brain & 
Cogn.Sci, MIT, Cambridge, MA and ’Dept. Anat., Pharmacol., For. Med., Torino, I.

Nitric oxide is a gaseous neurotransmitter/neuromodulator which plays multiple 
roles in the brain. During development it acts as a retrograde signal, to stabilize and 
refine afferent connections, whereas in the adult it is involved in the regulation of 
blood flow. We used NADPH-diaphorase (which colocalizes with NOS, the enzyme 
responsible for NO synthesis) histochemistry to reveal NOS-positive neurons and 
fibers in the developing rat somatosensory cortex (barrel field).

NADPH-d histochemistry revealed a transient diffuse activity in the barrels 
during development and a localized activity in neurons and fibers both in 
development and in the adult (I) A transient diffuse neuropil staining, was visible 
in the cortical plate (CP) and in deeper layers until postnatal day (P) 4. Thereafter, 
until P15, it was segregated in whisker specific patches in layer IV, then the pattern 
gradually disappeared, becoming virtually indistinct by P21. (II) An intense labeling 
of scattered cells and (HI) of a plexus of fibers was also seen. With maturation, the 
cells became localized mostly in layers II/ILL in the lower part of layer V, and in 
layer VI. They were sparse in layer I, in upper layer V, and in layer IV where their 
somata were located primarily in the interbarrel septa. (IV) Light staining of cortical 
neurons, detected mostly in layers II-IV but occasionally also in layers V-VI.

In order to study the origin of 1) NADPH-d-positive fibers and of 2) diffuse 
activity, we injected 1) p-chloroamphetamine (PCA) (20 mg/kg, five daily s.c. 
injection) in newborn rats, to deplete ascending serotonergic fibers; or 2) kainic acid 
(0.5 pi of a 1 mg/ml solution) in somatosensory cortex to kill cortical neurons. PCA 
decreased NADPH-d fiber density and KA affected the distribution of transient, 
diffuse NADPH-d activity in the barrel field. Therefore, NADPH-d-positive fibers 
are likely derived both from cortical NADPH-d-positive intemeurons and from 
ascending projections, whereas the transient NADPH-d activity within barrels is 
probably intrinsic to cortical neurons. Support: MURST (AV) and NIH (SJ) grants.
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904.7
DISTRIBUTION OF CALRETININ-IMMUNOREACTIVE (CR-ir) 
NEURONS IN THE POSTNATAL MOUSE CEREBRAL CORTEX. 
R.H.Dyck1* and N.R.Melvin2; Dept. of Psychology1 and Neuroscience 
Research Group1, University of Calgary; Calgary, AB T2N 1N4. 
Calretinin (CR) is a calcium binding protein that is expressed in a 

subset of GABA-ergic intemeurons in the mature cerebral cortex. In the 
rat cerebral cortex, large numbers of CR-ir neurons, elaborated early in 
postnatal development, become down-regulated, to mature levels, after 
the second postnatal week. In this study we sought to confirm this 
finding in the mouse and to establish whether the early distribution of 
CR-ir neurons, and their decline to mature levels, was temporally and 
spatially correlated with the establishment of functional columnar 
compartments in the cerebral cortex.

Using immunohistochemical and stereological methods, the overall 
distribution of CR-ir neurons was assessed in sagittal sections, and in 
sections cut parallel to the pial surface in opened and flattened cortices, 
dissected from mice ranging in age from birth (PDO) to adulthood 
(>PD90). The number of CR-ir neurons in the mouse cerebral cortex 
was found to increase dramatically during the early postnatal period, 
then declined to mature levels after two weeks of age. The transient 
populations of CR-ir neurons were distributed across all cortical layers, 
but a distinct subpopulation of layer 5 pyramidal neurons appeared to 
delimit the boundaries of primary sensory areas. In somatosensory 
cortex, the transient population of layer 5 CR-ir neurons was found to 
reveal the topographic pattern of cortical whisker barrels. The reduction 
of CR-ir neurons across the cerebral cortex appeared to be related to 
distinct maturational stages that may coincide with the consolidation of 
functional columnar compartments. Supported by NSERC (RHD) and 
AHFMR (NRM).

904.8
REGULATION OF GPR7 GENE EXPRESSION IN HUMAN PERIPHERAL 
NEUROPATHIES. P, F, Zaratin*. M. Gamier, A, Quattrini1 and M, A, 
Scheideler. SmithKline Beecham Pharmaceuticals, Dept. Neuroscience 
Research, Via Zambeletti, 20021 Baranzate di Bollate, Milan, Italy and 
department of Neurology, San Raffaele Hospital, I.R.C.C.S, Milan, Italy.

The G-protein coupled receptor GPR7, originally described by O’Dowd et al. 
[1995, Genomics, 28: 84-91], is a human orphan receptor expressed in the 
nervous system with sequence similarity to both somatostatin and opioid 
receptors. A role of G-protein coupled receptors, including the somatostatin 
and opioid receptors, in nerve repair processes and pain has been reported [M.
G. Darlinson and D . Richter TINS (1999), 22: 81-87; A. J. Barron et al., Eur.
J. Neurosci. (1998), 10: 1045-1053]. For this reason, we undertook to examine 
the differential expression of the GPR7 gene under pathological conditions of 
neurodegeneration and neurodegeneration associated with pain. In the present 
study, we measured the expression of GPR7 mRNA levels by real time 
TaqMan ™ quantitative RT-PCR in human sural nerves from patients with 
axonal (painful) and demyelinating neuropathies. We observed that GPR7 
mRNA was expressed in normal nerves and was downregulated in nerves from 
patients with increased level of axonal degeneration and demyelination. These 
data suggest that the GPR7 receptor is likely to be involved in nerve repair 
processes.

904.9

TRANSIENT EXPRESSION OF NITRIC OXIDE SYNTHASE IN THE 
DEVELOPING MOUSE AUDITORY SYSTEM. G. Bruning*1, S. 
MazumderJ B. Mayer2. VDept. of Anatomy, Free University, D-14195 Berlin, 
Germany, and ^Dept. of Pharmacology and Toxicology, Karl-Franzens- 
University, Graz, Austria.

The function of nitric oxide in the development of the mammalian nervous 
system is not clear. Cells which use nitric oxide as a developmental signal are 
expected to express considerable amounts of nitric oxide synthase (NOS) during 
an appropriate time period. To identify such cells, we investigated the 
development of NOS in the mouse brain by NADPH diaphorase histochemistry 
and by immunocytochemistry.

A dense cluster of positive cells was identified in the dorsal cochlear nucleus 
already at embryonic day 14. These included projection neurons, because 
stained axons originating in this nucleus were coursing towards the midline, thus 
representing the dorsal acoustic stria. A few days later, a group of stained 
neurons appeared in the superior olivary complex and in the ventral nucleus of 
the lateral lemniscus. The cluster in the superior olive appeared to correspond to 
the superior paraolivary nucleus. This pattern of NOS expression changed 
dramatically in the first two postnatal weeks. Staining in the dorsal cochlear 
nucleus, superior paraolivary nucleus and ventral nucleus of lateral lemniscus 
decreased rapidly. In contrast, expression started in the medial trapezoid 
nucleus.

These changes in the expression of NOS in auditory brainstem nuclei seem to 
correlate with the onset of physiological hearing in the mouse, and strongly 
suggest a function of nitric oxide in the development of the auditory system, e g. 
in the establishment and activity-dependent refinement of axonal projections.

904.10

THE LAMININ GAMMA-3 CHAIN IS ASSOCIATED WITH SENSORY 
STRUCTURES. W.J. Brunken,1'2 M. Koch.1 A. Albus1, N. Massarweh,12 M.- 
F. Champliaud.1 D.D. Hunter3* and R.E. Burgeson1, ’CBRC/MGH, Harvard 
Univ., Charlestown, MA 02129; 2Dept. Biol., Boston College, Chestnut Hill, 
MA 02167; ’Neuroscience Dept., Tufts Univ., Boston, MA 02111.

The laminins are a large group of heterotrimeric glycoproteins 
contained within extracellular matrices throughout the body. Several 
laminins are expressed in the nervous system, wherein they are thought 
to elicit neuronal responses ranging from phenotype determination and 
cellular differentiation to adhesion and synapse stabilization.

Each laminin consists of an a, a p, and a y chain. We recently 
described the isolation of a novel y chain, y3, and demonstrated its 
distribution in a subset of extracellular matrices. Strikingly, this chain is 
associated with the apical surface of many epithelia, in contrast to other 
laminin chains which are associated with the basal surface.

Laminin y3 RNA is expressed in the mouse from embryonic day 9.5 
through adulthood. y3 RNA is highly expressed in brain; by semi- 
quantitative PCR, high levels are found in brain stem, spinal cord, 
thalamus, cortex, and olfactory bulb, and lower levels in cerebellum and 
sensory ganglia. Laminin y3 protein is associated with sensory 
structures of the eye, ear, nose, and skin. In both retina and olfactory 
epithelium, the source of laminin y3 appears to be supportive cells. In 
skin and whiskers, laminin y3 is a component of the accessory structures 
of sensory receptors. The y3 gene maps to the site of several brain 
congential abnormalities; functional studies of y3 are underway.

Supported by PHS grants AR35689 (REB) and EY12037 (DDH); the
E. Matilda Ziegler Foundation (WJB); and core funds of the Cutaneous 
Biology Research Center, Massachusetts General Hospital.

904.11

INDUCTION OF ACIDIC EPIDIDYMAL GLYCOPROTEIN MRNA AND 
MUSCLE LIM PROTEIN MRNA IN DORSAL ROOT GANGLIA 
FOLLOWING PARTIAL SCIATIC NERVE INJURY. R.A. Newton1, S, 
Bingham2, P.D. Davey2, A.D. Medhurst2, V. Piercv2. P. Raval2, A.A. Parsons2, G.J.
Sanger2, C.P. Case3 and S.N. Lawson1*. ’Dept. of Physiology and 3Dept. of 
Pathology, Medical School, University Walk, Bristol, BS8 1TD, UK. 2Dept. of 
Neuroscience Research, SmithKline Beecham Pharmaceuticals, Harlow, Essex, 
CM19 5AW, UK.

In order to identify genes with altered expression in primary sensory neurones 
following peripheral nerve injury, we have used the technique of mRNA differential 
display to monitor gene expression in L4/5 dorsal root ganglia (DRG), two weeks 
after unilateral partial ligation of rat sciatic nerve. 14 differentially expressed clones 
were identified, two of which represented transcripts for the proteins acidic 
epididymal glycoprotein (AEG) and muscle LIM protein (MLP). In situ hybridisation 
analysis in L5 DRG confirmed that the mRNA expression of both MLP and AEG was 
induced in an ipsilateral-specific manner. Determination of the cross-sectional areas 
of neuronal profiles demonstrated that the MLP hybridisation signal was present over 
the range of neuronal sizes measured, whereas the distribution of AEG-positive 
profiles was skewed towards smaller cells. The majority of the other clones did not 
show significant sequence similarity to previously reported genes and therefore may 
represent novel mRNA sequences or unknown regions of partially characterised 
mRNAs. The induction of MLP and AEG in DRG neurones following partial nerve 
injury may play an important functional role in the adaptive response of primary 
sensory neurons. However, the relevance of their induction to nerve regeneration 
and/or pain awaits elucidation. Supported by SmithKline Beecham Pharmaceuticals, 
UK.

904.12

ISOLATION OF cDNA CLONES REPRESENTING GENES INDUCED OR 
MARKEDLY UPREGULATED WITHIN THE DORSAL ROOT GANGLION 
FOLLOWING SCIATIC NERVE INJURY.
Katia Befort. Michael Costigan*. Oded Behar and Clifford J Woolf. Neural Plasticity 
Research Group, Department of Anesthesia & Critical Care, Massachusetts General 
Hospital and Harvard Medical School, Boston MA 02129.

Peripheral nerve lesions are associated with major alterations in the injured primary 
sensory neurons. These include the upregulation of survival factors, re-expression of 
developmentally regulated growth associated genes, which contribute to regeneration, 
alteration in chemical phenotype and changes in excitability due to altered ion channel 
expression. The latter two are likely to play a major role in the pathogenesis of 
chronic neuropathic pain, which is characterized by spontaneous pain due to ectopic 
activity in the injured fibers and pain hypersensitivity due to structural reorganization 
and phenotypic switches. Identification of functionally important molecules expressed 
specifically within dorsal root ganglion neurons in response to nerve injury, is likely 
to assist both the understanding of the cell biology of the response to neuronal injury 
and identification of targets for the development of novel analgesics for neuropathic 
pain. We have developed a PCR-based subtractive hybridization protocol in order 
identify genes induced or markedly regulated in the DRG following sciatic nerve 
axotomy. Representative amplification of poly-adenylated first strand cDNA was 
performed to produce libraries of the genes present in populations of mRNA from 
naive (intact) and axotomized DRGs. PCR-based subtractive hybridisation was used 
to isolate an enriched pool of genes induced or markedly upregulated in the cell 
bodies of the injured primary sensory neurons. Northern blot and in situ hybridization 
analysis was performed for verification of the regulation of genes isolated by this 
method. The cellular localization, regulation and putative function of representative 
examples of the genes isolated by this method will be presented.
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904.13
A CONFOCAL LASER SCANNING MICROSCOPIC STUDY OF 
THE FLUORESCENT INTENSITY IN CALCITONIN GENE 
-RELATED PEPTIDE IMMUNOREACTIVE CELL BODIES OF 
THE TRIGEMINAL GANGLION AFTER MENTAL NERVE 
TRANSECTION IN RAT. M.K.Kim*, H.R. Ryu, K.S. Paik. Dept. of 
Oral Anatomy, College of Dentistry, Seoul National University, Seoul 
110-749.

The purpose of this study was to investigate the distribution and 
fluorescent intensity in calcitonin gene-related peptide(CGRP) 
immunoreactive cell bodies of rat trigeminal ganglion after mental 
nerve transection by means of confocal laser scanning microscopy. 
The male Sprague-Dawley rats weighing about 200gm were used. 
The animals were divided into normal and experimental group. The 
experimental animals were sacrificed at todays after mental nerve 
transection. The rabbit antihuman CGRP was used as a primary 
antibody. The fluorescence isothiocyanate(FITC)-conjugated anti-rabbit 
IgG was used as a secondary antibody. The appearance of 
CGRP-immunoreactive cell bodies in trigeminal ganglion was 35.7% 
in normal group and 21.4% in experimental group. The relative 
fluorescent intensity of experimental group was 30.9% of control 
group. In the analysis of the fluorescent intensity of CGRP 
-immunoreactive cell bodies in optical single section of the 
trigeminal ganglion, redthigh fluorescent intensity) was the most 
abundant, followed by white(moderate fluorescent intensity), 
graydow fluorescent intensity) in descending order in normal group, 
whereas in experimental group, white was the most abundant, then 
gray, red in descening order. This work was supported in part by 
the grant from Korean Basic Medical Scientists Fund.

904.14
CHANGES IN GRAVITATIONAL FORCE INDUCE CHANGES IN GENE 
EXPRESSION IN THE DEVELOPING ZEBRAFISH VESTIBULAR SYSTEM. 
S.J. Moorman1*, R, Krishnamoorthv2, N. Desai2, S. Lakdawala2, and N, AgarwaP,
‘Anatomy Dept., Case Western Reserve University, Cleveland, OH 44106; 2Dept. 
of Anatomy and Cell Biology, UNT Health Science Center, Ft. Worth, TX 76107

There are morphological changes in the vestibular system of zebrafish that hatch 
from eggs that are incubated in a bioreactor designed by NASA to simulate 
microgravity for cells in culture on earth. The morphological changes are consistent 
with the idea that the change in gravitational force resulted in a change in gene 
expression in the developing vestibular system. To test this idea, we determined the 
expression levels of dlx-3 and msx-C, two genes that have been suggested to play 
roles in vestibular development in zebrafish. Twice each week for 3 weeks, 20 eggs 
were placed in the bioreactor within 2 hours after fertilization (hPF) and 20 eggs 
were kept in a beaker of system water. ' Eggs were removed from the bioreactor at 
either 12 hPF or 24 hPF. Each bioreactor and control embryo was removed from 
the chorion using fine forceps and snap frozen on dry ice. Total-RNA was extracted 
from bioreactor and control embryos and probed for expression of dlx-3, msx-C, and 
28S rRNA by RT-PCR analysis. The band density of 28S rRNA was used to 
normalize the band densities of dlx-3 and msx-C. There was an appreciable decrease 
in dlx-3 mRNA levels at both 12 hPF and 24 hPF and a decrease in msx-C mRNA 
level only at 24 hPF in the bioreactor embryos compared to the control embryos. 
To determine whether the changes in gene expression were localized to the 
developing vestibular system, additional embryos were processed for whole mount 
in situ hybridization. At 12 hPF, the staining for dlx-3 in the otic placode was 
significantly less intense in the bioreactor embryos compared to the control 
embryos. Since these changes occur at time points that are consistent with the 
normal timing of expression for these genes, the data suggest that gravity plays a 
role in regulating gene expression in the developing zebrafish vestibular system. 
Supported by a grant from NIDCD (#DCO3531) to SJM.

MOTOR SYSTEMS: VARIOUS SPECIES

905.1

DEVELOPMENT OF THE ADULT DORSOLONGITUDINAL FLIGHT 
MUSCLES IN MANDUCA. RJ Bayline*. C Duch, and RB Levine, Division of 
Neurobiology, University of Arizona, Tucson, AZ 85721.

The dorsolongitudinal muscle (DLM) in the second thoracic segment (T2) 
depresses the wing during adult flight. Compared to other adult muscles, the DLM is 
much larger and has fast-twitch physiological properties (Rheuben and Kammer, 
1980). The DLM develops from a dedifferentiated larval muscle template which is 
innervated by 1 meso- and 4 prothoracic motomeurons that persist to innervate the 
adult DLM. The DLM template muscle dedifferentiates two days earlier than other 
T2 muscles on the third day of wandering, (W3). By the onset of pupation (P0), 
myofibrils are no longer present. The motomeuron terminals also retract specifically 
from the template muscle at W3. In contrast, other larval muscles in T2 remain 
differentiated and retain motomeuron terminals until P0. Thus, the tuning of larval 
muscle dedifferentiation and nerve retraction is correlated. At W3, putative 
myoblasts accumulate at the site of innervation of die larval template. This 
aggregation of cells produces a characteristic swollen appearance in the center of 
the template through P5, and the retracted motomeuron terminals remain associated 
with the swollen region. Proliferation of nuclei in the DLM anlage begins at W3, as 
revealed by the thymidine analog 5-bromo-2-deoxyuridine. In contrast, adult leg and 
abdominal muscle nuclei begin to proliferate at P2. The proliferating nuclei in the 
DLM anlage are highly concentrated in the swollen center of the developing muscle. 
By P6 proliferating nuclei appear to be uniformly distributed along the length of the 
muscle. Outgrowth of the adult motomeuron and differentiation of the adult muscle 
begin following pupation. By P2, the DLM template begins to split into 5 fiber 
bundles. Each bundle is innervated by a single motomeuron, with the mesothoracic 
motomeuron innervating the most dorsal fiber bundle. Actin filaments detected with 
fluorescently labeled phalloidin are present at P5. By P6, the motomeurons are 
branched over the entire length of the fiber bundles. Thus, the location of 
myonuclear proliferation and motomeuron branches during outgrowth is also 
correlated. (NIH NS24822 and DFG DU331/1-1)

905.2

CHANGES IN THE BIOPHYSICAL AND MORPHOMETRIC PROPERTIES OF 
AN IDENTIFIED MOTONEURON DURING METAMORPHOSIS IN MAND JCA
C.Duch1, F.Libersat2 and R.B. Levine*1. Life Sciences, Ben Gurion Univ., Beer 
Sheva, Israel2 and Neurobiology, Univ. of Arizona, Tucson, AZ 857211.

During metamorphosis of Manduca, identified larval motoneurons persist to i ener-
vate the indirect flight muscles of the adult. Severe dendritic regression at the end of 
larval life is followed by rapid growth of new dendrites during adult development. 
Changes in membrane surface area during dendritic remodeling may alter motoneu-
ron passive properties but changes in behavior may require additional biophysical 
modifications. An identified flight motoneuron, MN-5, was recorded at each stuge 
in discontinuous current clamp mode to measure membrane potential, input resis-
tance, time constant and firing properties. Each neuron was injected with rho- 
damine-dextran, then reconstructed from a confocal stack of images and van >us 
morphometric parameters were computed using the Neurolucida 3-D reeonst. uctior 
system. Input resistance remained relatively constant during dendritic regression as 
the number of branching points decreased 16-fold and the surface area dec eased 4- 
fold during the first 2 days of pupal development. Input resistance declinea 8-‘old 
over the next 3 days during the initial phases of dendritic regrowth, as the suDfc c 
area and branch points increased 4-fold. Over this period, MN-5 began to fire phasi- 
cally in response to intracellular current injection, rather than tonically as it ha J 
during the larval stage. Between days 5 and 9, input resistance increased 5-fo’.ti as 
dendritic branching complexity increased. There were also transient changes i ac-
tion potential amplitude and threshold. In the early stages of growth most denorites 
had growth cones with filopodia. Specific dendrites retracted following initial e. ten-
sion. New membrane was incorporated mainly in the dendrites rather than the cell 
body or axonal compartments. We conclude that morphometric parameters alone 
cannot account for the observed biophysical changes, suggesting altered active mem-
brane conductances. (NIH NS28495 and DFG DU331/1-1)

905.3

POSTNATAL DEVELOPMENT OF FORELIMB INNERVATION IN THE 
OPOSSUM MONODELPHIS DOMESTICA'. IMMUNOHISTOCHEMICAL 
LOCALIZATION OF CHAT AND VACHT. D. Barthelemv and T. Cabana*. Sc. 
Biologiques, University de Montreal, C.P. 6128, Succ. Centre-Ville, Montreal, QC, 
Canada H3C 3J7.

As part of an ontogenetic study of mammalian motor systems, using the opossum 
Monodelphis domestica, a marsupial born very immature, we have investigated the 
postnatal development of forelimb (FL) innervation. The FLs of the newborn 
opossum are very immature: the shoulder, elbow and wrist joints are not visible from 
outside and are little flexible, but the fingers are individualized and terminated by fine 
claws which can grasp hair on the mother’s belly as the newborn typically performs 
rhythmic, alternate movements with its FLs to crawl from the birth canal to a nipple 
where it attaches. The animal remains attached to the mother for about three weeks, 
during which similar movements are performed and simple sensorimotor reflexes of 
the FLs appear. When it detaches from the mother, it can support body weight with 
the FLs and locomote freely on a substrate. By using immunohistochemistry to 
localize choline acetyl transferase (ChAT) on sections of the spinal cord brachial 
enlargement of age-graded opossums, it was possible to infer that acetyl choline 
(ACh), the neurotransmitter used notably by motoneurons and Renshaw cells, is 
already present in some ventral horn neurons at birth, and that the number of ChAT 
positive neurons increases until the second week. The use of immunohistochemistry 
to localize the vesicular ACh transporter VAChT to evidence neuromuscular junctions 
on longitudinal and cross sections of the FLs revealed that neuromuscular junctions 
are not numerous in the FLs of the newborn opossum. Their number and size increase 
until about postnatal day 21, when their distribution is more widespread than in older 
animals. Starting in the fourth week, the distribution of neuromuscular junctions 
becomes more restricted and their number gradually decreases to the adult pattern. 
Such development of VAChT expression follows two main gradients: proximodistal 
(arm - forearm - hand) and ventrodorsal (flexors - extensors). Such gradients parallel 
those of the somatic development of the FL. (Supported by NSERC of Canada)

905.4

ORGANOTYPIC CULTURES OF THE SPINAL CORD OF THE
ADULT TURTLE: A TOOL TO STUDY ADULT NEURONAL 

PHENOTYPE REGULATION.
L-F. Perrier*, J, Noraberg, M, Simon & J, Hounsgaard, Dept of Medical 
Physiology, Panum Institute, Univ. of Copenhagen DK 2200 Copenhagen N, 
Denmark.

In order to study the extracellular factors that govern changes and maintenance of 
adult motoneuronal phenotype, we have established a technique that allows 
organotypic culture of the adult spinal cord of the turtle for more than 3 weeks. 
700pm thick transverse sections of the spinal cord explanted on cover slips and 
maintained in roller-tube cultures in medium containing serum and different 
combinations of growth factors including BDNF, NT3, GDNF and CNTF kept the 
characteristic morphological aspects of the mature spinal cord. 
Immunocytolabelling with an antibody directed against Choline Acetyl 
Transeferase revealed the presence of motoneurons in the lateral ventral horns, even 
after 22 DIV. Motoneurons kept stable membrane potential and input resistance, 
were still synaptically connected and presented some of the conductances also 
described in acute slices including the mixed cationic inwardly rectifying current 
and ability to produce Ca action potentials. However, 2 third of the motoneurons 
recorded from, lost their ability to fire repetitively in response to depolarizing 
current pulses, most of them presenting strong outward rectification when 
depolarized. After 1 week in culture some motoneurons displayed fast and slow 
transient outward currents and low voltage activated calcium currents not seen in 
acute slices of the adult turtle. In contrast, functional L-type Ca2+ channels were 
impossible to detect. Our data suggest that adult motoneurons kept in culture 
undergo dedifferentiation. In order to determine if the lack of afferent/efferent 
pathways are responsible for the changes observed, cocultures with other part of the 
nervous system will be tested.
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905.5
THE MINIPIG MODEL OF PARKINSON'S DISEASE: EFFECTS OF MPTP- 
POISONING ON STRIATAL DOPAMINERGIC MARKERS.
Erik H Danielsen, Paul Cumming , Albert Gieddeand the DaNeX Group.
PET-Center, Aarhus University Hospital, Denmark.

The multicentre DaNeX study tests the efficacy of allografting fetal mesencephalic
neurons to a pig model of Parkinson’s disease. We established a stable parkinsonian 
syndrome by MPTP-intoxication of adult male Gottingen minipigs. We used 
positron emission tomography to test the neurochemical pathology of MPTP- 
intoxication and the time-course of the therapeutic response to several treatment 
strategies. MPTP was administered daily (total dose 7 mg/kg, s.c.) until the pigs 
developed mild but persistent parkinsonian symptoms of muscle rigidity, 
hypokinesia and impaired coordination, especially of the hind limbs. Two weeks 
after the last MPTP dose, animals had a T1-weighted MR-scan and dynamic PET- 
scans after administration of several radiotracers, including 1) [“C]NS-2214, a 
novel radioligand for catecholamine uptake sites), and 2) [18F]fluorodopa (FDOPA), 
a tracer for DOPA decarboxylase. After the first series of PET scans, pigs were 
randomly assigned to one of five groups: 1) Control, 2) MPTP intoxication alone, or
3) followed by allograft of porcine embryonic mesencephalic tissue (E28 days) 
without or, 4) with immunosuppression, and 5) also co-grafting of immortalized 
HiB5 cells secreting GDNF (=2ng GDNF/hour/105 cells). Kinetic analysis of the 
first set of PET-scans indicated that the rate constant for the decarboxylation of 
FDOPA in catecholamine fibres was reduced by 33% in striatum of the mildly 
parkinsonian pigs. The rate of association of [nC]NS2214 to catecholamine uptake 
sites was reduced by 62% in the same groups of pigs. These preliminary results are 
suggestive that the activity of DOPA decarboxylase may be upregulated in the 
partially denervated pig striatum. Supported by MRC(Denmark) and the European 
Commission BIO MED 2 program.

905.6

DOWNREGULATION OF ACETYLCHOLINESTERASE IN QUAIL 
MUSCLE CULTURES BY ELECTRICAL STIMULATION IS 
MEDIATED BY cAMP. Susana G. Rossi, Stephanie Katz, Sonnia Gharib, 
and Richard L. Rotundo*. Department of Cell Biology and Anatomy, 
University of Miami School of Medicine, Miami, FL 33101.

Acetylcholinesterase (AChE) transcripts and protein are highly expressed 
in innervated regions of skeletal muscle, and down regulated in non- 
innervated regions. While many studies have focused on increased AChE 
expression and targeting at the neuromuscular junction, little is known about 
how signals from the membrane are transduced to decrease AChE 
expression extrajunctionally. Using quail muscle cultures, we show that 
AChE downregulation involves cAMP. Treatment of myotubes with cAMP 
agonists, or agents that activate adenyl cyclase such as forskolin or CGRP, 
decrease total AChE activity and result in loss of the collagen-tailed form 
of the enzyme. We assayed cAMP production in muscle cultures and 
showed that forskolin or CGRP increase cAMP in a dose-dependent 
manner. Moreover, intermittent electrical stimulation at 100 Hz for 1 sec 
every 100 sec for 30 minutes increases cAMP levels 2.2 fold in muscle and 
results in decreased total AChE activity after overnight stimulation. 
Overnight stimulation also resulted in a decreased rate of AChE translation, 
suggesting decreased mRNA levels. Together, these results support the idea 
that electrical stimulation downregulates AChE expression outside the 
junctional region through activation of the cAMP pathway. This work was 
supported by an NIH grant to R.L.R.

905.7

EARLY MATURATION OF LOWER LIMB SEGMENTS CO-ORDINATION 
DURING TODDLERS LOCOMOTION. E, Bouillot, B, Dan, A. Bengoetxea, J.P. 
Draye. F, Lacquaniti and G. Cheron*. Lab. of Movement Biomechanics. Univ. Libre 
de Bruxelles, CP 168, 1050 Brussels. Belgium.

We analyzed the co-ordination patterns of the elevation angles of the lower limb 
segments in toddlers using the optoelectronic ELITE system. Special attention was 
given to the very first steps of the toddlers. For each toddler, the intersegmental co-
ordination of the elevation angle of thigh (oq), shank (a.s) and foot (otf) were 
analyzed by means of conjugate cross-correlation (CCF). The maturation of CCF of a 
pair of elevation angles was quantified by means of a global error parameter (Etfccn) 
resulting from die difference of the toddler’s CCF widi respect to the mean adult 
CCF. The same elevation angles were also represented by planar co-variation 
expressed in 3D space by a best fitting plane and statistically quantified by means of 
principal component analysis Toddlers’ plane orientation was compared with the 
mean value of the adults’ plane. The very first steps were characterized by the 
prevalence of the maximal forward elevation of ott over as and a.f. In contrast to the 
well reproducible adult CCF profiles, the CCF profiles of the toddler varied 
markedly. Et<ecF> reached mature values after 45, 82 and 92 months of walking 
experience for as-otf. rx,-af and ot,-as pairs, respectively. The adult-like orientation of 
the covariation plane was obtained after 7 months of walking experience and did not 
follow the slower maturation of biomechanical parameters. By contrast, the 
smoothness of the elliptic loop inside the plane, representing gait trajectories, was 
gradually acquired over a number of years. In conclusion, the conjunction of CCF 
and planar covariation analysis provided a new tool for assessing the maturation of 
lower limb co-ordination in human gait. The early emergence, stability and 
refinement of the planar covariation while biomechanical variables dramatically 
change as the child grows, implicate a continuous update of the neural command.

905.8

A QUANTITATIVE GOLGI ANALYSIS OF INFANT HUMAN BETZ CELLS: 
PRELIMINARY FINDINGS. T. Shen1. P. Davenport1. E, Kapler1, J, Jacobs1. 
S, Sann1, K. Ford'.M. Prather2. W, Tyson3, and B, Jacobs1* laboratory of 
Quantitative Neuromorphology, Psychology Dept., Colorado College, Colorado 
Springs, CO 80903. 2Neuroscience Dept., Univ. of California, Davis. 
3 Pathology Dept., Presbyterian/St. Luke’s Med. Center, Denver.

Although the extraordinary size and idiosyncratic nature of Betz cells are well 
documented (Betz, 1874; Scheibel & Scheibel, 1978), little quantitative data exist 
with regard to their developing dendritic systems. The present investigation 
compares basilar/horizontal dendritic and spine systems in Betz cells and layer V 
pyramidal cells in infant human motor cortex (Brodmann’s area 4). Subjects 
consisted of four neurologically normal infants (3, 9, 48, and 105 days of age). 
Tissue blocks were removed from the dorsolateral convexity of the left precentral 
gyrus near the vertex of the hemisphere. Ten Betz cells and ten layer V pyramidal 
cells per tissue block (N=80) were prepared by a modified rapid Golgi technique 
(Scheibel & Scheibel, 1978) and quantified on a Neurolucida computer/microscope 
interface system (Microbrightfield, Inc.). As expected, the somata of Betz cells 
(1004 pm2) were more than twice as large in cross-sectional surface area as those of 
layer V pyramidal cells (482 gm2). Although a section thickness of 120gm 
resulted in considerable attenuation of segment length, Betz cells remained 
substantially more complex than the layer V pyramidal cells. A nested analysis of 
variance revealed significantly greater dendritic and spine measures for Betz cells 
over layer V pyramidal cells. In particular, total dendritic length was 53% greater in 
Betz cells; dendritic spine number was 44% greater. These findings supplement 
qualitative observations (Conel, 1941) and indicate that, like other layer V cells in 
the human motor cortex (Koenderink & Uylings, 1995), Betz cells mature very 
rapidly, surpassing layer V pyramidal neurons in all dendritic and spine measures 
early in the perinatal period.

NEURONAL DEATH: OTHER

906.1

NF-KB TRANSCRIPTIONAL ACTIVITY IN INTACT BRAIN AND PRIMARY 
NEURONS: ANALYSIS OF A TRANSGENIC REPORTER STRAIN. ABhakar1*. 
C, Zeindler. S. MacPherson2. and P A. Barker1. ’Centre for Neuronal Survival, 
Montreal Neurological Institute, McGill University, 3801 University Avenue, 
Montreal, Quebec, Canada, H3A 2B4 2EXOGEN Neuroscience Inc. PO Box 605, 
Montreal, Quebec, Canada, H2W 2P2.

NF-kB-dependent transcription plays a crucial role in cellular responses to many 
inflammatory and apoptotic stimuli but its function within neurons remains 
controversial and the contribution of synaptic activity and cytokines and growth 
factors to the regulation of neuronal NF-kB activity is not well established. To allow 
us to address these issues in vivo, we have created several transgenic NF-kB reporter 
mice strains. A NF-kB responsive minigene was constructed by placing 3 tandem 
HTV-derived NF-kB binding elements within an SV40 minimal promoter to drive {3- 
galactosidase (LacZ) expression. NF-kB responsiveness of the construct was 
validated in vitro and then transgenic mice containing the minigene were produced. 8 
separate lines were initially analyzed for developmental expression of LacZ; six of 
these showed identical LacZ expression patterns, indicating that the minigene 
faithfully reflected intrinsic promoter activity irrespective of genomic insertion site. 
To confirm NF-kB responsiveness within cells derived from these animals, primary 
fibroblasts and dissociated cortical neurons were produced and analyzed for 
increases in LacZ transcriptional activity in response to known NF-kB activators. 
Transgenic fibroblasts showed robust NF-kB mediated transcriptional responses 
whereas transgenic E16 cortical neurons showed lower levels of induced NF-kB 
activity. These validated transgenic reporter strains will provide a convenient means 
for analyzing NF-kB transcriptional activity in vivo. This work was supported by 
grants to PAB from the Medical Research Council of Canada and from the 
Neuroscience Network Centre of Excellence.

906.2

SUPPRESSION OF NF-k B ACTIVATION CONTRIBUTES 
TO THE PRO-APOPTOTIC ACTION OF PAR-4.
S. Camandola, S. M, Steiner* and M. P, Mattson. Sanders-Brown 
Research Center on Aging and Department of Biological Sciences, University of 
Kentucky, Lexington, USA. Department of Clinical and Biological Sciences, 
University of Torino, Orbassano, Italy.

Prostate apoptosis response 4 (Par-4) is a leucine zipper containing 
protein that sensitizes cells to apoptosis. We previously showed that 
Par-4 is expressed in the nervous system, is a key mediator of 
neuronal death in physiological and injury settings, and may play a role 
in human neurodegenerative disorders {Nature Med. 4:951 -967 (1998)).
The mechanism by which Par-4 acts is not known. Activation of 
nuclear factor k B (NF-k B) can prevent neuronal apoptosis (Int. Rev. 
Neurobiol. 42.103-168(1998)). We therefore examined the relationship 
between Par-4 and NF-k B in cells undergoing apoptosis. In PC 12 
cells deprived of trophic support, overexpression of full-length Par-4 
resulted in a decrease in levels of NF-k B DNA-binding activity, while 
overexpression of the Par-4 leucine zipper domain restored NF-k B 
activity and prevented apoptosis. Our data suggest that the pro- 
apoptotic action of Par-4 involves suppression of NF-k B activation via 
interaction of Par-4 with an unkown partner protein. Studies are under 
way to determine whether NF-k B is a direct or indirect target of Par- 
4, and the significance of modulation of NF-k B in the proposed model 
of Par-4's pro-apoptotic function. Supported by the NIA.
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906.3

DNA-PK DEFICIENCY AFFECTS DEVELOPMENTALLY 
REGULATED CELL DEATH IN THE CEREBRAL CORTEX AND 
NEURONAL VULNERABILITY TO APOPTOTIC STIMULI. 
M.Chechlacz*, M.C. Vemuri, J.R. Naegele. Dept. of Biology, 
Wesleyan University, Middletown, CT 06459.

Scid mice have a point mutation in the catalytic subunit of DNA dependent 
protein kinase (DNA-PK), resulting in a loss in DNA-PK activity. This 
serine/threonine protein kinase is activated by DNA double strand breaks and 
serves an important role in DNA repair. DNA-PK has also been hypothesized to 
play a direct role in regulating apoptosis, but this has never been directly tested in 
the CNS. Here, we utilized scid mice as a model system to study the involvement 
of DNA-PK in regulating cell death and to test whether DNA-PK deficiency is 
linked to higher incidence of neuronal apoptosis in the cerebral cortex.
DNA-PK activity in the normal CB.17 mouse cortex increased to adult levels 
between 1 week and 2 months. In contrast scid mice had only one-third of the 
normal levels. Immunostaining for DNA-PK showed neuronal labeling throughout 
the brain in both scid and normal mice. Using TUNEL assays we found 
comparable percentages of apoptotic cells in the developing cortex of scid and 
control mice at postnatal day 7 (PND7). However, the percentages were 
significantly higher in scid mouse embryos and at PND1. Based on these 
observations, we suggest that DNA-PK is an anti-apoptotic factor. To test this, 
primary cortical neuronal cultures from PNDO scid and normal mice were treated 
with 1 pM staurosporine. The induction of apoptosis was identified by detection 
of chromatin condensation using Hoechst staining, as well as intemucleosomal 
DNA fragmentation. We found scid neurons to be more vulnerable to this form cf 
apoptotic stimuli. These results, in combination with a previous study (Gusky et. 
al, Soc. Neurosci. Abst. 1998) in which we showed retarded growth of the cerebral 
cortex in scid vs. normal mice, suggest a link between DNA-PK and neuronal 
survival in the developing CNS. Supported by NSF IBN-9600974.

906.4

LEVEL OF TRANSCRIPTIONAL REPRESSOR PROTEIN 
mSin3A IS UPREGULATED DURING NEURONAL APOPTOSIS
P. Korhonen*, S. Kyrylenko, T. Tapiola, T. Suuronen and A, Salminen.
Department of Neuroscience and Neurology, University of Kuopio, P.O. Box 
1627, FIN-70211 Kuopio, Finland.

mSin3 proteins have an important role in transcriptional repression 
mediated by histone deacetylation. They act as adaptor molecules 
binding both transcription factors and histone deacetylases. Our purpose 
was to find out whether apoptosis affects the expression levels of mSin3 
mRNA and protein. Mouse neuroblastoma 2a cells were cultured and 
apoptosis was induced by serum withdrawal or by treatment with okadaic 
acid, etoposide or trichostatin A. Northern blot, western blot and 
immunoprecipitation assays were used to detect changes in mRNA and 
protein levels and synthesis rate of mSin3A and B proteins. Our results 
showed that all apoptotic models induced a prominent upregulation of 
mSin3A protein level, but did not affect the level of mSin3B protein. 
Metabolic labeling and immunoprecipitation of mSin3A showed a 
marked increase in the synthesis of mSin3A protein. However, northern 
blot studies did not show any prominent changes in mRNA levels of 
mSin3A and mSin3B. These results suggest that the expression of 
mSin3A proteins may provide a regulation mechanism to enhance 
transcriptional repression or silencing of genes during neuronal 
degeneration. (Supported by the Academy of Finland)

906.5

ANTI-APOPTOTIC FUNCTION OF TELOMERASE IN 
NEURAL CELLS. W. Fu. M, W. Killen. T, C, Vanaman* and 
M. P, Mattson. Sanders-Brown Research Center on Aging, and Depts. of 
Anatomy & Neurobiology and Biochemistry, Univ. of Kentucky, Lexington, KY 
40536.

Telomerase, a protein-RNA enzyme complex that adds a six base DNA sequence 
(TTAGGG) to the ends of chromosomes, is associated with cell transformation 
and immortalization. Many cancers are associated with reduced apoptosis, while 
cell differentiation and senescence are often associated with increased apoptosis. 
We recently reported that: levels of telomerase activity decrease during NGF- 
induced differentiation of PC 12 cells; that decreased telomerase activity is 
associated with increased vulnerability to apoptosis induced by staurosporine and 
oxidative stress; and that telomerase inhibitors increase vulnerability of PC 12 cells 
to apoptosis (J. Biol. Chem. 274:7264-7271 (1999)). We now provide evidence 
that telomerase interrupts the apoptotic cascade in PCD cells at a step(s) prior to 
mitochondrial dysfunction and caspase activation. Overexpression of Bcl-2 and the 
caspase inhibitor zVAD-fmk protected PCD cells against apoptosis in the presence 
of telomerase inhibitors. We are currently testing the hypothesis that telomerase 
plays a role in suppressing DNA damage, or apoptotic signals resulting from DNA 
damage. In related studies we have begun to examine the effects of overexpression 
of the catalytic subunit of human telomerase (hTERT) on vulnerability of PCD 
cells and primary hippocampal neurons to apoptosis. Prelimary data suggest that 
overexpression of hTERT increases the resistance of neurons to apoptosis induced 
by oxidative insults and trophic factor withdrawal. Our data establish a role for 
telomerase in suppressing apoptotic signaling cascades. These findings suggest a 
mechanism whereby telomerase can suppress cellular senescence and promote 
tumor formation, and also suggest induction of telomerase activity as a novel 
approach for preventing neuronal apoptosis. Supported by the NIA.

906.6

BAX - DEPENDENT CASPASE-3 ACTIVATION IS A KEY
DETERMINANT IN P53 INDUCED APOPTOSIS. S P. Cregan \
J. MacLaurin G.S. Robertson 2, D.W. Nicholson 2r C.G, Craig 3*. D.S.
Park *, and R.S. Slack '. ’Neuroscience Research Institute and Dept. of 
Cellular and Molecular Medicine, Univ. of Ottawa; Ottawa ON, K1H 8M5; 
2Merck Frosst; Kirkland, Quebec, H9H 3L1; 3Apoptogen Inc; Ottawa ON, 
K1H 8L1 Canada.

p53 is a pivitol molecule regulating the death of neurons both following 
acute injury and during development. The molecular mechanisms by which 
p53 induces apoptosis in neuronal cells, however, are not well understood.
We have previously shown that adenovirus mediated p53 gene delivery to 
neurons was sufficient to induce apoptosis. In the present study we have 
examined the molecular mechanism by which p53 evokes neuronal cell death. 
Adenovirus mediated delivery of p53 to cerebellar granule neurons resulted in 
an increased caspases 3-like activity and cleavage of the CPP32 proenzyme. 
This is followed by a loss of viability as determined by an MTT survival 
assay and TUNEL staining. To determine if Bax is essential for caspase 3 
activation, p53 was expressed in Bax deficient cells. Bax null neurons did not 
exhibit caspase 3 activation in response to p53 ans were protected from 
apoptosis. To determine if bax-dependent caspase 3 activation was involved 
in p5 3-mediated neuronal cell death, caspase 3 deficient neurons were 
examined. Our results indicated that caspase 3 deficient neurons exhibit a 
remarkable delay in apoptosis and a dramatic decrease in TUNEL positive 
cells. These studies demonstrate that p53-induced cell death in postmitotic 
neurons directly involves a Bax-dependent caspase 3 activation, suggesting 
that these molecules are important determinants in neuronal cell death after 
injury.

This work was supported by Medical Research Council of Canada, Heart 
and Stroke Foundation.

906.7

P-ESTRADIOL MODULATES COLCHICINE- INDUCED GRANULE CELL 
APOPTOSIS IN RAT DENTATE GYRUS. Z-P, Liu1. A.E. Stocks! A.L.Truelove1. 
S.H. Bora1, P.R, Mouton1, and V, E. Koliatsos1,2,3,4*, ’Department of Pathology 
(Division of Neuropathology), 2Neurology, ’Neuroscience, and 4Psychiatry and the 
Behavioral Sciences, The Johns Hopkins Medical Institutions, Baltimore, MD 
21205.

Estrogens show neuroprotective effects in human diseases and animal models. In 
the present study, we investigated the effects of P-estradiol on a model of apoptosis 
of granule cells of the dentate gyrus (GrDG) induced by colchicine (C) injections 
into the anterior horn of the lateral ventricle (LV) in female Sprague-Dawley rats. 
Apoptosis was characterized with multipel methods, including TUNEL and DNA 
electrophoresis. Approximately two days after colchicine injection, there was 
condensation of the GrDG cell nuclei, nucleosomal fragmentation of the DNA and 
extensive anterograde degeneration of mossy fibers/terminals; transsynaptic 
degeneration of CA3 pyramids was also observed. We compared the outcomes of 
the above manipulation in ovariectomized (O) or sham- operated (S) rats and 
animals treated daily with P-estradiol (E) or vehicle (V). Animals were lesioned 
with C or vehicle (V’) one week after ovariectomy or sham operation. E or V was 
administered for one week prior to lesion and was continued for two more weeks. 
Total numbers of GrDG in different animal groups (OW, OVC, OEC, SEC, SVC, 
N=3-5 for each group) were counted by stereology. C induces prominent loss of 
GrDG (based on comparison of OVV’ with OVC). Ovariectomy exacerbates 
colchicine-induced GrDG apoptosis (comparison of OVC with SVC). E ameliorates 
GrDG apoptosis in O animals (comparison of OVC with OEC). These results 
indicate that ovariectomy increases the vulnerability of GrDG to colchicine toxicity 
and that exogenous estrogens attenuate colchicine toxicity We are presently 
analyzing the effects of E on C-treated animals with intact ovaries. Supported by 
Grants from NIH (NS 10580) and the American Health Assistance Foundation.

906.8

GLUCOCORTICOID REGULATION OF APOPTOTIC MOLECULES.
C. Crochemore1, T. Michaelidis1, D. Fischer1, J-Ph. Loeffler2, O.F.X. Almeida1*
'Max Planck Institute of Psychiatry, Munich, Germany; 2IPCB, Universite Louis 
Pasteur, Strasbourg, France

We previously described apoptosis in the dentate gyrus following treatment with 
glucocorticoids such as dexamethasone (DEX). Those in vivo studies, carried out in 
male rats, revealed that DEX induces apoptosis by altering the ratio between Bcl-2 and 
Bc 1-Xl  (anti-apoptotic molecules) and Bax (a pro-apoptotic molecule). In an 
extension of that work, we treated male wild-type (wt) and -/- bax knockout mice with 
DEX and assessed the incidence of apoptosis by TUNEL staining. In contrast to the wt 
mice which showed significant levels of apoptosis in the dentate gyrus, the -/- bax 
mice did not show increased apoptosis. This result indicates the essential role of Bax 
in mediating the death-inducing effects of DEX. However, no bax transcriptional 
activity of DEX was observed when a hippocampal cell line (HT-22, which expresses 
functional glucocorticoid receptors) was transfected with a feax-reporter gene, 
suggesting the intermediation by another molecule. Since p53 is a known 
transcriptional activator of bax and repressor of bcl-2, we focused our attention on this 
molecule. When HT-22 cells were co-transfected with a p53 expression vector and a 
forx-reporter gene, and treated with DEX, a significant induction of the expression of 
the frax-reporter gene was observed. This effect of DEX was abolished in the presence 
of the glucocorticoid receptor antagonist RU38486. In another set of studies we found 
that DEX treatment leads to an increase in the amount of phosphorylated (activated) 
p53. Although overexpression of p53 resulted in an inhibition of bcl-2 transcription, 
treatment with DEX did not interfere with the repression of the latter gene. These 
results demonstrate that DEX induces apoptosis primarily by activating p53 which 
leads to bax transcription, by increasing bax expression, secondary to its activation of 
p53. The role of Bcl-2 in glucocorticoid-induced apoptosis in this in vitro neuronal 
model appears to be a minor one.
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906.9
NUCLEASE ACTIVITY RESPONSIBLE FOR THE FORMATION OF 
HMW-DNA FRAGMENTS IS DISTINCT FROM THE DNA LADDER- 
PRODUCING ACTIVITY AND IS CONTROLLED BY BOTH CASPASE- 
DEPENDENT AND INDEPENDENT MECHANISMS IN NB-2A 
NEUROBLASTOMA CELLS. Z. Bezvenyuk*, A. Salminen , and V. Solovyan 
Dept. of Neuroscience and Neurology, University of Kuopio, Finland.

Recently we showed that apoptosis in NB-2a cells induced by etoposide was 
accompanied by the formation of HMW-DNA fragments without development of 
oligonucleosomal DNA ladder, while apoptosis induced by serum deprivation was 
associated with the internucleosomal DNA fragmentation. Cell free system 
experiments revealed that cytosolic extract prepared from etoposide-treated cells 
was able to induce only the HMW-DNA fragmentation after incubation with 
substrate nuclei, whereas cytosol prepared from serum-deprived cells contained both 
HMW- and DNA ladder producing activities, which operated independently from 
each other. We further showed that nuclease activity responsible for the formation 
of oligonucleosomal DNA ladder was progressively induced during apoptosis 
induced by serum deprivation, while nuclease that produces HMW-DNA fragments 
was constitutively present in nonapoptotic nuclei and remained to be functionally 
active in nuclear scaffold preparations. Caspase-3 was critically involved in the 
induction of both HMW- and DNA ladder-producing activities in a cell free 
apoptotic system, however, HMW-DNA fragmentation activity was also induced by 
proteinase-K dependent proteolysis in the absence of caspase-3 activation and also 
by staurosporine, an inhibitor of protein kinase C.

The results suggest that internucleosomal and HMW-DNA cleavage represent two 
separate programmes of apoptotic DNA fragmentation, and caspase-dependent 
pathway may be redundant in the activation of apoptotic DNA disintegration, at 
least into HMW-DNA fragments. (The study was supported by the Academy of 
Finland.)

906.10

OVEREXPRESSION OF GLYCERALDEHYDE-3-PHOSPHATE 
DEHYDROGENASE (GAPDH) INDUCES APOPTOSIS: 
CHARACTERIZATION OF A MONOCLONAL ANTIBODY RAISED 
AGAINST THIS GAPDH. R. Ishitani.1 H. Tajima.2 K. Kondo.2 M. 
Yamada.2 K, Tsuchiya.1 K. Shimoda.3 and N, Katsube2*. 1Group on 
Cellular Neurobiology, Josai Univ., Saitama 350-0248; 2Minase 
Research Inst., Ono Pharmaceutical Co., Ltd., Osaka 618-8585; 
National NishiTottori Hosp., Tottori 689-0203, Japan.

We have recently reported that apoptosis of cerebellar and 
cerebrocortical neurons resulting from several insults is strikingly 
associated with overexpression of a particulate-bound GAPDH. 
Previously, we prepared a mouse mAb against the overexpressed 
GAPDH and demonstrated that this protein is mainly localized in the 
nuclear compartment during apoptosis. In the present study, we 
systematically investigated the specificity of this mAb versus a 
commercially available anti-rabbit muscle GAPDH mAb. Conforcal- 
immunocytochemical studies in several apoptotic model systems 
revealed that the mAb directed against this overexpressed protein 
clearly recognized the nuclear translocation of GAPDH occurring prior 
to the death process, while muscle GAPDH mAb did not respond to 
the nuclear staining. Moreover, Western blot analyses indicated that 
an antibody developed in our laboratory may discriminate the steric 
conformation of GAPDH, namely, the monomeric, dimeric and/or 
tetrameric form. These observations raise an intriguing possibility of 
the mAb presented here as a significant probe for studying the 
implication of apoptotic events in neurodegenerative disorders.

906.11

OVEREXPRESSION OF GLYCERALDEHYDE-3-PHOSPHATE 
DEHYDROGENASE (GAPDH) INDUCES APOPTOSIS: 
GENERATION OF INCLUSION BODIES BY GAPDH-GFP FUSION 
PROTEIN. H, Tajima.1 K, Tsuchiva,2 M, Yamada.1 H. Takata.1 N.
Katsube.__ and__ EL__ Ishitani2*. 1Minase Research Inst., Ono
Pharmaceutical Co., Ltd., Osaka 618-8585; 2Group on Cellular 
Neurobiology, Josai Univ., Saitama 350-0248, Japan.

We previously reported that overexpression of GAPDH induces 
apoptosis in the COS-7 cells transfected with cloned GAPDH cDNA, 
and that nuclear translocation of overexpressed GAPDH is a primary 
apoptotic event. The present study investigated the death 
mechanisms of overexpressed GAPDH in the apoptotic pathway by 
using chimaeric GAPDH-green fluorescent protein (GFP) fusion 
proteins. The cDNA for GAPDH was cloned from rat cerebellar 
granule cells. COS-7 cells were transiently transfected with 
truncated and full-length GAPDH-GFP fusion constructs. 
Assessment of apoptotic death in this paradigm was performed with 
counting the Hoechst dye stained cells and/or measuring the amounts 
of fragmented DNA. Confocal laser microscopy was used to detect 
diverse aggregates in the transfected cells. These constructs 
aggregated within the cytoplasm (i.e. cytoplasmic inclusions) and/or 
the nucleus (i.e. nuclear inclusions) in a time- and dose-dependent 
manner. Furthermore, aggregation and cytotoxicity were correlated 
with a length of GAPDH cDNA. Our findings suggest that inclusion 
formation of overexpressed GAPDH is associated with apoptotic 
death pathway.

906.12

STAUROSPORINE INCREASES EXPRESSION OF MINERALOCORTICOID 
RECEPTORS IN PRIMARY CORTICAL CULTURE M.R. Macleod*, M. Lai, 
and J.R. Seckl. Dept. of Molecular Endocrinology, Molecular Medicine Centre, 
University of Edinburgh, Edinburgh, Scotland, UK EH4 2XU.

Neuronal apoptosis is believed to contribute to pathophysiology in many 
disease processes including Alzheimer’s disease and stroke. In rats, 
adrenalectomy is followed by apoptosis of cells in the hippocampal dentate gyrus, 
an effect inhibited by the mineralocorticoid receptor (MR) agonist aldosterone. 
Furthermore, in rat hippocampus MR blockade decreases basal expression of bcl2 
and inhibits kainic acid- induced increased p53 expression.

In untreated rat primary cortical culture we observed co-localisation of MR 
immunoreactivity with spontaneous apoptotic nuclear morphology determined by 
Hoescht 33258 staining. We therefore examined whether sub-lethal exposure to 
the apoptosis- inducing agent staurosporine led to changes in the expression of 
MR. Cells at 14 days in vitro were exposed to staurosporine and cell viability 
(MTS assay), caspase activity (DEVD-pNA cleavage) and MR mRNA 
(competitive rtPCR) were determined. Staurosporine caused a concentration- 
dependent cell death with an EC50 of 30nM. lOnM staurosporine caused an 
increase in DEVD-pNA cleavage activity which reached maximum at 4 hours. 
Competitive rtPCR demonstrated increased abundance of MR mRNA in response 
to lOnM staurosporine, and this reached maximum at one hour. These findings 
demonstrate that exposure to a sub-lethal concentration of staurosporine sufficient 
to cause activation of caspase- like cleavage activity results in increased 
expression of MR. If these changes represent a more general response to 
moderate neuronal injury, manipulation of MR and glucocorticoid receptor 
signaling may be of therapeutic benefit, in particular in regions of intermediate 
injury, such at the ischaemic penumbra in stroke/asphyxia.

MRM is a British Brain and Spine Foundation Research Fellow

906.13

STAUROSPORINE-INDUCED APOPTOSIS: A COMPARATIVE STUDY IN 
ASTROCYTE AND MIXED NEURONAL CULTURES FROM RAT 
NEOCORTEX. N.Yu*, K.Lariosa, E.M.Santori, G.Magnuson and T.S.Rao. 
Neurodegeneration Laboratory, SIBIA Neurosciences Inc. La Jolla, CA 92037.

Staurosporine (STS), a nonselective protein kinase inhibitor, has been 
shown to induce apoptosis in neocortical mixed neuronal cultures (MNC) 
from mouse (Exp. Neurol. 135,153-159,1995). In this study, we characterized 
the STS-induced injury to astrocyte cultures (ASTRO) and MNC from rat 
neocortex using three indices of injury: caspase-3-like activity (Caspase-3-L), 
DNA fragmentation and lactate dehydrogenase (LDH) release. In ASTRO, 
STS (lpM) increased Caspase-3-L, DNA fragmentation and LDH release over 
a 24 hr period in a concentration-dependent manner with ECso of 30-50nM. 
STS increased all three indices in a time-dependent manner; Caspase-3-L and 
DNA fragmentation increased as early as 3 hours, peaked at 5 hours and 
remained at this level for up to 30 hr. LDH release did not become significant 
until 18 hr. N-Benzylocarbonyl-Val-Ala-Asp-fluoromethyl-ketone (Z-VAD- 
FMK; lOOgM), completely blocked Caspase-3-L and DNA fragmentation and 
partially attenuated LDH release. Cycloheximide (CHX), potentiated the 
LDH release suggesting that ASTRO are vulnerable to STS when the protein 
synthesis was blocked. In MNC, STS increased all three injury indices with a 
similar time-course. The ECso is 10-20nM. Z-VAD-FMK completely blocked 
Caspase-3-L and partially blocked the LDH release. CHX only partially 
attenuated both Caspase-3-L and LDH release induced by STS. Our results in 
the STS injury model indicate that: (1) apoptotic events (Caspase-3-L and 
DNA fragmentation) precede the abrogation of the membrane integrity of 
the astrocytes; (2) MNC are relatively more sensitive to STS than ASTRO; 
and (3) ASTRO and MNC show a differential sensitivity to protein synthesis 
inhibition.

906.14

CHLOROQUINE-INDUCED AUTOPHAGIC NEURONAL CELL DEATH AND 
ITS RELATIONSHIP TO CASPASE-DEPENDENT NEURONAL 
APOPTOSIS. A.U. Zaidi* and K.A. Roth. Division of Neuropathology, 
Washington University School of Medicine, St. Louis, MO, 63110.

Although cell death is frequently classified as either apoptotic or necrotic, 
an emerging literature describes a third type; autophagic cell death, 
involving lysosomal activation. Autophagic neuron death occurs during 
cortical neuron development, in hippocampal neurons following transient 
brain ischemia and in substantia nigra neurons in Parkinson's disease. 
Several autophagy-associated proteins have recently been linked to 
apoptosis. Thus, autophagy may be responsible for cell death in a variety of 
neuropathological conditions and may occur in combination with apoptotic 
cell death. In this study, we used chloroquine, a lysosomotropic agent 
known to cause a pronounced elevation of intralysosomal pH thereby 
inactivating acidic lysosomal proteases, to examine its death-inducing 
effects on matured E13/14 telencephalic neurons in vitro and determine if it 
is associated with caspase 3 activation. Chloroquine (5-500 pM) incubation 
induced neuronal cell death in a dose-dependent manner at 24 and 48 
hours post-addition. Chloroquine-induced cell death was accompanied by 
significant caspase 3 activation at 48 hours, as assessed by in situ 
immunodetection of activated caspase 3. Co-incubation of neurons with 
chloroquine and BAF, a broad range caspase inhibitor, prevented 
chloroquine-induced caspase 3 activation and inhibited its death promoting 
activity. These results suggest that chloroquine-induced neuronal death has 
a caspase-dependent component.
Supported by NIH grants NS35107 and NS35484.

Society  for  Neuroscience , Volume  25, 1999



THURSDAY AM NEURONAL DEATH: OTHER 2275

906.15
ENHANCEMENT OF NEURONAL TOXICITY BY EXOGENOUS HIV-1 tat IN 
MIXED ASTROCYTE/NEURONAL CULTURES. H-N. Hao?R.A. Thomas . N. 
Abdel-Haq , J. Zhao, G.A. Lotoczkv, W.E. Grever and W.D. Lyman. Department of 
Pediatrics, Wayne State University School of Medicine and the Children’s Research 
Center of Michigan. Detroit, Ml 48201.

More than 15% of AIDS patients suffer from AIDS dementia complex (ADC), 
which is one of the most prevalent neurological complications of HIV-1 infection. 
Although neuronal HIV infection has been detected by HIV in situ PCR, non-
productive and productive HIV infection in the CNS mainly occurs in astrocytes and 
microglia. To account for the discrepancy between the small number of neurons 
that are infected and the widespread neuropathology, a mechanism of neurotoxicity 
has been proposed that involves soluble neurotoxic factors secreted by HIV 
infected cells, which impact on neurons. One of the soluble factors, viral protein tat 
has been shown to induce neuronal death in cultures. HIV infects astrocytes, non- 
structural fat is commonly found in infected astrocytes. In addition, both infected 
astrocytes and microglia cells can secrete faf. Therefore, astrocyte HIV infection 
may play a role in the neuropathologenesis of ADC. Here we investigated the 
effect of exogenous HIV faf protein on the astrocytes and neurons. Primary 
cultures of highly purified fetal human astrocytes, neurons, or a mixture of both 
cells were incubated with recombinant tat for various times and analyzed for the 
neuronal toxicity by MTT assay and TUNEL in situ. The levels of nitric oxide 
synthases (NOS) and cytokines were determined by RT-PCR, western blotting and 
ELISA. Data showed that tat induces neuronal death but not astrocyte death in 
purified cultures. In fact, more neuronal death was detected in the mixed cultures 
than in purified neuronal cultures. The data also showed that the concentrations of 
extracellular and intracellular cytokines from astrocytes were increased and the 
levels of NOS expression in neurons and astrocytes were upregulated after 
cultures were treated with faf. These results suggest that exogenous faf can 
induce neurotoxicity both directly and indirectly. Infected and uninfected astrocytes 
may be important for production of viral proteins and/or inflammatory cytokines that 
cause HIV encephalopathy.

906.16
EFFECTS OF CHRONIC ALCOHOL CONSUMPTION AND WITHDRAWAL 
ON AVP- AND CRH-IMMUNORE ACTIVE NEURONS OF THE 
HYPOTHALAMIC PARAVENTRICULAR NUCLEUS. S.M. Silva, M.M. Paula- 
Barbosa and M.D. Madeira*. Department of Anatomy, Porto Medical School, Porto 
4205-195, Portugal

Exposure to ethanol leads to changes in the activity of hypothalamic peptidergic 
neurons. However, the variations observed in the synthesis and expression of the 
peptides very much depend on the duration of the administration. Most of the 
studies carried out in the paraventricular nucleus (PVN) of the rat were focused on 
the effects resulting from acute and short-tem exposures. Thus, we have examined 
the PVN of 14-month-oId male rats that were treated as follows: (1) Ethanol-treated 
(ET) - animals were given an aqueous ethanol solution (20% v/v) for 12 months, 
starting at 2 months of age; (2) Withdrawn rats (W) - animals were ethanol-treated, 
as described, for 6 months and then switched for lap water for an additional 6 
months; (3) Age-matched controls (C). An injection of colchicine was performed, 
under anaesthesia, 48 hours before killing. After perfusion, serial 50 gm-thick 
Vibratome sections were obtained in the coronal plane. Alternate sections were 
immunostained for AVP and tlie remaining sections for CRH. The total number and 
the mean somatic volume of AVP and CRH neurons were estimated using the 
optical fractionator and the optical rotator, respectively. We found that the total 
number of AVP neurons was similar in ET. W and C rats. However, their somatic 
volume was greater in ET than in C and W, particularly in the neurons belonging to 
the magnocellular component. The total number of CRH neurons was reduced in 
ET. No differences were delected in the number of neurons between C and W. No 
significant variations were found in the somatic volume among all groups. The 
increase in the size of AVP neurons is probably related with alcohol-induced 
osmotic changes and the decrease in the number of CRH neurons probably derives 
from a depression in peptide synthesis as these changes are reversible.
This work w as supported by FCT - Unidade 121/94.

906.17

GERANYLGERANYL-PYOPHOSPHATE (GGPP), AN ISOPRENOID OF 
MEVALONATE CASCADE, IS A CRITICAL COMPOUND FOR NEURONS 
TO PROTECT APOPTOSIS FROM HMG-COA REDUCTASE INHIBITION.
I.Tatsuno, T.Tanaka, D.Uchida*, S.Nakamura. Y.Noguchi, Y.Tamura-^, A.Hirai^l 

and Y.Saito. Second Dept. of Med., Chiba Univ. School of Med.; U Hiratsuka 

Kyouundo Hospital, Kanagawa; ^)Tougane Prefectural Hospital, Chiba, Japan.

We investigated the role of the intrinsic mevalonate cascade in the neuronal cell 
death induced by the inhibition of HMG-CoA reductase (HMG-CoA reductase 
inhibitor-induced neuronal cell death, H-NCD) in rat primary cortical neurons 
cultured from brains of 17-day-old fetal SD rats. The mRNA expression of HMG- 
CoA reductase was detected at the day 0 of the culture and increasing in a time- 
dependent manner with the maturation of the neurons during the following 12 days. 
Lovastain, simvastatin and pravastatin (HMG-CoA reductase inhibitors) induced the 
neuronal cell death in the time- and dose-dependent manners. The apoptotic 
characteristics were revealed in the formation of the DNA ladder and by the 
electronmicroscopical observation in H-NCD. During the progression of H-NCD, 
p53 was inducted followed by the expression of Bax. Although the mevalonate 
completely protected the neurons from the inhibition of HMG-CoA reductase, the 
cholesterol did not. Thus, we examined two major metabolites of mevalonate, 
geranylgeranyl-pyrophosphate (GGPP) and famesyl-pyrophosphate (FPP), using a 
novel liposome system for uptake into the cells. GGPP. not FPP, prohibited the 
neurons from H-NCD with the inhibition of induction of p53 and Bax. GGPP 
concomitantly restored the blockage by HMG-CoA reductase inhibitor in the 
translocation of Rho small GTPase families to membrane. These data indicated that 
1) the inhibition of the intrinsic mevalonate cascade induces the apoptotic neuronal 
cell death with the induction of p53 followed by that of Bax, and that 2) GGPP is 
one of the essential metabolites in mevalonate cascade to protect the neurons from 
the inhibition of HMG-CoA reductase probably through the protein prenylation.

NEUROTROPHIC FACTORS: RECEPTORS AND CELLULAR MECHANISMS VIII

907.1

NEURITE OUTGROWTH AND SYNAPSE FORMATION INDUCED BY 
EXTRINSIC TROPHIC FACTORS ARE DIFFERENTIALLY REGULATED BY 
RECEPTOR TYROSINE KINASES
D. Munno1, N. Syed 2, P.S. Dickinson '*. 'Dept. of Biol., Bowdoin College, Brunswick, 
ME 04011; 2Dept of Anat.and Physio., University of Calgary, AB, Canada, T2N 4N1

The cellular and molecular mechanisms underlying nervous system development, 
survival, and differentiation are unclear. Neurite outgrowth and synaptogenesis are 
contingent upon the availability of extrinsic trophic factors whose identity and receptors 
are largely unknown. This has made it difficult to investigate whether neurite outgrowth 
and synaptogenesis are dependent on the same trophic factors or receptors. To examine 
this issue directly, we cultured identified Lymnaea neurons individually and with the 
somata juxtaposed in the presence of brain conditioned media (CM) and Aplysia 
hemolymph substrate adhesion molecules (ApHM). When neurons of the pedal A cluster 
were cultured individually, neurite outgrowth occurred in both CM (84%, n = 91) and 
ApHM (86%, n = 55). The identified neurons LPeDl and VD4 formed appropriate 
excitatory synapses in he presence of CM (n = 10). In contrast, LPeDl-VD4 pairs failed 
to form appropriate excitatory synapses in the presence of ApHM (n = 9). Instead, 
inappropriate inhibitory synapses formed in all cases. To test whether neurite outgrowth 
and synaptogenesis, both inappropriate and appropriate, were dependent on the same 
receptors, the cells were cultured in the presence of Lavendustin A (a receptor tyrosine 
kinase blocker). Lavendustin A treatment significantly blocked neurite outgrowth (p < 
0.0001, n = 58) in the presence of ApHM, and blocked or reduced the amplitude of 
excitatory post-synaptic potentials in CM (n = 14), but did not affect inhibitory post-
synaptic responses in the presence of ApHM (n = 6). Our data thus provide direct 
evidence that neurite outgrowth and synaptogenesis in this system require different 
extrinsic trophic factors and that different receptors are involved in appropriate and 
inappropriate synaptogenesis.

Supported by NSF,NSERC Canada, Surdna Foundation

907.2

IDENTIFICATION AND CHARACTERIZATION OF CM-DERIVED 
TROPHIC FACTOR(S) MEDIATING EXCITATORY SYNAPTOGENESIS 
BETWEEN SOMA-SOMA PAIRED LYMNAEA NEURONS. M.A. 
Woodin’*. S.D. Painter2. K, Lukowiak1. G.T. Nagle2, and N.L Sved1
'Respiratory and Neuroscience Research Groups, Faculty of Medicine, 
University of Calgary, Calgary, Alberta, T2N 4N1, Canada; 2 Marine 
Biomedical Institute and Dept. of Anatomy & Neuroscience, Univ. of Texas 
Med. Branch, Galveston, TX 77555

Our laboratory has previously shown that brain conditioned medium (CM) is 
required for the development of excitatory but not inhibitory synaptic 
connections between soma-soma paired Lymnaea neurons. Moreover, in the 
absence of CM-derived trophic molecules, neurons establish inappropriate 
inhibitory synaptic connections. However, the precise identity of these 
molecule(s) underlying excitatory synaptogenesis remain unknown. To identify 
the CM-derived trophic factor(s) required for excitatory synaptogenesis, CM 
was fractionated and different fractions were tested for their ability to promote 
excitatory synapse formation. Specifically, CM fractions were pre-purified on 
C18 Sep-pak cartridges, eluted with 45% acetonitrile and lyophilized. The 
eluate was fractionated by C18 RP-HPLC using a linear gradient of 
acetonitrile/0.1%HFBA. These were then pooled and tested for their ability to 
promote excitatory synaptogenesis. A fraction was identified which promoted 
excitatory synapse formation between soma-soma paired neurons VD4 and 
LPeDl. These synapses were indistinguishable from those seen in vivo or in 
CM. Moreover, cell-cell pairing in the presence of this factor also prevented 
the formation of inappropriate inhibitory synapses between these cells. Further 
identification and characterization of CM-derived trophic factors will provide 
greater insights into the molecular mechanisms that regulate excitatory synapse 
formation in the nervous system.

Supported by MRC/AHFMR; NSF (GIN).
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907.3

TYROSINE PHOSPHORYLATION IN LYMNAEA NEURONS: ROLE 
IN NEURITE OUTGROWTH Larouche, M» and Bulloch, AGM. 
Neuroscience Research Group, University of Calgary, HSC, Canada

This is part of a series of studies in which we are examining the role of 
tyrosine kinases in neurite outgrowth. For example in adjacent posters we 
describe the cloning and expression of Epidermal Growth Factor in Lymnaea, 
(Hermann et al.) and evidence for multiple neurotrophin Tik receptors in 
Lymnaea (Melvin et al). At last year's meeting we presented evidence that 
activation of tyrosine kinases are required for initiation and maintenance of 
outgrowth from Parietal A motoneurons from Lymnaea in vitro. This data was 
based on the use of pharmacological manipulations, e.g., the use of tyrosine 
kinase inhibitors such as K252a and lavendustin. Such evidence is by its very 
nature circumstantial and so recently we have sought to obtain more direct 
evidence of the existence, distribution and activation of tyrosine kinase 
receptors in these neurons. To this end we initiated a immmunochemical study 
using a monoclonal antibody directed against phospho-tyrosine residues. 
Neurons were plated in defined medium for 48 hours and then challenged with 
conditioned medium, a condition known to evoke neurite outgrowth. This 
approach revealed a reproducible pattern of immunoreactivity displayed in both 
very fine and somewhat more robust punctate patterns. Preliminary experiments 
suggest that short term challenges with conditioned medium (<60 minutes) 
downregulate tyrosine phosphorylation activity. Longer time course 
experiments are in progress. Supported by MRC (Canada).

907.4
INACTIVATION CHARACTERISTICS OF HVA CA2+ CURRENTS: ITS 
RELEVANCE IN THE EXPRESSION OF NEUROTROPHIC ACTIVITY OF 
GROWTH FACTORS AND EXTRACELLULAR MATRIX PROTEINS. 
Wildering, W.C.*, Hermann, P.M., and Bulloch, A.G.M. Dept. of Physiology and 
Biophysics, University of Calgary, Calgary, AB, Canada.

The formation of neuronal circuitry during development and regeneration of the 
nervous system requires extending neurites to detect, integrate and respond to a 
multitude of navigational cues in its environment. Although many details regarding 
the signal transduction pathways are unclear, it is generally accepted that 
intracellular free Ca2+ ([Ca2+]in) is one of the key players in this process. Our studies 
on the control of neurite outgrowth of molluscan motoneurons (RPA neurons) are 
intended to further the understanding of the role of [Ca2+]jn. In vitro, neurite 
outgrowth in these cells is modulated by a range of extracellular factors, including a 
number of soluble growth factors (e.g., L-EGF, CRNF, CM) and immobilized 
extracellular matrix factors (e.g., fibronectin). Moreover, neurite outgrowth depends 
extracellular Ca2+. RPA neurons express two types of high-voltage-activated (HVA) 
Ca2+ currents: a slowly inactivating dihydropyridine (DHP)-sensitive current (Isustained) 
and, a rapidly inactivating current which is reversibly inhibited by micromolar doses 
of co-Conotoxin-GVIA (I,ransient)- Both currents are acutely modulated by soluble 
growth factors and extracellular matrix (ECM) factors containing the Arg-Gly-Asp 
cell adhesion motif, suggesting a role of the HVA Ca2+ currents as a center of 
integration of electrical activity, growth factor- and ECM-signaling. Inactivation 
characteristics of the two currents differed dramatically. 1,™,,^, is subject to Ca2+- 
dependent inactivation, whereas inactivation of Isustained is mainly voltage-dependent. 
Moreover, 75% recovery from inactivation of Isustained was reached within less than 1 
ms, whereas required more than 20 ms to reach the same level. This suggests
that the contribution of the two currents to the control of neurite outgrowth may 
depend on the pattern of electrical activity of the regenerating neuron, a notion 
supported by differential effects of DHP’s and co-Conotoxin-GVIA on neurite 
outgrowth. Supported by AHFMR, HFSPO and MRC (Canada).

907.5

IMMUNOCHEMICAL EVIDENCE FOR THE EXISTENCE OF ADDITIONAL 
TRK RECEPTORS IN LYMNAEA. Melvin, N.R.* and Bulloch, A.G.M. 
Neuroscience Research Group, University of Calgary; 3330 Hospital Drive, NW, 
Calgary, AB T2N 4N1, Canada.

The neurotrophins are a family of related peptides that mediate many forms of 
neural plasticity. These roles are mediated primarily through the high-affinity 
neurotrophin receptors called Trks. Until recently, the neurotrophins and their 
associated Trk receptors had been thought to be present only in the nervous systems 
of vertebrates. However, we have recently cloned a Trk-like receptor (Ltrk) from the 
pond snail, Lymnaea stagnalis (van Kesteren et al., 1998). Ltrk is most closely 
related to mammalian TrkC, and is capable of binding TrkC's native ligand, NT-3. 
Since there is a family of mammalian Trks, and mammalian NGF has physiological 
actions in Lymnaea (Ridgway et al., 1991; Wildering et al., 1995), we hypothesized 
that there may be additional Ltrk family members. To this end, we reasoned that an 
antibody that recognizes all mammalian Trk isoforms may also recognize Trks from 
Lymnaea. This antibody, called anti-pan Trk, recognizes an epitope within the highly 
conserved C terminal region of all Trks. If this antibody recognized only Ltrk itself, 
then we would expect to see staining only in those areas known to express Ltrk in the 
adult brain, specifically, a pair of endocrine organs called the dorsal bodies, as well 
as the visceral yellow cells and a group of neurons in the right parietal ganglion. 
However, immunohistochemical staining with anti-pan Trk revealed that the pan Trk 
antigen distribution, although showing some spatial overlap with the expected 
expression of Ltrk, is much more ubiquitously expressed. Staining was seen 
throughout the brain, particularly within axons and terminals, suggesting that the pan 
Trk antigen may have a presynaptic localization. Some identified neuronal cell 
bodies appeared to be surrounded with these presynaptic fibres, which had a 
"basket"-like morphology. Preabsorption and primary antibody controls were clean. 
This pattern suggests that the adult Lymnaea brain may contain additional Trk 
receptors. Supported by AHFMR (NRM) and MRC Canada (AGMB).

907.6

LYMNAEA EPIDERMAL GROWTH FACTOR: ENHANCEMENT OF AXONAL 
REGENERATION. Hermann, P.M.*, Wildering, W.C. and Bulloch, A.G.M. Dept. of 
Physiology and Biophysics, University of Calgary, Calgary, AB, T2N 4N1 Canada.

Neuronal differentiation, survival and plasticity are influenced by polypeptide 
neurotrophic factors, such as epidermal growth factor (EGF). Growth factors bind to 
tyrosine kinase receptors and induce tyrosine phosphorylation upon binding. Recently 
a molluscan homologue of EGF was purified and cloned from the albumen gland of 
Lymnaea stagnalis (L-EGF). Transcription of L-EGF is up-regulated in adult CNS 
after injury, suggesting a role of L-EGF in regeneration (see abstract by Bulloch et al. 
1999). The involvement of EGF in nerve regeneration is, however, still unclear. In the 
present study we, therefore, investigated the effects of L-EGF and tyrosine 
phosphorylation on nerve regeneration. Isolated adult Lymnaea CNS were placed in 
organ culture after proximal crush of a nerve (right internal Parietal, RIP). The 
preparations were incubated in saline alone or with the addition of either L-EGF 
(lOOnM; purified by G.T. Nagle, Galveston) or a general tyrosine kinase inhibitor, 
K252a (lOOnM). Using retrograde staining with nickel lysine of the crushed RIP 
nerve, we examined the presence of neurons projecting regenerated axons into the 
distal segment of this nerve, e.g., the identified neurons RPeDl, VD2Z3, RPD1 and a 
group of motoneurons (RPA). None of these neurons showed staining immediately 
after the nerve crush, indicating complete transection of their axons. Organ culture of 
the CNS for an extended period (>7 days) without nerve crush did not affect the 
axonal projections of the neurons into the RIP nerve. Limited axonal regeneration was 
evident 2 days after nerve crush in saline alone. The number of labeled neurons was, 
however, significantly increased in the presence of L-EGF. The number of labeled 
neurons was significantly below control levels in the presence of K252a. Our data 
indicate that inhibition of tyrosine phosphorylation impairs axonal regeneration. 
Furthermore, our results indicate that axonal regeneration can be enhanced by EGF. 
Supported by HFSPO, MRC (Canada) and AHFMR.

907.7

LYMNAEA EPIDERMAL GROWTH FACTOR: REGULATION 
DURING CNS DEVELOPMENT AND INJURY. Bulloch. A.G.M.*. 
Tlermann, P.M.. 2van Kesteren. R.E.. ^ildering. W.C, 3Painter. S.D.f
2Smit A. B.. 2Geraerts. W.P.M. and 3Nagle. G.T, YNeurosci. Res. Group,
HSC. Univ. Calgary. Calgary. Canada: 2Inst. Ncuroscu Vrije , Univ.,
Amsterdam; 3Marine Biomed. Inst.. Univ. Texas Med. Br.. Galveston, TX.

At last year’s meeting we reported the purification of Epidermal Growth 
Factor from the albumen gland of Lymnaea stagnalis (L-EGF). We also 
showed that L-EGF can induce sprouting from a subset of Lymnaea 
neurons in vitro, i.e., it has neurotrophic properties in this phylum. We now 
describe the 43 amino acid sequence of L-EGF as determined by a 
combination of protease digestions, Edman microsequence analysis and 
mass spectrometry. Using L-EGF specific primers, we generated an L- 
EGF 3' -RACE product that was used as a probe to isolate a full-length 
clone from an albumen gland cDNA library. The cDNA predicts a 
precursor containing a signal peptide and a single copy of L-EGF. To test 
whether L-EGF acts as a neurotrophic factor in vivo, we examined its 
expression in both development and in the adult CNS. The transcript for 
L-EGF was detected by RT-PCR at high levels in the CNS of juvenile 
animals but was undetectable in the adult CNS. Further to injury by 
cutting all the nerve trunks, however, EGF mRNA was detectable in the 
CNS after 24 hours. A role for LEGF in regeneration is further 
supported by its ability to facilitate axonal regeneration (see abstract 
Hermann et ak 1999). Thus L-EGF has actions and expression patterns 
that qualify it as a neurotrophic factor. Supported by HFSPO, MRC 
(Canada), AHFMR, NSF and KNAW (The Netherlands).
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908.1
CHEMOKINES INHIBIT N-TYPE CALCIUM CURRENTS IN DRG 
NEURONS AND TRANSFECTED HER 293 CELLS. Seog Bae Oft*Takayuki 
Endoh, Arthur A Simen, Richard J Miller. Dept. Pharmacol, and Physiol. Sci. 
University of Chicago, Chicago, IL 60637.

Chemokines(chemotactic cytokines), initially characterized on the basis of their 
chemotactic effects, have been recently shown to regulate hippocampal synaptic 
transmission and neuronal survival, through the activation of their heterotrimeric G 
protein-coupled receptors. Human immunodeficiency virus(HIV-l) infection, which 
leads to neurological complications in AIDS patients, is mediated by binding 
between the HIV-1 coat protein gpl20, CD4 and a chemokine receptor. We 
investigated the effects of chemokines on voltage dependent calcium currents 
(VDCC, ICa) using the whole-cell patch clamp technique in cultured dorsal root 
ganglia(DRG) neurons, and HEK 293 cells stably expressing N-type calcium 
channels(GlAl cells) transfected with chemokine receptors. CCR5, CXCR4 and 
CX3CR were cloned from rat brain, and receptor expression in transfected cells was 
confirmed by Northern blotting. Chemokines(RANTES, MDC, SDF-la, 
fractalkinej inhibited ICa in subpopulations of DRG neurons. The population 
responding to MDC was largest, and ICa was depressed 5 - 15 %. In GIA 1 cells, 
RANTES(50nM), SDF-la(50nM) and fractalkine(10, lOOnM) inhibited /(a from 
CCR5, CXCR4 and CX3CR expressing cells, respectively. The ICa inhibition 
showed voltage dependence and prepulse facilitation, and was sensitive to NEM and 
PTX pretreatment, indicating that the ICa inhibition was mediated by Gi/Go-protein. 
T-trophic gpl20, which uses CXCR4 as a coreceptor, did not inhibit ICa or block the 
inhibitory effect of SDF-la on ICa in G1A1 cells expressing CXCR4 and CD4. 
From these results, we suggest that chemokines can modulate neuronal signalling 
through the inhibition of lCa. Supported by United States Public Health Service 
Grants DA02121, MH40165, NS33826, DK44840 and NS21442.

908.2

Chemokines  and  ‘viralkines ’ increase  intracellular  calcium  and  activate  
SIGNAL TRANSDUCTION PATHWAYS IN RAT CEREBELLAR NEURONS. Samantha E. 
Gillard and Richard J. Miller*. Dept. of Pharmacological and Physiological sciences, 
University of Chicago, Chicago, IL 60637.

AIDS dementia describes a series of motor and cognitive dysfunctions often seen 
in AIDS patients. HIV-1 uses a variety of chemokine receptors, together with CD4, 
to gain cell entry. Chemokines are small, secreted proteins thought to be involved in 
inflammation. In addition to expression in the immune system, chemokine receptors 
are constitutively expressed in the CNS and are upregulated in response to 
neuroinflammatory diseases such as AIDS. Several viruses produce chemokine-like 
proteins (viralkines). Kaposi’s sarcoma associated herpes virus encodes 3 proteins 
(vMIPI, vMIPII and vMIPIII) which show homology to the chemokine MIP-la.

We examined isolated and cultured cerebellar neurons for the presence of 
functional chemokine receptors using fura-2 based calcium (Ca) imaging. RANTES, 
MIP-ip, eotaxin, MDC, TARC, MCP-1, SLC, 1-309, IL-8, SDF-la and ffactalkine 
evoked transient increases in [Ca]j in isolated Purkinje neurons. The co-isolated 
granule neurons also expressed numerous chemokine receptors but lacked responses 
to IL-8, MCP-1 and MIP-ip. Cultured Purkinje cells from 16 day old embryos 
showed a similar profile of chemokine receptor expression to their acutely isolated 
counterparts. Cultured Purkinje cells, however, generally responded to chemokines 
with higher frequencies than the isolated cells from postnatal rats, supporting the 
idea that chemokines are important during development. vMIPI, vMIPII and vMIPIII 
produced L'ge [Ca]j transients in cerebellar Purkinje and granule neurons. We 
believe that vMIPII acts at the CCR3 receptor since cells that responded to vMIPII 
also responded to eotaxin.

We also found that chemokines and viralkines activated other signaling pathways 
in cerebellar slices. Incubation of slices with eotaxin, MDC, ffactalkine, vMIPI, 
vMIPII and vMIPIII activated the Ca and cyclic AMP-dependent transcription factor 
CREB. Several chemokines also activated the MAP kinase-signaling pathway.
SEG funded by Eli Lilly, RJM funded by grants DA02121 and MH40165.

908.3

GDNF ENHANCES SYNAPTIC EFFICACY OF DOPAMINE NEURONS IN 
CULTURE. M.-J. Bourque* and L.-E. Trudeau, Depts. of Pharmacology and 
Psychiatry, Faculty of Medicine, Univ. de Montreal, Montrdal, Qu6bec H3C 3J7.

Although GDNF has been demonstrated to promote the survival and 
morphological differentiation of dopaminergic (DA) neurons, its actions on the 
functional activity of synapses remain largely unknown. Experiments were 
performed on rat ventral tegmental area DA neurons in single-neuron 
microisland cultures, under conditions where the cells develop autaptic 
synaptic contacts. In morphological experiments we identified nerve terminals 
using synapsin 1 (Syn1) immunostaining. We found that within 5 days, and also 
at 10 and 15 days in culture, GDNF significantly increased the number of 
Synl+ nerve terminals in single neurons positive for tyrosine hydroxylase (TH") 
(two-fold, p< 0.05). No such effect was found in TH' neurons. We have taken 
advantage of the ability of DA neurons to co-release glutamate to monitor 
synaptic efficacy through the measurement of the activation of AMPA receptors 
at autapses. To determine whether the increase in the number of nerve 
terminals would result in an enhancement of neurotransmitter release, we 
performed patch-clamp recordings to measure spontaneous miniature 
excitatory postsynaptic currents (mEPSCs). The frequency but not the 
amplitude of such events were found to be increased in GDNF-treated TH+ 
neurons (p< 0.001). Additionally, the frequency of mEPSCs triggered by 
ruthenium red, a calcium-independent secretagogue, was larger in GDNF- 
treated TH+ neurons. Action potential-evoked AMPA receptor-mediated 
autaptic currents were also monitored. We found that these autaptic currents 
displayed significantly larger amplitudes in TH+ GDNF-treated neurons. No 
effect was found in GABAergic neurons. In addition, the probability of detecting 
autaptic responses was increased in TH+ neurons. In conclusion, our findings 
reveal that in addition to its neurotrophic effects, GDNF is a potent and specific 
factor that regulates synapse formation and enhances synaptic efficacy of DA 
neurons. Supported by MRC Canada and the EJLB Foundation.

908.4

INTERFERON-y ALTERS SYNAPTIC ACTIVITY AND AMPA- 
RECEPTOR EXPRESSION IN CULTURED RAT HIPPOCAMPAL
NEURONS. K.S. Vikman, B. Owe-Larsson*, J. Brask, K. Kristensson and 
R.H. Hill Dept. of Neuroscience, Karolinska Institutet, S-171 77, Stockholm, 
Sweden.

The immune cytokine interferon (IFN)-y may be released for extended 
periods of time in the nervous system during immunological reactions as well 
as during parasitic and viral infections in the brain. Such IFN-y release can 
trigger demyelinating disorders and cause disturbances in brain function. The 
aim of this study was to examine the neurophysiological effects of interferon 
(IFN)-y on rat hippocampal neurons in culture. Acute application of IFN-y 
caused no immediate neurophysiological responses, but whole cell patch 
clamp recordings after 48 h exposure displayed an increase in frequency of 
AMPA receptor mediated spontaneous EPSCs. Quantitative 
immunocytochemistry using an antibody against the AMPA receptor subunit 
GluRl showed no changes in receptor density. Long-term exposure, on the 
other hand, with continuous application of IFN-y every third day, resulted in 
a significant reduction in EPSC frequency. This was accompanied by a 
marked decrease in the number of GluRl clusters per dendrite length. 
Immunostaining for the glutamate receptor anchoring protein a-actinin 
showed no evidence of a reduction in the number of spines and the neurons 
were well preserved with no alteration in the dendritic arborization. These 
observations indicate that a key signaling molecule, IFN-y, derived from the 
immune system, can exert long-term modifications in an activity-dependent 
matter on synaptic functions and glutamate receptor expression in neurons. 
(Supported by grants from the Stanley Foundation Research Awards 
Program and the Swedish Medical Research Council, project 4480.)

908.5

EFFECTS OF CHRONIC INTERLEUKIN-6 EXPOSURE ON PHYSIOLOGICAL 
PROPERTIES AND INTRACELLULAR CALCIUM SIGNALING OF PURKINJE 
NEURONS IN PRIMARY RAT CEREBELLAR CULTURES. T.E. Nelson*. C.L 
Ur. and D.L. Gruol. Dept. of Neuropharmacology and AIDS Research Center, 
The Scripps Research Institute, La Jolla, CA 92037.

Elevated brain levels of interleukin-6 (IL-6) and other cytokines are thought 
to contribute to the neuropathology and pathophysiology associated with a 
number of CNS disorders although the effects of cytokines on CNS neurons, 
particularly with regard to developing neurons, are largely unknown. 
Previously, we found that chronic IL-6 exposure can alter the intrinsic 
membrane properties of Purkinje neurons in primary cerebellar cultures as well 
as enhance the membrane and intracellular Ca2+ responses of these cells to 
the glutamate receptor agonist AMPA. In the present study, using combined 
intracellular current clamp recording and fura-2 Ca2+ imaging techniques, we 
further investigated the effects of different doses (500, 1000 U/ml) and 
durations (8-11, 14-17 days) of chronic IL-6 exposure on cultured Purkinje 
neurons at different developmental timepoints (14-17, 20-23 DIV). In contrast 
to our previous results using 1000 U/ml chronic IL-6, intrinsic membrane 
properties of Purkinje neurons (e.g., resting membrane potential, input 
resistance, action potential generation) were largely unaffected by 500 U/ml 
chronic IL-6 treatment at either developmental age. In addition, chronic IL-6 at 
500 U/ml had no effect on the depolarizing response to 1 pM AMPA at 14-17 
DIV, whereas the Ca2+ signal in response to 1 pM AMPA was significantly 
reduced at this age. In contrast, at 20-23 DIV 500 U/ml chronic IL-6 
significantly reduced the depolarizing response to 1 pM AMPA, whereas the 
Ca2+ response to 1 pM AMPA was unaffected. Furthermore, the Ca2+ 
response to 5 pM AMPA was significantly enhanced by 500 U/ml chronic IL-6 
at both ages, whereas 1000 U/ml chronic IL-6 had no effect at either age. The 
results indicate that various physiological parameters of Purkinje neurons 
such as electrical properties and Ca2+ signaling differ in their sensitivity to 
chronic exposure to elevated levels of IL-6. Thus, the effects of chronic IL-6 
on various aspects of neuronal function are likely dependent on factors such 
as the concentration and duration of exposure to IL-6 , as well as the 
developmental stage of the neuron. Support: MH47680, AA07456.

908.6

ACTIVATION OF PI 3- KINASE AND SNT CORRELATES WITH NEURITE 
Growth  in  Adult  Sensory  neurons  K. Mearow* and K, Kimpinski. 
Basic Sciences, Memorial University of Newfoundland, St. John’s, NF 
Canada.

Adult DRG neurons express receptors for IGF-1, EGF and FGF in 
addition to the neurotrophin receptors. We examined the effects of IGF -1, 
EGF and bFGF, in addition to NGF, on neurite growth from adult rat 
DRG sensory neurons in both dissociated and compartmented cultures. 
As expected, NGF elicited robust neuritic growth in both the dissociated 
and compartmented cultures. The growth response to IGF-1 was similar, 
while there was minimal neurite growth in response to EGF or FGF. 
Furthermore, IGF-1, when applied to cell bodies in compartmented 
cultures, potentiated the distal neurite growth into NGF-containing side 
compartments. In order to determine the contribution of signalling 
intermediates downstream of receptor activation, we used inhibitors of the 
potential effectors and Western blotting: Neurite growth in dissociated 
cultures was attenuated by the PI 3-kinase inhibitor, LY294002, but 
neither the MAPK kinase (MEK) inhibitor, PD98059 nor rapamycin had 
any significant effect. Immunoprecipitation and Western blotting results 
demonstrated differential activation of MAPK, PI 3-kinase, PLCyl and 
SNT by the different factors. Activation of PI 3-kinase and SNT by both 
NGF and IGF-1 correlated with their effects on neurite growth. 
Supported by NSERC (KM).
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908.7

ESTROGEN UPREGULATES EXPRESSION OF CYCLOOXYGENASE-1 
IN PC 12 CELLS. M.E, Maida^M.D, Kaplan1'2, M.K, O’Banion3'4 .
11nterdepartmental Program in Neuroscience, 2Eastman School of Dentistry, 
department of Neurology, department of Neurobiology & Anatomy, Univ. 
Rochester School of Medicine and Dentistry, Rochester, NY 14642

Alzheimer’s Disease (AD) is a multifactorial degenerative process charac-
terized by specific neuropathology, including inflammation. Among the 
many neuronal populations affected by AD, the basal forebrain cholinergics, 
responsive to both NGF and estrogen (E), appear to be highly vulnerable. 
Recent studies suggest that both estrogen replacement therapy and non-
steroidal anti-inflammatory drugs (NSAIDs) are beneficial in AD.

The cyclooxygenases, COX-1 and COX-2, are the principal and obligate 
enzymes mediating the conversion of arachidonate to prostanoids. Both are 
expressed in brain. Constitutively expressed COX-1 maintains basal 
prostanoid levels, whereas COX-2 is dramatically upregulated in response 
to a variety of neuronal insults. We have investigated whether E has the 
potential to confer neuroprotection in a manner similar to NSAIDs, i.e., by 
inhibiting COX-2 activity. We employed the well-characterized prototype of 
neuronal differentiation, NGF-treated PC 12 cells, in parallel with NGF- 
deficient cultures as controls. Following 24 h of E treatment, cells were 
assayed for COX message, protein and activity. We report that PC 12 cells 
do not express COX-2, but show altered expression of COX-1 after 
hormone treatment. COX-1 mRNA levels increased 2 to 3-fold over 
controls; protein levels increased 2-fold. Hormone treatment elicited a 
similar pattern of induction in NGF-deficient cells. We verified the specificity 
of E treatment by demonstrating the presence of message and protein for E 
receptor isoforms in both differentiated and undifferentiated cells. Supported 
by NIH (NS33553 ) and the Lucille Markey Charitable Trust.

908.8
MECHANISMS OF GLUTAMINE SYNTHETASE REGULATION BY 
GLUCOCORTICOIDS AND CYTOKINES IN PRIMARY MOUSE 
ASTROCYTES. T.L, Huang*1. M.K. O’Banion2, “interdepartmental Program in 
Neuroscience, ““Department of Neurology, ““Department of Neurobiology and 
Anatomy, Univ. Rochester School of Medicine and Dentistry.; Rochester, NY 
14642.

Many pathological states of the nervous system, including Alzheimer’s disease, 
stroke, head injury and depression are characterized by inflammation as well as 
increases in glucocorticoid levels. In a number of cell types, glucocorticoids induce 
glutamine synthetase (GS). The glucocorticoid receptor has been shown to interact 
with the transcription factors NF-k B and c-Jun, which are also activated by the pro- 
inflammatory cytokines IL-IB and TNF-a. Since dexamethasone (a synthetic 
glucocorticoid, Dex) induces GS in primary mouse astrocytes, we hypothesized and 
later demonstrated that IL-113 and TNF-a each oppose the induction of glutamine 
synthetase mRNA, protein and activity by Dex (Huang, T.L, O’Banion, M.K., 
1998 J. Neurochem. 71, 1436-1442). We next sought to determine whether 
inhibition by cytokines is due to interactions between the glucocorticoid receptor 
and transcription factors activated by cytokines in cultured astrocytes. We 
transfected a glucocorticoid reporter construct expressing B-galactosidase 
(GRElacZ) into astrocytes, and examined the ability of cytokines to inhibit its 
activation. Initial experiments showed that IL-IB and TNF-a inhibit Dex 
induction of the construct. We then proceeded to determine which transcription 
factors may be responsible by co-transfecting NF-k B and c-Jun inhibitor constructs 
with the GRE lacZ plasmid. Inhibition of NF-k B not only prevented cytokines 
from influencing the Dex induction of the reporter construct, but further increased 
the ability of Dex to activate the reporter. Inhibition of c-Jun had no clear effect. 
Thus, NF-k B appears to play a significant role in the regulation of glucocorticoid 
responsive genes in primary mouse astrocytes. Supported by NS 33553.

908.9

CIRCULATING INSULIN-LIKE GROWTH FACTOR I (IGF-I) ENTERS 
INTO THE BRAIN AND INCREASES NEURONAL ACTIVITY. E. 
Carro1. A Nunez2 and I. Torres-Aleman*’Cajal Institute, CSIC; and 2School 
of Medicine, Autonoma University, Madrid. Spain.
We investigated the mechanisms underlying the neuroprotective actions of 
peripheral IGF-I. Intravenous (iv) injection of digoxigenin-labelled IGF-I to 
adult rats resulted in prominent, time-dependent labelling of specific groups of 
neurons in the brain (cortex, striatum, hippocampus, thalamus, red nucleus, 
cerebellum, and brainstem nuclei). Confocal microscopy analysis of labelled 
cells showed that digoxigenin and IGF-I colocalized in stained neurons 
Labelling was obliterated after iv injection of excess unlabelled IGF-I, but not 
insulin. The route of entry of serum IGF-I into the brain is probably the blood- 
CSF pathway since administration of unlabelled IGF-I into the CSF completely 
blocked uptake of serum IGF-I. In addition, icv administration of labelled IGF- 
I resulted in staining of the same populations of neurons that were stained after 
iv injection. Uptake of serum IGF-I resulted in increased c-Fos expression in 
many areas of the brain, suggesting widespread neuronal activation. Hence, we 
determined changes in neuronal activity after iv IGF-I and found an increase in 
Purkinje cell excitability as determined by increased spontaneous activity, and 
a modulation of the response of Purkinje cells to parallel fiber stimulation. The 
results suggests that physiological changes in serum IGF-I levels will impige 
on central nervous system function.

908.10

INHIBITION OF BONE MORPHOGENIC PROTEIN-7 (BMP-7)- 
INDUCED DENDRITIC GROWTH BY ELEVATION OF CYCLIC AMP 
(CAMP) IN CULTURED SYMPATHETIC NEURONS. K. M. 
McCormack1, P, L. Kaplan2, and D. Higgins'*. ‘Dept. of Pharmacology 
and Toxicology, State Univ. of New York at Buffalo; 2Creative 
Biomolecules, Inc., Hopkinton, MA; Buffalo, NY 14214.

Both neurotransmitters and trophic factors regulate dendritic 
morphology. Therefore, we considered the possibility that signaling 
systems activated by the sympathetic neurotransmitter, norepinephrine, 
might affect responses of sympathetic neurons to agents that induce 
dendritic growth. Accordingly, we examined the effects of agents that alter 
PKA activity on the response of perinatal rat sympathetic neurons to the 
dendrite-promoting activity of BMP-7 (also known as osteogenic protein- 
1). BMP-7-induced dendritic growth was reduced by 50-70% following 
exposure to dibutyryl cAMP, but growth was not inhibited by dibutyryl 
cGMP. BMP-7-induced dendritic growth was also reduced by agents that 
activate adenylate cyclase (forskolin) and by the phosphodiesterase 
inhibitor, 3-isobutyl-1-methylxanthine. In addition, agents that inhibit the 
activity of protein kinase A (H89, RpcAMPs) weakly stimulated dendritic 
growth in the absence of BMP-7; we are currently investigating the 
possibility that these agents may potentiate the dendrite-promoting activity 
of BMP-7. In summary, our data suggest the possibility of interactions 
between PKA and the BMP/SMAD-mediated signaling cascade. 
(Supported by NSF grant # IBN-98-08565.)

908.11

Fractalkine and its receptor CX3CR1 in rat brain cells: effects beyond chemotaxis 
*D. Maciejewski-Lenoir, S. Boehme, R. Maki and K. B. Bacon 
Neurocrine Biosciences, Inc. San Diego CA 92121

Fractalkine, a chemokine bearing a CX3C motif, is particularly abundant in the brain. 
It is expressed constitutively by neurons and upon stimulation by inflammatory 
cytokines in astrocytes. Its receptor, CX3CR1, is abundantly expressed by resident 
microglia. In previous studies, we have shown that ligand-receptor interaction 
mediates immediate intracellular Ca++ mobilization, actin-rearrangement, shape 
change and chemotaxis. Using primary cultures of astrocytes and microglia, we 
investigated a potential role of fiactalkine in antigen processing since both cell types 
present antigen. Treatment of the cells for 24 h with 1-250 nM coated or soluble 
fractalkine did not upregulate the expression of MHC class II, ICAM B7-1 or B7-2 
molecules in either astrocytes or microglia. We also analyzed if fractalkine could 
affect cell proliferation. Fractalkine alone did not elicit microglial or astroglial 
proliferation as measured with [3H]-thymidine incorporation. However, treatment of 
astrocytes with fractalkine (100 nM or more) resulted in the release of TNFa, 
RANTES and IL-6 in the culture medium. Microglia grown in this same conditioned 
medium showed a 2 fold increase in [3H]-thymidine, suggesting important cross talk 
between the two cell types. Taken together, these results suggest a role of fractalkine 
in CNS physiology, pointing at possible interactions between microglia, astrocytes 
and neurons.

908.12

NGF AND TNF UPREGULATE NINJURIN VIA ACTIVATION OF 
NFk B
S. Kanwal*, T. Araki1, J. Milbrandt1 and B. D. Carter, Dept. Biochem., Ctr. Mol. 
Neurosci., Vanderbilt Univ. Med. School, Nashville, TN 37232 and ‘Div. Lab. Med., 
Dept. Path. Med., Washington Univ. Med. School, St. Louis, MO 63110.

Following nerve lesion a number of cell surface proteins are upregulated on 
Schwann cells, including the neuritogenic cell adhesion molecule ninjurin (Araki and 
Milbrandt, Neuron 17:353, 1996), and the p75 neurotrophin receptor. In addition, 
both Nerve growth factor (NGF) and Tumor necrosis factor (TNF) levels have been 
shown to increase after nerve injury. TNF is a potent activator of the transcription 
factor NFk B, which is known to regulate the expression of a number of cell adhesion 
molecules. Recently, NGF binding to the p75 receptor on Schwann cells and 
oligodendrocytes has also been shown to activate NFkB. Therefore, we hypothesized 
that ninjurin expression is induced by NGF and TNF via activation of NFk B. We 
tested the effects of NGF and TNF on the levels of ninjurin in a rat Schwannoma cell 
line (RN22) as a model system for primary Schwann cells. Previously, we 
demonstrated that these cells express the p75 NGF receptor, but not TrkA and that 
NGF or TNF treatment results in activation of NFk B. Both NGF (100 ng/ml) and 
TNF (10 ng/ml), up regulated the levels of ninjurin protein in RN22 cells based on 
Western blotting. To investigate the involvement of NFk B in mediating ninjurin up 
regulation, we generated stable Schwannoma cell lines expressing the mutant NFkB 
inhibitor, IkBAN. IkBAN lacks the amino terminal 36 residues which are required for 
degradation of IkB and release of NFkB, thus IkBAN acts as a dominant repressor. 
In the cell lines expressing IkBAN no increase in ninjurin was observed in response 
to either NGF or TNF. Finally, following a sciatic nerve crush, an increase in 
activated NFk B immunostaining was observed in Schwann cells of nerve sections. 
These results suggest that NGF and TNF may increase the expression of cell 
adhesion molecules such as ninjurin via activation of NFk B. The up regulation of 
these neuritogenic molecules likely facilitates nerve regeneration after injury. 
(Supported by Amer.Paral.Assoc., NIH RO1NS38220 and Vanderbilt DRTC).
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908.13
INTRACELLULAR PATHWAYS MEDIATING THE NEUROPROTECTIVE 
EFFECT OF THE CHEMOKINE FRACTALKINE: A ROLE FOR AKT 
PROTEIN KINASE. Olimpia Meucci*, Alessandro Fatatis and Richard J. Miller 
Dept. of Pharmacol. & Physiol. Sciences, The University of Chicago, Chicago (IL).

Hippocampal neurons possess a variety of functional chemokine receptors that 
can regulate [Ca2+]j and other signaling pathways (Meucci et al PNAS .95:14500, 
1998). Activation of these receptors produces rapid regulation of excitatory synaptic 
transmission and long-term effects on neuronal survival, including protection from 
the neurotoxicity’ induced by the HIV-1 envelope protein gpl20IIIB or by removal of 
their glial trophic support. Furthermore, as chemokines acting at different kinds of 
receptors are all able to rescue neurons from gpl20 neurotoxicity, an intracellular 
interaction between gpl20 and chemokine signaling is suggested. We have now 
studied the effect of fractalkine on the phosphorylation and activation of Akt (PKB) 
kinase, an enzyme involved in anti-apoptotic pathways in neurons and other cell 
types. We report that treatment of hippocampal neurons with fractalkine induced a 
time-dependent activation of Akt and that this mediates the neuroprotective activity 
of the chemokine. Akt activation by fractalkine was still observed in the presence of 
gpl20, which did not affect phosphorylation of the kinase. Cell survival experiments 
with specific inhibitors of the PI3-kinase, an upstream regulator of Akt, showed that 
PI3-kinase dependent Akt activation was necessary for the neuroprotection exerted by 
fractalkine. In agreement with these findings, the action of fractalkine was mimicked 
by PIP2, which activates the kinase in hippocampal neurons. Activation of Akt by 
other neurotrophic factors, such as BDNF and TGF-pi, was also observed in these 
neurons. Both BDNF and TGF-pi also rescued neurons from gpl20-induced 
apoptosis. Thus, Akt activation appears to be an important step in the mechanism by 
which chemokines protect neurons from gpl20 induced apoptosis. (Supported by 
NIH grants MH40165, DA02121, NS33826, DK44840, NS21442)

908.14
EFFECT OF CHEMOKINES AND THE HIV-1 PROTEIN gpl20 ON NFkB 
ACTIVATION IN HIPPOCAMPAL NEURONS. Alessandro Fatatis*, Olimpia 
Meucci, Arthur A. Simen, Charlene Cho and Richard J. Miller Dept. of Pharmacol. 
& Physiol. Sciences, The University of Chicago, Chicago (IL).

Neuronal apoptosis induced by the HIV-1 envelope protein gpl20 is, at least 
partially, due to the direct effects of the viral protein on neurons (Meucci and Miller
J. Neurosci. 16:4080,1996). Rat hippocampal neurons possess a wide variety of 
chemokine receptors, which mediate the trophic effects of chemokines on these 
neurons, and likely mediate gpl20 neurotoxicity (Meucci et al PNAS 95:14500. 
1998). Chemokines promote neuronal survival in these cultures and activate the anti- 
apoptotic PI3-Kinase/Akt pathway (Meucci et al at this meeting). We have studied 
the effect of chemokines and gpl20 on the nuclear factor kB (NFkB), a transcription 
factor that is thought to be a key regulator of genes involved in neuronal survival. We 
found that fractalkine (FK), a chemokine interacting with the CX3CR1 receptor, 
increased the nuclear translocation of NFkB and the phosphorylation of its inhibitory 
protein IkB-a. Treatment of neurons with FK also seemed to increase IkB-a 
degradation. Conversely, treatment of neurons with gpl20niB generally inhibited 
NFkB nuclear translocation and did not affect IkB-a levels and phosphorylation 
Interestingly, SDF-la, which activates CXCR4 - the same receptor utilized by 
gpl20I1IB - activated NFkB in hippocampal neurons. These data suggest that an 
abnormal activation of chemokine receptors by gp!20 could be responsible for the 
neuronal death induced by the viral protein. Finally, in order to dissect the 
intracellular events leading to the activation of NFkB by FK - and to study its 
correlation with Akt activation - we have now cloned and permanently expressed rat 
CX3CR1 in HEK293 cells, which respond to FK with a PTX-sensitive [Ca2+]; increase 
and activation of Akt. (Supported by NIH grants MH40165, DA02121, NS33826. 
DK44840, NS21442)

908.15

CHEMOKINES ELEVATE Ca2+; IN CENTRAL AND AUTONOMIC 
NEURONS. P T. Toth*, S. E. Gillard, A. A. Simen and R. J. Miller, 
Department of Pharmacological and Physiological Sciences, The University of 
Chicago, Chicago, IL 60637.

We investigated the effects of chemokines on rat arcuate and sympathetic 
neurons, using fura-2 based imaging. Application of various chemokines 
(fractalkine, RANTES, SDF-la, MDC, MCP1, IL-8) increased the intracellular 
calcium level in fura-2 loaded acutely isolated rat arcuate neurons. The 
percentage of responding cells was highly variable, (0% to 25%) for each 
chemokine tested. Gpl20mB also produced calcium mobilization in some 
neurons. Cultured rat sympathetic neurons did not respond to fractalkine or 
SDF-la application. However, 10% of the cells could be activated by 
RANTES. We also investigated the effects of CX3CR1, CXCR4, and CCR5 
receptor agonists in the F-l 1 neuroblastoma cell line. After differentiation F- 
11 cells display many of the properties of DRG neurons. Non-differentiated 
F-l 1 cells did not respond to any of the agonist (0%-l%). Differentiation did 
not increase the number or responding cells (l%-3%). We transfected the F-l 1 
cells with the CX3CR1 receptor using green fluorescent protein as a 
transfection marker. The expression of CX3CR1 receptor in green cells was 
confirmed by antibody staining. Nearly 40% of the CX3CR1 transfected F-l 1 
cells responded to fractalkine application. Transfection of CXCR4 and CCR5 
also produced Ca2+j mobilization in response to SDF-la and RANTES 
respectively, in a limited number of cells. These results indicate that 
chemokine receptors on neurons are able to directly regulate second messenger 
systems.
Supported by grants DA02121, MH40165 and NS33826 (R.J.M).

908.16

EOTAXIN AND HIV-1 PROTEIN TAT EVOKE Ca2+ INCREASES IN 
HUMAN MICROGLIA. C.C. Hegg1*, S. Hu2, P.K. Peterson2, and S.A. 
Thayer1. “Department of Pharmacology, University of Minnesota, 
Minneapolis, MN 55455 and “Neuroimmunobiology and Host Defense 
Laboratory, Minneapolis Medical Research Foundation, Minneapolis, MN 
55404.

Microglia release toxins that may underlie a number of 
neurodegenerative diseases, including AIDS dementia complex. Activation 
of chemokine receptors, coreceptors for HTV-1, stimulates movement and 
secretion in microglia. Relatively little is known, however, about 
chemokine signaling processes in microglia. Application of 50 ng/ml 
eotaxin (120 s), a CCR3 ligand, evoked an increase in the intracellular 
calcium concentration ([Ca2+]j) in 14% of the human microglia in culture 
(n=346) as recorded by indo-1-based microfluorimetry. The response 
rapidly desensitized in the presence of eotaxin as indicated by recovery to 
basal [Ca] levels within 2-3 minutes. The HIV-1 regulatory protein tat 
(25 ng/ml) also increased the [Ca2+]j in 56% of the eotaxin-responsive cells 
(n=19). Cross-desensitization studies suggest that eotaxin and tat both use 
the CCR3 receptor. The voltage-gated calcium channel antagonist 
nimodipine (3 pM) inhibited the eotaxin (n=4) and tat (n=2) mediated 
increases in [Ca2+f by 91±5% and 91±9%, respectively. Thus, the CCR3 
ligand-evoked calcium transient appears to be the result of calcium influx 
through L-type voltage gated calcium channels. These results indicate that 
HIV-1 protein tat mimics chemokine-mediated Ca2+ signaling and may 
modulate the migratory and secretory responses of microglia.

This research was supported by NIDA training grant T32 DA07234.

NEUROTROPHINS, BIODELIVERY, DISEASE STATES AND BEHAVIOR

909.1

AAV VECTORS FOR THE GENE THERAPY AND 
MODELING OF NEURODEGENERATIVE DISEASE.
R.L. Klein.1* MA King? N. Muzyczka? and E.M. Meyer1. Dept of 
“Pharmacology, 2Neuroscience, and 3Molecular Genetics and Microbiology, 
University of Florida, Gainesville, FL, 32610.

Recombinant adeno-associated virus (AAV) vectors were used for the 
purposes of gene therapy and disease-modeling. The neuron-specific vector 
system resulted in robust expression of BDNF and GFP in the rat brain for 1 -2 
years. In the basal forebrain, NGF or BDNF elevated levels of a cholinergic 
marker for up to 6 months (Neuroscience 90:815,1999) and 1 year, based on 
the current results. In a Parkinson’s disease gene therapy model ova- the 
course of 9 months, 6-hydroxydopamine-lesioned rats developed an 
ipsilateral, amphetamine-stimulated turning bias in the control vector group, 
but not in the group receiving BDNF rAAV injected in the substantia nigra. 
Thus, AAV-mediated neurotrophic factor gene delivery appears to be a useful 
strategy to prevent the loss of cholinergic or dopaminergic activity during 
degenerative conditions. The vector system also provides die opportunity to 
model disease states in a manner that is potentially more rapid and 
comprehensive than germline transgenic approaches. The functions of genes 
linked to the onset and progression of Alzheimer’s disease are currently undo- 
investigation with respect to hallmark features of the neurodegenerative 
disease. [Supported by NIHP01AG10485]

909.2

LONG TERM SYSTEMIC DELIVERY OF NERVE GROWTH FACTOR FOR 
TREATMENT OF PERIPHERAL NEUROPATHIES USING REPLICATION 
DEFECTIVE GENOMIC HSV VECTORS. D.P. Wolfe, W.F. Goins*, T.J. Kaplan, 
and J.C, Glorioso. Dept. of Molecular Genetics & Biochemistry, University of 
Pittsburgh School of Medicine, Pittsburgh, PA 15261

Treatment of peripheral neuropathies may require systemic delivery of neurotrophins 
such as nerve growth factor (NGF). Conventional neurotrophin therapies have failed in 
human clinical trials due to deleterious side effects and limited bioavailability. The use 
of viral vectors to express and deliver systemically these potentially therapeutic factors 
should circumvent these obstacles. We have previously shown that HSV vectors 
expressing NGF from the latency promoter, LAP2, were capable of long-term 
expression hi  peripheral neurons, however it remained to be determined if NGF is 
released into the circulation and whether vector persistence occurred in non-neuronal 
tissues. To examine these possibilities, different animal species have been inoculated 
at various sites with replication defective NGF vectors that express NGF either from 
the LAP2 latency or human cytomegalovirus immediate early (HCMV IE) promoters. 
Here we report the NGF expression profiles in joint space and plasma following 
injection into rabbit and non-human primate knee joints. We monitored lavage and 
plasma NGF levels after intra-articular delivery of HCMV-NGF or LAP2-NGF vector 
via a parapatellar approach. In rabbits, plasma NGF levels driven by LAP2 increased 
from baseline values of 300 pg/ml to over 5000 pg/ml and remained stable for at least 
eight months. Since the HCMV promoter is normally silenced during neuronal HSV 
latency, we unexpectedly found similarly stable NGF expression from this promoter 
(30,000 pg/ml). Control vectors do not increase NGF levels above baseline. Vector 
genomes with persistent transgene expression occurred in both ligaments and tendons 
of the knee joint and in L4 DRG neurons. Maintenance of viral genomes in cells other 
than neurons may account for extended expression from the HCMV promoter. 
Infection of non-human primate knee joint yielded a similar increase in the NGF 
expression profile. We are currently assessing this method of NGF delivery in animals 
with naturally occurring and drug induced peripheral neuropathies where systemic 
delivery of NGF may be effective in preserving sensory neuron viability.
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909.3
ADENOVIRAL VECTOR-MEDIATED GENE DELIVERY TO THE INJURED 
RAT SPINAL CORD: EFFECT OF POST-LESION INJECTION TIME ON 
TRANSDUCTION EFFICIENCY.
B. Blits*, P.A. Dijkhuizen, G.J. Boer and J.Verhaagen. Graduate School 
Neurosciences Amsterdam, Netherlands Institute for Brain Research, Meibergdreef 
33, 1105 AZ Amsterdam, The Netherlands.

Following spinal cord injury, severed axons usually fail to regenerate. This is 
thought to be due to an inadequate supply of neurotrophic factors and to the 
formation of a glial scar that is inhibitory to neurite outgrowth. Application of 
trophic factors distal to the lesion site could potentially stimulate severed axons to 
grow towards their original target. However, delivery of neurotrophic factors to the 
injured spinal cord is notoriously difficult. Here we examined the conditions 
required for optimal adenoviral vector-mediated gene transfer distal to a dorsal 
hemi-section of the rat spinal cord. Injection of 2 x 107 plaque forming units (pfu) 
of Ad-LacZ into the non-injured spinal cord resulted in robust transgene expression 
in both neurons and glial cells. However, following injection of Ad-LacZ directly 
after hemi-section virtually no transduction was observed. Injection of Ad-LacZ at 
3 days post-lesion resulted in some transduced cells, whereas injection of the viral 
vector 7 days post-lesion resulted in numerous cells expressing the transgene. 
Transgene expression was observed up to 6 weeks in glial cells distal from the 
lesion site. At 13 weeks post-injection no transgene expression could be detected, 
indicating that adenoviral vector-mediated transgene expression is transient. 
Injection of adenoviral vectors encoding NT-3 or BDNF also resulted in high levels 
of transgene expression as detected by in situ hybridization. These observations 
show that transduction efficiency of injured spinal cord critically depends on the 
post-lesion injection time. Supported by NWO/GB-MW grant 030-94-142 to J.V.

909.4
EFFECT OF A MODIFIED HERPES SIMPLEX VIRUS EXPRESSING 
NERVE GROWTH FACTOR ON TAXOL-INDUCED NEUROPATHY IN 
MICE. J.R. Goss1*, W.F. Goins2. D. Lacomis1, .C. Glorioso2, D.J. Fink1,2. 
Depts. of 'Neurology and 2Molecular Genetics & Biochemistry, University of 
Pittsburgh, and the VA Medical Center, Pittsburgh, PA 15213.

Sensory polyneuropathy is a significant and often dose-limiting complication 
of the chemotherapeutic agent taxol (paclitaxel). Nerve growth factor (NGF) has 
been demonstrated to block some of the toxic effects of taxol on nerve. 
However, systemic administration of NGF in humans is limited by dose-related 
side effects. We investigated whether a herpes simplex virus (HSV) based 
vector could be used to deliver NGF to nerve in order to protect against taxol- 
induced toxicity

We constructed a replication-incompetent HSV genomic vector (designated 
SHN), deleted for both copies of ICP-4, which contains the human NGF gene, in 
the viral tk locus, under the control of the human cytomegalovirus immediate 
early promoter. Three groups of CD-I mice were used: 1) mice treated with 
taxol only (21.6 mg/kg/day for 10 days), 2) mice infected with 30 pi containing 
4xl07 pfu SHN, via subcutaneous footpad injections, five days prior to taxol 
treatment, and 3) control mice which received neither taxol nor SHN virus. Foot 
sensory amplitudes were measured, 3 days after taxol treatment, with a 
stimulating electrode at the 1st toe and recording from the sciatic notch. 
Amplitudes were significantly decreased 28% in the taxol treated group 
compared to control. Mice receiving SHN virus had amplitudes similar to 
control mice. These studies suggest that gene therapy utilizing NGF-expressing 
HSV vectors may be an effective treatment for taxol neuropathy. Supported by 
grants from NIH, Dept. of Veteran Affairs, and the GenVec Corporation.

909.5

DELIVERY OF NGF TO BASAL FOREBRAIN CHOLINERGIC 
NEURONS IN AGED PRIMATES AUGMENTS TARGET 
INNERVATION DENSITY JM. Conner*, M.A. Darracq, and M.H, Tuszvnski. 
Department of Neuroscience, UCSD, and V.A. Medical Center, La Jolla, CA, 92093.

NGF is a potent neurotrophic factor for basal forebrain cholinergic neurons (BFCN), 
regulating neuronal phenotype and survival. NGF can also alter axonal morphology 
and induce sprouting of cholinergic axons following acute lesions. However, little is 
known about NGF’s tropic actions in the aged animal. In the present investigation, 
we determined whether delivering NGF directly to the cell bodies of NGF-sensitive 
BFCN will alter the density of cholinergic innervation in appropriate target regions. 
NGF was delivered by ex vivo gene therapy to aged rhesus monkeys (mean age 23.0 

years), whereby 10 autologous grafts (10*6 cells/graft) of either NGF (n=5) or B-Gal 
(n=4) secreting fibroblasts were placed bilaterally within the intermediate region of 
Ch4 (Ch4i). Following 3 months survival, cholinergic innervation densities were 
determined in 40 pm sections by counting the number of AChE positive fibers 
crossing a 6X6 grid at 360X magnification. Fiber counts were made within insular, 
inferotemporal, cingulate, and frontal cortex, and within the hippocampal formation. 
Animals with NGF-secreting grafts targeting Ch4i had significantly (p<0.05) greater 

cholinergic innervation density within the insular and inferotemporal cortex (areas 
heavily innervated by Ch4i) compared to B-Gal-grafted controls. Cholinergic 
innervation was not increased within frontal cortex (innervated by Ch4 anterior) or 
hippocampal formation (innervated by Chi & Ch2) in NGF-grafted animals. Within 
cingulate cortex, cholinergic innervation was elevated slightly in NGF-treated animals 
compared to B-Gal controls.
The present data indicate that targeted delivery of NGF to the cell bodies of basal 

forebrain cholinergic neurons significantly increases cholinergic innervation density 
within basal forebrain terminal fields. These results support the idea that targeting 
NGF delivery to degenerating basal forebrain cholinergic neurons may reverse age- 
related cholinergic dysfunction and provide for partial amelioration of cognitive deficits 
associated with AD. [Supported by NIA AG05779-02 (JMC) and MHT (AG 10135)]

909.6

IN VIVO PHARMACODYNAMIC ASPECTS IN PRECLINICAL ASSAYS 
OF INTRACEREBROVENTRICULAR INFUSION OF NERVE GROWTH 
FACTOR.
C.I. Femandez,*Biomodels Dpt, Basic Division Inti Ctr Neurol. Restoration 
(CIREN). Ave 25 no. 15805 e/158 y 160. Cubanacan, Playa, Havana, Cuba.

Strong evidences suggest that Nerve Growth Factor (NGF) could be 
considered a potential therapy in Alzheimer’s disease (AD) but it needs to be 
demonstrated in preclinical protocols, one of them is addressed to evaluate 
the risk:benefic ratio of this treatment in adult baboons (Papio hamadryas). 
Cognition was evaluated in a Delayed nonmatching-to-sample task 
(before/after treatment) and sistemic effects recording included food/water 
intake, body weight and spontaneous activity (before/during/after treatment). 
Results showed an age-association of temporal course and picture of 
behavioral or side effects during and after infusion. In general, treated 
monkeys exhibited: yawning, cholinergic symptoms, polydypsia, anorexia, 
changes in reactivity/activity levels as well as an improvement in 
learning/memory disabilities detected in aged monkeys. The above side 
effects point out not the limit or impossibility of neurotrophic factor therapy 
but it means that it is important to identify other specific physiological roles 
of NGF on other cerebral targets and its functional significance. On the 
other hand, the dose-response study and searching new options for route of 
administration are decisive in clinical terms. Finally, our results suggest that 
the better effect of NGF as drug could be in those brain with a moderate 
preservation of functional and structural capacities, that is, initial/moderate 
stages of AD.

909.7

NERVE GROWTH FACTOR (NGF) EXPRESSION DURING HUMAN 
DEVELOPMENT: PEAK LEVELS CORRESPOND TO THE ONSET OF 
PROGRESSIVE ENCEPHALOPATHY (PE).
J.P. Lipani1*. M B. Bhattacharjee2, D A. Lee3. Departments of’Neuroscience, 
2Pathology, and 3Psychiatry and Neurology. Tulane University School of 
Medicine, New Orleans, Louisiana 70112.

Progressive encephalopathy, the childhood equivalent of HIV dementia is one of 
the most common manifestations of pediatric AIDS and is associated with severe 
morbidity and mortality. In the developing nervous system, it is hypothesized that 
the presence of high levels of neurotrophic factors such as NGF may activate viral 
replication and render the CNS more susceptible to the deleterious effects of HIV 
infection. In this investigation, we set out to determine whether increased NGF 
expression during development occurs at a time which corresponds to the onset of 
PE in infants. Using immunohistochemical techniques and digital image analysis, 
we quantified NGF expression in both pre and post term human frontal cortex.
Our results indicate that fetal NGF levels increase steadily with maturity and peak 
within the first 18 months post term. This time course correlates with the 
emergence of PE within the first year of life in infants with perinatally acquired 
HIV infection and may explain why only trace amounts of HIV protein are found 
in fetal brain tissue. These results support the hypothesis that NGF plays a role in 
promoting HIV replication. (Funded by the ARC)

909.8
IN VIVO EFFECT OF rhNGF TREATMENT ON GENE 
EXPRESSION IN MOUSE DRG AND SKIN 
H, XiangTa E. Escandpn, C., B. Nguyen, and P- C. Haughney 
Department of Pharmacokinetics and Metabolism, Genentech, Inc., 1 DNA 
Way, South San Francisco CA 94080-4990

The effect of chronic recombinant human nerve growth factor (rhNGF) 
treatment on gene expression in the mouse dorsal root ganglia (DRG) and 
footpad skin was investigated. rhNGF was administered (1 mg/kg body weight) 
subcutaneously to 2 month old Swiss-Webster mice, 3 times per week for 3 
and 6 week periods; 8 treated mice and 5 control mice (received rhNGF vehicle) 
were treated per time period. Mice were sacrificed 24 hours after their final 
rhNGF treatment and the DRGs and footpad skin were harvested from all mice 
for RNA extraction. Quantitative gene expression was determined using 
TaqMan reverse transcriptase polymerase chain reaction analysis. The genes 
analyzed include NGF, the high-affinity NGF receptor (TrkA), the low-affinity 
NGF receptor (p75), substance P receptor (NK1), GAP-43, Capsaicin receptor 
(VR1), and the apoptotic indicators Bax and Bcl-XL.

In the DRG, GAP-43 and NK1 showed an increase in expression at 6 weeks 
and p75 showed an increase in expression at both 3 weeks and 6 weeks. There 
was no significant change in gene expression in response to rhNGF treatment 
at either the 3 week or 6 week time point for Bax, Bcl-XL and TrkA. In skin, 
NGF gene expression shows a two-fold increase at 3 weeks of rhNGF 
treatment.

Conclusions: Under these experimental conditions, we observed few changes 
in the expression of the genes analyzed. The genes which were upregulated, p75 
and NK1, showed increases in the 2-3 fold range of expression while many 
genes were unaffected by rhNGF treatment. Long-term rhNGF treatment does 
not affect the expression of other sensory mediators (VR1, NK1) or disrupt the 
expression of pro-apoptotic component Bax or anti-apoptotic component Bcl- 
XL. NGF expression in the skin is upregulated by rhNGF treatment.
All authors are employees of Genentech, Inc.
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909.9
IN VIVO GENE EXPRESSION ANALYSIS OF NORMAL AND 
DIABETIC MICE AND THE EFFECT OF rhNGF TREATMENT
E. Escandon1*. D, S, McCaffrey1, D. V. Sinicropi1, N, O. Dvbdal1, J, B. 
Clarke1. H. Xiang1. K. M. Hargreaves2. N. Pelletier1, and P, C, Haughnev1 
1 Pharmacological Sciences, Genentech, Inc., 1 DNA Way, South San 
Francisco CA 94080-4990
2Dept. of Endodontics University of Texas HSC, San Antonio, TX 78284

The effect of recombinant human nerve growth factor (rhNGF) treatment on 
normal and diabetes-induced neuropathic (DN) mice was analyzed for changes in 
gene expression in dorsal root ganglia (DRG) and rear footpad skin . Diabetes 
was induced by a single streptozotocin injection and confirmed by blood sugar 
level testing. Neuropathy was determined by mechanical and thermal threshold 
testing. Four groups were tested: 1) normal 2) normal + rhNGF 3) DN 4) DN 
+ rhNGF. rhNGF was administered subcutaneously to Swiss-Webster mice, 3 
times per week for 12 weeks. Quantitative gene expression was determined 
using TaqMan reverse transcriptase polymerase chain reaction analysis. The 
genes analyzed include NGF, NGF receptors TrkA and p75, Substance P 
receptor (NK1), GAP-43, Capsaicin receptor (VR1), Bax and Bcl-XL.

In DRGs, NK1 expression is upregulated by rhNGF treatment in control 
mice and in DN mice, regardless of rhNGF-treatment. TrkA expression is 
significantly increased in vehicle-treated DN mice versus both normal and 
rhNGF-treated control mice. 12 week rhNGF treatment does not affect the 
expression of other relevant sensory neuronal markers such as VR1 and GAP- 
43 in the DRG. There were no changes in expression among any group for the 
apoptotic-related genes Bax and Bcl-XL in the DRG. In footpad skin, NGF gene 
expression is significantly increased in DN + rhNGF mice versus all other 
groups. p75 in DN + rhNGF mice is significantly increased compared to 
normal mice and normal + rhNGF mice. All other genes did not show 
significant changes in expression in the skin.
Funding of this project was provided by Genentech, Inc.

909.10
SELECTIVE DEGENERATION OF PRIMARY SENSORY NEURONS IN 
DYSTONIN DEFICIENT MICE. J.A, Carlsten*, C.L. Patterson, J.T. McDonald, R. 
Kotharvt, and P.E, Wright. University of Kansas Medical Center, Kansas City, KS 
66160 and ^Centre for Mol. Med., Ottawa General Hospital Research Institute 
Ottawa, Ontario Canada K1H 8L6.

Neurotrophins regulate the survival of sensory neurons and the innervation of their 
peripheral and central targets during development. To better understand the 
mechanisms by which neurotrophins regulate these events, we are exploring a mouse 
model with a null mutation in a novel gene named dystonin (Dst). In situ 
hybridization studies reveal that dystonin mRNA is expressed by all DRG neurons. 
The dystonin protein includes actin- and intermediate fdament-binding domains, 
suggesting dystonin plays a role in cytoskeletal organization. Two weeks postnatally, 
Dst'7' mice display abnormal limb flexion when lifted by the tail and most die by 3 
weeks. To determine which neuronal classes are affected, we examined different 
populations of DRG neurons in Dst'7' mice with regard to their neurotrophic 
requirements. Lumbar spinal cord, DRG, and hindlimb muscle from 2 week old Dst 7' 
and WT mice were processed for immunocytochemistry and lectin binding. 
Immunocytochemical examination of hindlimb muscle revealed few muscle spindles 
are contacted by NT-3-dependent neurofilament-positive axons, consistent with the 
behavioral phenotype of the Dst'7' mice. IB4/TMP-positive GDNF-dependent axons 
that terminate in lamina Hi of the spinal cord are completely absent and few, if any 
IB4/TMP-positive neurons were detectable in the DRG. In contrast, NGF-dependent 
CGRP-positive neurons that terminate in lamina I are spared. This latter result is 
surprising since all DRG neurons express dystonin. These results suggest that 
dystonin is required for the maintenance of non-NGF-dependent DRG neurons. 
Current studies are underway to evaluate the NT-3, NGF, and GDNF levels in Dst'7' 
mice to understand the relationship between neurotrophic support and dystonin-related 
sensory degeneration. Supported by NINDS NS 37910-01.

909.11

TREATMENT WITH NEUROTROPHIN-3 OR BRAIN-DERIVED 
NEUROTROPHIC FACTOR PROTECTS STRIATAL MEDIUM SPINY 
NEURONS AGAINST IMMATURE HYPOXIC/ISCHEMIC BRAIN INJURY IN 
THE RAT: A STEREOLOGICAL STUDY. P.E. Oorschot* and K.A. Galvin. 
Department of Anatomy and Structural Biology, and the Neuroscience Research 
Centre, University of Otago, P.O. Box 913, Dunedin, New Zealand,

Perinatal hypoxic/ischemic (H/I) brain injury leads to a loss of the predominant 
medium spiny neurons of the striatum. Striatal medium spiny neurons express 
receptors for neurotrophins and the neurotrophins are able to prevent neuronal death in 
other injury paradigms. Thus, the aim of this study was to investigate the effect of 
treatment with neurotrophin-3 (NT-3) or brain-derived neurotrophic factor (BDNF) on 
the total number of medium spiny neurons in the striatum after perinatal H/I injury. 
Anaesthetised postnatal day (PN) 7 Sprague-Dawley rats were each stereotaxic ally 
implanted with Alzet brain infusion kits connected to a mini-osmotic pump. The 
pump continuously infused either NT-3 (12pg/day, n=8 rats), BDNF (4.5pg/day, n=8), 
or vehicle solution (n=16) into the right striatum for three days. On PN 8, the rats 
underwent common carotid artery ligation followed 2h later by exposure to hypoxia for
1.5h. Animals were sacrificed on PN14 and 40pm serial sections were cut through 
each entire striatum. The total number of medium spiny neurons within the right 
striatum was stereologically determined via the use of an unbiased optical 
disector/Cavalieri combination. It was found that NT-3 significantly increased the 
total number of surviving medium spiny neurons by 33% from 1,391,000 ± 151,000 
(mean ± SEM) to 1,846,000 ± 114,000 (p<0.038). BDNF significantly increased the 
total number of surviving medium spiny neurons by 43% from 1,416,000 ± 163,000 
to 2,024,000 ± 115,000 (p<0.002). Thus, NT-3 or BDNF are able to protect medium 
spiny neurons from H/I injury in the immature rat. This significant neuroprotection 
suggests a potential role for NT-3 and BDNF in preventing striatal cell death, and thus 
movement dysfunction, characteristic of human perinatal asphyxia.
Supported by Amgen Inc. (USA) and the University of Otago (New Zealand).

909.12

NEONATAL HYPOXIA-ISCHEMIA: EFFECTS OF BDNF ON 
BRAIN INJURY AND SPATIAL MEMORY FUNCTION. C. R. 
Almli*, T. J. Levy, A. P. D’Costa, B. H, Han, A. R. Shah, J. M.
Gidday, and D. M. Holtzman. Developmental Neuropsychobiology 
Laboratory, Center for the Study of Nervous System Injury, and 
Department of Neurology, Washington University Medical School, 
St. Louis, MO 63108

Perinatal hypoxia-ischemia (H-l) in humans often leads to brain 
injury and developmental disabilities. Recent research indicates 
that neurotrophin treatment (e.g., brain-derived neurotrophic 
factor--BDNF) can be neuroprotective in a rat model of neonatal 
H-l. Thus, potential relationships between neuroprotective and 
neurobehaviorally protective effects of BDNF with neonatal H-l 
treatment were investigated. Postnatal day 7 (PD7) rats received 
right hemisphere intracerebroventricular injection of BDNF (5 pi, 
10pg in phosphate buffered saline, pH 7.4) or vehicle (5pl), 
followed by right carotid ligation and exposure to 8% oxygen for
2.5 hours. Rats were behaviorally tested (Morris water maze) for 
spatial memory abilities from PD20-PD30, and were sacrificed at 
PD34 for histological analysis of brain injury. Results showed that 
BDNF pretreatment was significantly neuroprotective against H-l 
induced injury of the hippocampus, cortex and striatum (p’s<.05), 
and that BDNF pretreatment was significantly neurobehaviorally 
protective against spatial memory deficits associated with H-l 
(p’s<.05). Supported by NS35902 and CSNSI 46326N.

909.13

ROLE OF NERVE GROWTH FACTOR (NGF) IN THE
PATHOPHYSIOLOGY OF RETT SYNDROME
D.A, Lee3*, M.B. Bhattachariee2, J.D. Lipani1. Departments of‘Neuroscience, 
2Pathology, and 3Psychiatry and Neurology. Tulane University School of 
Medicine, New Orleans, Louisiana 70112.

NGF plays a crucial role in the initiation and maintenance of synaptic 
connections. Therefore, it is important to determine whether it is involved in the 
pathology of neurodevelopmental disorders of synaptic formation such as in Rett 
syndrome. Rett syndrome is an acquired childhood disease characterized by a 
severely crippling mental and physical disability. It is believed to be due to a 
failure of the second phase of synaptogenesis, which normally occurs between 2 
and 18 months of age. NGF and its receptors are predominantly expressed 
within the pyramidal cells in layer V of the neocortex; the layer most severely 
affected in Rett syndrome. Since neurons in this area are known to become NGF 
dependent during the final stages of synaptogenesis, it is our hypothesis that 
patients who develop Rett syndrome lack an adequate expression of NGF during 
this time period. In this investigation, we used immunohistochemical techniques 
with digital image analysis to quantify NGF expression in the basal forebrain 
from five patients with Rett syndrome and compared them to age matched 
controls. Our results indicate a significant reduction of NGF expression in 
children affected with Rett syndrome at an age corresponding to the onset of 
symptoms. These findings suggest that reduced NGF expression may be 
responsible for the pathogenesis of this disease and offer hope for the use of 
NGF as a future therapeutic agent. (Funded by the ARC)

909.14

BDNF REGULATES EATING BEHAVIOR AND LOCOMOTOR 
ACTIVITY IN MICE. D.J. Liebl1*, S.G. Kemie1 >2. and L.F. Parada1. 
Center for Developmental Biology & ^Department of Pediatrics, U.T. 
Southwestern Medical Center, 6000 Harry Hines Blvd., Dallas, TX, 75235- 
9133.

Brain derived neurotrophic factor (BDNF) has been studied primarily for 
its role in sensory neuron development. Ablation of this gene in mice leads 
to death shortly after birth and abnormalities have been found in both the 
PNS and CNS. BDNF and its high affinity receptor, trkB, are expressed in 
hypothalamic nuclei associated with satiety and locomotor activity. In 
heterozygous mice, BDNF gene expression is reduced and we find that all 
heterozygous mice exhibit behavioral abnormalities in either eating behavior 
or locomotor activity. Increased feeding behavior reflects increased adipose 
content, and are characterized by higher levels of serum leptin and insulin. 
This phenotype is reversed when BDNF is infused into the third ventricle, 
suggesting that hypothalamic neurons associated with satiety are not absent 
in the BDNF heterozygous mice. The BDNF heterozygous mice that are 
not obese have hyperactive locomotor activity, which may compensate for 
the absence of obesity. We also observe this phenotype in independently 
derived inbred and hybrid strains. Thus, we identify a novel non- 
neurotrophic function for neurotrophins and indicate a role in behavior that 
is remarkably sensitive to alterations in BDNF activity. This work was 
supported by NIH R01-NS 33199 "In vivo models for trk family receptors".
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909.15
ENHANCED AGGRESSION AND BULIMIA IN BDNF-DEFICIENT MICE.
W, Ernest Lyons'*. Laura A. Mamounas2. Vincenzo Coppola1, and Lino
Tessarollo.1 'Neural Development Group, National Cancer Institute, Frederick, MD 
21702; department of Pathology - Division Neuropathology, Johns Hopkins 
University, School of Medicine, Baltimore, MD 21205.

Impairments of the brain serotonergic system have been implicated in psychiatric 
syndromes such as anxiety, depression, drug addiction, impulsivity/aggression and 
bulimia. Some of these disorders have as a characteristic feature poor impulse 
control, and can be treated with compounds that augment serotonin (5-HT) 
neurotransmission in the brain. We find multiple abnormalities in the serotonergic 
neuronal system of heterozygous BDNF+/' mice (see Mamounas et al., this meeting). 
We examined two behaviors that are influenced by 5-HT neurotransmisssion - 
agonistic aggression and feeding behavior. Offensive intermale aggression was 
assessed in BDNF+/' vs. wild-type (WT) mice using a resident-intruder assay. 
BDNF+/ resident test subjects attacked the intruder more rapidly than did the WT 
residents, with significantly shorter attack latencies apparent as early as the first 
trial. The BDNF+/ group also attacked more frequently, and with greater severity 
and duration when compared to WT residents. Along with enhanced aggression, 
BDNF+/' mice developed marked bulimia accompanied by significant weight gain in 
early adulthood. To directly confirm a serotonin mechanism in the behavioral 
abnormalities exhibited by BDNF+/' mice, we treated the exaggerated 
aggressiveness seen in these mice with the SSRI fluoxetine. Fluoxetine normalized 
the attack latencies and number of biting attacks in BDNF+/ mice to levels seen in 
the WT controls. These data reinforce the hypothesis that BDNF deficiency causes 
behavioral abnormalities via perturbations in central serotonergic neurons. Thus, 
BDNF+/ mice should provide a very useful model to study human psychiatric 
disorders associated with brain serotonergic dysfunction. Research sponsored by 
the National Cancer Institute, DHHS, under contract with ABL (WEL, VC, LT) and 
NIH grant MH85433 (LAM).

909.16
BDNF DEFICIENT MICE DEVELOP BRAIN SEROTONERGIC (5-HT) 
ABNORMALITIES WITH ASSOCIATED BEHAVIORAL DISORDERS.
Laura A. Mamounas1*, W, Ernest Lyons2, George A. Ricaurte3, Lino Tessarollo2
and Vassilis E. Koliatsos.1 Departments of 'Pathology (Division Neuropathology) 
and ’Neurology, Johns Hopkins University, Baltimore, MD 21205; 2Neural 
Development Group, National Cancer Institute-FCRDC, Frederick, MD 21702.

Brain-derived neurotrophic factor (BDNF) has trophic effects on brain 5 -HT
neurons. However, the role of endogenous BDNF in the development and function 
of these neurons has not been determined in vivo, because of the early postnatal 
lethality of BDNF null mice. In the present study, we use heterozygous BDNF+/' 
mice which have a normal life span, and show that these animals develop multiple 
disturbances in the 5-HT neuronal system concomitant with exaggerated 
aggressiveness and bulimia (see Lyons et al., this meeting). Forebrain 5-HT levels 
and fiber density appeared normal in young BDNF+/' mice, but a progressive loss of 
the 5-HT innervation was found in older (12-18 month old) mutant mice. Although 
structural abnormalities are not apparent in younger BDNF+/ mice, it is possible that 
functional deficits in the 5-HT system are present at this age. The induction of 
c-Fos in response to the 5-HT releaser-uptake inhibitor dexfenfluramine was used as 
a functional measure of 5-HT neurotransmission. Although dexfenfluramine 
elicited a robust induction of c-Fos immunoreactivity in a number of forebrain areas 
of wild-type mice, this response was attenuated in BDNF+/' mice. These 
abnormalities in the patterns of neuronal activation by 5-HT in BDNF+/ mice may 
reflect perturbations in 5-HT signaling, e.g. a deficient 5-HT release or transduction 
via 5-HT receptors. Semi-quantitative RT-PCR revealed alterations in the mRNA 
levels of 5-HT1A, 5-HT1b , 5-HT2a  and 5-HT2C receptors in the forebrain of BDNF+/ 
mice. Our results indicate that endogenous BDNF is critical for the normal 
development and function of central 5-HT neurons, and disturbances in the trophic 
support of these neurons can lead to behavioral abnormalities.

Support: NIH grants MH85433, NS 10580, and the NCI under contract with ABL.

SPECIFICITY IN PATTERN OF CONNECTIONS

910.1

DEVELOPMENTAL REGULATION AND SPATIAL DISTRIBUTION OF THE 
EPHA4 RECEPTOR IN THE DEVELOPING CHICK AUDITORY BRAINSTEM. 
M.H.Rosenberger, K.S. Cramer", and E.W, Rubel. VMB Hearing Research Center, 
Dept. of Otolaryngology-HNS, University of Washington, Seattle, WA 98195.
In the chick auditory brainstem, nucleus magnocellularis (NM) projects bilaterally 

to nucleus laminaris (NL). This projection is highly ordered in that inputs from 
contralateral NM project to ventral dendrites on NL neurons, while inputs from 
ipsilateral NM project to dorsal dendrites on NL neurons. The specificity of this 
synaptic arrangement is thought to enable NL cells to encode interaural time 
differences. We are studying the developmental mechanisms that mediate the 
establishment of these highly specific, spatially segregated synaptic connections. 
One possible molecular mechanism involves the Eph receptors, which have roles in a 
variety of developmental processes including axon guidance and cell migration. In 
this study, we examined the developmental expression of EphA4 in the chick 
auditory brainstem.
Standard immunohistochemistry using a polyclonal antibody to the EphA4 receptor 

(generously provided by Dr. Elena Pasquale) was used on chick brainstem sections 
from embryonic day (E)5 to El5. At E5, EphA4 is expressed in regions of the 
hindbrain that contribute to the auditory brainstem nuclei. At E8, when NM and NL 
first become distinguishable, no labeling is present in the nuclei. At E10, when 
synaptic connections between NM and NL are beginning to form, EphA4 is 
expressed in fibers around NM but not in NM cell bodies, and NL cell bodies are 
faintly labeled. At this age the neuropil surrounding the lamina of NL cell bodies is 
labeled asymmetrically; the staining intensity in the dorsal neuropil is consistently 
higher than that in the ventral neuropil. At El2, when NM-NL projections are being 
expanded and refined, EphA4 expression in the NL neuropil has become symmetric, 
cell bodies in NL are darkly labeled, and fibers around NM are faintly labeled. At 
El5 EphA4 is no longer expressed in fibers around NM, and labeling in NL is 
similar to that at El2.
These results show that EphA4 is expressed in the auditory brainstem during the 

maturation of connections between NM and NL. The spatial and temporal variations 
in neuropil labeling are consistent with a role for EphA4 in the segregation of inputs 
from the ipsilateral and contralateral ears to distinct regions of NL neurons.

Supported by NIH Grant 00395

910.2

Regulation of axon targeting and synaptic connectivity by the POU 
domain factor, ACJ6. S.J. Certel and W.A. Johnson*. Dept. of Physiology 
and Biophysics, University of Iowa; Iowa City, IA 52242.

In many systems, POU domain transcription factors have been shown to 
control aspects of terminal neuron differentiation. Mutations in the 
Drosophila class IV POU domain gene abnormal chemosensory jump 6 
(acj6) have previously been shown to cause physiological deficits in odor 
sensitivity. However, loss of Acj6 function also has a severe effect upon 
coordinated larval and adult movement that cannot be explained by the 
loss of odorant detection. In addition to olfactory neurons, Acj6 is 
expressed in a distinct subset of postmitotic intemeurons in the CNS from 
late embryonic to adult stages. We have determined that Acj6 is not 
required for the generation or initial axon pathfinding processes of these 
intemeurons. Instead, the observed functional abnormalities may be 
caused by more subtle defects in neuronal connectivity or synaptic 
communication. To examine this possibility, we misexpressed two Acj6 
protein isoforms in motomeurons. The two Acj6 isoforms are produced 
from alternatively spliced acj6 transcripts resulting in significant structural 
differences in the amino-terminal POU IV box. Misexpression of these 
Acj6 isoforms caused marked alterations at the neuromuscular junction 
with contrasting effects upon terminal axon branching and synapse forma-
tion associated with each isoform. Our results suggest that the Drosophila 
Acj6 transcription factor may play an important role in regulating synaptic 
connectivity between central neurons and that the POU IV box is impor-
tant for regulation of Acj6 activity.
American Cancer Society

910.3

FUNCTIONAL BUT TRANSIENT SYNAPSE FORMATION BETWEEN 
SUBPLATE NEURONS AND THALAMOCORTICAL AXONS OBSERVED IN 
SHAKING RAT KAWASAKI. S, HIGASHI*. Z, MOLNAR1. H. INOKAWA and T. 
KUROTANI, Dept. of Physiol., Kyoto Pref. Univ. of Med., Kawaramachi Hirokoji, 
Kyoto 602-8566, Japan.1IBCM, Faculte de Medecine, Rue du Bugnon 9,1005 Lausanne, 
Swit.

A previous optical recording study using voltage-sensitive dyes (RH482) in rat thalamo-
cortical slice preparations has demonstrated that the somatosensory thalamocortical 
synaptic transmissions function in the subplate (SP) before birth (Higashi et al., 1996). 
In this study we performed similar experiments using reeler-like mutants (Shaking rat 
Kawasaki) in which the SP might be located at the cortical surface rather than just above 
the white matter as seen in wild type rats, to examime whether strong synaptic responses 
are found in the cortical surface.

The strongest optical response was located in the cortical surface at postnatal (PX). At 
around P10, when the barrel-like cluster responses are clearly seen in wild type rats, the 
strongest reponse was seen in deep cortical layers. Since these optical responses were 
abolished by perfusion of glutamate antagonists, these responses were synaptic. This 
change of the strongest optical response location was also observed in wild type rats, 
but the direction of the change was reversed; the strongest response was found in deep 
cortical layers at P0 and then it moved to layer IV at around P10.

BrdU labelling performed at embryonic day 13 showed that BrdU-labelled cells were 
mainly located in a superficial part of the mutant rat cortex at P0 and 16. In contrast, a 
majority of the labelled cells were found in deep cortical layers in wild rats. These 
results suggest that the SP is located in the superficial part of the cortex in mutants, but 
in the deep cortical layers in wild rats and that these ceils do not die during postnatal 
days.

Taken together, the present results suggested that thalamic afferents form functional 
but transient synaptses on the SP and early generated neurons before birth and that these 
synapses then dynamically move to layer IV cells during postnatal periods, even in 
reeler-like mutant rats.

910.4

THE INFLUENCE OF DA, 5-HT AND NA AFFECTIVE DRUGS ON 
SYNAPTIC DENSITY IN THE CEREBRAL CORTEX OF RATS. 
M.Sugahara1*, H.Shiraishi2. ^ept. of Psychiatry, Tokyo Metropolitan 
Matsuzawa Hospital, Setagaya, Tokyo 156-0057, Japan. 2Dept. of 

Psychiatry, Inst, of Clinical Medical Sciences, University of Tsukuba, 

Ibaraki 305-8575, Japan.

Recent findings indicate that some aminergic neurons have a trophic-like 
role to facilitate synapse formation and maintenance in the cerebral cortex. 
We examined the synaptic density of the prefrontal cortex (PFC), 
somatosensory cortex (SSC) and visual cortex (VC) of rats with 
administration of DI and D2 antagonists, agonists, clozapine, pCPA and 
DSP-4. These drugs were injected in 5-6 week-old rats for a week, and 
synaptic density in laminae V-VI was quantitatively determined from 
electron micrographs. With administration of each DI and D2 antagonist 
or agonist, we observed significant and dose-dependent decreases or 
increases in synaptic density of the PFC respectively. A synergistic effect 
was observed with the combined dosage of DI and D2 antagonists or 
agonists; it caused larger decreases or increases than the sum of the 
individual administration of those drugs. Administration of dpzapine 
significantly increased synaptic density of the PFC, in which neither pCPA 
nor DSP-4 caused significant change. On the contrary, both pCPA and 
DSP-4 significantly decreased synaptic density in SSC and VC, while no 
significant change was observed with all DA agents mentioned above. 
This study suggests the possibility that synaptic maintenance is led by 
DA in the PFC, whereas 5-HT and NA affect in SSC and VC. The type of 
monoamine affecting synaptic maintenance could differ, depending on the 
area of the cortex.
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910.5
THE DEVELOPMENT OF SPECIFIC SYNAPTIC CONNECTIONS 
OF AN INTERNEURON POPULATION IN THE CHICK EMBRYO 
SPINAL CORD. P. Wenner* and M.J. O'Donovan. LNLC, NINDS, NIH, 
Bethesda, MD 20892.

The developmental mechanisms responsible for the formation of locomotor 
networks are not understood. To address this issue we have identified an accessible 
population of interneurons (Renshaw interneurons) in the developing chick embryo 
spinal cord. These intemeurons receive monosynaptic input from motoneuron 
recurrent collaterals and make direct connections onto motoneurons and other 
Renshaw interneurons. Whole-cell recordings from these interneurons revealed the 
presence of specific connections at embryonic day (E) 9-11 which is shortly after the 
pathway forms at E7. Most received monosynaptic input from one of 3 muscle 
nerves (cut dorsal roots) tested (femorotibialis, adductor, or sartorius). Spike- 
triggered averaging the potentials in muscle nerves revealed that nearly all of these 
cells projected to the motor population that excited them. Further, we determined 
that they usually made connections onto other Renshaw interneurons but only rarely 
projected to non-Renshaw interneurons.

These findings were supported by optical experiments which allowed the 
Renshaw population to be visualized in the cut transverse face of the cord following 
motoneuron stimulation. At E10 the optically active population was confined to a 
discrete column, dorsomedial to the motor nucleus. Preliminary results indicated 
that this optically active population could be first detected at E7, at the onset of 
Renshaw circuit development. At this stage the optically active population was in 
the same location as at E10, suggesting that the connections from motoneurons to 
these intemeurons were specific at the time these connections first formed. We are 
currently examining the connections of Renshaw interneurons with motor pools at 
several developmental stages to establish if the earliest connections change 
substantially during development.

910.6

WITHDRAWN

910.7

A ROLE FOR ARACHIDONIC ACH) PATHWAY IN THE ADULT BUT NOT 
IN THE NEONATAL RETINOTECTAL TOPOGRAPHY Serfaty, C A1*, 
Campello-Costa, P12 Fosse-Jr A Ml; & de Oliveira, C.R.1. 1) Institute de Biofisica - 
UFRJ. 2) Dept°. Neurobiologia - UFF - PObox 100180 - Niteroi, RJ, 24001-970, Brazil

The retinotectal projection of rodents shows a precise retinotopic organization. This 
pattern develops within the first ten post-natal days when the uncrossed retinotectal 
projection forms condensed terminal fields at the rostral tectum. The development of 
the retinotectal pathway depends on the pattern of electrical activity and on the release 
of retrograde messengers as nitric oxide. Recent data show an important role for 
another retrograde messenger, arachidonic acid, in the mechanisms of synaptic 
plasticity in the central nervous system. We investigated the role of this molecule 
in the development and maintenance of the uncrossed retinotectal topography. Rats 
ranging from PND0 to PND42 were used for this study. Animals were treated with 
daily intraperitonial injections of mepacrine (quinacrine - 40 mg/Kg - phospholipase 
A2 inhibitor) during 4-8 days, nordihydroguaiaretic acid (NDGA - 50 mg/Kg - 
lipoxygenase inhibitor) or indomethacin (5mgZkg - ciclooxigenase inhibitor) during 
eight days. Control groups received injections of vehicle (NaCl 0.9%) during the same 
period. Retinotectal projections were traced with intraocular injection of horseradish 
peroxidase (HRP 30% in DMSO 2%). After a survival time of 24hs, the animals were 
perfused transcardially with saline and aldehydes and the sections processed for HRP 
histochemistry. The systemic blockade of PLA2 activity with mepacrine revealed an 
expansion of retinotectal terminal fields in both the medio-lateral and rostro-caudal 
axis of the tectum. This effect was found only after the third postnatal week and was 
prominent in adults (six-week rats). Accordingly, NDGA treatment showed the same 
effect between the third and the sixth postnatal week. These results suggest a role for 
the arachidonic acid pathway on the maintenance of retinotectal synapses after the 
neonatal refinement of this projection.
Supported by PRONEXand CNPq.

910.8

UNEQUAL REPRESENTATION OF THE TEMPORAL AND NASAL RETINA IN AN 
ANOMALOUS PROJECTION: EVIDENCE FOR POSITIVE TARGET-BASED 
FACTORS IN THE ORGANIZATION OF RETINAL PROJECTIONS. F. Scalia*. D, 
Simai, B. Harris and S. Eisner, Department of Anatomy and Cell Biology, State University 
of New York Health Science Center at Brooklyn, Brooklyn, New York 11203.

An outstanding question in the study of the retinotectal projection is whether 
positive, attractant or trophic activities are involved in the retinotopic organization of 
ganglion cell axon terminals in the optic tectum. Study of an anomalous retinal projection 
in the frog olfactory cortex revealed that the temporal retina is the main source of this 
projection suggesting the influence of specific temporal fiber attractant or trophic 
influences. This question was reexamined in the present study on the topographic 
organization of an anomalous retinothalamic projection that forms in the main tectally 
recipient nucleus of the dorsal thalamus after ablation of the optic tectum in the adult frog 
(Rana pipiens). The projections from different sectors of the retina were studied by means 
of the anterograde transport of biotinylated dextran-amine (BDA) delivered to incisions 
made across the nerve fiber layer in frogs surviving ablation of the contralateral tectal 
hemisphere for 13-46 weeks. When present, the projections from nasal retinal sectors were 
always lightly constructed in the aberrant terminal field, although the projections to the 
lateral geniculate complex were strong and retinotopically organized. In contrast, the 
projections from temporal retinal sectors were robust, and filled the aberrant field over most 
of its extent. When the tracer was placed in the dorsotemporal retina, the labeling of the 
aberrant field was heaviest ventrally. Placements in the ventrotemporal retina labeled the 
dorsal part of the field more heavily, but there was broad overlap between these partial 
projections. The asymmetric representation of the temporal and nasal retina now observed 
in two examples of anomalous projections supports the existence of target-based, 
attractant/trophic activities specifically addressed to temporal retinal fibers. (Supported by 
the Research Foundation of SUNY.)

910.9

SPECIALIZED NEUROEFFECTOR ASSOCIATIONS ARE COMMON IN RAT 
IRIS ARTERIOLES BEFORE PHYSIOLOGICAL RESPONSES ARE MATURE 
Shaun L. Sandow and Caryl E. Hill*. Autonomic Synapse Group, Division of 
Neuroscience, John Curtin School of Medical Research, Australian National 
University, Canberra, A.C.T. 0200, Australia.

Serial section electron microscopy has shown that the vast majority of varicosities 
make specialized neuroeffector junctions with autonomic target tissues irrespective of 
synaptic receptor subtype (1,2). The present study has examined neuroeffector 
morphology and synaptic receptor expression in rat iris arterioles during development. 
Rats aged 10, 14 and 21 days, of either sex, were killed with an overdose of ether, their 
eyes removed and the iris isolated and pinned in a recording chamber. Using 
pharmacological methods, receptors mediating nerve stimulated contractile responses 
were examined during development. At days 10 and 14 postnatal, nerve-mediated 
contractions resulted from activation of ar and a2-adrenoceptors. By 21 days 
postnatal nerve-mediated responses were predominantly due to activation of ar 
adrenoceptors. Serial section electron microscopy and reconstruction techniques were 
subsequently used to examine neuroeffector associations at a developmental time 
when a mixed receptor response was identified. Specialised neuroeffector associations 
were found at this age, the majority of which formed close associations with vascular 
smooth muscle cells. A number of differences in neuroeffector morphology were 
found at 14 days compared to those of mature animals; varicosities were frequently 
contiguous and contacted the same underlying smooth muscle cell, unlike varicosities 
in bundles, single fibre varicosities showed little structural specializations and few 
varicosities formed dual associations with smooth muscle cells and nearby pigment 
cells. These results suggest that changes in the form of physiological responses during 
development may result from interactions occurring through the close neuroeffector 
contacts described here.
1. Sandow, S.L., Whitehouse, D. and Hill, C.E. (1998) J. Anat. 192: 45-57.
2. Luff, S.E. (1996) Anat. Embryol. 193: 515-531.

910.10

TURING SYSTEMS AS A POSSIBLE INDUCTIVE SIGNALING 
MECHANISM FOR NEURAL PATTERNING. Rafael A. Barrio1 and Limei 
Zhang2*, ’instituto de Fisica and 2Depto.Fisiologia, Facultad de Medicina, 
Universidad Nacional Autonoma de Mexico, Mexico D. F. 04510, MEXICO

We have recently reported (Zhang et al, 1999) that dissociated 
neurons and adrenal chromaffin cells, which are situated ectopically in the 
physiological condition, could establish synaptic contacts in a cell co-culture 
system. Chromaffin cejls did not always send neurites to made synaptic 
contacts with their nearest cells but contacted cells situated far from them. To 
find the “desired” contact, some times the neurites have to go round other 
cells. It is not clear which is the intercellular signaling mechanism which 
induces this phenomenon of patterning. We suggest the existence of 
“chemical pathways (CP)” in the extracellular matrix. We evaluated this 
hypothesis using Turing Morphogenesis Equations (Turing, 1952). The basis 
of the Turing System for pattern formation is the competence of at least two 
chemicals in a complicated liquid system. There are non-linear chemical 
reactions along the frontiers of the different chemicals. The results of 
computer simulations of this model could fit the experimental data very well.

These mathematical modeling data implicate that the CP model 
possesses the potential ability to reveal a novel neural patterning mechanism 
and also could serve as a plausible mechanism for the Nonsynaptic Diffusion 
Neurotransmission (for a review, see Bach-Y-Rita, 1998). This research was 
supported by UNAM-DGAPA IN 104598.
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910.11
CORRECT ASSEMBLY OF THE MOUSE BRAIN IN THE ABSENCE OF 
PRESYNAPTIC ACTIVITY
M. Verhaqe12‘, A.S. Maia1, J.J. Plomp3, A.B. Brussaard4 and T.C. Sudhof2
1R. Magnus Inst, for Neurosciences, Univ. of Utrecht Med. Centre, Utrecht, 
The Netherlands 2H. Hughes Medical Inst, and Dept. of Molecular Genetics, 
Univ. of Texas Southwestern, Dallas, USA. 3Dept. of Neurology and 
Physiology, Leiden University Med. Centre, Leiden and “Research Inst. 
Neurosci., Biology Dept., Free Univ. Amsterdam, The Netherlands.

The proper function of the mammalian brain depends on a carefully 
orchestrated connectivity between neurons during development. The 
establishment of these connections is believed to depend on guidance 
cues in the environment and on signals secreted from the outgrowing 
neuron prior to the establishment of the network. This work shows that 
deletion of a single gene, munc18-1, leads to a general and complete loss 
of presynaptic secretion throughout development, but does not disturb the 
assembly of the brain, including the formation of brain areas, layered 
structures, fibre pathways and synapses. Instead, patches of neurons start 
to degenerate only once the macrostructure of the brain is assembled and 
in the same sequence as their ontology, i.e., brain areas that formed first 
also degenerated first. This degeneration is apoptotic, occurs within 24h 
and results in massive cell loss. These data indicate that the formation of 
the brain, including its fibre-pathways and synapses does not depend on 
presynaptic secretion. Our study delineates the developmental stage where 
synaptic activity acts to select neurons for the adult neuronal network while 
others are rapidly disposed.

ADHESION MOLECULES

911.1

DISTRIBUTION OF CELL ADHESION MOLECULES DURING SYNAPSE 
FORMATION IN THE CHICK CILIARY GANGLION. N. Chauvet. J.L. Bruses* 
and U. Rutishauser. Cellular Biochemistry and Biophysics Program, Memorial 
Sloan-Kettering Cancer Center, New York, NY 10021.

Adhesive interactions play important roles during the formation of functional 
synapses. In the analysis of CAM function during this process, the calyciform 
synapse formed on ciliary motoneurons in the chick ciliary ganglion is an 
adventitious system because of the large size and complex architecture of these 
junctions. For example, active zones with opposing postsynaptic density and 
somatic spine-like structures are both present within the same synaptic junction, 
allowing the study of the distribution and interactions of CAMs with respect to 
particular synaptic components. In our studies, an immunohistochemical analysis 
by confocal laser and electron microscopy was carried out on the expression of 
three surface components suspected to play a role in the formation of synapses: 
NCAM, the polysialylated (PSA) form of NCAM, and N-cadherin. These studies 
revealed that while die NCAM polypeptide is evenly distributed on the surface of 
ciliary neurons throughout embryonic development, the polysialylated form of 
NCAM is progressively excluded from the central region of the calyx, while 
remaining at the tips of the growing synaptic terminals. Near the end of embryonic 
development, PSA staining was observed only at the somatic spine-like structures. 
N-cadherin was widely expressed in the ciliary ganglion at early stages (34-37) and 
became progressively restricted and concentrated in puncta associated within the 
synaptic junction. In contrast to the ciliary motoneurons, the disappearance of PSA 
and the progressive restriction in the distribution of N-cadherin were not observed 
for the non-calyx type synapses found on choroid motoneurons that are also present 
in the ganglion. These findings suggest that NCAM and N-cadherin play distinct 
roles in the development of calyx-specific structures. (Supported by NIH EY06107 
to U.R.)

911.2
EFFECT OF AN INTEGRIN COMPETITIVE ANTAGONIST (GRGDSP) ON 
DEVELOPMENT IN HIPPOCAMPAL SLICE CULTURES . I. Nikonenko12,
N. Toni1, Y, Shiqeri3, D. Muller1, and L.S. Jones4*. 1 Dept. of 
Pharmacology, CMU, Univ. of Geneva, 1205 Geneva 4, Switzerland ;2 
Bogomoletz Inst. For Physiology, Kiev, Ukraine ; 3Dept of Organic 
Materials, Osaka Natl. Res. Inst., Osaka, Japan ; 4Dept of Dev. Bio. & 
Anat., Univ. South Carolina, USA.

We have been examining the role of integrins in postnatal brain 
development using rat hippocampal cultured slices as a model system. 
This allows for the controlled addition of the competitive integrin 
antagonist GRGDSP, which competes for integrin binding sites 
recognizing the Arg-Gly-Asp motif.

Slices were exposed for up to 7 days to GRGDSP, from 4 to 7 days 
postnatal, using different methods of application and different 
concentrations of antagonist. Controls included untreated slices, and 
slices treated with GRADSP, a hexapeptide that does not bind integrins.

At higher doses at early time points, both GRGDSP and control peptide 
had damaging effects on the tissue as assessed electrophysiologically 
and morphologically; the most marked effects were seen in CA1 with the 
highest doses of GRGDSP. When dying cells were seen in the tissue, it 
appeared to be necrotic rather than apoptotic. With less intense 
exposures to the peptides, the physiology was largely unimpaired; 
however, at the light level there was a diminution in cell numbers (up to 
30%) for both peptides in CA1 compared to untreated controls. 
Ultrastructurally there was a decrease of Vgin the number of synapses 
with GRGDSP compared to control peptide and untreated controls, 
suggesting a role for integrins in postnatal synaptogenesis.

Supported by the Swiss Nat. Res. Foundation (3100-040815.94).

911.3

EXPRESSION OF MANDUCA FASCICLIN II DURING MOTOR 
TERMINAL REMODELING. L.M. Knittel1*. P.F. Copenhaver2. and K.S, 
Kent1. 1 Dept.of Biological Structure and Function, School of Dentistry; ^Dept. of 
Cell and Developmental Biology, School of Medicine, Oregon Health Sciences 
University; Portland, OR 97201

During hormonally-mediated metamorphosis of the moth Manduca sexta, motor 
terminals retract as larval leg muscles degenerate and new motor terminals differentiate 
as adult leg muscles develop. To determine if homophilic adhesion molecules play a 
role in the restructuring of leg motor terminals, we have used immunocytochemical 
labeling with antisera generated against different isoforms of Manduca Fasciclin II 
(MFas II; J.W. Wright and P.F. Copenhaver, in preparation). Antisera generated 
against the GPI-linked isoform of MFas II (a-MFas II-GPI) label the entire leg nerve 
during larval, prepupal, and early pupal stages, demonstrating motor nerve retraction 
during prepupal stages and growth during pupal stages. Labeling with a-MFas II-GPI 
appears to be associated with glial cells ensheathing peripheral nerves. During larval 
and prepupal stages, labeling with a-MFas H-GPI also outlines synaptic boutons, 
which appear to coalesce and retract with branches of the motor axons. As adult 
motor endplates differentiate and mature, labeling with a-MFas II-GPI is progres-
sively lost from higher order branches and boutons. In contrast, labeling with antisera 
generated against a transmembrane isoform of MFas II (a-MFas II-TM) is restricted to 
specific axons during larval and prepupal stages, indicating putative modulatory inner-
vation of the larval leg muscles by the ventral unpaired median neurons. Labeling 
with a-MFas II-TM increases dramatically during early pupal stages and includes most 
if not all leg motor neurons. As adult motor endplates differentiate and mature, 
labeling with a-MFas II again becomes restricted. Using hormonal manipulations 
and cell culture, we are determining if expression of MFas II is hormonally regulated 
and if MFas II expression in motor axons, glia, and/or muscle influences motor 
terminal remodeling during metamorphosis. (Supported by NSF# IBN-9604334)

911.4

DISTRIBUTION OF NEUROLIGINS mRNAs IN THE ADULT RAT BRAIN. 
Ji-Ying Song. Frederique Varoqueaux*, Antje Neeb, Nils Brose.
MPI fur Experimentelle Medizin, Abt. Mol. Neurobiologie, Gottingen, Germany.

Neuroligins constitute a family of three brain-specific cell surface molecules 
(Neuroligin 1, 2, 3; 110-120 kDa) with an extracellular N-terminal domain 
homologous to serine esterases, a transmembrane segment and a short intracellular 
tail that binds to PSD 95. They form a heterotypic cell adhesion system with J3- 
Neurexins that is thought to be involved in synaptogenesis. Neuroligin 1 has 
recently been characterized as a neuron-specific protein, exclusively located at the 
postsynaptic side of excitatory synapses. The fj-Neurexin/Neuroligin adhesion 
system may function in the early establishment of contact sites and the 
determination of synapse specificity or in the later recruitment of pre- and 
postsynaptic proteins to their respective subcellular compartments.

In order to further elucidate the function of Neuroligins, the present study 
investigates the distribution of Neuroligin 1, 2 and 3 mRNAs in the adult rat 
brain. All three Neuroligin isoforms are exclusively expressed in neurons, in 
which they appear to be essentially colocalized. They are widely distributed 
throughout the brain, with strongest expression levels in neurons of the CA1, 
CA2, CA3 and dentate gyrus of the hippocampus, cerebellar Purkinje cells, 
cortical pyramidal cells, olfactory and hypothalamic neurons, the striatum, the 
brainstem, and, in lower abundance, the thalamus. The largely redundant 
distribution of Neuroligins would not allow for the specificity necessary for an 
initial target cell recognition. It rather suggests their involvement in later stages 
of synaptogenesis, such as recruitment of specific molecules to the post-synaptic 
site, which would be consistent with the properties of their intracellular binding 
domain. Supported by the Gerhard-Hess-Programm of the German Research 
Foundation (Br 1107/3-2)
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911.5

LOCALIZATION AND POSSIBLE FUNCTION OF THE STILL LIFE - 

RAC PATHWAY AND CELL ADHESION MOLECULES IN THE 

SYNAPTIC TERMINALS. M. SONE1’2 < E, SUZUKI2,3. M. HOSHINO4. M. 

EUKATA5’6. S, KURODA5. K, KAIBUCHI5. Y. NABESHIMA4. C. HAMA1’2.
'Dept. Mol. Genet., Natl. Inst. Neurosci., NCNP, Kodaira, Tokyo 187-8502, 

Japan; 2CREST, JST, Japan; 3Inst. Med. Sci., Univ. Tokyo, Tokyo 108-8639, 

Japan; 4Fac. Med., Univ. Kyoto, Kyoto 606-8501, Japan; 5Nara Inst. Sci. Tech., 

Ikoma 630-0101, Japan; 6Fac. Med., Univ. Hiroshima, Hiroshima 734-8551, 
Japan.

The Drosophila Still life (SIF) protein is specifically localized in the 

synaptic terminals and acts as a guanine-nucleotide exchange factor (GEF) for 

Rac, a member of Rho-like small G proteins. In neuromuscular junctions, SIF 

was colocalized with cell adhesion molecules, Fascilclin II and integrin, in the 

surrounding regions of the active zones. Both sif and fasciclin II mutants 

exhibited reduction in the bouton number of neuromuscular junctions, and the 

phenotype was suppressed in the double mutant. These data suggest that the 
SIF - Rac pathway and cell adhesion molecules control synaptogenesis, 

constituting a part of the regulatory cascades in the specialized regions of 
synaptic terminals.

911.6
CHARACTERIZATION OF TETRASPANINS EXPRESSED IN 
THE EMBRYONIC NERVOUS SYSTEM. Jeanette C. Perron* and 
John L. Bixby. Dept. of Molecular & Cellular Pharmacology and 
Neuroscience Program, University of Miami School of Medicine, 
Miami, FL 33136.

Members of the tetraspanin superfamily play roles in cell surface 
signaling complexes; recent evidence implicates neuronal tetraspanins 
in the regulation of axon growth and target recognition. We used a 
degenerate PCR screen to identify cDNAs encoding tetraspanins 
expressed in the spinal cord, at a time when axons are actively 
extending and forming synapses. Two of our clones represent the 
chick homologues of the mammalian tetraspanins NAG-2 (cnag) and 
CD9 (chcd9). A third clone encodes a novel tetraspanin of 247 aa, 
which we have named neurospanin. All three tetraspanins are widely 
expressed in the embryo, but neurospanin is expressed at highest levels 
in neural tissues. In the brain, mRNAs encoding these tetraspanins 
exhibit distinct patterns of expression, with neurospanin and cnag 
detected early in development and chcd9 expressed only at low levels 
until late in embryogenesis. Neurospanin expression is characterized 
by sharp increases at distinct developmental intervals, whereas cnag 
expression increases gradually. The relative level of neurospanin 
mRNA in embryonic neural tissues is highest in the brain, whereas 
expression of cnag mRNA is low in brain relative to spinal cord and 
dorsal root ganglia (DRG). In situ hybridization of neurospanin RNA 
reveals abundant expression in the dorsal horn of the developing spinal 
cord, as well as in adjacent DRG. We propose that neurospanin, cnag, 
and chcd9 may play important roles at various stages of neuronal 
development for specific populations of neurons. Supported by the 
NIH and the NSF.

911.7

REMOVAL OF POLYSIALIC ACID AFFECTS THE PROCESS 
OF HIPPOCAMPAL MOSSY FIBER INNERVATION.
T. Seki '*, U. Rutishauser2, Y. ARAI3. 'Dept. of Anatomy and 2Lab. 
of Education, Juntendo Univ. Sch. of Medicine, Tokyo 113-8421, 
Japan; 3Program in Cellular Biochemistry and Biophysics, Memorial 
Sloan-Kettering Cancer Center, New York 10021

The developing hippocampal mossy fibers express highly 
polysialylated form of neural cell adhesion molecules. Removal of 
polysialic acid (PSA) by an in vivo injection of endoneuraminidase 
N (endo N) induces aberrant mossy fibers which penetrate into the 
pyramidal cell layer (PCL) and form large mossy fiber synapse 
boutons (expansions). In terms of how the aberrant fibers and 
expansions form, two hypotheses are considered: an increase in the 
number of mossy fibers that can grow into the PCL and an inhibition 
of the retraction of mossy fibers normally penetrating into the PCL. 
To verify which hypothesis is plausible, we have examined the 
development of the mossy fibers in normal and endo N-treated 
mice. The mossy fibers were labeled with Dil and were observed 
by confocal laser scanning microscopy. In both control and endo 
N-treated mice, the fine fibers arising from suprapyramidal mossy 
fiber bundles were found to grow into the PCL at 6 days of age. 
The number of the fibers increased at 15 days of age and then 
decreased at 1 month of age in both mice. No significant difference 
was detected in the number of the fibers invading the PCL. However, 
there are more fibers bearing expansions in the endoN-treated mice 
than in the control mice. These results suggest that removal of PSA 
affect the retraction process of the mossy fibers, but not the invasion 
process.

911.8

Expression of CD47(IAP) and its receptor P84 (SIRPa) in developing 
mouse retina. Z.-P. Mi1. V.Naravanan1’2 and C.F, Lagenaur1 1 Department of 
Neurobiology, University of Pittsburgh, department of Pediatrics, The Children's 
Hospital of Pittsburgh, Pittsburgh, PA 15261.

Previous studies have shown that CD47 was involved in immune 
response and erythropoiesis. We recently found that CD47 is the major 
binding partner for a synapse associated protein P84. CD47 expression 
was detected in developing and mature retina using the MIAP301 
monoclonal antibody at both light and electron microscopic level. The 
expression of CD47 message was also examined in adult mouse retina. 
Antibody staining showed that CD47 was already expressed strongly in 
the ganglion cell axons and inner plexiform layer of the retina around 
birth. It was not detected at the outer plexiform layer (OPL) until around 
postnatal day four. The immunostaining reached the adult pattern in two 
week old retina when CD47 was seen concentrated in two plexiform 
layers. In mature animals the staining in OPL appeared as numerous 
small dots; those dots were found to be associated with processes 
invaginated into photoreceptor terminals at EM level. The distribution of 
CD47 is very similar to that of P84 expression in retina, indicating that 
they are indeed closely associated. In situ studies showed that CD47 was 
expressed in horizontal, amacrine and ganglion cells, but did not appear 
to be expressed in bipolar cells or photoreceptors. To further examine 
interactions of CD47 and P84, expression of P84 was examined in CD47 
knock-out mouse retina. In these animals P84 failed to localize at retinal 
synapses as in the wild type. These studies indicate that synaptic 
localization of P84 may be dependent on CD47 expression. At ribbon 
synapses in the OPL, P84 appears to be presynaptic and CD47 is 
postsynaptic. Supported by a grant from NIH(R01NS 35361).

911.9

In situ Localization of IAP and P84 in the central nervous 
system
P. Jiang1. C.F. Lagenauri^nd V.Naravanan1’2’31 Department of 

Neurobiology, University of Pittsburgh, 2Neurology, and 3Department of 
Pediatrics, The Children's Hospital of Pittsburgh, Pittsburgh, PA 15261.

IAP is a ligand for the cell adhesion molecule P84(SIRPa).
Immunostaining studies of IAP and P84 reveal a very similar distribution 
of this pair in the central nervous system. Both molecules are prominent 
in synapse-rich areas. It is thought that these two molecules are 
important for synapse plasticity and their abundance in a variety of 
brain regions suggests their fundamental roles in synapse physiology.

This study was designed to identify their cellular origin by in situ 
studies. For this purpose, digoxigenin-labeled cRNA probes were made by 
in vitro transcription of cDNAs of P84 and IAP that had been cloned 
into pGEM-Teasy vector by T7 RNA polymerase. Anti-sense and sense 
probes were made by picking clones with opposite orientation. For all 
the experiment, sense probes were used as a control.

Several brain regions have been examined. In the cerebellum, both 
Purkinje and granule cells have IAP transcript, but only granule cells and 
Golgi epithelial cells express P84. In contrast to lower expression of P84 
ill CA2 of the hippocampus, we found IAP was uniformly expressed in 
all three areas of the hippocampus. Both molecules are expressed in the 
neocortex, but each shows a unique laminar pattern. Supported by a grant 
from NIH(R01NS 35361).
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912.1
OLFACTORY RECEPTOR NEURONAL ACTIVITY DETERMINES MITRAL 
CELL DENDRITIC ARBOR DURING DEVELOPMENT AND 
REGENERATION. A.C. Puche **, S.D. Munger 2, R.R. Reed 2, F.L. Margolis ', 
M.T. Shipley ’. 1 Dept. Anatomy and Neurobiology, Program in Neuroscience,
University of Maryland, Baltimore, MD 21201. 2 Howard Hughes Medical
Institute, Dept. Molecular Biology and Genetics, Johns Hopkins Medical Institute, 
Baltimore, MD 21205.

The dendritic arbor of many neurons is more extensive during development 
than in adult. With maturation, dendrites becomes progressively restricted to the 
stable adult morphology. In the olfactory bulb of new bom mice (PO), mitral cells 
(MC) have several apical dendrites which span multiple glomeruli. However, by 
P4 MCs have a single apical dendrite restricted to one glomerulus. This apical 
dendrite forms a ‘tuft’ of secondary processes throughout the glomerulus. Malun 
and Brunjes (1996) hypothesized that this developmental re-sculpting of MC 
dendrites is influenced by afferent neuron (ORN) activity. To test this hypothesis 
we examined apical dendrites of MCs in mice containing targeted disruptions to 
the X-linked olfactory cyclic nucleotide-gated channel subunit-1 (OCNC-1). 
OCNC-1 null mutants are functionally anosmic. Our findings indicate that apical 
dendrites of PO OCNC-1 null mutant mice are indistinguishable from wild-type. 
However, the apical dendrites of P4 OCNC-1 null mutant mice fail to become 
restricted to a single glomerulus. In adults, ORN turnover predicts significant 
ORN-MC synaptic plasticity. To examine dendritic rearrangements during 
regeneration adult mice were subjected to permanent epithelial lesions. Long-
term loss of ORNs resulted in reduced MC apical tufts. There was no evidence 
that MC dendrites recapitulated development by expanding their apical dendritic 
field. In reversible lesions the MC apical tuft reduction was reversed subsequent 
to ORN regeneration, which demonstrates reversible structural plasticity in MC 
dendrites. These results suggest that MC dendrites are developmentally shaped by 
ORN activity, and MC’s require ORN axons to maintain their adult morphology.

Supported by PHS grants DC03195, DCOO347, DCO2588, NS36940, NS36940, and DC03112, and HHMI.

912.2
SYNAPTOTAGMIN IS INVOLVED IN SECONDARY DENDRITES AND 
SPINES FORMATION. E. Jover1*. Y. Schwab1. J. Mouton2. I. Marty3 and Y. 
Maulet2. }UMR-CNRS 7519; 2UPR 9009, University Louis Pasteur, F67084 
Strasbourg et 3DBMS-CEA, F38054 Grenoble.

The Ca2+-sensor molecule synaptotagmin, together with SNARE proteins, is 
involved in the vesicle fusion to the pre-synaptic membrane occurring for 
neurotransmitter exocytosis. Synaptotagmin then is considered as a highly specific 
synaptic protein. Using confocal microscopy we show that synaptotagmin is also 
present in the dendritic compartment of hypothalamic embryonic neurons. The 
immunofluorescent labelling is localized in intracellular organelles that concentrate 
in branching points and at the bottom of dendritic spines. Following depolarization 
the synaptotagmin labelling is observed at the dendritic membrane. This fusion 
mechanism of intracellular organelles relies on the activity of dihydropyridin 
sensitive calcium channel. Synaptotagmin and calcium channel a-1C subunit or 
synaptotagmin and ryanodine receptor double immunostaining suggest that both 
Ca2+ entry and Ca2+ internal stores contribute to the fusion of dendritic organelles 
to the membrane. These results evoke a possible role for synaptotagmin in the 
building and shaping of the dendritic tree and in spine plasticity.

Supported by CNRS and MENRT.

912.3

THE FUNCTION OF SMALL GTPASES, RAC AND RHO, IN THE 
MAINTENANCE OF DENDRITIC STRUCTURES
A.Y.Nakayama2, M-B.Harms1, and L.Luo1>2>*, 1 Department of Biological Sciences, 
2Neuroscience Program, Stanford University, Stanford, CA 94305

A potential pathway linking extracellular signals to cytoskeletal regulation in the 
development of dendrites involves signaling through the Rho family of small 
GTPases. We have previously shown that transgenic expression of an activated form 
of Rac in Purkinje cells selectively perturbed the morphology of dendritic spines (Luo 
et al., Nature 379: 837). However this study did not distinguish whether altered Rac 
activity affects the development or the maintenance of spines. We report here the use 
of biolistic transfection (Lo et al., Neuron 13: 1263) to study the effects of expressing 
mutant Rho GTPases on dendritic morphology of more mature neurons.

We obtained hippocampal slices from post-natal day 8 rats and transfected them 
after two days in culture. At the time of transfection, pyramidal neurons have mature 
dendritic profiles and their spines are in the process of acquiring adult morphology. 
Biolistic transfection of neurons with a membrane marker, CD8, allows us to 
visualize the entire neuron and confirm the preservation of its in vivo morphological 
characteristics.

Dendritic branch morphology and spine density were quantified in pyramidal 
neurons transfected with CD8 alone, the constitutively active or dominant negative 
forms of Racl (V12, N17) or RhoA (V14, N19). RaclV12 expressing neurons have 
qualitatively similar spine morphologies to those seen in the Purkinje cells of the 
transgenic mouse. Conversely, Rac INI 7 expression results in a significant reduction 
of dendritic spine density over one to six days post-transfection. On the other hand, 
RhoAV14 expressing neurons have a dramatic simplification of both apical and basal 
dendrites that are observed 24 hours to 72 hours post-transfection. These findings 
demonstrate the differential roles of Rac and Rho for the maintenance of different 
dendritic structures. Supported by McKnight and Klingenstein Foundations.

912.4

HIPPOCAMPAL INTERNEURON DENDRITIC DYNAMICS: USE OF 
TRANSGENIC MICE THAT EXPRESS GREEN FLUORESCENT PROTEIN 
(GFP) IN SOMATOSTATIN-EXPRESSING INTERNEURONS
A.A. Oliva, Jr.*, T. Lam, M. Jiang, K.L. Smith, and J.W. Swann.
The Cain Foundation Laboratories, Dept. of Pediatrics, Division of Neuroscience, 
Baylor College of Medicine, Houston, TX 77030.

We have recently created strains of transgenic mice that express a variant of green 
fluorescent protein (GFP) in subpopulations of GABAergic neurons. In one of 
these strains, strain GAD67-EGFP-2, nearly, if not, every hippocampal GFP- 
expressing neuron was found to coexpress somatostatin, a neuropeptide whose 
expression defines a subpopulation of intemeurons. Many of these GFP-expressing 
neurons also appear to correspond to two morphologically defined subpopulations 
of intemeurons: HIPP and O-LM cells. Most GFP-expressing intemeurons were 
further found not to express calbindin, parvalbumin, caketinin, or neuropeptide Y. 
Similar results were obtained for GFP-expressing neurons of the cerebral cortex..

Using hippocampal slice explant cultures from these mice in conjunction with 
time-lapse videomicroscopy, we have been able to visually study changes in 
dendrites and dendritic protrusions in living GFP-expressing intemeurons. 
Preliminary experiments with bath application of the GABAa  agonist, isoguvacine, 
led to almost complete loss of dendritic protrusions in the neurons on a time-course 
of minutes, i.e., complete retraction of dendritic filopodia with no new filopodia 
formation. Experiments are currently underway to further investigate 
morphological changes in GFP-expressing neurons in response to GABAa  receptor 
agonists and antagonists, as well as to synaptic activity under a variety of 
conditions. The model system should allow us to investigate how synaptic activity 
regulates dendritic growth and differentiation of hippocampal intemeurons. 
(Supported by grant NIH NS18309 and Texas Advanced Technology Program 
Grant 004949-030.)

912.5

OP-1 PREVENTS GLUTAMATE INDUCED DENDRITE 
RETRACTION FROM CEREBRAL CORTICAL NEURONS IN 
VlIRO. Ip. Le Roux*, ^S. Esquenazi, and ^P.Kaplan, Depts. of 
1 Neurosurgery, New York University, New York NY, and 
^Creative Biomolecules, Hopkinton MA.

OP-1 has been demonstrated to enhance dendrite output 
whereas subtoxic glutamate doses are known to reduce dendrite 
growth from cerebral cortical neurons However, it is not known 
whether OP-1 can prevent this glutamate mediated dendrite 
retraction. Therefore we quantified axon and primary, secondary, 
and total dendrite growth from embryonic mouse cortical neurons 
(E 18) grown in vitro in a chemically defined medium and exposed 
to subtoxic doses of glutamate (50, 75, 100pm). Morphology and 
double immunolabelling (MAP2, NF-H) was used to identify 
cortical dendrites and axons after 3 DIV, The addition of 
glutamate to cortical neurons significantly attenuated dendrite 
output. This glutamate mediated dendrite retraction was 
ameliorated by the administration of 30 or lOOng/ml of OP-1 
between 3 and 24 hours after glutamate exposure. At the lower 
dose, OP-1 administration prevented the glutamate mediated loss 
of primary dendrites whereas at the higher dose OP-1 
administration attenuated the glutamate mediated loss of primary 
and secondary dendrites. These findings demonstrate that OP-1 
can ameliorate glutamate induced dendrite retraction from cerebral 
cortical neurons in vitro. Supported by NIH KO8 NS01975-01.

912.6

DENDRITIC REGROWTH AND TRACER COUPLINGS OF AXOTOMIZED 
RETINAL GANGLION CELLS. H, Sawai1, M, Tauchi1 and Y, Fukuda*2 1Dept. 
Welf. Health Sci., Okayama Prefectural Univ., 111 Kuboki 719-1197, and 
2Dept. Physiol., Osaka Univ. Med. Sch., 2-2 Yamadaoka, 565-0871, Japan

In a previous study on adult albino rats, we have shown that after 
intraorbital transection of the optic nerve (ON) retinal ganglion ceils (RGCs) 
reveal axonal regrowth within the retina (Sawai, et al; J. Neurosci. 16 
3887-3894;1996). Here we report that dendritic regrowth also occurs in 
axotomized RGCs. In perfused retinal preparations neurobiotin ™ (NB) was 
injected into the RGCs that had survived 2-6 months after intraorbital 
transection of the ON. In axotomized RGCs most part of their dendrites had 
degenerated and lost normal dendritic organiztion; round dendritic field, 
radial projections from the somata and regular branching patterns. However, 
some dendritic processes revealed long profuse branchings with many turns 
and loops. In some RGCs length of the longest dendrite was 2 to 8 times as 
long as those in normal inner alpha cells, which are known to have the largist 
dendritic field among all subtypes of RGCs. Dendritic stratification was 
occasionally exuberant; some part of the processes entered into the nerve 
fiber layer. These findings indicate that not only axons but also dendrites 
have a significant ability to regrow in axotomized RGCs of adult mammals. In 
some RGCs we also observed tracer couplings of axotomized RGCs with 
surrounding amacrine cells or bipolar cells. These couplings may have some 
advantage for the survival of these axotomized RGCs. Support: Special 
coordination Funds for Promoting Science and Technology.
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912.7

MULTIPLE AXONAL GROWTH WITHIN THE DISTAL DENDRITIC TREE OF 
PERMANENTLY AXOTOMIZED MOTONEURONS IN THE ADULT CAT. 
YJSJYlaeD-grroid-*, M,s. N<?.uter-Hg?S. and P.K., Ro§e, Department of Physiology, 
Queen’s University, Kingston, Ontario, Canada, K7L 3N6

With permanent axotomy, some distal dendrites of neck motoneurons appear to 
adopt morphological characteristics more typical of axons. Some dendritic ends are 
unusually swollen or tortuous processes, that occasionally are myelinated. 
Furthermore, these processes possess axon-like molecular characteristics by 
containing the axonal protein GAP 43, but lack immunoreactivity for the dendritic 
protein MAP2a/b. However, further examination revealed that a large proportion of 
the dendritic tree displays this axon-like protein composition. The goal of the 
present study was to determine the distribution of MAP2a/b and GAP 43 in 
permanently axotomized neck motoneurons, in order to quantify the extent of axon-
like molecular characteristics within the dendritic tree.

Neck motoneurons innervating the biventer cervicis and complexus neck muscles 
in the adult cat were permanently axotomized for 8-12 weeks, identified 
antidromically, and intracellularly stained with Neurobiotin. GAP 43 and MAP2a/b 
distribution were detected using immunocytochemical techniques. Findings were 
used to produce a computer-constructed, three dimensional dendritic tree on which 
the distribution of GAP 43 or MAP2a/b immunoreactivity was mapped. Unusual 
distal dendritic processes accounted for 11-15% of the total number of distal 
dendrites (n= 90 to 114) in the cells examined. All were immunoreactive for GAP 
43, while MAP2a/b was not detected. Approximately 20-30% of distal dendrites that 
did not appear to be morphologically unusual also displayed these molecular 
characteristics. In contrast, all proximal dendrites were immunoreactive for 
MAP2a/b, but not for GAP 43. Hence, it appears that permanently axotomized 
motoneurons attempt to replace injured axons by developing multiple new axons 
distally in the dendritic tree. This method of axon growth does not recapitulate 
development. (Supported by the Medical Research Council of Canada).

PROCESS OUTGROWTH, GROWTH CONES AND SPROUTING: GAP-43

913.1

DIRECT VISUALIZATION OF SIGNALING PATHWAYS CONTROLLING 
AXON GROWTH AND CNS REGENERATION USING STABLE LINES OF 
TRANSGENIC ZEBRAFISH. Ava J, Udvadia and J. H, Pate Skene*. Dept. of 
Neurobiology, Duke University, Durham, NC 27710.

Competence for long axon growth arises in differentiating neurons around the 
time of their final mitosis, and then is widely suppressed as neurons mature. 
Despite their fundamental importance, the signaling pathways controlling this 
growth suppression remain almost wholly unknown. A close correlation between 
expression of GAP-43 and axon growth indicates that the GAP-43 gene contains 
specific cis-acting elements that serve as targets for critical signal transduction 
pathways controlling axon growth.

To permit genetic screening for genes involved in these signaling pathways, we 
have generated transgenic lines of zebrafish in which expression of a GFP gene is 
under control of a 1 kb fragment from the rat GAP-43 promoter/enhancer. In our 
transgenic fish embryos, expression of the GFP reporter appears sequentially in 
different populations of spinal cord as they initiate axon growth, and then declines as 
the spinal cord matures. Focusing on the retina, we initially find transgene 
expression in retinal precursor cells prior to the differentiation of retinal neurons. 
Subsequently, as the retina undergoes differentiation, transgene expression becomes 
tightly restricted to the retinal ganglion cell layer. Finally, in the adult retina, 
transgene expression is undetectable. These results indicate that signaling pathways 
regulating both the onset and suppression of axon growth are phylogenetically 
conserved. Establishment of these transgenic zebrafish lines 1) makes possible 
genetic screening for the components of the developmentally active pathways 
regulating axon growth, and 2) allows us to ask whether the same signaling 
pathways are involved in the initiation of axon regeneration after CNS injury

Supported by NIH grants NS 10377 and EY07397.

913.2

THE RNA BINDING-PROTEIN HuD STABILIZES THE GAP-43 
mRNA AND INCREASES PROCESS OUTGROWTH IN NEURONS 
AND PC 12 CELLS. K.D. Anderson*1, A. Beckel-Mitchener1. M. Morin1, 
R. Keller1, A. Miera1, F. Valenzuela1, R. L. Neve2, H. M. Fumeaux3 and
N. I. Perrone-Bizzozero1. ’Dept. Neurosciences, Univ. New Mexico 
School Medicine, Albuquerque, NM, 87131,2McLean Hospital, Belmont, 
MA, 02178 and3Sloan Kettering Cancer Center, New York, NY 10021.
We have previously shown that GAP-43 gene expression is regulated 

post-transcriptionally through changes in the stability of the mRNA and 
that this process depends on the interaction of specific sequences in the 3’ 
untranslated region of the GAP-43 mRNA with the RNA-binding protein 
HuD. Here, we show that overexpression of HuD protein in transfected 
PC 12 cells increases the half-life of GAP-43 mRNA by slowing down its 
deadenylation. Likewise, using a polysomal-based mRNA decay system, 
we found that addition of recombinant HuD protein to this cell-free 
preparation lead to a 3.5-fold increase in the half-life of GAP-43 mRNA 
and a decrease in the rate of deadenylation. The stabilization of the GAP- 
43 mRNA by HuD in PC 12 cells resulted in higher levels of both GAP-43 
mRNA and protein and in the spontaneous outgrowth of neurites in the 
absence of NGF. Similarly, overexpression of HuD from the HSV-1 
amplicon, HSV-HuD, resulted in a significant increase in the initial rate of 
process outgrowth in primary neuronal cultures. These results indicate 
that HuD mediates the stabilization of the GAP-43 mRNA and that this 
process is critical for neuronal differentiation. Supported by NIH NS30255 
(NPB, KDA), GM52576 (NPB, AM), HD34563 (RLN) and NSF NS29682 (HF).

913.3

ARPP-19 MEDIATES THE POST-TRANSCRIPTIONAL REGU-
LATION OF GAP-43 EXPRESSION IN PC-12 CELLS. N. Irwin* 
S. L. Chao, G.-d. Li, A. Taahinia and L. I. Benowitz. Dept. Neurosur-
gery, Children’s Hospital; Harvard Med. School, Boston MA 02115.

The membrane phosphoprotein GAP-43 plays an essential role in 
the development and plasticity of neuronal connections. In PC12 cells, 
nerve growth factor (NGF) stimulates GAP-43 expression through a 
post-transcriptional mechanism that involves mRNA stability (Federoff 
etal., 1988; Perrone-Bizzozero et ah, 1991, 1993). A region in the 3’ 
end of GAP-43 mRNA (rbr2) is required for NGF-induced mRNA stabi-
lization (Nishizawa,1994); the phosphoprotein ARPP-19 binds to rbr2 
in an NGF-dependent manner (Irwin et ah, Neurosci. Abstr., 22:1710). 
To verify that rbr2 controls mRNA stability, we transfected PC-12 cells 
with plasmids encoding enhanced green fluorescent protein (EGFP) 
linked to various regions of GAP-43 mRNA and driven by a CMV 
promoter (pEGFP-3’GAP43). In PC12 cells stably transfected with 
these plasmids, NGF induced expression of the EGFP reporter only if 
rbr2 was included in the construct. Moreover, PC 12 cells transiently 
transfected either with plasmids encoding ARPP-19 or with control 
plasmids, along with the reporter constructs containing rbr2, showed 
an NGF- and ARPP-dependent induction of EGFP levels; constructs 
containing other regions of the 3’ end of GAP-43 mRNA did not. Stud-
ies on signal transduction pathways show that ARPP-19 binding to 
rbr2 and the regulation of GAP-43 expression parallel each other (Inwin 
et al, Neurosci. Abstr. 23: 610), and lie downstream from Ras. Thus, 
ARPP-19 is a crucial link in the induction of GAP-43 expression by 
NGF, with activation of Ras as an intermediate step. Support: NIH 
(EY 05690), Boston Neurosurgical Foundation

913.4

MODULATION OF ENDOCYTOSIS AND PROCESS OUTGROWTH BY 
MUTANT FORMS OF GAP-43. R. Coppersmith* and R.L. Neve . Department of 
Genetics, Harvard Medical School and McLean Hospital, Belmont, MA 02478.

The neuronal growth associated protein GAP-43, which binds calmodulin in a PKC- 
regulated manner, interacts with the protein rabaptin 5, through which it modulates 
cellular endocytosis. Rabaptin 5 is an effector of the small GTPase rab5. Rabaptin 5 
binds to GAP-43 in a calcium-dependent manner, supporting the idea that GAP- 
43/rabaptin 5 modulation of endocytosis may play a crucial role in coordinating axon 
outgrowth and ongoing membrane-turnover, including synaptic vesicle recycling, in 
response to intra- and extracellular signals. We report here on further studies 
characterizing the GAP-43/rabaptin 5 interaction and its role in vesicle turnover and 
axon outgrowth. We utilized mutant forms of GAP-43 in which either the calmodulin-
binding site was deleted (CAM), or the PKC site was mutated to an
unphosphorylatable state (G19) or to a state mimicking constitutive phosphorylation 
(Asp). FM1-43 labelling was used to measure synaptic vesicle turnover in primary 
cultured cortical neurons from transgenic mice overexpressing either CAM or G19 
under the control of the NSE promoter. Consistent with our previous findings using 
rat cortical cultures infected with HSV viral vectors expressing either GAP-43 or its 
mutants, the CAM transgenics showed a marked increase in vesicle turnover which 
was not seen in the G19 transgenics, who resembled wild-type controls. We will also 
present a more detailed analysis of GAP-43 modulation of vesicle turnover using real-
time FM1-43 staining/destaining. To assess neurite outgrowth, rat primary cortical 
neurons were infected with HSV vectors expressing GFP/GAP-43 (wild-type or 
mutant) fusion proteins for various time periods, followed by fluorescent staining 
methods for cytoskeletal elements and analysis by confocal microscopy. GAP-43 
modulation of process outgrowth appears to be more dependent on phosphorylation 
state per se than on calmodulin binding. These results will be presented and discussed. 
Supported by a grant from NIH (NICHHD) to RLN.
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913.5
PROTEIN BINDING TO A DISTAL PEA3 SITE IS CORRELATED WITH 
ALTERED GAP-43 EXPRESSION IN DRG NEURONS 
C.A. Laidlaw*, P.L. Andersen and D.T, Schreyer Cameco MS Neuroscience 
Research Center, Univ. Saskatchewan, Saskatoon, Canada S7K 0M7

The growth-associated protein GAP-43 is so-named because its expression 
is up-regulated in neurons during developmental or regenerative axon 
growth. The5'UTR of the GAP-43 gene contains three putative recognition 
sites for polyoma enhancer activator 3 (PEA3), an Ets family transcription 
factor. We have used electrophoretic mobility shift assays (EMSAs) to 
study whether protein binding to these sites may be involved in 
transcriptional regulation of GAP-43. Whole cell extracts were prepared 
from control dorsal root ganglia (DRG) or DRG that had been peripherally 
axotomized three days previously. One major band appeared on EMSA gels 
at which probe binding was specifically competed by cold probe. The 
intensity of this band was markedly increased in injured DRG, in 
correlation with increased GAP-43 expression. We then prepared adult 
DRG cultures and exposed them to medium conditioned by L8 muscle-like 
cells, a procedure previously found to repress GAP-43 expression. In these 
experiments, a higher molecular weight band appeared whose intensity 
was negatively correlated with GAP-43 expression. We also examined 
nuclear extracts from cultures of the RN46A neuron-like cell line. 
Undifferentiated RN46A cultures show a polygonal morphology, low GAP- 
43 expression, and low PEA3 probe binding on EMSAs. Differentiated 
RN46A cultures show neurite outgrowth, high GAP-43 expression and high 
PEA3 probe binding. These correlative observations suggest that PEA3 
proteins may be transcriptional regulators for GAP-43.

Supported by MRC Canada and Cameco MS Neuroscience Research Center

913.6
EXPRESSION OF C-JUN AND GAP-43 DURING SPROUTING AND 
REGENERATION IN ADULT DRG NEURONS. A.J. Pazos*, H.N. Dai, M. 
McAtee, B.S. Bregman. Georgetown Univ. Med. Ctr., Washington, D.C. 20007.

After CNS injury two distinct types of growth contribute to repair: the sprouting of 
adjacent intact axons into the areas denervated by the injury and the regeneration of 
axons damaged directly. Studies in this laboratory have indicated that, early in 
development, sprouting and regenerating neurons differ in their requirements for 
growth. In vitro studies in the adult have also shown that branching and elongation 
depend on different patterns of gene expression (Smith and Skene, 1997). In the 
present study we examined changes in c-Jun and GAP-43 in L5 DRG neurons under 
the following conditions: sham surgery, peripheral axotomy (sciatic nerve 
transection), central axotomy (unilateral dorsal rhizotomy), sprouting (spared root 
preparation) and regeneration (severed root placed into a hemisection site together 
with fetal spinal cord transplant). Tissue was examined 7 days after surgery and cells 
immunopositive for c-Jun or GAP-43 were counted in serial sections throughout the 
DRG. Little c-Jun or GAP-43 upregulation was detected in intact controls. Whereas 
the greatest increase in c-Jun or GAP-43 was found after sciatic nerve transection, 
after central axotomy less than 20% of injured neurons expressed either c-Jun or 
GAP-43. In contrast, c-Jun and GAP-43 expression was upregulated in 
approximately 50% of DRG neurons during both central sprouting and regeneration. 
The upregulation of c-Jun and GAP-43 was similar in the small and medium size 
DRG neurons. The largest diameter DRG neurons, however, showed little GAP-43 
expression during any of these injury conditions. These results suggest that c-Jun and 
GAP-43 are part of the neuronal growth response that occurs in DRG neurons during 
axon elongation, per se, regardless of whether the axons were damaged directly or 
arose from the sprouting of intact fibers. Supported by a grant from the International 
Spinal Research Trust to B.S.B.

913.7

HIGH EXPRESSION OF GAP-43 mRNA PERSISTS AFTER INITIAL 
TARGET CONTACT BY CORTICOSPINAL NEURONS 
S. Karimi-Abdolrezaee* and D.T, Schreyer Cameco MS Neuroscience 
Research Center, Univ. Saskatchewan, Saskatoon, Canada S7N 5E5

Previous studies of adult sensory neurons suggested that target contact acts 
to negatively regulate GAP-43 expression (Schreyer and Skene, 1991, J. 
Neurosci. 11:3738). However, studies of developing motor neurons indicated 
that down-regulation of GAP-43 does not occur until well after initial 
target contact (Caroni and Becker, 1992, J. Neurosci. 12:3849). To study this 
issue in developing corticospinal tract (GST) neurons, we used in situ 
hybridization to quantify GAP-43 mRNA content of CST neurons identified 
by Fast Blue retrograde labeling in postnatal rats. We also used 
anterograde transport of biotinylated dextran amine to study the invasion 
of spinal gray matter by CST axons. We find that high GAP-43 mRNA 
expression is evident in CST neurons in the first postnatal week and 
continues with little decrement through the fourth postnatal week before 
declining to adult levels. However, CST axons initially invade the spinal 
gray matter during the first two postnatal weeks. Varicosities on CST 
axons suggestive of terminal boutons are numerous in the spinal gray matter 
during the third postnatal week. Taken together, these data suggest that 
intimate contact with target tissue occurs well before developmental down-
regulation of GAP-43. If a target derived repressor is responsible for GAP- 
43 down-regulation, the appearance of its effect is likely to be related to a 
later stage of synaptic maturation, as is the case for spinal motor neurons.

Supported by MRC Canada, Saskatchewan Neurotrauma Initiative and 
Cameco MS Neuroscience Research Center

913.8

IS CALMODULIN THE ONLY GAP-43/B-50 INTERACTING PROTEIN?
J.J.W. van Dalen, M. de Wit, M.A.N. Edgar, M. Huiqsloot*, P. Schotman*, P.N.E. de
Graan, W.H. Gispen and L.H. Schrama*. Sponsored by ENA.
Rudolf Magnus Institute for Neurosciences, Depts. for Physiological Chemistry* and 
Medical Pharmacology, Utrecht University, Universiteitsweg 100,3584 CG Utrecht. 
The Netherlands. E.mail: j.j.w.vandalen@med.uu.nl.

B-50 (also known as GAP-43, neuromodulin and F1) is a neuronal calmodulin-
binding protein kinase C substrate involved in development, regeneration and 
plasticity of the nervous system. Thusfar binding has been shown for calmodulin 
with chemical interaction studies, in vitro binding assays and yeast two hybrid (Y2H) 
screening. Other suggested B-50 binding proteins are PlPkinase, Go, Rho GTPases, 
actin, PKC, casein kinase II, different phosphatases, rabaptin-5 and proteins of the 
synaptic core complex.

In this study we have searched for new B-50 interacting proteins using three 
different approaches. First B-50 and different mutants of B-50, among which a 
mutant not able to bind calmodulin, were used in a Y2H interaction study with a 
mouse brain cDNA library. The second set of experiments performed were fishing 
experiments in rat brain homogenate with fusion proteins and the third approach 
taken were chemical cross-linking studies. For the latter, rat brain homogenate and 
primary hippocampal cultures of E19 Wistar rats were chemically cross-linked using 
the homobifunctional cleavable cross-linker Dithiobis(succinimidyl propionate (DSP) 
under different experimental conditions (e.g. Ca2+, EGTA, phorbol diester). After 
cross-linking, immunoprecipitations were performed and western blots were made. 
These blots were probed with antibodies against different possible interacting 
candidates. We also metabolically labeled the primary neurons, followed by cross- 
linking and immunoprecipitation to characterize B-50 containing complexes.

The only interacting protein found was calmodulin. Thus we conclude that in total 
cells or homogenates calmodulin is the major B-50 interacting protein. Other 
interactions maybe short-lived, with lower affinity then calmodulin or in specialized 
compartments of the cell.

913.9

Differential Regulation of SCG-10 mRNA in the Contralateral 
Entorhinal Cortex of Young and Aged Rats After a Combination 
192 IgG-Saporin/Entorhinal Cortex Lesion. M, Ferguson. H.W. 
Cheng, and T.H, McNeill*, Department of Cell and Neurobiology, University 
of Southern California, Los Angeles, CA 90033.
Previous studies have suggested that SCG-10 and GAP-43 mRNA are differentially 
regulated during reactive synaptogenesis in the different lamina of the dentate 
gyrus and that these differences are perhaps lesion specific. To further test this 
hypothesis, we examined, by in situ hybridization, the time course of the 
expression of SCG-10 and GAP-43 mRNA in pyramidal neurons of the 
contralateral entorhinal cortex (EC) following either a combined immunotoxin IgG 
192-saporin/unilateral EC lesion (IgG/EC), the IgG lesion alone, or the EC lesion 
alone. In addition, we determined if the lesion response was effected by age. We 
report that the level of message for GAP-43 was unchanged after all lesions; while 
tlie upregulation of SCG-10 mRNA in layer II neurons of the contralateral EC after 
the combined IgG/EC lesion was seen as a biphasic response with an early peak at
4-6 days posfiesion and a second peak at 24-30 days. By comparing the time course 
of the SCG-10 response after the combined lesion with that seen after either lesion 
alone, we found that the increase in SCG-10 seen at 4-6 days most likely occurs in 
response to the loss of input from the septohippocampal pathway, while the 
increase at 24-30 days posfiesion is a response to the loss of input from the 
ipsilateral EC. In addition, the lesion induced increase in SCG-10 mRNA was 
decreased in aged rats. These data suggest that the time course of the sprouting 
response of axons from the contralateral EC is lesion specific and is diminish by 
age. In addition, we hypothesize that the signals that trigger the sprouting response 
are most likely different for the EC and IgG lesions. Supported by NIH Grant NS- 
30426.

913.10

CORRELATION OF PATIENT VARIABLES WITH GAP-43 AND P-75 IN 
HUMAN NEUROMAS. R.W. Beuerman*. H.S. Gilmer-Hill. R. Teal. J. Jiang, 
and D, Kline. LSU Eye Center, Dept. Of Neurosurgery, Neuroscience Center of 
Excellence, SUN Program, LSU Medical Center School of Medicine in New 
Orleans; New Orleans, LA 70112.

GAP-43 and p75 are proteins that promote growth cone formation and axonal 
elongation. The objectives of this study were to determine whether GAP-43 and 
low-affinity nerve growth factor receptor, p75, are elevated in traumatic human 
neuromas and to determine if there is a correlation between the relative amounts 
of these proteins and patient variables such as pain or the time between trauma 
and repair. Traumatic neuromas from 21 randomly selected patients were studied 
and the charts reviewed. Specimens were collected at the time of nerve resection 
and grafting, and rapidly frozen. Immunohistochemical analysis was performed 
on each sample, as well as on a sample of normal human nerve, using antibodies 
to GAP-43 and p75. In addition, Western blots were carried out. The results 
showed that all neuroma specimens harvested within 13 months of injury 
exhibited markedly elevated GAP-43 levels compared to normal nerve. 
Specimens harvested at 14 months or more after injury showed a precipitous 
drop in GAP-43 levels compared to that of normal nerve. The correlation 
between the amount of intra-axonal GAP-43 and post-injury time interval was 
significant (p=0.0038). High GAP-43 levels were also correlated with transection 
injury and pain. p75 remained elevated in our population, with no consistent 
pattern of variation. These preliminary data suggest that the expression of GAP- 
43 varies after injury, but gene expression in the dorsal root ganglion remains 
elevated for approximately a year and then decreases to normal or subnormal 
levels. EY04074 (NIH, NEI); DAMD17-93-V-3013 (Department of the Army, DOD).
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914.1

DEVELOPMENT OF IMMORTALIZED HUMAN DOPAMINERGIC 
NEURONAL CELL LINES FROM THE MESENCEPHALON.
H.K. Raymon*. C. Barrere. D. Thompson. J. Zhou, M.M, Yamashita. S, Thode.
G.C. Friedman and D.W.Y. Sah. Neurobiology, Signal Pharmaceuticals, Inc., San 
Diego, CA 92121.
Degeneration of ventral mesencephalic dopamine neurons in Parkinson’s disease 
leads to severe motor impairments. The discovery of drugs to prevent or attenuate 
the death of these cells has been hampered by the limited availability of cells. 
Development of a renewable source of human dopaminergic neurons would 
facilitate both drug discovery and basic research. We report here the development of 
human dopaminergic neuronal cell lines from the ventral mesencephalon (VM). 
Cultures of human VM were immortalized with a tetracycline-regulatable v-myc 
oncogene and putative clonal cell lines were isolated, one of which was the focus 
of the present study. In the proliferative condition, cells stained positively for v- 
myc and expressed mRNA for NOT/Nurrl, a transcription factor expressed by 
developing dopaminergic precursors. Following treatment with tetracycline, v-myc 
staining was suppressed and the cells exhibited neuronal morphology (phase-bright 
and process-bearing) and MAP2ab-immunoreactivity, and fired action potentials 
upon current injection, establishing neuronal phenotype. Immunoreactivity for 
tyrosine hydroxylase, a marker for dopaminergic neurons, was observed in cells 
positive for MAP2ab, suggesting that dopaminergic neurons were present. 
Differentiated cells expressed mRNA for c-ret and GDNF receptor subunits and 
GDNF treatment promoted dopaminergic differentiation and/or survival. These data 
suggest that we have immortalized a human neuronal progenitor that differentiates 
into a dopaminergic neuron. Differentiation/survival and neuroprotection assays are 
currently being validated.

914.2
DEVELOPMENT AND CHARACTERIZATION OF A STABLE 
IMMORTALIZED HUMAN SENSORY NEURONAL CELL LINE WITH 
NOCICEPTIVE PROPERTIES. D.W.Y. Sah, H.K. Ravmon, S Thode, J. Zhou, 
G.C. Friedman*, J.R. Pardinas, C. Barrere, R.M, Johnson1, Neurobioloqy. 
Signal Pharmaceuticals, Inc., San Diego, CA 92121. 1 Roche Bioscience, Palo 
Alto, CA 94304.

The purpose of this study was to develop a human immortalized sensory 
neuronal cell line with nociceptive properties to facilitate basic research and 
drug development for the treatment of pain. Human dorsal root ganglia (DRG) 
cultures were immortalized with a retroviral vector containing a tetracycline 
regulatable v-myc gene, as described previously (Sah et al., 1997). In the 
proliferative condition, clone HD10.6 cells exhibit neuronal precursor 
morphology and double every 1.2 days. After differentiation of HD10.6 cells in 
the presence of tetracycline, more than 50% of the cells exhibit neuronal 
morphology, stain positively for NF160, p—III tubulin, p75, TrkA, Substance P 
and Islet-1, and express DRG11 (a sensory neuron specific transcription 
factor) but not MASH1 (a sympathetic neuron specific transcription factor). 
Moreover, differentiated HD10.6 cells fire action potentials, and are sensitive 
to capsaicin, low pH (Raymon et al., in press; see SFN abstract by Zhou et 
al.) and aJi-methylene-ATP, characteristic of nociceptive neurons. The 
phenotype of HD10.6 cells is stable over > 65 generations. In conditions that 
promote the differentiation of neural crest cells into Schwann cells or smooth 
muscle cells, HD10.6 cells retain their neuronal phenotype, indicating that 
these cells are restricted to a neuronal fate.

This is the first reported example of a stable immortalized human sensory 
neuronal cell line with nociceptive properties. This cell line will be valuable for 
the identification of novel therapeutics for the treatment of pain, as well as the 
study of mechanisms regulating sensory neuron differentiation, maturation 
and survival. Source of Support: Roche Bioscience

914.3

SUSTAINED PROTON-GATED CURRENT IN A NOVEL IMMORTALIZED 
HUMAN SENSORY NEURONAL CELL LINE J. Zhou, H. K. Ravmon, J. A. M. 
Smith1, A. N. Verity1, R. M. Johnson1 and D. W. Y. Sah*. Neurobiology, Signal 
Pharmaceuticals, Inc., San Diego, CA 92121. 1Roche Bioscience, Palo Alto, 
CA 94304.

Sustained proton-gated currents in nociceptive sensory neurons are thought 
to mediate the painful sensation caused by acidosis. It has been shown that 
low pH solution activates a fast, rapidly inactivating, Na+-selective current and 
a non- or slowly-inactivating non-selective cation current in nociceptive 
sensory neurons. A concomitant low pH-evoked increase in cytosolic [Ca2+] 
([Ca2*}) can be observed. Here, proton-gated current in a novel immortalized 
human sensory neuronal cell line, HD10.6 (see SFN abstract by Sah et al.), 
neuronally differentiated for 10-14 days, was studied using the whole-cell 
patch-clamp method and calcium imaging. The transient proton-gated current 
was activated by pH < 6.9 and was blocked by 100 (iM amiloride. The 
sustained proton-gated current was activated at pH < 6.1 and reached a 
maximal value near pH 4.6 with an EC50 of pH 5.2. It had a slow inactivation 
time course and showed marked outward rectification, with little selectivity 
between Na+, K+ or Cs+ ions. The current was completely blocked by 
ruthenium red at > 30 pM. In cells pre-loaded with fluo-3AM, solutions of pH 
6.9 to 6.5 evoked a transient increase in [Ca2+}. pH < 6.5 evoked a biphasic 
increase in [Ca2+} with distinct transient and sustained components. We 
conclude that the sustained proton-gated current in neuronally differentiated 
HD10.6 cells closely resembles that in native nociceptive sensory neurons. 
Thus, HD10.6 cells represent a valuable tool for identifying compounds that 
modulate sustained proton-gated current.

Source of Support: Roche Bioscience

914.4

IDENTIFICATION, ISOLATION AND PURIFICATION OF NEURONAL 
PROGENITOR CELLS FROM ADULT HUMAN HIPPOCAMPUS N. S. Roy1*, S. 
Wang1. C. Restelli1, R. Fraser2, W, Couldwell3. J, Kang4, A, Kawaguchi5, H. Okano5,
M. Nedergaard3,6 and S, A. Goldman1 Depts. of ’Neurology and ’Neurosurgery 
Cornell U. Med. Col., NY, NY 10021; ’Neurosurgery and 5Cell Biology, New York 
Med. Col., Valhalla, NY; ‘‘Neuroanatomy, Osaka U. Med. School, Osaka, Japan.

Previous studies have demonstrated neurogenesis in the dentate gyrus of the 
adult primate hippocampus (Gould, PNAS 95:3168-71, 1998; Eriksson, Nature Med 
11:1313-7, 1998). To identify and isolate the predicted neuronal progenitor cells of 
the adult human hippocampus, we transfected ventricular zone-free dissociates of 
surgically-resected hippocampus (n=7 male patients; ages 5-63), with plasmid DNA 
bearing the gene for green fluorescent protein (hGFP), placed under the control of 
regulatory sequences for either the neuroepithelial filament nestin, or the early 
neuronal protein Tai tubulin. Within 4 d after transfection with either E/nestin:EGFP 
or P/Tal:hGFP, discrete populations of GFP+ cells were noted to express GFP. These 
cells expressed either nestin protein or either of two neuron-selective proteins, Hu and 
pill-tubulin; most matured to express neuronal MAP-2 within 10 d in vitro. Over 30% 
of P/Tal :hGFP+/pIII-tubulin+ or E/nestin:EGFP+/pIII-tubulin+ neurons incorporated 
bromodeoxyuridine (BrdU) within the first week in vitro, indicating their genesis 
from mitotic precursors. Using fluorescence-activated cell sorting (FACS), both 
E/nestin and P/Tal-driven GFP+ hippocampal cells were then isolated and enriched to 
purity. Within 2 wks after FACS, the cells matured into antigenically typical neurons. 
P/Tal :GFP* hippocampal neurons exhibited >10-fold calcium increments to both 
glutamate and K+-depolarization, suggesting their functional competence. Thus, the 
adult human hippocampus harbors mitotically competent progenitor cells, that give 
rise to new neurons. By transfecting parenchymal dissociates with transgenes of GFP 
placed under the control of early neural or neuronal promoters, these progenitor cells 
may be extracted viably from the adult human hippocampus.

Support by the Natl. MS Society, Mathers Foundation, Aitken Trust, and NINDS.

914.5

Epigenetic regulation of differentiation in human neural stem cells.
g.F, Pagano, R, Gulfi, M, Girelli, L, Gova, E-A, Parati, ,M- Mora* and.A,L,
Vescovi. National Neurological Institute “C. Besta”, Milan, Italy.

Stem cells that give rise to neurons, astroglia and oligodendroglia have been found
in the developing and adult central nervous system (CNS) of rodents. Recently, we 
have cloned stem cells from embryonic human CNS that differ from their murine 
counterpart with respect to their growth requirement (Vescovi et al., Exp. Neurol. 
156, 71-83, 1999). The progeny of long-term cultured (up to 2 years) human CNS 
stem cells can survive transplantation into the adult rodent CNS. Various cytokines 
and neurotrophic factors can regulate the differentiation of rodent stem cells (Johe et 
al., 1996). Here we investigated on how various epigenetic effectors may also 
influence the generation of neurons and glia from human CNS stem cells. 
Differentiation was studied in human CNS stem cell cultures exposed to various 
cytokines or neurotrophic factors by assessing the number of neurons and astrocytes 
as measured by differentiation markers such as (3-tubulin and glial antigen glial 
fibrillary acidic protein. Differently from mouse stem cells, platelet-derived growth 
factor failed to increase the number of stem cell-derived neurons in human cultures. 
Yet, three cytokines, ciliary neurotrophic factor (CNTF), leukaemia inhibitory factor 
(LIF) and interleukin-4 (IL-4), together with the neurotrophin NT-3, were found to 
enhance the number of neurons generated, with LIF being the most effective agent 
leading to up to a three fold increase. Further, time course analysis and systematic 
investigation of the viability and mitotic index suggest that, while NT-3 may 
support neuronal survival, LIF and CNTF may also act instructively by augmenting 
the fraction of neural stem cell progeny that adopts a neuronal fate. These 
observations clarify some of the basic aspects of human CNS stem cells physiology 
and help to establish improved human stem cell preparations to be used in 
therapeutic neural transplantation.

914.6
INCREASING THE NUMBER OF NEURONS DEVELOPING FROM 
HUMAN NEURAL PRECURSOR CELLS. M.A. Caldwell*1, E. Jolev2, E.C. 
Daley1, E.R.M Jauniaux3 and C.N. Svendsen* ’MRC Centre for Brain Repair, 
University of Cambridge, UK. 2The Babraham Institute, Cambridge, UK. 
’Obstetrics and Gynaecology, University College, London.

Precursor cells can be isolated from the human foetal brain and have been shown 
to proliferate in culture in the presence of mitogenic growth factors e.g. epidermal 
growth factor and fibroblast growth factor-2. Previous studies show that when these 
expanded cells are grafted into the striatum of the adult rat, they produce mainly 
astrocytes (Svendsen et al, Exp Neurol.(l99T) 184: 135). This cell fete is thought to be 
determined at least in part by the environment of the host brain. Furthermore, when 
spheres are dissociated and plated in vitro, very few neurons are found. However, if 
whole spheres are plated, many neuronal precursors migrate out along radial 
processes and mature. The aim of this study was to direct the fete of cells prior to 
grafting into the lesioned adult rat striatum in an attempt to increase die number 
differentiating into neurons post transplantation. To achieve this cells were induced 
to differentiate for 7 days in vitro on a poly-l-lysine/laminin substrate. The cells 
were then removed from the substrate using trypsin, triturated into a single cell 
suspension and re-plated in a serum containing medium (known to induce astrocyte 
differentiation) to establish if indeed they had determined their fete choice. Results 
indicate that the number of neurons could be increased by over 30% by pre-
differentiation on the laminin substrate. The number of neurons could be further 
increased (>20%) by the addition of either NT3, BDNF or NT4. Following 
differentiation, small and large cells could be FACS sorted and survived re-plating. 
The small population was enriched in neurons, whereas the large population 
contained astrocytes. These data show that it is possible to both increase the number 
and select neurons generated from human neural precursor cells prior to grafting. 
Supported by the Wellcome Trust, MRC, Merck, Sharpe and Dohme and BBSRC.

Society  for  Neuroscience , Volume  25, 1999



2290 NEURONAL SPECIFICATION AND DIFFERENTIATION: HUMAN STEM CELLS THURSDAY AM

914.7
CLONAL ANALYSIS OF NEURAL STEM CELLS DERIVED FROM ADULT HUMAN BRAIN.
0, Honaou'11-’, T. Kato*, Y. Akiyama*, J, D. Kocsis*’, T, Uede1, and K. Hash?.
Dept. of Neurosurgery, Sapporo Med. Univ. Sapporo, 060-8543, JAPAN*; Neuroscience 
Res. Ctr., VA Med. Ctr., test Haven, CT, 06516, USA1; Dept. of Neurology, Yale 
Univ. New Haven, CT, 06516, USA’

It has generally been assumed that the adult brain is incapable of 
significant self-repair because of a lack of neurogenesis in the adult mammalian 
central nervous system (CNS). In the last three decades, however, several 
studies have reported that the adult mammalian brain harbors neural stem cells 
that retain the potential for both neural production and differentiation in 
experimental animal models, although the precise identity of the neural stem 
cells in the brains of adult mammals is still unknown. These findings offer the 
prospect of the presence of neural precursors in the adult human brain. The 
objective of this study was to identify neural stem cells in the adult human CNS 
and to examine the potential for self-renewal and differentiation in vitro.

First, we examined the regional distribution of neural stem cells in adult 
human brain, then established cell-lines derived from the periventricular 
subependymal zone in adult human brain. Single-cell clonal analysis 
demonstrated that both neuronal and glial lineages, which were characterized 
immunophenotypically and electrophysiologically, could be induced from a single 
cell in vitro. These results provide evidence that adult human brain contains 
precursor cells which have properties reminiscent of neural stem cells and 
exhibit both neuronal and glial differentiation; thus, these cells may be a 
potential source for investigations of human CNS neuronal and glial development 
and differentiation, and could be used as a source of cells for neural 
transplantation therapy.

914.8
CONSERVATION OF REGULATED NEURAL GENE EXPRESSION IN A 
HUMAN PLURIPOTENT STEM CELL LINE. SA Przyborski*1, A Wood2. 
PW Andrews1 ‘Dept. Biomedical Science, University of Sheffield, Sheffield, S10 
2TN, UK. 2Wyeth-Ayerst, CNS Research Laboratories, Princeton, NJ08852, USA.

Embryonal carcinoma (EC) cells provide a caricature of pluripotent embiyonic 
stem (ES) cells and may be used as surrogates for investigating the mechanisms 
that regulate cell differentiation during embryonic development. NTERA2/cl.Dl 
is a human EC cell line that differentiates in response to retinoic acid (RA) 
yielding cells that include terminally differentiated neurons. To test whether the 
development of NTERA2 stem cells along the neural lineage involves the 
sequential expression of neurogenic genes as seen lower vertebrates, we examined 
the expression profile of such known neural transcripts during NTERA2 RA- 
induced differentiation. Molecular markers of proliferating {nestin, hathl), 
postmitotic {neuroDl) and differentiating {synaptophysin, neuron-specific 
enolase) neural cells were monitored by northern blot and RT-PCR analysis to 
indicate the status of differentiating NTERA2 neurons. Levels of neuroprogenitor 
markers increased rapidly after exposure to RA and were subsequently decreased 
as NeuroDl mRNA accumulated. Markers of mature neural cells increased 
thereafter and were maintained as the characteristic neuronal morphology became 
visible. These regulated patterns of gene expression are consistent with the notion 
that RA-induced neurogenesis of NTERA2 cells in vitro relates closely to the 
development of neurons during normal embryogenesis in vivo. These data justify 
the use of human EC cells for the study of human embryonic nervous system 
development.

This work was supported by funds from Wyeth-Ayrest Laboratories, USA and 
awards to SAP by the JG Graves Fellowship, University of Sheffield, UK and by 
The Peel Medical Research Trust, London, UK (Regd. Charity: 214683).

NEURONAL SPECIFICATION AND DIFFERENTIATION: PERIPHERAL NERVOUS SYSTEM

915.1

POSTNATAL DEVELOPMENT OF THE RAT MYENTERIC PLEXUS
S. Jones, H.A.Davies, G. Swanson and M.J. Safirey, Department of Biological 
Sciences, The Open University, Milton Keynes, MK6 7AA, UK.

The myenteric plexus lies between the smooth muscle layers of the 
gastrointestinal (GI) tract and plays an essential role in regulation of GI motility. 
The postnatal period is one of rapid growth and dietary change in many species, 
but changes in the myenteric plexus at this time have not been fully 
characterised. We employed immunocytochemistry and electron microscopy to 
study the postnatal development of the myenteric plexus of the rat ileum. 
Immunohistochemistry of whole mount preparations using an antiserum against 
the neuronal marker PGP 9.5 and correction for intestinal growth revealed 
changes in the density of myenteric neurons during postnatal development. The 
most striking change was a significant increase (P<0.05, ANOVA) in neuronal 
density between postnatal days (PND) 7 and 14, implying an increase in neuron 
number in the myenteric plexus. Neurons of the NADPH-diaphorase containing 
subpopulation were among those that increased in number during this time. 
Neuronal density decreased significantly (P<0.05, ANOVA) between PND 14 
and 21, possibly indicating a period of naturally occurring cell death. There was 
no change in the density of NADPH-diaphorase containing neurons during this 
period. Total neuronal density appeared to stabilise at 35 days. Ultrastructural 
analysis revealed early postnatal (7 day) neuron and glial profiles to be relatively 
mature and exhibit a similar variety of shapes to that observed in the adult rat 
and guinea pig. Although individual ganglia were relatively compact in these 
young animals, they were frequently found to be in direct contact with smooth 
muscle tissue, and only incompletely surrounded by basal lamina, which was 
developmentally acquired. In summary, although myenteric ganglia are relatively 
mature in young animals, a number of important changes occur postnatally and 
maturity is not complete until after the first postnatal month of life.

915.2

Expression of C-Serratel and BMP4 in developing chick inner 
ear. L.K. Cole*#, I. LeRoux+, J. Lewis± and D.K. Wu#. #National 
Institute for Deafness and Communication Disorders, Rockville, 
MD 20850 and ±Imperial Cancer Research Fund, PO Box 123, 
Lincoln's Inn Fields, London WC2A 3PX, UK.

Both BMP4 (bone morphogenic protein) and C-Serratel are 
presumptive markers for sensory organs in the chicken inner ear. 
We examined expression patterns of these two markers in chicken 
inner ears from embryonic day (ED) 1.5 to 5. At the otic cup stage, 
both BMP4 and C-Serratel were expressed around the rim. 
However, the C-Serratel expression domain was broader than that 
of BMP4. By ED 5 (HH st. 27), C-Serratel expression became 
restricted and was nearly identical to BMP4 expression in the three 
cristae and macula utriculi. In contrast, BMP4 and C-Serratel 
expression domains within the saccule and cochlea were not 
identical. The dorsalmost portion of BMP4 positive area in the 
saccule was devoid of C-Serratel expression. Within the cochlea, 
there were regions where BMP4 and C-Serratel were co-expressed, 
and regions where each marker was expressed exclusive of the 
other. In particular, the BMP4 positive region in the inferior 
(abneural) portion of the basilar papilla was C-serratel negative. 
We are analyzing these expression patterns in order to gain insight 
into mechanisms of sensory organ specification.

915.3

VENTRALLY EMIGRATING NEURAL TUBE CELLS MIGRATE 
INTO THE DEVELOPING EAR. G. S. Sohal*, M.M. All, A. A, 
Ali and D. Dai. Dept. of Cellular Biology and Anatomy, Medical 
College of Georgia, Augusta, GA 30912.

A population of neuroepithelial cells has recently been 
shown to emigrate from the hindbrain neural tube, considerably 
after the emigration of neural crest. These cells are called the 
Ventrally Emigrating Neural Tube cells or VENT cells. The 
VENT cells differ from the neural crest cells in that (i) they 
originate from the ventral portion of the neural tube; (ii) their 
emigration is restricted to the site of attachment of the cranial 
nerves; and (iii) they do not express the neural crest cell 
antigen HNK-1. We sought to determine if some VENT cells 
emigrated at the site of attachment of the eighths cranial nerve 
and migrated into the developing ear vesicle. The neural tube 
cells of the chick embryo were labeled by Dil or tissue grafting 
or by retroviral vectors containing the LacZ gene. It was found 
that the VENT cells emigrate from the hindbrain neural tube at 
the site of attachment of the eighth cranial nerve on day 3. The 
VENT cells subsequently migrated into the otic vesicle. In older 
embryos, the VENT cells were seen in a variety of locations 
including in the ganglion of the eighth nerve, endolymphatic 
duct, semicircular canals, cochlea, perilymphatic space and otic 
capsule. These observations indicate an additional source of 
cells for the developing ear. This work was supported by qrant 
DE 12471 from NIDCR.NIH.

915.4
ROLE OF THE BASIC HELIX-LOOP-HELIX TRANSCRIPTION FACTOR HAND 1 IN 
SYMPATHETIC NERVOUS SYSTEM DEVELOPMENT.
J. Hao, G. Liu, S. Chun, S. Hwang. J. Witkin* and P. Cseriesi. Dept. of Anato-
my & Cell Biology, College of Physicians & Surgeons, Columbia University, New 
York, NY 10032.

Basic helix-loop-helix (bHLH) transcription factors play key roles in specifi-
cation and differentiation of tissues during development. Two members of this 
family, the HAND bHLH factors, are expressed in the developing sympathet-
ic nervous system (SNS) of mice. HAND1 null embryos have extensive extraem- 
bryonic membrane defects leading to embryonic death at 8 days of develop-
ment precluding analysis of its role in the formation of the SNS. To address its 
role in SNS development, we have begun to examine its function in cell lines 
derived from neural crest or its derivatives. Unlike HAND2 which has been shown 
to be a powerful proneural gene, HAND1 appears to function in the promo-
tion of Schwann cell development. The high levels of HAND 1 expression in 
numerous neural crest lineages during development and its inability to pro- 
ciously activate the Schwann cell lineage program in cell lines suggests it is not 
sufficient to promote determination and differentiation. Analyses of how HAND 1 
regulates gene expression suggest it functions as a transcriptional a‘ctivator by 
interaction with numerous transcriptional adaptors and modifiers. We are cur-
rently characterizing the roles of the HAND1 interactive proteins during SNS 
development. This work was supported by the Whitehall and March of Dimes 
Foundations

Society  for  Neuroscience , Volume  25, 1999



THURSDAY AM NEURONAL SPECIFICATION AND DIFFERENTIATION: PERIPHERAL NERVOUS SYSTEM 2291

915.5
TWO SIGNAL TRANSDUCTION PATHWAYS INVOLVED IN THE 
CATECHOLAMINERGIC DIFFERENTIATION OF AVIAN NEURAL CREST- 
DERIVED CELLS IN VITRO.X. Wu and M.J. Howard*. Dept. Anatomy and 
Neurobiology, Medical College of Ohio, Toledo, OH 43614.

Growth factors have a pivotal role in the differentiation of neural crest-derived cells 
into catecholaminergic (CA) neurons. Molecules derived from the neural tube and 
found in chick embryo extract (CEE), transforming growth factor-pi, ciliary 
neurotrophic factor and bone morphogenetic proteins (BMP) all support the 
differentiation of CA neurons in vitro under growth conditions which alone will not 
support expression of this phenotype. Each of these identified growth factors binds a 
cognate receptor whose signal transduction pathways are partially understood. Two 
broad groups of growth factor receptors, those which have an intrinsic receptor 
tyrosine kinase or activate soluble tyrosine kinases and those which are 
serine/threonine kinases and activate SMAD, can influence differentiation of neural 
crest-derived cells into CA neurons. In the present study, we tested whether MAP 
Kinase or SMAD, both of which can influence transcription, mediate the 
differentiation of neural crest-derived CA neurons in response to CEE or BMP-4. In 
the presence of Herbimycin A, a pan-specific tyrosine kinase inhibitor, there was a 
dose-dependent loss of neural crest-derived CA neurons differentiating in 10% CEE. 
Inhibition of MAP Kinase using PD98059 resulted in a dose-dependent reduction of 
CA differentiation with an EC5() of 3 pM. In response to PD98059 (7pM), CA 
differentiation was reduced by 70%, suggesting that CA differentiation of neural crest- 
derived cells in vitro requires one or more phosphorylation events mediated by 
tyrosine kinases. Differentiation of CA neurons was increased 3 fold in response to 
added BMP4 (lOng/ml) but was inhibited only 20% when activation of MAP Kinase 
was blocked by PD98059. The data suggest that CEE-derived factors and BMP-4 
support the differentiation of catecholaminergic neurons via independent signaling 
pathways which may interact, (supported by HD 28184 to MJH.)

915.6
DEVELOPMENT OF ELECTROPHYSIOLOGICAL PROPERTIES AND
SYNAPTIC INPUTS IN SYMPATHETIC NEURONS. RL. Anderson*, P.Jobling 
and I.L.Gibbins. Department of Anatomy & Histology, and Centre for Neuroscience, 
The Flinders University of South Australia, GPO Box 2100, Adelaide, SA, 5001.

Three main electrophysiological classes of sympathetic neurons exist within the 
adult guinea-pig coeliac ganglion; phasic, tonic and long afterhyperpolarizing neurons. 
All neurons receive synaptic inputs from the central nervous system (CNS) via the 
splanchnic nerv es whereas tonic neurons also receive peripheral synaptic inputs via the 
coeliac nerves. The aim of this study was to determine when these functional classes 
of neurons differentiate. We have recorded from neurons at early fetal (E30-34), mid- 
fetal (F40-44), late fetal (F49+), and neonatal stages of development (P0-P13; variable 
gestation period 60-75 days). Pregnant guinea-pigs, neonates and fetuses were killed 
with lethal doses of sodium pentobarbitone (Nembutal). Coeliac ganglia were pinned 
out in a recording chamber. Electrical properties of neurons and their synaptic inputs 
were recorded using intracellular microelectrodes. Early fetal neurons had less negative 
resting membrane potentials compared to later stages and fired only one action 
potential at the onset of a depolarising current step. Some of these neurons had 
subthreshold synaptic inputs following splanchnic nerve stimulation. By mid-fetal 
stages the membrane properties of neurons were similar to those in mature animals 
and different electrophysiological classes could be distinguished. At this age many 
neurons received suprathreshold synaptic inputs from the CNS. The earliest evidence 
of peripheral synaptic inputs was found at this mid-fetal stage. These preliminary 
observations suggest that coeliac ganglion neurons are not fully differentiated into 
their distinct electrophysiological classes until relatively late stages of development 
(>F35). They also suggest that central preganglionic inputs are established at an 
earlier developmental stage than peripheral synaptic inputs. By late fetal and neonatal 
stages the neurons resemble those from mature animals even though concunent 
studies indicate that they have not yet attained their final neuronal size and dendritic 
fields.

This work was supported by the National Health and Medical Research Council of 
Australia (NH&MRC).

915.7

A LEECH HOX GENE EXPRESSED IN CENTRAL AND PERIPHERAL 
NEURONS
M. Mercado-Pimentel* and G. O. Aisemberg. Lehman College of The City 
University of New York; Bronx, New York, 10468.

During embryonic development neurons acquire distinct identities that enable 
them to perform specific functions in the nervous system. The Hox genes, a 
highly conserved family of transcription factors, have been suggested to play a 
role in the definition of neuronal identities. In situ hybridization of leech 
embryos has shown that the leech Hox gene Lox6 (a homolog of the Drosophila 
gene Deformed} is expressed during gangliogenesis in segmentally iterated 
neurons of rostral and midbody ganglia of the central nervous system (CNS). 
Lox6 is also expressed in peripheral neurons of the seven pairs of sensilla of 
each segment and in the five pairs of eyes of the leech Hirudo medicinalis (V. 
Y. Wong and E. R. Macagno Dev. Genes Evol. 208: 51-55, 1998). The CNS 
ganglia and peripheral sensory organs that express Lox6 contain many different 
types of neurons. To identify the Zoxd-expressing neurons we produced anti- 
Lox6 polyclonal antibodies. We used PCR to amplify a large fragment of the 
coding region of Lox6 from a cDNA clone. This DNA fragment was ligated to 
the expression vector pGEX-2t to express Lox6 as a fusion with glutathione S- 
transferase (GST). Upon induction with IPTG, the bacteria transformed with 
this construct produced a new protein of about 55 kDal, as expected for a Lox6- 
GST fusion. Chickens were immunized with this fusion protein for the 
production of antibodies. These anti-Zox6 antibodies were used to determine 
which cells express Lox6 in the nervous system of the leech.
Supported by NIH 5S11NS37519 and 3S06GM08225, and PSC/CUNY 667602.

915.8

CONTINUAL NEURAL REARRANGEMENT IN ADULT RAT FUNGIFORM 
TASTE BUDS. N.A. Guagliardo*, S.I. Sollars, and D.L.Hill. Department of 
Psychology, University of Virginia, Charlottesville, VA 22903.

The chorda tympani nerve innervates taste buds in fungiform papillae, which are 
located on the anterior two-thirds of the tongue. These taste receptor cells have a life 
span of about 10 days in normal adult rats. Therefore, neural connections must be 
continually remodeled as taste receptor cells die and new ones take their place. The 
current study examines if the same chorda tympani neurons innervate taste buds as 
their cells turnover, or if different neurons innervate a given taste bud over time. We 
used a procedure whereby single taste buds in normal adult rats were labeled with a 
fluorescent tracer, either true blue chloride or Fluoro-Gold, and then labeled with 
tetramethylrhodamine dextran at 2, 10 or 20 days after the first injection. Both 
tracers were taken up by the chorda tympani fibers innervating the taste bud at the 
time of injection and retrogradely transported to their cell soma, in the geniculate 
ganglion (GG). Taste buds labeled with the second tracer 2 or 10 days after the first 
injection had approximately 95% of innervating GG cells double labeled. Moreover, 
the number of labeled GG cells with the first or with the second label matched the 
size of the taste bud; the larger the taste bud, the more neurons that innervate it 
(previously shown by Krimm & Hill, 1998). Taste buds injected 20 days after first 
injection had only 42% of innervating GG cells double labeled. However, as in rats 
with a two day interval between injections, the number of GG cells with each label 
matched the size of the taste bud, demonstrating that this relationship is maintained 
throughout this period. These data show that taste buds are innervated by nearly the 
same set of GG cells when examined 2 days apart, but have a much different 
population of GG cells innervating the taste bud when examined 20 days apart. 
Therefore, in addition to a continual turnover of taste receptor cells on the anterior 
tongue of normal adult rats, there appears to be an ongoing remodeling of the 
innervation of single taste buds over time.

Supported by NIH grants P01 DC03576 and NIH R01 DC00407

915.9

INVESTIGATING THE FUNCTION OF THE HAND TRANSCRIPTION 
FACTORS IN MAMMALIAN PERIPHERAL NERVOUS SYSTEM 
DEVELOPMENT.
C.H.Dean 1,z, E.N.Olson2, Peter Giese1 *, K.R.Jessen1, and R.Mirsky1
1 Dept. of Anatomy,University College, London, U.K.
2 Molecular Biology and Oncology, Southwestern Medical Center, Dallas, Texas,
U.S.A.

Two recently identified basic helix - loop - helix ( b HLH ) transcription factors ; 
dHAND and eHAND, have been shown to be present in several neural crest 
derivatives including sympathetic ganglia. Both genes have been knocked out in 
mice. eHAND mutant mice were generated by deletion of the first coding exon and 
insertion of LacZ under the control of the endogenous promotor and a dHAND null 
mutation was created by replacing the entire gene with the neomycin resistance 
gene.

Recently, we have confirmed by in situ hybridisation that both HAND genes are 
expressed in sympathetic neurons throughout mouse embryogenesis. Analysis of (5- 
galactosidase expression in eHAND heterozygous embryos revealed high levels of 
eHAND mRNA in adult mouse sympathetic ganglia, suggesting that eHAND is 
constituitively expressed in sympathetic neurons.

Semi-quantitative PCR analysis of mouse sciatic nerves showed dHAND and 
eHAND mRNAs present throughout embryonic development. Neither mRNA could 
be detected after birth and only a low level of eHAND expression was detected in 
the sciatic nerve by x-gal staining of eHAND heterozygous mice.

These observations suggest that the HAND genes may have an important function 
in the development of the peripheral nervous system (PNS) In an effort to elucidate 
the role of these genes, experiments are being carried out to compare the 
development of the PNS from wild-type neural crest cultures with that of cultures 
from homozygous dHAND and eHAND knockout mice.
This research is funded by the Wellcome Trust

915.10

LOCALISATION OF NITRERGIC AND PEPTIDERGIC 
IMMUNOREACTIVITIES IN THE DEVELOPING HEART. T. Shoba and 
S.S.W. Tay*. Dept. of Anatomy, National University of Singapore, Singapore.

Neuropeptides and nitric oxide have been implicated in the regulation of 
embryonic development and shown to have trophic properties in the embryonic 
tissues. The present study therefore attempted to determine the earliest time of 
expression of nitrergic and peptidergic nerves in the developing heart. Wistar rats of 
gestational ages (E17-E20) and neonatal rats of different ages (PN1-PN21) were used 
for the present study. NADPH-d histochemistry and immunohistochemistry using 
antibodies against nNOS, NPY and CGRP were employed. NPY immunoreactive 
nerve fibres showed the earliest expression by 17 days of gestation with preferential 
innervation of the nodal and perinodal areas by the late gestational period, followed 
by the innervation of the valves and ventricles by PN7. Most of the intrinsic cardiac 
ganglia were stained positive for NPY from El7 onwards with a progressive increase 
in the number of neuronal cell bodies per ganglia with age. CGRP- positive nerve 
fibres appeared by 19 days of gestation and were less dense during the gestational 
and early postnatal periods and showed an adult pattern by 3 weeks postnatal. None 
of the intrinsic ganglia were stained positive for CGRP, indicating the extrinsic 
sensory origin of these stained nerve fibres. Nitrergic expression paralleled the 
sensory innervation, with the cardiac ganglia and nerve fibres showing a positive 
labelling from El9 onwards. NADPH-d and NOS were partially colocalised. While, 
a majority of the neuronal cell bodies expressed NPY, NO was selectively expressed 
only by a few neurons, indicating specific roles for neuropeptides and nitric oxide 
during development and that their expression maybe determined by certain unknown 
trophic factors in the micro-environment. The results of the present study show that 
neuropeptides and NO were expressed by the late gestational period and that 
autonomic efferent innervation preceded sensory and nitrergic innervation in the 
developing heart.

Supported by grant RP3972355 from the National University of Singapore.
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